Office de la Proprieté Canadian CA 2469563 C 2008/10/07
Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 469 563
e onads Indusy Conac 1 BREVET CANADIEN
CANADIAN PATENT
13) G
(86) Date de dépd6t PCT/PCT Filing Date: 2002/07/01 (51) Cl.Int./Int.Cl. F715B 13/043(2006.01),
(87) Date publication PCT/PCT Publication Date: 2003/03/20 F16K 31/42(2006.01)
- . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2008/10/07 FAGERLY. RICHARD A. US:
(85) Entree phase nationale/National Entry: 2004/06/07 NEFF, JAMES A. (DECEASED), US
(86) N° demande PCT/PCT Application No.: US 2002/020828 | (73) Propriétaire/Owner:
(87) N° publication PCT/PCT Publication No.: 2003/023233 MAC VALVES, INC., US
(30) Priorité/Priority: 2001/09/12 (US09/951,076) (74) Agent: RIDOUT & MAYBEE LLP
(54) Titre : SOUPAPE PNEUMATIQUE COMMANDEE PAR PILOTE
(54) Title: PILOT OPERATED PNEUMATIC VALVE
e,
&6 > 2
14 74 128 30
78 |72 32
80 L ' T Ny v
188 198 " ‘r
182 5 184 { 180 46 \54 88 44 90 (26 f
y - A TP A — A -.;4’ § ‘ ‘ ‘ 92
e | h}, N Ay i A ANUN L\
T : - e N SN L N AN > TR
|_7/ = \\‘\'{&\'\é" vy EZHIIAMI I”‘B’%hg,!‘)\)ﬁ\@\!&

Mﬁ'ﬁiﬁaa{;“““‘““““\\m“‘\\ﬁ S S, S LN
“‘“‘V‘““““““\““““‘ “““\m N

D S
4 /{- /4:4; &\Wﬁ}}\\\\: T S 7
N\ 3 o

"""""""""""""""""""

."
Ty N Y LA
= P ‘”b
’.f‘ ~ N

“-— *nwnu

\{__\5

(76

20/

I8

(57) Abregé/Abstract:
A pilot operated valve assembly (10) including a valve body (12) having a pressurized air supply inlet port (28) in communication

with a source of pressurized air and at least one cylinder passage (30, 32). A main valve bore (34) extends axially within the valve
body (12) and a main valve member (44) is movable between predetermined positions within the main valve bore (34) to selectively
direct pressurized air from the inlet port (28) through at least one cylinder passage (30, 32). A pilot valve bore (122) Is formed within
the main valve member (44) and extends coaxially relative to the main valve bore (34). A pair of short pilot cylinder ports (136, 138)
spaced apart from one another extend between the main valve bore (34) and the pilot valve bore (122). A pilot valve member (140)
IS movable between predetermined positions within the pilot valve bore (122) to selectively direct air from the pilot valve bore (122)
through alternating ones of the pilot cylinder ports (136, 138) to act upon the main valve member (44) thereby moving the main

valve member (44) between predetermined positions.

R N
RO TR S o
N "'c‘-‘-.u:-:{\: . N7
S
N

OPIC

C an adg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca

OPIC - CIPO 191




03/023233 Al

=

CA 02469563 2004-06-07

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date

20 March 2003 (20.03.2003)

(51) International Patent Classification’: F15B 13/043

(21) International Application Number: PCT/US02/20828

(22) International Filing Date: 1 July 2002 (01.07.2002)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

09/951,076 12 September 2001 (12.09.2001) US

(71) Applicant: MAC VALVES, INC. [/]; 30569 Beck Road,
P.O.Box 111, Wixom. MI 48393 (US).

(72) Inventors: NEFF, James, A. (deceased).
Richard, A.; New Smyrna Beach,, FL. (US).

FAGERLY,

(74) Agent: MCGLYNN, GERALD, E., I1I; Bliss McGlynn
P.C., 2075 West Big Beaver Road, Suite 600, Troy, MI
48084 (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,

(54) Title: PILOT OPERATED PNEUMATIC VALVE

PCT

(10) International Publication Number

WO 03/023233 Al

CZ, DE, DK, DM, DZ, EC, EE, ES, F1, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VN,
YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (Al, BE, BG, CH, CY, CZ, DE, DK, EL,
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK,
TR), OAPI patent (BEF, BJ, CE, CG, CI, CM, GA, GN, GQ,

GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report
with amended claims and statement

Date of publication of the amended claims and statement:
23 October 2003

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

0

16 > {2
130
4 (74 128 30 32 1
172 / 100 (44 / 42
) ’?E ) 184 19§3 N h46\54 88 4< PON 126 1yg| 27 > °0
. o2
AN T VTN i
N ararucs: A -‘\)\\\LQI\Q
T I NNN 7 ZZ Y7 IPORERY
%Lﬁ:‘/ 208 ~ £ NS S N S S B e R ;é:\ N
1 ' A AW A 0 W N R N A W M W R WA T
A 206 198 > Y O RN
= AT 2 BT
§ et e S -}Pd‘l&\\\;'&.\\i)
g [\f“m@p/omn/ =N VAVAN S
1 N - N
N N LA 20 (8 "
# SRV F 2 36\ | 114 25 62
1774 204 g2 200;94 HE (24
Rz Jfg b \ 20 N\ N\
!76 / /\ i il < =y
UL 24 50 142
7 36
i f | 26
< I8
186

