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Abstract

In every complex, factory, or mine, various means of transport replace human effort,
leading to time savings and increased production efficiency. For this project, we selected a belt

conveyor as the ideal transport solution for bulk products.

The design of the conveyor required precise dimensioning of its components. After
thorough calculations, we determined the appropriate type of belt, drums and their shafts, as well
as the upper and lower carrying rollers. For the motor mechanism, speed reducer, and

transmission system, we carefully selected the main characteristics of each component.

This thesis details the entire process of designing and implementing the conveyor,
highlighting the technical choices and solutions adopted to develop an efficient and reliable

system.
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General Introduction

Bulk material transportation is a vital aspect across various industries, particularly in salt
production where operational efficiency is paramount to sustaining productivity. Within the
Enasel salt factory, establishing an effective conveyor system is a top priority to ensure a

continuous and secure flow of salt throughout the production process.

This thesis presents the outcomes of an internship conducted at the Enasel salt factory,
focusing on the design and implementation of an optimized salt conveyor system. The primary
objective was to address the specific requirements of the factory by designing a system that is
efficient, reliable, and cost-effective. This process involved a detailed analysis of the factory's

operational needs and precise calculations to determine the parameters of the conveyor elements.

A significant portion of this work was dedicated to utilizing computer-aided design
(CAD) software, particularly SolidWorks, to model and simulate the conveyor system.
SolidWorks facilitated visualization and optimization of the conveyor design, taking into account

factors such as material strength, durability, and energy efficiency.

Simultaneously, a prototype of the conveyor was fabricated to validate the proposed
designs and evaluate their performance under real-world conditions. This experimental phase
highlighted the strengths and weaknesses of the proposed system, leading to adjustments and

enhancements to optimize its performance.

In this thesis, we will delve into the design process of the salt conveyor system using
SolidWorks, as well as the fabrication and testing of the prototype. By emphasizing the obtained
results and lessons learned throughout this project, we aim to provide valuable insights for future

developments of conveyor systems in the salt industry and beyond.






Chapter | General Information on Conveyors

| Introduction:

Conveyors represent a fundamental element in the field of industrial handling and logistics. They
are used for the transportation of materials, goods, and finished products through production
lines, warehouses, and distribution centers. This continuous transport system helps optimize
workflow, increase efficiency, and reduce operational costs. Conveyors come in various types
and configurations, each tailored to specific needs and environments. From belt conveyors to
roller conveyors, chain conveyors, and modular systems, they form the backbone of many
modern industrial operations. Their design and implementation require a thorough understanding
of logistics processes, the characteristics of materials to be transported, and production
requirements. This introduction explores the fundamental aspects of conveyors, their
significance, and the different technologies available to meet the diverse challenges of

contemporary industries.

Il Conveyor Types:
1.1 Magnetic Conveyor [1-6]:

Magnetic conveyors are specialized handling devices primarily used for transporting
ferromagnetic materials. These conveyors utilize magnetic force to move objects in a controlled
and secure manner. They find wide applications in various industries such as automotive,

metallurgy, recycling, and metal parts manufacturing, owing to their efficiency and reliability.
Operating Principle

A magnetic conveyor operates through a series of magnets arranged beneath the conveyor
surface. These magnets generate a magnetic field that attracts and holds ferromagnetic objects on

the transport surface. Here are the main components and detailed functioning:

Permanent Magnets or Electromagnets: The magnets used can be either permanent or
electromagnetic. Permanent magnets provide a constant magnetic field, while electromagnets can

be activated and deactivated as needed.

Conveyor Belt: The conveyor belt can be made of stainless steel or coated with non-
ferromagnetic materials. It is designed to allow magnetic fields to pass through and attract

metallic objects.
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Movement Mechanism: The conveyor is equipped with a movement mechanism, usually an
electric motor, which continuously drives the conveyor belt, ensuring the movement of

magnetically attached objects.
Applications

Magnetic conveyors are employed in various applications where precise and secure handling of

metallic objects is essential. Here are some examples:

Automotive Industry: Transporting metal parts such as casings, gears, and transmission

components on production lines.

Recycling: Separating and transporting ferrous metals in recycling facilities, enabling efficient

material recovery.
Metallurgy: Handling sheets, bars, and metal profiles in steel mills and metal processing plants.

Manufacturing: Transporting machined parts and finished metal products in component and

metal assembly manufacturing plants.
Advantages
Magnetic conveyors offer several advantages over other types of conveyors:

Increased Safety: Metallic objects are firmly held in place, reducing the risks of falls and

damage during transportation.

Efficiency: Capable of transporting objects at high speeds and over complex paths, including

inclines and curves.

Reduced Maintenance: Fewer moving parts and minimal component wear, resulting in lower

maintenance requirements.

Adaptability: Easy integration into existing production lines and can be configured to meet

specific needs in terms of size, weight, and shape of transported objects.
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Figure 1: Magnetic Conveyor

1.2 Roller conveyor [7-9]

A roller conveyor is a transportation system used in various industrial environments to move
materials or products from one point to another. It consists of a series of rollers aligned along a
frame, typically made of steel or aluminum. The objects to be transported rest on the rollers and

are pushed or driven by them when set in motion.

This type of conveyor is often used for transporting light to medium loads in warehouses,
production plants, distribution centers, etc. The rollers can be motorized to facilitate the

movement of loads over long distances or for greater precision in product positioning.

Roller conveyors can be designed to be straight or curved according to specific application
needs. They provide an efficient solution for automating handling and logistics processes,
thereby improving the efficiency and productivity of industrial operations.

Structure and Components: Roller conveyors are typically built on a sturdy steel or aluminum
frame. The rollers are mounted on this frame at regular intervals and can be made of various
materials such as steel, PVC, or plastic. Some conveyors may have motorized rollers to facilitate

load movement.

Flexibility: These conveyors offer great flexibility in terms of configuration. They can be
designed to be straight, curved, or even inclined to facilitate vertical transportation of products.
Straight sections can be connected to curved sections to create customized routes based on the

layout of the factory or warehouse.

Applications: Roller conveyors are widely used in many industries for transporting goods such
as boxes, pallets, crates, bags, etc. They are commonly used in warehouses for loading and
unloading trucks, in production lines to transport products from one stage to another, and in

distribution centers for sorting and shipping goods.

4
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Control Options: Roller conveyors can be equipped with various control devices to regulate the
speed and movement of loads. This may include sensors to detect the presence of products,

weighing systems to measure loads, and programmable controls to automate operations.

Maintenance: Like any industrial equipment, roller conveyors require regular maintenance to
ensure proper operation and extend their lifespan. This may include replacing worn rollers,

lubricating moving components, and inspecting motors and control systems.

Figure 2: Roller conveyor

11.3 Screw conveyor [10,11]

A screw conveyor is a mechanical transportation system used to move bulk materials such as
grains, pellets, powders, etc. It consists of a tube or a hopper containing the material to be
transported and a helical screw inside this tube. When the screw rotates, it grips the material and
transports it along the tube to its destination.

This type of conveyor is widely used in various industries such as agriculture, food processing,
mining, etc. It is valued for its ability to efficiently transport bulk materials over long distances
with minimal loss and degradation of the material. Additionally, it is relatively simple to install
and maintain.

Basic structure: A screw conveyor generally consists of the following elements:

A hopper or tube: This is the container where bulk materials are loaded.

A helical screw: This screw is the main component of the conveyor. It is usually mounted inside
the tube and can have different diameters and pitches according to the specific needs of the
application.

A motor: The motor is responsible for rotating the screw to move the materials along the tube.

5
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Bearings and seals: These components ensure the proper operation of the screw and reduce
friction and efficiency losses.

Operation: When the motor of the screw conveyor is activated, the helical screw starts to rotate.
As it rotates, the screw blades grab the materials in the hopper and move them along the tube. As
the screw continuously turns, the materials are pushed towards the outlet of the conveyor where
they can be discharged into another container or another transportation system.

Adaptability: Screw conveyors can be adapted to meet various transportation needs. They can
be inclined to facilitate the transport of materials on slopes or equipped with dosing devices to
precisely control the amount of material discharged. Additionally, different screw configurations
can be used depending on the nature and properties of the materials to be transported.
Applications: Screw conveyors are widely used in many industries, including:

Agricultural industry: Transport of grains, seeds, animal feed, etc.

Food industry: Handling of powders, flours, sugar, etc.

Mining industry: Transport of ore, coal, sand, etc.

Chemical industry: Movement of bulk products such as granules, powders, chemicals, etc.
Advantages:

Cost-effective: Screw conveyors are generally less expensive to install and maintain than other
transportation systems.

Versatility: They can transport a wide variety of bulk materials.

Efficiency: They can operate continuously, thus facilitating transport over long distances.

Compactness: They can be designed to fit into restricted spaces.

Figure 3: Screw conveyor

6
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1.4 Bucket conveyor [12,13]

A bucket conveyor is a continuous conveying system used to move bulk materials such as grains,
pellets, minerals, etc. It consists of a series of buckets attached to a chain or belt. The buckets are
designed to collect material from a source, such as a silo or hopper, and transport it along a
defined path to a specific destination, such as another processing or storage point.

This type of conveyor is widely used in various industries such as agriculture, mining,
construction, food industry, etc. It is valued for its ability to efficiently transport large quantities
of materials over long distances and varying heights. Additionally, it allows for continuous
loading and unloading, improving the efficiency of industrial processes.

A bucket conveyor typically consists of the following elements:

Chain or belt: This is the basic structure of the conveyor. The chain or belt travels in a closed
loop with pulleys at the ends to create continuous rotational movement.

Buckets: These are containers attached at regular intervals along the chain or belt. Buckets can
come in different shapes and sizes depending on the specific material transport needs. They can
be made of plastic, steel, rubber, or other materials, depending on the properties of the material
being transported and the environment in which the conveyor is used.

