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ABSTRACT

This paper presents a study undertaken by the Instituto de Biomecanica de Valencia
and the Uni6n de Mutuas (Medical Care Fund), aimed at improving working conditions
in the glazing and sorting workstations at ceramic floor and wall tile manufacturing
companies. In the study, representative companies from the sector were visited,
compiling the most relevant data from an ergonomic point of view at the glazing and
sorting stations, and interviews were held at specialised machinery builders and
distributors for the ceramic branch. After analysing the compiled data, a series of design
recommendations and proposals was advanced for these two workstations, focussing
mainly on working postures, the dimensions of the workstation, lighting conditions and
organisation of the task. The results allow improvement of the quality of the work by
diminishing the risk of muscular-skeletal injury for the worker, yielding greater output
and efficiency in carrying out the work.
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INTRODUCTION
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Ergonomics is a field of multidisciplinary knowledge, which studies the
characteristics, needs, capabilities and abilities of human beings, analysing the
features that affect product design or production processes. All the applications
have a common purpose: the attempt to adapt products, tasks, space and the
general environment to the capabilities and needs of consumers, users or workers
(Garcia-Molina et aI, 1997). The ergonomic approach may appear to be more
expensive in the short term, but when a long-term balance is drawn up, this is
shown not to be the case; improvements of an ergonomic type in the design of
working systems are economically profitable in terms of output and lower
production costs, including the costs associated with sick leave (Pheasant, 1991).
Ergonomics also helps maintain quality systems in which to develop quality
products and services (Getty, 1999).

OBJECTIVES OF THE STUDY

The objective of this study was the ergonomic analysis of two typical workstations
in ceramic floor and wall tile manufacturing companies: the glazing or screen printing
workstation and the sorting workstation.

It was aimed to develop a set of design recommendations and proposals to
eliminate the most characteristic ergonomic risk factors of these two jobs, enabling the
quality of the work to be improved by reducing the risk of a muscular-skeletal type of
injury for the worker, raising output and efficiency in performing the work, associated
with a greater general satisfaction of the worker at his post, and enhanced production
quality. The study integrates the typical activities involved in work risk prevention in
company quality management tasks by considering features such as machinery
purchasing criteria, worker training and information on working conditions or the
general improvement of the quality of the work and working conditions.

MATERIAL AND METHODS

An action plan was designed to conduct the study, which consisted of three
main stages:

a) Compiling data

Typical sorting and glazing workstations were selected at 13 representative ceramic
floor tile manufacturers of the sector, members of the Union de Mutuas (Medical Care
Fund), obtaining the following data for each station (Figure 1):

y Relevant dimensional data from an ergonomic point of view.
Y Information on the task and workstation.
Y Worker's opinion.
Y Videotaping the activity of the worker at his station.
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Figure 1. Compiling data a ll the studied toorkstations.

Contacts were a lso es ta blished wi th specia lised m achinery builders and
di stributors for the ceram ic secto r, ob ta in ing in formati on of in te res t on th e stu d ied
workstations .

b) A nalys is of the compiled data

The information compiled was ana lysed by a functional and dimensional analysis of
the workstations, including a general descrip tion of the work and an assessment of working
postures, of work organisation, ligh tin g conditions, etc. (Kraemer and Grandjean, 1997;
Pheasant, 1986 and 1991). An evaluation was also performed of the ergonomic risk of the
workstations by the Ergo / my me thod (Garcia-Moli na et al., 1997) (Figure 2).

Figure 2. Ergo/IBV methodfor evaluating work risks associated with physical loads.

c) Design recommendations and proposals.

After detecting the main ergonomic problems and most important factors that
produce these, design recommendations were advance d for both workstations. The
recommendations focu ssed on work ing postures, worksta tion dimensions, ligh ting
conditions and task organisation (Clark y Corlett, 1984; Helander, 1995; Konz, 1995).

RESULTS OF THE STUDY

Sorting 'Works tation

At a sorting worksta tion, th e task involves visually inspecting ceram ic tiles as th ey
move, se lecting the ones tha t di ffer in quality or colour..Three types of workstations were
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detected in the study, in terms of the movem ent of the floor tile s and th e se lecting
system:

V Discontinuou s tile feed or car pet of tiles, wi th selection by a fluorescent fibre
tip pen (Figure 3).

v Continuous tile feed, w ith selection by a fluorescent fibre-tip pen (Figure 4).

V Continuous tile feed, with selection by a mobile keyb oard or mouse (Figu re 5).

Figure 3. Discontinuous tile feedor carpet of tiles.

Figure 4. Continuous tile feed, with selection by afluorescent fibre-tip pen.

