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Abstract 
This project is based around Resonator´s patented idea of a linear electric motor. This motor can be 

used for many different applications, and in this thesis three ideas has been considered. The idea 

that was selected through a screening process is to use the Resonator motor in a handheld electric 

post driver. This master thesis describes the research done regarding post drivers and the 

development, prototype production and testing of a novel handheld electric post driver. The post 

driver shall be driven by a battery, be lightweight, cheap and efficient for use with posts up to 

100mm in diameter. During the market research it is confirmed that there is potential for a cheap 

lightweight electric post driver. Theory and technology necessary for developing the product has 

been researched, and the most problematic aspect found is to keep the weight of the driver within 

reasonable limits. The concept was tested with a simple drop test, to make sure the design impact 

power would be enough to drive the posts into soil. The development process was then done in two 

stages. The first stage was the functional design, where the different motors that Resonator had 

available were considered, and new solutions proposed. Most options were discarded as a result of 

too much weight. The chosen solution consists of modifying and rebuilding the simplest of the 

Resonator motors into a much more powerful motor, based on the same simple design. This keeps 

both the weight and the production costs to a minimum. However, since Resonator did not have the 

required permanent magnets at hand, a similar solution that will give approximately the same result 

as the chosen solution, but fits the available magnets, was prototyped. The prototype was first 

tested in a test stand, to make sure it was functioning correctly, then on a 80mm in diameter post, 

placed in a bucket of soil. The post was successfully driven into the soil with sufficient speed. The 

maximum  penetration rate was found at 27.5 Hz, for the given soil conditions. This gave a corrected 

penetration rate of 83cm/min. Some issues were discovered during the testing, which were valuable 

in further developing the product. With the functional design complete, the process of further 

concept development started, where all the functions of the product that was mapped in the 

functional analysis were evaluated. Different design solutions is proposed for each function, and a 

screening process is implemented to select the best solutions. The final design solution is then 

drawn in a CAD program. This model is used to consider the environmental impact of different 

materials, calculate the complete weight of the new design, illustrate the product in a market 

presentation and make workshop drawings. An economic evaluation of the product and production 

costs has been done, and it is estimated that minimum 698 products must be produced in order to 

reach a shelf price of 10 000 NOK.  
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Sammendrag 
Dette prosjektet er basert på Resonators patenterte idé av en elektrisk lineær motor. Denne 

motoren har mange forskjellige bruksområder og i denne masteroppgaven har tre forskjellige idéer 

blitt vurdert. Idéen som ble valgt gjennom en screening prosess er å bruke Resonator motoren i en 

håndholdt elektrisk stolpe driver. Denne masteroppgaven beskriver studiet gjort av stolpe drivere og 

utviklingen, prototype produksjonen og testingen av en ny elektrisk stolpe driver. Stolpe driveren 

skal drives av et batteri, være lett, billig og effektiv for bruk med stolper opp til 100mm i diameter. 

Fra markeds undersøkelsen kommer det frem at det er et potensial for en billig, lett elektrisk stolpe 

driver. Teori og teknologi nødvendig for utviklingen av produktet er undersøkt, og det mest 

problematiske aspektet funnet er å holde vekten til produktet innenfor rimelige grenser. Konseptet 

var testet med en enkel drop test, for å verifisere at design kraften er nok til å drive stolper i jorda. 

Utviklingsprosessen var så gjort i to trinn. Det første trinnet var det funksjonelle designet, hvor 

forskjellige motorer som Resonator hadde tilgjengelige ble vurdert, og nye alternativer foreslått. De 

fleste alternativene ble forkastet på grunn av for mye vekt. Den valgte løsningen består i å 

modifisere og ombygge den enkleste av Resonator motorene til en mye sterkere motor, basert på 

det samme enkle designet. Dette holder både vekten og produksjonskostnadene til et minimum. 

Men, siden Resonator ikke hadde de nødvendige permanent magnetene tilgjengelige, ble en 

liknende løsning som vil gi omtrent de samme resultatene som den valgte løsningen, men passer de 

tilgjengelige magnetene, prototypet. Prototypen ble først testet i en test rigg, for å være sikker på at 

den fungerte skikkelig, så på en stolpe med 80mm i diameter, plassert i en bøtte med jord. Stolpen 

ble vellykket drevet ned i jorda med tilstrekkelig hastighet. Maks penetreringshastighet ble funnet 

ved 27.5 Hz, for den brukte jordtypen. Dette gav en korrigert penetreringshastighet på 83cm/min. 

Det ble oppdaget noen problemer under testingen, disse var verdifulle i videreutviklingen av 

produktet. Med det funksjonelle designet bestemt startet prosessen med videreutviklingen av 

produktet, hvor alle funksjonene til produktet, som ble kartlagt i funksjonsanalysen ble vurdert. 

