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ITEMA _ 1
TARIFAS ELECTRICAS

INTRODUCCION

Haciendo caso omiso de los muchos tipos de tarifas y de los ......entes procedimientos
de cdlculo de cualquier compaiifa de generacién de energia eléctrica del mundo, todas las
facturas extendidas sobre el consumo de fuerza obedecen al mismo patrén.

Por lo comiin hay tres conceptos de cargo para formular estas facturas: demanda méxima,
energfa consumida y factor de potencia.

Los cargos por concepto de la demanda se basan en los costos de generacion de energfa
eléctrica, de la transmisién y distribucién de Ia misma, de acuerdo con los medios disponibles
para efectuarlas.

En estc rengldn se incluyen los cargos reditisables de la inversi6n, agregando mter&ws,
impuestos, amortizacion, etc. Los cargos por concepto de energfa comprenden los costos del
combustible, mantenimiento y otros gastos relacionados con la operacién.

I1.1.- CARGOS POR DEMANDA MAXIMA

Lademanda mixima puede explicarse de la manera siguiente: Supongamos que una planta
vaafabncarbotmdeho;alatayqueelrendmlenmdecadamdqumaesde10 000 botes’
diarios, una orden de 300, 000 botes requieta 30' mdquinas para fabricar este volumen enun
dia, perosnestxordensereparteenu'e lOdfas laplantapodnitrabajarconsélom

El valor de la inversién representado por las maquinas tiene que incluirse en el costo de
la produccida de los botes. Si se puede convencer al comprador para que espere ms tiempo
para recibir sus botes, selepodrﬁdarunprecxomﬁsreducldo Sise reducen los gastos
generales, se podrd obtener un precioc m4s bajo por unidad,

v e * g

. lomlsmosucedeconelcasodelaEnerganlécmca sdloqueenesterengldnnolc
quedaalaCentmldeGmeramdnElécmca ninguna alternativa. Al hacer funcionar el
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Para poder reducir y controlar su demanda, los usvarios deben reorganizar sus
operacionm segiin el proceso se los permita para distribuir su demanda fuera de las horas
pico; o bien limitar en forma automdtica la demanda mediante algun sistema controlador. En
ambos casos el primer paso consiste en hacer un andlisis que permita conocer las
caracterfsticas de 1a demanda durante un periodo dado. En este andlisis se deben considerar
los siguientes factores:

" 1. Factor de carga
2. Valor y duracién de los picos de demanda
3. Valor y duracién de los valles

4. Horario de los picos de demanda

5. Causas de los picos de demanda

I1.4.- CARGOS POR ENERGIA CONSUMIDA

Los costos de operacién de la porcidn de Ia factura de consumo de energfa eléctrica, se
basan en el nimero de kilowatts-hora registrados en el término de cierto perfodo,
normalmente por un mes. Para establecer comparaciones, témese en consideracién este
perfodo de factm'acmn El mimem de dfas de trabajo y el mimero de dias cubiertos tendrdn
diferencias. -

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

1. Si el usvario tiene su contratacién en baja tensién, las pérdidas en los
tmnsformadorulasabaxbelacompaﬂfaquesuminim el servicio.

2. Si ¢l usuario tiene su contratacién en media y alta tensién, y su medidor de
consumo se encuentra en el secundario del transformador, la compaiifa que suministra
el servicio efectia un cargo del 2% por concepto de las pérdidas en el transformador-

3. Si el usuario tiene su contratacién en media y alta tensién, y.su medidor de




consumo se encuentra en ¢l 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 tensién y el usuario
requiere aumentar su voltaje a media o alta tensién mediante la instalacién 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.

I1.5.- 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 distribucién de energfa eléctrica en
toda planta. El factor de potencia es un mimero que expresa una relacion y puede explicarse
de la siguiente manera:

La potencia es el producto de 1a 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 induccién,
transformadores, alumbrado fluorescente, hornos de induccidn, soldadoras por resistencia,
etc. estd formado por dos clases de corriente: 1a corriente magnetizante y la corriente que
desarrolla el trabajo. :

- La corriente efectiva es la que se convierte en trabajo til por la accién del equipb como.
por ejemplo, Ia rotacién de un motor, la ejecucién de un corddén de soldadura o el bombeo
de agua. Esta corriente da como resultado l1a 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 operacidn de aparatos de induccién
como los anteriormente mencionados. Sin la corriente de magnetizacién no habrd flujo de
energfa a través del nicleo de un transformador, ni a través del entrehierro de un motor de
induccién. Este tipo de corriente produce la potencia reactiva que se expresa en KVAR. La
relacién entre el factor de potencia se expresa como la relacién entre la corriente productora
depotencmylacomentedelcxrcmto :

KW .
,Factor de potencia = ==--—-~; 6 KW = Kva x fp.
KVA

Las facturas de consumo de energfa se basan en las mediciones de la demanda y en los
Kilowatts-hora de energfa. .
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De la férmula anterior se desprende que para evitar cierta cantidad de potencia a un
consumidor, la Central tendrd que transmitir una corriente mayor hacia un sistema que tenga
un factor de potencia bajo, que hacia otro cuyo factor de potencia sea mds alto. El valor de
la corriente adicional no es registrado por el watthorfmetro del consumidor y por lo tanto
representa una pérdida para la compaiifa suministradora. Esta condicién exige también la
instalacién de cables mds gruesos y los transformadores, generadores y otros equipos, cuyas
caracterfsticas se basan en su capacidad para conducir corriente, tendrdn que ser de mayor
tamaiio,

En atencién a la necesidad de compensar el monto de la mayor inversién que se necesita
para atender la demanda de cargas de factor de potencia bajo, las compaiifas de energfa
eléctrica han introducido la cldusula de factor de potencia para las facturas de consumo de
energfa. En esta clfusula se ofrece una reduccién en las cuotas de consumo para cargas con
factor de potencia alto o también imponen cuotas a manera de multa si el factor de potencia
estd es bajo. Pero el resultado real es que se aplican cargos extra cuando el factor de potencia
estd por abajo del 90 % en la mayorfa de los casos. |

11.6.- ESTRUCTURA DE LAS TARIFAS

| La estructura actual de las tarifas de energfa eléctrica se basa en los costos de suministro
a los usuarios, por lo cual se han tomado en cuenta las diferencias regionales, estaciones del
afio, horarios de consumo, nivel de !a tensién de suministro y demanda.

I1.6.a.- Regionalizacién tarifaria

Por lo anterior CFE ha dividido el territorio nacional por regiones, principalmente para
diferenciar el uso de la energia eléctrica en media y alta teasién. A continuacién se muestra
un mapa con las regiones. Los nimeros se refieren a porcentajes de cuotas, con respecto a
las cuotas base, ai_; 100 %, que se listgn en la seccién "cuotas Y coandiciones”.

A continuacién se detallan los municipios y estados de la repiblica 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 Rfo 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
Rio 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: Chalchihuites, Jimenéz del Téul, Sombreretes, Safn
Alto, Jerez, Juan Aldama, Rfo Grande, General Francisco Murgufa, Mazapil, Melchor
Ocampo.

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

5) REGION NORESTE. Todos los municipios de los estados d¢ NUEVO LEON Y
TAMAULIPAS.

Todos los municipios del estado de COAHUILA excepto los comprendldos en la REGION_ :
NORTE

MunlClplOS del estado de ZACATECAS Concepc:én del Oro y El Salvador.

Municipios del estado de SAN LUIS POTOSI: Venegas, Cedral, Cerritos, Guadalc4zar,
Ciudad Ferndndez, Rfo Verde, San Ciro de Acosta, Lagunillas, Santa Catarina, Rayén
Cardenas, Alquines, Ciudad del Mafz, Ciudad Valles, Tamazopo, Aquismon, Axtla de
Terrazas, Tamazunchale, Huehuetldn, Tamuin, Tancahuitz, Tanlajas, San Antonio Coscatldn,
Tampamolén, San Vicente Tancuayalab, Ebano, Xilitta, Tampacan. :

Municipios del estado de VERACRUZ: Pdnuco, temporal, Pueblo Viejo, Tamplco Alto,
Ozuluama de Mazcarefias, El1 Higo, Huayacocotla.

6) REGION CENTRAL. Todas las delegaciones del DISTRITO FEDERAL. Municipios del
estado de MEXICO: Tultepec,” Tultitlin, Ixtapaluca, Chalco de Dfas Covarrubias,
Huixquilucan de Degollado, San Mateo Atenco, Toluca, Santa Cruz Atizapdn, Cuatitldn,
Coacalco, Cuatitidn Izcalli, Atizapdn de Zaragoza, Tlalnepantla, Naucalpan de Judrez,
Ecatepec, Chimalhuacdn, Chiciloapan, Texcoco, Ciudad Netzahualcdyotl, Los RcyesLapaz
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.

FIDE-ATPAR N . AHORRO DB ENERGIA EN [LUMINACION INTERIOR



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.

11.6.b.- Clasificacién y descripcién
Para la aplicacién e interpretacién de las tarifas se considera que:

a) Baja tensidn es el servicio que se suministra en niveles de tensién menores o iguales a 1.0
KV.

b) Media tensién es el servicio que se suministra en niveles de tensién mayores a 1.0 kV,
pero menores ¢ iguales a 35 KV. .

c) Alta tension a nivel subtransmisém es el servicio que se suministra a niveles de tensién =
mayores a 35 KV, pero menores a 220 KV.

d) Alta tensién a aivel transmision es el servicio que se suministra a niveles de tensién iguales

0 mayores a 220 KV.

TABLA 1
Clasificacidén y descripcién

Tarifa Denominacién Condiciones de suministro

1 Residencial Baja tensién sin limite de carga

2 Servicios Generales  Baja tensién y hasta 25 KW -

3 Servicios Generales  Baja tensién y cargas mayores de 25 KW

5y 5A Alumbrado Publico Alta 0 Baja tensi6n sin Ifmite de carga

6 Bombeo aguas Media o Baja tensidn sin lfmite de carga

7 Servicio temporal Baja tensién sin ifmite de carga -

9 Bombeo agua riego Media o Baja tensién sin limite agricola de carga

oM Ordinaria media Media tensién y cargas mayores, tension a 20 KW y
menores de 1000 KW

HM Horaria media tension Media tensién y cargas igual o mayor a 1000 KW

HS Horaria alta tensién  Alta tensién nivel S de 35 a 220 KV
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FACTORES DE REGIONALIZACION

' _NOROESTE
* INVIERNO 100
VERANO. 105

ROESTE
100 T



HT Horaria alta tensién  Alta tensién nivel T 220 KV 6 mds

H-SL.  Horaria alta tensién ~ Alta tension nivel S de 35 a larga utilizacién y 220 KV
H-TL  Horaria aita tensién  Alta tensi6n nivel T 220 KV 6 m4s larga utilizacién
[-30  Servicio Interrumpible Alta tensién niveles S y T cargas mayores a 20000 KW

I1.7.- CONCEPTOS SOBRE LAS CUOTAS

Todas las cuotas que se presentan a continuacién, estdn en N$ (nuevos pesos) y
corresponden al mes de enero de 1993. Para calcular las cuotas de las tarifas 1,2 ,37y9
de cualquier mes después de enero de 1993, ver el inciso ‘cargo por mantenimiento’. Las
Cuotas que se presentan para las tarifas de 1a O-M a la I-30 corresponden la regidn sur. Para
calcular otras regiones deben multiplicarse por el factor de regionalizacién que se muestra en
el mapa de la seccién ‘regionalizacién tarifaria’.

APLICACION DE LAS TARIFAS 1 A9

TARIFA 1
RESIDENCIAL

Esta tarifa se aplicard a todos los servicios que destinen la energfa para usos
exclusivamente domeésticos, cualquiera que sea la carga conectada individualmente a cada -
residencia, apartamento, apartamento en coandominio o vivienda, Estos servicios sé6lo se
_ suministran en baja tensién y no debe aplicdrseles ninguna otra tarifa.

CUOTAS APLICABLES: cargos por coergfa consumida.
TARIFA 1A, 1B, 1C, 1D

Esta tarifa se aplica a todos los servicios que destinen la energfa para uso exclusivamente
doméstico, cualquiera que sca la carga conmectada individualmente a cada residencia,
apartamento, apartamento en conduminio o vivienda, en localidades con clima muy célido.
Estos servicios s6lo se suministran en baja tensién y no debe aplicdrseles ninguna otra tarifa.

LUGARES DONDE REGIRA LA TARIFA. Esta tarifa rige en aquellas localidades con
clima muy cdlido, considerdndose cumo tales aquellas cuya temperatura media mensual
durante 2 meses consecutivos 0 mds, sea de 25 C o mayor, de acuerdo con las observaciones
termométricas registradas por la SARH. A continuacién se muestra la temperatura que
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_NIVELES DE TENSION -

Para la aplicacién e
interpretacién de ias tarifas se

considera que:

o
1

38

KV

AGRAY AR N0

a) Baja tensién es el
servicio que se suministra a
niveles de tensién menores
6 iguales a 1 KV.

b) Media tensién es el
servicio a tensiones
mayores a 1 KV pero
menores o iguales a 38 KV.

c) Alla tensién a nivel
subtransmisién es el
servicio a tensiones
mayores & 38 KV pero
menores a 220 KV.

d) Alta tensién a nivel
transmisién es el servicio
a tensiones iguales 6
mayores a 220 KV.

'APLICACION DE LA TARIFA 1

USO EXCLUSIVAMENTE DOMESTICO EN BAJA TENSION

CUOMS APLICABLES : CARGOS POR ENERGIA Y MANTENIMIENTO
MINEMO MENSUAL: N8 0.453

DEPOBITOS EN
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corresponde a cada tarifa.

T = 1A ~—————=cm- > 25 C

T =~ 1B ==--——=em- > 28 C

T ~ 1C =====a——me > 30 C

T ~ 1D ==--———--- > 31 C 6 nds
TABLA 2
TARIFA 2

SERVICIOS GENERALES (hasta 25 KW)

Esta tarifa se aplica a todos los servicios que destinen 13 energfa en baja tensién a
cualquier uso, con demanda hasta de 25 kW, excepto a los servicios para los cuales se fija
especificamente su tarifa.

CUOTAS APLICABLES. Cargo fijo y cargo por energfa consumida.

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

N$ 4.02504 NS$ 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 mdxima medida excede de 25 kw, y faculta al
suministrador a realizar esta reclasificacion auvtomdticamente al realizarse 1a tercera demanda
consecutiva o superior, dando aviso al usuario. Para poder realizar, ia demanda mdxima debe
medirse y es obvio que no resulta prictico 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
- Facturacién bimestral

Servicios con carga conectada superior a 36 kW
- Medir demanda
~ - Facturacién mensual
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Independientemente de lo anterior, los programas de facturacidn emiten un aviso para que se
instale un medidor de demanda mdxima cuando el consumo sea supenor a 14, 000 kWh
mensuales.

TARIFA 3
SERVICIOS GENERALES (mayores a 25 kW)

Esta tarifa se aplica a todos los servicios que destinen la energl'a en baja tensién a
cualquier uso, con demanda de mds de 25 kW, excepto a los servicios para los cuales se fija
especificamente su tarifa.

CUOTAS APLICABLES. Cargo por demanda mdxima y cargo por energfa consumida. -

Cargo por demanda Cargo por KWH

N$ 41.95239 _ N$ 0.20861

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

TARIFA 5 Y 5A
ALUMBRADO PUBLICO

Esta tarifa s6lo se aplica al suministro de energfa eléctrica para el servicio de semsforos,
alumbrado y alumbrado ormamental por temporadas, de calles, plazas, parques y jardines
publicos. La tarifa 5 se aplica unicamente para las zonas conurbanas de méxico, D.F.,
Monterrey y Guadalajara. La tarifa SA se aplica para el resto del pafs.

CUOTAS APLICABLES MENSUALMENTE Cargos por energfa consumida en alta
tensién y en baja tensién.

Tarifa Alta tensién Baja tensién
5 N$ 0.41076 N$ 0.48932
5A NS 0.30807 ' N$ 0.36701
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DEMANDA POR CONTRATAR la demanda por contratar corresponde al 100 % de la
demanda conectada.

TARIFA 6
BOMBEO DE AGUAS

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

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

Cargo fijo Cargo por KWH

N$ 42.15657 NS 0.23338

DEMANDA POR CONTRATAR. La demanda por contratar la fija inicialmente el usuario,
no serd 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 energfa temporalmente a
cualquier uso, exclusivamente donde y cuando la capacidad de las instalaciones del
suministrador lo permitan y é&ste tenga lfneas de distribucién 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.

CUOQTAS APLICABLES. Cargo por demanda y cargo por energfa consuqiida.

Cargo por demanda Cargo por KWH

N$ 26.34582 N$ 0.65874

FIDB-ATPAR AHORRO DE ENERGIA EN ILUMINACION INTERIOR

/7



a) N$ 0.29000 por el primer dfa de servicio

b) N$ 0.03600 por cada dfa adicional de sérvicio
¢) 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
portdtiles tales como mdquinas de pulir,encerar y lavar pisos, pintar, soldar, etc., el
suministrador podrd 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 tensién que destinen la
energfa para el bombeo de agua utilizada en el riego de tGerras dedicadas al cultivo de

productos agricolas y al alumbrado del local donde se encuentre instalado el equipo de-
bombeo.

CUOTAS APLICABLES MENSUALMENTE. Cargos por la energia 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 s6lo estd obligado a
proporcionar el servicio a la tensidn y capacidad disponibles en el punto de entrega.

DEMANDA POR CONTRATAR. La demanda por contratar la fijard inicialmente el

usuario con base en sus necesidades Je potencia. Cualquier fraccidn de kW, se tomard como
kW completo.

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

1. Un posible usuario solicita servicio en baja tensién con la siguiente carga conectada:
* Alumbrado
- 12 ldmparas fluorescentes de 110 watts, c/u 1,584 Watts

** Fuerza

- Un motor trifdsico de 12 hp 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,
contrate una demanda no menor a 8 kilowatts. El servicio serd en tarifa 2. .

2. Un posible usuario solicita servicio en baja tensi6n con las siguientes cargas conectadas:
* Alumbrado
- 50 ldmparas fluorescentes de 75 watts c/u  4,687.5 W
- 100 limparas incandescentes de 150 watts c/u 15,000 W

* Fuerza

- 5 motores de S hp c/u 22,450 W
- 1 motor de 10 hp 8,674 w
Total 50,811.5W

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 serfa contratar el servicio bajo tarifa
2, mientras que en el segundo serfa tarifa 3. Tampoco podria predecirse cual de las dos tarifas
resultaria més econémica para el usuario, puesto que se desconoce el factor de carga del
servicio, por lo tanto, la solucién serfa contratar en tarifa 2 con 21 kilowatts de demanda,
instalando en este caso equipo de medicién de demanda, facturando mensualmente y vigilando
que en el caso que la demanda exceda en tres veces consecutivas 25 kllowau:s se reclasifique
el servicio en tarifa 3.
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APLICACION DE LAS TARIFAS O-M A 1-30
Conceptos sobre los periodos punta y base

PERIODO DE PUNTA. Es el tiempo comprendido entre las 18:00 y las 22:00 horas, de
lunes a sdbado. A excepcién de las regiones de Baja California, Baja California Sur y
Noroeste, para las cuales y durante los meses de junio a octubre serd el tiempo comprend:do
entrelas 16:00 a las 22:00 horas.

Los dfas de descanso obligatorio, establecidos en el artfculo 74 de la Ley Federal del
Trabajo, asf como los que se establezcan por Acuerdo presidencial, se excephian de esta
consideracidn.

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

ENERGIA DE PUNTA. Es la energfa consumida durante el perfodo de punta.

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

Conceptos sobre 1a demanda

DEMANDA MEDIA. Esa la demanda de energfa eléctrica promedio ea un perfodo
determinado.

DEMANDA MAXIMA MEDIDA. la demanda mdxima medida se determina mensualmente

por medio de instrumentos de medicidn que indiquen la demanda media en kilowatts durante
cualquier intervalo de 15 minutos, en el cual el consumo de energfa eléctrica sea mayor que
en cualquier otro intervalo de 15 minutos en el perfodo de facturacién.

DEMANDA MAXIMA MEDIDA EN PERIODO DE PUNTA. Se determina
mensualmente durante cualquier intervalo de 15 minutos del Perfodo de Punta,en el cual el
consumo de energfa eléctrica del consumidor sea mayor que en cualquier otro intervalo de
15 minutos en el Perfodo de Punta.

DEMANDA MAXIMA MEDIDA EN PERIODO DE BASE. Se determina mensualmente
~ durante cualqéier intervalo de 15 minutos del Perfodo de Base, en el cual el consumo de
energfa eléctrica del consumidor sea mayor que en cualquier otro intervalo de 15 minutos en
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PERFIL DE CARGA

DEMANDA MAXIMA, DEMANDA MEDIA, FACTOR DE CARGA Y CONSUMO PROMEDIO
DATOS DEL PERFIL :

DEMANDA INSTANTANEA. /[iHlllll[li[ll[lillillu
Ea @i vaior de demanda (KW) DEMAN LM ALNT A A
registrado a cada Instante 600 "
durarnite un periodo determinado. 550
‘DEMANDA MAXIMA: 500 J g
Es ol valor méximo de demanda a l‘
instantinea {KW) reglatrado a lo 450 e DEAANDA AEDEL P
largo de detsrminado periode. § 400 < g
DEMANDA MEDIA: < 350 % =
Esa ol valor promedic de todas 3 300 'l
las lecturas instanténeas 3 250
registradas sn un periodo & 200 . In
determinado. 150 DEMNANDIOA INSTANTANEAL Im
FACTOR DE CARGA. 100 7
Es [a relacién sntre la demanda 50
media (KW) y la demanda 0 '
méxima (KW) en detsrmiriado 0123 495678 01011121314 13181718182031 222304
periodo. Se puede sxpresar en HORA
porunidad o en porclento. : .
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CONCEPTOS SOBRE LOS PERIODOS PUNTA Y BASE

PERIODO DE PUNTA. PERIODO DE BASE DEMANDA MAXIMA MEDIDA

Es ¢l llempo comprandkio sntre las &3 of resto de iz horms del mes, no Se determina mansusiments por

15:00 y las 22:00 hores, de lunes a comprendidas en of periodo de punta. medio de Instrumentos que indiquen

shbado. S exceptian las regiones ds la demands media en kllowans

B.C., B.C. Sur y Noideats, para las ENERGIA DE PUNTA durants cualquler Intervelo de 18

cuales y durame o8 meses da junio » Ea & snergia conaumida durante o minutas, en ef cual ¢l sonsume de

octubre serd sl tlempa comprendido periode de punta. eneryia sibctrics ses mayor que sn

entre las 180:00 y las 22:00 hatus. cuaiquier otre intarvaio de 18 minuioe

Low disy de descaneo obilgatorio, ENERGIA DE BASE o ol pariodo de facturecide,

satablecidos en ¢! Articulo 74 de |a Ley e ta snwrgis consumida durants of

Federai del Trabajo ssl como jos que 38 periadd de base. E dow pti

ssteblezoan por Acusrdo Presidencial, s splioan Gnicaments para ias tartfas

se exoeplGan ds esta conskderacidn. H-M, H-8 ¥ H-T.

DEMANDA MAXIMA de Base, on ol cual of

MEDIDA EN PUNTA 1000 J consume de snhergia sléotrica
288 MAayor qQuUs o cuaiguier

Se determina E"“%‘“‘.‘}“}::l otro intervaio de 15 minutos

mensuaiments durants . on ol pariodo de Base.

cualquler intervale de 15 1000 .

DIFERENCIA DE
DEMANDAS

£9 la Demanda Méxime on
Base mence la Demanda
Mixima on Punia, cusnde

minutos on ¢l Pertodo de

Punta, en ol cual el

conswno de energia sea 1800
mayor qua en cuaiquier

otro Intervalo de 18

minutos en & Periodo de

Punts. 1400 seta diferencia sea positiva.
Cuando la Demanda Mixima
DEMANDA MAXIMA e on Punita ses mMayor que ia
MEDIDA EN BASE 1200 Demands Mixima en Base, la
: Diferencia de Demandas o8
8¢ determina cada mes oere.

durants cualquier Intervalo ° 4 L] 12 19 19 2p 22 24
de 18 minutos del pariodo -H O A A AGRR/ABN-03°



el Pericdo de Base.

DIFERENCIA DE DEMANDAS. Es la Demanda Mdxima Medida en perfodo de Base
manos Demanda medida en perfodo de Punta, cuando esta diferencia sea positiva. En aquellos
casos en que la Demanda mdxima Medida en Perfodo de Punta sea superior a ]a Demanda
Mdxima Medida en Periodo de Base, la Diferencia de Demandas es igual a cero.

Conceptos sobre la demanda y energfa facturables |

DEMANDA FACTURABLE. Es el resultado de sumar la Demanda Mdxima Medida en
Perfodo de Punta y Ia 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 miximo entre la energfa consumida durante
el Perfodo de Punta y el 80% del producto de 1a Demanda M#xima Medida en Perfodo de
Punta pot el mimero de horas del Perfodo de Punta. "

ENERGIA FACTURABLE DE BASE. Es la diferencia entre 1a Energia Total Consumida
durante el mes y la Energfa Facturable de Punta.

Estos dos conceptos se aplican inicamente para las taﬁfas 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 aplicard a los servicios que destinen la energfa en media tensién a cualquier
uso, con demanda menor a 1, 000 kW,

CUOTAS APLICABLES MENSUALMENTE.

Cargo por kW de demanda m4xima medida N$ 23.086
cargo por kWh de energfa consumida N$ 0.13565

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

En el caso de que el 60% de la carga total conectada exceda la capacidad de la subestacién
del usuario, se tomard como demanda contratada la capacidad de dicha subestacién 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 fraccién de kilowatt se tomard como kilowatt completo.

DEPOSITO DE GARANTIA. Dos veces el importe que resulte de aplicar el cargo por
demanda mAxima medida a 12 demanda contratada.

TARIFA H-M.

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

Esta Tarifa se aplicard a los servicios que destinen la energfa en media tensi6n a cualquier
uso, con una demanda de 1, 000 kilowatts o mis.

CUOTAS APLICABLES MENSUALMENTE.

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

MINIMO MENSUAL. El importe que resulte de aplicar 10 veces el cargo por kilowatt de
demanda facturable. En el caso de que el 60% de l1a carga total conectada exceda la capacidad
de la subestacién del usuario, sdlo se tomara como demanda contratada la capac:dad de dicha
subestacién a un factor de 85%.

Cualquier fraccién de kilowatt se tomard como kilowatt completo.

Cuando el usuario mantenga durante 6 meses consecutivos, tanto una demanda mdxima
medida en Perfodo de Punta, como una demanda Mdixima Medida en Perfodo de Base
inferiores a 1, 000 kilowatts, podrd solicitar al suministrador su incorporacién a la Tarifa
O-M. Cualquier fraccién de kilowatt se tomard como kilowatt completo.
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HORARIO. Para los efectos de la aplicacién de esta tarifa, se utilizard el horario oficial que
rige en el territorio nacional, por decreto presidencial publicado en el dxano oficial de la

federacion el 24 de 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 aplicard a los servicios que destinen la energfa a cualquier uso, suministrado
en alta tensién, nivel subtransmisidn.

CUOTAS APLICABLES MENSUALMENTE.

Cargo por KW de demanda facturable N$ 26.441 -
Cargo por KWh de energfa de punta  N$ 0.17242
Cargo por KWh de energia de base ~ N$ 0.09597

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

DEMANDA POR CONTRATAR. La demanda por contratar la fijard inicialmente el
usuario; su valor no seri menor del 60% de la carga total conectada, ni menor de la
capacidad del mayor aparato instalado, :

En el caso que el 60% de la carpa total conectada exceda la capacidad de la subestaci6n del
usuario, sélo se tomard como demanda contratada la capacidad de dicha subestacuin a un
factor de 85%. ‘
Cualquier fraccién de kilowatt se tomard como kilowatt completo.

HORARIQ. Idem Tarifa H-M

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

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

Esta tarifa se aplicard a los servicios que destinen la energfa a cualquier uso, suministrados
en alta tensién, nive] transmisién.

CUOTAS APLICABLES MENSUALMENTE.

Cargo por KW de demanda de energia facturable N$ 24.459

Cargo por KWh de energfa de punta N$ 0.16196

Cargo por KWh de energfa de base N$ 0.08987
MINIMO MENSUAL. Idem Ta;‘ifa 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 HORARIA PARA SERVICIO GENERAL EN ALTA TENSION,
NIVEL SUBTRANSMISION, PARA LARGA UTILIZACION.

Esta tarifa se aplicard a los servicios que destinen la energfa a cualquier uso, suministrados
en alta tensidn, nivel subtransmisién, y que por las caracterfsticas de utilizacién de su
demanda soliciten inscribirse en este servicio.

CUOTAS APLICABLES MENSUALMENTE. Cargos por la demanda facturable, por la
energia facturable de punta y por la energfa facturable de base.

Cargo por KW de demanda facturable NS$ 26.441
Cargo por KWh de energfa facturable de punta N$ 0.27885
Cargo por KWh de energfa facturable de base  N$ 0.07490

MINIMO MENSUAL. Idem Tarifa H-S.
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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 aplicard a'los servicios que destinen la energfa a cualquier uso, suministrados
en alta tensién, nivel transmisién, y que por las caracterfsticas de utilizacién de su demanda
soliciten inscribirse en este servicio.

CUOTAS APLICABLES MENSUALMENTE. Se aplicar4n los siguientes cargos por la
demanda facturable, por la energfa facturable de punta y por la energfa facturable de base.

Cargo por KW de demanda facturable N$ 24.459
Cargo por KWh de energfa de punta NS 0.20754
Cargo por KWh de cnergfa 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 I-30 |
TARIFA PARA SERVICIO INTERRUMPIBLE.

Esta tarifa serd 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 Mdxima
Medida en el Perfodo de Punta o Base, mayor o igual a 20,000 kW durante los tres meses

previos a la solicitud de inscripcién.

DEMANDA INTERRUMPIBLE CONTRATADA Y DEMANDA FIRME
CONTRATADA. El usuario que solicite servicio en esta tarifa deberd contratar una demanda
interrumpible y una demanda firme. La demanda firme contratada no puede ser menor al 30%
del promedio de su Demanda Msdxima Medida en el Perfodo de Punta durante los \ltimos tres
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meses previos & su solicitud de inscripcién. La demanda interrumpible contratada no puede
ser menor a 7,000 kW ni mayor al 70% del promedio de su Demanda Mdxima Medida en
Perfodo de Punta y durante los tres meses previos a su solicitud de inscripcion.

BONIFICACION MENSUAL

Para los usuarios de por cada kW de demanda

~ tarifas H-T y H-TL N$ 4.988 interrumpible bonificable
Para los usuarios de por cada kW de demanda
tarifas H-S y H-SL N$ 5.237 interrumpible bonificable

' La bonificacién mensual serd aplicada en la facturacién del usuario calculada de acuerdo
con la tarifa aplicable.

DEMANDA INTERRUMPIBLE BONIFICABLE. La Demanda Interrumpible Bonificable
mensualmente serd kW mfnimos entre la Demanda Interrumpible Contratada y el resultado
de restar a la Demanda Mdxima Medida en Perfodo de Punta 1a Demanda Firme Contratada.
En caso inferior a la Demanda Firme Contratada, la Demanda Interrumpible Bonificada serd
cero. S

CONDICIONES GENERALES DE LA INTERRUPCION. El suministrador podrd
solicitar al usuario la suspeasién total o parcial de la demanda contratada como interrumpible
con la anticipacién de 30 minutos como mfnimo en la forma convenida con el usuario.

DE LA DURACION Y PERIODICIDAD DE LAS INTERRUPCIONES. El
suministrador podrd4 solicitar 1a interrupcién una vez en un dfa por periodo hasta de 4 horas.
El total de interrupciones acumuladas en un afio calendario serd como m4ximo de 14. Las
interrupciones que no hayan sido utilizadas por el suministrador no podrdn ser acumuladas
para el siguiente afio calendario.

CARGOS POR INCUMPLIMIENTO. Si el suministrador determina mediante los registros
de medicién de la demanda del usuario, que éste no cumplié o complié parcialmente con una
solicitud de interrupcidn, tendrd derecho a aplicar en la facturacion un cargo equivalente a
6 veces el monto de la bonoficacién mensual correspondiente a 1a demanda interrumpible no
proporcionada. Si dentro de un perfodo de 12 meses, el usuario incurre en reincidencia, el
suministrador, en adicién a la penalizacién anterior, podrd a su discrecién de servicio
interrumpible. La demanda interrumpible no proporcionada serd la diferencia entre:
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1) El resultado de restar a la Demanda Mdxima Medida durante e} lapso de interrupcion la
Demanda Firme y Contratada y

ii) E! resultado de restar a la Demanda Interrumpible Contratada 1a Demanda Interrumpible
Solicitada.
Cargos por Mantenimiento
A todas las tarifas descritas se les aplicard un cargo adicional mensual por mantenimiento
como indica la Tabla 3.
MONTO DEL CARGO MENSUAL POR MANTENIMIENTO A PARTIR
: ‘DEL 12 DE NOVIEMBRE DE 1991

TARIFAS DOMESTICAS

0 a 25kWH N$ 3.60
26 50 420
51 75 4.80
76 100 4.80
101 200 6.01
mds de 200 9.01

TARIFA 2 5.45
3 - 9.10
5YSA 9.10
6 , Exenta
7 9.10
9 ‘ 3.00
Oo-M 9.10
H-M 9.10
H-S - 9.10
H-T 9.10
TABLA 3

Cargos y Bonificaciones Relacionados con el Factor de Potencia
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FORMULA Y GRAFICA DE CARGOS:

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

FORMULA DE BONIFICACION:
Porcentaje de Bonificacién = 1/4 x (1 - (90/FP)) x 100 FP mayor al 90%

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

Los valores resultantes de la aplicacion de estas férmulas se redondeardn a un solo decimal,
por defecto o por exceso, segin sea 0 no menor que 5 el segundo decimal. En ningin caso
se aplicardn porcentajes de recargo superiores a 120%, ni porcentajes de bonificacién
superiores a 2.5%.

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:

. hY

Sobre las cuotas de las tarifas para el servicio doméstico (1, 1A, 1B, 1Cy 1D) se aplicard
un factor de 1.0057 mensual acumulativo a excepcndn de aquellas consignadas en la siguiente
disposicién:

Se aplicard un factor de 1.0079 mensuval acumulativo a las cuotas para consumos
mensuales superiores a2 200 kWh en la tarifa 1; 250 kWh en la tarifa 1A; 300 kWh en la
tarifa 1B; 750 kWh en la tarifa 1C; y 1000 kWh en la tarifa 1D.

Se aplicard un factor de 1.0079 mensual acumulativo a las cuotas de las tarifas 2, 3 y 7.

Se mantiene e] factor de 1.03 mensual acumulativo a las cuotas de la tarifa 9.

Disposicién que establece el procedimiento para el ajuste automidtico 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 aplicard dicha disposicidn
complementaria a partir del 22 de octubre de 1992.
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Ajuste por Variacién de Combustibie

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

10 bis. 1. APLICACION DE LOS AJUSTES

Esta cldusula de los ajustes se aplicard a la facturacién de la energfa consumida en las
tarifas O-M, H-M, H-S, H-T, H-TL para reflejar las variaciones de los precios y de los
combustibles utilizados en la generacién de energfa eléctrica.

10 bis 2. CALCULO DE LOS AJUSTES

Para cada mes calendario el monto de los ajustes -expresados en pesos-, se calculardn
muitiplicando el total de energfa consumida en dicho mes -expresado en kWh-, por los
factores mensuales de ajuste que se expresan en pesos/kWh.

10 bis 3. FACTORES DE AJUSTE

Los factores de ajuste del mes calendario se calculardn mediante 1a siguiente férmula por
cada nivel de tensién de suministro:

Factores de ajuste

Donde:

() Expresa cada uno de los 4 niveles de tension de suministro: 1) Alta Tensién Nivel
Transmisi6n (tarifas H-T y H-TL); 2) Alta Tensién Nivel Subtransmisi6n (tarifas H-S y H-
SL); 3) Media Tensi6n (tarifas O-M y H-M) y 4) Baja Tensién (tarifas 2, 3 y 7).

(i) Expresa cada uno de los 5 combustibles que se someten al ajuste mensual: 1) Combustdleo
importado, cotizacién Pemex, puesto en Manzanillo; 2) Combustdleo nacional,cotizacién
Pemex, centro productor; 3) Gas natural, cotizacién Pemex, zona centro; 4) Diesel no. 1.
Cotizacién Pemex, iunica a nivel nacional; 5) Carbén, cotizacion MICARE que incluye
manejo de cenizas, inica a nivel nacional.

FIDB-ATPAE ’ ARCRRO DB PNERGLA EN TAMINACION INTERIOR



(PBi) Expresa el precio base -sin [IVA- para cada combustible.

(Pi) Es el precio -también sin IVA- para cada combustible, vigente en la quincena anterior
al mes calendario del cdlculo del monto del ajuste.

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

FTj Representa un factor aplicable a cada uno de los cuatro niveles de tensién de suministro.

5 | Tarifa Tensién FT

1 H-T y H-TL Alta, nivel transmisién 1.029
2 H-S y H- SL Alta, nivel subtransmisién 1.042
3 O~-My H-M Media 1.067
4 2, 3y 7 Baja 1.104
i Combustible PB ' a

1 Combustéleo importado  0.23403 NS$/1 0.031744
2 Combustéleo nacional 0.19391 N$/1 0.104201
3 Gas natural 0.18410 N$/m 0.44212

4 Diesel no. 1 0.49130 N$/1 0.003048
5 Carbén 0.10041 NS$/kg 0.038062

Mol e e iR

FIDE-ATPAR ; AHORBO DH ENERGEA BN ILUMINACION INTERIOR

N>



Y e A I ol i T A e — ™
FACULTAD DE INGENIERIA U.N.A.M.
DIVISION DE EDUCACION CONTINUA

TEMA 2

TERMINOLOGIA, BIMBOLOGIA Y UNIDADES.

ING. ALEX RAMIREZ RIVERO.

Palacio de Mineria Calle de Tacuba 5 Primer piso Deleg. Cuauhtémoc 06000 Mexico, O.F. APDO. Postal #4-2285
Teléfonos: 5128955 512-5121  521-7335 5211887 Fax  510-0573 521-4020 AL 26



TEMA. 2

TERMINOLOGIA Y UNIDADES DE ILUMINACION.

En Luminotecnia intervienen dos elementos bdsicos 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 continuacién describiremos brevemente cada uno de los anteriores conceptos.
IV_1.- FLUJO LUMINOSO

La energfa transformada por los manantiales luminosos no se puede aprovechar totalmente
para 1a produccion de luz. Por ejemplo, una ldmpara incandescente consume una determinada
energfa eléctrica que se transforma en energfa radiante, de la cual s6lo una pequeiia parte es
percibida por el 0jo en forma de luz, mientras que el resto se pierde en calor.

A la energfa radiante de una fuente de luz que produce una sensacién luminosa se le llama
Flujo Luminoso o Potencia Luminosa. El flujo luminoso se representa por la letra griega ¢
y su unidad es e} LUMEN (Im). Un lumen es el flujo luminoso de la radiacién
monocromdtica que se caracteriza por una frecuencia f de valor 540 x 10E12 Hertz y por un
flujo de energfa radiante equivalente a 1/683 watts. Un watt de energfa radiante de longitud
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 segiin la curva de sensibilidad fotdpica del ojo a las radiaciones monocromdticas,
incorporado a una esfera hueca a la cual se le da el nombre de esfera integradora de Ulbricht,
y en cuyo interior se coloca la fuente a medir.

En la Tabla siguiente se muestran algunas de las limparas m4s usadas y su flujo luminoso
caracterfstico:
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'Tipo de Léimpara

Flujo luminoso

im
Efluvios ...eeieetnncennennens Ceeaeraenne 0.6
Veladecera ...cvccuvee... et esrarmnnnna io0
Bicicleta ..vvveeviennnns Seertecccnnanna 18
Incandescente Standar de 100 W ....ceeeee 1 380
Fluorescente L 40 W/20 (Blanco frio) .... 3 200
Mercurio a alta presién HQL 400 W ....... 23 000
Halogenuros metdlicos HQI 400 W .. .. 28 000

Sodio a alta presién NAV-T 400 W ...

..... 48 000

Sodio a baja presién NA 180 W ....c000e00. .33 000
Magnesio AG 3B ...cicvvune teeesnsesenases 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 cbtencién.

El rendimiento o eficacia se representa por la letra griega ETA () y sus unidades son

hkimenes por watt (Im/w):

| h ¢ [im]
W. [watt]

Si se lograse fabricar una ldmpara que transformara sin pérdidas toda 1a potencia eléctrica
consumida en luz de una longitud de onda de 555 nm, esta l4mpara tendrfa el mayor -
rendimiento posible, cuyo valor serfa de 683 Im/w, pero como sélo una pequeiia parte es
transformada en luz, los rendimientos luminosos obtenidos hasta ahora para las distintas
ldmparas quedan muy abajo de este valor, presentando diferencias notables entre las mismas,

como puede apreciarse en la Tabla II.

Por ejemplo, una ldmpara incandescente estindar de 40 watts produce 440 himenes, por
lo que tiene una eficacia de 11 lm/w. Una l4mpara de sodio baja presién de 180 watts
produce en cambio 3294 himenes por lo que tiene una eficacia de 183 Im/w.

AHORR(O DB ENERGIA EN ILUMINACION INTERIOR



T e TII et e i Vi A
FACULTAD DE INGENIERIA U.N.A.M.
DIVISION DE EDUCACION CONTINUA

TEMA 2

TERMINOLOGIA, SIMBOLOGIA Y UNIDADES:-

ING. ALEX RAMIREZ RIVERO.

Palacio de Mineria Calle de Tacuba § Primer piso Deleg. Cuauhtemoc 06000 México, D.F. . APDO. Postal M-2285
Teléfonos: 5128955 512.5%21  521-7335  521-1987 Fax 510-0573  521-4020 AL 26



8 % calor conduccion
casquillo y ampolla

12 % calor conveccion
gas

10 % 72 % calor radiante 18 %

FIG. 1.- TRANSFORMACION DE ENERGIA ELECTRICA PARA LA PRODUCCION DE
LUZ EN UNA LAMPARA INCANDESCENTE.

® totsl) = 2 n radianes w ttotal) = An estereciTadisnes

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

TERMINOLOGIA Y UNIDADES DE ILUMINACION.

