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Sammanfattning 

I detta examensarbete har möjligheten att implementera en generator för att driva viss 

inbyggd elektronik i ett pneumatiskt handverktyg undersökts. Bakgrunden till denna uppgift, 

att få elektricitet i ett handverktyg, är att man vill slippa otympliga sladdar samt spara pengar. 

Uppdraget bestod i att undersöka hur detta kunde lösas, både mekaniskt och elektriskt, samt 

ta fram en prototyp på den bästa lösningen och utvärdera denna gentemot de krav som 

sattes upp.  

Resultatet av denna studie blev ett koncept där elektricitet bildas genom att en turbin med en 

generator placeras mellan ingående och utgående luft i handverktyget. Generatorn består av 

en borstlös ytterrotor DC motor där rotorn placeras inuti turbinhjulet och statorn sitter fast på 

turbinens utlopp vilket gör att elektricitet bildas när turbinhjulet snurrar. För att inte denna 

lösning ska ligga och dra luft i onödan byggdes även en ventil in i systemet.  

En analys på prototypen visade att den ventil som användes inte var tillräckligt effektiv. 

Anlysen visade även att effekt förlorades i och med att turbinen aldrig kunde optimeras exakt 

för generatorn som användes, då denna inte kunde testas ordentligt. Med smärre 

förändringar kommer det dock i framtiden att gå att få ut den effekt som krävs för att driva 

kretskortet på verktyget.  

Det som visas i denna rapport är en fungerande lösning på hur man ska kunna få el genom 

att utnyttja tryckluften i ett pneumatiskt handverktyg. Denna lösning är dock bara en prototyp 

och kommer att behöva mer fortsatt arbete innan den kan implementeras och säljas i 

produkter.  

 



 

 

IV 

 

  



 

 

V 

 

 

 

 

 Master of Science Thesis MMK 2010:82 {MDA 385} 

 

Pre-study on Generators for  

Pneumatic Power Tools 

   

  Jessica Fröjel 

 

Approved 

2010-11-12 

Examiner 

Jan Wikander 

Supervisor 

Mikael Hellgren 

 Commissioner 

Atlas Copco Tools 

Contact person 

Anders Johnson 

 

Abstract 

In this Master of Science Thesis the possibility of integrating a generator to drive an electrical 

circuit in a pneumatic power tool has been investigated. The background for this Thesis, to 

get electricity into a pneumatic power tool, was to be able to disregard unwieldy external 

solutions and to save money. The assignment was to investigate the possible solutions for 

this problem and to make a prototype on the most suited solution and test it against the 

requirements set. 

The result of this study was a concept where electricity is made with a turbine and a 

generator that is placed between the air flows in and outlet in the power tool. The generator 

is a brushless outer rotor direct current motor where the rotor is fixed to the inside of the 

turbine wheel and the stator is fixed to the outlet of the turbine; which has the result that 

when the turbine wheel spins electricity is produced. An air ventilator is also installed in the 

solution so that air will not flow if not necessary.    

An analysis on the prototype showed that the air ventilator used was not as effective as 

needed the analysis also showed that since the turbine was not optimized for the generator 

used it could not deliver the proper power. The reason why it was not optimized was that the 

generator could not be tested as wanted. With some improvements this solution will work to 

gain the power needed for the electrical circuit in the pneumatic power tool.  

In this report a functioning solution on how to generate electricity from pressured air in a 

pneumatic power tool is showed. The solution presented is still a prototype and will need 

more future work before it can be implemented and sold in a product.  
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1 Introduction 

This Master of Science Thesis has been performed at Atlas Copco Tools in Sickla, Sweden, which is a 

part of the company Atlas Copco AB that was founded in 1873 and now has around 30 000 

employees worldwide. Atlas Copco AB is divided into three mayor areas; compressor technique, 

construction and mining technique and the last one is industrial technique [1]. Atlas Copco Tools is 

part of the third of the three areas and they develop, manufacture and market high quality industrial 

power tools, assembly systems and aftermarket products and service. With its product development 

and manufacturing in three continents [2].  

Atlas Copco Tools develops industrial power tools, both pneumatic and electrical driven. Some of the 

pneumatic power tools that Atlas Copco Tools manufacture include onboard electronics that is 

driven by electricity. The electricity is now taken externally but since this is impractical and unwieldy 

it is desirable to solve this in a different way. One suggestion that is an alternative to the external 

electricity is to use an internal generator, which also was the focus area in this Master Thesis.  

1.1 Purpose 
The purpose of this Master of Science Thesis was to investigate if it is possible to install a generator 

inside a pneumatic power tool. This was made with a pre-study on possible solutions and a hardware 

design of the generator, which had the best qualities for the solution. This prototype was also tested 

both analytical and practical to validate if this hardware model could work for the aimed purpose. 

The two focus areas in this Master of Science Thesis has been the method study to be certain that 

the solution with the best qualities has been chosen and the second focus area has been the 

hardware design and to optimize it for this purpose and the given requirements.  

The generator will thus power the electricity in the pneumatic power tool and because it is located 

inside the tool it also has to be small in size, sustainable to forces such as vibration from the tool 

when used and sustainable to environmental influences.  

1.2 Method 
For this Master of Science Thesis Ulrich and Eppinger´s product development model [3] has been 

used as a guideline when the time schedule was developed. 

In the used development model five phases are worked through; the requirement and specification 

phase, the literature study phase, the concept generation phase, the development and 

manufacturing phase and the evaluation phase. More detail and description of these phases are seen 

in the upcoming chapters (1.2.1 - 1.2.5). 

1.2.1 Requirements Specification Phase 

This phase has the purpose to set the requirements for the system. The reason that this is performed 

as the first step is because it is important to have requirements to follow when concepts are chosen.  

1.2.2 Literature Study Phase 

The main reason for this phase is to get better knowledge on the necessary factors both for the 

prototype and to be able to assure that the requirements are followed. This was performed by 
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searching information in books, on the internet, et cetera and also by discussions with employees at 

Atlas Copco Tools. The aim of this phase is also to find possible solutions on the problem and to 

investigate what is currently on the market.  

1.2.3  Concept Generation Phase 

In the concept generation phase a closer look at a couple of concepts has been performed. The 

concepts are taken from the literature study and have then been further developed. After the 

concepts are developed enough to get a good picture of them and how they work the concepts are 

investigated and evaluated. The best concept from the evaluation is then chosen as the final concept 

that is developed into a prototype.   

1.2.4 Development and Manufacturing Phase 

The chosen concept is further developed in this phase, both its electrical and hardware design. A lot 

of time is set to this to make the implementation as easy as possible. When the prototype is fully 

designed it is sent to production to get the pieces manufactured. The last step on this phase is to 

assemble the manufactured pieces into a finished prototype.     

1.2.5 Evaluation Phase 

In this final step the prototype is tested from the requirements to see if it fulfills the need that the 

project was meant to have. In this step it is also looked at how improvements on the solution can be 

made and how future work after this Thesis could progress.   
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2 Terminology 

The terminology for this Master of Science Thesis is seen in Table 1.  

Table 1. The terminology for this Master of Science Thesis 

Term Description 

Α Angle on the inlet of the turbine wheel nozzle  

   Critical area on the inlet to the turbine wheel (m2) 

Β Angle on the outlet of the turbine wheel nozzle 

CPU central processing unit 

EEPROM Electrically Erasable Programmable Read-Only Memory 

  Force on the turbine wheel when in rotation (N) 

Ferroelectric A material that spontaneous can process an electric polarization 

I Current (A) 

L Inductance (H) 

  Torque on the turbine wheel when in rotation (Nm) 

   Mass flow rate (kg/s) 

  Rotation speed on the turbine wheel (rpm) 

  Power (W) 

      Critical density on the inlet to the turbine wheel (kg/m3) 

       Radius of the turbine wheel (m) 

R Resistance (Ω) 

U Voltage (V) 

Uh Principal voltage (V) 

Uf Phase voltage (V) 

   Volume flow (l/s) 

     Angular velocity (rad/s) 

      Critical velocity on the inlet to the turbine wheel (m/s) 

     Tangential velocity on the bottom of the nozzle on turbine wheel (m/s) 

    Velocity entering the turbine wheel (m/s) 

     Velocity leaving the turbine wheel (m/s) 

        Tangential velocity entering the turbine wheel (m/s) 

         Tangential velocity leaving the turbine wheel (m/s) 

   Radial velocity change on the turbine wheel (m/s) 
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3 Limitations and Requirements  

Before the requirements for this Master of Science Thesis were established the limitations of the 

project had to be determined. The goal of this Thesis has been to investigate if a generator is a 

possible solution for the aimed purpose and this is performed with a prototype of a solution. 

Therefore the following limitations have been set up. 

 The prototype will be designed for the pneumatic power tool family “Pulsor C”, developed by 
Atlas Copco Tools.  

  

 The electric circuit, needed for the prototype, will not be included on the circuit board on the 
power tool. It will just be a test circuit to see that the prototype work and to be able to test 
it. 
  

 The prototype will not be tested in a real tool; it will be tested in a test environment.  

 

 The purpose for the prototype is to see the concept, and how well it works. Therefore the 
prototype does not have to be as well designed as the final product will be. 

 

 The goal for the prototype is to get enough power from a generator in that size to drive the 
pneumatic power tool. 

 

After the limitations were set the requirements were determined by the author and Anders Johnson, 

at Atlas Copco Tools. The requirements are divided into two categories. The first category is 

requirements that have to be implemented and fulfilled and the second category is requirements 

that it is good if they are fulfilled but it is not necessary, these are called preferences. The list of 

requirements can be seen in Appendix 1.   

One of the requirements is the power that should be generated from the generator. To establish this 

power a study on the existing circuit board has been made. In this study the power consumption for 

each component was investigated. These values were thereafter compared with how much the 

regulators, for the voltage, consume. See Table 2 and Table 3 for the results. The values from Table 2 

and Table 3 are supposed to be the same, which they nearly are.  
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Table 2. The power needed for each component on the circuit board. 

Component Required Voltage 

(V) 

Required Current 

(mA) 

Multiplication 

Factor 

Total Power 

Hall sensor 5 5,6 4 112 mW 

Coloured diode 2 25 1 50 mW 

White diode  3,5 30 1 105 mW 

CPU 3,3 30 1 726 mW 

Temperature 

sensor 

5 0,31 1 1,55 mW 

Pressure sensor 5 1 1 5 mW 

EEPROM 5 5 1 25 mW 

Memory 3,3 145 1 478,5 mW 

     

Summary    1,50305 W 

 
Table 3. The power out of each regulator on the circuit board. 

