
 

 

Sauli Sälemaa 

Improvement of a Friction Test  
Machine 

Metropolia University of Applied Sciences 

Bachelor of Engineering 

Mechanical and Production Engineering 

Bachelor’s Thesis 

11 November 2019 



 Abstract 

 

Author 
Title 
 
Number of Pages 
Date 

Sauli Sälemaa 
Improvement of a Friction Test Machine 
 
35 pages + 5 appendices  
11 November 2019 

Degree Bachelor of Engineering 

Degree Programme Mechanical and Production Engineering 

Professional Major Machine Design 

Instructors 
 

Tuomas Teräsvuori, Project Manager 
Jyrki Kullaa, Principal Lecturer 

 
This thesis deals with the improvement of a friction test machine which has been designed 
by Rejlers Finland Oy. The machine has been built and during its testing, lack of compliance 
between the drives and the mechanisms, as well as the cumulative deflection caused by the 
lack of rigidity have caused the machine to be redesigned. The screw jack system was not 
compliant with the PID controller because the screw jack is irreversible, i.e. after the actua-
tion force has been removed, the forces will not return without actuation to the original state. 
In consequence, the PID controller could not control the current of the servomotor, thus 
causing excessive forces during its operation and caused the rotary specimen to cut the 
plane. 
 
The primary objective of the thesis was to modify the screw jack system to be compliant with 
the internal PID controller. The secondary objective was to redesign the construction of the 
linear actuator carriage, and make it as stiff as possible within the constraints set by the 
original design. 
 
The designing of the assembly was carried out with SolidWorks 2018 software where the 
first friction test machine was already designed in CAD. The simulations were performed 
first with SolidWorks Simulation software, but after significant time consumption between the 
iterations, the simulations were conducted with Ansys Mechanical widely used in the me-
chanical finite element analysis. 
 
The modifications to the actuator mechanism assumed to be compliant with the PID control-
ler. The simulations’ results compared to the original design, had significant improvements 
in the stiffness of the system, without compromising the structural integrity or fatigue life of 
the machine. The project will be continued by the commissioning of the friction test machine 
prior to the delivery to the clients. 

Keywords mechanical design, stiffness improvements, SOLIDWORKS, 
FEA, ANSYS 
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List of Abbreviations 

AIT Assembly, Integration and Test. Facility where assembly, integration and 

test can be done prior to commissioning the product to customer use.  

CAD Computer Aided Design. Software used designing and modelling 3D-mod-

els and assemblies. 

FEA Finite Element Analysis. Simulating a phenomenon with Finite Element 

Method. 

FEM Finite Element Method. A numerical method for solving problems of math-

ematical and engineering physics. 

PID Proportional–Integral–Derivative. Controller functioning on a control loop 

mechanism adjusted by feedback. 
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1 Introduction 

This thesis was commissioned by Rejlers Finland Oy. Rejlers Group has over 2400 em-

ployees in over 80 locations in Finland, Sweden, Norway and Abu Dhabi. Rejlers Finland 

Oy is part of the Nordic based Rejlers group. Rejlers offers a variety of engineering and 

IT solutions for industrial, energy, construction, infrastructure and telecom areas. Rejlers 

Finland Oy has over 1000 employees in over 20 locations in Finland and one location in 

Abu Dhabi. In 2018 Rejlers Finland Oy had a turnover of a 56.2 million euros. 

1.1 Scope 

The thesis examines an existing friction test machine, which is a tailor made machine for 

Rejlers’ clients. The goal of the machine is to measure static and dynamic friction coeffi-

cients by pressing a rotating cylindrical specimen on a flat motorized surface. The servo 

motor on the bottom frame plate rotates a screw jack system's worm screw that rotates 

the ball screw on top of the screw jack system. Thanks to the screw jack system, the 

linear actuator carriage moves up and down parallel to the linear guideway rails. The 

linear actuator carriage transmits force to the support on which the plane is mounted. 

The plane is pressed against a rotary specimen and both the force generated by the 

linear actuator carriage and the cradle torque are measured by force transducers. The 

data from the machine consists of the static and dynamic friction coefficients, which can 

be computed from the measured rotational torque, and the overall pressing force. 

