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Abstract 

The IKEA sliding door system is widely employed on IKEA’s wardrobes. In 
view of the massive usage of it, any optimization for reducing production 
costs is crucial. 

This work attempts to develop a special static test rig for a component of 
IKEA’s sliding door system. It will be used to check the quality of the 
component in production. The simulation-driven design method will be used 
in the entire process. Therefore, before proceeding with the details of the test 
rig, the priority should be given to the simulation. In particular, the nonlinear 
finite element method (FEM) will be used to identify the break load of the 
studied component. 

Finite element models were created in ABAQUS/Standard. Four kinds of 
POM were used to define the model’s material properties. Meanwhile the 
compression experiment were also conducted. Finite element models were 
used to predict the load capacity and compare it with the experimental 
results. The closest prediction in relation to the test results was 2124N, 
merely 6N smaller than the experimental results, giving the proof of a good 
finite element analysis. 

Based on the results of simulations and compression tests, a proper test rig 
consisting of a pneumatic system and load cell was selected from four 
concepts. The air cylinder can provide 3175N when the supplied air is 
0.7MPa, which is fully met the design requirements with reasonable price. 

 

Key words:    test rigs, sliding door system, finite element analysis, 
simulation-driven design. 
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1. Introduction 

One of emphases in the modern industry system is to understand when the 
product fails and how it fails. Though the engineers could receive the 
calculated answer by using software such as ABAQUS/Standard or Matlab, 
however, a reliable test for the product is also necessary. In the other hand, 
the results of the test would eventually confirm the calculated answer and 
determine whether the product satisfies the initial demands and if it can be 
supplied in the market or not. 

There are massive kinds of test rigs used by engineers, companies always 
expect to test their new products in economic methods. That means they 
always try to develop test rigs which are both effective and economic. When 
a new product is designed, previous test rigs may also need to be replaced; 
therefore new test rigs with reasonable price are always in demand in all 
industrial companies.   

1.1 Background 

IKEA is known as the biggest multinational group of companies that designs 
and sells ready-to assemble furniture, appliances and home accessories. 
[1]The growth of IKEA, which from none to one of the biggest companies 
in the world in only 70 years is now widely regarded as a living legend. 
Until December 2014, IKEA owned and operated 351 stores in 46 countries, 
most of them located in Europe, others separate in America, Canada, Asia 
and Australia. IKEA also publish IKEA Catalogue every half year since 
1951, it contents 12,000 goods in 300 pages of one catalogue. And it is said 
that, it is the most spread book except for the BIBLE. The print amount 
could reach 100 million every year. 

When people talking about IKEA, there is a man should never be forgotten: 
Ingvar Kamprad, the man who created the company in Sweden in 1943 at 
only 17-year-old. The companies’ name, IKEA, consists of Ingvar Kamprad, 
Elmtaryd (the farm where he grew up), and Agunnaryd (his hometown in 
Sweden). [2]  

Thanks to Ingvar Kamprad and his employees, IKEA has become one of the 
biggest furniture production companies, when customers decide to buy some 
new furniture; IKEA is always one of their finest choices. 

As one of the best companies in the world, IKEA pays abundant attention to 
their products. Therefore they need to develop a test rig to check the quality 
of the component that is a part of IKEA’s sliding door system in the mass 
production. 
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Figure 1: The 2-D model of the component. 

1.2 Aim and Purpose 

The aim of this thesis project is to find the break load of the sliding door 
component made by the Polyoxymethylene (POM) by numerical method. 
The purpose of the thesis project is to develop a test rig by using the data 
obtained during the simulation and compression test, which can be more 
economic to meet the long term objectives for IKEA. 

1.3 Hypothesis and Limitations 

The hypothesis is that the component which need to analyze will be 
modelled as a homogenous material. 

Furthermore the parts of the test rig are assumed to be rigid. Which means 
the strain of the parts due to the load acting on them does not need to be 
considered. In idealization, the magnitude of the load acting on the 
component is equal the magnitude the experiment set.  

One of the limitations is that the material of the component will not be 
changed. Only the plastic material (Polyoxymethylene) will be used and 
tested in this thesis. Other materials will not be concerned. 

The changes of material’s properties caused by the temperature changing 
will not be concerned. All simulations and compression tests are conducted 
at room temperature (20℃). The properties of material will not drop by 
time. 

The other limitation is that all test rigs are suggested to be firm, innovative 
and effective; as well all designs should be economic. 
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1.4 Reliability, validity and objectivity 

The finite element is an approximation of real physical phenomenon which 
means the result obtained from ABAQUS/Standard will possibly differ from 
the real situation. [4] The static failure load presumably would have been 
lower than the mean value of the actual conducted static tests. Thus, to 
confirm that the data obtained from ABAQUS/Standard is reliable and valid, 
a compression experiment will be conducted during the thesis project. The 
comparison of these results are necessary for the optimizations of the finite 
element method that used in this project. 

1.5 Literature review 

There are a large number of literatures that researched and developed new 
test rigs over the years. Though none of these is associated with sliding door 
systems, the way they investigate and develop the project can be the most 
enlightening for this thesis to develop and analyze a new test rig for the 
component of the sliding door system. [5] Ivan Okorn and Marko Nagode in 
University of Ljubljana had analyzed the energy efficiency of a test rig for 
air springs. In their research, the project is substantially divided into two 
parts, the hand calculation and the experiment. It represent that the most 
persuasive element in a thesis is an experiment. Then they compared the 
experiment data with the hand calculation, which is an efficient way to 
support the thesis. However only the hand calculation is not enough, there is 
no simulation in their thesis, which means they have no explanation of the 
running of test rigs for air springs.   

