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ABSTRACT

A finite element analysis of a simple design chair was carried out in this study. A vertical static load was applied at
the centre point of the seat and another horizontal static load was applied on the centre point of the backrest
simultaneously. Three sets of load of 900N (90kg) and 380N (38kg); 800N (180kg) and 760N (76kg); and 3600N
(360kg) and 1520N (152kg) were applied on the seat and on the backrest respectively. The maximum stresses for
these three different load levels were 5.9173N/mm’, 11.8346N/mm” and 23.6698 N/mm’ respectively. The load versus
stress relationship indicated that the yield stress was proportional to the applied load. At higher load level the yield
stress on the modelled chair was also higher. Stress concentration occurred at the end joints; at the centre of the
backrest and the seat, and the mid span of the front and back seat rails. Stress located nearer to the end joint had
higher stress values than the stress located away from the end joint. The chair fulfilled the performance criteria in
BS 4875(1985) and BS 5873 (1980, 1991) for the chair size mark 4 and 5 under normal and severe rating. The
modelled chair did not fail even when the applied load had been increased to twice of the load requirements in the
BS 4875(1985) and BS 5873 (1980, 1991) tests standard.

Introduction

CAE analysis will be a new approach in furniture design. Currently, furniture manufacturers study stresses in
furniture through mechanical tests. These tests are destructive, time consuming and not economically practical. This
method of CAD and CAE analysis has several advantages. FEM module within the CAE software is capable of
handling non-homogeneous problems in wood furniture. The test environment can be specified in FEM analysis,
therefore the main sources of error such as site factors can be controlled. The boundary condition can be represented
in FEM. CAE is a virtual stress analysis which does not actually apply real loads on real test specimens until failure.
As a result, the cost due to destructive research can be minimised. FEM also is able to suggest minor changes in the
furniture design to get better performance from the stress analysis prior to the construction of the real furniture. In
mechanical test, stress analysis can only be done on stress concentration in selected points using sensors but by using
FEM in CAE analysis, the region of stress can be differentiated visually from all parts of the furniture based on the
stress contour output.

Currently, furniture designers do not use CAE software in furniture designing. This project was a preliminary
study of CAE software application in furniture designing. The main objective of this project was to study the
distribution of stresses in Acacia mangium furniture as it reacts to an applied load on the seat rest and the backrest
using the CAE analysis software prior to construction.

Materials and Methods

The chair design chosen for this research was based on a commercial design intended to conform to BS 4875 (1985)
and BS 5873 (1980,1991) performance criteria. The chair was 840.0mm in height, 420.8mm in width and 416.0mm
in depth. This chair was modelled in a CAD software and analysed using a CAE software package.

The members of the front rail joint assembly were modelled using three- dimensional four node tetrahedron (3D
4N) solid elements. The properties of each member of the front rail joint assembly were taken into account.  The
Poisson’s ratio effects were vy, vy, Vyx, Vyz, Vox and v,y which were expressed in terms of their local co-ordinates as
VLT, VLR, VTR, V1L VR and vgr.

The construction of furniture was assumed to be perfect. The global X-axis was along the horizontal plane of the
front rail along the length. The global Y-axis was in the vertical plane along the length of the legs. The global Z-axis
was perpendicular to the X and Y-axes along the side rail. The global axes were with respect to the whole chair
whereas the local axes were with respect to each component. The local co-ordinates system x, y, z for each
component were parallel to the longitudinal direction of the grain, radial to the direction of growth ring and
tangential to the direction of growth ring, respectively. These three directions are as shown in Figure 7. The legs were
restrained in X-, Y-, Z- translations and in X-, Y-, and Z- rotations. For this study, the bottoms of the legs were
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restrained from moving in any directions to simulate that the chair was placed on the floor and is not moving.

