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This thesis describes the process and result of generating concepts for 
a new adjustable cutting tool with integrated components. It was 
conducted under a period of ten weeks at the department R&D Digital 
Machining at Sandvik Coromant, Sandviken. The focus of the thesis was to 
generate and evaluate different concepts using well known methods such 
as TRIZ Contradiction and 40 principles, SCAMPER, Wish and Wonder, 
Brainstorming, Weight Determination matrix and Pugh matrix. 

To catch up on the latest technologies and similar tools in the industry 
today a literature study was conducted which resulted in a requirement 
specification for the concept in accordance with expertise from Sandvik 
Coromant. The key problems to be solved were the demanding tolerances 
and precision together with high forces and the limited space in the 
tool body.  

The thesis resulted in a selected concept with chosen components to meet 
the demanding requirements. The concept is presented in a 3D CAD-model 
with description and necessary data. The conclusion includes 
recommendations to Sandvik Coromant to further develop the selected 
concept into a prototype so that physical test can be performed and 
lifespan of electronic components can be evaluated.
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Sammanfattning 
Examensarbetet beskriver och presenterar konceptgenereringsprocessen för ett nytt 

justerbart bearbetningsverktyg. Arbetet har pågått under tio veckor på avdelningen R&D 

Digital Machinig på Sandvik Coromant, Sandviken. Den största delen av arbetet har tagits 

upp utav konceptgenereringsfasen där välkända genereringsverktyg har använts, så som 

TRIZ med motsägelser och de 40 lösningsprinciperna, SCAMPER, Wish and Wonder, 

Brainstorming, Viktbestämmningsmatris och Pughs matris. 

 

Arbetet började med att genomföra en litteraturstudie för att samla information om den 

senaste tekniken inom miniatyriserad elektronik och komponenter men även för att se 

liknande verktyg och vilka konkurrenter som finns på marknaden. Litteraturstudien 

resulterade bland annat i underlag för en kravspecifikation som sedan godkändes av 

Sandvik Coromants experter. Några nyckelproblem under arbetet var de hårda kraven på 

toleranser och precision tillsammans med stora krafter och begränsat utrymme i verktyget. 

 

Resultatet från examensarbetet blev ett valt koncept med valda komponenter för att klara av 

kraven i kravspecifikationen. En CAD-modell har tagits fram för konceptet tillsammans 

med detaljerade beskrivning och nödvändig data för att förstå funktion och konstruktion. 

Avslutningsvis innehåller rapporten en rekommendation om fortsatt utveckling av det valda 

konceptet där en prototyp bör tas fram för att möjliggöra fysiska tester.  

 

 

Nyckelord: Product development, Concept generation, Concept selection, Pugh matrix 
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1 

1 Introduction 
 

1.1 The Company  
Since the year 1942 when Wilhelm Haglund was assigned the job as manager for a new 

production unit for cemented carbide tools in Sandviken, Sweden, Coromant has grown to 

8 000 employees in 130 different countries. 

 

Sandvik Coromant is a world leading company when it comes to supplying the 

metalworking industry with tool and tooling solutions and operates in the world’s major 

automotive, aerospace and energy industries.  

 

Sandvik Coromant is a part of the business area Sandvik Machining Solutions within the 

global industrial group Sandvik (Sandvik Coromant, 2016). 

 

1.2 Background 
With extensive investments in research and development Sandvik Coromant is always 

looking to make unique innovations to set new productivity standards. It is now interesting 

to investigate how new technology, like miniaturized electronics, mechatronics and 

embedded systems, can be integrated in a cylinder boring tool to increase the automation 

and productivity of the automotive cylinder bore machining. The process is today time 

consuming and puts high demands on operator skill and experience since the cutting inserts 

needs to be adjusted manually with high precision. Sandvik Coromant sees this as an 

opportunity to take shares in the market of cylinder boring. 

 

1.3 Problem description 
Cylinder boring is a high accuracy machining process for the automotive manufacturing 

industry. The high accuracy is a result of compensating the wear on the inserts. An operator 

does the compensation manually today by adjusting the inserts position, this is a time 

consuming procedure in a mass production where lead times and productivity is crucial. Is 

it possible to incorporate the boring tool with an automated solution for the insert 

adjustments? This is the main problem and the reason behind this product development but 

the product itself comes with problems to be solved. We have listed the problems we expect 

to deal with during this concept development of the automated boring tool: 

 

 Limited space inside the tool structure. 

 Adjustments on inserts will be in the micrometer range. This requires high accuracy 

and precision for chosen components and solutions. 

 The inserts must hold its position after the adjustment is done. 

 High speed operation increases the centrifugal force that impacts on components not 

in center of the tool body. 
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 The tool/components must be protected from harsh environment. 

 

1.3.1 Requirement specification 

In the beginning of the litterateur study a requirement specification was drafted. The 

specification is composed of different requirement such as design, adjustment etc. These 

requirements are divided in two criteria, desired (should) or demanding (shall). After 

revision of all possible requirements the most critical are identified as the following: 

 

Design: 

 The tool shall have a max diameter of 72 mm. 

 The tool shall use HSK 100 

 The tool shall have 3 inserts that is adjusted simultaneously the same amount. 

 The tool should use optimized positioning of the inserts 

 The tool should be able to implement silent tools. 

 The tool shall have internal cooling for the inserts. 

 The components used shall be protected against the environment. 

 

Adjustments: 

 The adjustment resolution will be 0,002 mm. 

 The adjustment retraction range of the inserts shall be between 0 - 0,08 mm. 

 The adjustment wear compensation range is 0,04 mm. 

 The adjustment minimum speed should be 1 mm/min. 

 The tool shall be able to hold the adjustment during boring operation. 

 

For full requirement specification see Appendix M. 

 

1.4 Purpose and goal 
The Purpose of this thesis is to with different methods generate concepts of potential 

solution for a fully automated finish cylinder boring tool. The concepts will be generated 

after a drafted requirement specification. The concepts will be compared to each other and 

the selected concept will be presented in a 3D CAD-model with simulations and 

calculations.  

 

The goal is to have at least one concept that is good enough to recommend Sandvik 

Coromant for further development. 

 

1.5 Delimitations 
Components and design choices is presented in form of a concept proposal which means a 

prototype will not be manufactured. This study will not consider the involvement of the 

inserts more than calculating for the adjustment needed for the wear compensation and 

retraction. This study will neither consider software development, programming, selection 

of materials or economics. 
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1.6 Method 

1.6.1  Literature study and requirements 

The literature study was divided into two parts where the first part was to get an update on 

the latest technology and competitor solutions. The second part of the literature study was 

performed to get a good and solid structure to generate concepts and how to evaluate them 

for best possible solution. By the help of our supervisor at Sandvik Coromant together with 

the knowledge that was gathered from the literature study a requirement specification was 

composed for the tool, which was used as the basis for this thesis. 

1.6.2 Concept and idea generation 

To generate many different concepts and ideas well known tools and methods was utilized, 

gathered from the literature study. The tools used for this thesis was “Wish and Wonder”, 

“TRIZ Contradiction and 40 principles”, “SCAMPER” and “Brainstorming”. 

 

In the beginning of the concept generation, “Brainstorm” and “Wish and Wonder” was 

used. The two tools generated many different, simple, ideas for a good start of the 

generation process. Also the evaluation after the sessions helped us understand the 

parameters of the tool in an effective way and identify problems in an early stage. “TRIZ” 

gave helpful and effective guidance on how to approach problems and generate ideas from 

them. “SCAMPER” was used to develop concepts using it as a checklist, which forced us 

to go through the different steps “SCAMPER” provides. We thought this tool was mind 

numbing due to the extent of the checklist. Some steps did not help during our process 

although the tool helped us find a few new possibilities. 

 

The concept generation was divided in different steps of idea generation. The first step 

focused on solutions for how the last component could adjust the cartridge/housing and 

insert in different ways. The next step was to solve the mechanics on how motion could be 

generated to the adjustment, i.e. between the drive unit and the last component. The last 

step was to combine the ideas into different concepts including components. 

1.6.3 Concept evaluation and selection 

To evaluate and compare the concepts the methods “Pugh matrix” and “Weight 

Determination matrix” were used. “Pugh matrix” was used in two steps; first without 

weighted criteria and then with weighted criteria. The first step was to see which of all the 

concept/concepts that lacked potential and could be eliminated from further development. 

For the second step “Weight Determination matrix” was used to decide which weight the 

different selected criteria would have. The weight was later applied in the “Pugh matrix” in 

order to evaluate the remaining concepts. The first reference concept was chosen after how 

well known the mechanism for the concept was and in the other rounds the highest ranked 

concept was set as reference.  

 

After every round with the “Pugh matrix” the result was discussed to see if they were fair. 

The concepts was developed after each round by looking at criteria that scored low and 

then finding solutions to improve them. This could be done with new ideas or by combining 

different concepts together. 
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The “Weight Determination matrix” was used to minimize the selectiveness in our 

evaluation. Debated by Johannesson, Persson and Pettersson (2013, p.187) there is no tool 

or technique that is completely objective, although the “Weight Determination matrix” is 

considered a good step in the right direction. The matrix used in this thesis can be seen in 

Appendix N. The criteria was selected by looking at the requirement specification and also 

by looking at key features for the tool. For more information of the criteria see Appendix O. 

1.6.4 Calculations 

Calculations were made to determine the components needed and to dimension specific 

features and parts of the tool.  

1.6.5 CAD-model and FE simulation 

To get a good and realistic visualization of our concept and to make it possible to run light 

computer simulations a 3D CAD-model was created with Siemens NX 8.5. The simulations 

were done with ANSYS Workbench 14. 

1.6.6 Planning 

To get a clear view of time disposal and a structured way of working a Gantt chart was 

made in the beginning of the thesis. The thesis was divided in different phases so that the 

Gantt chart could easily be followed. 

 

1.7 Terms and abbreviations 
This thesis contains a few terms and abbreviations that will be described in this chapter.   

 

Inserts 

The inserts, or cutting inserts, is the piece on the tool which is in contact with the work 

piece and cutting the metal. 

 

 
Figure 1.1 T-Max® P insert for turning (Sandvik Coromant, 2016) 

 

Cartridge 

The cartridge is the component housing the insert. 
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Retraction of inserts 

Also referred to as “retraction”. When using three or more insert that has a symmetric 

spacing, or close to symmetric, it is needed to make a retraction of the inserts before the 

tool is pulled up from the newly machined bore. This is done to eliminate the risk of 

scratching the wall of the cylinder bore. 

 

Wear compensation 

Although the inserts is made from a hard material it still wear and tears when machining the 

bore, which needs to be adjusted for. This adjustment is referred to as wear compensation. 

 

Resolution 

The resolution range is the smallest increment the tool can adjust. 

 

HSK 

HSK is a common machine taper when it comes to high speed operations and secures the 

tools position in the spindle of a machine tool. 

 

Backlash 

Also called and referred to as “mechanical play” is a term for clearance or lost motion in a 

mechanism caused by gaps between parts. 

 
Figure 1.2 The gaps between parts which causes backlash (A Quick CNC, 2016) 

 

Actuator 

An actuator is something that moves or controlls something else. For example an actuator 

can change the motion direction from rotary to linear motion. 

 

CAD 

CAD stands for Computer Aided Design and is a computer system to make 3D-models. 

The system used for this thesis is called Siemens NX 8.5. 

 

Residual torque 

The amount of torque generated by a stepper motor, with no flow of current. 

 

Holding torque (stepper motor) 

The amount of torque generated with current applied to the stepper motor. 
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Holding torque (piezo motor) 

The torque generated by a powered-down motor. 

 

Stall torque (piezo motor) 

The highest force load a running motor can dynamically hold without slipping backwards 

 

Mechanical advantage 

Within this thesis the term mechanical advantage is often used. It is a relationship of the 

input force to the output force. Often used in gear or wedge mechanics where amplification 

of the output force is done on the expense of movement.  
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2 Theory 
 

2.1 What is a cylinder bore? 
The heart of a combustion engine is the engine block. The engine block contains numerous 

channels and cavities that are interwoven into each other. One of the key components is the 

cylinder bores, which is the hollow cylinder that the piston travels in to generate rotation of 

the engine. It is created in the casting of the engine block and then machined by boring to 

be high performing. 

 

 

 

 

The power comes from the ignition of fuel under high pressure. When ignited the 

expanding gases pushes the piston downwards resulting in movement of the connecting rod 

as seen in figure 2.1. To get full effect of the combustion, the cylinder bore and the piston 

must align as perfectly as possible with as little friction as possible. This requires high 

accuracy in the making of the cylinder bore. 

Figure 2.1 An Engine block with three cylinder bores. 
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2.2 What is cylinder boring? 
Cylinder boring is the technique used for increasing the inside diameter of the cylinder 

bore. It is also referred to as internal turning. The standard diameter that is machined is 

between 30-100 mm and the depth is generally four times the diameter. It is possible to 

machine different sized bores which then is done with specially made tools (Sandvik 

Coromant, n.d.).  

 

The boring process is used to achieve three different qualities for a bore. 