Forskjellige design valg ble foreslått for hver funksjon, og en screening prosess er brukt for å 

selektere de beste løsningene. Det endelige designet er så tegnet i et CAD program. Denne modellen 

blir brukt til å vurdere miljø påvirkningene av forskjellige materialer, regne ut den komplette vekten 

av det nye designet, illustrere produktet i markedspresentasjoner og lage verkstedstegninger. En 

økonomisk analyse av produktet og produksjonskostnadene har blitt gjort, og det er estimert at 

minimum 698 enheter må produseres for å oppnå en hyllepris  på 10 000 NOK. 
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1 Introduction 
This master thesis is written for the company Resonator, who has patented what they call a 

άwŜǎƻƴŀǘƻǊέΣ patent number 325266, which is a method of transferring energy in a linear electrical 

machine, driven by gas springs. The concept is built around a piston made out of permanent 

magnets, traveling in a sealed tube surrounded by electrical coils, when a current is flowing an 

electric field is induced that works on the piston. By switching the direction of the current the 

direction of the force on the piston will also change, this causes the piston to move back and forth. 

Resonance is achieved in the machine when the piston and stator are moving in synchronization 

with the electrical current. . Resonance amplifies the power output and the efficiency of the system. 

This is the key principle behind the patented technology of the Resonator. Resonatoŕs primary 

business idea is developing tools for wireline oil well interventions and rent these tools to the 

operators. They are currently developing a hammer drill for drilling after oil, water etc. However 

they have plenty of other ideas of what the Resonator could be used for. This thesis will be exploring 

different applications of the Resonator. Three ideas will be considered, and the one that seems most 

promising will be developed, prototyped and tested. For the product development process 

Integrated Product Development (IPD), is used, this is a method that incorporates a lot of different 

aspects into the early process, to eliminate problems later. It requires the use of computer assisted 

design and planning. 

1.1 Presentation of Ideas 

The Swimming Animal 

This idea is based on a linear vibrating machine that is formed like a torpedo with a special type of 

finns, can be made to swim in one direction underwater. If this is possible, the Resonator can be 

used to pull different objects underwater. An example of such use is pulling cables through a pipe 

underwater, since these cables have a tendency to get stuck on the pipe wall if they are pushed for a 

long distance. Resonator have already explored this idea with other research papers, and they have 

verified that it is possible to get a one directional movement with vibration. The goal would then be 

to develop this product, and design the finns so they give optimal movement. 

The Electric Post Driver 

This idea is about using the Resonator, driven by a battery, to drive posts into soil. The Resonator is 

installed in a tube, which is mounted on the post. The post is then driven by the linear vertical 

vibrations or strikes. The goal is to make a product that is light, cheap and easy to use. There is no 

previous research with using the Resonator for driving posts, this idea therefore requires that some 

research and testing is done before a concept can be decided. 

The Damping Generator 

This idea is about using the Resonator as a generator instead of a motor. If the resonator can be 

modified to act as a damping spring in addition to a generator it can be used to create electricity 

from vibrations and at the same time act as a damper. This can for example be used instead of 

regular dampers in a car, to improve the regeneration of electricity in electric and hybrid cars. It can 

also potentially be used in industry with big vibrating machines. These are usually resting on big 

dampers to avoid transferring these vibrations to the rest of the area around. These dampers can be 

replaced with modified Resonator`s to regenerate power. There is no previous research within 

Resonator on this subject. 
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1.2 Idea Selection 

In the selection of the most promising idea, Stuart Pugh`s method is used. This is a method to 

control the validity and quickly narrow down the most promising ideas. The ideas are graded on 

different criterias, with (-1), (0) or (+1). These scores are summed up to see which ideas score the 

most points. The criterias are based on attributes that makes it likely for the idea to succeed. 

The criterias that the ideas will be graded on are: 

¶ Originality ς An idea or improvement that is novel. 

¶ Complexity ς To which degree a component consists of many different parts, that requires 

knowledge in different technical fields to understand. 

¶ Usefulness ς If the product can be used for something productive. 

¶ Timeframe ς If it is possible to develop the product satisfactorily in the given timeframe. 

¶ Cost ς Estimated cost of developing the product, building a prototype and testing it. 

¶ Potential ς Is it possible to sell a big or small amount of the product? 

Table 1.1: Selection table, based on Stuart Pugh´s method. 

Criteria Swimming animal Electric Post Driver Dampening Generator 

Originality +1 0 +1 

Complexity -1 +1 0 

Usefulness 0 +1 +1 

Timeframe 0 +1 0 

Cost -1 +1 0 

Potential +1 +1 +1 

    

Sum 0 +5 +3 

 

1.3 Chosen Concept 

The concept that was chosen to be developed is the Electric Post Driver. 

