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Abstract  

 

 

Nowadays all different kind of actuators is used in a widespread range. Their 

job is to transmit force, bear load, produce linear force, adjust height etc. 

Hydraulic fluid pressure, pneumatic pressure and electrical current usually 

change in to some sort of motion in actuators. This report is related to electrical 

actuators and self-locking problem, which is really common in them. The thesis 

report has been performed at Reac AB in Åmål, Sweden, a major supplier of 

wheel chair actuators. 

 

Electrical actuators have vast usage and they are versatile but in some cases they 

face with different working situation like dynamic forces. Recent generation of 

electrical actuators which used in wheelchairs (imagine moving wheelchair in 

bumpy road) have self-locking problem, which it means that they will lose their 

position after while under compression load. This fact will lead to de-calibration 

of the control system. Approximately 90% of      AB production is related to 

the electrical wheelchairs. Challenging point here is dynamic force which can 

lead to de-calibration of potentiometer and failure of device. 

 

Load capacity of certain actuator (RE25) is 2000 N. In this project different 

method has been used to simulate and calculate different aspects. Design of 

new part, material selection and improvement of some parts are most 

important. During the period lots of static and dynamic tests, CAD design and 

FEM analysis have been executed. 

 

Shock absorber, lock pin and new material have been run parallel and more or 

less all those three had a positive effect. 

 

Finally with design and selection of lock pin solution included cogwheel and 

pin, we overcome to the problem with great results.  
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1. Introduction 

Electrical actuators are widely used nowadays and there is a huge market 

demand on them. They are completely new, compatible with different working 

situations, in small package, quite clean without any oil used in and easily 

adopted to different applications. They are produced in lots of different classes 

each of them depend on actuators demands. Huge numbers of actuators are 

used in electrical wheelchairs, hospital beds, boats, planes, vessels etc. This 

thesis report has been performed at Reac AB in Åmål, Sweden, a major supplier 

of wheel chair actuators. 

 

1.1 Electrical actuators working condition 

 

Electrical actuator is a mechanical device which transforms electrical power to 

linear movement by using of gearbox, spindle and electrical motors. They have 

contained electrical motor, worm gear, spindle, nut casing and so on. Normally 

actuators included more than 100 parts. Different size can be finding on the 

market but normally they are about 30 to 50 cm (     AB 2012). Typical 

electrical actuator is shown in figure 1. 

 

 

 
Figure 1-schematic of electrical actuators                           Figure 2- electrical actuator parts 

 

Electrical actuators can provide different power depends on how much is the 

power of motor and how much is the gear ratio. In the current investigation 

model RE25 has been investigated. RE25 has 360 steps less rotational motor 

with max dynamic load of 3500 N for standard motor. The voltage is 12 or 24 
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VDC (     AB 2012). Depend on different working situation of actuators they 

will expose to high pressure, dynamic forces, and environmental situation and 

so on. Most challenging part is dynamic forces that apply on actuators caused 

by many reason like a bumpy road. This problem will lead to lose of self-

locking and calibration of actuator therefore electrical system remains on 

previous situation of nut and spindle. 

 

1.2 Screw criteria 

Before starting of whole criteria it is better to define some definition which they 

are used really commonly in actuators. 

Pitch: Is the distance from crest of one thread to the next. 

Lead: Is the distance along the screws axis that is covered by one complete 

rotation of the screw. 

1) Speed 

One of the most essential properties of electrical actuators which are overcome 

to other type actuators is its speed. You can vary their speed and have large and 

vast area of variable speeds. This property is related to some sub particles like 

power of electrical engine, pitch of spindle, coefficient of friction between nut 

and spindle, ratio of worm gear, diameter of nut flange and etc. It is imposed in 

figure 3. 
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Figure 3-performance diagram, speed and current VS force (1) 

 

2) Load capacity 

 

Electrical actuators in comparison with other different actuators (hydraulic and 

pneumatic) have lower load capacity but they are more compact and reliable 

than others. Normally because their power is supported by electricity (motors), 

so for huge loads you need to use stronger motors which will not satisfy the 

aim of electrical actuators production. 

 

3) Environmental and working condition 

In this criterion there are some environmental limitations which can reduce the 

range of usage of electrical actuators. Biggest problem is with humid and 

marine situation which can affect the security of electrical actuators. They are 

usually used in normal condition with working temperature of between -30 up 

to 50, normal wear resistance ( high wear resistance in spindle and nut material), 

normal corrosion resistance and so on. 

 

 

1.3 Current electrical actuators 
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Common electrical actuators consist of some constant parts which you can see 

on figure4. As it is shown in figure 4 it is made of two main parts, mechanical 

part and electrical part. 

The electrical part consist of casing, motors, sealed housing and motor protects 

wiring and internal, shaft, wires, sensors etc. 

The mechanical part is based on worm gear, spindle (with different pitch due to 

different required speed), nut (ball nut or lead nut), clevis mount, and spur 

gears and so on. 

 

 

 
Figure 4-Ordinary electrical actuator (2) 

 

As motors start to work it will begin with high rotational speed like 6000 rpm 

(in RE25), and small shaft will start to rotate with high speed and low torque. 

With property of worm gear which you can see in figure 5 and 6, high speed 

and low torque will transform to high torque and low speed. Spur gear starts to 

rotate and spindle also. Finally this rotational motion will lead to linear 

movement via spindle and nut. 
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Figure 5-Worm gear in electrical actuator                    Figure 6- Worm gear in electrical actuator RE25 

 

1.4 problem details 

Electrical actuators which are used in electrical wheel chairs are designed to 

bear the load near 3000 N. Capacity of wheel chairs estimated around 200 Kg. 

Furthermore in each wheel chair one or two actuators are used. It means that in 

best case with no bending and torque there is 2000 N force from wheel chair 

on vertical situation like figure 7. 

 

 
Figure 7- How actuator can be installing in wheel chair 

According to the calculation which you will see in next chapters, with 2000 N 

static force at least 4000 N dynamic force will effect on the actuators in a 

bumpy road. Do not forget that it was in best case. This amount is more that 

actuator capacity and will lead to lose of self-locking. 
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Self-locking is dependent on nut (lead or ball screw), coefficient of ratio 

between nut and spindle and collar (flange) diameter (3). Schematic view of nut 

and spindle is shown in figure 8 and 9.  

 

 

 
                      Figure 8-Nut and spindle                                                      Figure 9- Nut and spindle in RE25 

1.5 Aims of study 

 

The aim of this study is to investigate on various methods to achieve some 

solution to overcome self-locking losing problem. For this aim there will be 

defining of specification, concept generation, selection of one or more 

concepts, develop them, make prototype, test and finally analyze the results. 

 Deriving to a mechanical solution 

 Deriving to an electrical solution 

 Improvement whole structure of electrical actuators 

 Compromising of new concepts with other limitations like costs, time 

and so on. 

These four options are the most important and challenging task which should 

be investigated and analyzed in the project. 
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2. Methodology 

 

In this part it will be clarified how the process of manufacturing, improving and 

production is. It will be divided to some parts like product specification, brain 

storming, concept generation, concept selection, producing prototype, testing 

and manufacturing the final product.  

 

 

2.1 Different phase definition 

 

Process of production and development is a series of steps that should 

transform all inputs to the outputs results. So PDP (product development 

process) is sort of sequenced steps from defining, concepts generation, 

prototype manufacturing, test and so on. 