Bucket supports: These are attached to the chain or belt and serve as attachment points for the
buckets. The supports must be sturdy to withstand the weight of the transported material.

Drive: A drive mechanism, usually an electric motor, is used to provide the power needed to
move the chain or belt and thus move the buckets along the circuit.

Tensioning devices: Tensioning devices are used to keep the chain or belt taut, ensuring smooth
and regular operation of the conveyor.

Casing: This is a protective structure that covers the conveyor to prevent material spills and
protect workers from potential hazards.

Loading and unloading system: This can include hoppers, feed chutes, spouts, or other devices
designed to efficiently load materials into the buckets at the conveyor inlet and to unload
materials at the outlet.

Bucket conveyors are suitable for transporting a wide variety of bulk materials such as grains,
powdered chemicals, minerals, pellets, etc. Their modular design allows for easy adaptation to
different environments and transport requirements, making them a versatile solution for many

industrial applications.
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Figure 4: Bucket conveyor

1.5 hovercraft conveyor [14]

A hovercraft conveyor is a transportation system that utilizes hovercraft to move materials or
goods. Hovercraft are vehicles that use an air cushion to float above a surface, significantly
reducing friction and allowing for swift and efficient movement. In the context of conveyors,
hovercraft can be employed to transport goods over short or long distances, across diverse
terrains, including water or rough terrain where other means of transportation might encounter
difficulties. This system can be particularly useful in industries where fast and flexible transport
is essential, such as logistics, construction, or mining. A hovercraft conveyor is a sophisticated
transport system using hovercraft as a means of conveyance. Here is a detailed description of its

operation:

Hovercraft: The hovercraft is a vehicle that uses an air cushion to float above the surface,
significantly reducing friction. It is propelled by engines and can move in various directions.

Track structure: The track of the hovercraft conveyor is specially designed to allow for the
movement of hovercraft. It can be constructed on various terrains, including water, land, or other
surfaces, and can also be equipped with lifting devices to overcome obstacles or changes in

elevation.

Guidance system: To ensure precise and safe movement, the conveyor can be equipped with a
guidance system that controls the trajectory of the hovercraft along the track. This may include

sensors, rails, or other automatic guidance devices.
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Loading and unloading: The hovercraft conveyor can be equipped with loading and unloading
points located along the track. These points allow goods to be loaded onto the hovercraft from

shipping platforms and unloaded at specific destinations.

Maintenance: Like any mechanical system, the hovercraft conveyor requires regular
maintenance to ensure proper operation. This may include inspection of the hovercraft, repair of

the track, and replacement of faulty components.

Advantages: The advantages of a hovercraft conveyor include high travel speed, ability to
overcome obstacles and diverse terrains, as well as flexibility for transporting goods over short

or long distances.

Figure 5: Hovercraft conveyor

1.6 Belt Conveyors:
Definition: Belt conveyors are transport systems used to efficiently and continuously move bulk

materials or objects from one place to another.

History: The earliest belt conveyors date back to the early 20th century, with initial applications

in mines and material processing facilities.

Importance: Belt conveyors have become essential components in various industrial sectors,

contributing to the automation of production processes and improving logistical efficiency.

Design and Components:

Structure: Belt conveyors consist of a conveyor belt supported by rollers or slides. The structure
can be made of steel, aluminum, or plastic, depending on load requirements and environmental

conditions.
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Belts: Conveyor belts can be made from various materials such as rubber, PVC, polyurethane, or

composite materials depending on load requirements, abrasion resistance, and temperature.

Auxiliary Systems: Belt conveyors may include belt tensioning systems, guiding devices, drive

and return drums, as well as cleaning devices to maintain the belt in good working condition.

The main components of a conveyor belt and their operation are essential to understanding the
overall functioning of this transportation system. Here is a detailed explanation of the key

components of a conveyor belt:
The conveyor belt:

Function: The conveyor belt is the essential element of the conveyor belt, responsible for

transporting materials from one point to another.

Materials: Belts can be made from various materials depending on load requirements, abrasion
resistance, and temperature. Common materials include rubber, PVC, polyurethane, or composite

materials.

Coatings: Belts can be coated with specific materials to resist abrasion, chemicals, or heat,

according to application needs.
Support rollers:

Function: Support rollers are mounted on the conveyor frame and support the conveyor belt

throughout its journey.

Types: There are different types of rollers, including support rollers, return rollers, and tension
rollers, each with a specific role in maintaining belt stability.

Conveyor structure:

Function: The conveyor structure supports the entire system, including the conveyor belt,

rollers, and any other auxiliary equipment.

Materials: Conveyor structures can be made of steel, aluminum, or plastic, depending on load

requirements and operating environment.

Drive and return drums:

10
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Function: Drive drums are responsible for driving the conveyor belt using a motor, while return

drums maintain belt tension and guide its movement.

Power transmission: Drive drums are usually equipped with pulleys and power transmission

belts, while return drums can be smooth or grooved for better contact with the belt.
Tensioning and guiding systems:

Function: Tensioning systems maintain the conveyor belt at the appropriate tension to prevent
excessive fluttering or loosening, while guiding systems help maintain the belt in a stable

trajectory.

Types: Tensioning systems can be tension screws, springs, or hydraulic devices, while guiding

systems can be guiding rollers or automatic centering devices.
Cleaning devices:

Function: Cleaning devices, such as belt scrapers and cleaning brushes, are used to remove
debris and residues that may accumulate on the conveyor belt, thereby avoiding obstructions and

damage.

These components work together to ensure the efficient and reliable operation of a conveyor belt,
allowing for the continuous and safe transportation of various materials in a range of industrial

applications.

11
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Operation and Mechanisms:

Operating Principle: Belt conveyors use the rotational motion of a drive drum to drive the

conveyor belt, thus moving materials from one point to another.

Power Transmission: Conveyors can be powered by electric motors, speed reducers, belts and
pulleys, or hydraulic systems depending on load and speed requirements.

Loading and Unloading: Materials can be loaded onto the belt manually, by automatic loading

equipment, or using application-specific loading systems.

Waste Management: Belt conveyors can be equipped with waste detection and collection

systems to prevent environmental pollution and maintain cleanliness in the work area.
Industrial Applications:

Mining and Quarries: Belt conveyors are widely used for transporting bulk materials such as
coal, iron ore, and aggregates.

Agriculture: In agriculture, belt conveyors are used for transporting grains, hay, agricultural

products, and animal feed.

Logistics and Warehousing: Belt conveyors facilitate the movement of goods in warehouses,

distribution centers, and ports.

Manufacturing: In manufacturing plants, belt conveyors are used for transporting parts and

components between workstations.
Advantages and Disadvantages:

Advantages: Belt conveyors offer continuous transport, high load capacity, process automation,
low maintenance, and high reliability.

Disadvantages: Disadvantages include high initial cost, space requirements, risks of blockages

and overloading, as well as the need for regular maintenance.
Effects on Efficiency and Productivity:

Belt conveyors improve operational efficiency by reducing downtime, speeding up processing

times, and reducing labor costs.

13
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Automation of transport processes contributes to increased overall productivity in industrial

facilities.
Safety:
Belt conveyors pose potential risks such as pinch points, falling objects, and belt blockages.

Safety measures such as protective barriers, emergency stops, and adequate operator training are

necessary to prevent accidents.
Evolution and Future Trends:

Technological advancements such as sensor integration, automation, and the use of lighter and
more durable materials are expected to continue improving the performance and efficiency of

belt conveyors.

Increasing demand for energy efficiency and carbon emission reduction could drive the
development of belt conveyors powered by renewable energy sources and equipped with energy

recovery systems.

14
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1l Conclusion:

Conveyors play a crucial role in the efficient operation of many industries, providing a reliable
solution for transporting materials and products. Their use not only streamlines production
processes, but also improves worker safety and lowers operating costs. Recent advances in
conveyor design, such as the integration of sustainable materials and intelligent technologies,
open up new prospects for increased efficiency and better adaptation to the specific needs of
each industry. It is therefore essential for companies to keep abreast of these innovations in order
to maintain their competitiveness in the global marketplace. By investing in modern conveyor
systems and exploiting their full potential, companies can not only optimize their operations but

also boost their long-term growth and success.
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| Introduction:

In this project's scope for designing a belt conveyor system for salt transportation, we
meticulously analyzed key component parameters, including drums, rollers, and the motor
mechanism. This study aims to ensure efficient, safe, and durable operation of the conveyor,
taking into account the physical properties of salt, operational conditions, and performance
requirements. By relying on precise calculations and an integrated approach, we aim to design a
conveyor system that not only meets immediate needs but also guarantees long-term

functionality and minimal maintenance.

The aim of this study is to construct a belt conveyor that meets specific performance criteria
while efficiently handling the physical characteristics of the salt being transported. The design
process includes precise calculations and detailed specifications to ensure the conveyor's

reliability and effectiveness.

We aim to build a belt conveyor with the following specifications:
Material Transported: Salt

Conveyor Length: 40 meters

load capacity of the belt: I, = 450 (t / h)

Figure (A): 3D model design for belt conveyor

Il Material Characteristics:

1.1 Transported product:
To properly measure our belt conveyor, we must first evaluate the physical properties of the

product to be handled, specifically the angle of bending and rolling.

16
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1.2 Physical properties of salt:
Salt is the item that has to be transported, and the accompanying table lists its physical

characteristics [15]:

Data: (See Table 01)

11.2.1 Volume mass:

The volume mass of (salt common dry fine) is between 1,12 and 1,28 (t / m?3).

11.2.2 Granulometry of salt:

The salt lump size is variable, ranging from 70 to 80 mm.

11.2.3 The transported product's abrasiveness and corrosiveness:

The salt is mildly abrasive or corrosive.

1.3 Angle of repose:
The angle that a material will settle to when piled freely is called its angle of repose, also

referred to as its "angle of natural friction".

extends to the horizontal plane when projected onto a horizontal surface.

