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Chair’s Message

What is Sustainability?
 
At our last SPE Injection Molding Division 

board meeting we had a discussion about 
sustainability and the involvement of the 
FDA in branding sustainable products.  The 
question that arose was “what is sustain-
ability”.  After a search on the web, I learned 
that there are several accepted meanings.   
One of the statements that made me chuckle was “diction-
aries provide more than ten meanings for sustain.”  No won-
der everyone has their own definition.   The one definition 
that seems to fit our industry is derived from the Brundtland 
Commission of the United Nations:   “sustainable develop-
ment is the development that meets the needs for the pres-
ent without compromising the ability of the future genera-
tions to meet their own needs.”  

“Green” seems to be the accepted slang term for being 
sustainable.  I attended a trade show in the fall as an exhibi-
tor and we were asked if we were a “green” supplier.   Who 
would really say “no” to this? One contribution to being a 
green supplier is to promote the use of electronic media 
vs. paper based media not only for advertising but also 
for product information.   It would be great to hear stories 
from the “field” on how your company is implementing a 

Continued on page 2.
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Chair’s Message Continued

March 2011
March 2-6  
AMBA Annual  
 Convention 
Las Vegas, NV 
www.amba.org

March 7-9   
Molding 2011 
San Diego, CA 
http://events.cleantechies.
com/molding-2011

March 15-16   
MASSPLASTICS 2011  
Fitchburg, MA 
www.massplastics.com

March 16-17   
SPE European Additives 
 & Colors Conference 
Bonn, Germany 
www.4spe.org/ 
conferences/ 
european-additives-and-
colors-conference

May 2011
May 1-5   
SPE ANTEC 2011 
Boston, MA 
www.4spe.org/ 
conferences/antec-2011

May 24-27   
AUSPLAS 2011 
Melbourne, Australia 
www.ausplas.com

June 2011
June 21-23  
Plast-Ex  
Toronto, Canada 
http://www.canontrade 
shows.com/expo/
plastex11

September 2011
September 25-27   
CAD RETEC  
Lombard,  IL 
www.4spe.org/ 
conferences/cadretec-2011

September 27-29   
INTERPLAS  
Birmingham, UK 
http://www.micromanu.
com

April 2012
April 1-5  
NPE 2012 & ANTEC 2012  
Orlando,  FL 
http://www.npe.org/ 
Exhibit

who was named 
2011 Injection Mold-
ing Division’s “Engi-
neer of the Year” by 
the Awards Commit-
tee following their 
meeting in Orlando 
on Feb. 4, 2011.  
Tom has been a 
member of the  
Society of Plastics Engineers since 1990 and 
a member of the Injection Molding Division 
Board since 2000.

The Engineer of the Year Award was es-
tablished in 1981-1982. Selection of an in-
dividual is based upon contributions to the  
Division. Length of service, committee-work 
and holding an office in the Division are 
some of the valid criteria for selection along 
with the quality of service to the Division.  

Industry Events Calendar Injection  
Molding Division - 
Engineer of the Year Award
CoNgRATULATIoNS To  
DR. LIh-ShENg (ToM) TURNg,

sustainability/green program.  You can send  
your comments to our newsletter editor:  
Heidi Jensen at publisherimdnewsletter@
gmail.com.

I want to thank our former newsletter edi-
tor Chris Lacey for her outstanding work over 
the years to make our division newsletter 
what it is today and at the same time intro-
duce our new editor Heidi Jensen.   We look 
forward to working with Heidi and the new 
Molding Views publication team.

Lee Filbert
IQMS
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Brian Sealy from Christ Church New Zealand asks; 

“Where can I buy an injection molding machine 
with stainless steel components to mold a 
corrosive and erosive formulated and filled 
material for a component that will be utilized in 
residential construction in earthquake zones?”

I think that most injection molding machine manufacturers will build a machine 
with special materials to meet your requirements. I checked with Wayne Vander 
Zanden of Norstech Plastics (608-497-04340) to confirm my answer.  Wayne states 
that Absolute Haitian and Battenfeld would build a conventional machine with 

your specified components for an up-charge.
While no specifics on 

the polymer and fillers 
could be provided due 
to pending patents’ I 
would expect that the 
plastic would be a PVC 
based resin coupled 
with heavily filled long 
glass fiber reinforce-
ment. If my assump-
tion is correct, I can  
understand the stain-
less steel for the corro-
sion, but not sure that 
stainless is the best 
choice for the erosive 
conditions. Perhaps a 
reader can relate expe-
riences that will help 
Brian make the best 
choice.

A question was asked 
at the Milwaukee Sec-

Injection Molding Questions

Q:

A:Bob Dealey, 
owner and 
president 
of Dealey’s Mold 
Engineering, Inc. 
answers Your 
questions about 
injection 
molding.

Bob has over  
30 years of 
experience in 
plastics injection-
molding design,
tooling, and 
processing. 

You can reach  
Bob by e-mailing 
molddoctor@
dealeyme.com

E v E r y t h i n g  

h o t  r u n n e r s
E v E r y  s t E p  o f  t h E  w ay

Want the greatest cost-reduction and time-to-market advantages 
possible with a hot runner system? Turn to DME. We’ve been a 
leader in hot runners for four decades. And today, our selection of 
systems, service and components is second to none. Whether you 
need a total, off-the-shelf solution, or just a few nozzles, we’re here 
to support your hot runner success – every step of the way.

Download our hot runner selection guide at: 
dme.net/Everythinghotrunners  

dme.net • 800-626-6653

mailto:molddoctor%40dealeyme.com?subject=
mailto:molddoctor%40dealeyme.com?subject=
http://www.dme.net
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tion Society of Plastics Engineers Milwaukee Section meeting in January: “What are the advantages to the 
Mold Builder for using aluminium in an injection mold?”

I don’t believe the mold builder benefits from building a mold out of aluminium.  I believe the benefits all 
go to the injection molder.  The molder benefits from a reduction in cooling time and the overall reduction 
of the molding cycle.  Both the molder and end user benefit from a part that has less stress and warpage and 
more consistent dimensional consistency.  The end user reaps the benefits of lower cost of the molded part 
and typically a lower initial mold build cost.

The debate continues if the cost to build an aluminium injection mold is lower than the same mold built of 
steel. Generally speaking, when the amount of conventional machining for cutting the cavity and core is high, 
then the advantage goes to the aluminium mold.  However, the mold builder really does not benefit from this.  
If the mold takes 100 hours less to machine from aluminium, the mold maker charges 100 hours less.  So in 
theory, the mold maker would make more money building a steel mold and the reason for my answer.

Bob Dealy  Dealy’s Mold Engineering

mailto:publisherimdnewsletter%40gmail.com?subject=
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When sequencing valve gates for 
one large part, how can you ensure 
that each gate is actually all the way 
closed? I want to close some gates 
during fill and, then, open them to 
pack after the part is full.

