1 581 789

10

15

20

25

30

35

40 -

45

PATENT SPECIFICATION

(22) Filed 15 Sep. 1977 (
(31) Convention Application No. 734716 (32) Filed 22 Oct. 1976 in

(21) Application No. 38471/77

(33) United States of America (US)

(44) Complete Specification Published 17 Dec. ‘198(?)

(51) INT.CL.*>*  FI5B 21/00

(52) Index at Acceptance
F1P 10X 13
F2v D3

(54) MODULAR CONTROL VALVE ‘

(71) We, MODULAR CONTROLS
CORPORATION, a Corporation organised
and existing under the laws of the State of
Illinois, United States of America, located
at 742 North Princeton Avenue, Villa Park,
Illinois 60181, United Stated of America, do
hereby declare the invention for which we
pray that a patent may be granted to us, and
the method by which it is to be performed,
to be:particularly described in and by the
following statement:-,

This. invention relates generally to-hyd-
raulic valves and more particularly concerns
multi-function hydraulic manifold valves
which can be assembled: at low cost from a
selection of parts to perform a wide variety
of different functions. .

A manufacturer of modern, complex in-
dustrial devices often requires the use of
correspondingly complex hydraulic systems.
For example, modern hoisting cranes often
utilize hydraulic systems which extend crane
boom elements’ in a given sequence to
provide maximum boom support. This se-
quencing action requires a complex hyd-
raulic system and correspondingly complex
hydraulic valving. In other areas, the steer-
ing gear for crawler tractors and the like can
also require complex hydraulic systems.

Accordingly, modern hydraulic system
engineering -makes extensive use of multi-
function hydraulic valves which can provide
a number of hydraulic system actions, some-
times in a sequential order. The market for
such valvés encourages the design of valves
which are inexpensive in offered cost, yet
reliable and rugged in operation and inex-
pensive to maintain. .

‘Recently, modular control valves assem-
bled from interchangeable components have
met with great commercial success. These
valves permit the valve manufacturer and
user to obtain a wide variety of valve
capabilities yet the assembled valves them-
selves are of relatively low cost and com-

pact, reliable design. . ,
It is the general object of the present
invention to provide .a multi-function hyd-
raulic manifold valve in which the valve
manifold can accommodate a variety of
individual valve cartridges or elements to
provide a wide variety of valve function
sequences. ’ e
It is a more specific object of the inven-
tion to provide such a manifold valve in
which a number of valve cartridges’ or
elements can be interchangeably secured
within and upon any given cavity to corrés-
pondingly change the total valve function.
Another specific object is to provide a
valve manifold in which the cavity can be
formed in a standardized manner to accom-
modate a relatively wide variety of valve
cartridges or elements. ’ '
Yet another object is to provide a valve
manifold in which a two-step valve cavity
can be easily and inexpensively extended to
accommodate a three-step or four-step
valve cartridge element. .
A further object is to provide a valve
manifold which can be manufactured by
relatively standardized manufacturing tech--
niques. An associated object i§ to provide
such a valve manifold which can be finished
at relatively low cost and offered at a
correspondingly attractive commercial price.
According to the present invention, there
is provided a modular hydraulic valye,
comprising a valve manifold defining a
plurality of valve cartridge-accepting cavi-
ties, and ‘a plurality of valve elements
adapted to be secured at least partly within
the cavities, each cavity being defined by a
plurality of concentric, axially adjacent
steps of decreasing diameters extending
inwardly of the manifold surface, at least
one such cavity having a different number. of
steps than another cavity, the outermost
step diameter of said one cavity being sub-
stantially identical with the outermost step
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diameter of said other cavity having a
differing number of steps.

The invention will now be described, by
way of example, with reference to the
accompanying drawings, wherein: like re-
ference numerals refer to like parts, and in
which:

Figure 1 is a perspective view showing, in
its general aspect, a multi-function hydraulic
manifold valve embodying the present in-
vention;

Figure 2 is a fragmentary view of a typical
valve cartridge as it appears when installed
in and upon a typical valve cartridge-
accepting cavity;

Figure 3 is a fragmentary sectional view
simialr to Figure 2 and showing a two-step
valve cartridge-accepting cavity con-
structed in accordance with the prior art;

Figure 4 is a fragmentary sectional view
similar to Figure 3 and showing a three-step
valve cartridge-accepting cavity constructed
according to the prior art;

Figure 5 is a fragmentary sectional view
similar to Figures 3 and 4 and showing a
four-step cartridge-accepting cavity con-
structed according to the prior art;

Figure 6 is a fragmentary sectional view
similar to Figure 3 showing a two-step valve
cartridge-accepting cavity constructed in
accordance with the present invention;

Figure 7 is a fragmentary sectional view
similar to Figure 6 and showing a three-step
valve cartridge-accepting cavity constructed
in accordance with the present invention;
and

Figure 8 is a fragmentary sectional view
similar to Figures 6 and 7 showing a four-
step valve cartridge-accepting cavity con-
structed in accordance with the present
invention.