Component Required Voltage 
(V) 

Required Current 
(mA) 

Multiplication 
Factor 

Total Power 

Regulator 5 125 1 625 mW 
Regulator 5 2,5 1 12,5 mW 
Regulator 3,3 85 1 280,5 mW 
Regulator 3,3 200 1 660 mW 

     
Summary    1,578 W 

 

To see how much power the circuit board consumes in reality a test, performed by Christian Friberg 

was compared with the total power for the circuit board in Table 2 and Table 3. In this report the 

highest power needed is 1,84 Watt, see Appendix 2. This needed power is approximately 20% higher 

than the needed power given in Table 3 which is as expected since 20% of the power is lost when the 

voltage is regulated. To have a safety margin a power of 2 Watt is wanted from the generator. The 

needed power is lower in Table 2 then in Table 3 and the reason for this can be loss in the electronics 

listed in Table 2 or other losses on the circuit board. But since the needed power for the circuit board 

is the total power in Table 3 this one is compared to the power received in Appendix 2.  
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4 Reference Frame 

This chapter has the purpose of giving the foundation on how to design a generator for the chosen 

group of pneumatic power tools. To understand the concepts, and the application that they should 

be used in, this chapter contains background information on how the group of pneumatic power 

tools, meant for the generator, is constructed and the purpose for the electric circuit in it. 

Information on different generator principals, used today in different areas, is also included in this 

chapter. The concepts and the evaluation of the concepts are also described to be able to get a 

better understanding of the final prototype. 

4.1 Pneumatic Power Tools 
The pneumatic power tool family that the generator is designed for is developed by Atlas Copco 

Tools and has the name “Pulsor C”. This tool system consists of a tool, pneumatics, cables and two 

external units, where the tool itself consists of a motor unit, an electronic circuit inside the tool and 

air running through it.  

The two external units are one controller that works as the brain in the system where all the settings 

can be made and where all signals are sent from. In the other unit the air pressure to the tool is set, 

as the controller has decided it to be.  

The motor unit consists of a vane motor and a pulse unit. The pulse unit is driven by the vane motor 

when the air is pressed into the motor and forces it to move forward. The pulse unit then gives one 

pulse per revolution so that it will be able to give the maximum power on every impulse.   

The pneumatic is conducted through the tool into the vane motor and then the air is lead out 

through a suppressor. The airflow can be disabled and enabled via an on/off button so that air 

cannot run through the tool when it is disabled which reduce injuries and costs. To get an even 

pressure on the air the pneumatic is controlled by the controller unit and it is also logged before it 

goes into the motor. Because of this it is easy to go back and control if something have happened 

with the pressure during the work.  

The electric circuit has the purpose to measure which momentum the screw has been fastened and 

store the results. The electricity into the tool is now taken externally which result in that the circuit 

board is not optimized, the power needed for the circuit is not as low as possible; the circuit now 

need a power on approximately 1,6 W. The electric circuits main parts are hall-sensors to control 

how much the motor moves, three status diodes and one diode for work light, memory devices, a 

processor for the calculations, a pressure sensor for logging the air-pressure and a couple of 

regulators to regulate the voltage.  

For an overview of how the pneumatic power tool looks like and where all the components are 

located see Figure 1. 
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Figure 1. Overview of the pneumatic power tool. 

4.2 Principals on Generating electricity 
Generating electricity is one of the big issues that researchers of all time, especially now, have tried 

to find new and effective ways to solve. Today there are many different ways to solve this matter but 

in this Master Thesis Report the focus has been on the solutions that could be implemented in a 

pneumatic power tool, mentioned in Chapter 4.1.  

There are five different theories, studied in this thesis; which can be used for the solution; 

Piezogenerator, Seebeckgenerator, electrical motor, air motor with an electrical motor and gas 

turbine with an electrical motor.  

4.2.1 Piezogenerator 

Piezogenerators consists of piezoelements which are made of material that can generate electricity 

from a bending or extension movement of the material. The reason for this effect is that the 

materials are non-centrosymmetric, which means that the crystals of the materials do not have a 

symmetrical centre. Bending or extension is able to transform these materials into polar crystals 

which generates electricity [4]. With polar crystals it means that the substance has a natural charge 

separation even in the absence of an electric field. These materials that can produce electricity this 

way are ferroelectric, which means a material that spontaneous can process an electric polarization. 

To reverse the polarization an external electric field has to be applied [5].    

The material can either be single-, two- or multi-layered when Piezoelements are used as generators.  

The single-layered generators are used for sheets and plates. The two-layered are used for extension 

or bending movement and the electricity that can be generated depend upon the direction of the 

force, polarization and the wiring of the layers. The multi-layered generators are stiff and also have a 

high capacitance and are used to handle a large force, because of their stiffness. The high 
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capacitance will make it possible for the multi-layered generator to efficiently gather a large quantity 

of charge. The elements can be either X- or Y-polled. The X-polled elements have the polarization 

vectors pointed toward each other so that the supply voltage can be applied across all piezo layers at 

once and the Y-polled elements have the polarization vectors pointed in the same direction so that 

the supply voltage is applied to each layer individually. [6] 

The most efficient way to produce electricity from a piezoelement is to expose the element to 

extension instead of bending due to the structure on the material.  

A Piezoelement could be used as either a motor or a generator. But to get as high efficiency as 

possible they should be designed with different materials [6]. Piezoelements are used in products to 

detect sound, generation of high voltages and especially as the ignition source for stoves or cigarette 

lighters, see Figure 2. When the Piezoelement is used as an ignition source they have the purpose of 

convert the mechanical shock into an electrical arc that will light the gas [7]. 

 

Figure 2. Piezoelectricity used in cigarette lighters. [7] 

Piezoelements can be bought in many different sizes and with different materials but an element 

that is 12.7 mm x 31.8 mm (width x length) gives approximately a voltage of 320 mVrms when exposed 

to extension [4]. The elements are also quite expensive in comparison to their effect and the price 

increases as the elements get bigger or more effective.   

4.2.2 Seebeckgenerator 

Seebeckgenerators consists of materials that generate electricity when there is a temperature 

difference on the materials two sides, they are thermoelectric. Seebeckelements are the opposite of 

Peltierelements which produces heat on one side and cold on the other when electricity is connected 

to the material. To switch the sides of the heat and cold the polarization of the electric source is 

switched. 

A Peltierelement is made of two thin ceramic wafers with a series of P and N doped bismuth-telluride 

semiconductor material sandwiched between them, see Figure 3. The purpose of the ceramic Wafers 

is to get an electrical insulation. The N doped material has an abundance of electrons while the P 

doped material has a shortage of electrons. The cold are generated when the electrons move from 

the P to the N material and get into a higher energy state, which absorbs energy, and the heat is 

generated when the electrons move back to the N material and energy therefore are released [8]. 

The Seebeckelement works as a reversed Peltierelement.   
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Figure 3. Peltierelement with an electric source [8]. 

To get the highest efficiency on a Seebeckgenerator a Peltierelement could not be used, the 

materials must be optimized for the purpose as a Seebeckgenerator. All materials that are 

thermoelectric can also be used as Piezogenerators, since they can produce electricity by extension 

and bending, which means that all thermoelectric materials are also ferroelectric. 

Peltierelements are used in heat pumps or cooling devices but Seebeckgenerators are not used in 

today’s market because of their lack of efficiency in comparison to their size. Seebeckgenerators are 

less effective than Piezoelements and are also more expensive in comparison to their efficiency. The 

technology with Seebeckgenerators is still a technology well researched and therefore gets better 

and better. 

4.2.3 Electrical motor 

An electrical driven motor is a motor which consist of a rotating rotor and a stationary stator. This 

motor type can be driven as generators if the rotor is forced to rotate since this will generate 

electricity out of the stator.  An electrical motor can either be an alternating-current motor, AC 

motor, a direct-current motor, DC motor, or a stepper motor but the stepper motor is not preferred 

to use as a generator. An AC motor is driven on an alternating current, as the name says, which 

means that the current has an appearance of a sinus wave. The DC motor on the other hand is driven 

on a direct current; a current that could have a wave form but is always positive, compared to the 

alternating current. The wave forms for each motor type will also emerge if the motor is driven as a 

generator.      

There are two types of AC motor, the synchronous motor and the induction motor. The difference 

between them is how the rotor in each one is constructed. The magnetic field in the rotor in the 

synchronous motor is either caused by a current through slip ring or by a permanent magnet and the 

magnetic field in the rotor in the induction motor is caused by an induced current. [9] 

The DC motor can also be designed in different ways; it can either be brushed or brushless. A 

brushed DC motor is a motor where the current is transferred with a mechanical device, were 

brushes in the motor have the purpose of passing through current in various direction which result in 

a change in the magnetic field in the rotor so that it will start to spin in comparison to the stators 

permanent magnets. A brushless DC motor is a motor that in the rotor has a permanent magnet and 

stationary electrical magnets in the motor housing. A brushed motor needs more maintenance then 
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a brushless motor and do not have as long life span. In the other hand the brushed motor is cheaper 

to purchase.  

On the market today there are applications for all kinds of uses, everything from model airplanes to 

tracks.   

In this application a DC generator is preferable to use. The reason for this is that an AC generator 

normally works with 120 V and above, which is not needed here and DC generators works with below 

50 V. A DC generator can also be smaller than an AC generator and a DC generator is also easier to 

work with. [10] For the given application maintenance is not wanted, due to customer needs, which 

result in that it is better to use a brushless DC motor in this case. The brushless DC motor is very 

durable and a more expensive purchase is better than cost from maintenance.  

4.2.4 Air motor with an electrical motor 

The principal of an air motor is that air is pressed into the motor and this will result in that the motor 

will start to rotate. The rotational movement can be produced in different ways but the most 

common is by a piston link motor, a radial piston motor or by a vane motor. The different motors can 

be seen in Figure 4. An air motor can be used as a generator if it is connected with an electrical 

motor. For more information on the electrical motor see Chapter 4.2.3. 

