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When faced with a large format print job, most printers will choose between well known methods  - digital 
or silk screen. Either choice would be a suitable if the substrate is �at and the images are composed of large 
areas of background color. Unfortunately those processes will not work all the time. Such is the case when 
the substrate is rough or undulating or referred to as being three-dimensional in nature. Often time manu-
facturers  will look for ways to produce the part �at, then print and change to the desired shape later, going 
out of their way to avoid printing a compound surface. This option is both expensive and unnecessary 
when a more convenient solution exists in the form of pad printing technology.

For the purposes of this discussion, large format items consist of (Figure 1) control panels for appliances, 
front bezel on televisions, computer keyboards, satellite dishes and the like. Using pad printing as an 
alternative should be based upon the following criteria:

•  How large is the total image area?
•  How many colors are to be printed?
•  How much area does each color cover?
•  Can the images be broken down into more manageable smaller 
images that �t within the limits of the pad printing equipment?
•  Are we dealing with large solid areas of ink or realistic coverage 
that is broken up somewhat?
•  How curved or uneven are the print surfaces?

Large areas of ink coverage are di�cult to accomplish and pad printing o�ers a solution. Using a larger pad 
printer, (Figure 2)  one color and a single hit are possible– or another way would be to break down the 
image and hit it multiple of times to complete the full image area.

Pad printing machines have advanced to servo-driven CNC 
controls to precisely direct pad travel and part movement 
along the X and Y axes for accurate placement and 
alignment of images, including process color and halftones.

Equipment Advances
Several advances with pad printing equipment have been 
made to allow large format printing to become an 
a�ordable and doable option. The advancement in pad 
printing inks - from primitive hand-milled pigments to inks that are formulated with better �ow-control 
agents, allow adherence to a variety of substrates, with faster curing and durability. Pad materials have also 
been modi�ed from a gelatin based to a high-tech, fast-curing, durable silicone material. Pads can now be 
designed and created in any shape and durometer (density) in order to exactly meet speci�c requirements.

On the other hand, the evolution from open-inkwell to a sealed cup system has moved the industry slightly 
backwards in terms of the total image area available on a single cliché. The sealed ink cups are limited to a 
diameter of 10 inches and smaller. With exception is the development of the cupslide which uses a longer 
cliché permitting the image length to far exceed the cup diameter. With the use of a cupslide, images as 
long as three or four feet are possible with a single cliché and print pass. One example for this technique 
has successfully been use in marking catheters for the medical industry. Pad printers have progressed from 
manual to motorized to pneumatic to servo-driven systems.

 



The integration of computer numeric control (CNC) servo-motor technology was the single most important 
factor that has made large-format pad printing possible. The servo-driven CNC pad printers (Figure 3) are 
able to select a suitable pad, step to the cliché area and precisely pick up one of the multiple images from a
polymer plate. The image being picked up could be a very opaque white solvent based ink or a UV curable 
ink depending upon the choice or requirements of the manufacturer. Large hollow pads allow us to pick up 
and print much larger images than we did as few as �fteen years ago. Inks with better �ow control agents 
allow us to print smoother and larger surfaces of ink.

Flexibility Without Limitations
Using technology taken from conventional press techniques, 
pad printers can be designed with a row of independent 
pads, a conveyor system to move the parts and clichés with 
multiple images etched. These systems can operate without 
limiting where the images are picked or placed from or in 
what sequence. The servo-drive gives more �exibility in 
positioning and coupled with independent pad systems, the 
ability to print an image wherever it needs to. In printing 
situations where the substrate needs to be decorated with 
multiple images of di�erent shapes and sizes, a comparison can be made to the machine tool industry. A 
CNC machine tool can change cutting tools or drills mid-job. Just as the pad printer can also change from 
one pad shape to another. This process combines several single-color jobs into a single multicolor run.

