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Sammanfattning 
Vid Sandviks fabrik för hårdmetallskär i São Paulo, Brasilien finns ett behov av att 
förbättra transporten av produkterna mellan fabriken och lagret. Detta ska lösas med någon 
typ av självgående fordon. För att i en nära framtid ska troligtvis ett sådant system 
installeras för att transportera skären inne i fabriken, och med detta projekt vill man skaffa 
sig erfarenhet av tekniken. I den här rapporten ges en presentation av fabriken och av 
självgående fordon. En kravspecifikation tas fram för systemet och med hjälp av den kan 
den lämpligaste tekniken väljas. Den slutgiltiga lösningen använder ett fordon av ”unit 
load” typ, som bär lasten på det egna chassiet. Fordonet navigerar genom att följa 
magnetfältet från en strömförande kabel, nerlagd i marken. 
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Abstract 
 
At the plant of Sandvik do Brasil in São Paulo there is a need for improving the transport of 
inserts between the plant building and the stock building. The idea is to install a system 
with an Automated Guided Vehicle (AGV) to take care of this transportation. The purpose 
of this report is to present which demands there are on the system and to find the best 
solution according to the demands.  
To conclude this work a study was made of the plant and the AGV technology was 
examined. Several providers of AGV solutions were contacted to get information about 
prices and detailed solutions. 
The conclusion was that the most suitable system for this application is a small unit load 
vehicle using inductive wire as guiding system. 
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1. Project description 
 
The task in this project is to find a solution of a transportation problem. It is to take 
cardboard boxes with inserts from the plant building to the stock building. In this paper the 
demands on the system are determined and then a suitable solution is presented. The 
vehicles will be bought from a provider, so there is no need to determine the internal 
technology of theirs.  
 
Insert is the name of a small hard metal piece that is used as the cutting part of a milling, 
drilling or turning tool. The size ranges from a few millimeters up to four or five 
centimeters. The daily production of the factory in São Paulo is around 55 000 inserts.    
 
What this report is focused on is determining the most suitable type of vehicle, its interface 
with the factory and the best trajectory. It was already decided that an AGV system would 
be used; this because this project will partly be used to gain experience about the AGV 
technology before making a major investment in the factory. Therefore this paper will be 
focused on finding the best solution with an AGV system and will not consider other 
possibilities.  

1.1 Original Project Description 
 
At the plant of Sandvik do Brasil there is a goal to introduce an AGV in the 
production to handle the transportation of the inserts. The AGV will transport the inserts 
from the final control in the production building to the stock building. 
 
This project will consist of defining the suitable model of AGV to be used for this material 
handling to handle all constraints as irregular terrain, outdoor track, weak pieces, charge 
weight and size. 
 
It will also be necessary to define the track with all stop points as well as decide which 
control system that is most suitable in this case. To match with the goods transported at 
Sandvik it will be necessary to design some sort of box or similar to attach to the vehicle. 
 
After deciding which producer of AGVs that can provide the best solution, the system will 
be installed and tested together with staff from the company until it can be used in 
production. 
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2. Automated Guided Vehicle – An Introduction 
 
Automated Guided Vehicles (AGVs) are today used for all kinds of material handling. 
They are in use in factories, warehouses, laboratories, offices, etc. In this first chapter the 
history and existing technology will be presented to introduce the reader to what is going to 
be the major subject of this report. 

2.1 Background 
 
The first AGVs were constructed in the 50’s and the first generations of AGVs were all 
functioning in the same way. They followed the magnetic field generated by an electric 
wire buried under the floor. Through the wire ran a current and the vehicle was equipped 
with an antenna with two magnetic coils. The antenna was placed so when vehicle was 
straight over the wire the two coils were at equal distances from the wire and an equal 
current would be induced in the two coils. This made the vehicle continue straight; when 
one of the coils had a higher current the vehicle turned.  
 
The first automated guided vehicles had also very similar tasks. More or less all of them 
were used as towing vehicles; they were pulling one or a few trolleys behind themselves. 
They were far from intelligent and could basically just follow the wire and stop at 
predetermined stops. At the stops they were loaded and unloaded manually and also sent 
away to their next station manually.  
 
This was the situation during around 20 years until the development in the area of 
automatic control made it possible to construct more automized vehicles. They started to be 
able to load and unload automatically, and softwares were developed to manage a central 
control of the vehicles. With this kind of technology it was possible to send a vehicle to a 
certain station when necessary and also to have a traffic control, which is a system that 
prevents collisions between the vehicles in crossings. Now the AGV systems started to be 
more independent, and with systems that could load and unload automatically as well as 
demand the vehicles to take different paths depending on where there were goods to get, the 
AGV popularity increased.  
 
In the mid 80’s came the first free-range systems. This means that the vehicles were able 
operate without a physically marked path. A laser scanner was attached to the vehicle and 
reflectors were installed in the area where the vehicles were operating. The vehicle emitted 
laser beams and got a different type of reflection back depending on where it was. Now 
there was no need for putting down wires under the floor anymore so it became much easier 
to change trajectories for the vehicles.  
 
During the last 20 years the development of the automated guided vehicles has been very 
fast. Different types of navigation system has been developed, both free range and fixed 
path. There has also been a great development of the auxiliary systems, such as systems for 
load transfer and automatical battery charging. A modern AGV can nowadays be used for 
almost any kind of transportation task. 
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2.2 System solutions 
 
It is important to see beyond the vehicles when designing an AGV system. As the goal of 
each AGV system is to improve some sort of material handling in a factory, warehouse, 
hospital etc., the vehicles have to work together with their environment. Depending on 
which task the vehicles are going to solve, and the budget of the project, the AGV systems 
can look very different. 
 
The most automized AGV systems of today can take care of all material handling in a 
factory. These systems have extensive software that gives the possibility to follow and 
control the vehicles with a central computer. The central computer communicates with the 
vehicles by wireless network or FM radio and is constantly optimizing the material flow in 
the system. It sends the closest vehicle to pick up goods at a certain spot and prevents 
different vehicles from hitting each other in crossings. The AGV vehicles can start with 
picking up raw material from the right place in the stock and bring it to the site of the first 
process. When the product has passed the first process the AGV system gets the 
information and the control system sends a vehicle to take the products and transport them 
to the next process. In that way the products go through the factory without ever being 
transported manually. The vehicles always know which products they are handling and can, 
for example, put a low priority load in an intermediate stock while they make high priority 
loads go through faster. 
 