Five different steps are vital for near all projects, they are mentioned below (4):  

 

 Planning 

 Concept development 

 System-level design (product architecture) 

 Detail design 

 Testing and refinement  

 



12 
 

 

2.1.1 Planning 

Planning usually called zero phases in projects. In this stage there should be a 

vast view around all related features. Strategy, assessment, technology that is 

achievable, market potential and many things will affect the planning stage. It 

will be compromise between all these different options, due to if you are weak 

in one category perhaps whole process will fail. In planning time schedule, 

costs, anticipation of market, specification, business goals and variety of other 

options should be noticed. Important stuff in planning will be time and Gantt 

chart is one of the most important instruments which can be used in the 

planning stage. You can see this project planning in table 1(4). 
Table 1-Gantt chart 

 
 

 

2.1.2 Concept development 

 

In this stage after sorting specification and brain storming and concept 

generation which related all to the needs, weak points and market demands best 

or multi concepts will be selected to be produced. Furthermore it can be a loop 

and after further progress in project you notice that it is better to go back to the 

preliminary stage again. It is seldom possible to fulfill the process in a sequential 

method, finishing each stage before starting new stage. In real cases some steps 

can be overlapped and perhaps you need to iterate some parts. Vividly in each 

stage there will be new information which can affect the calculations and cause 

to redo some stages. This repetition is known as development repetition. 

Concept development contains below components (4): 
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 Identify customer need 

 Establish target specification 

 Generate product concept 

 Select product concept 

 Test product concept 

 Set final specification 

 Plan downstream development 

 

2.1.3 System level design (product architecture) 

This stage will be design stage which in that all parts of new concepts will be 

developed, design and final assembly could be done. Geometry definition and 

final specification are process of this stage. All the sub parts and their function 

and geometry will be defined in this stage. Final assembly with preliminary 

information should produce in this stage (4). 

 

2.1.4 Detail design 

Detail design can be named as improved level of system design. Here all 

information from geometry, CAD drawings, FEM analyzing, material and etc. 

would be finalized and parts needed should be procured from suppliers. The 

results of this stage are commodity that should satisfy all specifications and 

demands. The output of this stage is documents which are from drawings or 

other files. Two important issues in this stage are production cost and strong 

performance. 

 

2.1.5 Testing and refinement 

 

Final product will be tested and checked in this stage. It will show that if 

product and design satisfy the needs or not. They should be tested in different 

environmental and working conditions. If there is a problem as a loop process 

should go back to the earlier stage and if not product can be finalize. It is 

possible to divide it to two part, alpha and beta prototypes. In alpha prototypes 

more or less they are with same material and geometry but the difference is in 

fabrication. Alpha types should meet our demands and customer needs. Beta 
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types only have difference in final assembly process and they use to check the 

demands internally by company or by costumers in their working condition. 

Beta prototype is responsible for giving results about performance and 

reliability. 

 

2.2 Product specification 

The word specification is representative of what product should do and what 

kind of expectations is required from products. It can be divided to customer 

needs and designer insight. When a new product or even an existing one going 

to be used, they should do some duties and we expect some demands. As an 

example imagine a car, the most preliminary specifications are carrying people, 

low fuel consumption, low weight, strong body part and so on. On the basis of 

those specification designer should start design and set the limitations. 

Regarding to above description it seems that product specification stage is really 

important due to it will select the way which designer should continue and if it 

is a wrong way results will not be satisfactory. Normally it is possible to make a 

questioner from costumers and even use their experience. It can be divided to 

two stages as preliminary needs and target specification. In current project 

specification achieved cope with past experience and costumer’s feedback. 

Schematic view of specification table is shown in table 2.  

 
Table 2-Product specification table 

No Part which is discussed Need Importance 

1 Part 1 Need 1 2 

2 Part 1 Need 2 3 

3 Part 1 Need 3 3 

4 Part 1 Need 4 5 

5 Part 1 Need 5 4 

 

As it is shown in table 2, importance column is used to rated how important is 

each specification is for designer and customer and they will be sort in order of 

their ranks. Grades are from 1 to 5 and most important one will get number 5. 

 

Product specification should be run before any concept generation or ant 

further stage in the project. If specification defined well it will assure you that 

infrastructure of the project is really reliable and tough. 
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The basics ways of clarifying specification is concise in these four steps (4): 

 Prepare the list of metrics 

 Collect competitive benchmarking information 

 Set ideal and marginally acceptable target values 

 Reflect on the results and the  process 

 

2.3 

 Concept generation  

 

Each product has some duty. Those duties would be need of the costumers to 

buy the products, when there is need in some products it means that they are 

not complete or fully developed so designers should do some investigation and 

brainstorming to find the solutions. On the basis of this expression it is vivid 

that related to the needs some concepts should be created. Concept generation 

is based on the need of the customers and contains brainstorming and any kind 

of idea which seems profitable. It is exactly combination of technology and 

working principles. Usually it is 2D or 3D sketch. New concepts even can be 

inspired from existence parts around or even completely new idea. For example 

imagine a train, new generation has really high speed and even there is a gap 

between train and rail (magnetic trains), at first glance it seemed that it is 

impossible but with brainstorming and free concept generation, magnetic 

generation of train invented. In train example, for different concepts it is 

possible to mention new material selection, changing the rail design, new design 

of train engine, new engine generation with different fuel and etc. as you can 

see this stage is totally wide and all different ideas can be appreciated, even new 

concepts or even simulating from other devices.  In this stage designer is free to 

write down what is in his mind.   

Concept generation step is not expensive and time consuming stage in the 

project process. You can see the steps in table 3. 

 



16 
 

Table 3-Concept generation steps (4) 

 

 

2.4 Concept selection  

 

After concept generation step, there will be lots of concepts that should be 

concise to few numbers and finally one (sometime more than one concept can 

be selected and run). Concept screening will be next step and after that scoring 

to the remained concepts and finally concepts selection and testing. Really 

important criteria in this part is how to rate the concepts. In rating stage 

important specification will be insert in a table versus all different concepts, 

then depends on how each concept can satisfy the specification, designer 

should rate the concepts. After rating all categories, final score will calculate by 

sum of all sub rates of concepts. Each of the concepts which earn more points 

is more suitable and will be selected for further proceed. In current project as 

you will see later because of close competition between concepts, more than 

once concept is selected to proceed. After all ratings, screening and so on you 

should come up with your best idea and concept (4). 

Below options are commonly used for choosing concepts: 

 

1.Clarify the problem 

Understanding 

Problem 
decomposition 

Focus on critical 
subproblems 

3. Search internally 

Individual 

Group 

 

4. Explore 
systematically 

Classification tree 

Combination table 

5. Reflect on the 
solutions and the 

process 

Constructive feedback 

2. Search externally 

Lead users 

Experts  

Patents 

Literature 

Benchmarking 
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 External decision 

 Product champion 

 Intuition 

 Multi voting 

 Pros and cons 

 Prototype and test 

 Decision matrices 

 

In these project decision matrices is used. 

 

2.5 Concept testing 

 

Finally the last stage is testing, based on what kind of product we have; there 

are two ways of testing. First by technical testing of the product and then by a 

questioner is possible. In some case one of them is enough but normally they 

are used together. 

