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Sammanfattning 

Detta examensarbete har som syfte att utveckla Sandvik Coromant’s 

spånhantering. Behovet uppstod när ett större projekt, vilket involverade 

implementeringen av AGV (automatic guided vehicles/automatiskt styrda fordon) 

truckar som ska ha hand om alla interna transporter av gods. Detta tvingade 

Sandvik Coromant att ändra det nuvarande systemet för att transportera 

metallspån. 

Arbetet startade med en tredagarsorientering i fabriken. Detta var huvudsakligen 

för att ge en känsla för hur spånhanteringssystemet fungerade idag och vilka typer 

av lösningar som skulle kunna fungera under rådande omständigheter. 

Idégenerering resulterade i ett antal kandidater, där endast en konstaterades vara 

realistiskt implementerbar, nämligen att låta AGV:erna transportera storsäckar 

placerade på EU-pallar.  

Tester genomfördes som visade att storsäckarna läckte skärvätska från sömmarna. 

Diskussioner har upprättats med leverantörer angående att få specialtillverkade 

storsäckar som då ska vara vattentäta. Om det inte är möjligt att finna vattentäta 

storsäckar, finns kompletterande utrustningar som löser problemet diskuterade i 

kapitel 11 Recommendations. 

 

Search terms: Metal chips, chip management, big bags, chip transportation  
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1 Introduction 

1.1 Sandvik Coromant 
Sandvik Coromant Gimoverken is located in Gimo, with over 1550 employees1 

worldwide. There are two main factory sites in Gimo, one manufactures cutting 

inserts and the other manufactures tool holders (mainly tools for milling, drilling 

and turning operations).  

1.2 Background 
Sandvik Coromant Gimoverken Tool Production faces a restructuring regarding 

how they transport goods internally between departments. They will introduce 

AGV (automated guided vehicles) fork lifts instead of having manually operated 

fork lifts. The driving force behind this project is to increase the safety of the 

personnel, since Sandvik Coromant on a daily basis encounter a number of “close 

call” incidents related to the fork lift traffic. 

As part of the AGV project, the transportation of metal chips must be changed 

radically. Metal chips are produced when the shape of a metal workpiece is 

altered to the producer’s specifications. The most common shape-altering 

operations that produce metal chips are turning, milling and drilling. Any given 

workshop has to handle and transport the chips from the machines to a 

collection point for recycling. 

Metal chips are collected in customized containers, vastly varying in size and 

shape, as seen in figure 1.1 below, depending on where the container is located 

and geometry of the chips etcetera. When the containers are filled, an operator 

will roll the container out to the fork lift aisle where a driver collects the 

container when he or she spots it. The container is transported out to the 

collection point where it is emptied and then returned to where the driver 

picked it up. 

                                                      
1
 http://arbetarbladet.se/nyheter/sandviken/1.5738602-sandvik-coromant-flyttar-tillverkning-

fran-gimo (2013-05-30) 

http://arbetarbladet.se/nyheter/sandviken/1.5738602-sandvik-coromant-flyttar-tillverkning-fran-gimo
http://arbetarbladet.se/nyheter/sandviken/1.5738602-sandvik-coromant-flyttar-tillverkning-fran-gimo
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Figure 1.1 Two examples of metal chip containers 

The way that the chip handling process is carried out must be changed in order 

to be able to implement the AGV fork lifts. Since the aisles at Gimoverken are 

narrow, the combination of manual fork lifts and AGVs in not desirable or even 

probable. 

There are many different ways to do this, but there is not a single best way of 

coping with the transportation of the metal chips. It all depends on a number of 

variables, such as volume, factory layout, available floor space and so forth. A 

solution which suits one type of factory could prove insufficient in another. 

AGVs do not handle interaction with manual fork lifts in a satisfactory way. The 

limited aisle space is an contributing factor to this. A new chip management 

system must be developed in order to enable an implementation of AGV traffic 

in the factory. 

More detailed information regarding the current metal chip transportation 

system and the demands that need to be fulfilled to enable a successful 

implementation can be found in appendix I. 

1.3 Thesis aim 
The aim of the thesis is to develop a new way of evacuating the metal chips, 

without the need of manual fork lifts. The final solution must be in accordance 

with a plethora of demands placed by different departments and limitations in 

the factory. 

A thorough specification of demands will be made which will be vital in order to 

be able to evaluate the new system’s feasibility in the factory. 

Since the new method of transporting metal chips has to be cost efficient. 

Quotations from suppliers will be complied in order for Sandvik Coromant’s 

further efforts to implement the solution. 
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1.4 Method 
The first three days were spent in the factory, visiting different departments, 

mainly to get familiarized with how the current chip management system works 

and to get a sense of what kind of solutions that is possible given the existing 

conditions. 

A specification of demands was created through informal interviews with 

different department heads to get an understanding of the different kinds of 

demands and conditions that are placed on the chip management system. 

With the basis of the specification of demands, work begun with different 

concepts and kept a divergent way of idea generation. This was done parallel to 

evaluating what kind of solutions suppliers can deliver. 

In order to validate the big bag concept a benchmarking was performed. This 

method enabled a better understanding of how an implementation could look 

like and made it possible to study all aspects of the concept during production.   
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2 Theory 

2.1 Metal chips 
Metal chips are produced when a metal work piece is altered in shape using 

either turning, milling and/or drilling operations. Every factory that uses these 

operations has to deal with metal chips, and foremost how to evacuate the chips 

from the machine to the designated collection point. 

There are probably as many different ways and variations of handling this as 

there are factories. The systems and methods used differ because of the vastly 

different conditions that are present in the factories. Examples of these 

conditions are available floor space, the level of sorting between different 

materials, geometry of the metal chips, distance to the collection point. 