En Luminotecnia intervienen dos elementos bdsicos 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 continuacién describiremoS brevemente cada uno de los anteriores conceptos.
IV.1.- FLUJO LUMINOSO

La energfa transformada por los manantiales luminosos no se puede aprovechar totalmente
para la produccidn de luz. Por ejemplo, una limpara incandescente consume una determinada
energfa eléctrica que se transforma en energfa radiante, de la cual sélo una pequeiia parte es
percibida por el 0jo en forma de luz, mientras que el resto se pierde en calor.

A la energfa radiante de una fuente de luz que produce una sensacién luminosa se le llama
Flujo Luminoso o Potencia Luminosa. El flujo luminoso se representa por la letra griega ¢
y su unidad es el LUMEN (Im). Un lumen es el fluyjo luminoso de la radiacién
monocromdtica que se caracteriza por una frecuencia f de valor 540 x 10E12 Hertz y por un
flujo de energfa radiante eqmvalente a 1/683 watts. Un watt de energfa radiante de longuud
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 segin la curva de sensibilidad fotépica del ojo a las radiaciones monocromdticas,
incorporado a una esfera hueca a 1a cual se le da el nombre de esfera integradora de Ulbricht,
Y en cuyo interior se coloca la fuente a medir.

En la Tabla siguiente se muestran algunas de las ldmparas mds usadas y su ﬂl.l]O lummoso
caracterfstico:
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superficie luminosa mds 0 menos grande, cuya intensidad de radiacicn se ve afectada porla
propia construccién 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 relacién a un eje vertical. Si representdsemos por medio de
vectores la intensidad luminosa de un manantial en infinitas direcciones del espacio,
obtendriamos un cuerpo llamado Sélido Fotométrico.

Haciendo pasar-un plano por el eje de simetrfa del cuerpo luminosos se obtendrfa una
seccién limitada por una curva que se denomina Curva de Distribucién Luminosa o Curva
Fotométrica. Mediante la curva fotométrica de ua manantial se puede determinar con
exactitud la intensidad luminosa en cualquier direccién, dato ncesario para los cdlculos de
iluminacién.

Las curvas fotométricas se dan referidas a un flujo luminoso de 1000 himenes 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 relacin.

Por ejemplo, si una ldmpara de mercurio de alta presién tiene un flujo luminoso de 23000
himenes, los valores de la intensidad luminosa deducidos de su curva fotométrica dada para
1000 himenes, habrd que multiplicarlos por el factor 23 hallado de la relacién 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 1a Distancia -1a cual se discutird posteriormente- usando una luz patrén 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 figuras §, 6 y 7 se muestran las curvas fotométricas tfpicas de algunas de las
ldmparas mds utilizadas.

IV.7.- ILUMINANCIA

La jluminancia o iluminacién de una superficie es la relacién entre el flujo luminosos que
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Tipo de Lémpara Potencia Rendimiento

nominal luminoso
W 1m/W
EfIUVIOS vveveeecceeronsnonannnnnnns .ee 0.3 2
Incandescente Standar 40 W/220V ...., 40 . 11
Fluorescente L 40 W/20 (Blanco frio) . 40 80
Mercurio a alta presién HQL 400 W .... 400 50
Halogenuros metdlicos HQI 400 W ...... 360 78
Sodio a alta presién NAV-T 400 W ..... 400 120
Sodio a baja presién NA 180 W ........ 180 183

TABLA II.- EFICACIAS PROMEDIO DE DISTINTAS LAMPARAS

Cabe aclarar que las eficacias de 1a Tabla II se refieren exclusivamente a las l4mparas; para
las 1dmparas de descarga como sistema completo incluyendo instalacién y accesorios de
conexién dichas eficacias pueden vanar sustancialmente.

o~

-4

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

v odd

De forma andloga a la energfa eléctrica que se determina por la potencia eléctrica por
unidad de tiempo, la cantidad de !uz o energfa luminosa se determina por Ia potencna
luminosa ¢ flujo luminoso por unidad de tiempo.

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

Su férmula es:

Q=pxt

Esta magnitud es importante ¢n las ldmparas de reldmpago empleadas en fotografia, pues
su valor es decisivo para la iluminacion Je 1a pelfcula. Debido al corto tiempo de la descarga,
1a cantidad de luz suele darse en himenes por segundo (Ims). En la lémpara que emite una
cantidad de luz de 2.1 lmh, esta magnitud por segundo serd 2.1 Imh x 3600 seg 6 7560 Ims.

También tiene interés conocer a efectos de cdlculos econémicos 1a cantidad de luz que emite
una ldmpara durante su vida. Una ldmpara incandescente de 40 watts que emite un flujo
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recibe la superficie y su extension. Se representa por la letra E y su unidad es el LUX en el
Sistema Intemacional de Unidades. Su ecuacidn es:

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

El lux, unidad de iluminancia se define como la iluminaciéa de una superficie de un métro
cuadrado que recibe uniformemente repartido un flujo luminoso de un lumen (Fig. 8).

t Im
LUX = e
1m

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

La medida de iluminancia se realiza por medio de un aparato denomipado luxémetro, que
consiste en una celda fotoeléctrica que, al incidir la luz sobre una'superficie, genera una débil
corriente eléctrica que varfa en funcién de !a luz incidente. Dicha corriente se mide con un
miliampérmetro cuya escala est4 calibrada directamente en lux. La Tabla IIT muestra distintos
valores aproximados de iluminancias.

TABLA 1.

Mediocdia de verano al aire libre, cielo despejado ... 100 000 Lux
Mediodia de verano al aire libre, cielo cubierto ..... 20 000 lux
Lugar de trabajo bien iluminado, recinto interior .... 1 000 lux
Buen Alumbrado PUDlicCO i eveeesrssetannsssonaasnssss 20-40 1ux
NochedelLunalLlena ............» cessascasasessnansses 0.25 lux
Noche de Luna nueva (Luz de estrellas) ....ceuve scvess 0.01 lux

IV.8.- LUMINANCIA.

La luminancia de una superficie en una direccién determinada es la relacién entre la
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luminoso de 440 imenes, durante su vida prlolmedio de 1000 horas emitird una cantidad de
luz de 440,000 lmh. De este valor habrd 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 pardmetro se entiende tinicamente referido a una determinada direccién y contenido en
un dngulo sélido w (Omega Mimiscula). Al igual que una magnitud de superficie corresponde
un dngulo plano que se mide en radianes, a una magnitud de volumen le corresponde un
dngulo sélido o estéreo que se mide en tstéreon'adlan&s

El radidn se define como el dngulo plano que corresponde a un arco de circunferencia de
longitud igual al radio. El estereorradidn se define entonces como el dngulo sélido que
corresponde a 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 direccién es igual a la
relacién entre el flujo luminoso contenido en un dngulo sélido cualquiera cuyo eje coincida -
con la direccion consxderada y el valor de dicho dngulo sdhdo expresado en estéreorradianes.

La Intensidad Luminosa se representa por la letra I y su unidad es la CANDELA (cd). Su
f6rmula es:

La candela se define como la intensidad luminosa de una fuente puntuél que emite un flujo
luminoso de 1 lumen en un dngule sdlido de un estereorradidn:

IV.5.- DISTRIBUCION LUMINOSA. CURVA FOTOMETRICA.

El conjunto de la intensidad luminosa de un manantial en todas direcciones constituye 10
que se llama distribucién luminosa. Las fuentes de luz utilizadas en la prdctica tienen una
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FIG 8.- EL LUX, UNIDAD DE ILUMINANCIA.

Superfic.e .= ~nep

FIG 9 y 10.- TIPOS DE . UMINANCIAS (a) DIRECTA (b) INDIRECTA
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FIG 4.- SOLIDO FOTOMETRICO DE UNA LAMPARA INCANDESCENTE

(5) (6) (7)

FIGS j, 6, Y 7.- CURVAS FOTOMETRICAS TIPICAS (a) LAMPARA
INCANDESCENTE ESTANDAR (B) LAMPARA FLYORESCENTE (C) LAMPARA DE
VAPOR DE MERCURIO CON LUMINARIO
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TABLA IV.

SO0l tiiiiieiaansan sevseesesarancaersssannan 150 000 cd/cm
Cielo despejado ceeesestaaen tvessrscesscnsces 0.3-0.5
Cielo cubierto .......cvvveeriaannnns sese0.0.03-0.1 "
Luna .ececen-s e s s aeene s e enseatststanse s 0.25 "
Llama de una vela de cera ......eeesa- ceeas 0.70 "
Lampara Incandescente Clara ......cevvesvee 100-200 "
Ldmpara Incandescente Mate ........... seees  5=50 "
Lampara Incandescente Opal ......... saeesu 1-5 "
Liémpara Fluorescente L 40 W/20 ....cc00cvee 0.75 "
Lidmpara de Mercurio a Alta Presién 400 W .. 11 "
Lampara de Aditivos Metdlicos 400 W ....... 700 n
Lampara de Sodio a Alta Presién 400 W ..... 500 "
Lémpara de Sodio a baja Presién 180 W ..... 10 n
Papel Blanco con Iluminacién de 1000 lux .. 250 cd/m
n

Calzada de una calle bien iluminada. ....... 2

SISTEMAS DE UNIDADES.

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

En la Ingenierfa de Iluminacién sélo aquellos términos que involucran unidades de longitud
0 drea se ven afectados por la conversion. Las unidades de himenes, candelas,
estéreorradianes y eficacia permanecen igual. Por lo tanto sdlo las unidades de Luminancia
e Illuminancia se ven afectados por esta conversién:

En el sistema Inglés Ia umdad de Tluminancia es el footcandle (fc) y equivale a un lumen
por pie cuadrado, o sea:

La conversidn entre Footcandles y Lux se reduce a una simple conversion de pies cuadrados
a metros cuadrados porque los himenes son comunes:
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intensidad luminosa en dicha direccién y la superficie aparente (superficie vista por el
observador situado en la misma direccion).

La lummanc:a se representa por la letra L y su unidad es el NIT (nt) o candela por metro
cuadrado (cd/m” ); tiene un submiiltiplo que es el STILB (sb) que es candela por centimetro.
cuadrado (cd/cm” ), empleado para fuentes con elevadas luminancias.

La ecuacién que expresa la Luminancia es:

1

L = ccomrmmmmmee

S cos=x
donde: S'coscx es la Superficie Aparente

- La Luminancia es mdxima cuando el ojo se encuentra en la perpendicular a la superﬁcxe .
luminosa, ya que entonces el dngulo es igual a cero y el coseno de ot igual a uno,
correspondiendo la superficie aparente a la real,

La luminancia puede ser directa o indirecta, correspondiendo 1a primera a los manantiales
luminosos y la segunda a los objetos iluminados (Figuras 9 y 10). ,

La luminancia es lo que produce en el érgano visual la sensacién 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 la2 misma iluminancia, pero se ve con mds claridad el libro porque su luminancia es
mayor que 1a de la mesa. »

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

En la Tabla IV se dan algunos valores de luminancias.
Iamedidadelaluminanciasereaﬁzapormediodeunapaxatoespecial llamado

Luminancimetro o Nitémetro, de construccién similar al luxémetro, del que igualmente
existen diversos modelos.
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La fuente puntual de una candela producird un lumen en la unidad de dngulo sdlido:

p =Iw==cd . sr=1nm

La iluminacién producida en la superficie interior de la esfera serd de 1 Im en pie o un
footcandle:

y 1 1lm
E = wem = ~————u = 1 fc

A 1 £t

El drea total de la superficie de una esfera es 4 R . Por lo tanto, el drea total de la
superficie de la esfera unitaria es 4 0 12.57 ft . Si el flujo luminoso de 1 Im llega a cada pie
cuadrado, la fuente puntual uniforme produce un total de 4 Im o 12.57 Im.

Ademids de las unidades estudiadas hay otras que se usan reguiarmente. Algunas de éstas .
son las siguientes:

Cuando la intensidad luminosa est4 en candelas y el 4rea estd en pulgadas cuadradas, la
unidas de luminancia es candelas por pulgada cuadrada, por tanto:

1m 1 1 cd 1 cd
1 fl = ~——= X =——mmm = —-= X ———= = ————- X ———-
ft~ lm ™ ft 144 pul

cd

El nmimero de footlamberts es igual a 1/144 veces el mimero de candelas por pulgada
cuadrada, es decir: ’
1 £1. 144 . pul’. f1
(1/144 )(cd-pul”) 1 cd
Haciendo un andlisis comparativo entre dos esferas unitarias para cada sistema de unidades,

es decir, una con radio de 1 pie y otra con radio de | metro se pueden comprobar varias de
las relaciones _encontradas (Fig. 13).




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

As= ) Pel

FUENTE ?-\;
PUNTUAL LY

o UNIFORM Y .
DE L cq. \‘\1:
) EY

{s) ESFERA UNITARIA

i

{ b) SEGMENTO DE UNA ESFERA UNITARIA

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

MAGNITUD SIMBOLO  UNIDAD DEFINICION DE LA UNIDAD RELACIONES
FLWO LUMINOSO & Lumen (Im) -Flujo‘ luminoso de la radiacion o= . w
monocromatica de frecuencia 540
- x 10E12 Hz y un flujo de energia
radiante de 1/683 watts .
RENDIMIENTO Lumen /watt Flujo luminoso emitido por = p/W
LUMINOSO (Im/w) unidad de potencia.
CANTIDAD DE Q Lumen por segundo  Flujo Luminoso emitido por Q=401
LUZ (Ims) unidad de tiempo.
Lumen por hora
(Imh)
INTENSIDAD Candela {cd) Intensidad luminosa de una | = ¢/w
LUMINOSA : fuente puntual que emite
flujo luminoso de un lumen
en un angulo solido de un
estereorradian.
~ ILUMINANCIA E Lux (Ix) Flujo luminoso de 1 lumen que  E = g/A
footcandle (fc) recibe una superficie de 1 m . |
‘.‘T‘LUMIN;’ "IA L Nits {cd/m ) Intensidad luminosa de una can- L I/A

Stk (ed/em )

dplﬂ Ia¥als ||nfr1nr{ Ao criimarfioin
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Yot 112 dama =)
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T-S Twin-Tube )
10.57-22.5" In length
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Technology
Description

Fluorescent lamgp technology has
made tremendous advances over
the past tew years. The trend has
been away from high energy
consumption lamps to more
energy-efficient products,
improved color rendition, 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 haiophasphors used in
standard "cool white* lamps. To a
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.

Fluorescent Lamp Operation

A fluorescent lamp is a glass tube
with the inside surface coated
with phosphor. The tube is filled
with argon gas, or sometimes with
a mixture of argon and krypton. A
small amount of mercury is als¢
inside which is vaporized during
lamp operation. Electrodes (also
referred to as cathodes) are
located at each end of the sealed
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Figure 2
Detail of Rapid Start Fluorescent Lamp

Phasphor
Coatvg inside the bulb
fransiorms  uiraviolet

rad@son into visible
light Light color properties
depend on composiion
of phosphor. /

Electrode

Electrodes at each end of
lamp emits electons,
Usually madge of singie-coil

ungsten m'e/

\._.--I

. NMercury Gas
A minute quantty of
in the butb o fumish
morcury vapor.

tube. When a suitable high
voitage is applied across the
electrodes, an electric arc -
discharge is initiated ang the
resulting current ionizes the—
vaporized mercury in the tube.
The ionized mercury emits ultra-
violet (UV) radiation that strikes
and excites the phosphor coating
on the inside surface of the tube,
causing it to glow or fluoresce and
produce visible light. The exact
makeup of the phosphors coating
the tube is what determines the
color temperature of the light
produced by the lamp. -

Fluorescent lamps require a
ballast to reguiate the electric
current through the lamp. For
optimum performance, a
particular batlast must match a
specific lamp's current
requirements. There are three
_basic types of fluorescent lamp
circuits (see also the guideline on
Energy-Efficient Fluorescent
Ballasts):

e Preheat Lamps use an
external starter that heats the
larnp electrodes before the
electric arc is struck. Preheat

Lasd-in Wires

Usually argon or @ mixture Connect to the base pins
liqud mefcury is placed of men gasses at low

pressure, Krypton is some- and from the electrodes
tmes used. and

and carry the currert o
the mercury arc.

iamps are relatively
UNCcComMmon, except in shorter,
lower wattage lamps (usually
20 watts or less).

e Rapid Sart Lamps have
baliasts that heat the
electroges prior to lamp
starting, as well as during
normal operation. This
feature helps produce long
life in agdition to smooth
starting. Rapid start lamps
start quickly, exhibiting only a
brief flicker prior to reaching
full light output. These lamps
are the only fluorescent lamps
suitabie for dimming

~ applications.

e instare Start ("Slimiine”)
Lamps have ballasts that do
not heat the lamp's electrodes
prior to starting or during
normal operation. The arc is
struck by high voitage
discharge only. Instant start
lamps are popular for thelr
immediate starting
characteristics. Some
electronic ballasts operate
rapid start lamps in instant
start mode, with a reduction in

lamp life. Lamp life ratings for
instant start lamps generally
are iower than for rapid start
lamps.

Manufacturers can vary the gas
fill, phosphor type and content, as
well as the lamp’s tube length and
diameter, n order to achieve
differert lamp characteristics. As
a result, there is a wide range of
lamps being designed and sold.
The smailest standard fiuorescent
lamp is the B-inch, 4-watt preheat
lamp; the largest and most
powerful lamps are the eight-foct,
1500 mA, very high output (VHO),
rapid start lamps.

Standard Fluorescent Lamps

The standarg 40-watt (F40T12)
iamp is filled with argon gas. The
most commonly used phosphor is
haiophosphar “cool white®.
Standard cool white lamps are
rated at 3050 initia!l lumens. The
previous standard iimen rating for
cool white lamps, 3150 umens,
was recently reduced by about
3% due to phosphor changes
necessitated by federal
regulations.

Figure 3 illustrates the
nomenclature used to specify
fluorescent lamps. The standard -
4-foot F40 rapid start fluorescent
lamp is the most common light
source in commercial facilities.
The most common diameter is 1.5
inches (designated a T-12, where
the number following the T
represents the diameter of the
tube in 1/8 of an inch increments).

 There are about ten times more

rapid start F40T12 lamps in use
than all cther types combined.
Obviously, any improvement in
efficacy for this type of lamp can
have profound energy savings
implhications.



Figure 3

Fluorescent Lamp Nomendiature

A2 A |

Lamp Type. *F" is used for
flvorescent lamps. “FB" or "FU" is
used for U-bent lamps, while "FT" is
used for twin-tube T-§ lamps.

Wattage or Length. Nominal lamp
wattage for preheat and rapid stant
lamps. length of the tube in inches
tor slimiine and HO lamps

Diameter ot the Tube., The number
represants the diameter in 1/8 inch
increments. For instance, T is a 1
inch diameter tube, and T12 ls 1-1/2
mdaes in diameter.

Lamp Color {optional). CW is cool
ww{s warmn white, etc.
When this designation is used,
neither the Color Temperature or the .
csoslc;r Rendering ({see below) are

F 40 T12 / ES / RE 735

' Modifiers (opnma]) ES s _T

ew saving (mosty for

F40T12 tamps). HO is high
outpul VHO s very high

output

Color ing Index

A A

(optional). RE-70 rare earth
(flustrated in this

exampie} achieve a

minimum CRI of 70

Color Temperature (opfional).

- This example shows a 3500
K color temperature.

High demand for the F40T12 lamp
over the years has resulted 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 rated lamp fumens in

open air at a temperature of 25 °C

(77 °F). This resulted in a light
output of approximately 5985
lumens at a *cost” of about 96
watts for an efficacy of

approximately 62 lumens per watt.

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

FULL-SIZE FLUORESCENT LAMPS

figure 10 consider when making .
lighting calculations. The bailast
factor is the ratio of the light
produced by a particular iamp
ballast system to the rated light
output of the same tamp(s) on an
ANS! reference ballast operatea
in free air at 25 °C (77 °F). The
term “ballast factor® implies that it
is 2 property of the ballast, butitis
realty 3 property of the lamp-
ballast system. The ballast factor
for a given ballast will be different,
for instance, depending on
whether it is operating a F40T12

" lamp or a FAOT12/ES lamp. See

the Energy-Efficient Fluorescent
Ballasts guideiine for more
information on the bhallast factor.

Standard Fluorescent Lamps
and Lighting Legislation

The U.S. Energy Policy Act of
1992 (Public L aw 102-486),
signed into law on October 24,
1992, contains energy efficiency
standards and other regulations
that will preciude certain lamps
from being manufacturedor
imported into the U.S. after a
transition period. With respect to
fluorescent tamps, full-wattage 4-
foot T-12 lamps with calcium
halophosphors (e.g. cool white
and warm white halophosphor
lamps) will not longer be
permitted. However, reduced-
wattage lamps (34-watt
F40T12/ES) with the same
phosphors will continue to be
allowed. Fullwattage 4-foot T-12
lamps with high CR! rare earth
phasphors will be permitted.
Similar restrictions will apply to 8-
foot T-12 lamps. This legislation
does not affect T-8 lamps. The
transition tasts until April of 1994
for 8-foot lamps and October of
1995 for 4-foot lamps. The Act
exempts several categories of
lamps.
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Energy Saving (ES) Lamps

In response 1o the energy crises
of the 1970s, iamp companies
introduced “energy saving' lamps
with krypton agaed to the gas fill.
Tnese lamps have the designation
‘FAQT12/ES" in this guideline.
These lamps draw less power
than standard F40T12 lamps
{usually about 34-35 watts).
F40T12/ES lamps can be
operated by standard F40T12
ballasts, S0 they may be readily
subDstituted in existing lighting
systems. Both watage and light
output are reguced
proportionatety. However, the
slight reduction in light output is
generally acceptaple to most
users, given the energy savings
and systemn efficacy.

ES lamps have a lower baliast
tacior than standard F40T12

lamps (about 0.87 with a standard

energy-efficient banast, as
opposed to about 0.95 for
standard F40T12 tamps). The
lower ballast factor further
reduces light output. The lower
tumen output of ES lamps means
that their most appropriate
application is for tamp retrofit or
repiacements in overlighted
spaces. Substituting F40T12/ES
lamps for stanctard F40T12 lamps
reduces input wattage by about
12% t0 15%. Lumenoutputis
reduced by 18% to 20% for a two-
lamp system.

Energy saving lamps are more
sensitive to low temperatures than
standard lamps. Minimum
- starting temperature is about 16
°C {60 °F], as opposed t0 10°C
[50 °F])) for standard 40-watt F40
iamps, and they are not
recommended for dimming
applications. ES lamps are
manutactured for many different
types of fluorescent lamps,

including rare eanh phosphor
lamps, slimlinas. and high output
(HO) lamps.

Rare Earth (RE) Phosphor
Lamps .

Rare Earth (RE) onosphor
technology improves the
performance of fluorescent lamps.
RE phosphor compounds are
selected for their ability to

produce visibie light at the most
sensitive wavelengins of the eye's
red. blue and green sensors.
When comparec with

conventional nalophosphors, such
as cool white (witn a CRI of 60-
62), RE phospnors produce better
color rengering and higher
efficacy, while improving lumen
maintenance characteristics. For
reasons of lumen maintenance,

~ rare earth materiais are required
‘in small diameter iamps, such as
_compact fluorescents.

RE phosphors raise iumen output
up to 8% over conventional
halophosphors. RE phosphor
tamps are avaitable for most
fiuorescent lamp configurations
and are available in a wide range
of color temperatures. Two

. generic types of RE phosphor

lamps are offered: RE-70 and RE-
80.

RE-70 Lamps

The expression "RE-70" refersto a
fiugrescent lamp containing
phosphor mixes that create a CRI
of 70 to0 79. These lamps,
formerty called “thin coat
triphosphor” lamps, contain less of
the rare earth phosphors than do
the coatings of more expensive,
high-CR! RE-BO larmps. They
increase lumen output of 4-foot
lamps by 5% to 6%.

RE-80 Lamps

RE-80 fluorescent lamps,
sometimes referred to as “thick-

coat triphosphor” or “high CRI°
lamps, increase iumen output up
10 8% over halophasphor cool
white, and increase CRI to 80-89.
The additionali rare earth
phasphor content in the coating of
these lamps improves color
rendering but also increases lamp
Cost.

Figure 4 lists the availability of RE
phosphor lamps in terms of ¢olor
temperatures ang CRIs. In
aadition, see Figure 8 for some
performance characteristics of RE
lamp types as compared to
halophosphor cool white lamps.

Heater Cutout Lamps

in a rapid start lamp, it is possible
to disconnect the lamp electrode
heater after the iamp has started.
This is accomplished with a
thermal switch in the lamp. This
reduces lamp power by about 2.0
10 2.5 watts.per iamp with no
reduction of light output. These
lamps are known as “cathode
cutour,” "heater cutout,” or "ES+"
lamps. They are suitable for
retrofit applications, but are not
recommended for use with
electronic ballasts or in dimming
applications.

Disconnection of a lamp’s
electrode heaters can also be
achieved with heater cutout
ballasts, used with conventional
rapid stant lamps. These ballasts
are not recommended for use in
conjunction with heater cutout
lamps. For more information, see
the discussion on heater cutout
ballasts in the Energy-Efficient
Fluorescent Ballasts guideline.

A drawback of ES+ lamps is that
there is a restrike time of one 1o
two minutes if the lamp is
extinguished and then
immediately restarted. Because
of this, use of ES+ lamps is not
recommended with occupant
sensors or other frequent
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Figure &
Availability of RE Lamp Products

CCT (K}

3100

4100

5000

*Note: These are some

-

CRI Range

70-79

70-79
70-79

70-79

80-89

designations of selected major mm.TouMdmmmmmwm.mm
manufacturer's data o detarming the exact color designation,

Generic Designation

RE-730

RE-830

RE-731
RE-735

RE-835

RE-741

RE-841

RE-850

Various Manufacturer
Designations®

Color Temperature
Matches
D30

$P30
Spec30
TC730

Incandescant

Tungstan Halogen

D830

VK 3000 K Metal Halide
SPX30 .

U

AX30
TCE0

3K Same As Above

D35

35K Tungstan-Halogen
SPas

i

D41

. 41K

SP41
41
C74

Da4s1
41K .

SPX41 .
U -
AX41

TCB41

= oot

switching applications. Some

manuf_acturers. but not all, have
derated the lamp fite by 25% for

heater cutout lamps. In most

applications, however, reduced
lamp life will be more than offset

by potential energy savings.

Extended Output (EO) Lamps

EQ lamps are premium versions
of standard 40-watt F40T12 tamps
which, due to gas fill, regesigned
electrodes, thicker or-more
efficient phosphors, and/or tube

diameter, generate more light

than standard cool white F40T12

lamps. In some cases, this is
accomplished with a slight
increase in lamp wattage.

-Compared to standarg F40T12

lamps, they offer higher efficacy,

-increase both lumen output (Up to

21%), and lamp life (20%), and
improve lumen maintenance, and

. color rendering. The "EO"

nomenciature is not used by any
manufacturer; current products
use manufacturer-specific trade
names or designations.

EOQ lamps were originally imtended
to replace F40T12 lamps in
applications requiring increased

light, or in situations where
retrofits or delamping reduced
light levels too much, EQ lamps
can be used in the same
luminaires as standard 40-watt
F40T12 lamps, without a change
of sockets or ballasts. This makes
EQ lamps especially useful in
retrofit appilications requiring an
increase in light output, as no
repiacement of luminaire
hardware is required. More.
currently, EQ lamps are receiving
increased consideration in new
_construction applications.
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EQ lamps may be operated with
either electronic or magnetic
ballzsts. EQ lamps are only
available for 40-watt F40 famps, in
both T-12 and T-10 diameters, as
described below.

"T-12 EO Lamps

F40T12/EQ iamps typicaily deliver
about 11% to 15% more light
output in some designs than
standard halophosphor lamps.
Light autput is rated at 3400
lumens for the RE-70 lamp and
3500 lumens for the RE-80
version. Color temperatures of
3000 K, 3500 K, and 4100 K are
availabte, Rated lamp life is
24,000 hours at 3 hours per start.

T-10 EO Lamps

F40T10/EO tamps can produce
significantly more light output than
standard F40T 12 halophospher

lamps. Rated initial lamp tumen. - -

output for premium T-10 lamps is’
3700 lumens, made possible by
increased power and RE-80
phosphor coatings. The only
availabte T-10 lamp size at this
time is the 4-foot replacement for
the standard F40T12. 1t actually
consumes about 42 watts, but
due to its higher voltage, it draws
sligntly less current (about 400
mA), and ballast losses are lower.
A typical energy-efficient
magnetic ballast for two F40T10
lamps will draw about 92 watts,
with a ballast factor of 0.95, and a
system efficacy of gbout 76
lumens/watt. Some T-10 lamps
are sensitive to variations in
voltage input and may not start -
property with the 40-watt T-12
ballast over the entire voltage
input range. One manufacturer
makes a ballast to match the T-10
lamp. T-10 iamps aiso have a

rated lamp life of 24,000 hours. Af

present, T-10 lamps are premium-
priced products.

6

U-Tube __amps

Angims Zoomaiar version of the
starmeT —l-wan Fa0T12
flugrees-==—" =mp is a U-shaped
confiz_=o0. Jsually referred to
asas ". o= or "L-ben lamp.
Thess === 2re Qesignated ‘FB”
by o= ——=nJfaclurers, while
otheer= === = "L designration.

They == Jal.abie with both
6-mc:* == Z-3/8-inch leg spacirg.
and T=.z 'z Dverall length of
abousn 2= —Tmes. Some products

are Th=-_oI==Turec with rare eann

pho=-~—=. _-iubes are also
avaiiz==- = — >4-walES versions
ang w— /— I70sDhors.
U-tar—c< === useC —.ostly with

sQuE= STIMENes, suchas2'x 2
troffesrs = “iuace mourted
umir=-==. ~ e halopnosphor
cool w— = «=2rsion of the iamp
proau.css =241 2800 lumens;
RE-HL —ossomors raise the lumen
rating < s=moroximately 3000.

T UHamm—= == zed for an effective

lifegi- = = "Z.000 hours at 3
hours: —=r 2oz~

Slimizne __amps

Slimtir= “_Trascer: lamps are
recogr— —==—# Dy tneir singfe pin
bases= ~™ ue simines are
availz=c= -~ <. 7-8ana T-12
diames==—_ arr" n lengths ranging
from 22 =¥ m"*'zes the focus of
this oo —=7T 5 On the 425-mA
FSET™ 1= ———iaraton, popular in
many ¢ eErsaai applications.

Slimiirz zmor ssealamp
desigr=—crr —=oce different from
most I “liuorescent lamps: the
numbzs “urmwrg the °F
designm==z-TE &mp length in
inches: -co-TE watkage. For
examc=s '—'-‘5"2‘ referstoa
slimlinaz . 3% inches long and
15 inccrex T Zameter. Lamp
waftagas —aan s determined from
lamp ce==cx3z.  The FI6T12 lamp,
for inste=—~=. '« acwally 75 watls.

Sihimiine :&°"0s are popular in
many cor~ercial applications
~sing oce~ -uminaires. Eight-fc
slimline :2™—2s are more
e'flcac::oLs nan standard F40T12

r2Did stz 2Mps, due 1o instant
s:art opere:ion. In aadition, the
greater ie=~gir of the F96T12
creates 2 nigner lumen package,
due to recuced lamp end losses
as a perceniage of the total lamp
watitage (2~C losses are constant,
50 increzs.mg e length of the
1ube reaguces their impac?)

Siimline |l2—os are availab
s:andara, 80-watt ES, ang
versions. imswmant startope: N
means thz: e rated amp i< of
siimline iamos is significantly
snorter than in rapid start lamps.
The FI6T 12 slimline tamp, for
instance. = rated at 12.000 hours,
at 3 hours oer stant. It s ailso
worth noting that magnetic
ballasts for slimline lamps have a
iower (i.e. noisier) sound rating -
than stangard magnetic ballasts

ngh Output (HO} Lamps

Rapid star: ‘uorescent lamps that
operate a: 800 mA are known as
nigh outpu: (HO) lamps. They
nave a receassed double contact
pase and require a special
baltast. HO lamps use the same
designation terminology as
slimiine lamps. Thus, an

8-foot HO tamp uses the
designation "FIET 12H0O". HO
:amps are available in iengths
ranging from 18 inches to 96
inches. The 110-watt F96T12 and
B5-watt F72T12 are the most
oopular configurations and are
commonly used in many
commercia! and industrial
applications. HQ lamps are
available with rare earth
phosphors and in reduced
wattage, ES versions.

A standard 8-foot HO amp has :
rated lamp output of 8900 umen.,
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and a iamp life rating of 12,000
hours (3 hrs/start operation). RE-
70 and RE-80 phosphor coatings
raise the light output {0 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
aoout 4300 lumens and draws
about 60 watts, not including
ballast losses. A standard
F40T12CW lamp, by comparison,
produces 3050 lumens and uses
40 watts. .

Very High 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 13,500-15,700initial
lumens, while consuming 215
watts, not including ballast losses.
Some reduced wattage, ES
versions of VHO lamps are
available. )

Generally, HO and VHQO tamps:
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 instaliation of
FO6T12MHO lamps over standard
F40 lamps should be considered.
For exampie, including ballast .
factors, a singte F96T12MHO lamp
produces about 47% more
lumens than two standard F40

lamps, while using approximately

33% more power. This translates
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 life (12,000

F

Igure 5

Standard Fluorescent Lamp Basas

16

3/4 inch

i B S o
T-8 = ! £
T e ) '- i ._F)T—'-'r" T i
) ,
QD
g %
T-10 =
: : TID :
T12 « ] . g
- - _-/ -
Rapid Start and Instant Start High Output (HO
Parg’h%at Lamps . (Slimling) Lamps cH o

hours) and increased ballast
noise is acceptable.

Advanced Products

" In addition to the EQ family of
. lamps, two other fluorescent lamp

types have significantly improved

" efficacy when compared with the

standard F40T12 lamp-baltast
system. These are the T-8 and T-5

" lamp families. T-8 lamps 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 fluorescent iamp-
ballast system is a relatively
recent energy-efficient lighting
product. Infroduced to the
American market in 1982, these
{amps are now made by all major
U.S. lamp manutacturers. The
straight T-8 lamps have the same
medium bipin bases as T-12
iamps, aliowing them to fit the
same sockets (this is not true for
the U-bent T-8 lamps, which have
ditferent leg spacings than their
T-12 counterparts). However, T-8
lamps have different electrical
characteristics, so they may not
use a standard F40T12 type lamp
ballast designed for 430

" milliampere operation. The
standard T-8 lamp family is
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Figure 6
Advanced Fluorescent Lamp Tecr====rgpes Data
Lamp Style Watte— Initial Lamp Normal
_ Lumens Langth

Straight TB Bipin Lamps-

F17T8 17 1350 -
F25T8 25 2150 3
F32T8 3z 2900 4
F40T8 40 3650 5
U-Shaped T8 Bipin Lamps

FB16T8 b 16 1250 v
FB24T8 24 2050 1.5
FB31T8 N 2800 z
Straight F40/EQ Bipin Lamps

F4OT12/EQ/RETD 40 3400
F4OT12/EQ/REBO 40 3500

F40T10/REBO a2 3700 4
T-5 Twin-Tube Lamps ‘
FT18W/2G11 18 1260 105"
FT27W/2G11 27 1800 12.85
FTISW/2G11 39 2850 165"
FT40W/2G11 40 3150 - zzs' :
FTS0W/2G11 i 50 4000 225
FTSSW/2G11 55 4800 210"
designed for 265 mA operation, they == Jften matched with an

but T-8 lamps are alsc being
designed to operate with special
ballasts at substantiaily higher
power levels. There is only a
minor cost difference between a
standard T-8 lamp-bailast system
and a standard F40T12 lamp-
ballast configuration.

T-8 lamps are available in several
straight tube and {-bent
configurations. Generally, they
are available in color
temperatures of 3000 K, 3500 K
and 4100 K. Depending on the
manufacturer they have either RE-
70 or RE-80 phosphor coatings.
Rated power ranges from 16 to 40
watts.

Like standard F40T12 lamps, T-8
lamps are rated at 20,000 hours
for 60 Hz rapid start operation.
However, for highest efficacy,

8

elecrc— < pallast that operates
the iaZ——2-s in an instant start mode
and sz = KHz {electronic ballasts
for rap——= s:art gperation are aiso
availac=-=;. Instant start operation
of T-8 | = s reduces rated lamp
life by . =% (based on 3 hours per
start cc=2ration), but lamp efficacy
is incr===sed by more than 10%
when - =omipared with
magne=-zally-baliasted operation.

" in moe- commercial applications,

where: =mps are on for a period of
10 hour—s between starts, lamp life
is onty - siightly less than that of
rapid c===~ operation. Like T-12
lamps. -8 lamps may be
dimmes=. 5ut they require
speciaz—zad dimmers and baliasts
to work - oroperty.

T-8 lam—os offer several

- advanm=zges over standard (non-

RE phocsonor) T-12 lamps:

e The two lamp F32T8 systemn
with an energy-efficient
magnetic bailast has an
efficacy of 78 iumens/watt. as
compared to 68 lumens/watt
for a standarg two-lamp F40
T12/RE7Q lamp system.

* The two-lamp F32T8 system
with an instant start electronic
ballast can achieve an
efficacy of up to 90 lumens
per watt. Given optimum
electronic ballast designs, a
representative efficacy for an
electronically ballasted tw-
lamp FAOT12/RE70 systerr is
about 78 lumens/watt.

s Al T-8 lamps contain rare
earth phosphors. RE
phosphor coatings give T-8
lamps improved color
rendering and lamp lumen
maintenance over T-12

. halophosphor lamps.

e T-8iamps purchased in lar%g

quantities are ot much MG
expensive than haiophospt?
T-12 lamps, and are actuaily
less expensive than either
34-watt or 40-walt T-121a- -3
with RE phosphors.
Additionally the cost of T
lamp systern instatiations is
often subsidized by utilties in
the form of rebates or
incentives. Overall, on a life-
cycle cost basis, a T-8 lamp-
ballast system is usually a
better investment than any
4-foct T-12 system.

All manufacturers now make T-8
lamps. As Figure 6 shows, T-8
lamps are currently offered in
standard 2. 3, 4, and 5-foot
straight lamps, as wellasin 1, 1.5,
and 2-foot- U-shaped lamps. In
addition, an 8-foat T-8 lamp has
be=n announced in a single-pin
slimline-type configuration.
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T-5 Twin-Tube Fluarescent
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 luminaires. tamps
of up to 55 watts are available,
allowing for nearly any
general/ambient lighting

- application. T-5 twin tube lamps
now Dear a designation code
prefixed by the letters “FT.”

Despite their small sizes, T-5
lamps have high iumen output,
excellent color rendering, ang
good efficacy, due to the use of

" RE phosphor coatings. 7-5 lamps
use RE-80 high color rendition
phosphors and are avaiiable in

color temperatures of 3000, 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 reguire dedicated
ballasts; however, the 270 mA

FT40TS5 twin-tube lamp may be - where F40T12 larn_ps are suitable.
used with a standard T-8 rapid
start ballast. -

Figure 7

ot

T-5 twin-tube lamp configurations
discussed here are available in’
18, 27, 39, 40, 50, and 55 watts.
The manufacturer of the 55-watt
version ¢laims that the lamp
produces 4800 lumens and has a
life of 20,000 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 techrologies in full-size
fluorescent lamps are used to
make rapid start straight and U-
shaped iamps with unit lumen
output comparable to the
standard 40-watt F40T12 tamp.
The technologies may be
considered in all appiications

T-5 Twin- Tube Rapid Starv/Preheat Lamps w/2G 11 Bases

Lamp Type Baflast Type npt T Lumen
Watts am Qutput m

Factor (vw)
FT18WRGH1 370mA Magnatic PH 22 90 1125 51
1250 Lumens
FT18WRG1!t zm&u Magnetic RS k 11 49
1250 Lumens 265mA Electronic IS ‘1??' g 11359 70
FT2aWrRG11 340mA Magnatic RS ! . . 1688 52
1800 Lumens  265mA Electronic IS 2? ,3?8 " 1458 69
FT3asWrG11 430mA RS 5 925 2682 53
2900 Lumens 265mA Electionic IS .3 800 2001 77
FT40W/2G11  265mA Magnetc RS Q 30 2930 68
3150 Lumens  265mA Electronic RS % 830 2615 n
FTS50WR2G11 430mA Elactronic IS 54 K74 3880 T2
4000 Lumens
FTSSWRG11 S50mA Eloctronic IS 682 0.97 4656 7
4800 Lumens : :
Notes

me'lmwﬂ!vmy,dapommwwmtammm mode.

T-12 Lamps —

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

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

. their extra lumen output aliows for

design with fewer luminaires or
fewer lamps per luminaire.

Extended Output T-10 and T-12
Lamps

Retrofits: Good applications for
EQ lamps are existing situations
where delamping (alone, or
combined with other retrofits,
such as specular imaging
reflectors) may produce
unacceptably low lighting levels.
EQ lamps are designed -
specifically for these situations.

New Construction: Although EO
lamps were initially introduced as
retrofits for standard T-12 lamps,
they can be considered for new
construction applications where
higher ighting levels are required.
For example, occasional lighting
problems may result 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
obtained by using T-10 lamps and
appropriate luminaires. In
addition, there may be
applications when fewer
luminaires are required to achieve
a design illuminance level, it T-10
tamps are used instead of

T-12s.
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Figured

Lamp-Ballast System Comparison: Two-Lamp Open Air Systams

T4%

135%
108%

Lamp-Ballast System
Lamps Ballasts TestBallast  Lumen Input Efficacy
Factor Output ng Lw
T TaTIZ Magnetic EE 84 5734 88 &5
LX< IW
| &TW T40T12 Magnetic EE 94 6016 88 68
; 470X RE-70 Heater Cutout .85/.95 5312/6080 69/80 77176
} 2200 umens Electronic AS 88 5632 72 78
£ T40T12 . Magnetic EE 54 6204 88 71
T 70X RE-80 Heater Cutout .83/.95 ‘54786270 69/80 79/78
; 330 umens Electronic RS .a8 5808 72 81
3¢ T4OT12ES  Magnetic EE 87 4872 72 68
. & XK RE-TC Heater Cutout .81/.88 4536/4928 58/66 78/75
BT mers Electronic RS Be 4928 &2 79
" SCWS4OTI2ES  Magnetic EE 87 4959 72 69
& X< [z-8C Heater Cutout .81/88 4617/5016 58/%66 BO/T6
o ZESD umens Electonic RS .88 5016 62 81
3TW T40T12/ES- Magnetic EE 87 . 4611 67 69
| &7 oK RE-70
| 2250 _mers
!
| 4T T43T10 Magnetic EE .85 . 0% 892 75
4° X0 RE-80 Heatar Cutout 85/.95 £290/7030 T4/84 85/84
37X Lumens Electronic 85 6290 74 a5
3TN F2T8 Magnaetic EE .54 5452 70 B
47 0% AE-70 Electronic RS .88 5104 62 82
290C _umens Electronic IS 85 5510 6 87
=k F22T8 Magnetc EE .54 5734 70 82
£ 0 RE-B0 Electronic RS .88 5368 62 87
X Lurnens Elecronic IS 85 5795 63 92
=aoW2G11T5 Magnetic 53 5859 86 61
4° X RE-80 Elactronic RS .83 5229 n 74
X umens .
SECW2G11 TS Electronic RS
« XK AEBO 87 7760 106 n
TEW2GI1 TS Electronic IS o 8928 110 81
&° 20K IEM
4300 Lumens
TTAFIETI2AS  Magnetc EE 54 11,560 158 n
44 XX Sumine Electronic IS B 10,580 130 a1
€150 Lumens
115W FIST12HO  Magnetic EE o4 6,732 237 ra)
4° 0K Electronic 81 14,418 290 7%
Haxohosphor
850C Lumens
homs:
Ooen arr bare lamp tosts a8 per ANSI C822
Baaex ciod are specific commercial ballasts avaidable on ;
Sgrus givan for heater autoff ballasts reprosent vaiues for both reduced and full ¥ght output mockols.

