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Abstract. In the design process, new and creative design solutions have a goal to
increase competitiveness compared to similar design solutions from other man-
ufacturers. Material saving, easier montage and transport, by the mass reduction
of the construction in design process, are a significant factors, which affect on
the lower price and easier product maintenance, especially for steel made lat-
tice prefabricated constructions. With the development of the numerical meth-
ods and computer tools, the optimization process, in the modern design process,
has an increasingly important role. By clearly defining the objective function,
design optimization process, makes design solutions significantly more competi-
tive. This paper presents design process of a floating bed frame. After the design
of the initial solution, this solution was optimized, in order to reduce the mass,
respectively material saving. Optimization process was performed by Direct Opti-
mization Method (DOM). Total mass of the structure, compared to the initial
design solution, was reduced by 70%. According to the results obtained by the
optimization process, a design solution of the floating bed frame was made.

Keywords: Design process · Optimization process · Direct Optimization
Method (DOM) · Floating bed ·Maintenance process

1 Introduction

The task of the designer in the process of a new product design consists of the require-
ments mapping [1] into functional and physical structures that define a new product
prototype [2]. During product development process, designers encounter limitations
such as physical, ergonomic, time, production, and product cost [3]. Using different
optimization methods, it is possible to influence on the numerous constraints. Thus,
mass reduction affects on the saving of material required to make a design solution, or
affects on the cost of the product. Also, mass reduction has a direct impact on a certain
design properties of the product.

Modern design process uses application of various optimization methods in order to
solve the set objective function. These methods are part of the optimal design process
[4, 5].
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In the process of optimal design, it is necessary to formulate design process using a
mathematical model. Depending on the type of numerical method, mathematical models
have a certain peculiarities.What they have in common is the definition of the one ormore
objective functions (multi-objective optimization problem) [6], the constraint functions
and the variables [4]. Application of Direct Optimization Method (DOM), especially
Response Surface Method (RSM), is of great importance in the modern process of
design optimization. RSM is a combination of statical and mathematical techniques
utilized to develop, improve and optimize processes of industrial production [7, 8]. This
method is using in the construction of complex systems such as individual parts of
aircraft subsystems, such as landing gear systems [9] or planet lander [10, 11]. RSM
method, by 3D diagrams, allows representation of the interdependence of independent
and dependent construction variables (parameters).

This paper presents the process of design and optimization process of a floating bed
frame. The specificity of the construction is reflecting in the request derived from the
requirement list. This request defines a structure that has no vertical supports (legs).
In practice, there are numerous versions of the floating bed that use a vertical support
placed on the central part of the structure. This design completely excludes a vertical
support (see Fig. 1). Development of this conceptual variant, has several goals: material
saving, mass reduction, easier montage and maintenance, and reduction of positions in
the hierarchical structure of product. Position reduction and transferring of their functions
to the other positions of the product hierarchical structure, is an important factor in a
design for maintenance and design for assembly process [12, 13].

Fig. 1. Conceptual solution of floating bed [14].

The construction of the floating bed frame consists of a steel frame,which, depending
on the design, is bolted at one of its ends to a fixed support (wall). Conceptual design of
the structure and its fixture is presented on Fig. 2.
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Fig. 2. Conceptual solution of console support.

It is important to abstract some of themore significant requests defined in the require-
ment list. These requests are: minimum mass, structure stiffness (due to the load) needs
to ensure a displacement reduction, structure shape needs to enable installation of side
panels and floors, frame structure needs to be in two parts and structure needs to have
following dimensions 1800 × 2000 mm. In order to simplify maintenance, montage
and transport, since it is a lattice prefabricated structure, mass reduction is an important
requirement which is therefore selected as objective function of the optimization process
of the floating bed lattice structure.

2 Design and Modeling of Floating Bed Structure

Structure of the floating bed consists of two basic positions: supporting structure and
console support (see Fig. 3). Supporting structure is made by welding steel pipe profiles
80 × 40 × 3,2 mm. Material is steel S235 (norm EN 10027-1). Structure is lattice. It
consists of one left and one right supporting structure. These constructions are connected
by a bolt connection. Connection is made with six bolts M16 × 85 (ISO 7412).