The simulations for the analysis of a component is investigated by 
[6]Xiangting Su, Zhenjun Yang and Guohua Liu, they researched a complex 
3D static and dynamic crack propagation in ABAQUS/Standard, their thesis 
present a method on how to use ABAQUS/Standard for analysis. The team 
also found that they compared the simulation data with the experiment data; 
a clear comparison shows the difference between ideal and authentic results. 
That is an efficient and indispensable method in the analysis of the 
component in the thesis. 
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2. Theory 

The test rigs which will be designed are mainly for testing the component of 
IKEA’s sliding door system. When designing the test rigs, the properties of 
the component’s material and the principals of all mechanisms used in 
concepts will be taken into account. Also ABAQUS/Standard program is 
needed to calculate the break load of the components and simulate how the 
loads which are given by the test rigs affect the component. 

2.1 Polyoxymethylene 

The component used in the door-hinges evaluated is made up of POM 
plastic. This kind of material is very common and widely used in daily life. 

Polyoxymethylene (POM) is an engineering thermoplastic used in precision 
parts which requires low friction, high stiffness, and excellent dimensional 
stability. This material is also known as acetal, polyacetal and 
polyformaldehyde. [7]Likely to a great number of other synthetic polymers, 
different chemical companies have slightly different formulas to produce 
Polyoxymethylene and it is sold in different forms. 

Typical applications for injection-molded POM include high performance 
engineering components, for instance small gear wheels, knife handles, ski 
bindings, ball bearings, fasteners and lock systems. The material is widely 
used in the automotive and consumer electronics industry, and it is also used 
by IKEA component department. 

2.1.1 Properties 

There are massive kinds of POM made by different manufacturers. The 
POM which used to produce the component is unspecified, thus in this 
paper, four kinds of widely used POM are utilized in the simulation, which 
are Ultraform H2320 004(BASF), N2770K(BASF), Ultraform 
N2650Z4(BASF) and Delrin 500TE NC010(Du Pont).  The properties can 
be found in Table1. 
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Table 1: Properties of POM (in 23℃) 

 Ultraform 
H2320 004 

[8] 

UltraforomN
2770K [9] 

Ultraform 
N2650Z4 

[10] 

Delrin 
500TE 

NC010 [11] Properties Unit 

Tensile Modulus MPa 2600 2800 1500 2170 

Yield stress, 50 mm/min MPa 64 63 45 52 

Yield strain, 50 mm/min % 11 8.5 16 20 

Nominal strain at break, 50 mm/min % 32 26 40 35 

2.1.2 Properties test 

The properties were obtained from the tensile test conform to the ISO 527-
1/-2. In the standard document a specific specimen is designated, as Figure 
2. [12]Type 1A shall be used for directly injection-molded multipurpose test 
specimens and compression-molded specimens, type 1B for machined 
specimens. 

 

Figure 2: Test specimen [12] 

The geometry dimensions are also specified, see Table 2 
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Table 2:  The geometry dimension of test specimen (in millimetres) [12] 

 Specimen type 1A 1B 

 Overall length 170 ≥150 

 Length of narrow parallel-sided portion 80±2 60.0±0.5 

r Radius 24±1 60±0.5 

 
Distance between broad parallel-sided 

portions 
109.3±3.2 108±1.6 

 Width at ends 20.0 ±0.2 

 Width at narrow portion 10.0±0.2 

h Preferred thickness 4.0±0.2 

 
Gauge length (preferred) 

Gauge length (acceptable) 
75.0±0.5 
50.0±0.5 

50.0±0.5 

L Initial distance between grips 115±1 115±1 

 

The pace of the test is 50mm/min and the temperature is 23℃ [12]. 

The stress will be calculated using the following equation: 

                                                              (1) 

Where 

 – the stress in MPa; 

– the force acting on the specimen in N; 

– the initial cross-section area of the specimen in . 

The strain: 

∆
                                                      (2) 

Where 

     – the strain in %; 

∆  – the elongation of the specimen length in mm ; 

   – the initial length of the specimen in mm. 
 



7 

Minghao Sun, Xiangyang Chen, Le Kuai 

 

2.2 Mechanics of Material 

The behavior of the material bearing load can be classified as linear and 
nonlinear. 

2.2.1 Linearity 

In general, linearity is a mathematic relationship between two variables 
which are directly proportional to each other; it can be represented as a 
straight line. As one of the fundamental laws of Solid mechanics, it states 
that when the force F loaded on solid materials, its stain and stress are 
proportional. That is  

                                                      (3) 

Where X is the distance, k is constant factor characteristic of the material. 
The law called Hooke’s law, which is named after Robert Hooke, one 
famous 17th century British physicist. 

 In mechanics of material, the linearity, also called as elasticity, is the left 
part of stress-strain curve. The stress and strain have a proportional 
relationship and when the loading is canceled, the deformation of the 
material can recover.  

Another expression of Hooke’s law is, when the stress lower than the 
proportional limit, the stress  and strain  is proportional, that is: 

                                                                                                  (4) 

Where the E is a constant factor, also called as Young’s Modulus. See 
Figure 3. 

 

 

Figure 3: Stress- Strain Curve 

The yield point is the intersection point of linearity and nonlinearity. Some 
materials do not have an obvious yield point such as the POM, the stress-
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strain curve is shown in following Figure 4 and the yield point is defined as 
the 2% strain of nonlinear part. The part on the left of this yield point can be 
regarded as a linear relationship, after that, the material express a nonlinear 
behavior. 

