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FLUID PUMP OR THE LIKE AND METHOD FOR 

MAKING THE SAME 
Robert L. Golden, Greenburg, Pa., and Alva R. Davis, 

Jr., Corona Del Mar, and John H. Geiger, Los Alami 
tos, Calif., assignors to Robertshaw Controls Company, 
a corporation of Delaware 

Filed Oct. 18, 1962, Ser. No. 231,504 
14 Claims. (Cl. 103-150) 

This invention relates to an improved ?uid pump or 
the like and to the method of making the same as well as 
to improved parts for such a ?uid pump or the like. 

It is well known to provide a ?uid pump or the like for 
creating a vacuum in a system by oscillating either the 
inlet housing or the outlet housing of the ?uid pump rel 
ative to the other housing by interconnecting the oscillat 
ing housing to an armature that is oscillated under the 
in?uence of an electromagnetic motor or the like. 
For example, one such ?uid pump is disclosed and 

claimed in the co-pending US. patent application, Serial 
No. 149,990, ?led November 3, 1961, and entitled “Dia 
phragm-Type Air Pump.” However, the ?uid pump of 
this invention has the number of parts thereof reduced 
over the number of parts of such prior known ?uid pump, 
While the ?uid pump of this invention still performs the 
same functions. 

Further, not only are the various parts of the ?uid pump 
of this invention so simpli?ed that the same are relatively 
inexpensive to manufacture, but also the various parts of 
the ?uid pump of this invention are so constructed and 
arranged that the same can be rapidly assembled together 
to form an effective ?uid pump without requiring expen 
sive machinery or relatively skilled labor, whereby the 
overall cost of the ?uid pump of this invention is relatively 
small when compared with prior known ?uid pumps. 

In addition, the ?exible diaphragm of the ?uid pump 
of this invention is so constructed and arranged that the 
same is adapted to have its outer periphery snap ?tted 
over an outwardly directed peripheral ?ange on one of the 
pump housings and have its inner periphery staked to 
the other pump housing to cooperate therewith to de?ne 
a chamber between the pump housings, the diaphragm 
having at least one reduced cross-sectional portion dis 
posed inboard of one of the peripheries thereof to localize 
bending and stretching of the diaphragm during operation 
thereof. 

Accordingly, it is an object of this invention to provide 
an improved ?uid pump having one or more of the novel 
features of this invention set forth above or hereinafter 
shown or described. 

Another object of this invention is to provide an im 
proved method for making such a ?uid pump or the like. 
A further object of this invention is to provide im 

proved parts for such a ?uid pump or the like. 
Other objects, uses and advantages of this invention 

.are apparent from a reading of this description, which 
proceeds with reference to the accompanying drawings 
> forming a part thereof and wherein: 

FIGURE 1 is a side elevation view of one embodiment 
of the ?uid pump of this invention and a typical electro 
magnetic motor means for operating such ?uid pump or 
the like. 
FIGURE 2 is a fragmentary, enlarged, cross-sectional 

. view of the ?uid pump illustrated in FIGURE 1. 
FIGURE 3 is an enlarged, cross-sectional view of the 

diaphragm of the pump of FIGURE 2. 
FIGURE 4 is a view similar to FIGURE 2, illustrating 

the ?uid pump of this invention in another operating posi 
tion thereof. . 

FIGURE 5 is a view similar to FIGURE 2, illustrating 
another embodiment of this invention. 

1O 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

3,212,446 
Patented Oct. 19, 1965 ICC 

2 
FIGURE 6 is a view similar to FIGURE 3, illustrating 

the diaphragm of the ?uid pumpof FIGURE 5. 
While the various features of this invention are here 

inafter described and illustrated as being particularly 
adaptable for forming a ?uid pump for creating a vacu 
um in a system or the like, it is to be understood that the 
various features of this invention can be utilized singly 
or in any combination thereof to provide other construc 
tions as desired. 

Therefore, this invention is not to be limited to only 
the embodiments illustrated in the drawings, because the 
drawings are merely utilized to illustrate one of the wide 
variety of uses of this invention. 