This was an example of a use of a modern AGV system in a factory, but these fully 
integrated systems are often used in warehouses as well. 
 
The system described above seems to be the ultimate solution for any factory; having all 
machines connected with AGVs must increase productivity and minimize labor costs. But 
there is always a drawback and here, as in many cases when it is about advanced 
technology, it is the cost. A system like the one above requires expensive control software, 
free-range navigation system and automatic stations for loading and unloading the vehicles. 
It is necessary as well to add the staff that is needed to work with maintenance of the 
system, both of the software and the vehicles.  
 
Therefore, this totally automized solutions are not that common. Many companies realize 
that often the biggest benefits come when using the AGV system for a few really common 
transports, and keep the manual system for the others more rarely used transports. 
 
In a simple AGV system there is just one vehicle that is serving a few stations. The vehicle 
is being loaded manually and then sent away. Then it follows a marked trajectory until the 
next station where it stops and is inactive until it is being loaded or unloaded and sent away 
again.  
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This type of AGV system has some benefits. With just a few stations and a single loop for 
the AGV there is no need for a central control system.  When a simple loop is used instead 
of a total solution it is possible as well to use fixed path navigation systems that normally 
use cheaper components.  
 
Many companies that are using AGVs have solutions in between the two, here described, 
extreme alternatives. In a larger plant both really simple and more advanced systems can be 
used, separated from each other. In general it is here the process starts when planning an 
AGV system; by deciding how automized it is going to be.  

2.3 Vehicles 
 
The vehicles used in an AGV system are many times special made for a certain task, so the 
way they look can vary a lot. There are also big differences in size; some vehicles for 
transportation in laboratories can have a maximum load of a few kilos and others in 
industry can carry more than 30 tons. But, it is still possible to divide the vehicles into a 
few categories. 
 

 
Figure 2.1:  A typical Tow Vehicle from Savant Automation 

 
 
Tow Vehicles 
 
The tow vehicle is the original type of AGV. It is used to strictly transport goods from one 
point to another. This type of vehicles tows their load behind them in a trolley or in several 
trolleys so it gets like a small train. The fact that it is towing its load and not carrying it 
makes it possible for a tow AGV to transport a really big load, especially in volume, with a 
compact vehicle. On the other hand, loading and unloading a system with several trolleys is 
harder to automate, and in general it’s necessary with manual loading and unloading. With 
several trolleys the set get quite a large rotating radius, which is another drawback with this 
type of vehicle. 
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Figure 2.2: A Unit Load Vehicle from Savant Automation 

 
Unit Load Vehicles 
 
The unit load vehicles carry their load on the chassis, and can have a capacity from a few 
kilos up to more than 30 tons. The upper part of the vehicle is often custom made to suit the 
user’s special needs, and it is common as well that an automated system for loading and 
unloading of the vehicle is used.  

 
Figure 2.3: A Fork Truck AGV from FMC Technologies 

Fork Truck 
 
The fork truck AGV works like an automized fork lifter. It can automatically go and pick 
up a pallet at a specified station and deliver it to another part of the factory. In some cases it 
can deliver and pick up load from a specified position in a storage rack. 
  
More types 
 
It is possible to find all kinds of tailor made vehicles. For instace, in the automobile 
industry it is common with assembly line AGVs. This is an AGV that carries for example a 
chassis and passes different stations where new components are being attached until it has a 
complete vehicle. An outdoor application is dockside cranes that also can be automized 
using GPS technology. 
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2.4 Navigation Systems 
 
The navigation system is the system that makes it possible for the vehicle to follow a 
certain path or arrive to a certain point. Nowadays this task can be solved in many different 
ways, but usually the technologies are divided in to two main categories, fixed path and 
free – range. 
 
Fixed Path 
 
The vehicles in a fixed path system follow a path indicated by a physical object of some 
sort. It can be a wire, a magnetic tape, or just a painted line.  Even though the technologies 
can differ a little bit they have a few main characteristics in common. The fact that there is 
a physical object they are following makes it a bit complicated to change a trajectory and 
that makes them less flexible. They can also be hard to use together with a central control 
system that is going to send the vehicles to different stations. Central control is also 
difficult because of the vehicles don’t know where they are on the loop, so they cannot send 
information about this to the central computer. 
 
 

 
Figure 2.4: Picture showing the position of the wire and the antenna 

 
 

Among the fixed path systems the buried wire is the most common and it works as follows. 
Through the wire that is buried a few centimeters below the floor runs an alternating 
current that creates a symmetrical magnetic field around the wire. The vehicles carry an 
antenna with two induction coils that are at equal distances from the wire when the vehicle 
is centered over the wire. At equal distances from the wire the two induction coils will 
travel through a magnetic field with equal strength and therefore the two induction coils 
will induce the same current. If the vehicle is a bit to the left of the wire the induction coil 
to the right will have a higher induced voltage and the vehicle will turn to the right. In that 
way the vehicle will always follow the wire. This technology is very reliable and is one of 
the few AGV navigation systems that work in an outdoor environment. The only thing that 
can disturb this navigation system is metal objects in the ground. If the ground is covered of 
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metal chips, or if there are metal plates in the concrete floor, the magnetic field from the 
wire will be affected.  
 
When using the buried wire technology it is also possible to make the vehicle taking 
different loops by using different frequencies. Each loop has a unique frequency and the 
vehicle has a button for selecting which is the prioritized frequency, this makes it possible 
to send the vehicle to different destinations without a central computer.  
 
 
   
 
 
 
 
 
 
 
 

 
Figure 2.5: Camera used for optical guidance 

 
Figure 2.6: System with three optical 
sensors

 
There are at least two different versions of what is called optical guidance. The most simple 
is by using two or three contrast sensitive sensors, and the other is by using a camera. In 
both cases the trajectory has to be marked on the floor with paint, or with adhesive tape. It 
is marked by a white line on a black bottom, or reversed, to create a significant difference 
in contrast.  
  
The system using the sensors follows the line because the sensor sends a pulse when it 
recognizes a change in contrast, from white to black or from black to white. The sensors are 
put under the vehicle, with some distance in between, so they all should be above the 
centerline when the vehicle is going straight. When the one of the sensors comes outside 
the centerline it sends a pulse to the steering system of the vehicle, and if it is the sensor on 
the left side that sends a pulse the vehicle turns right, and reversed. When two sensors are 
used the vehicle stops when both are outside the centerline, with three sensors the vehicle 
usually stops when the sensor in the middle is outside the line. As the centerline is around 
10 cm wide the vehicle never goes really straight but is moving a few centimeters from side 
to side as it advances. 
 
