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1. 

COMPOSITE INUECTION MOLDED CHECK 
VALVE WITH INTEGRATED FEATURES 

TECHNICAL FIELD 

The present invention generally relates to check valves, 
and more particularly relates to a composite injection molded 
check valve with integrated features. 

BACKGROUND 

Check valves may be used in any one of numerous circum 
stances in which air flow may need to be regulated. One 
particular type of check valve is a split flapper check valve 
that includes a valve housing and a valve assembly. The valve 
housing defines a flow passage, and the valve assembly is 
disposed within the flow passage and is secured to the valve 
housing. The valve assembly includes a valve body having an 
opening, a hinge pin that extends across the opening, two 
valve flappers rotationally mounted on the hinge pin, and a 
stop tube that also extends across the opening. When airflow 
impinges on an upstream side of the valve flappers, one or 
both of the valve flappers unseat from the valve body to allow 
air to flow through the flow passage. In the full-open posi 
tions, the valve flappers engage the stop tube. 

The above-described split flapper check valve is assembled 
by mounting the flappers on the hinge pin, and securing the 
hinge pin to the valve body via a clearance fit. The stop tube 
may also be secured to the valve body via a clearance fit. The 
valve body is then coupled to the valve housing using the two 
rivets. This assembly procedure can be tedious and time 
consuming, which increases overall costs. 
The above-described split flapper check valve can also 

exhibit leakage and wear issues. In particular, leakage may 
occur between the hinge pin and the valve housing, and 
between the valve body and the valve housing. The flappers 
are not highly loaded when the valve is open. As a result, the 
valve flappers may be vulnerable to motion and wear due to 
vibration and aerodynamic flutter. This can result in early 
field issues, warranty costs, and customer dissatisfaction. 
Moreover, the hinge pin may rotate, which can cause it to 
wear. In the full-open position, the flappers contact the stop 
tube, which can also cause wear. 

Hence, there is a need for a split flapper check valve that 
does not exhibit the leakage and wear issues of presently 
known check valves, such as the wear issues at the hinge and 
the contact location between the flapper and any associated 
stop, and that does not rely on a relatively tedious, time 
consuming, and thus costly assembly procedure. The present 
invention addresses at least these needs. 

BRIEF SUMMARY 

This Summary is provided to describe select concepts in a 
simplified form that are further described in the Detailed 
Description. This summary is not intended to identify key or 
essential features of the claimed Subject matter, nor is it 
intended to be used as an aid in determining the scope of the 
claimed Subject matter. 

In one embodiment, a check valve includes a valve body, a 
pair of stoppers, a hinge pin, and one or more flappers. The 
valve body includes an inlet end, an outlet end, and an inner 
Surface that defines a flow passage between the inlet end and 
the outlet end. The inner surface further defines a valve seat 
adjacent the inlet end. The stoppers are integrally formed on 
the valve body inner Surface, and each has a first end and a 
second end. Each first end is disposed proximate the inlet end 
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2 
and includes a hinge pin opening formed therein, and each 
second end is disposed downstream of the first end. The hinge 
pin is disposed within each hinge pin opening and extends 
across the flow passage. The one or more flappers are dis 
posed within the flow passage and are rotationally mounted 
on the hinge pin. Each of the one or more flappers is rotatable 
between a closed position, in which the flapper engages the 
valve seat, and a full-open position, in which the flapper 
engages the pair of stoppers. 

In another embodiment, a check valve includes a valve 
body, a pair of stoppers, a hinge pin, and a pair of flappers. The 
valve body includes an inlet end, an outlet end, and an inner 
Surface that defines a flow passage between the inlet end and 
the outlet end. The inner surface further defines a valve seat 
adjacent the inlet end. The pair of stoppers are integrally 
formed on the valve body inner Surface, and each stopper has 
a first end and a second end. Each first end is disposed proxi 
mate the inlet end and has a hinge pin opening formed therein 
that extends through the valve body. Each second end is 
disposed downstream of the first end. The hinge pin is press fit 
into each hinge pin opening, and extends through each hinge 
pin opening and across the flow passage. The pair of flappers 
is disposed within the flow passage and is rotationally 
mounted on the hinge pin. Each flapper is rotatable between a 
closed position, in which the flapper engages the valve seat, 
and a full-open position, in which the flapper engages the pair 
of stoppers. Each stopper is dimensioned such that the first 
end extends radially inwardly from the inner surface a first 
distance, the second end extends radially inwardly from the 
inner Surface a second distance, and the first distance is 
greater than the second distance. The valve body, the stop 
pers, the hinge pin, and flappers are all formed of a fiber 
reinforced plastic. 

