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Introduction 
 

1.1 A brief introduction of Strömsholmen AB 
Strömsholmen is the name of a small island in the stream Svartån that runs 
through the center of Tranås, Sweden. In 1876 an industrial factory was founded 
there that took the name of the island itself. Since then, Strömsholmen has 
produced a variety of different products. In 1983 the company started producing 
Kaller gas springs and has done so ever since. The name Kaller comes from the 
inventor Sigurd Kaller who invented and patented the special sealing system 
featured in the gas springs. Volvo started using Kaller gas springs in their new 
press tools in the 1980’s and the other major car companies soon followed as the 
gas springs easily outmaneuvered the old rubber and coil spring elements in 
their pressing tools. Today, almost all of the leading car manufacturers in the 
world choose Kaller gas springs in their press tools and the brand has over 50 % 
of the world market for gas springs. The Kaller gas spring dimensions are seen 
as the basis for international standards such as ISO, NAAMS, CNOMO and 
VDI. [Kaller, 2002] 

1.2 A technical introduction of gas springs 
The definition of a spring: is a flexible object used to store mechanical energy. 
[NE, 1991] When most people think of springs, a regular coil spring is what 
comes to mind. Gas springs however use the compressibility of gas to store 
mechanical energy and exert force. The way this is done is by encapsuling a 
fluid within a cylinder and having a piston act within the cylinder, changing the 
volume and pressure of the fluid when the piston is moved, exerting force 
depending on if the fluid is compressed or expanded. [NE, 1992]  
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Gas springs are designed to replace coil springs in places where large forces 
need to be controlled in small spaces. They also replace coil springs where the 
springs need a longer life cycle. In every day life you can see them where 
springs are needed but there is a risk of clamping, such as in the door to the 
trunk of an estate wagon or in the frame of an office chair. Regularly, gas 
springs are used in load alleviation applications such as the above. The 
application where most Kaller springs are sold on the other hand is in press 
tools. The task of gas springs in press tools is to make the press forces even 
throughout the entire surface, even if the geometry of the surface is complex. 
The gas springs can also be used in holding the blank and in tool separation 
within the press tool application. [Kaller, 2002]   

1.3 Gas springs as load alleviation  
To increase the scope of use of the gas springs, springs can be used as load 
alleviation in for example hydraulic and electric systems. This means that the 
components can be made smaller and cheaper or in some cases eliminated. It 
also means that the efficiency will increase since the hydraulic cylinders have to 
generate lower forces. A typical load alleviation application is an industrial 
robot, where the drive components can be smaller as the self-weight of the arm 
is balanced out with a large gas spring at the base of the robot. Another 
application is the tailboard of a hauler used for carrying rocks. As the hauler tips 
its truck bed full of rocks, the tailboard that keeps the rocks in place starts to 
give in to the mass of rocks being tipped. The tailboard has a gas spring attached 
to its base that makes this possible and after the tipping is done, the gas spring 
springs the tailboard back into place. An existing solution to this problem is to 
link the tipping directly to the tailboard mechanically, making the tailboard 
(figure 1.2) exposed to gravel and rocks coming in the way of the returning 
tipping motion after the truck bed has been unloaded, causing the linkage to 
break occasionally. If a gas spring is used instead of the mechanical linkage, this 
problem is completely removed since the spring can move independently from 
the movement of the truck bed. The gas spring in the trunk of an estate wagon 
application can also be expanded to fit truck applications. The self-weight of the 
back cover can be alleviated in the same way, saving energy and reducing the 
number of hydraulic or pneumatic components needed in the system. 
[Wennberg, 2008] 
 



 13 

 
 
Figure 1.1 An industrial robot equipped with a Kaller gas spring 
 

 
 
Figure 1.2 A hauler and truck equipped with Kaller gas springs 
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1.4 Balancing gas spring 
The CAD-model below (figure 1.3) shows an example of a balancing gas spring 
used for example in an industrial robot. The gas spring is actually a regular gas 
spring with added connectors for rotary movement. It is normally filled with 
nitrogen gas at a pressure of 150 bar used in the applications described 
previously. Port one is used to measure the pressure in the gas spring and port 
two is used as a filling port. The pressure indicator is used for detecting the 
pressure within the spring, so that the correct pressure range can be held. If the 
pressure is too low (or high), the balancing system will not work as satisfied. 
Then the gas spring pressure has to be manually adjusted.  
 

 
 
   Figure 1.3 A balancing gas spring. 

 

1 

2 
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1.5 Thesis outline 
The next chapter will give the reader a background of why a Micro Compressor 
is needed. The third chapter describes the method of work in this thesis, the 
black box models and the F/M-trees. In the fourth chapter all concepts are 
presented with figures and descriptions and in the end of the chapter an 
evaluation of each concept follows. The fifth chapter is about the development 
of the main concept and here, the reader gets an insight of the factors that must 
be taken into consideration when producing parts and designing components for 
the prototype. In chapter six, the Micro Compressor control system is presented. 
The seventh chapter presents the final layout of the prototype and all 
components used are described with both a picture and a CAD made cut-out. In 
chapter eight a risk analysis lines up problems that might affect the function of 
the prototype. Chapter nine presents the results of the thesis and the tenth 
chapter features further development of a solution with pneumatic drive for the 
Micro Compressor. Chapter eleven consists of the references and the final 
chapter presents a list of the appendices.  
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 The assignment 
 
Even though the springs are sealed and can hold pressures over 300 bar, all gas 
springs leak over time. In industrial applications, this is not a problem since the 
springs are controlled under regular maintenance. However, when springs are 
used as load alleviation, there is a need for maintenance free gas springs that 
holds the pressure over longer periods of time. The load alleviation gas springs 
may also be subjected to a range of different temperatures, and with a difference 
in temperature comes a difference in pressure that might affect the performance 
of the gas spring. The combined factors above show there is the need for a 
Micro Compressor system, the compressor should be able to maintain a correct 
pressure range in the gas spring with the help of a control system. At the same 
time, the compressor needs to be small enough to be fastened to the gas spring 
that it is connected to, hence the project name: Micro Compressor. 

2.1 Previous studies 
The idea of the Micro Compressor was hatched by Strömsholmen AB (SAB) a 
couple of years ago and a small project started in 2005 assigned to look into the 
possibilities of making a Micro Compressor. The project was however put on 
halt in favor of other projects after a few weeks.  

In 2008, a new start was brought to the project by making it a master’s thesis 
available for engineering students. Some concept work was done in the original 
project that resulted in a couple of ideas on how to solve the problem of raising 
pressure and these were taken into consideration during the concept phase of the 
thesis.  

A prerequisite for using a Micro Compressor to fill the gas springs is that the 
gas springs are able to work properly with air as the compressed medium. 
Refilling nitrogen in the gas springs requires a tank of nitrogen that needs to be 
exchanged. If there is the need for a tank of nitrogen, the nitrogen can be held at 
the correct filling pressure and no compressor is needed. This is not a 
maintenance free solution. Using air as the compressive medium in the gas 
spring however has been tested at SAB with positive results. [Wange, 2005] 
There is a concern in letting air into the gas spring as oxygen, oil and heat under 
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high pressure is a safety risk, since it can self-ignite and an explosion might 
occur. The flash point of the oil OY95 used in the gas springs is adapted for high 
pressure applications and previous tests conducted by SAB show that gas 
springs loaded with air function properly with pressures ranging from 30 bar up 
to 150 bar. [Wange, 2005] This was considered when the design specification was 
made and to be on the safe side, 70 bar was decided as the filling pressure for the 
Micro Compressor.     

2.2 Design specification  
After discussions with the supervisor at SAB and from calculations done by the 
staff on the company in the original project, a design specification could be 
made. This design specification is presented in appendix 13, p. 109. 

2.3 Limitations 
Some limitations were made to ensure that the focus of the thesis was on 
producing a working Micro Compressor system. Therefore, the attachment of 
the Micro Compressor and control system to the gas spring was overlooked. The 
aim was to make the components above a complete package that can easily be 
attached to a gas spring. To make this a package solution, some time and effort 
has to be made on developing the attachment and this is left to the company as 
the project hopefully will be completed at Strömsholmen AB.  

The filtration aspect of the product is also left for future development as it is 
time consuming to figure out what type of filter is needed for the finalized 
product. The process in finding an appropriate filter has to be done after the 
assembly of the prototype, and in this stage of the thesis, there was no extra time 
for such activities and it was left for the future. Attaching a filter over the intake 
however is prepared for and will not be an issue.  

A Micro Compressor with pneumatic drive has been a possibility throughout 
the thesis work, but due to lack of time, work was focused on a version with 
electric drive. A pneumatic concept based on the same compression design as 
the Micro Compressor is however presented in chapter 7, and a prototype of this 
construction would be a suitable thesis work for another student or group of 
students.
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Method 
 
To make the assignment more structured, a method of working is needed. After 
consulting with the constructors at Strömsholmen, a method called Systematic 
Design was chosen. Systematic design is a collection of theories by Vladimir 
Hubka, M.M Andreasen and E Tjalve. It is composed by six steps which are: 
Problem review, function analysis, establishing concepts, preliminary layout, 
dimension layout and detailed layout. [Liedholm, 1999] The choice to simplify 
the method was made, to make it more suitable to the authors’ way of working.   

3.1 Problem review 
The problem at hand is supplied by SAB as a task to be solved and the goal is a 
functioning prototype Micro Compressor. The key features are raising the 
pressure of air, keeping the compressor small and keeping the compressor 
maintenance free. The limitations in solving the problems are mostly 
economical; to keep the production cost and component purchasing cost of the 
Micro Compressor at a minimum. Close attention to the component and 
machining cost are to be taken during the concept phase. Since no previous 
product exists that deals with such low volume flow rates and high pressures, the 
project was conducted “from scratch” and only the previous studies from the 
company was considered as external ideas during the concept studies. Both 
technically and economically, the problem is solvable and a prototype Micro 
Compressor is to be constructed.  