SN

(§7) Abstract: A pilot operated valve assembly (10) including a valve body (12) having a pressurized air supply inlet port (28) in
communication with a source of pressurized air and at least one cylinder passage (30, 32). A main valve bore (34) extends axially
within the valve body (12) and a main valve member (44) is movable between predetermined positions within the main valve bore
(34) to selectively direct pressurized air from the inlet port (28) through at least one cylinder passage (30, 32). A pilot valve bore
(122) is formed within the main valve member (44) and extends coaxially relative to the main valve bore (34). A pair of short pilot
cylinder ports (136, 138) spaced apart from one another extend between the main valve bore (34) and the pilot valve bore (122). A
o pilot valve member (140) is movable between predetermined positions within the pilot valve bore (122) to selectively direct air from
the pilot valve bore (122) through alternating ones of the pilot cylinder ports (136, 138) to act upon the main valve member (44)
thereby moving the main valve member (44) between predetermined positions.
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PILOT OPERATED PNEUMATIC VALVE

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates, generally, to pneumatic valve assemblies and, more
specifically, to a pneumatic valve having a pilot valve moveably supported 1n a pilot valve

bore formed 1in the main valve member.

2. Description of the Related Art

[0002] Pilot operated pneumatic valves are well known in the art for controlling the
flow of pressurized air to and from various pneumatically actuated devices such as press
clutches, air brakes, air cylinders or any other pneumatic device or application requiring
precise control of operating air. More specifically, two-way, three-way and four-way pilot
operated valve assemblies are commonly employed in these environments. Such valves
typically include a main valve body with a valve member movably supported within a valve
bore in response to air pressure which is directed by a separate pilot valve to one or
alternating ends of the valve member. A solenoid actuates the pilot valve to one
predetermined position. A return spring or another pilot valve is employed to bias the valve
member back to a known position.

[0003] Valve assemblies of this type known in the related art typically include a main
valve body to which is separately mounted a pilot valve body using fasteners. Valves of this
type are employed in a wide variety of manufacturing environments where a high flow rate
and very fast response time are desired. As the technology for these valves has advanced,
there has been an increase in the demand for smaller valves which are used 1n tight spaces.
Over the years, there have been a number of improvements in this general field which have

facilitated high flow rates and fast response times in relatively small valves. Still, there
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remains a need in the art for even faster and smaller valves. However, the common

arrangement wherein a pilot valve 1s mounted to a main valve has become a design barrier

which has affected the size and speed of such valves.

SUMMARY OF THE INVENTION

[0004] The present invention overcomes these design barriers and other
disadvantages of the related art in a pilot operated valve assembly. More specifically, the
present invention is directed toward an improved pilot operated valve assembly including a
valve body having a pressurized air supply inlet port in communication with a source of
pressurized air and at least one cylinder passage. A main valve bore extends axially within
the valve body and a valve member is movable between predetermined positions within the
main valve bore to selectively direct pressurized air from the inlet port through at least one
cylinder passage. A pilot valve bore is also formed within the main valve member and
extends coaxially relative to the main valve bore. A pair of short pilot cylinder ports are
spaced apart from one another and extend between the main valve bore and the pilot valve
bore. A pilot valve member is movably supported between predetermined positions within
the pilot valve bore to selectively direct pressurized air from the pilot valve bore through
alternating ones of the pilot cylinder ports to act upon the main valve member thereby
moving the main valve member between its predetermined positions.

[0005] The pilot operated valve assembly of the present invention has distinct
advantages over the valves known in the related art. More specifically, it 1s small, has a low
profile and is very thin - in one embodiment only 10 mm wide. Thus, 1t 1s easily employed 1n
environments where space is at a premium. The small size and low profile of the pneumatic
valve of the present invention is facilitated by the pilot valve being integrated into the main

valve body. In turn, this feature is made possible by the position of the pilot valve bore being
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disposed within the main valve member and coaxial to the main valve bore. The pilot valve
bore and the main valve bore are connected by very short pilot cylinder ports which direct
fluid flow to and from the main valve bore and immediately adjacent to either side of the
main valve member to cycle the main valve member between predetermined positions. These
short pilot cylinder ports minimize the volume of air required to be filled and dumped from
the ends of the main valve member every time the valve is actuated. This structure results 1n
extremely fast and consistent response times.