Servo and stepping motor drives adopted in areas of tooling and �xtures, allows the printing of large 
format parts as well. Some situations require printing on more than one surface using the same image or a 
group of images. The creative use of this technology allows a part to be printed in one pass through the 
machine even though multiple sides require images. Previously, if a large format part was printed, smaller 
machines would be used and the part would have to pass through a series of machines. Each machine 
would be responsible for decorating a part of the whole – this involved added labor and space for moving 
and storing parts during the print operations. The shuttle-type conveyor with its servo-drive is a perfect 
combination. It adds an extra axis needed to print large format components with multiple images over a 
large surface area, while using sealed cups as small as 5 inches in diameter. The servo-drive on the printer 
gives us the positioning capability we need on the Y axis and servo shuttle provides the positional control 
for the X axis.

Computerized Advantages
The one thing that binds all this technology together – the computer or Programmable Logic Controller - 
PLC. We now have machines running on industrial PCs, coupled to a PLC, integrating all of the automation. 
Some pad printers can now memorize production routines, repeat the job and even recall all the critical 
settings so that there is a minimal setup time for previous jobs. It is possible to network through an Intranet 
where management can see at any moment how the machines are working in the manufacturing process.

The advantages of pad printing are the ability to print a variety of applications with unique decorating 
requirements. Uneven substrate surfaces (Figures 4 & 5) present little or no problem to the malleable pad. 
Wet on wet printing is not an issue because of the limited amount of ink transferred to the surface and the 
quick drying capability of the inks. The cost of producing the clichés in-house is very reasonable and 
requires only a small investment in equipment. Pad printing is relatively simple to learn and implement, 
even an unskilled operator can set up a printer quickly. Finally the imprint quality is superb, and four-color 
process is now commonplace with pad printing equipment.



Some of the challenges faced with large format pad printing 
are large surfaces of ink coverage are di�cult and sometimes 
impossible to deal with. The problem can be made easier with 
half toned clichés to prevent “scooping” and using multiple 
hits to improve coverage.  

The main reason large areas of solid ink do not print very 
evenly, has to do with the fact that the pad, in order to print 
well, rolls into the image. If the pad used is correctly designed, 
it will generally have a wedge-shaped pro�le of a roof top or 
mountain shape. The point of the pad applies more pressure 
on the ink surface than does the outer perimeter and when 
picking up a large pool of ink the point zone will usually displace 
the ink more than the outer area. This creates a surface of ink that is uneven and in many cases will look like 
the surface of a pond with ripples emanating from the center outwards.

Choosing The Right Equipment
If you are not familiar with large format pad printing, it is important to discuss your application with a 
quali�ed pad printing supplier. You may be pleasantly surprised to learn that pad printing equipment is 
well suited for your application and has many options and accessories available for your speci�c needs. 
Inline automation can be used to increase production work�ow including the use of on- and o�-loading 
systems, plus pre-treatment and curing processes.

In the past, pad printing a large image where de�ned by the limitations of cup/cliché size of the machine. 
The precision of modern servo-driven equipment and 
sophistication of the logic systems that control them allow 
the images to be broken into pieces and colors to be printed 
with separate hits. The greater the number print heads on the 
printer, the more e�cient and precise the printing. If the image 
area is extremely large, another solution is to use a pad printer 
that has the capability to print the part corner to corner. Some 
of the newer ones do, so ask the question before committing 
to a piece of equipment that cannot meet all of your requirements.

Other printing challenges include jobs in which the overall size exceeds the traversing range of the convey-
or or shuttle system holding the parts being printed. In these circumstances, the only option may be to 
reset the printer to have two separate passes to print the part. While this method is not the most economi-
cal, this will get the job done.

The �exibility that pad printing o�ers in decorating irregular surfaces not only makes this process an excel-
lent complement to screen printing and digital imaging, but because of the versatility an e�ective �rst 
choice. Advances in pad printer technology and accessories allow printing on larger formats to be more 
accurate and cost e�ective. With any printing method, the technology is continually evolving; it’s an excit-
ing �eld to be in.
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