From Table 1.1 the electric post driver clearly comes out on top. This is mostly because it consists of 

fewer technical aspects, which makes the design process less complicated and it is estimated to cost 

less to prototype and test compared to the other ideas. This gives a higher probability of developing 

a finished and working product. However it scores less than the other ideas on originality, since it is 

not a completely new product, but it can still be a significant improvement to current solutions. 

Recent years has seen a steep decline in hard manual labor, especially in the western world. 

Development of new and better machines keep making our lives more comfortable, and the post 

driver can be yet another such machine. 
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1.4 Competitors on the Market 

1.4.1 Manual post drivers 
This is a post driver without any power source, it must manually be lifted into the air, then slammed 

down onto the pole repeatedly to drive the pole into the ground. This is easier than using a 

sledgehammer, ŀǎ ȅƻǳ ŘƻƴΩǘ ƘŀǾŜ ǘƻ ŀƛƳΣ but it is still exhausting work, and not easily done for 

everyone. These post drivers typically weigh around 6-20 kg and needs to be slammed around 10-30 

times onto the pole to drive it sufficiently into the ground. They cost around 1000 NOK. The lighter 

the post driver is, the more downward force is required of the operator. 

 

 

Table 1.2: Table showing average data of manual post drivers. 

Price range Approximate 1000 NOK 

Power Approximate 45 J or above 

Impact frequency Manual 

Weight 8-20 kg 

 

1.4.2 Gasoline driven post drivers 
These post drivers are driven by small motors, which are attached to the post driver. The motor 

drives a piston with a hammer mounted at the end, which repeatedly strikes the top of the post. The 

motors have a very high impact frequency, which causes vibrations that can be uncomfortable for 

the operator. To counteract this issue the gasoline driven post drivers are usually equipped with 

vibration dampers. They also have both vertical and horizontal handles. They are quite light, but 

require refueling and lubricating in order to function. 

 

Figure 1.1: Manual post driver being used to drive a wooden post. 
Source: http://www.gustavsenas.no/ 
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Table 1.3: Average data collected from gasoline post drivers 

Price range 15 000-20 000 NOK 

Power 26 J 

Impact frequency 1 500 ς 2 000 BPM 

Weight 15-20 kg 

 

1.4.3 Hydraulic post drivers 
Hydraulic post drivers work on the principles of pressurized systems. These are the most powerful of 

the handheld post drivers. Since fluids cannot be compressed hydraulic systems can transmit high 

forces rapidly and accurately. The piston is driven by pressurizing liquid into a chamber on one side 

of the piston, which then puts pressure on the chamber walls, if one of these walls are one side of 

the piston, the pressure will push it away. A valve is then turned that releases the pressure in this 

chamber, and pressurizes a chamber on the other side of the piston, this causes the piston to move 

back and forth. In high-pressurized systems it is normal to use mineral oil, as this will also lubricate 

and protect the internal parts of the machine and it can sustain high temperatures.  

Figure 1.2: Petrol engine from honda mounted on a post 
driver. Source: http://www.petrolpostdriver.com/ 

Figure 1.3: Hydraulic post driver. Source: 
https://www.crowderhydraulictools.com/ 
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Table 1.4: Average data collected from hydraulic post drivers: 

Price range 15.000 ς 30.000 NOK 

Power 24 ς 110 J  

Impact frequency 1320 ς 2300 BPM 

Weight 17-40 kg 

 

1.4.4 Pneumatic post drivers 
Pneumatic post drivers are built on the same principles as the hydraulic, except these are not able to 

deliver the same high forces, since gas can be compressed. There are different pneumatic post 

drivers on the market today some uses the pressurized air to push the post driver up, but the 

operator must manually slam it back down onto the post. By not having to lift the post driver the 

operation becomes much easier for the operator, especially if working for a long duration. This post 

driver is very cheap compared to other ones, but also much less effective. Other pneumatic post 

drivers work like a hydraulic post driver, where a piston inside the driver is hitting the post. 

 

Table 1.5: Average specifications of pneumatic post drivers. 