 

Figure 4. Overview of different types of motor. [11] 

a) Vane motor, b) Piston link motor, c) radial piston motor  

The different kinds of piston motors all consist of a piston and crank mechanism which has the 

assignment to convert air pressure into torque. It is driven when air is pressed into the cylinders, one 

at a time, and forces the pistons out and since the pistons are connected to the rotor it will start to 

rotate, in an eccentric motion, since the distance between the rotor and the pistons are all different 

[12]. The difference between the radial piston motor and the piston link motor is that in the radial 

piston motor all the pistons are fixed to the rotor and in the piston link motor the pistons are fixed to 

the rotors in pairs that then are linked together, see Figure 4 b and c. A piston motor is very robust 
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and tight, which makes it easy to control. In comparison to the vane motor the piston motor is larger 

and heavier, in relation to the output. 

The vane motor is a motor that is driven when air is pressed through it. It consists of a rotor cylinder 

with vanes that can move up and down and a stator cylinder that is mounted. From the inlet the air 

gets located between two vanes and is forced to expand before it is let out of the outlet. This will 

result in a rotation of the motor; see Figure 5 for an overview on the components of a vane motor 

and the principle of operation. This motor could be used as a generator if electricity is taken from the 

moving rotor cylinder. There are also different designs on the vane motor, they can for example be 

designed so that they can rotate in both clockwise and counter clockwise directions. In this example 

the inlet and outlet are designed more symmetrical.      

 

Figure 5. The figure at the top is an overview of the arrangement of the vane motor and the three figures below 
is the principle of operation for the vane motor. [11] 

The vane motor is the dominant type of rotary motor in compressed air engineering. The reason for 

this is that it is effective for its size and weight and volume. In comparison to piston motors it is 

cheap to manufacture, due to its few components. The disadvantage of the vane motor is the higher 

leakage and the reduction in torque during starting at a low speed, because the vanes may bind in 

the rotors if the vane motor is not designed for low speed.  

The best air motor to use for this application is the vane motor. This is because of that the vane 

motor is smaller than the piston motor and there is more knowledge on the vane motor at Atlas 

Copco than on the piston motor.  

4.2.5 Gas Turbine with an electrical motor 

A pneumatic turbine is a device to where wind will force blades to rotate and from that rotation 

electricity can be reclaimed or the axis could work as a motor so the pneumatic turbine can be used 

to generate electricity if it is used in combination with an electrical motor. For more information on 

the electrical motor see Chapter 4.2.3. The two designs of turbines that can be used, for a gas 

turbine, are either an axial-flow or a radial-inflow turbine. In more than 95% of all applications an 

axial-flow turbine is used [13].  
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The axial-flow turbines airflow enters and leaves the turbine in the axial direction. There are two 

different types of principals on axial-flow turbines, the impulse turbine and the reaction turbine. The 

impulse turbine changes the direction of the incoming flow of air, which has a high velocity. This 

change of direction will result in an impulse that will rotate the turbine. In this sort of turbine there is 

no change of pressure other than in the fixed nozzle. The impulse turbine has a fixed nozzle and 

moving turbine wheel blades. The second kind of turbine is the reaction turbine which is driven by 

the reaction force according to Newton´s third law. The pressure is changed when the air passes 

through the turbine and a torque is established. In the reaction turbine the nozzle rotates. The axial-

turbine usually has more than one stage, see Figure 6, and when an impulse turbine is used the first 

stage is usually only impulse and the later stages are about 50% reaction [13]. One stage consists of 

one fixed and one moving part, for example the fixed nozzle and the first turbine wheel.  

An axial-flow turbine at least has to consist of the first step, the fixed nozzle and the first turbine 

wheel. If more power is wanted from the turbine another stage is placed in it, a midsection and 

another turbine wheel, and so on if more power is wanted, see Figure 6.  

 
Figure 6. Design of an axial-flow turbine. 

The fixed nozzle has the purpose to accelerate the air, by making the space as a cone, and direct the 

air in a radial direction out of the fixed nozzle and into the first turbine wheel. To get as much power 

as possible from the turbine the turbine wheel should change the direction of the air. And that is the 

reason why the air is in a transverse direction into the turbine wheel and then an opposite direction 

out of it. The turbine wheels are rotating and the fixed nozzle and midsection are fixed in the turbine. 

The most important design factor for a turbine is that the air after the fixed nozzle should be, overall, 

expanded (retarded) but in every single step the air should be compressed (accelerated).  

In the radial-inflow turbine the flow of air is led through the collector into the nozzle and rotor.  To 

provide a large angular torque the air enters the inlet in the circumferential direction relative to the 

rotor. When the air passes through the nozzle row the airflow accelerates and increases the angular 

torque. After the nozzle row the air enters the rotor where the angular torque is converted to the 

turbine output power. The final step is for the air to flow through the exhaust diffuser which has the 

assignment to improve the efficiency of the turbine. See Figure 7 for an overview of the design of a 

radial-inflow turbine. In the radial-inflow design the rotor rotates and the nozzles are fixed. [14]  
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Figure 7. Design of a radial-inflow turbine. Side view to the left and front view to the right. [13] 

Pneumatic turbines are today used in wind power stations, large pneumatic tools and many other 

areas were wind could be used to gain electricity. They are effective due to their size and depending 

on the complex ability of the design and the size of the turbine the cost for a unit vary a lot.   

Since the axial-flow turbine is more effective and more widely used then the radial-inflow turbine 

this is the best gas turbine to use for this application.  Since the power from the turbine is limited to a 

couple of watts it is also enough to use an impulse turbine. The best gas turbine used for this 

application would therefore be an axial-flow impulse turbine.  

4.3 Theories Evaluation 
To evaluate the theories that could be applied a decision-matrix called Pugh´s method [15] has been 

used.  The reason for the evaluation was to set the four theories against the requirements and the 

current solution. If one requirement is better fulfilled with one of the theories then the current 

solution this will get the number +1 for this requirement. If the current solution better fulfill the 

requirement the theory will get -1 and if they fulfill the requirement equally it will get an S. All the 

requirements are also graded for their importance so that the sum of all requirements will be 100. A 

higher number equals a more important requirement. To get a final score on how good a theory is in 

comparison to the current solution the importance of the requirements and each score (+1, S -1) is 

multiplied, where S equals to zero. If the sum is equal to zero the theory and current solution is 

equally good.    

The three theories with the highest final scores were the ones chosen for the four concepts. In this 

evaluation the gas turbine with an electrical motor, the air motor with an electrical motor and the 

electrical motor were the ones that the four concepts will be built upon. For the decision-matrix see 

Appendix 3.  

4.4 System Design 
The overall design for the system is divided into two parts, the power supply and the load. The power 

supply consists of three parts. The first is the generator which will generate a power. The second is 

the energy storage where the power will be stored until used. The third and last is the power 

supervisor that will make sure that the power storage do not get overstocked and also is the link 

between the load and the power supply units. The load consists of the electric circuit inside the 



Master Thesis Report Pre-study on Generators for Pneumatic Power Tools 

 

 

14 

 

pneumatic power tool. For an overview of the system design see Figure 8. In this Master Thesis the 

focus is on the Power supply, and specially on the generator, and to be able to deliver the right 

amount of power to the load. Since the electric circuit that is now used is not the one that will be 

used in the future, when the power supply is installed, the power supply unit will not be tested on 

this circuit and the exact voltage is not important.  

 

Figure 8. An overview of the system design. 

4.5 Concepts and Concepts Evaluation 
In this chapter the four concepts for a generator in the pneumatic power tool, which were studied in 

more detail and thereafter evaluated, are seen. The evaluation of them, that lead to the final 

prototype, are also seen and a more detail description of the chosen concept.  

4.5.1 Concept 1 – Generator in the outlet in Pulsor 

In this concept a generator will be located at the outlet of the air in the pneumatic power tool. In the 

outlet the air will travel with the highest speed in the flow of air through the power tool. Because of 

this the generator will be most effective here. The highest speed is right after the pulse motor, but 

due to lack of space the generator should be placed close to the outlet. See Figure 9 for the solution. 

This generator will run when the pneumatic power tool is in use, because air only flow through the 

tool when it is in use.   
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Figure 9. The solution for the placement of the generator, for Concept 1. 

4.5.2 Concept 2 – Generator between the inlet and outlet in Pulsor 

In this concept the generator will be located between the in- and outlet in the pneumatic power tool. 

This will result in that the generator will be able to run even when the power tool is turned off, see 

Figure 10. If the generator have generate as much power so that the power storage are fully loaded 

the inlet on the generator will be blocked by a cover so that it will not run if not necessary. This will 

also result in that the air is not flowing through the machine if not necessary.  

 

Figure 10. The solution for the placement of the generator, for Concept 2. 

4.5.3 Concept 3 – Generator on the motor axis 

In this concept the generator will be attached to the axis from the vane motor, see Figure 11 for the 

intended area. For a 3D picture on the pneumatic power tool see Figure 1. In this concept the 

generator will be running when the motor is running, and will therefore only produce power then. 

The generator can either be attached to the hall-sensor ring, the axis itself or parallel to the axis.  
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Figure 11. The generator in Concept 3 should be placed somewhere inside the red box onto the vane motors 
shaft. 

4.5.4 Concept 4 – Make the vane motor to a generator 

The fourth and last concept is to make the existing vane motor in the pneumatic power tool to work 

as a generator by attaching a rotor and stator by magnets to it, see Figure 12 for the construction of 

the vane motor. In this concept the generator will work when the motor is running. Due to the 

existing design of the motor it has to be redeveloped and changed so that the rotor and stator will fit 

into the design.  

 

Figure 12. The construction of the vane motor. The generator for Concept 4 should be placed inside the cylinder. 

4.5.5 Evaluation of Concepts 

When evaluating the concepts, two factors from the requirements were mainly looked at; the ability 

to deliver the wanted power and how much on the current design, of the pneumatic power tool, that 

need to be changed.  

In concepts 1, 3 and 4 the power will only be generated when the pneumatic power tool is used 

which will limit the generation to how much the tool is used and it will be difficult to control the 

charge of the power storage. If the pneumatic power tool is not used in a long time the generator will 

not be able to produce power, so it is necessary to have a backup battery in the electrical circuit. 
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Concept 2 on the other hand will need more electronics than the other three concepts due to that it 

needs to be able to be turned off.  

In concept 3 and 4 the existing design of an important detail, the vane motor, has to be redesigned; 

which is not desirable.  The place were both concepts would be located are very limited in space and 

it would therefore be difficult to fit a generator there. A problem with all of these four concepts is 

that they will be difficult to assemble into the power tool.  