It was assumed that the body weight of a person sitting on the chair would be distributed along various parts of
the furniture. A majority of this weight would be exerted on the rails, which hold the seat. In the CAE analysis, one
vertical static load was applied to the centre point of the seat for seat static load test and another horizontal static load
was applied on the centre point of the backrest for back static load test simultaneously, which represented a seated
person. This was done in accordance to BS 4875 (1985) and BS 5873 (1980,1991) standard for educational furniture
Lests performance criteria for chair size mark 4 and 5 in normal and severe rating service conditions, respectively.

Two solid cylinders measuring 20.0mm in radius and 20.0mm in height were designed conjointly on the loading
points of the modelled chair to imitate the load cells in seat and back static load tests whereby the loads were applied
on the surface of the cylinders. The stresses that was induced in these two cylinders was not recognised as stress
distribution in the modelled chair. In this study, three sets of loads of 900N (90kg) and 380N (38kg); 1800N (180kg)
and 760N (76kg); 3600N (360kg) and 1520N (152kg) were applied on the surface of the cylinders on the seat and the
biackrest respectively.

In the CAE analysis, the material used for analysing the modelled chair was assigned to the mesh. The material
properties for Acacia mangium were created in the materials matrices in the finite element analysis. The input data
for MOR, MOE, ultimate stress and mass density were obtained from literatures cited whereas the input data for the

Poisson’s ratio was obtained from a simple test that was conducted prior to the CAE analysis (Table 5). The other
irput parameters in

Table 1 : Poisson’s ratio of Acacia mangium

Strain in the direction perpen- | Strain in the direction Poisson's ratio
dicular to load of load
Specimen A 1.823 3.043 vir = 0.5991
0.201 3.145 vir = 0.0639
Specimen B 31.719 57.432 vre = 0.5523
2.364 38.528 vrr = 0.0614
Specimen C 36.255 70.787 vir = 0.5122
2.843 54.219 v, = 0.0524
Poisson's Ratio v=0.3069
(Average)
Note:

Appendices 3,4,5,6, 7,8 and 9

Table 2 : Material Properties for Acacia mangium

Parameter Value
Young’s Modulus, N/mm* (MOE) 10891°
Poisson’s Ratio, v [MC = 12%)] 0.3069
Mass Density, kg/m’ SH0"
Ultimate Stress, N/mm’ 48.49¢
Maximum Yield Stress, N/mm* (MOR) 97¢
Note:

* Razali and Hamami (1992)
* Razali and Hamami (1992)
¢ Tham (1979)

¢ Razali and Hamami (1992)
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slats were experiencing higher stresses at locations nearer to the end joints than locations away from the end joints
(Figures 16 and 17). The stresses at the joints between the side slats and the front legs were lower than the stresses at
juints between the side slats and the back legs. This occurred as a result of the displacement of the backrest and the
back legs induced by the horizontal static load that was applied at the centre of the backrest. The load induced
stresses and displaced the backrest and back legs in Z- direction (backward). The end joints between the side slat and
the front leg were under compression whereas the end joints between the back legs and the side slats were under
tension. The end joints of both of the seat side rails and side slats would tend to slip due to the abusive or improper
sitting practices. For example, sitting on the chair with two front legs hanging.

The modelled chair did not fail after being tested by a set of horizontal static load of 760N and vertical static
load of 1800N. Therefore, this modelled chair had passed the backrest and seat static tests for educational furniture
size marks 4 and 5 for both normal and severe rating under BS 4875 (1985) and BS 5873 (1980,1991) performance
criteria.

The modelled chair did not fail also when the load applied was twice of the load requirement in BS 4875(1985)
and BS 5873 (1980, 1991) for the chair size mark 4 and S under severe rating. The applied loads were 3600N
(560kg) for the backrest and 1520N (152kg) for the seat rest. Evidently, the chair might be over designed in which it
hiad been modelled by using excessive material.

Conclusion and Recommendation

The maximum stress recorded for the set of applied load of 380N horizontal load and 900N vertical load was
5.91730N/mm?’ whilst the maximum displacement was 1.50241mm. The maximum stress recorded for the test by a
set of horizontal static load of 760N and 1800N vertical static load was 11.8346N/mm’ and the maximum
displacement was 3.00483mm. The maximum stress recorded for the test by a set of horizontal static load of 1520N
and 3600N vertical static load was 23.6698N/mm” and the maximum displacement was 6.00952mm. Based on the
results, it can be concluded that the predicted yield stress is increased due to the increment of the applied load.