The optical system with a camera uses the same type of marking on the floor, but with a 
narrower centerline. The camera is placed under the vehicle and is constantly taking 
pictures of the floor. If the vehicle is centered over the marked path the centerline should 
occur in the center of the picture. If it doesn’t, the vehicle can compensate its direction by 
determining which pixels are representing the center line on the most recent image and 
compare with a stored image. As a normal process frequency is 30 images per second, the 
vehicle never goes far between each image and therefore keeps a straighter course than it 
does with the sensor technique. Another difference is that it is possible to select different 
paths with this technology.      
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What is in common for the two optical systems is sensibility. Sunshine on a painted 
concrete floor can give reflections that make it hard for the systems to notice the difference 
in contrast. The sensor technique is the most sensitive; it needs to constantly get the correct 
input or it get off the line and stops. The system with the camera can accept a certain 
number of defective pictures in a row, so it can manage small interruptions and 
contaminations of the line. But still none of the optical systems is recommended for 
outdoor use.    
 
A third alternative of fixed path solution is using an electromagnetic tape. With this 
technology it is possible, not just to make the vehicle follow the path, but to send more 
information to the vehicle. By varying positive and negative polarity in certain orders on 
the tape it is possible to tell the vehicle to change speed, or to take a certain path. This 
technology does not appear to be in use that much and no provider of this technology was 
found in Brazil, so it is not an alternative in this case. 
 
Free Range 
 
The free-range systems don’t require a physically marked path; they are installed so they 
cover a certain area. Inside that area it is then possible to determine which trajectories the 
vehicles are going to use by adding them to a CAD drawing over the area or by using the 
teach - mode of the vehicle. This is one advantage of these systems; that it is relatively easy 
to change a trajectory. Another is that the vehicles know where they are and can give this 
information to the central computer; in that way it is possible to use them efficiently. These 
things are in common for all free range systems as well as their weak point, which is the 
price for the installation.  
 
The Laser System is the most popular in AGV systems that are installed today. With this 
navigation system the vehicle has a stored map in the memory that gives the vehicle 
information about where it can move and where there are fixed objects. Then each vehicle 
has a laser scanner that constantly emits laser beams to be reflected on fixed reflectors at 
walls, pillars etc. These reflectors have a known position by the vehicle, so by using the 
reflection from two, or more, reflectors the vehicle can by simple geometry calculate its 
position. Usually, this system works together with a system for counting wheel revolutions 
and steer angle. In this way the vehicle sets up direction by using the latter system and then 
it calibrates its position on the way with the laser.  
 
Another free ranging system that exists is the Grid System. When using this technique, 
magnets are put under the surface of the floor in the area where the AGVs will move. The 
magnets have a known position by the vehicle so every time the vehicle passes a magnet 
the vehicle can calibrate its position. Together with this system the vehicle uses the same 
type of wheel rotation counter and steer angle control as above.    
 
 
 
 . 
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3. The Plant 
 
Sandvik do Brasil, which is the name of the Brazilian part of the Sandvik Group, has its 
head office in the southern parts of the city São Paulo. In Brazil, Sandvik Group is active in 
the area of tooling production and material technology. It is, for example, providing the big 
Brazilian automotive industry with cutting tools and is also a supplier to the mining 
industry in the country. In total the Sandvik Group has a little bit less than 2000 employees 
in Brazil. 

 
Figure 3.1: The Insert Production Plant 

 
At the same site as the head office is also the factory for production of inserts located. 
Inserts is the group name for various kinds of hard metal pieces those are used as the 
cutting part in tools for milling, turning and drilling etc. An insert can have measurements 
from a few millimeters up to 4 – 5 cm and a weight varying from a few grams up to 150 
grams each. 

  
Figure 3.2: Different types of inserts 

 
The production of inserts starts with a powder that is a mixture of different metals and 
ceramics. The first step in the production is pressing, where the powder is being pressed to 
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the raw shape of the insert. These pieces are very fragile, so the next step in the production 
is hardening in an oven. After the hardening comes grinding, where the inserts get the right 
shape. Many types of inserts pass by more than one grinding process. When the insert has 
got its final shape it moves on to superficial treatment that can be carried out in various 
ways. One common method is blasting. When the inserts have passed all steps in the 
production line they enter in the area that is called final control. Here they pass a last ocular 
check and then they are being packed into cardboard boxes and sent to the stock building. 
 
All these steps in the production are carried out in a new factory building that was 
inaugurated in the end of 2006 and will reach its full capacity in 2010. Then, the production 
is planned to be around 50 -70 % higher than today so this will affect the project with the 
automated guided vehicle. 
 
 The plant has around 170 employees, operators and engineering staff together. In general 
the operators are working in two shifts, so the activities at the factory start at 05.35 in the 
morning and ends at 22.50.  
 
Today, most of the production, 70%, goes straight to central stocks in the U.S or Holland 
and from there it is distributed to the customers in North America and Europe. The 
remaining part is stocked in the stock building next to the factory and from there it is 
distributed to customers in Latin America. The raise in production until 2010 is mainly 
aimed for the markets in North America and Europe, so in 2010 around 85 % of the 
production will go straight to the central stocks. 

3.1 Routines at the Control Area  
 
As the task with the project is to transport the inserts from the final control to the stock 
building is it necessary to study the routines at these two parts a bit more carefully.  
 
From its last production process, which one can vary depending of type, the insert arrives to 
the final control. The final control area is in the same building but separated from the rest of 
the factory by a wall to get a calmer environment.  
 
The inserts enter on circular trays for final control that is carried out visually with 
microscopes. After passing the check they enter a machine called Camila, where they get 
marked and packed in to small plastic boxes. After Camila, the next machine is Labella that 
put labels on the small boxes and put them into cardboard boxes, called cassettes in the 
world of Sandvik.  
 
The operator at the Labella takes the cassettes when they come out from the machine and 
put them on a trolley. Except for the inserts that are aimed for the local stock; they are 
taken out from their cassettes and are transported just in the plastic boxes. This is done 
because they are stocked in the local stock without the boxes, so if they would be sent in 
the cassettes they would just be unpacked immediately. 
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Today there is just one Camila and one Labella machine and in 2010 there will be two of 
each. This will change the layout of the packing area according to “Layout 1” in appendix 
1, but the process will work in the same way as today. One problem with the packing area 
is lack of space. Entering with the AGV vehicles in the control area is not a good 
alternative; the vehicles have to be loaded outside the wall separating the control area and 
the factory. 
 
