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Ref: EXPEDIENTE N°{00041413’
Solicitud de patente a nombre de
DONALDSON COMPANY, INC

Me refiero a la ultima providencia y al concepto tecnico N° 809, recaido en el
asunto de la referencia y adjunto presento lo siguiente: |

1-

2.
3.
4-
5.
6-
7-
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Una nueva descripcion con las modificaciones requeridas. |
Las Reivindicaciones originalmente presentadas permanecen igual |
El extracto requerido para la publicacién. ;
Los dibujos formales. | ;
La tarjeta de archivo tématico con el arte incorporado. |
La tarjeta de archivo de propietarios.

El arte final en dos copias de 12 X 12 cms.

Las copias certificadas de las solicitudes estadounidenses N° 09/325. 697 del

3 de Junio de 1999 y 09/452.311 del 1° de Diciembre de 1999, sobre las que
se reclama pnondad \

|

En vista de las fechas antes mencionadas, las observaciones juridicas sobre el

Convenio de Paris no son aplicaciones en el presente caso, pues la pnorldad se
reclamo dentro de los términos legales.

Como el Expediente queda asé completo, pido se continte con su tramite.

Atentamente,

Brofh ST

T.P 80331 C.S. Judicatura
C.C. 39.784.109 Usaq{uén

!
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El. SUSCRITO JEFE DEI. AREA DE |
LEGALIZACIONES DEL MINISTERIO'
DE REILACIONES EXTERIORES :

CERTIFICA | |

|

|

Que revisados los registros gue se llevan en esta oficina
aparece la firma de la seflora ESPERANZA MELENDEZ ESCOBAR
como traductora e intérprete oficial para lose idiomas
FRANCES- ESPAROL, ESPAROL—-FRANCES, INGLES-ESPANOL,
ESPANOL-INGLES segun resolucién No. 8913 del i5 de
diciembre de 1982 !

]
La anterior certificacion se expide a sclicitud Je la
interesada guien se identificd con cédule de (Ciudadanisa
No. 41.715.219 de Bogotd '

|

Dzda en Santafé de Bogotda, D.(C.. a los ochc (&) dias del
mes de agosto de 1896.

|
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“FILTRO DE AIRE DE MULTIPLES PASOS INCLUYENDO UN SISTEMA DE

|
LIMPIEZA POR PULSO” |

|

' Campo de la invencién ‘,
La presente invencion se refiere a filtros de aire y particularmente
concierne a filtros de aire para limpiar el aire de combustion dirigido a la toma *de
aire de motores de grandes vehiculos y equipos. La invencion concieﬁne
preferentemente a los disefios de filtros de aire para tal uso, y métodos de

disposicion y uso. |
|
!

Antecedentes de la invencién ]

En general, el aire de combustion para motores necesita ser filtrado
para prevenirse de particulas, de tal manera son llevados a la toma de corrientte
de aire, alcanzando los componentes sensibles del motor. Como un resultado,
casi todo sistema de motor que incluye combustion de aire incluye uﬁ’a
disposicién de filtro de aire de aigin tipo ubicada en la toma de corriente de aire.

Varias disposiciones de filtros de aire generalmente comprenden Un
alojamiento a través del cual el aire es dirigido durante la filtracién o el Iimpiadé,).
En algunos sistemas, un elemento filtrante recambiable y removible, o una
combinacién de tal elemento filtrante, es provisto dentro del alojamiento. En el
uso, el aire es dirigido a través del elemento filtrante mientras se mueve a travé’fs
del alojamiento. En un momento, el elemento filtrante se vuelve obturado o
cargado con un contaminante incrementando la recepciéon a través del airé‘
limpiador. En un punto apropiado de servicio, el elemento filtrante es removido y
es ya sea reacicalado (limpiado) o reemplazado. ‘

Ciertos tipos de equipos grandes y poderosos generan un t’micc;
problema con respecto a la operaciéon de limpieza de aire. Considerando los
movedores de tierra, camiones de transporte, y otros varios tipos de equipos;‘_
grandes de construcciéon y mineria que tienen una potencia de 500 a 2000 hp‘i
(37.3-149.2 KW). .

Tales equipos operan por periodos extendidos y en medio ambientes'

1
extremadamente sucios, tales equipos ademas tienen una gran demanda de'.

i
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olumen de aire de combustion. Esto significa que grandes cantidades de aire
-argado con particulas en una base casi continua de paso a través del sistema de
iitro de aire. En efecto, los medio ambientes tipicos de uso, por ejemplo en los
itios de construccion y sitios de mineria, son sitios caracterizados por la ¢cantidad
elativamente grande de particulas transportadas por aire de una variedad de
amanos y distribucion de populacion.

Las unidades de filtrado de multietapas especiales altamente
esistentes han sido disefiadas para el uso con tales equipos. Tal disefio ha éido
lisponible de Donaldson Company Inc. de Minneapolis, Minnesota bajo el nombre

le SRG Donaclone™. Tales productos son disefiados para un flujo de aire de

1asta aproximadamente 36 a 126 mts cubicos por minuto (ctm) y son disponibles
:n unidades de disefio dobles o simples. En general, tales disposiciones son
nultifacéticas. En un primer paso, un pre-filtro es provisto para la remocién de
1asta el 95% de suciedad en la corriente de aire previo a que alcance a los filtros.
lales pre-filtros generalmente operan por medio de dirigir la entrada de flujo de
lire a través de una pluralidad de tubos ciclénicos coﬁ'- una separacion de
suciedad ocurriendo como un resultado del flujo de aire ciél()nico. Los pre-filtros
iiclonicos son descritos, por ejemplo, en la Patente Norteamericana US 5.693.109
ncorporada a la presente a modo de referencia.

En una segunda etapa, el aire desde los pre-filtros es dirigido dentro y
1 través de un sistema de filtro de aire, tipicamente un sistema de filtro provisto
;on dos elementos: un elemento filtrante principal exterior y un elemento de
seguridad o secundario interior. Los alojamientos son generalmente configurados
)ara que, periédicamente, el filtro principal (y si se desea el filtro secundario)

yuedan ser removidos y pueden ser reacicalados o0 reemplazados.

Resumen

. Resumen de la Solicitud de Patente Norteamericana US No. 09/325.697

En un aspecto de la Solicitud de Patente Norteamericana US No.
)9/325.697, un ejemplo de realizacion incluye una disposicién de filtro. La

lisposicion de filtro incluye un alojamiento que define primeras y segundas
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camaras, una primer etapa de filtro de aire, una segunda etapa de filtro de aire, y
una disposicion de filtro pulso reactor. La primer etapa de filiro de aire es ubicada
en la primer camara e incluye un primer elemento filtrante a través del cual el aire

a ser filtrado es dirigido durante el uso. La segunda etapa de filtro de aire es

ubicado en la segunda camara e incluye al menos un elemento filtrante
reemplazable y removible a través del cual el aire es dirigido durante su uso. La
disposicién de filtro pulso reactor es construida y dispuesta para selectivamente
dirigir un pulso reactor de aire, en una direccién opuesta, a través de dicho primer ]
elemento ﬁltranfe.

. En otro aspecto de la Solicitud de Patente Norteamericana US |
09/325.697, un aparato incluye un primer paquete de filtro en forma de V y un
mecanismo elevador. El primer paquete de filiro en forma de V tiene un primer |
extremo inferior y un segundo extremo superior. EI segundo extremo superior
incluye una abertura de salida de flujo de aire; una primer disposicion de sello, o j
junta, que circunscribe la abertura de salida de flujo de aire y se proyecta hacia
fuera desde dicho segundo extremo superior; y una disposicion de tope duro que
se proyécta hacia fuera desde dicho segundo extremo superior. El mecanismo de |
elevacién incluye una estructura base, un asiento movible fijado a la estructura

' base, y un brazo de control montado pivotantemente. El asiento movible tiene una |
primer orientacion elevada y una segunda orientacién rebajada. El brazo de
control montado pivotantemente eleva el asiento movible a la primer orientacién )
elevada y desciende el asiento movible a la segunda orientacion rebajada. El
primer paquete de filtro en forma de V y el mecanismo elevador son construidos y ’
dispuestos de tal manera que cuando el mecanismo elevador esta ubicado en la
primer orientacion elevada, el primer paquete de filtro en forma de V es oprimido
contra una porcién de un alojamiento en una posicion trabada con la primer |
disposicion de sello presionada para formar un sello y el tope duro limitando una
extension de movimiento del paquete en forma de V hacia el alojamiento. Cuando ‘
el mecanismo de elevacion se encuentra en la segunda orientacién rebajada, el
primer paquete de filtro en forma de V es liberado de la posicién de traba. |

En otro aspecto de la Solicitud de Patente Norteamericana US |

09/325.697, un método de operar una disposicion de filtro de toma de aire de |
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motor es divulgado. La disposicién de filtro incluye una primer camara para alojar

una primer etapa de filtro de aire, una segunda camara para alojar una segunda

etapa de filtro de aire, y una disposicion de filtro pulso reactor construido y'

dispuesto para selectivamente dirigir los pulsos de aire a través de la primer etapa
de filtro de aire. El método incluye medir la caida de presion a través de la primer
etapa de filtro de aire durante la operacién del motor; midiendo una carga de
motor durante la operacién del motor; y activando una valvula de pulso de la
disposicién de filtro de pulso reactor para dirigir un pulso de aire, en una direcéién
opuesta, a través de la primer etapa de filtro de aire en respuesta a la carga Edel
motor siendo por debajo de una carga predeterminada de motor y la ‘caida;de

presion excediendo una predeterminada caida de presion.

Il. Resumen de la disposicion de intertrabado

En un aspecto de esta divulgacion, un ejemplo de realizacién incluye
un aparato. El aparato incluye un mecanismo de retencién, un paquete de filtro en
forma de V, y una disposicion de intertrabado. El mecanismo de retencion inclﬁye
una estructura base y un asiento movible. El asiento movible es fijado az la
estructura base y tiene una primer posicion trabada y una segunda posic;ién
destrabada. El paquete de filtro en forma de V incluye una construccién de marco
que presenta primer y segundas estructuras de marco. El paquete de filtro en

forma de V ademas incluye primer y segundas secciones de paneles montados en

extensiones entre las primer y segundas estructuras de marco. La primer seccion

de panel tiene primer y segundos extremos. La segunda seccion de panel tiqne
tercer y cuartos extremos. El primer y tercer extremos tienen una primer distanicia
entre los mismos, el segundo y cuarto extremos tienen una segunda distané:ia
entre los mismos. La segunda distancia es generalmente mayor que la primer
distancia de esta manera generando una forma de V. Las primer y segundo
seccion de paneles y la segunda estructura de marco definen una abertura de
flujo de aire. El paquete de filtro en forma de V ademas incluye una disposicion de
sello que circunscribe la abertura de flujo de aire y se proyecta hacia fuera desde

la segunda estructura de marco.

%7 X
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El aparato tiene una primer posicion operable en donde el paquete de
filtro en forma de V estd montado operablemente en el aparato. El aparato
ademas presenta una segunda posicion de descarga en donde el paquete cse filtro
en forma de V se encuentra en una posicion suelta para la separacién del
aparato. La disposicion de intertrabado incluye primer y segundos dispositil"los de

intertrabado. El paquete de filtro en forma de V incluye un primer dispositivo de

intertrabado. El segundo dispositivo de intertrabado esta orientado en el apa'!lrato y

esta montado en un componente separado del paquete de filtro en forma defi V. La
|

disposicién de intertrabado esta construida y dispuesta de tal manera que cyando

el sistema de retencién se encuentra en su primer posicién de trabadcj y el

aparato esta orientado en la primer posicion operable, el primer y seéundo

dispositivo de intertrabado acoplan tipicamente por medio de un éncaje A

macho/hembra. ' l;
|

En otro aspecto de esta divuigacion, un ejemplo de realizacién incluye
un paquete de filtro en forma de V. E! paquete de filtro en forma de V incluye una
i

estructura analoga a aquella descrita anteriormente. |

En otro aspecto de esta divulgacion, un ejemplo de realizacion
i

incorpora un método de trabar un paquete de filtro en forma de V en una posicion
operable alrededor de una abertura. ‘
i
Breve descripcion de los dibujos |

La figura 1 es una vista en elevacion frontal esquematica de Euna

disposicién de acuerdo con la presente invencion; ,

. . . |
La figura 2 es una vista en elevacion lateral esquematica de‘ la

disposicién ilustrada en la figura 1; ;
La figura 3 es una disposicion en planta tomada desde arriba
esquematica de la disposicion ilustrada en la figura 1; :
La figura 4 es una vista en perspectiva tomada desde adeldnte

esquematica de la disposicion ilustrada en la figura 1;

!
t

La figura 5 es una vista en perspectiva posterior y esquematica dé_ la

. e |
disposicion ilustrada en la figura 1; =
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La figura 6 es una vista en perspectiva frontal esquematica analoga a

la figura 4, con porciones en corte para ilustrar el detalle interno; |

. . o
La figura 7 es una vista en elevacion frontal esquematica de la

disposicién tal como fue descrita en la figura 6; |

La figura 8 es una vista interna en perspectiva esquematica de

porciones de la disposicion de la figura 1; ,

La figura 9 es una vista en elevacion frontal esquematica de la

disposicién descrita en la figura 8;

La figura 10 es una vista en elevacion frontal aumentada esquematica
de las porciones de la disposicion interna de la figura 1; "

La figura 11 es una vista en elevacion lateral aumentada y esquematica

de las porciones de la disposicion interna de la figura 1; !

La figura 12 es una vista en planta tomada desde arriba esquem?tiw

de la porcidn inferior de la disposicién ilustrada en la figura 10; !

|

La figura 13 es una vista en perspectiva tomada desde arriba
|

esquematica de la porcidn inferior de la disposicion ilustrada en la figura 12; |
La figura 14 es una vista en elevacion lateral esquematica de Ia porcion

inferior de la disposicion ilustrada en la figura 12; '
|
La figura 15 es una vista ene elevaciéon frontal y esquematica de la

\
I

La figura 16 es una vista en perspectiva y esquematica de la priiner

disposicién de la figura 1 con porciones de la disposicion removidas;

camara de la disposicion de la figura 1, con porciones en corte para ilustrar

detalles internos; !

i

La figura 17 es una vista en perspectiva y esquemética del elemehto

I8

principal de la segunda camara de la disposicién de |3 figura 6; }

La figura 18 es una vista en perspectiva y esquematica del elemento I;de
seguridad de la segunda camara de la disposicién de la figura 6; }
La figura 19 es una vista en elevacion posterior esquematica de uno de
los paquetes en forma de V de la figura 6; ,

La figura 20 es una vista ene elevacion lateral esquematica de uno de

los paquetes en forma de V de la figura 6; 1
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La figura 21 es una vista en planta tomada desde arriba esque"mética

de los paquetes en forma de V de la figura 6; !

!
La figura 22 es una vista en perspectiva y esquematica del siste'ima de

|
La figura 23 es una vista en planta tomada desde arriba y esquematica
|

retencion de la disposicion de la figura 6;

del sistema de retencion de la figura 22; |

La figura 24 es una vista en elevacién lateral y esquematica del sistema

de retencion de la figura 22; 1
I

La figura 25 es una vista ene elevacion frontal y esquematica del
|
)

La figura 26 es una vista en elevacién posterior y esquematica de las
|
porciones de la segunda camara de la disposicion de la figura 6; |

sistema de retencion de la figura 22;

La figura 27 es una vista en corte y esquematica tomada a lo Iardp de

las lineas 27-27 de la figura 26; 1
|
La figura 28 es una vista en perspectiva y esquematica de un ejemplo

de realizacion del tanque de carga de la disposicion de la figura 10; "

La figura 29 es una vista en planta tomada desde arriba y esquemética
]

del tanque de carga de la figura 28; 1

La figura 30 es una vista en corte y esquematica del tanque de c#rga

de la figura 29, tomada a lo largo de las lineas 30-30; '

La figura 31 es una vista en corte y esquematica del tanque de cérga

de la figura 29, tomada a lo largo de las lineas 31-31; ’.
!

La figura 32 es un circuito eléctrico esquematico que describe la
interfase entre un sistema de control y la disposicion de la figura 6 y un vehicul]p;

La figura 33 es un circuito eléctrico esquematico que ilustra en n;‘1és
detalle el control de la figura 32;

|
La figura 34 es un diagrama de flujo de la l6gica del sistema de conflrol

de la figura 32; -

La figura 35 es un diagrama de flujo que describe mas en detalle, la
abrasioén de una valvula de pulso por medio del sistema de control de ia figura 34;
}

La figura 36 es una vista en perspectiva de una segunda realizacién del
!
|
i
|
|

paquete de filtro en forma de V;



La figura 37 es una vista en elevacion lateral del paquete de ﬂ@tro en

forma de V de fa figura 36; \_

La figura 38 es una vista en planta tomada desde arriba del paqu]‘ete de

filtro en forma de V de la figura 36; }

|
La figura 39 es una vista en corte de una segunda realizacion qe una

primer camara de una disposicion de filtro; |

La figura 40 es una vista en planta tomada desde abajo del paque}te de

filtro en forma de V de la figura 36; |

. . . !
La figura 41 es una vista en perspectiva de una tercer realizacion ge un

paquete de filtro en forma de V; |

La figura 42 es una vista en perspectiva de una cuarta realizacié;m de

un paquete de filtro en forma de V; y |

La figura 43 es una vista en planta tomada desde debajo de una qiuinta

realizacion de un paquete de filtro en forma de V. !
!

Descripcion detallada !

l. Divulgacion de la Solicitud de Patente Norteamericana No. 09/325.697 :

A. Medio ambiente del uso; Demanda de sistema :
Las disposiciones descritas en los dibujos 1 a 35 y descritas e:n la
Solicitud de Patente Norteamericana No. 09/325.697, y los principios deﬂnido$ en
asociacion con los mismos, fueron especificamente disefiados para ap!icacio‘lnes
ventajosas y ciertos tipos de equipamientos y medio ambientes de trabajo.
Mientras que los principios pueden ser aplicados en una variedad de aplicaciobes
alternativas, las disposiciones Unicas descritas son particularmente ventajosas “«por

el sistema identificado de uso. ";
|
De acuerdo con la Solicitud de Patente Norteamericana US 09/325.697,

sistemas tipicos en los cuales el equipamiento del tipo definido aqui puede ser (til

como aplicaciones de motores concernientes a grandes motores, generalmente a

motores de 500 a 2000 hp (37.3 a 149.2 KW). Tales motores son generalmente
|

definidos por las demandas de flujo de aire del orden de 1300 a 4500 cfm. |

De acuerdo con fa Solicitud de Patente Norteamericana US 09/.325.697

en general, es deseable que tal equipo sea capaz de operar con no mas de §2

!
1

|
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mm de restriccion a de agua a través del sistema de filtro de aire. Qon la
tecnologia convencional de filtro de aire esto puede significar que debid.lo ala
obstruccién del filtro de aire, los filtros de aire pueden generalmente necesitar el
ser cambiados con una frecuencia de alrededor de 250 horas. A m:]eiayores
periodos de tiempo entre el cambio del filtro de aire y el reacicalamiento sin la
operacién por encima de la restriccion limitante de alrededor de 62 cms de agua
ha sido visto por fabricadores y usuarios de tales equipos. !
B._ Un sistema mejorado tipico de acuerdo con la Solicitud de Patente
Norteamericana US 09/325.697 ’i

En las figuras 1 a 35, un sistema de filtro de aire utilizando prin¢ipios
de acuerdo con aquellos descritos en la Solicitud de Patente Norteamericaﬁa us
09/325.697 es descrito. '.

Haciendo referencia a la figura 1, la referencia 1 generalmente deﬁsigna
una disposicion de filtro de aire o disposicién utilizando principios de acuerdo con
la Solicitud de Patente Norteamericana 09/325.697. Como sera aparente dze las
descripciones de la Solicitud de Patente Norteamericana 09/325.697,% las
realizaciones alternativas, disposiciones, y aplicaciones son sensibles. ‘

En la Solicitud de Patente Norteamericana US 09/325.697z, la
disposicion 1, figura 1, es descrita en una vista en elevacion frontal. Por medio de
“frontal” en este contexto, la referencia significa que un lado 3 de la disposici.én 1
en la cual uno o mas accesos de compuerta o cobertores son provistos pata el
servicio normal. Para la disposicién particular de filtro de aire 1 descrita en la
Solicitud de Patente Norteamericana US 09/325.697, montadas en el lado frc'?ntal
3se encuéntran primer y segundas puertas de acceso, compuertas o cobertor:gs 5
y 6. El primer cobertor 5 se abre para permitir el acceso al servicio a una prfmer
etapa de disposicion de filtro de aire; y un segundo cobertor de acceso 6 esta
orientado para permitir el acceso al servicio a una segunda etapa de disposit':ién
de filtro de aire. "

El primer cobertor 5 esta pivotantemente fijado a la disposicion 1 por
medio de primer y segundas bisagras 7 y 8. Preferentemente, las primer y
segundas bisagras 7 y 8 son bisagras convencionales y son atorniliadas o

ribeteadas tipicamente a la disposicion 1 y el primer cobertor 5. La prime‘_r y
|

1



segundas bisagras 7 y 8 permiten al primer cobertor 5 el moverse hacia fuera
alejado de la disposicion 1 sobre un eje fijo A definido por las bisagras 7 y 8. El

primer cobertor 5 ademas incluye un dispositivo de picaporte 9. Preferentemente,

el dispositivo de picaporte 9 es un dispositivo convencional de picaporte. Por el |

término “convencional’, significa que cualquier dispositivo conocido que es capaz

de fijar el primer cobertor 5 a la disposicion 1. El dispositivo de picapPrte 9

previene al primer cobertor 5 de moverse hacia fuera y alejado de la disp?sicién
1.

i

|
Aunque no es requerido para todas las aplicaciones de la tecnologia

descrita en la Solicitud de Patente Norteamericana 09/325.697, en la realiéacién
particular ilustrada, las puertas de acceso o cobertores 5 y 6 estan ubicadas‘_ en el
mismo lado, por ejemplo en el lado frontal 3 de la disposicion 1. Esto puede éer un
disefio conveniente particular para los fabricadores de equipos y vehiculos,‘,5 dado
que para todos los disefios de equipos, el fabricante necesita solo proveer el
espacio necesario para acceder a la disposicién de filtro de aire 1 péra la
remocion y servicios de elementos en el lado frontal 3 de la disposicion 1. '

La disposicién particular 1 descrita en las figuras 1 a 5 de la Sol?citud
de Patente Norteamericana US 09/325.697 es de alguna manera rectangul;ar en
una seccion transversal horizontal. De este manera, tiene cuatro lados dé los
cuales el lado frontal 3 ha sido designado anteriormente. Los otros Jados
comprenden lados 10, 11 y 12, identificados en general en la figura 1 (elevgcién
frontal), figura 2 (elevacién lateral), figura 3 (vista superior). El fado 12 pluede
tipicamente ser designado como el lado trasero o posterior; por ejemplo eli'lado
posterior 12 enfrentando opuestamente al lado frontal 3 de la disposicion 1. |

Haciendo referencia a la figura 4, se proveen primer y segundos aﬁillos
elevadores 16 y 17. Los primer y segundos anillos elevadores 16 y 17 estan
fijados a primer y segundos platos 18 y 19, en la figura 7. Los primer y segundos
platos estan fijados como parte de la disposicién 1 por medio, por ejemplo'i, de
soldadura. Los anillos elevadores 16 y 17 estan dispuestos y configurados para
permitir a un dispositivo elevador, tal como una grua, el elevar ia disposicién 1

X . i !
para montaje en un vehiculo, tal como un camién de carga pesada. '

|

|

|
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Haciendo ahora referencia a la figura 6, una vista en perspectiva de la
. i 1
disposicion de filtro de aire 1, similar a la figura 4 pero con porciones en corte

para ilustrar el detalle interno. De la referencia a la figura 6, la operacion general
|
i

De acuerdo con la Solicitud de Patente Norteamericana US

|

09/.325.697, en general, la disposicion de filtro de aire 11 incluye un alojaimiento

de la disposicion total del filtro de aire 1 sera facilmente entendida.

exterior 20 dividido en primer y segundas camaras 21 y 22. Una primer etépa de
i

la disposicion de filtro de aire 24 esta ubicada en la camara 21, y una segunda
etapa del filtro de aire 25 esta ubicada en la segunda camara 22. p%ra la
realizacién particular ilustrada, las cdmaras 21 y 22 estan ubicadas en url'pa pila
vertical con la camara 22 ubicada generalmente por encima de la camara 2%1 para
uso normal. En la realizacién particular ilustrada, las primer y segundas camaras

21 y 22 estan fabricadas separadamente una con respecto a la otra y f‘ijadas

conjuntamente. ;

Haciendo referencia a la figura 16, la figura 16 es una vista en
perspectiva y esquematica de la primer camara 21 de la disposiciéon 1 (ﬁgt;ra 6)
con porciones en corte para mostrar los detalles internos. De acuerdo con la
Solicitud de Patente Norteamericana US 09/.325.697, la primer camara 21). esta
construida con primer, segundo, tercer y cuarto bordes 53 a 56. Preferenteni?ente
cada uno de los bordes 53 a 56 incluye una pluralidad de orificios para torhillos
57. Haciendo referencia nuevamente a la figura 6, analogamente, la seg'ynda
camara 22 es también construida con primer (no ilustrado), segundo 58, tercé'r 59,
y cuarto (no ilustrado) bordes incluyendo una pluralidad de orificios para torr'?illos
(no ilustrados). Los bordes 58 y 59 de la segunda camara 22 estan dispuestos y
configurados para coincidir con los bordes 53-56 (figura 16) de la primer cér]para
21 y los orificios de tornillos 57 de la primer camara 21 estan dispuestds y
configurados para alinearse con los orificios de tornillo de la segunda cé\marail 22,
tal que una pluralidad dé tornillos 50 ubicados a través de la pluralidad de orificios
para tornillos 57 fijen la primer cAmara 21 a la segunda cadmara 22. '

De acuerdo con la Solicitud de Patente Norteamericana US 09.325.6!97,
en general, la primer o inferior cAmara 21, de las figuras 1 y 2, es definida :por

primer, segunda, tercer y cuartas paredes laterales 26 (frontal), 27 (lateral), 28

|
!
|
|

9 o
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(lateral), y 29 (trasera). Haciendo referencia ahora a la figura 5, cada unéit de las
paredes laterales 26 a 29 (figuras 1, 2 y 5) quedan definidos en los mismos una
abertura abierta, un ingreso de aire, o ventana 33, a través de la cual el ai‘{e a ser
filtrado por medio de la disposicion de filtro de aire 1 puede pasar dentrb de la
disposicion 1 para ser filtrado. Cada una de las entradas de aire 33 estan, en la
realizacion preferida, cubiertas por una pantalla protectora 34. El ingreso 1de aire
33y la pantalla 34 en el panel posterior 29 estan vistas en la figura 5, tal como es
la entrada de aire 33 y la pantalla 34 en el panel 28. '
Haciendo todavia referencia a la figura 5 y a la Solicitud de FEatente
Norteamericana US 09/.325.697, nétese que se encuentra montado en la,pared
lateral 28 un primer cobertor de intemperie 36. Haciendo todavia referencia a la
figura 5, nétese que ademas un segundo cobertor de intemperie 36 esta m(:)ntado
en o se extiende de la pared lateral 27. Los cobertores de intemperie, tal como el
primer y segundo cobertor de intemperie 36 y 37, protegen a las entradas db aire
correspondientes 33 ubicadas por debajo de los mismos de la entrada de n%veles
indeseables de lluvia, nieve y lo similar. |
Haciendo referencia a la figura 4, se nota que la disposicién 1 ademas
incluye un tercer cobertor de intemperie 40 en el lado frontal 3. En la realiz:acién
ilustrada, el tercer cobertor de intemperie 40 esta montado en el primer coEertor
de acceso 5. El primer cobertor de acceso 5 incluye un ingreso de aire 33 en el
mismo, cubierto por una pantalla 34. En general estos son visibles en la ﬁguréil 15.
Haciendo referencia a la figura 5 y a la Solicitud de Patente
Norteamericana US 09/.325.697, los cobertores de intemperie 36 y 37
preferentemente comprenden una pieza individual de material, tal como n‘l;etal,
doblado en primer y segundos angulos 38 y 39 respecﬁvaménte.
Preferentemente, los primer y segundos angulos 38 y 39 estan aproximadam'ente
a noventa grados. El primer angulo 38 separa el primer cobertor de intemperi;a 36
dentro de primer y segundas secciones 41 y 42. De la misma manera, el seg&{ndo
angulo 39 separa el segundo cobertor de intemperie 37 en una primer y segundas
secciones 43 y 44. En la particular realizacion descrita, las primeras seccioneé 41
y 43 estan fijadas como parte de la disposicion 1. Preferentemente, la primer
seccion 41 del primer cobertor de intemperie 36 esta fijada como parte dc'=I la
i
1
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disposiciéon 1 por medio de la ubicacion de la primer seccién 41 del primer

|
cobertor de intemperie 36 bajo los bordes 54 y 58 de las primer y segundas

camaras 21 y 22 respectivamente, y fijando el cobertor 36 en su lugar pof medio

de, por ejemplo, soldadura. De la misma manera, la segunda seccion '43 del
i

segundo cobertor de intemperie 37 esta fijado como parte de la disposicién, 1.

Haciendo referencia ahora a la figura 4, el primer cobertor de

intemperie 36 ademas incluye una tercer seccion 47. Preferentemente, la tercer
|

seccion 47 esta fijada a las primer y segundas secciones 41 y 42 del cobertor de
intemperie 36. Por ejemplo, la tercer seccion 47 puede ser soldada a las plﬁmer y
segundas secciones 41 y 42. De la misma manera, el segundo cober‘ltor de
intemperie 37 ademas incluye una tercer seccién 46 andloga a la tercer séccién
47 del primer cobertor de intemperie 36. Haciendo referencia nuevamente a la
figura 5, en la realizacién preferida descrita en la Solicitud de P;atente
Norteamericana US 09/325.697, las primeras secciones 41 y 43 de los cobertores
de intemperie 36 y 37, respectivamente, se extienden general}lnente
perpendiculares a las paredes laterales 28 y 27, respectivamente, de la
disposicion 1. Las primeras secciones 41 y 43 previenen los niveles indesé‘ables
de elementos de intemperie, tales como lluvia, de ingresar a los ingresos de:a aire
33 desde arriba o de direcciones paralelas. En la realizaciéon preferida de la
Solicitud de Patente Norteamericana US 09/.325.697, las segundas secciones 42
y 44 de los cobertores de intemperie 36 y 37, respectivamente, se extie]’pden
generaimente paralelas a las paredes laterales 28 y 27 respectivamen{,e, u
ortogonales al suelo. Las primer y segundas secciones 42 y 44 previeneﬁ los
niveles indeseables de elementos de intemperie que ingresen a los ingreso];s de
aire 33 desde los costados o de direcciones perpendiculares. Alternativaménte,
las segundas secciones 42 y 44 son orientadas y alejadas, pero cubriendo'% los
ingresos de aire 33 en las paredes 28 y 27 respectivamente. Haciendo referencia
nuevamente a la figura 4, las terceras secciones 46 y 47 previenen que;_ los
elementos de intemperie ingresen a los ingresos de aire 33 desde la parte fro;jwtal.
Haciendo referencia nuevamente a la figura 5, el primer cobertor de intemperié 36
es abierto a lo largo de un borde posterior 48 y a lo largo de un borde inferior 49.
Estas son direcciones de donde los elementos que caen o son soplados pol}r el
i

l
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viento es menos probable que sean capaces de ingresar en el ingreso!de aire
cubierto 33 en el lado 28 de la disposicion 1, y de esta manera, estas éréas son
accesibles para que el aire ingrese en la disposicion 1. De igual manera, el
segundo cobertor de intemperie 37 es abierto a lo largo de un borde postérior 51
y a lo largo de un borde inferior 52. |
Se nota que la disposicién 1 no incluye, montado en la misi_ma, un
cobertor de intemperie sobre le ingreso de aire 33 en la pared posterior’f29. Es
anticipado por medio de la Solicitud de Patente Norteamericana US 09/3225.697
gue en sistemas tipicos, la disposicién 1 puede ser montada en el vehicula}; de tal
manera que la pared posterior 290 no necesite un cobertor de intemperie, debido
a que el vehiculo por si mismo previene que los elementos ingresen en el ingreso
de aire 33. 1
Haciendo referencia ahora a las figuras 4 y 5, de acuerdo icon la

Solicitud de Patente Norteamericana US 09/325.697, la disposicién 1 incluye una

pestafia inferior o guarda de salpicadura 60. La guarda para salpicaduras inferior

60 incluye primer, segundo y tercer segmentos 61, 62 y 63 montados para |

extenderse hacia fuera desde las porciones inferiores de las paredes 26, 27 y 28,
de la figura 1, respectivamente. La guarda contra salpicaduras o pesta,ha 60
inhibe los niveles indeseables de agua a que sean salpicados dentro del in],greso
de aire 33 desde el lado inferior de la disposicion 1. j
Haciendo referencia a la figura 5, ia tercer seccion de la guarda J‘r.ontra
salpicaduras 63, y analogamente la segunda seccién 62, incluyen una ti{_ra de
montaje 64 por medio de la cual la guarda de salpicadura 60 es montada Een la
pared 28; una extension base 65; y una extensién de salpicadura inclinad‘la 66.
Preferentemente, la extensién de salpicadura inclinada 66 se proyecta sobre un
angulo B, figura 5, relativo a la seccién base 65 de 110 a 160°, preferentemente
alrededor de 135°. Preferentemente, la seccion base 65 estd montada en la
disposicién 1 por medio de una pluralidad de tornillos 69. por supuesto, btros
medios de fijacion pueden ser utilizados, tales como por medio de soladuras. ;
Haciendo referencia a la figura 4, la primer o extension frontal 61 de la
guarda contra salpicaduras 60 incluye una tira de montaje 67 y una seccién;l que
se extiende hacia abajo 68, preferentemente presentando un anguio C'con
l
|
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respecto a la tira de montaje 67, de la figura 2. Preferentemente el éngu‘ilo C se
encuentra entre el rango de 110 a 160°, y mas preferentemente es alred%-:-dor de
135°. Preferentemente, la tira de montaje 67 esta montada en la disposicié}n 1 por
medio de una pluralidad de tornillos 69. Sin embargo, otros medios de',ﬁjacién

pueden ser utilizados, tales como la soldadura. ]
También se nota que el cobertor de intemperie frontal 40, de la ﬁigura 4,
incluye extensiones de guarda de salpicaduras que se extienden hacia alabajo y
hacia atras 79 que se extienden desde una regién 96 montada en un panel de
superficie 80 generalmente hacia la seccién de la pestafia 68, preferenterr)iente a
un angulo D con respecto a la region 96, de la figura 2. Preferenteme!nte, el
angulo D se encuentra entre 110 a 160°, y mas preferentemente es a!rede?_dor de
135°. La extension de guarda contra salpicaduras 79 previene los !niveles
indeseables de agua que sean salpicados hacia arriba por debajo del cobeﬁor 40.
El cobertor 40 ademas incluye un panel superior 82 y paneles laterales op',uestos
83 y 84 (figura 4). Se encuentra abierta, sin embargo, por debajo del bohe 85

para permitir que el aire ingrese a la disposicién 1. ‘

Haciendo referencia nuevamente a la figura 5, tal como se indicaj enla
Solicitud de Patente Norteamericana US 09/325.697, el aire a ser ﬂltrado por
medio de la disposicién de filtro de aire 1 pasa dentro de la disposicion de filtro de
aire 1 a través de los ingresos de aire 33. En la realizacion preferida ilustrada, los
ingresos de aire 33 permiten una transferencia directa del aire dentro de la brimer
camara 21 (figura 6). Por medio del término “directo”, o variantes del mismo en
este contexto, se hace referencia al flujo de aire desde el medio ambiente e*terior
que no pasa principalmente a la segunda camara 22. Haciendo refef"encia
nuevamente a la figura 6, dentro de la camara 21, el aire pasa a través del Qrimer

paso de filtro de aire 24. |
Para la disposicion particular ilustrada en la figura 6 y descrita en la
I

Solicitud de Patente Norteamericana US 09/325.697, el primer paso de ﬁlt]ro de
aire 24 incluye dos construcciones de filtro de aire en forma de V 94 y 95, algunas
veces referidas en la presente como paquetes en forma de V. Los dettalles
concernientes a la construccion preferida de las construcciones de filtro en fl.orma
de V 94 y 95 es provista en la Solicitud de Patente Norteamericana{ us
1
|



09/325.697. En general, las construcciones de filtro en forma de V 94 y'95 son

preferentemente idénticas en construccion, y cada una incluye primer y segundos

paneles de filtros opuestos 97 y 98. Los paneles 97 y 98, para cada filtra en forma

de V 94 y 95 son montados en un marco 199 para definir una camara intérior en
forma de V o un pleno de aire limpio 99. El aire es filtrado mientras pasa d'esde la
region exterior del filtro en forma de V 94 y 95 al pleno de aire limpio 99. LL;iego de
este filtrado en el primer paso 24, el aire luego pasa a través de pasajesl, 100 y
101 de la figura 16, dentro de la cAmara superior 22. ’

Para la disposicién particular ilustrada en la figura 6 y descrita en la
Solicitud de Patente Norteamericana US 09/325.697, los paguetes en forrria de V
o construcciones de filtro de aire en forma de V 94 y 95 son verticazllmente

orientados. Por el término “verticalmente orientado” significa que en la instalacion

normal en vehiculos o equipos parados a un nivel del suelo la orientacion'de los

elementos filtrantes en forma de V 94 y 95 debe ser tal que los vértices 109 Iiy 100,
respectivamente, de los paquetes en forma de V son direccionados hacia ].abajo.
Es, por supuesto, posible el uso de construcciones alternativas en asociacié];:n con
las técnicas descritas aqui, aunque la configuracion de orientacion vl'ertical
ilustrada en la figura 6 es la preferida. :

En orientaciones alternativas puede incluirse una orientacion invertida,
la cual puede ser una en donde los vértices 109 y 110 de los paquetes en ?iforma
de V son dirigidos hacia arriba; y, lateralmente orientados, en donde los vértices
109 y 110 de los paquetes en forma de V son puestos de costado. Existén, en
general, dos tipos de disposiciones orientadas lateralmente: una en doncie los
elementos 94 y 95 se paran en uno de los extremos 203 y 204; y una en donde
los extremos 203 y 204 se extienden ortogonalmente al suelo. Por supdesto,
configuraciones alternas de la totalidad de la disposicién 1 pueden ser necesarias
para alternar las orientaciones de los paquetes en forma de V 94 y 95, aunque las
orientaciones alternas y conﬂguramones son posibles, la orientacion vertlcal .para
los filtros en forma de V 94 y 95 sera la preferida, para razones de: flujo de]'aire,
limpieza por pulso, armado, y servicio. Los paquetes en forma de V preferidd{s 94
y 95 son caracterizados mas abajo en conexion con las figuras 19 a 21 c%e la
Solicitud de Patente Norteamericana US 09/325.697. ‘
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La camara superior 22 incluye, posicionado en la misma, el segundo

paso de sistema de filtro 25. Para la disposicion ilustrada, el segundo paso de
sistema de filtro 25 comprende una construccion de filtro cilindrica 123. Haciendo

ahora referencia a la figura 26 y a la 27, la figura 26 es una vista en elevacion

posterior y esquematica de las porciones de la construccién de filtro cilindrico
123. La figura 27 es una vista en corte y esquematica tomada a lo largo de la
linea 27-27 de la figura 26. Para la disposicion particular ilustrada, la constﬁiruccién
cilindrica 123 incluye un elemento principal 124, ilustrado en perspectivé en la
figura 17, y un elemento de seguridad o secundario 125, ilustrado en persbectiva
en la figura 18. Durante la operacion, el aire pasa a través del elemento principal
124 y del elemento de seguridad 125 dentro de un pleno de aire limpio tcentral
130. El aire filtrado luego pasa hacia fuera a través del tubo de salida 131 h!:acia el
ducto de toma de aire del motor (no ilustrado). i
Periédicamente, puede ser deseable el remover el elemento principal

124, y en algunas instancias el elemento de seguridad 125, para inspeccié’n y en

W)ﬁ

algunas instancias para el reacicalado o reemplazo. Haciendo referencia .

nuevamente a la figura 6 de la Solicitud de Patente Norteamericarl\a us

09/325.697, el segundo cobertor 6 provee un acceso para esto. El segundo

cobertor 6 esta montado en una extensién cilindrica 134 y es fijado en SLII lugar

por medio de una disposicion de grampa 135. Cuando la disposicion de grampa -

135, la cual comprende una correa 133 fijada por tornillos 135, es soltéda, el

acceso a traves del tubo do extension 134 es provisto a un extremo 140, en la

figura 26, del elemento principal 124. El elemento principal 124 puede d|e esta

manera ser tomado y ser removido de su montaje en el tubo de salida 131, de la
figura 27, exponiendo el elemento de seguridad 125, de la figura 27, buede

también ser removido si se lo desea. |

Los detalles concernientes a la construccion preferida y montaje del
l

elemento principal 124 y del elemento de seguridad 125 son provistos a

continuacion y en la Solicitud ‘697, en conexién con las figuras 15, 17, 18l 26y

27. 5
Se hace referencia a las figuras 7 y 8 de la Solicitud de'Pa;tente

Norteamericana US 09/325.697. La figura 7 es una vista en elevacion frontal
|



ilustrando la disposicién 1 con porciones de la parte superior, del lado derecho
11, de la figura 1, y del lado frontal 3 de la figura 1, removido para mostra} ciertas
partes internas. En la figura 8, la disposicion 1 esta ilustrada sin las
construcciones en forma de V 94 y 95, el elemento principal 124 y el elemento de
seguridad 125. La figura 8 es analoga a la figura 7, pero con pc}rciones
adicionales removidas para ilustrar mas en detalle partes internas y reprja_esentar

|

Nuevamente haciendo referencia a la figura 6 y de acuerdo con la

una vista en perspectiva.

Solicitud de Patente Norteamericana US 09/325.697, el primer paso de ﬁltro de
aire 24 incluye una disposicién de filtro por pulso invertido 154. Periédicé;mente,
preferentemente de acuerdo con un programa seleccionado organizado tél como
se describe aqui mas abajo, el sistema de filtro por pulso revertido F54 es
operado para dirigir reactores inversos de aire a través de las construcciones en
forma de V 94 y 95 en el primer paso 24. Esto puede servir para golpear la torta
de suciedad fuera de las superficies superior o hacia arriba de los panelés 97y
98 de las construcciones en forma de V 94 y 95. Haciendo referencia a la figura 8,
la suciedad desalojada puede, bajo la influencia de la gravedad, pasar hatl;ia una
region inferior 157 de la primer camara 21 y hacia fuera a través de una
disposicién de valvula de escape de suciedad 160. una construccion preferida de
la disposicion de valvula de escape de suciedad 160, es tal como se ilustra en las
figuras 8, y 12 a 14, es divulgada en la Solicitud ‘697.
Haciendo referencia a la figura 8 de la Solicitud de Patente
Norteamericana US 09/325.697, un deflector central 170 esta ubicado en la primer
camara 21, entre los paquetes en forma de V 94 y 95. El deflector centr|al 170
depende hacia abajo desde una lamina tubular 171, generalmente al menos 50%
o mas, preferentemente al menos 70% , y méas preferentemente al menos 50% de
la distancia entre una parte superior 180 de la primer camara 21, y el nivlé! mas
bajo 181 de la extensién de los paquetes en forma de V 94 y 95, cuando los
paquetes en forma de V 94 y 95 estan ubicados para filtrar. Preferentemente, el
deflector 170 se extiende por debajo de su nivel inferior 181. El deﬂectc;r 170
ayuda a prevenir la suciedad que ha sido soplada de los paquetes en forméa deV

94 y 95 por medio del aire desde las boquillas de pulso reactores 162 y i65 de
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ser transferidos al proximo paquete en forma de V adyacente 94 y 95.

