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Vi brati on

I nt roducti on

It is well docunented that Color Kinetics fixtures are suited for

vi brati on-prone environnments. Virtually no el ectronic devices,
however, are capable of withstandi ng accel erations exerted by the nost
extrenme environnments w thout adequate planning and protection. So as
to better guide the specification of Color Kinetics products for such
hostile environnents, this docunment details the paranmeters used in

Col or Kinetics vibration testing procedures and di stingui shes

ci rcunmst ances where special attention to vibration should be paid.

Pl ease keep in mnd while reading this docunent that a structura

engi neer should al ways be consulted to specify or |ocate product where
vi bration is a concern.

Vi bration Testing Procedures

Vibration tests are perfornmed to assess the ability of products to
wi t hstand the accumul ated effects of stress induced by broad-band
random vi bration and reveal resulting nechanical weakness and

degr adati on.

Col or Kinetics tests against failures resulting from conti nuous random
vi brations for all products and from conti nuous sinusoidal vibrations
for sone specific products. The discrepancy exists because, while

si nusoi dal waveforns are commn in standard applications, random

vi brations can cause nuch | arger accelerations, resulting in much
greater danger to Color Kinetics products.

Vi brati on Standards

Col or Kinetics uses MI-Std 810F, Random Vi bration 7.698g, as the
baseline vibration specification for assessing product viability. To
put the severity of this test condition in perspective, the United
St at es Departnment of Defense, which devel oped the MI-Std 810, applies
this standard (ASD' of 7.698g) to el ectronics designed for airplanes,
tanks, and other military vessels. For sonme products, the design

i ntent necessitates nore or |ess stringent environnmental testing
procedures.

As a general rule, Color Kinetics products can be broken down into the
foll owi ng categories based on vibration test intensity:

YAccel eration Spectral Density (ASD)
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Random 5. 44g Random 7.698g Random  10g
Power Data Supplies Data Enabl ers Some Qut door Fi xtures
I ndoor Fi xtures
Controllers
Sonme Qut door Fixtures

Extrene Vi bration Environnents

Due to the stringent standards to which Color Kinetics products are
designed and tested, vibration is rarely an issue. Severa

envi ronnental categories, however, can see continuous vibration
wavefornms that near or exceed the test standards outlined above. These
envi ronnents are dangerous enough that a structural engineer nust
deternmine actual installation paraneters and interface with Col or

Ki netics Applications Engineering Goup for the products to qualify
under warranty conditions. A few exanples are |listed bel ow.

Transportation Vehi cl es Proximty to Other
Structures Vi bration Sources
Bri dges/ Spans Wat ercraft Cenerators
Rai | r oads/ Subways Aircraft Vehi cl es
Lar ge Roads Trucks
Trai ns

El evator cars

Application Specific Vibration Specifications

A nmultitude of factors can influence the intensity and frequency of
vibration at any tine or location. Therefore, it is especially

i mportant that a structural engineer performcritical evaluations of
exact application circunstances. Such |ocalized analysis is the only
means of obtaining necessary data for the specification of Color

Ki netics system conponents and appropriate danpi ng neasures.

The severity of induced accel erations experienced in extrene vibration
envi ronnents nmakes the analysis of application specific data all the
nore inmportant. A prom nent exanple of such analysis and resultant
data is explored bel ow
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Ben Franklin Bridge Case Study

The Ben Franklin Bridge is a nmulti-deck, car and train span located in
Phi | adel phia, PA. Shown bel ow are waveforns neasured over different
times and fixture/ PDS nounting |ocations.

Figure 1: Ben Franklin Bridge representation

The first waveform (Figure 2) is a fine exanple of steady state

vi brations for the specific PDS/fixture |ocation on this bridge. Taken
fromthe base of the East Tower during normal traffic flow, vibration
anplitudes (Grns) average around 1g and are fairly constant. It is
worth noting that the |location of the test was adjacent the train deck
so recorded car traffic vibrations were likely smaller than those
experienced on the car deck. For a different bridge or nmounting

| ocation, steady state car vibrations could be rmuch higher
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Figure 2 — Sanple 6: East tower, normal traffic

Figure 3 shows the waveform neasured as a four-car train passed the
fixture/ PDS at the sanme East Tower |location as in Figure 1. As is
obvious fromthe graph, the vibrations present at this |ocation are far
nore vicious as a train passes than during normal traffic conditions.
The vibrations are so intense that the neasured accel erati on exceeds
20g.
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Figure 3 — Sanple 7: East tower, 4-car train

Figure 4 depicts the vibrations of another four-car train but this
time, neasured at the md-span of the bridge. The discrepancy between
the two waveforns is clear, and further supports the notion that

vi brations which occur in applications are dependent upon specific

| ocation and tine, in addition to other factors.
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Figure 4 Sanple 8 Md-span, 4-car train

Concl usi on

In concluding, the crux of this docunment is sumrarized by the follow ng
two points. First, npost application environments do not see vibration
i nduced accel erations close to those of Color Kinetics test

speci fications. Second, for environments prone to | arge or continuous
vibrations, it is paramount that qualified individuals accurately
assess localized characteristics of exact, real world conditions and
desi gn appropri ate danpi ng systens to assure the |longevity of specified
products.
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