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. EDITORIAL

Lighting education courses have always struggled to exist,
mainly due to the breath of the subject, which means that it
crosses a number of academic boundaries and therefore it is

difficult for it to find a logical academic home...

[David L LOE, Distance learning
- A way forward in lighting education,
24" Session of the CIE- Warsaw '99]

Inginerul de iluminat trebuie permanent si ia
decizi referitoare la alegerea tehnologicd, eficienta
energeticd, impactul asupra mediului si efectele
acestora asupra fiintei umane. Disponibilitatea mul-
tor surse luminoase eficiente, cresterea importantei
contributiet luminii naturale in cladiri, impactul cal-
culatoarelor asupra organizarii locului de munca si
al relatiilor de munci, la fel cu dezvoltarea metode-
lor de masurare, calcul si proiectare, sunt doar céte-
va exemple privind schimbarile curente care cer
raspunsuri din partea inginerilor de iluminat care
pot doar sa reactioneze cu succes cu ajutorul
mijloacelor oferite de cercetare §i dezvoltare.
Aceasta imagine este comund pentru diferite tari si
regiuni ale globului. Este necesar sa fie promovata
generatia cunoasterii, generatie care se adapteaza la
tehnologia ce integreaza o viziune regionald, cu
caracteristici culturale, de mediu §i economice
specifice.

Teoria educationald actuald sugereaza ca exista

moduri mai eficiente de prezentare a materialului .

didactic decat intr-o carte. Cea mai noua modalitate
de educatie in iluminat este un instrument edu-
cational de tip hipermedia. Acesta poate fi parte a
unui program de invatamant la distanta in iluminat.
Invatamantul la distantd este instituit de catre Open
University, care ofera cursuri ce acopera o gama
mare de domenii, unele dintre acestea pana la nivel
postuniversitar. El permite oamenilor si studieze in
propriul lor orag sau loc de munca g1 in propriul lor
ritm. Cum comunicatia electronica devine din ce in
ce mai larg disponibild, comunicarea intre cadrul
didactic si student poate fi relativ simpla.
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Studentil pot castiga cunostinte in iluminat prin
intermediul specializarilor universitare de Instalatii
in Constructii §i Inginerie Electrica, in care pon-
derea elementelor de 1luminat este de pana la 50%.
Nu exista un curs specific la Arhitecturd. Notiuni de
tehnica iluminatului sunt cuprinse si tn unele cursuri
de la sectii de profil Mecanic sau Constructii, in
care elemente de iluminat se predau n 4 ore de curs.
Anual, peste 700 de studenti/cursanti primesc un
nivel bun de cunostinte in domeniul iluminatului,
350 un nivel mediu si 300 un nivel scazut. Este de
mentionat cd de la inceputul Facultatii de Instalatii
in Constructii din Bucuresti (1949) au fost instruiti
peste 6.000 de studenti.

Este util sa cuantificim elementele de iluminat
relativ la totalul cursului. Numarul de ore, avand ca
subiect elemente de iluminat la cursurile principale,
este limitat la aproximativ 20 de ore de curs si 15-
20 de ore practice. Aceasta Inseamnd nu mai mult
de 40% din totalul orelor de curs. Existd cateva cur-
suri secundare, care includ partial elemente de ilu-
minat. Numérul de ore este foarte mic, de la 4 la 10
ore de curs si de la 2 la § ore practice, nu mai mult
de 15-30% din totalul orelor de curs. Numarul stu-
dentilor/participantilor variazd mult, in functie de
profilul sectiel, de la un minim de 15-20 la un
maxim de 90-180.

Educatia Tn tluminat este sub semnul analizei in
multe tari. Pregatirea suplimentara specifica este
realizatd in cadrul cursurilor postuniversitare, de
master si doctorat.

' Dr. Florin POP, Profesor
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Gerrit van den BELD,
Wout van BOMMEL
Philips Lighting

Summary

Nowadays m many-companies the human
resources are considered as the major asset.
For reasons of both economics and people’s
health and well-being, the safety, reduction
of accidents and absenteeism are getting a lot
of attention. Measures are taken and legisla-
tion on safety rules exist or are under prepa-
ration in many countries. Despite all these
cfforts the direct economic losses are about
2,8-3,6% of GNP in the EU member states or
100-200 million working days . annually.
Moreover, apart from the personal tragedies,
also EU and national policy are addressing
the societal cost of healthcare and cost of re-
integration of (disabled)workers after ill-
ness. Another aspect is the aging workforce
with higher rate of absenteeism and relative-
ly high rate of fatal accidents. There is also a
shift towards a 24-hrs society especially in
capital intensive production processes and
service organizations. Global competitive-
ness also contributes to the increased 24 hrs
operations in many businesses.Consequently
workers have to perform more and more
optimally independent of time of day.

Good lighting on the task and in the working
place is required for optimal (visual) task
performance, especially also taking into
account the aging workforce. The effects of
good lighting are even more important as
(medical) science has shown in the last two
decades the positive influence of light on

INDUSTRIAL LIGHTING,

PRODUCTIVITY, HEALTH AND WELL-BEING

health and well-being as light is e.g. control-
ling largely the biological clock. This body
clock regulates e.g. all daily rhythms of both
physiological and psychological processes
such as hormone secretion levels, alertness,
mood, sleep-wake cycle, body temperature
and many others. Both these aspects of good
industrial lighting will become more impor-
tant in 24-hour operations. Dedicated light-
ing solutions will be required.

At present industrial lighting standards are
based on the lighting needs to carry out the
(visual) task efficiently. The lighting require-
ments are fulfilled by general lighting for the
work place eventually augmented by local
task/machine lighting. It 1s striking that in
general the lighting quality requirements for
industry are lower than e.g. for offices.
Moreover many existing industrial lighting
systems are very old and economically as
well as quality wise outdated. One would
expect the opposite: The best lighting sys-
tems in the industrial working environment
for enhanced productivity, safety and health
reasons. A better lighting will positively
contribute to speed and failure rate in perfor-
mance, safety and accidents rate, absen-
teeism, health and well-being.

In this paper the importance of industrial
lighting of high quality as a driving factor to
improve productivity 1s discussed. The
impact of light on vision, performance, alert-
ness, well-being etc. as indicated in the
model will be analyzed on basis of the pre-
sent state of knowledge on light & vision and
light & health.

Concluding, industrial lighting should be
given the attention it deserves from the point
of view of company’s economics, worker’s
health and well-being and public health
policy and costs.
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' WORKING ENVIRONMENT
Al WORK PLACE

Sound/noise

: ﬁgftii?icoolin =  Eye/vision
e b = (Visual) task performance

" 'Speed/failure rate

=  LIGHTIN

Infrastructure
Furniture
Machinery

Etc, ’ TASK

1 INDUSTRIAL LIGHTING

Industrial lighting covers a wide range of
different- working interiors and worlk tasks:
from small work shops to huge factory halls,
and from fine precision work to heavy indus-
trial tasks. In industrial environments we
have often to rely for an important part on
artificial lighting only. There where (glare-
free) daylight can enter the industrial
premises it can play an important role in
obtaining satisfying lighting results at the
moments it is available. Good linking with
the artificial lighting is then essential. There
are three systems of artificial lighting used in
industrial interiors: general lighting,
localised lighting and local task lighting.
General lighting is designed to produce a rel-
atively uniform illuminance on the working
plane throughout the area. In those interiors
where the arrangement of the work positions
is permanent, the use of localised lighting,
with concentration of the higher illumi-
nances at the work positions, can lead to
more cost effective installations. The light-
ing requirements for certain specific tasks
can be so stringent that it is neither techni-
cally feasible nor economically viable to do
the lighting with the general lighting alone.
Local task lighting is then used to supple-
ment the general lighting for these specific
tasks.

= Physical/mental health
s Safety/accidents
*  Absenteeism

Productivity

Lighting drivers in industrial productivity

1.1 Visual performance and lighting

The lighting quality should always be such
as to guarantee sufficient visual performance
for the tasks concerned. Research on the
quantity and quality of lighting over the past
decades has shown that improvement of
lighting quality from a low or moderate level
increases the speed and accuracy with which
objects can be detected and recognised. The
actual visual performance of a person is
dependent upon the quality of the lighting
and of his or her own ,,seeing abilities*. In
this respect age is an important criterion.
With increasing age, more and more light is
necessary. Figure 1.1 gives the relative
requirements of the amount of lighting for
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Figure 1.1 Relation between age and light
required for reading good print. Source:
Fortuin [1.1]
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Figure 1.2 Relation between relative visual performance (in %) and lighting level (in [x) for
a visually moderate difficult task (left) and a visually difficult task (right). Continuous line:
young persons, broken line: older persons. Source: CIE [1.3]

reading a well printed book in dependence of
age. If the requirement at the age of 10 1s
taken as 1, it follows that a person of 60
years old requires as an average 15 times
more light! This effect of course becomes
more and more important with the workforce
becoming older.

Figure 1.2 serves as an illustration of the
many research results pertaining to the influ-
ence of lighting quality on visual perfor-
mance. It gives the relative visual perfor-
mance as a function of the lighting level for
different task difficulties. One for a visually
moderate task (as, for example, relevant for
general machine work) and another one for a
difficult task (as, for example, fine assembly
work or colour inspection work). For all
tasks a clear increase in visual performance
is shown if the quality of the lighting, in this
example the lighting level, is increased.
From the figure it again becomes evident
that the effect of age on visual performance
is very important. For the same level of visu-
al performance the quality of the lighting
must be much higher for older workers. But
for visually-difficult tasks, lighting cannot
completely compensate for the deteriorating
effect of age. Given the increase in average
. age of the workforce in the coming years

INGINERIA ILUMINATULUI , nr. 7 - 2007 st s

(20% increase of the age group 50 - 65 in the
coming 15 years) this means that with no
changes in the illuminance levels worker
performance will decrease. In the graph, the
required lighting levels for the two tasks as
specified in the European draft standard of
CEN [1.2] are indicated. It shows that these
CEN requirements are in fact conservative
rather than overstated if we take the age
effect into account.

An improvement in visual performance
yields, in its turn, an improvement in task or
work performance. The improvement is
reflected in a higher output and in a lower
number of errors. '

To what extent good quality lighting
enhances work performance is, of course,
dependent on the visual component of the
task. A task with an important visual compo-
nent will benefit more from good seeing
conditions than a task with a less important
visual component.

As an example, Table | summarises from
different publications for different industrial
tasks the increase in task performance and
the reduction in rejects brought about by an
improvement of the lighting quality.




Lighting level (Ix) Increase in task Reduction in

Type of work performance (%) number of rejects

Before After (%0)
Camera assembly 370 1000 7
Leather punching 350 1000 8
Composing room 100 1000 30 18
Fine assembly work 500 1500 28
Metal industry 300 2000 16 29
Difficult visual tasks 500 1600-2500 10 20
in the metal industry
Miniature assembly '500-1000 4000 920
Weaving mill 250 1000 7

Table 1 Increase in task performance and reduction in number of rejections as a result of
improvements in lighting level. Source: Handbuch fiir Beleuchtung [1.4]

Figures 1.3 and 1.4 summarise the general
trends of improvement in task performance
and the reduction of errors with increase in

lighting level.

Task performance (%)

i

. m

o
s

100 300 500

1000 3000,

Level (%)

Figure 1.3 Relative task performance
increase that may be expected to follow
from improved lighting for a simple
(broken line) and a difficult (continuous
line) visual component task. Source:
Fordergemeinschaft Gutes Licht [1.5]

100 ¢

Error reduction (%)

20 4

80 +

60 +

40 1

100 300 500

1000 3000
Level (Ix)

Figure 1.4 Relative reduction of errors
resulting from improved lighting for a sim-
ple (broken line) and a difficult (continuous
line) visual component task. Source:
Férdergemeinschaft Gutes Licht [1.5]

1.2 Accident reduction and lighting

Accidents are often a concern in the industri-
al environment. The resulting physical
injuries and mental anguish are sometimes
responsible for considerable losses i pro-

PR

10 T R e A S

wessssmasessses [INGINERIA ILUMINATULUL, nr. 7 - 2001




duction.

Statistics show that the number of industrial
accidents 1s on the increase. For example in
the Netherlands the number of recorded
number of industrial accidents is increased
with 40 5 over the last 3 years. There is clear
evidence that many types of industrial acci-
dents can be avoided by providing better
seeing conditions. In a German accident sim-
ulation study m a mock warehouse it was
shown that at higher lighting levels potential
dangers were indeed better recognised [1.6].
The risk of an accident 1s also reduced when
there is a greater awareness of potentially
dangerous situations and when the mood,

alertness and health of the industrial worker
is promoted by good-quality lighting (see
also Chapter 2). This effect can be important
as a considerable number of accidents are
caused by a low degree of concentration and
a high degree of fatigue on the part of the
worker.

Of course, the degree to which the number of
accidents can be reduced is very much
dependent on the type of industry involved
and the environmental situation prevailing.
Table 2 gives the accident-reduction figures
for two of the industrial tasks listed in Table
| above, where performance improvements

; Type of s
Tuble 2 Accident bR R

reductions as a

Lighting level (1x) Accident

result of improve-

ments in lighting

level the metal industry

. ~f1 0/
Before Aftor reduction (%)
Metal industry 300 2000 52
Difficult visual tasks in 500 1600-2500 50

and reject reductions were recorded.

Figure 1.5, resulting from another study,
gives the number of accidents at the work-
place as a function of the lighting level for

different types of injuries. Here, again, the
trend is clearly a reduction in the number of
accidents .as the quality of the lighting is
improved.

Injuries:

sprains, bruises, s

Number of wounded persons

fractures

jams, contusions

Weressa
cuts and other injuri

% burns, scalds

350-449 Ix 550-649 Ix

450-549 Ix

150-249 Ix
250-349 Ix

650-749 Ix

4

950-1049 Ix

750-849 Ix
850-949 Ix

Figure 1.5 Number of accidents for different industrial tasks as a function of the lighting
level (347 Accidents investigated in total). Source: Véllker, Riischenschmidt and Gall [1.7]
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Figure 1.6 Number of accidents as a function of the lighting level. (A total of 347 accidents
have been investigated). Source: Volker, Riischenschmidt and Gall [1.7]

In Figure 1.6, all accidents analysed in this
study are combined. It makes very clear that
work places with lighting levels between 50
and 250 Ix are confronted with a relatively
high number of accidents.

It is important to note that not only the light-
ing level but all aspects of lighting quality
play a role in preventing accidents. These
quality aspects will be dealt with in moie
detail in the next section. Here it suffices to
mention that non-uniform fighting can create
adaptation problems that hamper proper vis-
ibility. Excessive glare also leads to severe
adaptation problems, with all the negative
consequences that go with it. Stroboscopic
effects of lighting can lead to dangerous sit-
uations there where it is important to cor-
rectly see moving parts of machinery.
Electronic high frequency operated lighting
takes this potential danger completely away.
And finally, lighting exhibiting bad colour
properties may lead to misjudgements of
potentially dangerous situations.

1.3 Lighting and working environment

Apart from the influence lighting has on
visual performance there is also the influ-

12 = D e e S A e BT SO S B AN NPTl PV PPt

ence the lighting has on the working envi-
ronment. The overall working environment,
if properly designed, can have a stimulating
effect on the people working there [1.8].
Today, much importance is placed on the
layout and interior design of the work-place.
The lighting can have an important role here:
whilst it can emphasise positive elements of
the design, it can also detract from these ele-
ments, for example by poor colour rendering
or glare effects. Such deficiencies often lead
to direct complaints about the lighting [1.9].
It has already been mentioned that, if and
when available, daylight can have an impor-
tant positive effect. As far as the quantitative
aspect is concerned it only serves, in most
premises, as a supplement to artificial light-
ing. The positive qualitative effect is espe-
cially connected with the ,,outside view* it
offers. Attention should be paid to avoid
negative side effects of daylight caused by
excessive glare.

1.4 Lighting quality requirements

To enable people to perform visual tasks effi-
ciently, accurately and safely especially the
lighting level has been shown to have an
important influence. However, other quality

+ INGINERIA ILUMINATULUI , nr. 7 - 2001




aspects of lighting, namely uniformity of the

lighting pattern, glare restriction and colour .

rendering are also very important. -

Non-uniform lighting with abrupt changes in
illuminances around the task area may lead to
visual stress and discomfort. This has to do
with the adaptation properties of the eye.
Sufficient uniformity of the general lighting
will ensure sufficiently high lighting levels to
give complete freedom in the placement of
the machinery and work places.

