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Introduction:

Conformal cooling is not a new technology, in fact, many articles have been
written about this topic over the years primarily as a means to reduce cost
and improve quality in injection molded parts. There are countless examples
of parts that were manufactured with this technology that resulted in lower
part cost, improved part quality or both. Steel tolerances, surface finish, and
overall cost have been some of the limitations presented in this process.
Fortunately, the equipment, materials, and manufacturing methods have
come a long way in achieving better surface finish and tolerance
expectations. And not a moment too soon. Since parts are becoming more
complicated while expectations continue to increase, the need for more
efficient part cooling becomes even more important since overall part quality
is assumed in the quest to lower part price and stay competitive. While there
are several avenues available to the processor to optimize cycle time, part
cooling typically represents a higher portion of that overall cycle time and will
be the focus of this study.

A current part selected for this study was comprised of a small, but deep box
approximately 3.5” x 1.75” x 4.25” tall with little internal structure, and a

AT A GLANCE

Conformal cooled core and a
traditionally cooled core are put
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different technologies react in
the same environment.
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Is the cooling time reduction
really as good as they say?

What is the impact to part
quality?

Read on to learn more...

fairly uniform wall of 0.118”, made from PC+ABS. For those that are familiar with injection molding parts of this design,
inherent warping of the unsupported side walls is the primary nemesis, which requires special attention paid to cooling
of the core and in many cases require additional cooling time to meet the warp specifications.

Case Study: A Tale of Two Cores

This study will focus on one fundamental difference: the cooling of the internal core. Since the primary cooling of the
part occurs through the core, consistent and efficient removal of the heat is needed to ensure the uniformity of heat

transfer. No other changes to the mold were made other than what is described below.

The original, conventionally cooled core is made of hardened H-13 tool steel, cooled with two @7/16”
drilled water lines with 0.085” thick baffles on two separate circuits providing an effective cross
sectional area of 0.057in? in flow channel for each baffle. Having two equally spaced
baffles roughly equidistant in the core means the minimum distance from the edge of the
water line to core surface is 0.450”, with a distance between baffles of 1.1875”. Thermal

conductivity (k) is approximately 10.2 BTU/hr{t°F.

The conformal cooled core is a laser sintered Matsuura Maraging Il steel made on a LUMEX Avance-25
metal laser sintered hybrid milling machine. The unique aspect of this technology is the
integrated machining step between print layer intervals. The design of the cooling
channel is a one circuit, spiral design, with a modified elliptical shape that twists around
the core at alternating levels. The non-traditional shape effectively maximizes the surface
area parallel to the core surface providing an affective cross sectional area of 0.071in%in
flow channel. The minimum distance from the edge of the water line to core surface is 0.093”.

Thermal conductivity (k) is approximately 8.9 BTU/hrft-°F.




Experiment:

The goal in any cooling process is to remove the heat consistently throughout the part. With greater cooling flow closer
to the part surface, heat is conducted away from the plastic more efficiently, resulting in reduced cycle time with similar
or better part quality. The theory is correct, proven and demonstrated over and over. This experiment will put that
theory into practice to see what is really happening within the core and to quantify the impact of the differences.

We know that to make a part that meets print, a baffle cooled core requires a

cooling time of 18 seconds, which became the starting point for our study, _

since theory dictates that the better cooling will be achieved more quickly with

the conformal cooled core. INPUTS AND OUTPUTS

The conformal cooled core was installed in the mold and the experiment was
started by setting up to the approved process, allowing for stabilization
before data and samples were collected. Core temperatures were manually
recorded as were part ejection temperatures. Water circuit flow rates and Main process input variable:
inlet and outlet water temperatures were recorded in real time with the help
of a System Cooling Test Rig provided by Progressive Components.

e Cooling time

Cooling time was then reduced in 2 second step increments following the
same procedure previously described, and recording the same output data The key outputs:

until there were discernable part quality issues forcing the study to end.
e Core temperature

The collected samples were measured for each of the cooling times to e Part eject temperature
ascertain the resultant part warp over the reduced cooling times. e Water outlet temperature

The entire process was repeated for the existing baffle cooled core, using the
same water input temperatures and cooling time increments determined
earlier in order to achieve a reasonable comparison on the effectiveness of only the cooling design with other
parameters remaining fixed. It should be noted that additional optimization opportunities exist, but those were not
employed for the purpose of this technology comparison.

System Cooling Test Rig set up



Results:

Conformal cooled core

Cure Part eject Avg. core steel Inlet/outlet water  Warp Comments
time (s) temp (°F) temp (°F) temp delta (°F) max (in)

18s 147.1 151.97 0.14 0.0163  Cooling time start from approved process

16s 150.3 154.97 0.23 0.0171

14s 153.2 155.03 0.55 0.0166

12s 154.6 157.07 0.55 0.0159

10s 155.3 160.25 0.58 0.0157 | Optimized cooling time / Acceptable part
Range 8.20 8.28 0.44 0.0014

Average water flow rate through circuit: 0.523 g/min.