Referring now to FIGURE 1, an improved electro 
magnetic motor assembly and pump assembly are gener 
ally indicated by the reference numeral 10, the electro 
magnetic motor assembly being disclosed and claimed in 
the co-pending US. patent application, Serial No. 217,856, 
?led August 20, 1962, and entitled “Electromagnetic De 
vice and Parts Therefor,” while the ?uid pump assembly 
11 forms the subject matter of this invention. 

Since the electromagnetic motor assembly for the ?uid 
pump assembly 11 is fully disclosed in the aforementioned 
patent application, only the details thereof su?icient to 
disclose the operation of the ?uid pump 11 will now be 
described. 
As illustrated in FIGURE 1, a substantially C-shaped 

frame means 12 has opposed legs 13 and 13' substantially 
directed toward each other. 
An electric coil 14 is disposed over the leg 13 of the 

frame member 12, whereby the leg 13 forms a core for 
the coil 14. 
A leaf spring 15 is interconnected to the leg 13' of 

the frame 12 and carries an armature 16 which tends 
to move into substantial alignment with the core 13 
when the coil 14 is energized and which is returned to 
the position illustrated in FIGURE 1 by the spring 15 
when the coil 14 is deenergized, whereby the armature 
16 will oscillate toward and away from the cross member 
17 of the frame means 12. 
The ?uid pump 11 is mounted to the cross member 17 

of the frame means 12 and is interconnected to the arma 
ture 16 in a manner hereinafter described to cause the 
?uid pump 11 to operate upon oscillating movement of ' 
the armature 16 in a manner well known in the art. 
For example, the ?uid pump 11 can be utilized to pro 

vide a vacuum in a pneumatic control system such as is 
disclosed in the aforementioned co-pending patent appli 
cations. 
As illustrated in FIGURE 2, the ?uid pump 11 of this 

invention comprises an inlet housing 18, an outlet hous 
ing 19 and a ?exible diaphragm 20 having the inner pe 
riphery 21 thereof staked to the outlet housing 19 in a 
manner hereinafter described and an outer periphery 22 
snap ?tted over an outwardly directed annular ?ange 23 
of the inlet housing 18, whereby the diaphragm 20 co 
operates with the housings 18 and 19 to de?ne a chamber 
24 therebetween. 
The diaphragm 20 is so interconnected to the housings 

18 and 19 of the ?uid pump 11 that the diaphragm 20 
is placed under tension therebetween regardless of the 
operating positions of the ?uid pump 11, as will be ap 
parent hereinafter. 
The inlet housing 18 comprises a substantially frusto 

conical section 25 having the outwardly directed peripheral 
?ange 23 extending from the larger end thereof, the pe 
ripheral ?ange 23 having a substantially triangular cross 
sectional con?guration. 
The larger end of the frusto conical section 25 of the 

inlet housing 18 is interrupted by a recess or cavity 26 
which has a frusto conical interior wall 27 adjacent the 
peripheral ?ange 23 for a purpose hereinafter described. 
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A stepped portion 28 extends from one side of the frusto 
conical section 25 of the inlet housing 18 and has a bore 
29 passing therethrough to interconnect the exterior of the 
housing 18 to the cavity 26 thereof for a purpose herein 
after described. 
The extension 28 of the housing 18 is adapted to pass 

through a bore 30 in the frame means 12 until a ?at end 
wall 31 of the section 25 of the housing 18 abuts against 
one side of the frame means 12, whereby a retaining nut 
32 or the like can be threaded on the other side of the 
extension 28 to hold the inlet housing 18 and, thus, the 
pump assembly 11 to the frame means 12. 
An annular valve seat 33 is formed in~the cavity 26 of 

the inlet housing 18 and cooperates with an inlet valve 
member 34 carried in an annular channel 35 formed in the 
inlet housing 18, the inlet valve member 34 ‘having one 
or more apertures 36 passing therethrough and disposed 
outboard of the annular valve seat 33. 