[0006] Further, because the pilot valve is integrated into the main valve body, various
parts including fasteners, gaskets, machining and assembly operations are eliminated. The
integrated pilot operated valve assembly facilitates a thin valve having a low profile because,
heretofore, it was difficult to mount a pilot valve to a main valve body having only, for
example, a 10 mm thickness. The pilot operated valve assembly also has impressive flow
efficiency and a short stroke. In addition, the valve assembly of the present invention
provides a large flow of fluid therethrough when the main valve member is in either one of its
two operating positions. The short stroke feature and compactness of the valve provides an
efficiently operating valve which can be actuated by a small size general purpose solenoid

with low wattage or high wattage power consumption.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] Other advantages of the invention will be readily appreciated as the same
becomes better understood by reference to the following detailed description when
considered in connection with the accompanying drawings, wherein:
[0008] Figure 1 is a perspective view of the valve assembly of the present invention;
[0009] Figure 2 is a side view of the valve assembly of the present invention;

[0010] Figure 3 is a bottom view of the valve assembly of the present invention;



CA 02469563 2004-06-07

[0011] Figure 4 is a top view of the valve assembly of the present invention;

[0012] Figure 5 is a cross-sectional side view of the valve assembly of the present
invention illustrating the position of both the pilot and main valve members when the
solenoid 1s de-energized,;

[0013] Figure 6 is an enlarged cross-sectional side view of the spring end retainer

assembly;

[0014] Figure 7 is an enlarged cross-sectional side view of the spring end valve seat
retainer,

[0015] Figure 8 is a cross-sectional side view of the valve assembly of the present
invention illustrating the position of both the pilot and main valve members when the
solenoid 1s energized,

[0016] Figure 9 is an enlarged cross-sectional side view of the solenoid end retainer

assembly; and

[0017] Figure 10 is an enlarged cross-sectional side view of the solenoid end valve

seat retainer.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

[0018] Referring now to the figures where like numerals are used to designate like
structure throughout the drawings, a pilot operated valve assembly of the present invention 1s
generally indicated at 10. As shown in Figures 1-4, the valve assembly 10 includes a valve
body 12 and an electromagnetic actuator, such as a solenoid assembly, generally indicated at
14 and mounted to the valve body 12. The valve body 12 has a thin rectangular shape
defining top and bottom surfaces 16, 18, respectively, a pair of opposed side surfaces 20, 22
extending between the top and bottom surfaces 16 and 18 and end surfaces 24, 26. The

solenoid assembly 14 is mounted to the end surface 24 of the valve body 12. The valve body
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12 is adapted to be mounted to a manifold, sub-base, or any of a number of various
pneumatically actuated devices (not shown). From the description of the invention that
follows, those having ordinary skill in the art will appreciate that the pilot operated valve
assembly 10 may be a two-way valve, a three-way valve, a four-way valve or the like.

[0019] Referring now to Figures 1, 3, 4 and 5, the valve body 12 includes a
pressurized fluid inlet port 28 for communicating with a source of pressurized fluid, such as
air. Furthermore, the valve body 12 includes at least one cylinder passage 30, 32. A main
valve bore 34 extends axially through the valve body 12. In the embodiment illustrated here,
the pilot operated valve assembly 10 is a four-way valve and includes a pair of cylinder
passages 30, 32 and a pair of exhaust passages 36, 38 each in fluidd commumication with the
main valve bore 34. The cylinder passages 30, 32 are formed through the top surface 16 of
the valve body 12 opposite the inlet port 28 and exhaust passages 36,38 that are formed
through the bottom surface 18. However, those having ordinary skill in the art will
appreciate that the inlet port 28, exhaust and cylinder passages 36, 38 and 30, 32,
respectively, may be formed through various, different, surfaces of the valve body 12. For
example, these ports and passages may all be formed through one surface, such as the bottom
18 of the valve body 12, without departing from the scope of the invention. The inlet port 28,
exhaust and cylinder passages 36, 38 and 30, 32, respectively, may also be threaded to
accommodate any mechanism necessary to establish fluid communication with another
element that is operatively associated with the valve assembly 10.

[0020] As best shown in Figures 5 and 8 and as noted above, the main valve bore 34
extends completely through the valve body 12 to present a pair of open ends 40, 42. A main
valve member, generally indicated at 44, is movable between predetermined positions within
the main valve bore 34 to selectively direct pressurized air from the inlet port 28 through at

least one of the cylinder passages 30, 32 and at least one of the exhaust passages 36, 38, as
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will be described in greater detail below. A pair of retainer assemblies, generally indicated at
46 and 48, are threadably received in the pair of open ends 40, 42, respectively, of the main
valve bore 34 thereby functioning to close same. More specifically, the pair of retainer
assemblies includes a solenoid end retainer assembly 46 threadably received within one 40 of
the open ends of the main valve bore 34 adjacent the solenoid assembly 14 as well as a spring
end retainer assembly 48 threadably received within the other one 42 of the open ends of the
main valve bore 34. Both the solenoid end retainer assembly 46 and the spring end retainer
assembly 48 will be discussed in greater detail below.

[0021] With reference primarily to Figure 6, the spring end retainer assembly 48
includes a spool stop retainer 50 that presents a stop shoulder 52 at 1ts inner terminal end.
The stop shoulder 52 is adjustably positioned length-wise within the main valve bore 34 and
defines at least one of the predetermined positions between which the main valve member 44
moves. On the other hand, and with reference primarily to Figure 9, the main valve bore 34
presents an annular abutment shoulder 54 disposed opposite the stop shoulder 52 defined by
the spool stop retainer 50 of the spring end retainer assembly 48. The abutment shoulder 54
defines the other one of the predetermined positions between which the main valve member
44 moves. An annular groove 56 is formed about the body of the spool stop retamer 50 and a
rubber seal 58 is retained in the groove 56. The rubber seal 58 affects an air-tight seal
between the spool stop retainer 50 and the main valve bore 34.