By the questioner you will get feedback from customer which is completely 

important part due last aim is customer satisfaction. But with technical testing 

you can find probable problems with new concept and improve them before 

that product released. Depends on what kind of product you are testing, you 

can use static test, dynamic test, impact test and so on. The best kind of test is 

simulating the work condition as same as real working condition. In same 

situation results will be significantly near to reality and trusted. According to 

results you can go further or iterate the design to gain better results. Upon the 

results on this stage perhaps you should go back to the preliminary stage and 

change the concepts.  

The aim here is to see if product will work both in theoretical and practical 

parts. 
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3. Experimental procedure  

 

In this season you can find how this project proceeded and what type of 

procedure are used. Regarding to the table 1 (Gantt chart), planning part of the 

project is shown that the whole project is divided to below steps: 

 

 Project planning  

 Literature study 

 Requirement specification 

 Concept generation 

 Selection of concepts 

 Development of selected concept 

 Prototype construction 

 Tests 

 

 

3.1 Requirement specification 

As we discussed in part 1.5, the problem is with the relocation of electrical 

actuators which is happen under dynamic forces. There are some factors like 

coefficient of friction, material of nuts and spindles, working condition and etc. 

that effect on the actuators. Because of high demand on low current and small 

electrical engines, there are limitations on the whole actuator. Due to it is not 

possible to use powerful engine (in most cases), friction between nut and 

spindle should be reduced as much as possible. In this case there is no need for 

big electrical engine and high current. In one hand with usage of worm gears it 

is possible to transform high rotation and low torque to low rotation and high 

torque. High torque will change in to linear movement and it can carry and bear 

heavy loads. It is vivid that mechanism of electrical actuators is based on 

compromise between current, power, friction and size (3). 

  

What we need to improve the actuator is a kind of solution with really low cost, 

without changing the geometry of the actuator, with high efficiency, available to 

use in other products and safety. 

 

All the required specification and important factors are gathered in the table 4. 
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Table 4-Required specifications 

 

 

 

3.2 Concept generation 

Depends on specification mentioned in table 4 and after brainstorming some 

different ideas and concepts generated which will be clarify and further will be 

compare in a decision matrices. In this stage of project all possible and 

reasonable concept will be consider. Results are not important in this stage. All 

probable concepts can be good or bad. There is no consideration and judgment 

now, only creation. After completion of decision matrix best concepts will be 

selected and will be developed. 

 

3.2.1 Different type of nuts 

In RE25 only lead nuts which you can see in figure 9 (see page 9) is used. There 

is chance to use some different kind of nuts like ball nuts and multi lead nuts. 

You can see the on figure 10 and 11.changing and variation of the nut can 

change the friction and vary the force and torque which is needed.  

 

       Aspects 
                       
Life    
cycle phase 

Process Environment Humans  Economy 

Development 

-Overcome to 
changing position 
-High capacity of 
bearing the load 

- Environment 
friendly material 

- Safety 
-Reasonable 
cost 

Production 
-Available methods 
-Easy to produce 

- Energy 
effective 
production 

- Applicable & 
easy to design 

-Reasonable 
cost 

Sale 
-Good shape 
-High quality 

-Low material 
Usage 

-Easy to 
handle 
-Good looking 

-Reasonable 
cost 

Usage 

-Stop the actuator 
position ( Lead screw) 
-Bearing the dynamic 
and static load 
-Do not reduce the 
speed and power of 
actuator 

-Good resistance 
to all defects 
from 
environment 

-Easy to 
regulation/ 
adjustment 

-Reasonable 
cost 

Elimination 
- Easy to replace & 
change 

-Possible to 
recycle 

-Safe method 
for recycling 

-Cheap 
recycling 
process 
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Figure 10-Ball nut (5)       Figure 11-Multi lead nut (2) 

                                       

 

3.2.2 Different pitch and lead in lead screws and multi pitches 

The number of the pitch and lead can change the force which is needed to 

move the nut, also there multi pitch spindles that can vary pitches during their 

stroke. This sort of variation in pitch will change the force needed in different 

distances in stroke. So it is possible to increase needed force with changing 

pitch in needed positions. 

 

 
Figure 12-Multi pitch spindle (2)                Figure 13- Multi pitch spindle schematic 

 

Figures 12 and 13 clarify multi pitch apparently. Changing angles affect the 

forces, friction and speed. 
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3.2.3 Variation in spindle angles 

The braking force of the actuators varies with the angular pitch of the screw 

threads and the specific design of the threads. ACME thread with     has the 

highest static load capacity among the other threads (reference). You can see 

the information about spindle in figures 14 and 15. 

 

 
Figure 14- Spindle schematic view (6)     Figure 15- Spindles chart (6) 

 

 

 

3.2.4 Electromagnetic brakes 

Electromagnetic brake is another solution which is needed to be conferring 
with an electrical engineer. This kind of brake is used for example in train and 
increase the friction between rail and train. In our case it is possible to increase 
the friction between nut and screw. There is 2 kind of this brake: 
 

 Spring type: When no electricity is applied to the brake, a spring pushes 

against a pressure plate, squeezing the friction disk between the inner 

pressure plate and the outer cover plate. This frictional clamping force is 

transferred to the hub, which is mounted to a shaft. 

 Permanent magnet type: Instead of squeezing a friction disk, via springs, 

it uses permanent magnets to attract a single face armature. 

Magnetic brakes features are shown in figures 16 and 17. 
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Figure 16-Schematic magnetic brake (7) Figure 17-Comercial Magnetic brake (7) 

 

 

3.2.5 Load holding brake  

This kind of brake that you can see in figure 4, page 8 is somehow similar 

magnetic brake but this time it has been used on the spindle part. Refer to 

figure 4 it can lock the spindle when it is not moving and in this case the load 

can be adjusted depend on how much force is needed due to dynamic force. 

Depends on the producers how does it works can vary but results will be the 

same. With pushing and fixing the spindle, it will stop the movement of lead 

screw. 

 

 

3.2.6 Damper  

Using a damper on the upper side of the actuator is another concept. This 

conception is really depend on how the actuator is installed on wheelchair and 

is there any possibility to change some parts of the design. Point actuator 

should overcome to dynamic forces; it means that shock absorber would be 

nice idea which can bear with dynamic forces. If you want to add new parts to 

the preliminary geometry it would be rather hard because all the geometries are 

dependent. You can see type of spring in figures 18 and 19, final shock 

absorber would rather similar to figure 20. 
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Figure 18-Compression spring front view    Figure 19-Compression spring left view 

 

 
Figure 20-Shock absorber (8) 

3.2.7 Nut material  

In recent models of RE25, nut material is brass and spindle material is steel. 

Coefficient of friction between steel and brass in lubricated condition is around 

0.19. Question is why different kind of materials has not been used? Changing 

the material of nut from brass to more suitable and modern material can be one 

the concept that should be developed, perhaps some kind of new material like 

nylon 66 which is shown in figure21. Nylon 66 in comparison with current 

material has high tensile strength, low density and high hardness. 

