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Sammanfattning 
Utgångspunkten för detta examensarbete var att testa om en ny hydraulolja, kandidatolja, har 

bättre verkningsgrad i hydrauliska system jämfört med en idag använd hydraulolja som referens. 

För ändamålet skulle en testrigg konstrueras och byggas. Därvid skulle om möjligt befintliga 

komponenter och mätsystem som fanns användas. Som underlag för konstruktionsarbetet gjordes 

en grundlig förstudie gällande konstruktion av hydrauliska system i allmänhet, komponenter och 

adekvat hydraulisk teori. 

Under arbetets gång blev det uppenbart att det skulle vara tid- och resurskrävande att konstruera 

och bygga en rigg att mätningar näppeligen skulle hinna utföras inom examensarbetets tidsram. 

Arbetet riktades istället in på att använda en färdig utrustning som efter modifikationer kunde 

användas för ändamålet. En sådan utrustning fanns på ITH i Örnsköldsvik.  
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värden vad avser verkningsgrad än referensoljan. 

 



iv 

  



v 

 

 

 

 Master of Science Thesis MMK 2013:10 MKN 075 

 

Ranking of hydraulic oil efficiencies 

 

   

  Paula Pukk 

 

Approved 

2013-03-25 

Examiner 

Ulf Sellgren 

Supervisor 

Ulf Sellgren 

 Commissioner 

Statoil Fuel & Retail 

Contact person 

Åke Byheden 

Abstract 
The aim of this master thesis was to test if a new hydraulic oil, candidate oil, has better 

efficiency in a hydraulic system compared to a commonly used hydraulic oil as reference. For 

this purpose a test rig was going to be designed and built. Existing components and measurement 

equipments at KTH would be used. As a basis for the design, a thorough pre-study was made 

regarding design of hydraulic systems in general, components and adequate hydraulic theory. 

As the work progressed it became apparent that it would be so time consuming and resource-

demanding to design and build a test rig that there would be very little time to perform the tests, 

within the timeframe of the thesis. The work was instead focused on finding a suitable complete 

tests rig which after smaller modifications could be used for the efficiency tests. Such a test rig 

was eventually found at ITH in Örnsköldsvik. 

In agreement with ITH the measurements were performed by the author of this report, together 

with a technician on-site in Örnsköldvik. Candidate and reference oil were tested at 100, 200 and 

300 bars and data was sampled continuously. 

The collected data was evaluated and it was shown that the candidate oil gives marginally 

improved values concerning the efficiency. 
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NOMENCLATURE 

In this chapter the notations and abbreviations used in this Master thesis are listed. 

Notations 

Symbol Description 

  Pipe area [m] 

   Heat absorption [kJ/kgK] 

  Displacement [m
3
/rev] 

   Geometric displacement [m
3
/rev] 

  Pipe diameter [m] 

   Hydraulic diameter [m] 

   Friction factor 

  Gravity acceleration constant [m/s
2
] 

  Height [m] 

  Number of pumping strokes 

  Pipe length [m] 

  Rotational speed [rev/s] 

   Pipe circumference [m] 

    Power delivered to pump [W] 

     Power delivered by pump [W] 

  Pressure [Pa] 

    Pressure before pump [Pa] 

     Pressure after pump [Pa] 

  Flow [m
3
/s] 

   Flow losses [m
3
/s] 

   Theoretical flow [m
3
/s] 

   Reynolds number 

   Frictional torque [Nm] 

   Theoretical torque [Nm] 

     Maximum chamber volume [m
3
] 

     Minimum chamber volume [m
3
] 

  Fluid velocity [m
2
/s] 

  Displacement vertical to velocity [m] 

  Number of pumping chambers 



viii 

  Loss coefficient 

   Total efficiency 

   Volumetric efficiency 

   Mechanical efficiency 

  Dynamic viscosity [Ns/m
2
] 

  Kinematic viscosity [m
2
/s] 

  Density [kg/m
3
] 

  Shear stress [N/m
2
] 

Abbreviations 

ITH Institutet för Tillämpad Hydraulik 

KTH Kungliga Tekniska Högskolan 
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1 INTRODUCTION 

This chapter describes the background, the purpose, the delimitations and methods used in the 

project. 

1.1 Background 

Statoil Fuel & Retail is one of the leading fuel companies in Scandinavia with additional 

business areas in Poland, the Baltic countries and Russia. Besides fuel for road transport the 

company provides other products, including fuel for stationary energy production, marine fuel, 

aviation fuel, lubricants and chemicals. Since the fear for a climate change is one of the most 

important questions of our time, Statoil as a fuel company needs to constantly develop its 

products to minimize the emissions and meet the customer and market demands [1]. For 

example, there are certain requirements on vehicles used in nature, such as foresters and wheel 

loaders. These vehicles very often have hydraulic systems controlling their cranes and buckets. 

Should leakage occur it is of great importance that the hydraulic oil does not harm the 

environment.  

Both the components and the composition of hydraulic systems affect the system efficiency. 

There is much interest in improving the efficiency and studies are made on the individual 

components in the system such as pumps, actuators, valves etc. to improve their individual 

efficiencies. Studies are made on how to combine these components to make them work in the 

most efficient way [2]. Further studies are performed on how to control parts or the whole 

system to make it work more efficiently.  

One component in the system, mostly hidden from view, is often forgotten when it comes to 

improving the efficiency. This component, the pressurized fluid, not only transmits the energy 

but also lubricates the components in the system. The hydraulic fluid makes up a small 

proportion in the operation costs but by improving it and making it more efficient it can increase 

the durability and efficiency of the system [3]. 

1.2 Purpose and task description 

Statoil Fuel & Retail develops hydraulic fluids and continuously seeks to improve these. The 

purpose of this master thesis is to test a new hydraulic oil in regard to the system’s efficiency 

when used in an arbitrary fluid system. The results are then to be compared to a reference oil in 

order to determine the improvement potential.  

The task consists of developing a test rig with which the system efficiency can be evaluated for 

the candidate and the reference oils. To do this, existing components and measurement 

equipment at KTH are to be used and complemented with appropriate accessory parts. However, 

since the design and purchase of such parts, as well as their adjustment and calibration with the 

existing components is assessed to be too time consuming and resource demanding, the work is 

focused on finding a complete test rig with which the tests are performed. 

1.3 Delimitations 

The test will only be executed in one test rig and the results are only applicable for this actual 

test rig used in this thesis. In other applications/systems the value of the efficiency can differ. 

Similarly, this applies to the batches of oil used for the tests.  
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The differences in flow for the two oils have not been specifically examined, only the overall 

efficiency of the system. 

1.4 Methodological approach 

At the start of the project a literature study is performed to obtain a deeper knowledge within the 

field of hydraulic systems and hydraulic oils. A frame of reference for the project is established 

including information about hydraulics and also how and where in the system the possible losses 

arise.  

It is vital to determine the performance of the oil in a real hydraulic system. In order to be able to 

test the oil an adequate system must be designed and built. Making a system from scratch is a 

major engineering task and it is both time consuming and expensive. Since the actual efficiency 

tests are the main purpose of the work it is preferable to investigate if suitable equipment can be 

found and leased in industry or institutions to make it possible to start testing as soon as possible.  

After performing the actual tests the results are to be evaluated. 
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2 FRAME OF REFERENCE 

This chapter is the result of the pre-study performed at the beginning of the project. The chapter 

presents the knowledge that forms the basis for the Master thesis. 

2.1 Hydraulics 

The word hydraulics originates from the Greek words hydor - water and aulos - pipe. One 

example of a hydraulic system is the human blood circulatory system. The fluid flow of about 10 

l/min is delivered by a double pump, the human heart, see Figure 1. [4]  

 

Figure 1. Human blood circulatory system. [F1] 

Another example of an early hydraulic system is the canals and devices for lifting water in 

ancient Egypt (Figure 2). 
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Figure 2. Device for lifting water. [F2] 

Today hydraulic power is used in most of the engineering field, both in mobile applications such 

as heavy-duty vehicles and aircrafts but also in industrial applications. The main difference is the 

size, weight and operational conditions for the components. Figure 3 shows a hydraulic system 

in a tractor. 

 

Figure 3. Hydraulic system in tractor. [F3] 
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A very important feature for hydraulics is the possibility to create large force or torque 

multiplication, independent of the distance between the input and the output. This can be done by 

altering the active areas in two connected cylinders in analogy with a lever. The displacements 

between pump and motor are in turn analogous to a belt gear, see Figure 4 below.  

 

Figure 4. Force/torque multiplication. [F4] 

It can be seen that the force/torque is directly proportional to the cylinder areas/displacements. 

2.2 Hydraulic systems 

A hydraulic system is used to transmit and control mechanical power and consists of  

 Pumps, converting mechanical power into hydraulic power.  

 Pipelines, transmitting the hydraulic power.  

 Valves, controlling the hydraulic power.  

 Hydraulic cylinders and motors, converting the controlled hydraulic power to mechanical 

power needed to drive the load. [4] 

In addition to these basic elements other elements are needed for a reliable operation of the 

system: 

 A hydraulic reservoir holds the required volume of hydraulic fluid.  

 Heat exchangers, keep the oil temperature within the operating range.  

 Filters control the amount and size distribution of contaminants in the hydraulic oil. 

 Monitoring elements such as pressure gauges, thermometers and flow meters to monitor 

the operation of the system.  

 Energy storage elements such as accumulators. [4] 

Figure 5 shows a simple hydraulic system. 
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Figure 5. Hydraulic system. [F5] 

2.2.1 Hydraulic pumps 

Pumps are classified according to their operation as displacement or dynamic pumps. 