 

Concentricity 

This is a geometry term for when two or more objects share the same center of axis or 

center point. The boring operation for concentricity can be the alignment of the center point 

for the inner and outer diameter of a pipe with a through hole. 

 

Straightness 

Boring is used to straighten the existing holes. For example when a casting process is done 

the usage of release angles is required in mold. These angles are used to get the casting 

mold out of the cast part. So by casting a hole the releasing angles will deform the holes 

geometry by reducing its diameter the deeper it goes. 

 

Sizing 

The boring procedure is most commonly used for the sizing of holes, to achieve specific 

diameters with high tolerances and finish depending on the demands for the hole. Roughing 

operation is used to open up a hole with larger tolerances. Roughing is usually used in 

preparation for the finishing, which adjust the hole for the tolerances and surface finish 

limits (Schneider, G. 2010) 

Figure 2.2 A piston in a cylinder bore (DirecDelta, n.d.). 
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2.2.1 The finishing process  

This thesis focus on the development of a boring tool for the finishing step in the process of 

cylinder boring. 

 

Fine boring operations is used as the tuning step for a hole on the way to being finalized. 

The machining is done with small cutting depths, generally it is below 0.5 mm. This means 

that the hole that is being machined must be close to its final dimension before the finish 

process can be used. The small cutting depth is a result of the requirement to achieve bore 

tolerance, correct positioning and high quality surface rather than only cutting away 

material like the roughing process (Sandvik Coromant, 2016). 

 

The process depends on the plant resources and can differ quite a bit depending on what 

equipment is used. For example, depending on number of inserts and/or positioning relative 

between the inserts the process needs to add the retraction of inserts step. Generally the 

process with three or more inserts has the following steps: 

 

1. The inserts are adjusted to desired positions. 

2. The boring tool rotates in continuous speed. 

3. The boring tool is moved through the cylinder bore, machining the walls to the set 

measurements. 

4. When the tool has machined through the whole cylinder bore the rotation ends. 

5. When the tool has stopped the inserts are retracted not to scratch the bore surface 

when lifted out of the bore. 

6. The bore is then measured to see if it fulfills the demanding requirements. 

7. If the requirements are fulfilled the process is concluded. If they are not fulfilled the 

inserts are adjusted and the process is repeated.1 

2.2.2 Cutting forces 

There are two main cutting forces in action during the boring procedure. 

- The tangential force will try to push the tool away from the center line 

- The radial force wanting to push the tool inward, reducing the cutting depth 

                                                 
1 Lemoine, V. Application Engineer & Kocherovsky, E. Product Development Engineer. Sandvik Coromant 

2016. 
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Figure 2.3 Tangential and radial cutting force (Sandvik Coromant, 2016)  

 

2.3 Adjustable boring tools used today 
There is a large range of boring tools on the market today made by different companies. 

The interest of this thesis lies in the tools with adjustable inserts so the first step was to go 

through the competitor’s webpages and catalogs. Boring tools with adjustable inserts has 

been around for a while, so it was no surprise that a large number of tools was found in this 

category but for specific cylinder boring there are fewer versions. 

 

Figure 2.4 show a cylinder boring tool with adjustable inserts from Mapal. The tool can 

adjust for wear compensation. 

 
Figure 2.4 Cylinder boring tool with adjustable inserts from Mapal (Mapal Isotool, 2010). 

 



  Chap. 2 Theory 

11 

  

However the adjustments for the inserts are the result of an external action. An operator or 

machinist is required to make the adjustments with a torque wrench. This is achieved by 

rotating the center screw, which can be seen as number 9 in figure 2.5. They have the 

available option of an automatically adjusting solution as well. The solution is to exchange 

the operator with an external housing where the center screw is inserted for adjustment. 

This requires specialized setting fixtures during the boring process, which may not work 

with the costumers existing setup.  

 

Figure 2.5 shows the mechanics of Mapals boring tool. They use the coolant pressure as the 

actuator on the drawbar with a spring contraption for the retraction of the inserts.  

 

 
Figure 2.5 Section view of Mapal tool (Mapal Isotool, 2010). 

 

The adjustment of the inserts by external action is by far the most available solution today. 

However, one tool stood out during our research about existing tools. That was Rigibore 

with their active edge, figure 2.6. Their solution for the adjustment lies in the usage of 

mechatronics. They have the possibility to make adjustments in the range of micrometers 

using a wireless handheld computer. The power supply for the radio communication and 

the mechanical adjustment system is two 6V batteries located inside the tool which is 

changed when the batteries are drained. This is the only boring tool that was found in the 

market today that is considered as a competitor to our tool (Mapal Isotool, 2010). 
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Figure 2.6 Rigibores Active Edge tool (Rigibore, 2016). 

 

2.4 Components and technology 
This chapter covers the description of components and technologies found during the 

literature study. It also contains information about features for boring tools already in use 

by Sandvik Coromant today that is interesting for this thesis as well. 

2.4.1 Silent tools 

It is impossible to completely eliminate vibration during metal cutting operations, but there 

is some techniques that minimize the vibrations. One of these techniques is to implement 

Sandvik Coromants Silent Tools. Silent Tools is designed to damp the vibrations inside the 

tool body while cutting metal granting better surface finish and tolerances. Implementation 

of Silent Tools leads to increased productivity up to 200%. The system consists of heavy 

mass that is supported by rubber spring elements. To increase the anti-vibration effect oil is 

added (Sandvik Coromant, 2016). A rough estimation is that Silent Tools take about two-

thirds of the tool body diameter and about one-fourth of the tool body length.2 

2.4.2 Piezoelectric actuator 

A piezoelectric actuator converts electrical energy to mechanical energy, called converse 

piezoelectric effect. It also works the other way around, mechanical to electrical energy, 

and is then called direct piezoelectric effect. When charged with voltage it expands and 

when squeezed it generate voltage. The piezo actuators seem to have no restriction on the 

resolution and seem only to be limited by electrical and mechanical factors. With its sub-

nanometer resolution it can still move several tons with the right setup. The typical travel 

range is just 10 to a few 100 micrometers, although with the use of a piezo actuator that 

bends it is possible to achieve a few millimeters in range (PI Ceramic, 2016). 

                                                 
2 Kocherovsky, E. Product Development Engineer. Sandvik Coromant. 2016. 
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Figure 2.7 Schematic of converse piezoelectric effect; (a) piezoelectric material, (b) 

dimensional change when an electrical charge applied, (c) dimensional change when an 

opposite electrical charge applied (Vatansever, D, Siores, E and Shah, T. 2012). 

2.4.3 Different motors 

Different types of motors have been considered in this thesis and brief information about 

these will follow in this chapter. 

 

DC motor 

The motor that dominates for small machines and products with battery power is the DC 

motor. It has very flexible drive abilities where it can operate in the speed range from zero 

up to maximum speed. The DC motors are also commonly found where the demand of 

speed control is important. It can, of course, use it as a motor but also as a generator there it 

for example can utilize the braking energy (Pernestål 2015, p.54). 

 

One of the simplest types of motors is the brushed DC motor which is generally 

inexpensive and reliable. Though in applications where high torque is required the brushed 

DC motor becomes a worse choice. This is due to when the speed increases the brushes 

friction also increases, reducing the viable torque. Another downside is that it requires 

maintenance often and the brushes must be cleaned and replaced from time to time making 

its life span a bit short, compared to brushless DC motors. 

 

The brushless type of the DC motor has some advantages over the brushed one. Some 

examples is that they have higher accuracy in positioning applications and requires a lot 

less maintenance due to the lack of brushes. They also have a better tradeoff between speed 

and torque and higher output power (Dirjish, M. 2012).  

 

Stepper motor 

The stepper motor derives its motion from steps in a specific angle of rotation. Depending 

on the design it is possible for the motor to take 4 steps/revolution and above 1000 

steps/revolution. The higher the number of steps the motor takes during one revolution, the 

higher precision it can produce. For each step the stepper motor must receive a pulse which 

makes it turn one step. The motor must complete the first step before the next pulse arrives 

or else the turning will end and the motor stops. When the load has reached a continuous 

rotational speed the pulse frequency can increase to a point where the electric abilities are 

limited (Pernestål 2015, p.55-56). 
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Because of the precise rotation angle in each step it is possible to control the stepper motor 

position without any feedback mechanism. It is also very good at starting, stopping and can 

turn in both directions. One more interesting feature is that it has some residual torque, 

meaning it can hold some load when it is not energized and at rest (Circuit Specialists, 

2016).  

 

Piezoelectric motor 

PiezoMotor is a developer and manufacturer of motors based on piezoelectric materials. 

They developed a technology that is called Piezo LEGS and is used in their motors, both 

linear and rotary motors. It is based around small piezoelectric actuators referred to as 

“legs” which can be bent sideways and elongated. When then appropriate drive signals is 

applied the legs starts to move synchronized, making it look like a walking animal, and 

with friction move/turn the drive rod. Because of this, PiezoMotors can operate without any 

backlash and mechanical play but also a non-power consumption locking mechanism which 

is generally 10% higher than the rated stall force (PiezoMotor, 2016). 

 

 
Figure 2.8 Walking principle of Piezo LEGS by PiezoMotor (PiezoMotor, n.d.)  

2.4.4 Linear actuators 

During the literateur study different linear actuators where researched, below are the most 

common to change rotary into linear motion. 

 

Lead screw 

The most common component to achieve linear motion from rotary motion is the regular 

lead screw. The lead screw is designed as a nut on a threaded shaft. It is the lowest in price 

of the linear actuators in this thesis and also with the lowest efficiency. They have in 

general a higher pitch lead then the ball screw and the roller screw (Sdp-si, 2016). 
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Ball screw 

To transmit rotational motion to linear motion a ball screw can be utilized. The ball screw 

is a type of lead screw but has ball bearings inside the nut to minimize the internal friction. 

With the minimized friction the ball screw can have an efficiency greater than 90%.  It also 

helps to negate the transmitted forces between the nut and the screw (Thomson, 2016). The 

ball bearings are traveling in helical grooves that are identical on both the nut and the shaft. 

When a ball reaches the front of the nut it is deflected into, what is called, the return 

system, making the ball return to the back of the nut as seen in figure 2.10. The return 

system is either an external system or an internal system there the difference is that internal 

is inside the diameter of the nut while the external is outside the diameter of the nut. The 

ball screw comes in various setups that specialize in different features (Barnes Industries, 

2016).  

 
Figure 2.10 External return system of a ball screw (Barnes Industries, 2016). 

 

Figure 2.9 Lead screws with different nut types (Sdp-si, 2016) 
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Roller screw 

A roller screw is similar to the ball screw but have some advantages. It is designed with 

several rollers paralleled to the axis between the nut and the screw as shown in figure 2.11. 

The rollers and the screw share the same pitch lead resulting in more contact points 

compared to a ball screw. This design results in increased stiffness and load carrying 

capability. It also minimizes the maintenance and prolongs life time (Shelton, G 2010). The 

roller screw is a good fit in harsh environment with good rigidity where high precision is 

needed. All this and it can still be used for high rotational and linear speed accompanied 

with high acceleration if needed. 

 

 

Recirculating roller screw 

A really interesting component with the highest positioning accuracy, finest resolution and 

highest reliability is the recirculating roller screw. The main difference of a recirculating 

roller screw is that instead of threaded rollers it uses grooved rollers, which is seen in figure 

2.12 (SKF, 2016). 

 

 
Figure 2.12 Difference between threaded roller, left, and grooved roller, right (SKF, 2008).  

 

Figure 2.11 Break out view of a roller screw (Shelton, G. 2010). 
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2.4.5 Angular contact ball bearing 

An angular contact ball bearing is designed to take combined load, meaning it 

simultaneously take both radial and axial loads. This is done possible thanks to the design 

which displace the raceways in the inner and outer rings relative to each other. To take 

higher axial load the contact angle can be increased (SKF, 2016). The contact angle can be 

seen in figure 2.13. 

 

 
Figure 2.13 The contact angle in an angular contact bearing from SKF (SKF, 2016). 

2.4.6 Encoder and sensors 

Many different motor types comes with mounted encoders to measure its motion, 

converting it to an electrical signal which then is translated by a control drive, positioning 

the motor. Within this thesis, information about magnetic sensors, inductive sensors and 

capacitive sensors have been gathered. These sensors were selected due to their 

characteristics, making them a good fit in harsh environments (Sensatech Research, 2013). 

 

Magnetic sensors 

Magnetic encoders can operate reliably under harsh environments, such as vibrations. 

Depending on the application, both an incremental type for relative position and an absolute 

type for absolute position can be used. Magnetic sensor is commonly referred to when 

talking about either Hall Effect sensor or magneto resistive sensor. The magneto resistive 

sensor is a better choice when it comes to high-end miniature encoders because it is a more 

sensitive measuring device with higher resolution. It is a non-contact wear free operation 

sensor which both can measure linear motion or rotary motion (Eitel, E. 2014). According 

to Soulutions (2016) engineers in the past often used rotary on axis encoders installed 

directly onto the shaft. Today it is more common to utilize the space around the shaft using 

an encoder ring. 