Glare is the sensation produced by bright-
nesses within the visual field that are largely
greater than the brightness to which the eyes
are adapted. This can lead to a reduction of
visual performance and to discomfort. Too
much glare can even lead to complaints such
as eye strain and headache. The same problem
may occur if there are excessive differences in
brightness between the surfaces in the interi-
or. It is thus important to limit glare to avoid
errors, fatigue and accidents. The degree of
glare restriction obtained depends very much
on the optical quality of the luminaires used in
combination with the type of lamp used.
Fluorescent lamps have, thanks to their larger
dimensions, lower luminances than high
intensity gas discharge lamps (high pressure
mercury, sodium and metal-halide lamps). It
is easier to limit glare with lamps having
lower luminances.

A coloured object is perceived as being so by
virtue of the fact that it reflects only. part of
the light incident on it. Red paint, for exam-
ple, reflects a high percentage of the red
wavelengths - the more the amount of red in
the incident light, the redder the object. The
way in which the colours around us are ren-

S

dered is thus strongly dependant upon the
colour rendering qualities of the lighting. The
colour rendering index, Ra, of a light source is
the measure for this quality. Ra can have val-
ues ranging from zero (no colour rendering)
to 100 (excellent colour rendering). The prop-
er colour rendering of the human skin is espe-
cially important. Lighting that makes the skin
look pale and unhealthy often leads to com-
plaints. By a proper choice of the light source
(colour rendering Ra at least 80), this problem
is easily avoided. Lamps with a colour ren-
dering index lower than 80 give unacceptable
results in interiors where people work or live;
unacceptable as far as task performance is
concerned, but also unacceptable from a
mood and well-being point of view. The
requirement for an Ra of 80 or more is espe-
cially important when it comes to the choice
of the right type of tubular fluorescent lamp,
there being so many different types available.
For working environments, only those tubular
fluorescent lamps with a colour code of 830
or higher fulfil the requirement.

In today’s practice however, still i around
80% of the industrial lighting installations use
is made of light sources with much lower
colour rendering indices. The reason often is
the lower initial cost. Tt should however be
noted that if the total cost of the installation
(including energy cost) are taken into
account, modern lamps with good colour ren-
dering are more economical.

Most national and international recommenda-
tions and standards specify lighting quality
figures for all these quality aspects for a wide
variety of interiors and activities. Table 3
summarises the quality aspects of a lighting
installation together with the most important

Quality parameter

f Quality aspect
Table 3 Quality
aspects of lighting Lighting level
installations with Uniformity

their quality

; Glare restriction
parameters .

Colour rendering

Average illuminance level, E,,
Euin/ Eay

UGR

R,
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parameter for each aspect.

As an illustration of what quality is required
in different situations Tables 4 to 6 give the
required values for three different types of
industry: chemical industry, power stations
and printing industry. These requirements
are values given in a draft European standard
(draft 1998) for work places, which meet the

needs of visual performance, comfort and
safety. Of course the same standard specifies
values for many other types of industry. (The
values specified for the average illuminance
are so-called ,,maintained illuminance val-
ues®: values below which the average illumi-
nance on the specified surface is never
allowed to fall).

2:5 Chemical, plastics and rubber industry
Ref. no. Type of interior, task or activity G UGR;, R, Remarks
2:5.1 Remote-operated processing 50 - 20 Safety colours shall be
installations recognisable
2512 Processing installations with 150 28 40
limited manual intervention
253 Constantly manned work placesin 300 25 80
processing installations
254 Precision measuring rooms, 500 19 80
laboratories
255 Pharmaceutical production 500 22 80

2.5.6 Tyre production
5.7 Colour inspection

2.5.8 Cutting, finishing, inspection

1000 16 90

500 22 80

Tep 24000 K
750 19 80

Table 4 Lighting requirements for the chemical, plastic and rubber industry.
Source CEN [1.2]

2.15 Power stations

Ref. Type of interior, task or activity . G,
2.15.1  Fuel supply plant 50
2.15.2  Boiler house 100
2.153  Machine halls 200
2.154  Side rooms, e.g. pump rooms, 200

condenser rooms etc.;
switchboards (inside buildings)

2.15.5 Control rooms 500

Outdoor switch gear 20

UGR R, Remarks
- 20  Safety colours shall be recognisable.
28 40
25 80  For high-bay: see clause 4.6.2.
25 60
16 80 1. Control panels are often vertical.
2. Dimming may be required.
3. For DSE-work see clause 4.11.
- 20  Safety colours shall be recognisable.

Table 5 Lighting requirements for power stations. Source CEN [1.2]

P
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2.16 Printers

Ref. Type of interior, task or activity Gn

2.16.1  Cutting, gilding, embossing, block 500

engraving, work on stones and
platens, printing machines, matrix

making
2.16.2  Paper sorting and hand printing 500
2.16.3  Type setting, retouching, 1000
lithography
2.16.4  Colour inspection in 1500

multicoloured printing

2.16.5  Steel and copper engraving 2000

.....

UGR R, Remarks

19 80
19 80
19 80

16 90 Tep=5000K.

16 80  For directionality see clause 4.5.2.

Table 6 Lighting requirements for the printing industry. Source CEN [1.2]

A quality criterion seldom mentioned in
standards is the frequency at which lamps
are operated. Some people experience
headaches because of the flicker of fluores-
cent lamps operated on magnetic ballasts (50
Hz). Fluorescent lamps run on modern elec-
tronic ballasts operating at high frequency
(around 30 000 Hz) do not exhibit this flick-
er phenomenon. In a comparison it has been
found that the occurrence of headache is,
indeed, significantly lower when electronic
ballasts are used [1.10]. On the basis of its
influence on the basic brainwave pattern
(EEG), another study describes fluorescent
light produced by lamps operated on con-
ventional, non-electronic magnetic ballasts
as a potential stress source [1.11]. Of course
electronic high-frequency ballasts are also
recommended because they are more effi-
cient and do result in a longer lamp life than
lamps on conventional ballasts.

2 LIGHTING AND BIOLOGICAL
EFFECTS
2.1 Background

Until a couple of centuries ago human life
was determined by the daily light-dark cycle

and the related wake-sleep rhythm. Since the
industrial revolution and especially the
invention of electric light, the society is
gradually extending the active daily period
and now moving towards a 24 hour society.
Shift work, including nightshifts, is already
for many years applied in production
processes in e.g. metal and food industry and
hospitals. Today with the globalisation of the
activities of many companies, IT services
and intense intercontinental travelling the
number of people working in irregular work
schedules is increasing rapidly. In many
countries a substantial part - 15-25% - of the
working population is working in one of
another form of shift schedule whether 1t be
in production, transport or services.

From the ancient times the beneficial effect
of (day)light was well known and used in
e.g. heliotherapy. Light therapy in solving
health problems was popular until the
1930’s, than through the invention of peni-
cillin, pharmaceutics took the leading role.
The importance of light in relation to health
and well-being however revived in the last
20-30 years by various findings in biological
and medical research.

We normally think of the eye as an organ for
vision, but after the discovery of additional
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nerve connections from the eye to the brain,
it turns out that ocular light mediates and
controls a large number of physiological and
psychological processes in humans. The
most important findings in the effects of ocu-
lar light are related to:
- » Control of the biological clock

» Direct (stimulating) effects

¢ Influence on mood

2.2 Light and the biological clock

In the new science of chrono-photobiology,
light is considered as the most important fac-
tor - often referred to as ‘Zeitgeber’ - in con-
trolling our internal body clock, located in
the supra chiasmatic nuclei in the hypothala-
mus in the brain [2.1]. Ocular light sends, via
a separate nerve system, signals to our bio-
logical clock located in the brain which mn
turn regulates the circadian (daily) and cir-
cannual (seasonal) rhythms [2.2] of a large
variety of body processes. In a natural set-
ting ocular light, especially morning light,
synchronises the internal body clock to the
environmental time or the 24 hour light-dark
cycle of the rotating earth. Without light, the
internal clock would be free-running with a
period of about 24 hrs and 15 minutes and
consequently the internal -clock-time will
deviate day after day more and more from
the environmental clock time [2.3] The
result is that one will get similar symptoms
as when having jet-lag after travelling over
some time-zones|2.4].

In figure 2.1 some typical rhythms in human
beings are illustrated, it should be noted that
these have been smoothed and masking
effects are ignored (temporary effects of
food, coffee etc). The figure shows only a
few examples: body temperature, alertness
and the hormone rhythms of cortisol (stress
hormone) and melatonin (sleep hormone).
Important other ones are e.g. sleep-wake
cycle, sleepiness, fatigue, mood and perfor-
mance.

The hormones cortisol and melatonin play
an important role in alertness and sleep.
Cortisol levels raise in the morning and pre-
pare the body and mind for the coming day
activity. At the same time melatonin level
drops, reducing the sleepiness. Melatonin is
popular known as sleep hormone and
induces sleepiness e.g. melatonin is used as
sleeping pill to cope with jet lag. The rise of
melatonin. levels in the evening prepares
humans to start the sleep cycle and maintain
a good quality sleep during the night, result-
ing in optimal start of the new day. Light has
the capability of directly suppressing mela-
tonin e.g. light during the night reduces
melatonin levels within half an hour and also
morning light helps to reduce the melatonin
level and consequently wakens-up. From
these simplified examples it is evident that
both hormone rhythms are important to
function well during the time we are awake
and influence directly the degree of alertness

R ﬁ;l#‘*a %
l ;K‘:.:.f?«‘
melatonin RN
.';f
4 a,;‘*f
#._—.y.‘?’p
6 12 18

6 12 18 24 8

Figure 2.1 Double plot (2*24 hrs) of typical circadian rhythms of body temperature, mela-
tonin, cortisol and alertness in humans for a natural 24 hour light/dark cycle. (Various
sources, see text)
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(see also chapter 2.4).

So the correct dose and timing of daily light
is very important to keep the internal and
external clocks in phase with each other
especially because our internal clock regu-
lates the circadian rhythm which are relevant
in our daily activity such as alertness, sleepi-
ness, fatigue, mood, performance.[2.2],
[2.5].

2.3 Light and direct stimulating bodily
effects

Direct stimulating effects of light are recog-
nised by almost everybody, especially when
comparing summer and winter, but also in
the interior (working) environment
[2.18].This 1s partly a psychological effect,
but also as illustrated above a physical com-
ponent is contributing to this. Different light
levels give changes in the EEG pattern and
as a consequence influences the central ner-
vous system resulting in effects on various
body functions Also through direct suppres-
sion by light of e.g. melatonin (see above)
body processes are influenced.

Recent findings suggest moreover a direct
effect of light e.g. heart rate, insulin level
etc. [2.19], [2.20], -[2.21]. Fundamentally
these recent findings show an increasing
number of neural pathways, directly or indi-
rectly, from the eye to various glands in the
body. Many of these effects could be related
to the biological clock as well. Research has
shown that light therapy is useful for various
sleep disorders, Alzheimer disease and many
others, which are subject of further research
e.g. PMS, anorexia, bulimia, the immune
system etc. [2.22], [2.23], [2.24], [2.25].

2.4 Light, mood and alertness

Mood is the reflection of the feelings of state
of the person, physically the feeling good or
bad, and mentally the feeling more or less
alert [2.6]. Other factors known as influenc-
ing mood are for example weather/season
[2.7] and in case of work the seeing condi-

tions and the (visual) environment.

In the industrial field alertness is of prime
importance as it is a factor in not only mood
but also in performance and avoiding acci-
dent. Alertness at a specific time of day is
largely determined by an endogenous com-
ponent, related to the circadian body clock,
(raising in the morning, stable in the after-
noon and declining in the late evening) and
an exogenous component, declining over the
period of wakefulness (the longer awake the
lower). Subjective alertness at a time of the
day 1s the combination of these two compo-
nents, most probably not by simple addition
but in a more complex relation. This leads
also to the so-called lunch-dip with a rela-
tively high sleep propensity and increased
number of e.g. traffic accidents (principally
the dip is not related to lunch, which at best
deepens the dip).

Considering the alertness rhythm (Fig. 2.1) it
is not remarkable that many investigations on
the effects of light on alertness and arousal
level have been carried out under (night)
shift-work conditions because of the low level
in e.g. arousal and the effects to be expected
are the strongest. Figure 2.2 shows the effect
of two lighting regimes on arousal as a func-
tion of time at work for shift-workers [2.8].

arousal level

e

2800 lux

-5

250 lux

|
|
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0 2 4 6 8
time (s, after mid right)

Figure 2.2 Mood expressed as arousal level
for uniform lighting levels of 250 Ix (o) and
2800 Ix () as a function of number of
working hours for night-shift workers

(Boyce et al.)
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A decline in arousal over the night occurs for
both conditions, but the high-lighting regime
results in a significantly increased arousal
level. ;

Other studies show that the use of higher
lighting levels to cope with fatigue results in
staying longer alert [2.9], [2.10], [2.11]. This
holds also for the composition of EEG’s,
containing less delta waves (which is an
indicator for sleepiness) which means that
bright light has an alerting influence on the

EEG delta
activity
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75 % — 1 ?T ux 450 lux
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Figure 2.3 Delta activity in the EEG of
office workers under lighting levels of 450
Ix and 1700 Ix (Kuller, Wetterberg)

central nervous system (see Fig. 2.3) [2.12].
Finally a study of bright light, up to lighting
levels of 5000 Ix with computer controlled
algorithm, applied in control rooms shows
that 79% of the operators report improved
alertness and 64% ilnproifed performance.
Striking in the same study of bright light is
also the reduction in (near) accidents in com-
muting home after the night shift (10% com-
pared to 40%) [2.13].

Another aspect is the seasonal difference in
mood, energy level and vitality in a substan-
tial part of the population at our latjtudes.
Studies with 145 (healthy) office workers
(day shift, using for at least one hour/day a
bright light desk luminaire providing 2500
Ix) show 62% of the people reporting lesser

negative seasonal effects (on a VAS: Visual
Analogue Scale), resulting in improved well-
being, mood and energy level [2.14]. In
other research studies stimulating effects of
bright light have been found during daytime
and night time aiming towards elevated lev-
els in alertness and performance [2.11],
[2.15], [2.16]. In wintertime the suppression
of melatonin by electric light in the morning
(so called dawn simulation) could play an
important role, especially in the dark winter
morning hours, as it will help people to
overcome morning sleepiness. Direct stimu-
lation could play a role in the dark afternoon
hours to improve concentration and alert-
ness.

Stress levels and complaints were studied in
people working indoors under electric light-
ing only in comparison to people working
under a combination of electric light and
daylight. With artificial light only (same
lighting level), hardly any difference is
found in stress complaints between winter
and summer [2.17]. However the stress in
the group with the combined lighting was n
summer substantially lower than in winter

stress level
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Figure 2.4 Stress levels in a group of
workers working either under electric
light only or under a combination of
electric light and daylight (Kerkhof)

(see Fig. 2.4).
It can be assumed that the high amount of the
daylight component in summer contributes
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to the reduced number of stress complaints.
Bright light in winter as demonstrated in one
of the above mentioned studies can most
probably compensate this difference [2.14].

Light plays evidently an important role as
good seeing conditions and a pleasant work
place will stimulate positive mood and con-
tribute through increased alertness to
reduced accident rates and increased perfor-
mance.

2.5 Daylight and electric light

Many of the mentioned positive effects are
obtained as the result of medical and biologi-
cal research projects proving that electric light
can be as effective as natural light. However
in the indoor environment usually the lighting
levels are much lower than even the minimum
lighting levels found outdoor which are in the
order of 1000-2000 Ix on a dull day (on a
sunny day levels reach 100 000 1x). Indoor
levels without daylight contributions are in
the order of 100-500 Ix only and usually
depending on the (minimum) requirement in
the standard or recommendations which are in
most cases based on horizontal illuminance
while for the biological effects the illumi-
nance on the eye is.relevant. Compared to
daylight lighting levels the recommended
illuminance values can be considered as ,,bio-
logical darkness®. Fortunately in many cases
daylight contributions penetrate the buildings
at least for a number of hours per day increas-
ing the overall lighting levels substantially.
Another difference between daylight and
electric light is the dynamics in level and
colour temperature of daylight which is miss-
ing in the (windowless) interior. It is general-
ly accepted that these changes in daylight
have a positive influence on mood and stimu-
late people. There is in case of electric light
evidence that such changes by means of
dynamic indoor lighting have a stimulating
effect on people. An extensive study under
office conditions has shown that people prefer
high additional electric lighting in an office
environment (average 800 Ix on top of the
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prevailing daylight contribution) [2.28].

If present installations all would meet the
most recent lighting standards this would be
an important step in realising healthy light in
the workplace.