En vez,

debido al deflector 170, la suciedad es mas seguro que pase hacia abajo de la

base 183 de la primer camara 21.

El término “extremo inferior 183", cuando es utilizado en conex

la caracterizacién de la primer camara 21, se refiere a un region 184. Deb

ion con

e darse

por entendido de posteriores descripciones que la region 184 es la ubicacion a la

cual el equipo que soporta los paquetes en forma de V 94 y 95 esta

dentro de la disposicion 1. La porcion del alojamiento 20 que ing

disposicion de valvula de escape de suciedad 160 generaimente depend

abajo del extremo inferior 183.

C. Los paquetes de filtro en forma de V de la Solicitud de Patente

Norteamericana US 09/325.697

Se hace referencia ahora a las ﬁguras 19 a 21 de la Solic

ubicado
luye la

e hacia

itud de

Patente Norteamericana US 09/325.697. En la figura 19, uno de los paquetes en

forma de V 94 y 95 es descrito. Cada paquete en forma de V 94 y 95 con

nprende

un par de paneles 97 y 98. Los paneles 97 y 98 cada uno comprende un marco

exterior 199 con medios 200 posicionados dentro del mismo. Para las

disposiciones preferidas de la Solicitud de Patente Norteamerica

na US

09/325.697, el medio 200 esta plegado y oriéntado de tal manera que cuando el

paquete en forma de V 94 y 95 esta ubicado en la orientacion vertical de |

a figura

B, los pliegues 201 se extienden horizontalmente. En general, el medio 200 esta

adherido dentro del marco 190 por medio de un material adhesivo tal como

plastisol PVC (por ejemplo, un polivinilclorido). Pueden ser utilizados ad

plastisols comercialmente disponibles.

hesivos

De acuerdo con la Solicitud de Patente Norteamericana US 09/325.697

una variedad de materiales puede ser utilizada para el medio 200. En general, lo

que se requiere es un medio apropiado para realizar un nivel preferido de

eficiencia para los paguetes en forma de V 94 y 95. El medio utilizado ;Lara los

paquetes en forma de V 94 y 95 es una materia de eleccion, una vane{dad de

medios convencionales puede ser utilizados. Para un filtrado de alto n

vel por

parte de los ciclos de pulso, un medio robusto es preferido para ayudar a prevenir

i
i
H
i
i
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que las particulas penetren dentro de las fibras del medio cuando se caré;a. Esto
es, es preferido que el medio pueda ser un tipo tal que las particulas puédan ser
capturadas en la superficie exterior del medio. Los materiales utilizados i‘ncluyen
celulosa o medios de fibra sintética.

En el lateral de la corriente arriba, un depésito o capa de ma'éerial de
fibra polimérica, o una fibra fina, generalmente presentando un diametro ﬂe fibra
de 5 micrones o menos, puede ser utilizado, en algunas aplicaciones. La cantidad

de fibra fina depositada es una cuestion de eleccién de disefio péra una

. .y e !
aplicacion dada. En general, cuanto mas fina sea la fibra que es utilizada, mayor

ser4 la restriccion. Por el contrario, cuanto menos fina sea la fibra que se utiliza,

mayor sera la cantidad de penetracion de las particulas durante la carga. Esto es,
que la finura de la fibra facilita la carga de la superficie y de la limpieza p(?r pulso

reactor.

Un medio que comprende una fibra fina depositada en un papel o

material de celulosa es fabricado por Donaldson Company Inc., siendo el titular de

la presente aplicacion, el producto generalmente identificado bajo Ial marca
EON™. Estos medios son fabricados por medio de un proceso secreto de

Donaldson. Tal medio puede ser utilizable en disposiciones de acuerdo con la

presente invencién. Sin embargo, la técnica de aplicacion de fibra fina no es:

critica a los principios divulgados, y una variedad de procesos bien conocidos y

convencionales pueden ser utilizados.

De acuerdo con Ia Solicitud de Patente Norteamericana US 09/525.697

cada uno de los paquetes en forma de V 94 y 95 incluye un primer y ségundo

paneles extremos opuestos 203 y 204, los paneles extremos 203 y 204 ciefran los
extremos de un pleno de aire limpio 99 cuando los paquetes en forma de}V 94y

95 son sellados para su uso. Para conveniencia, uno de los paneles 203 es

ilustrado presentando una manija de alambre 209 ubicada en la misma, figura 19.

La manija de alambre 209 esta fijada en una extensién entre ménsulas 210I y 211.
La manija de alambre 209 comprende una extension de alambre 212 que pri;*esenta
topes extremos 213 y 214 en los mismos. Cuando una porcién central 2\,15 del
alambre flexible 212 es tirada, la manija 209 puede torcerse hacia fuera hasta que

los topes extremos 213 y 214 acoplen las ménsulas 210 y 211. Una construccion
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de manija colapsable flexible 209 es conveniente para el montaje y desmontaje de

los paquetes en forma de V 94 y 95 y ademas para el transporte de los ‘:paquete‘s
en forma de V94 y 95. ' ’;
Por supuesto, los disefios alternos de manijas pueden ser L‘ftilizados.
Por ejemplo, una manija rigida montada pivotablemnete puede eni algunas
instancias ser sustituida por el tipo de configuracion de manija descrit:o en las
figuras. En general, las construcciones de manija preferidas pueden ser'laquellas | Af
que tienen una configuracion cerrada y plana que pueden ser fécilmentel; abiertas
para ser tomadas. '
Nuevamente de acuerdo con la Solicitud de Patente Nortearlfnericana
US 09/325.697, cada paquete en forma de V 94 y 95, el par de paneles 97 y 98,
esta orientado en una forma de V, tal como se ilustra en la figura 19. A lo ‘largo de
un borde longitudinal 220 y 221 de cada panel 97 y 98, los paneles 97 y §i8 estan
orientados ya sea adyacente uno con respecto al otro o cercanamente
distanciados, en donde a lo largo de bordes laterales opuestos 222 y ?23, los
paneles 97 y 98 estdn separados uno con respecto al otro. E$to es,
preferentemente los paneles 97 y 98 formando una forma de V mas
@ preferentemente presentando un angulo de filtro E, en la figura 19, entre los
paneles 97 y 98, de al menos alrededor de 5°, preferentemente dentro dei;l rango
de 10 a 25°, y mas preferentemente alrededor de 13 a 17°. '

Haciendo referencia a la figura 21 de la Solicitud de Patente

Norteamericanav US 09/325.697, cada paqguete en forma de V 94!y 95
|

preferentemente incluye un espaciador central 228 que separa el paquete en ‘

forma de V 94 y 95 en regiones separadas 229 y 230. En el uso, una b'faquilla _
separada de las boquillas 162 y 165, de la figura 8, es dirigida en cada regién 229 (
y 230. El espaciador central 228 dirige el aire desde cada boquilla 162 y ‘-}165 a
una region asociada 229 y 230 de los paquetes de filtro en forma de V 94 y 95
para proveer aire dirigido suficiente para limpiar las porciones exteriores é’ie los
paneles 97 y 98.
El extremo de salida de flujo de aire 231 de cada paquete en forrina de
V 94 y 95 incluye una disposicion de sello, por ejemplo una junta 240 en los
mismos presentando una primer proyeccion de espesor T1. Cuando paqueite en

!

|
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forma de V 94 y 95 esta ubicado operativamente dentro de la disposicion de filtro
de aire 1, la disposicion de sello 240 es presionada entre un extremo 231 del
paquete en forma de V 94 y 95 y de la Idmina tubular 250, tal como se ilustra en la
figura 7. En general, la disposicion de sello 240 esta dimensionada _L)ara ser
posicionada selladamente alrededor de la abertura 100 en la lamina tub]_ular 250,
de la figura 7. ]

Los paquetes en forma de V preferidos 94 y 95, de la Solicitud de
Patente Norteamericana US 09/325.697 ademas incluye una clisposicic’)ni de tope
duro 260 en el mismo presentando una segunda proyeccion de espesor TQ menor
que el primer espesor T1. Preferentemente 1a disposicion de tope duro 260 esta
configurada para extender el segundo espesor T2 a al menos alrededor de 0,1
pulgadas (2,5 milimetros), tipicamente alrededor de 0,2 pulgadas (5,1 mil'ﬂimetros)
a 0,3 pulgadas (7,6 milimetros) por encima (o hacia fuera de) una syperﬂcie
superior 265 del marco de paquete en forma de V 199. Ademas, preferef{*temente
la disposicion de sello 240 es seleccionada tal que, previo a ser presiotlr\ada, la
disposicion de sello 240 se extiende al menos alrededor de 0,1 pulgadas (2,5
milimetros) a 0,3 pulgadas (7,6 milimetros) mas alla de la disposicion de td‘pe duro
260. En otras palabras, el espesor T1 de la disposicion de sello 240 es ai menos
alrededor de 2,5 mm a 7,6 mm mayor que el espesor T2 de la disposicién ‘;de tope
duro 260. La disposicion de tope duro 260 provee un contacto duro cbntra la
lamina tubular 250, de la figura 7, mientras que los paquetes en forma de; Vy
95 son movidos en posicién. Para los paquetes en forma de V preferidos 94, 95
de la figura 19, la disposicion de tope duro 260 comprende un metal tal como
acero. Mas preferentemente, el material de la disposicién de sello es poliuretano,
presentando un espesor de al menos 0,10 mm en extension hacia fuera desde la

l
superficie 265 del marco de paquete en forma de V 199. :

|

D. El sistema de retencion de paquete en forma de V de la Solicitud' de

Patente Norteamericana US 09/325.697

|
De acuerdo con la Solicitud de Patente Norteamericana US 09/325.697,

cuando los paquetes en forma de V 94 y 95 son ubicados operativamente, en la

figura 6, cada uno de los paquetes en forma de V 94 y 95 esta bajo una fuerza de

/0%
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compresion, en la direccion de las flechas 270 y 271, respectivamente, hacia la
lamina tubular 250. Para mantener el sellamiento alrededor de la dispog.icién fde
sello 240,m el sistema de retencion 2580 provee una fuerza de compresion. 3

Haciendo referencia a las figuras 22 a 25 de la Solicitud de Patefnte
Norteamericana US 09/325.697, el sistema de retencion 280 puede incluir cgda
uno una estructura base 281, un brazo de control 282, un asiento movible 283, y
una disposicion de eslabén de elevacion ajustable 284. 1'.

En la operacion, cuando el brazo de control 282 esta en la posi(':ién
elevada, el asiento 283 es elevado hacia arriba en la direccion de las flechas ;'270
y 271, de la figura 6, causando una presién de los paquetes en forma de V §4 y
95 contra la 1amina tubular 250. Cuando el brazo de control 282 es bajado, I?bajo
una operacién por medio de la mano, en la direccion de las flechas 288, el asiento
283 es calido, liberando la presion de sellamiento. El asiento 283 esta conﬁgdrado
para que cuando el brazo de control 282 sea arrojado, un paquete en forma ;de Vv
94 y 95 puede ser deslizado dentro y fuera del asiento 283. ;

Haciendo referencia ahora a la figura 10 de la Solicitud de Pan)tente
Norteamericana US 09/325.697, se describe una vista en elevacién froéntal y
aumentada de la camara inferior 21. En {a figura 10, la camara 21 es ilustradja con
la puerta frontal removida para la visualizacion interna de la construccion fy sus

componentes. Ademas, en la figura 10, la camara 21 es descrita con los paduetes

/04

en forma de V 94, 95 presentes. Posteriormente, en la figura 10, el sistema de

retencioén 280 es descrito en la configuracién elevada o levantada. La figurg 11 es
i

una vista lateral de la figura 10, tomada desde la direccion de la flecha 300.!

En las figuras 22 a 25 de la Solicitud de Patente Norteamericafna us

09/325.697, la estructura base 281, el brazo de control 282, el asiento 283 y el
sistema de retencién 280 son mas facilmente vistos, especialmente los detal!es
del asiento 283. El asiento 283 comprende un panel inferior 301 con _:bordes
laterales espaciados opuestos 302 y 303. El panel inferior 301 incluye urf1 borde
frontal 304, hacia el cual los paquetes en forma de V 94 y 95 de la ﬂgur;a\ 6 son
movidos durante la carga, proyectandose hacia fuera desde el borde fror?tal 304,
cada uno de los bordes laterales 302 y 303 incluye una aleta de guiajdirigida

hacia fuera 305 y 306 respectivamente. Las aletas de guia 305: y 306

}
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preferentemente se proyectan a un angulo F, en la figura 23, de alrededor de 1 20
a 170°, relativo al plano del borde lateral asociado 302 y 303. Preferentementé el
angulo F esta dentro del rango de alrededor de 135 a 155°, cada aleta de duia
305 y 306 es preferentemente alrededor de 0,6 mm a 5 cms de largo. Las alétas
de guias 302 y 303 ayudan a centrar el paguete en forma de V 94 y 95, mien;cras
se desliza en posicion. ;

El panel inferior base 301 incluye cuatro aberturas espaciédas
rectangulares 309 y una abertura grande central 310. Las cuatro abenhras
posicionadas rectangularmente 309 circunscriben ruedas rotativas 312. ‘Las
ruedas 312 son rotativamente montadas en el sistema de retenciéon 280 y ele\;an 0
descienden con el asiento 283, cuando el brazo de control 282 es elevajdo y
bajado, manteniendo la misma posicion vertical relativa entre las ruedas 312; y el
plato inferior 301. Las ruedas 312 se proyectan por encima del plato inferio‘r 301
al menos alrededor de 7,6 mm y preferentemente alrededor de 15 a 31 mm, para
que los paquetes en forma de V 94 y 95 puedan ser deslizados en su Iugar;i enla
base 301 en una manera conveniente. ;

Haciendo referencia a la figura 24 de la Solicitud de Pétente
Norteamericana US 09/325.697, el sistema de retencién 280 comprend;é una
disposicion de vinculo 284 que incluye una pluralidad de eslabonesr 317.
Preferentemente el vinculo 317 forma un sistema de eslabones de paralelo;gramo
318, para que durante la actuacion por medio del movimiento del brazo de Ibontrol
282, el plato 301 y las ruedas 312, de la figura 22, sean elevados 0 desce_,'ndidos
sin ser inclinados de su plano seleccionado de montaje. Ademas preferentémente |
los eslabones 317, y de esta manera el sistema de eslabones de paralelbgramo

)

318, son configurados para operar suavemente sobre el centro para que cuando
el brazo de control 282 sea elevado, el sistema de retencién 280 pueda di:%igirse a
retener la posicién trabada elevada. L.a amortiguacion permite a la accibp suave
“sobre el centro” es permitida por una accion de resorte en los eslabones $17.
Mas especificamente, los eslabones 317 son pivotantemente m‘Fontados
a un marco 320 que estd montado por si mismo pivotablemente a un ,'extremo
inferior 321 del brazo de control 282. Cuando el brazo 282 es descendidfo, por el

movimiento en la direccion de la flecha 282, la estructura base 281 esta pivoteada

1
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hacia adelanta (en la direcciéon dela flecha 313) y hacia abajo (en la direccién;’ de
la flecha 288), el movimiento hacia abajo siendo causado debido al brazo,; de
control 282 no esta solo pivotantemente montado en el marco 320, pero ademafzs a
un eslabén 326 y a un pivote 327. La estructura base 281, entonces, bajo el
control de los eslabones 317, se deslizara hacia delante y hacia abajo. Esto
puede mover cualquier paquete en forma de V 94 y 95 de la figura 6 montad% en
el asiento 283 similarmente hacia delante y hacia abajo, por ejemplo fueraf del
contacto de sellamiento con la lamina tubular 250 de la figura 10, para un ménejo

1

conveniente de los paquetes en forma de V 94 y 95. :
E. La disposicion de valvula eyectora de suciedad de la Solicitud de Patente
Norteamericana US 09/325.697 f

La disposicion ilustrada en las figuras 9,y 12 a 14 de la Solicitt.lld de
Patente Norteamericana US 09/325.697, incluye una disposicion de valvula
eyectora de suciedad alargada 160 para la remocién de la suciedad de la
disposicién de filtro de aire 1 en la figura 6. En la disposicion de valvula eyl,éctora
de suciedad 160 estad montada como parte de la base 183 de la disposiciéh 1 de
la figura 8. La disposicion de valvula eyectora alargada 160 esta descrita «fen las
vistas ilustradas en las figuras 9, 12, 13 y 14. Haciendo referencia a las ﬁgliras 12
y 13 y de acuerdo con la Solicitud de Patente Norteamericana US 09/325._,597, la
disposicién de valvula eyectora 160 comprende una disposicion 330 que %ncluye
un marco 341 presentando una pluralidad de aletas eyectoras 332 montada;s en el
mismo. El marco 331 incluye extensiones frontales y traseras 334 y 335. La
disposicion 330 incluye, extendiéndose desde adelante y atras, extehsiones
opuestas 334 y 335, una pluralidad de extensiones o paneles central;es 336.
Haciendo referencia a la figura 14, las extensiones centrales 336 incluyen
extensiones extremas opuestas 337 y 338, y tres pares de extensiones c;entrales
339, 340 y 341. |

Las extensiones extremas 337 y 338 cada una incluye uné tira de
montaje en el mismo 345 y 346 respectivamente, por medio de Ia: cual la

disposiciébn 330 puede ser montada a las paredes laterales 27 y 28,

respectivamente, de la figura 1, para depender hacia abajo desde la base 183 de
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la disposicion 1 de la figura 8. El montaje puede ser, por ejemplo, por medio de
|

tornillos 350, de la figura 6, o por construcciones similares. |

Las extensiones 337 y 338, asi como también los pares centrales ;%39,
340 y 341, cada uno incluye una porcién oblicua que define o presenta juna
abertura a una ventana 353, de la figura 13, en el mismo. Montado en un lado por
debajo 354 de cada ventana 353, se presenta una aleta flexible 332, de la ﬁ'lgura
14. Cada aleta 332 esta fijada a lo largo de un borde superior 358, de la ﬁguré 14,
y es presionada contra la ventana 353. En general, el material flexible dé; las
aletas 332 puede ser preferentemente goma. !

En el uso tipico, el aire se mueve a través de la primer cémara; 21,
figura 9, ocurre una pequefia reduccién de la presién dentro de la primer céjmara
22 relativo al ambiente. Esto puede tender a jalar o tirar las aletas ﬂexiblesl‘; 332
cerradas, sobre las ventanas 353 y contra los laterales 354. Por otro lado, un
pulso revertido es dirigido a través de la camara 21, durante una operacié;n de
pulso reaccién es descrita aqui, la presion dentro de la primer cémaiya 21
momentaneamente incrementa, desviando una o mas de las aletasj 332
alejandose de fas ventanas 353 (en un movimiento abisagrado a lo largo de las
lineas de bisagra 360), y permitiendo a la suciedad el ser eyectada desde élentro
de la camara 21, hacia abajo y fuera de la base 183 de la disposicién 1; de la
|

figura 8.

|
|

F. Sistema de filtro de puiso de la Solicitud de Patente Norteamerican_]a us
09/325.697 ,'
Haciendo referencia a las figuras 10 y 11, de las cua!es un
entendimiento mas detallado del sistema de limpieza por pulso reaccion sera
entendida de acuerdo con la Solicitud de Patente Norteamericana US 09/3?25.697.
En general, el sistema de Iimpiéza por pulso reaccion utiliza pulsos de aijre para
limpiar los paquetes en forma de V 94 y 95. la figura 10 es una vista en eléevacién
frontal esquematica y fragmentaria de la camara inferior 21 y de la dis;;osicién
limpiador por pulso revertido 154 con las porciones removidas para un:a mejor
vista interna de las construcciones y componentes. La figura 11 es un:a figura
analoga a la figura 10, tomada generalmente desde el punto de vista de l’a flecha

|
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300, de la figura 10. Haciendo referencia también a la figura 8, en donde las

porciones de la disposicion 1 descritas en las figuras 10 y 11 pueden se vista;'s en
perspectiva. :
Haciendo referencia a las figuras 8, 10 y 11 la disposicion Iimpiq‘dora
por pulsos 154 comprende un tanque central 152, ilustrado generalmente ei'h las
figuras 8, 10 y 11 y descrito mas particularmente con referencia a las ﬁguras"' 28 a

31, presentando una pluralidad de valvula de pulso de reaccion 365, 366, 367,

368 montados en el mismo, cada valvula presentando una boquilla asociada de

boquillas 162 y 165 respectivamente del mismo. La disposicién particula_’r 154

descrita en la figura 8 incluye cuatro valvulas, aunque otras disposiciones son

~ posibles. Las valvulas 365 a 368 pueden ser vistas divididas en dos parés; un

primer par 370 asociado con el primer paquete en forma de V de los paque:tes en

forma de V 94, de la figura 10; y un segundo par 371 asociado con el se"'gundo

!
|

paqguete de los paquetes en forma de V 95, de la figura 10.

Montados en la salida de aire de cada valvula 365 a 368 se dﬁspone
una boquilla 162 a 165 incluyendo un divisor 157, el cual comprende unj:primer
componente inclinado 375 y un segundo componente inclinado 158 que haf'ce que

la corriente de aire liberada por medio de la valvula sea esparcida o dispersada,
mientras ingresa al paquete en forma de V 94 o 95. ;

En general, de acuerdo con la Solicitud de Patente Norteameric,'ana us
09/325.697, un anguilo preferido de divisor, 0 angulo H, con respecto al norfmal, de
los primer y segundo componentes inclinados 375, 158 pueiien ser debtro del
rango de 2 a 45°, tipicamente alrededor de 7 a 40°. En general, los divisques 157
para cada par (370 y 371 respectivamente) son ubicados den tal manera j’:que sus
lineas centrales o vértices sean espaciadas por alrededor de 12 a ;'25 cms
tipicamente alrededor de 15 a 22 cms. x’

En general, de acuerdo con la Solicitud de Patente Norteameri;cana us
09/325.697, el sistema de pulso revertido 154 puede ser operada utilizjando un
compresor de aire provisto por el fabricante de vehiculo en el vehiculo én donde
la disposiciébn 1 es montada. El compresor puede ser utilizado para 'bargar el
tanque de carga, o tanque de almacenaje, tal como se indica ;en 162.

Peri6dicamente, preferentemente utilizando un sistema de control l6gico tal como
I

!
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se describe de aqui en mas, las valvula 365-368 pueden ser operadas; para
permitir un pulso a chorro a pasar a través de los divisores 157 y dentro de los
paquetes en forma de V 94 y 95. El secuenciado preferido y el tiempo pa{ra los
pulsos a chorro son descritos mas abajo. En general, el chorro a pulso de éire es
dirigido en una direccién revertida, hacia atras, o como un retrofiujo a traYés de
los paquetes en forma de V 94 y 95. Por el término “en una direccion reve;rtida”,
significa que el pulso de chorro de! aire es dirigido opuesto al flujo normal del aire
(por ejemplo, el flujo de aire del filtrado) durante el filirado del aire ambien&e. Tal
direccién de flujo de aire tendera a fluir 1a tierra u otras particulas remlectaﬁas en
los paquetes en forma de V 94 y 95. El sistema de chorro a pulso 154 puel;de, en
general, exceptuando para las configuraciones geométricas preferidas descritas e
ilustradas en la presente, ser similar a las disposiciones descritas en las Pétentes
Norteamericanas No. 4.364.251, 4.331.459 y 5.575.826 incorporadasx: ala
presente a modo de referencia. ]

Haciendo referencia a las figuras 10 y 16, para facilitar el direccionado
apropiado del chorro a pulso dentro de la disposiciéon de paquete en forma_i\ de V,
la disposicién 1 incluye, ubicados entre las boquillas 162 a 165 de la ﬂgQra 8,y
los paquetes en forma de V 94 y 95 una disposicién de contorno 380. I;Dara la
disposicion 1 ilustrada en las figuras 6 y 10, la cual comprende dos paquetes en
forma de V 94 y 95 alineados paralelos uno al otro, la disposicion de contoéno 380
comprende primer y segundos contornos 381 y 382. Para la disposicion particular
1 ilustrada, los contornos 381 y 382 son generalmente los mismos, uno a]éociado
con cada paquete en forma de V 94 y 95.

En general de acuerdo con la Solicitud de Patente Norteameric]ana us
09/325.697, el segundo contorno 382 comprende primer, segunda, tercer y cuarta

extensiones 383, 384, 385, y 386 que proyectan o se extienden desde la lamina

|

tubular 250 de la figura 16. Preferentemente, cada extension 383 a 386 incluye un-

borde base 387 que puede ser fijado, por ejemplo, por medio de soldadt‘xra ala
lamina tubular 250. Preferentemente, el segundo contorno 382 esta dispuesto y
configurado para rodear la abertura 100. |

En la realizacién particular ilustrada en las figuras 10 a 16 de la
Solicitud de Patente Norteamericana 09/325.697, la segunda y cuarta exteinsiones

|
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384 y 386 se extienden desde la lamina tubular 250 a un angulo G con respiecto a
una linea perpendicular o normal a la lamina tubular 250. Preferentemente, el
angulo G es al menos 2°, tipicamente es entre 4 y 10°, mas preferido es alrededor
de 8°. Inclinando la segunda y cuarta extensiones 384 y 386, mejora la captura
del flujo de aire por chorro de pulso desde las valvulas de chorro a pulso 365 y
366, de la figura 8, por medio del incremento del tamafio total de la abertura 100 y
por medio de la extensioén de la abertura de la abertura 100 cercana a las valvulas
de chorro a pulso 365 y 366. La inclinacién de las segunda y cuarta exterlsiones
384 y 386 ademas reduce la pérdida de presién debido a la separacion q:el flujo
de aire en la direccion de la flecha 270, de la figura 6, por medio de proveer una
expansién mas gradual del flujo de aire mientras pasa desde la primer camara 21
a la segunda camara 22 a través de la primer abertura 100. mas atj.’m, los
contornos 381 y 382 proveen una rigidez estructural a la lamina tubular 250.
El primer contorno 381 tiene una estructura analoga al segundo
contorno 382. |
G. El segundo paso del filtro de aire de la Solicitud de Patente ;
Norteamericana US 09/325.697 i
Haciendo referencia a la figura 6, en general de acuerdo ?con la

Solicitud de Patente Norteamericana US 09/325.697, el segundo paso del Fltro de

aire 25 ubicado en la camara 22 esta construido segin lo siguiente. Héciendo‘

referencia a la figura 8, proyectandose dentro de la camara interior 22 desde la

pared posterior interior 309 es un borde de montaje circular o tubo ?91. La
superficie exterior 392 del tubo 391 es una superficie contra la cual el elemento
principal 124, de la figura 17, sella, durante la disposiciéon (ver figura _j17). La
superficie interior 393 del tubo 391 es la superficie contra la cual el eIeménto de
seguridad 125 de la figura 18 sella durante la disposicién (ver figura 27). J
Un elemento principal preferido 124 es descrito en la figura 1;7 de la
Solicitud de Patente Norteamericana US 09/325.697, el elemento princifpal 124
comprende primer y segundas tapas extremas opuestas 395 y 396 con médios de
filtro 397 que se extiende entre los mismos. El elemento particular 124 ;descrito
incluye revestimientos interiores y exteriores 398 y 399 de la figura 27, aunque en
|
|
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algunas aplicaciones uno o ambos de estos revestimientos pueden estar

!
ausentes. La tapa extrema 395 esta abierta. Una construccién tipica de tapa

extrema es descrita en la Patente Norteamericana 5.897.676 incorporaéia ala
presente a modo de referencia. La tapa extrema 395 incluye una re?ién de
sellamiento radial 400 ubicada en la misma. En operacion, la regién de
sellamiento radial 400 sella contra una superficie exterior 392, de la ﬁguraq 27, del
tubo de montaje 391 preferentemente utilizando un sistema de construdcién de
sello radial tal como es el descrito en la Patente Europea EP 0329659, lo
divulgado de la cual es incorporado a la presente a modo de referencia.
Preferentemente la tapa extrema 396, de la figura 17, de la Solicitud de ]Patente
Norteamericana US 09/325.697, es una tapa extrema completamente ;perrada;
presentando ninguna abertura en la misma. .

De acuerdo con la Solicitud de Patente Norteamericana US 09/$25.697,
una variedad de materiales o combinacién de materiales pueden ser utilizados
para el medio 397. En general, lo que se requiere es un medio apropiado para
realizar un nivel preferido de eficacia para el elemento filtrante 124. En ggeneral,
es anticipado por la Solicitud de Patente Norteamericana US 09/325.697 &;ue para
varias disposiciones preferidas, el medio 397 puede comprender un;1 medio
plegado tal como celulosa. Si se desea, tal medio puede ser mejorado, para una
total eficiencia por medio de proveer en el mismo o depésito o capa de ma_lterial de
fibra fina, tipicamente un material que presenta un diametro de fibra promedio de
5 micrones 0 menos. :

Un medio particular utilizado comercialmente que comprende Lna fibra
fina depositada en un papel o material de celulosa es fabricado por Dbnaldson
Company, los titulares de la presente invenciéon, en productos gene;ralmente
identificados bajo la marca EON™. Este medio es fabricado por un proceso de
fabricacion secreto de Donaldson. Tal medio puede ser utilizable en disp&siciones
de acuerdo con la presente invencion. !

Un medio utilizable, de acuerdo con la Solicitud de?i Patente
Norteamericana US 09/325.697, es un medio que presenta una perm?eabilidad
frazier dentro del rango de 4 a 5 m/min, y un espesor de alrededor de 0,02 a 0,03

mm. Generalmente, el medio puede ser plegado con la profundidad de; plegado
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> > seleccionada dependiendo de la aplicacion particular. En general, la
profundidad de plegado seleccionada puede ser al menos 1,%;5 cms
preferentemente alrededor de 2 a 5 cms, y méas preferentemente alrededolr de 2,5
cms a 3,1 cms. El plegado y sellado dentro de la configuracion cilindric? puede
ser conducido utilizando técnicas de sellamiento y plegado convencionales
estandar. l
Aln otras configuraciones de medios utilizables para el eleménto 124
son medios de espuma, medios fibrosos, 0 combinaciones de medios plegados
con uno o mas medios de espuma o medios de paso de fibra. Varias
combinaciones utilizables incluyen aquellas descritas en las Patentes
Norteamericanas US Nos. 5.622.537 y 5.672.399 incorporadas a la pre{'zsente a
modo de referencia. El medio particular elegido por cualquier aplicacién dada
puede en general, ser una funcién de eficiencia deseada versusf el reto

. |
contaminante.

Una variedad de materiales puede ser utilizada en los revesiimientos
interiores y exteriores 398 y 399 de la figura 27 de la Solicitud de'; Patente
Norteamericana US 09/325.697, y el mismo material puede no ser utilizado para
ambos. En algunas instancias, metal expandido, metal perforado, o rr]iateriales
plasticos pueden ser preferidos. Se nota que para una funcionalidad des':eable de
sello radial, preferentemente una porcidn de revestimiento interior 398 en la
regién 400, es ubicado para operar como un soporte, respaldando el pre%nsado de
la tapa extrema 395 en una regién de sello radial 400, durante el sellad&. Esto es
ilustrado en Patente Europea EP 0329659. |

Para la disposicion particular 1 descrita, la disposicién 1 ix%cluye un
tubo 134, de la figura 6, que se proyecta desde el mismo. El tubo 134 pemite el
posicionado, dentro de la camara 22, del elemento principal 124 el cua’?l e€s mas
largo que la distancia entre la pares posterior 29 y la pared frontal 3, en las
figuras 1 a 3. Tal como fue explicado anteriormente, el cobertor 6, para !,acceso al
elemento 124, esta ubicado en un extremo del tubo 134. '

Se hace referencia ahora a la figura 18 de la Solicitud dé Patente
Norteamericana US 09/325.697. En la figura 18 el elemento de seguridad 125

estd descrito de acuerdo con la Solicitud de Patente Norteameri:cana uUs

|
|



09/325.697. El elemento de seguridad 125 generalmente comprende uén medio
420 que se extiende entre tapas de extremo opuestas 421 y 422. El elerhento de
seguridad 125 incluye un revestimiento interno 423, de la figura 2{7, y un
revestimiento exterior 424, ademas excediéndose entre las capas extremas 421y
422, |

La tapa extrema 422 es una tapa extrema cerrada, cerrando un: extremo
del medio 420 y de los revestimientos 424 para el paso del aire en Ioslmismos.
Como resultado, el medio 420 define un area central abierta 426, en la ﬁgura 27.

La tapa extrema 421 incluye un anillo 428 o un material prensable
blando en el mismo, construido y dispuesto para alojarse dentro del tubc? 134, de
la figura 6, para sellarse contra la superficie interior 393 de la figura 27, del tubo
391 en uso. Preferentemente de acuerdo con la Solicitud de | Patente
Norteamericana US 09/325.697, el elemento de seguridad 125 esta dimensionado
y configurado para encajar por debajo del elemento principal 124, cdando es
montado, ver por ejemplo la figura 27. |

Los materiales convencionales y las configuraciones puéden ser
utilizadas con el elemento de seguridad 125. Con respecto a los principios de la
presente invencion, no hay referencia especifica con respecto a los materiales del
elemento de seguridad 125, otro que las referencias generales para la fqbricacién
conveniente, y los materiales de construccion eficientes. |

En general, es anticipado por la Solicitud de Patente Norteajmericana
US 09/325.697 que para varias disposiciones preferidas, el medio 420 puede
comprender un medio plegado tal como celulosa. Otras configuraciones ide medio
utilizables para el elemento 125 son medios de espuma, medios ﬂbrosps, O una
combinacion de medios plegados con uno o mas medios de espuma, o nl,\edios de
paso de fibra. Varias combinaciones utilizables incluyen aquellas descrifas en Iés
Patentes Norteamericanas US 5.622.537 y 5.672.399, incorporadas a la presente
a modo de referencia. El medio particular utilizado para cualquier aplicafzién dada
puede, en general, ser una funcion de eficiencia deseada versus el reto
contaminante. |

De acuerdo con la Solicitud de Patente Norteamericana US 09/325.697,

una variedad de materiales pueden ser utilizados para los revestimientos
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interiores 423 y exteriores 424, y los mismos materiales pueden no ser t‘rltilizados
para ambos. En algunas instancias, metal expandido, metal perforado, o
materiales plasticos pueden ser preferidos. Se nota que para una funciéni de sello
deseada, preferentemente una porcién de revestimiento exterior 424 dela figura
27, esta ubicado para operar como soporte, respaldando el prensado d% la tapa
extrema 421 durante el sellado.
|
H. El tanque de carga de la Solicitud de Patente N«orteamericanal uUs
09/325.697

Se hace referencia ahora a las figuras 28 a 31 de la So‘icitud de
Patente Norteamericana US 09/325.697. la figura 28 es una vista en perspectiva
esquematica de un ejemplo de realizacién del tanque de carga 552 !utilizable
como el tanque 152 en la disposicion de la figura 10. La figura 29 es una vista en
planta tomada desde arriba y esquematica del tanque de carga 552. |a|ﬂgura 30
es una vista en corte esquematica del tanque de carga 552 de la ﬁgura 29,
tomado a lo largo de la linea 30-30. La figura 31 es una vista en corte
esquematica del tanque de carga 552 de la figura 289, tomada a lo Iar?o de las
lineas 31-31,

Se hace referencia a las figuras 1 y 28. Preferentemente, de §cuerdo a
la Solicitud de Patente Norteamericana US 09/325.697, el tanque de carga 552
incluye primer y segundos platos de fijacion 581 y 582. Tipicamente, el ianque de
carga 552 se extiende desde el lado frontal 3 de la disposicion 1 al lado posterior
12, de la figura 3, de la disposicion 1. El segundo plato de fijacion 5é2 incluye
cuatro tornillos 583 y orificios de tornillos correspondientes (no ilustra?o). De la
misma manera, el primer plato de fijacion 581 incluye cuatro tornillos (no! ilustrado)
y oriﬁcios para tornillos correspondientes (no ilustrado). En la realizaciéﬁ ilustrada
en la figura 1, el tanque de carga 552, de la figura 28, esta atornillado al interior
del lado frontal 3 de la disposicion por medio de tornillos 583. El segundf) plato de
fijacion 582 esta ubicado por detras del lado frontal 3 de la disposiciéon 1. Los
tornillos 583 se extienden a través del lado frontal 3 y del segundo plato de
fijacion 582, fijando el segundo plato de fijacion 582 al lado frontal 3 de la

disposicién 1, y fijando carrespondientemente el tanque de carga i552 ala



disposicion 1. Anadlogamente, el primer plato de fijacion 581 esta fijado al lado
posterior 12 de la disposicién 1 de la figura 1. Por supuesto, el tanque pe carga
552 puede ser fijado por otras medios, por ejemplo por medio de soldaduras.
Haciendo referencia ahora a las figuras 29 a 31 de la SoILcitud de
Patente Norteamericana US 09/325.697, en la realizacion ilustrada y dqscrita en
la Solicitud de Patente Norteamericana US 09/325.697, el tanque de carga 522 es
generalmente cilindrico presentando un diametro interior D1, de la ﬂguraJ 30, y un
largo L1 En la figura 29. El tanque de carga 552 define una cé‘mara de
presurizacion de aire interior 584. La camara de presurizacion de aire 584 esta
construida y dispuesta para contener aire presurizado. El tanque de cbrga 552
incluye una entrada 585, en la figura 31. La entrada 5845 esta construida y
dispuesta para ser conectada al tanque de presion de aire del vehlﬁculo (no
ilustrado) a través de, por ejemplo, un tubo de presion de aire (no iiustrado).
Preferentemente, el tanque de presion de aire del vehiculo es utilizado para
presurizar el tanque de carga 552 con aire. l
Haciendo referencia a la figura 30, en la realizacion ilustrada y descrita
en la Solicitud de Patente Norteamericana US 09/325.697, el tanque de carga 552
esta conectado a un sistema de limpieza por pulso 554, analogo al si%tem de
limpieza por pulso 154 de la figura 6. El sistema de limpieza por pulso 5?4 incluye
una pluralidad de vélvulas de pulso 553. El tanque de carga 552 esta conectado a
las valvulas de pulso a través de conductos 588. A través de los conductos 588, el
aire presurizado se comunica entre el tanque de carga 552 y el sistema de
limpieza por pulso §54 para descargar desde las valvulas de pulso 5&3 para la
limpieza de los paquetes en forma de V 94 y 95 de la figura 6. |
Ocasionalmente, la condensacién del agua puede acumularse dentro
del tanque de carga 552. Preferentemente, el tanque de carga 552 ihcluye un
sistema de descarga de condensacion de agua 586 para remover la
condensacion de agua del tanque de carga 552. En la realizaci6n ilustrada de la
figura 30, el sistema de descarga 586 incluye un tubo 587 conectado a t‘,ma de las
valvulas de pulso 553. El tubo 587 esta construido y dispuesto para retirar

|
cualquier agua acumulada, de la condensacién de agua, de la base 589 de la

camara 584. Durante la ignicion de las valvulas de pulso 583, el aire presurizado
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pasa a través del tanque de carga 552 hacia las valvulas de pulso 553 a tfavés de
los conductos 588. El aire presurizado se recoge cercano a la parte superior de la
camara 584 mientras que el agua acumulada se recoge en la base 559 de la
camara 584. Mientras que el agua se acumula, el agua forma un sello alrededor
de un primer extremo 590 del tubo 587. Mientras que el aire presurizado pasa a
través del conducto 588, un vacio es generado en el fubo de descargar 587. El
vacio arrastra el agua acumulada fuera de la base 589 de la céma;a 584 y

descarga el agua a través de la valvula de pulso 553. |

I. Programacién y control légico de la Solicitud de Patente Norteaméricana
US 09/325.697 ﬁ

En esta seccibn de la Solicitud de Patente Norteameri(':ana us
09/325.697, se proveen algunos controles logicos preferidos y progrﬁmadores
l6gicos para la operacion del sistema de limpieza por pulso 154 de la ﬁgyra 6. De
los principios descritos en la Solicitud de Patente Norteamericana US 09/325.697,
pueden facilmente disefarse una variedad de sistemas de control. Los ;ejemplo's
particulares provistos en la presente son dirigidos como ejemplos. PLede ser
aparente que la operacion del sistema de limpieza por pulso 154 phede ser
realizado con unas técnicas de sistema electrénico convencional. . _

Haciendo referencia a la figura 6, de la particular realizacion ilustrada y
descrita en la Solicitud de Patente Norteamericana US 09/325.697, el sistema de
control seleccionado puede en parte ser definido por la recepcion de! corriente
debajo de los paquetes en forma de V 94 y 95 relativo a la presion ambiente. La
recepcion es igual al diferencial de presién, o caida, a través de los pa&uetes en
forma de V 94 y 95 mas la pérdida de presiéon de entrada estatica. Por el término
“diferencial de presion” significa que la diferencia en la presion corriente; arriba de
los paquetes en forma de V 94 y 95 versus la presion de corriente ab?jo de los
paquetes en forma de V 94 y 95, por ejemplo la presién en el pleno de aire limpio
99 de los paquetes en forma de V 94 y 95. Esta recepcién provee udia medida
relativa de eficiencia de la operacion de los paquetes en forma de V 94 y 95.
Mientras los paquetes en forma de V 94 y 95 se obstruyen‘ con méterias de

particulas, la restriccion de los paquetes en forma de V 94 y 95 incrementan. Las



presiones de aire son tipicamente medidas utilizando dispositivos de medicion de
presion de aire cominmente conocidos.

En una realizacion alternativa de la Solicitud de Patente

Norteamericana US 09/325.697, la presién de aire limpio puede ser medida en
cualquier lugar en corriente debajo de los paquetes en forma de V 94 y 95, por
ejemplo en el pleno de aire limpio 99 de los paquetes en forma de V 94 y 95. La
presién de aire ambiente puede ser medida en cualquier lugar corriente arriba de
los paquetes en forma de V 94 y 95, por ejemplo afuera del alojamiento 20.

