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Sammanfattning 

När man designer nya möbler idag ligger stor fokus på att de ska göra livet lättare för kunden 

och på grund av detta har den elektriska öppnaren blivit utvecklad. I dagsläget används den 

framför allt i köket, både i lådor och dörrar. Funktionen hos en elektrisk öppnare är att 

användaren trycker på fronten av lådan eller dörren och då öppnas den automatiskt. 

Målet med det här projektet har varit att utveckla koncept för en elektrisk lådöppnare, bygga 

en enkel prototyp, utföra en kostnadsanalys samt att göra en funktionsbeskrivning till 

konceptet. 

Projektet var indelat i fem faser. Den första var att definera problemet samt att samla den 

informationen som var nödvändig för resten av arbetet. Det sista steget i den här fasen var att 

definera kravspecifikationen för den nya produkten. Den andra fasen av projektet började 

med att generera koncept på hur man kan öppna en låda elektriskt. Genom utförlig 

utvärdering av de framtagna koncepten valdes tre stycken att gå vidare med. I den tredje 

fasen av projektet vidareutvecklades dessa tre koncept och efter en andra utvärdering återstod 

bara ett. Den fjärde fasen av projektet var att bygga prototyper för att kunna testa koncepten 

samt att undersöka vad som behövde ändras. Den här processen itererades till dess att 

konceptet fungerade enligt planen. Den femte och sista fasen av projektet var att välja 

material och dimensioner av de ingående delarna i produkten. Som en sista del utfördes även 

en kostnadsanalys för att undersöka om den här typen av produkt är något som företaget ska 

gå vidare med. 

Det framtagna konceptet fungerade som det var tänkt, likvä kommer det ändå att krävas mer 

arbete innan man kan producera produkten. Målen med projektet uppnåddes; koncept var 

utvecklade, en fungerande prototyp konstruerades, och en kostnads analys och 

funktionsbeskrivning genererades. 

 

Nyckelord:  Elektrisk          Push open          Lådor          Utveckling  
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Abstract 

One of the main goals when designing new furniture today is to make life easier for the user 

of the product, for this reason the electrical push open has been developed. In the present day 

it is mostly used in the kitchen environment in both drawers and doors. The function of an 

electrical push open is to open a drawer or door automatically when the user gives the drawer 

or the door a small push. 

The objects of the project have been to develop concepts of electrical push opens, build a 

simple prototype, conduct a cost analysis and to make a function description of the push 

open. Delimitations of the project were to focus on a TV-bench and not focus on developing 

the software for the push open. 

The project was conducted in five different phases. The first phase was to define the problem 

and gather the information needed for the rest of the project. The final stage of this phase was 

to define the requirements for the new product. The second phase started with the 

development of concepts that could fulfill the requirements. Through extensive screening and 

evaluation of the concepts three concepts were chosen to further development. In the third 

phase these concepts were developed further and re-evaluated resulting in one final concept. 

The fourth phase of the project was to build prototypes to use for testing, based on the result 

of the tests the concept was re-designed and more tests were conducted. The fifth phase 

started when the tests were passed. In this phase the concept was further developed and the 

dimensions and the material of the parts decided. The final work that was done was to make a 

cost analysis to investigate if this type of product is something worth further development. 

The developed concept works as intended, however it will require more work before it can be 

manufactured. The objective of this Master of Science thesis was fulfilled; conceptual 

designs of an electrical push open was developed, a working prototype was built and the cost 

analysis and function description of the push open was generated. 
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NOMENCLATURE 

The symbols and abbreviations used along the project are described in the following chapter. 

Notations 

Symbol Description 

A Cross-section area (m
2
) 

c Spring constant (N/m) 

cM Spring constant (Nm/°) 

Dt Wire diameter (m) 

Di Inner diameter of spring (m) 

di Inner diameter of shaft (m) 

dy Outer diameter of shaft (m) 

E Young’s modulus (Pa) 

FC Piston force (N) 

FClamp Clamping force (N) 

FDrawer Force to open the drawer (N) 

Ff Friction force (N) 

Fftooth Friction force in the tooth (N) 

FM Force from rotational moment (N) 

FN Normal force (N) 

Fn Spring force (N) 

FR Reaction force (N) 

G Shear modulus (Pa) 

I Moment of inertia (Nm/rad) 

i Gear ratio 

K The torsional stiffness’ cross-section (m
4
) 

L Length (m) 

l Length (m) 

L0 Unloaded length (m) 

Ln Loaded length (m) 

M Moment (Nm) 

Mb Bending moment (Nm) 

Mn Spring torque (Nm) 
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Mv Torsional torque (Nm) 

nt Number of turns (#) 

p0 Pitch (m) 

T Shear force (N) 

v Velocity (m/s) 

Wb Bending resistance (m
3
) 

Wv Torsional resistance  

w Angular velocity (rad/s) 

z Number of teeth (#) 

α Angle (°) 

γ Displacement (m) 

σ Bending stress (Pa) 

τ  Shear stress (Pa) 

φ Angle of torsion degree (°) 

  

Abbreviations 

3D 3 Dimensional 

ABS Acrylonitrile butadiene styrene 

CAD Computer Aided Design 

CPU Central Processing Unit 

DMU Digital Mock Up 

FEM Finite Element Method 

IP Intellectual Properties 

PA Polyamide 

POM Polyoxymethylene 
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1. INTRODUCTION 

This chapter presents the background, purpose, delimitations and methods used to realize the 

presented Master Thesis work. 

1.1. Background 

One of the main goals when designing new furniture today is to make life easier for the user 

of the product, and for this reason the electrical push open has been developed. In the present 

day it is mostly used in the kitchen environment in both drawers and doors. The function of 

an electrical push open is to open a drawer or door automatically when the user gives the 

drawer or the door a small push. For drawers a servo in the component rotates a small arm 

pushing the drawer open. The drawer will only open 10 to 20 centimeters and then the user 

has to open the rest manually. For kitchen doors the electrical push open is integrated in the 

hinge and will open the door completely. 

Right now the commissioner has an existing electrical push open for drawers in their range of 

products. It is intended to be used for the drawer in the kitchen containing the rubbish bin, to 

be able to open it even tough your hands are dirty or full with things you want to throw away. 

This electrical push open is not one of the company’s own products; instead it is developed 

by one of their competitors that specialize in furniture fittings. Their push open is quiet large 

which makes it not suitable for other applications and drawers. Furthermore the push open is 

rather expensive, this conflicts with the philosophy of the company. 

1.2. Purpose and Objectives 

This thesis work aims to investigate the possibility for the commissioner to produce their own 

electrical push open for drawers. The new concept should be cheaper than the competitors, 

and also more versatile to make it possible to be used it in other drawers, with other 

applications than containing the rubbish bin. The objectives for the thesis work are: 

 Develop conceptual designs of electrical push open. 

 Build a simple prototype.  

 Analyze the cost of producing the new concept and give a price indication. 

 Make a function description of the push open. 

1.3. Delimitations 

It was decided that the focus of the project should be on the mechanical solution and not the 

electrical solution. However, recommendations should be given for the choice of electrical 

equipment included in the push open. Furthermore the objectives will be done with focus on a 

TV-bench, see Figure 1.1. It was also decided that software programming of the push open 

will not be included in this Master Thesis.  

The external design of the electrical push open was not considered important for this project 

and it might be changed in the future. 
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Figure 1.1. TV-bench  

Before any purchases of material or components for the prototype each individual cost was to 

be discussed with the Assignment Leader. 

The company has a Pattern shop where prototypes can be built and a test lab where 

prototypes can be tested. In this project these resources and services can be used as much as 

required. However, they could not manufacture parts with the high precision required in 

materials with good mechanical properties; instead 3D-printing could be used to make simple 

prototypes in materials of poorer quality. 

1.4. Methodology 

This master thesis will follow the product development process described by Ulrich and 

Eppinger in Product Design and Development [1]. The method is a well-defined and 

systematic approach to product development with the focus on the importance of planning, 

organizing and systematically evaluation of every step taken in the design process. The 

development process according to Ulrich and Eppinger are shown in Figure 1.2.  

 
Figure 1.2. Product Design and Development 

The overall product development process from this methodology will be applied to the 

project and the different steps described will be followed. However, sometimes the process 

will differ from the one describe in the book.  

1.4.1. Planning 

The first part of the project was to define all the tasks that needed to be performed and make 

a time plan for the complete project. The time plan is presented in Appendix A: Gantt Chart. 

In the time plan all the tasks needed to be completed for the success of the project are 

presented. It also contains information when every task needs to be finished, in order to make 

sure that the project is completed in time. The amount of time available for this project is 20 

weeks. 
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1.4.2. Pre-study   

A pre-study is the first step to get a better understanding of the problem, and to be able to set 

the requirements needed for the product. In the pre-study for this project the following will be 

investigated; working conditions for the push open, existing electrical and mechanical 

solutions (including patents), electrical components already used in the company’s range and 

the customer’s point of view, which in this case is a sister company. Most of the information 

was gathered by interviewing people within the company and reading documentation about 

the products. This step stretched over a period of five weeks. 

1.4.3. Requirements specification 

The next step was to develop an updated requirements specification in collaboration with the 

assignment leader. 

1.4.4. Concept development 

The succeeding step was to develop concepts using the method of brainstorming. The 

inspiration for this step was gathered by visiting the local store, looking at current solutions 

and other products with the same motion. Sketches of all the concepts were made in order to 

help the evaluating process. 

1.4.5. Concept evaluation 

These concepts was then evaluated and compared against each other, using Pugh’s decision 

matrix [2], resulting in three concepts for further development. The selection was done with 

the help of the needs and requirements determined in the pre-study. From these concepts 

CAD models was developed, and the concepts was then investigated further in order to 

narrow it down to one concept for further development. 

1.4.6. Detail design 

The next step was to do the detailed design of the concept that was chosen in the previous 

phase. All the components that were needed were designed and the dimensions set, resulting 

in a concept ready for prototype building. In this step some calculations was required in order 

to choose the final dimensions of the parts. 

1.4.7. Prototype building and testing 

From the detailed designs prototypes was made in order to test that the dimensions were 

right, that the functions worked as intended and that they were strong enough. If any of the 

tests failed the design was evaluated and re-designed. The prototype building and testing 

procedure was iterated until a satisfying result was reached. The prototypes were initially 

built in the Pattern Shop. 

1.4.8. Cost analysis  

For the concept with the highest potential a cost analysis was made in order to see if this is a 

product that the company will develop further and start producing. 
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1.5. Analyze of Risk 

In order to predict and avoid any possible setbacks that could occur during the thesis work 

and compromise the realization of the work, a risk analysis was performed where the 

likelihood of any inconvenience to occur, and the consequences if they do was defined. For 

those problems that seemed to be critical, an action plan was specified. The risk analyze can 

be seen in Appendix B: Risk Analysis. 
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2. FRAME OF REFERENCE 

This chapter presents the theoretical frame of reference, including existing information about 

mechanical and electrical push open. It presents information necessary for the rest of the 

work. 

2.1. Pre Study 

The first part of the project was to gather as much information about electrical push opens as 

possible. This was done by investigating current solutions on the market, both mechanical 

and electrical. Furthermore, this was conducted to understand how they operate and what 

kind of components they consists of and how these work.  

