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United States Patent Office 3,081,845 
Patented Mar. 19, 1963 

1. 
3,081,845 

THREE-WAY ADJUSTABLE TIMING DEVICE 
Jordan F. Puetz, Milwaukee, Wis., assignor to Square D 
Company, Park Ridge, Ill., a corporation of Michigan 

Filed May 22, 1961, Ser. No. 111,607 
12 Claims. (C. 188-87) 

This invention relates to a three-way timing device 
for timing various types of equipment, and particularly 
to a three-way timing device which, selectively, can pro 
vide a time delayed action in both of two opposite direc 
tions, a time delay in one of the directions with a rapid 
return in the other direction, and a time delay in the 
other of the directions with a rapid return in said one 
direction, and in which device the amount of the selected 
time delay can be preselected readily. 

For purposes of illustration, the invention is shown con 
nected to a solenoid operated switch for controlling the 
Switch operation in delayed relations to other equipment, 
its use in connection with other types of equipment being 
readily apparent from the illustrative example. 
The various specific objects and advantages of the in 

vention will become apparent from the following descrip 
tion wherein reference is made to the drawings, in which: 

FIG. 1 is a side elevation of a timing device embodying 
the principles of the present invention and combined with 
a solenoid operated switch, showing the operative connec 
tion of the device and switch; 

FIG. 2 is a right end elevation of the structure illus 
trated in FIG. 1; 

FIG. 3 is a top plan view of the timing device; 
FIG. 4 is a right end elevation of the timing device; 
FIG. 5 is a vertical longitudinal sectional view of the 

device taken on the line 5-5 in FIG. 4; and 
FIG. 6 is a fragmentary vertical longitudinal sectional 

view taken on the line 6-6 in FIG. 4. 
Referring to the drawings, the device is shown in con 

nection with a solenoid operated switch including switch 
units 1 and 2 with operating push buttons 3 and 4, re 
spectively. The buttons are operated by a bifurcated 
rocker 5 which is mounted for rocking movement on a 
pivot 6. The rocker 5 has an arm 7 which is connected 
to a plunger 8 of a solenoid 9 of conventional construc 
tion. If desired, the solenoid can be one in which the 
plunger 8 is moved to retracted position within the coil 
by energization of the solenoid and is returned in the 
opposite direction by means of a return spring 10. The 
specific construction of the solenoid and switch forms no 
part of the present invention. 
The timing device of the present invention comprises 

a body 11, having separable portions 11a, 11b, and 11c, 
respectively, held in assembled relation by suitable bolts, 
and which carries a pair of bellows 12 and 13, respec 
tively. In the form illustrated, the bellows are the same 
in form and function and consequently the bellows 12 
only will be described in detail. 
The bellows 12 comprises a cylinder 14, which may be 

formed as a bore in the body 11, and a plunger 15 which 
is reciprocable in the cylinder. The clearance between 
the interior peripheral wall of the cylinder 14 and the ex 
terior peripheral wall of the piston 15 may be suitably 
sealed to prevent the escape of pressure fluid therebetween. 
In the form illustrated, the seal is effected by means of a 
thin elastomeric annular diaphragm 16 having its outer 
peripheral margin 17 securely fastened to the body in 
sealed relation by clamping it between the body portions 
11a and 11b. Its inner peripheral margin 18 is fastened 
in sealed relation against the inner face of the piston 15 
by means of a washer 19 held by a suitable combined 
piston rod and rivet 20. 

If desired, of course, the bellows may be in the form 
of a conventional piston with sealing rings and the like 
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Substituted for the diaphragm 16, but the present struc 
ture is preferred as frictional resistance to movement of 
the piston is practically non-existent and leakage is elim 
inated. The term "bellows' is used herein to describe 
a device having an expansible and contractible chamber 
which can be expanded and contracted by movement of 
one part of the device relative to another. 
The bellows 13 correspondingly comprises a cylinder 