2.6 Effects of poor lighting quality

Although good quality lighting has positive
effects on health, well-being and perfor-
mance, it should also be emphasised that
poor lighting can lead to negative effects
even though people are not complaming on
the quality of the lighting [2.29]. In the early
nineties a lot attention 1s given to the so
called Sick Building Syndrome: complaints
of workers in office buildings on dry air, air
quality, too high or too low temperatures,
headache and irritated eyes and nose. In a
survey in the Netherlands in 61 buildings
half the people complain on air quality and
25% on health and well-being. About 30%
of the people complain on the lighting
[2.30]. Working in poor or low quality light-
ing can lead to eye strain and fatigue, influ-
encing negatively the performance of the
worker. In a number of cases it can lead to
e.g. headaches [2.31]. Causes are in many
cases a too low lighting level, glare from
light sources and not well-balanced lumi-
nance ratios in the workplace and on the
task. Headaches may sometimes be caused
by so-called flicker of lamps, being the result
of the use of magnetic ballast operated on the

frequency of the electric supply system

and/or poor maintenance of the lighting sys-
tem. This flicker effects can also cause stress
in people [2.32].

For a number of years electronic ballasts,
operating at high frequencies in the order of
25 000 Hz, are available in the market. These
lamp-ballast combinations do not show this
flicker phenomenon. The occurrence of
headaches is significantly lower with these
types of ballast [2.31].
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2.7 Final remark

In summing up it is evident that a good
healthy condition, improving alertness, per-
formance and mood will further decrease the
accident rate, and have a positive effect on
performance and consequently will also
result in a lower absenteeism rate.

A good quality lighting, meeting both the
visual and biological requirements; will con-
tribute substantially to the productivity in the
industrial processes as well as to the general
health and well-being of the individual
worlker.

3 LIGHTING AND PRODUCTIVITY

In the previous part of this paper the rela-
tionships between lighting of good quality
and visual performance, biological effects
and a stimulating working environment have
been discussed. Subsequently the conse-
quences for work speed and failure rate for
accident reduction, mood, alertness and
health and well-being have been illustrated.
All these factors together can have a consid-
erable positive effect on the overall produc-
tivity.

It is evident that good mood and alertness
together with a well maintained health con-
dition of the industrial worker will further
decrease the accident risks. Lower accidents
in the industrial environment have, in turn,
an additional positive effect on work perfor-
mance. High work performance of course
directly influences productivity in a positive
sense. Added to this positive effect on pro-
ductivity is the lower absenteeism which
directly follows from the reduced accidents,
improved mood and alertness, well main-
tained health and motivation connected to
good-quality lighting.

Our preliminary evaluations of all data
described in this paper lead to the following
conclusion: Increasing the lighting' level
from the minimum required 300 Ix to 500 Ix
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leads to an increased productivity

- based on conservative assumptions:
10-25%

- based on probably more realistic
assumptions: 10-40%
but certainly to more than 10%.

Nowadays most lighting installations in
industry are hardly achieving the (minimum)
required 300 Ix. Those lighting installations
consist most of the time of old fashioned
bare battens with conventional electro-mag-
netic ballasts and standard fluorescent
lamps. In the ,better installations the bat-
tens are provided with a simple (white)
metal reflector to prevent the light going to
the ceiling.

A good quality installation would consist of
a luminaire with an optical system that
brings the light where it is really needed,
provided with three-band fluorescent lamps
with a colour rendering index of 80 or more,
flicker-free operated on a high-frequency
ballast.

Because of the higher lighting efficiency of
such an installation, the far higher efficacy
of the fluorescent lamps and the lower ener-
gy losses in the high-frequency ballast, ener-
gy savings up to 70% compared with the
existing installation can be achieved. In such
a case, increasing the lighting level from 300
Ix to 500 Ix would still result in a lower con-
sumption of energy and thus to lower operat-
ing costs for lighting.

The investment for a better quality lighting
installation and an increased lighting level of
500 Ix will be paid back by the financial gain
achieved by the increase in productivity
within a very short periode of usually
(much) less than one year.
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ILUMINATUL INDUSTRIAL,
PRODUCTIVITATE, SANATATE
S| CONFORT

Rezumat

In prezent, resursele umane sunt conside-
rate in multe companii ca cel mai important
bun. Din ratiuni atat economice cat si ale starii
de sanatate si confort a oamenilor, siguranta,
reducerea accidentelor si absenteismului au
primit o atentie sporita. In multe tAri sunt luate
o serie de masuri §i exista sau este in pregatire
o legislatie privind regulil de siguiranta. Cu
toate aceste eforturi, pierderile directe eco-
nomice sutn in jur de 2,8-3,6% din PIB in
tarile membre, egale cu 100-200 milioane zile
de munca anual. De altfel, pe langé tragediile
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personale; politicile UE si cele nationale se
dicale si ale reintegrarii muncitorilor dupa
boali. Un alt aspect este cel al fortei de munca
varstnice, cu un grad mai mare de absenteism
si o ratd relativ ridicatd de accidente fatale. Se
remarcd o alunecare spre o societate de 24
ore, in special in procesele de productie inten-
siva si in organizatii de servicil.

Competitivitatea globala contribuie de
asemenea la cresetrea procentului de activititi
de 24 ore in multe afaceri. Ca o consecinta,
muncitoril trebuie sia desfasoare o activitate
din ce in ce mai buna independ de momentul
din zi.

Un bun iluminat al sarcinii si a locului de
munci este cerut pentru o optimiziare a per-
formantei sarcinii (vizuale), in special avand
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in vedere forta de munca varstnica. Efectele
unui bun iluminat sunt chiar mai importante,
din moment ce medicina a aritat in ultimele
doud decade influenta pozitiva a luminii
asupra sanatatil si a confortului, din moment
ce lumina controleaza ceasul biologic. Acest
ceas al corpului regleaza ritmul zilnic al pro-
ceselor fiziologice si psihologice, cum este
nivelul secretiei hormonale, starea de concen-
trare, forma psihica, ciclul treaz-somn, tem-
peratura corpuluit si multe altele. Aceste
aspecte ale unui bun iluminat industrial vor
deveni mai importante In orpatiile de 24 de
ore. Solutii de iluminat dedicate vor fi nece-
sare.

Standardele de iluminat industrial actuale
sunt bazate pe necesarul de lumina pentru
desfasurarea eficienta a sarcinii vizuale.
Cerintele [uminotehnice sunt indeplinite de
iluminatul general al loculul de munca, even-
tual madrite cu un itluminat local al sarcinii/uti-
lajului. Este evident cd, in general, cerintele
de calitate a iluminatului pentru industrie sunt
mai scizute decat, de exemplu, al celor pentru
birouri. De altfel, multe sisteme de iluminat
industriale sunt foarte vechi si depésite sub
aspect economic si al calititii. Ne-am astepta
la contrariul: cele mai bune sisteme de ilumi-
nat ar trebui sa fie cele din mediul industrial,
pentru productivitate Imbundtatita i din ra-
tiuni de siguranta si sanatate. Un iluminat mai
bun va contribut in mod pozitiv la marirea
vitezei s1 reducerea pierderilor de perfor-
manta, siguranta si rata accidentelor, absen-
teism, sanatate si confort.

In aceasta lucrare este discutati impor-
tanta iluminatului industrial cu o calitate ridi-
catd ca factor de Imbunititire a producti-
vitatii. Tmpactul luminii asupra vederii, per-
formantei, starii de concentrare, confortului
etc. sunt aratate in modelul ce va analiza pe
baza cunoasterii actuale asupra rclatiei' lumina
& vedere si lumina & sdndtate.

in concluzie, iluminatul industrial va tre-
bui sa fie in atentia companiilor din punctul
de vedere al economiei, sanatatii i confortu-

lui muncitorului $i politicii de sinitate pu-
blica si costuri.
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[luminatul industrial acoperd o gami

largd de spatii interioare i sarcini de lucru:

de la mici ateliere pana la mari hale de pro-
ductie, si de la lucrdri de precizie pana la
sarcini de lucru industriale. Tn mediile indus-
triale deseori trebuie sd ne bazim intr-o
masura importanta doar pe iluminatul artifi-
cial. Acolo unde iluminatul natural neorbitor
poate intra in zonele industriale, poate juca
un rol important in obtinerea unor iluminari
satisficatoare in momentele cind este
disponibil. Este esentiald o legatura buni cu
tluminatul artificial. Existd trei sisteme de
tluminat artificial folosite in interioarele
industriale: iluminatul general, iluminatul
localizat si iluminatul pentru sarcini de lucru
locale. Iluminatul general este proiectat pen-
tru a produce o iluminare relativ uniform pe
intreaga arie a planului de lucru. Tn acele
interioare unde aranjamentul pozitiilor de
lucru este permanent, utilizarea iluminatului
localizat, cu concentrarea iluminérilor mari
in punctele de lucru, poate conduce la insta-
latii mai eficiente din punctul de vedere al
costurilor. Cerintele de iluminat pentru anu-
mite sarcini de lucru pot fi atat de stringente
incat nu este nici tehnic fezabil, st nici eco-
nomic viabil sd realizam iluminarea doar
folosind iluminatul general. Iluminarea
sarcinilor de lucru locale este, astfel, folosita
pentru a suplimenta iluminatul general.

1.1 Performanta vizuala si iluminarea

Calitatea iluminatului ar trebui sa garan-
teze intotdeauna o performantd vizuala sufi-
cientd pentru sarcinile de lucru. Cercetarea
cantitatii si calitatii iluminatului n ultimele
decenii a aratat ca imbunatatirea calitatii ilu-
minatului de la un nivel scazut sau moderat
creste viteza i acuratetea cu care obiectele
pot fi detectate si recunoscute. Performanta
vizuala reald a unei persoane este dependen-
td de calitatea iluminatului si de abilitatile
sale vizuale. In acest caz, varsta este un cri-
teriu important. Odata cu Inaintarea in
varstd, este necesara din ce in ce mai multd
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lumina. Figura 1.1 reprezintd cererile rela-
tive de lumind pentru a citi o carte bine
tiparita, in functie de vérstd. Daca cerinta la
varsta de 10 ani este considerata 1, urmeaza
cd o persoand de 60 ani cere in medie de 15
ori mai multd lumina! Acest efect devine,
desigur, din ce in ce mal important pe
masura ce forta de munca imbatraneste.
Figura 1.2 serveste ca ilustratie a multor
rezultate de cercetare relativ la influenta ca-
litatii iluminatului asupra prformante
vizuale. Figura prezintd performanta vizuala
relativd in functie de nivelul de iluminat pen-
tru sarcini de lucru de dificultati diferite.
Una pentru o sarcina de lucru moderata (ca,
de exemplu, relevantd pentru lucrul general
la 0 masind) si o alta pentru o sarcina dificila
(ca, de exemplu, asamblare fina sau
imspectare a culorilor). Pentru toate sarcinile
este indicatd o crestere clard a performantei
vizuale daca calitatea iluminarii, in acest
exemplu nivelul iluminarii, creste. Din
aceastd figurd devine, din nou, evident ca
efectul varstei asupra performantei vizuale

este foarte important. Pentru acelasi nivel de-

performanta vizuald calitatea iluminérii tre-
buie si fie mai mare pentru muncitorii mai
varstnici. Dar pentru sarcini vizuale dificile,
iluminarea nu poate compensa complet efec-
tul deteriorant al varstei. Fiind data cresterea
in varsta medie a fortei de munca pentru anii
urmatori (20% crestere a grupului de varsta
cuprins in intervalul 50-65 ani in urmdtorii
15 ani) aceasta inseamnd cd, fara schimbari
in nivelurile de iluminare, performanta
muncitorilor va scidea. In grafic sunt indi-
cate nivelurile de iluminat cerute pentru cele
doud sarcini de lucru, aga cum sunt specifi-
cate in propunerea de standard european a
CEN [1.2]. Se aratd cd aceste cerinte ale
CEN sunt, de fapt, conservatoare, mai
degrabi decit prea pretentioase, daca tinem
seana de efectul varstei. )

O imbundtdtire in performanta vizuala
produce, in schimb, o imbundtatire in perfor-
manta de lucru. Aceastd imbunitatire este
reflectata intr-o productie mai mare i intr-
un numér mai mic de erori. Masura in care’o

calitate  mai buni a iluminatului
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Imbunitateste performanta de lucru este,
desigur, dependenta de componenta vizuala
a sarcinii de lucru. O sarcind cu o compo-
nentd vizuald importantd va beneficia mai
mult de conditii vizuale bune decat o sarcind
cu o componentd vizuald mai putin impor-
tanta.

Ca un exemplu, Tabelul 1 sumarizeaza
din diferite publicatii, pentru diferite sarcini
industriale, cresterea in performanta de lucru
si reducerea rebuturilor produse ca urmare a
imbunititirii calitatii iluminatului. Figurile
1.3 si 1.4 sumarizeaza tendinta generald a

imbunatitirii in performanta de lucru si

reducerea erorilor impreuna cu cresterea
nivelului de iluminare.

1.2 Reducerea accidentelor si iluminatul

Accidentele sunt deseori o preocupare in
mediul industrial. Ranile fizice rezultate s1
angoasa mentald sunt uneori responsabile de
pierderi  considerabile  in  productie.
Statisticile aratd ca numarul accidentelor
industriale este in crestere. De exemplu, in
Olanda, numadrul inregistrat de accidente
industriale este in crestere cu 40% de-a lun-
gul ultimilor trei ani. Existd dovezi clare ca
multe tipuri de accidente industriale pot fi
eviate prin oferirea unor conditii vizuale mal
bune. Intr-un studiu german de simulare a
accidentelor Intr-un depozit s-a aratat ca la
niveluri de iluminare mai ridicate pericolele
potentiale. au fost, intr-adevdr, mai bine
recunoscute [1.6].

Riscul unui accident este, de asemenea,
redus cand existd o mai mare congtientizare
a situatiilor potential periculoase §i cand dis-
pozitia, atentia §i sandtatea muncitorului
industrial sunt promovate printr-un iluminat
de buna calitate (vezi si Capitolul 2). Acest
efect poate fi important deoarece un numar
considerabil de accidente sunt cauzate de un
grad scazut de concentrare $i un grad ridicat
de oboseali din partea muncitorului.
Desigur, gradul in care numdérul de accidente
poate fi redus depinde foarte mult de tipul de
industrie si de situatia de mediu. Tabelul 2
prezintd gradul de reducere a accidentelor
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pentru doud din sarcinile industriale listate in

Tabelul 1, unde au fost inregistrate
imbunititirile de performanta si reducerile
rebuturilor.

Figura 1.5, rezultand dintr-un alt studiu,
prezintd numarul de accidente la locul de
munca in functie de nivelul de iluminare
pentru diferite tipuri de rani. Din nou, ten-
dinta este in mod evident de reducere a
numdrului de accidente Impreunda cu
imbunatatirea calitatii iluminatului.

In Figura 1.6 sunt combinate toate acci-
dentele analizate in acest studiu. Devine
foarte clar ca locurile de munca cu niveluri
de iluminare intre 50 s1 250 Ix sunt confrun-
tate cu un numar relativ ridicat de accidente.
Este important de notat ca nu doar nivelul de
iluminare, ci toate aspectele calitatii ilumi-
natului joacd un rol in prevenirea acciden-
telor. Aceste aspecte de calitate vor fi abor-
date in mai mare detaliu Tn urméatoarea secti-
une. Aici este suficient sa mentionam ca ilu-
minatul neuniform poate crea probleme de
adaptare care afecteaza vizibilitatea cores-
punzéitoare. Orbirea excesiva conduce, de
asemenea, la probleme severe de adaptare,
cu toate consecintele negative ale acestora.
Efectele stroboscopice ale iluminatului pot
duce la situatii periculoase in locuri unde
este important ca partile in miscare ale
maginilor sid fie vazute corect. Iluminatul
operat in mod electronic prin inalta frecventa
elimina complet acest pericol potential. si,
finalmente, iluminatul cu proprietdti de
culoare slabe poate conduce la judecarea in
mod incorect a unor situatii potential pericu-
loase.

1.3 lluminatul si mediul de lucru

In afard de influenta pe care iluminatul o
are asupra performantelor vizuale, ilumina-
tul are o influentd si asupra mediului de
lucru. Mediul global de lucru, dacad este
corect proiectat, poate avea un efect stimula-
tor asupra oamenilor care lucreaza in acel loc
[1.8]. Astdzi se acordd o mare importanta
formatului si proiectirii interioare a locului
de munca. [luminatul poate avea aici un rol
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important: in timp ce poate scoate in evi-
denta elemente pozitive ale proiectarii, poate
sa g1 distragd atentia de la acestea, de exem-
plu printr-o redare slaba a culorilor sau prin
efecte de orbire. Astfel de deficiente conduc
deseori la plingeri in legdtura cu iluminatul
[1.9]. A fost deja mentionat ca, daca si cand
este disponibil, iluminatul natural poate avea
un efect pozitiv important. In ceea ce
priveste aspectul cantitativ, acesta serveste in
cele mai multe locuri doar ca un supliment al
iluminatului artificial. Efectul calitativ pozi-
tiv este in special legat de "vederea de exte-
rior" pe care o oferd. Ar trebui sd se acorde o
atentie speciala efectelor secundare negative
ale 1luminatului natural cauzate de orbirea
excesiva.

