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ACTUATOR OF DIAPHRAGM TYPE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to an actuator of a diaphragm type 
used for actuating, for example, a throttle value in an 
automatic cruising control system which controls automati 
cally a speed of an automotive vehicle at a set cruising 
speed. 

2. Description of the Prior Art 
Heretofore there has been used an actuator of a diaphragm 

type shown in FIGS. 3 and 4 for actuating the throttle valve 
in the automatic cruising control. 

In an actuator 50 shown in FIG. 3, a ?rst casing forming 
one side of an actuator case is formed with a ?ange 51a on 
the outer periphery thereof, and provided with an introduc 
tion pipe 5b at the center part thereof. The ?rst casing 51 is 
provided with a spring ?tting part 51c formed in a concave 
shape surrounding the introduction pipe 51b on the inner 
side thereof. 

A second casing 52 forming another side of the actuator 
case is provided with a ?ange engaging part 52a to be 
engaged with the ?ange 51a of the ?rst casing 51 on the 
outer periphery thereof so as to form the actuator case by 
coupling the ?rst and the second casings 51 and 52 with each 
other in one body, and formed with a through hole 52b for 
passing through a diaphragm plate 54 at the center part 
thereof, which will be described later. 
A diaphragm 53, which is made of rubber, is formed with 

a rim 53b on the outer periphery thereof, and provided with 
a plate ?tting part 53c formed in annular shape in the center 
part thereof, as shown also in FIG. 4. 
The diaphragm 53 is ?xed in the actuator case by holding 

the rim 53b between the ?ange 51a of the ?rst casing 51 and 
the ?ange engaging part 52a of the second casing 52, and 
attached with the diaphragm plate 54 in the plate ?tting part 
53c thereof. 
The diaphragm plate 54 is formed with a cable connector 

54a engaged with a throttle cable 60 connected to a throttle 
valve (not shown) of the vehicular engine, a recess 54b for 
engaging with the plate ?tting part 53c of the diaphragm 53 
and the projection 54c for ?tting a conical spring 55. The 
diaphragm plate 54 is attached to the diaphragm 53 by ?tting 
the plate ?tting part 53c of the diaphragm 53 into the recess 
54b of the diaphragm plate 54 according to the function of 
the elasticity of the diaphragm 53. 
The conical spring 55 is disposed between the diaphragm 

plate 54 and the ?rst casing 51 of the actuator case by 
engaging its both ends to the projection 54c of the dia 
phragm plate 54 and the spring ?tting part 51c of the ?rst 
casing 51. Thus, a negative pressure chamber 56 is formed 
between the ?rst casing 51 and the diaphragm 53 attached 
with the diaphragm plate 54 enerigized by the conical spring 
55 in the leftward direction in FIG. 3. 

In the actuator 50 having the aforementioned structure, 
when negative pressure is introduced into the negative 
pressure chamber 56 through the introduction pipe 51b 
according to a command output from a controller of the 
automatic cruising control system (not shown), the pressure 
in the negative pressure chamber 56 is reduced and the 
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2 
diaphragm plate 54 moves together with the diaphragm 53 
against the elastic force of the conical spring 55 in the 
rightward direction in FIG. 3. 

According to the rightward movement of the diaphragm 
plate 54, the throttle valve of the vehicular engine is actuated 
in the opening direction through the throttle cable 60, 
thereby accelerating the vehicle so as to maintain the vehicle 
speed constantly at the set cruising speed. 

Then, when atmospheric pressure is introduced into the 
negative pressure chamber 56 through the introduction pipe 
51b by operating valves (not shown) according to a com 
mand output from the controller, the diaphragm plate 54 
moves together with the diaphragm 53 by the elastic force of 
the conical spring 55 in the leftward direction in FIG. 3, and 
the throttle valve is returned in the closing direction through 
the throttle cable 60. 

In this time, the plate ?tting part 53c of the diaphragm 53 
is ?tted in the recess 54b of the diaphragm plate 54 so as not 
to leak the pressure in the negative pressure chamber 56. 

