U.S. DEPARTMENT OF Energy Efficiency &

ENERGY Renewable Energy

SSL Flicker
Fundamentals and
Why We Care “_

W

Naomi J. Miller, FIES, FIALD and Michael Poplawski

Staff Scientists
Pacific Northwest National Laboratory




Flicker - Terminology ENERGY | Eneroy Effcency &

Renewable Energy

Flicker, flutter, shimmer

* Repetitive change in magnitude over time, or
modulation, of the luminous flux of a light source

* Light source modulation

e Visible, invisible, perceptible, detectable (sensation)

* Sensation: External conditions are detected; neurons
respond

* Visible flicker = Luminous modulation is sensed and
perceived

* Invisible flicker = Luminous modulation is sensed, but
not perceived
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Stroboscopic vs. Phantom array effects

* Stroboscopic effect: Luminous flux modulation made
perceptible by the motion of objects, when the
observer’s eye is still

* Phantom array effect: Luminous flux modulation made
perceptible by the motion of the observer’s eye, when
the light source is still
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® Neurological problems, including epileptic seizure

® Headaches, fatigue, blurred vision, eyestrain

®* Migraines

® Reduced visual task performance

®* Increased autistic behaviors, especially in children

®* Apparent slowing or stopping of motion (stroboscopic effect)
® Distraction
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Flicker factors for both Visible and Invisible Flicker
* Modulation Frequency
* Modulation Amplitude
* DC Component
* Duty Cycle

Square Wonea Duty Cycle [FAWhA)
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|[ESNA has defined two metrics A (Maximurm value)

for flicker:
® Percent flicker
— 0-100% scale
— Older, but more well-known and

more commonly used Average
ight
— Accounts for average, peak-to- output
peak amplitude l

— Does not account for shape, duty
cycle, frequency

One cycle

Source: IES Lighting Handbook, 10th Edition
® Flicker index

— 0-1.0scale . A-B

— Newer, but less well-known and * Percent Flicker =100% X = ———7—
rarely used

— Accounts for average, peak-to- * Flicker Index = Al
peak amplitude, shape, duty cycle Area 1+ Area 2

— Does not account for frequency
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What about solid-state lighting (SSL)? ENERGY
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SSL: (almost) anything is possible ...
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Flicker typical of all tested SSL modules marketed as containing “AC LEDs”
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SSL products can be in the same range as conventional

products, but can also be wildly different
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Example of flicker waveforms from a recessed LED troffer with 0-10V PWM

dimming driver, exhibiting a flicker frequency around 250 Hz 15
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* Duration of exposure (longer is worse)

* Area of the retina receiving stimulation (greater is
worse)

* Location in visual field (central is worse because
It projects to a greater area of the visual cortex,
even though flicker is less noticeable)

* Brightness of the flash (higher luminances are
worse; scotopic luminances produce low risk,
high mesopic and photopic luminances produce
higher risk)

e Contrast of the flash with the surround luminance
(higher is worse)

16
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How can you tell if a product flickers? ENERGY | renewable Energy

* No reliable metric is reported by manufacturers

* See the product in person, with the same
driver/transformer/dimming setting of final installation

* Try a flicker wheel or a spinning top
* Sometimes a digital camera will pick up flicker
* Wave your fingers in the light; look for strobe effect

No flicker Flicker 17
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Classrooms

Task lighting Industrial spaces




Where flicker is less important E

Roadways/parking lots

Accent lighting
on artwork

Energy Efficiency &
ENERGY
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Sports and industrial
lighting on 3-phase

al system

y low intensity
1oliday lighting?
19
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Where flicker might be an advantagNERGY
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Warning lights Discotheques

(Just please avoid the epilepsy frequencies and use for very

short duration) 20
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* ACLEDs

* DC LEDs with simple/inexpensive drivers (e.g., inadeguate
capacitors)

* |ntegral lamp LEDs on some electronic transformers
* LEDs dimmed with phase cut dimmers (triac, e.g.)
* LEDs dimmed with Pulse Width Modulation (PWM) dimmers
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Managing Risk: Recommendations ENERGY | renewable Eneray

DOE and other Government agencies:

e Support flicker measurement/flicker standard development
Utilities and energy efficiency organizations

* Require flicker documentation for EE programs
Manufacturers:

* Be proactive now. Test for flicker. Test over dimming range.
* Demand drivers that produce less flicker

* Avoid PWM dimming unless combined with other techniques
* Publish flicker waveforms and flicker metrics

Specifiers

* Avoid products more likely to produce flicker

® See products in person. Learn to test for flicker.

* Use conservative flicker specifications for critical applications
22
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Want more? Try the
Flicker Fact Sheet

And now for questions!

Naomi.Miller@PNNL.gov
And
Michael.Poplawski@PNNL.gov
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http://apps1.eere.energy.gov/buildings/publications/pdfs/ssl/flicker_fact-sheet.pdf
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