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Project G. System reliability: expand current program to include vibration
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Study Objective

 To develop an accelerated test method that can predict the
failure of LED luminaires under realistic operating conditions
(catastrophic failure).
— To predict lifetime based on factors such as:

* application temperature, on-off cycling, and others if applicable.

e Similar to linear fluorescent lamp

Effect of burning cycles on average lamp life for fluorescent lamps

flu) =afl - exp [-:urm‘] )

WHERE: a = 171, b= 3.89, c=0.505
u = BURNING CYCLES (h/start)

. F.J. Vorlander and E. H. Raddin, "The effect of operating cycles on fluorescent lamp performance,"
llluminating Eng., pp. 21-27, Jan. 1950.
"Fluorescents-on/off," Lighting Design Appl. vol. 3, pp. 38-39,Jan. 1973.
1 10 b L.A. Carriere. M.S. Rea “Economics of Switching Fluorescent Lamps,” IEEE Trans. on Industry Applications
BURNING CYCLES, u Vol. 24, No. 3, May/June 1988, p. 370-379.

AVERAGE LIFE IN PER CENT OF RATED LIFE flu)
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Background

Rapid-Cycle Cycle times must be 2 minutes on, 2
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. for every two hours of Ly life.
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small DT, and therefore the
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Background

e Real-life light fixture cycling
pattern:

— Office:
* 6am to 6pm (12 hrs on, 12 hrs off)

— Home:

* 6am to 10am, 6pm to 10pm (4 hrs
on, 4 hrs off)

* LRC pilot studies identified the
following acceleration
parameters:

— AT, Max. Tj, Ramp rate, Dwell time

* Final study started October 2010
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Pilot study

* Objective

— To identify the pin temperature of
the LEDs when the lamps are placed
inside a surface-mounted luminaire

* Testset-up

— 3 LED integral lamps in a surface-
mounted fixture

e Results:
— Max T pin =98°C
— Min T pin = 23°C
— Delta T pin=75°C

N
--k-. = T(heatsink_pt1)

eatsink_pt2)

Tpin (degC)
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Study #1

e Selected system — LED Integral lamp (G25)

e Test conditions:

— Realistic
* (12hrs on/6hrs off, 4hrs on/4hrs off)

— Delta T
— T max
— Ramp rate

— Dwell time
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Results: Realistic Conditions

Status Min. T 25°C
As of Jan-24-2013, only 1 catastrophic failure o
Max. T 95°C

Test item # of samples AT 70°C

Dwell time* 1 hr (4 hrs on);

4 hrs on-4 hrs off 10 9 hr (12 hrs on)

12 hrs on- 6 hrs off 10

Ramp rate* 0.6°C/min

Relative light output

s 8 8 8 § o @ w o §

® don/4off
+ 120n/6off

Relative light output (%)

g &
Sample#
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Results: Dwell Time

Status Conditions # of test samples

As of Jan-24-2013 Dwell time 10 * 2

+ A70°C group: 1 catastrophic failure / all others no (Profile 1, Profile 2)
failure or lumen depreciation

» A95°C group: 1 catastrophic failure / all others
significant lumen depreciation

T O hours dwell

Thermal

Condition o
25°C 25°C -

95°C 120°C
AT 70°C 95°C

Dwell time* | 0,1,2,3,4,5,6,7,89 | 0,1,2,3,4,5,6,7,8,9
hrs

Ramp rate* 0.6°C/min 1.2°C/min

E

3

Relative light output (%)

5
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Results: Delta 95°C — Dwell time study

i F g

Ralathon g outper; 5
i

it i autpan B4
Pialathen Bight auiput (%)
§

z
i
i

Bnlathe light outps:
Pialuthen light autpet (%)

Tl st gt oarpit (%4
Balathen light autp.4 (5

Relstun ight oubput K]

Lighting

Alliance for Solid-State lllumination © 2013 Rensselaer Polytechnic Institute. All rights reserved. Research Center

Systems and Technologies




Time-averaged temperature

e Failure should correspond to time-averaged temperature of the

cycles
— Higher time-averaged temperature at larger dwell times

* Greater damage to the system components at higher temperatures
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Results

* Failure assumption: 70% Ilght level

V= -566.7In(x) + 1702.5 Y
R? = 0.9338

= -2639In(x) + 13596
R*=0.6997

2000 -
& 1500
e
m
2 1000 -
[7,]
&
Rl
O 500 -
D

Time to failure {hours}

=]

Dwell time (Hours) Dwell time (Hours)

y= -4949"'“:](] + 23035 Y= -2435?!"{]{] + 1133:'2
R.1 =0.9549 R2 =0.7991

Cycles to failure
Time to failure {hours)
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General depreciation pattern

* Multiple degradation factors: | e
 Loss- 1%every18.8/1.9/ 7.5 days

Relathe light output (%)

Slope 1 =-0.05 %/day
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Failure analysis

Measured Terminals

Series Resistance | Series Resistance Equivalent Current through
LED 1 (Q) LED 2 (Q) resistance (Q) LED package (mA)

New Lamp A
Lamp at delta 70°C
Lamp at delta 95°C
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Package Series Resistance

The LED package was disconnected from the driver of
the integral lamp.