However, the aforementioned conventional actuator 50 is 
so constructed that the diaphragm piate 54 is attached to the 
diaphragm 53 by ?tting the plate ?tting part 53c of the 
diaphragm 53 into the recess 54b of the diaphragm plate 54, 
that is merely by the function of the elastic force of the 
diaphragm 53, consequently, there is the possibility that the 
plate ?tting part 53c of the diaphragm 53 is pulled outwardly 
and the plate ?tting part 53c is disengaged from the recess 
54b of the diaphragm plate 54 if the pressure in the negative 
pressure chamber 56 is reduced excessively. Accordingly, 
there is a problem in that it becomes impossible to actuate 
the throttle valve of the vehicular engine and control the 
vehicle speed constantly at the set cruising speed since the 
air ?ows into the negative pressure chamber 56 in the case 
where the plate ?tting part 530 of the diaphragm 53 is 
disengaged from the recess 54b of the diaphragm plate 54. 

SUMMARY OF THE INVENTION 

This invention, therefore, is made to soive the aforemen 
tioned problem of the prior art. It is an object to provide an 
actuator of a diaphragm type which is possible to prevent the 
disengagement of the diaphragm plate from the diaphragm. 
The construction of the actuator of the diaphragm type for 

controlling a device mounted on an automatic vehicle 
according to this invention in order to accomplish the 
above-mentioned object is characterized in that it comprises 
an actuator case, a diaphragm housed in the actuator case, 
formed with a plate ?tting part in the center part thereof and 
forming a negative pressure chamber together with the 
actuator case, and a diaphragm plate connected to the device 
and attached to the plate ?tting part of the diaphragm for 
moving in companmy with the diaphragm according to 
introduction of negative pressure or atmospheric pressure 
into the negative pressure chamber so as to actuate the 
device, and the diaphragm is formed with one or both of an 
annuiar rib having a thick-walled section and an annular 
expansive portion having a semicircularly curved section 
surrounding the plate ?tting pan attached thereto. 

In the actuator of the diaphragm type according to this 
invention, the diaphragm is formed with one or both of the 
annular rib having a thick-walled section and the annular 
expansive portion having a semicircularly curved section 
surrounding the plate ?tting part. 
The annular and thick-walled rib provided on the dia 

phragm is given good rigidity as compared with the other 
parts of the diaphragm, therefore, the diaphragm is so 
structured that the rib may prevent the center part of the 
diaphragm from being pulled outwardly even if the pressure 
in the negative pressure chamber is reduced excessively and 
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the other parts of the diaphragm is deformed by the exces< 
sive force. 

Additionally, the annular expansive portion having a 
semicircularly curved section is structured so as to be 
deformed very easily, therefore, the annular expansive por 
tion is so designed as to isolate the center part of the 
diaphragm from the tensile force applied on the diaphragm 
by its own deformation even if the pressure in the negative 
pressure chamber is reduced extraordinarily. 

Accordingly, it is hard to disengage the diaphragm formed 
with one or both of the annular rib and the annular expansive 
portion from the diaphragm plate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vertical sectional view illustrating an embodi< 
ment of an actuator of a diaphragm type according to this 

invention; 
FIG. 2 is a perspective view illustrating a diaphragm of 

the actuator shown in FIG. 1; 
FIG. 3 is a vertical sectional view of a conventional 

actuator of a diaphragm type; and 
FIG. 4 is a perspective view of a diaphragm of the 

conventional actuator shown in FIG. 3. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

An embodiment of the actuator of the diaphragm type 
according to this invention will be described below by 
exemplifying a case of applying the actuator to an automatic 
cruising control system on basis of FIG. 1 and FIG. 2. 