1.4 Cerintele unui iluminat de calitate

S-a ardtat ca pentru a permite oamenilor
sa realizeze sarcini vizuale eficient, cu acu-
ratete si in sigurantd, in special nivelul ilu-
mindril are o influentd importantd. Totusi, si
alte aspecte de calitate ale iluminatului,
anume uniformitatea modelului de ilu-
minare, restrictia de orbire si redarea culo-
rilor.sunt foarte importante.

Iluminarea neuniforma, cu schimbiri
abrupte ale luminantei in jurul zonei de
lucru, poate conduce la stres vizual si dis-
confort. Aceasta are legéturd cu proprietatile
de adaptare ale ochiului. O uniformitate sufi-
cientd a iluminarii generale va asigura
niveluri de iluminare suficient de mari pen-
tru a oferi o libertate completd in modul de
plasare a maginilor si locurilor de lucru.

Orbirea este senzatia produsid de strilu-
cirile in cAmpul vizual mult mai mari decat
strilucirea la care este adaptat ochiul.
Aceasta poate conduce la o reducere a per-
formantei vizuale si la disconfort. O orbire
prea. mare poate conduce chiar la dureri de
ochi si de cap. Aceeasi problema poate apare
daci existd diferente excesive in erorile de
strilucire intre suprafetele din interior. Este,
astfel, important sd limitam stralucirea pen-
tru a evita erorile, oboseala s1 accidentele.
Gradul de restrictie a orbirii depinde foarte

R——— 1




mult de calitatea optica a corpurilor de ilu-
minat folosite in combinatie cu tipul de
lampa folosit. Datoritd dimensiunilor lor
mari, lampile fluorescente au luminante mai
mici decat ldmpile cu descarcare in gaz, de
intensitate mare (lampi cu mercur, sodiu si
toduri metalice, cu presiune mare). Este usor
de limitat orbirea cu lampi avand luminante
mici.

Un obiect colorat este perceput ca fiind
astfel in virtutea faptului cd reflectd doar o
parte din lumina incidenta pe el. Vopseaua
rosie, de exemplu, reflecta un procentaj mare
din lungimile de unda rosii - cu cit mai mare
este cantitatea de rosu din lumina incidenta,
cu atat mat rosu este obiectul. Modul in care
culorile din jurul nostru sunt redate este, ast-
fel, puternic dependent de calitatile de redare
a culorilor a tlummatului. Indicele de redare
a culorilor, Ra, al unei surse de iluminat este
masura acestel calitdti. Ra poate avea valori
de la zero (fara redarea culorilor) la 100
(redare excelenta a culorilor). Redarea corec-
td a culorii pielei umane este importantd in
mod special. Iluminatul care face ca pielea s
arate palidd si nesdnitoasd deseori duce la
plangeri. Printr-o alegere corespunzatoare a
sursei de iluminat (redarea culorilor Ra de cel
putin 80), aceastd problema este usor de evi-
tat. Lampile cu un indice de redare a culorilor
mai mic decat 80 dau rezultate inacceptabile
in interioarele unde oamenii lucreazd sau
locuiesc; acestea sunt inacceptabile din pun-
ctul de vedere al performantei lucrului, dar de
asemenea Inacceptabile 'din punctul de
vedere al starti de spirit si dispozitiei bune.
Cerinta pentru un Ra de 80 sau mai mult este
in special importantd cand se pune problema
alegerii tipului corect de lampa tubulara fluo-
rescentd, din cauza multitudinii de lampi
disponibile. Pentru mediile de lucru, doar
acele lampi fluorescente tubulare cu un cod
de culoare de 830 sau mai mare satisfac
aceasta conditie.

Totusi, in practica, In aproximativ 80%
din instalatiile de iluminat se utilizeaza surse
de iluminat cu indici de redare a culorilor
mult mai mici. Motivul este, deseori, costul
initial mai mic. Ar trebui sa notam cd, totusi,
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dacd costul total al instalatiei (inclusiv costul
energiel) este luat in considerare, lampile
moderne cu redare bund a culorilor sunt mai
economice.

Multe recomandari si standarde nationale
si internationale specificd numere ale ca-
litain 1luminatului pentru toate aceste aspecte
de calitate pentru o varietate mare de acti-
vitati s1 interioare. Tabelul 3 sumarizeaza
aspectele de calitate ale une1 instalatii de 1lu-
minat Impreund cu cel mai important para-
metru al fiecarui aspect.

Ca o ilustrare a calitdtii care se cere in
situatii diferite, Tabelele de la 4 la 6 prezinta
valorile cerute pentru trei tipuri de industrie:
industria. chimica, centralele electrice si
industria tipografica. Aceste cerinte sunt val-
orile date intr-un proiect de standard euro-
pean (draft 1998) pentru locuri de munca,
care satisfac nevoile de performanta vizuale,
confort gi siguranta. Desigur, acelasi standard
specifica valori pentru multe alte tipuri de
industrii. (Valorile specificate pentru ilu-
minarea medie sunt numite si "valori ale ilu-
mindrii de Intretinere": valori sub care ilu-
minarea medie pe suprafata specificata nu
este permis sa scada).

Un criteriu de calitate rareori mentionat in
standarde este frecventa cu care lampile sunt
utilizate. Unit oameni acuzd dureri de cap din
cauza palpdirii lampilor fluorescente operate
pe balasturi magnetice (50 Hz). Lampile flu-
orescente pe balasturi electronice moderne
operate la frecventd inaltd (in jurul a 30.000
Hz) nu prezintd acest fenomen de palpaire.
Intr-un studiu comparativ s-a gasit ci aparitia
durerilor de cap este, intr-adevar, semnifica-
tiv mai mica la utilizarea balasturilor elec-
tronice [1.10]. Pe baza influentei sale asupra
modelului undelor de bazd ale creierului
(EEG), un alt studiu descrie lumina fluores-
centa produsa de lampile operate cu balasturi
magnetice conventionale, ne-electronice ca o
sursd potentiald de stres [1.11]. Desigur, ba-
lasturile electronice de frecventa mare sunt,
de asemenea, recomandate pentru cd sunt mai
eficiente §1 asigurd o durata de viatd mai mare
a lampilor decat in cazul lampilor operate cu
balasturi conventionale.
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2 ILUMINATUL.
EFECTELE BIOLOGICE
ALE ILUMINATULUI

2.1 Aspecte generale

Péna acum cateva secole in urma, viata
omului a fost influentata de ciclul zi-noapte si
de ritmul veghe-somn. O datd cu revolutia
industriald si, in special, o datdi cu
descoperirea energiei electrice, societatea
si-a extins gradual perioada activd a zilei,
acum ndreptandu-ne spre societatea activa
timp de 24 de ore. Lucrul in schimburi, inclu-
siv schimbul de noapte, este deja de multi ani
aplicat in procesele de productie, de exemplu
in industria metalurgicd si alimentara i spi-
tale. Astdzi, o datd cu globalizarea activ-
itatilor multor companii, a dezvoltarii servici-
tlor IT si a numeroaselor calatorii interconti-
nentale, numarul oamenilor care nu lucreaza
dupa un program fix cunoaste o ascendenta
rapid. Tn multe tiri, o parte substantiala -
15% - 25% - a populatiei active lucreaza intr-
o altd forma a programului schimbat, fie ci
este In productie, transporturi sau servicii.

Din timpurt stravechi, beneficiul efectului
luminii (naturale) a fost bine cunoscut si uti-
lizat, de exemplu in helioterapie. Terapia
luminii in rezolvarea problemelor de sdnatate
a fost una din cele mai populare metode de
terapie panad in anii 1930, insd, o datd cu
inventarea penicilinei, farmaceutica a trecut
in frunte. Datoritd importantei luminii in
relatie cu sdndtatea §i bundstarea In ultimii
20-30 de ani, ea a fost-redescoperitd In urma
multelor si variatelor descoperiri biologice si
cercetdri medicale. .

In mod normal noi considerdm ochiul ca
un organ al vederii, tnsd, dupd descoperirea
conexiunilor aditionale dintre ochi si creier,
s-a evidentiat ¢d lumina oculard mediazd si
controleazd un mare numar de procese psi-
hice si fiziologice umane. Cele mai relevante
descoperiri privind efectele luminii oculare
sunt:

- controlul ceasului biologic

- efectele directe (stimulative)

- influenta asupra dispozitiei.
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2.2 Lumina i ceasul biologic

In noua stiintd a crono-fotobiologiei,
lumina este considerata ca cel mai important
factor - deseori denumit "Zeitgeber" - in con-
trolul ceasului intern al organismului, loca-
lizat in nucleii chiasmatici localizati in
hipotalamus [2.1]. Lumina oculard trimite
prin intermediul unui sistem nervos separat,
semnale ceasului nostru biologic localizat in
creier, care determina ritmurile zilnice si
anuale (sezoniere) [2.2] a unor variate pro-
cese ale organismului. Intr-un cadru natural,
lumina oculard, in special lumina rasaritului,
sincronizeaza ceasul intern al organismului
la ceasul naturii sau la ciclul de 24 de ore zi-
noapte determinat de rotatia pamantului.
Fard lumind, acest ceas intern ar functiona
liber cu perioada de 24 de ore si 15 minute
si, ca 0 consecintd, ceasul intern va devia zi
de zi1, din ce In ce mai mult, de ceasul naturii
[2.3]. Rezultatul ar fi acela al unui simptom
similar cu cel intdlnit la calatoriile peste
cateva fusuri orare [2.4].

In figura 2.1 sunt ilustrate cateva ritmuri
umane tipice, de notat fiind faptul ci acestea
au fost netezite, astfel mascandu-se anumite
efecte (efectul temporar al foamei, setei
etc.). Figura evidentiaza doar cdteva exem-
ple: temperatura corpului, atentia $i ritmul
hormonal al cortizonului (hormonul stresu-
lui) si melantinina (hormonul somnului). Un
alt aspect important este, de exemplu, ciclul
somn-veghe, somnolenta, oboseala, buna
dispozitie si performanta.

Cei doi hormoni, cortizonul si melanto-
nina, joacd un rol important in atentie s$i
somn. Nivelul cortizonului creste dimineata
pregatind corpul $i mintea pentru o noua zi
de activitate. in acelasi timp, nivelul melan-
toninei scade, reducand somnolenta.

Melantonina este cunoscuta popular ca
hormonul somnului, inducand starea de som-
nolentd. De exemplu, melantonina este uti-
lizatd ca somnifer pentru a rezolva problema
diferentei de fus orar. Seara, cresterea
nivelului melantoninei pregateste ciclul
somnului §i mentine calitatea somnului in
timpul noptii, ducdnd la inceputul unei zile
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cat mai fructuoase. Lumina are capacitatea
de-a suprima direct producerea de melanton-
ind, de exemplu lumina In timpul noptii
reduce nivelul melantoninei in cursul unei
jumatati de ord si, de asemenea, lumina
diminetii ajutd la reducerea niveluluir de
melatonin, deci la trezire.

Plecind de la aceste exemple este evi-
denta importanta functiondrii corecte a
ambelor ritmuri hormonale de-a lungul tim-
pului in care suntem treji §i influenta directa
asupra gradului de atentie (a se vedea de
asemenea capitolul 2.4).

Corecta dozare si temporizare a luminii
naturale este, deci, foarte importanta pentru
a tine ceasurile extern §i intern in faza unul
cu celalalt, mai ales deoarece ceasul nostru
intern regleaza ritmul zilnic care este rele-
vant In activitatea noastra cotidiani, cum ar
fi atentia, somnolenta, oboseala, buna dis-
pozitie, performanta. [2.2], [2.5].

2.3 Lumina si efectele directe
de stimulare a organismului

Efectele stimulatoare directe ale luminii
sunt recunoscute de aproape oricine, mai
ales cind compardm vara gi iarna, dar de
asemenea §i in ambianta interioard (de
lucru). [2.18]. Aceasta este, partial, un efect
psihologic, dar aga cum s-a ilustrat mai-sus,
comportamentul  corporal isi aduce con-
tributia la aceasta. Diferite niveluri ale
luminii produc schimbdri ale formei EKG-
ului si, ca o consecintd, influenteaza sistemul
nervos central, rezultand astfel efecte asupra
diferitelor functii ale organismului. De
asemenea, sunt influentate procesele organ-
ismului prin inlaturarea de cétre lumina a
melatoninei (a se vedea mai sus).

Recentele descoperiri sugereaza pe dea-
supra si efectele luminii asupra batailor
inimii, nivelului de insulind etc. [2.19],
[2.20], [2.21]. Aceste recente descoperiri
aratd in mod fundamental un numdr crescut
de cdi nervoase directe sau indirecte de la
ochi la diferite glande al corpului uman.
Multe din aceste efecte pot fi la fel de bine
raportate la ceasul biologic. Cercetarea a ara-
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tat cd terapia luminoasd este utild in cazul
diferitelor dereglari ale somnului, bolit
Alzheimer si multor altora, care sunt subiec-
tul unor viitoare cercetdri, ca de exemplu
PMS, anorexia, bulimia, sistemul imunitar
ete. [2.22];[2.23), [2:24], [2.25].

2.4 Lumina, buna dispozitie si atentie

Buna dispozitie este reflectia simfirii pro-
prii, a starii fizice de bine sau de rau, iar
mental, a te simti mai mult sau mai putin in
alertd [2.6]. Alti factori ce influenteaza dis-
pozitia sunt, de exemplu, si vremea/sezonul
[2.7], respectiv in cazul locului de munca:
vederea conditiilor si a ambiantei (vizuale).

In domeniul industrial, atentia este de
primd importantd deoarece este un factor nu
numai pentru buna dispozitie ci §1 pentru
performanta si evitarea accidentelor. Atentia
este puternic influentatd la un moment dat al
zilei de un comportament endogen, aferent
unui ceas biologic zilnic, (crescator
dimineata, stabil la amiaza si descrescator in
timpul serii tarzii) si de un comportament
exogen, descrescdtor de-a lungul perioadei
de trezire. Atentia subiectiva la un moment
dat al zilei este combinatia acestor doud
componente, mai putin probabil ca o suma a
acestora, dar intr-o relatie mai complexa.
Aceasta conduce, de asemenea, la asa numi-
tul dejun - lung (lunch-dip) cu o relativ inalta
inclinatie spre somn si, de exemplu, cu un
numir crescut de accidente de trafic.

Considerand ritmul atentiei (fig. 2.1) nu
este remarcabil ¢d multe investigatil ale
efectelor luminii asupra atentiei si nivelulul
de trezire au fost desfasurate in conditiile
unui schimb de productie (de noapte),
deoarece la nivel scazut de trezire s1 efectele
asteptate sunt mai puternice. Figura 2.2 arata
efectul a doud regimuri de iluminat in trezire
ca o functie de timpul de muncd pentru
muncitorii din schimburi [2.8].

Un declin in trezire de-a lungul noptii
apare pentru ambele conditii, dar regimul
ilumindrii puternice se concretizeaza intr-o
crestere semnificativd a nivelului de trezire.

Alte studii aratd ca utilizarea unor
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niveluri inalte ale iluminatului pentru a face
fata oboselii sunt conduc spre o stare prelun-
gita de atentie [2.9], [2.10], [2.11]. Aceasta
tine de asemenea de continutul EKG-ului, cu
mai putine unde delta (care este un indicator
pentru somnolentd), ceea ce inseamna ca
lumina stralucitoare are o influentd alerta
asupra sistemului nervos central (a se vedea
Fig.2.3) [2.12].

In sfarsit, un studiu al luminii striluci-
toare, pand la niveluri de luminare de 5000
Ix aplicat in camere.de control cu algoritm
controlat de computer, aratd ca 75% dintre
operatori au raportat o marire a atentiei, iar
64% si-au Imbunatatit performanta. Frapant
in acelasi studiu al luminii stralucitoare este
reducerea accidentelor in cazul intoarcerii
acasa dupa tura de noapte (10% comparativ
cu 40%) [2.13].

Alt aspect este cel al deosebirilor
sezoniere in buna dispozitie, nivelul energiel
si vitalitatea a unei parti considerabile din
populatie la latitudinea noastra. Studiile cu
145 de functionari (sandtosi, in turd de zi,
folosind pentru cel putin o ord pe zi un lumi-
nator cu lumind stralucitoare asigurdnd 2500
Ix) aratd cd 62% dintre oamenii raportind
mai putine efecte sezoniere negative (pe un
VAS: Visual Analogue Scale), rezultdnd intr-
o stare de buna dispozitie imbunatatita, dis-
pozitie gi nivel de energie [2.14]. n alte
studii de cercetare, efectul stimulant al
luminii stralucitoare a fost descoperit in tim-
pul zilei gi al noptii ‘ducénd spre niveluri
inalte de atentie si performantd [2.11],
[2.15], [2.167: '

In timpul iernii suprimarea melatoninei
de citre lumina electrica a diminetii (aga
numita simulare a rasaritului) ar putea juca
un rol important, in special in orele
intunecate ale diminetii, deoarece va ajuta
oamenii sd depdseascd somnolenta diminetii.
Stimularea directd poate juca un rol in orele
intunecate ale dupd-amiezel pentru a
imbundtati concentrarea i atentia.