2.2.2 Nonlinearity 

As mentioned above, there are many linear relationships in the nature, 
whereas in reality, most of materials in engineering design are nonlinear, 
such as forging, damping and crash analyses. There are three sources of 
nonlinearity: 

 Material nonlinearity 

 Boundary nonlinearity 

 Geometric nonlinearity 

The common behavior of a nonlinear 
material is shown as the right part of 
Figure 4. When the material has a 
nonlinear behavior, the relationship 
between deformation and load is not 
proportional.  

Since the response of a nonlinear 
condition is not a linear function, there 
is no doubt that the analysis is 
different from linear condition. The 
load of each element must be defined 
and calculated as a separate analysis. 

      Figure 4: Nonlinear property curve [14] 

Boundary nonlinearity occurs when the boundary conditions change during 
the analysis. [3]The geometric nonlinearity occurs whenever the magnitude 
of the displacement affects the response of the structure may be caused by 
large deflections or rotations, “Snap through” and initial stresses or load 
stiffening. 

2.3 Finite Element Method 

The finite element method (FEM) is a numerical method for analyzing 
engineering problems. In general the physical phenomena in engineering is 
too complicated to be solved by exact methods. The finite element method is 
an approximation of the real situation by using differential equations. (cf. 
Figure 5) 
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Model Approximation 

 
Figure 5: Procedure of FEM 

The differential equation or equations, which describe the physical problem 
considered, are assumed to hold over a certain region. [3] It is a 
characteristic feature of the finite element method that instead of seeking 
approximations that hold directly over the entire region, the region is 
divided into smaller parts, so-called finite elements, and the approximation 
is then carried out over each element. [15] 

The ABAQUS/Standard use the implicit methods to calculate a nonlinear. 
[15]A bar problem will be presented as an example of FE-problem. 

 

Figure 6: Bar 

As shown in Figure 6, a bar fixed at the left end. The stress in the bar, the 
reaction force at the left end and the displacement at the free end need to 
analyze. The cross-section is constant through the bar with same length. 

First of all, the bar should be simplified with three nodes and two elements. 
See Figure 7 

 

Figure 7: Simplified model [15] 

For each element the external P and the internal loads I should be 
equilibrium. The equation of each node can be obtained as follows. 

Engineering 
problems

Define differential 
equations and boudary 

conditions
FEM equations
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Figure 8: Nodal force equilibrium [15] 

The strain of element 1 is given by 

                                                  (5) 

 – the displacement at node b; 

 – the displacement at node a; 

		 – the initial length of element 1. 

Assume that the material is elastic; the stress of element 1 can be derived as 
follows 

                                                         (6) 

 – the stress of element 1; 

 – the young’s modulus. 

As the forces acting on the nodes are equivalent, the relationship between 
internal force and the stress can be obtained: 

                                 (7) 

It can be written as 

 0                                             (8) 

A – the cross-sectional area of the bar. 
Likewise the equations of node b and node c are: 

0                              (9) 
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0                                            (10) 

 – the external load of node n, n=a, b, c; 

 – the displacement of node n, n=a, b, c. 

[15]For implicit methods, the equilibrium equation needs to be solved 
simultaneously to obtain the displacements of all the nodes. Written all the 
equations in matrix: 

1 1 0
1 2 1
0 1 1

0                            (11) 

Modify the signs and rewrite the equilibrium equation as 

0

0
0                         (12) 

	– the stiffness of element n, n=1, 2. 

In an implicit method, such as that used in ABAQUS/Standard, this system 
of equations can then be solved to obtain values for the three unknown 
variables:	 ,  and . [15]Once the displacements are known, we can use 
them to calculate the stresses in the bar elements. 

To calculate a nonlinear behavior as shown in Figure 9, ABAQUS/Standard 
uses the initial stiffness  which based on its configuration at  and the a 
small load increment ∆  of the structure to calculate a displacement 
correction . Then use  to update the structure to . A new stiffness  
based on the updated configuration.  will be also calculated in the updated 
configuration. The force residual, which means the difference between the 
total applied load  and  can be calculated as: 

                                                    (13) 

If  is zero, the point a would lie on the curve; however in nonlinear 
problem it is almost impossible to equal zero, so ABAQUS/Standard 
compares it to a tolerance value. If  is less than it, ABAQUS/Standard 
will accept it. Meanwhile the displacement correction  will be checked to 
the total incremental displacement∆ . [15]If  is lower than 
1% of the ∆ , a solution is said to have converged for that load increment. 
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Figure 9: FEM Nonlinear in ABAQUS/Standard [15] 

2.4 Pulley System 

The pulley system is a sort of 
mechanical device usually used to lift 
heavy weights. There are two kinds 
of pulley, fixed pulley (Figure 10.a) 
and movable pulley (Figure 10.b).It 
is assumed that the pulley and the 
line are weightless and there is no 
friction between them. It is also 
assumed that the rope cannot been 
stretched. In equilibrium, the sum of 
the forces on the pulley must be zero. In the fixed pulley, forces of both 
sides are equal and the magnitude of the force acting on the pin is two times 
of the force acting on the rope, and the movable pulley could be recognized 
as an inverted fixed pulley, the force acting on the rope is half of the force 
acting on the pin. 

Figure 10: Typical pulley 
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A pulley system can be 
combined with several 
fixed and movable pulleys. 
The tensile force acting on 
each part of the rope is 
equal. The pin bears are 
two times value of the 
force acting on the rope on 
both sides of every pulley. 
Finally the forces on both 
sides, up and down end of 
the pulley system are equal 
and the magnitude is W. 

2.5 Stress & Strain 
Experiments 

The data obtained from the experiment is expressed by nominal strain and 
nominal stress, which can represent as  and , and these results can 
be calculated by the following expressions: 

                                     
∆ 								                                        (14) 

Where ∆  is the elongation;  is the initial length; F is the load and  is the 
initial cross sectional area of the material. 