21 in which a piston 22 is arranged for reciprocation and 
is sealed at its periphery by a diaphragm 23. The piston 
22 has a rod 24 which carries a connector 25 which is 
adapted for connection to a piece of equipment to be 
controlled. In the form illustrated, the connector 25 is 
connected to the rocker 5 of a solenoid switch by engage 
ment in a slot 26 in the rocker 5. The cylinders are 
arranged with their outer ends exposed outwardly at op 
posite sides of the body and their inner ends adjacent to 
each other and terminating in spaced relation to each 
other interiorly of the body. The cylinder 14 is provided 
at its inner end with a port 28 which is controlled by a 
normally closed valve plug 29, the valve plug 29 being 
urged into closing relation to the port 28 by means of 
suitable yieldable means, such as the spring 30. The plug 
29 is arranged to open inwardly of the cylinder 14 and 
to close in a direction outwardly therefrom. Correspond 
ingly, the cylinder 21 is provided with a port 31 which is 
controlled by a normally closed valve plug 32 seated by 
la spring 33. The plugs 29 and 32 and the ports 28 and 31 
associated therewith, respectively, provide valve means 
operable for selecting the direction of time delay move 
ment. The pistons 15 and 22 are connected so that they 
move in predetermined relation to each other. In the 
form illustrated, they are directly connected to opposite 
ends of a suitable rigid spacing connector 34 so that their 
predetermined relation of movement is such that as one 
piston is moved inwardly of its cylinder, or to bellows 
contracting position, the opposite piston is moved outward 
ly of its cylinder, or to bellows expanding position. 
The body 11 is provided with passages 36 and 37. The 

passage. 36 is an exhaust passage for the cylinder 14, or 
bellows 12, and the passage 37 is an exhaust passage for 
the cylinder 21, or bellows 13. Each of these passages 
is restricted so as to slow down the passage of air there 
through from its associated cylinder as its associated pis 
ton or bellows is moved toward contracted position. It 
is desirable that the air or fluid from whichever bellows 
is being contracted passes to the bellows being expanded 
so that replacement air or fluid from the outside, which 
may carry in foreign matter, is not required. Since both 
passages are to be restricted for delaying the movement 
of the associated bellows to contracted position and since 
they are to be interconnected, an intermediate passage 38 
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is provided for connecting them. A needle valve 39, op 
erable by a knob 40 at the exterior of the body, is ar 
ranged in the passage 38 so that the restriction of which 
ever passage 36 and 37 is discharging air from its cylinder 
or bellows can be regulated and thus vary the flow capac 
ity of the passages 36 and 37. 
. . With the arrangement hereinbefore described, when 
both plugs 29 and 32 are in closed position, all air must 
pass through the passages 36, 37 and 38 from one cylin 
der to the other as the pistons are moved in unison. 
Thus, when one bellows contracts, the opposite bellows 
expands and the restriction in the passages so limits the 
flow from the one of the bellows being contracted that 
it moves to fully contracted position with a time delay, 
the rate of movement, hence the time delay, being deter 
mined by the setting of the valve 39. Upon reversal, 
when the opposite bellows contracts and the first ex 
pands, the former moves to fully contracted position 
with a time delay determined by the setting of the valve 
39. Thus a time delay is provided in each direction. 
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In the exemplary showing, therefore, there is a gradual 
operation of the push buttons 3 and 4 inwardly by the 
solenoid acting through the rocker 5 and a gradual re 
turn of them outwardly by the spring 10, both opera 
tions being under the control of the timing device. 

It sometimes happens, however, that in one direction, 
movement of the movable element of the controlled equip 
ment or switches is to be rapid and the return slower. 
This requires that the rocker 5 have a time delay in its 
movement in one direction and be free from time delay 
upon return. Such operations may require that the rocker 
5 rock with a time delay counterclockwise in FIG. 1 and 
be free to move rapidly clockwise, or have a rapid free 
movement counterclockwise and a time delay clockwise. 
The specific operation selected depends upon the equip 
ment being timed. All of these movements can be 
obtained with the present device by manipulation of the 
valve plugs 29 and 32. By allowing both plugs to be 
in seated condition concurrently under the pressure of 
their respective springs, a time delay in each of the op 
posite directions, as heretofore described, is obtained. 
However, if a time delay in only one direction is re 
quired, then one of the plugs is held open, the cylin 
der port open generally being the one for the bellows 
which is being expanded, and the other plug is left closed. 
In order to move the plug 29 to open position while leav 
ing the plug 32 in closed position, as illustrated in FIG. 
5, or to move the plug 32 to open position and leave 
the plug 29 in closed position, a suitable rocking lever 
42 is provided. The lever 42 is mounted on a pivot 
43 which is rockably mounted in the body. The body 
has a chamber 44 which is isolated from the passages 
36, 37 and 38, but into which the cylinder ports 28 and 
31 open. The lever 42 is arranged to be rocked about 
the axis of the pivot 43 transversely of the chamber 44 
so as to engage and unseat the plug 29, leaving the 
plug 32 seated in one rocked position of the lever, and 
to unseat the plug 32 leaving the plug 29 seated in an 
other rocked position of the lever, and to leave both plugs 
seated in an intermediate rocked position of the lever. 
For rocking the lever, an arm 45 is provided. The 
arm 45 is received in an aperture 46 in a connecting 
element 47. The connecting element 47 is rigidly se 
cured to a slide 48 which is mounted in the body for 
reciprocation toward and away from the axis of the 
pivot 43. Thus, upon movement of the slide 48 in one 
direction, the plug 29 is unseated and the plug 32 is 
released for seating. Movement of the slide 48 in the 
opposite direction causes the lever 42 to move to a neutral 
position in which both plugs are seated. Further move 
ment of the slide in said opposite direction causes the 
lever to open the plug 32 and leave the plug 29 seated. 
To operate the slide 48 from the exterior of the body, 
the slide is provided with an aperture or bore 50 in 
which is received an eccentric pin 51 which is mounted 
on a rotatable disc 54 in eccentric relation to a shaft 
53. The shaft 53 is rotatably mounted in the body and 
is held in fixed axial position by the disc 54 at its inner 
end and a detachable selector knob 55 which is detach 
ably secured to the shaft 53 at the exterior of the 
body. Thus, movement of the selecting means or lever 
42 can be effected from the exterior of the body. 
With the structure illustrated, it is apparent that as 

