MR11 LED EVALUATION

DATE: 12/11/09 | PART N° >2500 lux @ 0.5m MR11-02-5500-01 REPORT N°2337/C
ISSUE: 2 >1300 lux @ 0.5m MR11-02-2700-03
>1500 lux @ 0.5m MR11-02-5500-02
>1000 lux @ 0.5m MR11-02-2700-04

CONTENT

1.0 EXECUTIVE SUMMARY

2.0 CONVENTIONAL MR11 LIGHT SOURCES

3.0 LED ILLUMINANCE, LIGHT QUALITY AND BEAM ANGLE TESTING
3.1 TABLE 1 - LIGHT TEST RESULT TABLE

4.0 BUILD QUALITY COMPARISON

5.0 THERMAL OPERATING TESTS

5.1 TABLE 2 - TEMPERATURE TEST RESULT TABLE

6.0 TEMPERATURE CYCLING TESTS

7.0 RECOMMENDED PRODUCT(S)

7.1 TABLE 3 — MR11 LED PRODUCT EVALUATION RESULTS
8.0 CONCLUSIONS

9.0 HOW TO ORDER

1.0 EXECUTIVE SUMMARY

This report has been adopted for general release to assist customer evaluation. The Marl Test
Laboratory was requested by the Marl Marketing and Sales Departments to investigate the
sourcing and selection of a suitable MR11 LED lamp to meet and exceed customer expectations
of professional markets in the UK.

The report details a preselected range of 12 samples proactively sourced by the Marl Purchasing
Department from global supply chain partners. The report details the device selected for active
promotion and supply, whilst the configuration of the report allows customers to see comparative
performance and test data against the devices not selected. Readers should note that the
samples are identified numerically 1 — 12 with No.9 being selected for active promotion.

2.0 CONVENTIONAL MR11 LIGHT SOURCES

For background information; a conventional MR11 lamp operates at 10W, 20W or 35W and
have an average illuminance per watt of 81 (based on a 10W version). They have an average
life expectancy of 2,000hrs compared to 20,000hrs+ from the LED versions. The maximum
power of the LED products evaluated was 2.7VA which represents a significant power saving
over the conventional lamp. The LED lamps evaluated would be suitable to replace the
conventional 10W and 20W halogen, however the 35W would have a significantly higher lumen
output over the LED.

3.0 LED ILLUMINANCE, LIGHT QUALITY AND BEAM ANGLE T ESTING

Each product was operated from a 12Vac, 50Hz voltage source and the beam angle was
recorded using a template sheet for direct comparison between samples. The illuminance was
taken from a reference height both central to the beam and at a set distance either side. The
light beams were also projected onto a white screen to analyse the light quality and for direct
comparison. These measurements were used to calculate the lux per VA (power) of the units.



The results are given in the table below.

3.1 TABLE 1 - LIGHT TEST RESULT TABLE

Max Colour Light
Sample Power LUX LUX @ LUX Average  Temp  Quality Beam AVG
No (VA) LH 50cm RH LUX (K) High Angle  LUX/W
1 2.4 74 2767 180 1007 5500 High 25° 422
2 2.2 107 1157 260 508 5000 Low 50° 227
3 1.9 67 1667 180 638 5500 Mid 25° 330
4 2.2 77 1337 280 565 5500 Mid 50° 259
5 1.9 87 1267 240 531 5500 High 30° 281
6 2.0 27 947 160 378 5500 High 50° 186
7 1.0 87 397 250 245 5500 High 50° 249
8 2.1 1 1767 105 624 4000 High 30° 295
9 2.7 77 3367 190 1211 5500 High 30° 444
10 2.2 7 317 189 171 5500 Mid 40° 77
11 1.9 122 457 236 272 5500 High 60° 142
12 2.0 0 2067 25 697 5500 High 30° 344

NB: Sample No. 9 highlighted for active promotion

It can be seen that the lamp with the highest light output was sample 9 which also has the
greatest lux per watt. Sample 1 operates at a lower power and also has a narrow beam angle.
The majority of products produced a good quality cool white (5500K) light. Sample 7 was found
to operate at only 1VA (watt) of power by utilising 5mm LEDs, however the light output would not
be suitable as a direct replacement for a conventional MR11 (unless a very low ambience is
appropriate). Therefore, samples 7, 10 and 11 can also be ruled out of consideration due to lack
of available light output. The images below represent the beam output of each unit and are
useful for comparing the light quality:







The method of light collimation varies from product to product. The most efficient method of
directing light from an LED is by incorporating a TIR optic which operates around 85% efficiency.
Samples 7, 10 and 11 are the only ones that do not use this method of light capture and should
be ruled out because of this.

4.0 BUILD QUALITY COMPARISON

Five out of the twelve samples utilised identical housings, optics and base. Internally, many of
the products also used similar electronic boards. Samples 5, 6, 8 and 9 shared identical
electronics as do samples 1, 2, 3 and 4. Samples 7, 10, 11 and 12 use their own unique
electronic circuits. Based on this information it would appear that the products that share similar
electronic boards would be more robust because they will have been proven in the field being
more widespread.

Samples 3, 4, 9 and 11 were the only products to have any labels displayed on the base to show
their CE compliance and voltage ratings. Sample 9 was also supplied with an EMC certificate
detailing its compliance with low voltage general lighting standards for Emissions
(EN55015:2006) and Immunity (EN61547:1995+A1:2000). Since products 5, 6, 8 and 9
incorporate identical electronics all these products would meet the same general lighting
standards.

