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Synopsis.

This thesis describes the design and modelling of an improved materials handling system

for a beverage cap production factory called BevCap, located in Epping, Cape Town.

The factory consists of twelve production’lines, which produce various types of
aluminium arid metal screw on capé. Each production line is fully automated except for
the ﬁliing, packaging, labelling and storing procedures at the end of each production line.
The finished product is counted electronically and pécked into carton boxes, labelled,
sealed and palletised manually. The manual materials handling procedures, at the end of
each production line, are causing problems and therefore an improved automated system

is required.
The materials handling problem is sub-divided into five separate design problems.

1) . Assembling and transporting.the empty boxes to the various filling points.
2)  Filling and labelling the carton boxes automatically.

3) - Transporting the finished product to the storage area.-

4) Sealing the boxes before storing. _;

5) - Storing and soﬁing the filled boxes using an automated system.

Various conceptual designs are shown for each of the above mentioned design problems

-and a final design presented.’

An overhead chain conveyor carrying many carts is used to transport the assembled boxes
to the various filling stations. Each chart is designed to hold oné empts} carton box. When
a carton box is required at a filling station, the next available cart, on the overhead

conveyor, is physically tilted using pneumatic pistons. This forces the carton box to slide
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off the overhead cart and down a gravity conveyor to the filling station. At the filling
station the carton box is moved into the filling position using a short flat belt conveyor. A
bar code is printer on the side of the empty carton box before it is filled with newly
produced caps. Once the box has been filled it is placed onto a continuously moving flat
belt conveyor which transports the filled box to the sealing and storage areas. At the

carton box sealing area the carton box- 1s remove from 'the flat belt conveyor and sealed

storage area. At the storage area the carton box is 1dent1ﬁed by a bar code scanner, which
reads the bar code printer on the side of the carton box. From the information gathered
from the bar code, the computers able to identify in which storage area the box must be
stored. A pneumatlc piston is used to push the box off the first conveyor belt and onto a
second conveyor belt. The second flat belt conveyor moves the filled boxes past the
different storage areas. Once the box arrives at the correct storage area a second _
pneumatic p1ston is used to push the box off the conveyor belt and down a slide to the
correct storage area. Therefore, each storage area, along the length of the second
conveyo_r belt, has a single pneumatic piston to retrieve the carton boxes once the carton

box arrives at the correct storage area.

The final design is modelled using the Lego Dacta system and is controlled by a computer
program. The model represents the concepts of the design and is not a detailed scaled
model of the actual factory layout. The modellcontains three production line filling
stations as well as three storage areas. A Visual Basic 3.0 computer program controls the
various components of the model. The model_ﬂre’quires mains power and a constant supply
~ of compressed air to function. The principles represented in the model are used in the
actual factory design. The various cornponents required, the cost of the components as

well as the positioning of the components on the factory floor are shown in detail.
It was found that the improved materials handling system increases the amount of

available factory floor space. With the bar code system in place, the possibility of errors

in identification and storage of the product are drastically reduced. The processes of
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assembling and sealing the carton boxes are improved and organised. It is recommended

that a more detail cost analysis be done on the various components needed for the factory.
The strength of.the factory ceiling must also be investigated before installing the overhead
chain conveyor. Finally, more detailed drawings are required for each of the components

needed as well as the components positioning in the factory layout.
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1. Introduction.

This thesis sets out to design and develop a conceptual model of an improved materials

handling system for a beverage cap factory, BevCap, -located in Epping, Cape Town.

The factory consists of twelve producﬁon lines, which produce various types of '
aluminium and metal screw on.‘caps'. The production of the various caps is fully
automated except for the filling,. packaging, labelling and storing procedures at the end of
each production line; ‘The caps are packed into carton boxes, which are4assembled onthe
plant, labelfed, sealed and palletised manually. This procedure of manual materials .

handling is disorgahisgd;and has been causing problems with the production line efficiency

‘and overall productivity. For this reason it was decided by Prof. G.N. Nurick,
Department of Mechanical Engineering, and Mr. M. Nothnagel, BevCap, that an

improved automated packaging system be designed and modelled.

The objectives of this thesis are,

1) Model the present material handling procedure at the end of each production line

- and layout in detail the problems associated with the present procedures.

2)  Design a conceptual idea to improve and automate the present material handling .
system. | . 'V -

3) Build a model of thé ;onceptual- design using a 3-dimensional modelling medium.

4) | Using the concepts demonstfated in the model, design the components needed to

automate the actual factory.
The report begins by defining the present layout and materials handling procedure at the

end of each production line, as well as the problems associated with the manual method

of packing and storing the finished product. Next, the various ideas to improve and
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automate the packaging procedure will be discussed in detail and a final conceptual design
presented. The proposed‘ design is modelled and simulated using the Dacta Lego system.
The model will demonstrate the concepts of the automated materials handling system. The
machinery needed as well as the positioning on the actual factory floor is designed and
suggested for the improved materials handling design. Finally, conclusions and

recommendations are made.

¥
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2. Literature Review.

The concepts of modelling, simulation, material handling and automation involved with

factory design are discussed.

2.1. Modellin&TechnidueS.

A model, according to the Oxford dictionary, is a “representation in three dimensions of
existing person or thing or proposed structure, especially on a smaller scale.”
Therefore, modglling is taking an existing structure or proposed structure and defining it

by means of a three-dimensional scaled model.

.Modelling Has been used by many engineering companies as a way of physically
representing a design proposal before the manufacturing stage. Communicating a design
concept is best accomplished by constructing a physical model to be examined by’
colleagues. Instead of a 3 dimensional object displayed on a 2 dimensional surface, which

can often be interpreted in more than one way, a physical model will settle most technical

- . problems that arise (Ref. 22). Models are used by designers for product visualisation, to

check assembly, and to help avoid expensive mistakes which would not otherwise be

detected until the construction of a prototype (Ref. 23).

Models can be used for various reasons, which are listed below.
1) Display purposes
2) -Sales purposes

3) Trade shows
4) Conceptual Design purposes
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5) Final Design check
6) Training purposes

7) Testing purposes

It has been shown that models used for the purpose of sales and display make up 50% of
| all models built (Ref. 22). For example, Boeing Corp. has released figures that indicated
o Gawe o w that 38 percent.of the models built, at Boeing, are used as design concept rﬁodels. (Ref.
2). Scale models were also used as deSig'n tools in the development of the Bailey Bridge
. and the Mulberry Harbour, two of the most important engineering innovations of the
- 1940’s. Models are also commonly found is water test tank and wind tunnels. Malcolm
.. Nicholls Ltd. construct model motor cycles for the use of wind tunnel teéfing and analysis

- (Ref. 23).

..."A new form of model “making” has come about with the improvement in compﬁter'
J:"technology. Computer-aided modellers such as CAD, CADKEY 3 and many others can
vbe used to model a 3-dimensional structure onto a 2-dimensional screen. The advantage is
- ;¢ that thel structure, once drawn on the computer, can be rotated and looked at from many
..angles. The hidden lines can be removed and the structure can-be shaded to give the user

- a better feel of the 3-dimensional structure. The greatest advantage is that no physical
material is needed to construct the model. Despite the growth of interest in computer-

3 aided design techniques, physical models are often invaluable a$ an aid to the designer.
The'main advantage physical models ha\}e over computer-generated i'rriéges are
permanency and ease of maripulation (Ref. 23). Sometimes there is no substitute for

holding the item in your hands, to feel it, study it and make sure it is “just right” (Ref.
) | |
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2.2. Model Simulation Technigues.

Models can also be used to simulate a situation or event. To simulate, according to the
Oxford dictionary, is “to pretend to be or have or feel, imitate or counterfeit; imitate
conditions of with a model.” There are two means of simulating a modelled process. A

computer srmulatlon can be done or a physical model can be built whrch simulates the

B R R R L e L e PR I
g 3

system physrcally

Firstly, advanced computer programs are available, which allow the designer to model
the physical structure, in 3-dimehsions on a 2-dimensional screen and simulate various
scenarios to the computer model. ABAQUS a finite element program, is a good

example of modelling physical structures and then simulating various conditions on the

~ model.

For.modelling and simulating of factories various finite element type computer programs
are available. These packages help factory managers anticipate and plan around numerous
potential problems. Nissan engmeers usmg Silma’s CimStation Robotics program, were
able to predict whether or not vauous robots 1n a car assembly productron area, would
colhde or not (Ref 7). Boeing engmeers also usmg CimStation Robotrcs were able to
hgenerate a program to polish the skm of a Boemg 747 using a Robot polrsher m
approxrmately 8 hours, ifthe srmulatron program had not been used 1t would have
probably taken months to program the robot pohsher (Ref. 7). Another computer

package from F&H Simulation called Taylor IT Version 3.0 allows the designer to model

* and simulate a factory storage area in less than an hour (Ref. 7). AutoMod 7.5, from

AutoSimulations Inc. also allows the designer to model and simulate production

~operations. McDonnell Douglas has released several simulation packages which are able

to simulate robotic assembly workcells. Such a program, PLACE or Positioner Layout

and Cell Evaluator helps design and analyse a robotic system using full colour animation

(Ref. 1).
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Programs are also available which check the physical stress on the modelled worker’s
bodies, as the factory simulation is running. The computer simulation can even calculate
the number of kilo-joules per day a worker consumes. The high physical stress areas can
also be shown on the workers body by red shaded areas. This can then inform the factory

designer of possible future injuries to the work force.

e et

The advantages of using computer-aided simulations is that they verify the design
concepts, analyse the cycle time, prevent collisions, check for tool feasibilty as well as
simulate off-line programming. The computer simulation also allows the userto design
the worldc:;cell and run the simulation using representations of actual parts and dimensions.
But the;igreatest advantage is the amount of detailed information which can be extracted
from the simulation. For example, a small change in machinery positio—"n“ or operation can
increase. the productivity of the system and the computer simulation will be able to
measure the increase in productivity fairly accurately (Ref. 7)

Secondly, physical models which also simulate a design or idea can be constructed

These models represent the physxcal structure of the design, scaled down but can also
function as the design would in reality. The difficulty in simulating a physical model,
compared to'a computer model, is the amount of work required to control all the .
mechanical devxces Various motors sensors control circuitry and programrmng 1s
required to 51mulate a factory model. The advantage 1s that a physical workrng model has

much more of an 1mpact than a 3- dlmensronal animated picture (Ref.22).

7
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2.3. Material Handling Techniques.

Materials handling can be defined as, “the technology covering the movement and storage
of everything in and about an establishment : the handling of raw materials and tools;‘ the

movement of components between operations and in stores, of finished products and of -

'“the.scrap,s..'.outting. «aids :and rprocess machinery; the movement of workers in relation to the

handling of material.” (Ref. 33)

Material handling is not an exact; science. In fact, ‘materials handling can cover between
15% and 85% of the cost of production (Ref. 33). The object of a handling study is to
eliminate handling operations. Those that:cannot be eliminated must be examined to see if

they can be mechanised (Ref. 14). When'mechanical equipment is put in to do the work of

an operator, it is known as “mechanical haridling” (Ref, 33). To create the “perfect”

factory there should be a minimal amount of materials handling and hence more’

mechanical handling. Therefore, trucks, forklifts, cranes and man-power conveyors
should be replaced with an automatic syst-em that integrate the enter factory into one
operatlonal umt The ideal factory would have been built for the job. In other words
constructed for the processes which are to be carried out inside it (Ref. 14)

If efﬁcien‘t rnechanical'héndling is used, the folloW{ng advarltages can be eipected,

SR

1) Increase in productivity.

- 2) Uograding of labour.

3) Reducing production costs.

4) Reduction in industrial accidents.
' 5) Reduction in damage to the products.
6) Increased speed of handling materials.
7) Consistent level of production throughout establishment. |
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Remember, materials handling is not an exact science. To obtain exact cost figures of the

saving involved, thereby justifying the proposed improvement, is very difficult.

Improvement in production or continuity of flow, in one section, can have an effect on

the following section. But, nearly every case of well-planned mechanical handling has

great reductions in cost and labour. For example, the cost of a conveyor will be

- - recovered in three years, purely on the amount of money saved in labour alone (Ref. 33).

it adhaihodC Thedfollowing.simple rules should always be.considered- when. designing a mechanical.:. . v aes

handling system (Ref. 33).

1)
2)
3)

4)

3)

6)
7)
| 8)

%)

MOVEMENT RULE : All unnecessary movement of materials should be
s eliminated. '
PROCE'SSING RULE : Articles should be processed while in transit Wﬁénever
R possible. "
THE-FI.OOR RULE : Materials should never be placed directly on thefloor.
THE?:S'TORAGE RULE : Material should be stored so as to take up the’smallest
amount of space and to permit flexibility in selection
e with minimum number of operations. ke
TERMINAL EFFICIENCY : Idle, loadiﬁg and unloading times must 356- reduced
to a minimum to increase the efficiency of the
' process.'
STRAIGHT:LINE RULE : Wherevér-’p-ossi‘ble materials should move iri a straight
line to i.t;s 'dgst_ination. “
CONVEYOR RULE : Conveyors rriﬁspbe used where there is a regular or- |
continuous flow of material.
SPEED OF EQUIPMENT RULE : The speed of equipment should be as high as
possible taking safety and cost into account.
WEIGHT OF EQUIPMENT RULE : The ratio of weight of the equipment to the
‘ ‘ load carried should be as minimal as

possible, to ensure low costs.
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2.4. Automation of a Production Line.

Automation is widely recognised as one method of increasing productivity and reducing
energy consumption, scrap rates and maintenance downtime (Ref. 25). Automation
makes use of mechanical handling to perform a production task without the interference or

FINGES

. .
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But automation often involves the purchase of costly robots, sophisticated controls and
high-priced consultants. A viable alternative is what is known as “simple-automation”,
where the components used to automate the factory are simple off-the-shelf components,
such as pneurﬁatic cylinders, conveyors,,j';- and Programmable Logic Controllers (Ref. 15).
Using this method of “simple-automation” will ensure low cost, minimal design time and
straightforward programming (Ref. 15)..Correct planning and scheduling, coupled with
automation has enabled Macsteel, a small steel mill in the United States, to produce a
finished product in four to five hours, compared to the best conventional steel mills which
require 72 hours to do the same. It was also found that the mill’s energy'requirément had

been reduced by 25 percent (Ref. 25)... ; -

Automation is not always the correct solution in improving materials, handllng procedures.
Many companies that replace people with machmery pay more for machlne upkeep than
they.once did on employee costs. Never assume that workers make mlstakes and
machlnes don’t, many workers make the occa510nal mistake, but machmes with errors
will contmuously make mistakes, and unless supervised those mistake will only be
detected once the machine has produced thou§ag_1ds of waste products (Ref. 24). For
example, General Motors decided to build a fully automated factory to produce its new
high quality car, the Saturn. The cost to produce the car étartgd to rise when the
unsupervised machines gave problems. The overall outcome was that the company is still
running a loss on the investment. It was said by the manager of General Motors,

“Automation replaces inexpensive assemblers with expensive maintenance and process
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engineers.” (Ref. 24) It is therefore important that the automation of a factory be simple,

low in machinery cost and have constant supervision over the machinery performing the

tasks.

2.5. Control Systems.

R R B N U G R
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Control is a very important factor in factory automation. The integration of computer

software and mechanical hardware is not as easy as one would think. A common house

hold computer cannot be required to control a mechanical system in a noisy and dirty -

factory. For _example,-vt small power or voltage spikes, caused by factory welding, can -’

destroy or damage cémmon computers. Therefore, Programmable Logic Controllers.or

PLC’s are commonly-used in factory control systems.

-

Programmable Logit:Controllers (PLC) are a user-friendly electronic computer that catry

out control functions of many types and levels of complexity (Ref. 26). The PLC system

contains the follows;-illustrated in Figure 2.5.

<P,
<+
<+

Input

/ Comiputer

Master

Printer

| Monitor l

ﬁ

N Recorder

Figure 2.5 : PLC internal system.
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The advantages of using PLC technology to control mechanical systems are listed below.

1) Flexibility - One PLC can control numerous machinery.
2) Implementing Changes and Correcting Errors - No re-wiring is required.
3) Large Quantities of Input and Output Ports - A large amount of sensors and motors

can be controlled through one PLC.

5) Pilot Running - The PLC ladder diagram can be tested before implementation.

6) Visual Observation - A PLC system can be attached to a screen to observe the
operation of a particular machine.

7) Speed of Operation - PLC’s are much faster than relays.f '

8) Easy Program Code - Ladder diagrams are easier than-¢omplex computer coding.

9) Reliability B

10) Security - Pro.gr;am cannot be aftered unless unlocked: .

- 4o
g

The PLC can be programmed, controlled, and operated by a person unskilled in
opérating computers. The PLC is programmed by drawing simple logic ladder diagrams
into the PLC memory. The resulting ladder diagrams take the place of much of the

external wiring required for control of a process. PC software can be used to duplicate

- logic ladder diagrams for testing and simulation. In this way engineerers can spot errors’
‘“and debug PLC ladder coding before implementation. Laddermaster 3.0-isone PC - *
. packagé that helps program the widely used Modicon PLC’s (Ref. 10). Another PC = -

i)ai‘ckage; AutomationhMé‘s_vter, runs a computer simulation of a plant process on the PC

_ and interfaces it with a PLC (Ref. 27). In this way, different scenarios can be simulated

-.on the PC and the PLC ladder diagram can be tested and checked for possible errors. This

then ensures that the PLC ladder diagram will function correctly.
Computers are being used increasingly in PLC applications to provide graphic ihterfaces,

networking, mass storage, or to run off-the-shelf application software. A PC can be

interfaced with a PLC through a RS232 communications path (Ref. 12). But using the
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bl RS232 path has its limita;tions. The link is relatively slow and susceptible to noise
ihferference. To solve this problem some companies use a single box with a parallel
communication paths (Ref. 12). Pro-Log Inc., however, provide interfacing between a
PC and PLC, all that is needed ina 486-based processor PC for DOS and Windows
épplications along with a ladder logic processdr with a scan time less than 1 msec (Ref.
12). The PC serves»widel-y in factories as.the engineer’s console in control systems made .

up:ofiPLCs (Ref:

Page 12
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“factory design* The'Vatious reason why Lego'was'chosen as the modelling-medium used, .. - ..

3.1 Lego Components.

ME Tollner, MSc Projeci

3. Modelling Medium Used.

The model must be constructed from a 3-Dimensional material and is required to simulate
the functions of the proposed factory design. The model can be constructed from wood,

metal or other materials. However, the Dacta Lego system was chosen to model the

as well as the type of Lego component available are discussed in detail.

tffThe Dacta Lego components available can be divided into two categorles electrical and

e

" tnechanical components. The mechanical components consist of gears, pulleys, shafts,

Ay structural bricks and differential gear sets, shown in Appendix A On the other hand, the

~‘j“?relectncal components available cover a wide range of sensors and drive systems. These

“ - components are listed below and shown in Appendix A.

_il) The Touch Sensor isa type sw1tch whlch has only two states on or off Thxs type of

sensor can be used as a limit sw1tch ina mechamcal system. o
| w } vl
2) The Temperature Sensor is able to read the surrounding ambient temperature The

sensor can output its reading in either degrees Celsius or Fahrenheit.

'3) An Angle Sensor is used to count the number of rotations a shaft, inserted into the

sensor, rotates. Each rotation is represented by 16 counts. Therefore the angle sensor
has an accuracy of 22.5 degrees. The disadvantage is that the angle sensor only functions

at a rotational velocity less than 500 RPM (Appendix A).

Page 13
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5) A 9 Volt DC Motor is used to drive any mechanical device. The motor uses a 9 Volt

M.E Tollner, MSc Project

4) The Light sensor is used to measure the amount of light which illuminates the
surrounding area in front of the sensor, similar to the light sensors used by photographers.
The 1ighf sensor contains a small red light source, which emits light, and a sensor which
measures the percentage light. The sensor has a range of reading from 0 to 100% light.
For example, if the Sensor is placed in front of a light source, such as a 100W light bulb,
the reading will be 100%.

DC source to operate. The motor, however, can be set at 8 different speeds by the

computer interface.

6) The Light element is a simple 9 Volt DC light bulb with a metal cone used to direct

the intensity of the light in a forward direction.

" 7) A Sound element is a 9 Volt DC speaker which Can emit two different repetitive

sounds;” -

8) The Lego computer interface is used to interface the electrical hardware components,

mentioned above, with the computer. ~ The interface contains 8 output ports each able to

produce an output voltage with a range ffom -9to +9 Volt DC. The int_eﬁace also

contains 8 input ports, 4 powered and 4 non-powered. The powered iriput ports are used

for angle and light sensors, while the non:powered ports are used for touch and

tempc(ature senéofs. The interface cémmunigates with the computer software viaa 9 pin
" computer cable which is connected to the COM porfs in the back of the computer. The

Lego interface uses a 10 Volt AC transformer to power the interfaces functions.

Page 14
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3.2 Advantages and Di's'ad'vantages of Using L.ego.

The advantages of using Dacta Lego as the modelling medium to model the improved

factory are listed below.

“1) " The mddél can’be modified and improved-onée built; because Lego structural - v« 4 "dafs wxier.

components can be disassembled and reassembled when needed. This then allows the
designer to build conceptual designs before they have been approved. If the model is not

satisfactory it can be disassembled and re-designed and built.

2) Modé'ljfivng. with Lego is very quick and easy. To construct a model reqlll‘i_'l_re‘s iess time

and effort fchan building a model from wood or metal.

3) The cost of Lego is cheaper when compared to the cost involved in constructing other
metal anid'wooden models. Also the various sensors (Section 3.1) available to Lego are

cheaper than their industrial counterparts.

4) Lego consists of a wide range of sensors and drive systems which can be controlled via

a computer through a Lego interface.

R
St

5) Simple computer programs can be used to communicate with the interface and fhodel}“ s

such as PASCAL;, C++ and Visual Basic 3.0.

6) The Univer‘silt_yi of Cape Town has a réac[ily available supply of Lego parts, mechanical,

_ and electrical, at their disposal. Lego is used, at the University of Cape Town, as an

educational tool in the st year engineering program and also in the 2nd year design

course.
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The disadvantages of using Dacta Lego as a modelling tool are listed below.

1) There is a limited supply of different gear sizes. Only 8, 16, 24, and 40 toothed

gears are available. Therefore, it is very difficult to obtain the required gear ratio.

2) The 9 Volt DC motor, which is used to drive most of the mechanical systems, is not

very powerful. Therefore, large gear ratios are required for the mechanical system to

P it Sefinction. This it auses the' mechanical systems being ‘drivens to-move-very slowly.: » - « .« wiac-

3) The Lego interface contains only 8 input and output ports. This then limits the number
of sensors and drive systems in the model. It was found that only one interface port can
be used on a computer at any particular time. Therefore, two separate interface ports

could not be used together. - w

** * 4) The building blocks or structural blocks 'h"a;vg_S' mm differences, in positioping_; in the
horizontal dirgction and 3mm difference in ._thg-,yer‘cical_ direction, because the thinnest
Lego piece is 3mm thick and the minimum width of a Lego brick is 8mm. This then
makes it very difficult to place two shafts in the correct position to ensure that the shafts

gears mesh correctly.
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4, Present Production and

Material Handling System.

et THe fActoTs o' be discussed are thie existinig factory layoutiat B'evGé-p'; ‘thematernials v+ s+

handling system at the end of each production line, and the problems associated with the
present materials handling procedure. From this, an 1mprovement on the present material

handling system will be proposed‘and modelled.

4.1 Produ&ts Produced.

At present, theré}ére three different types of caps produced at BevCap. The variods cap

types are listed below.

1) The Roll On’filferProof (ROPP) cap is an aluminium screw on cap. The ca‘o is
manufactured with a threaded inside and a perforatedlring located at the base of the cap.

A cap with a perforated ring 1s referred to as a PrlferProof cap. The perforated ring is N
designed to break once the cap 1s unscrewed from the bottle Whiskey, vodka and bottled
wine screw on caps are examples of the ROPP caps produced. There are 12 different - -

sizes of ROPP caps which can be produced at BevCap (Appendix B, Table B.1).

2) The White Caps (WC) are larger metal caps, which also contain 2 threaded inside.
These cap are much thicker and larger than the ROPP caps. White Caps are found on
peanut butter, baby food and other large bottled products. There are 9 different sizes of

white caps which can be produced at BevCap (Appendix B, Table B.1).
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3) The TALOG cap is a new product type which is being produced at BevCap. The
TALOG cap is an aluminium screw on cap, similar to the ROPP cap, but contains a
plastic pilferproof ring, instead of an aluminium ring as in the case of the ROPP caps.
The various types of caps produced at BevCaﬁ are listed in Appendix B, -Table B.1. The
‘numbers associated with each cap-type (Appendix B, Table B.1) refers to the caps
vV L el dTafiéter-ands '.h‘ei-ghﬁir.iffhe@abs .pfbducedt may, contain.different ;extverfr‘lal{labe,ls,-;.depcr)di‘ng et et
on the customers specifications. For exémple, YUM YUM PEANUT BUTTER” and
“CROSS & BLACKWELL”.