Nivelul de stres si nemultumirile au fost
studiate la oameni care lucreaza in incaperi
luminate electric, in comparatie cu oameni
lucrand sub o combinatie de lumina electrica
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si lumina a zilei. Numai cu lumina artificiala
(acelasi nivel de iluminare) nu se observa
nici o diferentd in nemultumirile legate de
stres intre iarnd i vara [2.17]. Oricum, stre-
sul in grupul cu lumina combinata a fost pe
timpul verii mult mai scazut decat in iarnd
(vezi Fig. 2.4).

Se poate presupune cd o0 componentd mai
mare a luminii naturale in timpul verii con-
tribuie la numarul redus de plangeri legate de
stres. Lumina stralucitoare in timpul iernii
asa cum s-a demonstrat intr-unul din studiile
mai sus mentionate poate fi probabil com-
pensatd de aceasta diferenta [2.14].

Lumina joacd un rol important evident de
vreme ce conditiile optice bune s1 un loc de
muncd placut va stimula pozitiv buna dis-
pozitie i va contribui prin atentie crescuta la
reducerea ratelor de accidentare g1 la
cresterea performantei.

2.5 Lumina naturala si lumina electrica

Multe din efectele pozitive mentionate
sunt obtinute ca un rezultat al unor proiecte
de cercetare medicale si biologice dovedind
cd lumina electricd poate fi la fel de eficien-
ta ca lumina naturald. In orice caz, nivelurile
de iluminare in spatiile interioare sunt, de
obicei, mult mai scazute decét nivelurile de
iluminare minime gasite In exterior, care
sunt de ordinul a 1000-2000 Ix Intr-o zi inno-
ratd (intr-o zi insoritd nivelurile ajung la
100.000 1x). Nivelurile din incaperile fara
contributie a luminii naturale sunt doar de
ordinul a 100-500 Ix si, de obicei, depind de
cerintele minime conform standardelor sau
recomandirilor care sunt in cele mai multe
cazuri bazate pe iluminarea orizontald, in
timp ce, pentru efectele biologice, este rele-
vanti iluminarea pe ochi. Comparativ cu
nivelurile luminii naturale, valorile reco-
mandate ale iluminarii pot fi considerate ca
"intuneric biologic". Din fericire, in multe
cazuri, lumina naturala patrunde in cladiri
cel putin pentru un numdr de ore pe zi,
crescind per ansamblu in mod substantial
nivelurile de iluminare in interior. Alta dife-




rentd intre lumina naturald si lumina elec-
trica este dinamica in nivel §i temperatura
culorii luminii naturale care lipseste in inte-
riorul fara ferestre. i

Este general acceptat cd aceste schimbdri
in lumina naturald au o influentd pozitiva
asupra bunei dispozitii si stimuleazi
oamenii. Tn cazul lumini electrice este evi-
dent ca astfel de schimbari realizate cu aju-
torul unui iluminat interior dinamic au un
efect pozitiv in buna dispozitie si stimulant
asupra oamenilor. Un studiu extensiv realizat
in conditii de birou a aritat c¢d oamenii
prefera un iluminat electric aditional mai
mare (in jur de 800 Ix suplimentar fatd de
contributia luminii naturale care prevaleazi)
[2.28].

Daca instalatiile actuale ar fi la cele mai
recente standarde de iluminare acesta ar fi un
pas important in realizarea unei lumini siana-
toase la locul de munca.

2.6 Efectele unei slabe calitati
a iluminatului

Desi o calitate bund a iluminatului are
efecte pozitive asupra sanitatii, bunei dis-
pozitii §1 performantei, ar trebui accentuat
faptul cad iluminatul insuficient poate con-
duce la efecte negative chiar si la persoane
care nu se pling de calitatea iluminatului
[2.29]. La inceputul anilor 90, o mai mare
atentie s-a acordat asa numitului Sindrom al
Cladirii Bolnave, manifestat prin dureri de
cap sl iritatii ale nasului si ochilor ale lucra-
torilor din cladirile cu birouri cu aer uscat,
temperatura prea micd sau prea mare. Intr-un
sondaj de opinie desfasurat in 61 de cladiri
din Olanda, jumatate dintre ocupanti se
plingeau de calitate aerului, iar 25% pe
motive de sdndtate si buni dispozitie. In jur
de 30% dintre intervievati au avut de obiec-
tat in privinta luminii [2.30].

Desfasurarea activitatii in conditii de ilu-
minare slabd poate conduce la fortarea
ochilor si oboseald, influentdnd negativ per-
formantele muncitorilor. Intr-un numar de
cazuri poate conduce la dureri de cap [2.31].
Cauzele, Tn multe situatii, sunt datorate unui
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nivel de iluminare prea scazut, strilucirea
datoratd surselor de lumina $i a unor rapor-
turi necorespunzatoare ale luminantei la
locul de munci si pe sarcind. Durerile de cap
pot fi cauzate de multe ori de fenomenul de
flicker al lampilor, datoritd utilizirii balas-
turilor magnetice controlate in frecventa sau
datoritd unei mentenante necorespunzitoare
a sistemului de iluminat. Acest efect de
flicker poate de asemenea cauza si stres
[2:82]:

Balasturile electronice care lucreazi la
frecvente inalte, de ordinul a 25.000 Hz, pot
fi gasite in comert de mai multi ani. Aceste
combinatii lampa-balast nu prezintd feno-
menul de flicker. Aparitia durerilor de cap
este semnificativ redusa cu aceste tipuri de
balast [2.31].

2.7 Concluzii

In concluzie, este evident ci conditiile
bune de sidnitate, atentia ridicatd, perfor-
manta s1 buna dispozitie duc la sciderea ratei
accidentelor si au o influenta pozitiva asupra
performantelor, ceea ce va duce la o ratid mai
scazutd a absenteismului.

Buna calitate a iluminatului, intelegind
prin aceasta asigurarea cerintelor vizuale si
biologice, va contribui substantial la o mai
bund productivitate in cadrul proceselor de
productie industriala, ca si la o stare generala
de sdndtate si buna dispozitie a fiecarui
muncitor in parte. :

3 lluminatul si productivitatea

In capitolele anterioare ale lucrarii s-a
discutat despre relatia dintre calitatea ilumi-
natului si performantele vizuale, efectele bio-
logice si mediul de lucru stimulativ. De
asemenea, s-au ilustrat aspectele ce privesc
viteza de lucru si rata esecului la reducerea
accidentelor, buna dispozitie, atentia si sina-
tatea. Tot1 acesti factori impreuna pot avea un
considerabil efect asupra intregii producti-
vitati.

Este evident ca buna dispozitie i atentia,
Impreuna cu o sdndtate corespunzitoare a
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muncitorilor din industrie, vor determina
descresterea  riscului  de accidentare.
Accidentele usoare Tn mediu industrial, au pe
ansamblu un efect pozitiv in performanta.
Tnalta performantd de munci, desigur, influ-
enteazd direct productivitatea in sens pozitiv.
La acest efect pozitiv asupra productivititii
se adaugd un absenteism mai scizut care
duce in mod direct la sciderea accidentelor,
imbunatateste sAndtatea s1 motivatia pentru
un iluminat de buna calitate.

Evaluarile noastre preliminare la toate
datele descrise Tn acest articol conduc la
urmatoarea concluzie: cresterea nivelului de
tluminare de la minimul cerut de 300 Ix la
500 Ix conduce la o productivitate marita

-cu 10 - 25%, bazat pe o prezumtie con-
servativi; :

- cu 10 - 40%, bazat pe o probabila
prezumtie mai realistd, dar cu siguranta la
mai mult de 10%.

fn prezent, multe instalatii de iluminat din
industrie realizeazd cu dificultate nivelul
(minim) cerut de 300 Ix. Acele instalatii de
iluminat sunt realizate cu vechile corpuri de
iluminat deschise (bare battens) cu balasturi
electromagnetice conventionale si lampi
fluorescente conventionale. Intr-o. instalatie
"mai buna", corpurile de iluminat sunt pre-
vazute cu un reflector metalic (alb) pentru a
preveni iluminarea tavanului.

O instalatie de buna calitate va consta
dintr-un corp de iluminat cu un sistem optic,
care conduce lumina acolo unde este intr-
adevar nevoie, prevazut cu lampi fluores-
cente trifosfor cu un indice de redare a
culorii de 80 sau mai mult, cu balast elec-
tronic (fara flicker, ce opereaza in nalta
frecventa).

Datoritad inaltei eficiente a iluminatului
unei astfel de instalatii, precum si a efica-
citatii [ampilor fluorescente si a pierderilor
scazute de energie in balastul de Inaltd
frecventa, economia de energie poate fi de
70% fata de instalatiile existente. In astfel de
cazurl, cresterea nivelului de iluminare de la
300 Ix la 500 Ix va pastra consumul de energie
si costurile de operare pentru iluminat.

Investitia pentru o instalatie de iluminat de
o calitate mai buna si un nivel de iluminare
marit la 500 Ix va fi recuperata prin castigul
financiar oferit de cresterea productivitatii
intr-o scurtd perioada de timp, de obicei mai
scurtd de un an.

Traducere realizatd e
Adrian GLIGOR
si Horatiu GRIF
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CONCEPTION/DESIGN OF LIGHTING SYSTEMS Cornel BIANCHI*,

Camelia BURLACU**

FOR URBAN TRAFFIC ROADS * Technical University of

Constructions, Bucharest
**ELECTRICA S.A., Bucharest

Abstract

The paper treats an up-to-date conception of lighting systems for medium and high speed traffic
roads, based on intcrhational research, CIE norms and recommandations, corroborated with research-
es made by Lighting and Electrical Installations Chair within Bucharest Technical University of
Constructions and by Romanian National Committee of CIE (CNRI). On this solid base, an approach
structure is suggested. It starts with quantitative and qualitative aspects of urban luminous environ-
ment in connection with traffic specific requirements/criteria, tackling adequate solution/solutions
step-by-step. It also realises necessary calculation structure regarding road luminance values, as well
as drivers visual protection about physiological glare and psychological glare. So, an up-to-date treat-
ment of road lighting systems designing is emphasized, that was also applied in Romania, during last
years. '

1 Introduction itative components of luminous environment
that can satisfy the needs of visual comfort,
This paper suggests the evidence of modern traffic security, functionality and connected

conception of lighting systems for medium or esthetical aspects;

high speed traffic ways (streets and high- C. selection of system solution on the
ways). CIE (Commission Internationale d'E- basis of relevant reasons from stages A and B;
clairage) researches, experience and recom- D. quantitative calculations- of lighting
mendations are used, corroborated with expe- system on the basis of reference dimension:
rience and researches of Lighting and average luminance ( L ) on road surface;
Electrical Installations Chair of Bucharest E. qualitative evaluation of lighting sys-
Technical University of Constructions tem from luminance distribution and visual
(UTCB), Faculty of Installations. field points of view.

Using this algorithm step-by-step, correct

2 Conception of lighting systems final solution can be reached, which can real-
for traffic ways ize decisive quantitative and qualitative
requirements.

Like any other lighting systems, recommend-
ed original structure-of lighting systems for In Figure 2, these specific criteria of lighting

traffic ways requires a logical composition systems for medium and high speed traffic

including the following component parts ways are shown; these criteria must be taken

(Figure 1): ' into account in conception of lighting sys-
A. specific requirements (criteria); tems.

B. determination of quantitative and qual-
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A. Specific criteria B. Luminous environment
(component parts) |

\
C. Lighting systems initial solution
A4 Y
D. Lighting system calculation | N E. Luminances distribution evaluation
Y
Y \i Y
Verification/Optimization Road surface plane Visual field
" e "
caleulated — ( 60 ' 160 m Zone)
A Y |
|
¥ v Y v
U, U, TI G |
Lighting system |
e : ; i | | | |
=1 final solution - |
L= average luminance of road surface |
Uo - overall uniformity of road luminance Figure 1 Structure of lighting systems |
UL - longitudinal uniformity of road luminance : > e e ] |
conception approach for traffic ways |
TI - threshold increment P PP / f ) |
G - glare control mark ‘
I
Specific requirements/criteria }
v ‘
A Y Y A Y
Traffic Traffic Complexity of Bands separation Traffic control
security intensity traffic way on categories (traffic signs,
configuration indicators)
| |
A |
I
in connection with: |
|
distinct perception of: localization of:
I e |
Y Y Y
Road details Traffic signs Possible obstacles Sidewalks kerbs '
v v \i
Direction | Limits lateral traced on the road
(edges)

I
Figure 2 Specific criteria in road traffic
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3 Decisive aspects of luminous
environment within road lighting systems

Depending on these aspects, decisive quanti-
tative and qualitative components of lumi-
nous environment must be chosen (Figure 3).

Exterior comfortable luminous environment

\ Y
Quantitative aspects Qualitative aspects
Y \
Luminance/ Luminous flux
illuminace distribution
level 1 \
Y 3 7y G,
< il I i £
A LA | A Y A A
Luminance Light directing Light Visual "Black Flickering
distribution and modelling colour guidance hole" (for
n effect tunnels)
A C. (for
s ~u ) i . tunnels)
visual road
field surface :
¥ Figure 3
A A Y Structure of comfortable
: : Apparent Colours luminous environment for
(T colour of rendering road traffic, including
light sources connection relations
1 (Cl, C2, C3, C4, C5)
3.1 Quantitative aspects
3.1.1 Average value of luminance level L
According to latest CIE recommendations, following aspects:

o traffic density;

» complexity of road layout;

« traffic control;

« separation of different types of road
users.

[4], L represents the decisive quantitative
aspects, its values being between 0.5.and 2
cd.m-2, for different traffic ways categories
(lighting classes: M1, M2, M3, M4, M5).
Traffic ways are classified depending on the
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One must not forget that luminance, due to its
active nature for human eye (direct connec-
tion with retina illumination) was introduced,
as a reference, in 1960 at international level
and in 1970 in Romania, thanks to researches
of present Lighting Chair of UTCB.

3.1.2 Surround ratio, SR

According to [4], it is necessary to extend
lighting system in traffic ways nearby zone, 5
m wide, in order to reduce contrast between
road average illuminance and this zone aver-
age illuminance, that leads to reduction of this
discomfort factor, with direct influence on
driver visual capacity. This ratio is "surround
ratio, SR":

SR | jn:_'im’
E:' S’
' (1)
where:
Ewsw - average illuminance on strips, 5 m

wide or less if space does not permit, which
are adjacent to edges of both road sides

E,sw - average illuminance on strips, 5 m
wide or half the road width, whichever is
smaller, on the road.

Minimum value is 0.5 for M1, M2 and M3
lighting classes.

3.1.3 Luminous flux distribution

For medium and high speed traffic ways,
Juminous flux distribution is exclusively only
direct.

3.2 Qualitative aspects

From qualitative point of view, the three deci-
sive elements are: luminances distribution,
light colour and visual guidance.

3.2.1 Luminances distribution

[t is one of fundamental qualitative aspects for
obtaining traffic comfort and security, by
avoiding the two types of glare:
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« physiological glare, directly produced
in visual field by luminaires within "60+160
m'" zone;

* psychological glare, by:
- luminous distribution non-uniformi-
ty on road surface;
- light sources/luminaires number,
which are seen on dark environmental back-
ground in visual field.

In figure 4, scheme of these effects is presented.

Discomfort glare produces a bigger or a
smaller uncomfort depending on "provoca-
tive" source. This leads to visual and mental
tiredness. It also can produce, depending on
luminance value, a state varying from uncom-
fort to visual incapacity that can determine, in
extremis, impossibility to distinguish some
road elements/structures. Finally, it can lead
to control loss besides visual/mental perturba-
tion.

3.2.2 Directioning and modeling

They come true implicitly by correct lumi-
nous intensities distribution structure of lumi-
naires (non-uniform) and eventually by lumi-
naires adequate orientation compared to road
surface.

3.2.3 Light apparent colour

It is a very important aspect in traffic and in
urban luminous environment.

From sources point of view, in the past there
were only two possibilities:

« low-pressure mercury lamps (fluores-
cent MLP) or high-pressure mercury lamps
(white-blue colour MHP);

« low-pressure sodium lamps (monochro-
matic yellow colour SLP).