2.2 Controlled convergence 
Controlled convergence is used to weigh different concepts against each other 

based on a number of criteria and compared to a reference concept (usually the 

competitor’s product). 

The concepts are ranked with “+”, “-” or “0” for better, worse or equal 

(respectively) compared to the reference product. This is later summed up, with 

every “-” being -1 and every “+” being +1. A grade is formed to see which 

concept is best; all this is can be seen in figure 2.1. 

 

Figure 2.1 Controlled convergence 

The next step is to borrow criteria from concepts which had a plus to concepts 

which had a zero or a minus to try and form new and improved concepts. This 

step is repeated until no new concepts can be generated.2 

                                                      
2
 Baxter, M. (1995). Product design : a practical guide to systematic methods of new product 

development. (ISBN 0-7487-4197-6) 
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2.3 Quality Function Deployment 
Quality function deployment or QFD in short, is also called “the house of 

quality”. It is a very technical and complex technique to transform customer 

demands into design elements. 

The first step is to list the customer requirements and the design elements 

required to fulfill the customers’ demands. These are then sorted in a matrix on 

different axis, see figure 2.2. 

 

Figure 2.2 Quality Function Deployment 

A symbol to indicate strong, medium and weak relationship is determined and 

placed in the matrix.  

The QFD matrix can be elaborated to include ratings for competing product 

analysis and a “roof” of the quality house to include a correlation matrix to find 

attributes that enhances others, and attributes that counteracts other.3 

2.4 Combination of QFD and controlled convergence 
Neither QFD nor controlled convergence can satisfactorily demonstrate how our 

concepts are ranked against each other. This is mainly because the concepts are 

vastly different in nature and embodiment. It proves difficult to borrow elements 

from one concept to another because of this. 

The same applies for the QFD, where it is known what the system must handle 

but since a specific solution is not determined the QFD method could not be 

used in a satisfactory way. 

                                                      
3
 Baxter, M. (1995). Product design : a practical guide to systematic methods of new product 

development. (ISBN 0-7487-4197-6) 
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However, a mixture of the two can in a easily understandable way show which 

concept is best suited by grading the concepts viability and then multiplying this 

with how important the specific criteria is for the operation. 

2.5 Benchmarking 
Benchmarking is, roughly put, a way for a company to investigate and analyze 

how other companies perform a certain process, amongst many other possible 

areas of interest. In other words, benchmarking can be a way to get insight of 

how a competitor solved a particular problem. 

Benchmarking is used in this thesis in order to analyze and compare how one 

company deals with its chip management process.4, 5  

                                                      
4
 http://www.globalbenchmarking.org/fundamentalsofbenchmarking/benefits-of-benchmarking 

(2013-05-09) 
5
 http://management.about.com/cs/benchmarking/a/Benchmarking.htm (2013-05-09) 

http://www.globalbenchmarking.org/fundamentalsofbenchmarking/benefits-of-benchmarking
http://management.about.com/cs/benchmarking/a/Benchmarking.htm
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3 Summary of the specification of 

demands 

3.1 Introduction 

3.1.1 The purpose with the procurement 

In an effort to automate the transportation of goods with AGVs at the Tools 

Production at Gimo, the current way of handling the evacuation of chips must be 

changed. The driving force behind the AGV project is mainly to ensure a more 

safe work environment. 

3.1.2 Type of containers 

There are several different types of customized containers. There are 52 

different containers with customized dimensions and the total count is 132 

containers. Some of the different sizes and shapes can be seen below in figure 

3.1. The high amount of customized containers is necessary in order to fit the bin 

at the vastly differing collection places. The sizes of the containers are also 

different mainly depending on the chip sizes (e.g. volume of the chips), in what 

quantities the chips are produced and/or how much space is available at the 

station. 

 

Figure 3.1 Examples of the different type of containers 
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3.1.3 Future system 

Sandvik Coromant is in the process of automating the transport of goods with 

the help of AGV system and need to reduce the manual fork lift traffic in order to 

accommodate the new transportation system. 

A fully automated system is preferred, but depending on limitations some 

manual work might be necessary.  

The current system is highly customized mainly due to the lack of space there is 

available at the stations as well as in the transportation routes they are 

transported in. Due to this reason one of the key factors an implementable 

solution need to achieve is to be as space sufficient as it possibly can be. 

3.1.4 Safety aspects 

The new system cannot compromise on the safety standard that is achieved with 

the introduction of an AGV-system. 

3.2 Scope 

3.2.1 Transport volume 

The system needs to handle approximately 70 different pick up points from 

which the chips are produced. These points are spread out throughout three 

different production facilities located by the machines that produce chips. Some 

facilities have more pick up points than others, depending on how many 

machines that is present. A schematic overview can be seen in figure 3.2.  

 

Figure 3.2 Schematic overview over the production facilities 
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The forklift drivers estimate a total of 8-10 pick-ups of chip containers with 

today’s system and sizes of the containers per shift. This means 16-20 per day, 

with the occurrence of minor variances. 

The chips are produced in quantities of 22,000 kg per week, which totals to an 

average load of 3,000 kg each day spread out on approximately 70 workstations. 

The production of chips is, for the most part, evenly spread over working hours. 

The produced chips are divided between the three production facilities and five 

different departments. Some departments produce more chips than others. 

GVH3 is mentioned to be the department that produces the most chips. 

3.2.2 Type of chips 

The chips vary both in regard to materials and geometry. The geometry varies 

from small, fine chips (mainly from milling and drilling operations) to longer 

swarfs from turning operations. The swarfs can reach over one meter in length in 

some scenarios. Examples of different metal chips can be seen in figure 3.3. 

