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A Study on the Electrical and Thermal Safety of System LED Lighting
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Abstract: This study tested the electrical, structural, and thermal safety of LED lighting products, available on the

market. Five recessed LED systems, 20 W each, and five fixed LED systems, 25 W each, were selected. Dielectric

strength tests, live part electric shock protection tests, and thermal tests were conducted on the LEDs. These were key

tests for user safety, according to the specification of the safety criteria for electric products, KC 60598-1, South Korea.
In addition, the wiring temperature of UL1007, 60227 IEC 08, and UTP cables, was measured. The results of the study

gave an in-depth examination of the safety of LED lighting systems for users.
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Fig. 1. System LED lighting conceptual diagram.
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Fig. 2. LED lighting safety accident. (a) LED lamp fire and
(b) explosion due to misuse.

Table 1. Safety hazardous current state of recalls.

2015 2015
Category . 2016 2017
(First half)  (Second half)
Safety
. L 196 104 121 136
investigation
Case of lack of 51 31 18 19
safety (26%) (30%) (15%)  (14%)
Total 119 (23%)

Table 2. Safety hazardous current state of contents.

2015 2015
Category i 2016 2017 Total
(First half) (Second half)
Electric strength 24 9 6 4 43
Electric shock 20 20 9 11 60
Creepage distance
11 24 0 2 37
and clearances
No label 0 0 0 1 1
No ground 11 0 2 4 17
Changing parts 30 25 13 9 77
Thermal test 2 1 0 0 3
Total 98 79 30 31 238
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Table 3. Measurement sample list.

[tem Kinds Rating Safety investigation
System LED Fixed type 25 W 5 EA
luminaire Recessed type 20 W 5 EA
Table 4. Measurement sample specification.
Rated Rated . Power input
Sample . Kinds
input power method
220 V Category
Recessed DC Recessed
20 W cable 24
20 W 48 V type
60 Hz AWG
DC 40 V
. 220 V . . . . Category
Fixed (maximum dimming) Fixed
25 W cable 24
25 W DC 40 V type
60 Hz AWG

(minimum dimming)
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Table 5. section 10 withstand voltage test specification of KC 60598-1.

Test voltag V

Insulation of parts Class 1 Class II  Class III
luminaires luminaires luminaires
SELV:
Between current-carrying
parts of different polarity 2 a a
Between current-carrying
parts and the mounting a a a
surface*
Between current-carrying
parts and metal parts of a a a
the luminaire
Other than SELV:
Between live parts of
different polarity b b i
Between live parts and b b and c, i
the mounting surface* or d
Between live parts and
b and c,
metal parts of the b -
luminaire or d
Between live parts which
can become of different b and c,
polarity through action of or d i
a switch
Basic insulatin for
500
voltages of SELV (a)
Basic insulatin for
voltages other than SELV 2U+ 1,000
(®)
Supplementary insulation 2U+1.000
(©)
Double or reinforced
4U +2,000

insulation (d)

* The mounting surface is covered with metal foil for the purpose
of this test.
U=working voltage
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Table 6. Recessed type luminaire withstanding voltage test.

Sample Sample No. Test - electric strength  Note
Company A
pay 1 Suitability Class 1
recessed 20 W
Company B o
2 Suitability Class II
recessed 20 W
Company C s
3 Suitability Class III
recessed 20 W
Company D o
4 Suitability Class III
recessed 20 W
Company E T
5 Suitability Class I
recessed 20 W
Table 7. Fixed type luminaire withstanding voltage test.
Sample Sample No. Test - electric strength ~ Note
Company A .
1 Unsuitable Class [
fixed 25 W
Company B s
2 Suitability Class II
fixed 25 W
Company C o
3 Suitability Class III
fixed 25 W
Company D s
4 Suitability Class III
fixed 25 W
Company E o
5 Suitability Class III
fixed 25 W
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Fig. 3. Withstand voltage test unsuitable sample.
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Table 8. Protection test against an electrical shock test specification.

Category

Detail

Note

Protection
against
elecetric
shock

Luminaires shall be
so constructed that
their live parts are
not accessible when
the Iluminaire has
been installed and
wired as in normal
use, and when it is
opened as necessary
for replacing lamps
or (replaceable) start-
ers, even if the ope-
ration cannot be

achieved by hand.

Class 3
expose the current carriers
of SELV circuits
the following conditions:

luminaires may

under

In the case of ordinary
luminaires, the voltage at
load should not exceed
25 V (RMS value) or 60
V non-pulsating DC, and
if it exceeds 25 V (RMS
value) or 60 V DC, the
contact current shall not
exceed the following.

AC: 0.7 mA (peak)

DC: 2.0 mA

Fig. 4. Safety inspection fail charger cover.
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Fig. 6. Safety inspection fail power terminal.

Table 9. Recessed and fixed type protection test against an
electrical shock.
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Table 10. Thermal test temperature specification.

