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Introduction: 

The 3D printing community has grown a lot since desktop printers have been made 
available to DIY makers. 3D printers have been developing incredibly rapidly, expanding the 
reach of the technology. However, printers targeting the maker community have leveled off and 
mostly generate the same types of parts, which mostly consist of small trinkets, interesting but 
not applied mechanical designs, and specific components for assemblies of larger, integrated 
systems. The technology of 3D printing is changing, but the changes, due to cost, have not 
permeated the DIY community, and thus what makers print has leveled off at a certain level of 
complexity. 

A 3D printer is in its basic form a tool, and just like any tool, it can be used in multiple 
ways if we think about it slightly outside its context. Without any changes to the machine itself, 
we can make 3D printers, no matter how expensive or how home-made, produce different, and 
more useful, products. In this report I introduce the term coprocessing, with the following 
definition: 

Coprocessing: Modifying and adjusting a 3D printed job as it is being manufactured to produce 
integrated content 

By integrating non-printed components into our print jobs via coprocessing, one can 
create fully integrated assemblies that can come right off the build platform. This presents many 
opportunities in the product design and design for manufacturing space, because it has the 
potential to create more robust systems inside of products that could have a lower failure rate due 
to more efficiently integrated components.  

 

Figure 1: A simple representation of coprocessing. The nut was screwed onto the bolt 
mid print. Coprocessing allows for the manufacturing of seemingly impossible objects. 



Applications 

Coprocessing in general can be useful when it comes to prototyping electromechanical 
systems. It for the most part eliminates the difficulties of integrating different subsystems, 
because components can be simply placed into their cavities during a print job instead of the user 
having to deal with designing a mounting method for a given subsystem. Some 3D printers, like 
the Voxel8 printer, have multiple extruder heads; one with traditional ABS, another with 
conductive paste. Coprocessing is useful in this case because it means that you can coprocess 
electrical components and the printer will “wire” them up for you. The risk of the failure of a 
system from electrical wiring is decreased, because there is no human interaction with the wiring 
process apart from during the design phase.  

 

Figure 2: A Voxel8 3D printed part, with integrated electronics within. 

Insert molding is a technique similar to coprocessing as it also involves inserting external 
components into the manufacturing process to make integrated assemblies. Both processes are 
similar in that they eliminate the need for fasteners, which cuts down on overall part weight, 
cost, assembly time, and complexity compared to parts that are not insert molded or coprocessed. 
While insert molding is much faster than coprocessing, coprocessing allows for the use of 
electronic components and other potentially heat or pressure sensitive equipment. Although the 
3D printing process does involve heat, as plastic is melted and laid down to create the parts, it is 
melted at a lower temperature and cooled as it gets laid down. ABS is melted on average to about 
250oC when injection molded, and the molding process requires the ABS to be fed in at high 
pressure. Although the plastic of 3D printers is laid down at around 230oC, the temperature of the 
parts on the build plate themselves rarely exceeds 110oC, and the 3D printed parts don’t apply 
any pressure to coprocessed components during manufacturing. Insert molding has a lot more 
costs affiliated with it; custom fixtures are needed to support the inserted parts, which require 
high tooling costs depending on the part complexity, and higher overhead costs due to the 
machinery involved. Another advantage of coprocessing over insert molding includes the ability 
to alter the fit of the inserted part. For example, if insert molding a cube piece, the mold would 
require a support for the cube, and the material would form to the shape of the cube during the 
injection molding process. When designing this piece for coprocessing, the designer would not 



require a support for the cube as the 3D printed component already supports the coprocessed 
part. Additionally, the designer could leave any amount of tolerances surrounding the cube, 
ranging from a very close fit to a completely open space the cube could be dropped into very 
easily.  

 

Figure 3: Coprocessing allows for different amounts of space to be left for inserted 
components. The red part represents an inserted component, the black represents 3D printed 

material. 

