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(57) ABSTRACT 
A diaphragm pump having a housing, an operating rod 
projecting within the housing and mounted therein for 
reciprocating translational movement, a rotatable 
camshaft mounted in the housing for reciprocating the 
operating rod, an electric motor for driving the cam 
shaft and strain wave speed reducing gearing inter 
posed between the motor and camshaft for rotating 
the camshaft at slow speed from the relatively high 
speed motor. Such gearing includes an external ring 
gear having internal teeth fixed to the housing, a de 
formable internal strain gear having external teeth in 
cooperative engagement with the ring gear, the strain 
gear being drivingly connected to the camshaft, and a 
strain inducer mounted internally of the strain gear in 
cooperative engagement therewith, the strain inducer 
being drivingly connected to the motor. The pump 
also includes a yoke fixed to the operating rod within 
the housing, cam and follower means interposed be 
tween the camshaft and yoke for driving the yoke in 
one direction, spring means interposed between the 
yoke and the housing for moving the yoke in an oppo 
site direction and adjustable stop means for limiting 
movement of the yoke in the opposite direction to es 
tablish an adjustably predetermined stroke of the 
pump. 

1 Claim, 9 Drawing Figures 
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DIAPHRAGM PUMP 

This invention relates to diaphragm pumps for chem 
ical metering and the like and more particularly to a 
novel drive mechanism for such pumps. 

It is a major object of the present invention to pro 
vide a much improved diaphragm pump having smaller 
and lighter operating mechanisms than those hereto 
fore in use. 
Accordingly, the present invention provides, in a dia 

phragm pump having a housing, an operating rod pro 
jecting within the housing and mounted therein for re 
ciprocating translational movement, a rotatable cham 
shaft mounted in the housing for reciprocating the op 
erating rod and an electric motor for driving the cam 
shaft, strain wave speed reducing gearing interposed 
between the motor and camshaft for rotating the cam 
shaft at slow speed from the relatively high speed mo 
tor. Such gearing includes an external ring gear having 
internal teeth fixed to the housing, a deformable inter 
nal strain gear having external teeth in cooperative en 
gagement with the ring gear, the strain gear being driv 
ingly connected to the camshaft, and a strain inducer 
mounted internally of the strain gear in cooperative en 
gagement therewith, the strain inducer being drivingly 
connected to the motor. The pump of the invention 
may also include a yoke fixed to the operating rod 
within the housing, said yoke having a central opening 
with its axis perpendicular to the operating rod with the 
camshaft extending through it, cam and follower means 
interposed between the camshaft and yoke for driving 
the yoke in one direction, spring means interposed be 
tween the yoke and the housing for moving the yoke in 
an opposite direction and adjustable stop means for 
limiting movement of the yoke in the opposite direction 
to establish an adjustably predetermined stroke of the 
pump. 
For the purpose of more fully explaining still further 

objects and features of the invention, reference is now 
made to the following detailed description of a pre 
ferred embodiment thereof, together with the accom 
panying drawings, wherein: 
FIG. 1 is an exploded isometric view, partly in sec 

tion, of a diaphragm pump according to the invention; 

FIGS. 2, 3 and 4 are, respectively, top, side and end 
sectional views of the pump of FIG. 1; 
FIG. 5 is a cross-sectional view of a portion of the 

pump of FIGS. 1 through 4, taken on line 5-5 of FIG. 
4; and 
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2 
passageway 22 to an arrangement of one way valves 
(not shown) in a valve housing 24 to accomplish the 
pumping function in a well-known manner. 
According to the present invention, a novel drive 

mechanism is provided for reciprocating diaphragm 
operating rod 14 from a relatively high speed electric 
driving motor 30. In general, such mechanism includes 
a yoke 32, having a central opening 34, fixed to operat 
ing rod 14 within housing 12, a camshaft 40 mounted 
in said housing and extending through said yoke central 
opening, cam and follower means interposed between 
camshaft 40 and yoke 32 and strain wave speed reduc 
ing gearing, generally designated 60, interposed be 
tween motor 30 and camshaft 40 for rotating said cam 
shaft at slow speed. 
More specifically, yoke 32 is generally planar and is 

rigidly mounted on the end of operating rod 14 gener 
ally parallel to the axis thereof within housing 12. It is 
provided on the same side as operating rod 14 with 
upper and lower slide rods 36 slidably mounted therein, 
which rods bear against the wall of housing 12. Com 
pression springs 38 are interposed between the remote 
ends of slide rods 36 in contact with housing 12 and 
yoke 32, normally to urge yoke 32 in a direction away 
from the wall of housing 12 upon which said rods bear. 
On its opposite side from operating rod 14, yoke 32 is 
provided with an adjustable stop mechanism for limit 
ing movement of yoke 32 in the direction in which it is 
urged by springs 38. To this end, a stop mechanism 
slide rod 50 is centrally mounted on yoke 32, said rod 
being slidably received within a bore 52 on screw 
threaded adjusting member 54 which is threadably 
mounted in housing 12 and has its end within said hous 
ing adapted for contact with yoke 32. A knob 56 is pro 
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vided on the end of member 54 outside of the housing 
for adjusting its axial position to establish an adjustably 
predetermined stroke of diaphragm operating rod 14. 

For driving yoke 32 in the direction opposite to that 
in which it is urged by springs 38, camshaft 40 is rotat 
ably mounted in housing 12 and extends through cen 
tral opening 34 of said yoke in a direction perpendicu 
lar thereto and is provided thereat with an eccentric 
can element 42 which contacts a circular cam follower 
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FIGS. 6 through 9 are cross-sectional detail views 
showing successive steps in the operation of the portion 
of FIG 5. 

