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DI/\ HORA TEMA EXPOSITOR.· 
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LUNES 24 17:00 a 18:00 OBJETIVO DEL CURSO ING CARLOS GARCI'A R 

18:00 a 19:00 TARIFAS ELECTRTCJIS ING Af,EX RAMlREZ ·· 
19:00 a 2 1 : 00 TERMINOLOGill ING JI:LEX: RAMIRE.Z 

.· 
MARTES 25 17¡00 a 21 : 00 LAMPliRAS ING JI.Ll•REDOi BAliJ.LLO. :,_ .< 

MIERCOLES 26 1 7 : O O· a· 21 :00 BALASTROS ING ER~J;:STOíMEÑDOZA 

JUBVES 27 17:00 a 19:00 FO'rmlETRIA ING. JOSE LUIS. BONILLA . 
1 9 :·ó'ó· a 21 : 00 LUMINARIOS ING JOSE LUIS. BONILLA 

VIERNI::S 28 17:00 a 2 1 : 00 CONTROLES ING .CARLOS MENDOZA· ·. · 

MAYO 
MAHTES 2 17:00 a 19:00 RECOMENDAClONES y 

.. 

NOl{MATIVIDAD ING CARLOS Gl\rtCJ A._• 
.19:00 a 2 1 : 00 PROCEDIMIF.NTO DE 

CALCULO ZONAL I~G CARLOS :GARCIA. R 

.MIERCOLBS 3 17:00 a 19:00~ILUMINACION DE 
ESTACIONAMIENTOS ,, ING •CAR:LOG GARÜA R. 

19:00 a 21 : 00 EJERCICIO DE CALCULO ING 'CARr;os GARCTÍ\ R-

JUBVES 4 17:00 a 2 1 : 00 DESARROLLO Lll': UN 
PROYECTO ING CARLOS GARCIA R 

LUNES 
,,:'·.'' 

8 17:00 a 21 : 00 DESARROLLO .. DE UN 
l'ROYECTO lNG CARLOS GARCÍA.''R• 

~!ARTES • 17:00 
;:~·:§-:' 

9 il 19:00 DESAlUWLLO. 'DE UN ·*Y· 
PROYECTO 1\RQ ENRIQUE.QUI~'rERO . J,"' 

19:00 il 20:00 MESA lUiDONDA :.tNG CARLOS GlÜ~C(iA R 
20:00 a 21 : 00 CJ,l\USURA ,, lNG CJ\RLOS GARCIA R 
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TEMA 1 
TARIFAS ELECTRI~AS 

INTRODUCCION 

Haciendo caso omiso de los muchos tipos de tarifas y de los diferentes procedimientos 
de cálculo de cualquier coinpaiiía de generación de energÍa eléctrica del mundo, tOdas las 
facturas extendidas sobre el consumo de fuerza obedecen al mismo patrón. . · 

Por lo común hay tres conceptos de cargo para formular estas facturas: demanda IJ!áxima, 
energía consumida y factor de potencia. . ' . · . ., 

Los cargos por concepto de la demanda se basan en los costOs de g~ión de ~gía 
eléctrica, de la transmisión y distribución de la misma, de acuerdo con los medios disponibles 
para efectuarlas. 

En este renglón se incluyen los cargos reditiJat1les ·wi la inversión, agregando intereses·;· 
impuestos, amortización, etc. Los cargos por concépto de energía comprenden los cOstos del 
combustible, mantenimiento y otros gastos relacionados con la operación. 

U. l.- CARGOS POR DEMANDA MAXIMA 

La deman~ máxima Pue<Je explicarse de la IDillli:ra siguiente: Sup(mganios que una pl8nta 
vi ;dabricar botes de hojalata y que el'rendimiénro 'de cada máquina es de 10, ()()()botes' 
diarios, una orden de 300, 000 botes requiera 30 máquinas pilm fabricar este voluinen en un· 
día, .pero si esta orden se reparte entre 10 días, .la planta podrá trabajar con sólo tres 
Íliáquinas. . r . . , ' . 

~ ~ . \ . '• 

El valor de la inversión representado por las máquinas tiene que incluirse en el costo de 
la producción de los botes. Si se puede convencer al comprador para que espere más tiempo 
para recibir sus. botes, se le podrá dar un precio más reducido. Sise reducen los gastos 
generales, se podrá obtener un precio más bajo por unidad. 

. . ~ mismo su~ eon el caso de la- Energía Eléctrica, sólo q~ en este renglón no Íe 
queda a la Central de Generación EléctriC!l ninguna alternativa. Al bilcer funcionar el 
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Para poder reducir y controlar su demanda, los usuarios deben reorganizar sus 
operaciones según el proceso se los permita para distribuir su demanda fuera de las horas 
pico; o bien limitar en forma automática la demanda mediante algún sistema controlador. En 
ambos casos el primer paso consiste en hacer un análisis que permita conocer las 
características de la demanda durante un período dado. En este análisis se deben considerar 
los siguientes factores: 

. l. Factor de carga 

2. Valor y duración de los picos de demanda 

3. Valor y duración de los valles 

'· •.. 
4. Horario de los picos de demanda 

11.4.- CARGOS POR BNERGIA CONSUMIDA 
' 

Los costos de operación de la porción de la factura de consumo de energía eléctrica, se 
basan en el número de kilowatts-hora registrados en el término de cierto período, 
normalmente por un mes. Para eStablecer comparaciones, tómese en consideración este 
períOdo de facturación. El número de días de trabajo y el número de días cubiertos tendrán 
diferencias; 

Existen cuatro situaciones en las que se deben considerar las pérdidas en el 
transformador: 

l. Si el usuario tiene su contratación en baja tensión, las pérdidas en los 
transformadores las absorbe la compallía que suministra el servicio. 

2. Si el usuario tiene su contratación en media y alta tensión, y su medidor de 
consumo se encuentra en el secundario del transformador, la compaftía que suministra 
el servicio efectúa un cargo del 2% por concepto de las pélüidas en el transformador. 

3. Si el usuario tiene su contratación en media y alta tensión, y.su medidor de 

e 
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consumo se encuentra en el primario del transformador, no se realiza cargo ya que las 
pérdidas del tranSformador quedan incluidas en el medidor. 

4. Si el suministrador del servicio tiene disponible solo baja tensión y el usuario 
requiere aumentar su voltaje a media o alta tensión mediante la instalación de . un 
transformador, el suministrador del servicio bonifica el 2% al usuario o se recurre a 
otro convenio para hacerse cargo de las pérdidas del transformador. 

II.S.- CARGOS POR BAJO FACTOR DE POTENCIA 

El término factor de potencia puede elevar el monto de la factura de consumo y sus 
efectos se hacen sentir en otros aspectos en el sistema de distribución de energía eléctrica en 
toda planta. El factor de potencia es un número que expresa una relación y puede explicarse 
de la siguiente manera: 

La potencia es el producto de la corriente que fluye por el circuito y del voltaje sostenido 
en el mismo; es decir, es el resultado de multiplicar los amperios por los volts. Sin embargo, 
en los circuitos de corriente alterna, el amperaje requerido por los motores de inducción, 
transfoimadores, alumbrado fluorescente, hornos de inducción, soldadoras por resistencia, 
etc. está formado por dos clases de corriente: la corriente magnetizante y la corriente que 
desarrolla el trabajo. 

- La corriente efectiva es la que se convierte en trabajo útil por la acción del equipo como. 
por ejemplo, la rotación de un motor, la ejecución de UD cordón de soldadura o el bombeo 
de agua. Esta corriente da como resultado la potencia activa, medida en KW. 

La corriente magnetizante (conocida también como corriente reactiva) es aquella que se 
requiere para producir el flujo magnético necesario para la operación de aparatos de inducción 
como los anteriormente mencionados. Sin la corriente de magnetización no habrá flujo de 
energía a través del núcleo de un transformador, ni a través del entrebierro de UD motor de 
inducción. Este tipo de corriente produce la potencia reactiva que se expresa en KV AR. La 
relación entre el factor de potencia se expresa como la relación entre la corriente productora 
de potencia y la corriente del circuito. 

KW 
Factor de potencia = ------; 6 KW = Kva x fp. 

KVA 

Las facturas de consumo de energía se basan en las mediciones de la demanda y en los 
Kilowatts-hora de energía. 

\ 



De la f6nnula anterior se desprende que para evitar cierta cantidad de potencia a un 
consumidor, la Central tendrá que transmitir una corriente mayor hacia un sistema que tenga 
un factor de potencia bajo, que hacia otro cuyo factor de potencia sea más alto. El valor de 
la corriente adicional no es registrado por el watthorímetro del consumidor y por lo tanto 
representa una pérdida para la compañía suministradora. Esta condición exige también la 
instalación de cables más gruesos y los transformadores, generadores y otros equipos, cuyas 
características se basan en su capacidad para conducir corriente, tendrán que ser de mayor 
tamaño. 

En atención a la necesidad de compensar el monto de la mayor inversión que se necesita 
para atender la demanda de cargas de factor de potencia bajo, las compañías de energía 
eléctrica han introducido la cláusula de factor de potencia para las facturas de consumo de 
energía. En esta cláusula se ofrece una reducción en las cuotas de consumo para cargas con 
fa:ctor de potencia alto o también imponen cuotas a manera de multa si el factor de potencia 
está es bajo. Pero el resultado real es que se aplican cargos extra cuando el factor de potencia 
está por abajo del 90 % en la mayoría de los casos. 

11.6.- ESTRUCTURA DE LAS TARIFAS 

La estructura actual de las tarifas de energía eléctrica se basa en los costos de suministro 
a los usuarios, por lo cual se han tomado en cuenta las diferencias regionales, estaciones del 
año, horarios de consumo, nivel de la tensión de svministro y demanda. 

11.6.a.- Regionalizadón tuifaria 
. . 

Por lo anterior CFE ha dividido el territorio nacional por regiones, principalmente para 
diferenciar el uso de la energía eléctrica en media y alta tensión. A continuación se muestra 
un mapa con las regiones. U>s números se refieren a porcentajes de cuotas, con respecto a 
las cuotas base, al: 100 %, que se listan en la secci6n "cuotas y condiciones". 

i 
A continuación se detallan los municipios y estados de la república mexicana que 

corresponden a cada zona. 

1) REGION BAJA CALIFORNIA. Todos los municipios del estado de Baja California. 
Municipios del estado de Sonora: San Luis Río Colorado. 

2) REGION BAJA CALIFORNIA SUR. Todos los municipios del estado de Baja 
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California Sur. 

3) REGION NOROESTE. Todos los municipios del estado de SONORA, excepto San Luis 
Río Colorado. Todos los municipios del estado de SINALOA. 

4) REGION NORTE. Todos los municipios de los estados de CHIHUAHUA Y 
DURANGO. 

Municipios del estado de ZACATECAS: Chalcbihuites, Jimenéz del Téul, Sombreretes, Saín 
Alto, Jerez, Juan Aldama, Río Grande, General Francisco Murguía, Mazapil, Melchor 
Ocampo. 

Municipios del estado de COAHUILA: San Pedro de las Colonias, Matamoros, Viesca, 
Parras de la Fuente y Francisco l. Madero. 

S) REGION NORESTE. Todos los municipios de los estados de NUEVO LEON Y 
T AMAULIPAS. 

Todos los municipios del estado de COAHUILA excepto los comprendidos en la REGION 
NORTE. . 

Municipios del estado de ZACATECAS: Concepción del Oro y El Salvador. 

Municipios del estado de SAN LUIS POTOSI: Venegas, Cedral, Cerritos, Gnadalcázar; 
Ciudad Femández, Río Verde, San Ciro de Acosta, Lagunillas, Santa Catarina, Rayón 
Cardenas, Alquines, Ciudad del Maíz, Ciudad Valles, Tamazopo, Aquismon, Axtla de 
Terrazas, Tamazunchale, Huebuetlán, Tamuin, Tancabuitz, Tanlajas; San Antonio Coscatlán, 
Tampamolón, San Vicente Tancuayalab, Ebano, Xilitla, Tampacan. · 

Municipios del estado de VERACRUZ: Pánuco, temporal, Pueblo Viejo, Tampico Alto, 
Ozuluama de Mazcareilas, El Higo, Huayacocotla. 

6) REGIO N CBN:fRAL. Todas las delegaciones del DISTRITO FEDERAL. Municipios del 
estado de MEXICO: Tultepec, · Tultitlán, Ixtapaluca, Chalco de Días Covarrubias, 
Huixquilucan de Degollado, San Mateo ·Ateneo, Toluca, Santa Cruz Atizapán, Cuatitlán, 
Coacalco, Cuatitlán Izcalli, Atizapán de Zaragoza, Tlalnepantla, Naucalpan de Juárez, 
Ecatepec, Cbimalbuacán, Cbiciloapan, Texcoco, Ciudad Netzabualcóyotl, Los Reyes La paz. 
Municipios del estado de MORELOS: Cuernavaca. 

7) REGION SUR. Todos los municipios de los estados de: NAYARIT, JALISCO, 
COLIMA, MICHOACAN, AGUASCALIENTES, GUANAJUATO, QUERETARO, 
HIDALGO, GUERRERO, TLAXCALA, PUEBLA,OAXACA,CHIAPAS, TABASCO. 



Todos los municipios de los estados de ZACATECAS, SAN LUIS POTOSI Y VERACRUZ 
no comprendidos en la REGION NORTE o en la REGION NORESTE. 

Todos los municipios de los estados de MEXICO Y MORELOS no comprendidos en la 
REGION CENTRAL. 

8) REGION PENINSULAR. Todos los municipios de los estados de YUCATAN, 
CAMPECHE Y QUINTANA ROO. 

ll.6.b.- Clasificación y descripcióa 

Para la aplicación e interpretación de las tarifas se considera que: 

a) Baja tensión es el servicio que se suministra en niveles de tensión menores o iguales a l. O 
KV. 
b) Media tensión es el servicio que se suministra en niveles de tensión mayores a 1.0 kV, 
pero menores o iguales a 35 KV. 
e) Alta tensión a nivel subtransmisóm es el servicio que se !'u ministra a niveles de tensión 
mayores a 35 KV, pero menores a 220 KV. 
d) Alta tensión a nivel transmisión es el servicio que se suministra a niveles de tensión iguales 
o mayores a 220 KV. 

Tarifa Denominación 

l Residencial 
2 Servicios Generales 
3 Servicios Geuerales 
5 y 5A Alumbraclo Pdblico 
6 Bombeo aguas 
7 Servicio temporal 
9 Bombeo agua riego 
OM Ordinaria media 

TABLA 1 
Clasificación y desa:ipcióa 

Condiciones de suministro 

Baja tensión sin límite de carga 
Baja tensión y hasta 25 KW · 
Baja tensión y cargas mayores de 25 KW 

Alta o Baja tensión sin límite de carga 
Media o Baja tensión sin límite de carga 

Baja tensión sin límite de carga 
Media o Baja tensión sin límite agrícola de carga 

Media tensión y cargas mayores, tensión a 20 KW y 
menores de 1000 KW 

HM 
HS 

Horaria media tensión Media tensión y cargas igual o mayor a 1000 KW 
Horaria alta tensión Alta tensión nivel S de 35 a 220 KV 
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FACTORES DE REGIONALIZACION TARIFARIA 

NOROESTE 
,INVIERNO 

. :~ 



HT 
H-SL 
H-TL 
1-30 

Horaria alta tensión 
Horaria alta tensión 
Horaria alta tensión 

Servicio Interrumpible 

Alta tensión nivel T 220 KV ó más 
Alta tensión nivel S de 35 a larga utilización y 220 KV 
Alta tensión nivel T 220 KV ó más larga utilización 
Alta tensión niveles S y T cargas mayores a 20000 KW 

11.7.- CONCEPTOS SOBRE LAS CUOTAS 

Todas las cuotas que se presentan a continuación, están en N$ (nuevos pesos) y 
corresponden al mes de enero de 1993. Para calcular las cuotas de las tarifas 1, 2 ,3 7 y 9 
de cualquier mes después de enero de 1993, ver el inciso 'cargo por mantenimiento'. Las 
cuotas que se presentan para las tarifas de la O-M a la 1-30 corresponden la región sur. Para 
calcular otras regiones deben multiplicarse por el factor de regionalirnd6n que se muestra en 
el mapa de la sección 'regionalización tarifaría'. · 

APLICACION DE LAS TARIFAS 1 A 9 

TARIFA 1 
RESIDENCIAL 

Esta tarifa se aplicará a todos los servicios que destinen la energía para usos 
exclusivamente domésticos, cualquiera que sea la caiga conectada individualmente a cada · 
residencia, apartamento, apartamento en condominio o vivienda. Estos servicios sólo se 

. suministran en baja tensión y no debe aplicárseles ninguna otra tarifa. 

CUOTAS APLICABLES: cargos por energía consumida. 

TARIFA lA, lB, IC, ID 

Esta tarifa se aplica a todos los servidos que destinen la energía para uso exclusivamente 
doméstico, cualquiera que sc:a la ~:arga conectada individualmente a cada residencia, 
apartamento, apartamento en \:on.Jominio o vivienda, en localidades con clima muy cálido. 
Estos servicios sólo se suministran c:n !laja tensión y no debe aplicárseles ninguna otra tarifa. 

LUGARES DONDE REGIRA LA TARIFA. Esta tarifa rige en aquellas localidades con 
clima muy cálido, considerándose como tales aquellas cuya temperatura media mensual 
durante 2 meses consecutivos o más, sea de 25 C o mayor, de acuerdo con las observaciones 
termométricas registradas por la SARH. A continuación se muestra la temperatura que 

. 
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j.t~UVI;LI:S.DE TENSION j 

Para la aplicación e 
Interpretación de las tarifas se 
considera que: 

.. ~ ....... 

o 
1 

311 

220 

KV 

a) BaJa tenalón es el 
sai'Vlclo que se suministra a 
niveles de tensión menores 
ó lgualea a 1 Kv. 
b) Media tensión es el 
sai'Vlclo a tensiones 
mayorea a 1 ICV pero 
menorea o Igual•• a 315 Kv. 
e) Alta tenalón a nivel 
subtranamlalón •• el 
Sai'Vlclo a tenalonea 
mayorea a 315 ICV pero 
menorea a 220 Kv. 

d) Alta tenalón a nivel 
tranamlalón •• el aai'VIclo 
a tenalonea Igual•• ó 
mayorea a 220 Kv. 

APLICACION DE LA TARIFA 1 
USO EXCLUSIVAMENTE DOMESTICO EN BAJA TENSION 

CUO~S APUCABLES : CAROOB POR ENEROIA Y MANTENIMIENTO 

KWH/MES. 
IIINIIIO IIENIUAL: ... 0.453 
CA11G0 POR llANTO: Nt 3.7W.S3 

DEPOSITO e IN 1 H: I.OO 
GAAANTIA: 2H: 2I.OO 

3H: 32.00 

o 0.05 o. 1 0 .. 15 0.2 0.25 0.3 0.38 0.4 0.45 0.5 

COSTO (N$ a AbrU/93) 

AGAR/ABA·83 

/1 



corresponde a cada tarifa. 

T - lA ----------> 25 e 
T - lB ----------> 28 e 
T - le ----------> 30 e 
T - 10 ----------> 31 e 6 más 

TABLA 2 

TARIFA l 
SERVICIOS GENERALES (hasta 25 KW) 

Esta tarifa se aplica a todos los servicios que destinen la energía en baja tensión a 
cualquier uso, con demanda hasta de 25 kW, excepto a los servicios para los cuales se fija 
específicamente su tarifa. 

CUOTAS APLICABLES. Cargo fijo y cargo por energía consumida. 

Cargo Fijo 0-50 51-100 
KW-h KW-h KW -h adicionales 

----------------· 
N$ 4.02504 N$ 0.30331 N$ 0.37933 N$ 0.42406 

DEMANDA POR CONTRATAR. La fija inicialmente el usuario de acuerdo con sus 
necesidades de potencia y no puede ser superior a 25 kW. La tarifa obliga al usuario a 
solicitar el cambio a la tarifa 3 si la demanda máxima medida excede de 25 kw, y faculta al 
suministrador a realizar esta reclasificación automáticamente al realizarse la tercera demanda 
consecutiva o superior, dando aviso al usuario. Para poder realizar, la demanda máxima debe 
medirse y es obvio que no resulta práctico medir la demanda a todos los usuarios de tarifa 
2, por lo que se deben observar las siguientes recOmendaciones generales: 

Servicios con carga conectada hasta 36 kW 
· No medir demanda 
- Facturación bimestral 

Servicios con carga conectada superior a 36 kW 
- Medir demanda 
- Facturación mensual 

/;t 



Independientemente de lo anterior, los programas de facturación emiten un aviso para que se 
instale un medidor de demanda máxima cuando el consumo sea superior a 14, 000 kWh 
mensuales. 

TARIFA 3 
SERVICIOS GENERALES (mayores a 25 kW) 

Esta tarifa se. aplica a todos los servicios que destinen la energía en baja tensión a 
cualquier uso, con demanda de más de 25 kW, excepto a los servicios para los cuales se fija 
específicamente su tarifa. 

CUOTAS APLICABLES. Cargo por demanda máXima y cargo por energía consumida.· 

Cargo por demanda Cargo por KWH 
--------------------------------------

N$ 41.95239 N$ 0.20861 

DEMANDA POR CONTRATAR: la fija inicialmente el usuario; su valor no será menor 
al 60 % de la carga total conectada, ni menor de 25 kW o de la capacidad del mayor motor 
o aparato instalado. 

TARIFA S Y SA 
ALUMBRADO PUBLICO 

Esta tarifa sólo se aplica al suministro de energía eléctrica para el servicio de semáforos, 
alumbrado y alumbrado ornamental por temporadas, de calles, plazas, parques y jardines 
públicos. La tarifa 5 se aplica únicamente para las zonas conurbanas de méxico, D.F., 
Monterrey y Guadalajara. La tarifa 5A se aplica para el resto del país. 

CUOTAS APLICABLES MENSUALMENTE. Cargos por energía consumida en alta 
tensión y en baja tensión. 

·Tarifa Alta tensión Baja tensión 
------------------------------------------

5 
5A 

N$ 0.41076 
N$ 0.30807 

N$ 0.48932 
N$ 0.36701 



DEMANDA POR CONTRATAR. la demanda por contratar corresponde al lOO% de la 
demanda conectada. 

TARIFA 6 
BOMBEO DE AGUAS 

Esta tarifa se aplica al suministro de energía eléctrica para servicio público de bombeo 
de aguas potables o negras. 

CUOTAS APLICABLES. Cargo fijo. Independientemente de la energía consumida y cargo 
por energía consumida. 

Cargo fijo cargo por KWH 

N$ 42.15657 N$ 0.23338 

DEMANDA POR CONTRATAR. La demanda por contratar la fija inicialmente el usuario, 
no será menor del 60 % de la carga total conectada ni menor de la capacidad del mayor 
motor o aparato instalado. 

TARIFA 7 
SERVICIO TEMPORAL 

Esta tarifa se aplica a todos los servicios que destinen la energía temporalmente a 
cualquier uso, exclusivamente donde y cuando la capacidad de las instalaciones del 
suministrador lo permitan y éste tenga líneas de distribución adecuadas par dar el servicio. 

HORARIO. El convenio en cada caso entre el suministrador y el usuario, el que no debe 
hacer uso del servicio fuera del horario estipulado. 

CUOTAS APLICABLES. Cargo por demanda y cargo por energía consumida. 

Cargo por demanda cargo por KWH 

N$ 26.34582 N$ 0.65874 

~ATPAB 
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a) N$ 0.29000 por el primer día de servicio 
b) N$ 0.03600 por cada día adicional de sérvicio 
e) N$ 0.72000 por cada kW de demanda 
d) N$ 0.01800 por cada kW consumido 

En los casos de personas o negociaciones que se dediquen a usar aparatos eléctricos 
portátiles tales como máquinas de pulir,encerar y lavar pisos, pintar, soldar, etc., el 
suministrador podrá optar por aplicar las cuotas de los incisos a) o b), o bien, N$ 1.43500 
por cada kW de demanda. 

TARIFA 9 
SERVICIO TEMPORAL 

Esta tarifa se aplica exclusivamente a los servicios en alta o baja tensión que destinen la 
energía para el bombeo de agua utilizada en el riego de tierras dedicadas al cultivo de 
productos agrícolas y al alumbrado del local. donde se encuentre instalado el equipo de· 
bombeo. 

CUOTAS APUCABLES MENSUALMENTE. Cargos por la energía consumida 

N$ 0.00205 por cada uno de los primeros 5,000 kWh 
N$ 0.00245 por cada uno de los siguientes 10,000 kWh 
N$ 0.00270 por cada uno de los siguientes 20,000 kWh 
n$ 0.00300 por cada kWh adicional a los anteriores. 

TENSION Y CAPACIDAD DE SUMINISTRO. El suministrador sólo está obligado a 
proporcionar el servicio a la tensión y capacidad disponibles en el punto de entrega. 

DEMANDA POR CONTRATAR. La demanda por contratar la fijará inicialmente el 
usuario con base en sus necesiúallo de potencia. Cualquier fracción de kW, se tomará como 
kW completo. 

DEPOSITO DE GARANTIA. NS 0.09500 por cada kW de demanda contratada. 
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EJEMPLOS DE DETERMINACION DE LA DEMANDA POR CONTRATAR 

l. Un posible usuario solicita servicio en baja tensión con la siguiente carga conectada: 
*Alumbrado 
- 12 lámparas fluorescentes de 110 watts, c/u 1,584 Watts 
**Fuerza 
-Un motor trifásico de 12 bp 7,161 Watts 
Otras 
- Un calefactor 1, 000 Watts 
Total 9,745 Watts 

(*) Se considera el 20 % adicional por el equipo auxiliar, en este caso las balastras. 
(**) Se considera un motor con el 80 % de eficiencia 

DEMANDA A CONTRATAR. Supongamos que el usuario contrata una demanda de 6 
kilowatts, en este caso debemos considerar que existe conectado un motor de 7,161 watts, por 
lo cual debemos orientar al usuario a fin que de acuerdo a sus necesidades reales de potencia, 
conttate una demanda no menor a 8 kilowatts. El servicio será en tarifa 2. 

2. Un posible usuario solicita servicio en baja tensión con las siguientes cargas conectadas: 
*Alumbrado 
-50 lámparas fluorescentes de 75 watts c/u 4,687.5 W 
- 100 lámparas incandescentes de 150 watts c/u 15,000 W 

*Fuerza 
- 5 motores de 5 hp c/u 
- 1 motor de 10 hp 

Total 

22,450 w 
8,674 w 

50,811.5 w 

En este caso puede existir incertidumbre acerca del valor de la demanda por contratar, 
ya que si el usuario solicita una demanda de 21 kilowatts, también es cierto que tal valor 
puede rebasar los 25 kilowatts. En el primer supuesto seria contratar el servicio bajo tarifa 
2, mientras que en el segundo seña tarifa 3. Tampoco podrfa predecirse cual de las doS tarifas 
resultaría más económica para el usuario, puesto que se desconoce el factor de carga del 
servicio, por lo tanto, la solución seña contratar en tarifa 2 con 21 kilowatts de demanda, 
instalando en este caso equipo de medición de demanda, facturando mensualmente y vigilando 
que en el caso que la demanda exceda en tres veces consecutivas 25 kilowatts, se reclasifique 
el servicio en tarifa 3. 
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APLICACION DE LAS TARIFAS 0-M A 1-30 
Conceptos sobre los períodos punta y base 

PERIODO DE PUNTA. Es el tiempo comprendido entre las 18:00 y las 22:00 horas, de 
lunes a sábado. A excepción de las regiones de Baja California, Baja California Sur y 
Noroeste, para las cuales y dulante los meses de junio a octubre será el tiempo comprendido 
entre las 16:00 a las 22:00 horas. 

Los días de descanso obligatorio, establecidos en el artículo 74 de la Ley Federal del 
Trabajo, así como los que se establezcan por Acuerdo presidencial, se exceptúan de esta 
consideración. 

PERIODO DE BASE. Es el resto de las horas del mes, no comprendidas en el Periodo de 
Punta. 

ENERGIA DE PUNTA. Es la energía consumida durante el periodo de punta. . . - ~ 

ENERGIA DE BASE. Es la energía consumida durante el periodo de base. 
Estos dos conceptos se aplican únicamente para las tarifas H-M, H-S y H-T. 

Conceptos sobre la demanda 

DEMANDA MEDIA. Esa la demanda de energía eléctrica promedio en un periodo 
determinado. 

DEMANDA MAXIMA MEDIDA. la demanda máxima medida se determina mensualmente 
por medio de instrumentos de medición que indiquen la demanda media en kilowatts durante 
cualquier intervalo de 1 S minutos, en el cual el consumo de energía eléctrica sea mayor que 
en cualquier otro intervalo de 1 S minutos en el periodo de facturación. 

DEMANDA MAXIMA MEDIDA EN PERIODO DE PUNTA. Se determina 
mensualmente duránte cualquier intervalo de lS minutos del Periodo de Punta,en el cual el 
consumo de energía eléctrica del consumidor sea mayor que en cualquier otro intervalo de 
!S minutos en el Período de Punta. · 

DEMANDA MAXIMA MEDIDA EN PERIODO DE BASE. Se determina mensualmente 
durante Qla)qdier intervalo de 15 minutos del Periodo de Base, en el cual el consumo de 
energía eléctrica del consumidor sea mayor que en cualquier otro intervalo de lS minutos en 



PERFIL DE CARGA 
DEMANDA MAXIMA, DEMANDA MEDIA, FACTOR DE CARGA Y CONSUMO PROMEDIO 

!JI DATOS DEL PERFIL : 

DEMANDA INSTANTANEA. 

e. al valor da demanda (KW) 
raglatrado a cada lnahlnte 
durante un perfodo determinado. 

600 

550 
500 

450 

·DEMANDA MAXIMA: 
Ea el nlor m6Jdmo da demanda 
lnatandln .. (KW) reglatrado a lo 
largo da determinado perfodo. i' 400 ~...-:"""'"',.::,:: 

DEMANDA MEDIA: 
Ea .. valor promedio da toclaa 
laa lacturaa lnatant6naaa 
reglatradaa an un periodo 
determinado. 

FACTOR DE CARGA. 

e. la ralacl6n entra la demanda 
media (KW) y la demanda 
m6xlma (KW) en datarmlriado 
perfodo. Se pueda axpraur an 
porunldad o an porclanto. 

~350 
e 
a 300 
~ 250 ::1 
~ 200 

150 /NS'TANTANEA 

100 

50 
o~~~~~++~~~~++~~~ 

o 1 2 ~ 4 '. 7 •• 1011111:1114111181718181011111~·· 
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CONCEPTOS SOBRE LOS PERIODOS PUNTA V BASE 

PERIODO DI! PUNTA. 
Ea el tiempo oompr.ndldO antN ••• 
11:00 y lea 22:00 hora., de lun .. • 
••bado. Se e~túen laa ~ton .. da 
a.c., a.c. sur y No...-te. _..,. ... 
cu.lee y du,.nta 1o11 .,..... da Junio • 
octubre aar6 al t,.mpo OOiftltNndldo 
ancr. laa 11:00 y laa 22:00 llOra .. 

Ln dlu de d .. .,.,.. obtlgatorto. 
eetabt.ckl- en el Artlauto 74 cM la Lay 
FedeNt del TrabaiO .. , oomo toe q&M ae 
aatabt.aoan IHH' .........,.. Pt.ekleiiOialo 
•• exoeptCien de eeta _oonaklara016n. 

PERIODO DI! IIASI! D~MANDA MAXIMA M~DIDA 
la af Nato da ... hoNe del mea, no ae determine meneuatmenta por 
oomprandldae ... al pertoclo de punta. medio de lnetrumentoe que Indiquen 

la .S.mancta media en II:Rowefta 
ENEAQIA DE PUNTA du,.nta ouetquler tntanrelo cM u 
Ea .. energla oonaumlda durante et mmutoe, en el oual el oona~umo de 
perkldo de punta. energla •~ ... mayor que en 

cualqvt. 01ro tntanrato da 11 mtnutM 
ENERQIA De BASe en et pertodo da r.atYNOt6n. 

Ra e. en•rvta oonaumlda durante el 
partodo de baae. &atoad- oonoeptoa 
M epUoan ClfttMMeftlla para ••• tartfaa 
M .... , H..e y H•T. 

D~MANDAMAXIMA r-~----,---~----r-~---r~~ da .... , .... touatal 
oo,..umo de .,.rgta e~Mtrtoai 
... mayor que en ouetquter 
Olro tntervato U 1 S lftlnutoal 
..... periodo de ..... 

MEDIDA I!N PUNTA 
aa determina 
meneuetmente dumnte 
ouelqu...- lntarYU. de 18 
mlnutoe en el PertMo cM 
Punta, an el oual el 
ooneumo da anergla eN 
mayor que en ouelq•t• 
otro Intervalo da 18 
mtnut- an el Pertodo de 
Punta. 

DEMANDA MAXIMA 
MI!DIDA I!N IIASI! 

a. detenl'lllna oade ,.... 
durante cualqUier lntarvelo 
d• 15 minuto• del periodo 

DII'~R~NCIA D~ 
D~MANDAS 

••taO.ft'landa 116Jd~Man 
.... .,..._ ta Demanda 
M.taiM8 an Punta, ouando 
.... drl'llrenola ... poantva. 
Cuando ta Demanda llá:IM8 
en Punta ... ....,..,. que la 
Demanda lltxlma an ..... la 
Dri'IINftOia de De ... ndaa •• ..... 

/~ 



el Período de Base. 

DIFERENCIA DE DEMANDAS. Es la Demanda Máxima Medida en período de Base 
manos Demanda medida en período de Punta, cuando esta diferencia sea positiva. En aquellos 
casos en que la Demanda máxima Medida en Período de Punta sea superior a la Demanda 
Máxima Medida en Período de Base, la Diferencia de Demandas es igual a cero. 

Conceptos sobre la demanda y energía facturables 

DEMANDA FACTURABLE. Es el resultado de sumar la Demanda Máxima Medida en 
Período de Punta y la quinta parte de la diferencia de demandas. 

Este concepto se aplica para las tarifas H-M, H-S, H-T y H-TL. 

ENERGIA FACTURABLE DE PUNTA. Es el máximo entre la energía consumida durante 
el Período de Punta y el 80_% dét producto de la Demanda Máxima Medida en Período de 
Punta por el número de horas del Período de Punta. 

ENERGIA FACTURABLE DE BASE. Es la diferencia entre la Energía Total Consumida 
durante el mes ·Y la Energía Facturable de Punta. 

Estos dos conceptos se aplican únicamente para las tarifas H-SL y H"TL. 

Cuotas y condiciones 

TARIFA O-M 
TARIFA ORDINARIA PARA SERVICIO GENERAL EN MEDIA 

TENSION CON DEMANDA MENOR A 1, 000 KW. 

. . 

Esta tarifa se aplicará a los servicios que destinen la energía en media tensión a cualquier 
uso, con demanda menor a 1, 000 kW. 

CUOTAS APUCABLES MENSUALMENTE. 

Cargo por kW de demanda máxima medida N$ 23.086 
cargo por kWh de energía consumida N$ 0.13565 

MINIMO MENSUAL. El importe que resulte de aplicar 10 veces el cargo por kilowatt de 
demanda máxima medida. 
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DEMANDA POR CONTRATAR. La demanda por contratar la fijará inicialmente el 
usuario; su valor no ser.i menor del 60% de la carga total conectada, ni menor de 20 
kilowatts o de la capacidad del mayor motor o aparato instalado. 

En el caso de que el 60% de la carga total conectada exceda la capacidad de la subestación 
del usuario, se tomará como demanda contratada la capacidad de dicha subestación a un factor 
de 85%. Si la demanda por contratar es mayor de 1, 000 kilowatts, el usuario debe solicitar 
al suministrador que aplique la Tarifa H-M. 

Cualquier fracción de kilowatt se tomará como kilowatt completo. 

DEPOSITO DE GARANTIA. Dos veces el importe que resulte de aplicar el cargo por 
demanda máxima medida a la demanda contratada. 

TARIFA H-M. 

TARIFA HORARIA PARA SERVICIO GENERAL EN MEDIA TENSION, CON 
DEMANDA DE 1, 000 KW O MAS 

Esta Tarifa se aplicará a los servicios que destinen la energía en media tensión a cualquier 
uso, con una demanda de 1, 000 kilowatts o más. 

CUOTAS APLICABLES MENSUALMENTE. 

Cargo por KW de demanda facturable N$ 23.432 
Cargo por KWh de energía de punta N$ 0.19534 
Cargo por KWh de energía de base N$ 0.12209 

MINIMO MENSUAL. El importe que resulte de aplicar 10 veces el cargo por ldlowatt de 
demanda facturable. En el caso de que el 60% de la carga total conectada exceda la capacidad 
de la subestación del usuario, sólo se tomara como demanda contratada la capacidad de dicha 
subestación a un factor de 85%. 

Cualquier fracción de kilowatt se wmará como ldlowatt completo. 

Cuando el usuario mantenga durante 6 meses consecutivos, tanto una demanda máxima 
medida en Período de Punta, como una demanda Máxima Medida en Período de Base 
inferiores a 1, 000 kilowatt.~, podrá 'IOiicitar al suministrador su incorporación a la Tarifa 
0-M. Cualquier fracción de kilowatt se tomará como kilowatt completo. 



HORARIO. Para los efectos de la aplicación de esta tarifa, se utilizará el horario oficial que 
rige en el territorio nacional, por decreto presidencial publicado en el diario oficial de la 
federación el 24 dé abril de 1942. 

DEPOSITO DE GARANTIA. Dos veces el importe que resulte de aplicar el cargo por 
demanda facturable a la demanda contratada. 

TARIFA H-S 

TARIFA HORARIA PARA SERVICIO GENERAL EN ALTA TENSION, 
NIVEL SUBTRANSMISION 

Esta tarifa se aplicará a los servicios que destinen la energía a cualquier uso, suministrado 
en alta tensión, nivel subtransmisión. 

CUOTAS APLICABLES:MENSUALMENTE. 

Cargo por KW de demanda facturable 
Cargo por KWh de energía de punta 
Cargo por KWh de energía de base 

N$ 26.441 ~ 
N$ 0.17242 
N$ 0.09597 

MINIMO MENSUAL. El importe que resulte de aplicar veinte veces el cargo por kilowatt 
de demanda facturable. · 

DEMANDA POR CONTRATAR. La demanda por contratar la fijará inicialmente el 
usuario; su valor no será menor del 60'Jii de la carga total conectada, ni menor de la 
capacidad del mayor aparato instalado. 

En el caso que el 60 'Jii de la carga total conectada exceda la capacidad de la subestación del 
usuario, sólo se tomará como demanda contratada la capacidad de dicha subestación a un 
factor de . 85 'Jii . 

Cualquier fracción de kilowatt se tomará como kilowatt completo. 

HORARIO. ldem Tarifa H-M. 

DEPOSITO DE GARANTIA. ldem Tarifa H-M. 
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TARIFA H-T 

TARIFA HORAIUA PARA SERVICIO GENERAL EN ALTA TENSION, 
NIVEL TRANSMISION. 

Esta tarifa se aplicará a los servicios que destinen la energía a cualquier uso, suministrados 
en alta tensión, nivel transmisión. 

CUOTAS APLICABLES MENSUALMENTE. 

Cargo por KW de demanda de energía facturable N$ 24.459 
Cargo por KWh de energía de punta N$ 0.16196 
Cargo por KWh de energía de base N$ 0.08987 

MINIMO MENSUAL. Idem Tarifa H-S. 

DEMANDA POR CONTRATAR. ldem Tarifa H-S. 

HORARIO. Idem Tarifa H-M. 

DEPOSITO DE GARANTIA. Idem Tarifa H-M. 

TARIFA H-SL 

TARIFA HORAIUA PARA SERVICIO GENERAL EN ALTA TENSION, 
NIVEL SUBTRANSMISION, PARA LARGA UTILIZACION. 

Esta tarifa se aplicará a los servicios que destinen la energía a cualquier uso, suministrados 
en alta tensión, nivel subtransmisión, y que por las características de utilimción de su 
demanda soliciten inscribirse en este servicio. 

CUOTAS APLICABLES MENSUALMENTE. Cargos por la demanda facturable, por la 
energía facturable de punta y por la energía facturab1e de base. 

Cargo por KW de demanda facturable 
Cargo por KWh de energía facturable de punta 
Cargo por KWh de energía facturable de base 

MINIMO MENSUAL. Idem Tarifa H-S. 

N$ 26.441 
N$ 0.27885 
N$ 0.07490 



DEMANDA POR CONTRATAR. Idem Tarifa H-S. 

DEPOSITO DE GARANTIA. Idem Tarifa H-M. 

TARIFA H-TL 

TARIFA HORARIA PARA SERVICIO GENERAL EN ALTA TENSION, 
NIVEL TRANSMISION, PARA LARGA UTILIZACION. 

Esta tarifa se aplicará a·los servicios que destinen la energía a cualquier uso, suministrados 
en alta tensión, nivel transmisión, y que por las características de utilización de su demanda 
soliciten inscribirse en este servicio. 

CUOTAS APUCABLES MENSUALMENTE. Se aplicarán los siguientes cargos por la 
demanda facturable, por la energía facturable de punta y por la energía facturable de base . 

.. 
Cargo por KW de demanda facturable NS 24.459 
Cargo por KWb de energía de punta N$ 0.20754 
Cargo por KWb de energía de base N$ 0.07281 

MINIMO MENSUAL. Idem Tarifa H-S. 

DEMANDA POR CONTRATAR. Idem Tarifa H-S. 

DEPOSITO DE GARANTIA. Idem Tarifa H-M. 

TARIFA 1-30 . 
TARIFA PARA SERVICIO INTERRUMPffiLE. 

Esta tarifa sen( aplicable a los usuarios de las tarifas H-S, H-T, H-SL y H-TL que 
soliciten inscribirse adicionalmente en este servicio y que tengan una Demanda Máxima 
Medida en el Período de Punta o Base, mayor o igual a 20,000 kW durante los tres meses 
previos a la solicitud de inscripción. 

DEMANDA INTERRUMPIBLE CONTRATADA Y DEMANDA FIRME 
CONTRATADA. El usuario que solicite servicio en esta tarifa debenf contratar una demanda 
interrumpible y una demanda firme. La demanda firme contratada no puede ser menor al30% 
del promedio de su Demanda Máxima Medida en el Período de Punta durante los últimos tres 
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meses previos a su solicitud de inscripción. La demanda interrumpible contratada no puede 
ser menor a 7,000 kW ni mayor al 70% del promedio de su Demanda Máxima Medida en 
Período de Punta y durante los tres meses previos a su solicitud de inscripción. 

BONIFICACION MENSUAL 

Para los usuarios de 
tarifas H-T y H-TL 

Para los·usuarios de 
tarifas H-S y H-SL 

N$ 4.988 

N$ 5.237 

por cada kW de demanda 
interrumpible bonificable 

por cada kW de demanda 
interrumpible bonificable 

' La bonificación mensual selá aplicada en la facturación del usuario calculada de acuerdo 
con la tarifa aplicable. 

DEMANDA INTERRUMPIBLE BONIFICABLE. La Demanda Iilterrumpible Bonificable 
meosualmeote Será kW mínimos entre la Demanda Iilterrumpible Contratada y el resultado 
de restar a la Demanda Máxima Medida en Periodo de Punta la Demanda Firme Contratada. 
En caso inferior a la Demanda Firme Contratada, la Demanda Interrumpible Bonificada selá 
cero. 

CONDICIONES GENERALES DE LA INTERRUPCION. El suministrador podrá 
solicitar al usuario la suspensión total o parcial de la demanda contratada como interrumpible 
con la anticipación de 30 minutos como mínimo en la forma convenida con el usuario. 

DE LA DURACION Y PERIODICIDAD DE LAS INTERRUPCIONES. El 
suministrador podrá solicitar la interrupción una vez en un dfa por período basta de 4 horas. 
El total de interrupciones acumuladas en un allo calendario selá como máximo de 14. Las 
interrupciones que no hayan sido utilizadas por el suministrador no podrán ser acumuladas 
para el siguiente ado calendario. 

CARGOS POR INCUMPLIMIENTO. Si el suministrador determina mediante los registros 
de medición de la demanda del usuario, que éste no cumplió o cumplió parcialmente con una 
solicitud de interrupción, tendrá derecho a aplicar en la facturación un cargo equivalente a 
6 veces el monto de la bonoficación mensual correspondiente a la demanda interrumpible no 
proporcionada. Si dentro de un período de 12 meses, el usuario incurre en reincidencia, el 
suministrador, en adición a la penalización anterior, podrá a su discreción de servicio 
interrumpible. La demanda interrumpible no proporcionada sen( la diferencia entre: 
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i) El resultado de restar a la Demanda Máxima Medida durante el lapso de interrupción la 
Demanda Firme y Contratada y 
ii) El resultado de restar a la Demanda Interrumpible Contratada la Demanda Interrumpible 
Solicitada. 

Cargos por Mantenimiento 

A todas las tarifas descritas se les aplicará un cargo adicional mensual por mantenimiento 
como indica la Tabla 3. 

MONTO DEL CARGO MENSUAL POR MANTENIMIENTO A PARTIR 
DEL 12 DB NOVIEMBRE DE 1991 
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TARIFAS DOMESTICAS 

~· 
O a 2S kWH 

26 so 
Sl 7S 
76 lOO 

- 101 200 
,; más de 200 

.TARIFA 2 
3 
S Y SA 
6 
7 
9 
O-M 
H-M 
H-S 
H-T 

TABLA 3 

N$ 3.60 
4.20 
4.80 
4.80 
6.01 
9.01 

S.4S 
9.10 
9.10 
Exenta 
9.10 
3.00 
9.10 
9.10 
9.10 
9.10 

Cargos y Bonificaciones Relacionados con el Factor de Potenc:ia 

'· 
' . 

; 



FORMULA Y GRAFICA DI;! CARGOS: 

Porcentaje de Recargo = 3/5 x ((90/FP)- 1) x 100 para un FP menor que 90% 

FORMULA DE BONIFICACION: 

Porcentaje de Bonificación = 114 x ( 1 - (90/FP)) x 100 FP mayor al 90 'Jii 

Donde FP es el Factor de Potencia expresado en por ciento. 

Los valores resultantes de la aplicación de estas fórmulas se redondearán a un solo decimal, 
por defecto o por exceso, según sea o no menor que 5 el segundo decimal. En ningún caso 
se aplicarán porcentajes de recargo superiores a 120%, ni porcentajes de bonificación 
superiores a 2. 5 'Jii • 

Ajuste Paulatino de las Tarifas 1 a 9 

A partir del 22 de Octubre de 1992 entra en vigor el ajuste paulatino de incremento en las 
tarifas eléctricas de acuerdo a las disposiciones siguientes: 

\ 

Sobre las cuotas de las tarifas para el servicio doméstico (1, lA, 18, IC y ID) se aplicará 
un factor de l. 0057 mensual acumulativo a excepción de aquellas consignadas en la siguiente 
disposición: 

Se aplicará un factor de 1.0079 mensual acumulativo a las cuotas para consumos 
mensuales superiores a 200 kWh en la tarifa 1; 250 kWh en la tarifa lA; 300 kWh en la 
tarifa lB; 750 kWh en la tarifa lC; y 1000 kWh en la tarifa ID. 

Se aplicará un factor de l. 0079 mensual acumulativo a las cuotas de las tarifas 2, 3 y 7. 

Se mantiene el factor de l. 03 mensual acumulativo a las cuotas de la tarifa 9. 

Disposición que establece el procedimiento para el ajuste automático en las tarifas 2, 3 y 
7 de manera que se reflejen las fluctuaciones de los precios internos de los combustibles, 
cualquiera que sea el sentido de las mismas. El suministrador aplicará dicha disposición 
complementaria a partir de122 de octubre de 1992. 
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Ajuste por Variación de Combustible 

CLAUSULA DE LOS AJUSTES DE LA FACTURACION 
DE LA ENERGIA POR VARIACION EN LOS PRECIOS DE LOS 

COMBUSTIBLES 

10 bis. l. APLICACION DE LOS AJUSTES 

Esta cláusula de los ajustes se aplicará a la facturación de la energía consumida en las 
tarifas 0-M, H-M, H-S, H-T, U-Ti. para reflejar las variaciones de los precios y de los 
combustibles utilizados en la generación de energía eléctrica. 

10 bis 2. CALCULO DE LOS AJUSTES 

Para cada mes calendario el monto de los ajustes -expresados en pesos-, se calcularán 
multiplicando el total de energía consumida· en dicho mes -expresado en kWb-, por los 
factores mensuales de ajuste que se expresan en pesoslkWb. 

10 bis 3. FACTORES DE AJUSTE 

Los factores de aj~ del mes calendario se calcularán mediante la siguiente fórmula por 
cada nivel de tensión de suministro: 

Factores de ajnste 

Donde: 

(j) Expresa cada uno de los 4 niveles de tensión de suministro: 1) Alta Tensión Nivel 
Transmisión (tarifas H-T y H-TL); 2) Alta Tensión Nivel Subttansmisión (tarifas H-S y H­
SL); 3) Media TeDsión (tarifas 0-M y H-M) y 4) Baja Tensión (tarifas 2, 3 y 7). 

(i) Expresa cada uno de los 5 combustibles que se someten al ajuste mensual: 1) Cornbustóleo 
importado, cotización Pemex, pue~1o en Manzanillo; 2) Combustóleo nacional,cotización 
Pemex, centro productor; 3) Gas natural, cotización Pemex, wna centro; 4) Diesel no. l. 
Cotización Pemex, única a nivel nacional; 5) Carbón, cotización MICARE que incluye 
manejo de cenirns, única a nivel nacional. 

PID&A1PAB 



(PBi) Expresa el precio base -sin IV A- para cada combustible. 

(Pi) Es el precio -también sin IV A- para cada combustible, vigente en la qüincena anterior 
al mes calendario del cálculo del monto del ajuste. 

(ai) Corresponde a los coeficientes de ajuste para cada combustible. 

Ffj Representa un factor aplicable a cada uno de los cuatro niveles de tensión de suministro. 

j Tarifa Tensión FT 

-------------------------------------------------------
1 
2 
3 
4 

i 

1 
2 
3 
4 
5 

H-T y H-TL Alta, 
H-S y H- SL Alta, 
0-My H-M Media 
2, 3 y 7 Baja 

Combustible 

Combustóleo importado 
Combustóleo nacional 
Gas natural 
Diesel no. 1 
Carbón 

PID&ATPAB 

nivel transmisión 1.029 
nivel subtransmisión 1.042 

PB 

0.23403 N$/1 
0.19391 N$/1 
0.18410 N$/m 
0.49130 N$/1 
0.10041 N$/kg 

1.067 
1.104 

a 

0.031744 
0.104201 
0.44212 
0.003048 
0.038062 

********************** 

·-· ...... 
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TEMA 2. 

TERMINOLOGIA Y UNIDADES DE ILUMINACION. 

En Luminotecnia intervienen dos elementos básicos a considerar: la fuente productora de 
luz y el objeto a iluminar. Las unidades y magnitudes fundamentales empleadas para valorar 
y comparar las cualidades y los efectos de las fuentes de luz son las siguientes: 

FLUJO LUMINOSO (POTENCIA LUMINOSA) 
RENDIMIENTO LUMINOSO (EFICACIA) 
CANTIDAD DE LUZ (ENERGIA LUMINOSA) 
INTENSIDAD LUMINOSA 
ILUMINANCIA 
LUMINANCIA 

A continuación describiremos brevemente cada uno de los anteriores conceptos. 

IV. l.- FLUJO LUMINOSO 

La energía transformada por los manantiales luminosos no se puede aprovechar totalmente 
para la producción de luz. Por ejemplo, una lámpara incandescente consume una detenninada 
energía eléctrica que se transforma en energía radiante, de la cual sólo una pequem parte es 
percibida por el ojo en forma de luz, mientras que el resto se pierde en calor. 

A la energía radiante de una fuente de luz que produce una sensación luminosa se le llama 
Aujo Luminoso o Potencia Luminosa. El flujo luminoso se representa por la letra griega p 
y su unidad es el LUMEN (lm). Un lumen es el flujo luminoso de la radiación 
monocromática que se caracteriza por una frecuencia f de valor 540 x l0El2 Hertz y por un 
flujo de energía radiante equivalente a l/683 watts. Un watt de energía radiante de longitud 
de onda de SSS nm en el aire equivale a 683 lm aproximadamente. 

La medida del flujo luminoso se realiza en laboratorio por medio de un fotoelemento 
ajustado según la curva de sensibilidad fotópica del ojo a las radiaciones monocromáticas, 
incorporado a una esfera hueca a la cual se le da el nómbre de esfera integradora de Ulbricht, 
y en cuyo interior se coloca la fuente a medir: 

En la Tabla siguiente se muestran algunas de las lámparas más usadas y su flujo luminoso 
característico: 

1 



Tipo de Lámpara Flujo luminoso 
lm 

------------------------------------------------------------
Efluvios ................................ . 
Vela de cera ........................... . 
Bicicleta .............................. . 
Incandescente Standar de 100 W •••••••••• 
Fluorescente L 40 W/20 (Blanco frio) •••• 
Mercurio a alta presión HQL 400 w ...... . 
Halogenuros metálicos HQI 400 W ••.•••.•• 
Sodio a alta presión NAV-T 400 w ....... . 
Sodio a baja presión NA 180 w .......... . 
Magnesio AG 3B •.•...........•..••••.• ~ •• 

0.6 
10 
18 

1 380 
3 200 

23 000 
28 000 
48 000 
33 000 

450 000 

TABLA I.- FLUJO LUMINOSO DE LAMPARAS COMUNES 

IV.2.- EFICACIA O RENDIMIENTO LUMINOSO. 

El rendimiento luminoso o eficacia luminosa de una fuente de luz, indica el flujo que 
emite la misma, por cada unidad de potencia eléctrica consumida para su obtención. 

El rendimiento o eficacia se representa por la letra griega ET A ('l.) y sus unidades son 
lúmenes por watt (lm/w): 

t1 [lm] 
== -------------------

w [watt] 

Si se lograse fabricar una lámpara que transformara sin pérdidas toda la potencia eléctrica 
consumida en luz de una longitud de onda de 555 nm, esta lámpara tendría el mayor 
rendimiento posible, cuyo valor sería de 683 lm/w, pero como sólo una pequeila parte es 
transformada en luz, los rendimientos luminosos obtenidos hasta ahora para las distintas 
lámparas quedan muy ahajo de este valor, presentando diferencias notables entre las mismas, 
como puede apreciarse en la Tabla H. 

Por ejemplo, una lámpara incandescente estándar de 40 watts produce 440 lúmenes, por 
lo que tiene una eficacia de 11 lm/w. Una lámpara de sodio baja presión de 180 watts 
produce en cambio 3294lúmenes por lo que tiene una eficacia de 183 lm/w. 