Furthermore, other desirable features and characteristics of 
the check valve will become apparent from the subsequent 
detailed description and the appended claims, taken in con 
junction with the accompanying drawings and the preceding 
background. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will hereinafter be described in con 
junction with the following drawing figures, wherein like 
numerals denote like elements, and wherein: 

FIG. 1 depicts a partial cut-away plan view of one embodi 
ment of a split flapper check valve; 

FIG. 2 depicts a plan view of a valve body that may be used 
to implement the split flapper check valve of FIG. 1; 

FIG.3 depicts a close-up, plan view of a stopper than may 
be integrally formed with the valve body of FIG. 2; 

FIGS. 4-13 depict various techniques for non-rotationally 
mounting a hinge pin in the split flapper check valve of FIG. 
1; 
FIG.10A depicts an embodiment of a clip that may be used 

to engage the hinge pin; 
FIG. 11A depicts an embodiment of a lock pin; 
FIG. 14 is a plan view of one embodiment of a flapper that 

may be used to implement the split flapper check valve of 
FIG. 1: 

FIG. 15 is a cross section view of a portion of the flapper 
depicted in FIG. 14, illustrating how the flapper may be 
mounted on a hinge pin; 

FIGS. 16 and 17 depict alternative embodiments of a flap 
per that may be used to implement the split flapper check 
valve of FIG. 1; and 
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FIGS. 18 and 19 depict the split flapper check valve of FIG. 
1 with various reinforcement features integrated therewith. 

DETAILED DESCRIPTION 

The following detailed description is merely exemplary in 
nature and is not intended to limit the invention or the appli 
cation and uses of the invention. As used herein, the word 
“exemplary' means "serving as an example, instance, or 
illustration.” Thus, any embodiment described herein as 
“exemplary' is not necessarily to be construed as preferred or 
advantageous over other embodiments. All of the embodi 
ments described herein are exemplary embodiments provided 
to enable persons skilled in the art to make or use the inven 
tion and not to limit the scope of the invention which is 
defined by the claims. 

Although various embodiments described herein are con 
figured as split flapper check valves, it will be appreciated that 
this is merely exemplary of one particular embodiment and 
that various other types of check valves, including those one 
or multiple flappers. Furthermore, there is no intention to be 
bound by any expressed or implied theory presented in the 
preceding technical field, background, brief Summary, or the 
following detailed description. 

Referring to FIG. 1, one embodiment of a split flapper 
check valve 100 is depicted and includes a valve body 102, a 
pair of stoppers 104 (104-1, 104-2), a hinge pin 106, and a pair 
of flappers 108 (108-1, 108-2). The valve body 102, as shown 
more clearly in FIG. 2, includes an inlet end 112, an outlet end 
114, and an inner surface 116. The inner surface 116 defines 
a flow passage 118 that extends between the inlet end 112 and 
the outlet end 114, and further defines a valve seat 122 that is 
disposed adjacent to the inlet end 112. The depicted valve 
body 102 additionally includes an integral support structure 
115 that extends across the flow passage 118 at the inlet end 
112. 

Referring now to both FIG. 1 and FIG. 2, the stoppers 104 
are integrally formed on the valve body inner surface 116 and, 
as will be described below, are configured to limit rotation of 
the flappers 108. Each stopper 104 has a first end 202 and a 
second end 204. The first end 202 of each stopper 104 is 
disposed proximate the inlet end 112, and has a hinge pin 
opening 206 formed therein that extends through the valve 
body 102. The second end 204 of each stopper 104 is disposed 
downstream of the first end 202. 
The hinge pin 106 includes a first end 105 and a second end 

107 (not visible in FIG. 1), and is disposed within each hinge 
pin opening 206 and extends across the flow passage 118. In 
the depicted embodiment, the hinge pin 106 is disposed adja 
cent to the support structure 115. The hinge pin 106 is dis 
posed within each hinge pin opening 206 Such that it is non 
rotationally coupled to the valve body 102. The manner in 
which the hinge pin 106 is non-rotationally coupled to the 
valve body 102 may vary. Some exemplary variations are 
described in more detail further below. 
The flappers 108 are disposed within the flow passage 118 

and are rotationally mounted, via a plurality of lugs 109, on 
the hinge pin 106. Each flapper 104 is rotatable between a 
closed position and a full-open position. In the closed posi 
tion, which is the position depicted in FIG. 1, the flappers 104 
engage the valve seat 122, and thus block flow through the 
flow passage 118. In the full-open position (not depicted), the 
flappers engage the stoppers 104 and allow flow through the 
flow passage 118. 
The stoppers 104, as already noted, are integrally formed 

