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Abstract: In this study, determination of performance prtipe of seating elements prepared with
classical and modern upholstery material and teglms was aimed. For this aim, 8 experiment
samples of applet upholstery on webbing (AUW), epppholstery with spiral spring (AUSS), applet
upholstery with zigzag spring (AUZS), wall-less fioaipholstery on webbing (WLFUW), wall-less
foam upholstery on zigzag spring (WLFUZS), wallearh upholstery on webbing (WFUW), walled
foam upholstery on zigzag spring (WFUZS) and crdshgholstery on spiral spring (CUSS) were
prepared on the test frames. With the applicatiorsalidity test for seating place was tested dred t
deformation value was determined on the samplepaped according to FNAE 80-214 standards. As
a result, the lowest value of deformation was foandhe crushed spiral upholstery while the highest
value was found on the applet upholstery on webbirig possible to say that modern upholstery gave
better performance than classical upholstery.

Keywords: Classic upholstery techniques, modern upholseafyriiques, furniture performance tests,
force-deflection coefficient.

1 Introduction

It is a sad truth that classical filling equipmé@nupholstery is costly in terms of time,
labor and economy. For this reason, especially &ffeworld War, rubber and rubber filling
materials supplanted of classical upholstery maleriThe main purposes of that are both
saving time and labor and also producing usefutifure (lter 1990). In literature search,
limited number of studies was encountered abowtrdehation of performance features of
upholstery techniques produced by traditional aratenn materials. It was specified that
studies were done by the aim of determination ctosal situation and the problems and
material’s attitudes towards external factors sashburning, discoloration, etc. Searches
related to this study were presented below (Yilr2@98). Eckelman and Zhang (1995)
introduced GSA (General Service Administration Berfance Test for Upholstered
Furniture) which is used in engineering design whiture framework and evaluation of
attitudes of upholstered furniture and they diseddsasic factors and concepts that needed in
order to develop a universal acceptable performamperiment method. Eckelman and Erdil
(2001) introduced the details of performance expent method (FNAE 80-214) developed
for upholstered armchairs and sofas and the equipmleich will be used in laboratories for
the application of this method. Also they indichtecceptable force values showing light,
medium and heavy usage with the aim of applicatimmditions. Smardzewski (2013) was to
develop a new construction of an upholstery spahgilinear stiffness. On the basis of the
conducted studies and analysis of their resultgag shown that traditional bonnell and barrel
springs exhibit linear stiffness within the randedeflections of up to 70 % of their initial
pitch. New spring designs change stiffness alreatdyleflections of 34% of their pitch.
Smardzewski et al. (2008) searched the elasticeptieg of hyper-plastic polyurethane foams
applied in furniture industry, to elaborate mathgoah models of these materials on the basis
of non-linear Mooney-Rivlin models and to conducthan-linear numerical analysis of
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contact strains in a deformed seat made of pollgaret foam. The results of the experiments
revealed that the mechanical properties of polyaret foams are described properly by the
Mooney-Rivlin model. Kapica and Smardzewski (208darched the mechanical response of
two-layers polyurethane foam systems to compredsiats depending on different physical
and geometrical parameters of the set. The perfibrimeestigations revealed that it was
possible to model analytically and practically tigidity of elastic systems of upholstered
furniture, in particular in the case of multifurartial constructions and furniture intended for
sick or disabled persons. Eckelman (1998) introduseme constructional performance
experiments applied on chairs, armchairs, officairsh tables and box furniture. Eckelman
(1999) introduced cyclic stepped increasing loadhwd and determined chair performance
experiments acceptable force value developed ukisgnethod. Eckelman and Erdil (2000)
specified the details of experiment method (FNEW289) developed for office chairs
experiments, the equipment in used and acceptasigrd values. Winandy (1978) searched
the availability of laminated wood materials on alsttered furniture frameworks. As a result
he reported laminated dowel joints may be usedaméwork furniture production. Kasal
(2004) stated that wood composite materials as ltarnative to wood material and
demounted joining techniques providing advantageshfe designers, producers, consumers
and dealers as an alternative to stationary joimmght be used in production of frame
constructed furniture especially framework partsupholstered furniture. Altinok et al.
(2007), as a result of static force experimentsezting place and backboard of chairs and
armchairs, stated that there weren’'t any evolving #&osening in joints of rail to leg
elements and any cracking, permanent bending @akimg in seating place and the other
elements. Lin and Eckelman (1987) evaluated thecefff joining solidity on box furniture
using 3 type joint techniques whose rigidity valuggnge. As a result, joining had an
important effect on the box solidity. Eckelman avidnz (1987) developed a general method
to determine the effect of joints on rigidity of o@ystem. According to the results, they
suggested that when boards joined rigidly rathan teemi-rigid joining such as hinges and
like that, board sides resisted to bending likeeanh. Eckelman et al. (2002) emphasized that
sofa framework design was quite complicated becapbelstered with zigzag spirals had a
force on pre-rail elements of zigzag spirals fropper side to backwards and they stated that
pre-rail element had to be analyzed as an outafepburface element rather than a simple
beam. Wang et al. (2007) different sized “T” corjants from oriented spall boards (OSB)
and moment carrying capacity of upholstery framespared as glued and non-glued (wire
nail) against static force, they stated that monsamtying capacity increased as a result of the
increase of corner joint length and glued elemeatsy higher moment force rather than non-
glued elements. Zhang et al. (2005) which is fdemeination of fatigue performance at the
end of 25000 cyclic of the upholstery frames preddrom boards made of wood (ply board,
OSB and spall board), they expressed ply boardsharéest results and gradually followed
by OSB and spall boards.