Because of the above reasons the generator between the inlet and outlet in the pneumatic power 

tool Pulsor, concept 2, were chosen for the prototype. More details about this concept can be seen 

in the next chapter, 4.5.6.   

4.5.6 The Winning and Chosen Concept 

As mentioned in the previous chapter the winning concept was concept 2, a generator between the 

inlet and outlet in Pulsor. This concept has its advantage that it can work even if the power tool is not 

activated. This will make it easier to load the power storage and make the charge of the power 

storage more even. The downside with this solution is that the tool will use the pneumatics when the 

power tool is not activated which will result in larger air uses, which costs money. To make the air 

use as small as possible the generator system will have an air ventilator to stop the flow of air when 

the power storage is loaded.  
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5 Design of Prototype 

In this chapter the design of the prototypes can be read. The prototype was divided into two parts, 

the mechanical design and the hardware design. The programs used for the design of the prototypes 

are MathWorks Matlab R2009b and Siemens Solid Edge ST.  

5.1 System Design of Prototype 
The system overview of the prototype is divided into three function parts; the generator system, the 

air ventilator and the electrical circuit. Each of the three parts then consists of different subparts, see 

Figure 13. A flow chart of the power in the system can also be seen in this figure.  

 

Figure 13. The system overview divided into function parts and the arrows represent the flow chart of the 
power. The arrow between the turbine and the ventilator represent the flow of air.   

In the concept air is going to be used to produce the necessary power for the system. To do this a 

generator is used to gain the power from its rotating axis, thanks to the air flowing through the 

turbine. After evaluation of whether the translation from the air to the electrical energy would 

consist of a vane-motor and a generator or an axial-flow impulse turbine and a generator the final 

solution was the turbine. The reason for this was that the turbine could be smaller and consist of 

fewer components than the vane-motor. This solution will probably also sound less than a vane-

motor would have done but there is a risk that it still sounds more than pleasant. With the axial-flow 

impulse turbine the integration with the generator would also be easier to accomplish.  

There will be two different designs on the generator system. The first is a design with a turbine with 

an internal generator and the second is with an external generator. The internal generator will be 

integrated into the turbine wheel and is a compact solution that does not consist of any loose pieces 

or take any extra room. The external generator is a generator that is connected to the shaft from the 
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turbine but is located outside the turbine. The two different generator solutions are made to be able 

to see if they produce different amount of power or behaves differently.  

The air ventilator has the main purpose of shutting off the air when the power storage is loaded. To 

be able to perform a shifting of states the power storage is monitored and for specific voltages the 

air ventilator gets signals for changing state.  

The electrical circuit has three main functions. The first is to store the power so that the generator 

system does not need to be active at all time. The second is to overview the power storage so that 

the generator system can be activated or deactivated and the third function is to regulate the voltage 

to the desired one. The electrical circuit also has a voltage addressing so that the voltage never could 

flow back to the generator; if this happened the generator would start working as a motor, which is 

not wanted.  

In this system there are two major parts where losses of power can occur, the generator and the 

electrical circuit. These losses that have been counted with are approximated but have been 

discussed with Mikael Hellgren at KTH. In Table 4 it can be seen that the total efficiency of the system 

is approximately 59% but since this consists of approximation the counted efficiency of the system is 

set to 50%, which results in that the power needed from the turbine is 4 Watt. In Table 4 the 

efficiency of the generator is set to 80% which means that the generator only will generate 80% of 

the incoming mechanical effect into the outgoing electrical effect.  

Table 4. Efficiency of the system 

Unit Subunit Efficiency Needed power  

(wanted power from 

the system, into the 

electrical circuit on the 

power tool, is 2 Watt) 

Electronic 

circuit 

Charge 

Regulation 

85% 2,35W 

 Capacitor 95% 2,48W 

 Diode 0,5V 2,73W 

Generator Generator 80% 3,41W 

Total  58,7% 3,41W  

(which represent the 

power out of the 

turbine) 

 

For the pressure fall in the system, over the air ventilator, see Chapter 5.2.2. 
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5.2 Mechanical Design 
This chapter describes how the design of the mechanical design was chosen and the design itself. The 

mechanical components consist of the generator, the turbine and the air ventilator. The overall 

design of the prototype can be seen in Chapter 5.4. 

When designing the generator system the components all depend upon each other. The air 

ventilator has to be able to let enough air through but the air let through also results in how the 

design on the turbine blades will look like. It is the same with the generator and turbine; the turbine 

has to be able to fit the generator but the size of the generator will also have the effect that a set 

power can be taken care of. So when designing the generator system all of this factors and 

dependences have to be taken into consideration.   

5.2.1 Generator 

The purpose of the generator is to seize the power generated by the turbine, and for the generator 

the following requirements have to be fulfilled.  

 The generator has to be small to fit into the handle on the pneumatic power tool 

 

 Has to be able to deliver the necessary power to the electric circuit 

 

 Has to be able to deliver power from the turbine 

This is accomplished by using a brushless DC motor as a generator. Due to the integration design with 

the turbine wheel the rotor of the motor has to be connected to the wheel and the stator will be 

connected to the outlet plate of the turbine, the reason for this is that this solution makes it easy to 

take out the gained electricity from the generator to the test circuit board. Because of this solution 

the motor used has to be a motor with an outer rotor consisting of permanent magnets.  

To be able to fit the motor inside the turbine the motor has to be as small as possible. The chosen 

brushless DC motor also has to be able to take care of the power generated. Since a motor used as a 

generator only has an efficiency of around 40% and the power from the turbine is 4W, see Chapter 

5.2.2, the motor has to be specified for a power of minimum 10W. With this efficiency it means that 

when a motor is used as a generator only 40% of the effect, specified for the motor, can be produced 

when it is used as a generator.  

The chosen motor for the internal generator is Mighty Midget 10-3-32, see Figure 14. The motor is 

specified for a power of 7 W, which is smaller than the necessary power but this motor were chosen 

for the small size rather than the power. The dimensions of the Mighty Midget motor is 12 mm in 

diameter, the rotor is 4 mm wide and it weight 3,3 g. The motor is also specified to have 2700 

rpm/volt, which for 5 V corresponds to 13500 rotations/min.  
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Figure 14. Mighty Midget 10-3-32 used as the generator for the internal generator solution. 

The inside of the turbine will be dimensioned so that the motor will fit perfectly and so the axis of the 

motor can be used in the turbine solution.  

Tests were performed on the Mighty Midget motor 10-3-32 to establish the inductance and the inner 

resistance of the motor. In Table 5 the tests on the Mighty Midget motor 10-3-32 can be seen. The 

accurate resistance and inductance meter used for the measurements were a Motech MT 4080 A 

[16]. In test 1 and 2 the motor is driven in idle speed and in test 3 the inductance and resistance is 

measured for each phase.  

 
Table 5. Tests to get the Mighty Midget motor 10-3-32 inner resistance and inductance. 

 Measurements from oscilloscope Measurements from an 

accurate resistance indicator 

Test Vmax (mV) Vrms (mV) Frequency 

(Hz) 

Rotation 

speed 

(rpm) 

Inductance 

(µH) 

Inner 

resistance 

(Ω) 

1 344 143 53,63 526   

2 544 222 83,33 833   

3     76,13 

75,62 

71,70 

2,726 

2,731 

2,739 

 

To be able to get the inductance, for one phase, on the motor test 3 in Table 6 is used. The value got 

was 25,7 µH with Equation (1). In the equation the mean value of the three inductances measured 

were taken and then divided by 2,9. The reason why it was divided by 2,9 were that from previous 

tests at Atlas Copco Tools this value were proven to be a good estimation for this kind of motor when 

wanting the inductance for one phase from the phase to phase inductance, since the phases induce 

voltage into each other called mutual inductance. The value always lays around 4 and 2 and the 

reason for this is that it lays around two extreme cases.  

The first case is that if 100% of the flow through one winder passes through an exactly the same 

winder it can be looked at as a winder with the double of rotations; the inductance quadruplicates 

due to that it is  proportional to the rotations in square number. The second case is that no flow 

passes through one of the winders whish result in that the series connection for inductance are used, 

L+L = 2L.   
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            (1) 

 

To get the inner resistance the mean value of the measured values in test 3 are taken, which result in 

an inner resistance of 2,732 Ω. The reason why this way was used for this motor was that the motor 

is so sensitive that more tests could harm the wires from it. 

The motor used for the design with the external generator is chosen to be of the same kind that the 

motor for the internal generator, a brushless DC motor with outer rotor. The reason for this is that it 

is easier to compare the two generator system; there will not be any variation due to the generators. 

The motor can though be a bit bigger than the internal generator since the space is larger outside the 

turbine then inside. The chosen motor is Mighty Midget 10-6-16, see Figure 15. The motor is 

specified for a power of 20 W, which is more than the necessary power. The dimensions of the 

Mighty Midget motor is 12 mm in diameter, the rotor is 7 mm wide and it weight 5,5 g. The motor is 

also specified to have 2507 rotations/volt, which for 5 V corresponds to 12535 rotations. 

 
Figure 15. Mighty Midget 10-6-16 used as the generator for the external generator solution. 

 

Tests were also performed on Mighty Midget 10-6-16 to get the inductance and inner resistance of 

the motor. The same measurement instrument for this was used as in Table 5, a Motech MT 4080 A. 

The tests in Table 6 had the reason to calculate the motors inner resistance and inductance. Test 1 is 

performed at idle speed over two of the motors phases, which is the reason for the two Vrms values. 

In test 2 the motor is connected to a y-coupling with each resistance at 1Ω and test 3 the inductance 

over each phase is measured. 

The inner resistance is calculated with test 1 and 2 and thereafter compared with the measured 

resistance in test 3.  
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Table 6. Tests to get the Mighty Midget motor 10-6-16 inner resistance and inductance. 

 Measurements from oscilloscope Measurements from an 

accurate resistance indicator 

Test Vmax (mV) Vrms (mV) Frequency 

(Hz) 

Rotation 

speed 

(rpm) 

Inductance 

(µH) 

Inner 

resistance 

(Ω) 

1 560 244 and 

237 

80 800   

2 224 11,3 80 800   

3     37,56 

29,65 

27,85 

0,88 

 

The resistance over each phase in the motor is calculated with Vmax in test 1, see Equation (2).  