 

 
Figure 21-Nut with Nylon 66 material(9)  
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3.2.8 Lock pin  

In electrical actuators worm gears are used to transmit force and transfer them 

from high rotational form to high torque form. Bevel gear is mounted on the 

spindle side and with low rotation and high torque. If self-locking is gone bevel 

gear will transfer the torque to the spur gear, due to the top head of actuator is 

locked and if relocating happens spindle should move which lead to rotation 

and finally transmit it to the spur gear. So it will be high rotation and low torque 

in spur gear which if with using of a pin (due to torque is low with small pin it 

should be possible) we can impede the movement of the spur gear, the whole 

system will not move any more. You can see bevel and spur gear in figures 22 

and 23. 

 

 
Figure 22-Bevel gear                                                 Figure 23-Spur gear (1) 

 

 

As you can see in figure 24 if area A can be fixed, it seems that with really low 

force it is possible to lock the actuator. 

 

 
Figure 24-Area that can be fixed by pin (1) 

A 
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3.3 Selection of concept 

In this stage finally we should come up with some concept selection. There are 

8 different concepts which some of them added later when it was in the middle 

of the project (concept generation can occur in any stage of the project). Next 

step is to rate all the concepts in different categories.  

 
Table 5-Selection matrix 

 

 

 

            Rating 1-5 

            5 is best 
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Different type of nuts 2 4 4 2 4 4 20 

Different pitch and lead in 

lead screws and multi pitches 
3 3 4 2 4 4 20 

Variation in spindle angles 2 2 4 4 4 4 20 

Electromagnetic brakes 1 2 4 3 4 3 17 

Lock pin 5 4 5 5 5 4 28 

Change nut material 4 5 5 5 5 3 27 

Load holding brake 1 1 5 3 3 4 17 

Damper 5 3 5 4 5 5 27 

 

Some important parameter is shown in table 5. They have defined upon 

necessities and requirements of company and customers. The ratings reference 

is based on the experience in company, market, customer’s feedback and 

designer opinion. After precise rating to all concepts three of them nominated 

for the next stage. Lock pin, change material nut and damper had highest mark 

among others. 

 

 

 

3.4 Development of selected concepts 

Refer to part 3.3 three concepts have been selected to be developed. Each of 

them will be investigated in the development stage, then it will be time to make 
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prototype and test them. In the development step Autodesk Inventor and 

      Workbench has been used. One sub branch in development before start 

of investigating concepts is doing some theoretical parts and derives equations 

which can help to design a secure product. 

 

3.4.1 Calculations 

3.4.1.1 Lead and nut 

 

As first step, calculation of needed torque for nut and spindle and moving them 

against each other and limits of self-locking will be done(3). 

 

 

 
Figure 25-Schematic view of Spindle 

In figure 25 you can see all important features which are needed to derive 

needed torque. P is pitch of the spindle,   is spindle angle and   is helix angle. 

 

For analyzing this part it should be divided to two parts: 

 Situation the spindle is Going up 

 Situation the spindle is Going down 

 

In case which it is going up according to figure 26, it is resulted that: 
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Figure 26-Schematic view going upward 

 

 ∑                    (1)  

 

 ∑                    (2)  

 

 

When nut will be pushed up, according to figure 27, below equation can be 

derived: 

 
Figure 27-Schematic view going downward 

 

 ∑                     (3)  
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 ∑                    (4)  

 

 

Term N is not important and as you can see in equation (5) it can be omitted. 

For upward motion by dividing equation (1) to (2): 

 

 
                 

                 
 (5)  

 

 

   
             

            
 (6)  

 

 

For downward motion: 

 

   
             

            
 (7)  

 

For simplicity equations will be divided to      and because the angle is too 

small it is possible to assume that  
 

   
. 

With doing those changing equation (6) will change to: 

 

   

 [(    
⁄ )   ]

  (
  

   
⁄ )

 (8)  

 

And equation (7) will change to: 

 

   

 [  (    
⁄ )]

  (
  

   
⁄ )

 (9)  
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Torque will be equal to: 

 

                 (  
  

 
  (10)  

 

 

Therefore after putting equation (8) in (10): 

 

    
  

 
[
      

      
] (11)  

 

 

Equation (11) shows needed torsion torque for overcoming of friction when 

upward motion is required. 

Also with a same calculation and put equation (9) in (10), needed torsion torque 

for overcoming of friction in downward motion will be(3): 

 

    
  

 
[
      

      
] (12)  

 

 

 

 

If the torque is positive it will be self-locking and if it is 0 or minus it will 

change position and go down. 

Necessary condition for self-locking is: 

 

        (13)  

 

Divided to     and if     
 

   
, below equation reveal limit of self-locking 

pertain to coefficient of friction: 

 

        (14)  

 

 

Above equation is just for forces vertical to thread with parallel axis. For 

trapezoidal thread, forces effect on thread due to    and leading   angle will 

not be vertical.   Angle will increase the friction force. So in equation (12) it 
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should be divided sentences related to f by    . Therefore for downward 

motion equation will be (3): 

 

    
  

 
[
          

          
] (15)  

 

Finally if equation number (16) is bigger than 0, self-locking is confirmed. 

 

              (16)  

 

Equation (16) is the condition of self-locking. It should be noticed that the 

results are not exactly precise, because the effect of   angle (due to it was som 

small) is neglected. 

 

Also the torsion torque for collar which you can see in figure 28 is needed, it 

will be equal to: 

 

    
     

 
 (17)  

 

This    is coefficient of friction of collar (flange). According to figure 29     is 

equal to
     

 
. 

 

 

Figure 28-collar                                                                         Figure 29-   

 

At last the final equation for nut motion will be sum of equations (15) and (17). 

Total torque for upward movement in whole nut will be: 
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[
          

          
]  

     

 
 (18)  

 

And for downward movement(needed for self locking) is: 

 

    
  

 
[
          

          
]  

     

 
 (19)  

 

Conspicuously it is important to know that there are four important and 

common lead and nut pitch which are used a lot. The focus will be on them. 

Lead screws 16*8, 16*4, 12*6 and 12*3. Left numbers (16 and 12) explain lead 

diameter and right numbers (8, 6, 4, and 3) explain pitch. 

 

With using equations above needed torque for all four pitches will be calculated 

as below: 

 

a) Spindle 16*8 

 ,          ,         ,      ,           , L=8 mm, 

   
       

 
      

So                 

b) Spindle 16*4 

 ,          ,         ,      ,           , L=4 mm, 

   
       

 
      

So                 

 

c) Spindle 12*6 

 ,          ,           ,      ,           , L=6 mm, 

   
         

 
       

So               
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3.4.1.2 Maximum force can be loaded on spring 

To elaborating this case it should be dividing to two parts (3): 

     

     

 

According to figure 30, below equation will be derived: 

 

 
 

 
 ̈                  (20)  

  

 
 ̈                          

(21)  

 

 
Figure 30-Schematic view 

 

With doing diffrential equation in equation (20), results will be: 

 

    
  

 
 (22)  

 

And with same differential equation to equation number (21), result will be: 

 

       (
  

 
)
 

 ́      (
  

 
)
 

 ́    
 

 
 (23)  
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A and B can be found by using the boundary condition, so: 

 

 
  [(

 

 
)
 

 
   

 
]

 
 ⁄

   [(
  

 
)  ́   ]   

 
 

 
 

(24)  

 

It will be highest y when        and also:  

       
 

 
 

 

 
[  (

   

 
)]

 
 ⁄

 (25)  

 

And: 

 

         [  (
   

 
)]

 
 ⁄

 (26)  

 

In current case weight will be just on the top of the actuator so h=0, therefore 

force F=2w. 

