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Sammanfattning 
 
Föreliggande projekt behandlar utveckling an en testrigg för en ångmotor. En kort översikt om 

utveckling av ångsmaskiner presenteras, fram till utvecklingen av denna maskin, som kräver att 

testas på olika sätt. Testriggen i detta projekt (baserad på en Lanchester-motor) skall användas 

för att testa olika material och ”lay-outer” för kolysystemet. 

 

Motorn är en högeffekts ångmotor, med hög effekt-täthet vilket leder till hög påkänningar på 

komponenter och material. 

 

En introduktion till testriggen presenteras och hela utvecklingsprojektet göra för att ersätta 

försyunnen dokumentation gällande nuvarande tesrigg som byggdes på 1970-talet. Även 

förändringar på existerande rigg redovisas, likaleder några upptäckta problem samt åtgärder 

föratt eliminera dessa. 
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Abstract 

 

The actual project presents the development of a testing rig for a steam engine. A short overview 

about the development of steam engines is presented, until arriving to the development of the 

present engine, which will require to be tested in different ways.  

The testing rig studied on this project (based on a Lanchester engine) will be used to test 

different materials and layouts for the group Piston-Cylinder.  

 

The engine is a high performance steam power engine, which is going to have a high 

power/dimensions ratio, what will lead to require high performance components and materials. 

 

An introduction to the testing rig is presented, and the entire design project is done in order to 

replace the disappeared documentation of the current testing rig, built on the 1970’s. Also some 

modifications done in the original testing rig are presented, as well as some detected problems 

and their possible solutions.  
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Resum 
 
El següent projecte presenta el desenvolupament d’un banc de proves per a un motor de vapor. 

Una curta introducció sobre el desenvolupament dels motors de vapor es duu a terme, per acabar 

parlant del disseny i especificacions generals del nou motor de vapor en estudi. Aquest motor és 

el que requereix l’ús del banc de proves per dur a terme diferents experiments de dimensions i 

materials per al grup Pistó-Cilindre.  

 

El motor de vapor és un motor d’altes prestacions que tindrà un rati potència/dimensions molt 

elevat, cosa que condueix a requerir materials i components també d’altres prestacions. 

 

Una introducció al banc de proves emprat és presentada, i el complert projecte de disseny 

d’aquest és dut a terme per tal de substituir tota la documentació desapareguda de l’actual banc 

de proves, construït als anys 70. També es duen a terme algunes modificacions del banc de 

proves original, així com també es comenten alguns problemes detectats i les seves possibles 

solucions.  
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Introduction 
 

 

 

 

 

The most important aim of the present project is to run the design of a testing rig for some steam 

engine components (piston and cylinder group).  

 

It is not a design project of a machine that will be build, as the testing rig is already built. 

RANOTOR Utvecklings AB owns a testing rig, which was developed and used on the very early 

stage of the steam engine development (1970). 

 

The project is going to be run in order to replace the original design documentation of the test 

rig, which disappeared for some reason.  

 

The project also includes the practical checking of the testing rig in order to detect possible 

problems and recommend different solutions for them.  

Some problems were already detected while the dismantling part was done, which were required 

to be fixed before mounting again the test rig. 

 

At the end of the project, a testing rig design will be done having already the testing rig mounted 

and ready to start with the components tests. 
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1. Brief history of steam engines 
 

 

The steam engine was for a long period of time the best way of propelling boat and trains 

between other kinds of transporting vehicles. Although that, the history of the steam engines 

already started before 1700, when Thomas Savery already invented the first crude steam engine, 

based on a pressure cooker, in order to pump water from the coal mines. The machine was able 

to pump the water but in a really inefficient way. For this reason, several people started on 

working on the new kind of steam engines in order to improve them. Thomas Newcomen 

presented in 1712 his first atmospheric steam engine, together with John Calley. This would be 

the machine which inspired James Watt to develop his first steam engine, which will bring him 

the reputation of being the inventor of the steam engine.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Since 1769, when Watt patented his steam engine, many uses and different improvements have 

been presented on the use of the steam power. The steam power soon was applied to create the 

necessary movement of the industrial machines (textile, iron, etc) as well as for propelling the 

first non-sailing boats. The first steam boat appeared in 1787. 

 

Together with the development of the steam boats, the course for creating the first steam engine 

wheel vehicles started. Some models already appeared in the 18th century.  

 

1Thomas Newcomen's first steam engine, patented in 1712 (picture 

taken from the Karkhan Grange Steam Museum website) 
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Although the development of the steam engine was one of the basic points to help run all the 

industrial revolution, with the discovery of the petroleum the steam engines were partially given 

up. The engines using petroleum by-products seemed to be more efficient and all the companies 

decided to bet on them.  

 

On the automotive sector, the steam engines disappeared on the early 1900, when the car started 

to be a popular device and the use of it was spread.  

 

After the first petroleum crack in 1973, the motor companies started to see that the energy 

sources used until then could be gone in few years, and new improvements and less consuming 

systems should be developed. Many companies working in order to decrease the consumption of 

petroleum appeared, as well as new measures and sources of energy where developed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nowadays, the petroleum is still one of the most important energy sources, but gradually, the 

percentage of energy coming from the different sources is changing. New ways of generating 

energy are explored. 

 

At the same time that new sources are explored and new systems are developed, other old 

systems are also recovered and improved. This is the case of the steam engine which this project 

is run for.  

 

2 After the petroleum crack, the energy productions sources changed (graphic taken from the 

International Energy Agency website) 
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2. Steam engine application in bottoming and 
hybrid cycles 

 

 

After travelling across the history of the steam engines, it’s time to be centred on the new 

generation of steam engines and its purposes.  

 

Differing from the first generation of steam engines, more similar to pressure cookers with low 

efficiency and power, the new system presented by RANOTOR is based on the concept of a high 

performance steam engine designed to work together with conventional diesel engines, running a 

type of bottoming cycle. RANOTOR was founded by the former project leader for the SAAB 

SCANIA’s steam power project during the 70’s.1 

 

The steam engine designed by RANOTOR is using a compact Rankine cycle able to contribute 

with a lot of power to the conventional diesel engine. This Rankine cycle is using the remaining 

heat from the diesel engine exhaust gases in order to obtain a huge amount of energy. The new 

system has been developed together with Scania and Volvo in order to be applied in heavy-duty 

diesel trucks although new applications are being studied (solar energy generation, boat 

propelling, etc). 

 

The basic study involves a traditional diesel combustion engine without any modification and a 

steam engine system taking care of the exhaust gases after the turbo turbine. Despite the low 

temperature of the exhaust gases after passing through the turbo turbine, the bottoming cycle is 

still more efficient than other systems, as the so-called turbo compound concept, even the cost is 

higher.  

 

The basic system, which had no modification of the combustion engine, can be easily improved 

changing some of the components involved. For instance, the ICE (Internal Combustion Engine) 

can be downsized and the exhaust manifold could be replaced by the HRSG (Heat Recovery 

Steam Generator). Also the turbine can be replaced with a steam expander (the reciprocating 

piston steam engine). With these changes, a more efficient and less expensive propulsion system 

is realised2. 

 

The application of the bottoming cycle on different kinds of combustion engines can return 

different characteristics and efficiency. For instance, the combination of the steam engine with a 

gasoline combustion engine can provide more useful work due to the higher temperature of the 

exhaust gases coming from the combustion engine.  

 

Some ideas coming from other renewable technologies can be used in order to implement the 

system. For example, the Hybrid cycles (combining electrical devices with ICE) can be 

                                                 
1  Progress of Saab Scania’s Steam Power project, Ove.B.Platell SAE paper, 760344 
2  BC Hybrid Truck 
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presented as Hybrid-Bottoming cycles. These hybrid bottoming cycles can be presented in two 

different ways: Mild Hybrid and Full Hybrid. 

 

A Mild Hybrid engine refers to Electric-Hybrid comprising an ICE, a small electric battery and 

an electric motor to assist the ICE. When the electric motor is assisting the ICE, those can 

operate with a higher efficiency (the exhaust energy is reused and reintroduced to the system by 

the electric system). These Mild Hybrid systems could be implemented also with a high 

performance steam engine and a steam buffer. This can help to recover up to 30% of the exhaust 

gas energy and transform it into useful work, increasing substantially the fuel economy. Usually, 

the ICE has highest efficiency at high loads, just the opposite of the steam engine, which helps to 

have high efficiency in all the working range, changing the percentages of energy contribution 

from the steam engine to the ICE.  

 

A Full Hybrid refers to Electric Hybrid consisting of an ICE and an electric engine that are able 

to operate independently. The difference with the Mild Hybrids is that on the Mild systems, the 

electric system can not run if the ICE is not running. Usually, on this kind of systems the 

electrical devices take care of low loads, while the ICE is taking care of high loads. That means 

that each system is working in the range where its efficiency is higher. Volvo-Mack provides 

numbers saying that these systems can reduce the fuel consumption up to 25% in heavy-duty 

truck applications, as well as the efficiency of the Hybrid engine reaches approximately 52% 

(10% higher than the normal diesel ICE). 

 

When talking about mounting a steam engine system on a truck, other advantages are presented, 

for example, the ability of recovering the wasted energy coming from the engine braking. With 

traditional ICE, the engine can be perfectly used to break the entire vehicle taking advantage of 

the inertia of all the engine system. With a steam engine, this breaking energy is not just wasted 

because it can be recovered and stored as compressed steam, which can be used later on to 

generate new movement. While running this breaking, the steam system acts on the opposite way 

(the engine acts as a compressor rather than an expander).  

 

Another use of the steam unit could be as an Auxiliary Power Unit (APU) while the vehicles are 

standing still but need some kind of energy (electricity, cooling, etc). Nowadays, these standing 

systems are run thanks to the traditional ICE, what means that those diesel engines are usually 

working with low load. The use of the steam engine to provide the required energy can easily 

improve the system, as the energy consumption will decrease and the vehicles will become more 

environmental friendly.  
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3. Work in progress 
 

 

The small-scale steam power engine (SSSP) development started as it has been explained before 

in the latest 60’s. Since then, many research and new development has been done. Different 

partners have invested up to USD 9,2 millions in order to have a working prototype that can 

show the real efficiency and high performance of the designed engine.  

 

The main idea and development has been done by RANOTOR, company founded by Ove Platell 

and run today by Ove and Peter Platell, together with other partner companies like SAAB, 

SCANIA, VOLVO, FIAT, NUTEK or SANDVIK. Other smaller companies and manufacturers 

have been helping with their know-how on developing parts of the system, as well as some 

Swedish universities like the Royal Institute of Technology (KTH) or the Uppsala University.   