The scope of the thesis is limited to the linear force motorization of the flat surface, which 

will press against the cylindrical rotating specimen. It starts from the selection of the 

correct screw jack system, which in the existing machine, was a trapezoidal screw, which 

is irreversible. It is not compliant with the PID control loop system to which the servomo-

tor has been designed for. The screw jack system is self-locking and the PID control 

cannot adjust the pressing force in real time as the PID controller controls the amperage 

of the servomotor. As the screw jack system is actuated up to a specified pressing force, 

when this specified force is achieved, the mechanism figuratively speaking locks itself, 

and no torque is transmitted back to the servomotor, and the controller cannot adjust the 

current, since no resistance is caused by the irreversibility of the system. This, in addition 
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to the force caused by the rotation of the cylindrical specimen, causes the system, more 

specifically the linear mechanism, to deform elastically, causing an increase in the linear 

force, which raised the overall force to very high forces. The servomotor should then 

decrease the force by winding the screw down, but due to the lack of feedback from the 

cumulative applied forces, the current at the servomotor cannot be adjusted. Further-

more, the force transducer stiffness is unknown, and therefore considered as negligible 

in the original design, which constituted a major factor in the overall deflection of the 

system. 

As part of the scope, the overall number of linear bearing blocks and the mounting of the 

linear bearing blocks have to be revised, so that the mounting of the linear bearing blocks 

are as stiff as possible. In addition, the support holding the plane have to be aligned and 

rigidly connected to the linear actuator carriage to avoid the deflection as much as pos-

sible. 
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1.2 Objective 

 

Figure 1. The friction test machine 

The current screw system is shown in Figure 1, which is a significant constraint in the 

thesis, since the solution has been frozen at early stages in the design of the friction test 

machine. The friction test machine has been built and during its testing, cumulative de-

flection, due to lack of rigidity has been found, and therefore, the plane starts cutting into 

the rotary specimen with a large force. 

The target is to find a solution which would require the minimum number of changes to 

the structures and fulfills the requirements for the PID loop, taking into account the hys-

teresis between rising and lowering the pressing force of the test plane. In addition, the 

linear actuator carriage and the support are to be designed again to make the friction 

test machine as stiff as possible. The deflection of the linear actuator carriage and the 
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support causes hysteresis of the system and can be seen as the “rolling” effect of the 

rotational test specimen on the plane, which causes a deviation in the direction of the 

loading, cumulating to issues with stiffness and measurement uncertainty. 

All the improvements to design the new revision of the friction test machine are to be 

considered with FFF-fundamentals; Form, Fit and Function. Form takes into account the 

shape, dimensions, size, mass, material and other aesthetic choices, which produce the 

attractive aspect of the products. Fit will ensure that the designed components are able 

to interface physically with other parts, thus performing the new parts assemble straight-

forward. Function is the third and not the least issue which takes into consideration the 

actions the parts are designed to perform. 

Table 1. Applicable standards 

 

The mounting and quantity of the linear bearing blocks have to be enhanced. This can 

be done by tightening the linear bearing blocks using screws, which need to be calcu-

lated with regard to the preload forces, and the cutting forces present. It is important that 

the nominal slip force is at least 1.25 times the overall cutting force, as well as the nom-

inal gapping force is to be 1.25 times the opening forces during normal conditions. These 

requirements are found in AS2 (see Table 1). The new mechanical design is to be cal-

culated in static and elastic simulations, either with SolidWorks Simulation or with Ansys, 

which is available at the time needed. 

The focus of the thesis is to produce a practical friction test machine by modifying the 

screw jack system to work with the PID controller and to increase the stiffness of the 

linear actuator carriage. 
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2 Design 

2.1 Engineering Constraints 

Constraints as mentioned above are the screw system, the force transducer, pressure 

test system and the frame, which have already been designed, purchased and manufac-

tured and are not preferred to change. The space is considerably limited and have to be 

taken into account from the beginning. The first version of the friction test machine layout 

can be seen in Figure 2. 

 

Figure 2. Order from top to bottom: the support, the force transducer, the linear actuator carriage 
and the screw jack system 
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The force transducers should not be changed, yet it is highly recommended to change 

the position to give the transducer a better lifespan, and by changing its position, is fore-

seen to improve the stiffness of the system. The required documentation of the trans-

ducer is found in Appendix 1. It is not obvious that by changing the position, the preload 

will be higher, which will need to be corrected by the software in the form of zeroing, or 

calibrating the transducer prior to the testing and commissioning of the friction test ma-

chine. 