Displacement pumps can be divided into rotary pumps and reciprocating pumps. Both types 

consist of a low-pressure fluid source, a driven element (displacer), one or more sealed pumping 

chambers and a high pressure outlet. When the pump chamber is connected to the suction line, it 

expands which develops a pressure drop sucking the fluid in. When the chamber is filled to its 

maximum it is separated from the suction line by a valve. The chamber is then linked to the 

delivery line by another valve and the fluid is displaced out of the pump and needs to overcome 

the pressure in the delivery line. When the chamber is emptied to its minimum level it is 

separated from the delivery line and connected to the suction line again for the cycle to restart. 

The process is repeated continuously as the pump’s driving shaft rotates. [4] Figure 6 shows a 

displacement pump. 

 

Figure 6. Displacement pump. [F6] 
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Dynamic pumps have a rotating element known as an impeller. The inlet is perpendicular to the 

center of the impeller, increasing the kinetic energy of the fluid and forcing it out through the 

outlet (see Figure 7). [4] 

 

 

Figure 7. Dynamic pump. [F7] 

 

2.2.2 Ideal displacement pump analysis 

The displacement of the pump is defined as the volume of fluid delivered by the pump per 

revolution, neglecting the effect of the oil compressibility and assuming no leakage. The 

displacement depends on the maximum and minimum volume of the pumping chamber, the 

number of chambers and the driving shafts number of strokes per revolution. Since the 

displacement volume depends on the pump geometry it is also called the geometric 

displacement,    [m
3
/rev]. With   as the number of pumping strokes per revolution,      and 

     the maximum and minimum chamber volumes, and   the number of pumping chambers, 

the pump displacement is given by equation (1). 

                  (1) 

Assuming the pump is ideal, with no friction, pressure losses or internal leakage the theoretical 

flow rate    [m
3
/s] is given by equation (2), where   [rev/s], is the pump speed.  

        (2) 

The theoretical torque    [Nm] required to increase the fluid power (by an ideal pump) where     

is the pressure before and      is the pressure after the pump is given by equation (3). 

                    (3) 
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The pump is often driven by an electric motor which converts electrical power to mechanical 

power. The pump in turn converts the mechanical power (    ) to hydraulic power (  ). Using 

equation (2) equation (3) can be written according to equation (4), where    [Pa] is the pressure 

increase          due to the pump action. 

    
  

  
   (4) 

 

2.2.3 Real pump analysis 

Due to volumetric, friction and hydraulic losses, the hydraulic power delivered by the pump is 

less than the mechanical input power. The actual flow rate   is less than the theoretical flow rate 

   defined above due to internal leakage or cavitation in the pump, fluid compressibility and 

fluid inertia causing partial filling of the pump [4]. 

The flow losses    are under correct design conditions mainly caused by internal leakage. The 

actual flow rate can then be calculated with equation (5). 

         (5) 

The impact of the internal leakage can be expressed by the volumetric efficiency    and is 

defined as the actual flow rate divided by the theoretical flow rate, see equation (6). 

    
 

  
 
     
  

 (6) 

The mechanical friction between the pump parts and the oil’s viscous friction give rise to energy 

losses. The part of the driving torque that is used to overcome the friction forces is the friction 

torque   . This depends on the oil viscosity, the delivered pressure and the pump speed. 

Therefore, a higher torque needs to be applied to build the required pressure. The mechanical 

efficiency    defines the friction losses in the pump and can be described according to equation 

(7) where T is the pump driving torque. [4] The total pump efficiency is defined with equation 

(8). 

 

    
    
 

 (7) 

         (8) 

The total pump efficiency can be described as the ratio between the power delivered by pump, 

    , divided by the actual power delivered to pump,    , see equation (9). 

    
    
   

 (9) 

 

2.2.4 Transmission lines 

The elements in a hydraulic system are connected by hydraulic transmission lines through which 

the oil flows. There are two types of lines: rigid tubes connected to nonmoving elements, and 

flexible hoses connected to moving parts. The transmission lines affect the system performance 

due to the hydraulic resistance of the lines, pressure losses, and hydraulic capacitance of lines 

and inertia of the lines [4]. In Figure 8 a sample of hoses are shown. 
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Figure 8. Transmission lines. [F8] 

 

2.2.5 Control valves 

A valve is a device that controls or regulates the flow of a fluid by closing, opening of partially 

obstructing the passageway of the fluid. There are very many different kinds of valves for 

hydraulic applications. Control valves are used to control pressure, flow rate and direction of 

flow in hydraulic systems to manage the parameters of the mechanical power delivered to the 

load. Control valves can be classified into four main categories, ordinary switching valves, 

proportional valves, servo valves and digital valves. In Figure 9 a valve is shown in different 

positions [4]. 

 

Figure 9. Valve. [F9] 

2.2.6 Actuators – Cylinders, Motors 

Hydraulic actuators convert the hydraulic power into mechanical power and thereby drive the 

load. By controlling the fluid pressure and flow rate using hydraulic control valves the 
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mechanical power delivered to the load can be managed. Hydraulic actuators are classified into 

three main groups, hydraulic cylinders performing linear motion and hydraulic motors 

performing continuous rotary motion and hydraulic rotary actuators – performing limited angular 

displacement. Figure 10 shows a hydraulic cylinder, Figure 11, a hydraulic motor and Figure 12, 

a rotary actuator [4]. 

 

Figure 10. Hydraulic cylinder. [F10] 

 

Figure 11. Hydraulic motor. [F11] 
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Figure 12. Rotary actuator. [F12] 

2.2.7 Filters 

To limit the contamination of the oil in a hydraulic system, filters are used. They are installed 

either on the pump suction line, the delivery line or system return line. The filters serve mainly to 

control the size distribution of impurities in the oil, to minimize wear and prevent clogging [4]. 

An example of a filter is shown in Figure 13. 

 

Figure 13. Hydraulic filter. [F13] 
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2.2.8 Accumulator 

Hydraulic accumulators are installed in hydraulic systems to store hydraulic energy. The three 

main types of accumulators are weight loaded, spring loaded and gas charged.  

The weight loaded accumulator store potential energy in the piston mass. By pumping the oil to 

the lower chamber, displacing the piston and load upwards, it is charged. This type of 

accumulator delivers the oil at constant pressure.  

The spring loaded accumulator store elastic energy in the spring. When oil is pumped into the 

accumulator the spring is compressed and the energy stored. This type of accumulator delivers 

oil at varying pressures, the pressure decreases with the spring force.  

These two types of accumulators are not commonly used due to their low response, large size 

and working constraints. The gas charged accumulators are the most widely used. They consist 

of a steel body with two chambers for oil and compressed gas. Oil and gas chambers are 

completely separated. The charging process is carried out with the accumulator completely 

empty of oil. When the oil pressure exceeds the gas charging pressure the oil flows into the 

accumulator, increasing the gas pressure by decreasing its volume. The steady state equilibrium 

is reached when the oil pressure is equal to the gas pressure. The oil is stored at high pressure 

under the action of the compressed gas [4]. Such an accumulator is shown in Figure 14 below. 

 

Figure 14. Gas charged accumulator. [F14] 

2.3 Hydraulic fluids 

Hydraulic fluid is used to transfer power in a hydraulic system, from the pump to the working 

components in the system. The type of the hydraulic fluid depends on the scope of use and the 

system type. Hydraulic fluid based on mineral oil is commonly used in industry. In mobile 

applications, used in openair, environmentally friendly oils are used. The hydraulic oil is as 

important for the hydraulic system as all the other components. It transfers power in the system 

but also lubricates and cleans the system. It is of great importance to choose the right hydraulic 

oil for the system to work properly [5]. 

 

2.3.1 Types of hydraulic fluids 

Hydraulic oil consists of base oil, which can be of varying type: mineral oil, vegetable oil, 

synthetic ester or other synthetic oil. The base oil is complemented with additives to ensure high-
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quality function. The additives give amongst other things better lubrication ability, less 

oxidation, better viscosity and anti-corrosion capacity and much more [5].  

Mineral oil 

Mineral oil is universally prevailing as hydraulic oil. It is refined from crude oil and with 

additives it can be given excellent technical properties. Mineral oil is not environmentally 

friendly, it is broken down slowly in nature and users working with the oil can get skin rash [5].   

Environmentally friendly oil 

The components in environmentally friendly oil are chosen to make minimal impact on nature in 

case of spillage and to not cause rash or other discomfort for the users. In Sweden the base oil is 

either vegetable or synthetic oil. In the finished product there are also additives with the same 

abilities as those in the mineral oil, however used in smaller amounts. It is desirable to have the 

least content as possible of additives [5].  

A vegetable oil is produced from primary products of the kingdom Plantae, rape, turnip rape or 

soy oil for example. The oil is pressed out of the seeds and refined to desired quality. The 

vegetable oil is a natural ester, is renewable and has good environmental properties [5]. 

Synthetic oil is created by human through synthesis, which means that a new product, in this 

case an oil-like fluid, has been put together from other components through a chemical process. 

Examples of synthetic oils are polyalphaolefin (PAO), polyglocol and polyol- or diesters. The 

synthetic oil can be manufactured either by synthesis of raw materials or by using chemically 

modified petroleum components. The synthetic oils have good environmental properties [5].  

2.3.2 Environmental characteristics 

It is difficult to assess an oil’s environmental characteristics, partly because the area is relatively 

new and research is lacking for all elements, partly because the requirements of environmental 

characteristics are different depending on where in the ecosystem the oil ends up. There are three 

main characteristics to be considered: the oil’s biodegradability, the oils toxicity against nature 

and the oils toxicity or effect on animals and people. Guidelines to the assessment and testing of 

environmental characteristics are given in SS 15 54 35 [5].  

2.3.3 Technical properties 

In this section the technical properties for hydraulic fluid are presented, these are specified in 

Swedish standard SS 15 54 34. 

Viscosity 

Viscosity is the most important of the fluid properties. It is a measure of the resistance of a fluid 

deformed by shear or tensile stress. The viscosity is the thickness or internal friction of the fluid. 