 

Nowadays, two important projects are run by RANOTOR. The first one is a EU project 

involving FIAT and a Swedish partner, that with a budget of 70 MSEK plans to get a combined 

cycle bottoming cycle, where the SSSP recovers the energy from the exhaust gases giving up to 

23KW. 

 

The second project is run together with the Royal Institute of Technology (KTH), where the 

SSSP for automotive applications is being developed. The total budget for the development of 

this SSSP is about 10 MSEK. All the different parts of the engine are being designed by different 

working groups, as well as the testing technology is being prepared in order to start running and 

testing the prototypes as soon as possible.  

 

Mainly three groups are working nowadays in the project, combining master students and PHD 

students. The different parts that are being designed on this moment are the central part of the 

engine, run by Rasmus Grip, the head of valves, by a whole group of students, and the testing 

rig, by the author of this project. Future projects are also ready to start, like the materials testing 

for the piston and cylinders and the performance measurement (like torque, speed or power). 
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4. The prototype 
 

 

The prototype developed by RANOTOR and its partners is based on a high performance 

Rankine cycle which different energy sources in order to obtain the energy to heat the steam and 

run the cycle. The cycle is presented in figure 3:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The first prototype (the one presented over these lines) was developed to work with a special 

burner (BR) that used alcohol as a burning fuel, which showed a low level of exhaust gases and 

pollution. Although, the system is developed in order to be able to use any other kind of heat 

coming from different sources. The project running in KTH is going to use the exhaust gases 

from a diesel ICE as a source of energy, so the characteristics of the SSSP can be slightly 

modified. The final numbers won’t be exactly obtained until the experimentation phase starts.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Expander

Auxiliary System

Condenser System

Steam Generation System

AM Auxiliary Steam Motor

AP Air Pump

BP Fuel Pump

BR Burner

CB Condenser Bufffer

CD Condenser (air cooled)

EX Main steam motor

FP Feed Pump

SB Steam Buffer

SG Steam Generator

3 Components of the first prototype of Small ScaleSteam  Power engine  

4 Components of the new designed SSSP (axial pistons) 
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The steam generator (SG) is a boiler, like in the traditional steam engines, but on this case, really 

compact. To be compact the use of multiplies parallel capillary tubes is required, which can offer 

a high specific power (kW/kg), between 10 and 100 times higher than the conventional boilers.  

 

 

 

 

 

 

 

 

 

 

 

The steam buffer (SB) is the equivalent to a battery in the electric system. The main purpose of it 

is to store the heat when it is not required and give it back when the energy source does not 

introduce enough energy. This storage is really effective when the power demand or energy 

generation in the main source presents big fluctuations.  

The buffer is made with a ceramic porous material. These pores are fed with steam through 

them, which can either give energy to the buffer (storing it as a sensible heat) or get stored 

energy to increase the steam temperature. The amount of pressurized and high temperature steam 

inside the buffer is really small compared with the traditional buffers, which decreases the 

possibilities of hazards in case of failure, as well as the danger of the system in general. The 

regenerator (or buffer) presents a energy density capacity depending on the temperature. For 

example, at 500ºC, the energy density is approximately 100 Wh/kg, which is very big, but even 

higher is the power density, which can go up to 10 kW/kg. 

 

The steam engine (EX) of the prototype includes a free oil reciprocating piston engine as 

expander. The steam engine under development in KTH is going to be a four cylinders steam 

engine with circular disposition of them. The mechanics of the mechanism, although 

challenging, make the engine to be completely balanced, as well as silent. The system also 

decreases the requirement of lubrication, which is studying to be run using also water, obtaining 

then a completely clean and highly silent engine able to work in the most demanding 

environments. The monocylinder prototype is developed to run at 1500rpm, giving higher 

efficiency and higher specific power than traditional steam engines. Although that, the 

computations have been done to work up to 7000rpm, which will be the limit of the engine in 

development.  

The condenser buffer (CB) is the device that can condense, without noise, high rates of steam. 

As the steam buffer, is really important and helpful when the demand of power presents high 

fluctuations. 

 

The condenser (CD) is one of the most important parts of the system because it has to reject all 

the waste energy to the environment. As much energy it can reject, as better will be the 

5 Steam generator for combustion gases 



 

 11 

efficiency of the cycle. The condenser starts working just if the condenser buffer has stored the 

maximum heat that it is able to stand. Otherwise, the exhaust energy is going to be stored in the 

condenser buffer. In order to help the process, a fan can be installed to increase the convection 

between the pipes surface and the air of the environment.  

 

The feed water pump (FW) is a compact feed pump that pumps the cold steam/water coming 

from the condenser to the steam generator in order to start again the circuit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 6 Axial piston steam expander 
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5. Testing the engine and the components 
 

 

The development of a new kind of engine includes different steps going from the first ideas and 

sketches to the construction and use of the machine. Between the first and last step, of course, 

many other important ones have to be present.  

 

Today’s situation of the new generation of high performance steam engine is close to face the 

last steps of its development. Along several years, all the theoretical knowledge has been 

acquired and grouped, so most of the theoretical work is already done, which means that it is 

time to start running the physical development of the engine.  

 

As it has been explained previously, some groups are working to polish the last details before 

starting the construction of all the components. This means that the engine will be constructed 

within the next months.  

 

Before constructing some of the components, many tests are required. Some required tests 

involve the development of the cylinder, piston, piston rings and lubrication system between all 

these mentioned components.  

 

Different materials can be used to build any of the components listed, giving to the engine 

different and special characteristics. As the engine under development needs to work under 

really extreme conditions of pressure and temperature, and is supposed to be as clean as possible, 

common materials already in use for other kinds of engines can present problems when mounted 

on this engine. This is the reason why a special testing rig is being developed.  

 

The testing rig that will be used to run the test on the components will have, basically, three 

general parts: the case for the testing object, the general moving system and the measuring 

system. 

 

The SSSP is going to be a four cylinders steam engine, with an also cylindrical positioning of 

them. On the contrary, the testing system will include just one cylinder, as it is not necessary to 

have a complete engine in order to determine the materials and specifications of the final engine. 

That is why the general moving system of the testing rig will just have one cylinder.  

 

In principle, this moving system will just work as a way of driving away the work produced by 

the testing object. On the other hand, further tests can be done on the other way, where the 

moving system could start introducing the energy to the test object in order to check other things.  

 

The measuring system included in the test rig is still to be determined, but will incorporate a 

dynamometer (to measure torque and speed generated by the test object) and many different high 

performance sensors, including, of course, pressure and temperature ones. 
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On this project, the preparation of the moving system of the testing rig has been done. 

 

The piston to be tested has a head surface of 40mm2 and the stroke is also 40mm, giving to the 

cylinder a final volume of 1,6cm3 (including the part correspondent to the compression 

chamber). To achieve these quantities, the size of the shafts and rods of the testing rig has to be 

determined.  

 

This piston is supposed to make the shafts to move up to 6000 min-1, although for the purpose of 

testing materials, just a speed up to 3000 min-1 will be used. The four pistons engine is estimated 

to give a maximum power of 22 kW around 6000 min-1 and a maximum torque of 60 Nm when 

starting.  
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6. The testing rig: coming from a Lanchester 
engine 

 

 

As it has been explained in the previous pages, the central part of this project is the preparation 

of a good testing rig for a SSSP.  

 

Continuing with the work done by Ove Platell many years before, a Lanchester assimilated 

engine is going to be used for this purpose. 

 

A Lanchester engine was an engine developed by Frederik W. Lanchester at the beginning of the 

19’s. It was a smart engine able to counterbalance both primary and secondary vibrations caused 

by the movement of the pistons and shafts.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Lanchester Company developed engines with one and two cylinders, both with the 

counterbalance done. In order to have the counterbalance, two connection rods were present, 

connecting the pistons to two different crankshafts spinning in different directions. Using this 

principle, the forces that the rotation of one of the crankshafts is introducing are compensated 

with the forces introduced by the second crankshaft. Some counterweights are also mounted in 

order to equilibrate the system. 

 

The testing rig concerning on this project, as it has been commented before, is based on a 

Lanchester single cylinder engine.  

7 Diagram of the two rods Lanchester engine mechanism 
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On the test rig case, the connection between both crankshafts and the piston can’t be directly 

done, as the rig is developed to mount different pistons and cylinders (in order to run the 

materials and shapes tests). For this reason, both crankshafts are connected to a displaceable 

component (see displaceable rod drawings). This component is then connected to a long shaft, 

which presents a longitudinal displacement free of vibrations and radial forces. This shaft is long 

enough to have the top end part inside the testing area, where the different cylinders and pistons 

will be mounted. The connection between the vertical shaft and the different pistons can be done 

in different ways.  

 

In order to ensure the right relative rotation between both crankshafts, two gear wheels are 

mounted. These wheels, each of them directly connected with one of the crankshafts, mesh 

between them. Then, the relative positioning between both crankshafts is perfectly fixed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8 3D double rod mechanism 
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7. Test rig external connections 
 

 

As it has been explained before, the test rig is based on a single cylinder Lanchester engine. This 

means that the rig will have two crankshafts, connected independently to a displaceable 

component by two different rods. The displaceable component (displaceable rod) is then 

connected to the piston rod through a radial spherical plain bearing, in order to avoid, as much as 

possible, the introduction of side forces to the piston movement. Therefore, the movement of the 

piston rod is supposed to be perfectly linear and no radial forces should appear. Guaranteeing 

that no radial forces will be transmitted from the piston to the cylinder, the friction between them 

will be much lower, and just caused by the pressure and adjustment of the piston rings.  

 

Then, the piston rod is the first component that presents a connection point outside the testing rig 

housing. This connection point is located at the top end of the piston rod, where this rod has a 

transversal hole. This hole will be used to mount the bolt connecting the piston. 

 

The piston rod is shaped as a tubular shaft, with external diameter of 20mm and internal one of 

15mm. The hole to connect the piston is transversal to the piston rod longitudinal axis and its 

centre is located 12mm far from the end of the rod. The diameter of the hole is 8mm. The 

external part of the piston rod is chamfered in 45º for one millimetre.  

 

The testing rig Lanchester based has two crankshafts. For this reason, the required rotating 

devices (pumps, measuring tools, breaks…) can be connected to any of the two shafts. Of course, 

the connection of external devices is required to be done in the most balanced way, in order to 

avoid having all the loads concentrated on the same shaft. For this reason, both shafts are 

extended out of the testing rig housing. Although that, not all four shaft ends are prolonged to the 

outside. It has been considered that it will be enough to extend just three of them. On one of the 

housing sides, both shafts are present under a projecting shape. On the other side, just one has 

been projected in order to connect the possible mechanism for a mechanic valve driving system 

(pulley with a belt to run the valves head). 

