Lighting Math
NOT SO SCARY LIGHTING MATH

Methods to Calculate Light

PeInE=BYyRPoIn
— Direct lllumination from a Fixture or Lamp
* You need....

— Photometry
— Distances from Fixture or Lamp

Lumen Method

— Average Light Level in a Room from a Fixture
* You need....
— Photometry
— Room Dimensions and Surface Reflectance's
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Direction of Light

Goal of a luminaire is to put light where the user needs it

Convenient way to classify luminaires is by the direction of light
emitted from the luminaire

Commission Internationale de I'Eclairage (CIE) sets up these
classifications

CIE Luminaire Types / Distributions

o & W

Direct Semi-Direct General Diffuse

TV

(IES) Direct-Indirect Semi-Indirect Indirect
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Candlepower Distribution Curve

provides intuitive
information on how a
will perform
, Candela values are used
in calculations to predict
light levels

Candle Power Distribution

0 deg

10 20 30

Distribution angles

Asymmetrical Distribution Curve

Rectangular Tubular
Fluourescent fixture

90 deg Perpendicular

Perpendicular —
90 degrees

0deg Parallel

Rectangular Tubular
Fluourescent fixture

°
Candlepower Distribution

0°
Candlepower Distribution




Lighting Math

Photometry Reports

¢ Caloulite® Incandescent Open Downlight B7705
Plot of candlepower values _— At o 2T

Summary of candlepower
values in different planes

Fixture Efficiency

Lumen Summary
Luminance summary

(SC) or
Spacing/Mounting Height
(S/MH) for uniformity

Photometry Reports

e Lensed Downlight

**EFFICIENCY = 51.3% **
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Photometry Reports

« Indirect Pendant |
PHOTOMETRIC REPORT
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Candle Power
Distance 2

Point-by-Point Foot-candle =

FC = 2651candelas / 9ft?
FC =2651/81

Ceiling height = 9ft
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Point-by-Point Factors

e Calculated Levels are Facing the Light Fixture
— With the exception of directly below

Point-by-Point Factors

¢ You need to factor an adjustment if you want levels at other angles (IE Horizontal,
Vertical Angles)
—  COSINE Adjusted!!
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COSINE Adjustments

Candle Power

Distance 2 X COS(Angle of Incidence)
|

Foot-candle =

.\ A
P

N Incidence Reflectance
’ N . Pt N / ‘
NSg g NS
\ .
N

Point-by-Point Factors

e Calculated Levels are Initial.

* You need to factor an adjustment for Light Loss

— Light Loss Factors to Consider
* Dirt
e Lamp Depreciation
» Environment

Foot-candle :M x COS(Angle) x MF
Distance
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Methods to Calculate Light

PoInt-y-Poeint
— Direct lllumination from a Fixture or Lamp

* You need....
— Photometry
— Distances from Fixture or Lamp

Lumen Method

— Average Light Level in a Room from a Fixture
* You need....
— Photometry
— Room Dimensions and Surface Reflectance's

Calculations using Lumens

is an amount of ENERGY
Candela is an amount of INTESITY

Lumen Method Calculation

Calculates the Average Illumination for a room.

Takes into account the room surface reflectance's — but
assumes the surfaces are diffuse (not shiny!).

Assumes an empty room (without furniture).

Can also be used to determine the required Quantity of
Fixtures needed for a target light level.

Does not determine light fixture layout or location — you
must following mnfrs spacing criteria.
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Lumen Method Steps

1. You need Room Dimensions and the Fixture
Mounting Height.

You need to select a Light fixture
Determine the rooms Room Cavity Ratio (RCR).

Look-up the fixtures Coefficient of Utilization for
the RCR.

Calculate!

Room Reflectance

Room comprised of
Walls, Ceiling, and Floor.

Walls typically have
Doors and Windows

All surfaces have a
reflectance value to
bounce light.

Light from Light Fixture
bounces off of all
surfaces.