Price range 3.000 - 30.000 NOK 

Power manual ς 0.6 MPa and 1200 l/m 

Impact frequency manual ς 1700 

Weight 16-25 kg 

 

1.4.5 Gas driven post drivers 
The gas driven post drivers look and work much the same as the gasoline driven post drivers. With a 

gas driven engine attached to the post driver. These post drivers are also usually fitted with vibration 

ŘŀƳǇŜǊǎ ƛƴ ǘƘŜ ƘŀƴŘƭŜǎΦ Lǘ ƛǎ ǇǊƻƳƻǘŜŘ ŀǎ ǘƘŜ άǇŜǊŦŜŎǘ ǘƻƻƭ ŦƻǊ ŀƎǊƛŎǳƭǘǳǊŜΣ ƭivestock containment, 

ŜƭŜŎǘǊƛŎŀƭ ǳǘƛƭƛǘȅ ŀƴŘ ƳƻǊŜέ (Rhino Tool company , 2015).  

 

 

 

Figure 1.4: Pneumatic post driver. Source: http://www .northerntool.com/ 

http://www.northerntool.com/
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Table 1.6: Average data collected from gas driven post drivers: 

1.5 Market Needs and Potential 

Post drivers are used to mount a lot of different types of poles into the earth. This can easily be done 

by large and expensive machines, however for the normal user this is not an option. In Norway 

especially we have a lot of small farmsteads, and the posts are usually driven by manual tools, either 

sledgehammers or a manual post driver, which has to be lifted and slammed upon the posts.  

Several different types of handheld post drivers exist, but they are usually very expensive and 

require a lot of accessories. For example the hydraulic driven post driver, where you need input of 

pressurized liquid, this makes it difficult to move around. A more mobile solution are handheld post 

drivers driven by a gas or gasoline engine, however they are very expensive. 

In the Norwegian post driving market motorized post drivers are very unusual. You can buy manual 

post drivers in stores, but if you want a pneumatic, hydraulic or motorized post driver you have to 

order it from another country, the United States for example has a much larger market. If it is 

possible to develop a safe electric post driver affordable for most people, the potential for the 

product is promising.  

In order to be able to compete with the existing market solutions, the electric post driver must as a 

minimum be within the following limits: 

Table 1.7: Specification demands to compete in the current market. 

Price Below 10 000,- NOK 

Power Minimum 20 J 

Impact frequency Irrelevant 

  Weight Below 20 kg 

Price range 15 000 ς 25 000 

Power 1.3 hp 

Impact frequency 1500 ς 2000 BPM 

  Weight 15-20 kg 

Figure 1.5: Gas driven post driver. Source: 
http://www.russopower.com/ 

http://www.russopower.com/
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1.6 Patent Research 

Patents in both Norway and the US were checked, one other electric post driver patent was found in 

the US. However it is a radically different design and will not conflict with developing an electric post 

driver driven by a linear electric motor. In the US some patents were also found with regards to a 

damping mechanism for post drivers and for ornamental design. These patents must be considered 

if the product is to be sold in the US. In Norway no conflicting patents were found. Additional patent 

research must also be done for each country if the post driver is to be sold in an international 

market. 

The design of manual post drivers has not changed much since patented by Ernest, Hunt in 1937, see 

Figure 1.6. 

 

  

Figure 1.6: Illustration of patent by Ernest Hunt from 
1937. Source: http://www.freepatentsonline.com/ 

http://www.freepatentsonline.com/
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2 Project Plan 
Project goals and a project plan is set up after Gantt principles. It is important to organize the work 

systematically to avoid confusion along the way, as well as clear goals and part goals of what the 

process is meant to achieve in the end and along the way. The part goals are especially important in 

the development process, as each part goal is a milestone in the work plan. The part goals are like 

steps to the final goal. That means when all the part goals have been completed, the final goal shall 

also be complete. The work plan further details the process in a schedule, with the part goals as a 

milestone to be reached at the end of each important task. 

 

2.1 Project Goal 

The following project goal has been defined for the work which shall be reported: 

DEVELOPING A NOVEL AND CHEAP POST DRIVER THAT CAN BE OPERATED BY HAND, IS POWERED BY A BATTERY SOURCE 

AND DRIVEN BY A LINEAR ELECTRICAL MOTOR. FURTHERMORE PRESENT THE STAGES OF THE DEVELOPMENT PROCESS, 

FINDINGS AND RESULTS IN A FINAL MASTER-REPORT. 

 

2.2 Part Goals 

¶ DEFINE AND SELECT A CONCEPT TO DEVELOP. 

¶ ANALYSE MARKET NEEDS AND POTENTIAL FOR THE PRODUCT. 

¶ RESEARCH LITTERATURE AND PATENTS IN REGARDS TO POST DRIVERS TO BUILD A PRELIMINARY BASE OF 

THEORETICAL KNOWLEDGE. 

¶ DEVELOP A MODEL FOR THE DYNAMIC MOVEMENT OF THE POST DRIVER. 

¶ VERIFY THE REQUIRED IMPACT ENERGY TO DRIVE A REGULAR POST INTO SOIL WITH DROP TESTS. 