This is a highly specialized hot runner application.  The process has 
been around for as long as there have been valve gated hot runner 
systems. The applications I personally have been involved with were 

automotive bumpers and other 
large parts. Other applications 
would be family molds with differ-
ent parts and sizes for each cavity. 

The difficulty with trying to se-
quence multiple valve gates is the 
majority of hot runner systems 
with valve gate actuators, are an 
open loop system having no elec-
trical or mechanical feedback on 
the position of the valve pin. Fur-
thermore having no cavity sen-
sors providing feedback on the 
position of the melt front creates 

Hot Runner Questions

The purpose of  this 
column is to provide 
valid information  
concerning hot 
runner technology. 

We invite you to 
submit questions or 
comments to our 
hot runner expert, 
Terry L. Schwenk, 
owner of Process & 
Design Technologies 
LLC. 

Terry has over 35 years 
of processing and hot 
runner experience. 

Terry can be reached by  
emailing: 
tschwenk@ 
processdesigntech.com.

Q:

A:

mailto:tschwenk%40processdesigntech.com?subject=
mailto:tschwenk%40processdesigntech.com?subject=
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processing difficulties.  An open loop system re-
quires a considerable time in the development 
stage to establish the timing of the valve pins 
to open and close at proper times. The opening 
and closing operation can be achieved by using 
timers or trigger switches located on the mold-
ing machine injection screw. Predicting or es-
timating the timing of the valve pins sequence 
can be done with simple volume calculations. If 
you know the gate positions and can correlate 
the part volume with those gate position to the molding machine that will be used for the application, 
you can obtain the injection screw and barrel size. With the barrel size and shot volume, you can then 
calculate screw position with part fill volume.  This will get you very close to knowing the timing of the 
valve gates. Let’s say you will be molding a long bar and you don’t want any warpage.  The ideal gate 
position would be located at one end of the bar, but the part is so large one gate won’t fill the part. 
So you add a second gate, however if you open both gates at the same time you will get a knit line in 
the center of the part.  By having two gates and locating the first gate near the end of the part and 
the second gate just pass the center of the part, you will be able to sequence the valve pins. Open-
ing the first pin will partially fill the part.  As the melt front moves just pass the second gate, open the 
second valve pin and continue to fill the rest of 
the part. You will end up with a full packed out 
part with no knit line and the part will remain 
flat with minimal warpage. Knowing when to 
open the second pin is key. By using volume 
calculations of the part and relating it to the 
machine barrel volume, you can fairly precisely 
estimate the time or position of the injection 
screw to open the second valve pin.

My personal preference of valve sequencing 
is to open valve pins upon filling and you can 
delay or stagger the opening of the valve pins. 
You can also restrict the opening amount of 
the valve pin by placing restrictor plates be-
hind the actuators to reduce the amount of 
opening travel of the valve pin. This can help 
control the flow out of each of the valve gates 
separate from timing. Once the part is full and 
packed out, close all the pins at the same time. 
The reason for this process is keeping the plas-
tic material flowing. If you try to close a valve 
pin during the filling process, it becomes dif-
ficult due to the cavity pressure and injection 
pressure that are working against you. Also if 

Hot Runner 
Solutions 
For All Applications
 Direct-Flo™ Gold Systems 
 For Technical Molding

      I  Designed for Engineered Resins

 Quick-Flo™ Systems 
 For Hi-Cavitation Molding
      I  Designed for Commodity Resins

 Opti-Flo® Manifold Technology 

      I  Rheologically BalancedRheologically Balanced

Technology

with

North America  |   Europe  |  South America  |  Asia

INCOE® Systems are designed for optimal performance and cost 
effectiveness in demanding applications. 
That's INCOE® performance... Right From The Start

INCOE® Hot Runners Today

T: +1 (248) 616-0220
F: +1 (248) 616-0225
E: info@incoe.com
www.incoe.com

INCOE® Corporation
1740 East Maple Road 
Troy, Michigan 
48083 USA

http://www.incoe.com
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you successfully achieve closing of the pin during the filling process, the plastic material immediately 
begins to solidify at that gate, and opening the valve pin to further pack out the part is extremely difficult.  
It’s much easier to pack out the plastic material when it’s in a molten condition.

Opposed to the open loop system is the closed loop system, which provides the best solution for se-
quencing valve gates. Closed loop systems will have position sensors for the valve actuators and cavity 
sensors for monitoring melt position, and of course a controller to monitor the sensors and provide the 
control for operating the valve gates, taking out all the guess work and tedious calculations needed 
for an open loop system. There is a number of hot runner suppliers that provide closed loop systems.

Typically cost drives whether you use a closed loop or open loop system. One of the most advanced 
close loop systems comes from Synventive with its Dynamic Feed System, which uses pressure trans-
ducers to control the filling of each valve gate.  Mold-Masters and Incoe have closed loop hot runner 
systems. Priamus, as well as other companies, manufactures a control system.

Terry L. Schwenk
Owner of Process & Design Technologies LLC

Don’t just purge...Ultra Purge!™

 
 
 
  

 
Produced by:

Tel. 877-884-3129
www.ultrapurge.com        

ó Change color on the fly
ó Reduce scrap by 50-80%
ó Reduce downtime by 50-80%
ó No fumes or odors
ó Recyclable

Contact us for a FREE sample.

ULTRA PURGE GETS YOU IN THE COLOR CHANGE FAST LANE

http://www.ultrapurge.com
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Ask the Experts: Steve Johnson

What is the number one problem mold 
repair shops face when trying to improve 
their maintenance efficiency?

Many times over the years this question has been raised. Having dis-
cussed this face to face with hundreds of attendees from 50+ companies 
at our training facility (and with hundreds more via email and phone con-

versations) the answer is clear.  The number one problem is that most companies 
don’t know what their number one problem is. They also don’t know what the 
number two, three or four issues are or how to prioritize them for improvement.

They are not in that mode or stage of continuous improvement development. 
“We are just too busy fixing things to make time to improve” is a comment heard 
more often than not. So they patch, and run, patch and run…

But those that tire of the needless expense in mold repair time,  tooling costs, 
missed shipments, quality issues and the stress will eventually put their mold re-
pair process into focus. When that happens the amount of holes seen that need to 
be plugged can numb someone into doing, well, nothing.

With so many issues to 
grasp, how do you get your 
arms around it?  How do you 
start to improve?  Like any-
thing else in this world that 
needs to be better under-
stood, the areas that have a 
controlling effect upon the 
desired results must first be 
categorized.

To improve mold repair  
efficiency, the barriers a 
shop faces when attempt-
ing to achieve a continuous 
improvement culture must 
be addressed.  For the mold 
maintenance trade in partic-
ular it comes down to these 
five factors:

Mold Maintenance Questions

Q:

A:

This new column 
 is designed to  
provide useful  
and relevant  
information about 
injection mold 
maintenance for 
custom and  
captive molders 
alike. 