 

The diameter of the valve driving shaft is 20mm for a length of 48mm. This part of the shaft 

designed to mount the pulley starts around 44mm far from the testing rig housing. The shaft 

diameter before the pulley mounting part (the diameter of the shaft coming directly from the 

testing rig) is 25mm.  

 

The diameter of the other two shafts is 32mm for a length of 66mm. The distance between the 

housing and the beginning of the said diameter is about 40mm. These two shafts present a 

keyway for connecting different possible components using a key. The keyway has an A shape 

(round ended rectangle). The width of the keyway is 10mm and the length 56mm. 
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The base of the housing presents 24 vertical holes in order to mount it to the crankcase, which 

will act also as a base. The diameter of the holes is 13mm, and calibrated screws can be used in 

order to fix both parts.  

 

The top of the housing presents 22 vertical holes of 13mm of diameter in order to mount the 

housing of the test object. Calibrated screws can also be used to fix both parts. Three positioning 

bolts are placed between both components (testing rig housing and test object housing) in order 

to ensure the perfect positioning of the testing object, avoiding possible misalignments.  

 

No other mechanical connections between the testing rig and the surrounding systems are 

designed. Although that, two holes are present in the top part of the housing. The use of these 

holes is the introduction of oil to run some showering lubrication of the inside components. 

 

Some external pipe connections can be also found in the case. These connections are used (or 

can be used) to connect the oil lubrication system to the machine.  
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8. Normalized components 
 

 

Several components mounted on the steam engine can be easily found as standard 

commercialized components, what decreases the cost of the global engine. The references of the 

components presented are just given in order to guide the bought of these components. Of 

course, other components manufactured by different companies can be also used, as soon as the 

necessary requirements are perfectly fulfilled.  

 

For re-using reasons and in order to decrease the cost of the machine, some screws, nuts and 

washers have been taken from old aeronautical machines, having therefore different references. 

For further information about the aeronautical references of the components that can be found in 

the machine, check the elements table, where both references (original and aeronautical) are 

listed.  

 

8.1. Sliding bushing 
 

Many elements present relative movements between them with contact surfaces, what introduces 

energy losses due to friction. The piston rod (element 4), which is cylindrically shaped, slides 

inside two linear guides. To decrease the friction, two sliding bushes will be mounted in both 

sliding places.  

 

The first sliding bushing (element number 19) is a sinterized bronze flange one provided by 

Johnson Metall AB (reference Flansläger 20/26x30) following ISO 2795. The bearing has a 

nominal inner diameter of 20mm (shaft diameter) and an original outside diameter of 26mm, 

with a length of 30mm. The dimensions of the flange correspond to the ones in the ISO norms. 

 

The outside diameter of the bushing must be decreased to 23mm, which is the nominal 

dimension of the hole where it has to be mounted. The reason of presenting a reference of a 

component that must be turned before mounting is the impossibility of finding normalized 

sliding bushings with the necessary diameters. 

 

The second sliding bushing, although has to be manufactured starting with a normalized 

component, will be presented on the next section (manufactured components). 

 

8.2. Wiper seals 
 

In order to avoid the loss of oil through the piston rod (element 4) and to block the entrance of 

duty to the upper sliding bushing (element 18), a wiper seal (element 27) is required to be 

mounted.  
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On this case, two simple effect wiper seals are going to be mounted together to obtain a double 

direction sealing (nothing from outside can come into the case and the lubricating oil from inside 

can not flow easily to the outer atmosphere. The manufacturer of the seals is SKEGA, and the 

reference of them is DK 20, which is a seal for shafts of 20mm of diameter which presents a 

flange of 1,5mm to keep in place and an outer diameter of 28mm. 

 

8.3. General mounting screws, nuts and washers 
 

To mount different components together, screws are used. It is a cheap way of mounting and 

allows mounting and dismounting the machine as many times as it will be necessary. 

 

Different sizes of screws are used in order to screw on different components. All the screws used 

on these machines, as non special mounting requirements are needed, will be of quality 8.8 of 

EN ISO 898-1, which is considered enough in most of the mechanical applications. All them will 

be also partly threaded hexagonal head screws (ISO 4014:1999). 

 

Every screw will be mounted and tightened with its own nut. The nuts are going to be of quality 

8. and will follow ISO 7041-2 (high nylon insert hexagon nuts). All screws will be obviously 

tightened with the nut size corresponding with the size of the screw. The high nylon insert nuts 

have been chosen in order to decrease the possibility of being accidentally unscrewed by the 

possible vibrations. 

 

Two washers will be placed on every screw mounted. The washers will be made of steel zinc (or 

other equivalent material) following the standards in ISO 7089-7090 (standard flat washers). The 

washer diameter will be the corresponding to the screw where it is mounted.  

 

The size of the screws used for mounting both general cases (assemble elements 1 and 1 bis) is 

M12x40. 18 screws are needed in order to share out the forces in a homogeneous way. 18 nuts 

M12x1.75 will tighten, mounting also 36 12mm washers. 

 

To mount the assembled general case (elements 1 and 1 bis) together with the top case (element 

2), 22 screws M12x55 are used, together with 22 M12x1.75 nuts and 44 washers of 12mm. 

 

To mount the assembled general case (elements 1 and 1 bis) together with the base case (element 

3), 24 screws M12x55 with 24 nuts M12x1.75 and 48 12mm washers are used. 

 

8.4. Radial shaft seals 
 

Due to the necessity of connecting different external elements to the rotating shafts, the end of 

these rotating shafts should be extended outside the general case. In order to avoid the loss of 

lubrication oil through the space between the spinning shafts and the general case, radial shaft 

seals are going to be mounted.  
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The shaft seals follow the ISO 6194/1-1982 although the given product name can differ from it 

in different ways. On this case, specific shaft seals have been chosen. It is possible to mount 

different ones, always ensuring the fulfilment of the requirements. The selected manufacturer is 

SKF.  

 

On the left inner shafts (element 10), one shaft seal (element 25) will be mounted. The reference 

for this seal is SKF CR25x42x7 HMS5RG. The seal presents an inner diameter (shaft diameter) 

of 25mm and an outer diameter of 42mm. The thickness of the seal is 7mm. The outside 

diameter is of elastomeric material, with a carbon steel reinforcement ring (HMS5). It has a 

garter spring of carbon steel (RG) and a conventional sealing lip. 

 

For the two outer shafts (elements 8), two shaft seals are required (elements number 26). Their 

selected reference is SKF CR35x47x7 HMS5RG. This seal is of the same kind of the explained 

before but with an inner diameter of 35mm, an outer diameter of 47mm and a thickness of 7mm. 

 

8.5. Cylindrical roller bearings 
 

To stand the radial forces of a rotating shaft, it has to be mounted to some casing. On this case, 

the rotating shafts are mounted to the general case using 4 cylindrical roller bearings. Due to the 

balance and accurate design and manufacturing of the testing rig elements, the shafts are 

supposed to present just radial forces, and zero axial forces. As just radial forces must be 

supported by the mounted bearings, but these forces can be really high due to the nature of the 

system, cylindrical roller bearing will be mounted. Once again, SKF has been selected as the 

components supplier. Other components can also be mounted as explained before.  

 

For the inner shafts (elements 9 and 10), two bearings (elements 21) with reference SKF NJ305 

ECJ are going to be mounted. The bearings present and inner diameter (shaft diameter) of 25mm, 

an outer diameter of 62mm and a thickness of 17mm. The bearings are single row bearings with 

two integral flanges in the outer ring and one in the inner ring (NJ). They have an optimized 

internal design, incorporating more and larger rollers with modified roller/end flange contact in 

order to distribute the loads in a better way (EC). The cage is made of pressed unhardened steel, 

with centred rollers (J). 

 

For the outer shafts (elements 8), two more bearings (elements 22) with reference SKF NJ207 

ECJ are going to be mounted. These bearings have the same characteristics as the previous ones, 

but with an inner diameter of 35mm, an outer diameter of 72mm and a thickness of 17mm. 

 

8.6. Radial spherical plain bearing 
 

The piston shaft mounting is designed in order to decrease as most as possible the external 

influences and forces that can affect the testing object. For this reason, the junction between the 

piston rod (element 4) and the displaceable rod (element 6) is done using a radial spherical plain 

bearing. The axial axis of the spherical bearing is perpendicular and crosses the longitudinal axis 
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of the piston rod. This mounting system allows the piston rod to turn around its longitudinal axis 

some degrees, cancelling the possible moment created on this axis. Also some small 

misalignments between both components can be absorbed by the bearing. 

 

The manufacturer is SKF, and the reference is SKF GE 20 TXE-2RS. Other manufacturers can 

be also used. On this case, the radial spherical bearing presents a diameter for the axis of 20mm 

and an external diameter of 35mm. The thickness of the external ring is 12mm and the thickness 

of the inner ring 16mm. The inner ring is made of through hardened and ground steel, with a 

sliding surface made of hard chromium plated and polished (TX). The outer ring is made of 

through hardened and ground steel and it is fractured in one position (E). It is also presenting 

double lip seals on both sides (2RS), what converts it on a maintenance-free spherical bearing 

 

8.7. Threaded fastening 
 

In order to mount together the piston rod (element 4) and the displaceable rod (element 6) 

through the spherical bearing, a manufactured component (elements 12 and 13) is used. To keep 

this component mounted in place, it is fastened using a screw, a nut and one washer (elements 

38, 39 and 40).  

 

The screw is of size M8x85 of quality 8.8, following ISO 4014:1999. The nut is a M8x1.25 ISO 

4161:1999 (hexagonal flange nut) and of quality 8. The washer is an 8mm flat washer (ISO 

7089-7090). 

 

8.8. Shim washer 
 

In order to press the rolling bearing with the most exact force, avoiding introducing unnecessary 

axial forces that can damage them, different shim washers have to be bought, to mount the 

necessary ones (combining different number and thickness) and obtain the right alignment of the 

bearings. The purpose of the washers is to correct the possible thickness deviations of the 

bearing fixers (elements 9, 10 and 11). For this purpose, the joints on Table 1 will be bought.  

 

Element 

number 

Number of 

elements 

Internal 

diameter 

External 

diameter 

Thickness 

28 2 56 72 1,5 

29 2 56 72 0,5 

30 2 56 72 0,2 

31 2 50 62 1,5 

32 4 50 62 0,5 

33 4 50 62 0,2 
Table 1 Shim washer sizes 
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8.9. Screws to fix the bearings case 
 

In order to screw the bearings case (elements 15, 16 and 17), which is used to keep the bearing in 

the right position and hold the radial shaft seals, 4 screws type M8x25 following ISO 4017 will 

be mounted (element 43). As four bearing cases are needed and each one is fastened using 4 

screws, a total of 16 screws is required. 