Furthermore, the true strain  and true stress  can be obtained by 
using the following equations: 

                         ln	 1                           (15) 

                          1                                (16) 

Where l is the present length after the experiments, and A is the present area 
of the cross section. 

 

Figure 11: Combined Pulley system 
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3. Method 

As mentioned in the theory section, the purpose of whole project is focused 
on the static test rig and the simulation. The comparison between the 
simulation results and the compression test results was also mentioned. 
Several concepts can be extracted based on the previous results. 

This section will present a method of analysis for the static strain and the 
break load of the components. It will then describe the design of the 
experiment and how the data was acquired. In this chapter, several concepts 
for the static test rig are presented. The method used to determine the best 
option is also mentioned. 

3.1 Simulation  

In order to identify the break load for the component and what defines the 
measuring range of the test rig, the software ABAQUS/Standard is needed. 

Before starting to build or to simulate any model, the system of units must be 
decided. ABAQUS/Standard has no built-in system of units. And no unit's 
name or label would be included when entering data in ABAQUS/Standard. 
In this paper the unit system as shown in table 3 will be used.  

	

Table 3:  Consistent units [12] 

 

 

 

 

 

 

To obtain an accurate result, the parameters that defined in each ABAQUS’s 
module must be correctly. 

3.1.1 Parts 

The finite element models were created in ABAQUS/Standard. To reduce 
the computational cost, simplification is necessary. In particular, the bolt’s 
screw thread and the component’s fillets are deleted. A block was created as 
a simplified fixture. Shown as Figure 12.  

Quality units 

Length mm 

Force N 

Mass Tonne (10 ) 

Time s 

Stress MPa 

Energy mJ 

Density Tonne/  
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Figure 12: finite element models 

3.1.2 Properties 

ABAQUS/Standard uses the true stress and strain for calculating, whereas 
the data from stress-strain curve (Figure 3) are all nominal stress and strain. 
The first step is to transform them to true stress and strain by using the 
equation (15) and (16). The true properties obtained are shown in table 4. 

 
Table 4: The true stress and strain 

Properties Unit 
Ultraform 
H2320 004 

Ultraform 
N2770K 

Ultraform 
N2650Z4 

Delrin 
500TE 
NC010 

True stress at yield MPa 71.04 68.355 52.2 62.4 

True strain at yield % 10.44 8.16 14.84 18.23 

True strain at break % 27.76 23.11 33.65 30.01 
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All these parameters need to fill in the “property module”. As it is a nonlinear 
deformation when the component undergoes a large load, both “Elastic” and 
“Plastic” need to be defined, shown as Figure 13. 

Figure 13: Define parameters in “Property module” 

3.1.3 Assembly 

To simulate the real working condition faithfully, an instance was created as 
shown in Figure 14. The position of the clamper related to the component is 
also shown in the Figure 14. The instance type was defined as “Dependent”, 
which means it will mesh on parts instead of mesh on instance, shown as 
Figure 15. 



17 

Minghao Sun, Xiangyang Chen, Le Kuai 

 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14: Finite element instance 

 

 

Figure 15: Instance settings 

The fixture 

The Component 

fixed using a bolt 

The clamper
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3.1.4 Step 

The “Step” module generally includes loading options, boundary condition 
options and analysis procedure options. As it is a static nonlinear simulation 
includes nonlinear deformation, the “Nlgeom” must be turn on, whereas 
cannot obtain correct result. Rest settings are default options shown in 
Figure 16. 

 

Figure 16: Step settings 
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3.1.5 Interaction 

To run the simulation successfully, setting interaction parameters is needed. 
In detail, contact among the clamper, the component, the bolt and the fixture 
are defined. In addition, the component’s self-contact must be considered. The 
contact properties defined shown as Figure 17. 

 

 

Figure 17: Contact property setting 

 

3.1.6 Boundary conditions 

The boundary conditions on the clamper are confined to move 25mm alone 
one vertical direction and have no movement along x and z axes. The fixture 
is fixed, in particular it will not move or rotate alone any axis, shown as Figure 
18. As well as the fixture, the bolt is also fixed, see Figure 19. 
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Figure 18: Boundary conditions on fixture and clamper 

 

Figure 19: Boundary condition on bolt 
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3.1.7 Mesh 

The approximate global sizes are defined as 1.5mm on the component and 
3mm on the others (Figure 20). 1.5mm fulfills the accurateness requirement 
with a reasonable computational cost. The component is meshed with “tet” 
element, and the others are meshed with “hex” element (Figure 21).  

 

Figure 20: Approximate global sizes setting 

 

Figure 21: Element type setting 
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Figure 22: Meshed instance 

 

3.2 Compression experiment 

To analyze the critical load of the component, doing compression 
experiments is another option. By testing several components which under 
different conditions, it is possible for team to aware how these components 
break and when they break. And then it is possible to compare the 
experiment data with the simulation data, and finally define the test rigs.  

          

Figure 23: Fixture for the component 
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3.2.1 The fixture of the component 

For the compression test, in order to lock the component with the test 
machine, the special designed fixture is needed. This specific fixture should 
makes the test component suspended to simulate the situation of the sliding 
door system.  

3.2.2 Test procedure 

In order to avoid possible problems or mistakes in the experiment, the test 
procedure is needed before making the experiments. The following things 
are needed for compression test: 

 Fixture 

 Vernier caliper 

 Paper 

 Pen/Pencil 

 Six components 

 Gloves 

 Testing machine 

The test machine will be operated in the speed rate of 50 mm/min, and 6 
groups of components will be tested separately to check the differences 
between each component. Data records: Running Time (s), Displacement 
(mm) and Force (N). The time duration varies from 0s to 101s, and the force 
is recorded when the component crashes or when the maximum 
displacement is reached, then it is possible to get the critical load of the 
component. The detailed steps are shown in the Appendix, Test Procedure 
part. 