The viscosity can be specified as kinematic or dynamic. The dynamic coefficient of viscosity,  , 

is defined in equation (10) where   is the shear stress [N/m
2
],   the fluid velocity [m/s] and   the 

displacement vertical to the velocity vector. The dynamic viscosity   [Ns/m
2
] is given in poise 

(P) where 1 P=0.1 Ns/m
2
. 

 

   
 

     
 (10) 

Kinematic viscosity,  , is defined as the proportion between dynamic viscosity and density   

[kg/m
3
], see equation (11). 

   
 

 
 (11) 
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Due to more precise measurement methods, the kinematic viscosity is more commonly used and 

is given in stokes (St) where 1St=10
-4

m
2
/s or in centistokes (cSt) where 1 cSt= 1mm

2
/s. The 

viscosity is given for a certain temperature, of conventional reasons 40˚C and 100˚C. 

A fluid with low viscosity flows more easily through a piping system and gives rise to less 

friction losses, but a fluid with higher viscosity lubricates and seals the system better. Since the 

system should both be energy efficient and well lubricated, the choice of viscosity becomes a 

compromise between these desires. 

The viscosity is temperature dependent. The viscosity decreases as the temperature rises which 

makes the oil more easily pumped however the leakage increases and the oil’s lubricating ability 

decreases. It is important that the hydraulic oil does not change its viscosity too much at the 

temperatures prevailing in a hydraulic system. How much the oil changes its viscosity with 

temperature is indicated by its viscosity index, VI. It relates the viscosity at 100˚C to the 

viscosity at 40˚C. An oil with high viscosity index changes less with the temperature than an oil 

with low viscosity index, see Figure 15.  

 

Figure 15. Viscosity versus temperature. [F15] 

A mineral oil for indoor use generally has a VI of about 100 and one for outdoor use a VI about 

160. The most common hydraulic oils on mineral base for mobile use have viscosity index 

improvers and a VI about 180. The vegetable and synthetic oils often have a VI over 200 [5]. 

The viscosity influences the function of hydraulic systems as it introduces resistance. Oils are 

becoming increasingly viscous with decreasing temperature and the oil properties in the cold are 

therefore important to determine. Some environmentally friendly hydraulic oils differ 

significantly in this respect from the mineral oils. For the mineral oils it is noted a lowest pour 

point, which is the temperature where the oil in given test conditions stops flowing. Good 

fluidity in cold temperatures is important when restarting after long stops in cold weather, 

especially for parts in the system far from the tank that cannot be preheated. However a too 

viscous hydraulic fluid can cause pressure drops, sluggish operation, and contributes to 

mechanical efficiency loss and power consumption.  

Because of the climate conditions, the Nordic countries have special requirements for the 

hydraulic oil properties in low temperature. Maximum oil viscosity must not exceed the limit 

when the pressure losses are so large that the hydraulic system stops working or works too slow. 

Due to these requirements, oils for outdoor use often have additions of polymers. These increase 

the oil viscosity at high temperatures which means that thinner base oil can be chosen for better 

thermal properties in cold weather [5].  
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Shear stability 

Hydraulic components sometimes expose the oil to high shearing stress. Especially in overflow 

valves where the flow rate is very high which means large pressure drop and cavitation. The 

harmful stress occurs when the cavitation bubbles (bubbles in the oil caused by low pressure) 

implode. High viscosity components (with long molecular chains) in the oil can be torn apart of 

the shear stress and the viscosity of the oil decreases. Viscosity index improvers are examples of 

such. The higher the viscosity of the additive, the less is required to achieve the desired viscosity 

index, but the risk of shear will increase [5]. 

Lubricity 

Sliding contact between two surfaces can be divided into two categories, contact with and 

contact without lubrication. Lubricated contacts can in turn be divided into mix and full film 

lubrication. In a hydraulic system it is mainly full film lubrication in motors and pumps. At high 

pressure or low speed, at start and stop, for example, the oil film can be broken through and 

mixed lubrication occurs in the contact. The wear increases and the lubricity of the hydraulic oil 

is put to test. If the lubricity is poor, the wear on the components increases which creates leakage 

and power loss. The worn material follows the oil in the system and contributes to wear of other 

components. The hydraulic oil should contain additives to prevent wear. These anti-wear 

additives help create a surface layer on the metal with advantageous friction characteristics that 

can withstand higher surface pressure than the oil film [5].  

Density 

The density has influence on the flow resistance through sharp-edged constrictions, increased 

density provides increased resistance. The density also has impact on the pump suction. 

Increased density additionally reduces the suction capacity and thus the maximum pump speed 

[5]. 

Compressibility 

Compressibility is a measure of the volume change of an oil as a response to pressure change. In 

many cases, the compressibility is of minute importance, but for some dynamic processes and for 

example the choice of filters it can be of great importance, at 400 bar the volume decreases with 

3% [5]. 

Thermal properties 

The thermal properties are important for the design of the hydraulic system. They may differ in 

mineral and environmentally friendly oils. Heat absorption    is the amount of heat required to 

raise the temperature of 1 kg of oil 1 degree. Mineral oils have a    about 1.9kJ/kgK at 20˚C and 

approximately 2.05kJ/kgK at 70˚C. Thermal conductivity is important, it is about 0.13 W/mKfor 

mineral oil at 70˚C. For the vegetable oil the thermal conductivity is approximately 0,17W/mK 

at 20˚C [5].  

Flash point 

The flash point is the lowest temperature at which oil can vaporize in such an amount that it can 

be ignited without burning continuously. The flash point should be well above the highest 

operating temperature occurring in the system. Usually this is over 140˚C for hydraulic oils [5].  

Air separation and anti-foaming in oil 

Air dissolves in all oils and at atmospheric pressure there is 7 percentages by volume of air 

dissolved in the oil as bound air. When the air is bound in the oil it makes no harm but if it is 

released the bubbles can cause problems. Free air in the oil can when the pressure increases, 

increase the bound air in the oil, which releases small air bubbles at lower pressure. It is 
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therefore usual that the oil contains air bubbles in the return line to the tank at the low pressure 

side.  

In a hydraulic system free air is present, due to for example leakage in the suction line or around 

seals or low oil level in the oil tank. Air in the hydraulic system can cause malfunctions as 

pressure variations in cylinders or valves which make the hydraulic system unstable. Other 

negative effects of free air in the oil are increased degradation of the oil and damage to pumps 

because of poor lubricity, shock waves and cavitation [5].  

An oils air separation capacity indicates how fast small air bubbles in the oil rise to the surface 

and separate from the oil. Fast and efficient air separation occurs when the tiny air bubbles 

merge into larger and rise to the surface faster.  

On the surface, foam is created as an effect of the air separation. This foam is broken when the 

air bubbles come up from the oil. Air separation is an important property and cannot be 

improved by additives, only aggravated by impurities and aged oil. Anti-foaming additives may 

be used to alter the surface tension between air and oil so that the bubbles merge and break so the 

air is released and the foam is broken [5].  

Water separation 

An important feature is the hydraulic oil’s ability to separate water, also referred to as 

demulsibility. The presence of free water as clusters of large drops provides operational 

problems. Even small amounts of water can cause disturbance in a hydraulic system. It is 

important that the free water can be drained from the points where accumulation occurs. Damage 

related to free water is usually corrosion, filter problems, sticking valves, wear and the like. 

Worst case is if there during the winter is enough water to form ice drops which can cause 

serious accidents. At high concentration of water the oil becomes cloudy. For a hydraulic oil it is 

required that the emulsified water is separated and the oil becomes shiny and visibly free from 

water again. Hydraulic systems may have special devices to separate water from the oil, for 

example vacuum or special filters that can absorb water [5]. 

Hydrolytic stability 

Hydrolytic stability refers to an oils ability to resist chemical reaction with water. Certain types 

of base oils, primarily natural or synthetic esters but also certain types of additives have a 

tendency to react with water. Esters are a reaction product of fatty acid and alcohol, which yields 

ester and water. This reaction is reversible. Hence if water comes into contact with the ester, it 

can return to the origin of the fatty acid and alcohol. It becomes noticeable as the oil’s flash point 

drops and the oil becomes more acidic and the viscosity changes. Filterability deteriorates and 

the risk of clogging of the of the filters increases. The risk of corrosion increases with increasing 

acidity. Therefore it is of importance to know how hydrolytically stable the oil is. Unfortunately 

there is not yet any accepted standard for hydrolytic stability [5]. 

Anti-corrosion  

Corrosion occurs in a hydraulic system by water or condensed moisture leaking into the system. 

Even a slight corrosion flake can scratch a cylinder or seal with subsequent leakage and energy 

loss in the system. The risk of corrosion increases with increasing acidity of the oil. Hydraulic 

oils are provided with additives to prevent corrosion. The risk is also prevented by reducing the 

water leakage into the system and draining it regularly [5]. 

Seals and hoses 

The material used in hoses and seals must be chosen in such a way that it is not affected by the 

hydraulic fluid or vice versa. Faulty materials can cause malfunctions. If the oil is absorbed by 

the rubber, the material swells and the hardness as well as the rubbers mechanical strength is 

reduced. The oil can also extract the plasticizer contained in the rubber. This has the 
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consequence that the rubber hardens and shrinks. In some cases this can be enough to cause 

leakage [5].  

Oxidation stability 

When the oil is in contact with air it can oxidize. Especially at high temperatures the hydraulic 

oil’s properties deteriorate with time due to oxidation. This leads to increased acidity which may 

cause corrosion on the metal surfaces or other performance problems. High oxidation stability 

can therefore extend the life length of both the oil and the hydraulic system [5].  