 

Figure 3.3 Examples of metal chips 

The materials are divided in three different classes, which are sold at different 

price points. The chip management system must be able to handle the 

separation of a minimum of three metal classifications. 

More in-depth information can be found in appendix I. 
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4 Concepts 

4.1 Concept 1 - Magnetic conveyor 
A magnetic conveyor could be formed into an enclosed design for minimum 

space usage and at the same time minimizing the risk of spillage. Sandvik 

Coromant already uses magnetic conveyors to transport fine metal chips (mainly 

from milling operations) from the machine to the bin, an example is shown in 

figure 4.1. 

 

Figure 4.1 Magnetic conveyor 

The magnetic conveyor could be installed all the way from the chip producing 

machines to the recycling bin. To reduce costs it could be installed from each 

production chip to a more convenient pick up point for further transport. 

The magnetic conveyor is a well-used and tested solution which decreases the 

margin of error for an eventual implementation.  

The magnetic conveyor is an energy efficient alternative but it is time consuming 

to relocate when the need arises. 

Pros 

 Energy efficient 

 Well used 

 Low risk of failure 

 Good ability to separate cutting fluid 
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Cons 

 Possibly high initial investment cost 

 Dependent of a chip cutter 

 Difficulty handling when the conveyor needs to turn 

 Very low flexibility, problematic if a machine is moved 

4.2 Concept 2 - Screw conveyor/Archimedes screw 
By the use a helical screw, or Archimedes screw as it is sometimes referred to, to 

feed metal chips from the machine to the collection point. A schematic view of 

the principal function of a helical screw can be seen in figure 4.2. This system 

could be built above ground using stands, hung from the ceiling or buried in the 

factory floor.  

 

Figure 4.2 Helical screw 

Turns and level differences could be solved by having the chips drop down from 

one conveyor to another, which turns or alter the elevation. 

Pros 

 Could help to dissolve nesting, breaking the longer spring-like chips 

 Reliable and durable (assuming the screw could break long chips) 

 Low operation cost 

 Low manual input 
 

Cons 

 Difficulty dealing with level differences (when installed above ground) 

 Difficulty dealing with turns 

 Space issues when installed above ground, more so than with a 
traditional conveyor belt which more easily can handle level differences 

 Same restrictions as the trench-idea concerning digging up the factory 
floor 
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 High initial investment 

 Customized process which may cause the need for external help from 
consulting firms 

 Cost and complexity when moving machines/installing new ones possibly 
too high 

4.3 Concept 3 - Ceiling mounted conveyor belt 
A ceiling mounted conveyor belt that transports the metal chips to the desired 

collection point. Said system would be running either on full speed in intervals or 

continuous on a slower speed setting. Speed and dimensions would have to be 

calculated depending on the volume of cutting fluid and production rate of the 

metal chips. 

The idea originated from the lack of available floor space. If the conveyor is 

mounted in the ceiling, the impact on current factory space would be minimized. 

There would have to be conveyors (or perhaps some kind of Archimedes screw) 

to transport the metal chips from the machines up to the ceiling, where the chips 

are dropped onto the conveyor belt. 

The conveyor belt can be adjusted in height depending on obstacles and could 

either be open-faced upwards or enclosed with protective plates. 

One way of dealing with the factory layout (with three different factory facilities) 

would be to have a central line transporting the chips out to the fork lift aisle 

where the chips drop off to another conveyor belt that transports the chips to 

the desired location. 

Cutting fluid may be separated during the transport and ideally collected from 

the line directly to the recycling. Or, the cutting fluid could be separated when 

transported up to the ceiling. 

Pros 

 Possible to obtain a low operating cost 

 Low impact on work environment 

 Needed floor space is kept to a minimum 

 Low level of manual input needed 
 

Cons 

 Difficulty transporting the chips up to the ceiling 

 Ceiling space is somewhat limited with pipes and such running seemingly 
at random (e.g. no clear path where the system can be fitted, may need a 
lot of level differences in the different facilities) 

 High cost and complexity when moving machines/installing new ones 
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 Larger metal chips (and clews) could prove a significant problem, possibly 
jeopardizing the reliability of the system 

 Difficulty separating the different types of material 

4.4 Concept 4 - Buried trench 
A buried trench in the floor operated either by a conveyor belt or a “power 

trof”6, the latter seen in figure 4.3 below. The power trof uses a rod with a 

predetermined stroke that pushes the metal chips forward. The flanges, both on 

the rod and on the borders, make sure that the metal chips do not move 

backwards when the rod is retracted.  

Conveyors, ideally small in size, transport the metal chips from the machines and 

drops them in openings in the floor.  Magnetic or traditional hinged conveyors 

could be used depending on chip geometry. 

 

Figure 4.3 Power Trof 

The placement of this trench could be the space between the machines and the 

outer walls of the production facilities, where it may be possible to implement 

the solution without having long and costly downtime. 

The trench could be built all the way to the area before the chip collection point, 

or to rearrange today’s collection to have separate collection points in each of 

the production facilities. 