¶ DESIGN A PROTOTYPE POST DRIVER AFTER CHOSEN SPECIFICATIONS. 

¶ FABRICATE AND ASSEMBLE THE PROTOTYPE. 

¶ TEST THE PROTOTYPE, WITH DIFFERENT PARAMETERS. 

¶ DEVELOP THE 3D CAD MODEL FROM THE CHOSEN DESIGN SOLUTIONS. 

¶ ANALYSE THE ECONOMIC ASPECT OF PRODUCING THE PRODUCT. 

¶ CREATE RENDERINGS OF THE PRODUCT FOR MARKET PRESENTATION. 

¶ FINISH THE MASTER-REPORT AND PRESENTATION. 

 

2.3 Work Plan and Milestones 

this is a type of bar chart first developed by Henry Gantt in 1910, that illustrates a project schedule. 

in order to have a systematic process, not get lost in some work and to complete the necessary parts 

in the timeframe given. 
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2.4 Limitations 

Due to time limitations the following will not be included in the project work: 

¶ The dynamic model for the system is modelled as a two spring system, with the top spring 

securely fastened. This is a simplification and optimization of the real model, as the top 

spring will realistically also get vertical movement. The consequences of this is that the real 

resonance frequency will be different from the output in the model. This will be solved by 

varying the frequency during testing, and finding the most efficient frequency, which will 

then be the resonance frequency. 

¶ The electrical control unit for the machine is not included in the design. 

¶ No electrical cables, except for the windings are included in the CAD. 

¶ A method of fastening the post driver to the post is not included in the CAD. 

¶ Packing and shipping of the product is not considered. 

  

Table 2.1: Project plan after Gantt principles. 

Plan Complete

Part goal Complete (beyond plan)

ACTIVITY Week

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Project start-up

Idea Selection

Patent Research

Market Research

Litterature studies

Idea Specification

Dynamic Model

Drop Test

Prototype Specification

Prototype Development

Prototype Production

Prototype Testing

Test Result Interpretation

Discussion and optimalization

3D CAD Model

Economic analysis

Product renderings

Project Report writing

Report printing

Presentation
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3 Methodology 
The methodogy is the theoretical basis for which methods are used and it defines the technical 

terms needed to understand the research and study.  

3.1 Terminology 

This chapter lists all definitions, symbols and units used in the master-report. 

3.1.1 Definitions 
Table 3.1: Terms and descriptions 

Term Description 

E-Driver The novel electric post driver developed in this master-project 

RMS current Root mean square value of the current values 

BPM Beats per minute 

NOK Norwegian Krone 

CAD Computer Assisted Design 

 

3.1.2 Symbols and units 
Table 3.2: The international system (SI) of units, with symbols and abbreviated units. 

Name Symbol SI Unit Unit abbreviation 

Length l, x meter m 

Mass m kilogram kg 

Density p kilogram/volume kg/m3 

Volume V liter L 

Speed v meter/second m/s 

Pressure pp Pascal Pa 

Time t second s 

Damping coefficient c newton-seconds per meter Ns/m 

Spring stiffness k newtons per meter N/m 

Pi “ - - 

Angular frequency w radians per second s-1 

Current i, I ampére A 

Frequency f hertz Hz 

Force F newton N 

Potential energy Ep joule J 

Kinetic energy Ek joule J 

Power P watt W 

Voltage V volt V 

Electric field intensity E volt/meter V/m 

Electric flux E˒ volt meters V m 

Electric flux density D coulomb/square meter C/m2 

Magnetic flux m˒ weber Wb 

Magnetic field intensity H ampére/meter A/m 

Magnetic flux density B tesla T 
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Inductance L henry H 

Resistance R ohm ʍ 

Conductance G siemens S 

 

3.2 Method and Development Tools 

Integrated Product Development (IPD) 
IPD is a product development method that is based on integrating different aspects of the 

development process, by frequent use of computer technology and procedures for planning and 

organizing. The goal is to achieve higher efficiency and a steeper learning curve from product 

development projects. An example of integrating different aspects is to consider both economic and 

environmental aspects of different solutions during the process, instead of discovering issues at the 

end, which can lead to necessary re-design(Bøe, 2014). 