Comparison

Lumen
Output

Base 100%

105%

93%/106%

S68%
108%
96%/109%
101%
85%
86%
B1%/B7T%
am™

8%

123%
T 110%123%
10%

100%
4%
101%

102%
91%

135%

System
Efficacy

Base 100%

105%

S 118%M117%

120%

109%
122%/120%
125%

105%
120%/115%
122%

106%
123%/117%
125%

106%

117%
131%129%
131%

120%
127%
135%

126%
133%
142%

S4%
114%

112%

112%
125%

100%
126%

10
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7-8 Lamps

Retrofits; in retrofit situations
involving F40T12 lamps, where
the existing ballast must be
changed, T-8 lamp-batiast
system retrofits are often very cost
effective, especially when utility
rebates are factored in. However,
it the existing ballast is an energy-
efficient F40T12 type. in good
condition, then an energy-efficient
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
inctuding:

. Offices_
» Retail stores

» Commercial and industrial
fighting

» Special applications, such as
task lights, under cabinet
lights, cove lights, and
surtace and decorative lights

Based on efficacy alone, 7-8
lamps are generally superior to
any T-12 technology. Considering
the fact 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% 10 9% fewer watts than a
system using F40T12/ES lamps
with equivalent color rendering
capabilities. Efficacy is further
increased with the use of
electronic ballasts. The lamp cost
for larger commercial projects in
major metropolitan areas is about
the same as for T-12 lamps.

T-5 Lamps

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

advantage of this relatively new "
lamp iechnology.

T-5 famps are ideat for
applications requiring relatively
high lighting levels from compact
luminaires. 1' X 1' recessed
parabolic troffers utilizing T-5
lamps provide good light levels
whilg fitting in one-quarter the
ceiling space of a conventional 2'
X 2 roffer. Theuseof 1'x 1’
troffers in lieu of other types of
downtights allows for the use of
eftective, 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 applications with
energy saving results. For

_example, 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)
FT40T5 compact fiuorescent
alternative, with no major
drawbacks. Similarly, the high-
powered FT50 and FT55

configurations perform well in
well-shielded 2' X 2' troffers, as
well as in specially designed
chandeliers, pendants, wall
washers, and indirect systems.

Overall, the appfications for T-5
twin-tube tamps should increase
as luminaire manufacturers begin
10 1ake advantage of this
technology to build luminaires that
are functional, energy-efficient
and aftractive. For exampie, for
maximum lighting leve!
applications, the new 55-watt T-5
lamp promises to provide the .
most light output of any of the
newer technology lamp products.
This may allow for designs with
fewer luminaires and/or fewer
iamps per luminaire, reducing
overall costs with little loss of light
levels. However, with a light
output of 4800 lumens per lamp,
luminaires with good shielding
characteristics will be required to
prevent glare.

Figure 9
Lamp-Bailast Characteristics in 2° X 4 Troffers
Initial Footcandles .

Lamp Ballast Small Room Room Powss  Comparstive
Type Type (RCA =5) { 1 o-% Power

. (Watte/ Denalty
FeoT12 Magnétic 50 68 1.23 100%
FaOT12 Electronic RS 47 64 1.10 89%
FQOTIZES Magnetic a1 58 1.0 89%
F4OTIZES  Electronic RS 4 55 0.80 %
F4OTI12ES+ Magnefic a8 52 (Y14 T1%
F40T10 Magnetic 57 78 129 105%
F40T10 Electronic RS 54 74 1.19 O7%
F32T8 Magnetc % <] 101 2%
F32T8 Electronic IS 47 63 000 ™%
1 Foonando using Lumen Method. See Computar Aided Lighting

ion guideline for discussion of the bonefits of -Point calculations.

2 auﬁummm and themal factors a8 found
noe Fbl.ns-lTh\Lunmmehﬂu&mgm
3. M , 9xcept T-108 are RE-70 phosphor coated, T-108 are RE
Consult IES recommended Bghting levels for specific activities.
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Exzimples
New General Lighting Systems

A typical general lighting sysiem
using standard 3-inch deep cell,
semi-specular, recessed
parabolics utilizes recesseg three-
lamp troffers on 8' by 10’ centers.
Figure 8 fllustrates some typical
results that can be obtained by
different lamp-ballast
combinations in non-air handiing,
high efficiency parabolic roffers
in a room with white tile ceiling,
fight colored walis and normal
carget color. All footcandie ievels
are initial.

A Retmfi‘l SHuation

Aradrtbnal lensetroffer design
from the-early 1970's wutilizes four-
fers on 8' by 8' centers.
ing System generates

imps, and about 84
s at 2.4 watts/1t2 using
SN ES amps.

A'survey of many office spaces in
particular would revea! that
lighting levels are excessive for
some situations. Average
iluminance levels between 20 and
50 footcandles (IES Hluminance
category D) are usually
appropriate for most visual tasks
of medium contrast or small size.
Higher task illuminance levels are
needed only for the most
.demanding of visual tasks. As
_such; excellent energy-saving
opportunities exist. In these
cases, the fighting professional
should examine several options:
o Check the baliast. If it is not
an ‘energy-efficient” type, 1
aimost always pays.io replace

with a newer baligst. Options
include T-12 enezgy-efficient

%peuc T-12 electronic, T-8
‘FRgrietic, or T-8 electronic.

12

Luminaire efficiency hay be
increased by 10% 0 15%

" through the use of a specular

imaging refiector retrofit.
Howaver, it should be noted
tha: luminaire uniformity of
distribution may be aaversely
aftected.

Delamp, leaving two lamps in
each luminaire. (Caution:
disconnect unused ballast
from ine).. If delamping
results in 100 low a lighting
level, the lamps may be
changed to F40T10 or
F40T12/EQ lamps, or
specular imaging reflectors
may be added 1o the
luminaires.

Figure 10 shows examples of how
footcandles can still be keptata
workable level by using

delamping and refiector
strategies. t delamping results i~
too low a light level, the situation

T-10 or T-12/EQ replacement
lamps.

Guideline
Specifications

Specification of energy-saving
fivorescent lamps and bailasts is
not difficult. Most of the progducts
are now generally offered through

- major electrical distributors across

the U.S. In the case of T-8 lamps,
many luminaire manutacturers
consider T-8 technology to oe a
standard option.

Lighting Fixture Schedules

Most lighting designs list fodures
by type or “tag" in a schedule.
This schedule often contains all
information needed for iamps and
ballasts. To properly specily
fluorescent lamps, however. t is
recommended that a few special
notes be included to clarify the

may be remedied with the use of  designer's intent. Please refer o
Figure 10
Results of Delamping & x 4 Troffers
_ Faniandies

Setion Lamp-Bailast (RCRas) (RCR=1)

Sysies
None (Base Case)  4-F40T12-Magnetc 85 as
Delarnp 2-F40T12-Magnotic 28 48
Defamp 2-F40T12-Electronic 33 44
Delamp/Refloct, 2-F4OT12/ES- 38 82

. Magnotc

2-F40TI2ES-
Delamp/Reflact. 14 0
Deolamp F4DT10-Magnotic 43 s
Deiamp/Refioct F40T 10-Magnotic 50 &8
Deiamp/Refiect. F40T12-E0-Magnetic 48 &2
Dolamp F32T8-Magnetic 34 “%
Delamp F32T8-Becyonic 34 44
DetampRofiloct  Faz2Te-Magnetc &

-
a

Detamping combined

.QW‘
mmmrss

1. Dd-rmmnomunumhmmmubw
mmmmmmrgwym n

oupne
uss of more afficient
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the suggested "Lighting Fixture
Schedule® (Figure 11).

Using lighting fixture scheduies is
an excellent method 10 properly
specify lamps. There are several
reasons:

e Lighting tixture schedules are
used to quickly identify
luminaires. '

o Lighting fixture schedules
- contain most of the necessary
information 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. x

* Highly detailed lighting fixture N

schedules reduce the ..
. possibilities of substitution of
inferior goods.

Institute (CSI) recommended
format. This shorter specification
format is better for smaller, less
complex projects. It containg all
the basic information to assure
groper provision of the required
lamps.

Specifiers should be diligent, as
minor cost differences and “value
engineering” may be used to
substitute standard T-12 lamps for
more energy-efficient advanced
products.

A Recommended Basic
Specification

The following specification is
intended for a typical job calling
for T-8 lamps with electronic
ballasts. See the Energy-Efficient
Fluorescent Ballasts quideline for
a sample specification for
electronic ballasts.

Fluorescent Lamps
1. Meet applicable sections of

b. 3'lamps shall be
25-watt F2578

c. 4" lamps shall be
32-watt F3278

d. 5' lamps shail be
40-watt F40T8

e. 1" MOL U-lamps
shail be 16-watt
FB16T8

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

g. 2' MOL U-iamps
shall be 31-watt
FB31T8

3. Color: lamps shall be
{3000X3500X4100) Kelvin
correlated color temperature.

4. Color rendering index: lamps
shall have a minimum CRi of -

ANSI C82 and C78. (70X80) through the use of
Standard Specifications 2. In general, lamps shall be 265 (RE-70XRE-B0) rare earth
. e phosphor coatings.
M . . mA “T-8" rapid start type as
Ost commercial projects use follows: 5. Lumen output, famp life, and
variations of standardized S : PUL, iamp e,
R a 2' lamps shall be lumen depreciation, as a
specifications from the ' L
Construction Specifications 17.watt F1778 function of mean lumens, shall
P be determined in accordance
Figure 11
Sampie Lighting Fixture Schedsie
Tag Description Lamps Baftast Deacription Voltage Input Watts Product
F1 2' X 4 Parabofic Trofter, 18 ced TR Magnetic Energy-sfficiant (1 LLL 12ZVES
flaating door sSemi- specular 3- (B)Faz E73S two-lamp in “slave” and (2; ’ an 100 PAIR
inch deap louver heat extract air two-amp in ‘master®
handiing NEMA G tandem
" ballasted pairs per Titke 24 .
F1A Same as F1 May c ing (1 LLL123
Same as F1 wmip mm (1) 27 103
F2 2°X 2" Parabolic trofter 16 coll Te/RETas Blectronic instant start LLL234
floating door specular 4-inch (2)FB3t ABC 122 (2} lamphah%p a7 e
deep louver static NEMA F
General Requirements:

Association (NEMA), and U
Ballasts

2. Electronic ballasts shall be
matarial cost and labor aflowance.
i. Lamps shafl be made by

1. Lamps and ballasts shall meet appiicable standards of the American National Standards Institute (ANST), National Electrical Manufacturers
ndorwriters Laboratories (UL). Luminaires shall be UL istad, or listed by other recognized testing agency.
and other materials shall be UL Ested or recogrized as appropdate and shal meat California energy standards.
manufaciured by (list approved manutactuners) and shall be warranted for 3 years, includng

(Est approved manutacturers). Do not mix manufacturers of same type amps.
. {insert any special projeci requiements here.)

13
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witn IESNA testing
procegures and according to
the ratings published in
(Manufacturer's Name)
Ca:aiog.

o

Rers:ace defective lamps
occurring within 90 days of
benetficial occupancy.

7. Approved manufacturers
{list).

8. Nc substitutions shall be
mz0e without prior approval.

g Any other project-specitic
dem.

Extensive Specifications

CSi recommends that more
extensive technical specifications
be writen for complex projects or
Drojects being built overseas.
Aougn significantly ionger and
more work for the specification
writer, these specifications protect
against substitution with inferior
knock-0ff products made by
manufaciurers over whom the
Casigner has no influence. At
oresent, world-wide specifications
gre reasonably standard.
mowever, the cost of unusual
~aure of advanced technology
amps may be a cause for
suostitution with the less efficient
T-12 lamps. Well-written
specifications can reduce the
elihood of this occurring.

14
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Manufacturer/Prcduct References

Manufacturer
General Electric
Mitsubishi _
OSRAM Corporation
Panascnic

Philips

Sylvania

Products

Lamps, most types
Lamps, some types
Lamps, most types
Lamps, most types
Lamps, most types
Lamps, most types

{mnciusion m this st doos not imply applicanility or endorsement by the California Energy
Commission, the U.S. Department of Enargy, or the Electric Power Research Instte.
Addmonal companies may aiso manufaciure these products.)

—
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against substitution by inferior,  Manufacturer/Product References

knockoff products made by

maqufaczurers over whclam the Lamps (Most Types) Electronic Ballasts Magnetic Ballasts
gesigner has no control. , General Electric Advance Transformer  Advance Transformer
Mast products cffered on the U.S. Mitsubishi - Electronic Ballast Magnetek Universal
market have foreign counterpars. Technology
However, the systems of . . . .
different operating voltages and Electronics
frequencies of foreign electrical Panasonic (Matsushita} Innovative Industries  Radionic
Systems make it necessary to use Philips " Lutron Electronics Robertson
totally different integral and . ‘ . .
modular components. Sylvania Magnetek Triad Schumacher
OSRAM Corporation ~ Vaimont Electric
Valmont Electric
(Inclusion in this ist does not imply applicabifity or endorsement by the Califomia Energy
Commission, the U.S. Departmant of Enargy, or the Electric Power Research Institute.
Additional companies may alsc manufacture these products. )

14



California Energy Commission

Building and Appliance Efficiency Office

1993 Advanced Lighting Guidelines

Compact

Introduction

The continuing rise in the
popularity of compact fluorescent
lamp technalogy is good
evigence of its value as an
energy-efficient, long lasting
substitute for the incandescent
lamp. The average compact
flugrescent lamp consumes only
one-quarter to one-third as much
-energy as its incandescent
counterpart and will last up fo ten
times longer. For example, a
10,000 hour, 13-watt compact
fluorescent lamp (about 17 watts
with the baliast) will provide about
the same iilumination as a 80-watt
incandescent lamp that has a life
of approximately 1000 hours.

Compact fluorescent lamps are
. available in a wide range of color

temperatures, from 2700 K to
5000 K. They have very good
color rendering properties, and
they are available in a variety of
sizes, shapes, and wattages. The
increasing availability of
luminaires designed for compact
fluorescent lamps — in both new
and remodel applications —
means thal compact fluorescent
lamps can meet most any design
appiication requirement..

- Compact fluorescent lamps were

developed in the late 1970s and
introduced to the U.S, market in
the early 1980s. Early model
lamp production concentrated
primarity on the retrofit market.
Integral lamp-baltast
combinations with screw-in
Edison bases provided a
convenient and inexpensive

COmems
Introduction..............

Guideline Specifications...................

Manufacturer/Product References

alternative to traditional
incandescent lamps for hotels,
apartment complexes, and other
high volume users. Modular
systemns with replaceable lamps
were popular, as well. By the late
1980s, the popularity of compact
fluorescent lamps had risen
substantialty. Relatively recent
large-scale production of
dedicated compact fluorescent
tuminaires has extended the-
range of appiications for this
technology.

Technology
Description

Compact fluorescent lamps are
actually lighting systems
consisting of a lamp (often with a
starter integrated into the base), a |
lamp holder, and a ballast.
Sometimes. a screw-in socket
adapter is incorporated into the
package. Generally, there are
three different types of compact
fluorescent lamp-ballast systems
{see Figure 1)

s Integral systems are self-
baliasted packages and are
- made up of a one-piece,
disposable socket adapter,
ballast, and amp
combination.
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o n

integral Moduiar

s  Moaular systems are also
self-ballasted packages.
consisting of a screw-based
incandescent socket adapier,
ballast, lamp holder, and
replaceable lamp.

~e Dedicated systems exist

when a ballast and
" fiuorescent lamp socket have

been directly wired in as a
part of the luminaire. While
integral and moduiar systems
are gesigned {0 screw into
existing incandescent
medium base sockets,
dedicated systems generally
are OEM (Original EqQuipment
Manutacturer) components,
supplied with luminaires.

Lamps are easily replaceable in
both modular and dedicated
compact fluorescent systems. On
the other hand, relamping in an
integral system requires the
replacement of the entire integral
unit.

Modular and integral compact
fluorescent systems have
particular relevance in remogdel
and retrofit applications.
Dedicated systems are designed
primarily for new construction
purposes, although dedicated

2

i3

Figure 1

Compact Fluorescem Lamp-Ballast Systems

hardwire retrofit kits for downlights
have been introduced recently by
several companies. Simple
permanent conversion kits for exit
signs and table lamps are aiso
available.

. Lamp Types

The following lamp types are
commonly available from a
number of manufacturers.

* T-4 diameter twin-tube two-
pin lamps have a starter built
into the lamp piug base. They
operate on inexpensive
reactor ballasts, come in
wattages from 5 to 13 watts
and are availabie for both

Dediicated

modular and dedicated
systems.”

T-4 and T-5 diameter quad-
tube two-pin iamps also have
plug bases and buitt-in
starters. These lamps
produce more light than
simple twin-tubes and are
available up 10 27 watts.
These lamps are available for
all compact fluorescent
systems.

Both T-4 and T-5 diameter
twin-tube and quad-tube
lamps are now available in
four-pin versions that do not
contain a starter in the base of
the lamp. These l[amps are
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designed primarily for use
with efectronic ballasts.
Larger T-5 lamps with 2G11
bases are discussed in the
Fult Size Fluorescent Lamps
guideline.

Compact fluorescent lamps for
seif-contained integral systems.
are generally a twin or quad-tube
integrated with g ballast and
screw-in socket base. In some
cases a reflector or surrounding
diffuser may be included in the
package.

Baliasts

Compact fluorescent iamps are
discharge lamps requiring
ballasts to start and operate
properly. A baliast provides the
necessary voltage to start the
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-lighting
System, '

Integra! and modular compact
fluorescent systems combine an
Edison screw base with a ballast
for direct retrofitting of
incandescent luminaires. All cther
compact fluorescent lamps are
designed to have an external
ballast that must be specified for
each individua! lamp type and
wattage. Ballast options for
compagct flucrescent lamps are
listed below.

Normal Power Factor (NPF)
Reactor Ballasts

NPF ballasts are common for the
smaller two-pin lamp sizes. The
120 voit version is generally the
least expensive and most
compact type. These ballasts
exhibit very low power factors (.45
for 120 voit, 0.25 for 277 volt), so it
is important for engineers to
calculate circuit loading carefully

when designing the electricat
distribution system.

High Power Factor (HPF)
Reactor Ballasts

Also for the smaller preheat

‘lamps, these ballasts contain

capacitors to raise the power
factor t0 0.90 . They are more
expensive and larger than the
NPF type. but they allow for
conventional branch circuit
design and lower instafiation
costs.

Conventional Electromagnetic
Energy Saving Ballasts

The higher wattage lamps
designed for 2G11-based four-pin
operation generally operate on
single or multiple lamp ballasts
simiiar to those used for standard
fluorescent lamps. Most ballasts
are the “energy-efficient” type,
consistent with California and
national ballast standargs.

Dimming Ballasts:

The starteriess four-pin lamps can
De used with either a magnetic
dimming baltast with appropriate
wall Dox dimmer, or a special
electronic dimmer and electronic
dimming ballast. Check with the
manufacturer.

Electronic Ballasts

Several integral products are now
available that combine a twin or
quad-tube lamp with an etectronic
baltast. These products eliminate
the objectionable starting flicker

" that has been associated with

compact fluorescent lamps with
integral starter bases.

in agdition to electronically-
ballasted integral products,
several manufacturers now offer
compact fluorescent luminaires
with electronic ballasts instead of
standard magnetic ballasts.

Electronic ballasts for compact
tluorescent lamps offer several
agvantages over standard
electromagnetic batlasts:

+ The system efficacy (lumens
per watt, including ballast
losses) is generally about
20% higher with an electronic
ballast. Under test conditions
of 25 °C (77 °F), the efficacy
of an electronically-baliasted
compact fluorescent lamp
ranges from 50-70
ilumens/watt, compared to 40-
55 lumens/wan for a
magnetically-bailasted
compact flucrescent lamp.

¢ The starting time of .
electronically-ballasted famps -
is generally less than one
second, while magnetically-
ballasted lamps typically
require one to four seconds o

start. ,

« FElectronic ballasts reduce
famp flicker. ‘ B

+ Electronic ballasts generally
operate much more:quietly

than magnetic ballasts.

» Electronic ballasts can be
manufactured in much smaller
sizes and are lighter than
conventional magnetic
pallasts.

A disadvantage of electronic
ballasts for compact fluorescernt
lamps is their higher price. This s
compounded by the tact that
there are few electronically-
ballasted modular type compact
fluorescent systems where the
lamp c¢an be replaced separately
from the electronic ballast.
Integral electronic designs require
that the ballast be disposed of
with the lamp. In addition, many
of the current products exhibit a
high percentage of {otal harmonic
distortion (THD). The effects of
THO produced by compact
fluorescent lamp ballasts is stil

3
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being evaiuaied by utilities, but it
appears that the actual harmonic
currert is insuffictent 10 cause
major concern.

Power Quality Issues

Low power factor is one indicator
o! the effect that compact
fiuorescent lamps can have on the
power quality of a utility
gistribution system. Compact
flucrescent systems generally
have power factors much lower
than the 90% level achieved for
high quality ballasts in typical full-
size fluorescent lighting systems.
Power tactor is a performance
measure that determines how
effectively input current is
converted into actual usable
power delivered to the lamp.
Optimum power utilization would
result in a power factor of 1.0,
meaning that the product of
‘voltage and the current (volt-
amperes or VA) is equal to the
power used. Most compact
fluorescent lamp systems,
regardiess of whether they are
magnetically or electronically
pallasted, are supplied with NPF
ballasts, rated between 0.50 and
0.70 at 120 voits, and as low as
0.21 at 277 volts. Thus, a 13-watt
lamp drawing a total load with
ballast of 17 walts at a power
factor of 0.50 actually draws 34
VA at 120 volts— twice as much
current as it would with 3 power
factor of 1.0. Branch circuit
current and overcurrent protection
are based on VA, This makes it
important {o consult with a utility
representative or professional
engineer when using large
numbers of NPF ballasted
compact fluorescent luminaires.

High power factor baliasts for
compact fiuorescent lamps are
available, but in most cases,
luminaire ranufacturers offer
them only as optional add-on
features. Utility-sponsored energy

4

efficiency programs encourage
the use of HPF ballasts, so they
should becomie increasingly
gvailable in the near future.
Whether using HPF or NPF
ballasts, puilding engineers
should follow the input current
instructions of each balfast when
designing the circuit toading.

Harmonic distortion is another
indicator of the effect of compact
filuorescent lamps on power
quality. Any non-linear load, such
as a persoral computer, variable
speed motor, television, or
compact fluorescent lamp,
causes harmonic distortion in
power distribution systems. Most
magnetically-pallasted CF lamps
have a THD between 15% and
25%. The THD from most
available electrenically ballasted

~ compact fluorescent lamps may

be significantly higher, due to
severe distortion of the current
wave form. Distortion of the
sinuspidal wave form may aiso be
associated with a reduced power
factor. A second potential
concermn is the presence of third
{180 Hz} harmonics. In principle,
these harmonics may cause
overneating on the neutral fine of
three phase systerns in older
commercial buildings. This
generally is not a practical
problem for compact fluorescent
lamps, because of the relatively
small size of the load imposed by
these lamps.

There are products currently
available that reduce both the
THD and the odd harmonics from
electronically-ballasted lamps to
levels approaching those of
magnetic ballasts. Electronically-
ballasted integral lamp-baliast
packages with high power factors
and jow THD are currently
available. However, increased
size requirements, increased
radio frequency interference (RF1),
and cost factors have siowed the

development of similar products.
Utility energy efficiency programs
are expected to encouwrage the
mitigation of harmanic distortion
problems, and low harmonic
distortion ballasts for compact
fluorescent lamps shou!d become
increasingly available in the near
future.

For further mformation on baitasts,
harmonic distortion, and other
power quality issues, see the
Energy-Efficient Fluorescemnt
Balasts Guigeline.

Dimming

in general, compact fluorescent
lamps cannot be dimmed using
conventional dimming equipment.
For example, accorging o at least
one lamp manufacturer, using
conventional incandescent
dimmers in an attempt o dim
integrat units — especially those
using electronic ballasts — can

- cause a fwe. However, there are

two specific products that enable
dimming of compact fluorescent
iamps:

+» Dimming adapters permit an
incandescent dimmer to dim
a four-pin quad-tube lamp.
The adapter must be used
with a specific baltast that is
factory-installed on the

. luminaire.

« Solid state dimming ballasts
permit the dimming of four-pin
twir-tube and quad-tube :
larmps with a remote
potentiometer or low voltage

- signal.

Switching

The longevity of any tiuorescent
lamp, including compact
fiuorescents, is affected by the
number of times the lamp is
switched on and off during its ffe.
Fluorescent lamp [fe ratings fisted
in lamp manufacturers’ catalogs
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are based on a specific switching
cyrle of 3 hours on per stan.
Fluorescent tamp lite may be less
than the rated value if the lamp is
switched more frequently than
this. However, with electronic
ballasting technology,
manufacturers can inciude
circuitry that optimizes the starting
seauence (so-called “soft-
starting’), thus preserving
manufacturers' rated lamp life

even if the lamp is switched more -

frequently than every 3 hours.
The manufacturer should be
contacted for more information it
the appflication calls for frequent
switching. :

Of special concern are modern
electronic controi products.
Devices such as walibox touch
switches, walibox time swilches,
and wallbox occupant sensors
may not be compatible with most ~
compact fluorescent lamps.
Incompatibilities are usually -
caused by the use of solid-state
switches (triacs) instead of air gap
switchas or relays. A smalt
continuous current (insufficlent to
illuminate an incandescent lamp)
passes through the load even
when it is "off." In magnetically-
bailasted compact fluorescent
applications, this idling current
can cause continuous electrode
heater and starter operation,
resulting in reduced lamp fife. In
electronically-ballasted
applications, the ballast may
prevent idle current, in turn
rendering the controt device
inoperable.

Environmental Conditions and
Efficacy

It is important to realize that
laboratory environmental
conditions under which lumen
output ratings are made are often
quite different from actual
instaliation conditions. The two
environmental conditions that

most significantly affect the -
performance of compact
flucrescent lamps are ambient air
temperature and the orientation or
burning position of the lamp.

Figure 3 gives typical
performance curves showing how
ambient temperature affects
lumen output of compact
flucrescent iamps in both base up
and base down burning positions.

- Note that while the compact

fiuorescent lamp produces rated
lumens at 25 °C (77 °F) with the
lamp base up, its lumen output
drops 0 80% of its rated lumens
at 50 °C (122 °F). |n applications
where compact fluorescent lamps
are mounted in small volume
fixtures with a lack of air
circulation (such as in lensed
downlights), the user should
expect that the ambient
temperature would be between
40 °C and 50 °C (104 °F-122 °F),
and should lower the lamp lumen
rating accordingly. Some ..
compact fluorescent luminaire
manufacturers provide luminaires
designed to improve ventilation in
order to lower ambient air

temperature and increase Iurien
output.
Figure 3 also shows how lamp
orientation {burning position) can
have a major infiuence on lumen
output of a typical compact
fluorescent lamp. Under identical
ambient temperatures (25 °C
[77 °F)), a compact fluorescent
lamp in a horizontal or 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 retrofit
of an incandescent table iamp),
the expected lumen output should
be lowered by at least 10%. Al
higher ambient temperatures, a
lowering of 15% is appropriate for
base down oparation. .
Manufacturers data should be
consulted for specific values for
individual lamp types. as_
performance differences are

" related to lamp shapeand . |

" wattage.

<¢Ratng Temperature
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Figure 3
Typical ambiort \amperature and lamp orientation effects an kimen oulput of campact
fluorgscont lamps. Cisvee shown are for one speciic lamp type in a draught-tree
environment. Performance - particuarly in the base down posllion — wif vavy signiticanty
depanding on lamp configuration and wattage. (Source: Qsram Corporation)
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Current Products

As stated previously, compac:
fiucrescent lamps are nighly
efficacious, have very good Coior
rendering capabilities and are
available in several color
temperatures. Their performarzz
is due 1o the use of high efficac,.
high color rendering rare eartn
(RE) pnosphors. The relative

balance among these phosphos -

determines the color temperat.rs
of the lamp. RE phosphors are
essential to the operation of the
compact fluorescent lamp
because of the high power
density in the small diameter tuoe.
The same ioading of conventionz
halophosphors would result in
rapid and severe lamp tumen
depreciation.

Most compact fluorescent lamps
are capable of generating about
50-60 lumens/watt. Their
advantages notwithstanding,
compact fluorescent lamps have
similar overall efficacy as severa!
other technologies of equal lume-~
output, such as low wattage me=:
halide and high pressure sodium
iamps, and conventional straign:.
U-shaped, or circular fluorescem:
lamps.

New Lamp Products

In addition to the familiar types of
compact fluorescent lamps,
several new lamp configurations
are becoming availabie. A new
square-shaped “double-D°
configuration is now available in
three sizes and five different
wattages. Its compact shape and
size make it suitable for low profile
surface and small recessed
luminaires.

One lamp manufacturar iS now
producing a T-2 diam:- =7, sub-
miniature, wedge bas=
fluorescent lamp in 8 wiae range
of lengths and wattages. ltis

6
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Figure 4
New Compact Flucrescent Lamp Products

available in both hot and cold
cathode versions. As is true with
all compact fluorescents, these
lamps use RE phosphor coatings
for good color rendering. T-2
lamp efficacy is more than 80
lumens/watt, exclusive of ballast
losses. At this time, ballast and
luminaire development for these
lamps has been slow, thus limiting

- their application. Suitable

applications for this lamp will
probably include task, sign, and
showcase lighting.

Several manufacturers are now
oftering compact fluorescent
lamps consisting of three bent
tubes (as opposed to single and
quad tube configurations). This
allows for more lumens in a.
smaller package. For example,
one manufacturer has begun
producing an electronically-
ballasted 20-watt compact
fluorescent, with high power factor
and low THD. This packageis
only 6 inches long, and it
produces similar lumens as a
75-watt incandescent lamp.

Current research into new
compact fluorescent lamp
configurations is concentrated on
more varieties of lamps with
higher powers, different shapes,
and single-ended, four-pin bases
(2G7, 2G11, etc.). These lamps
can use electronic bailasts, can
be dimrmed, and wiil eliminate
much of the starting flicker that
has been associated with the use
of compact fluorescent lamps.
This development promises o
increase the number of compact
fluorescent famp applications.

Compact Fluorescent Luminalre
Design

The exciting energy-saving
possibilities of compact lamp
lumingires have caused many
manufacturers to rush products o
market that are simply
incandescent luminaires with
fluorescent sockets. Specifiers
snouid be cautious of the
following potential problems: -
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+ Use of reflectors and other
hardware originally intended
for incangescent [amp
configurations (luminaire
efficiency problem)

+ Overheating, which causes
short lamp and ballast life and
reduced lumen output '
(luminaire gesign problem)

s Ballasts and lamps making
acoustic noise {(luminaire and
application problem)

¢ Unusuaily low or high bulb
wall temperature causing
significant departure from
rated lamp lumens (luminaire
design and application
problem)

¢ High THD, low ballast factor,
and low power factor of
particular lamp-baliast ,
combinations (See also the *
Energy-Efficient Fluorescent
Baliasts guideling)

Luminaire Types

Lower wattage compact -
fluorescent lamps are designed o
be used in place of incandescent
lamps in a wide variety of
luminaire shapes and types. The
twin-tube style is especially good
for task lights, wail sconces, exit
signs, step lights, and exterior
path fighting. Two-lamp,
horizontally afigned. twin-tube
combinations have become an
excellent substitute for
incandescent recessed
downlights, and many
manufacturers of recessed
luminaires have designed series
of luminaires around this concept.
The quad-tube lamp has similar
applications as a downlight, wall
washer, and sconce light.

Figure 5 illustrates some
luminaires that use compact
fluorescent sources.

Retrofitting

Modular and integral compact
flucrescents systems with Egison
screw-in Sockets are generally not
as efficient as their dedicated
counterparts, but they do offer a
means to upgrade existing
incandescent lighting. Modular
and integral lamps are available
with either an electronic or
magnetic bailast. The electronic
ballast operates at a higher
efficiency and without noise or
flicker.

Application Guidelines

In general, compact fluorescent
{amps are best applied in
situations where incandescent or
other small fluorescent lamps
would be considered. They may
be used in a wide variety of
residential, commercial,
retrofitting and new construction
applications.

Incandescent Lighting
Aftemnatives

Compact fluorescent lamps can
generally be utiiized in many
areas where incandescent lamps
would typically have been used
before. Such areas can include
recessed downlights, wall
washers, desk lights, wall sconce
type ambient fixtures, under
cabinet fixtures, landscape lights,

- residential fioodlights, and a

variety of other appiications. In
most instances, compact
fluorescent iamps produce three
to four times more lumens per

wat than incandescent lamps. = ~
For example, a 13-watt compact
fluorescent will provide
approximately the same light as a
40 to 60-watt incandescent lamp.

Retrofitting incandescent lighting
with compact fluorescents offers
significant cost savings to the
user. Money saved through
reduced energy use, fewer lamp
replacements, fonger lamp lite,
and related maintenance savings
can quickly recoup the initial
investment and provide
continuing operating cost savings.
Additionally, initial retrofit costs
are often partially offset by utifity
rebates.

Alternatives to Other
Fluorescent Lamps

In the lower wattages, other
smaller tluorescent iamp types,
such as circline configurations,
lack the convenient single-ended
plug base, color temperature
options, and consistent good -
color rendition of compact _
flucrescent lamps. Many typical -
fluorescent applications-for
smaller tamps, such as task lights,
surface mounted “drum lights,”
and corrigor lights, will be more
effective if compact fluorescent
{amps are used. Alsg, the high
color rendering quality of the
compact lamp is maintained with
every lamp replacement. See
Figure 6 for more information on
the color options and
characteristics for compact
fluorescent lamps.
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- Figure 5
Compact Fiuorescent Luminaire Applications
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Figure 6
Color Options of Standard Compact Fluorescert Lamps
Color Temperature Nominal CRI Matches

2700 K a2 Wanm Whits, Incandescent,
White HPS

3000 K as Warm Whita, Incandaescent,
Halogen, Other 3000 X
Fluorescent ang HID lamps

3500 K 85 Halogen, Other 3500 K
Fluorescont famps

4100K 85 Cool Whita, Metal Haliie,
Othar 4100 K Fluorescent

. , anda HiD lamps

5000 K as -C/D350 and afl other high color|
temperature Flucrosoghuand
HID sources

" not as many products available as other color temperatures

LimHations

Overall, compact fluorescent
lamps are excelient 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 of the
same lumen output, meaning that
they may not fit properly in
luminaires designed for
incandescent sources. For
exampie, in recessed downlights,
a screw-in compact fluorescent
package may protrude below the
ceiling line, resulting in an
objectionable appearance and
Creating glare. |n addition, the
base portion of a compact
fluorescent lamp that contains the
ballast is larger and of a different
shape than the standard
incandescent lamp. The
luminaire’s reflector may therefore
not allow enough clearance for
the adapter to be screwed into the
socket. For these reasons,
designers are encouraged to try
out a test lamp of the intended
contfiguration prior to attempting
an entire retrofit. Many
manufacturers of compact
fluorescent lamps can provide
sample products or cardboard

templates that may be used o
check for physical
incompatibilities before
purchasing.

Another limitation of compact
fluorescent lamps is that they may
not be suitable in very high
ceilings (more than 12 feet), or in
certain accent lighting
applications requiring a tight
beam spread or a point source
sparkie. Additionally, the
designer should be careful about
using compact fluorescent lamps

" in exterior cold weather situations,

as the operation of the smaller
wattage lamps can be adversely
affected by low temperatures
(<0 °C [32 °F)) unless enclosed
fixtures andfor electronic ballasts
are used.

Residential Applications

in general, the use of compact
fluorescent luminaires is
especially appropriate for rooms
such as kitchens and bathrooms,
where high lumen output, good
color rendering and adherence o
local energy codes is required.
Compact fluorescent lamps are
also useful in all utility room
lighting applications and in -
enciosed exterior fixtures (weather
perritting) such as lanterns, and
path lights. They are useful as

COMPACT FLUORESCENT LAMPS

ambient light sources in wali
sconces. The extended lamp life
of compact fluorescents makes
them an inteiligent design
decision in hard-to-reach places.
They are also appropriate for task
lights, especially those types
designed for the configuration of
compact fluorescent lamps. A
commitment to increased
residential use of compact
fluorescent lamps could be Quite
significant, in terms of energy
conservation. A savings of 25%
10 50% of the kghting electrical
energy used by every home could
be realized it all acceptable
Hluorescent appfications were
utilized. Figure 7 summarizes
some of the residential
applications suttable for compact
fluorescent tamps.

The selection of compact
fiuorescent lighting equipment for
residential design applications
should be made carefully. Newer
designs using electronically-
ballasted compact fluorescent
lamps are suitable for many
residential apphcations, since
these packages operate silently
and start atmost immediately
without an initial fiicker. An added
benefit is the lighter weight and

. Smaller size of the electronically-

ballasted products. When
magnetically-balasted systems
are used in residential
applications, the benefits of
energy efficiency and long life are
sometimes outweighed by
concerns for the acoustic noise of
some ballasts, or. by a negative
reaction to starting tiicker. In most
residential applications, these
conditions are not tolerable. In
any case it is advisable to consult
with and advise one's client about
the overall benefits of compact
fluorescent lighting.
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Figure 7
Residental Applications for Compact Fuorescertt Lamps
Kitchens Living Rooms Bedrooms Bathrooms Utility Areas Extrior
Recessed downiights Task kghss Task lights Mirror ights Stairways Lantomns
Under cabinet lights Swing arm amos Closat lights Recessed downighs Laundry rcoms . Garage hghts
Under cabinet ighss Showear & wb lights Attics Path lights
Recessed downbghts Closets Security lights
Wall washars Crawispaces
Commercial Applications Examples of this would include technology. In hospitals,

Commercial lighting represents
the bes: application for compact
fluorescent technoiogy. Compact
fluorescent luminaires can be
easily incorporated into lighting
designs that are both aesthetically
pleasing and energy efficient. it's
now possibie 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 flucrescent counterpart,
but many do. Offices and other
types of commercial and
institutiona! spaces will look good
angd operate efficiently through the
proper use of compact - '
fluorescent troffers, downlights,
wall washers, and task lights. As
a result, designs will more easily
comply with the applicable Title
24 standards contained in the
Calitornia Code of Regulations.
incandescent lighting should be
saved for a few key situations,
such as locations where the wider
dimming range of incandescent
lamps is needed.

in retail fighting design,
fluorescent light is appropriate for
general illumination, wall washing,
and some types of case lighting.
The energy conscious designer
uses standard incandescent or
halogen sources only when point
source sparkle or significantly
more candlepower is required.

10

display lighting, jewelry case
fighting, eic..

In restaurants and hotels, most of

the circulation areas and other
public spaces can be illuminated
with compact fluorescent sources,
uniess ceilings are especialiy
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.
Incandescent lighting can then be
used where it is especially
important for full range dimming

-and special accents. Many fast

foodftast action spaces can take
advantage of the smaller general

illumination fixtures made possible

by compact fluorescent

laboratories, schools, ang other
institutions, compact fluorescent
tamps can generally repiace mos:
incandescent applications.

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

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

Figure8® .
Commercal Applications for Compact Fluorescent L.amps
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Examples

Cost Savings Retrofit Profile

Seliing the idea of compact
fluorescent lamps as effective,
long lasting, energy saving

- replacements for incandescent
fighting is much easier it the end
USer can see, in tangible terms,
the benefits of such a strategy.
Figure 9 shows one example of
now a switch rom incandescent
to compact fluorescent lighting
allows for significant energy
savings and decreasegd 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 invoived.

General Downlighting

Many corrigors and lobbies are -
furnished with six or eight-inch
round or square recessed |
downlights for general or wall
wash lighting purposes. Typical
designs cali for incandescent
‘cans” or “tophat’ luminaires. An
energy-efficient alternative is to
use modular type downlighis.. .
designed specifically for compact
fluorescent twin-tube or quad-
tube lamps. By careful selection,
the specifier can choose a
fluorescent luminaire that appears
similar to standard incandescent
downlights.

A general rule-of-thumb is to use
about 25% of the required
incandescent lamp wattage. In
other words, use a downlight with
one 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 [amps to replace a 200-wait
incandescent lamp. Avgid using

COMPACT FLUORESCENT LAMPS

R Figure 9
Compact Fluorescent Retrofit Cost Savings Analysis

Existing Lamp: 75W A1%/1210 Lumens

Existing Lamp Wattage
Regplacement Lamp Wattage
Walts Savedtamp

Operating Hours/Year!

kWh Savings/Year Per Lamp
Existing Lamp Rated Life
Replacement Lamp Rated Li‘e
Electricity CostkWh?2
“Utility Savings/Year Per Lamp
Savings Over Life of Lamp
Relamping Cost of Existing Lamp3
Avoided Cost of Retamping Over Lamp Lite
Relamping Savinga/Year
TOTAL YEARLY SAVINGS PER LAMP
Cost of Retrofith ’
Utility Rebata®

Net Cost of Retrofit Par Lamp
Number of Fixtires

Total Caost of Retrofit

Payback Period

Total Annual Savings

Net Savings Over Lika of Lamps
Ret:m on Initial trvestment

Notes:
! Basad on 10 hours/day, 5
< Estmase, basod on average
< Estimate, includes

“* Estimate, based on 1

cost and abor

Replacement Lamp: 20W Quad-Tube with Integral Electronic Balflast

commercial 1992 coats

costs; includes integral lamp-bajlast and labor
2 Estimate, vanes by region and utility company -

75
20
55
2600
143
1,000 Hours
10,000 Hours {3.85 Yoars)
0.12
$17.16
$66.07
$7.00
$70.00
$18.18
$35.4
$22.00
$300
s1900
60
$1140,00
8¥: months .
$2120.40
$7023.54
188%

screw-in socket adapters in new
construction, as they are not as
efficient ang are easily
compromised by incandescent
relamping at a later time.

