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United States Patent Office 3,450,160 
Patented June 17, 1969 

1. 

3,450,160 
ELECTRICALLY OPERATED WALVE 

Gerald Francis Tess, Warren, Mich., assignor to Sperry 
Rand Corporation, Troy, Mich., a corporation of 
Delaware 

Filed Apr. 14, 1967, Ser. No. 631,088 
nt. C. F.6k 1 1/24 

U.S. C. 137-625.64 12 Clains 

ABSTRACT OF THE DISCLOSURE 
An electrically controlled pilot valve operated direc 

tional control valve and a manifold member, or, an elec 
trically operated directional control valve and a manifold 
member, one on top of another in a sandwich or stack-up 
arrangement having mating surfaces between the pilot 
valve and the directional valve and between the direc 
tional valve and manifold base with fluid conducting 
passages opening to the mating surfaces; each stack-up 
or sandwich arrangement of valving having a single quick 
disconnect electrical connector with a plug and receptacle 
member, preferably of the resilient type, which are both 
remote and elevated with respect to the mating Surfaces 
for connecting the electro-magnetic operating means of 
the pilot valve or directional valve to a source of elec 
trical energy. 

Background of the invention 
The invention is generally concerned with directional 

control valves for use in hydraulic power transmission 
systems of the type wherein an electrically operated di 
rectional control valve (such as by solenoid actuation) 
is mounted in a stack-up arrangement on a manifold base, 
or, wherein a fluid pressure operated directional control 
valve is mounted in a sandwich arrangement between a 
manifold base and an electrically operated pilot valve 
and controlled by the pilot valve. Stack-up and sandwich 
type arrangements of such valves are disclosed in the 
patent to Gardiner No. 2,591,800. 
The invention is more particularly concerned with 

stack-up and sandwich type arrangements of such valves 
having in combination therewith an improved plug and 
socket arrangement for connecting an electrical energiz 
ing source to the electrical operating means of the valve. 

Although plug and socket connections have been 
utilized in stack-up and sandwich arrangements of con 
trol valves, it has been the practice to locate them at 
each pair of mating surfaces in close proximity to the 
flow passages opening to such surfaces, or if remote from 
the flow passages, the arrangement necessitated a plug 
and socket connection for each pair of mating surfaces 
for the units in the sandwich arrangement. In valves of 
the former type using electrically conductive fluid there 
is an electrical shock hazard as well as a fire hazard 
when the valve bodies are separated for disassembly and 
repair due to the close proximity of the electrical con 
nectors and the fluid conducting passages at the mating 
surfaces of the valve bodies. 

In valves of this type, there is also a possibility of 
damage to the electrical connectors when the valve bodies 
are assembled due to a misalignment between the plugs 
and sockets. 

Summary 

The invention provides a single plug and socket con 
nection in a stack-up or sandwich arrangement of valves 
which facilitates the separation of the electrical conduits 
connecting the electrical actuating means to a source of 
electrical energy. The connector which is removed from 
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2 
the mating surfaces of the valve bodies eliminates the 
requirement of a plug and socket connection at each 
mating surface. 
The invention also provides a plug and socket con 

nection of the resilient type for eliminating damage to 
the electrical connection during assembly and disassem 
bly of the stack-up or sandwich type valves. 

It is therefore an object of this invention to provide 
for the removal of the electrical connection from the 
heat and fluid associated with the valve mating surfaces 
for minimizing the possibility of a flash fire or injury 
to persons and to insure reliability by avoiding fluid con 
tamination. 

It is a further object of the invention to provide for 
a simultaneous disconnecting of the hydraulic and elec 
trical conduits with the removal of the pilot valve from 
the directional control valve or by the removal of both 
the pilot valve and directional control valve from a mani 
fold housing. 

It is a further object of the invention to have in a valve 
stack-up or Sandwich arrangement only one electrical 
connector for simplicity and further reliability. 

It is still a further object of the invention to provide 
in a valve stack-up or sandwich arrangement a resilient 
electrical connector to minimize the possibility of damage 
to the same during assembly and disassembly. 

It is also an object of this invention to provide an 
improved directional control valve and pilot valve body 
construction which are readily adapted to low cost manu 
facturing and which are convertible to a multiplicity of 
purposes. 

Further objects and advantages of the present inven 
tion will be apparent from the following description, 
reference being made to the accompanying drawings 
wherein a preferred form of the invention is clearly 
shown. 