3.2 Construction criterion list 
A construction criterion list is made which has two main functions; it gives 
guidelines for the development of the product and information needed for the 
evaluation of the prototype. The different criteria of the list are placed under 
either demand or desire, as the criteria are of different importance in the end 
product. To simplify, this list is combined with the design specification and is 
presented in appendix 13, p. 109. 
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3.3 Functional analysis 
The functional analysis consists of different steps where the main objective is to 
determine and establish technical functions, and determine ways to make these 
functions realizable. The end product of this analysis is a so called F/M-tree 
(Function/Means) [Liedholm, 1999] that describes the functions and means to be 
considered during construction. The F/M-trees for this project are presented in 
appendix 15, p. 115 &  116. It should be noted that the rotary screw and axial flow 
compression methods are overlooked as the complexity and expense of making 
such a device is too great for this thesis.  

3.4 The Black-box model 
The object of creating a black-box model is to clarify and establish the main 
function, the input and output and the operand. This is an abstract description of 
the problem, which is supposed to be independent of the solution.  
 
 

 
 
Figure 3.1 The black box models used systematically designing the Micro Compressor. 

 
Raising / Lowering 

Pressure 

Wrong gas 
spring pressure 

Right gas 
spring pressure 

Operand: The entire Micro Compressor system 

Operand: The Micro Compressor  

 
Compressing air Air at 1 bar Air at 70 bar 



 21 

3.5 Technological principle 
The black-box model shows two different problems are concerned. For the 
entire system, the problem of keeping the gas spring pressure within the correct 
range and for the compressor, compressing air from atmospheric pressure to 70 
bar. Considering these two problems, the assignment can be split into two 
separate parts: 
 

• How do you keep the gas spring pressure within the correct pressure 
range? 

• How can you compress air from atmospheric pressure to 70 bar? 
 
Answering these questions might seem simple, but if you take the rest of the 
desires and demands of the design specification into consideration you get a 
rather large optimization problem. The main problems however are still 
compressing air and keeping the pressure of the gas spring within the correct 
range.   
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Concept studies 
 
From the previous chapter the two main problems are considered one by one, 
with the control problem first. The control problem is mostly an economical 
problem and it can be made very advanced, exact and costly. After discussions 
with the supervisor at SAB, it was decided that the entire system was to be made 
as cheap as possible. Therefore the more advanced control methods were ruled 
out early on and a simple but adjustable solution was implemented. A pressure 
switch for the low pressure range control and a pressure relief valve for the high 
pressure range control.  

The problem of raising air pressure is not as simple, it can be done in many 
ways. A rather large amount of time was spent gathering ideas for how pressure 
can be built up. The low air mass flow and high pressure does not exist in a 
product on the market at this time and the main problem of constructing a 
product that handles these two characteristics lies in the small outer scale and 
large forces required.  

Early on it was decided that a moving piston in a cylinder is the most capable 
way of building up pressure in small dimensions, making the next question how 
many steps the compression is to be made. If you are to raise pressure in just one 
step from atmospheric pressure up to 70 bar, a large force is required. The more 
steps taken in compressing the air, the more construction space is needed, and 
less force is required. Too many steps can result in a complex and expensive 
solution.  

4.1 Micro Compressor concepts 
Reading the design specification in appendix 13, p. 109, using the movement of 
the gas spring or pressure spikes is desired as drive in the Micro Compressor. In 
many applications of load alleviation the balancing gas spring does not move 
much or at all. If the gas spring state is almost stationary it is impossible to 
utilize the pressure peaks as drive because they are almost nonexistent. In these 
cases the spring movement is also almost impossible to utilize since the springs 
aren’t moving.  
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Considering this, concepts are suggested only with electric and pneumatic drive. 
Rough calculations were made for each concept, also helping with the final 
evaluation. These calculations however, are not presented in this thesis, as the 
focus is supposed to be on the prototype production, and not the concepts. To 
make the evaluation of the concepts easier, pros and cons for each concept are 
presented.  When evaluating the F/M-trees in appendix 15, p. 115, the different 
means of raising air pressure were combined into the following concepts. The 
check valves in the concepts are symbolized as      .         

4.1.1 Concepts with electric drive 
When using electric drive an interesting thing to reflect on is how the electric 
energy can be transformed into a linear force.  
   
Single step compression 
  

• Expanding a fluid to gas by applying heat 
Here, electric energy is converted into heat to cause an expansion of gas 
that presses on the large area of a piston. On the other side of the piston, a 
smaller area compresses air through a check valve. This makes the 
outgoing air at a pressure of 70 bar, simply following the rule pressure 
equals force divided by area.  

The necessary components are: a heating element, a machined piston 
and cylinder and two check valves. To make the mass flow of outgoing air 
faster, cooling flanges and a fan is probably needed to cool the gas back to 
its original state after the compression is completed. A fluid with a low 
boiling point is also required to make the expansion and cooling of the 
fluid as fast as possible since a smaller increase of heat relative to the 
room temperature is needed to induce a phase change.  
 

 
 
   Figure 4.1 Expanding a fluid to gas by applying heat. 
 

∆T 
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+ Slow compression 
 Few moving parts 
 Simple design 
 Can be made relatively small 
 Can be made relatively cheap 
 

- Difficulties controlling the process  
 Cooling problems 
 Difficulties finding a suitable fluid 

A piston gear ratio is required since the force acquired might be too 
small 

 Fluid leakage? 
   

• Expanding oil by applying heat 
In the same manner as above, oil could be used as the expanding media 
heated by a heating element. The difference however is that a much larger 
amount of fluid is required, that the oil acts on a small piston with a large 
pressure and that the oil never changes its aggregated state.  
 

 
    
   Figure 4.2 Expanding oil by applying heat.  
 
+ Slow compression (avoiding heat build-up in the compressed air) 

 Few moving parts 
 Simple design 
 

- Difficulties controlling the process  
 Oil cooling problems 
 Oil at high pressure without leaks (maintenance free?) 

∆T 
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• Electric motor with threaded bar 
When using an electric motor, the electric energy is transformed into 
rotary movement by electromagnetism. The rotary movement is then 
transferred to a threaded bar that gears out a linear force moving a piston 
that is compressing air in a cylinder. The necessary components here are 
an electric motor with a gearbox, a threaded bar, a piston and two check 
valves.  
 

 
 
   Figure 4.3 Electric motor with threaded bar. 
  
+ Relatively cheap solution 

 Few moving parts 
 A large force from a small source of torque 

Can hopefully compress the air in one single step 
 
- The threaded bar might be too weak 
 Large electric motor required (expensive) 
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+ 

- 

• Electromagnet 
The electric energy can be transformed into linear motion by activating an 
electromagnet that moves a magnetic metallic object. If the metallic 
object is shaped as a cylinder and placed inside an empty cylinder, a 
piston movement can be realized. To make the piston movement cyclic, a 
spring is placed between the piston and the cylinder edge, making the 
metallic cylinder move away from the magnet as it is turned off. 
 
 
 
 
 
 
 
   Figure 4.4 Electromagnet. 
 
+ Few moving parts 

 Simple construction 
 

- Compressing the air too fast (heat problems?) 
 Big 
 Expensive 
 Heavy 
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Multiple step compression 
 
These concepts are further developments of the single step compression 
concepts where the compression is expanded to include more steps in order to 
reduce size and increase efficiency. 
 

• Electric motor with threaded bar 
As in the concept previously, a similar solution with an electric motor can 
be adapted to a two step compression. One step while pushing the piston 
down, and one step while pulling the piston up. Having two steps instead 
of one also helps to reduce the size of the electric motor. Three check 
valves are needed in this concept in stead of two.  
Two different concepts are displayed below: 
 

 
 
   Figure 4.5 Electric motor with threaded bar, two step version one. 
 

 
 
   Figure 4.6 Electric motor with threaded bar, two step version two. 
 

The pros and cons are basically the same as for the single step compression 
concepts for both the multiple step concepts. 
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• Expanding oil by applying heat 
A modular concept with two or more pistons and oil acting on them 
subsequently, displayed in the concept sketch below. 
 

 
 
   Figure 4.7 Expanding oil by applying heat, two step version. 

∆T ∆T 



 30 

4.1.2 Concepts with pneumatic drive 
 
Single step compression 
 

• Piston movements generated pneumatically 
In this concept, a linear force and movement is created by pneumatic flow 
and pressure acting on a piston. The piston area is smaller on its other side 
to create a higher pressure when compressing the air in the smaller 
cylinder diameter. When the piston reaches its end position a pneumatic 
control valve cuts off the air and the spring will push the piston back to its 
start position. 
 

 
 
   Figure 4.8 Piston movements generated pneumatically. 

  
+ Few moving parts 

Simple design 
Can hopefully compress air in one single step 

 
- Pneumatic control valves are expensive 
 A piston gear ratio is required 
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Multiple step compression 
 

• Piston movements generated pneumatically 
As in the single step compression a linear force is created by pneumatic 
flow and pressure acting on a piston. The difference is that the force is 
needed in both directions and the pneumatic air flow acts on the both 
sides of the piston. The piston is pushing and pulling on another piston 
to make the high pressure compression. Another difference is that the 
design is more complex and three check valves are needed. The 
principle function of compressing air is the same as the two step electric 
motor concept in chapter 4.1.1. 
 

 
 
   Figure 4.9 Piston movements generated pneumatically, two step version one. 
 
 

 
 
   Figure 4.10 Piston movements generated pneumatically, two step version two. 
 

The pros and cons are the same as for the pneumatic single step compression 
concept. 
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4.2 Evaluation of concepts 
The main argument when considering the different concepts has from the 
beginning been the total cost of the product in production, and this is mostly 
what has limited the selection. Size also has played a role in the selection of 
concepts.  

As the two main concepts for consideration, expanding fluid and electric 
motor were chosen since the two were the most realizable of them all.  