En la realizacién particular ilustrada en la Solicitud de Patente
Norteamericana US 09/325.697, el sistema de control activa un ciclo de limpieza
cuando la restriccion corriente abajo del paguete en forma de V 94 y 95 alcanza
un nivel particular. Con tal equipo tipico un camiéon de carga pesada, es
generalmente considerado importante por los fabricadores del equipo original en
que la restriccion de la disposicion de filtro de aire total 1 no exceda
aproximadamente las 62 cms de agua. En general, a través de una observacion

empirica, ha sido determinado que el sistema de limpieza por pulso 154 debe

preferentemente ser activado cuando una restriccion es medida de

preferentemente entre 40 y 50 cms de agua, y mas preferentemente alrededor de
40 cms de agua. Una razén para esto es que si el sistema de limpieza por pulso
154 es prevenido de su operacion hasta que la recepcion alcance 62 cms de
agua, el sistema de limpieza por pulso 154 puede ser menos eficiente en el
reacicalado de los paquetes en forma de V asociados 94 y 95, para una operacién
relativamente larga. Alternativamente establecido, en general, el sistema de
limpieza por pulso 154 no remueve todas las particulas de materiales de los
paquetes en forma de V asociados 94 y 95. De esta manera, con ciclos repetidos,
por ejemplo diez ciclos, la habilidad del sistema de limpieza por chorro a pulso
154 para mantener la operacién de los paquetes en forma de V 94 y 95 por debajo
de la restriccion total de alrededor de 62 cms de agua es reducido. En general, se
cree que cuando el sistema de limpieza por pulso 154 no puede mantener la

restriccion por debajo de 50 cms de agua, se deben cambiar los paquetes en
forma de V asociados 94 y 95 si se lo desea.
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En general, de acuerdo con la Solicitud de Patente US 09/325.697,
también puede ser preferido el actuar las valvulas de pulso 153 para hacer que la
limpieza de pulso a chorro ocurra, cuando el sistema de motor no esta bajo una
carga significante y el flujo de aire a través de la disposicion es relativamente
bajo. Alternativamente dicho, por ejemplo, cuando el equipo es un vehiculo,
puede preferirse que el sistema de limpieza por chorro a pulso 154 sea actuado
para limpiar los paquetes en forma de V 94 y 95 cuando el vehiculo esta neutral y
el motor esta regulando, o al menos cuando el motor opera a relativamente bajas

revoluciones por minuto (1500 revoluciones por minuto o menos). En general, los
sistemas de control l6gicos preferidos pueden monitorear las revoluciones del
motor, con respecto a la operacion. De esta manera, determinando ya sea que el
motor estda en una condicién de regulacién o alguna otra condicién para la
operacion, o prohibiendo la operacién, podra tipicamente encender la
determinacion de las revoluciones por minuto del motor. Una razén para esto es
cuando el motor esta bajo significantes demandas de carga, el flujo de aire
demandado es sustancialmente mayor. Dado que el flujo de aire normal en los
motores trabaja en una direccion opuesta al sistema de limpieza por pulso 154,
serd en general mas dificil el limpiar, y la limpieza puede ser menos efectiva,
cuando el motor esta bajo una carga significante en vez de cuando el motor esta

regulando o cerca de la regulacion.

En algunas instancias, sin embargo, si una cantidad significante de
tiempo (10 minutos o mas) ha transcurrido y el motor en condicién de regulacion
(o baja rpm) no ha ocurrido, puede ser deseable para el sistema de control el
presentar un “atropello” que pueda causar la limpieza por pulso al ocurrir por el
hecho de que la condicion de regulacion del motor (o baja rpm) no ha sido

alcanzada.

Dadas las observaciones anteriores, un sistema de control légico

preferido es sugerido en la Solicitud de Patente Norteamericana US 09/325.697.
Se hace referencia a la figura 32 de la Solicitud de Patente Norteamericana US
09/325.697. Preferentemente, el sistema de control loégico 499 puede estar de
-acuerdo con el razonamiento del diagrama de flujo ilustrado en la figura 34 de la

ESolicitud de Patente Norteamericana US 09/325.697. Haciendo todavia referencia
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a la figura 32 de la Solicitud de Patente Norteamericana US 09/325.697, en
general, el intento del sistema de control 16gico 499 es el de optimizar la limpieza
de los paquetes en forma de V 94 y 95 por medio del accionamiento de las

valvulas de pulso 365 y 368 de la figura 8, a un flujo de aire de motor bajo (por

medio de la deteccion de las revoluciones por minuto). Sin embargo, al final del

periodo de tiempo de limpieza, inclusive si las revoluciones por minuto son

mayores, el sistema 499 puede continuar el disparo de las valvulas de pulso 365,
368 sin importar el prevenir las restricciones altas a normales a través de los
paquetes en forma de V 94 y 95.

La figura 32 es un diagrama de circuito eléctrico esquematico
generalmente que describe las interfases entre el sistema de control 499, el
vehiculo, y el filtro de aire 1, de la figura 1. En general, el sistema 499 esta i
cohtrolado por un controlador 500. El controlador 500 se encuentra en
conmutaciéon eléctrica con un panel de instrumentos 502 del vehiculo.
Preferentemente, el controlador 500 recibe energia a través de una primer
conexion eléctrica 504, por ejemplo cables. La primer conexiéon eléctrica 504 pasa
a través de un fusible 506, tipicamente de 5 amperes. El fusible 506 protege el
controlador 500 de un alto amperaje que pueda dafar el controlador 500 o los
cables. Una segunda conexién eléctrica 508 provee al controlador 500 la corriente
de retorno.

En la realizacién particular ilustrada y descrita en la Solicitud de
Patente Norteamericana US 09/325.697, el controlador 500 estd conectado
eléctricamente a una lampara de servicio 510 a través de una tercer conexion
eléctrica 512. Preferentemente, la lampara de servicio 502 esta instalada en el
tablero del vehiculo para una inspeccion del operador. Generalmente, cuando la
disposicion de filtro de aire 1 no funciona correctamente, la lampara de servicio
510 sera iluminada, indicando al operador que algo estd mal con respecto a la
disposicién de filtro de aire 1.

En la realizacion particular ilustrada y descrita en la Solicitud de
Patente Norteamericana US 09/325.697, el controlador 500 es ademas conectado
eléctricamente a un sensor de revoluciones por minutos del motor 513 a través de

una conexion eléctrica 514. El sensor de revoluciones por minuto del motor 513
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permite al controlador 500 el monitorear las revoluciones por minuto del motor. El
control 500 esta eléctricamente conectado a un cierre forzoso manuatl 516 a
través de una conexion eléctrica 518.

En la realizacion particular ilustrada y descrita en la Solicitud de
Patente Norteamericana US 09/325.697, el controlador 500 estd conectado
eléectricamente a las valvulas de pulso 365-368 a través de conexiones eléctricas
520, 521, 522 y 523 respectivamente. Esto permite al controlador 500 el disparar
las valvulas de pulso 365-368 apropiadamente. El controlador 500 es ademas
conectado eléctricamente al tanque de carga o acumulador 152 a través de
conexiones eléctricas 525, un sensor de restriccion 530, y al tanque de presion de
aire del vehiculo 529 a través de una conexién eléctrica 531. El controlador 500
esta conectado a una linea de inhibicién limpia 540 de otro controlador de filtro de
aire a través de una conexién eléctrica 541. La linea de inhibicién de limpieza 540
es utilizada cuando mas de una disposicion de filtro de aire 1 esta configurada en
un vehiculo. El controlador 500 es ademas conectado a una sefial de conexién
519. La sefal de conexion 519 es utilizada para conectar la operacion de pulsado
o para desconectar la operacién de pulso para el vehiculo.

En la realizacién particular ilustrada y descrita en la Solicitud de
Patente Norteamericana US 09/325.697, el controlador 500 incluye un puerto de
interfase 532. En una realizacion esta interfase es una interfase RS-232. este
puerto 532 permite un operador de interfase, por ejemplo a una computadora,
para modificar el control l6gico del sistema de control 499 por medio del operador
0 para recibir una sefial de salida desde el controlador 500.

Haciendo referencia a la figura 33 de la Solicitud de Patente
Norteamericana US 09/325.697, la figura 33 es un diagrama de circuito eléctrico
esquematico generalmente describiendo en mayor detalle un ejemplo de
realizaciones de la interfase del controlador 500 con el resto del sistema de
control 499 ilustrado en la figura 32, de acuerdo con la Solicitud de Patente
Norteamericana US 09/325.697. EI médulo 550 ilustra la interfase con la luz de
servicio 510, de la figura 32. El mddulo 596 ilustra la interfase con una linea de
inhibicién de limpieza 540, de la figura 32. El médulo 590 ilustra la interfase con el

tanque de carga 152 de la figura 32. El modulo 580 ilustra una interfase con el



sensor de restriccion 530, de fa figura 32. El médulo 579 ilustra la interfase con el
tanque de presién del vehiculo 529, de la figura 32. El médulo 563 ilustra la
interfase con el sensor de revoluciones por minuto del motor 513, de la figura 32.
El médulo 566 ilustra la interfase con el cierre forzoso manual 516, de la figura 32.
El médulo 569 ilustra la interfase con la sefial de acople 519, de la figura 32. El
moédulo 595 ilustra la interfase con el puerto RS-232 532 de la figura 32. El
moédulo 552 ilustra la interfase con el panel de instrumental de vehiculo 502, de la
figura 32. Los médulos 591, 592, 593 y 594 ilustran las interfases con las valvulas
de pulso 365, 366, 367 y 368 respectivamente.

Se hace referencia a la figura 24 de la Solicitud de Patente
Norteamericana US 09/325.697. La figura 34 es un diagrama de flujo que ilustra la
operacion logica preferida del sistema de control 499, de la figura 32, de la
Solicitud de Patente Norteamericana US 09/325.697. Haciendo referencia ahora a
la figura 34, el control l6gico comienza en el bloque 400. En el bloque 402, el
controlador 500 se enciende y envia pulsos eléctricos a través del sistema 499,
de la figura 32, proveyendo una indicacion de que el controlador 500 esta
trabajando. En el bloque 404, el controlador 500 realiza una verificacion de
errores en el sistema. Si un error es detectado, al luz de servicio 510, de la figura
32 es encendida en el bloque 406. Si no se detecta ningun error, en el bloque 408
el controlador 500 adquiere sefiales de ingreso desde el equipo, tal como las
revoluciones por minuto del motor. En el bloque 410, el controlador 500 verifica
por el cierre forzoso manual 516 de la figura 36, cualquier servicio codificado
recibido durante la Ultima operacion, y se asegura que la sefal acoplada sea
activa. En el bloque 412, el controlador 500 determina si la sefial de acople 519
de la figura 32 es activa.

Si la sefial de acople 519 esta activa, el controlador 500 envia datos al
bloque 404 a un puerto de interfase RS-232 532 de la figura 32, la cual puede ser
conectada a otra computadora. En el bioque 416, el controlador 500 verifica por
cualquier ingreso terminal de una interfase del operador, tal como una
computadora conectada al puerto de interfase RS-232 532. En el bloque 418, el
controlador 500 determina si la sefial de ingreso recibida desde el puerto de

interfase RS-232 esta fuera de rango. Por ejemplo, el programa de computadora
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cargado en el controlador puede ser un men( controlado presentando seis
elecciones de menu. Si un nimero siete es recibido, la sefial de ingreso esta
fuera de rango. Si la sefial de ingreso no esta fuera de rango, el controlador 500
determina en el bloque 420 si el ciclo de limpieza ha sido activado. Si en el
bloque 422, el ciclo de limpieza ha sido activado, el controlador 500 cambia a un
estado de bandera de 0 a 2 y vuelve al bloque 400 a través del bloque 424. Si el
ciclo de limpieza no ha sido activado, el controlador 500 en el bloque 426
determina si la légica es un modo terminal, por ejemplo, una computadora es
conectada al puerto RS-232. Si no, una valvula de pulso es activada
correspondiendo al nimero de ingreso desde el puerto RS-232 al bloque 428. por
ejemplo, los nimeros 1 a 4 pueden corresponder a las valvulas de pulso. Si uno
es presionado, el controlador 500 activa la primer valvula de pulso en el bloque
428. Si el sistema 429 esta en modo terminal, el controlador 500 ingresa el ment
terminal en el bloque 430. La légica entonces procede al bloque 424.

Haciendo referencia al bloque 412, si la sefial conectada 519, de la
figura 32, esta activa, el controlador 500 verifica el estado del controlador 500 en
el bloque 432. En el bloque 434, el controlador 500 determina si el estado es igual
a 0. Si el estado es igual a 0, en el bloque 436, el controlador 500 determina si la
restriccion corriente abajo de los paquetes en forma de V 94 y 95 de la figura 6,
es mayor que el umbral de restriccion, por ejemplo 40 cms de agua. Si la
restriccidon no es mayor, el control l6gico procede al bloque 414. Si la restriccion
es mayor, el controlador 500 determina si la traba forzada manual 516, de la
figura 32, se encuentra en un bloque 438. Si la traba forzada manual 516 se
encuentra en un bloque 440, el controlador 500 configura la traba forzada 516
para apagarse. En el bloque 442, el controlador 500 cambia el estado a 1. En el
bloque 444, el controlador 500 verifica el tiempo de demora de la traba forzada.
Por ejemplo, este contador de tiempo puede no permitir el pulsado por diez
minutos, luego de una restricciéon mayor que la restriccion de umbral es detectada.
En el bloque 446, el controlador 500 determina si el tiempo de demora ha
transcurrido, o por ejemplo, los diez minutos se han cumplido. Este es un
dispositivo de seguridad para prevenir el puisado durante el servicio. Si el

contador de tiempo de demora no ha finalizado, el control 16gico procede hacia el




blogue 414. Si el contador de tiempo de demora ha transcurrido, el controlador
500 configura el estado a 2 en el bloque 448. El flujo procede hacia el bloque 450
en donde el controlador 500 verifica por una bandera de inhibicion.

Haciendo referencia nuevamente al bloque 438, si la traba forzada
manual 516, de la figura 32, no esta encendida, el controlador 500 procede hacia
el bloque 448. Esto es el paso loégico normal. E! control I6gico procede tal como
fue descrito anteriormente. Haciendo referencia nuevamente al bloque 434, si el
estado no es igual a 0, el controlador 500 determina si el estado es iguala 1enel
bloque 452. Si el estado es igual a 1, el flujo procede hacia el bloque 444 y el
control logico procede tal como fue descrito anteriormente. Si el estado no es
igual a 1, el controlador 500 determina si el estado es igual a 2 en el bloque 454.

Haciendo referencia al bloque 450, el flujo légico procede hacia el
bloque 456 en donde el controlador 500 determina si la linea de inhibicién esta
activa por parte de otro controlador. Si la linea de inhibicién esta activa, el flujo
procede hacia el bloque 414. Si la linea de inhibicién no se encuentra activa, el
controlador 500 configura el estado a 3 en el bloque 458. En el bloque 460, el
controlador 500 activa la salida de inhibicién. En algunas aplicaciones filtros de
aires multiples, tales como el filtro de aire 1 de la figura 1, pueden ser utilizados
en un vehiculo. Por ejemplo, en dos filtros de aire, dos controladores de medio
ambiente, el controlador 500 envia una sefial de inhibicibn hacia el otro
controlador para prevenir que el otro controlador active una valvula de pulso
cuando el controlador 500 esta activando una valvula d pulso. Esto asegura una
maxima presion de aire para cada activacion de valvula de pulso. Ademas,
previene la sobrecarga del sistema de suministro de aire del vehiculo. Haciendo
referencia nuevamente al blogue 454, si el estado no es igual a 500, el
controlador 500 determina si el estado es igual a 3 en el bloque 462. Si el estado
es igual a 3, el flujo procede hacia el bloque 460. En el bloque 464, el controlador
500 verifica un controlador de tiempo de demora en el tanque de carga. Por
ejemplo, un controlador de tiempo puede ser configurado para diez segundos
para permitir al tanque de carga 152, de la figura 32, el rellenarse previo a ia
activacion de la proxima valvula de pulso. En el bloque 466, el controlador 500

determina si el controlador de tiempo de demora de carga del acumulador ha
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transcurrido, por ejemplo, han pasado diez segundos, sino, el flujo l6gico procede ’

hacia el bloque 414. Si el controlador de tiempo de demora de la carga del

acumulador ha transcurrido, el controlador 500 configura el estado a 4 en el |
blogue 468. ’
En el bloque 470, el controlador 500 determina si las revoluciones por
minuto estan por debajo de un umbral de revoluciones por minuto, por ejemplo, |
1200 revoluciones por minuto a través del sensor de revoluciones por minuto 513,
de la figura 32. Haciendo referencia nuevamente al bloque 462, si el estado no es ;
igual a 3, el flujo procede hacia el bloque 470. Si las revoluciones por minuto no
estan por debajo del nivel umbral, el controlador 500 verifica un controlador de
tiempo de ajuste de revoluciones por minuto en el bloque 472. Por ejemplo, el ]
tiempo de ajuste de revoluciones por minuto puede ser utilizado para incrementar
el sobretiempo de las revoluciones por minuto. Si una cantidad de tiempo ha
transcurrido, por ejemplo, diez minutos, el controlador 500 puede ajustar el valor
de umbral de revoluciones por minuto. En el bloque 474, el controlador 500
determina si el controlador de tiempo de ajuste de revoluciones por minuto ha |
transcurrido. Si no, el flujo procede hacia el bloque 414. Si el controlador de |
tiempo de ajusta ha transcurrido, el controlador 500 incrementa el valor umbral de

revoluciones por minuto por 100 revoluciones por minuto en el bloque 475, por

ejemplo el valor umbral de revoluciones por minuto sera ahora de 1300
revoluciones por minuto. En el bloque 476, el controlador 500 determina si el ]
tiempo de ajuste de revoluciones por minuto debe ser acortado. Por ejemplo,
luego de los diez minutos iniciales, un tiempo de ajuste de revoluciones por
minuto puede ser acortado a cinco minutos. Si es asi, el flujo procede hacia el ’
blogue 414, si no, el controlador 500 acorta el tiempo de ajuste de revoluciones
por minuto en el bloque 477 a, por ejemplo, 5 minutos. El flujo l6gico procede j
hacia el bloque 414.

Haciendo referencia nuevamente al bloque 470, si las revoluciones por
minuto estan por debajo del valor umbral, el controlador 500 determina si el
tanque de carga 152 de la figura 32, tiene suficiente presién en el bloque 478, por
ejemplo690 Kpa. Si no, el flujo procede hacia el bloque 479. En el bloque 479, el ]

controlador 500 verifica un contador de tiempo de baja presién. Por ejemplo, el




controlador 500 puede esperar 30 minutos para que el tanque de carga se llene y
alcance 10s690 Kpa. En el bloque 480, el controlador determina si el controlador
de tiempo de baja presién ha transcurrido, 30 minutos han sucedido. Si no, el flujo
I6gico procede hacia le bloque 414. Si el contador de tiempo ha transcurrido, el
controlador 500 enciende la luz de servicio 510, de la figura 32 en el bloque 481.
El flujo 6gico procede hacia el bloque 414.

Haciendo referencia nuevamente al bloque 478, si el acumulador tiene
suficiente presién, el controlador 500 determina en el bloque 482 si la presion del
tanque del vehiculo es suficiente presién, por ejemplo 655 kpa. Si no, el flyjo
procede hacia el bloque 479. Si la presién del tanque del vehiculo es suficiente, el
controlador 500 selecciona la vélvula de pulso para pulsar en un blogue 483. En
el bloque 484, el controlador 500 pulsa la valvula. Se hace referencia a la figura
35. La figura 35 es un diagrama de flujo que ilustra en mas detalle la l6gica
preferida en la activacion de una valvula de pulso. En el bloque 600, la secuencia
de activacidon comienza. Mientras que se activa la valvula de pulso, en el bloque
602, el controlador 500 despeja todos los contadores de errores. En el blogue
604, el controlador 500 configura la sefial de salida de la valvula de pulso en alto.
En el bloque 606, el controlador 500 verifica el voltaje. En el bloque 608, el
controlador 500 determina si el voltaje es demasiado bajo demasiado alto. Si el
voltaje es demasiado bajo o demasiado alto, el controlador incrementa un
contador de error de voltaje en el bloque 610. El flujo l6gico procede hacia el
bloque 612. Haciendo referencia nuevamente al bloque 608, si el voltaje es
correcto, en el bloque 612, el controlador 500 verifica por un cortocircuito
eléctrico. Si existe un cortocircuito eléctrico, el controlador en el bloque 614
implementa un contador de cortocircuito de error. El flujo l6gico procede hacia el
bloque 616. Si no existe un cortocircuito eléctrico, en el bloque 616, el controfador
determina si la corriente es demasiado baja o demasiado alta. Si es asi, en el
bloque 618, el controlador 500 incrementa el contador de error de amperaje. El
flujo l6gico procede hacia el bloque 620. Si la corriente es correcta, en el bloque
620, el controlador verifica si el tiempo de pulso estd completo. Si no, el flujo
l6gico procede hacia el bloque 606. De esta manera, durante la activacién de una

valvula de puiso, el controlador 500 continuamente monitorea las verificaciones
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descritas anteriormente. Si el tiempo de pulso se completa, en el bloque 622, el
controlador determina si los contadores de errores son menores que 3. Si no, en
el bloque 624, el controlador configura la bandera de error y los escribe en la EE
PROM. El flujo logico procede hacia el bloque 626. Si es asi, la activacién de la
valvula de pulso se completa en el bloque 626.

Haciendo referencia nuevamente al bloque 484, en la figura 34, en el
bloque 487, el controlador 500 configura el estado a 2. En el bloque 488, el
controlador 500 determina si el ciclo de limpieza ha sido completado. Si el ciclo no
ha sido completo, el controlador 500 desactiva la inhibicion en el bloque 489. Por
ejemplo, habiendo sido disparados 40 pulsos. Si el ciclo de limpieza ha sido
completado, el controlador 500 despeja las variables de limpieza en el bloque
490. En el bloque 491, el controlador 500 repone el valor umbral de revoluciones
por minuto nuevamente al valor umbral inicial, por ejemplo 1200. En el bloque
492, el controlador 500 configura el estado a 0. El flujo 16gico procede hacia el
bloque 489.

En general, de acuerdo con la Solicitud de Patente Norteamericana US
09/325.697, el controlador 500 monitorea la recepcion de corriente abajo de los
paquetes en forma de V 94 y 95. Cuando la recepcién de corriente abajo de los
paquetes en forma de V 94 y 95 es mayor que 40 cmsde agua, el ciclo de limpieza
se activa. Es generalmente preferido que una vez que el ciclo de limpieza es
activado, que el ciclo de limpieza sea completado dentro de una cantidad
predeterminada de tiempo. Esto es para que el ciclo de limpieza sea completado
antes de que los paquetes en forma de V 94 y 95 alcancen un nivel de presion
diferencial que no puedan ser limpiador por el sistema de pulso 499, tal como fue
descrito previamente aqui. Este periodo de tiempo predeterminado es
determinado empiricamente basado en un campo de prueba. En general, la
cantidad de tiempo puede ser mayor que 3 minutos, preferentemente entre 20 y
120 minutos, y mas preferentemente entre 30 y 90 minutos.

El controlador 500 monitorea la velocidad del motor, el controlador 500
determina si la velocidad del motor es menor que una primer velocidad, o en otras
palabras, en una condicién de regulacion baja, por ejemplo 1200 revoluciones por

minuto. Si la velocidad del motor es menor de 1200 revoluciones por minuto, el




controlador 500 determina si la presion de aire en el tanque de carga es mayor
que 690 Kpa. Si la presion de aire es mayor que 690 Kpa, el controlador 500
verifica la presion de tanque del vehiculo. Si la presion de tanque del vehiculo es
mayor que 655 Kpa, una valvula de pulso es activada. Cuando el ciclo de limpieza
comienza, un controlador de tiempo es configurado, por ejemplo a 10 minutos. El
controlador continua el monitoreo de las revoluciones por minuto durante 10
minutos. Si luego de 10 minutos el ciclo de limpieza no ha sido completado, el
controlador 500 incrementa las revoluciones por minuto en 100 revoluciones por
minuto hasta alcanzar 1300 revoluciones por minuto. El contador de tiempo es
reconfigurado para 5 minutos. Si el ciclo de limpieza no ha sido completado
durante los préximos 5 minutos, el controlador 500 nuevamente incrementa las
revoluciones por minuto a 1400. De esta manera continua hasta que el ciclo de
limpieza se complete, por ejemplo las cuatro valvulas, diez pulsos cada uno, han
sido completados.

En general, un ciclo de limpieza completo puede ser cualquier nimero
de activaciones de valvula de pulso. El nimero de activaciones de valvulas de
pulso necesario para limpiar los paquetes en forma de V 94 y 95 esta determinado
empiricamente de los campos de prueba y puede variar bajo varias condiciones.
Preferentemente, el ciclo de limpieza puede comprender al menos cuatro
activaciones de valvula de pulso, mas preferentemente entre 10 y 80, y mas
preferiblemente 40 activaciones de valvulas de pulso. Como ha sido previamente
discutido, la cantidad de tiempo que transcurre, entre el comienzo del modo de
limpiezay el ciclo de limpieza completo, varia.

En un ejemplo particular de la Solicitud de Patente Norteamericana US
09/325.697, la cantidad de tiempo que transcurre entre el comienzo del modo de
limpieza y la culminacién del ciclo de limpieza es 60 minutos y la cantidad de
activaciones de pulso de valvulas requeridas es 40. Ademas, el umbral de
revoluciones por minuto es 1200 revoluciones por minuto, y las revoluciones por
minuto son incrementadas en 100 rpm.

En las realizaciones alternativas, cualquier nimero de activaciones de

valvulas de pulso, velocidades de motor, tiempos transcurridos, nimeros de
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incrementos (tanto en la velocidad del motor y el tiempo transcurrido) puede ser

utilizado de acuerdo con los principios descritos en la Solicitud ‘697.

Il. Comentarios de la divulgacion de la Solicitud de Patente Norteamericana
US 09/325.697

En la divulgacién de la Solicitud de Patente Norteamericana US
09/325.697 sub-seccion C, el medio 200 de los paquetes en forma de V 94 y 95
es divulgado. En particular, un depésito o capa de material de fibra polimérica, o
una fina fibra, es discutido. La cantidad de fibra fina depositada es una cuestion
de disefio de eleccioén para una aplicacién dada. El método utilizado puede ser
una materia de eleccién basada sobre tales factores como costo, disponibilidad
de equipo, y variables comerciales relacionadas. Un método utilizable es

divulgado en la Patente Norteamericana No. 4650.506, a nombre de Barris.

iil. Divulgacion adicional referida a la disposicion de intertrabado

Haciendo referencia a las figuras 36 a 43, estas figuras no fueron
presentadas en la Solicitud de Patente Norteamericana US 09/325.697. En la
figura 36, un ejemplo de realizacién de un paquete de filtro en forma de V 500 es
descrito. El paquete de filtro en forma de V 500 comprende primer y segundos
paneles 502 y 504, con medios 508 ubicados dentro de los mismos, y una
construccion de marco exterior 506. La construcciéon de marco 506 incluye primer
y segunda estructuras de marco, o tapas extremas 510 y 511. La primer estructura
de marco 510 sella un lado, o extremo, orientado como la base 512 del paquete
de filtro en forma de V 500, forzando el aire a través de los primer y segundo
paneles 502 y 504. Haciendo referencia a la figura 40, la figura 40 es una vista en
planta tomada desde abajo del paquete en forma de V 500. La primer estructura
de marco 510 incluye una pocion inferior 510a. La porcién inferior 210a incluye
primer y segundas porciones laterales 510b y 510c y primer y segundas porciones
extremas 510d y 510e que se extienden desde los mismos. En la disposicion
particular ilustrada, las primer y segundas porciones laterales 510b y 510c y

primer y segundas porciones extremas 510d y 510e son aproximadamente



perpendiculares a la porcién inferior 510a, tal como se ilustra en las figuras 36 y
40.

Haciendo nuevamente referencia a la figura 36, en la realizacion
particular descrita, el medio 508 del primer y segundo paneles 502 y 504 es
plegado y orientado de tal manera que cuando el paquete de filtro en forma de V
500 es ubicado en la posicion vertical de la figura 6, los pliegues 514 se extienden
verticalmente. Presentando pliegue vertical es tipicamente preferido debido a que
ayuda el golpear la suciedad de los paquetes de filtros en forma de V 500 durante
un ciclo de pulso tal como fue descrito en la Solicitud de Patente Norteamericana
US 09/325.697.

El paquete de filtro en forma de V 500 incluye primer y segundos
paneles extremos opuestos 516 y 518. Los primer y segundos paneles extremos
516 y 518 cierran los extremos del pleno de aire limpio 502 cuando el paquete en
forma de V 500 estd montado operablemente, o ubicado. Por medio del término
“montado operablemente” significa que el paquete de filtro en forma de V 500 es
una disposicion de sello con un alojamiento, tal como el alojamiento 1 ilustrado en
la figura 6. Haciendo referencia a la figura 37, la misma es una vista en elevacion
lateral del paquete en forma de V 500. para conveniencia, uno de los paneles
extremos 518 es ilustrado presentando una construcciéon de manija 522 ubicada
en la misma. La construccion de manija 522 es conveniente para el montaje y
desmontaje de los paquetes de filtro en forma de V 500 y ademas para el
transporte de dichos paquetes de filtro en forma de V 500. Debe notarse que el
otro panel extremo 516 puede también presentar una construccion de manija o
que ninguno de los paneles extremos 516 y 518 puedan presentar una
construccion de manija.

Haciendo referencia a la figura 37, la misma es una vista en elevacion
lateral del paquete de filtro en forma de V 500 de la figura 36. Preferentemente, la
construccion de manija 522 esta fijada en una extension entre primer y segundas
ménsulas 525 y 526. La construccion de manija 522 comprende una extension de
alambre 524 presentando primer y segundos topes extremos 528 y 530 en los

mismos. Cuando una porcién central 530 del alambre flexible 524 es tirado, la
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construccion de manija 522 puede doblarse hacia fuera hasta que los topes
extremos 528, 530 se acoplen a las ménsulas 525 y 526 respectivamente.

Los primer y segundo paneles 502 y 504 estan orientados en una forma
de V, tal como se ilustran. La primer seccion de panel 502 tiene primer y
segundos extremos 532 y 536. De la misma manera, la segunda seccién de panel
504 tiene tercer y cuartos extremos 534 y 538. El primer extremo 532 de la primer
seccion de panel 502 y el tercer extremo 534 de la segunda seccion de panel 504
estan orientada ya sea adyacentes uno con respecto al otro o cercanamente
distanciados y presentado una primer distancia T5 entre los mismos. El segundo
extremo 536 de la primer seccion de panel 502 y del cuarto extremo 538 de la
segunda seccién de panel 504 estan separados una con respecto al otro
presentando una segunda distancia T6 entre los mismos. Preferentemente, la
segunda distancia T6 es mayor que la primer distancia T5. Esto es,
preferentemente que los paneles 502 y 504 formen una forma de V, mas
preferentemente presentando un angulo de filtro Z entre los paneles 502 y 504, de
al menos alrededor de 5°, preferentemente dentro del rango de 10 a 25°, y mas
preferible alrededor de 13 a 17°.

Haciendo referencia a la figura 38, la figura 48 es una vista en planta
tomada desde arriba del paquete de filtro en forma de V 500 de la figura 36. El
paquete de filtro en forma de V 500 preferentemente incluye un espaciador central
536 que separa el paquete de filtro en forma de V 500 en regiones separadas 538
y 540. En uso, una boquilla separada de las boquillas, por ejemplos de las
boquillas 162/165 de la figura 8, estan dirigidas dentro de cada regién 538 y 540.
El espaciador central 536 dirige al aire desde cada boquilla a una regioén asociada
538 y 540 del paquete de filtro en forma de V 500 para proveer aire dirigido
suficiente para limpiar las porciones exteriores de los paneles 502 y 504.

El extremo de salida de flujo de aire 542 del paquete de filtro en forma
de V 500 incluye una disposicion de sello 543 en el mismo. Preferentemente, la
disposicién sellante 543 incluye un anillo de sella o junta 544 que presenta una
primer proyeccion de espesor T7, de la figura 37. Haciendo referencia
nuevamente a la figura 37, cuando el paquete de filtro en forma de V 500 esta

ubicado operativamente dentro de una disposicion de filtro de aire, tal como la



disposicion 1 de la figura 7, la disposicion de sello 543 esta prensada entre un
extremo 546 del paquete de filtro en forma de V 500 y una lamina tubular, tal
como la lamina tubular 250 de la figura 7. En general, la disposicion de sello 543
esta dimensionada para ser ubicada sellablemente alrededor de una abertura, tal
como la abertura 100 de la figura 7, en la lamina tubular.

Preferentemente, el paquete de filtro en forma de V 500 ademas
incluye una disposicién de tope duro 548 en el mismo presentando una segunda
proyeccion de espesor T8 menor que el primer espesor T7. Preferentemente la
disposicion de tope duro 548 esta configurada para extender el segundo espesor
T8 a al menos alrededor de 0,1 pulgadas (2,5 milimetros), tipicamente alrededor
de 0,2 pulgadas (5,1 milimetros) a 0,3 pulgadas (7,6 milimetros), por encima (o
hacia fuera desde) una superficie superior 550 de la construccion de marco del
paquete de filtro én forma de V 506. Ademas, preferentemente la disposicion de
sello 543 es seleccionada de tal manera que previo a ser prensada, la disposicién
de sello 543 se extiende al menos alrededor de 0,1 pulgadas (2,5 milimetros) a
0,3 pulgadas (7,6 milimetros) mas alla de la disposicién de tope duro 548. En
otras palabras, el espesor T7 de la disposicién de sello 543 es al menos alrededor
de 0,1 pulgadas a 0,3 pulgadas mas grande que el espesor T8 de la disposicion
de tope duro 548. La disposicion de tope duro 548 provee un contacto duro contra
la lamina tubular mientras que el paquete de filtro en forma de V 500 es movido
en una posicion operativa. Preferentemente, la disposicion de tope duro 548,
comprende un metal tal como acero. Mas preferentemente, el material de la junta
es poliuretano, presentando un espesor de al menos 42 mm en extension hacia
afuera desde la superficie 550 de la construccion de marco de paquete de filtro en
forma de V 506.

Haciendo referencia ahora a la figura 39, preferentemente, un aparato

600 incluye el paquete de filtro en forma de V 500 y una retencién o mecanismo

de elevacién 602. Preferentemente, el mecanismo de retencion 602 mueve el -

paquete de filtro en forma de V 500 hacia su posicién de sellamiento u operable
alrededor de la abertura en la lamina tubular. El mecanismo de retencién 602 es
analogo al mecanismo de elevacion 280 de la Solicitud de Patente

Norteamericana US 09/325.697. Preferentemente, el aparato 600 ademas incluye
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un sistema de trabas, o disposiciones de intertrabado 603. El sistema de traba
603 esta construido y dispuesto para ayudar a retener el paquete en forma de V
500 en su posicién sellada u operable, cuando el mecanismo de retenciéon 602 es
movido a una primer direccion elevada o trabada tal como es descrita en la
Solicitud de Patente Norteamericana US 09/325.697. El sistema de trabado 603
ademas ayuda a centrar el paquete de filtro en forma de V 500 alrededor de la
abertura 100 y para estabilizar le paquete de filtro en forma de V 500 durante su
operacion. El sistema de trabado 603 ademas previene el uso de partes
inapropiadas dentro del aparato 600, por ejemplo partes que no presentan las
caracteristicas de realizacion requeridas.

Preferentemente, el sistema de traba 603 incluye primer y segundos
dispositivos de traba 604 y 605, de las figuras 36 y 39. Preferentemente, el primer
y segundo dispositivos de traba 604 y 605 estan construidos y dispuestos para
interactuar uno con otro. Preferentemente, el sistema de traba 600 incluye una
primer posicion de traba y una segunda posicion de destrabado. En la primer
direccion de traba, el primer y segundo dispositivos de traba 604 y 605
interactian uno con otro. Por medio del término “interactuar”, significa que el
primer y segundo dispositivos de traba 604 y 605 se acoplan uno con respecto al
otro suficientemente para prevenir un movimiento indeseado del paquete de filtro
en forma de V 500. En la segunda posicién destrabada, el primer y segundo
dispositivo de traba 604 y 605 no interactdan.

En un ejemplo de realizacién, el paquete de filtro en forma de V 500
define un primer dispositivo de traba 604, en la figura 36, mientras que el
mecanismo de retencién 602 incluye el segundo dispositivo de traba 605, de la
figura 39. Preferentemente, el primer dispositivo de traba 604 incluye al menos un
primer componente de intertrabado, o estructura 606 y el segundo dispositivo de
traba 605 incluye al menos un primer componente de intertrabado 607.
Preferentemente, el primer componente de traba 604 es un componente de traba
hembra 608 y el segundo componente de traba es un componente de traba
macho 610.

En el ejemplo de la realizacién ilustrada en la figura 36, la primer

estructura de marco define un componente de traba hembra 608.



Preferentemente, la primer porcion extrema 510 de la primer estructura de marco
510 define un surco de traba, un recorte, un corte, 0 una muesca receptora 616.
En el ejemplo de la realizacién ilustrada en la figura 39, el mecanismo de
retencién 602 ihcluye un brazo de control 612. Preferentemente, el brazo de
control 612 incluye el componente de traba macho 610. Preferentemente, el
componente de traba macho es una nervadura de traba o proyeccién 614 que se
extiende desde el brazo de control 612. La nervadura de traba 614 se extiende o
se proyecta hacia fuera desde el brazo de control 612 en una direccién general
del paquete de filtro en forma de V 500 tal como se ilustra en la figura 39.
Preferentemente, la ranura de traba 616 del paquete de filtro en forma de V 500
esta construida y dispuesta para recibir la nervadura de traba 614 del mecanismo
de retenciéon 602. la nervadura de traba 614 encaja dentro, acopla o interactda
con el surco de trabado 616 del pagquete de filtro en forma de V 500. Por el
término “recibe”, significa que la nervadura y el surco de traba 614 y 616,
interacoplan uno con respecto al otro. Por el término “interacoplan”, significa que
la interaccién de la nervadura y el surco de trabado 614 y 616, es suficiente para
prevenir un movimiento indeseado del paquete de filtro en forma de V 500 durante
su operacion. En otras palabras, la nervadura y el surco de trabado 614 y 616 no
necesitan el ser funcionalmente acoplados uno con respecto al otro pero
necesitan solamente interactuar suficientemente para prevenir un movimiento
sustancial indeseado del paquete de filtro en forma de V 500.

Cuando el paquete de filtro en forma de V 500 esta ubicado en el
alojamiento, tal como el alojamiento 1 de la figura 6, el mecanismo de retencion
602 esta utilizado para mover el paquete en forma de V 500 dentro de la
disposicion de sello airededor de la abertura y contra la lamina tubular. Cuando el
mecanismo de retencion 602 esta ubicado en su posicién elevada o trabada, la
nervadura de traba 614 del mecanismo de retencién 602 se proyecta dentro del
surco de trabado 616 del paquete de filtro en forma de V 500. Como tal, el
sistema de traba 603 centra el paquete en forma de V y lo estabiliza de un
indeseable desalineamiento.

Haciendo referencia nuevamente a la figura 40, se nota que el primer

dispositivo de traba 604 preferentemente ademas incluye un segundo
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componente de intertrabado 617 que presenta un segundo surco de trabado 618,
opuesto al primer surco de trabado 616. Cada surco de trabado 616 y 618 esta
siendo ubicado en los extremos 579 y 580 respectivamente del paquete de filtro
en forma de V 500. El segundo surco de trabado 618 es analogo al primer surco
de trabado 616. Preferentemente, los surcos de trabado 616 y 618 estan
centrados entre los primer y segundos paneles 502 y 504 del paquete en forma de
V 500. Preferentemente, en la realizacion particular ilustrada en la figura 40, los
surcos de traba 616 y 618 son generalmente perfiles U presentando dos filetes. El
centro de la porcién semicircular del perfil en forma de U de los surcos de traba
616 y 618 es preferentemente ubicado dentro de los extremos 579 y 580 del
paquete en forma de V 500, en al menos 1.27 mm, preferentemente entre 2,5 mm
y 7,6 mm, y mas preferentemente alrededor de 4.6 mm. Alternativamente, una
variedad de formas y tamaiios puede ser utilizados para los surcos de traba 616 y
618.

Se nota que el segundo surco de traba 618 del primer dispositivo de
intertrabado 504 puede interactuar con un tercer dispositivo de intertrabado (no
ilustrado) en el alojamiento.

Haciendo referencia nuevamente a la figura 39, preferentemente, la
nervadura de traba 614 se proyecta desde una cara frontal 681 del brazo de
control 612 a al menos 1.27 mm y preferentemente entre 2,56 mm y 12,7 mm.
Alternativamente, una variedad de tamafios y formas pueden ser utilizados para la
nervadura de trabado 614.

Durante el intertrabado de la nervadura de traba 614 y del surco de
traba 616, la nervadura de traba 614 se extiende generaimente dentro de la

1. 2%
ranura de traba 616 y a al menos 0,05 pulgadas y preferentemente entre 2,5 mm

y 12,5 mm.

Haciendo referencia ahora a la figura 41, la misma es una vista en
perspectiva de otra realizacion de un paquete de filtro en forma de V 700. Analogo
al paquete de filtro en forma de V 500 de la figura 36, el paquete de filtro en forma
de V 700 incluye una construccién de marco 703 y un primer dispositivo de traba
704. El primer dispositivo de traba 704 incluye un primer componente de

intertrabado 706 y un segundo componente intertrabado opuesto (no ilustrado).



En esta realizacion, el primer dispositivo de traba 704 ademas incluye un tercer
componente de intertrabado 730.

La construccién de marco 703 incluye primer y segundas estructuras de
marco 710 y 711 analogas a la construccion de marco 506 de la figura 36. La
segunda estructura de marco 711 incluye una porcién superior 711a. La porcién
superior 711a incluye una primer porcion lateral 7101b, una segunda porcién
lateral (no ilustrada), una primer porcién extrema 711d, y una segunda porcion
extrema (no ilustrada) que se extiende desde el mismo. La primer porcién extrema
711d define un tercer componente intertrabado 730. En particular, el tercer
componente de intertrabado 730 es un recorte, o corte 731 en la primer porcidon
extrema 711d. Preferentemente en esta realizacion, el dispositivo de traba puede
ademas incluir un cuarto componente de intertrabado (no ilustrado) opuesto y
analogo al tercer componente de intertrabado 730 en la segunda porcion extrema
(no ilustrado).

Aungue no se ilustra, en esta realizacién, un mecanismo de retencidén
incluye un segundo dispositivo intertrabado construido y dispuesto para
interactuar con el primer dispositivo de intertrabado. En particular la nervadura de
traba, tal como la nervadura de traba 614 del mecanismo de retencion 602 de la
figura 39, se extiende hacia la parte superior del brazo de control, tal como el
brazo de control 612 de la figura 39. Esta nervadura de traba acopla con el primer
componente de intertrabado 706 y el tercer componente de intertrabado 730.

Se nota que aunque no esté ilustrado, el segundo y cuarto
componentes de intertrabado del primer dispositivo de intertrabado 704 pueden
interactuar con un tercer dispositivo de intertrabado (no ilustrado) en el
alojamiento.