In large scale manufacturing, 3D printing is inefficient because it is much slower 
compared to other manufacturing methods, insert molding included. The advantage of 3D 
printing comes in the form of user customization; if a company has a 3D printer, there are 
minimal steps required to go from a 3D CAD model to a printed product, which makes custom 
designed parts very easy to manufacture. The coprocessing method allows users to not only 
create integrated assemblies from prints, but also to generate custom designed integrated 
products. As an example, a toy manufacturing company could design some basic product 
platform with the relevant electronics embedded within. Consumers could design the exterior of 
the toy to fit their needs. The consumers would then receive the toy that they designed, with its 
integrated electronics system within, unable to be easily altered.  

 

Figure 4: A pair of sunglasses created using coprocessing. The lenses were placed into 
the frames mid print. Products like these could be easily customized by consumers. 

Product security is another advantage that comes with coprocessing. No fasteners are 
used to secure components; the components are enclosed within a 3D printed shell and are not 



easily accessible without breaking the part. Coprocessed products can also be designed to be 
disassembled if necessary by designing multiple parts in a system that are close enough to 
interact and stay constrained during the print, but separated enough to be removable, similar to 
the way that injection molded parts can be designed to snap apart into multiple pieces.  

Process Overview 

The general steps required to coprocess are fairly straightforward. A user sets up the print 
as they would normally, but instead of letting the print run without intervention, the print job is 
paused midway through the print, and the user interacts with the parts on the plate before 
resuming the print. This interaction can take many forms; but in most use cases coprocessing 
involves placing external components into the print job. Most coprocessing methods have been 
applied to FDM printers, but it is possible, although not as tested, to coprocess parts on SLA or 
SLS printers. 

 

Figure 5: Coprocessing Overview 

1) The 3D printed part is begun. 
 
 
 

2) Once the part reaches the 
point when its cavity is as tall 
as the coprocessed object, the 
print is paused. 
 

3) The external component is 
placed into the 3D printed 
part. 
 
 
 

4) The print is resumed, and it 
prints over the component. 
 
 
 
 

5) The product is removed from 
the build plate 



Design Guidelines and Limitations 

Tolerances and Fits 

Because of the nature of 3D printing, printed parts often shrink slightly as they cool 
down, so leaving enough space for coprocessed components is important. This tolerance can 
vary based on the printer, and can range from .01 mm to 1 mm depending on the printer 
resolution. This value may change if the printer has a heated enclosure or build platform. Parts 
tend to shrink by about .2 mm in all directions after printing, which is a value that should be 
added to the tolerance of the printer to ensure a good fit. For example, MakerBot Replicator 2s 
have resolutions that range from .1-.3 mm, and each layer shrinks by about .2 mm much when 
printed, which means that cavities for coprocessed components should be oversized by at least .5 
mm. There is some positioning accuracy lost because of this error margin, but with a higher 
quality printer this can be reduced. 

Component Shape and Size 

Nearly any shape can be coprocessed as long as it can actually fit inside the printer. 
However, there are some limitations to how things can be coprocessed, and they are highly 
dependent on the shape of the piece. No components smaller than twice the tolerance of the 
printer should be coprocessed, as there may be complications when the part is fit into the 3D 
printed component. Parts with an even top surface are the simplest to coprocess as the printer can 
just print over them, which means that most components can be and should be placed into the 3D 
printed part from the top. 

 

Figure 6: A rectangular servo motor inside of a print job. The 3D printer printed on the 
top face of the servo motor after it was placed. 

Block-like parts are the simplest to coprocess. A block shaped piece can be placed into 
the 3D printed part directly from above, directly before the printer starts to print the layer that 
would cover the block. The printer can print directly on top of the part once the print continues. 
If there are shorter sections of the part, ensure that the design accounts for those features. 



 

Figure 7: 3D printed pieces with cylindrical coins embedded in the print job. The printer 
printed over the top face of the coins. 