3.3 Concepts design 

The static test rigs must fulfill some demands, such as the minimum load of 
200kg which is obtained from simulations and tests, security and accuracy. 
With these demands, four ideas are prepared after a feasibility study. They 
are developed as following concepts: springs; pulleys; torque wrench and 
piston. All these concepts could test the component in its own way. These 
concepts are showed in the following Figure 24 by using Solidworks to 
create 3D models. 
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Concept with springs Concept with torque wrench 

 

 

Concept with pulleys Concept with piston system 

Figure 24: Test rig concepts 

3.4 Concepts presentation 

3.4.1 Springs concept  

The first concept in Figure 24 consists of springs, screws, two boards and 
handle. The upper board is unmovable, only the lower board is movable. In 
order to test the component, the operator has to rotate the handle, that cause 
the lower board to rise and compress the springs,  the grip of the handle is 
relinquished when the springs are compressed enough to  provide needed 
loads. In this case, the component could be tested.  

The principle of this test rig is to use the compressibility of the springs, as 
the springs could provide linear forces, the operator could have clear 
analysis of how much load is being applied by marking the distance that the 
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springs compressed. Whereas when the handle is relinquished, the frictions 
between upper board and the screws would cause load loss, which cannot be 
ignored. The main advantage of this concept is the relationships between the 
compression of the springs and the provided loads is linear, therefore it is 
easy to read the accuracy load which forced on the component. Whereas it is 
also not perfect. One main shortage is the difficulties to release it without 
any load loss. 

3.4.2 Torque wrench concept 

The second concept in Figure 24 consists of screws and torque wrench. 
Using a hexagon bolt, mount it into the pedestal and make it approaching the 
component. Here use the torque wrench to obtain the force. At the same 
time, the torque wrench can show how much loads have been applied to the 
operator. 

The main advantages of this concept are its accuracy and easy to operate. 
Whereas this equipment could not load too much forces and it costs much 
than other concepts. By simulating the crash of the component in ABAQUS, 
it is clear that the component could stand forces at least 2100N. This is a 
huge force for a torque wrench and none of such wrench can be found in the 
market. 

3.4.3 Weights and pulleys concept 

The third concept listed in the table is simple and useful, this concept use 
weights to add forces. Furthermore, in order to stand large loads, the 
movable-block is introduced into the concepts; the component is locked in 
front of the facilities, and then collect it by using a movable pulley, which 
can increase the load that is given by weights one times larger. The main 
advantage of this concept is its accuracy. By using weights, the operator 
could easily obtain the direct data of the forces. Also thanks to the movable 
pulley, the load can be increased at least one time. 

3.4.4 Pneumatic systems concept 

This concept is a typical piston system which based on air cylinder and load 
cells. When the operator continues to extract air to the cylinder, the air 
pressure in the cylinder increases and adds load to the piston which could be 
transferred to the component. The advantages of this system are its security 
and large load capacity. The air cylinder system with load cells makes it 
convenient and safe, loads can be read directly. After releasing the air 
pressure, the movable cylinder guarantees that the component can be 
removed or inserted easily. The operating piston speed is 50-1000 mm/s, 
which means this concept can also do the impact experiment.  
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4. Results 

4.1 Finite element results 

The reaction force on the top surface of clamper should be the sum of the 
forces on the nodes as shown in Figure 25. 

 

Figure 25: The eight nodes on the top surface of clamper 

Then the reaction forces of four kinds of POM are obtained from the 
ABAQUS OUTPUT modulus. The details are shown in Table 5. 

Table 5: The reaction force of four kinds POM 

 
Ultraform 
H2320 004 

Ultraform 
N2770K 

Ultraform 
N2650Z4 

Delrin 500TE 
NC010 

Reaction force 
(N) 

2576 2661.229 2124.408 2498.511 
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4.2 Compression test results 

 

Figure 26: Compression testing machines 

The following components #1,#2,#3,#4,#6 are made of the same POM 
property which is used in the sliding door system, #5 has the same shape but 
with different POM type, just for comparison purposes. The results are 
shown in Table 6. 

 
Table 6: Data Acquisition 1 

Component #1 #2 #3 #4 #5 #6 

Displacement(mm) at 
the maxium force 

-24.0787 -23.7641 -24.7712 -23.6807 -22.8644 -24.8587 

Maxium Force(N) -2111.3179 -1706.1267 -2187.4641 -2056.9575 -1732.5687 -2130.2227 

Displacement(mm) at 
the end 

-25.0046 -25.0095 -25.0199 -25.0106 -25.0212 -25.0206 

Force -119.37542 -912.77661 -2162.5039 -197.87703 -1220.1169 -2106.8784 
 

Also 6 force – displacement figures can be plotted by selecting from 300 
groups of data (0s -100s): 
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Figure 27: #1 Force-Displacement curve 

 

 

 

 

 

 

 

 

 

 

 
	

Figure 28: #2 Force-Displacement curve 
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Figure 29: #3 Force-Displacement curve 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 30: #4 Force-Displacement curve 
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Figure 31: #5 Force-Displacement curve 

 

 

 

 

 

 

 

 

 
 

Figure 32: #6 Force-Displacement curve 

Under the pressure from the machine, components show deformation and 
begin to bend and crush. Detail of test component #1 is shown in Figure 27. 