Energy efficiency with a compact
fluorescent downlight system is
significant when compared with
incandescent options. For
example, 1o provide 15-20
footcandiles in a corridor,
lumingires are installec about
every 30 square feet. The
fiuorescent scheme (two 13-watt
twin-tube lamps) operates at
about 1.0 watts/t2, while the

_incandescent scheme (one 100-

watt A lamp) operates at over 3
watts/ft2. The savings of over 6
KkWh/t2ly saves $0.60M2fy, or
about $18/vflixture. Added
benefits result from a much longer
tamp life and fewer maintenance
COSts associated with
replacements.

Outdoor Floodlighting

Compact fluorescent lamp
sources have excellent
floodlighting capabifities, and
there is a significant potential for
savings over the use of traditional
incandescent sources. Many
floodlighting schemes for shorter

11
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walls. signs, etc. use an
incandescent PAR-38 flood lamp.
In many situations, a short
fluorescent flood iamp luminaire
will serve as an energy saving
option, as long as ambient
temperatures are high enough for
proper operation. For example, a
22-watt quad-tube compact
fluorescent luminaire with reflector
_ would be a good glternative to an
incangescent luminaire, supplied
with a 100-watt PAR-38 lamp. The
22-watt guad-tube luminaire
would use 60 watts less (including
ballast) inan a 90-watt PAR
halogen !'amp and 70 watts less
than a siandard 100-war PAR
lamp.

Decorative Lighting

Many pengant lights, wall
scornces. ang other types of
decorative luminaires are
available as compact flucrescent
lamp sources. Manufacturers of
wall sconces in particular have
been quick 0 capitalize on the
technology of compact
fluorescent lamps, and many
products are avaiiable.

Product
Classifications
Lamp manufacturers tend 10
create ‘marketable” product

names and igentifications. These
names make for better marketing,

Figure 10

but make it more difficult to write a
generic specification. However,
the National Electrical
Manutacturers Association
(NEMA) has developed a generic
desigr.aton system for non-
integra! compact fluorescent
lamps. In most cases the
specifier can easily relate the

" desired tamp product to the

NEMA code. - The code consists
of the foiowing elements:

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

The shape designator may be T°
(twin-tude), "Q" (quad-tube), *S"*
(square shape), or *M," for any
configurations not covered by the
other designators. Base
designaiors, on the other hand,

Performance Charactenstics of Two-Pin Twin-Tube and Quad Tube Compact Fluorescant Lamps

NEMA Lamp Code System input  Rated  Typical Ballast  Actual Lumen
Watts (typical) Lumen ucter 120v Output
Output

CFTSW/G23 9 250 8510 238-250

CFT7rG23" 11 400 8990 356-360

CFTowG2s! 13 600 7983 474498

CFT13W/GX23] 17 900 T8510 855-900

CFOOW/G23 13 600 %8 474-498

CRA1IW/GX232 17 860 8510 817-860

CRQIOWG24d 16 600 90-1.0 540-600
13

CRQ13IW/G24d 18 200 90-1.0 810-500
18 '

CFQ18W/G240-2 25 1250 80-1.0 1125-1250
2

CRO26W/G24c2 az 1800 8010 1620-1800
3

CFRO15WAGX32d 20 00 $0-1.0 810-900

CRQO20W/GX32d 27 1200 9010 - 1080-1200

CR27W/GX32d 34 1800 950-1.0 1620-1800

Notos:

1 Most common lamps when standard twin-lube lamps are

2. Most comnmon lamps whon standard quad-tube lamps are spocified.

3. 120v opecration

4. 277v operation

5. Mult-watiage ballasts avaiabig, but may result in low lumen output and sharenod lamp He.

All amps are raed for 10,000 hours @ 3 hours per stat.

Bafiast Type Rated Systam
w)
 5W Reacor 26-28
7W Reactors 2233
9W Reacior? 36-38
13W Reactor 50-53
SW Reacerd 3538
13W Reactor 50-53
1013w Aum 3 34-38
10/13W Roact ¢ 4246
1013W A, ? 4550
10M13W React 4 $1-56
18W Auorans 3 4550
18W Roactx 4 51-57
26W Avorars 3 4449
26W Reactr ¢ s2.58
16W Roactor 4148
22W Roacxr 4044
28W Reactr 4853




COMPACT FLUORESCENT LAMPS

are readily available from lamp _
manufacturers’ catalogs.

Using the NEMA generic
designation code, 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, wouid be
described as:

CFQ26W/G244.

Performnance of Compact
Fiuorescent 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. Before using the
tables, it is important to realize
that manufacturers of modular
compact fluorescent lamps will

usually list the lumen output of the

lamp-baliast 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 than the lamp’s rated

lumens, because the ballast factor

(a2 measure of a particular

ballast's performance) is generally

less than 100%. in using the

tables, iamp lumen ratings should

be muitiplied by the ballast factor
to determine the actual lamp
lumens. If the ballast factor is not
considered, the system may
supply less illumination than
anticipated. In integrai systems,
in which the ballast ang lamp are

inseparanle, the manufacturer will

usually give the corrected lumen
output and no correction factors
need be applied.

Guideline -
Specifications

Specifying compact fluorescent
lamps is not difficull. There are
several ways to insure that the
preferred lamps and battast
requirement are clear 1o 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.

Lighting Fixture Schedules

Most lighting designs list
luminaires by type or “tag" in a
fixture schedute included with
construction documents. This
schedule often completely
specifies the luminaires, lamps,
and ballasts. To properly specify
compact 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 its lamps, making e
specifications difficult. For that
reason, it is recommended that
the specifier use the NEMA
generic lamp designations
whenever possible. For integral
compact fludrescent lamps, it is
best to identify a single
manufacturer that makes al! lamp
products and use that
manutacturer's nomenclature
throughout. This way, the
competitive bidder can easity fist
his/her corresponding lamp
numbers in a general letter of
proposed substitution,

Occasionally, there may be a
specific lamp type that is unique
to the manufacturer. For example,
at the time of this guideline’s

printing only one manufacturer
makes the square-shaped
‘double-D* compact fluorescent
famp. In situations like this, it may
heip to separately identify and list
the unique famp Dy naming the
manufacturer in the lamp
specification column.

Standard Specifications

Most commercial projects use
variations of standardized -
specifications based on the
Construction Specifications
Institute (CSI1) recommended
tormat. This shorter specification
format is better for smatler or less
complex projects. An example of
this format foliows.

Compact Fiuorescent Lamps:

1. Rare Earth phosphor coating
having a minimum CRI of 80
with a correlated color
temperature of (2700) (3000)
(3500) (4100), (5000} Kelvin,
unless scheguled or noted - -
otherwise. b

2. Lumen output, rated lamp life,
and lumen depreciation
determined in accordance
with IES testing procedures,
and equal in performance to
published values in
(Manufacturer's Name)

catalog.

3. Replace defective lamps
occurring within 90 days of
beneficial occupancy.

4. Approved Manufacturers:
{List)

Extensive Specifications

CSi recommends that more
extensive technical specifications
be written for complex projects or
projects which are being built
overseas. Although significantly
longer and more work for the
specification writer, these
specifications protect the design

13
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against substitution by inferior,
knockoff products made by
manufacturers over whom the
designer has no controt.

Most products offered onthe U.S.
market have foreign counterparts.
However, the systems of
nomenclature differ. Also, the
different operating vottages and
frequencies of foreign electrical
systems make it necessary to use
totally different integral and
mogular components. '

Manufacturer/Froduct Referenées

Lamps (Most Types) Electronic Ballasts Magnetic Ballasts

General Electric Advance Transformer  Advance Transformer
Misubishi Electronic Bailast - Magnetek Universal
Technology
OSRAM Corporation  ETTA Industries Quality Services
. Electronics
Panasonic (Matsushita) Innovative Industries  Radionic -
Philips Lutron Electronics Robertson
Syivania Magnetek Triad Schumacher
OSRAM Corporation Valmont Electric
Valmont Electric

(Inchssion in this list does not imply applicability or enaorsement by the California Enargy
Commssion, the U.S. Department of Energy, or the Eiectnc Power Research Institute.
Ackiitonal comMpanies May aiso manufacture these products.)




[
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California Energy Commission

Building and Appliance Efficiency Office

Technology
Description

Tungsten-halogen tamps have a
whiter, brighter light ang generalty
have fonger lamp life than
conventional incandescent lamps.
They are also much more
compact, making smaller, more
compact reflector and iuminaire
designs possible. Although the
tungsten-halogen lamp cannot
compete with fluorescent or HID
lamps in terms of energy
efficiency or tamp life, it offers
superb color, brilliance, and )
conirol characteristics. For these
reasons, tungsten-halogen lamps
are extremely popular with lighting
designers.

Lamp Operation

Tungsten-halogen lamps are
incandescent lamps made more |

1993 ‘Advanced Lighting Guidelines. . °

efficient by the addition of a
haiogen gas, usually iodine of
bromine. This gas suppresses
tungsten filament evaporation by
a chemical regeneration process
known as the “halogen cycle.
During lamp operation, the
halogen gas combines with
lungsten molecules that have
evaporated off the filament. The
evaporated tungsten molecules
are then redeposited onto the
filament, instead of on the bulb
wall. As aresuli, lamp lumen
depreciation due to bulb wall
darkening is practicaily non-
exisient. Cepreciation does
occur, due 1o filament
degradation, but it is significantly
iower than in other incandescent
lamps.

Proper operation of the halogen
regenerative process requires
operation of the tungsten-halogen
lamp at an extremely high

1 be permitted (Eliipsoidal reflector
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Tungsten-

Halogen

Figure 7-1
The Energy Policy Act of 1992

The U.S. Energy Policy Act of
1992 (Public Law 102-486),
signed into law by President
Bush on October 24, 1992,
contains energy-efficiency
standards and other reguiations
that will preclude certain lamps
from being manufactured or
imported into the U.S. after a
transition period. Under the Act,
reflectorized incandescent
lamps, such as standard R and
non-halogen PAR lamps will not

{'ER’] are exempt). Tungsten-
halogen type reflector lamps are
the only refiector lamps that will
comply to the Act. The transition
period for compliance lasts until
QOctober of 1995. There are
several categories of exempted
lamps.

. temperature. This increases lamp

efficacy slightly, but it also
requires that tungsten-halogen
lamps have special glass
envelopes — usually quartz - that
will withstand the high bulb wall
temperature. Lamps whose bulb
walls are made of quartz require
special handiing, as quarz .
materials are extremety sensitive
to oils and dirt from human skin.
Handling of quartz lamps with
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bare hands can result in bulb wall
deterioration, significantly
reduced lamp life, and/or
premature lamp failure.

" Lamp Configurations

Tungsten-haiogen lamps are
available in three basic
configurations: double-ended;
single-ended; and halogen
capsule lamps.

Double-Ended Lamps
c o
Figure 2

Double-Ended Tungsten-Halogen Lamp

Double-ended tungsten-halogen
lamps are tube shaped. Most of
the lamps in this category have
tubes of small diameter: T-2%; T-3;
T-4; 7-6; and T-8. Double-ended
tungsten-haiogen lamps range
from 45 to 2000 watts. These
lamps typically have recessed
single contact bases, one at each
end of the lamp. Standard lamp
life is generally around 2000
hours, and efficacy. at a low 15-25
lumens per watt, is fairly typical of
incandescent lamps as a whole.
However, efficacy can be
increased to 32-38 iumens per
watt by the appilication of infrared
refiecting film o the bulb wall.

T-3 lamps are often used in
contemporary chandeliers, wall
sconces and torchieres. They
offer high light output and are
relatively inexpensive to
purchase.

hingle-Ended Lamps
N

|

P

[ -

i

Figure 3
Single-Ended T-4 Minican Lamp  ~

Single-ended tungsten-halogen
lamps include a wide variety of
sizes and characteristics. The
one shared characteristic among
these lamps is a single base at
one end of the lamp. The most
common base configurations are
mink-Ccandelabras, or “mini-cans,”
bayonets, bipins, and screw-ins.

- Lamp sizes range from T-3t0 T-

24, and wattages are from 5to .
10,000. In comparison with
fluorescent and HID light sources,
these lamps have short lamp lives
{2000 hours), ang low efficacy.
However, at 20-25 lumens per

waltt, they are slightly more energy
efficient than most incandescent
lamps. IR-reflecting fiims &'z now
available from at least one
manufacturer of these l[amps.

Single-ended tungsten-haiogen
lamps are commonly used -~ wall
sconces, downlights and wai '
washers. The compact filament of
this !amp type works especally
well in complex optical sys:ems,
such as eflipsoidal reflector= znd
framing projectors.

. Halogen Capsule Lamps

Tungsten-halogen capsule .2Tps
include halogen PAR (Paraoaiic
Aluminized Befiector) lamps.
halogen PAR-IR (Infrared
Reflecting) lamps, and low-
voitage bud-shaped and pre.ector
type lamps, such as PAR-3€. MR-
11, and MR-16 lamps. Lamps
designed to replace incancescent
A" lamps aiso fali into this
category. This group of lamos
contains a wide variety of lamp
shapes, sizes, wattages, ana
base configurations. Althousn
meore efficacious than

~\

Figure 4
Cut-Away View Showing Turgstan-Halogen Capeuie Within a PAR Lamp



incandescent lamps. this famp

tamily still fails far short of the
enerqgy efficiency provided by
fiuorescent and HID lamps.

Several varieties of tungsten-
nalogen capsule tamps can be
caited famps within famps: a
small tungsten-halogen bud or
capsule is mounted and sealed
within a PAR or other type
envelope. This makes it
unnecessary to place a protective
qlass over the lamp. and in many
cases, allows for greater beam
control. See Figure 7-4.

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

(34 ]

high-wattage PAR lamps can.
produce tremendous quantities of
high quality light for these
applications. The smaller low-
voliage projector type lamps, on
the other hand, are especially
effective in design applications
requiring compact track and
recessed sources with more
subtle illumination characteristics.

‘Infrared Reflecting (IR) Fiim

Lam;_:s

Up to 90% of the enerqy radiated
by incandescent lamps, including
tungsten-halogens, is invisible
infrared {heat). However, some of
this {R energy can be indireCtly
converted to Iight through the
application of a dicroic fim
coating to the tungsten-haiogen

C

S )

Figure 7-5
Dichroic film transmits visible light while reflocting infrared rackztion (dottod #ne) back b the
flament

TUNGSTEN-HALOGEN LAMPS

lamp (or capsule, in the case of-
PAR famps). This coating
consists of several layers of a
micron-thin optical material. The
coating reflects heat energy back
onto the lamp filament while
allowing visible light to pass
through the bulb wall. The
reflected infrared, in turn, further
heats the tungsten filament. Asa
result, the necessary operating
temperature for the halogen cycle
is mainiained with less input
power. See Figure 7-5.
IR-reflecting 1amps offer ali of the
benefits of standard tungsten-
halogen lamps, including low
lumen depreciation and high -
quatity light. Tungsten-halogen
lamps with infrared-refiecting films
are presently offered in three
configurations: single-ended 74
lamps; double-endeq, higher
wattage 7-3 quarz lamp§ (listed
in Figure 7-5); and halogen PAR
lamps. The energy savings
potential with the double-ended _
and PAR lamp configurations ...
spectacuiar: a direct replacement
of a standard incandescent lamp
will, in some cases. feguce the
wattage by 30% to 50% with no
visible difference in fight output or
quality, though lamp cost is

.appreciably higher. However, the

IR-reflecting single-ended quartz
jarmps offer no efficacy
improvements over standard
incandescent Iamps.

Efficacy and Efficlency

Even though halogen lamps are
generalty more energy-efficient
than standard incandescent
lamps, they are only moderately
efficacious. Most standard
capsule halogen lamps have an
efficaty of around 20 lumens per
watt, while the efficacy of infrared-
reflecting halogen lamps can
exceed 30 lumens per watt. By
comparison, the efficacy of a
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Figure 7-6
Double-Ended Infrared Reflecting Halogen Lamps
Lamp Designation Watts  Rated Lamp . initisi Lamp Lumens Per
. Life (Hours) Lumens Watt
C500T3/350 350 2000 10.000 29
Q1500T3/900 900 2000 32,000 k
Notas: '

See Figures 7-11 for PAR halkgen in

Lamps require progr lumrinaires eq.xz pad with safety shigids.

reflgcting lamps.

standard 1750 lumen, 100-watt A
lamp is onty 17.5 Iurmnens per watt.

Nevertheless, while tungsten-
_halogen lamps are not particularly
efficacious in terms of lumens per
watt, the small fitament of halogen
lamps allows for extremety
efficient optical systems and
reflectors to be utilized. The result
iS potentially greater candlepower
per watt than most other accent
lighting or display lighting
sources.

Color Temperature and
Rendition

The hatogen capsule lamps offer
extremetly attractive light at about

3000 K. This color temperature
appears sigriicantly "whiter” than
other incandescent light sources.
The color rencering index (CRI) is
approximateiy 100. When
dimmed, the coior temperature
falts, as hoids Tue with other
incandescent lamps. Lamps with
infrared-reflecting films generally
have the same color
characteristics, but 3 film's
absorption may be varied 10
create slightty different color
temperatures or tints.

Figure 7-7 compares the color
temperature of ungsten-haiogen
lamps with other light sources.

- Figure 7-7
Tungstan-Halogen Lamp Color Comparison Chart
Light Source Color Tempaeraturs (K) In Comparison, Tungsten-
Halogen Lamps Appear
.| Standard Incandescem 2800 K Shghtly Cooler and Whiter
Standard Quartz 3000 K Same
Low-Vohage Quarz (lm—_!G) 310K Slightty Warmer
Warm White Ruorescent 3000 K Slightly Warmer
Coot White Puorescent 4100 K Warmer and Redcior
Rare Earth Phosphor 2700 Shightly Warmer
Fuorescont K
3000 K Same
3500 K . Shghtty Warmer
. 4100 K ' Warmer
Meta! Halide 3100 K Sightty Redder
4100 X Much Warmer & Reodder
:StandardHPS 2200 K Much Whiter & Blugr
White HPS 2600 K Whiter

Lamp Life

Lamp life in tungsten-halogen
lamps generally ranges from 2000
to 3500 hours. However, in PAR
envelopes, lamps may last yp to
6000 hours. In addition, lamp life
can be extended Dy dimming,
although the increased lamp life
does not follow standard

. incandescent lamp curves, so

manufacturers' data will need to
be consufted. Periodic high
power operation may be required
to raise a lamp's temperature Uup
to the level neeged 1o activate the
halogen cycle. Continuous

" dimming below 35% is not

recommended.

Diodes

There is a controversy within the
lighting industry between
manutacturers who use seres
diodes in the design of tungsten-
halogen iamps, and those who do
not. Over the next two years,
diodes will probably be phased
out of all tungsten-halogen iamps,
except for PAR-16 lamps, due to
performance irreguiarities and
competitive pressures.

Some PAR halogen lamps
designed to operate from a fine
voitage of 120 volts incorporate &
diode in series with the lamp
filament. The object of the dicde
is to reduce lamp filament voltage
to about 84 volts. This allows for
increased filament thickness and

- decreased filament area, resulting

in a smaller filament and greater
optical control over distribution of
the fight.

Diodes reduce voitage through
half wave rectification of the 60 Hz
input supply voltage. This means
that the diode, in eftect,
*eliminates” half of the sinusoidal
wave form. This increases lamp
flicker above the usual 5% flicker
characteristic of incandescent
lamps. Dimming of these lamps
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increases flicker further, oftento a
level that is objecticnable.

‘Diodes block either the positive or
negative cycles of the input
voliage. As such, a single lamp
will have a low power factor and
high harmonics comparedto a
regular incandescent lamp. If
diode larmps of the same polarity
(positive or negative) make up a
significant portion of the branch
circuit power, power quality, and
dimming capabilities may be
adversely affected. However, if
the diode polarities are rangomiy
altered, so that half the diodes
block the positive cycle of input
voltage and the other half block
the negative cycle, the power
quality, and dimming capabilities
are indistinguishable from
incandescent lamps with no

. diodes. It would be helpful it

manufacturers of diode lamps

could somehow tabel those lamps

$0 that the polarity of the diodes is
recognizable. Itis important that
lighting maintenance staff be
aware of the polarity requirements
of this product when relamping.

In any case, individua! or small
numbers of lamps should be
dimmed with diode-rated dimmers
oniy. :

From a power gquality standpoint,
individual diode lamps have 100%
current harmonic¢ distortion. There
is no distortion, however, if an
equal wattage lamp with a diode
of oppaosite polarity is added to
the circuit.

Other Applicable Technologies

Halogen lamps are relatively low
efficacy sources, so their use
should be restricted 10
applications where the unique
characteristics of these lamps are
needed. A common
misapplication with halogen
lamps is the general lighting of
large spaces with tungsten-

halogen sources. Ideally, halogen
should be used only in
applications in which high levels
of footcandles are only needed in
small areas. Otherwise,
designers should investigate other
maore energy-efficient options. For
illumination ot larger areas,
consider one of the following:

« Compact metal halide and
white high pressure sodium
iamps in general lighting, wall
washing, and display lighting
situations

e 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

Limitations

in general, tungsten-halogen’ -
lamps are more efticacious than
incandescent lamps, but they
have some limitations when
applied to architectural lighting.
These include:

« Some lamp sockets and
bases are unusual and, due
to compact size and high
heat, are prone to failures
uniess of good quality.

s  Quariz envelopes must not be
handled with bare hands.

e Lamps must be protected by
a cover glass or have an
integral glass envelope, to
prevent damage from
possible lamp rupture, and to
protect against excess UV
radiation.

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

Nevertheless, it should be noted
that, except for the specific lamp
types discussed in the following
section, most tungsten-halogen
lamps (except for those used in
theater and entertainment lighting)
probably have a more energy-
efficient aiternative.

Current Products

Low-Voltage Tungsten-Halogen
Lamps

Low-wvoltage tungsten-halogen
technology derived from systems
already in use in automotive and
aircraft applications. Tungsten-
halogen technology allows for an
extremely compact iamp

envelope and filament, making the
source ideal for sealed-beam and
replaceable lamp headlights.

Most low voltage halogen lamps
use a compact quartz-giass .
envelope or "bud® with two vertical
pin terminals. A few progucts
employ bayonet or double contact
bayonet bases, such as those
used in flashlights and aircraft, or
glass wedge bases. Bare ‘bud”
lamps are designed for usein a’
vaniety of special purpose’
luminaires, and many different
waltages are available.

The mast common applications
for low-voltage halogen lamps are
as projector or reflector lamps. In
these lamps the halogen bud is
backed with a refiector of
aluminum oOr glass. There are
three distinct types of projector
lamps: muiti-mirror reflector (MR)
lamps; atuminum reflector (AR)
lamps; and low-voltage PAR-36
lamps. These lamps are
described in tems of appearance
and performance characteristics
in the following pages.

A
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Flgure 7-8
MR-16 Lamp

MR Lamps

MR lamps have dicnhroic-coated
faceted glass reflectors, and they
are available in many wattages
and beam spreads for a variety of
accent lighting applications.

The most popular low-voltage
lamps are MR-16 bipin projector
lamps. MR-16 lamps were
originally developed as slide
projector tamps. using forced-air
cooling and 82 to-120-volit, 200-
300-watt lamps. The architectural
versions are 20-75-watt, 12-voit
lamps. The reflector.is made of
faceted glass, coated with 3
dichroic film that reflects visible
light ang transmits infrared energy

through the dack of the lamp,
making the MR-16 beam
innerently a "cool beam” lamp.
The reflector is the ellipsoigal
type. making the MR-16 lamp
especially good for framing and
effects projectors. MR-11 lamps
are smailer and generally of lower
wattage, but offer similar

performance.

The MR-16 lamp is made in very
tiarrow Spot, Narrow spot, narrow
fiood, and wide flood beam
spreads. Beam spreads are
determined Dy the size and
orientation of the facets on the
lamp's refiector face. MR-16
lamps are available in standard
wattages of 20, 35, 42, S0, 65,
and 75. Addiionally, there are a
number of special MR-16
products, some of which are
gdescribed below.

+ Cover giass lamps are
suitable for open lamp
applications, such as open
wire systems (note: tungsten-
halogen luminaires must have
a cover glass protector over
the lamp to receive UL
listing).

e Lamps with aluminum
reflector coatings prevent
lamp back glow, but eliminate

_the cool beam effect.

e Lamps with improved dichroic
coatings provide constant
color over lamp iife, longer
lamp life, and improved lumen
maintenance.

s Lamps with color dichroic
coatings (red, yellow, green,
and blue) are usea for special
lignting effects..

e Square-shaped, MR lamps
have been designed 10
provige similar candlepower
as higher wattage round MR
procucts.

- Performance characteristics of

MR-16 lamps are shown in Figure
7-9. MR lamps are aiso available
in a smalier MR-11 (37 mm)
configuration. As shown in Figure
7-10, MR-11 lamps are generally
offered in 12, 20, 35, and 50-watt
versions, with a similar choice of
beam spreads. Unlike MR-16
lamps, however, some
manutacturers make MR-11 lamps

_with double contact bayonet
- bases. The thin pins of the

standard MR-11 bipin lamp are
not as strong as the MR-16's, and
some luminaire manufacturers
recommend the double contact
bayonet base lamp for durability
and added corrosion resistance.
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Figure 7-9

MR-16 Tungsten-Halogen Lamps
Proposed Lamp Watts Lamp Lite Beam Spread Cantar Beam Peak Notes
A Cr8.1 Candilapower

Lamp Designation .

MR-16 Lamps: Dichroic-coated mult-mirrored reflector, 51 mm (27} diameter, 12-volt operation, GX5.3 bipin base, no Alament shield,
"CG" = Cover Glaas Option :

20MR167°

20 3000 VNSP 7 DEG 8200
20MR16/13° 20 2c0! . _NSP13DPEG. s 3380 ... CG
20MR16/25° 20 3000 NFL23DEG " om0 CG, 880 CP
20MR16/40° 20 4000 FL 40 DEG 525 CG, 490 CP
J0MA16/8° 0 2000 VNSP 6 DEG 8500
35MA16/12° k] 4000 NSP 12 DEG 7900 CG, 7600 CP
35MR16/25° 3s 4000 NFL 23 DEG 2500 CG, 2300 CP
35MR16/40° 35 4000 FL 40 DEG 1200 CG, 1100CP
42MR1679° 2 3500 VNSP 9 DEG 13,100
42MRA16/25° a2 3500 - NFL 27 DEG 2100
S0MRA16/15° 50 40002 SP 14 DEG 10200 CG, 9500 CP
50MR16/25° 50 40002 NFL 27 DEG 2900 CG, 2700 CP
S0MR16/30° 50 40002 NFL 32 DEG 2325 CG, 2250 CP
SOMR16/40° 50 40002 . FL 40 DEG 1725 CG, 1500 CP
SOMR16/55° . 80 40002 WFL 55 DEG 1150 -
65MR16/15° T 85 3500 SP 14 DEG 11500 CG'OPTION
65MR16/25° ] 3500 . NFL23DEG 4000 CG OPTION
65MR16/40° 65 3500 FL 38 DEG 2000 © €GOPTION~
75MR16/15° 75 4000 SP 14 DEG 12,300 €6, 12,300 CP
7SMR16/25° - 75 4000 NFL 24 DEG 4600 CG. 4600 CP
75MR16/40° " 75 4000 FL 42 DEG 2100 CG, 2100 CP
Notes:

(1) Lamp life increases to 4000 hours for lamps with mproved constant cojor dichroic coatings.
(2) Lamp fite increases to 5000 hours for lamps with improved constant color dichroic coatings.

Square MA-16 Lamps Dichrolc-coated muit-mirrored reflector, 51 mm (27) diamsiar, 12-voit operation, GX5.3 bipin bass, no flamaent
shield; candlepowers are averags centar beam.

2 3000 SP 12 DEG 4500
20 3000 FL 36 DEG 700

£ 3000 SP 12 DEG 9150
9 3000 NFL 24 DEG 3000
) 3000 FL 38 DEG 1500
™ 3500 SP 12 DEG 11,500
49 3500 NFL 24 DEG 4800
49 3500 FL 26 DEG 2000
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Figure 7-10
MR-11 Tungsien-Halogen Lamps
Proposad ANSI Lamp Watts Lamp Life Beam Spread Ceonter Boam Poak Notes
C78.1 Lamp Candlepower
Designation
12MR11/8° 12 3000 NSP 8 DEG 1500 6 VOLT
20MR11/10° 0 3000 NSP 10 DEG 3900
20MRA11/15° 2 3000 SP 17 DEG 1550
20MR11/30° 20 3000 NFL 30 DEG 600
3sMRtt/10° 35 3000 NSP 10 DEG 5850
35MR11720° as 3000 SP 20 DEG 2750
35MR11/30° as 3000 NFL 30 DEG 1300
oS!
-amp dasignations are subject to crhange.
Zxcept where noted, lamps are 12-voit operation.
TS with 4 hinin basg arp fea ontional 0

AR Low Voltage Lamps consistent color characteristics.
AR lamps are readily available in

i . ) Europe, but are often difficult to
w2 or without integral glass lens ﬁ;d i% the United States
are available in configurations '
ra~ging from AR-40 (R-12 size) up Performance characteristics of AR

Aisminum reflector “AR" lamps

to AR-111 (PAR-36 size). Some lamps are described in Figure -

oesigners prefer using AR iamps 7-12.

over MRs due to their more
Figure 7-11
AR Type Lamp o

. Figure 7-12
Parformance Charactaristics of AR Type Tungsten-Halogan Larnps
Proposed ANS{ Lamp Watts Lamp Lite ] Peak Notes
C7.1 Lamp Candlepower

Designation
AR-37 Lamps: Aluminum reflecior, 37 mm diametar, 6 or 12-volt lampe, doubls contact bayonast bese, no flament shieid, integral
wmghu_

15AR378° 15 3000 NSP 8 DEG 5000 & VOLT
| 20AR37TE* 2 3000 NSP & DEG 7000
© 20AR37/20° o 3000 SP 18 DEG 1400
' 20AR37/30° 20 3000 FL 32 DEG 350
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Figure 7-12 (continued)

Performance Characteristics of AR Type Tungsten-Halogen Lamps

AR-48 Lamps, Aluminum reflector, 48 mm dlemeter, 12 or 24-volt leamps, G4 bipin base, filament shhld, no cover glass, optonat
3100K silver color or 2600K gold color reflector, as noted.

AR-58 Lamps: Aluminum reflector, 56-58 mm diameter, 6 or 12-volt lamps, double tontact bayonst base. no filament shieid, integral

20AR48/10° 2
20AR48/15" 20
20AR4810° 20
20AR48/15° 20
20AR48/10° 20
cover glass.

15ARS/4° 18
15AR58/15° 15
ASARS8sB° 35
35AR58/15° as
15AR5a8° 50
S0ARS/15° 50°
S0ARS58/25° 50
SCARSE/30° 50

AR-70 Lamps: Aluminum Reflector, 70 mm dlametast, 12-von lamps, double contact bayonet base, fllament shieid, no eowghu,

2000
2000
2000

2000

2000

2000
2000
2000
2000
2000
2000
2000
2000

3100K silver color or 2600K gold color refloctor, as not.d

20ARTO/10°
20AR7030°
S0AR7TO/10°
S0AR7Q/30°
S50AR7O/MO
SCARTO/30°
TSAR7TOV/10°
TEART0/30°

'aaisssslas

AR 111 anps' Aluminum reflector, 111 mm dlamster, 12-voit lamps, screw and lug hrmlnnls, ﬂllm-nuhidd,noeowglm n

BEEBEEEEY

some cases, may be lmuchangnbu with PAR-38 llmpa.

50AR111/5°
50AR111/10°
SOAR111/30°
75AR111/10°
75AR111/30°
75AR111/80°
100AR111/10°
100AR111/30°
100AR111/60°

§§§mmkasssa

Nota: Lamp designations are subject Io change

EEE8BEBEEET

NSP 10 DEG
SP 15 DEG
NSP 10 DEG
SP 15 DEG
NSP 10 DEG

VYNSP 4 DEG
NFL 14 DEG
VNSP 6 DEG
NFL 14 DEG
NSP 8 DEG
NFL 16 DEG
FL25DEG
FL 32 DEG

SP 10 DEG
FL 30 DEG
SP 10 DEG
FL 30 DEG
SP 10 DEG
FL 30 DEG
SP 10 DEG

- FL 30 DEG

VNSP 3 DEG
NSP § DEG
SP 10 DEG
FL 30 DEG
SP 10 DEG
FL 30 DEG
WFL 60 DEG
SP 10 DEG
FL 30 DEG
WFL 60 DEG

5000
2000
4500
1500
4500

12,000
1400

15,500

4000
11,000
4650
1900
1100

7000
1000
15,000
2000
13,500
1800
19,000
4000

45,000
50,000

GOLD REFL,
GOLD REFL.
24 VOLT

6 VOLT
6 VOLT
6 VOLT
5 VOLT

#f
H

GOLD REFL
GOLD REFL.

& VOLT
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Figure 7-13
Par 36 Lamp

PAR-36 Lamps

Low-voltage PAR-36 lamps have
been poputar with lighting
designers for many years.
Halogen buds within PAR-38
glass envelopes provide similar
performance 10 standard
incandescent PAR-36 lamps but
with improved coior rendering,
longer lamp life, and improved
energy efficiency. in addition,
iow-voltage PAR-38 lamps
provide exceptional beam spread
control,

Figure 7-14 lists performance
characteristics of low-voltage
PAR-36 lamps.

. Limitations of Low-Voltage
Lamps

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

The actual advantages of low-
voltage lighting include:
* Mostly very compact lamps

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

» Traditional halogen color
- temperatyre and lamp life
advantages

10

Figure 7-14
PAR-36 Halogen Low-Voltage Lamps

ANSI CTS
Lamp
Designation2

Propoud Lamp Watts Lamp Lifo Beam Spread Pssk Canter Notes

PAR-36 Lamps: Aluminized glass raflector, sesled beam glass cover, 4-1/27
diameter, 12-voit iamps, filament shield, internal hlbgu “bud™ siement, screw and

Candiepower

equivaient line-voltage
incandescent lamps

The disadvantages of low-vottage
halogen lamps, however, are
seldom mentioned; they include:

s Low-voltage halogen lamps
have low efficacy in
comparison with most other
advanced lighting
technologies. Efficacy of
these lamps is generally
under 20 lumens per watt,
which, like with most other
incandescent lamps, makes

-them a poor source for
general lighting apphications.

s Low-voltage halogen lamps
require a transformer to
develop the low-voitage
(usually 12 volts) for the lamp.
This requirement may cause
size, noise, cost, and potential
dimming problems.

¢ Low-voltage halogen lamps
are often expensive and lamp
quality may be unreliable,
especially from off brand MR
lamps.

lug terminal
35PAR35/5° 35 4000 VNSP 5 DEG 25,000
35PAR3G/E° 35 4,000 NSP B DEG 8,000
3SPAR36/30° as 4,000 WFL 30 900
DEG*
S0PAR36/5° 50 4,000 VNSP 5 DEG 40,000 Open
Reflector
SOPAR38/B° 50 4,000 NSP B DEG 11.000 Ooen
Refecor
50PAR35/30° 50 4,000 WFL 30 13,000 Ooen
DEG! Reflector
Notes:
1. Bamsmmmmmmapmmmssossxanea
2 Lamp designations are subject 1 change
. * Higher efficacy than most Halogen Capsule Lamps

To expand the applications of
tungsten-halogen lamps, products
were develaped with a small
tungsten-halogen capsule lamp
within a standarg famp shaoe
such as the PAR lamps shown in
Figure 7-15. These lamps operate
at 120 volts and most have
common medium screw-in bases

- (a few side prong lamps are also

available). Some manufacturers
place a diode within the iamp
assembly and operate the
filament at the equivalent of 84
volts hatf-wave rectified (see
earlier discussion on diodes).

This family of products has
expanded the range of
applications for tungsten-halogen
lamps. Most of the halogen
capsule lamps now available = 2
reasonably priced, low-wattac
altematives to the standard
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incandgescent lamps they are
designed 10 replace. Virtually all
of these lamps can be used in
standard luminaire designs, as
long as the lamp wartage does
not exceed the luminaire rating.

There are two principal variations
t0 the halogen capsule type of
lamp: common lamp shapes
designed o replace standard
incandescent lamps; and PAR
lamps in several configurations.

Common Lamp Shapes

Several varieties of capsule lamps
are availabie in common shapes.
Notable configurations include an
A-lamp shape and a series of
tubular {T) shaped lamps. These
-lamps are used primarily as
retrofits for existing standard
incandescent luminaires. -
Capsule lamps have much longer
lamp life (up to 3500 hours) and .

use about 30% less electricity 1o

generate about the same light
output-as the lamps they replace.

Halogen PAR Lamps

Halogen PAR capsule lamps,
such as those illustrated in Figure
7-15, include both the traditional
PAR-38 and newer, smaller PAR-
30, PAR-20, and PAR-16
envelopes. They are usefut in
many new construction lighting
_applications, and they are

~ valuable replacements for
inefficient R and standard PAR
lamps. Notabte variations include
the following.

PAR 16

PAR 30

PAR 38

o]

PAR 20 m

‘M<L \
I ¥
L/

Figure 7-15

Halogen PAR Lamps

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

*Cool beam® PAR lamps have
dichroic reflectors similar to
those supplied with MR-16
lamps. These lamps reduce
heat on lighted objects by

*

transmitting infrared radiation
away from the object being
itluminated.

e |Rreflecting PAR lamps use
the reflecting IR film to
increase fight output and
efficacy.

Figures 7-16 and 7-17 list the
performance characteristics of
haiogen PAR lamps.

11
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_ Figure 7-16
Halogen PAR30 and PAR 38 Lamps
m m C:f-! Watts Lﬂ;p Beam Spread m‘m&‘: Notes
PAR-30 Halogen Lamps
50HPAR3V11® 50 2000 11 DEG 10,500
SOHPAR30/24° 50 2000 24 DEG 2700 Cool Beam Option
SOHPAR3IO/3S5® 50 2000 36 DEG 1600
SOHPAR3Q/7” 50 2000 7 DEG 19,500 IR-Refiecting
SOHPAR30/25" 50 2000 23 DEG 4000 IR-Reflocting
50HPAR30/35" 50 2000 33 DEG 2600 IR-Reflocting
SOHPAR3O/S® 50 2000 9 DEG 9900° Long Neck
SOHPAR3O/1S® 50 2000 16 DEG 42003 Long Neck
SOHPAR30:30° 50 2000 30 DEG 15003 Long Neck
SOHPAR3V40" 50 2000 40 DEG 1250° Long Neck
75SHPAR30/11° 75 2000 11 DEG 15,000
T5HPAR30/25 75 2000 24 DEG 6000 Coat Beam Option
7SHPAR30/35° 75 2000 36 DEG 2500
PAR-38 Halogen Lamps .

4SHPARV10° 45 2000 10 DEG 9300
4SHPARN 2 45 2000 12 DEG €800
4SHPARS32® 45 2000 32 DEG 1700
6OHPAR/12® 80 3000 12 DEG 15,000 IR-Reflecting
GOHPAR/SO® 60 3000 32 DEG 3300 IR-Refiecting
BOHPAR/SS® 60 3000 53 DEG 1250 (R-Reflocting
T5SHPAR/10° 75 2500 10 DEG 17,500
7SHPAR/30° 75 2500 30 DEG 3,500
90HPAR/10O® 90 2000 10 DEG 19,000 .
SOHPAR/12® 00 2000 12 DEG 16,000 Cool Beam Option
SOHPAR/30® 90 2000 30 DEG 3500 Cooi Beam Option
90HPAR/SS® 20 2000 55 DEG 2500
100HPAR/10° 100 3000 10 DEG 28,000 IR-Reflecting
100HPAR/3S" 100 3000 33 DEG 5500 IR-Reflacting
T50HPAR®® 150 3000 9 DEG 37,500 '
150HPAR/10° 150 | 4000 10 DEG 29,000
150HPAR/2D" 150 4000 22 DEG - 700
250HPAR/10° 250 6000 10 DEG 52,000
250HPAR/20* 250 6000 22 DEG 12,000
Nows:

mm@mmm:Mmmunuwmm

Candiopowsr vahues for long neck lamps are average center beam; all others are peak conwer beam.

Side prong SOHPAR/ now avaliabie in some beam sproads.




-~ _ Figure 7-17
Halogen PAR16 and PAR 20 Lamps

center beam.

Proposed ANSI  watts Lamp Beam  Canter Boam Notes
C78.1 Lite Spread Candle-
Lamp powaers
Designation?

PAR-16 Halogen Lamps: Diode equipped with ceramic-backed reflector
40PAR1&N10° 40 . 2000 10 DEG 5000
40PAR16/25° 40 2000 27 DEG 1300
SSHPAR1612° 5§ 2000 12DEG 5000
55HPAR16/30° §5 2000 30DEG 1300
S60HPAR1&/10° 60 2000 10 DEG 7500
50HPAR16/25° 60 2000 27DEG 2000
7SHPAR16/12° 75 2000 120€EG 7500
7SHPAR16/30° 75 2000 30 DEG 2000

‘ PAR-20 Halogen Lamps
SOHPAR20/10° . 50 2000 10 DEG 60C0
SOHPAR2G/:25° 50 2000 26DEG - 1850 Cool Beam Option
SO0HPAR20/9° 50° 2000 9DEG 62003 Long Neck
SOHPAR20/1S® 50 2000 16 DEG 3200° Long Nack
SOHPARZOM0® 50 2000 30 OEG 1400% Long Neck
Notes: . ] i
W&maﬁﬁs%m%nm; however some variance is o be expéund

between manufaciurers.