In this manner, the valve member 34 is adapted to move 
to the right from the position illustrated in FIGURE 2, to 
permit ?uid interconnected to the bore 29 to be drawn 
through the bore 29 into the chamber 24 of the ?uid 
pump 11 during an intake stroke thereof in a manner 
hereinafter described, and the valve member 34 is adapted 
to move back to the left, as illustrated in FIGURE 2, to 
seal again-st the valve seat 33 to prevent ?uid from re 
turning from the chamber 24 to the bore 29 during an 
exhaust stroke of the ?uid pump 11 in a manner herein 
after described. 
The outlet housing 19 has a bore 37 passing there 

through to interconnect the chamber 24 of the ?uid pump 
11 with a cavity 38 interrupting the other side of the outlet 
housing 19. 
An annular valve seat 39 interconnects the bore 37 

.with the cavity 38 and cooperates with an outlet valve 
member 40 disposed in an annular channel 41 formed in 
the outlet housing 19, the valve member 40 having one 
or more apertures 42 passing therethrough and being dis 
posed outboard of the annular valve seat 39. 

In this manner, the outlet valve member 40 can be 
moved to the left to seal against the valve seat 39 during 
an intake stroke of of the pump assembly 11 and will be 
moved to the right away from the valve seat 39 to permit 
?uid to ?ow from the chamber 24 out through the aper 
tures 32 during an exhaust stroke of the pump assembly 
,11. 

An annular ?ange 43 extends rearwardly of the outlet 
housing 19 and is adapted to be staked over rigid and 
outwardly directed spaced legs or ears 44 carried by a hub 
member 45, whereby the hub member 45 is carried by 
‘the outlet housing 19. 

Ayporous member 46, such as foamed plastic or the 
like, is adapted torbe disposed around the hub member 
45 and be held thereon by a retaining member 47 and the 
staking ?ange 43, whereby the ?uid passing from the 
chamber 24 through the outlet housing 19 is expelled to 
the atmosphere through the porous member 46. 
The hub 45 has a threaded bore 48 passing therethrough 

and threadedly receives a threaded stem 49 interconnected 
to the armature 16 by a resilient grommet 50, whereby the 
armature 16 can move through a substantially arcuate 
path while causing the stem 49 to move through a sub 
stantially straight path. 

In this manner, it can be seen that the stem 49 inter 
connects the arm-ature 16 to the outlet housing 19, where 
by oscillating movement of the armature 16 in the above 
manner causes the outlet housing 19 to oscillate relative 
to the inlet housing 18 for a purpose hereinafter described. 
As illustrated in FIGURES 2 and 3, the ?exible dia 

phragm 20 has the outer periphery 22 thereof reversely 
'turned at 51 to de?ne an annular and inwardly facing 
channel 52 for a purpose hereinafter described. 
The inner periphery 21 of the ?exible diaphragm 20 

tapers inwardly and is adapted to be received in an an 
nular channel 53 of the outlet housing 19 de?ned between 

15 

25 

30 

35 

40 

50 

55 

60 

65 

70 

75 

4 
the body portion thereof and an outwardly directed an 
nular ?ange 54 in a manner hereinafter described. 
The ?exible diaphragm 20 has reduced cross-sectional 

portions 55 and 56 respectively disposed inboard of the 
peripheries 22 and 21 thereof for a purpose hereinafter 
described to localize bending and stretching of the dia 
phragm 20 during use thereof to minimize wear of the 
diaphragm. 
One method of this invention for assembling the pump 

assembly 11 of this invention will now be described. 
Either before or after the hub‘ 45 and porous member 

46 have been secured to the outlet housing 19 in the above 
manner, the inner periphery 21 of the ?exible diaphragm 
20 is disposed in the annular channel 53 of the outlet hous 
ing 19, while the annular ?ange 54 thereof is disposed in 
the dotted fabricated position illustrated in FIGURE 2 to 
readily permit the inner periphery 21 of the ?exible dia 
phragm .20 to be stretched over the annular ?ange 54 and 
be disposed in the channel 53. 

There-after, the annular ?ange 54 of the outlet housing 
19 is staked inwardly toward the body portion thereof 
as illustrated in FIGURE 2 to secure the inner periphery 
21 of the diaphragm 22 to the outlet housing 19. 