 

-200.00

0.00

200.00

400.00

600.00

800.00

1000.00

1200.00

1400.00

1600.00

1800.00

2000.00

17.0
5

17.8
0

19.0
4

22.8
6

24.7
7

24.3
9

F
or

ce
(N

)

Displacement(mm)

Force - Displacement Curve: Component 5

Force

-500.00

0.00

500.00

1000.00

1500.00

2000.00

2500.00

17.0
5

17.5
5

18.8
8

24.8
6

24.0
5

F
or

ce
(N

)

Displacement(mm)

Force - Displacement Curve: Component 6

Force



31 

Minghao Sun, Xiangyang Chen, Le Kuai 

 

 

Figure 33: Test component #1 crushed 
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Figure 34: Test component #1- #6 

As shown in the pictures above, every component breaks in different ways 
after the compression test. These results show that these components will 
break randomly when they are failure. The approximate domain of critical 
load can be obtained from the data acquisition, which is helpful for us to 
know the limitations and improve the test rigs. 
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4.3 Test rigs concepts results 

4.3.1 Test rig decision matrix 

Table 7:  Decision Matrix 

Criteria Concepts with 
Springs 

Concepts with 
torque wrench 

Concepts with  
pulleys 

Concepts with 
pneumatic 
system 

Life span 3 2 3 4 

Costs 4 4 3 2 

Easy use 2 5 4 3 

Capacity 2 1 3 5 

Feasibility 4 4 5 5 

Easy maintain 3 3 4 2 

Multifunctional 1 1 2 5 

SUM 19 20 24 26 

By using the decision matrix in Table 7, the concept with pneumatic system 
get the highest point, therefore finally decision has been made that using the 
concept with pneumatic system as the testing rig. The third concept, also 
shown in Figure 24 is also a good one but ropes which are connecting to the 
pulleys may cause some accident if it breaks. 

4.3.2 Details of Pneumatic system concept 

The Pneumatic system shown in Figure 24 is mainly consists of an air 
cylinder, load cells, a monitor, some pipes, a F.R.L. unit, a switch and a 
frame. In order to provide the load, the operator needs an air supply facility 
to provide the air. By operating the switch, the operator could control the 
flow of the air cylinder, which is connected to the clamper to provide the 
load for testing the component. At the same time when the component 
crashes, shift the switch to hold the air pressure in the pipe. The reaction 
force can be read on the monitor.  

One of the main advantages of this concept is its easy operation ability, by 
shifting the switch, the operator can directly read the value of breaking point 
from monitor. Also the air cylinder system could stand huge loads to meet 
the demands of the test. The last advantage is that this facility could control 
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the pace of the test, which could be adjusted in a wide range. This means the 
operator could simulate different conditions for the static and impact test. 

The weakness of this concept is its high cost of parts and maintenance.  

4.3.3 Instruction of pneumatic static test rig 

A complete pneumatic system consists of air purification part, control part 
and operating part. The pneumatic system usually use air cylinder as the 
operating part. A F.R.L unit is a common purification part. It consists of air 
filter, regulator and lubricator. And a hand valve is used in this design; it can 
switch the air into any part of the air cylinder. The pneumatic circuit is 
shown in Figure 35. 

 

 

Figure 35: The pneumatic circuit 

Considering the forces obtained from the FEM analysis and the compression 
test, a cylinder with 80mm bore size is chosen, the specification of the 
cylinder shown in Table 8.  

Table 8: Specification of air cylinder [17] 

Bore size 

(mm) 

Operation pressure(MPa) 

0.2MPa 0.3MPa 0.4MPa 0.5MPa 0.6MPa 0.7MPa 0.8MPa 0.9MPa 1.0MPa 

50 623N 935N 1247N 1559N 1870N 2182N 2494N 2805N 3117N 

63 1005N 1508N 2001N 2514N 3016N 3519N 4022N 4524N 5027N 

80 393N 589N 785N 982N 1178N 1374N 1570N 1767N 1963N 

 

Considering the maximum operation pressure of other components is 
0.7MPa, the air cylinder with 80mm bore size is reasonable [17]. As the in 
and out port of the cylinder is Rc3/8, it is better to unify all the components 
which consists the pneumatic circuit [17]. 
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Figure 36: The static test rig 

The detail design is shown in Figure 36. The hand valve controls the 
cylinder’s motion, compress or relief the test component. The reaction force 
that obtained by the load cell can be read from the monitor. Then the 
monitor will show the magnitude of the force level acting on the component. 
The pneumatic circuit and engineering drawings are presented in Appendix 
2. 

F.R.L unit with 
pressure relief 

Hand valve 
Load cell 

Test 
component and 

fixture 

Air cylinder 

Monitor 
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5. Analysis of results 

5.1 Simulation analysis 

According to the ABAQUS/Standard simulation results, data has been 
recorded for further analysis. When the reaction forces are acquired from the 
software, plotting the force-time figure can be helpful, which is shown in 
Figure 37.  

 

Figure 37: Reaction force -Time data 

From the above figure, it is possible to observe that there is no reaction force 
until the clamper reaches the component at time 0.78 seconds. The first part 
clamper touched is the damper of the component, which cause the first 
nonlinear changes. And then with the time increased, the damper touched 
the component at time nearly 0.84 second; the component shows linear 
deformation until the time 0.94 second. After that, the deformation of the 
component is nonlinear until it crashed. The deformations of the component 
caused the slot changes of the reaction forces. And the 8 lines means the 
clampers’  8 nodal points on the surface, these lines focus to two lines in the 
figure, the line has sharper slot shows the center of the four nodal points’ 
reaction force, likewise which, the other line shows the out part nodal 
points’ reaction force of the clamper. 
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5.2 Experimental analysis 

The main purpose of the experimental part is to observe how the critical 
component behaves in a large compression load, in which way it breaks and 
how much distance the test machine need to move until the component fails. 
The influences of the different POM properties and operational errors will 
be checked in Discussion part.  

