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1. INTRODUCTION

1.1 THE COMPANY

Alumeco’s goal is to be the solution supplier and service partner for their
customers. They are the aluminium specialists who can provide consultancy,
logistics and know-how for their customers. They are the guarantee for correct
products and accurate solutions right from the start and on time.

It is crucial that their customers experience more value through an
Alumeco solution based on such quality determinations as flexibility, insight,
commitment and especially dialogue. Therefore, they support their customers’
activities through IT-integration, closer co-operation, day-to-day deliveries and
stock management based on a qualified forecast.

In practice, this means that Alumeco must understand changes and shifting
conditions. They must understand the market and be able to think creatively. At

the same time, they must be focused on continually improving their employee’s
qualifications as a key to flexibility.

aaumeco

-PICTURE 1: logo of the company-

1.1.1 THE PROBLEM AND THE OBJECTIVES OF
THE PROJECT

Alumeco’s strategy is to be the most effective logistic partner through
effective handling and warehousing of aluminium products.

In order to achieve this goal, Alumeco has to be working with the newest
technology and constantly improve processes and methods.

In the central warehouse in Odense the activity is mainly based on two

high rack systems. One high rack is for handling aluminium sheets and the
other one is for profiles and bars. The weekly activity on the two high racks is
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more than 1500 orderliness per week. (500 sheets and 1000 profiles and
bars).

Therefore, Alumeco wants to investigate the opportunity to automate the
process of packing profiles and bars from the existing high rack. Today the
handling and packing of profiles is carried out manually by the stock workers.
It means that it is a heavy physical process. Summing up, the goal to this
project must be:

e A packing line that can handle 70% of all orderliness

e No handling of material by hand or manual crane

Getting these goals Alumeco will save money, they will increase their
incomes and they will become the leader in the handling of aluminium profiles
and bars because nowadays there are no factories with an automatic method.
In this way one of the Alumeco’s strategies we will achieve: to be the most
effective logistic partner through effective handling and warehousing of
aluminium products.

1.1.2 THE CURRENT CENTRAL WAREHOUSE

1.1.2.1 THE CURRENT PROCESS

Today, since the supplier brings them the profiles until the final shipment,
they have to follow some steps in a chronological order. They are correlative
so they need to finish the previous one to be able to go on with the next one.
Therefore, it is very important to carry out all of the steps in a right way. The
steps which must be carried out are going to be shown in a graphical way to
see the connections between the activities clearly (from left to the right):

OPERATORS PREPARE THE
WRAPEING
TO SELECT THE MATERIAL ] HE3TAKES THE MATERIAL HE&PLACES THE
(WHS) - MATERIAL IN THE STEEL
J CONSTRUCTION
TO CARRY THE PROFILES TO TO WRAP THE PROFILES | OPERATORS TAKETHE
THE FINISHED PRODUCTS | {MATERIAL AND PLACE ITIN
ARFA THE PACKING TABLE
”y

- PICTURE 2: steps of the process-
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Now all of the steps are going to be explained with more details:

STEP _1: The process begins when they
receive an order. Therefore the operator
enters the order number in the WMS
(which is an automatic system which
transfers the information to a high rack
system in order to take automatically the
profiles that they need to the order) and
selects the material for the order.

STEP _2: Now the high rack system
(which is an automatic device which takes
the profiles from the high racks) delivers
the material at the packing station

STEP 3: Now the operators prepare the
wrapping paper. They put it over the
packing table. They make this action while
the high rack system takes the profiles
and places that in the packing the steel
construction.

- PICTURE 5: step 3 of the process-
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STEP 4: In this step another automatic
mechanism moves the profiles from the
packing station (which is on both sides of
the steel construction) to the steel
construction. Now they can take the
profiles that they need for the order.

STEP 5: The two operators carry out the
material from the steel construction to the
packing table. The material can be carried
out by hand (heavy physical process) or
by crane (heavy profiles and bars).

STEP_6: The operators finalize the
packing and make the confirmation in the
WMS system.

STEP 7: When the packing is finished, it
is placed in a zone close to the packing

4 table and is ready to shipment. It is carried

away by crane

- PICTURE 9: step 7 of the process-
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1.2 EXPLANATION OF THE IDEA'S
GENERATION PROCESS

There has been a hard work to find the best solution for the problem
mentioned before. It means that it has not been very easy to get it. In this
chapter everything related to the final idea that has been developed is going to
be explained.

1.2.1 PROBLEMS TO FIND THE PERFECT
SOLUTION

As it was mentioned in the last paragraph, there have been some
problems to reach the final solution because there have been a lot of variables
to take into account. In this chapter the most important problems are going to
be described:

e To take into account the existing equipments: one of the biggest
problems, because every new designed equipment must be compatible
with the equipment that they already have. This is a crucial aspect
because, otherwise, they should change all the stuff that they already
have and it would not be profitable. Beside the company has insisted
on this aspect strongly.

- PICTURE 10: examples of existing equipments-

e The way of making the packing: It has also been on one of the most
important problems to solve during the project. It has been very
important because the wrapping paper must be over the packing table
when the mechanism places the profiles on it. Every time that
something has been thought about creating a mechanism to move up
and down to place the profiles in the packing table, it has been found
the problem of breaking the wrapping paper. But fortunately a solution
has been found.

4 -ALBERTO NAVARRO BUENO- 8
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- PICTURE 11: problem with the wrapping paper-

To count and to pick automatically the right number that they
need in each order: it has been another awkward problem. Actually,
due to this problem it has been necessary to change the goals of the
project (explained in Chapter 1.1.1) because it has been impossible to
reach 70 % of the orderliness. It has been very difficult to find
something to pick and count the thinnest profiles or bars. This is one of
the most important conclusions which will be explained in the Chapter
3 (CONCLUSIONS)

To move more than one row of profiles: if one profile is moved
without lifting it up ,the surface of the profile which is under it would be
scratched (due to this problem, it has not been able to reach one of the
goals established at the beginning of the project: to handle the 70% of
the orderliness). You can see it better in the picture below

<14

<=

(N ¢ TV
O™

/|3

- PICTURE 12: problem with rows of profiles-
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Many different kinds of profiles: This is another problem because
the shape and the measurements of the profiles must have been
taken into account. For instance, you have to take into account that
round bars can turn. This is also a problem that is commented in
Chapter 3(CONCLUSIONS).You can see the whole ALUMECO’s
range of products with all information about it in APPENDIX N°1.

N 1 = &
\" y L* =" | Ed ' ,LH

- PICTURE 13: problem with different kinds of profiles-

1

B

To place the profiles in the right position on the packing table:
this problem is related to the problem commented before about the
way of making the packing .If something completely automatic is
needed, the profiles must be ready to make the packing and they
should be placed on the packing table in the right position to be
packed. Apart from this problem, it is important to add that there is a
lot of different orderliness and therefore there are no *“standard”
positions as in the picture below.

- PICTURE 14: problem of placing the profiles-
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1.3 HOW THE PROJECT IS APPROACHED

After taking into account all of the problems and variables mentioned in
the previous chapter, finally a conclusion has been chosen. It has been found
that it has been impossible to reach a “global solution” to be able to solve all
the problems mentioned before. That is why it has been decided to focus this
project on a “ideal case” which has very little differences with some stuff that
the company has already implemented (like the stuff to keep the profiles) but
which has the same objective. Therefore, in this way, if the company finally
wanted to implement a system to automate the packing line, they could use this
project as a base for further studies.

Therefore with this “final idea” many of the problems mentioned before
are solved. It is important to say that we have tried to be as much flexible as
possible but, understandably, the finally mechanism has some restrictions
which are very important to mention:

e The designed mechanism is only available to work with one row of
profiles (because of the problem in Picture 12)

e The mechanism has been designed taking into account the
information (weight and length) of the heaviest square bars that the
company is currently working on. Therefore, this designed
mechanism is thought to work with this kind of profiles. You can see
this kind of profiles in APPENDIX N° 1

As it is clear, one the first objectives marked in this project (a packing line
that can handle 70% of all orderliness) cannot be achieved because working
with only the heaviest rectangular profiles it is impossible to reach this
percentage of orderliness but even so it is strongly thought that with more time
of studying of this developed idea, it could be possible to achieve to be more
flexible and to get the desired percentage of orderliness.

In CONCLUSIONS the things that could be improved to get the “desired

solution” will be explained with more details. In this way, it could be useful if the
company wanted to go more through with this issue.
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1.3.1 HOW THE COMPANY CAN IMPLEMENT
THIS PROJECT

Even with all of the difficulties and with all the restrictions mentioned
before, this developed idea, which is going to be explained in the following
chapters, can solve many of all of the problems mentioned in Chapter 1.2.1.

The best way of implementing this is to implement that to manage a
smaller packing station (which they have but they hardly ever use) in which
they only could work with this heavy square bars( with later studies and
optimizing this idea they would be able to work with more kinds of profiles). It
could be fine because, if this mechanism is thought to work only with this kind
of profiles, they could use a little station in which they could just focus the
work only on this kind of profiles. In this way they could work on parallel
with the “big station” and they just could use one operator to be the
person in charge of this “little station” .They would have two lines of work and
in days when many orderliness are required it could be very useful.

This idea of implementing that in the “small station” that they have has
already been discussed with the company and they agree with this idea as a
“possible” idea to implement that. It is a good way of implementing that
because the “big station” that they have has a lot of components that are very
difficult to change and therefore if they wanted to implement this idea there
they should change a lot of things and it would not be profitable.

Even so the company can assess its possibilities of implementing this

project and they can see better and with more detail what is better for the
future of the company.
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1.4 EXPLANATION OF THE FINAL IDEA

In this chapter the final idea that has come up is going to be explained
with as many details as possible. In this way the idea and the designed
mechanism will be understood easily.

1.4.1 GENERAL INFORMATION OF THE FINAL
IDEA

The main idea of the final chosen idea consists of designing a
mechanism in the steel construction that they already have. This
mechanism consists of some bars connected all together and which are put in
motion by a hydraulic cylinder. With this cylinder it is possible to lift the
structure up. Besides, these bars are connected to a structure on the top in
which there are two belt conveyors fixed there. In this way it is possible to
move the profiles that the company needs in each order. These profiles
needed for the orders, which are lifted up to a determined height, are moved
to another conveyor belt which places the profiles in the packing table.

As it was said before, the project has been approached taking into
account the heaviest square bars and they have a minimum length of 3m and
a width of 0,2m but the structure where they are kept has a length of 6m and
a width of 0,5m.Therefore, each structure contains a maximum of 4 square
bars (you can see that in the picture below).That is the reason why there are
two mechanisms, one in each half (3m) of the steel construction that they
already have. Besides, in this way it is possible to work on parallel with each
half of the structure and if they only needed for example 1 bar it would not be
necessary to lift all of the profiles of the structure.

200

3000 e 3000
- 6100 -

-PICTURE 15: view of the structure to keep the profiles-
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Anyway this designed mechanism will be explained later in Chapter
1.4.3 with more details. You can also take a look on Drawing N°1 to get a
general idea about this.

This is basically the idea that is going to be carried out during this project.
You can also see this idea in the floor view picture below to have a first idea
about how it is going to work:

FINISHED
PROFILES'S AREA

7

PACKING TABLE /
\ RAILS

\ |/
agagapagags
40>

i wmur
wmw\mm Oy  CONVEYDR

%

PROFILES _

||
Vi i

| STEEL
I CONSTRUCTION

- PICTURE 16: floor view of the new idea-
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1.4.2 PHASES OF THE "NEW PROCESS”

Now the steps to reach the marked objectives of the project are going to
be described. It is going to be shown in two different ways:

1.4.2.1 STEPS OF THE GENERAL PROCESS

The first one is a chart in which you can see the “new” entire process and
the relations between the different parts that make it up.