2.2. Push Open 

The push open has been developed to eliminate the use of handles on doors and drawers, both 

to make it easier for the end user to open drawers and doors, and to get a sought after cleaner 

design of the furniture. 

2.2.1. Area of use 

The area of use for push open is in furniture, mostly in doors, and in some extent in drawers. 

The purpose of a Push open in a door is to eliminate the use of handles for a different esthetic 

look. In drawers the Push open is both used to eliminate the handles, and to be able to open a 

drawer without the use of your hands. Instead the user can give the drawer a push with the 

knee, which is really helpful if your hands are filled with waste that you want to throw in the 

rubbish bin.  

2.2.2. Mechanical Push Open 

Mechanical Push opens exists today in a lot of different designs. Most of them consist of the 

same basic components and works in the same way with some exceptions.  

The Common Design 

A push open consists of a spring loaded latch; see Figure 2.1, which has a small guide track 

on the side in which a pin slides. Depending on the position of the latch the pin will be in a 

different trace, see Figure 2.2. 

 
Figure 2.1. Mechanical Push Open 

The position of the pin will then determine if the latch will push outward, move inward or 

hold in the inner most position. The push open is mounted in the cabinet with a mounting 

bracket that uses the same holes that already exists in the cabinet walls.  
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Figure 2.2. Pin trace 

When the latch is in the inner most position and the user pushes the drawer front or door, the 

latch will slide outwards opening the door about 5cm. Then the user has to open the rest of 

the drawer or door. The general dimensions for a mechanical push open can be seen in Figure 

2.3. When the user then wants to close the door or drawer, the user pushes the latch back in, 

and it will hold in its inner most position. On top of the piece there is a small adjuster with 

the possibility to adjust the length of the opening with 0,5cm.  

The materials used for a push open are plastic and steel. The push open is rated to open a 

drawer with a maximum force between 15 and 27N [3]. The cost for a mechanical push open 

is 25SEK/piece [4]. 

 
Figure 2.3. General dimensions of a mechanical push open 

Foot Operated 

Another company has developed their own version of a mechanical drawer opener. Instead of 

pushing on the front of the drawer the cabinet is fitted with a foot operated pedal. The pedal 

is connected to a spring loaded opener by means of a steel wire that is mounted behind the 

drawer, see Figure 2.4. When the pedal is pushed down the drawer will then open a couple of 

centimeters. When the user then closes the drawer the spring will be loaded again [5]. 

 
Figure 2.4. Foot operated push open [5] 
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Integrated 

In some drawers the push open is integrated in the drawer slide eliminating the extra 

component. These push open uses the same principal as the common design with a guide 

track, see Figure 2.5 [6]. 

 
Figure 2.5. Integrated push open [6] 

2.2.3. Problem with mechanical push open 

Many drawers on today’s market have self closing abilities, meaning that when the user 

pushes the drawer, a spring loaded mechanism in the end of the drawer slide will catch the 

drawer and pull it to a closed position. The spring is loaded when the drawer is opened and it 

is connected to a damper making the closing sequence smoother. One of the problems when 

using a mechanical push open is that it is not possible to combine it with self-closing. In order 

to open the drawer the push open spring has to be stronger than the self closing spring, and at 

the same time it needs to be charged when closing the drawer and the self closing mechanism 

is then not strong enough to close it [7]. One solution to this problem is to charge the push 

open spring in another stage of the opening sequence then when closing it, resulting in that 

the user has to overcome this force when either opening or closing the drawer. This is not 

optimal because it will make the motion of the drawer not as smooth as the customer wants it 

to be, and that is one of the main reasons why the electrical push open was invented. 

2.2.4. Electrical Push Open 

Electrical push opens exists today for kitchen drawers, and most of them uses the same 

design and technology.  Electrical push opens are used to open heavier drawers with or 

without self closing, and to give a smoother motion than the mechanical. The push open is 

usually mounted behind the drawer; see Figure 2.6 [8].  
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Figure 2.6. Mounting of an electrical push open [8] 

Swing arm 

In the electrical push open there is a servo controlling a pivoting arm that pushes the drawer 

outwards. The pivoting arm is in constant contact with the back of the drawer, and when the 

user gives the drawer a small push, the servo will swing the arm outwards. This motion will 

open the drawer about 10 to 20 cm depending on how much weight there is in the drawer. 

When the drawer has been open, the pivoting arm will return to its starting position and the 

drawer has to be closed manually by the user. The push open has a collision sensor that 

makes sure that the drawer cannot be opened if something is obstructing it. If all drawers in 

the kitchen are fitted with electrical push opens, they can be connected to make sure that they 

will not collide with each other. If the user wants electrical push opens to all drawers in one 

cabinet a mounting profile is used, which is fixed in the top and bottom of the cabinet since 

the back is usually a lot weaker. The electrical push open is rated to open drawers that weigh 

up to 20kg [9]. The electrical push open are connected via a transformer to a 230V power 

socket. The general cost for an electrical push open is 900SEK/piece and they use 

3,5kWh/year [9]. The dimensions of a typical electrical push open are described in Figure 

2.7. 

 
Figure 2.7. Dimensions of electrical push open [9] 

Open and close 

There exists another type of electrical push open, in which the electrical motor is used to both 

open and close the drawer completely. For this kind of push open the electrical push open is 

integrated in the slide, see Figure 2.8, and the electrical motor moves with the slide when it is 

opened and closed. The motor is connected to a gear and then to a toothed rack controlling 

the motion.  
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Figure 2.8. Electrical open and close [10] 

Both slides are equipped with a gear and toothed rack in order to have a smooth motion. 

However, only one has a motor mounted with a drive shaft connecting the other side. In order 

for the electrical push open to work a power supply unit is required. Each of these units can 

supply 20 electrical push opens. This type of electrical push open is rated to open and close 

drawers up to 70kg [10].  

 

2.2.5. The market today 

On today’s market most leading kitchen retailers offer some sort of push open solution for 

both drawers and doors. Many retailers offers only mechanical solutions, however, all the top 

retailers offers electrical push open solutions for drawers. Some offer system of electrical 

push open while others only offer single units. All of the electrical push opens on the market 

today works like described above and looks almost identical, with a pivoting arm that opens 

the drawer. To install a system of electrical push openers it will require one push open unit 

for each drawer, a mounting set, a distribution block that distributes the power to each unit, a 

power supply unit, cables and a power outlet for each cabinet [11]. In excess of the electrical 

components two buffers are required, these gives the distance needed to be able to push the 

drawer front to activate the push open, see Figure 2.9. 

 
Figure 2.9. Mounting of the buffers [9] 
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2.3. Components included 

The push opens on today’s market consist of basically the same parts; these are described in 

this subchapter. 

2.3.1. Electrical components in the company’s range 

In today’s range there are no similar products to an electrical push open. None of the 

company’s own products has rotational electrical motors; however, they do have contact with 

suppliers that can provide such components. The electrical components in the range today are 

mostly different cables, transformers and lamps. For this project it was possible to use the 

competence within the company if questions regarding electrical components emerged. 

 

2.3.2. Transformer 

A transformer is typically used between the wall-socket and the electrical unit in order to 

transform the high voltage and AC-current to the lower voltage and DC-current needed by the 

electrical unit [12]. This is done by applying the principle of magnetic induction between two 

coils, called windings, with a ferromagnetic core. A change in one of the windings changes 

the magnet field in the core which in turn induces an alternating voltage in the secondary coil. 

Depending on the ratio between the numbers of turns in the two windings the voltage is either 

lowered or increased. A typical transformer is presented in Figure 2.10. 

 
Figure 2.10. Transformer [12] 

 

2.3.3. Microprocessor 

A microprocessor, or Central Processing Unit (CPU), is the “brain” of all electronic products 

today. It is a multipurpose, programmable device that accepts digital data as input and 

processes it according to instructions stored in its memory and provides the results as output 

[13]. Microprocessors are low-cost components that are used in everything from Personal 

Computers (PC) to toys. A typical microprocessor is presented in Figure 2.11 

 
Figure 2.11. Microprocessor [13] 

http://www.diytrade.com/china/pd/5673115/Microprocessor_STC_BRAND.html
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2.3.4. Electrical motor 

An electrical motor uses magnetism to generate the rotating motion. A basic DC-motor 

consists of six parts; axel, rotor, stator, commutator, field magnets and brushes, see Figure 

2.12. In a DC-motor a voltage is induced in the winding of the stator, creating a magnetic 

field which will make the rotor turn. Then by switching the current in the rotor using the 

commutator the magnetic field is changed, rotating the rotor 180
o
. Switching the current back 

and forth will make the motor rotating.  

 
Figure 2.12. Schematics of a DC-motor [14] 

The speed of the motor can be controlled by changing the voltage applied to the rotor. The 

output torque from a DC-motor depends on the windings of the stator and the strength of the 

magnetic field that is induced [14]. 

2.3.5. H-bridge 

An H-bridge is fundamental when controlling a DC-motor, because it is a circuit that enables 

a voltage to be applied across a load in either direction allowing the DC-motor to run both 

forward and backward. H-bridges are available as complete units or can be built from discrete 

components [15]. An H-bridge consists of four switches, see Figure 2.13. When switches S1 

and S4 are closed a positive voltage will be applied across the motor, and when S2 and S3 are 

closed a negative voltage will be applied across the motor. A typical complete H-bridge are 

shown in Figure 2.14 

 

 
Figure 2.13. Structure of an H-bridge [15] 
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Figure 2.14. H-bridge [15] 

2.3.6. Servo 

In today’s solution a servo mechanism are used for the opening motion. 

Servo Motor 

A servo motor is a rotary actuator that allows for a precise angular position, see Figure 2.15. 

It consists of a motor coupled with a sensor for position feedback. This together with a 

controller makes it possible to control the position, speed and other parameters of the servo 

[16]. 

 
Figure 2.15. Servo motor [16] 

The cost of a servo motor is from a couple of SEK to thousands depending on the output 

torque and quality of the sensor. 

Servo Motor vs. Step Motor 

Servo motors are usually used as high performance alternatives to step motors. The position 

of the step motor can also be controlled. This makes them possible to be used as an open-loop 

position controller without any feedback sensor, since the drive signal specifies the number of 

steps to rotate. The lack of feedback limits their performance, however they are cheaper than 

the servo since the controller does not have to be as sophisticated [17]. 

2.3.7. Gears 

A gear is a rotating machine part having cut teeth, or cogs, which is meshed with another 

toothed part in order to transmit torque. Two or more gears working together are called a 

transmission and can be used to change the speed, torque and direction of a power source like 

a DC-motor [18]. 

Spur gear 

Spur gears are the most common and simplest types of gears with straight-cut gears, see 

Figure 2.16. Spur gears consist of a cylinder or disc with the teeth projected radially. These 

gears can only be meshed together if they are fitted to parallel shafts [18].  

http://en.wikipedia.org/wiki/File:L298_IMGP4533_wp.jpg
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Figure 2.16. Spur gears [19] 

Worm gears 

Worm gears resemble screws, see Figure 2.17, and they are usually meshed with a spur gear, 

called the worm wheel. Worm gears are used when large gear reductions are needed. They 

can have a reduction of 20:1 up to 300:1 or greater. A disadvantage with a worm gear is the 

potential for significant sliding, leading to low efficiency [18]. 