 

Inductive sensors 

The inductive encoder have many similar features as the magnetic encoder, it is a contact 

free sensor that can handle vibrations and shocks. It will ignore non-metallic particles, i.e. 

water, oil and dirt, and can sense metal objects through other objects. One common sort of 

inductive sensors is the Eddy current which is cost effective. Although it can’t handle 

extreme resolutions it is a good choice for position measurement (Lion Precision, 2016). 

 

Capacitive sensors 

The big difference between capacitive sensor and Eddy current is that capacitive uses a 

more focused electric field for sensing while Eddy current uses a magnetic field that 
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completely surrounds the probe. The result of this is that the capacitive sensors is better to 

use when small targets needs to be measured. However the capacitive sensors require a 

clean environment to function properly (Lion Precision, 2016). 

 

2.5  Tools for concept generation 
To get a good structure and to disturb the way of thinking different tools for concept 

generation were used to get as many different and good concepts as possible.  

2.5.1 Wish and Wonder 

“Wish and Wonder” is a tool that helps to stimulate the consideration of new possibilities. 

By start the comments with “I wish we could…” or “I wonder what would happen if…” it 

becomes easier to reflect on the boundaries of the problem. Every wish and every wonder 

can make room for further discussion and, hopefully, generate some new ideas and 

solutions to the problem (Ulrich and Eppinger 2012, p.129). 

2.5.2 Brainstorming 

This tool is often used in projects to come up with new ideas due to its easy set up and 

straightforward work. Ulrich and Eppinger (2012, p.127) describes this tool as an internal 

search for solutions. The meaning of this is that the ideas and solutions is created from 

knowledge already in possession of the people who is attending to the “Brainstorming” 

session. The idea behind the tool is to come up with as many solutions for the problem as 

possible. All the ideas of solutions get documented without any judgment. Solutions that 

may see infeasible at first can often be improved and proven very useful in the end. 

2.5.3 SCAMPER 

According to Baxter (1995 p.90) this tool can be useful when it comes to see the less 

obvious solutions. “SCAMPER” is an acronym which stands for Substitute, Combine, 

Adapt, Magnify or Minify, Put to other use, Eliminate or Elaborate and Rearrange or 

Reverse. The tool forces you to go through all these headings and use them as a checklist 

for possible product modification. This tool was used when the concepts needed further 

development, since “SCAMPER” is used to modify concepts. 

2.5.4 TRIZ 

“TRIZ” is described by Gadd (2011, p.3) as a powerful toolkit which help engineers to 

solve their problems by accessing past engineering and scientific knowledge. “TRIZ” was 

created by the Russian Genrich Altshuller who went through the patent database and found 

that there is only a set number of solutions available for a technical problem. “TRIZ” is a 

Russian acronym and translates to “theory of inventive problem solving” (Ulrich and 

Eppinger 2012, p.130).  

 

As “TRIZ” contains a lot of tools it was decided to use the tool “Contradiction” and “40 

principles” to provide new ideas and solutions for this thesis. A contradiction is explained 

as when a new solution is introduced another feature gets worse. A contradiction can also 

be opposite solutions. After a contradiction is found “TRIZ” moves forward to solving this 

by using the “40 Inventive Principles”, which can solve any contradiction according to 
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Altshuller. Which principle to use can be found in the contradiction matrix. The principle 

then explains how the problem should be engaged (Gadd 2011, p.98-101). 

 

2.6 Tools of concept evaluation and selection 
Some problems of concept evaluation debated by Johannesson, Persson and Pettersson 

(2013, p.179) is that the selection of a concept can seem to be fairly easy. In reality it is a 

difficult task with multiple features and factors to take into account for amongst the 

concepts. These features and factors needs to be considered as more or less important and 

be valued with the least amount of subjectivity as possible. By the use of “Pugh matrix” 

and “Weight Determination matrix” it is considered to minimize the selectiveness. 

2.6.1 Pugh matrix 

“The Pugh matrix” was developed by Stuart Pugh and is used to evaluate the concepts 

relative to each other. After evaluation, the concepts are ranked after the criteria and it can 

easily be seen which concept is ranked the highest. Explained by Ulrich and Eppinger 

(2012, p.150) the process contains six steps: 

 

1. Prepare the selection matrix 

2. Rate the concepts 

3. Rank the concepts 

4. Combine and improve the concepts 

5. Select one or more concepts 

6. Reflect on the result and the process 

 

The first step is to identify the selection criteria used to evaluate the concepts relative to 

each other. The different criteria are picked from the requirement specification and also 

criteria that the customer sees important. In the first step a reference concept is picked 

which all other concepts are rated against. It is important that the reference concept should 

be well known and every participant understands it. It can be an own already existing 

solution/product or a competitors solution/product. It can also be any of the concepts under 

consideration (Johannesson, Persson and Pettersson 2013, p.184). 

 

The second step is where the evaluation starts. Here it is time to rate the concepts relative to 

each other with the selection criteria by using (+) for “better than”, (0) for “same as” or (-) 

for “worse than”.  

 

When every concept has been rated against every criteria the concepts are summed up by 

adding the (+)’s and subtract the (-)’s for every concept, which is step three. By doing this a 

net score is presented and the concepts can be ranked accordingly.  

 

In step four the focus is on the ranks of the concepts and how they scored with different 

criteria. If a concept scored low on a specific criteria but scores well overall it should be 

investigated if the criteria can be improved by solutions from other concepts or by finding 

new solutions. If no special reason exists for eliminating the lowest ranked concepts during 

this step, this should be done. Before going forward to step five a new reference concept 
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should be set and add the newly combined concepts. Repeat step two - four until the 

rankings stays the same, or close to same, and no new solutions are being made. 

 

In step five it is time to decide which concepts should go to further and more detailed 

analysis before making the final decision. It can also be that steps three and four are 

repeated, but this time with weighted selection criteria.  

 

The last step, step six, is about reflecting on the results. Does everything feel alright? If it 

doesn’t, maybe there is an important selection criteria missing or a particular rating is 

thought in the wrong way. This is important because if it feels good and the results make 

sense after the evaluation it reduces the likelihood of making mistakes (Ulrich and 

Eppinger 2012, p.151). 

2.6.2 Weight Determination matrix 

This matrix works, in some ways, as the “Pugh matrix”. It compares every selection criteria 

against each other. A difference though is that a reference criteria is not picked and instead 

of (+), (-) and (0) it uses (1) for “more important”, (0.5) for “equally important” and (0) for 

“less important”. After every criteria has been compared to all other criteria they are 

summarized row for row by adding the values together. If a row value is divided with the 

total value of all rows a relative sum is presented. A brief example of the matrix is shown in 

table 2.1. 

 

Table 2.1 Example of the “Weight Determination matrix”. 

 
 

The sum of each row or the relative sum values can be used as weight factors but it is often 

easier and more visual to remake them to a fixed weight scale, like a scale from 1-5 or 1-10 

etc. This is done with the use of the formula 

 

𝑤𝑖 = (
𝜎𝑖

𝜎𝑖𝑚𝑎𝑥
) ∗ 𝑤𝑖𝑚𝑎𝑥   (2.1) 

 

where wi is the final weight number of the chosen scale to be used in the “Pugh matrix”, σi 

is the relative sum of one row, σimax is the highest relative sum of all rows and wimax is the 

highest number in the chosen scale. The result of wi is rounded off with mathematically 

accepted rules (Johannesson, Persson and Pettersson 2013, p.188).  
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3 Concept generation 
After the literature study and the drafting of the requirement specification were done the 

next step was to generate ideas and concepts. The concept generation did focus on the 

mechanical function for adjusting the inserts due to its central position in the thesis. In the 

later stage, concepts for the tool as a whole were created. 

 

3.1 Idea generation 
It was decided that a good starting point for generating concepts for the tool would be to 

find solutions for the mechanics on how to adjust the three inserts radially and then how 

said adjustment could be achieved by different mechanical designs. This chapter covers 

some ideas of solutions that were later used for making different concepts. 

3.1.1 Cartridge and inserts 

The first problem to be solved is at the end of the adjustment chain, the insert and cartridge. 

A few ideas on how to adjust these two components are presented below and later used in 

the concepts. 

 

Bending the cartridge 

From already existing tools it was clear that the majority used “bending the cartridge” as a 

solution for adjusting the inserts radial position. The cartridge is fastened in the tool body 

by two screw joints; this makes it a rigid design. To ease the bending operation the 

cartridge comes machined with a gouging on the side which is facing the tool housing. 

When a force is applied on the opposite side of the screw joints the cartridge bends and 

tension in the material is created. This tension will result in the cartridge getting spring like 

feature wanting it to bend back to its normal position. 

 

 
Figure 3.1 Sketch of the bending of a cartridge. 
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Adjusting the inserts with springs 

This idea eliminates the bending of the cartridges as well as the screw joints. The insert is 

mounted on a cartridge with a rectangular or oval geometry. The selected geometry is to 

only allow up and down movement. A spring is added to enable the retraction of the insert. 

When a force is applied on the bottom of the housing the spring is compressed and the 

inserts are adjusted seen in figure 3.2. The bottom can be designed in various ways 

according to requirements. 

 

 
Figure 3.2 Sketch of how the retraction of inserts can be done with springs. 

 

Adjusting the inserts with threads 

This is similar to the previous idea. The insert is mounted on housing with a rectangular or 

oval geometry. The selected geometry is once again to make sure the inserts keep their 

position. The cartridge is hollow with a threaded surface. By connecting a screw to the 

housing the adjustment is achieved by rotating the screw seen in figure 3.3. 

 

 
Figure 3.3 Sketch shows the adjustment of inserts using threaded housing. 
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3.1.2 Modifying the ideas in 3.1.1 

After the ideas were created on how the inserts and cartridge could be adjusted the next step 

was to generate ideas on how this could be achieved. How the motions or forces could be 

used to make said adjustment. Below are some of the ideas that were later used in in the 

concepts. 

 

Wedge-like mechanics 

The “wedge-like mechanics” are two objects with inclined planes in contact. The idea is to 

push object A with enough force to get the object B to move in a perpendicular direction. 

The wedges have a mechanical advantage, meaning the force needed in the X-axis to get 

the force required in the Y-axis will be depending on the angle of the inclined plane. So 

basically by sizing the angle of the inclined plane can minimize the required input force for 

the mechanical system. Another feature with the wedge mechanics is the adjusting 

accuracy; depending on the angle, the required travel distance in the X-axis is known to 

achieve a specific displacement in the Y-axis. This idea would work with both Bending the 

cartridge and Adjusting the inserts with springs. The inclined plane can be constructed in 

various ways. In figure 3.5 one solution is shown, called “the puck”. 

 

 
Figure 3.4 Sketch of the wedge mechanics. 

 
Figure 3.5 The puck. 
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Three-way gear 

The three-way gear idea uses classic mechanics with bevel gears to transfer the rotation to 

different directions. The main gear rotates around a vertical axis while the three other bevel 

gears rotate in a perpendicular axis. The gears in the perpendicular positions are constructed 

with a threaded shaft, which can be further connected if necessary, like to the solution in 

figure 3.3. 

 

 

 
Figure 3.6 Connection between the bevel gears in the Three-way gear concept. 

 

Three lift cam 

An idea that kind of combines the wedge-like mechanics and the three-way gear is to use a 

cam as shown in figure 3.7. The cam has a design which has resemblance of a three leaf 

clover with rounded points and the idea is to rotate the cam and using its design to push on 

objects in contact.  

 

 
Figure 3.7 The Three lift cam design seen from above. 

3.1.3 Miscellaneous ideas 

Sometimes during the idea generation session ideas that was not in focus but still related to 

the development of the tool would emerge. Below are a few of these ideas that could be 

useful but not used in the concepts. 
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Utilizing existing energy and forces 

When the tool “Wish and Wonder” was used one wish was that the tool could utilize the 

energy and forces that is created during the boring operation, i.e. coolant pressure and 

rotational energy. Some ideas were to use the centrifugal force to make the adjustments and 

then use the coolant as the locking mechanism. However no feasible solution for this was 

created hence it is located under miscellaneous ideas 

 

Another wish was for unlimited power supply. This led up to some ideas using a generator 

solution, to use the tool which is rotating as the rotor and a stationary stator around the tool 

to charge the battery. 

 

Another idea was to put small generators in the coolant system which then could generate 

electricity to charge the battery. 

 

3.2 Concepts 
The next step in the process was to generate concept of the whole adjustment chain by 

combining our ideas from the idea generation. This chapter will describe the first set of 

concepts that were generated and later evaluated. A brief list of pros and cons was added 

under every concept to get a good understanding of their characteristics. In the “Pugh 

matrix”, table 3.1, the concepts are referred to as numbers. These numbers represent the last 

number of each individual concept heading.  

3.2.1 Piezoelectric stacks 

This first concept is made in mind with the usage of few components. A piezoelectric stack 

is placed in the middle of the tool, by controlling the current different displacement lengths 

are achieved. The stack is attached to a puck like body with three inclined planes. The 

inclined planes use wedge mechanics to actuate a rod that bends the cartridge. 
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Figure 3.8 Sketch of the concept Piezoelectric stacks. 