Pros 

                                                      
6
http://www.mayfran.com/products/central_chip_handling_and_processing_systems/chip_and_

coolant_handling/powertrof_push_bar_conveyors (2013-05-15) 

http://www.mayfran.com/products/central_chip_handling_and_processing_systems/chip_and_coolant_handling/powertrof_push_bar_conveyors
http://www.mayfran.com/products/central_chip_handling_and_processing_systems/chip_and_coolant_handling/powertrof_push_bar_conveyors


14 
 

 Low operation costs 

 Reliable and durable operation 

 Could include drainage of the cutting fluid 

 Tendency of nesting should be reduced when pushed through a power 
trof 
 

Cons 

 High initial investment 

 Difficult to build the trench without disrupting day to day operation 

 Does not cope with sorting of different materials 

 Space issues when building the trench 

 Cost and complexity when moving machines/installing new ones possibly 
too high 

 Must be built in a straight line, otherwise complex construction 

  



Uppsala University, Bachelor Programme in Mechanical Engineering, 180c 
Bachelor Thesis: The Future Chip Management At GV 
 

15 
 

4.5 Concept 5 - Transport in big bag with AGVs 
Since there will be AGV traffic, one way of utilizing this would be to let the AGV’s 

collect big bags standing on EUR pallets. Since the bags themselves do not need 

to be transported back to its origin (as is the case with the metal chip containers) 

the number of transports will be cut in half. Furthermore, indications are given 

that the bags can hold more volume than the metal chip containers. 

Big bags are available in different versions with parameters such as fabric, 

coating and size. An example of a big bag is shown in figure 4.4. 

 

Figure 4.4 Big bag 

With the use of disposable big bags the opportunities for an economically viable 

recycling process greatly increases due to the possibility of sorting metal 

individually for each metal sort, as today’s system handle the different types of 

material.   

With the help of small chip cutters located directly adjacent to the machines, the 

volume could be reduced greatly. The small cutters also help to sort out possible 

bar ends. The chip cutters are only necessary where long swarfs are present. 

If a metal chip briquetter is installed, either small ones adjacent to the machines 

or a larger one which handles chips from all the operations, the volume of the 

metal chips can be greatly reduced further. More information regarding 

Briquetting machine is found in Chapter 8. 

The reduced volume (and increased density) could enable only nightly transports 

of the metal chips. 
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Pros 

 Easy to relocate 

 Halve the amount of chip transports 

 Lower the transport priority of chips 

 Facilitates the recycling process 

 Use a low amount of floor space 

 Low investment cost (with the briquetting facility excluded) 

 Easy to implement without disturbing the production 
 

Cons 

 Possibly low durability (regarding the bags) 

 Chance of breakage 

 Chance of a cutting fluid spill 

 Depending on external transport of an AGV 
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4.6 Concept 6 - Industrial vacuum system 
The metal chips can be evacuated with the help of an industrial sized vacuum 

system. Pipelines which are attached to the ceiling, with smaller pipes running 

down to the individual machines uses force of vacuum to evacuate the metal 

chips. The basic principle can be seen in figure 4.5. 

 

Figure 4.5 Industrial vacuum system 

Because of the scope of the production facilities and the quantities of metal 

chips, one system is not enough and different vacuum units must be installed.                                                     

Pros 

 Relatively easy to relocate 

 Facilitates the recycling process 

 Use a low amount of floor space 
 

Cons 

 Chance of breakage 

 High operating costs 

 High investment cost 

 Does not deal with bar ends very well 

 Will probably cause higher than desired sound levels by the inlets 

 Does not deal with separation of materials without building an intricate 
system 
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5 Combined QFD and controlled 

convergence 
As explained in chapter 2.4 Combination of QFD and controlled convergence, the 

method is used by listing the criteria, giving them a coefficient to reflect the 

importance of the criteria. Then the different concepts are graded regarding how 

well they perform the specific criteria. 

The result of the modified QFD/controlled convergence can be seen below in 

figure 5.1. The big bag concept is, as shown, the best solution by far. The 

importance column is an estimation made from the specification of demand, 

which can be found in appendix H. 

 

Figure 5.1 Concept ranking 
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6 Concept selection 
The concept that was chosen for further investigation was concept 5, which is 

the big bag concept. The big bag concept has an opportunity to divide some of its 

investment costs and operating costs with the ongoing AGV project. This will 

minimize the economic factor, which has been one of the main factors for 

concept dismissal. By using the big bag concept the amount of metal chip 

transports in the fork lift aisle would be cut in half. This is due to the lack of need 

to transport the big bags back into the production, implied that the big bags are 

specified for single use only. Due to the fact that Sandvik Coromant had not 

investigated the big bag concept earlier made it even more appealing to 

investigate. 

The briquetting concept was investigated simultaneously due to the time 

consuming task of getting quotes. The briquetting concept is a complementary 

solution to either the big bag concept to the existing chip transporting system. 

With metal chips pressed into briquettes the density will increase and therefore 

lower the amount of transports to the recycling process and/or in the forklift 

aisles depending on chosen layout.  

The briquetting concept has the ability to sort out pellets (end of the raw 

material which is not adequate to process) and the ability to separate 

approximately 98% of the cutting fluid that is mixed with the metal chips. More 

information regarding briquetting is found in Chapter 8. 
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7 Big bag 

7.1  Dimensions  
One of the criteria for the use of a big bag is that it can fit on a EUR pallet to 

enable the AGVs to transport it. Evaluation of the optimal dimensions were 

estimated during our testing period by checking how much the big bags enlarged 

when filled to the intended capacity of about 750 kilograms. The big bags were 

estimated to enlarge up to 7 centimeters at each side which will make the big 

bag 14 centimeters wider at the middle. This implies that the dimensions of the 

big bag should be approximately 66 centimeters in width and up to 106 

centimeters in length to fit on the EUR pallet.  

Recent information regarding the AGV project showed that the proposed AGVs 

would be 88 centimeter wide. This enables expansion of the dimensions by 8 

centimeters. This led to a width of 74 centimeters. The width was chosen to 75 

centimeters due the fact that the manufacturer of the best suitable big bag had 

75 centimeter in width as a standard manufacturing dimension. The length of the 

big bag was to be around 106 centimeters. Through contact with the intended 

supplier it was revealed that the type of big bag was round stitched and 

therefore required to have a square cross section. The controlling factors 

regarding the height of the big bag is the height of the chip transporter which 

approximately varies from 75 centimeters to 115 centimeters. These 

measurements are inclusive the 15 centimeter height of the EUR pallet which the 

big bag will be standing on.  