[0022] The spool stop retainer 50 also includes a first partially threaded bore 60 that
extends through a portion the spool stop retainer 50. The retainer assembly 48 further
includes a spring retainer 62 threadably received within the spool stop bore 60 to close same.
In addition, the spring end retainer assembly 48 includes a valve seat retainer 64 that 1s
received within a second threaded bore 66 extending through the spool stop retainer 50. The

valve seat retainer 64 may include one or more annular grooves (not shown). Rubber seals
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(not shown) may be retained in the grooves such that an air-tight seal 1s affected between the
spring retainer 62 and the spool stop retainer 50. The valve seat retainer 64 also defines a
cup-shaped, inner terminal end 70 and a bore 72. The valve seat bore 72 forms a portion of
the pilot valve bore as will be described in greater detail below.

[0023] Similarly, and as best shown in Figure 9, the solenoid end retainer assembly
46 includes an inner valve seat retainer 74 that 1s received within a short, partially threaded
portion 76 of one end of the main valve bore 34. The solenoid end retainer assembly 46 also
includes an outer valve seat retainer 78 that is received within a short, partially threaded
portion 80 of one end of the main valve bore 34. The outer valve seat retainer 78 defines a
bore 81 that extends for a length so as to present an opening 86. The inner valve seat retainer
74 and outer valve seat retainer 78 may include one or more annular grooves (not shown)
formed thereon. Rubber seals (not shown) may be employed in the grooves such that an air-
tight seal is affected between the solenoid end retainer assembly 46 and the main valve bore
34. The inner valve seat retainer 74 also defines a cup-shaped, inner terminal end 82 and a
bore 84. The valve seat bore 84 forms a portion of the pilot valve bore as will be described 1n
oreater detail below.

[0024] Referring back to Figure 5 and 8, the main valve bore 34 further includes a
plurality of lands 88, 90, 92, 94 forming areas of reduced diameter within the main valve bore
34, In one preferred embodiment, the main valve member 44 defines a spool valve
comprised of an aluminum insert 96 having a pair of opposed annular valve heads, generally
indicated at 98, 100, disposed at either end of said spool valve meets 44. Each of the opposed
annular valve heads 98, 100 have stepped annular end surfaces that extend substantially
transverse to the direction of rectilinear movement of the main valve member 44 within the

main valve bore 34. As best shown in Figures 6-7 and 9-10, the stepped annular surfaces

define a contact surface 102 and a piston surface 104. The contact surface 102 1s adapted for
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abutting contact with the annular abutment shoulder 54 located at one end of the main valve
bore 34 (Figures 9 and 10) and the stop shoulder 52 defined by the spool stop retainer 50 of
the spring end retainer assembly 48 at the opposite end of the main valve bore 38 (Figures 6
and 7). Each of the pair of opposed valve heads 98, 100 define an outer diameter 106
moveably received in sealing engagement with the main valve bore 34 and an inner diameter
108 moveably and sealingly disposed about a corresponding one of the mnnermost terminal
ends 70, 82 of the pair of retainer assemblies 46, 48. To this end, the outer and inner
diameters 106, 108 include suitable seals 110, 112, respectively, retained in appropriate
grooves for establishing air-tight contact with the main valve bore 38 and retainer assembles
46, 48, respectively. As best shown in Figures 5 and 8, the aluminum insert 96 1s over
molded and bonded with rubber to form a plurality of valve elements 114, 116, 118, 120
defined between the opposed valve heads 98, 100. The valve elements 114, 116, 118, 120
form areas of greater diameter on the spool valve member 44 and cooperate with the lands
88, 90, 92, 94, respectively, on the main valve bore 34 to direct fluid from the main valve
bore 34 through various ones of the pair of cylinder passages 30, 32 and pair of exhaust
passages 36, 38.

[0025] The pilot operated valve assembly 10 of the present invention further includes
a pilot valve bore 122 formed within the main valve member 44 and extending coaxial to the
main valve bore 34. More specifically, the main valve bore 34 and the pilot valve bore 122
are positioned coaxial relative to one another such that the centerline of each of these bores 1s
contained in a single axis 124. Furthermore, this axis 124 is parallel to the longitudinal axis
of the valve body 12. A pilot valve inlet passage 126 extends between the pilot and the main
valve bores 122, 34, respectively, and supplies the pilot valve bore 122 with pressurized air.
Furthermore, the valve body 12 includes at least one, but preferably two, pilot exhaust ports

128, 130 spaced relative to one another and each located near a respective retainer assembly
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46, 48. In the embodiment shown here, the pilot valve bore 122 extends longitudinally
through the entire main valve member 44 so as to present a pair of open ends 132, 134 at the
pair of opposed valve heads 98, 100, respectively thereof (Figures 6, 7, 9, and 10). The
innermost terminal ends 70, 82 of the opposed [retainer] valve seat retainers 64, 74 are
received within the respective open ends 132, 134 of the main valve member 44.