 

 
Figure 3.3: The trolley used today 

3.2 Transportation 
 
Today the transportation between the final control and the stock building is solved 
manually; usually by two operators who take two trolleys to the stock building when they 
get full. The trolleys that are used today are quite narrow but high. The cassettes are loaded 
with just one row at the width, five at the length and four at the height. In this way around 
40 cassettes are delivered today at each time today.  
 
 The stock is located in a separate building that is separated from the factory by a 15 meter 
wide corridor. In this corridor there is a concrete walking path that is used by staff at the 
plant to go between the parking lot and the factory. The space closest to the factory is used 
for ventilation equipment and reservoirs for machines etc. In the middle of the corridor 
there is a wall that separates the two areas, and the only way to cross the wall between the 
factory and the stock building is through a locked gate. This security measurement is taken 
in order to minimize the risk of theft around the factory. To the stock building come a lot of 
people from outside Sandvik to pick up orders etc., and with this wall and the locked gate 
they have to pass by the main entrance of the area, where there are guards, to reach the 
factory.  
 
When the staff is transporting the inserts from the factory to the stock building they have a 
key, so they can pass through the gate. They walk through the factory and then cross more 
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or less straight over to the stock building. There, they can enter through a big door on the 
backside of the building. Close after the entrance the trolleys are unloaded and the goods 
are separated between goods that go directly to the central stocks abroad and goods for the 
local stock.  

3.3 Routines at the Stock Building 
 
Staff from the stock area takes over the handling of the goods and they start with verifying 
that the received goods match with the orders from client. Then goods for the central stocks 
are taken out to the shipping room that is on the other side of the building. There, the goods 
will be packed into larger boxes and sent away. The goods aimed for the local stock are 
logged in and stored in the stock. 
 
In the stock building no reformations are planned until 2010. With more space available 
than in the packing area there are more options for how to implement an AGV system. 
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4. Demands 
 
The demands presented in this chapter will form the final result of the project. It is from 
these demands the equipment will be selected. 
 

 
Figure 4.1:  The goal triangle is used to understand the main priority. 

 
To understand the basic concept of the project, the goal triangle is used. In this case Cost is 
the total cost for the project, Features is the level of automization and Time is the time for 
finishing the project. In this relation a low cost is the main priority. Sandvik do Brasil 
wants an AGV system that takes their products from point A to point B as simple as 
possible. This means a technically complex solution is not interesting and exactly at which 
date the system can start to run is not that important either.  

4.1 Technical Demands 
 
The technical demands specify the system in the most important areas. Here are some main 
figures presented concerning capacity and size, demands that the new system must meet. 
 

• Price 
No budget is determined for the project, but the goal is to have a working solution 
to a low cost. 

 
• Capacity 

Daily production in 2007 is approximately 350 kg giving 100 cassettes to be 
transported. In 2010 it will be 150 cassettes per day. See appendix 2 for 
calculations.    

 
• Ergonomics 

The new system has to improve the working conditions for the staff working with 
the material handling.  
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• Outdoor capability 
All trajectory alternatives have outdoor parts. The vehicle has to be able to operate 
in heavy rain. 

 
• Safety 

The vehicle has to be fully equipped with safety devices so the vehicle can operate 
at the plant without any risk for injuries. The system for loading and unloading the 
vehicles must be constructed in a way that makes the handling safe. 

 
• Size 

All trajectory alternatives have tight passages so the vehicle cannot be wider than 1 
m, and due to sharp curves maximum rotating radius is 1,5 m.  

 
• Security 

The inserts produced at the plant are fairly valuable, and there are a lot of visitors 
and others from outside Sandvik at the plant, so protecting the inserts from theft is 
important. 

 
• Stability 

The inserts are hard but fragile. It has to be assured that the AGV will not overturn 
and that the pieces not will be dropped during the handling. 

 
 

• Usability 
The vehicle and the control system have to be easy to handle and maintain due to 
limited experience from this type of features at the plant. 
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5. Definition of Basic Concept 
 
When the complexity level of the system is determined the costs for different solutions 
have to be compared together with the benefits that each solution provides.  
 
The price for a unit load AGV equipped for automatic load transfer and using laser 
navigation system is around 100 000 USD1 2. That is the price for one vehicle, and then it is 
necessary to add the cost for automatic stations and control software etc. In this application 
two stations are needed and most likely just one small vehicle, so probably the total price 
for a complex solution is around 150 000 USD. 
 
The cheapest possible AGV system is a small unit load vehicle using a fixed path 
navigation system. Manual load transfer is used and no central computer is needed. The 
price for this kind of solution is around 15 000 USD3.  
 
The big difference in price is mainly because of the free – range navigation system and the 
control software used in the advanced solution. The laser scanner used on the vehicles is 
expensive and the installation of the reflectors in the area is expensive as well.  
 
Considering the benefits with each system there are only small differences for this 
application. The wide range of possibilities that come with the complex system will not be 
used in this case. The basic task to take the products from point A to point B is solved just 
as good by the cheap system as the expensive one. A more complex layout with more 
stations and a higher material flow would have required a central control of the system. In 
this application 100 boxes, with the size of a shoe box, will be transported each day 
between two different places. It means one vehicle will be enough and there will be just one 
trajectory. Therefore there is no need for a central computer. 
 
To motivate the investment of a free-range system it is necessary to aim to for a complex 
system. In a system with high complexity it is possible to use the full capacity of a free 
range navigation system. If a laser guiding system would be used in this case just a very 
small part of its capacity would be used. It would be necessary to install the system in all 
areas where the vehicle is going to operate but just one trajectory would be used. This can 
be solved just as good with a fixed path system.  
 
Neither can automatic load transfer be motivated. As it is quite a small amount of goods 
that will be transported not that much time is lost with manual load transfer. So the first 
conclusion about the system at Sandvik is that it must be a simple solution without central 
computer but with a fixed path navigation system and manual load transfer.  
 

                                                 
1 Information taken from: http://www.mhmonline.com/viewStory.asp?nID=5161&S=1      
2 P. Garshasebi gave similar figures.  
3 According to Valdir Ramos, salesman at AAT. 
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5.1 Fixed Path Alternatives 
 
Most systems of automated guided vehicles operate only indoors, a fact that makes a bit 
hard to find alternatives for the equipment in this case. When the fixed path navigation 
systems are considered it is only the inductive wire that is reliable in an outdoor 
environment. The optical systems have the problem with reflections, and in an outdoor 
situation when the sun is shining on a wet surface the system can easily get confused. If an 
optical navigation system would be used for this application the outdoor part has to be 
covered. This is a problem, not because of the cost but to get permission. As the city of São 
Paulo has very small remaining areas of unpaved ground there have been a lot of problems 
with floods during the rain season. Because of this, it is very hard to get a permission to 
build a covered aisle as would be necessary in this case. This means the inductive wire is 
almost the only possible alternative. Unless it totally fails to fulfill one of the other 
demands it is not worth trying to get the permission. 
 