Please submit  
any questions or 
comments to  
maintenance expert 
Steve Johnson,  
Operations Manag-
er for ToolingDocs 
LLC,  and owner of 
MoldTrax. 

Steve has worked 
in this industry for 
more than 32 years. 
E-mail Steve at 
steve.johnson@ 
toolingdocs.com 
or call  
(419) 281-0790. 

Keeping mold repair technicians’ skills up to date through 
targeted training initiatives is a key aspect of creating a 
systematized mold maintenance program.

mailto:steve.johnson%40toolingdocs.com?subject=
mailto:steve.johnson%40toolingdocs.com?subject=
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Leadership
•  Is someone driving the improvement initia-

tive forward?
•  Is the initiative more than just the “flavor of  

the week”? In other words, does it have legs?
•  Is there ongoing accountability for specific, 

measurable KPI’s (Key Performance Indica-
tors)?

Documentation
•  Is your record keeping system capable of 

collecting specific and accurate data to mea-
sure?

•  Does it utilize standardized terms for defects, 
tooling, corrective actions, etc.?

•  Is the format easy to use and does it provide 
value for administrators and tradesmen alike?

Maintenance Strategy
• What exactly is your maintenance strategy? (i.e., Reactive, PM, RCM, TPM, PmD, etc…)
• Within this strategy, what is being measured and targeted concerning shop and mold performance?
• Can you track tooling usage, and justify and keep an adequate amount on hand for repairs?

Shop Skills
• Are your technicians simply tooling replacers or are they skilled in troubleshooting defects?
• Are the corrective actions implemented skillfully and are they effective?
• Are technicians being trained in bench techniques and are they exposed to new repair technologies?

Shop Design
• Is the shop designed to repair your tools in a safe and efficient manner?
• Are benches and work spaces clean and organized with tools conveniently located?
• Are waste stream producing machines located away from molds and components? 

Although listed in a general order of criticality to any maintenance improvement initiative, let there be no 
doubt that within any of these five categories lies a potential show stopper. It takes a thorough understanding 
of the interaction of these five categories to be able to move away from a long accepted, reactive, firefighting 
culture into a cost effective, continuous improvement maintenance strategy.

Now all you need to know is where to start.  Stay tuned for future articles in Molding Views that will provide 
a more in-depth discussion of each of these five factors. Shops seeking to improve their mold maintenance 
efficiencies will begin to recognize and remedy the issues standing in the way of implementing a continuous 
improvement culture and, as a result, a more systematized mold maintenance program.

Steve Johnson  ToolingDocs LLC,  and owner of MoldTrax.

A properly designed mold repair shop will help create an efficient,  
cost-effective and safe work area for technicians.



http://www.engelglobal.com
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Feature: New Horizons for Lightweight Construction

Fully automated, efficient production of plastic fiber-reinforced composite components. 
The new Audi A8 front end weighs much less than its predecessors. This is made possible by the use of innova-
tive fiber-reinforced composites, or so called organic sheets. New process technologies are being developed 
so that this new dimension in lightweight construction no longer belongs exclusively to the high price sector. 

Lighter, faster, higher, further! Not since the advent of electric and hybrid cars has there been such a de-
mand for economically produced lightweight parts. Lightweight construction and injection molding have 
long been key concepts for meeting the increasing demands of the transport and mobility sectors. 

Lightweight construction is not only a question of the material. It depends far more on the interaction be-
tween the material, part design and manufacturing process. The thinner the walls, the lighter the component. 
Reinforcing materials are used to achieve a high degree of stiffness, impact strength, low shrinkage and good 
abrasion resistance for components with thin wall cross-sections. Until now, mainly long and short fibers were 
used for the reinforcement of thermoplastics where mechanical properties improve with increasing fiber con-
tent and length. Thermoplastics reinforced with short fibers exhibit anisotropic material behavior, according 
to the orientation of the fibers, which among other things depends on the filling of the cavity. Long-fiber 
reinforced thermoplastics achieve better mechanical properties and are therefore used for hybrid structures. 
However, the final properties of the component are also determined by the orientation of the fibers. 

New Horizons for  
Lightweight Construction

By Peter Egger and 
Alexander Stock ,  
ENGEL Austria GmbH

A first highly automated 
production cell for the 
cost-effective processing 
of thermoplastic fiber 
composite semi-
finished products was 
showcased at ENGEL 
Austria’s booth at the 
K 2010. 
Photo courtesy of  ENGEL Austria.
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Long-Fiber Reinforced Thermoplastics as a Metal Substitute
Seemingly endless fibers, with a length equal to  the dimensions of the component, can be distributed in 

such a way that they only fulfill the required reinforcing function in the direction they are embedded into the 
part. This enables the fiber content, and therefore the density of the component, to be reduced. The proper-
ties of a component can be improved while maintaining the same fiber content. Due to their low viscosity, 
long fibers are usually bound in a thermosetting plastic matrix, which incurs some disadvantages. The applica-
tions for long fibers are limited by long cycle times, lack of processing flexibility, limited shelf-life of previously 
cross-linked semi-finished products and inadequate existing automation technologies. To date continuous-
fiber reinforced materials are mainly used in the aircraft and aerospace field and other high-tech sectors. 

Plastic/metal hybrid structures are often used for components subject to particularly high mechanical stress. 
These hybrids are superior to sheet metal components in terms of the potential weight reduction and energy 
absorption capacity[3], and are ideally suited for use as crash elements which also form the support structure. 
However, even these components are not the be-all and end-all of car manufacturing. In the event of tem-
perature fluctuations, the very different coefficient of thermal expansion of the metal and polymeric materials 
leads to stresses at the joints. In the worst case, components may fail. Hybrid structures made completely of 
thermoplastic do not suffer from these disadvantages. Long-fiber reinforced plastic components are poten-
tial substitutes for metal parts – an important driver for developing new material combinations and injection 
molding technologies which overcome the disadvantages of processing thermoset fiber composites. 

The injection molding of semi-finished long-fiber thermoplastic components, the so-called organic sheet, 
promises the lightest components, shortest cycle times, highest efficiency and broadest range of applica-
tions. The sheets have an almost unlimited shelf-life, are formable, and at lower density they exhibit a rigid-
ity and strength comparable to conventional fiber composites. Particular mention must be made of their 
good impact properties, which make them suitable for use in automotive applications. The name organic 
sheet stems from the organic matrix – mostly polyamide (PA), polypropylene (PP), polypropylene sulfide 
(PPS) or thermoplastic polyurethane (TPU) – and its use as a substitute for sheet metal. 

Outstanding Impact Performance With Good Formability
The sheets of semi-finished mate-

rial are manufactured on double belt 
presses. The fiber type, layer structure 
and number, and the thickness of the 
organic sheet can be varied accord-
ing to the type of application. Com-
mon types of fiber used are glass, car-
bon or aramid fibers. Unidirectional 
(UD) structures and combinations of 
multiple UD layers can be achieved.  
As a result, all commonly known fiber 
composite laminating technologies 
can be used, and any combination of 
such technologies is possible.