the bellows 12 contracts, the bellows 13 expands, and 
as the bellows 13 contracts, the bellows 12 expands. In 
all instances, the air in the bellows which is contracting 
passes through the passages 36, 37 and 38 to the bellows 
which is expanding, the flow being restricted and con 
trolled by the needle valve 39. With both plugs 29 and 
32 seated, the movement of either bellows to contracted 
position is delayed under the control of the valve 39. 
Thus a time delay in each of opposite directions is pro 
vided. 
By manipulating the knob 55 to unseat the plug 29 

leaving the plug 32 seated, a time delay upon contraction 
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4. 
of the bellows 13 results due to the air therefrom passing 
the restriction introduced by the valve 39 in the bypass 
passages 36, 37 and 38. However, upon movement of 
the bellows 13 toward expanded position, air can pass 
freely from the bellows 12 through the port 28, the 
chamber 44, and port 31, into the bellows 13 in by 
passing relation to the needle valve 39, and unseat the 
plug 32 under the pressure of air delivered from the 
bellows 12 and the Sub-atmospheric pressure created in 
the bellows 13. Accordingly, there is substantially no 
opposition to expansion of bellows 13 and contraction 
of bellows 12. 

Thus, a time delay in the direction to the left in 
FIG. 5 is obtained with a rapid return in the direction 
to the right. By moving the lever 42 to unseat the 
plug 32 and to permit the plug 29 to seat, contraction 
of the bellows 12 is delayed, the air being constrained 
to pass from the bellows 12 past the needle valve 39 en 
route to the bellows 13. Also, in this setting, contrac 
tion of the bellows 13 is free, the air passing readily 
from the bellows 13 through the now open port 31, 
chamber 44, and port 28, unseating the valve 29 and 
entering the bellows 12. 
Summarizing briefly, a time delay in movement of 

the element 25 to the left is provided with the setting 
illustrated in FIG. 5, with a free return of the element 
25 to the right. Upon moving the lever 42 to unseat 
the plug 32 and permit the plug 29 to seat, a delayed 
motion of the element to the right in FIG. 5 is pro 
vided, with a free movement of the element 25 to the 
left. By setting the lever 42 to an intermediate position 
in which both plugs 29 and 32 are seated, delayed move 
ment of the element 25 in each direction is provided. 

Thus, three different controlled movements are pos 
sible-one, a rapid movement to the left with a slow 
return to the right, a rapid movement to the right with 
a slow return to the left, or a slow movement in each 
direction. 

In addition to these three movements which can be 
selected by manipulating the knob 55 at the exterior of 
the body, the degree of time delay can be controlled 
by setting of the needle valve 39 by manipulating the 
knob 40 at the exterior of the body. 

In the form illustrated, it is to be noted that the valve 
of each bellows is urged in a seating direction and held 
in firmly seated position by the fluid pressure developed 
in the bellows with which it is associated, and it opens 
in the opposite direction. If desired, of course, the 
valves may be arranged so that they are opened by the 
pressure developed in their own bellows and closed by 
the pressure delivered by the opposite bellows, in which 
case the opposite manipulation of the lever 42 would 
achieve essentially the same result. 
While it is possible to make the arrangement such that 

the ports 28 and 31 communicate with the outside atmos 
phere as also could the passages 36 and 37, it is desir 
able that they all be confined in the body so that outside 
air with the foreign matter, moisture, and the like car 
ried thereby are not introduced into the interior of the 
device. 