FACUL TAO DE INGENIEAIA U.N.A.M. 
DIVISION DE EDUCACION CONTINUA 

/ 

T E M A 2 

'l'I!RMINOLOGIA, SlMliOLOCliA Y UNIIlA!lK9 ;·. 

ING. ALEX R&~IREZ RIVERO. 

Palacio de Minería Calle de Tacuba 5 Primer piso Deleg. Cuauhtémoc 06000 México, D.F. APDO. Postal M-2285 
Teléfonos: 512-8955 512·5121 521-7335 521-1987 Fax 510·0573 521-4020 AL 26 



6 "4 calor conducción 
casquillo y ampolla 

------ 12% calor convección 
gas 

72"% calor radiante 

FIG. l.- TRANSFORMACION DE ENERGIA ELECTRICAPARA LA PRODUCCION DE 
LUZ EN UNA LAMPARA INCANDESCENTE. 

• • 1 Lm 
E=1Lu• 

S:.1m1 

FIGS. 2 y 3.- ANGULO PLANO, ANGULO SOLIDO Y RELACION ENTRE FLUJO 
LUMINOSO, INTENSIDAD LUMINOSA E ILUMINAN CIA. 

AHOUO DE ENERGIA EN ILUNINAOON INTER.JOR -



TEMA 2. 

TERMINOLOGIA Y UNIDADES DE ILUMINACION. 

En Luminotecnia intervienen dos elementos básicos a considerar: la fuente productora de 
luz y el objeto a iluminar. Las unidades y magnitudes fundamentales empleadas para valorar 
y comparar las cualidades y los efectos de las fuentes de luz son las siguientes: 

FLUJO LUMINOSO (POTENCIA LUMINOSA) 
RENDIMffiNTO LUMINOSO (EFICACIA) 
CANTIDAD DE LUZ (ENERGIA LUMINOSA) 
INTENSIDAD LUMINOSA 
ILUMINANCIA 
LUMINANCIA 

A continuación describiremos brevemente cada uno de los anteriores conceptos. 

IV.l.- FLUJO LUMINOSO 

La energía transformada por los manantiales luminosos no se puede aprovechar totalmente 
para la producción de luz. Por ejemplo, una lámpara incandescente consume una determinada 
energía eléctrica que se ttansforma en energía radiante, de la cual sólo una pequeibi parte es 
percibida por el ojo en forma de luz, mientras que el resto se pierde en calor. 

. A la energía radiante de una fuente de luz que produce una sensación luminosa se le Dama 
Flujo Luminoso o Potencia Luminosa. El flujo luminoso se representa por la letra griega ~ 
y su unidad es el LUMEN (lm). Un lumen es el flujo luminoso de la radiación 
monocromática que se caracteriza por una frecuencia f de valor 540 x IOE12 Hertz y por un 
flujo de energía radiante equivalente a 1/683 watts. Un watt de energía radiante de longirud 
de onda de 555 nm en el aire equivale a 683 Im aproximadamente. 

La medida del flujo luminoso se realiza en laboratorio por medio de un fotoelemento 
ajustado según la curva de sensibilidad fot6pica del ojo a las radiaciones monocromáticas, 
incorporado a una esfera hueca a la cual se le da el nombre de esfera integradora de llibricbt, 
y en cuyo interior se coloca la fuente a medir. 

En la Tabla siguiente se muestran algunas de las lámparas más usadas y su flujo luminoso 
caracterfstico: 
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superficie luminosa más o menos grande, cuya intensidad de radiación se ve afectada por la 
propia construcción de la fuente presentando valores diferentes en las distintas direcciones. 

Con aparatos especiales se puede determinar la intensidad luminosa de un manantial en 
todas direcciones del espacio con relación a un eje vertical. Si representásemos por medio de 
vectores la intensidad luminosa de un manantial en infinitas direcciones del espacio, 
obtendríamos un cuerpo llamado Sólido Fotométrico. 

Haciendo pasar ·un plano por el eje de simetría del cuerpo luminosos se obtendría una 
sección limitada por una curva que se denomina Curva de Distribución Luminosa o Curva 
Fotométrica. Mediante la curva fotométrica de un manantial se puede determinar con 
exactitud la intensidad luminosa en cualquier dirección, dato ncesario para los cálculos de 
iluminación. 

Las curvas fotométricas se dan referidas a un flujo luminoso de 1000 blmenes y, como el 
caso general es que la fuente de luz emita un flujo mayor, los valores de intensidad luminosa 
correspondientes se encuentran mediante una simple relación. 

Por ejemplo, si una lámpara de mercurio de alta presión tiene un flujo luminoso de 23000 
lúmenes, los valores de la intensidad luminosa deducidos de su curva fotométrica dada para 
1000 lúmenes, habrá que multiplicarlos por el factor 23 hallado de la relación 23000/1000, 
para obtener el verdadero valor. 

IV.6.- MEDIDA DE LA INTENSIDAD LUMINOSA. 

La medida de la intensidad luminosa se realiza en el laboratorio por medio de aparatos 
especiales, de los cuales existen diversos modelos fundados en la ley Inversa del Cuadrado 
de la Distancia -la cual se discutirá posteriormente- usando una luz patrón y otra desconocida, 
situadas una frente a otra en un mismo eje e interceptadas en una pantalla en la que se igualan 
las iluminaciones captadas en ambas caras de la misma mediante un objetivo apropiado. 

En las figmas S, 6 y 7 se muestran las curvas fotométricas típicas de algunas de las 
lámparas más utiliZadas. 

IV.7.- ILUMINANCIA 

La iluminancia o iluminación de una superficie es la relación entre el flujo luminosos que 



Tipo de Lámpara Potencia 
nominal 

w 

Rendimiento 
luminoso 

lm/W 
---------------------------------------------------------------Efluvios ............................ . 
Incandescente Standar 40 W/220 V .•..• 
Fluorescente L 40 W/20 (Blanco frio) • 
Mercurio a alta presión HQL 400 w .... 
Haloqenuros metálicos HQI 400 W .•.••. 
Sodio a alta presión NAV-T 400 W •••.. 
Sodio a baja presión NA 180 W ..•••..• 

0.3 
40 
40 

400 
360 
400 
180 

2 
11 
80 
50 
78 

120 
183 

TABLA II.- EACACIAS PROMEDIO DE DISTINTAS lAMPARAS 

Cabe aclarar que las eficacias de la Tabla 11 se refieren exclusivamente a las lámparas; para 
las lámparas de descarga como sistema completo incluyendo instalación y accesorios de 
conexión dichas eficacias pueden variar sustancialmente. 

IV.3.- ENERGIA LUMINOSA O CANTIDA DE LUZ~ 

De forma análoga a la energía eléctrica que se determina por la potencia eléctrica por 
unidad de tiempo, la cantidad de luz o energía luminosa se determina por la potencia 
luminosa o flujo luminoso por unidad de tiempo. ·· 

La cantidad de luz se representa por la letra Q y su unidad es el LUMEN-HORA (lm-h). 

Su fórmula es: 

Q =;X t 

Esta magnitud es importante c:n l.as lámparas de relámpago empleadas en fotografía, pues 
su valor es decisivo para la iluminación de la película. Debido al corto tiempo de la descarga, 
la cantidad de lui suele darse en lúmcnes por segundo (lms). En la lámpara que emite una 
cantidad de luz de 2.1 lmh, esta magnitud por segundo será 2.1 lmh x 3600 seg 6 7560 lms. 

También tiene interés conocer a efectos de cálculos económicos la cantidad de luz que emite 
una lámpara durante su vida. Una lámpara incandescente de 40 ~atts que emite un flujo 



recibe la superficie y su extensión. Se representa por la letra E y su unidad es el L UX en el 
Sistema Internacional de Unidades. Su ecuación es: 

~ 
E = ------------

A 

De esta ecuación se deduce que en cuanto mayor sea el flujo luminoso incidente sobre una 
superficie, mayor será la iluminación, y que, para un mismo flujo luminoso incidente, la 
iluminación será tanto mayor en la medida en que disminuya la superficie. 

Ellux, unidad de iluminancia se define como la iluminación de una superficie de un metro 
cuadrado que recibe uniformemente repartido un flujo luminoso de un lumen (Fig. 8). 

1 lm 
LUX = ------

1 mz. 

La iluminancia constituye un dato importante para valorar el nivel de iluminación que 
existe en una oficina, en la superficie de un recinto, en una calle, etc. 

La medida de iluminancia se realiza por medio de un aparato denominado luxómetro, que 
consiste en una celda fotoeléctrica que, al incidir la luz sobre una· superficie, genera una débil 
corriente eléctrica que varia en función de la luz incidente. Dicba corriente se mide con un 
miliampérmetro cuya escala est.i calibrada directamente en lux. La Tabla m muestra distintos 
valores aproximados de iluminancias. 

TABLA ID. 

Mediodía de verano al aire libre, cielo despejado .•. lOO 000 Lux 
Mediodía de verano al aire libre, cielo cubierto •...• 20 ooo lux 
Lugar de trabajo bien iluminado, recinto interior • • • • 1 000 lux 
Buen Alumbrado Pllblico ................................ 20-40 lux 
Noche de Luna· Llena • . . . . • . . . . . . • • • . • . . • . • • . . • . • • • . • • • o. 25 lux 
Noche de Luna nueva (Luz de estrellas) . • . . • • . • • . • • • • 0.01 lux 

IV.B.- LUMINANCIA. 

La luminancia de una superficie en una dirección determinada es la relación entre la 



luminoso de 440 lúmenes, durante su vida promedio de 1000 horas emitirá una cantidad de 
luz de 440,000 lmh. De este valor habrá que descontar la pérdida de flujo que se produce en 

. el transcurso de su vida, ya que este valor no es constante. 

IV.4.- INTENSIDAD LUMINOSA. 

Este parámetro se entiende únicamente referido a una determinada dirección y contenido en 
un mgulo sólido w (Omega Minúscula). Al igual que una magnitud de superficie corresponde 
un ángulo plano que se mide en radianes, a una magnitud de volumen le corresponde UD 

mgulo sólido o estéreo que se mide en estéreorradianes. 

El radiiÍD se define como el ángulo plano que corresponde a un arco de circunferencia de 
longitud igual al radio. El estereorradiiÍD se define entonces como el ángulo sólido que 
corresponde á un casquete esférico cuya superficie es igual al cuadrado del radio de la esfera. 

La. intensidad luminosa de una fuente de luz en una determinada dirección es igual a la 
relación entre el flujo luminoso contenido en un ángulo sólido cualquiera cuyo eje coincida 
con la dirección considerada y el valor de dicho ángulo sólido expresado en estéreorradianes: 

La Intensidad Luminosa se representa por la letra 1 y su unidad es la CANDELA (cd). Su 
fórmula es: · 

I = -----
w 

La candela se define como la intensidad luminosa de una fuente puntual que emite UD flujo 
luminoso de 1 lumen en un ángulo SÓlido de UD estereorradiiÍD: 

1111 
cd ~ -----

sr 

IV.S.- DISTRIBUCION LUMINOSA. CUllVA FOTOMETRICA. 

El conjunto de la intensidad luminosa de un manantial en todas direcciones constituye lo 
que se Dama distribución luminosa. Las fuentes de luz utilizadas en la práctica tienen una 



FIG 8.- EL LUX, UNIDAD DE ILUMINANCIA. 

FIG 9 y 10.- TIPOS DE LUMINANCIAS (a) DIRECTA (b) INDIRECTA 



FIG 4.- SOLIDO FOTOMETRICO DE UNA LAMPARA INCANDESCENTE 
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FIGS 5, 6, Y 7.- CURVAS FOTOMETRICAS TIPICAS (a) LAMPARA 
INCANDESCENTE ESTANDAR (B) LAMPARA,FLYORESCENTE (C) LAMPARA DE 
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TABLA IV. 

Sol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 150 000 cdjcm 
Cielo despejado .•.••....••.....••••...•••• O. 3-0.5 " 
Cielo cubierto ............................ O. OJ-O .1 " 
Luna • • • . • • • . • • • • • • • • • • . • . • • • . • . • • • • • . • • • • • o . 2 s " 
Llama de una vela de cera................. 0.70 " 
Lámpara Incandescente clara ............... 100-200 " 
Lámpara Incandescente Mate ................ s-so " 
Lámpara Incandescente Opal .•.............. 1-5 " 
Lámpara Fluorescente L 40 W/20 ............ 0.75 " 
Lámpara de Mercurio a Alta Presión 400 W •• 11 " 
Lámpara de Aditivos Metálicos 400 w ....... 700 " 
Lámpara de Sodio a Alta Presión 400 W ••.•• 500 n 
Lámpara de Sodio a baja Presión 180 W ••••. 10 n 
Papel Blanco con Iluminación de 1000 lux •. 250 cd/m 
Calzada de una calle bien iluminada........ 2 " 

SISTEMAS DE UNIDADES. 

El sistema inglés de unidades tiende a desaparecer, por lo que en un futuro próximo todos 
los países utilizarán el Sistema Métrico, más propiamente llamado el Sistema Internacional 
de Unidades, abreviado SI. Las principales rawnes para adoptar el SI son las siguientes: 1) 
Su extenso uso en la mayor parte de los países del mundo, 2) Son las unidades primarias en 
el campo científico, y 3) La necesidad de uniformizar los campos de Ciencia e Ingeniería. 

En la Ingeniería de Iluminación sólo aquellos términos que involucran unidades de longitud 
o ;írea se ven afectados por la conversión. Las unidades de lúmenes, candelas, 
estéreorradianes y eficacia permanecen igual. Por lo tanto sólo las unidades de Luminancia 
e Iluminancia se ven afectados por esta conversión: 

En el sistema Inglés la unidad de Iluminancia es el footcandle (fe) y equivale a un lumen 
por pie cuadrado, o sea: 

lm 
fe = ------­... p:Le 

La conversión entre Footcandles y Lux se reduce a una simple conversión de pies cuadrados 
a metros cuadrados porque los lúmenes son comunes: 



intensidad luminosa en dicha dirección y la superficie aparente (superficie vista por el 
observador situado en la misma dirección). 

La luminancia se representa por la letra L y su unidad es el NIT (nt) o candela por metro 
cuadrado (cd/m

2 
); tiene un submúltiplo que es el STILB (sb) que es candela por centímetro 

cuadrado (cd/cm._ ), empleado para fuentes con elevadas luminancias. 

La ecuación que expresa la Luminancia es: 

1 
L = ------------

S cos·x 

donde: S coscx. es la Superficie Aparente 

La Luminancia es máxima cuando el ojo se encuentra en la perpendicular a la superficie 
luminosa, ya que entonces el ángulo es igual a cero y el coseno de o< igual a uno, 
correspondiendo la superficie aparente a la real. 

La luminancia puede ser directa o indirecta, correspondiendo la primera a los manantiales 
luminosos y la seguñda a los objetos iluminados (Figuras 9 y 10). .. . 

La luminancia es lo que produce en el órgano visual la sensación de claridad, pues la luz 
no se hace visible hasta que es reflejada por los cuerpos. La mayor o menor claridad conque 
vemos los objetos iluminados, depende de su luminancia. El libro y la mesa de la figura 11 
tienen la misma iluminancia, pero se ve con más claridad el libro porque su luminancia es 
mayor que la de la mesa. 

La percepción de la luz es realmente la percepción de diferencias luminancias. Se puede 
decir, por lo tanto, que el ojo ve diferencias de luminancias y no de iluminación. 

En la Tabla IV se dan algunos valores de lnminaocias. 

La medida de la luminancia se realiza por medio de un aparato especial Uamado 
Luminancímetro o Nitómetro, de construcción similar al luxómetro, del que igualmente 
existen diversos modelcis. 

,. i 
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La fuente puntual de una candela producirá un turnen en la unidad de ángulo sólido: 

~ = I w = cd • sr = lm 

La iluminación producida en la superficie interior de la esfera será de 1 lm en pie o un 
footcandle: 

p 1 lm 
E = 

A 1 ft' 
= 1 fe = ------

El área total de la superficie de una esfera es 4 R . Por lo tanto, el área total de la 
superficie de la esfera unitaria es 4 o 12.57 ft . Si el flujo luminoso de 1 lm llega a cada pie 
cuadrado, la fuente puntual uniforme produce un total de 4 lm o 12.57 lm. 

Además de las unidades estudiadas hay otras que se usan regularmente. Algunas de éstas 
son las siguientes: 

Cuando la intensidad luminosa está en candelas y el área está en pulgadas cuadradas, la 
unidas de luminancia es candelas por pulgada cuadrada, por tanto: 

lm 1 1 cd · 1 cd 
1 fl = ---- X ------ = X ---- = ----- X 

ft' 1T ft• 
L 

lm 144 pul 

cd 

El número de footlamberts es igual a 1/144 veces el número de candelas por pulgada 
cuadrada, es decir: · 

z 
1fl 144 • pul • fl 

l. 
(1/144 )(cd-pul ) 

= ----------------- = 1 
1 cd 

Haciendo un análisis comparativo entre dos esferas unitarias para cada sistema de unidades, 
es decir, una con radio de 1 pie y otra con radio de 1 metro se pueden comprobar varias de 
las relaciones encontradas (Fig. 13). 



FIG 11.- DIFERENTES LUMINANCIAS DE DOS CUERPOS CON IGUAL 
ILUMINANCIA 
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Ctl ESF_ERA UNITARIA 

2 

( b) SEGMENTO 0E UNA ESFERA UNITARIA 

FIG 12.- ESFERA UNITARIA 
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RESUMEN DE LAS MAGNITUDES Y UNIDADES LUMINOSAS FUNDAMENTALES 

MAGNITUD SIMBO LO UNIDAD DEFINICION DE LA UNIDAD RELACIONE~ 

FLWO LUMINOSO Lumen (lm) · Flujo luminoso de la radiacion fo'=i.w 
monocromatica de frecuencia 540 
x 10E12 Hz y un flujo de energía 
radiante de 1/683 watts . 

RENDIMIENTO Lumen/watt Flujo luminoso emitido por = t>/W 
LUMINOSO {lm/w) unidad de potencia. 

CANTIDAD DE Q Lumen por segundo Flujo Luminoso emitido por Q=j}.t 
LUZ (lms) unidad de tiempo. 

Lumen por hora 
(lmh) 

INTENSIDAD Candela (cd) Intensidad luminosa de una 1 = ~jw 
LUMINOSA fuente puntual que emite 

flujo luminoso de un lumen 
en un angulo solido de un 
estereorradian. 

ILUMINANCIA E Lux (lx) Flujo luminoso de 1 lumen que E = IJ/A 
footcandle (fe) recibe una superficie de 1 m . 

' ,, 
'lA L Nits (cd/m ) Intensidad luminosa de una can- L 1/A ., LUIJIN/ 

q¡¡h (1~d hm ~ rlPif1 r\íH'" 11nÍrlnrl ~o C'-11nnrt~,-.~ ...... 
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Fuii-Size 
Fluorescent 

Lamps 
1993 Advanced Lighting Guidelines ... . · <.March 1993 

T -8 Uadlum Blpln 
Up lo 60" In lenglll 

T·1 O Uadlum Blpln 
48" In lenglll 

T·12 Uadlum Blpln 
Up lo 116"' In lenglll 

lJ.Bent Lamp 
12"·24"1n length 
T -8 & T·12 ella-

T.S Twtn·Tube 
10.5'"·22.5" In lenglll 
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Technology 
Description 
Fluorescent lamp technology has 
made tremendous advances over 
the past few years. The trend has 
been away trom high energy 
consumption lamps to more 
energy-eflicient products. 
improved color rendttion, and a 
greater selection of color 
temperatures. These 
improvements are due in large 
part to the use of rare earth 
phosphors in place of the 
traditiOnal halophOsphors used in 
standard "ceo! white" lamps. Toa 
lesser degree, efficiency 
improvements are due to the more 
widespread use of smaller 
diameter lamps. The smaller 
diameter lamps can also increase 
luminaire efficiency and improve 
light diStribution patterns. · 

FluDrescent Lamp Openrtlon 

A fluorescent lamp is a glass tube 
with the inside surface coated 
with phosphor. The tube is filled 
with argon gali, or sometimes with 
a mixture of argon and krypton. A 
small amount of mercury is also 
inside which is vaporized during 
lamp operation. Electrodes (also 
referred to as cathodes) are 
located at each end of the sealed 



1993 AOVANCED LIGHTING GUIDELINES 

Flgure2 
Detail of Rapid Slan Fluorescsnr Lamo 

Ph!fhor 
Ccalmg inside lhe bulb 
b& &1ui ms Wtraviolel: 
-inlllvisible 
1911 l..ight color <>pi'Oiopel:>efti1íeess 
depend on composrtlon 
.. phas¡>l1cr. 

EleclrOde 

Electrodes at each end of 
tamp erms aea: 01 s. 
Usually made al singl&-<:oil 
tungsten wire. 

~-----+--~--~--,----~~~'-
' 1 ' 
1 ' 1 
'1 ' 
1' 1 
1 1 . 1 

1 ' 1 
' 1 ' 

~~i===~~--' ' 1 

Gas Lood-ln Wlres 

A mifule quantity of 
liqlid '"""""Y is piaC8CI 
in lhe bulb .., llmisll 
....,.., vapor. 

Usually argon or a mili!Ure 
o1 inerl gasses at Jow 
pteSSUre. K/ypiDn is ...,.,_ 
limes usad . 

Connect ID lhe base pina 
and cany lhe am~m ID 
and from !he aJean>des 
and lhe metaJrY are. 

tube. When a suttable high 
'iOitage is applied across !he 
~ electric are 
óJSCharge is initiated anct the 
resulting a.rent iOnizes !he·· 
vaporized mercury in !he tube. 
The ioniZed mercury emits ultra­
viOle! (UV) radiatiOn that strikes 
and excites !he phosphor eoating 
on !he inside surface of !he tube. 
causing it to gbw or ftuoresce and 
prOduce visible light. The exact 
makeup of !he phosphors coating 
!he tube is wha! determines the 
color temperature of !he light 
produced by the lamp. 

Fluorescent Jamps require a 
ballast to regulate !he electric 
current through !he Jamp. For 
optimum performance, a 
particular ballast must match a 
specific Jamp's current 
requirements. There are !hree 
basic typeS of fluorescent Jamp 
circuits (see also !he guideline on 
Energy-Eificient Fluorescent 
BaJ/asts): 

• Preheat Lamps use an 
extemal starter !ha! heats !he 
lamp electrOdes befare !he 
electric are iS struck. Preheat 

2 

lamps are relatively 
uncommon. except in shorter. 
1ower wanage lamps (usually 
20 wa.tts or Jess). 

• Rapid Start Lamps have 
ballasts that heat the 
electrOdes prior to lamp 
starting. as well as during 
normal operation. This 
teature helps prOduce long 
me in aOdition to smooth 
starting. Rapid start lamps 
start quickly, exhibiting only a 
briet flicker prior to reaehing 
tun r•gtn output. These lamps 
are !he only fluorescent lamps 
suitable for dimming 

. applicatians. 

• lnstant Start ("Siimline ') 
Lamps have ballasts that do 
not heat !he lamp's electrOdes 
prior to starting or during 
normal operatiOn. The are iS 
struck by high voltage 
diScharge only. lnstant start 
Jamps are popular for their 
immediate starting 
character'IS!ies. Sorne 
electronie baJiasts operate 
rapid start Jamps in instant 
start mooe. With a reductiOn in 

lamp lite. Lamp lite ratings for 
instan! start lamps generany 
are Jower !han ter rapid start 
lamps. 

Manufacturers can vary !he gas 
till. pnos¡¡hor type and content. as 
wen as !he Jamp's tube length and 
diameter, in arder to achieve 
different Jamp CharacteriS!ics. As 
a resuJI. there iS a wide range of 
lamps being designed and sold. 
The smaJiest standard tluorescent 
lamp iS !he 6-inch, 4-watt preheat 
lamp; !he Jargest and most 
powerfullamps are !he eigh!-toot, 
1500 mA. very hiQh output (VHO). 
rapid start Jarnps. 

St1UJtlllt'd Fllol'est:ent L.-rrps 

The standard 40-watt (F40T12) 
lamp is fdled with argon gas. The 
most cornmonly used phosphor iS 
haiOQI'Jor¡phot 'COOI whlte'. 
Standard COOI wh~e lamps áre 
rated ar 3050 initial lurnens. The 
previous standard lüinen rating for 
eoo1 white lamps, 3150 Jumens. 
was recently reduced by about 
3% dueto phosphor Changes 
necessltated by lederal 
regulatiOns. 

Figure 3 illustrates the 
nomenclature used 10 specify 
fluorescent lamps. Th8 standard 
4-foot F40 rapid start fluorescent 
lamp iS !he most common light 
source in cornmercial faciUties. 
The most cornmon diameter iS 1.5 
incheS (designated a T-12. where 
!he number lollowing !he T 
represents !he diameter of !he 
tube in 1/8 el an inch increments). 
There are abou! ten times more 
rapid Slatt F40T12 lampS in use 
!han an ather ¡ypes combinad. 
ObViOuSiy, any iinprovement in 
efftCSCY lor thiS type cllamp can 
have prolound energy samgs 
implicaticns. 

... 
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Flgure3 
FTuorsscsnt Lamp NomQnclaturs 

lamp Type. ·p is used for 
ftuorescent lamps. "FB" or "FU" is 
used lor U-bent lamps, whila "FT" is 
used lor twin-tube T-5 lamps. 

Wanage or Length. Nominal lamp 
wattage tor preheat and rapid stan 
lamps. Length ol lhe tube in incl\es 
lor slimline and HO lamps. 

Oiameter ol lhe Tube. The number 
represents lhe ciameter in 1~ ind1 
increments. For instance. Te ta a 1 
inch diarne111r tube, and T12 is 1-112 
inches in diameter. 

Lamp Color {optional). CW is ooo1 
whits. WW os warm whi1B, etc. 
When lhis designalion is used, 
nei1her lhe Colór Temperatura or lhe 
Color Rendering (see -) are 
used. 

F 40 T12 1 ES 1 RE 735 

.. Modifiers (optionáJ). · ES is J 
enllf!lY samg (mos11y-lor 
F40T12 lampO). HO is high 
output VHO is very high 
output .. 

Color Renderio!J! lndex 
(optional). RE· O ranr oar1h 
phospho<s (iluslratlld in lhis 
example) achieYe a 
minimum CRI ol 7'0. 

Colar Tempen~~Ure (optional). _______ ---' 
· This example shcMs a 3500 
K color 18mpera1Unl. 

High demand ter the F40T121amp 
over the years has resutted in 
mass production and low cost. 
The most popular fluorescent 
lamp configuration from the 1950s 
through the 1970s was 2-F40T12 
lamps, producing 3150 lumens 
each on a single ballast. The 
system consumed approximately 
96 watts, including ballast losses, 
and usually generated at least · 
95% of the ratecllamp lumens in 

open air at a temperature of 25 OC 
(77 Of). This resutted in a ligtlt 
output of approximately 5985 
lumens at a ·oosr of about 96 
watts for an efficacy ot 
approximately 62 lumens per wan. 
When connected with 
conventional ballasts, most lamps 
deliver less than 100% of their 
rated lumens. The percentage of 
actual lumens generated is known 
as the ballast factor, an important 

FUU..SIZE FLUORESCENT LAMPS 

figlJ'e 10 consider when making 
ligllti'lg calculations. The ba:last 
lacta is the ratiO of the light 
produced by a particular lamp 
ballast system to the rated light 
output ot the same lamp(s) on an 
ANSI reference ballast operatea 
in free air at 25 OC (77 •F). The 
term "ballast factor" implies that ~ 
is a property ot the ballast. but it is · 
realty a property of the lamp­
ballast system. The ballast lacta 
ta a given ballast will be different 
fa instance, depending on 
~ther it is operating a F40T12 
lampa a F40T12JES lamp. See 
the Energy-Efficient Fluorescent 
Ballasts guideline for more 
infamaron on ltle ballast lacta. 

Standard Ruorescent Lamps 
and Llghting Legtslatlon 

The U.S. Energy Policy Act of 
1992 (Public Law 102-486), 
signed into law on October 24, 
1992. contains energy efficiency 
standards and other regulatiOns 
that will preclude certain lamps~ 
from being manutactured or 
impated into the U.S. alter a 
transition periOd. With respect to 
fluorescent lamps, full-wattage 4-
foot T -12 lamps with calcium 
haiOphosphors (e.g. coo1 white 
and warm white halophosphor 
lamps) will not IOnger be 
permitled. However, reduced­
wattage lamps (34-watt 
F40T12JES) with the same 
phosphofs will continue 10 be 
allowed. Full-wattage 4-foot T -12 
lamps with high CRI rare earth 
phosphors wUI be permitted. 
Similar restrictions will apply to g. 
foot T -12 lamps. Th is legisla !ion 
does not affect T -8 lamps. The 
transition 1asts until Aprü of 1994 
for S.foot lamps and October of 
1995 fa 4-foot lamps. The Act 
exempts several categaies of 
lamps. . 

3 
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Energy Samg (ES) Lamps 

In response to !he energy crises 
ot the 1970s. lamp companies 
introduced 'energy saving· lamps 
with krypton adaed to the gas fill. 
Tnese lamps have me designation 
'F40T 12/ES' in tnis guideline. 
These lamps araw less power 
than standard F40T12 lamps 
(usually about 34-35 wans). 
F40T12JES lamps can be 
operated by standard F40T12 
oatlasts. so they may be readily 
substituted in existing lighting 
systems. Batn wa:tage and light 
outout are reouCed 
proportionately. However. the 
slight reduction in light output is 
generally acceptaole to most 
users. given !he energy savings 
and system effK:aCy. 

ES lamps have a tower ballast 
factor than standard F40T12 
lamps (about 0.87 with a standard 
ener~fficient bal1aSt; as 
opposed to about o-:-951or 
standard F40T121amps). The 
lower ballast factor further 
reduces light output. The lower 
lumen output ot ES lamps means 
that their most appropriate 
apolication is for lamp retrotit or 
repiacements in overlighted 
spaces. Substituting F40T12JES 
lamps for standarti F40T12 lamps 
reduces input wattage by about 
12% to 15%. LJ.Jmen outout iS 
reduced by 18% to 20% tora two­
lamp system. 

Energy saving lamps are more 
sensitiva to 1ow temperaturas man 
standard lamps. Mínimum 
starting temperatura iS about 16 
"C [SO "F], as opposed to 10 "C 
[50 "F]) tor standard 40-watt F40 
lamps, and lhey are not 
recommended for dimming 
applications. ES lamps are 
manutactured for many different 
types ot tluorescent lamps. 

4 

including rarE ea·:n phosphor 
tamos. slimlires. and high output 
(HO) lamps. 

Rare Earth (RE) Phosphor 
L.amps. 

Rare Earth (RE) :¡;,osphor 
tecnnology improves the 
performance of fluorescent lamps. 
RE phosphor compounds are 
selected tor tneir ability to 
produce visible light at me most 
sensitive wavelengths of the eye·s 
red. blue and green sensors. 
When comparec with 
conventional hatoohosphors. such 
as cool white (witn a CRI ot 60-
62). RE phospno~s produce better 
color renaering a.,d higher 
efficacy. while imoroving lumen 
maintenance c~aracteristics. For 
reasons of lumen maintenance. 
rare earth materiais are required 
in small diameter lamps, such as 
compact fluorescents. · 

RE phosphors raise lumen output 
up to 8% over conventional 
halophosphors. RE phosphor 
lamps are available tor most 
fluorescent lamp configurations 
and are available in a wide range 
ot color temperaturas. Two 
generic types ot RE phosphor 
lamps are offered: RE-70 and RE­
SO. 

RE-70Lamps 

The expression 'RE-70' refers toa 
fluorescent lamp containing 
phosphor mixes !11at creare a CRI 
ot 70 to 79. These lamps. 
tormerly called 'thin coat 
triphosphor" lamps, contain less ot 
me rare eart11 phospl'lors !han do 
me coatings ot more expensive, 
hig~l RE-80 lamps. They 
increase lumen output ot 4-foot 
lamps by 5% to 6%. 

RUO l..Jimps 

RE-80 fluorescent lamps, 
sometimes referred to as '!11ick-

coat triphosphor' or 'high CRI' 
lamps, increase lumen output up 
to 8% over halophosphor cool 
white. and increase CRI to 80-89. 
The additional rare earth 
phosphor content in the coating of 
these lamps improves color 
rendering but also increases lamp 
cost. 

Figure 4 lists me availability of RE 
phosphor 1amps in terms ot color 
temperatures and CRis. In 
addition, see Figure 8 tor some 
performance characteristics of RE 
lamp types as compareo to 
halophosphor cool white lamps. 

Heater CUtout Lamps 

In a rapid star11amp, it is possible 
to disconnect the lamp electrode 
heater alter t11e lamp has star1ed. 
This.iS accomplished with a 
thermal switch in the lamp. ThiS 
reduces lamp power by aboÚt 2.0 
to 2.5 watts.per lamp with no 
reduction ot ligll! output. These 
lamps are known as 'cathode 
cutout." 'heater cutout." er 'ES+· 
lamps. They are suitable ter 
retrofit applications, but are not 
recommended ter use with 
electronic ballasts er in dimming 
applications. 

Disconnection ot a lamp's 
electrode heaters can also be 
achieved with heater cutout 
ballasts, used with conventional 
rapid start lamPs. These ballasts 
are not recornmended ter use in 
conjunction with heater cutout 
lamps. For more information, see 
the cfiSCUssion ón heater cutout 
ballasts in t11e Energy-Efficient 
Fluorescent Ballssts guideHne. 

A drawback al ES+ tamos iS that 
there is a restrike time ot one to 
two minutes H !he lamp is 
extinguiShed and men 
immediately restarted. Because 
ot miS. use al ES+ lamps iS not 
recommended with occupant 
sensors er other trequent 
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Figure 4 
Availabilily of RE L.amp ProdJcts 

CCT(K) CRI Range Generic Deslgnatlon Various Manutactu,., 
DesignaUona• 

3000 70.79 RE-730 030 
SP30 lncandascent 

Spec30 
TC730 

Tungs110n Halogen 

80-89 RE-$30 0830 
30K 3000 K Mo1al Halido 

SPX30 
30U 

AX30 WIW>SodiLm . 
TC830 

3100 70.79 RE-731 31K 

3500 70.79 RE-735 035 
351( 

SP35 
Tungsllln-Halogen 

= 
3300-3700 K Molal Halido 

80-89 RE-$35 0835 
351( 

- SPX35 
3SU 

AX35 
TC835 

4100 70.79 RE-741. 041' 
. 41K 
SP41 
~41 e 41 

,. 80-89 RE-$41 0841 
41K -· SPX41 

,. 

41U 
AX41 

TC841 

5000 80-89 RE-liSO FOU 
AX50 -= n-e ara soma designallcns olseledad ma¡or marolaclurars. To be OSSI.<8II ollha proper color lllmpera!Ut8 .-.:t CRI, c:hecl< ead1 

manulactun>r'S dala 1D de1annine 1ha exa:t color dasigna11on. 

switcning apptications. Sorne 
manufacturers. but rot att, nave 
deratéd tne tamp lile by 25% for 
neater cutout tamps. tn most 
apptications, t1owever, reduced 
tamp tHe witt be more !han offset 
by potentiat energy savings. 

Extended Output (E O} Lamps 

EO lamps are premium versions 
of standard 40-watt F40T12 tamps 
whicn, dueto gas fill, redesigned 
electrodes, thicker or·more 
efficient phosphors, andlor tube 
diameter, generate more light 
!han standard coo1 white F40T12 

tamps. In sorne cases. this is 
accomptished witn a slight 
increase in tamp wanage. 
· Com pared to standard F40T12 
lamps, tney offer higner efficacy, 

· increase both turnen output (up to 
21%), and lamp tHe (20%), and 
improve turnen maintenance, .and 

. color rendering. The ·eo· 
nornenclature is not used by any 
manufacturer: current prodUC1s 
use manufacturer-specific tr.ade 
names or designations. 

EO tamps were originally intended 
to replace F40T12 lamps in 
applicatiOns requiring increased 

tight, or in situatiOns wnere 
retroftts or delamping reduced 
tight tevets too mucll. EO tamps 
can be used in !he same 
tuminaires as standard 40-watt 
F40T121amps, without a change 
o! sockets or battasts. This makes 
EO lamps especiatty useful in 
retroftt applications requiring an 
increase in light output, as no 
replacement o! luminaire 
hardware iS required. More. 
currently, EO lamps are receiving 
increased oonsideration in new 

. oonstructiOn applications. 
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EO lamps may be operatecl.with 
either electronic or magnetic 
ballasts. EO lamps are only 
available for 40-wan F40 lamps. in 
both T ~ 12 and T -1 O diameters. as 
described beiOw. 

- T-12EOLamps 

F40T12/EO lamps typically deliver 
about 11% to 15% more light 
output in some designs man 
standard haloPhosphor lamps. 
light output is ratecl at 3400 
lumens tor me RE-70 lamo and 
3500 lumens for the RE-80 
version. Color temperatures of 
3000 K. 3500 K. and 4100 K are 
available. Ratecl lamp lile is 
24,000 hours at 3 hours per start 

T·10 EO Lamps 

F40T10/EO lamps can produce 
significantly more light output than 
standard F40T12 halophosphcr 
lamlis. Rated initiaf lamp 1umeri. 
output tor premium T-10 lamps is 
3700 lumens. made possible by 
increased power and RE-80 
phospnor coatings. The only 
available T-10 lamp size at miS 
time is me 4-foot replacement tor 
me standard F40T12. 1t actually 
consumes about 42 wans. but 
due to its higher voltage. it draws 
slightly less current (about 400 
mA), and bailast Josses are lower. 
A typical energy-efficient 
magnetic ballast for two F40T10 
lamps will draw about 92 watts. 
with a bailas! factor of 0.95, and a 
system efficacy of about 76 
lumenS/Watt. Sorne T-10 lamps 
are sensitive to varialicns in 
vonage input and may not start · 
property with the 40-watt T-12 
ballast aver the entire vonage 
input range. One maBifacturer 
makes a ballast to match the T-10 
lamp. T-10 lamps alsohave a 
rated lamp lile of 24,000 hours. Al 
present. T-10 lamps are premium­
priced products. 
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1J. 7tut:le :..;;.;BTTJpS 

Ancnr.--:· =-':ar versio~ of the 
StaJ •--= _ ...:::-.,a:: F40T12 
fluom;s-=--- a:-:-10 is a U-shaped 
conrr::- ~---::;--.. JSüally ~eierred to 
as a · _ ·..::== · or "U-be~: lamp·_ 
Thes: ;--:::E• a•e oes:g~ated 'FB" 
by sr::T: ----~-an ... -facturers. while 
om~ se-o : "!U designation. 
They, ~ ~-;ai:aole wim both 
6-inc:::- ::-:=:: =-5/6-incr. 1eg spac:rg. 
ano ~. ~ :z- :>vera/1 le~gth of 
abou:: 0 "7 --:::::-1es. So:-ne oroducts 
are rz-~-=.;~ea wim rare earm 
phosz::-::-T. _:..tubes are also 
avaii2.: -: - .é-'--wa:t ES versions 
ano ... --:-- - :nosonors. 

U-larr=-=: ~P. ..:sec -ost'f with 
squa;:r;; _-:ra:res. such as 2' x 2' 
troffe!',-; :::- :~ce mourted 
lumima-=. --""le halopnosphar 
cool ... - -:=- ..e'"Sior. at me lamp 
procn' -= =.n 2800 lumens; 
RE-80: ... mw 01 s raise me lumen 
ratinac ;¡;_;:a::;:u. oximately 3000. 
lJ.liil'. -----" """' "2!ed tor an effective 
lile ar·..:: ~ -~-acxl hOurs at 3 
hours: =-=r ~:;:a-:. 

Sllmlline ;__;;¡¡mps 

Slimlir= ":_;_._----r:s::er.: lamps are 
recag;:-:·--=~-;e ~i tr.eir single pin 
bas~ ,,~-,ie- s:•m:C'1es are 
avail~'" e-: ;--:~_ T-8 ana T-12 
diaJ ¡¡c:::z - en:: 'r. !er.gthS ranging 
trom :2~ -:: -EE ~. the focus at 
mis =--·?.m: :s en the 425-mA 
F96T"~ =->i:;¡.ration. popular in 
many • _ •.. -cr:;ai applications. 

Slimlim: ..... --- ;;se a lamp · 
desig::,.:a:cn :::x;e different trom 
most CJ::Ce ''.i~XTeSCent lamps: me 
numb3e" -:::=wng tt.e ·p 
desig¡ .. ,. = -~ :a:n p length in 
inches: -c:-;-e wr..:age. For 
exarnr::r.: =-.::E""~ 2' reters to a 
slim/irm;; z-:::. 3'.: ::1Ches lOng and 
1.5 inc::""5!!: ,- -:lcr;eter. Lamp 
wattag;=. -..:,¡:¡;- :;,e oetermined !rom 
lamp co;;;-...c;;r T.'"IE! F96T121amp, 
tor ins=-~ ::: a=:..al/y 75 watts. 

Siimline :a· ~os are popular in 
,-,-.any cor--.ercial applications 
~sing oce· ~minaires. Eight-k 
s:imline :a-,os are more 
eiicacioi..S :~ar. standard F40T12 
·aoid sta'. a "nos. dueto instant 
s:art ooe~a:'on. In addition, the 
g~eater 1e.-:g:~ of me F96T12 
creates a ~:gr.er luman Pa.ckage, 
a~e to re-:;;;ced lamp ero losses 
as a perce"1:age at lile !Cial Jamp 
wanage (e-:: losses are constam. 
so increas -:;;; me length ot me 
:~oe reo~:es :heir impac:l 

Siimline la...,os are availab 
s:andara. W-watt ES. ano 
versions. l~:ant start ope: .'n 
means ma: ::1e rated Jamp ;, .; ot 
siimline ia-,os is signiticantly 
snorter tha" in rapid start lamps. 
The F96T12 slimline lamp, for 
i~stance. :S ~ted at 12.000 hours, 
at 3 hours oer stan. lt is also 
worth noting that magnetic 
ballasts tor slimline Jamps have a 
lawer (i.e. noisier) sound rating -
tnan standard magr.etic ballasts 

Hlgh Output (HO) Lamps 

Rapid star: 'i:;orescent lamps mat 
operate a: 8CO mA are known as 
nigh out01--~ (HO) lamps. Tney 
nave a recessed double contact 
oase ana reauire a special 
ballast. HO Jamps use me same 
designatian terminotogy as 
slimline lames. Thus. an 
8-toot HO ramp uses me 
designation "F96T12.HO·. HO 
tamps are available 11/engthS 
ranging from 18 inches to 96 
inches. The 110-watt F96T12 and 
85-watt F72T12 are the most 
oapular configuratians and are 
commonly usec1 in many 
cammerciaf and industrial 
applicatiOns. HO Jamps are 
available with rare eann 
phosphors and in redueed 
wattage, ES versions. 

A standard 8-b:lt HO Jamp has : 
rated Jamp output ol 8900 Unen.. 
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and a lamp lile rating of 12.000 
hours (3 hrs/start operation). RE-
70 and RE-80 phosphor coatings 
raise the light output to 9200 and 
9350 lumens. respectively. HO 
lamps increase lumen output 
significantly by drawing 
considerably more power than 
standard fluorescent lamps. For 
example. a cool white 4-foot HO 
lamp (F48T12/HO) produces 
about 4300 lumens and draws 
about 60 wans. not including 
ballast Josses. A standard 
F40T12CW lamp. by comparison. 
produces 3050 lumens and uses 
40wans. 

Vety Hfgh Output (VHO} Lamps 

The most powerful fluorescent 
lamp is a 1500 mA lamp. known 
as a very high output (VHO) lamp. 
An F96T12/VHO lamp uses .: 
conventional halophosphors and · 
produces 13,500-15,700'initial 
lumens, while consuming 215 
wans. not including ballast losses. 
Some reduced wanage. ES 
versions of VHO lamps ar~ 
available. 

Generally, HO and VHO lamps 
are not a practical retrofit situation 
for standard fluorescent lamps 
due to their different base 
configurations (recessed double 
contact). However, there are 
many cases in new construction 
where the installation of 
F96T12JHO lamps over standard 
F40 lamps should be considered. 
For example. including ballast 
factors. a single F96T12JHO lamp 
produces about 47% more 
lumens than two standard F40 
lamps, while using approximately · 
33% more power. This transfates 
to a 10% to 11 % increase in 
efficacy. In general, HO lamps 
should be considered in 
applications where light output is 
of paramount importance. and 
where a shorter lamp IHe (12,000 

, FULL-SIZE FLUllRESCENT LAMPS 

Figure S 
Standard FluorosC6nt Lamp BaSBS 

T6 -fiTIJ, i . ID 

.e m· -firDo ~ ! .S - . - -· -......... .. . . 
---·-Zc ••• 

T-8 

.9! 
"' E 

"' Ci 
T-10 ~m ~ 

~m ~Jib· ~rn N 1:1 1:1 . 
;::: - -- - - . 

T-12 

Rapid Start and 
Preheat Lamps 

Instan! Start 
(Siimline) Lamps 

H'¡gh 0u1put (HO) 
Rapid Start Lamps 

hours) and increased ballast 
noise is acceptable. 

Advanced Products 
In a:XIition to the EO family of 
lamps, two other fluorescent lamp 
types have significantly improved 
efficacy when compared with the 
standard F40T12 lamp-ballast 
system. These are the T -8 and T -5 

· lamp families. T -Siamps use the 
common medium bipin base, 
while T-5 twin-tube lamps are 
configured with a four-pin 2G11-
type base. Smaller lamp 
diameters and the exclusive use 
of rare earth phosphors increase 
the efficacy of these lamps over 
standard F40T12 lamps. In 
addition, specially designed 
ballasts may be used for even 
greater increases in lamp-ballast 
system efficacy. Data regarding 

these lamp types is summarized 
in Figure 6. ·. 

T-8Lamps 

The 265 mA T -8 nuorescent lamp­
ballast system is a relatively 
recent ener~ffiCient fiQhting 
product. lntroduced to lile 
American market in 1982. these 
lamps are row made by aJI major 
U. S. lamp manufacturers. The 
straight T -8 lamps have the same 
medium bipin bases as T -12 
lamps, albwing !tlern to frt !he 
same sockets (this is not true tor 
the U-benl T -8 lamps. wllich ha ve 
different 1eg spacings !han their 
T-12 counterparts). However. T-8 
lamps have different electrical 
characteristics. so they may not 
use a standard F40T12 type lamp 
bailaS! designed for 430 
milliampere operation. The 
standard T -8 lamp family is 

7 
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Figure 6 
Advanced Fluorescenr Lamp T&a:::==::g¡es Dara 

L.amp Style 

Stnoíght T8 Bipln Lampa· 

F1TTB 

F25TB 

F32TB 

F40TB 

U.Shaped T8 Bipln Lampa 

FB16TB 

FB24TB 

FB31TB 

Slraight F401EO Blpln Lampa 

F40T12/EOIRE70 

F40T12/EOIREBO 

F40T1 OIREBO 

T -5 Twin-Tube Lampa_ 

FT1BW/2G11 

FT27WI2G11 

FT39W/2G11 

FT40WI2G11 

FTSOWI2G11 

FT55WI2G11 

designea for 265 mA operation. 
but T-8 lamps are also being 
designed to operare with special 
ballasts at substantially higher 
power levels. There is only a 
minor cost difference between a 
standard T-8 lamP-ballast system 
and a standard F40T12 lamP­
ballast configuration. 

T-8 lamps are available in severa! 
straight tube and U-bent 
configurations. _ Generally, they 
are available in color 
temperatures of 3000 K, 3500 K 
and 41 00 K. Depending on 1t1e 
manufacturer they have elther RE-
70 or RE-80 phosphor coatings. 
Rated power ranges from 16 ID 40 
watts. 

Like standard F40T12 lam ps, T -8 
lamps are ratea at 20,000 hcus 
for 60 Hz rapid start operatton. 
However, for higheSt efficacy, 

8 

Wall= 

17 

25 

32 

40 

16 

24 

31 

40 

40 

42 

18 

27 

39 

40 

50 

55 

lnitial Lomp 
L.umena 

1350 

2150 

2900 

3650 

1250 

2050 

2800 

3400 

3500 

3700 

1250 

1800 

2850 

3150 

<1000 

4800 

Normal 
IAngtll 

z 
3' 

4' 

5' 

1' 

1.5' 

z 

4' 

4' 

4' 

10.5" 

12.85" 

16.5" 

•• 22.5" 

22..5' 

21.0" 

they é2'? j!¡en matched with an 
elec:rc-:,-; callaS! that operates 
the iac. -S in an instant start mode 
and c.::_ .2': KHz (electronic ballasts 
for rae._-= s:art operation are also 
availa;-.~¡. Instan! start operation 
ot T -8 '· z-:os reduces ratea lamp 
lite by. 2:% (based on 3 hOurs per 
start c::=-a--ation). but lamp efficacy 
is incr~ by more than 10% 
when ~~pared with 
magne::::::aJiy-ballasted operation. 

· In m=: ::ommercial appHcatiOns, 
where~ 3":1P5 are on for a periOd ot 
10 hoUL-:s between starts, lamp lite 
is only , · srrghtly 1ess !han that ot 
rapid ~=-- operation. Uke T-12 
lamps. -:-slamps may be 
dimm~. out they require 
speci;;c--,.ed dimmers and ballasts 
to won< -. ::~;operly. 

T-8 larr=s offer severa! 
advanl=~ over standard (non­
RE pha.:ls:J:lor) T-12 lamps: 

• The two lamp F32T8 system 
with an energy-efficient 
magnetic ballast has an 
efficacy of 78 lumens/wan. as 
comparea to 68 lumensJwatt 
for a standard two-lamp F40 
T12/RE70 lamp system. 

• The twcrlamp F32T8 system 
with an instan! start electronic 
ballast can achieve an 
efficacy of up to 90 lumens 
per watt. Given optimum 
electronic ballast designs. a 
representative efficacy for ~ 
electronically ballastea tw .,_ 
lamp F40T12/RE70 systerr is 
abOut 78 lumens/watt. 

• 

• 

All T-8 lamps contain rare 
earth phosphors. RE 
phosphor coatings give T -8 
lamps improvea COlor 
rendering and lamp lumen 
maintenance over T-12 

_ _ haiOp~phor lampS. 

T -s lamps purchased in large 
quantities are not muen ~ 
expensive !han haiOphospf'r' 
T -12 lamps. and are actually 
less expensive than _either 
34-wan or 40-watt T -12 la~ :; 
with RE phosphors. 
Additionally the cost of T-<: 
lamp system installations is 
often subsidized by utilities in 
the form ot rebates or 
incentives. Overall, on a life­
cycle cost basis. a T-BiamP­
ballast system is usualty a 
better investment !han any 
4-foot T-12 system. 

All manufacturers rY:NI make T -8 
lamps. As FIQUI'e 6 sho\Ns, T -8 
lamps are currently otfered in 
standard 2. 3, 4, and 5-foot 
straight lamps, as well as in 1, 1.5, 
and 2-foot- U-shaped lamps. In 
additiOn. an 8-foot T-8 lamp has 
be~n announced in a single-pin 
slimline-type confiQUfa!iOn. 
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T·S Twln-Tube F/uorescent 
Lamps 

T-5 twin-tube fluorescent lamps 
range in length from 10.5 inches 
to 22.5 inches. As such they are 
particularly effective in 
applications calling for smaller, 
more compact lumina·~res. Lamps 
ot up to 55 wans are available, 
allowing for nearly any 
generaVambient lighting 

· application. T-5 twin tube lamps 
now bear a designation code 
prefixed by the letters "FT." 

Oespite their small sizes, T-5 
lamps have high lumen output, 
excellent color rendering, and 
good efficacy, due to the use of 
RE phosphor coatings. T-51amps 
use RE-80 high color rendition 
phosphors and are available in 
color temperatures of 30)), 3500 .. 
and 4100 K. T-5 twin-tube lamps ·: 
operate at currents ranging from · 
250 to 550 mA and are configured 
with four-pin 2G11-type bases. In 
general, they require dedicated 
ballasts; however, the 270 mA 
FT 40T5 twin-tube lamp may __ be 
used with a standard T -8 rapid 
start ballast. 

T-5 twin-tube lamp configurations 
discussed here are available in 
18. 27, 39. 40, 50, and 55 wans. 
The manufacturer of the 55-wan 
version claims that the lamp 
produces 4800 lumens and has a 
lile of 20.CXXJ hours when 
operated on an electronic ballast. 
The performance characteristics 
of these products vary greatly 
from lamp to lamp, as shOWn in 
Figure 7. 

Performance data for full-size 
fluorescent lamp-ballast systems 
(two-lamp systems) may be found 
in Figure 8. 

Application Guidelines 

Advanced technologies in full-size 
fluorescent lamps are used to 
make rapid start straight and U­
shaped lamps with unit lumen 
output comparable to the 
standard 40-watt F40T12 lamp. 
The technolog ies m ay .be 
considered in all applications 
where F40T12 lamps are suitable. 

Flgure7 
T-5 Twin-Tube Rapj<1 Slanil'11ll>flal t..am¡:8 orr.!GII Basas 

lampType BaDaaType lnpul = .......... = w- Quqlut 
Foctor (L/W) 

FT18WJ2G11 
1250 L.umens 

370mA~PH 22 .110 1125 51 

FT18WI2G11 270mA r.lagnellc RS 23 .90 1125 49 
1250 UJmens 265mA Elac:!rcnic IS 17 .95 1199 70 

FT24WJ2G11 -~RS 32 .925 1665 52 
1800 l.JJmens 265mA EleCironic IS 21 .810 !.SS 69 

FT39WJ2G11 430mARS 51 .925 2682 53 
2900 l.umans 265mA Elaclronic IS 28 .6110 2001 T7 

FT40W/2G11 265mA Magnalic RS 43 .930 21130 88 
3150i.JJmens 265mA ElaCironic RS 38 .930 2815 73 

FTSOWI2G11 
~lumena 

430mA Elaclronic IS 54 .17 3880 72 

FT55W/2G11 550mA E1ac1ronic IS 82 0.97 - 75 
4800 l..umeno 
No .. -
Lamp 'uta will Y8t'f, clopeiidii~g on llrnp """'"' and-Slllr1lng modo. 

FULL-SIZE FLUORESCENT LAMPS 

T·121.8mps 

Retrofits: Consider the use of 
heater cutout lamps in 
applications where a 1-2 minute 
restrike time can be accepted. 
Any of the advanced technology 
T -12 lamps can be u sed as 
energy-efficient retrofits for 
standard F40T12 lamps. 