 
Below, the different features of the concepts are evaluated: 
 
Expanding oil: A large amount of oil would be required and the measurements 
would not be within range of what was specified in the design specification. 
Also, the cooling of this amount of oil would be hard to achieve within a 
reasonable time frame without a large cooling device, making the entire 
construction too big in this aspect as well. With cooling being so slow, the cycle 
time of the compressor would be slow as well, causing the volume flow of 
outgoing air to be too low.  
 
Electromagnet: The main problem with the electromagnet concept is that the 
force required to compress air up to 70 bar is so large that the magnet has to be 
very heavy duty, making it too expensive for this project. Electromagnets of this 
caliber are also quite large and heavy. The force it is able to pull decreases 
exponentially with the distance to the cylinder, making a long stroke and large 
volume flow almost impossible to achieve.  
 
Pneumatic piston: A vehicle mounted pneumatic system does not always have 
a constant outgoing pressure. This makes the dimensioning of a Micro 
Compressor that relies on the pneumatic pressure for compressing air 
complicated. The force exerted from the pneumatic piston is strongly dependent 
on the pneumatic pressure, if this pressure varies and can be as low as five bar, 
the system has to be dimensioned to work with a pneumatic pressure of five bar 
even though the pneumatic pressure is mostly around eight to nine bar. If the 
compression is to be done in one step, a quite large difference in the areas 
building pressure is needed and if the required volume flow is the same as in the 
design specification, the stroke of the piston would have to be very long. These 
factors make the single pneumatic piston concept too large in size and hard to 
design when applied to the non-constant pressure of a vehicle mounted 
pneumatic system. To make the pneumatic concept possible, multiple step 
compression is required. The piston can be pneumatically controlled to make 
two compressions and should be able to give a sufficient amount of air at the 
right pressure.  
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Expanding fluid: This is one of the two possible solutions that were presented 
to the supervisor at SAB, since it is a quite simple design with few parts. What 
made the scale tip in favor of the electric motor concept was that it was much 
easier to control, even though it has more parts and is more difficult to design 
and construct. Keeping a fluid with a low boiling point like methanol in a sealed 
container also has its risks when applying heat and the same problems with 
cooling are present as in the oil expanding concept. Some rough calculations 
were made, showing that the mass flow of pressurized air is lower than for the 
electric motor concept and the cyclic motion of the piston will be considerably 
lower.  
 
Electric motor: The chosen concept to move forward to prototype production is 
the electric motor with threaded bar concept, two step version two. It might have 
more parts and be a bit more complicated than the expanding fluid concept but 
the fact that it is purely mechanical and is powered by an easily controllable 
electric motor makes the concept realizable and able to manufacture at the 
Strömsholmen factory. The two-step compression concept was chosen since the 
size of the electric motor can be kept to a minimum and the idea also minimizes 
the measurements of the product.  
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5 
   

Developing the main Micro Compressor 
concept 

 
After discussions with the supervisor at SAB, it was decided to develop the 
concept “Electric motor with threaded bar, two step version 2” described in 
chapter 4.1.1.  

5.1 Layout 
As a two step compression concept was chosen, the first thing that comes into 
mind is the ratio between the two compressing areas and the different pressures 
in the different chambers of the compressor. These calculations are presented in 
appendix 3, p. 87 and appendix 4, p. 89. 
. 
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5.1.1 Principle layout 
The principle layout of the compressor is shown in figure 5.1. The main parts in 
the compressor are presented below:  

1. Cylinder with two different diameters and a check valve 
2. Piston with two different diameters and a built-in check valve 
3. Bottom lid with a check valve 
4. Threaded bar 
5. Electric motor with gearbox 

 
 

 
 
   Figure 5.1 Principle layout for the Micro Compressor pointing out the main parts. 
 
The motion of the piston is propelled by the electric motor. The outgoing shaft 
from the gearbox is connected to a threaded bar. The piston in the cylinder 
includes a threaded hole in the same dimension as the threaded bar and the 
angular motion of the treaded bar will make the piston move linearly.  

 2  3 

 4 

 5 

 1 



 37 

5.1.2 Function 
In the first step of the compression phase, the piston will move from its upper 
position (I) to its lower position (III ). During this motion (II), the air will move 
through the piston check valve to the upper space between the piston and the 
cylinder (air flow arrows). In this state the first step of the compression is done. 
When the piston comes to a stop at its lower position, (III ) the electric motor 
changes the direction of rotation and the threaded bar starts rotating in the other 
direction. The piston starts moving upwards (IV), making the second step of the 
compression phase. High pressure compressed air will move out from the 
cylinder via the cylinder check valve as well as sucking air at atmospheric 
pressure through the cylinder bottom check valve. When the upper position (I) is 
finally reached by the piston, the electric motor changes direction again and the 
procedure will repeat until the control system cuts the power to the motor. 
 

 
 
   Figure 5.2 Clarifying the functional layout of the Micro Compressor. 

I II II I IV 
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5.2 Parts required in the main concept 
To realize the main concept a number of mechanical parts will be needed, these 
are presented in this part of the chapter.  

Check valve 
Three check valves are needed in the compressor and the valves have to be as 
small as possible to fit where they are to be assembled. They also have to hold 
the high pressure that will be generated in the compressor. The check valves 
used in the Micro Compressor are an integral part of some of the gas springs 
produced by SAB, and as they are high volume parts, they are continuously 
tested and cheap to acquire. The valve, otherwise known as the M6 valve after 
its construction, usually works as a filling valve while filling the springs with 
nitrogen. The opening pressure of the valve is not specified, therefore it was 
decided to test the valve. The test is described in appendix 2, p. 83. 

The results of the test show that the opening pressure of the check valve is 
around 0.6 bar which is believed to be low enough to make the compressor work.  

Seals 
One of the most important things to make this compressor work is to use the 
appropriate seals. Seals are needed in the bottom lid and in two places between 
the piston and the cylinder. The basic design features of the bottom lid are the 
same as an existing product, where an o-ring is used as a static seal. The o-ring 
is a cheap and well-tried seal, used in the regular Kaller gas springs which 
operate at pressures much higher than the Micro Compressor, making it an easy 
choice for sealing the bottom lid of the cylinder. After several discussions with 
the constructors at SAB and Trelleborg Sealing Solutions, it was decided to use 
o-rings between the piston and the cylinder as well. There are o-rings 
specifically designed for dynamic use, and these should suffice for sealing in 
between the cylinder and the piston since the pressures handled are relatively 
low. The reason for using o-rings in stead of dedicated piston-seals is mostly 
economical, they are in a completely different price range and a prime objective 
of the design process is still keeping the cost down.  
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The alternative for the dynamic o-ring of the bigger diameter is a piston-seal 
called u-cup. U-cup seals are used a lot in the Kaller springs and has a cross 
section as shown in figure 5.3. When the seal is pressurized, the recess makes the 
ridges (1) of the seal push harder against the walls and this implies that the seal 
is to work more efficiently the higher the pressure it is to seal. Theoretically, if 
the seal is to be flipped, the pressure acts on the “wrong” side on the seal and the 
opposite will happen. The ridges will be pushed into the recess and the seal 
should start to leak. This is a good quality in this application because the seal 
can work both as check valve and seal. Therefore the piston placed check valve 
should not be needed. The reality however is that when tested, the seal did show 
these qualities but the opening pressure of the seal was a bit too high for it to be 
used in a check valve application. The testing of this is presented in appendix 2, 

p. 83. The idea however, is still very interesting to test, and a special piston is 
constructed to test the idea in the prototype. 

 

 
   Figur 5.3 Clarifying the U-cup piston seal. 

Bearings 
When the threaded bar is rotating, making the piston move, axial forces starts 
acting on the electric motor axle. To avoid this, some kind of load alleviation of 
the axle is needed. At first, a sliding bearing seemed to be enough, but to keep 
the friction down it was decided to use an axial ball bearing, since it was also 
cheap to acquire. With reduced friction, the size of the electric motor and 
thereby the cost will be reduced. Calculations of the forces are presented in 
appendix 5, p. 91. 

1 
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Cylinder 
To establish the inner diameter of the cylinder, the surface where the sealing is 
to slide on has to be taken into consideration. This is because SAB uses roller 
polishing to get an even surface with very high surface demands. The roller 
polishing tools are only available in given diameters at the factory. To buy a 
separate roller polishing tool for this thesis and the prototype would be very 
expensive. Considering this, the larger and most sensitive of the two diameters is 
set to 50 mm, the same as the diameter of the cylinder of an existing product. 
The smaller diameter in the cylinder has to be calculated so that the force to 
move the piston up and down will be nearly the same. Calculations to measure 
the smaller diameter is shown in appendix 4, p. 89. 

Piston 
The dimensions of the piston are naturally depending on the dimensions of the 
cylinder. The construction of the piston is divided into two concepts: One 
concept with a built-in check valve and an o-ring as a dynamic seal, the other 
with a u-cup seal instead of both the o-ring and the check valve. There is also a 
threaded hole in the top of the piston in which the treaded bar is to fit.  

Bottom lid 
When designing the bottom lid, a solution already existing at SAB is preferred 
since a cylinder diameter of an existing product is already used. There is great 
experience in this kind of fastening at the company, which makes it less 
probable that there will be any big issues with this part of the construction. 

Fastening plate 
To connect the electric motor to the cylinder, a fastening plate is needed. The 
fastening plate has to fasten both the electric motor and the cylinder to keep 
them in line and properly attached to each other. This can easily be done with 
screws, attaching first the fastening plate to the cylinder, and then the electric 
motor to the fastening plate. 