 
Figure 2.17. Worm gear [20] 

2.3.8. Slip-clutch 

In order to protect the motor from being damage if something is obstructing the drawer in the 

opening sequence, and the torque is too high, a slip clutch is used. The slip clutch makes it 

possible for the motor to keep rotating instead of stalling. A slip clutch is typically spring 

loaded and uses friction to transfer the torque from the motor to the output shaft. For a typical 

slip clutch see Figure 2.18 [21]. 

 
Figure 2.18. Slip-clutch [21] 
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2.3.9. Sensors 

Sensors are required for the electrical push open to know when the user wants it open and to 

know the position of the arm. 

Push Switches 

A push switch is a momentary or non-latching switch; see Figure 2.19, which causes a 

temporary change in the state of an electrical circuit only while the switch is physically 

actuated. An automatic mechanism (i.e. a spring) returns the switch to its default position 

immediately afterwards, restoring the initial circuit condition [22].  

 

 
Figure 2.19. Push switches [22]  

There are two types of push switches “push to make” and “push to break”: 

1. A “push to make” switch allows electricity to flow between its two contacts when 

held in. When the button is released, the circuit is broken. 

2. A “push to break” switch does the opposite, i.e. when the button is not pressed, 

electricity can flow, however when it is pressed the circuit is broken. 

A push switch is really cheap when mass produced and cost only a part of a SEK. 

Hall Effect Sensor 

A Hall Effect sensor is a transducer that varies its output voltage in response to a magnetic 

field, see Figure 2.20. Hall Effect sensors are used for switching, positioning, speed 

detection, and current sensing applications. 

In its simplest form, the sensor operates as an analog transducer, directly returning a voltage. 

Most commonly they are included in brushless DC electric motors to detect the position of 

the permanent magnet [23]. 

A Hall Effect sensor is used in the current solution as an end position sensor to sense if the 

arm is in the open position. 

http://en.wikipedia.org/wiki/Latching_switch
http://en.wikipedia.org/wiki/Electrical_circuit
http://en.wikipedia.org/wiki/Transducer
http://en.wikipedia.org/wiki/Voltage
http://en.wikipedia.org/wiki/Magnetic_field
http://en.wikipedia.org/wiki/Magnetic_field
http://en.wikipedia.org/wiki/Hall_effect
http://en.wikipedia.org/wiki/Analog_(signal)
http://en.wikipedia.org/wiki/Brushless_DC_electric_motor
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Figure 2.20. Hall Effect Sensor [23] 

Rotary encoder 

A rotary encoder or a shaft encoder is an electromechanical device that converts the angle 

position or the motion of the shaft in to an analog or digital signal. The rotary encoder comes 

in two different types; the absolute and the incremental. The absolute encoder gives the 

angular position of the shaft, while the incremental gives the information of the motion of a 

shaft. In the electrical push open an incremental rotary encoder is used together with the end 

position sensor to control the motion of the arm. The rotary encoder is either mechanical or 

optical [24]. For some typical rotary encoder see Figure 2.21. 

 
Figure 2.21. Rotary encoders [24] 

 

  

http://www.google.com/imgres?um=1&hl=sv&sa=N&biw=1376&bih=714&tbm=isch&tbnid=VBfBc5nZwDHNjM:&imgrefurl=http://www.micropac.com/MII-Sensors.aspx&docid=aYxM7ugjE2ffJM&imgurl=http://www.micropac.com/images/Parts/3pinceramic.jpg&w=339&h=450&ei=PjAvUa2hJYPD0QWEu4HABA&zoom=1&iact=hc&vpx=1139&vpy=2&dur=405&hovh=259&hovw=195&tx=156&ty=135&sig=118288537468308092994&page=1&tbnh=138&tbnw=111&start=0&ndsp=31&ved=1t:429,r:7,s:0,i:101


16 

 

  



17 

 

3. INITIAL INVESTIGATION 

This chapter presents the initial investigation that was conducted in order to set the 

requirements specification for the electrical push open. 

A search for current patents was made to investigate what had been done in this area before 

and what was patented. The operation conditions for the new push open was investigated to 

get an understanding of how much space exists and what forces it needs to deliver in order to 

open the drawer. A mapping was done do get the smallest space and the largest forces. To get 

an understanding of what demands and wishes the customer had, a meeting was organized 

together with design engineers responsible for the Kitchen and Storage area. 

3.1. Patents 

There is a lot of electrical push opens on the market and many patens regarding the function 

and control of these. In this phase of the project only the patents filed by the company’s 

largest competitors during the previous year was investigated. It was done to get some 

understanding of what kind of patents exists and to get inspiration for the concept generation 

phase. A couple of these patents are described below; 

3.1.1. Electrical Push Open 

This patent regards a type of electrical push open, see Figure 3.1, in which an ejector is 

connected to an electrical motor via a gear mechanism. The gear wheel connected to the 

ejector contains two accumulating springs which releases the ejector when the drawer front is 

being pushed. Then the electric motor is activated and returns the ejector and tightens the 

accumulating springs again [25].  

 
Figure 3.1. Electrical push open [25] 

The patent claims for this solution regards the clock work mechanism between the first and 

second gear. This mechanism consists of two accumulating springs that are charged by the 

electrical motor and released when the user pushes the front of the drawer or the door. 

Basically it is a mechanical push open that is electrically returned to its position. 

3.1.2. Electrical open and close 

This patent regards an electrical open and close as described earlier. It is integrated in the 

slide and both opens and closes the drawer, see Figure 3.2. This device consists of an 

electrical motor coupled with a transmission that moves over a pinion track. There are two 

sensors, one coupled to the transmission and sensing the back of the cabinet [26]. 
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Figure 3.2. Electrical open and closing device [26] 

The claims for this solution regard the whole furniture drive including motor, transmission, 

output and sensors.  

3.2. Conditions of operation 

Different investigations were conducted in order to get the physical requirements for a new 

electrical push open. 

3.2.1. Geometrical requirements 

To get an understanding of how much space is available for the push open device, 

measurements have been taken from the company’s homepage, [27] and compared to data 

measured on the cabinets and drawers. The maximum space the push open devise should 

have in order to fit all drawers is 2,3 x 8 cm (D x H). If it should only fit the most common 

depth the space available is 7,3 x 8 cm. The width of the device only needs to be smaller than 

the width of the cabinet. All the dimensions of the cabinets and drawers can be found in 

Appendix C: Dimensions. 

One requirement from the company was that the electrical push open opens minimum 30% 

and maximum 90% of the extension rate of the drawer. The smallest drawer slide can be 

opened 35 cm; this means that the push open should open a minimum of 11cm and a 

maximum of 31cm. 

3.2.2. Rules and standards 

Considering the kitchen no rules or standards for the electricity exists, only some 

recommendations about the placement of the electrical sockets [28]. 

3.2.3. Opening force 

To be able to dimension the push open properly the maximum force that is required was 

investigated. This was done using a dynamometer to measure the opening force. The result 

was that the electrical push open should be able to open drawers with a force of 40N. On 

most slides today there exist a mechanical self closing device which is spring loaded. To be 

able to open the drawer the electrical push open has to overcome the force of the spring. For 

the whole test see Appendix D: Opening force. 
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3.3. Customers point of view  

To get the customers’ point of view, two interviews with design engineers in charge of the 

kitchen area and storage area was conducted. 

3.3.1. Kitchen 

The result of the meeting with the kitchen area was that they wanted a solution that was; 

 Efficient and uses as little electricity as possible 

 Only uses one transformer 

 Simple to mount in the cabinet 

 The noise level should not exceed the current solution 

 It should be able to stop if it senses that something is obstructing the drawer 

Furthermore they said that it should be water proof in the event of a water leak in the kitchen. 

After this meeting the focus of the project changed from Kitchen to Storage. This only meant 

that some of the dimensions of the space available changed. 

3.3.2. Storage 

The result of the meeting with the storage area was that many of their design engineers were 

asking for a better solution for a push open. A requirement from the storage area was that 

12V should be used for the electrical push open. In addition it has to be cheap for people to 

buy it. Also, they said that it would be really useful with an electrical push open if the drawer 

front is higher than usual to avoid it to be broken due to the large bending moment. Another 

thing that was discussed was that the current solution is not optimal because it is quite easy to 

accidently open the drawer. The conclusion of this meeting was that the project should focus 

on a TV-furniture to start with because it is one of the more expensive products on the market 

today. 
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4. REQUIREMENTS SPECIFICATION 

In this chapter the requirements specification for the electrical push open is presented. Due 

to confidentiality only a simplified version is presented. 

After gathering enough knowledge about the field of interest, and meetings with design 

engineers from different business areas within the company, the requirements specification 

was put together with all the technical requirements and desirables.  

4.1. Requirements from the company 

Requirements 

 The electrical push open shall function together with the specified TV-bench. 

 The electrical push open shall function if the drawer has self closing with or without 

soft closing. 

 The opening rate should be minimum 100mm and maximum 90% of the extension 

rate of the drawer. 

 The electrical push open shall fit drawers with the cabinet dimensions 

o Width: 400mm – 1200mm 

o Depth: 160mm – 560mm 

 The electrical push open should be able to open a drawer containing maximum 35kg 

exclusive drawer weight; the opening force should exceed 40N. 

Desirables 

 The electrical push open shall function together with the company’s kitchen drawers. 

4.2. Requirements from the pre-study 

Requirements 

 The electrical push open should not be deeper than 50mm. 

 The electrical push open should not be higher than 100mm. 

 The duration of the opening sequence should be less than 2s. 

 The electrical push open shall open the drawer when the user pushes the front of the 

drawer. 

 It should be possible to open and close the drawer manually. 

 The noise level from the electrical push open should not exceed the noise level from 

the current solution. 

 The push open should be easy to mount in the cabinet. 

 The electrical push open should stop the opening sequence if it senses that something 

is obstructing it. 

 The opening device should push the drawer open and not completely open the drawer. 

 The price of the electrical push open should not exceed a set value.  

Desirables  

 The electrical push open should not be deeper than 20mm. 

 The duration of the opening sequence should be less than 1s. 
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5. CONCEPT GENERATION 

This chapter presents the first phase of the implementation of the project; the concept 

generation and evaluation. 

When the requirements specification was completed and agreed upon together with the 

supervisor, the next step in the project was to develop concepts of how to open the drawer 

electrically. A lot of ideas had emerged during the pre-study and the first thing was to 

document these ideas and further develop them. Furthermore to get even more concepts the 

method of brainstorming and sketching on paper was used. For all the concepts see Appendix 

E: Concepts.  

5.1. Concept Evaluation and Concept Choice 

When enough concepts were developed a first evaluation was made using Pugh’s matrix [29]. 