 

8.10. Screws to fix the shafts 
 

To screw the shafts (elements 8, 9 and 10) one with the other and mount the two necessary 

couples, two screws are going to be used. The screws are M8x75 (ISO 4014:1999) and quality 8 

(element 41) Two screws are required, one for each couple of shafts. 

 

8.11. Screws to fix the gears 
 

To screw both gear wheels (elements 11 and 11bis) to the respective shafts three screws M8x25 

quality 8.8 will be used, following ISO4014:1999 (element 42). As two gear wheels are going to 

be mounted, a total of 6 screws are required. 

 

8.12. Shaft/rod roller bearings 
 

To let the relative spin between the two rods (elements 7) and the respective shafts (elements 8, 9 

and 10), two roller bearings (one on each connection) are mounted (elements 23).  

 

The manufacturer of the bearings is FAG, but other suppliers or models can be used if it is 

considered.  

 

Taking into account the explanations about non existence of axial forces presented on point 8.5. 

of the present project, the selected bearing is again a roller bearing. This time, a special thickness 

has been chosen in order to stand all the force coming from the piston. The reference for the 

bearings is FAG NU2305-E-TVP2. These bearings have an inner diameter of 25mm and an outer 

diameter of 62mm. Although that, the bearing is not mounted complete. The inner ring is not 

mounted, so the cylindrical rollers are rolling directly on the shaft surface, which has a diameter 

of 34mm. The thickness of the bearing is 24mm.  

 

8.13. Rod needle roller bearings 
 

To avoid the friction between the rod (element 7) and the pin (element 14), a needle roller 

bearing is mounted. It is mounted a needle roller bearing to save as much space as possible, 

because the diameter of the pin and the rod hole can then be similar, with the consequent 

decrease in space for all the related components, like the displaceable rod (element 6), which is 

connected to the rod by the pin.  
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The inner diameter of the roller bearing has to be 20mm and the outer diameter 26mm. The 

length, which is imposed by the thickness of the rod, is 32mm. The old testing rig mounted a non 

normalized needle bearing of 32mm thickness, which has been impossible to find. For this 

reason, the original bearing will be substituted using two bearings FAG K22x26x13, which have 

the desired diameters and a length of 13mm. Adding both bearings one close to the other, the 

total length will be 26mm.  

 

To get the 32mm length, a steel ring can be placed between the two bearings. The rings need to 

have a length of 6mm, and inner diameter of 22mm and an outer diameter of 25mm, in order to 

avoid the friction with the rod, the moving component. 

 

8.14. Case dowel pins 
 

To mount the different case elements in the perfect position, several precision dowel pins 

(elements 44, 45 and 46) are used. For relative placement of the general case (elements 1 and 

1bis), 3 pins will be used (element 46). To place the top case (element 2) together with the 

general case, 3 more pins will also be used (element 44). The base is not positioned, as the 

perfect alignment of the base is not important for the correct functioning of the machine. 

 

The pins for the general case are 8x24 following ISO 2338, what means an 8mm diameter and a 

length of 24mm. The ones for the top case are 8x36. 

 

8.15. Pin retaining ring 
 

The pins (element 14) connecting the displaceable rod (element 6) with the rods (element 7) are 

retained in the right place by two external retaining rings each one (elements 48 and 49). 

 

The external retaining rings follow the norm DIN 471 and have a nominal diameter of 22mm one 

of them and 24mm the other.  

 

8.16. Rod bearing retaining ring 
 

In order to keep the outer ring of the bearing (element 23) in its fixed position of the rod 

(element 7), two internal retaining rings (element 47) are used.  

 

The internal rings follow the norm DIN 472 and it is presenting a nominal diameter of 62mm. 

 

8.17. Gear’s precision dowel pins  
 

In order to place the gears (elements 11 and 11bis) in the exactly right positions, precision dowel 

pins (element 45) are used. Each gear position is imposed by the respective shaft axis and the 

respective pin. 
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The pins used are 8x36 following ISO 2338, what means an 8mm diameter and a length of 

36mm. 

 

8.18. Two tab washers 
 

Every screw used for mounting the gears (elements 11 and 11bis), to avoid its unscrewing, will 

be mounted and blocked using a two tab washer of 8mm, following DIN 463 (elements 50). 

 

Also to avoid the unscrewing of the screws tightening the shafts (element 50), two tab washers of 

size 8mm will be used. 
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9. Manufactured components 
 

 

All the components required for the machine that can not be found in the normalized market 

have to be manufactured specially for the designed testing rig. The number of these components 

has been tried to be as small as possible.  

 

All the manufactured components are described along the next paragraphs, including just some 

basic information. For more detailed information about construction details (measures, shapes, 

etc), check the enclosed drawings of the correspondent components. 

 

9.1. General case 
 

The general case (elements 1 and 1bis) is the main case, which includes inside all the 

components of the machine. It includes two different sub-elements, numbered as 1 and 1bis, 

because the case is symmetrically divided in two parts in order to permit the mounting of the 

other components. 

 

The case is constructed with grey cast-iron (ISO 185/JL/200) shaped inside sand moulds. 

Different surfaces have to be mechanized after the moulding in order to have the right shape, 

angle, surface roughness or any other characteristic.  

 

The two elements are not exact. One of them is including a small variation in order to locate the 

sliding bushing (element 1912) of the piston rod (element 4).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9 General case 3D drawing 
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9.2. Top case 
 

The top case (element 2) is also constructed of grey cast iron (ISO 185/JL/200) moulded in sand. 

Two different surfaces (upper and lower) have to be mechanized in order to mount the top case 

on the general case (elements 1 and 1bis) and mount on it the testing elements. Other important 

mechanizations are the holes, which are locating the upper sliding bushing (element 18). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9.3. Base case 
 

The base case (element 3) is the element used as a base of the machine and also as a crank case, 

keeping the dropping oil from the mechanism.  

 

The base element is constructed welding different components (check the corresponding 

drawings). After welding, an annealing must be run in order to decrease the internal tensions, 

and then some surfaces must be mechanized and some holes performed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10 Top case 3D drawing 

11 Base case 3D drawing 
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9.4. Rods 
 

The rods (elements 7) are the elements that transform the linear movement of the piston in 

rotational movement of the shafts. Two rods are mounted on the machine, as it has been 

designed as a half Lanchester engine.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The two rods are made of forging steel (1.6311 following EN 10028-2). The component is 

forged and after that, mechanized in almost all the surfaces. The mass of the rods is perfectly 

measured together with the mass of the other moving components in order to keep the balance of 

the engine as accurate as possible. 

  

On this machine, the rod is not connecting directly the piston to the shaft. It is connecting the 

displaceable rod (element 6) with the shafts (elements 8, 9 and 10). 

 

 

9.5. Piston rod 
 

The piston rod (element 4) is a rod which has just translational movement. It is transporting the 

movement of the piston placed in the testing object to the inside of the general case (elements 1 

and 1bis). The piston rod is connected on one of the ends to the testing piston object, which is 

then introducing the translational motion. This longitudinal motion is directly transmitted to the 

displaceable rod (element 6), which is connected to the rod (element 7).  

 

The movement of the piston rod is guided by two sliding bushings, one placed on the general 

case (element 19) and another one placed on the top case (element 18). 

 

The piston rod is made of steel 1.0762 (following EN 10277-3). The surface has been hardened 

in order to increase the resistance against the friction using a tempering process. Just the two 

 12 Manufactured Rod 
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surfaces with sliding contact must be tempered, so then an induction or electric resistance 

tempering process will be used. 

 

The piston rod is manufactured from a 270mm length bar of 55mm of diameter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9.6. Shell 
 

The element named shell (element number 12) is the shaft that connects the displaceable rod 

(element 6) with the piston rod (element 4). The shell is not a rotating shaft. It has only 

translational movement without relative movement with the components in contact. The 

connection between the shell and the piston rod is done by a spherical bearing (element 20). A 

screw (elements 38, 39 and 40) is used to fasten the shell together with the displaceable rod and 

the spherical bearing.  

 

The material of the shell should be steel 1.0501 (following EN 10277-2). The manufacturing will 

proceed starting with a 60mm length bar of 30mm diameter. 

 

 

 

 

 

 

 

 

 

 

 

 

 

13 Manufactured Piston rod 

14 Manufactured Shell 
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9.7. Bearings cases 
 

The bearings case (elements 15, 16 and 17) are the components used to place the shaft bearing in 

the right position and, at the same time, hold the radial shaft seals that avoid the loss of oil 

through the shafts.  

 

 

 

 

 

 

 

 

 

 

 

 

The bearing cases are not required to work in any special way; so many materials can be used. 

On this case, a soft steel 1.0035 (following EN 10025) is going to be used, due to its 

mechanizing facility. 

 

The mechanization can be done starting from a bar of 140mm of diameter. A length of 22mm (in 

the longest bearing case) will be needed. 

 

Four bearing cases are needed to be manufactured, one of them blind (element 15). For further 

information about differences between them, check the respective drawings. 

 

 

9.8. Shell cap 
 

The shell cap (element 13) is working together with the shell (element 12) in order to connect the 

piston rod (element 4) with the displaceable rod (element 6).  

 

 

 

 

 

 

 

 

 

 

 

15 Bearing case 3D drawing 

16 Manufactured Shell cap 
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The material characteristics are the same ones than for the shell (check point 9.6 of this project) 

and it can be manufactured starting with a 25mm peace of a 30mm diameter bar. 

 

 

9.9. Piston rod nut 
 

The piston rod nut (element 5) is the nut used to tighten the spherical bearing (element 20) into 

the piston rod (element 4).  

 

The material will be the same than for the piston rod (check point 9.5 of this project) and it can 

be manufactured starting with a 12mm peace of a 40mm of diameter bar.  

 

The nut has a special thread, not corresponding with normalized metric thread. The thread 

presented is a M38x1, which has a really fine pitch for its diameter in order to place the spherical 

bearing in the perfect position with just the necessary force. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

9.10. Gears 
 

The gears (elements 11 and 11 bis) are the responsible elements for the correct symmetric 

motion of the rods and shafts of the Lanchester engine. The connection between both gears 

forces the system to move symmetrically, as gears spin to opposite directions.  

 

The gears are manufactured on special steel with high resistance and strength and able to admit 

cementation (1.6569 following EN 10277-4). The mechanization can be started with a cylinder 

of 200mm of diameter and a thickness of 30mm.  