An actuator 1 shown in FIG. 1 is provided with a ?ange 
2a on the outer periphery of a ?rst casing 1 forming one side 
of an actuator case, and provided with an introduction pipe 
2b for introducing negative pressure or atmospheric pressure 
at the center part of the ?rst casing 1. The ?rst casing l is 
provided with a spring ?tting part 20 surrounding the 
introduction pipe 2b and formed in a concave shape on the 
inner side thereof, and the introduction pipe 2b is commu 
nicated with a vacuum source such as an intake manifold of 
the vehicular engine and the atmosphere through respective 
valves (not shown). 
A second casing 3 forming another side of the actuator 

case is provided with a ?ange engaging part 3a to be 
engaged with the ?ange 2a on the outer periphery thereof to 
form the actuator case by coupling the ?rst and the second 
casings 2 and 3 with each other in one body, and formed with 
a through hole 3b at the center part thereof for passing 
through a diaphragm plate 4, which will be described later. 
A diaphragm 5, which is made of rubber in a cup-like 

shape, is formed with a rim 5b on the outer periphery 
thereof, and provided with a plate ?tting part 5c formed in 
annular shape in the center part thereof as shown also in FIG. 
2. 
The diaphragm 5 is further formed with an annular 

expansive portion 5d having a thickness similar to that of 
another part of the diaphragm body and a semicircularly 
curved section adjacent to and surrounding the plate ?tting 
part So with the semicircularly curved section being spaced 
from the diaphragm plate plate 4 to form an air space 5f 
therebetween. Additionally, the diaphragm 5 is also formed 
with an annular rib 5c having a thick-walled section and 
good rigidity as compared with another part of the dia 
phragm body, and projecting on the side of the second casing 
3 in the vicinity of the outer periphery of the annular 
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4 
expansive portion 5d in this embodiment. 
The diaphragm 5 is ?xed on the inside of the actuator case 

by holding the rim 5b between the ?ange 2a of the ?rst 
casing 2 and the ?ange engaging part 3a of the second casing 
3 and attached to the diaphragm plate 4 by the plate ?tting 
part 5c. 
The diaphragm plate 4 is provided with a cable connector 

4a engaged with a throttle cable 60 connected to a throttle 
valve (not shown) of the vehicular engine, a recess 4b to be 
engaged to the plate ?tting part 5c of the diaphragm 5 and 
a projection 4c to be ?tted with an end of a conical spring 
6. The diaphragm plate 4 is attached to the center part of the 
diaphragm S by ?tting the plate ?tting part 5c of the 
diaphragm 5 into the recess 4b of the diaphragm plate 4 
according to the function of the elastic force of the dia 
phragm 5. 
The conical spring 6 is disposed between the diaphragm 

plate 4 and the ?rst casing 2 of the actuator case by engaging 
its both ends to the projection 4c of the diaphragm plate 4 
and the spring ?tting part 2c of the ?rst casing 2, respec 
tively. Thus a negative pressure chamber 7 is formed 
between the ?rst casing 23 and the diaphragm 5 attached to 
the diaphragm plate 4 and enerigized by the conical spring 
6 in the leftward direction in FIG. 1. 

In the actuator 1 having the aforementioned structure, 
when the negative pressure is introduced into the negative 
pressure chamber 7 through the introduction pipe 2b and the 
valve (not shown) according to an acceleration command 
output from a controller of the automatic cruising control 
system, the pressure in the negative pressure chamber 7 is 
reduced and the diaphragm plate 4 moves together with the 
diaphragm 5 against the elastic force of the conical spring 6 
in the rightward direction in FIG. 1. According to the 
rightward movement of the diaphragm plate 4, the throttle 
cable 60 is pulled and the throttle valve of the vehicular 
engine is actuated in the opening direction through the 
throttle cable 60, thereby accelerating the vehicle so as to 
maintain the vehicle speed constantly at the setting enlising 
speed. 
When the atmospheric pressure is introduced into the 

negative pressure chamber 7 through the introduction pipe 
2b by operating the valves (not shown) according to a 
deceleration command output from the controller, the pres 
sure in the negative pressure chamber 7 is increased and the 
diaphragm plate 4 moves together with the diaphragm 5 by 
the elastic force of the conical spring 6 in the leftward 
direction in FIG. 1. According to the leftward movement of 
the diaphragm plate 4, the throttle valve is returned in the 
closing direction through the throttle cable 60, thereby 
decelerating the vehicle so as to maintain the vehicle speed 
constantly at the setting cruising speed. 