Axle attachment  
An axle attachment is needed to connect the driving axle from the electric motor 
to the threaded bar. There also has to be flanges on the axle attachment to 
counteract the axial piston forces, relieving the electric motor from the forces. A 
bearing or lubrication is needed between the flange and the edges upon where it 
is pressing.  
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Threaded bar 
A fundamental part of the main concept is the threaded bar which transfers the 
angular rotation from the electric motor to a linear motion of the piston. To 
minimize the size of the electric motor the friction forces from the thread has to 
be as small as possible. Therefore a small bar diameter is favorable, since the 
leverage caused by friction of a smaller diameter is lower than that of a larger 
diameter. It is also desirable to maximize the gear ratio between the angular 
rotation and the linear motion, making a small gradient preferred. Solid 
mechanics has to be taken in consideration because of the risk of bar breakage, 
torsion and beam buckling. For calculations concerning to the bar dimensioning, 
see appendix 6, p. 93 and appendix 7, p. 97. The calculations show that a M6 thread 
will suffice.  

Discussions of using a trapezoidal thread have occurred, this because of a fear 
that a metric thread will not bear for continuous use. In this application though, a 
metric thread is to prefer, since the trapeze thread is too clumsy and the gradient 
too big, causing a low gear ratio. The thread will only be used in short intervals 
when needed and it will bear the high loads with good lubrication. 

Electric motor 
To keep the cost down, the electric motor has to be as small as possible. To 
make the electric motor small, the friction has to be minimized and the total gear 
ratio has to be as large as possible. The friction is reduced by using a lubricated 
driving thread with a relatively small diameter and by using axial ball bearings 
for the axial load alleviation. A large gear ratio is achieved by using a gearbox 
as an option to the electric motor and by having a small gradient on the thread. 
Another aspect to consider is that the piston speed has to be high enough to 
generate an acceptable flow of air from the system. Calculations of the required 
torque and angular speed are presented in appendix 10, p. 103.   

While choosing an electric motor, all of the above has to be considered and a 
compromise between expected volume flow and cost has to be done. Because of 
an uncertainty in the total amount of friction from the seals, bearings and thread, 
an oversized motor is chosen for the prototype.  

When testing the prototype, the required torque can be determined by 
measuring the current and power consumed by the electric motor. By doing this, 
a more exact dimensioning of the motor can be done when going from prototype 
to a finished product.  
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5.3 Electric motor control 
To make the Micro Compressor work as planned, there is a need for an electric 
motor control system. To maximize the efficiency of the air compression, the 
piston has to reach the end positions before the electric motor changes its 
rotation and makes the piston move the opposite way. The angular speed of an 
electric motor depends on the load and therefore it is not constant in this 
application. This is why timing control cannot be used. A possible way to solve 
the problem is to use end position sensors to detect the end points but it is more 
expensive and less exact than the chosen control method. The precision of 
assembling the sensors must be very good and they have to be calibrated for 
each individual compressor. There is also a risk in the sensors breaking and if 
this happens, more parts in the compressor may break.  

The most simple and the cheapest solution of the electric motor control-
problem is to let the current control the changing of rotation in the motor. When 
the piston reaches an end position, the electric motor starts to work harder and 
the current over the motor increases. When the current exceeds a given threshold 
value, a control signal is sent to change the rotation of the electric motor and the 
piston starts to move in the other direction. More information about the electric 
motor control can be found in appendix 14, p. 111 

5.4 Stroke length 
In order to get as much volume flow as possible in the prototype, a stroke length 
for the piston was chosen maximizing the outer measurements from the design 
specification. Considering the outer measurements and the size of the other 
components, the stroke length was set to 50 mm. This makes the Micro 
Compressor proportionate and the relatively long stroke also contributes to make 
the relative dead volume in each step of the prototype as small as possible. This 
is discussed further in chapter 5.7.   
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5.5 Materials selection 
The Micro Compressor is in essence a pressure vessel and the dimensioning and 
materials selection needs to be selected with this in mind. Since SAB has great 
experience dealing with closed volumes under high pressure, the same materials 
as in the Kaller gas springs have been used for the prototype. The Micro 
Compressor cylinder and piston have also had surface treatments used on the gas 
spring pistons and cylinders, making the surfaces harder and more withstanding 
for pressures. To make the production of the prototype possible at the SAB 
factory, the prototype is made entirely of steel used to make the gas springs and 
is also surface treated at the factory in Tranås. When developing the product 
further, many of the components in the compressor can be produced in some 
suitable kind of plastic, since they are not exposed to extremely high pressures 
or forces. This makes the entire product easier to produce, cheaper and lighter in 
weight. If the product is to be used in a vehicle application and keeping weight 
down is important, a strong aluminum alloy could replace the remaining steel 
components, making the compressor as light as possible. Table 5.1 is a list of the 
components and the suggested replacement materials. 
 

Component Prototype material 
Suggested 
material 

Cylinder P355NH P355NH 

Bottom lid P355NH Plastic 

Piston SS 2541-03 Plastic 

Fastening plate SS 2541-03 Plastic 

Axle attachment SS 2541-03 SS 2541-03 

Threaded plug 
 
SS 2541-03 

 
SS 2541-03 

 
   Table 5.1 Component materials suggested for further development. 
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5.6 Filtration 
To ensure that the load alleviating gas springs stay maintenance free, the air 
inside the gas springs has to be free of contaminants. Experience from other air 
springs at SAB show that water condensation can lead to increased spring 
pressure and difficulties for the air to pass through the check valves. [Johansson, 
2008] If the compressor is stationary over long periods of time, corrosion may 
also occur on the inside of the compressor as it is not protected against 
corrosion. Considering this, filtration of the intake air of the Micro Compressor 
is needed. This can be made possible by adding a filter to the lid of the 
compressor where the intake is located.  

5.7 Maximizing the Micro Compressor flow 
The efficiency of the Micro Compressor can be optimized in several ways. One 
way is to ensure good lubrication on the thread in order to reduce friction which 
implies that the electric motor does not have to work as hard as. Another way to 
increase the efficiency is to increase the flow in each stroke. This can be done by 
minimizing the dead volume in the Micro Compressor.  

The dead volume is defined as the volume in the compressor still containing 
compressed air while the piston is in its end positions. In the upper position it is 
affected by the tolerances between the piston and the cylinder, the positioning 
and width of the o-ring grooves in cylinder and on the piston. It’s also affected 
by the accuracy and positioning of the cylinder check valve attachment and the 
piston check valve seat. In the lower position it is affected by the bottom lid 
design, the bottom lid o-ring groove and the piston o-ring groove, the check 
valve seats in the bottom lid and the piston.  

The dead volume when the piston is in its upper position affects the efficiency 
much more than the dead volume in the lower position. This because the air is 
more compressed in the upper position. The theoretical flow is calculated to be 
very small and it is very important to take the dead volume, especially in the 
upper position, in consideration while developing the Micro Compressor. If the 
dead volume is too large the compressor may not be able to produce any flow at 
all at high pressures. Another important thing to consider is that the relative dead 
volume in each compression step becomes smaller with increasing stroke length. 
Therefore as large stroke length as possible is strived for, in order to make the 
compressor work as satisfied. Calculations of how much flow that can be 
produced in each stroke is presented in appendix 8, p. 99. 
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6  
   

The control system 
 
To keep the pressure within the desired range, a control system is needed. If the 
pressure is too low, the control system has to start the compressor and make it 
operate until the desired pressure is reached. The control system also has to 
decrease the pressure if it is too high.  

6.1 Principle function 
The task of the control system is to keep the gas spring pressure between a low 
pressure threshold and a high pressure threshold. To decrease the pressure if the 
higher pressure threshold is passed, a pressure relief valve is used. The design of 
the pressure relief valve can be very simple; a cone pressed down by a spring 
will suffice (see figure 6.1). The force from the spring can be adjusted by a 
screw, making the high pressure threshold range adjustable. If the gas spring 
pressure is too low and the lower threshold is passed, the compressor is to start. 
This can be done by using an adjustable pressure switch which lets the current 
through if the lower threshold is passed. The compressor will work until the gas 
spring pressure is high enough and then, the pressure switch will cut the power. 
The threshold of the pressure switch can also be adjusted by a screw to the 
desired level. 
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6.2 Control valve suggestion 
Figure 6.1 is a suggestion of how the control valve can be designed. The valve 
consists of a relief valve with connections for compressor and balancing spring 
hoses. The higher pressure threshold can be adjusted by screwing the bottom 
bolt to regulate the spring tension. In the hole at the top (3), an adjustable 
pressure switch can be assembled. The pressure switch is comprised of a 
membrane that acts on a micro switch when the pressure reaches a certain level, 
leading to the electric current being able to pass through its connectors, starting 
or stopping the Micro Compressor. The pressure level can be easily adjusted by 
a screw at the top of the pressure switch which changes the tension of the 
membrane. The holes one and two are connections to the gas spring filling port 
and the Micro Compressor output respectively.  
 

 

      Figure 6.1 Concept pressure relief valve to the left and pressure switch to the right.

1 

2 

3 
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6.3 Prototype valve package  

To keep the cost of the project down, parts that are available in the factory are 
preferred for the prototype valve. A couple of modified parts were assembled to 
make an adjustable pressure relief valve controlling the higher threshold. Also 
an adjustable pressure switch was purchased to set the lower threshold. These 
parts together with hoses from the compressor and balancing gas spring were all 
assembled on a block. A pressure sensor was also connected at the far left 
connection of the block, making the pressure viewable during testing. 
 

 
Figure 6.2 The prototype valve package, the pressure relief valve to the right of the hose and                          
the pressure switch on the right side of the block. 
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Final layout 
 
Based on the preparatory work presented in chapter 5, the final layout could be 
established. This chapter will feature an assembly of the prototype compressor.  

7.1 The assembly of the compressor  

 

 
 
   Figure 7.1 The fully assembled Micro Compressor prototype. 
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7.2 Cross section of the Micro Compressor 
This cross section does not include the electric motor, since it is one of the parts 
that are purchased and was not part of the design process of the project.  