5.1.1. Fist concept evaluation 

The concepts were compared to each other using Pugh’s decision matrix in relation to a set of 

criteria and how well the concept fulfils those criteria on a scale from one to five. The criteria 

chosen were; 

 Opens the drawer 

 Cheap 

 Easy to assemble for the customer 

 Patents that may conflict 

 Simple solution 

 Small number of parts 

 Low electricity consumption 

 Possibility to open the drawer manually 

 Speed 

 Few moving parts 

 Alternative placements in the cabinet 

 Small 

 Easy to program 

 Modular 

These criteria were also weighed on a scale from one to five depending on how important 

they were. The current solution was also added in the decision matrix, to be used as a 

reference. For the complete Pugh’s matrix see Appendix F: Pugh’s Decision Matrix. From 

the result of the Pugh’s Matrix it was decided to continue working with the top 5 concepts, 

these can be seen in chapter 4.1.2. – 4.1.4 (two of these concepts cannot be presented in this 

report due to confidentiality). 

5.1.2. Linear Base Unit to be used at different placements in the cabinet 

This concept has a linear base unit, see Figure 5.1, consisting of a linear actuator that is either 

mounted at the side of the cabinet and pushes directly at the drawer front, or is mounted at the 

back of the cabinet and pushes at a swing arm and said swing arm then pushes at the back of 

the drawer and opens it. The advantage for this concept is that it can be fitted to a lot of 

different furniture because of its versatile placement. The linear actuator is also a complete 

product that can be bought from a supplier together with a controller. The disadvantages with 
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this concept are that these linear actuators are more expensive than regular rotating actuators. 

Furthermore they are slower than regular motors which could lead to a slower opening 

sequence.  

 
Figure 5.1. Linear Base Unit 

5.1.3. Electromagnets 

The fourth concept consists of no mechanical parts. Instead it consists of an electro magnet 

mounted to the cabinet and a permanent magnet mounted to the drawer, see Figure 5.2. The 

two magnets will have different polarity resulting in a force that pushes the drawer outwards. 

The advantage with this concept is that no mechanical parts are required and that it can be 

mounted at different places in the cabinet. The disadvantage with this concept is that to 

deliver high forces a large current needs to be applied, and that the force decreases rapidly 

with the distance between the magnets.  

 
Figure 5.2. Electromagnetic push open 

5.1.4. Swing arm 

This concept is the traditional on the market today. It consists of a swing arm that is coupled 

to an electrical motor using a transmission, see Figure 5.3. The swing arm rotates and pushes 

the drawer open. 

 
Figure 5.3. Swing arm 

The advantage with this concept is that the solution has been proven to work before and 

furthermore it is possible to adapt the size of the solution to the space between the back of the 

cabinet and the drawer. The disadvantage is that there exist a lot of patents around this 

solution that will need to be looked through. 
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5.2. Second concept evaluation 

To be able to decide which three concepts to continue working on, the five chosen concepts 

were evaluated once more by gathering additional information about the technologies used. 

The electromagnet concept was chosen not to further develop, because of the rapid loss of 

force when the distance between the magnets is increased [30]. This could lead to two things, 

either the magnets have to be really large or it would have poor opening ability. Furthermore 

it was also proven to be a lot more expensive than the other concepts [31]. 

It was decided that two of the other concepts, the swing arm concept and one of the 

confidential concepts, could be combined in to one, resulting in three concepts to further 

develop. 

5.3. Patents within the surrounding fields 

To avoid infringement of patents an investigation of existing patents was conducted. The 

investigation was done together with more experienced personnel. It was performed in 

several steps. The first step was to find suitable key words for the search. This was done by 

investigating some known patents in this area. When the key words were found, a search 

string was formulated and executed in an internet based search engine for Intellectual 

Properties (IP) called Thomson Innovations [32].  

The result from this search was about 500 patents. The next step was then to go through these 

patents and find those that dealt with electrical push open for drawers. 

After going through the 500 patents about 50 was found to be of interest, these patents were 

then included in a list at Thomson Innovation. The next step was then to find all patents that 

either cited any of these patents or were cited in them. This resulted in that another 10 patents 

was found making the total of about 60 patents.  

These 60 patents were then read through thoroughly to investigate what was patented. This 

resulted in 10 different ones that in some way interfered with some of the generated concepts. 

After consulting with the IP responsible person at the company it was thought that there were 

some significant differences between the generated concepts and the patents. 

The next step will be to hand over the patent search to an external patent engineer who will 

determine if there is any interference before the final concept becomes a product    
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6. CONCEPT DEVELOPMENT 

In this chapter the concept development phase is presented. Starting with the development of 

CAD-models of the concepts followed by the calculations needed to dimension the included 

parts. 

6.1. Linear base unit 

The three chosen concepts were then further developed. The first step was to do a simple 

Digital Mock Up (DMU) using the CAD – program (Computer Aided Design) SolidWorks 

[33]. This was done to get an estimate of the size of the concept,  and to be able to calculate 

the force and speed needed for the linear actuator, which would be used to select the best 

linear actuator for this concept. Furthermore, this was done to be able to see what additional 

parts needed to be developed. 

6.1.1. DMU 

A CAD model of the concept was created, see Figure 6.1, and the lengths were measured to 

be used for the calculations. 

  
Figure 6.1. Linear base unit 

6.1.2. Calculations 

To be able to calculate the force and speed needed for the concept a sketch was made, see 

Figure 6.2, in which all the forces and velocities were added. From this sketch the static 

equilibrium was then developed and it was solved using MatLab [34]. For the complete 

calculations, see Appendix G: Linear motor calculations. The result from these calculations 

was that the required force was Fmax=400N and the velocity was vc= 36mm/s. 

 
Figure 6.2. Sketch with forces added 
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6.1.3. Choosing linear actuator and getting a price estimate 

Since the actual cost of a linear actuator was hard to establish, it was decided to contact a 

distributor of this type of motor to get a price estimate before continue working with this 

concept. 

After talking to Business Developers at the company, Linak AS [35] and Phoenix Mecano 

AB [36] was contacted to ask for help with the selection of motor and to get a price estimate. 

The result of this was that the cost for one actuator was estimated to 40 Euros, which was too 

much for the set requirement. This finding led to the end of this concept because it would be 

too expensive. 

6.2. Second concept 

This concept is confidential since no similar products can be found on the market today. 

However, this concept was discarded because it was not possible to find the technical 

solution required for it to work within the time frame of this project. 

6.3. The final concept 

The first step for this concept was to do a CAD-model of the concept to investigate which 

components that needed to be developed. For the CAD-model see Figure 6.3. 

 
Figure 6.3. DMU of final concept 
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6.3.1. Arm  

The arm was designed in CAD to get the right dimensions to be able to open the drawer. The 

result can be seen in Figure 6.4. 

 
Figure 6.4. Arm  

6.3.2. Transmission and Motor 

The next parts that needed to be designed were the motor and the transmission. It was 

measured in the pre-study that the required force to open a drawer with soft closing was 40N. 

Using this result and the length of the arm L = 0,06m the torque was calculated to M = 

2,3Nm, which was the dimensioning torque. 

The choice of the motor was made by looking in catalogues and by looking at the existing 

solution. One of the requirements from the company was to use 12V, which led to the 

decision of choosing a 12V motor over a 24V motor. Two suitable motors were found using 

some rough calculations of the gear ratio. It was decided that they needed to be tested to 

investigate which of them was the most suitable. The specifications for the two chosen 

motors can be seen in Table 6.1 [37]. 
Table 6.1. Motor specifications 

  At maximum efficiency Stall 

Motor Voltage Speed Current Torque Output Current Torque 

PC-280P-

19160-N 
12V 8700 rpm 0,58A 4,41mNm 4,1W 3,0A 26,47mNm 

PC-280P-

16200-N 
12V 7429 rpm 0,45A 4,22mNm 3,29W 2,0A 23,63mNm 

With the motors chosen the exact gear ratio was easily calculated using the following 

equation [38]; 

   
   
    

 (1)  
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Since the size of the gearbox needed to be kept small it was decided to have a worm gear 

from the output of the motor. Worm gears have a high gear ratio relative to their size making 

them suitable when the size of the gear box matters.  

The results from the calculations were that the gear ratio needed to be approximately 1:200. 

By looking at the existing solution and using the gear calculation program MITCalc [39], the 

gears was designed and CAD-models were made, see Figure 6.5. The final gear ratio was 

1:196. For the complete design of the gearbox see Appendix H: Gear Design. 

 
Figure 6.5. Gear design 

6.3.3. Slip-clutch 

A slip-clutch was needed to make sure that the motor is not damaged from the motor stalling, 

if something is interrupting the opening of the drawer. A brainstorming was made to find 

concepts for the slip-clutch and after evaluating them the following concept was chosen 

because of its simplicity; see Figure 6.6. 

 
Figure 6.6. Slip clutch 

It consists of two different parts that are coupled by the tension of a spring. The contact point 

consists of 16 teeth which will only be in contact as long as the torque is below a set value, 

when the torque exceeds this value the force will overcome the friction force and the two 

parts will turn relative to each other making it possible for the motor to keep turning even 

when something is obstructing the arm. The calculations of the angle of the slip plane and the 

required spring force can be found in Appendix I: Slip clutch. 

These calculations showed that for this concept to work the slip angle needed to be quite 

steep or the spring force needed to be relative high. Since it was not sure if this concept 

would work an alternative concept was developed using the same principle, however moving 

to the second gear instead where the torque will be much lower, see Figure 6.7.  
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Calculations were done for this concept as well, see Appendix I: Slip clutch, with the result 

that a lower spring force was required. 

 
Figure 6.7. Second Position of Slip-clutch 

It was decided to move forward with both these concepts and perform test on both and 

evaluate which one is the most favorable. The final choice of spring and slip angel was 

decided by testing. 

6.3.4. Spring loaded arm design 

For the arm to be in constant contact with the drawer when it is in its most inner position, it 

needed to be spring loaded. After another brainstorming a concept was chosen. This concept 

included a torsional spring in the connection between the arm and the gear box, which is 

presented in Figure 6.8. 

 
Figure 6.8. Spring loaded arm 

The calculations of the size of the spring and the dimensions can be found in Appendix J: 

Spring loaded arm. 

6.3.5. Housing 

When all the internal parts were designed, and the dimensions set, the housing for the 

electrical push open was designed. This was done with minimal use of material and ease of 

assembly in mind, and that it should be possible to be manufactured using injection-molding. 

This resulted in a housing consisting of three parts that are assembled together using snap 

fasteners, see Figure 6.9. The thickness of the material in the housing is 1.5 mm.  
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Figure 6.9. Housing 

6.3.6. Attachment to cabinet 

Two different concepts were developed for the attachment of the electrical push open to the 

cabinet. The first concept will be mounted in the cabinet using four screws, see Figure 6.10. 

The screws will be fastened to a piece of particle board that is mounted behind the back of the 

cabinet.  

 
Figure 6.10. Screws 

This would be a fairly cheap solution, however making it harder for the customer to assemble 

the furniture. The second concept will be mounted to an aluminum profile using snap 

fasteners see, Figure 6.11. This concept would be more expensive than the other; however the 

assembly for the customer will be easier. 
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Figure 6.11. Snap Fastener 

Because it would make it easier for the customer to mount the drawer, the concept that was 

chosen was the snap fastener. The design of the aluminum profile and snap fasteners are 

presented in Figure 6.12. 

