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AUTOMATIC POSITIONING VACUUM CUP 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to vacuum holding systems for 

supporting workpieces with respect to operating ma 
chines, and more particularly to such systems which au 
tomatically engage and support workpieces despite var 
iations in the workpiece con?guration and the position 
of the workpiece with respect to the machine. 

2. Description of the Prior Art 
In many situations encountered in manufacturing and 

inspection of parts it is desired to retain a workpiece 
fixed relative to a base member while some operations 
are performed on the workpiece such as material re 
moval or inspection. In such situations it is common to 
grip the workpiece with a vacuum holding device which 
includes a cup having a ?exible rim adapted to be urged 
against the workpiece surface. The volume between the 
concave surface of the cup and the abutting workpiece 
surface is then evacuated, either by the tendency of the 
resilient cup to pull away from the surface or by exter 
nal vacuum means so as to ?rmly couple the cup to the 
surface. Such vacuum holding devices are often sup 
ported by actuators so that the workpiece may be 
moved to a predetermined position with respect to a 
reference surface after it has been gripped. In a class of 
such devices the actuator takes the form of a pneu 
matic cylinder through which a pistontis moved by the 
same pneumatic source that evacuates the vacuum cup. 
The cup and cylinder are interconnected so as to en 
sure that the positioning force exerted on the vacuum 
cup does not cause it to separate from the workpiece. 
A system of this type is disclosed in US. Pat. No. 
3.460.822. 

In a related variety of situations it is not necessary to 
position the part with respect to a reference surface 
but the part must be rigidly supported with respect to 
a machine base or surface. For example, if the dimen 
sions of the workpiece surface are to be gauged with a 
high degree ‘of accuracy it is necessary to ensure that 
the workpiece is rigidly mounted with respect to a ref 
erence surface on the base. In inspection devices which 
gauge workpiece surfaces to millions of an inch, such 
as interferometric, or holographic interferometric 
gauging devices, any minute displacement of the work 
piece relative to the reference surface as may be caused 
by vibrations would destroy the accuracy of the device. 
It is desirable in such systems that means be provided 
for engaging the workpiece and rigidly retaining it with 
respect to the machine base. ' 

In certain such systems it is undesirable, or dif?cult, 
to‘position the workpiece with respect to the machine 
base in addition to rigidly retaining it. For example, 
when the workpiece constitutes a large, heavy casting, 
it may be extremely difficult to move‘it relative to the 
inspection stand utilizing pneumatic devices of the type 
previously described. It is. however, still desirable to 
provide some device which will automatically engage 
the workpiece in order to rigidly support it. 

SUMMARY OF THE INVENTION 

The present invention is therefore addressed to a vac 
uum holding device for engaging and retaining work 
pieces with respect to a machine base and more partic 
ularly to‘such devices which will automatically move 
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2 
the vacuum cups into engaging contact with the work 
piece as long as the surface to be engaged is disposed 
within the near vicinity of the vacuum holders. 

In a preferred embodiment of the invention, which 
will subsequently be described in detail, the automatic 
workpiece engaging device is use-d in connection with 
an inspection machine. In that embodiment the work 
engaging device takes the form of a vacuum cup sup 
ported on the end of a piston rod. The piston is adapted 
to move within a cylinder which is ?xed on the machine 
base. The piston may be energized so as to move the 
vacuum cup outwardly in the direction of a workpiece, 
or to retract it from a workpiece. 
The actuating cylinder includes ?uid passages at its 

forward and rear ends which communicate with the 
cylinder volumes in front of and behind the piston. The 
volume behind the piston also connects with a central 
passage formed through the piston rod and terminating 
on the interior side of the center of the vacuum cup. 
This passage serves two purposes: ?rst, it allows the 
volume on the interior side of the work engaging cup 
to be evacuated; second, it acts to connect the cylinder 
volume behind the piston to atmosphere until such time 
as a workpiece surface is ?rmly engaged by the vacuum 
cup. I ‘ 