Candiepawer values for long neck lamps are average center beam; al others are peak

Application Guidelines

Halogen low-voitage lamps are an
important and extremely popular
specialty light source.
Applications ranging from
recessed "pin spots® to cove
lighting strips make use of these
low wattage white color sources.
Low-voltage projector type lamps,
such as MR-11s and MR-16s are
an excellent display light source
tor art, jewelry, ana other
precision lighting situations.

Halogen capsule lamps, infrared-
reflecting film coated lamps, and
low-voltage projector lamps have
a broad range of applications. In
new designs, the PAR and low-
voltage MR lamps are excellent
products for retail lighting and
other forms of small area display
angd accent lighting. In retrofit
situations, many PAR and IR-
reflecting haiogen lamps can be
used for direct, immediate
replacement of more

However, fike regular tungsten- traditionalfess energy-efficient
- i \ faqe technologies, in everything from
alogen lamps, low-voltag recessed downlights and wal

halegen lighting is often used
when a more energy-efficient
source, such as standard voltage
halogen infrared-reflecting lamps
- or compact fluorescent lamps,
may be a better choice. Thisis
particularly true for general area
lighting applications.

sconces, to power floodlights and
chandetiers.

Although many tungsten-halogen
lamps are manufactured in typical
incandescent lamp-shapes, some
are not suitable for unprotected

exterior locations unless they are

in enciosed luminaires.

TUNGSTEN-HALOGEN LAMPS

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

o (Cost-Effective and Efficient
Display Lighting The capsuie
PAR, infrared-retlecting film
PAR. and low-voltage lamps
all make excelient dispiay
sources for retail fighting
installations, especially where
tight control of beam spread
i necessary.

» Energy-Efficient Lamps in
Conventional Luminaires
design requirements preclude
the use of more efficient
technologies (such as
fluarescent lamps ang
ballasts), consider halogen
iamps in traditional luminaires
such as downlights. This is
most often justified when full-
range dimming is required.
Additionally, halogen PAR
and PAR-IR lamps make
excellent, inexpensive, and
simple-to install retrofit
solutions for luminaires that
use standard reflector and
PAR lamps. '

Most tungsten-halogen lamps can
be dimmed with conventional

‘incandescent dimmers, although

dimming can reduce the
effectiveness of the halogen
cycle. Continuous dimming below
35% may reduce lamp life and/or
increase lumen depreciation.
Series diode lamps may
experience some dimming
anomalies, such as increased
fiicker, but non-diode lamps will
operate extremety well on most
dimmers.

Resldential Applications

Tungsten-halogen lamps make
excelient light sources for many
residential applications, including
virtually every incandescent
luminaire for which a suitable

13
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lamp style cxists. In some
instances. halogen lamps can
replace siandard incandescent

~ with a significant reguction in
wattage. For exampie, 90-watt
halogen PAR lamps make
excellent reptacements for 150-
watt R40 lamps in recessed
downlight luminaires. The flicker
of nalogen lamps with diodes may
be most noticeabie in these
situations. so caution is urged.

Since haiogen PAR angd low-'
voltage iamps are display lamps.,
they can pe used for residential
accent situations, such as lighting
artwork or accenting architectural
ang langscaping features.

Commercial Applications

The advent of the halogen PAR-IR
iamp began a new era in retail
display lighting. Situations
traditionally lighted with 150-watt
PAR famps could be lighted with
60-watt PAR-IR lamps with no
degradation of lighting quality.
Reptacement of traditionai
incandescent PAR lamps with
halogen IR-reflecting technologies
can be achieved without any need
to change luminaires; the lamps
simply screw into existing medium
base sockets.

In some commercial situations,
the halogen and halogen film
lamps are the Dest choice only
when fluorescent and HID options
have been eliminated. Typical
situations generally involve
dimming where only incandescent
and halogen sources can provide
truly effective fulkrange dimming
effects at reasonable expense.

In luminaires that use standard
halogen lamps, direct
repiacement of the ordinary
tungsten-halogen lamp with an
infrared-reflecting film lamp
provides a substantial savings.
Even though the options are
presently quite limited, several of

14

the mos: commor: tungsten-
halogen :2mps (Q30073, Q500T3.
and Q1500T6) can pe directly
replacec wiin a savings of 30% 1o
40%.

Examples

Retall Dispiay Lighting

Many stores use track fighting for
retail gispiay. The traditional fight
source has been PAR-38 lamps in
150-wat: or 120-watt “energy-
saving” szes. However, by
substituting more efficient
standarag nalogen capsule lamps,
suitable &0, 75, and 90-watt lamps
may be used which will provide
similar performance.

Savings potential is significant.
The per unit reductions are from

60 to 90 watts per socket, or 40% '

10 80%. without any significant
change in performance. Since in
many stores the only lighting
system is the track, this correlates
to a direct energy savings of 40%
to 60% for most of the property.
The acded cost of even the most
expensive lamps, presently about
$5.00, is amortized in one-third to
one-half the normat life of the
lamp for typical power costs.

Power Floodiighting

A common fixture design utilizes a
double-ended S00-watt quartz
lamp. Although an HID light
source would be far more energy
efficient, many applications call
for an instant-on lamp. Specifying
the infrared-refiecting film version
of the double ended lamp resufts
in virtually the same amount of
light with a 350-watt iamp.
Savings potential is significant.
Over the fife of the [amp, more
than 300 kilowatt hours are saved,
which easily pays for the lamp
cost premium several times over.

Guideline
Specifications

In order 1o specify halogen
capsule iamps, it is mportant to
determine whether diode lamps
are acceptable for the instaliation.
Should the specifier have any
concern over diodes, it s
probabily appropriate 10 write a
proprietary specification
designating the acceptable
vendors.

Second, since halogen projector
lamps are available in a variety of
beam spreads, the specifier
should be exacting in his or her
selection. There is a distinct
possibility of different beam
spreads from different _
manufacturers, so caution is agam
urged in selecting between a
generic specificationanda
proprietary specification.

Third, the market-driven lamp
product development has made
standardization of halogen lamp
nomenclature difficult. Al the time

- of this printing, the ANSI C78-1

committee was attempting o
finalize nomenclature standards
for many tungsten-halogen lamps.
For instance, it has been
proposed that the three-letter

* photographic code (BAB, EXZ,

etc.) be eliminated for MR-16
lamp designations. Similarty,
another proposed measure wouid
categorize all reflector lamp beam
spreads in degrees o replace the

- cumrent lettering (R, NSP, etc.).

However, adoption of these
standards is still pending. As
such, while these guidefines
should aliow for reasonable
accuracy, specifiers are urged
use manufacturer's advertised
nomenclature and trade names if

. the differences in products are

significant.

Finally, the specifier is remnded
that the descriptions halogen®

fis

£
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and "quanz’ do not necessarily
refer to the same product, and
they should therefore not be used
interchangeably. Many of the
capsule lamps do not use quartz
glass (which keeps the cost
down). Theretore, although most
Quarnz lamps are tungsten-
halogen lamps, not all tungsten-
halogen lamps are quartz lamps.

Lamp Designations

The lamp designation can be
specified as follows:

(Quartz)Wattage/Shape/(Beam-
spread)/(Manufacturer's
Designation)

Specification Examples

¢ A S0-watt haiogen capsule
PAR-38 narrow spot (9°)
would be: 90PAR38NSP/H or
SO0PAR38NSP/CAP. Under
the proposed ANSI standardg,
the specification would
change to: 90OHPAR/S®,

* A S0-watt MR-16 iamp with a
narrow flood (25°) beam
spread (EXZ) would be as
follows: SOMR16NFL, or
SOMR16EXZ. Under the
proposed ANSI standards,
the specification would be:
S50MR16/25°.

Manufacturer/Product-References

Manufacturer
Duro-Test
General Electric

wasaki
OSRAM
Panasonic

Philips

Sylvania

Products
Halogen iamps

Halogen lamps,
Infrared-reflecting halogen lamps
Constant color MR lamps

Halogen lamps
Halogen lamps
Halogen lamps
Infrared-reflecting halogen amps

Halogen lamps
Long neck halogen PAR lamps
Square MR-16 lamps

Halogen lamps

{Inclusion in this st does not imply applicabifity or endorsemant by the California Energy
Commission, The U.S. Department of Energy, or the Electric Power Research Institute,
Additional companies may also manutacture these products )
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Technology
Description

Metal halide and high pressure
sodiumn (HPS) iamps are the
preferred modern iamps of the
family known as high intensity
discharge (HID). (Mercury vapor
tamps, another type of HID, are
not as efficient and therefore not
reported in this guideline.) Like
flucrescent lamps, HID lamps
require ballasts to provide proper
starting and operating voltages.
and they produce light through
the discharge of an electric arc
through a mixture of gases. HID
- lamps all utilize a compact "arc
tube® in which very high
temperature and pressure exist.
This smail arc tube closely
resembles a point source of light,
making HID lamps and their
luminaires both compact and
powertul.

Metal Halide

Ballasts and Starters

HID lamps require ballasts to
reguiate the arc current flow and
to deliver the proper voltage to the
arc. Larger (‘standard’) metal
halide lamps employ a starting
electrode within the lamp to
initiate the arc (see Figure 8-1).
Smaller metal halide and HPS
lamps. on the other hand, do not
contain starting electrodes.
Instead, the lamp is siarted by a
high voltage pulse o the
operating electrodes. An
electronic starting circuit
associated with the ballast
generates this pulse. American
National Standards Institute
(ANSI) lamp-Dallast system
standards establish parameters
for all HID components, except for
newly introduced products.

A few electronic ballasts are now
available for HID lamps.

Contents
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Electronic ballasts for HID lamps
do not use the same principles as
tor Huorescent lamps — the
primary benefit of an electronic
HID ballast is more precise
management of the lamp’s arc
tube wattage over fife. By better
managing the arc tube wattage,
more consistent color and longer
lamp life usually occur. With few
exceptions, high frequency
operation does not increase HID
tamp efficacy.

Striking and Warm-Up

It is not possible to instantly ignite
a cold HID lamp to full brilliance.
All HID lamps employ a mixture of
gases and metals in the arc tube.
As power is applied, temperature
and pressure build gradually,
causing vapors of the metals to
enter into the arc and retease light
energy. The starting of the arc
sometimes takes a few seconds,
and the duration of the warm-up
period varies depending on lamp
type, ranging from 2o 10
minutes. During this period, the
lamp will exhibit different colors as
the various metals vaporize.

Lamp Restrike

It power is interrupted, even
briefly, an HID lamp's arc will
extinguish. The lamp must then
cool down before the arc can
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restrike. Lamp restrike periods
vary, depending on iamp type.
and can last from 1 to 15 minutes.
Restrike time is a major concern in
appiications where a prolonged
lighting interruption couid create
hazargous conditions or a
manufacturing shutgown. A few
metai halide products are made
with “instant restrike* capabiltty,
requiring speciat outboard
electronics to generate extremely
high voitages which overcome the
elevated lamp temperature and
pressure and regenerate the arc.
In addition, some HPS lamps are
available that will restrike
immediately to approximately 10%
of full light output. These lamps
contain 2 arc tubes and will reach
full light output in approximately
90 seconds. Altematively, HID

. luminaires are avaiabie that

- contain supplementary high

2

output quartz backup lamps. In
the event of a brief power
interruption the backup lamps
ignite until the HID lamp's arc can
restrike. The relative infrequency
of power interruptions, as well as-

. increased cost, make the use of

instant restrike products relatively
uncommon. :

Dimming

It is possible to dim some HID
lamps. Dimming requires
specialized baliasts and dimming
electronics, and operating HID
lamps at less than full output will
produce color shift and reduced
lamp efficacy. For example, a
metal halide lamp can be dimmed
to about 40% power, but at this
level it generates only about 25%
of its rated lumens, and it will

change color in an undesirzz'e
manner. :

Energy Efficiency

HID iamps are among the most
energy-efficient lamp
technoiogies available. White
sodium lamps have the lowest
efficacy of the HID sources,
producing between 40 and S0
lumens per watt. Metal halide
lamps range from 55 (70-watt
open fixture lamp) t0 110 umens
per watt for a 1000-watt horizontal
high output lamp. The most
efficacious white fight HID
sources are standard high
pressure sodium lamps, ranging

" from 65 (70-watt lamp) to 125

lumens per watt (1000-watt lamp).
These values inClude ballast
losses, and they are based on
new, burneg-in @amps.
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Lamp Life

Lamp lite of HID larnps varies
considerably depending on type
(HPS vs. metal halige), burning
orientation, size, and
configuration. Generally, in.
similar applications, most HID
lamps offer a lamp life guration
comparable to most fluorescent
lamps and much greater than any
incandescent lamp. Lamg life
may range from 3000 hours, for
the 1500-watt metal halide spors
lamp, 10 24,000 hours and more
for some of the standard HPS
lamps. Near the end of lamp life,
many HID lamps will exhibit a
noticeable gegree of color shift,
which may be objectionable in
some applications.

Lamp life ratings for applicable .
HID lamps are listed in the
appropriate lamp charts in this

document. It should be noted that

lamp manufacturers publish HID
lamp life ratings based on 10 -
hours per start operation (most
other lamps are rated at 3 hours
per start).

Color Characteristics

Manufacturers have taken
advantage of new technologies in
recent years o improve the color
characteristics of HID lamps
considerably. This development
has allowed lighting professionals
10 use HID lamps in an ever-
widening range of applications.
In terms of lamp color
temperature (CCT) and color
rendering {CRI) capabilities, HID-
lamps can be summarized as
follows:

Metal Hallde Lamps

Some metal halide lamps are
available in 2700-3200 K (warm)
lones, but most 1amps range from
neutral to cool in color
appearance, with a crisp white

. light of 3500-4300 K. Coior

rendering indices are usually
Detween 65 and 70. although a
few of the more recently-
developed lamps achieve very
high CRIs (up to 93).

High Pressure Sodium Lamps

Maost HPS lamps have a
distinctive, golden-pink color of
1900-2100 K, accompanied by a’

relatively poor CRI of less than 25,

There are a few "deluxe” HPS
products with a CRIof 65. In
addition, "white” sodium lamps
have color temperatures of 2500-
2800 K and a CRi over 75.
Neither deluxe nor white sodium
tamps are as efficacious or as
long-fasting as standard HPS
lamps.

Temperature Sensttivity

Metal hafide lamps are sensitive
to low starting temperatures, and
lamp life will be reduced if they
are frequently started below -12

°C {10 °F). High pressure sodium

lamps are fairly insensitive to
temperature, and will start to
about -30 °C (-22 °F),

Burning Orientation

Many HID lamps are designed to
operate in a specific buming
position, such as horizontai,
verticat with base up, and vertical

with base down. Lamp
manufacturers usually designate
the correct burning position for

- position-sensitive lamps in ther

catalogs. QOperating HID lamps in
burning positions other than those
recommended by the
manufacturer will adversely affect
lamp life ang lumen output. In
particular, metat halide lamps are
extremely sensitive (0 burning
position. High pressure sodium
lamps generally are not.

Other Applicable Technologies

HPS and metal halide lamps are
the highest efficacy point sources
in moderate lumen packages.
However, in certain situations,
other sources might be more
applicabie; (hese inciude:

* Halogen capsule, low voltage
halogen projector, and
infrared-reflecting halogen
lamps, especially in small-
scale display lighting
situations

o Compact and fulk-size
fluorescent lamps, particularty
in general ighting and wat-
washing situations

Current Products

As shown in Figure 8-2 HID tamps
are available in a wide variety of
sizes, shapes, and bases. HID
lamp technology development is a
continually evolving process, as
manufacturers try 1o design

lamp contigurations and
characteristics to meet an ever
widening range of applications.
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Metal Halide Products

Metal halide lamps were originally
developed in 1965 for exterior and
industrial lighting. Since that time
the technology has expanded
considerably 10 include lamps
suitable for nearty any lighting
application. Wattages range from
32 to 1500 watts, and a large
number of envelope and base
configurations are avaitable, some
of which are illustrated in Figure 8-
3. Major variations of metal halide
lamps include the following:

¢ Universal burning position
lamps that are relatively

insensitive to lamp physical =~ e
orientation

Position-specific lamps that
have maximum efficacy and
lamp life

Choices of clear or phosphor-
coated lamps in cool (3450-

_ 4100 K) color temperatures

Optional warm (3000 K)
phosphor-coated lamps in
most sizes

A few warm (3000-3200 K}
clear lamps, especially in
lower wattages

Safety lamps that extinguish
in the event of breakage of
the outer envelope
Lamps for open luminaires
with intemal arc rupture

. shields

Silver-bow! lamps that
minimize glare and light
trespass from directional

" luminaires
Compact lamps that produce
a briliant, high color
rendering lightina
comparatively smalt ar¢ tube
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Figure 8-3
Metal Halide Lamp Configurations (not to scale)

Universal Posttion Screw Base the arc tube is off vertical by more
Metal Halide Lamps (see Figure than 15 degrees.
84) Lamp color choice with universal
Because of their comparative metal halide lamps is generatly
insensitivity to operating position, limited to standard clear (4000-

the "universal® metal halide lamps
are the most easily used.

-~ Generally, they perform best when
the arc tube is in a vertical
position, enjoying longer life and
higher lumen output than when

4500 K, 65 CRI) or coated (3700
4000 K, 70 CRI). Recent

" improvements include the

addition of most wattages, as well
as the deveiopment of medium-
based compact iamps: These

= =
] ]
BT37 BT-56

PAR-56

lamps operate on ANSI standard
ballasts and generate 65-100
lumens per watt.

A few of these lamps are available
with silver bowl arc-tube shields.
These bowis act similarly to the
tamiliar incandescent silver bowd
lamps, by blocking unreflected
arc tube radiation from the front -
hemisphere of the lamp.
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Figure 8-4
Universal Position Screw Base Metal Halide Lamps
Watts ANSI Base Enveicpe cCT CRi Coated or Initiad Nominsl Notss
Code {K) Cloar Lumens Lamp Ule
(nominal) (Hrs)
50 M110 Medium EED17 3700 70 Coated 3400 S000
4000 65 Cwar 3400 *
4000 &5 Clear 3200 ° Siver Bowl
70 Ms8 Medium EED17 7o 70 Coated 5600 10,000
4000 &5 Clear 5600 ®
4000 65 Cloar 5200 - Saver Bowl
Mogul E/ED28 4000 65 Clear 5500 .
100 M0 Medlium E/ED17 3700 ™ Coated 7800 10,000
4000 €5 Cloar 7800 *
4000 &5 Clear 7600 - Silver Bowl
5200 &5 Cloar 7000 7500
Mogul E/ED28 4000 85 Cloar 7800 10,000
150 M57 Medium E/ED17 3700 - 70 Coatad 13,500 10,000 M107 Lamp
4000 65 Clear 13,500 . M107 Lamp
Mogul E/ED28 4000 &5 Clear 13,500 -s M107 Lamp
175 M57 Meadium E/ED1Y 3o n Coatad 15,000 10,000
4000 €5 Clear 15,000 -
Mogul E/€D28 370 70 Coated 14,000 -
4000 65 Clear 14,000 -
4000 -] Clear 13,800 - Silver Bowt
. 5200 65 Cloar 12,000 7500
0 M58 Mogul E/ED28 3700 70 Coatad 20,500 10,000
4000 s Cloar 20,500
4000 85 Cloar 20,000 Siver Bowl
5200 &5 Cloar 19,000 7500
ED18 4000 €5 Cloar 20,500 10,000
400 M55 Mogul E/EDS37 3700 70 Coatnd 36,000 20,000
4000 65 Claar 36,000 -
4000 &5 Cloar 35,000 * Silver Bowl
5200 65 Cloar 15.000
ED28 3700 70 Coated 36,000 20,000
4000 65 Clozr 38,000 -
950 M47 Mogui 8756 . 4000 65 Cloar 105,000 12.000
1000 W47 Mogul BTSs 3ano 70 Coated 110,000 12,000
4000 &5 Cloar 110,000 -
4000 65 Cloar 107,000 - Sitver Bowl
5200 65 Cloar 80,000 8000
1500 M4B Mogul BTSS 3400 -] Claar 155,000 3000
4000 &5 Clear 155,000 2000
Notes:
wwmmmmmmwthwoanmm Check with ndivicdual manutiacerers for exact daa.
-Abfay be bumad Y p;imn however, fite and lumen py vertical buming posiian +- 30
n any ratings apply 1 ing
~_amp iife & reducod 1o 75% of rated Higures if bumed in othar positions; lumens mmmhwndhnmmpsﬁm
—Systam input watts will vary depending on the balast used, Contact the manutactures for aciual INPUt watage.
In addition to universal burning Vertical Position Screw Base and coated !amps are available in
position products, metal hafide Metal Halide Lamps various wattages. The newest
lamps are also available that are . . . products tend o be lower
: . | burnin . .
designed to operate either [he vertical buming metal haide  \oyages with medium bases and

vertically or horizontally. When
designed for a specific burning-
position, metal halide lamps ¢an
generate more iight and offer

. more color options than are
available with universat position
lamps.

lamp is optimized for base-up,
base-gown, or base-up/base-
down operation, primarily for use
in downlights. in addition to
standard clear {4000-4500 K) and
coated (3700-4000 K) lamps,
warm color (2700-3200 K) clear

smaller envelopes. One proguct -
the 32-watt tamp - is designed
specifically for operation on an
electronic baliast.

A principal agvantage of vertical
burning lamps is efficacy. Lamps
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- Figure 8-5
Vartca/ Burning Screw-Based Metal Halide Lamps .
Watts ANS! Base Buth CCT  CRI  Costedor Bum Initiad Nominal Notes
Code Shape () Clear Pos. Lumens Lamp Lite
{nominal) {Hra.)
32 - M100 Medium E17 3000 70 Coated BU1S 2500 10,000 Proprietary baftast
70 M8 Mectium ED17 3200 65 Clear BUBD15 6000 10,000
3200 70 Coated  BUBDAS 5600 10,000
75 M101  Medium  ED17 3200 6§ Clear BU1S 5600 5000
20 T Coated BU1S 5200 5000
100 Mso Modium EDY7 3200 65 Clear BUBD1S 9000 10,000
‘ 3200 70 Coated  BUBDIS 8500 10,000
150 MS57 Madfium ED17 3200 70°  Comad  BUBDIS 12,500 10,000 M107 type lamp
175 MSs7 Meodium ED17 320 M Coatad BU1S 14,000 10,000
Mogul ED23%: 3200 65 Clear BUBD1S 16,600 10,000
200 & Coatad  BUBDIS 15,750 10,000
£ED28 3200 65 . Clear BU1S 14,000 10,000
4000 65 Cloar BU1S 14,000 10,000
3200 7 Coatsd BU1S 13,000 10,000
. : m N Coated BUIS 14,000 10,000
250 M58 Mogul EED28 3200 70 Coatad BU1S 20,500 10,000
3me 7 Coated _ BU1S 23,000 10,000
4000 65 Clear BUIS 23,000 10,000
400 MS9 Mogu! E/ED37 3200 ™ Coated BuU1s 96,000 20,000
3mo 70 Coated = BUIS 40,000 20,000
000 65 Claar BuU1S 40,000 20,000
. 4000 65 Cloar 8015 40,000 20,000
1000,  M47 Mogul BTS6 3400 70  Comed  BUIS 117,000 12,000
‘ 00 65 Cioar BU1S 117,000 12,000
900 65 Clear BU1S 117,000 12,000
1500 M4g Mogul ' BT56 400 65 Clear HBU10S 155,000 3000
3400 65 Cigar HBD1OS 155,000 3000
'Nf?ménandhmpﬁfemﬁwgsmmhdmdmbasodmspodﬁcmdaa Chack with indivichual manufacturers for exact data,
Lamps must be usaed in enclosed fixtures,
Systern input watts will vary depending on the ballast used. Contact the ballast manufacturer for actual input wattaga.
BT = b p or ase down <+ 15 Gogrocs.
BD1S = base down +/. 15 degroce (opamiZod o uphhtng
-HBU105 = horizontal 1o base up +/- 105 degrees {opimized for sports lighting)
generate 70-110 lumens per watt, Performance characteristics of As in vertical burning metal halide

or about 10% more than universal
burning lamps. However,
operation in any other position will
reduce both lamp Ife and lumen
output.

vertical position screw base
lamps are noted in Figure 8-5.

Horlzontal Position Screw Base

Meta/ Halide Lamps (See Figure
86)

lamps, optimum lamp design in
horizontal iamps s achieved when
operating position is
predetermined. Horizontal high
output or “super” lamps often have
bowed arc tubes, and use a
position-fixing pin in the base,
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Figure 8-6
High Output Honzontal Burning Position Mogul Screw Base Metal Halide Lamps
Watts  ANS] Bulb CCT CRI Coated  Bum Initial Nominal
Code Shape (K) orClsar  Pos, Lumens Lamp Lite
{nominal)  (Hrs)
175  M57 E/ED28 3200 70 Coated HOR4S 14,000 10,000
3700 70 Coawd HOR45 15000 10,000
4000 65 Clear HOR4S 15,000 10,000
4200 70 Coamed HOR4S 15,000 10,000
4700 65 Clear HOR4S 15.000 10,000
256 M58 E/ED28 3200 70 Clear HOR45 20,500 10,000
3700 70 Coaed HOR4S 23,000 10,000
4000 65 Clear HOR4S 23000 10,000
400 M55 E/ED37 3200 70 Coated HOR45 36,000 20,000
3700 70 Coaed HOR45 40,000 20,000
4000 65 Clear HOR45 40,000 20,000
4000 65 Clear HOR20 40000 20,000
4000 65 Clear HOR20 40,000 20,000
1000 M47 BT56 3400 65 Clear HORS0 117,000 12,000
1500 M4B BT56 3400 65 Clear HORSO 162,000 3000
1650 * BTS8 3400 €5 Clear HORE0 177,000 3000
Notos:
Al lamps have a Special mogul base.

data,
System input watts will vary depending on the bailast used. Contact the ballast
manufacturer for actual input watta
Lamps must be used in enciosed E:nns
Lamps must be used within operating congiiions ksted:
-HORA4S = horizontal +/- 45 degroes
-HOR20 = honzontal +/- 20 degraes {opm'uzad for signs)
-HORE0 = horizontal +/- 60 degrees (more flexible for sports)
* ndicates non-standard type

Figure 87
Doutle Ended Motal Halkde Larmps with FC2 and RSC Bases

cailed a prefccus or position-
orienting mogul (POM) pase. This
base and matching socket assure
correct positioning of the lamp.

Since these lamps are primariy
used in outdoor lighting, the
smallest wattage product
available is 175 watts. Special
versions have been developed for
signs and sports lighting. The
most popular metal halide lamp
colors are offered (3200 K coated,
3700 K coated, and 4100 K clear).
As for vertical lamps, output s 70-
110 lumens per watt.

Horizontal Position Double-
Ended Metal Halide Lamps

Double-ended metal halide lamps
in compact packages. illustrated
in Figure 8-7, were originally
introduced in Europe and have
been very successful there,
Some manufacturers produce
these lamps with rare earth
metals, resuiting in lamps with
very high CR!s of 80 or more,
while others make the lamps with
the more conventional 65-70 CRI
associated with metal halide
technology. The lamps with lower
CRIs may be less sensitive {o
American power supply variations
than the higher CRI lamps. These
lamps operate in the range of 65-
35 [umens per watt, and the 70-
watt lamp with electronic baliast
achieves about 75 lumens per
watt — more than 10% more than
with magneticaily-ballasted
operation. In aadition, the 70-watt
lamp operated on the electronic
ballast virtually assures consistent

- light color and lamp [ife.

Moreover, the reduced ballast
package lends itself 1o smaller
luminaires, especially track
lighting equipment. An electronic
ballast for the 150-watt lamp is
rumored to be in development at
this time.
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-HORA4S = horirontal +/- 45 dogrees
-HOR1S = horizontal +/- 15 degrees)

Systam input watts will vary depending on
Lampsmnfstbemedmendosodﬁxwmwmm :
LGpsmustbetaedm?mmgmismd.

bal

(gl

* lamps operate on a standard ballast with a special ighiter

used Contact the baflast manutacturer for actual input wartage.

Figure 8-8
Double-Ended Horizontal Burning Matal Halide Lamps
Watts ANS! Base Bulb CCT  CRI  Coated of Bum tnfdal Nominal Notes
Code Shape (K) Clear Poa. Lumens Lamp Life
: (nominaf} (Hrs.)
70 M85 - RSC T6.5 4200 65 Cloar HOR4S 5500 7500
' as00 65 Cloar HOR45 5500 7500
3000 65 Cloar HOR4S 5000 7500
4200 85 Clear HOR4S 5500 10,000
3000 81 Clear - HOR4S 5000 10,000
100 M1 RSC T75 4200 65 Clear HOR4S 6800 7500
150 M81 . RSC 75 4200 65 Cloar HOR45 12,000 10,000
3500 65 Cloar HOR4S 12,000 10,000
3000 65 Cloar HOR45 11,500 10,000
4200 8s Cloar HOR4S 11,250 10,000
3000 81 Clear HOR4S 11,000 10,000
250 M103 "RSC TeS 4200 65 Clear HOR4S 20,000 10000  Special ignitr
4200 85 Cloar HOR4S 20,000 10,000 Special Igner
MB0 RASCFe2  T9.5 5400 93 Cloar HOR4S 19,000 10,000
< 4200 85 Cloar HOR45 20,000 10,000
" a00 65 Cear HOR4S 2000 10000
B . 3%00 65 Cloar HOR4S 20,000 10,000
00 M08 RSC T10 4200 65 Ciaar HORAS 34,000 15,000 Special Igniter
Fc2D Ti0 4200 85 Cloar HORA45 40,000 15,000 Special Igniter
Fe2 T10 5400 93 Cloar HOR4S 33,000 10,000 )
1000 W47 RSC To.5 3800 65 Cloar HOR1S 100,000 3000 Spocial Igriter
1500  Mag" RSC T7.5 300 65 Cloar HOR1S 150,000 2000 Spacial Igniwr
T9.5 3800 6§ Cloar HOR1S 150,000 © 2000 Special Ignitar
Notes:
Lumen and lamp Fe ratings are nominal and are basad on specific manutachurer data. cmmmmhemm

Double-ended lamps must be
operated with the arc tube within
45 degrees of horizontal, end-to-
end. Performance characteristics
of these lamps are shown in
Figure 8-8. '

Open Fixture Screw Base Meial
Halide Lamps

Most metal halide lamps require
enclosed luminaires to protect
people and property from famp
rupture. Although rare, there are

documented cases of metal
halide lamps exploging. In most
instances, this has occurred with
near end-of-life lamps that have
been continuously operated

without having been switched off,

These rare instances affect
luminaire design requirements
and restrictions.

There are a few metal halide
lamps that are listed for non-
enclosed use. These lamps
typically employ an inner glass

shield that can contain a violent
failure within the combination of
the inner shield and the normal
buib envelope. This technology is
especially important for vertical
position lamps, because many
downlights in high ceilings are
relamped using extension poles,
and the cover glass required for
most metal halide lamps hampers
this operation.
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) Flgure 8-9
Open Fixture Screw Basg Metal Hakde Lamps (excapt PAR-38 lamps)
Watts ANSI Base BulbShape CCT  CRI Coswdor Burn nitial Nominal Lamp |
Code (K) Clawr Pos. Lumens Lite (Hrs.)
_ (nominaf)
, 50 M110 Mediumm EED17 3200 65 Clear UNIV 3300 5000
3200 65 Coamd . UNIV 2800
70 Mag Medium EED17 3200 &5 Claar UNIV 5200 10,000
3200 &5 Coaxd UNIV 4800 10,000
3200 65 Clear BUBD1S 6000 10,000
3200 & Coamd BUBD1S 5600 10,000
Mogul EED17 3200 65 Clear BUBD1S 6000 10,000
100 MO Mocium EED17 3200 65 Ciaar UNIV 8500 10,000
3200 65 Coaxxd UNIV 8000 10,000
3200 5 Claar BUBD1S 9000 10,000
3200 &5 Coamd BUBD1S 8500 10,000
Mogul E/ED17 3200 &5 Claar BUBD1S 9000 10,000
400 M55 Mogul EBTa7 3200 70 Coawd BU1S 35,000 20000
: 3500 % Coamd BU1S 35,500 20,000
. 3700 &5 Claar BU1S 35,500 20,000
1000 M47 Mogul BTS8 3400 &5 Coammd BU1S 110,000 12,000
3400 -] Claar amns 110,000 12,000
Notes:
Lumna.ndlanpibrngsmmwm basodonspauﬁcnmmm Qﬁmmmmsbrem
cS‘:'Jy-':'tet'ﬂ mputwans'imdspm:hg on the ballast used. Contact the balast manutachrer for actual input wattage.
Lamps may be used in coen fxures.
Lmég?gfémgm or base down +/- 15 dagas
unrvmer;?u‘;;;ﬁmwmm mtgburmg horizontal e 25% less, horizontal kumens 15% less

Most open fixture 2mos are
designed for universal or vertical
burning. There is a shght
reduction in lumen output as
compared to stanca-d vertical
burning iamps.

Performance characteristics of
open fixture metal ralide lamps
are described in Agure 8-9.

instant Restrike Metal Halide
Lamps

Metal halice lamps exhibit fairly
long warm-up and resirike times,
generally the longest of all
standard HID lamps. Evena
momentary fluctuabon of input
power can cause a 10-15 minute
interruption {o the space being
illuminated. For appiications

10

where such a possibility s
intolerable (such as figiting for

televised professional sports), an

=

Figure 8-10
Instant Restrikp Motal Maide Lamp

immediate restrike is needed.
Instant restrike metal halide lamps
are manufactured for such
applications.

By building the lamp, ballast and
socket 1o withstand exdremely
high voitages (up to 30,000 volts),
metal halide [amps can be
reignited *hot®, returning to full
light in seconds. Designed for the
larger envelopes and wattages.
instant restrike lamps utilize
special wiring of the lamp to aliow
for the high voltage reignition
across the ar¢ tube. A separate
anode wire, as shown in Figure
8-10 carries the 30,000 voit putse
without failing. Instant restrike
metal halide lamps are described
in Figure 8-11.
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. Figure 8-11
Instant Restrike Scrow Basg vetal Haiide Lamps
Watts ANSI Base Bulb cCT Bum Initial Nomina) Notes
Code Shaps (K} Pos. Lumens Lamp Lifs
- {nominal) (MHes) .

175 M57 Mogul BT28 4000 UNIV 14,000 10,000

250 M58 Mogul BT28 4000 UNIV 20,500 10,000

400 MS9 Mogul BT37 4000 UNIV 36,000 20,000

1000 M47 Mogul 8756 4000 UNIV 110,000 12,000

1500 a8 Mogut 8736 3400 HBU105 155.000 3000

PO Mogul BTS8 3400 HORS0 162,000 3000
1650 na PO Mogul BTS6 3400  HORSO 177,000 3000 Not-standard wattage

Notes:

data.
walts will vary dependi

Lamps must bo used within operating
-UNIV = universal buningoposinon
-HORSO = horizontat +/-

n.a. = not availabig

neas .
-HBU105 = horizontal to ba::gp +- 105 degrees (optimized for sports bghting)

Lumen and lamp bfe ratings are nominal and are basad on specific manutacturer data. Chack with individual marmutacturers for gxact

System in rgonmeballaslusad Contact the ballast manufaciurer for actual input wattaga.
All lamps listed are clear and have a CRI of &

Lamps must be used in enclosaed fixtures.
Larnps used with special restrike igniter mwiﬂn&ﬁ:g.n safety interiock and special high voltage wiring 1o anode cap.
positons :

5.

Universal Position Directional

Metal Halide Lamps

Directional metal halide lamps
utilize familiar R and PAR lamp
shapes to provide metal halide

efficiency in a compact enclosure
with its own reflector. Only in the

last few years have these lamps

become available in lower
wattages. Now, metal halide

directional lamps can be used in

many applications previousty
fimited to low-efficacy
incandescent Or mercury vapor
lamps. '

Metal halide PAR-38 lamps are

especially important because they

can be operated without a
protective cover glass. This
permits the lamp to be used in

track lights, landscape lights, and
other similar applications. The
lack of a cover glass also makes
relamping ang maintenance
easier. .

The metal halide R lamps require
a cover glass, but provide a
reasonabie-cost alternative for
situations such as landscape
lighting. The larger metal halide
PAR-56 and PAR-64 lamps aiso
require a cover glass, but offer
relatively compact sources of high
intensity, energy-efficient fight.
These could be particutarly
effective when used in recessed,
track, and surface-mounted
general and highlighting
applications.

Note in Figure 8-12 that mast
metal halide directional lamps
have shorter lamp lives than
standard metai halide lamps.

High Pressure Sodium Lamps

High pressure sodium lamps were
developed and introduced in
1968 as energy-efficient sources
for exterior, securtty, and
tndustrial lighting applications.
HPS lamps were rapidly ptaced
into street ighting service, and
most street lighting today is HPS.
HPS lamps are the most efficient
of the white HID lamp sources,
and they are useful in most
applications where high color
rendering is not a cruciai concern.

11
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Figure 8-12
Universal Buming Posibon Directonal Metal Halide Lamps
Watts ANS| Base Bulb CCT CRI  Beam  Beam  Center Beam Nominal Notes
Code Shape (K} Type Spresd CP (nominal) Lamp Life
Degress (Hrs.)
70 Ms8 Medium R40 4000 85 Spot 15 60,000 10,000
Flood 70 1500 10,000
Med. Skt PAR38 4300 65 Spot - 15 40,000 5000 Open txhre
Food 35 12,000 5000 Open bxture
3200 65 Spot 20 18,000 7500 Open ixture
Flood as 10,000 7500 Open txtire
- Flood &8 3000 7500 Opon ixture
Mag. Prong PARSS 4300 | €5 Spot 20 105,000 5000 .
100 M90 Madium R40 4000 65 Spot 15 80,000 10,000
Fiood 70 3300 10,000
Med. Skt PAR38 3200 65 Spot 20 26,000 7500 Opon Exture
Food 3B 12,000 7500 Open baure
Flood 65 4500 7500 Opon xtue
Mog. Prong PARS6 4300 65 Spot .o} 106,000 5000
178 M57 Madium R40 4000 65 Spot 15 95,000 10,000
Flood n 6500 10,000
~ Mog. Prong PARS6E 4300 65 Spot 20 108,000 5000
250 M58 Mog. Prong PARG4 4300 65 Spot 15 210,000 5000
400 M59 Mog. Prong PARG4 4300 &5 Spot 30 120,000 5000
1000 * Mog. Prong PARG4 4000 88 Spot 8 1,500,000 5000 “csi Type
5600 92 Spot 8 1,200,000 5000 “CID Type
Notes: :
Lumen and lamp e ratings are nominal and are based on specific manufacturer data. Chack with individual manufacturers for exact data.
Systam input watts will vary depending on the bailast usod. Cortact the ballast manutacturor for actual input wattage.
Excopt where noted, lamps must be used in enclosed fixiures.
-H Emps, for vertical arc WHe +~ 30 dogrees
-PAR , for horizontal are ube +- 45 degrees
Lamp fte, lumoens approximaely 80% 75% in other positions.

Unlike metal halide tamps, HPS
lamps do not contain staning
electrodes. Due to the HPS

ballast's electronic starting circuit,

warm-up and restrike periodis are
much shorter than those of metal
halide lamps.

Universal Position Screw Base
HPS Lamps

HPS tamp-s. unlike most metal
halides, do not require enclosure

12

except to prevent moisture from
accumuiating on the lamp. This
makes HPS lamps especially easy
to use in many fixture types.
Moreover, the virtua! insensitivily
of HPS lamps to operating
position means that fewer lamp
types are needed as compared to
metal halide.

Lamp color temperature in HPS
lamps does not vary much. While
the "deluxe® HPS lamp has a

relatively high CRi (65) for HPS
technology, its color temperature
of 2100-2200 K is not much
different from standard HPS,
which varies between 1900 K and
2100 K. All HPS lamps except
*white® sodium appear a goiden-
pink color, and are not :
recommended for non industrial
interior lighting.

HPS lamps are offered in many
wattages. Lumens per watt,
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Typical High Pressure Sodium Lamp Configurations (not to scaje)

ranging from 70 to 120 (including
ballast), increases with wattage, .
Electronic ballasts are rumored to
be in development and will likety
provide a small increase in
system efficacy.

Some HPS lamps can be obtained
with 2 arc tubes. These so-calied
‘standby” lamps are a reasonable
atternative to instant restrike
circuits, providing rapid restrike
cycles while oftering extended
iamp fife. It should be noted that

lamp warm-up time will still be in
effect in the event of a power
interruption. However, the lamp
will not have to cool down before
the second ar¢ can be struck.
These lamps are especially
applicable for roadway and
parking fot applications. In
normal operation, standby lamps
alternate operation between the
arc tubes. This may in effectively
double lamp life, atthough lamp-
life of these products has not

been tully tested, and
manufacturers’ pubiished lamp
life values do not, as yet, reflect
an increase for double arc tube
tamps.

Performance characteristics of
screw base HPS lamps are listed
in Figures 8-14 and §-15.
*Deluxe’ HPS lamps with a CRI of

65 are described in Figure 8-14,

while standard screw base HPS
larmps are noted in Figure 8-15.