 
   Figure 7.2 A cross section of the Micro Compressor. 
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7.3 Component layout and function 
In this chapter, each part in the final layout of the compressor will be described. 
Both new parts produced at SAB and parts purchased are featured. When 
possible, section cuts from the CAD models are shown. Figure 7.3 shows the 
assembly cross section. The items in the numbered list below are each featured 
in a section where the item is described. The order of the items is set by the 
picture below, making it possible to know where they are assembled. 
 

 
   Figure 7.3 The assembly cross section with some of the parts named. 
 

1. Fastening plate 
2. Axial ball bearing 
3. Axle attachment 
4. M3 stopping screws 
5. Threaded bar 
6. Protective plastic lid 
7. Cylinder 
8. Steering band 
9. Steer pin 
10. Thread plug 
11. Adapter 
12. Piston 
13. M6 check valve 
14. O-rings 
15. Diameter red. pin 
16. Bottom lid 
17. Locking ring 
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Cylinder (7) 
The cross section cylinder of the Micro Compressor shows both the adapter hole 
and the o-ring groove for the dynamic seal. The housing for the axial ball 
bearings and the milled groove for the steering pin are also displayed in both 
pictures. 

 

 
 

Figure 7.4 The Micro Compressor cylinder shown from two different perspectives. 
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Piston (12) 
The piston used in the Micro Compressor, here displayed in different ways to 
show the different features; the hole for the diameter reducing pin, the M6 valve 
seat, the steering pin hole, the o-ring and u-cup grooves and the groove for the 
steering band. The piston to the far right is the version that uses a u-cup seal.  
 

 
 

Figure 7.5 The two different pistons, showing the assembly hole for the diameter reducing 
pin and check valve. 

 
Bottom lid (16) 
The bottom lid below shows a groove where the static o-ring seal is to be 
assembled and a seat for an M6 valve 

 
 
   Figure 7.6 The bottom lid of the Micro Compressor. 



 54 

Fastening plate (1) 
The fastening plate is used for connecting the electric motor to the cylinder.  

 
 
   Figure 7.7 The fastening plate of the Micro Compressor. 
 
Axle attachment (3) 
The axle attachment used to connect the electric motor gearbox axle to the 
threaded bar. Also flanges for load alleviation are shown.  

 
 
   Figure 7.8 The axle attachment of the Micro Compressor.
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Thread plug (10) 
The thread plug is assembled inside the piston and is used to connect the 
threaded bar to the piston in order to make it move linearly.  
 

 
 
   Figure 7.9 The thread plug of the Micro Compressor. 
 

Electric motor 
The electric motor chosen for the prototype is a Promotec Coreless 12 VDC 
Motor CL66 with Spur Gearbox 900 Series. It has a 40:1 geared gearbox and is 
capable of 100 rpm at 2 Nm torque. The motor is featured in the assembly (7.1) 
but not in the cross section (7.2).  
 

 
 
   Figure 7.10 The electric motor used in the Micro Compressor prototype. 
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Electric motor control 
The motor control is encased in a metal box that was hand crafted by the thesis 
workers in the shop at the SAB factory. Further information about the motor 
control can be found in chapter 5.3 and appendix 14, p. 111. The Electric motor 
control is not featured in the assembly (8.1) or the cross section (8.2). 

 
 
   Figure 7.11 The electric motor control of the Micro Compressor integrated into a metal box. 
 
Threaded bar (5) 
The threaded bar is 75 mm long and has a gradient of 1 mm. 

 

 
 

Figure 7.12 The threaded bar is displayed attached to the axle attachment fully assembled 
with stopping screws and axial ball bearings. 
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M6 check valve (13) 
The cross section below shows the four basic features of a check valve: A 
spring, a seat, a cone and a seal.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Figure 7.13 The M6 check valve, used in three different places in the Micro Compressor. 
 
Adapter (11) 
The adapter used for the outgoing air from the Micro Compressor is an existing 
product that was re-engineered to fit a M6 check valve at its bottom.   

 
 
   Figure 7.14 A M6 to G1/8” adapter fitted with a seat for the M6 valve. 
 
O-rings (14) 
Both static sealing o-rings and dynamic sealing o-rings are used in the Micro 
Compressor.  

 
 
 
   Figure 7.15 O-rings used in the Micro Compressor.
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U-cup seal 
The U-cup seal is not featured in the cross section (7.2) 

 
 

Figure 7.16 The U-cup seal used on the special piston that does not use an internal check 
valve. 

 
Locking ring (17) 
To keep the bottom lid from popping out of the cylinder, a locking ring is 
required.  

 
 
   Figure 7.17 The locking ring used to secure the bottom lid of the Micro Compressor. 
 
Steering band (8) 
To keep the piston sides from touching the inside of the cylinder, a steering band 
is used, lowering friction and wear on both the piston and cylinder.  
 

 
 
   Figure 7.18 The steering band used on the Micro Compressor piston. 
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Screws 
Screws for fastening the electric motor to the fastening plate and the fastening 
plate to the cylinder. 
 

 
 

Figure 7.19 Screws used for connecting the electric motor and cylinder to the fastening 
plate. 

 
M3 stopping screw (4)   
The stropping screws used to keep the electric gearbox axle and the threaded bar 
in place and fixed to the axle attachment.  
 

 
 
   Figure 7.20  M3 stopping screws used in the axle attachment. 
 
Axial ball bearings (2) 
The bearings for load alleviation are made by SKF with an inner diameter of 12 
mm and outer diameter of 26 mm. 
 

 
 

   Figure 7.21 Axial ball bearing used in the Micro Compressor. 
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Washers 
Normally, the bottom lid of the Kaller gas springs has no need for stopping the 
bottom lid from going into the cylinder, since the cylinder is constantly 
pressurized by the filling pressure. In the Micro Compressor on the other hand, 
there is a need for this, since the piston moves “backwards” during the second 
compression phase, and if there was nothing to stop the bottom lid from going 
into the cylinder, the bottom lid would follow the piston as there is a negative 
pressure over the bottom lid check valve. The washers are not featured in the 
assembly (7.1) or in the cross section (7.2)  
 

 
 
   Figure 7.22 The washers and screws used to secure the bottom lid of the Micro Compressor. 
 
Steer pin (9) 
It is important to stop the piston from rotating within the cylinder. If the piston 
were to rotate, it could move with the thread and make the Micro Compressor 
less efficient make it not move at all. 
 

 
 

   Figure 7.23 The steering pin used in the Micro Compressor. 
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Diameter reducing pin (15) 
The smaller the diameter of a hole, the harder it is to drill it deep into the metal. 
This combined with the need to minimize the dead volume of the Micro 
Compressor leads to the introduction of a diameter reducing pin in combination 
with the check valve in the piston. A 3 mm hole was drilled and filled with the 
diameter reducing pin with an inner diameter of 1 mm.  
 

 
 

   Figure 7.24 The diameter reducing pin used in the Micro Compressor. 
 
Protective plastic lid (6) 
To keep particles and filth from getting into the compressor, a plastic lid over 
the milled groove is required. The lid was not produced for the prototype, but 
can easily be manufactured in a suitable plastic material.  

 
   Figure 7.25 A model showing the shape of the plastic lid needed for the Micro Compressor 
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Risk analysis 
 
The risk analysis lines up problems that may affect the function of the prototype 
Micro Compressor. The analysis was formed from thoughts that appeared during 
the concept phase.  
 
8.1 Heat caused of the compressed air  
It is difficult to know how the temperature will change during the compression 
of air in the prototype. The heat will most likely be conducted away by the 
material in the cylinder. When calculating the compression with the ideal gas 
law, the temperature increase can sum up to 700 degrees Celsius. For 
calculations, see appendix 11, p. 105. Even though heat will be conducted through 
the steel, as high a temperature increase as 700 degrees Celsius ideally raises a 
warning flag, partly for the risk of explosion and partly for damaging the seals.  

8.2 Collapsed thread  
The thread may collapse because of the fact that applied lubrication during 
assembly will decrease as the compressor is used. The thread in the piston might 
be subjected to an unbalanced load distribution since the engine axis tolerances 
aren’t that exact and the fact that the threaded bar might not be perfectly 
straight. A collapse can also come from the thread being too soft or too hard 
depending on the surface treatment. 

8.3 The seals might not be heat resistant enough 
This is a consequence of risk 8.1 and applies to the high pressure seals: the u-cup 
seal, the o-rings and the seal in the M6-valve. As mentioned previously, there is 
no way to make any certain calculations concerning the heat transfer. The 
sealing material in the M6-valve and the o-rings will work up to 120 °C but if 
necessary, they can be replaced by high temperature seals that will sustain 180 
°C. [Ekman, 2008] 
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8.4 The opening pressure in the bottom lid check va lve 
might be too high 
In the piston and the cylinder, the check valve opening pressure has to be pretty 
high to significantly affect the efficiency negatively, because there are high 
pressure differences over them. In the bottom lid however, there is a difference 
because the valve is going to suck atmospheric pressure into the cylinder with 
the aid of the piston. The opening pressure will be higher relative to the pressure 
difference over it. If the opening pressure is one bar it can be nearly vacuum in 
the cylinder and the compressor will not work satisfyingly. 
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9  
 

Result 
9.1 The prototype 
 

 
 

Figure 9.1  The complete prototype Micro Compressor system connected to a pressure 
sensor. 

 

The end result of this thesis is a working prototype Micro Compressor that 
realizes the chosen concept of a two step compression with one piston. When 
reviewing the design specification it is clear that most of both the demands and 
desires are met. There are a couple of things that need to be looked into though.  

First, the working temperature or ambient temperature range has not been 
tested due to lack of time. But all the components of the prototype are specified 
to work in the demanded temperature range, and after experiences from testing 
the prototype, it would be very surprising if there were any problems caused by 
the ambient temperature.  
Once the filtration of the bottom lid air intake is fixed, the ambient environment 
should not be an issue, as the compressing part of the Micro Compressor is 
completely protected from outside contaminants.  

