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Project Scope

• The management of HARBEC, Inc. saw a need within their 
industry, plastic parts manufacturing, to improve upon the current 
design standards of conformally cooled plastic injection 
mold cavities

• HARBEC wanted to look at the viability of 
utilizing biomimicry to see if cooling 
systems in nature can improve upon the 
current conformal cooling designs used in 
additively manufactured plastic injection 
mold cavities

• Conformal cooling reduces cycle time for the production of plastic 
injection molded parts, reducing energy use and production 

time, saving both money and the environment.



Project Scope Continued 

PROJECT PARTNERS

HARBEC designed and built molds that have
geometries that mimic efficient processes in
nature, particularly in the dissipation of thermal
energy.

These goals was to incorporate principles of
biomimicry, sustainability, and conformal
cooling, thereby reducing cycle times and
energy input per plastic part.

Bridging Novel Biomimicry Inspired Product 
Design with Transformative Energy Efficiency 

Manufacturing Process Technologies and 
Improvements 



What is Biomimicry? 

bi·o·mim·ic·ry
ˌbīōˈmiməkrē/

noun: biomimicry; noun: bio-mimicry

the design and production of materials, 
structures, and systems that are modeled on 
biological entities and processes.

Design

Inspired

Nature

“Biomimicry is an 

approach to innovation that 
seeks sustainable solutions to 

human challenges by emulating 
nature’s time-tested patterns and 

strategies. The goal is to create 
products, processes, and 

policies—new ways of living—
that are well-adapted to life on 

earth over the long haul.” 

- Biomimicry Institute, 
http://.biomimicry.org 



The Business of Biomimicry 

A 2015 report “Tapping into Nature” by Terrapin Bright Green
captures the enormous market potential of bioinspired innovation.
According to Terrapin’s report:

“The Fermanian Business & Economic Institute (Institute)
estimates that bioinspired innovation could account for
approximately $425 billion of U.S. GDP by 2030 (valued in
2013 dollars). Beyond 2030, the impact of bioinspired innovation
is expected to grow as knowledge and awareness of the field
expand.”

Bio-inspired Innovation will 

contribute $425 billion to 

the U.S. GDP by 2030

Source: http://www.terrapinbrightgreen.com/tapping-into-nature/

http://www.terrapinbrightgreen.com/wp-content/uploads/2015/03/FBEI_Jobs_Industries_BarChart1.png
http://www.terrapinbrightgreen.com/wp-content/uploads/2015/03/FBEI_Jobs_Industries_BarChart1.png


What is DMLS?

• DMLS stands for “Direct 
Metal Laser Sintering”

• The DMLS process uses a 
laser to melt metal powder 
to “grow” an item, one layer 
a time

• Effectively laser welding on 
a larger scale



What is Conformal Cooling?

• Conformal cooling is a method for 
creating cooling lines that follow 
the contour of the molded part

• Allows for faster cooling and more 
consistency in molded parts

• Increases the cooling surface area 
as well as providing even cooling to 
the entire mold cavity



Natural Cooling Systems Reviewed

• Capillary action in plants

• Convection cooling in termite 
mounds

• Large, thin animal ears that act 
as heat sinking fins 

• Vein structures in the 
mammalian vascular system 
and leaves
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Cooling line configurations



Manufacturing Process

• Aluminum was used for its higher thermal diffusivity over 
steel

• Each block averaged 20 hours to build

• A custom mold base was designed 
by HARBEC to use for the grant

• Cavity blocks were machined to fit the 
mold base

• Impression surfaces were lightly polished to ensure parts 
released cleanly from the molds. 

Choose 
material

Build 
cavity

Custom 
design

Ensure 
fit

Finish 
surface



DMLS Molds



Testing Procedures

• The standard process settings for Polypropylene 
were used as a baseline

• Cooling time was chosen to be the tested 
variable.  It was assumed that parts with 
inadequate cooling would measure out of 
tolerance  

• The parts with the lowest cooling time while 
still remaining in tolerance were used for 
each test run



Test Procedure

• After cooling times were determined, each version 
was run for 50 shots. Total energy consumption 
was recorded with a data logger.

The results showed the following improvements:

Cycle Time
(seconds)

Improvement over 
Version 1

Conventional 26.3 -

Conformal #1 25.8 2.0%

Conformal #2 21.8 17.1%

Biomimicry Dicot 20.6 21.8%



Anticipated Electrical Savings over 100,000 cycles

 

Version  Press Time (days) 
 

Energy Consumption (kWh) Energy cost @ $0.13/kWh  

Conventional         30.44  1148.91 $149.36  

Conformal #1      29.82  1125.76 $146.35  

Conformal #2      25.22  951.89 $123.75  

Biomimicry 
Dicot 

     23.79  898.16 $116.76  

 



Keys for Industrial Adoption

• Inform customers about the existence of 
conformal cooling technology and DMLS 
use for molds

• Inform customers about the advantages 
and limitations of the DMLS process.

• Teach mold designers how to properly 
design for conformal cooling

Data

Information

Knowledge



• Principles of biomimicry were successfully assessed, modeled, and 
incorporated into a precision mold constructed through 3D printing 
(DMLS).

• 3D printing enabled injection molds to be designed and built using 
conformal cooling channels that were not previously possible using 
traditional methods of mold making.

• By coupling nature-inspired (biomimicry) design principles with the latest 
technology for 3D printing (DMLS), HARBEC was able to demonstrate mold 
designs that improved both cycle time and energy use.

• The operational benefits associated with using 3D printing as a tool for 
building injection molds that integrate conformal cooling and principles of 
biomimicry are substantial. HARBEC estimates that cycle time and energy 
savings can be improved by more than 20%.

• As further refinements are made to DMLS technologies, and as options for 
3D printed materials expands, it is foreseeable that the opportunity to 
further integrate Additive Manufacturing into the manufacturing process 
for injection molding will also improve. 

Conclusion



For additional information and to access HARBEC’s
technical white paper on this project go to 

www.harbec.com/biomimicry