 

Pros 

 Few components 

 Small footprint in tool 

 High accuracy 

 Same displacements on all inserts 

 Compatible with inserts at different spacing 

 Does not require positioning feedback 

 

Cons 

 High power consumption 

3.2.2 Linear actuator with wedge-like mechanics 

This concept was based on minimizing the input torque and maximizing the output force. A 

rotary motor is connected to the shaft of a linear actuator. The linear actuator is fused 

together with “the puck” seen in figure 3.9. “The puck” uses wedge mechanics to actuate 

on a “rod” which bend the cartridges. On both sides of the linear actuators shaft there are 

sealed angular contact bearings to take up the force created during adjustments and for 

protection of components. The electronics and motor are located in the bottom of the tool in 

a separate chamber to protect it from coolant and lubrication, as well as enable maintenance 

with ease. The linear actuator comes with lubrication requirements that can be solved with 

either opening the tool (takes time) or a lubrication nozzle constructed in the tool housing. 



  Chap. 3 Concept generation 

27 

  

  
Figure 3.9 Sketch of the concept Linear actuator with wedge-like mechanics.  

 

Pros 

 Reliable mechanics 

 Low input torque to adjust high load force from the cartridge 

 Design possible without backlash 

 Same displacement on all inserts 

 Compatible with inserts at different spacing  

 

Cons 

 Lubrication of the linear actuator 

 Long overhanging tool body 

3.2.3 Linear actuator with wedge-like mechanics and springs 

This concept was based on the concept Linear actuator with wedge-like mechanics, shown 

in 3.2.2. The difference is that the feature to bend the cartridge to do the adjustment was not 

used. Instead the idea seen in figure 3.2, Adjusting the inserts with springs was 

implemented. This concept has an inclined plane in the bottom of the insert housing to 

match “the puck”.  
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Pros 

 Low input torque 

 Fast retraction 

 Compatible with inserts at different spacing 

Cons 

 Difficult to adjust the inserts the same amount 

 Difficult to assemble 

 Lubrication of the linear actuator 

3.2.4 Three lift cam 

This concept is based around the idea Three lift cam shown in figure 3.7. 

In this concept a rotary motor is connected to the cam shaft. By rotating the cam the 

cartridge is bent. Due to the use of the cam solution the tool has a compact design, this led 

to a decision to place the motor higher up in the tool body to be able to minimize the length 

of the overhanging tool body. The electronics is as in the previous concepts in a housing 

located at the bottom of the tool, this requires a channel for electrical wires to the motor. 

 

 
Figure 3.10 Sketch of the concept Three lift cam. 

 

Pros 

 Can be designed for fast retraction 

 Requires little space 

 Small overhanging tool body 

 Same displacement on all inserts  

Cons 

 High input torque required 
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3.2.5 Three lift cam with spring 

This concept is based around concept 3.2.4. The only difference is that it does not bend the 

cartridge. Instead it will be using the spring idea shown in figure 3.2. This concept will 

have an inclined plane in the bottom of the insert housing to match the three lift cam. 

 

Pros 

 Low input torque 

 Fast retraction 

Cons 

 Difficult to adjust the inserts the same amount 

 Difficult to assemble 

3.2.6 Three-way gear 

For this concept the idea is to change the rotary motion from the main axis to three 

perpendicular axles by usage of bevel gears. The perpendicular axles are rested on angular 

contact bearings to stop the force generated by the bent cartridge to reach the gears. The 

end of the axle is threaded and when rotated the axle actuate a threaded housing to push out 

the cartridge. The motor and electronics have the same setup as concept Three lift cam, as 

shown in 3.2.4. The main differential aspect in the tool body is the diagonal fastener for the 

electrical housing to save space. 

 
Figure 3.11 Sketch of the concept Three-way gear. 

 

Pros 

 Low input torque 

Cons 

 High backlash probability 

 Difficult to assembly 

 Difficult to get the same starting position on all gears 
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3.2.7 Adapter 

One of the first concepts was instead of manually adjusting the current tool an adapter is 

mounted on the tools bottom side which has integrated electronics and motor. The adapter 

contains a cap that fits on the adjusting mechanism and grips it. When then the cap rotates it 

also rotates the adjusting mechanism, adjusting the tool inserts. The adapter will be 

mounted with the screw holes on current tool. This concept takes advantage of current tool 

mechanism. The downside is that the tool will become much longer and leave no room to 

implement Silent Tools. 

 

Pros 

 Use existing mechanism 

 Easy access electronics 

Cons 

 Overhang 

 No space for Silent Tools 

 No feedback on positioning 

3.2.8 Three rotary motors 

This concept uses three rotary motors which connect to one rotating actuator each. The idea 

here is to fix the motors as centralized and closed together as possible by using a housing 

which the motors will be mounted in, shown in figure 3.12. Also battery and electronic 

boards can be mounted on the housing between the motors. The actuators take inspiration 

from the idea Three lift cam, but instead of using one big cam we use three small cams that 

adjust the cartridge. The designs of the three cams are shown in figure 3.12. This concept 

also implement the idea Bending the cartridge, this to utilize the spring-like function for 

retraction of the inserts. The motors need to adjust the same range at the same time and 

centrifugal force needs to be calculated due to many parts being away from the center of the 

tool. 
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Figure 3.12 Sketch of Three rotary motors concept. Top-right shows the cam on the 

actuator and bottom-right shows the motor housing assembly. 

 

Pros 

 Dividing the force to adjust/withstand on three different motors 

 All electronics well protected and sits together 

 

Cons 

 May cause interference between the motors 

 Many components 

 Space consuming 

 Three motors requires power 

3.2.9 Coolant with integrated motor 

One concept idea was to use only the existing coolant for adjusting the inserts. This would, 

however, be difficult with the small tolerances and high precision required. If a solution to 

adjust the retraction of the inserts with coolant and to use a motor to make the adjustments for 

wear compensation it could prolong the battery life. An interesting idea was to merge the 

motor in the drawbar. When then the coolant pushes the drawbar for retraction adjustment 

the motors moves with it. Although this solution is interesting it was decided to let it go 

because it was not possible to find any suiting solution in time for the idea. Also it was 

considered that the concept did not include any complete solutions to be evaluated in the 

“Pugh matrix” and was therefore eliminated from the process. 

 

Pros 

 Prolong battery life 

 Fast retraction 
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Cons 

 The motor has not a fixed position in the tool 

 Hard to protect electronics when mixing adjustment with high water pressure 

 Hard to find solutions that meets the requirements on tolerance 

 

3.3 Concept comparison 
After the first draft of concepts was documented they were compared to each other using 

the “Pugh matrix”. As described under chapter 1.6.3 the matrix is at first used without 

weighted criteria, this can be seen under table 3.1. The reference concept for the first 

evaluation is the concept named Three-way gear, described under 3.2.6. This concept was 

selected as the reference because of its simple and classic mechanical design that is easily 

understood. 

 

Table 3.1 First evaluation using “Pugh matrix” without weighted criteria. The number on 

the top row shows which concept being evaluated by checking the last number of chapter 

3.2, for example concept 7 refers to Adapter under 3.2.7. 

 
 

The evaluation shows that the three concepts that scored the lowest points are linear 

actuator with wedge like mechanics and springs, Adapter and Three rotary motors. After 

some discussion it was considered that there is no point developing these concepts any 

further because they lack potential.  

 

The concept Three lift cam with springs did get a net score of zero points and is ranked 

fourth but does not contribute with new ideas. Also the other three lift cam concept without 

the springs did score higher and therefore it was decided to drop the spring concept for 



  Chap. 3 Concept generation 

33 

  

further development. Also noticeable is the spring concepts versus the bending concepts in 

general shows a favor for the bending concept looking at our criteria. 

The concept Piezoelectric stacks got ranked in second place. But in a discussion with 

Stefan Johansson, researcher in materials science with a specialization in microactuator 

technology at Uppsala University, it was known that the solution can’t use a battery as a 

power supply because of the high need for voltage. Because the requirement specification 

states that a battery should be integrated this concept will not be develop further. 

3.3.1 Evaluation 

From the “Pugh matrix” it was decided to keep three concepts to develop them further or 

redesign them to improve on some criteria if possible. 

 

Linear actuator with wedge-like mechanics (Concept 2) 

Looking at the matrix in table 3.1 we can see that this concept scores badly on the criteria 

“protections of components”, “same dimension/shape” as the tool used today and “easy to 

grease” against the reference concept. This concept got the highest score after the 

evaluation, but as mentioned it still has some potential to develop further. 

 

Three lift cam (Concept 4) 

Like the concept Piezoelectric stacks, the Three lift cam scores low on the criteria “battery 

life” and “energy consumption”. The high energy consumption depends on the choice of 

motor but also that the design requires high input torque to make the adjustments. The 

concept gets in second place together with the Piezoelectric stacks and only one point 

behind the concept Linear actuator with wedge-like mechanics making the Three lift cam a 

good candidate, if the criteria can be improved. 

 

Three-way gear (Concept 6) 

Things to consider for improvement of this concept are the criteria “cutting displacement”, 

if it can be designed to fit the “components in center” of the tool body and “easy to 

disassemble”. A big problem is that the “precision loss” scores low and the system cannot 

have backlash on one separate gear, it has to be equal for all three. This is because the 

design does not allow adjustment on a single inserts, when the motor rotates it is affecting 

the whole system. 

 

3.4 Further improvement of the concepts 
As mentioned the focus lied on developing three concepts. The development is aimed at 

improving the weak aspects for each concept that was shown in chapter 3.3. The 

improvement is achieved by combining features and solutions from other concepts which 

scored higher in the same category, or by incorporating new designs and solutions for the 

concept. 

3.4.1 Linear actuator with wedge-like mechanics 

From the “Pugh matrix” one conclusion was that concepts with the motor located in the top 

part of the tool body scored better in the criteria for “protection of components” and “same 

dimension/shape”. So with the new concept of the Linear actuator with wedge-like 
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mechanics the motor has been relocated as seen in the figure 3.13. The new location for the 

motor comes with the requirement of wires from the electronic housing, so like other 

concept a channel has been created from the motor down to the electronics. One problem 

with the new location of the motor is how it should be fastened. The standard for motors 

seems to be that they have the drive shaft and the fastening features on the same face. To 

eliminate this assembly problem a motor housing will be designed. The housing is designed 

with an opening to the wire channel and a sealing for both the protection of the motor and 

the protection of the channel that leads down to the electrical housing. A coupling have 

been implemented in the concept as a connection between the motors drive shaft and the 

shaft of the linear actuator. It is also used to adjust for potential misalignment of the shafts. 

 

 
Figure 3.13 Sketch of the developed concept linear actuator with wedge-like mechanics. 

 

3.4.2 Three lift cam 

This concept scored low on the required input force (torque) in the “Pugh matrix”. The 

other concepts was screened for solutions and it was decided to incorporate the linear 

actuator in this concept to minimize the required input torque. This concept uses rotary 

motion to linear motion to once again rotary motion. The idea was to reduce the torque 

required by using mechanical advantages. The rotation from the motor shaft results in the 
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linear motion by the linear actuator. The idea was to put tracks on the outside housing of 

the linear actuator, these tracks works like leads on a screw connected to similar hollowing 

on the inside of the cam. Angular contact bearings and a distance plate are used to lock the 

cam linearly, resulting in a forced rotation of the cam when the actuator is moved linearly. 

A coupling is implemented in this concept to connect the two shafts and to adjust for 

potential misalignment. The motor housing is implemented in this concept with the same 

principle as in Linear actuator with wedge like mechanics. 

 

 
Figure 3.14 Sketch of the developed concept Three lift cam. 

3.4.3 Three-way gear 

The biggest problem with this concept was the risk for different adjustment of inserts due to 

backlash. Since all inserts was connected to one motor the option of correcting the 

adjustment does not exist. To adjust the inserts alone the three way gear will be split into 

three separate gear assemblies. A combination between the concepts Three way gear and 

Three rotary motors was done. With this combination individual control for the adjustment 
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of the inserts is achieved and the tool can therefore adjust for the backlash that may occur 

using sensors to tell the differential.  

 

The concept ended up using the idea from Three rotary motors with its housing to mount 

the three motors. Each motor is then connected with a coupling and uses the same 

mechanics as the Three-way gear concept to adjust the inserts. The only difference, as 

discussed, is that instead of one bevel gear there are now three separate, one for each insert.  

 

The developed concept solves the big problem with the precision loss and also makes it a 

bit easier to control the criteria “cutting displacement” if necessary. Even though the 

developed concept does not solve the problems with “components in center” and “easy to 

disassemble” it is considered that this concept has made good improvements.  

 

 
Figure 3.15 Sketch of the developed concept Three-way gear. 

 

3.5 Concept selection 
For the final concept selection “Pugh matrix” was once again used, but this time with 

weighted criteria and only with the developed concepts described under 3.4. The “Weight 

Determination matrix” is seen under Appendix N. The reference concept for this round was 

set to the Linear actuator with wedge-like mechanics since it scored highest in the last 

matrix. 
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Table 3.2 The final evaluation round using “Pugh matrix” with weighted criteria.  