Figura 5. Continuous tilefeed, with selection by a mobile keyboard or mouse.

Th e results of the stu dy indicate that the worker d evotes betw een 70% and 95%
of th e total w ork time to visua lly controlling the flow of tiles. Th e re m aining time is
spen t in se lec ting the item, making re petit ive arm movements w ith an average
fre quency of 6 repetit ions / min. As a ge neral rule, th e worke r d evotes tw o hou rs at a
stre tch to so r ting, and usuall y then switches to pall etising tasks in th e sa me se lection
line.

At 58% of the an alysed works tations, there wa s a lon g-term risk of injury of a
muscul ar-skeletal type in the neck-shoulder area. The main cau ses for thi s risk are as
follows:
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V Benches w ith an excessive work depth (Figure 6).
V Horizo ntal working plan es.

v Elements of the bench that hinder reaching the tiles (Figure 7).
V Unsu itable sea ting fro m an ergonomic viewpoint (Figu re 8).

V Low working hei ghts (Figure 9).
v High selection frequencies.

Figure 6. Benches w ith all excessive work depth.

Figure 7. Elements of the bench that hinder reaching the tiles.

Figura 8. Unsuitable seating from an ergonom ic viewpoint.

Figura 9. Sorting bench with low working height .
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Thi s acti vity involves high visual demands so that lighting condition s and tile feed
ra te are essential characteristics of the task. 75% of the lighting levels found we re over
1000 lux, thus exceed ing the minimum requirement. However at 80% of the benches a
non-uniform light distribution was observed; cases of direct glar ing light were also
detected caused by light sources located below worker eye-level.

Screen printing workstation

One of the activ ities carried out in th e glazing lin e of a cera mic tile manufacturer
is the su rface decorati on of floor and wall tiles . Th e study detected tw o types of
machines for per forming th is work: flat screen printing heads and rotating printing
ma chines.

The fla t screen prin ting head s form the most tradition al decorating system, and are
implem ented at 100% of the compa nies .

At a traditional prin ting head wo rks ta tion, the worker is in cha rge of the
maintenance of the machines under his charge (an aver age of 3 machines), gene ra lly for
8-ho ur shifts, and perform s the following tasks:

..; Visu al inspection of the tiles th at exit the head.

..; Manually feed ing the screen printing pastes.

..; Screen clean ing (the average time devoted to screen cleaning is 7 seconds) .

At 75% of the ana lyse d workstations, unsuitable postures are found associa ted with
the task of screen clean ing. These physical positions are particularl y incorrect at heads
with large screens, low worki ng heights (Figure 10) and narrow ope ning angles (Figure
11), and particul arl y wi th printing head control panels that make reaching the innermost
parts of the machine ve ry di fficult (Figure 12).

Figure10. Printing screen imposing a low height.

The average level of lighting at the printing head ou tput is 685 lux; ho wever, abo u t
45% of the ana lysed worksta tions had a level belo w the recommended minimum (500
lux) for the visual req uireme nts of this type of task. The lighting systems are d irect and
are distr ibuted at the head ou tp ut or uniformly over the len gth of the whole line.

Rotating printin g machines were found at 40% of the companies involved in th is
study, together with the flat screen printing heads. Their minimum and easy mainten an ce
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avoids inappropriate postures associated with flat scree n cleaning, making them more
suitable from an ergono mi c stand poin t.

Figure 11. Printing screen with a narroto opening angle.

Figure 12. Printing screen with an excessive[ront reach ill/posed by the control panel.

DESIGN RECOMMENDATIONS AND PROPOSALS

Sorting worstation

The worker should be able to alte rnate (rota te) with other types of work every tw o
hours.

A lighting level exceeding 750 lux is recommended, and sho uld never be below 500 lux.

Carpets of tiles with selection by a fluorescent fibre-tip pen

It is reco mmended th at th e work be performed standi ng up, wi th th e possibility of
using a se mi-seating type of chair, w hich allows relieving part of th e body weight w he n
thi s is required (Figures 13 and 14). To ad apt the worksta tion to workers of smaller height,
a Ifl-cm-high raised pl atform needs to be installed, w hich can be moved aside and easily
place d at the works ta tion. Table 1 indicates the reco m mended dimensions for th is
workstation.

It is reco mmended to use lighting systems w ith screens and d iffusers th at di st ribute
the light uniformly over th e tile feed, av oid ing low light fixtu res wi th light glari ng into
the worker's eyes.