Haciendo referencia ahora a la figura 42, la misma es una vista en
perspéctiva de otra realizacién del paquete de filtro en forma de V 800. Analogo al

paquete de filtro en forma de V 500 de la figura 36, el paquete de filtro 800 incluye

un primer dispositivo de traba 304. El primer dispositivo de traba 804 incluye un

primer componente de intertrabado 806 y un segundo y opuesto componente de
intertrabado (no ilustrado). En esta realizacién particular, el primer componente de

intertrabado 806 es un rebajo, un recorte, o una muesca 808 en un panel lateral
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810 del paquete de filtro en forma de V 800. O, en otraé palabras, el panel lateral
810 define la muesca 808.

El primer dispositivo de traba 804 estd construido y dispuesto para
recibir un segundo dispositivo de intertrabado 812. El segundo dispositivo de
intertrabado incluye un primer componente de intertrabado 813. En esta
realizacion particular, el primer componente de intertrabado 803 es un perno, o
proyeccién 814. La proyeccion 814 puede extenderse desde un brazo de control
de un mecanismo de retencion, tal como el mecanismo de retencion 602 de la
figura 39. La proyeccion 814 puede ademéas extenderse desde una puerta, tal
como la puerta de acceso 5 de la figura 4. Los primer y segundo dispositivos de
intertrabado 804 y 812 estan construidos y dispuestos para interactuar uno con
respecto al otro.

Haciendo referencia a la figura 43, la misma es una vista en elevacion
tomada desde abajo de otra realizacién de un paquete de filtro en forma de V 900.
El paquete de filtro en forma de V 900 incluye un primer dispositivo de traba 904.
El primer dispositivo de taba 904 incluye un primer componente de intertrabado
906. En esta realizacion particular, el primer componente de intertrabado 906 es
un rebajo, recorte, o muesca 908 es una seccién de marco inferior 910 del
paquete de filtro en forma de V 900. O, en otras palabras, la secciéon de marco
inferior 910 define la muesca 908.

El primer dispositivo de traba 904 estd construido y dispuesto para
recibir un segundo dispositivo de intertrabado (no ilustrado). El segundo
dispositivo de intertrabado incluye un primer componénte de intertrabado (no
ilustrado). El primer componente de intertrabado es una broyecci()n longitudinal, o
reborde (no ilustrado). La proyeccion se extiende desde la estructura base del
mecanismo de retencién, tal como el mecanismo de retencion 602 de la figura 39.
El primer y segundo dispositivo de intertrabado 904 estan construidos y

dispuestos para interactuar uno con respecto al otro.
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Una unidad de filtro que comprende:

1.
una primera camara y una segunda

(a) una caja que define

camara;

{b) una primera etapa de filtro de aire ubicada en la

primera camara;

(i) dicha primera etapa de filtro de aire incluye por

lo menos un primer elemento filtrante a través

o 2
CH '
g€ '
5% del cual el aire a filtrar es dirigido durante el
i ,-‘
8.2 uso; j
5 :
&f (c) una segunda etapa de filtro de aire ubicada en la/
[ 3 1
sequnda camara; :
(i) la segunda etapa de filtro de aire incluye por lo
f
menos un elemento filtrante removible y
reemplazable a través del cual el aire es
L dirigido durante el uso; y f
(d) un sistema de limpieza por chorro a impulsos construido
b y dispuesto para dirigir selectivamente un chorro de
. ’
' K aire a impulsos, en una direccién revertida, a través

I
i

del primer elemento filtrante durante el uso;

+

Una unidad de filtro de acuerdo con la descrita en 1la

t

1

reivindicacién 1, en la cual: i
i

en

i

(a) el primer elemento filtrante es un paquete de filtro,

forma de V.
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3.

5.
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Una unidad de filtro de acuerdo con la descrita en la LZZZ?Z

reivindicacién 2, en la cual:
|

(a) el primer paguete de filtro en forma de V es un paguete
de filtro en forma de V orientado verticalmente; y

(b) dicho limpiador de aire por chorro a impulsos incluye
por lo menos un primer separador de impulsos orientado

hacia abajo, siendo este primer separador de impulsos

operable mediante una primera valvula de impulsos.

Una unidad de filtro de acuerdo con 1la descrita en laf

i

reivindicacién 3, en la cual:

(a) el primer separador tiene un 4&ngulo de separacidn

comprendido dentro del rango de 2° a 45°. .

Una unidad de filtro de acuerdo con la descrita en la

i
|
[

reivindicacién 3, la cual incluye:
i

(a) un mecanismo de levantamiento gque tiene una primera
segunda orientacidn

[
i

orientacién levantado y una

descendido.

(b) vy en la cual el primer paquete de filtro en forma der
un segundo

|

)

tiene un primer extremo, inferior, vy

extremo, superior:

el primer extremo, inferior, de dicho paquetefde

)

(1)

filtro en forma de V esta configurado para

sobre el mecanismo de levantamiento

i
I

descansar

durante el uso;
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{ii) el segundo extremo, superior, incluye: :
(A) una abertura para la salida del flujo de

i

aire; !
i

. . i

que circunscribe la |

|

!

|

(B) un primer empague
abertura para la salida del flujo de aire y ‘
sobresale del segundo extremo, superior; !

(C) un sistema de tope por compresién que

3 sobresale del segundo extremo, superior. '
< 3 ] . 1
:gg (c) el mecanismo de levantamiento y el primer paquete de
Lo
2 33% , ) . : :
“Ehs filtro en forma de V estan construidos y dispuestos de,
& - tal manera que: !
(1) cuando el mecanismo de levantamiento esta

t
colocado en la primera orientacidén levantado, el

primer paquete de filtro en forma de V quedé
en

presionado contra una porcidn de dicha caja,

)
)

una posicién bloqueada, de modo que:

i

(A) el primer empaque se comprime y forma dn

sello; v

;a
i

I

compresién del primer empaque; y j

(B) el tope de compresidén limita el alcance de

de levantamiento esta

(ii) cuando el mecanismo
1
I

colocado en la segunda orientacién descendido,;el

!

primer paquete de filtro en forma de V se sueita

de su posicién bloqueada. \
1

|
I
I
|
!



Traduccién oficial N°12.068 - Pégina 5 de 13

200

6. Una unidad de filtro de acuerdo con 1la descrita en la

reivindicacién 5, la cual incluye:
(a) una unidad de valvula eyectora alargada colocada debajo

del mecanismo de levantamiento; dicha unidad de valwvula

eyectora alargada incluye:

(i) un marco gque incluye por 1o menos una primera

pared inclinada hacia abajo en la cual se define

una primera ventana o abertura de salida;

(A) dicha primera pared inclinada tiene un lado'

l

inferior; y
!

Traductora e

Intérprete Oficial
fomtAn NO QQI3-Minjusticta

(ii1) un primer elemento de solapa flexible montado en

i

el lado inferior de la primera pared inclinadé

hacia abajo de tal manera que cubre y cierra lé

primera ventana o abertura de salida:

i
)

elemento de solapa tiene unF
i

(A) el primer

orientacién inclinada de tal manera que 1la
primera ventana o abertura de salida se abre

cuando estd en operacién el sistema de
]

!

limpieza por chorro a impulsos. (
'

7. Una unidad de filtro de acuerdo con la descrita en }a
reivindicacién 6, en la cual:
i
una plﬁca

)

(a) el mecanismo de levantamiento incluye

inferior y paredes laterales, las cuales definen 'un

i
1
!
j
|
}
|
5
j
!
i
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canal de montaje para recibir el extremo inferior del : 2&9il

paquete de filtro en forma de V; y

(i) el mecanismo de levantamiento incluye una

i
!
i
i
!
1

pluralidad de rodillos montados de manera que

sobresalen por lo menos parcialmente a través de

|
}
!
)
dicha placa inferior con el objeto de constituir;
|
I

N
-2
g8
@2 T
bl . . . .
233 una superficie de rodillos en la cual encaja el
BV O
'§§% extremo inferior del paguete de filtro en forma
ER ,
Ef ,

de V. !
}

-

8. Una unidad de filtro de acuerdo con 1la descrita en 14

reivindicacién 7, en la cual:

(a) el mecanismo de levantamiento incluye un brazo de

i
control montado de manera giratoria, que tiene una
j
1

posicién levantada y una posicién descendida;
(i) el mecanismo de levantamiento se coloca

!
orientacién

selectivamente en esa primera
|

levantado siempre que el brazo de control esta én

"
B | esa primera posicién levantado; y ;
(ii) el mecanismo de levantamiento estd en la segunéa
i
orientacidén descendido siempre que el brazo @e

)
control estd en la segunda posicién descendido.
|

9. Una unidad de filtro de acuerdo con la descrita en Ila
|

}
reivindicacién 6, en la cual: ;
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(a)

el primer paquete de filtro en forma de V comprende dos

paneles de filtro,

primero y segundo, construidos vy

dispuestos de manera que forman un angulo de filtro de

por lo menos 5°.

10. Una unidad de filtro de acuerdo con la descrita en la

reivindicacién 9, en la cual:

(a) el primer paquete de filtro en forma de V inc&uye un

lado extremo en el cual se define una abertura para la

2 salida del flujo de aire;
93
g
B2 (b) el primer paguete de filtro en forma de V incluye un
83
ﬁ; primer elemento de sellamiento colocado en dicho lado
3 §

extremo de tal manera que circunscribe dicha abertura
de salida:;
(1) el primer elemento de sellamiento tiene un primer

espesor de proyeccidn; este primer espesor de

proyeccién es un espesor de dicho elemento de
sellamiento cuando el mecanismo de levantamiento
estd en su segunda posicién descendido; y
{c) el primer paquete de filtro en forma de V incluye un
primer tope rigido de compresidén colocado de manera que
sobresalga de dicho 1lado extremo en una distancia
inferior a dicho primer espesor de proyeccidn.

11. Una unidad de: filtro de acuerdo con 1la descrita en la

reivindicacién 2, en la cual:
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(a) la cémara inferior de la unidad de filtro incluye una
primera pared lateral;
(i) la primera pared lateral incluye una entrada de
flujo de aire; y

(b) la unidad de filtro incluye una tapa de proteccidén

contra la intemperie orientada sobre dicha entrada de

flujo de aire en la primera pared lateral.

E.
{a

12, Una unidad de filtro de acuerdo con la descrita en la

reivindicacién 11, en la cual:

Oficial

ductore
~ L tsidn NE 9913-Minjustic

(a) la tapa de proteccidn contra la intemperie es una tapa

Intérprete

lTra

de tres lados que comprende un lado superior, un lado

frontal y un lado principal y cuyos lados trasero e

inferior son abiertos.

13. Una unidad de filtro de acuerdo con la descrita en 1la

reivindicacién 12, en la cual:

(a)

la cémara inferior tiene un borde exterior inferior en

el cual estéa colocado un protector contra

salpicaduras.

14. Un aparato gque comprende:

(a) un primer paquete de filtro en forma de V que tiene un

primer extremo, inferior, y un segundo extremo,

superior;

(1) el segundo extremo, superior, incluye:
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(A) una abertura para 1la salida del flujo de

aire;

(B) un primer empaque que circunscribe 1la

abertura para la salida del flujo de aire y

sobresale del segundo extremo, superior;

(C) un sistema de tope por compresién que

sobresale del segundo extremo, superior.
{b) un mecanismo de levantamiento, el cual incluye:

(1) una estructura de base;

(ii) wun asiento movible fijado a la estructura base;

(A) el asiento movible ©presenta una primera

orientacién levantada vy una segunda

orientacién descendida;

(iii) un brazo de control montado de manera giratoria
para levantar el asiento movible hasta su primera
orientacidén levantada y para bajar el asiento

movible hasta su segunda orientacidén descendida;

(c) el primer paquete de filtro en forma de V y el

mecanismo  de levantamiento estdn  construidos vy

dispuestos de tal manera que:

(i) cuando el mecanismo de levantamiento esta

colocado en la primera orientacién levantado, el

primer paquete de filtro en forma de V queda

200
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presionado contra una porcién de una caja, en una

posicidén bloqueada, de modo que:

(A) el primer empagque Se comprime y forma un

sello; vy

(B) el tope de compresién limita el alcance de la
compresién del primer empaque; y

(ii) cuando el mecanismo de levantamiento esta

colocado en la segunda orientacidén descendido, el
primer paquete de filtro en forma de V se suelta

de su posicidn bloqueada.

e Treridn NO 9913-Minjusticia

15. Un aparato de acuerdo con el descrito en la reivindicacién

14, en el cual:

(a) el primer paquete de filtro en forma de V incluye un

lado extremo en el cual se define una abertura para la

salida del flujo de aire;

el primer paquete de filtro en forma de V incluye un
primer elemento de sellamiento colocado en dicho lado

extremo de tal manera que circunscribe dicha abertura

de salida:
(i) el primer elemento de sellamiento tiene un primer

espesor de proyeccidén; este primer espesor de

proyeccién es un espesor de dicho elemento de
sellamiento cuando el mecanismo de levantamiento

estd en su segunda posicidn descendido; y
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{(c) el primer paquete de filtro en forma de V incluye un

primer tope rigido de compresidn colocado de manera que
sobresalga de dicho 1lado extremo en una distancia
inferior a dicho primer espesor de proyeccidn.

16. Un aparato de acuerdo con el descrito en la reivindicacién

15, en el cual:

(2) el asiento de montaje incluye una placa inferior vy

paredes laterales, 1las cuales definen un canal de

montaje para recibir el primer extremo inferior del

paquete de filtro en forma de V; y

eealirian NP 9913-Minjusticia

(i) el mecanismo de

levantamiento incluye una

pluralidad de rodillos montados de manera que

sobresalen por lo menos parcialmente a través de

dicha placa inferior con el objeto de constituir
una superficie de rodillos en la cual encaja el

extremo inferior del paquete de filtro en forma

de V.

17. Un aparato de acuerdo con el descrito en la reivindicacién

16, en el cual:

(a) el primer paquete de filtro en forma de V comprende dos

paneles de filtro, primero y segundo, construidos vy

dispuestos de manera que forman un angulo de filtro de

por lo menos 5°.
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18. Un método para operar una unidad de filtro de la toma de

aire en motores, la cual comprende una primera camara para
alojar una primera etapa de filtro de aire y una segunda
1 | cédmara para alojar una segunda etapa de filtro de aire, y
| un sistema de limpieza por chorro a impulsos construido y

dispuesto para dirigir selectivamente impulsos de aire a

través de la primera etapa de filtro de aire; este método

4% consiste en:
T
ok . . . ) .
' 32 (a) medir una baja de presidén en la primera etapa de filtro
*50
e O
2% de aire durante la operacién del motor;
B!
. (b) medir el rendimiento del motor durante su operaciédn; y

(c) activar una valvula de impulsos del sistema de limpieza

por chorro a impulsos para dirigir un impulso de aire,

en una direccidn revertida, a través de la primera

etapa de filtro de aire, cuando el rendimientb del

motor estd por debajo de un rendimiento predeterminado

del motor y cuando la baja de presidén excede una baja

de presién predeterminada.

19. Un método de acuerdo con el descrito en la reivindicaciénm

18, el cual consiste, ademas, en:

(a) antes de activar una valvula de impulsos, medir 1la

presidén de un tanque acumulador y activar la valvula de

impulsos cuando la presién del tanque acumulador es

U
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1

superior a una presién predeterminada del tanque,

1
acumulador. \

§
20. Un método de acuerdo con el descrito en la reivindicacién

19, el cual consiste, ademas, en:

{(a) antes de activar una valvula de impulsos, aumentar un

rendimiento predeterminado del motor a un primer

intervalo de tiempo en <cantidades que se van

incrementando. '

[..][35 figuras.]
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MULTISTAGE AIR CLEANER INCLUDING PULSE CLEANING SYSTEM

Field of the Invention

The present disclosure relates to air cleaners and particularly concerns air
cleaners for cleaning combustion air directed to the engine air intake of large vehicles

and equipment. The disclosure concerns preferred designs of air cleaners for such use,

and metheds of assembly and use.

Background of the Invention

In general, combustion air for engines needs to be filtered to prevent
particulates, otherwise carried in the intake air stream, from reaching sensitive engine
components. As a result, nearly every engine system involving combustion air includes

an air cleaner assembly of some type positioned in the intake air stream.

Many air cleaner assemblies generally comprise a housing through which
the air is directed during filtration or cleaning. In some systems, a removable and
replaceable filter element, or a combination of such filter elements, is provided within
the housing. In use, the air is directed through the filter element(s) as it moves through
the housing. In time, the filter element(s) becomes occluded or loaded with a
concomitant increase in restriction across the air cleaner. At an appropriate service

point, the filter element(s) is removed and is either refurbished (cleaned) or replaced.

Certain very large and powerful equipmeni types generate unique
problems with respect to air cleaner operation. Consider large earth movers, haul
trucks, and other very large types of construction and mining equipment that have 500—
2,000 horsepower (hp) (37.3—149.2 KW) engines.

Such equipment operates for extended periods in extremely dusty
environments. Such equipment also has very large volume demands for combustion air.
This means very large amounts of particle-laden air on an almost continuous basis is

passing through the air cleaner system. Indeed, the typical environments of use, for
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example construction sites and mining sites, are sites characterized by relatively large

amounts of air borne particulates of a variety of sizes and population distribution.

Special heavy—duty multistage filtration units have been designed for use
with such equipment. One such design has been available from Donaldson Company,
Inc. of Minneapolis, Minnesota under the designation SRG Donaclone™. Such
products are designed for an air flow of up to approximately 1,300 — 4,500 cubic feet
per minute (cfm) and are available in single or dual unit designs. In general, such
arrangeménts are multistaged. In a first stage, a precleaner is provided for removal of
up to 95% of the dirt in the air stream before it reaches the filters. Such precleaners
generally‘ operate by directing the inlet air flow through a plurality of cyclonic tubes
with dust separation occurring as a result of the cyclonic: air flow. Cyclonic precleaners

are described, for example, in U.S. Patent 5,693,109, incorporated herein by reference.

In the second stage, the air from the precleaner is directed into and
through an air filter system, typically a filter system provided by two elements: an outer
primary filter element and an internal secondary or safety element. The housings are
generally configured so that, periodically, the primary filter (and if desired the secondary

filter) can be removed and be refurbished or replaced.

Summary of the Inventi(jn

In one aspect of the present disclosure, an example embodiment involves
a filter assembly. The filter assembly includes a housing that defines first and second
chambers, a first stage air cleaner, a second stage air cleaner, and a pulse jet cleaning
arrangement. The first stage air cleaner is positioned in the first chamber and includes a
first filter element through which air to be filtered is directed during use. The second
stage air cleaner is positioned in the second chamber and includes at least one
removable and replaceable filter element through which air is directed during use. The
pulse jet cleaning arrangement is constructed and arranged to selectively direct a pulse

jet of air, in a reverse direction, through said first filter element.

In another aspect of the present disclosure, an apparatus includes a first
V-pack filter and a lift mechanism. The first V—pack filter has a first, lower end and a
second, upper end. The second, upper end includes an air flow exit aperture; a first

gasket circumscribing the air flow exit aperture and. projecting outwardly from said
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second, upper end; and a compression stop arrangement projecting outwardly from said
second, upper end. The lift mechanism includes a base structure, a movable seat
secured to the base structure, and a pivotally mounted control arm. The movable seat
has a first, raised orientation and a second, lowered orientation. The pivotally mounted
control arm raises the movable seat to the first raised orientation and lowers the
movable seat to the second, lowered orientation. The first V—pack filter and the lift
mechanism are constructed and arranged such that when the lLift mechanism is
positioned in the first, raised orientation, the first V—pack filter is pressed against a
portion of a housing in a locked position with the first gasket compressed to form a seal
and the compression stop limiting an extent of compression of the first gasket. When
the lift mechanism is in the second, lowered orientation, the first V—pack filter is

released from the locked position.

In another aspect of the present disclosure, a method of operating an
engine air intake filter assembly is discussed. The filter assembly includes a first
chamber to house a first stage air cleaner, a second chamber to house a second stage air
cleaner, and a pulse jet cleaning arrangement constructed and arranged to selectively
direct pulses of air through the first stage air cleaner. The method includes measuring a
pressure drop across the first stage air cleaner during éngine operation; measuring an
engine load during the engine operation; and activating a pulse valve of the pulse jet
cleaning arrangement to direct a pulse of air, in a reverse direction, through the first
stage air cleaner in response to the engine load being below a predetermined engine load

and the pressure drop exceeding a predetermined pressure drop.

Brief Description of the Drawings
Fig. 1 is a schematic front elevational view of an assembly according to
the present invention;
Fig. 2 is a schematic, right side elevational view of the assembly shown
in Fig. 1;
Fig. 3 is a schematic, top plan view of the assembly shown in Fig. 1;

Fig. 4 is a schematic, front prospective view of the assembly shown in

Fig. 1;
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Fig. S is a schematic, rear perspective view of the assembly shown in Fig.

Fig. 6 is a schematic, front perspective view analogous to Fig. 4, with

portions broken away to show internal detail;

Fig. 7 is a schematic, front elevational view of the assembly as depicted
in Fig. 6;

Fig. 8 is a schematic, internal prospective view of portions of the
assembly of Fig. 1;

Fig. 9 is a schematic, front elevational view of the assembly as depicted
in Fig, 8;

Fig. 10 is a schematic, enlarged, front elevational view of portions of the

internal assembly of Fig. 1;

Fig. 11 is a schematic, enlarged, side elevational view of portions of the

internal assembly of Fig. 1;

Fig. 12 is a schematic, top plan view of the bottom portion of the

assembly shown in Fig. 10;

Fig. 13 is a schematic, top perspective view of the bottom portion of the

assembly shown in Fig. 12;

Fig. 14 is a schematic, side elevational view of the bottom portion of the

assembly shown in Fig. 12;

Fig. 15 is a schematic, front elevational view of the assembly of Fig. 1

with portions of the assembly removed;

Fig. 16 is a schematic, perspective view of the first chamber of the

assembly of Fig. 1, with portions broken away to show internal detail;

Fig. 17 is a schematic, perspective view of the primary element of the
second chamber of the assembly of Fig. 6;

Fig. 18 is a schematic, perspective view of the safety element of the

second chamber of the assembly of Fig. 6;
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Fig. 19 is a schematic, end elevational view of one of the V—packs of
Fig. 6;

Fig. 20 is a schematic, side elevational view of one of the V—packs of
Fig. 6;

Fig. 21 is a schematic, top plan view of one of the V—packs of Fig. 6;

Fig. 22 is a schematic, perspective view of a retention system of the
assembly of Fig. 6;

Fig. 23 is a schematic, top plan view of the retention system of Fig. 22;

Fig. 24 is a schematic, side elevational view of the retention system of
Fig. 22,

Fig. 25 is a schematic, front elevational view of the retention system of
Fig. 22;

Fig. 26 is a schematic, end elevational view of portions of the second
chamber of the assembly of Fig. 6;

Fig. 27 is a schematic, cross—sectional view taken along line 2727 of
Fig. 26;

Fig. 28 is a schematic, perspective view of an example embodiment of

the charge tank of the assembly of Fig. 10;
Fig. 29 is a schematic, top plan view of the charge tank of Fig. 28;

Fig. 30 is a schematic, cross—sectional view of the charge tank of Fig. 29,
taken along line 30-30; :

Fig. 31 is a schematic, cross—sectional view of the charge tank of Fig. 29,
taken along line 31-31;

Fig. 32 is an electrical schematic depicting the interface between a

control system of the assembly of Fig. 6 and a vehicle;

Fig. 33 is an electrical schematic showing more detail of the control

system of Fig. 32; -

Fig. 34 is a flow chart of the logic of the control system of Fig. 32; and

|
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Fig. 35 is a flow chart depicting more detail of the firing of a pulse valve
by the control system of Fig. 34.

Detailed Description

A. Environment of Use; System Demand

The arrangements depicted in the drawings and described herein, and the
principles defined in association with them, were specifically designed for advantageous
application in certain types of equipment and work environments. While the principles
could be applied in a variety of alternate applications, the unique arrangements

described herein are particularly advantageous for the identified systems of use.

Typical systems in which equipment of the type defined herein will be
useful are engine applications concerning large engines, typically 500 to 2,000 hp
(37.3—149.2 KW). Such engines are generally defined by air flow demands on the order
of about 1,300 to 4,500 cfm.

In general, it is desirable that such equipment be able to operate with no
more than about 25 inches of water restriction across the air cleaner system. With
conventional air filter technology this could mean that, due to air filter occlusion, the air
filters would generally need to be changed with a frequency of about 250 hours. Longer
periods of time hetween air filter changing and refurbishment without operation above
the limiting restriction of about 25 inches of water have been sought by manufacturers

and users of such equipment.
B. A Typical Improved System

In Figs. 1-35, an air cleaner system utilizing principles according to the

present invention is depicted.

Referring to Fig. 1, reference No. 1 generally designates an air cleaner
arrangement or assembly utilizing principles according to the present invention. As will
be apparent from the following description, alternate embodiments, arrangements, and

applications are sensible.

The assembly 1, Fig. 1, is depicted in front elevational view. By "front"
in this context, reference is meant to a side 3 of the assembly 1 on which one or more

access hatches or covers are provided for normal servicing. For the particular air
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cleaner assembly 1 depicted, mounted on the front side 3 are first and second access
doors, hatches, or covers 5 and 6. The first cover 5 opens to allow service accesstoa |
first stage air cleaner assembly; and the second access cover 6 is oriented to allow ]

service access to a second stage air cleaner assembly.

The first cover 5 is pivotally secured to the assembly 1 by first and
second hinges 7, 8. Preferably, the first and second hinges 7, 8 are conventional hinges
and are typically bolted or riveted to the assembly 1 and the first cover 5. The first and ]

second hinges 7, 8 allow the first cover S to swing outwardly away from the assembly 1
about a fixed axis A defined by the hinges 7, 8. The first cover 5 also includes a
latching device 9. Preferably, the latching device 9 is a conventional latching device.
By the term "conventional," it is meant any known device that is capable of securing the |

first cover 5 to the assembly 1. The latching device 9 prevents the first cover 5 from \

swinging outwardly away from the assembly 1.

Although not required for all applications of the technology described
herein, in the particular embodiment shown, the access doors or covers S and 6 are 1
positioned on the same side, i.e. the front side 3 of the assembly 1. This will be a |
particularly convenient design for vehicle and equipment manufacturers, since for
overall equipment design, the manufacturer need only provide the wide space of access l
to the air cleaner assembly 1 for removal and servicing of elements on the front side 3 of j

the assembly 1. l

The particular assembly 1 depicted in Figs. 1-5 is somewhat rectangular [
in horizontal cross—section. Thus, it has four sides of which the front side 3 has already
been designated. The other sides comprise sides 10, 11, and 12, identified in general in |
Fig. 1 (front elevation), Fig. 2 (side elevation), and Fig. 3 (top plan). The side 12 would '
typically be referenced as the back, or rear, side; i.e., the rear side 12 facing opposite the }
|

front side 3 of the assembly 1.

Referring to Fig. 4, first and second lifting rings 16, 17 are provided.
The first and second lifting rings 16, 17 are attached to first and second plates 18, 19,
Fig. 7. The first and second plates are secured as part of the assembly 1 by, for

|
example, welding. The lifting rings 16, 17 are arranged and configured to allow a lifting
. |

|
7 |

|
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device, such as a crane, to lift the assembly 1 for mounting on a vehicle, such as a heavy

haul truck. [

Attention is now directed to Fig. 6, a perspective view of the air cleaner |
assembly 1, similar to Fig. 4 but with portions broken away to show internal detail. ]
From reference to Fig. 6, general operation of the overall air cleaner assembly 1 will be .

readily understood. |

In general, the air cleaner assembly 1 includes an outer housing 20 |
divided into first and second chambers 21 and 22. A first stage air cleaner arrangement ]
24 is positioned in chamber 21, and a second stage air cleaner 25 is positioned inthe
second chamber 22. For the particular embodiment shown, the chambers 21 and 22 are ]
positioned in a vertical stack with chamber 22 positioned generally above chamber 21 |
for normal use. In the particular embodiment illustrated, the first and second chambers |

21, 22 are manufactured separately from each other and are secured together.

!

Attention is directed to Fig. 16. Fig. 16 is a schematic, perspective view .
of the first chamber 21 of the assembly 1 (Fig. 6) with portions broken away to show |
internal detail. The first chamber 21 is constructed with first, second, third, and fourth ]
flanges 53—56. Preferably, each of the flanges 53—56 includes a plurality of bolt holes
57. Referring back to Fig. 6, analogously, the second chamber 22 is also constructed |
with first (not shown), second 58, third 59, and fourth (not shown) flanges including a )
plurality of bolt holes (not shown). The flanges 58, 59 of the second chamber 22 are
arranged and configured to mate with the flanges 53—56 (Fig. 16) of the first chamber
21 and the bolt holes 57 of the first chamber 21 are arranged and configured to align |
with the bolt holes of the second chamber 22, such that a plurality of bolts 50 positionedi'
through the plurality of bolt holes 57 secure the first chamber 21 to the second chamber .

22. |

In general, the first or lower chamber 21, Figs. 1 and 2, is defined by l
first, second, third, and fourth side walls 26 (front), 27 (side), 28 (side), and 29 (back). I
Attention is directed to Fig. 5. Each of the side walls 26—29 (Figs. 1,2, and 5) has
defined therein an open aperture, air inlet, or window 33 through which air to be ﬁltere,(li
by the air cleaner assembly 1 can pass into the assembly 1 for cleaning. Each of the air

inlets 33 is, in preferred embodiments, covered by aprotective screen 34. The air inlet



33 and the screen 34 in the rear panel 29 are viewable in Fig. 5, as are the air inlet 33 .

and screen 34 in panel 28.
Still referring to Fig. 5, note that mounted on side wall 28 is a first f

weather cover 36. Still referring to Fig. 5, note also a second weather cover 37 mounted ;
i

on or extending from the side wall 27. Weather covers, such as first and second weather :
!

I

i

i

5
covers 36 and 37, protect corresponding air inlets 33 positioned thereunder from

entrance by undesirable levels of rain, snow, and the like.
Referring to Fig. 4, it is noted that the assembly 1 also includes a third
weather cover 40 on the front side 3. In the embodiment shown, the third weather cover '
10 40 is mounted on the first access cover 5. The first access cover 5 includes an air inlet :
33 therein, covered by a screen 34. In general these are viewable in Fig. 15.

Referring to Fig. 5, the weather covers 36, 37 preferably compﬁse a

single piece of material, such as metal, bent at first and second angles 38, 39,
respectively. Preferably, the first and second angles 38, 39 are approximately ninety
degrees. The first angle 38 separates the first weather cover 36 into first and second
sections 41, 42. Likewise, the second angle 39 separates the second weather cover 37
into first and second sections 43, 44. In the particular embodiment depicted, the first
sections 41, 43 are attached as part of the assembly 1. Preferably, the first section 41 of ~
the first weather cover 36 is attached as part of the assembly 1 by placing the first :
section 41 of the first weather cover 36 under the flanges 54, 58 of the first and second ‘

15

20
chambers 21, 22, respectively, and securing the cover 36 in place by, for example,
i

welding. Likewise, the second section 43 of the second weather cover 37 is attached as ‘

part of the assembly 1.
Referring to Fig. 4, the first weather cover 36 also includes a third )

section 47. Preferably, the third section 47 is attached to the first and second sections :
41, 42 of the weather cover 36. For example, the third section 47 may be welded to the |
first and second sections 41, 42. Likewise, the second weather cover 37 also includes a '
third section 46 analogous to the third section 47 of the first weather cover 36.

Referring back to Fig. 5, in the preferred embodiment depicted, the first

25

sections 41, 43 of the weather covers 36, 37, respectivc;ly, extend generally

30
perpendicular to the side walls 28, 27, respectively, of the assembly 1. The first sections




41, 43 prevent undesirable levels of weather elements, such as rain, from entering the air
inlets 33 from the top, or parallel directions. In the preferred embodiment, the second :
sections 42, 44 of the weather covers 36, 37, respectively, extend generally parallel to :
the side walls 28, 27, respectively, or orthogonal to the ground. The first and second :
5  sections 42, 44 prevent undesirable levels of weather elements from entering the air ;:
inlets 33 from the side, or perpendicular directions. Alternatively, the second sections :
42, 44 are oriented spaced from, but covering, the air inlets 33 in the walls 28, 27, ,'
respectively. Referring back to Fig. 4, the third sections 46, 47 prevent the weather !
elements from entering the air inlets 33 from the front. Referring back to Fig. 5, the ;
10 first weather cover 36 is open along a rear edge 48 and along a bottom edge 49. These ’
are directions from which falling or wind blown elements are less likely to be able to
enter the covered air inlet 33 in the side 28 of the assembly 1, and therefore, these areas

are accessible for air to enter the assembly 1. Likewise, the second weather cover 37 is

-

open along a rear edge 51 and along a bottom edge 52.

It is noted that the assembly 1 does not include, mounted thereon, a
weather cover over the air inlet 33 in the rear wall 29. It is anticipated that in typical
systems, the assembly 1 will be mounted on the vehicle such that the rear wall 29 does

not need a weather cover, because the vehicle itself prevents the elements from entering ,
I

i

i

15

the air inlet 33.
Referring to Figs. 4 and 5, the assembly 1 includes a bottom skirt or

splash guard 60. The bottom splash guard 60 includes first, second, and third segments
61, 62, and 63 mounted to extend outwardly from bottom portions of walls 26, 27, and
28, Fig. 1, respectively. The splash guard or skirt 60 inhibits undesirable levels of water
from being splashed up into the air inlet 33 from the underside of the assembly.l . !
j
I

20

Referring to Fig. 5, the third splash guard section 63, and analogously the

25
second section 62, includes a mounting strip 64 by which the splash guard 60 is

mounted on the wall 28; a base extension 65; and an angled splash extension 66.
Preferably, the angled splash extension 66 projects over an angle B, Fig. 5, relative to
base section 65 of 110 to 160°, preferably about 135°. Preferably, the base section 65 is

30  mounted on the assembly 1 by a plurality of bolts 69. Of course, other means of

attachment may be used, such as welding. .

10
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Referring to Fig. 4, the first or front extension 61 of the splash guard 60
includes a mounting strip 67 and a downwardly extending section 68, preferably having
an angle C with respect to the mounting strip 67, Fig. 2. Preferably the angle C is '
between 110 to 160°, and most preferably is about 135°. Preferably, the mounting strip

5 67 is mounted to the assembly 1 by a plurality of bolts 69. Of course, other means of

attachment may be used, such as welding.
It is also noted that the front weather cover 40, Fig. 4, includes a
downwardly and rearwardly extending splash guard extension 79 that extends from a
region 96 mounted on surface panel 80 generally toward skirt section 68, preferably at a
angle D with respect to region 96, Fig. 2. Preferably, the angle D is between 110 to
160°, and most preferably is about 135°. The splash guard extension 79 prevents

undesirable levels of water from being splashed up underneath the cover 40. The cover

10

40 also includes a top panel 82 and opposite side panels 83, 84 (Fig. 4). Itis open,
however, undemeath edge 85 to allow air to enter the assembly 1.

15 Referring back to Fig. 5, as indicated above, air to be filtered by the air
cleaner assembly 1 passes into the air cleaner assembly 1 through the air inlets 33. In

Domg the preferred embodiment shown, the air inlets 33 allow for direct transfer of the air into
the first chamber 21 (Fig. 6). By the term "direct," or variants thereof in this context,

reference is meant to air flow from the exterior environment that does not first pass into |

i

the second chamber 22. Referring back to Fig. 6, within the first chamber 21, the air is
|

passed through the first stage air cleaner 24.
For the particular arrangement shown in Fig. 6, the first stage air cleaner .
24 includes two V—shaped air filter constructions 94, 95, sometimes referred to herein .
as V—packs. Detail concerning the preferred construction of the V—shaped filter
constructions 94, 95 is provided below. In general, the V—shaped filter constructions
94, 95 are preferably identical in construction, and each includes first and second
opposite filter panels 97 and 98. The panels 97 and 98, for each V-shaped filter 94, 95,
are mounted in a frame 199 to define an internal, V—-shaped, interior chamber or clean

fain

20

o a2 sk o R

25

air plenum 99. The air is filtered as it passes from the region exterior to the V—shaped
filters 94, 95 to the clean air plenum 99. After this filtering in the first stage 24, the air

30
then passes through passageways 100, 101, Fig. 16, into the upper chamber 22.
]
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For the particular arrangement shown in Fig. 6, the V—packs or V- [
shaped air filter constructions 94, 95 are vertically oriented. By the term "vertically
oriented,” it is meant that in the normal installation on vehicles or equipment standing :
on level ground the orientation of the V—shaped filter elements 94, 95 will be such that :
vertices 109, 110, respectively, of the V's are directed downward. It is, of course, ,'
possible to use alternate constructions in association with the techniques described f

j
j

herein, although the vertically oriented configuration shown in Fig. 6 is preferred.

Alternate orientations would include an "inverted orientation," which
would be one in which the vertices 109, 110 of the V's are directed upward; and, :
laterally oriented ones, in which the vertices 109, 110 of the V's are directed sideways.:
There would, in general, be two types of laterally oriented arrangements: one in Which_:
the elements 94, 95 are standing on one of the ends 203, 204; and ones in which the |
ends 203, 204 extend orthogonally to the ground. Of course, alternate configurations of
the overall assembly 1 would be needed for alternate orientations of the V—packs 94, 95.
Although alternate orientations and configurations are possible, the "vertical"
orientation for the V—shaped filters 94, 95 will be preferred, for reasons of: air ﬂow,,."
pulse cleaning, assembly, and servicing. The preferred V-packs 94, 95 are

characterized below in connection with Figs. 19-21.

The upper chamber 22 includes, positioned therein, the second stage :
filter system 25. For the arrangement shown, the second stage filter system 25 ,'
comprises a cylindrical filter construction 123. Attention is directed to Figs. 26 and ,‘27.
Fig. 26 is a schematic, end elevational view of portions of the cylindrical filter '
construction 123. Fig. 27 is a schematic, cross—sectional view taken along line 27—?.7
of Fig. 26. For the particular arrangement shown, the cylindrical construction 1.23 5
includes a primary element 124, shown in perspective view in Fig. 17, and a seconciary
or safety element 125, shown in perspective view in Fig. 18. During operation, the air is
passed through the primary element 124 and the safety element 125 into a central clean
air plenum 130. The filtered air then passes outwardly through outlet tube 131 to tile

!

engine air intake duct (not shown). ;

Periodically, it may be desirable to remove the primary element 124, and
in some instances the safety element 125, for inspectjon and in some instances

refurbishing or replacement. Referring back to Fig. 6, the second cover 6 provideé
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access for this. The second cover 6 is mounted on a cylindrical extension 134 and is
secured in place by a clamp arrangement 135. When the clamp arrangement 135, which
comprises a strap 136 secured by bolts 137, is loosened, access through the tube or !
extension 134 is provided to an end 140, Fig. 26, of the primary element 124. The :
primary element 124 can thus be grasped and be removed from its mounting onthe |
outlet tube 131, Fig. 27, exposing the safety element 125, Fig. 27, that can also be

removed if desired. ]

Details concerning the preferred construction and mounting of the
primary element 124 and the safety element 125 are provided hereinbelow, in ’
connection with Figs. 15, 17, 18, 26, and 27. |

Attention is now directed to Figs. 7 and 8. Fig. 7 is a front elevational ]
view showing the assembly 1 with portions of the top, the right side 11, Fig. 1, and the
front side 3, Fig. 1, removed to show certain internal parts. In Fig. 8, the assembly 1 is
shown without the V-shaped constructions 94, 95, the primary element 124, and the
safety element 125. Fig. 8 is analogous to Fig. 7, but with additional portions remove:d

to show more internal detail and represents a perspective view.

Again referring to Fig. 6, the first stage air cleaner 24 includes a revers'}e
pulse cleaning arrangement 154. Periodically, preferably in accord with a selected ,
program schedule as described hereinbelow, the reverse pulse cleaning system 154 isf
operated to direct reverse jets of air through the V—shaped constructions 94, 95 in the
first stage 24. This will serve to knock dust cake off the outer or upstream surfaces of
the panels 97 and 98 of the V—shaped constructions 94, 95. Referring to Fig. 8, the .
dislodged dust will, under gravity influence, pass toward a bottom region 157 of the first
chamber 21 and outwardly through a dust exhaust valve arrangement 160. A preferred
construction of the dust exhaust valve arrangement 160, as shown in Figs. 8, and 12;—14,

is discussed below. j

Referring to Fig. 8, in order to generate and direct the cleaning jets o:f air,
the pulse cleaning system 154 includes four pulse jet nozzles 162, 163, 164, 165; two

associated with each V—pack 94, 95 (Fig. 6). Specific preferred constructions of the
|
i
|

!

pulse jet nozzles 162—-165 will be discussed in greater detail hereinbelow.

13
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Referring to Figs. 6 and 8, a central baffle 170 is positioned in the first |
chamber 21, between the two V—packs 94, 95. The central baffle 170 depends ‘
downwardly from a tube sheet 171, generally at least 50% or more, preferably at least f
70%, and most preferably at least 90% of the distance between a top 180 of the first
chamber 21, and a lowest level 181 of extension of the V—packs 94, 95, when the V— !
packs 94, 95 are positioned for filtering. Preferably, the baffle 170 extends below this i
lower level 181. The baffle 170 helps prevent dust that has been blown off the V—packs
94, 95 by the air from the pulse jet nozzles 162—165 from being transferred to the next'
adjacent V—pack 94, 95. Rather, due to the baffle 170, the dust is more likely to pass

downwardly to the bottom 183 of the first chamber 21. ‘

i

Herein the term "bottom end 183," when used in connection with the

4

characterization of the first chamber 21, refers to a region 184. It will be understood

from further descriptions that the region 184 is the location at which equipment that
supports the V—packs 94, 95 is positioned within the assembly 1. The portion of the |
housing 20 that includes the dust exhaust valve arrangement 160 generally depends

downwardly from the bottom end 183.
C. The V-Pack Filters

Attention is now directed to Figs. 19-21. In Fig. 19, one of the V—paci(s
94, 95 is depicted. Each V—pack 94, 95 comprises a pair of panels 97, 98. The panel_é
97, 98 each comprise an outer frame 199 with media 200 positioned therein. For the \
preferred arrangements, the media 200 is pleated and oriented such that when the V-,
pack 94, 95 is positioned in the vertical orientation of Fig, 6, the pleats 201 extend '

“horizontally. In general, the media 200 is potted within the frame 199 by an adhesive

material such as PVC plastisol (i.e., a polyvinylchloride). Commercially available

potting plastisols can be used. :

i

A variety of materials can be utilized for the media 200. In general, what
is required is an appropriate media to achieve a preferred level of efficiency for the V-
packs 94, 95. The media chosen for the V—packs 94, 95 is a matter of choice; a variéty
of conventional medias can be used. For a high—level of cleaning from pulse cycles,‘ a
robust media is preferred to help prevent particles from penetrating into the fibers of the
media when loading. That is, it is preferred that the media be of a type such that

i

!