With weight capacity of 200 Kg, it would be around 4000 N force on the spring 

if shock absorber (included spring) is used. 

 

3.4.1.3 Dynamic force 

In this section there will be just a simple definition of dynamic force and its 

components. According to figure 31, Fm as actual force effecting on the system 

and it can vary from     to    . 

 

 
Figure 31-Schematic of dynamic force 
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    Is equal to 2000 N and      is equal to 4000 N, according to Equations 

(27) and (28)    is equal to 3000 N in current project. 

 

    
         

 
 (27)  

and 

 

    |
         

 
| (28)  

 

Furthermore experimental estimation anticipates the force rate like     

      . 

 

 

3.4.2 Damper 

As discussed earlier one of the beneficial methods to overcome dynamic force 

was using a damper same as car suspension system. In current case there were 

some limitations like minimum geometry changing, lack of space for mounting 

new actuator with shock absorber, selection of the proper spring compromising 

with actuators geometry and etc. 

 

 

 
Figure 32- Actuators position (1) 
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According to figure 32, actuators mounted with some angles which can lead to 

bending and moments. In higher pitch it is easier to displace nut so it means 

that with lower force it is possible to achieve self locking capacity.For the first 

step we selected a spindle with 16*8 specification. Static test was held on the 

actuator by putting some weights on the rigg and calculate the amount of static 

load.  You can see in figure 33. 

 

 
Figure 33-Rig test (1) 

 

After installing the actuator on the first fixture and putting near 400 Kg which 

by calculation from first fixture load amount determined around 13000 N but 

nothing happened and the nut position has not changed even for 1 mm. 

applying more load was not possible because the limit capacity of rig reached 

and if we put more weights there would be a big failure (some parts of rig 

deformed even under same load). Finally there were no results from the static 

test and it showed nothing. Rig position is read by the potentiometer device. 

Two right numbers of show calibrations which is equal to 1/100 mm. for 

example 41 means 0.41 mm. As you can see in table 6 there is no significant 

changing in position with static load. You can find detailed numbers in 

appendix A. 
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Table 6- Static test 

 
 

To find exactly when and how the self-locking will vanish, it was decided to run 

a dynamic test simulated to the real situation. For this task, an electrical 

wheelchair installed on the rig test device and equal to 90 Kg weights loaded on 

the wheel chair (50 Kg on the sitting place and 40 Kg on the leaning place). 

 

Due to we did not get any result from static test, rig device installed on dynamic 

test machine (with 1 cycle per second amount) for running new test. 2000 N 

loaded on the rig and test started. As it is shown in table 7 nothing happened 

after 145 minute equal to 8700 cycles. It has decided to run the test for all 

weekend (it means 48 hours or near 172000 cycles), but after one day a huge 

failure occurred both in rig and actuator. If you compare the static test with 

dynamic test, it is completely vivid the effect of the dynamic force on current 

case. You can find detailed numbers in appendix B. 

 

 
Table 7-Dynamic test 
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Conspicuously effect of dynamic force appeared and using the property of 

shock absorbing of spring would be really helpful. Invoke to equation 26 the 

load on the spring can be doubled and if there is 200 Kg capacity it can turn in 

to 400 Kg or 4000 N. According to figure 32, you can see that there is 

limitation in space when actuators are used in wheelchair, of course wheel chair 

has its own design and as a supplier it is not possible to change the mother 

company design, so it means that geometry change which is possible is only 

around 10 to 15 cm long and even same diameter of the actuator (actuator 

geometry modification is not required). Finally it is obvious that what are the 

limitations and how it should be design. Regarding to part 3.4.1.3 and related 

calculation it is possible to select a compression spring with diameter of near 

the same as actuator and length of around 10 to 15 cm. three different springs 

were chosen with diameter of 25 mm and height of 102 mm with trade name of 

5333, 5429 and 8249. 8249 is the strongest one which is shown in figures 18 

and 19 and you can see all information in table 8: 

 
Table 8-Spring properties 

Name 

Outer 

diameter 

(mm) 

Inner 

diameter 

(mm) 

Free 

Length 

(mm) 

Spring 

constant 

(N/mm) 

Final 

force 

(N) 

Final 

displacement 

(mm) 

5333 25 12.5 102 73 27.23 37.3 

5429 25 12.5 102 96.3 3534 36.7 

8249 25 12.5 102 390 8970 23 

 

Applying damper needed to change the top design of the actuator and replace it 

with new design. All DWG files and drawings can be finded in appendix C. 

Designing, manufacturing and testing were really more time consuming than 

they seemed to be.All parts are shown in figures 34,35,36,37,38,39. 

 

 
Figure 34-Assembly section view                          Figure 35-Assembly view 



38 
 

 
Figure 36-Holder         Figure 37-Shaft           Figure 38-Bottom nut                 Figure 39-Top head 

Current design is the modified design of damper, as will discuss later regarding 

to geometry limitation first design failed under bending condition. 

 

 Some FEM analysis has done on the latest design and it seems to be safer with 

around 93 MPa stress and nearly good safty factor which you can see in figures 

40 and 41. 

 
Figure 40-Von misses Stress 

 
Figure 41-Safety factor 
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For testing the damper the most important part was simulating the conditions 

as much as possible to the real situation. As a results real electrical wheelchair 

mounted on the dynamic test device and actuator installed with 90 Kg weight 

on the chair. But it was really tricky due to actuator installed tilted and the angle 

between actuator axis and ground was about   . This angle is really tricky 

because it will cause a huge bending force and every actuator will be installed 

on wheelchair in a specific position, so it means that there is no unique way of 

installation. According to huge bending moment before even we start the test, 

internal shaft deformed and wheelchair fall down. 

 
With FEM analysis regarding to first design which lead to failure von misses 
stress was about 1400 Mpa!!! You can see on figure 43 and a movie is 
reacheable on appendix D. 
 

 
Figure 42-First design FEM 

 

Difference between first and second design (figures 42 and 40) is about internal 

shaft diameter. Because of limitation both in selecting of spring (due to small 

dimension and High load capacity) and geometry (internal diameter of spring is 

just 13 mm). Maximum diameter of internal shaft just can be 13 mm(equal 

internal diameter of spring), but It would not be sufficient for such a heavy 

load, on the other hand it is not possibility design new shock absorber with 

diameter bigger than spring because company do not want to change their 

geometry. In this case second deign suggested same as figure 35 which is 

enhanced with hollow cylindrical shaft and bigger inner diameter in comparison 

with previous design. Under heavy bending load failure occurred, failure figure 

in in picture 43. 
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Figure 43-Failure 

 

Regarding to FEM results and modification which is done on the spring part, it 

seems to be completely usable and ready to use. Actually it was suggested if the 

place of actuator can be varied and if it is possible to install in more or less near 

to vertical axis, which in this way probability of bending will be reduced.  

 

On the other hand, other concepts (Lock pin and changing nut material) were 

running parallel and due to decision of the company policy makers, continuing 

of shock absorber idea stopped because really good results was achieved from 

lock pin idea. Frankly speaking shock absorber idea was really perfect concept 

which could overcome the problem but as managers wanted even no 

modification in geometry with really cheap solution it has been stopped in this 

stage of the project. 