The variety of material combina-
tions with effective laminate con-

http://www.processdesigntech.com
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Feature: New Horizons for Lightweight Construction Continued

struction has predetermined the use of or-
ganic sheet for lightweight applications. If 
specifically designed thermoplastic laminates 
are used to create a hybrid structure, the 
weldability results in a firmly bonded hybrid 
part. This, for example, is utilized in creating 
a hybrid structure between an organic sheet 
and a short-fiber injection molded compo-
nent. Organic sheets have high strength and 
outstanding impact behavior, with good 
formability, while injection molded structures 
such as ribbing bring high stiffness and com-
ponent stability, with low mass. 

Available organic sheets can be cut into 
any shape of blanks. For forming, the sheet is 
heated using infrared radiation, convection 
heating or contact heating. 

Heating above melt temperature causes sig-
nificant expansion of the composite thick-
ness, which is called lofting. When lofting, 
the composite material tries to return to its 
initial shape prior to pressing. In this state, 
the individual fabric layers can easily be shifted against each other, making draping simpler. In total, process-
ing of organic sheet consists of draping, forming and compressing the de-consolidated layers. These pro-
cesses have a decisive influence on the mechanical properties of the component, as even small changes in the 
fiber angle have significant effects on elasticity, shear modulus and strength. Empirical trials to simulate drape 
were performed at the Institute of Polymer Technology (LKT) Erlangen-Nuremburg. The results produced can 
be used for blank optimization. 

Six Process Steps in One
The overview of the individual processing steps for organic sheet establishes the direction for the design of 

a manufacturing cell for the production of hybrid structural components from thermoplastic fiber composites 
with an injection molded  ribbed structure for additional support. The process chain primarily consists of heat-
ing, forming and back injection molding.

Until now, a fully automated process chain for cost-effective production of large volumes with high pro-
ductivity and reproducible quality was unavailable.  The first solution was presented by the injection mold-
ing machine builder and automation specialist ENGEL at the K-Fair in October 2010. On this occasion, the 
fully automated production of a steering column bracket was demonstrated using a mold from Siebenwurst  
(Fig. 1 above and 2 page 15). LKT and Neue Materialien Fuerth contributed their organic sheet processing 
experience to the project. 

The steering column bracket consists of a flat, high-strength, shaping component, the organic sheet (four 
layers of twill weave bound in a PA6 matrix from Bond Laminates) and injection molded ribbing (PA6 GF30 
from Lanxess, optimized for low flow resistance). The basis for the development of the manufacturing cell is 

Figure 1:  The steering column bracket consists of a high-strength 
forming component, organic sheet and injected ribbing.  
Photo courtesy of  ENGEL Austria..
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so-called in-mold forming (IMF), a process chain developed by LKT for processing semi-finished thermoplastic 
fiber composite products into components with reinforcing structures[2].

The manufacturing cell exhibited at the K-2010 integrates six process steps:
•  hand-over: The organic sheets are stored stacked in a magazine, and passed by a linear robot to an articulat-

ing robot. 

•  heating:  The articulating robot brings the sheet to an infrared heating station, where the thermoplastic 
matrix is heated. The heat is applied within the cycle time of the injection molding machine in order to not 
lengthen the cycle. The total heating time is under 25 seconds. 

•  Pre-forming: The high degree of component forming makes pre-forming necessary. The articulating robot 
swivels the heated, soft organic sheet between the open injection molding machine mold halves, and ro-
tates it into a vertical position. A gripper system, which is part of the injection mold half, holds the organic 
sheet by its upper edge, while two additional lateral grippers, mounted in the middle, draw the sheet toward 
the injection side of the mold. This causes the sheet to be pre-formed two dimensions.

•  Forming: The active forming process is completed by the closing of the mold. Based on the IMF method, the 
semi-finished product is not pre-formed in a separate press but directly in the mold itself. 

•  Back Injection: After forming is complete, the rib structure is injected. The point of injection is on the 
opposite side to the ribbing, meaning it is injected through the organic sheet. 

•  Trimming:  The complex component form requires a geometry of the organic sheet blank which pro-

Figure 2:  Installation of the steering column bracket. Photo courtesy of LKT.
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trudes beyond the edges of the mold and the component contour after forming is complete. This edge is  
separated from the component by a laser unit from the equipment builder Hans von der Heyde, which is 
integrated in the manufacturing cell. 

Hybrid, fully thermoplastic, load-bearing structural parts were manufactured at the K-Fair by a fully  
automated process with a high level of productivity. The cycle time was under 60 seconds.  ENGEL calls this 
technology “organomelt”. 

Outlook: Process Combinations Open up New Potential
In comparison to metal/plastic hybrids, a weight saving of up to 50% is achieved for the front end of the Audi 

A8 by using organic sheet reinforced hybrid components[3]. As this example shows, the use of organic sheet 
is nothing new. The goal of the current research and development is to make process technologies available 
for the economic processing of large batches. Higher productivity, made possible by the increasing degree 
of automation,  has enabled a higher use of reinforced composite plastics and thermoplastic components in 
the automotive sector in applications such as underbodies, seat shells, rear seat panels, crash elements, door 
panels and trunk lids. The application possibilities for thermoplastic semi-finished products are diverse and 
varied. 

The aligned long-fiber reinforcement of organic sheets, combined with the properties and advantages of 
thermoplastic material combinations and new process technologies, offer new possibilities in the construc-
tion of hybrid structures and their use in lightweight construction. With the injection molding machine as 

Figure 3:  FIT hybrid process sequence. Photo courtesy of LK.
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the core of the fully automated process chain, it is conceivable that various proven injection molding 
processing technologies can be combined. One promising approach is the FIT hybrid, a combination of 
process technologies that have already been distinguished by receipt of earning the “Network of Auto-
motive Excellence” award during the Würzburg Automobile Summit 2010. Sandwich structures compris-
ing of a thermoplastic laminate face and an injected plastic core, will be shaped by using compression 
stroke and gas injection technology, to form functionally integrative lightweight structures (Fig. 3, page 
16). Neue Materialen Fürth displayed an array of parts (among them are some highly complex compo-
nents) first at K 2010.

Future challenges for lightweight materials are accompanied by demanding requirements for automa-
tion and process technology. The considerable efforts by various companies and research institutions 
in this field are already bearing fruit. The use of fiber reinforced composite and thermoplastic hybrid 
structures is no longer restricted to the fields of aerospace and motor sport. Thanks to the rapid develop-
ment of processing technologies, an increasing number of car models, including the small and medium 
classes, are being equipped with parts made of fiber reinforced composites. The reduction in component 
weight results in improved driving quality and lower fuel consumption, or can increase safety and com-
fort in other areas.
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10 Basic Tips for  
Improving Manufacturability

By Ryan Katen, Micro Mold 
and Rob Cooney, Plastikos

We all have experience with parts that looked good on paper but didn’t turn out well in 
production. There are some basic considerations that must go into designing a part beyond just aesthetics 
and function. Experienced engineers understand the importance of optimizing a part for manufacturability.  
So while many of you are probably already familiar with these pointers, this article will offer 10 basic tips to 
help you ensure your part is designed for maximum production efficiency.

