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This invention relates generally to valve assemblies 
with a liquid-sealed electrical plug connection and re 
lates specifically to a novel electrical plug connection 
for use in a solenoid operated valve removably mounted 
upon a sub-plate. 

Heretofore, in order to facilitate quick and easy dis 
assembly of a solenoid operated valve mechanism from 
a sub-plate for repair or replacement, it has been pro 
posed to provide a first electrical plug or terminal means 
at the mating surfaces between the valve casing sec 
tion and the sub-plate so that upon installation of the 
valve or upon separation of the valve from the sub 
plate, there would be provided simultaneous quick dis 
connection of the electrical circuit and the fluid circuit, 
and a second terminal means between the mating Sur 
faces of the pilot valve housing and the main valve 
housing at the mating surfaces thereof so that the pilot 
valve housing could be likewise quickly replaced. This 
structure requires two male-female terminal means and 
also electrical wiring leading through the main valve 
body to interconnect the terminal means so that the 
solenoid may be energized by a source connected to 
the terminal means in the sub-plate. 

It is the object of the present invention to provide in 
a solenoid operated pilot valve device mounted upon a 
sub-plate, a novel liquid sealed electrical plug assembly 
utilizing only one male-female plug assembly while per 
mitting quick and easy installation and removal of the 
solenoid operated pilot valve from the main valve and 
at the same time provide for quick and easy installation 
and removal of both the main valve and the pilot valve 
from the sub-plate, without disturbing the pipe and 
electrical conduit connections to the sub-plate as wired 
and piped into the system. 

In the present invention, the above object is achieved 
by removably disposing the ported main spool type valve 
upon a correspondingly ported sub-plate in conventional 
fashion so that the spool member of the valve moves 
axially parallel to the mating surfaces of the sub-plate 
and the spool valve body, and removably attaching the 
solenoid operated pilot valve and its housing to one 
end of the spool valve so that the valve member of the 
pilot valve is also adapted for movement parallel to the 
mating surfaces of the spool valve body and the sub-plate. 
This arrangement of the main spool valve and the pilot 
valve provides for lateral attachment and removal of the 
solenoid, in its separate housing, with respect to the pilot 
valve housing, in a direction axially of the spool valve 
body and the pilot valve body, the armature of the sole 
noid being thus coaxially disposed with respect to the 
pilot valve member. A junction box is laterally disposed 
upon the sub-plate and includes an upper surface mating 
with the lower surface of the solenoid housing when the 
solenoid housing is disposed upon the pilot valve housing. 
A female terminal is disposed within the junction box for 
connection with a source of electrical supply, and is 
positioned in a bore in the upper surface of the junction. 
box facing the solenoid housing to receive the prongs of 
a male terminal disposed in a raceway in the lower sur 
face of the solenoid housing and connected by appropriate 
wiring to the solenoid. Shoulder means are provided 
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upon the male terminal for engagement with correspond 
ing groove means in the raceway so that upward move 
ment of the solenoid housing away from the junction box, 
as occurs when the main valve is removed from the 
Sub-plate carrying the pilot valve housing and solenoid 
housing with it, also carries the male plug with the sole 
noid housing effecting an electrical disconnection at the 
same time the fluid passageways and ports are discon 
nected in the main valve housing and the sub-plate. In 
the event it is desired to replace only the solenoid for 
the pilot valve, or both, removal of the solenoid housing 
and the solenoid as a unit may occur in the lateral direc 
tion with respect to the main valve, as above described, 
whereupon the male terminal is exposed still connected 
to the female terminal and facilitating easy manual dis 
connection of the old solenoid from the female plug and 
installation of a new solenoid by reversing the procedure. 

These and other objects of the invention will become 
more apparent when taken in conjunction with the fol 
lowing detailed description and in conjunction with the 
drawings, in which: 
FiG. 1 is a fragmentary view, taken partly in section, 

of a solenoid operated valve mounted on a sub-plate and 
showing the invention; 
FIG. 2 is an end elevational view, taken partly in 

section, of the valve assembly of FIG. 1; and 
F.G. 3 is a perspective view of the solenoid and sole 

noid housing of FIGS. 1 and 2. 
Referring now to the drawing and particularly to FIG. 