In an effort to keep both the inventory and the purchase cost down it is desirable 

to keep as few different sorts of big bags in stock as possible. For this reason the 

height of the big bag should be 115 centimeters inclusive the height of the EUR 

pallet to ensure that the big bags will fit all height variations on the chip 

transporters. This makes it possible to order larger quantities and therefore 

ensure a lower purchase cost.  

The resulting dimensions for the big bags are 75 x 75 x 100 centimeters which is 

equivalent to a volume of 0,56 cubic meters or 560 liters. 

7.2 Quantities  
The current chip handling system with containers requires 333 transports per 

week and approximately 14600 transport per year. More detailed information is 

found in appendix A. With the use of big bags instead of containers the amount 

of transport is reduced to 84 transports per week and approximately 3700 

transport per year which is a reduction of 75%. This is due to the fact that the big 

bag is only used once and does not need to be transported back into the 



Uppsala University, Bachelor Programme in Mechanical Engineering, 180c 
Bachelor Thesis: The Future Chip Management At GV 
 

21 
 

production and the fact that the big bag can at a minimum be loaded with twice 

the amount of metal chips than the average container. Because of the possibility 

that the big bags cannot optimally be filled due to the lack of personnel working 

overnight and the risk of wastage, we have together with our supervisor 

assessed the need for a safety factor of 1,4 to ensure stock levels. With the 

safety factor the total order quantities will be 5000 big bags per year. 

The qualities that need to be tested and determines the possibility for a well 

carried out implementation of big bags in the production is the durable enough 

to withstand the pressure and the sharp edges of the metal chips without being 

punctured. The big bag need to be proof enough to ensure that leakage of 

cutting fluid does not occur on the production floor. It should also be possible to 

empty the big bag in a smooth and satisfactory way. This demand will differ 

between one time use and the possibility of reusing the big bag. When filled the 

big bag needs to be stable enough to be transported on a EUR pallet without 

tipping over. 

These qualities were summarized and used as a checklist to enable a fast and 

accurate documentation during live testing in the production. 

7.3  Summarized version:  
Leakage 

 No leakage can occur during loading and transport. 
 

Durability 

 Withstand the pressure forces acting on the bag once filled 

 Integrity of the structure.  
 

Loading and unloading 

 Possibility of reuse 
 

Transport on EUR pallet 

 Stable during transport on EUR pallet  
 

7.4 Execution of test 
The testing was performed in four steps as listed below. If the tested big bag did 

not perform up to standard in the first two steps the last two steps were 

excluded. 
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Testing phase one  

The first testing phase was initially performed separated from the production. To 

study if or how much the big bags leaked, the bag were suspended in a forklift 

and filled with water.  

Testing phase two  

The second testing stage was performed live in the production. The durability of 

the big bag were tested by replacing the steel container that is used today for 

chip collection with a big bag standing on a EUR pallet and fixated in a temporary 

manor and filled with either wet or dry metal chips. During the second testing 

phase the weight of the big bag were checked continuously to ensure that the 

maximum load capacity were not exceeded.  

Testing phase three  

The third testing stage was performed to ensure that it was safe to transport a 

filled big bag on a EUR pallet. The forklift driver was instructed to drive faster 

than normal when turning. This was done to evaluate the stability of a filled big 

bag placed on a EUR pallet.  

Testing phase four  

The fourth testing stage was performed on a full big bag to ensure that the 

eyebolts on the big bag were strong enough to withstand the sharp edges on the 

forks without breakage. 

7.5 Testing results 

7.5.1 Experimental period 1 

The big bags that were tested came from three different suppliers, more 

specifically from Bluepack, SafeSack and Accon with a variety of four different 

designs. When collecting test specimens the cost factors were excluded to 

optimize the possibility of reaching a satisfactory testing result.  

The number of specimens were kept low because of the specific properties that 

we seek are not kept in stock. Therefore the bags were often tailored for our 

intents and purposes, resulting in a postponed delivery. 

The first two big bags that we tested were provided by Bluepack. The bags are 

called 30995 and 30018. 30995 are coated with a waterproof plastic on the 

inside and can withstand weight up to 1500 kilograms. 30018 are not coated and 

can withstand weight up to 1000 kilograms. Specification of 30995 and 30018 

can be found in appendix E. 

Testing phase one 

When performing the first testing phase the polypropylene weave in 30995 were 
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waterproof but the seams at the edges leaked, as seen in figure 7.1. 30018 

leaked extensively and were therefore excluded from further testing, as seen in 

figure 7.2. 

 

Figure 7.1 Big bag 30995, leakage from the seams 

 

Figure 7.2 Big bag 30018, showing leakage through the weave 

Testing phase two 

In testing phase two 30995 showed no sign of breakage even though the big bag 

was loaded with four times as much as the metal chip container it was replacing. 

The total weight of the dry metal chips that were loaded was 648 kilograms. The 

information obtained through this test was that a big bag that is used for chip 

transportation only needs to withstand a maximum weight of 1000 kilograms. In 

this assessment the varying metal chip density, depending on the amount of 

cutting fluid and size included. The setup can be viewed in figure 7.3. 
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Figure 7.3 Big bag tested with dry chips 

Testing phase three 

In the third testing phase 30995 showed great stability when transported on a 

EUR pallet. Even when performing turns with approximately three times the 

proposed speed of a 0,5 meter per second that the AGV´s will have when 

turning. 30995 showed no signs of breakage or tendencies of tipping over. 