The price of the product in production is very hard to say at this moment, but 
after some rough calculations, the estimated price adds up to slightly more than 
was demanded in the design specification. This however is hard to do something 
about at the moment, since the minimizing the cost was highly prioritized during 
the entire design and construction process.  
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The Micro Compressor prototype also ended up being 22 mm longer than was 
demanded in the design specification. To ensure that a reasonable outgoing 
volume flow of compressed air was obtained, this measurement was 
compromised as the flow is considered more important than the outer 
measurements.  

Finally, the prototype is considered a success since it proved the concept well, 
produced the expected air flow and compresses air to higher pressures than was 
expected for the dimensions of the prototype. The high level of the maximum 
outgoing pressure can however be explained by the overdimensioned prototype 
electric motor, specified for twice the torque than is actually needed. It does all 
this and is still easily connected to any Kaller gas spring by a hose from the 
Kaller range of products.  

9.2 Testing the prototype 
The prototype Micro Compressor was initially tested on a very small block to 
see if it could produce any compressed air at all, which it did. A larger block 
was then fitted with the pressure switch and pressure reducing valve so that the 
entire Micro Compressor system could be tested. Initial testing showed that the 
pressure could be built up from atmospheric pressure to 77 bar before the 
pressure switch cut the power to the electric control system. Pressure could then 
be dropped manually until right below 70 bar until the pressure switch turned the 
power back on to the control system, starting the Micro Compressor again. The 
testing continued with the fitting of an accumulator the size of a gas spring to 
the valve block and the accumulator was then filled to about 60 bar manually and 
the system was started. Slowly, the pressure built up until it reached 77 bar, 
when the pressure switch cut the power. This is exactly what was intended. 
Another test was conducted in order to find the maximum pressure that the 
Micro Compressor was able to produce, disconnecting the pressure switch. 
When the pressure reached 147 bar, the pressure reducing valve kicked in and let 
some air out, since it was set at this pressure at the current test for security 
reasons. Even though the Micro Compressor could produce more compressed air 
at a higher pressure at this time, the test was not continued as there was an 
immediate safety risk involved when handling these kinds of high pressures of 
compressed air.  
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To approximate a volume flow of compressed air at 70 bar, three things are 
needed: The cycle time of each compression, the volume of the pressure vessel 
and the mean pressure increase per cycle. The volume of the larger valve block 
used was measured by measuring the different cavities and adding them. With 
this volume approximated and measurements from a number of Micro 
Compressor cycles, an approximated volume flow of compressed air at 70 bar 
out of the Micro Compressor could be calculated to be approximately 1 cm3/min. 
For the pressure build-up curves, see appendix 12, p. 107. The calculations are 
found in appendix 9, p. 101. From appendix 8, p. 99, the theoretical value of the 
volume flow is 1,4 cm3/min, compared with the approximated actual value it 
shows that approximately 28% is lost in dead volume, this was however foreseen 
and the value 1 cm3/min is what was actually desired in the design specification.  

Testing the alternate piston developed with the U-cup piston seal resulted in a 
volume flow of 0.75 cm3/min. The difference between the volume flow of the 
two pistons comes mainly from that the opening pressure of the piston seal is 
much higher than the check valve causing the first compression to be much 
harder on the electric motor. The pressure against the bottom of the compressor 
has to be much higher than with the normal piston for the air to slip over piston 
seal, causing even the powerful prototype electric motor to struggle while 
compressing the air. The cycle time of the two different tests therefore varied 
from 51 s with the internal check valve piston to 56 s with the u-cup piston seal. 
These results show that the U-cup piston prototype works, but is not as 
efficiently as the piston with an internal check valve.  

9.3 Propositions for continuing the project 
This thesis leaves the Micro Compressor project with a working Micro 
Compressor prototype that utilizes the main concept. The prototype is however 
not a product ready for launch, it is merely a prototype made as a proof of 
concept. Fortunately, the concept worked and it worked as predicted. Some 
things should however be improved before the prototype can be upgraded to a 
real Kaller product.  
 

• The M3 stopping screws in the axle attachment need to be customized to 
fit the product. For the prototype, they have been shortened to fit when 
assembled, and the stopping screw that is to hold the axle from the 
engine in place needs to have a flat bottom instead of a pointed bottom. 
This to make the forces exerted from the motor act on an area instead of 
a point, making the components last longer.  
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• The thread plug in the piston of the prototype is held in place by Loctite, 
which is what you can call a mechanical glue that works on metallic 
surfaces. This is not a suitable solution for a finished product, but it 
works. A way to stop the plug from moving would be to make the piston 
thread exactly as long as the thread plug and make the diameter of the 
hole above it large enough for a hole to be drilled where the thread of 
the plug and the thread of the piston meet. The hole could then be filled 
by a pin or a small screw, making the thread plug held in place but able 
to replace if needed.   

 
    
Figure 9.2 A suggestion for fastening the thread plug 

 
• The threaded bar has to be straightened and cut to the correct length 

from the sub-contractors. For the prototype, a long threaded bar was 
supplied that had to be manually cut and the bar did not have a 75 mm 
length on it that was straight. This puts unnecessary stress on the 
components of the Micro Compressor.  

 
• There has also been some concerns on how the grease on the threaded 

bar would perform if it was used continuously and if it would cause the 
Micro Compressor to not be as maintenance free as possible, since the 
grease that is applied to the threaded bar during assembly will be used 
up after a period of time. There is however a number of different long 
lasting greases on the market at this time, and suitable grease for the 
Micro Compressor could be found after some long time usage tests.  

 
• Dimensioning the electric motor properly has to be done; insuring that 

the electric motor fitted to the Micro Compressor is as cheap and 
effective as possible, since it is the most expensive component in the 
product. This is also described in chapter 5.2. 
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• Some dampening is needed between the electric motor and the fastening 
plate. If the threaded bar happens to be crooked in some way or if the 
hole pattern on the fastening plate is not perfectly centered, the electric 
motor has to have space to move to make up for this imperfection. It has 
been noted that if the electric motor is securely fastened to the fastening 
plate the overall performance of the Micro Compressor is heavily 
compromised. Either having a completely straight threaded bar or 
adding some dampening to the fastening of the electric motor could 
solve this problem, doing them both will make for  a more forgiving 
construction in all.  

 
• A pneumatic check valve for the bottom lid of the compressor that has a 

really low opening pressure is needed. The valve does not have to be 
able to withstand pressures higher than 9 bar on the pressure side. The 
check valve in the bottom lid is a very important part of the Micro 
Compressor since it is where the supplied air is taken in. To maximize 
the amount of supplied air, the opening pressure of the valve has to be as 
small as possible and in the prototype, the M6-valve has shown 
tendencies to vary a lot in opening pressure, and not open as low as 
wanted. 

 
• As mentioned previously in chapter 5.6, filtration is needed. 
 
• Concept sketches were also made, designing a small block where the 

pressure switch and pressure reducing valve is supposed to be placed in 
the product. This block can be attached somewhere close to the Micro 
Compressor, connected to it by a hose or adapter and is an important 
part of the Micro Compressor system 

 

 
   Figure 10.3 The Micro Compressor fitted with the concept control system 
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• In chapter 5.5, material selection is discussed, and this is also very 
important for the future development of the Micro Compressor, in order 
to make it lighter, more easily manufactured and less costly to 
manufacture.  

 
• The size of the Micro Compressor is within the outer boundaries of what 

was specified in the design specification. A downscaling to size 1:2 of 
the Micro Compressor prototypes main features could be an interesting 
way to take the project further. This also means that a less powerful 
electric motor can be used, making that one of the most costly parts of 
the product can be made cheaper while the whole product is made 
significantly smaller in size.   
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A Micro Compressor version with 
pneumatic drive 

10.1 Principle layout including pneumatic control s ystem 
The principle layout of the pneumatic Micro Compressor concept is shown in 
figure 10.1. The main parts are presented below. 

1. Cylinder with two different diameters equipped with two pneumatic 
hoses and a check valve 

2. Piston with two different diameters and a built-in check valve 
3. Upper pressure relief valve 
4. Lower pressure relief valve 
5. High pressure relief valve 
6. Control valve 
7. Pneumatic pressure switch 

 
 

Figure 10.1 Pneumatic system of the pneumatic concept Micro Compressor. 
 

 1 

 2 

 3  4 

 5 

 6 

 7 

Connection to balancing gas spring 
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10.2 Function 
The pneumatic solution is similar to the main concept. There is actually no first 
step since the pneumatic air already at a reasonably high pressure and the 
pneumatic air compresses itself in essence. When the pressure in the system is 
sinking too low the pneumatic pressure switch lets pneumatic air through to the 
control valve and further to the upper hose of the cylinder (state I, figure 10.2). 
Then the piston starts moving downwards while pneumatic air is simultaneously 
flowing trough the piston check valve to the swept volume between the piston 
and the cylinder (II). When the piston reaches its lower state (III ) the pressure 
increases and the lower pressure relief valve is activated letting pneumatic air 
trough to the control valve to change direction. In this state the lower swept 
volume between the cylinder and the piston is being filled by pneumatic 
pressurized air. When the position of the control valve is changed the pneumatic 
air flows into the lower cylinder hose and the piston starts moving upwards (IV). 
Then the swept volume between the cylinder and the piston is compressed and 
high pressure air starts flowing through the piston check valve and to the gas 
spring system. When the piston reaches its upper position (I) the pneumatic 
pressure increases and the upper pressure relief valve is activated letting air 
through to change direction of the control valve. Then the procedure repeats 
until the desired pressure is reached and the pneumatic pressure switch cuts the 
air supply. If the pressure in the balancing system is too high, the high pressure 
relief valve is activated to decrease the pressure. 
 

 
 
   Figure 10.2 Principle function of the Pneumatic concept Micro Compressor. 