New Construction: Consider the 
use of rare earth phosphor (RE) 
and high output (HO)Iamps when 

. their extra luJ!len output allows tor 
design with fewer luminaires or 
fewer lamps per luminaire. 

Extended OUtput T-10 snd T·12 
Lamps 

Retrofits: Good applications for 
EO lamps are existing situations 
where delamping (alone. or 
combined with other retrofits, 
such as specular imaging 
reflectors) may produce · 
unacceptably 1ow lighting levels. 
EO lamps are designed 
specif>eally for these situations. ,. 

New Construction: Although EO 
lamps were initially introd~ced as 
retrofits for standard T -12 lamps. 
they can be considered t6r new 
construction applicatiOns where 
higher fighting levels are required. 
For example. occasional lighting 
problems may resu~ from using 
standard luminaires and T-12 
lamps. Without changing the 
lighting design, a 13% increase in 
lighting level, with only a 5% 
increase in power, can be 
ollta'med by using T-1 O lam ps and 
appropriate luminaires. In 
addition, there may be 
applications when tewer 
luminaires are required to aehieve 
a design illuminance level. H T-10 
lamps are used instead of 
T-12s. 
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Figure¡¡ 
Lamp-BaDast Sysran Comparison: Two-Lamp Open Air Sysa>ms 

Lamp-Ballaat System Comparison 

~ Ballasta Test Ballat lumen Input EllicRy Input Lunwn System 
Factor Output w- IJW w- Output EIIIC8cy 

~-~ =4.0T12 Magneoc EE .94 5734 88 65 Base 100% Base 100% Basa 100% 
L"X·-::: CW 
3::5: ~mens 

T ' 
cw=40T12 Magnetic EE .94 6016 88 68 100% 105% 105% 1' 
<:X.~ RE-70 Haatar Cu11:1ut .851.95 531216080 69180 77176 78%.91% 93%/106% . 118%/117% l~ 

3:2::C ~mens Electronic RS .88 5632 n 78 82% 98% 120% 

C'li =40T12 Magnetic EE .94 6204 88 71 100% 108% 109% 
. •· X>~ RE.ao Haatar Cu11:1ut .83/.95 '54711J6270 69180 79176 78%.91% 96%1109% 122%1120% 
Z3:X~ Eiec::tronic RS .88 5808 n 81 82% 101% 125% 

: :><•'' =40T12.5 Magnetic EE .87 ..an n 68 82% 85% 105% 
: < • :X:·~ RE-7C Haatar CU11:1UI .811.88 453614928 58/66 78J7S 66%175% '79%nl6% 120%/115% 

zs:r: -.:meres Electronic RS .88 >0928 62 79 70% 86% 122% 

. :;.:·n =40T12!ES MagnelicEE .87 4959 n 69 82% 86% 106% 
<. :X:·~ RE.ao Haatar Cu11:1ut .811.88 461715016 58/66 80176 66%175% 81%187% 123%1117% ·. = -""""" Electronic RS .88 5016 62 81 70% 87% 125% 

! 32W =40T12.'ES- MagnelicEE .87 4611 67 69 76% 80% 106% 
¡ ¿·:o.< RE-7C 
! 2!5&: ~mens 
1 
; ..,,... =.ano Magnelic EE .95 7030 92 79 105% 123% 117% 

l. 
1 • • Xl!\ RE.ao H-Cu1DUI .851.95 629017030 7<CI84 85/IM 84%.95% . 110%/123% 131%11211% 
.r:c :..wn.. Elac:lnlnic .85 6290 7. 85 85% 110% 131% 

~11"32TB Magn8lic EE .94 5452 70 78 82% 95% 120% 
•·::rx RE-70 Electronic RS .88 5104 62 62 70% 89% 127% 
2!lOO :..umons ElectroniciS .95 5510 83 87 72% 96% 135% l • 

zz,, ~3218 Magnelic EE .94 5734 70 62 82% 100% 126% 
! •·::rx RE• Electronic RS .88 5368 62 87 70% 94% 133% 

1 xs: ""'"""" ElectroniciS .95 5795 63 92 72% 101% 1~ 

=-<.."W.'2G11TS Magnetic .93 5859 86 61 109% 102% 94% 
•·::rx RE• Elec::tronic RS .83 5229 71 74 81% 91% 114% 
::~S: :....;,m,ans 

=-s:"W."ZG11 T5 Elec::tronic RS 
•· X"C RE80 

.97 7760 106 73 120% 135% 112% 

40IX :..:.m.ns 

:::W'2G11 T5 Eiec::troniciS 
•• X)!\ =tESO .93 8928 110 81 125% 156%' 125'!1. --48::1:.....,..,. 

"';;li !=96T12n5 Magntl1ic EE .94 11.560 158 73 90% 101% 112% 
A· x..;: smine Elec::tronic IS .86 10.580 130 81 74%. 922% 125'!1. u 
1 csphDC 
6~ s;: :....mons 

1 ~ :w F96T12/HO ~E~ .94 6.732 237 71 135% 146'!1. 109% i ' 
.,XlK .81 1 ••• ,. 290 78 1011% 134'!1. 126% ·-
kaWcspl"' 
89CC :.:.mons 
Pioas: 

~ lir bn 1amp -as per ANSI C62.2. 
!Sas:s dlod .... specific....,.,...; balasiS avalaDirl"" lhe c:o.rrwrt mart<at; .... al--wil proclA:alftHanlresuiiS. 
;;;.ns given lor -- balas1s lllpniSanlvatu. lor bo1h raducld llld IU!Ight OU1pUI..-. 

-
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T-8 Lamps 

Retrofits: In retrofit situations 
involving F40T12 lamps. where 
tne existing ballast must be 
changed. T -8 lamp-ballast 
system retrofits are often very cost 
effective. especially when utility 
rebates are factored in. However. 
if the existing ballast is an energy­
eHic·¡ent F40T12 type. ·In good 
condition. then an energy-eHicient 
T-12 or T-10 system retrofit is 
usually more cost-beneficial in the 
short term. 

New Construction: T -8 lamps are 
excellent for all new installations 
including: 

• Offices 

• Retail stores 

• Commercial and industrial 
lighting 

• Special applications. ·such as 
task lights. under cabinet 
lights. cove lights. and 
surface and decorativa lights 

Based on eHicacy alone, T78 
lamps are generally superior to 
any T-12 technology. Considering 
the tact that T -8 lamps make 
many popular luminaires more 
efficient, a T-8 system with 
magnetic ballasts will typically 
provide 8% to 9% more light at 
4% to 9% tewer wans than a 
system using F40T12JES lamps 
with equivalen! color rendering 
capabilities. Efficacy is further 
increased with the use of 
electronic ballasts. The lamp cost 
for 1arger commercial projects in 
majar metropolitan areas is about 
the same as for T-121amps. 

T-SLamps 

Applications for T-5 twin-tube 
lamps are generally limited to new 
construction, as they require 
special sockets and ballasts. At 
present severalluminaire deslgns 
are being developed to take 

. FULL-SIZE FLUORESCENT LAMPS 

advantage of this relatively new · 
la m p tec hnology. 

T -5 lamps are ideal tor 
applications requiring relatively 
high lighting levels from compact 
luminaires. 1 · X 1' recessed 
parabolic troHers utilizing T -5 
lamps provide good light levels 
while fitting in one-quarter the 
ceiling space of a conventional 2' 
X 2' troHer. The use of 1'x 1 · 
troHers in lieu of otl)er types of 
downlights allows for the use of 
effective, efficacious sources and 
electronic ballasts in compact 
recessed luminaires. Similarly, 
2' x 2' and other types of general 
lighting luminaires are appropriate 
in a variety of appllcations with 
energy saving resuns. For 
exarrple, 40-watt U-lamps, the 
traditional lamps for 2' x 2' troffers, 
can be_ replaced by a smaller 
(22.5 inch) and more efficient 
(3200 lumens to 2800 lumens) 
FT 40T5 cornpact fluorescent 
a~ernative, with no major 
drawbacks. Similarly, the high­
powered FTSO and FTSS 

configurations perform well in 
well-shielded 2' X 2' troHers. as 
we!l as in specially designed 
cnandeliers, pendants, wall 
waShers, and indirect systems. 

Overall, the appriCations for T -5 
twin-tube lamps shOuld increase 
as luminaire manufacturers begin 
to take advantage of this 
technology to build luminaires that 
are functional. ·energy-eHicient 
and attractive. For example, for 
maximum lighting leve! 
applications, the new 55-wan T-5 
lamp prornises to provide the . 
most light output of any of the 
newer technology lamp products. 
This may alioiY for designs with 
fewer luminaires and/or fewer 
lamps per luminaire, reducing 
overall costs witl1 fittle 1oss of light 
levels. However, with a light 
output ol4800 lumens per lamp, 
luminaires with good shiel<ling · 
characteristics will be required to 
preven1 glare. 

Figure 9 
IJJmp-Ba/laJst Clta1act8tistic ;, 2' X 4' T-

--Lamp ~ Sralll- ~¡· -· Type Type (RCR:5) ~~- -Donoolly 

~T12 Magi1811c 50 68 1.23 100'l!o 

FoiOT12 Eleclranic:RS 47 64 1.10 -Fo10T12JES Magr1811c 41 56 . 1.011 -Fo10T12JES E1ecUonic FIS 41 55 0.90 73% , 
FoiOT121ES+ Magn&llc 38 52 0.111 71'!1. 

FoiOT10 Magne11c 57 78 1.29 105'!1. 

FoiOT10 E1ecUonic FIS 54 74 1.18 87'!1. . 

F32T8 Magl1811c ... 83 1.111 82'!1. 
F32T8 E1ecUonic IS 47 83 0.90 73% 

11 
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. New General Llghtlng Systems 

A typical general lighting system 
using standard 3-inch deep cell. 
semi-specular. recessed 
parabolics utilizas recessed three­
lamp troffers on a· by 10' cenrers. 
Figure 9 illustrates some typical 
results thal can be Obtained by 
árlferent lamp-ballast 
combinations in non-air handling, 
high efficiency parabolic rroffers 
in a room with wh ite tile ceiling. 
r.ght colored walls and normal 
carpet COlor. All footcandle levels 
are initial. 

A Rettoftt Sltuatlon 

A-tíad~~al lens-troffer design 
:!Rl!liJJ11&.i!ar•y ·1970's utilizas fo.Jr­

on a· by a· centers. 
system generares 

Mil.rllinf!d footcandles 
2. 7 Ylatts!ft2 using 

and about84 
at 2. 4 wattslft2 using 

lamps .. 

A · · ot many office spaces in 
particular would reveal that 
lighting levels are excessive for 
sorne siiuaiions. Average 
illuminance Ievels between 20 and 
50 tootcandles (lES illuminance 
category "'") are usual !y 
appropriate for most viSual tasks 
ot medium contras! or small size. 
H"!Qher task illuminance levels are 
needed only for the most 
. demalJ.ding ot visual tasks. As 
. SUCh.é8xcenent energy-saving 
opportunities exist. In these 
cases; !he lighting protessional 
Should examine severa! optiOns: 

• Check the ballast. 11 it is not 
an ·energy-efficienr type, it 
almost always pays.IO replace 
with a newer ballur. Options 
include T -12 energy-effiCient 

;-. r.~tic T-12 electronic. T-8 
· ;~~n~tic: or T -8 electronic. 

• Luminaire etticiency m ay be 
increased by 10% to 15% 

· through the use of a soecular 
imaging reflector retrofit. 
However, it should be noted 
thar luminaire uniformity ot 
distribution may be aoversely 
attected. 

• Delamp, Ieaving two lamps in 
each luminaire. (Caution: · 
disconnect unused bailas! 
from line). 11 delamping 
resultS in too low a lighting 
level. the lamps may be 
changed to F40T10 or . 
F40T12JEO lamps, or '· 
specular imaging retlectors 
may be added to the 
luminaires. 

Figure 10 shows examples ot hOw 
footcandles can still be kept at a 
workable level by using 
delamping and reflector 
strategies. -tt delamping resultS ilr ·· 
100 1ow a light leve!, the situatiorl 
may be remedied with the ÍJse ot 

T-10 or T-12JEO replacement 
lamps. 

Guideline 
Specifications 
Soeeification ót energy-saving 
fluorescent lamps and ballasts is 
not difficun. Mosl of the products 
are now generally offered through 

. majar electrical distributors across 
!he u.s. In the case of T -8 lamps, 
many luminaire manufacturers 
consider T -8 technology to ce a 
standard option. 

Llghtlng Flldure Schedules 

Most lighting designs list fiXIUres 
by type or ·rag· in a schedule. 
This schedule otten contains all 
information needed for lamps and 
ballasts. To property specily 
fluorescent lamps. hOwever;il is 
recommended that a few special 
note& be 1ncluded 10 clarify !he 
designer's intent Please refer 10 

Flgure10 
Rasu1s al IJelllnPrgZ' x4' T,.,_ 

Foo S 

Acllon La ............. (IIC1W) (RCRat) 
Syatiola 

-(Basa case) 4-F.COT12 r r a .... 811 • 
Delltnp 2..f.COT12-Magn81i: 38 41 

Dolamp 2eF.COT12-Swdlo;ic 33 45 

~llect 2..f.COT12/ES-
~la¡:-

38 52 

Daa•apiAiftuel 2..f<IOT12/ES-
~ 

S7 511 

Delltnp F<IOT10 Ita¡¡ - ca 5I 

Dlllan¡WRIIIect F<IOT10 lto¡¡l- 511 • 
Doilmp'R8tlacl. F<IOT12-é0 lto¡¡liilllc 41 B2 

Dlllllmp ~ 34 41 

Oelamp ~ 34 41 

Detaa~ ~ 38 53 

a hprOJMI8tiS graatar 111n 1ft .na~ 11J we ol mantl4' 
...... 1 ,. ' 



FULL-SIZE FLUORESCENT LAMPS 

the suggested "Lighting Fixture 
Schedule" (Figure 11 ). 

Using lighting fixture schedules is 
an excellent method lo properly 
specity lamps. There are severa! 
reasons: 

• Lignting fixture schedules are 
used to quickly identify 
lum inaires. 

• Lignting fixture scnedules 
contain most of the necessary 
·,nformation for complete 
specification of lighting on 
most projects. 

• Contractors and distributors 
are more likely to read a 
lighting fixture schedule, 
whereas written specifications 
are seldom read or referred 
to. except by the contractor's 
office personnel. :r. 

• Highly detailed lighting fo<ture .' 
schedules reduce the .; . 
possibilities of substitution of 
inferior gOods. 

StandarrJ Specfflcatlons 

Most commercial projects use 
variations of standardiZed 
specifications from the 
Construction Spec~ications 

Tag 

F1 

F1A 

F2 

DMcrtptlon 

2' X 4' Parabollc Trollat, 18 cal 
ftoaling door sem;. spocur¡w ~ 
inch -p- heal8llllaellir 
handing NEMA G landom 
ballas1Dd pairs par Tillo 24 

5ameasF1 

2'X 2' Parabolic !rollar 16 cal 
noaling door spea¡lar 4-incll 
deep louver slalic NEMA F 

lnstilute (C$1) recommended 
formar. .This snorter specification 
lormat is better lor smatler, less 
complex projects. lt contains all 
the basic information to assure 
proper provision of the required 
tamps. 

Specifiers should be diligent. as 
minar cost differences and "value 
engineer1ng· may be used to 
substitute standard T-12 lamps for 
more energy-efticient advanced 
products. 

A Recommended Baste 
Specttlcatlon 

The following specification is 
intended for a typical job calling 
tor T-8 lamps wi!h electronic 
ballasts. See the Energy-Efficient 
Fluorescent Ballasts guideline for 
a sample specification for 
electronic ballasts. 

Fluorescent Lamps 

1. Meet applicable sections of 
ANSI C82 and C78. 

2. In general, lamps sl'lall be 265 
mA "T -s· rapid star1 type as 
tollows: 

a. 2' lamps shall be 
17-watt F17T8 

Figure 11 
Sample Ligh'*'f¡ F'DtflJnJ SdJedJfe 

Lampa 

(3)F32T81RE735 Magnetic Energy«<lccant (1) 
IW<>lamp in "\lla""" and (2) 
-.lamp in "maslllf" 

Ssma as F1 

(2)f831T81RE735 

Magnellc anargy saving (1) 
IWO-lamp and ( 1) one-larnp 

Eladronic ins1ant ~ type . 
ABC 123 {2) lamp .._ 

3. 

4. 

5. 

b. 3' lamps shall be 
25-watt F25T8 

c. 4' lamps snall be 
32-watt F32T8 

d. 5' tamps shall be 
40-watt F40T8 

e. 1' MOL U-lamps 
shall be 16-watt 
FB16T8 

f. 1.5' MOL U-lamps 
shall be 24-watt 
FB24T8 

g. 2' MOL LJ-Iamps 
shall be 31-watt 
FB31T8 

Color: la m ps shall be 
(3000X3SOOX4100) Kelvin 
correlated color temperature. 

ColOr rendering index: lamps 
snall have a mínimum CRI of' 
(70X80) through the use of 
(RE-70XRE-80) rare earth 
phosphor coatings. 

Lumen output, lamp lile, and 
lumen depreciation. as a 
functiOn of mean tumens. shall 
be determined in accordance 

Voltage Input Watta Producl 

277 

277 

277 

100 

103 

90 

LLL 123/ES 
PAJR 

LLL123 

General Requiremenls: 
1. l.amps and ballasiS shall ,_ appiieable ·-of lha American Naticnaf Slanclalds lns- (ANSI), Naticnaf Eleclrical Manutacaaara 
Associallon (NEMA), and Undalwllluis Labooau ias (Ul). l.uminairas sha.ll be UL lislllcl, or lisiad by D1lwr raoognized IBS1Ing agenc;y. 

Ballas1s and olhar ..-rials shall be UL listad or racognized as appRlllrialo and shal..- c:aH:Irra onorgy otandaicfo¡. 
2. E1ecln>nic ballasiS shall be marwlaciUt8d by (llst approved -1 and- be w.ranlod 1or 3 years, OlckJdng 

matarla! cost and labor allowance. 
3. l.amps shall be made by (ist _.,.ed manulactu,..). Do not mix manulacLra<s ol samo type ramp.. 
4. (lnsert any spacial project í8qü1íiííñOñ1S henl.) 
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1993 AOVANCED LIGHTING GUIDELINES 

witn lESNA testing 
procedures and according to 
the ratings published in 
(Manufacturer's Name) 
Ca:a10g. 

6. Re:::'ace deleclive lamps 
occ;;~ring within 90 days of 
oene!icial occupancy. 

7. Approved manufacturers 
(lis!). 

8. No s~bstitutions shall be 
r-.c.oe without prior approval. 

9. Any other project-specific 
de. :a. 

Eztenswe Speclficattons 

CSI recommends that more 
eX!ensive· technical spec~ications 
be writ!en for cornplex projects or 
projects being buitt overseas. 
A 710U gn s ign~icantly longer and 
mJre v.o-k for the spec~ication 
writer. these specifications prótect 
against substitution with inferior 
"knock~tr Products made by 
~:-tufact'.;rers over whOrTi the 
c-o..signer has no influence. At 
:Yesent. world-wide spec~ications 
2."e reasonably standard. 
nowever. tne cost or un usual 
~,a:ure al advaneed technology 
:a~ps may be a cause for 
s;;ostit'JOOn with !he less etlicient 
T-12 lamps. Well-written 
soecifications can reduce !he 
:C<e!ihood al this occurring. 

14 

Manufacturer/Product References 
Manufacturer 

General Electric 

Mitsubishi 

OS RAM Corporation 

Panasonic 

Philips 

Sylvania 

Products 

Lamps, most types 

Lamps, some types 

Lamps, most types 

Lamps, most types 

Lamps, most types 

Lamps, most types 

(lnclusion on lhis list-. not impty appücabiily e< endorSament by lhe caJifomia Energy 
Commission. !he u.s. Depattment of Energy. e< lhe Elac:lric Power Research lnsllane. 
Additional companies may also rnanufac01Jra !hesa proQICIS.) 
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against s•Jbstitution·by inferior, 
knockoff products made by 
manufacturers over wtlom the 
designer has no control. 

Most products offered on the U.S. 
market have foreign counterparts. 
However, the systems of 
nomenclatura differ. Also, the 
different operating voltages and 
frequencies of foreign electrical 
systems make it necessary to use 
totally d'•fferent ·,ntegral and 
modular components. 

! 14 
~ 

Manufacturer/Product References 
Lamps (Most Types) Electronlc Ballasts 

General Electric Advance Transformar 

Mitsubishi Electronic Bailas! 
Technology 

OSRAM Corporation ETTA Industries 

Panasonic (Matsushita) lnnovative Industries 

Philips 

Sylvania 

Lutron Electronics 

Magnetek Triad 

OSRAM Corporation 

Valmont Electric 

Magnellc Ballasts 
Advance T ranstormer 
Magnetek Universal 

Quality Serviees 
Electronics 

Radionic 

Robertson 

Schumacher 

Valmont Electric 

(lnclusian in 111is ist does not imply appllcabilily or ...-...ment by 1l1o Cailamla Enorvy 
CommiSSion, 1118 U.S. Oepartment of Enorgy, or lf1e Electric Pow8r Reso<wdllnstibJIB. 
Addittonal a>mpanies may also ~ ... """"' proOJ<:ts.) 

, 
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Compact 
Fluorescent 

Lamps 
1993 Advanced Lrghtmg Guideltnes . · . March 1993 

lntroduction 
The continu·rng rise in !he 
popularity of compact fluorescent 
tamp technology is good 
evidence of its value as an 
energy-efficient, long tasting 
substituta ter the incandescent 
tamp. The average compact 
fluorescent tamp consumes onty 
one-quarter to one-third as much 
energy as its incandescent 
counterpart and will last up to ten 
times tonger. For example. a 
10.000 hour, 13-wan compact 
fluorescent tamp (about 17 wans 
with the ballast) will provide about 
the same illumination as a 60-wan 
incandescent tamp that has a lile 
ot approximatety 1000 hours. 

Compact fluorescent lamps are 
availabte in a wide range of COlor 

Contents 

( 

temperaturas. from 2700 K to_ 
5000 K. They have very good 
color rendering properties, and 
they are available in a variety ot 
sizes. shapes, and wanages. The 
increasing availability of 
luminaires designed for compact 
ftuorescent tamps - in both new 
and remede! applications­
means that compact fluorescent 
lamps can meet most any design 
application requirement. 

- Compact fluorescent lamps were 
devetopec in the late 19705 and 
introduced to the U.S. market in 
the early 19805. Earty model 
tamp production concentrated 
primarily on the retrofit market 
lntegrattamp.ballast 
combinations with screw-in 
Edison bases provided a 
convenient and inexpensive 

lntroduction ...................................................................................... 1 

T echnology Desaiplion ................................................................... 1 

Current Products .............................................................................. 6 

Application Guideflnes. ..................................................................... 7 

Exarrples ....................................................................................... 11 
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Manufacturer/Product References ................................................. 14 

alternativa to traditional 
incandescent tamps ter hotets. 
apartment comptexes. and other 
high volume users. Modular 
systems with reptaceabte lamps 
were popular. as well. By !he tate 
19805, the popularity of compact 
fluorescent tamps had risen 
substantialty. Relatively recent 
large-scate production of 
dedicated compact fluorescent 
luminaires has extended !he· 
range of applications for this 
technology. 

Technology 
Description 

Compact fluorescent tamps are 
actualty lighting systems 
consisting of a tamp (otten with a 
starter integrated into the base). a . 
lamp holder, anda ballast. 
Sometimes. a screw-in socket 
adapter is incorporated into the 
package. Generalty, there are 
three different types of cornpact 
fluorescent tamp.baltast systems 
(see Figure 1 ): 

• Integral sysrems are seH­
ballasted packages and are 

. made up el a one-piece. 
disposable socket adaptar, 
ballast. and tamp 
combination. 
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Integral Modular 

Figure 1 
Compact Fluorsscsm I.Jurrp-Ba/last Sys!sms 

• Modular systems are also 
se~-ballasted packages. 
consisting of a serew-based 
incandescent socket adapter. 
ballast, lamp holder. and 
replaceable lamp. 

• Dedicated sysrems exist 
when a ballast and · 
fluorescent lam p soeket ha ve 
been directly wired in as a 
part of tt'le luminaire. While 
integral and modular systems 
are designed to screw into 
existing incandescent 
medium base sockets, 
dedicated systems generally 
are OEM (Original Equipment 
Manufacturer) components, 
supplied wiltlluminaires. 

Lamps are easily replaceable in 
both modular and dedicated 
compact fluoreSc:ent systems. On 
tne Oltler hand, relamping in an 
integral system requires !he 
replacement ot !he entire integral 
untt. 

Modular and integral compact 
fluorescent systems have 
particular relevance in remodel 
and retrofit applieations. 
Dedicated systems are designed 
primarily for new construction 
purposes, althOugh dedicated 

2 

hardwire retrofit ktts for downlights 
have been introduced recently by 
severa! companies. Simple 
permanent conversion ki!S for exit 
signs and table lamps are a1so 
available. 

LampTypes 

The tollowing lamp types are 
commonly availalble frorn a 
num ber of manufacturers. 

• T -4 diameter twin-tube 11M> 
pin lamps have a starter buitt 
into the lamp plug base. They 
operate on inexpensive 
reactor ballasts. come in 
wattages trom 5 10 13 watts 
and are available for bOih 

modular and dedicated 
systems. · 

• T -4 and T -5 diameter quad­
tube 1\M>pin Jamps also have 
plug bases and buitt-in 
starters. These lamps 
produce more light than 
simple twil'l-tubes ánd are 
available up to 2:1 watts. 
These lamps are availalble for 
all com pact fluorescent 
systems. 

• 8oth T -4 and T-5 diameter 
twin-tube and quad-tube 
lamps are ncw availalble in 
four-pin versions that do not 
contain a starter in the base ot 
the lamp. These lamps are 

Flgure2 
Common Con.,act- J ... Ump r,.,.. 

.. 
. . 
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designed primarily for use 
with electronic ballasts. 
Larger T-5 lamps witn 2Gtt 
bases are discussed in tne 
Fu// Size Fluorescent Lamps 
guideline. 

Compact fluorescent lamps for 
self-contained integral systems. 
are generally a twin or quad-tube 
integrated witl1 a ballast and 
screw-in socket base. In scme 
cases a reflector or surrounding 
diffuser may be included in t11e 
package. 

Ballasts 

Compact fluorescent lamps are 
discnarge lamps requiring 
ballasts to start and operate 
properly. A ballast provides the 
necessary voltage to start !he 
lamp and. once started,"keeps the 
lamp in operation. Ballasts also ' 
consume energy that must be 
accounted for when determining 
the efficacy of a particular~lignting 
system. 

Integral and modular compact 
fluorescent systems combir:Je an 
Edison screw base with a ballast 
for direct retrofitting _of 
incandescent luminaires. All other 
compact fluorescent lamps are 
designed lO have an externa! 
ballast that must be specified for 
each individual lamp type and 
wattage. Ballast options for 
compact fluorescent lamps are 
rrsted below. 

Normal Power Factor (NPF) 
Reactor Batlasts 

NPF ballasts are common for !he 
smaller two-pin lamp sizes. The 
120 vo~ version is generally the 
least expensive and most 
corn pact type. These ballasts 
exnibit very 1ow power factors (.45 
ter 120 ven, 0.25 lar 2n ven). so it 
is importan! for engineers to 
calculate circuit loading carefully 

when designing the electrical 
distribution system. 

Hlgh Power Factor (HPF) 
Reactor Ballasts 

Al se for tne smaller preheat 
· lamps, t11ese ballasts contain 
capacitors to raise the power 
factor to O. 90 . They are more 
expensive and larger !han tne 
NPF type, but tney allow for 
conventional branch circu"rt 
design and lower installation 
costs. 

Conventlonal Electromagnettc 
Energy Saving BaOasts 

The higher wattage lamps 
designed for 2Gt1-based four-pin 
operation generally operate on 
single or mu~iple lamp ballasts 
similar to !hose used for standard 
fluorescent lamps. Most ballasts 
are the ·energy-effrcienr type, 
consisten! with California and 
national ballast stanclards. 

D/mmlng Battasts: 

The staiterless four-pin lamps can 
be used witn either a magnetic 
dimming bailas! with appropriate 
wall box dimmer, ora special 
electronic dimmer and electronic 
dimming bailas!. Check with !he 
manufacturer. 

Electrontc Battasts 

Severa! integral prOducts are now 
available that combine a twin or 
quad-tube lamp with an electroniC 
bailas!. These prOducts el"rminate 
the objectionable starting flicker 

· that has been associated with 
compact fluorescent lamps with 
integral starter bases. 

In addilion to electronically-
ballasted integral producls, 
severa! manufacturers now ofler 
cornpact fluorescent luminaires 
with electronic ballasts instead o1 
standard magnetic ballasts. 

COMPACT FLUORESCENT LAMPS 

Electronic ballasts for cór.ípact 
fluorescent lamps offer severa! 
advantages over standard 
electromagnetic ballasts: 

• Tne system efficacy (lumens 
per wan. including baltas! 
lósses) is generally about 
20% nigher with an electronic 
ballast. Under test conditions 
of 25 OC (77 "F), !he efflcacy 
of an electronically-ballasted 
compact fluorescent lamp 
r anges from SO. 70 
lumens/watt. compared to 41}. 
55 lumenstwatt for a 
magnetically-ballasted 
compact fluorescent lamp. 

• Tne starting time ot 
electronically-ballasted lamps 
is generafly less !han one 
second. while magneticalty-
ballasted lamps typically 
require one to tour S,econds to 
start 

• Electronic ballasts reduce 
lamp flicker. 

:.: 
• Electronic ballasts generally 

operate muen more;quietly 
than magnetic ballasts. 

• Electronic ballasts can be 
manufactured in much smaJier 
sizes and are llghter than 
conventional magnetic 
ballasts. 

A disadvantage of electroniC 
ballasts tor compact fluorescent 
lamps is !heir higher price. This is 
compounded by !he fact that 
there are few electronicalty-
ballasted mOdular type compact 
fluorescent systems where !he 
lamp can be replaced separately 
f rom the electronic batlast. 
1 ntegral electronic designs require 
that the ballast be disposed of 
wi!h the lamp. In adártion, many 
of !he curren! prOducts extlibit a 
high percentage ol total harmonic 
distortion (ll-10). The eflects ot 
THD produeed by compact 
fluorescent lamp batlasts is stHI 

3 
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being evatuated by utilities. but it 
appears that the actual harmonic 
current is insufficient te cause 
major concern. 

Power Quallty lssues 

Low power factor is ene indicaror 
of the effect tnat compacr 
fluorescenr lamps can haye on the 
power quality of a utility 
distribution system. Compact 
fluorescent systems generally 
nave power factors mu.ch lower 
than the 90% level achieved for 
high quality ballasts in typical full­
s!ze fluorescent lighting systems. 
Power factor is a performance 
me asure that determines how 
effectively input curren! is 
converted into actual usable 
power delivered to the lamp. 
Optimum power utilization would 
resu~ in a power factor of 1.0. 
meaning that the product ot 
vo~age and the current (volt-
am peres or VA) is equal te the 
power used. Most compact 
tluorescent lamp systems. 
regardless of whether they are 
magnetically or electronically 
ballasted. are supplied with NPF 
ballasts. rated between 0.50 and 
O. 70 at 120 volts, and as low as 
0.21 at 2n volts. Thus. a 13-wan 
lamp drawing a total load with 
ballast al 17 wans at a power 
factor al 0.50 actually draws 34 · 
VA at 120 vons- twice as mueh 
current as it would with a power 
factor ot 1.0. Branch circuit 
current and overcurrent protection 
are based on VA. This makes it 
imPQr1ant to consutt with a utility 
representativa or professiOnal 
engineer when using large 
numbers of NPF ballasted 
oornpact fluorescent luminaires. 

High power factor ballasts for 
compact fluorescent lamps are 
available, but in most cases. 
luminaire manutacturers offer 
them only as optional add-on 
teatures. Utility-sponsored energy 

4 

efficiency programs enéourage 
me use of HPF ballasts. so they 
shoulc oecome increasingly 
available in rne near future. 
Whemer using HPF or NPF 
ballasts. ouilding engineers 
should follow the input curren! 
instructions ot each ballast when 
designing !he circuir loading. 

Harmonic distor1ion is anomer 
indicator ot me effect ot com pact 
fluorescent lamps on power 
quatity. Any non-linear load. such 
as a personal computer. variable 
speed motor. television. or 
compact fluorescent lamp, 
causes harmonic distortion in 
power distribution systems. Most 
magnetically-ballasted CF lamps 
have a THD between 15% and 
25%. The THD from most 
available electronically ballasted 
compact fluorescent lamps may 
be Significantly higher, due te 
severe distortion .ct the current 
wave form. Distortion ot the 
sinusoidal wave form may also be 
associated with a reduced power 
factor. A second potential 
concern is me presence ot third 
(180Hz) harmonics. In principie, 
mese harmonics may cause 
overneating on me neutral fine of 
mree phase systems in older 
commercial buildings. This 
generally is not a practica! 
problem tor compact fluorescent 
lamps, because ot me relatively 
small size ot me load imposed by 
these lamps. 

There are productS currentty 
available that reduce both the 
THO and the odd harmonics from 
etectronicatty-ballasted lamps 1!) 
tevels approaching !hose ot 
magnetic ballasts. Electronically­
ballasled integral tamp..ballast 
packages with high power tactors 
and 1ow THD are currently 
available. However. increased 
size requirements. increased 
radio frequency interterence (RA), 
and cost factors have slowed the 

development of similar products. 
Utility energy efficiency programs 
are expected te enco..-age !he 
mitigation ot harmonic distor1·1on 
problems. and low harrnonic 
distortion ballasts for compact 
tluorescent lamps ShOuld become 
increasingly available in the near 
future. 

For further information on ballasts. 
harrnonic distortion. and other 
oower quality issues. see the 
Energy-Effocient Fluorescent 
Ballasts Guideline. 

Dlmmlllg 

In general. compact fluorescent 
lamps cannot be dimmed using 
conventional dimming eq.¡ipment. 
For example. accorallg to at least 
ene lamp manufacturar. using 
conventional incandeseent 
dimmers in an attempt kl dim 
integral IJ'lits - especially tr10se 
using electronic ballasts - can 

· cause a !Ie. Howeller. lhere are 
two specifoc Products that enable 
dimming al compact tuorescent 
;amps: 

• Oimming adapters permit an 
incandescent dimmer to dim 
a four-pin quad-tube lamp. 
The adapter must be used 
with a specific baflast that is 
factory-inStalled on 1t1e 
luminaire. 

• Solid state dimming baflas!S 
permit the dimming el four-pin 
twin-tube and quad-4ube 
lamps with a rerrote 
potentiometer or low wltage 

. signal 

SWtlclllnfl 
The longevity of any !Uarescent 
lamp, incWng compact 
fluorescents. is affected by lt1e 
number el times the lamp is 
SWitched on and el! CUing its lile. 
Auorescent 1amp lile ralings rrsted 
in lamp manutacturers' catalogs 



are based on a specific switching 
cyr;le of 3 hours on per start. 
Fluorescent lamp lile may be less 
than the rated value if the lamp is 
switched more frequently than 
this. However. with electronic 
ballasting technology, 
manufacturers can include 
circuitry that optimizas the starting 
sequence (so-called 'soft­
starting'), thus preserving 
manufacturers· rated lamp lile 
even i.f the lamp is switched more 
frequently than every 3 hours. 
The manufacturar should be 
contactad for more information if 
the application calls for frequent 
switching. 

Of special concern are modem 
electronic control products. 
Devices such as walibox touch 
switches. wallbox time switches, 
and wallbox occupant sensors :· 
may not be compatible with most' 
cornpact fluorescent lam~ 
lncornpatibilities are usually 
caused by the use of sotid-state 
switches (triacs) instead of air gap 
sw~ches or relays. A small 
continuous curren! (insuffictent to 
illuminate an incandescent lamp) 
passes through !he load even 
when ~ is 'off.' In magnetically­
ballasted cornpact fluorescent 
applications. this idling curren! 
can cause continuous electrode 
heater and starter operation. 
resu~ing in reduced lamp file. In 
electronically-ballasted 
applications. the ballast may 
prevent idle curren!, in turn 
rendering the control device 
inoperable. 

Envfronmentaf Condlt#DIIs and 
Efflcacy 

lt is importan! to realiza that 
laboratory environmentaf 
oondijions under which fumen 
output ratings are made are olten 
quite different from acttiaf 
installation condijions. The two 
environmental condijions thal 

most significantly affect the 
performance ol compact 
fluorescent lamps are ambient air 
temperatura and the orientation or 
burning position of the lamp. 

Figure 3 gives typical 
performance curves shOwing how 
ambient temperatura affects 
lumen output ol compact 
fluorescent lamps in both base up 
and base down burning positions. 
Note that while the compact 
fluorescent lamp produces rated 
lumens at 25 •e (77 "F) with the 
lamp base up, tts fumen output 
drops to 80% ol its rateo lumens 
at 50 OC ( 122 •F). In applications 
where cornpact fluorescent lamps 
are mounted in small volume 
fixtures with a lack ol air 
circulation (such as in lensed 
oownlights). the user Should 
expect that the ambient 
temperatura would be between 
40 •e and 50 oc (104 •F-122 "F}. 
and should lower !he lamp fumen 
rating accordingly. Sorne · .. 
compact fluorescent luminaire 
manufacturers provide luminaires 
designed te improve ventilation in 
order to 10wer ambient air 
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tem perature and increasé ·lur.i'én 
output. 

Figure 3 also Shows how lamp 
orientation (burning posit'lon) can 
have a majar influence on fumen 
output ol a typical compact 
fluorescent lamp. Under identical 
ambient temperaturas (25 •e 
[77 •FJ), a cornpact fluorescent 
lamp in a horizontalor base up 
orientation will produce about 
20% more lumens than. a lamp in 
a base down position. As such. in 
any appfiCation where a compact 
fluorescent iS used in a base 
down position (such as in a retroiit 
of an incandescent table lamp), 
the expecteo turnen output should 
be lowered by at least 10%. Al 
higher ambient temperaturas. a 
lowering ol15% is appropriate for 
base dOwn operation. . 
Manufacturers data should be 
consuned for specific values for 
individuál lamp types, ai 
performance differences· are 

·• relatad to famp shape and 
wattage. 

.. 
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Figure 3 · 
Typlcat 11tnbient lllm¡IOrallft and tamp orilmlatlon ..-... -~al campat;t 
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1993 AOVANCEO LIGHTING G!JIDELINES 

Current Products 
As stated oreviously. compac: 
fluorescent lamps are highty 
efticacious. have very gOOCI COi;)' 

rendering capabilities and are 
available in severa! color 
temperatures. Their performa~:: 
is due to !he use of high efficac-,. 
high color rendering rare eann 
(RE) phOsphors. 'rhe reiative 
balance among these phospt'o"s 
determines the color tempera!:.;~;: 
ot the lamp. RE phosphors are 
essential to the operation ot the 
compact fluorescent lamp 
because ot the high power 
density in the small diameter r~::.:. 
The same loading of conventicr.a 
halophosphOrs would resutt in 
rapid and severe iamp lumen 
depreciation. · 

Most compact fluorescent tamos 
are capable ot generating abo.l: 
5().6() lumens/Watt. Their 
advantages notwithstanding, 
compact fluorescent lamps have 
similar overall efficacy as severa! 
otner tecnnologies of equallume~ 
out out. such as low wattage me:a 
halide and high pressure soelium 
lamps, and conventional straigh:. 
U-shaped, or circular fluorescen: 
tamps. 

New Lamp Products 

In addition to the laminar types ot 
com pact fl uorescent lam ps, 
severa! new lamp configuratiOns 
are becoming available. A new 
square-shaped "clouble-0" 
configuration is now avaitable in 
three siZes and five different 
wattages. lts compact shape and 
siZe make it suitable tor 10w profile 
surface and small recessed 
luminaires. 

One lamp manutactur.-:' is I1I7N 
producing a T-2 diarr: · •:. sub­
miniatura, wedge bas,o 
fluorescentlamp in a w•ce range 
ot lengths and wattages. 1t iS 

6 

Square 

Flgure4 
Nsw Ccmpac:! F7uoresatJm U1mp Producls 

available in both hot and COid 
cathode versicns. As iS trua with 
all compact fluorescents. these 
tamps use RE phosphor coatings 
for good color rendering. T -2 
lamp efficacy is more than 80 
lumens/watt, exclusive of bailas! 
losses. At this time. ballast and 
luminaire development for these 
tamps has been stow. thus limiting 
their application. Suitable 
applications tor this lamp will 
probabty include task. sign, and 
showcase lighting. 

Several manutacturers are now 
offering compact fluorescent 
lamps consisting of !hree bent 
tubes (as opposed to single and 
quad tu be configurations ). This 
allows for more lumens in a 
smaller package. For example, 
one manufacturar has begun 
producing an eiectronieally­
ballasted 20-watt com oact 
fluorescent, with high power factor 
and 1ow THD. This paCkage iS 
only 6 inches long, and it 
produces similar tumens as a 
75-watt incandescern lamp. 

Current research into new 
compact ttu6rescent lamo 
configurations is concentrated on · 
more varieties of tamos with 
higher powers. ditferent shapes. 
and single-ended, four-pin bases 
(2G7. 2G11. etc.). These tamps 
can use electronic baliasts. can 
be dimmed. and will eliminate 
much of the starting flicker that 
has been associated with !he use 
of compact fluórescent lamps. 
This devetopment prorniSes ID 
increase ttie number of compact 
fluorescent lamp applicalions. 

Compact Ruorescent Lumlnalre 
DesJgn 

The exciting energy-saving 
possibilities of compact tanip 
luminaires have causad many 
manutacturers to rush produCIS ID 
market that are simply 
incandescent luminaires with 
fluorescent sockets. Specifi8rS 
should be cautious of !he 
following potential problerns: · 

•• ·¡ 



COMPACT FLUORESCENT LAMPS 

• Use of reftectors and other Figure 5 illustrates sorne wan tnan incandescent lamps~-
h2rdware originally intended luminaires that use compact For example, a 13-watt compact 
tor incandescent lamp ftuorescent sources. fluorescent will provide 
configurations (luminaire approximately the same light as a 
efficiency probtem) Retrofftt/ng 40 to 60-watt incandescent tamp. 

• Overheating. which causes Modular and integral compact Retrofitting incandescent lighting 
short tamp and ballast lite and tluorescents systems with Edison with c6mpact tlucrescents offers 
reduced fumen output screw-in sockets are generally not significan! cost savings to the 
(luminaire design problem) as etticient as their dedicated user. Money saved through 

• Battasts and lamps making 
counterparts, but they do otfer a reduced energy use, fewer lamp 

acoustic noise (luminaire and 
means to upgrade existing replacements, longer lamp lite, 

application probtem) 
incandescent lighting. Modular and related maintenance savings 
and integrallamps are available can quickly recoup the initial 

• Unusually tow or high bulb with either an electronic or investment and provide 
wall temperature causing magnetic ballast. The electronic continuing operating cost savings. 

~ 
significan! departure from ballast operates at a higher Additionally, in~ial retrofit costs 
ratect tamp lumens (luminaire efficiency and without noise or are often part·lally offset by utility 

.. design and application fliCker. rebates. 
problem) 

~ Altematlves ro Other 
• High THD, 10w ballast factor. Application Guidelines Fluorescent Lamps 

and low power factor of 
particular lamp-ballast In general, compact fluorescent In the lower wanages. other 
combinations (See atso the : lamps are best applied ·1n smaller fluorescent lamp types, 
Energy-Efficient Ruore,scent situations where incandescent or such as circline configurations, ·;; 

Ballasts guideline) ... other small fluorescent lamps tack the convenient single-ended 
·• would be considerad. They may plug base. color temperatura . 

Lumtnalre Types be used in a wide variety of optiOns, and consisten! good , ·~·¡ 

Lower wattage compact 
residential, commercial, color renditiOn of compact 
retrofitting and new construction fluorescent lamps. ,Mai]Y typical - f 

1" fluorescent lamps are desigr:~ed to 
{ applications. fluorescent applications.:for 

be used in place of incandescent smaller lamps, such as t_ask lights, 
lamps in a wide variety of tncandescent Ughtlng surface mounted "drum lights: 

r tuminaire shapes and types. The Allematlves and corridOr lights, will be more 
twin-tube style is especially gOOd effective if compact fluorescent 
for task lights. wall sconces, ex~ Compact fluorescent lamps can 

lamps are used. Also, the high 

1 
signs, step lights, and exterior generally be utiliZed in many color rendering quality of the 
path lighting. Two-tamp, areas where incandescent lamps compact lamp is maintained w~ 
horiZontally atigned. twin-tube would typically have been used every tamp reptacement. See 
combinat'lons have become an before. Such areas can include Figure 6 for more information on r excellent subst~ute for reoessed downlights, wall 

the color options and 
t incandescent recessed washers. desk lights, wall sconce characteristics for compact 

downlights, and many type ambient fixtures, under fluorescent lamps. 

1 
manufacturers of recessed cabinet fixtures, landscape lights, 
tuminaires have designed series residential floodlights. and a 
of luminaires around this concept. variety of other applicatiOns. In 

1 
The quad-tube tamp has similar most instances. compact 
applications as a downlight, wall fluorescent lamps produce three 
washer, and sconce light. to tour times more lumens per 

t 

7 
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Flgurt· 5 
Compac: Fluorssosnt Lumi~ Appl; 41; •ts 

Recessecl Surface Units Pendants ScOIICI!S FIOOCIUghts Exlt & Slgn 
Downllghts Llghtlng 
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Square 

Key 
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Figure& 
Color Options of Standarcf Compact Fluoresamr L.amps 

Color Temperatura 

2700 K 

NomlnaiCRI 
82 

llatchea 

Warm Whita, lncandascant, 
Whi18 HPS 

3000 K 85 Wann Whita, incandascant, 
Halogen, Othor 3000 K 
Fiu<nscent and HID lamps 

3500 K 85 Halogen, Othor 3500 K 
FluaVsalnt lamps 

4100 K 85 Coa 'Mtita, Metal Haidlt. 
01hor < 1 00 K F1uon1sc:on1 
and HID lamps 

5000 K" 85 C/050 and al! other high color 
tlrnperatura Fluorasaint anc1 
HID sources 

• not as many produCIS available as other color temperarurvs 

Llmltattons 

Overall, compact fluorescent 
lamps are excellent choices for 
many residential and commercial 
lighting situations. The major 
limiting factor associated with 
compact fluorescent lamps in 
retrofit applications is their size. 
Compact fluorescent lamp.ballast 
packages are somewhat larger 
than incandescent lamps ot !he 
same lumen output, meaning that 
they may not fit properly in 
luminaires designed ter · 
incandescent sources. For 
example, in recessed downlights, 
a screw-in compact fluorescent 
package m ay protrude below the 
ceiling line, resulting in an 
objectionable appearance and 
creating glare. In addition, !he 
base portien of a compact 
fluorescent lamp that contains the 
ballast is larger and ot a ditferent 
shape than the standard 
incandescentlamp. The 
luminaire's reflector may therefore 
not allow enough clearance for 
the adapter te be screwed into the 
socket. For these reasons, 
designers are encouraged to try 
out a testlamp of the intended 
configuration prior to attempting 
an entire retroftt. Many 
manufacturers of compact 
fluorescent lamps can provide 
sample products ex cardboard 

templares that may be used 10 
check for physical 
incompatibilities before 
purchasing. 

Anqther limttation of compact 
fluorescentlamps is that they may 
not be suttable in very high 
ceilings (more !han 12 feet), or in 
certain accent lighting 
applications requiring a tighl 
beam spread or a point source 
sparkle. Additionally, the 
designer Should be careful about 
using compact fluorescent lamps 
in exterior cold weather sttuat~. 
as the operation ot the smaller 
wattage lamps can be adversety 
atfected by 1ow temperaturas 
( <0 "C [32 "F]) unless enclosed 
fixtures and/or electronic ballasts 
are used. 

Resldent/sl AppllcatloM 

In general, the use of cornpact 
fluorescent luminaires is 
especially appropriate for rooms 
such as kttchens and batnrooms, 
where high lumen output, good 
color rendering and adherence 10 
local energy cedes is required. 
Cornpactlluorescent lamps are 
also useful in all utility room 
lighting apprtcations and in · 
enclosed exterior lixtures (weather 
permltting) such as lanterns, and 
path lights. They are useful as 

. •' 

COI\APACT FLUOAESCENT LAMPS 

ambient light sources in wall 
sconces. The extended lamp lite 
ot compact fluorescents makes 
them an intelligent design 
decision in hard-t<rreacn places. 
Tney are also appropriate for task 
lights, especially !hose types 
designed ter !he configuration of 
compact fluorescent lamps. A 
commitment to increased 
residential use of cornpact 
fluorescent lamps could be quite 
sign~icant, in terms of energy 
conservation. A savings of 25% 
to 50% of !he ligllting electrical 
energy used by f!Nery neme could 
be realized ~ aD acceptable 
fluorescent appf'JCations were 
utilized. Figure 7 summarizes 
sorne of the residential 
applications suilable lor cornpact 
fluórescent lamps. 

The selection c:J cornpact 
fluorescent lighting equipinent ter 
residential design applications 
should be made carefully. Newer 
designs using electronically­
ballasted compact fluorescent 
lamps are suttable ter many 
residential applications, since 
these packages operate silently 
and star1 almost i'nmediately 
without an inttial lfJCker. An added 
benefit is !he 19tter weight and 
smaller size of !he electronically­
ballasted producls. When 
magnetically-ballasted systems 
are uSed in residential 
applications, !he benefrts of 
energy etficiency and long lile are 
sometimes outweighed by 
concerns for !he acoustic noise ot 
sorne ballasts, or by a negative 
reaction to star1ing fticker. In most 
residential applications, these 
col'ldttions are not tOlerable. In 
any case tt is advisable to oonsult 
with and advise one's client about 
the overan benelils a oompact 
fluorescent fiQhlllg. 

9 
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Figure 7 _,.al Applications for Compact Ruoresoent ""'-

Khchona Uving Rooms 

Recossed downligh!S Task ligll!S 

Unóef cabinet ligh!S Swing arm 1am:>s 

Under cabin« lignls 

Rec:essad de a: liyt 1$ 

Wallwashon 

Commerciat Appllcatlons 

Commercial lighting represents 
the best application for compact 
fluorescent technology. Cornpac:: 
fluorescent luminaires can be 
easily incorporated into lighting 
designs that are both aesthetically 
pleasing and energy efficient lt is 
now possible to design a first­
class project using compact 
fluorescents in place of most 
incandescent lamps. 

In office lighting design, not every 
incandescent luminaire has a 
compact fluorescent counterpart 
but many do. Offices and other 
types of commercial and 
institutional spaces will look good 
and operate efficiently through !he 
proper use of com pact 
fluorescent troffers, downlights, 
wall washers, and task lights. As 
a resutt, designs will more easily 
comply with the applicable Tille 
24 standards contained in the 
California Code of Regulations. 
lncandescent lighting should be 
saved for a few key sttuations, 
such as locations ·where !he wider 
dimming range ot incandescent 
lamps is needed. 

In retailligh!ing design, 
fluorescent light is appropriate k:K 
general illumination. wall washing, 
and sorne types of case lighling. 
The energy conscious designer 
uses standard incandescent or 
halogen sources only when point 
source sparkle or significantly 
more candlepower is requirect. 

10 

Bedrooma Batltrooms 

Task Jigh!S Mimlr igh!S 

Closet Jigh!S Reo d downigh!S 

s- & lub 19>15 

Examples of this would include 
display lighting, jewelry case 
lighting, etc .. 

In restaurants and hOtels, most of 
tne circulation areas and other 
public spaces can be illuminatect 
with compact fluorescent sources, 
unless ceilings are especially 
high, an application where HID 
sources might be more 
appropriate. Additionally, some 
pendant type luminaires and wall . 
sconces can be equipped with 
compact fluorescent lamps. 
lncandescent lighling can lhen be 
used where it is especially 
importan! for tull range dimming 

· and special accents. Many fast 
food/fast action spaces can take 
advantage ot the smaller general 
illumination fixtures made possible · 
by compact fluorescent 

Utlllty Areu ~ 

Slairways l..ant8ms 

Laundry rooms . Garage ligh!S 

Anics Patl\ ligh!S 

Closets Security igh!S 

Crawtspacas 

technology. In hospitals, 
taboratories, schoots. and other 
institutions. compact tluorescent 
tamps can generally replace mas: 
incandescent applications. 

In industrial lighting, most 
C:ompact fluorescent lamps have 
limited applications. But the low 
heat of compact fluorescent 
tamps make them safer in 
hazardous environments where 
HID lamps might otherwise be 
used. · 

Figure 8 suggests some possible 
commercial applications for 
compact fluorescent tamps. 

FigureS 
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Examples-

Cost Sav/ngs Retroflt Proffle 

Selling the idea of compact 
fluorescent lamps as effective. 
long lasting, energy saving 
replacements for incandescent 
lighting is much easier if the end 
user can see. in tangible terms, 
the benef~s of such a strategy. 
Figure 9 shOws ene example of 
how a switch from incandescent 
to compact fluorescent lighting 
allows for significan! energy 
savings and decreased operation 
costs. The table represents a 
hypothetical situation in which a 
facilities manager is considering a 
change_from 75-watt 
incandescent downlights to 20-
watt compact fluorescents with 

¡_ 
electronic ballasts. A total of 60 
fixtures are involved. 

General Downllghttng 

Many corridors and lobbies are 
tumished with six or eight-inCh 
round or square recessed . 
downlights for general or wall 
wash lighting purposes. Typical 
designs call for incandescent 
·cans· or 'tophat" luminaires. An 
energy-efficient atternative is to 
use modular type downlights .. 
designed specifically for compact 
fluorescent twin-tube or quad­
tube lamps. By careful selection. 
the specaier can chOOSe a 
fluorescent luminaire that appears 
similar to standard incandescent 
downlights. 
A general rule-of-thumb is to use 
about 25% ot the required 
incandescent lamp wattage. In 
other words. use a downlight with 
ene 26-watt or two 13-watt lamps 
to replace a 100-watt 
incandescent lamp, two 18-watt 
lamps to replace a 150-watt 
incandescent lamp, and two 26-
watt lamps to replace a 200-wan 
incandescent lamp. Avoid using 

COMPACT FLUORESCENT LAMPS 

Figure 9 
Compacr Fluorsscsnr Rstrolit Cost Savings Ana~ 

Exlsting Lamp: 75W Alll/1210 Lumena 
Roplacemenl Llmp: 20W Oua6-Tu.,_ with Integral EJectronlc Ballaal 

Existing Uunp wauaga 75 

Replacemenl Lamp Wattage 20 

Warts 5av9dllamp 

Ope<ating HOUl'SIYearl 

kWh Savings/Yaar Per Llmp 

Existing Uunp Ratsd Uf& 

Repiacemenl Llmp Rallld Uf9 

Eleclricity Cost.1<Wh2 

· Utiüty Savings/Year Pa- Lamp 

5avings Over Uf& ol Lamp 

Relamping Cosl o1 E.xisting Lamp3 

Avoidecl Cosl of Relamping Over Lamp lile 

Ralamping SavingS/'(ear 

TOTAL YEARLY SAVINGS PEA LAIIP 

Cost of Retrcmt' 
Utility~ 
Net Cost ol Retrolit Per Lamp 

Number ol FixtUnos 

Total Costo! Relnllil 

l'8yllecii-

Total Annual SavingS 

Net Savings Over lila ol Llmpo 

Retum on lnmaJ lrNe:AJtent 

Notas: · 

55 

2600 

143 

1 o 000 Hoi.IS 

10,000 HoUI1i (3.85 Yoar.o) 

0.12 

$17.16 

$66.07 

$7.00 

$70.00 

$18.18 

$35.34 

$22.00 

$3.00 

$19.00 

60 

$1140.00 

11\monlha 

$2120.40 

$7023.S. 