 

          
      

  
             (2) 

 

Where Uh is the principal voltage and Uf is the phase voltage.   

The answer in Equation (2) is supposed to be the same as the Vmax measured in test 2, if the motor do 

not have any inner resistance. Because this is not the case the motor has an inner resistance, which is 

the difference between the two voltages, see Equation (3). 

 

                           (3) 

 

To convert the answer in Equation (3) to a resistance Ohm´s law, see Equation (4), is used with the 

current of 224 mA, because of that the resistances on the y-coupling in test 2 is 1Ω and the voltage 

224 mV. 
 

 
   

        

      
          (4) 

 

The answer in Equation (4) is 0,443 Ω which is the inner resistance given for one phase. To get the 

inner resistance from phase to phase the answer in Equation (4) is multiplied by 2 which give an 

inner resistance of 0,887 Ω. The value of the inner resistance that is calculated is quite near the 

resistance measured in test 3, because of losses these values are not exactly the same. To get the 

inductance between two phases the same calculation is performed as in Equation (1), which resulted 

in an inductance of 10,9 µH. 

 

If comparing the two motors it is noticeable that the smaller motor has both a higher inductance and 

inner resistance, this motor will not be as effective as the bigger one when used as a generator due 

to the inner resistance.   

Tests were also performed to see that each phase delivers around the same voltage, which they 

were; both motors work as intended.  
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5.2.2 Axial-flow Impulse Turbines 

When the turbines were developed the requirements for them were set and then the dimensions of 

the turbines were determined. When these two steps were completed the design of the two turbines 

were developed. The turbines that are used for the system has the following requirements. 

 It should be so small that it could fit into the handle on the pneumatic power tool 

 

 Need to be able to gain the necessary power from the turbine 

 

 Need to be able to gain the necessary rotation speed from the turbine 

 

 Has to be able to be manufactured 

Even if there are two solutions on the position of the generator the outside of the turbine wheels will 

be designed in the same way. This will result in that the analysis of them can be compared to each 

other in an easy way. When dimensioning this turbine it is important to look at the power that can be 

gained from it so that the power tools circuit board will get the power needed. The rotation speed is 

also a parameter that is important because you want to be able to connect the generator directly 

onto the turbine to skip unnecessary details in the design, as gear. The turbine also has to be 

designed so that the outflow of air from the air ventilator is enough to feed the turbine.  

As mentioned in Chapter 4.2.5, and as seen in the name of this chapter, the gas turbine used for this 

prototype is an axial-flow impulse turbine. Since there is a limitation on the power, which needs to 

be generated from the turbine, and since this is only a couple of watts the turbine only need to be a 

single stage turbine.  

When dimensioning a single stage turbine the turbine wheel and the fixed nozzle are the two parts 

that have to be dimensioned for the turbine. The outlet from the turbine does not need a certain 

design, since the turbine is an axial-flow impulse turbine with a single stage, mentioned above.   

To be able to determine the power that the turbine is going to deliver and the torque that it is going 

to reach for a specific radius and critical radius the velocities that occurs on the turbine wheel has to 

be calculated. The velocities of interest are the tangential velocity change between the inlet and 
outlet on the turbine wheel´s nozzle,   , and the angular velocity on the turbine,     . To be able 

to determine the first of these velocities the radial velocity on the bottom of the nozzle is set, see 

Figure 16 for an explanation, which results in Equation (5).     
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Figure 16. Description on the radial velocity on the turbine wheel. 

 

                 
    

  
          (5) 

This tangential velocity and the critical velocity from the fixed nozzle are then the foundation to 

determine the velocity change in the turbine wheel. In Equations (6) to (9) the radial velocity on the 

turbine wheels inlet and outlet are calculated and the denomination for the equations can be seen in 

Figure 17.  

  

Figure 17. Description on the velocities on the turbine wheel. 

The velocity into the turbine wheel is determined with the critical velocity and the tangential 

velocity, see Equation (6), with an assumption on that there are no losses. The outlet velocity from 

the turbine is set to be 66% of the critical velocity, see Equation (7). This percentage has proven to be 

true from previous turbine projects at Atlas Copco. The velocities of interest to calculate the velocity 

change is the tangential velocities on the in- and outlet of the turbine since these are the velocities 
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that will result in the wheel rotation. From the given in and out velocities on the wheel the tangential 

velocities are calculated with the angle of the nozzles in- and outlet, see Equation (8) and (9). 

Equation (10) thereafter calculates the wanted velocity change,   .  

                  (6) 

                   (7) 

                       (8) 

                         (9) 

                       (10) 

To establish the power generated from the turbine and the torque that occurs the following 

equations are necessary. The mass flow rate,   , through the turbine is firstly determined with 

Equation (11). This equation corresponds to sonic flow conditions and neglecting losses [14].  

                    (11) 

 

Where       is the critical density,       is the critical velocity and    is the smallest area on the fixed 

nozzle. The critical density and velocity is both at the smallest area of the fixed nozzle,   . 

The mass flow rate and the radial velocity change in the turbine wheel are thereafter used to 

determine the force,  , on each turbine blade during rotation, see Equation (12). In this theory it is 

calculated that only one nozzle at a time are exposed to a force, this is not exactly true in practice but 

is an assumption that is good enough. From Newton´s second law of motion Equation (12) is given 

with for a steady flow process [17].  

 

            (12) 

The torque on the turbine wheel during rotation,  , is with Equation (13) established. The torque is, 

as Equation (12), given for a steady flow process [17].  

 

             (13) 

Where        is the radius on the turbine wheel, see Figure 16. 

In Equation (14) the power generated from the turbine,  , is determined. It is calculated with the 

torque on the turbine wheel during rotation and the angular velocity, see Equation (14). The 

equation is Euler’s turbine equation given for an impulse turbine *13].  

 
             (14) 

MathWorks Matlab R2009b was used to execute Equation (5) to (14) and Figure 18 and Figure 19 are 

a result of these equations. The code can be seen in Appendix 4.  

The power that has to be delivered to the pneumatic power tools circuit board is 2W and since there 

are losses in both the generator and its electrical circuit board, approximated efficiency 80% each 

(see Chapter 5.1), the power generated from the turbine has to be higher. To be prepared on higher 
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losses the power needed from the turbine is set to 4W, the system can therefore handle a total 

efficiency of 50% instead of the approximated total efficiency of 59%. 

The critical density, which is the density into the turbine wheel, is 5,8 kg/m3 which is the density of 

air with a pressure of approximately 4,8 bar, which the air that entre the pneumatic power tool will 

have. The air entering the air ventilator will have a pressure of 6,3 bar and a pressure fall that can be 

expected to 1,5 bar, this generates that the pressure into the turbine will be 4,8 bar. The critical 

velocity, which is the velocity out of the fixed nozzle, is set to 313m/s. This value for the critical 

velocity is an approximation from previous turbine projects at Atlas Copco. 

The radius on the turbine wheel is set to 7 mm. This value is determined so that the generator, for 

the internal generator prototype, can fit into the turbine. The prototype with an external generator 

has the same outer dimensions on the turbine wheel, to make the prototypes comparable in the 

analysis. The in- and outlet angles, α and β, are determined to be able to generate the wanted 

power, of 4 W, from the turbine for 10 000 rpm.  

In Figure 18 the relations between the power and the rotation speed can be seen, for the values 

above. When the generator is installed the torque of the generator will thereafter determined how 

the working rotation speed will be set. In Figure 18 it is noticeable that the turbine has a maximum 

power, which is the same for the different wheel radius; the radius of the turbine wheel determine 

the slope of the curve.  

 

Figure 18. The variation of the turbine wheels radius, for the power in comparison to the rotation speed.  

In Figure 19 the rotation torque on the wheel in rotation is plotted towards the rotation speed. As 

predicted the torque increases when the radius increases and as higher rotation speed as lower 

torque. 
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Figure 19. The variation of the turbine wheels radius, for the torque in comparison to the rotation speed. 

All of the chosen and calculated parameters for the two turbines are shown in Table 7, for a rotation 

speed of 10 000 rpm.  

As seen in Equation (1) to (10) the theoretical power does not depend upon the width of the turbine 

wheel since it is only depended on how much the air changes direction on the wheel. The theoretical 

power is not depended on how many blades the turbine wheel has either, but it does depend on 

how many nozzles the fixed nozzle consists of. The reason for this is that there is only one blade on 

the turbine wheel that can be active at a time, with the help of one fixed nozzle, in theory. In practice 

more than one blade is active due to that the airflow is not perfect. Equations (1)-(10) are given for 

one fixed nozzle. 

Table 7. Chosen parameters for the turbines, both the one with the embedded generator and the one with the 
external generator. 

Parameters Value 

Power (W) 4,00 

Radial velocity change (m/s) 95,7 

Rotation Speed (rpm) 10 000 

Angular velocity (rad/s) 10 000 

Inlet and outlet angles (degrees) 10 

Critical density (kg/m3) 5,8 

Critical velocity (m/s) 313 

Critical area (mm2) 3,14 

Turbine wheel radius (mm) 7,00 

 

The two turbine wheel designs are only different on the inside. The internal generator prototype has 

an inside that will be able to fit the generator, see the figure to the left in Figure 20. The outer rotor 

of the generator will be attached into the turbine and the existing axis from the generator is used to 
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connect the turbine wheel with the inlet. In Figure 20, to the right, the design of the turbine wheel 

for the external generator prototype can be seen. The design for the external is only to be able to put 

an axis through the wheel. The design of the turbines was executed in Siemens Solid Edge ST and 

Figure 20 to Figure 23 is taken from this program. 

 

Figure 20. To the left is the turbine wheel for the internal generator prototype and to the right the turbine wheel 
for the external generator prototype. 

The design of the blades is depended on a couple of things. The inlet and outlet angle decide how the 

blade looks at both ends and the form of the blade is determined so that the air can flow as easy as 

possible through the blade. The area between the blades is the same area as the output area from 

the fixed nozzle, so that no air will be lost or not used. On the top of the blade is an elevation so that 

a turbine band can be mounted onto the wheel and be fixated, see Figure 21 for an illustration. The 

band has the assignment of keeping the air between the blades on the turbine wheel.  

 

 

Figure 21. One of the turbine wheels with the turbine band around it. 