Miscibility 

Mixing different types of hydraulic oils is a gamble. The problem that can arise if different oils 

are mixed is that the filterability deteriorates. Jelly-like substances may be caused by reactions 

between the components of the oils, the seals may be affected and the mixtures can have 

undesirable characteristics in contact with water [5]. 

2.4 Fluids in motion 

Stationary flow means that the speed of each point in the flow field does not change in size and 

direction. The opposite is non-stationary flow where the velocity vector for a given point 

changes with time. For example, when a pump in a hydraulic system starts the flow is non-

stationary but becomes stationary when equilibrium is reached.  

For incompressible flow it is assumed that the density is constant, which means the fluid 

occupies the same volume regardless of the pressure. Flowing fluid can almost always be 

considered incompressible. 

In many cases the shear stresses in the fluid (caused by viscosity or turbulence) play a minor role 

in comparison with the other forces affecting the media. For such cases, the flow is considered to 

be lossless, or frictionless, and the influence of the fluids viscosity can be neglected. The 

opposite is flow with losses, friction bound flow. Within the boundary layer which occurs at flow 

near a solid surface, friction makes a major impact and losses occur. In general there are two 

theoretical relations dealing with fluid mechanics, the continuity equation and one equation of 

motion which can also be considered as an energy equation [6]. 

2.4.1 The continuity equation 

When calculating fluid motion it is useful to consider steady flow. This means the pipe is fully 

filled with fluid and as much fluid that enters the pipe in one end will discharge on the other end 

within the same time. This is called continuity. If   is the volumetric flow per unit time and   is 

the pipe area, equation (12) can be written as 

                          (12) 

where   is the density and   is the flow velocity. For an incompressible fluid the density is 

assumed to be constant, which gives equation (13). 

                      (13) 

2.4.2 The energy equation 

To determine the pressure change in a pipe with stationary flow the energy equation (14) is 

needed.  
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where   is the pressure,   the velocity,   the gravity acceleration constant (=9,81 m/s
2
) and   the 

height above an arbitrarily chosen reference level. The energy loss or pressure drop is calculated 

with equation (15) 

                     (15) 

If    is the friction factor,   the pipe length,   the pipe diameter and   the loss coefficient the 

frictional pressure drop,     , and the secondary pressure drop,     can be calculated with 

equation (16) and (17).  
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and 

       
   

 
 (17) 

Using these, the total pressure drop of a system consisting of multiple parts with different pipe 

diameter is given with equation (18). 

           
 
 

 
 
 

 

    
   

 
 
  

 (18) 

There are two types of flow regimes, laminar and turbulent. At low flow rates the motion of the 

particles of fluid is straight lines and in parallel to the pipe wall while for turbulent flow the 

motion of the particles of fluid is irregular [6], see Figure 16. 

 

Figure 16. Laminar and turbulent flow. [F16] 

To choose a friction factor the type of flow regime must be determined. This is done by 

calculating Reynolds number, Re. 

    
  

 
 
   

 
 (19) 

where   is the kinematic viscosity and   the dynamic viscosity. For non-circular tubes the 

hydraulic diameter    is used. 

    
  

  
 (20) 

where   is the cross-sectional area of the pipe and    the circumference. 
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Laminar flow in tubes, Re < 2300 

    
 

  
 (21) 

For circular tubes, C=32. Turbulent flow in (circular) tubes, Re > 2300 

Several correlations for    exists. Blasius’ relation, for smooth pipes 3000 < Re <100000 

                 (22) 

In the interval 5000 < Re < 200000 the following relation is often used 

                (23) 

The following equation applies for 10
5
 < Re < 10

7
 

                         (24) 

Secondary losses occur in different situations, for instance, at sudden changes in pipe diameter 

and at passage through valves and bends. Although these losses are secondary they can be quite 

substantial and have to be taken into account [6].  

The power to drive the fluid from the first to the second point can be calculated with equation 

(25)  

        (25) 

  



20 

  



21 

3 METHOD 

In this chapter, the method used to perform the thesis work is described.  

3.1 Test rig 

When building a new hydraulic system it is of great importance to match the right components in 

the right dimensions. It is also difficult to predict the faults that can occur. Therefore it is 

important to make a thorough pre-study. To test the oil it was decided to find an existing test rig 

where smaller changes could be made. A test rig with possibility to measure both mechanical 

and volumetric efficiency was found at ITH in Örnsköldsvik and it was decided to use this to 

compare and rank the two oils.  

 

3.1.1 Function of the test rig 

Below follows a description of the test rig and the included components. The testrig is shown 

schematically in Figure 17 below. The main components in the test rig, are described separately 

below.  

 

Figure 17. Sketch of the test rig. 

The driving unit, a Sunfab M-64 WN C4 KF Motor, was driven by the central hydraulics in the 

building. A picture of the motor is shown in Figure 18 below. 
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Figure 18. Motor driven by central hydraulics. 

The motor is of axial piston type and has inclined axis with spherical pistons. In Table 1 the data 

for the motor is shown.  

Table 1. Motor properties. 

Displacement 63.6 cm
3
/rev 

Working pressure, max continous 350 bar 

Revolutions, max continous 5300 rpm 

Power, max continous 90 kW 

 

The motor that drives the pump, a Sunfab32, is shown in Figure 19.  
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Figure 19. Pump. 

The pump is a compact axial piston hydraulic pump with low weight and hight volumetric 

efficiency. The pulsations and soundlevel are low. Suction and pressure valves are poppet valves 

which enable the pump to work in either direction and no separate drainage to the tank is needed. 

Table 2 below shows data for the pump. 

Table 2. Pump properties. 

Displacement 31.08 cm
3
/rev 

Working pressure, max continous 300 bar 

Revolutions, max continous 1800 rpm 

Flow 51.14 l/min 

Power 32.3 kW 

Number of pistons 7 

The pump builds up the pressure against a pressure control valve (Denison hydraulics R5), see 

Figure 20. 
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Figure 20. Pressure control valve. 

The desired working pressure from the pump can then be controlled by opening and closing the 

valve. Pump and valve are connected by a long hose which gives a pressure drop of about 10 bar 

to better represent a real hydraulic system. After the pressure control valve the oil is filtered 

through a 10 µm filter before it passes the heat exchanger. Heat exchanger and filter can both be 

seen in Figure 21 below. 

 

Figure 21. Heat exchanger to the left and filter to the right. 
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Cold water passes the heat exchanger to keep the oil temperature stable. The waterflow through 

the cooler was ajusted with a tap on the wall, see Figure 22. 

 

Figure 22. Water tap. 

The cooled oil was then lead through a KRAL Volumeter OMH (Figure 23) where the flow is 

measured. The liquid flow causes the measuring spindels in the volumeter (Figure 24) to rotate 

and each rotation collects an exactly defined volume. 

 

Figure 23. Volumeter. 

 

Figure 24. Cross section of the volumeter. 
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The oil was then transferred to the tank and directed to go back to the pump via the return line. 

The shut off valve was used when changing the oils in the system and can be seen together with 

return line and tank in Figure 25. 

 

Figure 25. Image of the test rig showing return line, tank and shut off valve. 

The torque and rotational speed was measured between the motor and the pump with the 

contactless HBM T10F torque flange, see Figure 26. 

 

Figure 26. Torque measurement equipment. 

The pressure and temperature were measured before and after the pump and before the pressure 

control valve. The measurement equipment was from Hydac [7] and consisted of pressure 

transmitters with a robust sensor cell with a thin film strain gauge on a stainless steel membrane, 

connected to a data recorder. The sample frequency used for the tests was 10Hz. To damp the 

pulsations from the pump, a pressure measuring hose was used, for the pressure transmitter 

placed after the pump.  

As both oils are compared using the same system, the accuracy of measurement applies to both. 
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3.2 The oils 

The reference oil is paraffin based hydraulic mineral oil with excellent abilities to prevent wear, 

separate water and release air. The oil is zinc free which reduces its environmental impact and 

lowers the risk of allergic reactions. It can be used in many applications both indoor as well as 

some outdoor hydraulic systems. The candidate oil is a synthetic hydraulic oil. The oil has 

properties similar to the reference oil but can be used in a larger temperature range because of its 

higher viscosity index.  

 

3.2.1 Testing the oils 

The test rig was filled with the reference oil and the measurement equipment was calibrated. For 

all the tests the rotational speed was set to approximately the maximum working speed for the 

pump, 1800 rpm. Tests were executed at 300, 200 and 100 bar which are normal pressure levels 

in real systems. The temperature was kept at a normal working level for hydraulic systems, 

between 45 and 65˚C [7]. The test rig was set to work and the test results were sampled 

continuously during periods of 1-3h.  

When tests were run for the reference oil the system was emptied and rinsed before it was filled 

with the candidate oil. The pressure was again turned up to 300 bar and the testing was executed. 

Since Statoil expected this oil to change properties because of the shear stresses while running 

the rig the main part of the testing was done at 300 bar. After 5.5 hours of running seeing no 

change in the results the pressure was turned down to 200 and 100 bar and shorter tests were 

made for each of the oils.  

Oil samples were taken before and after running the tests and the viscosities and densities were 

controlled at Statoil fuel & Retail. Table 3 below shows the reference oil properties and Table 4 

the candidate oil properties. These test results prove that the properties did not change much 

during the tests. 

Table 3. Reference oil properties. 

 Before testing After testing 

Density at 15 °C 875 kg/m
3
 874 kg/m

3
 

Viscosity at 40 °C 46 mm
2
/s 46 mm

2
/s 

Viscosity at 100 °C 6.8 mm
2
/s 6.9 mm

2
/s 

Viscosity Index 104 105 

Table 4. Candidate oil properties. 

 Before testing After testing 

Density at 15 °C 830 kg/m
3
 830 kg/m

3
 

Viscosity at 40 °C 24.30 mm
2
/s 24.28 mm

2
/s 

Viscosity at 100 °C 7.12 mm
2
/s 7.10 mm

2
/s 

Viscosity Index 285 284 
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4 RESULTS 

This chapter describes the evaluation of the test results from the performed measurements and 

the calculation of efficiencies. 