Subsequently, the inlet housing 18 is brought adjacent 
the outlet housing 19 and the outer periphery 22 of the 
?exible diaphragm 20 is snap ?tted over the peripheral 
?ange 23 of the inlet housing 18 in the manner illustrated 
in FIGURE 2, whereby the ?exible diaphragm 20 is 
placed under tension between the inlet housing 18 and the 
outlet housing 19 and secures the inlet housing 18 to the 
outlet housing 19, the diaphragm 20 cooperating with the 
the housings 18 and 19 to de?ne a chamber therebetween. 
The completed pump assembly 11 is then adapted to be 

secured to the frame means 12 in the manner previously 
described, as well as to the armature 16 by the stem 49. 

Therefore, it can be seen that the pump assembly 11 
of this invention is made from a relatively few basic parts 
in the relatively simple manner to produce a ?uid pump 
which operates in the manner now to be described. 
When the armature I16 is the neutral position illus 

trated in FIGURES 1 land 2 and the motor means 14 pulls 
the armature 1-6 to the left in substantial alignment with 
the core .13, the outlet housing 19 is moved [from the posi 
tion illustnated in FIGURE 2 to the left to decrease the 
capacity of the chamber :24 of the pump .11 whereby the 
?uid in the chamber v24 is placed under compression and 
moves the inlet valve member '34 into sealing relation 
with the annular valve seat 33. 

Simultaneously, the ?uid being compressed in the cham 
ber ‘24 .by the le?tward movement of the outlet housing ‘19 
torces open the outlet valve member 40 whereby the ?uid 
in the chamber 24 can be expelled out thmough the porous 
material 146. 
When the armature 16 is moved back to the right to 

the position iillustnated in FIGURES 1 and 2 by the leaf 
spring 115, the outlet housing ‘19 moves back to the right 
to increase the capacity of the chamber 24 whereby a 
vacuum condition exists in the chamber '24 and causes the 
outlet valve member 40 to seal against ‘the annular valve 
seat 319. 

This vacuum condition created in the chamber 24 causes 
the inlet valve member 34 to move to the left and open 
‘the valve seat 33 whereby the ?uid interconnected to the 
bore 29 is adapted to be drawn into the chamber 24 by 
the vacuum condition existing therein. 

Thus, it can be seen that as the outlet housing 119 is 
oscillated to the right and to the left, the ?uid pump -11 
is adapted to pump ?uid from a device interconnected to 
ghe btgre 29 of the pump 11 out through the porous mem~ 
= er 3 . 

During the oscillation of the outlet housing 119 relative 
to the inlet housing 18 in the above manner, the ?exible 
diaphragm I20 stretches and bends to accommodate such 
movement, such bending and stretching of the ?exible 
diaphragm ‘20 being localized by the reduced portions 55 
and ‘56 thereof to oeduce the amount of friction between 
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the housing ‘18 and 19 and the diaphragm 20 to thereby 
extend the life of the pump 11. 
When the ?uid pump I11 is interconnected to a vacuum 

operated device and the vacuum operated device only re 
quires the removal of a small amount of therefrom by 
the pump assembly 11, the ?uid pump 11 has the dia 
phragm :20 progressively move toward a “no-?ow” posi 
tion as illustrated in FIGURE 4 as the vacuum condition 
in the vacuum operated device progressively increases 
whereby the diaphragm 20 is progressively moved in 
wardly against the conical wall 27 of the inlet housing 
18 to the “no-?ow” position thereof. 

:In this manner, the outlet housing 19 and the armature 
.16 are moved toward substantial alignment with the core 
‘13 so tltat the amplitude of oscillation of the armature 1'8 
and outlet housing 19 is substantially reduced during this 
‘inc-?ow” condition of the ?uid pump .11 whereby the 
capacity of the pump 11 is reduced during the “no-?ow” 
condition as there is no more air to be removed by the 
pump. 

However, when another vacuum operated device or the 
like is subsequently interconnected to the pump 11, the 
diaphragm 120 moves back to the position illustrated in 
FIGURE 2 to provide maximum pumping action of the 
?uid pump 111 in the above manner. 