In the drawings is shown a diaphragm pump of the 
type having a housing 12 with a diaphragm operating 
rod 14 projecting within said housing and mounted 
therein for reciprocating translational movement. On 
its outer free end, operating rod 14 carries a flexible di 
aphragm 16 which is the operating element of a dia 
phragm pump, such as is shown in U.S. Pat. No. 
2,741,187, for example. Thus, housing 12 has a circular 
boss 13 on one of its outer walls to which is secured the 
outer margin of diaphragm 16 by clamping it between 
said boss and the rim of a cup shaped pump base mem 
ber 18, forming an enclosed sealed pumping compart 
ment 20 of which diaphragm 16 is a reciprocating wall. 
The pumping compartment 20 is connected through 
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44 rotatably mounted on yoke 32 on the same side as 
operating rod 14 with its operating surface exposed 
within yoke central opening 34. 
Camshaft 40 itself is driven at slow speed from motor 

30 through strain wave speed reducing gearing 60, such 
gearing being disclosed in U.S. Pat. No. 2,906,143 for 
example. In the preferred embodiment of the dia 
phragm pump herein disclosed such gearing 60 has a 
ratio of 48:1 and includes an external ring gear 61 hav 
ing axially extending internal teeth 62 fixed to housing 
12, a deformable internal strain gear 64 having axially 
extending external teeth 65, at the same diametral 
pitch but of a slightly smaller pitch diameter, in number 
two less than those of ring gear 61, in cooperative en 
gagement with the teeth 62 of ring gear 61 and a strain 
inducer mounted internally of strain gear 64 in cooper 
ative engagement therewith. The difference in pitch di 
ameter is caused by the fact that the number of teeth 
in this case on the strain gear is less than the number 
of teeth on the ring gear. The difference in the number 
of teeth between the two gears, or the tooth differen 
tial, is equal to or a multiple of the number of places at 
which the strain gear is deflected to cause tooth en 
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gagement with the ring gear. This differential is desir 
ably two, using a strain inducer having an elliptical con 
tour with two lobes. The strain gear is made of a mate 
rial which is elastic under the conditions of operation, 
and in the case of a steel strain gear, is made of rela- 5 
tively thin cross section so that it can be deflected eas 
ily in a radial direction. The strain inducer includes, 
mounted on the shaft 31 of motor 30, an elliptical 
strain inducer member 70 having on its outer surface 
a ball bearing race 72 carrying bearing balls 74 which 
rotatably support the deformable strain gear 64. The 
latter is drivingly connected to camshaft 40 by a cup 
shaped driving element having a deformable cylindrical 
wall 67 and an end wall 68 to which an end of camshaft 
40 is attached centrally thereof as by screws 69. The 
elliptical contour of strain inducer member 70 includ 
ing bearing balls 74 has a major axis larger than the in 
side diameter of deformable internal strain gear 64 by 
an amount approximately equal to the difference in 
pitch diameter of the ring gear and the strain gear. The 20 
minor axis is smaller than the inside diameter of the 
strain gear by approximately the same amount. When 
the strain inducer is inserted into a position inside the 
strain gear, it causes the strain gear to be distorted into 
elliptical form, with the distance from the gear axis to 25 
the pitch line of the teeth at the major axis equal to the 
pitch diameter of the ring gear. At the major axis the 
pitch circles of the two gears are coincident. At the 
minor axis the distance of the pitch line of the strain 
gear teeth from the gear axis is less than the pitch diam- 30 
eter of the ring gear, and if a full tooth height is used, 
the teeth will just clear one another. At intermediate 
points, the teeth will have varying degrees of engage 
ment. This condition prevails where the tooth differen 
tial is equal to the number of lobes on the strain indu- 35 
cer which in this case is two. FIGS. 5 through 9 are il 
lustrative of the above. 

In operation, motor shaft 31 rotates elliptical strain 
inducer 70 at a speed of 3450 rp.m., which in turn 
drives strain gear 64 within fixed ring gear at a speed 40 
of 72 r.p.m. to rotate camshaft 40. The rotation of ec 
centric cam element 42 with camshaft 40 moves yoke 
32 in opposition to springs 38 to provide the forward 
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stroke of operating rod 14 and its diaphragm 16. The 
return stroke is provided by springs 38 upon the further 
rotation of eccentric cam element 42, as adjusted by 
the rotative position of knob 56. 
What is claimed is: 
1. A diaphragm pump comprising 
a housing 
an operating rod projecting within said housing and 
mounted therein for reciprocating translational 
Oweet 

a yoke fixed to said operating rod within said hous 
ing, said yoke having a central opening with its axis 
perpendicular to said operating rod 

a camshaft mounted in said housing and extending 
through said yoke central opening 

can and follower means interposed between said 
camshaft and said yoke for driving said yoke in one 
direction 

at least one spring loaded plunger mounted on said 
yoke for moving said yoke in an opposite direction 
between said yoke and said housing 

adjustable stop means for limiting movement of said 
yoke in said opposite direction to establish an ad 
justably predetermined stroke of said operating rod 

said adjustable stop means including screw threaded 
means threadably mounted in said housing and 
having an end within said housing for contacting 
said yoke 

an electric motor for driving said camshaft, and 
strain wave speed reducing gearing interposed be 
tween said motor and said camshaft for rotating 
said camshaft at slow speed, including 

an external ring gear having internal teeth fixed to 
said housing 

a deformable internal strain gear having external 
teeth in cooperative engagement with said ring 
gear, said strain gear being drivingly connected to 
said camshaft and 

a strain inducer mounted internally of said strain gear 
in cooperative engagement therewith, said strain 
inducer being drivingly connected to said motor. 
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