In order to bring the vacuum cup into contact with 
the workpiece a pneumatic power source is connected 
to both the forward and rear passages on the cylinder 
so as to draw air out from both of ‘them. A ?ow control 
valve is preferably disposed‘ in the circuit of the rear 
passage so that the ?ow through that passage may be 
adjusted relative to the ?ow through the forward pas 
sage. Since the cylinder volume to the rear of the piston 
is connected to the atmosphere through the passage in 
the piston rod and the opening in the vacuum cup, the 
pressure in the volume to the rear of the piston remains 
substantially that of atmosphere while the volume of 
the cylinder forward of the piston is evacuated. This 
causes‘the piston to move in a forward direction ex 
tending the vacuum cup toward the workpiece. This 
motion continues until the vacuum cup ?rmly ‘contacts 
the workpiece. At this point the vacuum drawn through 
the rod causes the cup to ?rmly lock onto the work 
piece and the pressure in the cylinder volume to the 
rear of the piston is then reduced to the same pressure 
that exists forward of the piston. This equalization of 
pressure causes the piston motion to terminate. A pres-. 
sure sensitive switch in the air line to the rear cylinder 
passage is then actuated providing ?uid pressure to a 
brake which surrounds a rearward. extension of the pis 
ton rod. This locks the rod in place to ?rmly couple the 
workpiece to the machine base. 

In the preferred embodiment of the invention the 
vacuum cup carries a workpiece contacting plate which 
is attached to the piston rod by a universal joint. The 
air passage communicating with the cup includes the 
volume around the joint so that when a vacuum is 
drawn through the line the universal joint locks into 
place, ?xing the plate to the rod at an angle which ac 
commodates to the position of the workpiece surface 
being engaged. 
Other objectives, advantages and applications of the 

invention will be made apparent by reference to the fol 
lowing detailed description of the'preferred embodi 
ment of the invention. The description makes reference 
to the accompanying drawings in which: 
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FIG. 1 is a perspective view of an inspection machine 
incorporating a pair of workpiece engaging and posi 
tioning devices formed in accordance with the present 
invention; 
FIG. 2 is a sectional view through one of the work 

piece engaging devices of FIG. 1 with associated pneu 
matic power equipment illustrated in schematic form; 
and 
FIG. 3 is a detailed sectional view through a vacuum 

cup of the positioning device of FIG. 1 as it engages a 
workpiece surface at an angle. 
Workpiece engaging and supporting devices formed 

in accordance with the present invention may be used 
in a wide variety of situations but are preferably em 
ployed in connection with inspection machines to rig 
idly retain a part to be inspected with respect to the ma 
chine. One type of inspection machine which particu 
larly requires a high degree of stability of the workpiece 
with respect to the inspection apparatus, because of its 
high degree of measurement precision, is a holographic 
interferometric analysis unit. The preferred embodi 
ment of the invention takes the form of an inspection 
stand for performing such holographic interferometric 
analysis and FIG. 1 is a perspective view of a system uti 
lizing a pair of positioning devices formed in accor 
dance with the present invention in connection with 
such interferometric analysis. 
Referring to FIG. 1, a workpiece to be inspected, 

generally indicated at 10, is supported on a base plate 
12 along with optical apparatus, generally indicated at 
14, of the type employed to perform holographic inter 
ferometric analysis, and a pair of positioning devices, 
generally indicated at 16 and 18, which are formed in 
accordance with the present invention. The workpiece 
10 may take the form ofa relatively large structural ele 
ment suchas a weldment or casting, a surface of which 
is to be analyzed by the optical apparatus 14. The posi 
tioning devices 16 and 18 are fixed with respect to the 
base 12 and function to automatically engage the work 
piece 10 so as to rigidly retain it relative to the base 
during the inspection operation. 
The optical apparatus 14 may be of the type dis 