The current solution has on the rear side some pressure test equipment, which are at-

tached to the main frame with two (2) bolted connections. These have to remain in that 

position, and are considered as constraints. 

 

Figure 3. Pressure control equipment on the rear of the machine. 

The snowball effect of such a structure being moved will cause possible changes in tub-

ing, the location of energy chains, which are not foreseen to be necessary for the retro-

fitting. The pressure control valves are illustrated in Figure 3. 
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2.2 Concepts 

Firstly, it was decided that the manufacturer would modify the screw system, to accom-

pany the challenges of the PID control. The screw jack was changed to a reversible ball 

screw with a 12 mm pitch. In addition, the angle gear with worm gears inside the screw 

jack housing are replaced with gears that have a significantly higher pitch angle, making 

the system reversible. The initial casing retaining primary specifications to other compo-

nents was used. After the changes made by the manufacturer, the screw jack system 

with a worm gear was tested prior to the delivery from FREN in Austria, in order to reduce 

possible risks of returning the screw for the second time, since the schedule for the mod-

ifications was tight. As a result, a load of 50 N on the screw body will cause a 0.015 Nm 

torque at the input shaft. 

Secondly, the designing continued with sketching possible variations of the linear actu-

ator carriage. Eliminating deflection in the y-direction as much as possible, the force 

transducer had to be moved lower. The screw system is so tall that it was not possible 

to set the sensor between the linear actuator carriage and the screw system, and for this 

reason it was positioned under the screw system. The linear actuator carriage was sup-

ported with two (2) Hiwin linear bearing blocks, which had one rail per each linear bearing 

block. 
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Figure 4. Sketch of linear guideways in XY-plane 

One possible attachment of the linear actuator carriage was to place four (4) linear guide-

ways in a rectangle at the XY-plane (Figure 4). Stiffness would have been substantially 

increased over the primary design, however the idea was then discarded because it 

would have required a major modification of the side plates of the frame where the rails 

attach. 

 

Figure 5. Sketch with linear bearing blocks in XZ-plane 

Finally, the best option was to use the rails in the location where they were already po-

sitioned and place the four linear bearing blocks in the XZ-plane (Figure 5). This was the 

solution, which then was chosen and continued. 
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2.3 Modelling 

Modelling was carried out using SolidWorks 2018 CAD (Computer Aided Design) soft-

ware. The initial model has been modelled completely (Figure 6) in the above-mentioned 

software and therefore, it was proficient for modelling in CAD. As a result, the constraints 

for the FFF methods and requirements could be accomplished. 

 

Figure 6. Main Assembly in CAD-software 
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Firstly, the force transducer was placed on the bottom frame with a plate to attach it to 

the already made holes on the bottom frame plate, where the screw system was previ-

ously attached. Therefore, drilling new holes to attach the force transducer would not 

have been required. 

 

Figure 7. The force transducer with the attachment plate under 

This made the space between the frame bottom plate and cradle even minor (see Figure 

7). The decision was made that new holes would be made to the bottom frame plate and 

attach the force transducer directly to the bottom frame plate. 

 

Figure 8. The force transducer attached to the bottom frame plate 
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This allowed 20 mm more space for the screw jack system and the linear actuator car-

riage (see Figure 8). It addition, it made possible the assembling of the force transducer 

and screw jack system together before assembling them to the main frame. 

Secondly, the modified screw jack system was placed on top of the force transducer with 

an attachment plate to attach the screw system to the sensor. The plate was chosen to 

be a mould plate from Fodesco Oy because they provide plates with tight geometrical 

tolerances, which are more important than the dimensional tolerances, as seen in Figure 

9. 

 

Figure 9. Fodesco milled blanks [2] 

Fodesco Oy offered the machining of the plate to final measurements with rapid delivery 

time. The size of the plate is 346 x 296 mm and it was chosen from their catalog. It is a 

P - Standard plate for the production of plastic moulds. The size was chosen so that only 

one side and bottom required machining. The plate material was chosen to be DIN 

1.2085 as it has excellent corrosion resistance with high yield strength, hardness and 

content of chrome. Steel’s qualities in obtaining accurate tolerances and positive worka-

bility are better for this application. Furthermore, no coating is needed and the screw jack 

system and the force transducer can be assembled together in straight alignment. 
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Figure 10. Rear side interference 