Function Analysis 
Function analysis is used to reach an optimal design solution and get an overview of the different 

requirements to the product. The product is divided into its fundamental functions, which is then 

ordered in main and sub functions. This makes it easier to see new solutions by combining different 

functions in new ways. All of these different functions are then analysed and several solutions for 

each function is proposed. These solutions will then be considered in a concept screening, where 

ŜŀŎƘ ŦǳƴŎǘƛƻƴ ƛǎ ƎƛǾŜƴ ǎǇŜŎƛŦƛŎ ŎǊƛǘŜǊƛŀΩǎ ŀƴŘ ƛǎ ǊŀǘŜŘ ǘƘŜǊŜŀŦǘŜǊ (Bøe, 2014). 

tǳƎƘΩǎ aŜǘƘƻŘ 
tǳƎƘΩǎ ƳŜǘƘƻŘ ƛǎ ŀ ǘƻƻƭ ŦƻǊ ŎƘƻƻǎƛƴƎ ŀƴŘ ǎƻǊǘƛƴƎ ŎƻƴŎŜǇǘǎ ŀƴŘ ƎŜƴŜǊŀǘƛƴƎ ŀŘŘƛǘƛƻƴŀƭ ƛŘŜŀǎΦ ¢ƘŜ 

ƳŜǘƘƻŘ ƛǎ ōŀǎŜŘ ƻƴ ǎŜǘǘƛƴƎ ǳǇ ŘƛŦŦŜǊŜƴǘ ŎǊƛǘŜǊƛŀΩǎ ǘƘŀǘ Ŏŀƴ ōe weighted, dependant on how 

important they are considered to the product. The different concepts are then graded with a score, 

ranging from 1-3 or something similar. This score is then weighted and the total weighted score 

indicates which concept is most likely the best solution (Bøe, 2014). 

Patent search 
Patent searches can be done online for different countries. This is best to do as early as possible, to 

ensure that no patents are standing in the way of the proposed design solution. If a conflicting 

patent is found it is important to first verify that it is up to date and valid. In such an event it might 

be possible to buy rights or co-operation from the patent holder.  

If no patent already exists for the solution it is possible to apply for a new patent. The requirements 

for a new patent are: It shall be a practical solution to a problem, of technical character and that it 

must not have been published prior to the application. It must be a novel solution to the problem 

and the patent must be written so the solution is industrially reproducible (Justis- e 

Politidepartementet, 1968) 

Computer Assisted Design (CAD) 
Computer assisted design is used to illustrate and improve the product design. When the product is 

drawn in a CAD program, input can be given to components so that the model can be used to 

calculate weight, forces and stresses. This model is also used to produce workshop drawings.   
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Computer Software 

- Solidworks 2014, Dassault Systèmes. 

- CES Edupack 2014, Eco Audit function. 

- Matlab 2014, The MathWorks, Inc. 

- Simulink 2014, The MathWorks, Inc. 

- Microsoft Word 2013, Microsoft Corp. 

- Microsoft Excel 2013, Microsoft Corp. 

- Paint 6.3, Microsoft Corp. 

3.3 Process Chart 

The development process is illustrated in Figure 3.1. Here we can see that there are a lot of stages 

that can lead to re-design, this is why the CAD design is placed so late in the process, to avoid having 

to re-draw and design new elements, as this is very time consuming. In the beginning of the design 

process research and innovation is the dominating factors. When the problem and solution has been 

clarified planning and organizing becomes an important factor. Specialists and external help that is 

necessary must be collected or made sure is available when it is needed. The most time consuming 

phase is the testing and development of the product. Here all the small details must be solved. The 

last phase is the CAD design, market presentation and economic evaluation of the product.  
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Figure 3.1: illustration of the product development process. 
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4 Theory and Technology 
The E-Driver is a product type that has never been developed before, thus there can be unsolved 

technological challenges that must be addressed. This chapter will touch on the most important 

technological aspects that are relevant to an electric post driver. 

4.1 Impact Theory 

On the market today there are several different types of handheld post drivers. You can buy manual, 

hydraulic, pneumatic, gasoline or diesel or gas driven pole drivers. Larger machines connected to 

tractors or similar are also used as post drivers, but these are initially designed to be pile drivers, 

which drive much larger and taller poles into the ground for structural support. All the post drivers 

on the market today are governed by the fundamental principle of striking the top of the post 

repeatedly. The strike frequency, weight, power and efficiency of the different machines vary 

greatly.  

The approximate impact energy necessary to drive a post into the soil can easily be calculated and 

tested using a manual post driver. The approximate impact energy can be calculated from the 

potential energy equation: 

 Ὁ άὫὬ (4.1) 

Where Ὁ is the potential energy, ά is the mass of the object, Ὣ is the acceleration of gravity and Ὤ 

is the height the object is dropped from. Using a test weight of 10kg and a height 0.3m the impact 

energy will then approximately be: 

 Ὁ άὫὬ ρπzωȟψρzπȟσπ ττȟσ ὐ (4.2) 

Some energy will continue as kinetic energy in the other direction, as the post is slightly elastic.  