Therefore, it can be seen that the ?uid pump 11 of this 
invention is relatively simple to manufacture because of 
the reduced number of parts thereof and because the parts 
thereof are simpli?ed and can be readily assembled to 
gether in a relatively simple manner without requiring 
expensive assembling machinery or the like. 
Another ?uid pump of this invention is generally indi 

cated by the reference numeral 57 in FIGURE 5 and 
parts thereof similar to the ?uid pump 11 are indicated 
by like reference numerals rfollowed by the reierence let 
ter “a.” 
The ?uid pump ‘57 of this invent-ion operates in sub 

stantially the same manner as the ?uid pump 11 and com 
prises an inlet housing 18a, an outlet housing 19a and a 
?exible diaphragm 20a as illustrated in FIGURES 5 and 6. 
The outlet housing l‘19a is substantially identical to the 

housing 19 previously described and the inlet housing 18a 
is substantially identical to the inlet housing 18 previously 
described except that the outwardly directed peripheral 
?ange I236! thereof has a substantially rectangular cross 
sectional con?guration. 
The diaphragm 20a of the ?uid pump 57 is substan 

tially identical to the ?exible diaphragm 20 previously 
described except that the outer periphery 22a thereof has 
a substantially rectangular cross-sectional con?guration 
provided with an annular, inwardly directed channel 52a 
having a substantially rectangular cross-sectional con?gu 
ration to cooperate with the peripheral ?ange 23a of the 
inlet housing ‘18a in the manner illustrated in FIGURE 5. 

Thus, it can be seen that the ?exible diaphragm 20a 
is adapted to have its inner periphery 21a stalked to the 
outlet housing 19a in the manner previously described 
and have its outer periphery 22a snap ?tted over the pe 
ripheral ?ange 23a of the inlet housing 18a in the man 
ner previously described to place the diaphragm 20a un 
der tension between the housings ‘18a and ‘19a. 

However, as illustrated in )FIGURE 5, the body portion 
of the ?exible diaphragm 20a is spaced trom an end wall 
58 of the inlet housing 18a by the outer periphery 22a 
thereof to prevent the body portion of the ?exible dia 
phragm v20a from contacting the housing 18a during the 
exhaust stroke whereby Wear on the diaphragm 20a is 
prevented. 

Further, during the oscillation of the outlet housing 
‘19a relative to the imlet housing 118a, the outer periphery 
22a of the diaphragm 20a cooperates with the peripheral 
?ange 23a of the inlet housing 18a to prevent a “shoe 
shine” effect or oscillating movement of the diaphragm 
20a against the inlet housing 18a because the rectangular 
cross-sectional con?guration of the peripheral ?ange 23a 
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of the inlet housing 18a prevents the peripheral ?ange 22a 
of the diaphragm 20a from oscillating or moving during 
operation of the pump :57 in the above manner. 

Therefore, it can lbe seen that another improved ?uid 
pump is provided by this invention ‘having features simi 
lar to the ?uid pump 111 previously described as well as 
additional novel features as set forth above. 

While the form of the invention now preferred has 
been disclosed as required by the statutes, other forms 
may be used, all coming within the scope of the claims 
which follow. 
What is claimed is: 
1. A ?uid pump comprising an inlet housing, an out 

let housing, one of said housings having an outwardly 
directed peripheral ?ange, and a ?exible diaphragm hav 
ing an outer periphery and an inner periphery, said dia 
phragm having its outer periphery snap ?tted over said 
peripheral ?ange‘ of said one housing and having its 
inner periphery staked to the other housing to coop 
erate with said housings to de?ne a chamber therebetween, 
said diaphragm being under tension between said hous 
ings in the at rest position of said pump and having a por 
tion thereof reduced in cross-sectional thickness inboard 
of its securement to one of said housings to localize bend 
ing and stretching of said diaphragm. 

2. A ?uid pump comprising an inlet housing, an 
outlet housing, and a ?exible diaphragm having an outer 
periphery and an inner periphery, said diaphragm hav 
ing its outer periphery secured to one of said housings 
and its inner periphery secured to the other housing to 
cooperate with said housings to de?ne a chamber there 
between, said diaphragm being under tension between said 
housings in the at rest position of said pump. 