COPERATORS PREPARE THE
WRAPPING
TO SELECT THE MATERIAL ‘] H RS TAKES THE MATERIAL | HE8PLACES THE
(W) — MATERIAL IN THE STEEL
J CONSTRUCTION
g

(THE DESIGNED MECHANISM
PLACES THE MATERIAL TN
THE PACKING TAELE

THE FINIGHED FEODUCTS
AREA

(TO CARRY THE PROFILES TO‘ (" TOWRAP THE PROFILES )

.

- PICTURE 17: new process of packing-

It is clear to see that there is an important change with regard to the
current activity that they do today (shown in Picture 2). This difference lies
in the step in which the operators have to take the material from the steel
construction to the packing table. Instead of carrying it out by operators, it
will be carried out by the new designed automatic mechanism.

1.4.2.2 SUB-STEPS OF THE DESIGNED MECHANISM

But within this “different” step there are some tasks to carry out. This step
has been split up in five sub-steps. They are the steps that must be carried
out to get the goal of the project. You can see that in the picture below:
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The designed mechanism places the
profiles in the packing table

The profiles are lifted up

- J

( )
The profiles are moved trough several
conveyor belts.

- J

( )
The profiles are placed in the mobile
| construction in chronological order

( )\
The mobile construction is moved to
| the right position in the packing table |

[ The profiles are placed in the right |
position in the parking table

- J

- PICTURE 18: sub-steps of the new designed mechanism-

These steps shown on Picture 18 are going to be described one by one
and with pictures of each one to make this as clear as possible:

STEP 1: The profiles are placed in the steel construction. In this step there is
nothing new with regard to the process that they currently have.

1

""’m

-PICTURE 19: picture of step 1-
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STEP 2: The profiles are lifted up by the designed mechanism. They are
lifted up a height of 1552mm

[
[]2]
#ﬁ L 0/

1
1
&> o> D

-PICTURE 20: picture of step 2-

STEP_3: The profiles are moved from the steel construction to a mobile
conveyor. They are moved one by one and automatically.

3

[z
#;—3"""— ,JEl:H_|

=
c 3
|
C -
’—_‘—‘—‘

-PICTURE 21: picture of step 3-

STEP_4: Now, the profile is already on the mobile conveyor. This mobile
conveyor is moved (as you could see in Picture 15) through two rails on
both of its sides. It is also moved automatically.
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-PICTURE 22: picture of step 4-

STEP 5: In this step the profile is placed in the right place on the packing
table.

D
e A2
|niN
||

-PICTURE 23: picture of step 5-

STEP _6: When the profile is placed on the packing table, the mobile
conveyor goes back to take the next profile and it will repeat the steps
explained before. It is also done automatically.
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-PICTURE 24: picture of step 6

As you have seen, on the packing table there are some rollers and the
finished profile’s area (also with some rollers) is next to the packing table
and that is why because it was thought that it could be a good idea to push
the profiles from the packing through some rollers and to place them next to
the packing table. In this way they would not need to carry it to the finished
profile’s area ever time that they finish a packing. But this idea has not been
developed so much and therefore it could be a concept to think about in
subsequent studies. It will be mentioned in the chapter of CONCLUSIONS.
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1.4.3 DESCRIPTION OF ALL OF THE PARTS OF
THE DESIGNED MECHANISM

As it has been explained, a designed mechanism is going to be the stuff
in charge of lifting the profiles up. We have tried to imitate the structure on the
picture below. The chosen material to design the mechanical parts of the
mechanism has been: steel E350 due to the fact that this kind of steel is good
for mechanical constructions. It has a yield stress of: oy =350Mpa

-PICTURE 25: real mechanism -

1.4.3.1 PARTS OF THE MECHANISM

It contains:

e A hydraulic cylinder which provides the power to move the
whole mechanism and which is fixed to the floor.

e 4 bars that are connected between them and which are moved by
a hydraulic cylinder

e A structure on the top in which the bars can be moved and
joined and in which two belt conveyors are placed. This structure
contains: a sheet on the top to place the belt conveyors, two UPN
profiles to fix the bars in point C (you can see that in Picture 26)
and to support the sheet on the top,5 reinforcing flat bars to
avoid the bending of the sheet in the middle and a very thin
sheet behind the reinforcing flat bars to let the wheels (see
selected wheels in APPENDIX N° 2) in point D go through the
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structure (if not, the wheels would not have any place to turn
around)

e Two conveyor belts to move the profiles to the mobile conveyor.
The selected conveyor belt is the model GUF-P 2041 CA of the
company MK. This kind of conveyor has been selected due to its
characteristics, like for example, the maximum load capacity (one
of the most important reasons), the possible measurements of the
conveyor (length and width) and because this kind of conveyor
has a relatively simple integration into equipment. You can see the
details about this conveyor and its support (to fix to the sheet on
the top) in APPENDIX N° 3.The selected length is 500mm and the
selected width is500mm

e A structure fixed to the floor to fix the structure and the bars in
points A and B

In the picture below you can see the initial position of the mechanism:

1T

.‘\_ \ ) e .

-PICTURE 26: drawing initial position of the mechanism-

Therefore it works in the following way: the pump provides the fluid to the
cylinder and therefore the piston goes ahead. The piston rod which is
connected with the 4 bars (by a bar in the middle) moves the bars. The
points B and C of the bars are fixed with bars to a structure (which is fixed
on the floor) but they can turn. The other points A and D have wheels
connected and therefore these wheels go through the structure on the top
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when the cylinder starts the movement. It is possible because there is a
very thin sheet behind the reinforcing flat bars.

Therefore it goes up until a determined height (1552mm) as you can see
in the picture below:

-PICTURE 27: drawing final position of the mechanism-

1.4.3.2 STUFF TAKEN INTO ACCOUNT TO DESIGN THE
MECHANISM

This mechanism has been designed to lift up a total weight of
1000kg .This because it has been needed to add all the weight of all stuff

that has to be lifted up and this stuff is:

e WIEIGHT 1 PROFILE:

v' 112kg/m-3m = 336kg .

v But in each half it was shown (Picture 15) that there are two.

Therefore:

Total weight of PROFILES: 336kg -2 =672kg
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e BELT CONVEYORS:

v' 80kg Each one.

v' But there are two:

Total weight of BELT CONVEYORS: 80kg -2 =160kg

e STUFF OF THE CONSTRUCTION :

v" The dimensions of the sheet on the top are: 1,5x0,5x0,005 .

v Itis made of steel with a density of p = 7850kg / m°.

v ltis also known: p:%

Total weight of the construction: M =(1,5-0,5-0,005)-7850 = 30kg

TOTAL WEIGHT =670kg +160kg + 30kg = 860kg

But logically there are more parts to take into account like bars but this
weight is very little in comparison to the other weights. Even so the
mechanism has been designed for a total weight of:

TOTAL WEIGHT OF: 1000kqg
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1.4.4 ANOTHER MECHANISM

Another mechanism like the one you can see in the picture below has
been another option to design.
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-PICTURE 28: sketch of another mechanism-

This idea has been rejected because it should be necessary to use 4
pistons and the cost of that would be very high. It has been thought to design
this mechanism but only with one cylinder in each half (3m) but there would
be a lot of bending in the sheet to support the belt conveyors and the profiles.
Besides, there are not too many mechanical parts to work on.

The other idea shown before is more complete and more reliable.
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2. CALCULATIONS

2.1 INTRODUCTION

In this part of the project all mechanical stuff that is used in the
mechanism described in the previous part of the project is going to be
calculated. To follow and to understand better the formulas and all the process
which are going to be used to design all the stuff some information is shown in
the last part of the project (APPENDIX). In this way it is easier to understand
where the calculations come from.

Now it is important to remember the general data which we are going to
be working with:

e Material = Steel E350 oy=350N/mm* E =210Gpa
e Coefficient of security of yield stress=2

e Coefficient of security of yield stress :( APPENDIX N°5) Csy:U—y
O

e Theory maximum shear (APPENDIX N° 6)

2.2 CYLINDER

In this chapter all of the information related to the cylinder which provides
enough power to activate the designed mechanism is going to be calculated. To
have the complete information about a cylinder the calculations are going to be
split up into five parts: stroke, maximum force, piston’s diameter, piston’s
thickness, piston rod’s diameter (buckling of the piston rod) and pump.

2.2.1 INFORMATION

But before calculating all the elements described before, some
information about the kind of the cylinder that is possible to choose is going to
be shown. There are two kinds of cylinder, pneumatic or hydraulic but they
have some differences between them. On the other hand, they have the
common characteristic of the need of a pressure supply. Therefore, to find the
right guidance system the two possibilities of pressure generation are going to
be compared:
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7Advantages of pneumatic system: N

e The storage of air is easy because of the high compressibility, so that a
central pressure system is possible.

e High transfer distance of pneumatic systems, because air has a low
viscosity and therefore a low decrease in pressure results

¢ No backflow pipe or leak pipe
e No additional fluid like oll

Disadvantages of pneumatic system

e The max. pressure is limited from 0.6 to 1.0 MPa, therefore a pneumatic
system transfers lower forces as a hydraulic system.

e A steady movement is not possible

e When the air escapes (exhaust), the system is creating an exhaust noise

- /
/Advantages of a hydraulic system ™

e Generation of high forces and moments with compact measures

e Stepless change of actuation velocity and drive. Reversal of the moving
direction is possible.

Disadvantages of hydraulic system

e High acquisition costs
¢ High requirements for the filtering and for the hydraulic fluid

e Low transfer distance of pneumatic systems, because of the high viscosity of
the fluids

e Important properties of the hydraulic fluid (viscosity, density and
compressibility) are dependent on pressure and temperature

¢ Increased requirements for the environmental protection

e There is a need for a backflow pipe

- )
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pneumatic hydraulic
Energy carrier Air oil
Energy source compressor pump
Characteristics Pressure p =30 ... 400 bar

p = 6 bar (0.6 MPa)

Transfer distance

~ 1000 m

~ 100

Storage of energy

Pressure vessel

accumulator

Energy converter

Cylinder
Compressed air
motor

Cylinder
hydromotor

Power density

70 ... 1200 W/Ltr
70 ... 300 W/Kg

Approx. 2000 W/Ltr
600 ... 800 W/kg

-TABLE 1: information about cylinders-

Taking a look at the previous table of information about the two kinds of
cylinders and focusing on the pressure that each one can reach, if you
compare it with the pressure that is going to be selected on Chapter 2.2.4, it
is clear to see that the right cylinder to be used is a hydraulic cylinder.
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2.2.2 CALCULATION OF THE STROKE

The mechanism can be represented with the following sketches below
(Picture 29 and Picture 30). With these sketches it is possible to find out the

stroke of the cylinder. It is calculated in a graphical way.

INITIAL POSITION

initial lengh® - B ) &
1300
-PICTURE 29: initial position of the mechanism-
FINAL POSITION
D
T N\E i
/@?ﬁy -
////
o \G(\g
0
| 1 [aln]
G AN
-PICTURE 30: final position of the mechanism -
28
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Therefore the stroke of the cylinder can be calculated like this:

stroke = Lf — Li =1006 —658 = 348mm

STROKE OF THE CYLINDER=348mm

(Note: the initial measurements have been taken from a previous study of this kind of
mechanisms)

2.2.3 CALCULATION OF THE FORCE

In this section the maximum force carried out by the cylinder is going to
be calculated. To find it out, the diagrams of the forces of the bars which the
mechanism consists of are going to be studied. In this way all reactions in the
bars and the maximum force of the cylinder will be calculated. It is going to be
calculated for a general position and in this way it will possible to know the
value of the force of the cylinder and each angle in each moment
(APPENDIX N°4) .