[0026] As best shown in Figures 6, 7, 9, and 10, a pair of short pilot cylinder ports
136, 138 are spaced apart from one another and extend between the main valve bore 34 and
the pilot valve bore 122. More specifically, the pair of short pilot cylinder ports 136, 138
may include one or more arcuate slots defined in each of the retainer assemblies 46, 48 so as
to provide fluid communication between the pilot valve bore 122 and the main valve bore 34

directly adjacent the opposed spool valve heads 98, 100.

[0027] A pilot valvé member 140 is movably supported between predetermined
positions within the pilot valve bore 122 to selectively direct air from the pilot valve bore 122
through alternating ones of the pilot cylinder ports 136, 138 to act upon the main valve
member 44 thereby moving the main valve member 44 between its predetermined positions.
The pilot valve member 140 is further operable to direct pressurized air from the main valve
bore 34 through alternating ones of the pilot cylinder ports 136, 138 and out at least one pilot
exhaust port 128, 130 via aligned apertures 142, 144 in the spring retainer 62 and spool stop
retainer 50 on one side of the valve body 12 and exhaust aperture 146 in the solenoid end
retainer 46. Importantly, the pilot cylinder ports 136, 138 communicate with the main valve
bore 34 immediately adjacent the opposed spool valve head 98, 100 to alternatingly direct
fluid pressure against the piston surfaces 104 of the valve heads 98, 100 and exhaust fluid
pressure away from the valve heads 98, 100 thereby moving the spool valve member 44

between its predetermined positions. To this end, each piston surface 104 1s aligned almost
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flush with one side of the corresponding pilot cylinder port 136, 138, as viewed 1n cross-
section, just before fluid has been directed against an associated valve head 98, 100.

[0028] In one preferred embodiment, the pilot valve member 140 includes a poppet
valve made of an aluminum insert having an elongated, reduced diameter portion 148
disposed between two pair of valve elements 150, 152 and 154, 156 (Figures 6, 7, 9, and 10).
Valve elements 150, 152 are spaced relative to valve elements 154, 156 on the poppet valve
member 140. The valve elements 150, 152 and 154, 156 are over molded, bonded with
rubber and located at distal ends of the poppet valve member 140. Each of the two pair of
valve elements includes a medial valve 152, 154 and a lateral valve 150, 156. Each of .the
medial valves 152, 154 control the flow of fluid between the pilot valve bore 122 and the
main valve bore 34 through one of the pair of pilot cylinder ports 136, 138. In addition, each
of the lateral valves 1.50, 156 control the flow of fluid between the main valve bore 34 and
the pilot exhaust ports 128, 130 through one of the pair of pilot cylinder ports 136, 138.

[0029] The pilot valve bore 122 presents a plurality of valve seats 158, 160, 162, 164
that are formed in the pilot valve bore 122. More specifically, the valve seats 158, 160 are
presented by the threadably adjustable inner valve seat retainer 74 of the solenoid end retainer
assembly 46 located adjacent the solenoid assembly end of the pilot valve bore 122 (Figure 9
~and 10). On the other hand, the valve seats 162, 164 are presented by the threadably
adjustable valve seat retainer 64 of the spring end retainer assembly 48 located at the opposite
end of the pilot valve bore 122 (Figures 6 and 7). The retainer assemblies 46, 48 are
adjustably positioned within the valve body 12 such that the valve seats 158, 160, 162, 164
may be selectively positioned within said pilot valve bore 122 to define the predetermined
positions between which said pilot valve member 140 moves within the said pilot valve bore
122. The valve seats 158, 160, 162, 164 cooperate with the valve elements 150, 152, 154,

156, respectively, to seal various passages in the valve as will be discussed 1n greater detail

10
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below. At least one short pilot cylinder port 136, 138 is defined 1n each of said pilot valve
seat retainers 64, 74, respectively. The elongated reduced diameter portion 148 of the pilot
valve member 140 between the two pair of valve elements 150, 152 and 154, 156 creates a
pressure accumulator in the pilot valve bore 122 of sufficient volume such that it reduces the
pressure drop therein when the pilot valve and main valve shifts. The pilot valve member
140 also includes a central, axially extending inner passage 165 that extends completely
through the pilot valve member 140. The central, inner passage 165 provides a means for
automatically balancing the pneumatic forces acting on either end of the pilot valve member
140.

[0030] As best shown in Figure 6, the pilot operated valve assembly 10 also includes
a biasing member 166 which moves the pilot valve member 140 n one direction and an
electromagnetic actuator 14 for moving the pilot valve member 140 1n an opposite direction.
Here, the biasing member includes a coiled spring 166 disposed between a cup shaped cavity
168 formed in the spring retainer 62 and a recess 170 defined in one end of the pilot valve
member 140. The coiled spring 166 biases the pilot valve member 140 to the left as shown 1n
Figures 5 and 6. On the other hand, and as alluded to above, the electromagnetic actuator 1s a
solenoid assembly 14 mounted to the valve body 12 so as to actuate the pilot valve member
140 within the pilot valve bore 122 in a direction opposite to the biasing force of the coiled
spring 166 as shown in Figures 8 and 9.