 

The gears are spur gears with a pitch diameter of 180mm and a thickness of 25mm. The module 

of the gears is 3,5 (40 teeth). 

17 Manufactured Piston rod nut 
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Different kinds of gears could be mounted in order to decrease some noise and vibrations. In the 

point 14.3 of the present project, some comparisons between different possibilities for the gears 

are presented. 

 

 

9.11. Displaceable rod 
 

The displaceable rod (element 6) is the element connecting both rods (elements 7) with the 

piston rod (element 4). The displaceable rod just sends the translational motion of the piston rod 

to two symmetrical points in order to be able to connect two different rods to the same piston, 

working on the same plane and without crashing.  

 

The element is mechanized in aluminium (6061-T6) in order to decrease the inertial weight of 

the chain connecting the piston to the shafts.  

 

The element is mechanized starting from a squared bar of 65mm sides and a length of 225mm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

18 Manufactured Gear 

19 Manufactured Displaceable rod 
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9.12. Shafts 
 

The shaft (elements8, 9 and 10) are the spinning axes of the testing rig where the external 

measurement tools for torque and spin can be connected. Other elements can also be connected, 

like pulleys for running other components. The shaft transforms the translation/rotation of the 

rod (element 7) to a perfect rotation of the external axes.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The connection to the rod, as well as the holding from the general case (elements 1 and 1 bis) is 

done with roller bearings, which support all the forces coming from the piston.  

 

The element is mechanized in special tempering steel for calibrated products 1.0762 following 

EN 10277-3.  

 

The shafts and its counterweights must be calibrated statically and dynamically in order to obtain 

the perfect counterbalance of the engine. 

 

For each of the two axes of the machine, two shafts are needed, which are pressured and fastened 

with a screw to make them either work as a unique axis or shaft.  

 

 

9.13. Pins 
 

The pins (element 14) are the components connecting the rods (element 7) with the displaceable 

rod (element 6). The pins are holding needle bearings, which avoid the friction between them 

and the rods. To keep on place, they are fastened on both sides with retaining rings (elements 48 

and 49).  

 

The material of the pins will be the same than for the shell (check point 9.6 of this project). The 

manufacturing will proceed starting with a 55mm length bar of 25mm diameter. 

20 Manufactured Shaft 
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9.14. Upper sliding bushing 
 

In order to guide the movement of the piston rod (element 4), two sliding bushings (elements 18 

and 19) are mounted. The element 19 has been described in the previous section (normalized 

components), although it is necessary to run a small mechanization on it. 

 

The element 18 needs to be manufactured starting also from a normalized element, but the 

mechanization process is more complicated, and for that reason, it is considered a manufactured 

component. The initial component is a sinterized bronze sliding bushing without flange provided 

by Johnson Metall AB (reference Radiallager 2991 20/40x40) following ISO 2795. The bearing 

has a nominal inner diameter of 20mm (shaft diameter) and an original outside diameter of 

40mm, with a length of 40mm.  

 

These dimensions have to be modified in order to have the space to place the oil seals (element 

27) that have to stop the oil loss through the piston rod. 

 

21 Manufactured Pin 
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10. Mounting and dismounting process 
 

 

The mounting process for the testing rig will be explained. The dismounting process will follow 

the same steps but in a completely opposite direction, started on the last point and keeping 

following them until finishing on the first point. 

 

The process for mounting the testing rig can be divided in different steps and semi-steps. Each 

step is explained after a process number. Inside each one of these steps, different semi-steps or 

stages can be found.  

 

Some of the steps can be done in a different order without altering the right final mounting like, 

for instance, steps 1 and 2.  

 

 

10.1. Step 1: rod bearings 
 

The bearings of the rod (element 23) have to be placed in the right location of the rods (element 

7), together with the correspondent rollers if they don’t have cage that keeps them in the right 

position (the old version of the bearings did not have it).  

 

The bearing will be pressured inside the rod and fixed using two retaining rings (element 21).  

 

Step number one must be done twice, one for each rod. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

22 Step one: mounting the rod bearings 
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10.2. Step 2: displaceable rod / piston rod set 
 

The connection between the displaceable rod (element 6) and the piston rod (element 4) is going 

to be done in step 2. 

 

Firstly, the radial spherical plain bearing (element 20) has to be pressured inside the proper 

location of the piston rod. Once it is pressured inside, it can be tightened using the piston rod nut 

(element 5). 

 

Secondly, the displaceable rod can be aligned with the spherical bearing in order to pressure the 

shell (element 12) taking both components together. After that, the shell case (element 13) can be 

pressed on the other side. 

 

As a last point, the screw (element 38) can be mounted together with its nut (element 39) and the 

washer (element 40) in order to tighten all the set together. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10.3. Shafts set 
 

On this step, all the shafts (elements 8, 9 and 10) are connected and mounted together with the 

set obtained from step 1. 

 

First the inner rings of the small bearings (element 21) have to be pressed to the inner shafts 

(elements 9 and 10) in the way that the inner ring flange finishes in touch to the shaft 

counterweight.  

 

On the outer shafts (element 8) the gears (elements 11 and 11 bis) have to be mounted, one on 

each shaft. The position of the gears is established with the precision dowel pins (element 45), 

23 Step 2: connecting the piston rod to the displaceable rod 
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which have to be pressed on their right place. After pressing the gears, these can be tightened in 

the place using three screws (element 42) for each gear, using also using two tab washers 

(element 50) in order to block them. 

 

Thirdly, and after mounting the gears, the inner rings of the big bearings (element 22) can be 

pressed on their place of the shafts, being sure that their flange is again in the inside part, closer 

to the gear.  

 

After having all the different parts ready, the set coming from step one (rod group) has to be 

placed on the correct side of the outer shafts (one on each shaft), and both shafts can be pressed, 

the inner one inside the outer, keeping the rod set in the middle and free to spin. The right 

relative positioning of both shafts is really important, so the counterweights finish placed 

parallelly and in line.  

 

The last step is to mount a screw (element 41), which will tighten both shafts. To avoid its 

unscrewing, a two tab washer (element 50) will be used, blocking the screw. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10.4. Outer bearings’ rings 
 

On step four, the outer rings of the bearings (elements 21 and 22) have to be mounted on the 

respective places of the general case (elements 1 and 1 bis). 

 

On element 1 of the case (the element without the sliding bushing holder), the rings for the big 

bearings (element 22) have to be mounted. They have to be pressed in their place.  

 

The outer rings of the small bearings (element 21) will be placed on the general case with sliding 

bushing holder (element 1 bis).  

24 Step 3: mounting the shafts 
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After pressing the outer rings of the bearings, the respective bearings cases (elements 15, 16 and 

17) should be mounted in their place. The general case without sliding bushing holder (element 

1) will hold the two big shaft bearing cases (element 17) and the other general case (element 1 

bis), the small shaft bearing case (element 16) and the blind bearing case (element 15).  

 

In order to place the bearings’ rings in the exactly right place, different shim washers (elements 

28, 29, 30, 31, 32 and 33) can be used. The used combination of the shim washers will depend 

on the accuracy on the manufactured bearing cases and the necessity of placing the outer rings of 

the bearings in slightly different positions. 

 

After pressuring the bearing cases, they should be tightened using four screws (element 43) for 

each bearing case. 

 

In order to avoid the loss of oil through the shafts axes, radial shaft seals (elements 25 and 26) 

have to be mounted. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10.5. Sliding bushings 
 

Step 5 includes the mounting process of the two sliding bushings that the machine is mounting. 

 

First, the lower sliding bushing (element 19) has to be pressed in its place, located in the half 

general case with sliding bushing holder (element 1 bis).  

 

25 Step 4: mounting the outer rings of the bearings 
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The upper sliding bushing (element 18) has to be pressed into the top case (element 2). After 

pressing it, the two wiper seals (element 27) have to be put in their place, inside the upper sliding 

bushing.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10.6. Sets’ placing and connection 
 

After having some of the component sets ready (already mounted in previous steps), it is time to 

place them in the right place and connect them. 

 

The two sets of shafts and rods coming from step number 3 can be mounted, putting the inner 

rings of the small bearings together with the outer rings and rollers, mounted on the general case 

with sliding bushing holder (element 1 bis). Once they are placed, it can be checked that the 

bearings are working properly, and the shafts can turn in a perfect way. 

 

The rods’ set (coming from step number 2) can be placed also on element 1bis, putting the piston 

rod in the way that it can slide inside the installed lower sliding bushing (element 19) mounted 

on step 5.  

 

It should be placed in the way that the displaceable rod (element 6) remains with the holes of 

bigger diameter (notice the difference of diameter between its holes) farther away from the 

general case 1bis. 

 

When both previous parts have been placed, they can be connected using the pins (element 14), 

which will be introduced through the bigger holes of the displaceable rod. 

 

26 Step 5: mounting the sliding bushings 
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Before introducing them, one retaining ring (element 49) can be mounted on each pin in order to 

avoid entering the pin too much. Also the needle bearings (element 24) have to be placed in their 

place, on the rod (element 7). For each pin, two needle bearings have to be mounted, and one of 

the needle bearing rings (element 24 bis) has to be place between them. After running these two 

steps, the pins can be pressed to their place, connecting the rods together with the displaceable 

rod.  

 

After pressing the pins, two retaining rings (element 48) can be used to lock their final position. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

10.7. Case 
 

After mounting all the elements that must be located inside the general case, this case can be 

mounted together, tightening the two components (elements 1 and 1 bis) together using screws, 

nuts and washers (elements 34, 35 and 36). 

 

After mounting both parts of the general case, the top case (element 2) can be tightened on the 

top, using screws (element 37), nuts (element 35) and two washers on each screw (element 36). 

 

The base case (element 3) can be finally mounted with the screws (element 37), nuts (element 

35) and two washers on each screw (element 36). 
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11. Lubrication 
 

 

The lubrication on the old version of the testing rig engine is a point that is not completely clear. 

There is one pipe connection on the top part of the general case (element 1) which seems that it 

was used to introduce oil inside the engine. Also a container for the oil is placed in the bottom 

part of the engine, more precisely on the base case (element 3). This container has a pipe 

connection also. No other information is known about how the lubrication was working.  

 

There are different possibilities about how the old lubrication system was working. The first of 

them is the oil mist lubrication. Using the upper pipe connection, some oil mist (generated using 

compressed air) could be introduced in order to create an atmospheric lubrication of all the 

system. 

 

Another possibility could be the oil bath lubrication, where some of the components are 

immersed in oil. Maybe the rods (element 7) were directly in contact with the oil, and with their 

movement, they were splashing with oil all the other components. Then, the recirculation oil 

system could be used in order to introduce oil to the top part (in a liquid way) or to run a filtering 

and cleaning for the oil.  