For the turbine to work as intended the fixed nozzle has to be designed with the requirements given 

from the equations. The air will be led from the air ventilator and into the turbine wheel; the last part 

of this is the fixed nozzle, see Figure 22. The fixed nozzle has an output angle of 15 degrees, from 
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discussion with Anders Nelson this is a good angle to choose. The smallest cross section area, the 

critical area, is right before the outlet from the nozzle. In Figure 23 the compounding of the fixed 

nozzle with one of the turbine wheels can be seen.   

 

Figure 22. the inlet to the turbine wheel, the fixed nozzle. 

 

 

Figure 23. The fixed nozzle and one of the turbine wheels. 
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5.2.3 Air Ventilator 

The air ventilator needed to control the airflow into the turbine has the following requirements. 

 

 It has to be normally open, to be able to let air through when the battery is discharged 

 

 The air ventilator has to be small to fit into the handle on the pneumatic power tool 

 

 The ventilator has to be able to let enough air out to the turbine 

 

 It has to be able to work on the battery that the turbine loads 

 

 The two states have to be able to be controlled by the electric circuit 

An air ventilator with these requirements was found, but since this ventilator would require a 

complex design on the inlet to the turbine and this was not the main focus the ventilator was not 

used. The ventilator was a Staiger GmbH & Co. KG ventilator with the denomination VA 304-716 and 

is a micro ventilator.  

Therefore a ventilator that is normally closed was used instead. With this ventilator the standard 

coupling, specified for the ventilator, could be used. This ventilator was also a Staiger GmbH & Co. KG 

ventilator but with the denomination VA 204-717 and can be seen in Figure 24. The datasheet is seen 

in [18].  

 

Figure 24. The chosen air ventilator from Staiger GmbH & Co. KG with the denomination VA 204-717.  

5.3 Hardware Design 
For this prototype the main purpose was to make a prototype on a working generator for a 

pneumatic power tool. Therefore the needed electric circuit for the prototype is to be able to test 

that the right amount of power could be delivered with the generator. But in the future the 

generator will need a more advanced circuit to function properly. This chapter is, because of this 

reason, divided into two subchapters. The first containing the hardware design for the prototype and 

its structure and the second contains the hardware design needed for a future implementation.   

5.3.1 Hardware design for prototype 

The hardware design for the prototype is designed so that the power, voltage and current from the 

generator could be measured. To be able to measure the wanted parameters the test hardware will 

contain of resistances and since the motor is a three phase motor the resistances will be organized in 

a delta connection, see Figure 25 for the arrangement.   
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Figure 25. The hardware design for the prototype. 

The dimensions on the resistances will be set so that the three have the same value, this is necessary 

to be able to measure the phase- and the principal voltage. The values of the resistances can be seen 

in Chapter 6.2 and are dimensioned to be able to investigate which resistance gives the highest 

power. To determine these values Ohm´s law, Equation (15), and the effect law, Equation (16), are 

combined, to Equation (17), to calculate which power and which voltage delivers which resistance. 

         (15) 

         (16) 

  
  

 
     (17) 

5.3.2 Hardware design for future implementation 

For the hardware design for future implementation, for the prototype before installed in a 

pneumatic power tool, a list of requirements has to be fulfilled.  

 The hardware has to be able to store the power given from the generator. 

 

 The states of the air ventilator have to be able to be controlled and changed from the electric 

circuit.  

 

 The power storage shall not be able to be overcharged. 

 

 Shall contain a voltage regulation. 

To be able to fulfill these requirements the components in Figure 26 are needed. The phase 

converter has the reason to convert the three phases from the generator to two phases instead. 

After this a diode is needed for a voltage addressing so that the electricity gained from the generator 

cannot return to the generator, and make it start work as a motor. Since the voltage from the 

generator vary a voltage leveler has to be implemented so that a known voltage enters the power 

storage. Since the air ventilator will stop the airflow to the turbine when the power storage is loaded 

and then will turn the flow on again when the power storage reaches under a given value, a control 

over the power storage is implemented in the hardware design. This control consists of a comparator 

and a reference voltage that is converted from the power storage. When the power storage reaches 

under the reference voltage the air ventilator starts letting air through to the turbine.  
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Figure 26. The needed components for the hardware for a future implementation. 

All of these components that are necessary for the generator to work satisfying is preferable to be 

inserted on the existing circuit board in the pneumatic tool to save space in the rest of the tool. Since 

the circuit board already contains a processor a preferable solution for the final solution would be to 

use this for the control unit of the power in the power storage, to know when to switch the state of 

the air ventilator.  

5.4 Final Prototype Design 
The final designs of the prototypes are two test units that can be connected to the air directly. The 
prototypes will therefore not be installed into a pneumatic power tool.  
The design of the two prototypes is very similar, as can be seen in Figure 27. The difference between 
the two is only the turbine wheel and the outlet from the turbine. The outlet is different because of 
how the connection is made with the turbine wheel. In the internal generator prototype the stator of 
the generator is fixed on the outlet but in the external generator prototype the turbine wheel is 
fixated by an axis. The difference on the turbine wheel is discussed in Chapter 5.2.2.  
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Figure 27. The external generator prototype to the left and the internal generator prototype to the right. 

The components that the two prototypes consist of can be seen in Figure 28 and Figure 29. As seen 

in Figure 28 the generator is located into the turbine wheel, the rotor is connected to the wheel and 

the stator is connected to the outlet. The cables from the generator are thereafter led through the 

outlet. The generator is connected to the inlet via a ball bearing, to make the turbine wheel rotate 

freely. The outlet is nailed to the shell by being pressed into place and is also kept in place by the 

generator. The air ventilator is attached to the inlet by a bracket, specially designed for this purpose. 

The bottom bracket has the assignment to occlude the air in the fixed nozzle, since the inlet is 

designed to make the manufacturing as easy as possible; see Figure 22 for how the fixed nozzle is 

designed.    

 

Figure 28. Exploded view of the internal generator prototype. 

In the external generator the turbine wheel is, as mentioned above, fixed by an axis. This axis is 

connected with a ball bearing in both sides, in the inlet and outlet, see Figure 29. In both prototypes 



Master Thesis Report Pre-study on Generators for Pneumatic Power Tools 

 

 

35 

 

the inlet is designed with a beveling for the connection of the shell. The beveling is aimed to make 

sure that the outlet, generator and turbine wheel are aligned.  

 

Figure 29. Exploded view of the external generator prototype. 

To connect the pneumatics a connection has been made on the back on the inlet. This connection is 

made after a standard component in Atlas Copco Tools selection, the denomination on this 

component is 4150 1046 01 and it is a connection between an air tube and the inlet. See Figure 30 

for the design on the inlet. As seen in the figure the air then flows into the air ventilator and as 

mentioned earlier, in Chapter 5.2.2, the air flows from the air ventilator to the fixed nozzle. For a list 

of all Components used in both prototypes see Appendix 5.    

 

Figure 30. The inlet for the pressured air. 

In Figure 31 and Figure 32 the manufactured prototypes can be seen. The parts were manufactured 
by Atlas Copco and then assembled by the author. The parts were connected with glue and by 
pressing them together or by screws. The thread to the air coupling and the air ventilator were also 
luted.  
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Figure 31. A photo of the manufactured prototype with the internal generator. 

In Figure 31 the prototype with the internal generator can be seen. The generators axis is the axis 

that appears in the bottom of the figure. In the back of the prototype the coupling to the air can be 

seen and on the top the air ventilator is placed.   

 
Figure 32. A photo of the manufactured prototype with the external generator. 

In Figure 32 the prototype with the external generator can be seen. The generator is placed in the 
front and connected to the turbine wheel through its axis.  
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6 Tests and Analysis 

Tests to verify the requirements, Appendix 1, were supposed to be performed on the two 

prototypes, the prototype with the internal generator and the prototype with the external generator. 

The tests had also the purpose of investigating how the prototypes behaved and which is their 

optimal working point. Analyses of the tests were also performed.  

6.1 Tests and Tests Setup 
The first test was a test to see that the air ventilator could handle the air pressure specified in its 

datasheet, 6 bar [18]. The air ventilator was installed into the inlet of the turbine and then tested. 

The air ventilator got its power from a dual power supply, TTi EX354D. The pressure fall over the air 

ventilator was also looked at in the test of the air ventilator. For this test a digital pressure indicator, 

Druck DPI 705, was used and the pressure was measured before and after the air ventilator. To be 

able to measure the pressure after the ventilator a hole into the inlet to the turbine was made and a 

measurement probe attached, see Figure 33. 

 

Figure 33. The measurement probe into the inlet of the turbine, the turbine wheel is taken off. The hole is made 
into the bottom bracket. 

The second test that was prepared had the purpose of investigating how different resistances 

influence the voltage, power, current and rotation speed on the prototypes. The test was performed 

with a constant air pressure. The test where also performed with the help of the hardware design for 

the prototypes. To be able to get the wanted parameters Digital Scoop, Yokogawa DL 708E, were 

used to get the voltage and a stroboscope, BBE Ministrob 2000 N, to get the rotation speed and the 

power to the air ventilator came from the dual power supply used in the first test. The same 

instruments where used when any of these functions where used in the other tests. In Figure 34 the 

setup of the test can be seen. 
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Figure 34. The setup for the test on the prototype with the internal generator. 

The third test had the purpose to see how the voltage, power and rotation speed behave and 

changes when the air pressure is changed into the prototypes. The test was performed with a 

constant resistance and without any resistance for the prototypes.   

The fourth test was to investigate the air consumption of the prototypes. This was performed 

analytical since the area of the inlet was going to be the same as specified in the drawing.  

The torque in comparison to the rotation speed for a turbine wheel without a generator was the fifth 

and final test performed. The test had the reason to be able to see in which load the turbine works at 

its best. This test was performed with a torque measurement system, Atlas Copco Acta 4000 with a 

measurement probe Microtec systems MT-TR ±5 Ncm, see Figure 35 for the setup. 
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Figure 35. The setup for measuring the torque and rotation speed. The prototype is located at the bottom right 
corner. 

6.2 Analysis 

6.2.1 Air ventilator test 

The air ventilator worked for the specified 0 - 6 bar. Tests were also performed for higher air 

pressure and the air ventilator worked up to 8 bar, which was the highest that could be tested so it is 

possible that it can function even with a higher air pressure. The pressure drop over the air ventilator 

can be seen in Figure 36 and increases linearly for higher inlet air pressure. As seen in the figure the 

pressure drop is much higher than assumed in Chapter 5.2.2. This will result in that the real turbine is 

much more ineffective than the analytically calculated. This will result in that the turbine will not 

deliver as much power as it was designed for. The air ventilator used is too small for this usage. 