with the valve body 102. In a particular embodiment, the 
valve body 102 and stoppers 104 are formed of an injection 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
molded fiber reinforced plastic. In addition to be integrally 
formed with the valve body 102, the stoppers 104 are also 
configured to provide an increased contact Surface area for the 
flappers 108 as compared to conventional split flapper check 
valves. In the depicted embodiment, and a shown more 
clearly in FIG. 3, this is implemented by each stopper 104 
being dimensioned such that the first end 202 extends radially 
inwardly a first distance (d) from the inner surface 116 of the 
valve body 102, and has a first width (w). Moreover, the 
second end 204 extends radially inwardly a second distance 
(d) from the inner surface 116 of the valve body 102 and has 
a second width (w). The first distance (d) is greater than the 
second distance (d), and the first width (w) is greater than 
the second width (w). The stoppers 104 may also have, if 
desired, one or more stiffening ribs formed thereon. 

It was noted above that the hinge pin 106 may be non 
rotationally coupled to the valve body 102 using various 
techniques. Some non-limiting examples of these techniques 
will now be described. With reference to FIG. 4, one tech 
nique is to simply press fit the hinge pin 106 into the hinge pin 
openings 206. Another technique, which is depicted in FIG. 5, 
is to include a pair of adhesive pockets 502 in the valve body 
102. In particular, each adhesive pocket 502 is formed in the 
valve body 102 around one of the hinge pin openings. There 
after, an adhesive 504 is disposed in each adhesive pocket 502 
and around a portion of the hinge pin 106. 

In various other embodiments, the check valve 100 
includes a pair of inserts, with one insert being disposed in a 
different one of the hinge pin openings 206. In the embodi 
ment depicted in FIG. 6, the hinge pin 106 is press fit into each 
of the inserts 602. In the embodiment depicted in FIG. 7, at 
least one of the inserts 602 has insert threads 702 formed on 
an inner surface thereof The insert threads 702 are configured 
to mate with pin threads 704 that are formed on at least a 
portion of the outer surface of the hinge pin 106. In the 
embodiment depicted in FIG. 8, both inserts 602 have threads 
702 formed on the inner surfaces thereof, and a grub screw 
802 is threaded into a different one of the inserts 602 to secure 
the hinge pin 106 in place. In other embodiments, only one of 
the inserts 602 may have threads formed on its inner surface, 
and only a single grub screw 802 is used. 

In yet another embodiment, which is depicted in FIG.9, the 
first end 105 of the hinge pin 106 is flat, and the second end 
107 of the hinge pin 106 is configured as a collet. The first end 
105 engages one of the inserts 602, and the second end 107 
extends through and engages the other one of the inserts 602. 

In the embodiments depicted in FIGS. 10-13, the check 
valve 100 includes, and the hinge pin 106 is engaged by, one 
or more clips 1002. In the embodiments depicted in FIGS. 10 
and 11, the check valve 100 includes one clip 1002 (see FIG. 
10A), and in the embodiments depicted in FIGS. 12 and 13. 
the check valve 100 includes two clips 1002. Regardless of 
the number of clips 1002, each clip 1002 is disposed around 
and engages either the first end 105 or the second end 107 of 
the hinge pin 106. The clip(s) 1002 may be implemented 
using C-clips, E-clips, or various other types of Suitably 
shaped and configured clips. It is noted that in the embodi 
ment depicted in FIG. 11, a lock pin 1102 (see FIG. 11A) is 
included, and in the embodiment depicted in FIG. 13, an 
adhesive 1302, such as a resin adhesive, is additionally 
included. It will be appreciated that the lock pin 1102 could be 
included in the embodiments that have two clips 1002, and 
that the adhesive could be included in the embodiments that 
have one clip 1002. 

Similar to the valve body 102 and integral stoppers 104, the 
flappers 108, at least in a preferred embodiment, are formed 
of an injection molded fiber reinforced plastic. The flappers 
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108 may also be variously configured to be rotationally 
mounted on the hinge pin 106. In one embodiment, which is 
depicted in FIGS. 14 and 15, each flapper 108 is configured to 
be snap fit onto the hinge pin 106. To do so, the lugs 109 on 
each flapper 108 have a gap 1502, which allows the lugs 109 
to be snap fit onto the hinge pin 106. In these embodiments, 
the lugs 109 may be at least partially metal insert molded. 