Interference, as seen in Figure 10, with other pre-made parts of the friction test machine 

was a significant factor at the modelling phase. Therefore, modelling took considerable 

time and effort. In the main assembly, there is a beam on the backside of the friction test 

machine, which holds cables and other equipment. The servomotor would not have fitted 

under the beam and the cable rail without assembling the force transducer straight to the 

frame bottom plate. The cable rail can be lifted and attached to the upper slot if it is 

required to make the servomotor to fit. The servomotor is installed to the same plate that 

the screw jack system is attached. Although the servomotor is installed offset to the 

mounting point of the plate and tends to bend the force transducer, it is not regarded as 

significant because the linear guideways hold against the bending. 
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Figure 11. Interference with the screw jack and the right rail 

The rail on the right side is sitting very close to the lifted screw system and its attaching 

plate, but the rail can be cut shorter to avoid collision (Figure 11). The gap between the 

rail to the plate and the screw jack system is only 3.5 mm on the CAD-model. 

 

Figure 12. The linear actuator carriage assembly 
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Thirdly, the designing of the linear actuator carriage was commenced and it was clear 

after the concepts that it will be constructed from a machined pipe and two thermal cut 

and pre-machined steel blocks (Figure 12). In order to make the linear actuator carriage 

as stiff as possible the idea was to add two (2) more Hiwin linear bearing blocks. Due to 

lifting of the screw jack system there was no space on the right side so the construction 

was designed with three (3) linear bearing blocks (Figure 13). It was seen to be enough 

together with tightening the linear bearing blocks to the linear actuator carriage using 

screws. 

 

Figure 13. Hiwin linear guideways positioning 

After pre-machining the linear actuator carriage parts would be welded together. Next 

the carriage would be reannealed and machined to the specified tolerances. The pipe 

was decided to be a hollow bar from Polarputki Oy. The material was selected from Po-

larputki’s catalog to be E420J2 structural steel. The two thermal cut parts’ material was 

chosen to be common structural steel S355J2G3. 
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The mounting of the linear bearing blocks was then to be revised because they glided 

against the linear actuator carriage even though on the first revision had shoulder on one 

side to prevent gliding. The Hiwin RGW45CC linear guideways were chosen already in 

the first revision of the friction test machine and they were calculated to be strong enough 

to handle the forces. The linear guideway load ratings can be seen in Appendix 2. The 

idea of clamps on side of the linear bearing blocks was taken from Hiwin catalog in Ap-

pendix 3. The forces were calculated in an event of collision, which is not the desired 

occasion but an extreme incident. 

 

Figure 14. Calculations of the forces to the clamps in a collision 

Fp is the force that the rotary specimen will produce in a collision. lk is the distance from 

the rotary specimen to the lower linear bearing block. lv is the distance between the lower 

linear bearing block and the upper linear bearing block. Fl1 is the force to each of the 

upper bearing blocks in a collision event and Fl2 is the force to lower bearing block at the 

collision event. (Figure 14.) An M10 Grade 8.8 coarse pitch thread bolt will have a 28 

500 N preload force and an M10 Grade 10.9 will have a 41 800 N preload force [5, p. 

460]. Three (3) M10 bolts were calculated to be enough to hold the force the clamps 

could encounter. Three (3) Grade 8.8 bolts would place an 85 500 N preload force and 

three (3) Grade 10.9 bolts would place a 125 400 N preload force. The bolts were se-

lected to be Grade 10.9 as the forces at the friction test machine may be significant. The 
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requirements found in AS2 that the nominal slip forces is at least 1.25 times the overall 

theoretical shear force, as well as the nominal gapping force is to be 1.25 times the 

theoretical tensional or axial forces are then met. The material of the clamps was se-

lected to be EN 1.4401 Stainless Steel, since no surface finishing or rust protection is 

needed after manufacturing. The material has high yield strength, which is excellent for 

the purpose. 

 

Figure 15. The linear bearing block clamp 

The clamp was designed to be 90 mm tall, 45 mm wide and 16 mm thick with a 2 mm 

cut on the front side, which concentrates the preload forces to the linear bearing block 

and the linear actuator carriage precisely (Figure 15). 
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Figure 16. The linear actuator carriage with linear bearing blocks and clamps 

The assembly with the linear actuator carriage, the linear bearing blocks and the clamps 

can be seen in Figure 16. 