According to the theory (see Figure 3) POM material is tend to be linear 
before reaching the yield point. Once it reaches the yield point it begins to 
deform, and then completely crashes at the break point. 

 

 

 

 

 

 

 

 

 
	

Figure 38: Mechanics of #1 component 

Using test component #1 as an example: (Figure 38) In this case, #1 
component started to deform when the machine moved 18mm;then the curve 
from linear part turned into nonlinear, which can be regarded as the yield 
point; eventually the test specimen suddenly broke at 24mm, reaching the 
break point and the critical load can be obtained as 2111N. The simulations 
of the components show the deformation of component is still linear when 
the stress was smaller than 70.679MPa, after that the component expressed 
the non-linear properties. And the component would crash when the 
deformation of the nodal points of element deformed more than 30% than 
the initial conditions, at that time, its stress equal to 84.5MPa. That is nearby 
2100 N reaction force calculated by ABAQUS/Standard, and seems 
reasonable compared with the experiments' data.  
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5.3 Concept analysis 

Based on the decision matrix Table 9, there are two concepts that have 
similar scores, the pulley concept and the pneumatic one.  Both two concepts 
are considered as good enough to be tested and a better one has to be chosen 
by considering all demands. Therefore, for further comparing these two 
concepts by using weightings, shown in the following table. 
 

Table 9: Weighted Decision Matrix 

 

At last, it is obvious that even though the pneumatic system concept cost 
more than the pulley concept and others, the significant advantage is that the 
multifunctional could offset the weaknesses, then considering other scoring 
demands, the pneumatic system concept finally get 3.75 point whereas the 
pulley concept only get 3.2. Therefore the team finally agrees to use it as the 
test rig for the testing of the critical component. The 3D model is showed in 
Figure 36. 

		

Criteria Weighting Pulley concept Pneumatic concept 

Life span 15% 3 4 

Costs 20% 3 2 

Easy use 10% 4 3 

Capacity 30% 3 5 

Feasibility 5% 5 5 

Easy maintain 10% 4 2 

Multifunctional 10% 2 5 

SUM  24 26 

SUM with weighting 100% 3.2 3.75 
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6. Discussion 

6.1 FEM analysis discussion  

The result shown in ABAQUS/Standard is reasonable compared with the 
real physical test result. Nevertheless a few problems have been met during 
analysis performing.  

Firstly, when importing the original component 3D model directly, one 
single continuous plane will be divided into several little planes, which 
increased the time costing of computer calculations, causing that it is 
difficult or even impossible to obtain a result. The team had to create a new 
3D model to simplify the original one.  

And then, interference will show out when all the elements having non-
linear deformation. In the process of ABAQUS/Standard, the jobs are 
always aborted. That is mainly because the model cannot be convergent, and 
the parts of the component sometimes even interfere the other parts in the 
simulation. The solution of it is to use the function of “Nlgeom” (Non-linear 
geometry) in “Step” and define the parameter in “interaction” module. 

6.2 Compression test discussion 

Data in Table 6 and Table 7 shows that the test component #1, #3, #4 and #6 
has the maximum force around 2050 N – 2200 N, but #2 and # 5 have a 
maximum force of 1706N and 1732 N. Firstly it is noticed that when each 
component reaches its maximum forces, results show that the displacements 
of them are different, approximate 23-25 mm. Which means there is not an 
exactly break point of a component; it may break at any point nearby 
displacement 23-25mm.  

Then the reason that causes the difference of #2 is believed due to the 
operational errors. When preparing the test pieces, the machine did not 
aligned to the outer part of the test component, it deviated a few millimeters. 
It caused #2 test component tilting when running the machine. And #5 test 
component is well aligned and operated in a right way. The reason why it 
shows a different force compared to others is because the different POM 
property. This means that the critical load can be different within several of 
POM materials and different with each other. 

Also when each component reaches the maximum displacement we set 
(25mm), after comparing it turns out that the value of the loads vary greatly, 
in the range of 110N-2200N. For the fact that each of the test specimen has 
varying degrees of deformation, some of them are completely crushed to the 
bottom of component for instance #1 and # 4. Thus they only have a low 
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resistance load effect on the test machine. The rest of specimens are still not 
completely crushed, causing the opposite situation that still with a large 
resistance load close to the maximum force.  

6.3 Concept discussion 

Several concepts have been put forward to realize the purpose of this thesis. 
After scoring the concept, the main imperfection of each concept is 
analyzed. For the concept of using air cylinder systems, which is finally 
chosen as the test rig, it overcomes most disadvantages in other concepts, it 
is ran by air force and load cell can make it clear analysis of how much load 
has been forced, the pneumatic system could give the forces to meet the test 
demands. Also for building a test rig, the pneumatic system has better 
feasibility and capacity. 
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7. Conclusion 

It takes significant amounts of time to analyze the failure of components. In 
fact, the testing of the rig was finished much earlier than the analysis of the 
critical load of the component. However, without the simulation data, the 
specifications of the test rigs, such as the size of the pulley and the piston, 
were not decided until the last few weeks of the study.  

The biggest problems in this thesis were the difficulties associated with 
simulating the crash situation using ABAQUS/Standard. Though finally we 
had overcome these difficulties through several months of hard work, it truly 
delayed the process of the thesis.  

Even when the simulation data was obtained, a laboratory need to be booked 
to verify the critical loads of the components. The results were clearly 
observed and reasonably consistent with the theory. 

Based on the simulation data from ABAQUS/Standard, the concept consists 
of pneumatic system, F.R.L. unit and load cell was chosen as the static test 
rig. It contains several unique advantages that other concepts lack, such as 
multifunctionality and maneuverability. Although the cost of the test rig is 
more expensive than others, it is quite acceptable for the IKEA component 
department. 