It is important to mention that a punctual load is assumed to calculate
all the reactions but it is known that the “real load” is not like this. It is done to
make the calculations easier. In following chapters this load will be
approximated to a distributed load which is more similar to the “real load” than
a punctual load.

TOP TABLE

J7F’
> RCX

T 650 T
RDY RCY

650

-PICTURE 31: reactions on top table-
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> Fx=0= Rcx=0
> Fy=0= P-Rcy-Rdy=0
> Mzc=0= P-650-Rdy-2a=0

a

Rey - P=325°P

J7P—385F’/c1

TREY

REX <t——o

RAYT

-PICTURE 32: reactions on —A-E-C bar-

0= Rex=0
325-P

> Fx

> Fy=0= -P+

+ Rey+ Ray=0 \

a

ZMza:O: —(P—BZS'PJ-Z-a+Rey-a:O

Rey = 2.p_ 550
Rey - —p+ 325°P
a
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-PICTURE 33: reactions on D-E-B bar--

ZFX=0:be+Fc05a:0

ZFy=O:>—@—Rey+ Rby + Fsena =0
a

> Mzb=0=>325-P-2+2-P-a—650-P - Fcil -sena-a=0

Solving all the equations it is possible to find the formula to calculate the
force of the cylinder. It is on function of the value of the angle.

2-P-a

Fcil =
cosa-b+sena-a

POSITION OF THE MAXIMUM FORCE OF THE CYLINDER

The maximum force in the cylinder is produced when the angle is the
smallest one, therefore it is this situation:

200
Q

1300

-PICTURE 34: triangle of the angle with maximum force of the cylinder -
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With this drawing, the angle in the position with maximum force of the
cylinder can be calculated:

arctga =ﬂ = a=8,75°
1300

And with this angle and with the formula calculated before, the maximum
force of the cylinder is calculated:

2-P-a B 2-1000-650 N
cosa-b+sena-a €o0s8,75-100+sen8,75-650

Fcil(kg) = 570kg

F max = 6570kg x 9,81kE = 64500N
g

MAXIMUM FORCE OF THE CYLINDER=64500N

2.2.4 CALCULATION OF THE PISTON'S
DIAMETER AND PRESSURE

Now that the maximum force of the cylinder has been calculated, the
piston’s diameter can be calculated. The pressure must be known to do that.
For this reason having a look on the Table 2 of standard piston’s diameters it
is clear that with the force that is needed for the piston(64500N) the pressure
must be minimum 40 bar. Finally a pressure of 60 bar and a piston’s diameter
of 125 mm are selected.

Fuerza de empuje (kN)
Dién‘_ietro del | Area Piston Presién (bar)
pistén
(D = mm) (mm3) 6 10 40 <0 100 150 200 250
25 491 0.3 0.5 2.0 3.0 5.0 7.5 10.0 12.5
32 804 0.5 0.8 3.3 4.9 8.2 12.3 16.4 20.5
40 1257 0.8 1.3 5.1 7.7 12.8 19.2 25.6 32.0
50 1963 1.2 2.0 8.0 12.0 20.0 30.0 40.0 50.0
63 3117 1.8 3.2 12.7 19.1 31.8 47.7 63.6 79.4
80 5027 3.1 5.1 20.5 30.7 51.2 76.9..| 1025 128.1
100 7854 4.8 8.0 32.0 48.0 80.1 120.1 - 160.1 200.2
1 2272 7.5 12.5 50.0 751 1251 187.6 | 250.2 | 3127
160 201086 12.3 20.5 820 123.0 205.0 307.4 409.9 512.4
200 31416 19.2 32.0 128.1 192.1 320.2 480.4 640.5 800.6

-TABLE 2: standard diameter of hydraulic cylinders-
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Now if you have a look at the table it is clear that with a pressure of 60
bar and a piston’s diameter of 125mm a force around 75000kN is reached.
But the piston is going to work with a force around 64500N and for this reason
a recalculation of the real pressure which the cylinder is going to work must be
done.

p_F _ 6400 o ompa =52 50ar

A 71252
4

PISTON'S DIAMETER=125mm

PRESSURE=52, 5 bar

225 CALCULATION OF THE PISTON'S
THICKNESS

Firstly it assumed that the thickness can be calculated with the theory of
the “thick-walled cylinder” (APPENDIX N° 7)

N
or=03=0

o

This theory has the following formulas: o0 =0l=

o

ol=02=——

P.
2-t
P.
4.e )

As it was mentioned in chapter 2.1(information) the theory of “maximum
shear” is used to calculate stresses.

ol-03 )
rmax =
. 1 oy
It has these formulas (APPENDIX N° 6): 7 max :?C_ >
S
Cs= oy
2-7max )
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It is also known:

P =52, 50ar =5, 25MPa(N /)
d =125mm
oy=350Mpa

With these formulas and the information that is already known, it is
possible to calculate the thickness:

ol-03 o0l1-0 P-d

rmax = =
2 2 4.e
rmax = £.9Y 205350 o0 o inm?
2 Cs 2
Therefore if both parts are made equal: 87,5= %
e

e=1864mm = 2mm

Now to check if the theory used is correct the following verification must
be done:

%>40:>%:62,5>40

Therefore this thickness calculated before fulfil the requirements.

PISTON’S THICKNESS=2mm
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2.2.6 CALCULATION OF THE PISTON ROD'S
DIAMETER (buckling of the piston rod)

In this chapter the piston rod’s diameter is going to be calculated. The
possible bucking of the piston rod is going to be taken into account to avoid
the failure of this part of the mechanism due to the compression force. This
phenomenon is seen in the picture below.

-PICTURE 35: buckling of a column-

As it is known there are two theories to study the buckling of the columns
(Johnson and Euler) but firstly it is assumed that the piston rod is a “large
bar”, therefore the theory of EULER is going to be used to make the
calculations (APPENDIX N° 8) .It also assumed a coefficient of security of 3
and the material to use is steel with a young module of 210 GPa.

First of all it is important to find out the factor of buckling (f).It is
selected in the table below:

Tipo de fijacién Esquema de montaje Factor de
cilindro pandeo (B)

Articulado y rigidamente 1.5
guiado ] 1
e =
===
Apoyvado, pero no 2.0

rigidamente quiado m B

Articulado y rigidamente 20
guiado

Articulado y apoyado, e

pero no rigidamente

-TABLE 3: factor of buckling-
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For this theory the maximum force that the piston rod can resist is
calculated with the following formula:

Fcrl=Fc-Cs=64500-3=194000N

17 E _ 04000 7 210000

. — = | =45300mm*
Le (348-2)

Fcrl=

Now that the inertia is known, the “possible” diameter is calculated:

4
|=nd :d=dlm=dﬁmm64:%mm
64 T T

The turning radio is calculated like this:

— 45300
A 7-(30)
4

Now the slenderness of the column is going to be calculated:

N
/1:5:348'2=87
i 8

2 2
Jim— |27 E :;Jz-ﬂ--zloooo 109
ot 320

Now all information is known and it is possible to check if really it is large
column or not. It is going to be checked with this:

A > Alim
87 <109

It doesn't fulfil the requirements, therefore the “JHONSON’S method” to
short columns is going to be assessed (APPENDIX N° 9).

Now the method consist of trying with other diameters until we find a

diameter whose maximum force is bigger than the previous force calculated
with EULER.
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A diameter of 35mm is chosen:

4 4
=29 735 _ 23700mm¢
64 65
i_\ﬁ_ 73700 _ o
A |z (35)°
4
S le 3482 .
[ 9
2 2 2
Fer2= Ao 1-- 204|235 ggg1q 30771 559000N
477 E| 4 4.77-210.000

It is checked if Fcr2 is bigger than Frcl:
252000N >194000N

Therefore, this diameter fulfils the requirements.

PISTON'S ROD DIAMETER=35mm
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2.2.7 INFORMATION OF THE PUMP

As it was commented on Chapter 2.2.1, the cylinder chosen needs a
pressure supplier and in hydraulic cylinder's case a pump is the machine in
charge of supplying the compressed liquid. Therefore, in this chapter the
characteristics of the pump are going to be calculated and a pump for a
catalogue of a company (APPENDIX N° 10) will be chosen.

2.2.7.1 FLOW

To chose a pump the speed of the speed of the fluid is assumed as
0,04m/s.

In this way the flow of the pump is calculated in this way:

70,125

Flow=A-S = .0,04=4,9-10"m%/s

3
4,9.104 ™, 1000L 605 _ 59 51 /min
S 1m 1m

FLOW=29, 5 |/min

Now having a look to the following information about pumps the pump
BOSCH REXROTH AG-FS4-SIZE 20 is selected. The reason why this one
is selected is because if the pump with the next flow were selected there
would be an unnecessary consumption of electricity. With a consumption of
28, 9 L/min, which is very close to the information calculated (29, 5 L/min) is
enough.

Frame size FS4
Size Size 25 32 40 50 63 80 100
Weight m kg 13.5 14 14.5 15 186 17 18.5 20
Speed range Mvin min~?! 500 500 500 500 500 400 400 400
Mome  MOIATT 3000 3000 3000 2600 2600 2600 2200 2200
Displacement v cm?® 201 25.3 32.7 401 50.7 65.5 80.3 101.4
Flow ™ Ay Lfmin 2889 36.3 48.9 57.8 72.8 94.0 115.3 145.8
Operating pressure, absolute
— Inlet p bar 0.8 to 2 (briefly at start 0.6 bar)
= Outlet, continuous Proas bar
HLP fluid 250 210 160 125
Special fluid 175 140 140 100
intermittent 2 p_ bar
HLP fluid 315 250 210 160
Special fluid ¥ 210 175 175 140

-TABLE 4: information about standard pumps -
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2.2.7.2 POWER TO ACTIVATE THE PUMP

It assumed an output of 0, 9
The power can be calculated with the following formula:

pow = PoFlow 525289 , ..\
612.7  612.0,9

POWER TO ACTIVATE THE PUMP= 2, 75 KW
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2.3 STRUCTURE

In this chapter all components of the structure are going to be studied. Bars,
holes, welding and plates are going to be calculated. In this way all components
of the mechanism will be known.

2.3.1 BARS

Here all components of the bars are going to be calculated. They are the
stuff in charge of moving the mechanism. Within the components of the bars
there are: holes to fix the bars and to fix the cylinder, and the cross section of
the bars. All of them are going to be calculated in the following chapters

2.3.1.1 CALCULATIONS OF THE HOLES TO FIX THE BARS

ASSUMPTIONS:

e |t is assumed that all of the diameters of the holes will have the
same diameter

e They will work on simple shear

As all of the holes must have the same diameter, the first step that must
be done is to find the support which will support the most efforts
because this hole will support the maximum effort. It means that the other
holes will be able to support fewer efforts.

Therefore all of the supports are going to be assessed with the formulas
that were calculated in Chapter 2.2.3:

A
7 .
/ Ray =-P w =-500 325-500 =—-250kg = —2450N
N
c
VAN Ne % Rex=P [1—%] =500 (1—%] =250kg = 2450N
- a

r/ ™ E
" Y Rcx=0
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325.P  325.500
650

Rdy = 250kg = 2450N

Rbx = —F - cos & = 3285(P = 500Kg) - c0s8, 75° = 3250kg = 31900N
Rby = (ﬂ+ 0.p S0P -senaj = (500'325 +2-500— 6525‘300 —3285-sen8, 750) >
a a

650
= 250kg = 2450N

Rbt = \/Rbx? + Rby? = 32000N

Im

Z Fx=0= Rx=F -cosa =3285-c0s8.75°= 3250kg = 31900N
D Fy=0=Ry=Rey-F-sena =500-3285-sen8, 75°=0

Ret =+/Rex’+Rey’ = 31900N
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It is clear to see that the hole which will stand more effort will be the letter

B (32000N ). Therefore all the calculations will be made taking into account
this hole.