In this time, the annular rib 5e formed in the thick-walled 
shape on the diapahragm 5 prevents the plate ?tting part 5c 
from being pulled outwardly even if the pressure in the 
negative pressure chamber 7 is reduced excessively by some 
cause, and the other parts of the diaphragm 5 are deformed. 
In addition to above, the annular expansive portion 5d 
disposed between the annular rib 5e and the plate ?tting part 
5c on the diaphragm 5 absorbs tensile force to be applied on 
the plate ?tting part 50 by deformation of portion 5d even if 
the annular rib 5e cannot prevent the tensile force from being 
applied on the plate ?tting part 5c su?iciently. 

Accordingly, the plate ?tting pan 5c is never deformed 
and the diaphragm plate 4 is never disengaged from the plate 
?tting part 5c of the diaphragm 5 even if the excessive force 
is applied on the diaphragm 5. And it is possible to control 
the throttle valve of the vehicular engine with high accuracy 
according to the command from the controller of the auto 
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matic cruising control system since the air is prevented from 
?owing into the negative pressure chamber 7. 
As described above, in the actuator of the diaphragm type 

according to this invention having the aforementioned con— 
struction, the annular rib formed on the diaphragm prevents 
the center part of the diaphragm from being pulled out 
wardly even if the pressure in the negative pressure chamber 
is reduced excessively and the other parts of the diaphragm 
are deformed by the excessive force. The annular expansive 
portion 5d formed on the diaphragm isolates the center part 
of the diaphragm from the tensile force applied on the 
diaphragm by its own deformation even if the pressure in the 
neagative pressure chamber is reduced excessively. There 
fore, the center part of the diaphragm is hard to be deformed 
and the diaphragm is never disengaged from the diaphragm 
plate even if the excessive force is applied on the diaphragm 
from one cause or another. An excellent elfect can be 
obtained since the air is prevented from ?owing into the 
negative pressure chamber and it is possible to actuate the 
device mounted on the automotive vehicle with high accu 
racy, such as the throttle valve of the vehicular engine, for 
example. 
What is claimed is: 
1. An actuator of a diaphragm type for controlling a 

device mounted on an automotive vehicle, comprising: 

an actuator casing having ?rst and second cup-shaped 
casing halves engaged with each other, the second 
casing half having an opening through a center part 
thereof; 
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a diaphragm disposed between said ?rst and second 

casing halves of said actuator casing and forming a 
negative pressure chamber together with said ?rst cas 
ing half of said actuator casing, said diaphragm having 
a plate ?tting portion in a center part thereof, said plate 
?tting portion having a center aperture therethrough 
[and a annular rib surrounding the center aperture]; 

a diaphragm plate disposed in the actuator casing and 
secured to said plate ?tting portion of said diaphragm, 
said diaphragm plate having a projecting portion with 
a cable connecting member projecting through the 
opening in said second casing half of said actuator 
casing; 

a conical spring disposed between said diaphragm plate 
and said ?rst casing half of said actuator casing, said 
conical spring urging said diaphragm plate and said 
plate ?tting portion toward said second casing half of 
said actuator casing; and 

said diaphragm further having an annular expansive por 
tion having a semicircularly curved section extending 
toward said second casing half and located adjacent to 
the plate ?tting portion and spaced from said dia 
phragm plate to form an air space with said diaphragm 
plate. 

2. An actuator of a diaphragm type as set forth in claim 
I, wherein said diaphragm further includes an annular rib 
surrounding the annular expansive portion. 

* * * * Yll 