Starting from 1970, high-pressure sodium
lamps (SHP) are used. This source has dis-
tinct qualities from both visual-esthetical and
energy performance points of view:




High or very high luminances and

ALT 1 ALTT

unbalanced luminances distribution

leads to:

Glare

A

on road surface

Y

\i

in visual ficld

Y Y

Psychological glare

Physiological glare Psychological glare

.‘l’
Control

/ Y
Uu UJ',

L - average luminance of road surface

Uo - overall uniformity of road luminance

UL - longitudinal uniformity of road luminance
77 - threshold increment

G - glare control mark

¢ visual, thanks to spectral emission "evo-
lute" curve that has maximum value approxi-
mately at the same wavelength as "relative
visibility curve";

* yellow-gold colour of emission, that cre-
ates a exquisite pleasant, warm, attractive and
esthetical environment; '

* luminous efficacy is double compared to
classical high-pressure mercury lamps and
with 60--80% higher than metal halide lamps
and fluorescent lamps;

» lifetime (1200025000 h) is more than
double compared to high-pressure mercury
lamps and metal halide lamps.

High-pressure sodium lamp represents opti-
mum solution from colour-visibility-aesthet-
ics-energy consumption points of view,
although colours rendering is low, aspect that
is not generally irritating in evening/night
conditions.
36 A

i /
Control Control
y V4
G L

Figure 4 Effects of luminances
non-uniform distribution

In Figure 5, qualities of high-pressure sodium
lamp are presented. It must be mentioned that
the new generation of high-pressure sodium
lamp with xenon has a higher efficacy (with
~20%) compared to standard variant.

3.2.4 Visual guidance

It is a very important qualitative aspect for
traffic and can usually be realized by adequate
solutions choice depending on road configu-
ration (junction, curve, ramp).

Generally speaking, single-sided arrangement
with luminaires along outside of the curve
represents an optimum solution for narrow
streets (Figure 6).

For wide streets curves, opposite arrangement
represents a good visual guidance, compared
to staggered arrangement that can create visu-
al confusion (Figure 7).
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‘ Qualities of high-pressure sodium lamps

v

v

v

v

v

High luminous High lifetime Optimum Any Other
efficacy minimum: 12000 h relationship: working advantages
(80+140 Im/W) maximum: 25000 h colour — position
compared to Higher for the new visual compared
MHP/MH/FL type (with two sensation with SLP
discharge tubes) (only
compared to horizontal)
MHP/MH/FL
Y Y Y
Attractiveness Pleasant The visual function
(festive) is positively
environment mfluenced for the
MHP high-pressure mercury lamps poact gni petestiia
MH - mgtalphalide lamps o bt (antml e
KL - fluorescent (tubular) lamps security)
SLP - low-pressure sodium lamps

Figure 5 Qualities of high-pressure sodium lamp

Figure 6 Visual guidance in curves for single-sided arrangementa, d - luminaires along
outside of curve (good), b - luminaires along inside of curve (confusion)

Figure 7 Visual guidance in curves for bilateral arrangement,
a - opposite arrangement (good), b - staggered arrangement (confusion)
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In visual guidance realized by colours chang-
ing, studied and elaborated in the sixties, dis-
tinct colours are used depending on road
importance (e.g.: sodium lamps for radial
streets and low/high pressure mercury lamps
for secondary streets). Today, this kind of
visual guidance appears to be old-fashioned
taking into account the following reasons:

- visual adaptation neglect in research,
from chromatic point of view, which repre-
sents a requirement of driver visual system. Tf
it is repeated, it can lead to visual/mental
tiredness and self-control diminution;

» research was made in the sixties only
with low-pressure sodium lamps compared to
mercury lamps and it is not fair to be spread
to high-pressure sodium lamps, which are
very different from the spectral point of view
of apparent colour and colours rendering;

» permanent colours change degrades
"unitary and harmonious ensemble" image of
evening/night urban environment; permanent
mixture of two colours (which is still seen in
Romania, although there are some improve-
ments in the last years) creates a visual
"mixed up" environment, with unesthetical
results (kitsch).

Using experiments, international researches
proved an aspect harder to be understood at
first interpretation: accident risk when passing
from white-blue colour (mercury) with low
luminance level to warm yellow colour with
high luminance level (for main streets). These
accidents were produced by impossibility of
momentary chromatic adaptation, together
with "apparent security" sensation (when
passing from low to high luminance) and with
an eventual stress/tiredness state of driver.

Taking into account these reasons and experi-
ments made by Lighting Chair of UTCB, the
only modern solution is the unitary, general
one with high-pressure sodium lamps, good
colours rendering not being necessary in traf-
fic and urban environment.
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By way of exception, when colours rendering
effect in the whole environment of a zone 1s
wanted, one may use, with great prudence in
esthetical-architectural conception, the fol-
lowing light sources:

= metal halide, with smaller colour tem-
perature, Tc in order to maintain it close to
day colour;

¢ high-pressure sodium (white) lamps:
Ra=80, Tc=2500 K or Ra=60, Tc=2200 K
("comfort") - harmonized solution with whole
"high-pressure sodium" urban environment.

As for the other two qualitative aspects
("black hole" effect and flicker effect), they
appear in road tunnels, which is not the sub-
Ject of this paper.

4 Choice of road lighting system solution
(location, components)

It is realized based on luminous environment
quantitative and qualitative analyzed aspects,
in connection with geometrical (road width,
poles height) and luminotechnical elements
(luminaire type from luminous flux distribu-
tion and visual protection points of view).

Road lighting systems calculation is realized
based on luminance as reference. Calculation
methods are presented in Figure 8.

Of course, "point calculation" method is the
most used today in modern lighting software
and offers pertinent and sure analysis possi-
bility of whole "controlled" zone.

Global method ("utilization factor") and
graphs-analytical method ("computer-gener-
ated iso-cd.m™? diagrams") represent a rela-
tive far-off epoch (when personal computer
was not generalized) and offer only approxi-
mate punctual and medium values.

"Point calculation" method is based on con-

nection between illumination at a point P, £,

and corresponding luminance, L

X s s INGINERIA ILUMINATULUL, nr. 7 - 2001




Calculation methods depending on luminance

| v
| Y Y y

| Global method "Point calculation” Graphs-analytical method
("utilization factor") method ("computer-generated iso-cd.m” diagrams")
]
v

"Luminances map" for "60+160 m" zone

¥
| L

caleulated =
U,, caleulated — o U-"

L - average luminance of road surface

U, - overall uniformity of road luminance

U, - longitudinal uniformity of road luminance

U.'. caleulated™ B UL

Figure 8 Road lighting systems calculation methods depending on luminance

Lpy=q . Epy [cd.m?] (2)

where:

g - luminance coefficient that depends on dri- 5
ver ("observer") position and light source rel-
ative to the point on road surface under con- .
sideration [cd.m™.Ix'] (Figure 9) ' e

Taking into account that:

5 I
]dl(' COS a

)

It results that:

e - luminous intensity of luminaire in point
- direction on road [cd]
lom COS3 : e
aC o - observation angle (from horizontal) [degrees]
he B - angle between light incidence plane and
“4) observation plane [degrees]
or. y - angle of light incidence [degrees)

Lpy =My -q-

Lic-r(d,a)
IJPH = A/[f " f

L 5) Figure 9 Luminous intensity and decisive
' angles

where:
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PSR

M - maintenance factor (light loss factor)

¢
(B - reduced luminance coefficient, speci-
fied in CIE norm, depending on "road. class"

from road surface point of view.

g(B, ¥ - luminance coefficient [cd.m?1x"]

o - observation angle (from horizontal) [degrees]

B - angle between light incidence plane and observa-
tion plane [degrees]

y - angle of light incidence [degrees]

¥ - volume of reflected intensities distribution

Figure 10 Spatial representation
of luminance coefficient

Road surface classification is realized
depending on "surface degree of lightness",
defined by: '

« average luminance coefficient, O ;

« surface degree of specularity, 5.

Q,
[q-dQ
Qo = OQ
(7] (6)

where:

£ - solid angle containing all those direc-
tions of light incidence at point P on road
under consideration that are taken into
account in average process (Figure 10)

Q,
[q-dQ
0y =—
. %)
where:
r(0,2) - reduced luminance coefficient for =0
and y=2

#(0,0) - reduced luminance coefficient for f=0
and y=0

Depending on S, and O, road surfaces classi-
fication can be realized n:

» four classes, according to CIE old sys-
tem (Table 1);

« two classes, according to CIE new sys-
tem (Table 2).

Table 1 R-classification of road surfaces (old)
Class S, limits : R system Reflection type
Standard S; Normalized O,
R1 S§,<0.42 0.25 0.10 diffuse
R IL 042<5,<0.85 0.58 0.07 approximately diffuse
R 11 0.85<8,<1.35 111 0.07 slightly glossy
R IV L3555 1.55, 0.08 glossy
Table 2 C-classification of road surfaces (new)
Class S, limits Standard S Normalized O,
i) 5,<0.4 0.24 0.10
ch S20.4 0.97 0.07
s s INGINERIA ILUMINATULUI , nr. 7 - 2001
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Luminances distribution evaluation (which
can lead, when equilibrium is not present, to
physiological glare and psychological glare
on road surface or in visual field) is realized
according to the following methodology,
being a "sine qua non" condition of system
quality. In order to obtain visual comfort and
traffic security, reference minimum values
must be respected:

a. Evaluation of psychological glare on road

60m | 100 m

Figure 11 Determination of U, and U,

factors

plane is realized using (Figure 11):
* overall uniformity of road luminance, U,

(ABCD surface);

S
=
-5, E;&:i
S, Ty
g o= ol ks by e
viewing line
S — objective
Sl] E:

* longitudinal uniformity of road lumi-
nance, U; (OO' line on observer moving way,

within "60+160 m" zone).

Light from glare sources scattered in retina
direction will cause a bright veil to be super-
imposed on sharp image of scene in front of
observer. Veiling luminance, LV can be calcu-
lated using Stiles-Holladay empirical formu-
la:

n E
Ly =k- E o
=G edae®] (11)

leye;

where:

1, ok
eye';

illuminance on eye (in a plane, V
perpendicular to line of sight) caused by the
glare source, S, [Ix] (Figure 12)

0. - angle between viewing direction and

direction of light incidence on eye of the i
glare source, S; [degrees]

ke - age factor (for calculation purposes
taken as 10)

Admitted maximum values of TI are:

* 10%, for M1, M2 and M3 lighting classes;
* 15%, for M4 and M5 lighting classes.

observer eye

Figure 12 Determination of veiling luminance, L, on observer retina
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¢. Evaluation of physiological glare
is realized using glare control mark, G.

After tests realized using a large number of
observers, international research elaborated an

empirical formula for G:(12)
where:

G=13.84-3.31-loglg +1.3 -,(Iogﬁ)"-5 _O.OB-IOQ?J +1.29-log F +0.97 - L+ 4.41-logh'—1.46 -log p + ¢

88

I,, -absolute luminous intensity at an angle
80

of 80° to downward vertical, in a vertical
plane parallel to road axis [cd]
Iy, /I4s - ratio of luminous intensities at an

angle of 80o and at an angle of 88° to down-
ward vertical, in a vertical plane parallel to
road axis ;
F - orthogonal projected flashed area of
luminaire in a direction of 760 to downward
vertical, in a vertical plane-parallel to road
axis [m’]
L - average luminance of road surface .
[cd.m?]
h' - vertical distance between eye level and
luminaire [m]
h' =h-1.5, where h is luminaire mounting
height [m] '
p - number of luminaries per kilometer
[no.km']

88

¢ - colour correction factor:
¢ = 0.4 for low-pressure sodium lamps
¢ =0 for other lamps

Formula for G is valid for following ranges of
values:
50 <180 < 7000
L &E L 250
0.007<F<04
0.3 <Igy /gy <7
5<h'<20
20<p <100
number of luminaires rows = 1 or 2

In Table 3, there are presented values of a
scale used to assess physiological glare,
according to CIE.

Table 3 Scale used for assessing physiological glare

Index ' Glare Assessment
1 unbearable bad
3 disturbing inadequate
5 just admissible fair
A satisfactory good
9 unnoticeable excellent

+ INGINERIA ILUMINATULUI, nr. 7 - 2001
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5 Conclusions

This paper offers a modern conception struc-
ture of lighting systems for medium and high
speed traffic roads (streets, highways, tunnels,
passages) on the basis of decisive aspects:

- specific criteria of connection with luminous
environment;

- calculation depending on luminance;

- evaluation of luminances distribution.

This is a complex modality that leads to
accomplishment of a lighting system capable
to provide for traffic luminous comfort and
security.
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QUICK, RATIONAL AND ACCURATE LUMEN DN ST

"Politehnica" University

METHOD USING MINIMUM AVAILABLE DATA of Bucharest

Abstract

One propose to patch together the various existing lumen methods and the CIE methods into a sin-
gle, efficient, expeditious and more accurate method for the design and for the verification of a
lighting installation in an interior by maintaining all their important particularities. The metd uses
analytical relationships for more accurate establishing of utilization factors for all room surfaces,
using a minimum available data concerning the considered luminaire (i.e. flux code or the average
luminous intensity distribution) and general data (average geometric multipliers for CIE reference
room and luminaire arrangement, as a function of the room index). If the manufacturer does not sup-
ply the flux code, this may be easily calculated. The use of tabulated specific utilization factors and
indispensable interpolations are avoided. The results are practically few different from those refer-
ring to a certain room shape and luminaire arrangement. The correction factors may be avoided. As
for another methods, the proposed method applies to luminaires considered as point sources char-
acterized by their average luminous intensity distribution.

1 Lighting installation models and denotements

The general model for interior general lighting calculations using the lumen method con-
sists of a rectangular parallelepiped whereby the following diffusely reflecting surfaces are
delimited (fig. 1):

- three material surfaces S, S, S; (the ceiling, the frieze and the four walls lumped togeth-

er) characterized by their areas 4, = ab, A ) = 2h'(a+tb), Ay = 2h(a+b) and reflectances r, r,,

0%
3
- the working plane S, (material or immaterial) surface, having an area 4, = ab; due to the
fact that it isn't always a continuous, homogenous surface, an equivalent reflectance
r,may be given to it;

- an immaterial surface’defined by the plane of luminaires S.

81 YT /82
| o // Ps
l 1
M e el 4R Si(8y)
7 8,
| e
e 47 J' | P>
| % : K
__________ e L
H h /)I_ % | S,
// L / |
— - h /,“ ““““““““ % b
Vs
hy b /
a a
Figure I General calculation model Figure 2 Simplified calculation model
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To designate photometric charactéristics and geometric characteristics the
suffixes 1, 2, 3, 4 and 5 are respectively used. -

Generally, illuminances on the room surfaces are given by the final luminous fluxes
obtained as a result of the combined effect of direct- and interreflected fluxes.

One denotes: @, - installed lamp flux; @, @_,, @ _ - installed luminaire fluxes (total, down-

ward and utile respectively); /= &/4,, f, = ®_,/A, fu = ®, /A, - flux densities of the interi-
or (total, downward and utile respectively); @, - luminous flux from a luminaire;
P, - lamp flux of a luminaire; @, - direct fluxes, @, - final fluxes, Ui = . @, /@ - utilances;

U,; = E; /f - reduced utilances; u; = @, /®,; - utilization factors; A;- areas; E, = @, /4, - final
illuminances; r; = (average) reflectances; N,, N,, N,, N, N; - identifying numbers of a lumi-
naire (flux code); R, = @,,/®_, - direct ratio of the installation [1, 2].

Room index K = ab/h/(a+b), ceiling-cavity index K= ab/h’/(a+b) and suspension height

ratio J = h'/(h+h’) are defined (h - mounting height, 4’ - suspension height).
Form factor from a surface j to a-surface i [3] is denoted by_)‘;.,. (sometimes substituted for

q,; to avoid confusion with flux densities).

Two simplified three-surface models may be used instead of the general model. In the sim-
plified models the ceiling and the frieze (ceiling cavity) is substituted for:
a) a single flat surface §,' (fig. 2) coinciding with the surface S; (flat equivalent ceiling)

having the area 4, and an equivalent reflectance ,, depending on r, r,, K, respectively on r P
ry K J[4, 5];

b) a single concave.surface S,' having the area 4, + 4, (concave equivalent ceiling) and the
average reflectance rc depending on 4, 4,, r,, r, [4, 5]. '

By comparing the three models described above, one can find that the general four-surface
model is more complete but the relation for computation of the flux densities or illuminances
are more complicated. More simple relations characterize the both simplified three-surface
models and it follows from the calculation that they give identical results, very close to the
general model results [5]. '

2 Comparison of different existing lumen methods used in lighting calculations

It has been shown [6] that in calculating the interior lighting the existing utilization factor
methods are actually identical with the CIE methods [1, 2], all of them rep.esenting only ver-
sions on applying the general flux transfer theory, as it is briefly exposed in Annex.

With the same procedure for determining the direct flux distribution as well as by using
properly calculated tables of coefficients and/or of utilization factors, both the CIE methods
and any other version' of the lumen method give identical results in calculating either final
luminous fluxes or illuminances on the room surfaces. Despite all appearances, even coeffi-
cients for computing fluxes or illuminances are essentially the same.