Finally, the support, which is a load bearing component, required some redesigning and 

updating to fit the new linear actuator carriage. The first revision of the support could not 

be modified and used in the second revision, therefore it was redesigned. It was previ-

ously made from EN 1.4401 material hence it was the material by default to be used in 

the redesigned component. The support was attached with six (6) DIN 915-45H socket 

dog point set screws and two (2) DIN 7979 dowel pins. The dowel pins were calculated 

to bear all the shear forces involved in the event of a possible collision. The simulation 
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results indicated that a minimum of two (2) over 5.81 mm solid pins would take all the 

bending and shear forces. The calculations can be found in Appendix 4. The chosen pins 

have a thread on one end to ease replacement in case they are damaged or require 

replacement. The overall diameter of the pins is 8mm, which has a higher cross section 

than the minimum required, even though the shear forces and plane goes through the 

section of the pin, where there is the internal thread. The support was designed to be as 

low and stiff as possible from the plane where the rotary specimen interfaces to the in-

terfacing surface between the support and the linear actuator carriage (Figure 17). 

  

Figure 17. The support 

Some functional features on the support are the test pressure inlet from the side of the 

support to the middle and beneath the support a counter bore for clearance the screw 

jack ball thread. The dowel pins were positioned to the sides to divide the loads steadily 

and positioning the support in the center of the linear actuator carriage. 
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Figure 18. The redesigned linear actuator carriage assembly 

Figure 18 illustrates the redesigned linear actuator carriage assembly with the linear 

bearing blocks, the support, the clamps and some components for the pressure testing 

subassembly. 
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3 Simulation 

3.1 FEM Boundary Conditions 

The forces computed were to be checked against standards AS1, AS2 and AS3 in Table 

1. The purchased components must have a positive margin of safety with regard to the 

nominal design loads of the components. 

Initially, the purpose was to make the analysis based on the entire model, which will fulfil 

the requirements of the mentioned standards. Several iterations were made, to have a 

more accurate understanding of what was happening in the structure while loading. All 

conditions calculated were normal conditions of use for maximum loads, which were pre-

defined when the friction test machine was designed. For all critical parts, as seen by 

machinery safety and reliability, needed to be calculated and documented as per require-

ments in the previously mentioned standards. 

Regarding fatigue, it is considered highly misleading to carry out any fatigue analysis 

using the possible history of the system, due to the fact that the differences in loads and 

test conditions are foreseen to change considerably during the lifespan of the friction test 

machine. The fatigue standard is taken into consideration as per the main guidelines and 

allowable stresses in structural steel, rather than the accurate calculation of the fatigue. 

3.2 FEA Simulations and Results 

The first FEA (Finite Element Analysis) simulations were carried through SolidWorks 

Simulation. It was a fluent way to begin the simulations because the assembly was made 

with the same software and there was knowledge of the simulation software at this de-

partment of Rejlers. There are many positive features in the simulation software, how-

ever, after a couple of weeks of learning the simulation side of the SolidWorks 2018, it 

was still uncertain that the results were correct and if the applied torque had a correct 

effect. Also the calculation lasted sometimes over 24 hours and it was not certain that 

the simulations would succeed because the SolidWorks Simulation progress window did 
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not give any relevant information than just a percentage number which would not change 

for hours. (Figure 19.) 

 

Figure 19. Uncertain stress results from SolidWorks Simulation 

Ansys was taken in to use on the simulations, because it calculated significantly faster 

and provided faster iterations between analyses, even though some studying of the soft-

ware was required, do that the boundary conditions represented the real conditions as 

accurately as possible. The results from Ansys simulations were significantly constant 

and the torque was affecting correctly. (Figure 20.) 



22 

  

 

Figure 20. Stress results from Ansys Mechanical simulation 

Maximum forces used in the analysis of the friction test machine are 100 kN pressing 

force from the screw jack system and at the same time 5 kNm torque from the cradle 

axle. In simulations, the forces were 150 kN pressing force and 8 kNm torque which are 

more than 1.25 times the maximum forces designed to be used. The rotary specimen 

and the plane were bonded together in the simulations for analyzing the event of colli-

sion. The material used in the simulations was structural steel as the Young’s Modulus 

of 200 GPa is similar to all the parts used in the simulations. The used element order 

was set to “Program Controlled” in Ansys, and with that setting, Ansys solved the simu-

lation model with SOLID186 elements and SOLID187 elements which are quadratic el-

ement order conducted to 3D SOLID models. 
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Figure 21. Bolt preloads, screw jack forces and cradle moment 

The simulation model was shaped as simple as possible to perform the simulations as 

efficiently as possible and still accurate. Ansys has a function to perform automatic con-

nections with a specified tolerance. The tolerance used was 0.2 mm and it gave 185 

connections. Ansys specifies the automatic connections as bonded and the connections 

were modified to properly reflect the connections. The cradle bearings were simulated 

with Ansys bearing connections. Instead of the force transducer measuring the torque, 

a very stiff spring was used that allowed to study the force applied to the force transducer. 