1     Maintain consistent wall thickness. Consistent thickness makes your part much less likely to contain 
imperfections. Inconsistent thickness often creates sink marks; slight dips in the surface of a part; warp, 
distortion to the part caused by temperature variations during cooling; or voids, internal imperfections.

2      gate thick to thin. Generally, a part should be gated thick to thin so that the last area to pack out 
is at the gate end of the part. That way, the gate end freezes off last and ensures adequate packing 
throughout the part.

3      Avoid fragile features. Mold ejection isn’t always the gentlest of processes. As such, always consider  
the durability of the part to ensure that it is strong enough to handle the abuse of production. Avoid 
delicate, fragile features that have a tendency to break during the ejection process.

4      Use the best material. Certain materials do a better job than others filling out wall thicknesses, so 
make sure to choose the best material for your application. Many materials have more uniform shrinkage 
than others, which can influence the quality of the final part. More uniform shrinkage lowers the likelihood 
of warp. Often, it’s a good idea to consult with an expert who has knowledge of the properties of various 
materials for advice on which ones are best suited for a given application.

5     Make sure your part can be molded and your mold can be built. Occasionally, it’s possible 
to design a part that can’t be molded. Beyond this concern, consider the mold itself and whether your 
steel can be fabricated according to the mold design. Steel often behaves differently during fabrication 
than you’d assume during design.



6      Know your steel.  It’s important to make sure that the steel walls of your mold have adequate support 
in relation to the injection pressure. If the walls are too thin, a cavity can deflect under the pressure, causing 
flash or defects. Be sure walls in high-pressure areas are supported to prevent this problem.

7       Line it all up.  Alignment is another key to a well-designed tool. When molds close, all components 
must align properly. Any misalignment will lead to premature wear.

8          Anticipate  wear. Over time, all molds wear out and need sections replaced. On the front end, evaluate 
which parts of the mold will wear out most quickly due to abrasion of the materials. By identifying 
these sections, you can build replacement inserts. That way, the sections can be quickly replaced when 
necessary, significantly reducing downtime or interruption of production.

9       Employ scientific molding. Expert molders use what is known as Scientific Molding to evaluate 
the molding process and make any necessary adjustments. This provides a consistent, repeatable 
production of the part. Use this process to determine both the optimal molding conditions and the 
molding window—the best speed at which plastic should be injected.

10     Install cavity pressure sensors. Install these devices opposite the gate end of the mold and 
close to the last section to fill. Set a threshold on the sensor, generally a low limit for short shot and a 
high limit for flash. If the pin and the cavity sensor on the mold don’t register the required pressure, 
the press will automatically divert the part with a chute or conveyor, letting you know your part is bad 
before the mold even opens.

To receive more information on this topic or consult with mold making or molding specialists,  
please call Plastikos at (814) 868-1656 or e-mail sales@plastikoserie.com.

Based in Erie, Pa., Plastikos and Micro Mold were founded to solve the most difficult problems that plagued 
customers and make the impossible, possible. Plastikos is a custom injection molder and its sister compa-
ny, Micro Mold, focuses on medical mold building for small, tight-tolerance components. To learn more, visit  
Plastikos Inc. and Micro Mold online at http://www.plastikoserie.com.

Ryan Katen is General Manager at Micro Mold, and he has more than 5 years of experience in the plastics industry. 
Rob Cooney is Vice President of Manufacturing at Plastikos, and he has more than 13 years of experience in the 
plastics industry.
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In the high stakes game of product development, OEM’s know that market share can swing 
quickly.  As a result, product release timelines are continually compressed, making it very important to release 
a product to market as soon as possible to avoid falling behind a competitor with a similar product. 

However, a product’s release date and profitability can be threatened by problems and inconsistencies 
stemming from tooling and molding issues. In order to remove the risk that these problems might occur, a 
different approach has been developed that involves better connectivity throughout the design, tooling, and 
molding aspects.

“The Perfect Part”
Many factors will influence a plastic part’s design as a part of an overall assembled product. Initially, the 

marketing and industrial design will determine the overall visual appearance and function of the end product. 
Further on, electrical and mechanical design will directly impact each individual part design, with input also 
coming from material suppliers, as well as processing and tooling personnel. But in the end all eyes will be 
focused on the production cost. 

It will justify the feasibility of the release of the end product and generate the expectations as to the profits 
it will contribute.

It therefore becomes necessary to have a manufacturing system in place that comprises the following com-
prehensive steps for creating “the perfect product” and helps keep production costs in check:

•  Combine Design for Manufacture (DFM) with “kit style tooling”;

•  Add in Process Optimization; and

•  Prevent product development and production release from occurring in various “silos”.

Optimized injection molding consists of three main areas:

•  Design For Manufacturing (DFM) – To get the best possible part design for production.

•  Pre-engineered Tooling – To have reliable and cost competitive production tools available

•  Injection Molding Processing – To develop the best possible injection molding process for consistent qual-
ity during production

Let’s overview each area to gain a better understanding of the role it plays and the effect it has on the overall 
manufacturing process and outcome.

Part Development  
Included Throughout Tooling and Production

By Andre Eichhorn 
AST Technology GmbH
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ACCESS WWW.PROCOMPS.COM FOR
YOUR COPY OF TODAY’S STANDARDS 

Progressive (pro-gres-iv) n.

The source that leads with innovation.

For those who demand it.

progressive (pro-gres-iv) adj.

Making use of  new ideas, findings or 

opportunities. Advancing past practices.

setting higher standards
At Progressive, we’re defined by our dedication to advancements 
for production tooling. Serving customers who seek more than the 
status quo to advance their company’s position and profitability, 
Progressive establishes—and reestablishes—the standards for:

•  New product introductions where previous solutions didn’t exist

•  Improved performance of standard mold components

•  Competitive pricing within a globally connected service network

Progressive is more than just our name. Advancing your 

standards...Is our mission.

DFM
Design for Manufacturing analyzes the molded component design with regard to filling behavior. It also 

aids with material selections and will address the overall manufacturability of the component configuration. 
Using a structured approach with a structured documentation trail, the design is developed for the customer 
and all involved in the process, while all molded component related technical data is stored in one, revision-
controlled place. Using this systematic approach makes it possible to make precise predictions on tooling, 
processing, cycle times and the production environment.