(2) Linear actuator with wedge-like mechanics, (4) Three lift cam, (6) Three-way gear. 

 
 

As seen from table 3.2 the improvements on the concept Three-way gear was not enough to 

beat the other two concepts and also fails on some high weighted criteria. After a discussion 

was held about the evaluation, the result seen in table 3.2 felt fair. Therefore it is the 

concept Linear actuator with wedge-like mechanics that got the highest rank and is the 

concept that goes on to further development during this thesis. 

  



Project Degree: NEW CUTTING TOOL CONCEPT FOR CYLINDER BORING 

38 

4 Components and calculations 
Calculations for the selected concept were made to see what components were needed in 

order to fulfill the requirements for the tool. The components will be described and 

calculated for in this chapter. 

 

4.1 Forces and dimensioning 
After the final concept selection the mechanical solution for the system was selected. This 

chapter will address the components implemented in the system and selection of features 

such as angle for the inclined plane and the clamping mechanics. 

4.1.1 Force to adjust the insert 

In the final concept the solution to adjust the inserts was by bending the cartridge. To get 

the force required to achieve the max displacement a FE analysis was done in Ansys 

Workbench 14. The analysis is done with the cartridge being fastened as it would on the 

tool body of our selected concept. A force was applied over the area where the “rod” to the 

cartridge would connect, and the results are shown below. 

 
Figure 4.1 Modeling of bending the cartridge with arrow showing the area of the applied 

force. 
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Figure 4.2 Graph of the force versus displacement. 

 

Table 4.1 Input force for X-axis displacement. 

Input force 

[N] 

Displacement 

X-axis [mm] 

Displacement 

X-axis [μm] 

0 0 0 

80 2,84E-02 28,357 

160 5,67E-02 56,714 

280 9,92E-02 99,249 

400 0,14178 141,78 

 

The analysis of the cartridge resulted in different X-axis displacement depending on the 

input force. The force to displacement ratio represents a linear curve, much like a spring. 

Appendix A shows the calculations that result in the required force 338.5 N for the full 

adjustment of the inserts.  

 

The result was discussed and it was decided to double the force required as a safety 

measure. The safety measure is to adjust for energy losses and incalculable forces, as a 

result choose components that will be able to handle the practical scenario better than the 

theoretical. Further calculations are therefore based on the assumption that 677 N is 

required per insert for the max adjustment. 

4.1.2 Angle of the puck’s inclined planes 

Angle and force 

“The puck” is the first step of reducing the force required to adjust the cartridge/inserts. It is 

known from previous calculations that the minimum force required is 677 N.  
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Figure 4.3 Free body diagram showing the forces of wedge (A) and Wedge (B) with the 

motion direction of insert adjustment. 

 

Figure 4.3 shows “the puck” and the “rod” to the cartridge. For simplification the puck’s 

inclined plane is called wedge (A) and the rods inclined plane is called wedge (B). The free 

body diagram shows the two wedges (A), (B) and the forces which occurs during the 

adjustment of the insert. The motion is that wedge (A) moves to the left and pushes Wedge 

(B) upwards, making the adjustment. The values shown below come from the calculations 

done in Appendix B. 

 

Table 4.2 Force P, 5-60 degrees (interval of 5 degrees). 

 
 

The values are calculated to get a clear idea on the angle of the inclined plane versus the 

input force required by wedge (A) to adjust the insert 120 μm. As expected the force P 

decreases as the angle gets smaller. 

 

A new set of values were created, this time with smaller starting point of the angle value 

and decreased interval steps. At this stage the angle does not affect the input force with the 

same amount as seen in table 4.2. 

 

α 5 10 15 20 25 30 35 40 45 50 55 60

F1 677 677 677 677 677 677 677 677 677 677 677 677

Cos α 1,00 0,98 0,97 0,94 0,91 0,87 0,82 0,77 0,71 0,64 0,57 0,50

Sin α 0,09 0,17 0,26 0,34 0,42 0,50 0,57 0,64 0,71 0,77 0,82 0,87

μ 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14

p 161,1 230,0 305,0 388,4 483,0 593,2 725,2 889,2 1101,9 1394,1 1828,8 2558,2
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Table 4.3 Force P, 2,6-4,8 degrees (interval of 0,2 degrees). 

 
 

The numbers were discussed and it was decided that the angle between 3-4 degrees gave a 

good value range for the input force. The relationship between the input force and the angle 

of the inclined planes needs to be put in perspective against the relationship between the 

displacement length and the angle of the inclined plane. By comparing these two a more 

specific angle can be selected. 

 

Angle and displacement 

The angle of the inclined plane does not only adjust for the input versus output force. It is 

also a relationship between the angle of the inclined plane and the displacement of wedge 

(A) versus the displacement of wedge (B). 

 

 
Figure 4.4 Sketch showing the relationship of wedge displacement and angle. 

 

The calculation that was made for the displacement of wedge (A) was to get the wanted 

displacement of wedge (B) see Appendix C. 

 

 

 

 

 

 

 

 

 

α 2,6 2,8 3 3,2 3,4 3,6 3,8 4 4,2 4,4 4,6 4,8

F1 677 677 677 677 677 677 677 677 677 677 677 677

Cos α 0,998971 0,998806 0,99863 0,998441 0,99824 0,998027 0,997801 0,997564 0,997314 0,997053 0,996779 0,996493

Sin α 0,045363 0,04885 0,052336 0,055822 0,059306 0,062791 0,066274 0,069756 0,073238 0,076719 0,080199 0,083678

μ 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14

p 129,7141 132,2955 134,8831 137,4768 140,0769 142,6833 145,2963 147,9157 150,5418 153,1747 155,8143 158,4609

α 3 3,2 3,4 3,6 3,8 4 4,2 4,4 4,6 4,8 5 Degrees

tan (α) 0,052408 0,055909 0,059411 0,062915 0,06642 0,069927 0,073435 0,076946 0,080458 0,083972 0,087489

b 0,12 0,12 0,12 0,12 0,12 0,12 0,12 0,12 0,12 0,12 0,12 mm

a 2,289736 2,146357 2,01983 1,907345 1,806687 1,71608 1,634089 1,559539 1,49146 1,429042 1,371606 mm

Table 4.4 Displacement for wedge A to result full adjustment (0,12 mm) on the inserts 

(interval 0,2 degrees). 
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Discussion was held about the numbers from table 4.2-4.5. The angle that was selected for 

the inclined planes was 3,6 degrees. This means that the travel distance for full adjustment 

radially will need the axially adjustment from “the puck” of 1,9 mm. The axial force of   

142,5 N per insert is required on “the puck” for the adjustment. 

4.1.3 Locking solution 

 

 
Figure 4.5 Free body diagram showing the forces of wedge (A) and Wedge (B) with the 

motion direction during boring operation. 

 

After the inserts are adjusted they need to hold that position during the boring operation. 

The locking mechanism of the tool will first and foremost use the inclined planes as a 

locking mechanism. As described in chapter 4.1.2 the inclined planes use the angle to ease 

the adjustment of the inserts. If the motion of direction is changed the opposite is true. A 

calculation was done as seen in Appendix E on the forces during boring operation. When 

the tool is boring a cylinder it results in a radial cutting force (𝐹𝑅) on the cartridge. The data 

of the cutting force comes from testing done of a similar tool at Sandvik Coromant. It also 

uses bending of the cartridge as the solution to adjust the inserts. Data from the test can be 

found in Appendix H.  

 

α 3 3,2 3,4 3,6 3,8 4 4,2 4,4 4,6 4,8 5 Degrees

tan (α) 0,052408 0,055909 0,059411 0,062915 0,06642 0,069927 0,073435 0,076946 0,080458 0,083972 0,087489

b 1 1 1 1 1 1 1 1 1 1 1 um

a 19,08114 17,88631 16,83191 15,89454 15,05572 14,30067 13,61741 12,99616 12,42883 11,90868 11,43005 um

Table 4.5 Displacement for wedge A to result 1 μm adjustment on the inserts (interval 0,2 degrees). 
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Figure 4.6 Holding force per insert during operation. 

 

The diagram shows the holding force done by friction of the inclined planes. After 

discussion a conclusion was that when the force increases, the holding force does so as 

well. If however vibrations etc. would make the friction lose the grip the linear actuator 

would be the next hurdle for motion to occur due to its own friction and moment of inertia. 

It is believed that the friction of the system would be sufficient to keep the position of the 

insert. The choosing of the motor can add extra holding torque to the locking of the 

adjustment; the requirement is in this case that the system is constructed without any 

mechanical play. 

 

4.2 Components 

4.2.1 Cartridge/inserts 

The inserts is mounted on a cartridge with bending feature witch is fastened with two 

screws on the tool body. The cartridge is mounted in a hollowing in the tool. One face of 

the cartridge is in contact with the tool body. The reason is to let the tool body take up the 

tangential forces during boring operation instead of the cartridge.  

4.2.2 Motor 

During the selection of motor, various features have been taken into account. 

First and foremost the motor must have the output torque that is required to achieve the 

linear actuator to make the 120 μm adjustment. The required torque for the motor is 85 

mNm see Appendix D. The next requirement is the speed. The wanted adjustment speed of 

1 mm/min was initially set. After the dimension and selected components the motor will 

need to have a minimum of 15.9 rpm to fulfill this requirement as shown in Appendix F. 
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Except from the mechanical output from the motor, another factor looked at is the 

dimensions. The requirement specifications states that the tool shall have a maximum outer 

diameter of 72 mm. But because of components that is needed, i.e. cartridges, coolant 

channels and wire channels, the space inside the tool body decreases putting even more 

demanding dimensions of the motor. Two motors where selected, motor A and motor B, 

and it is considered that both will manage the set requirements. 

4.2.3 Planetary gear 

Depending on the choice of motor a planetary gear may be needed to adjust for the specific 

torque and speed. If the motor is planned to be used as a component in the locking of the 

adjustment the need of a backlash free gear is crucial.  

4.2.4 Motor housing 

The motors that were selected have the fastening features on the same face as the motor 

shaft. This is not only limited to our selection, the majority of motors are similar. To ease 

the design and assembly of the tool a motor housing was designed. The function of the 

motor house is not only to ease the assembly but also to test different motors during a 

potential prototype testing. 

4.2.5 Rotary to linear actuator 

The final concept use rotary motion to linear motion for the adjustment of the inserts. To 

make the change in motion a type of linear actuator is used. It is not only the change in 

motion the actuator helps with. It has a mechanical advantage as well. The choosing of the 

lead pitch makes a big change in the mechanical features. The linear actuator in the tool has 

a lead pitch of 1 mm resulting in high mechanical advantage and high rotary to linear 

precision. The actuator has a backlash free design. 

4.2.6 The Puck 

“The puck” has been discussed previously in this thesis and is one of the key components in 

the final concept. To this point only the angle of the inclined planes has been brought up, 

although “the puck” has features further than that to fulfill the final concept. The three 

separate rods to the cartridges are resting on the inclined planes of “the puck”. Both of 

these surfaces are flat in relation of each other. This makes for the locking of the rotational 

movement of the linear actuator. To ease the movement of the adjusting system, “the puck” 

will be designed as a sliding bearing. 

4.2.7 Sensor/encoder 

The tool system has the need of an encoder/sensor to know that the correct adjustments was 

made. The closer the encoder is to the insert the better and more reliable readings are 

acquired. For this tool the encoder cannot be mounted on the outside of the tool since the 

working environment. The decision for the encoder and location was to use a rotary 

magnetic encoder on the shaft of the linear actuator. Since the tool uses one solution to 

adjust all inserts we can use one encoder for all three inserts. In the requirement 

specification the accuracy should be ±0,5 μm. The encoder that will be embedded in the 

tool have an accuracy of ± 0,5 degrees. This means that after one adjustment done by the 

tool the inserts has an accuracy of ±0,087 μm, see Appendix G for calculations. 
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4.2.8 Cooling channels 

The tool has been designed with three internal cooling channels, one for each insert. 

4.2.9 Wire channel 

Since the motor is not located in the same part as the electronics, a channel for electrical 

wires has been created inside the tool body. The channel is a bored through hole that 

connects to the electronic chamber. 

4.2.10 Lubrication nipple  

The previously chosen parts for linear motion inside the tool require lubrication to work 

properly. For easy access a lubrication nipple has been embedded in the tool body. 

 

 
Figure 4.7 Lubrication nipple with section view (Maryland Metric, n.d.). 

4.2.11 Sealed angular contact bearing 

To stop the axial force from reaching the motor and to achieve robustness with the highest 

rotational function of the linear actuator shaft, it is mounted with sealed angular contact 

bearings on each shaft end, see Appendix J. The selection of the sealed bearings instead of 

the open version is to protect the motor and the bearing themselves from the surrounding of 

coolant, oil, chips etc. 

