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This invention relates to pneumatically-actuated force 
applying means and more particularly to a pneumatic cyl 
inder capable of delivering two successive levels of force 
with an exceedingly rapid transition of force between the 
lower and higher levels. Equipment of this nature ?nds 
wide spread application in resistance welding apparatus, 
for example, particularly when dealing with critical mate 
rials which are di?icult to weld and/ or when attempting 
welding procedures requiring critical scheduling of the 
current and force relationship. The primary object of 
the present invention is to devise a practical and depend- , 
able arrangement in air-actuated force applying cylinder 
for more rapidly increasing the force applied and for do 
ing the same in a more closely controllable and predicta 
ble time interval—measured in milliseconds, for ex 
ample. 

It has been heretofore proposed to provide ‘apparatus 
of the general nature discussed above with means to ap 
ply one value of air pressure to one side of a piston in 
a cylinder and lesser air pressure to the other side of 
the piston together with means to rapidly discharge the 
lesser air pressure at a critical time to effect an abrupt 
increase of force exerted by the piston. However, the in 
herent geometry of a conventional cylinder and piston 
limits the rate of drop of the lesser air pressure and ren 
ders the timing of the application of the higher force 
somewhat erratic so that such devices have been found 
to be unsuitable for ‘certain critical applications. 
The present invention overcomes the de?ciency of the 

above described prior art devices by providing a quick 
acting exhaust valve for the back-pressuring air which is 
of exceedingly large capacity and which is instantaneously 
operable to relieve the pressure from all circumferential 
segments of the piston thereby dispensing with practically 
all of the delay heretofore caused by required movement 
of the back-pressuring air. 
The above and other objects and advantages of the in 

vention will become apparent upon consideration of the 
following specification and the accompanying drawing 
wherein there is disclosed a preferred embodiment of the 
invention. 
The sole figure of the drawing is a longitudinal section 

of a double-acting air cylinder specially constructed in 
accordance with the principles of the invention, with air 
supply and control components being shown in appended 
schematic outline. 

In the drawing, reference numeral 1% designates a ?rst 
cylinder barrel which is fitted to a head 11, which has a 
shoulder 12 on its outer surface, and ‘which has a rounded 
nose 13 at its inner end. Fitted against the shoulder 12 
is a second cylinder barrel 14 having an enlarged an 
nular recess 15 in a portion of its inner surface adjacent 
the shoulder 12, and which is provided with an integral 
protuberance 16. For a purpose to be later described, the 
barrel 14 is also formed provided in its side wall with an 
enlarged aperture 17. Closing off the opened end of the 
barrel 14 is a head 18, and in actual practice tie rods, 
not shown, are employed to clamp the heads 11 and 18 
tightly towards one another to keep the parts assembled, 
it being observed that the head 18 is shouldered to engage 
the end of the barrel 14. 
Head 18 is centrally bored to Slideably receive a piston 

rod 19 which is rigidly connected to a piston 20 slideably 
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received in the barrel 10. Piston 20 is provided with an 
O-ring or other suitable packing 21, and mounted in the 
bore of the header 18 is a gland 22 acting on a packing 
ring 23 which bears against the rod 19. Member 24 is a 
vertically adjustable cushioning stop to limit the upward 
travel of the piston 2d whereby an adjustable stroke may 
be obtained, but since this feaure is not a part of the 
present invention the same will not be further described. 

Slideably received within the barrel 14 at the end 13 
of the ‘barrel 10 is a free-?oating piston 25 having a cen 
trally disposed bore for the passage of the rod 19, this 
bore being sealed by the resilient O-ring 26 or other suit 
able packing which is received in an annular recess in the 
bore and which bears against the rod 19. A larger resil 
ient O-ring 27 or other suitable packing slideably seals 
the piston 25 in the barrel 14. For a purpose to be later 
described, the working diameter of the ‘barrel 14 and con 
sequently of the piston 25 is somewhat larger than the 
working diameter of the barrel 1i}. Extending longitu 
dinally inward from the end face of piston 25 which is 
adjacent the piston 20 and thence radially outward to the 
periphery of the piston 25 is a passageway 28 which is 
fitted with a conduit 29 extending outwardly through the 
aperture 17 of the barrel 14. In another circumferential 
portion of the piston 25 there is provided a longitudinally 
extending passage and a spring-pressed check valve 30 
which allows for the passage of air from the face of the 
piston 25 which is opposite the piston 20 to the aforemen~ 
tioned face of piston 25 which is adjacent the piston 20 
but which blocks the flow of air in the opposite direction. 
Radially outward of these passages the end face of the 
piston 25 which is adjacent or toward the piston 20 is 
provided with an annular groove to receive and retain 
a ring 31 of soft rubber-like material for bearing against 
the adjacent end 13 of the barrel It} to form therewith 
a sealing valve. 
The protuberance 16 on the barrel 14 is cored out and 