 
Figure 6.12. The aluminum profile and snap fasteners 

6.3.7. Activation Sensor 

To activate the push open sensors were required. After investigating different sensors it was 

decided that a Hall-sensors together with two permanent magnets would be used to turn off 

the motor when the arm is in the opened and closed position. For activation of the electrical 

push open a Rotary encoder would be used to sense the movement of the arm. See the 

position of the sensors in Figure 6.13. 

 
Figure 6.13. Sensor positions 
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6.3.8. Software 

As a result of the limited time for the project the software for the electrical push open was not 

developed. However a Flow chart was made, see Figure 6.15, and a step by step function 

description is presented in Table 6.2. 
Table 6.2. Function description. 

1. The electrical push open will be in stand-by mode checking if the arm is moved due to the 

user pushing on the drawer front. 

2. When the arm is moved the motor will be turned on opening the arm and pushing the drawer 

outwards. 

3. The Rotary encoder will be read, and if it is spinning the arm will be moved to the open 

position and the motor turned off. (If it is not spinning the motor will be turned off, see 

number 6). 

4. Then the motor will be turned on closing the arm. 

5. The Rotary encoder will be read and if it is spinning the arm will be moved to the closed 

position and the motor turned off and the electrical push open will be back in stand-by mode.  

6. If the arm is not spinning in the opening sequence the motor will be turned off and then turned 

on closing the arm again until closed position. Then it will be back in stand-by in starting 

position. 

7. If the motor cannot open or close, the motor will be turned off and a manually reset will be 

needed or a 30 seconds delay before the electrical push open tries to close the arm again. 

 

 



35 

 

 

Figure 6.15. Flow-chart 
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6.3.9. Miscellaneous Parts 

To get the 12 Voltage that is required a transformer is needed. The transformer should 

transform the voltage from the wall-socket to 12 V DC current. The maximum effect that the 

transformer needs to produce is 30W, however since the working cycles of the electrical push 

open is only a couple of seconds the transformer can be under-dimensioned. Other parts that 

are needed for the system of electrical push opens to work are cables. There needs to be one 

from the wall-socket to the transformer, one from the transformer to the first electrical push 

open unit and then an extra cable for each additional unit, see Figure 6.16.  

 
Figure 6.16. Push open system with transformer and cables  
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7. PROTOTYPE BUILDING AND TESTING 

This chapter presents the prototype building and testing phase of the project, starting with 

conceptual tests followed by tests of the individual parts. 

To make sure that the design works and function as intended prototypes were built. The 

prototypes were then tested and if they could not pass the tests, the design was re-developed 

and new prototypes built. To get an overview of the tests that needed to be performed and in 

which order they should be conducted a test plan was made, see Appendix K: Test plan. 

Some of the tests performed are not presented because of confidentiality.   

7.1. Test of gear box and slip clutch 

The first prototype was build to test the gear box and the slip clutch concept. For the first test 

of the concept, only the parts for the slip clutch positioned in the forth gear was ordered. The 

ordered parts from the pattern shop were; the arm, the gears, the slip-clutch for position in the 

fourth gear and 2 particle boards to mount everything on. Furthermore, four 80mm long M4 

screws and nuts were bought to be used as shafts. The spring for the slip-clutch was found in 

a sample box from the company Lesjöfors AB. The assembled prototype is shown in Figure 

7.1.  

This prototype was first tested by hand to make sure that the gears were running smoothly 

and that the slip-clutch would work as intended. This was done by measuring the amount of 

force it could withstand, and the result was that the gears worked well. However, this simple 

prototype was not enough to verify that the gear box would function, due to the bad 

tolerances when building the prototype and because the two particle boards were able to 

move relative to each other. Because of this, it was decided to print the complete housing for 

the push open. 

The concept for the slip-clutch also worked as intended, and the force it could withstand was 

measured with a dynamometer. The result was for a slip angle of 30° and a spring force of 

142N the opening force was 35N. This result was used to verify the mathematical model used 

for the calculations of the spring force; with the result that the model was a good estimate of 

the reality, because it predicted an opening force of 40N with a spring force of 198N for a 

slip angle of 30°. 

 
Figure 7.1. Assembled prototype 
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7.2. Test of spring loaded arm 

To test the spring loaded arm, the arm and the top of the slip-clutch was manufactured at the 

pattern shop using the 3D-printer. The torsional spring was ordered from the manufacturer 

Lesjöfors AB and then cut to the right dimensions. The parts are shown in Figure 7.2. 

 
Figure 7.2. The parts required for the test 

The parts were then assembled, see Figure 7.3, and tested by hand. The prototype was 

investigated to see if the spring would fit and if the spring was strong enough to return the 

arm when being pushed. The result was positive, the prototype worked as intended, except if 

the spring force in the slip-clutch was to strong, then the arm would not return after being 

pushed. Because of this, it was decided that the arm needed to be de-attached from the slip-

clutch. 

 
Figure 7.3. The arm assembled with the spring and slip-clutch 

7.3. Test of motor 

To make sure the motor chosen for the electrical push open worked as intended, individual 

tests were conducted. The test was done using a voltage regulator that could provide 0-30 

Volt and 0-3 Ampere. To make sure that all the gears worked as intended and that the motor 

could rotate the arm, one of the motors was inserted in the prototype and the motor tested 

together with the gear box and arm. The test setup is presented in Figure 7.4. After testing 

with different voltages from 1 up to 12 Volt and everything working as intended, the test was 

considered a success. 
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Figure 7.4. Test setup 

7.4. Test of opening force 

The next step was to test if the arm could withstand the opening force. This was done by 

fixating the arm in the prototype, built out of particle board, and then measure with a 

dynamometer if it could with-stand an opening force of 40N. See Figure 7.5 for the test setup. 

During this test the gearbox was also tested further to investigate if it could support the 

opening force. This was done with the same prototype and the same setup, except instead of 

fixating the arm the first gear was fixated. The test results showed that the prototype passed 

the test. 

 
Figure 7.5. Force test setup 

7.5. Second test of gear box and housing 

To test the gear box and verify it, the housing was printed in the same material as the rest and 

the shafts were manufactured out of a steel rod. To test this, the gearbox was assembled with 

the arm and motor, see Figure 7.6. First it was tested by rotating the First gear by hand, 

without the motor, this test showed that the gear box worked as intended.  
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Figure 7.6. The gearbox assembled in the housing 

For the second test the motor was connected to the voltage regulator, see Figure 7.7, and then 

tested for different values of voltage. This test showed that the gear box worked as intended. 

The next test would be to test the opening force of the push open by mounting it behind a 

drawer in the furniture. 

 
Figure 7.7. The push open connected to a voltage regulator 

7.6. Second test of slip clutch 

To test which slip-angle and which of the two positions were best, several different designs of 

the slip-clutches were ordered; both for the position in the Forth gear and the Second gear.  

The arm needed to be de-attached from the slip-clutch in order to get a smooth motion; this 

was discovered in one of the previous tests. The slip-clutch, for the position in the Fourth 

gear, was redesigned; the height of the top part was increased and a hole for a nut, sprint or 

lock ring was added, see Figure 7.8. 
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Figure 7.8. Re-designed slip-clutch 

The final result of this test cannot be presented in this report due to confidentiality. However, 

material choice and cost analysis will be made for the concept with the slip-clutch in the 

Fourth gear. 
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8. MATERIAL SELECTION 

In this chapter the material selection phase is presented. 

To be able to make a better decision regarding the material for the parts included in the 

electrical push open, FEM-analysis (Finite Element Method) was made of the parts that 

needed to withstand the highest force including arm, slip clutch and aluminum profile. These 

calculations are presented in Appendix M: FE-analysis.  

The electrical push open’s material was selected by looking at the current solution, and by 

talking to more experienced co-workers. For most of the parts, including the housing, gears, 

arm and slip clutch, Polyoxymethylene (POM) was chosen. This is often used when high 

stiffness and dimensional stability is required. The parts will be injection molded in order to 

lower the cost.  

For the shafts, springs and lock-rings steel was chosen, to get the material properties that are 

required. The sensors, motors and other electronic components will be bought as complete 

products. The complete list of the parts included and their materials are presented in Table 

8.1. 
Table 8.1. Parts and Material 

Part Material 

Housing part 1 POM 

Housing part 2 POM 

Housing part3 POM 

First, Second and Third gear POM 

Worm gear  POM 

Slip-clutch Bottom part POM/PA 

Slip-clutch Top part POM 

Arm POM 

Foot POM 

4 Shafts Steel 

Small shaft Steel 

Spring Steel 

Torsional Spring Steel 

Snap Ring Steel 

Magnets Magnetized Steel 

Mounting Screws Steel 

Aluminum Profile Aluminum 

12 V Dc Motor Mixed 

Hall-effect sensor Mixed 

Rotary Encoder Mixed 

Microcontroller Mixed 

H-Bridge Mixed 

Voltage Regulator Mixed 

Circuit Board Mixed 

Cables Mixed 

Transformer Mixed 
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9. FINAL CONCEPT 

After the testing and material selection phase the final concept was updated. In this chapter 

this updated concept is presented; both the function of it and all included parts. 

9.1. Function 

The function of the chosen concept will be as described earlier; one push open unit is 

required for each drawer and will be mounted behind the drawer in the cabinet. The drawer 

will be in direct contact with the arm, see Figure 9.1, and when the user gives the front of the 

drawer a small notch or push this will be sensed in the sensor coupled to the arm.  

 
Figure 9.1. Activation of push open 

The push open will then be activated and open the drawer enough to make it possible for the 

user to open it completely, see Figure 9.2. The arm will then return to its starting position and 

the user has to close the drawer manually. 

 
Figure 9.2. The opening sequence 
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9.2. Included parts 

The included parts in the electrical push open will now be presented. 

9.2.1. The Housing 

The housing for the push open unit will consist of three different parts, see Figure 9.3, which 

will make it easier to assemble the unit and cheaper to produce each of the parts. The bottom 

and middle part will provide the space required for the motor, gearbox and arm, while the top 

and middle part will provide the needed space for the sensors and controlling equipment.  

 
Figure 9.3. Housing 

9.2.2. The Arm 

The arm will be connected to the gearbox by means of a spring making it possible for the arm 

to move a couple of millimeters in order to activate the push open. The arm will have two 

magnets mounted to the top, one for each of the two end-positions, see Figure 9.4. These 

magnets will then be read by one of the sensors. Furthermore the arm will be connected to the 

rotary encoder by gear teeth.  

 
Figure 9.4. Arm 

9.2.3. The Motor 

The motor used in the electrical push open will be a 12V DC motor with a speed of 8700 rpm 

and a maximum torque of 26,5 mNm. The effect of the transformer used for the push open, 

needs to be able to handle up to 30W. However, since the up-time for the push open is as 

short as it is, a smaller transformer might be possible to use. The motor will be connected to 

the microcontroller by an H-bridge.  
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9.2.4. The Gearbox 

The gearbox will consist of five gears, see Figure 9.5, in order to reduce the speed of the 

motor and increase the torque enough. The first gear will be of a worm gear type since they 

have the highest gear ratio, furthermore there will be four other gears lowering the speed 

further. 

 
Figure 9.5. The gearbox 

The worm gear will be mounted to the motor shaft using a spline, the top of the shaft and the 

hole will be flat making it impossible for the shaft to rotate without spinning the worm gear, 

see Figure 9.6. 