The two terminals of the package are connected to a

source measure unit, and an IV trace of the package is
obtained.

The series resistance is extracted from the |V trace.

nKT
— =—4Ir;
9d q

_di

n.: Ideallty factor

q: absolute value of electron charge
K: Boltzmann's constant

T: absolute temperature

7y Serles resistance VOItage (V)
I: Current

Current in log scale (A)

References: D.K. Schroder, 2006; M.Shur, 1996, W.R. Runyan, 1975
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Summary

* For the selected product

— Cycling without dwell time did not show any degradation or
failure

— Cycling with dwell time showed no catastrophic failure, but
showed gradual light output decrease due to multiple failure
modes

e Electrical parameter changes
— Driver; LED; Circuit
* Optical changes

— Age-related color changes within package (reflectivity)

— Cycles to failure has better correlation than time to failure
with dwell time (and time-averaged temperature) at 95°C
delta temperature cycling
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Study #2

Selected system — LED Integral A-Lamp m g

— Varying delta T and dwell time e — —— |
* Same T max - ﬂ-a i

e Same T min

A

=

Tampient=29°C, Dwell Time=2 hours, Ramp rate=5°C/min

Sample Lamp 4 | Lamp 4 | Lamp 4 | Lamp 4
Min. T 60°C 50°C 40°C 30°C
Max. T 120°C 120°C 120°C 120°C

AT 60°C 70°C 80°C 90°C
Ramp rate 5°C/min 5°C/min 5°C/min 5°C/min

Temp. deg C

Tampien=29°C, Dwell Time=2 hours, Ramp rate=5°C/min

Temp. deg C

Sample Lamp 4 | Lamp 4 Lamp 4 | Lamp 4
Min. T 30°C 30°C 30°C 30°C
Max. T 90°C 100°C 110°C 120°C

AT o 7 o o o .
60°C 0°C 80°C 90°C Time
Ramp rate 5°C/min 5°C/min 5°C/min 5°C/min
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Results: 2 hr dwell time (Same Tmax)

Cycles to failure shows good relationship with delta T

— Possible failure reason: Solder joint disintegration

2 Hr. Dwell Time (Same Tmax)

y=-1168In(x) + 1783.5
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2 Hr. Dwell Time (Same Tmax)

D70 D80
# Failuretfl R®=0.686

Temperature difference A 1754
’ \"\ m Failuretz  R*=0.853
h .\ Failure#s  R7=0.918

D70
Temperature difference
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Results: No dwell time (Same T max)

* No dwell time case did not show any relationship as a function
of delta T
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Results: 2 hr dwell time (Same T min)

 With same T min the maximum and time averaged temperature
will be lowest for D60 and highest for D90.

— This a is more likely scenario in real life rather than same T max.
— Time to gather data may be longer than same T max case

2 Hr. dwell time (Same T min)

¢ Failure#5

Failure#4
@ Failure#3
¢ Failure#2

® Failure#l

Cycles to failure

D60 D70 D80
Temperature difference
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Summary

* Failure acceleration to predict system life

— Looking for relationships between
* cycle or time to failure and dwell time
e cycle or time to failure and delta temperature

Dwell time (Daily use time pattern)

\

\ Delta T (deg C) (Fixture size/Lamp wattage)
\\ —

Delta Temp
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e Additional experiment: Added vibration to the test setup
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Vibration test setup

* |[EC/MIL standard were referenced
— X axis movement
— Lamp resonance frequency

Front view Side view

Support Frame

X-axis slider (solenoid control ]

@l ele @ @ o:

=== | ight sensor Displacement sensor

*|EC 60068-2-6 standard , Environmental testing —Part 2,Vibration (sinusoidal)
*MIL-STD-202G, Electronic and electrical component parts
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Discussion

* Presently used industry standards for rapid cycle testing
(2 min On / 2 min Off) has very little value for reliability
testing

— Faster cycles cause small temperature swings on system
components.

* Thus very little damage to system components

* Failure modes will differ significantly between
products/brands

— However, delta T and dwell time at maximum temperature
may show good relationship with cycles/or time to failure

* Thus, allowing for system lifetime prediction in applications

Lighting

Alliance for Solid-State lllumination © 2013 Rensselaer Polytechnic Institute. All rights reserved. Reseal‘ch Center

Systems and Technologies