machined to provide a mounting manifold for a solenoid— 
actuated three-way valve 32, and for this purpose there is 
one passageway 33 extending entirely through the pro 
tuberance and {barrel from the valve 33 while another pas 
sageway 34 in the protuberance extends from the valve 
to the atmosphere. Passageway 33 communicates with 
a recess 35 in the cylinder head member 18, which recess 
is in open and wide communication with the inner face 
of the cylinder head 18 directly opposite the adjacent end 
face of the piston 25. Extending through the side wall of 
the barrel 14 and communicating with the annular space 
15 therein is one or more large discharge openings or con 
duits 36. Air is supplied to the barrel 10 outwardly of 
the piston 26 by a three-way valve 37 connected to the cyl 
inder by a passageway 38 ‘formed in head 11. For a pur 
pose to be later described, the outer end of conduit 29 
is connected to atmosphere through an adjustable pressure 
relief valve 39. 

Considering now the operation of the above described 
apparatus, and assuming that the same is being used to 
apply the welding force to the movable electrode of an 
electric resistance welding machine it should be noted, 
?rst, that the parts are so dimensioned that when the 
valve 13, 31 is closed the piston 25 will be spaced from 
the head 18 to provide the illustrated dimension and 
space 40. The movable electrode holder (not shown) 
is so adjusted with respect to the rod 19 that when the 
electrodes are first closed onto the work to apply the 
“squeeze” pressure, the piston 20 will be quite close to 
but still spaced from the piston 25 to effect the wafer 
like air space 41. The valve 32 is operated by a solenoid 
to couple the passage 33 with the exhaust passage 34 
and it may be of the bias type whereby the passage 33 
is coupled to a source 42 of regulated air pressure when 
the solenoid is de-energized. Of course, a pair of op 
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positely acting solenoids may be employed, if desired, 
to shift the valve from one of its operating positions to 
the other. In any event, the valve 32 is so shifted that 
the source of regulated air pressure 42 is connected 
through passages 33 and 35 to the space 40. 
The air pressure from passage 35 and space 40 can 

move upwardly through the check valve 30 to the space 
41. However, because of the greater effective area of 
the space 40 as compared to the effective area of the 
space 41, the piston 25 will hold in upper position and the 
valve 13, 31 will remain closed. During this part of the 
operating cycle the force exerted by the rod 19 will be 
determined by the differential of the air pressure exerted 
on opposite sides of the piston 20. This, of course, is, 
in turn, determined by the pressure of the air admitted 
to the head end of barrel 10 through valve 37 and by the 
setting of the relief valve 39. This relief valve is always 
set for a lower pressure than the pressure of the supply 42. 
At the start of a spot welding cycle, for example, the 

piston 21 will, of course, be in uppermost position under 
the back pressure of the air source 42, the valve 37 being 
then so actuated that the passage 38 is connected to 
atmosphere. The piston 25 will be in upper position 
as aforesaid. The valve 39 is set for a pressure lower 
than the pressure of the source to the valve 37, and if 
now the valve 37 is actuated the piston 20 will move 
down until the electrodes are clamped onto the work, the 
excess air in the space below the piston 20 bleeding off 
through valve 39. The electrodes will now hold at a 
“squeeze” force since any leakage of air from the now 
?xed space 41 will be made up in?ltration through the 
valve 30. 