While the invention will be described in
connection with a preferred embodiment, it
will be understood that it is not intended to
limit the invention to this embodiment. On
the contrary. it is intended to cover all
alternatives. modifications, and equivalents
as may be included within the scope of the
invention as defined by the appended
claims.

Turning first to Figure 1, there is shown a
modular, multi-function hydraulic manifold
valve 10. In general, this manifold valve 10
can be considered to include a manifold 11,
which can be constructed from a block of
steel, aluminum or similar material. Within
and upon this manifold 11 are installed a
number of valve cartridges 12, 13, 14, and
15. It will be understood that each cartridge
can act as a separate valve element: for
example, the cartridge 12 can be electrically
actuated solenoid valve cartridges: the car-
tridges 13 can be pressure solenoid valve
cartridges; the cartridges 13 can be pressure
compensator valve cartridges of various

types, and the cartridges 14 and 15 can be
adjustable relief valve cartridges. Other
valve cartridges of appropriate design can
be offered, including by way of example
needle valve flow limiting device cartridges,
manual rotary valve cartridges, sequencing
valve cartridges, priority flow regulator car-
tridges, check valve cartridges, shuttle valve
cartridges and others.

By properly selecting these valve car-
tridges and interconnecting the various car-
tridges and corresponding cartridge-
accepting cavities within the manifold block
10, a hydraulic valve can be provided to
control or operate a hydraulic system of
relatively great complexity. This cartridge
interconnection can be provided by passage-
ways 16 drilled or otherwise formed within
the manifold 11. If desired, the passages 16
can be tapped to form threads 17 for
connecting hoses or other conduits leading
to other valves or system components.

In Figure 2, a typical valve cartridge 12 of
the solenoid type and the accompanying

valve cartridge cavity 20 are illustrated.

Here, the cartridge 12 is provided with a leg
21 including two valve steps 22 and 23.
When a valve solenoid head 24 is actuated, a
valve spool (not shown) operates to admit
or halt hydraulic fluid flow through ports 25,
and thereby correspondingly halts or admits
fluid flow to the passages 16 formed within
the manifold body 11. O-rings 26 isolate the
various valve steps 22 and 23 from one
another within the cavity 20 for proper
operation.

Reference to Figures 3-8 inclusive show
that these valve manifold cavities comprise a
number of axially aligned and adjacent
bores or steps of decreasing diameters. For
use with the two-step valve cartridges such
as that shown in Figure 2, a corresponding
two-step cavity such as shown in Figures 3
and 6 can be provided. For three-step
cartridges, three step cavities (Figures 4 and
7) are used: for four-step cartridges, four-
step cavities (Figures 5 and 8) are used.
Regardless of the cavity form or arrange-
ment, a cavity mouth 27 and counter-sunk
platform 28 are provided at the cavity edge
29 for proper cartridge mounting.

In accordance with the prior art illus-
trated in Figures 3-5 collectively, the inner-
most cavity step 31 was always defined by a
given internal diameter A. Corresponding-
ly, the next innermost cavity step 32 was
always defined by a somewhat larger inter-
nal diameter B. If the cavity 20 was of the
three-step or four-step variety, the internal
diameter C, and the fourth innermost cavity
step 34 are always provided with a yet larger
internal diameter D.

While providing proper valve cartridge
operation, it will be noted that the max-
imum internal diameter of each cavity 20
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varied according to the number of steps
formed therein. For example, the two step
cavity 20 shown in Figure 3 was provided
with a cavity 32 adjacent the manifold
surface 39 which had a maximum internal
diameter B. For a three-step cavity, the
cavity 33 adjacent the manifold edge 39
utilized a maximum diameter C; in a four-
step cavity that cavity 34 adjacent the
manifold 39 utilized a maximum diameter
D.