As the general goal of the project is to find a simple and cheap solution, the cost for the 
inductive system has to be studied. In comparison with the optical systems the price for the 
vehicle doesn’t change much with the inductive wire. The antenna for the inductive system 
is normally cheaper than the camera and the optical sensors; it is the cost for the installation 
that is a drawback for the inductive wire. For installation of the different fixed path systems 
the provider usually charges per meter. The installation of the wire is around 15 USD per 
meter while painting the line that is used by the optical system is around 2 USD per meter. 
In this application the distance between the two stations is between 150 – 200 m, depending 
on trajectory. The difference in price for the shortest alternative will then be 150 * 13 USD 
= 1950 USD. This difference is not enough to cover the cost of constructing a covered aisle 
as would be necessary if an optical system was chosen. Therefore, can the inductive wire be 
considered as an economically motivated alternative.    
 
The optical systems follow a line painted on floor, which means there is the possibility to 
paint a new line and cover the old one when needed. In this way the trajectory of the 
vehicle can be changed easily. With the inductive wire system it is necessary to cut up the 
floor in a new place and put down a new wire, so it costs more and probably requires 
specialist help. It is important to remark though that it is only the trajectory that is hard to 
move.  
 
The positions where the vehicle will stop can easily be changed because they are normally 
determined by passive RFID (Radio Frequency Identification) tags with the size of a coin.  
The passive RFID tag does not need internal power supply; it stays inactive until a RFID 
reader comes close. Then the passive tag uses the signal from the reader to induce enough 
energy to power up the internal circuit and transmit a signal back to the reader. In this case 
the tags are fastened on the floor with screw and the reader is placed under the vehicle. 
When the reader passes over the tag, it transmits a code that gives a certain commando to 
the vehicle. It can be to stop at a station, to slow down before a curve, or to wait for a door 
to open etc. With this kind of technology all these points can easily be moved along the 
trajectory; it is just to move the tag to a new position.  
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When the other demands are considered the inductive wire strengthens its position as the 
best alternative. As the inductive wire technology is very reliable it must be considered 
very safe as well. The vehicles using optical navigation run a bigger risk to get out of the 
track, and even though they turn themselves off when this occurs, there is a larger risk that 
the vehicle hit someone or something. When it comes to the usability the inductive wire and 
the optical systems can be considered to be at the same level. The same type of interface 
can be used on the vehicle and no additional programming is needed after the installation. 
The other demands, size, ergonomics and security, are not affected of the choice of 
navigation system. 
 
It stands clear that it is the inductive wire that is the best choice of navigation system in this 
application. It is the only alternative with 100 % outdoor capability and in most other areas 
it keeps the same level as other alternatives. It is just its inflexibility that is a drawback, so 
when the trajectory is determined it has to be done so it runs a small risk to be changed. 

5.2 Trajectory 
 
In appendix 1 three different trajectory alternatives are presented. They are named A, B and 
C. The alternative called A is the longest alternative and goes furthest from the factory. The 
B alternative also has its main part outside the factory but it goes close to the outside wall 
of the factory. Finally there is the C alternative, which goes through the factory following 
the route the operators take today when they deliver the goods manually. It has been 
decided that it is possible to use the inductive wire as navigation system if the trajectory 
does not need to be changed too often. Another important part that comes with the 
inductive wire as navigation system is that the magnetic field gets affected by metal; the 
trajectory cannot cross over metal objects in the ground. 
 
Alternative A is well separated from other activities at the factory there are few metal 
objects in the ground along the trajectory. The ground on the parking lot is a bit uneven 
though, which make it necessary with some ground preparation if this alternative is 
selected. This brings up the cost, but with this alternative just two doors have to be 
automized, so it can be considered equal to the other alternatives economically. It is the fact 
that this alternative crosses over the parking lot that make it to a poor alternative. Even 
though the AGV is equipped with safety devices there is a risk that the AGV get hit by a 
car and that is enough to put this alternative off the list. 
 
Alternative B goes close to the factory wall and then crosses the wall in front of the door 
where it enters the stock building. But, there is no opening in the wall at that place, so it has 
to be constructed. An opening has to be made, some tubes attached to the wall have to be 
removed and an automatic door is needed. This makes this alternative to the most 
expensive. Another weak point is all the metal lids in the ground outside the factory that 
make it hard to use the inductive wire. 
 
Alternative C is the alternative that most interferes with other activities at the plant. But 
still, even though the trajectory runs through the factory, it goes through main passages at 
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the factory that most likely will not be changed. If it had been a trajectory crossing through 
areas where there are machines, it would have been necessary to change it various times, 
but in this case the trajectory goes outside these areas. One strong point with this alternative 
is that it passes the wall where there already is a door, which has to be automized though. 
Another is that the floor is in really good condition with few metal objects. The conclusion 
stands clear; C is the best alternative. 
 
To enter with the vehicles in the control area is impossible due to lack of space. The vehicle 
will stop along the wall separating the control area from the factory and the goods will be 
brought to it manually from the machines. At the stock building there are different options 
for the location of the unloading. It can be located where the trolleys are unloaded today, 
but this generates a lot of internal transportation. The products for the export market will 
have to be transported through the packing room as they are going to the shipping room. 
Today they represent 70% of the total production and in 2010 they will represent 85 %. A 
better solution is to put the site for the unloading in the other corner of the packing room, 
close to the door to the shipping room. This solution minimizes the internal, manual, 
transportation and there is space enough for the vehicles to make a loop through the room. 

5.3 Vehicle Type and Load Transfer 
 
The AGV vehicles in this application will transport cardboard boxes containing inserts. 
These cardboard boxes are called cassettes and have the measurements: length: 295 mm, 
width: 190 mm and height: 95 mm. As written earlier the system has to be able to transport 
100 cassettes per day in 2007, and 150 per day in year 2010. The total volume per day will 
be 0,53 m3 in 2007 and 0,80 m3 in 2010.  This is a fairly small value and considered 
together with the total weight per day, which is 350 kg in 2007 and 540 kg in 2010, it can 
be concluded that it is a low material flow. With this information it is possible to select the 
type of vehicle that is most suitable in this application. 
 