2.3.1.2 DIAMETER

Now knowing that the holes work in simple share (Picture 36) and using
the theory of maximum shear:

S 1T ] =

Ny

A . rh:E
I F F~ A
' rmax = of :@:87,5N/mm2
2-Csy 2-2

-PICTURE 36: simple shear-

If zh and rmax are the same it is possible to do this:

=21,5mm

F F-4 32000-4
tmax=rh=—-—>=4d= =
7-d th-x 7-87,5
4

DIAMETER OF THE HOLES=25mm

2.3.1.3 THICKNESS

The next information to be calculated is the thickness of the rectangular
cross section. It is going to be calculated taking into account the crush of
the holes.

To do that two formulas are going to be used:

F
oCc=—o
t-d
=Y 230 _ 176N /mm?
Csy 2
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If oc zh and o are the same it is possible to do this:

32000
175.25

175=L:>t 7,3mm
t-d

THICKNESS = 10mm

2.3.1.4 HEIGHT

Now it is possible to calculate the height of the rectangular cross section
of the bars.

To calculate that, the diagrams of moments, shears and
compressions are needed.

First of all, the bar D-E-B is going to be shown with all its forces.

J73BSP/Q

-PICTURE 37: reactions in D-E-B bar-

Summary of the forces:

Rdy = 250kg = 2450N } F -cosa =3250kg = 31900N}
Re y =500kg = 4910N F -sena =500kg = 4910N

Fcil = 6570kg = 64500N
Rby = 250kg = 2450N
Rbx = -3250kg = —-31900N
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Now it is known that this diagram is equal to the following one (the axes
are changed to use the axis x and y of the bar):

4850N
8480N47 373N T 31500N
@_‘} — Ar:l— 31900N
J7843(”\1
650 G50

-PICTURE 38: reactions in D-E-B with new axes-

Knowing the equivalent model it is possible to calculate the diagrams:

373N

8480NJ7 N Tv "
—" [] <«—

-PICTURE 39: calculations of diagrams of D-E-B bar. Part 1-

N =373N
V =2420N
M =2420-x = (x=0=>M =0N) = (x =655 => M =1590000N - mm)
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‘Fv N 31900 2430
y C) N O x
650
-PICTURE 40 calculations of diagrams of D-E-B bar. Part 2-
N =31900N
V =2430N
M =2430-Xx= (x=0=>M =0N) = (x=655= M =1590000N - mm)
DIAGRAMS
31900N
373N L]
— ]<t——
-PICTURE 41: diagram of compression forces of D-E-B bar-
24 30N

|
[t

650 &50

-PICTURE 42 :diagram of shears of D-E-B bar-
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@ 1590000N
=)

-PICTURE 43 diagram of moments of D-E-B bar-

650

Once that the diagrams have been solved, it is possible to calculate the
height of the rectangular cross section.

To calculate that, this formula is going to be used (APPENDIX N°11):

ox M N oy _

Wz A~ Csy

The rectangular cross section is like the picture below and with this cross
section it is possible to calculate:

<0_y=3i20=175N/mm2 R

\( o<
Csy
H 1 3 1 3 3
Inertia=—-b-h*=—-10-h"=0,83h
2 12

<
Y max = -0, 5h >
; ; 3
Z Wz = inertia _ 0,83h _ _166h?
Y max -0,5h
Area=b-h=10-h Y,

[0

-PICTURE 44: cross section of D-E-B bar-
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It is important to say where the negative value of Y max comes from.
Due to the criteria of the signs of the forces and moments (APPENDIX
N°12), there is a negative moment and a negative force (compression)
(you can check that in the previous diagrams). Besides, another important
information to taken into account is that the value of the stress produced by
the shore is not taken into account in this kind of cross section because it is
very small in comparison with the value of the normal stress produced by the
moment and by the compression force.

Therefore there are these forces and moments in the cross section:

N(=) MC=)
y=+h/2p~ :

—
y=-hs2 ) €

-PICTURE 45: compression force and moment in D-E-B cross section--

As you can see the most unfavourable part of this cross section is in
Y =-h/2 because there is, on the one hand, a negative compression force
and, on the other hand, a negative value of moment. If you add these
values, it is clear to see that this part will support more stress than the other
ones. Therefore, it is clear that it is necessary to work with this part because
if this part supports the effort, the other ones will also do.

With all information explained before the height of the rectangular cross
section is calculated in this way:

~ —1590000 N 32000
-1,66-h*  10-h

175

175-h* =957831+3200-h
175-h*-3200-h-957831=0

~ 3190 +/3200% —4-175- (—957831)
B 2.175

h
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h=83,7mm
h =-65,4mm

There are two possible values for the height of the bars but logically a
negative value does not make sense for a height. In this way the height of
the bars is:

HEIGHT=90mm

2.3.1.5 BUCKLING

Now that all information is known, it is very important to check if with
these measurements the bars will resist to buckling.

To check it, the security coefficient to buckling will be calculated. If
this coefficient is less than 1, the measurements will have to be recalculated
but if the coefficient is 1 or more than 1, it will resist to buckling.

The rectangular cross section of the bar is like this:

\Y Area =b-h=90-10 = 900mm?

Inertia(y) = L h-b* =L .90.10° = 7500mm*
12 12

S0

10

-PICTURE 46: complete cross section of D-E-B bar -

(Note: to calculate the inertia the y axis has been taken. It is because is the critical axis,
it means that it is the axis with less inertia)
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Now it is very important to check if the bar is either a large column
(EULER) or a short one (JHONSON).

To check it is going to be proceeded in the same way than in Chapter
2.2.6:

i=\/I= 17500 _ 5 g8
A\ 900

 [22tE \/2-7#.210000
Alim = =
of 320
To know the value of £ the following table will be assessed:

=109

Coeficiente de pandeo f: influencia del tipo de apoyo en los extremos

| Candidof de apoyo Arfitulado-ampetrado Biempotrada Empotrada-libre _I
F
| F F y -
| [ f]
| g : f |
| ” _. | I
| i
L, =07 | I |
I Esquema de L, L 1 I L, =050 | |
| wondicienes de apoyo 1 [ 'I
| ‘ | ‘ | A X L, .= Pl |
- . |
i 4 | Foo
T
14 1
L=B-1 F F Y
— Ihl'--'-“". |-
1',‘:_L
cmﬁcmmuepandenm B=07 B=05 B=2

-TABLE 5: coefficients of buckling-

Finally it is possible to check that:

227>109
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In this way this bar can be studied like a “’large column’ (EULER).

Euler’s theory says that (APPENDIX N°8):

Fcrl=Fc-Cs

|-7z*-E _ x%-210000- 7500

: 2 —36200N
Le (655-1)

Fcrl=

On the other hand the maximum compression force which was
calculated in Chapter 2.3.1.2 and which was placed on the hole “B” is
known.

Fc =32000N

Finally, if the two formulas are put together, it is possible to find out the
value of security coefficient

Fcr 36200

Csb= = =
Fcomp 32000

COEFFICIENT OF SECURITY AGAINST BUCKLING=1, 13

The security coefficient is bigger than 1, therefore the bars will stand
the buckling and they will not be broken.

Therefore it is not needed to recalculate the measurements of the bars.
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2.3.2 SUPPORTER OF THE CYLINDER

The cylinder will be fixed with the construction below:

N I I

-PICTURE 47: supporter of the cylinder-

Therefore, it is necessary to calculate all the information about the two
structures that will support the bar in which the cylinder will be joined. In this
chapter all this information is going to be calculated

2.3.2.1 DIAMETER OF THE HOLE

As you can see in the picture below it is necessary to calculate the
diameter of the hole where the bars to support the cylinder will be inserted.
In this hole there is only one force and this is the entire maximum force of
the cylinder (calculated in Chapter 2.2.3).

N\

-PICTURE 48: forces on the support of the cylinder-

The diameter is going to be calculated as the previous ones but with a
little difference. The difference is that now there are two supports (as you
could see in Picture 47 and therefore now there is a double shore. You
can see that in Picture 49:
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he P
2-A
rmax:la—y=@:87,5N/mm2
2Csy 2.2

-PICTURE 49: double shear-

If zh and rmax are the same it is possible to do this:

F 2 jdz\/F-4 _ |64500-4 oo
z-d th-x 7-87,5-2

4

rmax=rh=

DIAMETER OF THE HOLES OF THE SUPPORT OF THE
CYLINDER =25mm

2.3.2.2 THICKNESS

In this chapter the thickness of the supports of the cylinder is going to be
calculated. To do that, the crush of the support is going to be taken into
account. As it was seen in a previous Chapter 2.3.1.3, to calculate
thickness two formulas are needed. Therefore, these same formulas are
going to be used to calculate the thickness of the support.

. E
T
=Y 230 175N /mm?
Csy 2
—
s F o, 32800 o
T T R td 17525

-PICTURE 50: thickness of the support of the cylinder-

THICKNESS OF THE SUPPORT OF THE CYLINDER: 10 mm
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2.3.2.3 WIDTH

To calculate the width there are two forces that must be taken into
account (Fy and Mz).They will act in the base of the support.

You can see that in the picture below:

. F il

-’
an

-PICTURE 51: width of the support of the cylinder-

In this way the following formula is going to be used (APPENDIX N°11):

Fy Mz

And the forces are these ones:

Fy = Fcil - sena = 32300 sen8, 75°= 4910N
Mz = Fcil -cosa -d =32300-c0s8, 75°-90 = 2870000N - mm

Firstly, it is going to be tried with just Mz because, otherwise, the
calculations would be more difficult (there would be the unknown “w” up to
3).In this way there will be a “possible” value of “w” that will be to have
assessed.

Therefore:

=99 =100mm

W_\/MZ-G _\/2870000-6
t-ow 10-175
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On the other hand, it is known that:

ow< o =175N / mm?

Therefore, we need to check this equality:

Fy N Mz 4910 +2870000-6:177N/mmz

t-w t-w? 10-100 10-100
6

oW=

With 100mm of width the equality is not right, so we need to try with
another higher measurement.

We are going to try with 110mm:

oW Fy N Mz 4910 2870000-62147N/mm2

2 + 2
t-w t-w® 10-110 10-110
6

With this measurement, the equality is right because o is bigger than
oWw.In this way it is guaranteed that the material will not break because it will
work with a stress smaller than the limit stress to be broken.

Therefore:

WIDTH OF THE SUPPORT OF THE CYLINDER = 110mm

2.3.2.4 WELDING

As it was explained in the previous chapter the support of the cylinder will
consist of two supporters joined by a bar. You can see that in the picture

below.
Fr

AN

-PICTURE 52: welding of the support of the cylinder--
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As you can see the two supports must be fixed to the ground and to do
that a welding through all length is going to be used. As it is also known, the
force of the cylinder has two components, one vertical and another
horizontal. The horizontal one will produce flexion in the welding and the
vertical one will produce traction. Besides, another thing that is important
to comment is that in the formula of the normal stress there are two forces
acting (moment of Fh and traction of Fv) and therefore it is necessary to
add the stress produced by these two forces.

Therefore, knowing the value of the forces is possible to calculate the
right welding to work on.