 

Leaving the hypothesis of how the lubrication system was working on one side, it has to be 

pointed that its operation efficiency was not the expected. One component was damaged and 

everything leads to explain the damage as a lack of lubrication and cooling.  

 

Due to this damage detected, a new lubrication system is going to be designed, in order to 

decrease the possibilities of suffering the same damage again. Further explanations and details 

about the lubrication system can be found in the special appendix developed for this purpose, 

where the lubrication system is designed. 
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12. Installation 
 

 

The installation of the machine is not a very difficult or delicate task. Due to the high weight of 

all the components, the possible influences from external vibrations or other kind of perturbances 

are of minor effect. 

 

On the other hand, the same weight of the components can introduce forces in non desired 

direction if the system is not placed completely vertical. A misalignment on the verticality of the 

machine causes the change of the direction of all gravitational forces, what means that forces in 

non expected direction will appear.  

 

The machine does not need to be fixed to the ground in any way. It can be just placed in a hard 

enough and flat surface with no inclination. If it is wanted to fix it somehow to the ground, the 

base structure can be used, as well as the general case. No influences from external mountings 

are detected.  

 

It will be good to mount the machine in a special location, isolated from other running machines 

that can interact with it and from people. The noise generation level is high, so a partially sound 

isolated room could be used. Otherwise, the people working with the machine will need to use 

the required sound protection equipment, depending on the noise level generated, which for 

different reason, could not be calculated when this report was written.  

 

As different kinds of testing will be done using the machine, some of them applying high 

temperature and pressure steam or running at high speeds, a safe room will be required, where 

the possible explosion of the testing object would be under control, affecting as less as possible 

the testing rig and the environment elements.  

 

The lubrication system, as well as any other device required, can be placed closer or farther from 

the testing rig. 

 

The base case (element 3) of the machine presents some drilled holes (done in unknown 

situation) used to mount some components. In principle, the mounting of external components 

together with the case will not be a big problem. If these components or systems are not 

introducing any kind of movement or vibration or are not sensitive to the testing rig possible 

noises or vibrations, they can be tightened to the base case, using the present holes or other ones. 

Although that, if the possibility of mounting them in a separate place is possible, it will always 

be better, as all the mutual influences between systems will be minimized. 
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13. Maintenance 
 

 

The testing rig is designed to have as less maintenance service as possible. For this reason, some 

recently changed components are already maintenance free (for instance the spherical plain 

bearing mounted, element 20).  

 

Although that, it will not be harmful to change the bearings after some working hours. The 

dimensions of the bearings are calculated to resist more than 106 hours of working, what means 

that their replacement is not required. On the other hand, their change will be beneficial. For the 

estimated length of the experiments, this change of bearings will not be required, and therefore, 

it will not be done. 

 

Although they don’t have to be changed, it is necessary to lubricate them. The lubrication system 

is designed to lubricate some critical points of the machine, but it is not able to guarantee the 

right lubrication of the bearings. For their correct behaviour and life length, it is recommended to 

lubricate all the bearings every 1000 hours of running. 

 

The oil used for the system lubrication has also to be changed. As the machine is closed enough 

to avoid the dust enter from outside, the oil will not get dirty, but of course, will loose the desired 

lubrication properties. For that reason, it has to be changed every 1000 hours, doing it together 

with the bearings lubrication 

 

In order to run the oil change in a perfect way, the base case (which has the oil container inside) 

should be dismounted. Then the container can be cleaned and the foot valve used to filter the oil 

before going to the oil pump can be also cleaned or replaced if required.  

 

The sliding bushings are supposed not to have to stand any radial force. This means that the 

piston rod is just sliding into them, without any force, just the amount enough to guide the 

movement. As this force should be nonexistent, the bushings will work as long as it is necessary. 

Although, they can be changed as soon as the other bearings are changed. In case of radial forces 

are appearing, the life of it will decrease to a finite number of hours. Some rough calculations 

showed that a force of 100N could destroy the sliding bushings in less than 9000 hours of 

working. 
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14. Previous problems 
 

 

The testing rig presented on this report was firstly constructed around 1965. For this reason, the 

renovation and re-design of some elements have entailed some problems. 

 

Most of the problems are related with the lack or loss of information about the machine and its 

elements. It is not possible to find the original documents of the first designed testing rig, what 

means that most of the information has been extracted from the already built rig. Some problems 

have appeared around old references of products that are not on the market anymore, 

components coming from the aerospace sector which are not possible to find as normalized 

products, or simple change of standards (as the European Standards of materials). 

 

Leaving these minor problems apart, other problems have been detected on the constructed 

elements. As the testing rig was running on 1960’s it is difficult to know now (40 years after) the 

causes of some of the problems, as well as the best way of solving them. Anyway, the detected 

problems are presented along the next points, as well as some possible solutions. In the first two 

cases (where the problems have been tried to be fixed) one of the possible solutions presented is 

chosen. On the third problem just some ideas for solving the problems are presented, and future 

work on the machine can decide to implement or not any of them. 

 

14.1. Damaged component 
 
14.1.1. Component and damage 
 

After dismantling the engine, it was shown that the piston rod (element 4) was damaged while 

running it. This component has a translational displacement in the vertical direction, guided by 

two sliding bushing (elements 18 and 19). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
28 Damaged component: piston rod 
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The lower part of the piston rod is clearly scratched and has suffered a heavy increase of 

temperature due to the friction with the lower sliding bushing (element 19). The area affected 

presents a blue tonality, which shows that the area was working under temperatures close to 

300ºC. As well, the sliding flanged bushing presents also damage in the same areas as the piston 

rod. 

 

The damaged area can be divided in two smaller ones, along the longitudinal axis of the piston 

rod. The centres of these two damaged areas are located in two planes containing the 

longitudinal axis of the piston rod. The disposition of these two plains can be described as a 

relative angle position respect the symmetry plane of the component. The relative angles to this 

plane can be, approximately, 45º and -10º. These two different damaged areas can be also seen 

on the sliding bushing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

14.1.2. Possible causes of the damage 
 

The main cause of the components damage could be the failure of the lubrication between the 

two components with relative speed. The lubrication system was not designed to lubricate 

directly the areas with relative speed, which made the friction to become excessive, increasing 

the temperature of the components and leading them to be scratched.  

 

As two different areas can be seen in the damaged zone, it is possible to say that two different 

forces were applied on the directions perpendicular to the damaged areas. The presence of these 

two forces means that a perfect alignment of the components does not exist. As well, it seems 

that the two forces that caused the damage were not acting at the same time; otherwise the 

damage would be caused by the combination of both forces, scratching just one area 

perpendicular to the direction of the resultant force.  

29 Damage on the component.  The two damaged areas 

and the colour adquired can be seen. 
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The material combination of the elements with relative movement was maybe not the best one. 

The design of sliding bushings should be done in order that they will break or be damaged earlier 

enough to save the more expensive and special parts. In this case, the sliding bushing has been 

damaged, but still the important component (the piston rod) suffered also damage.  

 

As a last point, it will be necessary to comment one of the possible causes of introducing radial 

forces to the shaft. As the test rig is based in half of a Lanchester engine, symmetry is a really 

important fact on the engine. This symmetry lets the engine run without the creation of radial 

forces on the shaft, as well as a complete balanced movement in the first and second order. Of 

course, all this perfect movement and balance can be achieved just with perfect symmetry, which 

is always difficult to get while manufacturing the different engine components. This could be a 

reason of the introduction of some external forces. If the two symmetric parts of the engine had 

small differences, big enough forces could appear in some undesired direction, leading the 

component damaged to the failure. 

 

14.1.3. Possible solutions 
 

The first way to solve the problem could be to manufacture the component again. This is maybe 

not the best solution though the high cost of manufacturing the damaged component, as well as 

the time needed to run this manufacturing.  

 

For this reason, some other solutions will be explained, in order to have different options to 

select between.  

 

The first solution would be just to lower the damaged surface until having a perfect one again. 

This solution is fast to be run, but can carry many problems with it. As the surface has a high 

hardness, the mechanizing of the surface is not an easy job. Moreover, if the mechanized needed 

is too big (it seems that it should be around 0,1 mm), the hard layer of the component can be 

completely gone, which means that the mechanical characteristics of the component will be 

completely different. Furthermore, as the component has suffered temperature changes (possible 

to see it because the colour of the steel changed), again the properties of the material in the 

damaged area can be different from the properties on the other parts of the component (stiffness, 

hardness, etc). As a last negative point, decreasing the diameter of the component in the 

damaged area will involve the problem of having a too thin part, which maybe will not be able to 

bear with the efforts introduced by the piston. 

 

The solution that seems to be the most effective one is to rebuild only the damaged part of the 

component. This will lead to change the design of the component, dividing it into two different 

parts: the part that is already damaged, which will be replaced, and the part without damaged, 

that can be reused. Running this solution, the cost of the mechanization of the new component 

will decrease, as just half of it will need to be constructed. Although, a small design work must 

be carried on, in order to redesign the new component part, as well as the coupling system for the 

both final components.  
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Another big solution presented is a complete redesign of the component. Of course, this could be 

the most effective method. Running a new component design can help to have a better 

component in the future, which can avoid the problems of the one in use, averting the possible 

failure in the same way. Although, the complete redesign of the new component will take more 

time, and maybe, the final component will be more expensive than the one mounted now. The 

new component could incorporate an misalignment avoidance system, in order to avert the same 

failure again. This solution could be the most effective one, but of course, not the most efficient. 

The time and cost of the new component design will play a really negative role. 

 

As a last solution, just a polishing of the damaged surface can be done, in order to take out all the 

positive roughness going outside the surface of the piston rod. This solution can be used as a 

short term solutions, as the component will never be able to work as good as with any of the 

other solutions. On the other hand, the cost of implementing this solution can be considered zero 

compared with the others. 

 

14.1.4. Conclusion 
 

After a fast analysing of the damaged component, it is not clear to know what could cause its 

failure. Although that, it is clear to see that a lack of lubrication existed, what led to a high 

increase of the temperatures and a scratching of the surfaces with relative speed.  

 

From the different solutions presented, the fastest and cheapest one has been chosen. The 

component has been polished in the workshop in order to keep on using it. The testing rig is not 

supposed to be used for a lot of hours, so a re-use of the component is worth enough. 

 

Also the sliding bushing has been replaced, as the old one was made of aluminium, presenting 

more friction that the one mounted now, made of sinterized bronze with inner lubrication. 