It is possible to start with eliminating the fork truck. It could have been a good alternative if 
the pallet system already had been used at the factory. But now this would be the only part 
of the material handling where pallets would be used, and the volume is a bit too small for 
making it meaningful to use pallets.  
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Figure 5.1:  An example of a tow AGV with a trolley 

 
Both the tow vehicle and the unit load vehicle are good alternatives in this application. 
With a tow vehicle it is enough to use just one trolley behind the vehicle as the load is 
small. This makes it possible manage the sharp curves. The trolley can be loaded close to 
the labeling machine and then taken out and be hatched on to the AGV. The security 
demand makes it necessary to have a closed trolley that is possible to lock. It is also 
necessary to lock the connection between the AGV and the trolley to prevent someone from 
stealing the whole trolley. To use this solution it will be necessary to manufacture four of 
these trolleys because the existing trolleys at the plant do not serve. 

 
Figure 5.2: AGV with a box for transportation of the rack 
 
 
The solution for the unit load vehicle is a bit more complicated. Many times automatic load 
transfer is used together with unit load vehicles. The load is left by the operator on the 
station, often on top of a bed of conveyor rollers. Simultaneously a signal is sent to the 
vehicle that comes and pick up the load automatically. As automatic load transfer is not an 
alternative in this application due to high cost a similar, but manual, way of transferring the 
load was designed. The operator at the labeling machine will load the cassettes in a rack 
that is placed on top of a trolley, parked close to the machine. When the rack is filled the 
operator pulls the trolley to the AGV. The rack, which is placed on conveyor rollers on top 

Figure 5.3: Transport trolley with a rack 
on the top 
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of the trolley, can easily be pushed over to the AGV. On the AGV the rack is going inside a 
locked box that protects the goods both from theft and bad weather. To realize this solution 
it is necessary to manufacture five trolleys and four racks. 
 
The comparison of the two solutions gives that they both follow the demands. They both 
present good ergonomics for the staff and they protect the goods from theft. They are also 
both easy to handle and they are cheaper than an automatic solution. To find any 
differences it is necessary to study the details. 
 
The unit load alternative is more expensive due to it is necessary to manufacture one more 
trolley and to adapt the AGV. The weak side for the tow vehicle solution is that it will be 
hard to optimize both ergonomics and protection of the pieces. An ergonomic solution 
requires a big opening of both the front side and the top to be able to load the trolley in a 
good way. To protect the pieces from theft and weather, and to make it easy to lock the 
trolley, it is better to have a small opening. Even though the trolley is constructed in an 
intelligent way there is always a larger risk that the goods get wet with this solution. 
 
The difference in price between the two solutions does not make a big difference on the 
cost for the whole system. The price for a trolley is around 600 USD which is a small part 
of the total cost. Therefore the unit load vehicle is chosen as the best solution. It is much 
easier to truly meet the demands when the rack can be designed exclusively to be easy load 
and unload, while the box on the AGV can be constructed only to protect the pieces.  
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6. Dimensioning of the Equipment 
 
The daily production of 55 000 inserts will be transported in around 100 cassettes. Today 
the operators normally deliver two or three trolleys at the time, twice a day, to the stock. 
The yellow trolleys that are used today can take 20 cassettes, so it means 40 – 60 cassettes 
are delivered at the time today. It is quite natural that the material flow gets this uneven 
when it is a manual transportation. As it takes some time and it can be hard to walk alone, 
because it is necessary to keep up doors etc., it is logical that a lot of goods are being 
delivered a few times per day.  
 
An alternative could be to keep this type of material flow even with the AGV. A large unit 
load AGV could carry a rack with 40 cassettes at the time, a few times per day. But there 
are no benefits with this type of solution. Today, when half of the daily production is 
delivered at the same time, first a lot of products wait during hours to be delivered, and 
after arriving to the stock there will be a new wait. Because, when a lot of products are 
arriving together, it takes a long time to handle them. A more even flow between the two 
areas would shorten the production time. Another drawback is that a larger AGV with a 
higher capacity is more expensive and if it just would make a few trips per day the degree 
of utilization would be low. The situation is obvious; a smaller vehicle is the best option. 
 
A roughly calculated trip would take around 30 min, so during a 15-hour day it would be 
possible to make 30 trips. Then a rack with a capacity of just five cassettes would serve, 
even in 2010. But this is if there would be a constant flow of products from the control area 
and if every cassette would be filled to 100 %. Neither of this will be the case so the 
capacity has to be more than five; a good number is rather between 10 and 20.  

 
Figure 6.1: The dimensions of the rack (mm) 

 
The solution showed on the picture earlier and above takes 18 cassettes. The cassettes are 
loaded in a way that makes the moveable part quadratic, with the inside measurement of 
650 mm. With three levels the height gets around 300 mm; in the example above the height 
is set to 280 mm, so the cassettes will show up a bit above the wall.  
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In appendix 2 it is calculated if a rack with 18 cassettes is large enough. It is considered that 
the vehicle will not go with 100 % of its maximum load every trip; rather an average of 70 
% of the maximum load could be reasonable. With a 70 % filling rate it will be necessary to 
make 9 trips in 2007 and 14 trips in 2010.  Around one trip per hour is probably a good 
frequency, the system does not require constant attendance and still the average transport 
time will be lowered. With the system used today some products will wait up to eight hours 
just to be transported to the stock and with the solution presented here that will be cut down 
to around two hours. 

6.1 Height of the AGV 
 
To make the handling of the cassettes as ergonomic as possible, the height of the trolley 
was determined to be 750 mm. This because of the height of the conveyor belt, where the 
cassettes exit from the machine, is 800 mm. The idea is that the operator should be able to 
put the cassettes on the trolley without lifting too high or bending the back too much. This 
dictates the height of the AGV as well, or at least the conveyor rollers on the AGV. If it is 
going to be possible to transfer the load from the trolley to the AGV they have to have the 
same height.  
 