3. A ?uid pump comprising an inlet housing, an out 
let housing, and a ?exible diaphragm having an outer 
periphery and an inner periphery, said diaphragm hav 
ing its outer periphery snap ?tted over one of said 
housings and its inner periphery secured to the other 
housing to cooperate with said housings to de?ne a cham~ 
ber therebetween, said diaphragm being under tension 
between said housings in the at rest position of said 
pump. 

4. A ?uid pump as set forth in claim 3 wherein said 
one housing having a peripheral ?ange over which said 
outer periphery of said diaphragm is snap ?tted and 
wherein said peripheral ?ange has a substantially tri 
angular cross-sectional con?guration. ' 

5. A ?uid pump as set forth in claim 3 wherein said 
one housing having a peripheral ?ange over which said 
outer periphery of said diaphragm is snap ?tted and 
wherein said peripheral ?ange has a substantially rec 
tangular cross-sectional con?guration. 

6. A ?uid pump as set forth in claim 5 wherein said 
outer periphery of said diaphragm has a substantially 
rectangular cross-sectional con?guration. 

7. A ?uid pump as set forth in claim 6 wherein said 
diaphragm has the body portion thereof disposed spaced 
from said one housing at said peripheral ?ange. 

8. A ?uid pump comprising an inlet housing, an outlet 
housing, and a ?exible diaphragm having an outer periph 
ery and an inner periphery, said diaphragm having its outer 
periphery snap ?tted over one of said housings and its 
inner periphery staked to the other housing to cooperate 
with said housings to de?ne a chamber therebetween, 
said other housing having a channel therein, said inner 
periphery of said diaphragm increasing in thickness to 
ward said other housing and being staked in said channel. 

9. A ?uid pump as set forth in claim 8 wherein said 
channnel of said other housing is de?ned in part by an 
outwardly directed ?ange and said inner periphery of 
said diaphragm is disposed in said channel with said 
?ange staking said inner periphery in said channel. 

10. A method for making a ?uid pump or the like from 
an inlet housing, an outlet housing and a ?exible dia 
phragm, comprising the steps of providing said diaphragm 
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with a portion thereof reduced in cross-sectional thick 
ness inboard of one of its inner and outer peripheries, 
staking said inner periphery of said diaphragm in an 
annular channel of one of said housings, and snap ?t 
ting said outer periphery of said diaphragm over an out 
vwardly directed peripheral ?ange of the other housing 
to place ‘said diaphragm under tension between said 
housings when said pump is at rest and have said dia 
phragm cooperate with said housings to de?ne a cham 
ber therebetween, said diaphragm having its bending and 
stretching localized by said reduced portion thereof be 
ing disposed inboard of the securement of said diaphragm 
to one of said housings. . 

11. A method for making a ?uid pump or the like 
from an inlet housing, an outlet housing and a ?exible 
diaphragm, comprising the steps of securing the inner 
periphery of said diaphragm to one of said housings, 
and securing the outer periphery of said diaphragm to 
the other housing to place said diaphragm under tension 
between .said housings when said pump is at rest and 
have said diaphragm cooperate with said housings to de 
?ne a chamber therebetween. 

12. A method for making a ?uid pump or the like 
from an inlet housing, an outlet housing and a ?exible 
‘diaphragm, comprising the steps of securing the inner 
periphery of said diaphragm to one of said housings, 
and snap ?tting the outer periphery of said diaphragm 
over the other housing to place said diaphragm under 
‘tension between said housing when said pump is at rest 
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and have said diaphragm cooperate with saidvhousings 
to de?ne a chamber therebetween. 

13. A method for making a ?uid pump or the like 
from an inlet housing, an outlet housing and a ?exible 
diaphragm, comprising the steps of securing the inner 
periphery of said diaphragm to one of said housings, 
and snap ?tting the outer periphery of said diaphragm 
over an outwardly directed ?ange of the other housing 
to place said diaphragm under tension between said 
housings when said pump is at rest and have said dia 
phragm cooperate with said housings to de?ne a cham 
ber therebetween. - 

14. A method as setvforth in claim 13 wherein said 
outer periphery of said diaphragm is so snap ?tted over 
said peripheral ?ange that the body portion of said dia 
phragm is spaced from said other housing at said pe— 
ripheral ?ange. 
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