4.2.12 Coupling 

When connecting the shaft of the lead screw and the motor shaft there is a chance of 

misalignment. To prevent this from affecting the system a flexible coupling is used, see 

Appendix I. The coupling can handle angular offsets of two degrees. It is mounted to each 

shaft and hold in place by two set screws. When the screws are tightened the coupling can 

hold its rated torque of 100 mNm, which is above the output torque required from our 

motor. This means that the coupling connection will be free from mechanical play as long 

the torque is below the rated 100 mNm. The coupling comes with a problem and that is 

during the assembly of the two shafts only one shaft can be fastened before assembled in 

the tool. As a solution the tool body will have an assembly feature which results in an 

opening in the tool body which can be sealed with a set screw after assembly. 
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4.2.13 Electronic housing 

One of the components is the electronic housing, this is where all electronics will be 

assembled except the motor. The housing is constructed with two parts. The first part is the 

housing that is fastened in the tool body. The housing is designed with space and mounts 

for circuit board and battery. The second part is the “lid” which is designed to seal the 

housing and enable easy maintenance and battery swaps. 

4.2.14 Battery 

A battery will power all of the tool components just as stated in the requirement 

specification. There are two choices for the battery. One is that the battery will be charged 

inside the tool. The other is to change the battery after it is drained. For this tool the choice 

will be to change the battery. The reason behind this is that an operator will have to change 

the inserts after a number of boring procedures. If the battery is changed in the same service 

the downtime will be minimized. The battery will be located in the bottom of the tool inside 

the electronic housing and will be easily changed by removing the bottom plate. 
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5 Result 
This chapter of the thesis is to show the tool and some of the components. All the design 

and picture rendering has been created with Siemens NX 8.5. 

 

The result of the thesis is a developed concept with selected components recommended to 

Sandvik Coromant for further development and testing. It is presented in a 3D CAD-model 

and can be seen in the figures below. 

  

Figure 5.1 Rendered picture showing the result of the selected 

concept.  
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Seen in figure 5.2 is the tool without the bottom plate, showing the housing of the electrical 

components (1) as well as the wire channel (2). The housing will have room for the 

electronics and battery. 

 

 

 

 

 

Figure 5.2 Rendered picture showing the bottom of the tool without the plate. 

1 

2 
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Figure 5.3 shows the tool without one of the cartridges. In the footprint (3) of the cartridge 

the coolant channel (4) can be seen, aimed at the insert location. The figure also show the 

“rod” (5) to the cartridge. The “rod” is the actuating part on the cartridge, and below it is 

resting on the inclined plane of “the puck” which can be seen in figure 5.4.   

Figure 5.3 Rendered picture without one of the cartridges. 

4 

5 

3 
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Figure 5.4 shows the assembly for the linear actuator, the two parts of “the puck” with the 

actuator embedded in the housing. Also seen in the picture is the lubrication feature, the 

hole (6) is for the lubrication of the roller screw. The gouging (7) around “the puck” is used 

to lubricate “the puck” as a sliding bearing. When lubrication is needed the hole must be 

adjusted to align with the lubrication nozzle seen in figure 5.5.  

 

 

 

 

 

 

 

Figure 5.4 Rendered picture showing the inclined planes of “the puck” and the linear actuator. 

6 

7 
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Figure 5.5 shows the bottom part of the tool and more specific the lubrication nipple (8) 

which is used to lubricate the linear actuator without the need to dissassemble the tool. 

 

  Figure 5.5 Rendered picture showing the lubrication nipple. 

8 
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Figure 5.6 shows a motor (9) and the motor housing (10) which is used for easier assembly 

and manufacturing of the tool. Also shown in the figure is the flexible coupling (11) and the 

set screws (12) used for the connection of the shafts between the motor and the linear 

actuator.

Figure 5.6 Rendered picture showing a motor and the motor housing. 

9 

10 

11 

12 
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The shaft of the motor and linear actuator has to be assembled from two different directions 

resulting in the impossible task to fasten both set screws for each shaft. This requires an 

assembly feature in the tool body. The selected solutions is a hole (13) in the tool body 

which is located at the coupling and can be seen in figure 5.7. The hole is big enough to be 

reached with a hex key. The set screw (14) shown in the figure is the one that after 

assembly is used to seal the hole in the tool body.  

Figure 5.7 Rendered picture showing the set screw in the tool body. 

13 

14 
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6 Discussion  
This work has revolved around fulfilling the requirement specification that was drafted in 

the beginning. Small adjustments, high forces and demanding tolerances together with 

limited space were the features to be taken into account. The concept selected, Linear 

actuator with wedge-like mechanics, fulfills the requirement specification.  

 

6.1 Literature study 
The result of this thesis is a concept for the next generation of boring tool with an 

integrated automatic system for adjusting the insert. During the research stage we tried to 

search for similar tools to get ideas on how the adjustments could be achieved. But since 

this is the next generation we found only one, the Rigibore that could be compared to our 

tool specification. Even though we found a tool with similar features, it was little help to us 

since they hide the mechanical solution from outsiders. This lead to the search being more 

aimed at the broad-spectrum of how to move parts instead of looking on other tools 

solution. This led us on a path of more creative embedding of parts we might not have 

found otherwise. 

 

6.2 Adjustments 
During the concept stage we noticed that the best way to adjust the inserts is with one 

actuator which in our case is “the puck” with the linear actuator. The reason behind this is 

control. If the adjustment of the inserts is done with separate systems, like the concept with 

three rotary motors, the likelihood of different displacements is big, even though they are 

constructed with the same accuracy. If this occurs the wear on the inserts will differ 

because one of the inserts will always have a different displacement resulting in poor 

boring result. The usage of one actuator is strongly recommended. 

 

6.3 Encoder 
The encoder uses the magnetic field for positioning. The location of the sensor is 

surrounded with metal, which could disturbance the magnetic field and give wrong results 

about the positioning. If so there are different solutions that can solve the problem and one 

example is to encapsulate the sensor in a non-metal material. In worst case the sensor may 

need to be switch to a different one like an encoder directly on the motor. 

 

6.4 Locking solution 
The calculations for the locking solution during boring procedure have not accounted for 

the centrifugal force. The reason behind this is that it will have the helping effect of 

countering the radial cutting force and the bending force from the cartridge. The centrifugal 

force have a value lesser than the other two combined meaning we do not have to worry 

about the centrifugal force compromising the adjustment. 
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6.5 Silent tools 
Silent tools were a feature wanted in this product. The only directive about this was an 

estimated amount of space required for the component. No design or assembly feature of 

Silent tools has been considered, which needs to be discussed further.  

 

6.6 HSK 
Sandvik Coromant wants to incorporate a HSK 100 holding system. The tool is designed 

with this feature but the interface between the HSK and the tool body needs further 

discussions. The interface should contain design to ensure concentric alignment between 

the tool body and the HSK and how to connect the coolant channels. 

 

6.7 The Puck 
The radial forces “the puck” experiences from the cartridge will theoretically cancel out 

each other due to the equal spacing of the cartridges. However, the shaft of the lead screw 

is sensitive against radial forces. This is one of the reasons behind constructing “the puck” 

as a sliding bearing. Since “the puck” and the tool body is in close contact there is minimal 

room for displacement which would result in radial forces on the shaft for the linear 

actuator. The inclined planes of “the puck” has been set to 3,6 degrees within this thesis. 

This number is only a suggestion from us, the angle can be changed for other preference 

like faster adjustments with steeper angle or lower required input torque from the motor by 

choosing a flatter angle. With this in mind the puck’s inclined plane will be changeable. 

This feature is not only to be able to change the angle. Since the inclined planes of “the 

puck” and the “rod” to the cartridge are sliding against each other, friction will wear down 

the surfaces over time and new planes will be needed to assure the positioning accuracy. 

 

6.8 Accuracy of the system 
The design of the adjusting system is done to eliminate backlash, this is to ensure the best 

accuracy when adjusting the inserts. From the requirement specification the accuracy was 

set to ± 0,5 μm. The selected encoder has the accuracy of ± 0,087 μm per adjustment 

meaning we are well below the set requirement. This is a number achieved under ideal 

circumstances in the design of the tool and its components. In reality our accuracy will be 

lower because it is considered impossible to achieve ideal circumstances when 

manufacturing the components or when the tool is assembled. However, we do believe the 

final accuracy to be within the set requirement.  

 

6.9 Motor housing 
Motor A and B were selected because their qualities match the calculated requirement. 

Because no testing has been done the reality may differ and the motors might need to be 

increased in torque etc. This is one of the plus factors of adding a motor housing to the tool. 
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By changing the design of the motor housing multiple motors can be tested with the same 

tool, resulting in a cheaper prototype stage. 

 

6.10 Battery 
There is no selected battery for this concept. The reason is that all components have not 

been finalized, like the motor and circuit board. Meaning we do not know the energy 

consumption for the system and thus we cannot select a battery. All electronic components 

needs to be selected and then tested to know the energy needed for the tool. This thesis has 

however kept the battery in mind when developing the electronic housing to make sure 

space is created. The selection has been to have a changeable battery instead of directly 

charging a battery integrated in the tool. Reason behind this is as previously described to 

minimize downtime for the tool and costumer. For the selection of a battery we recommend 

a rechargeable one. This minimizes cost for the customer and has an environmental 

advantage. 

 

6.11 Reflections on methods for generating and 
evaluating concepts 
The process of generating concepts and ideas is an important part in product development. 

It comes with big room for creativity and does not have to be constricted with rules etc. As 

much as it can be enjoyable it can also be a frustrating process when the ideas are absent. 

The generation part for this thesis generated different ideas with different solutions but we 

could pretty fast identify problems with them because of the demanding requirements. In 

the beginning we had hopes of broad spectra of different solutions for the tool and the result 

didn’t quite meet our expectations. A reflection is that we should have evaluated and 

ranked the different solutions after each step in the idea generation process instead of only 

evaluating the combined ones. This could had led to new ideas and solutions for the 

different steps, it would at least been clearer for us to see the different solutions pros and 

cons in an earlier stage so we could eliminate the bad ones earlier. In light of this we are 

still confident and think the selected concept has very good potential.     

 

We decided to pick the different tools of concept generation and evaluation because they 

are well known and we had used all except “TRIZ and the 40 principles” before. We added 

“TRIZ” because after the literature study we felt that it had potential of helping us in the 

process with its clear approach on how to solve problems. Although it didn’t generate any 

perfect or very surprising solutions we still had much use of it and solved problems with it. 

In this brief time we noticed that “TRIZ” has potential and is a powerful tool when it comes 

to solving problems. We think it was a good idea to start with the tools “Brainstorming” 

and “Wish and Wonder” because it helped us understand some of our design limitations in 

an early stage of the process. Such as the limitation on how the fastening could be done 

without losing the rigidness etc. We also think it was good to start with the two tools 

because they are easy to setup and we had used them before, giving us and easier transition 

from the literature study into the concept generating process. The downside with the latter 
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two is that we felt it was a bit hard to focus through the whole session while “TRIZ” helped 

us maintain that focus. 

 

During the concept generation and concept development the goal was to follow the 

guidelines from the mentioned product development tools. However we noticed during this 

process how easy it is to start drifting away from the guidelines and back to familiar 

grounds like “Brainstorming” and discussion. With that being said there is no right and 

wrong when working creatively. There are advantage with use of structured guidelines 

from a developing perspective, but the best ideas and solution may come when the drifting 

occurs. 

 

Just like the process of generating ideas we believe that the evaluation of the concepts is 

just as important to end up with a successful tool. When it was time to compare the 

concepts we beforehand had three favorites that all made it to the second round. This may 

be a result of the human selectiveness but from our discussion after every evaluation we felt 

that the result was fair and there was no reason to doubt it. Also our belief is that “Pugh 

matrix” is an effective way of evaluate the concepts between each other and it results in a 

great visual display which makes it easy to see flaws and which of the concepts that have 

some potential. Although we think it would be even more useful if more concepts with 

bigger differences were to be evaluated against each other so that the combining of concept 

could be done in a larger scale. 

 

According to Johannesson, Persson and Pettersson (2013, p.187) the “Weight 

Determination matrix” is a way to minimize the selectiveness of the chosen criteria. This 

definitely was a step in the right direction because in the discussion after the evaluation we 

did change our mind on some criteria weight, in accordance with the matrix.   
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7 Recommendations  
The result of this thesis is a recommended concept which Sandvik Coromant can develop 

further with the necessary software and programming for motor control, user interface and 

position feedback from sensor etc. But also to test if the theoretically calculations, tool 

design and selection of components fulfill the requirement.  

 

7.1 Continued work 
The continued work should be aimed to test the different components, designs and the 

theoretical calculations done within this thesis. 

7.1.1 Material and components 

Material 

No material in the tool has been selected and still needs to be decided. Many components 

come with predetermined material from the manufacture, i.e. the linear actuator, but 

decision on the material is needed for a few components that are self-made. The most 

crucial is to determine the material of “the puck” to minimize wear and to prolong the 

lifetime before a replacement is needed. The “rod” is the next crucial part that needs the 

material selected, it should be of a softer material than “the puck”. The reason behind this is 

to let the “rod” wear out since it is easier to change than the inclined planes of “the puck”. 

The last component that needs its material selected is the tool body. Recommended is to use 

the same material as the boring tools of today manufactured by Sandvik Coromant. 