1 Basad on 10 hotnJday, 5 da)5l aMt 
e EstimaiO, basedcn ..,.._ c:ommercial 1992 COOIII 
.. Estima!&, indudoa lamD cost and labor · 
"Estima!&, based on 1992 costs; includos lntsgrallan¡Hiailasl and labor 
~ Estima!&, varios by ragion and utl . c:om~ . 

screw-in socket adapters in new 
construction. as they are not as 
effieient and are easily 
compromised by incandescent 
retamping at a later time. 

Energy efficiency with a compact 
fluorescent downlight system iS 
significan! when compared with 
incandescent options. For 
example, to provide 15-20 
tootcandles in a corridor, 
luminaires are installed about 
every 30 square feet. The 
lluorescent scheme (two 13-watt 
twin-tube tamps) operates at 
about 1 .o wattstft2. while the 
incandescent scheme (one 100-

watt A lam p) operates at over 3 
wattslft2. The savings of over 6 
kWh/ft2!y saves $/J.fJJ!ft2!y, or 
about $18/y/fixture. Added 
beneftts resutt from a much longer 
lamp tite and fewer maintenance 
costs associated w~ 
replacements. 

Outdoor Floodllghttng 

Compact fluorescent 1am p 
sources have excellent 
floodlighting capabiltties, and 
there is a signifiCan! potential tor 
savings over the use ot traditional 
incandescent sources. Many 
floodlighting schemes for srmer 

11 
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walls. signs. etc. use an 
incandescent PAR-38 flooo lamp. 
In many sit~ations. a shon 
fluorescent fiOOd lamo luminaire 
will serve as an energy saving 
option. as long as ambient 
lempera:~res are high enough for 
prooer ooeration. For exampte, a 
22-wan ouad-tube compact 
fluorescent luminaire with reflector 
wcuiO be a gOOd alternative to an 
incandescent luminaire. supplieO 
with a 100-watt PAR-38 lamp. The 
22-watt Q'-!ad-tube luminaire 
wcuiO wse 60 watts tess (incluOing 
bailas:) ~an a 00-watt PAR 
halogen !am p ano 70 watts less 
than a s;andaro 100-watt PAR 
lamp. 

Decorative Llghtlng 

Many pencant tights. wall 
sconces. ano omer types of 
decoraiive luminaires are 
available as compact fluorescent 
lam p scurces. Manufacturers of 
wall sconces in particular have 
been Quick to capitalize on the 
technclogy ot compact 
fluorescent lamps, ano many 
products are available. 

Product 
Classifications 

Lamp manufacturers teno to 
create ·marketable' proouct 
names ano ioentrrications. These 
names make for better marketing. 

Figure 10 

but make it more Oifflcutt to write a 
generic specification. However. 
the National Electrical 
Manutacrurers Association 
(NEMA) has Oeveloped a generic 
oesigna:ion sys¡em for non­
integra; compact fluorescent 
tamps. In most cases !he 
specifiE!!' can easily relate the 
oesireo lamo product ID the 
NEMA cooe .. The cooe consists 
of the foowing elements: 

CF .. (Shape) + (Wattage) 
+{Base Designation) 

The sr.aoe designator may be T 
(twin-tu::>e). "O' (quad-tube), 'S" 
(square s.'lape), or 'M." for any 
configurations not covereo by the 
other designators. Base 
oesignalerS. on !he other hand. 

Perforrnano9 ChatadiHislics of T-.PiJ Tri>-Tut.-Qad Tullo! Cotrf>a&t Flua JI L..lmpl 

NEIIA Lamp ca. Syotemlnput ""- Tf!:.:.._ _......._ -r,. Rllllod SysWn 
Watta (lyplc:IJ) I.Aim• ac1or120v Output eri.NI)., OUtput 

CFTSWIG.23 9 250 .!IS-1.0 238-250 SWP: • S 21&-28 
CFT71G.23' , 400 .89-.90 356-360 7WP 5 32-33 
CFT9WIG.23 1 

13 600 .79-.83 474-411 9Wpo • 5 36-38 
CFT13WIGX231 

17 900 .!IS-1.0 85!HIOO 13WPoooclar ~ 

CF09WIG23 13 600 .79-.83 474-411 9WP 5 36-38 
CF013WIG)(232 17 860 .!IS-1.0 817.-o 13W Poooclar 50-63 
CFOI OWIG24d 18 600 .90-1.0 540-600 1W13WAuro.3 -13 1W13W RoacL" -CFOt 3WIG24d 18 900 .90-1.0 81C>-900 1W13WAuro.3 4$-50 

18 1 W13W Roacl4 St-a 
CF018WJG24ó-2 25 1250 .90-1.0 1125-1250 taw-.3 oiS-50 

22 tawn.ctor" 51-17 

CF026WIG2~ 37 1800 .90-t.o 1~1800 

____ , -31 28Wn.ctor" 52-511 
CF015WIGX32d 211 900 .90-1.0 81o-eoo 18W Poooclar o11-olll 

CF020W/GX3211 'Z7 12110 .90-1.0 101D-12110 'lZN Poooclar -CF027W/GX3211 3ol 1800 .90-1.0 1~1800 28Wn.ctor -No•: 
1 Most"""'"""' ...... when •- twin-U>e lamps ara spe ·e S 

2. -""""""" ...... - ··-d " ............ ....,. ... spedtod. 3. 120v opec 1 • 
... 277V opanaja!¡ 
5. ----il'r.liallle,lbut may lalllllin .... kmiln ~- -iidlanp .... 
Alllanipa .. --10,000-. 3-per nn. 
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are readily available from lamp 
manufacturers· catalogs. 

Using the NEMA generic 
designation cede. a 13-watt T-4 
twin-tube lamp would be 
designated as: 

CFT13W/GX23. 

A two-pin 26-watt T-4 quad lamp, 
on the other hand, would be 
described as: 

CF026W/G24d. 

Perlormance ot Ccmpact 
Fluorescent Lamps 

The following table is included to 
provide information of the 
performance Characteristics of 
some of the more compact 
fluorescent lamps. Values are 
included for twin-tube and quad­
tube lamps. Befare using the 
tables. it is importan! to realize 
that manufacturers of modular 
compact fluorescent lamps will 
usually list the lumen output of the 
lamp-ballast system as the rated 
lumen output of the 
manufacturer·s lamp. In actuality, 
the lumen output of the modular 
compact fluorescent system is 
usually less !han !he lamp's rated 
lumens. because the ballast factor 
(a measure of a par1icular 
ballast's performance) is generally 
less than 100%. In using the 
tables. lamp lumen ratings should 
be mu~iplied by the ballast factor 
to determine the actuallamp 
lumens. lf the baltas! factor is not 
considered, the system may 
supply less illumination than 
anticipated. In integral systems, 
in which the ballast and lampare 
inseparable, the manufacturer will 
usually give the corrected lumen 
output and no correction factors 
need be applied. 

Guideline 
Specifications 
Specifying compact fluorescent 
lamps is not difficult. There are 
severa! ways to insure that the 
preferred lamps and ballast 
requirement are clear to suppliers 
to avoid the substitution of inferior 
products. The designer may 
specify products by using lighting 
fixture schedules or by writing 
standard or extensive 
specifications. 

L/ghtlng Flxture Schedules 

Most lighting designs list 
luminaires by type or "tag" in a 
fixture schedule included with 
construction documents. This 
schedule often completely 
specijies the luminaires, lamps, 
and ballasts. To properly specify 
cornpact fluorescent lamps, 

· however, it is recommended that 
slightly more information be 
contained in the schedule than is 
often the case with other types of 
lamp products. 

As has been previously noted. 
each manufacturer tends to 
create marketable product names 
for ijs lamps, making .,.,. 
specificati<ins difficu~. For that 
reason, ij is recommended that 
the specifier use the NEMA 
generic lamp designations 
whenever possible. For integral 
cornpact fluórescent lamps, ij is 
best to identijy a single 
manufacturer that makes alllamp 
products and use that 
manufacturer's nomenclatura 
throughout. This way, the 
cornpetijive bidder can easily flst 
his/her oorresponding Jamp 
numbers in a generalletter of 
proposed substijution. 

Occasionally, there may be a 
SPecifiC lamp type that is unique 
to the manufacturar. For example, 
at the time of this guideline's 

COMPACT FLUORESCENT LAMPS 

printing only one manufacturar 
makes the square-shaped 
"double-o· oompact fluorescent 
lamp. In situatiOns like this, it may 
help to separately identijy and list 
the unique lamp by naming the 
manufacturer in the lamp 
specification column. 

Standarrl Speclflcatlons 

Most cornmercial projects use 
variations of standardized . 
specifications based on the 
Construction Specifications 
lnstrute (CSI) recommended 
format. This shorter specrtication 
format is better for smaller or less 
oomplex projects. An example of 
this format foiiOws. 

Compact Fluorescent Lamps: 

1. Rare Earth phosphor coating 
having a mínimum CAl of 80 
with a correlated color 
temperatura of (2700) (3000) 
(3500) (4100), (5000) Kelvin, 
unless scheduled or noted ·­
otherwise. "; 

2. Lumen output, rated lamp rrte, 
and lumen depreciation 
determined in accordance 
wijh 1 ES testing procedures, 
and equal in performance to 
published values in · 
(Manufacturer's Name) 
cataiOg. 

3. Replace detective lamps 
occurring within 90 days of 
beneficia! occupancy. 

4. Approved Manufacturers: 
(List) 

ExtenSive Speclflcstlons 

CSI recornmends that more 
extensiva tecnniCal specifications 
be written for complex projects or 
projects which are being built 
overseas. A~ough significantly 
longer and more work for the 
specijication writer, these 
specijications protect the design 
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agains1 substitution by inferior, 
knoCkotf products made by 
manufacturers over whom the 
designer nas no control. 

Most products oflered on the U.S. 
market nave foreign counterpans. 
However, the systems of 
nomenclatura difler. Also, the 
diflerent operating vottages and 
frequencies of foreign electrical 
systems make it necessary to use 
total !y different integral and 
moaular components. 

.14 

Manufacturer/Firoduct References 
Lamps (Most Types) Electronlc Ballasts Magnetlc Ballasts 

General Electric Advance Transformar Advance Transformar 

Mitsubishi Electronic Ballast · · Magnetek Universal 
Techno!ogy 

OSRAM Cor¡ioration ETT A Industries Quality Services 
Electronics 

Panasonic (Matsushita) lnnovative Industries Radionic 

Philips Lutron Electronics Robertson 

Sylvania Magnetek Triad Schumacher 

OSRAM Corporation V almont Electric 

Valmont Electric 
(lnci.lsion in lhis list does not imply applicability ar endars8m8l1l by 1118 caJilomia Enargy 
~on. lh8 U.S. Depar1ment al Energy, ar lhe Eleclnc- Aesead1 lnstiUna. 
Adlilianal campanies may also manulaclum tllese ~) 
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Tungsten­
Halogen 

Lamps 
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Technology 
Description 
Tungsten-hal6gen lamps have a 
whiter, brighter light an·d generally 
have longer lamp life than 
conventional incandescent lamps. 
They are also much more 
compact. making smaller. more 
compact reflector and luminaire 
designs possible. Although the 
tungsten-halogen lamp cannot 
compete wijh fluorescent or HID 
lamps in terms of energy 
efficiency or lamp 1ne. it offers 
superb cotor. brilliance. and 
control characteristics. For these 
reasons, tungsten-halogen lamps 
are extremely popular with lighting 
designers. 

Lamp Operat/on 

Tungsten-halogen lamps are 
incandescent lamps made more 

C<Jntents 

efficient by the addition of a 
halogen gas, usually iodine or 
bromine. This gas suppresses 
tungsten filament evaporation by 
a chemical regeneration process 
known as the 'halogen cycle." 
During lamp operation, the 
halogen gas combines wijh 

tungsten molecules that have 
evaporated off the filament. The 
evaporated tungsten molecules 
are then redeposited onto the 
filament, instead of on the bulb 
wall. As a resutt, lamp lumen 
depreciation dueto bulb wall 
darkening is practically non­
existen!. Depreciation does 
occur, dueto filament 
degradation. but it is signifiCantly 
Jower than in other incandescent 
lamps. 

Proper operation of the halogen 
regenerative process requires 
operation of the tungsten-halogen 
lamp atan extremely high 
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Manutacturer!Product Referl!lfiCeS ................................................. 15 

. ·- ' 

Figure 7·1 
.,.,.,. Enstgy Policy Act al !992 

The U.S. Energy Policy Act of 
1992 (Public Law 102-486), 
signed into law by Presiden! 
Bush on October 24, 1992, 
contains energy-efficiency 
standards and other regulations 
that will preclude certain Jamps 
from being manufacturad_ or 
importe<! into the U.S. alter a 
transition periOd. Under the Act, 
reflectorized incandescent 
lamps, SUCh as standlard R and 
non-halogen PAR lamps will not 
be permmed (EIIipsoidaJ reflector 
rER'] are exempt). Tungsten­
halogen type reflector lamps are 
the only reflectór lamps that will 
comply 10 the Act. The transition 
period 1or compliance lasts until 
October 01 1995. There are 
several categories of exempted 
lall}Q_s. 

_ temperatura. This increases Jamp 
efficacy siightly, but it also 
requires lhat tungsten-halogen 
lamps ha-.e special glass 
enveiOpes - usually quartz- that 
wiiJ Withstand the high bulb waJI 
temperatura. Lamps whose bulb 
walls are rnade of quartz require 
special handfing, as quartz _ 
materials are extremely sensitiva 
to oils and dirt from human skin. 
Handling al quartz lamps wijh 

1_449 • • 1 ..... '*'!·' f?- .. 
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bare hands can result in bulb.wall 
deterioration. significantly 
reduced lamp lile. and/or 
premature lamp failure. 

· Lamp Configurations 

T ungsten-halogen lam ps are 
available in three basic 
configurations: double-ended; 
single-ended; and halogen 
capsule lamps. 

Double-Ended Lamps 

Figure2 
Do~ Tungstsn-HalogBn Lamp 

Double-ended tungsten-halogen 
lamps are tube shaped. Most of 
the lamps in this category have 
tubes ot smatl diameter: T-2',4; T -3; 
T-4; T-6; and T-8. Double-ended 
tungsten-halogen lamps range 
from 45 to 2000 watts. These 
lamps typically have recessed 
single contact bases. one at each 
end of !he lamp. Standard lamp 
lile is generally around 2000 
hours. and efficacy, ata low 15-25 
lumens per watt. iS fairly typical of 
incandescent lamps as a whole. 
However. efficacy can be 
increased to 32-38 lumens per 
watt by !he application of infrared 
reflecting film to !he bulb wall. 

T -3 lamps are citen used in 
contemparary chandeliers, wall 
sconces and torchiere$. They 
offer high light output ana are 
relatively inexpensive to 
purchase. 

2 

r.lngle-Ended Lamps 

Flgure3 
Single-End«< T -4 M mean ump 

Single-ended tungsten-halogen 
!amps include a wide variery of 
sizes and characteristics. The 
one shared characteristic among 
these lam ps is a single base at 
one end of the lamp. The most 
cornmon base configurations are 
mini-candelabras, or "mini-cans." 
bayonets. bi pins. and screw-inS. 
Lamp sizes range fr6m T -3 to T-
24. and wattages are from 5 to . 
10,000. In comparison with 
fluorescent and HID light sources. 
these lamps have short lamp lives 
(2000 hours), and low efficacy. 
However, at 20-251umens per 

watt. they are slightly more energy 
efficient than most incandescent 
lamps. IR-reflecting films a-e now 
aval lable from at least one 
manufacturer of these lamps. 

Single-ended tungsten-halogen 
lamps are commonly used - wall 
sconces. downlights and wa;; 
washers. The compact filar.ent of 
thiS lamp type works espec':a!ly 
well in cornplex optical sys:e~s. 
such as ellipsoidal reflectocs and 
framing projectors. 

Halogen capsu/e Lamps 

Tungsten-halogen capsule .a~ps 
include halogen PAR (fara:JOiic 
,61uminized Beflector) lamps. 
halogen PAR-IR (lnfrared 
Reflecting) lamps. and low­
voltage bud-shaped and pro; ector 
type lamps, such as PAR-3€. MR-
11, ana MR-161amps. Lamps 
designed to replace incande5cent 
"A" lamps also tan into this 
category. This group of larr.cs 
contains a wide variety of lar.p 
shapes,sizes.wattages,ano 
base configurations. Mhoug.-1 
more efficacious !han 

Figuree 
Cu!-A""'Y Vlew S11oori'1p Tu ¡ 1 1 !as'c9111 capsull ¡,w¡;,a PAR I..Jimp 
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incandescent lamps. lhis lamp__ ___ _ 
famHy still falls lar ~nort of the 
energy efficiency provided by 
fluorescent and HID tamps. 

Severa! var'1eties of tungsten­
~alogen capsule lamps can be 
called lamps within lamps: a 
small tungsten-halogen bud or 
capsule is mounted and sealed 
within a PAR or other type 
envelope. This makes it 
unnecessary te place a protective 
glass over the lamp, and in many 
cases. allows ter greater beam 
control. See Figure 7-4. 

· Tungsten-halogen reflector lamps 
are generally used ter accent and 
display lighting. Applications 
include lighting for restaurants. 
reta·d establishments. commercial 
displays, and artwork. The large, 

hign-...,.anage.PAR tamps can 
produce tremendous quantities of 
high quality light for these 
applications. The smaller low­
voltage projector type lamps. en 
the other hand. are especially 
effective in design applications 
requiring compact track and 
recessed sources with more 
subtle illumination cnaracteristics. 

lnfrared Reflectlng (IR) Film 
La m~ 

Up te 90% of the energy radiated 
bY incandescent lamps, including 
tungsten-halogens, is invisible 
infrared (heat). However, sorne of 
this IR energy can be indirectly 
converted te light through the 
application ot a dicroic film 
coating te the tungsten-hatogen 

Figure 7-5 
Dichroic film ~ visible 11f11t- f9flscfing kl- radalion (daiJIJdllne) 11ac1r ID ,. 

lilament 

TUNGSTEN-HALOGEN LAMPS 

lamp (or capsule. in the case ot­
PAR lamps). This coating 
consists of severa! layers of a 
micron-thin optical material. The 
coating reflects heat energy back 
onto the lamp filament while 
allowing v·,sible light to pass 
through the bulb wall. The 
reflected infrared, in turn. further 
heats the tungsten filament. As a 
result. tne necessary operating 
temperature for the nalogen cycle 
is maintained with tess input 
power. See Figure 7-5. 
IR-reflecting lamps offer all of the 
benefits of standard tungsten­
hatogen lamps, including low 
turnen depreciation and high · 
quality light. T ungsten-halogen 
lamps with infrared-reflecting films 
are presently offered in three 
configurations: single-ended T-4 
lamps; double-ended, higher 
wattage T-3 quartz lamÓS (listed 
in Figure 7-5); and hatoQen PAR 
lamps. Tne energy savings 
potential w~n tne double-ended 
and PAR lamp configurations is~~ 
spectacular: a direct replacemeitt 
of a standard incandescent larnp 
will, in sorne cases. reduce the 
wanage by 30% to 50%' with no 
visible difference in light output CJ' 

quality, though tamp cost is 
appreciably higher. However. the 
IR-reflecting single-ended quartz 
lamps offer no efficacy 
improvements over standard 
incandescent tamps. 

Efflcacy and Efflclency 

Even thOugh halogen lamps are 
generally more energy-eff'lcient 
than standard incandescent 
lamps, they are only moderatefy 
efficacious. Most standard 
capsule halogen lamps nave an 
efficacy of arouná 20 lumens per 
watt, while the efficacy of infrared­
reflecting nalogen lamps can 
exceed 30 lumens per watt. By 
comparison. the efficacy ot a 
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Figure 7-6 
Doublti-Endsd lnfrarrKJ Rsllecting Ha/ogsn 1.amps 

L.amp Oesignation Wltls Ratod L.amp . lnitial L.amp Lumena Por 
Uht (Houra) Lumena Won 

aSOOT31350 

a1SOOT3/900 

Notas: 

350 

900 

2000 

2000 

10.000 

32.000 

29 

36 

Lamps raquire proper IUminairus eq.¡ipped wilh sa!ety shields. 
See Figures 7-11 lor PAR halogen onfranod raftec1ing lamps. 

standard 1750 lumen, 100-watt A 
lamp is anly 17.5 lumens per watt. 

Nevertheless. while tungsten-
. halogen lamps are not panicular !y 
eHicacious in tenms of lumens per 
watt, the small filament of halogen 
lamps allows for extremely 
efficient aptical systems and 
reflectors to be U1ilized. The resun 
is potentially greater candlepower 
per watt than most other accent 
lighting or display lighting 
sources. 

Color Temperature ant1 
Rendltlon 

The halogen capsule Jamps offer 
extremely attractive light at aboU1 

3000 K. This color temperature 
appears sigr.~·cantly "wniter" tnan 
other incanoescent light sources. 
The colar renoering index (CRI) is 
approximateiy 1 OO. When 
dimmed, the coior temperature 
falls, as halds tr~e with other 
incandescent tamos. Lamps with 
infrared-reflec1ing films generally 
have the same color 
characteristics. but a film's 
absorption may be varied to 
create slightly different colOr 
temperatures or tints. 

Figure 7-7 compares the colOr 
temperature of tungsten-haiogen 
lamps with other light sources. 

Figure 7·7 
T~ L.amp Cdor Comparison Cl'latt 

UghtSource 

. STandard lnc::andascanl 

STandard auanz 
LDw-Voltage auanz (~16) 
wann Whilll R...,._ 

STandard HPS 

Whilll HPS 

4 

ColarT-..... IIn(K) 

2800K 

300DK 

3100K 

300DK 

4100K 

2700K 

300DK 

3500K 

4100K 

3100K 

4100K 

2200K 

2800K 

In Comportoon, T--
Haiag1111 Lampa~ 

Sligl'llly Coalar and -
Same 

Sig1111y Warmar 

SighlyW.,_. _,_ __ 
Slighlly _,_. 

Same 

Sflghlly w.,_. 

warmar 

Sightly-

I.U:f1 Warmar & -

I.U:f1 Wlilor & lila 

Wlilor 

LampUfe 

Lamp lffe in tungsten-halogen 
lamps generally ranges from 2000 
to 3500 hours. However. in PAR 
envelopes, lamps may last up to 
6ooo hours. In addhion, lamp lile 
can be extended by dimming, 
although the increased Jamp lile 
does not follow standard 
incandescent tamp curves, so 
manufacturers· data will need to 
be consuned. Periodic high 
power operation may be required 
to raise a lamp·s temperature up 
to the level needed to activate the 
hatogen cycle. Continuous 
dimming be!ON 35% is not 
recommended. 

Dlodes 

There is a controversy within the 
lighting industry between 
manufacturers wno use series 
diodes in !he design ot tungSten­
haJogen Jamps, and !hose who do 
not. Over t11e next two years, 
diodes will probably be phased 
out of all tungsten-halogen Jamps, 
except for PAR-16 lamps, dueto 
performance irregularities and 
competitive pressures. 

Sorne PAR halogen lamps 
designed to operate trom a rne 
voltage of 120 vons incorpora¡e a 
diode in series with t11e lamp 
filament The object ot tl'le cfiOde · 
is to reduce Jamp filament vonage 
to aboU1 a4 \IOitS. This allows for 
increased filament thickness and 
decreased filament area. resufling 
in a smaller filament and greater 
optical control over distribution ot 
the nght. 

Diodes reduce VOitage !IYough 
hall wave reclification ot t11e eo Hz 
input supply VOitage. This means 
tha! t11e diode, in effect. 
"eliminares· hall ot t11e Sinusoidal 
wave form. ThiS increases lamp 
frlcker above t11e usual 5% flicker 
characteristic ot incandescent 
Jamps. Dimming of t11ese Jamps 
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increases flicker fur~her. often toa 
level that is objecticnable. 

· Oiodes block either the positive or 
negative cycles of the input 
voltage. As such, a single lamp 
will ha ve a low power factor and 
high harmonics compared toa 
regular incandescent lamp. lf 
diOOe lamps of the same polarity 
(positive or negative) make up a 
significan! portien of the branch 
circuit power. power quality. and 
dimming capabilities may be 
adversely affected. However. if 
the diode polarities are randomly 
altered. so that han the diodes 
block the positive cycle of input 
voltage and the other hall block 
the negative cycle. the power 
quality, and dimming capabilities 
are indistinguishable from 
incandescent lamps with no 
diodes. lt would be helpful ~ 

,, 
., 

mariufacturers of diOde lamps 
could somehOw label those lamps 
so that the polarity of the diodes is 
recognizable. lt is importan! that 
lighting maintenance statf be 
aware of the polarity requir.ements 
of tnis product when relampirig. 
In any case, individual or small 
numbers of lamps shOuld be 
dimmed with diode-rated dimmers 
only. 

From a power quality standpoint, 
individual dio9e lamps have 100% 
curren! harmonic distortiOn. There 
is no distortion. however, ~ an 
equal wattage lamp with a diode 
ot opposite polarity is added to 
the circuit. 

Other Appllcable Techno/ogles 

Halogen lamps are relatively low 
efficacy sources, so their use 
should be restricted to 
applications where the unique. 
characteristics ot these lamps are 
needed. A common 
misapplication with halogen 
lamps is the generallighting of 
large spaces with tungsten-

halogeñ sources. ldeally, halogen 
should be used only in 
applications in which high levels 
of footcandles are only needed in 
small areas. Otherwise. 
aesigners shOuld investigare other 
more energy-etficient options. For 
illumination of larger areas. 
consider one of the following: 

• Compact metal halide and 
white high pressure sodium 
lamps in generallighti¡;~g, wall 
washing. ano display lighting 
situations 

• Compact fluorescent lamps, 
especially in area lighting and 
wall washing situations 

• High-wattage. high intensity 
discharge (HID) lamps for 
industrial and commercial 
situations where a high lumen, 
high efficacy source is 
needed 

Umltatlons 

In general, tungsten-halogen· · 
lamps are more etficacious !han 
incandescent lamps, but they 
have some limitations when · 
applied to architectural lighting. 
These include: 

• Som·e lamp Sockets and 
bases are unusual and. due 
to compact size and high 
heat. are prone to failures 
unless of QOOd quality. 

• Quartz envelopes must not be 
handled with bare hands. 

• Lamps must be protected by 
a cover g lass or ha ve an 
integral glass enveiOpe. to 
preven! damage from 
possible lamp rupture. and to 
protect against excess lN 
radiat'lon. 

Overall, tungsten-halogen lamps 
are somewhat more energy 
etticient than standard 
incandescent lamp sources. 

TUNGSTEN-HALOGEN LAMPS 

NeYertheless. it should be noted 
that except for the specific lamp 
types discussed in the following 
section, most tungsten-halogen 
larnps ( except tor those used in 
theater and entertainment lighting) 
probably have a more energy­
etficient alternativa. 

Current Products 

t.orr-Voltage Tungsten-Halogen 
UnlpS 

Low-vottage tungsten-halogen 
tecnnology derived from systems 
alreadly in use in automotive and 
aifcraft applications. T ungsten­
halogen technology allows tor an 
extremely compact lamp 
envelope and filament. making !he 
swrce ideal for sealed-beam and 
replaceable lamp headlights. 

Most low vottage halogeñ lamps 
use a compact quartz-glass ,. 
envelope or • bud" with two vertical 
pin terminals. A tew prooucts 
empk7f bayonet or double contact 
bayonet bases, such as thOse 
used in flashlights and aircraft. or 
glass wedge bases. Bare 'bu<r 
lamps are designed for use in a· 
variety of special purpose 
lll!linaires, and many different 
wanages are available . 

The rnost comrnon applicaoons 
tor low-vottage halogen lamps are 
as projector or reflector lamps. In 
these lamps !he halogen bud is 
baeked with a reflector of 
aJuminum or glass. There are 
three distinct types of projector 
lamps: multi-mirror reflector (MR) 
lamps; aluminum reflector (AA) 
lamps; and low-wltage PAR-36 
lamps. These lamps are 
described in terms of appearance 
and performance characteristics 
in !he following pages. 

5 
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MRLamps 

.Figure 7-8 
MR-16Lamp 

MR lamps have dichroic-coated 
faceted glass reflectors. and lhey 
are.available in many wattages 
and beam spreads for a variery of 
accent lighting applications. · .. - . . . . 
The most popular low-vottage 
lamps are MR-16 bipin projector 
lamps. MR-161amps were 
originally developed as slide 
projector lamps. using forced-air 
cooling and 82 to-120-vott. 200-
300-watt lamps. The archttectural 
versions are 20-7>watt. 12-vott 
lamps. The reflector- is made of .. 
taceted glass, coated wilh a 
dichroic film that reflects visible 
light and transmtts infrared energy 

6 

through !he :Jack of !he lamp, 
making the MR-16 beam 
i~herently a "cool beam" lamp. 
The rellec:CY is !he ellipsoidal 
rype, mak.ing !he MR-161amp 
especially QOOd lar traming and 
effects projectors. MR-11 lamps 
are smaller and generally of lower 
wattage. but offer similar 
. performance. 

The MR-16 :arnp is made in very 
r.arrow spo:, narrow spot. narrow 
lloOc. and wide floOc beam 
spreads. Beam spreads are 
determinad by the size and 
eyientation O: ttle tacets on the 
lamo·s reflector tace. MR-16 
lamps are available in standard 
wanages of 20. 35, 42, 50, 65. 
and 75. Add'rtionally, there are a 
number o! special MR-16 
prOducts. sorne ot which are 
described beiOW. 

• Cover glass lamps are 
suttable lar open ~P 
applications. such as open 
wire systerns (note: tungsten­
halogen luminaires must have 
a cover glass protec;tor over 
the lamp to receive Ul 
listing). 

• Lamps w:th aluminum 
reflector coatings preven! 
larnp back glow, bu! eliminate 

. !he cool beam effect. 

• Lamps with improved dichroic 
coatings provide constan! 
color over lamo lile, longer 
lamp lile. and improved lumen 
maintenance. 

• Lamps with color dichroic 
coatings (red. yellow. green. 
and blue) are used lar special 
lighting effects .. 

• Square-shaped, MR lamps 
have been designad to 
provide similar candlepower 
as higher wattage round MR 
prOducts. 

Perfonmance characteristics of 
MR-161amos are shown in Figure 
7-9. MR lamps are also available 
in a smaller MR-11 (37 mm) 
conliguration. As shown in Figure 
7-10. MR-11 lamps are generally 
offered in 12. 20. 35, and ~watt 
versions. with a similar choice ot 
beam spreads. Unlike MR-16 
lamps, however, sorne 
manufacturers make MR-11 lamp~ 

. with double contact bayonet 
. bases. The !hin pins ol !he 

standard MR-11 bipin lampare 
notas strong as !he MR-16's, and 
sorne luminaire manufacturers 
recommend the dlouble contact 
bayonet base lamp lar durabiltty 
and added corrosion resistance. 
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Proposed 
ANSI C78.1 

Lamp Designatlon 

Lamp Watts 

Figure 7-9 
MR-76 Tungsten-Halog91l Lamps 

Lampute 8Mm5prNd 

TUNGSTEN-HALOGEN LAMPS 

Noteo 

MR·16 Lampe: Olehroic-coated multJ-mlrrored reflector, 51 mm (T) dlameter, 12·YOtt opera don, GX5.3 bipln baM, no lllament ahlekl, 
"CG" = Cover Glaaa Option · 

20MR1617" 20 3000 VNSP 70EG 

20MR16/13 111 20 3000!: . . . .NSP. t3 peG . 

20MR16/25° 20 3000 NFL 23 DEG 

20MR16/40' 20 4000 FL40 DEG 

30MA1616° 30 2000 VNSP6 OEG 

35MR16112° 35 4000 NSP 12 DEG 

35MR16125' 35 4000 NFL23 DEG 

35MR16/40' 35 4000 FL40 DEG 

42MR1&'9' 42 3500 VNSP9DEG 

42MR16125' 42 3500 NFL27DEG 

50MR16/15' 50 400()2 SP 14 DEG 

50MR16125' 50 400()2 NFL270EG 

50MR16/30' 50 400()2 NFL32DEG 

50MR16/40' 50 - 400()2 FL40DEG 

50MR16155' 50 400()2 WFLSSDEG 

65MR16/15' 65 3500 SP 14 OEG 

65MR16125' 65 3500 NFL230EG 

65MR16/40' 65 3500 FL38 DEG 

75MR16/15' 75 4000 SP 14 OEG 

75MR16125' 75 4000 NFL240EG 

75MR16140' -. 75 4000 FL420EG 

Notes: 
( 1) Lamp lite increases ID 4000 hours lor lampo wi1l1 improved oons1ant color cldlroic ooallnglo. 
(2) Lamp lile increases ID 5000 hoLn lor lampo wi1l1 impn>ved oons1ant color dchroic ooa!ings. 

8200 

. , .. _._ -. . - . CG 
950 CG, 880CP 

525 CG, 490CP 

8500 

7900 CG, 7600CP 

2500 CG, 2300CP 

1200 CG, 1100CP 

13,100 

2100 

10200 CG, 9500CP 

2900 CG,2700CP 

2325 CG, 2250CP 

1725 CG, 1500CP 

1150 

11500 CG.ÓPTJON 

4000 CGOPTlON ,. 

2000 CGOPTlON" 

12.300 CG, 12.300 CP 

4600 CG::.SOO CP 

2100 CG, 2100 CP 

Square UR-18 Lampa Dlchrolc-eoatad mullknlnorod rello:tor, 51 mm (2") dlam-,12-n open~tlon, GX5.3 blpln bua, no llloment 
shklld; candlepowera on av .. go canw beam. 

20 3000 SP 12 OEG 4500 

20 3000 FL38 DEG 700 

39 3000 SP 12 OEG 9150 

39 3000 NFL24 OEG 3000 

39 3000 FL 38 OEG 1500 

G 3500 SP 12 OEG 11,500 

G 3500 NFL24 OEG 4800 

G 3500 FL380EG 2000 
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Figure 7-10 
MR-11 TungsiSn-HaJogen Lamps 

PropoMdANSI 
C78.1 Lamp 
Designa !Ion 

LampW.U. Lampllfe BaamSpreed CenterBaamPaal< -
12MR1118° 

20MR11/10° 

20MR11115' 

20MR11130' 

35MR11110° 

35MR11120' 

12 

20 

2D 

2D 

35 

35 

3000 

3000 

3000 

3000 

3000 

3000 

NSP 8 DEG 

NSP 10 DEG 

SP 17DEG 

NFL30 DEG 

NSP 10 DEG 

SP 20 DEG 

Cancllapoww 

1500 

3900 

1550 

600 

5850 

2750 

35MR11130' 35 3000 NFL30DEG 1300 ,.,., 
.amp dosignalions are subject ID á-.-.ge. 
:..oeptwllera noted,lamps are 12..-: oparalion. 
..amps with G-4 bipin bases are lis-.d: optionaJ OC bayonet base aJso avaJiable !rom soma marMaclurars. 

AR Low Voltsge Lamps 

A:~-ninum reflector 'AR" lamps 
w:"l or w~l'10ut integral glass lens 
are available in contigurations 
ra~ing trom AR-40 (R-12 size) up 
toAR•111 (PAR-36size). Sorne 
designers prefer using AR lam·ps 
eNe< MRs due to their more 

consisten! color characteristics. 
AR lamps are readily available in 
E~rope, but are often difficutt to 
f111d in tt1e United States. 

Performance characteristics of AR 
lamps are described in Agure 
7-12. 

Figure 7·12 
- CICIWI..,.::IIIiliio1UIIi'c:ooiAR JYpe T~~Ump8 

Propo-AHSI 
C71.1 Lamp 
DNig •llan 

Lamp- Lampl.lle -Ca 1' F su 

6VOLT 

Flgure 7·11 
AR Typel.amp 

-
All-37lampa: Alumlnum Nllec:lar, 37111111 d!=:Oa•,8ar12-vollr.npa, double c:ontac:1 .,..._. llue,no ~alllelcl, lnágnl 
oo-gluL 

15AR37AI' 15 3000 NSP&DEG 5000 8VOLT 

2CWI37AI' 2D 3000 NSP8DEG 7000 

20AP37!2f1' 2D 3000 SP 18DEG 1«l0 

. 20AP37130' 2D 3000 Fl32DEG 350 

8 
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TUNGSTEN-HALOGEN LAMPS 

l'lgure 7·12 (contlnuect) 
Performance Characteristics of AR Type Tll'lgsten-HaJogen Lamps 

AR-48 Lampa, Alumlnum reflector, 48 mm dlemetet', 12 or 24·volt lampa, G-4 bfpln base, ftlament ahleld, no COYW glaas optlonaJ 
3100K ailver color or 2600K gold color refl~or, as notad. . ' 

20AR48110' 20 2000 NSP 10 DEG 5000 

20AA48115' 20 2000 SP 15 OEG 2000 

20AA48110' 20 2000 NSP 10 OEG 4500 GOLD REFL. 

20AR48115' 20 2000 SP 15 OEG 1500 GOLDREFL 

20AA48110' 20 2000 NSP 10 DEG 4500 24 VOI..T 

AR-58 Lampa: Alumlnum reflector, 56-58 mm dlameter, 6 or 12·volt lampo, double contact boyonet basa. no ftlament ahleld, Integral 
cover glass. 

15AR5814' 15 2000 VNSP4 DEG 12,000 6VOLT 

15AR58115' 15 2000 NFL 14 DEG 1400 6VOLT 

35AR5816° 3S 2000 VNSP6 DEG 15,500 6VOLT 

3SAR58115' 3S 2000 NFL 14 DEG 4000 6VOLT 

15AR58180 50 2000 NSP8 DEG 11,000 

50AR58/15' so· 2000 NFL 16 DEG 4650 

50AR58/25' 50 2000 FL25DEG 1900 

50AR58I30' 50 2000 Fl32DEG 1100 

AR-70 Lampa: Alumlnum Rellector, 70 mm dlam-, 12-volt lampa, double oontact boyonet base, lilaJMnt ahJeld, no oo-;Jau, 
3100K aUvw color or 2600K gokl color rollector, as nol8d. . _ 

20AR70110' 20 2000 SP 10 DEG 7000 

20AR70130' 20 2000 FL300EG 1000 ,_ 
50AR70110' 50 2000 SP 10 DEG 15,000 

50AR70130' 50 2000 Fl300EG 2000 

50AR70110' 50 2000 SP 10DEG 13,500 GOlD REFL 

50AR70130' 50 2000 FL30DEG 11100 GOLDREFL 

75AR70110' '75 2000 SP 10 DEG 19,000 

75AR70130' 75 2000 · FL30DEG 4000 

AR 111 Lampa: Alumlnum reflectar, 111 mmdJameter, 12-voltlampa,..,...andlug-nela, ftlamantaltlold,no-glaa. ~ 
oome "- noay belntan:lla,_¡,Ja w1t11 PAR-31 lampa.- · . . . . 

3SAR11113" 35 2000 VNSP 3 DEG 45,000 6 VOL T 

50AR11115" 50 2000 NSP S DEG 50,000 

50AR111/10' 50 2000 SP 10 DEG 20,000 

50AR111/30' 50 2000 FL300EG 3000 

75AR111110' 75 2000 SP 10 DEG 25,000 

75AR111130' 75 2000 Fl30DEG 4500 

75AR111/60' 75 2000 WFLIIOOEG 1300 

100AR111110" 100 2000 SP 10DEG 45,000 

1 OOAR 1 1 1130" 100 2000 FL30DEG 7000 

100AR11 1/60' 100 2000 WFLIIODEG 2000 

NotB: Lamp designations ara subjeclll> c:hange 
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Figure 7·13 
Par36 Lamp 

PAR·36 Lamps 

Low-voltage PAR-36 lamps have 
been popular with lighting 
designers for many years. 
Halogen buds within PAR-36 
glass envelopes provide similar 
performance to standard 
incandescent PAR-36 lamps but 
with improved color rendering. 
longer lamp IHe. and improved 
energy efficiency. In addition, 
low-vottage PAR-361amps 
provide exceptional beam spread 
control. 

Figure 7-141ists performance 
characteristics ot IOw-vottage 
PAR,361amps. 

. Limitatlons at Low-Voltage 
Lamps 

Halogen low-vottage reflector 
lamps have been responsible for 
considerable excitement in !he 
lighting industry. However, there 
has been a great deal of 
misinformation and 
misrepresentation about the 
advantages of low-voltage 
lighting. 

The actual advantages of low­
voltage lighting include: 

• Mostly very com pact lamPS 

• Low-wattage lamps that are 
nevertheless able to create an 
intense, focused beam 

• Traditional halogen color 
. temperature and lamp lile 
advantages 

10 

Figure 7-14 
PAR-36 Halogm LDw-Vo/lagll ÚllllpS 

Propoaed L.amp w-
ANSIC78.1 

l.amp 

Lamp Ufe Baam S~ Peak C:.nl8r 
.. C:.nclkopo-

Deslgnotlon2 

Halogen PAR-36 Lampa: Aluminlzad glass reflector, - -m glus covw 4-112"' 
diametor, 12-volt lampa, flloment slllekl,lntemal h~ "bud"' e1ement, scrft, and 
lug lennlnal 

35PAR3615' 35 4,000 VNSPSDEG 25,000 

35PAR3618' 35 4.000 NSPSDEG 8.000 
35PAA36130' 35 4.000 WFL30 900 

DEG' 
50PAR36/S' 50 4.000 VNSPSDEG 40.000 Ooen 

As-
50PAR3618' 50 4.000 NSPSDEG 11.000 Ooen 

As-
50PAR36130' 50 4.000 WFL30 13.000 Ooen 

DEG' Asloec:IDr 

Notas: 
1. Beam spr&adslorWFL ~ meas.n approximalaly 35 DEG X 25 DEG 
2. Lamp d8signalions .... subjecl .. cllange 

• Higher efficacy !han most 
equivalen! line-voltage 
incandescent lamps 

The disadvantages of low-voltage 
haiOgen lamps, however. are 
seldom mentioned: they include: 

• Low-vottage halogen lamps 
have low efficacy in 
comparison with.most other 
advanced lighting 
technoiOgies. Efficacy of 
these lamps iS generally 
under 20 lumens per watt. 
which. like with most Olher 
incandescent lamps, makes 

· them a poor source for 
generallighting applicatiens. 

• Low-vottage haiOgen lamps 
require a transformer ID 
develop !he low-voltage 
(usually 12 volts) for the lamp. 
ThiS requirernent may cause 
siZe. noiSe, cost, and potential 
dimming problerns. 

• Low-voltage halogen lamps 
are often expensive anCI 1amp 
quality may be unreftable, 
especially lrom off brand MR 
lamps. 

Halogen Clpsule Lsmps 

To expand !he applications o1 
tungsten-halogen lamps, products 
were deveiOped with a small 
tungsten-halogen capsule lamp 
within a standard lamp shaoe 
such as !he PAR lamps shOwn in 
Rgure 7-15. These lamps operate 
at 120 volts and most nave 
common medium screw-in bases 

· (a few side prong lamps are a1so 
available). Sorne manufaCIUrers 
place a diode within the lamp 
assembly and operate !he 
filament at !he equivalent ol84 
volts half-wave rectified (see 
eartier dlscussion on diodes). 

This family of products has 
expanded the range ol 
applications tor tungsten-halogen 
lamps. Most ol !he halogen 
capsute lamps now available ~ ~ 
reasonably priced, low-~ 
altematives ID !he standard 



incandescent la m ps they are 
designed to replace Virtually all 
of these ramps can be used in 
standard luminaire designs. as 
rong as the ramp wanage does 
not exceed the luminaire rating. 

There are two princ·rpal varrations 
to !he halogen capsule type of 
lamp: common lamp shapes 
designed to replace standard 
incandescent lamps; and PAR 
lam ps in severa! configurations. 

Common Lamp Shapes 

Severa! varieties of capsule lamps 
are available in common shapes. 
Notable configuratiOns include an 
A-lamp shape and a series of 
tubular (T) shaped lamps. These 
lamps are used primarily as 
retroms for existing standard 
incandescent luminaires. 
Capsule lamps have much IOnger 
tamp life (up to 3500 hours) and 
use about 30% less electricity to · 
generare about the same light · 
output as the lamps they reprace. 

Ha/ogen PAR Lainps 
Halogen PAR capsule ramps, 
such as those illustrated in Figure 
7-15. include both t!'le tradttional 
PAR-38 and newer. smaller PAR-
30. PAR-20, and PAA-16 
envelopes. They are useful in 
many new constructiOn lighting 
applications. and they are 

· valuable replacements for 
inefficient A and standard PAR 
ramps. Notable variations include 
the following. 

TUNGSTEN·HALOGEN LAMPS 

PAR 16 

PAR 20 

PAR 30 

PAR 38 

Figure 7-15 
HaJogsn PAR LJrnps 

o Long neck PAR-20 and PAR-
30 lamps are designed to be 
used in existing luminaires 
that were originally designed 
tor R-lamps. 

• ·eoo1 beam· PAR ramps have 
dichroic reflectors similar to 
those supplied wüh MA-16 
lamps. These lamps reduce 
heat on lighted objects by 

transmitting infrared radiation 
away from !he object being 
illuminated. 

• IR reflecting PAR lamps use 
the reflecting IR film to 
increase roght output and 
efficacy. 

Figures 7-16 and 7-171ist the 
performance characteristics of 
halogen PAR lamps. 

11 
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Figure 7·16 
Halogen PAR30 and PAR 38 Lamps 

Propoaed ANSI C78.1 Wallll l.Jomp Baam Spraad Center Baam No ... 
L.amp Deolgnation1 u .. Candla-power2 

PAR·30 Halagan l.Jompa 
50HPAR30111' 50 2000 11 DEG 10.500 

50HPAR30124' 50 2000 24DEG 2700 Cool Beam Option 

50HPAR30135" 50 2000 36DEG 1600 

50HPAA3G7" 50 2000 7DEG 19.500 IR Relleotiug 

50HPAR3012S" 50 2000 23DEG 4000 IR-Reftec:ting 

50HPAR30135" 50 2000 330EG 2600 IR-Reftec:ting 

50HPAR3019' 50 2000 9 DEG ~ Lcng~ 

50HPAR30115" 50 2000 16DEG 4~ Lcng~ 

50HPAR30/30" 50 2000 300EG 1soo3 Lcng Neck 

50HPAR30140" 50 2000 40DEG 1~ LcngNeck 

75HPAR30/1 1' 75 2000 11 DEG 15,000 

75HPAR30125" 75 2000 24DEG 6000 Cool Beam Option 

75HPAR30135" 75 2000 360EG 2500 

PAR-38 Halog• l.Jompa 

45HPARI10" 45 2000 100EG 9300 

45HPAR/12" 45 2000 12DEG 6900 

45HPARI32" 45 2000 32DEG 1700 

60HPARI1 2" 60 3000 12DEG 15,000 IR Rstlacli1 ¡g 
60HPARI30" 60 3000 32DEG 3300 IR-Reftec:ting 

60HPARI55" 60 3000 53DEG 1250 IRRelleeting 

75HPARI10" 75 2500 10DEG 17,500 

75HPARI30" 75 2500 30DEG 3,500 

90HPAR/10" 90 2000 10DEG 19,000 

90HPARI1 2" 90 2000 12DEG 16,000 Cool Beam Optlan 

90HPARI30" 90 2000 30DEG 3500 Cool Beam Op1ion 

90HPARI55" 90 2000 55DEG 2500 

100HPAR/10" 100 3000 IODEG 28,000 IR RelliiclluO 

100HPAR/35' 100 3000 33DEG 5500 IR Ret\iicling 

150HPAR.9" 150 3000 9DEG 37,500 

150HPARI10' 150 4000 10DEG 28,000 

150HPARI20' 150 4000 22DEG 7200 
250HPAR/10' 250 8000 10DEG 52,000 

250HPARI20' 250 8000 22DEG 12,000 

No&: 
L.amp ~""' IIUtljllclll :::c...... v-Ustod""' typi:ala moot : hciMMir sama var1ance •., bol "'<P""""'- .......-.... 
C..defl-- fa' long n8Ck lampo .. ...,........, beam; all olhlls""' peak- beln. 
Sida pn~ng 90HPAR13 roaw avalabla ilsome beam s¡n¡D. 