14 ;
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particles will be captured on the outer surface of the media. Usable materials include

cellulose or synthetic fiber media. :

On the upstream side, a deposit or layer of polymeric fiber material, or
"fine fiber," generally having a fiber diameter of 5 microns or less, can be used, in some
applications. The amount of fine fiber deposited is a matter of design choice for a given

i

application. In general, the more fine fiber that is used, the larger the restriction. '
Conversely, the less fine fiber that is used, the higher the occurrence of penetration of
the particles during loading. That is, the fine fiber facilitates surface loading and pulse’
jet cleaning. .

One media comprising a fine fiber deposited onto a paper or cellulose ,
material is practiced by Donaldson Company, Inc., the assignee of the present
application, in products generally identified under the trademark EON™. These media
are manufactured by a trade secret process of Donaldson's. Such media would be ,
useable in arrangements according to the present invention. However, the technique of
fine fiber application is not critical to the principles disclosed herein, and a variety of :

conventional, well-known, processes could be used.

Each of the V—packs 94, 95 includes first and second opposite end pan_'els
203, 204. The end panels 203, 204 close ends of the clean air plenum 99 when the 728
packs 94, 95 are sealed for use. For convenience, one of the panels 203 is shown havmg
a wire handle 209 positioned thereon, Fig. 19. The wire handle 209 is secured in
extension between brackets 210, 211. The wire handle 209 comprises an extension of
wire 212 having end stops 213, 214 thereon. When a central portion 215 of the ﬂexii:le
wire 212 is pulled, the handle 209 will bow outwardly until the end stops 213,214
engage the brackets 210, 211. A flexible, collapsible, handle construction 209 is
convenient for mounting and dismounting the V—packs 94, 95 and also for carrying tlhe

V-packs 94, 95. ‘
i
Of course, alternate handle designs may be used. For example,a

pivotally mounted rigid handle may in some instances be substituted for the type of
handle configuration depicted in the figures. In general, preferred handle con;structipns
will be ones that have a flat, enclosed configuration that can be readily opened to be

grasped.

15
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Again, in each V—pack 94, 95, the pair of panels 97, 98 is oriented in a
V-shape, as shown in Fig. 19. Along one longitudinal edge 220, 221 of each panel 97, '
98, the panels 97, 98 are oriented either adjacent one another or closely spaced, whereas:
along opposite side edges 222, 223, the panels of 97, 98 are spread apart from one |
another. That is, preferably the panels 97, 98 form a V—shape, most preferably having ?
filter angle E, Fig. 19, between the panels 97, 98, of at least about 5°, preferably within,

the range of 10 to 25° most preferably about 13 to 17°. |
|

Referring to Fig. 21, each V—pack 94, 95 preferably includes a central |
spacer 228 separating the V—pack 94, 95 into separate regions 229, 230. Inuse,a '
separate one of the nozzles 162-165, Fig. 8, is directed into each region 229, 230. Thé
central spacer 228 directs the air from each nozzle 162—165 to an associated region 22}9,
230 of the V—pack filters 94, 95 to provide directed air sufficient to clean the exterior'
portions of the panels 97, 98. '

|
The air flow exit end 231 of each V—pack 94, 95 includes a sealing ring
or gasket 240 thereon having a first projection thickness T1. When each V—pack 94, ;95
is operatively positioned within the air cleaner assembly 1, the gasket 240 is compressed
between an end 231 of the V—pack 94, 95 and the tube sheet 250, as shown in Fig. 7. In
general, the gasket 240 is sized to be sealingly positioned around the aperture 100 in :the
tube sheet 250, Fig. 7. |

The preferred V—packs 94, 95 also include a compression stop
arrangement 260 thereon have a second projection thickness T2 less than the first |
thickness T1. Preferably the hard stop arrangement 260 is configured to extend the :
second thickness T2 of at least about 0.1 inches (2.5 mm), typically about 0.2 inches:
(5.1 mm) to 0.3 (7.6 mm) inches, above (or outwardly from) a top surface 265 of th¢ V—
pack frame 199. Also, preferably the gasket 240 is selected such that, prior to any '
compression set, the gasket 240 extends at least about 0.1 inches (2.5 mm) to 0.3 in‘éhes
(7.6 mm) beyond the hard stop arrangement 260. In other words, the thickness T1 of
the gasket 240 is at least about 0.1 inches to 0.3 inches greater than the thickness T2 of
the hard stop arrangement 260. The compression stop arrangement 260 provides fc")r a
hard, non—compressible contact against the tube sheet 250, Fig. 7, as the V—packs 94,
95 are moved into position. For the preferred V—pack 94, 95, Fig. 19, the hard stop
arrangement 260 comprises a metal such as steel. Most preferably, the gasket mat;erial

j

16 ;'
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is polyurethane, having a thickness of at least 0.40 inches in extension outwardly from

the surface 265 of the V—pack frame 199. i

1
D. The V-Pack Retention System

|
When the V—packs 94, 95 are operatively positioned, Fig. 6, each V— '
pack 94, 95 is under a force of compression, in the direction of arrows 270, 271, :
respectively, toward the tube sheet 250. To maintain sealing around the gaskets 240, |
retention systems 280 provide a force of compression. |
Referring to Figs. 22-25, the retention systems 280 each include a base j
structure 281, a control arm 282, a moveable seat 283, and an adjustable lift link |

In operation, when the control arm 282 is in the raised position, the sea;
283 is raised upwardly in the direction of arrows 270, 271, Fig. 6, causing a pfessuring
of the V—packs 94, 95 against the tube sheet 250. When the control arm 282 is lowered,
under hand operation, in the direction of arrow 288 the seat 283 is dropped, releasing .,
the sealing pressure. The seat 283 is configured so that when the control arm 282 is |

dropped, a V—pack 94, 95 can be slid into and out of the seat 283.

arrangement 284.

!

Attention is now directed to Fig. 10. In Fig. 10 an enlarged, front
elevational depiction of the lower chamber 21 is depicted. In Fig. 10, the chamber 21 is
shown with the front door removed for viewing internal constructions and components.
Also, in Fig. 10, the chamber 21 is depicted with the V—packs 94, 95 present. Further,
in Fig. 10, the retention system 280 is depicted in the raised or lifted configuration. Flg
11 is a side view of Fig. 10, taken from the direction of arrow 300. \

In Figs. 2225, the base structure 281, control arm 282, and sea.t 283 'of
the retention system 280, are more readily viewed, especially the details of the seat é83.
The seat 283 comprises a bottom panel 301 with opposite spaced side flanges 302 and
303. The bottom 301 includes a front edge 304, toward which a V—pack 94, 95, Fig. 6,
is moved, during loading. Projecting outwardly from the front edge 304, each of the
side flanges 302, 303 includes an outwardly directed guide flange 305, 306, ;
respectively. The guide flanges 305, 306 preferably project at an angle F, Fig. 23, 9
about 120 to 170°, relative to the plane of the associated side flange 302, 303. |
Preferably the angle F is within the range of about i35 to 155°. Each guide flange 305,

. )
!
17 ,
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306 is preferably about .25" to 2" long. The guide flanges 302, 303 help the centering of
the V-pack 94, 95, as it is being slid into position. ’

|

The base bottom panel 301 includes four rectangularly spaced apertures ;
309 and a central large aperture 310. The four rectangularly positioned apertures 309 ‘
circumscribe rotatable wheels 312. The wheels 312 are rotatably mounted on the :
retention system 280 and raise and lower with the seat 283, when the control arm 282 is
raised and lowered, maintaining the same relative vertical position between the wheels;
312 and the bottom plate 301. The wheels 312 project above the bottom plate 301 at !
least about .03" and preferably about .06" to .15", so that the V—packs 94, 95 can be ’

rolled into place on the base 301 in a convenient manner. -l

Referring to Fig. 24, the retention system 280 comprises a link *
arrangement 284 including a plurality of links 317. Preferably the links 317 forma '
parallelogram linkage system 318, so that during actuation by movement of the contro;l
arm 282, the plate 301 and the wheels 312, Fig. 22, are lifted or lowered without being
tilted out of their selected plane of mounting. Also, preferably the links 317, and thus;
the parallelogram linkage system 318, are configured to operate slightly "over center"'so
that when the control arm 282 is raised, the retention system 280 will tend to retain the
raised, locked position. Cushioning to allow the slight "over center" action, is allowe;.‘l
by a springing action in the links 317. :

More specifically, the links 317 are pivotally mounted to a frame 320’
that is itself pivotally mounted to a lower end 321 of the control arm 282. When the j
arm 282 is lowered, by movement in the direction of arrow 288, the base structure 2§l1
is pivoted forward (in the direction of arrow 313) and downwardly (in the direction of
arrow 288), the downward motion being caused because the control arm 282 is not only
pivotally mounted on the framework 320, but also to a link 326 and a pivot 327. The
base structure 281, then, under the control of the links 317, will slide forward and !
downward. This would move any V-pack 94, 95, Fig. 6, mounted on the seat 283 :
similarly fqrward and downward, i.e. out of sealing contact with the tube sheet 250, "Fig.

10, for convenient handling of the V—packs 94, 95. |
|

18



E. The Dust Ejector Valve Arrangement

The arrangement shown in Figs. 9, and 12-14, includes an elongated
dust ejector valve arrangement 160 for removal of the dust from the air cleaner
assembly 1, Fig. 6. The dust ejector valve arrangement 160 is mounted as part of the

5  bottom 183 of the assembly 1 of Fig. 8. The elongated ejector valve arrangement 160 is

—_—

depicted in the views shown in Figs. 9, 12, 13 and 14.

Referring to Figs. 12 and 13, the ejector valve arrangement 160 i

comprises an assembly 330 including a frame 331 having a plurality of ejector flaps 33?

mounted thereon. The frame 331 includes front and back extensions 334 and 335. Th?i

10  assembly 330 includes, extending between front and back, opposite extensions 334 and ;

335, a plurality of angled central panels or extensiohs 336. Referring to Fig. 14, the l |
central extensions 336 include opposite end extensions 337 and 338, and three pairs oﬂj

central extensions 339, 340, and 341. ‘ |

The end extensions 337 and 338 each include a mounting strip thereon : |
15 345 and 346 respectively, by which the assembly 330 can be mounted to the side walls ‘

27, 28, respectively, Fig. 1, to depend downwardly from the bottom 183 of assembly 1}‘
of Fig. 8. The mounting can be, for example, by means of bolts, 350, Fig. 6, or by ]

igt

similar constructions. i
|
The extensions 337 and 338, as well as central pairs 339, 340 and 341, |
20  each include a slanted portion defining or having an aperture or a window 353, Fig. lé,
therein. Mounted on an undemeath side 354 of each window 353, is a flexible flap 332,

Fig. 14. Each flap 332 is secured along an upper edge 358, Fig. 14, and is pressed ﬁ

W W, AR e

: o against the window 353. In general, the flexible material of the flaps 332 will preferably
. \ V) be rubber. I
it 25 In typical use, as air moves through the first chamber 21, Fig. 9, a slight

reduction in pressure within the first chamber 21 relative to ambient occurs. This w1111

.tend to draw or pull the flexible flaps 332 closed, over the windows 353 and against the j

~sides 354. On the other hand, as a reverse pulse is directed through chamber 21, dunng |

a pulse jet operation as described herein, pressure within the first chamber 21 ]
30 momentanly increases, biasing one or more of the flaps 332 away from the windows'

' 353 (in a hinged motion along hinge lines 360), and"allowing dust to be ejected from
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is mounted. That compressor can be used to charge the charge tank, or storage tank,
indicated at 152. Periodically, preferably using a logic control system as described
hereinbelow, the valves 365-368 can be operated to allow a pulse jet to pass through the
splitters 157 and into the V—packs 94, 95. Preferred sequencing and timing for the i
pulse jets are described below. In general, the pulse jet of air is directed in a reverse
direction, backwards, or as a back flush through the V—-packs 94, 95. By the term “in a |
reverse direction,” it is meant that the pulse jet of air is directed opposite to normal air
flow (i.e., filtering air flow) during filtering of ambient air. Such a direction of air ﬂow!
will tend to flush dust or other particles collected on the V—packs 94, 95 there from.

The pulse jet system 154 may, in general, except for the particular |
preferred geometric configurations described and shown herein, be similar to the
arrangements described in U.S. Patents Nos. 4,364,251, 4,331,459, and 5,575,826

incorporated herein by reference.

Referring to Figs. 10 and 16, to facilitate appropriate directing of the |
pulse jet into the V—pack arrangement, the assembly 1 includes, positioned between the
nozzles 162-165, Fig. 8, and the V—packs 94, 95, a preferred rim arrangement 380. For
the assembly 1 shown in Figs. 6 and 10, which comprises two V—packs 94, 95 aligned
parallel to one another, the rim arrangement 380 comprises first and second rims 381 |
and 382. For the particular assembly 1 shown, the rims 381, 382 are generally the same,
one associated with each V—pack 94, 95. j

In general, the second rim 382 comprises first, second, third, and fourth
extensions 383, 384, 385, and 386 that project or extend from the tube sheet 250, Fig. |
16. Preferably, each extension 383~386 includes a base flange 387 for attachment to the
tube sheet 250 around the aperture 100. The base flanges 387 may be attached, for ,
example, by welding to the tube sheet 250. Preferably, the second rim 382 is arranged
and configured to surround the aperture 100. |

In the particular embodiment illustrated in Figs. 10 and 16, the second
and fourth extensions 384, 386 extend from the tube sheet 250 at an angle G with |
respect to a perpendicular, or normal, line to the tube sheet 250. Preferably, the angle G
is at least 2°, and typically is between 4° and 10°, most preferably is about 8°. Angling

the second and fourth extensions 384, 386, enhances the capture of the pulse jet air flow
\
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from the pulse jet valves 365, 366, Fig. 8, by increasing the overall size of the aperture |

100 and by extending the opening of the aperture 100 closer to the pulse jet valves 365,!

366. Angling the second and fourth extensions 384, 386 also reduces the pressure loss -

due to separation of the air flow in the direction of arrow 270, Fig. 6, by providing a

more gradual expansion of the air flow as it passes from the first chamber 21 to the

second chamber 22 through the first aperture 100. Furthermore, the rims 381, 382 ‘
provide structural rigidity to the tube sheet 250. l

The first rim 381 has structure analogous to the second rim 382.

G. The Second Stage Air Cleaner B

Referring to Fig. 6, in general, the second stage air cleaner 25 positioned
in chamber 22 is constructed as follows. Referring to Fig. 8, projecting into the interiot
of chamber 22 from interior rear wall 390 is a circular mounting flange or tube 391. |
The outer surface 392 of the tube 391 is a surface against which the primary element -
124, Fig. 17, seals, during assembly (see Fig. 27). The inner surface 393 of the tube 391
is the surface against which the safety element 125, Fig. 18, seals, during assembly (se¢

Fig. 27). |

A preferred primary element 124 is depicted in Fig. 17. The primary
element 124 comprises first and second opposite end caps 395 and 396 with filter media
397 extending therebetween. The particular element 124 depicted includes inner 398, ‘
Fig. 27, and outer liners 399, although in some applications one or both of these liners
may be absent. The end cap 395 is open. A typical end cap construction is described }n
U.S. Patent S, 897, 676, incorporated herein by reference. The end cap 395 includes a'
radial sealing regioh 400 positioned therein. In operation, the radial sealing region 400
seals against an outer surface 392, Fig. 27, of the mounting tube 391 preferably using a
radial seal construction system such as that described in EP 0329659, the disclosure of
which is incorporated herein by reference. Preferably the end cap 396, Fig. 17,is a |

b

completely closed end cap, having no apertures therein. !

A variety of materials or combinations of materials can be utilized for the
media 397. In general, what is required is an appropriate media to achieve a preferred

level of efficiency for the filter element 124.

22
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In general, it is anticipated that for many preferred arrangements, the

media 397 will comprise a pleated media such as cellulose. If desired, such media can
be improved, for overall efficiency, by providing thereon a deposit or layer of "fine

fiber" material, typically a material having an average fiber diameter of 5 microns or

less.

One particular commercially used media comprising a fine fiber .
deposited onto a paper or cellulose material is practiced by Donaldson Company, Inc.,
the assignee of the present application, in products generally identified under the l
trademark EON™, These media are manufactured by a trade secret process of
Donaldson's. Such media would be useable in arrangements according to the present j

. . !
1nvention. l

One useable media is a media having a frazier permeability within the
range of 14.0~18.0 f/min. and a thickness of about 0.009-0.013 in. Generally, the -
media will be pleated with the selected pleat depth depending on the particular j
application. In general, the pleat depth selected will be at least 0.5 in., preferably about
0.75 to 2 in., and most preferably about 1 in. to 1.25 in. Pleating, and sealing intoa
cylindrical configuration, can be conducted utilizing standard, conventional pleat and ,

sealing techniques.

Still other media configurations usable for the element 124 are foam

media, fiberous media, or combinations of pleated media with one or more of foam
media or fiber step media. Various usable combinations include those described in U.!S.
Patents 5,622,537 and 5,672,399, incorporated herein by reference. The particular
media chosen for any given application will, in general, be a function of desired ‘

efficiency versus contaminant challenge.

A variety of materials may be utilized for the inner and outer liners 398,
399, Fig. 27, and the same material may not be used for both. In some instances, '
expanded metal, perforated metal, or plastic materials will be preferred. It is noted thjglt
for a desirably functioning radial seal, preferably a portion of the inner liner 398 in
region 400, is positioned to operate as a support, backing up compression of the end cap
395 in radial seal region 400, during sealing. This is shown in EP 0329659. ]

23 ;
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For the particular assembly 1 depicted, the assembly 1 includes a tube

134, Fig. 6, projecting therefrom. The tube 134 allows for the positioning, within

chamber 22, of the primary element 124 which is longer than the distance between rear-

wall 29 and front wall 3, Figs. 1-3. As explained previously, the cover 6, for access to-

1}

the element 124, is positioned on an end of tube 134. - ‘.

Attention is now directed to Fig. 18. In Fig. 18 the safety element 125 1sl
depicted. The safety element 125 generally comprises media 420 extending between
opposite end caps 421 and 422. The safety element 125 includes an inner liner 423, Fig.
27, and an outer liner 424, also extending between end caps 421 and 422. |

The end cap 422 is a closed end cap, closing one end of the media 420
and the liners 424 to the passage of air therein. As a result, the media 420 defines an
open central area 426, Fig. 27.

| The end cap 421 includes a ring 428 of soft, compressible material
thereon, constructed and arranged to fit within the tube 134, Fig. 6, to seal against inne{'
the surface 393, Fig. 27, of the tube 391 in use. Preferably, the safety element 125 is
sized and configured to fit underneath the primary element 124, when mounted, see for

example Fig. 27.

Conventional materials and configurations can be utilized with the safety
element 125. With respect to the principals of the present invention, there is no specific
preference with respect to the materials of the safety element 125, other than general

preferences for conveniently manufactured, efficiently constructed materials.

In general, it is anticipated that for many preferred arrangements, the |
media 420 will comprise a pleated media such as cellulose. Other media conﬁ,;guratiorls
|
usable for the element 125 are foam media, fiberous media, or combinations of pleated
media with one or more of foam media, or fiber step media. Various usable
combinations include those described in U.S. Patents 5,622,537 and 5,672,399,
incorporated herein by reference. The particular media chosen for any given applicaﬁdn

will, in general, be a function of desired efficiency versus contaminant challenge.

A variety of materials may be used for the inner 423 and outer liners 424,
and the same material may not be used for both. In some instances, expanded metal,
perforated metal, or plastic materials will be preferred. It is noted that for a desirably

)
t
[
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functioning seal, preferably a portion of the outer liner 424, Fig. 27, is positioned to
operate as a support, backing up compression of the end cap 421 during sealing,

H. The Charge Tank

Attention is directed to Figs. 28-31. Fig. 28 is a schematic, perspective
view of an example embodiment of a charge tank 552 useable as the tank 152 in the

assembly of Fig. 10. Fig. 29 is a schematic, top plan view of the charge tank 552. Fig.1
30 is a schematic, cross—sectional view of the charge tank 552 of Fig. 29, taken along

line 30—-30. Fig. 31 is a schematic, cross—sectional view of the charge tank 552 of Fig.'
29, taken along line 31-31. |

Referring to Figs. 1 and 28. Preferably, the charge tank 552 includes ﬁﬁst
and second attachment plates 581, 582. Typically, the charge tank 552 extends from tﬁe
front side 3 of the assembly 1 to the rear side 12, Fig. 3, of the assembly 1. The seconc?i
attachment plate 582 includes four bolts 583 and corresponding bolt holes (not shown)é.
Likewise, the first attachment plate 581 includes four bolts (not shown) and |
corresponding bolt holes (not shown). In the embodiment illustrated in Fig. 1, the
charge tank 552, Fig. 28, is bolted to the inside of the front side 3 of the assembly by the
bolts 583. The second attachment plate 582 is located behind the front side 3 of the
assembly 1. The bolts 583 extend through the front side 3 and the second attachment
plate 582, securing the second attachment plate 582 to the front side 3 of the assembly
1, and correspondingly securing the charge tank 552 to the assembly 1. Analogously,
the first attachment plate 581 is secured to the rear side 12 of the assembly 1 of Fig. 1.

Of course, the charge tank 552 may be attached by other means, for example, by
welding, o
Attention is directed to Figs. 29-31. In the embodiment illustrated, the
charge tank 552 is generally cylindrical having an inside diameter D1, Fig. 30, and a
length L1, Fig. 29. The charge tank 552 defines an interior air pressure chamber 584.
The air pressure chamber 584 is constructed and arranged to contain pressurized air.
The charge tank 552 includes an inlet 585, Fig. 31. The inlet 585 is constructed and

arranged to be connected to the vehicle's air pressure tank (not shown) via, for example:,

an air pressure tube (not shown). Preferably, the vehicle's air pressure tank is used to .

pressurize the charge tank 552 with air. - !
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Referring to Fig. 30, in the embodiment illustrated, the charge tank 552
is connected to a pulse cleaning system 554, analogous to the pulse cleaning system 154
of Fig. 6. The pulse cleaning system 554 includes a plurality of pulse valves 553. The
charge tank 552 is connected to the pulse valves via conduits 588. Through the conduifts
588, pressurized air communicates between the charge tank 552 and the pulse cleaning
system 554 for discharge from the pulse valves 553 for cleaning of the V—packs 94, 95
Fig. 6.

Occasionally, water condensation will collect within the charge tank 552.
Preferably, the charge tank 552 includes a water condensation discharge system 586 for
removing the water condensation from the charge tank 552. In the embodiment |
illustrated in Fig. 30, the discharge system 586 includes a tube 587 connected to one of
the pulse valves 553. The tube 587 is constructed and arranged to withdraw any
accumulated water, from the water condensation, from the bottom 589 of the chamber
584. During firing of the pulse valves 553, pressurized air passes from the charge tank
552 to the pulse valves 553 via the conduits 588. The pressurized air gathers near the |
top of the chamber 584 while the accumulated water gathers in the bottom 589 of the
chamber 584. As the water accumulates, the water forms a seal about a first end 590 of
the tube 587. As the pressurized air passes through the conduit 588, a vacuum is creatéd
in the discharge tube 587. The vacuum draws the accumulated water out of the bottom
589 of the chamber 584 and discharges the water through the pulse valve 553.

L The Control Logic and Programming

In this section, some preferred control logic and programming logic for
operation of the pulse cleaning system 154, Fig. 6, is provided. From the principles
described herein, a variety of control systems can readily be designed. The particular |
examples provided herein are intended as examples. It will be apparent that the ‘
operation of the pulse cleaning system 154 can be accomplished with conventional

electronic system techniques.

|
i

Referring to Fig. 6, in the particular embodiment illustrated herein, the :
control system selected will in part be defined by the restriction downstream of the V—
packs 94, 95 relative to ambient pressure. The restriction is equal to the pressure

differential, or drop, across the V—packs 94, 95 plus'the inlet static pressure losses. By
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the term “pressure differential” it is meant the difference in pressure up stream of the

V—packs 94, 95 versus the pressure down stream of the V—packs 94, 95, i.e., the
pressure in the clean air plenum 99 of the V—packs 94, 95. This restriction provides a
relative measure of the efficiency of the operation of the V—packs 94, 95. As the V-
packs 94, 95 become occluded with particulate matter, the restriction for the V—packsé
94, 95 increases. The air pressures are typically measured using air pressure measuring
devices commonly known. !
In alternative embodiments, the clean air pressure may be measured ]
anywhere down stream of the V-packs 94, 95, for example in the clean air plenum 9§ _
of the V—packs 94, 95. The ambient air pressure may be measure any where up stream

of the V—packs 94, 95, for example outside of the housing 20.

In the particular embodiment illustrated herein, the control system
activates a cleaning cycle when the restriction down stream of the V—packs 94, 95
reaches a particular level. With typical equipment such as heavy haul trucks, it is
generally considered important by the original equipment manufacturers that the
restriction for the entire air cleaner assembly 1 not exceed approximately 25 inches of
water. In general, through empirical observation, it has been determined that the puls'é
cleaning system 154 should preferably be activated when a restriction is measured of |
preferably between 16 and 20 inches of water, and most preferably about 16 inches of;
water. A reason for this is that if the pulse cleaning system 154 is prevented from
operation until the restriction reaches 25 inches of water, the pulse cleaning system 15!4
will be less efficient in refurbishing the associated V—packs 94, 95 for relatively long |
operation. Alternately stated, in general, the pulse cleaning system 154 does not remove
all particulate material from the associated V—packs 94, 95. Thus, with repeatéd cycles,
for example 10 cycles, the ability of the pulse jet cleaning system 154 to maintain
6peration of the V—packs 94, 95 below the overall restriction of about 25 inches of |
water is reduced. In general, it is believed that when the pulse cleaning system 154 ca.L
|

no longer keep the restriction below about 20 inches of water, change—out of the ‘,

associated V—packs 94, 95 is desirable.

In general, it will also be preferred to actuate the pulse valves 153 to
cause the pulse jet cleaning to occur, when the engine system is not under significant |
load and the airflow through the assembly 1 is relatively low. Alternately stated, for .

| 2
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example, when the equipment is a vehicle, it will be preferred that the pulse j'et cleaning
system 154 be actuated to clean the V—packs 94, 95 when the vehicle is in neutral and
the engine is in idle, or at least when the engine is operating at a relatively low rpm
(1500 rpm or less). In general, preferred logic control systems will monitor engine rpm,
5  with respect to operation. Thus, determining whether the engine is in a "idle" condition
or some other condition for operation, or prohibiting operation, will typically turn on
determination of the engine rpm. A reason for this is when the engine is under
significant load demands, the air flow demands are substantially greater. Since the
normal engine air flow works in the opposite direction of the pulse cleaning system 154,
10 it will in general be harder to clean, and the cleaning will be less effective, when the

engine is under significant load rather than when the engine is at or near idle.

In some instances, however, if a significant amount of time (10 minutes
or more) has elapsed and the engine idle (or low rpm) condition has not occurred, it may
be desirable for the control system to have an "override" that will cause the pulse

15  cleaning to occur in spite of the fact that the engine idle (or low rpm) condition has not

been reached.

i

g

Given the above observations, a preferred logic control system is
suggested. Attention is directed to Fig. 32. Preferably, the logic control system 499
would be in accord with the reasoning of the flow chart illustrated in Fig. 34. Still in
20  reference to Fig. 32, in general, the intent of the logic control system 499 is to optimize
the cleaning of the V-packs 94, 95 by firing the pulse valves 365-368, Fig. 8, at the

lowest engine air flow (by sensing rpm). However, at the end of a cleaning time perio

i W e D

ks

even if the rpm is higher, the system 499 will continue o fire the pulse valves 365368
.’»’f«  regardless to prevent abnormally high restrictions across the V—packs 94, 95.

25 Fig. 32 is an electrical schematic generally depicting the interfaces
between the control system 499, the vehicle, and the air cleaner 1, Fig. 1. In general, the
system 499 is controlled by a controller 500 . The controller 500 is in electrical

*~~_ - communication with an instrument panel 502 of the vehicle. Preferably, the controller
~ 500 receives power through a first electrical connection 504, for example wires. The

30 first electrical connection 504 passes through a fusé 506, typically S amps. The fuse 506

_ prb‘te;cts the controller 500 from high amperage that may damage the controller 500 or

i 0
: ‘\\X‘
W
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- The enable signal 519 is used to enable the pulsing dperation or to disable the pulsing

. 532 allows an operator interface, for example to a computer, to modify the logic control

wires. A second electrical connection 508 provides for the controller's 500 return

current.

In the particular embodiment illustrated, the controller 500 is electrically
connected to a service lamp 510 via a third electrical connection 512. Preferably, the
service lamp 510 is installed on the dash of the vehicle for an operator's inspection.
Generally, when the air cleaner assembly 1 is malfunctioning, the service lamp 510 will
illuminate, indicating to the operator that something is wrong with the air cleaner

assenibly . - ’

In the particular embodiment illustrated, the controller 500 is also
electrically connected to an engine rpm sensor 513 via electrical connection 514. The
enginé rpm sensor 513 allows the controller 500 to monitor the engine rpm. The
controller 500 is electrically connected to a manual lockout 516 via electrical connection
518. ;

In the particular embodiment illustrated, the controller 500 is electrically
connected to the pulse valves 365-368 via electrical connections 520, 521, 522, and
523, respectively. This allows the controller 500 to ﬁre the pulse valves 365368 as
appropriate. The controller 500 is also electrically cénnected to the charge tank or
accumulator 152 via electrical connection 525, a restriction sensor 530, and the vehicle's
air pressure tank 529 via electrical connection 531. The controller 500 is connected to a
clean inhibit line 540 from another air cleaner controller via electrical connection 541.
The clean inhibit line 540 is used when more than one air cleaner assembly 1 is

configured on one vehicle. The controller 500 is alsc} connected to an enable signal 519

operation for the vehicle.

In the particular embodiment illustratéd, the controller 500 includes an
interface port 532. In one embodiment this interface is an RS—232 interface. This port

of the control system 499 by the operator or to recei\jle output from the controller 500.

AN

Attention is directed to Fig. 33. Fig. 33 is an electrical schematic
generally depicting greater detail of an example embodiments of the controller’s 500
interface with the rest of the control system 499 illustrated in Fig. 32. Module 560

i
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cleaning cycle has not been triggered, the controller 500 at block 426 determines if the j
logic is a terminal mode, i.e., a computer is connected to the RS—232 port. If not, a ',‘
pulse valve is fired corresponding to a number input from the RS—232 port at block 428 ';'
For example the numbers 1-4 may correspond to pulse valves. If 1 is pressed, the i
controller 500 fires the first pulse valve at block 428. If the system 429 is in a terminal ,:
mode, the controller 500 enters the terminal menu at block 430. The logic then ]"
.:l

|
:

proceeds to block 424.
Returning to block 412, if the enable signal 519, Fig. 32, is active, the

controller 500 checks the controller 500 state at block 432. At block 434, the controller 3
500 determines if the state is equal to 0. If the state is equal to 0, at block 436, the ;
controller 500 determines if the restriction down stream of the V—packs 94, 95, Fig. 6, is |
greater than a threshold restriction, for example 16 inches of water. If the restriction is ‘
not greater, the logic control proceeds to block 414. If the restriction is greater, the
controller 500 determines if the manual lockout 516, Fig. 32, is on at block 438. If the i
manual lockout 516 is on, block 440, the controller 500 sets the lockout 516 to off. At ;;
block 442, the controller 500 changes the state to 1. At block 444, the controller 500 |
checks a lockout delay timer. For example, this timer may not allow pulsing for ten
minutes, after a restriction greater than the threshold restriction is detected. At block
446, the controller 500 determines if the delay timer has timed out, or for example thef
ten minutes is up. This is a safety device to prevent pulsing during servicing. If the .'
delay timer has not timed out, logic control proceeds to block 414. If the delay timer .:
has timed out, the controller 500 sets the state to 2 at block 448. Flow proceeds to blg;ck

450 where the controller 500 checks for an inhibit flag. :
Referring back to block 438, if the manual lockout 516, Fig. 32, is no}
on, the controller 500 proceeds to block 448. This is the normal logic path. The loglc
control proceeds as described above. Referring back to block 434, if the state does n'ot
equal 0, the controller 500 determines if the state is equal to 1 at block 452. If the s‘t!ate
is equal to 1, flow proceeds to block 444 and the logic control proceeds as describe(ﬁ
above. If the state is not equal to 1, the controller 500 determines if the state is equal to

)
i
)
]

30 \ 2 at block 454.
™\,

\‘”\ Referring to block 450, logic flow proceeds to block 456 where the
contrs\ﬂer 500 determines if the inhibit line is active from another controller. If the
.’
j

X
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inhibit line is active, flow proceeds to block 414. If the inhibit line is not active, the
controller 500 sets the state to 3 at block 458. At block 460, the controller 500 activates
the inhibit out. In some applications multiple air cleaners, such as the air cleaner 1 of
Fig. 1, may be utilized on one vehicle. For example, in a two air cleaner, two controller
environment, the controller 500 sends an inhibit signal to the other controller to prevent
the other controller from firing a pulse valve when the controller 500 is firing a pulse

valve. This ensures maximum air pressure for each pulse valve firing. Also, it prevents

overloading the vehicle’s air supply system. Referring back to block 454, if the state

does not equal 2, the controller 500 determines if the state is equal to 3 at block 462. If

the state is equal to 3, flow proceeds to block 460. At block 464, the controller 500
checks a charge tank delay timer. For example, a timer may be set for 10 seconds to
allow the charge tank 152, Fig. 32, to refill prior to the next pulse valve firing. At blocl

L)

466, the controller 500 determines if the accumulator charge delay timer is timed out,
i.e., ten seconds has passed. If not, logic flow proceeds to block 414. If the
accumulator charge delay timer has timed out, the controller 500 sets the state to 4 at
block 468.

At block 470, the controller 500 determines if the rpm is below a
threshold rpm, for example 1200 rpm via the rpm sensor 513, Fig. 32. Referring back t
block 462, if the state does not equal 3, flow proceeds to block 470. If the rpm is not
below the threshold level, the controlier 500 checks an rpm adjust timer at block 472.

For example, the rpm adjust time may be used to increase the rpm’s over time. If an

[=]

amount of time has elapsed, i.e., ten minutes, the controller 500 will adjust the threshold
rpm level. At block 474, the controller 500 determihes if the rpm adjust timer has timed
out. If not, flow proceeds to block 414. If the adjust timer has timed out, the controller
500 increments the rpm threshold level by 100 rpm at block 475, for example, the
threshold rpm is now 1300 rpm. At block 476, the controller 500 determines if the rpm
adjust time should be shortened. For example, after the initial 10 minutes, an rpm

adjust time may be shortened to 5 minutes. If yes, flow proceeds to block 414. If not,
the controller 500 shortens the rpm adjust time at block 477 to, for example, S minutes.
Logic flow proceeds to block 414. A

Referring back to block 470, if the rpm }s below the threshold level, the

controller 500 determines if the charge tank 152, Fig. 32, has sufficient pressure at block
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478, for example 100 psi. If not, flow proceeds to block 479. At block 479, the
controller 500 checks a low pressure timer. For example, the controller 500 may wait
30 minutes for the charge tank to fill-up to 100 psi. At block 480, the controllex

determines if the low pressure timer has timed out, i.e., 30 minutes has passed. If not,

logic flow proceeds to block 414. If the timer has timed—out, the controller 500 turns on

the service light 510, Fig. 32, at block 481. Logic flow proceeds to block 414.

Referring back to block 478, if the accumulator has sufficient pressure,
the controller 500 determines at block 482 if the vehicle pressure tank is sufficient

pressure, for example 95 psi. If not, flow proceeds o block 479. If the vehicle pressure

tank is sufficient, the controller 500 selects the pulse valve to pulse at block 483. At
block 484, the controller 500 pulses the valve. Attention is directed to Fig. 35. Fig. 35
is a flow chart illustrating a more detailed, preferred logic of the firing of a pulse valve.
At block 600, the firing sequence begins. While firing the pulse valve, at block 602, the
controller 500 clear all error counts. At block 604, the controller 500 sets the pulse
valve output high. At block 606, the controller 500 checks the voltage. At block 608,
the controller 500 determines if the voltage is too low or high. If the voltage is too low
or high, the controller increments a voltage error count at block 610. Logic flow
proceeds at block 612. Referring back to block 608, if the voltage is correct, at block
612, the controller 500 checks for an electrical short. If there is an electrical short, the
controller at block 614 increment a short error count. Logic flow proceeds to block 616.
If there is not an electrical short, at block 616, the controller determines if the current is
too low or too high. If so, at block 618, the controllér 500 increments the amperage
error count. Logic flow proceeds to block 620. If the current is correct, at block 620,
the controller checks if the pulse time is completed. If not, logic flow proceeds to block
606. Thus, during firing of a pulse valve, the controller 500 continually monitors the
checks described above. If the pulse time is completed, at block 622, the controller
determines if the error counts are less than 3. If not, at block 624, the controller sets the
error flag and writes to the EE PROM. Logic flow proceeds to block 626. If yes, the
pulse valve firing is completed at block 626. | |

. Referring back to block 484, Fig. 34,vat block 487, the controller 500 sets
the state to 2. At block 488, the controller 500 determines if the cleaning cycle has been
completed. If the cleaning cycle has not been completed, the controller 500 deactivates
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the inhibit at block 489. For example, have 40 pulses been fired. If the cleaning cycle

has been completed, the controller 500 clears the cleaning variables at block 490. At

block 491, the controller 500 resets the rpm threshold level back to the initial threshold

level, i.e. 1200. At block 492, the controller 500 sets the state to 0. Logic flow
5 proceeds to block 489,

In genefal, the controller 500 monitors the restriction down stream of the
V—packs 94, 95. When the restriction down stream of the V—packs 94, 95 is greater
than 16 inches of water, the clean cycle is enabled. It is generally preferred that once the
clean cycle is enabled, that the cleaning cycle be completed within a predetermined
10  amount of time. This is so that the cleaning cycle is completed before the V—packs 94,
95 reach a level of pressure differential that cannot be cleaned by the pulse system 499,

as previously described herein. This predetermined time period is empirically
determined based on field tests. In general, the amount of time will be greater than 3
minutes, preferably between 20 minutes and 120 nﬁnutes, and most preferably between

15 30 minutes and 90 minutes.

The controller 500 monitors the engine speed. The controller 500
determines if the engine speed is less than a first speed, or in other words, in a low idle|
condition for example, 1200 rpms. If the engine speed is less than 1200 rpms, the
controller 500 determines if the air pressure in the charge tank is greater than 100 psi. If

20  the air pressure is greater than 100 psi, the controllér 500 checks the vehicle tank
preésure. If the vehicle tank pressure is greater than 95 psi, a pulse valve is fired. When
the cleaning cycle is started, a timer is set, for example at 10 minutes. The controller

continues to monitor the rpms during the 10 minutes. If after 10 minutes the cleaning
cycle has not been completed, the controller 500 increments the rpm by 100 to 1300

25  rpm. The timer is reset for 5 minutes. If the cleaning cycle is not completed during the

riext 5 minutes the controller 500 again increments the rpm to 1400. Thus continues
until a complete cleaning cycle, for example 4 valves, ten pulses each, has been

completed.

In general, a complete cleaning cycle may be any number of pulse valve
30 firings. The number of pulse valve firings needed to clean the V—packs 94, 95 is
empirically determined from field tests and will vary under varying conditions.

Preferably, the cleaning cycle will comprise at least 4 pulse valve firings, more
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preferably between 10 and 80, and most preferably 40 pulse valve firings. As

previously discussed, the amount of time that elapses, between the start of the cleaning

mode and the completion of the cleaning cycle, varies.

In one particular example, the amount of time that elapses between the
start of the cleaning mode and the completion of the cleaning cycle is 60 minutes and
the required pulse valve firings is 40. In addition, the threshold rpm is 1200 rpm, and
the rpm increment is 100 rpm.

In alternative embodiments, any number of pulse valves firings, engine
speeds, elapsed time, number of increments (both engine speed and elapsed time) may
be utilized in accordance with the principles described herein.
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Whalt Is Claimed Is:

1.

A filter assembly comprising:

@)
(b)

(c)

(d)

A filter assembly according to claim 1 wherein:

(@)

A filter assembly according to claim 2 wherein:

(@)
(®)

A filter assembly according to claim 3 wherein:
- (a)

A filter assembly according to claim 3 including:

(@)

(b)

®

a housing defining a first chamber and a second chamber;

a first stage air cleaner positioned in the first chamber;

@) said first stage air cleaner including at least a first filter element
through which air to be filtered is directed during use;

a second stage air cleaner positioned in the second chamber;

@ the second stage air cleaner including at least one removable
and replaceable filter element"‘through which air is directed,
during use; and,

a pulse jet cleaning arrangement constructed and arranged to selectively

direct a pulse jet of air, in a reverse direction, through said first filter

element, during use.
the first filter element is a V—pack filter.

said first V—pack filter is a vertically oriented V—pack filter; and,
said pulse jet air cleaner includes at least a first downwardly directed
pulse splitter, said first pulse splitter being operable by a first pulse

valve.
said first splitter has a splitter angle within the range of 2 to 45°.

a lift mechanism having a first, raised orientation and a second,

lowered orientation;

said first V—pack filter having a first, lower end and a second, upper end;

@) said V—pack filter first, lower‘iend being configured to rest upon
said lift mechanism, during use;

(i)  said second, upper end including:

(A)  anair flow exit aperture;
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(B)  afirst gasket circumscribing said air flow exit
aperture and projecting outwardly from said second, upp
end;

(C)  acompression stop érrangement projecting
outwardly from said:second, upper end;

(c)  said lift mechanism and said first V—pack filter being constructed and
arranged such that:

(i)  when said lift mechanism is positioned in said first, raised
orientation, said first V—pack filter is pressed against a portion
of said housing, in a locked position, with:

(A)  said first gasket compressed to form a seal; and,

(B)  said compression stop limiting an extent of compression
of said first gasket; and, ’

(i)  when said lift mechanism is.in said second, lowered
orientation, said first V—pack filter is released from said locked
position.

A filter assembly according to claim 5 including:
@ an elongate ejector valve assembly positioned underneath said lift
mechanism; said elongate ejector valve assembly including:

@ a framework assembly including at least a first downwardly
slanted wall defining a first exit aperture window therein;

(A)  said first slanted wall having a lower side; and,

(i)  afirst flexible flap member mounted on said lower side of said
first downwardly slanted wall and in covering relation to, and
closing, said first exit aperture window;

(A)  said first flap member being oriented to bias in a manner
opening said first exit aperture window, under operation

of said pulse jet cleaning arrangement.

A filter assembly according to claim 6 wherein:
(a) said lift mechanism includes a bottom plate and side walls, defining a

mounting channel for receiving said' V-pack filter lower end; and,
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@ said lift mechanism including a plurality of rollers mounted to

project at least partially through said bottom plate, to provide a;
roller surface for engaging said V—pack lower end. |
8. A filter assembly according to claim 7 wherein: |

(a) said lift mechanism including a pivotally mounted control arm having a

|

!

raised position and a lowered position; :

()  said lift mechanism being selectively positioned in said first,

raised, orientation whenever said control arm is in said raised
position; and,

(i)  said lift mechanism being in said second, lowered orientation

whenever said control arm is in said lowered position.