4.2 Production Lines.

4=w= .-~ . The physical layout of the BevCap factory is illustfated in Appendix B, Drawing B:T". &
) B.2. The factory, at present consists of 12 production lines, 8 ROPP (Roll On
A PilferProof) lines, 3 WC (White Cap) lines and one TALOG line. The production lines,

‘ | ‘J : the products they produce, as well as the spéeds in which they are produced are tabulated
ST iﬁ Appendix B, Table B.1. It is also very important to note that there is also a new White
| Cap production line which is to be installed at the end bf the year. Itis, therefore, very.

important that the-ne%factory design be compatible with changes or, most imp'ortantl};',

*
3

4

additions to the factory layout.

oy

A The ﬁroduct 1S ma’;iufactured in the follow way,
1) The cap labels are first pre-printed on flat aluminium or metal sheets, depending on
the type of cap produced. The printing procedure is performed in a Eeparate department.
- 2) The sheets of metal are then fed into a punching machine and the flat circular printed
cap labels are removed from the sheet of metal and sent to the next manufacturing

procedure.
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3) The flat caps are then shaped and threaded by specially designed tools. In the case of
the ROPP caps, the cap bottom is perforated to form the pilferproof strip.

4) Ifrequired, a wad or compound is inserted into the cap. The wad is a pre-made
plastic disk which fits into the hollow of the cap, while the compound is a liquid solution
which is injected into the hollow of the cap and is heated for a short period of time, in

order to harden the liquid compound. The caps are sent through a type of burner which

solution injected inside the cap. A burner is therefore located at the end of each White
Cap production line. The ROPP production lines share a single burner , which can be
seen in Appendix B, drawing B-2.

5) Once completed the prdduct is sent down a short conveyor where it is counted

electronically and packed into boxes.

Referring to the manufacturing procedure, mentioned above, all that'is of interest, to this -
project, is the materials ﬁa_pdling procedure at the end of each production line. The o
procedures and automated machinery used to produce the finished product is of no

concern. Therefore, befére starting with any design, the points where the boxes are

being filled with caps, must be identified. These positions are shown in Appendix B,

Drawing B.2.
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4.3 Material Handling Procedure at the Filling Points.

The materials handling used in the packaging procedure can be sub divided into five sub

systems. These are listed below.

Bodr boeamens age e Soqen b 4
gt R e T R T B LR e Win;» o e i 5 11 g W B i e e

2) Flllmg the empty boxes Wﬁh caps.

3) Labellmg the boxes w1th the correct identification labels.
4) Sealmg the boxes.

5) Transporting the ﬁlled, labelled and sealed boxes to the storage areas.

o

“Each of the 12 production lines, at BevCap, uses the same sequence of materials
handling - The sequence of material handlihg events is illusff_at_ed»in a schematic -

representation-in Figure 4.3.

8 39 ' ‘Work Bench

T : T
10 T PlasuC/ : Worker : s
: — ‘Bags L e

Nel i Pre—Made
; , Glue — | 97: " Empty Boxes
Pallet = S 4 Slomes Ay B
" Filling_ . - Tape s / L |
" Area ' | E— /
Identification _— [N
Labels @ -
E;nd of production 1 \\
line Operator

Figure 4.3 : End of the production line materials handling set-up.

(Numbers refer to statements on Page 21)
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The distance the worker must walk between each area, indicated by the dotted line in
Figure 4.3, may vary dependmg on each production line. The materials handling

procedure undergoes the followmg pattern, (each number is referred to in Figure 4.3.)

1) The worker gets-a pre-made empty carton box from the empty carton box storage area

and moves it into the filling area.

04162 The'worker theti presses a control biitton for the caps-to start flowing'into the carton

box. (Only in the WC production lines).
3) The worker then walks back to the workbench and starts making more empty
carton boxes. The flat carton:boxes are first erected, taped and finally a plastic bag is
placed inside. |
4) Each time a carton box is made by the worker, the worker carries it to the empty

carton box storage area

5) Once the carton box at the ﬂllmg area, 1s ﬂlled w1th caps the worker walks to the -

filling area and replaces the filled box with another empty box.

6) The worker then takes two identification labels, which sit near the filling area, and |
.carries the filled boX to the workbench. The box is then shaken, to move all the ‘
caps to the bottomm of the box, and one identification label is placed in the box and -
the other is stuck to the side of the box, usmg the glue which sits on the workbench.

7) The box is then sealed using the sealmg tape.

8) Once the box is sealed the worker carries it to the pallet and places it there. ‘

9) The worker then contmues 10 make empty boxes, as before.
10) Once the pallet is filled, a forklift arrives, removes the pallet and transports it to the

storage area.

The location of the work benches, pallets and empty box storage areas are shown in
Appendix B, Drawing B.2. In the ROPP production lines one-worker is normally
responsible for two or three production lines. The above mentioned materials handling

procedure still applies except that the worker must monitor more filling stations at once.
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4.3.1 The Carton Boxes.

There are two types of carton boxes used at BevCap. Their dimensions are shown in

Appendix B, Table B.2 and tabulated in Table 4.3.1a.

T able 4 3 1 a: Carton Box Dtmenszons

T — Carton Box § ype R'E;? “86L - Carton Box T ype REF 88 T
Width 324 mm 327 mm
Length | 4%9 mm : 503 mm
Hezght ' 465 mm 338 mm._

ThelREF 88 carton box is only used for the white caps (WC) product1on lines and 1s

) assembled by tape only. A plastic bag is placed ms1de and is used to hold ‘the caps ms1de :
the box as'well as protect the product from dust and dirt. The REF 86 carton box is only
used for the ROPP production lines and is assembled by using staples only It also

contalns a plastic bag which is placed inside before filling.

The range and mean times, for the above mentloned carton boxes, to be manually

assembled is calculated in Appendlx B. 3 and tabulated in Table 4.3.1b.

Table 4.3.1b : Carton Box assembly times.

Carton Box Type Range Mean
REF 88 . ' 27 to 80 Seconds 47 Seconds
REF 86 - -136to 111 Seconds 58 Seconds
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4.3.2 Filling Procedure.

At present, there are two different methods of filling the empty carton boxes.

4.3.2a Two-Way Filling Method.

LR TR e S IR TS A O S T TN S Lo o BT T PR SR T
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This method is used only on the ROPP production lines. The method requires that two
. boxes are always placed at the filling area at one time. The two boxes sit side by side,
perpendicular to the conveyor where the final product is being transported. At the end of
the conveyor, is a small flap which .dire'c'ts“ the flow of caps to either box. 'Therefore,
~ once the first box has been filled, the flap switches over to its secondary position which
changes the flow of caps to the secoﬁd box The worker must then replace the first box
with another empty box, before the second box is filled and the flow of caps is directed
" towards the position of the first box. The flap changes position ‘once the electronic
couﬁter on the conveyor belt has reachedna pre-set total number of caps for that specific
product, see Appendix B, Table B.1. ThlS method will be discussed in more detail in-

Chapter 5, Section 5.2.1a.

4.3.2b Caption Box Filling Method

This fr1e‘t"h6d is only used in the White Cap (WC) production lines. The ri@thod makes use
- ofa captibn box which is used to store the flow of caps, while the worker "is replacing the
filled box 'with a new empty box. The caption box is a small metal box, which has a small
~trapdoor located at the bottom. The trapdoor is controlled by a piston. The caption box
lies above the empty box which is to be filled. Therefore, when a box is in position to be
filled, the trapdoor opens and the caps flow from the caption box into the empty box.
Once the box has been filled the trapdoor closes and the continuoﬁs flow of the caps are

stored in the caption box. The caption box is large enough to give the worker ample time
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to replace the filled box with an empty box. This filling method will also be discussed in

greater detail in Chapter 5, Section 5. 1.2b.

4.3.3 The Sealing and Labelling Method.

- +~Once.a box has been filled, .the worker removes the box from the filling area and movesit .

to the workbench. The box is then shaken by the worker, to move the caps to the bottom
corners of the box. A label is then placed, loosely, inside the box, while a second label is
glued onto the side of the box. The box is then sealed by using tape. The labels used are
shown in Appendlx B, Figure B.5. The information on the label contains the customer S
name, the: product type, the order number, manufacture date and carton quantlty This

is sufficient information for the product to be correctly identified at the storage area.

The range and mean times, for the above mentioned carton boxes to be labelled and -
sealed is calculated in Appendix B, and tabulated below in Table 4.2.3.
o

Table 4.2.3 : Carton Box sealing and labelling times.

Range “ ' | 28 to 87 Seconds

Mean T . "~ | 54 Seconds

434 Transpvol‘tirl.g the F inis‘-hved,,Goods to the Storage Area.

The finished goods,* once sealed and labelled, are placed on pallets. One pallet holdsup - -
to 42 filled boxes. Once a pallet has been filled, a forklift is used to remove the pallet and
transport it to the specified storage area. A new pallet is then placed in the same position

as the old pallet and the process continues.
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The positions of the pallets as well as the route the forklifts use is shown in Appendix B,
drawing B.1 & B.2. Th¢ storage area for the filled pallets is located in the neighbouring
factory, BevCan. This, however, will be changed, and the new storage area for BevCap

products will be located in the position shown in Appendix B, Drawing B.1.

.;.4'1.4';;f;um.lgﬂ_lems_-With, theuP’reszent--Mate-rial,Handling. e L

System.

The various problems associated with the present materials handling system are listed

below. ’ RS

1) There'is a'large amount of wasted factory floor space. For each production line or set

" “of production lines there is a workbench, empty;"boxstorage area and pallet area. - This

causes a large amount of factory floor space being taken up by these objects, as seen in

Appendix B, drawing B.2.

~ 2) The filling p“rbééss is semi-automated. The caption box and two-way filling rh_etﬁods

+ function auto’maticall‘y,- however, once the box is filled it requires a worker to replace the

- filled box with an empty box in 2 specified time. .If the worker 5oés not notice that the

+'box is full, the caps-produced will spill onto the factory floor. This will then increase the

- ‘waste products and decrease the productivity of the production-line.

Y

T

3) The worker is also required to carry empty and filled boxes to and from the ﬁlling area
and workbench at constant time intervals. This can be detrimental to the workers health

and cause physical discomfort and possible injury.

4) The means of identifying the boxes at the storage area, is also a major problem. A
large degree of human error is involved when placing the correct sticker to the correct

box. For example, in ROPP production line numbers 6,7 and 8 one worker is used to seal
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box. For example, in ROPP production line numbers 6,7 and 8 one worker is used to seal
and label all the boxes once filled (Appendix B, drawing B.2). The worker might seal a
box from ROPP production line 8; and accidentally place the wrong label to that box. The

final result is that the customer receives a box containing the wrong product type.

5) The forklifts which transport the pallets to the storage area sometimes do not deliver

i '~-r’~v“"f'*:'f"-‘thé¢7bal'lbtis"to":’t-he‘ cotréct:sectiors in the storage area:; For.example,.:a forklift.driver might. . .. . - . .

take a pallet from ROPP production line 7, thinking that it is the pallet from ROPP
productibn line 8, and transport it to the storage area for the pallets of ROPP production
line 8. When the storage worker tries to find the pallet for the customer, it cannot be -

located because it has.been incorrectly stored.
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5. Conceptual Design of the

Proposed System.

P L L i RS S L v”l e B AT R T o T R R Ly e 2T e
The present model, described in Chapter'4, is'subdivided intd five different désign == = 7 = =

problems, which are listed below.

1) Assembly and transpofifation of the empty boxes to the filling points on the

assembly lines.

2) Filling and labelling the boxes in an automatic {\g:v’ay, without the need.of
- worker interference. |

3) Moving the already filled boxes to the storage area.

4) Sealing the filled boxes. .

-5) Identifying and sorting the filled boxes, automatically, into their pre-

determined storage areas.

These five material handling procedures are to be automated using mechanical -

"' handling.” The various ideas which were considered for the design of the improved
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5.1 Assembly and Transpdrtation of the Empty

Carton Boxes to the Filling Stations.

The various solutions to the problem of assembling and transporting empty carton

boxes to the filling stations are presented.

R Py . . . N . . . .
N Top g e o TR T A Y b we . , . e PR RPN e e el e o v Y S s -
weln e s TR e T g e T b ek A Rl s VR A Y e TE VR R S e F T

5.1.1 Assembly of the Empty Carton Boxes.

There are two options which c;in be considered when assembling the empty carton

boxes.
" 5.1.1a Manual Assembly

At present, the empty carton boxes are being assembled manually, as discussed in
Section 4.3.1. If the manual s:ystem of assembling boxes is to be used in the improved
: materials handling procedure, it must be standardised and organised correctly. To do

this the following steps are recommended.

4,

. 1) ”‘-'One common method of assembly ;Hould be used, eithe; tﬁe"bo;(es must ’L-be taped
:_()r’ stapled together. - '

2)i If possible only one size carton box should be used.

: 3) The empty box assembly process must be done in one specified area of the factory
and not in various areas across the factory.

" 4) The workers conducting the assembly must be responsible only for that job and
must have no other responsibility.

5) The work areas or workbenches, at which the assembly is done, must be
organised in such a way that the assembling procedure is physically easier for the

workers to perform. This is known as ergonomic design of work areas. This will in

turn decrease the time taken for a box to be assembled.
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The advantages of manually assembling the empty boxes is that it is presently being
done and the equipment and skilled workers are available. Also, the number of
workers which are asserﬁbling the‘empty boxes is sufficient, at present, to cope with
the speed of production. The disadvantages, however, are the month cost of labour
and the speed at which the carton boxes are aséembled. The average monthly earnings

for a single permanent staff packer is R 2751.71 (Appendix B, Table B.6).

5.1.1b Automatic Assembly.

Thi use of machinery to assemble boxes can be considered. There are two types of
' 'aut"‘o-’matic carton erection machines available. The first, a vacuum-rail carton erector
~~uses compressed air and mclmed rails to assemble the carton boxes The second, a

= posztzve dzsplacement carton erector uses worm screws to assemble the carton boxes

(Ref 36).

- “The advantages of automatic carton box assembly machines is that the machines can
- petform the job much faster and cheaper than the workers. The disadvantages are the

- initial high purchase costs as well as the regular maintenance which will be needed.
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5.1.2 Transporting the Empty Carton Boxes to the Filling

Statio‘ns.

The various methods of transporting the assembled empty carton boxes to the filling

stations are examined.

T P R B NN PP N O Y e P S LR S AT L A
T R SR PO T L T P B T4 (AR UL TN A ST MR

5.1.2a Ground Conveyor System.

A ground conveyor can transport the empty carton boxes to the filling stations. An
example of this method is illustrated in:Figure 5.1.2a. The conveyor is a flat belt

conveyor and is driven by a standard motor-gearbox set-up.

Pistbn‘A. ‘ .
Empty Box Filled Box

\ I A / Main Conveyor

_—

™~
I Filling Point

- }S3econd Filling
PR 0x Conveyor :
‘ Piston B -

L Figure 5.1.2a : Transporting empty boxes using a ground conveyor (Top View).

Reférring to Figure 5.1.2a, it would be logical to use the same conveyor to transport
the filled boxes to the storage area. In this way two transport problems are solved
| using one conveyor belt. If not, a separate ground conveyor would have to be

constructed to transport the filled boxes to the storage area.

A filling conveyor (Figuré‘S. 1.2a) will be used to move the emp;ty boxes into the
correct position to be filled. The filling conveyor will be long enough to ensure that
two empty boxes can be situated on the filling conveyor at one time, Therefore, as
soon as the first box is filled and is pushed onto the main conveyor by piston B (Figure
5.1.2a), the filling conveyor will move the second box into position to be filled. A

new'empt'y box would then be placed onto the main conveydr to fill the second empty
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box’s old position on the filling conveyor. Therefore, empty boxes are only placed on
the main conveyor when needed. An empty box can only be put on the conveyor when
needed, because the maih conveydf’s path does not run in a continuous loop. So, for
example, if empty boxes were pTaced on the main conveyor randomly, most of them

would end up with some of the filled boxes at the end of the main conveyor. A further

disadvantage, " is that the empty boxes would have to be put on the main conveyor at a

o0t ihdcifis tinte; Cs63- the factory computér can calculate how long it would take to-reach.. « . . -

the correct filling station, in order for piston A (Figure 5.1.2a) to be activated at the
“correct tirhe. - If piston A is not activated in time no box will be placed on the filling
convey‘d%'I or, even worse, an already filled box might be placed on the filling conveyor
instead:Ghce.the empty boxes have been placed on the main conveyor it, cannot be
removed‘6r-moved while moving on the main conveyor, because the computer will
- then not-be able to predict the position of the empty box. . . . ... e

e -
Sl

Aléo, when pushing a filled box onto the main conveyor, using piston B .(f_igure

5. 1.2a), -the control system must ensure that nothing is in front of the filled box before
pisfon"Bii"i%‘f?activated‘ If this is not done, the filled box might push an empty box
destine&"fér“é ‘production line further down the system. Therefore, the e;;;lpty box

which was pushed will not arrive at its designated filling station.

5.1.2. b " Overhead I'Cotnveyor Belt “Systém.

v Ty .
[ Y

The <I)verhead‘~'conveyofr_ belt system‘us;:__s .:awfiat belt conveyor, which is constrﬁ‘é;cé-ci? off

- the ground, tb"tf:%insport the empty boxes to the filling stations. This ensures that the
overhead conveyor will only be used to transport the empty boxes and not the filled
boxes, as in the case of the ground convéyor (Section 5.1.2a). A second cc')nveyor,
which lies below the overhead conveyor will be used to transport the filled boxes to the

storage area. In this way, factory floor space is saved, as illustrated in Figure 5.1.2b.

Pagé 31



M E. Tollner, MSc Project

Empty Box Empty Box
p . Conveyor Suppons R
/ /
\ 1 NS
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- Filled Box
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~ IR SRR

Figure 5.1.2b : Transporting empty boxes using a double conveyor system (Side View).
The conveyor moving the empty boxes moves h a continuous circular path and will be

situated above the filled box conveyor (Figure=5:1.2b). In this way, the empty boxes

-.+can-be-randemly placed on the empty. box conveyor.without effecting the system. -, ... - -~

Thus, when a box is required, the filling station can receive the next available box on
the empty box conveyor. Therefore, the ﬁlliﬁ‘g’ﬂi station does not have to wait for the
box to be placed on the conveyor, and move the variable distance to the filling station,

as is the case in the previous section (Sectiofi 5:1.2a). To retrieve a box from the top

* conveyor, the following system is used, and‘illustrated in Figure 5.1.2c.

Empty Box Top Conveyor

) -(Empty Boxes)

| 7

i

Control Flap

Filling

Gravity Station

Conveyor

Figure 5.1.2¢ : Retrieving empty boxes from the top conveyor (Top View).

The flap controls the retrieval procedure and when the filling station needs a new
empty box, the flap is opened and the next available box on the empty box conveyor is

retrieved. The box then slides down the gravity conveyor to the filling station. The
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retrieval time is short and the empty boxes can be placed randomly on the top

conveyor. Also, no complicated sensory or computer coding is required.

A major disadvantage is, that the system will be bulky and might get in the way of the

maintenance teams when repairs are needed to be performed.

I L R R R A I T S U ST PN PR A R L

5.1.2¢ Overhead Chain Conveybr System.

Overhead chain conveyors are used when a continuous flow of articles has to be
transported between a number of points (Ref. 33). A major advantage is that overhead

chain conveyofs’;@Se little or no floor space. This system is used very successfully in .

. bicycle manufacturing companies, as well as butcheries and automotive companies -

(Ref. 14).

‘:'."if'-‘f )
wo | h -
The>system uses-an ‘I’ shaped cross-sectional beam to support and transport various .
‘carts’ around:a pre-determined path. A chain is used to drive the system and is.-ri‘*iF-;r .
connected to two'rollers which in turn are connected freely to the ‘I’ beam, as shown

in Figure 5.1.2d.

Figure 5.1.2d : Overhead conveyor railing and drive chain.
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Each roller is used to support a small cart and each cart is suitable for carrying a single
empty carton box. The overhead-conveyor would have a continuous circular path
which passes over every production line on the factory floor. The system will not
interfere with any procedure on the floor, because the system would be suspended
from the ceiling. When a box is required; a piéton i1s activated, which knocks a pin in

-the path of the moving carts, as illustrated in Figure 5.1.2e.

-

vhgs S gras At g -

Y [ . * I e R .o . .
AT T L TEAN R R e P S .‘-«.)r,_‘).;’- Il_':._"'_' 3 RN l,“,,’_,..-.._,?_.';_.-‘ LR P VRO N ¥ aal

v

Overhead
Conveyor

——— Ovefhead '
Cart ¥

e
S

’lo'i .

Gravﬁ}' ‘Conveyor v ~rree |

Blocker

Piston and
Pin

wro

Optic Sensor RO
| Flllmg

Station’ .
Figure 5.1.2e : The overhead conveyor cart system (Side View).

: When the next cart comes around, the pin will cause the cart to t11t whereby shdmg the
'empty box down a grav1ty conveyor or chute to be filled by the productlon line (Flgure
.S I 2e) A gravity conveyor is used to hold as many boxes as requlred all waiting’ to
£ be filled by the production line. This type of magazine loadmg (Ref” 34) will be )
: advantageous, - because a new box is placed in the filling area as soon as the filled box

is sent on its way.
An optic sensor is used to trigger the pistons. If the optic sensor is off, i.e. no box in

front of the optic sensor, the piston will be activated. The opposite will occur if the

optic sensor is turned on, i.e. a box is in front of the light sensor.
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To load the continuously mov1n°g“6‘a.rtsw'fth néWf?;éisSenﬁbb‘Téd empty boxes the

following procedure is used (Ref. 33), as illustrated in Figure 5.1.2f.

. S TRt WAV e . : . ooy P
e B B BN e i adend T i

5.

e N 3
LAY - - HE N ‘ B .
T R
L. ‘.ﬁ‘?d:'Linl N

- Figure 5.1.2f : Overhead conveyor loading method. . ...,

Wi g :
T TRIR DI ...:.:fié',"'..‘\g_‘("u."ixmv EN

i e
e

. -

Figure 5.1.2f demonstraieés a simple and easy method of loading the empty boxes onto

the overhead conveyor.. ‘The empty boxes can be loaded automatically, ‘using a piston ~°
’ i

». . to place the empty bqiclz'ir}ft%;bosition, or manually using a worker to push the empty

el L

. .. Raariste) . . .
box into position. The:only disadvantage is that the worker must.make sure that an

empty box is not alreaglly on the cart when trying to loadst}.i;e cart. If the worker tries to

"o load-a full cart with another ‘empty bok, the second empty box will bepushed offthe  * . .7

B Yo ' 5 3* W IR R v St L
. load area, as illustrated in Figure 5.1.2g. . Lol L
4 . K - .' . \.; ’ K r} T .‘,: .'i.. <
- Overhead Chain Conveyor [ - ST

\ Y : i . -
¢ 3

Overhead
Cart ' Empty Box

Loading Zone
Figure 5.1.2g : Double loading the overhead carts (Side View).
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5.2 Filling Stations.

Referring to the present materials handling system at the end of each production line
(Chapter 4, Section 4.3), it can be seen that the filling procedure is inefficient and
contains many sources o'f possible error. The following systems which need to be

.. designed are listed below,. and addressed in this section.. ... . ....-

1) Methods of filling the boxes automatically.
2) Transporting the empty boxes into position to be filled.

3) Transporting the filled boxes out of the filling area

4) Labelling or marking the boxes for identification later in the process.

521 Filling method.
e | There are two methods used at BevCap to count and place capg into the boxés.
5.2.1a Two-Way Fi illiﬂ‘g Station (ROPP Producééﬁ Lines).
N Th1s itype?.fpf filling’ statioﬁ réqﬁifés thvat two boxes are always at thé_ ﬁlling éfeé at any

one time. “Each box sits adjacent to the other, perpendicular to the“’cbnve}fbr

'éij‘;_).p'lyingr the finished caps, as illustrated in Figure 5.2.1a.
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First Empty _Bbx

Flap Flap

Second Empty Pos. 1 Pos. 2

Box

Flow of Caps N
Assembly — ]
conveyor ‘Cap Counter

Figure 5.2.1a : The two-way filling system (Top View).

" “As soon as-the first box is filled a solenoid is triggered and the flap (Figure 5.2.12) tilts ~
- ‘from right to left. This then forces the continued supply of caps to land in the second

box.

When trying to automate this Syst_em, it is noted that two separate empty box supply
' “Iihe_zé or gravity conveyors (Section 5.1.2¢) will be needed, one for each box position.
£ * & -single gravity conveyor cannot be used. Therefore, using a twa-way filling station,
i’reQUires two separate gravity conveyors, to fe_f;ad the empty boxes into place,l ‘This is

. illustrated in figure 5.2.1b. RSN

F

v

Gravity
Conveyors
Empty \
_ . Boxes
v N ‘

Cap Conveyor

Figur;e 5.2.1b : Supply of empty boxes to the two way filling system (Top View).
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Referring to Figure 5.2.1b, it can be seen that using two separate gravity conveyors
will ensure that both filling areas will be supplied with empty boxes. However, using

two gravity conveyors decreases the amount of valuable floor space in the factory.

5.2.1b Caption Box Filling Station (WC Production Lines).

RS S G,

‘The Caption box filling station only requires one box to be at the filling area at one

time. This method uses a type of caption box to hold the continuously flowing caps
while the operator is moving an empty box into position, as discussed in Section
4.3:2b:: The caption box is a small metal box which has a trapdoor situated at the

bott_Q;_ri of the box, as illustrated in Figure 5.2.1c.

w

- Caption BOX\\ : Assembly
\
) \
, \

Conveyor Counter
/ Trapdoor .

Empty Box

~ Figure 5.2.1c: The caption box filling system (Side View).