¢ =25

Figure 01a: Angle of Repose [15]
1.4 Angle of surcharge:

The surcharge angle refers to the angle of the material's surface being transported by a moving

belt, measured in relation to the horizontal plane.
g =10
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Angle of
surcharge

e

Figure 01b: Angle of Surcharge [15]

11 Engineering Calculations:

111.1 Belt Speed:

The belt speed depends on material properties and experimental data.

For 70/80 mm lumps, the maximum suggested speed is 2.3 m/s (See Table 02).

111.2 Loaded volume (I;):

The belt's volumetric load is calculated using the following formula:
I
w=2 (m*/h)
S
where:

I, = load capacity of the belt (t / h)

qs = specific weight of the material (t / m3)

0
= == 3
Iy 12 401,78 (m* / h)

111.3 Theoretical Load Volume (Iy7) :

In

j—_—
=
Where:  I;: load volume (m3 / h)

V: belt speed (m / s)

18
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401,78
lyr = 23

= 174,68 (m3 / h)

I11.4 Determination of Belt Width:
We may conclude that the angle of surcharge is in the order of 10° given the product's troughing

set angle, which is around 30° (See Table 03).

With a troughing set angle (A = 30°) selected for the carrier station, A = 800mm is the belt
width that equates to the Load volume theoretic Iy = 174,68 (m3 / h).

I11.5 Preliminary belt selection:

A type (EP 400/3 3:1,5) belt is picked from a variety of suggested varieties whose coating pair is
3+1,5 mm (3 mm for the top coating, 1,5 mm for the bottom coating) (See Table 04) [16], while
400 specifies the permitted nominal operating tension (400 N/mm). The belt must next be

checked for nominal working tension (this selection is preliminary).

For the final belt choice, we still need to compute the nominal service tension, which may lead

us to switch to a higher type.

IV Roller and Troughing Set Design:

V.1 Roller Design Parameters:
It is made out of a steel tube with the appropriate thickness and diameter for its intended

function, machined at both ends for optimum mounting precision.

The bearing cages are either welded or wrapped around the ends.
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Figure 02: Rollers [15]

V.11 Determination of Roller Diameter and Speed:
The choice of diameter must take into account the belt width. (Table 05) displays roller diameters

as a function of belt width.

In our example, the belt width is 800 mm, so at a speed of 2.3 (m / S), we can use rollers with a

diameter of 89 (mm) ,(@ = 89(mm)).

V.12 Calculation of Number of Rotations:
We can determine the number of roller rotations based on the belt's speed and the roller's
diameter:
= % (t/min)  where: D =roller diameter(mm) ; V = belt speed (m / S)
2,3x 1000 x 60 _
n= = 493,8 (t/min)

89 x 3,14
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V.2 Troughing Set Configuration:

g ol B

S N A N/ o’
Yy Y Y - =
A ] No) Do
W VvV v v v - v
e du -

Figure 03: The distance between two Troughing set pitch (ay, a,, a;) [15]

The distance between two Troughing set pitch on a belt conveyor is:

ag: pitch of carrying sets (for the upper strand) m

a,: pitch of return sets (for the lower strand) m

a;: pitch of impact sets m

From (Table 06) of the spacing between troughing set pitches, we have:

Upper station spacing: a, = 1,35m

Lower station spacing: a,, = 3m

To avoid this, the minimum spacing between suspended stations a; is calculated.

Any contact between adjacent chains during the station band's normal wobbling operation:

a; =—=1'T%=O,45m

IV.2.1 Spacing of Upper and Lower Stations:

For the upper pitch of sets (UPS), the recommended spacing is 1 meter.
As a result, there are 40 UPS stations.

For lower pitch of sets (LPS), the recommended spacing is 3 meters.

The LPS number is 13, defined as follows: N; = ai = 43—0 =13

L: load centers
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a,: pitch of return sets (for the lower strand) m

1V.2.2 Determining the number of rollers:

A) FOR 3 roll troughing sets
N, = Nu X 3 = 40 x 3 = 120 rollers.

B) for flat roller sets:

N, = g = 43—0 = 13 rollers.

In order for the belt to take on the curved shape in the slope loading zones and for the deflection

not to exceed the permissible limits in the loading zone, we need to add two (02) stations, so the

number UPS equals 42 and the number of rollers Nr equals:

N, =42x3 =126  The number of UPS rollers is equal to 126.

IVV.3 Calculation of Transition Distance (L,):

- Lt

Figure 04: Transition distance (L,) [15]

The distance between the last troughing set close to the head or tail pulley of a conveyor and the

pulleys themselves is known as the transition distance. [15]
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Along this length, the belt changes from a trough shape as specified by the inclination of the

rollers of the carrying sets to a flat belt to match the flat pulley, and vice versa.
The edges of the belt are placed in this area under an extra force that reacts to the side rollers.

Generally, the transition distance must not be smaller than the belt width to avoid excess

pressure.

A
o
o

Value of Lt in metres for steel cord belts (ST)
W
Value of Lt in metres for textile structured belts (EP)

650 800 1000 1200 1400 1600 1800 2000 2200
Belt width mm

Figure 05: (L,) Value [15]

It is possible to conclude from the graph that the transition distance for a belt (EP) with a width

of 800 mm and troughing set at 30° is approximately 1,1 meters.
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V Load Calculations:

V.1 weight of the belt (q,):
The weight of the belt per linear meter (q,) in kilograms per meter (K,/m) [15], can be

determined by adding the weight of the belt core to that of the upper and lower covers. The

covers contribute approximately 1,15 K;; / m? for each millimeter of their thickness.
The formula for calculating (g, ) is as follows:

qp =Weight of the belt core +1,15 (thickness of the upper cover +thickness of the lower cover)
where:

(EP) belts typically have a weight of around 1,5 K / m? per ply.

The weight of the belt core =1.5 X 3 = 4,5 K, / m?

Each millimeter of cover thickness contributes approximately 1.15Kg / m?
Calculate the weight of each cover:

Upper cover weight =3 x 1,15 = 3.45 K, / m?

Lower cover weight =1,5 x 1.15 = 1,725 K, / m?

qp = Weight of belt core + Weight of upper cover + Weight of lower cover

qp =45+ 3,45+ 1,725 =9,675k; / m

Assuming a belt width of 1 meter:

qp = 9,675k, /m

V.2 Factors:

V.2.1 Participation factor (F,) :
According to (Table 07):

We have 4 = 30°

For the (UPS) F,, = 0,65
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For the (LPS) F,, = 1

V.2.2 Shock factor (F,):
For 70/80 mm lumps, and 2.3 m/s speed, Shock factor F; = 1 (See Table 08)

V.2.3 Service factors (F;) :
Daily use lasts between 6 and 9 hours; therefore, Fg = 1 . (See Table 09)

V.2.4 Environmental factors (F,,)

Our product is mildly abrasive and mildly corrosive. F,, = 1. (See Table 10)

V.2.5 Speed factors (F,,) :
Speed factors F, = 1.01. (See Table 11)

V.3 Static load (C,):
After determining the diameter of the roller based on speed and revolutions, calculate the static

load C, on the carrying troughing set using the formula below:

Iy
3.6 XV

C, = ag X (qb + )0,981 =1,35 X (9,675 + )0,981 = 84,78 daN

3,6 X 2,3
By multiplying the operational factors, we can calculate the dynamic load Cj, on the transom.
Cay =Ca X Fg X Fs X Fp =8478x1Xx1Xx1=284,78daN

Multiplying by participation factors yields the load (c,) on the most stressed roller (the central

roller in a troughing set with equal roller lengths).
Ca = Cy, X Fp = 84,78 X 0,65 = 55,1 daN

The static load on the return set, €, (without considering material weight), is calculated using the

formula below:
C, =a, Xq,%x0981 =3x%9,675x%0,981 = 28,47 daN
The dynamic load on the return set is as follows:

Cr, = C X Fs X By X Fv = 28,47 X1 x1x 1,01 = 28,75 daN
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The load on a single or pair of return rollers is calculated as

¢, = C, X Fp = 28,75 x 0.65 = 18, 68 daN

VI Roller selection:
For an 800 mm belt, we can select rollers for both the upper and lower pitches of sets. Sets with a

lower pitch are picked using regular rollers. All roller dimensions are represented in the

following figure.
. ¥ )
- e g
| ”’
ECNseh i
0 {l«—©E t € —J
- B -
C -
= A

Figure 06: Roller [15]

V1.1 Roller selection for the upper transom for three rollers:

The roller dimensions are given in Table 12.

Rollers for upper transom for three rollers type PSV/1-FHD, @89mm (See Table 12):
bearing reference 6204 (20 x 47 x 14)

Roller length (C) =323 mm

Axis diameter (d) = 20mm

load capacity is 132daN.

VI.1.1 Roller selection for lower return brackets:

The roller dimensions are given in Table 12.

Rollers for lower return brackets type PSV/1-FHD, @89mm:
26
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bearing reference 6204 (20x 47x14)
Roller length C =958 mm
Axis diameter (d) =20 mm

Load capacity equals 126daN.

V1.2 Choice of troughing sets:

Referencing Table 13, the relationship between belt width and roller diameter allows us to select
the upper pitch of sets "A3M -30°". The dimensions of this particular roller type can be found in
the (Figure 07) below [15].

In Table 14, we consider the model "A3M 1/3K" in the diagram.

Belt direction

."“'“~. = 4ad
; o ) c = 5
O - .

‘% .\\ . ’_-"
o -] 0

Q
- -
o 80% L,
- *
e - 70 for belts
from 500-650

* Ny

Belt direction

Figure 07: the schema of upper pitch of sets "A3M -30°" [15]

According to Table 15, we may determine the series number based on the shape of the

arrangements.
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The graphic below (Figure 08) shows the schema of lower return brackets, while Table 16

describes their characteristics.