This baby collar cap shown in green was able to be optimized 
for efficient tooling and molding (yellow, redesigned version), 
resulting in 12% material savings and 42% lower cycle time.
The Flow analysis performed during DFM also showed that 
the part quality was improved significantly. 

http://www.procomps.com
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Pre-Engineered Tooling
A customer-owned tool standard or requirement specification will shorten lead times and facilitate better 

cost control. To eliminate surprises and downtime, consistent mold inserts and components can be used for 
tool production, easing tool maintenance and tool repair. A certain level of reuse of mold components such 
as mold bases and hotrunners can be possible and, when combined with specific tool design rules, one can 
ensure that one gets the same tool and molded part quality from different suppliers.

In addition, the mechanical design and supporting DFM work are much more straightforward because ev-
eryone involved in the project understands and knows the capability of the tool standard and demolding 
features to be used.

Injection Molding Processing
A stable injection molding process results in a safe and cost efficient production outcome.
Many injection molding processes are set as a result of an individual’s expertise and knowledge of the ma-

chine, mold or material. Too often tooling or part design issues dictate how a mold will be run. The process 
becomes reactive rather than proactive. 

The consistency of the injection molding process has a direct effect on quality, productivity and profitability. 
A structured and repeatable approach is needed to ensure that the best possible injection molding process 
can be achieved.

Continued involvement with DFM personnel during this manufacturing phase assures not only consistency 
for the program at hand, but also a continuous learning cycle for the entire team to hone the evolution of the 
most efficient practices together.

“Kit style tooling” such as this four cavity standard cap producing mold, makes prototyping more efficient and predictable.  
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Advance mold maintenance capability to gain new profits and:
■ Improve overall tool cavity efficiency.

■ Reduce unscheduled mold stoppages.

■ Reduce spare component inventory.

1-800-257-8369

“My people are my greatest asset, and 
my tooling is how we produce profits. 
So how can I develop my team  
to get the most out of my molds?”

Level 1 & 2 Mold Repair 
Certification Training

Toolroom Manager 
Certification Training

Hot Runner Repair 
Certification Training

www.toolingdocs.com 

A Continuous DFM Mindset
DFM support can be seen as a link between not only 

part design, but tooling and molding as well. Using a 
structured DFM approach and predefined DFM tem-
plates makes it possible to provide the tooling and 
production department with critical, upfront informa-
tion prior to the tool builds.

Product development often becomes a race that 
does not include the initial engineers throughout the 
process. But, rather than viewing it as a luxury, embed-
ding the DFM mindset throughout a project ensures 
that the prizes that were envisioned will be achieved.

Author: 

Andre Eichhorn is the General Manager of AST Tech-
nology GmbH in Herford, Germany. He can be reached 
at contact@ast-tech.de.

AST Technology is part of the Progressive Group of 
Companies.

Methodical, proactive formulation of the molding process results in the maximum consistency and predictability needed for large scale 
product manufacturing. 

mailto:contact%40ast-tech.de?subject=
http://www.toolingdocs.com
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Due to rising environmental concerns, the plastic industry has been seeking bio-plastics that 
can replace current plastics.  Efforts are continuously being made to reduce weight and cost without a 
major compromise to required properties. Foaming can offer a plastic with significant weight reduction. There 
has been research to evaluate the effects of chemical blowing agents (CBAs) on wood-fiber plastic composites 
(WPC). Although physical blowing agents (PBAs) have a number of advantages, their effects on WPC have not 
been fully investigated. Therefore, this research utilizes N2 and CO2 to analyze their effects on the foaming and 
mechanical properties of injection foam molded WPCs.  For the last few decades, a number of different types of 
plastic composites have been developed to achieve industrial requirements such as lighter weight, lower material 
cost, better manufacturability, higher strength, and so on. Traditional examples include glass-fiber and mineral  
fillers, and their applications are often found in automotive parts. Because of rising environmental concerns, 
however, these conventional composites are being phased out and replaced by natural fibers such as wood, 
cellulose, hemp, and so on. Among them, woodfiber is definitely the most widely used and its applications 
vary from construction to automotive. The wood-fiber polymer composites are able to provide lower mate-
rial cost and improved mechanical properties in terms of stiffness and strength [1].

It is a well-known fact that foaming technology can provide a significant weight reduction, so that the 
weight and material cost of the final product can be reduced dramatically. In order to employ the foaming 
technology, one strategy is to utilize a blowing agent. There are two of types blowing agents, chemical and 
physical. The chemical blowing agent (CBA) produces gas by chemical decomposition of its carrier whereas 
the physical blowing agent (PBA) is directly injected as gas or super critical fluid.

There have been a number of studies that discussed injection foam molding of various combinations of 
woodfiber and different thermoplastic polymers. However, most of them utilized CBAs to obtain foam struc-
tures because they can be utilized without any additional equipment. Thus, the effects of different types of 
PBAs on injection foam molded wood-fiber polymer composite (WPC) need to be further investigated. In ad-
dition, there are no studies that exclusively address the interrelationship between the foam structure and me-
chanical properties, although many researchers have reported both mechanical and cellular properties. The 
primary objective of this study was to investigate the effects of N2 and CO2 as PBAs on the foaming behavior 
and mechanical properties of WPC. The possible relationships between the foam structure and mechanical 
properties were studied.

Comparison Study of N2 and CO2 as Physical 
Blowing Agents for Injection Foam Molded  
Wood-Fiber Plastic Composite
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Background
Compared to regular wood-fiber polymer composites, foamed wood-fiber materials have a number of ad-

vantages such as better acceptance of nails and screws, better surface definition, and improved dimensional 
stability [1, 2]. In addition, the advantages of injection foam molding technology include reduced cycle time, 
lowered processing temperature due to lower viscosity of molten polymer, and clamp force reduction [1]. In 
general, the microcellular plastics can achieve higher impact strength, higher toughness, better thermal sta-
bility, and lower thermal conductivity than the neat plastics [3-8].

A blowing (or foaming) agent is required to accomplish the polymeric foam structure. It can be classified 
as chemical blowing agent (CBA) or a physical blowing agent (PBA), based on the nature of gas formation [9]. 
CBAs are the substances that can liberate gaseous components via reactions and/or thermally induced de-
composition within a polymer matrix [9]. According to their enthalpy reaction types, they are divided into two 
categories: endothermic and exothermic. The endothermic reaction is when the reaction absorbs energy from 
its surroundings; the exothermic one is when the reaction releases energy to its surroundings [1, 9].

Although foaming with CBAs does not need additional equipment changes, it certainly requires some con-
siderations to be made regarding the dispersion of CBA particles, residence time, processing window compat-
ibility with base polymer, type and amount of decomposed gas, and so on [9]. On the other hand, PBAs liberate 
gases by their physical state. They are dissolved into the molten polymer to form a saturated polymer/gas 
system; then it foams once it is subjected to an elevated temperature or reduced pressure [1, 9]. Traditionally, 
the PBAs were volatile organic chemicals; however, inorganic gases, such as carbon dioxide and nitrogen have 
become more in demand due to the increase of environmental concerns.