Because of the air ventilator the following tests on the prototype will show that the turbine is less 

effective as it was specified for in Chapter 5.2.2.    
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Figure 36. Graph over the pressure drop over the air ventilator. 

6.2.2 Test of generated effect 

From the digital scoop used the waveform of the voltage signal from the generator was got, see 

Figure 37. As seen in the figure the waveform looks a lot like a sinus wave but with a tip on the top 

and bottom of the curve.  

 

Figure 37. The waveform of the voltage signal from the generator. 

In the second test graphs over how the voltage, current, power and rotation speed behaves in 

comparison to different resistance loads were produced. These graphs can be seen in Figure 38, 

Figure 39, Figure 40 and Figure 42. The resistances used for the test are 33, 100, 220, 330, 470, 680 

and 1000 Ω, as seen in the figures and are connected in a delta-coupling as described in Chapter 

5.3.1. The reason why the first resistance measured for is 33 Ω is that below this value the turbine 

wheel would not rotate because of a combination of the resistance to start the turbine wheel and 

the unexpected low pressure out of the air ventilator. For all of the resistances tested the turbine 

with the generator had to be kick started to start to rotate. For the test the air pressure was set to 6 

bar. 

0 1 2 3 4 5 6 7
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Pressure into the air ventilator (bar)

P
re

s
s
u

re
 o

u
t 

o
f 

th
e

 a
ir
 v

e
n

ti
la

to
r 

(b
a
r)



Master Thesis Report Pre-study on Generators for Pneumatic Power Tools 

 

 

41 

 

 

Figure 38. A graph over how the voltage received from the generator behaves when a load consisting of 
different resistances are changed. 

Figure 38 shows how the voltage out of the generator relates to the load on the generator. As seen in 

the figure the voltage increases. Even with a higher voltage received the current decreases for a 

higher load, since the current is depended on the voltage divided to the load; Ohm´s Law. The 

current can be seen in Figure 39. If it would have been possible to proceed the test for lower load the 

graph would have followed the curve in Figure 39, exponentially raising for lower load.  

 

Figure 39. A graph over how the current received from the generator behaves when a load consisting of 
different resistances are changed. 
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The two figures above, Figure 38 and Figure 39, resulted in Figure 40 which shows how the power 

depends upon the load. The graph is calculated by the effect law; see Equations (16) and (17). In the 

figure it can be seen that the power gets slowly lower and lower but as seen the power got from the 

test are only in the magnitude of milliwatts which is very low. But a small decrease in power can be 

seen for a higher resistance. The first reason for the low power gained is the, above mentioned, 

unexpectedly low pressure out of the air ventilator. If the turbine would have been specified for this 

low pressure the curve of how the power would have related to the rotation speed would have been 

as Figure 41. 

 
Figure 40. A graph over how the power received from the generator behaves when a load consisting of different 

resistances are changed. 

 
Figure 41. How the graph over how the power relate to the rotation speed if the pressure got from the test over 

the air ventilator, for 6 bar, would have been used. 
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In Figure 41 it is seen that the power gained if the turbine wheel rotates with 10 000 rpm is 

approximately 0,37 W. This is still much higher than the power of 0.011 W which is received with the 

load of 33 Ω, where the rotation speed is close to 10 000 rpm, see Figure 40 and Figure 42.  The two 

different powers cannot be compared directly to each other since the power from the test is from 

the generator and not from the turbine wheel. As mentioned in Chapter 5.1 the generator can be 

assumed to have an efficiency of 80% of the gained power from the turbine, which in this case will 

correspond to that the turbine delivers a power of approximately 0,014 W. The reason for the 

difference in the calculated power and the measured is that the motor, used as a generator, are not 

optimized to work as a generator and therefore has a lower efficiency than an actual designed 

generator. Another reason for the low power gained is that since the motor used was difficult to test, 

due to fragility that it has and lack of time, the turbine wheel could not be designed to fit the motors 

needs exactly which resulted in that the turbine wheel was not efficient enough to drive the motor as 

needed. The results of the power from this test do show that it is possible to gain power with this 

solution and therefore the solution of a turbine with an internal generator could work as needed 

with some adjustments and further optimization.  

In the test the rotation speed of the turbine wheel, with the generator, were investigated for the 

different load. A graph of the dependences can be seen in Figure 42. As seen in this figure the 

rotation speed gets lower to the load of 220 Ω and then starts to increase again.  

 

Figure 42. A graph over how the rotation speed of the turbine wheel and the generator behaves when a load 
consisting of different resistances are changed. 
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prototype with the external generator to rotate the tests was only performed on the prototype with 

the internal generator. The reason for this is that with the little air pressure and the big resistance 

that the magnets in the generator produce it was impossible to get it to move.  
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voltage, current, power and rotation speed were measured again. The results can be seen in Figure 

43 to Figure 46. In this test the resistances of 1, 2.2, 3.3, 10, 33, 49.9 and 68 Ω were used with the 

same delta coupling as above. Figure 43 has the same appearance as Figure 38, which is as expected, 

but in this graph the voltage reaches up to 6 V which is much better. The current in Figure 44 also 

follows the same appearance but is, in this graph, a little more fitful.    

 

Figure 43. The voltage in comparison to the load when the air ventilator was disconnected. 

 

Figure 44. The current in comparison to the load when the air ventilator was disconnected. 
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The power, seen in Figure 45, is higher than the previous values got for the power. The values are still 

not as high as in theory but since, as mentioned above, the generator is not totally optimized to the 

turbine, and vice versa, the difference in calculated and measured power can depend upon this 

reason.    

 

Figure 45. The power in comparison to the load when the air ventilator was disconnected. 

The rotation speed for the measurements without the air ventilator could only be measured for the 

resistance up to 33 Ω, with the rotation speed of 18 000 rpm since the surveying equipment had a 

maximum measurement value of 18 000 rpm. But in Figure 46 it can be seen that the change of the 

rotation speed seem to decrease for higher resistance.  

 
Figure 46. The rotation speed in comparison to the load when the air ventilator was disconnected. 
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For the measurements without the air ventilator tests could have been performed on the prototype 

with the external generator but the generator unfortunately stopped working and because of lack of 

time a new one could not be bought.   

6.2.3 Air pressure change test 

In the third test the dependences to the air pressure were seen which firstly resulted in a graph, seen 

in Figure 47, where the change in voltage can be seen both with and without a load. The graph with 

the load has lower voltages than the curve without the load which is as assumed since this is how 

electrical circuits normally behave.  Both curves increases when the air pressure increases which is 

logical as the rotation speed, seen in Figure 49, also increases as the air pressure increases. From the 

curve with the load the responding curve over how the power depends upon the air pressure for this 

load is calculated, see Figure 48. This test was performed with the air ventilator connected. 

 

Figure 47. A graph over how the voltage gained from the prototype depends upon the air pressure. The 
measurements have been performed both with and without the delta coupling. 
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Figure 48. A graph over how the power gained from the prototype depends upon the air pressure. 

In Figure 49 the turbine without a load rotates faster than when it is connected to the load. In both 

curves the growth gets smaller with a higher air pressure. The reason for this could be that the air 

ventilator choke the air so that a higher pressure do not make a big of difference or the element of 

uncertainty that this measurments have.  

 

Figure 49. A graph over how the rotation speed of the prototype depends upon the air pressure. The 
measurements have been performed both with and without a load. 
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6.2.4 Air Consumption 

The consumption of air that the turbine uses is calculated analytical. The volume flow,   , is the mass 

flow divided by the critical density, see Equation (18). 

               (18) 

The formula, with the determined values of the critical density see Table 7 and the calculated value 

of the mass flow, gives a volume flow of 0,983 l/s. In the pneumatic power tools Pulsor C the total air 

consumption during load is between 7 l/s to 12 l/s, depend upon the size of the tool [19]. For the 

smallest power tools the generator for the electrical circuit, the prototype in this Thesis, will 

consume 14% of the total air consumption and for the largest tools the consumption will be 8%.    

6.2.5 Test of the turbine wheel 

The test to see the torque in comparison to the rotation speed for a turbine wheel without a 

generator was very difficult to perform. The difficulty was to get a steady load onto the axis and get a 

steady rotation speed on the turbine. Some values was extracted and for a momentum of 0,04 Ncm a 

rotation speed of approximately 17 000 rpm. This result in that the power gained from the turbine 

wheel was 0.71 W, according to Equation (19). And for a torque of 0,06 Ncm a rotation speed of 

14 000 rpm was measured, which result in a power of 0,88 W out of the turbine wheel. 

  
      

  
 

               

  
        (19) 

This value is quite far from the theoretical value but the measured values are very uncertain. The 

turbine wheel seemed to work at its best with a torque of 0,02 Ncm and this is probably the 

ultimatum torque for the turbine wheel.   
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7 Conclusion 

In this Master of Science Thesis a possible solution has been presented for a generator inside a 

pneumatic power tool. This generator would consist of a turbine with an embedded generator in the 

turbine wheel that would be placed between the in and outlet of the pneumatic power tool. To 

minimize the air used an air ventilator is placed on the inlet to the turbine wheel to stop the flow 

when a power storage is loaded. The solution also requires electronics like for example a power 

storage and a comparator for the air ventilator.  This is a compact solution that could, with some 

future work, be installed into a pneumatic power tool.  

The prototype did not function as expected and the main reason for this was that the air ventilator 

was too small for the intended usage. This is a problem that can be easily fixed by changing the 

ventilator. Even if this resulted in a much more ineffective turbine than calculated the prototype 

could still be tested to see if this solution is a possibility for a future implementation. Tests without 

the air ventilator showed much better result for the prototype.  

From the efficiency tests it was also established that the turbine was not optimized to the generator 

used which resulted in that the power out of the generator got lower than it would have been if they 

had been optimized to each other.   

The prototype designed was supposed to fulfill the requirements in Appendix 1. All requirements 

except the functional requirements were followed. The reason why the prototype could not fulfill the 

functional requirements is mentioned above, because of the air ventilator and the optimization. Due 

to the limitation of time the preferences were not fulfilled.  