Most AGVs just have three wheels and the vehicle cannot be wider than 1m, so with the 
load 750 mm above the ground the stability of the vehicle had to be studied. To find out if 
there would be a problem or not the center of gravity was calculated for a few mathematical 
models with the load at different heights. The highest possible lateral inclination was then 
calculated for the different models. The calculations can be read in appendix 3. The result 
was that it is possible to keep the load at the height of 750 mm if the center of gravity is 
kept close to the rear axis of the vehicle. This can be solved if both the load and the 
batteries are put on the rear part of the vehicle. The batteries should also be put low to make 
the vehicle more stable.    
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7. Final Conclusion 
 
It is important that it stands clear from the beginning which is the budget of the project and 
which is the most important transportation task to be solved. With this sorted out it is easier 
to make a good choice when the type of AGV system is selected. For this project the budget 
was not defined in the beginning, a fact that made the project more time demanding than 
necessary. 
 
In this case there was just one transportation task to be solved; taking the products from the 
control area to the stock building. After an investigation of the capacity needs it was 
concluded that one vehicle will cover the needs. This together with the general goal of the 
project; to find an AGV system that meets the demands to a low cost, implicated that a 
simple solution would be the most suitable.  
 
The most suitable vehicle type for this application is small unit load vehicle. To load and 
unload the vehicle, a system with a trolley and a moveable rack will be used. The rack is 
placed on top of the trolley that is parked close to the labeling machine. When the rack is 
filled the trolley is taken out to the place where the AGV is waiting and the rack can be 
pushed onto the AGV. This solution is the best way to fulfill both the demand of easy 
loading and unloading and the security demand. 
 
The inductive wire will be used as navigation system. It is the only fixed path alternative 
that can meet the demands of an outdoor environment. The vehicle will use the trajectory 
alternative called C, and it will not enter in the control area. This trajectory is the easiest to 
prepare and all necessary doors already exists.  
 
Together these parts meet all demands that were set up in the beginning. As a remark it can 
be noticed that the basic concept, with the inductive wire and a unit load vehicle with 
manual load transfer, could have been done 40 years ago as well. This shows the 
importance of focusing on the demands and how to fulfill them. This transportation task 
could have been solved with a modern system using automatic load transfer and a central 
computer as well, but that system would not solve the task in better way; it would just raise 
the costs.  
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9. Appendix 

 

Appendix 1: Trajectories and Layouts 
 
In this Appendix the three different trajectory alternatives are presented on the layout over 
the factory. They are named Alternative A, B and C. 
 
Alternative A:  
It starts with heading in the direction of the parking lot and passes out of the building 
through the big gate. Then it goes diagonally over the parking lot and it passes the wall 
through the gate close to the parking lot. From there it uses the concrete walking path until 
the storage building. 
 
Strong Points: 

• Few sharp corners. 
• Trajectory has small impact on other activities in the factory. 

Weak Points: 
• Long trajectory over the parking lot where it’s probably necessary with ground 

preparation. 
• Long trajectory over the parking lot also means an increased risk for collision with 

cars. 
 
 
Alternative B: 
It starts with heading in the direction of the parking lot and leaves the plant building 
through the big gate. After reaching the parking lot it turns 90° to the right and follows the 
wall of the factory. Then it turns 90° right again and enters the area between the wall and 
the factory building. In front of the big door to the stock building it crosses through the wall 
(opening has to be constructed).  
 
Strong Points: 

• Trajectory has small impact on other activity in the factory. 
• No sharp curves. 
• Limited ground preparation required. 

Weak Points: 
• Narrow passage between building and wall (1,2m). 
• It is necessary to open up a hole in the wall. 
• Many metal objects in the ground. 
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Alternative C: 
This alternative starts with following the main corridor of the factory and after around 75 
m, where it reaches the grinding area, it turns 90° left. From there it goes straight out 
through the factory and through the opening in the wall. Then it turns 90° left again and 
follows the walking path until the door in the stock building. This is identical with the route 
the operators use today for the transportation to the stock. 
 
Strong Points: 

• Short alternative. 
• Majority of the trajectory is indoors. 
• No Sharp Curves. 
• The vehicles might be used for transportation inside the factory, for example 

between grinding and bulldog. 
Weak Points: 

• Has certain impact on the activities inside. It has to be considered that relocations of 
machines etc. can affect the trajectory. 
 
 
 

 

 

 
Layout 1: Detail over the Final Control Area 
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L
ayout 2 

The layout is show
ing a m

ajor part of the factory 
and the entire stock building. The three different 
trajectory alternatives are m

arked w
ith: continuous 

line, dash-dot line and dashed line. 
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Appendix 2: Capacity Calculations 
  
The weekly production in 2007 is planned to be around 260 000 inserts, and for year 2010 
the goal is 400 000 inserts. To have an idea of how much the AGV system has to transport, 
the consumption of cassettes was checked by checking the numbers from the internal 
material stock. The problem with this method is that sometimes a lot of cassettes are taken 
out from the stock and stored in the control area. To get trustworthy numbers, data was 
collected during five weeks and then the consumption of cassettes per 100 000 inserts was 
calculated. This number can be multiplied with the production per day, or per week, to 
determine how many cassettes the system has to be able to transport during a certain period. 
 
To see if a construction with a capacity of 18 cassettes would be enough the calculations 
below were made. An important thing to think of is that the vehicle will not carry 100 % of 
its maximal load every time it makes a trip. Therefore, the necessary amount of trips to 
cover 2007’s and 2010’s production was calculated for the AGV when using different 
filling rates. The same calculation was made for a vehicle that can take 24 cassettes to have 
a comparison.  
 
It was found out that for a normal week in 2007 the vehicle with 18 cassettes will make 9 
trips with 70 % filling rate in average. In 2010 it is necessary to make 14 trips per day 
during the same conditions, and the corresponding values for a vehicle that can take 24 
cassettes is 7 respectively 10 trips.  
This filling rate is considered to be realistic because sometimes there will be gaps in the 
production, so the AGV will be sent away half filled. If not, the already packed products 
will have to wait for too long. Other times there will be orders that are divided in to several 
cassettes and then it is better to send a partly filled AGV than splitting the order into 
different AGVs.  
 
To know how many trips it will be possible to make during a day the time for a trip was 
estimated. Going from the Control Area to the Stock Building will take around 5 min for 
the vehicle. After arriving to the stock, the vehicle will be unloaded and sent away again. 
This will be a simple and fast operation, so it doesn’t have to take more than around 2 min. 
But probably the vehicle has to wait before being attended sometimes, so as an average 
value 15 min will be used. Then the AGV will return to the control area, which is another 5 
min, and wait for being attended again. When it is going to take its next load, first an empty 
rack has to be removed and then the new goods may be loaded. This operation is estimated 
to take 2 min. In total one trip will take 27 minutes, which will be approximated to 0,5 
hours. 
 