Heat removal from the core was relatively consistent for all
processes.

Warp was marginally impacted by shorter cooling times.

Below 10 seconds, the part quality was beginning to be
compromised. Marginal improvements only below this point, which
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ended the study.

Baffle cooled core

Comments

Production approved process
Process did not yield acceptable part
Process did not yield acceptable part
Process did not yield acceptable part
Process did not yield acceptable part

Cure Part eject Avg. core steel Inlet/outlet watertemp  Warp
time(s) temp (°F) temp (°F) delta (circ1/circ2) (°F)  max (in)
18s 152.5 190.63 -1.21/-1.83 0.0206
16s 159.2 194.50 -1.05/-1.66 0.0209
14s 161.8 197.27 -0.87 /-1.47 0.0216
12s 163.6 199.20 -0.97/-1.26 0.0213
10s 166.5 200.03 -0.88 /-1.41 0.0213
Range 14.0 9.40 0.33/0.57 0.0010
e Average water flow rate through circuit: (1) 1.32 g/min and (2) 0.00
1.87 g/min. 020

Warp was marginally impacted by shorter cooling times.

Outlet water temperature was cooler than the inlet water
temperature indicating heat was being added to core, effectively
marginalizing the function of the baffles within the core. .
The 16s cooling time process and faster did not produce a0
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acceptable parts, but the study continued to provide a direct
comparison to the other core. o
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Conclusions:

CONFORMAL COOLING
IMPACT

Results that were as expected in a conformal cooled core:

v' Less warp overall

v Better thermal conduction as seen through lower temperature swings
in the part ejection and core steel temperatures

v Faster cycle time through reduced cooling time was achieved with
better part quality

.0

»  24% reduction in warp
¢ 44% reduction in cool time

¢ 17% reduction in cycle time

There were some unexpected developments:

+* The baffle cooled core did not have as much cooling influence as
expected, even with better thermal conductivity and greater flow rates in two separate circuits. With water
temperatures actually decreasing at the outlet suggests that the proximity of the cooling line to cavity wall plays
an even more important factor in managing the thermal mass of the core. This may be an indicator that more
warp and dimensional variances could be seen over longer production runs.

+» The warp for either core was very consistent regardless of process, suggesting that higher core temperatures in
general result in more shrinkage outside of the mold, contributing to the overall magnitude of the values.

Finally, the conformal cooled core with a 10 second cooling time produced a better part than the production baffle
cooled core at a 18 second cooling time. An 8 second cooling time reduction resulted in a 44% reduction in cooling
time and a 17% reduction in overall cycle time.

» The cost premium to make the conformal core through the additive process was approximately $10,000-$15,000
depending on the manufacturing methodologies employed during the finishing operations.

> The part cost savings related to cooling time reduction is $0.17 each.

» The payback on this process simply from a cooling time standpoint is between 58,000 and 88,000 parts, which
does not factor in the reduction in process development time (mitigating warp), cost of quality in on-going
production, and greater customer satisfaction on overall part consistency.

Lessons Learned:

There is no question that this technology has tangible benefits with little doubt that the cooling enhancements have a
meaningful impact, but as with any technology, application needs be weighed against cost, and that certainly holds true
for this additive process. Large cores require longer manufacturing times and significant material consumption resulting
in higher tooling costs. The test part chosen represented a large test subject, selected to minimize other external
influences in this study. The less tangible benefits need to be factored into the overall payback, which in this case, is
improved part quality and greater consistency over longer runs are not as easily quantifiable benefits, but ones that
should not be marginalized. There are many cases where the cost to develop sub-optimal processes will offset more of
this delta. Each application needs to weigh all these considerations when determining the best approach. For this tale,
consistency will take center stage.

It is time to challenge traditional cooling methods. Parts are not getting any easier and part quality continues to be a
given even as tolerances tighten, and cost pressures force us to look to new horizons to stay one step ahead. As we look
to the future, this technology will certainly be one tool that we employ.



Credits:

Custom Mold & Design, Forest Lake, MN (www.custommold.net); core design and tooling

Matsuura LUMEX (www.matsuurausa.com); additive process equipment used to manufacture core

AST Technologies (www.asttech.com); System Cooling Test Rig courtesy of Progressive Components
(www.procomps.com)

Allen Edwards; Teamvantage Process Engineering

Zach Wenner; Teamvantage Project Management

ﬁTEAMVANTAGE
fo CMD

CusTOM MoLD & DESIGN

20697 Fenway Avenue North 22455 Everton Avenue North
Forest Lake, MN 55025 Forest Lake, MN 55025
651.464.3900 651.757.4000
www.teamvantage.com www.custommold.net

sales@teamvantage.com sales@custommold.net


http://www.custommold.net/
http://www.matsuurausa.com/
http://www.asttech.com/
http://www.procomps.com/

	Conformal Cooling cover page_6052019.pdf (p.1)
	Conformal Cooling WP_06042019.pdf (p.2-6)