 
Figure 9.6. Mounting of worm gear 

9.2.5. The Slip clutch 

The slip clutch will consist of two parts that are forced together by a pre-tensioned spring. 

The slip plane will be made out of 16 teeth with a slope in order to increase the friction force. 

The slip-clutch will be placed in either the second gear, or between the forth gear and the 

arm, see Figure 9.7. If it is placed between the arm and the forth gear, the spring load needs 

to be higher, to get the required transmitted torque, than if the slip clutch is placed in the 

second gear. 

 
Figure 9.7. The positions of the two slip-clutch concepts 
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The spring needed for any of these two concepts will be mounted directly to the shaft using a 

lock-ring or sprint, to avoid stresses in surrounding parts, see Figure 9.8. 

 
Figure 9.8. Mounting of slip-clutch 

9.2.6. The Sensors and controller 

The choice of the final sensors and controllers is outside the scope of this report. However, 

the needed sensors to realize this concept are a rotary encoder, to sense if the arm is moving 

and activate the push open, and a Hall-sensor, to sense if the arm is in the closed or opened 

position. The Rotary encoder will be coupled directly to the arm, see Figure 9.9, and the Hall-

sensor will be used together with two magnets on top of the arm. To control the push open a 

micro controller will be needed together with an H-bridge for motor control. 

 
Figure 9.9. Sensors 

 

9.2.7. Cables and transformer 

The final choice of transformer and cable width is also outside the scope of this report. 

However, to get the required 12 V for the push open a transformer is required. This will be 

connected to the wall socket through a cable that is adapted to the country the push open will 

be used in. From the transformer a cable will connect the first push open unit via a 5mm plug 

(similar to the ones used for personal computers). From the first unit an identical cable will 

connect to the second unit, another cable will then connect the third and so on, connecting all 

the units in one system, see Figure 9.10. 
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Figure 9.10. Cables and transformer 

9.2.8. Cabinet mount 

The electrical push open will be bought at the store in a set, consisting of 4 units or 

separately. For both cases the same mounting components will be used. 

If bought as a set the cabinet mount will consist of two feet; one mounted to the bottom of the 

cabinet and one mounted to the top of the cabinet. Between these two, aluminum profiles will 

be mounted, see Figure 9.11. The aluminum profiles will come in different lengths depending 

on the height of the cabinet they should be fitted to. 

   
Figure 9.11. Aluminum profile and cabinet mount for the set 

If the electrical push open unit is bought separately it will be delivered with only one foot and 

shorter aluminum profiles for the possibility to mount it behind the bottom drawer or in 

furniture consisting of only one drawer like the TV-bench, see Figure 9.12. 
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Figure 9.12. Cabinet mount for one unit 

9.2.9. Assembly 

The system will be of plug and play type, meaning that the customer will have to mount the 

push open units in the cabinet and connect the cables. If assembled correctly the push open 

should be running. 

The same assembly steps will be used for both the set and the single unit. First the aluminum 

profiles will be fitted to the feet, the feet will then be mounted to the cabinet using four 

screws, see Figure 9.13.  

 
Figure 9.13. Mounting in the cabinet 

When this is done, the push open units will be mounted to the aluminum profiles by snapping 

them in place, see Figure 9.14. Then the cables between the units, and between the first unit 

and the transformer will be plugged in.  



51 

 

 
Figure 9.14. Mounting of push open unit 

Finally the cable between the wall-socket and the transformer will be plugged in, powering 

up the system and making it ready to use. In Figure 9.15 the complete system is presented. 

 
Figure 9.15. The complete system mounted in a cabinet 
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10. COST ANALYSIS 

This chapter presents the cost analysis that was conducted to get an estimate of the price for 

the electrical push open. 

A cost analyze of the choose concept was done by contacting two of the company’s suppliers 

and ask for a quotation. However, due to sensitive information it will not be presented in this 

report. Instead a simpler cost analyze has been conducted and is presented below. 

The parts included in the product can be divided into three different categories; plastic parts 

that will be injection molded, metal parts that will be machined or casted and electrical 

components that will be bought directly from sub-suppliers.  

Different suppliers was contacted to get a price estimate, [42-46], and the result showed that 

the manufacturing cost of a electrical push was relative low and that the cost for the customer 

for one unit could be less than 50% of the cost for the current solution. 
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11. DISCUSSION AND CONCLUSION 

A discussion of the results and the conclusions that the author has drawn during the Master 

of Science thesis are presented in this chapter.  

11.1. Discussion 

The method chosen for this master thesis proved a good way of solving the problem. Several 

new concepts were designed and evaluated, resulting in one final concept. During the testing 

phase, this concept was investigated further and the chosen concept was proven to perform as 

intended. However, due to the limited time for this project, the concept could not be 

completely validated if it fulfills all the requirements. Before the concept can be 

manufactured, more testing is required, and design and development of the software. 

The initial focus of the project was that the electrical push open should function together with 

kitchen drawers. However, after a meeting in the pre-study of the project, with design 

engineers from the kitchen department, it was discovered that they were not interested in a 

new electrical push open. This led to the focus of the project being shifted from kitchen 

drawers to storage units. Because of this, the investigation of operation conditions had to be 

re-done, resulting in lost time. 

The time frame for this project was known from the beginning to be too short to result in a 

finished product, ready to be manufactured. As a result of this, delimitations had to be made; 

it was decided to only focus on the mechanical solution of the electrical push open, and not 

on the development of the software. This choice, and good planning in the initial phase, led 

however to the project being completed in this short period of time. Therefore it was 

considered to have been the right decision to make. 

One of the most time consuming tasks undertaken in this project has been the search of 

existing patents in this field, which could inflict with the chosen solution. There was an 

extensive amount of material to research, and the language used is very bureaucratic, making 

it hard to understand. In this project the help of an intellectual property specialist was used, 

and therefore the result of not finding any conflicting patents is believed to be correct. 

However, to completely make sure the developed concept does not conflict with any existing 

patents, external help would be needed. 

When the testing phase of the project was commenced, a clear test plan was not yet 

developed, resulting in inefficiency and the testing taking longer time than expected. This 

could have been prevented by developing a good test plan and clearly defining the test 

method, setup and result required to pass the test. Furthermore this could have prevented the 

set-backs experienced by the long lead-time at the pattern shop. 

The opening force was only measured on three different types of furniture with the same type 

of slide. In order to investigate if the developed solution would work together with other 

types of furniture and slides, further testing would be required. 

In the frame of reference, only existing solutions and technologies have been investigated and 

no work has been done to try to investigate what could be possible in the future with new 

technologies that are being researched right now. If this had been done it could have led to a 

more innovative solution. 

Since the focus of this project has mainly been on the mechanical solution, and the software 

development have been neglected, it is possible that other sensors might be better for this 
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type of applications or that more space is required for the electrical components; resulting in 

that the unit will have to re-designed. 

No consideration has been made to the efficiency of the gears when designing the gearbox 

and choosing the motor, this could lead to a stronger motor being required. However, the 

chosen motor can deliver a torque of 3,88Nm with the current gearbox, while the required 

torque is 2,3Nm, making it possible for a total power loss of 40% without effecting the 

performance of the push open. 

Pugh’s Decision Matrix was a good tool for evaluating of the developed concepts. However, 

it is important to understand that the result is not conclusive and should only be used as a 

support when making the final decision of which concepts to further develop. 

The technology used in an electrical push open is new to the company, and they have never 

tried to develop one before. This has made it harder to find the help and experience required 

to accomplish the goals of this project. However, the result of this project will be a good 

starting point for the development of a complete and working product. 

11.2. Conclusion 

The objective of this Master of Science thesis was fulfilled; conceptual designs of an 

electrical push open was developed, a working prototype was built and the cost analysis and 

function description of the push open was generated. 

The Master thesis followed the decided methodology and kept to the set schedule. 

Not all the set requirements have been verified and validated which needs to be done before 

starting the production of the product. 

Some of the innovations found in the chosen concept have not been discovered in any other 

company’s solutions.  

One of the concepts that were developed in this project, the second concept, was considered 

really interesting and promising. However, all the technical solutions for this concept were 

not solved during this project.  

When developing the concepts for an electrical push open, the main focus has been on 

making it simpler and cheaper than the already existing products. Due to this, the slip-clutch 

is simple and consists of a low number of parts. Furthermore, the guide track in the arm is 

designed to be simple without any unnecessary parts. 

Another focus has been to make it easy to manufacture and assemble. However, this was not 

investigated and perhaps some parts needs to be re-designed to make it possible to 

manufacture them.  

The final concept has been tested thoroughly and it is proven that the concept works as 

intended, and the chosen concept do not conflict with any of the found patents 

The cost analysis made in this project showed that the electrical push open could be made 

less expensive than the existing solution, fulfilling the set requirement. 

The calculations done to verify the concept showed stresses lower than the yield-strength of 

the chosen material. 

None of the conducted test has been durability test; therefore it is hard to tell if the concept 

would work over a longer period of time. The most vulnerable parts of the push open will be 

the slip-clutch because the slipping could result in wear of the components, making them not 
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work over a longer period of time. Some of the initial test showed that the slip-clutch could 

withstand much higher torque the first time than the second time it was tested. 
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12. RECOMMENDATIONS AND FUTURE WORK 

In this chapter recommendations on more detailed solutions and future work in this field are 

presented.  

12.1. Recommendations and Future work 

First of the electrical components needs to be chosen and the software developed to get it to a 

working concept. This will show if the concept has potential enough to be developed further.  

The concept for the slip-clutch will need more testing and further development; this 

component will be the part with the worst working conditions. Furthermore, it needs to be 

tested further to determine which of the two slip-clutch positions would the better one. 

No complete test of the whole system has been made; however, to be able to test the whole 

system a better prototype is required in a material with better surface finish and lower friction 

than the current. Because a lot of power is lost in the worm gear if the friction is too high. 

The choice of sensors for the push open is only conceptual, and these need to be investigated 

further to be able to select the best sensors for this application. The rest of the electronic 

equipment also needs to be chosen or designed. 

The software for the electrical push open has not been developed. However, the flow-chart 

shows how it will operate making the task easier. 

The final selection of cables, contacts and transformer needs to be made to make sure that 

they can handle the voltage and current, needed for the push open. 

No tests have been conducted to test the cabinet mount and the snap fastener used to connect 

the push open units to the aluminum profiles of the cabinet mount. The push open units are 

held in place by friction, and since the aluminum profiles are rather long, they might deform 

too much and not support all the units of one system. For this reason some extra support strut 

could be needed.  

The final housing needs to be designed and approved. 