You can see where the formulas come from in APPENDIX N°14 (traction
case) and in APPENDIX N°15 (flexion case)

Therefore the forces actuating on the supporter are :

. Fh =64500-cos8, 75°=63700N
FcilMax = 64500N
Fv =64500-sen8,75°=9810N

But there are two supporters and therefore each supporter will stand half
of the load. Therefore:

Fh=63700/2=31850N
Fv=9810/2=4905N

SECTION 1

t1=0

., _Fhi2_31850/2 145

L-a 110-a a

M N Fh-d/2 Fv/2 31850/2-90 4905/2 711 22 1733
nmax =—+—= —+ = ; + = L2
a a-L°/6 a a-110°/6 a-2-110 a a a
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SECTION 2

_tl-nmax 733 )

7l =—
V2 J2-a
r2:t2=% >
a
0, 733
tl+n "t 733
o _

2 2 J2a )

In this case a coefficient of security of 2 is assumed and the formula
of the coefficient of security is also know .That is why it is possible to
calculate the section of the welding:

N 2
oy = 350N /mm Cs= Y 5 =30 _ 175N /mm?
Cs=2 o 2

Now the equivalent stress (because there are tangential and normal
stresses) must be calculated like this:

oeq :\/0_2 +3(Tl2 +2'2) <o

(BT 2 (1) |

WELDING OF = 6mm
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2.3.3 STRUCTURE ON THE TOP

To fix the belt conveyors, a structure on the top of the mechanism is
needed. It will consist of: a sheet on the top, two “UPN” profiles, five
reinforcing flat bars and a thin sheet glued to these flat bars. The function of
each one is going be explained in the following chapter but, before that, it is
possible to have an idea about how the top of the construction will be with the
picture below:

379

3795

3795

.
1l
1500
71

-PICTURE 53: structure on the top-

It is important to emphasize that, as you could see in Chapter 2.2.3, in
which the maximum force of the cylinder was calculated, the total load was
assumed as a punctual load. But in this chapter a distributed load is
assumed. It is done to be more precise with the calculations because the
“real load” is more similar to a distributed load than a punctual load. Even so,
it is known and assumed that the “real load” in reality is not acting in all the
surface with the same value but to make the calculations a distributed load is
a good approximation.

In this chapter all elements in the previous picture are going to be
designed.

(Note: as you can see the total length of the plate should be 1505mm due to the
thickness of the reinforcing flat bars but it is taken 1500 to make the calculations)
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2.3.3.1 SHEET ON THE TOP

As you can see in Picture 53 the structure on the top has a sheet.
Therefore in this chapter the thickness of the sheet is going to be calculated.

The first step is to know the model of the structure that is going to be
calculated. With this model it will possible to calculate the maximum moment
of the structure and with this value it will be possible to calculate the
thickness of the sheet. The model is similar to the one below:

i FAAN A s
\'\_ ! Mo \'\_ A

7 / N S,
NSNS N S N S
g NS M AW

P e

400

-PICTURE 54: model of the sheet on the top-

As you can check, both sides have been removed because as you will
see in Chapter 2.3.3.3 the selected UPN profiles have a length of 50mm and
they go until the end of each side of the sheet. Therefore, it means that both
sides can be removed to make the calculations.

Now it is time to calculate the unknown “q”. As it was said before, now
there is not a punctual load and that is why we need to calculate the
distributed load acting in the sheet.

First of all, we need to know the total load in the total surface and it is
done with this formula:

_m-g 1000-9,81

- =13,1-10°N /mm?
A 1500-500

Q

But to calculate the sheet, the load in the surface of the sheet is
needed.

That is why:
q=13,1-10"°-1500=19,7N /mm

This is the real distributed load acting along the profile.
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Now it is possible to calculate the reactions in the model and after that
the maximum moment

3" Fy =0= Ray + Rby =19,7-400 )
> Fx=0=Rax=0 >
D Mzd =0=>19,7-400-205—Ray-400=0 )

Ray = Rby = 3940N }

And the maximum moment is calculated in this way because it is known
that it will be on the middle of the surface, therefore:

19,7N/mm

ot WLy (e
A

7

200

-PICTURE 55: calculation of the maximum moment on the sheet on the top-

M =-19,7-200-100 +3940- 200 = 394000Nmm

Therefore this value is going to be used for the following calculations.

It is also known that:

|nertia=i-b~t3 :i-15oo-t3 =125¢°
Mz N 12 12
ax:—+—sa—y:a Y max =0, 5t
Wz A Csy inertia 1256
Wz = inertia _ t _ 25012
Ymax 0,5t
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Therefore:

394000 L0< 350 —t>3mm

250t? 2

The final thickness chosen is:

THICKNESS OF THE SHEET ON THE TOP = 5mm

Also in this chapter the deformations of the sheet are going to be
shown with the program called “ANSYS”. In this programme the
deformations of the sheet have been studied with a load of pressure in all of
the surface and with a constrain of all of the movements in each 50mm to
each side (because as you can see in Picture 53 the profiles are in contact
with the sheet in 50mmto each side and it will not have any movement).

The pressure was calculated in this way:

_m-g 1000-9,81
A 1500-500

Q =13,1-10°N /mm?

And the result of the study with “ANSYS”:

-PICTURE 56: deformations of the sheet on the top-

As you can see in PICTURE 56, the maximum deformation takes
place in the middle of the surface and it has a value of 0,4mm.Therefore,

this value can be assumed like an acceptable value of deformation.
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2.3.3.2 REINFORCING FLAT BARS

The function of these bars (the little parts in the previous pictures) is to
avoid the flexion and the bending of the table in the middle of his surface.
They are distributed logically through the table each 375mm.

Therefore, as you could see in Picture 53 the only unknown value is the
value of the height of the reinforcing flat bars because it is given a
thickness of 5 mm.

It is going to be calculated based on a restriction. This restriction is that
the maximum vertical displacement of these reinforcing flat bars is
1mm.In this way a big vertical displacement is avoided.

The first step is to know the model of the structure that is going to be
calculated. This model is similar to the one below:

L

= e

400

-PICTURE 57: model of the reinforcing flat bars-

The second step is to find out the load.

As it was mentioned in the previous chapter, the distributed load in the
entire surface of the mechanism is:

~m-g 1000-9,81

= =13,1-10°N /mm?
A 1500-500

Q

But the load needed to make the calculations must be calculated by
dividing the total load in the entire surface by the length between each
reinforcing flat bar because it is the “real” load acting in each bar.

Therefore:
q=13,1-10"°-375=4,91N /mm

4 -ALBERTO NAVARRO BUENO- 61
ayumeco



%. UNIVERSITYOFSOUTHERNDENMARK.DK -AUTOMATION OF PROEFILE PACKING-

Important information is to explain why the total load, Q, is multiplied by
375mm.That is because now only one reinforcing flat bar is being calculated,
therefore it is necessary to know the load in only one reinforcing flat bar. The
bars in the sides support only the half of the load and the bars in the middle
support half load in each side. But if you add the distances of each half load
the result is 375mm. But it is more clear to see that in the picture below:

1 load

-PICTURE 58: explanation of loads in reinforcing flat bars-
Now it is possible to calculate the height.
As it was said, the maximum vertical displacement must be 1mm,

therefore ,the following formula is going to be used to calculate the height of
the bars because it is the same model as in the picture below:

Deformacioncs I

Angulos de giro:

— __rr
Pa=—%5 = SAE]

Ecuacion de la cldstica:

Px
ye =i (3 — 20 + )

Flecha mdxima:

SpHd

fm.ix:-=-384£’ para x =

i

-PICTURE 59: formulas to calculate maximum displacements-
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.
q=4,9IN /mm?
4 L =375mm
_°ql )
M= 38a.E1 E = 210.000Mpa(steel)
|=.p.he=Lospy
. 12 12

384-210.000-h*-5=12-5-4,91-400" = h = 26,5

HEIGHT OF THE REINFORCING FLAT BARS= 30mm

2.3.3.3 UPN PROFILES

Now it is time to calculate the profiles which will be glued to the sheet on
the top as you could see in Picture 53. They are UPN profiles because they
are the best kind of profile for this kind of structure. They have another
mission and this is to fix the bars that are used to lift the structure up (they
were calculated in Chapter 2.3.1)

To find the right profiles, we need to calculate the module “Wx” of the
section and to do that we need to calculate the maximum moment acting in
the section. Once that it has been calculated, the standard profile will be
chosen from a list of these kinds of profiles.

But firstly, as it has been done almost in all of the chapters, we need to
find the equivalent model to calculate the measurements.

In this case the model is like this:

T
NN EEN

-PICTURE 60 : model of UPN profiles-
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In this case we also need to find out the unknown “q” .It is going to be
calculated in a similar way to the one in Chapter 2.3.3.2.

_m-g 1000-9,81

- =13,1-10°N / mm?
A 1500-500

Q

q=13,1-10°-250=3,28N /mm

Now the total load is multiplied by 250mm because of the same reason
than in the previous chapter:

0.5 load

-PICTURE 61: load of the UPN profiles-

Another unknown value is the value of the reactions in the supports.
They must be calculated again because they are not like in the first chapter.

Therefore:

D Fx=0=Rcx=0

> Fy=0= Rdy+Rcy =3,28-1500

ZMZd =0=3,28-1400-700-3,28-100-50 = Rdy -1300 )
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Rcy = 2460N
Rdy = 2460N

Now it is possible to calculate the maximum moment. It is known that it
will be in the middle of the profile:

460N
Z% 3,28N/mm
| :L g y
\Vi
10Q 650

-PICTURE 62:calculations of maximum moment in the UPN profiles-

M =2460-650-3,28-750-375=677000Nmm

Therefore this value is going to be used for the following calculations.
It is also known that:

GX=E+ESO——y=GW
Wz A Csy

Therefore:

oX = 677000 L0< 350

Wz 2

Wx >3870mm?3=3,87cm?
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With this value it is possible to select a profile from the Table 6 below:

