
White Paper

3D printing is an exponential innovation. Regular breakthroughs in 3D printer speed, resolution, cost and reliability 
demonstrate the potential not only for scale but also for unlocking new possibilities. Coupled with a fast-evolving range 
of printable materials, 3D printing is expanding into traditional manufacturing processes and being used for tools, 
molds, tool masters and end-use parts.

One area of manufacturing that is experiencing a true paradigm shift is injection molding. By 3D printing the injection 
molds, manufacturers can functionally test parts in final materials within days of initial design.

by Stratasys, Inc.

3D PRINTING INROADS IN
INJECTION MOLDING
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Injection molding is the process of injecting plastic material into 
a mold cavity where it cools and hardens to the configuration of 
the cavity. It is the best way to mass produce highly accurate and 
complex 3D products and parts.  

Unfortunately, the cost and time of tooling molds is often 
compounded. For example, design mistakes require the mold be 
remade correctly or to create multiple iterations before the final 
part design and quality are achieved.

It is with these issues in mind that manufacturers have begun to 
embrace the use of 3D printed molds to create functional injection 
molding prototypes.

INJECTION MOLDING TOOLING 
TECHNOLOGIES
The choice of material for mold creation is governed by part 
volume; in general, higher part volume requires harder mold 
material, at a higher cost to construct. 

Hard Tooling

For CNC-machined metal injection molds used for mass 
production (millions of parts), the mold costs can range from 
$20,000 to hundreds of thousands of dollars with lead times of 
two to four months. The longer lifespan of hard tools will offset 
the higher initial cost over a higher number of parts made before 
wearing out.

Creating injection molds for mass production requires steel 
tools, cut with a CNC milling machine or via electrical discharge 
machining (EDM). The tooling is very expensive to produce; 
however, the advantage is that the metal tools are extremely 
durable and can be used to produce large volumes of parts at a 
very low cost per part.

Soft Tooling

When smaller amounts – tens of thousands to hundreds of 
thousands – of injection molded parts are needed, soft tooling 
is an option. Made in aluminum, these molds are less expensive 
and faster to produce. For soft tooling (aluminum) to produce 
medium volumes, soft tooling costs can range from $1,500 to 
$25,000, with lead times of two to six weeks.

3D Printed Tooling 

For producing prototype parts or low volumes (10 to 100 units) 
of final parts, 3D printing is the ideal technology and offers 
several advantages, listed below. Digital ABS™ has become 
the preferred 3D printing material to create the molds because it 
offers the required thermal and chemical properties to withstand 
the rigorous injection molding process.

• Bridge Tooling

 3D printed injection molds can supply the early market with  
 product samples within days of concept, creating watershed  
 opportunities for marketers to launch and capture orders and  
 mind-share for new products. Bridge production of advance  
 products using 3D printed molds can cut months off product  
 delivery schedules, stimulate early demand and accelerate  
 market entry.

• Tooling On Demand 

 For low-volume manufacturers, 3D printed injection molds  
 offer a cost-effective production solution that eliminates hard  
 tooling costs and delays. Hard tooling spares are no longer  
 required in inventory. When new injection molds are needed,  
 they are printed on demand to replace worn or fatigued molds.

IDEAL 3D PRINTING MATERIALS FOR 
INJECTION MOLDS 
Material requirements for 3D printing applications are constantly 
evolving as engineers seek to create new structures with new 
mechanical properties. 

For injection molding applications, the availability of strong, stable 
plastics is critical to produce parts with tight tolerances and the 
toughness to withstand constant use on the factory floor.

Digital ABS is the best choice for 3D printing injection molds: it 
combines strength and toughness, along with high temperature 
resistance. Available on PolyJet™-driven 3D printers, dual- or 
triple-material jetting can produce photopolymers that simulate a 
range of durable production plastics. 

Digital ABS is a two-component material designed to simulate 
standard ABS plastics by combining high temperature resistance 
with toughness. Digital ABS is suitable for parts that require 
PolyJet technology’s highest possible impact resistance and 
shock absorption.
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The best materials for the injection molded parts themselves 
are those that have reasonable molding temperatures (< 570 
°F / 300 °C) and good flow behavior. Ideal candidates include 
polyethylene, polypropylene and polyamide.    

Plastics requiring processing temperatures of 250°C (480°F) 
and higher, or those that have high viscosity at their processing 
temperature, will shorten the life of the mold, and in some cases, 
the quality of the finished part.

MATERIALS CASE STUDY: NYPRO (IRELAND)
Nypro is a global manufacturer of precision plastic products for 
the healthcare and packaging industries. Together with Stratasys, 
Nypro conducted a series of tests to assess the performance of 
rapid prototyped cores and cavities with critical features. 

During one of the many tests conducted, sample ABS parts were 
injection molded into a single 3D printed mold made from Digital 
ABS. Parameters such as maximum pressure, cushion and 
core and cavity temperatures were tracked. Upon completion 
of the tests, the mold was deemed to be stable as indicated by 
constant injection pressure and cushion. By using recommended 
cooling procedures, the temperature in the core and cavity did not 
exceed 58ºC. 

Nypro concluded that the injection molding trials were very 
successful. “The process of 3D printing cores and cavities can 
be considered an advantage in terms of time, initial functionality 
evaluations and cost.”

CASE STUDY: ROBERT SEUFFER GMBH & CO 
(GERMANY) 
Robert Seuffer GmbH & Co, based in Germany, manufactures 
electronic component parts for household appliances, commercial 
vehicle and automotive industries. Products include interactive 
fans, sensors and switches. 

Because many Seuffer 
products include customer-
facing interactive elements, 
they must be designed 
to withstand extended 
use, while protecting the 
internal components from 
high temperatures, shock, 
vibration and corrosive 
fluids. 