[0031] The solenoid assembly 14 includes a thin, rectangular shaped housing,
generally indicated at 172. The housing 172 includes a pole plate 174 abutting the valve
body 12, a cap 176 disposed opposite the pole plate 174 and a solenoid can or frame 178
extending therebetween. The frame 178 supports a coil 180 including a conductive wire 182
conventionally wrapped around a bobbin 184. The conductive wire 182 is connected to a

source of electrical current through leads, generally indicated at 186. The direction of the

11
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current through the coil 180 and thus the direction of the electromagnetic force generated
thereby is controlled by a control circuit (not shown). A top plate 188 1s mounted adjacent
the bobbin 184 and between the frame 178 and the cap 176.

[0032] The pole plate 174 includes an opening 190 extending therethrough. The
solenoid assembly 14 further includes a ferromagnetic pole piece 192 having a stepped
portion 194 with a smaller cross-sectional area than the rest of the pole piece 192. The
stepped portion 194 is received in the opening 190 in the pole plate 174 for mechanically
fixing the pole piece 192 to the pole plate 174. A centrally located passage 196 extends
through the pole piece 192. A pushpin 198 having an enlarged head 200 at one end thereof 1s
movably supported in the passage 196 and may be extended through the opening 86 in the
solenoid end retainer 46 into valve seat bore 84 (Figure 9). The pushpin 198 acts on the pilot
valve member 140 to move it against the biasing force of the coiled spring 166 as will be
described 1n greater detail below.

[0033] With continuing reference to Figures 5 and 8, an armature 202 1s disposed
between the cap 176 and the pole piece 192. A bushing 204 isolates the armature 202 from
the bobbin 184. The armature 202 is movable toward the pole piece 192 under the intluence
of an electromagnetic flux generated by a pulse of current flowing through the coil 180. The
armature 202 drives the pushpin 198 to move the pilot valve member 140 to one
predetermined position and against the biasing force of the coiled spring 166. Furthermore,
the armature 202 is movable away from the pole piece 192 and toward the cap 176 under the
biasing influence of the coil spring 166 acting on the pilot valve member 140 through the
pushpin 198 when the current through the coil 180 is interrupted. In this way, the pilot valve
member 140 is cycled between its positions to control the flow of pressurized air through the
valve body 12 as will be described in greater detail below. The cap 176 of the solenoid

housing 172 includes an aperture 206. A manual operator 208 is movably mounted in the

12
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aperture 206. The manual operator 208 is, in essence, a plastic button that may be employed

to activate the armature and therefore the pilot valve member 140 in the absence of electrical

DOWET.

OPERATION

[0034] In operation, fluid, such as air, enters the valve body 12 via the main valve
inlet port 28, flows into the main valve bore 34, past the main spool valve member 44,
through the pilot inlet passage 126 and into the pilot valve bore 122. The flow of air through
the pilot valve is controlled by the movement of the solenoid actuated pilot valve member
140. When the solenoid member 14 is actuated, the pilot valve member 140 1s moved to the
right as viewed in Figures 8, 9 and 10. The medial valve element 152 1s spaced from the
valve seat 160 and is therefore now open. Air from the pilot valve bore 122 flows directly
into the short cylinder port 136 and acts on the piston surface 104 of the left valve head 98 to
move the main valve member 44 to the right as viewed in these figures. Pilot exhaust port
128 is sealed by lateral valve element 150 cooperating with valve seat 158. At the same time,
air from the main valve bore 34 adjacent the right valve head 100 is immediately exhausted
through the pilot cylinder port 138 past the open lateral valve element 156 which is now
spaced from valve seat 164 and out pilot exhaust port 130 (Figure 6).

[0035] When the main valve member 44 is moved to the right as dictated by the
position of the pilot valve member 140 as viewed in Figures 8, 9 and 10 air from the man
valve inlet 28 is directed from the main valve bore 34 past valve element 116 and land 90 and
into cylinder passage 30. At the same time, valve element 118 cooperates with land 92 to
seal the main valve bore 34 left of the land 92 as viewed in Figure 8 and air from the cylinder

passage 32 is exhausted past valve element 120 and land 94 through exhaust passage 38.

13
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[0036] When the solenoid assembly 14 is de-energized, the return spring 166 moves
the pilot valve 'member 140 back to the left, as viewed in Figures 5, 6, and 7. Air entering the
pilot valve is then directed past medial valve element 154 which 1s spaced from valve seat
162 into the short pilot cylinder port 138 and is directed against the piston surface 104 of the
right main valve head 100 to move the main spool valve member 44 to the left as viewed 1n
these figures. The pilot exhaust port 130 is sealed by the lateral valve element 156
cooperating with the valve seat 164. At the same time, pilot exhaust port 128 1s opened to
exhaust air from the main valve bore 34 édjacent to the left valve head 98 through the short
pilot cylinder port 136 past the lateral valve element 150 and the valve seat 158 and out pilot
exhaust port 128 (Figure 9).