" The trapdoor is controlled by a small piston. When a box is in place to be filled, the
trapdoor is opened (Figure 5.2.1c) and the flow of caps falls through the caption box
and into the carton box, which sits directly below the caption box. As soon as the
counter has reached the specified number of caps for that box, .the trapdoor (Figure
5.2.1c) closes and the continuous flow of caps are caught in the caption box area. The
volume of the caption box is sufficient to give the operator enough time to remove the
filled box out of the filling area and place a new empty box in its place. Once the new

box is in place, the trapdoor opens (Figure 5.2.1c) and all the caps in the caption box
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are placed into the new box, as well as those which are flowing in from the production

line.

The advantage of this method is that there is a window of time for the old box to be
moved out and the néw box to come into the filling point. Therefore, only one gravity
conveyor s requlred to feed empty boxes to the filling station, as opposed to the two

grav1ty conveyors needed 'in’the two-way filling systern. ok Tl e e

5.2.2 Tré'nsporting the@Carto'n Boxes in the Filling Area.

Once the carton boxes have been filled, a device is required to move the filled carton
' box-out of the filling area and move another empty carton box into the filling area. -

1

5.2.2a Ground Conveyor. i

A ground conveyor can be used to transport the empty boxes to the filling point as
well as transporting the filled boxes out of the filling point. The filling conveyor

. y
would run from the end of the gravity conveyor to the point of filling, as illustrated in

Figure‘S'-..ZfZa-.' o o . _ P

t -

Gravity

Conveyor
Optic Sensor

Filling point

\ Filling

Conveyor

Figure 5.2.2a : Filling conveyor set-up (Top View).
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The gravity conveyor (Figure 5.2.2a) is used to transport the empty boxes from the
overhead chain conveyor system, discussed in section 5.1.2, to the filling area. The

gravity conveyor is positioned at an incline.

The filling conveyor (Figure 5.2.2a) is controlled by the optic sensor. When a box is

required to be filled; “the filling conveyor will run; transporting an empty box from the

TS SR conveyor’ to'the filling pomt The filling conveyor will only:stop.once the-optic - : ...

sensor is activated, in other words a box has entered in front of the sensor. Once the
box is filled the filling conveyor is switched on until the filled box has moved out of

position and.t‘l}e next empty box has moved into position to be filled.

5.2.2b Piston System.
A piston system can move the empty boxes mto pos1t10n to be filled and move the

filled boxes ‘away from the filling point once ﬂlled The piston system is 111ustrated in

| Figure 5.2.2b.

Gravity Conveyor - S
Y Y ‘Filling Point

Optic
~ Sensor

M

Figure 5.2.2b : Piston filling area system (Top View).

Piston

The boxes will slide down the gravity conveyor and straight into position to be filled.
Once filled the piston will be activated and the filled carton box will be moved out of

the filling point. When the piston returns, a new empty box will be-able to slide down
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the gravity conveyor and into position: “The optic sensor'is'used to ensure that the box

is correctly in position before filling.

The disadvantages of using the piston system is that there is little or no space to place
the other systems which need to be near the carton box, such as the bar code printer

and box shaker. The box shaker needs to grip the carton box from two opposite sides

kil shiake tHe'box Gver Specified time: intervals-iThis*Cannot:be-physically-donie using: - v e.ii 5

the piston system.

5.2.3 Labelling Method.

. Bar codes are.a universal way of identifying products (Ref 28) There are two types of

bar code labellmg systems which are cons1der d B

5.2.3a Pre-printed Bar Code Stickers. ,

'..‘ .-
"‘..;‘ X

A sticker dlspenser device can be used to place stlckers on the carton boxes. The

. -'5‘.,_. sucker dlspenseriwﬂl be situated at each filling point. A pre-printed bar code W1ll

= appear on each of the stlckers and, will represent each of the individual productlon
* lines. Therefore when a box arrives at the storage area and the bar code is read the

computer W1ll only be able to 1dent1fy the productlo ':_lme from which the contents of

** the box was manufactured The computer can then refer to 1ts data bank and dlscover

" the product bemg produced on that specific production’ line at,that time. Once this

"“information has been gathered the box can be sorted into its correct storage area,

according to it contents and customer details.

)

The disadvantage is, that if the box has to be identified some time later, the only
information received from the bar code, will be the production line number the box

came from, and not its content and customer name.
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5.2.3b Bar Code Printers.

A bar code printer will also be placed at each filling station. The difference between
the bar code printer and the pre-printed stickers is that the printer will be able to print
the customer’s name, product number and an individual bar code on the carton box.

: Therefore unhke the pre—prmted bar codes the prmted bar code can store more

R S ) - P . e amr .
o AT b LESD AR P ARG et ke, 0 R e ey A

1nformatlon and make the sortmg procedure much easier.

5.2.4 Carton Box Shakers.

‘The carton box shakers are presently being used at BevCap, but only on the white cap

- production-line (WC'1 -3). The shakers agitate the boxes periodically, - while being ™ =~ °

filled. This ensures that the caps are spread to the bottom of the box and do not pile ..
up att one spot and“;c'ause the box to overfill. The ROPP production (ROPP 1-8) lihee :
do not have shakers-at the filling stations, because the caps produced are smaller and

lighter than the whité caps and do not cause the same problems. However, the ROPP

line boxes are being shaken by the workers before sealing.

"Therefore, shakers will:be situated at the end of each-production line to make sure the

caps are spread out over the box and are ready for sealing.

T

5.3 Moving th:e"' Filled Boxes to the Storage Area.

In the present materials handling system at BevCap, forklifts are used to move the
pallets of filled boxes from the filling stations to the storage area. This method has
been causing problems as discussed in Chapter 4, Section 4.4. The only simple way to
move the filled boxes to the storage area is to use a flat belt conveyor system. Flat belt
conveyor systems are very economical power installations for handling correct and

intermittent flow of materials for long and short distances (Ref. 14).
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The flat belt conveyor will run continuously and will transport the filled boxes from all
the filling areas on the factory to the storage area. The continuously running flat belt
conveyors will form the “main artery of the factory. All finished goods will be placed

on the flat belt conveyor and sent dlrectly to the storage area to be sorted and packed.

. 5.4 Sealing the Filled Boxes. . -

The filled boxes must be sealed before entering the sorting and storage procedures.

There are two possible methods to do this.
5.4.1 Manual Carton Sealing. o

' The manual procedure is used at present. Once a box has been filled the plastic bag
holding the caps is folded close and the carton box is sealed using a strip of tape. The
* ' manual method of sealing carton boxes is d1sorgan1sed and must be standardised. To

accomplish this the following steps must be taken,

= 1) - "The workbenches must be des1gned to make the jOb of seahng the boxes eas1er o

{J [

o for the workers

e

) - ‘The workers seahng the boxes will only be respons1ble for that act1v1ty and .

~ 'nothing else. -,

e 3) - All the boxes will be sealed at one specified area of the ';factory:..

-4) * The boxes will be manually removed off the main conveyor and sealed before
‘being returned onto the main conveyor, which will transport the boxes to the

storage area..
- The advantages of using manual workers to seal the carton boxes, it that the system is

already in place and unskilled workers are required. ;The disadvantages, however, are

the speeds at which the workers seal the.-boxes, as well as the monthly cost of labour.
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The average monthly earnings for a singlé*permaneént worker is R 2751.71 (Appendix

B, Table B.6).

5.4.2 Automatic Carton Sealing.

Rt THer& dte hachities which:can be used-toperformrithis-task: iThe.machines; grip.the:x: ;v s 0
filled boxes from the sides and force the top flaps of the box down, by using guide
rails. A strip of tape is then placed on top of the carton box to ensure that the box has

been correctly sealed (Ref. 36).

5.5 Sorting and Storage of the Filled Boxes.

P A T PETRREE A

- Thev>s.e'a'1e‘d carton b'c')xes,bfr:c':)iﬁl all 12 production lines, will be fed viaa flatbelt =~
conveyor to a specified stofage area. The boxes will have individual bar codes which

- will be used for identiﬁcatibp;purposes. The boxes must be sorted into their individual

.. pre-determined storage areas.

", . The sorting system will be used to identify the boxes corri_irig d\bwn the conveyor line

and place them in the correct storage areas.. The concept';fo"r sofving this design

. problem is illustrated in Figure 5,;'5.; ‘

Ejection
Pistons w\
Main Somng.
Conveyor
Conveyor
\ Angle
Counter ~—, .
b ‘Bar Code
> LZ#— Reader
Carton Box / ‘ D.ispenser
Piston

Figure 5.5 : Filled box sorting system (Top View).
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Referring to Figure 5.5, the already sealed box is transpoited on the main conveyor
and is forced to stop in front of the bar code reader. The bar code of each box is read
and the box’s customer name and product type is identified. The computer then refers
to its data_bank and finds out in which storage area the box must be kept. The
‘computer then assigns an angle count number and ejection piston number to the box

“and pushes the box onto the sorting conveyor by using the dispenser piston. The angle

T Y &ssrgned 1674 specrﬁc bOx*lS‘the -actual'angle‘ counter- reading:when thiesswi-5.18 = iy,

“box is in posltron to be ejected. The angle counter is placed on the drive shaft of the
- - “sorting conveyor and is used to measure the distance the conveyor has moved. The
““éjection piston number associated_”-with a specific box is the piston number which must
“"be activated when the box is in position to be ejected. Therefore, once the angle

‘ counter is equal to the angle count number assigned to a box, the specified piston

»'assoc1ated with the box is activated and pushes the box.into the correct storage area. .

il The box is then placed ona pallet Once the pallet is filled, a forkhﬂ will place it in

the storage racks

:'The only disadvantage, is that once the box is positioned on the:sorting conveyor, it
“““cannot be moved. If a box is moved while travelling down the sorting conveyor, The
- computer will not activate the eject1on plStOI‘l at the right tlme and the box will not be

placed in the correct storage area
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5.6 Final Design Concept.

All the previously mentioned ideas and concepts for the improved materials handling

system are weighed up against one another and a final decision is made, as shown in

o
b e e 451 ﬂ“‘.»i-z"'i-"v"\’..zx'{'fw

Table 5. 6
B e L ‘(Y " Aceispt Desigh
| | Table 5.6 : Decision Chart (N = Reject Design)
CONCEPT ADVANTAGE DISADVANTAGE |Y/N
Assembly of the Empty Carfon Boxes

Manual - System is already in use and | The average monthly YES:

requires unskllled labour. cost of a permanent Present
D BN | workers is high™ =~
‘ (R 2751.71).

Automatic Much faster than workers. Machines have a higher | YES
The running costs are much | initial cost. Regular Future
less. o maintenance will have to

v be performed. *
, Transportmg the Empty Carton Boxes to the Fi lllmg Area
éfound Conveyor | A single conveyor is used to A large amount of UNO
RO transport the empty. and filled | sensors and computer
boxes. " | equipment Qill be
; needed. The émp'ty

boxes are only placed on
the conveyor when
required at a filling
station. |

.Ovuerhead Empty boxes are Bulky. Waste of floor NO

Conveyor Belt continuously transported space.
around the factory floor.
Box can be obtained sooner.
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Table 5.6 : Decision Chart (Continued)

Overhead Chain Empty boxes are - | The ceiling framework YES
| Conveyor. | continuously transported might have to be
| around the factory. No floor | reinforced
.| space is wasted. Boxes can

be collected from the

o SERPERTT FrOIE -tiQQnVeyaor"lqﬁiCklyc':".;»i B i s viourbo o i 8w bt o 1 1] et G e
| Filling Method
‘leo-Wz& .Method Already in place on all 8 Needs two separate . -~ | NO
Ey ROPP production lines. | empty box feeding v
‘* ' chutes. Waste of_ﬂgpf

space.

Srglt onrt

el Caption Box: - - - |- Needs only one empty box - - | There is.a time limit +...% | YES. | .....

Method* feeding chutes. Saves floor | before the next empty
L | space. : box must be in pla"qﬂ,_e“j‘vto
be filled.

K

Transporting Boxes at the Filling Station " .

. Groundbonveyor Economical and easy Takes up more floor YES
2, ' | space than the piston B
-pisfoh LS).rsterv'n'—;,‘:a - i%conomical and‘eésx_ » zi\LIot enough space té L-.— NO ,
N - _ place the other R
I I mechanical devices

which must be in the

filling station (Printer

and shaker)

Labelling Method

Pre-printed Bar Cheaper Not enough individual NO
Codes information on the bar

code, such as customers

name etc.
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Table 5.6 : Decision Chart (Continued)

: SyStem

sensory, except a bar code

1
reader.

| sorted,

" | worker when being

it will not arrive

| at its correct destination |

Bar Code Printers | More information can be . .| More expensive YES
placed on thg bar code. The
printer can also print
. different bar codes when
different customers use the
o . | same productlon hne N B P I
T ransportmg the Filled Boxes to a Storage Area
Ground Conyeyor | Economical and easy. None YES
'7 Sealing the Filled Boxes ,
Manual Metho(j‘.ﬂ}g;ff | System is already in use and | The average monthly YES
E ’;; it requires unskilled labour. | cost for a permanent ;P’rveff"“.“
NPTy e oo . .. .| workerishigh, .
| (R 2751.71) o
Aufoma;i.c. ) —Much faster and cheaper to | High initial cost. YES
Method , operate. Maintenance will be Future
| ‘needed. Breakdowns are
: _ .| possible.
Sorting vt‘he Fi z:lled Boxes into Pre-Determined Storage Areas.
-?iston Sorting | Eqsy and Chefap. Requires no.| Ifa box is moved by a
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6. Modelling the Proposed
Design.

*:';:.,».:»':The;mo%del;oﬁ,the.-‘improved materials handling .procedure, ‘designed in;Chapter;S;.was. .. . .. ;.5

constructed from Lego and is controlled via a Lego computer interface. Each section,
of the model, . will be described in detail, as well as the-computer program which

“controls it.

N

6.1 The Empty Box Transport Svstem

PISE R NI

6.1.1 The Overhead Chain Cohveyoerystem.

This system, ofthe model uses an overhead chain conveyor which is suspended

S from the factory model cellmg, to. transport the empty boxes to the filling stations. .

o o T
EA .’i >

=7 The ra111ng Wthh the chaln is connected to, by means of rollers has an I beam cross

“ section (see Chapter 5. 1 2c) Lego does not have an I- beam cross sectlonal piece.

" ¢ Theréfore a simple household curtain railing system was used to model the overhead

conveyor system. Forty toothed gears are used to drive and guide the conveyor chain
around the factory model floor. The drive system, used to drive the overhead chain
conveyor, is illustrated in Figure 6.1.1 and shown in Appendix L, Drawings 12 & 13

and Appendix J, Photograph 6.
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Small Pulley ﬁorgzeéléar
’ Large Pulley
~ 16 Teeth Gears

Worm Gears

24 Teeth
SRR .,.'CrowHGeai's'h,., dile EEL Xu L il

Figure 6.1.1 : Overhead chain conveyor drive system for the model (Top View).

The specifications, of the_{,‘d"verhead conveyor drive system for the model, is calculated ﬂ ;

in Appendix D.6 and tabulated below, in Table 6.1.

RSN

Table 6.1 : Overhedyez;nveyor drive system specifications for the Lego model.

Motor Speed (Normal Load) 3284 RPM
Motor Torque (Normal Load) 0.35 N.mm
.| Drive Gear Speed | 3.5RPM -
P _Dr1ve Gear Torque (Normal Load) . 327 N.mm T
Gear Box Ratio 927: 1 B
| Conveyor Chain Speed

7.42 mm/s

'6.1.2 The Overhead Conveyor Carts.

The chain of the overhead chain conveyor is attached to 9 rollers equally space and

attached freely to the I-beam. Underneath each roller lies a transport cart which is able

to swivel about its connection to the chain. The cart will be used to transport the

empty boxes to the filling areas, as well as pick up the newly made empty boxes. The

configuration of the cart is illustrated in Figure 6.1.2 and shown in Appendix L,

Drawing 14 and Appendix J, Photograph 5.
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‘Overhead Chain

..................................................

/x ......... ...... | E. ..................................................... :

Overhead

cart/ Empty Box

Swivel Point

v
Tilting /

Pin

Side Arms

Figure 6.1.2 : Overhead cart set-up for the model

"The overhead cart has the following specifications, which a‘rv‘e‘{éal‘culated in Appendix F

and tabulated in Table 6.1.2.

Table 6.1.2 : The overhead cart specifications for the Lego model.

V Length of the Cart’s Lever Arm (L).

i

62 mm

o Length of the Tilting Pin.

12 mm

Maximum Angle of Oscillation. when

Conveyor is Suddenly Stopped..

0.54 Degrees

| 33 Degrees:-

Angle of Tilt when Box is Dispensed . )
Down the Gravity Conveyor. -
Time Taken to Deposit an Empty Box 2.5 Seconds

| Down the Gravity Conveyor

16.1.3 The Gravity Conveyor System.

The purpose of this system, is to retrieve the boxes from the overhead chain conveyor

system and place them on the filling conveyor.
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A piston is used to tip the overhead conveyor cart, when an empty box is required.

The piston is activated by an optic sensor, which is situated near the bottom of the

ramp. The optic sensor used is not a standard light sensor supplied by Lego, but a

Light Dependant Resistor (LDR). The LDR changes resistance as light is placed on it.

The more light there is, the lower the resistance. Therefore, with the lamp (Figure

6.1.3a) facing the LDR at all times, the resistance is always low.

-

R I It UL Y I PR

Lamp

Carton Box

-

Conveyor

Optic Sensor

Figure 6.1.3a : Gravity convejlor optic sensor system for the model (Top View)

EXcépt, when a box breaks the light’ beam between the lamp and the LDR, then the

LDR’s resistance will increase. This change in resistance is then manipulated, using an

-f-electronic circuit, designed in Appendix C.4 and illustrated in Figure 6.1.3b, to |

“control the tiltirig piston’s actions (Section 5.1.2@, Figure 5.1.2¢).

s

IV

Ripr

4.7KQ

I-
6.5KQ I+
— V+ GND |—
LM 324
16 KQ

VLM )

Solenoid
Valve

\ Transistor

GND

Figure 6.1.3b : Control circuit for LDR on gravity conveyor.
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The piston is controlled by a 5/2 way solenoid valve, manufactured by FESTO. The
solenoid value is excellent for controlling double-action pistons, because using a 5/2
| way valve the exhaust air can be collected and used again. The solenoid valve requires

a 24 Volt DC power source to operate.

When the light beam is btoken the piston’s solenoid valve is switched off and the

: "5'4-',pi'ston‘v-fdd 1is-forced:inwards, :but {yhen__th_eJight;;bea_mj§;;unp;oken the solenoid valve is.... . .....

switched on and the piston rod is forced outwards. This then allows the piston rod to

‘tilt oncoming overhead carts and collect the empty boxes.

The cotft‘rol system does not require input from the computer interface:z but requires a
+24 Volt DC supply to power the circuitry and piston solenoid valves. ;The t)ower
supﬁ‘1§feomes directly from the transformer in the control box. The optlc sensor
spec1ﬁcat10ns for the gravity conveyor are calculated in Appendix C.4 and are

tabulated in Table 6.1.3a

T able 6.1.3a: Grawty conveyor optlc sensor specifications for the Lego modeL

LDR Change in Resistance ¢ 71 1KQto4KQ
LDR Change in Voltage o |130Voltto198 Volt . .. %
Threshold Voltage . 117.1 Veit . 1‘ '

.:7‘
The gravitﬂl"eertlveydr spec,iﬁcations are calculated in Appendix F and tabulated below

_ in Table 6.1.3b. h ' L
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Table 6.1.3b : Gravity conveyor specifications for the Lego model.

Maximum Angle of Tilt
(Before Sliding) 4

11.3 Degrees

Maximum Angle of Tilt

48.3 Degrees

(Before Toppling) .
Angle of Tilt for the Gravity Conveyor 21.6 Degrees

ot L T ength 6F Gravity Conveyor ++  tooioisl0BMIM S ot & Ve i e ot b
Maximum Velocity of Box Down the | 2.9 m/s

Gravity Conveyor

Time for Box to Travel Down the:Gravity

Conveyor

0.25 Seconds

NS

Number of Boxes which can be Held by *

Gravity Conveyor

' 2 Boxes

The gravity conveybr can also be seen in ‘Aﬁpéndix L, Drawing 4 and Appendix J,

Photograph 4.

6.2 -The Filling Stations.

The Lego todel used to perform this task can be divided into four sub sections.

-6.2.1 Filling Conveyor

‘The filling conveyor is used to move the empty boxes the short distance from the end
of the gravity conveyor to the filling point, while also moving the already filled box
onto the main conveyor which takes the filled boxes to the storage area. The filling
conveyor only runs for short periods of time, depending on the optic sensor reading,

see Section 6.2.2. A motor and gearbox set-up is used to drive the filling conveyor, as

illustrated in Figure 6.2.1 and shown in Appendix L, Drawing 3 and Appendix J,

Photograph 3.




R
CER T O b

Conveyor
16 Teeth Gears
Worm Gear
K
v Motor
izt \J{‘ ' DR WS ST A T I T B SR " gt J"ﬁ: T
24 Teeth Gear / \
Large Pulley Small Pulley

. Figure 6.2.1 : The filling conveyor drive system (Top View).

...:?.7: B
L

The spemﬁcatlons of the filling conveyor drive system, are calculated in Appendlx

D4 andtabulatemeable621 o e ’
“\Table 6.2.1 : Filling conveyor specification for the Lego model. £

Motor Speed (RPM) 1629 RPM

-Motor Torquq '(N ormal Load) 0.98.N.mm

Drive Gear Speed 282 RPM

Drive Gear Torque (Normal Load) -_ '56.4 N.mm

Drive System Gear Ratlo - 58 i

Filling (;onveyor Sp_fa_ved_ 244mm/s

6.2.2 Optic Sensor

The optic sensor is used to indicate to the computer via the interface whether or not a
box is in position to be filled. Therefore, the filling conveyor will run until a box has
interrupted the beam of light between the lamp and the optic sensor, as illustrated in

Figure 6.2.2.
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| Lamp

Conveyor

arton Box

Figure 6.2.2a : Optic sensor system on filling conveyor (Top View).

A Light Dependant Resistor (LDR) is once again ufsfed' as the optic sensor. As before,

with the gravity conveyor (Section 6.1.3), with the lamp in place the LDR’s resistance

is always very low, but as soon as a box mterrupts the beam of hght between the LDR

"“and the lamp, ‘the LDR’s resistance will increase.- The change in re51stance Whlch is

relative to the amount of light on the LDR, is then manipulated using an electronic

circuit, design in Appendix C.3. The electronic circuit is used to communicate with

the computer, via the Lego interface, and indicates to the computer when a box is in

position to be filled. The lamp is used to create a ve‘ry large difference between the

low and high resistance values, that is when a box is in the path of the light beam and

when it is not. “This was done because light from the surrounding area can effect the'

readings, but with'the lamp as a perrhanent direct light source to the LDR, the foom’s

surrounding light has little or no effect on the readings. -* **

Tt

The control circuit used to interface the LDR readings with the Lego interface is

“shown in Figure 6.2.2b.
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9V
. L Q+ Relay
\\ L
47KQ I+
Rior — V+ GND —
LM 324
pove e o) 47 K 56KQ . > -
R S T N T RN © v, U o (Vs e
GND

Figure 6.2.2b : The optic sensor interface circuit for the model filling conveyor.

3
e

A relay is used to commnnicate with the Lego interface. Once the light beam between -

- ~~the’ lamp and the LDR i is broken the relay closes and the mput port on the Lego

interface is sw1tched on Thrs 18 then an 1ndlcat10n to the computer that a box is in

s

position to be filled.

-

The optic sensor speciﬁeation are calculated in Appendix C.3 and tabulated in Table

6.22.

Table 6.2.2 : Filling conveyor optzc sensor speczf catlons for the Lego model.

] LDR Change in Resistance

1 KQ to IOKQ

»LDR Change in Voltage

7.4 Voltto 2.9 Volt

Threshold Voltage

4.9 Volt

6.2.3 The Bar Code Printer.

A sticker dispenser, built from Lego, was used to model the bar code printer.

Different coloured stickers were used to represent the bar codes. Each coloured

sticker would identify, to the computer, from which production line the box came.

Page 57




M.E. Tollner, MSc Project

The colours of the stickers as well as the production lines they represent are tabulated

below in Table 6.2.3a.
Table 6.2.3a : Sticker Colours For Each Production Line.

Stickei‘ Colour Production Line
White ‘ 1
Green ‘ 2

| Gold . - S PR ! 3 , i

. The stickers are- contained on a long strip of glossy paper. The paper is wound around

‘a drum, with the stickers facing inwards towards the drum. The drum is free to rotate

2 i

- i about its centre shaft. The strip of paper is fed around a chrvea metal guide, before it

is attached to a second drum, as illustrated in Figure 6.2.3a,i"

LTI DT optieSemsor LT L T
S _ \ Sticker- - -
G R m ' Glossy Paper
- Sticker Drum
Lamp \ |
Empl}/ | Metal / \
Box ", QGuide j »
-4y n
‘ : / . ;
‘ ~Filling {
, *:'-i—-_» ‘|- Conveyor o Drive Drum ..

e - Figure 6.2.3a : The model sticker dispenser set-up (Top View).

‘Ofice a box has been filled a sticker is required to be placed on the filled box, for
identification purposes. The drive drum rotates a predetermined number of revolutions
and a single sticker is pealed off the glossy paper and forced onto the box, as seen in
Figure 6.2.3a. To ensure that the strip of paper is always under tension when pulled
around the metal guide, the sticker drum (Figure 6.2.3a) has a tensioned elastic band
attached to its centre shaft and a fixed pulley. Therefore, as the sticker drum is forced:
to rotate, by the strip of glossy paper, .the elastic band resists the rotation of the |

sticker drum and increases the tension in the glossy paper.
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The drive system of the printer used to drive the drum, is illustrated in Figure 6.2.3b.

| Motor B

N

Motor A |

Worm Gears

Stickers

AN

kngle
Sensor

—
8 Teeth Gears \

Drum

Figure 6.2.3b : The printer drive system for the model (Top View).