 

Silent tools 

Silent tools should be more researched. Since this thesis only have created space for silent 

tools, how it is assembled in the tool and if it conflicts with our tool design has to be 

determined. 

 

HSK 

The interface between the tool body and the HSK has not been finalized. It is recommended 

to make the HSK a separate part to allow for assemble from both sides of the tool body. 

When making a two-part design it is crucial to align the tool body concentric with the HSK, 

this can be done with either dowel pins or shoulder screws. Also the interface needs to 

connect with the tool body coolant channels. 

 

Seals 

The result of this thesis does not present any seals although the design of the tool itself is 

made with protection of components in mind. Also the bearings are designed with seals to 

prevent some leakage into the “motor housing” or the “electronic housing”. In the selected 

design there are a few parts that risk being exposed for leakage: 

 

 Around the “rods” into the space of the linear actuator. 

 The interface between the “electronic housing” and the tool body. 

 Between the “electronic housing” and the “bottom plate”. 

 The interface between the HSK and the tool body. 
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It is recommended to investigate how to add and fasten the seals for these exposed parts.  

 

Quotation  

It is recommended to investigate the price to manufacture the tool and also the price of its 

components. As discussed earlier some components can be self-made but others have to be 

ordered from different distributors/manufacturers and quotations or estimates should be 

sent. It is also recommended to ask “time to delivery” status of each component.  

7.1.2 Test of the design 

Wedge-like mechanics 

We recommend Sandvik Coromant to first test if the real force of the wedge-like mechanics 

match the theoretical calculations that has been made within this thesis. The test should be 

for both the adjustment but also for the locking solution. This test can be done in small 

scale by eliminating all other components except the inclined planes of the wedges. By 

using different weights to mimic the force to bend the cartridge Sandvik Coromant can 

easily and with low cost test that this mechanical feature work as intended in accordance 

with this thesis.  

 

Whole mechanical system 

After the wedge-like mechanics has been tested the next step should be to test the whole 

mechanical system. This is to be able to test the motors that were selected. The whole 

mechanical system account for “the puck”, the linear actuator, angular contact ball 

bearings, coupling and the motor housing. The shell/housing for the mechanical system 

during this test can be with a mockup of the tool design or with a temporary housing. 

 

Motors 

Different motors should be tested, first the two discussed earlier in this thesis. Although we 

believe that the two recommended motors is the best choice it can be a good idea to test 

different types of motors as well since some of them also should fulfill most of the 

requirements. 

  

Encoder 

When a motor is selected, or together with the testing of motors, the selected magnetic 

encoder should be tested. The testing of the encoder should be done to see if the 

surrounding metal disturbs the encoder and to see if the accuracy of the system is 

acceptable.  
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A.1 

Appendix A – Bending cartridge calculation 
 

Calculation for the required force to bend cartridge 120 μm 

 

Input force Displacement 

X-axis [mm] 

Displacement 

X-axis [μm] 

0 0 0 

80 2,84E-02 28,357 

160 5,67E-02 56,714 

280 9,92E-02 99,249 

400 0,14178 141,78 

 
𝑌1

𝑋1
=

𝑌2

𝑋2
 

𝑌2 =
𝑌1

𝑋1
𝑋2 

𝑌1 = 𝐹𝑜𝑟𝑐𝑒 𝑤𝑒 𝑘𝑛𝑜𝑤 80 (𝑁) 
 

𝑋1 = 𝑇ℎ𝑒 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 𝑑𝑜𝑛𝑒 𝑏𝑦 𝑌1 28,357 (𝜇𝑚) 

 

𝑌2 = 𝐹𝑜𝑟𝑐𝑒 𝑤𝑒 𝑠𝑒𝑒𝑘 
 

𝑥2 = 𝑇ℎ𝑒 𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡 𝑑𝑜𝑛𝑒 𝑏𝑦 𝑌2 120 (𝜇𝑚)  
 

𝑌2 =
80

28,357
120 

 

𝑌2 = 338,54 N 

 

  



 

B.1 

Appendix B – Required force per insert 
 

The required force per insert for adjustment 

 
 

𝐹 = 𝐵𝑒𝑛𝑑𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑐𝑎𝑟𝑡𝑟𝑖𝑑𝑔𝑒 (677 𝑁𝑒𝑤𝑡𝑜𝑛) 

𝑁 = 𝑁𝑜𝑟𝑚𝑎𝑙𝑓𝑜𝑟𝑐𝑒  
𝛼 = 𝑇ℎ𝑒 𝑎𝑛𝑔𝑙𝑒 𝑖𝑛 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑐𝑙𝑖𝑛𝑒𝑑 𝑝𝑙𝑎𝑛𝑒 

𝜇 = 𝑇ℎ𝑒 𝑠𝑡𝑎𝑡𝑖𝑐 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑒𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑠𝑡𝑒𝑒𝑙 𝑎𝑔𝑎𝑖𝑛𝑠𝑡 𝑠𝑡𝑒𝑒𝑙 (𝑙𝑢𝑏𝑟𝑖𝑐𝑎𝑡𝑒𝑑 0,14) 

𝑃 = 𝐴𝑥𝑖𝑎𝑙𝑙𝑦 𝑓𝑜𝑟𝑐𝑒 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 𝑡𝑜 𝑏𝑒 𝑖𝑛 𝑎 𝑠𝑡𝑎𝑑𝑦 𝑠𝑡𝑎𝑡𝑒 
 

Wedge B 

∑ 𝐹𝑥
→ = 𝑁1 − 𝑁2 sin 𝛼 − 𝜇𝑁2 cos 𝛼 = 0 

 

Equation (1) 

 

𝑁1 = 𝑁2 sin 𝛼 + 𝜇𝑁2 cos 𝛼 
 

∑ 𝐹𝑌
↑ = 𝑁2 cos 𝛼 − 𝐹 − 𝜇𝑁1 − 𝜇𝑁2 sin 𝛼 = 0 

Equation (2) 

 

𝑁2 cos 𝛼 = 𝐹 + 𝜇𝑁1 + 𝜇𝑁2 sin 𝛼 
 

Equation (1) in (2) 

 

𝑁2 cos 𝛼 = 𝐹 + 𝜇(𝑁2 sin 𝛼 + 𝜇𝑁2 cos 𝛼) + 𝜇𝑁2 sin 𝛼 



   

B.2 

  

 

𝑁2 cos 𝛼 − 𝜇(𝑁2 sin 𝛼 + 𝜇𝑁2 cos 𝛼) − 𝜇𝑁2 sin 𝛼 = 𝐹 
 

𝑁2 cos 𝛼 − 2𝜇𝑁2 sin 𝛼 − 𝜇2𝑁2 cos 𝛼 = 𝐹 
 

𝑁2 (cos 𝛼 − 2𝜇 sin 𝛼 − 𝜇2 cos 𝛼) = 𝐹 

 

Equation (3) 

 

𝑁2 =
𝐹

cos 𝛼 − 2𝜇 sin 𝛼 − 𝜇2 cos 𝛼
 

 

Wedge A 

∑ 𝐹𝑥
→ = 𝑁2 sin 𝛼 + 𝜇𝑁2 cos 𝛼 − 𝑃 = 0 

 

Equation (4) 

 

𝑃 = 𝑁2 sin 𝛼 + 𝜇𝑁2 cos 𝛼 
 

Equation (3) in (4) 

 

𝑃 =
𝐹 sin 𝛼

cos 𝛼−2𝜇 sin 𝛼−𝜇2 cos 𝛼
 + 

𝜇𝐹 cos 𝛼

cos 𝛼−2𝜇 sin 𝛼−𝜇2 cos 𝛼
 

 

Motion occurs when  

 

 𝑃 >
𝐹 sin 𝛼

cos 𝛼−2𝜇 sin 𝛼−𝜇2 cos 𝛼
 + 

𝜇𝐹 cos 𝛼

cos 𝛼−2𝜇 sin 𝛼−𝜇2 cos 𝛼
 

 

Force P, 5-60 degrees (Interval of 5 degrees) 

 
 

Force P, 2,6-4,8 degrees(Interval of 0,2 degrees) 

 
 

  

α 5 10 15 20 25 30 35 40 45 50 55 60

F1 677 677 677 677 677 677 677 677 677 677 677 677

Cos α 1,00 0,98 0,97 0,94 0,91 0,87 0,82 0,77 0,71 0,64 0,57 0,50

Sin α 0,09 0,17 0,26 0,34 0,42 0,50 0,57 0,64 0,71 0,77 0,82 0,87

μ 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14

p 161,1 230,0 305,0 388,4 483,0 593,2 725,2 889,2 1101,9 1394,1 1828,8 2558,2

α 2,6 2,8 3 3,2 3,4 3,6 3,8 4 4,2 4,4 4,6 4,8

F1 677 677 677 677 677 677 677 677 677 677 677 677

Cos α 0,998971 0,998806 0,99863 0,998441 0,99824 0,998027 0,997801 0,997564 0,997314 0,997053 0,996779 0,996493

Sin α 0,045363 0,04885 0,052336 0,055822 0,059306 0,062791 0,066274 0,069756 0,073238 0,076719 0,080199 0,083678

μ 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14

p 129,7141 132,2955 134,8831 137,4768 140,0769 142,6833 145,2963 147,9157 150,5418 153,1747 155,8143 158,4609



 

C.1 

Appendix C – Displacement of wedges 
 

Displacement Wedge A to Wedge B (insert) 

The angle of an inclined plane does not only adjust for force reduction. It also affects the 

required distance on wedge A (“the puck”) to get the displacement on wedge B (“rod” to 

cartridge=insert displacement). 

 
 The figure represent wedge A 

We are calculating the length of (a) during the angles 3-5 degrees. The calculation is done 

both on the full displacement of 0,12 mm and on the resolution 2 μm. After discussion with 

our supervisor we changed the calculated resolution to 1 μm as a safety precaution. 

tan 𝛼 =
𝑏

𝑎
 

𝑎 =
𝑏

tan 𝛼
 

 

 

Displacement for wedge A to result full adjustment on the inserts 

  

 

 

 

Displacement for wedge A to result 1 μm adjustment on the insert

α 3 3,2 3,4 3,6 3,8 4 4,2 4,4 4,6 4,8 5 Degrees

tan (α) 0,052408 0,055909 0,059411 0,062915 0,06642 0,069927 0,073435 0,076946 0,080458 0,083972 0,087489

b 0,12 0,12 0,12 0,12 0,12 0,12 0,12 0,12 0,12 0,12 0,12 mm

a 2,289736 2,146357 2,01983 1,907345 1,806687 1,71608 1,634089 1,559539 1,49146 1,429042 1,371606 mm

α 3 3,2 3,4 3,6 3,8 4 4,2 4,4 4,6 4,8 5 Degrees

tan (α) 0,052408 0,055909 0,059411 0,062915 0,06642 0,069927 0,073435 0,076946 0,080458 0,083972 0,087489

b 1 1 1 1 1 1 1 1 1 1 1 um

a 19,08114 17,88631 16,83191 15,89454 15,05572 14,30067 13,61741 12,99616 12,42883 11,90868 11,43005 um



 

D.1 

Appendix D – Input torque calculation 
 

Required input torque (from motor) to linear actuator based on force P (bending 

cartridge) 

 

We need to calculate the minimum amount of torque required by our motor. The equation 

comes from SKF (2014). 

𝑇 =
𝐹𝑃ℎ

2000𝜋𝜂𝑝
 

𝑇 = 𝐼𝑛𝑝𝑢𝑡 𝑡𝑜𝑟𝑞𝑢𝑒 [𝑁𝑚] 
𝐹 = 𝐸𝑥𝑡𝑒𝑟𝑛𝑎𝑙 𝑙𝑜𝑎𝑑 [N] 

𝑃ℎ = 𝐿𝑒𝑎𝑑 [𝑚𝑚] 
𝜂𝑝 = 𝑃𝑟𝑎𝑐𝑡𝑖𝑐𝑎𝑙 𝑑𝑖𝑟𝑒𝑐𝑡 𝑒𝑓𝑓𝑖𝑐𝑒𝑛𝑐𝑦 

 

The practical direct efficiency can be interpreted from a diagram from SKF. In order to read 

out the efficiency we first have to calculate the helix angle 

 

 

𝛽 = tan−1
𝑃ℎ

𝜋𝑑1
 

 

From the product sheet of the linear actuator we get the pitch lead and diameter of the 

actuator 

 

𝑑1 = 8 [𝑚𝑚] 
 

𝑃ℎ = 1 [𝑚𝑚] 

𝛽 = tan−1
1

𝜋8
 

 

𝛽 = 2,278˚ 



 

D.2 

 
 

From the diagram we estimate our 𝜂𝑝 to 0,8. 

 

In the calculation we multiply the “external load” by three since we are using three inserts. 