Q

SPT 1478

Figure 08: the schema of lower return brackets [15]

Vl1lLoad Calculations:
To begin, it is necessary to compute the total tangential force F, at the outer edge of the driving
pulley. The cumulative tangential force must surpass all the opposing forces resulting from

movement, which includes the combination of the following forces [15]:

*The force required to move the laden belt must exceed the frictional forces exerted by the

carrying troughing sets (both upper and lower), the pulleys, the return mechanism, the snub, etc.

*The amount of force required to overcome any secondary resistances created by any
accessories, such as rubber skirts, reversing units, cleaners, scrapers, mobile unloaders, and

"trippers."

V11.1 passive resistance:

VII.1.1 Coefficient of fixed resistance (C):

From Table 17, we find out that the coefficient of fixed resistance Cq =22

VII.1.2 Coefficient of passive resistance given by temperature (C;):

From Table 18, we find out that the coefficient of passive resistance given by temperature C; = 1
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VII.1.3 Coefficient of internal friction (f) of materials and of the rotating
parts:

From Table 19, we find out that the coefficient of internal friction (f) of materials and of the

rotating parts f = 0,017

VI11.2 Weight of rotating parts of the rollers (upper/lower):
In Tabel 20, the approximate weights of rotating parts of an upper transom troughing set and a

lower flat return set are indicated.
The weight of the upper rotating parts gz, and lower qg,, is given by:

Pprs 10,4
dro 2 135 70 Kg /m

where:
Pprs: weight of upper rotating parts. p,rs = 10,4 Kg
ao: upper troughing set pitch. ag = 1,35m

Ppri 7,8
= = = 2’6 K
2, 3 g/m

qru

where:
Ppri: Weight of lower rotating parts. p,g; = 7,8 Kg
a,: return set roller pitch. a, = 3m

V11.3 Tangential force:
The total tangential force Fu at the driving pulley periphery is given by:

Fu=[(LxCyxCeXfX(2qy+9c + qru + qro) T (qc X H))] % 0,981
For decline belts, a negative sign (-) is used in the formula.

where:

L : centers of conveyor (m)

Cq : fixed coefficient of resistance (belt accessories)
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C; : passive coefficient of resistance

f : coefficient of friction of internal rotating parts (troughing sets).

qp : belt weight per linear meter, in (Kg/m).

qc : weight of conveyed material per linear meter (Kg/m).

qru : Weight of lower rotating parts in (Kg/m).

qro: wWeight of upper rotating parts in (Kg/m).

H : height changes of belt. (In our case, H = 0).

Fu=[(40x2,2x1x%0,017 X (2(9,675) +54,34 + 2,6 + 7,7))] X 0,981 = 123,26 daN
Fu=123,26 daN

Dividing into Active and Rotating Parts Forces, to calculate fu as the sum of (F,) and (F,.):
E,=F, +FE

VI11.3.1 Active Force (F,):
Fa=[(LxCyxCyXfx(qp+9c + qro))] % 0,981

Fa =[(40x2,2%x1x0,017 x (9,675+54,34+ 7,7))] x 0,981 = 105,24 daN
Fa =105,24 daN

VI11.3.2 Rotating Parts Force (F,):
Fr=[(LxCyxC;XfX(qp+qry))] 0,981

Fr =[(40 x 2,2x1x%0,017 X (9,675 + 2,6))] X 0,981 = 17,42 daN
Fr =17,42 daN

E,=F,+F =10524+ 17,42 =122,66 daN

Which to use:

For maintenance, troubleshooting, or if precision in component forces is needed, we use

F, = 122,66 daN
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VI11.4 Driving power:
Taking into account the belt speed, the efficiency (n = 0,86) of the reduction gear, and the total
tangential force at the drive pulley's periphery, the minimum driving power required is:

_ E XV
"~ 100 x 7

Where:

Fu: The total tangential force

V: Belt speed (m / S)

n: Efficiency of the reduction gear

122,66 x 2,3

= Tooxo0gs _ >28kw

P = 3,28 kw

VIL.5 Belt tension:
The various tensions that need to be checked in a conveyor with a motorized belt system must be

taken into account.

At the pulley circumference, the total tangential force (Fu) is equal to the difference in tensions
T, (tight side) and T, (output side). The torque required to start moving the belt and transmit

power is calculated from these:
Fy=T,—T,

Getting from Point A to Point B The belt tension increases exponentially from value T; to value

T, in (Figure 09) below.
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Figure 09: The belt tensions [15]

VIL5.1 Wrap factor (C,,):

Table 22 displays the wrap factor C,, values based on wrap angle, tensioning mechanism, and

pulley condition (lagged or unlagged) [15].
Wrap factor €, = 0,75

Angle of wrap a = 200°
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VIl Calculation of Tensions (T, T, T, T3):
To=T3

T1

VIII1 Tensions T, :

The tension downstream from the drive pulley is given by:
T, =F,xC,
T, =122,66 x 0,75 =91,99 daN

T, = 91,99 daN

VIII.2 Tensions T :

The maximum tension upstream of the drive pulley will be:
T1 = Fu + T2
T, = 122,66 + 91,99

T, = 214,65 daN

VIIIL3 Tensions T5 :

The tension downstream of the return pulley is:

Figure 10: Tensions (T0, T1, T2, T3) [15]

The tension T3 at the tail pulley's slack side (Fig. 10) is calculated by adding the tensions T2 and

tangential forces Fr to a single return section of the belt.
I3=T,tE
T; =91,99 + 17,42 = 109,41 daN

T; = 109,41 daN
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Vill.4 Tensions T :

(gb+QG)

T3 N
Figure 11: Tensions T [15]

The minimum necessary tension T3 at the slack side of the return pulley, besides guaranteeing
belt adhesion to the driving pulley so as to transmit the movement, must also ensure a deflection

not exceeding 1.5% of the length of pitch between consecutive troughing sets.

Furthermore, the tensions must reduce material spillage from the belt and excessive passive
resistance created by the material dynamics when the belt passes over the troughing sets (Figure

11).

The following formula provides the minimal tension T necessary to maintain a 1.5% deflection:
for 1.5% deflection = 8,4

Ty = 8,4(qp + q5)ap X 0,981

where:

qp: total belt weight per linear meter (Kg/m).

q¢: weight of conveyed material per linear meter (Kg/m).

ap: pitch of troughing sets on upper strand in meter (m).

T, = 8,4(9,675 + 54,34)1,35 x 0,981 = 529,86 daN

T, = 529,86 daN
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VIILS Typical tension device:

T3 T4

/J‘IIIII
¥ g
v | \
v \
< ; I- I
/
‘Q 4
R

.--;.---

T3 i -

Figure 12: the screw tensioning [15]

In this configuration, the tension is often adjusted by periodically examining the tensioning

SCrew.

VIIIL.6 Maximum Tension T,,,, :

From all the tensions above, we can see that:
Tax = To = 529,86 daN
Tax = 529,86 daN

VIIL.7 Working load and belt breaking strain T,,,,,, :
Tnax 18 used to compute the maximum tension of the belt, known as Ty;,4y, 1N @ Unitary manner,

based on the following formula:

Tax X 10
Tumax = T

where:
N: belt width in (mm).
Tinax: tension at the highest stress point of the belt in (daN).

529,86 x 10

Tyumax = 300 =6,62 N/mm
Tymax = 6,62 N/mm

For security purposes, it is important to take into account the maximum working load of the belt

with a textile core. This load should be approximately 1/10 of the belt's breaking load.
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The breaking load of the belt equals the working load multiplied by a safety factor of 10 for

textile-reinforced belts.

6,62 x10 =66,2 N/mm < 400 N/mm

IX Pulley (Drum):
IX.1 Drive Pulley:

IX.1.1 Pulley diameters:
The dimensions of a head pulley's diameter are closely related to the properties of the belt type
that is being used.

Table 22 provides the minimum diameters that are suggested based on the kind of belt employed.
These recommendations aim to prevent any harm to the belt layers or the reinforcing fabric, such

as de-layering or laceration.

1X.1.2 Sizing of the drive pulley:

A
L

e D4

2 DE
_+-
NN
I\
|
|
|
|
|
|
|
|
|
|
|

73

e D2

e D2 @iﬁ
N

Figure 13: schema of Pulley [17]

The driving pulley's shaft experiences cyclic bending and twisting, leading to fatigue-induced

failure.
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In order to accurately calculate the shaft diameter, it is essential to estimate both the bending

moment (Mf) and the torsion moment (M,).

For economic reasons, the pulley will be considered hollow, with the inner diameter representing
95% of the outer diameter. This means that the internal diameter (Dp;n;) is 95% of the outer

diameter (Dp gyt )-
From (Table 23) we have:
Dpout = 400 mm ; Dpipne = 380 mm

1X.1.3 Drive Pulley mass calculation:

mt = P X Vt
We chose XC38 steel with the following characteristics:
Mass Density: P = 7850 kg / m3

Yield Strength: 580 x 10°N / m?
T 2 2
Ve = 2 (Dpine = Dbour) X L

)

14
) - ) X ) = ) X m
y (0,400% — 0,380%) x 0,950 = 11,63 x 1073 m3

Vt =

V,=11,63 x 103 m3

Where:

L: length of the pulley

Dpoyt: the outer diameter = 400 mm
Dpine: the internal diameter = 380 mm
m, =P XV,

m; = 7850 X 11,63 x 1073 = 91,29 kg

m; = 91,29 kg
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IX.14 Pulley weight calculation (q,):

T %
N
. 5
T1 T2
~Cp. qr

Figure 14: q; & C,, [15]
qe =me X G
q: = 91,29 X 9,81 = 89,5 daN

q: = 89,5daN

IX.1.5 Resultant of tensions (C,):

Cp = J(Tl + T,)% + q2y

C, = /(214,65 + 91,99)2 + (89,5)2 = 319,43 daN

C, = 319,43 daN
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1X.1.6 Bending moment (Mj):

1 e g——

le—dg _,l

Figure 15: a4 [15]

A: The shaft length between supports depends on belt width and pulley diameter (refer to table
23).