L

7 "The spécifications, of the printer drive system, are calculzited‘in'Appéndix D

are tabulated in Table 6.2.3b..

e -

.S. and

Table 6.2.3b : Printer drive system specifications for the Lego model.

Motor Speed _ 2280 RPM
' m'vM'otor Tdrdue (Normal Load) | 0.73 N.mm (Per Motor)
| | Drive Dru_rﬂ Speed . | 44RPM o
| " | Drive Drum Torque (Normal Load) 758 N.mm o
Printer Gear Box Ratio ' 518:1
’’’’’ _ ﬂS{iéker Tape Speed 5.53 mm/s .
é oL The reason two motors are used is because the torque required to wind the paper

" around the curve metal guide is 1.46 N.mm and the maximum torque a single Lego

motor can deliver is 1.59 N.mm (Appendix D.1).

A standard Lego angle sensor, Figure 6.2.3b, is used to ensure that only one sticker 1s
placed onto an adjacent box at a time. The accuracy of the sensor in relation to the

system is calculated in Appendix D.5 and tabulated in Table 6.2.3c.
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Table 6.2.3c : Printer system angle sensor specification for the Lego model.

Error of the Angle Sensor 22.5 degrees
Error Across the Sticker Tape . 0.59 mm
Length of one sticker 19 mm

Angle Sensor Reading for Dispensing One | 34 Counts

Sticker

wo e e el 7
N LT

A major problem with the printer is that the angle sensor value for one sticker to be

: rem'oved was calculated with the assumption that the drive drum diameter (Figure
6.2'_.}a) remains constant. But, unfortunately it increases as more ofrthe glossy paper
is' wound around the drive drum. The glossy paper, however, is very thin, but once 5
layers -of glossy paper have been wound around the drive drum the angle sensor
.'readin’gs may be incorrect. Therefore, a factor at which the angle sensor reading
changes was calculated and 1ncorporated mto the control program This is shown in

detall in Appendlx D.s.

63 N Main Conveyor System.

s

“The mairi7<:onveyor runs perpendicular to each of the filling conveyors, and runs .
’contmuously usmg a motor and gearbox set- up Located at the end of the main
conveyor is the co}our 1dent1ﬁcatlon dev1ce which 15 used to model the bar code reader

The main conveyor drive system is illustrated in Figure 6.3.
. . 7 :

Small Pulley 7

Worm Gear

24 Teeth Gears

Large Pulley /

16 Teeth Gear Conveyor

3%

Conveyor Drive Drum £

Figure 6.3 : Main con\"eyor drive system for the model (Top View).
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The main conveyor specification are calculated in Appendix D.3 and are tabulated in

Table 6.3.

* Table 6.3 : Main conveyor drive system specifications for the Lego model.

Motor Speed ' 3494 RPM
Motor Torque (Normal Load) { 0.27.N.mm
Drive Drum Speed _ [ 26.9RPM

Drlve Drum Torque (Normal Load): - : .| 3545N.mm. . = .~ |

Drive System Gear Ratio 130: 1

Mairi Conveyor Sbeed . - | 42.25 mm/s

" "'The furiction of this system is to sort the

i

6.4 Sorting the Filled Boxes.

sl

different coloured labelled boxes into different

““sections of the storage area. The various systems used to accomplish this are

described in detail in this section.

6.4.1 Sorting Conveyor Syéfém.

The sortinig conveyor system is driven by a motor gearbox set-up and is illustrated in -

Figure 6:4.1. BT ,
I = " — ; ey flz % L _v‘_“ B
S Large Pulley . . 24 Teeth Gears :
Small Pulley ;
| T
Mot ; v Conveyor
otor i
. ABJ Drive Drum
/
20 Teeth Gear Worm Gear :
| Conveyor
Limit Switch :

Figure 6.4.1 : The sorting conveyor drive system for the model (Top View).
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The sorting conveyor drive system specifications are calculated in Appendix D.2 and

tabulated below in Table 6.4.1.

Table 6.4.1 : Sorting conveyor drive system specifications for the Lego model.

Motor Speed ' - | 2896 RPM

Motor Tof_qﬁe (Normal Load) 0.5 N.mm
-Dvrivxe-Drurrj,Spéed e f334SRPM.

Drive Drum.Tc;rque (Normal Load) 432 N.mm

Drive Systefh_Géar Ratio _ 87:1

Co“nveyor ”Swﬁeed 52.5 mm/s

6.4.2 Colour Identification System. . . - PRI

A standarﬁi-ﬁégo light sensor is used to modél the bar code scanner and is céiil';ré.iced ';o
read the three different coloured labels, as described hereafter.

-Each colo’iif'r'fl(lés it own unique reflective ability. - This reflective ability can be :r'ead by
the Lego light sensor. If a coloured label is placed directly in front of the light sensor,
the light sensor reading should be uniquej_,f‘co-;{:_that;speciﬁc‘chour. Therefore, the , .

-Sensor can identify the different colours of thg labels. The reason the coloured labels
have tov be placed directly m front of the light Sensor is to ensure that the surrounding,‘

light does not effect the readings.

~ A problem with the Lego light sensor is that it is permanently switched on and cannot
identify when a box is directly in front of the light sensor or not. A switch was
therefore introduced to indicate, to the computer, when a box is in position to be
read. The switch was connected in series with the light sensor. Therefore, if the
switch is open, the light sensor is switched off and once the switch is closed the light
sensor is switched on. The switch was placed next to the light sensor in such a way
that as a box moved down the main conveyor it would push against the light sensor

and switch, whereby closing the switch and turning the light sensor on for colour
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identification. Therefore, instead of using two interface ports, one for the light sensor

and one for the switch, one input port was used to accomplish both tasks.

Next, the colour of each label must be identified by using the light sensor readings. A
typical'reading of the light percentage versus time, for a certain coloured box, is given

in Figure 6.4.2a.

B I Y L I T D S P R N Y N ST T AR

Tlme (S)

Figure 6.4.2a : Typical Lego lfght sensor readings qﬁer time.
oo . s R "
S B . . . R L ) (.ﬁ " ‘-4.

r

. Flgure 6.4 2a glves an example of the light sensor readmg read by the compu’ter 2AS

..... He o

~increases from an oﬂ' state (O%). Then there is a perlod. of some e oscillation before the

reading settles to the correct percentage light for the spec1f1c coloured label. Durmg

the reading’ of the coloured label a sudden dip in the readmg mlght occur, as illustrated

- in Figure 6.4.2a, which is caused by the ‘bouncing’ effect of the switch. Sometimes

the box does not come into the reading area exactly perpendicular to the light sensor,
which may cause the switch to ‘bounce’. Therefore, ‘bouncing’ is basically when the
switch does not close properly, and may turn off for a few milliseconds, before
turning on again. This in turn causes the dip in the reading. These dips normally occur

in the first 200 milliseconds, but can sometimes occur further on in the readings.
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Problems can arise when the computer takes a reading whilst the light sensor reading is
in a dip (Figure 6.4.2a). Therefore, thg light sensor reading will be lower than the
correct réading’ for the speciﬁc cdléiur being iden’:i-ﬁc;.(’ii Th1s in turn will cause the
colour to be incorrectly identified. To solve this problem a sampling technique is used.
Instead of taking only one reading, and using that as the reading for identifying the

coloured label, -the computer takes 6 readings and checks if they are all acceptable

acceptable, each and every one of the samples must fall within the mean of the
samples and a set range of 1% light below and above the mean. If not, another 6
samples are taken'and tested to the same criteria. A graphic illustration is shown in , .

Figure 6.4.2b.

- R R 2% L S

" iSam pling Technique

Light Sensor Reading (%)

Time (s)

Figure 6.4.2b : Sampling technique for colour identification (Failure).

Referring to Figure 6.4.2b, most of the samples fall outside the range, therefore the
sample mean is rejected and the next 6 samples are taken. The next six samples taken

are shown in Figure 6.4.2c.
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R Fh a8 SRS

Light Sensor Beading (%)

Sam pling Techni\que

Time (s)

[N

s In Figure 6.4.2¢ all the samples lie within the range of 1 %

. Figure 6.4.2c : Sampling technique for colourui'd-entiﬁcation (Pass).

Therefore, the sample

% ;ff':* mean is accepted and used to identify the labels colour u,\

.- Next, ?t_he-va‘rious' ranges of light sensor readings for each colour must be identified.

.2

*repeated until a sufﬁment populatlon of statistical results have; been gathered The

: o ~ This cifn be dorie by simply running the main conveyor and plaéih'g speoiﬁc coloured

boxes on "the belt and readmg the final result of the light sensor, readmg ~This is

* F1ean agd standard deviation for each colour is calculated, in Appendix E, and

" tabulated below in Table 6.4.2.

Table 6.4.2 :Mean and range of light sensor readings for each colour.

Colour Mean (% Light) Set Range (% Light)
(4 standard deviations)

White 58.35 56.63 t0 60.07

Green 48.08 46.64 t0 49.52

Gold 62.93 61.21 to 64.65
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A graphic representation is shown in Appendix E and Figure 6.4.2d .

WHIT

Light Sensor Reaq‘i;r_)g (%)

45 +

o .,.-. . ..ﬁ.....‘.4.0 N PP

.- R LA P T T VNG U -

- Figure 6.4.2d": Lego light sensor range-of -readings for each colour.

I

6.4.3 Piston Sorting System

* The sorting system makes use of double action pistons and a transport conveyor to

J Y

sort the boxes into their pre-determined storage areas, after the colour code has been

R S 0

Y

- . - :
.o wd Fa 1
vl 1 B
] v

. The sorting conveyor runs perpendicular to the main conveyor. Once the colour has

- been identified; which takes place at the end of the main conveyor, the dispenser

piston pushes the box onto the continuously moving sorting conveyor, as illustrated in-

Figure 6.4.3.
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Sorting
Conveyor-\“:
Piston3 ——t» |5
Piston2 — [ =
Main ‘ ’
Conveyor Piston 1 —f |5

Angle Counter

[T~

‘ Carton Box /

[—

Storage Areas

...................

I _Colbur',41. e
* Tdentification o
System

Dispenser
Piston

Figure 6.4.3 : Piston sorting system (Top View).

- _There are three pistons along the length of the sorting conveyor."' Each piston is

« i tequired to push a box off the sorting conveyor and.into the correct storage area. ..... ...

“opposite the piston. The three pistons and associated coloured labels are tabulated in

" vTvabie 6.4.3a.

Table 6.4.3a : Piston activated for coloured boxes. =

to

Plston N umbef | Colour
[Piston1 Gold
‘ VP'i.st'ojn' 2 ‘Green
i’istéd 3 ,‘ | . . White S Y

The pistons specifications calculated in Appendix D.7 are tabulated in Table 6.4.3b..
. o ' C i
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Table 6.4.3b : Sorting piston specifications for the model.

Piston Internal Cylinder Diameter. 12 mm
| Piston Rod ‘Diameter 5 mm
[ Piston Stroke Length 28 mm
Operational Pressure 2 bar
Piston Velocity (Forward Stroke) - 53 mm/s
. -Piston Velocityw(Backwards Stroke) 31| 56 MOVS S g s a EORTINN

0.53 seconds

Time to fully open
Time to fully close 0.5 seconds
Air consumption (Forward Stroke) 93 ml

7.7 ml

.Air Consumption (Backward Stroke):

: »An angle- counter (Section 6.4.1),. placeddn the drive system of the sorting conveyor e e s

is used to calculate when each p1ston must be act1vated in order to push the correct

box off the sortmg conveyor at the correct time. The angle counter (Section 6.4. isa

purely mechanical device, which consists of a limit switch meshed to a large 20

toothed gear (Appendix L, Drawing 10). As the gear rotates the limit switch bounces

back and forth from an on to an oﬁ’ s‘tate The number of on and off states is then

counted by the computer using the computer interface. The distance the sorting.

conveyor ‘belt has travelled as well as the travelled dlstance of the boxes is calculated.

It 1s more accurate to measure the distance that the conveyor has travelled than the

speed_ltxls travelling at, because the speed of the sortmg conveyor can'vary with

changes in the load or electrical power.

e

The increase in the angle counter reading from when a box is pushed onto the move

sorting conveyor, by the dispenser piston, until it is ejected off the sorting conveyor,

by the ejection piston, is calculated in Appendix D.7 and tabulated in Table 6.4.3c.

Table 6.4.3c : Angle counter specifications for the Lego model.

Number of counts to reach piston 1 42 Counts
Number of counts to reach piston 2 63 Counts
84 Counts

Number of counts to reach piston 3
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6.5 Corrtrol Box

The control box which controls the systems in the Lego model, as well as interfaces

with the computer program is discussed. The control box contains four different

systems,

Wi

1) The Lego computer interface, whrch 1s compatrble with various
programming languages (e.g. Pascal, Visual Basic, etc.).
- 52) A 220 volt AC mains to 9 and 12 volt AC transformer (complete with
. fuses). '

3) A control circuit board, interfacing with the computer.

LR S

¢ #4) The pneumatrc control systems contarnrng pressure gauges and regulator

[ TR [T LR ¢ aiita s

pryad :u,. e Dy gl i u -

value

The physrcal layout of the above mentioned control box systems are shown in

Appendlx L, Drawmg 1, Appendix J, Photograph 11 & 12 and 111ustrated in Figure

6.5 -
Computer Port (9 Pin) - 3 * Mains 220 V
Lego
! Transformer | g
" Comptter Lego Interface ' ‘
Regulator 9and 12V
Pressure Transformer
Control Circuit Board - /a:_ T
/ / ~—Tank
Pressure
' - ‘ } P ised
Model Interface Port Regulator AresISurr )
(50 Pin) Pressurised Air Output Alr Inpu

Figure 6.5 : The Lego model control box layout (Top View).
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6.5.1 Lego Interface.

The Lego interface is required to interface the computer software with the various
Lego input and output devices. Located at the rear end of the interface (Figure 6.5),
is the 9 pin computer interface port. This port must be plugged into the COM 1 port

of the computer The interface port is connected d1rectly to the Lego mterface box,

which is Soritainied fhside the Control box (Flgure 6.5). P e T e
“The various ports and their functions are tabulated in Table 6.5.1.
Table 6.5.1 : Input and output port of the Lego interface.
OUTPUT 1 INPUT
- | Port Letter- - - | Function- = - - - ‘Pox;t~jNu_mber* | Function- - "+
A Dispenser Piston |1 Production Line 1

(Light Sensor)

B Piston A (Gold) |2 Production Line 2
| . N (Light Sensor)
C g Piston B (Green) _'b '3 Production Line 3
e | @esenion
D B ,':"“' T Pi‘§ton C (White) 4 | Sorting Cofiveyor
; | | :‘ ‘ o o (Anglé.Cou_ntér)
E % ¢ | ProductionLine 1 | 5 - i Colour Reader
3| (Conveyor and e (Light Sensdr)
Printer) |
| F [ ProductionLine2 |6 ’ Printer 1
(Conveyor and (Angle Sensor)
| Printer) '
|G Préduction Line 3 7 Printer 2
(Conveyor and (Angle Sensor)
Printer)

H SPARE 8 Printer 3
| ' (Anglé Sensor)
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The Lego Interface is powered by a 220 Volt mains to 10 Volt AC transformer, which
is provided by Lego and is situated on the far right hand side of the control box (see

Figure 6.5).

6.5.2 Circuit Board

The various inputs and outputs, of the Lego Interface, are then connected to the
circuit board,-‘ which is located directly below the Lego Interface box (Figure 6.5).
From the circuit-board, the various inputs and outputs are connected to the model,
via a 50 pin cor;?jggter cable. The i)in numbers as well as the circuit diagrams fo_rqgle'

circuit board aré shown in Appendix K. ' s

)

| 6.5 3 Trai:i_s}for'mers‘

The circuit board'is powered by the 220 volt to 9 and 12 volt AC transformer. This

‘‘‘‘‘

power source is;then connected to the circuit board, where it is rectified to a DGi -
- power signal. The AC signal is rectified by using.a full diode bridge (Appendix C)"

with a high capacitance to reduce the AC ripple effect, as shown in Figure 6.5.3:

. AC to DC Rectification
10 T : v
8 T J -\ 4 \ F—
6 T B
E 4 + A YPEAK-PEAK u
2 24 '
% N Il ] | ! 1 }
3 -0 1\ T T i .‘ — — |
£ 20 /2 » 4 6 \ 8 110 12 14
E 1 ) \ ’ S
< 4T S ; , \ ;
-6 4 Rectified \ ’ R@ctxﬁed \ ’
ul Signal With "\ S Signal "\ o0
qo L CApeditance - Reett— C Signal
Degrees (Rad)

Figure 6.5.3 : Wave-forms for AC to DC rectification.
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. Two 1.6 Amp fuses, one for each power source, are used to prevent damage to the
circuit board. If a short circuit should Gccur, thé cuitent through the cables would be

- approximately 2.5 Amps, which is the set maximum current for the transformer. This

would then exceed the fuse limitation and the fuse would blow, preventing any

destruction of the wiring,

.i».TheLegointerface transformer.is placedinext tothe 9'and 12 volt transformer (Figure » .+ .. ... ..;

6.5) and no fuses are required.

6.5.4 Pneumatic Controls

The pneumatlcs are placed in the bottom rrght hand 51de of the control box (Floure

REpERS 6 5) and are completely separate from the c1rcu1try of the control box.

: Approxrmately 8 bar pressure, from the source (tank Or compressor), comes into the
input tube and through a pressure gauge. The pressure is then regulated to operate the
system at 2 bar and is displayed on the second pressure gauge. The regulated pressure
should not exceed 3 bar. If the pressure is higher than 3 bar the pipes connected to the'--

pistons will ‘pop’ out of place.

< i e

6.6 QComﬁu‘ter’Proj_iam and Coiiing-"- |

The computer packafge used to interface the model with the ’eomputér is Visual Basic
3.0. The Lego Interface is compatible with this software and contains specified

. commands which can be used in Visual Basic 3.0 to communicate with the interface.

Approximately 90 percen't of the coding is for user friendliness. These functions will
not be discussed in.this section. The section of coding that is of interest, is the code
which controls the factory model. The flow charts for the control code can be seen in
Appendix H. The computer code runs in a continuous loop, as shown in Appendix H,

Figure H.1, and repeats four main sections of code. Three of these sections of code
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are used to control the three separated production lines, while the fourth section is

used to control the sorting procedure, as described hereafter.

6.6.1 Production Line Code.

it The production line code isiused to.control.the fillingprocedure;at therend-of eagh . i -0t 5 o -

production line. The flow chart for this section of code can be seen in Appendix H,

Figure H.1.2.

The i)rogram_ﬂrst checks if the production line is running, which means tfxat the

customers details have been entered into the computer correctly and the user has

_started the_productiori liﬁe. .Once the line 1s active, the control program starts. The -

'brbgr'drﬁ uses a variable fl_‘arﬁe‘MODE'tc;" control the functional state of 'trl‘ie\\firbdi.lct'ibri' e

line. The varidu'SVValu'evsf of the variable MODE as well as the meaning of the values to =~

the E:omputer code are tabulated below in Table 6.6.1.

Table 6. 6 1 Acttve mode of the production line control program.

Filling conveyor is set ON while the ﬁllmg |

Mode =0
station waits for another empty box to
enter thei:ﬁlling point.

| Mode =1 Filling cohyéybr is set OFF when an
empty box arrives at the filling point.

Mode =2 Waiting for empty box to be filled with

| caps.

Mode =3 Filling complete, bar code printer is set

| ON. '

Mode =4 The bar code printer’s angle sensor has
reached its pre-set stop angle value, the
printer 1s set OFF.

Mode = 5 The customer’s order has been completed.
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The MODE variable values only change once the sensors on the production line have
changed state. For example, while in MODE =1 the conveyor is running and is
waiting for an empty box to arrive at the filling point. MODE = 2 will only occur once
the optic sensor on the filling conveyor is switched on, i.e. a box has broken the beam

of light between the lamp and LDR (Section 6.2 2).

o . e cw e e ey e NP
P IO IS ok P i SRR 3 PE RO N FURT AR DR SUTU IR NN o LY JHR b

6 6 2 The Sortmg Procedure Code.

The sorting system code is sub divided into two sections. The first section is used to
-« identify the colours of the various boxes, and the second section is used to control

' - when the three ejection pistons must be activated.

o The colou'r“i‘dentiﬁ‘cation'o’ortiOn of the C'ode will only run oncvetne Lego ‘li'ghf eeneor
i ~hasbeenswitched on (see Section 6.4.2). Once activated,_'.-;t;he sampling procedure -
.ides"cribed in section 6.4.2) starts. Each time the program loops another light sensor
- sample is taken. Only once all 6 sample readings are within the 1% set range does the
| code accept the light sensor readmg The colour is identified usmg the pre-determined
- ranges of light sensor readmg for each colour (Appendix E) ‘An angle count number is
then stored'into memory as well as the piston number relating to the angle count
-number for ;the specific box being identified. The dispenser piston is then activated and
t}'lle?box" is sent down the Tsor—ting conveyor. The angle counter val‘ues for each box on
“the' Sorting-conveyor, are stored in a variable called POINTER and the plston
numbers ‘associated with the angle count values, in a variable called PISTON. Both

variables are arrays.

Now, the second section of code checks, continuously, if the present angle counter
reading is the same as the ones stored in the variable POINTER. If so, the code |
identifies to which piston the reading belongs to and activates that piston. This in turn
pushes the correct box off at the correct position. The flow chart for the above

mentioned code is shown in Appendix H, Figure H.1.3.
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6.7 Total Cost of the Lego Model.

The total cost of the Lego model is tabulated in Table 6.7

e Tab’le 67 Tot_al cost gf the ,ngo MadeL.,; ,

System : No. | Cos
- (Rands Inc. VAT)

Lego Motors 9 1 026.45
Light Sensors 1 182.47
Angle Sensors 3 547.41
Lamps s 6 288.00
Structural Bricks o | N/A 2210.70
Mechanical Components = N/A 548.20
Limit Switch T 1 30.00
Lego Interface -~ =~~~ - o oo eooc - ] - 1-811.41
Electrical Components o N/A 250.00
Preumatic Components -~ N/A 3 260.00
Pistons ‘ 7 368.41

- K Total | 10 523.05
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o Carton Boxes.

7. Transformingﬁthe Proposed
Model to the Actual Factory

[ TS Y TN S NI I S SN, T AT S SO NI N PL TS - v -
g iy v e R ey o e S kg ey e e b T et R0 R e TR Fa—

Layout.

‘Theideas and concepts of the model are designed for the actual factory. The

machinery needed, the positioning in the factory as well as the PLC”_Rrpgramming

which controls all the functions are presented.

. ‘Assembly 'and“Trahspor,tati-on of the‘Emp_tv R

T S O [ . ~

~ Theprocess of assembling as well as transporting the empty carton boxes to each of

the ﬁlling points is discussed in detail. -

7.1.1 Empty Carton Box Assembly.

K ~
RV RETIN

The cartori boxes-will still be assembled manually but it is suggested that mégﬁhinery be

- used in-future. This will increase the empty box production rate as well as decrease the

monthly assembly costs.

There will be two empty carton box assembly points, one for each of the two different

types of carton boxes used at present. The assembly of the empty carton boxes will be
performed on the two roof tops of the small building located on thé factory floor (see
Appendix M, Drawing 2). The overhead chain conveyor will pass alongside the
rooftops of the two small buildings at the correct height, such that once a worker has

completed an empty carton box it will be easy to place the box on the next available
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empty cart. The specifications of the manual carton box assembly procedure are

calculated in Appendix G and tabulated in Table 7.1.1a.

Table 7.1.1a : Manual carton box assembly specification.

WC Production Lines
Carton Box Assembly

ROPP & TALOG

Production Lines

Carton Box Production

R R o SRR Are a7 Y " Carton Box Aséémbly B
Area
Carton Box Type REF 88 REF 86
Minimum Number of 1 S 1
Workers
Suggésted Number of |2 | 2
Workers - o~ o< [ rr “ A T
| Minimum Speed of Empty | 57 Boxes/Hour~-- - - - |-58 Boxes/Hour -

* The layout of the work area, located on:the rooftops of the two small buildings, is

illustrated in Figure 7.1.1. and can be seen in Appendix M, Drawing 2, 3 & 4.

Overhead :
Chain Conveyor : .

£ T A
o ¥

>
>

F'S

A

BUILDING
ROOFTOP

Figure 7.1.1 : Layout of the proposed empty carton box assembly area (Top View).
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Referring to Figure 7.1.1, the workers job has now been made easier, .compared to
the present system shown and discussed in Section 4.3. Firstly, the distance the

- worker must move or walk to perform the empty carton box assembly has been
reduced. Secondly, the worker is now only responsible for assembling empty carton
boxes, in the long term this will reduce carton box assembly times and increase

productivity. Finally, -if more workers. are required to assemble boxes, due to an

workbench. If‘even more workers are required it is strongly suggested that a carton

box erection machine be used.

Ifin ﬁlture,,i'a_h automatic approach is required to assemble the empty carton boxes, a

list of the available machinery and the technical data is shown in Appendix G; Table

uro-wincreasedniproduction line speeds, there is enough space for.a third.or fourth.. ..ot ..o,

_ G22. TheiSOCO BE 300 ABS supplied by AFCOM is the machine suggested forthe

procedure:of carton box erection. This machine was chosen because of its production
~output, pewer consumption and cost. The machine will also fit onto the roof of the |
small building without out any space constraints. The carton erection machine

specifications are tabulated in Table 7.1.1b.

e’ s T IRETRTE Y

-Table 7.1.1b : Automatic carton erection machine specifications for the factory design.