As the system will use manual load transfer it can only operate when there is staff in both 
the sending and receiving areas. To get an idea of how many hours the vehicles can be in 
use the working routines were checked at the two places. 
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Today the staff at the control area works in three shifts, one from 05.35 to 14.15, one from 
07.50 to 16.35 and the last from 14.10 to 22.50. In the stock building they use just two 
shifts. The morning shift starts at 07.30 and goes on to 16.15. The evening shift at the stock 
building follows same times as the evening shift in the control area, so during a few hours 
in the afternoon they have two shifts parallel at the stock building. With the raise in 
production they will probably start with a nightshift at the control area, so in 2010 there 
will be activity 24 hours a day. A night shift has not been discussed yet for the stock 
building, so it is likely that in 2010 there will be activity around the clock in the control 
room and in the stock room people are still working between 7.30 and 22.55. 
 
According to Edson, supervisor at the control area, today there is no material to send until 
around 10.00, even though people start working at 05.30. This means that the AGV system 
has to be able to transport all the cassettes from 10.00 until 22.50, which is approximately 
13 hours. The effect of the situation described for 2010, with a night shift at the final 
control area, would be that there will be goods ready for transport already when people start 
at the stock building at 07.30. In 2010 the AGV system will operate from 7.30 until 22.50, 
which is 15,5 hours. 
 
 
 
Main Figures   
   

  Production 
Consumption of 
cassettes 

Week 2, 2007 220625 302 
Week 3, 2007 223000 300 
Week 4, 2007 146834 400 
Week 5, 2007 206484 200 
Week 6, 2007 229828 300 
Total 1026771 1502 

 
Production today (normal week) 260000 inserts 
   
Weekly production 2010 400000 inserts 
   
Ratio today Local/Export 0,7  
   
Operating hours/day 2007 13 h 
   
Operating hours /day 2010 15,5 h 
   
Time in hours for one trip of the AGV  0,5 h 
   
Daily production in kg 350 kg 
   
Calculations   
   
Actual amount of inserts transported in cassettes v2,v3 718739,7 inserts 
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Relation: Cassettes / 100 000 inserts 209,0 cassettes 
   
Weekly Consumption normal week 2007 543,3 cassettes 
   
Weekly Consumption normal week 2010 835,9 cassettes 
   
Daily Consumption normal week 2007 108,7 cassettes 
   
Daily Consumption normal week 2010 167,2 cassettes 
   
Production in 2010  538,5 kg 
   
Maximal number of trips per day 2007 26  
   
Maximal number of trips per day 2010 31  

 
 
Required number of cycles with different degree of utilization  
        

  
18 Cass 
2007 

18 Cass. 
2010 kg/trip  

24 Cass 
2007 

24 Cass 
2010 kg/trip 

100% 6,0 9,3 58,0  4,5 7,0 77,3 
90% 6,7 10,3 52,2  5,0 7,7 69,6 
80% 7,5 11,6 46,4  5,7 8,7 61,8 
70% 8,6 13,3 40,6  6,5 10,0 54,1 
60% 10,1 15,5 34,8  7,5 11,6 46,4 
50% 12,1 18,6 29,0  9,1 13,9 38,6 
40% 15,1 23,2 23,2  11,3 17,4 30,9 
30% 20,1 31,0 17,4  15,1 23,2 23,2 
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Appendix 3: Stability Calculations 
 
 

 

 
Distance    

1= zbatt 4= xbatt
2= ZAGV 5= xAGV
3= Zload 6= xload

 
 
 

To check if it was necessary to have a system for regulation of the height of the load, this 
stability calculation was made. As the speed during operation is quite low, around 1 m/s, 
there is no need to calculate dynamical effects. It was decided that a good measurement of 
the stability was to verificate how far one rear wheel could be elevated before the vehicle 
will turn over.  
 
   
First the height of the center of gravity was determined, 
 

loadagvbatt

loadloadagvagvbattbatt
z zzz

zmzmzm
CG

++

++
=

***
 

 
as well as the distance between the center of gravity and the rear axis. 
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loadagvbatt

loadloadagvagvbattbatt
x xxx

xmxmxm
CG

++

++
=

***
 

 

 
 

As almost all AGVs just have three wheels, these calculations were made with three wheel 
vehicle. The three wheels, or the three contact points with the ground, form a triangle, 
called ACB. The wheel base, |CF|, and the width, |AB|, are known parameters. It will now 
be calculated how far point B be can be elevated before the vehicle falls. To do this, it is 
necessary to calculate the perpendicular distance, |ED|, between the center of gravity and 
the rotation axis, |AC|. 
 

⎟
⎟
⎟
⎟
⎟
⎟

⎠

⎞

⎜
⎜
⎜
⎜
⎜
⎜

⎝

⎛

+⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
= −

2

2

1

||
2

||

||cos

CFAB

CFα  

( )||||*sin|| DFCFED −= α  
 
It is now possible to calculate the maximum inclination angle. 
 

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−= −

||
||tan

2
1

max ED
DFπγ  

 36



 
This angle can then be transformed to a corresponding lift of the rear wheel. To do this it is 
necessary to first calculate the rear angle of the triangle and the perpendicular distance 
between point B and the rotation axis. 
 

2
2απβ −

=  

 
ABHB *sin|| β=  

 
||*sin maxmax HBL γ=  

 
In the numerical solution the Lmax is determined to 0,22 m, a value that is considered to be 
large enough. As the vehicle will operate on concrete floors, values above 5-6 cm will not 
occur. The calculations have been done with various values besides the ones here 
presented. It was found out that to keep the center of gravity close to the rear axis is an 
efficient way to maintain stability. 
 
Numerical Solution      
       
Assumptions about weights and position     
       

 Weight (kg) in (N) 
Dimension 

nr 
z pos 
(m) 

Dimension 
nr 

x pos 
(m) 

Battery 30 294,3 1 0,25 4 0,4 
Empty AGV 50 490,5 2 0,4 5 0,6 
Box with Cassettes 50 490,5 3 1 6 0,4 

 
Assumptions about Geometry 
  
Wheel base, |CF|, (m) 1,2 
Width, |AB|,  (m) 0,7 

 
 Calculations 
 
Height for CG (m) 0,60
Center of gravity from rear axis, |DF|,  (m) 0,48
Front angle, α, (rad) 0,57
Rear angle, β, (rad) 1,29
Perpendicular distance CG - Rotation Axis, |ED|, (m) 0,20

 
Maximal inclination, γmax, (rad) 0,33
Maximal lift, Lmax (m) 0,22
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