I II  III  IV 
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10.3 Pneumatic pressure 
switch 
Since pneumatic pressure switches are not 
so common, a suggestion of one is 
presented in figure 10.3.  
The main parts are: 
 

1. Valve housing 
2. Spool 
3. Spring 
4. Spring tension adjustable screw 
5. Connection to the gas spring 

system 
6. Pneumatic input  
7. Pneumatic output  
 

When the pressure in the gas spring 
system sinks below a certain level, the 
spring force will be dominant and the spool will move downwards. Then the 
pneumatic air is able to flow through from the input to the output. When the gas 
spring pressure has increased enough, the spool will move upwards and cut the 
pneumatic air flow. 
 
 

 1 

 2 
 7  6 

 5 

 4 

 3 

   Figure 10.3 Pneumatic pressure switch. 
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Appendix 1 
Nomenclature  

 
Quantity Description    SI Unit 
A Cross section bar area    [m2] 

di Inner diameter (thread)    [m] 

dm Middle diameter (thread)   [m] 

do Outer diameter (thread)   [m] 

D1 The larger cylinder diameter    [m] 

D2 The smaller cylinder diameter    [m] 

Db Beam buckling bar diameter   [m] 

E Young’s modulus    [Pa] 

F Maximum force required to move the piston   [N] 

F1 Maximum piston force in the first compression [N] 

F2 Maximum piston force in the second compression  [N] 

Fb Beam buckling force    [N] 

I Moment of inertia    [m4] 

Lb Beam buckling bar length   [m] 

Ls Stroke length    [m] 

Mem  Electric motor torque    [Nm] 

Mt Thread torque    [Nm] 

n Polytropic constant    [-] 

N Normal force    [N] 

pf Absolute final pressure    [Pa] 

pi Absolute initial pressure    [Pa] 

pm Absolute middle pressure   [Pa] 

po Opening pressure    [Pa] 

P Gradient     [m] 

q Flow produced by the Micro Compressor  [m3/s] 

tc Cycle time for the stroke of the Micro Compressor [s] 

Tf Final temperature    [K] 
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Quantity Description    SI Unit 
Ti Initial temperature    [K] 

Vf Final compressed volume per stroke  [m3] 

Vi Initial volume that will be compressed per stroke [m3] 

Vm Middle compressed volume per stroke  [m3] 

Vpv Volume of the pressure vessel used in testing  [m3] 

α Profile angle (thread)    [º] 

φ  Gradient angle (thread)   [º] 

φem Electric motor angular speed    [rps] 

µg Friction coefficient     [-] 

ρ Friction angle (thread)    [º] 

σ Normal stress    [Pa] 

τ Shear stress    [Pa] 

∆p Mean pressure difference between cycles  [Pa]  

∆V Volume change per bar at 70 bar (=7000000 Pa), [m3/Pa] 

of the pressure vessel used while testing  
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Appendix 2 
Testing  

The goal of the M6 valve test was primary to determine its opening pressure. 
During the test, a valve was assembled in an adapter which was connected to a 
variable high pressure nitrogen gas source. A pressure sensor was also 
connected. The test rig was mounted in a way that the air flow was going 
upwards. To make it easier to detect leakage, methylated alcohol was poured to 
cover the valve (see figure A2.1). The test was done slowly increasing the high 
pressure gas. When bubbles appeared in the methylated alcohol, the pressure 
from the sensor was noted (table A2.1). The test was executed on five different 
valves and resulted in a mean opening pressure value (po) of 0.6 bar.  
 

 
Valve no po [bar] 

1 0.4 
2 0.3 
3 1.0 
4 0.5 
5 0.8 

                 
   Table A2.1 The opening pressure of different check valves. 
 

 
 
   Figure  A2.1 Testing the M6 valve. 
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Testing the u-cup seal 
In this test, the theory that the u-cup seal can have a similar function as a check 
valve for compressing air is tested. If the test reveals that the seal can function as 
a check valve, the opening pressure of the seal is of great interest. The cylinder 
and a modified piston from a CU2900 Kaller gas spring is used, as the production 
of the parts for the Micro Compressor had not yet been started when the test was 
conducted. The CU2900 is used since it has the same diameter as the Micro 
Compressor, the piston had to be modified to fit the same seal that was intended 
to be used in the Micro Compressor.  

Two tests were conducted, one where the seal was set with its sealing side 
facing the bottom to see what kinds of pressures it could withstand and one 
where the non-sealing side facing the bottom to see at which pressure it let 
through gas. The test was conducted simply by pouring methylated alcohol on 
the top of the spring as the modified piston was pushed upwards to the top, if 
bubbles start pushing up, the gas was leaking out.  

The test testing the sealing side was naturally a success; as the seal is 
specified to hold pressures up to 400 bar [Trelleborg AB, 2007], it can definitely 
hold the max pressure specified for the project at 150 bar. 

Testing the non-sealing side however showed the u-cup did not let air through 
the first couple of tries until the air pressure reached 8 bar and when the sealing 
had let through air a couple of times, the opening pressure went down to 4-5 bar. 
Even if the opening pressure always was at 4-5 bar, this would result that the 
pressure on the high pressure side of the Micro Compressor would only be 3.5 – 
4.5 bar at the beginning of the second compression. Since the calculations 
specifying the compressor were made relying on a first compression of roughly 
8.5 bar, this increase is not enough and the compressor would not meet the 
demands specified. The idea is however interesting and the decision were made 
to produce a couple of pistons designed with the u-cup piston seal for testing 
purposes with the prototype.    
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Testing a modified existing product as a pressure r educing 
valve 
SAB has an existing product that acts as a mechanical pressure switch, if the 
pressure goes under a certain pressure level, a little peg pushes out to show that 
this has happened. The product in its original form has most of the essential 
components to make a pressure relief valve. Combined with a hard rubber cone 
from another product at SAB and some small modifications of the existing 
product, a pressure relief valve was produced for the Micro Compressor system 
prototype. This pressure reducing valve was then tested in a block with different 
pressures up to 150 bar. The valve worked perfectly and was easily calibrated by 
turning a screw to adjust the pressure level it is to release pressure at.    

 
   Figure A2.2 The pressure relief valve used in the prototype. 
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Appendix 3 
Pressure calculations  

 
To minimize power consumption during a two step compression, the pressure 
ratio of both stages must be equal [Rydberg, 2007]. Perfect intercooling between 
the steps is assumed. For description of the quantities, see appendix 1.  
 

  fim
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m ppp
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p

p ⋅=⇔=   (1) 

 (1) =>   

fim ppp ⋅=    (2) 

 
   

Papi 100000=  (atmospheric pressure) 
  Pap f 7000000=  

 Results in 
barPapm 37.883666010000070000000 ≈=⋅=  
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Appendix 4  
Cylinder diameter calculations  

 
These calculations are made establishing the smaller of the diameters in the 
cylinder. For description of the quantities, read appendix 1. The equations below 
are the result of a mechanical equilibrium that is displayed in figure A4.1. 
 
The force needed to move the piston has to be nearly the same in each direction, 
since the electric motor exerts the same amount of force in both directions. 
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(2), (3) & (4) => 

imf

if

ppp
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⋅






=  (5) 

 
 
 

mD 05.01 =  
Papi 100000=  (atmospheric pressure) 
Papm 836660=  
Pap f 7000000=  

 Results in 
  mD 0474.02 =  
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Figure A4.1 Details needed for the calculations in the appendix. 
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Appendix 5 
Force calculations  

 
Calculations to measure the force that is needed to move the piston are presented 
below. Friction from seals is assumed to be zero. For description of the 
quantities, read appendix 1. 
 
 Piston force in the first compression 
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 Piston force in the second compression  

( )if pp
DD

F −⋅⋅




















−






= π
2

2
2

1
2 22

 (2) 

 
 

mD 05.01 =  
mD 0474.02 =  
Papi 100000=  (atmospheric pressure) 
Papm 836660=  
Pap f 7000000=  

  mD 0474.02 =  
 Results in 
  NF 13001 =  
  NF 13722 =  
 
This implies that the dimensioning force is F = 1372 N. 
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Appendix 6 
Threaded bar solid mechanics 

calculations 
 
Calculations below are made dimensioning the threaded bar. 

Threaded bar beam buckling 
The threaded bar in the Micro Compressor can be approximated as a bar without 
a thread. To assume the worst case, Euler buckling mode 2 is modelled. 
[Dahlberg, 2001]  The length of the bar would be the stroke length plus a margin 
of approximately 10 mm, Lb = Ls+10 = 60 mm. For description of the quantities, 
read appendix 1. The solid mechanics formula book gives: 
 

  
2

2

b
b

L

IE
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⋅⋅= π
 (Euler buckling mode 2) (1) 

  
64

4
bD
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⋅= π

 (circular cross section)  (2) 

(1) & (2) => 

4
3
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E
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⋅⋅=

π
   (3) 

 
 

NFFb 1372== (from appendix 5) 

  PaE 910205⋅=  (Carbon steel) [Dahlberg, 2001]   
  mLb 06.0=  
 Results in 
  mDb 00266.0=  
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Threaded bar breakage 
For description of the quantities, read appendix 1. 
  

  
A

N=σ       (1) 
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⋅= π

    (2) 

(1) & (2) => 
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⋅= N
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   (3) 

 
 

NFN 1372== (from appendix 5) 
MPa250≈σ  (limit of stretching strain while pulling 

normalized carbon steel) [Dahlberg, 2001]    
 Results in 
  mDb 00264.0=   
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Dimensioning the threaded bar 
From the previous calculations, the dimensioning bar thickness is established. 
With a safety factor of 2, the bar thickness (Db) should be 5.32 mm. The closest 
fit of standard thread is the M6 thread which has an inner diameter (di) of 4.917 
mm, a middle diameter (dm) of 5.350 mm and an outer diameter (do) of 6 mm 
[Olsson, 2006]. To calculate the threaded bar torsion the torque has to be known. 
This is done in appendix 7. 
 