12 
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Figure 7·17 
Halogoo PAR16 and PAR 20 Lamps 

Proposed ANSI 
C78.1 
Lamp 
lleslg notlon1 

Watts Lomp 
LJie 

BNm 
SprNd 

Center Baem 
eancn. 
powor" 

Notes 

PAR-16 Halogen Lompa: Olode equlppod wlth eeramle-backod reflector 

40PAR16/10" 40 . 2000 10 DEG 5000 

40PAR16125' 40 2000 27 DEG 1300 

55HPAR1611 2' 55 2000 12 DEG 5000 

55HPAR16130' 55 2000 30 DEG 1300 

60HPAR16110" 60 2000 1 O DEG 7500 

60HPAR16125' 60 2000 27 DEG 2000 
75HPAR16112' 75 2000 12 DEG 7500 

75HPAR1 6130' 75 2000 30 DEG 2000 

PAR·20 Halogen Lampa 
SOHP AR20>'1 O" so 2000 
SOHPAR20125' so 2000 
SOHPAR2(WO so 2000 
SOHPAR20115' so 2000 
SOHPAR2o.ooo so 2000 
Notas: 

10DEG 

26DEG 

9DEG 

16DEG 

30DEG 

6000 

1850 

~ 
~ 
1~ 

Cool Beam Oplion 

LongNecl< 

LongNecl< 

LongNecl< 

Lamp dosignalians are subjeci1D cnango. 
~~~~ IDr most manulaclurers; howuvar scmo variance is 10 be expedlld ==- values 1Dr long neck lamps are ave<age cantor beam; a11 olhens ant peak 

Application GuideUnes 
Halogen low-vo~age lamps are an 
importan! anél extremely popular 
specia~ light source. 
Applications ranging from 
recessed "pin spots" to cave 
lighting strips make use of lhese 
low wanage whtte color sources. 
Low-vo~age projector type lamps, 
such as MR-11 s and MR-16s are 
an excellent display light source 
tor art, jewelry, and other 
precision lighting snuations. 
However, like regular tungsten­
halogen lamps, low-voltage 
haJogen lighting is often used 
when a more energy-effiCient 
source. such as standard vottage 
halogen infrared-reflecting Jamps 
or cornpact fluorescent lamps, · 
may be a better choice. This 1s 
particularly true for general area 
lighting applicatiOOS. 

Halogen capsule lamps; infrared­
rellecting film coated lamps. and 
low-vo~age projector lamps have 
a bread range al applications. In 
new designs, the PAR and low­
voltage MA Jamps are excellent 
products lar retail lighting and 
olher forms al small area display 
and accent lighting. In retroftt 
situations, many P AA and IR­
reflecting halogen lamps cán be 
used lar direct. immediate 
replacement al more 
tradttiona111ess energy-efficient 
technologies. in every1hing frorn 
recessed downlights and wall 
sconces, to power floodlignts and 
chandeliers. 

Although many tungsten-halogen 
lamps are manufactUfed in typlcal 
incandeseer~t lamp~pes, some 
are not suttable for unprotected 
exterior locatiOnS unless lhey are 
in enclosed luminaires. 

TUNGSTEN-HALOGEN LAMPS 

In general. halogen capsule and 
infrared-reflecting film lamps are 
best applied in one of the 
following ways: 

• Cost-Effective and Efficient 
Display Lighting The capsule 
PAR. infrared-rellecting film 
PAR. and low-voltage lamps 
all make excellent display 
sources for retaillighting 
installations. especially where 
tight control of beam spread · 
is necessary. 

• Energy-Eff-.cient Lamps in 
Conventional Luminaires 11 
design ;equirements preclude 
the use of more. efficient 
technologies (such as 
fluorescent lamps and 
ballasts), consider halogen 
lamps in traditiOnalluminaires 
such as downlights. This iS 
most often justifled when full­
range dimming iS required. 
Additionally, halogen PAR 
and PAR-IA lamps make 
excellent, inexpensive, and · 
simple-te install retrofrt 
solutions for luminaires 1t1at 
use standard reflector and 
PAR lamps. 

Most tungsten-halogen lamps can 
be dimmed with conventional 

· incandescent dimmers. a~h 
dimming can reduce !he 
effectiveness al !he halogen 
cycle. Continuous dimming below 
35% may reduce lamp lile and/or 
increase lumen depreciation. 
Series diode 1am ps ma y 
experience sorne dimming 
anomalies. such as increased 
flicker, but non-diode lamps will 
operate extremety well on most 
dimmers. 

Resldentlal AppllcstloM 

Tungsten-halogen lamps make 
excellent light sources for many 
residential appJlcations, including 
virtually every incandescent 
luminaire for which a suttable 

13 
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lamp style cxists. In some 
instances. halogen lamps can 
replace standard incandescerit 
with a sig~ificant reduction in 
wanage. For example. 90-watt 
halogen PAR lamps make 
excellent replacements for 150-
watt R-40 lamps in recessed 
downlight luminaires. The flicker 
ot halogen lamps with diodes may 
be moSl noticeable in these 
situations. so caution is urged. 

Since ha;Ogen PAR and low­
voltage :amps are display lamps. 
they can be used lar residential 
accent situations. such as lighting 
artwork ar accenting architectural 
and lanoscaping features. 

Commercia/ Appllcatlons 

The advent of the halogen PAR-IR 
lamp began a new era in retail 
display lighting. Situations 
traditionaJ\y lighted with 150-watt 
PAR lamps could be lighted With 
60-watt PAR-IR lamps With no 
degradation of lighting quality. 
Replacement of traditional 
incandescent PAR lamps With 
halogen IR-reflecting technologies 
can be acnieved Without any need 
to change luminaires; the lamps 
simply screw into existing medium 
base sockets. 

In some cornmercial situations. 
the haJogen and ha\Ogen film 
lamps are the best Choice only 
wnen fluorescent and HID options 
nave been eliminated. Typical 
situations generally involve 
dimming where only incandeScent 
and halogen sources can provide 
truly effective fuiH"ange cfmming 
effects at reasonab le expense. 

In luminaires that use standard 
halogen lamps, direct 
replacement of the ordinary 
tungsten-halogen lamp with an 
infrare<Heflecting film lamp 
provides a substantial savings. 
Even though the options are 
presently quite limited, severa! of 

14 

the mos: commo~ tungsten-
halogen :a~ os (0300T3, Q500T3. 
and 01500T6) can oe directly 
replacec wi:~ a savings Óf 30% to 
40%. 

Examples 

Retal/ Display Lightlng 

Many stores use track lighting for 
retail dis;:¡:ay. The traditionallight 
source has oeen PAR-38 lamps in 
150-war: or 120-wan ·energy-
saving· s:Zes. However, by 
substituti~g more efficient 
standara ~alogen capsule lamps, 
suitable 60. 75, and 90-watt lamps 
may be used which will provide 
similar performance. 

Savings potential is signfficant. 
The per unit reductions are from 
60 to 90 watts per socket. or 40% 
to 60%. without any signifiCan! 
change in performance. Since in 
many stores the only lighting 
system iS :ne track, this correlates 
to a direct energy savings of 40% 
to 60% tor most of the property. 
The aaaed cost ot even the most 
expensive lamps, presently about 
$5.00. iS a'TlOrtiZed in one-lhird to 
one-half the normallffe of the 
lamp lar typical pcwer costs. 

Power Floot/Oghtlng 

A common flxture design utnizes a 
double-ended 500-watt quartz 
lamp. Alttlough an HID light 
source would be lar more energy 
effteient. many applications call 
for an instant41lamp. Specifying 
the infrared-reflecting film version 
of the double ended lamp resui!S 
in virtually the same amount of 
light with a 350-watt lamp. 

Savings ootential is signifiCant. 
Over the rde of the lamp, more 
than 300 kilowatl hours are saved, 
which easily pays tor the lamp 
cost premium severa! times over. 

Guideline 
Specifications 
In arder to specify halogen 
capsule lamps, it is importan! to 
determine whether diode lamps 
are acceptable for the installation. ; ' 
Should the specifl&l' have any 
contern over diodes. it is 

_, 
. ! 

probably appropriate to write a ' ·-· proprietary specifteation 
designating the acceptable 
vendors. 

Second. since halogen projector 
lamps are available n a variety of 
beam spreads. the specifier 
should be exacting in his ar tler 
selection. There is a distinct 
possibility of different beam 
spreads from differertt .. 
manufacturers, so caution iS again 
urged in selecting belween a 
generic specification and a i.: 

proprietary specifJCalion.. 

Third. the market~ lamp 
product development has made 
standardiZation of halogen lamp 
nomenclature dfffJCUil Al the time 

· of this printing, the ANSI C78-1 ...• 
comm ittee was attempting to 
finalize nomenclature standards . ' 
for many tungsten-l'lalogen lamps.. 
For instance. it has been 

... 
proposed that the tnree lettet 
photographic code (BAB, EXZ. ~ 1 
etc.) be efiminated 117 MR-16 . ' 

~-

lamp designations. Similarty. 
another proposed measure would ; . ~ 

: : 
categorize all refleclor lamp beam ' ' ;_,¡ 

spreads in degrees 1D replace the 
current lettering (R. NSP, etc:). u However, adoption ot 1hese 
standards iS still pencmg. As 
such, while these guidefines '. should allow ter reaso able : 1 
accuracy, specif181S are urged 1D ..... 
use manufacturer's advertised 
nomenclature and 1rade names H ,.1 
the cflfferences in predi dS are u 
signifiCan!. 

FJnally, the specifier is reminded 'l 
lhal the descriptions 'tlalogen" ~~ 

': 
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and -quartz• do not necessarily 
refer to thesame ·proouct. and 
they should therefore not be used 
intercnangeably. Many of the 
capsule lamps do not use quartz 
glass (which keeps the cost 
down ). Therefore. although most 
auartz lamps are tungsten­
halogen lam ps, not all tungsten­
halogen lamps are quartz lamps. 

Lamp Deslgnatlons 

The l~mp designation can be 
specified as follows: 

(Ouartz)/Wattage/Shape/(Beam­
spread)/(Manufacturer's 
Designation) 

Speclflcatlon Examples 

• A 90-watt haiOgen capsule 
PAA-38 narrow spot (9") 
would be: 90PAR38NSP/H or 
90PAR38NSP/CAP. Under . 
the proposed ANSI standard, 
the specHication wotíld 
change to: 90HP AR/9". 

-
• A 50-watt MA-16 lamp with a 

narrow flood (25°) beam 
spread (EXZ) would be·as 
follows: 50MA16NFL, or 
SOMA16EXZ. Under the 
proposed ANSI standards, 
the specHication would be: 
SOMR16125". 

TUNGSTEN-HALOGEN LAMPS 

Manufacturer/Product-References 

Manufacturer 

Duro-Test 

General Electric 

lwasaki 

OS RAM 

Panasonic 

Philips 

Sylvania 

Products 

Halogen larlliS 

Halogen la~. 
lnfrared-reflecting halogen lamps 
Constan! oolor MA lamps 

Halogen larTll$ 

Halogen lamps 

Hatogen lamps 
lnfrared-reflecting halogen amps 

Halogen lar1'1)5 
Long neck halogen PAR lamps 
Square MR-16 lamps 
Halogen larlliS 

(lnclusian in lhis 1st does oot imply applcability or """""""'! by lhe calilomia Energy 
Commission. The U.S.Ilepam>antot Energy, or lhe EJo<m: Powar Researtn lnstiluta. 
Additional _,ies may also maoo~ra lhese proaxls.) 
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Technology 
Description 
Metal halide and high pressure 
sodium (HPS) lamps are the 
preferred modern lamps of the 
lamily known as high ·,ntensity 
di5charge {HID). (Mercury vapor 
lamps, another type of HID, are 
not as efficient and therefore rlJI 
reported in this guideline.) Like 
fluorescent lamps. HID lamps 
require ballasts to provide proper 
starting and operating voltages. 
and they produce light through 
the discharge of an electric are 
through a mixture of gases. HID 
lamps all utilize a compact ·are 
tube" in which very high 
temperature and pressure exist. 
This small are tu be closely 
resembles a point source ollight, 
making HID lamps and their 
luminaires both compact and 
powerful. 

Contents 

Ballasts and Starters 

HID lamps require ballasts to 
regulate the are curren! flow and 
to deliver the proper voltage to the 
are. Larger ("standard') metal 
halide lamps empiOy a starting 
electrode wilhin the lamp to 
initiate the are (see Figure 8-1). 
Smaller metal halide and HPS 
lamps. on the other hand, do not 
contain starting electrOdes. 
lnstead. the lamp is started by a 
high voltage pulse to the 
operating electrodes. An 
electronic starting circuit 
associated witti the ballast 
generales this pulse. American 
National Standards lnstitute 
(ANSI) lamp-ballast systern 
standards establish parameters 
lor all HID components, except lor 
new1y introduced products. 

A lew electronic ballasts are now 
available for HID lamps. 

. 

Technology Description ................................................................ _ 1 

Current Products .............................................................................. 3 

AppfJCation Guidelines ......................................... · ........................ _ 18 

ExarrJ)Ie ......... : ............................................................................... 20 

Guideline SpecifiCBiions ................................................................. 20 

Manutaciurer!Product References ................................................. 21 

Electronic ballasts for HID lamps 
do not use the same principies as 
lor fluorescent lamps - the 
primary benelit of an electronic 
HID ballast is more precise 
management o! the lamp·s are 
tube wanage aver lite. By bener 
managing the are tube wanage. 
more consisten! color and longer 
lamp l~e usually occur. Wiih few 
exceptions. high frequency 
operation does not increase HID 
lamp efficacy. 

Stt11dng and Warm-Up 

lt is not possible to instantly ign·,te 
a cold HID lamp to full brilliance. 
All HIO lamps empiOy a mixture ot 
gases and metals in the are tube. 
As power is approed. temperature 
and pressure builcl gradually. 
causing vapors o1 !he metals to 
enter into !he are and release light 
energy. The starting of the are 
sometimes takes a few seconds. 
and the duration o! the warm-up 
period varies depending on lamp 
type, ranging from 2 to 10 
minutes. Ouring !his period. the 
lamp will exhibit different colors as 
the various metals vaporize. 

Lsmp Restrtke 

lf power is interrupted, even 
briefly, an HID lamp's are will 
extinguish. The lamp must then 
0001 dOwn belore the are can 
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restrike. Lamp restrike periods 
vary. depending en iarnp type, 
and can last trorn 1 to 15 minutes. 
Restrike time is a major concem in 
applications where a prolonged 
lighting interrupron could create 
hazardous concfrtiOns or a 
manufacturing ShutdOwn. A few 
metal halide products are made 
wtth "instant restríke" capabifrty. 
requiring speeial outboard 
electronics to generate extremely 
high voltages which overcome t11e 
elevated larnp temperatura and 
pressure and regenerare lile are. 
In addttion, sorne HPS lamps are 
available !ha! will restrike 
immediately to approximately 10% 
of full light output These lamps 
contain 2 are tubes and win reacn 
fulllight output in approximately 
90 seconds. Altematively, HID 
luminaires are Svailable th3t 
contain supplementary high 

2 

output quartz backup lamps. In 
the event ot a brief power 
interruption t11e backup lamps 
ignite until the HID lamp's are can 
restrike. The relative infrequency 
of power interruptions •. as well as . 
inereased cost. make t11e use ot 
instant restrike products relatively 
uncommon. 

Dlmmlng 

lt is possible to dim sorne HID 
lamps. Dimming requires 
specialized ballasts and cf1111ming 
electronics, and operating HID 
lamps at less !han full output will 
produce color shift and reduced · 
lamp efficacy. For example, a 
metal haHde lamp can be cf1111med 
to about 40% power, bu! at lhis 
level tt generates only about 25% 
ot its rated lumens, and it will 

ehange color in an undesirr.:•e 
manner. 

Energy Efflclency 

HID lamps are among the most 
energy-etriCient lamp 
techrologies available. WMe 
sodium lamps have t11e 1owest 
eff!CIICY of the HID sources, 
produeing between 40 and 50 
lumens per watt. Metal haflde 
lamps range trom 55 (7~watt 
open fixture lamp) to 110 k.irnens 
per watt for a 1 QOO.watl hcriZDntaJ 
high output lamp. The most 
effiCileious whtte riQht HID 
sources are standard hiQh 
pressure sodium larnps, rangng 
from 65 ~watt lamp) to 125 
lumens per watt (1~wattlamp). 
These values inelude bailaS! 
losses. and they are based on 
new, bumed-in lamps. 

... 
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u 
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LampLife Metal Hallde Lamps with base down. Lamp 

Lamp lite ot HIO larnps varies Some metal halide lamps are manutacturers usually designate 

considerably depending on type available in 2700-3200 K (warm) the correct burning position tor 

(HPS vs. metal halide). burning tones. but most lamps range trom position-sensitive lamps in their 

orientation. size. and neutral to cool in color catalogs. Operating HID lamps in 

r contiguration. Generally, in appearance. with a crisp white burning pos·ltions otner than !hose 

' similar applications. most HIO . lig ht ot 3500-4300 K. Color recommended by the 
~ lamps offer a lamp lite duration rendering indices are usually manufacturar will adversely aflect 

comparable to most tluorescent between 65 and 70. although a lamp lite and lumen output. In 

lamps and much greater than any tew ot the more recently- particular. metal halide lamps are 

incandescent lamp. Lamp lite developed lamps achieve very extremely sensitive to burning 

may range trom 3000 hours. tor high GRis (up to 93). position. High pressure SOdium 

the 1500-watt metal halide sports lamps generally are not. 

lamp, to 24.000 hours and more Hlgh Pressure Sodlum Lamps 
tor some ot the standard HPS Other Appllcable Technobgles 

lamps. Near the end ot lamp lile, Most HPS lamps have a 
HPS and metal halide lamps are distinctive. golden-pink color ol many HIO lamps will P.xhibit a the highest efficacy point sources 

noticeable degree ol color shift, 1900-2100 K. accompanied by a· 
in moderate lumen packages. 

which may be objectionable in relatively peor CRI ol less than 25. 
There are a lew "deluxe· HPS However. in certain sttuations. 

sorne applications. 
products wtth a CRI ol 65. In other sources might be more 

Lamp lile ratings lor applicable. addition, "white" sodium lamps applicable; these include: 

HID lamps are listed in the nave color temperaturas ol 2500- • Halogen capsule. 1ow YOitage 
appropriate lamp charts in this 2800 K and a CRI over 75. halogen projector. and 
document. lt should be noted that Neither deluxe nor whtte sodium infrared-reflecting halogen 
lamp manulacturers publish HID lamps are as efficacious oras lamps, especially in smaJJ. 
lamp lile ratings based on 10 long-lasting as standard HPS scale display lighting 
hours per start aperation (most lamps. situations 
other lamps are rated at 3 hours 

, .. 
per start). Temperature Sensltlvlty • Compact and full-size 

lluorescent lamps, particular1y 

COlor CharactiN/stlcs Metal halide lamps are sensitiva in generallighting and wa11-
to low starting temperaturas. and wash ing sttuations 

Manufacturers have taken lamp 1ne will be reduced n they 
advantage ol new technologies in are lrequently started below -12 
recent years to improve the color "C (10 •F). High pressure sodium Current Products 

1 
characteristics ol HID lamps lam ps are lairly insensttive to 

As shown in Rgure 8-2 HID lamps considerably. This development temperatura. and will start to 
nas allowed lighting professionals aboul -30 "C ( -22 •F). are available in a wide variety ol 

to use HID lamps in an ever- siZes. shapes, and bases. HID 

1 widening range ol applications. Bumlng Ortentatlon lamp technology development is a 

In terms ol lamp color 
Many HID lamps are designed to 

cominually evolving process. as 

temperalure (CCT) and color manufacturers try to design 

1 rendering (CRI) capabilities, HID operate in a specnic buming lamp configurations and 

lamps can be summarized as posttion, such as horizontal. characteristics to meet an e\1!1' 

tollows: vertical with base up, and vertical widening range of applications. ·. 

1 
1 

3 
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Bases 

P§/1 ~ [~} 
Medium Mogul Fc2 RSC G-12 

Envelopes 

~ = a = a ¡¡¡¡ = :;¡¡ - .. 
Bi~in Screw Basa Double-Endad E-25 ED-28 BT-37 

T T 
PAR-38 

Figure 8-2 
Typical HID Lamp Bases and en..lape S/!aplls (nat 10 S<3111} 

Metal Hallde Products insensttive to lamp physical • Safety lamps tnat extinguiSh 
orientation in !he event of breakage o! 

Metal halide lamps were originally tne outer envelope 
developed in 1965 for exterior and • Posttion-spec~ic lamps tnat • Larnps for open luminaires 
industriallighting. Since that time have maximum efficacy and wi1h intemal are rupture 
!he technology has expanded lamplffe . Shields 
considerably to include lamps • Choices o! clear or phosphor- Silver-bowt lamps that suitable for nearly any lighting coated lamps in cool (3450- • 

minimiZe glare and lignt application. Wattages range from 4100 K) color temperaturas 
32 to 1500 watts. anda large trespass from direc1i0nal 
number o! envelope and base • OptiOnal warm (3<XXl K) · luminaires 
configuratiens are available, sorne phosphor -coated lamps in • Compact larnps that produce 
of which are illustrated in Figure 8- most siZes a brilllant. hign calor 
3. Majar variations o! metal halide • A few warm (3(XX).32()() K) rendering rght in a 
lamps include the following: clear lamps, especially in comparatively small are tube 

• Universal burning positlon 1ower wattages 
lamps that are relatively 

4 
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Universal Posltlon Screw Base 
Metal Hallde Lamps (see Figure 
8-4} 

Because of their comparative 
insensitivity to operating position, 
the 'universal" metal halide lamps 
are the most easily used. 
Generally, they perform best wtJen 
tn e are tu be ·,s in a vertical 
position, enjoying longer lile ar1d 
higher lumen output than wtJen 

V 
ED-17 E-28 E0-37 

PAR-38 

Figure 8-3 
Mela! HaldsiJJmp Con6gtnlions (notiD scú) 

the are tu be iS off vertical by more 
than 15 degrees. 

Lamp color choice with universal 
metal halide lamps is generally 
limited to standard clear ( 4000-
4500 K, 65 CRI) or coated (37~ 

. 4000 K. 70 CRI). Recent 
improvements include the 
addit"lon of most wanages. as well 
as the development of medium­
based oompact lamps; These 

METAL HALIOE ANO HPS ~PS 

l5i!!l ;;:¡¡ = ¡¡¡¡¡ 
BT-37 BT-56 

PAR-56 

lamps operate on ANSI standard 
ballasts and generare 65-100 
lumens per wan. 
A few of these lamps are available 
with silver bowl arc-tube shields. 
These bowls act similarly to the 
familiar incandescent silver boWt 
lamps, by blocking unreflected 
are tube radiation from tl1e front · 
hemisphere o1 the lamp. 

5 
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Figure 8-4 
UnivB!'Sal Poslfion Saew Base Mlltal Ha/ids Lamps 

Watta ANSI Base Envetope CCT CAl Cooted or - Ncw ..... No las 
Code (K) Clear t.uno.w LanqiUio 

(-11111) (1ft.) 

50 M1 10 Medium EIED17 3700 70 Coatad 3«ll 500D 
4000 65 Clear 3400 
4000 65 Clear 32lXI sa--

70 Medium EIED17 3700 70 Coa18d 5600 10~ 
4000 65 Clear 5600 
4000 65 Clear 5200 --Mogul EIED28 4000 65 Ciear 5600 

100 ~u m EIED17 3700 70 Coa18d 7800 10.~ 
4000 65 Clear 7800 
4000 65 Clear 7liDO Silver-
5200 65 Clear 7000 7500 

Mogul EIED2B 4000 65 Clear 7800 10.000 

150 Medium EIED17 3700 70 Coa18d 13.500 10.~ M1071..am¡> 
4000 65 Clear 13,500 M107Uimp 

Mogul EIED28 4000 65 Clear 13.500 M1071..am¡> 

175 Medium EIED17 3700 70 Coatad 15,000 10.~ 
4000 65 ~ 15,000 

Mogul EIED28 3700 70 Coa18d 14,000 . 
4000 65 ~ 14.000 
4000 65 Clear 13,600 --5200 65 ~ 12,000 7500 

250 3700 70 Coa18d 211,5011 10,0011 ~' 
4000 65 ~ 211,5011 
4000 65 CINr 211,000 sa--52110 65 ~ 19.000 7500 . ' 

ED18 4000 65 ~ 211,5011 10,0011 - EIED37 3700 70 Coatad 36.000 211.~ 
4000 65 Clr.r 36,000 
4000 65 ~ 35,000 sa--5200 65 e- 32.500 15,0011 

ED28 3700 70 Coa18d 36,000 211.~ 
4000 65 e- 36,000 

950 loW7 Mogul BT56 4000 65 ~ 105,000 12.0011 

1000 loW7 MDgul BT56 3700 70 Coa18d 110,000 12.~ 
4000 65 ~ 110,000 
4000 65 ~ 107,000 --52110 65 ~ 80,000 8000 

1500 BT56 3400 65 ~ 155.000 3000 
' 4000 65 ~ 155.DOO 3000 ~ • 1 

NoiS: 

LJ.manand...., lfe rallngs&nl nominal 11111 are -on specilicl!linl,_..,.dala. ~.., inclvidual •• 1 as.,.....,.._ 
-.tJI ~ must be usad in. &red lunWr8ras; 
-May be- in atr'f pasilicn, -·::'lllilt rd ..,_ llllings apply .. - buming posilian +1- 30 ¡j Q!W, ~--lanp lito il IIIClKIICSIO 7ft 111 -liglns blmad in- posilions; klmens ¡jo¡Q'¡111 appll~ 2D'llo lar hiii:lllllllll buming pcllillon 
~input-wilvr¡ ¡j¡F 1 dog on 11111 balasl USIId. Ccln1acllhe balosl manulacllnr lar-q,ut...,.. 

. 1 
: ; 

in addttion to universal buming Venlcsl Poslflon ScffiW Bass and coated lamps are availa.ble in ~ ; 

positX:ln products. metal halide Metal Hallde Lllmps various wanages. The newest 
lamps are also available that are The lll!rtical buming metal halide 

products tend ID be lower 
designad to operate either wattages wilh medium bases and 
vertical !y a horiZontally. When 

lamp iS optimized tor base-up, smaller envelopes. One product • 
designad for a specific burning 

base-down, a base-up/base- the 32-watt lamp • iS designed 
posttiOn. metal halide lamps can 

dOwn opera¡ion, primarily la use specifiCally lar operatiOn on an 
generate more roght and offer 

in downligttts. In addttion to electrOnic ballast ~ 

standard clear ( 4()()()..4500 K) and 
more color options !han are 

coated (3700-4000 K) lamps, A prinCipal advantage al vertical r available with universal positiOn warm COlor (27CX).3200 K) clear buming lampS is effiCBC)'. L.amps 
lamps. ' -· 

6 ~~ 
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Flgure8-5 
VBrtiCJI Buming Sariw·llas8d Metal H- L.amps . 

Watts ANSI Base Bulb CCT CRI Cooted or Buno In! u.! NomiMI No tea 
Code Shape (K) Cleer Poo. Lum- Lomp lJtll 

(nominal} (Hra.) 

32 . M tOO Medium Et7 3000 70 Coa!ed BU15 2500 10,000 ProprietaJy ballast 
70 M98 Medium ED17 3200 65 Clear BUBD15 6000 10,000 

' 
3200 70 Coa!ed BUBD15 5600 10.000 

~,: 75 M101 Me<frum ED17 3200 65 Clear BU15 5600 5000 

3200 70 Coa!ed BU15 5200 5000 

1 
100 M90 Medium ED17 3200 65 Clear BUBD15 9000 10.000 

3200 70 Coa!ed BUBD15 8500 10,000 

150 M57 Medium E017 3200 ro· Coa!ed BUBD15 12,500 10,000 M1 07 type fanll 

1 175 M57 Me<foum ED17 3200 70 Coa!ed BU15 14,000 10,000 

Mogul ED23'h 3200 65 Clear BUB015 16,600 10,000 

3200 65 Coa!ed BUB015 15,750 10,000 

1 E!ED28 3200 65 Clear BU15 14,000 10,000 

4000 65 Clear BU15 14,000 10,000 

3200 70 Coa!ed BU15 13,000 10,000 

3700 70 Coa!ed BU15 14,000 10,000 

250 M6B Mogul EtED28 3200 70 Coa!ed BU15 20,500 10,000 

3700 70 Coa!ed BU15 23,000 10,000 

4000 65 Clear BU15 23,000 10,000 

400 M59 Mogul EIED37 3200 70 Coa!ed BU15 36,000 20,000 

3700 70 Coa!ed BU15 40,000 20,000 

4000 65 Clear BU15 40,000 20,000 

4000 65 Clear 8015 40,000 20,000 

1000. M47 Mogul BT56 3400 70 Col1llld BU15 117,000 12,000 

3900 65 Ciliar BU15 117,000 12,000 

3900 65 Clear BU15 117,000 12,000 

1500 M4B Mogul BT56 3400 65 Ciliar HBU11115 155,000 3000 

3400 65 Ciliar HB011111 155,000 3000 

Notas: 
Luman and lamp life r:l1ings ""' nominal and arv - on specitlc ~ dala. ~ with inciYicUII manutacan<s lar exac1 dala. 

1 Lamps must be used.., er\closed ftxuas. 
Sys1Bm input watls will wry dependng an !he balast used. Conlacl !he balas1 manuladinr lor actual if1>ut wallaga. 
Lamru must be used wilhin opentllng c:ondltions lisiad; 

- UB015 • base up 01: base down +f. 15 ~""'" 
-BU15 • base up +1- 15 cleg.-. (op1inized downigh1 

1 
-8015 e base_, +1- 15 dograes (optitriZed lor up19f111ng 
-HBU105 • horizenlaiiD base up +1-105 degroes (opDmiz for sponsllghtlng) 

generate 70-11 O lumens per watt. Performance cl"'aracteristics of Pos in vertical buming metal halide 
or about 10% more than universal vertical posttion screw base lamps, optimum lamp design in 
burning lamps. However. lamps are noted in F¡gure 8-5. hOrizontallamps is achieved when 
operation in any other position Will operating position is 
reduce both lamp me and lumen Horizontal Posltlon Scl'fiW sa. predetermined. Horizontal high 
output. Metal Halkle LBmps (See Agww output or 'super' lamps often llave 

8-6) bowed are tubes, and use a 

' 
position-fiXing pin in !he base. 

·•· 

J 
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Figure 8-6 
Hígh OUtput Honzontal Buming Posmon !.fogul .sa..w Base Metal Halide L.amps 

Watts ANSI Bu lb CCT CRI Coat8d Bu m lnltial Nominal 
Code S llape (K) orCI•r Poa. Lu.....,. Lamp Uf1l 

(nominal) (Hrs.) 

175 M57 E!E02B 3200 70 Coa!Dd HOR45 14,000 10,000 

3700 70 Coa1Dd HOR45 15,000 10,000 

4000 65 Cla;r HOR45 15,000 10,000 

4200 70 CoaiiiCI HOR45 15,000 10,000 

4700 65 Cla;r HOR45 15,000 10,000 

250 MSB E!E02B 3200 70 Claar HOR45 20,500 10,000 

3700 70 CoaiiiCI HOR45 23,000 10,000 

4000 65 Cla;r HOR45 23,000 10,000 

400 M59 E!E037 3200 70 CoaiiiCI HOR45 36,000 20,000· 

3700 70 Coa1Dd HOR45 40,000 20.000 

4000 65 Clear HOR45 40,000 20,000 

4000 65 Clea' HOR20 40,000 20.000 

4000 65 c~a;r HOR20 40,000 20,000 

1000 M47 BTSB 3400 65 Clea' HOR60 117,000 12,000 

1500 M4B BT5B 3400 65 Claar HOR60 162.000 3000 

1650 BT5B 3400 65 Clea' HOR60 177,000 3000 

No lBS: 
Al lampa have a spacial mogul base. . .• 
Luman and lamp lila ralings ara nominal ..S""' based on specific manu!aciUnlr dala. 

Check wi1l1 inávidual manulaclurars lor exact dala. 
Sys18m input waiiS wil vary dopenclng on 1he bailas! usad. Con1a<:11he bailas! 

manulaaunlr tor aca.a1 input watla~ 
Lampa must tia usad in endosed 
Lamps must tia usad willlin oparaling ooncllions listad: 

-HOR45 = horizontal +i- 45 deg1'885 
-HOR20 • horizontal +i· 20 degl'885 !optimizacllor signs) 
-HOR60 • horizontal +1- 60 deg1'885 mota llexible tor spons) 

• incicatas non-standan:llype 

8 
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FJgureS.7 
DoubiiiEnded- HaiJd8 ~ lllffh FC21111d RSC S.. 

called a pref<-cus or position­
orienting mogul (POM) base. This 
base ancr matching socket assure 
corree! positioning ot t11e lamp. 

Since t11ese lamps are primarily 
used in outdoor lighting. the 
smallest wanage product 
available is 175 wans. Special 
versions have been creveiOoed ter • · 
signs ancr soorts lighting. The 
most popular metal halide lamp 
colors are offered (3200 K coated, 
3700 K coated. and 4100 K crear). 
As for vertical lamps, output is 70-
1 1 o lumens per wan. 

Horiztlntal Posltlon Doubl• 
Ended Metal Hallrle Lamps 

Double-ended metal halide ramos 
in compact packages. illustrated 
in Figure 8-7. were original !y 
introduced in Europe and have 
been very successful there. 
Sorne manufacturers produce 
these lamps with rare earth 
metals. resuning in lamps witl'l 
very high CRis ot 80 or more, 
while othe<s make !he ramos witl'l 
the more conventional 65-70 CRI 
associated wtth metal haliele 
technology. The lamps with lower 
CRis may be ress sensttive to 
American power supply variatiOns 
than !he higher CRI lamps. These 
lamps operate in the range cA 65-
95 lumens per wan, ancr tne 70-
watt lamp with electronic bailas! 
achieves about 75 lumens pe< 
watt- more than 10% more tt1an 
with magnetically-ballasted 
operation. In aeldition. tne 70-watt · 
ramp opecated on the electronic 
ballast virtual !y assures consiStent 
light color and lamp nte. 
Moreover, !he reduced bailas! 
package rencrs ilself !O smaller 
luminaires, especially track 
lighting equipment. An erectronie 
bailas! 1or !he 1 50-watt lamp is 
rumorecr to be in development at 
this time .. 

' ' 
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Figure 8-8 
Dooble-Ended Hotizontal Buming Mera/ HaJids L.amps 

W•tta ANSI ea .. Bu lb CCT CRI Coatod or Bu m lnltlol Nominal No too 
Code Shllpe (K) ele. PoL ~ Lamp Uf8 

(nominal) (Hra.) 

70 M85 RSC T6.5 4200 65 Clear HOR45 5500 7500 

3500 65 crear HOR45 5500 7500 

3000 65 Clear HOR45 soco 7500 

4200 85 Clear HOR45 5500 10,000 

3000 81 Clear HOR45 soco 10,000 

100 M91 ASC T7.5 4200 65 Clear HOR45 6800 7500 

150 M81 ASC T7.5 4200 65 Clear HOR45 12.000 10,000 

3500 65 Clear HOR45 12.000 10,000 

3000 65 Clear HOR45 11,500 10,000 
~ 

¡ 4200 85 
~ 

Clear HOR45 11,250 10,000 
l> 3000 81 Clear HOR45 11,000 10,000 

250 1.1103 ASC T9.5 4200 65 Clear HOR45 20,000 10,000 Speciallgrdlr 
l" 

4200 85 Clear HOR45 20,000 10,000 Spocialll1* 
~ 

M80 ASCIFc:2 T9.5 5400 93 Clear HOR45 19,000 10,000 

~ 4200 85 Clear HOR45 20,000 10,000 

f ' 4200 85 crear HOR45 20,000 10,000 

3500 65 Clear HOR45 20,000 10,000 

' 
400 M108 ASC T10 4200 65 Clear HOR45 34,000 15,000 Specialli1* 

Fc20 T10 4200 85 Clear HOR45 40,000 15,000 Spocialll1* 
~· .. 

Fc:2 T10 5400 93 Clear HOR45 33,000 10,000 

1 1000 1.147" ASC T9.5 3800 85 Clear HOR15 100,000 3000 Spoc:ialll1* 

1500 1.148" RSC T7.5 3800 85 Clear HOR15 150,000 2000 Spoc;ialli1* 

T9.5 3800 65 Cle;r HOR15 150.000 . 2000 Spoc:ialll1* 

1 Notas: 
Lumen and lamp 11& ratings are nominal and are basad on specitlci manufac:luror dala. Check--.m ,....,-.... 1or axacldala. 
Systam input wa11s wiU vary dapandng on thp bailas! used. Con!act thp bailas! manutacanr lor acaal input wallage. • 
L.amps must ba usad in enclosed fix1lns wi1h UV aboorbing lans. 

1 L.amps must ba usad wi1hin ~ting couditions -: 
·HOR45 • horizontal +1· dGgrws 
·HOR15 • horizontal +1· 15 degraas) 

• lamps aparata on a standard bailas! wi1h a spacial ignitar 

1 Double-ended lamps must be documented cases of metal shield that can contain a v·101en1 
operated with the are tube within halide lamps exploding. In most failure within !he com bination a 
45 degrees of horiZontal. end-to- instances. this has occurred with the inner shield and !he normal 

J end. Performance characteristics near end-of-rrte lamps that have bulb envelope. This technology is 
of these lam ps are shown in been continuously operated especially importan! for vertical 
Figure 8-8. without having been switched off. posttion lamps, because many 

These rare instances affect downlights in high ceilings are 
Open Rxture Sc111w Base lrfetJII luminaire design requirements relamped uslng extension peles, 
Hallde Lsmptl and restrictions. and !he cover glass required for 

Most metal harrde lamps require There are a few metal halide 
most metal harrde lamps hampers 

enclosed luminaires to protect lamps thal are listed for non- this operatiOn. 

people and property from lamp enclosed use. These lamps 
rupture. Although rare. !here are typi~11y employ an inner glass . . 

9 ' 
.. 
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Figure 8-9 ., "Opon Fature Sal>w Base Metal Haids I.Bmps (tDll:lllp( PAR-381amps} 

Watts ANSI - BulbShape CCT CRI Coaod• Bum lnltlel Nominal Lomp i 
Code (K) a.. ...... Lum- ut. (Hn.) 

(nominal) 

50 M110 loloáum EIED17 3200 65 Cloor UNIV 3300 5000 

3200 65 0001111 UN IV 2800 5000 

70 M98 -.., EIE017 3200 65 Cloor UN IV 5200 10,000 

320C)_ 65 c..- UNIV 4800 10,000 

3200 65 Cloor BUB015 6000 10,000 

3200 '65 0001111 BUB015 5600 10,000 

1.4og~ E!E017 3200 65 Cloor BUB015 6000 10.000 

100 M90 Moáum EIE017 3200 65 Cloor UN IV 8500 10,000 

3200 65 c..- UN IV 8000 10,000 

3200 65 Cloor BUB015 9000 10,000 

3200 65 c..- BUB015 8500 10,000 

~ EIED17 3200 65 Cloor BUB015 9000 1o,ooo 

~ EIBT37 3200 70 c..- BU15 35,000 20.000 . 
3500 70 0001111 BU15 35,500 20,000 

3700 65 Cloor BU15 35,500 20,000 

1000 M-&7 ~ BT56 3oiOO 65 0001111 BU15 110,000 12.01!0 

3oiOO 65 Cllllr BU15 110,000 12.000 

NatiiS: 
Lumen and lamp He llllin}s ano nominal and ara based on specitic rnarMacuw dala. 0.. will lnclvicllal rnanufacluRIIS lor aJOICI 
dala. 
Syslem input waDs ri vry Cl&p& do ¡g on lhe bailas!..-. Conlact lhe ballast man<JiacUar tor 8CIUal input.naga. 
Lamps may be usad in '"""' bllnL 
Lamps mUS1 be usad_,.., o¡•n•li¡g posilions lisiad: 

-BUB015 maans base up or base_, +1· 15 = 
-BU15 maans base up ..¡. 15 ~ (oplimiZed ~hlingJ . 
-UNIV • ..,iversal bor.Ong ~: valuas giwn ara ve buming: horUDnlal lilo 25'- lasa, hcaia:Hillillumons 15'lt.less 

Most open fixture ~ -r:::>s are 
designed for unive!saJ or vertical 
burning. There is a Sfgt:t 
reduction in lumen a.'t;lut as 
cornpared to stanca-d vertical 
burning lamps. 

Performance charac!~ c:J 
open fixture metal l'aíide Jamps 
are described in Rgure 8-9. 

tnstant R11str11ce 11et111 Ha/1de 
Lamps 

Metal halide lamps ex:libit tuty 
long warrn-up and res:ri<e timeS. 
generally the longest at aJI 
standard HID lamps. Even a 
momentary fluctuation ol input 
power can cause a 1~ 15 mirtJte 
interruption to the space bei'lg 
illuminated. For appicaoons 

10 

where such a possibility is 
intolerable (such as r¡ghting ter 
televised professiOnal sportS ). an 

Figure 8-10 ¡,.,_, Reslltlll,..-,... 

immecliate restrike is needed. 
Instan! restrike metal halide Jamps 
are manutactured tor sucn 
applications. 

By builcfmg the lamp, bailaS! and 
socket ID withstand extremely 
high 1101tages (up ID 30.<XXl YOtts). 
metal hafide lamps can be 
reignited "ho!". retuming ID fuD 
llght in seconds. Designed tor the 
larger envelopes and wanages. 
instant restrike lamps utmze 
special wiring ot the lamp to aibw 
for the high 1101tage reignition 
across the are tube. A separata 
anode wire. as shown in Rgure 
8-10 carries the 30.000 vo1t pulse 
withOut falling. lnstant restrikB 
metal haHde lamps are described 
in Figure 8-11. 



METAL HAUOE ANO HPS LAMPS 

Figure 8-11 
tnstant Restnks 5cl9w Bass ,0/&ta/Habl.atrp 

Watta ANSI Bulb CCT Bu m lnltlal Namlnal 
Code Sh- (K) Poa. Lumen• Lamp Ufll 

(nomlnoQ (1ft.) 

t?S M57 Mogul BT28 4000 UN IV 1.,000 10,000 

250 M58 Mogul BT28 4000 U NIV 20,500 10,000 

400 M59 Mogul BT37 4000 UN IV 36,000 20,000 

1000 M47 Mogul BT56 4000 UN IV 110,000 12.000 

1500 M48 Mogul BT56 3400 HBU105 155,000 3000 

PO Mogul BT56 3400 HOR60 162,000 3000 

1650 n.a. PO Mogul BT56 3400 HOR60 177,000 3000 

Notes: 
Lumsn and lamp ife ra1ings ara nominal and are based en specific manutaci>Jrar dala. ~ 11111 inclvicklol .........-..... for 9xad 
dala. 
System input watts wiR vary dGpenáng en !he baJiast US9d. Contact lh9 baJiast manufacl.nlrlor actual inpu1 wa11aQ8. 
Alllamps lisll!d are ctear and have a CRI of 65. 
Larnps must be used in endosed filcllns. 
Larnps u59d witl1 speciaJ restrike igniler raq.¡inng llxtunl salety inlllf10ck and special "91 .... wiring ti - cap. 
Larnps must be used within operating posit>ons lisll!d: 

-UNIV • universal buming positiOn 
-HOR60 = horizontal +1- 60 degrees . 
-HBU 105 =horizontal 1D base up +1· 105 degrees (optimized lor sports 8ghling) 

n.a. = not availabWJ 

Universal Posftton 0/recttona/ 
Metal Hallcle Lamps 

Directional metal hali_de lamps 
utilize familiar R and PAR lamp 
shapes to provide metal halide 
efficiency in a compact enclosure 
with its own reflector. Onfy in !he 
last few years nave these lamps 
become available in lower 
wattages. Now. metal halide 
directional lamps can be used in 
many applications previOusly 
limited to low-eflicacy 
incandescent or mercury vapor 
lamps. 

Metal halide PAR-38 lamps are 
especially impor¡ant because lhey 
can be operated without a 
protective cover glass. This 
permits tne lamp to be used in 

track lights, landscape lights, and 
otner similar applications. The 
la e k of a cover g lass al so makes 
relamping and maintenance 
easier. 

The metal halide R lamps require 
a cover glass, bu! provide a 
reasonable-cost anernative for 
situations such as landscape 
lighting. The larger metal halide 
PA~SandPAR~Iamps~ 
require a cover glass, biJt ofler 
relatively compact sources of high 
intensity, energy-efficient light. 
These could be partieularly 
eflective when used in recesse<i, 
track, and surface-mounted 
general and highlighting 
applications. 

Note in FIQure 8-12 that mdst 
metal haftde directionallamps 
nave shorter lamp lives tnan .. 
standard metal halide la m ps. 

Hlgll Pressure Sodlum Lamps 

High pressure sodium lamps were 
deveiOped and introduced in 
1968 as energy-eflicient sources 
for exterior, security, and 
industrial ftghtinQ appncations. 
HPS lamps were rapidly placed 
into street r19hting serviee, and 
most street lighting today is HPS. 
HPS lamps are !he most efficient 
of !he white HIO lamp sources. 
and they are useful in most 
applications where high color 
rendering is 1101 a crucial concern. 

11 
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Figure 8-12 
Universal Buming Postrlon Dir9ctíona1 Meta/ H~ Lamps 

Watts ANSI a- Bulb CCT CRI - Beom CenterBeom Nominal -Code Shape (K) Type Spreod 
o.g,_ CP (nomlnlll) Larnp Ufe 

(Hra.) 

70 M98 Medium R40 4000 SS Spot 15 60,000 10,000 

Fl- 70 1500 10,000 

Med. SI<!. PAR38 4300 65 Spat 15 40,000 5000 Openbtlre 

Aood 35 12,000 5000 Openbtlre 

3200 SS Spot 20 18,000 7500 Openbtlre 

Aood 35 10,000 7500 Openbtlre 

Fl- 65 3000 7500 Openbtlre 

Mog. Prong PAR56 4300 65 Spot 20 105,000 5000 

100 M90 Medium R40 4000 65 Spat 15 80,000 10,000 

Fl- 70 3300 10,000 

.. :·: Med. SIU. PAR38 3200 65 Spot 20 26,000 7500 Openbtlre 

R- 35 12,000 7500 Openbtlre 

Aood 65 4500 7500 Openbtlre 

Mog. Prong PAR56 4300 65 Spat 20 106,000 5000 

. 175 M57 - RolO 4000 65 Spat 15 115,000 10,000 

Aood 70 6500 11),000 

Mog.Prang PAR56 4300 65 Spat 20 106,000 5000 

250 M58 Mog. Prong PAA64 4300 65 Spat 15 210,000 5000 

400 M59 Mog. Prong PAA64 4300 65 Spat 30 120,000 5000 

1000 Mog.Prong PAA64 4000 88 Spat 8 1,500,000 5000 •CSITypa 

5600 92 Spat 8 1,200,000 5000 •ciD Typa 

NoiBS: 
Luman and larnp 1111 ratings.,. narni'lal and ara basad on specilc rnanul8cLnr-. Chad< wilh inclvi<*.lal manulacaJrws lor 8li8CI-. 
Systam input- w11 VBJY ~ on lhe ballast ueac1 Conlact lhe balat manutaclum tor ac1Uallnput wallage. 
Exoaptwhonl nDIId, anps- be U1141dln., :1 sod tlldUr8a. 
L.am~ pa¡bniBiK»- -torlhe fallowa~g buming posillons: 

- lampa.tor- are...,. +1- 30 ~ 
.PAR lampa, tor haoiz¡¡¡llll are...,. +1- 45 c~ag._ 

L.amp lill>,-~- 75% in- pooitionS. 
L 

Unlike metal halide lamps, HPS except to prevent moiSIUre from relatively high CRI (65) for 1-FS 
Jamps do not Contain starting accumulating on tne lamp. This technology. liS color tempem.¡re 
electrodes. Due to the HPS makes HPS lamps especially easy of 2100-2200 K is not much 
ballast's electronic starting circuit. to use in many flXture types. different from standard HPS. 
warm-up and restrike periods are Moreover. tne virtual insensitivity whieh varies between 1900 K and 
much Shorter than those of metal of HPS lamps to operating 2100 K. All HPS Jamps except 
haflde Jamps. positiOn means that fewer Jamp "white· sodium appear a golden-

types are needed as compared to pink color, and are not 
Untversal PosiiiOn SCt8W Bsse metal halide. recommended ter non indus:rial 
HPSLBmps Lamp ODior temperatura in HPS 

interior lighting. 

HPS lamps. unlike most metal lamps does not vary mueh. While HPS Jamps are oflered in many 
halides, do not require enclosure the •deluxe· HPS lamp has a wattages. L.umens per wan. 

--
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Figure 8-13 

METAL HAll DE ANO HPS LAMPS 

ED-18 ED-23 112 

PAR-38 

Typical High Prsssure Sodium Lamp Contigurations (nol ro scaJB) 

ranging lrom 70 to 120 (inetuding 
battast), inereases with wattage, . 
Etectronie battasts are rumored to 
be in devetopment and will likety 
provide a small inerease in 
system efficacy. 

Some HPS tamps can be obtained 
wtth 2 are tubes. These SC>Calted 
'stand by" lamps are a reasonabte 
a~ernative to instan! restrike 
circuits, providing rapid restrike 
cyctes while offering extended 
tamp tne. tt shOuta be noted that 

tamp warm-up time will stitt be in 
effect in the event of a power 
interruption. However, the tamp 
witt not have to COOl clown belore 
the second are can be struek. 
These tamps are especially 
applicabte lor roadway and 
parking tot apptications. In 
normal operation, standby tamps 
a~ernate operation between the 
are tubes. This may in effeetivety 
doubte tamp tne. a~ough tamp· 
lile ol lhese products has not 

---·····--·-·-· 

been futty tested, and 
manulaeturers' published tamp 
lile vatues do not. as yet, reflect 
an inerease for doubte are tube 
tamps. 

Performance characteristics of 
serew base HPS larnps are listed 
in Figures 8-14 and 8-15. 
'Deluxe' HPS tamps wtth a CRI á 
65 are described in F¡gure 8-14, 
while standard screw base HPS 
tamps are noted in Rgure 8-15. 

13 
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1993 ADVANCED LIGHTING GUIDELINES 

Figure 8-14 
"Dftt""" Type UnÍVtlrsai Buming Pos1110n HPS Lam¡:xs 

WotW ANSICOde - BuJb Sllape Coated or Cle1r lnililll Lu..,_ Nominal L.amp ut. 
(nominal) (Hra.) 

70 562 817 Clear 3800 15.000 

Coa!Bd 3600 ~5.000 

ED17 Clear 4400 15,000 ' . 
CoaiBd 41110 15,000 

MogU ED23V. Clea' 4400 15,000 

Coa1&d 41110 15,000 

100 S54 Medil.rn ED17 Clea' 7300 15,000 

CoaiBd 6940 15,000 

Mogul ·ED23V. _Ciear 7300 15,000 

CoaiBd 6940 15,000 

150 S55 Medium 817 Clear 10,500 15,000 

Coa1&d 9900 15,000 

ED17 Clear 12,000 15,000 

Coa1&d 11,000 15,000 

Mogul E23V. Clear 10,500 15,000 

CoaiOd 9900 15,000. 

ED23Y. Clear 12,000 15,000 

CoaiOd 11,000 15,000 

250 S50 MogU EIED18 Clear 23,000 15,000 

E28 Coa1&d 20,000 15,000 

400 S51 MogU ED18 Clear 37,500 15,000 

E28 Ciear 37,400 10,000 

CoaiBd 35,500 10,000 

No1as: 
AII lamps have CCT of appro>dmDI!y 21~ K and CRI of 65. · 
Lumen and lamp 118 ndlngs ant nomM a>d...,- on specific manulaca.nr dola. 
wi1h indvidual manufaciLirers lar axact dola. • · 

Cla:k 

Syslllm ~ waas wtl vary dopa dlog on lhe 11a11as1 usad. Conlaellhe ballas1matiJfacllnr 
.... acbJal inpU1 waaage. . . 

. ., 

C.J 
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METAL HALl DE ANO HPS LAMPS 

Figure 8-15 
Universal Buming Posi!ion Saow Base w>s Lamps 

Watta ANSI BulbShape CCT CAl Coaladar -IL.umana NomiNII No180 
Code (K) e¡_, (nomiNII) LampUt. 

(Hra.) 

35 576 Medí u m E/817 2000 18 Claar 2250 24.000 
------- 2000 18 ~ 2150 24.000 

T10 - 2000 18 ca 2100 24,000 

50 568 Medium E/817 2050 20 Coall>d 3800 24,000 

2050 20 crear 4000 24,000 

j T10 2050 20 ca 3700 24,000 

Mogul ED23Yz 2050 20 crear 4000 24.000 

2050 20 ~ 3800 24.000 

70 Medium E/817 2050 20 ~ 5985 24,000 

2050 20 ca 6300 24.000 

T10 2050 20 crear 6300 24.000 

Mogul EIED23Yz 2050 20 Coalad 5985 24,000 

2050 20 Claar 6300 24,000 

2050 20 ca 6300 24.000 

100 SS4 Mediim Ei11 2050 20 Coalad 8500 40,000 Ooublo ""' IUbll 

2050 20 ca 9500 24,000 

Mogul EIED23Yz 2050 20 crear 9500 24,000 

2050 20 Coallld 8800 24.000 

2050 20 Clear 9100 40,000 Ooublo are IUbll 

150 S55 Medium 817 2100 22 ~ 15,000 24.000 

2100 22 crear 16,000 24,000 

Mogul EIED23Yz 2100 22 Clear 16.000 24.000 

2100 22 ~ 15,000 24,000 

2100 22 crear 15,600 40.000 Ooublo are IUbll 

556 Mogul E28 2100 22 ere. 15,000 24,000 

200 566 Mogul EIED18 2100 22 crear 22,000 24,000 

2100 22 Claar 22,000 40,000 Ooublo are IUbll 

250 S50 Mogul E28 2100 22 ~ 28,000 24,000 

EIED18 2100 22 crear 27,500 24,000 

2100 22 crear 30,000 24,000 

2100 22 ere. 27,500 40,000 Ooubloan:Libll 

T14.5 2100 22 Clear 28,000 24.000 

2100 22 crear 28,500 40,000 Ooubloan:Libll 

L-----------------------------~~------------------------------------------------~~r 
j 
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Figure 8-15 (contlnued) 
Universal Bumng Pcsition Sasw Base HPS Lamps 

Watts ANSI BulbShope CCT CAl Co-or lnlu.J Lum.,a Nominal Notes 
Code (K) O.r (nominal) Lamp LJt. 

(Hra.) 
• 

310 567 Mogul E!E018 2100 22 Cl!"" 37,000 24.000 

400 S51 Mogul EIE037 2100 22 CoalBd 47,500 24.000 

EIE018 .2100 22 Claar 50,000 24,000 

2100 22 Claar 50,000 40,000 DoublaarcJUba 

T14.5 2100 22 Clear 50,000 24.000 

2100 22 Claar 50,000 40.000 Doublaarc1!Jba 

600 5106 Mogul T16 2100 22 Clear 90,000 24.000 

750 5111 Mogul BT37 2100 22 Clear 110,000 24.000 

1000 S52 Mogul E·25 2100 22 Claar 140,000 24.000 

2100 22 Clear 140,000 40,000 Double are 1!Jba 

T21 2100 22 Clear 140,000 24,000 
No18S: 

AD lamps are univatsal buming posilion. · 
Lumen ancllamp lile ralings are nominal and ano basad on spacilic rnanu1ac11nr dala. Ch- wi1h individual rnar&llaciUr8rs lar 
exac1 dala. 
5ystam input wa1IS wiD vaJy dopanding on 1118 ballasl usad. Con1act 1118 ballast manufacturar lor actual input watlage. 

Watta 

35 

75 

NoiiiS: 

ANSI 
Code 

576 

S62 

-
Medium 

Med. Slcl. 

Med. Prang 

Madium· 

Figure 8-16 
Univ&tul Bllning ,_ Dnc:litJtul Higi!Pressure Sodium Lanps 

Bulb~ CCT CAl a- ..... c.n...a.m Nominal 
(K) Type Sprucl CP (nomln81) Lamp LJt. 

(Hra.) 

Fl-38 2100 18 WFL 650EG 1000 16,000 

. PAFI-38 2100 21 WFL 65DEG 2200 10,000 

PAFI-38 2100 21 WFL 65DEG 2200 10,000 

Fl-38 2100 65 WFL 65DEG 1800 10,000 