13
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Figure 8-14
"Deluxe” Type Universal Bumning Positon HPS Lamps
Watts ANSI| Code Base Bulb Shape Coated or Clear initial Lumens Nominal Lamp Life
(nominal) (Hrs.)
70 S62 Madium B17 Cloar 3800 15,000
Coatad 3600 15,000
ED17 Clear 4400 - 15,000
) Coamd 4180 15,000
Mogut ED23% Clear " 4400 15,000
Coatad 4180 15,000
100 S54 Medium ED17 Cloar 7300 15,000
Coatad 5340 15,000
Mogul - -ED23% Clear 7300 15,000
Coated 6940 15,000
150 ss55 Mackum B17 Cloar 10,500 15,000
Caawd 9900 15,000
ED17 Cloxr 12,000 15,000
Coatwd 11,000 15,000
Mogul E2avs Cloar 10,500 15,000
) Coated 9500 15,000 -
ED23% Cloar 12,000 15,000
Coated 11,000 15,000
250 S50 Mogul EED18 Cloar 23,000 15,000
_ E28 Coatad 20,000 15,000
400 S51 Mogul ED18 Cloar 37,500 15,000
E28 Cloar 37.400 10.000
Coatad 35,500 10,000
Notes:
All lamps have CCT of approximamly 2100-2200 K and CRI of 65.
Umonwmibraﬁnpmmwmhmdmsmﬁcmmumm Check
with individual manufacturers for exact data_ -
System input watts will vary depancing on the baltast used. Contact the ballast marufacturer
for achual nput wattage. o

14
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Figure 8-15
Universal Burning Position Scrow Basa HPS Lamps

Watts  ANSI Base BulbShape CCT  CRI Costsdor Initial Lumens  Nominal Notes
Code (K) Clear {nominaf) Lamp Life
(Hrs.)
as S76 Madium EB17 2000 18 Clear 2250 24,000 -
— = == T T T T 2000 18 Coamd 2150 24,000
T10 . 2000 18 Cloar 2100 - 24,000
50 S68 Meocium Em17 2050 20 Coatwd 3800 24,000
2050 P Clear 4000 24,000
T10 2050 20 Clear 3700 24,000
Mogul ED23v: 2050 20 Clear 4000 24,000
2050 0 Coamd 3800 24,000
70 s62 Medium EB17 2050 0 Coamd 5985 24,000
2050 0 Clear 8300 24,000
T10 2050 0 Clear 6300 24,000
Mogut E/ED23% 2050 20  Coawmd 5985 24,000
2050 -0 Clear 6300 24,000
205 20 Clear 6300 24,000
100 S54 Modium 817 2050 2 Coated 8500 40,000 Double arc tubo
2050 2 Clear 8500 24,000
Mogul E/ED23% 050 Clear 8500 24,000
2050 20  Coxwd 8800 24,000
_ _ 2050 2 Clear 9100 40,000 Double arc tsbe
150  S58 Medium B17 2100 2  Coamd 15,000 24,000
' ' 2100 2 Clear 16,000 24.000
Mogud E/EDZ3% 2100 2 Clear 16,000 24,000
2100 22  Coawmd 15,000 24,000 _
2100 2 Claar 15,600 40,000 Double ¢ tbe
S56 Mogud E28 2100 2 Clear 15,000 24,000
200 S66 Mogul E/ED18 2100 2 Ciear 22,000 24,000
- 2100 2 Clear 22,000 40,000 Double arc :be
250 S50 Mogul E28 2100 z Coated 26,000 24,000
EED® . 2100 2 Cloar 27,500 24,000
2100 2 Clear 30,000 24,000
2100 2 Clear 27,500 40,000 Double arc Wbe
T145 2100 2 Claar 29,000 24,000
2100 2 Cloar 28,500 40,000 Doubla arc Mbe
ALl

15
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Figure 8-15 (continued)
Universal Burning Fosition Scraw Base HFPS Lamps
Watls ANSI Basa Bulb Shape cCT CR! Costed or Initlal Lumens Nominal Notes
Code (K) Clear {nominal) Lamp Lite
. - {Hrs.)
.
310 S67 Mogul E/ED18 2100 22 Clear 37,000 24,000
400  S51 Mogu! E/ED3? 2100 22 Coawd 47,500 24,000
EED18 2100 22 Clear 50,000 24,000
2100 22 Claar £0,000 40,000 Doutle arc tube
T14.5 2100 22 Clear 50,000 24,000
2100 Coez Cloar 50,000 40,000 Double arc tube
600 5106 Mogul T16 2100 2 Clgar 90,000 24,000
750 s Moqud 8737 2100 22 Clear 110,000 24,000
1060 852 Mogul E-25 2100 22 Clear 140,000 24,000
2100 22 Clear 140,000 40,000 Doutie arc tube
T21 2100 2 Clear 140,000 24,000
Notoes:
Al lamps are universal bummng position
Lumenandhn'pﬁfaranngsamnmmmmbasadonwﬁcmmdma Check with individual manufacturers for
| ggmmmdalﬁwtwans will vary depending on the ballast used. Contact the baflast manufacturer for actual nput wattage.

Flgure8-16
Unm&nmngWHganmmSo@mmes
Wstts ANSI Base BulbShaps CCT CR1  Beam Beam Centsr Beam Nominsl Notss
Code {x) Type Spread  CP (nominaf) u(:a&‘l;u-
35 s76 Modium R-a8 2100 18 WFL 65 DEG 1000 16,000
75 $62 Mod. Skt .PAR-38 2100 2 WFL  65DEG 2200 10,000
Mod. Prong PAR-38 200 21 WFL 65DEG 2200 10,000
Modium - R-38 2100 65 WFL  65DEG 1800 10000 ‘“Deluxe”
Nus :
W and famp fe ratings are nominal and are based on specific manwtactrer data.  Chack with individual manutacturors for exact data,
|wmwNvawdopandmmmwutuso¢ Contact the baflast manufacturer for actual input wattage.
famps 29 not weatherproot.
Universal Position Directional
HPS Lamps (See Figure 8-16)
PAR and R-configured HPS lamps

are useful for compact directional
hght sources, such as track
lighting and outdoor lighting
luminaires. The poor color
rendition of these lamps, however,
limits the usefulness to specific
industrial and security
floodlighting and general lighting
applications.

16
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—HORA4S = horizontal +/- 45 degrees

Figure 8-17
Double-Ended High Pressure Sodium Lamps
Watts ANSI Bass Bulb CCT CRI  Coated Burn Initiat  Lamp Life Notes
Code Shape (K} or Pos. Lumens (Hra.)
Clear
70 S88 RSC 765 2100 22 Clear HORA45 7000 10,000 Replacas M85 lamp
150 MB1 RSC 75 2100 22 Clear HOR4S 15.000 10,000 Replacas MB1 lamp
250 S50 RSC. T7 2100 22 Clear HOR45 27.000 24,000
400 851 RSC T7 2100 22 Claar HOR4S 50,000 24,000
Notes:

Lumen and lamp lite ratings are nominal and are based on specific manufacturer data. Check with indiviaual manufacturers for sxact data
System input wants will vary depending on the batlast used. Contact the ballast manutacturer for actual mput wattage.
Lamps must be used within oparating positions listed:

Double-Ended HPS Lamps

The double-ended HPS lamp was
designed lo 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 life and excellent lumen
maintenance characteristics.
These lamps, which are relatively
uncommon at this time, are”’
gescribed in Figure 8-17.

White Sodium Lamps

White HPS lamps offer lamp life
and lumen maintenance

_ characteristics similar to those of

other HPS lamps whose color
temperatures and CRIs may be
unsuitable for many interior
spaces. However, ballast designs
for "white* HPS lamps employ
electronic circuits designed to
increase color temperature and
CRI. The color temperature of
white sodium lamps, at 2600 K to
2800 K, closely resembles
incandescent lighting. During the

-
-

Figure 8-18
White Sodium Lamps
Watts  ANSI Base Bub CCT CRI Coaled Initial Lamp
Code Shape {x) or Lumens . Lite
Clear (Hrs.)
< 13 599 PG12 Bipin T10 2700 80 Clear 125_0 10,000
50 - Si104 PG12Bipn TI10 2700 80 Clear ~ 2300 10,000
Modium ED17 2700 80 Coatad 2190 ° 10,000
95 Special Medium ) T10 2700 80 Claar 5200 10,000
95  Special Medium B17 2700 80 Coaed 4800 10,000
100 S105 PGi2Bpin T10 2700 80 Cloar 4700 10,000
Medium ED17 2700 a0 Coated 4470 10,000
Lurr%\dlamplibmi-anmnmmm based on specific manufacturer data.
incdividual manufacturers for axact data.
System input watts will vary depending on the ballast used. Contact the baflast
manutacturer for i
actual input wattage.

lamgp's stable color-life, the color
performance is more consistent
and appealing than most metal
halide lamps {including 3000 K
lamps). Although efficacyis a
relatively low 35-45 lumens per
watt, the white sodium lamp is in
many ways the best (if not the
only) high-efficacy substitute for
incandescent lamps.

Note that white sodium lamps are
incompatible from manufacturer 10
manufacturer. No significant new
white sodium products have been
announced since the 1980
Advanced Lighting Guidelines.
The performance characteristics
of these lamps are described in
Figure 8-18.

17
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Figure 8-19
imaerchangeable HID Lamps
Watts  Replaces ANSI Bulb  CCT CRi Costed  Bum initial  Lamp Lite Notes
Ballast Shape K or Pos. Lumens {Hrs.}
Clear
betal Halide Lamps
250 250w HPS $50 E/ED28 3700 70 Coated BU15 20,500 5000 Must be endlosed
4000 65 Cloar  BU1S 20,500 5000  Must bo enciosed
400 400w HPS S51 E/ED28 €5 Cloar UNIV. 36,000 5000 N
E/ED37 3700 70 Coated BUtS 40000 10,000
4000 65 Ciear  BUtS 40,000 10,000
325 400w MV H33" E/ED3? 4000 65 Clear UNIV  28.000 20,000
3700 70 Coated  UNIV 28,000 20,000
400 400w MV H33" EED37 4000 &5 Cloar UNIV 36,000 15,000 ‘gggtm M55
3700 70 Coated UNIV 35,000 15,000 mm Ms8
950 1000w MV H15/M36 BTS56 4000 65 -,Clear BUIS 100,000 12,000 mﬁ a7
4000 65 Clear  BD15 100,000 12000 m"" M7
High Pressure Sodium Lamps
150 175w MV H39 BT28 2100 2 Clear  UNIV 13,000 24,000
215 250w MV H37 8128 2100 22 Cloar UNIV 20,000 - 16,000
360 400w MV H33 BTs? 2100 b Clowr  UNIV 38,000 12,000
. 880 1000w MV H1536 E2S5 2100 22 . Cwear UNIV 102000 12,000
Notss: i
“Not all ballasts are suitable for interchangeable lamps.
Metal haide armps values are for vertical buming position.
Open fixeres for al HPS and vertical meta! halide lamps; other metal halide positions require suitabla enclosed LMINare.
Lumen and lamg ¥ ratings are nominal and are based on spaciiic manutacturer data Chack with individual manutacturers for axact
gay?m input wats will vary depending on'the baliast used. Contact the batast manufacturer for actual Input witage.

interchangeable Lamps

Metal halide lamps have superior
color when cormpared to either
mercury vanor or high pressure
sodium technoiogies. For interior
spaces where either of the poorer
coior lamps were originally used,
it may be casirabile 1o retrofit with
metal halicde without having to
change the ballasts in the existing
luminaires. Specific products are
availabie in a few configurations
and wattages to serve this
function.

Similarly, some high pressure
sodium lamps can be retrofitted
into existing mercury vapor
luminaires, particularly street
lights, with reduced wattage and

18

substantially increased lumen
output. The lamps are availabie
from most manufacturers to
replace the traditional high
wattage mercury street light
lamps.

Performance characteristics of
exchangeable metal halide and
HPS lamps are noted in Figure
8-19.

Application Guidelines

HID lamps are point sources that
lend themselves to projection and
floodlighting situations, as well as
to general illumination. The best
interior applications are those
where lights are left on for long

periods or are controlied by a time
switch. Examples would include
manufacturing, corridor, and
display Nighting, as well as
commercial area lighting. Some
of the best appilications for HID
lamps are in all kinas of exterior
lighting sources. HID sources are
especially suitable for roadway,
architectural, landscape, parking
Iot, security, and sports fighting.

Typical Appfications
In general, HID lamps are best
applied in one of the following
ways:
e FEnergy-Efficient Flood and
. Dispiay Lighting In suitable
modern luminaires, HID lamps
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can be used for a wide variety
of disptay and floodlighting
situations, including track,
recessed, and surface
ingtatiations.

s Energy-Efficient Lamps in
General Lighting Luminaires
As long as switching is not a
concern, a wide variety of
opportunities exist to use HID
iamps for area kighting in both
interior and exterior situations.
HID tamps are particuiarly
well-suited 10 large rooms with
nigh ceilings, such as
gymnasiums, industrial plants,
angd warghouses.

General Limitations

All HID lamps require warm-up
and restrike periods, s0
applications requiring frequent
-gwitching should not utilize HID
lamps. Additionally, as noted

. previously, lamps of these types
can only be dimmed with highly-
specialized dimmers and ballasts.
The effect of dimming is not nearly
as appealing or as extensive as it
is with incandescent or
fluorescent light sources. .Lamp
efficacy and color stability sutfer
when HIDs are operated at less
than full output.

Residential Applications

Because frequent switching is
common to residential operation,
HiD lamps are not commonty,
used in homes. Nevertheless low
wattage HID lamps may be useful
in outdoor security and
landscaping lighting applications,
particularly if these sources are
controlled by limers or photocells.

Commercilal Applications

HID lamps offer the designer an
alternative to incandescent
downfights, uplights, and accent
lights. Unlike fluorescent
alternatives, HID lamps are point

[ -

sources of light that give sparkie
10 polished surfaces ang proguce
dramatic shadowing when used to
accent gisplays. The compact
lamp size of the smailer HID
larmps aliows for the use of many
traditional tuminaire types and
shapes while employing a
reasonable lumen package.

Special interior Applications

The best interior applications for
HID lamps are for corridor and
lobby downlighting, commiercial
wall washing, lobby and office.
uplignting, angd commercial and
general lighting. The smaller HID
lamps are valuab'e in accent and
display lighting applications, as
well. In addition, some types of
highly decorative fixtures, such as
wall sconces and pendant

chandeliers, can be designed for

compact HID lamps.

Exterior Applications

There is a wide range of exterior

applications for HID lamps. In

addition to those listed previousty,

HID lamps can be used in many
landscape applications, such as
bollards and tree uplights, as weill
as in wall lights, step lights, and
architectural facade and
floodlighting luminaires. The large
1500-watt metal halide lamp with
a lamp life of 2000 to 3000 hours
is widely used in sports lighting

" applications where teievision

cameras are used.

Additional Application
Considerations

'There are several precautions o -

be considered when employing
HID lamp technology in certain
situations. Manufacturers'
Iiterature on this subject is
extensive, and trouble shooting
guides, engineering. and
technical bulleting are available.

Some of the most important_____
considerations are noted below.

Lamp Restrike Time and
Backup Lighting

in HID applications where a brief
power outage could cause
hazardous conditions or a major
manufacturing shutdown, and
where no backup non-HID
emergency lighting system is in
place, it is a good idea to specify
that some portion of the luminaires
be furnished with either instant
restrike or quarz backup lamps.
This will insure that some type of
backup lighting will be in place
until the HID lamps can be
reignited.

| Strobe Effects In Manufacturing

Environments

All HID lamps are turned on and
off 120 times per second in
synchronization with the 60-Hz
aitemating current power supply.
Because of this, the use of HPS
lamps in general fighting
luminaires near rotating
magchinery may produce a
stroboscopic effect, making the
machinery appear to be
motioniess — a potentially
hazardous situation. This can
occwr when the moving object
rotates at any speed which is a
multiple of 60 (i.e. 2400
revolutions per minute). Strobe
effects of this type can be mostly
eliminated by the proper phasing
of the lumingire power supply
circuits, so that none of the
machinery is lighted solely by
luminaires on the same phase
circuit.

Continuously-Operated Metal
Halide Lamps

Metal halide lamps may rupture i
they are operated continuously
(24 hours/day, 7 days/week). In

confinuous operation-type

19
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applications, metal halide lamps
shou!d be extinguished at least
once 2 week for a minimum of 15
minutes 1o avoid the risk of
potentialiy viotent rupture. If this
is no: feasidle, then a different
light source shouid be specified,
or the metz! halide lamps shouig
be group reiamped well in
advance of rated lamp life.

Replacement of HPS Lamps

HPS lamps signal the end of lamp
life Dy cycing — starting, warming
up, going out, cooling down, and
starting again. The electronic
starting circuit in HPS ballasts
continues 10 pulse when the lamp
is removed from the luminaire
Therefore, HPS luminaires should
not be left energized when lamps
are not in place, and cycling
famps shoukd be replaced, or
damage to the starter and ballast
will occur. A speciai device is
availabie to prevent HPS cycling
at the end of lamp fife. (Note: this
precaution also applies o other
HID lamps — such as medium-
based me:al halide lamps -
operated by external starting
circuitry.

. Example

A high-ceilinged hote! lobby might
employ recessed incandescent
downlights supplied with 250-watt
PAR-38 quartz lamps to provide
general iliumination for the space.

20

if, instead, 70-watt double-ended
metai halide (3000 K. 81 CRI)
giectronically-pallasted lamps
were used, the following benefits
coulc be realizeq:

« > 160 watts per socket saved,
including ballast losses

e Fewer luminaires needed, due
t0 incregged lumen output
(5500 turrrens to 3300 uMens)

¢ Decreased maintenance
charges for relamping, due to
increased lamp life of 67%
{10.000 hours to 6000 hours)

The metal halide luminaires in this
appiication will use much less
energy than the incandescent

-gownlights, while providing an

essentially simifar aesthetic to the
hotel iobby. Although the initial
costs for luminaires and lamps will
be higher than would be the case
for the incandescent design, the
reduced guantity of luminaires
needed, combined with the
energy savings achieved by the
design, will more than offset the
higher start-up cost, while
producing significant long-term
savings.

Guideline
Specifications

Specifications of HID lamps
shouid generally follow a
designation system authorized
and determined by ANSI. All

such designations begin with a
letter (M- for metal halige, "S" for
HPS), foliowed by an ANSI
number identifying the electrical
characteristics of that lamp’s
ballast. After the number, there is
a letter-number combination to
designate the lamp enveiope
shape and size (ED-17, BT-28,

_etayh Optional added..
" defignations may include base

type, wattage, clear or coated,
warm or neutral color, and/or
standard or deluxe color
rendering. For instance, a 70-watt
double-enged metal halide warm
(3000 K) colored lamp with deiuxe
color rendering could be
designated as:

MBS/T7/RSC/70MWDX

Similarly, a standargd 250-watt
mogqul-based ellipsoidai-shaped
HPS lamp with diffusing coating
might bear the following '
designation:
S50/E28/MOG/250/COATED

There are important and popular
HID lamps for which ANSI
designations are still pending.
This is true for many of the more
recent lamp developments such
as compact metal halide and
white sodium lamps. In these
cases, it may be necessary to use
a proprietary specification to
designate acceptable lamp and
ballast manufacturers.
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EL.BALASTRO

Fin;]idad: El transformador de -alta reactancia de dispersién.
-Tipos de Ba1astro§.

El feﬁémeno de la descarga é]éctrica en gas es un fenSmeno com -
plejo, y la grifica siguiente‘nos da idea del comportamiento ae

las cargas cuando se lleva a cabo el fendmeno.

I

VOLTAJE
Q

N

CORRIENTE

La informacidn que se puede obtener de la grifica y que ros in -
teresé‘expohen;'se encuentra entre los puntos D y E que es la -~

regidn de operacién normal de la lémpara fluorescente.



En_esta parte de la griafica se ve qué habiéndose superado el
voItajé V¥x el gas presenta una régién de résistencia negéti
va,.y en donde la corriente eléctrica a través del gas crece
tedricamente hasta el infinito.

Es debido a ésto que se justifica 1a_existencia de los balas-
tros,iqug sdn dispositivos que sirven primordialmente para --
mgnten-elr" ja corricnte eléctrica a través de la ldmpara, en un
raﬁgé dé v;1ores, que permiten a la iémpara operaf satisfacto
riamente y sobre todo protegerla de la destruccién.

El vocab]o‘ba1astro se deriva de la palabra inglesa "ballast"
que significa lastre.

De acuerdo a la definicic } morma CCONNIE - 16.2 1 tie
ne, el balastro, "es un dispositivo que, por medio de inductan
cfas, capacitancias, o resistencias, solas o en combinacién, -
1imita ia corriente de léimparas fluorescentes al valor requeri

do para su operacidn correcta y teambién, cuando es necesario -



suministra la tensidn y corriente de arranque,.y en el caso de
balastros para Jémparas dé arrdnque rapido, 5uministral13 ten--
si16n para'cajentamiento de 10s catddos”.

En priﬁcfpio, un balastro puede ser cualquier elemento que 1i-

mita la corriénte, como pQr ejemplo, una resistencia, una ca -

pacitancia, una inductancia 6 una combinacién de los elementos

anteriores.

E1 hecho de usar lamparas fluorescentes obedece a que su efi--

cien;ia Tuminica es mayor que “las incandescéntes.debido a que-

éstas Gltimas emiten un gran porcenfaje de radiaci6n en la re-

giun infrarroja es decir en fprma de calor; entonces si noso;

tros usamos un balastro a base de resistencias, io que logra -

mos es crear pérdidas, y no tiene caso usar una ]5mpara fluo -

reScente que es incluso més cara, si la eficiencia del conjun-

to balastro-limpara es perecida a una incandescente.

- ] -
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E1 usar un balastro a base de capacitancias no es econdmico

debido a las bajas frecuencias de transmisidn de energia --

que se utilizan comunmente ( 50 6 60 Hz ), ademis de que la

forma de onda de la corriente dé la l&mpara se deformarfa -

notablemente, creando picos que daﬁarfan‘a la lampara .

En otras palabras, se necesitarfan valores altos de capaci
.

tancia para poder -proporcionar a la 1&mpara una corriente-

nominal de operacién muy deformada.

Sin embargo el capacitor resulta ser buen balastro desde -

400 Hz en adelante.

C . ' -5 ‘o
o P

V. LINEA
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E1 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 mis satisfactorio y el mis econémico, y en la actuali
dad casi todos los balastros estdn formados por indﬁctan --

cias, o combinaciones de éstas con capacitancias.

N
oO—————FFEOI™ LAMPARA
v. LINEA
‘G

INDUCTANCIA SERIE



EL AUTOTRANSFORMADOR DE.ALTA. REACTANCIA DE DISPERCION

Los circuitos mostrados anteriormente, funcionan en redes de
alimentaci6n cuyo voltaje es mayor que el vcltaje minimo de-
encendido de la l&mpara, sin embargo cuando ésté Q1timo es -
superior al de linea, se necesitarfa, ademés de la inductan-
cia serie, un transformador o autotransformador que elevara

1a-tensi§n hasta un valor suriciente para encender-1a 1ampa-

ra tal como se muestra en la siguiente figura:

g T e
L




Esta combinaci6n es completamente satisfactoria eléctricamente,
aunque excesivamente costosa. ProbabTemente el qvance técnico
de mis significacién en el campo de la fabricaci6n de balas --
tros para ldmparas f1uorescentes‘y en general para limparas.-
de descarga eléctrica en gases, fué el desarrollo de los balas
tros "autotransformadores de alta reactancia de dispersi6n" -
que son las que se utiTi;an"actualmente. Dicho de forma ele -
mental, el balastro autotransformador de alta reactancia combi
na los elementos del circuito de 1a Fig. ( autotransfor
mador y bobina de chodue) » €n un solo nicleo, 1o que disminu -
ye el tamaho y costd, y aumenta la efiéiencia del circuito. Es-

te tipo de balastro se muestra esquemiticamente en la siguiente

figura.

‘1; LAMPARA ;1

O

:

o

e
—

AUTOTRANSFORMADOR ALTA REACTANCIA



En la figura se muestra la estructura del niicleo de acero y de
los devenados, asf como las trayectorias de las Lineas Magnéti

cas.

|

. \A\
P;hnoﬁo - Sacvndaﬁa\

DIBUJO ESQUEMATICO

Notese en la figura que el autotransformador de alta reactancia
tiene 2 devenados, uno primario y otro secundario, separados me
diante entrehierros magnéticos.

En un transformador ordinario tendriamos ezmbos devanados uno en
cima del otro, ya que en este caso-resulta importants que todo-
el flujo magnético que produce el devanado primario pase a tra-

vés del devanado secundario. A) embobinar ambos devanados uno



encima del otro se logra ésto fdcilmente. Sin embargo en un -
autransfdrmador_de alta reactqncia,'a1 tener separados median-

te entrehierros los devanados primario y secundarie, intencio-

na]mente“ob1igémos.gue parte del- flujo mégnético creado por -
el devanado creado por el Qevanado primario, pase a través de-
los eptrehierros, y ﬁo'éaéé.a a través de{ devanado secundario.
Esta alta dispersién del flujo magnético creada arprop§sito, ma .
nifie;éé su efecto en forma de una reactancia inductiva parési-
ta en serie con el tircuito.secundariO'y es precjsamente ésta -
réactancia inductfva la que controla la corriéhte é]éctrica a- )

=

través de la iZapara.

.TIPOS DE BALASTROS

En resumen, para poder iniciar la descarga eléctrica en un tubo

fluorescente, se necesitan 2 condiciones:



\0 -

1. Que exista entre sus extremos un voltaje igual o mayor que

el minimo necesario especificando por el fabricante de 1am

paras.

2. Que sus citodos tengan al momantd de arranque disponibles -

electrones libres.

Esta segunda condicién se puede lograr de tres formas diferen-

- tes y dailugaf‘a 13 division de las limparas y de los balas --

.tr&% en tres tipos de encendido.

a) Encendido Precalentado:

a) Eﬁcendido Precalentado

b) Encendido ripido

¢) Encendido instantireo

-

Se conecta un interruptor térmico entre dos terminales -

opuestas entre dos terminales cpuestas de las lamparas,

de tal manera que cuando estd frio { elAfnterruptor ) -

se pone on corto circuito, y origina que una corriente-

.circule a través de los c&todes de 1a 1impara calentan-

dolos y cumpliendo con la corndicidn para el arranque; -

INTERRJPTOR

BALASTRO T
 pAR A
'C '3Ju,unu (
e ]
. V.LINEA .
g — -/

o,

|

A

ENCENDIDO
PRECALENTADO



n instante dgépués se abre el interruptor térmico (cebador o
irrancador ) 'presentéﬁdose las dos condiciones necesarias --
sara el encendido.
b) Encendido Répido

En el encendido répido, devanados auxiliares proporciopan ca-
lentamiento cbntjnuo=a los catodos mediante.1a aplicacifn de
un voltaje pequefio en los mismos, cdn Yo cual se tiene la nu
be e?ectrﬁnjca disponible, y con la ap]icaci@ﬁ Qe un voltaje
mayéF al mTﬁimﬁ necesario se éumpjen las condiciones para el

encendido

I
I

*——BALASTRO : e " LamPARA &

EA

ENCENDIDO RAPIDO
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é) En;endido Instantdneo
En e?léncendido instantdneo se tienen disponibles los electro
nes en 10s cétodos pdr efecto de.campo;- ésto es que, para qg
te tipo de encendido se amp]fa un QoT;aje en los extremos de-
-1a lampara los sufi;ientemente alto, como para que 10s elec -
trones del‘mgteria1 emisi#o de los cdtodos sean literalmente
artanéados, y empiecen a viajar hacia e} cdtodo contrario ini

ciando .1a descarga eléctrica a través del gas.

.~————{ BALASTRO ——- LAMPARA +

VvV LINEA.

»>

- ENCENDIDO INSTANTANEO

Caﬂa_tipo de encendido presenta ventajas y desventajas sobre.
los_ot;os, sin embargo todos tienen campo de aplicacién, y -
por lo mismo mercado.

Ahorz por el tipo de‘circuito que uti1fzan. lTos Balastros --

tienen otra divisién, a saber:



Principales Circuitoé

a) El circuito mds sencillo, es la inductancia serie o bobi-

na de chogue.

~

TN LAMPARA

S
L 4

V LINEA = -

S

Se usa én lineas de alimentacién cuyo voltaje excede el volta
je minimo de encendido de la ldmpara. Paré el casg alto faé-
tor, se le agrega un capacitor en bara1e1o cqn la lfnea.

Normalmente se usa en encendido precalentado exc?usivamente.-

aunque se puede utilizar también en encendido instdntaneo.

b) Le sigue el circuito autotransformador de alta reactancia,
qie se usa en los casos en donde el voltaje minimo de en-
cendido es.mayor que el voltaje de linea; usualmente son-

bajo factor, para alto factor, se utiliza un capacitor -



en serie'con vz inductancia, como se ve en lineas. punteacas
en_e1ldiagrama._ Se usa en enceadidp_preca]entado, encendido
rapido e jnstantdneo bajo fa;tor de pgtencia. En este tipo-
de circuito, la regulacién de 12 corriente de ldmpara, se 10

gra mediante la reactancia de dispersidn exclusivamente

’

LAMPA RA

e V. LINEA °
ALTA REACTANCIA

c) El tercer tipo de circuito es el autotransformador autc-

rregulado; es de alto factor de potencia, y siempre -
tiene el capacjtor en serie con la lampara. Se usa en
fﬁdos los balastros de encendido rdpido alto factor, y
en Jos de encendido instantdneo alto factor para una so

1a ladmpara.



En este circuito, la combinacidén de la capacitancia en serie -
con la reactancia inductiva de dispersidn, proporciona una me-

jor reguylacion en la corriente del secundario, que el circui-

to anterior e

e

LAMPARA

V.LINE A



BALASTROS H. I. D.

LAS LAMPARAS DE DESCARGA DE ALTA INTENSIDAD (H. I. D.), TAM-
BIEN SE EOMPORTAN COMO LAS LAMPARAS TLUORESCENTES YA QUE PER-
TENECEN AL MISMO GRUPO DE LAMPARAS DE DESCARGA ELECTRICA EN
GAS, POR LO TANTO TAMBIEN ES VALIDO EL RAZONAMIENTd ANTﬁRIOR—
‘MENTE EXPLICADO SOBRE LA JUSTIFICACION DE LA EXISTENCIA DE
"BALASTROS H. 1. D.

.
LAS PRINCIPALES LAMPARAS H. &. D. .SOBRE_CUYdS 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

L4

NO PERTENECE AL GRUPO H. I. D.

ESTAS LAMPARAS TIENEN COMPORTAMIENTCS DIFERENTES ENTRE SI,

Y CON RESPECTO A LAS LAMPARAS FLUORESCENTES, Y UNO DE LOS

ASPECTOS DONDE HAY MAYOR DIFERENCIA ES EN EL ARRANQUE.



AUN ASI, SUS BALASTROS TIENEN ASPECTOS EN C XN, DE TAL MANERA
QUE A CONTINUACION DESCRIBIREMOS EN FORMA GZXNERAL SUS CIRCUI-

TOS :

I.- - BALASTROS ATRASADOS :

SU NOMBRE SE DEBE A QUE EN LA FORMA DE ONDA EN LA LAM-

PARA, LA CORRIENTE VA ATRASADA RESPECIC AL VOLTAJE.

A ESTA CATEGORIA PERTENECEN LAS INDUCTAMCIAS SERIE O
"BOBINAS DE CHOKE" Y LOS AUTOTRANSFORMADORES:  DE ALTA -

REACTANCIA

V. LINEA

CL_) LAMPARA

-———_l - ]

INDUCTANCIA SERIE

f

LA INDUCTANCIA SERIE ES .EL BALASTRO MAS SENCILtO, Y
SE UTILIZA PARA LAMPARAS CUYO VOLTAJE DZ ENCENDIDO ES

MENOR QUE LA TENSION DE LINEA.

. NORMALMENTE ES DE BAJO FACTOR DE POTEMCIA, Y 'SI SE



REQUIERE UN ALTO FACTOR, SE AGREGA UN CAPACITOR EN

PARALELO CON LA LINEA.

' 8U REGULACION DEJA MUCHO QUE DESEAR Y SU CORRIENTE
DE ‘ENCENDIDO ES MAYOR QUE LA CORRIENTE NOMINAL DE
OPERAZICH, POR LO QUE.DEBE TOMARSE 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. LINEA

'““'\f“ﬁk"]

1

AUTOTRASFORMADOR ALTA REACTANCIA

EL AUTOTRANSFORMADOR DE ALTA REACTANCIA PERMITE EN-

CENDER UNA LAMPARA A CUALQUIER TENSION DE LINEA.



SI SE REQUIERE ALTO FACTOR DE POTENCIA, SE LE AGREGA

UN CAPACITOR Y UNA INDUCTANCIA EN PARALELO CON .LA LI-
NEA COMO SE VE EN LA FIGURA. |

| . | |

SU REGULACION SIGUE SIENDO MALA COMO LA DE LA INDUC-
TANCIA SERIE (+ 5% V LINEA + 12% W LAMP.): SU
CORRIENTE DE ENCENDIDO ES MENOR QUE LA CORRIENTE NO-
MINAL DE OPERACION, Y SU VOLTAJE DE EXTINCION TAM-

i
BIEN ES ALTO.

EN GENSRAL, ES NECESARIO-MENCIONAR QUE ESTOS BALAS-

TROS ATRASADOS SON LOS MAS ECONOMICOS Y LOS QUE PRO-

VEEN LAS CARACTERISTICAS DE OPERACION MENOS BUENAS.

AUTOTRANSFORMADORES AUTORREGULADOS

EN EL MERCADO NACIONAL SE LES CONOCE COMO "AUTOTRANS-
FORMADORES AUTORREGULADOS" Y EN ESTADOS UNIDOS DE NOR-
" TEAMERICA SE LES LLAMA AUTOTRANSFORMADORES DE POTENCIA

‘

CONSTANTE (C. W. A.).

EL CONTAR CON UNA CAPACITANCIA EN COMBINACION CON UNA

INDUCTANCIA PROVEE AL CIRCUITO DE MEJOR CONTROL SOEBRE

LA OPERACION DE LA LAMPARA.
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TENSION
DE LINEA "

o

T AUVTOTRANSFORMADOR
AUTORREGULADO

I

EN ESTE CIRCUITO, QUE SIEMPﬁE'SERA DE ALTC FACTOR DE
__POTENCIA, LAS pARACTERISfiCAs EN GENERAL SON MEJORES
bpz EN LOS CIRCUITOS ATRASADOS; SU REGULACION ES ME-
'JOR. ( id10% V LINEA + 5% W LAMP.), SU CORRIEN-
KTE'DE‘FHQENDIDO O ARRANQUE ES MENbR QUE LA CORRIENTE
NOMiﬁAL DE OPERACION, Y SU VOLTAJE DE EXTINCION ES

MENOR QUE EN LOS CIRCUITOS ATRASADOS.

III.- ~ TRANSFORMADORES DE POTENCIA CONSTANTE

i

ES EL MEJOR DE LOS BALASTROS, SU PRINCIPAL CARAC-
TERISTICA DESDE EL PUNTO DE VISTA CIRCUITO, ES QUE
NO EXISTE CONEXION ENTRE EI, PRIMARIO Y EL SECUNDA-

RIO AISLADO.



LA VENTAJA QUE SE DERIVA DE ESTA CONDICION ES SEGU-

RIDAD PARA EL USUARIO.

TRANSFORMADOR DE POTENCIA CONSTANTE -

POR OTRA PARTE LA REGULACION DE ESTE BALASTRO ES
LA MEJOR DEL ME#CADO YA QUE PARA UNA VARIACION EN
TENSION DE LINEA 5ﬁ + 13% SE OBTIENE UNA VARIA-
CION EN LA POTENCIA DE LAMPARA DE + 2%, RAZON POR
LA CUAL—SE LES HA ASIGNADO EL NOMBRE DE TRANSFdRMA-

DORES DE POTENCIA CONSTANTE.

RESPECTG A LA CORRIENTE DE LINEA DURANTE EL ENCEN-
DIDO, ES MENOR QUE LA’ CORRIENTE NOMINAL DE OPERA-
CION, ¥ SU VOLTAJE DE EXTINCION ES TAN BAJO, QUE
PRACTICAMENTE NO EXISTEN PROBLEMAS DE LAMPARAS APA-

GADAS POR VARIACIONES SEVERAS EN LA TENSION DE LI-
NEA. : PR



1l.- BALASTROS PARA LAMPARAS DE VAPOR DE MERCURIO.-

SUS CIRCUITOS SON EXACTAMENTE LOS DESCRITOS ANTE-

RIORMENTE, ES DECIR :

I.- ATRASADOS

II.- AUTOTRANSFORMADOR AUTORREGULADO

III.- TRANSFORMADOR DE POTENCIA CONSTANTE
2.~ BALASTROS PARA LAMPARAS DE ADITIVOS METALICOS.-

LAS LAMPARAS Dé ADITIVOS METALICOS REQUIEREN BA~
LASTROS CON CA;ACTERISTICAS UN POCO DIFERENTES A
LOS DE VAPOR DE MERCURIO, PRINCIPALMENTE PORQUE

DESPUES ﬁE CIfRTO TIEMPO DE HABER ENCENDIDO LA -
LAMPARA, SE PhESENTA Uﬁ ESTADO DE BAJA CONDUCTAN-
CIA EN EL ARéOEELECTRICO QUE EL BALASTRC DEBE SER
CAPAZ DE SOPOR?AR PROPORCIONANDO MAYOR ENERG&A DE
LA %ORMAL PARA MANTENER ENCENDIDA LA LAMPARA.

ESTZ FENOMENO SE CONOCE COMO "REIGNICION"



o
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EL CIRCUITO APBOPIADO, DE LOS DESCRITOS ANTERIORMEN-

TE ES EL : |

II)" AUTOTRANSFORMADOR AUTORREGULADO.

EXISTEN ALGUNAS LAMPARAS DE ADITIVOS METALICOS QUE
PUEDEN OPERAR EN ALGUNOS TIPOS DE BALASTROS DE VAPOR

DE MERCURIO,

ESTAS LAMPARAS TIEZNEN UN CIRCUITO DE ARRANQUE ESPE-
CIAL INTEGRADQ QUE BASICAMENTE ES UN DOBLADOR DE -
VOLTAJE QUE FUNCIONA EN COMBINACION CON EL CAPACITOR .
DEL BALASTRo,f POR LO QUE .SOLO PUEDE OPERAR EN BA-
LASTROS DE POTENCIA CONSTANTE O EN AUTOTRANSFORMA-

- DORES AUTORREGULADOS .

SIN EMBARGO, ES NECESARIO.HﬁCER NOTAR QUE TANTO LA
VIDA COMO LOS LUMENS PRODUCIDOS SON MENORES, QUE SI

SE UTILIZARA UN BALASTRO DE ADITIVOS METALICOS.

¢

BALASTROS PARA LAMPARAS DE VAPOR DE SODIO ALTA PRESION.-

A DIFERENCIA DE LOS TIPOS ANTERIORES DE LAMPARAS QUE



I)

PARA EL ARRANQUE CUENTAN CON ﬂN‘ELECTRODO AUXILIAR

EN EL TUBO DEL ARCO, LA LAMPARA D V. S. A. P. POR

‘TENER UN TUBO DEL ARCO MUY DELGAZO NO PUEDE ALOJAR

ESTE ELECTRODO DE ARRANQUE.

VPOR ELLO, LOS BALASTROS DE V. S. A. P, CUENTAN CON

. UN’ CIRCUITO AUXILIAR QUE GENERA PULSOS DE ARRANQUE

DE APROX. 3,500 VOLTS, CbN EL TNICO OBJETO DE EN-

CENDER LA LAMPARA.

ESTE DISPOSITIVO DENOMINADO .IGNITOR ESTA CONSTI-

" TUIDO DE ELEMENTOS SEMICONDUCTOSZS, Y ESTA CONECTA-

DO AL CIRCUITO COMD SE VERA EN LS FIGURAS SIGUIEN-

TES :

LOS CIRCUITOS DISPONIBLES PARA ®STAS LAMPARAS SON

APROX. LOS DESCRITOS ANTERIORMENTE CON ALGUNAS VA-

. RYKTYOHES, AUNQUE SU MODO DE OPSRACION SEA DIFEREN-

TE.

CIRCUITOS ATRASADOS.-

SOLO EXISTE LA INDUCTANCIA SERIE

§% 10..
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INDUCTANCIA SERIE

II) AUTOTRANSFORMADOR ADELANTADO - REGULADO .-

~_ES EL EQUIVALENTE DE LOS AUTORREGULADOS PARA LOS 2
'TIPOS. ANTERIORES DE LAMPARAS.
SE LE LLAMA ADELANTADO PORQUE LA CORRIENTE VA ADE-

LANTADA AL VOLTAJE EN LA LAMPARA.

V.LINEA INITO © _ »

O—

‘CIRCUITS  ADELANTADO - REGUL ADO
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CIRCUITO ATRASADO-REGULADO.-

ES EL EQUIVALENTE A LOS CIRCUITOS DE POTENCIA CONS~-

-

- F a3 -
: -”-!—{-\- 2,

' TANTE ANTES DESCRITOS.

-

V. LINEA -

NG

CIRCUITO ATRASADO REGULADO

BALASTROS PARA LAMPARAS DE SODIO DE BAJA PRESION.-

POR LAS CARACTERISTICAS PROPIAS DE ESTA LAMPARA, RE-

QUIERE NECESARIA Y UNICAMENTE DE UN BALASfRO TIPO
"ATRASADO", POR LO QUE EL UNICO CIRCUITO EXISTENTE A

LA FECHA ES EL :  AUTOTRANSFORMADOR ALTA REACTAN-

' CIA, CON ALTO FACTOR DE POTENCIA.

LAMPARA
s.8 P.

V LiINEA

CIRCUITO ALTA REACTANCIA PARA S.B.P..
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Introductibn

Recent advances in fluorescent
lamp ballast technology have
created opportunities for
improved lamp performance and
increased energy efficiency..
Relatively new products, such as
electronic high-frequency and
neater cutout ballasts, are now
widely available and accepted n
the marketplace. The recent
rend toward more competitive
pricing of these products should
continue, due to an expansion of
manufacturing facilities and more
competition between manufac-
turers. Energy-efficient bailasts
. ‘ " are an excellent energy-saving
Figure 1 strategy that shouid not be
Typical Bloctromagnetic Fluorescont Baliast - - . . overiooked by aryone who is
' interested in saving money
through the use of efficient
fighting products.

The most prevalent fluorescent
lamps for general commercial
lighting today continue to be the
L rapid start 4-foct lamp (FAOT12)
Contents and the i st start, e
introduction “slimliine” (FA6T12). However, the
. : more efficacious, smaller diameter
Technology Description - 2 F32T8 lamp is gaining in
Current Products 9 popularity in general fighting
Application Guidelines. : : 11 agg}cﬁattm and as anhmgy-
Guideline Specificat efficient replacement for standard
ons 13 lamps. This guidefine mainly
Manufacturer/Product References 14 addresses elactronic ballasts that
' operate full-size fluorescent lamps

L)

'
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at high freguencies, but it also
covers energy-efficient magnetic
ballasts with heater-Cutou: circuits
that switch off a lamp’s e:ecirogde
neaters after startup.

Technology
Description

All gas discharge lamps.
including fluorescent lamps,
require a ballast to operate. The
ballast provides a high intial
voliage to initiate the discharge,
then rapidly limits the lamp
current to safely sustain e
discharge. Lamp manufacturers
specify lamp electrical input
characteristics (lamp current,
starting voltage, current crest
factor, etc.} required to achieve
rated lamp life ang iumen output
specifications. Similarly, the
American National Stancards
Institute {ANSI) publishes
recommended lamp input
specifications for all ANS! type
lamps. Ballasts are designed 10
optimaliy operate a unig.= lamp
type: however, some bahzss will
adequately operate more man
one type of lamp. In these cases,
optimum lamp performance is
generally not achieved under all
conditions. Less than optimum

conditions may affect the lamp's -

starting characteristics, fight
output, and operating life.