closed in U.S. Pat. No. 3,506,327 and employs a laser 
20 which acts as a source of a coherent light beam 22. 
The beam is split into two parts by a half-silvered mir 
ror 24 and one of the beam sections is re?ected by a 
mirror 26, to a spatial ?lter 28 which causes the beam 
to diverge so as to illuminate a section on one surface 
of the workpiece 10. A photographic plate 30 is posi 
tioned so as to receive light re?ected from the illumi 
nated panel section. The photographic plate also re 
ceives a beam of reference light which is derived from 
the half-silvered mirror 24 and passes through a spatial 
filter 32 before it is re?ected to the photographic plate 
30 by a mirror 34. This apparatus may be used in the 
manner set forth in U.S. Pat. No. 3,506,327. It should 
be recognized that other forms of holographic interfer 
ometric inspection apparatus as well as totally different 
inspection systems might be used in connection with 
the present invention. 
The positioning devices 16 and 18 are disposed on 

the base 12 so as to engage surfaces of the workpiece 
10 which are not then being inspected by the optical 
apparatus 14. The units 16 and 18 are identical except 
for their position on the base 12 and the drawings of 
FIG. 2 and 3 refer equally well to both of the units. 
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4 
The units 16 and 18 are rigidly retained on the base 

12 by supports 38. Referring to FIG. 2 the positioning 
unit 16 includes a cylinder 40 formed of a length of cir 
cular tubing. The forward end of the cylinder 40 at the 
left in FIGS. 1 and 2, is closed off by a cylindrical front 
cap 42 having a smaller diameter extension 44 which 
?ts within the front end of the cylinder 40 so that the 
end of the tube abuts the shoulder formed between the 
sections 42 and 44. Similarly, the rear end of the cylin 
der 40 is closed off by a rear cap member 46. 
A piston rod 48 formed of steel tubing is journalled 

in a central hole 50 formed through the front cap 42 
and a central hole 54 formed in the rear cap 46. O-ring 
seals 56 and 58 are disposed in the front and rear caps 
42 and 46 respectively and act to provide a ?uid seal 
for the interior cylinder area. 
An annular piston 60 is affixed to the rod 48 and is 

disposed within the cylinder 40 between the end caps 
42 and 46. The piston 60 is retained with respect to the 
rod by a pair of snap rings 62 and 64 which ?t into 
grooves formed in the rod adjacent to the forward and 
rear edges of the piston. The outer cylindrical edge of 
the piston 60 is grooved so as to receive a pair of o-ring 
type piston rings 66 and 68 which bear against the in 
ternal surface of the cylinder 40 so as to form a ?uid 
seal between the volume within the cylinder forward of 
the piston and the volume within the cylinder to the 
rear of the piston. 
A hole 72 is formed in the piston rod 48 behind the 

piston 60 so as to communicate the cylinder volume to 
the rear of the piston with the central passage in the pis 
ton rod 48. ’ 

A cylindrical brake housing 76 is affixed to the rear 
end of the rear cap 46. The housing 76 has a central 
chamber 78 with a diameter slightly larger than that of 
the piston rod 48. The chamber 78 is disposed coaxially 
with the chamber 40 so as to form a rearward extension 
thereof and is retained on the rear cap 46 by bolts 80. 
The housing 76 has an opening 82 at its rear end 
through which the rearward extension of the piston rod 
48 passes. An O-ring seal 84 is affixed within the hous 
ing and wipes the rod so as to effectively form a ?uid 
seal between the opening 82 and the volume within the 
housing chamber 78. 
A cylindrical sleeve 90 formed of a plastic material 

such as Mylar is affixed within the chamber 78 and sur 
rounds substantially the entire length of the piston rod 
48 which is disposed within the housing 76. The sleeve 
90 is formed with an annular cap 92 at one end which 
is supported with its forward edge abutting the rear 
edge of the rear cap 46. A tubular volume 94 is thus 
formed between the outer wall of the chamber 78 and 
the outer diameter of the sleeve 90 to the rear of the 
cap 92. A ?uid passage 96 in the wall of the housing 76 
communicates with the volume 94. When the volume 
94 is pressurized through the passage 96, as will subse 
quently be discussed, the sleeve 90 tightens about the 
piston rod 48 and thereby brakes the rod against mo 
tion relative to the cylinder 40. 
The rear end of the piston rod 48 projects out 

through the opening 82 in the rear end of the housing 
76. The extreme end of the rod is closed by a plug 100. 