Perfil Normal "U" - UPN

F= Seccidn o ' | 3
G— F'I:-\‘:ﬂl b .' [
J= Momenio de inercia e 2 —J‘." v &) |_
ll= Superficie exerior por metro de parfil - ¥ !| Iy A : § :
W= Mamento resistente q || .
= Radwo de giro e @
G = Momenfo estética de media seccidn del perfil 2 n G4 2
. i1l J /5, - Separacidn entre los cenlros de traccion ¥ compresion ' . I Ll o
Distancia del centro del esfuerzo cortanle al eje y-y S 2
K""‘“ | il ] oz 2 b4
N e [[L‘ fMexitn Distancis del aje
Dimeniones Eje flexidn x-x vy
Dranoamin &cion B man i G i .J. W I'_ .I_ W.‘, i_ 5 g 2, x”.
W] h 5 i I cim® W i mEim] cm? | emw? | em Jomd jom®) om jom® cm cin
3015 30Jas]40] 45 Jzofz221] 174 Jod03] 255 | 1.69]4.07 Jo.3800.39]0.42 052 074
30 anlza]so0] 70 [3s]s544] a27 Jo174] 629 | 4.26 ] 1.oa |5.33) 268]0.99 - 1.3 222
4020 4o zofso0]ss-sj2s5]2es] 278 Joa4z2] 758 | 5379 | 144 J1.24)086)0.56 o 067 1. il
4 golas]s0] 70 [a3s]eza] a6y Joase] 142 | 7.2 Jis0[ecalzoa]ios 1.33 2,32
5025 solzs]s0] 6o Jaoldee] 2es Jodm] 168 | 67 | Les |a4sfraa]or1 081 1.34
50 solsa]so] 70 Jas]zriz] 559 Jozsz] 264 J10é]i92]s.020275]113 1.37 2,47
&0 solao]eo] o fao)4ads] 507 Jozis] ;e Jaos ) J4510216]084 0. %1 1,50
&5 eslaz]s5s) 75 [40]s03] 7o Jozra] s7vs 177 ] 252 [14.1]507]L25 1,42 2,60
20 pol4s)eo] so J40]iroof aed Jo3i2] doe Jas5 ] ai0 fia4fezefiaafiselees 1,45 2,67
L 23 ERE— 1
I 100 ool safeo) a5 1as izl ioeo)oarz) 206 412 )35 29 3]a49]L47)24.5]842 1,55 E
170 1zaf ss] 70| oo J4.5[1700f 13,40 Jo434] 364 Jeo7 | 4.62 43 2J11.a 15938 3]10.0 1,60 3,03
140 iq0) eo ] 70| 10.0 ] 5.0 Jeo40) 1e00 foqes] sos | eed | 545 Je27]148]1. 75 51 4]118 175 3,37
160 160] 65] 7.5 | 10.5 | 5.5 J24.00) 108,80 Jo546] 925 | 116 | 6.2t Jas3]18.3]169)66.0])153 1,84 3,56
180 w0 7ofeo] 110 |55 |2eo00) 2200 Jo611) 1350 | 150 | 695 114 | 22402 02]89 60151 1,92 3,75
200 o0l 75|88 ) 115 Jeo|s220] 2530 Joeer] 1910 | 191 | 770 148 J2v0)214] 114 J16.8 2,01 3,94
0 220l a0 | o0 | 125 | 6.5 |ar40] 2940 Jo.71e] 2650 | 245 | 648 | 197 | 33,602 30] 146 J16.5 2,14 4. 20
240 24o) 5] 95 | 130 | 6.5 J4230) 33.20 J0.775] 3.600 | 300 | 922 | 248 |a9.60242] 179 201 2,23 4,39
260 260] 20 J10.0] 14.0 | 7.0 J4a30] 37.90 J 0.634 | 4.820 | 371 | 599 | 517 |47 7]z 56] 221 218 2,36 4,66
280 280] 95 [10.0] 150 | 7.5 |52 30] 41.80 | 0,820 6,280 | 448 Jiooo] ass |57.2)z74) 266 | 236 2,53 5.02
300 so0f100f10.0] 160 ] &0 |s2e0] 46.20 fo.950] 8030 | S35 Jii7o] 495 |era]z 0] 316 Jas4 2.70 5,41
320 az0f 100§ 14.0] 17,5 Ja.75]vse0) 59.50 | 0,962 |10.670) 679 Jizan)s597 |eoe)z a1 413 J26.3 2.60 4,82
350 asof 1o0f14.0] 160 | 8.0 J7ra0) eo.co [ 1047 1z640] 734 J1z90] 570 | 75.0)z72] 459 2ma 2,40 4,45
380 360]102]13.5] 160 | 8.0 Jenso] 6310 fadinfas.760) 829 Jid.00] 618 | 7a. 72 77] S07 Ja1.a 2,38 4,56
[ n ] 4001104 14.0 18.0 2.0 J71.50 7i.8 1182 20,350)1,0200 14,9 | 846 | 102 R204) 618 |32.9 2,65 5,11

-TABLE 6: UPN profiles-

But it is important to take into account that, for designing reasons, the
final profile is bigger than the following with a bigger Wx than3,87cm?.

Otherwise, it would be impossible to place the wheels of the bars which lift
the mechanism up and the bars would touch with the reinforcing flat bars
and the movement would be impossible. You can see it better in DRAWING

Ne1

Taking into account all that was said the profile chosen is:
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3. CONCLUSIONS

In this project a mechanism to automate the profile packing has been
designed and as it was said in Chapter 1.3.1 this mechanism can be perfectly
implemented in the little station that they have, but to implement this idea there,
it should be necessary to look into some aspects that for the problem of time it
has been impossible to optimize.

Unfortunately, as it was said in Chapter 1.3 this mechanism has not
fulfilled all of the desired objectives of the company. However it is strongly
thought that with more time of studying it could be possible to reach a better
solution to solve all of the problems that this project has not been able to solve.

Even so, if the company really wanted to implement this idea or to get a
global solution to solve all of the problem mentioned in Chapter 1.2.1 , they
should look into and they should optimize the following aspects:

e To lift the profiles with the belt conveyor: It should be necessary to
look into this aspect due to it could be possible to lift up and to move
more kind of profiles than the ones that we have thought about (heaviest
square bars).It depends on the kinds of tails.

Tail 13 Ident-Nr. B80.07.006

@ 22 mm rolling nosebar
Sealed bearings 54

Belt tension and tracking using ‘-'B-—
alignment blocks

Minimum part size for transfer :
54 mm

Note mimimum pulley diameter
when selecting belt

-PICTURE 63:0ptimize the available profiles to work on-

For our idea with this tail is enough because the profiles to work with
have a minimum width of 100mm and therefore as you can see on
Picture 63 you only need a distance between conveyors of
54mm .Therefore it could be interesting to look into this and to figure
out which kind of profiles (apart from the heaviest square bar) are
available to use with the idea explained  during this project. For
example a good kind of profiles to deal with could be the round
profiles because they have the inconvenient that they can turn and
therefore they could fall from the  conveyor.
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e To optimize the mobile conveyor: as it was explained in Chapter 1.4
there is a mobile conveyor to move the profiles from the belt conveyors
to the packing table. This step has not been looked into and therefore it
should be necessary to think about this mobile conveyor in aspects like
for example: the kind of movement (by rails or by another mechanism)
the kind of conveyor, the speed of the movement etc.

e Related to the previous comment it also should be necessary to look into
the step in which the profiles are finally placed in the packing table,
like for example: they way of placing them, the rights positions in the
packing table etc.

e |t is also very important to look into the electronic stuff of the whole
mechanism because as it was explained, everything should work
automatically and therefore some sensors and electronic parts are
needed.

e As it was explained in Chapter 1.4.2.2 it would also be interesting to take
a look on the last part of the process of profile packing. It takes place
when the operator finishes the packing and he has to move it to the place
where all finished product are. It was commented that it could be a good
idea to put some rollers in the packing table and to place this area of
finished products close to that. Therefore, in this way they could push he
profiles they would not need to take the profiles by hand to place in the
commented area. It could be good to look into this step.

Therefore taking a look on that the project should success and the
company could become the leader in the handling of aluminium profiles and
bars.
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9. APPENDIX

APPENDIX N°1: CATALOGUE OF ALUMECO’S PRODUCTS

H e

Aluminium Bars - Square r
EN 573-3, 754-1, 754-2, 754-4, 755-1, 735-4
|

mm Ka/m EM AW EM AN-50ED EM AW-5262R EM AW-2011
L2 L e (Cafand gy gy Ul and S ling quanty]
Length: Length: Length; Length:
BOO0 MM 3006000 mm 3000 mm 3000 mm

2] 013

L] 0.7

12 033

15 L

o) 108

5 1.6

EL] 252

35 i1

44 4485

a5 Sy !

50 GED

] 820

&0 g7z

] 1180

T 1133

Bl 17.10

B 0.0

0 2196

-] 24,30

160 27.60

(L] 33.00

120 55,00

130 4730

140 5450

150 63,00

(1] 6890

160 e ]

*Price is dimansion depsnden
For bars overcID0 mim the length is 3000mm for alloy EN AW-G0BZ.

(Note: this is the kind of profile that has been taken into account to approach the
project)
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Aluminium Bars - Round
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B rnoco

Aluminium Bars - Hexagonal o
Manudfaciuning lengths 20040 - 4000 mm 'j
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Aluminium Profiles &
BN AW-G060,/6063 Té - EN AW-5002 Té
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1= 6 024 FEE ] o.n 10z 6 a8
Aluminium Tubes - Rectangular - EN AW-6060,/6063 TG -
Hanufacturing length G000 mm
BN 573-3, 755-1, 755-2, TE5-8 al
mm [ kgden i kaim | mim kigim |
R TRE] ] 50w &0 4.0 1.78 100 x 50s 30 236
k0K 2D 0z *E0x20x 20 B3 M x50x 40 107
S 2015 k2D 0.35 B0x 253 30 1.23 * 100 x 50% 50 178
25015 K20 .80 B0 30x 20 (L] * 100 % 60X 20 250
25 K30 K 20 045 B0 3% 30 135 100 % B0 40 140
LE PRETEL LT 0% 30 20 104 =100 x B0 % 20 289
0w 20w 20 ] blmdx 25 1.30 *1a18x 20 1.06
A0k 25k 20 056 B0w 80y 10 160 *120=20x 20 154
EE R ] a5k 6w &0« 4.0 1.94 * 10 x 3030 243
*Sed5K il L] * 6l 50n 30 1.70 *1dxats 20 169
* 40 E 15 82D 056 ETEL LR 082 1203 405 20 249
A0 x2S 046 = B0 2x 20 1.08 =120 x40% 40 EFL]
A0 & 20 & 20 s = B 30x 20 115 =130 505 40 164
A EIDRES LET B0 30x 20 1.7 =1 xE0EES 237
A k20K 20 088 *Bwa0s 20 1.28 * 120 = b0k 20 281
A0 k25 w 2 11 Biwals 10 1.85 "1 Mxblxdd 1M
a0 x 30 x oFr bl m a0 4.0 raa * 1803 5040 11
* a0 3 x B L F B m S Al & 150 @ a0 = A 142
S0 x5 e 2O Q56 = B0 e AD ] 150 a 50 = RO 314
EEF R 07z *m M 25 1.55 * 150 50 A0 415
50525 % 2k ED =100 1 181 20 1.24 = 1502 50a 50 515
5052530 119 =100 x 20x 20 126 =150 W02 30 195
50x30 =20 LEE #1003 251 1.5 1.00 * 150 120250 10
S0E3I0EIS 110 1003 30% 30 718 “ 1603 a0E 40 4.0
50 K30 & 200 130 1003 40% 20 1.50 “ B0 A0 40 458
“E0 k34K 2S 115 100 x 30 x 2.5 180 = 100a50m 40 5.2%
* B0 w0 x 20 LED 104 5 a0 x 3.0 EF: * 200% W x A0 .48
S0 malx LS 1.20 100 30 x 4.0 204 *00x WO RS0 T3
50w Al x 30 154 il 1,61
* Prica is dransion

dapandant,
&1 statud wiights ara thacratical waights, which may very.