For the drive pulley, return pulley: A = 1275 mm
I: belt width: I = 800 mm
L: length of pulleys; L = 950 mm

The distance S between the end of the pulley belt and the hub center is assumed to be S = 80

mm.
ag: distance between supports and pulley flanges. (See Figure 15)

For the drive and return pulleys, we have:

A-L L-1I
Gg=—5—+"—+5
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1275 —-950 950 — 800
ag = + 4+ 80 =317,5mm
2 2
a, =317, 5mm=0,3175m

IX.1.7 Bending moment (M)

Mf=?><ag

319,43

My = x 0,3175 = 50,62 daN.m

M; = 50,62 daN.m

1X.1.8 Rotation speed of the drive pulley calculation:

V' x 1000 x 60
D:

Dpoue X 1

Where:

Np: rotation speed of the drive pulley (RPM)
V: belt speed (m / s)

Dpoyt: Diameter of Pulley (mm)

_2,3x1000 x 60

Np = 200X 3.14 = 109,87 RPM
Np =109,87 RPM
1X.1.9 Torsional moment (M,;):
M, = P X 954,9

t — N )
Where:

P: absorbed power in kW

Np: rotation speed of the drive pulley (RPM)

)

t = 7109,87

X 954,9 = 28,5 daN
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Mt = 28,5 daN

1X.1.10 Ideal bending moment (M ;y):

We can now determine the ideal bending moment:

Mif = \/(Mf)z + 0,75 + (Mt)z

M =+/(50,62)2 + 0,75 + (28,5)% = 56,31 daN
M;; = 56,31 daN

IX.1.11 Allowable Stress for XC38 Steel:
Yield strength for XC38 steel: 580 X 10N / m?

Safety Factor (SF): Typically, for mechanical applications, a safety factor of 2 to 3 is used. For

this example, we will use a safety factor of 2,5.

580 x 10° 2
Oamm = ¢ = 2,32 daN / mm

Oamm = 2,32 daN / mm?

1X.1.12 Calculation of the Drive pulley Shaft Diameter:

M;; x 1000
w=———
Oamm
56,31 x 1000 5
w = T = 24271, 55 mm

w = 24271,55 mm?3

3|lw X 32
d =
4‘ T

L _|271s5x32
= 314 = 04 7/ mm
d=62,77mm
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the Drive pulley Shaft Diameter is: d = 62,77 mm

1X.1.13 Bearings

1X.1.13.1  Selecting Appropriate Bearings for drive pulley:
Based on the (Table 24), the bearing selection method is as follows:

1X.1.13.2 Bearing Selection Criteria:
Radial Load Calculation: Total load acting on the bearing: €, = 319,43 daN

Rotational Speed: Np = 109,87 RPM

Shaft Diameter: Shaft diameter: d = 62,77 mm

1X.1.13.3 Bearing Type:

Considering the high radial load and potential for misalignment, spherical roller bearings are

typically suitable for this application.
Bearing Load Capacity

Using the bearing load rating formula:

10/
Lo = (= ’ x 10°
10 — Cp

C: Dynamic load rating of the bearing

C,: Equivalent dynamic bearing load €, = 319,43 daN
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1X.1.13.4 Bearing Selecting:

Figure 16: spherical roller bearings SKF 22215 EK [18]

By using the (Table 24), we got (22215 EK) with the following characteristics:

Dynamic Load Rating C = 217 KN (2170 daN).

Bore Diameter: 75 mm.

Speed Rating: Suitable for 109.87 RPM

1X.1.13.5 Calculations for Bearing Life:

10/
Lo=(£) " x 108
10 — C

p

X 106 = 593 x 10°

10/
L = ( 2170 ) 3
1071319,43

Lo = 593 x 10°

Lion = (

c )10/3
—_— X

Cp

43
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2170 \ /3 106
o = ( ) — 90070 hour

319.43) 60 x 109,87

Lion = 90070 hour

1X.1.13.6  Plummer block housings:

Plummer block housings are designed to work with specific bearing types and sizes.

Figure 17: Plummer block housings SKF SNL 515-612 [18]

1X.1.13.7 Specifications for the SNL 515-612 Housing:
Suitable for Shaft Diameter: Typically for 75 mm, with adapter sleeve to fit 62,77 mm

Bearing Compatibility: Designed to accommodate bearings like the 22215 EK series [18]
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1X.1.13.8  Adapter Sleeve SKF HA 315 (for fitting the bearing on the shaft):

Figure 18: adapter sleeve SKF HA 315

To fit the 75 mm bore bearing onto the 62,77 mm shaft, an adapter sleeve is necessary. We chose

the (HA 315) adapter sleeve, which can accommodate minor differences in shaft size.

The (SKF SNL 515-612) Plummer block housing with the (SKF 22215 EK) spherical roller
bearing and (SKF HA 315) adapter sleeve is suited for our application. This configuration
assures that the bearing can take the needed load, speed, and any misalignment, while the

housing offers sturdy support for the assembly [18].

1X.2 Return pulley:

1X.2.1 Sizing of the Return pulley:
From (Table 23) we have:

Dpout = 315 mm

Dpine = 299,25 mm
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1X.2.2 Return Pulley mass calculation:

mt = P X Vt
We chose XC38 steel with the following characteristics:
Mass Density: P = 7850 kg / m3

Yield Strength: 580 X 106N / m?
i 2 2
Ve = Z (DRint - DRout) X L

3,

V. =
t™ 4

V,=7,21x10"3m3

Where:

L: length of the pulley

Dgout: the outer diameter = 315 mm
Dpint: the internal diameter = 299,25 mm
m, =P XV,

m; = 7850 X 7,21 X 1073 = 56,59 kg
m; = 56,59 kg

1X.2.3 Pulley weight calculation (q,):
(See Figure 14)

Qe =my X G
q: = 56,59 X 9,81 = 555,14 daN
q: = 555,14 daN

1X.2.4 Resultant of tensions (C,):

Cp = V(Ts +Tp)? + (q,)?
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C, = /(109,41 + 529,86)2 + (555,14)% = 846,66 daN
C, = 846,66 daN

1X.2.5 The bending moment (My):

ag: distance between supports and pulley flanges.

a, =317, 5mm=0,3175m

Mf:?XClg

846,66
Mf =

%X 0,3175 =134,4daN.m

M; = 134,4 daN.m

1X.2.6 Rotation speed of the return pulley calculation:

V' x 1000 x 60
R=

Drout X 1

Where:

Np: rotation speed of the drive pulley (RPM)
V: belt speed (m / s)

Dproye: Diameter of Pulley (mm)

_2,3x1000 x 60

Ny = 315 x 3,14 = 139,52RPM
Ny = 139,52 RPM
1X.2.7 Torsional moment (M,;):
M, = P X 954,9
t — N )
Where:

P: absorbed power in kW
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Np: rotation speed of the return pulley (RPM)

)

t = 13952

X 9549 = 22,44 daN.m

M, =22,44daN.m

1X.2.8 Ideal bending moment (M y):

We can now determine the ideal bending moment:

My = J(Mf)z +0,75 + (M,)?

Mi; = /(134,4)2 + 0,75 + (22,44)% = 135,83 daN.m
M = 135,83 daN.m

1X.2.9 Allowable Stress for XC38 Steel:
Yield strength for XC38 steel: 580 X 10N / m?

Safety Factor (FS): Typically, for mechanical applications, a safety factor of 2 to 3 is used. For

this example, we will use a safety factor of 2,5.

580 x 10° 2
Oamm = ¢ = 2,32 daN / mm

Oamm = 2,32 daN / mm?

1X.2.10 Calculation of the pulley Shaft Diameter:

M;r X 1000
w=———
Jamm
135,83 x 1000 3
w = = 58547,41 mm

2,32

w = 58547,41 mm?3

3|lw X 32
d:’
T
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=84,18 mm

3/58547,41 x 32
3,14

d=84,18 mm
the Return pulley Shaft Diameter is: d = 84,18 mm

1X.2.11 Bearings:

1X.2.11.1 1Selecting Appropriate Bearings for Return Pulley:
Based on the (Table 25), the bearing selection method is as follows:

1X.2.11.2 Bearing Selection Criteria
Radial Load Calculation: Total load acting on the bearing: €, = 846,66 daN

Rotational Speed: Np = 139,52 RPM
Shaft Diameter: Shaft diameter: d = 84,18 mm

1X.2.11.3 Bearing Type:
Considering the high radial load and potential for misalignment, spherical roller bearings are

typically suitable for this application.
Bearing Load Capacity

Using the bearing load rating formula:

c 10/3
Lio=|— x 10
o= (c)

C: Dynamic load rating of the bearing

C,: Equivalent dynamic bearing load C, = 846,66 daN
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1X.2.11.4 Bearing Selecting:

Figure 19: spherical roller bearings SKF 22219 EK [18]
By using (Table 25), we got (22219 EK) with the following characteristics [18]:

Dynamic Load Rating C = 393 KN (3930 daN).
Bore Diameter: 95 mm.

Speed Rating: Suitable for 139.52 RPM.

1X.2.11.5 Calculations for Bearing Life:

10/
L ¢ ’ 106
=\|— X
10 C

p

10/3

L —(3930) X 10% = 166 x 106
107 1846,66 B

Lio = 166 x 10°

10
I /3 106
Lion =\ = X

C, 60 X Ny
_ ( 3930 )10/3 2% 9920k
10n = \846 66 60 X 13952 our
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Lion = 19929 hour

1X.2.11.6 Plummer block housings:

Plummer block housings are designed to work with specific bearing types and sizes.