Function of the console support is reflecting in taking the load of the supporting
structure (see Fig. 3). Console support, by vertical supports, rests on the base and is
placed on the wall. Supporting structure is connected by a bolt connection to the console
support. The structure is welded and reinforced by horizontal reinforcements.

Using eight M16 bolts and four M16 × 100 bolts (ISO 7412), console support is
fixed to the wall and base (see Fig. 4).
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Fig. 3. Lattice structure of bed.

Fig. 4. CAD model of floating bed structure.

3 Initial Numerical Calculation of the Supporting Structure

Initial calculation of the structure includes calculation of the stress and deformation
(deflection) of the supporting structure. Steel S235 with the following properties was
selected for the material: density ρ = 7,850 kg/m3, Young’s Modulus of Elasticity E =
210GPa, Poisson’s Ratio ν = 0,3, ShearModulusG= 81GPa, Tensile Yield StrengthRe
= 250 MPa and Tensile Ultimate Strength Rm = 460 MPa. Tetrahedral finite elements
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with mid-nodes were selected for the mesh, size 15 mm. At the joints of the lattice
structure, the finite elements were reduced to 5 mm. Total number of finite elements is
109752, and the total number of nodes is 279404. Mass of the supporting structure is
113,9 kg. Load amount on the structure is 2000 N. Amount of the load arises from the
request that the bed needs to be able to carry two adult persons whose individual mass
is 100 kg. The area on which the load acts is 3,6 m2. Therefore, the pressure on the
supporting structure is 55,55 Pa (Fig. 5).

Supporting structure is fixed to the surface, which is bolted to the console support.
After numerical calculation was performed, the following results were obtained: a =
0,54982 mm (Total Deformation, see Fig. 6) and σ ekv = 33,884MPa (Equivalent Stress,
see Fig. 7).

Results of the numerical analysis, presented by the initial calculation, are satisfactory,
since Maximum Equivalent Stress, σ s,dop = 160 MPa.

Fig. 5. Load on the supporting structure.

Fig. 6. Total deformation of the supporting structure.
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Fig. 7. Equivalent stress of the supporting structure.

4 Supporting Structure Optimization

In objective of mass reduction, supporting structure is optimized. Therefore, the same
name of the objective function is defined. Advantage of mass reduction allows easier
structure manipulation in transport and montage process. Since it is a structure made of
steel, mass reduction affects on the lower product cost.

Optimization process is performed by the direct optimization method (DOM). This
method determines multiple objectives using defined constraints [6].

Design parameters (variables), by which optimization is performed, are presented in
Table 1. Parameters represent geometric measurements of the pipe profile. Amounts of
the variables are determined by the initial geometry of the CADmodel. In order to reduce
the mass of the structure, amounts of input parameters is optimized. Selected output
parameters are presented in Table 2. Maximum Equivalent Stress (σ s,dop = 160 MPa),
presents constraint which affects on the object function and input parameters.

Table 1. Input variables.

Profile Parameter name Amount

P1 DS_Wall_Thickness 3,2 mm

P2 DS_Tube_Width 40 mm

P3 DS_Tube_Height 80 mm

Table 2. Output variables.

Parameter name Amount

Geometry mass 113,85 kg

Equivalent stress 33,884 MPa

Maximum total deformation 0,54982 mm
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Amounts of lower and upper value of the pipe profile input variables presented are
in Table 3.

Table 3. Interval values for input variables.

Input parameters Lower bound,
mm

Upper bound,
mm

DS_Wall_Thickness 1 3

DS_Tube_Height 20 80

DS_Tube_Width 10 40

During optimization process by DOM in the software package Ansys, program
increases interval values for every input parameter from lower to upper value. This
process presents iterative optimization process.

Changes in the values of the input parameters, are presented in Figs. 8, 9 and 10. By
changing values of the input parameters, value of the objective function (mass reduction
of the support structure) changes. This change is presented on Fig. 11.

Fig. 8. Parameter value change – wall thickness.
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Fig. 9. Parameter value change – tube width.

Fig. 10. Parameter value change – tube height.