When CBAs are utilized to produce WPC foams, the decomposition temperature of CBA should be higher 
than the melting temperature of base polymer and lower than the degradation temperature of wood-fiber. 
The overall processing temperature also needs to be maintained at the lowest possible temperature to mini-
mize volatile generation from wood-fiber [10]. However, these issues can be eliminated if PBAs are employed 
because they can be dissolved into the molten polymer by providing pressure that is higher than their solubil-
ity pressure.

For the last several years, many researchers have actively studied the extrusion foaming process of woodfi-
ber polymer composites using several types of CBAs and PBAs [10-15]. In the case of CBA, Rizvi et al. achieved the 
lowest foam density of 0.55 g/cm3 with the largest cell size less than 100 μm [12]. When PBA, specifically N2, was 
employed, Guo et al. obtained a significantly lowered final foam density of 0.36 g/cm3 with a similar range of 
cell size at the same die temperature. The experimental results also revealed that the processing window of 
PBA is much larger than that of CBA [15].

A number of studies has investigated various aspects of injection foam molding of wood-fiber polymer 
composites with various types of CBAs [16-23]. Bledzki et al. investigated the effects of different types of CBAs on 
the cellular properties of wood-fiber reinforced PP composite. Based on experimental results, the exothermic 
CBA was able to produce better overall foam structures compared to both endothermic and endo/exothermic 
CBAs [19]. However, the different types of CBAs did not demonstrate a significant effect when specific tensile 
properties of foam samples were evaluated [20]. In addition, it was observed that the addition of a coupling 
agent played a critical role in improving the mechanical properties of the wood-fiber polymer composite. 
Thus, the inter-phase adhesion between wood-fiber and polymer matrix was the predominant factor in deter-
mining the resulting mechanical properties of the injection foam molded structure [20].

The previously mentioned studies focused on determining how different CBAs influence foam structures 
and their mechanical properties. In these studies, the cellular and mechanical properties were evaluated 
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separately although the cellular parameters were expected to have a dominant effect on the mechani-
cal properties of the foam structure. Therefore, this research study focused on investigating the effects of 
different PBAs on the foaming behaviour and mechanical strengths, as well as possible inter-relationships  
between these two properties.

Experimental
Materials

The polypropylene (PP) used in this study was BE170 supplied by Borealis, which has an average melt flow 
index of 13 dg/min and a density of 0.902 g/cm3. Pine 12040 from American Wood was utilized as the woodfi-
ber. The coupling agent used was Fusabond P MD353D from DuPont, with an average melt flow index of 22.4 
dg/min. The physical blowing agents, N2 and CO2, were supplied by BOC Gas.

Preparation of Wood-Fiber Polypropylene Composite (WPC)

The coupling agent and PP were dry-blended together based on the weight ratio in Table 1. For the com-
pounding process of PP and wood-fiber, a co-rotating twin-screw extrusion system was utilized (Micro27-GG/
GL from Leistriz with 40:1 L/D ratio). The PP and coupling agent blend were fed into the extruder through 
the main feeder (Brabender Technologies); whereas the wood-fiber was fed using the side-feeder (Brabender 
Technologies). The feeding ratio was determined according to the Table 1.

Injection Foam Molding Process
An Arburg 270C injection molding machine, 

equipped with a MuCell® system, was employed in 
this research. The three different contents of two PBAs 
were injected for both 90% and 80% shot size samples 
as shown in Table 2. The other processing parameters 
were consistent throughout the experiments, which 
are described in Table 3. A simple plate design mold 
with the dimensions of 111.7 mm × 134.6 mm × 3.2 
mm was used in this research.

Foam Characterization
In this study, local void fraction, cell density, and cell 

perimeter were measured to evaluate the foaming be-
havior of the sample. Each measurement was repeated 
at three different locations on the sample as illustrated 
in Figure 1 to examine homogeneity of foam structure 
within the sample. The foam density is determined by 
the water displacement method (ASTM D792-00). The 
expansion ratio (Φ) is calculated on the basis of the ra-
tio of the bulk density of WPC (ρo) and the measured 
density of the foam sample (ρf ). The void fraction is 
determined by

Table 1
Material Composition of  WPC 

Material  PP Wood-fiber Coupling Agent 

Weight %  65  30  5 

Table 2: PBA Contents 
PBA Type  Low  Medium  High 

N2 [wt%]  0.3  0.5  0.7 

CO [wt%]  1.0  3.0  5.0

Table 3: 
Processing Conditions of  
Injection Foam Molding 

Processing Parameter  Set Value 

Processing Temperature  175 ºC 

Injection Speed  100 ccm/s 

Mold Temperature  35 ºC 

Gas Delivery Pressure  3000 psi  
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Equation (1):

The cell density was calculated using scanning electron microscopy (SEM) 
images. The samples were put into liquid nitrogen and fractured to reveal their 
cellular morphology. The samples were then coated using an argon sputter 
coater to enhance their conductivity. Finally, the morphology was observed 
using an SEM (JSM-6060, JEOL). The cell density is the number of cells per unit 
volume of unfoamed material, which was determined based on the following equation:

where n is the number of bubbles in the micrograph; A is the area of the micrograph; Φ is the expansion ratio; 
and M is the magnification factor of the micrograph. The cell perimeter was measured from the SEM picture 
using image processing software called Image-Pro Plus from Media Cybernetics.

Mechanical Properties
Since mechanical properties are often considered as the most important properties for the final products, 

three critical mechanical tests – tensile, flexural, and impact tests – were performed to evaluate the effects of 
using different PBAs. The tensile test was performed based on ASTM D638-03 and using the Type IV test speci-
mens. The strain rate was 5 mm/min and the measured values were maximum tensile strength (or ultimate 
tensile strength) and tensile modulus. Instron 3367 was utilized for the test.

For flexural properties, the test was conducted based on ASTM D790-00 specifications; the dimensions of 
the test specimen were 127 by 12.7 by 3.2 mm. The length of the support span was 50 mm and the speed of 
the crosshead was 6.5 mm/min. The measured values were flexural modulus and flexural strength. The test 
was again performed using the Instron 3367 testing system.

To determine the impact properties, the notched IZOD pendulum impact testing was completed according 
to ASTM D256-00. The Type A test method was implemented and the impact resistance of the sample was mea-
sured. The testing system used was Model 892 from Tinius Olsen.

Results and Discussion
Foaming Behavior with Different PBAs

Foaming properties of the 90% shot size sample with N2 are exhibited in Figure 2, page 28. In terms of cell 
density, the cell density at location C was significantly lower than the other two locations because this initial 
flow was exposed to a relatively lower pressure during mold filling, which encouraged severe cell coalescenc-
es. Therefore, the average cell perimeter at this location was certainly larger than those from the other two 
locations. These large coalescence cells also contributed to achieving lower local void fraction.