9. A filter assembly according to claim 6 wherein:
(a)  said first V—pack filter comprises first and second filter panels

constructed and arranged to define a filter angle of at least 5°.

10. A filter assembly according to claim 9 wherein:
(a) said first V—pack filter includes an end face having an air flow outlet
aperture therein;
(b)  said first V—pack filter includes a first seal member positioned on said end

face and circumscribing said outlet aperture;
(i)  said first seal member having a first projection thickness; said ﬁ;st
projection thickness being a thickness of said seal member whexé
said lift mechanism is in said second lowered position; and, :
(c) said first V—pack filter includes a first rigid compression stop positione(gi
to project from said end face a distance of less than said first projection
thickness.

11.. A filter assembly according to claim 2 wherein:

(a)  said filter assembly lower chamber includes a first side wall;
(1)  said first side wall including an air flow inlet therein; and,
(b)  said filter assembly including a weather cover oriented over said air flow

inlet in said first side wall. -

12. A filter assembly according to claim 11 whereiri:
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16.

17.

18.

® |

An apparatus according to claim 14 wherein: ]
(a)  said first V—pack filter includes an end face having an air flow outlet
aperture therein; i
(b)  said first V—pack filter includes a first seal member positioned on said end
face and circumscribing said outlet aperture; }
(i)  said first seal member having a first projection thickness; said first
projection thickness being a thickness of said seal member wheﬁ
said lift mechanism is in said second lowered position; and,
(c) said first V—pack filter includes a first rigid compression stop positioneﬂ
to project from said end face a distance of less than said first projection!

thickness. l

An apparatus according to claim 15 wherein: ‘
(&)  said mounting seat includes a bottom plate and side walls, defining a ‘
' mounting channel for receiving said V—pack first lower end; and,
@® said lift mechanism including a plurality of rollers mounted to ,
project at least partially through said bottom plate to provide a

roller surface for engaging said V—pack lower end. 1

An apparatus according to claim 16 wherein:
@ said first V—pack filter comprises first and second filter packs
constructed and arranged to define a filter angle of at least 5°.

A method of operating an engine air intake filter assembly having a first
chamber to house a first stage air cleaner and a second chamber to house a
second stage air cleaner, and a pulse jet cleaning arrangement constructed and
arranged to selectively direct pulses of air through the first stage air cleaner, thé
method comprising;: '|
(a)  measuring a pressure drop across the first stage air cleaner during engine
operation; ;
(b)  measuring an engine load during the engine operation; and |
(c)  activating a pulse valve of the pulse jet cleaning arrangement to direct a
pulse of air, in a reverse direction, through the first stage air cleaner in
response to the engine load being below a predetermined engine load ar{d
the pressure drop exceeding a predetermined pressure drop. |
40 |




19.

20.

1B g
B

oo

Wl

A method according to claim 18 further comprising:

(@) before activating a pulse valve, measuring an accumulator tank
pressure and activating the pulse valve in further response to the

accumulator tank pressure being greater than a predetermined

accumulator tank pressure.

A method according to claim 19 further comprising:

(@)  before activating a pulse valve, increasing a predetermined engine load

at a first time interval by an incremental amount.

41
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Abstract i

A multistage pulse cleaning system is provided. The system includes a
first stage comprising, in the preferred embodiment, at least one V—pack air filter
arrangement with a reverse pulse cleaning system. In the preferred embodiment, a
second stage air cleaner system is positioned above the first stage. The preferred secoPd
stage air cleaner system comprises a primary filter element and a secondary element \

through which air passes during filtering. A preferred dust ejector system for use in

association with the pulse jet air cleaning system is provided.
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1. Un aparato gue comprende: |

REIVINDICACIONES

(a) un mecanismo de retencién, el cual incluye:
(i) una estructura de base; ;

(ii) un asiento movible fijado a la estructura base;

(A) el asiento movible presenta una primera

orientacidn bloqueada Y una éegunda
$ orientacién desbloqueada; |
é (b) un paquete de filtro en forma de V, el cual compﬁende:
% (1) una construccién de marco que incluye una primera
€ .
% estructura de marco y una segunda estructura de
k .

marco; |
(1i1) dos secciones de panel, primera Yy segunda,

montadas en extensién entre las estructuras de
: |

marco primera y segunda; :

(A) la primera seccién de panel presepnta un
!

primer extremo y un segundo extremo, y la

segunda seccién de panel presenta un| tercer

extremo y un cuarto extremo; |

|

(1) entre los extremos primero y tercero hay

|

|
!

una primera distancia;

|
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(2) entre los extremos segundo y cuarto ha&

una segunda distancia, siendo la segunda)

L
E
:
i

distancia mayor que la primera distancia; }
i

(B) las secciones de panel primera y segunda y la -

H

segunda estructura de marco definen wuna !

N
m%% abertura de flujo de aire; :
253 ‘\
£38 (iii) un sistema de sello que circunscribe la abertura
T |
E§§§ de flujo de aire y sobresale hacia fuera desde la 1
(3] ; |
3 g segunda estructura de marco; !

{(c) dicho aparato tiene:
(1) una primera orientacidén operativa, en la cual:
(A) dicho paquete de filtro en forma de V esta
montado de manera operativa en dicho aparato;
(1i) una segunda orientacién no operativa, en la cual:
(A) el paquete de filtro en forma de V estd en
una posicién suelta para »ser separado de
dicho aparato;
Y
(d) un sistema de acoplamiento que comprende un primer y un
segundo dispositivos de acoplamiénto, en el cual:
(i) el paquete de filtro en forma de V incluye el

primer dispositivo de acoplamiento;
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(ii)

el segundo dispositivo de acoplamiento esta
orientado en dicho aparato y montado sobre un:

elemento separado del pagquete de filtro en forma%
de V; "\

(iii) el sistema de acoplamiento estd construido vy

colocado de tal manera que:

Oficial
Minjusticia

Traducto
Intérprete
waentucibn N2 9913~

(A) cuando dicho mecanismo de retencidén estd en

tora €

la primera orientacién blogueada vy cuando

i

dicho aparato estd orientado en la primera

gSPER

orientacidén operativa, los dispositivos de

acoplamiento primero y segundo se encajan.

Un aparato de acuerdo con el descrito en la reivindicacién ‘

1, en el cual:

(a) la primera estructura de marco incluye:

(1) una porcién inferior;

(1i1) dos porciones de extremos, primera y segunda, que

se extienden a partir de la porcién inferior:;

{(iii) dos porciones laterales, primera y segunda, gque

se extienden a partir de la porcidén inferior;

{iv) 1la primera porcién de extremo define una primera

estructura de acoplamiento del primer dispositivo

de acoplamiento.
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S

3. Un aparato de acuerdo con el descrito en la reivindicaciédn

2, en el cual:

(a) las porciones de extremos, primera y segunda, Yy las}

porciones laterales, primera y segunda, son

perpendiculares a la porcién inferior.

4. Un aparato de acuerdo con el descrito en la reivindicacién
EH 3, en el cual: :
0l Xt '
o8 )
g9 . . ;
Sag (a) la primera estructura de acoplamiento es una muesca ‘
> Qo
.Egé receptora. !
KEES '.
H—( :
¢ 5. Un aparato de acuerdo con el descrito en la reivindicacién ;
4, en el cual: :
(a) la muesca receptora tiene forma de U y presenta dos
filetes. 1
6. Un aparato de acuerdo con el descrito en la reivindicacién :
2, en el cual:
(a) el dispositivo de acoplamiento incluye una segunda }
estructura de acoplamiento.
7.

Un aparato de acuerdo con el descrito en la reivindicacién

6, en el cual:

(a) la segunda porcidén de extremo de la primera estructura
de marco define la segunda estructura de acoplamiento,

siendo esta segunda estructura de acoplamiento opuesta

a la primera estructura de acoplamiento.
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8. Un aparato de acuerdo con el descrito en la reivindicacién

6, en el cual:

(a) el primer dispositivo de acoplamiento incluye 1las:

estructuras de acoplamiento tercera y cuarta.

9. Un aparato de acuerdo con el descrito en la reivindicacién
1, en el cual: 2
{a) el segundo dispositivo de acoplamiento incluye un

primer elemento de acoplamiento que se proyecta desde

un brazo de control.

LAY Al

:10. Un aparato de acuerdo con el descrito en la reivindicacién
9, en el cual:
(a) el primer elemento de acoplamiento es una varilla que
sobresale de dicho brazo de control.

11. Un aparato de acuerdo con el descrito en la reivindicacidn
10, en el cual:

(a) dicha varilla sobresale del brazo de contrcl por 1o

menos 0,05 pulgadas.
12. Un aparato de acuerdo con el descrito en la reivindicacién

1, en el cual:

{(a) el primer dispositivo de acoplamiento es una muesca

receptora;
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(b) el segundo dispositivo de acoplamiento incluye un

primer elemento de acoplamiento, siendo este primer

elemento de acoplamiento por 1o menos: :

PR

(1) una clavija; o :

(ii) un botén longitudinal. ﬁ

13. Un paquete de filtro en forma de V, el cual comprende:

. (a) una construccién de marco que incluye una primera |
K ,
oZ < estructura de marco y una segunda estructura de marco; i
@D T 1
w> o
Quy . .
gg% (b) dos secciones de panel, primera y segunda, montadas en
F4
85
H§§ extensidén entre 1las estructuras de marco primera vy

gSPE

segunda;

(i) la primera seccidén de panel presenta un primer
extremo y un segundo extremo, Yy la segunda
seccidn de panel presenta un tercer extremo y un '
cuarto extremo;

(A) entre los extremos primero y tercero hay una
primera distancia;

(B) entre los extremos segundo y cuarto hay una
segunda distancia, siendo la segunda
distancia mayor que la primera distancia;

{ii1) 1las secciones de panel primera y segunda vy la

segunda estructura de marco definen una abertura

de flujo de aire;



A

,: Traduccion oficial N°12.069 - Pagina 8 de 12 Q ﬁ

(c) un sistema de sello que circunscribe la abertura de //5269//

flujo de aire y sobresale hacia fuera desde 1la segundi

estructura de marco; !

(d) vy en el cual la primera estructura de marco define unai

1

primera muesca receptora.

'
'

14. Un paquete de filtro en forma de V de acuerdo con el j

] 2 ;
?&:.3 |
0Bt descrito en la reivindicacién 13, en el cual:
=E

% goi,

-%%8 (a) la primera estructura de marco incluye:

NS a2 :
SR . o . :
HE< (i) una porcién inferior; :

2 - \

(ii) dos porciones de extremos, primera y segunda, que '
se extienden a partir de la porcidn inferior; :
(iii) dos porciones laterales, primera y segunda, que

se extienden a partir de la porcidén inferior;

(iv) la primera porcién de extremo define la primera
muesca receptora.
15. Un paquete de filtro en forma de V de acuerdo con el
descrito en la reivindicacidén 14, en el cual:

(a) la primera estructura de marco define una segunda
muesca receptora, siendo la segunda muesca receptora
opuesta a la primera muesca receptora.

16. Un paquete de filtro en forma de V de acuerdo con el

descrito en la reivindicacién 15, en el cual:
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(a) la segunda porcidén de extremo de la primera estructura
de marco define la segunda muesca receptora. :
17. Un método para bloguear un paquete de filtro en forma de V}

en una posicidén operativa alrededor de una abertura, el'!

M2 ,

% cual consiste en:

ot 2

gzé (a) colocar un paquete de filtro en forma de V dentro de un
38

=R R . . .

G B mecanismo de retencidn; :

Eg« .
a:E
5 (1) dicho mecanismo de retencién incluye: 1
3

(A} una estructura de base;

(B) un asiento movible fijado a la estructura de

base;

(1) el asiento movible presenta una primera

orientacién bloqueada vy una segunda )

orientacién desbloqueada;

(C} un brazo de control montado de manera

giratoria que hace mover el asiento movible a

1
dichas primera orientacidénb blogueada i

v \';
segunda orientacién bloqueada;
(D) un primer mecanismo de acoplamiento;
(ii) wun paquete de filtro en forma de V, el cual

comprende:
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(A) una construccién de marco que incluye una

primera estructura de marco y una segunda

estructura de marco; !
™ 2 .‘
I :
0%% (B) dos secciones de panel, primera y segunda,ﬂ
853
1 38% montadas en extensién entre las estructuras ;
] gat ;
31 ge% de marco primera y segunda;
- i
3 3
5 &
1 %

(1) la primera seccidén de panel presenta un

primer extremo y un segundo extremo, y la

segunda seccidédn de panel presenta un

tercer extremo y un cuarto extremo;

(2) la primera y la segunda porciones de

panel estdn construidas y dispuestas de
tal manera que entre los extremos primero
y tercero hay una primera distancia vy :

entre los extremos segundo y cuarto hay :
una segunda distancia;

(a) la segunda distancia es mayor que la

primera distancia;
{3) las secciones de panel primera y segunda

y la segunda estructura de marco definen

una abertura de flujo de aire;
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(C) un sistema de sello que circunscribe la

abertura de flujo de aire y sobresale hacia

ﬂ% fuera desde la segunda estructura de marco; |
; £3 .
b o2 £ . A . |
§ 853 {D) un segundo  dispositivo de acoplamiento.
Sos )
%% ‘
283 construido y dispuesto de tal manera que
¢
R
€ encaje dentro del primer dispositivo de
[N . .
1))
23]

acoplamiento;
(b) elevar el brazo de control para mover el mecanismo de

retencién con el fin de dirigir el sistema de sello

contra una porcibén de una caja:;

(c) bloguear el paquete de filtro en forma de V en la

primera posiciébén bloqueada encajando los dos

dispositivos de acoplamiento primero y segundo.

18. Un método de acuerdo con el descrito en la reivindicacién

17, en el cual:

(a) la etapa de colocacidén incluye la colocacién de un

paquete de filtro en forma de V dentro de un mecanismo

de retencidn, en el cual:

(i) la primera estructura de marco incluye:
(A) una porcidén inferior;

(B) dos porciones de extremos, primera y segunda,

que se extienden a partir de 1la porciédn

inferior;
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(C) dos porciones laterales, primera vy segﬁnda,
que se extienden a partir de 1la pof;ién
inferior;
(D) la primera porcién de extremo definebgel
segundo dispositivo de acoplamiento. |
19. Un método de acuerdo con el descrito en la reivindicacﬁén
17, en el cual: _ 1
(a) la etapa de blogueo incluye el bloqueo del paqguete Ae
filtro en forma de V en la primera posicién bloquead%
encajando los dos dispositivos de acoplamiento primero

y segundo, en los cuales:

(1) el primer dispositivo de acoplamiento entra en el

segundo dispositivo de acoplamiento por 1lo menos?
0,05 pulgadas.
20. Un método de acuerdo con el descrito en la reivindicacidn
19, el cual consiste, ademés, en:
(a) desbloguear dicho paquete de filtro en forma de V en 1la
segunda orientacién desbloqueada, desencajando 1los

dispositivos de acoplamiento primero y segundo.

[..] [43 figuras.]
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Bogota, 12 de julio de 2000. o W

gSPERANZA MELENDEZ E.
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MULTISTAGE AIR CLEANER INCLUDING PULSE CLEANING SYSTEM

Cross Reference

U.S. Patent Application Serial No. 09/325,697 is incorporated herein by
reference in its entirety.

s

Field of the Invention

The present disclosure relates to air cleaners and particularly concerns air

cleaners for cleaning combustion air directed to the engine air intake of large vehicles

and equipment. The disclosure concerns preferred designs of air cleaners for such use,
and methods of assembly and use.

Background of the Invention
10

In general, combustion air for engines needs to be filtered to prevent
particulates, otherwise carried in the intake air stream, from reaching sensitive engine

4T T T

ma

components. As a result, nearly every engine system involving combustion air includes

an air cleaner assembly of some type positioned in the intake air stream.

T

A
o sse

15

g
Al

Many air cleaner assemblies generally comprise a housing through which
the air is directed during filtration or cleaning. In some systems, a removable and

replaceable filter element, or a combination of such filter elements, is provided within
the housing. In use, the air is directed through the filter element(s) as it moves through
the housing. In time, the filter element(s) becomes occluded or loaded with a
concomitant increase in restriction across the air cleaner. At an appropriate servige

point, the filter element(s) is removed and is either refurbished (cleaned) or replaced.

Certain very large and powerful equipment types generate unique
problems with respect to air cleaner operation. Consider large earth movers, haul

trucks, and other very large types of construction and mining equipment that have 500-
2,000 horsepower (hp) (37.3-149.2 KW) engines.
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Such equipment operates for extended periods in extremely dusty
environments. Such equipment also has very large volume demands for combustion air
This means very large amounts of particle-laden air on an almost continuous basis is

passing through the air cleaner system. Indeed, the typical environments of use, for
5

example construction sites and mining sites, are sites characterized by relatively large

amounts of air borne particulates of a variety of sizes and population distribution.

Special heavy-duty multistage filtration units have been designed for use
with such equipment. One such design has been available from Donaldson Company,
Inc. of Minneapolis, Minnesota under the designation SRG Donaclone™. Such
10 products are designed for an air flow of up to approximately 1,300 - 4,500 cubic feet per
minute (cfm) and are available in single or dual unit designs. In general, such
arrangements are multistaged. In a first stage, a precleaner is provided for removal of
up to 95% of the dirt in the air stream before it reaches the filters. Such precleaners
generally operate by directing the inlet air flow through a plurality of cyclonic tubes
15 with dust separation occurring as a result of the cyclonic air flow. Cyclonic precleaners

are described, for example, in U.S. Patent 5,693,109, incorporated herein by reference.

In the second stage, the air from the precleaner is directed into and
through an air filter system, typically a filter system provided by two elements: an outer
primary filter element and an internal secondary or safety element. The housings are

generally configured so that, periodically, the primary filter (and if desired the

secondary filter) can be removed and be refurbished or replaced.

Summary

L Summary of U.S. Patent Application Serial No. 09/325,697

In one aspect of U.S. Patent Application Serial No. 09/325,697, an
example embodiment involves a filter assembly. The filter assembly includes a housing
that defines first and second chambers, a first stage air cleaner, a second stage air
cleaner, and a pulse jet cleaning arrangement. The first stage air cleaner is positioned in

the first chamber and includes a first filter element through which air to be filtered is




and includes at least one removable and replaceable filter element through which air is
directed during use. The pulse jet cleaning arrangement is constructed and arranged to

selectively direct a pulse jet of air, in a reverse direction, through said first filter
5  element.

In another aspect of U.S.S.N. 09/325,697, an apparatus includes a first
V-pack filter and a lift mechanism. The first V-pack filter has a first, lower end and a

second, upper end. The second, upper end includes an air flow exit aperture; a first seal

10

arrangement, or gasket, circumscribing the air flow exit aperture and projecting
outwardly from said second, upper end; and a hard stop arrangement projecting
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outwardly from said second, upper end. The lift mechanism includes a base structure, a

g!

movable seat secured to the base structure, and a pivotally mounted control arm. The

;
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movable seat has a first, raised orientation and a second, lowered orientation. The

-s

pivotally mounted control arm raises the movable seat to the first raised orientation and
15

lowers the movable seat to the second, lowered orientation. The first V-pack filter and

n

R LN e

the lift mechanism are constructed and arranged such that when the lift mechanism is

positioned in the first, raised orientation, the first V-pack filter is pressed against a

REA RN

portion of a housing in a locked position with the first seal arrangement pressed to form

a seal and the hard stop limiting an extent of movement of the V-pack toward the

housing. When the lift mechanism is in the second, lowered orientation, the first V-
pack filter is released from the locked position.

In another aspect of U.S.S.N. 09/325,697, a method of operating an

engine air intake filter assembly is discussed. The filter assembly includes a first
chamber to house a first stage air cleaner, a second chamber to house a second stage air
cleaner, and a pulse jet cleaning arrangement constructed and arranged to selectively
direct pulses of air through the first stage air cleaner. The method includes measuring a
pressure drop across the first stage air cleaner during engine operation; measuring an
engine load during the engine operation; and activating a pulse valve of the pulse jet

cleaning arrangement to direct a pulse of air, in a reverse direction, through the first

N
directed during use. The second stage air cleaner is positioned in the second chamber




stage air cleaner in response to the engine load being below a predetermined engine load
and the pressure drop exceeding a predetermined pressure drop.
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II.  Summary of the Interlocking Arrangement

In one aspect of this discussion, an example embodiment involves an

apparatus. The apparatus includes a retention mechanism, a V-pack filter, and an
interlocking arrangement. The retention mechanism includes a base structure and a
movable seat. The movable seat is secured to the base structure and has a first, locked
orientation and a second, unlocked orientation. The V-pack filter includes a frame
construction having first and second frame structures. The V-pack filter also includes
first and second panel sections mounted in extension between the first and second frame
structures. The first panel section has first and second ends. The second panel section
has third and fourth ends. The first and third ends have a first distance therebetween.
The second and fourth ends have a second distance therebetween. The second distance
is generally greater than the first distance thus causing a V-shape. The first and second
panel sections and the second frame structure define an air flow aperture. The V—pack

filter also includes a sealing arrangement that circumseribes the air flow aperture and
projects outwardly from the second frame structure.

The apparatus has a first, operable orientation wherein the V-pack filter

is operably mounted in the apparatus. The apparatus also has a second, unload
orientation wherein the V-pack filter is in a loosened positioned for separation from the
apparatus. The interlocking arrangement includes first and second interlocking devices
The V-pack filter includes the first interlocking device. The second interlocking device
is orientated in the apparatus and is mounted on a member separate from the V-pack
filter. The interlocking arrangement is constructed and arranged such that when the
retention system is in the first, locked orientation and the apparatus is oriented in-the

first, operable orientation, the first and second interlocking devices engage, typically by
a male/female fit.

In another aspect of this discussion, an example embodiment involves a

V-pack filter. The V-pack filter includes structure analogous to that above.

In another aspect of this discussion, an example embodiment involves a

method of locking a V-pack filter in an operable position around an aperture.
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Fig. 1 is a schematic front elevational view of an assembly according to
the present invention;

Brief Description of the Drawings

Fig. 2 is a schematic, right side elevational view of the assembly shown
5 inFig. 1;

Fig. 3 is a schematic, top plan view of the assembly shown in Fig. 1;

Fig. 4 is a schematic, front prospective view of the assembly shown in
Fig. 1,

Fig. 5 is a schematic, rear perspective view of the assembly shown in v
10 Fig. 1;

Fig. 6 is a schematic, front perspective view analogous to Fig. 4, with
portions broken away to show internal detail;

b

Fig. 7 is a schematic, front elevational view of the assembly as depicted
in Fig. 6;

4
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Fig. 8 is a schematic, internal prospective view of portions of the
assembly of Fig. 1;
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Fig. 9 is a schematic, front elevational view of the assembly as depicted
in Fig. 8;

Fig. 10 is a schematic, enlarged, front elevational view of portions of the
internal assembly of Fig. 1;

Fig. 11 is a schematic, enlarged, side elevational view of portions of the
internal assembly of Fig. 1;

Fig. 12 is a schematic, top plan view of the bottom portion of the
assembly shown in Fig. 10;

Fig. 13 is a schematic, top perspective view of the bottom portion of the
assembly shown in Fig. 12;
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Fig. 14 is a schematic, side elevational view of the bottom portion of the
assembly shown in Fig. 12;

Fig. 15 is a schematic, front elevational view of the assembly of Fig. 1
with portions of the assembly removed,

5 Fig. 16 is a schematic, perspective view of the first chamber of the
assembly of Fig. 1, with portions broken away to show internal detail;
Fig. 17 is a schematic, perspective view of the primary element of the
second chamber of the assembly of Fig. 6;
Fig. 18 is a schematic, perspective view of the safety element of the
10 second chamber of the assembly of Fig. 6;
Fig. 19 is a schematic, end elevational view of one of the V-packs of Fig.
6; '
Fig. 20 is a schematic, side elevational view of one of the V-packs of
Fig. 6;
15 Fig. 21 is a schematic, top plan view of one of the V-packs of Fig. 6;
Fig. 22 is a schematic, perspective view of a retention system of the
assembly of Fig. 6;

Fig. 23 is a schematic, top plan view of the retention system of Fig. 22;

Fig. 24 is a schematic, side elevational view of the retention system of

20 Fig. 22;

Fig. 25 is a schematic, front elevational view of the retention systém of
Fig. 22;

Fig. 26 is a schematic, end elevational view of portions of the second
chamber of the assembly of Fig. 6;

25

Fig. 27 is a schematic, cross-sectional view taken along line 27-27 of
Fig. 26;

i
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Fig. 28 is a schematic, perspective view of an example embodiment of
the charge tank of the assembly of Fig. 10;

Fig. 29 is a schematic, top plan view of the charge tank of Fig. 28;
Fig. 30 is a schematic, cross-sectional view of the charge tank of Fig. 29,
5 taken along line 30-30;

Fig. 31 is a schematic, cross-sectional view of the charge tank of Fig. 29,
taken along line 31-31;

Fig. 32 is an electrical schematic depicting the interface between a
control system of the assembly of Fig. 6 and a vehicle;
10

Fig. 33 is an electrical schematic showing more detail of the control
system of Fig. 32;

Fig. 34 is a flow chart of the logic of the control system of Fig. 32;

Fig. 35 is a flow chart depicting more detail of the firing of a pulse valve
by the control system of Fig. 34;

15 Fig. 36 is a perspective view of a second embodiment of a V-pack filter;
Fig. 37 is a side, elevational view of the V-pack filter of Fig. 36;

Fig. 38 is a top, plan view of the V-pack filter of Fig. 36;

Fig. 39 is cross-sectional view of a second embodiment of a first
chamber of a filter assembly;

Fig. 40 is bottom, plan view of the V-pack filter of Fig. 36;
Fig. 41 is a perspective view of a third embodiment of a V-pack filter;

Fig. 42 is a perspective view of a fourth embodiment of a V-pack filter;
and

Fig. 43 is a bottom plan view of a fifth embodiment of a V-pack filter.

!
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Detailed Description

I

Disclosure of U.S. Patent Application Serial No. 09/325,697
A. Environment of Use; System Demand

The arrangements depicted in drawings 1-35 and described U.S. Patent ‘,
5 Application Serial No. 09/325,697, and the principles defined in association with them,
were specifically designed for advantageous application in certain types of equipment

and work environments. While the principles could be applied in a variety of alternate

4
applications, the unique arrangements described are particularly advantageous for the
identified systems of use.

10

According to U.S.S.N. 09/325,697, typical systems in which equipment ‘
of the type defined therein will be useful are engine applications concerning large

engines, typically 500 to 2,000 hp (37.3-149.2 KW). Such engines are generally "
defined by air flow demands on the order of about 1,300 to 4,500 cfm.

According to U.S.S.N. 09/325,697, in general, it is desirable that such ;
15 equipment be able to operate with no more than about 25 inches of water restriction
across the air cleaner system. With conventional air filter technology this could mean
that, due to air filter occlusion, the air filters would generally need to be changed with a "
frequency of about 250 hours. Longer periods of time between air filter changing and l
refurbishment without operation above the limiting restriction of about 25 inches of

water have been sought by manufacturers and users of such equipment.
B.

20

A Typical Improved System According te U.S.S.N. 09/325,697

In Figs. 1-35, an air cleaner system utilizing principles according to the
that described in U.S.S.N. 09/325,697 is depicted.

25

Referring to Fig. 1, reference No. 1 generally designates an air cleaner
arrangement or assembly utilizing principles according to U.S.S.N. 09/325,697. As will

be apparent from the description of U.S.S.N. 09/325,697, alternate embodiments,
arrangements, and applications are sensible.




In U.S.S.N. 09/325,697, the assembly 1, Fig. 1, is depicted in front

elevational view. By "front" in this context, reference is meant to a side 3 of the
assembly 1 on which one or more access hatches or covers are provided for normal
servicing. For the particular air cleaner assembly 1 depicted in U.S.S.N. 09/325,697,
5 mounted on the front side 3 are first and second access doors, hatches, or covers 5 and
6. The first cover 5 opens to allow service access to a first stage air cleaner assembly;

and the second access cover 6 is oriented to allow service access to a second stage air
cleaner assembly.

The first cover 5 is pivotally secured to the assembly 1 by first and
10

second hinges 7, 8. Preferably, the first and second hinges 7, 8 are conventional hinges
and are typically bolted or riveted to the assembly 1 and the first cover 5. The first and

- second hinges 7, 8 allow the first cover 5 to swing outwardly away from the assembly 1
about a fixed axis A defined by the hinges 7, 8. The first cover 5 also includes 4

latching device 9. Preferably, the latching device 9 is a conventional latching device.
15

By the term "conventional," it is meant any known device that is capable of securing the

first cover 5 to the assembly 1. The latching device 9 prevents the first cover 5 from
swinging outwardly away from the assembly 1.

Although not required for all applications of the technology described in
U.S.S.N. 09/325,697, in the particular embodiment shown, the access doors or covers 5
20

and 6 are positioned on the same side, i.e. the front side 3 of the assembly 1. This will
be a particularly convenient design for vehicle and equipment manufacturers, since for
overall equipment design, the manufacturer need only provide the wide space of access
to the air cleaner assembly 1 for removal and servicing of elements on the front s.ide 3 of
the assembly 1.

25

The particular assembly 1 depicted in Figs. 1-5 of U.S.S.N. 09/325,697 is

somewhat rectangular in horizontal cross-section. Thus, it has four sides of which the
front side 3 has already been designated. The other sides comprise sides 10, 11, and 12,

identified in general in Fig. 1 (front elevation), Fig. 2 (side elevation), and Fig. 3 (top

10

t
1



10

i¢3
=l

15

"ﬂlfz W
NG

o e L
TTH i

el

H A

20

25

21

plan). The side 12 would typically be referenced as the back, or rear, side; i.c., the rear

side 12 facing opposite the front side 3 of the assembly 1.

Referring to Fig. 4, first and second lifting rings 16, 17 are provided.
The first and second lifting rings 16, 17 are attached to first and second plates 18, 19,
Fig. 7. The first and second plates are secured as part of the assembly 1 by, for
example, welding. The lifting rings 16, 17 are arranged and configured to allow a

lifting device, such as a crane, to lift the assembly 1 for mounting on a vehicle, such as a
heavy haul truck.

Attention is now directed to Fig. 6, a perspective view of the air cleaner
assembly 1, similar to Fig. 4 but with portions broken away to show internal detail.

From reference to Fig. 6, general operation of the overall air cleaner assembly 1 will be

readily understood.

According to U.S.S.N. 09/325,697, in general, the air cleaner assembly 1
includes an outer housing 20 divided into first and second chambers 21 and 22. A first
stage air cleaner arrangement 24 is positioned in chamber 21, and a second stage air
cleaner 25 is positioned in the second chamber 22. For the particular embodiment
shown, the chambers 21 and 22 are positioned in a vertical stack with chamber 22
positioned generally above chamber 21 for normal use. In the particular embodiment

illustrated, the first and second chambers 21, 22 are manufactured separately from each

other and are secured together.

Attention is directed to Fig. 16. Fig. 16 is a schematic, perspective view
of the first chamber 21 of the assembly 1 (Fig. 6) with portions broken away to show
internal detail. According to U.S.S.N. 09/325,697, the first chamber 21 is constricted
with first, second, third, and fourth flanges 53-56. Preferably, each of the flanges 53-56
includes a plurality of bolt holes 57. Referring back to Fig. 6, analogously, the second
chamber 22 is also constructed with first (not shown), second 58, third 59, and fourth
(not shown) flanges including a plurality of bolt holes (not shown). The flanges 58, 59
of the second chamber 22 are arranged and configured to mate with the flanges 53-56
(Fig. 16) of the first chamber 21 and the bolt holes 57 ot: the first chamber 21 are

-

11
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arranged and configured to align with the bolt holes of the second chamber 22, such that
a plurality of bolts 50 positioned through the plurality of bolt holes 57 secure the first

chamber 21 to the second chamber 22.

According to U.S.S.N. 09/325,697, in general, the first or lower chamber
21, Figs. 1 and 2, is defined by first, second, third, and fourth side walls 26 (front), 27
(side), 28 (side), and 29 (back). Attention is directed to Fig. 5. Each of the side walls
26-29 (Figs. 1,2, and 5) has defined therein an open aperture, air inlet, or window 33
through which air to be filtered by the air cleaner assembly 1 can pass into the assembly
1 for cleaning. Each of the air inlets 33 is, in preferred embodiments, covered by a
protective screen 34. The air inlet 33 and the screen 34 in the rear panel 29 are viewable

in Fig. S, as are the air inlet 33 and screen 34 in panel 28.

Still referring to Fig. 5 and U.S.S.N. 09/325,697, note that mounted on
side wall 28 is a first weather cover 36. Still referring to Fig. 5, note also a secohd
weather cover 37 mounted on or extending from the side wall 27. Weather covers, such
as first and second weather covers 36 and 37, protect corresponding air inlets 33

positioned thereunder from entrance by undesirable levels of rain, snow, and the like.

Referring to Fig. 4, it is noted that the assembly 1 also includes a third
weather cover 40 on the front side 3. In the embodiment shown, the third weather cover
40 is mounted on the first access cover 5. The first access cover 5 includes an air inlet

33 therein, covered by a screen 34. In general these are viewable in Fig. 15.

Referring to Fig. 5 and U.S.S.N. 09/325,697, the weather covers 36, 37
preferably comprise a single piece of material, such as metal, bent at first and second
angles 38, 39, respectively. Preferably, the first and second angles 38, 39 are
approximately ninety degrees. The first angle 38 separates the first weather cover 36
into first and second sections 41, 42. Likewise, the second angle 39 separates the
second weather cover 37 into first and second sections 43, 44. In the particular
embodiment depicted, the first sections 41, 43 are attached as part of the assembly 1.
Preferably, the first section 41 of the first weather cover 36 is attached as part of the

assembly 1 by placing the first section 41 of the first weather cover 36 under the flanges
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54, 58 of the first and second chambers 21, 22, respectively, and securing the cover 36
in place by, for example, welding. Likewise, the second section 43 of the second

weather cover 37 is attached as part of the assembly 1.

Referring to Fig. 4, the first weather cover 36 also includes a third
section 47. Preferably, the third section 47 is attached to the first and second sections
41, 42 of the weather cover 36. For example, the third section 47 may be welded to the
first and second sections 41, 42. Likewise, the second weather cover 37 also includes a

third section 46 analogous to the third section 47 of the first weather cover 36.

Referring back to Fig. §, in the preferred embodiment depicted in
U.S.S.N. 09/325,697, the first sections 41, 43 of the weather covers 36, 37, respectively,
extend generally perpendicular to the side walls 28, 27, respectively, of the assembly 1.
The first sections 41, 43 prevent undesirable levels of weather elements, such as rain,
from entering the air inlets 33 from the top, or parallel directions. In the preferréd
embodiment of U.S.S.N. 09/325,697, the second sections 42, 44 of the weather covers
36, 37, respectively, extend generally parallel to the side walls 28, 27, respectively, or
orthogonal to the ground. The first and second sections 42, 44 prevent undesirable
levels of weather elements from entering the air inlets 33 from the side, or perpendicular
directions. Alternatively, the second sections 42, 44 are oriented spaced from, but
covering, the air inlets 33 in the walls 28, 27, respectively. Referring back to Fig. 4, the
third sections 46, 47 prevent the weather elements from entering the air inlets 33 from
the front. Referring back to Fig. 5, the first weather cover 36 is open along a rear edge
48 and along a bottom edge 49. These are directions from which falling or wind blown
elements are less likely to be able to enter the covered air inlet 33 in the side 28 of the
assembly 1, and therefore, these areas are accessible for air to enter the assembly 1.

Likewise, the second weather cover 37 is open along a rear edge 51 and along a bottom
edge 52.

It is noted that the assembly 1 does not include, mounted thereon, a
weather cover over the air inlet 33 in the rear wall 29. It is anticipated by U.S.S.N.

09/325,697 that in typical systems, the assembly 1 will be mounted on the vehicle such

13
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that the rear wall 29 does not need a weather cover, because the vehicle itself prevents

the elements from entering the air inlet 33.

Referring to Figs. 4 and 5, according to U.S.S.N. 09/325,697, the
assembly 1 includes a bottom skirt or splash guard 60. The bottom splash guard 60
includes first, second, and third segments 61, 62, and 63 mounted to extend outwardly
from bottom portions of walls 26, 27, and 28, Fig. 1, respectively. The splash guard or
skirt 60 inhibits undesirable levels of water from being splashed up into the air inlet 33

from the underside of the assembly 1.

Referring to Fig. 5, the third splash guard section 63, and analogously the
second section 62, includes a mounting strip 64 by which the splash guard 60 is ’
mounted on the wall 28; a base extension 65; and an angled splash extension 66.

Preferably, the angled splash extension 66 projects over an angle B, Fig. 5, relative to
base section 65 of 110 to 160°, preferably about 135°. Preferably, the base section 65 is
mounted on the assembly 1 by a plurality of bolts 69. Of course, other means of

attachment may be used, such as welding.

Referring to Fig. 4, the first or front extension 61 of the splash guard 60
includes a mounting strip 67 and a downwardly extending section 68, preferably having
an angle C with respect to the mounting strip 67, Fig. 2. Preferably the angle C is
between 110 to 160°, and most preferably is about 135°. Preferably, the mounting strip
67 is mounted to the assembly 1 by a plurality of bolts 69. Of course, other means of

attachment may be used, such as welding.

It is also noted that the front weather cover 40, Fig. 4, includes a
downwardly and rearwardly extending splash guard extension 79 that extends from a
region 96 mounted on surface panel 80 generally toward skirt section 68, preferably at a
angle D with respect to region 96, Fig. 2. Preferably, the angle D is between 110 to
160°, and most preferably is about 135°. The splash guard extension 79 prevents
undesirable levels of water from being splashed up underneath the cover 40. The cover
40 also includes a top panel 82 and opposite side panels 83, 84 (Fig. 4). It is open,

however, underneath edge 85 to allow air to enter the assembly 1.

14
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Referring back to Fig. §, as indicated in U.S.S.N. 09/325,697, air to be
filtered by the air cleaner assembly 1 passes into the air cleaner assembly 1 through the
air inlets 33. In the preferred embodiment shown, the air inlets 33 allow for direct
transfer of the air into the first chamber 21 (Fig. 6). By the term "direct," or variants
thereof in this context, reference is meant to air flow from the exterior environment that
does not first pass into the second chamber 22. Referring back to Fig. 6, within the first

chamber 21, the air is passed through the first stage air cleaner 24. ’

For the particular arrangement shown in Fig. 6 and described in U.S.S.N. '
09/325,697, the first stage air cleaner 24 includes two V-shaped air filter constructions
94, 95, sometimes referred to therein as V-packs. Detail concerning the preferred
construction of the V-shaped filter constructions 94, 95 is provided in U.S.S.N.
09/325,697. In general, the V-shaped filter constructions 94, 95 are preferably identical
in construction, and each includes first and second opposite filter panels 97 and 98. The
panels 97 and 98, for each V-shaped filter 94, 95, are mounted in a frame 199 to define
an internal, V-shaped, interior chamber or clean air plenum 99. The air is filtered as it
passes from the region exterior to the V-shaped filters 94, 95 to the clean air plenum 99.

Afier this filtering in the first stage 24, the air then passes through passageways 100,
101, Fig. 16, into the upper chamber 22.

For the particular arrangement shown in Fig. 6 and described in U.S.S.N.
09/325,697, the V-packs or V-shaped air filter constructions 94, 95 are vertically
oriented. By the term "vertically oriented,” it is meant that in the normal installation on
vehicles or equipment standing on level ground the orientation of the V-shaped filter
elements 94, 95 will be such that vertices 109, 110, respectively, of the V's are directed
downward. Itis, of course, possible to use alternate constructions in association with

the techniques described herein, although the vertically oriented configuration shown in

Fig. 6 is preferred.

Alternate orientations would include an "inverted orientation," which !
would be one in which the vertices 109, 110 of the V's are directed upward; and, ?

laterally oriented ones, in which the vertices 109, 110 of the V's are directed sideways.

15 ‘_
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7 There would, in general, be two types of laterally oriented arrangements: one in which

the elements 94, 95 are standing on one of the ends 203, 204; and ones in which the ‘}
ends 203, 204 extend orthogonally to the ground. Of course, altemnate configurations of "

|
the overall assembly 1 would be needed for alternate orientations of the V-packs 94, 95.
Although alternate orientations and configurations are possible, the "vertical"
orientation for the V-shaped filters 94, 95 will be preferred, for reasons of: air flow,

)
pulse cleaning, assembly, and servicing. The preferred V-packs 94, 95 are characterized
below in connection with Figs. 19-21 of U.S.S.N. 09/325,697.

The upper chamber 22 includes, positioned therein, the second stage
10

}
!
filter system 25. For the arrangement shown, the second stage filter system 25 '||

1
H

1
!
i
H

comprises a cylindrical filter construction 123. Attention is directed to Figs. 26 and 27.

Fig. 26 is a schematic, end elevational view of portions of the cylindrical filter

]
construction 123. Fig. 27 is a schematic, cross-sectional view taken along line 27-27 of

i

Fig. 26. For the particular arrangement shown, the cylindrical construction 123 includes

‘;}

o 15 aprimary element 124, shown in perspective view in Fig. 17, and a secondary or safety \{

‘—“ element 125, shown in perspective view in Fig. 18. During operation, the air is passed l;

; through the pnmary element 124 and the safety element 125 into a central clean air ’)_

plenum 130. The filtered air then passes outwardly through outlet tube 131 to the "1

’:j: engine air intake duct (not shown). "
& 20

Periodically, it may be desirable to remove the primary element 124, and |

, ) in some instances the safety element 125, for inspection and in some instances |

% E refurbishing or replacement. Referring back to Fig. 6 of U.S.S.N. 09/325,697, the

L second cover 6 provides access for this. The second cover 6 is mounted on a cylipdrical
extension 134 and is secured in place by a clamp arrangement 135. When the clamp :

25  arrangement 135, which comprises a strap 136 secured by bolts 137, is loosened, access !

through the tube or extension 134 is provided to an end 140, Fig. 26, of the primary

|
element 124. The primary element 124 can thus be grasped and be removed from its

!
mounting on the outlet tube 131, Fig. 27, exposing the safety element 125, Fig. 27, that ’
can also be removed if desired. :

16




Details concerning the preferred construction and mounting of the

)
primary element 124 and the safety element 125 are provided in the below and in the}l
697 application, in connection with Figs. 15, 17, 18, 26, and 27. |

1
1

Attention is directed to Figs. 7 and 8 of U.S.S.N. 09/325,697. Fig. 7 15“ a
5

front elevational view showing the assembly 1 with portions of the top, the right side "

11, Fig. 1, and the front side 3, Fig. 1, removed to show certain internal parts. In Fig. 8,
the assembly 1 is shown without the V-shaped constructions 94, 95, the primary
element 124, and the safety element 125. Fig. 8 is analogous to Fig. 7, but with

additional portions removed to show more internal detail and represents a perspective
4 10 view.
N

g—

Again referring to Fig. 6 and according to U.S.S.N. 09/325,697, the first

stage air cleaner 24 includes a reverse pulse cleaning arrangement 154. Periodically,

preferably in accord with a selected program schedule as described hereinbelow, the

reverse pulse cleaning system 154 is operated to direct reverse jets of air through the V- %,‘
15 shaped constructions 94, 95 in the first stage 24. This will serve to knock dust cake off
the outer or upstream surfaces of the panels 97 and 98 of the V-shaped constructions 94,

95. Referring to Fig. 8, the dislodged dust will, under gravity influence, pass toward a

bottom region 157 of the first chamber 21 and outwardly through a dust exhaust valve

arrangement 160. A preferred construction of the dust exhaust valve arrangement 160,
20

as shown in Figs. 8, and 12-14, is discussed the ‘697 application.