3.4.3 Lock pin 

The concept of lock pin is based on how to impede the movement of the nut 

and spindle but with really small force. For better understanding it is better first 

to explain how the actuator is working when it is installed on the wheelchair. 

Regarding to figures 44 and 45 you can see the inner mechanism and 

installation of an actuator in a real situation. The trickiest part is can see in 

figure 44. The top head is locked and fixed, so it is not possible to rotate the 

top head and actually the nut (top head is assembled on a hollow cylinder which 

the nut is pressed at the bottom of it as you can see in figure 4). 
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Figure 44-Inner mechanism 

 
Figure 45-Installation 

It is vivid till now that for displacement of the system nut and top head cannot 

rotate because they are fixed (and only rotational movement needed for 

displacement). It means that if self-locking is vanished and displacement 

happened, spindle should be rotated and therefore the gearbox (worm gear and 

motor gear) will rotated too. Result will be terrific due to now there is only one 

rotational system and if we can stop the rotation of that, self-locking problem 

will be solved.  Electrical motor rotational speed is 6000 rpm with low torque 

so in gear box, worm gear has been used which change low torque and high 

rotation to high torque and low rotational speed. In a wise consideration you 

can see if you lock the system before worm gear in an engine shaft really small 
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amount of force will be needed to lock the whole system (small amount such as 

holding just with two fingers). Furthermore if engine shaft be locked and 

actually the top head is fixed also, there will be no chance of displacement 

unless one of the parts are broken or failed. 

 

For further calculation, first worm gear equations and design should be 

investigated and in current project with help of Auto desk Inventor student 

version software doing and designing the tangential and axial forces existed in 

worm gear (3). 

First step is defining necessary parameters in wrom gears which are mentioned 

as below(10): 

 

αn = Normal pressure angle = 20o as standard  

γ = Worm lead angle = (180 /π ) tan-1 (z 1 / q)(deg)   ..Note: for α n= 20o γ should be 

less than 25o 

b a = Effective face width of worm wheel. About 2.m √ (q +1) (mm)  

b l = Length of worm wheel. About 14.m. (mm) 

c = clearance   c min = 0,2.m     γ ,  c max = 0,25.m     γ (mm)  

d 1 = Ref     of worm (Pitch dia of worm (m)) = q.m (mm) 

d a.1 = Tip diameter of worm = d 1 + 2.h a.1 (mm) 

d 2 = Ref     of worm wheel (Pitch dia of worm wheel) =( p    /π ) = 2.a - d 1 (mm) 

d a.2 = Tip     worm wheel (mm) 

h a.1 = Worm Thread addendum = m (mm) 

h f.1 = Worm Thread          , min = m.(2,2 cos γ - 1 ) , max = m.(2,25     γ - 1 

)(mm) 

m = Axial module = p x /π (mm) 

m n = Normal module = m     γ(mm) 

M 1 = Worm torque (Nm) 

M 2 = Worm wheel torque (Nm) 

n 1 = Rotational speed of worm (revs /min) 

n 2 = Rotational speed of worm wheel (revs /min) 

p x = Axial pitch of worm threads and circular pitch of wheel teeth ..the pitch between 

adjacent threads = π. m. (mm) 

p n = Normal pitch of worm threads and gear teeth (m) 

q = diameter factor selected from (6   6,5   7   7,5   8   8,5   9  10   11   12   13   14 

  17   20 ) 

p z = Lead of worm = p x. z 1 (mm).. Distance the thread advances in one       of the 

worm.   For a 2-start worm the lead = 2. p x 

R g = Reduction Ratio 

q = Worm diameter factor = d 1 / m - (Allows module to be applied to worm)  
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μ = coefficient of friction 

η= Efficiency 

Vs = Worm-gear sliding velocity (m/s)  

z 1 = Number of threads (starts) on worm 

z 2 = Number of teeth on worm wheel 

 

All important parameters are shown in figures 46 and 47(10). 

 
Figure 46- Schematic view of worm gear (a)       Figure 47-Schematic view of worm gear (b) 

 

With using these parameters and below equation, important data needed for 

design a lock pin can be provided. Tangential force on worm (F wt) = axial 

force on worm wheel and Axial force on worm (    ) = Tangential force on 

gear. Below equations can be derived:  

 

            (
                

                
) (29)  

Relationship between the output torque M 2and the input torque M 1: 

 

    (
     

  

) [
           

              
] (30)  

 

And finally Separating Force on worm-gearwheel (F s): 

 

       (
     

                
) (31)  
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All data related to worm gear of RE25 is written in table 9 below: 

 
Table 9-Worm gear data (3,10) 

Gear Ratio   62.0000    
Module m 1.242 mm 

Axial Module    1.250 mm 

Helix Angle γ 6.3402 deg 

Pressure Angle α 19.8873 deg 

Worm Diameter Factor q 9.0000    
Center Distance aw 45.053 mm 

Axis Circular Pitch    3.9270 mm 

Circular Pitch    3.9030 mm 

Base Circular Pitch    3.690 mm 

Lead    3.927 mm 

Worm Length b1 20.000 mm 

Worm gear Width b2 7.056 mm 

Axial Pressure Angle    20.0000 deg 

Base Helix Angle    5.9607 deg 

Contact Ratio ε 2.5123    
Transverse Contact Ratio    2.3126    
Overlap Ratio    0.1996    
Limit Deviation of Shaft Angle    0.0090 mm 

Guaranteed Backlash       0.046 mm 

Limit Deviation of Center Distance    0.028 mm 

 

 

After precise calculation both with hand and Auto desk Inventor calculation 

real amount of tangential and axial force in worm calculated and tangential 

force was near 25 N and axial force is around 175 N. numbers are really great 

due to with really small force it is possible to lock the worm, all calculated 

numbers are shown in table 10. 

 
Table 10-Calculated data(3,10) 

Worm Worm gear 

Power P 0.100 kW 0.069 kW 

Speed n 6000.00 rpm 96.77 rpm 

Torque T 0.159 N m 6.767 N m 

Efficiency η 0.686    
Radial Force Fr 57.044 N 

Tangential Force Ft 25.251 N 174.644 N 
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In this stage it is known the amount of force so finding a locking solution 

should be investigated on basis of normal force of 185 N. 

 

Engine shaft (worm) diameter is around 3.7 mm. you can see it in figure 5 and 

6. To test the concept new RE25 was produced and a pin with 1 mm diameter 

drilled in to the worm (engine shaft) and tightened with silicon stick. Only 1 

mm diameter in the pin which used can show that how this concept is 

applicable and useful. The pin actually drilled about 1 mm in to the worm. The 

manufactured prototype is in figure 48. 

 
Figure 48-Lock pin prototype 

Again new actuator with pin installed on the electrical wheel chair and dynamic 

test machine with same amount of weight (90 Kg). You can see the results in 

table 11. You can find detailed numbers in appendix E. 

 

Axial Force    174.644 N 25.251 N 

Normal Force Fn 185.241 N 

Circumferential Speed v 3.534 mps 0.393 mps 

Slide Speed    3.556 mps 
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Table 11-Dynamic test on lock pin concept 

 
 

Test condition simulated to completely real case but working condition was 

actually harder and more serious than normal case. FEM analysis has done on 

the wheel chair to find reaction force between nut and it was near 1980 N for 

static case which will be higher in dynamic situation.  