The main purpose of this study is to make an aabdptstandard for the sector
comparing the performances of classical and modpholstery techniques, to determine the
deformations under various forces, to obtain nuca¢rdata about performance features of
chair seating elements produced with different Ugtboy equipments.

2 Materials and methods

2.1 Materials
In our country upholstery equipments produced amdmonly used have been used as
experiment materials. 8 type seating place elemaitiisclassical and modern materials were
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chosen as experiment sample. 3 from each upholstpeyand totally 8x3=24 samples were
prepared.

2.2 The preparation of experiment samples

The same type upholstery frame was used in alh@samples. The upholstery frames
were made of beech wood in size of 50x30mm. Afterdlements cut at the size of 55x35mm
as a draft at temperature 20 + 2 °C and at reldineidity 65 % + 5 indoor were waited until
they reach a constant weight, they were mortiseepbiand polyvinyl acetated mounting glue
(PVAC) for fixing.

All of the samples were covered with the same kihtabric (580 gr/mtul).

On prepared upholstery frame, 8 type techniquerggatements which were applet
upholstery on webbing, applet upholstery with dpsipring, applet upholstery with zigzag
spring, wall-less foam upholstery on webbing, iedls foam upholstery on zigzag spring,
walled foam upholstery on webbing, walled foam uUptesy on zigzag spiring and crushed
upholstery on spiral spring were prepared.

2.3 Method

Loads were done according to FNAE 80-214 for expent samples. Experiments
were done in Gazi University, Technical Educaticaciity, Department of Furniture and
Decoration Education Mechanic Test Laboratory fume performance test device.

In this study, 20 cyclic force was applied on chsating places according to the
method. The experiment started with 445 N forcesnfiback side and 222 N forces to the
front side on chair seating surface. At the endamfh 25000 cyclic the forces applied from the
back side increased to 111 N, from front side t® 9% The values belonging to experiment
loads were given in Table 1.

Table 1. Loads (N)

Pistons Cyclic

25000 50000 75000
Back Piston 445 556 667
Front Piston 222 278 334

Loading apparatus used in the experiment are showigure 1.
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Figure 1. Loading apparatus
During the experiment, after each 5000 cyclic, fitree was stopped and deflection
amount was calculated with a standing comparat@soméng at 0,01 the precision from back
piston (Figure 2).
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Figure 2. Experimental setup

3 Research results

The statistical values of deformation obtained frioads in experiment samples were
shown in Table 2.