Referring to Fig. 8 of U.S.S.N. 09/325,697, in order to generate and '
% . direct the cleaning jets of air, the pulse cleaning system 154 includes four pulse jet

nozzles 162, 163, 164, 165; two associated with each V-pack 94, 95 (Fig. 6). Specific

preferred constructions of the pulse jet nozzles 162-165 are discussed in greater detail
25  below and in the ‘697 application.

Referring to Figs. 6 and 8 of U.S.S.N. 09/325,697, a central baffle 170 is )’
positioned in the first chamber 21, between the two V-packs 94, 95. The central baffle

170 depends downwardly from a tube sheet 171, generally at least 50% or more,

preferably at least 70%, and most preferably at least 90% of the distance between a top
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180 of the first chamber 21, and a lowest level 181 of extension of the V-packs 94, 95,
when the V-packs 94, 95 are positioned for filtering. Preferably, the baffle 170 extends
below this lower level 181. The baffle 170 helps prevent dust that has been blown off
the V-packs 94, 95 by the air from the pulse jet nozzles 162-165 from being transferred
to the next adjacent V-pack 94, 95. Rather, due to the baffle 170, the dust is more likely

to pass downwardly to the bottom 183 of the first chamber 21.

The term "bottom end 183," when used in connection with the
characterization of the first chamber 21, refers to a region 184. It will be understood
from further descriptions that the region 184 is the location at which equipment that
supports the V-packs 94, 95 is positioned within the assembly 1. The portion of the
housing 20 that includes the dust exhaust valve arrangement 160 generally depends

downwardly from the bottom end 183.
C. The V-Pack Filters of U.S.S.N. 09/325,697

Attention is directed to Figs. 19-21 of U.S.S.N. 09/325,697. In Fig. 19,
one of the V-packs 94, 95 is depicted. Each V-;Sack 94, 95 comprises a pair of panels
97, 98. The panels 97, 98 each comprise an outer frame 199 with media 200 positioned
therein. For the preferred arrangements of U.S.S.N. 09/325,697, the media 200 is
pleated and oriented such that when the V-pack 94, 95 is positioned in the vertical
orientation of Fig. 6, the pleats 201 extend horizontally. In general, the media 200 is
potted within the frame 199 by an adhesive material such as PVC plastisol (i.e., a
polyvinylchloride). Commercially available potting plastisols can be used.

According to U.S.S.N. 09/325,697, a variety of materials can be utilized
for the media 200. In general, what is required is an appropriate media to achieve a
preferred level of efficiency for the V-packs 94, 95. The media chosen for the V-packs
94, 95 is a matter of choice; a variety of conventional medias can be used. For a high-
level of cleaning from pulse cycles, a robust media is preferred to help prevent particles
from penetrating into the fibers of the media when loading. That is, it is preferred that
the media be of a type such that particles will be captured on the outer surface of the

media. Usable materials include cellulose or synthetic fiber media.

18
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On the upstream side, a deposit or layer of polymeric fiber material, or
"fine fiber," generally having a fiber diameter of 5 microns or less, can be used, in some
applications. The amount of fine fiber deposited is a matter of design choice for a given
application. In general, the more fine fiber that is used, the larger the restriction.
5  Conversely, the less fine fiber that is used, the higher the occurrence of penetration of
the particles during loading. That is, the fine fiber facilitates surface loading and pulse

jet cleaning.

One media comprising a fine fiber deposited onto a paper or cellulose

material is practiced by Donaldson Company, Inc., the assignee of the present i

; 10  application, in products generally identified under the trademark EON™. These media |

‘ b
: b are manufactured by a trade secret process of Donaldson's. Such media would be 4
useable in arrangements according to the present invention. However, the technique of ;

e
Rz
W£3

fine fiber application is not critical to the principles disclosed, and a variety of ’

conventional, well-known, processes could be used.

r 15 According to U.S.S.N. 09/325,697, each of the V-packs 94, 95 includes
= first and second opposite end panels 203, 204. The end panels 203, 204 close ends of
the clean air plenum 99 when the V-packs 94, 95 are sealed for use. For convenience,
one of the panels 203 is shown having a wire handle 209 positioned thereon, Fig. 19.

The wire handle 209 is secured in extension between brackets 210, 211. The wire

20  handle 209 comprises an extension of wire 212 having end stops 213, 214 thereon.

. When a central portion 215 of the flexible wire 212 is pulled, the handle 209 will bow
f’( ’ outwardly until the end stops 213, 214 engage the brackets 210, 211. A flexible, |
. P collapsible, handle construction 209 is convenient for mounting and dismounting the V- .
l packs 94, 95 and also for carrying the V-packs 94, 95. . ;

25 Of course, alternate handle designs may be used. For example, a |
pivotally mounted rigid handle may in some instances be substituted for the type of ,
handle configuration depicted in the figures. In general, preferred handle constructions

will be ones that have a flat, enclosed configuration that can be readily opened to be

grasped.
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Again according to U.S.S.N. 09/325,697, in each V-pack 94, 95, the pair
of panels 97, 98 is oriented in a V-shape, as shown in Fig. 19. Along one longitudinal
edge 220, 221 of each panel 97, 98, the panels 97, 98 are oriented either adjacent one
another or closely spaced, whereas along opposite side edges 222, 223, the panels of 97,
98 are spread apart from one another. That is, preferably the panels 97, 98 form a V-
shape, most preferably having a filter angle E, Fig. 19, between the panels 97, 98, of at
least about 5°, preferably within the range of 10 to 25°, most preferably about 13 to 17°.

Referring to Fig. 21 of U.S.S.N. 09/325,697, each V-pack 94, 95
preferably includes a central spacer 228 separating the V-pack 94, 95 into separate
regions 229, 230. In use, a separate one of the nozzles 162-165, Fig. 8, is directed into
each region 229, 230. The central spacer 228 directs the air from each nozzle 162-165
to an associated region 229, 230 of the V-pack filters 94, 95 to provide directed air

sufficient to clean the exterior portions of the panels 97, 98.

The air flow exit end 231 of each V-pack 94, 95 includes a seal
arrangement, i.e. a gasket, 240 thereon having a first projection thickness T1. When
each V-pack 94, 95 is operatively positioned within the air cleaner assembly 1, the seal
arrangement 240 is pressed between an end 231 of the V-pack 94, 95 and the tube sheet
250, as shown in Fig. 7. In general, the seal arrangement 240 is sized to be sealingly

positioned around the aperture 100 in the tube sheet 250, Fig. 7.

The preferred V-packs 94, 95 of U.S.S.N. 09/325,697 also include a hard
stop arrangement 260 thereon have a second projection thickness T2 less than the first
thickness T1. Preferably the hard stop arrangement 260 is configured to extend the
second thickness T2 of at least about 0.1 inches (2.5 mm), typically about 0.2 inches
(5.1 mm) to 0.3 (7.6 mm) inches, above (or outwardly from) a top surface 265 of the V-
pack frame 199. Also, preferably the seal arrangement 240 is selected such that, prior to
being pressed, the seal arrangement 240 extends at least about 0.1 inches (2.5 mm) to
0.3 inches (7.6 mm) beyond the hard stop arrangement 260. In other words, the
thickness T1 of the seal arrangement 240 is at least about 0.1 inches to 0.3 inches

greater than the thickness T2 of the hard stop arrangement 260. The hard stop
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arrangement 260 provides for a hard contact against the tube sheet 250, Fig. 7, as the V- ;

packs 94, 95 are moved into position. For the preferred V-pack 94, 95, Fig. 19, the hard
stop arrangement 260 comprises a metal such as steel. Most preferably, the seal
arrangement material is polyurethane, having a thickness of at least 0.40 inches in

extension outwardly from the surface 265 of the V-pack frame 199.
D. The V-Pack Retention System of U.S.S.N. 09/325,697

According to U.S.S.N. 09/325,697, when the V-packs 94, 95 are
operatively positioned, Fig. 6, each V-pack 94, 95 is under a force of compression, in
the direction of arrows 270, 271, respectively, toward the tube sheet 250. To maintain

sealing around the seal arrangements 240, retention systems 280 provide a force of

compression.

Referring to Figs. 22-25 of U.S.S.N. 09/325,697, the retention systems

280 each include a base structure 281, a control arm 282, a moveable seat 283, and an

adjustable lift link arrangement 284.

In operation, when the control arm 282 is in the raised position, the seat
283 is raised upwardly in the direction of arrows 270, 271, Fig. 6, causing a pressuring
of the V-packs 94, 95 against the tube sheet 250. When the control arm 282 is lowered,
under hand operation, in the direction of arrow 288 the seat 283 is dropped, releasing
the sealing pressure. The seat 283 is configured so that when the control arm 282 is

dropped, a V-pack 94, 95 can be slid into and out of the seat 283.

Attention is directed to Fig. 10 of U.S.S.N. 09/325,697. InFig. 10 an
enlarged, front elevational depiction of the lower chamber 21 is depicted. In Fig. 10,
the chamber 21 is shown with the front door removed for viewing internal constr:uctions
and components. Also, in Fig. 10, the chamber 21 is depicted with the V-packs 94, 95
present. Further, in Fig. 10, the retention system 280 is depicted in the raised or lifted

configuration. Fig. 11 is a side view of Fig. 10, taken from the direction of arrow 300.

In Figs. 22-25 of U.S.S.N. 09/325,697, the base structure 281, control

arm 282, and seat 283 of the retention system 280, are more readily viewed, especially

21
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the details of the seat 283. The seat 283 comprises a bottom panel 301 with opposite
spaced side flanges 302 and 303. The bottom 301 includes a front edge 304, toward
which a V-pack 94, 95, Fig. 6, is moved, during loading. Projecting outwardly from the '
front edge 304, each of the side flanges 302, 303 includes an outwardly directed guide
flange 305, 306, respectively. The guide flanges 305, 306 preferably project at an angle |
F, Fig. 23, of about 120 to 170°, relative to the plane of the associated side flange 302,
303. Preferably the angle F is within the range of about 135 to 155°. Each guide flange |
305, 306 is preferably about .25" to 2" long. The guide flanges 302, 303 help the
centering of the V-pack 94, 95, as it is being slid into position.

The base bottom panel 301 includes four rectangularly spaced apertures !
309 and a central large aperture 310. The four rectangularly positioned apertures 309
circumscribe rotatable wheels 312. The wheels 312 are rotatably mounted on the
retention system 280 and raise and lower with the seat 283, when the control arm 282 is |
raised and lowered, maintaining the same relative vertical position between the wheels
312 and the bottom plate 301. The wheels 312 project above the bottom plate 301 at |
least about .03" and preferably about .06" to .15", so that the V-packs 94, 95 can be

rolled into place on the base 301 in a convenient manner.

Referring to Fig. 24 of U.S.S.N. 09/325,697, the retention system 280
comprises a link arrangement 284 including a plurality of links 317. Preferably the
links 317 form a parallelogram linkage system 318, so that during actuation by ‘
movement of the control arm 282, the plate 301 and the wheels 312, Fig. 22, are lifted
or lowered without being tilted out of their selected plane of mounting. Also, preferably
the links 317, and thus the parallelogram linkage systém 318, are configured to gperate ]
slightly "over center" so that when the control arm 282 is raised, the retention system
280 will tend to retain the raised, locked position. Cushioning to allow the slight "over |

|
center" action, is allowed by a springing action in the links 317.

More specifically, the links 317 are pivotally mounted to a frame 320
that is itself pivotally mounted to a lower end 321 of the control arm 282. When the

arm 282 is lowered, by movement in the direction of arrow 288, the base structure 281
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is pivoted forward (in the direction of arrow 313) and downwardly (in the direction of
arrow 288), the downward motion being caused because the control arm 282 is not only
pivotally mounted on the framework 320, but also to a link 326 and a pivot 327. The
base structure 281, then, under the control of the links 317, will slide forward and

downward. This would move any V-pack 94, 95, Fig. 6, mounted on the seat 283

similarly forward and downward, i.e. out of sealing contact with the tube sheet 250, Fig.

10, for convenient handling of the V-packs 94, 95.
E. The Dust Ejector Valve Arrangement of U.S.S.N. 09/325,697

. The arrangement shown in Figs. 9, and 12-14 of U.S.S.N. 09/325,697,
includes an elongated dust ejector valve arrangement 160 for removal of the dust from
the air cleaner assembly 1, Fig. 6. The dust ejector valve arrangement 160 is mounted
as part of the bottom 183 of the assembly 1 of Fig. 8. The elongated ejector valve

arrangement 160 is depicted in the views shown in Figs. 9, 12, 13 and 14.

Referring to Figs. 12 and 13 and according to U.S.S.N. 09/325,697, the
ejector valve arrangement 160 comprises an assembly 330 including a frame 331 having
a plurality of ejector flaps 332 mounted thereon. The frame 331 includes front and back
extensions 334 and 335. The assembly 330 includes, extending between front and back,
opposite extensions 334 and 335, a plurality of angled central panels or extensions 336.
Referring to Fig. 14, the central extensions 336 include opposite end extensions 337 and

338, and three pairs of central extensions 339, 340, and 341.

The end extensions 337 and 338 each include a mounting strip thereon
345 and 346 respectively, by which the assembly 330 can be mounted to the side walls
27, 28, respectively, Fig. 1, to depend downwardly from the bottom 183 of assenibly 1
of Fig. 8. The mounting can be, for example, by means of bolts, 350, Fig. 6, or by

similar constructions.

The extensions 337 and 338, as well as central pairs 339, 340 and 341,
each include a slanted portion defining or having an aperture or a window 353, Fig. 13,

therein. Mounted on an undemeath side 354 of each window 353, is a flexible flap 332,
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Fig. 14. Each flap 332 is secured along an upper edge 358, Fig. 14, and is pressed

against the window 353. In general, the flexible material of the flaps 332 will
preferably be rubber.

i
1
|l
1
1
!

In typical use, as air moves through the first chamber 21, Fig. 9, a s]ighi

reduction in pressure within the first chamber 21 relative to ambient occurs. This will 1,
tend to draw or pull the flexible flaps 332 closed, over the windows 353 and against the

sides 354. On the other hand, as a reverse pulse is directed through chamber 21, during?
a pulse jet operation as described herein, pressure within the first chamber 21
momentarily increases, biasing one or more of the flaps 332 away from the windows
353 (in a hinged motion along hinge lines 360), and allowing dust to be ejected from

within the first chamber 21, downwardly and out of the bottom 183 of the assembly 1 of
Fig. 8. ‘

il

F. The Pulse Cleaning System of U.S.S.N. 09/325,697

Attention is directed to Figs. 10 and 11, from which a more detailed ;
understanding of the pulse jet cleaning system will be understood according to U.S.S.N. ]

09/325,697. In general, the pulse jet cleaning system uses pulses of air to clean the V-

packs 94, 95. Fig. 10 is a fragmentary, schematic, front elevational view of the lower

chamber 21 and the reverse pulse cleaner arrangement 154 with portions removed for

[

viewing internal constructions and components. Fig. 11 is analogous to Fig. 10, taken

t

generally from the view point of arrow 300, Fig. 10. Attention is also directed to Fig. 8, ‘,

in which the portions of the assembly 1 depicted in Figs. 10 and 11, can be viewed in
perspective.

Referring to Figs. 8, 10, and 11, the pulse cleaner arrangement 154
comprises a central tank 152, shown generically in Figs. 8, 10, and 11 and described
more particularly with reference to Figs. 28-31, having a plurality of pulse jet valves
365, 366, 367, 368 mounted thereon, each valve having an associated one of nozzles
162-165, respectively, thereon. The particular arrangement 154 depicted in Fig. 8
includes four valves, although other arrangements are possible. The valves 365-368 can

be viewed as divided into two pairs; a first pair 370 associated with the first one of the
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V-packs 94, Fig. 10, and a second pair 371 associated with the second one of the V-
packs 95, Fig. 10.

Mounted at the air outlet of each valve 365-368 is a nozzle 162-165
including a splitter 157, which comprises a first angled member 375 and a second ;
5 angled member 158 that cause the air stream released by the valve to be spread or

dispersed, as it enters the V-pack 94 or 95.

In general, according to U.S.S.N. 09/325,697, a preferred splitter angle, :
or angle H, with respect to normal, for the first and second angled members 375,158 |
will be within the range of 2 to 45°, typically about 7 to 30°. In general, the splitters |

10 157 for each pair (370 and 371 respectively) are positioned such that their center lines or,
vertices are spaced apart about 5 to 10", typically about 6 to 9".

In general, according to U.S.S.N. 09/325,697, the reverse pulse system !

154 can be operated using the air compressor provided by the vehicle manufacturer in ,

the vehicle in which the assembly 1 is mounted. That compressor can be used to charge

15 the charge tank, or storage tank, indicated at 152. Periodically, preferably using a logic |
control system as described hereinbelow, the valves 365-368 can be operated to allow a

pulse jet to pass through the splitters 157 and into the V-packs 94, 95. Preferred

3

sequencing and timing for the pulse jets are described below. In general, the pulse jet of ‘

£ air is directed in a reverse direction, backwards, or as a back flush through the V-packs

= 20 94, 95. By the term “in a reverse direction,” it is meant that the pulse jet of air is |
directed opposite to normal air flow (i.e., filtering air flow) during filtering of ambient

.. air. Such a direction of air flow will tend to flush dust or other particles collected on the !

V-packs 94, 95 there from. . !

-

}
The pulse jet system 154 may, in general, except for the particular

t
25  preferred geometric configurations described and shown herein, be similar to the
arrangements described in U.S. Patents Nos. 4,364,251, 4,331,459, and 5,575,826

incorporated herein by reference. f
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Referring to Figs. 10 and 16, to facilitate appropriate directing of the
pulse jet into the V-pack arrangement, the assembly 1 includes, positioned between the ‘
nozzles 162-165, Fig. 8, and the V-packs 94, 95, a preferred rim arrangement 380. For '
the assembly 1 shown in Figs. 6 and 10, which comprises two V-packs 94, 95 aligned '
parallel to one another, the rim arrangement 380 comprises first and second rims 381 '
and 382. For the particular assembly 1 shown, the rims 381, 382 are generally the same,

one associated with each V-pack 94, 95. l

|

In general according to U.S.S.N. 09/325,697, the second rim 382 ,
comprises first, second, third, and fourth extensions 383, 384, 385, and 386 that project |
or extend from the tube sheet 250, Fig. 16. Preferably, each extension 383-386 includes,
a base flange 387 for attachment to the tube sheet 250 around the aperture 100. The
base flanges 387 may be attached, for example, by welding to the tube sheet 250. ;
Preferably, the second rim 382 is arranged and configured to surround the apertilre 100. ?

In the particular embodiment illustrated in Figs. 10 and 16 of U.S.S.N.
09/325,697, the second and fourth extensions 384, 386 extend from the tube sheet 250
at an angle G with respect to a perpendicular, or normal, line to the tube sheet 250.
Preferably, the angle G is at least 2°, and typically is between 4° and 10°, most
preferably is about 8°. Angling the second and fourth extensions 384, 386, enhances the -

!
capture of the pulse jet air flow from the pulse jet valves 365, 366, Fig. 8, by increasing

[

the overall size of the aperture 100 and by extending the opening of the aperture 100
|
closer to the pulse jet valves 365, 366. Angling the second and fourth extensions 384,

l
386 also reduces the pressure loss due to separation of the air flow in the direction of
arrow 270, Fig. 6, by providing a more gradual expansion of the air flow as it passes
from the first chamber 21 to the second chamber 22 through the first aperture 100.

Furthermore, the rims 381, 382 provide structural rigidity to the tube sheet 250.
The first rim 381 has structure analogous to the second rim 382.

G. The Second Stage Air Cleaner of U.S.S.N. 09/325,697
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Referring to Fig. 6, in general, according to U.S.S.N. 09/325,697, the
second stage air cleaner 25 positioned in chamber 22 is constructed as follows.
Referring to Fig. 8, projecting into the interior of chamber 22 from interior rear wall 39b
1s a circular mounting flange or tube 391. The outer surface 392 of the tube 391 is a
surface against which the primary element 124, Fig. 17, seals, during assembly (see Figi
27). The inner surface 393 of the tube 391 is the surface against which the safety |
element 125, Fig. 18, seals, during assembly (see Fig. 27).

'

A preferred primary element 124 is depicted in Fig. 17 of U.S.S.N. A

09/325,697. The primary element 124 comprises first and second opposite end caps 395
and 396 with filter media 397 extending therebetween. The particular element 124 |
depicted includes inner 398, Fig. 27, and outer liners 399, although in some applications!
one or both of these liners may be absent. The end cap 395 is open. A typical end cap
construction is described in U.S. Patent 5, 897, 676, incorporated herein by reference.
The end cap 395 includes a radial sealing region 400 positioned therein. In operation,
the radial sealing region 400 seals against an outer surface 392, Fig. 27, of the mounting !
tube 391 preferably using a radial seal construction system such as that described in EP '
0329659, the disclosure of which is incorporated herein by reference. Preferably the

end cap 396, Fig. 17 of U.S.S.N. 09/325,697, is a completely closed end cap, having no ‘_
apertures therein.

According to U.S.S.N. 09/325,697, a variety of materials or
combinations of materials can be utilized for the media 397. In general, what is

required is an appropriate media to achieve a preferred level of efficiency for the filter
element 124.

In general, it is anticipated by U.S.S.N. 09/325,697 that for many
preferred arrangements, the media 397 will comprise a pleated media such as cellulose.
If desired, such media can be improved, for overall efficiency, by providing thereon a

deposit or layer of "fine fiber" material, typically a material having an average fiber

diameter of 5 microns or less.

27



One particular commercially used media comprising a fine fiber ‘
deposited onto a paper or cellulose material is practiced by Donaldson Company, Inc., ,
the assignee of the present application, in products generally identified under the |

trademark EON™. These media are manufactured by a trade secret process of

\

Donaldson's. Such media would be useable in arrangements according to the present

invention.

One useable media, according to U.S.S.N. 09/325,697, is a media having'
a frazier permeability within the range of 14.0-18.0 f/min. and a thickness of about |
0.009-0.013 in. Generally, the media will be pleated with the selected pleat depth
10 depending on the particular application. In general, the pleat depth selected will be at
’ least 0.5 in., preferably about 0.75 to 2 in., and most preferably about 1 in. to 1.25 in.
- Pleating, and sealing into a cylindrical configuration, can be conducted utilizing

standard, conventional pleat and sealing techniques.

Still other media configurations usable for the element 124 are foam
e 15 media, fiberous media, or combinations of pleated media with one or more of foam
media or fiber step media. Various usable combinations include those described in U.S.
Patents 5,622,537 and 5,672,399, incorporated herein by reference. The particular

media chosen for any given application will, in general, be a function of desired

efficiency versus contaminant challenge.

20 A variety of materials may be utilized for the inner and outer liners 398,

399, Fig. 27 of U.S.S.N. 09/325,697, and the same material may not be used for both.
f In some instances, expanded metal, perforated metal, or plastic materials will be
preferred. It is noted that for a desirably functioning radial seal, preferably a portion of
the inner liner 398 in region 400, is positioned to operate as a support, backing up the |

25  pressing of the end cap 395 in radial seal region 400, during sealing. This is shown in

EP 0329659.

For the particular assembly 1 depicted, the assembly 1 includes a tube
134, Fig. 6, projecting therefrom. The tube 134 allows for the positioning, within

chamber 22, of the primary element 124 which is longer than the distance between rear
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wall 29 and front wall 3, Figs. 1-3. As explained previously, the cover 6, for access to

the element 124, is positioned on an end of tube 134.

'

Attention is directed to Fig. 18 of U.S.S.N. 09/325,697. In Fig. 18 the

safety element 125 is depicted according to U.S.S.N. 09/325,697. The safety element

125 generally comprises media 420 extending between opposite end caps 421 and 422.

The safety element 125 includes an inner liner 423, Fig. 27, and an outer liner 424, also

extending between end caps 421 and 422.

and the liners 424 to the passage of air therein. As a result, the media 420 definesan °

The end cap 422 is a closed end cap, closing one end of the media 420 -

[

open central area 426, Fig. 27.

The end cap 421 includes a ring 428 of soft, pressible material thereon,

constructed and arranged to fit within the tube 134, Fig. 6, to seal against inner surface

393, Fig. 27, of the tube 391 in use. Preferably according to U.S.S.N. 09/325,697, the

l

safety element 125 is sized and configured to fit underneath the primary element 124, \"_

when mounted, see for example Fig. 27.

Conventional materials and configurations can be utilized with the safety |

element 125. With respect to the principals of the pre'sent invention, there is no specific

preference with respect to the materials of the safety element 125, other than general

preferences for conveniently manufactured, efficiently constructed materials.

In general, it is anticipated by U.S.S.N. 09/325,697 that for many

preferred arrangements, the media 420 will comprise a pleated media such as cellulose.

Other media configurations usable for the element 125 are foam media, fiberous media,

or combinations of pleated media with one or more of foam media, or fiber step media.

Various usable combinations include those described in U.S. Patents 5,622,537 and

5,672,399, incorporated herein by reference. The particular media chosen for any given

application will, in general, be a function of desired efficiency versus contaminant

challenge.
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; According to U.S.S.N. 09/325,697, a variety of materials may be used

? for the inner 423 and outer liners 424, and the same material may not be used for both. |
In some instances, expanded metal, perforated metal, or plastic materials will be
preferred. It is noted that for a desirably functioning seal, preferably a portion of the |

5 outer liner 424, Fig. 27, is positioned to operate as a support, backing up the pressing of

i

the end cap 421 during sealing. !
H. The Charge Tank of U.S.S.N. 09/325,697

Attention is directed to Figs. 28-31 of U.S.S.N. 09/325,697. Fig. 28 isa
schematic, perspective view of an example embodiment of a charge tank 552 useable as 1

10 the tank 152 in the assembly of Fig. 10. Fig. 29 is a schematic, top plan view of the

s g

charge tank 552. Fig. 30 is a schematic, cross-sectional view of the charge tank 552 of
Fig. 29, taken along line 30-30. Fig. 31 is a schematic, cross-sectional view of the
charge tank 552 of Fig. 29, taken along line 31-31.

Referring to Figs. 1 and 28. Preferably, according to U.S.S.N.
15 09/325,697, the charge tank 552 includes first and second attachment plates 581, 582.
Typically, the charge tank 552 extends from the front side 3 of the assembly 1 to the

w

rear side 12, Fig. 3, of the assembly 1. The second attachment plate 582 includes four

bolts 583 and corresponding bolt holes (not shown). Likewise, the first attachment plate |

C £ 581 includes four bolts (not shown) and corresponding bolt holes (not shown). Inthe

4 20  embodiment illustrated in Fig. 1, the charge tank 552, Fig. 28, is bolted to the inside of

the front side 3 of the assembly by the bolts 583. The second attachment plate 582 is

? located behind the front side 3 of the assembly 1. The bolts 583 extend through the
front side 3 and the second attachment plate 582, securing the second attachment-plate
582 to the front side 3 of the assembly 1, and correspondingly securing the charge tank |

25 552 to the assembly 1. Analogously, the first attachment plate 581 is secured to the rear
side 12 of the assémbly 1 of Fig. 1. Of course, the charge tank 552 may be attached by

N other means, for example, by welding.

Attention is directed to Figs. 29-31 of U.S.S.N. 09/325,697. In the

embodiment illustrated and described in U.S.S.N. 09/32_5,697, the charge tank 552 is

; 30
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generally cylindrical having an inside diameter D1, Fig. 30, and a length L1, Fig. 29.
The charge tank 552 defines an interior air pressure chamber 584. The air pressure
chamber 584 is constructed and arranged to contain pressurized air. The charge tank
552 includes an inlet 585, Fig. 31. The inlet 585 is constructed and arranged to be |
connected to the vehicle's air pressure tank (not shown) via, for example, an air pressure

tube (not shown). Preferably, the vehicle's air pressure tank is used to pressurize the !
charge tank 552 with air.

Referring to Fig. 30, in the embodiment illustrated and described in ]

v

U.S.S.N. 09/325,697, the charge tank 552 is connected to a pulse cleaning system 554,
analogous to the pulse cleaning system 154 of Fig. 6. The pulse cleaning system 554 !
includes a plurality of pulse valves 553. The charge tank 552 is connected to the pulse
valves via conduits 588. Through the conduits 588, pressurized air communicates |
between the charge tank 552 and the pulse cleaning system 554 for discharge from the |

pulse valves 553 for cleaning of the V-packs 94, 95, Fig. 6. i
Occasionally, water condensation will collect within the charge tank 552.

Preferably, the charge tank 552 includes a water condensation discharge system 586 for |
removing the water condensation from the charge tank 552. In the embodiment .
illustrated in Fig. 30, the discharge system 586 includes a tube 587 connected to one of
the pulse valves 553. The tube 587 is constructed and arranged to withdraw any t
accumulated water, from the water condensation, from the bottom 589 of the chamber
584. During firing of the pulse valves 553, pressurized air passes from the charge tank
552 to the pulse valves 553 via the conduits 588. The pressurized air gathers near the |
top of the chamber 584 while the accumulated water gathers in the bottom 589 of the
chamber 584. As the water accumulates, the water forms a seal about a first end 590 of
the tube 587. As the pressurized air passes through the conduit 588, a vacuum is created
in the discharge tube 587. The vacuum draws the accumulated water out of the bottom

589 of the chamber 584 and discharges the water through the pulse valve 553.

1 The Control Logic and Programming of U.S.S.N. 09/325,697
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In this section of U.S.S.N. 09/325,697, some preferred control logic and %/
|

programming logic for operation of the pulse cleaning system 154, Fig. 6, is provided.
From the principles described in U.S.S.N. 09/325,697, a variety of control systems can |
readily be designed. The particular examples provided herein are intended as examples.
It will be apparent that the operation of the pulse cleaning system 154 can be
accomplished with conventional electronic system techniques.

1
Referring to Fig. 6, in the particular embodiment illustrated and

described in U.S.S.N. 09/325,697, the control system selected will in part be defined by I
the restriction downstream of the V-packs 94, 95 relative to ambient pressure. The (

restriction is equal to the pressure differential, or drop, across the V-packs 94, 95 plus \
the inlet static pressure losses. By the term “pressure differential” it is meant the |
difference in pressure up stream of the V-packs 94, 95 versus the pressure down stream |
of the V-packs 94, 95, i.e., the pressure in the clean air plenum 99 of the V-packs 94, 95.
This restriction provides a relative measure of the efficiency of the operation of the V-
packs 94, 95. As the V-packs 94, 95 become occluded with particulate matter, the

restriction for the V-packs 94, 95 increases. The air pressures are typically measured

using air pressure measuring devices commonly known. !

In alternative embodiments of U.S.S.N. 09/325,697, the clean air |
pressure may be measured anywhere down stream of the V-packs 94, 95, for example 1
in the clean air plenum 99 of the V-packs 94, 95. The ambient air pressure may be

measure any where up stream of the V-packs 94, 95, for example outside of the housing
\
20. ‘

In the particular embodiment illustrated in U.S.S.N. 09/325,697, the !
control system activates a cleaning cycle when the restriction down stream of the V-
packs 94, 95 reaches a particular level. With typical equipment such as heavy haul
trucks, it is generally considered important by the original equipment manufacturers that
the restriction for the entire air cleaner assembly 1 not exceed approximately 25 inches
of water. In general, through empirical observation, it has been determined that the |

pulse cleaning system 154 should preferably be activated when a restriction is measured

}

{
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of preferably between 16 and 20 inches of water, and most preferably about 16 inches 0;’
water. A reason for this is that if the pulse cleaning system 154 is prevented from |
operation until the restriction reaches 25 inches of water, the pulse cleaning system 154 «
will be less efficient in refurbishing the associated V-packs 94, 95 for relatively long '
operation. Alternately stated, in general, the pulse cleaning system 154 does not remove
all particulate material from the associated V-packs 94, 95. Thus, with repeated cycles,
for example 10 cycles, the ability of the pulse jet cleaning system 154 to maintain |
operation of the V-packs 94, 95 below the overall restriction of about 25 inches of water ;‘

is reduced. In general, it is believed that when the pulse cleaning system 154 can no

longer keep the restriction below about 20 inches of water, change-out of the associated
V-packs 94, 95 is desirable.

In general, according to U.S.S.N. 09/325,697, it will also be preferred to
actuate the pulse valves 153 to cause the pulse jet cleaning to occur, when the engine
system is not under significant load and the airflow through the assembly 1 is relatively
low. Alternately stated, for example, when the equipment is a vehicle, it will be
preferred that the pulse jet cleaning system 154 be actuated to clean the V-packs 94, 95
when the vehicle is in neutral and the engine is in idle, or at least when the engine is
operating at a relatively low rpm (1500 rpm or less). In general, preferred logic control
systems will monitor engine rpm, with respect to operation. Thus, determining whether

the engine is in a "idle" condition or some other condition for operation, or prohibiting
operation, will typically turn on determination of the engine rpm. A reason for this is
when the engine is under significant load demands, the air flow demands are
substantially greater. Since the normal engine air flow works in the opposite direction
of the pulse cleaning system 154, it will in general be harder to clean, and the clea.ming

will be less effective, when the engine is under significant load rather than when the
engine is at or near idle.

In some instances, however, if a significant amount of time (10 minutes
or more) has elapsed and the engine idle (or low rpm) condition has not occurred, it may

be desirable for the control system to have an "override" that will cause the pulse
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cleaning to occur in spite of the fact that the engine idle (or low rpm) condition has not'
been reached.

t

Given the above observations, a preferred logic control system is |
suggested in U.S.S.N. 09/325,697. Attention is directed to Fig. 32 of U.S.S.N. ’;
09/325,697. Preferably, the logic control system 499 would be in accord with the

reasoning of the flow chart illustrated in Fig. 34 of U.S.S.N. 09/325,697. Still in ’,
reference to Fig. 32 of U.S.S.N. 09/325,697, in general, the intent of the logic control '
systemn 499 is to optimize the cleaning of the V-packs 94, 95 by firing the pulse valves |
365-368, Fig. 8, at the lowest engine air flow (by sensing rpm). However, at the end of
a cleaning time period, even if the rpm is higher, the system 499 will continue to fire thez ‘

pulse valves 365-368 regardless to prevent abnormally high restrictions across the V- “
packs 94, 95.

i

Fig. 32 is an electrical schematic generally depicting the interfaces ;
between the control system 499, the vehicle, and the air cleaner 1, Fig. 1. In general, the ;

1

system 499 is controlled by a controller 500 . The controller 500 is in electrical
communication with an instrument panel 502 of the vehicle. Preferably, the controller |
500 receives power through a first electrical connection 504, for example wires. The

first electrical connection 504 passes through a fuse 506, typically 5 amps. The fuse

506 protects the controller 500 from high amperage that may damage the controller 500

or wires. A second electrical connection 508 provides for the controller's 500 return
current.

In the particular embodiment illustrated and described in U.S.S.N. ’
09/325,697, the controller 500 is electrically connected to a service lamp 510 via.a third
electrical connection 512. Preferably, the service lamp 510 is installed on the dash of ’
the vehicle for an operator’s inspection. Generally, when the air cleaner assembly 1 is

malfunctioning, the service lamp 510 will illuminate, indicating to the operator that ‘

something is wrong with the air cleaner assembly 1.

In the particular embodiment illustrated and described in U.S.S.N.

09/325,697, the controller 500 is also electrically connected to an engine rpm sensor ‘
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513 via electrical connection 514. The engine rpm sensor 513 allows the controller 500

to monitor the engine rpm. The controller 500 is electrically connected to a manual

lockout 516 via electrical connection 518. '

)

In the particular embodiment illustrated and described in U.S.S.N. ‘
09/325,697, the controller 500 is electrically connected to the pulse valves 365-368 via ',_
electrical connections 520, 521, 522, and 523, respectively. This allows the controller )
500 to fire the pulse valves 365-368 as appropriate. The controller 500 is also

electrically connected to the charge tank or accumulator 152 via electrical connection

525, arestriction sensor 530, and the vehicle's air pressure tank 529 via electrical ‘
connection 531. The controller 500 is connected to a clean inhibit line 540 from anothe;
air cleaner controller via electrical connection 541. The clean inhibit line 540 is used

when more than one air cleaner assembly 1 is configured on one vehicle. The controller!

500 is also connected to an enable signal 519. The enable signal 519 is used to enable

the pulsing operation or to disable the pulsing operation for the vehicle. ’

In the particular embodiment illustrated and described in U.S.S.N. ’
09/325,697, the controller 500 includes an interface port 532. In one embodiment this
interface is an RS-232 interface. This port 532 allows an operator interface, for ’

example to a computer, to modify the logic control of the control system 499 by the

operator or to receive output from the controller 500.

Attention is directed to Fig. 33 of U.S.S.N. 09/325,697. Fig. 33 is an
electrical schematic generally depicting greater detail of an example embodiments of the
controller’s 500 interface with the rest of the control system 499 illustrated in Fig. 32,
according to U.S.S.N. 09/325,697. Module 560 illustrates the interface with the service | -
light 510, Fig. 32. Module 596 illustrates the interface with the clean inhibit line 540, :
Fig. 32. Module 590 illustrates the interface with the charge tank 152, Fig. 32. Module
580 illustrates the interface with the restriction sensor 530, Fig. 32. Module 579 i
illustrates the interface with vehicle pressure tank 529, Fig. 32. Module 563 illustrates
the interface with the engine rpm sensor 513, Fig. 32. Module 566 illustrates the '
interface with the manual lockout 516, Fig. 32. Module 569 illustrates the interface
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with the enable signal 519, Fig. 32. Module 595 illustrates the interface with the RS- -
232 port 532, Fig. 32. Module 552 illustrates the interface with the vehicle instrument ],

panel 502, Fig. 32. Modules 591, 592, 593, 594 illustrate the interfaces with the pulse ‘
valves 365, 366, 367, 368, respectively. !

Attention is directed to Fig. 34 of U.S.S.N. 09/325,697. Fig.34isa ﬂow%
chart illustrating the preferred logic operation of the control system 499, Fig. 32, of
U.S.S.N. 09/325,697. Referring now to Fig. 34, the logic control begins at block 400. |
At block 402, the controller 500 starts-up and sends electrical pulses through the system"
499, Fig. 32, providing an indication that the controller 500 is working. At block 404, :

the controller 500 performs a system check for errors. If an error is detected, the service"_

light 510, Fig. 32, is turned on at block 406. If no error is detected, at block 408 the

1

controller 500 acquires inputs from the equipment, such as the rpm of the engine. At :

block 410, the controller 500 checks for the manual lockout 516, Fig. 32, any service

codes received during the last operation, and ensures that the enable signal is active. At .

block 412, the controller 500 determines if the enable signal 519, Fig. 32, is active.

If the enable signal 519 is inactive, the controller 500 outputs data at
block 414 to a RS-232 interface port 532, Fig. 32, which may be connected to another
computer. At block 416, the controller 500 checks for any terminal input from an ‘ "
operator interface, such as a computer connected to the RS-232 interface port 532. At
block 418, the controller 500 determines if the input received from the RS-232 interface
port is out of range. For example, the software loaded on the controller may be menu-
driven having six menu choices. If a #7 is received, the input is out of range. If the
input is not out of range, the controller 500 determines at block 420 if the cleaning cycle
has been triggered. At block 422, the cleaning cycle has been triggered, the contr-oller
500 changes a state flag from 0 to 2 and returns to block 400 via block 424. If the
cleaning cycle has not been triggered, the controller 500 at block 426 determines if the
logic is a terminal mode, i.e., a computer is connected to the RS-232 port. Ifnot, a
pulse valve is fired corresponding to a number input from the RS-232 port at block 428.

For example the numbers 1-4 may correspond to pulse valves. If 1 is pressed, the
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controller 500 fires the first pulse valve at block 428. If the system 429 is in a terminal

mode, the controller 500 enters the terminal menu at block 430. The logic then

proceeds to block 424.

Returning to block 412, if the enable signal 519, Fig. 32, is active, the
controller 500 checks the controller 500 state at block 432. At block 434, the controllef
500 determines if the state is equal to 0. If the state is equal to 0, at block 436, the
controller 500 determines if the restriction down stream of the V-packs 94, 95, Fig. 6, is
greater than a threshold restriction, for example 16 inches of water. If the restriction is ,
not greater, the logic control proceeds to block 414. If the restriction is greater, the
controller 500 determines if the manual lockout 516, Fig. 32, is on at block 438. If the '
manual lockout 516 is on, block 440, the controller 500 sets the lockout 516 to off. At ,
block 442, the controller 500 changes the state to 1. At block 444, the controller 500
checks a lockout delay timer. For example, this timer may not allow pulsing for ten ‘,
minutes, after a restriction greater than the threshold restriction is detected. At block
446, the controller 500 determines if the delay timer has timed out, or for example, the '

!
ten minutes is up. This is a safety device to prevent pulsing during servicing. If the

delay timer has not timed out, logic control proceeds to block 414. If the delay timer
has timed out, the controller 500 sets the state to 2 at block 448. Flow proceeds to block

450 where the controller S00 checks for an inhibit flag.

Referring back to block 438, if the manual lockout 516, Fig. 32,isnot
on, the controller 500 proceeds to block 448. This is the normal logic path. The logic
control proceeds as described above. Referring back to block 434, if the state does not
equal 0, the controller 500 determines if the state is equal to 1 at block 452. If thf: state 1
is equal to 1, flow proceeds to block 444 and the logic control proceeds as described |
above. If the state is not equal to 1, the controller 500 determines if the state is equal to |
2 at block 454.