Cireuit Type and Operating
Mode

Fluorescent ballasts are
manufactured for three primary
types of fluorescent l[amps:
preheat, rapid start, ang instant
start.

e Preheat Operation Lamp
electrodes are heated prior t0
initiating the discharge. A
‘starter switch’ closes,

permittir-g a current to fiow
througn each electrode. The
starter switch rapidly coois
down, opening the swilch,
and iriggering the supply
voltage across the arc tube,
initiating the discharge. No
auxiliary power is applied
across the electrodes curing
operation.

* Rapid Start Operation Lamp
- glectrodes are heated prior 10
and during operation. The
baltast transformer has two
special secondary windings
to provide the proper low
woltage to the electrodes.

e Instant Start Operation Lamp
electrogdes are not heated
prior to operation. Ballasts for
instant start lamps are
designed to provide a
relatively high starting voitage
(with respect to preheat and
rapid start lamps) o nitiate
the discharge across the
unheated electrodes.

Rapid start is the most popular
mode of operation for 4-foc 40
watt lamps and high output 8-foot
lamps. The advantages of rapid
start operation include smooth
starting, long life, and dimming
capabilities. Lamps of less than
30 watts are generally operated in
the preheat mode. Lamps
operated in this mode are more
efficient than the rapid stant mode
as separate power is not required
to continuously heat the
electrodes. However, these
lamps tend to flicker during
starting and have a shorter lamp
lite, Eight-foot ‘slimline’ tamps are
operated in instant start mode.
Instant start operation is more
efficient than rapid start, but as in
preheat operation, lamp fife is
shorter. The 4-foot 32 watt F32T8
lamp is a rapid start lamp
commonly operated in nstant

start mode with lectronic high-
freqguency ballasts. In this mode
of pperation lamp efficacy s
improved with some penalty in
iamp life.

Epergy Efficiency

Fiuorescent lamps are reasonably
efficient at converting input power
to light. Nevertheless, much of
the power supplied intoa
fluorescent lamp-ballast system
produces waste heat energy.

There are three primary means of
improving the efficiency of 2
fluorescent lamp-ballast system:

s Reduce the hailast losses.

‘e QOperate the lamp{s) at a high

frequency.

¢ Reduce losses aliributable to
the lamp electrodies.

Newer, more energy-efficient
baliasts, both rmagnetic and
electronic, exploit one or more of
these techniques to improve
lamp-baliast system efficacy,
measured in lumens per watt.
The iosses in magnetic baliasts
have been reduced by
substituting copper conductors
for aluminum and by using higher
grade magnetic components.
Ballast losses may aiso be
reduced by using a singie ballast
to drive three or four lamps,
instead of only one or two.
Careful circuit design increases
efficiency of electronic ballasts.
In aadition, electronic bailasts,
which convert the 60 Hz supply
frequency to high frequency,
operate fluorescent lamps more
efficiently than is possible at 60
Hz. Finally, in rapid stan circuits,
some magnetic ballasts mprove
efficacy by removing power 1o the
lamp electrodes after starting.
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" Figure 2
Ballast Terminology
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factors greater than one.

either 120 or 277 volts.

voitage:

Lamp-Ballast System Efficacy. The ratio of lamp light output {gs

Lamp Current Crest Factor (LCCF). The ratio of the peak currept
The LCCEF for lamps operated at high frequency is equal to thé.
divided by the RMS tamp current. High current crest factors
hours for rapid start F40T12 lamps is based on a LCCF of 1.7 or less.

Ballast Efficacy Factor (BEF). An efficiency factor gefined in ballast regulations (state and federal) that is useg
to establish minimum efficiency levels for compliance. It equals the percent rated light output (baliast factor
times 100%) of a particular lamp-balfast combination under ANSI test conditions divided by the measured input
power in watts, (%/ watts). Ballast efficacy factors are significant only for comparing different batlasts operating
the same quantity and type of lamp. Current federal ang state requiations specify BEF limits for ballasts that
operate standard F40T12 ang F36T12 lamps.

Ballast Factor: The ratio of a lamp's light cutput on a ballast, compared to the lamp's rated light output, as
measured on a reference ballast. Most ballast factors are less than one; some new ballast designs have batlast

input Voitage: The design operating voitage of the ballast. In the U.S., mest ballasts are designed to operate at

jalast input watts, in units of lumens/watt.

Line Current Amps: The current drawn by the ballast when operating at rated voltage.

Power Factor: The ratioc of power (watts) to RMS volt-amps of the ballast. The power factor ratio may be used to
determine how efficiently total input power is being used. A High Power Factor (HPF) rating signifies a ballast
power factor equal to or greater than 0.90. This HPF rating is most desirable. A Low or Normat Power Factor
{NPF) baltast rating signifies a power factor less than .90 — usually between .40 and .70. Utilities may penalnze
customers whose electric lcad has a low power factor.

Regulation (of ine voRage): The abiiity of the system light output to adjust for input voltage variations.
Generally expressed as a percentage variation in fight output of a lamp for a percentage variation in input

Volt-ﬂpéz The apparent power of a system. It is equal to RMS of voltage times RMS of current.

Ballast Factor

One of the most impaortant ballast
parameters for the lighting
designer/engineer is the ballast

. factor. The ballast factor is
needed to determine the light
output for a particular lamp-ballast
system. Ballast factor is a -
measure of the actual lumen -
output for a specific lamp-ballast”
system relative to the rated lumen
output measured with a reference
ballast under ANSI test conditions

(open air at 25 °C [77 °F]). An
ANSI ballast for standard 40-watt
F40T12 lamps requires a ballast
factor ot 0.95; the same ballast
has a bailast factor of 0.87 for
34-watt energy saving FA0T12
lamps. However, many ballasts
are available with either high
(conforming to the ANSI
specifications) or low ballast
factors (T0% 10 75%). itis
important to note that the ballast
factor value is not simply a

characteristic of the ballast, butof -

the lamp-ballast system. Baliasts
that can operate more than one
type of lamp {e.g., the 40-watt F40
ballast can operate either 40-wait

F40T12, 34-watt FAOT12, or 40-

wait F40T10 lamps) will generally
have a different baitast factor for
each combination {e.g., 85%.
<95%, and >95%, respectively).

Ballast factor is not a measure of

energy efficiency. Althougha -
lower ballast factor reduces lamp
lumen output, it also consumnes
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: - Figure 3 ‘ ‘
Power vs. Ballast Factor Curves for Two-lamp Four-Foot Flucrescent Lamp-Ba¥ast Systerns®

To use the graph, locaie the curve (A-H) for tne lamp-ballast system of interest. Draw a vertical line from the
cited input power 10 that curve. Draw a horizontal line from that point [0 the vertical axis to find the ballast factor '!
for that lamp-ballast system. [t is essential that the input power cited by the manutacturer be measured under
" | standard ANSI test conditions. '

*Note: This graph is applicabie only for two-lamp four-foot sysiems; other lamp-ballast systems witl differ.

A 32W F32T8 IS electronic ballast
B 32w F32T8 RS elect. baliast

C 34W F40T12 RS elect. ballast

D 40W F40T12 RS htr. cut. baliast
E 32W F32T8 RS magnetic ballast

by GE G H

BALLAST FACTOR (%)

F 40W F40T12 RS elect. batiast
G 34W F40T12 RS mag. ballast
H 40W F40T12 RS mag. ballast

proportionally iess input power.
As such, careful selection of a
lamp-baliast system with a
specific ballast factor allows
designers to better minimize
energy use Dy “tuning” the lighting
levels in the space. For exampie,
in new construction, high ballast
factors are generally best, since
fewer luminaires will be required
to meet the light leve!
requirements. in retrofit
applications or in areas with less
critical visual tasks, such as aisles
and hallways, lower ballast factor
ballasts may be more appropriate.

To avoid a drastic reduction in
lamp life low baliast factor ballasts
{<70%) should operate lamps in
rapid start mode only. Thisis
. particularly reievant for 32-watt
F32T8 lamps operated at high
frequency.

Finding the ballast factor for lamp-
ballast combinations may not be
easy, as few ballast

manufacturers provide this
information in their catalogs.

4

However, if the input power for a
particular lamp-ballast system is
known (usually found in catalogs)
an estimate of the ballast factor is
possible. Figure 3 provides a set
of curves for determining the
ballast factor for several two-lamp
tour-foot lamp-ballast systems. It
is based upon the average
system efficacy measured for
ballasts at standard ANSI
conditions. 4G

Lamp-Baliast System Efficacy

The efficiency of a fluorescent
lamp ballast changes depending
on the type of lamp operated.
Similarly, lamp efficacy is affected
by ballast technology: the same
lamp will perform differently when
operated by a heater cutout
ballast than it will when operated
at high frequency. Asa
consequence, the only meaningful
comparison between lamps or
ballasts is the lamp-ballast system
efficacy. The system efficacy can
be caiculated as follows:

System Efficacy (lumens/ watt)
_ Rated Lamp Lumens
~  input Power (Watts)

x Number of Lamps x Ballast Fazor

The above equation calculates
initial system efficacy as
measured under ANSI test
conditions. More comprehensive
estimates of overall lighting
system efficaCy can be performed
by using data from Figure 3-17 in
the Luminaires and Lighting
Systems guideline, which takes
into account luminaire effects on
light output and input wattage.

Figure 4 shows how lamp-baliast
system performance changes with
a simple substitution of ballast.
This table is based on two
common lamp types: a 34-watt
energy saving F40T12/ESand a
32-watt F32T8. Both are RE-70
lamps in which rare earth
phosphors are used to produce &
color rendering index of between
70 and 79 (See the Full-Size
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Figure 4 —

Comparatve Fluorascent Lamp-Ballast Systems
leplal m System
nput
Eallast Type Power (W) ' Factor (Lum att)
Two 34 Watt F40T12/RS Lamps, 2800 Inttial Rated Lumens, RE-70
Magnetic Energy Efficiant 72 087 68
Magnetic Heatar Cutout ' 58 0.81 38
Magnetic Haater Cutout—Full Light Qutput’ &6 0.88 75
Electronic Sailast A 60 0.85 78
Electronic Ballast8 63 0.82 n
Two 32 Watt F32T8/RS Lamps, 2900 Initial Rated Lumens, RE-0
Magnetic Energy Efficient 70 0.94 78
Magnetic Heater Cutout . . 81 0.88 82
Magnetic Heatar Cutout—Full Light Q.lmt‘ n.a na na
Electronic Ballast Rapid Start 62 0.88 82
Electronic Ballast ﬁi‘?am Start 63 0.5 87
Notes: . '
{1) New product at tha time of this printing. ]
(2{ New product for which values were unavailable at the time of printing.
All values are as measured under ANSI testing conditons

Fluorescent Lamps guideline for a
discussion of lamp phasphors).

e Two-iamp ballasts for 110-

With electronic ballasts, the input ;ran“ps' 96T12 high output

vwans are significantly lower. lr:a . One-lamp ballasts for F40T12

some cases, the ballast factor is rapid start lamps

also higher. Figure 8 has more

detail on these systems, and ¢ Two-iamp ballasts operating

includes other systems as well. F40T12 rapid start lamps
BEF criteria are not required for

Bailast Efficacy Reguiations .

Beginning in 1982, the State of
California began requlating the
performance of ballasts operating
the most common types of
fluorescent lamps. Severa! other
states followed suit, and
subsequently, the Federal
Appliance Standard prohibited
the issue of inefficient bailasts,
beginning Aprii 1, 1992. In order
to assess Dallasts that gperated
lamps at gdifierent light levels the
regulations were based upon the
Ballast Efficacy Factor (BEF),
defined as ballast factor/input
power. The regulations set
minimum BEF limits for the
following type ballasts:

+ Two-lamp ballasts for 75-watt
F96T12 slimtine lamps

either low temperature or dimming -

ballasts.

BEF was selected as a measure
to allow meaningful comparisons
between different ballasts by
eliminating lamp variations as a
factor. The BEF metric is used
solely to show compiiance with
the state and federai bailast
efficacy regulations. It should not
be used as a ballast specification
criterion. The BEF is not a true
measure of baltast efficiency as ils
value depends on the following
factors:

« Quantity of lamps operated

e Type of gasfill in the lamp

(i.e. argon vs. argorvkrypton
fill)

| 3
e Lamp tube diameter (T-8,

T-10, T-12)
* Lamp operating frequency

Some ballast manufacturers
provide BEF data ir their
¢atalogs, but it is only of value
when comparing batlasts
operating the same type and
number of lamps. In general, BEF
values are not particuiarly useful
to the spegifier; the best method
of comparing lamp-baiast
systems s Dy their system
efficacy.

Flicker

Electromagnetic ballasts are
designed to condition the 60 Hz
input voltage to the electricai
requirements of the .amps. A
magnetic ballast alters the
voitage, but not the frequency.
Thus, the lamp voitage crosses
Zero 120 times each second,
resulting in 120 Hz f:ght output
oscillations. This results in about
30% flicker for standard )
halophosphor lamps, cperated at
60 Hz. The flicker is generally not
noticeable but there s evidence
that flicker of this magnitude can
cause adverse effects, such as
eyestrain and headache.

Most electronic ballasts, on the
other hand, use high-frequency
operation, which reguces lamp
flicker 10 an essentially
imperceptible level. The flicker
percentage of a particular ballast
is usually specified by the
manufacturer. For a given ballast,
the percent flicker will be a

- function of lamp type and

phosphor composition.

Audibie Noise

One characteristic of ron-cored
alectromagnetic ballasts
operating at 60 Hz, is the
generation of audible noise.
Noise can be increased by high

5
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temperatures. and it is amplified
by certain lumindire designs. The
bes: paliasts use nigh quality
maierials ang workmanship to
rec.ce noise. Noise is rated A, B,
C. ¢~ D in decreasing order of
preference. An "A°raied bahast
wil: ~um softly; 2 'D" rated baillast
wili make a loud buzz. The
numboer of ballasts, their sound
rating, and the nature of ambient
noise in the room determine
Wnemner or not a system will
crez:e an audible disturbance.

Viruaity all energy-efficient
magnetic ballasts for F40T12 and
F3278 lamps are "A" rated, with a
few exceptions, such as low

_ temperawre batiasts. Still, the
hum of magnetic ballasts may be
perceptible in a panicularly quiet
environment such as a library.
Well-designed electronic high-
frequency ballasts, on the other
hand, should emit no perceptible
hum. Al electronic ballasts are
A" rated for sound.

Dimming

Unlike incandescent lamps,
fluorescent tamps cannot be
properly dimmed with a simple
wal!Dox device such as those
used for incandescent lamps. For
a fluorescent lamp to be dimmed
over a full range without a
reduction in 1amp life, its electrode
heater voltages must be
maimained while the lamp arc
current is reduced. Assuch,
lamps operated in rapid start
mode are the onty fluorescent
lamps suitable for wide-range
dimming applications. The power
required to keep eiectrode
vo'tage constant over all dimming
conditions means that dimming
bailasts will be less efficient when
operating lamps at dimmed
levels.

Dimming baikasts are available in
both magnetic and electronic

6

versions, but there are distinct.
aavantages 1o using electronic
dimming oaliasts. To dim tiamps,
rmagnetic cimming baliasts
require conrrol gear containing
expensive nigh power switching
gevices tha: condition the input
power gelivered (o the ballasts..
This is economicaily viable only
when controliing large numbers of
ballasis on ine same branch
circuit. tn agdition, luminaires
mus: be corirotied in large zones
tha* are getermined by the iayout
of the electrical gistripution
system. Since the distribution
system is fixed early'n the design
process. conro! systems using
magnetic gimming ballasts are
infiexible and are unabie to
accommodate changes in usage
patemns.

Dimming of electronically-
ballasted tamps, on the other

" hand, is accomptished within the

pallast itself. Electronic ballasts
atter the output power to the
lamps Dy 8 iow-voltage signal into
the output circuit. High power
swilching devices to condition the
input power is not required. This
allows control of one or maore
baliasts independent of the
electricatl distribution system.
With dimming electronic baliast
systems, 2 low voltage controi
network can be used to group
ballasts together into arbitrarily-
sized control zones. This control
network may be added during a
building renovation or even, in
some circumstances, during a
lighting retrofit. Low voltage
wiring does not have 10 be run in
conduit, which helps keep
instaliation costs down. In
addition, it is less costly to modify
the size and extent of lighting
zones by reconfiguring low
voltage wiring when usage

- patterns change. Low voltage

wiring is atso compatible with
phatocells, occupant Sensors,
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and energy management system
(EMS) inputs.

Dimming range differs greatly
among ballasts. With most
electronic dimming baliasts, light
leve!s can vary between full
output and a minimum of about
10% of full output. However,
electronic, fullrange dimming
ballasts are aiso available that
operate lamps down to 1% of full
lumen output. Magnetic dimming
batiasts also offer many dimming
ootions, including fulkrange
gimming.

Harmonics

Wnen a current or voltage wave
shape deviates from the ideal
{(sinusoidal), current or voltage
harmonics are produced.
Harmonics are sinusoidal voitages
or currents that are highes
multiples of the fundamental
frequency. For example the
harmonics of 60 Hz are 60 Hz,
120 Hz, 180 Hz, etc., representing
the first (fundamental), second,
third, etc. multipes. Fluorescent
ballasts aftect the current, as
opposed 1o the input voltage: in
the process, current harmonics
are generated. The amplitude of
these harmonics are expressed
as a percentage of fundamental.

Recently electrical utilities have
been concemed with the growing
use of etectrical equipment that
generates harmonics. Such
equipment may include variable
speed drives, uninterruptable
power supplies, personal |
computers, and electronic
ballasts. Any circuit that is
nonlinear {e.g. a gas discharge
lamp), uses rectifying circuits, or
uses high speed switching
systems will generate harmonics.
If any one or combination of the
above systems makes up a
significant portion of a building's
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glectricai ioad, the following
wraesirable effects may resuit:

* Overloading of transformers

* Adging of current to the
neutral in three phase
electrical distribution systems

* Currentivoltage surges and/or
spikes due to circuit
resonances with one or more
of the harmonic frequencies

+ Interference with electrical
equipment or communications
on the same circuit

+ Distortion of the electrical
service entrance voftage with
accompanying adverse
effects on the performance of
other electrical equipment in
ihe building

Harmonic Distortion and
Electronic Ballasts

When electronic high-frequency
pallasts were first introduced in
he early 1980s, some models
generated reiatively high line
rarmonics. Nevertheless, at that
time, harmonic currents produced
by lighting equipment and other
eiectronic systems were not, as
yei, a utility issue. However, by
the mig-1980s, utilities and power
engineers were becoming
ircreasingly more concerned
anout power eguipment that
gererated ling harmonics.

The harmonics issue first surfaced
4s a concern to the professional
fignting community when a major
Lty announced that electronic
ballasts were required to have
total harmoni¢ distortion (THD) of
less than 20% of the fundamental
in order to qualify for their rebate
program. Electronic baliast
manufacturers responded to the
utility's requirement by employing
passive filtering that met the 20%
fimit at a slightly higher cost to the
end user.

" To help Understand the issue. it is

of interest 10 examine and
compare the harmonics
generated by magnetic balias:s.
The harmonics for some magretic
ballasts exceed the 20% limii, and
have Deen measured at leve's
over 37%. This suggests tha:
inere are presently many
magnetic paliasts in use that
exceed the 20% THD limit. These
ballasts have not been known o
cause any problems with the
electrical distribution where ey
are installed, further suggesting
that the choice of a 20% limit on
THD may be arbitrarily
conservative. In any case, most
electronic ballast manufacturers
now make electronic ballasts that
are well under the 20% limit.

ANSI Harmonic Standards for
Electronic Ballasts

The Fluorescent Lamp and Ballast
Committees of ANSI are
proposing updated harmonics
standards for electronic ballasts.
These wiil.be consensus
Standards that consider the
harmonic levels found for all
bailasts in the field. These figures
are summarized in Figure 5: The
proposed standards are intended
10 provide guidance for batlast
developers and manufacturers,
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associated with existing
magnetically-ballasted procucts.
The proposed ANSI standar3ds are
sligntly more restrictive than
existing European harmonic
standargs (IEC 555) '

Third Harmonics of Current
Electronic Ballasts

Figure 6 lists test resufts for the
third harmonics (potentialy
disruptive 180 Hz currents that
add upon the three phase neutral)
of several electronic hallas:s now
on the market. There are
electronic ballasts that have third |,
harmortic leveis below 20% and
10%. Harmonic levels of 20% are
achieved by passive fittering
devices, such as chokes, resistors
and capacitors. Active filters,
such as integrated circuits and
other semi-congductive dewc&s
can reduce harmonics down to
well under 10%. '

While both electronic and
magnetic fluorescent lamp bailast
generate harmonics one should
understand that it is a systems
problem. The potential for
adverse effects in a given building
primarity depends upon the size
of the load imposed by
harmonics-generating devices as
a proportion of the total building
load. The current harmonics

and they are based on the _
ript ballasts n
absence of reported problems (triptens) for tiuorescent
Figure 5 Figure 6
ANSI Proposed Harmonic Sandards for Meaasured Third Harvorscs form 1991
Eectronic Ballasts Electronic Baliaxts
Fundamental 1007%
] R PP S
maxamum
Third Harmonic 0% FOTI2 F32T8  FISTI2
(1 l.l '"”) A o™ % 5%
. ) ~
>Eloventh B a% 2% H%
Surm of Odd Triplons ! 0% c ™% b 2a Y %
Distortion Factor? I D % % zZ%
(1) Sauare root of sum of scuaras of 3rd, Data colloctad from
156, 21st, et harmonies. MeRsUrGMonis Macls a1 he Lighiing
{2) Square Root of sum of squarg of o Roesoarch Laboratory at Lawrance
{not including the fundamental Borkeloy Laboratoriss.
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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 Harmonics Research

Al the present time, data are
being collected by the Eiectric
Power Research Institute (EPR!) to
measure the voltage distortion at
the service entrance of buildings

.that are lighted with eiectronically-
ballasted fluorescent lamps.
While the proposed ANS!

" standards appear to be adeguate
at the present time, the data
currently being collected should
determine whether or not future
lighting equipment shouid require
more stringent harmonic limits.
The new limits would take into
consideration the relative
contribution of lighting to the total
electricai locad in reiation to the
expanded use of other equipment

. (personal computers, variable

speed drives, microwave

equipment, etc.) that also
generates line harmonics.

K-Factor and Harmonic
Distortion

K-Factor is a metric used for
electrical transformer design that
accounts for non-sinusoidal
currents (i.e. curents that cause

harmonics). These line currents
generate higher eddy currents
than a pure 60 Hz sinusoidal
fundamental. Eddy currents
cause transformers to operate at
higher temperatures, increasing
losses. Toreduce the effect of
eddy currents, transformer
manufacturers use secondary
windings consisting of well-
insulated, multiple wire strands.
This increases the resistance of
those windings, helping to fimit
the flow of eddy currents.

Until recently, engineers rarely
specifieq K-factors for

8

transformers. However, it is
recommended thal electrical
engineers aesigning fighting
distribution systems calculate the,
K-Factor from the known harmonic
distortion generated by the lamp-
Dallast system under
consigeration. This figure should
be availabie from the ballast
manufacturer. ANSI/IEEE 57.110-
1986 is the recommended
practice for establishing
transformer capability for non-
sinusoidal line currents, and it
contains the equations for
calcuiating K-Factor.
Transformers with K-Factors of 1,
4,9, 13, ang 20 are standard
products. Transformers with K-
Factors of 4 or less are usually
sufficient for lighting systems.

Harmonic Distortion and Power
Factor

As was noted in Figure 2, utilities
are concermed with low power ™ -
factors because end users draw
higher currents for the power that
they are using. ideally, lighting
equipment shouid have a power
factor greater than 0.9 and as
close to 1.0 as possible. Power
factors of iess than 1.0 occur
when the voltage and current are
out of phase and/or when the
sinusoidal wave shape is
distorted. Harmonic currents
generated by electronic bailasts
reduce power factor duetoa
distorted current wave shape.
(Harmonic currents produced by
other types of electronic
equipment can also lower the
power factor by producing a
phase shift between the voltage
and current.)

Electronic baliast manufacturers
now make a habit of publishing
the percentage of total harmonic
distortion (THD) produced by their
products. This allows a lighting
professional to quantify how the
installation of electronic ballasts in

k4
a building will affect power factor.
Electricat distribution wiring may
be sized accordingty. The
relationship between power factor
and total harmonic distortion with
no voltage-current phase shift
may be determined as follows:

Power Factor = f—i—-
1+THDZ

As long as there is no voltage-
current phase shift contribution to
the power factor, THD may be as
high as 48% and maintain a
power tactor of over 0.90.

Reliability of Electronic Ballasts

The reliability of electronic baliasts
has been questioned since their
introduction in 1981. Some |

manufacturers’ initiai products
failed prematurely. Those

‘manutfacturers who were unable

to improve their products are no
longer producing electronic
bailasts. Other manufacturers
have been in production over ten
years with documented ballast
failure rates of less than 1% after
five years of operation. At this
time, It is apparent that long term
usage has demonstrated the
reliability of electronic ballasts.

A main reason for the questicning
of the reliability of electronic
ballasts has been the lack of large
scale, controlled. on-site data.
However, in 1988, the University
of California-Berkeley energy
management group presented
their findings on failures of
electronic ballasts instalied in a
variety of campus buildings over a
period of three and one-haif

years. Over 32,000 electronic

ballasts were installed, supplied
by three different manufacturers.
(Squrce: R.S. Abesamis, et.al.,
"Field Experience with High-
Frequency Bailasts®, Trans. IEEE-
IAS, 26, #5, 810, Sept/Oct. 1990.)
Two of the manutfacturers' ballasts
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had failure rates of less than 1% —
well within acceptable limits. The
third manufacturer's ballasts hag
a 6% failure rate, and the
company has since ceased
manutacturing elecronic datlasts.
For comparison purposes, the
general failure rate for 60 Hz
magnetic ballasts is about 0.5%.

The results of the University of
California case study clearty
demonstrate that electronic
ballast technology has advanced
encugh so that efficient, retiable
electronic ballasts can be
successfully designed and
manufactured in large volume.
Based on these findings, the
University's ballast retrofit
program was expanded, and a
total of over 75,000 eleconic .
ballasts have been installed at the--

campus, leading to cons:derable 4

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 life span
common with magnetic ballasts.
Most ballast failures, when they
do occur, will happen within the
first six months of installation.
Early ballast failures are usually
due 1o either poor quality contro!
in the manufacturing process or 10
incorrect instatiation procedures.
Failures occurring after a normal
‘wear-out” period of ten to twelve
years are usually due to the
eventual degradation of the
electrolytic capacitor.

Efectronic ballast problems ¢an
be kept to a minimum i specifiers
are diligent in their selection of
ballast manufacturers. They
should research the track records
of manuyfacturers and obtain
verification for the reliabifity of any
new or unfamiliar products.

Current Products

There are two methods of
improving the efficacy of
flucrescent lamp-ballast sys:e~s.
One involves a simple
modification to the magnet'c
energy-efficient bailast; the ¢e-
utilizes electronics 1o operata
fluorescent lamps at a high
frequency.

Heater Cutout (Hybrid) Baliasts

Heater or electrode cutout
energy-efficient magnetic baiizss
are equipped with an elec"ov <
circuit that removes the voitage 12
the electrode heaters in rapid s=~
fluorescent lamps once the ‘acs
are ignited and operating. (Trzss
are sometimes called "hybriq*
ballasts, due to the electronc
cutout circuit. They should not =
confused with electronic ballass
that gperate lamps at high
frequency.}) Most heater cutou:
ballasts consume about 16 fewer
walts of input power (two-tamp
40-watt F40 system) than
standard magnetic energy- .
efficient ballasts, but lumen o=
is reduced by around 12%.
However, one manufacturer ncw
ofters a product that produces e
same lumen output as does a
magnetic energy-efficient bal'zs-.
while operating at six fewer wa=s
in a two-lamp F40 system.

Heater cutout bailasts are cos:
effective and energy efficient a~¢
will operate most straight tube
rapid start F40 lamps. In additon
a full light output heater cutout
ballast for F32T8 lamps is now
available. Heater cutout ballasss
should only be used with rapid
start lamps, and they shouid nct
De used in dimming appiicatiors.
Some lamp manufacturers derae
lamp life by 25% for heater cutext
operation.

)

GOHW
60 Hz

Standard Magnetc
- Bailast

20 - 40 kHz

60 Hz

Elecronic Ballast

Figure 7
Magnetic & Electronic Batasts

Electronic Ballasts

Electronic high-frequency ballasts
increase lamp-ballast efficacy,
leading to increased energy
efficiency and lower operating
costs. Electronic ballasts opera:e
lamps using electronic switching
power supply circuits. E!ectromc

_ ballasts take incoming 60 Hz

power (120 or 277 volts) and
convert it to high-frequency AC
{usually 20 to 40 kHz). Electronic
baliasts are more efficient than
magnetic ballasts in converting
input power to the proper lamp
power, and their operating of
fluorescent lamps at higher
frequencies reduces end losses,
resulting in an overall lamp-bailas:
system efficacy increase of 15%
to 20%.

Electronic ballasts have a number
of other advantages over
magnetic bailasts. Electronic
ballasts are readily available that
operate three or four lamps,
aliowing the use of a single ballast
in three-famp and four-lamp
luminaires. This reduces hoth
installation and field wiring labor
costs, and may negate the
necessity of tandem luminaire
wiring as required by the 1992
Energy Efficiency Standards for

9
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= zidential and Nonresidential
B.:aings (Title 24). Elecronic
Cailasts are designed tO Operate
iampos in either series or paraliel
mode. The advantage of the
sarallel mode of operation is that
a single lamp failure will not affect
tne gperation of the remaining
iamps controlled by the same
ballast. However, ballast losses
will increase slightly in the parallel
mode. Other advantages of the
electronic ballast include reduced
weight, quieter operation, and
reduced lamp flicker. Electronic
. Dallasts are directly
interchangeable with magnetic
ballasts, and they are available to
operate most full-size and
compact fluorescent lamps.
Electronic ballasts currently
available inciude the following
principal types. in most cases
more than one manufacturer
offers a product, and all types
listeqd here are available at this -
time.

Rapid Start Electronic Ballasts

Rapid start electronic ballasts
neat lamp electroges continually
during starting and operation.
Ballasts are available for one, two,
*hree, and four-lamp operation.
Some ballasts will operate either
T-8, T-10, or T-12 lamps.
However, the ballast factor will not
be constant for ali lamp types.
and lamp operation may not be in
accordance with the lamp
manufacturer's recommendations.

instant Start Electronic Ballasts

Instant start electronic ballasts are
available for the popular 75-watt
F96T12 slimline lamps commonly
wsed in many commercial
applications. Ballasts are
availgble for either one or two
lamps. Instant stant ballasts that

10

operate rapid start T-8 lamps at
tull light output are alsg availabie.
Although these lamps are rapid
siart, the lamp eleciroges are
never heated. This increases
system efficacy. Lamp lile is
reduced by approxima:ety 25%
{for 20,000 hour lamps at inree
hours per start), but this &
compensated for by increased
energy efficiency. In most
commercial applications, where
lamps are operated at ten nouUrs
per start or tonger, lamp iife is
only slightty reduced in
comparison to rapid star
operation.

Using occupant sensors with
instant start iamp-baliast systems
may cause an acceleratea loss of
lamp life for rapid cycie times.
Rapid start [amp operation is
usually a better chaoice in such
applications.

Two-Leve! Electronic Ballasts

Two-leve! electronic balias:s
increase the flexibiiity of standard
electronic ballasts by aliowing the
fight level to be switched between
50% andg 100% of full lightt output.
These ballasts may be used 10
meet the bi-level switching
requirements in Title 24. Standard
switches, occupant sensors,

~ photocelis, or other building

energy management control
devices may be used 0 switch
the ballast. A two-leve! ballast is
supplied with an additionat input
lead to allow the switching
between 50% and 100%
operation.

Adjustable Output (Dimming)
Electronic Ballasts

Dimming electronic ballasts
permit the light output of the lamp
1o be continuously controlled over

3L

a range of approximately 10% to
100% of full light output. A low
voliage signai (Usually between 0
and 10 voits) to the baliast cutput
circuit modifies the current to the
lamp. Dimming electronic
ballasts are equipped with
feedback circuits that maintain
glectrode voltage when the lamp
current is reduced. This allows
the lamp to be dimmed over a
wide range without reducing lamp
iife. This dimming technique
contrasts with that of magnetic
ballasts in which input powerto
the ballast is modified to alter the
lamp current, which aiso reduces
electrode voltage. This limits the
practica! dimming range of lamp
to about S0% of full fight output.

Full Range Dimming Ballasts

A full dimming range of from 1%
to 100% of full light output 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 Advanced
Products

Typical performance
characteristics of several energy-
efficient lamp-ballast systems are
ilustrated in Figure 8. Of
particular interest is the variation
in the performance of ballasts
operating the same types of
iamps. This demonstrates the
wide range of ballast choices
available to lighting practitioners,
aliowing them to attain their
lighting objectives more
efficiently.
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, - Figure8
Typicat Performance Values for Lamp-Ballast Systems (Two-Lamp Systems)

TR Wit (ea) Wita Limens® Facor  Shoy
Pre-1990 ANSUCBM Magnetic
2-FAOT1/RETO 40 96 3_200 0.94 62
2-F4OT1ZES/RET0 34 a2 2800 0.87 59
Standard Energy-EHicient Magnatic
2-FOTIZRETO - 40 88 3200 0.94 68
2-F4OT12ZES/RET0 34 72 2800 0.87 8
2-F40T1O/REBO 42 92 370 0.95 76
2-FI2TB/RE70 a2 7 . 2500 0.54 78
2-FT4OW/R2G11 (REBQ) 40 86 3150 093 68
2-F96T12 SlimineRE 70 ri-3 158 8425 0.94 7%
2-F9TIZHORET - 110 237 9200 0.54 73
Magnatic Hexter Cutoint ‘
2-F40T12/RE70 40 69 3200 083 77
2-F&OTIZES/RETD 34 58 2800 0.81 78
2F40T1O/RESD 42 74 3700 0.85 8s
2-F32TR/RETO 2 . .8 2500 0.86 82
Full Light Output Magnetic Heater Cutout (New Product)
2F4012/RETO 40 80 3200 0.95 76
2-FAOT12ESMRETD 2 &6 2800 088 75
Blectronic Rapid Start _
2F4OTI2ZRE7TD © 72 - 3200 0.88 7
2-F40TIZES/RETD 34 82 2800 0.88 7
2-F40T10/RERD 42 74 3700 0.85 85
2-F32TR/RE7D ‘ 2 62 2900 088 82
2-FT40W/2G 11 (REBD) 40 7 " 3150 0.83 74
2-F96 HO/RE70 110 190 9200 0.81 ;)
Blectronic 75% Reduced Output Rapid Start
2-FOT12/RETO ) 40 81 3200 673 77

} 2-FAOT1ZES/MAERD 34 52 2800 073 ]
2-FAOTIORERD 42 &3 3mo 073 8e
2-F32TWRE7D 32 $1 2000 07 81
2-FT40W/2G11 (REBO) 40 60 3150 o T4
Electronic instant Start
2FRTORE 22 63 2900 085 87
2-F96T12 Slimine/RE70 75 130 6425 0.84 83
Bectronic Two-Level Rapid Start (50% and 100% of Full Light Output)
2-F4OTIZRETD 40 37760 3200 0.40/0.88 6980
2F40T1I/RESO 42 w72 3700 040086 7488
2FRTARETD 32 38/65 2500 050094 78B4

R+

~ Application Guidelines

Advanced technology ballasts
improve the efficacy of fluorescent
lamp systems and are apgpropriate
for bath new construction and
retrofit appiications.

Electmnic Ballasts

Elactronic ballasts for fluorescent
lamps can save energy and
dollars in nearly every application.

_There is a cost premium for

glectronic ballasts, which may be

reduced by utiiity rebate

programs, but prices are
becoming more competitive as
the market expands. Users like
the University of Caliomia have
demonstrated that electronic
baliasts are an excelient
institutional investrment.. Electronic
batlasts may be substituted for
magnetic ballasts without any
need for concern about lighting
system performance. Infact,
electronic ballasts can enhance
lighting quality through the added
benefit of a quiet, flicker-free
lighting environment. This makes
electronic ballasts an ideal choice
for mogem offices and in cther
applications with important visual
tasks.

Use the tollowng criteria when

making ballast selections:

e Always consider electronic
baliasts for general purpose
applications in new
construction. The higher cost
of electronic ballasts makes
economic sense in terms of
energy savings and improved
lighting performance.

* Always consider electronic
ballasts for routine
maimenance replacements
and renovations. (it may not
be cost-effective to retrofit
large groups of existing
energy-efficient magnetic
ballasts & working order that

n"
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. Figure 8 (continued)
Typical Performance Vaiues for Lamp-Batast Systemns (Two-Lamp Systems)

Ballast Types Lamp

Watts {(ea.)
Blectronic Adustable Output (to 15%)
Z-FAOTI12/RETD 40
2-FAOTI2ESRETD 7
2-F40T10/RESD 42
2-F32TWRETD 32
Blectronic Disnming (to 1%)
2-F40T12/RE7D 40
2-FAOT10/RESO - 42
2-F32TRE7D az
2-FT40Wr2G11 (REBD) 0
“Nows:

Aahm;stdonsamFr(‘
FT40s are RE-80 phasphor

lhput  Initial Lamp Ballast System |
Watts Lumens Factor E&aey
73 3200 0.89 78 !
80 2800 0.86 80
n 3700 0.87 88
73 2900 1.04 a3
83 3200 0.93 72
85 3700 0.93 81
Ie) 2900 1.00 77
80 3150 1.00 79

All values as measured under ANSI test conditions (25 °C [77 °F] open air).

mmmmmmpemnageo!mmhmplumwwmmﬂuslamps

also referTed o in axt as a "low ballast factor* ballast)
40 twin wbes arg AE-70 phosphor coatings; T-10s and

All vaiuas for input watss and batlast factors are for specific balasts available on the market
Other baflasts may differ substantially from thesg values.

would not otherwise be
replaced.)

+« Consider operating F32T8
lamps at full cutput with
instant start ballasts to obtain
maximum energy efficiency
for dedicated (non-dimming)
applications. '

+ Exercise caution to avoid
using instant start lamp-
baliast systems with occupant
sensors or other applications
with rapid switching cycles.

* Consider stepped multi-level
glectronic ballasts as an
exceflent alternative to
switching adjacent lamps in
luminaires (tandem wiring) to

* meet Title 24 requirements. -
An additional benefit will be a
quiet, flicker-free, space.

* Consider the use of low
ballast factor (<75%) rapid
start electronic ballasts in
aisies or other circulation
areags where partial fight
output will suffice. Installation
of low ballast factor ballasts is

12

also a cost-effective soiution
for retrofitting spaces that are
over-iluminated. Low ballast
tactor electronic baflasts
should be operated in rapid
start mode only to maintain .
lamp life at reduced lamp
currents.

» Consider full range {1% to
100%) dimming electronic
ballasts for functional
dimming requirements in
applications such as board
rooms, conference rooms,
and residences.

Continuously adjustable dimming
electronic ballasts are especially
appropriate for all of the following
lighting control strategies (see the
appropriate guidelines for
appiication details):

» Tuning the adjustment of
illuminance levels according
to user needs

o Dayiighting. the control of
electric lighting levels in
spaces where natural lsgm is
presem

3%

s [ umenmaintenance:. 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 gemand limiting (load
shedding): the reduction of
lighting power during the time
of day when utility charges
are a: their highest levels

s Adaptation compensation.
adjusting interior lighting
levels 10 more closely
correspond with exterior
iltumination

In most instances, electronic
ballasts are manufactured in
standard ballast housings. This
allows for gquick and easy
replacement in existing luminaires
and permits their use in already
tooled new luminaires. To
facilitate replacement, the wires
on typical non-dimming electronic
ballasts use the same color
coding as magnetic bailasts.
Installation of electronic ballasts is
actually easier than installing '
magnetic bailasts, because they
weigh less. Most adjustabile
output and dimming bailasts have
separate, low-voltage leads that
permit a iow voltage, Class |
signal to control iamp output.
These ballasts are often designed
to use some form of optical
isolator mounted in the luminaire
so that Class I low voltage wiring
can be used within the building.
Other dimming ballasts require No
additional control wiring.

. Systemn Compatibiiity of

Electronic Baliasts
Like Virtually all fighting products.

Serd are some applications in

which high-frequency electronic
ballasts may be incompatible with
existing technoiogies. One of
these instances that has been
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‘cantified occurs in libraries

2cuippeq with magnetic detectors

.58q 0 prevent thaft. However,

25 ong as electronic ballasts are

27 eas! 10 to 15 feet away from

Te detector units, problems with

e getectors are uniikety 10
aceur.

A second potential system
compatibility probiem with
g:ectronic ballasts may occur in
conjunction with high frequency
pawer line carrier (PLC) control
sysiems. The carrier frequency

‘or PLCs usually ranges from 50-

kHz 10 200 kHz. These
requencies may be affected by
one of the harmonic currents

Generated Dy electronic ballasts.

Tre extent of this potential

arcolem has not as yet been fully

researcheq. However, in simple
PLC systems for residential
aosolications when lighting and

Qiner appliances share the same -

distiribution network, electronic
Dalasts may not be compatible.
Tris may be resolved by the
selection of a more appropriate

frequency for the PLC system." In

commercial systems where the
PLZ is isolated from the lighting
circuits, problems may be
mrimal. If, however, the PLC is
LS&Q i0 control the lighting
sysiem, the probabiiity of

propiems eccurring wikll increase.

It 's important o realize that the
pcssible compatibility problems
ocsed by the use of electronic
bz asts arise only on rare
Qccasions. The above

incompatibilities can be resolved

or 2voided, and they should not
be used to disqualify the use of
e:ecronic baliasts in other
agcaiications.