The parts needs to be investigated regarding their manufacturability and re-designed if it 

would lower the cost or make it easier. 
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http://worldwide.espacenet.com/publicationDetails/biblio?DB=EPODOC&II=0&ND=3&adjacent=true&locale=se_SE&FT=D&date=20120301&CC=WO&NR=2012024701A1&KC=A1
http://www.thomsoninnovation.com/tip-innovation/externalLink.do?data=RiStzcJ5873L16uJgFMlkdHCvZk5HVz9jyDHmG5O3oux76COAZHIjMNddLM7h8Qg6UHwjJvZKqhFQVzTJ6uKQrrtN4%2BbDocc212l%2FZ26u6VSnP7hXm1NKyqUd9MaSo8Rd2cq93BZe1VDknZdxbwftrsH7YoZhgNaUjxWHd1zOduQcIFY1Y1vQ3wdB7tuGSv7WLnjNMoBBqw8fpcM%2BVxZ830lKwQOoLpzwAEDZO%2FrPKLsQqu6LdyihGIMH0%2FnRn2U6OBMCg5nG5VjFW0i%2BAtMYA%3D%3D&code=e09d249d590c3df29712e927496c254c
http://www.ikea.se/
http://www.smarthem.se/ip_klasser_zoner.php
http://hyperphysics.phy-astr.gsu.edu/hbase/forces/funfor.html
http://www.magnetechcorp.com/push-pull.html
http://info.thomsoninnovation.com/en
http://www.linak.se/
http://www.phoenix-mecano.se/
http://transmotec.se/dc-motorer/utan-vaxel/platt-typ/24.aspx
http://www.webelements.com/aluminium/physics.html
http://www.alibaba.com/
http://www.sapa.se/
http://www.lesjofors.se/
http://www.metalswarehouse.co.uk/
http://www.lcplastic.se/
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APPENDIX A: GANTT CHART 

The Gantt chart for the project is presented in Figure 1. 

 

 
Figure 1. Gantt chart
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APPENDIX B: RISK ANALYSIS 

A risk analysis was developed to find the critical tasks in order to define an action plan to 

avoid any setback that would compromise the realization of the project work.  

The analysis of risks were performed by brainstorming possible problems that could occur 

during the project, and assessed how likely it was for them to occur (ranked on a scale 1,3,9, 

where 1 is a bit unlikely and 9 are very likely) and how serious the consequences were (on 

scale of 1,3,9). The Risks are presented in Table 1. 
Table 1. Analysis of risk 

Analysis of Risk  L
ik

el
ih

o
o
d

 

S
er

io
u

sn
es

s 

R
is

k
 R

a
te

 

T
im

e 
fr

a
m

e
 

1 - Cannot keep the schedule of each task 

Unexpected problems can lead to time delays, some task may 

require more time than scheduled. 

3 3 9 

2 - Cannot complete the whole task in time 

The time frame can be too short for the project, unexpected 

problems or change of the objectives for the project can lead to not 

completing the task.  

1 9 9 

P
re

 -

st
u

d
y
 

3 – Cannot find the information needed in the pre-study  

All information needed might not be public or hard to find 
1 3 3 

D
es

ig
n

 p
ro

ce
ss

 

4 – Cannot find concepts that meets the requirements specified  

During the concept generation stage it can be hard to find 

solutions that fulfill all of the requirements, like the compatibility 

with different sizes of drawers. 

3 3 9 

5 – Patents are limiting the design of the concepts 

Existing patents makes it impossible to realize the design 
3 3 9 

6 – The design do not work as intended 

After implementing the design in CAD it might show that design 

will not work 

3 1 3 

7 – The CAD file becomes too big to work with 

A lot of parts makes the CAD file slow or hard to work with 
3 1 3 

M
a
n

u
fa

ct
u

ri
n

g
 

8 – The prototype cannot be manufactured within the company 

Due to limited resources at the Pattern shop too advanced 

prototypes cannot be manufactured there 

1 3 3 
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9 – Manufacturing of the parts needed are not done in time 

Due to the difference in work load at the Pattern shop some part 

may need extra time to be manufactured 

3 9 27 

10 – Commercial parts are not delivered in time 

There is a chance that commercial parts are not delivered in time  
1 9 9 

C
o
st

 

A
n

a
ly

si
s 11 – The cost of the product is too hard to analyze 

Since the company has never manufactured electrical push open a 

supplier for the manufacturing needed to be found. Working with 

them might also take longer time than expected.  

3 1 3 

L
o
ss

 12 – All work is lost 

When working with computers there is always a possibility that 

the work is lost due to unforeseen events 

1 1 1 

An action plan was defined for all the critical problems described above. A priority list was 

defined according to the overall risk. The action plan is presented in Table 2. 
Table 2. Action plan 

Action Plan  R
is

k
 R

a
te

 

9 – Manufacturing of the parts needed are not done in time 

The delay that can occur in the Pattern shop needs to be considered when defining the 

time plan 

27 

1 - Cannot keep the schedule of each task 

The time plan needs to be realistic 
9 

2 - Cannot complete the whole task in time 

The defining of the time plan must be realistic and all possible problems that can occur 

needs to be taken in consideration. 

9 

10 – Commercial parts are not delivered in time 

Try to only use components that can be found in the company’s products  
9 

4 – Cannot find concepts that meets the requirements specified  

This is not a problem because if it is not possible to find a solution for the requirements 

that will be a result by itself 

9 

5 – Patents are limiting the design of the concepts 

Analyze existing patents before start generating concepts 
9 

6 – The design do not work as intended 

This should not be a problem instead it would lead to more understanding of the 

project and new concepts can be produced. 

3 
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7 – The CAD file becomes too big to work with 

If the CAD becomes too big it has to be broken down into separate files or else JT 

format may be possible to use. 

3 

8 – The prototype cannot be manufactured within the company. 

If  it is not possible to be manufactured in-house the work has to be sent to another 

manufacturer 

3 

3 – Cannot find the information needed in the pre-study  

If this happen tests will have to be performed in order to find it 
3 

11 – The cost of the product is too hard to analyze 

This should not be a problem because if a supplier cannot be found the result will be 

that it cannot be produced 

3 

12 – All work is lost 

As long as everything is saved on a servers this should not be a risk 
1 
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APPENDIX C: DIMENSIONS 

The dimensions for the TV-bench and kitchen units was both measured and controlled 

against internal drawing documents. The result is presented in Table 3. 
Table 3. Cabinet dimensions 

 

TV-bench 

Dimensions Cabinet Material Drawer Vacancy  Front Space 

9
5
x
4
5
 

R
e
g
u
la

r Width (cm) 95 3,8 89,5 0 94,3 1,7 

Depth (cm) 43 0 33,6 0 1,9 9,4 

Height (cm) 20 3,8 10 0 200 10 

Max. Load (Kg)     30       

Kitchen units 

4
0
x
6
0
 

R
e
g
u
la

r Width (cm) 40 3,6 35 0 39,6 1,4 

Depth (cm) 57,7 0 50,5 0 2 7,2 

Height (cm) 80 1,8 7 0 12,6 7 

Max. Load (Kg)     25       

D
e
e
p
 Width (cm) 40 3,6 35 0 39,6 1,4 

Depth (cm) 57,7 0 50,5 0 2 7,2 

Height (cm) 80 1,8 13,5 0 17 13,5 

Max. Load (Kg)     25       

4
0
x
3
7
 

R
e
g
u
la

r Width (cm) 40 3,6 35 0 39,6 1,4 

Depth (cm) 35,3 0 31 0 2 4,3 

Height (cm) 80 1,8 7 0 12,6 7 

Max. Load (Kg)     25       

D
e
e
p
 Width (cm) 40 3,6 35 0 39,6 1,4 

Depth (cm) 35,3 0 31 0 2 4,3 

Height (cm) 80 1,8 13,5 0 17 13,5 

Max. Load (Kg)     25       

6
0
x
6
0
 

R
e
g
u
la

r Width (cm) 60 3,6 55 0 59,6 1,4 

Depth (cm) 57,7 0 50,5 0 2 7,2 

Height (cm) 80 1,8 7 0 12,6 7 

Max. Load (Kg)     25       

D
e
e
p
 Width (cm) 60 3,6 55 0 59,6 1,4 

Depth (cm) 57,7 0 50,5 0 2 7,2 

Height (cm) 80 1,8 13,5 0 17 13,5 

Max. Load (Kg)     25       

6
0
x
4
5
 

R
e
g
u
la

r Width (cm) 60 3,6 55 0 59,6 1,4 

Depth (cm) 57,7 0 42,5 0 2 15,2 

Height (cm) 80 1,8 7 0 12,6 7 

Max. Load (Kg)     25       

D
e
e
p
 Width (cm) 60 3,6 55 0 59,6 1,4 

Depth (cm) 57,7 0 42,5 0 2 15,2 

Height (cm) 80 1,8 13,5 0 17 13,5 

Max. Load (Kg)     25       

6
0
x
3
7
 

R
e
g
u
la

r Width (cm) 60 3,6 55 0 59,6 1,4 

Depth (cm) 35,3 0 31 0 2 4,3 

Height (cm) 80 1,8 7 0 12,6 7 

Max. Load (Kg)     25       

D
e
e
p
 Width (cm) 60 3,6 55 0 59,6 1,4 

Depth (cm) 35,3 0 31 0 2 4,3 

Height (cm) 80 1,8 13,5 0 17 13,5 

Max. Load (Kg)   25    
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8
0
x
6
0
 

R
e
g
u
la

r Width (cm) 80 3,6 75 0 79,6 1,4 

Depth (cm) 57,7 0 50,5 0 2 7,2 

Height (cm) 80 1,8 7 0 12,6 7 

Max. Load (Kg)     30       

D
e
e
p
 Width (cm) 80 3,6 75 0 79,6 1,4 

Depth (cm) 57,7 0 50,5 0 2 7,2 

Height (cm) 80 1,8 13,5 0 17 13,5 

Max. Load (Kg)     30       

8
0
x
3
7
 

R
e
g
u
la

r Width (cm) 80 3,6 75 0 79,6 1,4 

Depth (cm) 35,3 0 31 0 2 4,3 

Height (cm) 80 1,8 7 0 12,6 7 

Max. Load (Kg)     30       

D
e
e
p
 Width (cm) 80 3,6 75 0 79,6 1,4 

Depth (cm) 35,3 0 31 0 2 4,3 

Height (cm) 80 1,8 13,5 0 17 13,5 

Max. Load (Kg)     30       

The result of this investigation showed that, to fit most drawers the electrical push open unit 

should be made no deeper than 7,2 cm, and to fit all it should be made no deeper than 4,3 cm 
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APPENDIX D: OPENING FORCE 

To investigate the maximum force the push open needs to tolerate the opening force was 

measured using a dynamometer. The result of this investigation is presented in Table 4. 
Table 4. Opening forces 

Drawer 
Dimensions 

(cm) 
Weight 
(kg) Self closing Damping 

Opening force 
(N) 

T
V
-b

e
n
c
h
 

95 0 Yes Yes 28 

95 30 Yes Yes 34 

K
it
c
h
e
n
 u

n
it
 1

 

60 0 Yes No 28 

60 0 Yes Yes 28 

60 0 No No 8 

60 25 Yes No 30 

60 25 Yes Yes 30 

60 25 No No 10 

80 30 Yes No 33 

80 30 Yes Yes 33 

80 30 No No 12 

K
it
c
h
e
n
 u

n
it
 2

 

60 0 Yes No 22 

60 0 Yes Yes 22 

60 0 No No 6 

60 25 Yes No 22 

60 25 Yes Yes 22 

60 25 No No 7 

80 30 Yes No 23 

80 30 Yes Yes 23 

80 30 No No 8 

As seen in the table the maximum force was 33N for opening, however it was decided that 

the electrical push open should be dimensioned for an opening force of 40N to have some 

factor of safety. 
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APPENDIX E: CONCEPTS 

This appendix will describe some of the most promising concepts that was generated during 

the concept generation phase. Due to confidentiality not all concepts could be presented. 