Testing phase four 

During the fourth testing phase 30995 showed no tendency of breakage when 

fully loaded and suspended in the forklift, as seen in figure 7.4. 

 

Figure 7.4 Big bag suspended on a forklift 
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7.5.2 Experimental period 2  

Experimental period 1 gave us important knowledge regarding the quality we 

needed to improve, which was the waterproofness. Two new types of big bag 

had been delivered, called FXT193 and NB (short for Nordic Brass).  

FXT193 were supplied from Accon and consists of three layers with a water 

resistant coating in the middle. Detailed information is found in appendix F. NB 

was supplied from SafeSack and consists of two layers with a water resistant 

coating on the inside. NB is round stitched which mean that it has four instead of 

eight seams. 

Testing phase one  

When performing the first testing phase it was discovered that these big bags 

had the same flaw as the ones provided earlier from Bluepack, they leaked 

through the seams. FXT193 leaked heavily and NB leaked mildly and was 

therefore the most suitable big bag we had tested. FXT193 was excluded from 

further testing. 

Testing phase two  

In testing phase two NB was hanging on a forklift while it was being filled, 

demonstrated in figure 7.5. In order to get the conditions as realistic as possible 

it was decided to conduct the test with very wet chips. The NB showed great 

promise and even though the seams were moist the NB did not cause dripping. 

To increase the workload approximately 20 liters of water was added that 

showed no effect, NB still did not leak. The underside of the big bag during 

testing can be seen in figure 7.6. 

 

 

Figure 7.5 Nordic Brass big bag suspended on a forklift 
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Figure 7.6 The underside of the big bag, filled with wet chips 

 

During our third test, which was to place a filled bag on a EUR pallet, the big bag 

leaked through the seams. This is because the structural integrity is changed 

when placed on a flat surface, lowering the pressure working on the seams. The 

test is showed in figure 7.7. 

 

Figure 7.7 Big bag standing on a EUR pallet 

Testing phase three 

In the third testing phase the NB showed no signs of instability.  
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Testing phase four 

The fourth testing phase was performed simultaneously with testing phase two 

and NB showed no signs of breakage.   

7.6 Safety aspects 
The primary safety aspect of using big bags made out of plastic, more particularly 

polypropylene instead of containers made out of steel are the fire hazard. This is 

something that is seriously taken into account and together with Sandvik 

Coromant’s safety inspector Pelle Johansson, information regarding the 

material's burning characteristics has been gathered and processed. This 

information which can be found in appendix D states that polypropylene upon 

complete combustion emits carbon dioxide and water. It also states that 

polypropylene often is used as packaging for groceries that needs to be heated 

before consumption and that the packaging therefore needs to withstand some 

degree of heating. One negative aspect is that if polypropylene is ignited it is not 

self-extinguishing.  

Fire safety test 

The test is designed to determine at what temperature polypropylene ignites 

and an estimation has been made regarding the possibility of a fire starting in 

production due to hot metal chips igniting a big bag. The test would be 

performed with the use of a thermal camera which can measure the 

temperature at the start of ignition. The test has not been performed but it is 

something that is recommended to be done before a full scale implementation is 

carried out. 

There is a possibility that the metal chips that leaves the conveyor belt is gloving 

and therefore has the capability to ignite the big bag. An estimation have been 

made regarding the possibility there is to be a chance of the cutting fluid need to 

be turned off or compromised in some way, the conveyor belt needs to be dry 

and at its highest speed possible. The processing machine itself have several 

security systems for avoiding overheating and excess load that also need to be 

dysfunctional and for there to be any chance of direct contact between the hot 

metal chips and the big bag needs to be almost completely empty. With those 

assumptions made it is safe to claim that the chance of a metal chip igniting the 

big bag and therefore starting a fire is slim to none. 
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8 Briquetting machine 
A briquette machine enables metal chips to be pressed into briquettes therefore 

brings an increase in density and an increase of revenues made from the recycled 

metal chips. 

One prioritized reason for Sandvik Coromant to use a briquetting machine is its 

ability to separate the cutting fluid from the metal chips. It will enable the cutting 

fluid to either circle back into the metal processing for reuse without risk of 

contamination or to be destructurised in Sandvik Coromant’s destruction facility 

for reuse of the water. Both of these reasons enable a higher degree of 

environmental friendliness. 

8.1 Cost and usage of footprint 
Two different layouts that a briquetting machine could be used in at Sandvik 

Coromant have been investigated.  

Mounted directly after the metal processing machines 

A briquetting machine that is mounted directly after the metal processing 

machines could be a complementary solution to either the existing chip 

transporting system or to the big bag concept. This layout of briquetting 

machines enables metal chips to be pressed into briquettes which will increase 

the density and therefore lover the amount of transports both to the recycling 

process and in the forklift aisles. By significantly lowering the amount of chip 

transports in the forklift aisles the briquetting machine enables for a safer work 

environment which is one of the main reason this project is issued.  

Lack of space is a fact that Sandvik Coromant in Gimo needs to adapt to when 

planning for new equipment. Because of the lack of floor space an extensive 

research has been performed regarding the possibility of excluding the need of a 

chip crusher.  A chip crusher is needed for chips origin from a turning operation 

to lower the risk of failure when briquetting the chips. Excluding the chip 

crushers would lower both the usage of floor space and lower the investment 

cost. The research showed that with the length of the metal chips that occurs at 

the turning operations today, the usage of a chip crusher before a briquetting 

machine is a necessity.  The research also showed that by combining a 

briquetting machine with a chip crusher the usage of floor space can be reduced. 