1 thereof, there is shown a valve assembly generally in 
dicated at 0 and comprising a sub-plate generally in 
dicated at 11, a pool valve device generally indicated 
at 12 and mounted upon the sub-plate 11, a pilot valve 
device generally indicated at 13 and laterally disposed 
upon the spool valve device 12, a solenoid device generally 
indicated at 14 and disposed upon the pilot valve device 
13, an electrical junction box generally indicated at 15 
and disposed upon the sub-plate 11, and an electrical 
terminal assembly generally indicated at 16 for removably 
connecting the solenoid device 14 through the junction 
box 15 to a source of supply, not shown. 
The sub-plate 11 comprises substantially a rectangular 

body 17 ported on the front for connection to a fluid 
Supply and to a pair of exhaust channels, one exhaust 
port 18 being disclosed in the drawing, the supply port 
(not shown) and the other exhaust port (not shown) 
being spaced along the sub-plate laterally of the exhaust 
port i8 in a conventional manner. The sub-plate body 
17 is internally ported, as at 19, to connect each of the 
external ports to the top face 20 of the sub-plate where, 
as hereinafter described, these ports are connected to 
mating ports in the valve assembly 12. Delivery ports 
(not shown) are disposed in the opposite side of the valve 
body in conventional four-way valve manner for con 
nection through internal porting to the top surface 20 of 
the Sub-plate 11 for connection to mating ports in the 
valve assembly 12. 
The valve assembly 12 comprises a substantially rec 

tangular-shaped hollow body 2 having a flat bottom sur 
face 22 disposed in mating engagement with the herein 
before-described upper flat face 20 of the sub-plate 11. 
In order to provide fluid communication between the sub 
plate 11 and the valve 12 there are provided a plurality 
of ports 23, only one being shown, extending through 
the body 21 at the bottom face in mating relationship 
with the hereinbefore-described ports 19 in the sub-plate. 
The ports are disposed in corresponding relationship by 
means of locating pins (not shown) on the face 20 of 
sub-plate 11. The valve body 12 is detachably disposed 
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on sub-plate 11 by any suitable means, such as bolts, 
not shown. 

Disposed concentrically within the valve body 2 is a 
sleeve means 24 within which is disposed for axial move 
ment therein a spool valve member 25 having disposed 
on each end thereof a sleeve member 26 in engagement 
with the sleeve 24 for slidably supporting the spool valve 
member 25 within the sleeve 24, whereby the sleeve 26 
on spool valve member 25 cooperates with spool member 
25 to comprise a piston for effecting axial movement of 
the spool valve within the body 21 in response to varia 
tions in fluid pressure against the piston, as hereinafter 
described. A spring assembly 27 is provided within the 
body 21 for biasing the spool valve member 25 to a neu 
tral position. As the spool valve member is moved from 
one position to another within the body 21 in response 
to changes in fluid pressure upon the spool member 25 
and sleeve 26, various ones of the ports 23 are open or 
closed in well-known fashion to provide exhaust or de 
livery of fluid pressure through the valve 12. Accord 
ingly, a more detailed description of the operation of the 
valve i2 is not deemed to be necessary. 
The details of the pilot valve mechanism 13 are not 

pertinent and, accordingly, the following description 
thereof is limited to the broader aspects thereof only as 
the pilot valve mechanism relates to the combination 
thereof with the main valve 2 and the solenoid device 14. 
The pilot valve mechanism 13 comprises a substantially 