1X.2.11.6.1 Specifications for the FSNL 519-616 Housing:

Figure 20: Plummer block housings FSNL 519-616 [18]
Suitable for Shaft Diameter: Typically for 95 mm, with adapter sleeve to fit 84.18 mm

Bearing Compatibility: Designed to accommodate bearings like the 22219 EK series
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1X.2.11.7 Adapter Sleeve H 319 (for fitting the bearing on the shaft):

Figure 21: adapter sleeve H 319 [18]

To fit the 95 mm bore bearing onto the 84.18 mm shaft, an adapter sleeve is necessary. We chose

the (H 319) adapter sleeve, which can accommodate minor differences in shaft size.

The (SKF FSNL 519-616) Plummer block housing with the (SKF 22219 EK) spherical roller
bearing and (SKF H 319) adapter sleeve is suited for our application [18]. This configuration
assures that the bearing can take the needed load, speed, and any misalignment, while the

housing offers sturdy support for the assembly [18].

52



Chapter lI Belt Conveyor Study

X Motor and gearbox and coupling:

X.1 Selecting the Motor:

In order to select the suitable motor, it is essential to have information regarding the power

requirement, conveyor speed, and torque.

X.2 Calculate the Required Torque

P x 9550
T=——

N
N m

T the torque in Newton-meters (Nm)
P: the power in kilowatts (kw) P = 3,28 kw
N': the rotational speed in revolutions per minute (RPM) N = 109,87 RPM

9550: is a constant that comes from converting the units to get torque in (Nm) when power is in

(kw) and speed is in (RPM).

3,28 9550

10987 =285,1Nm
T =2851Nm

We recommend using a motor with a slightly greater power rating to ensure security and manage

any unexpected increases in load. A motor with a power output of 4 (kw) would be suitable.

According to (table 26), we find that (DRN 112M 4) meets our requirements with the following

characteristics [19]:
P: the power in kilowatts (kw) P = 4 kw

N': the rotational speed in revolutions per minute (RPM) N = 1464 RPM

X.3 Select the Gearbox (Reducer):

Gear Ratio: The gearbox should lower the motor speed to the desired conveyor speed.

the motor speed is Ny, = 1464 RPM
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Np: rotation speed of the drive pulley N, = 109,87 (RPM)

) Ny
Gear Ratio = —
Np

4
=13,32
109,87 33

Gear Ratio =

Table 27 reveals that (R57) [20], meets our needs with the following properties:
When used with the motor selected (DRN 112M 4) we got:
T: the torque in Newton-meters T = 430 Nm

exceeds our requirement of 285,1 Nm.

X.4 Coupling:

A coupling is a mechanical device used to connect two shafts for power transmission,
accommodating various degrees of alignment accuracy and torque requirements by being either
rigid or flexible [21]. In this context, the motor acts as the driving side, while the gearbox and
pulley constitute the driven side. Notably, couplings do not transfer the motor's heat to the driven

side, thus preventing thermal damage.

Moreover, couplings absorb shock and vibration, thereby protecting surrounding components
from potential damage. They are essential for connecting separately manufactured units, such as
a motor and a generator, addressing shaft misalignment [22], providing mechanical flexibility,
and mitigating the transmission of shock loads between shafts. Additionally, they offer protection

against overloads, ensuring the longevity and reliability of the system [23].
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Figure 22: RINGFEDER GWB AK [24]

Bellows couplings are flexible coupling with twin coupling ends called hubs. These couplings
have excellent torsional rigidity to accurately transmit velocity, angular position, and torque.

They are usually made up of stainless steel.

L+2 Sectional view

(I OIT
LLFJ[L I

o O g5 S Bl — It ¥ L1 .= g &
sl ||| | bz
— 7] S =
T e
/// AT AE . \\\
c L4 Dgy I1SO 4017

L1

Figure 23: RINGFEDER GWB AK Sectional view [24]
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Bellows coupling consists of thin walls and has minor flexibility angular, axial, or parallel

misalignment.

According to (table 28a) we confirmed that the RINGFEDER GWB AK Size 800 can
accommodate diameters in the range of 30-70 mm, which covers both the gearbox shaft diameter

(d = 35 mm) [20], and the pulley shaft diameter (d = 62,77 mm).

Gearbox torque : T = 430 Nm.

Safety Margin: At least 1.5 times gearbox torque.

Required Torque: 430 Nm X 1,5 = 645 Nm.

According to (table 28b) the selected size 800 give us T = 800 Nm
645 Nm < 800 Nm

The torque capacity of 800 Nm for size 800 is greater than the required 645 Nm, ensuring safety.

X| Conclusion:

The foundation of our concept is a thorough examination of the specifications of the
drum, roller, and motor mechanisms to create a belt conveyor system specifically for transporting
salt. We have created an efficient, dependable, and secure conveyor system by incorporating
accurate calculations, evaluating operating needs, and carefully choosing components. This
system is specifically developed to satisty the needs of salt transportation and is also engineered
to provide long-term endurance and effective load control. By implementing this comprehensive
strategy, we have complete confidence in the capability of our conveyor system to efficiently and

cost-effectively fulfill the requirements of salt transportation.

56






Chapter Il SolidWorks Simulation

| Introduction:

Industrial drafting is crucial to transforming an idea into a finished product, whether by manual
or computer-aided design (CAD and CAC). This universal language, subject to rigorous
standards defined by the International Organization for Standardization (ISO), is widely used by

technicians and engineers.

Il CAD (Computer-Aided Design):

CAD digitizes traditional drawing tools such as rulers, compasses, erasers, and squares,
modernizing them. It enables users to modify drawings, analyze geometric features (such as

coordinates, centers of gravity, and distances), and take precise measurements at any time.

111 CAC (Computer-Aided Conception):

CAC offers advanced design tools, enabling not only kinematic simulations but also the
archiving of company knowledge in CAC libraries. It also enables strength-of-materials

calculations, allowing designs to be validated prior to the manufacturing phase.

IV SolidWorks:

SolidWorks is an automated mechanical design software widely used by students, designers,
engineers, and other professionals. It enables the creation and experimentation of 3D models of
parts, assemblies, and drawings, providing precise visualization of models in all three

dimensions as they would appear after manufacture.

V.1 SolidWorks components:

Parts: The basic elements of any design.

Assemblies: Compositions of several parts to form more complex mechanisms or structures.

Drawings: Detailed representations of parts and assemblies for manufacturing.

58



Chapter Il SolidWorks Simulation

1VV.2 SolidWorks Simulation:

SolidWorks Simulation is a set of structural analysis tools using the Finite Element Analysis
(FEA) method to predict the actual physical behavior of a product by virtually testing CAD

models.

Features include dynamic and static, linear and non-linear analyses, covering various studies

such as:

Static: The study of forces and moments in a stationary structure.
Frequential: Analysis of natural frequencies and vibration modes.
Buckling: Testing structural stability under load.

Thermal: Study of the effects of temperature on materials.

Drop test: Simulation of impacts in the event of a drop.

Fatigue: Predict the material's service life after repeated loading.

Dynamics: Analysis of behavior under dynamic loads (modal, harmonic, spectral, random).
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Chapter IV Realization of Prototype

| Introduction

In this chapter dedicated to the implementation of the belt conveyor, we will detail the practical
and operational steps necessary to transform theoretical plans into a functional and efficient
system. This crucial part of the project involves various activities, from the fabrication of
components to final testing and commissioning. Below is a description of the main practical and

operational steps:

Il 1- Component Fabrication

Material Selection:

Choosing appropriate materials for each component based on design specifications.
11.1.1 Part Manufacturing:

Cutting, forming, and welding metal parts.

Producing drums, rollers, and supports for the conveyor belt.

11.1.2 Manufacturing the conveyor belt from rubber or PVC as needed.

11 2- Assembly

I11.1 Pre-assembly:

Pre-assembling sub-assemblies (frame, drums, rollers, etc.) in the workshop to check fits and

tolerances.

I11.2 Final Assembly:

Assembling sub-assemblies to form the complete conveyor.
Installing the conveyor belt on drums and rollers.

Attaching motors, speed reducers, and other mechanical components.
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Chapter IV Realization of Prototype

Figure 02: The power source (power supply, speed controller, motor)
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Chapter IV Realization of Prototype
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Figure 04: Bottom View
IV 3- On-Site Installation

V.1 Site Preparation:

Preparing the ground and support structures to accommodate the conveyor.
Checking the alignment and levelness of supports.

1V.2 Conveyor Installation:

Transporting assembled components to the installation site.

Positioning and securing the conveyor on the support structures.

Connecting electrical and control systems.
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Chapter IV Realization of Prototype

V 4- Testing and Adjustments

V.1 Operational Testing:

Initial startup to check mechanical and electrical operations.

Observing belt movement and material transport to detect any potential issues.
V.2 Fine Adjustments:

Adjusting belt tension, alignment, and speeds.

Correcting malfunctions and optimizing performance.
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General Conclusion

Throughout the duration of our internship at the salt factory, our main objective has been
to study in detail all the main components of the conveyor belt. With this aim in mind, we
favored the use of standardized or prefabricated elements to minimize the installation costs. Our
in-depth analysis has revealed that the conveyor belt is a complex system, subject to multiple
factors influencing its optimal functioning and durability. Consequently, it requires continuous

monitoring and rigorous maintenance to minimize breakdowns and unforeseen costs.

Furthermore, we have identified the calculation of the metal structure as an area that
could be the subject of a complementary project. Solid knowledge of metal construction and soil
science is necessary to successfully carry out this task. Further study could allow us to explore
the possibility of increasing the conveyor's throughput by considering modifications such as
installing a multiple-roller chute or increasing speed. These adjustments could have a significant

impact on the various parameters associated with the conveyor's operation.

In addition to these technical considerations, it is important to emphasize the importance
of careful planning and effective coordination among the various departments involved in the
design, implementation, and maintenance of the conveyor belt. An integrated approach,
involving experts in mechanical, electrical, and hydraulic engineering, as well as maintenance
management specialists, is essential to ensure the continuous proper functioning of the

installation.

Proactive risk management, including a thorough analysis of potential failures and the
implementation of appropriate preventive measures, is also essential to minimize production

interruptions and unforeseen costs associated with breakdowns.