The speed of the pole driver at impact can be estimated using the acceleration of gravity on the 

object, to attain the minimum downward thrust, the push from the operator is disregarded, and an 

estimated lift height of 0,3m is used. 

 ὺ  ςz Ὣz Ὤ Ѝςz ωȢψρzπȢσ ςȟτσ άȾί (4.3) 

Where ὺ is the speed of the object at impact. The average values of a manual post driver will be 

higher than these, since the operator most likely pushes down with force on each hit to drive the 

pole faster into the ground. However by doing drop tests it can be verified approximately what 

impact energy is necessary to continuously drive a post in a specific soil type.  

4.2 Soil Theory 

The definition of soil is an extremely wide term. Every kind of soil can be called by the same name, 

and yet the attributes can be complete opposites. We can differ from soil and topsoil, where topsoil 

is the top layer with high amounts of organic material. The composition of soil also varies, with how 

much clay, rocks, organic material, sand, water etc it contains. These factors will affect the 

penetration resistance of the soil. What kind of soil one thinks about is very dependant on 

someone´s background, for example a chemist, an engineer, an electrician and a biologist will 
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ǇǊƻōŀōƭȅ ŀƭƭ ŘŜŦƛƴŜ άǎƻƛƭέ ŘƛŦŦŜǊŜƴǘly. This can cause a lot of confusion when using this term. The 

ŜƴƎƛƴŜŜǊƛƴƎ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǎƻƛƭΣ ǿƘƛŎƘ ƛǎ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ ǳǎŜŘ ƛƴ ǘƘƛǎ ǘƘŜǎƛǎΣ Ŏŀƴ ōŜ ǎǘŀǘŜŘ ŀǎ άƳŀǘŜǊƛŀƭ 

that can be worked without drilling or blastingέ (Whitlow, 1995). The composition of soil can be 

classified as in Table 4.1. 

Table 4.1: Soil classification system (ASTM International, West Conshohocken, 2011). 

Letter Definition Letter Definition 

G Gravel P Poorly graded (uniform particle sizes) 

S Sand W Well-graded (diversified particle sizes) 

M Silt H High plasticity 

C Clay L Low plasticity 

O Organic   

 

From Table 4.1 a soil type MW would then be a well-graded silted soil; this is a fine graded soil with 

ǇŀǊǘƛŎƭŜǎ ƛƴ ŀ ǿƛŘŜ ǊŀƴƎŜ ƻŦ ǎƛȊŜǎ ǿƛǘƘƛƴ ǘƘŜ άǎƛƭǘέ ŎŀǘŜƎƻǊȅΦ {ƛƭǘ ǳǎǳŀƭƭȅ Ƙŀǎ ǇŀǊticle sizes between 

0.002 and 0.06 mm.  

Soil is split into three parts, soil, water and air. The different mixture of these components greatly 

affects the properties of the soil and the resistance to penetration.  

There are several methods for measuring the soil penetration resistance of a field. The two methods 

most commonly used are The standard penetration test (SPT) and the cone penetration test (CPT). 

For the purposes of post driving the Cone Penetrometer test is most applicable. the CPT test can 

further be divided into a static and dynamic penetration test. In the static test, a cone of 3.58 cm 

diameter and 60 degree angle is pushed quasi-statically through the underlying ground at a speed of 

10-20 mm/s. In the dynamic testing method a hammer that strikes with a constant force is used, and 

the number of hits until a desired penetration length is recorded. The force necessary to move the 

pile can then be calculated from the power of the strikes on the pile (Vipulanandan, Puppala e Jao, 

2008). 

Because of all the variables in determining the resistance to penetration it is not possible to calculate 

one specific value to design for. Instead the pole driver should be designed for worst possible 

condition, with adjustable frequency to tune it to the specific soil. The resistance to penetration also 

varies with the penetration depth, to be able to vary the frequency can be effective for not getting 

the pole stuck. 

4.3 Vibratory Pile Driving Theory 

A pile driver is a machine that drives piles into the ground, used to provide support for structures. 

Since this is a wide spread technology used all over the world, a lot of research has been done on 

this subject. Vibratory pile driving started in 1930 in Germany and the first commercial application 

was carried out by Hertwig already in 1932. There are two types of vibratory pile dǊƛǾƛƴƎΣ άǎƭƻǿέ ŀƴŘ 

άŦŀǎǘέ ǾƛōǊƻŘǊƛǾƛƴƎΦ DŜǊƳŀƴ ŀƴŘ CǊŜƴŎƘ ŜƴƎƛƴŜŜǊǎΣ ŘŜǎƛƎƴŜŘ ƘƛƎƘ ŦǊŜǉǳŜƴŎȅ ƳŀŎƘƛƴŜǎ ŦƻǊ ǳǎŜ ƛƴ 