rectangular body 28 laterally attached in abutting rela 
tionship by any suitable mechanism, as by bolts (not 
shown), to the end of the valve body 21 of main valve 
12. The body 28 includes a recess 29 at one end enclos 
ing the end portion of the sleeve 24 of the valve 12 and 
also includes at the other end a stepped recess 30 for 
receiving the various elements of the pilot valve mecha 
nism, as hereinafter described. A pilot valve member 
3 is disposed for reciprocable movement in the recess 
30 and is biased by a spring member 32 into engagement 
with an annular valve seat member 33 removably dis 
posed in said recess 30 in tandem coaxial relationship 
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with the valve member 31. A plug member 34, centrally 
apertured at 35, is disposed in the recess 30 in abutting 
relationship with the valve seat member 33. An apertured 
plate 36 is attached to the end of the body 28 as by screws 
(not shown) to removably hold the valve member 31, 
valve seat member 33 and plug 34 in the above-described 
relative positions within recess 30. A fluid supply pas 
Sage 37 is provided in the body 28 having one end abut 
ting and in communication with a fluid supply passage 
38 in the valve body 21, and having the other end con 
nected to recess 30 on the same side of valve seat 33 as 
the spring 32. The supply passage 38 is connected in 
a manner not shown to the supply port (not shown) in 
the sub-plate it. A delivery passage 39 is provided 
within the body 28 having one end connected to the recess 
30 on the opposite side of the valve seat 33, and having 
the other end connected through an aperture 40 in the 
sleeve member 24 to provide fluid within the sleeve mem 
ber 24 to apply pressure to the end of the spool valve 
25, in the manner above described, to move the spool 
valve to the right when valve member 31 is moved to 
the right against the bias of spring 32 to permit fluid 
Supply from passage 37 around valve member 31 to deliv 
ery passage 39. 
The solenoid operator 14 for operating the pilot valve 

13 comprises a substantially rectangular body or housing 
member 41 which is laterally attached to the pilot valve 
housing 28 as by bolts 42 (FIG. 2), the housing being 
hollow and open at one end toward the pilot valve 13 to 
receive therein a spool wound electrical coil 43. The 
armature (not shown) of the coil 43 is disposed recipro 
cably within the coil 43 in conventional manner and is 
coaxially attached to a hollow plunger 44 which extends 
through aperture 35 in the plug member 34 of the pilot 
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4. 
valve 13 to engage and open the valve member 31 with 
respect to the valve seat 33 when the solenoid coil 42 is 
electrically energized. In the deenergized position the 
hollow plunger 44 is disposed in the position shown in 
FIG. 1 to provide exhaust from delivery passage 39 
through the hollow plunger to atmosphere through an 
appropriate aperture (not shown) in the housing 41. The 
solenoid coil 43 may be removably retained in the hous 
ing 45 by any suitable means such as a bayonet type fit 
ting (not shown) whereby the coil 43 may be locked 
within the housing 45 by a one-eighth turn after insertion 
therein. 
The junction box 15 comprises a rectangular hollow 

member laterally attached at one end to the sub-plate 11 
as by Screws 45, the upper face 46 lying in a plane com 
mon with the plane of the upper surface 20 of the sub 
plate, the lower surface of solenoid housing 41, and the 
lower surface 22 of valve body 21. An aperture 47 is 
provided in one side of the box 15 for receiving a stand 
ard electrical conduit (not shown) for carrying wires 
leading to a source of supply (not shown). 
The terminal means 16 comprises a male terminal 49 

electrically connected by wires 50 to the coil 43, and a 
female terminal 51 connected by wires 52 leading out 
through the conduit aperture 47. The male terminal 16 
is rectangular and is retained in the housing 4 by means 
of a flange 53 which slidably fits into a corresponding 
groove 54 disposed on the surface of a U-shaped cutout 
or raceway 55 having parallel leg portions 56 and a bight 
portion 57 connecting the legs and disposed in the lower 
face of Solenoid housing 41, as best seen in FIG. 3. 
The raceway 55 is disposed to one side of the housing 