 

 

30 Re-design of the damaged piston rod 
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14.2. Lack of lubrication 
 
14.2.1. Lubrication system 
 

The testing rig constructed in the 60’s had not a complete and well designed lubrication system. 

All the components mounted required manual lubrication every some hours of running, which 

means that every some period of testing, the machine has to be dismantled and the components 

must be lubricated by hand. 

 

It seems that in order to avoid this dismantling process, which will lead to a loss of testing time, 

an external lubrication system was mounted. None of the elements from the lubrication system 

have been found on the testing rig, so there is a lack of information about it. On the other hand, a 

hose connection on the general case can be seen. It seems that it was used to introduce oil 

directly inside the case, where all the mechanism is contained, but without any special system. 

Maybe lubrication with oil fog or air and oil was run.  

 

14.2.2. Caused problems 
 

Clearly, this lubrication system with just one point of lubrication was not enough. One of the 

components presented a burnt due to friction, as well as some scratches (see point 14.1 of this 

project). This problem could be perfectly caused by the inefficiency of the lubrication system 

mounted.  

 

Also an atmosphere contamination could be done if the oil was sprayed through the connection 

mentioned, as the base case presented a big opening. If the oil sprayed was supposed to fly 

around all the components of the machine (thing that can be perfectly doubtful to achieve), it 

could also fly away from the machine through this opening, polluting all the air of the 

surroundings and with the consequent harm to the people working with it. 

 

14.2.3. Possible solutions 
 

In order to improve the lubrication system, different solutions can be run, involving different 

kinds of lubrication.  

 

The most basic way of lubricating the system will be creating a lubrication chart, with a 

complete specification of the running times for all the components. These running times will 

create a lubrication period, which means that every each number of hours, the machine has to be 

lubricated by hand, using different kinds of oil or grace (depending of the possibility and the 

components to lubricate). This is the system that implies less direct money inversion in a short 

term but maybe is the one which could imply the highest cost in a long term, as the process of 

mounting and dismounting the machine is quite slow.  
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A better solution, which will, of course, avoid the stopping times, is to develop an automatic 

lubrication system, where the oil can be pumped under pressure to the different components that 

require maintenance. This solution can imply big problems when it has to be applied to an 

already built machine, as there are no possibilities of creating inside channels to distribute the 

oil. Also, the cost of this solution can be really big. 

 

A different kind of lubrication (maybe similar to the one already mounted in the original 

machine) could be a fog oil lubrication, where an atmosphere with a lot of particles of oil can be 

created inside the machine. Of course, first of all it is required to guarantee that the problems 

detected will not appear again. This could be done, for example, by increasing the number of oil 

diffusers, placed as close as possible to the elements that need lubrication. If no oil can be lost 

(all the junctions have sealing joints), a showering with oil can be also done, increasing the 

lubrication efficiency (in exchange of a higher oil requirement and also a recirculating system). 

 

14.2.4. Conclusion 
 

After considering the different possibilities, a fast oil spray lubrication system has been 

implemented. The system is just consisting on some spray valves that can spray oil directly to the 

most critical components, decreasing the friction and, at the same time, cooling the system.  

 

It is, of course, not the best solution. A better solution with injected oil directly to the points with 

higher requirements (for instance, bearings) could decrease the friction loses much more as well 

as the possibility of failure (as it was experimented previously) will decrease. 

 

More information about the lubrication systems is presented on Appendix 4. 

 

14.3. Noise 
 
14.3.1. Problem definition 
 

The first aim when the re-design of the testing rig was started was the noise reduction of it. It is 

known that when the testing rig was running on the 60’s, a lot of noise was generated, so the 

difficulties of working with it were high. 

 

Noise generation is always related with vibrations. On this way, if the running rig is generating 

noise, it is also generating vibrations, which can affect the right measurements on the testing 

object or its behaviour.  

 

14.3.2. Noise sources 
 

After dismantling the testing rig, the main source of the noise is considered the two spur gears 

(element 107) that force the opposite movement of both rods (element 2). It is vastly known that 
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spur gears are always a noise generation source, as the transition between different teeth contact 

is done in a tuff way.  

 

Also other noise can come from the elements with relative movement as, for example, the 

bearings connecting the different parts, or the friction in the sliding bushings. This noise, 

anyhow, will be really low compared with the noise generated by the gears. 

 

14.3.3. Possible solutions 
 

If the main source of noise is considered to be the gears system, it is obvious that the solutions 

will imply the re-design of this system. 

 

The first solution that can be examined is the change from spur gears to helical gears. With this 

change, the noise reduction (and consequent vibrations reduction) can be noticeable, as the 

contact between helical gears teeth is much smoother than the contact of spur gears. This change 

could be easily done (in terms of changing gears), but the problem is that helical gears introduce 

lateral forces, which does not a spur gear. Then, these lateral forces must be absorbed by some of 

the elements present in the machine, in this case, the bearings. This means that the bearings must 

be also changed because all the bearings mounted in the machine are roller bearings without 

some of the flanges, which can not support lateral forces of the magnitude that a helical gear can 

introduce.  

 

Changing the bearings can present a wide variety of difficulties. If bearings of the same size but 

of different type (for instance, ball bearings) can be mounted, the problem is minor. If this is not 

possible, maybe the shaft and cases must be also redesigned, involving a huge inversion on 

design and workshop time.  

 

A different solution could be the use of double helical gears, which overcome the problem of the 

introduced axial forces. The forces will be again radial, and no change in the bearing will be 

required. The problem this time is the available space in the machine. As the machine was done 

in a compact way, there is not so much space free inside, and the thickness of the gears is 

limited. The thickness of the spur gears is 25mm, and an increase up to 30-35mm could be done. 

This thickness is not enough for standard double helical gears, which means that specially 

manufactured gears will be required. Of course, the manufacturing of a special double helical 

gear implies an increase of the project budget, as the cost is really high. 

 

An intermediate solution can be mounting two helical gears in an opposite way in order to have a 

final double helical contour. This solution seems feasible, but it implies a lot of problems to 

place the gears in the right position. Any small misalignment of both gears can introduce an axial 

force that can damage (in a shorter or longer period) the roller bearings. If a highly mounting is 

run, the space problem is still disturbing, as the thickness of both gears is restricted. 
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14.3.4. Conclusions 
 

After valuing the different solutions presented, it was decided that none of them will be applied. 

It was not clear that the noise reduction could counterbalance all the time and money required for 

running the different solutions. 

 

As the first idea of running the testing rig at speed higher than designed (up to 6000min-1) was 

put aside, the necessity of decreasing the noise and vibrations level was not on the first line of 

the project.  

 

If for any reason this noise reduction is required, any of the presented solutions can be used to 

overcome the problem, being always aware of the problems (or possible problems) that they can 

carry on their hand. 
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Conclusions 
 

 

The described and re-designed testing rig seems to be well developed for the required 

application. Most of the components have been manufactured with a high accuracy, which 

maybe made the machine a really expensive element to construct.  

 

The new drawings and designing explanations try to substitute the original ones, which are not 

possible to find. With this documentation, all the information about the testing rig is wanted to 

be stored in order to use it in case of failure of any of the components. In case of component 

failure, it is recommended to compare the information included on this report with the possible 

information that could be directly extracted from the visualization of the machine. If any real 

information contradicts the written information on the report, analyze carefully the possible 

causes and resolve in the best possible way.  

 

Some of the components presented special problems. Many of them were not normalized. In the 

new re-design, is has been a main purpose to use as much normalized components as possible. 

For this reason, the old components mounted in the machine could not agree with the report 

references. If any of them has to be substituted, use the new report references in order to have the 

possibility of acquire the components from common suppliers. 

 

If any of the components can not be found with the same reference, other references or 

manufacturers can be used if the characteristics of the components are similar enough and the 

requirements are accomplished.  

 

The problems detected while dismounting the test rig were fixed. Some of the problems can 

easily re-appear, like the damage on the piston rod (element 4), which could be easily scratched 

again, as the reason of the failure is not clear at all. A lack of lubrication and cooling seems to be 

the main cause, which it has been tried to fix mounting a new lubrication system.  
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Some additional help has been offered by different members of the Machine Design department 

of KTH, involving the knowledge of different areas and subjects. Some of the Professors asked 

and other university staff were Bengt Andersson, Ulf Olofsson, Lars Wallentin and Jan-Gunnar 

Persson. 

 

Daniel Clos, Professor of the ETSEIB (Polytechnic University of Catalonia), handed over his 

knowledge about machine design tools, as well as helped in overtaking some problems. I have to 

thank him for the well done work teaching machine design. 

 

Erich Mayer (SKF staff) among others, helped to choose the right components to mount in the 

machine, acting as a connecting point between the component manufacturers and suppliers. 

 

Different friends and partners helped to run the project with their knowledge tips and help, 

including also personal help. It is necessary to emphasize the support of Carina Ehrmann, Ruben 

Bricio and Javi Gálvez, who were always close to me, livening up the working times and breaks. 
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Appendix 2: Lubrication system design 
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Summary 
 

The lubrication system of the testing rig presented on the main part of the report is going to be 

developed. As there is a problem of time, space and cost, a simple lubrication system using oil 

spraying will be mounted. The decision has been taken after comparing and evaluating different 

possibilities for running the oil lubrication. The different components required and the cost of the 

system is also evaluated and a decision is taken in order to implement the system before the 

deadline. 

 

 

 

1. The lubrication problem 
 

After dismounting the old testing rig and running the revision of all the components and 

mechanisms, it was seen that one of the components, as it has been explained in the main part of 

this report, was really damaged. Some scratches and a burnt area were detected. The look of the 

damage pointed to a lack of lubrication problem, which lead to the development of a new 

lubrication system able to avoid the problem again. 

 

The old testing rig had some kind of lubrication implemented, but as the lubrication system 

components have not been found, it is not possible to say which kind of lubrication was used. 

For the external pipe connections it seems that the old system was using oil mist lubrication. 

 

 

2. Lubricating the testing rig 
 

After deciding that a lubrication system must be implemented on the testing rig in order to avoid 

future problems with friction and excess of temperature of the components, it is necessary to see 

which of the components need lubrication and where are they located.  

 

The first point that needs lubrication is the point where the old components presented the 

damage. This point is the sliding contact between the lower sliding bushing (element 19) and the 

piston rod (element 4).  

 

Other components that need lubrication are all those that present relative speeds between them. 

That means that all the bearings must be lubricated, including the bearings holding the shafts to 

the case, the bearings connecting the shaft to the rod and the needle bearings connecting the rod 

to the displaceable rod.  