[0037] When the main spool valve member 44 moves to the left, the exhaust passage
38 is sealed as the valve element 120 cooperates with the land 94. Air from the main valve
inlet 28 flows from the main valve bore 34, past valve element 118 and land 92 into the main
cylinder passage 32. At the same time, air from the main ;:ylinder passage 30 flows nto the
main valve bore 34 past valve element 114 and land 88 and 1s exhausted via the exhaust
passage 36.

[0038] The structure of the pilot operated valve assembly10 of the present invention
as described above has distinct advantages over the valves known 1n the related art. More
specifically, the pilot operated valve assembly 10 of the present invention 1s very small and
thin - in one embodiment only 10 mm wide. Thus, it 1s easily employed 1n environments
where space is at a premium. The small size of the pneumatic valve of the present invention
is facilitated by the pilot valve being integrated into the main valve body 12. In turn, this
feature is made possible by the position of the pilot valve bore 122 being disposed within the
main valve member 44 and coaxial to the main valve bore 34. The pilot valve bore 122 and

the main valve bore 34 are connected by very short pilot cylinder ports 136, 138 to direct

14
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fluid flow to and from the main valve bore 34 and immediately adjacent to the opposed valve

heads 98, 100 on the main valve member 44 to cycle the main valve member 44 between
predetermined positions. This structure results in extremely fast response time and high flow
rates through the valve 10.

[0039] Further, because the pilot valve is integrated into the main valve body 12,
various parts including fasteners, gaskets and machining and assembly operations are
eliminated. The integrated pilot operated valve assembly 10 further facilitates th¢ thinness of
the valve because, heretofore, it was difficult to mount a pilot valve to a main valve body
having only, for example, a 10 mm thickness. The pilot operated valve assembly 10 of the
present invention also has impressive flow efficiency and a short stroke. In addition, the
valve assembly 10 of the present invention provides a large flow of fluid therethrough when
the main valve member is in either one of its two operating positions. The short stroke
feature and compactness of the valve provides an efficiently operating valve which can be
actuated by small size, general purpose solenoid assembly 14 with low wattage or high
wattage power consumption.

[0040] The invention has been described in an illustrative manner. It 1s to be
understood that the terminology that has been used is intended to be in the nature of words of
description rather than of limitation. Many modifications and variations of the invention are

possible in light of the above teachings. Therefore, within the scope of the appended claims,

the invention may be practiced other than as specifically described.

15
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WE CLAIM:

1. A pilot operated valve assembly comprising;

a valve body (12) having a pressurized air supply inlet port (28) in communication
with a source of pressurized air, and at least one cylinder passage (30, 32);

a main valve bore (34) extending axially through said valve body (12) to present a
pair of open ends (40, 42), a pair of retainer assemblies (46, 48) threadably received in said
pair of open ends (40, 42) of said main valve body (12) to cldse same wherein each of said
pair of retainer assemblies (46, 48) define an innermost terminal end (70, 82), and a main
valve member (44) defining a spool valve having a pair of opposed annular valve heads (98,
100) disposed at either end of said spool valve, said main valve member (44) movable
between predetermined positions within said main valve bore (34) to selectively direct
pressurized air from said inlet port (28) through said at least one cylinder passage (30, 32);

a pilot valve bore (122) formed within and extending through said main valve
member (44) coaxially relative to said main valve bore (34) to present a pair of open ends
(132, 134) at said pair of opposed valve heads (98, 100), each of said pair of opposed valve
heads (98, 100) defining an outer diameter (100) moveably received in sealing engagement
with said main valve bore (34) and an inner diameter (108) moveably and sealingly disposed
about a corresponding one of said innermost terminal ends (70, 82) of said pair of retainer
assemblies (46, 48);

a pair of short pilot cylinder ports (136, 138) defined in said pair of retainer
assemblies (46, 48) and spaced apart from one another, said pair of short pilot cylinder ports
(136, 138) extending between said main valve bore (34) and said pilot valve bore (122) so as

to provide fluid communication between said main valve bore (34) and said pilot valve bore

(122); and
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a pilot valve member (140) movable between predetermined positions within said

pilot valve bore (122) to selectively direct air from said pilot valve bore (122) through
alternating ones of said pilot cylinder ports (136, 138) to act upon said main valve member

(44) thereby moving said main valve member (44) between said predetermined positions.

\ 2. A pilot operated valve assembly (10) as set forth in claim 1 wherein said main

valve bore (34) and said pilot valve bore (122) are positioned relative to one another such that
the centerline of each of said bores is coincident with respect to each other and parallel to the

longitudinal axis of said valve body.

3. A pilot operated valve assembly as set forth n claim 1 wherein each of said

retainer assemblies (46, 48) presents a plurality of pilot valve seats (150, 160, 162, 164)
adjustably positioned within said pilot valve bore (122) to define the predetermined positions

between which said pilot valve member (140) moves within said pilot valve bore (122).

4. A pilot operated valve assembly (10) as set forth in claim 3 wherein each of
said pair of retainer assemblies (46, 48) includes a pilot valve seat retainer (64, 74) adjustably
disposed within said main valve body (12) and with at least one of said short pilot cylinder

ports (136, 138) defined in each of said pilot valve seat retainers (64, 74).