In the drawings: 
FIG. 1 is a side elevational view of a double solenoid 

operated pilot valve and a directional control valve 
mounted on a manifold base with a portion broken away 
to show the upper half and lower half of an electrical 
COllectOr. 

FIG. 2 is a front elevational view of the double solenoid 
operated pilot valve, the directional control valve and 
the manifold base shown in FIG. 1. 

FIG. 3 is a sectional view of the upper half, or male 
portion, of the electrical connector shown in the broken 
portion of FIG. 1 taken through two of its prongs on 
the line A-A. 

FIG. 4 is a sectional view of the lower half, or female 
portion, of the electrical connector shown in the broken 
portion of FIG. 1 taken through two of its sockets on 
the line A-A. 

FIG. 5 is a side elevational view of a solenoid operated 
directional control valve and manifold base with a por 
tion broken away to show the upper and lower half of an 
electrical connector. 

FIG. 6 is a front elevational view of the double sole 
noid operated directional control valve and the manifold 
base shown in FIG. 5. 

FIG. 7 is a front elevational view of the double sole 
noid operated pilot valve, the directional control valve, 
and manifold base shown in FIG. 2 with a portion broken 
away to show the operating and fluid conducting means. 

FIG. 8 is a front elevational view of the solenoid op 
erated directional control valve and manifold base shown 
in FIG. 6 with a portion broken away to show the op 
erating and fluid conducting means. 

Referring to FIG. 1 and 2, there is shown a directional 
control valve, indicated generally by the numeral 10, 
upon which is mounted a solenoid operated pilot valve 
12 for controlling the former and which is secured by 
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any suitable fastening means such as screws shown at 13. 
The directional control valve 10 is mounted on a mani 
fold 14, and is secured thereto by any suitable fastening 
means such as screws shown at 15. A housing 16 of the 
directional control valve 10 and a housing 18 of the 
manifold 14 having mating surfaces respectively indicated 
by the numerals 20 and 21, while a housing 22 of the 
pilot valve 12 and the housing 16 of the directional con 
trol valve 10 have mating surfaces respectively indicated 
by the numerals 24 and 25. Attached to the pilot valve 
housing 22 by any Suitable fastening means such as screws 
shown at 27, are solenoid housings 26 and 28. The op 
eration and construction of a similar directional control 
valve and pilot valve is fully described in United States 
Patent No. 2,591,800. 

Referring now to FIG. 7, there is shown the directional 
control valve 10, the housing 16 of which has a longitu 
dinal bore 32 with a pressure responsive operating spool 
34 therein. The bore 32 is provided with spaced apart 
grooves forming a pressure port 36, two tank ports 38 
and a pair of operating ports indicated by the numerals 
40 and 42. The spool 34 is provided with lands 43 and 
45 which are adapted to connect the pressure port 36 
with either operating port 40 or 42. The operating ports 
40 and 42 respectively communicate with passages 44 and 
46 which open to surface 20 of housing 16 where they 
are adapted to register respectively with openings of pas 
Sages 48 and 50 at the mating surface 21 of manifold 
base housing 18 for conducting pressurized fluid to a 
pressure energy translating device (not shown) for use 
by the same. Passageways, through the direction control 
valve 10 and the manifold 14 (not shown) connect the 
tank ports 38 with a reservoir (not shown). 
The pressure port 36 is adapted to be connected to a 

Source of pressurized fluid by means of passages 52 and 
54 in housings 16 and 18, the said passages being adapted 
to register with each other at the mating surface 20 and 
21 of said housings. The valve spool 34 is centered to the 
position shown by means of springs 55 and 57 mounted 
within fluid end chambers 59 and 61. 

