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Efficacy of LED is increasing leaving conventional lm zuMTOBEL
light sources behind

Efficacy LED:
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Quality of LED lighting lm zuMTOBEL

Investigation of specific features of LED lighting
solutions

Comparison with conventional lighting solutions

CIE 205:2013 Review of lighting quality measures for
interior lighting with LED lighting systems

Further workplan for CEN TC 169 WG 2 “Lighting of
workplaces”

i.e. EN 12464-1 “Lighting of interior workplaces” -
2011
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The following quality measures were considered for relevance MW ZUMTOBEL
to indoor functional lighting with LED lighting systems (1)

Task visibility: uniformity of horizontal illumination .
reflected glare Conclusion: _
veiling reflections New glare evaluation system
shadows needed for discomfort and
overhead glare arriving from LED
Visual comfort: discomfort glare features
overhead glare
luminance ratios Conclusion:
visual fatigue New metric for flicker and
eyestrain, stroboscopic effects is required
Flicker and strobe
Conclusion:
Modelling of faces and objects Metric for modelling should be

further developed

CIE 205:2013 Review of lighting quality measures for interior lighting with LED lighting systems
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The following quality measures were considered for relevance MW ZUMTOBEL
to indoor functional lighting with LED lighting systems (2)

Colour appearance: colour rendering Conclusnon_: _
light colour preference A new metric for colour rendering
object colour appearance is required

Consistency of colour and luminous flux over time CO"C!USW":
and space Consistency measurements to be

standardised.

Appearance of spaces: room surface brightness
distribution of light on surfaces

Appearance of the light source and luminaire
style
integration into architecture
appropriateness of appearance
size, etc.

CIE 205:2013 Review of lighting quality measures for interior lighting with LED lighting systems
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Life time metrics lm ZUMTOBEL

100.000 h
75.000 h —
50.000 h

25.000 h ?
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Life time of light sources, electronics and luminaires
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Life time metrics = ZUMTOBEL

100.000 h
75.000 h e
50.000 h
25.000 h

Rated Median Useful Life (of LED modules) (L))

length of time during which 50 % (B,) of a population of
operating LED modules of the same type have
parametrically failed, under standard test conditions as
declared by the manufacturer or responsible vendor

Source: IEC 62717 LED modules for general lighting - Performance requirements
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Situation for lighting design lm zuMTOBEL

Many manufacureres
Many products
Many data

Many informations

!,-"5“ e
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ZVEI Leitfaden: to help designers, manufacturers and im ZUMTOBEL
specifiers

Who is ZVEI — FV Licht?

- o : ZVEL:
- Association of lighting industy in Germany
Leitfaden = Guide Lefaden
,Safety in designing LED-lighting* _Planungssicherheit
in dw_zr_LE[‘I—HElEu:htung

Time in LED lighting: 1

Life time: to describe a LED type

Usage time: to design maintenance
—

Time to failure: to define guarantee
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ZVEI| — Guide: degradation of luminous flux and abrupt failure - lm zuMTOBEL

new gradual LB abrupt L C

HHE B - B B

LED luminaire Luminous flux degradation Abrupt failure
100% LED luminaire LED luminaire
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ZVEI| — Guide: degradation of luminous flux and abrupt failure

____ L ZUMTOBEL

Life time descriptions LED-luminaires

= L, : rated median useful life

= B, : percentage

= L, :life when flux=0

= C, : percentage of abrupt failure

Luminous flux-
degradation
(L.B,)

Abrupt
failure
(LOCz)
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Rated median useful life L, i ZUMTOBEL

- Rated median useful life L,: time when certain percentage reaches luminous flux of x %

- Example: L,,, 50.000h or L, 50.000h
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- Example: L,, B, 50.000 h: 50 % <70 % flux - LLMF = 0.70 I zumTosEL

- Example : Ly, B,,, 50.000 h: 50 % < 80 % flux = LLMF = 0.80
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m ZUMTOBEL

« Example: : 10 % < 80 % Lichtstrom - LLMF = 0.85
o1% ¢
100 = i l 1 1
Gl L,,, 50.000 h
90 \% T - I
S = |
80 = ——we — -
70 | | S F
|
60 — If nothing else declared: \
Average = B, \
50 i \_
I ‘ .
10000 20000 30000 40000 60000 70000 80000 90000 10000
t/h
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Abrupt failure fraction C, im ZUMTOBEL

1. IEC- life time metrics:
a) rate life L, and B,

b) rated life L,C, (flux = 0) for defined percentage of z: f.e. 5 % or 10 %,
f.e.: Ly, B;,— 50.000 hand L, C,,—97.000 h

2. Lighting design:
Rated life L,, B, and abrupt failure at same time C,

fe. L,,B,,C,-50.000h orL,,B,,C,-50.000 h or

J J
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Designing for maintenance lm zuMTOBEL

Maintenance factor

Standard in lighting design with convetional
light sources

EN 12464: The designer shall ... state the MF
and list all assumptions made in the derivation
of the value ...