 

𝑇 =
𝐹𝑃ℎ

2000𝜋𝜂𝑝
 

 

𝑇 =
3 ∗ 142,6833 ∗ 1

2000 ∗ 𝜋 ∗ 0,8
 

 

𝑇 = 0,085157 
 

𝑇 = 85 𝑚𝑁𝑚 
 

 



 

E.1 

Appendix E – Locking adjustment calculation 
 

 

 

 

 
𝐹𝐶 = 𝐵𝑒𝑛𝑑𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑐𝑎𝑟𝑡𝑟𝑖𝑑𝑔𝑒 

𝐹𝑅 = 𝑅𝑎𝑑𝑖𝑎𝑙 𝑐𝑢𝑡𝑡𝑖𝑛𝑔 𝑓𝑜𝑟𝑐𝑒 

𝑁 = 𝑁𝑜𝑟𝑚𝑎𝑙𝑓𝑜𝑟𝑐𝑒  
𝛼 = 𝑇ℎ𝑒 𝑎𝑛𝑔𝑙𝑒 𝑖𝑛 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑐𝑙𝑖𝑛𝑒𝑑 𝑝𝑙𝑎𝑛𝑒 

𝜇 = 𝑇ℎ𝑒 𝑠𝑡𝑎𝑡𝑖𝑐 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑐𝑜𝑒𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑠𝑡𝑒𝑒𝑙 𝑎𝑔𝑎𝑖𝑛𝑠𝑡 𝑠𝑡𝑒𝑒𝑙 (𝑙𝑢𝑏𝑟𝑖𝑐𝑎𝑡𝑒𝑑 0,14) 

𝑃 = 𝐴𝑥𝑖𝑎𝑙𝑙𝑦 𝑓𝑜𝑟𝑐𝑒 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑠𝑦𝑠𝑡𝑒𝑚 𝑡𝑜 𝑏𝑒 𝑖𝑛 𝑎 𝑠𝑡𝑎𝑑𝑦 𝑠𝑡𝑎𝑡𝑒 
 

Wedge B 

 

∑ 𝐹𝑥
→ = 𝑁1 − 𝑁2 sin 𝛼 + 𝜇𝑁2 cos 𝛼 = 0 

 

Equation (1) 

 

𝑁1 = 𝑁2 sin 𝛼 − 𝜇𝑁2 cos 𝛼 
 

∑ 𝐹𝑌
↑ = 𝜇𝑁1 + 𝑁2 cos 𝛼 + 𝜇𝑁2 sin 𝛼 − 𝐹𝐶+𝑅 = 0 

 

Equation (2) 

 



 

E.2 

𝜇𝑁1 + 𝑁2 cos 𝛼 + 𝜇𝑁2 sin 𝛼 = 𝐹𝐶+𝑅 
 

Equation (1) in (2) 

 

𝜇(𝑁2 sin 𝛼 − 𝜇𝑁2 cos 𝛼) + 𝑁2 cos 𝛼 + 𝜇𝑁2 sin 𝛼 = 𝐹𝐶+𝑅 
 

𝜇𝑁2 sin 𝛼 − 𝜇2𝑁2 cos 𝛼 + 𝑁2 cos 𝛼 + 𝜇𝑁2 sin 𝛼 = 𝐹𝐶+𝑅 
 

𝑁2(𝜇 sin 𝛼 − 𝜇2 cos 𝛼 + cos 𝛼 + 𝜇 sin 𝛼) = 𝐹𝐶+𝑅 
 

Equation (3) 

 

𝑁2 =
𝐹𝐶+𝑅

𝜇 sin 𝛼 − 𝜇2 cos 𝛼 + cos 𝛼 + 𝜇 sin 𝛼
 

 

Wedge A 

 

∑ 𝐹𝑥
→ = 𝑁2 sin 𝛼 − 𝜇𝑁2 cos 𝛼 − 𝑃 = 0 

 

Equation (4) 

 

𝑃 = 𝑁2 sin 𝛼 − 𝜇𝑁2 cos 𝛼 
 

Equation (3) in (4) 

 

𝑃 =  
𝐹𝐶+𝑅 sin 𝛼

𝜇 sin 𝛼 − 𝜇2 cos 𝛼 + cos 𝛼 + 𝜇 sin 𝛼
−

𝜇𝐹𝐶+𝑅 cos 𝛼

𝜇 sin 𝛼 − 𝜇2 cos 𝛼 + cos 𝛼 + 𝜇 sin 𝛼
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



   

E.3 

  

FC 10 40 70 100 130 160 190 220 250 280 310 340

FR 48 48 48 48 48 48 48 48 48 48 48 48

FR+C 58 88 118 148 178 208 238 268 298 328 358 388

α 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6

Cos α 0,9980267 0,998026728 0,998026728 0,998026728 0,998026728 0,998026728 0,998026728 0,998026728 0,998026728 0,998026728 0,998026728 0,998026728

Sin α 0,0627905 0,06279052 0,06279052 0,06279052 0,06279052 0,06279052 0,06279052 0,06279052 0,06279052 0,06279052 0,06279052 0,06279052

μ 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14

P -4,479837 -6,79699379 -9,11415077 -11,4313077 -13,7484647 -16,0656217 -18,3827787 -20,6999356 -23,0170926 -25,3342496 -27,6514066 -29,9685635

 

 

 

 

 

 

 

 

 

After looking at the result we can see that the value P is negative meaning that we need to 

pull wedge (A) away from wedge (B) with the force P to reach equilibrium. So P is the 

value of clamping done by the force from the cartridge and the radial cutting force. 

  

FC 370 400 430 460 490 520 550 580 610 640 670 700

FR 48 48 48 48 48 48 48 48 48 48 48 48

FR+C 418 448 478 508 538 568 598 628 658 688 718 748

α 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6 3,6

Cos α 0,9980267 0,998026728 0,998026728 0,998026728 0,998026728 0,998026728 0,998026728 0,998026728 0,998026728 0,998026728 0,998026728 0,998026728

Sin α 0,0627905 0,06279052 0,06279052 0,06279052 0,06279052 0,06279052 0,06279052 0,06279052 0,06279052 0,06279052 0,06279052 0,06279052

μ 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14 0,14

P -32,28572 -34,6028775 -36,9200345 -39,2371914 -41,5543484 -43,8715054 -46,1886624 -48,5058193 -50,8229763 -53,1401333 -55,4572903 -57,7744472



 

F.1 

Appendix F – Motor speed calculation 
 

Required motor speed 

 

The set adjustment speed of the inserts is 1 mm/min in the requirement specification.  

We have set the angle of the inclined plane to 3,6 degrees so first we calculate the travel 

distance a to achieve b by the previously used formula 

 

𝛼 = 3,6 𝑑𝑒𝑔𝑟𝑒𝑒𝑠 

𝑏 = 1 𝑚𝑚 
 

 

𝑎 =
𝑏

tan 𝛼
 

 

𝑎 =
1

tan 3,6
 

 

𝑎 = 15,8945 
 

The traveled distance to achieve 1 mm adjustment is 15.9 mm, our lead screw have the 

pitch lead of 1 mm. The motor have a requirement of 15.9 rpm or 

 
15,9∗360

60
=95˚/s 

 

 

  



 

G.1 

Appendix G – Encoder accuracy calculation 
 

Encoder accuracy – degrees to radially displacement of the insert 

 

The chosen encoder, see Appendix L, have an accuracy of ± 0,5 degrees. The lead screws 

pitch is 1 mm so the linear distance by 0,5 degrees rotation is. 

 
1

360
∗ 0,5 = 0,001389 mm 

 

This result in the radial displacement of the inserts 

 

tan 𝛼 =
𝑏

𝑎
 

 

𝑏 = 𝑎 tan 𝛼 
 

𝑏 = 0,001389 tan 3,6 
 

𝑏 = ±0,08738 μ𝑚

  



 

H.1 

Appendix H – Cutting data 
Cutting data  

  

Referensverktyg          

Angreppsvinkel ᵏ 1˚ 75    

Skärvinkel α 1˚     

Referensplattan          

Nyans          

       

Maskinbearbetad diameter D mm 72,2    

       

Material Formbart gjutjärn, perlit      

CMC  07.2     

Hårdhet HB nominell 230    

Specifik skärkraft KC N/mm2 1100    

Korrigerad kc Kcfz N/mm2 1273    

Bearbetad volym Q cm3/min 40 42   

Nettoeffektbehov Pc Kw 0,85 0,9   

Nettoeffektbehov ger 0,75 Pc Kw 1,06 1,12   

       

Tangential skärkraft ΣFT N 64    

Par Mc Nm 2,29    

Matningskraften Ft Nm 31    

       

    
Om de skulle tillämpas 
rotationen 

Skärhastighet Vc m/min 800  849  

Matning per varv f mm/varv 0,25    

matning per minut Vf mm/mn 882    

Skärdjup ap mm 0,2    

Hastighet n varv/min 3527  3745  

       

       

Verktygets nosradie re mm 0,8    

Ytfinish Rmax μm 9,766    

       

 



 

I.1 

Appendix I – Coupling 

 



 

J.1 

Appendix J – Angular contact ball bearings

  



 

K.1 

Appendix K – Linear actuator 
 
From the manufacture of our linear actuator we got these tables.
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Appendix L – Magnetic encoder 
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Appendix M – Requirement specification 
 

Executive summary 

Project Overview 

This project is about the research and development of a new product. 

The product, a cylinder boring tool which can adjust its radial cutting diameter. The 

adjustment will be automated with the implementing and interweaving of new technology. 

The goal with the new product is to increase the productivity of the automotive cylinder 

bore machining. 

 

Purpose of this Specification 

The requirement specification is used as a guideline during the research and development 

of the product. 

 

Product Description 
 

Product Functions 

Machining cylinder bore 

The main function of the product is the boring of automotive cylinders to desirable 

dimension and tolerances. 

Adjustable cutting radius 

To compensate the wear of the inserts and prolong lifetime per insert, the product will be 

able to change the inserts radial position. 

Requirements 

Design 

Tool dimensions 

The tool shall allow for a diameter of 72 mm from cutting edge to cutting edge. The tool 

shall allow for HSK 100. 

Optimize accessibility 

The tool should allow charging/changing battery with ease 

Integration of tool components 
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The tool shall allow for the integration of components additional to conventional tool 

components: 

 

 Actuator 

 Drive unit 

 Electronics 

 Power supply 

 Location sensor 

Number of inserts 

The tool shall allow for 3 inserts. 

Implement Silent Tools 

Wish for the tool to integrate Silent Tools in the design. 

Cooling 

The tool shall allow for pressure cooling maximum 40 bars. 

 

Environment 

 

Water/Dust resistant 

The tool shall incorporate for environment protection of components. 

Corrosion resistant 

The tool shall be made to resist corrosion, applies both on material and design choices. 

 

Adjustments 

 

Movement of the inserts  

The tool shall allow for the same adjustments on all inserts. 

Adjustment range 

The tool shall allow for a relative adjustment of 120 μm. 

Adjustment resolution range 

The tool shall allow for a adjustment resolution range of 2 μm. 

Adjustment retraction range 

The tool shall allow for a retraction of the inserts with 50-80 μm. 

Adjustment speed 

The tool shall allow for an adjustment speed of minimum 1 mm/min.



 

M.3 

Adjustment accuracy 
The tool shall allow for an adjustment accuracy of ±0.5 μm. 

Wireless adjustments 

The tool shall allow for wireless adjustment via terminal. 

Actuator locking 

The tool shall incorporate a locking solution to ensure the adjustment insert location is not 

compromised. 

 

Power supply 

 

Battery 

The tool shall allow for an integrated rechargeable battery. 

Battery life 

The tool shall allow battery life to exceed the insert life. 

On/Off 

The tool shall allow for an On/Off option to conserve energy of the power supply in the 

tool. 
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Appendix N – Weight Determination matrix 
(The selection criteria is described in Appendix O) 

 

 
 

Scale transform using equation 2.1. 
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Appendix O – Selection criteria 
 

Mechanical construction 
A) Precision Loss 

- Loss of precision throughout the system design, backlash etc.) 

 

B) Low input force to adjust 

- If it requires low input force to adjust the inserts 

 

C) Space for Silent Tools 

- If space for Silent Tools exist 

 

D) Cutting displacement 

- If it is easy to change the design of the tool so that the cutting displacement 

of the inserts can be optimized because of the displacement is in some 

application is not 120 degrees 

 

E) Components in center  

- If the components are placed in center of tool body to minimize centrifugal 

influence 

 

F) Axial force on motor shaft 

- If the design of the tool free the motor shaft from axial force 

 

G) Protection of components 

- If the design of the tool protect the components from the harsh environment 

 

H) Simultaneously adjustment 

- If the inserts are moved at the same time and the same range 

 

Durability 
I) Battery Life 

- The battery life before it needs to be charged again 

 

J) Energy consumption  

- If the tool consume much energy 

 

Maintenance 
K) Easy to charge battery 

- If it is easy to charge the battery, i.e. is it easy to access the battery in the 

tool 

 

L) Easy to disassemble  
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- If the design allows for easy disassembling of the tool 

 

M) Easy to grease 

- If the design allows for easy greasing of components that needs to be 

greased 

 

Manufacturability 
N) Cooling channels  

- If the design allows space for cooling channels 

 

O) Few assembly steps 

- If the design contains few parts and has few steps of assembly 

  

P) Same dimension/shape 

- If the design of the tool has the same dimensions and shapes as the tools 

used today by Sandvik Coromant 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