Model | R SOCO BE300 ABS
Dimensions (x,y,z) T -1 2195%2240*1740 mm
Machine butput i . ' L 480 Cartons/Hour

7.1.2 Overhead Chain Conveyor.

There will be two separate overhead chain conveyor systems. One for each type of
carton box used at the factory. The first overhead chain conveyor system will provide
empty carton boxes for all the White Cap production lines,. while the second chain
conveyor will provide empty carton boxes for all the Roll-On-PilferProof lines

including the TALOG line.
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A continuous railing, with an I-beam cross-section, will be used to direct the path of

motion of the overhead chain conveyor. The overhead chain conveyor will be

. suspended from the I-beam railing using double sided rollers. Connected beneath each

roller will be an overhead cart which is free to swivel about its connection to the

rollers, as shown in Figure 5.1.2d. The rollers will be used to hold the drive chain in

- place as well as hold the weight of the overhead carts. The chain will drive the system

AditiomLtav ausing arstandardsmotor. gearbox set-up:: The-path:of ithe two.overhead, chainconyeyors: .- v ve.” 5 .iui

is shown in Appendix M, Drawing 3 & 4. The specifications of the overhead chain

~‘conveyors are calculated in Appendix G.3 & Appendix F and are tabulated in Table

7.1.2.

Table 7.1.2 : Overhead chain conveyor, specifications for the factory design.

| ROPP Production Lines WC Production Lines
.' Mlmmum 'Veloclty "‘" 483 mm/s — — 47.5 mm/s -
| Suggested Velocity 100 mm/s o 100 mm/s
Maximum Velocity 756 mm/s “ 756 mm/s

7.1.3 Overhead Conveyor Cart_s._. |

The overhead conveyor carts are used to transport the assembled empty carton boxes
o to the varlous ﬁllmg stations. The cart is designed to. swrvel about its connectron to
" _the chain and roller If an empty carton box is requrred the cart is tilted mechamcally,
- and the box belng carried is forced to slide off the overhead cart and onto the gravrty
_conveyor, as discussed in Section 5.1.2c. The overhead cart is illustrated in Figure

7.1.3, .the specifications are calculated in Appendix F and tabulated in Table 7.1.3.
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Figure 7.1.3 : Overhead conveyor cart, factory design

SR
e L

Table 7.1.3 : Overhead cart specification for the factory design.

Length (L) I5m N
Width (W) 400 mm
Breadth (B) 510 mm
Strip Thickness (t) 102 mm
Height (H) 500 mm
Tilting Arm (h) 74.4 mm

1 Maximum Angle of Tilt =

17.7 Degrees

Time Taken for a Box to Slide Off a Cart
when Tilted |

4.6 Seconds

Maximum Angle of Oscillation when

Overhead Conveyor Suddenly Stops.

1.5 Degrees (Speed = 100mm/s)

—
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7.1.4 Gravity Conveyor or Chute.

A gravity conveyor or chute is used to transport the empty carton boxes from the
overhead conveyor cart to the filling stations. The gravity conveyor uses metal rollers
- to decrease the coefficient of friction between the conveyor and the object being

transported (Ref. 14),

T R Gt R .

FERE
L e gl B e e [URE PR wr N . e S e ] ; : L SR e PEEEETUR
. R et Aot i b e Saeme e e e s T e L A L T I Ot STPAR LR (I e SP I R I L R SN NP SRR SN

The gravity conveyors are located at each filling station, as shown in Appendix M,
Drawing 2. The specifications of the gravity conveyors are calculated in Appendix F

and tabulated in Table 7.1 .4a.

n S ' Table 7.14 a: Gravity conveyor spec:fcatzon for the factory design.
o Angle of Tilt o 30 Degrees
Conveyor Width . : -1 22 inch or 550 mm
Number of Conveyors 12 Conveyors

At the top of the gravity conveyor is the mechanical devi-ce used to tilt the overhead

sk o conveyor cart when a new empty box is required on the gravity conveyor. As in the

. model-(Section 6. 11.‘3)’tlle tilting device is a pneumatic piston which, when activated, :
K blocks the path of the tlltlng pin on the overhead cart (Sectlon 7.1.2).. The tilting
3:-:.dev1ce is illustrated i in F1gure 7.1.4a and its specifications are calculated in Appendlx

" F4 & Appendlx G. 4 and tabulated in Table 7.1.4b.
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Gravity
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" Figure 7.1.4a : Gravity conveyor tilting system, factory design.

Lo
LS

wo + Table 7.1.4b. Gravity conveyor cart tilting device specifications.

Piston>Typ.e

Double Action Piston

Piston Product Number - -

[ FESTO DGS-25-100

Piston Diameter 25 mm
| Stroke Length 100 mm
Maximum Piston Presstre 12 bar Ny
Suggested Operating Pressure 6 bar . |
' Pisto»n?Orientation (See Figure 7.1.3b) X =186 mm . )
| Y=75mm |

The pistons, which tilt the overhead cart, are controlled by an optic sensor. The optic

~ sensor is used in the same way as in the model, discussed in Section 6.1.3. The sensor

will indicate when the gravity conveyor is filled with empty carton boxes. The sensor

itself does not need to be expensive and accurate. The object it must observe, the

empty carton box, is large, non-reflective and moving at a relatively low velocity.

There are two types of optic sensors which are commonly used to accomplish this task,

the retroreflective optic sensor and the opposed sensor (Ref. 32). The opposed sensor

was chosen because of its optic power and reliability. The opposed sensing system 1s

often referred to as the “direct scanning” or “beam-break” mode (Ref. 32). In the
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opposed sensing system the emitter and receiver are two separate devices and are

placed directly opposite each other, as illustrated in Figure 7.1.4b.

60
40— ™
|
N 20—
Co
H - .
E 20 7
8 - = N ETN A9 G A
S =t L N P4
60
o o e 80 120 160

OPPOSED DISTANCE.-FEET

‘fé' ~ Figure 7.1.4b : Opposed sensor set-up. Figure 7.1.4c : Optic beam pattern.

As s00n-as an. object breaks the light beam between the two devaces lt wrll be detected o
: The opposed sensor w111 always result in the most rehable sensmg system as long as-
'T,the ltem to be detected is opaque to hght Opposed sensmg lS "the most efﬂcrent ”

sensmg mode and offers the hlghest level of optlcal energy to overcome lens

SR .‘contammatlon sensor mlsahgnment or long scanning ranges The beam pattern of the

~ opposed sensor can be seen in Frgure 7.1.4c.

72 TheFilling Stations..

L
F-

At the ﬂllmg statrons looated at the end of each production line (Appendrx B
, drawmg B. 1) the empty boxes are automatrcally filled, labelled and moved out of the

- filling area. The various procedures used at all the filling stations is discussed in detail.

7.2.1 Filling Conveyor.

The filling conveyor is required to move the empty boxes into position to be filled and
move the already filled boxes onto the main conveyor. The main conveyor is discussed

later in Section 7.3. The filling conveyor is a standard flat belt conveyor, which is
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driven by a motor gearbox set-up. The filling conveyor is very short and runs from the
end of the gravity conveyor, pasi- the filling point and to the main conveyor, as shown
in Appendix M. The filling conveyor specifications are calculated in Appendix G.6 and

tabulated in Table 7.2.1.

. Table 7.2.1 : Filling conveyor specifications, factory design.

.g,.,;,-Length'QfCor;veyor. E RS S PRI I EX 5 R S T SN SRR PSP
Width of Convéyor , 350 mm
Number of Conveyérs o 12 Conveyors
Maximum Vélocity | o 1000 mm/s

7.2.2 Caption Box and Cap Counter.

At the end of each production iine is'a small belt conveyor which transports the | ,
finished caps the short distance from the production line into the empty boxes. A small )
electronic optic sensor is placed on the conveyor and is used to count the number of

caps which pass before they are placed inside the empty box. Each filling point at

present has such electronic counters.

PR

* Once-countéd‘the caps are; fed throughl‘é capti6h box and into the box -being filled, as

d'i‘S"CUSS:ed in Section 4.3.2b and Section 5.2.1b. ;r'T,he White Cap (WC) lines already use
jt{}iis,,system to fill their empty boxes. However, ithe Roll-On-Piif@rPrpof (ROPP) lines

~ use the two-way filling system. This shéuid be réplaced. To replace the two-way

filling system with the caption box filling system, the following must be done. The
solenoid controlling the rotation of the flap in the two-way filling system (Section 5,
Figure 5.2.1a) must be used to open and close the trapdoor at the bottom of the

caption box (Section 5, Figure 5.2.1c). The structure of the caption box must then be

constructed and installed.
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7.2.3 Bar Code Printers.

A bar code printer will be placed at each filling station and will be located before the
filling point or captien box (Appendix M, Drawing 7). Once the carton box has been
filled, the printer will print the product details onto the box as well as the products bar
) .code The bar code label quallty must be of a hxgh standard to be read correctly by the |
bar code scanner. Parameters such as bar w1dth spacing and contrast at dlfferent -
wavelengths must be checked (Ref. 3). Most bar code labels printed on site also have
‘high first read rates (Ref. 3). The various bar code printers which were considered are

tabulated in Appendix G, Table G.S.

The ATD INKJET IP9000 bar code printer supplled by J-PAK is suggested for the
' 'prbcedure of labellmg the carton boxes. The bar code printer specrflcatlons are

tab_qlated in Table 7.2.3.

Table 7.2.3 : Bar code printer specifications for the factory deszgn

Model | ATD INKIET IP9000.
Drmensmns (x,y,z) o 119*136*46 mm B
Prmter Speed | - 1000mmy/s
Label Helght d"_: a 4 |3-48mm

- 7.2.4 Carton Shaker on the Filling Conveyor.

Carton box shakers will be used to periodically shake the boxes while they are being

- filled. This will then ensure that the caps are spread equally throughout the carton box
before being sealed. The carton box shakers are already in place at all the White Cap
(WC) production lines. ‘The carton box shaker must therefore be located at each filling

station and will be placed directly underneath the filling conveyor.
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7.3 Transporting the Filled Boxes to the Storage

Area.

The main conveyor is responsible for transporting the filled boxes from the filling

statlons to the storage area. A ﬂat belt conveyor 1s recommended to move the ﬁlled

boxes to the storage area. A typlcal honzontal ﬂat belt conveyor has the followmg

design, shown in Figure 7.3.
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Figure 7.3 : Typical horizontal flat belt conveyor.

The specifications of the flat belt main conveyor are calculated in Appendix G.7 and

tabulated in Table 7.3.

Table 7.3 : Main conveyor speciﬁéations for the factory dme.s:ign.

Minimum Si)eed. 10.4 mm/s
' Sug ested Sbeed 106 mm/s
" Number of Main Conveyors 11 B
:[*Accumulated Length of the Main Conveyor 105 m

. I"Belt Width

550 mm

The conveyor belt is driven by a motor gearbox set-up, illustrated in Figure 7.3. The

conveyor belt will be located through the factory and placed perpendicular to each

filling conveyor (Appendix M, Drawing 3). Eleven conveyors will be used to make up

the entire transport system. The conveyors will be connected in sequence to one

another, and each conveyor will have its own drive system. The reason for using

several conveyors instead of one is because of routine maintenance and possible

failures. If one of the conveyors has a mechanical problem the others will still be able
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to function and not all the boxes will be left stationary. In this way the entire transport

system does not rely on one conveyor belt system.

The motor and gearbox, which drives the various conveyors, will be a standard unit
for each conveyor. .If maintenance is needed, the motor and gearbox can be replaced
by maintenance workers in a-short period of time. Therefore, the downtime for each

: vconveyd’rf will be reduced: -

7.4 Sealing the Filled Boxes.

The carton boxes will still be sealed manually but it is suggested that machlnery be

- -.‘used in ﬁ.lturew S ‘ . .tA e " : :.' » u,_. PR ~» I»-=.< [ ......-..., ..:..._,,..‘..L.,f....r L T

The boxeswill be séaled before arriving at the storage area. The speciﬁcat';igns' of the
- manual carton box sealing procedure are calculated in Appendix G.8 and tabulated in

Table 7.4.1;

T able 7. 4 1: Manual carton box sealmg specy" cations for the factory deszgn

‘ Mlmmum Number of Workers Needed 4 3, - ) : e

%
2

Sugge_sted Number of Workers - B S

‘| Maximum Speed of Carton Box Sealing 115 Boxes/Hour

- The layout of the work area for sealing the ﬁlled carton boxes, is illustrated in Figur;‘e

7.4 and shown in Appendix M, Drawing 5 & 6.
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)Vorkbench Main

A~ Conveyor

/ Going to the
, O Storage Area

. NN

Worker #2 Worker #3

RSB

. Worker #1 o .{Worker #4

' /TN A O R L VA A R
@ Filled and
N 7 Sealed Box

Figure 7.4 : Layout of empty box sealing area for the factory design (Top View).

Referring to Figure 7.4, the workers will wait until a filled carton box arrives down

- the main conveyor. ‘The box will then be.removed-from the main conveyor and sealed -

by the nearest worker on the workbench. Once sealed the box will be placed back
onto the main conveyor where it will be sorted: and stored. The _]Ob of sealing the
carton boxes manually has been made much easier when compared to the present

method (Section 4, Figure 4.3). The worker is now only responsible for sealing the

- carton boxes and the distance the worker must walk, carrying the heavy carton box,

has been reduced.

s «If in future an dl}lt'omatic appreach is required to':seal'tne;carton:boxes, a list of the

- :available maehinefy is tabulated in Appendix G, Table G.8.2. The SIAT SM44 ‘
« supplied by AF COM is suggest to be used to seal the carton boxes. This carton se}ﬂer
" was chosen becanse of its maximum output, power consumption, price and overall

- -size. The automatic carton box sealer specifications are tabulated in Table 7.4.2.

Table 7.4.2 : Automatic carton sealer specifications for the factory design.

Model ' SIAT SM44
Machine Dimensions (x,y,z) 1080*2550*1850 mm
Production Output 350 - 450 Cartons/Hour
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7.5 Sorting and Storage of the Filled Boxes.

The sorting system receives the filled and sealed boxes via the main conveyor and must
sort the boxes into their various storage areas, depending on the box’s bar code. The

layout of the system is designed and modelled in Section 5.5 and Section 6.4

21 . .-respectively::-In this section,. the components and their positioning in the, fagtory, ... ..t

layout are discussed.

7.5.1 Bar Codc Scanner.

- The bar code scan'ﬁér is located at the end of the main conveyor and is responsible fof o

reading the bar codes printed on each filled carton box. The location of the bar code
scanner can be seen in Appendix M, Drawing 6. Bar code data entry systems hav.e
been shown to be 75% faster and 15,000 times more accurate than manual data entry
(Ref. 3). The bar code scanner selected is shown in Appendix G, Table G.9 and has L

the following spemﬁcatlon tabulated in Table 7.5. 1

B : Table 7.5.1 : Bar code scanner specifi cations for the factory design.

Model - . MICROSCAN MS 710 RASTER

T ]

[ Dimensions xyz - o 63*87*34 mm

- 7.5.2 Sorting ConVéyor.

CE M Loy A

The sorting conveyor is used to transport the sealed and filled boxes past the various
storage areas. “A standard conveyor belt, similar to that used by the main conveyor
system (section 7.3), is used. The sorting conveyor specification are calculated in

Appendix G.7 and tabulated in Table 7.5.2.
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Table 7.5.2 : Sorting conveyor specification for the factory design.

Minimum Speed 10.4 mm/s
Suggested Speed 106 mm/s
Conveyor Length 347m
Belt Width 350 mm

R

R RV S S SRS N Sy
- F I O Sty B RN R P IR RS S

7.5.3 Piston Sorting System.

+ The pistons which are used to physically move the boxes onto and off the sorting -

. convéyor have two different functions. The first, is the _diAsp'enser piston, which

pushes the carton box onto the sorting conveyor once the box’s bar code has been

identified.. The second, .is the ejection piston, which pushes the carton box off the.

sorting conveyor once the box has reached the correct‘s'tor_.age area. There is only one

dispenser piston, which lies parallel to the sorting conveyor, and 13 ejection pistons,

each lying perpendicular to the sorting conveyor (Appendix M, Drawing 5).

The vpiston specifications are calculated in Appendix G. 10 and tabulated in Table 7.5.3.

Table 7.5.3 : Sorting piston specifications for the factory design.

| Piston Number

Festo DC-100-500 . ]

Festo. DC 100-300 .

Maximum Piston Force

' Eunctién . Dispenser Piston .Ejectjipp Piston
: :I-%iéton Bi_afneter - v':;.; o 100 mm - 100 mm
._ mSitroke”Length — 500 mm _300 mm
-,‘Maxim&;n Pressure 12 bar 12 bar
Operational Pressure 6 bar 6 bar.
| . 7 4300 N 4300 N

Air Consumption

30 litres/stroke

18 litre/stroke

Solenoid Valve

| Festo MCH-5/2-1/2

Festo MCH-5/2-1/2

The first ejéction piston is for the boxes which cannot be identified, while the other 12

ejection pistons are for the boxes from each of the production lines (Appendix M,

Drawing 6).
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7.5.4 Palletising and storage.

Once the carton boxes have been sorted into specific storage areas they are manually
placed on a pallet. Once a pallet is filled a forklift is used to place the pallet the correct

storage rack, as shown in Appendix M, Drawing 5.

PRl U T
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7.6 The Control Svstem.

Programmable Logic Controllers (PLC) will be used to control all the systems in the

factory. The various PLC programs which control the functlon of the materlals

| handlmg process are shown and discussed

[EPL T

7.6.1 Ground and»"Overhead Conveyor Systems.

L

.. - The main conveyor,  sorting conveyor and overhead chain conyveyors run continuously

- and require no PLC programrmng All that.is required is electr1ca1 wiring to allow for

" a manual'start and emergency stop button for each one of the above mentioned

" .conveyor systems. BT
- 7.6.2 Gravity Conveyor Cart Tilting Device.

The two pistons placed on top of the gravity conveyor are used to tilt the passing
overhead conveyor carts so that their contents, empty carton boxes, can be sent down
the gravity conveyor (Section 7.1.3). In the factory model the piston is controlled by
an electronic circuit board (Section 6.1.3). As in the model, an optic sensor is placed
on the gravity conveyor to identify whether or not the gravity conveyor has sufficient

carton boxes. The physical set-up of the system is shown in Figure 7.1 .4a.
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The requirements of the PLC program are,

1) If the optic sensor is switched on, i.e. a box is in front of it, the solenoid
valve must be switched off.
2) If the optic sensor is switched off, i.e. a box is not in front of it, the

‘ solenoid valve must be switched on.

i w0nk o ofx +3): There must be a master ON and OFF button, - to control the system. - -

.. Considering the above requirements, the ladder diagram for the PLC program was

designed and is shown in Appendix I, Figure L1.1.

.7.6.3 Filling Station System.

:-The set-up of the filling area located at.the end of each producticn line, is illustrated in

Figure 7.6.3.

Optic Sensor ________,

P P

Caption Box ;-
Shakers

Bar Code Printer
Filling Conveyor

L ...Gravityz Cdnveyor

[ Carton Box

Figure 7.6.3 : Filling procedure set-up for the factory model.

Referring to Figure 7.6.3, the requirements of the PLC program are,

1) If the optic sensor is switched off, i.e. no box is in front of the optic sensor,

~ the filling conveyor must be switched on.
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2) If the optic sensor is switched on, i.e. a box is in front of the optic sensor,
the filling conveyor must be switched off, unless a box has been filled and is
leaving the ﬁliing station and moving onto the main conveyor.. '

3) Before a box enters into the position to be filled, a bar code must be
printed onto the side of the carton box. This is done while the box is

moving on the filling conveyor.

SR e P 4) 0 R R bOX has entered in front of-thesoptic¢ sensor and the-filling: conveyor i s, - 4. u

has been switched off, the caption box trapdoor must be opened.
' 5) The box must be periodically shaken by the carton box shaker while being
 filled. . | |
| 6) Once the box has reached 1ts required number of caps, the captlon box
plston must close the captlon box trapdoor
- 7) Once: ﬁlled the ﬁllmg conveyor must be switched on to move the next empty
box 1nto posmon to be filled ‘
}8) Once the total number of boxes, needed by the customer, has been reached A
the production line must switch off and wait for the next customer order.
9) There must be a master ON and OFF button.
* 10) The PLC program must mterface with a central computer to receive the
<" information on : the number of boxes rteeded, the nurnbet of caps per box

as well as the customer’s name-and details.

E—

The PLC Ladder diagram is shown in Ap'p'en_di'x I, figure 12.1.

“ °
{ .

7.6.4 Sorting System.

1 The sorting system layout is illustrated in Figure 5.5 and the requirements of the PLC

program are,
1) Once a box has hit the blocker at the end of the main conveyor, its bar code

must be read by the bar code scanner.

2) Once a box’s bar code is identified an angle count number and ejection
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piston number must be stored into memory for that specific carton box, as

discussed in Section 5.5.

3) Once identified the dispenser piston must be activated to push the box onto

the sorting conveyor.

4) Once the angle counter has reached the pre-determined angle, set by the

computer for a specific box, the corresponding ejection piston must be

Unint ere- vy i activated (Section S5:5). - Eor-examplesRiston L« 3, i 2o G

5) The system must be able to handle many boxes simultaneously on the

sorting conveyor.

~ 6) The system must have a;master ON and OFF button.

7). The system must interface with the central factory computer. - .

vads
LR

7.7 ”'l:gtal Cost of the Proposed System.

... The PLC:ladder.diagram is shown in Appendix I, Figure 13.2. .

i
The total cost of the proposed system is tabulated in Table 7.7 '
Table 7.7 : Total cost of the proposed system. o
System ' | No. | Cost
(Rands Inc. VAT)
Carton Box Assembly Machine 1 186.116.
Bar Code Printers @ R71,686 each 12 860 232*
Filling Conveyors 12 23 196
Gravity Conveyors @R17,519.52 12 210 234
Tilting Pistons @ R 483 each 24 11 592
Main Conveyor - 12 154 852
Overhead Chain Conveyor 2 284 000
Carton Box Sealer ' 1 140 905
Bar Code Scanner 1 7 525
Sorting Conveyor 1 44 460
Sorting Pistons Dispenser | 1 1752
Ejection 12 20 424
Solenoid Valves 25 28 300
Total | 1973 588

*  This printer price includes the printer’s control box but if one control box can be used for all the

printers the price will be drastically reduced.
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8. Conclusions.

Based on the work of this thesis, the following conclusions are drawn.

H
-

1) The Lego model of the proposed des1gn operates correctly and uses the correct
principles of control and materials handling. The Lego model, however, is only used to
illustrate the concept physically and is not an exact replica of the proposed system. The
conveyor lengths and positioning of the produetion' lines are not precisely to scale with the
actual factory layout. The limitations of Leéo '_"(Chapter 3) allows Lego only to be used to
model concepts and not model detailed ma'chjir'zle‘components.

2) -~ Due to the limitations of Lego, various non-Lego components had to be used,
such as the pneumatic solenoid values, prov'i‘déd by Festo, and the various electronic
components used for the control of the system. However, it must be noted that Lego is
very compatible with non-Lego devices and’een be manipulated to interact with these

devices to improve the function of the system being modelled.

3) The Le’go"interfaee is an excellent Analogue ’te Digit'él (ADC) and Digitil to
Analogue converter (DAC). The computer eode used to interface the PC with_the‘Lego
interface is simple and user-friendly. A major proh'l\eilh‘ wnhthe Lego interface!:‘is the

limited number of outputs and inputs. This then limits the nimber of drive systems and

" sensor used in the model.

4) The concepts demonstrated by the Lego model are transferred to the actual factory
layout and the components needed as well as the positioning is suggested. The model

corresponds well with the design presented for the actual factory layout.
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S) The improved design of the materialhandling procedure at the end of each
production line will increase the amount of free space available on the factory floor. The
areas where empty boxes are stored on the factory floor (Appendix A, Dréwing A1) will
no longer be needed. The empty ques will be stored and transported on the overhead

chain conveyor system, which is suspended from the ceiling.

Tt e

amount of human error associated with incorrect identification and storage.
7) The manuallabur jobs have been improved. The workers are only responsible for
one job-at a time'and not numerous jobs as seen in the present system. This should reduce

the time taken for a manual procedure to be performed.
8) The wor{{.ﬁreas have also been improved. The workers will be required to walk
less distance and'-"ﬁft heavy loads over shorter distances. This will decrease the cﬁéﬁces of
possible injury and improve the workers working conditions and environment. |
9) All the drive Systems either use, compressed air or mechanical gearboxesntbi drive
the various systém in the factory design. The gearboxes which drive the conveying

* . systems do not have to travel at the exact ve]oci.tic?s,spgciﬁed in the thesis. Ifaless.
expensive cénveybr géa_rbpx is found which runs a ppﬁveyor system slightly faster than’ “

. calculated it should be/used. Simple standard ggarblé)g units require less time to feplacc?}-vi’f';:é;t '

a breakdown or mechanjcal failuré ovccurs. This will in turn reduce the factories downtir_ﬁ'-lé

- and increase productivity. -'

10) - The one advantage of modelling a concept first is that the control program can be
fine tuned for the model, long before it is implemented in the factory. The PLC program
used to control the factory systems is designed from the control program for the Lego

model. These two sets of computer code are identical in the manner they function.
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11)  The estimated cost of the proposed design is R 1 973 588 while the cost of the
Lego model is estimated to be R 10 523. The cost of the model is inexpensive when

considering that all the Lego components can be re-used for other design projects in the

future.