From an ergono mic point of view, thi s type of sorting workstation is the least
reco m mendable of the three in thi s stu dy.
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Working plane centre point height 107 em
Be nch horizontal plane height 96 ern
Bench thickness <I Ocm
Working depth < 80 ern
Bench width < II0 cm
Free depth under the bench > 25 em
Height of the raised platform 10 cm
Height of the semi-seating chair adjustable between 70 and 90 em

Slope of the working plane > 15°

Table 1. Recommended dimensions for discontinuous tile feed or carpet of tiles.

Centre point ~I I
!il > 25 cm

1l o

Reference surface

Hand and forearm
rest surface

e Semi-seatingchair
Xdj~stment between

\ ""'M=
-

Figure 13. Recommended workstation design for discontinuous tilefeed or carpet of tiles.

Figure 14. Recommended workstation design for discontinuous tile feed or carpet of tiles.

Continuous tilefeed with selection by fluorescent fibre tip pen

It is recommen ded that the activity be performed seated, although the works tation
design shou ld allow the worker to change to an upright position. The works tation shou ld
therefore contain a chair with an adjustable height wi th a back and armres ts, and an easily
adjustable foot res t (Figures 15 and 16). To adapt the station to workers of smaller height
whe n they are working standing up, there sho uld be a 10-cm-high raised platform, which
can be easily se t aside and placed in the worksta tion . Table 2 sets out the recommended
dimen sions for th is worksta tion.
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Working plane centre point height 107 em
Bench hori zontal plane height 100 em
Bench thickness < 4 em
Working depth < 68 em
Slope of the working plane > 15°
Height of the raised platform 10 em
Free depth under the bench > 41 em
Cha ir height adjustable between 72 and 82 em

Height of the footrest adju stab le between 27 and 44 em

Table 2. Recommendeddimensions for discontinuous tile feed with selection by fluorescent fibre-tip pen .

I ~
Adjustable

chair
Centre pOin~ I

§ ~ 1.>45 cm .. _ ....w
8; ~ <3 Adjustable

o footrest

~r-
Reference surface

Figure 15. Recommendedtoorks iation design for continuous tile feed with selection by fluorescent fibre-tip pen.

Figure 16. Recommendedworkstation design for continuous tile feed with selection by fluorescent fibre-tip pen.

Continuous tile feed with selection by mouse or mobile keyboard

From an ergonomic viewpoint, this is the most recommendable sor tin g
w orks tation design. The task should be performed seated, with an adjustable chair and
footres t (Figures 17 and 18). Table 3 presen ts th e proposed dimensions for these types
of benches.

Screen printing w orkstation

V It is recommended that, whenever possible, the screen should be side opening.

v Th e control panel shoul d not increase the working depth .
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Bench horizontal plane height 100 em
Working depth < 80 em
Bench width < 110 em
Slope of the working plane > 15°
Bench thickness < 9 em
Free depth under the bench >45 em
Chair height adju stable between 63 and 72 em

Height of the footrest adju stable between 17 and 34 em

Height of the mouse with regard to the bench < 10 em

Table 3. Recommended dimensions for discontinuous tile feed with selection by mouse or mobile keyboard.

< 80 em

~ I Support surfaceModi

I

Adjustable
chairbm

_t- iiiiiiiiii

~ I > 45 em I.- it •

c3 Adjustable
footrest

~r-

5
o
o

Reference surface

Figure 17. Recommended workstation design for continuous tile feed with selection by mouse or mobile keyboard.

Figure 18. Recommended workstation design for continuous tile feed with selection by mouse or mobile keyboard.

v' There should be a cleaning freque ncy of less than 22 cleanings / hour.
v' Manual screen fastening force of less than 14.24 Nm.

v' Lighting level exceed ing 500 lux.
v' If there is front opening (Figures 19 and 20), the dimen sions set out in Table 4

are recommended.

Working depth <70cm
Printing head horizontal plane height 103 cm

Screen opening angle Continuous adju stment 0 - 52°

Free depth under the printing head >15cm

Table 4. Recommended screen printing workstation dimensions with a front-opening screen..
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Reference surface

Figure 19. Recommended screen prin ting workstation design with a front -opening screen.

Figure 20. Recomm ended screen printing workstation design with a f ront-opening screen..

CONCLUSIONS

In this study the redesign of two typical workstations at ceramic floo r an d wall tile
manufacturing companies is proposed, which eliminates the main ergonomic risk factors
of these two tasks. After implementing the redesign, a quantitative assessmen t w ill be
made of the improvements in the associated output. Based on similar ergonomic stu d ies
(Corlett, 1988; Pheasant, 1991), an improved quality of w ork (detection of er rors and / or
fau lts in the tiles) can be estimated of up to 20%.
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