
!"#$%&"'#()$%*+(,-'./

!"#$%&"'()*+,!-$."/
!"#$%$&'()*'+$,"$-,".$/"))01*2$(*+$&"3'$,4'$&56

0"&&1(23*.+45()65(7825(9:9

9'$&3$;<=5(,-3.#()$%*+$&%

:<'3*(>?5(@A>B



!"#$%&'()*#+",#$*-,*.-/01#&%-,*-2*
&3%(*.-4"(#*5%11*6#*"#0-"&#$*&-*787*
!9:*2-"*787*/#/6#"(;*!#"&%2%.+&#(*-2*
!-/01#&%-,*2-"*6-&3*787*/#/6#"(*
+,$*,-,<787*/#/6#"(*+"#*+=+%1+61#*
40-,*"#>4#(&;

?3%(*.-4"(#*%(*"#@%(&#"#$*5%&3*787*!9:
2-"*.-,&%,4%,@*0"-2#((%-,+1*
#$4.+&%-,;*7(*(4.3A*%&*$-#(*,-&*
%,.14$#*.-,&#,&*&3+&*/+B*6#*$##/#$*
-"*.-,(&"4#$*&-*6#*+,*+00"-=+1*-"*
#,$-"(#/#,&*6B*&3#*787*-2*+,B*

/+&#"%+1*-2*.-,(&"4.&%-,*-"*+,B*
/#&3-$*-"*/+,,#"*-2
3+,$1%,@A*4(%,@A*$%(&"%64&%,@A*-"*
$#+1%,@*%,*+,B*/+&#"%+1*-"*0"-$4.&;
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC
D4#(&%-,(*"#1+&#$*&-*(0#.%2%.*/+&#"%+1(A*/#&3-$(A*+,$*
(#"=%.#(*5%11*6#*+$$"#((#$*+&*&3#*.-,.14(%-,*-2*&3%(*
0"#(#,&+&%-,;



!"#$%&%'
()*"+,&-".

/0 12"%,&345,6"5%"75+6#88"%'".5#%25+9:;8"<&,&".5!=>.5;$"."%,539$52".&'%"$.?5&%.,#88"$.?597%"$.?5#%2
:#&%,"%#%+"5.,#33.0

@05A%2"$.,#%2B5CD6#,5295!=>.5$"EF&$"5935F.GC5,95"%.F$"5.F++"..3F859F,+9:".0

H05!"#$%5.;"+&3+ .,$#,"'&".5,959-"$+9:"5+9::9%5;$9)8":.5,6"5#$&."53$9:5.;"+&34&%'5#%25&%.,#88&%'5!=>.0

I05D6#,5#%256975,95+9::F%&+#,"57&,65;$9*"+,5.,#J"6982"$.5K".;"+&#884597%"$.5#%25:#&%,"%#%+"5.,#33.L5,95
;$"."$-"5,6"5;$9*"+,539$5,6"589%'5,"$:0

M,5,6"5"%25935,6"5,6&.5+9F$."?5;#$,&+&;#%,.57&885)"5#)8"5,9B



How I Learned to Stop Worrying and Love the LED



Full Disclosure…

I don’t love 
LEDs…
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What are the Challenges?



• Maintenance

What are the Challenges?

• Complexity
• Failures, Replacements, and Consistency

• Flicker & Dimming…
• Drivers

• Value Engineering



Complexity



Complexity

• Incandescent & Halogen sources are:
o AC mains powered
o Voltage driven
o Hot pieces of metal

o Complicated

• LEDs are:
o DC low voltage powered
o Current driven
o Phosphor coated semiconductors



Complexity



Complexity
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Tougher Specifications & Installations



Tougher Specifications



Tougher Specifications



Complexity & Tougher Specs –
Ideas and Solutions

• Attitude
• Consider the whole system
• Spec what you know / have tested or seen
• Consider project time line
• Need More… 

oKnowledge & education
oDesigner involvement
oManufacturer support (samples, testing)
oDocumentation



Tougher Installations

• Remote power supplies. 
o More to install.
o More access panels.
o More coordination.



Tougher Installations

• Low voltage control
(0-10v, DMX, DALI, etc.)



Tougher Installations

• More fragile 
• More parts & pieces



Tougher Installations

• Greater electrical variety
o AC & DC
o 12v, 24v, 48v, 120v, etc.
o Constant Current & Constant Voltage.
o Series & Parallel circuits 



Tougher Installations – Ideas & Solutions

• Manufacturer & Reps:
oMore Tech support
o Local person in large markets?
oMore info on cutsheets

• Specifiers: 
oMinimize variations.
o Samples & mockups for installers

• Installers:
oCalculate voltage drop early.
o Test low voltage data before the ceilings/walls are closed.
oRead the damn installation instructions.



Tougher Installations – Ideas & Solutions

• Everyone
• More Coordination.
• More Communication.



Failures & Replacements



Failures & Replacements

• It’s not 50K hours.
o False sense of security.

• Getting Replacements.
o Match?
o Discontinued?
o Warranty & Support
o Will you need an electrician?



Replacements & Color Consistency

• Color temp is a range by definition & manufacturing standards.  
• Specifiers:  
• Color warranty
• Matching replacements.

• Matching replacements may require long lead time so:
• Construction:  Have spares
• Maintenance:  Have Attic Stock.  Don’t lose it!



Replacements – Other considerations

• Output (brightness) has to match.
• Discontinued (w/o direct replacement)
• Discontinued (w/ a replacement…but it is different)
• Different components
• Out of business

• If I replace one, do I have to replace them all?



Failures & Replacements – Ideas & Solutions

• Specifiers: 
o Design accessible details or explain the risk.
o Choose manufacturers that are consistent and will support.
o Choose robust fixtures.

• Specifiers/Installers: 
o Burn in.
o Heat.  Ventilation.  Thermal management.
o Spares & Attic Stock.
o Don’t allow/get crap.
o Define “catastrophic.”

• Manufacturers:
o Keep parts & replacements.
o Transparency.



Maintenance



Maintenance

• Owners / Maintenance staffs:  
• Budget yearly maintenance.
• Training

• Installer:  
• Adequate space, access, marking for drivers.
• Provide project documentation & training.

• Specifiers:
• Specify what’s required
• Confirm it was done.



A digression…



A digression…



A digression…



Maintenance



Maintenance



Flicker



Flicker

• It’s the Driver, stupid.



Flicker

• It’s the Driver, stupid.
• AC is flicker.
• Digital dimming.  
• Dimming DC.
• 0-10, DMX, DALI, etc.
• 2-wire dimming…



2-wire dimming
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2-wire dimming



Back to drivers

• Component changes 
• Behavior & Compatibility.
• The “1% Driver.”



Value Engineering



Value Engineering
• Hotel Ballroom w/ 20’ (+/-) ceiling
• 6” downlight
• Semi-diffuse specular reflector
• 40 degree optic
• 38w, 2400lm



Value Engineering



Don’t be this guy…



Thank you!
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