 

Regarding to table 11, there is no significant position changing in nut (around 

1.2mm) which is totally negligible. Results show that the concept is completely 

useful and beneficial. As discussed with policymakers in company, they prefer 

this concept to other concepts due to no significant geometry changing, low 

cost and easy to manufacture and install. The point is that it is not possible to 

lock the gear box manually every time the actuator is stopped. It means that this 

concept should be combination of mechanical and electrical engineering. 

Regarding to different meetings with electrical engineers at company, it has 

decided that use a solenoid motor with some spring force that whenever 

actuator stopped solenoid motor move the pin in to cogwheel and lock the 

worm gear and again if actuator wants to start with a 0.5 s delay (solenoid will 

start 0.5 faster) pin will be taken of and worm gear is free to rotate. 

The question is how to use a pin and lock the worm gear? Below figures can 

show different concepts which finally figure 51 (Cogwheel) has been selected. 

This selection was compromised with electrical engineers opinion due to which 

one is best for solenoid motors. 

First concept is like bicycle bike and by pushing to handle stop the shaft from 

rotation, the concept is in figure 49.  
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Figure 49-Bicycle brake concept 

 

The next concept is like two arm which can stick in the holes mounted in shaft, 

figure 50 explain it very well. 

 

 
Figure 50-Lock concept 

And the last concept is mounting a cogwheel on the worm and by using a 

solenoid motor and pin lock it, like figure 51. 

 

 
Figure 51-Cogwheel concept 
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In figure 52 it is showed the real concept that should be produced. Cogwheel is 

installed on the worm shaft and the only thing is needed is some electrical 

solution which can engage pin when the actuator is stopped. 

 

 
Figure 52-Cogwheel installed on the worm 

 

For manufacturing this concept new cogwheel regarded to the worm geometry 

is designed. Pull tubular solenoid with 24 V ordered. Other steps of the project 

are electrical job which should be investigated and design by electrical 

engineers. Cogwheel and solenoid are shown in figures 53 and 54. 

 

 

 
Figure 53- Cogwheel                                        Figure 54-Solenoid motor  
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3.4.4 Nut material 

 

One if the other selected concepts regarding to equations which derived in part 

3.4.1 specially equations 18 and 19, is changing and selecting a new material for 

nut. In one hand spindle material cannot be changed due to the standard they 

have and suppliers manufacture them according to those standards, if spindle 

material change, it will be really costly and not effective. On the other hand due 

the only contact region is between spindle and nut, so changing the nut material 

could be wise idea. Regarding to equations 18 and 19, coefficient of friction 

between nut and spindle should be more than 0.17. Contact region is greasy 

and static friction coefficient between two materials should be considered. 

Current nut material is brass and spindle material is S 235 JRG steel (with 

around 235     yield strength). Static friction coefficient between them is 

approximately around 0.19. In this case if we can select some material with 

better mechanical properties and higher static friction coefficient in greasy state, 

load capacity would be increased dramatically.  

Recently there were held a test with substitution of brass with      . The 

results were quite good until high cycles which threads ruined under high 

pressure at the end of the stroke. Yield strength of the        is around 

60   . So deducing the above experiment new material should have higher 

yield strength. 

  

To obtain the most suitable materials among all kinds of plastics some 
constraints restricted us such as (11): 
 

 Strength 

 Stiffness 

 Weight 

 Price 

 Fatigue Resistance 

 Working temperature           

 Low friction             

 

To select the suitable material it is important to formulate it by use of its 

function, objective and constraints. You can find results in table 12. 
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Table 12-Material selection formulation(11) 

Function Objective Constraints 

 Nut  Price 

 Good strength 

 Low friction 

 Working temperature 

 Low weight 

 

By use of CES         and put constraints which mentioned above and some 

friction coefficient between materials, information that obtained, three new 

materials has been selected for making prototype and testing (11,12). 

 

According to above constraints and limitation below material passed the 

selection level and are qualified (9,11). 

 

 Polystyrene (  ) (thermoplastic)(glass field) 

 Polyethylene terephthalate (PET),recycled, glass/mineral reinforced 

 Nylon 6, nucleated 

 Nylon 6, 20% glass fiber filled 

Information about materials friction coefficient is shown in table 12. 

     
Table 13-Friction coefficient 

Material Static friction coefficient 

in greasy state 

Polystyrene 0.3-0.35 

Polyethylene 0.2 

Nylon 6, nucleated 0.21-0.25 

Nylon 6, 20% glass fiber filled 0.21-0.25 

 

Some sample nut which is made of nylon 6 is imaged in figure 52. 

 

 
Figure 55-Nylon 6/6 nut 
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Manufacturing method of this nut would be injection molding and machining, 
at the time the we want to order this material and new nut design was sketched, 
the lock pin concept gave splendid result and for reducing the cost managers 
suggested not to by the material and stop this concept in current stage and let it 
for future investigation. 
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4. Results and discussion  

 

In this section results and the concepts will be comparing to each other. 

Because three concepts have been selected in earlier stages and how 

improvements were done, now explaining the results and comparing them with 

each other should be presented. 

 

4.1 Shock absorber 

According to table 7 and part 3.4.2, the perceptions of dynamic forces can 

double the normal force and in normal RE25 actuators will lead to loose of 

self-locking. Due to huge failure in Rig device, a real wheel chair has been used 

for tests. In around 2 hours 5 mm displacement has been viewed in RE25 16x4. 

Results are in table 13. You can find detailed numbers in appendix F. 

 
Table 14-Dynamic test 

 
 

Table 14 shows approximately after even 10 minutes displacement had been 

started. In around just 145 minutes 7 mm displacement has been viewed which 

is more than eligible rate. 

 

The shock absorber has been drawn in Inventor and has been analyzed. The 

results were quite promising just 93     stress (figure 42) and even spring 

didn’t use its whole stroke. Therefore this idea can be really great under one 

condition, if the forces loaded axially or even with low level of deviation.  
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When the time of real test arrive as mentioned in chapter 3.4.2, before the test 

started and because of huge bending moment and small shaft diameter failure 

occurred. Further investigation was done and new geometry designed, but due 

to policymakers decision the new test has not been done. 

 

4.2 Lock pin 

For lock pin concept after precise calculation and equation derivation and 

regarding to table 11 no significant displacement occurred (just around 1 mm 

which is really normal for the long cycle test which has been done). Again by 

using FEM method the reaction forces in contact region were 1980 N 

according to table 15. These results mean that with really cheap pin the great 

success has been achieved. But the idea is not completed yet because the 

electrical part should be done by an electrical engineer that the concepts can be 

used ideally and easily.  

A static reaction force analysis has been held in     . Calculated reaction is 

1980 N in contact region of actuator. Analysis file and information can be 

found in a separate file if needed but results and how the drawing for analysis 

is, is shown in table 15 and figure 56.  

 

 
Figure 56-Schematic view 

 
Table 15-Reaction force 

Object Name Force Reaction 

State Solved 

Definition 

Type Force Reaction 

Location Method Boundary Condition 

Boundary Condition Fixed Support 
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Orientation Global Coordinate System 

Suppressed No 

Options 

Result Selection All 

Display Time End Time 

Results 

X Axis 1802. N 

Y Axis 864.04 N 

Z Axis -7.6884e-013 N 

Total 1998.4 N 

Information 

Time 1. s 

Load Step 1 

Sub step 1 

Iteration Number 1 

 

The ongoing case is to work with a solenoid motor and a new gear house. First 

a new electrical design should be done which can move the pin automatically 

for opening and locking. A new test should be run to see the final results. The 

solenoid idea is really good but it will not be the final solution due to cost of 

each solenoid motor is around 300 SEK and this amount is not totally 

acceptable for the company. Perhaps it can be a new thesis topic for electrical 

engineer. It could be a bit tricky due to there is limited source of energy( 

battery), price should be noticed, power and size should be compromised and 

small amount of delay is needed before the motor starts again(due to pin can be 

released with small force amount). 