The size of mesh element can be reduced to minimise the maximum computed errors in the stress analysis. This
increases the confidence levels and accuracy of the stress analysis results. The stress analysis of the modelled chair
can be further improved by analysing the modelled chair by introducing the six Poisson’s ratios of Acacia mangium
in three different load directions that are v g, vit, VrT, VrL, V1R and vy As such anisotropic characteristics of Acacia
mangium will be taken into account in the stress analysis and thus generate a better results.

The chair fulfilled the performance criteria of BS 4875(1985) and BS 5873 (1980, 1991) for the chair size mark
4 and 5 under normal and severe rating. The modelled chair did not fail eventhough the applied load had been
increased to twice of the load requirements in the BS 4875(1985) and BS 5873 (1980, 1991) tests standard. Based on
the result, it can be concluded that the modelled chair had been over designed and the design of the chair can be
further enhance by reducing the dimension of the parts and components.

This modelled chair had been designed with the assumption that all the parts and components were jointed
continuously face to face. Therefore in future research, fasteners and dowels can be modelled into the modelled chair
to study the stress distribution at the critical joint areas.

Besides that, the restraints that had been fixed at the bottoms of the modelled chair can be altered into restraints
orly at one edge of the back legs. This will take into consideration the stress distribution in an Acacia mangium chair
due to improper sitting posture because it is a habit for some people to sit on the chair abusively.

The CAE software analysed the modelled chair and the induced stresses were presented as predicted values. The
induced stress distribution can be validated by comparing it to the results from an actual laboratory experiment.
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Fig 2: Design of the Acacia Mangium chair.

Fig 4: The isometric view of the meshed
modelled chair in CAE package.
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Fig 3: The chair as in the CAD software.

LN DURS o Mines Soess N2

Nuis.
horzormal ‘oac 336Y
Verea Loed  S00N

Fig 5: Front isometric view of the modeled chair
with the Von Mises Stress contour
induced by a set of 380 (backrest) and
900N (seat) loads.
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Nete
Honzonla' ioad © 760N
Vertical Load  : 1800N

Fig 6: Front isometric view of the modeled chair
with the Von Mises stress contour in-
duced by a set of 700N (backrest) and
1800N (seats) loads.

Nete:
Honzontai lead * 1520N
Yertical Load  3B(XN

Fig 7: Front isometric view of the modeled chair
with the Von Mises stress contour induced
by a set of 1520N (backrest) and 3600N
(seats) loads.

766



L9L

Note:
Horizontal ioad 380N
Verticai Load 900N

Note:
Horizontal load . 380N
toad . 9UCN

Vertical

Fig 9: Comparison of Von Mises stress contour of the mod-
eled chair with two different load levels (top iso-
metric view focused on the seat).

Fig 8: Comparison of Von Mises stress contour of the modeled
chair with two different load levels (left isometric view
near the seat rails).
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Note.
Horizontai ioad : 380N
Verticai Load = GICN

TR b

Nete:
Henzonia! foad : 1520N
Vertical Load  : 3500N

Fig 11: Comparison of Von Mises stress contour of the mod-
eled chair with two different load levels (back view
focussed on backrest, the back legs and the back
scat rails)

VAL o S B

e

WsrER

Nete
Henzontal load - 380N
Verticai Load  © 900N

INUOAG M S S

Vertical Load  350CN

Fig 10: Comparison of Von Mises stress contour of the mod-
eled chair with two different load levels (bottom
isometric view).
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CONTGURS' von Mises Stress (N/mm™2)

Note
Honzontal foad: 760N
Vertical Load : 1800N

Fig 13: Back isometric view of the modeled
chair Von Mises stress contour

CONTCURS  vor Mies Stess Niwm™2)

Fig 12: Bottom isometric view of the modeled
chair Von Mises stress contour
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