12) . The Lego model does not demonstrate the empty box assembly procedure as well

N L T LT N I T SR T S O T A R Y T e
as the carton box sealing procedure. Thesé€'two proceédures‘are done manually and were <

not modelled in the Lego model. The procedures, however, are designed for the actual

factory layout:
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9. Recommendations.

Based on the conclusions the following are recommendations.

RPN S R . . R . B . :
v Rt r AR 35 LA TSI N LA T T Tat B A -
R BR ik S eade

1) A more: detalled cost analy51s must be performed on the various components
needed for the improved factory design. The cost per month of operating the system must

also be investigated.

2)  An ini‘;e-stigation must be performed to check the strength and stability'jof the”

factory ceiling'%eams and supports, before the overhead chain conveyor is installed.

3)\ Moré detalled de51gn and component drawings must be done for each- of the

-
£

components and systems modelled.
" 4) -The layout of the factory must be checked for human accessibility.

5) The design should be implement over several years in the following sequence.
1) ‘Thé filling conveyors and bar code printers should be installed at each
productxon lme ‘
i) The main conveyor system should be installed. e
i)  The s'orting conveyor and bar code scanner system should be installed.” *
iv) The overhead chain conveyor system should be installed.

v) - The carton box erection and sealing machines should be installed.

In this way the cost of installing the entire factory design can be Spread out over a few

years and the total cost does not have to be paid at once.
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September 24, 1987, pp. 68-71.
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B.1 Factory Production Lines.

The factory layout and various production lines are shown in Drawing B.1. and Drawing
B.2 respectively. The products produced as well as the speeds at which the products are

.. produced are tabulated in Table B.1.

i

Referring to Drawing B.1 and B.2,

- Pallets containing filled boxes.

| - Workbenchs.
: % - Filling Points.

" - Empty Box Storage Area.
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ne specifications.

li

Production

Table B.1
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B.2 Carton Box Dimensions.

The carton box dimensions are tabulated below in Table B 2.

Table B.2 : Carton box dimensions.

' [REF86 | REF 88
X (324mm {327 mm
499 mm | 503 mm

Z | 465 mm

338 mm

—
X

A

B.3 Time to Mani‘lallv—v ASsemble Boxés./ |

The times taken for workers to assemble the boxes was measured using a stop-watch.

The results are presented in this section.

B.3.1 REF 88 Boxes.

The recorded times for asslerflbling the REF 88 boxes are tabulated below in Table B.1.1.

Table B.1.1 : REF 88 Assembly times ( All Values in seconds)

152.64 48.38 45.56 49.02 54.35

| 47.91 29.69 - 35.13 36.81 3497
80.37 52.48 49.75 35.45 33.58 |
26.69 42.13 75.89 34.58 4578
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Therefore,

Mean } - =47 47 Seconds
Standard Deviation = 13.96 Seconds

Therefore, the range of times for a REF 88 carton box to be assembled is,

g gy A A e e sl il e,

Range: 26.69 to 80.37 Seconds

B.3.2 REF 86 Boxes.

. The recorded times for assembling the REF 86 boxes are fgbulated,below in Table B.1.2.

Table B.1.2 : REF 86 Assembly times ( All ’il)a)ues in seconds)

4267 110.67 5456 53.56 5998
3587 67.80 66,57 45.65 4345
67.89 18076 4567 4334 48.02
5467 52.56 56.89 60.50 7890
Therefofe,

Mean | = 58.45

Standard Deviation 17.26

Therefore, the range of times for a REF 88 carton box to be assembled is,

Range: 35.87 to 110.67 Seconds
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| B.4. Time to Seal and Label Boxes.

The recorded times for sealing and labelling the REF 88 and REF 86 box.es are tabulated
below in Table B.2. -

" “Table B.1.1': Sealing and labelling times (Al Values in'seconds) ===~ = =0

40,59 5539 4072 29.49 29.03
41.04 4154 2811 34.49 42.16
4053 5647 6907 | 7930 7162
7038 T [704d . |4 86.54 83.95
Therefore, - -

Mean = 54.16 Seconds

Standard Deviation = 19.59 Seconds
t..,, Therefore, the range of times for sealing and labelling a carton box is,

Range: 28.11 to 86.54 Seconds
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B.5 Identification _Labe'ls.

An illustration of the identification labels used are shown in Figure B.S5.

= <Ii="= 7

"ON SHIXIVd . . o 3NN ALdIHS ‘0N NO1¥VD

&0

- 9661 100 1 7

687 [ oM

(21Y0 3¥NLOVINNYW “.DZDOm.EOU.Jn.wZD 13000 NDIS30

- 3J771.S3 Z . m m N. N—\ O".zmt—wm.:oxmm«z

‘HIWOLSND

‘ON ¥30YOIN:

SdVO S1Y wuwgzg

| TTEIMYMOVTE ® ISSOHD

NOI1dIYDSJL

WAL NYND NOL YYD

|

00 | 6689001,

BT B R S

Figure B.5 : Identification labels
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B.6 Labour Costs.

The labour costs is shown in Table B.6.

Table B.6 : Labour Costs.

[Worker .. . [Earnings Feb-Oct96 | Monthly Salary .
(Rands) (Rands)
Permanent -
Number of Workers 9
Whitecap .
Permanent 1 |24701.68 2 744.63
. Permanent . . - 2 28 685.89 .. 3187.32
Permanent 3 |22599.71 2511.08
" Permanent 4 | 2592148 2 880.16
fermanent 5 22.137.43 2459.71
Permanent 6 |2423464 2 692.74
ROPP | ,‘ #
: Permanent 1 '25 180.01 2 797578
" Permanent’ 2 |2379592- . 2643.99
'|* " Permanent 3 25631.85 . 284798

[AVERAGE MONTHLY EARNINGS

275171
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B.7 Forklift Operating Cost.

Table B.7 : Forklift operating Cost.

Item Unit Cost
: Normal month 3 594.00
Extra hour 4.96
Tyres | each 700.00
. |Operating hours
(Hours) Extra Hours)
(>150)

R IS Jan-96 62 |0 12 3.653.52
N Feb-96 150 , 0 3594.00
e : Mar-96 160 10 - 3:643.60

Apr-96 95 0 3 594.00
May-96 45 0 |[Breakdown

Jun-96 115 0 -3 694.00

Jul-96 " 105 0 3594.00

Aug-96 45 0 |Breakdown

- Sep-96 164 14 3 663.44
co% Oct-96 . 169 19 3688.24
Average Monthly Cost . R 3721
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' Appendix C

- " - N - e or———

'Eléctrical Désign for the Lego' Model
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C.1 Design of a Circuit to Drive Two Motors, Using One

Qutput Port. |

A circuit must be designed which can control the filling conveyor and printer drive

motors from the same output port. The output port can output a +9, -9 or 0 Volt DC
rent et giotg] For'this! “a circuit is design to meet thé above mentioned :requ'ire'ments.” The =
only problem is that the two motors can never run simultaneously, therefore the above
mentioned motors where chosen, because, the printer and filling conveyor motors will

never need to run together. . -

.2 fPE
RS FA

To do this the*following simple circuit was designed, and is illustrated in Figure~ C1. v

EER . - P . o P

Motor B

9, +9 OR 0 Volt @:}__ ;

Motor A

GND

Figure C.1: Drive circuit for controlling two motors using one output port.

When the output is set at +9 Volts, only motor A will run and motor B will be

stationary. This is because the current to motor B is being blocked by the diode.-
“Likewise, if the output is set at -9 Volts, then motor B will run and motor A will be

stationary, for the same reasons as before. Finally, when the output is set to 0 Volts,

both motors will be stationary.

The only disadvantage with this system, is that, there is a small voltage drop across
the diodes. The voltage drop Vpiop is approximately 0.7 Volts. Therefore, instead of
9 Volts going to each of the motors, only 8.3 Volts is. The difference in voltage, 1s

small enough not to effect the performance of the motors by much.
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C.2 Design of the Solenoid Va-lue Control Circuit.

“The only problem encountered with controlling the solenoid values, was, that they
required a 24 Volt DC to trigger, while the Leg'o Interface only supplies 9 Volts DC.
As aresult a relay switch was use to supply the 24 Volts, on command, without

-..damaging the interface. The simple circuit is shownin Figure C.2. . . .

24 Volt DC When the interface output is set
' g to +9 Volts, the relay coil
+9 Volts : . ) ]
Form | : | charges and closes the switch
Interface : ' L

‘ _builtinit. This allows the +24

- Volts source to flow through

~ Relay ¢ 1 To | the solenoid value. Which,

........................ Solenoid . ‘ . l . .
L Value .| then activates the value.

Figure C.2 : Solenoid valve control circuit.

C.3 Design of the Light Sensor System on the Filling

Conveyor.

" A Light 'Depend\éntfRe;sistor (LDR), isused to measure,_‘-,thé' change in light. The;;_set} "
up of the light sensor at the end of the filling conveyor is illustrated in Figure C.3.1. .

Light Sensor

Empty Box — | Filling Conveyor

Figure C.3.1 : Light sensor set-up on the filling conveyor.
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The LDR resistance changes are shown belovv :

When exposed to the full light of the lamp Rypr = 1 KQ
When blocked by a box Ripr = 10 KQ

‘ F1rst1y the change in re51stance must be converted into a change in voltage so it can

s '?';'4‘""be compared by a comparltor A 51mple voltage d1v1der is used to soive this problem

and is illustrated in Figure C.3.2.

“Where,
Ve = —22— oy,

our , REF
Ripr + R

A 9 Volt source is used as the reference voltage

(VREF) The change from the minimum to the

maximum voltage must be as large as possible.

Therefore, R, must be designed accordingly.

Figure C.3.2 : Voltage divider
for LDR resistor.

I£R; is too high, the voltage difference will be low.” Therefore, R, must be lower then

the maximum Rypr resxstance (IOQ) and high enough in resxstance not to cause.too

much current. Let’s say, - o

’ Rz = 4.7 KQ
Therefore,
47
VOUT I
Rpr +47
47

I{LDR= 1 KQ VOUT = m—’}-. = 742 Volts

47
RLDR A: 10 KQ VOUT = m L] = 2.877 Volts
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The voltage difference between the two readings, is 4.54 Volts, which is large enough
to prevent any errors from occurring. A threshold voltage was then set. This voltage
was used as a trigger voltage for th'e comparitor. So, if Vour falls below the threshold
voltage, i.e. a box isin the path of the light sensor, the comparitor will trigger.

Looking at the above maximum and minimum voltage, a threshold voltage was set.

T I = e A T B ORI, T S P SR

Vruresworp = 5 V

4 A voltage divider was used to obtain the set threshold voltage, as illustrated in Figure

C33.
Veer . Where, R
. R
Ry - Vitmesorn = m ® Y rer
VrIHRESHOLD
. Veregr =9V .
R, Set, . . -
R,=47KQ .
OND RS R,=5.6KQ
" Figure C.3.3 : Voltage divider for
o ' threshold voltage. N
s ‘SO, VTHRESHOLD = m o9 =438 OltSv':.f

- A LM 324 Comparitor chip was used to compare the two voltages, Vour and

Vruresuorp. The LM 324 comparitor chip and pin numbers are shown in Figure C.3.4

Page A-18
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Therefore using the comparitor the circuit looks as follows, Figure C.3.5.

LM 324

Figure C.3.4 : LM 324 comparitor.

9V

Ripr

4.7KQ

wl

4.7KQ

56 KQ

Qt

I-

I+

V+ GND
LM 324

GND

of the light sensor system.

Figure C.3.5 : Comparitor circuit for filling conve}o‘r"light sensor.

. A state-time graph, Figure C.3.6, shows what happens when a block travels in front

Page A-19



M.E. Tollner, MSc. Project

742V ‘ .
Voup [ e \\ ............................................................ 4._89V
: 287V
/ .
Box starts to
break the light
beam

e Figure C.3.6 : State-Time graphs for. the comparitor output of the ﬁlling" conveyor light sensor.

I\fow, the voltage from the output of the comparitor needs to ch}ifgé arelay. The

. relay is-used to indicate to the computer, through the Lego interface, that a box has .

"‘i”"e‘:_r‘:itered into position to. be filled. The LM 324 chip outputs +9 Volts, but, with no
':1£rge current to back it up. Therefore, the relay, which relies on (current to charge,
'iljcannot charge. Therefore, a current source ié needed to help the comparitor output

: “ii:;c'_hérge the relay. For this a transistor was used and is illustrated in Figure C.3.7.

(ET -~ | Asthe LM 324 output goes high (9V), the-

“|. transistor closes and current flows through the

rélay whereby charging it.

Figure C.3.7 : Transistor current source.
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C.4 Design of the Gravity Convevpr Light Sensor System.

This system works in the same way as the filling conveyor light sensor system,
* mention in Section C.3 above. The system, uses a Light Dependent Resistor (LDR)
to identify if a box is in front of it or not. The LDR resistance changes are shown

- below.

When exposed to the full light of the lamp Rypr = 1KQ2
When blocked by a box RLDK = 4KQ

- The reason the LDR resistance is much lower than the LDR resistance of the filling

conveyor light system, is because 1tIS exposed to more surrounding light, i.e. the

light from the sun or surrounding lamps. “The above Ripr maximum resistance was'=

" méasured in a fillly illuminated room.” For éxample, ‘in a dark room, the Rysg
resistance is approximately 20 KQ, when blocked by a box. The circuit was therefore
designed around the worse case scenario, that being a fully illuminated room.

To Cénﬁ}ert the change in resistance to a change in voltage, a voltage divide was used

and is illustrated in Figure C.4.1.

. Wheré, o _
- Vg 2 IR S
: ’ 14 = "2 4 Vv . | v
\‘\‘ ' "Of” RLDR + Rz Rer
RLDR Let, - .
V,
= VREF =24 VOltS
R, R;=47KQ,
GND

Figure C.4.1 : Voltage divider for
LDR resistor.
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47 "

RLDR= 1 KQ our = ——1 a7 24 = 19.79 Volts )
47 ~

1{LDR =4 KQ VOUT = m 24 = 12.96 Volts

A thre§hqld. voltage was set next. The threshold voltage was set closer to the upper
limit voltage (19.79 Volts). This was done in case the model is placed in a brighter |
environment,’ as this might cause the maximum Ry pr value to be lower than predicted.

The following threshold voltage Wgs set.
Vrresgorp = 17 Volts

A vcltag‘é’fdivider was used to obtain this set'voltage, Figure C‘_.4.2”i'111istré:tés. this. -

Vg Where,
R :
| Y rwresuop = m *V rer :
L 'VREF =24V
Set, =
R =65KQ
. Ry = 16 KQ
Figure C.4.2 : Voltage divider for
threshold voltage.
16 _
SO, VTHRESHOLD = m 24 = 17.07 Volts

- As before, in the filling conveyor light sensor system, a LM 324 comparitor was used
to compare the two voltages, Vour and Viresnorn. The comparitor then gives an

output voltage (Vim), of 0 or 24 Volts, depending on it’s state. A transistor was then
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used to increase the current from the LM 324 output to charge the solenoid valve.

The final circuit is shown in Figure C.4.3.

.9V

=

\\. A I- Solenoid
" 6.5KQ N I+ Valve .
" Ripr’ - - L v TGND | '
LM 324
4.7KQ 16 KQ v
LM}\ Transistor
GND

A State-Time graph of the above circuit,

is-shown in Figure C.4.4.

Figure C.4.3 : Comparitor circuit for light sensor system on the gravity conveyor.

%

Fiél_:ige‘ C.

43, asa bo‘x blocks the light beam,

* Box starts to
break the light
~ beam

B 24V
VLM »

Vour |-rieemreemeeemeene flo \\ .............. el PR OOPUPOPPRON 17.07 V.
_ - - 12.96 V §

Figure C.4.4 : State-Time graph for comparitor circuit.
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Y

C.5 Design of the 9 and‘ 24 Volts DC Power Sources.

The DC power source which is used to drive the above mentioned circuitry needs to be
built. The interface hasit’s own 9 Volts 7VA DC supply. The 9 Volts needed to drive
ihe e thedbove mientioned 'ci'rcuitry‘canhot be obtained from the Lego interface, thisis "
because of a problem with power. The Lego power supply has enough difficulty trying
‘to keep its own systems running, let alone the other circuits. Therefore, a more
powerful transformer is needed. A perfect‘transformer was found, which runs off
mains and has‘tvi}o 9 and two 12 Volt outputs. It also has a current limitation of: 25
Amps. This'i Ist compared to the Lego interface power supply which has a 0.7 Amp
current 11m1tat10n '

The only problem is, that the output of the transformer is AC not DC Therefore a
full-diode brldge had to be used and is illustrated in Frgure Cs5.1. o

220 Volts | igou
Mains | ’
AC

9 Volt
Rectified

Figure C.5.1 : Full-bridge AC to DC rectifier, 9 volts.

The diode bridge rectifies the AC signal into a DC signal, but the signal has still got an
AC ripple and must be ‘smoothed out’ by using a capacitor. The capacitor is put
across the 9 Volts rectified signal, the larger the capacitance the smoother the DC

signal will be, as illustrated in Figure C.5.2.
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AC to DC Rectification
10 +
8L /AL A g f
6' 1 /4  \Nr 7 X7
2 4+ ' VPEAK-P.EAK
> L1
o .y . o\ e : .y :
e s~ S By A S I e s e B ] T
5 29 /2 T4 6 \ 8 10 12/ 14
E N ; 1y S
< 47 \ ; . \ ;
-6 + Rectified 5 ’ R?Cnﬁed \ ’
gL SgnalWih 7 Signal . N
it Naet . T oo
| 10l Capacitance — AC Signal
a ‘ Degrees (Raa) |

. Figure C.5.2 : Wave-forms for AC'to DC rectification.

From Figure C.5.2, it can be seen that the capacitarice ‘smoothens’ the signal to a
more presentable DC signal. But there is still some AC ripple, as shown in Figure
C.5.2. The size of this AC signal depends on the céﬁacitance and load current values.

The AC peak-peak voltage can be calculated by using the following formula.

. 10 :
AV i pea = 2—’7‘% :
where, | S
A ; " iea = 0.6 Amp (Maximum load)
’ f=50 Hz :
C = 1000 puF
So,
: 0.6 '
AV = =6 Volts
peak=peak — 3.50-0.001
Therefore,

AC Rlpple . VRIPPLE =3V
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The amount of AC ripple is suitable for the >purpose of this power source. We do not
want the AC ripple to be 9 Volts. In so, the relays of the light sensor comparitors
would switch on and off at a frequer_xcy of 25 Hz, because the Vour and mesnow

voltages would be equal at 0 Volts and the comparitor would latch.

For the 24 Volt DC supply, the two 12 Volt terminals were used together to obtain

Irse Kud

same way as the 9 Volt supply.

+12 Volt
220 Volt 5/ I
1 Mains . =~ ¥ FOr 1
AC o
-12 Volt e
0.001 F ——~
l GND 24V
— |DC
 0.001F ——

Figure C.5.3 : Full-bridge AC to DC rectifier, 24 volts.

The AC peak-peak voltagé can be calcﬁlated by using the following formula.

where,
liaa = 0.1 Amp (Maximum load)
f=50Hz
C =1000 uF.
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So,
AV - =—— " =1Volt
peak-peak —9.50.0.001
Therefore, '

AC Rlpple . . VR.IPPLE = 0.5 V

aitable. for:the:needs.of. ;_th“e;,2'4;‘..MoL.tz._D:-Q;.p@yvmemsugpllyg

I S R RO ST T I LR

:
(SRS
LR :
%
)

FOGp)

Page A-27




' - - . M.E. Tollner, MSc Projeét
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Me.cha.nical De51gnf0r the Lego Model
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D.1 Calculating the Motor Speed vs. Torque Graph.

The motor speed and torque calculation were done in my undergraduate thesis. The

results of this work are shown in this section.

‘Four dlfferent Lego motors were tested and the results are, shown in Table D 1. A

: s oA s
1 S R S S I S A R S PN

Lego apparatus was used to obtain the torque Vs. rotat10na1 veloc1ty results. The
apparatus, consisted of a gear box which was connected to the motor being tested, an
angle sensor end a drum. The dfum connected to the other end of the gearbox,
would ‘wind up various weights t1ed to the end of the string. The angle Sensor was
used to measure the rotational velocity of the motor lifting the welghts By changing

-the: welght at the end of the string, the amount of torque on the motor could be

varled

"' Table D.1 : Torque vs. Rotational Velocity relationships for four different Lego motors.

_ Speed (RPM)
Tbr(:]ue -) - Motor A Motor B Motor C Motor D
(N.nim)
0 - 4253 4320 (4000 T4275
0253 1 [3510 3555 | 3225 3750
0308 < |3353 3443 | 2993 3600
0376 . |3195 3285 [ 2745 3555
0441 | 3060 3083 2610 3375
0.598 = 2498 2655 | 2228 3060
0.808 2093 2160 1778 2678
10.931 | 1823 1913 1530 2250
1116|1395 1238 1060 1620
1.190 1148 | 1035 1035 | 1238
| 1252 810 810 810 1034
1.326 338 248 520 608
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From the results in Table D.1, the best-fit motor speed vs. torque curve must be

found. It is known that for DC motors, the torque vs. rotational velocity curve is

linear. Therefore, a best-fit linear curve must be calculated from the data in Table

D.1. This is done by using the following formulas, for best-fit linear curves.

crowhere) LTl e s e e T e e T e iy e

For

Given,

Therefore

So,

>

Y x =8644078
D x*=33786

S y=a,x+a,

y = Values of motor speed, in RPM.
x = Values of Torque, in N.mm.

a; and ag =:Constants.

) n.zx.y:"zf’x'.zy
1 . nzxz_(zx)z

a

I
X ==——=0.72034
n

y= 2. =2308292
T2

S y=110788

> x-y = 5624351

a; =-2654.34
ap = 4220.32
w = —265434 -7+ 422032 1

The graph of Motor speed (@) vs. Torque (7) is plotted in Figure D.1.
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Motor Speed vs. Torque Graph
4500
4000
S 3500 X X X
& 3000 1 oE Vo O
3 2500 X i
3 X X
& 2000 X
S 1500 N
<) 3 .
= 1000 o
500
0- | oy
Y0 02 04 06 08 1 12 14
Torque (N.mm)

Figure D.1 : Torque vs. Rotational Velocity for the Lego motor. )

D.2 SoriingConvevor System.

The physical layout of the sorting coxiveyor drive system, gearbox and angle counter is

illustrated in Figure D.2.

- : 24 Teeth Gears
Small Pulley Large Pulley
\
Conveyor
Drive Drum
/7
20 Teeth Gear Worm Gear
Conveyor
Limit Switch

Figure D.2 : Sorting conveyor drive system.

Page A-30



M.E. Tollner, MSc Project

Where,
Large Pulley Diameter = 22.2 mm
Small Pulley Diameter = 6.18 mm

The Diameter of the Drive Drum = 30 mm

. & «The geapfraticé,l)etween the worm gear and the 24 toothed gear was c;’tllcglg_te_clr e

next. To do this, various physical measurements were taken. Unfortunately the

- gears are so small in size, that for example, a 1mm error in the thread width reading,
could change the value of the gear ratio drastic_all}i',
Therefore, the gear ratio between the worm geaii;rj_:aﬁd the 24 toothed gear was
measured. This was done by placing two angle sensors, one on each shaft, and

rotating one shaft approximately 200 times. Thér"'rxatlo can then be calculated by

dividing the two angle sensor readings. It was found that the,
“Gear Ratio Between the Worm and the 24 Toothed Gear = 24.096 : 1

‘From the above mformat1on the overall gear rat1o for the sorting conveyor dr1ve

system, can be calculated

" Gear Ratio _618 1 24 = 0.01155
; ; 222 24.096 24 R

OR = 86581

- Therefore, the drlve motor must complete 86.58 revolutlons before the conveyor
drum completes one revolutions, and one revolution of the drum causes the conveyor

to move forward by,

Distance= = -d = 9425 mm/rev

drum
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It was measured, by using the Lego angle sensor, that the motor speed under normal

load was.
dmotor = 2896.1 RPM
Therefore,
28961 _
e L a)DRUM : 8658 RPN L~ T T :3345 RPM R R T AR Ry
: . 28961 9425 1
V = .. =0.0525m/s
CONVETOR 8658 1000 60
OR =52.5 mm/s

From these values‘of 'fo;ational velocity the torque on the motor shaft and the drive""f";‘ .,

drum shaft can be calculated, using equation 1.

28961422032

T proTor = 265434 0.5 N.mm

T paons = 058658

43.194 N.mm

Accuracy of the Angle Counter.

- The angle counter is connected on the same shaft as the conveyor drum. Therefore,
for one revolution of the drum the angle counter counts 20 steps. From this the angle

of each step can be calculated.

Angle of each count = 5})— -360 = 18 degrees

The error of the counter is therefore 18 degrees. It is important to know the error in -

the angle counter, because the sorting system relies on its readings to predict when a
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- box must be ejected off the sorting conveyér. The error in the angle counter must
therefore be translated into error in distance across the conveyor.
18

ERROR=r7x-d,,, -— = 4.712 mm
, 360 ‘

wi v w.Thereforerthesconveyor belt will move 4.712.mm before the next couqt(..js,,-.maq;:,by‘-,the,, L

angle counter. So the piston may hit a box off the cohveyor 4.712 mm to early or to

late. This is acceptable considering that the boxes are 32mm in width.