-
"Deeuxa" 

Um8n ancllamp !fa ralings 11111 nominal-.. - on spacilic manulacanf dala. ~ wi1h inclvi<UJI rnat'IJiac:lllr fDr axact dala. 
Systam input wa1IS wil V3JY dopanding on 1118 ballast usad. Contact 1118 ballast manulaclurar fDr actual input watJage. 
n....~an.,s aro not ....-.p¡oor. 

UniverSal Posltlon DlrectloMJ 
HPS Lsmps(See Fl;unt 8-16) 

PAR and R-configured HPS lamps 
are usetul for compact directlorlal 
ligl'lt sources, sucl'l as track 
ligl'lting and outdoor lighting 
luminaires. The poor COlor 
rendition of these lamps, however. 
limits !he usefulness to specifJC 
industrial and security 
floodlighting and general nghting 
applieations. 

16 
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METAL HALl DE ANO HPS LAMPS 

Figure 8-17 
Double-Endsd High Pressure Soc:tum Larnps 

Watts ANSI aa .. Bu lb CCT CRI Coaled Bum lnltial Lamp Llfe Notee 
Code Shape (K) or Poa. Lumena (Hra.) 

a.ar 
70 S88 RSC T6.5 2100 22 crear HOR45 7000 10,000 Replaa>s MaS lamp 

150 MB1 RSC T7.5 2100 22 crear HOR45 15,000 10,000 Replaces M81 lamp 

250 550 RSC. T7 2100 22 crear HOR45 27.000 24,000 

400 SS1 RSC T7 2100 22 crear HOR45 50,000 24,000 

Notes: 
Lumen and lamp Jite ratings are nominal and are basad en specific manufacturar dala. Check wi1h inctvick.ral manufacturers for exact data 
System input wans will va.ry depenáng on 1he ballast used. Conta.ct the baiJast manufacturer for ac:tua input wattage. 
Lamps must be usad within oparating positions lisiad: 

-HOA45 = hoozontal •'- 45 dogroGS 

Double-EIIded HPS Lamps 

The double-ended HPS lamp was 
designed to take advantage of 
luminaires and lighting 
installations originally designed 
for the double-ended metal halide 
lamp. The double-ended HPS -
lamp offers comparable lumen 
output, but offers HPS' longer 
lamp lile and excellent lumen 
maintenance characteristics. 
These lamps, which are relatively 
uncommon at this time. are· 
described in Figure 8-17. 

White Sodlum Lamps 

White HPS lamps offer lamp lite 
and lumen maintenance 
cnaracteristics similar to !hose of 
other HPS lamps whose color 
temperaturas and CRis may be 
unsuitable for many interior 
spaces. Hcwever. ballast designs 
for "wh~e· HPS lamps employ 
electronic circutts designed to 
increase color temperatura and 
CAl. The color temperatura of 
wh~e sodium lamps, al 2600 K 10 
2800 K, closely resembles 
incandescent lighting. During !he 

!'lgure 8-18 
Whit8 Sodum t..anp 

Watta ANSI - BUib CCT CRI Cooted. ··- ump 
Cocle Shape (K) or Lu-.. Uflt 

Cleu (ltra.) 

35 S99 PG12 Bipin T10 2700 80 CINr 1250 10,000 

50 5104 PG12 Bipin T10 2700 80 Ciar 2300 10,000 

Madum ED17 2700 80 <:..- 2190 . 10,000 

95 Sp-. Modum T10 2700 80 Ciar 5200 10,000 

95 Sp-. Modum 817 2700 80. Coallld 4800 10,000 

100 5105 PG12 Bipin T10 2700 80 Ciar 4700 10,000 

Modum ED17 2700 80 Coallld .4470 10,000 

-= Lumen and lamp 1118 rali1gs ant nominal and ant basad on specillc rnanutaca.nr dala. 

~-
indviaJal - ...... lar axacl-~ input waltS will V8l'f doponciOig on !he balas1 used. Contactll'e bailas! 

manufacturwlar 
aclllal input waltage. 

lamp·s stable color-lile. !he color 
performance is more consisten! 
and appealing than most metal 
ha lid e lamps (including 3000 K 
1am ps ). Although efflcacy is a 
relatively low ~ lumens per 
watt. the white sodium lamp is in 
many ways !he bes! (H not !he 
only) high-efficacy substMe lor 
incandescent lamps . 

Note that white sodium lamps are 
incompatible from manufacturar to 
manufacturar. No significan! new 
wh~e sodium products have been 
announced since !he 1990 
Advanced Lighting Guidelines. 
The performance characteristics 
6t lhese lamps are described in 
Rgure 8-18. 
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Watta R~ 

250 

400 

325 

400 

950 

150 

215 

360 

. 880 

NoiBS: 

250w HPS 

400wHPS 

100Clw MV 

ANSI 
Ballast 

550 

551 

H33" 

H33• 

H15/H36 

H39 

H37 

H33 

H15136 

Figure 8-19 
lntsrcnangsabl& HID L.amps 

Bulb CCT Clll CostM Bum lnltlal l.amp LJfa 
Shape K or POL Lumena (ltra.) 

EIED28 

EIED28 

EIED37 

EIED37 

EIED37 

BTS6 

BT28 

BT28 

BT37 

E25 

3700 

4000 

4000 

3700 

4000 

4000 

3700 

4000 

3700 

4000 

4000 

Clear 

- Halide Lampa 
70 Coarad 

65 Clear 

65 Clear 

70 

65 

65 

70 

65 

70 

65 

65 

Coatad 

Claar 

Clear 

Coatad 

Clear 

Coatad 

BU15 

BU15 

UNIV. 

BU15 

BU15 

UN IV 

UN IV 

UN IV 

UN IV 

BU15 

8015 

Hlgh -... Soclum Lampa 

2100 22 Clear UNIV 

2100 

2100 

2100 

22 

22 

22 

UN IV 

UN IV 

UN IV 

20,500 

20,500 

36,000 

40,000 

40,000 

28.000 

28,000 

36,000 

36,000 

100,000 

100,000 

13,000 

20,000 

38,000 

102,000 

5000 

5000 

5000 

10,000 

10,000 

20,000 

20,000 

15,000 

15,000 

12,000 

12.000 

24,000 

16.000 

12,000 

12,000 

Worl<s on M59 
Balas! 
Worl<s on M59 
Balas! 
INar1csonM47 
Balas! 
-onM47 
Balas! 

·Not all '""""'Y balas1s ..., suila.ble 1or iniBn:tlanga- ........_ 
Metal haide larnps values at11 lcr wrtical buming posillon. 
Open finJnls br a11 HPS and vertical metal halido lamps; - 11181111 ...._ positions raquira suilable endosa~ kmmaira. 
Lumen and ~ ifo ralings at11 nominal and ara based on specific manutadllrar dala. Check with indviclJal rnon.Jiaclunn lcr -
dala. 
Sys- input wa!!S wil vary dependlng on' the ballast usecl Conllacl the balas! manutaduntr lor aciUal Olpi.C tAI!Ia!l8· 

tnteJT:hangeable l..JJmps 

Metal halide lamps have superior 
color when compared to either 
mercury va:>er or high pressure 
sodium tedlnoklgies. For interior 
spaces wt.B!'e etther of the poorer 
color lamps we~e originally used, 
it may be c;>..sirable to retrofit with 
metal halide wittlout having to 
change !he ballasts in the existing 
luminaires. Specific products are 
available in a few confoguratiorls 
and wattages to serve tlliS 
function. 

Similar !y. sorne high pressure 
sodium lamps can be retrofitted 
into existing mercury vapor 
luminaires, pa:tieularly street 
lights, with reduced wattage and 
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substantially increased tumen 
output. The lamps are available 
frorn most manufacturers to 
re place tne trad~ional high 
wattage mercury street light 
lamps. 

Performance characteristics of 
exchangeable metal halide and 
HPS lamps are noted in FIQure 
8-19. 

Application Guidelines 
HID lam ps are point sources that 
lene! themselves to projection and 
floodlighting s~ions. as well as 
to general illumination. The best 
interior applications are !hose 
where lights are Jeft on lor long 

periOds or are controlled by a time 
switCh. Examples 'Ml!Jid include 
manulacturing, corridor, and 
display fiQhting, as wen as 
commercial area lighting. Sorne 
of !he bes! applications lor HID 
lamps are n aJI kinds of exterior 
lighting SOIICes. HID sources are 
especiafly suitable lor roadway, 
arch~ectural. landscape. parking 
lot, seañy, and Spor!S lighting. 

Typlt2l AppllwtlloiiS 

In general, HID lamps are best 
applied i'l one of lhe loUowing 
ways: 

• Enet'rl1-Eiflci F'lood B1IC1 
Display Ug/7/ing In suitable 
modem luminaires, HID lamps 

' '-' 

; l 
. ' . ; 

' ' 



METAL HALIOE ANO HPS LAMPS 

can be used for a wide variety scurces of light that give sparkle Someofthe most i[!lPOrtanL--
of display and floodlighting to polisMd surfaces and produce considerations are noted below. 
situatiOns, including track, dramatic shadowing when used to 
recessed, and surface accent d·,splays. The compact Lamp Restrtlce Tlme and 
installations. la m p size of the smaller HID Ba~Ughtlng 

• Energy-Efficient Lamps in lamps allows for the use of many 
In HIO applications where a brief 

General Lighting Luminaires traditional luminaire types and 
powe¡ outage could cause 

As long as switching is not a shapes while employing a 
hazardous conditions or a major 

concern. a wide variety of reasonable fumen package. manufacturing shutdown. and 
oooonunities exist to use HID 

Speclallnterlor Appl/catlons 
where no backup non-HID 

iamps for area lighiing in both emergency lighting system is in 
interior and exterior situations. The best interior applications fOf place. ij iS a good idea to specify 
HIO lamps are particularly HIO lamps are for corridOf and that 50fne portion of the luminaires 
well-sutted to large rooms with lobby downlighting, commercial be furnished with eilher instan! 
nigh ceilings. such as wall washing, lobby and office. restrike Of quartz backúp lamps. 
gymnasiums, industrial plants, uplighting, and commercial and ThiS will insure that scme type of 
and warehouses. generallighting. The smaller HID backup lighting will be in place 

lamps are valuable in accent and until the HID lamps can be 
General Umltatlons display lighting applications, as reignited. 

All HID lamps require warm-up 
well. In addition, some types cJ 
highly decorativa fixtures. such as Strobe Eflects In Manutacturlng 

and restrike periods. so wall sconces and pendant Envliolllnent1l 
applications requiring frequent chandeliers, can be designed for 
switching should not utiliZe HID compact HID lamps. 

All HIO lamps are tumed on and 
lamps. Addttionally, as noted off 120 times per second in_ 

. previously. lamps of these types Exterior Appl/catlons 
synchroniZation with the ~ 

can only be dimmed with highly- altemating curren! power supply. 
specialiZed dimmers and ballasts. There is a wide range of exterior Because of !his, !he use ot HPS . .J· 

The effect o1 dimming is not nearly applications for HID lamps. In lamps in general lighting 
as appealing or as extensive as it addition to !hose listed previously. luminaires near rotating 
is with incandescent or HID lamps can be used in many machinery may produce a 
fluorescent light sources. :Lamp landscape applications. such as stroboscopic effect. making the 
efficacy and color stability suffer bollards and tree uplights. as well machinery appear to be 
when HIDs are operated at less as in wall lights. step lights, and mOiionless - a poternially 
!han full output. arcMectural facade and hazardous situation. This can 

floodlighting luminaires. The large occur when !he moving object 
ResldentiBI Appllcatlons 1500-wan metal halide lamp wi1ll rotales at any speed which is a 

Because frequent switching iS 
a lamp lile ol 2COJ to 3(XX) hourS muniple oteo (Le. 2400 
is widely used in spons lighting revolutions per minute). Strobe 

common to residential operation. applications where television effects ol this type can be rnostly 
HID lamps are not commonly. cameras are used. eliminated by the proper phasing 
used in homes. Never!heless low of the luminaire power supply 
wattage HID lamps may be useful Addltlona/ Appllcatlon circutts. so that none of the 
in outdoor security and Conslderatlons machinery is lighted solely by 
landscaping lightingapplications, lumina~es on the same phase 
particularly if lhese sources are There are severa! precautions to circuit. 
controlled by timers or photocells. be considerad when employing 

HIO lamp technology in certain ContlnuousJY..()peratecl M1t1ll 
Commerclal APPIIcatlons situatiOns. Manufacturers' Hallde l.BmpS 

literature on this subject is 
HID lamps ofler the designer an extensiva, and trouble shooting Metal haflde lamps may rupture ~ 
alternative to incandescent guides, engineering. and tney are operated continuously 
downlights, uplights. and accen1 technical bulletins are available. (24 hours/day. 7 daysJweek). In 
lights. Unlike fiUOfescent continuous operation-type 
alternatives, HID lamps are poin1 (,· 

' . 
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1993 AOVANCED LIGHTING GUIDELINES 

appfica!iOns. metal halide lamps 
should oe extinguished at leas! 
once a week for a mínimum of 15 
minutes to avoid the risk of 
potentialiy violen! rupture. 11 this 
is no: teas;ble, !hen a different 
light source should be specified. 
or the T"leta! halide lamps should 
be group relam ped well in 
advance o: rated lamp lile. 

Replacement of HPS Lamps 

HPS !arnos signa! the end of lamo 
lile oy cycting- starting, warming 
u p. going out, cooling down, and 
starting again. The electronic 
starting circutt in HPS ballasts 
continues to pulse when !he lamp 
is removed from the tuminaire 
Therefore, HPS luminaires should 
not be teft energiZed when lamps 
are not in place. and cycling 
lamps should be reptaced, or 
damage to !he starter and ballast 
will occur. A special device iS 
availabte to prevem HPS cycfing 
at the end c:J Iamp life. (Note: !his 
precautiOn atso applies to other 
HID lamps- such as medium­
based me:at halide lamps­
operated by external starting 
círcuitry. 

. Example 
A high-ceilinged hotel lobby might 
emptoy recessed incandescent 
downlignts supplied wi!h 2~watt 
PAR-38 quartz lamps to provide 
general illumination for !he space. 

t 
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11. instead. 70-wan d'Jubte-ended 
metai halide (3000 K, 81 CRI) 
etectronicaily-ballasted lamps 
were used, the following benefits 
couto be realiZed: 

• > 160 wans per socket saved. 
ir.ctuding bailas! tosses 

• Fewer luminaires needed, due 
to increased turnen output 
(ssOO lurimn5 to 3Se&lomeñs) 

• Decreased maintenance 
charges for retamping. dueto 
increased tamp lile of 67% 
(10,000 hours to 6000 hours) 

The metal halide luminaires in tnis 
application will use much tess 
energy !han the incandescent 

· downlights. while providing an 
essentially similar aesthetic to the 
hotel lobby. A~hough tne initial 
costs for luminaires and tamps will 
be higher than would be !he case 
tor !he incandescem design, !he 
reduced quantity of luminaires 
needed. combinad wi!h tne 
energy savings achieved by !he 
design, will more !han offset !he 
higher start-up cost, while 
producing significan! iong-term 
savings. 

Guideline 
Specifications 

SpecifiC8tions of HID lamps 
should generally follow a 
designation system authoriZed 
and determinad by ANSI. Afl 

such designations begin with a 
tener \M" for metal halide. 'S' for 
HPS). followed by an ANSI 
number identifying the electrical 
characteristics of that lamp's 
ballast. Alter the number. there is 
a tener-number combination to 
designate the lamp envelope 
shape and siZe (ED-17, BT-28, 
etc;J. .Optional added-

· · del'ignations may include base 
type, wattage, clear or coated. 
warm or neutral color. and/or 
standard or deluxe color 
rendering. For instance, a 70-wan 
double-ended metal halide warm 
(3000 K) colored lamp with detuxe 
color rendering oould be 
designated as: 

M85{T7{RSC/70fNOX 

Similarly, a standard 2~watt 
mogul-based ellipsoidal-shaped 
HPS lamp with diffusing coating 
might oear !he following · 
designation: 

ssaiE2aiMOGI2SOICOA TED 

There are importan1 and popular 
HID lamps for which ANSI 
designations are still pending. 
ThiS is true for many of !he more 
recemlamp developments sucn 
as compact metal halide and 
white sodium lamps. In these 
cases. it may be necessary to use 
a proprietary specification to 
designate acceptable lamo and 
bailaS! manutacturers. 

:1 
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E.L: .B Al A.s·r RO 

Finalidad: El transformador de alta reactancia de dispersión. 

Tipos de Balastros. 

El fenómeno de la descarga eléctrica en gas es un fenómeno com 

plejo, y la gráfica siguiente nos da idea del comportamiento oe 

las cargas cuando se lleva a cabo el fenómeno. 

!¡ B .. 
~ 
.J o 
> 

CORRIENTE 

la información que se puede obtener de la gráfica y que r.os in -

teresa ·expor.er, se encuentra entre 1 os puntos O y E que es lit,--

región de operación normal de la lámpara fluorescente. 

' ........ --.. """"~-----·------···--~----- ~ -·· -''- . ·----- . ·- ··----
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En esta parte de la gráfica se ve que habiéndose superado el 

voltaje Vx el gas presenta una región de resistencia negati 

va,.y en donde la corriente eléctrica a través del gas crece 

teóricamente hasta el infinito. 

Es debido a ~sto que se justifica la existencia de los balas~ 

tras, que son dispositivos que sirven ·primordialmente para .. 

mantener 1 a corri c·nte e 1 éctri ca a través de 1 a 1 ámpa ra, en un 

) 
rango de valores, que permiten a la lámpara operar satisfacto 

.riamente y sobre todo protegerla de la destrucción • 

.. 
El vocablo balastro se deriva de 1~ palabra inglesa ''ballast" 

que significa lastre. 

De acuerdo a 1 a defi ni ci ón que 1 a norma CCONNI E - 16.2 1 ti~ 

ne, el 'balastro, "es un dispositivo que, por medio de inducta.!!_ ' 

cias, capacitancias, o resistencias, solas o en co~binación, -

limita ia corr~cnte de lá~paras fluorescentes al valor reouerf . . -

~ · do para su operaci6n correcta y también,.cuando es necesario-
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suministra la tensión y corriente de arranque,. y en el caso de 

balastros para ~lmparas de arranque rápido, suministra la ten-

si ón para· ca 1 entami ento de 1 os catódos". 

En principio, un balastro puede ser cualquier elemento que li-

mita la corriente, como por ejemplo, una resistencia, una ca -

· pacitancia, una inductancia ó una combinación de los elementos 

• 
anteriores • • El hecho de usar lámparas fluorescentes obedece a que su efi--

ciencia lumínica es mayor que :·las incandescéntes debido a que-

.. éStas últimas_ emiten un gran porcentaje de radiación en la re-

, .. 
gión infrarroja es decir en forma de calor; entonces si noso-

tres usamos un"balastro a base de resistencias, lo que logra-

mos es crear pérdidas, y no tiene caso usar una lámpara fluo -

rescente que es incluso más cara, si la eficiencia del conjun-

to balastro-lá~para es parecida a una inc3ndesce~te. 

R 
L. AMPO. R A 

V.'LINEA 

' .... 



- ~ 4 

El usar un balastro a base de capacitancias no es .económico 

debido a las bajas frecuencias de transmisión de energia· 
,. 

que se utilizan comunmente {50 ó 60_Hz ), además ·de que la 

·forma de onda de la corriente de la lámpara se deformaria-

notablemente, creando picos que dañarian a la lámpara 

En otras palabras, se necesitarían valores altos de capaci 

• 
tancia para poder ·proporcionar· a la lámpara una corri~nte-

nominal de operación muy deformada. 

Sin embargo el capacitor,resulta ser buen balastro desde-

400 Hz en adelante. 

: ,· ... 
( 
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El tipo restante de balastro es una "reactancia inductiva" • 

También conocida como inductancia, inductor, o bobina de 

choque. 

De los tipos de balastros antes mencionados, éste es sin du 

da el más satisfactorio y el m~s econ6mico, y en la actuali 

dad casi todos los balastros están formados por inductan 

cias, o combinaciones de éstas con capacitancias. 

L 

V. LINEA 

., . 

INOUCTANCIA SERIE 
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EL AUTOTRANSFOR/i.A.DOR DE .O.LTA REACTANCik DE DISPERCION 

Los circuitos mostrados anteriormente, funcionan en redes de 

• . 
alimentación cuyo voltaje es mayor que el vc1taje mínimo de-

encendido de la lámpara, sin embargo cuando éste último es 

superior al de línea, se necesitaría, adem~s de la inductan-

cia serie, un transformador o autotransfo~ador que elevara .... 

la tensión hasta un valor suficiente para encender la lámpa-

ra tal como se muestra en la siguien:e figura: 

V. '-INEA 

6 
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Esta combinación es·completamente satisfactoria eléctricamente, 

aunque excesivamente costosa. Probablemente el avance técnico 

de más significación en el campo de la fabricación de balas --

tros para lámparas fluorescentes y en general para lámparas.~ 

de descarga eléctrica en gases, fué el desarrollo de los. bala~ 

tros "autot~ansformadores de alta reactancia de dispersión" -

' .. 
que son las que se utilizan .. actualmente. Dicho de forma ele -

mental, el balastro autotransformador de alta reactancia combi 

na los elementos del circuito de la Fig. ( autotransfo!_ 

mador y bobina de choque) , en un solo núcleo, lo que disminu-

ye el tamaño y costo, y aumenta la eficiencia del circuito. Es· 

te tipo de balastro se muestra esquemáticamente en la siguiente 

fi gu:-a·· .. 
, 

:.1 

L.AM"'A."A 

V. L1~4 

AUTOTRANSFORMAOOR AL.TA REACTAN C.IA 
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En la figura se muestra la estructura del núcleo de acero y de 

los devenados, asf como las trayectorias de las Líneas Magnéti 

cas. 

1 
1 

.. 

ntBUJO ESQUEMATICO 

Nótese en la figura que el autotransformado·r de alta reactancia 

tiene 2 devenados, uno primario y otro secundario, separados me 

diante entrehierros magnéticos. 

En un transformador ordinario tendríamos a~bos devanados uno en 

' cima del otro, ya que en este caso resulta importante que todo-

el flujo magnético que produce el devanado primario pase a tra-

vés del devanado secundario. Al embobinar ambos dev3nados uno 
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encima del otro se logra ésto fácilmente. Sin embargo en un -

autransformador _de a 1 ta reactanci a, a 1 tener s·eparados median-

te entrehi.erros los devanados primario y secundario, intencio-

nalmente obligamos que parte del flujo magnético creado por-

el devanado creado por el devanado primario, pase a través de-

·los entrehierros, y no pase a a través del devanado secundario . 

.. 
Esta alta dispersión del flujo magnético creada a propósito, ma 

nifiesta su efecto en forma de una reactancia inductiva parás.i-

ta en serie· con el circuito secundario y es precisamente esta 

reactancia inductiva la que controla la corriente eléctrica a -

t • d 1 .,. raves e a .~mpAri • 

. TI POS. DE BALASTROS · 

En resumen, para poder iniciar la descarga eléctrica en un tubó 

fluorescente, se necesitan 2 condiciones: 
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1. Que exista entre sus extremos un voltaje igual o mayor que 

el mfnimo necesario especificando por el fabricante de lám 

paras. 

Esta segunda condición se puede lograr de tres formas diferen-

tes y da luyar i: ~a división de las lá:nparas y de los balas 
. . 

•• . tras en tres tipos de encendido. 

a) Encendido Precalentado 

b) Encendido rápido 

e) Encendido instantár.eo 

a) Encendido Precalentado: 

Se conecta un interruptor té~ico entre dos terminales -

opuestas entre dos terminales c;¡uestas de. las lámparas, 

de tal manera que cuando está frío ( el interruptor ) -

se pone ~n corto circuito, y origina que una corriente-

--circule a través de los c~todcs de la lámpara calentan-

dolos y cumpliendo con la condición ~ara el 

' 

. . . 

ENCC::NDIDO 
PRECALC::NTAOO 

V. LINEA - . __) 

-·--- --~-- -----
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._:.: .. 
un instante d~spué~ se abre el interruptor térmico (cebador o 

arrancador ) ·~resentándose las dos condiciones necesarias 

para el 'encendido. 

b) Encend'i do Rápido 

En el encendido rápido, devanados auxiliares proporcionan ca-

lentamiento continuo ·a los cátodos mediante la aplicación de 

•• 
un voltaje pequeño en los mismos, con lo cual se tiene la ilu 

o be electr6nica disponible, y con la aplicación de un voltaje 

mayor al mínimo necesario se cumplen las condiciones para el 

encendido 

rm rm1 

~ tg 
.lBALASTRO l LAMPARA ~ 

1 
' 

V UN EA 

' 
.ENCENDIDO RAPIDO 

1 

• . 

• 
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e) Encendido Instantáneo 

En el encendido instantáneo se tienen disponibles los electro 

nes en los cátodos por efectc;> de campo;· ésto es que, para es 

te tipo de encendido se amplía un voltaje en los extremos de-

-la lámpara los suficientemente alto, como para que los elec -

trenes del material emisivo de los cátodos sean literalmente 

arrancados, y empiecen a viajar hacia el cátodo contrario ini 

ciando .la descarga eléctrica a través del gas . 

. . 

¡BALASTRO L LAMPAR A 1 . 

V 1..1 NEA. 

. 

ENCENDIDO INSTANTANEO 

Cada .tipo de encendido presenta ventajas y desventajas sobre .-· 

los.otros, sin embargo todos tienen campo de aplicación, y-

por lo mismo mercado. 

Ahora por el tipo de circuito que utilizan, los Balastros 

tienen otra división, a saber: 

- ~--- - -------



.. 

•• 

\ !1 -

i3 

··principales·· Circoitos 

a) El circ~ito m~s sencillo, es la ihductancia·serie o bobi­

na de choque. 

VL 

'---lOo o nT LAMPARA 

IN EA 

1 

Se usa en líneas de alimentación cuyo voltaje excede el volta 

je mínimo de encendido de la lámpara. Para el caso alto fac-
'·. 

t~r, se le agrega un capacitar en paralelo con la lfnea. 

Normaln1ente se usa en encendido precalentado exclusivamente,-

aunque se puede utilizar también en encendido instántaneo. 
' 

. . 
b) le sigue el circuito autotransformador de alta reactancia, 

qoe .se usa en los casos en donde el voltaje mfnimo de en-

cendido '!S mayor i¡ue el voltaje de lfnea; usualmente son­

bajo factor, para alto factor, se utiliza un capacitar -

·' 



.. 

- \~ -. 
l . • ti 

.)_ . 

en ser1e con ~~~ inductancia, como se ve en lineas. punteadas 

en el diagrama. Se usa en ence.Jld.i do preca l entado, encendí do . . . . 

rlpido e jnstantlneo bajo factor de potencia. En este tipo-

de circuito, la regulaci6n ~e la·corriente de llmpara, se lo 

gra mediante la reactancia de dispersi6n exclusivamente 

• 

LAMPA.RA 

lV~ LINEA . 

ALTA REACTANCJA 

e) El tercer tipo de circuito es el autotransformador autc­

rregulado; es de alto factor de potencia, y siempre -­

tiene el capacitar en serie con la llmpara. Se usa en 

todos los balastros de encendido rápido alto factor, y 

en los de encendido instantáneo alto factor para una so 

la lámpara. 

.·• 
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En este circuito, la combinación de la capacitancia en serie -

con la reacta11cia inductiva de dispersión, proporciona una me-

jor regulación en la corriente del ~ecundario, que el circui-

to anterior 

\.A MPA~A 

.. .. e 
V.L.INEA 
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BALASTROS H. I. D. 

LAS LAMPARAS DE DESCARGA DE ALTA INTENSIDAD (H. I. D.), .TAJ-1.., 

BIEN SE COHPORTAN COMO LAS LA!1PARAS FLUORESCENTES YA QUE PER­

TENECEN AL ~~ISHO GRUPO DE LAMPARAS :OE DESCARGA ELECTRICA EN 

GAS, POR LO TANTO TAMBIEN ES VALIDO EL RAZ0NA}1IENTO ANTERIOR-

'MENTE EXPLICADO SOBRE LA JUSTIFICAC!ON DE LA EXISTENCIA DE 

'BALASTROS H. 1. D • 

• 

LAS PRINCIPALES L&~ARAS i H. I. D. .SOBRE CUYOS BALASTROS HA-

BLAREMOS SON : 

1.- VAPOR DE MERCURIO 

2.- ADITIVOS METALICOS 

3.- VAPOR DE SODIO ALTA PRESION 

4.- VAPOR DE SODIO BAJA PRESION (*) 

(*) SE INCLUYE ESTA LAMPARA, AUNQUE ESTRICTAMENTE HABLANDO 

NO PERTENECE AL GRUPO H. I. D. 

ESTAS LAJ.iPARAS TIENEN COMPORTAMIENTOS DIFERENTES ENTRE SI, 

Y CON RESPECTO A LAS LAMPARAS FLUOP~SCENTES, Y UNO DE LOS 

ASPECTOS DONDE HAY MAYOR DIFERENCIA ES EN EL ARRANQUE. 

H 2 .• 



... 

... 2 

AUN ASI, SUS BALASTROS TIENEN ASPECTOS EN CC!·!'.:"X, DE TAL ~lANERA 

QUE A. CONTINUACION DESCRIBIREMOS EN FORI-!A G<:!;;:::<AI, SUS CIRCUI-

TOS 

I.-

. . 

BALASTROS ATRASADOS 

SU NOMBRE SE DEBE A QUE EN LA FORMA o::: ON::J.l\ 'EN. LA LAI-1-

PARA, LA CORRIENTE VA ATRASADA RESPEC':":J ;.r. VOLTAJE. 

A ESTA CATEGORIA PERTENECEN LAS INDUC:;~:CIAS SERIE O 

"·BOBINAS DE CHOKE" Y LOS AUTOTRANSFO~:..:WORES · DE ALTA . 

REACTANCIA 

• 1 '" rHaa;s-

1 
1 
1 
1 
1 
1 

y~MPA~A \¿ UNEA 
_,_ 
-~-

1 
1 

• 
1NDUCTANCIA SERIE 

LA INDUCTANCIA SERIE ES .EL BALASTRO Y~S SE~CILLO, Y 

SE UTILIZA PARA LAMPARAS CUYO VOLTAJE D::: :::~CENDIDO ES 

MENOR QUE LA TENSION DE LINEA. 

NORMALz.tENTE ES DE BAJO FACTOR DE POTE!lC!A, Y SI SE 

u 3 •• 
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REQUIERE UN ALTO. FACTOR, SE AGREGA UN CAPACITOR EN 

?ARALELO CON LA LINEA. 

SU REGULACION DEJA ~ruCHO QUE DESEAR Y SU CORRIENTE 

PE·ENCENDIDO ES HAYOR QUE LA CORRIENTE NOMINAL DE 

' OPERA~I0H, POR LO QUE.DEBE TOHARSE ESTO EN CUENTA 

PARA EL CALCULO DE LAS PROTECCIONES DE CIRCUITO. 

EL VOLTAJE DE EXTINCION (VOLTAJE DE LINEA AL CUAL 

SE APAGA LA LAMPARA) ES ALTO, PROVOCANDO QUE SE 

APAGUE LA LAMPARA SI EXISTEN VARIACIONES FUERTES 

EN LA TENSION DE LINEA . 

V.l.INEA 

.----1 
1 1 

...L 
T 

1 
1 

l. 

AUTOTAASFORMADOA ALTA REACTANCIA 

• 

EL AUTOTRANSFOR}~DOR DE ALTA REACTANCIA PE~~ITE EN­

CENDER UNA LA!-!.PARA A CUALQUIER TENSION DE LINEA. 

u 4 •• 
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SI SE REQUIERE ALTO FACTOR DE POTENCIA, SE LE AGREGA 

UN CAPACITOR Y UNA INDUCTM~CIA EN PARALELO CON .LA LI-

NEA COHO SE VE EN LA FIGURA . 

• 
SU REGULACION SIGUE SIENDO MALA COHO LA DE LA INDUC-

TANCIA SERIE (+ 5% V LINEA + 12% W LM·1P.): SU 

CORRIENTE DE ENCENDIDO ES }ffiNOR QUE LA CORRIENTE NO-

MINAL DE OPERACION, Y SU VOLTAJE DE EXTINCION TAM-

BIEN ES ALTO. 

EN GEN.SRAL, ES NECESARIOMENCIONAR QUE ESTOS BALAS­

TROS ATRASADOS SON LOS ~ffiS ECONOMICOS Y LOS QUE PRO­

VEEN LAS CARACTERISTICAS DE OPERACION !~NOS BUENAS. 

-.. 

:r.- AUTOTRANSFORHADORES AUTORREGULADOS 

EN EL MERCADO NACIONAL SE LES CONOCE COl·10 "AUTOTRANS-

FORMADORES AUTORREGULADOS" Y EN ESTADOS UNIDOS DE NOR-

TE~RICA ·sE LES LLM1A AUTOTRANSFOR!·ffiDORES DE POTENCIA 

·CONSTANTE (C. W. A.). 

EL CONTAR CON UNA CAPACITANCIA EN COMBINACION CON UNA 

INDUCTANCIA PROVEE AL CIRCUITO DE MEJOR CONTROL SOBRE 

LA OPERACION DE LA LAl-iPARA. 

u s· .. 
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TCNSION • · 

DS LINEA • 

III.-

AUTOTRANSFORMADOR 
AUTORRt;¡; GUL..ADO 

EN ESTE CIRCUITO, QUE SIEMPRE SERA DE ALTO FACTOR DE 

POTENCIA, LAS CARACTERISTICAS EN-GENERAL SON ~mJORES 
··-·- '-~- - - • 1 

QUE EN LOS CIRCUITOS ATRASADOS; SU REGULACION ES ME-

JOR ( + 10% V L~~A + 5% N LAHP.), SU CORRIEN-

TE r.'!; ~~1C::ENDIDO O ARRANQUE ES MENOR QUE LA CORRIENTE 

NOMINAL DE O?ER~CION, Y SU VOLTAJE DE EXTI~CION ES 

MENOR QUE EN LOS CIRCUITOS ATRASADOS. 

TRANSFORMADORES DE POTENCIA CONSTANTE 

ES EL MEJOR DE LOS BALASTROS, SU PRINCIPAL CÁRAC­

TERISTICA DESDE EL PUNTO DE VISTA CIRCUITO, ES QUE 

NO EXISTE CONEXION ENTRE EL PRI~ARIO Y EL SECUNDA-

RIO AISLADO. 

iO 6 •• 
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LA VENTAJA QUE SE DERIVA DE ESTA CONDICION ES SEGU-

RIDAD PARA EL USUARIO. 

• e 

'.'.\.INEA 

TRANSFORMADOR oe: POTe:NCIA CONSTANTe: 

POR OTRA PARTE LA REGULACION DE ESTE BALASTRO ES 

LA MEJOR DEL HERCADO YA QUE PARA UNA VAlUACION EN 

TENSION DE LINEA DE + 13% SE OBTIENE UNA VARIA~ 

CION EN LA POTENCIA DE LAHPARA DE + 2%, RAZON POR 

LA CUAL SE LES HA ASIGNADO EL Nm!BRE DE TRANSFORNA-

DORES DE POTENCIA CONSTANTE. 

RESPECTG A LA CORRIENTE DE LINEA DURA.'<TE EL ENCEN­

DIDO, ES MENOR QUE LA CORRIENTE NOMINAL DE OPERA­

CION, Y SU VOLTAJE DE EXTINCION ES TAN BAJO, QUE 

PRACTICAHENTE NO EXISTEN PROBLEHAS DE LA!-!PARAS APA-

GADAS POR VARIACIONES SEVERAS EN LA TENSION DE LI-

NEA. - ...--

~' : 

li 7 •• 



7 

l.- BALASTROS PARA !.»!PARAS DE VAPOR DE MERCURIO.-

.. 
2.-

SUS GIRCUITOS SON EXACT~ffiNTE LOS DESCRITOS ANTE­

RIORMENTE, ES DECIR : 

I.- ATRASADOS 

II.- AUTOTRANSFO~~DOR AUTORREGULADO 

III.- TRANSFOR}~DOR DE POTENCIA CONSTANTE 

. ',. 

BALASTROS PARA LAHPARAS DE ADITIVOS l·lETALICOS.-

LAS LAMPARAS DE ADITIVOS HETALICOS REQUIEREN BA-
! 

LASTROS CON CARACTERISTICAS UN POCO DIFERENTES A 

' . 
LOS DE VAPOR DE MERCURIO, PRINCIPALHENTE PORQUE 

DESPUES DE CIERTO TIEHPO DE HABER ENCENDIDO LA 

LAMPARA, SE PRESENTA UN ESTADO DE BAJA.CONDUCTAN­

CIA EN EL ARCO ELECTRICO QUE EL BALASTRO DEBE SER 

CAP.AZ DE SOPORTAR PROPORCIONANDO l·~YOR ENERGIA DE 

LA FOll~ll'.L PARA AANTENER ENCENDIDA LA L~!PARA. 

EST.i:: FENOHENO SE CONOCE COHO "REIGNICION" 

. . 

11 8 •• 



8 

EL CIRCUITO APROPIADO, DE LOS DESCRITOS ANTERIO~~N-

TE ES EL . • 

II( AU~OTRANSFOID1ADOR AUTORREGULADO. 

EXISTEN ALGUNAS L.~·!PARAS DE ADITIVOS NETALICOS QUE 

PUEDEN OPERAR EN ALGUNOS TIPOS DE BALASTROS DE VAPOR 

DE MERCURIO. 

ESTAS L~!PARAS TIENEN UN CIRCUITO DE AR~~QUE ESPE-

CIAL INTEGRADO QUE BASIC&~NTE ES UN DOBLADOR DE 

VOLTAJE QUE FUNCIONA EN CO~ffiiNACION CON EL CAPACITOR 

DEL BALASTRO, POR LO QUE SOLO PUEDE OPERAR EN BA~ 

LASTROS DE POTENCIA CONSTANTE O EN AUTOT~~SF0~1A-

DORES"AUTORREGULADOS. 

SIN EMBARGO, ES NECESARIO _HACER NOTAR QUE TANTO LA 

VIDA COMO LOS LUl-SNS PRODUCIDOS SON :-!ENORES, QUE SI 

SE UTILIZARA UN BALASTRO DE ADITIVOS METALICOS. 

' 3.- BALASTROS PARA U~!PARAS DE VAPOR DE SODIO ALTA PRESION.-

A DIFERENCIA DE LOS TIPOS ANTERIORES DE LAHPARAS QUE 

11 9 .. 
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PARA EL ARRANQUE CUENTAN CON m• ELECTRODO AUXILIAR 

EN EL TUBO DEL ARCO, LA LAMPARA DE V. S. A. P. POR 

TENER UN TUBO DEL ARCO MUY DELG~O NO PUEDE ALOJAR 

ESTE ELECTRODO DE ARRANQUE. 

POR ELLO, LOS BALASTROS DE V. S. A. P. CUENTAN CON 

UNCii<.::t::ITO AUXILIAR QUE GENERA PULSOS DE ARRANQUE 

DE APROX. 3,500 VOLTS, CON EL t::ICO OBJETO DE EN­

CENDER LA LAMPARA. 

ESTE DISPOSITIVO DENOMINADO IG~;ITOR ESTA CONSTI­

. TUI DO DE ELEMENTOS SE!UCONDUCT0?2S, Y ESTA CONECTA­

DO AL CIRCUITO COPO SE VERA EN LAS FIGURAS SIGUIEN-

TES : 

LOS CIRCUITOS DISPONIBLES PARA ESTAS LAMPARAS SON 

APROX. LOS DESCRITOS ANTERIORHE1:~E CON ALGUNAS VA­

Rifs::.'l:&r:;ES, AUNQUE SU MODO DE OPERACION SEA DIFEREN­

TE •. · 

j 

· CIRCUITOS ATRASADOS.-

SOLO EXISTE LA INDUCTANCIA SERIE 

.-

lt 10 .. 
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IGNITO R 

INCUCTANCIA SERIE 

.. ·: 

II) AUTOTR&~S:ORMADOR ADELANTADO - REGULADO 

.. ES EL EQUIVALENTE DE LOS AUTORREGULADOS PARA LOS 2 

TIPOS ANTERIORES DE LA!o!PARAS. 

SE LE LLAl·!A ADELANTADO PORQUE L1. CORRIENTE VA ADE-

LANTADA .,.L ·VOLTAJE EN LA LAl·lPAR.;. 

V, LINEA. .· ' 

.CIRCUIT<:• ADEL.ANTADO- REGUL.ADO 

il ll .. 
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III) CIRCUITO ATRASADO-REGULADO.-

ES EL EQUIVALENTE A LOS CIRCUITOS DE POTENCIA CONS-·- .... -· ... '\. > • 

. ~t ':· ·~· 
TANTE ANTES DESCRITOS. ·· ... 

CIRCUITO ATRASADO RC:GULADO 
~--., 

4.- BALASTROS PARA LAMPARAS DE SODIO DE BAJA PRESION.-

PO~.LAS CARACTERISTICAS PROPIAS DE ESTA LAMPARA, RE-

QUIERE NECESARIA Y UNICA1-IENTE DE UN BALASTRO TIPO 

LA FECHA ES EL : AUTOTR.l\NSFORHJ\OOR ALTA REACTAN...; 
.... "ATRASADO", POR LO QUE EL UNICO CIRCUITO EXISTENTE A 

CIA, CON ALTO FACTOR DE POTENCIA. 

~~-~-S. B. P. , .. · 
\ 

CIRCUITO ALTA REACT"ANCIA PARA S. B~ P •. 
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lntroduction 
Recent advances in IUlrescert 
lamp ballast technology haw 
created opportunities for 
improved lamp performance and 
increased energy effciency._ 
Relatively new produc:IS; SUCh as 
electronic high-frequency and 
heater cutout ballasls. are now 
widely available anct accepted i1 
!he marketplace. The recent 
trend toward more canpetilille 
pricing of these products shciJid 
continue. due 10 an expa¡ ISio • of 
manufacturing facirlties ind l!l(lre 
competition between tnarl~Jfal;:­
turers. Energy-eff1Cien ballasis 
are an excellent enerw-savi1Q _ 
strategy that should not be 
overlooked by anyone wto iS 
interestecl in saving money 
through !he use ot efficienl . 
lighting products. 

The most prevalent flu:lrescent 
lamps 1or general conmercial 
lighling loday continue ID be !he 
rapid start ~ lamp (F«JT12) 
and !he inSi8nt start. &foat. - ' 
"sllmllne" (F96T12). HouJIMII'. lhe 
more efficacious, smaler áaneter 
F3Zf8 lamp iS gaining in 
popularily in general lighling 
applications anct as an energy­
efflcient replacement lar Slandard 
lamps. This guidefne mai'1ly 
addresses etectronic taaasrs t11at 
operate full-size fluaesceillllmPI 
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al high frequencies. bu: i: also 
covers energy-efficient ~agnetic 
ballasts with heater-cuto..~ circuits 
tr.at switch off a lamp·s e·ectrode 
heaters after startup. 

Technology 
Description 

Al! gas discharge lamps. 
including ftuorescent lames. 
require a ballast to opeca:e. The 
ballast provides a high ir.~:al 
voltage to initiate the disc'1arge, 
tnen rapidly limits the lamo 
current to safely sustain rne 
d·,scharge. Lamp manuíacturers 
scecify lamp electrical input 
characteristics (lamp current, 
starting voltage, curren! crest 
factor, etc.) required tó acnieve 
rated lamp !He and lumer. output 
specifications. Similarly, tne 
American National Standards 
lnstttute (ANSI) publiShes 
recommended lamp input 
specifications for all ANSI :ype 
lamps. Ballasts are designed to 
optimally operate a uniq¡_;; lamp 
type; however, sorne ba:.~"lS will 
adequately operate more tnan 
one type of larnp. In these cases. 
optimum lamp performance is 
general !y not achieved unoer all 
conditions. Less than optimum 
conditions may affect the lamp's 
starting characteristics. fight 
output, and operating lile. 

Clrt:ult Type and Openlt/ng 
Mode 

Fluorescent ballasts are 
manufactureO for three primary 
types of flwescent lamps: 
preheat. rapid start. and instant 
start. 

• PreheatOperation L.amp 
electrodes are heated prior to 
initiating !he discharge. A 
'starter switch' closes. 

2 

permittirg a current to flow 
through each electJ'Ode. The 
starter switch rapidly cocls 
down, opening the switch, 
and triggering the supply 
voltage across the are tube. 
initiating the discharge. No 
auxiliary power is applied 
across the electrodes during 
operation. 

• Rapid Start Opera/ial Lamp 
· electrodes are heated prior to 

and during operaticn The 
bailas! transformer has two 
special secondary windings 
to provide !he proper low 
'oQitage to the electrodes. 

• lnstant Start Operation Lamp 
electrodes are not hea!l!d 
prior to operation. Ballasts for 
instan! start lam ps are 
designed to provide a 
relatively high starting 'oQitage 
(with respect to preheat ancl 
rapid start lamps) to "rlitiate 
!he discharge across the 
unheated electrodes. 

Rapid start is the most popular 
mode of operation for 4-foot 40 
wan lames and high output 8-foot 
lamps. The advantages ol rapid 
start operation include smooth 
starting, iong lile, and dimming 
capabilities. Lamps of less !han 
30 wans are generally ocerated in 
!he preheat mode. Lamps 
operated in this mode are more 
efficient than !he rapid start mode 
as separate power is not required 
10 continuously heat !he 
electrodes. However. these 
tamos tend to flicker during 
starting and have a Shorter lamp 
rrte. E"ght-foot 'slimline' lamps are 
operated in instant start mode. 
lnstant start operation is more 
efficient !han rapid start. but as in 
preheat operation, lamp rrte is 
shorter. The 4-foot 32 wan F32T8 
lamo is a rapid start lamp 
commonly operated in instan! 

start mode with eledmnic high­
frequency ballaSIS. In this mode 
of operation larnp efficacy is 
improved with sorne penalty in 
:amp lite. 

Energy Efficlent:y 

Fluorescent lamps are reasonably 
efficient at converting input power 
to lignt. NeverltleleSS. muen of 
!he power supplied into a 
fluorescent lamp-ballast sys¡em 
produces waste heat energy. 

There are three primary means of 
improving the effiCiency of a 
fluorescent lamp-ballast system: 

• Reduce !he bailaS! losses. 

• Opera! e the lamp(s) a! a high 
frequency. 

• Reduce lo6ses attribUtable to 
the lamo eledrodes. 

Newer. more ~ent 
ballastS. both magnetic ancl 
electrOnic, exploét one c:r more of 
ttlese techniques to improve 
lamp-ballast system effcacy, 
measured in lumens per watt. 
The losses in magnetic ballasts 
r.ave been reduced by 
substituting copper conductors 
fc:r aluminum and by using higher 
grade magnetic components. 
Ballast losses may also be 
reduced by using a single ballast 
to drive three or tour tamos. 
instead of only one c:r two. 
Careful circutt design increases 
effiCiency of electronic ballasts. 
In addition, electronic ballasts. 
wnich convert t11e 60Hz supply 
frequency to high fri!CJSICY. 
operate fluorescent lampS more 
efficiently !han is possible a! 60 
Hz. Finally, in rapid sat circuits. 
some magnetic ballasls mprove 
effcacy by removing power to the 
lamp electrodes alter stati¡g. 

'' 
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ENERGY-EFFICIENT FLUORESCENT BAUASTS 

Figure 2 
Bai/asr Tsrminology 

Ballast Efflcacy Factor (BEF): An efficiency factor aefined in ballast regulations (state ano federal) tnat is usea 
to establish minimum efficiency levels for co~liance. lt equals the percent rated light output (banast factor 
times 100%) o! a particular lamp-ballast combination unaer ANSI test conOitions divided by the measured input 
power in watts, (%/ wans). Ballast efficacy factors are signilicant only lor comparing different ballasts operating 
tne same quantity ano type of lamp. Current federal ano state regulations specity BEF limits tor ballasts that 
operare standard F40T12 ano F96T12 lamps. 

Ballast Factor: The ratio o! a lamp's light output on a ballast, compared to the lamp's rated light output as 
measured on a relerence ballast. Most ballast lactors are less tnan one; sorne new ballast designs have ballast 
lactors greater than one. 

Input VoltBgr. The design operating voltage of the ballast. In the U.S., most ballasts are designed ID operate at 
either 120 or 2n volts. 

Lamp-Ballast System Efflcacy: The ratio ot lamp light outpulast input watts, in un~s ot lumens/watt. 

Lamp Cu"ent Crest Factor (LCCF}; The ratio o! the peak curr ·.·- _ . :, root mean square (RMS)Iamp curren!. 
The LCCF lor lamps operated at high lrequency is equal to tha' ~ · urrent o! !he modulated wave (60Hz) 
divided by the RMS lamp curren!. High current crest lactors redu amp lile. The ratea lamp rde ot 20.000 
hours for rapid start F40T12 lamps is based on a LCCF ot 1. 7 or less. 

Une CUrrent Amps: The current drawn by the ballast when operating at rated voltage. 

Power Factor. The ratiO o! power (watts) to RMS volt-amps ot !he bailaS!. The power factor ratiO may be used ID 
determine hOw .elficientty total input power is being used. A High Power Factor (HPF) ratiñg signifies a ballast 
power factor equaiiD or greater !han 0.90. This HPF rating is most desirable. A Low or Normal ~ Factor 
(NPF) ballast rating signifies a power factor less !han .90- usually between .40 and .70. Utilities may penalize 
customers whose electric load has a low power factor. 

ReguJatlon (Of Une voftage): · The ability o! !he system light output to adjust tor input voltage variatXlns. 
Generally expressed as a percentage variation in light output ot a lamp lor a percentage varia!Ion n input 
voltage: 

Volt-Amps: The apparent power ot a system. lt is equal to RMS o! voltage times RMS ot current 

Ballast Factor 

One o! the most important ballast 
parameters for the lighting 
designer/engineer is the ballast 
factor. The ballast factor is 
needed to determine the r¡ght 
output tor a particular lamp-ballast 
system. Ballast factor iS a , 
measure of the actuallumen 
output tor a specific larnp-ballast' 
system relativa to the rated lumen 
output measured with a reference 
ballast unaer ANSI test conditions 

(open air at 25 •e [n "F]). An 
ANSI ballast for standard 40-watt 
F40T12 lamps requires a ballast 
factor ot 0.95; the sarne ballast 
has a ballast factor ot 0.87 ter 
34-watt energy saving F40T12 
lamps. However, many ballasts 
are available with either high 
( conforming to the ANSI 
specificatiOns) or IOW ballast 
factors (70% to 75%). lt is 
importan! to note that the ballast 
factor value is not simply a 
characteriStic ot the ballast. but d 

the lam p-ballast. system. Ballasts 
that can operate more !han one 
type ollamp (e.g., !he 40-watt F40 
ballast can operate eilher 40-watt 
F40T12, 34-watt F«JT12. or 40-
watt F40T10 larnps) w11 generally 
have a different ballast faclcr ter 
each combinatiOn (e.g., 95%, 
<95%, and >95%, respeclively). 

Ballast factor is nota measure ot 
energy effiCiency. .AituJgh a 
lower ballast fac1Dr reá !CeS lamp 
lumen output. it also CCI1Slln8S 

3 
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Figure3 
Power vs. Ballast Factor Curves for Two..Jamp Four-Foor Fluorescenr Lar.!~ Balas! Sysrsms • 

Te use !he graph, locate the curve (A-H) ter me tamp-oallast system of interest. Draw a venicalline from the 
cited input power to that curve. Draw a horizontal fine from that point te the venical axis to find the ballast factor 
ter that lamp-ballast system. lt is essential that the input power cited by the manufacturer be measured under 
standard ANSI test conditions. 
"Note: This graph ·,s appl",cable only for two-lamp four-foot systems; other lamp-ballast systems will differ. 

- ·- . ' - -· . . .. - . . . . 

.. - . ' .. ·- - . - -' . . . . . '- .. 

A 3'NV F32TB IS electronic ballast 
B 3'NV F32TB AS elect. ballast 
e 34W F40T12 AS elect. ballast 
O 40W F40T12 AS htr. cut. bailas! 
E 3'NV F32T8 AS magnetic bailas! 
F 40W F40T12 AS elect. bailas! 
G 34W F40T12 RS mag. bailas! 
H 40W F40T12 RS mag. bailas! 

1 

1 

l. 

1 

1 

~L---~~~~~------------------- ! 
30 ~ ·so 60 10 so 90 100 

POWER (WATTS) 

proportionally less input power. 
As sueh. careful selection of a 
lamp.ballast system with a 
specific ballast factor allows 
designers to better minimize 
energy use by 1uning· the lighting 
levels in the space. For example, 
in new construction, high ballast 
factors are generally best. since 
fewer luminaires will be required 
te meet the light leve! 
requirements. In retrofit 
applications or in areas with less 
critica! visual tasks, such as aisles 
and hallways, lower ballast factor 
ballasts may be more appropriate. 

To avoid a drastic reduction in 
larnp lile 1ow ballast factor ballasts 
(<70%) should operate larnps in 
rapid start mode only. This is 

. panicularly relevan! for 32-watt 
F32TB lamps operated at high 
frequency. 

Finding the bailas! factor for lamp. 
bailaS! combinations may not be 
easy, as few ballast 
manufacturers provide this. 
intormation in lheir catalogs. 

4 

HOwever, if the input power for a 
panicular lamp.ballast system is 
known (usually found in catalogs) 
an estímate of the bailas! factor is 
possible. Figure 3 provides :a set 
of curves for determining the 
ballast factor for severa! two-lamp 
four-foot lamp-bailast systems. lt 
is based upon the average 
system efficacy measured for 
ballasts at standard ANSI 
conditions. 

LBmp-Bansst System Efflcacy 

The efliciency of a lluorescent 
lamp bailast changes depending 
on the type of lamp operated. 
Similarly, lamp efficacy is affected 
by bailas! technology: ttie same 
lamp will perform differently when 
operated by a heater cutout 
ballast !han it will when operated 
at high frequency. As a 
consequence. !he only meaningtul 
comparison between lamps or 
ballasts is !he 1am P-ballast systern 
effacy. The system eflicacy can 
be calculated as follows: 

System EfftCacy (lumens/ watt) 

= 
Aated Lamp Lumens 

Input Power (Watts) 

x Number of Lamps x Ballast Fa::or 

The above equation calculares 
inítial system efficacy as 
measured under ANSI test 
oonditions. More comprehensM! 
estima tes ot overall lightin g 
system efficacy can be performed 
by using data trorn Figure J. 1 7 in 
!he Luminaires and Ligtlting 
Systems guideline, whieh takes 
into account luminaire effects en 
lighl output and input wattage. 

Figure 4 shows how lamp--ballast 
system performance Changes with 
a simple substltution ot bailaS!. 
This table is based en two 
common lamp types: a 34-watt 
energy saving F40T12JES anda 
32-watt F32T8. 8oth are RE-70 
lamps in whieh rare earth 
phosphors are used to produce a 
color rendering index of between 
70 and 79 (See the Fuii-Size 
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ENERGY-EFFICIENT FLUOAESCENT BAUASTS 

Figure 4 
Comparativa Fluorescent Lamp-Ba/last ~lllmS 

Typi .. l Typic:ol 

S.liast Type P lnput(W) Bolloot 
0- -

~c..~ 
(u,;;;~•nl 

Two 34 Won F40T12/RS ES L.amps, 2800 lnitial Rotlld Lum.,o, RE-70 

Magnelic En8f'9y Elficient 
Magnetle Heaf&r Cutcut 72 0.87 
Magnelic Heaf&f Cutcut-Full üght OUtput' 58 0.81 

68 
78 . 

E 
u ~ 

lectronic Baffast A 60 o as 
Bectronic Baffast B 63 o:82 

75 
79 
73 

Two 32 wan F32T8/RS L.amps, 2900 lnitial Aatlld Lum.,.. AE-70 

Magnelic En8f'9Y Effiaent 
Magnelic Heaf&f Cutout 
Magnelic Heaf&f CU1Dut-Full üght OUtput' 

Electronic Baffast Rapid Start 
Electronic Baffast lnstant Start 