The simulations were done with two (2) load steps. Critical bolted connections were built 

with beam connections in Ansys Mechanical and the connections were preloaded with 

specified forces [5, p. 460]. The preload forces of the beams were applied in the first load 

step and the force was locked in the second load step. (Figure 21.) A frictionless con-

nection was set between the parts with simulated bolted connections. Also a frictionless 

connection was applied between the linear bearing blocks and the linear guideway rails. 

[6.] 
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On the second load step the screw jack forces of 150 kN to the bottom of the linear 

actuator carriage and top of the screw jack system attachment plate and moment of 8 

kNm to the shaft of the cradle were applied. The first iterations were done with a larger 

mesh size. The mesh had 790 000 nodes and 421 000 elements. These allowed the 

simulation results to be available in 3 to 15 minutes depending on the connection types 

used. Using only “Bonded” and “No separation” connection types were calculated faster 

and when frictionless was used in appropriate connections, solutions were more slowly 

calculated. 

 

Figure 22. Results from first few iterations 

After the first few simulation iterations, the model had to be modified since the stress 

spikes at the corners of the linear bearing blocks shoulders as seen in Figure 22. Stress 
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spikes to those corner areas were suspected to fracture due to fatigue. The shoulders 

were revised to be continuous from top to bottom. 

 

Figure 23. Modified shoulder area 

Modifications to the shoulder area lowered the stresses and no stress spikes occurred 

after (Figure 23). The stresses in the shoulder area were maximum of 145 MPa which is 

less than half of 355 MPa, the minimum yield strength of the S355J2G3. Results con-

vinced after few tenths of iterations with Ansys and the mesh was optimized on the areas 

which pointed out to require more explicit mesh as seen in figure 24. The mesh in last 

iterations was made with 2 624 000 nodes and 1 729 000 elements. The results were 

calculated in less than 7 hours, which is considerably less than SolidWorks Simulation 

software calculated with a far lower volume mesh. 
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Figure 24. Optimized element quantity on critical areas 

The results were slightly changed with the optimized mesh. The maximum stress were 

reduced. The stresses lowered in some parts and in other parts increased as the results 

became more precise. 

 

Figure 25. Maximum stresses increased 
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As seen in Figure 25, the maximum stresses in the shoulder area were increased by 13 

MPa to 158 MPa in total which still produces a safety factor of over 2. The stresses of 

over 3000 MPa came from the bonded contact between the rotary specimen and the 

plane and are not regarded as critical to the designed construction. 

 

Figure 26. Maximum stresses at front side 

On the front side, maximum stresses of 270 MPa to the support occur to the lower part 

of it. The stress is compressive and it is designed to be the breaking point if the pins and 

bolts holding the support to the linear actuator carriage do not break before. Maximum 

stresses of 202 MPa to the clamps are reasonable and are caused by contact pressure. 

Maximum stresses of 102 MPa to the screw jack plate are also decent. Maximum 

stresses of 190 MPa on the linear actuator carriage against the linear bearing blocks are 

acceptable from the contact pressure. (Figure 26.) 
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Figure 27. Maximum stresses at back side 

In Figure 27 from the backside of the friction test machine, maximum compression 

stresses of 277 MPa to the front inner edge of the support are visible and caused by the 

extreme forces on the simulation which do not occur on normal operations of the friction 

test machine. The stresses of 158 MPa to the linear actuator carriage on the backside 

are reasonable and caused mainly from the pretension of the linear bearing blocks with 

the clamps. All the stresses have a safety factor of more than 2 and the forces used in 

the simulations are over 1.5 times of maximum permissible forces. 
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Figure 28. Total deformation 

Total deformation of 0.71 mm is primarily along the Y-axes of the simulation model in 

Ansys seen in Figure 28. The linear actuator carriage, the support, the clamps and the 

linear bearing blocks move up on the rails as there is a frictionless contact between the 

linear bearing blocks and the rails. 
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Figure 29. Z-axes deformation 