The forward end of the piston rod 48 projects 
through the hole 50 in the forward cap 42 and a vac 
uum cup 102 is supported on the extreme forward end 
of the rod. The vacuum cup 102 constitutes a dish of 
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?exible rubber having a truncated edge 104 which 
bounds the interior Concave surface. The cup is ?xed, 
at its center, to a retaining plate 105 which is in turn 
fixed to the extreme forward end of the rod 48. A pair 
of air passages 106 connect the central passage and the 
rod 48 ‘with the interior of the cup. ‘ 
A ball socket member 110 is ?xed interiorly of the 

cup 102 on the retaining plate 105. A support plate 112 
having a ?at outer surface is affixed to a ball member 
114 which moves within the socket so that the plate 
112 may be angularly positioned with respect to the 
cup. 
The pneumatic power for the units 16 and 18 is de 

rived from a power unit schematically illustrated at 116 
which is capable of pumping air in both directions. This 
unit connects to a forward port 118 which passes 
through the forward cup 42 and communicates with the 
volume within the cylinder 40 forward of the piston 60. 
The unit 116 is connected to the port 118 through an 
air line 120. Similarly, a rear port 122 formed in the 
rear cap 46 provides communication with the volume 
within the cylinder 40 to the rear of the piston 60. The 
pneumatic power unit connects to the rear port 122 
through a line 124. A ?ow adjustment valve 126 and a 
pressure sensitive switch .128 are both disposed in‘ the 
line 24. The pressure sensitive switch 128 controls a 
three way solenoid valve 130 disposed in a ?uid line 
132 which connects the pneumatic power source 116 
with the ?uid port 96 in the brake housing 76. 

In operation, ?rst consider the unit to be positioned 
with the piston 60 toward its rear position. With the so 
lenoid valve 130 in a position wherein the volume 94 
is vented to atmosphere, vacuum is ?rst applied to lines 
120 and 124 to'draw air through the ports 118 and 122, 
respectively. This tends to evacuate the volume within 
the cylinder both forward and to the rear of the piston ' 
60. 
Since the cylinder volume to the rear of the piston 60 

is in communication with the atmosphere through the 
passage 72, the interior of the piston rod 48, and the 
passage 106, the pressure in this volume is not reduced 
substantially below atmosphere. The restrictor valve 
126 allows the volume forward of the piston to be sub 
stantially fully evacuated despite the venting ofline 120 
from. the volume to the rear piston. Accordingly, a 
pressure differential is created between the two sides of 
the piston, with the higher pressure to the rear of the 
piston, and the piston begins to move in the forward di~ 
rection. This motion continues until the vacuum cup 
102 comes in contact with the surface of the workpiece 
10. . > 

The resilient material of the vacuum cup deforms to 
conform to the contour of the contacted surface until 
edge 104 ‘is in full abutment with the surface of the 
workpiece so as to close off the interior of the vacuum 
cup 102 from the atmosphere. 
Then air isevacuated from the interior of the cup 

through the passage 106, the piston rod 48, the passage 
72, and the fluid port 122. This reduces the pressure 
within the vacuum cup so as to cause the cup edges to 
?rmly engage the workpiece, and it additionally re 
duces the pressure in the cylinder volume to the rear of 
the piston. This tends to decrease the pressure differen 
tial between the two sides of the piston and slows the 
forward movement of the piston rod. The motion of the 
piston rod continues until the plate 112 abuts the adja 
cent surface of the workpiece and inclines to the angle 

6 
of the workpiece as illustrated in FIG. 3. At that point 
the air is evacuated fromthe cup to the point‘where the 
pressure in ‘the forward cylinder chamber is equal to 
that of the rear and no further forward motion of the 
piston rod occurs. The vacuum in the cups 102 act to 