70 
61 
n.a 
62 
63 

O.!M 
0.86 
n.a 
0.88 
0.95 

78 
82 
n.a. 
82 
87 

Notss: 
( 1) N- proáJct at !he ame of this printtng. ' 
(2/ NM prodUct for which vaiues were unavailable ar tha tima of ptning 
Al values ant as maasurad under ANSI tasting conditians · 

Fluorescent Lamps guideline for a 
discussion of lamp phosphors). 
With electronic ballasts. the input 
wans are significantly IOwer. In 
some cases, the ballast factor is 
also higher. Agure 8 has more 
detail on these systems. and 
includes other systems as well. 

Ba/last Elflcacy Regutatlons · 

Beginning in 1982, the State of 
California began regulating the 
performance of ballasts operating 
the most cornmon types ot 
fluorescent lamps. Several other 
states foilowed suit, and 
subsequently, the Federal 
Appliance Standard pronibited 
the issue of inefficient ballasts. 
beginning April 1, 1992. In order 
to assess ballasts that operated 
lamps at dlfferent light levels the 
regulations were based upon the 
Ballast Efficacy Factor (BEF). 
defined as ballast factor/input 
power. The regulations set 
minimum BEF limits ter the 
following type ballasts: 

• Two-lamp ballasts for 75-wan 
F96T12 slimline lamps 

• · Two-ia'Tlp ballasts for 11~ 
wan F96T12 high output 
lamps 

• One-lamp ballasts for F40T12 
rapid start lamps 

• Two-lamp ballasts operating 
F40T12 rapid start lamps 

BEF criteria are not.reQuired tor 
either low temperatl6e or dimming · 
ballasts. 

BEF was selected as a measure 
to allow meaningful cornparisons 
between cfrtferent baJJasts by 
eliminating lamp variations as a 
factor. The BEF me trie is used · 
solely to show CO'llprance with 
the state and federal ballast 
efficacy regulations. 1t should not 
be usecl as a ballast specification 
criterion. The BEF iS not a true 
measure ot ballast effJCiency as its 
value depends on the following 
factorS: 

• Ouantily of lamps operated 

• Type ot gas fill in !he lamp 
(i.e. argon vs. argon/krypton 
fill) 

. "3 1 
• Lamo tu be dia-neter (T -8, 

T-10, T-12) 

• Lamp operating frequency 

Some ballast manufacturers 
provide BEF data in their 
catalogs, bul it is only of value 
when comparing ballasts 
operating tne same type and 
number of lamps. In general. BEF 
values are not particularly useful 
to the specifier: the best method 
of cornparing lamp.ballast 
systems iS by their system 
efficacy. 

FliCker 

Electromagnetic ballasts are 
designed to ccnditioo the 60 Hz 
input voltage to tllé electrical 
requirements ot the :amps. A 
magnetic ballast atters the 
voltage, bul not the frequency. 
Thus. the lamp voltage crosses 
zero 120 limes ea eh second, 
resulting in 120 Hz r:ght output 
oscillations. This resultS in aoo'Lit 
30% flicker for standard 
haJophospilor lamps, operated at 
60 Hz. The flicker is generally not 
noticeable bul there iS evidence 
that flicker ot thiS magnitude can 
cause adverse effects, such as 
eyestrain and headache. 

Most electronic ballasts, on the 
other hand. use high-frequency 
operation. whieh reduCeS lamp 
flicker to an essentially 
imperceptible level. The flicker 
percentage of a parJcular ballast 
is usually specified by the 
manufaCII6er. For a given ballast. 
the percent flicker wiD be a 
function ot lamp type and 
phosphor CO'llposition. 

Audible No/se 

One characteristic ot ron-cored 
electromagnetic ballasls 
operating at 60 Hz. is the 
generation ot audible noise. 
Noise can be increased by higtl 

5 
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temperatures. ano it is amplified 
by certain lumináire designs. The 
bes: ballasts use high quality 
ma:erials ano workmanship to 
rec..;ce noise. Noise is rateo A. B. 
C. e· O in decreasing arder of 
pre'erence. An 'A' rateo ballast 
wil, "~m softly; 2 ·o· rateo ballast 
wil: make a IOUO buzz. The 
number of ballasts. their sound 
rating, ano the nature of ambient 
noise in the room determine 
wr-.e::-1er or not a system will 
crea:e an audible disturbance. 

Vir::;aily all energy-efficient 
mag~etic ballasts for F40T12 ano 
F32T8 lamps are 'A' rateo, with a 
few exceptions. such as IOw 
temperature ballasts. Still, the 
hum of magnetic ballasts may be 
perceptible in a particularly quiet 
environment such as a library. 
Weli-designed electronic high­
trequency ballasts. on the other 
hand, ShOUid emit no perceptible 
hum. All electronic ballasts are 
'A' rateo tor sound. 

Dtmmlng 

Unlike incandescent lamps, 
fluorescent lamps cannot be 
properly dimmeo with a simple 
wal!box deviee such as !hose 
u sed for incandescent lam ps. For 
a fluorescent lamp to be dirnmed 
over a fuH range without a 
reouctiOn in lamp life. its electrode 
hea:er voltages must be 
main"~ined while the lamp are 
current is reduced. As sueh, 
lamps operated in rapid start 
mooe are !he only fluorescent 
lam ps suitable for wide-range 
dimming applicatiens. The power 
required to keep electrode 
vo~age constan! over an dimming 
conditions means that dimming 
ballasts will be less effiCient when 
operating lamps at dimmed 
leveiS. 

Dimming ballasts are available in 
both magnetie and electronie 

6 

versiOns. b;;t mere are distinct . 
aovantages ro using electronic 
di.":1r~1ing oaiiasrs. To dim lamps, 
magnetic e :-nm:ng ballasts 
require conrrol gear containing 
ex::>ensive nigh power switching 
oev;ces tha! conditiOn lile input 
pewer delivered ro the ballasts .. 
This is economically viable only 
when controlling large numbers of 
bal!asts on e1e sarne branch 
circwit. In addition. luminaires 
mJS: oe con:rolied in large zones 
ma: are oetermi1ed by !he layout 
of tt-.e electrical oistribution 
system. Since me distribution · 
system is f!Xed early·in the design 
process. control systems using 
magnetic o:mming ballasts are 
inflexible ano are unable to 
accommooate cilanges in usage 
panems. 

Oimming of electronically­
ballasted lamps, on !he other 

· hand. is accomplished within lile 
ballast itse~. Electronic ballasts 
aner me output power to the 
larr:ps by a low-voltage signal into 
me output circuit High power 
switcning oevices to condition the 
input oower is not required. This 
allows contrOl of one or more 
ballasts independent of me 
electrical distribution system. 
Wrth dimming electronic ballast 
systems, a 10w VOitage control 
network can be used to group 
ballasts together into arbitrarily­
siZed control zones. This control 
network may be added during a 
building rerovation or even, in 
some circumstances, during a 
lighting retrofrt. Low voltage 
wiring does not nave to be run in 
conduit. whid1 helps keep 
installation costs dOwn. In 
addition, it is less costly to modify 
the size ano extent ollighting 
zones by reconfiguring low 
vonage wiring when usage 

· panems change. Low VOI!age 
wiring is a1so compatible with 
pho!ocells, occupant sensors. 

52... 
ano energy management system 
(EMS) inputs. 

Oimming range differs greatly 
ar~ong ballasts. With most 
elec:ronic dimming ballasts. roght 
leve!s can vary between full 
ou:out ano a mínimum of about 
1 0% of full output. However. 
electronic. full-range dimming 
ballasts are also available thar 
ooerate lamps down to 1% al full 
1umer1 output. Magnetic dirnming 
ballasts a1so offer many dirnming 
ootions. including full-range 
Oimming. 

Harmontcs 

When a current or vo~age wave 
shape deviates frorn the ideal 
(sinusoidal), current or VOI!age 
harmonics are produced. 
Harmonics are sinusoidal YOitages 
or currems that are higher 
muniples of me fundamental 
frequency. For example !he 
harmonics o1 &>Hz are &>Hz. 
120 Hz. 180 Hz. etc., representing 
me first (fundamental), second, 
third. etc. mu~iples. Fluorescent 
ballasts affect the curren!. as 
opposeo to the input voltage; in 
the process. current harmonics 
are generated. The amplitude ol 
mese harmonics are expressed 
as a percentage ol fundamental. 

Recently electrical utilities have 
been concemeo with !he grOWing 
use ot electrical equipment that 
generates harmonics. Such 
equipment may include variable 
speea orives. uninterrup!able 
power su pplies, personal 
computers. ana electronic 
ballasts. Arry circult !ha! is 
nonlinear (e.g. a gas discharge 
lamp ). uses rectifying circuits, or 
uses high speeo switching 
systems will generate harmonics. 
11 any one or combination á !he 
above systems makes up a 
signifiCan! portian ol a building's 
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e:ectricalload. the following 
~:-:aesirable eHects may result: 

• 
• 

• 

• 

• 

Overtoading of transformers 

AdOing of current to the 
neutral in three phase 
electrical distribution systems 

Current/voltage surges and/or 
spikes due to circuit 
resonances with one or more 
ot the harmonic frequencies 

lnterterence with electrical 
equipment or communications 
on the same circuit 

Distortion of !he electrical 
service entrance 110~age with 
accompanying adverse 
effects ón the performance of 
other electrical equipment in 
the building 

Hannonlc 0/ston/on ancl 
Electronlc Ballasts · 

When electronic high-frequency 
ballasts were first introduced in 
tt:e early 19805. sorne models 
generated relatively high liné 
harmonics. Nevertheless. at that 
nme. harmonic currents produced 
by lighting equipment and other 
e:ectronic systems were not. as 
ye!. autility issue. However, by 
tre mld-1980s, utilities and power 
e~,gneers were becoming 
irc~easingly more concerned 
aoout power equipment that 
generated line harmonics. 

The harmonics issue first surfaced 
as a concern to tt:e protessional 
iig~ting cornmunity when a major 
1.o1:::ty announced thal electronic 
baJiasts were required to nave 
total harmonic distortiOn (THO) á 
less than 20% of !he fundamental 
in arder to qualify for !heir rebate 
program. Electronic ballast 
manufacturers responded to !he 
utirlt'(s requirement by employing 
PassiVe filtering that met !he 20% 
lim~ at a slightly higher cost to the 
end user. 

\, ENERGY-EFFICIENT FLUORESCENT BAUASTS 

. To helo understand the iss~.oe. :1 is 
of interest to examine and 
compare the harmonics 
gene rateo by magnetic bal:as:s. 
The harmonics for sorne mag~e¡¡c 
ballasts exceed the 20% limit. ano 
nave been measured at leve:s 
over 37%. This suggests ma: 
tnere are presently many 
magnetic ballasts in use that 
exceed the 20% THD limit. These 
ballasts have not been known :o 
cause any problems with the 
electrical distribution where tney 
are 1nstalled. furtner sugges:i~g 
that the choice of a 20% limit on 
THD may be arbitrarily 
conservative. In any case. rr~ 
electronic baltas! manufacturers 
now make electronic ballasts that 
are well under the 20% limit. 

ANSI Hannonlc Standards for 
Electronlc Saltasts 

The Fluorescent Lamp and Ballast 
Cornmittees ot ANSI are 
proposing updated harmonics 
standards tor electronic ballasts. 
These will be consensus 
standards tnat consider the 
harmonic levels found for all 
ballasts in the field. These fiQures 
are summarized in Figure 5, The 
proposed standards are intended 
to provide guidance tor ballast 
developers and manufacnurers. 
and they are based on the 
absence ot reported problems 

Figure 5 
ANSI F'ropot;M1 Hatmanic SraJxaár ir 

El«:tronit; Ba.las!s 

,_.., 
SeccndHatnvlrOc 
(rnuinum) 

Thid Harmonic 
(mazimum) 

-Harmcnics 
:)EIIrwa4h 

SUmoiOdd~' 
Dilaillcai F.....r 32!1. 

(t) ~ 11101 ol sum o1 ~ "'• 
9ÍI. 1511, 21st, 8IC. hatrnmi:a. 
~2) Squonl Roo! ol sum .,_. «al 
8iiw=&IG (not induding lhe IUiidaiiWdlll. 

associated with existing · 
magnetically-ballasled proc;;cts. 
The proposed ANSI stanaar:Js are 
sligntly more restrictive !han 
existing European harrnalic 
standards (lEC 555). 

Thlrd HatmOnlcs al CUrrent 
Electron/c saa ·s 

Figure 6 lists test resul!s fcr the 
third harmonics (potentially 
disruptive 1 SO Hz currents that 
add upon !he tn-ee phase neutral) 
of several etectronic ballas:s rcw 
on the market There are 
electronic ballasts thal: have third 
harmonic levels betow 20% and 
10%. Harmonic le1lets ot 20% are 
achieved by passive filterir.g 
devices. such as chckes, resistors 
and capacitors. Active filters. 
such as integrated circu~ and 
other semi-conductive élevices 
can reduce harmonics'down to 
well under 10%. ~ 

While both eleclronic and , . 
magnetic fluorescent tamp ballast 
generare haiiTO lics one should 
understand that il is a systems 
problem. The poiBnlial lar 
adverse eHects in a gNi!n building 
pnmar1ly dependS upon tne Size 
of the toad imposed by 
harmonics-genelaling deYices as 
a propor1i0n ot !he ID!aJ building 
load. The current harmonics 
(triplens) for fluorescent ballasts in 

Ffgunt& 
Msasunld 111rdloliJ¡¡w=JiCI .,., 1.1 

S wi:a.r.a 

.._Type ...... - 32W 75W 
F4II1'IZ F3ZTa FIST12 

A .. 3'1. tS'JI. 

B 2ft. za -e ,,., 27'Jio 30'!1. 

D 5!1. - 22'lo 
0.. cc'a ?ta...,u Pwd 
m •••• ma:llt • lw L.igtl*lg Pn; cid e _, • ......._ 
Sart-.,·~ 
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three phase distribution systems 
(e.g., branch circuits) are 120° out 
of phase and will add on the 
neutral wire. 

Other Hannonlcs Researr:h 

Al the present t'me. data are 
being collected by the Electric 
Power Research lnstttute (EPRI) to 
measure the vo~age distortion at 
the service entrance ot buildings 

. that are lighted with electronically­
ballasted fluorescent lamps. 
While tne proposed ANSI 

· standards appear to be adequate 
at the present time. the data 
currently being oollected should 
determ·,ne whether or not future 
lighting equipment shOuld require 
more stringent harmonic limits. 
The new limits would take into 
consideration !he relative 
contribution of lighting to the total 
electrical load in relation to the 
expanded use ot other equipment 
(personal oomputers. variable 
speed drives. microwave 
equipment. etc.) that also 
generates fine narmonics. 

K-Factor and HannoniC 
Dlstonlon 

K-Factor is a metric used for 
electrical transformer design that 
accounts for non-sinusoidal 
currents (i.e. currents that cause 

· harmonics). These line currents 
generate nigner eddy currents 
!han a pure 60 Hz sinusoidal 
fundameittaf. Eddy currents 
cause transformers to operate at 
higher temperatures, increasing 
losses. To reduce the effect of 
eddy currents. transformer 
manufacturers use secondary 
windings consisting ot well­
insulated. mu~ipfe wire strands. 
This increases !he resiStance ot 
!hose windings. helping to runit 
!he fiow ot eddy currents. 

Until recently, engineers rarely 
specifled K-factors for 
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transformers. However. it is 
recommended tnat electrical 
engineers aesigning lighting 
distribution systems calculate the. 
K-Factor from tne known harmonic 
distortion generated by the lamp­
ballast system under 
cons·,deration. This figure should 
be available from the ballast 
manufacturer. ANSI/IEEE 57.110-
1986 is the recommended 
practice for establishing 
transformer capability for non­
sinusoidal fine currents. and it 
contains the equations lar 
calculating K-Factor. 
Transformers witn K-Factors of 1, 
4. 9, 13, and 20 are standard 
products. Transformers wtth K­
Factors al 4 or less are usualty 
sufficient lar lighting systems. 

HannoniC Dlstonlon and Power 
Factor 

As was noted in Rgure 2. utmties 
are ooncemed with 1ow power · 
factors because end users draw 
higher currents for the power that 
tney are using. ldeally. lignting 
equipment should nave a power 
factor greater !han 0.9 and as 
clase to 1.0 as possible. Power 
factors of less than 1.0 occur 
when the vonage and current are 
out ot phase and/or when !he 
sinusoidal wave shape is 
distorted. Harmonie currents 
generated by electronic ballasts 
reduce power factor due to a 
distorted current wave shape. 
(Harmonic currents produced by 
other types of electronic 
equipment can also 10wer !he 
power factor by proclucing a 
phase snift between !he IIOitage 
and current.) 

Electronic ballast manutacturers 
now make a habtt ot publishing 
the percentage of total harmonic: 
diston·,on (THD) produced by their 
products. This aiiOws a lighting 
prolessional to quantily how the 
installation ot electronic ballasts in 

s?"' 
a building will affect power factor. 
Electrical distribution wiring may 
be sized accordingly. The 
relationsnip between power factor 
and total harmonic distonion wrtn 
no voltage-current pnase snift 
may be determined as follows: 

Power Factor = ~ 
l~ 

As long as there is no voltage­
current phase shift contribution to 
tne power factor. THD may be as 
hign as 48% and maintain a 
power factor of over 0.90. 

Rellllblllty of Eklptt'Onlc Ba/lasts 

The reliabifrty ot electronic ballasts 
has been questioned since their 
intrOduction in 1981. Sorne , 
manufacturers · initial products 
failed prematurely. Those 
manufacturers who were unable 
to improve their producis are no 
longer producing electronic 
baltasts. Other manutacturers 
nave been in production over ten 
years with documented bailas! 
failure rates ot less than 1% after 
five years of operation. Al this 
time. it is apparent that long tem1 
usage has denionstrated !he 
reliability ot electronic bal/asts. 

A main reason tor !he questioning 
ot the reliability ot electronie 
baltasts has been the lack ot large 
scale. controlled. on-site data 
However, in 1988, the University 
of Califomia-Berkeley energy 
management group presented 
tneir findings on failures of 
electronic ballasts installed in a 
variety of campus buildings over a 
period ot lhree and one-hall 
years. Over 32.CXXl electronie 
ballasts were instatled, supplied 
by three different manufacturers. 
(Sgurce· R.S. AbesamiS, et.al., 
"Fitlld Experience with High­
Frequency Ballasts", Trans. IEEE­
lAS. 26. 115. 810. Sept./Oct. 1990.) 
T wo ot !he manútacturers' ballasts 
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nad lailure rates ot less :na<, 1% -
well within acceptable limits. The 
third manufacturer"s bal!asts had 
a 6% lailure rare. and tne 
company has since ceased 
manufacturing electronic oallasts. 
For comparison purposes. the 
general failure rate for 60Hz 
magnetic ballasts is about 0.5%. 

The results of the University of 
California case study clearly 
demonstrate that electronic 
ballast technology has advanced 
enough so that efficiem. reliable 
electronic ballasts can be 
successfully designad and 
manufacturad in large volume. 
Based on these findings, !he 
University's ballast retrofit 
program was expanded. and a 
total of over 75.000 electronic 
ballasts have been installed ai the·­
campus. leading to considerable :¡ 

energy savings. 

The above case study suggests 
that reliable electronic high­
frequency ballasts can be 
produced with the quality control 
necessary to reach orexceed the 
ten to twelve year lile span 
common with magnetic ballasts. 
Most ballast failures. wnen they 
do occur, will happen within the 
first six months of installation. 
Early ballast failures are usually 
due to either poor quality control 
in the manufacturing process or to 
incorrect installation procedures . 
Failures occurring alter a normal 
"wear -our period of ten to twelve 
years are usually due to the 
eventual degradation ot the 
electrolytic capacita. 

Electronic ballast problems can 
be kept to a minimum ~ speciflefS 
are diligent in their selection ot 
ballast manutacturers. They 
shOuld research the traek records 
of manufacturers and obtain 
verification ter the reliabirl!y cA any 
new or unfamiliar produas. 

ENERGY-EFFICIENT FLUORESCENT BALLASTS 

Current Products 
There are two methods of 
im proving the efficacy ol 
fluorescent lamp-ballast sys:e-s. 
One involves a simple · 
modification ro the magne: e 
energy-efficient ballast; tne e::-e· 
utilizas electronics to opera:: 
fluorescent lamps at a high 
frequency. _ 

Heater Cutout {Hybrld) Bal/asts 

Heater or electrode cutout 
energy-efficient magnetic baiia,-:s 
are equipped with an electron :e 
circuit that removes the voltage :::: 
!he electrode heaters in rapid s::a.-: 
fluorescent lamps once the •a:-: :s 
are ignited and operating. (T~~"<' 
are sometimes called 'hybr'd' 
ballasts. due to the electron'c 
cutout circuit. They shOuld na :€ 
confused with electronic ballas::s 
that operate lamps at high 
frequency.) Most heater cut01.: 
ballasts consume about 16 tewer 
watts of input power (two-iamp 
40-watt F40 system > !han . 
standard magnetic energy- . 
efficient ballasts, but fumen ~ 
is reduced by around 12%. 
However, one manufacturer rcw 
offers a product that produces :-e 
same lumen output as does a 
magnetic energy-efficient bal:as:. 
while operating at six fewer wa.-:s 
in a two-lamp F40 system. 

Heater cutout ballasts are ces: 
effective and energy efficiern a~c 
will operate most straighf tu be 
rapid start F40 lamps. In additO"' 
a full light output heater cutout 
ballast for F32T8 lamps is f"'N 
available. Heater cutout ballas::s 
should only be used with rapid 
start lamps, and they shOuld ra 
be uSed in dimming applicatiJr.s. 
Sorne lamp manutacturers dera:s 
lamp l~e by 25% for heater CutOwt 
operation. 

Flgure7 
Magntllic & - BdaslS 

Electronlc Ballasts 

Electronic high-frequency ballas7s 
increase lamp-ballast efficacy, 
leading to increased energy 
efficiency and lower operating 
costs. Electronic ballaSts opera: e 
lamps using electronic SWitching 
power supply circuits. ElectrCÍiic ·.' 

. ballasts take incominQ 60 Hz 
power (120 or 2n volts) and 
convert it to high-frequeñcy AC 
(usually 20 to 40kHz). Electronic 
ballasts are more effiCient tt1an 
magnetic ballasts in converting 
1nput power to the proper lamp 
power, and their operaring of 
fluoréscent iamps at higher 
frequencies reduces end 10sses 
resulting in an overalllamp-bal~ 
system efficacy increase ot 15% 
to20%. 

Electronic ballasts have a number 
of other advantages over 
magnetic ballasts. Electronic 
ballasts are readily availallle that 
operare three or tour lamps, 
allowing the use of a single ballast 
in three-ramp and tour-lamp 
luminaires. This reduces both 
installation and field wiring labor 
costs, and may negate the 
necessity of tandem luminaire 
wiring as required by the 1992 
Energy Efficiency Stane1an1s trY 
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R2 o'jential and Nonresidentiat 
8_:;o¡ngs (Title 24). Electronic 
ba;lasts are designed to ooerate 
iarr.¡:¡s in either series or ::>arallel 
mode. The advantage olthe 
:oarallel mode of operation is that 
a single lamp failure will not affect 
:ne operation of the remai~ing 
iamps controlled by the same 
bailas t. However, ballast losses 
will increase slightly in t11e parallel 
mode. Other advantages of the 
electronic ballast include reduced 
weight. quieter operation. and 
reduced lamp flicker. ,Eiectronic 

. oallasts are directly 
interchangeable with magnetic 
oallasts, and they are available to 
operate most full-siZe ancf 
compact fluorescent lamps. · 
Electronic ballasts currently 
available include the following 
principal types. In most cases 
more than one manutacturer 
offers a proouct. and all typeS 
listed here are available at this .. 
time. 

Rapld Stan Electronlc sanasts 
Rapid start electronic ballasts 
neat lamp electrodes continually 
during starting and operaron. 
Ballasts are available for one. two. 
:hree. and four-lamp operation. 
Sorne ballasts will operate either 
T-8. T-10. or T-121amps. 
However, the ballast factor will not 
be constan! lar all lamp typeS, 
and lamp operation may not be in 
accord ance with the lamp 
manufacturer's recommendalions. 

lnstant Stan ElscttDnlc: sa,_,. 
Instan! start electronic ballasis are 
available for the popular 7~watt 
F96T12 slimfine lamps commonly 
used in many commercial 
applications. Ballasts are 
available for either one or two 
lamps. Instan! start ballasts that 
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operate rap·,d start T -8 la~ os at 
fulllight output are alsc available. 
Although tnese lamps are rapid 
start. the lamp electroces are 
never heated. This increases 
system efficacy. Lamp lile is 
reduced by approximately 25% 
(for 20.000 hour lamps ar rnree 
hours per start). but this is 
compensated for by increased 
energy efficiency. In most 
commercial applications. where 
lamps are operated at ten nours 
per start or longer. lamp !;fe is 
only sfightly reduced in 
comparison to rapid start 
operation. 

Using occupant senscrs with 
instant start lamp-ballast systems 
may cause an acceleratea loss of 
Jamp lile for rapid cycle times. 
Rapid start Jam p operation is 
usually a better choice in sueh 
applications. 

Two-Level Electronlc BaJiasiB 

Two-level electronic ballasts 
increase the flexibility al standard 
electronic ballasts by aiiOwing the 
light level to be switched between 
50% and 100% of full Jight output. 
These ballasts may be used to 
meet the bi-level swijching 
requirements in Trtle 24. Standard 
switches. occupant sensors. 
pho!OCells. or other building 
energy management oontrol 
devices may be used to switch 
the bailaS!. A two-Jevel bailaS! is 
supplied with an addijionaJ input 
lead to allow !he switehing 
between 50% and 100% 
operation. 

Adjustable OUtput (Dimmlng) 
Electronlc Ballllst8 

Dimming electronic ballasts 
permn !he light output ot the lamp 
to be oontinuously contrOIIed over 

3.t:: 
a range of approximately 10% to 
100% of full light output A Jow 
voltage signal (usually between O 
and 10 vOits) to the baflast output 
circuit modifies the current to !he 
lamp. Dimming electronic 
ballasts are equipped with 
feedback circuits that maintain 
electrode vonage when the Jamp 
curren! is reduced. This allows 
the lamp to be dimmed over a 
wide range without reducing lamp 
lile. This dimming technique 
contrasts with that of magnetic 
ballasts in which input power to 
the ballast is mooified to anei the 
lamp current, which aJso reduces 
electrode vonage. This lirnits the 
practical dimming range of Jamp 
to about 50% of full light output. 

Full Range Dlmmlng Ballasts 

A full dimming range ot from 1% 
to 100% ot fulllight outPU! may be 
achieved through the use of 
premium-priced electronic 
ballasts designed for thiS 
purpose. At present. these 
ballasts are part of proprietary 
control systems. 

Performance of Advancet/ 
ProduetS 

Typical performance 
characteristics of severa! energy­
efficient lamp-ballast systemS are 
illustrated in F¡gure 8. 01 
particular interest is the variaOOn 
in !he performance ot ballasts 
operating !he same types of 
lamps. ThiS dernonstrates !he 
wide range ot ballast c:hoices 
available to r¡ghting practitieners. 
aiiOwinQ them to attain their 
lighting objectives more 
effiCiently. 

1 ' 
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Application Guidelines FigureS 
Typica/ Perlonnancs ValuBs lor Lamp--BaJiast Systems (Two-Lamp Systems) 

Advanced tecnnology tlallasrs 

Ballut Types L.amp Input lnitiaf L.amp Bollast = improve :ne efficacy of fluorescent 
Watts (ea.) Watts Lumons Foctor lamp systems ana are appropnate 

Pre-1!190 ANSI/CBM Mognetlc for tlotl'l new construetion and 

2·F40T12/RE70 40 96 3200 0.!10 62 retrofit aoclications. 

2-F40Tt 2JESIRE70 34 82 2600 0.87 59 Electi'Dflic Ballasts 
Stonclard Energy-Etllciant Magnetlc 

2-F40T121RE70 40 88 3200 0.!10 68 
Electronic ballasts for fluorescent 

2-F40T121ESIRE70 34 n 2800 0.87 68 
lames can save energy and 
dollars in nearty every application. 

2-F40T1 ~EBO 42 92 3700 0.95 76 There is a cost premium for 
2-F32TBIRE70 32 ro· 2900 0.!10 78 electronic ballasts, which may tle 
2-FT40WJ2G11 (RESO) 40 86 3150 0.93 68 reduced by utinty rebate 
2-F96T12 SllmlinaiRE70 75 158 6425 0.94 78 programs. but prices are 

2-F96T12HOIRE70 110 237 9200 0.94 73 
becoming more competitive as 

llagnetlc Hea1er CU1oirt 
the market expands_ Users like 
the University ot CaiUornia have 

2-F40T12/RE70 40 69 3200 0.83 77 demonstrated that electronic 
2-F40T12JESIRE70 34 58 2800 0.81 78 ballasts are an excellent 
2-F40T1~ 42 74 3700 o.ss SS institutional investment.- Electronic 
2-F32TBIRE70 32 . 61 2900 0.86 82 ballasts may be subst~ted for 

- magnetic baJiasts wilhout any Fua Ught OUtput llagnellc Heatw cutout <N- Productl 
2-F4012/RE70 40 so 3200 0.95 76 

need for concem atlout rghting 
system performance. In fact,. 

2-F40T121ESIRE70 34 66 2800 0.88 75 etectronic ballasts can enhance 
Electronlc Allpid Sllrl . lighting quality tl'lrougtl tl1e added 
2-F40T121RE70 40 n 3200 0.88 78 benefit ot a quiet, Hicker-lree 
2-F40T121ESIRE70 34 62 2800 0.88 79 ligl'lting enWonment This makes 

2-F40T1~ 42 74 3700 o.ss SS 
electronic ballasts an ideal choice 

2-F32TBIRE'io 
for moaem Offices and in other 

32 62 2900 0.88 82 applications with importan! visual 
2-FT40WJ2G11 (RESO) 40 71 3150 0.83 74 tasks. 
2-P.I& H01RE70 110 190 9200 0.81 .78 

Electronlc 75% Red.- Ou1put Raplcl Start 
Use the following criteria when 
making baJiast setections: 

2-F40T12/RE70 40 61 3200 0.73 77 

2-F40T121ESIRESO • Always consider electronic 
34 52 2800 0.73 79 

2-F40T1~ 42 83 3700 0.73 86 
ballasts for general purpose 
applicalions in ~ 

2-F32TBIRE70 32 51 2900 0.71 81 constructiOn. The higl'ler cost 
2-FT40WJ2G11 (REBO) 40 so 3150 0.70 74 ot electronic baJiasts makes 
Electronlc lnatant Start economic sense in terms of 
2-F32TBIRE70 32 83 2900 o:95 · 87 energy savings and improved 

2-P.I6T12 SlimlinWRE70 75 130 6425 0.84 83 
lighting performance.. 

Eloctronlc ,..e !Ave~ Rap1c1 Start (50'JI.- 100'JI. ol Fui Llgllt Output) • Always consider etectronic 

2-F40T12/RE70 40 37/811 3200 OA®.88 &110 ballasts fcr routine 

2-F40T1~ 42 40172 3700 0.400.88 '74188 
maintenanee reptacements 
and rerovatXlns. (lt may not 

2-F32TBIRE70 32 38/65 2900 ·0.5G0.84 78/84 be cost-effective ID retrofit 
targe goups ot exisling 
energy-ef!icient magnetic 
ballasts in wcrking oráer that 

11 
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Figure 8 (eontlnuec:l) 
Typíca' Performance Valuss lar Lamp-Ba6ast SyslllmS {Twe>-Lamp Systsms) 

¡Ballut T- L.amp 
Wana(ea.) 

' Elec:llonic Adiustable Output (ID 15%) 

Input lnitial L.amp Ballaat 
Watts Lumans Factor 

1 2-F40Tt2/RE70 40 
i 

73 3200 0.89 78 

80 

88 

83 

2-F40T1 21ESIRE70 34 

2-F40T10/RBKI 42 

2-F32TBIRE70 32 

Bcdi,DIIi&: Dlaaing (ID 1%) 

2-F40T121RE711 40 

2-F40T101RE80 

2-F321&'RE70 

2-FT 40WI2G11 (REBO) 

'42 

32 

40 

60 2800 0.86 

73 

73 

83 

85 

75 

80 

3700 

2900 

3200 

3700 

2900 

3150 

0.87 

1.04 

0.93 

0.93 

1.00 

1.00 

72 

. 81 

77 

79 

-~= . Atl vatuos as rnrasurad ~ ANSI test concitions (25 •e (77 •F] open air). 
75% racK:ad CIUiput "'""" ID percanlage ot rallld tamp tumen OU1¡lUt that this lamp is 
Ol!ibenally t ·u oad ID """'*'ce (a.tso 111farrecl ID in •xt as a "bw ballast laciDr" battast) 
AlllampsmoeplF40T105 anct FT40 lWin tubas B111 RE-70 pl1asphor ooalings; T-105 and 
FT40S ¡n RE-111 phasphor ooalings. 
All val'* fllr ...,.. was anct ballast fac:lors anlor spec:i1ic balasl5 availal>le on the rnatl<8t. 
O!her ballasls may dillar substanlially 11om these Ylllues. 

v.ould no! otherwise be 
replaced.) 

• Consider operating F32T8 
lamps at full outPut with 
instant start ballasts to obtain 
maximum energy efficiency 
for decticated (non-dimming) 
applications. · 

• Exercise caution to avoid 
using instan! start lamp. 
bailas! systems wiltl occupant 
sensors or other applications 
with rapid switching cyctes. 

• Consider stepped mu~i-tevel 
eleetronic ballasts as an 
exceDen! ~ernative 10 
switdling adjacent lamps in 
tumilaires (tandem wiring) 10 

· meet Trtle 24 requirements. 
An adártional benefrt will be a 
quiel, fliCker-free, space. 

• Consider !he use of low 
ballast factor (<75%) rapid 
start electronic ballasts in 
aisles or other circulation 
areas where partiallight 
outpu[ will suffice. lnstallation 
ot 1ow ballast factor ballasts is 
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also a cost-effective solution 
for retrofitting spaces that are 
over-illuminated. Low ballast 
factor electronic ballasts 
should be operated in rapid 
start mode only to maintain . 
lamp lite at reduced lamp 
currents. 

• Consider full range ( 1% to 
100%) dimming electronic 
ballasts for tunctional 
dimming requirements in 
applications such as board 
rooms. conference rooms. 
and residences. 

Continuously adjustable dimming 
etectronic ballasts are especially 
appropriate tor all ol the fOllowing 
lighting contrOl strategies (see !he 
appropriate guidelines for 
application details): 

• Tuning: ltle adjustment of 
illuminance tevels according 
to user needs 

• Daytighting. tne contrOl o1 
electric lighting tevels in 
spaces where natural light is 
present 

• Lumen maintenance: the 
reduction of lighting power 
lost in conventional systems 
that are designed to produce 
excess light when new to 
compensate for future light 
depreciation 

• Peak demand limiting (load 
shedding): the reduction of 
lighting power during ltle time 
of day when utility charges 
are a: their highest levels 

• Adaptation compensatiorr. 
adjusting interior lighting 
levets to more closely 
corresoond with exterior 
Hlumination 

In most instances. electronic 
ballasts are manutactured in 
standard ballast hOusings. This 
altows for quick and easy 
replacement in existing luminaires 
and perrnits their use in already 
toOled new luminaires. To 
faéilitate replacement. !he wires 
on typical non-dimming electronic 
ballasts use the same colOr 
coding as magnetic ballasts. 
lnstallation of electronic ballastS.ill 
actually easier than installing -­
magnetic ballasts, because they 
weigh less. Most adjustable 
ou¡put and dimming ballasts nave 
separate, tow-vo~age leads that 
permit a 1ow vo~ge, Class 1 
signa! to control lamp ou¡put 
These baltasts are otten designed 
to use sorne form of optical 
isolator mounted in the luminaire 
so that Ctass 11 low voltage wiring 
can be used wiltlin ltle building. 
Oltler dimming ballasts require no 
adcftlional contrOl wiring. 

·-
Uke wtually a11 ngnting products. 

·-'· mert are sorne applications in 
which high-frequency electronic 
ballasts may be incompatible with 
existing technologies. One of 
t11ese instances that has been 
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cemified occurs in libraries 
;e;.;: apea with magnetic detectors 
~sea te prevent theft. However, 
as ong as electronic ballasts are 
a: .east 10 te 15 feet away from 
~e detector units. problems with 
::-.e oetector~ are unlikely te 
XC:.Jf. 

A second potential system 
ccmpatibility problem with 
e ectronic ballasts m ay occur in 
ccnjunction with high frequency 
power line carrier (PLC) control 
sys¡ems. The carrier frequency 
'cr PLCs usually ranges trom 50-
KHz te 200kHz. These 
~equencies may be affected by 
I:Y'e of the harmonic currents 
generated by electronic ballasts. 
T~e extent el this potential 
orcolem has not as yet been fully 
'esearched. However, in simple 
P'~C systems for residential 
aoolications when lighting and 
o;.~er appliances share the sarne 
d:s:ribution network, electronic 
balasts may not be compatible. 
Tris m ay be resolved by the 
se!ection ot a more appropriate 
frec¡uency for the PLC sys¡em. In 
ronmercial sys¡ems where the 
PLC is isolated from the lighting 
c.,cuits, problems may be 
r. ~:mal. lf. however. the PLC is 
c.sea te control the lighting 
s~em. tl1e probability el 
prcolems occurring will increase. 

lt ·s :mpor1an1 te realize that the 
pcssible cornpatibility problems 
OCSed by the use el electronic 
ba :asts arise only en rare 
occasions. The above 
incompatibilities can be resolved 
~ avoided. and they should not 
be .med te disquality the use ot 
e•ectronic baJiasts in other 
acoiications. 

Heater CutDut Ballssts 

Heater cutout baltaSts are less 
exDensive !han electronic ballasts 
and are a viable energy-effiCient 

ENERGY-EFFICIENT FLUQRESCENT BALLASTS 

oot:cr. :e ::::;:-s'der\vhen·a project 
budge: ::::es '10! permit electronic 
oa!!as:s. ;-:ea¡er cutout ballasts 
ca:-1 oe ~~ :~ any non-dimming 
s·,:wa:·'O:- - .c:ving straight 40-watt 
F40T12 a-e f'40T10 lamps, ano a 
c.ea:er c..:::....: callas! for F32T8 
;amos :s -cw available. Typical 
aoo::ca::c.-s ·~elude offices. 
schools. re:ai ano wholesale 
s:ores. r.ea.~ care facilities, and 
ger.e,a: ''c-..strial and commercial 
lighting. ee-:ause el their lower 
ir.itial ces: -:-:ey are especiatly 
aooropr'a:e ~or use as 
replacerr:e":: oatlasts in ret~ofit 
aoplica:'cr:s. Sorne heater cutout 
ba!lasts rray !'1ave a problem 
s:artir.g very high voltage F40T10 
!amps wr:~ '::le line voltage is 
below ~e :-a:ed center vottage 
(120/'Ef7\/',. In addition, sorne 
lamp mar-'acturers derate lamp 
life when a;.: ps are operated by 
healer c... :o.: oailasts. 

Guideline 
Specifications 
The followirg ballast 
soecificatc.:-s may be used as a 
guideline :c:r :Uil-size fluorescent 
lamp bai:a.s3- In general, tor 
important aoofieaJions. detailed 
specificaticr:s should be included 
tor baJias:s_ The specification 
may inc!wce acceptable 
manuta~.;e-s and model 
numbers. es::ecially when using 
electron ic :::a. :asts. 

1. UL LJs:li!d Ctass P. 

2- Sound Rated A. 

3. Total ~~nic diStortion S 
32% (<20% tor rebates) with 
input c:.r.ent third harrnonic 
not to exceed ANSI 
recorrvr.endation. 

4. Ballast shall confonm to ANSI 
specifC:a:iu • C. 82, 11-19XX 

5. Power factor~ 0.90. 

6. Enclosure size and wiring in 
same co•or as magnetic 
ballast (ter retrofit 
applicatiOns). 

7. Ballast factor el __ (see 
chart or manufacturer·s 
literatwre, oras required). 

8. Light regulation :10% with 
± 10% input voltage variation. 

9. Lamo current crest factor ~ 
1.7. 

10. Flicker 10% or less with any 
lamp suttable for the ballast. 

11. Lames Shall be operated in 
(instan! start) (rapid start) 
(rapid start, stepped output) 
(rapid start, continuously 
adjustable output) mode. 

12. Shall be designad to 
withst~<l line transients. per 
1 EEE 587. category A. 

13. Shall meet FCC Rules and': 
Aegulalions, Part18C. 

14. Circuit diagrams and lamp­
ballast connections shall be 
displayed en all ballast 
packages. 

15. Three year warranty including 
$10 labor allowance. 

Heater Cutout Ballasts 

1 . UL listed class P. 

2. Sound ra!ed A. 

3. Energy-efficient ballast with 
heaJer cutout circuit shall not 
require restrike period. 

4. Standard ballast enclosure 
size and wiring. 

5. Light regulatlon ± 10% with 
± 10% input vottage variation. 

7. Power factor ~ 0.90. 

8. · Lamp CI6Tent crest fact~ 
S1.7. 

13 
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9. Shall be designed to 
withstand line transients, per 
IEEE 587. category A 

Specia/ Note 

Specifiers should investigate the 
marketplace and compare the 
proouct otterings with !he 
information contained in this 
guideline. New prOduct 
developments may make some 
portions o! this reoort incomplete 
or oosolete. 

14 
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Manufacturer!Product References 

Electronic Ballasts Dlmmlng Electronlc 
Ballasts 

Heater CUtout 
Ballasts 

Advance Transtormer Advance Transtormer Advance Transformer 
Co. Co. Co. 

MagneTek Triad Electronic Ballast MagneTek Universal 
Technology, lnc. 

ELBA (Light Energy ETT A Industries, lnc. Valmont Electric 
Corp.) 

Electronic Ballast Lutron Electronics 
Technology 

ETT A Industries, lnc. 

Motorola Ughting, lnc. 

OSRAM Corporation. 

Smallwood P CISci. 
Toshiba Electronics 

Valmont Electric 
(lnclusian in ltlis lisl dDas not imply applicabiity or-by 1118 caJfa<nia Energy 
Commissian, 1118 U.S. Depa11mant ol Energy, or !he Elaclric Pawlr -.:ti lnatltulo. 
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Ad<lltional com¡a>ias may a1so rnanu1acaae !hase procU:tL) , , 
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INFORMACION FOTOMETRICA 

- Curva Fotométrica. 

Esta contiene toda la información necesaria, en la cual se de­

termina la operación del luminario, así como los coeficientes 

de utilización. 

- Distribución de Candelas. 

El nivel de iluminación es obtenida a través de un fotómetro -

que mide candelas, de O" - 180" a una distancia de prueba 

objeto de metros. El luminario 

ner la lectura de la 

luminario. 

se mueve sobre ejes 

candela promedio en 
con el 

todos los planos 

de 7 

obte 

del 

Las lecturas en candelas de luminario son trazadas sobre una -

gráfica polar, refiriéndolas al nadir o línea recta hacia aba­

jo. Partiendo de·esta información, los lumens de salida del 

luminario son calculados, así como el coeficiente de utiliza-­

ción t CU ), el criterio de espaciamiento( S/MH ), y el prome­

dio de brillantez del luminario .. 

- Información de Distribución. 

La información de la distribución es también proporcionada en 

forma tabular en la hoja de información fotométrica. El propo! 
cionar la distribución de la cindela promedio permite calcular 

el flujo luminoso en cualquier ángulo del nadir (O") a 180", -

es proporcionada generalmente en zonas de 10", si bien es me-­

jor utilizar pequeñas zonas donde las candelas cambien rápida 
mente. La suma de todos los lumens en la zona de o• a 180" es 

el flujo luminoso total de salida del luminario. 
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Cuando la distribución d~ cand~la n a.si· 
ml-trica. ~ pueden tn.ur curvas pan. dos o mh pla· 
nos verticales. Si la distribución n rlfptica, lu curvas 
tienen un1 separación de 90 gndos, como se muntra 
en el dibujo. 

Los datos de distribución di\'iden la distribución vt'r· 
tical de una luminaria tn zonas de 5 grados. Este dibujo 
muestra la manen como se ven estas zonas cuando se proyt'C· 
tan sobre el plano de trabajo. 



INTERPRETACION DE UNA CURVA EN CANDELAS 

DEFINICION.- Una curva polar representa la variación de la inten 

sidad luminosa de un luminaria o lámpara en un plano a través 

del centro de luz. La unidad de medición es la candela~ 

USOS.- Puede utilizarse en el método de punto por punto, parad~ 

terminar la iluminación en un punto específico abajo del lumina­

ria. 

Footcandles = 
Candela (cd) 

DistanciaZ(nZ) 

También puede ser utilizada para determinar la eficiencia. 

Total. lumens 
= Eficiencia \ 

Lumens de lámpara 

Ejemplo: De la curva del luminaria de 400W, VSAP. 
- Par~ calcular la eficiencia del luminaria 

Total Lumens 38,438 = 76,876 = 76.9\ = 
Lumens de lámpara 50,000 

Lecturas en la curva: 

o• ( directamente en el nadir ) leemos aprox. 15,600 

45° aproximadamente 1:,000 

- Cálculo en Footcandles: 

20' directamente abajo del luminaria ( nadir) 

15,600 
= 39 Fe = 39 x 10.76 = 419.25 luxes 



-.V V W W . V a¡.JUI ut: \:>OOIO Alta Presión Datos Fo 
J • Unidad Sencilla 

Tipo dt l ''"PirO: IIIP<I' Clt SOCI•o 1 ''' ''"'O" 
lwmtfll dt 11 l'mplrl ". S0000111""0 
Prottedo dt ecnrdo con lo• procedlmltflfOt dt 11 1.1.1. 

Haz Cerrado Tabulación Zonal 

o letutro No 0500UI "Ji. Tollt dt 
ltt!IK1or ~o 0500010·1 C•ed" lwmtt'll Lumtnl dt 
J.ngulo Poltrclt Lurntnl ~ Zontt dtl~ 11 Ltimplrl . 
lcmt '" ().JO 1'1131 42.3. 
t.hdkt C•ndelal lont lurnent ~ 388311 n.1 
o 4000> 1).10 3025 .. .., 30331 78.7 
5 37102 10.20 75&1 11"180 ... 1.1 
15 ,., .. ;>O. JO 10022 0.180 «>256 10.5 

··- .,. l1&<4 ».o am 
Promedio de Brillantez 35 13718 ... ,. 5074 ··- " 7202 ~ 3020 en Foot-Lamberts 

1 50 3025 11).70 3110 •. ~ .. 332 ~ lll .:'.'! ... ,,,, . 
15 .. ... .., ,, 

Vtr kol Umberlt ·- .. l1 00.100 13 ... 1171 
1 10 " 100.110 13 70' 853 "- .. " 110.120 " J 

105 12 120--130 23 
75' '"' .. _ 

115 " 1JO.UO 5I 10' 313 

125 25 140-150 ""' 
as• 320 ,_ 

130 75 1 SO.UIO :m P•r• un•CIIdU c:trrid-1' u$11 •' mull•o••c:ldQf .. 
145 ""' 100.170 11 

E"~IC•I..,~nlo mi••mo tnrre 1um•...,,IOS 

"""' 150 502 170.180 3 
•eiiCOOI'I 1 o 1 111u11 o. IPIOnta¡e 

•o.ooo 110 31 Tola/ «>255 
175 31 

Haz Medio Tabulación Zonal 
8at .. tro No. 0500015 "Ji.Toftlde 
Retrtclor No. OSOOOIO·U Grtdot! lu~t Lumens de 
J.nguro Potencia LumtM de Zonas dtlOM teltimp.~ro 

lo"' •• ().JO 127Sil 25.1 

<t 
Mtdlo Ca,dtiiS Zont lumtnt ~ 36111 73.2 
o 20030 1).10 1715 .. .., 38501 77.1 
5 18815 1().3) 4361 00.110 507 1.0 
15 15375 2().JO 06.12 1).110 30015 71.t 

•. ooo 25 14325 31).40 - Promedio de Brillantez 35 1345 41).50 11 .. 

1 
t.OOO " 1t8U ~ 02011 en Foot-Lamberts 50 0110 eo.>o 1 ... ..... 05 UIO 7o.eD 371 

75 351 11).10 70 
Angulo Foot· ..... Vertlcol ltmberlt .. .. 91).100 10 ... 0132 1 ..... "' 15 reo-no 10 70' 3103 

J 
.. 15 110.120 15 75' ,,,. ·- 105 15 12G-t:JJ 15 .,. 1705 115 15 IJ0.140 "" ao• 1J07 .... 125 10 140-150 23!1 P1r.1 ut'lod.f(leS ~lfi.IGIS USII fl m un iphC.IOof •• 135 a 1S0.1S) 170 Esp,IIC•I..,•t!I'IIO maromo tr~lre lumu'llrtCM .... 145 311 1tiC).110 1 
150 311 170.·110 z reiiCOOI'I 1 1 1111.11.1 efe mol'lllll ..... 110 a ro"' 30015 
175 a 

Haz Abierto Tabulación Zonal 
B•laslro No 0500015 "\ Toltl d• 
lttfltclor No.OSOOOIO·I Gracfot lumtnt lument de 
Angulo Pottnell lurnen• de Zonu de lona lal,mptrl 
z .... .. ().JO 11113 22< 
Mtcflo Cal'ldtll zo .. lumtnl 0-«1 l5834 71.7 
o 15611 1).10 1391 0.90 38074 l'U 
5 14604 10.20 3734 0().110 314 0.7 
15 13150 2'>JO """' 1).110 31431 7U 

" 13150 ,.... &257 Promedio de Brillantez 35 13150 ... ,. !1395 

f " 1l131 ~ 69<8 en Foot-Lamberts 50 neo .eo.>o 17a .. 1740 :-o.ao 432 
75 ..,. ..... 10 An;u)O hot· 

u 8$ 73 110-100 10 Vtrtlc.., ltmberlt 
1 10 15 100.110 te ... 7312 
~ M 15 11().121) 15 ••• .,. 
l 100 15 120-130 15 75' :7:102 

l 115 15 13(1..140 17 10' 1074 
125 11 140-150 121 ao• "" 130 23 150-180 1 .. P1•1 loll'lidade' Cftrlc!IS usar el muJiil)li<:ado' ••• 

• 145 205 100.170 1 ESPICI.IIIIIfnlo ..,.lil"l\0 tl'll,. a,l'l'lil'llfiOI 
150 315 170.180 z ret1cl0tl 1: 1 3 al!url dt "''"'"• 
110 " Tola/ 31430 
175 25 

29 ti. 
•x•. 



Fotométricos Crcuse- Hinds 

·Coeficiente de Utlllzaclón/Aellactanela Eraclln cs. Cuidad dt PI u 
'lf. Aefleclencl.l 
[le<IIYI 
Tt<P-Io P1r1d 
(pcd (pwl 

a o 

70 

.. 
30 

10 

o 

!50 
30 
10 

!50 
30 
10 

!50 
30 
10 

!50 
30 
10 

!50 
30 
10 

o 

• [ltciiWI 

Radio de Cuidad da Cuarto 
' 2 3 • 
.&aS .82'1 .781 . 711 
.Ml .765 .721 .M$ 
.84.5 .780 .Miil .DJ 

. eee ..... 

.828 

.828 

.813 

.1100 

.... .... 
.773 

.160 

.751 

.747 

.732 

. eoe 

.m 

.7S2 

.ne 

.7S2 

.730 

.7!50 

.731 

. 713 

.726 

.7C» 

·""" 
.1181 

.7!50 

.712 

.1183 

.m 

. 095 .... 

.705 .... 

.067 

.685 

.Ml 

. 644 

.631 

.701 

.0611 .... 
,..., 
. 644 
.818 

.1162 

.632 

.007 

.&<O 

.8UI 

.SOl! 

-~ 

Techo Pared Radio de Cawldad de Cuarto 
(pccl (pwJ ' 1 2 3 4 

50 ...... .71!18 .701 .838 
10 JO JI1V .730 .&55 .583 

ro .787 .eur .en .sc2 

70 

>O 

30 

!50 
30 
10 

!50 
30 
10 

!50 
30 
10 

!50 
10 30 

10 

o o 
'Wo.Rellecl•nctll 
[f•ctlw8 
Techo Perlld 
(pcc) fp•l 

!50 
10 30 

10 

!50 
70 30 

10 

!50 
.. 30 

10 

!50 
30 30 

10 

10 

o 

!50 
30 
10 

o 

.e>e 
103 
.713 

.ni 

.m 

.757 

.750 

.741 
• 732 

.732 

. 7>0 
.7011 

694 

.751 

.718 

.lOO 

.7:18 

.117 

.171 

. 701 

.m ..... 
.677 
651 
0<1 

.626 

.lOO .... 

.1!112 

.eea 

.131 

.1100 

.847 

.1111 

.5110 

.1128 
601 
571 

565 

.627 

.572 

.537 

.eoe 

.514 

.530 

.511 

.562 

.523 

.572 
541 
.515 

.501 

JbdJo d• tewldad H Cu•rto 
1 2 . 3 4 
.8211 _,.,,_ .• .813 
.1103 .111 .m .sse 
.780 .117 .SIN .518 

.1111 

.717 .... 

.m 

. 757 

.742 

.... 

.7JJ 

.711 

.711 

.707 
.1111 

.... 

.m .... 

.170 

.701 

.171 

.11152 

.... 
""' .131 

.011 

.841 

. IZI 

.eoe 

.110 ,.,, 

. ... 

. &<e ..... 

.511 

.1>7 .... .... 

.0011 
5111 .... 
.... 

. 104 

.553 

.512 

.... 

.540 

·""' 
.517 
.!1211 
.<08 

.561 

.511 .... 
.... 

5 
... 1 
. fl11 
.575 

.060 .... 

.571 

,.,. .... 
. ... 

,.,. 
. 571 
. 552 

.530 

5 
.51i 
.521 .... 
.511 
.511 
,471 

.553 

.!507 

.471 

.531 

.47 

. ... 
.524 .... 
.460 

5 
.554 
.<O! 
.e51 

.... 
.490 
.441 

.!1211 .... .... 

.514 

.471 
.435 

.!500 ..... 

.434 

·'"' 

• 
. 815 .... 
.530 

.001 

.soo .... 

.... .... .... 
·""' .5<1 
.511 

.517 

.535 

.5HI 

·-
1 
.5:18 
... 7 
.in 

.511 

.413 
,<ZJ 

.SOl 

.455 

.411 

.... 

.441 

.415 

"' .... 
.410. 

.m 

1 
.!500 
.4311 

·.3011 

.... 
·""' .394 

·"' ..... 
.300 