Table 2. Deformation values (mm)

Load (N)
Back Piston 445 556 667
Front Piston 222 278 334
Cyclic
Upholstery types - 56T 15000 25000] 30000 40000] 50000 | 55000] 65000 75009
Xo(mm) | 530 | 580] 700 750 88 1020 11,do0 1200 13lo
AUW [s 005 | 004| 002| 001 006 o001 o00f ook o0ds
V (%) 094 | 069| 029 013 o068 o01d 064 038 040
Xo(mm) | 539 | 574| 635 787 821 84d 844 853 84da
AUSS [s 004 | 001| 002| 015 o004 o004 o004 o008 044
V (%) 067 | 017| o0724] 1,94 043 o066 040 020 o042
Xoe(mm) | 531 | 7.85] 796 1049 1096 1116 11,321 1183 11f40
AUZS |[s 006 | 007| 008] 055 012 o013 012 oil ot
V (%) 114 | 083| 1,01] 521 104 119 108 095 047
Xo(mm) | 500 | 7.40] 751] 766 793 861 927 1006 10p7
WLFUW |[s 004 | 004]| 005 002 003 o004 00f ook ods
V (%) 079 | 047| o061 023 033 o054 076 040 o041
Xo(mm) | 6,99 | 854| o55| 963 o076 99 098 1022 10}
WLFUZS [s 009 | 004| 065 005 004 o001 00l 008 045
V (%) 122 | 047| o068] o051 043 o01d 010 o020 043
Xo(mm) | 1,42 | 270] 310 466 550 611 643 677 747
WFUW [s 002 | 002]| 003] 002 o003 o003 o008 o00p o044
V (%) 108 | 074| o081 o045 053 o049 o055 028 040
Xo(mm) | 296 | 310| 322| 334 388 45 s50f 59 641
WFUZS [s 003 | 006| 007| 007 o003 o00d o008 014 046
V (%) 108 | 193] 211] 196 o089 174 o075 235 047
Xe(mm) | 1,19 | 210] 251 271 361 40d a1t a7 540
cuss [s 001 | 006| 005 002 006 003 008 006 046
V (%) 097 | 2.61| 1.82| 085 167 064 060 118 148
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As a result of the experiments, the lowest defoionatalue is obtained from crushed
upholstery spiral spring (CUSS) (5,10 mm) and gadlgidollowed by walled foam upholstery
on zigzag spring (WFUZS) (6,91 mm), walled foam alptery on webbing (WFUW) (7,07
mm), applet upholstery with spiral spring (AUSS)6@mm), wall-less foamed upholstery on
webbing (WLFUW) (10,27 mm), wall-less foamed uphedg on zigzag spiral (WLFUZS)
(20,50 mm), applet upholstery with zigzag sprindgJZs) (11,40 mm) and applet upholstery
on webbing (AUW) (13,40 mm).

4 Conclusions

According to these results, the best performare® abtained from crushed upholstery
on spiral spring (CUSS). Owing to the fact thasthpholstery technique is more costly and
difficult than the others, it may be said it isatonomical in respect of the sector. The closest
result to this upholstery type was obtained fromledafoam upholstery on zigzag spring
(WFUZS). Since its production is easier, its labod cost is less, zigzag spiral walled rubber
upholstery may be suggested to prefer insteadlmfZoan spiral pique upholstery.

When examined upholstered furniture sector, it lsn seen that the most common
applied upholstery type is walled rubber on webbinbis upholstery type is the third in
respect of force-deformation coefficient. It is pibde to prefer because its production is
easier and it is economical than spiral pique ugtkoy and zigzag spiral walled upholstery
types.

If it is considered that a person sits a chair agerl0 times a day, 75000 cyclic equals
to approximately 20,5 years. When we considerdbigtion, all types of upholstery has good
performance.

4.1 Observational evaluation

At the end of the experiment, in all types of uptely, some damages like tears,
cracking, breaking and bending were observed. Hewewambers appeared in filling
materials of zigzag spiral applet upholstery angletpupholstery on webbing.

As a result, it is possible to say that chair sgpélements made of modern upholstery
equipment have a higher performance than seatimgrscimade of classical upholstery
equipment.
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