Cylindrical parts in a vertical orientation can be coprocessed as easily as block parts; 
again, the printer can just print over them. However, if they need to be oriented horizontally, 
either they should be added via an access hole on the side of the 3D printed component, or they 
should be placed in from the top, with a flat overhang tangent to the top of the piece. The 
overhang should be located such that it clears the highest point on the part as shown below: 

 

 

 

Figure 8: Two methods of coprocessing horizontal cylindrical objects 

Parts with uneven top surfaces require design techniques specific to the top shape of the 
part. Similar to coprocessing a horizontal cylinder, placing an uneven component in from the top 
of the 3D printed part requires that the printed surface above the part be flat so that the entirety 
of the part can fit and not get hit by the extruder head. If they are inserted from the side, the 
cavity can take the shape of the part. However, at least one side must be left open so that the part 
can be placed in, and if there is a significant overhang above the cavity, it should be arched or 
angled in such a way that the overhang does not droop down. 

 

 

 

 

Figure 9: Placing irregular parts into a print job is similar to the coprocessing of a 
horizontal cylinder. 



Part Adhesion 

If a part is minimally contacting the build plate, coprocessing can be tricky to carry out, 
as interacting with the print job may knock the print over. If you required tight tolerances on 
your coprocessed parts, minimal surface area contact (below 10 mm3) is not advised. The 
coprocessing step itself will sometimes shift the print if it needs to be tightly pressed into the 3D 
printed part, and the shift can cause the print job to collapse.  

Another drawback of coprocessing comes from vibrations and offsets of the 3D printed 
part during the coprocessing step. If the printed part is moved slightly during coprocessing, then 
the seam on the printed component will be visible and the part will be more likely to break 
around that seam. This will greatly reduce the quality of a part, and this offset has the potential to 
increase as the coprocessed parts get larger. 

 

Figure 10: This print job was slightly shifted during the coprocessing step, so there is a 
clear disconnect on the level that the part was coprocessed at. 

Efficient Design and Timing 

Many of the design guidelines and limitations of coprocessing are similar to those 
relating to large scale or automated assembly. As 3D printed parts are fixed to the build plate 
during a print, it is easiest to design coprocessed parts for top-down assembly, as it makes it 
simplest for the worker to place components into the print. The Boothroyd assembly model 
provides a solid framework for the length of time it takes to execute a coprocessing step. All 
manual handling times are the same as a normal product assembly, but all manual insertion times 
should be determined within the “obstructed access or restricted vision” category as the printer 
obstructs the sight of the worker. If a part needs to be removed from the build plate during 
coprocessing, 5 seconds should be added for the removal. To determine the total time a printed 
part would take to print with coprocessing, the printing software will give a print time estimate. 
With this print estimate, 20 seconds are added for each coprocessing step, 10 seconds for pausing 
the print and lowering the build plate, and 10 for resuming the job. Additionally, most printers 
will stay heated for a certain amount of time while paused. If the coprocessing job exceeds this 
amount of time, an additional 2 minutes is required for the printer to heat up again. With these 
times in mind, an efficient coprocessing job involves only one pause and resume of the print, so 



all items should be coprocessed at once if possible, and the assembly time during coprocessing 
should be less than the heat time during a paused print. 

One of the downsides of coprocessing is that all pieces need to be designed without the 
use of support material (at least if one is relying on the support material generated by the printer 
software). Support material will fill in the gaps that coprocessed parts need to fit in, so it cannot 
be used if printing a part to be coprocessed. This means that one should design the 3D printed 
parts with flat overhangs where the print would be over a coprocessed part, and angles or arched 
overhangs where the print would be printing over air.  

Resources: 

http://www.matweb.com/search/datasheet.aspx?matguid=f040b67efe7641d6b1f3125e963a60ed
&ckck=1 

http://info.crescentind.com/blog/bid/69598/What-is-Insert-Molding-for-Plastic-Components 

http://www.microplasticsinc.com/what_is_insert_molding.php 

https://printeraction.wordpress.com/ 

Product Design for Manufacture and Assembly, Boothroyd, 2010. 
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