.415 .... 

.387 

.... 

. 413 

.302 

7 
.. 511 

.51 V ..... 
.503 
.su .... 
.160 

·""' . 178 

.537 

. !500 

.471 

.S2ll .... .... 

.450 

1 
.530 .... .... 
.524 
,478 .... 
.513 
.470 

·""' 
.SOl ..... 
.435 

·'"' ·'"' .<32 

.<21 

7 • 
.478 .<130 
.417 .373 
.378 .332 

.4170 .425 

.413 .370 

.374 .330 

.457· _.,. 

.408 .364 

.371 .328 

.444 .405 

. 401 .351 

.367 .325 

"" 395 

"' 
350 

7 
.ffa 
.381 
.347 

.442 

.384 

.344 

.<lO 

.372 

.341 

.417 

.372 

.337 

.«JJ 

.31I7 

.334 

.321 

. 395 

.353 

.323 

.30!1 

1 
.402 
.343 
.301 

.397 

.340 

.2119 

.381 

.335 

.217 

.372 

.321 

.215 

.31I7 

.32 • 

.m 

.271 

• .403 
. .... 
.407 

.... .... 

.407 

.41i 

. 434 

. ... 
.470 
.421 .... 
.411 
.<>S 
.391 

.387 

• .312 
.334 
.:54 

.308 
.:131 
.294 

.378 

.327 

.211 

•• .322 
.219 

.361 

.318 
>16 

.274 

• 
365 

.305 

.2$4 

.310 

.302 

.213 

.350 

.291 

.2111 

.342 

.m 

.S 

.333 

.2111 

.2117 

10 .... 
.410 
.371 

.455 .... 

.371 

.441 

. ... 

.374 

.... 

.400 

.371 

.433 

.300 

•• 
.351 

10 
.3<1 
213 

.244 

.3311 

.282 

.244 

. 321 

.m 

.242 

.321 

.:n • 

.240 

.315 
270 
.238 

.225 

10 

:314 
.255 
.215 

.:110 

.254 

.215 

.:m 

.>SO 

.214 

.215 

.241 

.211 

.2ltll 

.242 

.208 

.117 

Accesorios 

Cal No . 
UNEH-26 
Des.cripclón: 
Juego Standard 
poro montaje 
de unidad Doble 

C.!. No. 
0500327 
Descripc:lón: 
Juego de. partes 
poro reflectores 
0500010·3, 6 y JI 

Cal No . 
0500328 
Descripción: 
Juegos de partes 
paro reflectores 
0500010-1,2 y 13 

Cal No . 
0500329 
Descripción: 
Juego de partes 
para reflectores 
050001 0·4, 5, 7 y 8 

~·· r:; >-'-.j,~ 
/ ' 

BAlASTRO 
REMOTO 
Señale las 
especificaciones 
del Balastro 

0500073 

( 
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Crousc • Hinds- Domex 

Tabla V Rcii<Jt::~nncia electiva de techo 

?o Reflecttnc:il 
de Techo o Piso 

90 80 70 1 ®') 30 10 

l) c;t Rtfl«uncia ~ 90 70 so ! JO ¡so 70 so JO 70 so JO 70 so ~ 65 50 30 10 so 30 10 

~' o 
3} J 

u • ... 

> • 
L' 

a: 

Q 90 90 90 go '¡so so eo so 10 10 10 so so so· 30 30 30 30 
,.g.,.' 90 s~ ea 87 79 7~ 78 78

1

69 G9 68 59 49 ~j3o 3o 29 29 
~ 89 88 86 85 79 78 71 7G 68 67 66 49 48 ~~30 29 29 28 

1' J 1 89 87 85 83 ¡ 78 77· 75 74 GEl 66 G4 49 47 46 JO 29 28 27 
0.4 l 88 .eG 83 81. ¡ 78 7G 74¡· 7'2 (j7 65 GJ 48 4G .tS JO 79 27 26 

10 10 10 
10 10 10 
10 10 9 
10 10 9 
1 1 10 9 

o.s · s;; s~ at 78 
1

n 75 73 10 GG 64 Gt 4a 46 u 29 28 21 2s 11 10 9 

o.s as e4¡eo 76177 7511 se 65 G~ 59 47 45 43 29 2e 26 2s 11 
0.7 88 83 78 74 7G 74 70 6G 65 61 58 47 44 42 29 28 26 24 11 
~.6 87 82 77 73 75 73 69 65 64 60 56 47 43 41 29 27 25 23 11 
0.9 87 81 i 76 71 1 75 72 68 63 63 59 55 46 43 40 29 27 25 22 1: 
1.0 l 86 80 ¡ J.1 69 J 74 71 66 G 1 63 58 53 46 42 39 29 27 24 22 11 -;n, 86 7D In 67,74 71 GS 60 G:? 57 52 4G 41 38 29 26 24 21 , 
1 2 CG 7~ 1 ':2 '65 73,70 64 58 61 5G SO 45 41 37 1!1 2G 23 20 P 
,:3 aG 1a 10 1&41 ;3 69 G3 57 61 55 49 45 40 36 29 2G 23 20 12 
, • 85 n • 69 62 • 12 J6a G2 55 co 54 •8 45 •o 35 2s 26 u 19 12 
, :s e5 1c! ¡¡¡¡ j s1 1 n ¡ 68 ¡ s1 54 59 53 47 •• 39 3• 2e 2s 22 18 12 

1.6 65 75 
1

1 
GG l 59 1. 71 !

1
. 67 ! 60 153 59 52 45 44 39 33 28 25 21 18 12 

•• 1.1 a4 1.:1 s5~se·i71 eG¡s9.s2 sa s1 44 44 38 32 2a 2s 21 11 12 
j 1.8 rt4,7J j G4 J !".G ¡ 7C • 1JS 58 \':JO : 57 50 43 43 37 32 28 25 21 17 1:? 

1.9 84 73 ~ 63 1 55 J !O! GS i 57 1 49 i 57 49 42 43 37 31 26 25 20 1G 11 
2.0 83 72J62 ! 53! G? 1 GJ :56 48! 56 48 41 43 37 30 28 24 20 16 12 

2.1 83 71 ¡' 61 ¡ 5? j 6:1 \ G.J \55 41 j SG 47 40 43 3G 29 28 24 20 16 13 
2.2 83 70 f-ltJ 1~1 :'3R; GJ! 5·1 4~, \ 5S '46 JD 42 JG 29 28 24 19 15 13 
2.3 83 69/5~ ·¡so 1 (X;, r.2: s:• ·" 

1

. !;4 4G 38 •2 Js 28 20 24 19 1s 13 
2.4 87 68 j' SS 4'3! G7,61 ¡ ~2 4.:1 511 45 37 42 35 27 28 24 19 14 13 
?.5 8:? 68 57 47167 Gl : f,l · --~ l 53 4·1 l JG 41 34 27 27 23 18 14 13 

10 
10 
10 
9 
~ 

9 
9 
9 
9 
9 

9 
8 
8 
8 
8 

8 
7 
7 
7 
7 

~ 1 ! 
9 1 6 
9 1 6 

9 
9 
9 
9 
9 

6 
6 
6 
6 
6 

:-;G e2 67!s6l46-¡:¡Go!so¡!•,lls3¡•313s •• 34 26 27 23 1e 13 13 9 s 
j 2 7 ¡S~ 6G 1 55¡4~>. 66

1
60 149 40 S2 43 '¡ 34 41 33' 26 27 23 18 13 13 9 5 

:?.:': t El ~ f;r: ~54: o1'1: G!;, 59:48 j 39 l 52 
1 

42 JJ 41 33 25 27 23 13 13 13 9 5 
1 :?.IJ : "' ¡ 6:· !",J ~ 43 ¡ fj!j: ~8 \ 42 1 :1.~! 51 41 33 40 33 25 27 23 17 12 13 891 55 

::o tE1it).-1~S7!.t:• 1'65:~·B,47•1 :u~~51 .JO,J2 40 32 24 27 '12 17 1213 
¡ 1 ' • ; ' -+'-+-;_-!---l--f--+-+-f--+-+--1f-+-r-;-;--, ~!}: 6;~~-;-~· ~:("A í;-,-~-~ J7jso ¡ 40 ¡· 31 140 l 32,24127 22 17 12 13 AT 5 

· 3~ :cu!r,·~··l)l.to¡r .. t¡s,¡4~1Jv,sojJn Jo 40,31 :?J :.'7 1 :!2 u; 11 13 os 
. :1.1 ré;nrr.""' .,.,:::·,.v.:~ sr. .,~ J5

1
..,gi

1
31J·Jc,J9 J1 1 2J 271n,,G

1

,, 13 a~ 
:.:~ :~, r.· 1,; :1;_: 1 .-,1'~G~~.· 1 ;-:1 "9 33

1
2CJi39r:11,:?:! 1 27¡22:16 11 131' 8 5 

: ~ ~ j i!1 ñ 1 .!G 1 3-: ! ,J J : 5~ ~:¡ 33 : 42 1 JO 1 29 ) 39! 30 / 22! 2G l n ! 1G 11 13 8 5 
;·-~----,-------'7"""-,--.----L : 1 1 1 

J.G : i~' J Grl -l?" ~ :-.r,. C 1 ~··' ~-.' 1 33; 11:~ ~ :n: :·3 \ 30\.3:1; 21·~ 2G ! 21 i 15! :o\ 13 1 8 
-n: "':.("1 .-.r. ··.' ·., 1 :1 .1 3-:- ·-:- 3. .. 3., l .,,. '21 1 

.. ,.. .,, 1 15 1 10 13 S 

..s.B ~ ;; l ~" , 1~ • !5 ~= i 53 \ 4 ~ i 3 ': 1 4 ~ i :;G \ ;; 1 3~ 1 ;~ 121 1 ~ i 1 15 1 1 O 131 8 
3.9 1 73 1 5-9": .<1!';, 34' fil l! ~3; 40 J JO J J7,3G t 26 i 38 29 201 2G 21 15 10 13 8 

5 
4 
4 

• 
4 

----~~. 1 • 1 ' --'-·-+'--~--~-4--+--f--+--+-~~-1 
4.0.I7ü\5S'4.1

1
:::;,fi: 5'i40¡J0,4G 35126,38 29 20'26 21 15 9 13 8 

1
-· ~.1 ! ;;157 ~~~~' lso ls2: 39 :?-9 4G 35 j 25 37 28 20 25 21 14 9 tJ. S

6
j 4

4 4.2 / 7R j 57 j <~! 32160! 51 : .19 1 ?.9 <~6 :14,25 37 28 19 16 10 U 9 13 

1 o 1 13 ¡s6 ; •. 2¡' :• 1 6IJ • s• ¡ Ja '¡ n 45 3·• 25 37 28 19 26 20 14 9 IJ 

8

8
8

1 4: 
¡ 4.4 77 5G 1 41 JO' 59~ lj1 36 28 45 34! 24 37 27 19 26 20 14 8 13 
1 4.5 Bi-s!' ¡ 41 ! :;o ls~ ¡ so 37 "l7/ 4:., ¡ 33 1 24 ::n 21 19 25 20 u a 14 
t-----·· -·-··;-+--t- -+-~-l-+---t---+--+---l-+--l--+-if--

•.6 1 55 i 40. 2~ 159150 37 26 "133 2·: 36 27 1 18 25 20 14 8 14 8 
4.1 n¡s-1 1 4f) 1 29 s~ 49 36 76 44 33 23 36 ~ 1 19 25 20 13 s 14 e 
4 a 176

1

54 ' 39 i 28: SS. 4g 136 25 4·1 132 23 36 261 18 25 19 13 8 14 8 
4.9 75 SJ! 38' 2;: 1 ~~ : 49 J5 ?S 4.., 32 23 36 26,18 25 19 13 7 14 8 
~.o 1 76: 53~ J3! 11 j s1 ~- IIA 1 :ts 1 :-sj 43 

1 
32 12 36 2G 11 1s 19 13 1 1'4 1 8 

C: ouk· Hinds-Oome~~: 

.6 

• • 
4 
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ALTURA DE MDNT AJE 

E!FACIAMIENTO/AL TURA 
DE MONTAJE 

DEPENDIENDO DE LA ALTURA DE­
MONTAJE SE OEBERA CONSIDERAR. 
CUAL ZONA OE.LA CURVA OEBERA 
TENER EL MAYOR PORCENTAJE DE 
FLUJO. 

- DE U' - 60° SE RECOMIENDA PARA -
MONTAJES BAJOS (MENOS q_5 MTS.l 

- tJF o• -lf5" PARA MONTAJES MEDIOS 
lOE lf.5 MTS. A 7.5 MTS.l 

- DE U' - 30° PARA MONTAJES AL TOS 
(MAS DE 7.5 MTS.l . 

PARA OBTENER UNA BUENA UNIFOR­
MIDAD EN EL PLANO DE TRABAJO.­
SE DEBE RESPETAR LA RELACION -
SIHM PROPIA DEL LUMINARIO. 

al CONOctR PUNTO DE LA CURVA-. 
DONDE SE REDUCE EL FLUJO Lu­
MINOSO A LA MITAD DEL TOTAL. 
(POR EJEMPLO 17"]. 

b] DIVIDIR EL PUNTO CONOCIDO -
ENTRE 31f (1713'1 • 0.5] 
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l~TERPRETACION DE UNA CURVA ISOFOOTCANDLE 

DEFINICION.- Es una línea plana de cualquier juego de coordenadas 

para mostrar todos los puntos de una superficie donde la ilumina 

ción es la misma. 

USOS.- Se puede leer directamente los niveles en footcandles en -

puntos específicos abajo de un luminario montado a determinada al 

tura. 

Ejemplo: Referirse a la curva 820373. Cada círculo ( de A hasta -

E), representan un punto abajo del luminaria donde los niveles -

en footcandles son los mismos. 

Para leer los niveles de footcandles, solamente se necesita 

conocer la MH del luminaria. Por ejemplo, 1 10' de altura de mon­

taje ( MH ), el círculo A representa S fe; sin embargo, a 20' de 

MH el círculo A representa 1.2 fe. Todos los valores son leídos­
en la tabla que aparece en la parte inferior de la curva. 

El cuadriculado de la ilustración puede ser usado para dete~ 

minar la distancia fuera del centro de los círculos que están di­

rectamente abajo del luminaria. El lado de cada cuadro en la ilus 
tración es siempre igual a la altura de montaje ( MH ) del lumina 

rio. 

para un luminaria montado a 10' el círculo A cae ligeramente -

afuera del punto colocado directamente abajo del luminaria. El 

círculo D está a 30' de este punto. 
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SYRAClJS(, N. Y. 13201 
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Soüe: Figures shown are initial 
horizontal footcandle values 
at ground level. 

Date: 6/18/79 
Dnr&. No: 7 f 
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.... ..... K ['\ e - ..... 

/ ~ ~" ~\ 1 
V .....,-¡¡ Í\ A 
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F.A7i0 or D!S7I.r:cr: TO ~10::~TING Hr:IGHT 

Footcand1e Va1ues for lsofootcand1e Lines 

A B 

S. O 2.0 
3.5 1.4 
2.0 0.8 
1.2 0.5 

e 

l. O 
0.7 
0.4 
0.2 

~ltg. 

D E Ht. 

0.5 
0.3 
0.2 
0.1 

0.20 
0.14 
0.08 
0.05 

10' 
12' 
16' 
20' 

t 
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INFORMACION FOTOMETRICA DE LUMINARIOS FLUORESCENTES 

Aunque los principios básicos son los mismos, la fotome-­

tría de los gabinetes fluorescentes es algo más complicado, 

ya que no son simétricos con relación al eje vertical. Lo que_ 

generalmente se hace en este caso, es establecer una curva de 

distribuoión para puntos situados sobre un plano vertical, a -
lo largo del eje del luminario y luego establecer o~ra curva -

sobre un plano vertical en ángulo recto con respecto al prime_ 

ro. Estas son las dos curvas que generalmente se publican para 

mostrar la distribución luminosa del luminario, se muestra en_ 

la figura. Sin embargo, para poder suministrar una información 
lo más completa para realizar los cálculos de iluminación, en_ 

los laboratorios de fotometría también determinan las curvas -

para planos que forman ángulos de 45" e los dos planos ya ci 

tados. Luego, por medio de fórmulas y taolas convenidas en la_ 

industria,. se determina la cantidad de lumens que corresponde_ 

a cada zona. 

.+lfQH l -·. "' ....... 
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hg. 2<\11. Cnmp:u;.,:j(,n de nlf'Y:t'l de di,lribudún lumino~. El 
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.:) 

140. 160 
. 180.160 • . 
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f"i&. 2-32. Curus de di,hihución luminma de un :ulcLu:lu lluuu·,. 
ccnle. 
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Datos fotométrlcor., 

lllumlnotor do clot ljmparts con Rel1ector (aln 
Guardo) 

Lamparas: (2) 39 wan BIAX' fluorescente. 

cuoos 
o 

10 

"' "' .. .. .. ,. .. .. ... 
110 

'"' '"' "" ... 
100 ,, , .. 

•o IQU 
721 721 

"' '" ... .,, ,., m ... ""' ,., ., 
"' 

.,. ,.. -... "' ,., 
"' • ' 

LEYENCA 
-P\..ANO~-A 

LADO 
721 

"" ... ... ... 
"" 231 ... ,, 

A TRAVES DEL EJE DE LAMPARA 
······PlANO 8-8 ' 

A LO LARGO DEL EJE DE LA LAMPARA 

lnumlnotor do e u.! ro ljmpar 11 con Reflectorts 
(Sin Guardo) 

Lamparas: (4) 39 watt BIAX • fluorescente. 

CANDELAS 
U P'LANO Al 

cuoos 011 LADO 
o .... .... . ... 
'" .... "'"' . ... 
"' "33 1615 1346 

"' 
,, 

'"" , .. 
"' .... '"' 1000 .. 13Q '"" 

,., 
10 "" '"" ... , "" ... m .. "' ... .. .. 131 1 .. ' 100 13 11 

110 ' • 
"" '"' ... • 1!0 
110 
110 • 1 ' ,., • ' • 

LEYENDA 
-P\:.AÑO A-A 

A TRAVES DEL EJE DE LAMPARA 
• •••• PlANO S.B 

A LO LARGO OH EJE DE LA LAMPARA 

'BIAX. es un marca comercial de la 
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LUMINARIOS 

La palabra "Luminaria" es el término correcto para describir lo que comunmente se conoce 
como "accesorio de iluminación" (lighting future). La palabra "accesorio" (fixture) implica 
equipo permanentemente instalado. Más de 100,000 diferentes tipos y estilos de luritinarios se 
hacen hoy en dfa. Los más importantes y usados se describen en este capftulo. · 

VILl.- COMPONENTES DE LOS LUMINARIOS 

Un luminaria es una unidad de iluminación completa consistiendo de una o más lámparas con 
algunos o con todos los componentes siguientes: 

a) Porta lámparas y sockets para posocionar y conectar las 
lámparas a la fuente. 
b) Balastros para encender y operar las lámparas . 
e) Reflectores para dirigir la luz en la dirección deseada. 
d) Componentes difusores y de escudo tales como lentes, 
difusores, y louvers para distribuir la luz y evitar el 
reflejo. 
e) Housings para proteger los componentes mencionados junto con las conexiones y otros 

equipos eléctricos . 

Los componentes del luminaria trabajan juntos para determinar el funcionamiento del 
luminaria. 

Se usan dos medidas para estimar el funcionamiento del luminaria: 

· a) Eficiencia del luminaria.- Mide el porcentaje de lumens de lámpara que dejan el 
luminaria, comparado con la razón de lumens totales de lámpara. Asl un luminaria 
abierto tendrá generalmente una mayor eficiencia que el mismo luminaria equipado con 
lente (difusor) ya que este absorverá la luz. 

b) Coeficiente de utilizacion delluminario.- Usado en calculos de iluminación para 
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describir el porcentaje de lumens de lámpara que llegan a la superficie de trabajo. Esta 
característica depende de las dimensiones del cuano. asf como del tipo del luminario y 
de los valores de las tablas impresas en los catálogos de fabricantes de luminarias. 

VI.2.- TIPOS DE LUMINARIOS 

Los luminarias pueden ser clasificados en grupos depc:n<.hc nJ.• de una o más caracterfsticas, 
incluyendo la distribución de luz, altura de montaje, su funo.~ ~-pecffica, reflector o tipos de 
lentes, y el nombre del diseño . 

VI.2.a.- CLASIFICACION POR DISTRIBUCJON DE LUZ 

Una de las más importantes caracterfsticas de un luminario es su patrón de distribución. Los 
patrones más comúnes de distribución, como se muestra en la figura 1, son: 

a) Luz directa.- Con el luminario montado encima del área a iluminar y con su salida 
directa descendente . 

b) Luz indirecta:- El Juminario dirije toda su luz hacia el techo o pared, transmitiendola 
alllrea iluminada para reflejar la luz hacia el área de trabajo. 

e) Directa.- En el cual la luz es principalmente dirigida al lugar de 
trabajo pero tambien tiene una distribucibn indirecta. 

d) Semi directa.- En el cual la distribución indirecta es el porcentaje más grande de la 
salida. 

e) Directa/Indirecta.- En el cual las dos distribuciones son aproximadamente iguales. 

f) General difuso.- El lumioario radia luz en igual cantidad en todas direcciones. 

g) Direccional.- En el cual la luz es dirigida a una dirección especffica. 

FIDE-ATPAB 

h) Asimétrico.- En el cual la luz es dirigida con más intensidad hacia un lado que hacia 
el otro. 

AHORRO DE BNHROIA BN ILUMINACON IN'I1!RJOR 



... :~.' 

.;,....: 

p, 
V 

1 

• 

VI.2.b.- CLASIFICACION POR TIPO DE MONTAJE 

La manera en que un luminario está montado o conectado es una característica común de 
clasificación. Los montajes más comúnes se muestran en la figura 2 y se enlistan a continuación: 

a) Luminarios empotrados.- Se meten dentro de la pared o Íecho. Un luminario 
.semiempotrado se. mete solo parcialmente en -la superficie dejando el resto visible. 

b) Luminarios para sobre poner (surface-mounted).- Se descnl>en usualmente como 
"montes de pared" o "montes de techo". Estos luminarios son totalmente visibles. 

e) Luminarios pendientes.- Están suspendidos del techo por un cable, tubo o cadena que 
también lleva ef cable eléctrico a la lámpara. A estos algunas veces se les llama 
luminarios suspendidos especialmente cuando se necesita suspender más de un miembro . 

d) Bracket de pared (Waii-Bracket).- Están montados en la pared con un seguro que 
generalmente es parte del diseño de todo el luminario . 

e) Luminarios Post-top.- Están diseñados para montarse encima de un poste para 
exteriores. 

f) Luminario tipo "under cabinet" ilumina "countertops". 

g) Luminarios tipo track.- Están montados en un riel electrificado. 

h) Luminarios tipo mueble integrado.- Están montados permanentemente para divisiones 
de oficinas o para ser parte de sistemas de estaciones de trabajo. 

i) Luminario portátil.- Puede ser trasladado fácilmente y conectado a una salida eléctrica 
estandar. 

VI.2.c.- CLASIFICACION POR FUNCION O NOMBRE TRADICIONAL 

Muchos luminarios tienen nombres relacionados con su función, tales como downlights, wall 
washer, luces de paso, lámparas de mesa y luz de pizarrón. Se debe recordar que los usos reales 
de un luminario no· se limitan a los sugeridos por sus nombres. 
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Otros luminarios tienen un diseño tradicional o historico, y algunos luminarios modernos se 
usan de forma familiar o tradicional, por ejemplo, los candelabros, los candeleros o los faroles . .. 

VI.2.d.- CLASIFICACION POR SU FORMA 

Es común referirse a un luminario por su forma, especialmente si son llamativos, estos se 
muestran en la figura 3 y se enlistan a continuación: 

a) El "Shoebox" es moderno para luminarios de carreteras. 

b) El Cabeza de cobra (cobra head) es un luminario refractor convencional para 
iluminación de calles. 

e) El "Lollipop shape" son luminarias en forma de globo colocados en al final del poste. 

d) El "Wall slot" da la apariencia de un luminario continuo corriendo paralelamente a la 
pared. 

e) El "metal troffer" es elluminario fluorescentes para empotrar más usado. 

f) El "top hat" eS un downlight empotrable. 

VI.2.f.-CLASIFICACION POR EL TIPO DE COMPONENTES 
.1 

En muchos casos, el nombre del luminario incluye una descripción de un componente 
especffico que hace al luminario notable. 

Ejemplos comunes se describen. a continuación y se muestran en la figura 4. 

a) Troffer parabólicos.- Usados para fluorescentes equipados con louvers diseñados para 
eliminar luz extraña y esconder a las llimparas de la luz directa. 
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b) Troffer prismático.- Llamado así por sus lentes difusores sobre la cara del troffer. 

e) Fresnel.- Llamado así por su tipo de difusor usado para luz suave, y para lamparas 
teatrales de haz variable. 

d) Elipsoidales.- Llamados así debido a Jos reflectores elipsoidales encontrados en 
downlights empotrables pequeños. 

e) Wraparound.- Usados para luminarios fluorescentes envuesto de difusores pri~ticos. 

VI.3.- TIPOS Y ESTD..OS DE SISTEMAS DE ILUMINACION GENERAL 

Existen miles de diferentes tipos de luminarios en los sistemas de iluminación actuales, pero 
pueden ser divididos dentro de categorias generales, incluyendo la iluminación arquitectónica, 
oficinas generales e iluminación comercial, iluminación industrial, iluminación decorativa, 
iluminación interior especial e iluminación exterior para edificios para excaleras de escape y 
seguridad. 

VI.3.a.- ILUMINACION ARQUITECTONICA 

La iluminación arquitectónica se refiere a la iluminación de equipo oculto de la vista o 
integrado al diseño del edificio, creando efectos de iluminación sin una fuente aparente. El 
equipo de iluminación arquitectónica es ampliamente usado en todo tipo de edificios y es común 
encontrarlos en edificios contemporaneos. 

l. DOWNUGHT. 

Los Downlights también llamados "botes", son usados en muchos lugares residenciales y 
comerciales. Los Downlights son generalmente empotrados, luminarios directos usualmente 
utilizados para iluminar lugares contemporaneos de alta calidad, tales como lobbies de hoteles 
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y salas residenciales. Pueden ser equipados con incandescentes, con tungsteno halógeno, HID, 
o con lámparas fluorescentes de baja potencia. Se mencionan a continuación los diferentes tipos 
de Downlights que también se muestran en la figura 5. 

a) Deflectores para usarse con reflector o con lámparas PAR. 

b) Conos parabólicos para usarse con incandescente\ ~- algunas lámparas fluorescentes 
compactas. 

e) Conos elipsoidales para usarse con incandescente.. Hll>, o con lámpilras de tungsteno 
halógeno. 

A los Downlights de bajo voltaje se les llama algunas v«es pin spots, para iluminación de 
acento para pequeñas aberturas. 

" 
Los Downlights son selecCionados en base ál tamai'lo de apertura, al espacio disponible encima 

del techo, al esparcimiento deseado del haz y a su costo. El ángulo de Cut-off, el ángulo en el 
cual la fuente de luz es visible; son criterios importantes para los Downlights, mientras más alia 
sea la altura de montaje el ángulo de Cut- off será más pequei!o para prevenir problemas de 
reflejo. 

2. W AlL WASHERS Y W ALL SLOTS 

Los "wall washers" y los "wall slots" son luminarios designados para la iluminación-amplia 
de las paredes de un cuarto. 

Los "wall washers" están diseñados para iluminar las paredes uniformemente del techo al piso; 
los "wall slots" están diseñados para estar al raz del techo. creando un efecto de textura en la 
superficie de paredes irregulares, tales como piedra o ladrillo . 

Al estar al raz se puede lograr que el techo tenga la apariencia de flotar encima de las paredes . 

Algunos ejemplos importantes se mencionan a continuación: 

a)EI "wall wa5her" eyelid empotrable da muy buena iluminación a la pared mientras 
proteje al cuarto de la vista de la fuente de luz. 
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b) El Downlight-Wall Washer está diseí'ado para dispersar luz hacia una pared mientras 
aparece un Downlight en el otro lado del cuarto. 

c)Wall washer semi empotrado incluyendo luminarios tipo track, generalmente tiene un 
difusor que unifonniza la luz en la pared. 

Los "wall slots" con louver utilizan un louver o un deflector para ocultar la fuente de luz 
dentro ·del canal. 

La selección entre el "wall washer" y el "wall slots" dependen de el efecto deseado. Para 
paredes con pinturas, donde la luz debe ser dispersada uniformemente, el "wall washer" es el 
más común. Los "wall slots" son mejores para dar la textura de una superficie vertical. 

3. ILUMINACION DE ACENTO 

La iluminación de acento es similar en operación a los Downlights, pero están disefiados para 
resaltar objetos tales como pinturas, mercancías o detalles especiales de diseños arquitectónicos. 
Las principales luces de acento se muestran en la figura 6. 

a) Luminario de acento empotrable y ajustable tipicamente usa fuentes de luz tipo PAR, R, 
o de bajo voltaje; el ajuste de la luz se hace dentro del luminario. 

b) ·El proyector framing empotrable utiliza difusores, shutters, y 1 o proyectores patrones para 
efectos especiales. 

e) Luminario semiempotrado "eyeball"tiene una bola ajustable que es visible debajo del techo, 
y es fácil de ajustar. 

Luminarios "pull down" emplean housings ajustables para que puedan ser colocados y 
orientados. 

4. ILUMINACION DE TECHO Y PAPEO 

La iluminación de techo se usa para iluminar techos desde una fuente escondida. Esta requiere 
de una fuente de luz lineal como fluorescentes o de lámparas incandescentes de bajo voltaje. 
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La iluminación de pared consiste en fuentes escondidas de luz para iluminar paredes, detallar 
estantes etc. 

La iluminación de pared también emplea fuentes lineales. 

\ 

La figura 7 muestra este tipo de iluminación. 

5. LUCES DE PASO 

Las luces de paso son luminarios compactos diseñados para empotrarse en paredes para la 
iluminación de escaleras. Un nuevo luminario utiliza incandescente de bajo voltaje para ser 
empotrado a los lados de los pasamanos. Existen luminarios para usarlos con incandescentes 
estandar, para bajo voltaje y con compacto fluorescente. 

VI.3.b.-ILUMINACION COMERCIAL Y PARA OFICINAS 

Los sistemas de iluminación comercial y de oficinas generales son diseñados para iluminar 
areas amplias con niveles relativamente uniformes. La mayoría de las instalaciones son integradas 
dentro de techos suspendidos, con cada luminario tomando el lugar de un panel en la rejilla del 
techo. 

l. TROFFERS. 

Los Troffers son luminarios tipo caja que generalmente se ponen en plafones falsos de tal forma 
que el lnminario quede encima del techo y la cara del luminario quede nivelado con el techo. 

b )Las lámparas.- Comunmente fluorescentes, se colocan dentro del housing y la luz sale 
al espacio por la cara del lumiaorio. 

·¡ Los troffers están diseñados para ajustarse a los sistemas de plafones falsos existentes; los 
~· tamaños comunes son 1 por 4 pies, de 2 por 4 pies, y de 2 por 2 pies, además de que se tienen 

otros tamaños. El housing del troffer es un poco más pequeño que la rejilla, y esta soportada por 
) una pestaña en el perímetro que descansa en los rieles del plafón falso. 
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A los troffers se les nombra dependiendo del método empleado para obtener su distribución 
de luz como se muestra en la figura 8. 

El llamado difusor prismático usa un lente prismático plano formado por pequeños prismas 
triangulares en la superficie exterior para asegurar una amplia distribución. 

El llamado difusor plano usa un lente de plástico translúcido para expandir la luz y esconder 
a las lámparas de la vista. · 

El louver parabólico es un troffer abierto con louvers en forma de parábOla para enfocar la 
distribución de luz hacia abajo y para esconder las lámparas de la vista. 

Ellouver "egg crate" es otro troffer abierto que lleva un set fino de louvers para esconder a 
la fuente de luz de la vista y para limitar la distribución de luz a una zona estrecha. 

El troffer para fluorescenle es por mucho el más usado en oficinas, escuelas e iluminación de 
lugares comerciales. Como el trabajo realizado en estos lugares cambian continuamente, el diseño 
del troffer es de gTan interes para los fabricantes de luminarios. · 

En años anteriores los troffers tuvieron varias improvisaciones en sus componentes incluyendo 
los sistemas de reflectores y louvers más eficientes. Una especial area en el desarrollo de los 
troffers ha sido el diseño de sistemas de iluminación para usarse en lugares con intensivo trabajo 

·de computadora y con terminales de video. 

V1.3.c.- LUMINARIOS COMERCIALES 

Los luminarios comerciales son un amplio rango de luminarios fluorescentes diseñados para ·· 
iluminación comercial en general. Estos Juminarios son especialmente colocados al raz del techo 
o suspendidos por cadenas, y son fuentes efectivas de bajo costo para iluminación de lugares de 
trabajo, existen diferentes tipos: 

FIDP.-ATPAB 

a) Luminarios surface-mounted, son troffers con cuatro lados terminados. Son disponibles 
con difusores o con louvers. 

b) Los luminarios Wrap arounds tienen difusores que rodean completamente las lámparas 
fluorescentes. 
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e) Los luminarios strip lights tienen un chasis expuesto y lámparas visibles. 

d) Los luminarios fluorescentes con louvers tienc:n extremos pintados y abertura con 
louvers. 

l. SISTEMAS DE ILUMINACION SUSPENDIDA 

Aunque los luminarios comerciales puedan ser usados como luminarios suspendidos, existe una 
clase especial de alta calidad y bien terminados luminarios diseñados para usarse en oficinas y 
escuelas. La mayoría de estos productos tienen distribución indirecta y algunos están diseñados 
específicamente para trabajos con terminales de video (ver fihura 9). 

VI.3.d.- ILUMINACION INDUSTRIAL Y DE TRABAJO 

La iluminación industrial y de tiendas emplea luminarios diseñados para tener durabilidad, 
eficiencia y bajo costo. Muchos de estos luminarios son disponibles en versiones para corrosión 
o ambientes explosivos: Existen varios tipos de luminarios industriales. 

Los fluorescentes industriales exponen a las lámparas con un reflector poco profundo.Los 
accesorios incluyen protectores de lámpara y cables y housings resistentes a la corrosión. 

Los lnminarios tradicionales de pie para incandescentes. compacto fluorescentes y lámparas 
HID son llamados frecuentemente "RLMs" o "Luces de Fábrica" (Ver figura 10). 

Los lnminarios montables tipo globo se usan para HIDs, compactas fluorescentes y lámparas 
incandescentes. Se les llama "Jelly Jars". 

Los luminarios industriales para HID con reflectores de alta eficiencia están diseñados para 
alturas de montaje especfficas, como unidades para distribución amplia en alturas de bahía baja 
o unidades para distribución angosta en alturas de bahía alta. 

Luminarios para propósitos especiales son diseñados para aplicaciones especfficas como 
iluminación de almacenes o iluminación para inspecciones de fabricación. 
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L ILUMINACION PARA EXHIBICIONES 

El equipo para iluminación de exhibiciones se diseña para la iluminación de mercancías. 

Aunque cualquier tipo de iluminación puede ser usado para estos propósitos, existen muchos 
sistemas de iluminación diseñados especificamente para estas funciones. 

2. SISTEMAS DE ILUMINACION TRACK Y CABLEADO 

La iluminación track consiste de una tira de aluminio resaltado con aislación plástica interna 
y conductores eléctricos. Los luminarios llamados track lights se soportan y· toman su energía de 
la tira de aluminio. Estós luminarios pueden ser posicionados en cualquier lugar a lo largo del 
track, ofreciendo un sistema muy flexible . 

La mayoría de los tracks opera a 120 Volts, y pueden tener de uno a cuatro circuitos separados 
para regular la potencia. 

La iluminación open-wire utiliza cables desnudos o tubos energizados a bajo voltaje para 
encender la iluminación. Como la iluminación track es fácil de instalar y muy flexible . 

3. D..UMINACION SEMI-TEATRAL 

Para la iluminación de efectos especia.Jes siempre se desea utilizar verdaderos instrumentos 
teatrales o semi-teatrales. Los equipos más utilizados se describen abajo; y uno de ellos se 
muestra en la figura 11. 

Los spots de bajo voltaje son equipados generalmente con lámparas PAR de 6 ó 12 Volts . 

Los Elipsoidales utilizan lentes, obturadores y/o filtros de color para producir diferentes 
efectos especiales . 

El fresnel emplea lentes y variables haces de luz para producir un intensa distribución 
apropiada especialmente para artículos de arte . 
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4. ILUMINACION DE VITRINAS 

Existe un problema especial para la iluminación en vitrinas, y es que necesita fuentes de luz 
linealeS y pequeftas; esto ha llevado a que se necesite equipo especial de iluminación. 

Debido a la proximidad de las lámparas y los objetos, el infrarojo y radiación ultravioleta del 
sistema de ·iluminación pueden ser factores detemrinantes. La mayorfa de los sistemas de 
ilumianción de vitrinas son diseñados para minimizar el calor. 

Las lámparas "T" incandescentes de bajo voltaje son las más antiguas y baratas de la 
iluminación para vitrinas, sin embargo son las más calientes y las menos eficientes. 
Sistemas de iluminación de bajo voltaje de Incandescentes y halógenas tienen un diámetro menor 
y producen menos calor que las lámparas T. 

Sistemas de fibra óptica de fuente remota son los más caros de la iluminación para vitrinas. 
Los sistemas de tubos fluorescentes sOn un poco mas lárgas en diámetro, sin embargo son 

menos caros y producen muy poco calor. 

VI.3.e.- ILUMINACION DECORATIVA Y ORNAMENTAL 

La iluminación ha evolucionado de la veta, gasolina y gas; muchos de los ornamentos 
tradicionales han entrado a la era de la iluminaciÓO eléctrica con muy pocos cambios en sus 
diseños y además siguen siendo populares en sus formas clásicas. 

Los candelabros son luminarios suspendidos formales y muy elaborados. Originalmente 
diseñados para velas, fueron acoplados a las lámparas eléctricas no hace mucho en la historia de 
la iluminación eléctrica. 

Los candeleros de pared son luminarios que se montan en la pared y que originalmente 
sostenian velas. Se usa más frecuentemente para iluminación difusa de la pared adyacente o del 
techo . 

Los faroles son Iuminarios decorativos usados tradicionalmente para exteriores y para 
iluminación de pasillos . 

El aumento de la modernización en la arquitectura trajo consigo el uso de nuevas tecnologías 
y nuevos materiales. Dos luminarios de pie comunes vienen de esta tradición: 
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Los luminarios de metal o de vidrio decorativo colgantes son moderDas interpretaciones de 
candelabros. 

Los brackets de pared son modernas interpretacioneS de los candeleros de pared. 
Algunos de estos luminarias se muestran en la figura 12. 

l. ILUMINACION PORTATIL 

La iluminación portátil se define como el equipo de iluminación que puede ser colocado y 
conectado en cualquier lugar deseado. La mayoría de la iluminación residencial es portátil, así 
como en algunos lugares de trabajo. ALgunos de los luminarias portátiles más comunes se 
describen a continúación . 

a) Las lámparas de mesa y piso son eStilos tradicionales utilizados en casas y en lugares 
semejantes, tales como los cuartos de un hotel, para tareas locales e iluminación en . 
general . 

b) Los Torcbieres son lámparas de piso de alta potencia diseñadas para iluminación de 
techos. Estas proveen iluminación general reflejada. · 

e) Las lámparas de escritorio tienen muchos diseños importantes, tales como las lámparas 
clásicas para arquitectos o las lámparas fluorescentes ajustables usadas por dibujantes e 
ingenieros . 

d) La iluminación de acento portátil se usa para resaltar objetos individuales, tales como 
plantas o cuadros. 

VI.3.f.- SISTEMAS DE ILUMINACION ESPECIALES PARA INTERIORES 

Existen numerosos tipos de iluminación interior muy creativos y decorativos, la mayoría 
creados en los últimos 20 años de un acelerado interés en el diseño y tecnología de la 
iluminación. 

Muchos de estos luminarias tienen una fácil clasificación por ser productos unicos . 
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a) Sistemas modulares de bajo voltaje emplean muchas lámparas pequeñas (menos de 5 
watts cada una) para crear un efecto centellante us.ado en pasillos teatrales. 

b) Sistemas mobiliarios integrados.- Incorporan Juminarios construidos en oficinas de 
trabajo para la iluminación de tareas o de ambientaci,Sn . 

e) Sistemas de función integrados.- Incorporan ilumina,·ión a unsolo bousing con una o 
más aplicaciones eléctricas, tales como bocina.\, vcnt•l..J.>res o detectores de humo. . . 

· ·. Sistemas de fibra óptica de una unidad de iluminación, !.C u-.a en exteriores con la fuente en 
'· un lugar remoto con las fibras llevando la luz al destino deseado. 

r. VI.3.g.- ILUMINACION DE EXTERIORES 

,--. 

~-
...J 

~-· 

,.. .. , 

Uno de los avances de la iluminación eléctrica fué el de remplazar las lámparas de gas como 
fuente de la iluminación de calles, banquetas, parques y otros. El equipo de iluminación de gas 
dió las bases para el diseño de muchos luminarios; como los mostrados en la figura 13. 

l. LUMINARIOS DE POSTE 

Los luminarios de poste son usados para iluminar espacios exteriores grandes taleS como 
estacionamientos o carreteras. La mayOIÚI de los ~ de alumbrado de calles tienen entre 12 
y 40 pies de alto (3. 6 y 12 metros). Los postes con más de 40 pies de alto ( 12 metros) se 
conocen como luminarios de poste alto, mientras que los luminarios montados a menos de 40 
pies (12 metros) se les llama luminarias peatonales altos. Los luminarias para montarse en los 
postes incluyen: 

a) Luminarias decorativos como globos, cubos, bellotas y faroles. 

b) Los luminarias de poste alto llevan luminarios • cobra head" o • shoe boxes•. 

e) Faros de inundación y luces de seguridad. 

d) Luminarios con funciones especiales, tales como para estacionamientos o para pistas 
de aeropuertos. 
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2. WALLPACKS 

Los "wallpacks" son relativamente de bajo costo, de distribución ancha y diseñados para 
montarse en la superficie de una pared exterior. Emplean generalmente lámparas de HID O!. 

fluorescentes y in balastro integrado en un housing resistente al vandalismo. Estos luminarios':· 
-· proveen iluminación segura a bajo costo . 
. . 

o 
o 
o 
o 
e 

e 
D 
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3. FAROS DE INUNDACION (FLOODLIGHTS) 

Son luminarios que pueden ser montados en el piso, arriba de edificios o de postes. Pueden · 
ser usados para iluminar patios, edificios y areas de seguridad, o cualquier area exterior amplia. 

4. ILUMINACION ARQUITECTONICA EXTERIOR 

El crecimiento de la importancia de la iluminación de arquitecturas exteriores ha llevado ha : 
desarrollar importantes y diferentes tipos de h•minarios: 

a) Los "Bollards" son luminarias pequeftos para iluminar carreteras y caminos con baja 
altura. 

b) Los luminarios y postes ornamentales juegan un papel significativo en la apariencia 
diurna y nocturna en plazas y parques. 

e) Los faroles y braquets se usan generalmente cerca de las entradas a edificios, teniendo . · , 
;:.· ~: 

un estilo complementario a la arquitectura del edificio; de hecho, muchos arquitectos 
diseñan los faroles específicamente para reflejar los elementos principales del edificio. , . 

' 

Las luces de fachada. son luminarias específicamente diseñados para iluminar fachadas y 
siluetas de edificios durante la noche. · 

Estos luminarias se muestran en la figura 14. 
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S. ILUMINACION DE PAISAJES 

' La iluminación para acentuar el paisaje y no solamente la arquitectura se ha convertido en riña' 
importante aplicación del diseño de iluminación. Se ha diseñado equipo especial para condiciones; 
ásperas y humedas para iluminación de paisajes, incluyendo toda una familia completa de 
diferentes diseños. · 

6. ILUMINACION DESDE TIERRA 

Esta se utiliza generalmente para iluminar hacia arriba plantas y edificios aledaños. Se utilizan • . 
muchos tipos: 

"' ··-' 

a) Iluminación desde tierra incluyendo los luminarios tipo sellados y los "direct burla!"; · · 
., 

b) Los luminarios "box mounted" incluyen "bullets", "wall washers" y luces de paso. · ,.: 
. l. • ~ • ! 

e) Los luminarias "stake mounted" incluyen uplights ajustables, luces de paso y wall 
washers. 

· ;,:x. 

7. ILUMINACION DE JARDINES Y SENDEROS 
.. --/· 

La iluminación de jardines y senderos tienen luminarios de diferentes tipos montados 
usualmente en pequellos soportes de menos de 42 pulgadas (1.06 m). Estos luminaiios\ 
distribuyen la luz hacia abajo para iluminar árboles, caminos, y áreas con pasto. Algunos estilos··:: 
comunes son el "flower bed light", el "tulip light" y el "pagoda light". · '· : 

. 8. ILUMINACION AEREA 

' ·' 
La iluminación aérea generalmente se monta arriba de los edificios o de los árboles piu;a·,:J 

iluminar hacia abajo. Un tipo de iluminación aérea se usa para simular la luz de luna dirigieiú:lola' 1 

por las ramas de un árbol. · · 
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• 9,. ILUMINACION ACUATICA _, ... • . - . 

. La iluminación acuática se emplea generalmente en . albercas y en fuentes, pero se usan 
váriaciones para crear efectos interesantes en manantiales, caidas de agua, jardines de roca, 
~ y en muchas más. 

Vi.ih.- OTRAS ILUMINA.CIONES EXTERIORES 

r..," f 

··Como en la iluminación interior, existen muchos tipos de iluminación exterior, incluyendo 
algunos tipos especiales diseñados para aplicaciones especiales. Algunos de estos incluyen: 
Iluminación de deportes, diseñados especialmente para iluminar campos de juego y estadios. 
Equipo de iluminación marftima, diseñados para soportar los efectos corrosivos del agua salada. 
11\llllÍl\iición en la aviación, incluyendo la pista de aterrizaje y diferente equipo de iluminación .. 
Luces d.e pared, luces de paso y pasamanos para iluminación de escaleras exteriores. 

;.· 

l. REFLECTORES ESPECULARES 

a).- La tecnología 

La superficie interna de un luminario fluorescente típico tiene una forma simple con un 
revestimiento de esmalte blanco. Dentro de estos luminarios, la luz. efectúa reflexiones múltiples 
perdiendo· intensidad antes de salir del luminario. 

'. 
):~P-contraste, la forma compleja y alta reflectancia de los reflectores especulares lleva más luz 

rui~ia el lugar donde. la tarea se realice. De esta forma estos reflectores nos permiten usar menos 
lámj)iiias y balastros en un sistema de iluminación fluorescente. 

La cantidad de.luz reflejada y su comportamiento direccional depende de dos características 
del. material del reflector: su reflectancia especular y su reflectancia total. 

: Un materjÍ¡l con alta retlectancia especular tiene un tiene un terminado espejo. Un material con 
una,,~lta reflectancia total minimiza la cantidad de luz absorbida por la superficie durante la 
repé~i~n: . ' 

. •, \ 
' 
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Los reflectores especulares bien diseñados dirigen la lu7 producida fuera del.luminari<i con un· 
mínimo de reflexiones. . .. , · · 

Los reflectores especulares también tienen reflectancia tola!, y esto significa que durante las · ·. 
pocas reflexiones efectuadas, una ·mfnima cantidad de IU7 n absorbida por el material.:¡;' · • · · ·, -

El material de los reflectores especulares existen en trelo catcgorias. . .. . , . 

Film laminado de plata: Un film de poliester es revestido cun plala y mezclado con un sustrato 
de aluminio para producir la al!a reflectancia. · · · ··. · 

Alumino revestido con dieléctrico: Un revestimiento dieléctrico (formado por metales 
vaporiZados y por materiales dieléctricos inorgánicos) es deposilado en vacfó en un sustrato de 
aluminio anodizado. El funcionamiento es similar al film de poliester revestido de plata, 

. , .. 
Aluminio Pulido: Hecho de un aluminio anodizado altamente especular, estos reflectores tienen; · · 

un valor de reflectancia menor' pero son menos costosos que los reflectores revestidos con "piati 
o con dieléctrico. · · 

b).- Ventajas 

Eficiencia Incrementada: Un reflector especular bien diseftado combinado con delamping puede ,., :'• 
aumentar la eficiencia del h•minario en un 20% 6 30% . 

La eficiencia delluminario se define como el porcentaje de luz producido por la lámpara que ' 
no es absorbida por el interior del luminario y que realmente lo abandona. · ·; ,,, 

El incremento en la eficiencia se debe a tres factores: a la habilidad del reflectOr ·para dirigir. 
más luz fuera delluminario, mejor funcionamiento de la lámpara que normalmente ocurre en los · -­
luminarios con delamping (debido a menores temperaturas de operación),y a" los efectos de:,, 
sombra de la lámpara reducidos. 

. ·,;' 

Menor Carga Térmica: Con un menor número de lámparas y con balastros más frfos·ios costoS'' 
por carga térmica se reducen considerablemente, aumentando as{ los ahorros por iluminación al· > ·· 
20%. Los ahorros por la carga térmica varían con el clima, pero son por lo general mayores que 
los incrementos producidos por el calor porque las cargas térmicas anuales de uri ·edificio· SOll ':.r 
mayores que las cargas por calor. · ...• ' 
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Apariencia uniforme_ y_ reflejo·•reducido: Los refl~Íofes ~~úl~ "prlidíic~n·. brillantez 

uniforme sinillar-,a IJ¡ apariencia;original;delluminario'fdHal' mOdo qíie irrévee la tendencia a 
1

4 
• '1 . . \ • ~ . -~ remp azar · · ic"' . ·, · • :r,r~.;~ .. • , • • · ·' • ~...- ... ~ ·· ... ~ 

1~ Jámpat¡IS faÍtan~: 'lÚ-~efl~r puede. reducir también la brillantez d~l luminario cuando se· 
.• . ~ r 

ve~ ánguJos.~yores~·.Esto reduce el reflejo y mejora el comfort viSUal dentro del ambiente 
de trabajo. 

.,.'1•, .-....... • ·:.-.1 _, "· :~..' ' :; . 
•,' 

.,-.:·: ·-·· . x. . .. _ .... .:}¡'_>:-~;: -~·; .. '::~~·:· ·. 
e).. Aplicaciones : · 

·,_-;, .it :;1.:• ·-~-:~ •""":lo:),llilí ~t!i ;·· .. ~:: 
~- ( . 

·. : . • _ · '.t\l~ P."'l'i{NJ 1 · "' .. - .. ~-~r ..... _.. .. - __ -._,. .. ··-tr,.~ ... ,_ '_ -~.--.. -:,-. ·¡;r.~. :.'Jl~~;:,:;·}l(j .• .J.!'=-~.().!5 .. ~~:;,;;:·~.:(';¡_""tJ._·,.·-. ...,~ )-~' 

~s ~eflectores especulares se usan más c~munm~~t~ j~n~-·-con.iJ,{5eJ'ectivo d;Ía~~ing. 
Quitando dos lámparas de un luminario ile cuatro, e.~d~~Jñ refl~r""~lai. '* ~ergía 
utilizada puede redusirse en !JD 50% con'una mantertidaiSl!lidá}diNiíi'fé4üci}lfen!m2~% 6:40%. 

. . . .. t~"?J":J!~~¡ {01 _iJ ¡)!.¡,f_k, . _-; ,.~!·. l;~ 
~~ : --~. . ."J 

- ;1¡,-¡t;¡¡msl.<,;:.·nun _['q> : .._. J..t•\:.>:r, ,. ; 

Esta reducción en la salida de luz puede se ai@pl$ eó~éijláCibs'qífi{1t~iteíiífu~'ffiv~les de 
luz recomendados. En otro caso la instalación del refleetór'plíédé' ser Sij¡ile'keniáila)éón lámparas 
con mayor salida y/o con mejores difusores parii'recobrlli:Jii'ii@UCCi~íjlsB·Sá.li'da'dJriJi: 

. . t~CM"'t1 ..... -~~..-:t?:!·'f~~"( .. ,.., -~'·• ~-: t_:·l 
, .• r • .., ... ".:..1-, ¡-t -· .. ,.......-~<.,¡;.._. ~. ,_, -... \ 

DependiendO de su posición, deberán ser recolocados dentro del luminario las láinparas 
restantes y sus sockets para maximizar la eficiencia y mejorar la. 3Jl31iencia. Los baiJlStros dé 
e~ndi_cio rápidocque nóise usen;:déberán ser deSébneétililoS~yaí~que~estos s'ég¡ímfn'~treg¡indo 
enefgía __ ~~~-de.l•.defaníÍrillg.· .~.,~.p~--'~ t ~~ .-~~· :iA:•i}~:A~- :¿ fr~~!:~'1J~~lf't.!~ .. --~.-t:r~.:.; ... , ·-;;,"' ~ -

~ ....... :_,";! :r_t · t,. ...... " :t_~:-' .. :< ~ . ..,.¡r ~~-~ :.··e':':.·· 4~e·t:l· :.~·-a::~.~_..>_:':::· ."':--.:; -; ·-; ---- J~~ -~-&'(¡_t.~-~ ·~:--1;:':y .. :··- __ ,. (.,_~-: ;-.· .. -., ~ . _ _ .. , 
Donde los niveles existentes de luz sean muy bajos, los reflectores especulares púeden 

a~Jllleqtar·el-nivel promedio de luz en un 15% o más, dependiendo de las condiciones existentes 
de la superficie del esmalte. 

. ' . ¡- • •• ! •• ' •• .:.' • 

CÓmo en ·cuálquier sistema de iluminación la superficie del reflector debe ser limpiada de 
acuerdo a las instrucciones del fabricante en intervalos regulares, para mantener el nivel6ptimooe 
funcionamiento. 

También, para mantener los niveles de luz adecuados y ahorrar en los costos de remplazo, el 
u~o. debe establecercun programa de remplazo y limpieza del luminario en intervalos 
recomendados.~ , 

" • ·•¡"' 

Los l!efleetores especulares tienden a concentrar la distribución de luz hacia abajo. Aunque esta 
concentración puede reducir el reflejo y la brillantez, también reduce el haz de luz. Esto puede 
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Or. 
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reducir la ilumilm.m:m s ~av.e>'ifefii$aCi6)' _crear a1'e<is os..."Uras·en las paredes. · · '· -· ''·. 
Cuando se evalu~ eí diSd¡o ~~e' im.iéit~XIór, se ti~:1p.l~idaecar··la libertad de niovedo y ~~e· 
reinstalarlo. También Se: tiene qué Ser cauteloso de los Uamados diseños' éStandar que pueden no · ·· ·· 
optimizar la salida de lm. ~se lleva acabo una recoiocad6n o si ehefitttor está siendo. Usado-..' •·' 
cmo parte de una cerCl! é!éctrir.a, éspecifique S<Jiamente ref!cx:tore5 y áccesbrios clasifiéallos U .L.· ·~. · · · · 

lo • • , 

u5e esta lista cuan(b.eviilúe mi'reflectf!t~ · :•,~ •<' · .-:•,_.:: 

a) Prueba de campu 6~1 ¡:..-ocedl~tiro' de iliséñi{' · ,¿,. ·· . . :_,i:<-. 
-~' . ' ~ 

;~[_, ~ 

~ .• . n.~ 

. . :;: ·,, 1 ~t :: ... ,.::_. 
'· . :--.... , 

• . ._.¡ .• . • ,-·-. r---··, -,~r-.:..t;.~ ::·~·~\.·<~;: :· si:r.:· •. ·. . • -::· . · · '~ 
La deci~ ,de ''.511f re~~ ~~_!Mfis ~ cestar ba~<ltifm co~dCi<iidones ecOnómicas; ' 

de ingeniena: en calidad ooiJtíp:.iitidoo y·estétimS Para re;.'P9ndet' Wdlis llli:<:'ptt~lis'H'llQI!ernl<i.i 
en la iluroinadó~t COI1 ieflectOieS ~!IWes, ~ riecesita'i;{eVálillici6n d'eitod~ tos ci:lliipollditt.s 
delsic;te . .ms. · · .. -~:.:-~:.;-::.-~-- ~...- ,.·_;f t·-.--·1_; ·~.:::-. · · ~ :~:.· ~~ -~_,...,:--. _ ... : · ... · ,'. 

.... , .. ' ~ ' .. 
.. ... . . . ·_ Jl .. 
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~-- ~ . . . ·. '•..: . . . . ' 

Si no puede dccim~ entre iáS"iliféiefltes Ulteril:ii:i\'as pregunte a:·~m conSultor indepeooiente re 
iluminación. , .,: · .. · ' · '·: 
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