Furthermore, the adoption of advanced monitoring and diagnostic technologies, such as
smart sensors and telemetry systems, can enable early detection of anomalies and optimization of

the conveyor's operational performance.

Finally, it is worth noting the evolving nature of this field, where technological advances

and constant innovations continually offer new improvement opportunities. Active technological
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surveillance and a culture of innovation within the company are therefore essential to remain

competitive in an ever-changing market.
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Appendix

Table 01: Physical properties of materials [15]

Type Avarage specific waight as Angle Abrasive - Corrosive -
’ t/m? Ibs. /CuFt ‘ of reposa ness ness
Quartz 40 mm to 80 mm lumps 1,36-1,562 B5:05 C A
Quanz, dust 1,12-1,28 70-80 G A
Quartz, 13 mm screening 1,28-1,44 80-90 (o} A
Rubber, pelietized 0,80-0,88 50-65 35* A A
Rubber, reclaim 0,40-0,48 25-30 32° A A
Sall, common dry, coarse 0,64-0,88 40-55 B B
Sall, common dry, fing 1,12-1,28 70-80 25" B B
Sand, damp 1,76-2,08 110130 45" 8] A
Sand, dry 1,44-1,76 90-110 35" C A
A: non-abrasive/non-corrosive
B: mildly abrasive/mildly corrosive
C: very abrasive/very corrosive
Table 02: Maximum speeds advised [15]
Lump size Belt
max. dimensions min. width max. speed
uniform mixed A B . Cc ‘ D
up to mm up to mm mm
50 100 400
2.5 2.3 2 1.65
B 150 500 =
125 200 650 3 2.75 2.38 2
170 300 800 35 32 2.75 2.35
<00 i 1000 4 365 315 2,65
350 500 1200
400 600 1400 45 4 35 3
450 650 1600
500 700 1800 . e o ;
550 750 2000 ' '
600 800 2200 6 5 4.5 4
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Table 03: Loaded volume with 3 roll troughing sets V =1 (m / s) [15]

Belt
width
mm

650

1000

Angle of
surcharge
B
50
10°
20°
25°
30°
56
1 0\'-
20°
25°

30°

5o
10¢
207
25°
30°

VT m®¥h

A=20°

80.3
94.4
123

138
153

1259
1481
1935

217
241.2

207.5
243.2

316
3563.7
3925

N'/«.=25°

94.14
108
136
150
165

148.1
169.5
2133
235.9
259.3

2441
278.4
348.5
384.8

422.2

76

107.2
125
147

160
175

168.2
188.7

230
262.2
274.6

2771
309.8
376.7
411.4

447

118.6
131
156.3
169
182

186
205.4
2451
265.7
286.9

306.1
3371
400.4
4331
466.9

136.3
1471
169.3
180

192.7

213.8
230.8
265.6
283.6
302.2

351
377.9
433
461.4
490.8



Table 04: Rubber Belt data sheet (EP 400/3 3:1,5) [16]
Belt Construction

Nt

v

Fabric material Polyester/ Polyamide

8.40 kg/m2 1.721 lbs/ft2

n

Minimum temperature
Maximu ¢
Maximum width 2600 mm

a4



Table 05: Recommended roller diameter [15]

Belt
width
mm
500
650
800
1000
1200
1400
1600
1800
2000
2200 and more

| For speed
=2m/s

@ roller mm
- 89

89

89 108
108 133
108 133
133 159
133 159
159 159
159 194
194

194

|2+ 4m/s
| @ roller mm
89
89 108
89 108
108 133
108 133
133 159
133 159
159 194
159 194
194

Table 06: Maximum advised pitch of troughing sets [15]
Pitch of sets

Belt
width

mm

300
400
500
650
800

1000

1200

1400

1600

1800

2000

2200

upper

| specific weight of conveyed material t/m?®

< 12

m

1.65

1.50
1.35
1.20

1.00

12 + 20

m

1.50

1.35
1.20
1.00

0.80

>2.0
m

1.40

1.25
1.10
0.80

0.70

78

133

159

194

>4 m/s

133
133
133
133
133

159
194

lower

3.0

3.0

@ roller mm

159
159
159
159

194

194



Table 07: Participation factor (F) [15]
0° 20° 20° 30° 35° 45° 30°-45° | 60°

ol | & % | i 2 | & lzs | 4

1.00 0.50 0.60 0.65 0.67 0.72 ~0.52-0.60 0.47

Shorter 5 rollers
central roller  garland

Table 08: Shock factor (Fy) [15]

Lump size Belt speed m/s

2 |25 |3 | 35 | 4 |5 6
0+ 100 mm 1 AL 1 1 1 1 1
100 + 150 mm 102 103 105 107 109 1.13 1.18

150 = 300 mm 104 106 109 1.12 116 124 1383
with layers of fine material

150 = 300 mm 106 109 112 1.16 1.21 135 150
without layers of fine material

300 + 450 mm 120 132 150 1.70 190 230 280

Table 09: Service factors (Fy) [15]

Working life ’ Fs

Less than 6 hours per day 0.8
From 6 to 9 hours per day 18]
From 10 to 16 hours per day 1.1
Over 16 hours per day 1152
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Table 10: Environmental factors (F,,) [15]

Conditions

Clean and with regular
maintenance

Presence of abrasive or

corrosive materials

Presence of very abrasive or
very corrosive materials

Table 11: Speed factors (F,,) [15]

Belt speed
m/s
0.5
1.0
1)
2.0
2.5
3.0
3.5
4.0
4.5
5.0

Roller diameter mm

60

0.81
0.92
0.99
1.05

‘76

0.80
0.87
0.99
1.00

18990 | 102

0.80  0.80
085  0.83
0.92 0.89
096 095
101 098
1.05 1.03

80

Fm

0:9

1.1

108-110|133-140 159

0.80
0.82
0.88
0.94
0.97
1.01
1.04
1.07
1.14
1.47

0.80
0.80
0.85
0.90
0.93
0.96
1.00
1.03
1.05
1.08

0.80
0.80
0.82
0.86
0.91
0.92
0.96
0.99
1.02
1.00



Table 12: Rollers series PSV/1-FHD [15]

@89 N

Bearing 6204

ROXarx 4y

commg'a
L]
- N
OO

Table 13: Capacity of standard transom [15]

belt width

mm
300
400
500
650

800

1000

belt roller
width dimensions Iweight load capacity
mm mm Kg daN
SO NETS | "<Mnu Dt e Vs
_— e Sav O c A pats  tots 05 1 15 2 25 o
400 160 168 186 1.7 22 226 179 157 142 132 124
300 500 200 208 226 20 25 226 179 157 142 132 124
400 650 250 258 276 23 30 226 179 157 142 132 124
500 800 315 323 341 27 36 226 179 157 142 132 124
300 650 1000 380 388 406 31 41 226 179 157 142 132 124
800 1200 465 473 49 3.7 49 226 179 157 142 132 124
400 500 508 526 39 52 226 179 157 142 132 124
1400 530 538 556 41 55 228 179 157 142 132 124
500 1000 600 608 626 46 641 204 179 157 142 132 124
1200 700 708 726 52 7.0 173 173 157 142 132 124
650 750 758 776 55 74 161 161 157 142 132 124
1400 800 808 826 58 7.9 150 150 150 142 132 124
800 950 058 976 68 92 126 126 126 126 126 124
1000 1150 1158 1176 81 110 104 104 104 104 104 104
1200 1400 1408 1426 97 132 85 B85 85 B85 8 8
1400 16800 1608 1626 110 150 75 7 75 75 75 75
Tha indicansd oad cpactly naites 10 @ proect working s of 30,000 hours.
type of transom and diameter of suitable rollers
A2 S-20° A3 L-30° A3 M-30°
(N o) (o)
©60+110 @ 76+110 ©89+110 @ 133+140
Kg
338
286 286
205 247 247 247
167 205 205 205
354 354
167 167 289 289
460 460
244 244
388 388
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Table 14: Transom A3 M-30° [15]

belt roller transom
order weight
codes width @ C ch | capacily H K e Q E without rofiers
mm mm Kg mm Kg
A3 M 1/3A 500 208 247 135 292 740 800 6.0
A3 M 1/3E 650 258 205 135 317 890 950 6.7
A3 M /22 g 354 135 317 890 950 8.1
AIM13K 800 @ 323 § 289 140 354 109 1150 107
A3 M /24 o « 460 140 354 1090 1150 13.3
A3M1/3P 1000 @ 388 244 140 387 1290 1350 12.2
A3M /28 8l 388 140 387 1290 1350 15.1
A3M1/3J 1200 473 204 140 429 1540 1600 14.0
A3 M /32 325 140 429 1540 1600 174

Table 15: Programme of transoms and brackets [15]
Series Arrangements Descriptions

A2S ¢ upper transom for two rollers

A3 L 30°
A3 M 300

{—DJ
A3P (o s ]

A3S 35

upper transom for three rollers

SPT 1657 - 1660 upper brackets for one roller
SPT 070 J U
SPT 1795

SPT 1478 - 1490 lower return brackets for plain roller

SPT 243 R a
SPT 1495
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Table 16: Support brackets SPT 1478 [15]
roller

belt

width

mm

300
400

()

SPT 1478:60 = 133

SPT 1490: 60 + 180

Cc

~N O § w
& 8 8 &
SPT 1490; 14 - 18 - 22

£

1158

2

ch |H

SPT 1478: 14 -17

SPT 1478
mm

70
70
70
70
70
70
70
70

SPT 1480

100
100
100
100
100
100
100
100

83

520
640
740
890
1090
1290
1540
1740

wedght of

two brackets

without rollers

SPT 1478 SPT 1460

Kg
0.7 1.5
0.7 15
0.7 1.5
0.7 1.5
0.7 1.5
0.7 1.5
0.7 1.5
0.7 1.5



Table 17: Coefficient of fixed resistance (Cg4) [15]