During the above-mentioned squeeze period, the weld 
ing electrodes are electrically energized to bring the metal 
clamp therebetween to welding temperature, and it is well 
recognized in the art that at a critical time during or 
shortly after the flow of welding current it is commonly 
desired to impart a much heavier but controlled force 
to the movable electrode—i.e. a forging hammer-like 
blow—and this is accomplished in accordance with the 
present invention by actuating the valve 32 to quickly 
exhaust the air pressure from the space 40 through the 
passages 35, 33 and 34 to the atmosphere. Almost im 
mediately the pressure in space 41 forces the piston 25 
downwardly and quickly opens the very large annular 
valve 13, 31 allowing the pressure in space 41 to quickly 
escape into the annular recess 15 of the barrel 14 from 
whence it is exhausted to atmosphere through the ports 
36. This very abrupt drop in pressure on the rod end of 
piston 20 causes the air on the free end of the piston to 
react quickly in increasing the force applied to this pis 
ton and rod 19. The action is very rapid——being of the 
order of a few milliseconds after actuation of the valve 
32 and this slight lag is dependably consistent. It may 
therefore be integrated in the setting of the heretofore 
known precision timing and/ or synchronizing circuits for 
the actuating solenoid of the valve 32. 
By providing the mounting manifold for the valve 32 

in the form of the protuberance 16 integral with the bar 
rel 14 the length of passages required for the evacuation 
of the space 40 is kept to a minimum. Further, the cross 
sections of these passages are quite large in relation to 
the small volumetric capacity of the space 40. The with 
drawal of pressure from the space 40 is therefore sub 
stantially instantaneous. 
As regards the evacuation of pressure from the space 

41, it should be observed that the same proceeds radially 
outward throughout the whole of the circumferential ex 
tent of the barrel 10. The drop in pressure in space 41 
is thus also almost instantaneous. The two or three mil 
lisecond delay in the application of the forging or higher 
pressure exerted by the rod 19 is therefore caused al 
most entirely by the inertia of the parts which is pre 
dictable and consistent and thus capable of being com 
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4 
pensated for in the precise timing of the application of 
the higher force in the normal use of the device. 
Having thus described my invention, what I claim is: 
1. A double-acting air cylinder assembly for impart 

ing in one direction and in quick succession an initial 
force and a larger force comprising a ?rst barrel having a 
piston slideable therein rigidly connected to a rod for 
imparting said force, a second barrel in axial alignment 
with said ?rst barrel and having an internal diameter 
greater than the internal diameter of said ?rst barrel, 
a free-?oating piston slidably received on said rod and 
within said second barrel, a cylinder head on said ?rst 
barrel and a second cylinder head for said second barrel, 
said second cylinder head having a packed bore there 
through for the slideable reception of said rod, means 
comprising the end of said ?rst barrel opposite said ?rst 
header and the adjacent end face of said free-?oating 
piston to provide an annular valve which discharges out 
wardly to the atmosphere, means comprising an adjust~ 
able relief valve to maintain air pressure in a ?rst space 
between said end face and said ?rst mentioned piston at 
a predetermined value, means to supply regulated air 
pressure to a second space between said free-floating pis 
ton and the cylinder head on said second barrel where 
by said annular valve is held closed, means to supply 
air under pressure to the head end of the space within 
said ?rst barrel whereby said ?rst mentioned piston and 
rod may be caused to move and exert an initial force, 
and means to abruptly withdraw the air pressure from 
said second space to cause said free-?oating piston to 
move relatively to said ?rst barrel and open said an 
nular valve whereby a greater force is imparted by 
said rod. 

2. A double-acting air cylinder assembly for imparting 
in one direction and in quick succession an initial force 
and a larger force comprising a ?rst barrel having a pis 
ton slideable therein rigidly connected to a rod for im 
parting said force, a second barrel having a cylinder 
‘portion spaced from but in axial alignment with said ?rst 
lbarrel, a free-?oating piston slideably received on said 
rod and within said second barrel, a cylinder head on 
said ?rst barrel and a second cylinder head for said sec 
ond barrel, said second cylinder head having a packed 
bore therethrough for the slideable reception of said rod, 
means comprising the end of said ?rst barrel opposite 
said ?rst head and the adjacent end face of said free 
-?oating piston to provide an annular valve which dis 
charges outwardly to the atmosphere, means comprising 
an adjustable relief valve to maintain air pressure in a 
?rst space between said end face and said ?rst mentioned 
piston at a predetermined value, means to supply air pres 
sure to a second space between said free-floating piston 
and the cylinder head on said second barrel whereby said 
annular valve is held closed, means to supply air under 
pressure to the head end of the space with-in said ?rst 
barrel whereby said ?rst mentioned piston and rod may 
be caused to move and exert an initial force, and means 
to abruptly withdraw the air pressure from said second 
space to cause said free-?oating piston to move relatively 
to said ?rst barrel and open said annular valve whereby 
a greater force is imparted by said rod. 