D.3 Main Conveyor System.

~

:rel ... The physical layout of the main conveyor drive system and gearbox is illustrated in

Figure D.3.
Small Pulley -~
C Worm Gear
v l 24 Teeth Gears -
Large Pulley /
16 Teeth Gear
Conveyor Drive Drum
Conveyor
Figure D.3 : Main conveyor drive system.
Where, Large pulley diameter = 35mm

Small pulley diameter = 6.18 mm
Conveyor drum diameter = 30 mm

Worm to 24 toothed gear ratio = 24.096 : 1
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The overall gear ratio is,

Gear Ratio = 248,116 = 0.004885

OR =204.7 : 1

v #i:wese Therefore-the:drive motor rotates.204.7 times for.each revolution.of the .CONVEYOT. ..o, vt e

drum. Where one revolution of the drum is,

= 04 25 mm/rev

drum

Distance =7 - d

It was measured, by using the Lego angle sensor, that the motor speed under normal

load was. -
Omoror = 3493.5 RPM
herefore o
34935 ’
DROM. 9047
34935 9425 1 _ o oor

V - -
CONVEIOR — 204.7 1000 60
| OR = 26.81 mm/s

*.= 1. "From these values of rotational véiocity the forque on the motor shaft and the drive

drum shaft can be calculated, using equation 1.

_34935-422032

T poror = 265434 = 0.273 N.mm

=0273-2047 = 55.88 N.mm

T prUM
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D.4 Filling Conveyor System.

The physical layout of the filling conveyor drive system and gearbox is illustrated in

Figure D 4.

[P § 1T D S SRR PR LA o)

RETAN It 5 ,“:;}‘:, .;,‘,?4‘., :

Worm Gear
e X i
Sy Motor -
Ly
T .
24 Teeth Gear - | \ )
Large Pulley Small Pulley

B I

T g RN RS
P S Y -.-\.._‘ PRt

 Where,

Figure D.4 : Filling convéyor drive 'system.;' '

Large pulley diameter = 22.2 mm

Small pulley diameter = -6, 18 mm

"Worm to

24 toothed gear ratio = 24.096 : 1

The overall gear ratio of the filling conveyor drive system is.

- ~

618 1 24

éear Rétio= ————— . — = 0.0173

OR= 578:1

Therefore the drive motor rotates 57.8 times before the conveyor drive gears rotate

once. Ifthe conveyor drive gears rotate once then the conveyor moves 8 conveyor

tiles forward. Th

erefore,

Length=8-65mm = 52 mm/rev
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It was measured, by using the Lego angle Sensor, that the motor speed under normal

load was.
Omotor = 1628.8 RPM
Therefore, |
16288

a)GEARS —' 578

y 16288 5

. M 2N

2

R B PV o L K
R ‘rTLfrf'-afﬁ'a”‘.'-‘, B T L B R A

1

=2, T2 .~ = 002442 m/s
CONVEIOR 578 1000 60

OR = 24.42 mm/s

From these values of rotational velocify the torque on the motor shaft and the drive

gear shaft can be calculated, using é.q’uation 1.

 16288-422032

Fuoror = T 965434

T pruny = 0976-578

0.976 N.mm

56.43 N.mm
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D.S Printer Drive Svstem._‘

The physical layout of the printer drive system and gearbox is illustrated in Figure

D.5.1.
‘Angle Sensor
3 [ o S B el NG ens, StiCkeTS: I_;___l EIT IR
. 1 1
i 1
Motor B Worm Gears : i
; i
] t
1 1
[} 1
i 1
1 1
......... t ]
I t
1 [}
i )
—
[} 1
.......... ' :
Motor A — 5 -
8 Teeth Gears \
Drum
Figure D.5.1 : Printer drive system.
Where,

~ Gear ratio between the worm and 8 teeth gear = 8.032 : 1

Diameter of the drum = 24 mm
The overall géaf fatio of the printer driﬁz@ sysfem is.

1 1

. . = 0.0019299
8.032 8.032 8.032

Gear Ratio =

OR = 518.169:1

Therefore the drive motor rotates 518.169 times before the drum rotates once. If the

drum rotates once, then the sticker paper wound up is,

Length=rm-dg,,, = 75398 mm/rev
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It was measured, by using the Lego angle sensor, that the motor speed under normal

load was.
WOMOTORS = 2279.94 RPM
Therefore, |
227994
@ = — = 4.4 RPM
DRUM 518169
227994 75398 1
= . .— = 0.00553 m/s
CONVEYOR 518169 1000 60
" "OR = 5.53 mm/s

From these values of rotational velocity the torque on the motor shaft and the drive

drum shaft can be calculated, using equation 1. -

: -2279:94 - 422032
T morora t T morore = 7065434

" =0.731 NNmm

Tprune = 2+0.731-518169 = 757.59 N.mm

Accuracy of the Angle Sensor.

The angle sensor is use to make sure that only one sticker comes onto the'efnpty box.
~ For one revolution of the angle sensor shaft, 16 steps{ are counted by the angle sensor.

From this the angle of each step can be calculated.
Angle of each count = IIE 360 = 22.5 degrees
The error of the angle sensor is therefore 22.5 degrees. It is important to know the

error in the angle sensor, because the printer relies on its readings to predict when a .
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single sticker has come onto the box. The error in the angle sensor must therefore be

translated into error in distance across the strip of stickers.
Error across the strip of stickers = 0.5867 mm

Therefore,. the strip of stickers will move 0.5867 mm before the next count is made by

i dbate A tetherigle sefisor. “So the sticker might'be 0:5867 tm ahead or behind its set position. # - - -

This is acceptable considering that the stickers are 19mm in length, as illustrated in
Figure D.5.2. .

Sticker o - Where,

. J}."‘

D =19mm

g-= l.émm

Figure D.5.2 : Sticker dimensions.

- 7

: Angle Sensor Redding‘ for the Removal *bf One Sticker.

For a single sticker to be removed off the glossy paper and onto a box, the drive.drum

- of the printer must rotate a specified number of rotations.

Distance the glossy paper is required to move = 19 + 0.8 mm

= 19.8 mm

Therefore,

Angle sensor reading = ~1—9—18) -8032-16 =33.747
T .

~ 34 angle counts
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Change in Drive Drum Thickness.

As the drive drum releases sticker from the glossy paper and onto various‘ boxes, the
drive drum’s diameter increases, because of the empty glossy paper is being
continuously wound onto the drive drum. The change in the angle sensor reading as
the drum diameter increase must be measure and incorporated in the control program.
To calculate the change in thickness a long strip of glossy paper was allowed to be
wound by the drive drum. The angle sensor reading as well as the length of glossy

paper wound was then measured: The following equations are then used.

AngleMEASURED
16-8.032

= Drum,,
Lengthyorcrm = 7+ 24+ Drumg,,

Error = Length, ,mep — LeRgpmpcrm

Length, ; joormep - 803216

Angle =
8L€ pxpECTED .24
* Where, - Anglemeasurep = Angie Sensor reading o@ce the glossy paper is
] fully wound. _ )
v Lengthyeasuren = Length of glossy paper ﬁllly wound.
Anglegxpectep = Angle reading of the sensof éalculafed from the * o

B measured length of glossy paper.
Lengthexpectep = Length of glossy paper calculated from the

measured angle sensor reading.

It is obvious that the measured length of glossy paper will be greater than the expected
length measured from the angle sensor reading. This is because the angle sensor
assumes that the diameter of the drum stay constant, but in reality the diameter

increase fractionally. As the diameter increase so does the length of paper wound per
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revolution of the drum. Three different lengths of paper were tests and the results are

tabulated below, Table D.5.

Table 5.2 : Change in drive drum diameter results.

| Test 1 Test 2 Test 3
Anglengasurep -512 counts 870 counts 1161 counts
-| Lengthygasvrenp » -+ "-3‘13 mm.. .-+ 339.mm. oo 72‘Ofmrn_.,-.:w,.x,._ﬂ P |
Lengthexpectep 300.4 mm ' 510.4 mm | 681.2 mm
Error 12.6 mm - 28.6 mm 38.8 mm
Anglegxpecrep 534 counts: 919 counts 1227 cpunts

A graph of the above ;gsﬁlt is then plotted, Figure D.5.3.

—

1

-8888EBE

!
T

Angle Count

-

The Mathematical relatiohship between the two lines can be calculated as follows.

Present Line :

Yy =4-x,

_ Angle o ppcre

Length, s, sumep
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Ye=B-x.
Correct Line : | B=: Angle, v, corep
+ Lengthy e, suren
T .Where, Tooa xc‘_=,xM‘ ¥7  - ) . .'.-‘_A‘.“A_"',"::“\ {;.}u_ v, l_.»)jf»; SR {H; »:,fv,~:
: Yu=K-yc
Therefore, A
. K==
B

For the above three test results the mean K value 1s,

K =1.0516

Therefore, the predicted angle count value when the printer must stop must be divide
.= by the K factor to obtain the correct angle sensor value, due to the increasing diameter

'

of the drum.
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D.6 The Overhead Con‘.veyor System.

The physical layout of the overhead conveyor drive system and gearbox are illustrated

in Figure D.6.
| :-:‘--:‘iﬂ. Svm,a”P.u,”ey R BN :)(:'l’\l":eéll;af i s .
Large Puliey 5 - -
16 Teeth Gears
Motor
A Motor a |
‘ B : “'/ 1 24 T
i - eeth
" Crown Gears
Worm Geafs : ‘ e i
Figure D.6 : Overhead conveyor drive system.
The overall gear ratio of the overhead conveyor drive system is.
. 618 1 1 24
Gear Ratio = . . ‘o = 0.001078
222 16064 16.064 24
OR= 92698 :1

&Th‘erefq_re the drive motor rotates 926.98 times before the drive gear rotates once. If

F'the: drive gear rotates once, then the length of chain which is move is,
dgEar = 40mm
Length=r-d,, = 125.66 mm/rev
It was measured, by using the Lego angle sensor, that the motor speed under normal

load was.

WMOTOR = 3284.19 RPM
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Therefore,
328419
o _ =3.54 RPM
GEAR 926.98
_ 328419 12566 1 _ 4 0940 s

CONVEYOR ™ 95698 1000 60
OR = 7.42 mm/s

From these values of rotational velocity the torque on the motor shaft and the drive

gear shaft can be calculated, using equation 1.

3284.19-422032
T porora T T notore = 2654 34

T DRUM

=0.3527 N.mm

=03527-92698 — 326.926 N.mm
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D.7 Piston System.

The forces, velocities and timing of the various pistons used in the model will be

calculated. Double action pistons are used in the model, their dimensions are shown

below.

Internal cylinder diameter (D)= 12 mm

Rod diameter (d) =5 mm
Operating Pressure (p) . =2 bar

Stroke Length =28 mm

From this information the time for the piston to stroke fully forwards and fully

backwards can be calculated. Firstly for the piston to stroke full forwards,

Where,

Therefore, |

So

Fy=4-p-Fg

Fy = Effective Piston Force.

Fg = Frictional Force (3-20% of Fx)
DZ

A = Useful Piston Area (_thi)
2
A=7 1131 mm?
OR = 1,131 cm®

F,=4-p-02-F,

4p
M2

1131-2
F, = =1885k
¥ 12 P

OR = 18.85 Newtons
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For the graph D.7.1, it can be seen that for the abiove mentioned piston the velocity is,

Therefore,

Veiston = 53 mm/s

- Time for piston to fully open = 0.528 seconds

Next, for the piston to stroke full backwards,

Where,

Therefore,

So,

Fp = Fricticna! Force (2-20% of Fy)

F,=A" p-F,

Fn = Effective Piston Force.

(D - ).z

* A'=Useful Piston Ring Area (——*—‘4—)

A:.gzz—sz)w
4
OR = 0.9346 cm®

=93.46 mm®

©.9346-2

OR = 15.576 Newtons

- For the graph D.7.1, it can be seen that for the above mentioned piston the velocity is,

Therefore,

VPISTON =56 mm/s

Time for piston to fully close = 0.5 seconds
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Piston Load graph.

Piston Speed vs.

A

7.

s

gure D

¥
i

F

Page A-47



ME. Tollner, MSc Project

Air Consumption

The amount of air consiimed by the piston stroking back and forth is calculated. The

air consumed is calculated as follows,

* Air Consumption = Compression Ratio * Piston Area * Stroke Length

- Where, _ o
- U 033+p
. Compression Ratio = 1033+ p
| T e 1033
So,

L | 1033+2 0012
Air Consumptlon (Forward Strok ) =- - T — -0.028
| 1033 4

’ 0, 000009297 m’
= 9297 82 mm’
=9297 ml

1033+2 o (00122—00052)
1033

= o 000007683 m?
=7683.6 mm>
=7 683 ml

0028'

. Air Consumptlon (Backwards Stroke)

The consumption of air can also be read vdf Figure D.7.2.

Air consumption = 0.9 NI/cm of stroke
Volume =2.52 NI |

1033 +2
1.033

=7.3989 ml

(for one stroke) ' =252
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Dispenser Piston Timing

The maximum frequency the dispenser piston may operate, is calculated. If two boxes
are on the sorting conveyor, and the space between them is small, the piston knocking
the first box off the sorting conveyor, might interfere with the second box. Therefore,
the minimum distance between two boxes on the sorting conveyor must be calculated,

and from this the maximum frequency at which the dispenser piston can knock boxes

onto the sorting conveyor can be calculated.

Firstly, The time for a piston to knock a block off the sorting conveyor is.
Time = 0.528+0.5 = 1.28 seconds

| The sorting conveyor speed, "
Veonveyor = 52.5 mm/s

Therefore the minimum spacing between the boxes must be,

Spacing = 52.5-128 =67.2 mm

The frequency of the dispenser piston is therefore,

Frequency = i—ég =0.781 Hz

But, it takes 1.31 seconds for a box, on the main conveyor, to come into position to
be read and ejected by the dispenser piston. Therefore there is no possibility of two

boxes being within the minimum spacing on the sorting conveyor.

Next, the amount the angle counter, on the sorting conveyor gearbox, must count

before the specified piston is activated, to eject a box off the sorting conveyor, must
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be calculated. The distances from the dispenser piston to the ejection pistons are

tabulated in Table D.7.1.

Table D.7.1 : Distance from dispenser piston to ejection pistons.

To the black ejection piston |1 20 cm
To the green ejection piston 30 cm
To the white ejection piston -40 cm

It has been calculated that the angle counter counts once for every 4.712 mm travelled

along the sorting conveyor. From this the angle counter readings for each ejection

piston are calculated and are tabulated in Table D.7.2.

Table D.7.2 : Ejeciion piston angle counts

| Black Ejection Piston

42 counts
Green Ejection Piston 63 counts
White Ejection Piston 84 counts
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“Appendix E

" Colour Identification System
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E.1 Ligpt Sensor Readings for each Coloured
Label.

The different coloured labelled boxes are fed into the colour identification system and the -

following results were taken, Tabie E1l1l - s

Table E.1.1 : Light sensor readings for the different coloured labels.

Number | Gold (% light) - | Green (% light) White (%o light)
1 62.89 4795 58.64
2 63.05 47.64 58.49
3 63.67 - | 48.42 ' 59.11
4 63.05 - 43.58 58.64
5 62.42 48.42 58.01
6 62.89 48.58 . 58.49
7 63.67 4764 57.70
8 63.52 " 47.95 | 58.49
9 62.89 47.84 57.70
10 62.42 4795 58.17
11 62.89 48.42 58.64
12 62.42 | 48.58 | 58.49
13 63.52 ~ | 47.64 | 59.11
14 63.05 . 47.95 58.49
15 62.89 | 48.52 58.33
16 63.05 4764 58.01
17 - 16210 ' 47.95 | 57.70
18 6242 | 48.42 58.49
19 63.05 47.95 57.70
20 62.73 47.64 58.64
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Therefore, the mean and standard deviations for each colour can be calculated, and are

tabulated in Table E.1.2.

Table E.1.2 : Mean and standard deviation light sensor readings for each colour.

Gold Green White
| Mean 162.93- - 148.08 <~ ~ - [5835 -
Standard deviation | 0.43 0.36 0.43

E.2 Range of Light Sensor Readings.

A range of light sensor reading are now defined for each coloured label. The range of
readings afe calculated by using 99.99 percentage success reading rate. Therefore 99.99
percent of the time a white label will be identified as a white label. The ranges are
calculated by using a normal standard deviation from the mean light sensor reading of each

coloured label.

)

z=—
o
XZ

-7 = =
(o}

Where,
X, and X; - Range values from the mean (p).
i - Mean of the sensor reading for a specific coloured label.

o - Standard deviation from the mean.
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The range of light sensor reading miust be lérge enough to ensure that the probability of a

colour bemg read mcorrectly 1s as close to zero percent as possible. But not to large that

two different colour share part of the same range of readings.

Set

.,z =4 (which ensures that 100 percent of the reading fall within this range.)

. The result for the range of. r«eadin'gs-for the three. different-colour labels are tabulated— - -

below, Table E 2.

Table E.2 : Range of light sensor readings for each coloured label.

“Gold Green White
X Value 1.72 % 1.44 % 1.72%
Mean 62.93 % 48. 08 % 5835 %
Range 61.21 % to 64.65% | 46.64 % to 49.52 % | 56.63 % to 60.07 %

A graphic representation of the tabulated result is shown in Figure E.2.

70

Light Sensor Reading (%)

40

Figure E.2 : Light sensor range of readings for each colour.
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Appendix F

~ Carton Box Handling Calculations
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F.1 Tilt Angle Before Sliding off the Overhead Conveyor

Carts and down the Gravity Conveyors.

The forces acting on the box as it is being tilted are shown in Figure F.1.

Figure F.1 : Forces acting on a tilting box.

Where,
Fs = Force on the box due to gravity.
Fsx and Fgy = The x and y components of Fg.
FrricTion = The force due to friction. ‘
Mg = Mass of the box.
'Gg = Centre of gravity of the box.
¢ = The angle of tilt.

Therefore,
Fo=M,-g
Fox = My - g-sin(g)
Foy = My - g-cos(9)

Frpierion = B+ Foy

Frricrion = 1My - g-sin(g)
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Where, L is the friction coefficient. So for the box to start sliding the frictional force

must be less than the x component Aof the gravitional force.
.MB§g-sin(¢>:ﬂiMB-gfcos<¢>

Siﬁ(¢) = p-cos(9)

tan(g) = u
Therefore the mass of the box has no effect on the sliding angle, just the friction

coefficient (i) Now the minimum angle of tilt on the overhead conveyor cart can be

calculated.

For the model, lets assume the coefficient of friction between the plastic cart and box

1 0.2. Then,
¢=tan"'(4) = 11.31 degrees tilt

For the gravity conveyor in the factory design, the coefficient of friction is 0.09 for a

load less than 10Ib (Ref. 33). Then,

¢=tan"'(u) = 5.143 degrees tilt
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F.2 Toppling Angle of a Box on an Incline.

The forces and moments on the box are shown in Figure F.2.

Moments
'« About Point

Figure F.2 : Toppling forces on box.

Where,
W = the width of the box.
H = Height of the box

L =Moment arm.

Moments are taken about the point shown in Figure F.2. The angle of tilt is then

calculated for the moment when the box will topple over.

Moment due to Fgy = M, - g-cos(g) sin(90-8)- L
Moment due to Fgx = M, - g-sin(¢)-sin(8)- L

These two moments are acting in opposite directions, and for toppling to occur the

moment due to Fgx must be greater than the moment due to Fgy.

Page A-59



M.E. Tollner, MSc Project

So,
M, - g-cos(¢)- cq's(&) -L=M,- g sin(¢)-sin(6)- L
cos(#)- cos(8) = sin(¢) - sin(6)

_ cos(8)
()= 5o

_. v
e Ian(¢)=zi_..,,

W

H] :t -
PG,

- So

Therefore, it can be seen that the toppling effect is only dependent of the dimensions

of the box. For the factory model the dimensions of the wooden boxes are,

H =21 mm
W =32 mm
GB=10.5mm

Therefore, the maximum angle of tilt, for the model, is,

0= ta’n"(%—) = 33.275 degrées
=tan™’ : = 56.725 degrees
= s &

For the factory design the dimensions of the folded open carton boxes used are

tabulated in Table F.2.
Table F.2 : Carton box dimensions (Folded up).
['WC Production Line Box ROPP Production Line Box
Width (W) 324 mm 327 mm
Height (H) 627 mm 501.5 mm
Wall Thickness (t) 3 mm 3 mm
Centre of Gravity (Gg) 224.94 mm 167.99 mm
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"WC Production Line Box
22494
6 =tan"'( ) = 54.24 degrees
162 °
324
=tan™' (—————— = 35.76 degrees
¢ (2 . 224.94) B
ROPP Production Line Box
7. .
6= tan”(16 9?) = 4578 degrees
1635
327"
=tan~' (————— = 4422 degrees
? 6799 ¢

F.3 Length of the Pin on Overhead Carts.

The length of the pins of the overhead cart effect the amount of tilt the overhead cart

experiences when being unloaded, as illustrated in Figure F.3.1.

nd

gap (g)

Figure F.3.1 : Tilting angle of the overhead cart.

~ Where, L - Length of the overhead cart.

h - Length of the Pin.

g - Gap between the piston and the floor of the cart.
¢ - Angle of tilt. |

D - Maximum distance from the pin to the start of the gravity conveyor.
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Therefore, the maximum angle of tilt will be.

The maximum angle of tilt must be greater than the rhinimum angel for sliding (Section
F.1) and less than the maximum angle before toppling (Section F.2). Also the angle of
tilt must also be calculated to give the carton box sufficient time to slide off the
overhead cart and onto the gravity conveyor. From the above criterion the tilt angle

for the overhead cart is designed.

Constant . .
T Velocity (V) Firstly, the time taken for the carton box to
slide off the overhead cart and onto the
L gravity conveyor is calculated.

Figure F.3.2 shown the change in the tilt

angle.

Figure F.3.2 : The Change in tilt angle in
~ relation to the change in pin length (h)

The accerelation of a carton box sliding down the bottom of the overhead cart is,
Acceleration=g-(sing— - cos §)

Therefore the acceleration changes with respect to the tilt angle (¢) because the tilt

angle change with respect to time.

The distance the carton box must slide off the overhead cart is calculated as follows.
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(L+6h)? = -t) + 2

(L+h) =V -1)* + [

s:J-a-t-aé':tt_

s=Ig-(sin¢—y-cos¢)-t-é‘tt

= 1Ot
Ig (L+5h I+ 5h)

s—[——— V> =p-L-t)ot

V- t?-u-L-0)-o

The final equation, above, is then calculated using the MathCad computer package
and a value of time (t) was found. From this the maximum tilt angle can be calculated
as well as the length of the tilting pin (h). A graph of displacement vs. time is shown in
Figure F.3.3 and represents the boxes ’displacement off the cart as the cart is being

tilted, using the above equation.

300 T 5 T J

QOvercome friction and

200 : '
starting to slide.

s(t)
100

Figure F.3.3 : Graphs of displacement (s) over time ().
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The negetive displacement, in Figure F.3.3 is when the frictional force is greater then

the tilting force and is ignored.
For the Lego model,

L =62 mm

V =9.42mm/s

g=9.81m/s
- u=0.2

§ =32 mm

It was found that,

t=2.531 secohds

Therefore,
¢ =sin"' (—I{[;—t) =33.05 degrees
and,
h= L -L =11.97 mm
cos¢

For the factory design,

L=15mm

V = 100mm/s
g=9.81m/s
n=02 .

SREF88 = 163.5mm

SREFS86 — 162 mm

It was found that,
t = 4.557 seconds
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Therefore,
¢ =sin™ (Kz—{) =1769 degrees
and, v |
et _; . =744mm
cosg

F.4 Positioning of the Piston used to Tilt the Overhead

- Cart.

The piston is placed infront of the gravity conveyor and is used to tilt the continuously

moving overhead carts. The pistons configuration is illustrated below, Figure F.5.

Top View

| \
\

Gravity Conveyor

Side View

Figure F.5 : Gravity conveyor piston positioning.

Where,
| h = Length of the tilting pin on the overhead cart (section F.3)

W= Sy -h

Page 4-65



M.E. Tollner, MSc Project

For the Lego model,
h=11.97 mm
W.= 48 mrﬁ '
Therefore, |
~ w=20.80 mm
For thé factory design, -
' h =744 mm
W =400 mm
Therefore, _
w = 185.65 mm

F.5 Slidig off the Overhead Conveyor Carts when

the Overhead Convevdr Stops.

If, for some reason, the overhead conveyor suddenly stops the empty boxes being
carried in the carts should not fall out due to the oscillating carts. In this section, the
maximum cart oscillation angle is calculated. The above mentioned scenario is

illustrated in Figure F.S.

Drive | Initial Velocity
Chain Y e
L .
craee
a N
Carton Box \
Cart

Figure F.5 : Cart oscillation diagram
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Where,
L = Length of the cart.
h = Maximum oscillation height.