Referring to block 450, logic flow proceeds to block 456 where the
controller 500 determines if the inhibit line is active from another controller. If the

iﬁhibit line is active, flow proceeds to block 414. If the inhibit line is not active, the
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controller 500 sets the state to 3 at block 458. At block 460, the controller 500 activaies

4 20
&

the inhibit out. In some applications multiple air cleaners, such as the air cleaner 1 of
Fig. 1, may be utilized on one vehicle. For example, in a two air cleaner, two controller
environment, the controller 500 sends an inhibit signal to the other controller to preverit
5 the other controller from firing a pulse valve when the controller 500 is firing a pulse
valve. This ensures maximum air pressure for each pulse valve firing. Also, it prevenfs
overloading the vehicle’s air supply system. Referring back to block 454, if the state
does not equal 2, the controller 500 determines if the state is equal to 3 at block 462. if
the state is equal to 3, flow proceeds to block 460. At block 464, the controller 500 i}
10 checks a charge tank delay timer. For example, a timer may be set for 10 seconds to
allow the charge tank 152, Fig. 32, to refill prior to the next pulse valve firing. At block_

466, the controller 500 determines if the accumulator charge delay timer is timed out,

iy ol

i.e., ten seconds has passed. If not, logic flow proceeds to block 414. If the

4 0

accumulator charge delay timer has timed out, the controller 500 sets the state to 4 at
15 block 468. '

=
=

e

4
W

i

g

At block 470, the controller 500 determines if the rpm is below a

3

threshold rpm, for example 1200 rpm via the rpm sensor 513, Fig. 32. Referring back to’

A

block 462, if the state does not equal 3, flow proceeds to block 470. If the rpm is not

IR

SRR

= below the threshold level, the controller 500 checks an rpm adjust timer at block 472. ‘

I 20 For example, the rpm adjust time may be used to increase the rpm’s over time. If an ‘
amount of time has elapsed, i.e., ten minutes, the controller 500 will adjust the threshold
rpm level. At block 474, the controller 500 determines if the rpm adjust timer has timed
out. If not, flow proceeds to block 414. If the adjust timer has timed out, the controller
500 increments the rpm threshold level by 100 rpm at block 475, for example, thé ;

25 threshold rpm is now 1300 rpm. At block 476, the controller 500 determines if the rpm ’;
adjust time should be shortened. For example, after the initial 10 minutes, an rpm ‘

adjust time may be shortened to 5 minutes. If yes, flow proceeds to block 414. If not,

the controller 500 shortens the rpm adjust time at block 477 to, for example, 5 minutes. !
Logic flow proceeds to block 414.



Referring back to block 470, if the rpm is below the threshold level, the %
controller 500 determines if the charge tank 152, Fig. 32, has sufficient pressure at
block 478, for example 100 psi. If not, flow proceeds to block 479. At block 479, the’;
controller 500 checks a low pressure timer. For example, the controller 500 may wait ‘;_
5 30 minutes for the charge tank to fill-up to 100 psi. At block 480, the controller .
determines if the low pressure timer has timed out, i.e., 30 minutes has passed. If not, \.
logic flow proceeds to block 414. If the timer has timed-out, the controller 500 turns oﬁ
the service light 510, Fig. 32, at block 481. Logic flow proceeds to block 414. |

Referring back to block 478, if the accumulator has sufficient pressure, “
10  the controller 500 determines at block 482 if the vehicle pressure tank is sufficient _
pressure, for example 95 psi. If not, flow proceeds to block 479. If the vehicle pressure\i

tank is sufficient, the controller 500 selects the pulse valve to pulse at block 483. At

block 484, the controller 500 pulses the valve. Attention is directed to Fig. 35. Fig. 35 :

is a flow chart illustrating a more detailed, preferred logic of the firing of a pulse valve.

15 Atblock 600, the firing sequence begins. While firing the pulse valve, at block 602, the -

controller 500 clear all error counts. At block 604, the controller 500 sets the pulse :
valve output high. At block 606, the controller 500 checks the voltage. At block 608,
the controller 500 determines if the voltage is too low or high. If the voltage is too low ‘

or high, the controller increments a voltage error count at block 610. Logic flow

20  proceeds at block 612. Referring back to block 608, if the voltage is correct, at block ’(

3

=5
=5
=i
=z
=5
[
R
By

612, the controller 500 checks for an electrical short. If there is an electrical short, the
controller at block 614 increment a short error count. Logic flow proceeds to block 616.
If there is not an electrical short, at block 616, the controller determines if the current is
too low or too high. If so, at block 618, the controller 500 increments the amperage

25 error count. Logic flow proceeds to block 620. If the current is correct, at block 620,
the controller checks if the pulse time is completed. If not, logic flow proceeds to block '
606. Thus, during firing of a pulse valve, the controller 500 continually monitors the '

checks described above. If the pulse time is completed, at block 622, the controller

determines if the error counts are less than 3. If not, at block 624, the controller sets the

1
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error flag and writes to the EE PROM. Logic flow proceeds to block 626. If yes, the ,
pulse valve firing is completed at block 626.

1
I

Referring back to block 484, Fig. 34, at block 487, the controller 500 sets
the state to 2. At block 488, the controlier 500 determines if the cleaning cycle has been
completed. If the cleaning cycle has not been completed, the controller 500 deactivateéw
the inhibit at block 489. For example, have 40 pulses been fired. If the cleaning cycle :1

1

has been completed, the controller 500 clears the cleaning variables at block 490. At

i
block 491, the controller 500 resets the rpm threshold level back to the initial threshold

1

!

level, i.e. 1200. At block 492, the controller 500 sets the state to 0. Logic flow ‘,
10  proceeds to block 489.

In general, according to U.S.S.N. 09/325,697, the controller 500 1
} E monitors the restriction down stream of the V-packs 94, 95. When the restriction down ;
4 e .

stream of the V-packs 94, 95 is greater than 16 inches of water, the clean cycle is ’

o
|8

enabled. It is generally preferred that once the clean cycle is enabled, that the cleaning

1
15 cycle be completed within a predetermined amount of time. This is so that the cleaning

Ed

!
cycle is completed before the V-packs 94, 95 reach a level of pressure differential that 11

heina

cannot be cleaned by the pulse system 499, as previously described herein. This

Pt

|
)
|

predetermined time period is empirically determined based on field tests. In general, ;

P WL )

it

the amount of time will be greater than 3 minutes, preferably between 20 minutes and :
20

120 minutes, and most preferably between 30 minutes and 90 minutes.

The controller 500 monitors the engine speed. The controller 500 ‘-
determines if the engine speed is less than a first speed, or in other words, in a low idle

condition for example, 1200 rpms. If the engine speed is less than 1200 rpms, the

controller 500 determines if the air pressure in the charge tank is greater than 100 psi. If :
25  the air pressure is greater than 100 psi, the controller 500 checks the vehicle tank |
pressure. If the vehicle tank pressure is greater than 95 psi, a pulse valve is fired. When
the cleaning cycle is started, a timer is set, for example at 10 minutes. The controller |
continues to monitor the rpms during the 10 minutes. If after 10 minutes the cleaning

cycle has not been completed, the controller 500 increments the rpm by 100 to 1300

e SO
[
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rpm. The timer is reset for 5 minutes. If the cleaning cycle is not completed during the

next 5 minutes the controller 500 again increments the rpm to 1400. Thus continues

until a complete cleaning cycle, for example 4 valves, ten pulses each, has been :
completed. '1
5

In general, a complete cleaning cycle may be any number of pulse valvel

firings. The number of pulse valve firings needed to clean the V-packs 94, 95 is 1
empirically determined from field tests and will vary under varying conditions. !
)

Preferably, the cleaning cycle will comprise at least 4 pulse valve firings, more

s

i

preferably between 10 and 80, and most preferably 40 pulse valve firings. As I;
10 previously discussed, the amount of time that elapses, between the start of the cleaning

mode and the completion of the cleaning cycle, varies.

]

oy iy 117
R H 0

SR

In one particular example of U.S.S.N. 09/325,697, the amount of time

that elapses between the start of the cleaning mode and the completion of the cleaning

Y

cycle is 60 minutes and the required pulse valve firings is 40. In addition, the threshold |
rpm is 1200 rpm, and the rpm increment is 100 rpm.

g
af W

15

{1 v-g:v g

In alternative embodiments, any number of pulse valves firings, engine
speeds, elapsed time, number of increments (both engine speed and elapsed time) may

be utilized in accordance with the principles described in the ‘697 application.
IL

i i

o

Comments on Disclosure of U.S. Patent Application Serial No. 09/325,697 1
20

In the disclosure of U.S. Patent Application Serial No. 09/325,697 '
subsection C, the media 200 of the V-Packs 94, 95 is discussed. In particular, a deposit
or layer of polymeric fiber material, or “fine fiber,” is discussed. The amount of fine _
fiber deposited is a matter of design choice for a given application. The method x;scd |

will be a matter of choice based upon such factors as cost, availability of equipment,
25

and related commercial variables. One usable method is disclosed in U.S. Patent No.
4,650,506, issued to Barris et al.

i
III.  Additional Disclosure Relating to an Interlock Arrangement

41
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Attention is now directed to Figs. 36-43. These figures were not presé’nt

in U.S.8.N. 09/325,697. In Fig. 36, an example embodiment of a V-pack filter 500 isl"_
depicted. The V-pack filter 500 comprises first and second panels 502, 504, with meé}ia

508 positioned therein, and an outer frame construction 506. The frame construction '!
5 506 includes first and second frame structures, or endcaps, 510, 511. The first frame "

structure 510 seals a side, or end, orientated as a bottom 512 of the V-pack filter 500, ‘
forcing air through the first and second panels 502, 504. Attention is directed to Fig.
40. Fig. 40 is a bottom, plan view of the V-pack 500. The first frame structure 510 !

|
includes a bottom portion 510a. The bottom portion 510a includes first and second side
|

10 portions 510b, 510c and first and second end portions 510d, 510¢ extending therefrom. "v
In the particular arrangement shown, the first and second side portions 510b, 510c and l‘.

first and second end portions 510d, 510e are approximately perpendicular to the bottom!
portion 510a, as illustrated in Figs. 36 and 40. ',

Referring back to Fig. 36, in the particular embodiment depicted, the

{
media 508 of the first and second panels 502, 504 is pleated and oriented such that wheni
the V-pack filter 500 is positioned in the vertical orientation of Fig. 6, the pleats 514 E
extend vertically. Having vertical pleats is typically preferred because it aids in

!

!
knocking the dust of the V-pack filter 500 during a pulse cycle as described in U.S.S.N. '
09/325,697. |

)
)

The V-pack filter 500 includes first and second opposite end panels 516,

t

518. The first and second end panels 516, 518 close ends of the clean air plenum 520 :
when the V-pack 500 is operably mounted, or positioned. By the term “operably |
mounted,” it is meant that the V-pack filter 500 is in sealing engagement with a ) :
housing, such as the housing 1 shown in Fig. 6. Attention is directed to Fig. 37. Fig. 37 ‘l
is a side, elevational view of the V-pack 500. For convenience, one of the end panels “
518 is shown having a handle construction 522 positioned thereon. The handle

construction 522 is convenient for mounting and dismounting the V-pack filter 500 and

also for carrying the V-pack filter 500. It should be noted that the other end panel 516
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could also have a handle construction or that neither end panel 516, 518 would have ’;_a

]
handle construction. !
)

Attention is directed to Fig. 37. Fig. 37 is a side elevational view of ti,le

V-pack filter 500 of Fig. 36. Preferably, the handle construction 522 is secured in

extension between first and second brackets 525, 526. The handle construction 522 I‘,_

. 1
comprises an extension of wire 524 having first and second end stops 528, 530 thereon.

When a central portion 530 of the flexible wire 524 is pulled, the handle construction'

1

522 will bow outwardly until the end stops 528, 530 engage the brackets 525, 526,
respectively.

The first panel section 502 has first and second ends 532, 536. Likewise, the second ]3’
panel section 504 has third and fourth ends 534, 538. The first end 532 of the first panél
section 502 and the third end of 534 of the second panel section 504 are oriented either }.
adjacent one another or closely spaced and having a first distance TS between them. |

The second end 536 of the first panel section 502 and the fourth end 538 of the second "

panel section 504 are spread apart from one another having a second distance T6 l-

between them. Preferably, the second distance T6 is greater than the first distance T5. ll
That is, preferably the panels 502, 504 form a V-shape, most preferably having a filter

angle Z between the panels 502, 504, of at least about 5°, preferably within the range of |
10 to 25°, most preferably about 13 to 17°.

Attention is directed to Fig. 38. Fig. 38 is a top, plan view of the V-pack 1
filter 500 of Fig. 36. The V-pack filter 500 preferably includes a central spacer 536

separating the V-pack filter 500 into separate regions 538, 540. In use, a separate one of ]'"
nozzles, for example the nozzles 162-165 of Fig. 8, is directed into each region 538, '|
540. The central spacer 536 directs the air from each nozzle to an associated region ‘

!
538, 540 of the V-pack filter 500 to provide directed air sufficient to clean the exterior ;

i
portions of the panels 502, 504,

The air flow exit end 542 of the V-pack filter 500 includes a sealing |

!
arrangement 543 thereon. Preferably, the sealing arrangement 543 includes a seal ring
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or gasket 544 having a first projection thickness T7, Fig. 37. Referring back to Fig. 3%_7,
when the V-pack filter 500 is operatively positioned within an air cleaner assembly, 1
such as the assembly 1 of Fig. 7, the seal arrangement 543 is pressed between an end!

|
546 of the V-pack filter 500 and a tube sheet, such as the tube sheet 250 of Fig. 7. In;

(%]

|
general, the seal arrangement 543 is sized to be sealingly positioned around a aperture,
such as the aperture 100 of Fig. 7, in the tube sheet. \1
'\

Preferably, the V-pack filter 500 also includes a hard stop arrangement:

548 thereon having a second projection thickness T8 less than the first thickness T7. 'l

Preferably the hard stop arrangement 548 is configured to extend the second thickness'

10 T8 of at least about 0.1 inches (2.5 mm), typically about 0.2 inches (5.1 mm) to 0.3 (7.6

mm) inches, above (or outwardly from) a top surface 550 of the V-pack filter frame :

construction 506. Also, preferably the seal arrangement 543 is selected such that, prior"

to being pressed, the seal arrangement 543 extends at least about 0.1 inches (2.5-mm) to

0.3 inches (7.6 mm) beyond the hard stop arrangement 548. In other words, the i
15 thickness T7 of the seal arrangement 543 is at least about 0.1 inches to 0.3 inches ;

greater than the thickness T8 of the hard stop arrangement 548. The hard stop ':

w

P

iy

arrangement 548 provides for a hard contact against the tube sheet as the V-pack filter !

H

1
1

500 is moved into operable position. Preferably, the hard stop arrangement 548 1

£

comprises a metal such as steel. Most preferably, the gasket material is polyurethane, ],

20  having a thickness of at least 0.40 inches in extension outwardly from the surface 550 of

the V-pack filter frame construction 506. "

1

Referring now to Fig. 39, preferably, an apparatus 600 includes the V- !

pack filter 500 and a retention, or lift, mechanism 602. Preferably, the retention . :

mechanism 602 moves the V-Pack filter 500 into its sealing, or operable, position l
25  around the aperture in the tube sheet. The retention mechanism 602 is analogous to the

lift mechanism 280 of U.S.S.N. 09/325,697. Preferably, the apparatus 600 also includes

)
a locking system, or interlocking arrangement, 603. The locking system 603 is

constructed and arranged to help retain the V-pack 500 in its sealed, or operable,

position, when the retention mechanism 602 is moved to a first raised, or locked,
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i
orientation as described in U.S.S.N. 09/325,697. The locking system 603 also helpsto
center the V-pack filter 500 around the aperture 100 and to stabilize the V-pack filter
500 during operation. The locking system 603 also prevents inappropriate, i.¢. parts ';not

having the required performance characteristics, parts from being used in the apparat{lls
5 600. |

|
Preferably, the locking system 603 includes first and second locking I,

devices 604, 605, Figs. 36 and 39. Preferably, thé first and second locking devices 6d4,
605 are constructed and arranged to interact with each other. Preferably, the locking ’.
system 600 includes a first, locked orientation and a second, unlocked orientation. In :“

10 the first, locked orientation, the first and second locking devices 604, 605 interact w1th

each other. By the term “interact,” it is meant that the first and second locking devices

604, 605 engage each other sufficiently to prevent undesired movement of the V-pack |

filter 500. In the second, unlocked orientation, the first and second locking devices 604',_1,
605 do not interact.

i

=~ 15 In one example embodiment, the V-pack filter 500 defines the first |
- locking device 604, Fig. 36, while the retention mechanism 602 includes the second l,
locking device 605, Fig. 39. Preferably, the first locking device 604 includes at least a ]‘

first interlocking member, or structure, 606 and the second locking device 605 includes“

: at least a first interlocking member 607. Preferably, the first locking member 604 is a !

20  female locking member 608 and the second locking member is a male locking member !

610.

In the example embodiment illustrated in Fig. 36, the first frame
structure 510 defines the female locking member 608. Preferably, the first end portion
510 of the first frame structure 510 defines a locking groove, cutout, notch, or receiver
25  indent 616. Inthe example embodiment illustrated in Fig. 39, the retention mechanism
602 includes a control arm 612. Preferably, the control arm 612 includes the male
locking member 610. Preferably, the male locking member is a locking rib or

projection 614 extending from the control arm 612. The locking rib 614 extends or

projects outwardly from the control arm 612 in the general direction of the V-pack filter

i
45



A S o TS

"

Ki

h

MK e I e
s all Huro -

L

5

10

15

20

25

500 as illustrated in Fig. 39. Preferably, the locking groove 616 of the V-pack ﬁlte‘}r 500
is constructed and arranged to receive the locking rib 614 of the retention mechanism
602. The locking rib 614 fits within, engages, or interacts with the locking groove 516
of the V-pack filter 500. By the term “receive,” it is meant that the locking rib and '|
groove 614, 616 interengage with one another. By the term “interengage,” it is mea'pt

that the interaction of the locking rib and groove 614, 616 is sufficient to prevent "

undesired movement of the V-pack filter 500 during operation. In other words, the 3
locking rib and groove 614, 616 do not need to be frictionally engaged with one another

but need only interact sufficiently to prevent substantial undesired movement of the V-
pack filter 500.

|
i

When the V-pack filter 500 is placed in the housing, such as the housing

1 of Fig. 6, on the retention mechanism 602, the retention mechanism 602 is used to '.

1

move the filter V-pack 500 into sealing engagement around the aperture and against the
tube sheet. When the retention mechanism 602 is placed in its raised, or locked, ,
orientation, the locking rib 614 of the retention mechanism 602 projects into the lockiﬁg
groove 616 of the V-pack filter 500. As such, the locking system 603 centers the V- |

pack and stabilizes it from undesirable misalignment. '

Referring back to Fig. 40, it is noted that the first locking device 604 1;

preferably also includes a second interlocking member 617 having a second locking '1
groove 618, opposite the first locking groove 616. Each locking groove 616, 618 is :
being positioned at the ends 579, 580, respectively of the V-pack filter 500. The seconci
locking groove 618 is analogous to the first locking groove 616. Preferably, the lockmé
grooves 616, 618 are centered between the first and second panels 502, 504 of the. V- I'.
pack 500. Preferably, in the particular embodiment illustrated in Fig. 40, the locking '
grooves 616, 618 are generally U-shaped having two filets. The center of the semi- ‘.
circle portion of the u-shape of the lock grooves 616, 618 is preferably located inboard ;
of the ends 579, 580 of the V-pack 500, at least 0.05 inches, preferably between 0.10 |‘
inches and 0.30 inches, and most preferably about 0.18 inches. Alternatively, a variety

of shapes and sizes could be utilized for the locking grooves 616, 618.
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i
It is noted that the second locking groove 618 of the first interlocking

device 504 might interact with a third interlocking device (not shown) on the housing.

Referring back to Fig. 39, preferably, the locking rib 614 projects ftom a
front face 681 of the control arm 612 at least 0.05 inches and preferably between 0.10

inches and 0.50 inches. Alternatively, a variety of shapes and sizes could be utilizel:d for
the locking rib 614. |

i
During interlocking of the locking rib 614 and the locking groove 6116,
the locking rib 614 extends generally into the locking groove 616 at least 0.05 inches
and preferably between 0.10 inches and 0.50 inches. ‘

i

Attention is now directed to Fig. 41. Fig. 41 is a perspective view of 3}
another embodiment of a V-pack filter 700. Analogous to the V-pack filter 500 of Fig.
36, the V-pack filter 700 includes a frame construction 703 and a first locking device;‘
704. The first locking device 704 includes a first interlocking member 706 and an |
opposite second interlocking member (not shown). In this embodiment, the first \
locking device 704 also includes a third interlocking member 730. l"

The frame construction 703 includes first and second frame structures ‘\

!
|

710, 711, analogous to the frame construction 506 of Fig. 36. The second frame

structure 711 includes a top portion 711a. The top portion 711a includes a first side
portion 711b, a second side portion (not shown), a first end portion 711d, and a second\
end portion (not shown) extending therefrom. The first end portion 711d defines the :
third interlocking member 730. In particular, the third interlocking member 730 is a 1
cutout, or notch 731 in the first end portion 711d. Preferably in this embodiment, the !‘|

first locking device would also include a fourth interlocking member (not shown) ’

opposite and analogous to the third interlocking member 730 in the second end portion

(not shown). l

Although not shown, in this embodiment, a retention mechanism '|
includes a second interlocking device constructed and arranged to interact with the first

interlocking device. In particular the locking rib, such as the locking rib 614 of the
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1
retention mechanism 602 of Fig. 39, extends to the top of the control arm, such as the

control arm 612 of Fig. 39. This locking rib engages with the first interlocking member
i
706 and the third interlocking member 730.

{
!

It is noted that although not shown, the second and fourth interlock%ng

1
5 members of the first interlocking device 704 might interact with a third interlocking
i

device (not shown) on the housing. !

Attention is directed to Fig. 42. Fig. 42 is a perspective view of another
embodiment of a V-pack filter 800. Analogous to the V-pack filter 500 of Fig. 36, ithe
V-pack filter 800 includes a first locking device 804. The first locking device 804 ;

10 includes a first interlocking member 806 and an opposite second interlocking memkli,ler

(not shown). In this particular embodiment, the first interlocking member 806 is a

)

recess, cutout, or indent 808 in a side panel 810 of the V-pack filter 800. Or, in _othé,r
words, the side panel 810 defines the indent 808. |

1
1
: 1
The first locking device 804 is constructed and arranged to receive a |
15

second interlocking device 812. The second interlocking device includes a first |

)
interlocking member 813. In this particular embodiment , the first interlocking member
1

813 is a pin, or projection 814. The projection 814 might extend from a control arm of

a retention mechanism, such as the retention mechanism 602 of Fig. 39. The projection

814 might also extend from a door, such as the access door S of Fig. 4. The first and ]
= 20  second interlocking devices 804, 812 are constructed and arranged to interact with eac_ih
other. "
i
Attention is directed to Fig. 43. Fig. 43 is a bottom elevational view of,

. |
another embodiment of a V-pack filter 900. The V-pack filter 900 includes a first
locking device 904. The first locking device 904 includes a first interlocking member |

}
25  906. In this particular embodiment, the first interlocking member 906 is a recess, i

}
|
cutout, or indent 908 in a bottom frame section 910 of the V-pack filter 900. Or,in
}
other words, the bottom frame section 910 defines the indent 908.
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The first locking device 904 is constructed and arranged to receive ;;a
second interlocking device (not shown). The second interlocking device includes l.}ﬁrst
interlocking member (nét shown). The first interlocking member is a 1ongitudina1i)
projection, or bead, (not shown). The projection extends from the base structure of the
retention mechanism, such as the retention mechanism 602 of Fig. 39. The first an"ld

second interlocking device 904 are constructed and arranged to interact with each o‘{ther.

|
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What Is Claimed Is:

An apparatus comprising:

(@)  aretention mechanism including:

D a base structure; ‘.

i

5 (i)  amovable seat secured to said base structure; |
(A)

said movable seat having a first, locked orientation and a
second, unlocked orientation. il
()  aV-pack filter including; "

1
. _ . !
@® a frame construction including a first frame structure and a |
|

second frame structure;

1

10

(i)

|
first and second panel sections mounted in extension between
said first and second frame structures; '

. )
(A)  said first panel section having first and second ends, ahd

£:3
i

said second panel section having third and fourth ends'?;
15

."ﬂ‘f'
A

T

(1)  said first and third ends having a first distance
!
therebetween;

1

(2)  said second and fourth ends having a second |

distance therebetween, said second distance beihg

N

e e e o
""5 ”“"3 '?!‘-‘ }Lm oy

it dans!

greater than said first distance; l’

)

20 (B)

said first and second panel sections and said second frame

)
structure defining an air flow aperture;

!
)
a seal arrangement circumscribing said air flow aperture and

(iii)
projecting outwardly from said second frame structure; .

(c)  said apparatus having:

25 @ a first, operable orientation wherein: ‘,
x
(A)  said V-pack filter is operably mounted in said apparatus;)

i
(i)  asecond, unload orientation wherein: !

(A) . said V-pack filter is in a loosened positioned for

separation from said apparatus; and
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2.

(d)

an interlocking arrangement comprising first and second interlocI‘ging

devices wherein;

(i)
(iD)

(iif)

An apparatus according to claim 1 wherein:

said V-pack filter includes said first interlocking device;

said second interlocking device is oriented in said apparatlis and
mounted on a member separate from said V-pack filter; and

said interlocking arrangement is constructed and arranged é_uch
that: ‘I

(A)  when said retention mechanism is in said first, lockéd

orientation and said apparatus is oriented in said first, operable

orientation, said first and second interlocking devices engagb.

(a)  said first frame structure includes: !

®
(i)

(iii)

iv)

l
An apparatus according to claim 2 wherein:

@

said first and second end portions and first and second side portions are

a bottom portion;

)

i

1

|

first and second end portions in extension from said bottom
i

1

portion;

first and second side portions in extension from said bottom
portion;

i
!

said first end portion defines a first interlocking structure of thl'_e
first interlocking device. '

perpendicular to said bottom portion. |

An apparatus according to claim 3 wherein:

Il

1

(@) said first interlocking structure is a receiver indent. !
i

An apparatus according to claim 4 wherein:

(a) said receiver indent is U-shaped having two filets.

An apparatus according to claim 2 wherein:
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(a)  said first interlocking device includes a second interlocking structure.
I

1
7. An apparatus according to claim 6 wherein: |

(@  said second end portion of said first frame structure defines said setcond

interlocking structure, said second interlocking structure being opposite
]

5 said first interlocking structure. !
|
8. An apparatus according to claim 6 wherein: |
[
(a)  said first interlocking device includes third and fourth interlocking ,
structures. ],
'.
9. An apparatus according to claim 1 wherein: ‘l
10 (a)  said second interlocking device includes a first interlocking member
;
projecting from said control arm. v
!
i
10.  An apparatus according to claim 9 wherein: |
(a)  said first interlocking member is a rib projecting from said control ar’m
|
11.  An apparatus according to claim 10 wherein: ‘-
)
15 (@  said rib projects from said control arm at least 0.05 inches. !
12.  Anapparatus according to claim 1 wherein: ,
(@)  said first interlocking device is a receiver indent; ‘.
(b)  said second interlocking device includes a first interlocking member, Siajd
first interlocking member is at least one of: [
; 20 1) apin; and
1

|
1
(i)  alongitudinal bead. | R

13. A 'V-pack filter comprising: !

§
(a) a frame construction including a first frame structure and a second frame
!
structure;

i

25 (b) first and second panel sections mounted in extension between said first

and second frame structures; '

¢
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!
1

A

\
»
@) said first panel section having first and second ends, and s%lid

second panel section having third and fourth ends; "

1

i

|

(A)  said first and third ends having a first distance
therebetween,;

(B)  said second and fourth ends having a second distance

therebetween, said second distance being greater than said

first distance; ‘
(i)  said first and second panel sections and said second frame !
t

structure defining an air flow aperture; !

©

1
a seal arrangement circumscribing said air flow aperture and projecting
. !
outwardly from said second frame structure; and

i
(d)  said first frame structure defining a first receiver indent. "
i

14. A V-pack filter according to claim 13 wherein:

[
|
!

I
@ a bottom portion;

(a)  said first frame structure includes:

(ii))  first and second end portions in extension from said bottom :
portion; :

(i)  first and second side portions in extension from said bottom ‘

)
portion;

|

1

(iv)  said first end portion defines said first receiver indent. |

|

15. A V-pack filter according to claim 14 wherein: ‘I
(a)  said first frame structure defines a second receiver indent, said second

i
receiver indent being opposite said first receiver indent.

i

!!

x

16. A V-pack filter according to claim 15 wherein: 1

() said second end portion of said first frame structure defines said seco’!nd

receiver indent. !

)

|
17. A method of locking a V-pack filter in an operable position around an aperture,

said method comprising:

|

)

|

- |
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(a)  positioning a V-pack filter within a retention mechanism;
® said retention mechanism including:

(A)  abase structure;

(B)  amovable seat secured to said base structure;

5 (1)  said movable seat having a first, locked orieﬁtation

i
and a second, unlocked orientation.

(C)  apivotally mounted control arm that moves the mO\}‘able
seat to said first, locked orientation and to said secor;id,
unlocked orientation; ‘

10 (D) afirst interlocking device; !‘
(1)  said V-pack filter including: :
(A)  aframe construction including a first frame s’(ructure:‘l and

a second frame structure; o

1
(B) first and second panel sections mounted in extension'
15

|

between said first and second frame structures;

& (1)  said first panel section having first and second]
: ends, and said second panel section having thillid
and fourth ends; i

!
(2)  said first and second panel sections constructed
20

and arranged such that said first and third ends’;
have a first distance therebetween and said second
and fourth ends have a second distance ’

i
therebetween,; '

(@  said second distance being greater than I’
said first distance; ‘
)
(3)  said first and second panel sections and said

second frame structure defining an air flow

aperture,
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18.

19.

20.

(D)  aseal arrangement circumscribing said air flow apertéure
and projecting outwardly from said second frame ’

|
structure; ;

]
(E)  asecond interlocking device constructed and arrange;d to

engage with said first interlocking device; |

) lifting said control arm to move said retention mechanism to direct said
sealing arrangement against a portion of a housing; and )
(©) locking said V-pack filter in said, first locked position by engaging said
first and second interlocking devices. !
|
A method according to claim 17 wherein: )
(@)  said step of positioning includes positioning a V-pack filter within a!
retention mechanism wherein; ' '
) said first frame structure includes: I,
|
(B) first and second end portions in extension from said -

!

l
(C) first and second side portions in extension from said ,

(A)  abottom portion;
bottom portion;

bottom portion; |

(D)  said first end portion defines said second interlocking |

device. |
|
i
(@) said step of locking includes locking said V-pack filter in said, first |

A method according to claim 17 wherein:

locked position by engaging said first and second interlocking device:

wherein: r

i) said first interlocking device projects into said second !

interlocking device at least 0.05 inches. l

A method according to claim 19 further comprising a step of: l



()

unlocking said V-pack filter in said, second unlocked orientation by

disengaging said first and second interlocking devices.
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Abstract !
A V-pack filter includes a frame construction having a first frame :
structure and a second frame structure. The V-pack filter also includes first and second
panel sections mounted in extension between the first and second frame structures; The
first panel section has first and second ends. The second panel section has third and
fourth ends. The first and third ends have a first distance therebetween while the second
and fourth ends have a second distance therebetween. The second distance is gene!'rally
greater than the first distance. The first and second panel sections and the second iframe
structure define an air flow aperture. A seal arrangement circumscribes the air flow

aperture and projects outwardly from the second frame structure. The first frame |
structure defines a first receiver indent. '

]
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_Goggin, Matthew J. Reg. No. 44,125 Sumners, John S. Reg. No. 24,216
£Bolla, Charles E. Reg. No. 26,896 Swenson, Erik G. Reg. No. 45,147
‘fGorman, Alan G. Reg. No. 38,472 Tellekson, David K. Reg. No. 32,314
£Gould, John D. Reg. No. 18,223 Trembath, Jon R. Reg. No. 38 344
::Gregson, Richard Reg. No. 41,804 Underhill, Albert L. Reg. No. 27,403
Reg. No. 33,112 Vandenburgh, J. Derek Reg. No. 32,179

Reg. No. 29,165 Wahl, John R. Reg. No. 33,044

; Reg. No. 31,838 Weaver, Karrie G. Reg. No. 43,245
FHolzer, Jr., Rlchard J Reg. No. 42,668 Welter, Paul A. Reg. No. 20,890
Efohnston, Scott w. Reg. No. 39,721 Whipps, Brian Reg. No. 43,261
) Kadievitch Natalie D. Reg. No. 34,196 Wickhem, J. Scot Reg. No. 41,376
tKastelic, Joseph M. Reg. No. 37,160 Williams, Douglas J. Reg. No. 27,054
=Kettelberger, Denise Reg. No. 33,924 Witt, Jonelle Reg. No. 41,980
Keys, Jeramie J. Reg. No. 42,724 Xu, Min S. Reg. No. 39 536
*Knearl, Homer L. Reg. No. 21,197 “Zeuh, Anthony R. Reg. No, 45,255

“Kowalchyk, Alan W.
¥Kowalchyk, Katherine M.

Reg. No. 31,535
Reg. No. 36,848

l

1 hereby authorize them to act and rely on instructions from and communicate directly with the person/assignee/attorey/fitm/ organization

who/which first sends/sent this case to them and by whom/which I hereby declare that I have consented after full dlsclosure to be represented
unless/until I instruct Merchant & Gould P.C. to the contrary.

Please direct all correspondence in this case to Merchant & Gould P.C. at the address indicated below: ‘
"
Merchant & Gould P.C.
3100 Norwest Center ’
90 South Seventh Street |
Minneapolis, MN 554024131



) L .
I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are
believed to be true; and furthe; that these statements were made with the knowledge that willful false statements and tht; like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements

may jeopardize the validity of the application or any patent issued thereon.

1

Full Name Family Name First Given Name Sccond Given Name
2 Of Inventor GILLINGHAM GARY R.
|
0 Residence City State or Foreign Country Country of Citizenship
& Citizenship | PRIOR LAKE MINNESOTA USA |
1 Post Office Post Office Address City State & Zip Code/Country
Address 17305 FLEMMING LANE PRIOR LAKE MINNESOTAI 55372/ USA
Signature of Invei_xtor 201: Date: |
Full Name Family Name First Given Name Second Givm"‘ Name
2 Cf Inventor KOEHLER STAN M.
j
0 Residence City Stat‘c or Foreign Country Country of Ci::tizenship
& Citizenship EDEN PRAIRIE MINNESOTA USA | .
2 | Post Office Post Office Address City State & Zip Code/Country
Address 7131 TOPVIEW ROAD EDEN PRAIRIE MINNESOTA 55346/ USA
Signature of Inventor 202; Date: :
d |
H Full Name Family Name | First Given Name Second Given Name
Of Inventor KRISKO WILLIAM J
Residence City State or Foreign Country Country of Ciézenship
‘& Citizenship BLOOMINGTON MINNESOTA USA
Post Office Post Office Address City State & Zip Cade/Country
: Address 301 WEST 107 STREET BLOOMINGTON MINNESOTA 55420/ USA
=) Signaturc of Inventor 203: Date: 1
: : )
: Full Name Family Name First Given Name Second Given Name
Of Inventor MILLER THOMAS G. |
Residence City State or Foreign Country Country of Citiienship
& Citizenship EAGAN MINNESOTA USA :
Post Office Post Office Address City State & Zip Codc/Country
Address 4748 WHITE OAK COURT EAGAN MINNESOTA 55122/ USA
Signature of Inventor 204; Date: ] ‘
Full Name Family Name First Given Name - Second Given N‘\Inme
2 Of Inventor OLSON WINSTON E 'I
0 Residence City State or Foreign Country Country of Ciﬁz:'cnship
& Citizenship | APPLE VALLEY MINNESOTA UsA !
5 | Post Office Post Office Address City State & Zip Code/Country
Address 7768 WEST 128TH STREET APPLE VALLEY MINNESOTA 55,124 / USA
Signature of Inventor 205: ‘

Date:

|
I

W

l




Full Name Family Name First Given Name Second Givex\ Name
2 Of Inventor WAHLQUIST FRED H |
|
0 Residence City State or Foreign Country Country of Cftizcuship
& Citizenship BLOOMINGTON MINNESOTA USA
6 Post Office Post Office Address City State & Zip dodelCountry'
Address 8444 11TH AVENUE SOUTH BLOOMINGTON MINNESOTA' 55420/ USA
Signature of Inventor 206: Date: |
|
Full Name Family Name First Given Name Second Given Name
2 Of Inventor FUCHS ERVIN P. |
0 Residence City State or Foreign Country Country of Ciﬁunship
& Citizenship FARMINGTON MINNESOTA USA !
7 Post Office Post Office Address City State & Zip Code/Country
Address 17127 FRANCHISE WAY FARMINGTON MINNESOTA 55024 / USA
Signature of Inventor 207: Date: .,
Full Name Family Name First Given Name Second Given Pllame
2 Of Inventor WILSON EUGENE D.
',
0 Restdence City State or Foreign Country Country of Citizenship
& Citizenship PRIOR LAKE MINNESOTA USA !
Post Office Post Office Address City State & Zip Cole/Country
Address 6735 FARICY LANE PRIOR LAKE MINNESOTA 55372/ USA
ignature of Inventor 208: Date: 1

i

!

i




§ 1.56 Duty to disclose information material to patentability. é 5

(@ A patent by its very nature is affected with a public interest. The public interest is best served, and thg most effecnve
patent examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the teachings of all
information material to patentability. Each individual associated with the filing and prosecution of a patent application has a duty of candor
and good faith in dealing with the Office, which includes a duty to disclose to the Office all information known to that individual to be
material to patentability as defined in this section. The duty to disclose information exists with respect to each pending claim until the claim
is canceled or withdrawn from consideration, or the application becomes abandoned. Information material to the patentability of a claim that
is canceled or withdrawn from consideration need not be submitted if the information is not material to the patentability!of any claim
remauung under consideration in the application. There is no duty to submit information which is not material to the patentablhty of any
existing claim. The duty to disclose all information known to be material to patentability is deemed to be satisfied if all information known
to be material to patentability of any claim issued in a patent was cited by the Office or submitted to the Office in the manner prescribed by
§§ 1.97(b)—(d) and 1.98. However, no patent will be granted on an application in connection with which fraud on the Office was practiced

or attempted or the duty of disclosure was violated through bad faith or intentional misconduct. The Office encourages applicants to
carefully examine:

|

(1 prior art cited in search reports of a foreign patent office in a counterpart application, and |

|
@ the closest information over which individuals associated with the filing or prosecution of a patent application
believe any pending claim patentably defines, to make sure that any material information contained therein is disclosed to the Office.

(b) Under this section, information is material to patentability when it is not cumulative to information alréady of record or
“being made of record in the application, and j
0)) It establishes, by itself or in combination with other information, a prima facie case of unpatcr;‘xtability of a claim;
|
!
)] It refutes, or is inconsistent with, a position the applicant takes in: '

) Opposing an argument of unpatentability relied on by the Office, or 1

= (i) Asserting an argument of patentability.

Zale {
A prima facie case of unpatentability is established when the information compels a conclusion that a claim is unpatentab]e under the
tpreponderance of evidence, burden—of—proof standard, giving each term in the claim its broadest reasonable construction consistent with the

sspecification, and before any consideration is given to evidence which may be submitted in an attempt to establish a contrary conclusion of
_gatentablhty

i
l

(c) Individuals associated with the filing or prosecution of a patent application within the meaning of this section are:

m Each inventor named in the application: |
|
|

3) Every other person who is substantively involved in the preparation or prosecution of the appli(fation and who is
associated with the inventor, with the assignee or with anyone to whom there is an obligation to assign the application.

) Each attorney or agent who prepares or prosecutes the application; and

<
()] Individuals other than the attomey, agent or inventor may comply with this section by disclosing information to the
attorney, agent, or inventor.
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Industria y Comercio Y

SUPERINTENDENCIA

2do. EXAMEN DE FORMA PATENTE DE INVENCION
FoIIio 03
Radicacion no 00-41413

Concepto Técnico no 1178 Clasificacion Internacional de Patentes BO1D 46/00 |

Practicado el examen de acuerdo a lo establecido en el Art. 38 de la Decision 486 se detérminé que
esta solicitud de Patente de Invencion:

SI[¥Y] NO[] Contiene un resumen de la invencion (Art.26-e). |

SI[¥] NOJ[] Contiene el titulo 0 nombre de la invencion (Art.27-d). |

SI[¥] NOJ[]  Contiene ladescripcion de la invencion (Art.26-b). I

SI[¥Y] NO[ ] NO ES APLICABLE [ ] Contiene los dibujos necesarios para comprender la invencion
(Art.26-d) 1

SIv ]l NO[ ] Contiene una o més reivindicaciones. (Art.26-c).

SI[T ] NO[] NOESAPLICABLE [¥] Han sido desarrollados los productos y/o é)rocedimientos a partir
de recursos genetlcos o de sus productos derivados de los que cualqunera de los Paises
Miembros es pais de origen. (Art. 26- h). ,

SI[T'] NO[] NO ES APLICABLE [¥]Los productos ylo procedimientos han sido obtenidos o
- desarrollados a partir de los conocimientos tradicionales de las comunldades indigenas,
afroamericanas, o locales de los paises miembros, de acuerdo a lo establecido en la

Decision 391 y sus modificaciones y reglamentaciones vigentes.(Art.26-i).

SI[ ] NO[¥Y] Lainvencion se refiere a un producto relativo a un material biolégicoj. (Art.26-J).
SI[¥] NO[ ] Laprioridad coincide con la materia reivindicada.

SI[¥] NO[] CUMPLE LOS REQUISITOS TECNICOS |

OBSERVACIONES Y OTROS: SI[ ] NO [¥] ver hoja(s) anexa(s)

Nuevo capitulo descriptivo, folios 84 a 138
Nuevas figuras, folios 139 a 201
Arte fina 12 cm x 12 cm, folio 82

EXAMINADOR TECNICO
202030

Bogota D. C., 21-08-2002

Carrera 13 No. 27-00 Piso 5y10
Conmutador: 334 12 21-2-3-4
Fax: 281 31 25 e-mail: info@sic.gov.co
Santa Fe de Bogota D.C. - Colombia



Industrla y Comercio
SUPER[NTENDENCIA.

i
Folio}t{ ST

}
i

A |

<4 -

2020 :
Bogota DC ' ;
i !
; r
Doctor(a) |
MARCELA CASTILLO TORRES |
Apoderado(a) ‘_
|
|
REFERENCIA:  Radicacion No. 0041413 |
Tramite 002 _
Evento 001 i
Actuacion 416 l.
Oficio No. 1684
Folios 001 !

|
j

Teniendo en cuenta que la solicitud de privilegio de patente que se tramita'bajo el
expediente indicado en la referencia, reune los requisitos de forma establecidos en los
articulos 26 y 27 de la Decisién 486 de la Comisidon de la Comunidad Andina, y en las
demas disposiciones vigentes sobre la materia, se envia el extracto de la solicitud a la
Oficina de Comunicaciones para efecto de su publicaciéon en la Gaceta de Propiedad
Industrial, conforme lo establece el articulo 40 de la misma Decision. j

. . . 1
No obstante no se tendra en cuenta la presentacion de prioridad por encontrarse fuera
de los términos, de acuerdo al primer examen juridico efectuado. '
i
|

Camplase
Dado en Bogota DC, a los

ESPEDES DE VERGEL
de Nuevas Creaciones

ALIX CARMENZ

Jefe de la Divisig ’

!

Bogota, DC, El extracto de esta solicitud fue publicado en el nL’Jmero)de
la Gaceta de Propiedad Industrial, de fecha .El término habil sefialado por la
ley expir6 el y SI __ NO___ se presentaron oposiciones por| parte de
terceros. I

j

!

202030 ;
i f
J
|
|
Carrera 13 No; 27-00 Piso 5y 10
Conmutador: 334 12 21-2-3-4

Fax: 281 31 25 esmail: info@sic.gov.co
Santa Fe de Bogota D.C. - Colombia