To make simulations more close to the reality, there is more to be done in 
terms of impact tests for further study. 

The engineering drawings of the test rig are shown in Appendix 2. 

 



42 

Minghao Sun, Xiangyang Chen, Le Kuai 

 

Reference 

[1]   M. Zuvela, IKEA mulls joint venture with Bosnia furniture maker, 8 January 

2008.  

[2]   H. B. School, Ingvar Kamprad and IKEA, Boston,MA, 1996.  

[3]   S. Korte, V. Boel and W. D. Corte, " Static and fatigue fracture mechanics 

properties of self‐compacting concrete using three‐point bending tests and 

wedge‐splitting tests.," Construction and Building Materials, pp. 1‐8, 2014.  

[4]   M. N. Ivan Okorn, "Analysis of Energy Efficiency of a Test Rig for Air Springs," 

Journal of Mechanical Engineering, pp. 53‐64, 21 11 2014.  

[5]   Z. Y. G. L. Xiangting Su, "FINITE ELEMENT MODELLING OF COMPLEX 3D STATIC 

AND DYNAMIC CRACK PROPAGATION BY EMBEDDING COHESIVE ELEMENTS IN 

ABAQUS," Acta Mechanica Solida Sinica, pp. 271‐282, 5 2010.  

[6]   P. Wacharawichanant, "Mechanical and Thermal Properties of 

Polyyoxymethylene Nanocomposites Filled with Different Nanofillers," 

Polymerplastics Technology and Engineering, pp. 181‐188, 2014.  

[7]   BASF, Product Information Ultraform ® H2320 004.  

[8]   BASF, Product Information Ultraform ® N2770 K.  

[9]   BASF, Preliminary Datasheet Ultraform ® N2650 Z4.  

[10]   Du Pont, "500TE NC010 CMaterial Data," Du Pont, [Online]. Available: 

http://dupont.materialdatacenter.com/profiler/WqEBW/standard/main/ds/170

60/4097. 

[11]   I. O. f. Standardization, ISO 527‐1 Plastics — Determination of tensile properties 

—Part 1:General principles, 2012.  

[12]   International Organization for Standardization, ISO 527‐2 Plastics — 

Determination of tensile properties — Part 2:Test conditions for moulding and 

extrusion plastics, 2012.  

[13]   Du Pont, "Material data center," Du Pont, [Online]. Available: 

http://dupont.materialdatacenter.com/profiler/WqEBW/. [Accessed 5 2015]. 

[14]   ABAQUS Analysis User's Manual vol 5, 2012.  



43 

Minghao Sun, Xiangyang Chen, Le Kuai 

 

[15]   ABAQUS, Getting start with Abaqus.  

[16]   SMC Corp., Product Specification.  

[17]   P. H. Ottosen Niels, Introduction to the Finite Element Method, 1992, p. 1. 

[18]   O. R. E. R. G.‐B. Gerardo L Garcés, "Use of screw locking elements improves 

radiological and biomechanical results of femoral osteotomies;," BMC 

Musculoskeletal Disorders, vol. 15, p. 387, 2014.  

[19]   S. F. A.C. Ugural, Advanced Strength and Applied Elasticity, vol. Chapter 2.8.  

 



44 

Minghao Sun, Xiangyang Chen, Le Kuai 

 

 Appendixes 

Appendix 1: Experiment procedure 

Appendix 2: Engineering draws of test rig 



45 

Minghao Sun, Xiangyang Chen, Le Kuai 

 

Appendix 1: Experiment procedure 

Test Procedure  

For this purpose, the critical component will be tested in the laboratory for 
obtain the critical load. There will be a fixture fix the middle hole of the 
component and the test machine will effect on the top of the component, 
details will be shown in attachment. There are following things required: 

 
We need following things for testing component compressive strength: 

 
Fixture 
Vernier caliper 
Paper 
Pen/Pencil 
Six components 

Safety goggles 
Gloves 
Testing machine 
 
Test machine will be operated in the speed rate of 50 mm/min, 6 groups of 
component will be tested separately, in order to see the different results from 
6 component made of the same material. Data records: Running Time (s), 
Displacement (mm) and Force (N). The time duration is from 0s to 101s, 
thus only the  

 

Procedure of the Compression Test 

 
 

Step1 - Reservation: Make an appointment with the supervisor and decide 
the date and the room for testing. 

Step2 - Preparation: Check all the things we need are ready. Check the 
compression machine is in working order. 
Step3 - Safety: Wear hand gloves and safety goggles. Make sure there won’t 
be any dangerous behaviors.  

Step4 – Taking measurement: Take the measurement of component. Cutting 
a part from the door hinge. Mark sure this part can match with the 
component and the test machine. 
Step5 -Pre-testing: Assemble the fixture with the component, then lock the 
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fixture and the cutting part in the center of the compression machine. 
Step6 - Start machine: Turn on the machine. Check the conditions of the 
machine. 
Step7 - Applying load: Now it is the time to apply load. Before this, the 
finally check is needed to make sure everything is in good order. 
Step8 - Increasing load: Then increase the load of the machine, observe the 
component till it breaks. 
Step9 - Recording: Record the critical load on paper displaying on machine's 
display screen. 
Step10 – Repeating: Repeat the Step 5 to 9 five more times. 

Step11 – Cleaning machine: Remove the fixture and the cutting part from 
the machine, and clean it carefully. 

Step12 - Turning off machine: Match our records once again with the result 
on display screen. And make sure there is no mistake, then turn off the 
machine. 
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APPENDIX 2: Engineering drawings of test rig 
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