 
 
 

  



Master Thesis Report Pre-study on Generators for Pneumatic Power Tools 

 

 

50 

 

8 Future Improvements 

Below is a list on the necessary improvements that has to be performed before the concept 

developed in this Master of Science Thesis can be a finished product. The list is divided into 

mechanical improvements, hardware improvements, future tests and other improvements. 

Mechanical Improvements 

 In future development the generator, needed for the concept, should be designed 

specifically for the use intended. In this way it will be optimized to work as a generator, and 

not as a motor as in this Master Thesis, and it can be optimized in size and power for the 

turbine.  

 

 In future turbine design it is necessary to look more into the pressure fall in the entire design 

to be able to optimize the turbine for its use. From the inlet to the air ventilator to the outlet 

of the turbine.  

 

 Strength calculations on the entire design also have to be executed so that the abrasion 

resistance of the turbine and the other parts are known. This will be one factor on the life 

span for the entire generator.  

 

 In future implementation it is also important to minimize the air consumption for the 

turbine. This will result in a less impact on the performance of the pneumatic power tool 

when used and also minimize the cost for the user.  

 

 The entire generator should be designed so that it is easy to implement it into different 

machines, easy to manufacture and easy to assemble. Because of this more work should be 

put into how the outer design of the generator should be designed to fit into the pneumatic 

power tool and so that it can be easy to assembly. The turbine wheels should also be made 

so that they are easier to manufacture.   

 

 To get the turbine more rigid it is important to look more into the construction of it. The ball 

bearings should, for example, be replaced with air bearings.  

Hardware Improvements 

 Since it is necessary to have a generator as small as possible the existing electrical circuit in 

the pneumatic power tool should be optimized to drive as little electricity as possible. The 

necessary electrical components, needed for the generator should also be implemented onto 

the power tools electrical circuit.  

 

 To make sure that the hardware works as expected simulations on how the electrical 

generator with its necessary components should work will be needed to be performed. 
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Future Tests 

 The electrical circuit needed for the generator has to be tested; both simulated and tested in 

reality. 

 

 Life span tests on the generator have to be performed to spot the weak parts of the design. 

 

 The abrasion resistance of the turbine has to be tested minutely. 

 

 All tests performed in this Master of Science Thesis have to be tested with more accuracy 

than performed, especially the test of the torque in comparison to the rotation speed.  

Other improvements 

 Look more on how to get rid of the sound caused by the generator. 

 

 Change the air ventilator to a ventilator that is naturally open and stronger than the 

ventilator used.  

To generate electricity in this way is a very cost inefficient way since electricity is used to get the air 

pressure, with an efficiency less than 100%, and then this air pressure is used to generate the 

electricity with the generator, which has an efficiency of approximately 50%. Due to the 

requirements of environmental thinking that the factories around the world have I do not believe 

that the fact that the pneumatic power tools will start to have a higher air consumption with the 

generator is going to be treated in a positive manner. I believe that there is an easier way to get the 

electricity to the power tool without a generator, but since this was not a part of my Master Thesis 

this was not further investigated.  But I believe that it is important to look closer into this solution. 
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Appendix 1 - Requirements Specification  

 

Requirements 
 

Functional - From the generator a power of 2 W should be extracted. 

 - From the generator a current of 120mA should be able to be 

extracted 

Physical - The size of the generator and its system may not be larger than so it 

can fit in Pulsor C 

 - The generator should be designed for the Pulsor C tools 

Resource - The generator and its surrounding system should not be more 
expensive than the existing system 

Manufacturing - If a part of the generator or its surrounding system has to be 
manufactured Atlas Copco Tools should be able to do it in their own 
facilities. 

Preferences 
 

Physical - The generator should handle the surrounding temperature in Pulsor. 

Life-cycle - The generator should be able to handle 200 000 – 400 000 tensions 

with an acceleration of 1250 m/s2 for an inelastic coupling 

Resource - The generator should be as cheap as possible  
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Appendix 2 - Power Test on Circuit Board 

 

By Christian Friberg at Atlas Copco Tools 

Strömförsörjning vid olika matningsspänning 

Matningsström till verktygskort 

A - Gammal typ röd+gul lyser 

B - Ny typ - röd+gul lyser 

C - Ny typ - röd+gul lyser 

Cv - samma som C - röd+gul+vit lyser 

 

Uin I(A) I(B) I(C) I(Cv) 

10,0 163 169 168 184 

11,0 150 155 155 169 

12,0 139 144 143 156 

13,0 129 134 134 145 

14,0 121 126 125 136 

15,0 114 119 118 128 

16,0 108 113 111 121 

17,0  110 

B - fortsatte att testa högre spänningar - 110mA kvarstod till 19V - vid 20V blev något knas i PCBA och den 

började dra typ dubbla strömmen men verkade fungera ??? klarar den inte över ca 18V?? provade att byta 

kondningen på 15Vin - men den högre strömmen kvarstod. 
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Appendix 3 - Theory Decision Matrix 

 

  Theory  

 

Criteria 

 

Importance 

(Sum of 100) 

 

 

External Cable 

 

Piezogenerator 

 

Seebeckgenerator 

 

Gas Turbine 

with an 

electrical 

motor 

 

Air Motor 

with an 

electrical 

motor 

 

Electrical 

Motor 

Small size 30  

 

 

 

 

 

 

Reference 

+1 S +1 +1 +1 

Power of 2W 25 -1 -1 S S S 

Maximum current of 

120mA 

10 -1 -1 -1 -1 -1 

Temperature tolerance 4 +1 +1 S S S 

Low price 8 -1 -1 S S +1 

Handle given tension 5 -1 -1 -1 -1 -1 

Service life 6 -1 -1 S S S 

EMC sensitive 4 -1 -1 S S -1 

Easy to manufacture 8 -1 -1 S S S 

 

Total of +1 

Total of -1 

Total 

Weighted total 

 

2 

7 

-5 

-32 

 

1 

7 

-6 

-62 

 

1 

2 

-1 

15 

 

1 

2 

-1 

  15 

 

2 

3 

-1 

19 



Turbine wheels calculations Appendix 4 

 

 

1 

 

Appendix 4 - Turbine Wheels Calculations  

% Calculations on the critical  
% - By variate the critical area and see how the power changes 
% Jessica Fröjel 
% 2010-08-16 

  
% Description: 
% The critical values are given for the smallest cross-section on the fixed 
% nozzle. 

  
clear all 
clc 
format long 

  
%% __________________DETERMINED CONSTANTS__________________ 
                                             % Unit 

                                              
n   = [1000:1000:100000];                   % rotation speed (rpm) 
rao_crit = 5.8;                             % The critical density (kg/m3) 

     for the pressure of 4.8 bar                                            
w_crit = 313;                               % Critical velosity (m/s) 
r = 1*10^-3;                                % Critical radius (m) 
alfa1 = 75;                                 % The angle on the turbine  

     wheels inlet (degrees) 
beta1 = 75;                                 % The angle on the turbine  

     wheels outlet (degrees) 
alfa = deg2rad (alfa1); 
beta = deg2rad (beta1); 

  
Color = ['b','g','r','c','m','k','y']; 
k=1;      %kolumn i matris 
for rhjul = [5*10^-3 6*10^-3 6.5*10^-3 7*10^-3 8*10^-3 9*10^-3 10*10^-3];  

 % Turbine wheel radius (m) 

     

  
%% __________________ANGULAR VELOCITY__________________ 

  
    w = (n/60) * 2*pi;                      % Angular velocity (rad/s) 

  
%% ____RADIAL VELOCITY CHANGE ON THE TURBINE WHEEL (m/s)_____________ 

  
    wrad = w * rhjul;                       % Radial velocity on the  

     turbine wheel (m/s) 
    wturbin_in = w_crit - wrad;             % Velocity on the inlet of the  

     turbine wheel (m/s) 
    wturbin_ut = 0.66 * w_crit;             % Velocity on the outlet of the  

     turbine wheel (m/s) 
    win = sin(alfa) * wturbin_in;           % Radial velocity on the inlet  

     of the turbine wheel (m/s) 
    wut = sin(beta) * wturbin_ut;           % Radial velocity on the outlet  

     of the turbine wheel (m/s) 
    deltaw = win - wut;                     % Radial velocity change (m/s) 
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%% _______MASS FLOW ON THE CRITICAL CROSS SECTION__________________ 

  
    a = (pi * r^2);                         % The critical cross  

     section(m2) 
    m = a * rao_crit * w_crit;              % mass flow (kg/s) 

  
%% __________________FORCE AND TORQUE__________________ 

  
    F = deltaw * m;                         % Force (N) 
    M = F*rhjul;                            % Torque (Nm) 

  
%% __________________POWER__________________ 

  
    i = 1; 
    P1 = []; 
    while i<=100 
       P = M(i)*w(i);                       % Power (W) 
        P1 = [P1 P]; 
        i = i + 1; 
    end 

  
%% __________________GRAPHS__________________ 

  
    % Critical radius vs Power 
    subplot(2,1,1); 
    plot (n,P1,Color(k));hold on; 
    xlabel ('Rotation Speed (rpm)') 
    ylabel ('Power (W)') 

  
   % Critical radius vs Torque  
    subplot(2,1,2) 
    plot (n,M,Color(k));hold on; 
    xlabel ('Rotation Speed (rpm)') 
    ylabel ('Torque (Nm)') 

     
    k = k + 1; 

  
end 
legend('Radius = 5mm','Radius = 6mm','Radius = 6.5mm','Radius = 

7mm','Radius = 8mm','Radius = 9mm','Radius = 10mm'); 



Components List Appendix 5 

 

 

1 

 

Appendix 5 - Components List 

Component list for the prototype with the internal generator 

Description Denomination Retailer  

(S-standard component at 

Atlas Copco) 

Amount 

M2 Screw 0160 1023 00 S 7 

Air 

ventilator 

VA 204-717 Staiger GmbH & Co 1 

DC motor Mighty Midget 

10-3-32 

www.mft.nu 1 

Ball 

Bearings 

1x3x1 öppet www.kullagergrossisten.se 1 

    

 

Component list for the prototype with the external generator 

Description Denomination Retailer  

(S-standard component at 

Atlas Copco) 

Amount 

M2 Screw 0160 1023 00 S 7 

Air 

ventilator 

VA 204-717 Staiger GmbH & Co 1 

DC motor Mighty Midget 

10-6-16 

www.mft.nu 1 

Ball 

Bearings 

1x3x1 öppet www.kullagergrossisten.se 2 

 