Referring now to the pilot valve 12, a solenoid operated 
pilot valve spool 56 is reciprocably mounted in a bore 
58 of housing 22. The spool 56 is provided with a plu 
rality of transverse ports 60 and 62 which communicate 
with a longitudinal bore 64 in said spool. The ports 60 
and 62 and the bore 64 provide means for directing return 
fluid to tank port 38 by passageways (not shown). The 
bore 58 is provided with spaced apart grooves forming a 
pressure port 66 and a pair of operating ports indicated 
by the numerals 68 and 70. The spool lands 71 and 73 
are adapted to connect the pressure port with either pas 
sage 72 or 74 for the purpose of conducting pressure fluid 
to either chamber 59 or 61 in housing 16 at the end of 
the directional valve spool 34 by means of passages 76 
and 78. The passages 72 and 74 are adapted to register 
respectively with passages 76 and 78 at the mating sur 
faces 24 and 25. The pressure port 66 is connected to 
pressure port 36 by means of passages 80 and 82 which 
are adapted to register with each other at the mating 
surfaces 24 and 25. Both ends of the bore 58 are enlarged 
to provide mounting chambers for right and left end 
spring retainers 84 and 86, respectively, springs 88 and 
90 and operating pin guides 92 and 94. Solenoid operated 
push-pins 96 and 98 are slidable, respectively within 
guides 92 and 94 and through spring retainers 84 and 86. 
The pins 96 and 98 are shifted in the conventional man 
ner by suitable solenoids 100 and 102 encased in hous 
ings 26 and 28. 

Depending upon which solenoid is actuated, the move 
ment of the pilot valve spool 56 will allow pressure fluid 
to flow from the pressure port 66 either to operating 
port 68 and passages 72 and 76, or to operating port 70 
and passages 74 and 78 to one end of the directional 
control valve spool 34. The movement of the spool 34 
caused by pressurized fluid in either chamber 59 or 61 
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4 
will allow fluid to flow from the directional control pres 
sure port 36 to one of the directional control valve oper 
ating ports 40 or 42. 

Referring now to FIGS. 1 and 2, there is shown at 
tached to the pilot valve housing 22 by any suitable fast 
ening means such as at 104, a housing 106 encasing an 
upper half, or a male portion 108 of an electrical con 
nector which is indicated generally by the numeral 110. 
Each solenoid requires the conventional two-wire elec 
trical supply, hence a four-prong type of quick disconnect 
electrical connector to be described later may be used. 
The male portion 108 has four electrical conduits, three 
of which are shown and indicated generally by the nu 
meral 112. The conduits lead through a passage 111 in 
housing 106 and a bore 113 (FIG. 7) in the pilot valve 
housing 22 to the solenoids 100 and 102. Two conduits are 
connected to each of the solenoids by any suitable fasten 
ing means such as shown at 114 and 116 in FIG. 7. The 
male portion 108 is adapted to be coupled with a lower 
half, or female portion 118, of the electrical connector 
110 to form an electrical connection. The female portion 
118 is attached to an upper end of a stand-pipe 120 
while the stand-pipe 120 is attached at its opposite end 
to the manifold housing 18 by any suitable fastening 
means such as screws 122 extending through a flange 
123. The female portion 118 of the electrical connector 
110 has four electrical conduits, three of which are shown 
and indicated generally by the numeral 124, which pass 
through the stand-pipe 120 to the manifold housing 18 
and are connected to a conductor 126 therein, which is 
adapted to be connected to a source of electrical energy, 
not shown, for operating the soleonids and may be 
located adjacent to the manifold housing 18. 

Located at the upper end of stand-pipe 120 is a dirt 
barrier 128 which will mate with housing 106 at a loca 
tion indicated generally by the numeral 130, for the pur 
pose of preventing chips and other debris from entering 
the electrical connector assembly 110. 

Referring now to FIG. 3, there is shown the male por 
tion 108 of the electrical connector 110 which comprises 
a housing 132 encasing a resilient material 134 such as a 
synthetic rubber. Partly imbedded in the resilient material 
134 are four electrical pin contacts (only three are shown) 
indicated generally by the numeral 136, which are con 
nected to the electrical conduits 112 by any suitable fasten 
ing means. 

In FIG. 4, there is shown the female portion 118 of 
the electrical connector 110 which comprises a housing 
138 encasing a resilient material 140 which may also be 
of a synthetic rubber. Imbedded in the resilient material 
140 are four electrical receptacle contacts (only three are 
shown) indicated generally by the numeral 142 which 
are connected to the electrical conduits 124 by any suita 
ble means. The pin contacts 136 are adapted to be cou 
pled with receptacle contacts 142 to form an electrical 
connection when the female portion 138 and the male 
portion 08 are joined together while the resilent ma 
terials 134 and 140 will minimize the possibility of 
damage to the pin and receptacle contacts in the event 
there is a minor misalignment in a valve stack-up or 
sandwich arrangement. 