In the Figure 29, the deformation of the linear actuator carriage and the support along 

the Z-axes is considerably less than the total deformation. Deformation of 0.17 mm on 

the Z-axes at the support edge is permissible considering the forces applied to the friction 

test machine on the simulation. The linear actuator carriage together with the support 

can be considered stiff after the redesigning. 
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4 Manufacturing 

Firstly, the linear actuator carriage was to be built from three (3) pieces. In the center, 

there would have been a pipe pre-machined in length, inside and outside diameter prior 

to welding. The steel blocks attached to the pipe would have been thermal cut and pre-

machined before reannealing. Lastly, the linear actuator carriage would have been ma-

chined to the specified tolerances. 

All the drawings were made including tolerances and manufacturing standards. The 

drawings are included in Appendix 5. One of Rejlers trusted subcontractor was invited to 

submit a bid of the linear actuator carriage. Rejlers provided files containing all the draw-

ings and CAD-models of the redesigned parts. The subcontractor was given free hands 

with a tight schedule. The subcontractor submitted a bid to do the linear actuator carriage 

from one (1) piece with their 5-axes milling machine. The tight tolerances are easier to 

achieve when manufacturing the linear actuator carriage without welding. The distortion 

from welding large pieces may cause challenges, now it can be avoided significantly with 

machining from one (1) piece. Minor modification was done to the linear actuator carriage 

prior to machining, and the modifications allowed preferable machining (Figure 30). 

 

Figure 30. The linear actuator carriage: On the left welded model and machined on the right 
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Figure 31 illustrates the machining process of the linear actuator carriage in 5-axes ma-

chining center. The steel billet block weighed almost 200 kg and the machined linear 

actuator carriage weighed 45 kg. 

 

Figure 31. Machining process [7] 

The project schedule was 5-6 weeks, and the new mechanical design and components 

are available for assembly at Rejlers AIT (Assembly, Integration and Test) facility located 

at Rejlers supplier in Järvenpää. The testing will be subsequently made after the me-

chanical installation, and will conclude the commissioning of the friction test machine to 

the end clients. 
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5 Conclusion 

The main goal of this thesis was to redesign the friction test machine, which had a com-

patibility problem with the PID adjustment of the screw jack system. Also, the linear ac-

tuator carriage was too flexible due to the force transducer placement. The aim was to 

limit the changes to the minimum number of parts, which added to the challenge as the 

machine was already manufactured. In addition to the tight schedule, the challenge of 

the thesis was increased by the change of the simulation software during the thesis and 

the use of new tools in the software. The topic involved a variety of problems that required 

inventiveness and acquiring new knowledge. 

 

Figure 32. The original design on the left and the redesigned machine on the right 

A suitable solution was found which required the modification of one (1) part, and the 

manufacturing of four (4) new components (Figure 32). The screw jack system was 

changed to a reversible model to work with PID control. The force transducer was moved 

to the lowest position in the assembly where it cannot bend. A plate was designed on 

the force transducer to attach the screw jack system to the force transducer. On top of 

the screw jack system, the linear actuator carriage was redesigned to be stiffer by the 

addition of a single linear bearing block. The linear bearing block increased the linear 
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actuator carriage torsional stiffness. The support was redesigned on the linear actuator 

carriage, which was also made as stiff as possible. 

Based on the results of the simulations, the stiffness of the friction test machine was 

significantly increased, which provides the basis for a functioning machine. Changes in 

the screw jack system make the PID adjustment work, so that the forces remain within 

the controlled range and the friction does not increase too much to bend the structure. 

Bending less than 0.17mm in the Z-axis with very high forces is a very big improvement 

over the original design. With a safety factor of more than 2 for maximum stresses, the 

structure is also encouraging. 

The goals of the thesis were achieved well, although learning the simulations with a large 

assembly was challenging and the schedule was tight. Next, the friction test machine will 

be dismantled for replaceable parts and the redesigned parts will be replaced. The com-

missioning will then be carried out and the force sensor scale will be calibrated. Once 

the required tests have been completed, the friction test machine is handed over to the 

clients. Thanks to the engineering process, the use of Ansys was discovered to be more 

efficient and optimized for the parts designed. 
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Hiwin RGW45CC Linear Guideway Specifications [2]. 
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Hiwin Linear Guideways Mounting Positions [3, p. 16–17]. 
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The Dowel Pin Calculations 
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