3. An assembly according to claim 2 further including 
a passage through said free-?oating piston interconnect 
ing said ?rst and second spaces, a check valve in said 
passage to permit the ?ow of air only in the direction 
from said second space to said ?rst space, the arrange 
ment being such that upon the exhaustion of air from 
‘the head end of said ‘?rst barrel the air in said second 
space may move to said ?rst space to retract said ?rst 
mentioned piston and rod, and said arrangement being 
further operative to prevent the pressure of air in said 
?rst space from escaping during the said withdrawal of 
air pressure from said second space. 

4. An assembly according to claim 2 further including 
an aperture in the cylinder portion of said sec-0nd barrel 
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longitudinally intermediate the normal ends of stroke of 
said freedloating piston, and said means to maintain air 
pressure in said ?rst space comprising a passage in said 
free-?oating piston extending longitudinally of said end 
vface and thence radially outward through said aperture, 
said relief valve being in said passage. 

5. A double-acting air cylinder assembly for imparting 
in one direction and in quick succession an initial force 
and a larger force comprising a cylindrical structure 
having a head end and open end and an intermediate 
valve seating means on the open end of a cylindrical 
outer wall portion thereof, a force-applying piston slide 
ably received in one end of said structure and having a 
connected piston rod slideable through a packed bore 
in the head at the other end of said structure, a free 
?oating piston slideable on said rod and within said struc 
ture and being positioned longitudinally between said 
?rst mentioned piston and said last mentioned head, said 
free-floating piston being slideable in said structure be 
tween ?rst and second limiting positions which are, 
respectively, toward and away from said ?rst mentioned 
piston, an enlarged annular valve providing a large port 
to atmosphere and being in sealing relation with said 
valve seating means in the side wall of said structure on 
the rod end of said ?rst mentioned piston, means to main 
tain air pressure on opposite ends of said free-?oating 
piston to maintain said annular val-ve closed whereby 
upon supplying air pressure to the head end of said ?rst 
mentioned piston said rod may exert an initial force based 
on the diiference of air pressure at opposite ends of said 
?rst mentioned piston, and means to rapidly exhaust the 
air pressure from the end of said free-floating piston 
which is opposite said ?rst mentioned piston to allow 
said free-?oating piston to retract from said ?rst men 
tioned piston and thereby open said annular valve to 
rapidly exhaust the air pressure from the rod end of said 
?rst mentioned piston. 

6. Apparatus according to claim 5 further including a 
longitudinal passage through said free-?oating piston and 
a check valve in said passage whereby air may flow 
through said free-?oating piston in a direction toward 
said ?rst mentioned piston but not in the opposite direc— 
tion, the arrangement being such that said passage and 
check valve is operative to convey air to retract said ?rst 
mentioned piston. 
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7. A double-acting dualaforce air cylinder comprising 

a ?rst barrel with a head on one end and having an ex 
posed opposite end, a piston slideably received in said 
?rst ‘barrel and having an operating rod extending out 
wardly of said exposed end, a second barrel of larger 
diameter than said ?rst barrel and having an internal 
‘annular recess surrounding said exposed end and con 
nected to said ?rst barrel intermediate the ends thereof, 
a head for said second barrel bored and packed 
to slideably receive said rod, said annular recess being 
ported to atmosphere, la free-?oating piston slid-e 
ably received for a. limited movement in said second bar 
rel and slideable on said rod intermediate said exposed 
end and said head for said second barrel, said free 
?oating piston having an annular sealing ring on its inner 
face to engage said exposed end to form therewith an 
enlarged annular valve, means to supply air pressure to 
the opposite face of said free-floating piston to maintain 
said annular valve closed, means to apply differential air 
pressures to said ?rst barrel on opposite sides of said 
?rst mentioned piston to cause said rod to exert a prede 
termined initial ?erce, and means to exhaust the air pres 
sure from the said other face of said free-floating piston 
to thereby rapidly open said annular valve by the air 
pressure existing between said ?rst mentioned piston and 
said free~?oating piston. 

8. Apparatus according to claim 7 further including a 
passage in said free-?oating piston interconnecting the 
opposite faces thereof, and a check valve in said passage 
permitting the ?ow of air therethrough only in a direc 
tion toward said ?rst mentioned piston. 

'9. Apparatus according to claim 7 further including a 
valve-mounting manifold formed integrally with said sec 
ond barrel, and a valve secured directly to said manifold 
for exhausting the air from the face of said free-?oating 
piston which is opposite said annular valve. 
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