41, as shown in FIGS. 2 and 3, so that the terminal 49 
will fit within the housing 41 in the space between the 
coil 43 and the inside wall of the housing 41. The legs 
56 are disposed perpendicularly to the open end of hous 
ing 41 and extend inwardly of the open end thereof to 
provide for full length insertion of the plug therein so 
that the ends of the plug, when so inserted, is flush with 
the open end of the housing 41, as best seen in FIG. 1. 
The raceway 55 permits attachment and removal of the 
housing 41 with respect to the pilot valve housing 28 in 
a direction axially of the valve member 31 while the ter 
minal 49 remains fixed in position within the female 
terminal 51, as hereinafter described. When housing 41 
is attached to housing 28 in FIG. 1, the flange 53 disposed 
in groove 54 carries the terminal 49 therewith when the 
entire valve assembly 12 and 13 is separated from the sub 
plate 11, thus effecting a disconnection of terminals 49 
and 50 simultaneously with the disconnection of the 
previously described fluid connection between the valve 
12 and the sub-plate 1. 
The female terminal 51 is substantially the same size 

and shape as the above-described male terminal 49, and 
is removably disposed within a bore 58 in the upper sur 
face 45 of junction box. 15. A flange 59 is provided on 
the terminal 51 for disposition in a counterbore 60 in 
junction box 15 to prevent the terminal 51 from falling 
Within junction box 5. The flange 59, as is the entire 
terminal, is preferably composed of a resilient rubber 
like substance, the flange projecting slightly above the 
upper Surface of the junction box 15 so that when the 
housing 41 is attached to valve housing 28, the housing 
41 presses downwardly thereon to compress the flange 
59 to provide a seal between housing 41 and junction 
box 15. A Second groove 61 is disposed on the internal 
Wall of the raceway 55, parallel with the first-mentioned 
groove 54 to provide clearance between the junction of 
the male and female terminals for the purpose of mini 
mizing damage to the housing 41 which could be caused 
at the terminals during connection and disconnection thereof. 
From the foregoing, it will be seen that if for any 

reason the main valve 2 should malfunction, the entire 
valve assembly 12, 13 and 14 may be removed from the   
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sub-plate by removing the mounting screws (not shown) 
and withdrawing the valve from the sub-plate 11 in an 
upward direction. This construction provides a quick 
change feature particularly useful when the cause of 
valve malfunctioning is not apparent or it is not desirable 
to repair the valve at the installation. 

If the main valve 2 should malfunction due to a 
faulty coil, as in the case of a solenoid pilot operated valve 
as above described, the entire valve may be replaced as 
above, or, if desired, the coil 43 may be replaced while 
the main valve 12 remains in place upon the sub-plate 
11. In this event, the screws 42 are loosened and the coil 
housing 4 is withdrawn in the lateral direction with 
respect to the valves 12 and 13. The terminal 49 is re 
tained in place due to its engagement with the female ter 
minal 5 located within the junction box, as above de 
scribed. Solenoid 43, retained in coil housing 40, is then 
removed by rotating the coil 43 approximately one-eighth 
turn and withdrawing it from the housing. Replacement 
of the new coil follows in the reverse order of the above 
described removal procedure. If desired, after removal 
of the Solenoid housing 41, the internal mechanisms of 
the pilot valve 3 may be replaced in an obvious fashion. 

Having now described the invention, what I claim as 
new and desire to secure by Letters Patent, is: 

1. A valve assembly comprising in combination: 
(a) a plurality of separable casing sections releasably 

Securable together at cooperatively abutting mating 
faces formed respectively thereon, 

(b) a Solenoid in one of said casing sections for actu 
ating valve means in a second one of said casing 
sections, and 

(c) means for establishing an electrical connection be 
tween a third one of said casing sections and said 
one casing section whereby to connect said solenoid 
to a source of current incidental to the assembly of 
said casing sections, said means comprising: 

(i) a first terminal element having terminals con 
nected to said solenoid and a flange slidably in 
Sertable in an aperture through an open side 
of said aperture, said aperture being in the mat 
ing face of said one casing section that abuts 
with a mating face of said third casing section 
and said open side coinciding with the mating 
face of said one casing section that abuts a mat 
ing face of said second casing section, 

(ii) a second terminal element having terminals 
respectively connected by wires to a source of 
current and secured in said third casing section 
at the mating face thereof that abuts with a 
mating face of said one casing section, 

(iii) said first and second terminal elements being 
movable coaxially into or out of cooperative 
connection upon assembly and disassembly, re 
spectively, of said one and said third casing sec 
tions, and said one casing section being remov 
able without separation of said terminal ele 
ments by lateral slidable action of said one cas 
ing section with respect to said first terminal 
element. 