6 = Maximum angle of'tilt.
The drive chain, cart and box are travelling at a constant speed, when studdenly the
drive chain-locks-and-the cart start to oscillate around its hinge, as illustrated in Figure
F.6. The maximum height of the oscillation is calculated. (Assume that there is no

damping coefficient C)

Using a conservation of energy,

—;—-M-V2=M~g~h

h= 2V-;
The tilt angle, ,
-h
cos(8) = A
6 =cos™ L- h)
L
For the Lego model,
V =742 mm/s
L =62 mm
Therefore, ‘
h = 0.0028 mm

0 =0.54 degrees << 11.31 degrees

So, the boxes inside the overhead cart will not be able to fall out if the overhead cart

suddenly stops.
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For the factory design,
V =100 mm/s
L = 1500 mm
Therefore, |

- h=10.51 mm
0 =1.49 degrees << - 11.31 degrees

o Y T e . . Yoo B L T P TR e s T N

So, the boxes inside the overhead cart will not be able to fall out if the overhead cart
suddenly stops. The maximum speed the overhead conveyor can therefore transport
the empty box is. |
Assume 0 = 11.31 Degrees
Then, |
h=29.13 mm
V =756 mm/s

F.6 Velocity and Time for a Box Sliding Down a Gravity

Conveyor.

.To calculate the final velocity of a box before it hits the filling conveyor, the following

information is needed.
| - Velocity of the box when it enters the gravity conveyor once it has left the
overhead cart.
- The length of the gravity conveyor.
- The tilt of the gravity conveyor.

Firstly, the inital velocity must be calculated and is done so as follow,

_ ds

_ds A1
“Ca )

Use the equation of motion calculated in section F 4.
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Secondly, the acceleration down the gravity conveyor is calculated.

M, - g-sin(p) - p- M - g - cos(4)
MB

= g (sin(g) — u-cos(¢))

Acceleration =

using,
TVrSuti2ias .
Therefore,
V = Ju* +2-g- (sin(@) ~ - COS($)) - Scameer 2)
and,
1 N
Scomeyor = U1 +:2--a-t
, e 3)
/= —_uiVuz +2-a-scO,,.,e,,o,
a

The above answer can also be obtained by using the conservation of energy theory.

Therefore for the Lego model,

SConveyor = 10'0-32 mm = 68 mm (Width of the box = 32mm)
n=02

- ¢ =21.6 degrees
g=981ms"

The result are tabulated in Table F.6.1.
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Table F.6.1 : Carton Box velocity down the model gravity conveyor.

Time to exit overhead cart (Section F.4)

2.531 Seconds

Velocity when entering gravity conveyor | 2.445 m/s
(u), using Equ. 1.
Velocity at the bottom of the gravity 2.892 m/s

conveyor, Using Equ. 2.

| Time to reach the bottom of the gravity

conveyor, Using Equ. 3.

0.25 seconds
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Appendix G ‘ '

Factory Layout Design
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G.1 Production Line Speeds.

The number of boxes produced at each line as well as the speeds of production can be

seen in Appendix B, Table B.1. The minimum and maximum speeds of production for

each group of production lines are tabulated in Table G.1. (The TALOG line is included

_inthe RQPP production line speeds)

Table G.1 : Number of boxes produced per hour.

Maximum Number

Minimum Number

55 Boxes/Hour

ROPP Production Lines 58 Boxes/Hour
WC Production Lines 57 Boxes/Hour 27 Boxes/Hour
Total 115 Boxes/Hour 82 Boxes/Hour

G.2 Assembly of the Empty Carton Boxes.

_ The number of workers required to assemble the carton boxes is calculated. All carton

boxes will be taped together. The time taken for a worker to manually tape a box together

was measured in Appendix B.3.1 and is tabulated in Table G.2.

Table G.2 : Range of times for manually assembling a carton boxes by tape. -

Mean

47.47 Seconds

Range

26.69 Seconds to 80.37 Seconds
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For the box assembly on the WC production lines.

Minimum Number of Workers = %(—)%6—9 = 0.42 worker
' " =1 worker
Maximum Number of Workers = M = 1.27 worker
: . 3600
=2 Workers- '
For the box assembly on the ROPP production lines.
Minimum Number of Workers = m = 0.43 worker
- T 3600
= 1 worker
Maximum Number of Workers = w =1.29 worker
3600
= 2 workers

The available machinery which can be used to assemble the carton boxes automatically is

tabulated in Table G.2.2.
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Table G.2.2 : Machinery for automatic carton box assembly.

Manufacturer
Model
Supplier

SIAT
Fl44
AFCOM

SOCO

BE 300 ABS

CONTICHEM

LITTLE DAVID
CF40T
PACKING

PATTYN
23/30 MAXI
UNIVERSAL
SUPPLY

Carton Capacity

150*200*120 mm

200*300*130 mm

152*178*102 mm

140*200*190 mm

x,y,z)- - . 1.350*%450*500 mm | 400*620*500 mm | 406*609*406 mm { 360*450*555 mm
Machine 2*%2.35%1.88 m 2.1‘95*2A24*1.74m 241*3.25%1.3 m 2,23%2.584*2.21 m
Dimensions
(xy,2)
Magazine 150 Cartons 80 Cartons 150 Cartons N/A
Capacity
Power 075 kW 0.6 kW 1.1kW 3.6 kW
Consumption ‘
Operating Vacuum Vacuum Vacuum "Mechanism
Principle '
Voltage ' 220/380V 50Hz 220/380V 50 Hz 110 V60 Hz 220/380V 50 Hz

3 - Phase 3 - Phase Single - Phase 3 - Phase
Output 600 Cartons/Hour | 480 Cartons/Hour | 840 Cartons/Hour 1200 Cartons/Hour
Price R 161,078 R 186,116 R 315,000 R 512,724

G.3 Overhead Chain Conveyor System.

The spacing between each overhead cart is 3 m. Referring to the maximum production

speed, tabulated in Table G.1, the minimum speed of the overhead chain convey‘dr is,

ROPP Overhead Chain Conveyor

WC Overhead Chain Conveyor

58-3
Speed,pnang = M

57-3
Speed, gunans = M

=0.04833 m/s

=48.33 mm/s

=(0.0475 m/s

=475 mm/s
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The above calculated speed is the minimum speed at which the overhead chain can move.
The conveyor speed will be set at twice the above calculated value. To ensure that empty
boxes are transported from the ovérhead carts without problems and that the overhead
conveyor system does not have to be adjusted when new production lines are added.

The overhead conveyor specification are tabulated below in Table G.3.

e Table G.3 : Overhead~chain conveyor .speciﬁcations‘.'..ﬁ

Type of Railing I-Beam

Number of Carts (WC Lines) 12 Carts
(ROPP Lines) | 25 Carts

Spacing Between Carts 3m

Total Length of Chain  (WC Lines) 33.924m
(ROPP Lines) | 72.673 m

'Height Above Ground (Bottom of Cart) | 2.7 m

Cost 'R 284 000

G.4 Gravity Conveyor.

The gravity conveyor specifications are tabulated below in Table G.4.1.

Table G.4.1 : Gravity conveyor specifications.

Angle of Tilt - | : 30 Degrees |
| Conveyor Width ' 22 “ or 550 mm
.Conveyor Length , 445 m 4
Number of Gravity Conveyors 12 Conveyors
Cost R 17 519.52  (For One)

At the top of the gravity conveyor are the two pistons used to tilt the overhead conveyor

cart. The pistons used as well as their specifications are tabulated below in Table G.4.2.
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Table G.4.2 : Tilting pfstons specifications.

Piston Type Double Action Piston
Product Name FESTO DGS-25-40

Piston Diameter 25 mm

Piston Stroke Length 40 mm

Maximum Pressure 12 bar

Operating-Pressure- 6 bar- e
Weight 0.6512 kg

Thrust (6 bar) 250N

Cost R 483

G.5 Bar Code Printer.

The various types of bar code printers available are listed below in Table G.5.

Table G.5 : Bar code printer available. .
Manufacturer MARSH ATD INKIJET WILLET INTERMECH
Model HI-RES BC-192 IP9000 2600 SERIES 2 | 3400
Supplier AFCOM J-PAK HG MOLENAAR | SCANTECH
Interface Port RS-232 -RS-232 RS-232 RS-232, RS-422
Dimensions (x,y,z)
Controller 500*600*400 mm | 110*390*290 mm | External control External control
Printer 100*150*50 mm 119*%136*46 mm | 580*695*610 mm 277*438*249 mm
Ink Glycol based Enviro Friendly — Carbon transfer Carbori transfer
| Label Height 4.8-28.6 mm 3-48 mm 104 mm 104 mm

Print Speed 1270 mm/s 1000 mm/s 125 mm/s 51-128 mm/s
Print Substrate Porous Carton Porous Carton Adhesive Label Adhesive Label
Software WYSIWYG Menu Driven IBMPC Intermech

GRAPHICS language
Type Ink Jet Ink Jet Thermal transfer Thermal transfer
Cost R 64,280 R 71,686 R 56,297 R 17,923
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G.6 Filling Conveyor.

The speed of the filling conveyor can vary between to limiting factors. The filling
conveyor must run fast enough to deliver a box from the gravity conveyor to the filling
point before the caption box overflows with caps, and the conveyor must run slower than
the maximum printer speed of the bar code printer. _

From the above information the filling conveyor specifications are calculated and tabulated

below in Table G.6.

Table G.6 : Filling conveyor specification.

Type of Conveyor v , Flat Belt Conveyor
~Type of Bed - | : -~ | Rollers |
Width of Conveyor . 14 “ or 350 mm
Width of Rollers 116 “ or 400 mm
Velocity Min 12.5 mm/s
Max 1000 mm/s
Length of Conveyor 1.3m
Number of Conveyors , 12 Conveyors
Cost A R 23 196 (For Twelve Units)

G.7 Main Conveyor and Sorting Conveyor Systems.

The speed at which these two conveyor must operate is calculated. For the worse case
scenario the minimum speed of operation will be when all the boxes produced, on the

various production lines, lie exactly next to one another on the main conveyor.
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Therefore,

Maximum number of boxes production (WC) = 57 Boxes/Hour

 Maximum number of b'oxes production (ROPP) = 58 Boxes/Hour
Width of the boxes (WC) = 327 mm
Width of the boxes (ROPP) = 324 mm

- -~-Speed =

57-0327+58-0324

=00104 mfs- v e

'60-60

=10.4 mnm/s

But, the boxes will never be able to fit next to one another, therefore the desired

minimum distance between each box must be set and the speed re-calculated. Let the

minimum distance between each box be 3m.

Speed =

57-3327+58-3324

60-60

=0.106 m/s

=106 mm/s -

The main conveyor and sorting conveyor specifications are tabulated below in Table G.7.

Table G.7 : Main and sorting conveyor specifications.

Conveyor Type Flat Belt

Type of Bed Rollers

Width of Belt 22 “ or 550 mm

Width of Rollers 24” or 600 mm

Total Length of Conveyors (Main) 104.489 m
(Sorting) | 34.676 m

Number of Conveyors .

12 Main Conveyors + 1 Sorting Conveyor

Total Cost

I

R 154 852
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G.8 Sealing the Filled Boxes.

The number of workers required to seal the filled boxes is calculafed. The average and
range of times for a worker to seal a filled carton box was measured in Appendix B.4 and

is tabulated in Table G.8.1.

Table G.8.1 : Range of times taken to seal a filled carton box.

Mean 54.16 Seconds

Range 28.11 Seconds to 86.54 Seconds

The maximum number of boxes produced per hour on all the production line can be seen

in Table G.1. For all the production lines the number of workers require to seal box is,

115-86.54

Number of Workers =
3600

= 2.76 workers

g

A list of the automatic machinery which can seal carton boxes is tabulated below in Table

- G82.

Table G.8.2 : Machinery for automatically sealing carton boxes.
Manufacture SIAT PATTYN
Model SM44 P12
Supplier AFCOM COLUMBIT

Carton Capacity

(x,y,z) .

Min
Max

140*200%150 mm
500*600*500 mm

210¥300*200 mm .
300%700*650 mm

Machine Dimensions

(x,y,z)

1080*2550*1850 mm

1825*4760*1830 mm

Power Consumption

0.16 kW

15 kW

Machine Qutput

350 - 450 Cartons/Hour

720 Cartons/Hour

Price

R 140,905

R 356,786
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G.9 Bar Code Scanner.

The specifications 6f the bar code scanner is tabulated in Table G.9.

Table G.9 : Bar code scanner.

Manufacturer | MICROSCAN
Model | MS7I0RASTER

Supplier _ SCANTECH

Communications Interface RS-232 Port

Dimensions (x,y,z) 63*87*34 mm

Mass | 0.255kg

Operating Life 10000 hrs at 50deg C

Operating Range 50-250 mm

‘Scan Rate 300-550 Scans/Min

Cost R 7,525

G.10 Sorting Piston Calculations.

The pistons used to sort the filled boxes are chosen and calculated. Double acting cylinder

must be used. The pistons chosen, Ref. 31, is the FESTO DC-100-500 used as the

dispenser piston and the FESTO DC-100-300 used as the ejection pistons..

The piston specification are tabulated below, Table G.10.

Page A-80




M.Is. Tollner, MSc Project

Table G.10 : Sorting piston specifications.

Piston Name DC-100-500 DC-100-300

Piston Diameter 100 mm 100 mm

Stroke Length 500 mm 300 mm

Max. Pressure 12 bar 12 bar

Operating Pressure 6 bar 6 bar

TQ(;‘IJ Le~n'gth (Closed Ppsition);' ) 6?1 mm 1491 mm

Pist;m Rod Diameter 22 mm 22mm ‘

Weight 12.56 kg 9.28 kg

Connection G3/8 G 3/8

Mounting Foot Mounting front | Foot Mounting front
and rear, Type HC | and rear, Type HC

Cost R1,752 R1,702

The force of the piston can be measured using the following graph provided by Festo (Ref.

31), Figure G.10.1. (Assume operational pressure to be 6 bar)

Pressure vs. force graph (allowing for a friction force of approx. 100/0) o
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Figure G.10.1 : Pressure vs. Force Graph for a double acting piston.
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Maximum Force = 4300 N (Pressure Force Graph)

Due to buckling stress, the permissible load of a piston which has a long stroke length is
smaller than that provided by the maximum permissible working pressure and piston
surface. This load may not exceed certain maximum values which are related to the stroke

length and piston rod diameter. Figure G.10.2 shows this relationship..
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Figure G.10.2 : Graph of bulking loads for a double acting pistor.

Referring to Figure G.10.2,

Piston Rod Diameter =17 mm (Stroke Length 300mrﬁ).
Piston Rod Diameter =21 mm (Stroke Length 500mm) .

But the actual piston rod diameter is 22mm therefore the piston doesn’t exceed the

maximum permissible bulking forces.

The heaviest carton box the piston system can push off the conveyor belt is.
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Jorce=pu-m-g
Jorce
H- 8

m=

Where,
n=02.
g =981

Therefore,”™ ~

Mass =2191.6 kg

The amount of air consumed for one stroke can be measured using the following graph

shown in Figure G.10.3.

QOperating pressure bar
P : 2 444 618-10- 12—
. ol T LT LT

T4
osett

\
\C

&

\\\

N

et =5 =
E e u
. jany - Col "
$ e
c A T = n
1] %5 M [ 1 1
n T o Sl 1 1
& T el Pl
, e il s
ZZ=
Qo ? 1 4 $ &7 a0y 1 3,4 s e * 90 1 4 3 8 A'dL 2

Alr plion 1/cm stroke

Figure G.10.3 : Air consumption graph for a double acting piston.

Volume = 0.6-50 = 30 litres (Stroke Length 500mm)
Volume = 0.6-30 = 18 litres (Stroke Length 300mm)

The speed at which the piston move can be measured using the graph shown in Figure

G.10.4.
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Figure G.10.4 : Piston speed graph for double acting piston.

Referring to Figure G.10.4, a speed of 300mm/s is required for the ejection piston, such

that the piston comes from a fully closed position to a full open position in 1 seconds.

For such a speed an over dimensioned valve arrangement or standard arrangement with

quick exhaust is required (Figure G.10.4).

G.11 Solenoid Values.

Solenoid valves are needed to control the piston’s actions. The solenoid value must have
a large enough connection to ensure that the piston velocity is high, especially for the
larger ejection pistons in the sorting system. The following solenoid valve was chosen and

is tabulated in Table G.11.1.
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Table G.11.1 : Solenoid valves

used to control the pistons.

Valve Type

5/2 Way Solenoid Valve

Product Number

MCH-5/2-1/2

Design Poppet valve, with return spring
Mounting Through hole on mounting
Connection G 1/2

N'omi'nal. Sizg 14 mm

Standard Nomin;'ll .Flow Rate 3700 l/min

Pressurc Range 2 to 10 bar

Response Time (6 bar) On: 16 ms Off: 70 ms

Weight 1.280 kg

Voltage 220 V50 Hz

Cost

R1,132

The valve will have unthrottled exhaust to increase the speed of the ejection piston, as

shown in Figure G.11.1

17~ Exhaust throttled
Ped

IO I ]

- . Exhaust unthrottied
/

.r_

2 3 4 5 6 7 8 9 10

———=——— Qperaling pressure bar —————

1

- N

‘—’—" 1

Auxiliary pilot piassure bar — e

[=]

Figure G.11.1 : Throttled and unthrottled valve.
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~ Appendix H

Lego Model Control Flow Charts
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H.1 Flow Charts for Control Procedure.

HI11 Flow Chart: Level l.

Print Sensor Readings to Form /

RUN Production Line 1

RUN Production Line 2

RUN Production Line 3

y

RUN Colour Identification System

False

Stop System

Figure H.1 : Control system flow chart : Level 1
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H.1.2 Flow Chart : Level 2 (Production Lines).

=1

/ Print Customer Details /

h

Customer =0

Figure H.1.2 : Production line control flow chart.
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STOP Filling Conveyor

" RUN Printer

SET STOP = Predicted Angle
SET Cap=0
Box = Box +1
Mode = 4

v

Figure H.1.2 : Production line control flow chart.
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STOP Printer
RUN Filling Conveyor

LINE = OFF
Customer = 1
v
End

Figure H.1.2 : Production line control flow chart.
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H.1.3 Flow Chart : Level 2 (Sorting System).

Sample(SAMNO)=Light sensor
SAMNO=SAMNO+1

4

Figure H.1.3 : Sorting system flow chart.
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Dispensef ON

}

Pointer(order)=Angle + 84
Piston(order)=1
order =order + 1

Sample(0 to S)=0 A

No

ean=Gree

Dispenser ON

l

Pointer(order)=Angle+ 126
Piston(order)=2
order =order + 1

Sample(0 to 5) =0
1e

v&

Figure H.1.3 : Sorting system flow chart.
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Dispenser ON

|

Pointer(order)=Angle+ 168
Piston(order)=3
order =order + 1

Piston 1 ON —

Figure H.1.3 : Sorting system flow chart.
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|

IF

Order(i) =2

Yes

Piston_2 ON

Piston 3 ON

v

Figure H.1.3 : Sorting system flow chart.
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Appendix I

PL.C Control Ladder Diagrams
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I.1 Controlling the Gravity Conveyor Box Collection

Piston.

The ladder diagram for the PLC program is shown in Figure I.1.1.

- CROO1

e ' | ool ©mNoo2 | et
' \_/

CRO0O1
IN0O3 _ CRO02

' N

— “of
CROOI - - X%
. \\

Figure 1.1.1 : PLC ladder diagram for gravity conveyor solenoid.

Where, INOO1

- Start Button.
INOO2 - Stop Button.
INOO3 - Light Sensor.
CROO1 - Starting Coil.

CROOZ - Piston Solenoid Valve.

- - The state time graph for the above PLC ladder diagram, is shown in Figure I.1.2.

On . —
Light
Sensor

off

On

Piston

Off L

Figure 1.1.2 : State-time graph for gravity conveyor PLC program
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The small spike in the state-time graph is a box which passes the light sensor, but does
not stay in front of the light sensor. The piston turns off for a small amount of time.
This can be corrected by ﬁsing a light sensor which has a large or slow reaction time.
In other words if a box has to pass the light sensor, the sensor would remain on. The

sensor would only turn off if the box had to stay infront of the light sensor for a large

L2 Control of the Filling Procedure.

" The PLC ladder diagfam is shown in Figure 1.2.1.
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_LINOOl' INO02 UC002 CROO1
: | Y
00 /f/ N\
CRO01
' CRO04
' CR001 CR002
NS P § . OffO G . . |1 4/-\
il 1T N\
On®: ® IN003
’ ROO
CRO02 CRO03
|1 VN
It /
UCcoo1
' IN004 Preset, f\
| HRO001 ~/
UC001 Reg_
. —_ﬁ/F_— HR101
1} CRO04
off CRO04
| | Oon M
' locoo1 _&_IN003 -
off CRO05
o 0O
onle003 4@
CR002 5001
4%( Preset *O
| 500
' | (TS001 Reg.
1T HR102
CRO06
,TSOOI N
— | N\
UCco02
| ucoor Preset e
| (CROO1 Reg.
vr HR103

Main Start and Stop

Caption.Box Piston
Control

Filling Conveyor
Control

Cap Counter

Piston on when
moving filled box to
main conveyor.

Printer Control

Shaker Contidl

Box Counter

Figure 1.2.1 : PLC ladder for filling conveyor system.
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Where,

INOO1 - Start Button.
INOO2 - Stop Button.
INOO3 - Light Sensor.

IN004 - Cap Counter.
CRO01 - Start Coil.
CRO02 - Caption Box Piston.
CR003 - Filling Conveyor. .
CRO04 - Moving Filled Box Coil.
- CROOS - Printer Coil.
CROO06 - Shaker Coil.
'UCO001 - Cap Counter.
UCO002 - Box Counter.
TSO001 - Shaker Timer.
HRO01 - Number of Caps per Box.
HRO002 - Number of Boxes.
HR101 - Register were Counting takes place.
HR102 - Register were Timing takes place.
HR103 - Register were Counting takes place.

The state-time graph for filling system PLC ladder diagram is shown in Figure 1.2.2.

On
Light
Sensor

Off

On
Filling
Conveyor

Off

On

Caption
Box
PiStOQ)ﬂ‘

:

:

»

Filling the carton box Moving filled ~ Moving T Waiting
box in light filled box for new
sensor range empty box

D B

- FigureH.2.2 : State-time graph for filling system PLC program.
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1.3 The Carton Box Sorting Area.

Each piston is assign a certain number of angle count variable slots. Each variable slot
can store the ejection angle count for a certain box travelling on the filling conveyor.
Once that value has been reach by the angle counter on the sorting conveyor. The
prston is actrvated and the box will be moved off the sorting conveyor and mto the

correct storage area. A graphic example of how the angle count numbers are

manipulated is illustrated in Figure 1.3.1.

Bar code has been read e

and the computer PISTON 1

assigns an angle

counter value to the Variable 1

correct piston the box .

must be eject by. Variable 2
Variable 3

An, t
gle Coun Variable 4
Variable 5
Pointer A anaple Pointer B

Variable 6

Figure 1.3.1 : Angle counter value handling.

Pointer A and pointer B control which block or variable is being used, either for

monitoring or inserting values.

The PLC ladder diagram is shown in Figure 1.3.2.
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_| INoo1. IN002 CRO001 ‘
oo ﬂJ_Q G Main Start and Stop.
CR001 : .
[ ]
1 ‘
INOO3 : EQ001 .
L Operation 1 N\ Checking if box
R _ 'HRO01 N belong to customer
_ A number one.
Operation 2
HR101
EQ001 : ADO001
Q, | Operation 1 ~ If so, setting angle
I “HR002 / counter reading for
Operation 2 piston 1.
64
Destination
HR201
ADQO1 CR0O02 L . S
g e Activating dispensor
E / piston. -
REPEAT FOR EACH PISTON NUMBER
IN003 Length RT001 i Placing angle counter
ll Ir 3 - }—— readingin piston’s
End variable list. ’
EQ002 ‘ .
l ]: OR009
' Pointer
CRO01 HRO03
———‘ I-—————— Source
HR201
- Checking if pointer
CIRIOOI . Operation 1 1:39_0\02 has reached the end of
1 HRO03 {1 thelist. Ifso, the
0 ) pointer is sent back to
peration 2 the start of the list.
9 .

REPEAT FOR EACH PISTON NUMBER

Figure 1.3.2 : The PLC ladder diagram for the sorting system.
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EQ003 Length TROO1 Checking the list of angle
{ |'_ 8 O count preset values.
: End '
EQO004 :
Q - ORO009
Pointer
CRO01 HR004 -
J| } Source
HR202
TROOL Operation 1 EQ003
|1 Emz 02 (/2\ Checking if preset angle
[T o/ count value is equal to
Operation 2 present angle count
HR002 reading.
EQ003 CRO03 L .
| N Activating piston
F % solenoid valve.
- CROO1 Operation 1 EQO004 Checking if pointer
' ___l 11 HR004 O has reached the end of
the list. If so, the
1 Operation 2 pointer is sent back to
9 the start of the list.
REPEAT FOR EACH PISTON NUMBER

Figure 1.3.2 : The PLC ladder diagram for the sorting system.

Where, INOO1 - Start Button.

INQO2 - Stop Button.

m003 - Bar Code Reader.

CROO1 - Starting Coil.

CRO002 - Dispensor Piston Solenoid Value.
CRO0O3 - Piston 1 Solenoid Value.

HROO01 - Bar Code Value.
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HRO02 - Angle counter reading.

HRO003 - Pointer A.

" HRO004 - Pointer B.

HR101 - Customer’s Number.

HR201 - Box Preset Angle Couhter Value.

HR202 - Monitoring Angle Counter Value for Piston 1. -
~_ OR001 to OR009 - List of Angle Counter. Values for Piston 1. |
EQO001 to EQ004 - Equai Function. |

- ADO0O01 - Addition Function.

RTO001 - Transfer to List Function.

- TROO! - Transfer form List Function.
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Appendix J

Model Photographs

Page A-104






















M.E. Tollner, MSc Projeci

‘ Appendix K

Model Electrical Drawings
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Appendix M

Factory Layout Drawings
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