All existing methods have as common traits:

- starting from a reference arrangement of luminaires in a reference interior;

- assumptions regarding evaluation of room reflectances, illuminance uniformity, inter-
reflection circumstances. ‘

Though, the CIE methods have important advantages such as:

- an accurate and quick determination, for any arrangement of luminaires and shape of the
interior, either of direct fluxes or of their contribution to the final illuminances without neces-
sarily calculate their own values;
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- establishing and using the flux code of a luminaire as a main photometric datum (at least
for symmetrical point sources);

- computation of illuminances on all room surfaces;

- eliminating the need to produce utilization factors table for each luminaire type.

Besides that, the CIE methods have some major disadvantages among which one can enu-
merate: . '

- they make use of some quantities not having an obvious physical meaning (e.g. installed
flux density, reduced utilance, reduced utilization factor, exchange coefficient etc);

- they are difficult to understand and complicate to use;

- they require two sets of relationships used to design an respectively to verify an installa-
tion and therefore, two sets of tables for a single (and sometimes irrelevant) value of the sus-
pension height ratio;

- many tables have been elaborated depending on a given luminaire classification to which
many existing luminaires cannot be easily affiliated. :

On the other hand, both the CIE methods and the other lumen methods use tabulated data
(coefficients for computing flux densities, illuminances or final fluxes, values of utilances or

of utilization factors). This is a reminiscence of times when calculation means were still rudi- -

mentary. Frequently the number of required tables is great enough. By using tables one must
perform numerous uncomfortable interpolations and insert correction factors. Moreover, tables
cannot cover all practical cases involved in lighting design.

Under the conditions of computer-aided design, it is preferable to dispose of analytical rela-
tionships to directly calculate the quantities of interest for any value of reflectances, of room
index and of suspension height ratio.

3 Basic relations

For the reason above (§ 1), the common used model of an installation considers the luminaires
mounted on a flat ceiling and the ceiling reflectance either r, (for J = 0) or r;, (for J # 0).

Only three surfaces (depoted S, §; 8, and the corresponding direct fluxes (@, @,;, D,,)
and final fluxes (@, @, @,) are therefore taken into account.
For evaluating the interreflections one uses the form factors £, between room surfaces,

based on the final flux distribution; the inertia of the human eye cannot allow the perception
of each reflection separately.
By solving the set of simultaneous equations of flux transfer written for all model surfaces

B =g+ Y [ @) (=134 j=134)

J (3.1)
one can obtain the relationship either between direct and final fluxes or between flux densities
and final illuminances:

[@,1=[C]-[®] (3.2)
[f1=[D):[E]0rs (3.3)
where [@,], [@], [/], [£] are three-row vectors and [C], [D] result as square 3x3 numerical

matrices. :
The solution of the set (3.2), (3.3) may be written as

g o’
»where [F1=1C1 7 (3.4)
LEY=UTUT o where  L11=[D]7" (3.5)
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Coefficients [C], [D], [F] and [I] are expressed in terms of reflectances and, by means of
form factors, of room index and suspension height ratio [4, 5].

This common approach can be considered as a source of all existing relationships that a
number of countries have developed as their own individual methods in lighting calculations
using the lumen method.

The points of difference from one method to another are confined in the main to:

a) the way that the direct flux distribution and interreflections are dealt with; b) the coefficients
used; ¢) the quantities involved.

One can easily show (see Annex) that all these well-known methods used in lighting cal-
culations for interior lighting may be derived from the basic relations above.

Each method comprises a number of specific tables of coefficients for classical ("manual")
calculation of fluxes and/or illuminances.

4 Proposed method
4.1 Principles

Taking into account the exposed considerations both for and against concerning main
lumen methods, it is useful to reexamine the present CIE methods in order to:
- patch the two methods together and maintain all their important particularities concern-
ing especially the use of the flux code of a luminaire and calculation of direct fluxes;
- eliminate their useless particulars such as correction factors for unusual luminaire
arrangements or where their values are too low to be taken into consideration;
- use quantities with an immediate physical meaning;
- make them more versatile (e.g. by reducing the number of for mulas and/or tables);
- make them applicable by using computer-aided design by using either specific or gen-
eral calculation programs (e.g. Mathcad, Matlab).
Such a revised method can be recommended as an improved utilization factor method that;
- 1s logical and conceptual simple;
- 18 closer to the physical meaning;
- needs only one set of relationship both for the design and for the verification procedure
through the agency of utilization factors;
- can provide fluxes to all room surfaces;
- may also make use of a simplified model for the interior;
- uses only a single form factor (referring to rectangular parallel identical surfaces); one
may dispense from exchange cocfficients;
- may be conceived to provide procedures both for computer-aided design and for classical
("manual") calculations as well as for partly computer-aided calculations.

To perform either the design or the verification of an installation using the wtilization fac-

tor method based on the CIE methods, the following technical data are needed: dimensions of

the interior, room reflectances, luminous flux of a lamp (@,), maintenance factor ( o<l),
desired average illuminances on room surfaces (£, E;, E,), number of lamps in a luminaire
(). The Photometric Data Sheet (PDS) must contain luminous flux distribution of a luminaire
only, in the form of flux code N,...N,. If the manufacturer does not supply this datum, only the

average luminous intensity distribution (shown preferably in tabular form or in the form of a
polar diagram) is needed to calculate the flux code. Moreover, a table containing the average
geometric multipliers must be available independently of the luminaire used. One exempts

e e— s R by
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from specific utilization factor(s) table.

At the beginning one may be content with a CIE reference arrangement of luminaires in a
reference interior for which reference geometric multipliers are known (or may be calculated)
in terms of room index. Should it be necessary to depart from the standard luminaire arrange-
ment or from the reference shape of the interior, the actual arrangement and the actual shape
can be considered in a second iteration and the actual geometric multipliers can be computed
by using specific relationships and calculation programs. One finds that the results are practi-
cally few different. _

Utilization factor defined for a surface Si is the single quantity to be determined. The def-
inition of the utilization factor (§ 1) gives the main relationship used in calculations:

@ Ei Al_

: (ph' NI (pl

)

_ (4.1.1)
where N, is the numbers of lamps in the installation. This simplest relationship serves both for

the design and for the verification procedure.

Taking into account that, as in the CTE methods, there is no solution for any set of the three
desired illuminances, in the design procedure it is preferable to consider firstly the requirement
for the working plane only (and use the corresponding utilization factor), select the luminaire
and the luminaire arrangement, then pass to the verification procedure and compare provided
and given illuminances for all surfaces. If the requirements for the walls and the ceiling cavi-
ty are not achieved one can try to select another luminaire.

4.2 Calculation of the utilization factors

To calculate the utilization factors it is useful to adopt the simplified model of the installa-
tion (flat equivalent ceiling) and start from the relation (2.1.4).
The luminous flux @, and respectively the illuminance E; calculated by using the three-

surface model refer to the equivalent ceiling. Therefore, the final flux on the ceiling-cavity sur-
faces has to be calculated for suspended luminaires by multiplying that flux by the coefficient
of multiple reflections on the ceiling-cavity surfaces [4]:

K =K +2) MK +2)" “2(K r.+2r)]

(4.2.1)
The reflectance of the equivalent ceiling may be calculated by the relationship [4]:

2

A K(_ (KC r + 2:‘2 )]'/[(Kc_ +2) - 2(KL_ n + 2:’2 )] (422)
The matrix [C] in (2.1.4) has been found [4,11] as

1 ~(-f) KI2r, ~ L7
[Cl=|-(-f)r, 1-[=0-f)Klr, —U-1)r,
e L il il )= r2- 0 1 B

Using the conservation and reciprocity relationships between form factors [4,11], only form
factor between parallel flat surfaces either f,; (the case of suspended luminaires) or

fy4; (ceiling mounted luminaires) is finally used:
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5 [ya?+1 b, \[bfﬂ a,
-+
b

f45 = =i -arctg - arctg o arctg b, —
. 1{(1*2 +1 1/b*2 +1, %

(a,> +1)(b,% +1) |.
el arctg a_ + “In :

| 2a,b,  (a+b7+1)
(4.2.4)
where
a*=£=‘u+1K > b*:'E:(‘u+_[)K ; Ju‘:—b'
. ohH h a (4.2.5)
A very good approximation is obtained by the relation: '
g 0,92 ) 0,02675
j45 =.exp(— = )+ -0,011

(4.2.6)

The relation:

i VK +1-1
45 -

K 4.2.7)

also gives a good approximation.

Table giving f,; as a function of room index for standard rooms may be available as an
alternative.

For ceiling mounted luminaires r,, — rl, f,5 — f14, k, = 1.

It follows from the calculations:

uy S K AR HLE, =B+ (Fy - Fp IR N IN
Uy = AE Ly = Fy + (Fyy = Fp )R NN

u ={F +[F._~F +(F._~-F YR IN.}N
4 31 32 3l 33 32 '(! 4 5 (428)

The direct ratio R ; is given by the relation:

R, =M N, +M;N, +M;N;+M, |,

d 1Y 2%y 3i¥3 4 42.9)
where M, ... M, (average geometric multipliers for the reference arrangement of luminaires in
a standard roofn) are known as a function of room index [2].

Coefficients /7, may be calculated by using relationships derived from the inversion of 3x3
matrices [4,III]. The simplest way consists in using the numerical matrix [C] by substituting
the values of quantities involved and applying a fast method of inversion (e.g. MATHCAD or
MATLAB procedures). Simple procedures are also used to calculate &, , r;, , R, (including
interpolations for geometric multipliers corresponding to intermediate values of K) and
finally utilization factors.
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General data already introduced:

Matrix of average reference geometric multipliers . |

Vector of reference values of the room index (0,6;1;...;5;10) |
|

Calculation data to be introduced:

Room dimensions: a=6,5m;b=10,5m; h=2m; h'=0,5m
|
l

Reflectances: r=07;r,=051r;=05;r,=0,1
Luminaire data:
a) Flux code: N; = 0,31; N, = 0,59; N5 =0,83; N;=0,68; Ns = 0,92
or
b) Luminous intensity distribution I() , &t = 0°, 5°, 15°, ......... 175¢

b

Flux code (if not supplied)
Room index
Direct ratio
Utilisation factors

Final results: |
Direct ratio: Ry= 0,531 ; Utilisation factor(s): e.g. uy= 0,579 |

Program calculations:

Figure 3 Calculation of direct ratio and utilization factors

|
Denoting !
By =&y 1812:F|2— e i Fijg ¥l i
A=, , Bzé Frhaa = ’ ’?23 =Fy - F, (4.2.10) l
B.%I:Fll ) By, =5, = £ ’Buanfoz )

equations (4.2.8) become

w =K {8 +[B,+B R IN}N,

== J 1
U, = {BZI —th[B22 l-J‘E?23 R{I]N4,N

— 1
S PNE ‘B:u 1L[332 +B_13R¢!]N4JN5

Tables with coefficients By. or I i calculated for certain reference combinations of room

reflectances and room index values may be also available if classic ("manual") calculations are
desired [7]. At least three tables are needed if the working plane is only considered. However,
this practice eliminates the advantages offered by the analytical procedure described above.

i
|
i
5 (4.2.11) i
!

As an example, figure 3 illustrates the main steps of a program used to calculate direct ratio |
and utilization factors :
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ANNEX
Particular procedures used with the lumen method
For s.implicity, the discussion will be restricted to the relationships for the working plane.

For the working plane, the reduced utilance Ur4 and the utilance U4 are the same. Working
plane utilization factor may be expressed as:

| W, = U 4N 5 2
where N is the light output ratio of a luminaire.

A.1. CIE Basic Method [1] and French (basic) Method [8]

From (2.5), it results for the working plane

Ey=lydbly J Hal, (A.1.1)
respectively
Ey =y +(Usp +13 RN S (A.12)
where Ry =Pu!®, is the direct ratio of the installation and Ny=®., 7%,
The expression
Ui =Yy Tyt gy +4, RN, (A.1.3)
gives the (reduced) working plane utilance.
The working plane utilization factor will be:
uy =y + Uy, + L, RN N, (A.1.4)
A.2. French Applied Method [9] -
Denoting
Sl ok , e (A2.1)
the expression (A.1.2) can be written as
E;=(RNy Ry +8)f=Rf, +8)] (A2.1)
" bt ! : .
where £, =41 is the relative flux density on the working plane.

The (reduced) working plane utilance and the corresponding utilization factor are
expressed as:

U”l =U4:Rj” )

u, = (Rf” +S)N5

(A.2.2)
A.3. Russian Method [10]
The general equat.ions (2.1) for the three-surface model are written in the form:
2
R L +qu‘j " q),")Ki Z (A3.1)
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where £; is the coefficient of multiple reflections on the surface i. With a flat ceiling model
k; =k =1 kpeid

It follows from (A.3.1) a set of simultaneous equations similar to (3.4) with the solution for
the working plane: -

(A.3.2)
where coefficients A, B and C are also expressed in terms of room reflectances and room
index.

The utilization factor is given by:
u, :(AGDUl +B(DU3+CG504)/(DH (A3.3)
By employing (A.1.1) one has
P,=E,4,=1,P+1,0 +1,9P,
wherefrom
Py=dy Py + Uy +L,)Py + Uy + 1, +1,)D, (A.3.4)
By comparing (A.3.4) with (A.3.2), it is easily seen that:
bl b lislangon e 1wl =€ . (A35)
A.4. Transfer Factors Method [11]
The working plane utilization factor is given by
T e (A.4.1)
D =d /D o KL pil I I
where i 0i I denote distribution factors and 14 ,T34 , 4 and are transfer factors
between room surfaces.
Note the identity of equations (A.4.1) and (A.3.3) wherefrom
T TR Tl L (A4.2)

A.5. British Zonal Method [12]

Using the downward and upward components of the flux from the installation to the work-

ing plane ( Pes and Pan ), one can express the utilization factor as:
Uy = U +U

UT] o

Allen (A5.1)

= U =@ []D s :
wilhgre “w — Paw ! Ty and " 4n 0 are lower and upper flux utilances respectively and

B =% 1%y, , By % are downward and upward light output ratio of a luminaire
(@, is the lamp flux of the luminaire).
It 1s easily to show that

UosU-R)T, +R,T, : Ui

E4 :[(1—N4)Um'+N4 Uu]f
It follows from (A.5.2), (A.4.2) and (A.3.5) the general equation (A.1.2).

(A.5.2)
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O VARIANTA RAPIDA, RATIONALA, EFICIENTA $I PRECISA
A METODEI FLUXULUI LUMINOS, FOLOSIND UN MINIM
DE DATE S| MATERIALE AUXILIARE

Rezumat

Se propune reunirea diverselor variante ale metodei factorilor de utilizare si metodelor propuse
de CIE, infr-o metoda unicd, operativa §i mai precisa de proiectare i verificare a instalatiilor
de iluminat, reunind avantajele tuturor metodelor existente. Metoda are la baza relatii analitice
pentru calculul mai exact al factorilor de utilizare corespunzatori suprafetelor Incaperii, solici-
tand un numar minim de date luminotehnice initiale specifice corpului de iluminat folosit
(codul de flux CIE sau distributia intensitatii luminoase) si generale (multiplicatorii geome-
trici medii de referinti, in functie de indicele instalatiei). Se elimini astfel necesitatea tabelelor
cu factori de utilizare precalculati specifici fiecarui corp de iluminat, precum si a interpolarilor
inerente. Amplasarea si configuratia de referintd conduc la rezultate acceptabile practic. Pentru
instalatii care se abat de la situatia de referintd, multiplicatorii geometrici se pot, de asemenea,
calcula. Ca si toate celelalte proceduri existente, metoda se aplica in cazul asimildrii corpurilor
de iluminat cu surse punctiforme simetrice, caracterizate prin curba de distributie medie a
intensitatii luminoase.

1 Modelul de calcul al instalatiei de iluminat si notatii

Modelul general pentru calculul iluminatului interior general folosind metoda factorului de
utilizare (metoda fluxului luminos) este un paralelipiped in care se disting urmatoarele
suprafete perfect difuzante (fig. 1):

- trei suprafete materiale S, S,, S, (tavanul, friza i cei patru pereti considerati impreuna)
caracterizate prin ariile corespunzitoare 4, = ab, A2 = 2h'(a+b), A3 = 2h(a+b) si factorii lor

R S S S S S e S R S ey Y
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de reflexie rj, ry, 13 ; . |
- planul de lucru (util) S, (suprafatd materiald sau materializata, nu totdeauna continua si

- planul corpurilor de iluminat S (suprafatd nemateriala).

omogend) avénd aria 4, = ab, cdreia i se poate atribui un factor de reflexie echivalent r ;

Pentru definirea caracteristicilor luminotehnice si geometrice se folosesc respectiv indicii
7 % 3. 451 5

In general, iluminirile pe suprafetele incdperii sunt date de fluxurile luminoase finale
obtinute ca efect combinat al fluxurilor directe i reflectate.