4.1 Evaluation of the test results 

The program used for the sampling of the results is a product from Hydac and can be 

downloaded for free from their webpage [8]. 

The ripple that can be seen in the diagrams is partly due to the measurement values being 

incremental. I.e. the pressure, flow and torque are noted in 0.1 increments of the numerical value. 

As an example, 1 second of the flow measurement is shown in Figure 27 below. The temperature 

is noted in steps of 1˚C and rotational speed in steps of 1 rpm. 

 

Figure 27. Flow during 1 second. 

To calculate the efficiencies for the system a mean value of the ripple was needed. The values 

were imported into MATLAB [9] where the mean values were calculated. The results of a short 

period of time with constant temperature were studied and compared to the results from the full 

test with varying temperature. The difference was insignificant and it was decided to use the 

values from the full test.  

Figure 28 below shows one example of the sampled test results for the reference oil at 300 bar 

and Table 5 the results of the mean value calculation in MATLAB. 

 

Figure 28. Test results for the reference oil at 300 bar. 



30 

Table 5. Mean values for the reference oil at 300 bar. 

Pressure before motor 185.5 bar 

Torque 166.4 Nm 

Temperature before pump 52.5˚C 

Temperature after pump 58.0˚C 

Temperature before pressure control valve 58.2˚C 

Pressure before pump -0.03 bar 

Pressure after pump 299 bar 

Pressure before control valve 292 bar 

Flow 53.2 l/min 

Rotational speed 1790 rpm 

Figure 29 below shows an example of the sampled test results for the candidate oil at 300 bar 

and Table 6 the results of the mean value calculation in MATLAB. 

 

Figure 29. Test results for the candidate oil at 300 bar. 

Table 6. Mean values for the candidate oil at 300 bar. 

Pressure before motor 179.3 bar 

Torque 163.4 Nm 

Temperature before pump 44.3˚C 

Temperature after pump 49.8˚C 

Temperature before pressure control valve 50.0˚C 

Pressure before pump -0.03 bar 

Pressure after pump 296 bar 

Pressure before control valve 290 bar 

Flow 53.1 l/min 

Rotational speed 1794 rpm 
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Figure 30 below shows one example of the sampled test results for the reference oil at 200 bar 

and Table 7 the results of the mean value calculation in MATLAB. 

 

Figure 30. Test results for the reference oil at 200 bar. 

Table 7. Mean values for the reference oil at 200 bar. 

Pressure before motor 127.9 bar 

Torque 116.0 Nm 

Temperature before pump 48.5˚C 

Temperature after pump 52.2˚C 

Temperature before pressure control valve 52.5˚C 

Pressure before pump -0.03 bar 

Pressure after pump 204 bar 

Pressure before control valve 195 bar 

Flow 56.1 l/min 

Rotational speed 1843 rpm 

 

  



32 

Figure 31 below shows one example of the sampled test results for the candidate oil at 200 bar 

and Table 8 the results of the mean value calculation in MATLAB. 

 

 

Figure 31. Test results for the candidate oil at 200 bar. 

Table 8. Mean values for the candidate oil at 200 bar. 

Pressure before motor 122.6 bar 

Torque 112.2 Nm 

Temperature before pump 45.7˚C 

Temperature after pump 49.3˚C 

Temperature before pressure control valve 49.5˚C 

Pressure before pump -0.03 bar 

Pressure after pump 199 bar 

Pressure before control valve 193 bar 

Flow 54.2 l/min 

Rotational speed 1785 rpm 
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Figure 32 below shows one example of the sampled test results for the reference oil at 100 bar 

and Table 9 the results of the mean value calculation in MATLAB. 

 

Figure 32. Test results for the reference oil at 100 bar. 

Table 9. Mean values for the reference oil at 100 bar. 

Pressure before motor 71.8  bar 

Torque 62.4 Nm 

Temperature before pump 50.0˚C 

Temperature after pump 52.1˚C 

Temperature before pressure control valve 52.3˚C 

Pressure before pump -0.03 bar 

Pressure after pump 100 bar 

Pressure before control valve 92 bar 

Flow 56.6 l/min 

Rotational speed 1818 rpm 
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Figure 33 below shows one example of the sampled test results for the candidate oil at 100 bar 

and Table 10 the results of the mean value calculation in MATLAB. 

 

Figure 33. Test results for the candidate oil at 100 bar. 

Table 10. Mean values for the candidate oil at 100 bar. 

Pressure before pump 68.9 bar 

Torque 60.2 Nm 

Temperature before pump 51.0˚C 

Temperature after pump 52.9˚C 

Temperature before pressure control valve 53.1˚C 

Pressure before pump -0.03 bar 

Pressure after pump 98 bar 

Pressure before control valve 92 bar 

Flow 55.9 l/min 

Rotational speed 1801 rpm 
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4.2 Calculation of efficiencies 

The values from the measurements were used to calculate the efficiencies. Following equations 

use hydraulic units, see explanation in Table 11. 

Table 11. Differences between SI- and hydraulic units. 

Notation SI-units Hydraulic units 

D [m
3
/rev] [cm

3
/rev] 

P [W] [kW] 

p [Pa] [bar] 

Q [m
3
/s] [l/min] 

The total efficiency can be calculated with equation (26) 

    
    
   

 (26) 

where 

      
  

   
    (27) 

is the hydraulic power delivered by the pump,   the flow and   the pressure after the pump and  

     
    

       
    (28) 

is the mechanical power delivered to the pump,   the torque delivered to the pump and   the 

rotational speed. 

The volumetric efficiency can be calculated with  

    
 

  
 (29) 

where   is the measured flow and    is the theoretical flow. The latter can be calculated with  

    
  

    
        (30) 

where   is the geometrical displacement, here 31.08 cm
3
/rev and   is the rotational speed. 

Using the total efficiency,   , and the volumetric efficiency,   , the mechanical efficiency,    

can be calculated with 

    
  
  

 (31) 

The efficiencies were calculated for each test and Table 12 shows the adequate approximation of 

efficiencies for the two oils at the three different pressures.  
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Table 12. Calculated efficiencies for the two oils at 100, 200 and 300 bar. 

 REFERENCE OIL CANDIDATE OIL 

100 bar   

   79% 80% 

   100% 100% 

   79% 80% 

200 bar   

   85% 86% 

   98% 98% 

   87% 88% 

300 bar   

   85% 86% 

   96% 95% 

   89% 90% 

As can be seen in the table above the efficiencies for the candidate oil are slightly higher than for 

the reference oil. The efficiency of the candidate oil is 1% higher than that of the reference oil. 
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5 DISCUSSION AND CONCLUSIONS 

A discussion of the master thesis is presented in this chapter. Additionally, the overall 

conclusions of the thesis are listed.  

5.1 Discussion 

The main effort was to collect information of all aspects needed for the actual design work of the 

test rig. Thus a thorough investigation of fluid, mechanics, hydraulic components, pump theory 

etc. was made. In the end when an actual test rig was made available most of this information 

prooved to be unnecessary. Still since the collection of information was a major part of the work 

some of it is presented in the frame of reference of this thesis even though it has not been used 

for the actual tests. 

As seen in the diagrams the “ripple” for the candidate oil is more obvious than for the reference 

oil. One possible cause for this is that the “spring-mass system” consisting of the membrane with 

the strain gauge in the pressure measurements equipment is excited by the slight pressure 

variations in the pump (7 pistons).  

The ripple in the collected data probably occurs because of insufficient damping in the 

measurement system. There are no absolute stiff systems which makes it impossible to measure 

the results exactly. A restrictor in the entrance of the pressure measuring equipment would most 

probably give more even results and damp out the ripple more. Also the placement of the gauges 

could be reconsidered to get more damping in the measurements. 

When calculating the efficiencies, catalogue data for the pump displacement was used. This 

value is not necessarily the exact displacement for the specimen in this experiment. At low 

operating pressures the actual pumping values are very close to the theoretical displacement. 

Since tolerances for the catalogue values of the displacement are unknown the value for the 

volumetric efficiencies are very close to 100%.  

The difference in flow due to the oil viscosity has not been considered in the tests. In a larger 

system with longer hoses and more bent couplings the candidate oil with lower viscosity in the 

operating temperature range should influence the flow significantly and the efficiency results. 

5.2 Conclusions 

The candidate oil shows a marginal improvement in terms of efficiency. 
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6 RECOMMENDATIONS AND FUTURE WORK 

This chapter presents recommendations and future work.  

The commissioner for this project predicted that the properties of the candidate oil would change 

after a run in period. The estimated time for the change at a pressure of 300 bars was 3-4 hours. 