Referring now to FIGS. 5 and 6, there is shown an 
electrically actuated directional control valve indicated 
generally by the numeral 144 which is mounted on a 
manifold 146. A housing 148 of the control valve 144 
and a housing 150 of the manifold 142 have mating sur 
faces which are indicated respectively by the numerals 
152 and 153. Attached to the control valve housing 148 
by any suitable fastening means such as screws shown 
at 158 are solenoid housings 154 and 156. The directional 
valve and manifold housings may be secured together by 
any suitable fastening means such as screws shown at 159. 

Attached to the control valve housing 148, by any suita 
ble fastening means such as screws shown at 161, is a 
housing 160 encasing an upper half, or a male portion 
162, of an electrical connector which is indicated gen 
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erally by the numeral 164. As in the pilot valve afore 
mentioned, each solenoid requires the conventional two 
wire electrical supply, hence, a four prong type of quick 
disconnect electrical connector identical to the electrical 
connector 110 which has been described previously is 
used. 
The male portion 162 has four electrical conduits, 

three of which are shown, indicated generally by the nu 
meral 166 of which two conduits are connected to each 
of the solenoids by any suitable fastening means, such 
as shown at 168 and 170 in FIG. 8. The male portion 
162 is adapted to be coupled with a lower half or a 
female portion 172 of the electrical connector 164 to 
form an electrical connection. The female portion 172 
is attached to an upper end of a stand-pipe 174 while the 
stand-pipe 174 is attached at its opposite end to the mani 
fold housing 150 by any suitable fastening means, such 
as screws 176 extending through a flange 177. The female 
portion 172 of the electrical connector 164 has four elec 
trical conduits (three of which are shown) indicated gen 
erally by the numeral 178 which pass through the stand 
pipe 174 to the manifold housing 150 and are connected 
to a conductor 180 therein which is adapted to be con 
nected to a source of electrical energy, not shown, for 
operating the solenoids and may be located adjacent the 
manifold housing 150. 
Located at the upper end of stand-pipe 174 is a dirt 

barrier 182 which will mate with housing 160 at a loca 
tion indicated generally by the numeral 184, for the pur 
pose of preventing chips and other debris from entering 
the electrical connector assembly 164. 

Referring now to FIG. 8, there is shown the electrical 
ly actuated directional control valve 144 having compo 
nents which are identical to the pilot valve 12 shown in 
FIG. 7 which have been described previously. As shown 
in FIG. 8, the passageways 72 and 74 are adapted to reg 
ister with passageways 186 and 188 at the mating surfaces 
152 and 153 for conducting pressure fluid from the op 
erating ports 68 and 70 in the directional control valve 
144 through the manifold 146 to a pressure energy trans 
lating device (not shown) for use by the same. The pres 
sure port 66 is connected to a source of pressurized fluid 
(not shown) by means of passages 80 and 192, the said 
passages being adapted to register with each other at the 
mating surfaces 152 and 153 of housings 148 and 150 
respectively. 

Depending upon which solenoid is actuated, the move 
ment of the directional control spool 56 will allow pres 
sure fluid to flow from the pressure port 66 either to the 
operating port 68 and the passages 72 and 186, or, to the 
operating port 70 and the passages 74 and 188. 

It will be understood that by the single action of Sep 
arating the pilot valve housing 22 from the directional 
control valve housing 16, or of separating the pilot valve 
housing 22 and the directional control valve housing 16 
from the manifold housing 18 (FIG. 1), or of Separat 
ing the solenoid actuated directional control valve hous 
ing 148 from the manifold housing 146 (FIG. 5), the 
male and female portions of the electrical connector will 
also be disconnected. 

It will be further understood that the electrical con 
nector is both remote, and elevated with respect to the 
mating surfaces of pilot valve housing, the directional con 
trol valve housing, and the manifold housing for minimiz 
ing the possibility of a flash fire or electrical shock to per 
sons caused by the fluid coming into contact with the 
electrical connector. 