2. A valve assembly as claimed in claim 1, further 
characterized in that first terminal comprises a male ter 
minal and said second terminal comprises a female ter 
minal. 

3. A valve assembly as claimed in claim 1, further 
characterized in that one of said first and second terminal 
elements includes a resilient flange disposed in a bore 
opening at the mating face of the casing section corre 
sponding to said one of said first and second terminals, 
which flange is compressible to effect a seal between said 
mating faces of said one and said third casing sections 
when said one and said third casing sections are secured 
together. 

4. A valve assembly as claimed in claim 3, further 
characterized in that said first terminal comprises a male 
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6 
terminal, said second terminal comprises a female ter 
minal, and said flange is disposed on said female terminal. 

5. A valve assembly comprising: 
(a) a valve apparatus including a fluid valve mecha 
nism disposed in a housing, 

(b) a solenoid for operating said valve mechanism 
and releasably attached in a housing releasably con 
nected in abutting relationship with said valve mech 
anism housing at mating portions of said housings, 

(c) a base means supporting said housings and re 
leasably engaged therewith at predetermined planar 
mating portions of each of said housings and said 
base, 

(d) fluid passage means in said valve apparatus hous 
ing and said base means communicating at said mat 
ing portions thereof for communicating the passages 
in said base with said valve mechanism, 

(e) said valve mechanism including a valve member 
and associated valve seat disposed adjacent said mat 
ing area of said housings, said valve member mov 
able with respect to said valve seat along an axis 
intersecting said housings mating area and parallel 
to the plane of the mating area between said solenoid 
housing and said base, 

(f) said solenoid including an electrically responsive 
coil having a core disposed coaxially with said axis, 

(g) means extending through said mating area of said 
housings and coaxially disposed with said core and 
said valve member to effect movement of said valve 
member in response to electrical energization of said 
coil, and 

(h) means for connecting said solenoid to a power 
source, comprising: 

(i) a first terminal connected by wiring to said 
Solenoid, said wiring being disposed within said 
solenoid housing and being extensible to permit 
disposition of said terminal outside of said hous 
1Ilg, 

(ii) a second terminal releasably connected to 
said first terminal and adapted for connection 
to a power source, 

(iii) said second terminal disposed in an aperture 
in the mating portion in said base, 

(iv) said first terminal being disposed in an aper 
ture in said mating portion of said solenoid 
housing in electrical contact with said first ter 
minal, 

(v) said aperture in said solenoid housing having 
an open end at the mating area between the 
housings for slidably releasing said first termi 
nal means when the solenoid housing is released 
and separated from said valve mechanism hous 
ing in a direction axially of said axis, 

(vi) a cooperating means on said first terminal 
and on the housing at said aperture to hold said 
first terminal in said aperture upon the appli 
cation of force to said terminal in a direction 
other than toward the open end of said aperture 
whereby installation and removal of the sole 
noid housing and valve apparatus housing as a 
unit with respect to said base will provide a 
simultaneous connection and disconnection, re 
Spectively, of said terminals and said fluid pas 
Sages. 

6. The apparatus of claim 5 in which said base com 
prises a sub-plate and a junction box laterally attached, 
said sub-plate Supporting said valve apparatus housing 
and said junction box supporting said solenoid housing, 
said junction box including said second terminal. 

7. The valve apparatus of claim 5 in which said co 
(operating means comprises a shoulder means on said first 
terminal and a corresponding mating groove means in the 
wall of said aperture in the solenoid housing. 

8. The valve apparatus of claim 7 in which said aper 
ture in said base comprises a bore and counterbore, the 
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latter disposed adjacent the surface of said mating por 
tion of the base, said second terminal including a shoul 
der thereon releasably disposed in said counterbore. 

9. The apparatus of claim 8 in which said shoulder 
is comprised of resilient material and is thicker than the 
depth of said counterbore for effecting a seal between the 
solenoid housing and the base when the solenoid housing 
and base are engaged at said mating portion. 
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