Functional testing of Seuffer prototypes is critical to validate their ability 
to perform over time.  In the past, Seuffer created injection molded 
prototypes using final production materials and metal molds.

In the past, it took eight weeks for Seuffer to build a metal 
production mold like the one shown in above at an approximate 
cost of $50,000. If any changes were needed, new costs were 
incurred and more time lost.

High-resolution molds created using PolyJet technology produce fine features 
in injection molded parts. Nypro created this component part to test injection 
molded parts.

Seuffer saved upward of $50,000 and 
shaved more than 50 days off of production 
of molds like this one.

This part that Seuffer produced via injection molding is ready for functional testing.
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Seuffer’s management needed a way to accelerate the process 
and better manage the costs. They decided to acquire a PolyJet-
based 3D printer as a mold-making machine and chose a complex 
part for the test application. Its design included shut-off surfaces, 
thin walls and tall core pins that would normally require multiple 
inserts and many hours to fit into a normal metal mold base. 

Seuffer 3D printed a prototype mold in less than two days for less 
than $1,500 and required only three hours of component fitting 
and assembly. 

“Previously, we could not conduct performance tests until we 
had built a steel or aluminum tool and used it to create injection 
molded prototypes on actual production machines,” said Wilfried 
Zachmann, research and development manager for Seuffer. 
“Now we have the ability to perform functional tests and modify 
designs faster and at much lower costs.” 

CASE STUDY: WHALE (UNITED KINGDOM)  
Whale, based in Northern Ireland, manufactures and exports 
pumps, drainage and heating systems for marine, commercial 
vehicle and mobile home markets around the world.

Injection molding is a core competency for Whale. The company 
manages an in-house injection molding operation of 10 state-
of-the-art injection molding machines to produce its top-selling 
pump and drainage systems.

Like many early adopters, Whale acquired a 3D printer and began 
using it in-house for functional testing of prototypes. 

Whale began investigating the possibility of using 3D printing for 
injection molds. They found Digital ABS had the ideal properties 

for low-volume part production: high temperature resistance and 
toughness.

In the past, Whale outsourced its prototyping to service bureaus 
and often ordered parts from China. Metal injection molding tools 
took four to five weeks to produce and cost tens of thousand 
of pounds sterling. Tools are now designed during the day, 3D 
printed overnight and tested the next morning with a range of 
end-product materials.

“We have already seen the technology take months off of our 
product development process and that in turn minimizes risk. In 
fact, I estimate that we’ve shortened our R&D process by up to 
35 percent,” said Patrick Hurst, managing director at Whale. “Add 
that on top of the 20 percent we’re already saving in terms of our 
design work – well for me, it’s fantastic.” 

CASE STUDY: BUDAPEST UNIVERSITY 
(HUNGARY )
Dr. József Gábor 
Kovács, head of 
the Department of 
Polymer Engineering 
Laboratory, Budapest 
University of Technology 
and Economics, turned to 
3D printing technology 
when faced with a 
design challenge posed 
by a major manufacturer. 

He and his team were commissioned to design a general-
purpose electric fan that could provide enhanced cooling but 
at a significantly reduced noise level. The new design also 
had to pass safety tests performed under extreme load conditions 
like intense temperature, multiple hours of operation and high 
rotation speeds.

To perform the tests, the team needed an efficient, inexpensive 
method of producing injection molded prototypes from the same 
material that would be used to create the final product. However, 
conventional methods of producing injection molds are often 
painstaking, highly expensive and time-intensive – all factors the 
team could not afford. So Kovács explored the options with the 
Objet®350 Connex™ 3D Printer. Whale is now 3D printing injection mold tools in less than 24 hours at a fraction of 

the cost of producing metal tools.

An injection molded acetal impeller from a 3D 
printed mold.
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The result was impressive. 
The advanced prototypes 
not only passed the 
required safety tests, but 
also increased cooling 
performance by 20 
percent while reducing the 
associated noise level by 
7 decibels. 

Kovács commented that 
PolyJet technology provided 
the team with a “complete end-to-end solution without incurring 
major cost or time.” 

Kovács was equally impressed with the part quality. He noted 
that the prototype was “just perfect; there was no need for 
post-processing.”  

SUMMARY 
Exponential innovation in 3D printing technology and an 
ever-expanding range of printable materials is accelerating 
change in manufacturing. 3D printing injection molds makes 
business sense. 

The use of PolyJet-based 3D printed molds allows manufacturers 
to take functional testing to a new level, by creating product 
prototypes from the same injection molding design, process and 

materials that will be used to create the final product. 

3D printed molds are unique in that, for prototypes and low volume 
manufacturing, they perform in the same way as metal molds but 
are much cheaper, easier and faster to make. With PolyJet-based 
3D printing technology, manufacturers can produce prototypes at 
speeds and costs far below traditional methods. 

As a result, 3D printing allows manufacturers to evaluate the 
performance, fit and quality of potential products injected in the 
final product material and to test them in real-life conditions, 
before mass production starts.

3D printing injection molding tools therefore creates value for 
both large, high-volume manufacturers and small, low-volume, 
niche manufacturers and it’s ready to use in your manufacturing 
business today.

According to the Deloitte Tech Trends 2014: “Exponential 
technologies [like 3D printing] can lead to new ‘Kodak moments,’ 
where existing businesses are displaced by upstart companies 
harnessing the emerging technologies. ‘It will be about industries 
effectively leveraging technologies to improve their productivity 
and cost-efficiency, resulting in more agile and adaptable 
businesses that can create new opportunities,’ said Robert 
Hillard, Deloitte Australia Managing Partner.”

Budapest University 3D printed this fan 
blade, which is on an engine axis ready for 
functional testing.