It will be further understood that only one electrical 
connection is required irrespective of the number of sole 
noids used in either a stack-up or a sandwich arrange 
ment. 
What is claimed is as follows: 
1. A valve apparatus comprising: 
(A) a housing including a directional control valve 
with pressure responsive operating means therein; 
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6 
(B) a manifold housing having conducting means 
adapted to be connected to a source of electrical 
energy, said manifold housing being releasably en 
gaged with said control valve housing and having pas 
sage means for conducting fluid to and from Said 
valve housing; 

(C) a pilot valve including a housing being releasably 
engaged with said control valve housing having pas 
sages for connection to said operating means and 
having a shiftable valve member for controlling flow 
of fluid to said operating means; 

(D) an encased electrically actuated means for con 
trolling said valve member, said encased actuated 
means being releasably engaged with said pilot valve 
housing; 

(E) a single electrical connector comprising a female 
contact member and a male contact member, said 
contact members being adapted to be coupled to 
form an electrical connection, one of said contact 
members being supported externally upon said pilot 
ivalve housing and connected electrically to said en 
cased actuated means, said electrical connector being 
external to said control valve housing, said contact 
members uncoupling when any of said housings are 
disengaged; and 

(F) an encased electrical conduit connecting the other 
of said contact members to said manifold conduct 
ing means. 

2. A combination as in claim 1 including a plurality of 
encased electrically actuated means for controlling said 
valve member, each of said encased actuated means being 
releasably engaged with said pilot valve housing, the said 
one contact member being connected electrically to all of 
said plurality of encased actuated means. 

3. A combination as in claim 1 wherein said encased 
electrical conduit comprises electrical conductors feeding 
said other electrical contact member and a protective 
cylinder being attached to said manifold at one end and 
releasably engaged to the said one externally supported 
contact member at the opposite end. 

4. A combination as in claim 1 wherein said housings 
have mating surfaces with flow passages opening thereto 
adapted to register with each other, and said mating sur 
faces being remote from said electrical connector. 

5. A combination as in claim 3, including a plurality 
of encased electrically actuated means for controlling said 
valve member, each of said encased actuated means being 
releasably engaged with said pilot valve housing, the said 
on contact member being connected electrically to all of 
said plurality of encased actuated means. 

6. A combination as in claim 1 wherein said pilot valve 
housing includes a protective boss, said boss being adapted 
to accommodate said supported contact member. 

7. A combination as in claim 4 wherein said electrical 
connector is elevated with respect to said mating surfaces. 

8. A combination as in claim 5 wherein said housings 
have mating surfaces with flow passages opening thereto 
and adapted to register with each other, said electrical 
connector being remote from and elevated with respect to 
said mating surfaces. 

9. A combination as in claim 1 wherein: 
(A) said female contact member comprises: 

(1) a resilient socket with a plurality of bores 
therein; 

(2) a conductive receptable within each of said 
bores; and 

(B) said male contact member comprises a resilient 
plug member with a plurality of conductive pins 
thereon, said pins and said receptacles being adapted 
to be coupled to form an electrical connection. 

10. An electrically actuated valve comprising: 
(A) a housing having a valve member shiftably 
mounted therein; 

(B) a plurality of encased electrically actuated means 
for controlling said valve member, said encased ac 
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tuated means being releasably engaged with said trical connector being remote from and elevated with re 
valve housing; spect to said mating surfaces. 

(C) a manifold housing having conducting means 12. A combination as in claim 10 wherein: 
adapted to be connected to a source of electrical (A) said female contact member comprises: 
energy, said housing being releasably engaged with 5 (1) a resilient socket with a plurality of bores 
said valve housing and having passage means for therein; 
conducting fluid to and from said valve; (2) a conductive receptacle within each of said 

(D) a single electrical connector comprising a female bores; and 
contact member and a male contact member, Said (B) said male contact member comprises a resilient 
contact members being adapted to be coupled to form 10 plug member with a plurality of conductive pins 
an electrical connection one of Said contact mem- thereon, said pins and said receptacles being adapted 
bers being supported upon said valve housing and to be coupled to form an electrical connection. 
connected electrically to all of said encased actuated 
means, the other of said contact members being dis- References Cited 
posed upon said manifold housing and connected to 15 UNITED STATES PATENTS 
said conducting means, said electrical connector be- 2,591,800 4/1952 Gardiner --------- 137-625.63 
ing external to said valve housing, said contact mem- 3,126,915 3/1964 Hunt -------- 137-625.64 XR 
bers uncoupling when the valve housing and the 3,267,965 8/1966 Kroffke ---------- 137-625.64 
manifold housing are disengaged. 3,318,332 5/1967 Lansky et al. -- 137-596.16 XR 

11. A combination as in claim 10 wherein said hous- 0 
ings have mating surfaces with flow passages opening M. CARY NELSON, Primary Examiner. 
thereto and adapted to register with each other, said elec- R. J. MILLER, Assistant Examiner. 