Se noteaza: @, - fluxul limpilor instalate; @ , @, , @ - fluxurile luminoase instalate
(respectiv total, inferior si sﬁperior); f=dA, f,=® /A, fu=, /A4, - densititile de flux |
(respectiv totald, inferioara §i superioard); @, - fluxul luminos al unui corp de iluminat; .E
@, - fluxul lampilor dintr-un corp de iluminat; @, - fluxurile directe, @~ fluxurile finale; Ui
=. @,/® - utilantele; U, = E, /f - utilantele reduse; u; = @./®,, - factorii de utilizare; 4; - ari-
ile; E. = @, /A - ilumindrile finale; r; = factorii de reflexie (medii); N;, N, N; N, N - indica-
torii de distributie ai corpului de iluminat; R , = @,,/®, - raportul direct al instalatiei [1, 2]. ;

Se definesc marimile adimensionale: indicele instalatiei K = ab/h/(a+b), indicele cavitatii ‘
tavan-frizd K, = ab/h’/(a+b) si raportul de suspendare J = h’/(h+h’) (h - inaltimea de montare, |
h'- distanta de suspendare). Ii

Factorul de formi al suprafetei j in raport cu suprafata i [3] se noteazd cu fﬂ (notatie ||
inlocuitd uneori cu q;;» pentru a evita confuzia cu densitétile de flux). |

Practica arati ci in locul modelului general (cu patru suprafete de calcul) se pot folosi doud |
modele simplificate, cu céte trei suprafete de calcul, in care tavanul si friza (cavitatea tavan- ‘
frizd) sunt inlocuite cu: - : |

a) o suprafatd plana S’ (fig. 2) care coincide cu suprafata S (tavan echivalent plan) avand |
aria 4, si un factor de reflexie echivalent r 1, care depinde de r, r), K respectiv de |
Vi For Bsid (35 91 '

b) o suprafatd concava S1' avand aria 4, + A, (tavan echivalent concav) si factorul de
reflexie mediu rc depinzdnd de 4, 4, r, 1, [4, 5]. |

Comparand cele trei modele descrise anterior, se constata ca modelul general este mai com-
plet, dar relatiile de calcul al densitatilor de flux sau iluminarilor sunt mai complicate. Ambele |

|
|
\

modele simplificate sunt caracterizate prin relatii mai simple $1, asa cum rezultd din calcule,
conduc la rezultate foarte apropiate de cele obtinute prin folosirea modelului

general [5].
2 Comparatie intre diversele variante existente ale metodei fluxului luminos

Asa cum s-a aratat [6], metodele factorilor de utilizare folosite in prezent sunt practic iden-
tice cu metodele CIE [1,2], reprezentand doar variante ale teoriei generale a transferului de
flux luminos , aga cum se aratd pe scurt in Anexa.

Pentru aceeasi proceduri de determinare a fluxurilor luminoase directe, ca si prin folosirea
corectd a tabelelor precalculate cu coeficienti/factori de utilizare, atat metodele CIE cét si orice
altd versiune a metodei fluxului luminos conduc la rezultate identice in calculul fluxurilor
luminoase finale sau al iluminérilor medii pe suprafetele incaperii. In ciuda aparentelor, chiar |
si diverse variante ale coeficientilor de calcul al fluxurilor sau iluminarilor sunt in esenta
aceleasi. '
m———————_[NGINERIA ILUMINATULUI , nr. 7 - 2001

R e e T A R




Toate metodele existente au ca trisdturi comune:

- considerarea initiald a unei amplaséri de referintd a corpurilor de iluminat intr-o incapere
standard (de referinta):

- ipotezele privind evaluarea factorilor de reflexie, uniformitatea iluminarii, conditiile de
schimb reciproc de flux luminos intre suprafete.

Cu toate acestea, metodele CIE au avantaje importante cum ar fi:

- determinarea rapida si precisa, pentru orice amplasare a corpurilor de iluminat si orice
configuratie a incaperii, fie a fluxurilor directe, fie a contributiei lor la iluminarile finale, fira
a calcula in mod obligatoriu valorile respective;

- folosirea codului de flux al corpului de iluminat ca principald datd luminotehnica (cel
putin pentru sursele de lumina punctiforme simetrice):

- calculul iluminarilor pe toate suprafetele incdperii:

- eliminarea necesititii cate unui tabel cu factori de utilizare pentru fiecare corp de ilumi-
nat.

Pe langa aceasta, metodele CIE prezintd dezavantaje importante, printre care se pot enu-
mera:

- utilizarea unor marimi fird o semnificatie fizicd directd (de exemplu, densititile de flux
instalat, utilantele reduse, factori de schimb tec);

- sunt mai dificil de inteles si de aplicat;

- necesita doud seturi de relatii folosite pentru proiectarea respectiv verificarea unei insta-
latii si, prin urmare doud seturi de tabele pentru o anumita (i uneori nerelevanta) valoare a fac-
torului de suspendare: |

- multe tabele sunt intocmite pe baza unei clasificari a corpurilor de iluminat, la care cor-
purile reale nu se pot afilia totdeauna.

Pe de altd parte, atit metodele CIE, cit si alte variante ale metodei fluxului luminos au la
baza folosirea de date tabelate precalculate (coeficienti pentru calculul densitétilor de flux, ilu-
mindrilor sau fluxurilor finale, valori ale utilantelor sau ale factorilor de utilizare), reminis-
centd a vremurilor cind mijloacele de calcul erau rudimentare. Deseori, numarul tabelelor
necesare este destul de mare. Folosirea tabelelor implicd numeroase si inconfortante inter-
polari, precum si introducerea de coeficienti de corectie. De asenienea, tabelele nu pot acopert
toate cazurile practice dintr-o instalatie de iluminat. ;

In conditiile proiectirii asistate de calculator, este preferabil sd se dispuna de relati
analitice care sa permitd calculul direct al marimilor care prezintd interes, pentru orice valori
ale factorilor de reflexie, ale indicelui instalatiei sau ale raportului de suspendare $i pentru
orice corp de iluminat.

3 Relatii de bazi

Pe baza consideratiilor precedente (§ 1), cel mai uzitat model de calcul consideré corpurile
de iluminat montate pe un tavan plan avind factorul de reflexie fie rl (pentru J = 0), fie r/,
(pentru J # 0). In consecint, trebuie considerate numai trei suprafete de calcul
(S, S, S,) si fluxurile corespunzitoare directe (@), P, @,,) si finale (@, @, D).

In vederea evaludrii interreflexiilor, se folosesc factorii de forma f¥ intre suprafetele
incaperii, deoarece inertia ochiului ni permite perceperea separata a fiecarei reflexii.

Rezolvand sistemul de ecuatii referitoare la schimbul de flux scrise pentru cele trei
suprafete ale modelului (3.1), sc obtin relatiile fie intre fluxurile directe §i fluxurile finale, fie
intre densitatile de flux si ilumindrile finale (3.2, 3.3) unde [@,], [@], [/], [E] sunt vectori cu

trei coloane iar [C], [D] sunt matrice numerice 3x3.

R N S T T T R S E RN S 5
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Solutiile sistemelor (3.2), (3.3) pot fi scrise sub forma (3.3, 3.4).

Factorii [C], [D], [F] s1 [/] se determina in functie de factorii de reflexie si, prin intermedi-
ul factorilor de forma, in functie de indicele instalatiei si de raportul de suspendare
[4,5]

Aceasta abordare este sursa tuturor relatiilor pe care diverse téri le-au stabilit ca propriile
metodologii de calcul folosind metoda fluxului luminos. Diferentele principale intre acestea
constau in: a) modul de operare cu distributia fluxurilor directe si cu interreflexiile: b) factorii
(coeficientii) folositi: ¢) marimile care intervin.

Se poate ardta usor (a se vedea Anexa) cd toate metodologiile ("metodele") cunoscute
folosite in calculul iluminatului interior pot fi deduse din relatiile de baza prezentate mai sus.

Fiecare "metoda" contine un numar de tabele specifice de factori (coeficienti) folositi pen-
tru calculul clasic ("manual") al fluxurilor luminoase si/sau al iluminarilor.

4. Metoda propusa
4.1 Principii

Avind in vedere consideratiile pro si contra, expuse mai sus, privind metoda fluxului lumi-
nos, devine utila reexaminarea celor doua metode CIE existente in sensul de a reuni metodele
respective §i variantele uzitate ale metodei factorilor de utilizare, mentinand particularitatile
importante ale fiecareia, in special in privinta utilizdrii codului de flux (indicatorilor de dis-
tributie) pentru un corp de iluminat i calculul fluxurilor directe, rezultdnd o metoda care sa
realizeze: :

- eliminarea particularitatilor inutile, cum ar fi factorii de corectie pentru amplasari ale cor-
purilor de iluminat diferite de cea de referintd sau cei cu valori prea mici pentru a fi luate in
consideratie in practica;

- folosirea de marimi cu semnificatie ﬁzwa nemijlocita;

- operativitate si suplete, de exemplu prin reducerea numarului de formule si/sau de tabele
sau eliminarea unora dintre acestea;

- adaptarea la proiectarea asistatd de calculator, cu folosirea unor programe de calcul atat
specifice cit si generale (de exemplu MATHCAD, MATLAB).

O astfel de metoda poate fi recomandati ca o variantd Imbunatatita a metodei factorului de
utilizare care reuneste calitétile tuturor celorlalte metode si care:

- este logicd si simpla;

- este mai apropiata de sémmﬁcatla fizica;

- necesitd un numir minimal de date de catalog initiale, renuntindu-se la t'tbele cu valori
precalculate, specifice fiecarui corp dé iluminat;

- necesitd un singur set de relatii atit. pentru problema de proiectare cat §i pentru problema
de verificare a unei instalatii, care pot fi extinse la orice amplasare a corpurilor de iluminat §i
orice incapere;

- permite determinarea fluxurilor luminpase si a ilumindrilor pe toate suprafetele incdperii;

- foloseste un singur factor de forma (pentru doua suprafete paralele identice), eliminandu-
se coeficientii de schimb; - '

- poate fi folositd atat pentru proiectarea asistatd de calculator cat si pentru proiectarea cla-
sicd ("manuald").

In vederea proiectirii sau verificarii unei instalatii de iluminat, folosind metoda factorilor
de utilizare bazatd pe metodele CIE, sunt necesare urmitoarele date initiale: geometria
incaperii, factorii de reflexie ai suprafetelor, fluxul luminos al unei lampi (@), factorul de
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mentenantd (6 < /), iluminarile medii necesare pe suprafetele incaperii (£, £;, E,), numarul
de lampi dintr-un corp de iluminat (#,). Singura data luminotehnica referitoare la corpul de ilu-
minat folosit este codul de flux N,...N,. Dacd fabricantul nu ofera aceasta datd, este necesara

distributia In plan a intensitatii luminoase, sub forma curbelor polare sau, preferabil, sub forma
tabelara. Pentru initierea calculului, este necesar un tabel cu multiplicatorii geometrici medii
ai instalatiei independent de corpul de iluminat folosit.

Pentru Inceput se poate opera cu o amplasare de referinta CIE, intr-o incapere de referint,
pentru care multiplicatorii geometrici sunt cunoscuti (sau pot fi calculati) in functie de indicele
instalatiei. In cazul unei amplaséri diferite si/sau al unei incdperi de proportii diferite fata de
valorile de referintd, acestea pot fi luate in considerare intr-o a doua iteratie cind multiplica-
torii geometrici reali pot fi calculati. Se constatd insd ca rezultatele obtinute in situatiile prac-
tice sunt relativ putin diferite.

Factorul de utilizare definit pentru o suprafatd Si este singura marime care trebuie deter-
minatd. Pe baza definitiei factorilor de utilizare (§ 1), rezultd principala relatie folosita in cal-
cul (4.1.1), unde N, este numarul total de lampi din instalatie. Aceasta relatie extrem de sim-

pla serveste atat pentru calculul de proiectare, cét si pentru calculul de verificare.

Deoarece, ca si in metodele CIE, pentru corpul de iluminat ales nu existd totdeauna o
solutie pentru orice combinatie de valori ale iluminarilor necesare pe cele trei suprafete de cal-
cul, este preferabil sd se considere. initial numai cerintele impuse pentru planul de lucru (si sa
se foloseasci factorul de utilizare corespunzator), si se stabileascd numdrul de corpuri de ilu-
minat i amplasarea lor, apoi s se treacd la operatia de verificare si sd se compare valorile
obtinute i impuse ale iluminarii pe toate suprafetele. in cazul cand nu sunt satisfacute cerintele
impuse pentru pereti si tavan, se poate incerca alegerea unui alt corp de iluminat cu o dis-
tributie convenabila. - :

4.2 Calculul factorilor de utilizare

Pentru calculul factorilor de utilizare este indicat si se adopte modelul simplificat al insta-
latiei (tavan echivalent plan) si sd se porneascd de la relatia (2.1.4).

Fluxul luminos @; si respectiv iluminarea £ calculate folosind modelul cu trei suprafete
de calcul se referd la tavanul echivalent. Prin urmare, fluxul luminos final pe suprafetele cavi-
tatii tavan-frizd trebuie calculat (4.2.1), pentru corpurile de 1luminat montate suspendat, mul-
tiplicand acest flux cu factorul de reflexii multiple pe suprafetele respective
[4]. Factorul de reflexie al tavanului echivalent poate fi calculat cu relatia (4.2.2) [4]

Matricea [C] din (2.1.4) poate fi calculati folosind relatia (4.2.3) [4].

Folosind relatiile de conservare gi de reciprocitate intre factorit de legatura [4],, rezulta ca,
in final, va fi folosit numai factorul de forma intre doud suprafete plane paralele f, 5 (pentru

montajul suspendat) sau f,, (pentru montajul corpurilor de iluminat direct pe tavan) (4.2.4,

4.2.5).
O foarte buna aproximare se obtine cu relatia (4.2.6).Relatia (4.2.7) permite, de asemenea,

o buni aproximare. .
Ca o alternativa, poate fi precalculat un tabel al f;; (f,,) In functie de indicele instalatiei.

Pentru corpurile de iluminat montate pe tavan: r,, = r, f,5 = L1k = 1.

Din calcul, rezultd expresiile (4.2.8).
Raportul direct R, este dat de relatia (4.2.9) in care M, ... M, (multiplicatorii geometrici

medii pentru amplasarea de referintd intr-o incdpere standard) sunt cunoscuti in functie de
indicele instalatiet [2].
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ilor care intervin si s se aplice 0 metoda de inversare rapida (de exemplu, o secventd MATH-
CAD sau MATLAB). Alte procedee simple pot fi folosite pentru a calcula

intermediare ale ui ) si, in final, factorii de utilizare.
Notand (4.2.10), ecuatiile (4.2.8) devin (4.2.11).

factorii Bij sau Fij pentru anumite combinatii de referintd ale factorilor de reflexie ai
suprafetelor §i anumite valori ale indicelui instalatiei [7]. Sunt necesare cel putin trei tabele in

cazul considerdrii numai a planului de lucru. Aceastd modalitate elimini insa avantajele oferite
de modalitatea analitica descrisi anterior.

In figura 3 se prezintd pasii p11r1c1pa11 al unui program de calcul al raportului direct si al
factorilor de utilizare.

Date generale introduse inifial:
Matricea multiplicatorilor geometrici medii de referintd
Vectorul valorilor de referintd ale indicelui instalatiei

Date de calcul care trebuie introduse:
Dimensiunile incaperii: a = 6,5 m; b = 10,5m; h=2m; h'=0,5m
Factorii de reflexie: r; =0,7; r, = 0,5; r;=0,5; r, = 0,1
Datele corpului de iluminat
a) Codul de flux: Ny =0,31; N, = 0,59; N; = 0,83; N, = 0,68; N;=0,92
sau
b) Distributia intensitatii luminoase I(ct) , ot = 0°, 5°, 15°,

Calcule efectuate prin program:
Codul de flux (dacd nu este indicat)
Indicele instalatiei
Raportul direct
Factorii de utilizare

Rezultate finale:
Raportul direct: Ry = 0,531 ; Factorii de utilizare, de ex, uy= 0,579

Figure 3 Calculul raportului direct si al factorilor de utilizare
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Preda cursuri de Instalatii electrice si [luminat electric. Autor de manuale universitare
$i lucrdri stiintifice in domeniu. Contributii la studiul surselor de lumina si al caracte-
risticilor corpurilor de iluminat i la calculul instalatiilor de iluminat interior,
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Factorn F ; Pot fi calculati folosind relatiile care rezulta din inversarea unei matrice 3x3 [4].

Cel mai simplu este insa si'se utilizeze matricea numerici [C], prin inlocuirea valorilor marim-

k., 1., Ry (inclusiv interpolarea pentru multiplicatorii geometrici corespunzatori valorilor

In vederea unei eventuale calculatii clasice ("manuale"), se pot furniza tabele continand