Sample Protection against Maximum
Sample . Note Part .
No. electric shock temperature C
Company A If tc i ked te
pany 1 Suitability e 15 marke
recessed 20 W If t. is not marked 50
Company B 5 Unsuitable Live part cover Mounting surface:
recessed 20 W ith Normally flammable surface 90
Company C remove without N bustibl : . d
3 Suitability tools (.)n-com ustible surface not measure
recessed 20 W . Thermoplastics:
live part test . .
Company D oo Acrylonitrile-butadiene-styrene (ABS) 95
4 Suitability finger contact )
recessed 20 W Polymethyl methacrylate (acrylic) 90
Company E 5 Suitability Polyvinyl chloride (PVC) 100
recessed 20 W Polyamide (nylon) 120
Company A 1 Suitability Thermosetting plastics:
fixed 25 W Mineral-filled phenol-formaldehyde (PF) 165
Company B 2 Unsuitable Cellulose-filled phenol-formaldehyde (PF) 140
2"6‘1 25 z Power terminal Melamine 100
ompany 3 Suitability test finger Glassfibre-reinforced ployester (GRP) 130
fixed 25 W tact
Company D o contac
4 Suitability
fixed 25 W
Company E
pany 5 Suitability
fixed 25 W
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Fig. 8. Temperature of the converter and the cover under maximum
dimming. (a) Temperature of the converter and (b) temperature of
the cover.

Fig. 9. Temperature of the converter and the cover under minimum
dimming. (a) Temperature of the converter and (b) temperature of
the cover.
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Table 11. Recessed and fixed type luminaire thermal test.

Sample Sample No.  Thermal test
Company A recessed 20 W 1
Company B recessed 20 W 2
Company C recessed 20 W 3 Suitability
Company D recessed 20 W 4
Company E recessed 20 W 5
Company A fixed 25 W 1
Company B fixed 25 W 2
Company C fixed 25 W 3 Suitability
Company D fixed 25 W 4
Company E fixed 25 W 5
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Fig. 11. (a) UL1007, (b) UTP cable, and (c¢) 60227 IEC.
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Table 12. Wiring temperature specification.

Maximum
Part o
temperature C

Insulation of wiring (internal and external)

Table 13. Luminaire wiring temperature test.

Category UL1007 60227 IEC 08 UTP cable

95 W luminaire temperature by wiring type

Point 1 429 37.1 52.6
Glassfibre silicone-varnish impregnated 200

Polytetrafluoroethylene (PTFE) 250 Point 2 448 366 264
Silicone rubber (not stressed) 200 Point 3 39.6 350 417
Silicone rubber (compressive stressed only) 170 Point 4 404 36.1 417
Ordinary polyviny! chloride (PVC) 90 Average 41.9 36.2 511

Heat-resisting polyvinyl chloride (PVC) 105 71 W luminaire temperature by wiring type
Ethylene vinyl acetate (EVA) 140 Point 1 37.4 37.7 449
Point 2 39.7 35.4 47.1
Point 3 36.0 324 41.7
Point 4 67.6 33.6 41.8
Average 37.7 34.8 439

Fig. 13. Wiring temperature point.
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55 W luminaire temperature by wiring type

Point 1 355 345 389
Point 2 359 325 40.2
Point 3 344 30.4 37.1
Point 4 35.0 31.0 37.8
Average 352 32.1 38.5
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Table 14. Safety requirements for system LED lighting. 4. 4 =

Safety requirements for system LED lighting 2 oj1=2 Esto] obxl7|Zo| ujaig]o] 9lx] ore
Creepage distances and The creepage distances and clearances A 2Bl LED x&%o] tfst otxiA A& A5t
=)

T ou

somances oL Xk OSI%1 apby TN Q5L e AF sed] 1079 Aag
Terminals The .termmals of KC 6059.8.-1 apply U M7]83 obd7|ZE KC 60598-12 EUj2 ALLA]
Internal and The internal and external wiring of KC =ole el = °
external wiring 60598-1 is apply el A a4 s H9sh] st AA W= A"
Protection against The protection against electric shock 1 AR ARES A, 2 AJY, i 2% v 1WA
electric shock of KC 60598-1 is apply S A5t BEAsHYTH

Endurance test and  The endurance test and thermal test Ald At A]AEI LED x9Hof tfjsto] AH Xg 4

thermal test of KC 60598-1 is apply 7Aool thst B35 7} Forst Aoz metg]gjon], KC
Insulation.resistance and The insulation resistance.and electric ol=C wty AW %0] A]AEl LED xWo] Au|gy U
e K S WA e 39 S50 1A 390n U A
luminaire lighting must be a standalone SELV b Al @7he WAl fel 2dMeh 22 2 e 8
drive orveror mo] A7), YR xS WS AEo] Thr Q= A
Working voltage of  The waveform is limited to DC and the oz morefict. oj2iel olfp 2 A, sk 5o ot
system luminaire maximum voltage is limited to 60 V d A EBE 5 Qe AKX oEst AR
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