Aluminium Tubes - Square - EN AW-6060 /6063 TG
Manufacturing length 8000 mm
BN 573-3, 755-1, 755-2, 755-8

mm kgim | mm kgim mm | kaim

10s 10 8,0 10 eI 10 0.75 &0z 60 e 3,0 1.94
12x12x 1,0 B2 Al x 40 x 20 [=F:£] "Aelxblc 15 2,10
"1Ea15x 01,5 0,23 "RaA0xd0x2E 1,405 B0 = 60« 4,0 242
"L 15= 2,0 032 "RA0x 40 x 20 115 ToxT0x L0 1,50
" lhwhE 15 0,24 40 x 40 x 4,0 1,5 TaxT0xd i 21,86
EERE RN .20 45 x 45 x 20 643 BO =8« 3,0 250
w2010 21 50 50 x 2.0 1S B9 x B x40 FET
Miu e A% e SREN R 1 0 ) e
20w 20w 20 030 50 x 50 x 30 154 * 100 x B4 < 2,0 216
2525 1.5 038 50 x 500% 4,0 199 100 404 x 4,10 4,15
25x 25 20 052 * 50 x50 %50 T AT 100 404 & 5.0 510
252 25 3,0 02 Sox55x20 105 * W00 00 ¢ 10,0 9.85
20 x 30x 20 AT *R60x60% 1B 1.0 1200 1200 & 5.0 6,40
20w 20x 3,0 0.BR "BOEED® 10 1.30 * 150 150 & 5,0 7.90

R = Comar s,
* Price is dimansion daperdant.
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Aluminium Tubes - Round
EN AW -G0R0/EBLE TE - BN AW-G00% T BN AW-B0H2 TE
Hanufacturing length 0040 mm
EN 573-3, 75351, 7535-2, T55-8

-AUTOMATION OF PROFILE PACKING-

"
o’

mm kgfm mm kgim mm kgfm

Obxt obxt obxe
GOx10 aas Y220 2D n.an ALK ES [LE]
E0x10 006 =320 L0 AR aldx 30 L&
Mox10 {108 2505 1.0 (4] dlbx 35 108
"hox15 11 2590x 1.5 030 "4h0x 40 113
* 0w 20 014 5.0 20 .38 40.0x 50 148
12.8x10 0. 50525 0.47 an0xTS a7
128215 014 I5.0x 10 0.57 *410x325 ¥
*12.0x 320 017 I5.0s 15 064 420230 100
118215 0.6 5.0 50 0.85 *420x315 115
4.0 30 0.2 B0 15 0,34 *410x 50 160
“150x10 IR F) 300w L a8 45.0x 20 0.7
150X 1.5 18 " 30.0x 25 50 45,0 10 iz
*15.0x 20 0z 0.0x 30 0.65 45.0x 50 1
160X 15 (8L =300 40 0.8% S48.0K1S L]
* 160K 20 025 *30.0x 50 .07 “48.0x 30 LIS
16.0% 30 034 * 32015 o4 48.3x 40 153
130510 015 2.0 20 0.5 50.0% 15 0ET
0% 1E 018 * 32,0 30 0.73 S0.0% 20 (7]
180215 0.1 320n 35 085 *50.0% L5 100
" iRGx 20 028 35.0x1.5 .3 500 x 1d 120
"1%0x10 ALY EERE A ] .50 FUAEER ] 1.¥e
19.0%15 a2 RELT FFAS oM S0.0x 40 157
" 19.0x 20 0.3 350 30 0.82 50.0x 50 151
mox10 016 v 35.0% 50 .28 * 50.0x 10,0 281
MmOx15 024 * 36,0 4.0 108 " 50 0x 12,0 250
dnox 20 . 38,05 1.5 047 * 500150 445
Jnox O 044 T A0 L 0,85 Sa.0x 20 Lk ]
T oxa0 054 LR ] 116 S50x ro %0

" moxsa 0k an.ox s .44
ex18 a.2r Al = L L

mam kaim mm kaim mam kgim

obxt OO xt ODxt
*55.0x15 L7 50.0K 50 ET ] 1500 1 100 1240
* 550 50 iy =500 1.0 125 * 1500 x 15.0 1m0
“50.0x15 o * 50,0 x 2000 1L.80 * 150,01 20.0 2250
YELOxLD 098 D ED 137 160050 BED
"El0x LS 130 1000w 20 130 ® 1600 1 15.0 1850
60/ 30 145 100K 30 47 * 1600 x 200 a7
G000 x 40 190 * R 40 3w * 1640 x 7.0 40
80.0x 5.0 248 1000k 50 404 1700 % 10,0 1581
* B0.0 K .0 2.4 000 K BT w01 * 1700 x 15.0 20,00
HDK 100 A67 100.0x 100 T.65 *1rsgann 959
*ELON 150 612 * 1000 160 143 * 80,0 x 10.0 1501
*E0x 15 art * 1HO 20 13,890 * 1800 8 0.0 2150
* 55,0850 155 = 1010 300 1813 * 1800 & 40.0 48,00
*650% 100 5.52 =00 1.7 148 = 1900 1 00 1607
00x Ll 116 = Gl 30 273 * 1500 = 15.0 2350
== 1" =10k 20 183 = 200050 B30
*0xAD 133 Mook S0 450 200xHD 1440
00w 0 P * 1100 10,0 L E] * 2000 5 0.0 1620
* 70.0x 100 518 (TR 450 * 200.0 x 15.0 2195
5.0 10 185 = 1200« 800 ag? * 2000 « 20.0 3150
750250 1o #1200 150 1160 *2060:30 (1]
*TEOx 1.0 5 *1300x 20,0 16.96 *300x=50 BED
0= 10 .90 150z 40 432 ® 2100 = 0.0 1650
A0 = 2o 1.1 1H50xT5 TS0 60 x B0 1437
*A00x L0 1.94 * 1300 s 30 335 * 23000 = 10.0 18,70
“A0O0x 40 158 130K 50 en & 24008 « 10.0 1850
B0 K 50 218 * 130,02 10,0 1084 * 2500 £ 5.0 1080
* BOLO N 10.0 555 400K 50 532 * 2500 1 10,0 2040
“Ba0x 150 237 * 1400 1040 11.05 * 260.0 x 10.0 Has
100K A0 i * 2660 &0 mie
TS0 K50 68 U T L] 2RED

‘1300 _ mas

ayumeco
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Aluminium T-Profiles - EN AW-6060/6063 T6 B
Manufacturing kength G000 mm
EM 373-3, 7551, F55-2, 75359 H
1
Even-sided mm key/m Even-sided mm kg
HxeWxT HxWxT
052082 o1 “50x 5053 0.7%
P25 x25x3 026 | *soxs0x4 Y.
FER AT | 035 S0u 50K 5 127
30% 30x 3 047 | tsoxE0xa | 130
"40x40x 3 D3 GInblné 190
A0xA0x 4 £.82 | BInBOxE | a3
s
Aluminium Profiles - U - EN AW-8060/6063 TG T T

Hanufacturing length G000 mm
EN 573-3, T55-1, 7155-2, 755-9

—H
Even-sided mm kg/m Uneven-sided mm kg'm Uneven-sided mm kaim

WHHzW=T WEXHxW=T WHXHzW=aT
Wox 9% 10 21,5 o 210 x dxd 0.5 10 M0m Mud 115
10 1k x 1022 015 *Mzi1izHa? LI "0xS0x3¥0ss 135
12x12x1kx2 .30 LLER R R i E L] d0x SOxa0sd 141
ax1dzldni (13 *BxMa15a? s *l0xb0x30xd .56
1I5x15x15x2 033 F30x 0w Miad 043 #l0xbls 0xd 127
MxI0z 202 .32 A0z 0= 80 x 2 05z 0z B0x 3053 180
*MxI0xal 43 1GxFHz1521 Ll ] A0 xBlx 40 3 1.0
15x25% 25a2 FAD *15axMW=15=2 o430 Az G0 d 1.52
5% 5% dhal ®5% 15a Mx15a ] L A0 x 0 a0 1.8
*0x30x Hx2 ®a% fMxIWw a2 036 Ak MO d0x 4 154
A0x3I0x 30x3 2 20k 0w a3 U5 fAoKB0OxA0x 3 1.Z5
*30x30x 20x4 (18- FIE 50N a3 L] qox BOx a0 4 154
*35x35x 3553 1] "A0x 30w 0w 3 OLET Ao B0 30K S 2403
*A0x40x WAl n62 *WaiFAMal L REUET R T i
*A0x40x 40ad 53 o ELUEF. LT 0.51 e ERL-ER E R 1440
A x40x a0aq 1.21 VRS R R 063 EIERIC-RE L E ] 1.58
*S0xS0x S0xd 1.2 300 Mad ) 50 % 100x S0x 3 158
S0x50x 50xq 1.54 ASEA0 N 250 3 0 50 % 100N 50x 5 2.5T
SOx50% S0x5 1.590 PISEASNIGE ] 0.7 " 50 x 100 % 50 x 8 w5x8 EE-H
*BOx A0 B0N A 186 "N .73 SR EE R0 .22
R ER R SRR 2.9 "2x 0 x 254 100 B x130x fa § 20
U EL VR EE .59 * 100 x 200 x 100 x 1 10 M

B T TE LK .50
= Prica i dmansion depandant.
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-AUTOMATION OF PROFILE PACKING-

APPENDIX N°2: SELECTED WHEELS

Caracteristicas Técnicas

Ternperatura de empleo -15°C o +80°CVelocidad médxima de emplea 4 Km./h.
Medio de traccidn, manual

CUADRO GENERAL DE COTAS Y CARGAS

® ﬁ €oDIGo Aro de poliamida & (nylon).
] Eje liso, sobre l propio material de rueda (nylon).

B5x30 | 66389

8030 | 66370

100x35 | 643N

125x40 | 66373

150x40 | 66374

150x40 | 66375

175x50 | 66376

00%50 | 66377

0

;

—_—

4

65

150
150
175
200

30

100

400
400
300
300

40

12

4 -ALBERTO NAVARRO BUENO-
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Eje liso

w z Ea I50

Eja liso
Eje liso
Eja liso
Eja liso

76
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APPENDIX N°3: BELT CONVEYOR

e GENERAL INFORMATION

GUF-P 2041 CA
Belt Conveyors with Driven Roller

B30, 40,005

Tails
e page B

Features:

D Version C& wiith Driven Roller is the mast compact drive version available for Systerm GUFP 2041
By inteqrating the molor within the drive rodl izl thane 5 no mechanical inferference, The integra-
ticn of this comeyar into equipment & tharedfore relativaly Smple

Dirensions = Tecnnical Infarma thon Nates
Conweyor kengih L MWME- 3000 mm any Increment possible
Lonweyor widih B 200, P50, 300, 350, 400, 450 .'n:l athers on neguest
Belt Width B-10 mm s pape B4
Dt B 5 pezsced 29 4.7 51 &1 T4 BT WG WL T 1E TR
T84 187 22,3, 29, 274, 1 4 432 7592 see papge &0
Stamdds and Side Radc B8 pEpE H&D
Liovad L-.'-H:I-Iit:f M. o request
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e STANDS

Stand

Stand 53]

Ligh -duty felexaping stend wiih
Prafia mie 3001 {25850 mim)

Al height and incline adjustmaont
EdEnl N BET.D&.001

Shanciand Hisghi:

o Comn] &5 mm
H i mm ¢ S mm
H 550 mm + 100 mm
H 0 mm ¢ 150 mm
H ESd mm o« J00 me
e Opln B W mem & 200 mem
H100F mrn o« 200 mm

120 Lt
¥ t Hanchard WWokh
i) © y B = 00120 mm
o~ |f= &
Az af H 0 mm
Dpile £ Option [ il 3 Draces

| |
L]
I
L]

4 -ALBERTO NAVARRO BUENO-
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e TAILS

f
GUF-P 2041 Ty

Talls
Tall 01 Idervt-ir. BAOLOT.001
& B5 mm ooemed roll
Sl Dearings 180
Bt tension and fracking using
alignment blocks

£

Tall 02 Iyt -Ar. BAOOT 009

Cylindrical druem @ 85 mm
Sagled bearings

Bedt tension and tracking wsing
tensan shafts

Minimun parl siee for transfar
180 mm

et suitabde for sideloading

Ideni-Mr. BAOOT.006

2 &2 mm ralling nesebar
Sanled bearings
Bedt tension and fracking using

dlignment blocks

Klindmurm part size for transfer
E 00
Cast aluminum roll holders

:

Minimum part size for transfer
b4 mm

kote mimimuen pelley diameter
when salecting b

Taill 19 Idenvi-Mr. BAOOT.002

2 B5 e crosamnied roll

Sealed Dearings

2 0 x 275 mm long shaft,

ook 72 mm shaft key (D8] &225)
Coughng of two lanes using one
irive

Addtional cul pul shaft [gpecly i
right, left or Both sdes) 2

_—
—

TN
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APPENDIX N°4: TABLE WITH FORCES OF THE CYLINDER

b(mm) a(mm) a (°) Fcil(N)
200 1294,64 8,72 64508,00
300 1275,19 12,77 43570,41
400 1247,44 16,48 33193,14
500 1210,83 19,81 26980,26
600 1164,52 22,70 22786,77
700 1107,29 25,14 19680,18
800 1037,35 27,12 17177,86
900 951,89 28,65 14987,47
1000 846,23 29,71 12891,83

D C

E
=
(G A B
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APPENDIX N°5: SECURITY COEFFICIENT

Resistencia material

Coeficiente de seguridad: Cs=———
Tension generada por el esfuerzo

permanent load
0O TF vield
Cor=—"" Cs.Fz‘“E Cor=" Cgp=—

(R 4

\ Valores orientativos del coeficiente de seguridad para calcglo/ estatico

| ~ Materiales DUCTILES Materiales FRAGILES

Tipo de carga Criterio de resistencia [Criterio de resistencia | riterio de resistencia
alarotura ala fluencia ala rotura

Carga permanente 3a4 1,52 5a6

Carga repetida, en
una direccién gradual
Carga repetida, g 4 10212
invertida gradual
Carga con choque
violento

6 3 Ta8

10al15 5a7 15a20

APPENDIX N°6: THEORY OF MAXIMUM SHEAR

Caso biaxial y La falla de un material ocurre siempre
o,=0 que en cualquier elemento la tension de
cortadura maxima sea igual a la
tension cortante madxima en una

probeta a traccion.
- - 6,20, 20,
Ok Diagonal de _
' (mﬂm 71.:01 O
—— méx 2
/o , o
o (o | E o, - 6,-0, = F
-a, T GaiiEs s
—— 2T
Ensayo a traccion
Op " 1o;
Tnax_enstrac = L
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-AUTOMATION OF PROFILE PACKING-
APPENDIX N°7: THEORY OF THICK-WALLED CYLINDERS

A\zg_":ﬂ_ Direccian asial
AOVNET

-I

18 Dhireccion tangencial o
circurberencial
o, =0

":T'Fr — (§ (se=lS :_I---.ll-.l E-I
_-L—,r:-._--.JJ_-,L-.LL-,Le-’.‘é:m.,-%-.Ju-dl.

o
g dL l.!lEI—-_'p-: 48 - dl

=

=

-
Wy =

I
Zm

o, Direccidn axial
- =

L H \ Y
1
.;__, (|
Diireccion rasdial

10 Direccion tangencisl o
circunferencial

B, d?
= T E |:| .
le == ey @ - = [« R i
—_—
—_—
o — o o - d
e
——
- o, =0
oo —— |
40 |
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APPENDIX N°8: THEORY OF BUCKLING (EULER)

Determinacidn de la carga critica de pandeao:

F Columna con extremaos
'l' = articunlados
= F
T I —°| ¥
¥ F
‘ Lt‘ L3 =
. I
e | W
1 |
" 1

I
T

[=

Momento flector de la wviga deformada:

M=F-v
Ecuacidn de la eldstica (ecuacican diferencial de segundo orden):
d’y M __d%y __F d?y _F
dx2 El  ax2  EI° axz TEmIY="

Solucidn gr_-:n.:ral :

| F |
:'r"_—_.n""!l.'SE:!‘l__; -:!{+E.-Cﬂ5_.'_£x
| EI V EI

1* Condicidn de contormo:

Xx=0=y=0=B=0

| F
=A -850, | —X
¥ Y EI

2* condicidn de contorno:

X=L.= =0 = A-sen._llll-‘i-Lc=U

Solucidn trivial A = 0 gue indica que la barma permanece recta, es decir,
existe la posibilidad de gue la barra conserve su forma recta aun cuando esta
posicidn no sea de equilibrio estable.

4 -ALBERTO NAVARRO BUENO- 83
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Solucidmn: = |'?
sen, [—L._. =10 .J—Ls=nm n mmero entero
11'51 . VEL ®

La elastica toma la forma de infinitas sinusoides de amplitudes “A™
infinitdsimas, las cuwales representan infinitas posiciones de equilibrio
proximas a la recta.

Fara m=1 se obtiene el menor valor de F que verifica la ecuacidn, v es la gue
se denomina critica de pandeo

L 72EI Farmula de Euler
o Lz
=

| Miiximra fuerza a compresicn que puede soportar wna colurmng sin swirir fallo por pandea

iQué factores influyen en la carga critica de EULER que
puede soportar una columna antes de fallar por pandea?

= El médulo elistico del material, E.
= Geoometria (Inercia de la seccidn, drea y longitud)
= Condiciones de apoyo en los extremos

La carga critica es independiente de la resistencia del
material.

Carga unitaria 6= F /A

[ i ,r.;;. Relacidn de esbeltez 3. = L.fi

Segin lo visto hasta ahora:
= Columnas que tengan su esbeltez entre P v 3, fallardn por fluencia.
* Columnas con eshelter superior o Q, fallarin si F supera F_.

4 -ALBERTO NAVARRO BUENO-
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APPENDIX N°9: THEORY OF BUCKLING (JOHNSON)

Cuando la esbeltez de la columna es inferior al valor de la esbeltes
limite, el cdleulo de la carga critica a pandeo, viene dada por la
expresion definida por 1.B. Johnson:

7y Cuwrva de JOHMNSON

EULER

G - 3—l
F,=A-o;1— &E |
2 ‘[ 4n2E |

L0Oué factores influyen en la carga critica de JOHMNSOM que
puede soportar una columna antes de fallar por pandeo™

= El médulo elastico del material, E.
= Geometria (Inercia de la seccidn, drea y longituad)
= Condiciones de apoyo en los extremos

= El limite eldstico del material, o
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APPENDIX N°10: INFORMATION ABOUT PUMPS

e SELECTED PUMP

4528 Bosch Resroth AG | Hydraukos PGH | RE 10222/ 10.05

Technical data ifor applications outside these pammeters, please consult usl)

General
Diasign inlamal gear pump, gap-compsnsated
Typa PGEH
Typa of mounting SAE 2-hoke flange bo 150 30O or
#hiole Tlargs to VOMA 24580 part 1 and 150 32
Typa of connachon, pipa conn@ection Flanged connection
Instalation positon Oiptional
Shadt lojding Fadial and mxial forces (e.g. pulsyl only after consdmbon
Drirs=cdion of rotation b svwsd bo shafl snd} Clockwiza or oo urkarcko kyiss — rot bidireschionall
Frame size F52 F53
Siza Ste 50 6.2 a0 11 13 1E
Waight m kg 4.3 4.4 4.8 44 5 532
Speed mnge ny, mn’ 600
. mn' 3000
Diaplacement W cm? 524 6.5 a1 11.0 13.4 160
Fleees B Lfmin 75 Qg 11.B 154 e 220
COparating pressura, abeolubs
- Indat o bar 0.8 4o 2 {briefly ot slart 0.8 bar)
= Chutha, comliresoues P bar
HLF fiuid 215
Special fusd ]
ntermitterd T p_ bar
HLF fluid g0
Epacial fuid T 2z0
Frame size IFS-!I.I
Siza Ska n 25 =2 40 50 62 ED 100
Waight m kg 18.5 14 4.5 15 18 17 BS o0
Spesd range N, mnt 500 00 500 00 500 400 400 400
N, mn’ 2000 2000 3000 E00 2800 ZE00 2200 2200
Diaplacement W cm? 204 253 27 401 507 BE.5 = 1.4
Floees B Limin 26.3 450 571G 728 Q4.0 1152 1458
Oparating pressura, absclubs
— Indut o i Q.10 2 {briefly alstart 0LE bark
= Dhulkal, comlirescus P bar
HLF flud 280 0 1E0 125
Special fusd Kl 140 1440 100
ntermitterd T p_ bar
HLF fiuid 215 250 HO 160
Spacial fuid T 210 175 175 140
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e CHARACTERISTICS

f=tie ] Bosch Rexroth &G | Hydraukos PGH | RE 10222/ 10.05

Characteristic curve average values of FS 4 measursd at n=— 1450 min™" ; v= 458 Mm%z and O = 40 ")

Flow TS
[=u] Size= 50
T Size 40
‘E 45 Size 32
a
= ap Size 2S5
& Size 30
=
15
=} 25 SO0 75 100 125 150 175 20M 225 250 275 300
Oparating prossuns in bar —
150
o Size 100
- Sies=o
‘E 90
5 Size &3
=
: &0
&
ED]
o 20 a0 &a B0 100 120 140 160 180 200 210

Oparating prossuns in bar —

Efficismcy 100
Size 50
T =0 Size 40, size 32
= Size 25, size 20
= B0 =
& f’
s To
=]
o ED
50 — =
o 25 50 5 100 125 152 175 200 2FFS5 ZE50 EZF5 300
Oparaing pressurs in bar —
100
N Size 100

a0 Size 0
= === Sz ez
= BD
g
5 "y
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APPENDIX N°11: COMPOUND FLEXION

APPENDIX N°12: CRITERIA OF SIGNS OF THE MOMENTS AND
SHEARS

Criterio de signos

M@ﬂcfj)m ﬂT .

N =

T

|:';:>_1 _Iv(,‘:
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APPENDIX N°13: THEORY OF WELDINGS

Garganta (a): altura del maximo triangulo isésceles inscrito en la seccién
transversal del corddn de soldadura

2N
. £

e) : £

o

!
]
1

Longitud eficaz (L): longitud total del cordén, descontados los crateres de los
extremos. La longitud de cada uno de estos crateres, se toma igual
al valor de la garganta (a).

Area de la seccion de la garganta: es la obtenida multiplicando la garganta del
cordon por su longitud eficaz.

4 -ALBERTO NAVARRO BUENO- 89
ayumeco



%. UNIVERSITYOFSOUTHERNDENMARK.DK

Seccion abatida

Seccion garganta

-AUTOMATION OF PROFILE PACKING-
Tensiones seccién abatida
n: tensién normal

t,: componente transversal de
la tensién tangencial

t,: componente longitudinal de
la tension tangencial

Tensiones seccion garganta
o: tensién normal

7,. componente transversal de
la tensién tangencial

1, componente longitudinal de
la tension tangencial

YR =0= o-t;-sen45°n-cos45°=0

_t+n
<2

LFy=0= 1,-t; cos45°n sen45°=0

t,-n
2

ZFzzﬂj !Tzztz

Ty =

R 2
Oeqy =0 +3('cl +I2) A

2

aiumeco
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APPENDIX N°14: THEORY OF WELDINGS (TRACTION)

Union solicitada a traccion '

Sdlo cordones frontales:

%‘7” | 1. Seccion abatida
I 74
: Il
i L-a
2. Seccion garganta ty=0
ty+n P _
= = t = 0
°T2 " 22L-a 2
ty—n P
T &= 1\[5 = = 2J2-L-a 3. Coeﬁclfente de seguridad
|

APPENDIX N°15: THEORY OF WELDINGS (SIMPLE FLEXION)

‘ Union solicitada a flexion simple 1. Seccion abatida
Solo cordones frontales longitudinales: By = M = P-d/2
<. W a-L*/6
1 P-d O .
2 N 1= “L:3
t;_ﬂ e B _
T 3 2. Seccién garganta
t] +n 3Pd
6 =  yng = g
2 2-a-12
t;j—n 3P-d
e 1= — —= 2
V2 A2-a-L
3. Coeficiente de seguridad P/2
[ ‘[2 — 12 —
Ueqv=x/02+3(112+‘r%) < Gadm Lol
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