 

The spherical bearing connecting the displaceable rod to the piston rod does not need any kind of 

lubrication, as it is a maintain-free plain bearing.  
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The other sliding contact, between the piston rod and the upper sliding bushing will also need 

lubrication. 

 

Summarizing, the points that require lubrication are the two sliding contacts, the two needle 

bearings and the six roller bearings that the machine is mounting.  

 

The cooling effect of the lubrication system is not really necessary, as the machine is not directly 

working at high temperatures, but anyway, the sliding contacts will also make the temperature 

increase (it is necessary to remember that the old component was burnt). 

 

 

3. Possible solutions 
 

In order to run the lubrication of the required points, different systems can be mounted.  

 

The first of them is a direct lubrication system with a pressurized oil circuit, based on the crank 

shaft lubrication mechanism of the standard vehicles. Due to the difficulties and high cost of this 

system, its implementation will not be considered. 

 

The second kind of lubrication could be the oil mist lubrication, which seems that was 

implemented on the old testing rig. As one of the components was burnt, the lubrication failed. It 

is not possible to say if the problem was because the system was not properly developed or 

designed or because the oil mist system does not lubricate and cool enough.  

 

An oil mist atmosphere is really good for having lubrication in all the points inside a machine, as 

the small drops of lubricant can move freely around the entire component, lubricating most of 

the points. The negative point is that really thin lubricants must be used, and their lubrication 

effectivity is small. Also a combination of different technologies has to be used, increasing the 

cost of the global system. 

 

A fourth system is the oil bath, used also in many applications, including some crank shafts. 

Many machines with moving parts place these moving parts in a way that they have direct 

contact with the oil container. Then, when the parts are moving (usually rotating), the oil is 

splashed all around the machine.  

 

This is a really cheap lubrication system, that can use thicker oil with more lubrication power, 

but on the other hand, its efficiency can never be ensured. It is just a question of probability that 

the components needing lubrication are splashed with the lubricant. Of course, different devices 

with special shapes can be developed and implemented to increase the possibility of lubricating 

the right points. 

 

Another way of lubricating the points using a cheap system is to directly spray oil on the 

required components. There are different ways to spray oil. The simplest one is just pumping oil 
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through a pipe with its end facing directly the components. Of course, this way is really simple, 

but the amount of oil required is really big. A better solution is to spray the oil using different 

kinds of nozzles. An air spray nozzle can be used, getting a system similar to the oil mist 

explained before, but with higher efficiency. However, the use of different technologies will play 

again a negative role. Therefore direct oil spray nozzles (airless technology) can be mounted, 

avoiding the use of different technologies and decreasing, at the same time, the global cost. 

 

 

4. Implemented solution 
 

After analysing the different alternatives and possibilities for the lubrication system a solution 

can be taken.  

 

The cost is an important point to consider, as well as the efficiency. Therefore, the first direct 

lubrication method will not be implemented.  

 

The methods with low efficiency, as the oil mist and the oil bath with splashing device are also 

going to be avoided.  

 

Between the other methods, economical and practical arguments will decide what to implement.  

 

The combination of different technologies, for instance hydraulics and pneumatics, is usually 

helpful, as the systems are simplified, and the amount of oil used in the system decreases. On the 

other hand, it is necessary to have the devices to compress, lubricate and filter the air and then, 

the devices to add the lubricant. Also, a recirculation circuit is not possible, implying a 

requirement of new oil continuously.  

 

Therefore, the use of just one technology can decrease cost, at least in a long term. For this 

reason, the solution adopted will be to pump oil inside the testing rig. Having on the hand the 

two possible systems (open pipes facing the points and oil nozzles), it is clear to say that the right 

efficiency of the open pipes system can be doubtful, and the oil spray system looks better. 

 

After these and other reasonings, the system implemented will be an airless oil spray system 

using different nozzles in order to spray oil directly to the components that require the 

lubrication and cooling. 

 

 

5. System development 
 

After knowing which lubrication system is going to be implemented and the points that require 

lubrication, it is necessary to design a system able to reach these points with the lubricant.  
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The points that require lubrication are of difficult access, as they are direct contact points. For 

instance, it is not possible to spray oil directly on the contact points of a sliding bushing, what 

means that the moving part must be sprayed, and then, the same translation of the moving 

component will drag the oil along the sliding bushing. 

 

With the bearings it is even more difficult. As they are rotating and displacing at the same time, 

it is not possible to spray them directly. For this reason, the nozzles mounted must cover all the 

moving area of these components. It can be seen that it is not an easy job, so maybe a higher 

number of nozzles will be required.  

 

On this case, it has been decided that three nozzles will be mounted. Not a lot more can be 

mounted, as the free space inside the testing rig is limited. The three nozzles will aim to three 

different places. One of them will aim the piston rod and the sliding bushings in order to spray 

oil on them. The other two will be placed symmetrically; aiming one shaft set each one. The 

lubrication of the shafts set will be done in a lateral way, in order to reach as many components 

as possible.  

 

The nozzles selected are the smaller ones that can give the biggest spray angle. This permits to 

occupy a small space inside the testing rig but, at the same time, reach all the points where the 

lubrication is required.  

 

The oil will be pumped to the nozzles using an oil pump, special for liquids with viscosity. The 

pressure required is not really big. The maximum pressure of the system never needs to be higher 

than 106 Pa and also the oil flow will be small enough. Then, different kind of pumps can be 

used for the application. On this case, a gear pump will be used, as it is the most suitable pump 

for moving liquids with high viscosity.  

 

As the amount of oil required is small, but not small enough for using an opened system, a 

recirculating system will be mounted. This means that an oil container is required on the bottom 

of the testing rig. This container is going to be the same base case, with some modifications that 

have been done in order to place the necessary components inside and improve the connectivity 

of the system. 

 

To keep the oil inside the circuit as clean as possible, an oil filter will be mounted in the foot 

valve of the pump. With this filter, which is placed inside the oil container, it can be ensured that 

big particles coming from different places will not be sucked inside the pump or pumped to the 

nozzles.  

 

As last components of the system (not considering the pipes and connections), two control 

/overflow valves will be mounted. The first of them will be placed in the pipe going to the 

nozzles and will be regulated to let pass the oil just when it has the right pressure for the nozzles. 

On this case, it will be regulated at 1,9·106 Pa. It is a pressure big enough to make the nozzles 

work, without wasting big amounts of oil and being coherent with the pump mounted (which can 
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give a continuous maximum pressure of 2·106 Pa). The second valve will be mounted in the 

overflow pipe, which connects the outlet pipe of the pump with the oil container, in order to 

conduct the excess of flow back to the container. This valve will be regulated at a pressure of 

2·106 Pa.  

 

 

 

 

 

 

 

 

 

 

 

 

 

6. System components 
 

The components explained in this point are just the bought components that can not be found in a 

common workshop. As some information about them is still missing when this report is written 

(connection diameters), the pipes, connections, angles, etc. can not be defined. If it is required, 

contact the author in order to get the missing information a posteriori.  

 

6.1. Gear pump 
 

The gear pump used to pump the oil through the circuit is a Gear Pump BE-G20 230V 450W 

able to pump 900 l/h up to a maximum pressure of 6 bar (maximum continuous operating 

pressure 2 bar). This pump is suitable for any kind of non-aggressive viscous liquid between 

SAE 10 and SAE 30.  

 

The decision of using this pump is based on the maximum pressure, ensuring with the valves that 

it will never be higher than 2 bar. The high amount of overflow will be returned to the oil 

container using the by-pass system with the overflow valve controller. 

 

6.2. Nozzles 
 

The three nozzles mounted are tangential-flow full cone nozzles made of PVDF. Their cone 

spray angle is 120º. The manufacturer is Lechler, and the reference is 422.408.5E.CC 

 

Each of these nozzles is able to spray around 1 l/min when a pressure of 2 bar is applied to them.  

 

A2.1Picture of the lubrication system implemented 
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6.3. Overflow and control valve 
 

The overflow and control valves are used respectively to control when the liquid must be 

recirculated directly to the oil container without going to the nozzles and to control the right 

pressure in the nozzles.  

 

Both valves have to be set to pressures around 2 bar, which is the maximum working pressure of 

the used pump. For this reason, the control valve has to be placed as close as possible to the 

nozzles and needs to have a set pressure lower than 2 bar. It has been decided to set it in 1,9 bar, 

but this number is just a reference. The nozzles can also work with lower pressures (always 

higher than 0,5 bar) and for this reason, the precision of the valve setting is not vital. 

 

The overflow valve is used to ensure that the pressure in the circuit will never be higher than 2 

bar, which is the pressure where it must be set. When this pressure is got, the valve opens and 

lets the overflow go back directly to the oil container, acting as a by-pas valve. 

 

The valves are red brass valves for different liquids, gaseous media and steam, resistant to oil, 

unleaded petrol and benzene and adjustable in a range between 0,5 and 2,5 bar. 

 

6.4. Oil filter 
 

The oil filter is placed inside the oil container, filtering the oil before it is sucked into the pump 

to ensure that no big particles are entering the lubrication system.  

 

They are ready to let pass up to 60 l/min and stop particles of around 1mm size. It is made of 

stainless steel and prepare for standing any non-aggressive liquid. 

 

Element Description Special Information Quantity Material 

1 Pump Gear Pump BE-G20 230V 450W 1 - 
2 Nozzle Lechler tangential-flow full cone 422.408.5E.CC 1/4 BSTP 3 PVDF 
3 Control valve Liquid control valve adjustable between 0,5 and 2,5 bar G 3/4" 2 red brass 
4 Foot valve filter Stainless steel filter particles 1mm G 3/4" 1 stainless steel 

A2.2 Table of lubrication system components 

 

 

7. Mounting the system 
 

The mounting process for the lubrication system can not be completely defined yet. Following 

the sketch presented in this appendix, it is possible to connect all the components between them 

finding the suitable pipes and connectors and checking the components references and sizes 

presented on the components table.  
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Conclusions 
 

After running this appendix, the lubrication system of the testing rig must be completely 

mounted.  

 

For different reasons involving time agreement problems between the different parts involved in 

the project it is not possible to completely define the system.  

 

Therefore, the lubrication system presented has to be taken as a main idea of the system that the 

author wants to have mounted. Any modifications can be done in order to improve the system.  

 

The components not defined yet will be defined on a later modified version of this appendix, 

completing all the required design points and closing and clarifying all the points related with the 

lubrication system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note of the author: 

 

The author excuses himself for being not able to present a complete appendix for the lubrication 

system design attached to this master thesis report. For further information about it or for getting 

the complete appendix version, please contact the author or any other person involved in the 

project.
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Appendix 3: Table of components 
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Appendix 4: Components’ drawings 
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