This is obtained by placing the chip crusher on top of the briquetting machine.  

One of the downsides of using a separate briquetting machine for each 

processing machine is that it requires a relatively high investment cost that varies 

from 425 000 Skr up to 570 000 Skr per machine depending on the occurrence of 

extra-long metal chips at the turning operations. More information can be found 
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in the quote located in appendix C. There are roughly estimated 15 turning 

machines and 55 milling machines in the production. The investment cost of 

fitting 70 briquetting machines and 15 cutting machines on the processing 

machines is just over 26 million Skr.  

Central chip handling facility 

Implementing a central chip handling facility will not lower the transports in the 

forklift aisles but it will lower the transport cost to the recycling facility. The 

facility needs to be able to process over the 1100 tons of metal chips that are 

produced every year.  

Mercatus which is a supplying company, proposed a solution that consists of a 

chip handling facility which has the ability to separate cutting fluid, crush up to 

650 tons of metal chips per year and briquette up to 1360 tons of metal chips per 

year which is a sufficient capacity for our intended use. There will also be a 

possibility to sort up to four different sorts of metal chips and it will include some 

sort of equipment that transports the metal chips from the AGVs into the chip 

handling facility. 

 

The roughly estimated investment cost of this chip handling facility is 3.5 to 4 

million Skr. More detailed information is located in appendix G. By using 

briquetting machines and therefore make it possible to sell metal briquettes 

instead of metal chips to a recycling company is estimated to increase the 

revenues with approximately 450 000 Skr per year depending on the quantity of 

metal chips. More information is found in appendix H. 
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9 Benchmarking at ESBE 
ESBE AB manufactures rotary valves, rotary actuators and other products 

associated with hydronic system control. The factory and headquarters is located 

in Reftele, Sweden. Their main market is parts for heat pumps, radiators and 

systems for solar power. 

All manufacturing (except for some cases of assembly) is located in Reftele. ESBE 

have been family owned and operated up until recently, however the 

organization chart states that the core business must remain in Reftele. ESBE 

approximately employ 180 people in Reftele. 

ESBE is of great interest because they transport brass chips with cutting fluid in 

big bags, and have done so for a period of time. The use of big bags is a request 

from their largest supplier of brass, Nordic Brass. This is because ESBE sells all of 

its brass chips back to Nordic Brass, who demands that ESBE deliver dry chips to 

their recycling facility. 

ESBE produce on average 300 tons of brass chips per year. 

ESBE has an interesting take on the chip management system. Many of the 

solutions and methods which they use as a result of Nordic Brass’ request of 

having the recycled brass chips sent in big bags. 

9.1 Brass chip handling 
ESBE has two main different methods of collecting the brass chips. Firstly, they 

collect the brass chips with moderate quantities of cutting fluid directly in 

containers placed adjacent to the chip conveyors. Small valves are placed at the 

bottom of the containers which enables some drainage of the cutting fluid. This 

is very similar to how Sandvik Coromant handles the metal chips as of today. 

When the containers are filled, the operator empties them in a big bag which is 

suspended in customized equipment, see figure 9.1. A grid at the bottom enables 

further drainage of the cutting fluid. 
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Figure 9.1 ESBE's specially constructed draining equipment 

The other method is having the chips drop directly into a big bag, which also is 

suspended in the above mentioned customized construction. The bag (with the 

associated equipment) is then moved when the bag is full and a new setup is 

placed underneath the chip conveyor. 

In common for both cases is that the bags need to drain for at least 24 hours 

before they can be moved from the customized equipment, because of the 

cutting fluid, after which the bags are placed on EUR pallets. The EUR pallets 

have been provided with a tray made from sheet metal, as seen in figure 9.2, to 

ensure that it does not leak any cutting fluid during transport. 

 

Figure 9.2 Filled bags placed on EUR pallets with metal tray 

As with the bags we have currently tested, ESBE has problems with leakage along 

the seams at the bottom of the bags. The polypropylene weave is practically 

waterproof. 
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9.1.1 ESBE’s bags 

ESBE uses bags which are provided by Nordic Brass. The bags are sold by 

SafeSack, and are coated on the inside, quadratic cross section with four 

eyebolts. The dimensions are 90 x 90 x 100 centimeters. Leakage occur along the 

seams, but the coated weave is waterproof. 

9.2 Conclusion 
The workarounds that have been necessary for ESBE to implement to be able to 

use big bags as a carrier for the brass chips is not realistically possible for Sandvik 

Coromant to mimic. The sheer amount of metal chips produced daily at Sandvik 

Coromant would force them to sacrifice precious floor space in order to facilitate 

the drainage section. 

The use of metal trays on the EUR pallets could be a realized solution if 

waterproof big bags cannot be found that satisfies Sandvik Coromant’s 

conditions or if such a bag simply costs too much. The trays might need a higher 

collar in order to deal with the increased quantity of cutting fluid, although this 

should be investigated further. 

It was disappointing to find out how much the bags actually leaked and the 

processes which ESBE needed to use to cope with the problem of having wet 

chips in bags that was not waterproofed. Valuable information was gained 

regarding how their method is carried out. 
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10 Discussion and Conclusions 
Out of the concepts we had, the only one we found worthwhile of pursuing was 

the big bags. The other concepts had one or more serious flaws which prevented 

them from being realistically implementable. The first and foremost limitation 

was the floor space limitations in the production. There was also the limiting 

factor that a single system that takes care of all the chip removal is not a 

desirable option. This is due to both the risk of failure and the need of scheduled 

maintenance would bring significant consequences for the production lines in 

the factory. 