In other embodiments, such as the ones depicted in FIGS. 
16 and 17, the lugs 109 do not include a gap. In these embodi 
ments, the hinge pin 106 is slid through each of the lugs 109. 
The difference between FIGS. 16 and 17 is that metal sleeves 
1702 are disposed in each of the lugs 109 in the embodiment 
depicted in FIG. 17. The metal sleeves 1702, when included, 
may be formed of various materials. Some exemplary mate 
rials include relatively thin sheet metal, or a customized insert 
with external knurls formed thereon. Regardless of the par 
ticular material, the metal sleeves 1702 are preferably formed 
to have a smooth finish on the inner surface to reduce wear 
during flapper rotation. 

In addition to each of the one or more features described 
above, the check valve 100 may also include one or more 
reinforcement features. These reinforcement features, when 
included, are integrally formed on the valve body 102. The 
configuration of the reinforcement features may vary. In the 
embodiment depicted in FIG. 1, a plurality of axial gussets 
124 are integrally formed on the inner surface 116 of the valve 
body 102 adjacent to the outlet end 114. In the embodiment 
depicted in FIG. 18, a single, contiguous, tangential gusset 
1802 is formed on the inner surface 116 of the valve body 102 
adjacent to the outlet end 114. It will be appreciated that the 
gussets depicted in FIGS. 1 and 18 may also or instead be 
formed on the outer surface of the valve body 102. In yet 
another embodiment, which is depicted in FIG. 19, a metal 
ring 1902 is injected molded with the valve body 102 and is 
disposed adjacent to the outlet end 114. Although the metal 
ring 1902 is depicted as being disposed in the outer surface of 
the valve body 102, in some embodiments it may instead (or 
also) be disposed in the inner surface of the valve body. 
The split flapper check valve disclosed herein does not 

exhibit the leakage and wear issues of presently known check 
valves. The disclosed check valve also does not rely on a 
relatively tedious, time-consuming, and thus costly assembly 
procedure. 

In this document, relational terms such as first and second, 
and the like may be used solely to distinguish one entity or 
action from another entity or action without necessarily 
requiring or implying any actual Such relationship or order 
between Such entities or actions. Numerical ordinals such as 
“first.” “second,” “third,' etc. simply denote different singles 
of a plurality and do not imply any order or sequence unless 
specifically defined by the claim language. The sequence of 
the text in any of the claims does not imply that process steps 
must be performed in a temporal or logical order according to 
Such sequence unless it is specifically defined by the language 
of the claim. The process steps may be interchanged in any 
order without departing from the scope of the invention as 
long as such an interchange does not contradict the claim 
language and is not logically nonsensical. 

Furthermore, depending on the context, words such as 
“connect” or “coupled to used in describing a relationship 
between different elements do not imply that a direct physical 
connection must be made between these elements. For 
example, two elements may be connected to each other physi 
cally, electronically, logically, or in any other manner, 
through one or more additional elements. 

While at least one exemplary embodiment has been pre 
sented in the foregoing detailed description of the invention, 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
it should be appreciated that a vast number of variations exist. 
It should also be appreciated that the exemplary embodiment 
or exemplary embodiments are only examples, and are not 
intended to limit the scope, applicability, or configuration of 
the invention in any way. Rather, the foregoing detailed 
description will provide those skilled in the art with a conve 
nient road map for implementing an exemplary embodiment 
of the invention. It being understood that various changes 
may be made in the function and arrangement of elements 
described in an exemplary embodiment without departing 
from the scope of the invention as set forth in the appended 
claims. 
What is claimed is: 
1. A check Valve, comprising: 
a valve body including an inlet end, an outlet end, and an 

inner Surface that defines a flow passage between the 
inlet end and the outlet end, the inner surface further 
defining a valve seat adjacent the inlet end; 

a pair of stoppers integrally formed on the valve body inner 
Surface, each stopper having a first endanda second end, 
each first end disposed proximate the inlet end and 
including a hinge pin opening formed therein, each sec 
ond end disposed downstream of the first end; 

a hinge pin disposed within each hinge pin opening and 
extending across the flow passage; and 

one or more flappers disposed within the flow passage and 
rotationally mounted on the hinge pin, each of the one or 
more flappers rotatable between a closed position, in 
which the flapper engages the valve seat, and a full-open 
position, in which the flapper engages the pair of stop 
pers, 

wherein each stopper is dimensioned such that: 
the first end extends radially inwardly from the inner 

Surface a first distance; 
the second end extends radially inwardly from the inner 

Surface a second distance; 
the first distance is greater than the second distance; 
the first end has a first width: 
the second end has a second width; and 
the first width is greater than the second width. 