 

 

4.3 Nut material 

As discussed earlier, it was completely vivid that if material change to a new and 

better qualified one it can have quite good effect on the whole self locking 

system. Two important parameters which effect directly on the selection of nut 

material are Yield strength and static coefficient of friction. Finally four 

different materials selected which their mechanical properties mentioned in 

table 16 and you can see additional information in table 13. 
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Table 16-Mechanical properties 

 Tensile strength 

(   ) 

Density 

 (     ) 

Glass transition 
 

Polystyrene 100 2140 92.4 

Polyethylene 53.1 1400 92. 

Nylon 6, 
nucleated 

77.6 1250 -- (    melting 
point) 

Nylon 6, 20% 
glass fiber filled 

116 1600 -- (252 c melting 
point) 

 

Potentially these four materials are suitable for substitution with current brass 

nut. Further investigation and tests were stopped because of good results in 

other concepts and reducing of the costs. So there is no numerical result for 

this concept. Perhaps in future some tests can be run on these materials to 

increase the efficiency and self locking property. 

 

 

4.4 Recommendation and future work 

Since to other concepts (shock absorber and new material) has been stopped in 

the middle of the design, there is willing chance to continue to work on the 

concepts and improve self locking in parallel with multi methods. A new gear 

box design which is going to be performed in company in near future can lead 

to improvement of the gear box and a new worm gear design. New materials 

could be really useful in both properties and cost. In my opinion chapters 3.4.2 

and 3.4.4 can be improved in future. But electrical actuators area is really vast 

and should be investigated more widely depending of application of the 

actuators (Knowing the specification and application of actuators are in first 

priority). 

 

 

 

 

 

 

 

 

 

http://www.matweb.com/tools/unitconverter.aspx?fromID=2&fromValue=92.0
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5. Conclusion 

From the beginning a general specification was defined and then concepts 

generation started. Among all different and various concepts three concepts 

which gained more points were selected. 

Shock absorber, lock pin and new material have been run parallel and more or 

less all those three had a positive effect. In the middle of the tests the lock pin 

idea passed all the tests successfully and due to company positive consideration 

the other concepts were stopped.  

The lock pin idea need more progress in the electrical part to achieve a 

complete device. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



57 
 

Acknowledgement 

I do appreciate the kind help from my supervisor in Karlstad University Anders 

Wickberg and my supervisor in company Krister Kumlin, without their wise 

guidance and advice the thesis couldn’t be finished. In addition, I want to thank 

Jens Bergström for giving me the opportunity of extra work besides my courses 

and his trusting, also      company which gave me precious chance to have 

great cooperation with them. At the end, I would love to thank my dear parents 

for endless love and support. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



58 
 

Reference 

(1) Reac AB. Product description. 2012; Available at: 
http://www.reac.se/dokument/bibliotek/produktblad_re25-1.pdf. Accessed 
03/05, 2012.  

(2) Warner linear. Electrical actuators cataloge. 2012; Available at: 
http://warnernet.com/litportal/brands.asp?brandid=4. Accessed 03/05, 2012.  

(3) Shigley JE, Mischke CR, Budynas RG, Liu X, Gao Z. Mechanical 
engineering design. : McGraw-Hill New York; 1989.  

(4) Ulrich KT, Eppinger SD, Goyal A. Product design and development. : 
McGraw-Hill; 2011.  

(5) bearingthrust. Ball nut. 2011; Available at: 
http://www.bearingthrust.com/2011/02/16/ball-screw/. Accessed 5/9, 2012.  

(6) Mead info. Lead screw calculation. 2009; Available at: 
http://www.meadinfo.org/2009/07/acme-lead-screw-torque-calculator.html. 
Accessed 6/12, 2012.  

(7) Magtork. Magnetic brake. 2010; Available at: http://www.magtork.com/. 
Accessed 6/7, 2012.  

(8) Ace automation control equipment. Shock absorber. 2012; Available at: 
http://www.indiamart.com/aceautomationcontrol/industrial-shock-
absorbers.html. Accessed 9/29, 2012.  

(9) Matweb. Matweb. 2012; Available at: http://www.matweb.com/. Accessed 
9/29, 2012.  

(10) Roymech. Worm gear parameters. 2012; Available at: 
http://www.roymech.co.uk/Useful_Tables/Drive/Worm_Gears.html. 
Accessed 9/29, 2012.  

(11) Ashby MF, Ashby MF. Materials selection in mechanical design. : 
Cambridge Univ Press; 2005.  

(12) engineeringtoolbox. friction coefficient 2012; Available at: 
http://www.engineeringtoolbox.com/friction-coefficients-d_778.html. 
Accessed 9/29, 2012.  

 

 

 

http://www.reac.se/dokument/bibliotek/produktblad_re25-1.pdf
http://warnernet.com/litportal/brands.asp?brandid=4
http://www.bearingthrust.com/2011/02/16/ball-screw/
http://www.meadinfo.org/2009/07/acme-lead-screw-torque-calculator.html
http://www.magtork.com/
http://www.indiamart.com/aceautomationcontrol/industrial-shock-absorbers.html
http://www.indiamart.com/aceautomationcontrol/industrial-shock-absorbers.html
http://www.matweb.com/
http://www.roymech.co.uk/Useful_Tables/Drive/Worm_Gears.html
http://www.engineeringtoolbox.com/friction-coefficients-d_778.html


59 
 

Appendix A 

Rig Position Weight (Kg) Force (N) 

6341 0 606 

6336 33.5 2502 

6329 67 4398 

6322 99 6209 

6315 133 8134 

6311 150 9096 

6308 170 10228 

6304 190 11360 

6299 210 12492 

6294 230 13624 

 

 

Appendix B  

Force (N) Position (mm) Time (minute) Cycles 

2000 99.94 0 0 

2000 99.6 5 300 

2000 99.6 15 900 

2000 99.25 40 2400 

2000 99.12 100 6000 

2000 99.1 145 8700 
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Appendix C 
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Appendix D 

http://www.youtube.com/watch?v=PFxECmFMlH4&feature
=youtu.be 

 

 

 

Appendix E 

Force (N) Position (mm) Time (minute) Cycles 

2000 97.8 0 0 

2000 96.72 15 900 

2000 96.71 60 3600 

2000 96.71 110 6600 

2000 96.71 190 11400 

2000 96.71 220 13200 

2000 96.71 315 18900 

2000 96.5 1440 86400 

Appendix F 

 

Length (mm) Tim (min) Cycle 

94.23 0 0 

92.9 15 900 

92.43 30 1800 

90.02 75 4500 

87.1 145 8700 

 

http://www.youtube.com/watch?v=PFxECmFMlH4&feature=youtu.be
http://www.youtube.com/watch?v=PFxECmFMlH4&feature=youtu.be