Threaded bar torsion 
For description of the quantities, read appendix 1. 
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(1) => 

3

max

16
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D    (2) 

 
 

NmM t 733.0=  (from appendix 7) 

Pa6
max 10160⋅=τ (limit of stretching strain while torsion 

with normalized carbon steel) [Dahlberg, 2001] 
 Results in 
  mDb 00286.0=  
 
This indicates consequently that a M6 thread will suffice.  
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Appendix 7 
Thread torque calculations 

 
The following calculations are made to get an indication of the torque required 
to manage the forces and losses that will act on the thread while transforming 
the angular rotation to a linear force. For description of the quantities, read 
appendix 1. 

  ( )ρφ +⋅⋅= tan
2
m

t

d
FM   (1) 

  
α

µ
ρ

cos
arctan g=    (2) 

  
md

P

⋅
=

π
φ arctan    (3) 

 
 

 mdm
31035.5 −⋅=  ( M6 data) 

 mP 3101 −⋅=   (M6 data) 
 °= 30α    (M6 data) 
 NF 1372=  (from appendix 5) 
 12.0=gµ  (Greased steel on steel) [Roymech, 2008] 

 
Data from above combined with (1), (2) and (3) results in 

°= 89.7ρ  
°= 40.3φ  

  NmM t 733.0=  
 
Mt is an indication of how large the thread torque could be: 0.733 Nm. 
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Appendix 8  
Theoretic volume flow calculations  

 
To know how much flow the Micro Compressor can produce in each cycle, 
some geometric calculations are made that are presented below. For description 
of quantities, read appendix 1. 
 
  mmii VpVp ⋅=⋅    (1) 
  ffmm VpVp ⋅=⋅    (2) 

(1) & (2) => 

f

ii
f p

Vp
V

⋅=    (3) 

  si L
D

V ⋅⋅






= π
2

1

2
   (4) 

(2) & (4) => 

s
f

i
f L

D

p

p
V ⋅⋅







⋅= π
2

1

2
  (5) 

   
 
  Papi 100000=  
  Pap f 7000000=  

  mD 05.01 =  
  mLs 05.0=  
 Results in: 
  

336 40.11040.1 cmmV f =⋅≈ −
 

 
This shows that the outgoing volume flow of compressed air at 70 bar in each 
cycle will be 1.4 cm3 without any losses. If the volumetric losses are included, 
the produced volume in each cycle could be considerably less. 
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Appendix 9 
Volume flow calculations 

 
The following calculations are based on data from actual testing of the Micro 
Compressor (appendix 12). For description of the quantities, read appendix 1. 
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Flow calculations for compressor with o-ring sealed piston and a built in check 
valve 
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 Results in 
  mincmsmq /01.1/10677.1 338 ≈⋅≈ −  
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Flow calculations for compressor with u-cup sealed piston 
 

st
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Results in 
  mincmsmq /75.0/10248.1 338 ≈⋅≈ −  
 
 
The calculations show that the Micro Compressor has a volumetric flow of 1 
ml/min with the o-ring sealed piston and a volumetric flow of 0.75 ml/min with 
the u-cup sealed piston, both at a working pressure at 70 bar. 
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Appendix 10 
Torque and angular speed calculations 

 
To know the angular speed and torque required from the electric motor, the 
calculations below are conducted. For description of quantities, read appendix 1.  
If the compressor produces approximately one cm3 per stroke there has to be one 
cycle = two strokes (2*Ls) per minute to achieve the flow desired from the 
design specification in appendix 13.  
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 Results in: 
  rpmrpsem 10067.1 ≈≈ϕ  
 
This means that the electric motor has to have a mean angular speed of 100 rpm 
for the Micro Compressor to produce the required flow. The torque is harder to 
calculate, but it must be at least the torque required on the treaded bar (appendix 
7) plus friction from seals, plus friction from the load alleviating roller bearings. 
Considering all this, the torque is approximated to Mem ≈ 1 Nm.  
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Appendix 11 
Ideal gas temperature calculations 

Below are ideal gas calculations concerning the temperature increase while 
compressing air from atmospheric pressure to 70 bar. These are worst case 
calculations, assuming the procedure to be a reversible process with no heat 
transfer. For description of quantities, read appendix 1. 
 
The thermo- and fluid dynamics book [Çengel and Turner, 2005] states: 
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KTi 293= (room temperature) 
  Papi 100000=  
  Pap f 7000000=  

  4.1=n   
 Results in  
  CKTf

o713986 ≈≈    
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Appendix 12 
The pressure build-up per stroke 

 
In this appendix the pressure build-up per stroke of the prototype is presented in 
diagram A12.1 and A12.2. The Micro Compressor was connected to a pressure 
vessel and after every compression cycle the pressure was noted. Diagram A12.1 
shows the pressure build-up for the o-ring piston with check valve. Diagram 
A12.2 shows the pressure build-up with a u-cup seal acting as both sealing and 
check valve on the piston. The pressure build-up curves are almost linear and the 
tendency curve has a gradient ∆p of 2.19 bar/stroke for diagram A12.1 (o-ring 
piston version) and 1.79 bar/stroke for diagram A12.2 (u-cup piston version). The 
cycle time tc is 51 s for the o-ring piston and 56 s for the u-cup piston. The 
difference in cycle time is because the electric motor has to work much harder in 
the stroke downwards with the u-cup piston, most likely caused by the high 
pressure difference over the U-cup seal. The volume Vpv of the pressure vessel 
used for testing was 27.33 cm3. For description of the quantities, read appendix 1. 
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   Diagram A12.1 Pressure build-up per stroke, o-ring sealed piston. 
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Pressure build-up per stroke, u-cup
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   Diagram A12.2 Pressure build-up per stroke, u-cup sealed piston. 
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Appendix 13 
Design specification 

Function 
Demands 
Filling pressure:  70 bar 
Compressed fluid:   Air 
Drive:    Electric or pneumatic  
Maximum temperature of outgoing fluid:  80°C at the check valve of the gas   

spring 
Working temperature:   5°C - 40°C 
Ambient environment: Normally grimy shop 

environment 
Desires 
Filling pressure:   100 bar 
Minimum flow:   1 ml/min (cm3/min) 
Drive:  Electric drive: 12VDC, 24VDC, 

220VAC, pneumatic drive. Using 
spring movement or pressure 
spikes in the gas spring pressure 

Working temperature:    -30°C - 40°C 
Ambient environment: Indoor and outdoor environment, 

paint and varnishing environment 
Gas spring pressure range:  Adjustable 

Design  
Demands 
Maximum cost per unit in production: 600 SEK / ~75 USD  
Measurements:   250 x 75 x 100 mm 
Minimize changes of the gas spring on which the compressor is to act 
 
Desires 
Measurements:   As small as possible 
No changes of the gas spring on which the compressor is to act 
Maximum cost per unit in production: As low as possible  
 

Additional desired features 
Minimize compressor leakage 
Gas spring pressure range accuracy within a couple of bar 
Easy mounting capability on the side of the gas spring 
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Appendix 14 
Circuit diagrams of the electric motor 

control with explanation 
 

 
   Figure A14.1 Circuit diagram of the Micro Compressor’s electric control. 

A
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   Figure A14.2 Functional diagram of the LMD18200 circuit. 
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Explanation 
 
The numbers on in the circuit diagram are pin numbers of the electric circuits; 
these are needed if SAB need to reproduce the electric control unit.  

The LMD18200 circuit (figure A14.2) is the heart of the electric control and it 
is a 3A H-bridge designed for motion control applications. In this application, it 
is used for changing the direction of the electric motor when the piston comes to 
a mechanical stop. This is done by applying a logical one (5V) or a logical zero 
(Ground) to the third pin of the circuit (Dir). To make this done automatically 
the voltage of the current sense output (8) on the LMD18200 is compared to an 
adjustable reference voltage (A, figure A14.1). When the sense output voltage 
exceeds the reference voltage, the comparator (LM339) sends a pulse to the J-K-
flip-flop (SN7473) which changes its output (12) from one to zero or from zero to 
one, representing either clockwise movement or counter clockwise movement of 
the electric motor. When the piston comes to a mechanical stop, the voltage over 
the current sense output increases until it reaches the reference voltage level, 
sending a logical one, or zero, to the third pin of the LMD18200. This realizes the 
objective of the whole circuit.  

A potentiometer (A, figure A14.1) makes the reference voltage adjustable and 
this is very useful if the compressor’s compression force needs calibrating 
during the testing phase. A main switch is also introduced as a safety feature, 
cutting the power to the PWM pin and making the electric motor stop. 
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Appendix 15 
F/m-trees 

 
Figure A15.1 The Function / Mean-tree for controlling the pressure in the Micro 

Compressor system.

Keeping gas spring 
pressure within the 

correct range 

Technological principle: 
- Recognizing incorrect pressure 
- Changing to correct pressure 
=> Correct gas spring pressure 
 

Detect incorrect 
pressure on gas 

spring 

 
Lowering pressure 

Raising pressure 
(For F/M-tree see next 

page in appendix) 

Pressure switch 
– 

A ready-made 
solution 

Internal sensor 
– 

Continuous pressure 
sensing 

Strain gauge 
– 

Calculations 
required 

Force sensor 
– 

Calculations 
required 

Pressure relief valve 
- 

Bought or 
constructed 
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   Figure A15.2 The Function / Mean-tree for raising the pressure in the Micro Compressor. 

Technological principle: 
- Compressing air  
=> Raised pressure 

 
Raising pressure in 

gas spring 
 

Compressing air 
by reciprocating 
piston movement 

Compressing air 
by a rotary screw 

Compressing air 
by axial flow 

Raising pressure in 
a single step 
 

Raising pressure in 
two or more steps 
 

Piston force 
acquired by: 

Piston forces 
acquired by: 

Electric motor with 
threaded bar 
 

Expanding oil by 
applying heat 
 

Expanding a fluid to 
gas by applying heat 
 

Pneumatics 
 

Electromagnet 
 

Electric motor with 
threaded bar 
 

Pneumatics 
 

Expanding oil by 
applying heat 
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