To be applied to LED lighting
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Maintenance of indoor electric lighting systems MW ZUMTOBEL

MF = (LLMF x LSF) x LMF x RMF 160 % —
140 % —]
MF: Maintenance Factor s
4 _:J I'_\_ I
LLMF: Lamp Luminous Flux e
Maintenance Factor i
B0 % — Luminaire maintenance: avary year
. Aoom surface maintenance: evary J yoars
LSF: Lamp Survival Factor e s TaR A e e
40 % = Faulty lamp replacemant: mmadataly
LMF: Luminaire Maintenance = I : | | - | |

0.5 1.0 1.5 2.0 25 20 3.5

Factor ' s
RMF: Room Maintenance Factor

Source: CIE 97:1992 : Maintenance of indoor electric lighting systems
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Lamp maintenance factor for conventional lamps ... b= zumTOBEL
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Lamp maintenance factor to be applied for LED light sources b= zumTOBEL
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Maintenance factor in lighting - lm zuMTOBEL

LFI?J— I[ Betriebsdausr in 1000 h
Uchtstromilassen
Kenmaerte 1 3 1w | 15 | 20 | 25 | 20 | 35 | a0 | a5 | 50 | 55 | 60 | 55 | 70 | 75 | o | 85 | %0 | %5 | 100
| LD SO0 Y| LLMF | 100 | 020 | 008 | 087 |09 | 0895 | 094 | D93 | 082 | 091 | 090 | 082 |088 | 087 | D86 | 085 | 084 | D83 | 082 | 081 | 0,80
! LEF 1 1 1 1 1 1 1 1 1 1 i 0% | 095 | 099 | 059 |05 | 053 | 095 | 055 | 055 | 0,95
| La 100,000 k|| Lusar || 100 | 200|099 |0 |ose|osa| 097 |oar|o9s [oss | oss|oss |osa|oss| 093 |03 ]os2]|os:z |os: |05 | o0
' L5F 1 1 1 1 i 1 1 1 1 1 i 1 1 1 1 053 | 058 | 098 | 095 | 095 | 083
LEO 0,000 K| LLBAF 1006 | 098 | 094 | 0584 052|050 | 088 | G868 | OBL |OBZ |08 | OFE | 008 | 074 | 0,72 | 070 | 088 | 088 | 084 | O62 | 080
LSF 1 1 1 1 1 1 1 1 1 008 | 090 | 020 | 085 | 009 | D92 | 050 | 000 | 000 | 090 | 098 | 003
| Lso 1m.umnuMF 100 (099 | 008 | 057 [o96] 095|024 | 093 (092 | 051 090 (o (088 | 067 | 0.85 (085 | 0.84 | 083 | 0,82 | 0.81 | 0,80
| LSF 1 1 1 1 1 1 1 x 1 1 1 1 1 |oss|o99 |05 |05 | o9 |oss | 0ss | 0ss
i . = — e — - e e —
| LTQ So.000h|j LLMF || 099 (087 |O8a | QPl o8B |OoEs | 082 |oTR | Qs 073|070 | 057 | 064 | 6L | 058 | 055 | 052 | 049 | 046 | 043 | DA0
! LEF 1 1 1 1 1 1 095|059 |05 |05 | 0595|055 | 099 | 059 |059 |05 | 058 | 098 | 058 | 098
| L70 100,000 k]| LsaF || 100 |0ss |os7 |o9s |oss | 093|091 090|082 [oE7 |oes|oza |os2 o8 |09 |07 |ovs|o7s 073|072 ] 070
1 L&F 1 1 1 1 1 1 1 1 1 1 059 | 095 | 082 | 0583 | 052 | 058 | 0958 | 055 | 055 | 083
L8O 50.000 b Lisar Il 059 | 096 (o092 [ossoss|oso|o07e | 072 |06 [oes oo ose |05z 048] 0ad |00 o36] 052 o2s|o24] 020
E LSF 1 1 1 1 1 000 | 090 | 003 | 009 | 000 | 090 ) 050 | 0099 | 002 | 092 | 058 | 0.9 | 094 | 092 | 083 | D.BD
I L&D 100,000 RY| LLAAF || 100 | 098 | 096 | 0584 | 052 | 050 | 060 | 066 | O848 | 082 | 080 | 078 076 |02 | 072 | 070 | 068 | 086 | D84 | 062 | D6
I LSD S0.000 R LLMF '_ﬂ-,E'P _IE".!IE 000 | 085 | 080 | 0.75 | 0.7 | 065 | 060 | 0.55 | 0.50 | 045 | 040 f.'l.3_§ 0,30 | 0.25 | 0.20 __D,.I.E 010 n.‘q-s 0,00
LSF 1 1 1 |ose|ows|ow|o9s |09 |09z |ose|oss|osa|oss|0os7| 095 |00 |020| o0 |00 |02 | 000
I L5D 100000 ) LLAAF | 100 (098 | 095 | 083 | 000 | D58 | 085 | 083 | OBD [O78 | Q.75 | 073 | 070 | 068 | 065 | 063 | 06D | 058 | 055 | 053 | 050
LSF 1 1 1 1 1 1 1 |o9s|09s (oss |oss| o9 |09z |09z | 052 |oss |oss|osy |09 | 097 | Do7
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From IEC standard to guides lm zuMTOBEL
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Data sheet: agreed major parameters

Lighting parameters:

Light source:

Luminaire luminous flux*:

Luminaire efficacy:

Colour rendering index CRI (R, )
Correlated colour temperature:
Colour consistency (initial MacAdam):
Rated life time:

Rated ambient temperature :

Electrical parameters:
Ballast:
Luminaire connected load* :

* Rated values

NAME

Im

Im/W

min. or >

K

(number)

f.e. L70 at 50.000 h
°C (optional when
different from 25°C)

NAME
W

e p—

B fuuToRE
I

Lo . S L, G S

-----

h ZUMTOBEL
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Summary lm zuMTOBEL

LED quality essential for lighting quality

Life time metrics to be applied to
Type (Life time)

Maintenance Factor (Usage time for design)

Trustful data to compare apples with apples
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Dipl.-Ing. Peter Dehoff
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