Centres Cq
m
10 4.5
20 3.2
30 2.6
40 22
50 2.1
60 2.0
80 1.8
100 1.7
150 1.5
200 1.4
250 1.3
300 1.2
400 1.1
500 1.05
1000 1.03
Table 18: Coefficient of passive resistance given by temperature (C,) [15]
Temperature °C + 20° + 10° 0 -10° 20° - 30°
Fattore Ct 1 1,01 1,04 1,10 1,16 1,27
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Table 19: Coefficient of internal friction (f) of materials and of the rotating parts [15]

Horizontal belt conveyor speed m/s
rising and gently falling

1 2 ’ 3 |4 |5 ‘ 6

Rotating parts and material

with standard internal friction  0,0160  0,0165  0,0170 0,0180  0,0200 0,0220

Rotating parts and material

with high internal friction in from 0’023 to 0'027
difficult working conditions

Rotating parts of a conveyor

in descent with a brake from 0,012 to 0,016

motor

Table 20: Weight of rotating parts of the rollers (upper/lower) [15]

Belt
width

mm

400
500
650
800

1000

1200

1400

1600

1800

2000

2200

Roller diameter mm

89 108 133 159 194

Pprs Ppri. Pprs Ppri| Pprs Ppri| Pprs Ppri| Pprs Ppri
Kg

5.1 Oal (=
9.1 6.
10.4 e 16.0 114 —
11.7 91 178 133 235 175
20.3 15.7 26.7 207 -—
292 232 -
31.8 258 -
47.2 38.7 70.5 555
508 422 753 60.1
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Table 21: Wrap factor (C,,) [15]

Drive Angle of
arrangement wrap
180°

e = T1

_®

T2

200°

210°

&)
T2 240°

380°

420°
T2

tension unit or counterweight
pulley

unlagged lagged
0.84 0.50
0.72 0.42
0.66 0.38
0.62 0.35
0.54 0.30
0.23 0.11
0.18 0.08
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1.20

1.00
0.95
0.90
0.80

iscrew tension unit
| pulley
! unlagged

’ lagged

0.80

0.75
0.70
0.65
0.60



Table 22: Minimum pulley diameters recommended [15]

Belt breaking
load

N/mm

200
250
315
400
500
630
800

1000

1250

1600

2000

2500

3150

| Belt with textile core EP

DIN 22102

'@ motorised retum

:puney pulley
‘mm
200 160
250 200
315 250
400 315
500 400
630 500
800 630
1000 800
1250 1000
1400 1250

87

direction
change

drum

125
160
200
250
315
400
500
630
800
1000

Belt with steel core ST

DIN 22131
© motorised return
pulley
mm
630 500
630 500
800 630
1000 800
1000 800
1250 1000
1250 1000

pulley ‘

direction
change

pulley

315
315
400

630
630



Table 23: Standard drum dimensions[17]
Belt width Ferrule Pulley Bearing Reducer
| length diameter diameter A C diameter M N
L % DE @ D2 ? D4
200 40 1214 1344 38
1214 1344 38
1225 1365 48
1245 1415 60
1225 1365 48
1245 1415 60
1275 1465 75
1225 1365 48
1245 1415 60
1275 1465 75
1245 1415 60
1275 1465 75
1301 1521 95
80 1275 1465 75
630 100 1301 1521 95
125 1337 1587 120
100 1301 1521 95
800 125 1337 1587 120
160 1376 1746 150

250

o
-
o

800 950

BRERZBRJRB8S

=i
<o
(=]

(uonduosaid Janddns xogmeb 0] Buipioaoe)
(uondunsaid senddns xoqeeal o) Buipioooe)

Table 24: SNL series for bearings on an adapter sleeve, with standard seals [18]

v s uppeonting yaare v et

vvvvv

FEOL S16642 + D225 K A IS K [ 1% 5
FEMLA16-605 + 136X « MA NG [ [hi w Wz w A
FEAL A1B-64S & RIS EC A ans 14z w3 wa =
FENL B10-45  RPIIE 0K + HAZILS sty 43 w3 0] 2]
FERAL S16-45 « BRIS K « M 2016 f.

FENL ALB-G1S + 0213 K « MA ZX1S (L e e

DAL SIS4A0 + LILA K« HAZLS s us

SAL 15612 ¢ J2U8 EXTHE ¢ HASLS (LR 1s 2 & >
TAL 815612 # Z2218 £ ¢ HA 315 s

SAL NI4T ¢ CIRIS K« MASISE LAy ns

SALNIB-A18 4 CIIBK ¢ HA XIS e 143 ua

FIALAIV-Sib v 2D K e Y

FEAL SI9000 « 2229 EM o 1 29
FENL 819804 = 22779 EX » M 1Y
FINL S22 4LV * IR9E s HED

FEALAR ALY » 213 EX s M 3V

7 F 2R B B

PERL S22 ALY« 22UVEC - 201}
PEAL A22ALY * 219X « ¥ 231V

FEALS2E 010 = 239K « M 2537

2
o

L SIEs + 1218 K- 1Y LC0 s ER 1 s
EML 519800 + 2009 K o 20 £
o

SO SI940A + 252D DX 20
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Table 26: SEW-EURODRIVE DRN Motors [19]
4-pole DRN.. motors/brakemotors for 400 V, 50 Hz, IE3

DRN.. motor Py M., Ny m Jnot BE.. Zs My Mg Juer o=
type BG
BGE
kW Nm pm kg 10* kgm? 1/h Nm kg 10* kgm?
DRN 80M 4 075 | 495 | 1440 14 247 BE1 3200 10 18 262
8200
DRN 90S 4 1.1 7.2 1455 20 54 BE2 2300 14 24 587
6000
DRN 90L 4 15 a8 | 1461 23 67.2 BE2 2200 20 27 719
5800
DRN100LS4 | 22 | 145 | 1450 27 814 BES - 28 a3 87.4
6100
DRN 100L 4 3 197 | 1456 34 112 BES - 40 40 118
3700
DRN 112M 4 4 26 1464 45 178 BES - 55 52 183
o = 2900
DRN132S4 | 55 36 1461 56 241 BE11 S 80 7 251
2100
DRN132M4 | 75 49 1468 73 381 BE11 . 110 91 403
1100
DRN 132L 4 92 60 1470 81 439 BE20 - 150 110 490
980
DRN 160M 4 11 7 1473 115 817 BE20 - 150 145 877
00
DRN 160L 4 15 97 1474 130 1040 BE20 - 200 165 1100
800
Table 27: SEW-EURODRIVE R57 Gearbox [20]
R57, n, = 1400 min™, M, ..,/Nm 450 Nm
i N (Miue Fu' | @ AMS. ;
min® | Nm | N : 83 71 | 80 90 100 112 | 132s/m
282
439 | 319 | 280 | 1900 | 10 81 106 205 260 280
505 | 277 | 305 | 1730 | 10 a3 a3 93 122 230 300 305
582 | 241 | 320 | 1820 | 10 a8 38 107 141 260 320 320
| 641 | 218 | 335 | 1770 | 9 42 42 118 155 280 335 335
| 753 | 186 | 350 | 1950 | 9 49 49 139 173 315 350 350
797 | 176 | 355 | 2020 | 9 52 52 148 176 330 355 355
906 | 155 | 375 | 2010 | 9 80 60 168 181 355 375
935 | 150 | 370 | 3180 | 7 61 61 173 225 a70 a70 370
1078 | 130 | 390 | 3330 | 7 70 70 200 260 ago 390 390
1188 | 118 | 405 | 3430 | 7 78 78 220 285 405 405 405
1395 | 100 | 430 | 3610 | 7 92 92 255 320 430 430 430
1477 | 95 | 435 | 3690 | 7 97 97 270° 325 435 435 435
1679 | 83 | 450 | 3860 | 7 11 111 310 335 450 450
1860 | 75 | 450 | 4050 | 7 123 123 335 245 450 450
2193 | 64 | 450 | 4370 | 7 146 146 350 360 450
2499 | 56 | 450 | 4640 | 6 166 166 aro 375
2631 | 53 | 450 | 4750 | 6 175 175 370 380
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Table 28a: RINGFEDER GWB AK [24]

mm mm mm mm mm mm mm mm
o I 3 4 % % 5 m 155 B
@ & i | ns & ] 5 15 T
o wH 51 15-% E ) » R am
15 W 51 | Bm n ] i e wm
2% e 5% . 15-2 o %0 ) 105 W
] a1 TS | B 1 1 B 0 ST
500 /13 Ve | Hn-5 7 19 Kl V105 T2
0 m 100 | @ 151 18 ] 190 118
10 m 2100 %-1 1§ 0 @ e "e
300 10 100125 ] -8 19 19 [ m 11
500 19 100125 - P b B m 13

Table 28b: RINGFEDER GWB AK [24]

Nm t/min |10 Nm/rad| N/mm N/ men mm degres mm 10 3%kgm? mem Nm kg

0 % 11000 S T 00 2403 s 1s2 a5 Gx 4 ] (b}

21 n 910 w80 1100330 LI 0405 s 0142 oM 61 NB 85 0AR2

21 L] o 1305 12001400 0% 0405 15 02 055 62 NE 10 0346

15 13 0o 1510 050 15038 0405 V15 02 058 Gx ME " 0316

0 b} 5200 1m1x 2048 15038 0405 s 0 w Gz M6 " 1085
m i) 5200 JIRE0N70 | S300NM500 | 23G/7H0150 0405 15 02 kY G2 ME 18 1316
12 m L] 21 001000 100135 asng s [ M 51 Gx ME % M8
m m 3o T0 510 10 1 15 02 %10 BxMI§ 0 sane
Hm oo 0 1300 0 o] 1 15 02 %10 Fx Mg 0 N2
30 30 24500 250 8060 L) i 15 0z B SxN16 1% WS
5000 5000 20 4300 nn L 10 15 02 15N SxNIG 2 M3
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