We have a strong belief in that there is a big bag which will meet Sandvik 

Coromant’s demands regarding leakage, or that some other solution which will 

curb the problem with leakage (e.g. metal sheet tray on the EUR pallet). 

Our tests have shown that the problem with the big bags is that leakage occurs 

through the seams. This is because the seams puncture the polypropylene weave 

when the bags are sewn. Big bags with sealed seams and coated weave should 

prove sufficient regarding the waterproofing.  

With experiences achieved through several dialogues with companies supplying 

big bags combined with the performed benchmarking with ESBE we conclude 

that it is possible to find a big bag that is waterproof and suitable for the 

intended purpose of use. We can also conclude that it is possible to get around 

the leakage by using supporting equipment, such as using a collection plate 

between the big bag and the EUR pallet.  
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11 Recommendations  
The solutions that are recommend for further research is where big bags with 

waterproof seams are found and they should be transported on EUR pallets 

which have proven to be a viable solution. Develop a holder for the big bags 

eyebolts to maintain the integrity of the big bags structure while it is being filled. 

The use of a central chip handling facility is strongly recommend. It will separate 

cutting fluid from the metal chips and increase the density of the metal chips. 

The chip handling facility could with advantage be placed on one more central 

place like at the end of any of the aisles in production to reduce distance of AGV 

routes. The chip handling facility should include briquetting of both metal swarfs 

and chips and a swarf-crushed which has been learned to be necessary to enable 

briquetting of longer swarfs.  

With the goal of increasing the automation level there is an option to investigate 

the possibility of implementing a machine that automatically can empty a big bag 

into the briquetting machine.  

This solution is worth investigating further and if this solution would become 

reality the benefits are:  

 Lowering of the amount of in-house metal chip transports from 14600 
transports per year to approximately 3700 transport per year. 
 

 Make a profit of an estimated 450 000 Skr per year by briquetting the 
metal chips which could be enough to make the chip handling facility an 
economically justifiable option.  
 

 The chip handling facility would also contribute Sandvik Coromant’s 
ambition of being environmentally friendly by minimizing the amount of 
cutting fluid that is spilled from trucks transporting the metal chips to the 
recycling company which instead could be destructurised directly in 
Sandvik Coromant’s own destruction facility to enable reuse of the water. 
It will also lower the amount of truck transports to and from Sandvik 
Coromant by increasing the amount of metal chips per truck transport. 
 

 By placing the chip handling facility on a more central place like at the 
end of the aisle in production facility 66 could have the possibility of 
lowering the investment cost of the AGVs by reducing the distance of 
AGV routes and therefore lowering the occupancy of the AGVs. 

  



36 
 

12 References 
 

Eklind, A. (2013). Sandvik Coromant flyttar tillverkning från Gimo. Arbetarbladet, 

www.arbetarbladet.se (2013-05-30) 

Global Benchmarking (2013). Benefits of benchmarking, 

www.globalbenchmarking.org (2013-05-09) 

John Reh F. (2013). How to Use Benchmarking in Business. About, 

management.about.com (2013-05-09) 

Mayfran (2013). Power-Trof Push Bar Conveyors, www.mayfran.com (2013-05-

15) 

  



Uppsala University, Bachelor Programme in Mechanical Engineering, 180c 
Bachelor Thesis: The Future Chip Management At GV 
 

37 
 

13 Appendices 

13.1 Appendix A: Data regarding chip transports 
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13.2 Appendix B: Companies which has been 

contacted 
Company: Bluepack 

Name: Ingvar Andersson 

E-mail: ingvar@bluepack.se 

Telephone number: +46 46 70 67 10 

Web page: www.bluepack.se 

 

Company: Jubilo 

Name: Victor Stenmark 

E-mail: viktor.stenmark@jubilo.se 

Telephone number: 0727443049 

Web page: http://www.jubilo.com 

 

Company: SafeSack Scandinavia AB 

Name: Daniel Segerpalm 

E-mail: Daniel.Segerpalmsafesack.com 

Telephone number: +46 435 54933 

Web page: http://www.safesack.com 

 

Company: Nordic brass 

Name: Lars Engström 

E-mail: lars.engstrom@nordicbrass.se 

Telephone number: 0123-54121 

Web page: www.nordicbrass.se 

 

  



Uppsala University, Bachelor Programme in Mechanical Engineering, 180c 
Bachelor Thesis: The Future Chip Management At GV 
 

39 
 

Company: ESBE 

Name: Magnus Ivansson 

E-mail: Magnus.Ivansson@esbe.eu 

Telephone number:0371-570076 

Web page: www.esbe.se 

 

Company: Svenska Miljö Logistik  

Name: Anders 

Telephone number: 

Web page: www.svelog.se 

 

Company:  Nederman 

Name: Rolf Derefalk 

E-mail: rolf.derefalk@nederman.se 

Telephone number: 016-16 07 81 

Web page: www.nederman.se 

 

Company: Accon AB 

Name: Tobias Svensson 

E-mail: tobias@accon.se 

Telephone number: 0480-270 20 

Web page: www.accon.se 

 

Company: Mercatus 

Name: Erkki Lahti 

E-mail: Erkki.l@mercatus.se 

Telephone number: +46 492-171 21 

Web page: www.mercatus.se 
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13.3 Appendix C: Quote and blueprint of the 

“single machine” briquetting solution 
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13.4 Appendix D: Fire hazard, polypropylene 
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13.5 Appendix E: Specification of 30995 and 

30018 
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13.6 Appendix F: Specification of FXT193    
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13.7 Appendix G: Quote of the chip handling 

facility 
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13.8 Appendix H: Calculations regarding chip 

recycling 
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13.9 Appendix I: Specification of demands 
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