Hegater Cutout Ballasts
Heater cutout baltasts are less

expensive than electronic ballasts

and are a viable energy-efficient

option ¢ Sorsiderwhen a project
pudge: cc€s not permit electronic
caliasts. —eater cutout ballasts

- can De .S£2 N any non-dimming

siuator ~.cving straight 40-watt
FA0T12 2~c F40T10 lamps, and a
~eaier CuiowT ballast for F3278
iamps is ~ow available. Typical
appica:crs nclude offices.
schools. r2:aii and wholesale
siores, nea ™ care facilities, and
genera: ircustrial and commercial
ighting. 8zcause of their lower
initial cos: ey are especially
approprias ‘or use as
replacemem: dailasts in retrofit
aoplicaticrs. Some heater cutout
hallasts rzy have a problem
siarting very high voltage F40T10
lamps wrsn the line voltage is
helow the ~z:ed center voitage
(120/277Y,. 11 addition, some
lamp mar_facturers derate lamp
lfe when amos are operated Dy
heater cuXa: tallasts.

Guideline
Specifications

The followirg ballast
specificarc~s may beused as a
guideline or Xuil-size fluorescent
lamp ba:iass. {n general, for
important anolications, detailed
specificarcrs should be included
for pallasts. The specification
may inciuce acceptable
manufactress and model
numbers, escecially when using
electronic =a..asts.

Electronic Ballasts
1. ULL's:edClasP._
2. Sound Rated A.

3. Total ~=rmonic distortion <
32% (<20% for rebates) with
input current third harmonic
not to exceed ANSI
recommendation.

4. Ballast saall conform to ANSI
specifica’ion C. 82,11-19XX

5.

. .37

Power factor 2 0.90.

6. Enclosure size and wiring in

10.

11.

12.

13.

14.

15.

same color as magnetic
ballast (for retrofit
applications).

Baitast factor of (see
chart or manufacturer's
literature, Or as required).

Light regulation =10% with
+10% irput voitage variation.

L.amp current crest factor
1.7.

Flicker 10% or less with any
lamp suitable for the ballast.

Lamps shall be operated in
(instant start) (rapid start)
(rapid star, stepped output)
(rapid star, continuously
adjustable output) mode. -

Shali be designed to
withstand line transients, per
IEEE 587. category A.

Shall meet FCC Rules ang*
Reguiations, Part 18C.

€ircuit diagrams and lamp-
ballast connactions shall be
dispiayed on all ballast
packages.

Three year warranty inciuding
$10 1abor aliowance.

Heater Ca._rtwt Ballasts

1.

2.

L3

UL listed class P.
Sound rated A.

Energy-efficient ballast with
heater cutout circuit shal! not
require restrike period.

Standard ballast enclosure
size and wiring.

Light requiation +10% with
+10% input voltage variation.

Power factor 20.90.

8. ' Lamp current crest factor

st1.7.

13
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9. Shall be designed 10
withstand line rransients, per
|IEEE 587, category A

Speg:ial Note

Sopecifiers should investigate the
marketplace and compare the
product offerings with the
information contained in this
quigeline. New product
developments may make some

portions of this renort incomplete

or obsolete.

14
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Manufacturer/Product References
Electronic Ballasts  Dimming Electronic  Heater Cutout
Ballasts Ballasts
Advance Transformer Advance Transformer Advance Transformer
Co. Co. Co.
MagneTek Triad Electronic Ballast MagneTek Universal
Technology, Inc.
ELBA (Light Energy ETTA Industries, inc.  Valmont Electric
Com.)
Eiectronic Ballast Lutron Electronics
Technology

ETTA Industries, Inc.
Motorola Lighting, Inc.
QSRAM Corporation.
Smallwood P C/Sci.
Toshiba Electronics

Valmont Electric

Inciusion in this kst dogs not imply applicabéity or endorsemeant by the California Enargy
g:orn(nissim.ﬂnu.s.oopanmn'{oi ormaomh\zmmmm

Addiional companies may also manutacture these products.)
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INFORMACION FOTOMETRICA

- Curva Fotométrica.

Esta contiene toda la informacidn necesaria, en la cual se de-
termina la operacitén del luminario, asi como los coeficientes
de utilizacién,

- Distribucidon de Candelas.

El nivel de iluminacidén-es obtenida a través de un fotdmetro -
que mide candelas, de 0° - 180° a una distancia de prueba de 7
metros. El luminario se mueve sobre ejes con el objeto de obte
ner la lectura de la candela promedio en todos los planos del_
luminario.

Las lecturas en candelas de luminario son trazadas sobre una -
grafica polar, refiriéndolas al nadir o linea recta hacia aba-
jo. Partiendo de-esta informacidn, los lumens de salida del -
luminario son ¢alculados, asi como el coeficiente de utiliza--
cién ( CU ), ‘el criterio de espaciamiento( S/MH }, y el prome-
dio de brillantez del luminario.

- Informacidén de Distribuciodn,

La informacidén de la. distribucidn es también proporciohada en_
forma tabular en la hoja de informacidn fotométrica. El propor

. cionar la distribucién de la candela promedio permite calcular
el flujo luminoso en cualquier &ngulo del nadir (0°) a 180°, -
es proporcionada generalmente en zonas de 10°, si bien es me--
jor utilizar pequefas zonas donde las candelas cambien rdpida_
mente. La suma de todos los lumens en la zona de 0° a 180° es_
el flujo luminoso total de salida del 1luminario.



- Cuando la distribucién de candela es asi-
métrica, s pueden trazar curvas para dos o mis pla-
nos verticales. Si la distribucién es elfptica, las curvas

tienen una separacién de 90 grados, como se muestra
en ¢l dibujo.

Los datos de distribucion dividen la distribucién ver-
tical de una luminaria en 1onas de 5 grados. Este dibujo
muestira Ja manera como se ven estas zonas cuando se proyec:
tan sobre el plano de trabajo.



INTERPRETACION DE UNA CURVA EN CANDELAS

DEFINICION.- Una curva polar representa la variacidén de la inten
sidad luminosa de un luminario o lampara en un plano a través -
del centro de luz. La unidad de medicién es la candela.

USOS. - Puede utilizarse en el método de punto por punto, para de
terminar la iluminacidén en un punto especifico abajo del lumina-
Tio. '

Candela (cd)

Footcandles =
Distancial(D?2)

También puede ser utilizada para determinar la eficiencia.

Total lumens

= Eficiencia §%
Lumens de lampara '

Ejemplo: De 1la curva del luminario de 400W, VSAP.
- Para calcular la eficiencia del luminario

38,438
Total Lumens i} ’ = 76,876 = 76.9%

Lumens de lampara 50,000

- Lecturas en la curva:

0° ( directamente en el nadir )} leemos aprox. 15,600
45° aproximadamente 17,000

- Cdlculo en Footcandles:
20" directamente abajo del luminario ( nadir )

15,600

5 = 39 Fc = 39 x 10.76 = 419.25 luxes

20
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ALTURA DE MONTAJE : DEPENDIENDO DE LA ALTURA DE -
' - MONTAJE SE DEBERA CONSIDERAR.
CUAL ZONA DE LA CURVA DEBERA
TENER EL MAYOR PORCENTAUJE DE
FLUJO. '

- DE ( - 60° SE RECOMIENDA PARA -
MONTAJES BAJOS (MENOS 4.5 MTS.)

- OF 0° - 45°* PARA MONTAJES MEDIOS
{DE 4.5 MTS. A 7.5 MTS.}

- DE (° - 30° PARA MONTAJES ALTOS
(MAS DE 7.5 MT5.)

ESPACIAMIENTO/ALTURA
DE MONTAJE '

PARA OBTENER UNA BUENA UNIFOR-
MIDAD EN EL PLANO DE TRABAJO. -
SE DEBE RESPETAR LA RELACION -
S/HM PROPIA DEL LUMINARIO.

- &) CONOCER 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 34 (17/34 - 0.5)



INTERPRETACION DE UNA CURVA ISOFOOTCANDLE

DEFINICION.- Es una linea plana de cualquier juego de coordenadas
para mostrar todos los puntos de wuna superficie donde la ilumina

cidén e€s la misma.

US0S.- Se puede leer directamente los niveles en footcandles en -
puntos especificos abajo de un luminario montado a determinada al

tura.

Ejemplo: Referirse a la curva 820373. Cada circulo ( de A hasta -
E ), representan un punto abajo del luminario donde los niveles -

en footcandles son los mismos.

Para leer los niveles de footcandles, solamente se necesita_
~conocer la MH del luminario. Por ejemplo, 1-10' de -altura de mon-
taje ( MH ), el circulo A representa 5 fc; sin embargo, a 20' de_
MH el circulo A representa 1.2 fc. Todos los valores son leidos -
en la tabla que aparece en la parte inferior de la curva.

El cuadriculado de la ilustracién puede ser usado para deter
minar la distancia fuera del centro de los circulos que estan di-
rectamente abajo del luminario. El lado de cada cuadro en 1la ilus
tracién es siempre igual a la altura de montaje ( MH ) del lumina

Tio.

para un luminario montado a 10' el circulo A cae ligeramente -
afuera del punto colocado directamente abajo del luminario. E1 -
circulo D estd a 30' de este punto.
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INFORMACION FOTOMETRICA DE LUMINARIOS FLUORESCENTES

Aunque los principios basicos son los mismos, la fotome--
tria de los gabinetes fluorescentes es algo mis complicado, -
ya que no son simétricos con relacién al eje vertical. Lo que_
generalmente se hace en este caso, es establecer una curva de_
distribucién para puntos situados sobre un plano vertical, a -
lo largo del eje del luminario y luego establecer ofra curva -
sobre un plano vertical en &angulo recto con respecto al prime
ro. Estas son las dos curvas que generalmente se publican para
mostrar la distribucidn luminosa del luminario, se muestra en_
la figura. Sin embargo, para poder suministrar una informacidn
lo mds completa para realizar los cdlculos de iluminacién, en_
los laboratorids de fotometria también determinan las curvas -
para planos que forman dngulos de 45° ¢ los dos planos ya ci
tados. Luego, por medio de fdrmulas y tablas convenidas en la_
industria,. se determina la cantidad de lumens que corresponde_
a cada zona.
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CLASIFICACION % DE LUZ RESPFCYO A LA

HORIZONTAL
ARRIBA ADAJO
DWRELCTA 0-10% 90-100%
SEMI-DIRECTA  10-409%, 60-30%,
DIRECTA '
. 40.60 80- 40 9,
INDIRECTA % 0%
GENERAL PP
DIFUSA 60.40% -
SEM-INDIRECTA 60-90% 10-30 %
INDIRECTA 90.100%, 0-10%

® SOLO CLASIFICACION IES

Figura 1. CLASIFICACIONES

DISTRIBUC ION
OE POTENCIA
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TEMA

LUMINARIOS

La palabra "Luminario” es el término correcto para describir 1o que comunmente se conoce
como "accesorio de iluminacién” (lighting fixture). La palabra "accesorio” (fixture) implica
equipo permanentemente instalado. Mds de 100,000 diferentes tipos y estilos de luminarios se
hacen hoy en dfa. Los mds importantes y usados se describen en este capftulo. '

ViI.1.- COMPONENTES DE LOS LUMINARIOS

Un luminario es una unidad de iluminacidn completa consistiendo de una o mds [dmparas con
algunos o con todos los componentes siguientes:

a) Porta Idmparas y sockets para posocionar y conectar las
ldmparas a 1a fuente.

b) Balastros para encender y operar las ldmparas.

¢) Reflectores para dirigir 1a luz en la direccién deseada.
d) Componentes difusores y de escudo tales como lentes,
difusores, y louvers para distribuir la luz y evitar el
reflejo.

e) Housmgs para proteger 10s componentes mencionados junto con las conexiones y otros
equipos eléctricos.

Los componentes del luminario trabajan juntos para determinar el funcionamiento del
luminario.

Se usan dos medidas para estimar el funcionamiento del Juminario;

~ a) Eficiencia del luminario.- Mide el porcentaje de lumens de ldimpara que dejan el
luminario, comparado con la razén de lumens totales de lémpara Asl un luminario
abierto tendr4 gencralmente una mayor eficiencia que el mismo luminario equipado con
lente (difusor) ya que este absorverd la luz.

b) Coeficiente de utilizacion del luminario.- Usado en calculos de iluminacién para

AHORRO DE ENEROIA BN ILUMINACION INTERIOR



describir el porcentaje de lumens de ldmpara que llegan a la superficie de trabajo. Esta
caracterfstica depende de las dimensiones del cuano, asf como del tipo del luminario y
de los valores de las tablas impresas en los catflogos de fabricantes de luminarios.

V1.2.- TIPOS DE LUMINARIOS

Los luminarios pueden ser clasificados en grupos dependicndo de una o mds caracterfsticas,
incluyendo la distribucién de luz, altura de montaje, su funcron especifica, refléctor o tipos de
lentes, y el nombre del diseiio.

V1.2.a.- CLASIFICACION POR DISTRIBUCION DE LUZ
Una de las mds importantes caracterfsticas de un luminario es su patrén de distribucién. Los
patrones mds comunes de distribucién, como se muestra en la figura 1, son:

a) Luz directa.- Con el luminario montado encima del drea a iluminar y con su salida
directa descendente.

b) Luz indirecta.- El luminario dirije toda su luz hacia el techo o pared, transmitiendola
al irea iluminada para reflejar 1a tuz hacia el drea de trabajo.

¢) Directa.- En el cual ia luz es principalmente dirigida al 1lugar de
trabajo pero también tiene una distribucidn indirecta.

d) Semi directa.- En el cual la distribucion indirecta es el porcentaje mds grande de la
salida. :

e) Directa/Indirecta.- En el cual fas dos distribuciones son aproximadamente iguales.
f) General difuso.- El luminario radfa luz en igua! cantidad en todas direcciones.
g) Direccional.- En el cual Ia luz es dirigida a una direccién especffica.

h) Asimétrico.- En el cual 1a luz es dirigida con m4s intensidad bacia un lado que hacia
el otro.

FIDE-ATPAB AHORRO DE ENAROIA EN [ILUMINACION INTERIOR



VI1.2.b.- CLASIFICACION POR TIPO DE MONTAJE

La manera en que un luminario est{ montado o conectado es una caracterfstica comin de
clasificacién. Los montajes mds comiines se muestran en la figura 2 y se enlistan a continuvacion:

a) Luminarios empotrados.- Se meten dentro de la pared o techo. Un luminario
semiempotrado se. imete solo parcialmente en -la superficie dejando el resto visible.

b) Luminarios para sobre poner (surface-mounted).- Se describen usualmente como
"montes de pared” o "montes de techo”. Estos luminarios son totalmente visibles.-

c) Luminarios pendientes.- Estdn suspendidos del techo por un cable, tubo o cadena que
también lleva el cable eléctrico a la ldmpara. A estos algunas veces se les Hama
luminarios suspendidos especialmente cuando se necesita suspender m4s de un miembro.

d) Bracket de pared (Wall-Bracket).- Estdn montados en la pared con un seguro que
generalmente es parte del disefio de todo el luminario. '

e) Luminarios Post-top.- Estdn disefiados para montarse encima de un poste para
exteriores.

f) Luminario tipo "under cabinet” ilumina "countertops”.
g) Luminarios tipo track.- Estin montados en un riel electrificado.

h) Luminarios tipo mueble integradd.- Estén montados permanentemente para divisiones
de oficinas o para ser parte de sistemas de estaciones de trabajo.

i) Luminario portatil.- Puede ser trastadado fdcilmente y conectado a una salida eléctrica
estandar.

VI1.2.c.- CLASIFICACION POR FUNCION O NOMBRE TRADICIONAL

Muchos luminarios tienen nombres relacionados con su funcién, tales como downlights, wall
washer, luces de paso, ldmparas de mesa y luz de pizarrdn, Se debe recordar que los usos reales
de un luminario no se limitan a los sugeridos por sus nombres.

FIDE-ATPAR AHORRO DE ENERGIA EN ILUMINACION INTERIOR



-. Directa-indirecta General difmso Direccionat Asimétrica

Figura 1. Tipos de distribucién de luz _

g AN Ny
- ﬁ'

Empotrado Sobreponer

Suspendido Wall bracket Poste

Under cabinet Track

Fignra 2.Tipos de montajes
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Otros luminarios tienen un disefto tradicional o historico, y algunos luminarios modernos se
usan de forma familiar o tradicional, por ejemplo, los candelabros, los candeleros o los faroles.

VI1.2.d.- CLASIFICACION POR SU FORMA

Es comiin referirse a un luminario por su forma, especialmente si son llamatlvos estos se
muestran en la figura 3 y se enlistan a continuacidn:

a) El "Shoebox” es moderno para luminarios de carreteras.

b) El Cabeza de cobra (cobra head) es un luminario refractor convencional para
iluminacién de calles.

c) El "Lollipop shape” son luminarios 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 el luminario fluorescentes para empotrar mds usado.

f) El "top hat" es un downlight empotrable,

V1.2.f.-CLASIFICACION POR EL TIPO DE COMPONENTES

En muchos casos, el nombre del luminario incluye una descripcidn de un componente
especffico que hace al luminario notable.

Ejemplos comunes se describen a continuacién y se muestran en la figura 4.

a) Troffer parabolicos.- Usados para fluorescentes equipados con louvers disefiados para
eliminar luz extrafia y esconder a las ldmparas de 1a luz directa.

FIDE-ATPAB AHORRO DE ENERCHA BN ILUMINACION INTERIOR



b) Troffer prismdtico.- Llamado asf por sus lentes difusores sobre la cara del troffer.

c) Fresnel.- Llamado asf por su tipo de difusor usado para luz suave, y para lamparas
teatrales de haz variable.

d) Elipsoidales.- Llamados asf debiﬂo a los reflectores elipsoidales encontrados en
downlights empotrables pequeiios.

) Wraparound.- Usados para luminarios fluorescentes envuesto de difusores prismaticos.

V1.3.- TIPOS Y ESTILOS DE SISTEMAS DE ILUMINACION GENERAL

Existen miles de diferentes tipos de luminarios en los sistemas de iluminacién actuales, pero
pueden ser divididos dentro de categorias generales, incluyendo la iluminacién arquitectdnica,
oficinas generales e iluminacién comercial, iluminaci6n industrial, iluminacién decorativa,
iluminacién interior especial ¢ iluminacion exterior para edificios para excaleras de escape y
seguridad.

VI.3.a.- LUMINACION ARQUITECTONICA

La iluminacién arquitecténica se¢ refiere a la iluminacidn de equipo oculto de la vista o
integrado al disefio del edificio, creando efectos de iluminacién sin una fuente aparente. El
equipo de iluminacidn arquitectdnica es amphamcnte usado en todo tipo de edificios y es comiin
encontrarlos en edificios contemporaneos.

1. DOWNLIGHT.

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 haldgeno, HID,
o con ldmparas fluorescentes de baja potencia. Se mencionan a continuacién los dlferentes tipos
de Downlights que también se muestran en la ﬁgura 5.

a) Deflectores para usarse con reflector 0 con ldmparas PAR.

b) Conos parabdlicos para usarse con incandescentes v algunas ldémparas fluorescentes
compactas.

c) Conos elipsoidales para usarse con incandescentes, HID, o con ldmparas de tungsteno
halégeno.

A los Downlights de bajo voltaje se les llama algunas veces pin spots, para iluminacién de
acento para pgqueﬂas aberturas.

Los Downlights son seleccionados en base al tamafio de apertura, al espacio disponible encima
del techo, al esparcimiento deseado del haz y a su costo. El dngulo de Cut-off, el dngulo en el
cual 1a fuente de luz es visible; son criterios importantes para los Downlights, mientras mds alta
sea-la altura de montaje el dngulo de Cut- off serd mds pequeio para prevenir problemas de’
reflejo.

" 2. WALL WASHERS Y WALL SLOTS

Los "wall washers” y los "wall slots” son luminarios designados para Ia iluminacién.amplia
de las paredes de un cuarto.

Los "wall washers” estén disefiados para iluminar las paredes uniformemente del techo al piso;

“los "wall slots” estdn diseiiados 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 s¢ mencionan é continuacién:

a)El "wall washer” eyelid empotrable da muy buena iluminacién a la pared mientras
proteje al cuarto de la vista de la fuente de luz.
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b) El Downlight-Wall Washer estd disefiado para dispersar luz hacia una pared mientras
aparece un Downlight en el otro lado del cuarto.

c)Walt washer semi empotrado incluyendo luminarios tipo track, generalmente tiene un
difusor que uniformiza 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 seleccién 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
mds comin. Los "wall slots™ son mejores para dar 1a textura de una superficie vertical.

3. ILUMINACION DE ACENTO

La iluminacién de acento es similar en operacién a los Downlights, pero estdn disefiados para
resaltar objetos tales como pinturas, mercancias o detalles especiales de disefios arquitectnicos. .
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 1a luz se hace dentro del l'uminario.

b) El proyector framing empotrable utiliza difusores, shutters, y/o proyectores palronm para
efectos especiales.

¢) Luminario semiempotrado "eyeball "tiene una bola ajustable que es visible debajo del techo,
y es fdcil de ajustar.

Luminarios "pull down" emplean housings ajustables para que puedan ser colocados y
orientados.

4. ILUMINACION DE TECHO Y PAPED

La iluminacién de techo se usa para iluminar techos desde una fuente escondida. Esta requiere
de una fuente de luz lineal como fluorescentes o de limparas incandescentes de bajo voltaje.
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La iluminacién de pared consiste en fuentes escondidas de luz para iluminar paredes, detallar
estantes etc.
La iluminacién de pared también emplea fuentes lineales.

La figura 7 muestra este tipo de iluminacién.
5. LUCES DE PASO

Las luces de paso son luminarios compactos disefiados para empotrarse en paredes para la
ilumninacién 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.

VL.3.b.-ILUMINACION COMERCIAL Y PARA OFICINAS

Los sistemas de iluminacion comercial y de oficinas generales son diseflados para iluminar
areas amplias con niveles relativamente uniformes. La mayorfa de las instalaciones son integradas
dentro de techos suspendidos, con cada luminario tomando el lugar de un panel en 1a rejilla del
techo. :

1. TROFFERS.

Los Troffers son luminarios tipo caja que generalmente se ponen en plafones falsos de tal forma
que el luminario quede encima del techo y la cara del luminario quede nivelado con el techo. -

b)Las lémparas Comunmente fluorescentes, se colocan dentro del housmg y la luz sale
al espacio por la cara del lumianrio.

Los troffers estdn disefiados para ajustarse a los sistemas de plafones falsos existentes; los
tamafios comunes son 1 por 4 pies, de 2 por 4 pies, y de 2 por 2 pies, ademds de que se tienen
otros tamaios. El housing del troffer es un poco mds pequeiio que la rejilla, y esta soportada por
una pestafla en el perfmetro que descansa en los rieles del plafén falso.
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A los troffers se les nombra dependiendo del método empleado para obtener su distribucién
de luz como se muestra en la figura 8.

El Hamado difusor prismético usa un lente prismdtico plano formado por pequefios prismas
triangulares en 1a superficie exterior para asegurar una amplia distribucin.

El llamado difusor plano usa un lénte de pldstico translicido para expandir la luz y monder
a las ldmparas de la vista.

El louver parabdlico es un troffer abierto con louvers en forma de pardbola para enfocar la
distribucién de luz hacia abajo y para esconder las ldmparas de la vista.

El louver "egg crate” s otro troffer abierto que lleva un set fino de louvers para esconder a
la fuente de luz de la vista y para limitar Ia distribucién de luz a una zona estrecha.

El troffer para fluorescente es por mucho el mdé usado en oficinas, escuelas e iluminacién de
lugares comerciales. Como el trabajo realizado en estos lugares cambian continuamente, el diseiio
del troffer es de gran interes para los fabricantes de luminarios.

En afios anteriores los troffers tuvieron varias improvisaciones en sus componentes incluyendo
los sistemas de reflectores y louvers mds eficientes. Una especial area en el desarrollo de los
troffers ha sido el disefio de sistemas de iluminaci6n para usarse en lugares con intensivo trabajo

"de computadora y con terminales de video.

V1.3.c.- LUMINARIOS COMERCIALES

L.os luminarios comerciales son un amplio rango de luminarios fluorescentes disefiados para -
iluminacién comercial en general. Estos luminarios son especialmente colocados al raz del techo
o suspendidos por cadenas, y son fuentes efectivas de bajo costo para iluminacién de lugares de
trabajo, existen diferentes tipos:

a) Luminarios surface-mounted, son troffers con cuatro lados terminados. Son disponibles
con difusores o con louvers.

b) Los luminarios Wrap arounds tienen dlfusores que rodean completamente las 14mparas
fluorescentes.

FIDE-ATPAR AHORRO DE ENERCHA EN ILUMINACION INTERIOR

i



¢) Los luminarios strip lights tienen un chasis expuesto y ldmparas visibles.

d) Los luminarios fluorescentes con louvers tienen extremos pintados y abertura con
louvers.

1. SISTEMAS DE ILUMINACION SUSPENDIDA

Aunque los luminarios comerciales puedan ser usados comao luminarios suspendidos, existe una
clase especial de alta calidad y bien terminados Juminarios diseitados para usarse en oficinas y
escuelas. La mayorfa de estos productos tienen distribucién indirecta y algunos estdn disefiados
especificamente para trabajos con terminales de video (ver fihura 9),

V1.3.d.- ILUMINACION INDUSTRIAL Y DE TRABAJO

La iluminacién industrial y de tiendas emplea luminarios disediados para tener durabilidad,
eficiencia y bajo costo. Muchos de estos luminarios son disponibles en versiones para corrosndn
o ambientes explosivos: Existen varios tipos de luminarios industriales.

Los fluorescentes industriales exponen a las ldmparas con un reflector poco profundo.Los
accesorios incluyen protectores de ldmpara y cables y housings resistentes a la corrosién.

Los luminarios tradicionales de pie para incandesceates, compacto fluorescentes y ldmparas
HID son llamados frecuentemente "RLMs" o "Luces de Fbrica® (Ver figura 10) '

Los luminarios montables tipo globo se usan para HIDs,  compactas fluorescentes y lémparas
incandescentes. Se les Hlama "Jelly Jars®.

Los luminarios industriales para HID con reflectores de alta eficiencia estdn disefiados para
alturas de montaje especfficas, como unidades para distribucién amplia en alturas de bahfa baja
o unidades para distribuci6n angosta en alturas de bahia alta.

Luminarios para propdsitos especiales son disefiados para aplicaciones &cpeciﬁms como
iluminacién de almacenes o iluminacién para inspecciones de fabricacion.
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1. ILUMINACION PARA EXHIBICIONES

El equipo para ﬂuMiéﬂ de exhibiciones se disefia para la iluminacién de mercancfas.

Aunque cualquier tipo de iluminacién puede ser usado para estos propdsitos, existen muchos
sistemas de iluminacién disefiados especificamente para estas funciones.

2. SISTEMAS DE ILUMINACION TRACK Y CABLEADO

La iluminacién track consiste de una tira de aluminio resaltado con aislacién pldstica interna
y conductores eléctricos. Los luminarios llamados track lights se soportan y toman su energfa de
1a tira de aluminio. Estos luminarios pueden ser posicionados en cualquier lugar a lo largo del
track, ofreciendo un sistema muy flexible.

La mayoria de los tracks opera a 120 Volis, y pueden tener de unoa cuatro circuitos separados
para regular la potencia. .

La iluminacién open-wire utiliza cables desnudos o tubos energizados a bajo voltaje para
encender la iluminacién. Como la iluminacién track es fdcil de instalar y muy flexible.

3. ILUMINACION SEMI-TEATRAL

Para la iluminacién de efectos especiales siempre se desea utilizar verdaderos instrumentos
teatrales 0 semi-teatrales. Los equipos mds utilizados. se describen abajo; y uno de ellos se
muestra en la figura 11.

Los spots de bajo voltaje son equipados generalmente con ldmparas PAR de 6 6 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 distribucién
apropiada especialmente para articulos de arte.
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4. ILUMINACION DE VITRINAS

Existe un problema especial para la iluminacién en vitrinas, y es que necesita fuentes de luz
lineales y pequefias; esto ha llevado a que se necesite equipo especial de iluminacién.

Debido a la proximidad de las ldmparas y los objetos, el infrarojo y radiacién ultravioleta del
sistema de iluminacién pueden ser factores determinantes. La mayorfa de los sistemas de
ilumiancién de vitrinas son diseflados para minimizar el calor.

Las ldmparas "T" incandescentes de bajo voltaje son las mds antiguas y baratas de la
iluminacién para vitrinas, sin embargo son las m4s calientes y las menos eficientes.
Sistemas de iluminacida de bajo voltaje de Incandescentes y halGgenas tienen un difmetro menor -
y producen menos calor que las ldmparas T.

Sistemas de fibra éptica de fuente remota son los mas caros de 1a iluminacién para vitrinas.
Los sistemas de tubos floorescentes son un poco mas lirgas en didmetro, sin embargo son
menos caros y producen muy poco calor,

VI.3.¢.- ILUMINACION DECORATIVA Y ORNAMENTAL

La iluminacién ha evolucionado de la vela, gasolina y gas; muchos de los ornamentos
tradicionales han entrado a la era de la ﬂummacndn eléctrica con muy pocos cambios en sus
disefios y ademds siguen siendo populares en sus formas cldsicas.

Los candelabros son luminarios suspendidos formales y muy elaborados. Originalmente
disefiados para velas, fueron acoplados a las ldmparas eléctricas no hace mucho en la historia de
la iluminacidn eléctrica.

Los candeleros de pared son luminarios que s¢ montan en la pared y que originalmente
sostenian velas. Se usa mds frecuentemente para iluminacién difusa de la pared adyacente o del
techo.

Los faroles son luminarios decorativos usados tradicionalmente para exteriores y para
iluminacién de pasillos.

El aumento de 1a modernizacién en la arquitectura trajo consigo el uso de nuevas tecnologias
y nuevos materiales. Dos luminarios de pie comunes vienen de esta tradici6n:
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Los luminarios de metal o de vidrio decorativo colgantes son modernas interpretaciones de
candelabros.

Los brackets de pared son modernas interpretaciones de los candeleros de pared.
Algunos de estos luminarios se muestran en la figura 12.

1. ILUMINACION PORTATIL

La iluminacién portdtil se define como el equipo de iluminacién que puede ser colocado y
conectado en cualquier lugar deseado. La mayorfa de la iluminacidn residencial es portdtil, as{
como en algunos lugares de trabajo. ALgunos de los luminarios portdtiles mds comunes se
describen a continuacién.

a) Las ldmparas de mesa y piso son estilos tradicionales utilizados en casas y en lugares
semejantes,tales como Jos cuartos de un hotel, para tareas locales e iluminacién en
general.

b) Los Torchieres son ldmparas de piso de alta potencia disefiadas para xlummacndn de
techos. Estas proveen iluminacion general reflejada.

¢) Las l4mparas de escritorio tienen muchos disefios importantes, tales como las 1dmparas
cldsicas para arquitectos o las ldmparas fluorescentes ajustables usadas por dibujantes e
ingenieros.

d) La iluminacién de acento portatil se usa para resaltar objetos individuales, tales como
plantas o cuadros.

V1.3.f.- SISTEMAS DE ILUMINACION ESPECIALES PARA INTERIORES

Existen numerosos tipos de iluminacidn interior muy creativos y decorativos, la mayorfa
creados en los iltimos 20 afos de un acelerado interés en el diseflo y tecnologfa de la
iluminacién.

Muchos de estos luminarios tienen una f4cil clasificacién por ser productos unicos.
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a) Sistemas modulares de bajo voltaje emplean muchas l&mparas pequefias (menos de 5
watts cada una) para crear un efecto centellante usado en pasillos teatrales.

b) Sistemas mobiliarios integrados.- Incorporan luminarios construldos en oficinas de
trabajo para la iluminacién de tareas o de ambientacisn.

¢) Sistemas de funcion integrados.- Incorporan iluminacién a un solo housing con una o
mis aplicaciones eléctricas, tales como bocinas, ventiladores o detectores de humo.

Sistemas de fibra Gptica de una unidad de iluminacidn, sc usa en exteriores con la fuente en
un lugar remoto con las fibras llevando la luz al destino deseado.

VL.3.g.- ILUMINACION DE EXTERIORES

Uno de los avances de la iluminacién eléctrica fué el de remplazar las l4mparas de gas como
fuente de la iluminacién de calles, banquetas, parques y otros. El equipo de iluminacién de gas
di6 las bases para el disefio de muchos luminarios; como los mostrados en la figura 13. '

" 1. LUMINARIOS DE POSTE

Los luminarios de poste son usados para iluminar espacios exteriores grandes tales como
estacionamientos o carreteras. La mayorfa de los postes de alumbrado de calles tienen entre 12
y 40 pies de alto (3.6 y 12 metros). Los postes con mds de 40 pies de alto (12 metros) se
conocen como luminarios de poste alto, mientras que los juminarios montados a menos de 40
pies (12 metros) se les lama luminarios peatonales altos. Los luminarios para montarse en los
postes incluyen: '

a) Luminarios decorativos como globos, cubos, bellotas y faroles.
b) Los luminarios de poste alto llevan luminarios "cobra head” o "shoe boxes”.
- ¢) Faros de inundacidn 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 distribucién ancha y disefiados para
montarse en la supcrﬁcxe de una pared exterior. Emplean generalmente ldmparas de HID o
fluorescentes y in balastro integrado en un housing resistente al vandalismo. Estos luminarios”
proveen iluminacién segura a bajo costo.

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 iluminacién de arquitecturas exteriores ha Ilcvado ha,
desarrollar importantes y diferentes tipos de luminarios:

a) Los "Bollards” son luminarios pequeflos para iluminar carreteras y caminos con baja
altura.

b) Los luminarios y postes omament‘ales juegan un papel significativo en la apariencia
diurna y nocturna en plazas y parques.

¢) Los faroles y braquets s¢ usan generalmente cerca de las entradas a edificios, teniendo

un estilo complementario a la arquitectura del edificio; de hecho, muchos arquitectos
disefian los faroles especificamente para reflejar los elementos principales del edificio.

Las luces de fachada son luminarios especificamente disefiados para iluminar fachadas y
siluetas de edificios durante la noche.

Estos luminarios se muestran en la figura 14.
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Figura 11.Luminario semi-teatral

Figura 13.Luminarios para exteriores tipo poste
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3. ILUMINACION DE PAISAJES

La iluminacién para acentuar el paisaje y no solamente la arquitectura se ha convertido en una
importante aplicacion del disedio de iluminacién. Se ha disefiado equipo especial para condicionés
dsperas y humedas para iluminacién de paisajes, incluyendo toda una familia completa de
diferentes disefios.

6. ILUMINACION DESDE TIERRA

Esta se utiliza generalmente para iluminar hacia arriba plantas y edificios aledafios. Se utilizan
~nuchos tipos:
a) [luminacién desde tierra incluyendo los luminarios tipo sellados y los "direct burial®.
b) Los luminarios "box mounted” incluyen "bullets”, "wall washers” y luces de paso.

¢) Los luminarios "stake mounted” incluyen uplights ajustables, luces de paso y wau
washers.

7. ILUMINACION DE JARDINES Y SENDEROS

La iluminacién de jardines y senderos tienen luminarios de diferentes tipos montados
usualmente en pequefios soportes de menos de 42 pu!gadas (1.06 m). Estos luminarios
distribuyen 1a luz hacia abajo para iluminar drboles, caminos, y dreas con pasto. Algunos estilos
comunes son el "flower bed light™, el "tulip light™ y el "pagoda light".

8. ILUMINACION AEREA

La iluminacién aérea generalmente se monta arriba de los edificios o de los drboles para
iluminar hacia abajo. Un tipo de iluminaci6n aérea se usa para simular la luz de luna dirigiendola
por las ramas de un 4rbol.
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9 ILUMINACION ACUATICA

- La iluminacién acudtica se emplea generalmente en albercas y en fuentes, pero se usan
vanamones para crear efectos interesantes en manantiales, caidas de agua, jardines de roca,
peceras y en muchas mds.

V1.3.h.- OTRAS ILUMINACIONES EXTERIORES

Como en la iluminacién interior, existen muchos tipos de iluminacién exterior, incluyendo
algunos tipos especiales disefiados para aplicaciones especiales. Algunos de estos incluyen:
ItTuminacidén de deportes, disefiados especialmente para iluminar campos de juego y estadios.
Equipo de iluminacién marftima, disefiados para soportar los efectos corrosivos del agua salada.
Iluminacién en la aviacidn, incluyendo la pista de aterrizaje y diferente equipo de iluminacién..
Luces.de pared, luces de paso y pasamanos para iluminacién de escaleras exteriores.

1. REFLECTORES ESPECULARES
a).- La tecnologia

La superficie interna de un luminario fluorescente tipico tiene una forma simple con un
revestimiento de esmalte blanco. Dentro de estos luminarios, la luz efectia reflexiones miltiples
perdiendo intensidad antes de salir det luminario.

En contraste, la forma compleja y alta reflectancia de los reflectores especulares lleva mds luz
hacia el lugar donde la tarea se realice. De esta forma estos reflectores nos permiten usar menos
l4mparas y balastros en un sistema de iluminacién fluorescente.

La cantidad de luz reflejada y su comportamiento direccional depende de dos caracterfsticas .
del material del reflector: su reflectancia especular y su reflectancia total.

Un matenal con alta reflectancia especular tiene un tiene un terminado espejo. Un material con

una alta reflectancia total minimiza la cantidad de luz absorbida por la superficie durante la
repexnon
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Los reflectores especulares bien disefiados dirigen 1a luz producida fuera del luminario con-un’
minimo de reflexiones.

Los reflectores especulares también tienen reflectancia total, y esto significa que durante’las.
pocas reflexiones efectuadas, una mfnima cantidad de luz es absorbida por el material.
El material de los reflectores especulares existen en tres categorfas.

Film laminado de plata: Un film de poliester es revestido con plata y mezclado con un sustrato
de aluminio para producir la alta reflectancia.

Alumiro revestido con dieléctrico: Un revestimiento dicléctrico (formado por metales

vaporizados y por materiales dieléctricos inorgdnicos) es depositado en vacfo 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 plata
o con di¢léctrico.

~ b).- Ventajas

Eficiencia Incrememuaua. wu »van.ctor especular bien disefiado combinado con delamping puede
aumentar la eficiencia del luminario en un 20% 6 30%.

La eficiencia del luminario se define como el porcentaje de luz producido por la 14mpara que
no es absorbida por el interior del luminario y que realmente lo abandona.

E! incremento en la eficiencia se debe a tres factores: a la habilidad del reflector para dirigir
mas luz fuera del luminario, mejor funcionamiento de la ldmpara que normalmente ocurre en los
luminarios con delamping (debido a menores temperaturas de operacin),y a los  efectos dé
sombra de la ldmpara reducidos.

Menor Carga Térmica: Con un menor mimero de ldmparas y con balastros mds fries los costos
por carga térmica se reducen considerablemente, aumentando asf los ahorros por iluminacién al
20%. Los ahorros por la carga térmica varfan con el clima, pero son por lo general mayores que
los incrementos producidos por el calor porque las cargas térmicas anuales de un edificio son
mayores que las cargas por calor.
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Apariencia uniforme y. reflejo-reducido:” Los ‘reflectores * especulares * producen brillantez
uniforme similar a Ia apariencia:original;del luminario’ “detal' modo qué prévee la tendencia a
. remplazar
las Jdmparas faltantes.El.reflector puede:reducir también la brillantez del luminario cuando se

ve con dngulos. mayores:; Esto reduce el reflejo y mejora el comfort visual dentro del ambiente
de trabajo

c¢)-- Aplicaciones .

Los renectores especulares se usan mds comunmente juniv-con-un Selectivo delampmg
Quitando dos l4mparas de un luminario de cuatro, ¢ instalando-un reflector especular, 1a energfa
utilizada puede redusirse en un 50% con una mantenida'salida de luz reducida en in 25% 6 40%.

Esta reducci6n en la salida de luz puede se apropiada en’ espacios’que necesiten'los mveles de
luz recomendados. En otro caso la instalacion del reflector'puede ser suplementada con ldmparas
con mayor salida y/o con mejores difusores para recobrar-1a reduccién en salida de luz.

Dependiendo de su posicién, deberdn ser recolocados dentro del luminario las ldmparas
restantes y sus sockets para maximizar la eficiencia y mejorar la apariencia. Los balastros de
~ encendido rdpido-que no se-usen; deberdn ser desconectados. ya que estos seguiran entregando
energia después- del:delamping.

- Donde los niveles existentes de luz sean muy bajos, los reflectores especulares pueden
aumentar-el ‘nivel promedio de luz en un 15% o mds, dependiendo de las condncnones existentes
de la superﬁme del esmalte.

‘Como en cualquier sistema de iluminacién la superficie del reflector debe ser limpiada de
acuerdo a las instrucciones def fabricante en intervalos regulares, para mantener el nivel dptimode
funcionamiento.

También, para mantener los niveles de luz adecuados y ahorrar en los costos de remplazo, el

usuario: debe establecer-un programa de remplazo y limpieza del luminario en intervalos
recomendados.”

Los geflectores espeéularcs tienden a concentrar la distribucién de luz hacia abajo. Aunque esta
concentracién puede reducir el reflejo y la brillantez, también reduce el haz de Inz. Esto puede
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reducir la iluminnticia & través der esnacis 'y Crear ateas gsegras-en las paredes.

Cuando se evalue el. disefio de un reffector; se ticue queichecar-la libertad de moverlo y de
reinstalarlo. También se:tiene que ser cauteloso de los Hamados disefios éstandar que pueden no
optimizar la salida de luz, Si se lleva acabo una recolocacisn o si el reﬁector estd siendo usado
cmo parte de una cerca eléctrica, especifique solansenté reflectores'y dccesorios clasificados U.L

Use esta lista cuands evalide vt reflecto:
a) Prueba de éam'p(r ¢ procedimento de disefie.

b) Impacto cn el mante:iimiento de los niveles dé liuz y t2 amplinid: del haz.
¢) Apariencia, uniforme.
@& Necesidadg:da tecolocaerin o Tdinparas:
&) ClasificaciiniI.L.
f) Requennuentos de.codiga focaies
2) Garantia en el funcionamiento del reflector,
h) Accesibilidad & ios halastros.
i) Selecciér de nuevas. ldmparas.
j) Remplazs del difusor/bslastro.
k) iesconectar balasitos no vsados.
1) Remplazo y. limpieza pot grupos.
) Cambiar balastros por grupos. -

La decision de usar reflectores especnlares débe estar basadsr &1 considesaciones' cconSmicas,
de ingenierfa, en calidad ¢z ilaminstion yestéticzs: ‘Para resmuder todis m.«rpn'gnmwmqunm

en la iluminacita con feflectores especuiares, se necesitaig eviluzcion. dewc!(w Yos componente:
de! cistens.

Si no puede decidis. cntrc 1as diférentes alternsiivas pregunte a4, consultor indeépendienta de
iluminacién.
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