Different placements of the push open 

The push open could be mounted behind the drawer, beneath the drawer, at the side of the 

drawer or above the drawer as seen in Figure 2. 

 
Figure 2. Different placements 

Concept 1 – Linear base unit for different placements 

Linear base unit that can be attached to different modules depending on the placement in the 

cabin, see Figure 3. 

 
Figure 3. Linear base unit 

Concept 2a – Gear rack to be mounted on the side 

A gear rack connected to a motor is used to push the drawer outwards, see Figure 4. The unit 

is placed on the side of the cabinet in the front. 
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Figure 4. Gear rack 

Concept 4 – Swing arm 

This concept would work in the same manner as the most common on the market today. It 

has an arm connected to a motor, see Figure 5. The arm pushes the drawer out and is then 

returned to its original position.  

 
Figure 5. Swing arm 

Concept 10 – Scissor lift 

This concept will use the scissor lift principal to open the drawer, see Figure 6. 

 
Figure 6. Scissor lift 

Concept 15 – Electrical cylinder 2 

An electrical cylinder that pushes on a flexible material that subsequently pushes the drawer 

open, see Figure 7. 



X 

 

 
Figure 7. Electrical cylinder 2 

Mounting of the units to the back of the cabinet 

To be able to have a whole system of electrical push opens in the kitchen some sort of 

mounting is required between the units and the cabinet. It could be an alumina profile, a 

round bar or a piece of wood mounted to the back of the cabinet, see Figure 8 and Figure 9. 

 
Figure 8. Mounting using profiles 
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Figure 9. Mounting using a wooden board 
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APPENDIX F: PUGH’S DECISION MATRIX 

The result of the Pugh’s matrix can be found in Figure 10. 

 
Figure 10. Pugh's matrix 
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APPENDIX G: LINEAR MOTOR CALCULATIONS 

Required Force 

To be able to calculate the force required from the linear actuator a sketch was made of the 

arms in which the forces and lengths were added, see Figure 11.  

 
Figure 11. Sketch of the arms with added forces and lengths 

From the sketch the static equilibrium was developed see equation 1 –7 

First arm; 

                       (1)  

 

               (2)  

 

                                         (3)  

Second arm; 

             (4)  

 

             (5)  

 

                           (6)  

These equations were then inserted in to MatLab using matrixes see equation 7. 
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 (7)  

This matrix was then solved using the “\” operator in MatLab with L1=30mm, L2=70mm, 

L3=30mm, FDrawer=60N and α=0-90°. The result from this was that the maximum force 

required to push open the drawer was FC=400N. 

Required velocity 

To calculate the required velocity from the linear motor a simple sketch was made over the 

arms in which the velocities were added, see Figure 12. 

 
Figure 12. Velocities 

From this figure the following equations was derived; 

 
  

 

   
 

  

  
 (8)  

The result using L1=36mm and t=1s was that V2=36mm/s 
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APPENDIX H: GEAR DESIGN 

For the gear design MITCalc was chosen to make a rough design of the gears, see Figure 13. 

 
Figure 13. MITCalc 

In this program the input parameters are the gear ratio, the input speed, material parameters, 

desired life, module and the size. The Program will then generate a cad-model and calculate 

if the specified gears will be durable and resistant to wear. The parameters for the chosen 

gears are presented in Table 5 and Figure 14. 
Table 5. Gear parameters 

Parameter Unit Worm First Second Third 

Input speed rpm 3000 150 71,4 34,0 

Output speed rpm 150 71,4 34,0 15,5 

Module mm 1,125 1 1,125 1,125 

Input 

Diameter 

mm 10 10,4 13 12,6 

Output 

Diameter 

mm 20 20 25 25,2 

Input Width mm 14,5 13,5 10 14 

Output Width mm 5 8 8 12 

Life h 20 20 20 20 

Input torque Nm 0,02 0,4 0,84 1,76 

Output torque Nm 0,4 0,84 1,76 3,88 
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Teeth in # 1 11 11 10 

Teeth out # 20 23 23 22 

Ratio  1:20 1:2,1 1:2,1 1:2,2 

The needed life length of gears was calculated for a push open used 5 times per day in 10 

years; 

                          (1) 

 
Figure 14. Gear box 

 

 



XVII 

 

APPENDIX I: SLIP CLUTCH 

Calculation of clamp force 

To be able to dimension the spring needed for the slip clutch the clamp force required was 

calculated. When the torque gets to high the clutch will start to slip, this will be prevented by 

the friction force in the gear mesh due to moment and the friction force in the slip face due to 

the spring force, see Figure 15. 

 
Figure 15. Slip clutch 

In order to calculate these forces sketches were made in which all the forces were added, see 

Figure 16. 

 
Figure 16. Forces 

From these sketches the following equations were derived; 

                         (1)  
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                     (2)  

 

       (3)  

Equation 1 can then be rewritten to; 

                      (4)  

And equation 2 to; 

                  (5)  

Combining equation 4 and 5 gives; 

 
       

              

          
 (6)  

And when including the friction force from the gear mesh the final equation will be; 

 
       

              

          
     (7)  

In which FM is calculated using; 

 
   

 

 
 (8)  

Were M is the output torque and l the radius of the gear. For the slip-clutch positioned in the 

forth gear the maximum torque with a force of 40N pushing on the drawer is M=2,3Nm and 

l=0,0075m. With this the Force was calculated to 309N. Since there is 16 teeth it was divided 

by 16 giving the result of FM=33,3N.  

For the slip-clutch positioned in the second gear the maximum torque would be M = 0,5Nm 

and l = 0,0075m. With this values the force was calculated to 70N giving the result of 

FM=4,4N 

Using these results, μ=0,3 and different values on the angle the clam force was calculated, In 

order to get the total clamping force the result was multiplied with 16, see Table 6.  
Table 6. Clamping forces 

Position Value of α Fclamp without Fftooth Fclamp with Fftooth 

Forth gear 20° 415N 322N 

 30° 291N 198N 

 40° 203N 110N 

 50° 133N 40N 

 60° 73N -20N 

Second gear 20° 90N 69N 

 30° 63N 43N 

 40° 44N 24N 

 50° 29N 9N 

 60° 16N -4,2N 
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APPENDIX J: SPRING LOADED ARM 

The spring for the arm was selected using the catalogue from The spring for the arm was 

selected using the catalouge from Lesjöfors AB. Since the spring only needs to return the arm 

to it origin the force of the spring could be relatively low. The specifications of the choosen 

spring are presente in Table 7. 
Table 7. Spring dimensions 

Dt  - Wire diameter 0,6 mm  

Di – Inner diameter 5 mm 

L0 –Unloaded length 1,8 mm 

nt – Number of turns 3 

Axel Ø  4 mm 

Mn – Spring torque 29,8Nmm 

C – Spring constant 0,422Nmm/° 

Arm position A 

The parameters included in the table are explainend by Figure 17.  

 

 
Figure 17. Spring parameters 
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APPENDIX K: TEST PLAN 

The test plan for this project is presented in Table 8. It is divided in to five levels, the first 

level represents basic tests of concept and the increased level represents test with harder 

demands. Due to confidentiality only a part of the test plan is presented 
Table 8. Test-plan 

Fifth Level       

Together 
with 
everything  

Fourth level       
Test the 
torque 

Third level   

Together 

with 

drawer 

Test the 

torque 

Together 

with arm  

Second level   
Test the 
torque 

Together 
with 
motor 

together 
with gear 
box 

First level 

By 

hand By hand By hand 

Only 

motor 

Function to 
be tested: 

Spring 
loaded 
arm 

Slip 
Clutch Gear box Motor 

        Accepted 
       Not Accepted 
       Next Test 

       Not tested 
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APPENDIX L: FULLCURE 720 

The data sheet for the material used when printing the parts for the prototype are presented in 

Table 9. 
Table 9. Data sheet for FullCure 720 
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APPENDIX M: FE-ANALYSIS 

In order to select the material for the parts included in the electrical push open, FE-analysis 

was made of the most critical parts to get an estimate of the stresses that can occur in the 

material in these parts. The parts that were analyzed were the mounting profile for mounting 

in the cabinet, the two parts of the slip-clutch and the arm. They were analyzed for the 

opening force of 40N. 

The Arm 

The arm was analyzed for the opening sequence. The material chosen for the analysis was 

POM with material parameters as described in Table 10 [40].  The boundary conditions 

chosen were fixed support in the connection with the slip-clutch and a force of 40N was 

added to the upper parts of the arm, see Figure 18. The calculations were then executed and 

the result was that the highest stress was 50 MPa and the maximum displacement was 1,1 

mm, see Figure 19-20. This result showed that POM would be a suitable material for the arm. 
Table 10. Mechanical properties for POM 

Mechanical property Value Units 

Elastic modulus 2.6 GPa 

Poisson's ratio 0.3859 Na 

Shear modulus 932.8 MPa 

Mass density 1390 kg/m
3
 

Yield strength 71 MPa 

Thermal conductivity 0.221 W/(m.K) 

Specific heat 1378 J/(kg.K) 

 

 
Figure 18. Boundary conditions 
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Figure 19. Displacements 

 
Figure 20. Stresses in the arm 
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Slip-clutch 

The slip-clutch was analyzed for the maximum opening force of 40N. The material chosen 

was once more POM. The boundary conditions chosen were fixed support in the contact 

between the two parts and then the moment of 4Nm was added as a force in the tooth 

respectively at the connection between the slip-clutch and the arm, see Figure 21-23. The 

calculations were then executed and the result was that in the bottom part the maximum stress 

was 68MPa and the maximum displacement was 0,15 mm. In the top part the maximum 

stress was 68MPa and the maximum displacement was 0,12 mm. This result showed that 

POM would be a suitable material for this part. However PA6 might be a better choice 

considering the higher yield strength. 

 
Figure 21. Boundary conditions 

 
Figure 22. Displacements 

 

 
Figure 23.Stresses 
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The mounting Profile 

The profile was analyzed for the maximum opening force of 40N. The material chosen was 

aluminum with the mechanical properties as described in Table 11 [41]. The boundary 

conditions chosen were fixed support in the contact between the profile and the feet and then 

the force of 40N was added to the middle of the middle of the profile to simulate the worst 

conditions, see Figure 24-26. The calculations were then executed and the result was that the 

maximum stress was 51 MPa and the maximum displacement was 0,56 mm. This result 

showed that Aluminum would be a suitable material for this part.  
Table 11. Mechanical properties for Aluminum 

Property Name Value Units 

Elastic modulus 70 GPa 

Poisson's ratio 0.22 NA 

Shear modulus 150 GPa 

Mass density 3960 kg/m^3 

Tensile strength 300 MPa 

Compressive strength 3 GPa 

Thermal expansion coefficient 7.4e-006 /Kelvin 

Thermal conductivity 30 W/(m.K) 

Specific heat 850 J/(kg.K) 

 

 
Figure 24. Boundary conditions 
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Figure 25. Displacements 

 
Figure 26. Stresses 
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