In accordance with the present invention,
valve cavity 40 manufacturing costs can be
reduced and valve element interchangeabil-
ity can be assisted by providing an out-
ermost valve cavity step 41 having maximum
internal diameter W, regardless of whether
a two-step, three-step, or four-step valve
cavity is formed, as illustrated in Figures 6, 7
and 8, respectively. Similarly, immediately
adjacent the first cavity step 41, a second
outermost cavity step 42 having a maximum
internal diameter X is formed. If a third
outermost step 43 is required, this step can
be easily formed axially inwardly of the first
two steps 41 and 42. Whether a three-step
cavity such as shown in Figure 7 is required,
or a four-step cavity such as shown in Figure
8 is required, this third step 43 is formed to a
maximum internal diameter Y. To provide
maximum interchangeability of valve car-
tridges and maximum ease of cavity produc-
tion, the third step 43 of all three-step valve
cartridge-accepting cavities such as that
shown in Figure 7, and all four-step cavities
as shown in Figure 8 will be provided with
this maximum internal diameter Y. Corres-
pondingly, if a fourth step 44 is required,
this step can be easily formed below or
relatively axially inwardly of the first three-
steps 41-43, and is provided with a max-
imum internal diameter Z.

In accordance with another aspect of the

invention, it will be understood that the

two-step valve cartridge cavity such as that
illustrated in Figure 6 can be relatively easily
and quickly converted to either a three-step
cavity such as - shown in Figure 7 or a
four-step cavity such as that shown in'Figure
8. To make such conversions, it is only
necessary to form a third step 43 and any
four step 44 required; no alteration of the

" diameters W and X or other dimensions of

the first two steps 41 and 42 are required, as
is necessary in the prior art, and as can be
envisioned from Figures 3-5.

It will also be noted that. if desired,
two-step valve cartridges can be inserted 1n
either three-step or four-step valve cavities
and will properly operate with little or no
alteration of internal valve cartridge struc-
ture. ‘Again, such valve insertion cannot be
made in the prior art valve cavity structure
illustrated in Figures 3, 4 and 5. This
arrangement permits relatively quick altera-

tion of valve cartridges within the corres-
ponding cavities, and permits a correspond-
ing change in the overall function of the
total multi-function hydraulic manifold
valve at minimum total cost.

WHAT WE CLAIM IS:-

1. A modular hydraulic valve, compris-
ing a valve manifold defining a plurality of
valve cartridge-accepting cavities, and a
plurality of valve elements adapted to be
secured at least partly within the cavities,
each cavity being defined by a plurality of
concentric, axially adjacent steps of decreas-
ing diameters extending inwardly of the
manifold surface, at least one such cavity
having a different number of steps than
another cavity, the outermost step diameter
of said one cavity being substantialy identic-
al with the outermost step diameter of said
other cavity having a differing number of
steps.

2. A modular hydraulic valve according
to Claim 1 wherein said outermost step
diameter of said one cavity is substantially
identical with the outermost step diameter

of more than one other cavity each having a -

different number of steps than said one
cavity.

3. A modular hydraulic valve according
to Claim 1 wherein said outermost step
diameter of said one cavity is substantially
identical with the outermost step diameter
of all other valve cavities having a different
number of steps than said one cavity within
said valve manifold.

4. A modular hydraulic valve according
to Claim 1 including a second outermost
step diameter defined in one cavity, said
second outermost step diameter being sub-
stantially identical with a second outermost
step diameter of at least one -other cavity
having at least two steps, but a different
number of steps than said one cavity.

5. A modular hydraulic valve according
to Claim 4 wherein said second outermost
step diameter of one cavity is substantially
identical with the second outermost step
diameter of a plurality of other cavities each
having at least two steps, but a different
number of steps than said one cavity.

6. A modular hydraulic valve according
to Claim 4 wherein the second outermost
step diameter of one cavity is substantially
identical with the second outermost step
diameter of all other valve cavities having a
different number of steps than said one
cavity within said valve manifold.

7. A modular hydraulic valve according
to Claim 1 including a third outermost step
diameter defined in said one cavity, said
third outermost step diameter being sub-
stantially identical with a third outermost
step diameter defined in at least one other
cavity having at least three steps but a
different number of steps than said one
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8. A modular hydraulic valve according
to Claim 7 wherein said third outermost step
diameter is substantially identical, with the
third outermost step diameter of at least one
other cavity having a different number of
steps than said one cavity.

9. A modular hydraulic valve according
to Claim 8 wherein the third outermost step
diameter of one cavity is substantially iden-
tical with the third outermost step diameter
of all other valve cavities having a different
number of steps than said one cavity.

10. A modular hydraulic valve substan-
tially as hereinbefore described with refer-
ence to Figure 6, Figure 7 or Figure 8 of the
accompanying drawings.

MARKS & CLERK,
Alpha Tower,
A.T.V.Centre,

Birmingham, B1 1TT.

Agents for the Applicants.

Printed for Her Majesty’s Stationery N&*% -
by Croydon Printing Company Limited, Croydon, Surrey, 1980.
Published by The Patent Office, 25 Southampton Buildings,
London, WC2A 1AY, from which copies may be obtained.
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