On Fig. 12, also is presented change of the Maximum Equivalent Stress. Interde-
pendence of the mass parameter in the comparison with Maximum Equivalent Stress is
presented on Fig. 13. From the picture it can be concluded (despite individual cases to
the contrary) that Equivalent Stress decreases with mass increasing.
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Fig. 11. Value change of objective function – mass reduction.

Interdependence of the output parameters (Geometry Mass, Maximum Equivalent
Stress and Maximum Total Deformation) is presented on Fig. 14. Mass increasing,
reduces Equivalent Stress and Total Deformation.

Fig. 12. Value change of constraint – maximum equivalent stress.

Sensitivity of the objective function to the change of input parameters can also be
determined from the solution (see Fig. 15). Wall thickness of the tube profile has the
greatest influence on the mass of the structure. Width of the tube profile has the least
impact on the mass. The most significant impact on the Equivalent Stress and Total
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Fig. 13. Optimization process – 2D view.

Deformation has width of the tube profile. Wall thickness and profile height have less
impact on the Equivalent Stress and Total Deformation (see Fig. 15).

Fig. 14. Solution of the optimization process – 3D view.
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Fig. 15. Sensitivity of the objective function on the input parameters.

After the using DOM and analysis of the results shown in Figs. 8, 9, 10, 11, 12,
13, 14 and 15 three the best solutions were selected. These solutions are presented in
Table 4. Solution 1 best solves the objective function, since the mass of the structure is
18,295 kg (see Table 4).

Table 4. Selection of the best solutions by the DOM.

Variables Input variables Output variables

Solutions Wall
thickness
(mm)

Tube width
(mm)

Tube height
(mm)

Geometry
mass (kg)

Maximum
equivalent
stress
(MPa)

Maximum
total
deformation
(mm)

Solution 1 1,375 16,545 30,414 18,295 110,25 0,6326

Solution 2 1,555 19,733 25,377 19,466 142,94 1,1961

Solution 3 1,135 14,42 50,562 22,244 3,9964 0,058159

Problem that arises when choosing this solution is certainly the non-standard dimen-
sion of the pipe profile (seeTable 4). Second solution has the largest amount of Equivalent
Stress. Third solution has the lowest amount of Equivalent Stress and the lowest amount
of Total Deformation.
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Since the material suppliers supply standard dimensions of pipe profiles, dimensions
of the profiles obtained by solution 3 best correspond to the standard dimensions, so this
solution was selected as the finally accepted solution. The difference in mass of 4 kg
between solution 1 and solution 3 is acceptable due to the previous condition. Therefore,
the standard dimension of pipe profiles 50 × 20 × 2 mm was adopted.

Using this profile, a floating bed constructionwasmade in theworkshop (see Fig. 16).

Fig. 16. Supporting structure montage.

Supporting structure is made as a lattice structure, and the assembling of individual
segments is achieved by welding technology (see Fig. 17). The final appearance of the
manufactured floating bed is presented on Fig. 18.

Fig. 17. Supporting structure welding and grinding.
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Fig. 18. Floating bed.

5 Conclusion

Using DOM, the optimization process of the supporting structure of the floating bed is
presented in this paper. The objective function includes mass reduction of the structure.
Optimization of the input variables of the pipe profile was performed, in order to reduce
the total mass of the structure.

After optimization, three design solutions were obtained that best solve the objective
function. Of these three solutions, the solution that did not best solve the objective
function was selected. The reason stems from the fact that the optimized variables with
their amounts were closest to the standard values of the dimensions of the pipe profiles.
By choosing a standard profile 50 × 20 × 2 mm, the construction of a floating bed was
made. The total mass of the structure, made with standard profile, is 34,1 kg. Compared
to the optimized solution (solution 3), the mass is increased by 53%.

Since the construction solutionwith standard profiles is the optimal solution, its mass
represents a reduction of mass by 70% compared to the initial construction.

Future development of an optimized design solution, within development of smart
furniture, would aim development of a smart bed. Such a solution, by applying movable
design elements such as s spindle with a trapezoidal thread, would give the possibility of
vertical displacement of the structure upwards or downwards. The application of such a
design solution would be useful in small living spaces.
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