The majority of samples utilised a low grade aluminium (some chrome plated) housing and ten of
the twelve incorporated a white plastic optic holder with LED mounted onto a small aluminium
clad PCB. The base of the lamps generally used a plastic moulded housing with a mini driver
board housed inside. All the pins were standard MR11 pitch and diameter apart from sample 12
which used thicker pins and wider spacing. This would potentially make it unsuitable in some
MR11 retrofit applications.

Sample 7 was the only product to utilise the same housing as a conventional MR11.

Samples 1, 2,4,5,6,8,10, and 12 used a luxeon star Il (1-3W) or similar type LED. Samples 3,
9 and 11 used a Cree XR-E type LED. Sample 7 used 12x 5mm LEDs.

5.0 THERMAL OPERATING TESTS
All the products were connected to a 12Vac supply and left to stabilise at room air temperature.

The surface temperature was then recorded using the thermal imaging camera. The results are
tabulated below:



5.1 TABLE 2 - TEMPERATURE TEST RESULT TABLE

Input Surface
Sample Current Power Voltage Temperature
No (A rms) (VA) (VAC) (T)
1 0.19 2.4 12v 47
2 0.18 2.2 12v 48
3 0.16 1.9 12v 41
4 0.18 2.2 12v 43
5 0.15 1.9 12v 43
6 0.17 20 12v 45
7 0.08 1.0 12v 64
8 0.17 2.1 12v 49
9 0.22 2.7 12v 51
10 0.18 2.2 12v 51
11 0.16 1.9 12v 43
12 0.17 2.0 12v 46

NB: Sample No. 9 highlighted for active promotion

The thermal imaging picture of the lamps in operation together is shown below.

1 5 9

2 6 10
3 7 11
4 8 12

It can be seen that the majority of products were operating with a surface temperature of
between 40T to 50C with sample 7 at 64<C. There w ere no excessive temperatures seen and
the products would have no problem operating for extended periods of time in operation at an
ambient air temperature of 25T.

6.0 TEMPERATURE CYCLING TESTS

The products were placed in the temperature chamber operating at 12Vac and were cycled for
24 hours at a temperature of -25C and +100C respe ctively over a duration of 12 days. The
products were given random checks during the test and their surface temperatures were
recorded using the thermal imaging camera. It was observed that samples 7 and 10 operated at
the highest temperatures.




During the course of the test no products were found to drop in performance. However, after
evaluating the products after the test had completed, sample 10 was found to have some
leakage of the potting compound through the base and samples 4, 5 and 11 had bad
discolouration of the optics and had become brittle.

7.0 RECOMMENDED PRODUCT(S)

From the analysis carried out on the MR11 LED products the following table was established to
compare the result:

7.1 TABLE 3 - MR11 LED PRODUCT EVALUATION RESULTS

Light Build Cyclic
Sample  Avg LUX/  Quality Quality Heat Temp Overall
No LUX W 1-10 1-10 (T) Rating Rating Rank
1 1007 422 6 7 47 8 75 3
2 508 227 5 7 48 8 10
3 638 330 5.5 7.5 41 6 14
4 565 259 55 7.5 43 6 15
5 531 281 6 7 43 8 38
6 378 186 6 7 45 8 12
7 245 249 6.5 5 64 6 13
8 624 295 7 7 49 8 28
9 1211 444 6.5 8 51 8 143 1
10 171 77 6 6 51 5 0
11 272 142 6.5 7.5 43 6 1
12 697 344 6.5 6.5 46 8 99 2
13* 867 81

* Sample 13 is a Conventional MR11 lamp
NB: Sample No. 9 highlighted for active promotion

The table above highlights the overall rating of each product given the average lux, lux per watt,
light quality, build quality (including certification etc) and operating temperature. The product with
the highest overall rating is sample 9 (shown below).



The overall rating was established by multiplying the wanted features and dividing by the
unwanted features (and scaled appropriately). The product with the lowest overall rating is
sample 10 which had the lowest illuminance output and performed badly in the cyclic
temperature test.

The second choice would be either sample 12 or 1. Sample 12 if low cost is the most important
attribute and sample 1 if the Lux/W and overall build quality are the most important attributes.
Following the top three, all the remaining samples (except 10 and 11) are rated very similar
(possibly with the exception of sample 5 which is low cost). It should be noted however that
sample 12 used slightly thicker connector pins with a wider pitch. This would potentially make it
unsuitable in some MR11 retrofit applications.

8.0 CONCLUSIONS

From the analysis carried out on the twelve MR11 LED samples itis recommended that product
No. 9 is selected for product launch, stocking and supply by Marl to existing and new customers.

The lamp has EMC certification to low voltage lighting standards EN55015 and EN61547. It
scored highly in all the performance tests and has been selected because of its overall high
quality, stability and light performance. The device has high illuminance per watt and is supplied
with voltage, QC, and CE labelling on the lamp housing. The second option would be either
sample 12 or sample 1 depending on the specific attributes required.

Subiject to confirmation from the results of long term testing programme, the Design Department
are confident that this product is suitable for general defence, rail and interior architectural task
lighting applications, although it is recommended that additional performance and reliability
evaluation may need to be carried out for harsh environments, in terms of shock vibration and
ingress protection, for example.

9.0 HOW TO ORDER

To download the datasheet please visit http://www.leds.co.uk/pdfs/SPL8611.pdf.

To place an order or receive additional information please contact the sales team on:
t: +44 (0)1229 582 430

f: +44 (0)1229 585 155

e: sales@marl.co.uk
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