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What is a “universal vacuum tool”? 
This is a very brave question for 
a manufacturer to make, but to 
some degree, it is a worthy title–
at least when the application is 

a simple pick-and-place of flat, non-porous lightweight products of the 
same size. The universal vacuum tool’s fundamental design criteria are 
that the vacuum cups do not have to be fully covered by the product 
being handled. This is, of course, a tremendous advantage to the tool 
user who might be handling various size loads as demonstrated in Fig. 2, 
where these different loads are shown by color variance. There might be 
an untold combination of product choices and combinations, and there-
fore, a universal tool is the only solution.

A robotic palletizing integrator would find this type of vacuum tool of 
great benefit compared with traditional end-of-arm “spider”-type systems 
with multiple arms extending from a common point. More often than not, 
a palletizing application requires the handling of the pallet and various 
size boxes in order to build a full pallet of product. With traditional tool-
ing, a very complex array of sensors, actuators, and artificial intelligence 
is required to ensure that all parts can be handled. However, with univer-
sal tools as shown in Fig. 1, the control aspect of the system can be very 
simple, needing only to know the height or vertical position of each load 
and the position or orientation in which the item needs to be placed.

Universal type tools are effective because they are able to isolate 
the individual vacuum cups that are not in contact with the load, and 
therefore, the remaining vacuum cups that are gripping the load sur-
face can maintain a high enough vacuum level to achieve a safe lift.

So how does this work? There are two fundamental methods of isolat-
ing the vacuum cups. The most common are “fixed-orifice” type heads 
where each vacuum cup fitting has a very small hole in the vacuum port, 
so that if the cup does not seal on the load, the leak rate is greatly re-
duced.  The internals of a typical orifice type head are shown in Fig. 3, 
with the orifice screw inserted into the vacuum cup fitting as highlighted. 
Fig. 4 shows the vacuum cups installed onto the same vacuum plate as 
Fig. 3. With the orifice plate, the vacuum pump is able to maintain a high 
enough vacuum even though a number of vacuum cups are leaking. Of 
course, this type of head is a reasonably simple design and consequently 
economical to produce. However, the biggest problem is that it needs a 
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large flow to compensate for the continu-
ous leakage of many cups being open to 
atmosphere. A “self-closing valve” is an al-
ternative solution.

Self-closing vacuum valves, which are 
installed on each vacuum cup as shown 
in Fig. 5, close the vacuum port of the 
cup completely if the cup does not seal 
against the load properly. The inrush 
of air that occurs when the vacuum is 
turned on shuts the valve, and therefore, 
all of the vacuum force is applied only to 
the cups in proper contact with the load. 
Another advantage of the self-closing 
valve method is that it employs a smaller 
vacuum pump to operate the tool. Of course, a valve on each vacuum 
cup warrants a higher cost than the simple orifice method.

The amount of flow required to close these valves changes between 
different manufacturers depending on their design. However, what can 
be used in order to decrease pump size is a vacuum reservoir, which 
when fully charged, offers a large inrush of air to close the valves. 
Consideration should be made when using certain self-closing valves 
on porous products. If the tool is handling such items as cardboard 
packaging, the leakage through the actual product could close the 
valve even though the vacuum cup is sealed. Some manufacturers of-
fer an adjustable valve to overcome this.  

Fig. 1 shows the assembled tool. On the top face of the tool, there are 
a number of machined features. On the right-hand side, the hole pat-
tern will facilitate a threaded flange for the vacuum connection, and 
the hole pattern on the left is to allow direct connection to a specific 
manufacturer’s robot arm.  

Although a universal vacuum tool should in theory be suitable for 
any lifting application, the larger the product being handled or indeed 
the more varied, the designer of the tool needs to consider the vari-
ables in order to offer the user a value-for-money solution. Any vacu-
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um head, regardless of size, can be made universal, but of course this 
would dictate an enormous unnecessary cost to the customer.

Consideration of the application should be made to ensure that the 
best value is being offered to the customer. A universal type tool may 
be overkill in applications where the user simply needs a number of 
cups and a venturi. With a firm understanding of good vacuum prac-
tice, the solution offered to the end-user should offer performance, re-
liability, and good value for each dollar spent.  

Do you need a universal vacuum tool? If the product being handled 
changes size on a very frequent basis, then probably yes. If it does not, 
then definitely no.

This article is intended as a general guide and as with any industrial 
application involving machinery choice, independent professional ad-
vice should be sought to ensure correct selection and installation.

Figure 2 (Left). Figure 4 (Above)