Ceiling
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Room Reflectance

Surfaces with less reflectance
will bounce less light

Ceiling Typical Reflectance Values:
75%-90% White, Off White,
Grey, Light tints of Blue or
Brown

30%-60% Medium Green,
Yellow, Brown, or Grey
10%-20% Dark Grey, Medium
Blue

5%-10% Dark Blue, Brown.
Dark Green, and many wood
finishes

Room Reflectance

Typical Commercial Values:
— 80% Ceiling

— 50% Wall

— 20% Floor

Typical Industrial Values:
— 50% Ceiling

— 30% Wall

— 20% Floor
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. . _ SXMHX(L+W)
Room Cavity Ratio RCR = " Room Area

Room Cavity Ratio (aka

Fixtures fully recessed .

in ceiling ) is the volume
' i between the Fixture
and Height off
Callculation
Workplane height is
Room Cavity Ratio . typically 30-inches

RCR above the floor

A rooms RCR will
always be between 1
and 10

Workplane (Height of Calculation)

Room Section

. . _ SXMHXx(L+W)
Room Cavity Ratio RCR = R oom Area

The can vary

depending on the

height of the

fixture....as shown
here with Wall

Wall Brackets

Brackets or
'D;xrurr Mounting SCO nces.

Helght

Room Cavity Ratio
RCR

. Workplane {(Height of Calculation)

Room Section
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. . _ SXMHXx(L+W)
Room Cavity Ratio RCR = R oom Area

The can vary
depending on the height
of the fixture....as
shown here with
Pendants.

" Fixture Mounting
| Height

|
|
i Room Cavity Ratio
|
|
|

. Workplane (Height of Calculation)

Room Section

. . _ SXMHx(L+W)
Room Cavity Ratio RCR = Room Area

Example:

Room Width: 12ft
Room Length: 15ft
Ceiling Height: 10ft

Ceiling 10ft

" Fixture Mounting
| Height

RCR = 5(5.5)(12+15)

|

| o :

! Room (.‘.Ra(;rgyﬁatm ’ . (12X15)
! _

|

|

RCR =742.5
180

i\l’mkpfane (Height of Calculation)
Table 2.5ft
RCR=4.1

Room Section
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Lumen Method Formula

To Calculate Foot-candle level:

EC = @iy ofi Extures X NUmer off Iamps per Eixturex: [Cumens Per ILamp x U
Area of the Room

To Calculate number of Fixtures:

EFC = Total [Lumens inthe Room x CU
Area of the Room

Qty of Fixtures = FC x Area of the Room
Number of Lamps per Fixture x Lumens per Lamp x CU

Qty of Fixtures = FC x Area of the Room
Total Lumens in the Room x CU

. . _ SXMHx(L+W)
Room Cavity Ratio RCR = Room Area

| Fixtures fully recessed The can Vary
: Hidhoin : depending on the
| Heighe """ ! height you want to
calculate...as shown
here with the
calculation height at
the floor.

|

|

|

|

| Room Cavity Ratio
| RCR
|

|

|

|

|

Room Section
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Lumen Method Example 1

Lumen Method Calculation
Project

What is the resulting Foot-candle Level at
table height from four downlights?

Gty of Fixtures =
Ll

Oty of Fistures =

L x| x| 1
[ i =l Jei,

MF = Maintenance Factors

Non-Recoverable

Recoverable
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Non-Recoverable Light Loss Factors

*Ballast Factor (Fluourescent approx 90%)
Ambient Fixture Temperature

-Supply VOltage Variation (Low Voltage approx 4%)

Recoverable Light Loss Factors

eLamp Burnouts (approx 80%)
sLamp Lumen Depreciation (Fluourescent approx 70%)

sFixture (Luminaire) Dirt Depreciation
eIndirect Lighting (approx 65%)
eIndustrial Environments (ranges from approx 50% to 80%)

*Open Fixtures — Lamp exposed (approx 85%)
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Multiply one factor against another
and you get the...........

MF = LIGHT LOSS FACTOR!

Foot-candle :w x COS(Angle) x MF
Distance?
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. Photometric Viewer - C:\Documents and Settings\Randy\Desktop\Filament\Stryker Educ Project\Cal... [Z]
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. Photometric Viewer - C:\Documents and Settings\Randy\Desktop\Filament\Stryker Educ Project\Cal... (2]

Catalog Number. [ SL-64-2T8-FA

Type of Report Select View
& Interior " Header Info " Average Luminance Wallwash Estimator

© basa  Gummary Data & CP Table Print Full Report
£ Floodight  CPCurve
Saveds | Close