' force the plates 112 against the adjacent surface of the 
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workpiece 10, thereby locking the ball 114 against the 
socket 110. This adds to the stability of the system. 
The pressure sensitive switch 128 in the line 124 - 

senses this reduced pressure and energizes the solenoid 
valve 130. This connects the line 132 to supply a posi~ 
tive ?uid pressure to the volume 94 within the housing 
76, through the passage 96. This pressure forces the 
sleeve 90 ?rmly against the adjacent section of the pis 
ton rod 48 increasing the friction between the two to 
the point where motion of the piston rod is effectively 
prevented. 
At this point the workpiece 10 is ?rmly engaged and 

retained with respect to the ‘base 12. At such time as 
both of the locators 16 and 18 have coupled to the 
workpiece, the unit is ready for the performance of ho 
lographic inspection. After the inspection process is 
completed, the workpiece is released by shifting the 
valve 130 so as to vent the volume 94 to atmosphere 
and applying positive pressure to lines 120 and 124 to 
return the cup to its retracted position. 
Having thus described my invention, I claim: 
1. A device for engaging and supporting a workpiece 

relative to a base, comprising: a workpiece engaging 
member having a ?exible, closed, work engaging lip 
formed about a concave cup; a ?uid passage formed 
through the cup adapted to communicate with the vol 
ume between the cup and a workpiece when the lip en 
gages the workpiece; an actuator member ?xed with 
respect to said base and connected to said workpiece 
engaging member so as to move the workpiece engag 
ing member toward the workpiece; ?uid pressure 
means connected to said passage and adapted to evacu 
ate the area interior of said concave cup; and means for 
terminating motion of said actuator toward the work~ 
piece at such time as the pressure within said cup de 
creases to a predetermined level indicative of ?rm en 
gagement between the cup and the workpiece. 

2. The device of claim 1 wherein said means for ter 
minating motion of said actuator at such time as the 
pressure within said cup decreases to a predetermined 
level includes a ?uid passage connecting the interior of 
said concave cup with said actuator so as to vent said 
actuator member until such time as said cup is engaging 
a workpiece. 

3. The device of claim 2 wherein the actuator mem~ 
ber consists of a piston movable within a cylinder, and 
said device further includes a connection between said 
?uid pressure means and said cylinder. 

4. The device of claim 1 wherein said actuator con 
sists of a piston movable with respect to a cylinder, said 
device further including ?uid passages between said 
?uid pressure means and said cylinder, and said means 
for terminating motion of said actuator at such time as 
the pressure within said cup decreases to a predeter 
mined level constitutes a passage venting the cylinder, 
on one side of the piston, through the concave cup, so 
that the vent is terminated at such time as the concave 
cup engages a workpiece so that the pressure within 
said cup decreases to said predetermined level. 
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5. The device of claim 4 where in said ?uid pressure 
means connects to said cylinder at two points, one dis 
posed on each side of said piston. 

6. A device for ‘engaging and supporting workpieces 
with respect to a base, comprising: a cylinder ?xed with 
respect to the base; a piston movable within said cylin 
der; a rod connected to said piston and passing through 
a hole in said cylinder; a vacuum cup supported on said 
rod externally of said cylinder; brake means associated 
with said piston rod; ?uid pressure means operative to 
cause said piston to move with respect to said cylinder; 
and means for causing the ?uid pressure means to ter 
minate motion of the piston with respect to said cylin 
der and to energize said brake means at such time as 
said vacuum cup engages a workpiece.' 

7. The device of claim 6 wherein said rod includes 
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8 
sections disposed on opposite sides of the piston, both 
of which pass through holes in the cylinder, and said 
brake means is disposed about the end of said rod op 
posite to the end on which said vacuum cup is sup 
ported. 

8. The device of claim 6 wherein said brake means 
consists of a ?exible cylindrical section surrounding a 
portion of said rod and means for imposing ?uid pres 
sure on said section. 

9. The device of claim 6 wherein a passage is formed 
through said rod communicating at one end to said vac 
uum cup and at the other end with said cylinder and 
said passage acts to vent a portion of the volume of said 
cylinder to atmospheric pressure until such time as the 
vacuum cup engages a workpiece. 