Further, in the form illustrated, the fluid pressure 
used is assumed to be air, but it is apparent that other 
fluid may be used, if desired, depending upon the op 
erations and the type of equipment to be controlled. 

Having thus described my invention, I claim: 
1. A timing device comprising a pair of bellows, bel 

lows operating means operable selectively for concur 
rently expanding one bellows and compressing the other 
bellows, and for concurrently compressing said one bel 
lows and expanding said other bellows, said bellows hav 
ing exhaust ports, respectively, valve means for the ports, 
respectively, settable means connected to the valve 
means and operable independently of the bellows operat 
ing means and of the condition of the bellows relative to 
each other for setting the valve means in two operative 
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positions in one of which one port is in open condition 
and the other in sealed condition, and in the other of 
which said one port is in sealed condition and the other 
port is in open condition, each bellows having a restricted 
discharge passage with smaller flow capacity than its 
exhaust port, and means for connecting the operating 
means to equipment to be timed. 

2. A timing device according to claim 1 wherein 
Settable flow control means are arranged to vary the re 
Striction of at least one of said passages. 

3. A timing device according to claim 1 wherein said 
valve means are two independently operable valves, said 
valves have normal positions, respectively, in which they 
are in the same relation to their associated ports, and 
means are connected to the valves and yieldably urge 
them to said normal positions, respectively. 

4. A timing device according to claim 1 wherein the 
valve means are two independently operable, normally 
closed valves, each valve is arranged with respect to the 
port with which it is associated so as to be moved to 
seating position by pressure fluid delivered by the bel 
lows associated with said port, means yieldably urge the 
valves toward seated position, and conduit means are 
provided which have a closed chamber connected to said 
ports. 

5. A timing device according to claim 1 wherein said 
Settable means comprises a single movable knob, and 
means moved thereby and connected to the valve means 
for moving the valve means in predetermined relation 
to the movement of the knob. 

6. A timing device according to claim 1 wherein the 
restricted passages of the bellows are connected to each 
other and sealed to prevent entry of outside atmosphere 
whereby the fluid expelled by either bellows flows into 
the other after passing the restriction in the one from 
which it is expelled. 

7. A timing device according to claim 6 wherein the 
passages are restricted by a common adjustable needle 
valve. 

8. A timing device according to claim 1 wherein the 
settable means is operable to set the valve means in a 
third operative position in which both ports are in the 
same condition. 

9. A timing device according to claim 8 wherein said 
third operative position is one in which both ports are 
closed. 

10. A timing device according to claim 1 wherein said 
valve means are two independently operable valves and 
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the valves and bellows are arranged so that one valve 
is urged to seated position by the fluid pressure delivered 
by one bellows and to unseated position by the fluid 
pressure delivered by the other bellows, and the other 
valve is urged to seated position by said other bellows 
and to unseated position by said one bellows. 

if 1. A timing device according to claim 10 wherein 
each valve is arranged to be urged to seating position by 
the fluid pressure delivered by the bellows with whose 
port the valve is associated. 

12. A timing device comprising a body, a pair of bel 
lows therein, each of said bellows including a cylinder 
bore in the body and a piston reciprocable therein, said 
cylinders opening through opposite walls of the body 
at their outer ends and having their inner ends adjacent 
each other, said body having a chamber between said 
inner ends, and ports at said inner ends, respectively, 
connecting the cylinders to the chamber, normally closed 
valves for said ports, respectively, each valve opening to 
Ward the piston of its associated cylinder, means yield 
ably urging each valve to closed position, settable means 
in Said chamber operatively connected to the valves and 
movable to one position in which both valves are re 
leased and closed, to another position in which one valve 
is open and the other closed, and to a third position in 
which said one valve is closed and said other valve open, 
said body having a passage interconnecting the cylinders 
and isolated from said ports and chamber, restricting 
means restricting said passage, means operable from the 
exterior of the body to operate the restricting means to 
vary the restriction of the passage, means operable from 
the exterior of the body to operate the settable means, 
and operating means interconnecting the pistons for 
moving them as a unit in opposite directions, and means 
for connecting the operating means to equipment to be 
timed. 
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