The tests made for this thesis were done after a run in period of 5.5 hours without showing any 

change. Of this reason it is meaningful to test for a longer period to see if the oil is deteriorated 

when working at high pressures. If this initial long time test shows promising results, then field 

tests with appropriate measurement equipment should be performed.  
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APPENDIX A 

MATLAB-codes. To run these codes the data files from the tests are needed. 

clc 
close all 

  
m=xlsread('HMA46300barRecording1.xlsx'); 

  
tid=m(:,1); 
tryck=m(:,2); 
moment=m(:,3); 
tempfore=m(:,4); 
tempefter=m(:,5); 
temptbv=m(:,6); 
tryckfore=m(:,7); 
tryckefter=m(:,8); 
trycktbv=m(:,9); 
flode=m(:,10); 
varvtal=m(:,11); 

  
low=min(find(tid>=1));  
high=min(find(tid>=1799));  
mean(tryck(low:high)) 
mean(moment(low:high)) 
mean(tempfore(low:high)) 
mean(tempefter(low:high)) 
mean(temptbv(low:high)) 
mean(tryckfore(low:high)) 
mean(tryckefter(low:high)) 
mean(trycktbv(low:high)) 
mean(flode(low:high)) 
mean(varvtal(low:high)) 

  
%%  
clear all 
clc 
close all 

  
m=xlsread('HMA46300barRecording2.xlsx'); 

  
tid=m(:,1); 
tryck=m(:,2); 
moment=m(:,3); 
tempfore=m(:,4); 
tempefter=m(:,5); 
temptbv=m(:,6); 
tryckfore=m(:,7); 
tryckefter=m(:,8); 
trycktbv=m(:,9); 
flode=m(:,10); 
varvtal=m(:,11); 

  
low=min(find(tid>=1));  
high=min(find(tid>=1799));  
mean(tryck(low:high)) 
mean(moment(low:high)) 
mean(tempfore(low:high)) 
mean(tempefter(low:high)) 
mean(temptbv(low:high)) 
mean(tryckfore(low:high)) 



 

mean(tryckefter(low:high)) 
mean(trycktbv(low:high)) 
mean(flode(low:high)) 
mean(varvtal(low:high)) 
%%  
clear all 
clc 
close all 

  
m=xlsread('HMA46300bar.xlsx'); 

  
tid=m(:,1); 
tryck=m(:,2); 
moment=m(:,3); 
tempfore=m(:,4); 
tempefter=m(:,5); 
temptbv=m(:,6); 
tryckfore=m(:,7); 
tryckefter=m(:,8); 
trycktbv=m(:,9); 
flode=m(:,10); 
varvtal=m(:,11); 

  
low=min(find(tid>=1)); %2894 
high=min(find(tid>=3599)); %2897 
mean(tryck(low:high)) 
mean(moment(low:high)) 
mean(tempfore(low:high)) 
mean(tempefter(low:high)) 
mean(temptbv(low:high)) 
mean(tryckfore(low:high)) 
mean(tryckefter(low:high)) 
mean(trycktbv(low:high)) 
mean(flode(low:high)) 
mean(varvtal(low:high)) 
%%  
clear all 
clc 
close all 

  
m=xlsread('HMA46300barRecording5.xlsx'); 

  
tid=m(:,1); 
tryck=m(:,2); 
moment=m(:,3); 
tempfore=m(:,4); 
tempefter=m(:,5); 
temptbv=m(:,6); 
tryckfore=m(:,7); 
tryckefter=m(:,8); 
trycktbv=m(:,9); 
flode=m(:,10); 
varvtal=m(:,11); 

  
low=min(find(tid>=1));  
high=min(find(tid>=7199));  
mean(tryck(low:high)) 
mean(moment(low:high)) 
mean(tempfore(low:high)) 
mean(tempefter(low:high)) 
mean(temptbv(low:high)) 
mean(tryckfore(low:high)) 
mean(tryckefter(low:high)) 



 

 

mean(trycktbv(low:high)) 
mean(flode(low:high)) 
mean(varvtal(low:high)) 
%%  
clear all 
clc 
close all 

  
m=xlsread('HMA46200bar.xlsx'); 

  
tid=m(:,1); 
tryck=m(:,2); 
moment=m(:,3); 
tempfore=m(:,4); 
tempefter=m(:,5); 
temptbv=m(:,6); 
tryckfore=m(:,7); 
tryckefter=m(:,8); 
trycktbv=m(:,9); 
flode=m(:,10); 
varvtal=m(:,11); 

  
low=min(find(tid>=25)); %1612 
high=min(find(tid>=1799)); %1615 
mean(tryck(low:high)) 
mean(moment(low:high)) 
mean(tempfore(low:high)) 
mean(tempefter(low:high)) 
mean(temptbv(low:high)) 
mean(tryckfore(low:high)) 
mean(tryckefter(low:high)) 
mean(trycktbv(low:high)) 
mean(flode(low:high)) 
mean(varvtal(low:high)) 
%%  
clear all 
clc 
close all 

  
m=xlsread('HMA46100bar.xlsx'); 

  
tid=m(:,1); 
tryck=m(:,2); 
moment=m(:,3); 
tempfore=m(:,4); 
tempefter=m(:,5); 
temptbv=m(:,6); 
tryckfore=m(:,7); 
tryckefter=m(:,8); 
trycktbv=m(:,9); 
flode=m(:,10); 
varvtal=m(:,11); 

  
low=min(find(tid>=180)); %1756 
high=min(find(tid>=1799)); %1759 
mean(tryck(low:high)) 
mean(moment(low:high)) 
mean(tempfore(low:high)) 
mean(tempefter(low:high)) 
mean(temptbv(low:high)) 
mean(tryckfore(low:high)) 
mean(tryckefter(low:high)) 
mean(trycktbv(low:high)) 



 

mean(flode(low:high)) 
mean(varvtal(low:high)) 
%%  

 
clear all 
clc 
close all 

  
m=xlsread('SL13202300barRecording1.xlsx'); 

  
tid=m(:,1); 
tryck=m(:,2); 
moment=m(:,3); 
tempfore=m(:,4); 
tempefter=m(:,5); 
temptbv=m(:,6); 
tryckfore=m(:,7); 
tryckefter=m(:,8); 
trycktbv=m(:,9); 
flode=m(:,10); 
varvtal=m(:,11); 

  
low=min(find(tid>=142));  
high=min(find(tid>=7199));  
mean(tryck(low:high)) 
mean(moment(low:high)) 
mean(tempfore(low:high)) 
mean(tempefter(low:high)) 
mean(temptbv(low:high)) 
mean(tryckfore(low:high)) 
mean(tryckefter(low:high)) 
mean(trycktbv(low:high)) 
mean(flode(low:high)) 
mean(varvtal(low:high)) 
%%  

 
clear all 
clc 
close all 

  
m=xlsread('SL13202300barRecording2.xlsx'); 

  
tid=m(:,1); 
tryck=m(:,2); 
moment=m(:,3); 
tempfore=m(:,4); 
tempefter=m(:,5); 
temptbv=m(:,6); 
tryckfore=m(:,7); 
tryckefter=m(:,8); 
trycktbv=m(:,9); 
flode=m(:,10); 
varvtal=m(:,11); 

  
low=min(find(tid>=1));  
high=min(find(tid>=5290));  
mean(tryck(low:high)) 
mean(moment(low:high)) 
mean(tempfore(low:high)) 
mean(tempefter(low:high)) 
mean(temptbv(low:high)) 
mean(tryckfore(low:high)) 



 

 

mean(tryckefter(low:high)) 
mean(trycktbv(low:high)) 
mean(flode(low:high)) 
mean(varvtal(low:high)) 
%%  

 
clear all 
clc 
close all 

  
m=xlsread('SL13202300bar.xlsx'); 

  
tid=m(:,1); 
tryck=m(:,2); 
moment=m(:,3); 
tempfore=m(:,4); 
tempefter=m(:,5); 
temptbv=m(:,6); 
tryckfore=m(:,7); 
tryckefter=m(:,8); 
trycktbv=m(:,9); 
flode=m(:,10); 
varvtal=m(:,11); 

  
low=min(find(tid>=5313)); %6222  
high=min(find(tid>=6482)); %6225 
mean(tryck(low:high)) 
mean(moment(low:high)) 
mean(tempfore(low:high)) 
mean(tempefter(low:high)) 
mean(temptbv(low:high)) 
mean(tryckfore(low:high)) 
mean(tryckefter(low:high)) 
mean(trycktbv(low:high)) 
mean(flode(low:high)) 
mean(varvtal(low:high)) 
%%  

 
clear all 
clc 
close all 

  
m=xlsread('SL13202200bar.xlsx'); 

  
tid=m(:,1); 
tryck=m(:,2); 
moment=m(:,3); 
tempfore=m(:,4); 
tempefter=m(:,5); 
temptbv=m(:,6); 
tryckfore=m(:,7); 
tryckefter=m(:,8); 
trycktbv=m(:,9); 
flode=m(:,10); 
varvtal=m(:,11); 

  
low=min(find(tid>=39)); %161 39 
high=min(find(tid>=1424)); %164 1424 
mean(tryck(low:high)) 
mean(moment(low:high)) 
mean(tempfore(low:high)) 
mean(tempefter(low:high)) 



 

mean(temptbv(low:high)) 
mean(tryckfore(low:high)) 
mean(tryckefter(low:high)) 
mean(trycktbv(low:high)) 
mean(flode(low:high)) 
mean(varvtal(low:high)) 
%%  

 
clear all 
clc 
close all 

  
m=xlsread('SL13202100bar.xlsx'); 

  
tid=m(:,1); 
tryck=m(:,2); 
moment=m(:,3); 
tempfore=m(:,4); 
tempefter=m(:,5); 
temptbv=m(:,6); 
tryckfore=m(:,7); 
tryckefter=m(:,8); 
trycktbv=m(:,9); 
flode=m(:,10); 
varvtal=m(:,11); 

  
low=min(find(tid>=375)); %710 
high=min(find(tid>=880)); %713 
mean(tryck(low:high)) 
mean(moment(low:high)) 
mean(tempfore(low:high)) 
mean(tempefter(low:high)) 
mean(temptbv(low:high)) 
mean(tryckfore(low:high)) 
mean(tryckefter(low:high)) 
mean(trycktbv(low:high)) 
mean(flode(low:high)) 
mean(varvtal(low:high)) 
%%  
 

clear all 
clc 

  
%Mätningar verkningsgrad HMA46 Rec 1 300 bar 
p1=300; %Tryck från pump [bar] 
n1=1792; %Varvtal [varv/min] 
omega1=(2*pi*n1)/60; 
Q1=53.4; %Mätt flöde[l/min] 
D1=(Q1*1000)/n1; %Beräknat deplacement [cm^3/varv] 
Dt=31.08; %Angivet deplacement [cm^3/varv] 30.3884; 
Qt1=(Dt*n1)/1000; %Teoretiskt flöde [l/min] 
M1=167.2; %Mätt moment (in i pump)[Nm] 
Pin1=(M1*omega1)/1000; %Effkt in i pump 
Pout1=(Q1*p1)/600; %Effekt ut ur pump 

  
etat1=(Pout1/Pin1)*100; %Total verkningsgrad [%] 
etav1=(Q1/Qt1)*100; %Volymetrisk verkningsgrad [%] 
etam1=(etat1/etav1)*100; %Mekanisk verkningsgrad [%] 