5. A pilot operated valve assembly (10) as set forth in claim 4 wherein each of
said pilot valve seat retainers (64, 74) presents at least one of said plurality of pilot valve

seats (158, 160, 162, 164).

17
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6. A pilot operated valve assembly (10) as set forth claim 3 wherein said
retainer assembly (48) include a spool stop retainer (50) threadably received within one of
said open ends (42) of said main valve bore (34), said spool stop retainer (50) presenting a
stop shoulder (52) positioned within said main valve bore (34) and defining at least one of

said predetermined positions between which said main valve member (44) moves.

7. A pilot operated valve assembly (10) as set forth in claim 6 wherein said main
valve bore (34) presents an abutment shoulder (54) disposed opposite said stop shoulder (52)
defined by said spool stop retainer (50), said abutment shoulder (54) defining the other one of

said predetermined positions between which said main valve member (44) moves.

8. A pilot operated valve assembly (10) as set forth in claim 6 wherein said spool
stop retainer (50) includes a first threaded bore (60) that defines a portion of said pilot valve
bore (122), said retainer assembly including a spring retamer (62) threadably received within
said first threaded spool stop bore (60) and a biasing member (166) captured between said

spring retainer (62) and said pilot valve member (140).

9. A pilot operated valve assembly (10) as set forth in claim 8 wherein said spool
stop retainer (50) defines a second threaded bore (66), at least one of said pilot valve seat

retainers (64, 74) being threadably received within said second spool stop bore (66).

10. A pilot operated valve assembly (10) as set forth in claim 8 wherein said
retainer assembly includes a solenoid end retainer (46) threadably received within one of said
open ends (40) of said main valve bore (34) and defining an annular passageway (84) which

forms a portion of said pilot valve bore (122), said solenoid end retainer (46) disposed




Bywny, s

Oppos'ite said spring retainer (48) and presenting at least one of said plurality of pilot valve

seats (158, 160, 162, 164).

11. A pilot operated valve assembly as set forth in claim 10 wherein said solenoid
end retainer (46) includes inner and outer solenoid end retaimers (74, 78), said inner and outer
solenoid end retainers (74, 78) threadably received within one of said open ends of said main
valve bore (34) and defining an annular passage way that forms a portion of said pilot valve
bore (122), said inner and outer solenoid end retainers being disposed opposite said spring

retainer (48) and presenting a pair of said plurality of pilot valve seats (158, 160, 162, 164).

12. A pilot operated valve assembly (10) as set forth in claim 1 wherein said valve
body (12) includes at least one pilot exhaust port (128, 130), said pilot valve member (140)
further operable to direct pressurized air from said main valve bore (34) through alternating

ones of said pilot cylinder ports (136, 138) and out said at least one pilot exhaust port (128,

130).

13. A pilot operated valve assembly (10) as set fort in claim 1 wherein said valve
body (12) includes a pair of pilot exhaust ports (128, 130), said pilot valve member (140)
including a poppet valve having an elongated, reduced diameter portion (148) disposed
between two pair of valve elements (150, 152, and 154, 150) located distal to either end of
said poppet valve;

each of said two pair of valve elements including a medial valve (152, 154) and a

lateral valve (150, 156);

| / 7 f
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each of said medial valves (152, 154) controlling the flow of fluid between said pilot
valve bore (122) and said main valve bore (34) through one of said pair of pilot cylinder ports
(136, 138); and

each of said lateral valves (150, 156) controlling the flow of fluid between said main
valve bore (34) and said pilot exhaust ports (128, 130) through one of said pair of pilot

cylinder ports (136, 1338).

14. A pilot operated valve assembly (10) as set forth in claim 1 further including a
biasing member (166) for moving said pilot valve member (140) in one direction and an
electromechanical actuator (14) for moving said pilot valve member (140) in the opposite

direction.

15. A pilot operated valve assembly (10) as set forth in claim 14 wherein said

electromechanical actuator includes a solenoid assembly (14).

16. A pilot operated valve assembly (10) as set forth in claim 15 wherein said
solenoid assembly (14) is mounted to said valve body (12) so as to actuate said pilot valve
member (140) within said pilot valve bore (122) in a direction opposite to said biasing force

of said coiled spring (166).

17. A pilot operated valve assembly (10) as set forth in claim 1 wherein said valve
body (12) includes a pair of cylinder passages (30, 32) and a pair of exhaust passages (36, 38)
each in fluid communication with said main valve bore (34), said main valve bore (34)
including a plurality of lands (88, 90, 92, 94), said main valve member (44) includes a

plurality of valve elements (114, 116, 118, 120) defined between said pair of opposed valve
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heads (98, 100), said valve elements (114, 116, 118, 120) cooperating with said lands (88, 90,

92, 94) to direct fluid from said main valve bore (34) through various ones of said pair of

cylinder passages (30, 32) and said pair of exhaust passages (36, 33).

18. A pilot operated valve assembly (10) as set forth in claim 17 wherein said pilot
cylinder ports (136, 138) communicate with said main valve bore (34) immediately adjacent
said opposed spool valve heads (98, 100) to alternatingly direct fluid pressure against said

valve heads thereby moving said spool valve (44) between said predetermined positions.

21
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