²ŜǎǘŜǊƴ 9ǳǊƻǇŜΣ ǿƛǘƘ ŦǊŜǉǳŜƴŎƛŜǎ ŀōƻǾŜ рл IȊΣ ƘƻǿŜǾŜǊ ǘƘŜȅ ǉǳƛŎƪƭȅ ŘƛǎŎƻǾŜǊŜŘ ǘƘŀǘ ǘƘŜ άŦŀǎǘέ ǇƛƭŜ 

drivers didn´t have a long operation time. This was caused by high rates of wear in motors and 

bearings. This has caused tƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ǿƛǘƘ άŦŀǎǘέ ǾƛōǊƻdrivers to stop, and frequencies below 

25 Hz to most commonly be used (Rodger e Littlejohn, 1980). With this type of pile driving it is 

necessary to clamp the machine to the post, then it is possible to transfer forces in both vertical 

directions, this transfers the vibrations to the pile.  
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4.4 Spring Theory 

A spring is an elastic device used to store energy. The most normal type of spring is a coil spring 

(helical spring). It is a mechanical device made from a coil or wire. When the coil spring is 

pulled/pushed, it stores up energy, and then releases it by returning to its original state. In the E-

Driver 3 springs are used and two of them are precompressed. 

Basic Laws and Equations 

Newton´s second law of motion which explains that the vector sum of all external forces on an 

object is equal to the rate of change of its linear momentum in an inertial reference frame (Tipler & 

Mosca, 2007). 
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Where ВὊ is the sum of all external forces, Ὠὴ is the change in linear momentum, Ὠὸ is the time and 

ὥ is the acceleration of the object.  

Hooke´s law of proportionality between force and extension is defined as (Tipler & Mosca, 2007): 

 Ὂ  Ὧὼ (4.5) 

Where Ὂ is the spring force, Ὧ is the spring stiffness and ὼ is the distance the spring is displaced 

from its equilibrium position.  

Total forces acting on a mass in a linear system with a mass, a spring, damping and a driving force 

(Tipler & Mosca, 2007): 

 Ὂ Ὧὼ ɀ ὧὺ  Ὂ ίὭὲ ύὸ (4.6) 

Where ὧ is the damping coefficient, Ὂ is the driving force, ύ is the angular frequency of the force 

and ὸ is the time. 

Implementing Newton´s second law on the system gives: 
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This can more easily be written as the differential equation of motion of a single-degree-of-freedom 

system, where the dot over the x represents derivation. 

 άὼ ὧὼ Ὧὼ ὊÓÉÎύὸ (4.8) 

The four terms represents the inertia force, the dampening force, the spring force and the external 

force. 

The Natural frequency of two springs is defined as (Palm, 2006): 

 

ύ
Ὧ Ὧ

ά
 (4.9) 
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With two pre-compressed springs, the forces acting on the springs by Newton´s second law will be: 

 Ὂ άὥ Ὧὼ ὼ Ὧὼ ὼ Ὧὼ ὯὼὯὼ Ὧὼ ςὯὼ (4.10) 

Where ὼ is the initial state pre-compressed and ὼ is the displaced state. This entails that the spring 

stiffness of the system will be the double of the spring stiffness of one spring, when the springs are 

pre-compressed. 

Degrees of freedom 
The number of degrees of freedom that a system possesses is the same as the number of 

coordinates that are necessary to completely define its configuration. The maximum number of 

degrees of freedom an object can have is six. Where three is rotational and three is directional. The 

total number of degrees of freedom for a system to have is found by multiplying the number of 

masses with the number of possible types of motion for each mass. The dynamic system in question 

has two degrees of freedom, this is because it has two masses, and one direction of movement. The 

system then also has two natural frequencies, in which it will vibrate naturally (Palm, 2006).  

The two natural modes 
The first mode is to be avoided in the post driver system, as in this mode the piston and stator are 

moving in the same direction, and no force will be created by the current working on the magnets. 

For the machine to work the piston mass and stator mass must have a relative speed to each other. 

This is what happens in mode two, where the two masses are swinging opposite to each other. This 

is the frequency that the machine must be designed for. 

Forced vibrations 
This is a system sustained by an external source of energy, this system will continue to vibrate as 

long as the supplied force is higher than the dampening force (Palm, 2006). 

For a system consisting of one external force, one damper and one spring forced out of its 

equilibrium position, the resultant forces will be as following: 

 
Ὂ Ὧὼὧ

Ὠὼ

Ὠὸ
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Figure 4.1: Natural swinging modes for a two mass system, the system on the left is the first 
mode, and the system on the left is the second mode. Source: http://web.itu.edu.tr 

http://web.itu.edu.tr/



































































































