2. The check valve of claim 1, wherein: 
the hinge pin openings extend through the valve body; and 
the hinge pin is press fit into the hinge pin openings. 
3. The check valve of claim 2, further comprising: 
a pair of adhesive pockets formed in the valve body, each 

adhesive pocket formed around one of the valve body 
hinge pin openings; and 

an adhesive disposed in each adhesive pocket and around a 
portion of the hinge pin. 

4. The check valve of claim 1, further comprising: 
a pair of inserts, each insert disposed in a different one of 

the hinge pin openings. 
5. The check valve of claim 4, wherein: 
at least one of the inserts has insert threads formed on an 

inner surface thereof, and 
the hinge pin has pin threads formed on at least a portion of 

its outer Surface, at least a portion of the pin threads 
engaging the insert threads. 

6. The check valve of claim 4, wherein: 
each insert has insert threads formed on an inner Surface 

thereof, and 
the check valve further includes a pair of grub screws, each 

grub screw threaded into a different one of the inserts 
and securing the hinge pin in place. 

7. The check valve of claim 4, wherein: 
the hinge pin includes a first end and a second end; 
the second end of the hinge pin is configured as a collet; and 
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the second end extends through and engages one of the 
inserts. 

8. The check valve of claim 4, further comprising: 
one or more clips, each clip disposed around and engaging 

a different end of the hinge pin. 
9. The check valve of claim 8, further comprising: 
one or more lock pins, each lock pin engaging a different 

one of the clips. 
10. The check valve of claim 8, further comprising: 
an adhesive disposed within each of the hinge pin open 

1ngS. 
11. The check valve of claim 1, wherein: 
each flapper is snap fit onto the hinge pin; and 
the portion of each flapper that is snap fit onto the hinge pin 

is at least partially metal insert molded. 
12. The check valve of claim 1, further comprising: 
one or more gussets integrally formed on either the inner 

surface or outer surface of the valve body. 
13. The check valve of claim 1, further comprising: 
a metal ring disposed proximate the outlet end of the valve 

body, the metal ring insert molded with the valve body. 
14. The check valve of claim 1, wherein the valve body, the 

stoppers, and flappers are all formed of a fiber reinforced 
plastic. 

15. A check valve, comprising: 
a valve body including an inlet end, an outlet end, and an 

inner surface that defines a flow passage between the 
inlet end and the outlet end, the inner surface further 
defining a valve seat adjacent the inlet end; 

a pair of stoppers integrally formed on the valve body inner 
Surface, each stopper having a first end and a second end, 
each first end disposed proximate the inlet end and hav 
ing a hinge pin opening formed therein that extends 
through the valve body, each second end disposed down 
stream of the first end.: 

a hinge pin press fit into each hinge pin opening, the hinge 
pin extending through each hinge pin opening and 
across the flow passage; and 

a pair of flappers disposed within the flow passage and 
rotationally mounted on the hinge pin, each flapper 
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rotatable between a closed position, in which the flapper 
engages the valve seat, and a full-open position, in which 
the flapper engages the pair of stoppers, 

wherein: 
each stopper is dimensioned such that (i) the first end 

extends radially inwardly from the inner surface a first 
distance, (ii) the second end extends radially inwardly 
from the inner surface a second distance, and (iii) the 
first distance is greater than the second distance, 

the valve body, the stoppers, the hinge pin, and flappers 
are all formed of a fiber reinforced plastic, and 

each flapper is snap fit onto the hinge pin. 
16. The check valve of claim 15, further comprising: 
one or more reinforcement features integrally formed on 

the valve body. 
17. A check valve, comprising: 
a valve body including an inlet end, an outlet end, and an 

inner surface that defines a flow passage between the 
inlet end and the outlet end, the inner surface further 
defining a valve seat adjacent the inlet end; 

a pair of stoppers integrally formed on the valve body inner 
Surface, each stopper having a first end and a second end, 
each first end disposed proximate the inlet end and 
including a hinge pin opening formed therein, each sec 
ond end disposed downstream of the first end; 

a pair of inserts, each insert disposed in a different one of 
the hinge pin openings: 

an adhesive disposed within each of the hinge pin open 
1ngS. 

a hinge pin disposed within each hinge pin opening and 
extending across the flow passage; 

one or more clips, each clip disposed around and engaging 
a different end of the hinge pin; and 

one or more flappers disposed within the flow passage and 
rotationally mounted on the hinge pin, each of the one or 
more flappers rotatable between a closed position, in 
which the flapper engages the valve seat, and a full-open 
position, in which the flapper engages the pair of stop 
pers. 