  
%Mätningar verkningsgrad HMA46 Rec 2 300 bar 
p2=299; %Tryck från pump [bar] 
n2=1790; %Varvtal [varv/min] 



 

 

omega2=(2*pi*n2)/60; 
Q2=53.2; %Mätt flöde[l/min] 
D2=(Q2*1000)/n2; %Beräknat deplacement [cm^3/varv] 
Dt=31.08; %Angivet deplacement [cm^3/varv] 30.1459; 
Qt2=(Dt*n2)/1000; %Teoretiskt flöde [l/min] 
M2=166.4; %Mätt moment (in i pump)[Nm] 
Pin2=(M2*omega2)/1000; %Effkt in i pump 
Pout2=(Q2*p2)/600; %Effekt ut ur pump 

  
etat2=(Pout2/Pin2)*100; %Total verkningsgrad [%] 
etav2=(Q2/Qt2)*100; %Volymetrisk verkningsgrad [%] 
etam2=(etat2/etav2)*100; %Mekanisk verkningsgrad [%] 

  
%Mätningar verkningsgrad HMA46 (Rec 4) 300 bar 
p4=300; %Tryck från pump [bar] 
n4=1771; %Varvtal [varv/min] 
omega4=(2*pi*n4)/60; 
Q4=52.8; %Mätt flöde[l/min] 
D4=(Q4*1000)/n4; %Beräknat deplacement [cm^3/varv] 
Dt=31.08; %Angivet deplacement [cm^3/varv] 30.1459; 
Qt4=(Dt*n4)/1000; %Teoretiskt flöde [l/min] 
M4=167.6; %Mätt moment (in i pump)[Nm] 
Pin4=(M4*omega4)/1000; %Effkt in i pump 
Pout4=(Q4*p4)/600; %Effekt ut ur pump 

  
etat4=(Pout4/Pin4)*100; %Total verkningsgrad [%] 
etav4=(Q4/Qt4)*100; %Volymetrisk verkningsgrad [%] 
etam4=(etat4/etav4)*100; %Mekanisk verkningsgrad [%] 

  
%Mätningar verkningsgrad HMA46 Rec 5 300 bar 
p5=300; %Tryck från pump [bar] 
n5=1768; %Varvtal [varv/min] 
omega5=(2*pi*n5)/60; 
Q5=52.6; %Mätt flöde[l/min] 
D5=(Q5*1000)/n5; %Beräknat deplacement [cm^3/varv] 
Dt=31.08; %Angivet deplacement [cm^3/varv] 30.1459; 
Qt5=(Dt*n5)/1000; %Teoretiskt flöde [l/min] 
M5=166.6; %Mätt moment (in i pump)[Nm] 
Pin5=(M5*omega5)/1000; %Effkt in i pump 
Pout5=(Q5*p5)/600; %Effekt ut ur pump 

  
etat5=(Pout5/Pin5)*100; %Total verkningsgrad [%] 
etav5=(Q5/Qt5)*100; %Volymetrisk verkningsgrad [%] 
etam5=(etat5/etav5)*100; %Mekanisk verkningsgrad [%] 

  
disp('HMA46 300 bar Rec1 ') 
disp(['Total verkningsgrad ' num2str(etat1) '%']) 
disp(['Volymetrisk verkningsgrad ' num2str(etav1) '%']) 
disp(['Mekanisk verkningsgrad ' num2str(etam1) '%']) 
disp(' ') 
disp('HMA46 300 bar Rec2 ') 
disp(['Total verkningsgrad ' num2str(etat2) '%']) 
disp(['Volymetrisk verkningsgrad ' num2str(etav2) '%']) 
disp(['Mekanisk verkningsgrad ' num2str(etam2) '%']) 
disp(' ') 
disp('HMA46 300 bar (Rec4) ') 
disp(['Total verkningsgrad ' num2str(etat4) '%']) 
disp(['Volymetrisk verkningsgrad ' num2str(etav4) '%']) 
disp(['Mekanisk verkningsgrad ' num2str(etam4) '%']) 
disp(' ') 
disp('HMA46 300 bar Rec5 ') 
disp(['Total verkningsgrad ' num2str(etat5) '%']) 
disp(['Volymetrisk verkningsgrad ' num2str(etav5) '%']) 



 

disp(['Mekanisk verkningsgrad ' num2str(etam5) '%']) 
disp(' ') 
%%  
 

clear all 
clc 

  
%Mätningar verkningsgrad SL13-202 Rec 1 300 bar 
p1=296; %Tryck från pump [bar] 
n1=1794; %Varvtal [varv/min] 
omega1=(2*pi*n1)/60; 
Q1=53.1; %Mätt flöde[l/min] 
D1=(Q1*1000)/n1; %Beräknat deplacement [cm^3/varv] 
Dt=31.08; %Teoretiskt deplacement [cm^3/varv] 
Qt1=(Dt*n1)/1000; %Teoretiskt flöde [l/min] 
M1=163.4; %Mätt moment (in i pump)[Nm] 
Pin1=(M1*omega1)/1000; %Effkt in i pump 
Pout1=(Q1*p1)/600; %Effekt ut ur pump 

  
etat1=(Pout1/Pin1)*100; %Total verkningsgrad [%] 
etav1=(Q1/Qt1)*100; %Volymetrisk verkningsgrad [%] 
etam1=(etat1/etav1)*100; %Mekanisk verkningsgrad [%] 

  
%Mätningar verkningsgrad SL 13-202 Rec 2 300 bar 
p2=295; %Tryck från pump [bar] 
n2=1797; %Varvtal [varv/min] 
omega2=(2*pi*n2)/60; 
Q2=53.2; %Mätt flöde[l/min] 
D2=(Q2*1000)/n2; %Beräknat deplacement [cm^3/varv] 
Dt=31.08; %Teoretiskt deplacement [cm^3/varv] 30.1459 
Qt2=(Dt*n2)/1000; %Teoretiskt flöde [l/min] 
M2=161.6; %Mätt moment (in i pump)[Nm] 
Pin2=(M2*omega2)/1000; %Effkt in i pump 
Pout2=(Q2*p2)/600; %Effekt ut ur pump 

  
etat2=(Pout2/Pin2)*100; %Total verkningsgrad [%] 
etav2=(Q2/Qt2)*100; %Volymetrisk verkningsgrad [%] 
etam2=(etat2/etav2)*100; %Mekanisk verkningsgrad [%] 

  
disp('SL13-202 300 bar Rec1 ') 
disp(['Total verkningsgrad ' num2str(etat1) '%']) 
disp(['Volymetrisk verkningsgrad ' num2str(etav1) '%']) 
disp(['Mekanisk verkningsgrad ' num2str(etam1) '%']) 
disp(' ') 
disp('Sl13-202 300 bar Rec2 ') 
disp(['Total verkningsgrad ' num2str(etat2) '%']) 
disp(['Volymetrisk verkningsgrad ' num2str(etav2) '%']) 
disp(['Mekanisk verkningsgrad ' num2str(etam2) '%']) 
disp(' ') 
 

%%  
 

clear all 
clc 

  
%Mätningar verkningsgrad HMA46 200 bar 
p=204; %Tryck från pump [bar] 
n=1843; %Varvtal [varv/min] 
omega=(2*pi*n)/60; 
Q=56.1; %Mätt flöde[l/min] 
D=(Q*1000)/n; %Beräknat deplacement [cm^3/varv] 
Dt=31.08; %Angivet deplacement [cm^3/varv] 30.3884 
Qt=(Dt*n)/1000; %Teoretiskt flöde [l/min] 



 

 

M=116.0; %Mätt moment (in i pump)[Nm] 
Pin=(M*omega)/1000; %Effkt in i pump 
Pout=(Q*p)/600; %Effekt ut ur pump 

  
etat=(Pout/Pin)*100; %Total verkningsgrad [%] 
etav=(Q/Qt)*100; %Volymetrisk verkningsgrad [%] 
etam=(etat/etav)*100; %Mekanisk verkningsgrad [%] 

  
%Mätningar verkningsgrad SL 13-202 200 bar 
ps=199; %Tryck från pump [bar] 
ns=1785; %Varvtal [varv/min] 
omegas=(2*pi*ns)/60; 
Qs=54.2; %Mätt flöde[l/min] 
Ds=(Qs*1000)/ns; %Beräknat deplacement [cm^3/varv] 
Dt=31.08; %Angivet deplacement [cm^3/varv]30.1459 
Qts=(Dt*ns)/1000; %Teoretiskt flöde [l/min] 
Ms=112.2; %Mätt moment (in i pump)[Nm] 
Pins=(Ms*omegas)/1000; %Effkt in i pump 
Pouts=(Qs*ps)/600; %Effekt ut ur pump 

  
etats=(Pouts/Pins)*100; %Total verkningsgrad [%] 
etavs=(Qs/Qts)*100; %Volymetrisk verkningsgrad [%] 
etams=(etats/etavs)*100; %Mekanisk verkningsgrad [%] 

  
disp('HMA46 200 bar ') 
disp(['Total verkningsgrad ' num2str(etat) '%']) 
disp(['Volymetrisk verkningsgrad ' num2str(etav) '%']) 
disp(['Mekanisk verkningsgrad ' num2str(etam) '%']) 
disp(' ') 
disp('SL13-202 200 bar ') 
disp(['Total verkningsgrad ' num2str(etats) '%']) 
disp(['Volymetrisk verkningsgrad ' num2str(etavs) '%']) 
disp(['Mekanisk verkningsgrad ' num2str(etams) '%']) 
disp(' ') 

 
%%  
clear all 
clc 

  
%Mätningar verkningsgrad HMA46 100 bar 
p=100; %Tryck från pump [bar] 
n=1818; %Varvtal [varv/min] 
omega=(2*pi*n)/60; 
Q=56.6; %Mätt flöde[l/min] 
D=(Q*1000)/n; %Beräknat deplacement [cm^3/varv] 
Dt=31.08; %Teoretiskt deplacement [cm^3/varv] 30.3884 
Qt=(Dt*n)/1000; %Teoretiskt flöde [l/min] 
M=62.4; %Mätt moment (in i pump)[Nm] 
Pin=(M*omega)/1000; %Effkt in i pump 
Pout=(Q*p)/600; %Effekt ut ur pump 

  
etat=(Pout/Pin)*100; %Total verkningsgrad [%] 
etav=(Q/Qt)*100; %Volymetrisk verkningsgrad [%] 
etam=(etat/etav)*100; %Mekanisk verkningsgrad [%] 

  
%Mätningar verkningsgrad SL 13-202 100 bar 
ps=98; %Tryck från pump [bar] 
ns=1801; %Varvtal [varv/min] 
omegas=(2*pi*ns)/60; 
Qs=55.9; %Mätt flöde[l/min] 
Ds=(Qs*1000)/ns; %Beräknat deplacement [cm^3/varv] 
Dt=31.08; %Teoretiskt deplacement [cm^3/varv] 30.1459 



 

Qts=(Dt*ns)/1000; %Teoretiskt flöde [l/min] 
Ms=60.2; %Mätt moment (in i pump)[Nm] 
Pins=(Ms*omegas)/1000; %Effkt in i pump 
Pouts=(Qs*ps)/600; %Effekt ut ur pump 

  
etats=(Pouts/Pins)*100; %Total verkningsgrad [%] 
etavs=(Qs/Qts)*100; %Volymetrisk verkningsgrad [%] 
etams=(etats/etavs)*100; %Mekanisk verkningsgrad [%] 

  
disp('HMA46 100 bar ') 
disp(['Total verkningsgrad ' num2str(etat) '%']) 
disp(['Volymetrisk verkningsgrad ' num2str(etav) '%']) 
disp(['Mekanisk verkningsgrad ' num2str(etam) '%']) 
disp(' ') 
disp('SL13-202 100 bar ') 
disp(['Total verkningsgrad ' num2str(etats) '%']) 
disp(['Volymetrisk verkningsgrad ' num2str(etavs) '%']) 
disp(['Mekanisk verkningsgrad ' num2str(etams) '%']) 
disp(' ') 
 

  



 

 

APPENDIX B 

Graphs and tables for all tests done. 

HMA46 Rec1 300 bar 

 

t 1-1799 

Pressure before motor 186.5 bar 

Torque 167.2 Nm 

Temperature before pump 49.8 ˚C 

Temperature after pump 55.2 ˚C 

Temperature before pressure control valve 55.5 ˚C 

Pressure before pump -0.03 Bar 

Pressure after pump 300 Bar 

Pressure before control valve 292 Bar 

Flow 53.4 l/min 

Rotational speed 1792 rpm 

 

HMA46 Rec1 300 

bar 

300 bar 

   86.10% 

   95.88% 

   88.75% 

 

  



 

HMA46 Rec2 300 bar 

 

t 1-1799 

Pressure before motor 185.5 bar 

Torque 166.4 Nm 

Temperature before pump 52.5 ˚C 

Temperature after pump 58.0 ˚C 

Temperature before pressure control valve 58.2 ˚C 

Pressure before pump -0.03 Bar 

Pressure after pump 299 Bar 

Pressure before control valve 292 Bar 

Flow 53.2 l/min 

Rotational speed 1790 rpm 

 

HMA46 Rec2 300 

bar 

300 bar 

   85.00% 

   95.62% 

   88.88% 

 

  



 

 

HMA46 (Rec4) 300 bar 

 

t 1-3599 

Pressure before motor 185.3 bar 

Torque 167.6 Nm 

Temperature before pump 49.7 ˚C 

Temperature after pump 55.1 ˚C 

Temperature before pressure control valve 55.4 ˚C 

Pressure before pump -0.03 Bar 

Pressure after pump 300 Bar 

Pressure before control valve 292 Bar 

Flow 52.8 l/min 

Rotational speed 1771 rpm 

 

HMA46 (Rec4) 300 

bar 

300 bar 

   84.93% 

   95.93% 

   88.54% 

 

  



 

HMA46 Rec5 300 bar 

 

t 1-7199 

Pressure before motor 183.4 bar 

Torque 166.6 Nm 

Temperature before pump 49.5 ˚C 

Temperature after pump 54.9 ˚C 

Temperature before pressure control valve 55.1 ˚C 

Pressure before pump -0.03 Bar 

Pressure after pump 300 Bar 

Pressure before control valve 292 Bar 

Flow 52.6 l/min 

Rotational speed 1768 rpm 

 

HMA46 Rec5 300 

bar 

300 bar 

   85.26% 

   95.72% 

   89.07% 

 

  



 

 

HMA46 200 bar 

 

t 25-1799 

Pressure before motor 127.9 bar 

Torque 116.0 Nm 

Temperature before pump 48.5 ˚C 

Temperature after pump 52.2 ˚C 

Temperature before pressure control valve 52.5 ˚C 

Pressure before pump -0.03 Bar 

Pressure after pump 204 Bar 

Pressure before control valve 195 Bar 

Flow 56.1 l/min 

Rotational speed 1843 rpm 

 

HMA46 200 bar 200 bar 

   85.20% 

   97.94% 

   86.99% 

 

  



 

HMA46 100 bar 

 

t 180-1799 

Pressure before motor 71.8 bar 

Torque 62.4 Nm 

Temperature before pump 50.0 ˚C 

Temperature after pump 52.1 ˚C 

Temperature before pressure control valve 52.3 ˚C 

Pressure before pump -0.03 Bar 

Pressure after pump 100 Bar 

Pressure before control valve 93 Bar 

Flow 56.6 l/min 

Rotational speed 1818 rpm 

 

HMA46 100 bar 100 bar 

   79.41% 

   100.17% 

   79.27% 

 

HMA46 100 bar 200 bar 300 bar 

   79% 85% 85% 

   100% 98% 96% 

   79% 87% 89% 

 

  



 

 

SL13-202 Rec1 300 bar 

 

t 142-7199 

Pressure before motor 179.3 bar 

Torque 163.4 Nm 

Temperature before pump 44.3 ˚C 

Temperature after pump 49.8 ˚C 

Temperature before pressure control valve 50.0 ˚C 

Pressure before pump -0.03 Bar 

Pressure after pump 296 Bar 

Pressure before control valve 290 Bar 

Flow 53.1 l/min 

Rotational speed 1794 rpm 

 

SL13-202 Rec1 300 

bar 

300 bar 

   85.34% 

   95.23% 

   89.61% 

 

  



 

SL13-202 Rec2 300bar 

 

t 1-5290 

Pressure before motor 174.5 bar 

Torque 161.6 Nm 

Temperature before pump 49.1 ˚C 

Temperature after pump 54.5 ˚C 

Temperature before pressure control valve 54.6 ˚C 

Pressure before pump -0.03 Bar 

Pressure after pump 295 Bar 

Pressure before control valve 290 Bar 

Flow 53.2 l/min 

Rotational speed 1797 rpm 

 

SL13-202 Rec2 300 

bar 

300 bar 

   86.01% 

   95.25% 

   90.30% 

 

  



 

 

SL13-202 (Rec3) 300bar 

 

t 5313-6482 

Pressure before motor 176.7 bar 

Torque 165.0 Nm 

Temperature before pump 51.1 ˚C 

Temperature after pump 56.6 ˚C 

Temperature before pressure control valve 56.8 ˚C 

Pressure before pump -0.05 Bar 

Pressure after pump 303 Bar 

Pressure before control valve 298 Bar 

Flow 52.8 l/min 

Rotational speed 1789 rpm 

 

SL13-

202(Rec3) 300bar 

300 bar 

   86.26% 

   94.96% 

   90.84% 

 

  



 

SL13-202 200bar 

 

t 39-1422 

Pressure before motor 122.6 bar 

Torque 112.2 Nm 

Temperature before pump 46.7 ˚C 

Temperature after pump 49.3 ˚C 

Temperature before pressure control valve 49.5 ˚C 

Pressure before pump -0.03 Bar 

Pressure after pump 199 Bar 

Pressure before control valve 193 Bar 

Flow 54.2 l/min 

Rotational speed 1785 rpm 

 

SL13-202 200 bar 200 bar 

   85.71% 

   97.70% 

   87.73% 

 

  



 

 

SL13-202 100bar 

 

t 375-880 

Pressure before motor 68.9 bar 

Torque 60.2 Nm 

Temperature before pump 51.0 ˚C 

Temperature after pump 52.9 ˚C 

Temperature before pressure control valve 53.1˚C 

Pressure before pump -0.03 Bar 

Pressure after pump 98 Bar 

Pressure before control valve 92 Bar 

Flow 55.9 l/min 

Rotational speed 1801 rpm 

 

SL13-202 100 bar 100 bar 

   80.42% 

   99.87% 

   80.525% 

 

SL13-202 100 bar 200 bar 300 bar 

   80% 86% 86% 

   100% 98% 95% 

   80% 88% 90% 

 

 