In Figure 3, page 28 the foaming behavior of the 80% shot size sample with N2 are described. In this case, 
uniform cell density was achieved throughout the sample, which meant cell nucleation occurred between the 

Figure 1: Measurement locations 
for cellular properties
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injection nozzle and gate to maintain the in-
mold pressure consistent at the three loca-
tions. As a result, the average cell perimeter, 
as well as the local void fraction, was more 
consistent than in the previous case. This 
uniformity was maintained not only with 
different locations but also with various con-
tents of N2.

Figure 4, page 29 shows the cellular prop-
erties of the 90% shot size sample, which 
was foamed with using CO2. In the case of 1.0 
wt% CO2, the mold was not fully filled. Thus, 
initially nucleated cells were able to survive, 
which settled at location C. However, the 
cells at the later stage of the mold filling ex-
perienced low in-mold pressure due to this 
incomplete fill, which resulted in cell coales-
cences. This is why location A and B had con-
siderably lower cell density values. When 3.0 
and 5.0 wt% of CO2 were injected, the prop-
erties followed the similar trend as those of 
the 90% shot size N2 samples.

In case of the 80% shot size sample with 
CO2, the foaming properties are shown in 
Figure 5, page 29. For 1.0 and 5.0 wt% CO2 
samples, the properties were varied signifi-
cantly throughout different locations of sam-
ple. The nonuniformity of the 1.0 wt% CO2 
sample was caused by the identical mecha-
nism as in the 1.0 wt% CO2 case of the 90% 
shot size sample. For the 5.0 wt% CO2 sam-
ple, few gas pockets were observed on the 
sample surface, which provided evidence of 
excessive gas content. With 3.0 wt% of CO2, 
the 80% shot size sample exhibited uniform 
foaming behavior in terms of all three mea-
sured foam properties.

To evaluate the uniformity of each PBA, the 
individual distribution of cell density and cell 
perimeter with respect to three measure-
ment locations has been studied. Figure 6, 
page 30 illustrates the cell density distribu-

Figure 2: Cellular properties of 90% shot size samples with N2 (a) cell 
density, (b) void fraction, and (c) cell perimeter.

Figure 3: Cellular properties of 80% shot size samples with N2 (a) cell 
density, (b) void fraction, and (c) cell perimeter.
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tion of N2 and CO2 samples. It is clear that 
N2 was able to provide more uniformly 
distributed cell density than CO2 regard-
less of their contents. Similar to the cell 
density distribution, the N2 samples also 
exhibited superior consistency in terms 
of cell perimeter distribution according 
to Figure 7, page 30. In addition, the 
average cell sizes in the N2 samples were 
significantly smaller than those in the 
CO2 samples.

Mechanical Properties
Since N2 was able to achieve much 

improved and uniform foam structures 
than CO2 based on the foaming behavior 
analysis, N2 samples were also expected 
to outperform CO2 samples in terms of 
mechanical properties. However, the 
measured mechanical properties of the 
N2 samples had enhanced properties for 
only the 90% shot size samples in ten-
sile characteristics as shown in Figure 
8, page 30. For 80% shot size samples, 
there was virtually no difference be-
tween N2 and CO2 samples in terms of 
both maximum tensile strength and 
modulus.

In case of flexural properties as shown 
in Figure 9, page 30 90% shot size 
samples did not have notable variance 
with respect to different types of PBAs 
for both flexural strength and modulus. 
For 80% shot size samples, however, CO2 
samples were able to obtain approxi-
mately 17% higher average strength 
and 20% higher average modulus.

When the impact strength was mea-
sured, the CO2 samples demonstrated 
higher impact strength than the N2 sam-
ples for 90% shot size as illustrated in 
Figure 10, page 31. In case of the 80% 

Figure 5: Cellular properties of 80% shot size samples with CO2 (a) cell 
density, (b) void fraction, and (c) cell perimeter.

Figure 4: Cellular properties of 90% shot size samples with CO2 (a) cell 
density, (b) void fraction, and (c) cell perimeter. 
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Figure 6: Cell density distribution for (a) 
N2 and (b) CO2

Figure 7: Cell perimeter distribution for 
(a) N2 and (b).

Figure 8: Tensile properties of injection 
foamed WPC samples (a) tensile strength 
and (b) tensile modulus.

Figure 9: Flexural properties of 
injection foamed WPC samples (a) 
flexural strength and (b) flexural 
modulus.

shot size samples, however, there 
was no significant difference be-
tween the strength values of N2 and 
CO2 samples.

According to the experimental re-
sults, it was realized that the utiliza-
tion of different PBAs did not provide 
significant variances in the mechani-
cal properties; whereas N2 was able 
to provide much more enhanced 
cellular morphology than CO2. None-
theless, further study was carried 
out to investigate the relationship 
between the cellular properties and 
mechanical properties. Unexpected-
ly, the cell density and average cell 
perimeter values could not estab-
lish definite relationships with the 
mechanical properties. On the other 
hand, it was determined that the 
void fraction values had some lin-
ear relationships with the mechani-
cal strength and modulus values, as 
shown in Figure 11 page 31. As the 
void fraction was decreased, in gen-
eral, the strength and modulus val-
ues were decreased as well. The void 
fraction is a representation of how 
much void space exists within the 
structure. In other words, the higher 
the void fraction, the smaller the ac-
tual solid cross-section area where 
force could be applied on. Therefore, 
the mechanical strength and modu-
lus values were reduced as the void 
fraction values were increased.

Conclusion
Although PBAs have several ad-

vantages over CBAs especially for 
WPC foaming applications, the ef-
fects of the utilization of PBAs have 
not been investigated extensively 
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for injection foam molding process because 
it is technologically more challenging and re-
quires a special gas injection system. There-
fore, this research was conducted to investi-
gate the effects of two different PBAs (CO2 and 
N2) in the injection foam molding process for 
WPC on its foaming behavior and mechanical 
properties. As a result, N2 was able to produce 
a foam structure with significantly smaller cell 
sizes and higher cell density than that of CO2. 
In terms of the mechanical characteristics, the 
effects of PBAs were not consistent. The cellu-
lar characteristics were analyzed with the me-
chanical properties in order to determine the 
inter-relationships between these two blow-
ing agents. According to the results, although 
the average cell size and cell density values did 
not have distinguishable relationships with 
the measured strength and modulus values, 
the actual void fraction values were related to 
all measured mechanical properties in a con-
sistent linear fashion. Further in-depth studies 
will be required to determine the dominant 
characteristics of foam structure for its me-
chanical properties.

Figure 10: Impact strength of injection foamed WPC.

Figure 11: Actual void fraction values vs. (a) mechanical strength, 
(b) mechanical modulus, and (c) impact strength values.
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February 4, 2011 – Orlando, FL

Chair, Lee Filbert - Welcome
Quorum was established. Chair Filbert called the meeting to order at 8:55 AM, and welcomed all attendees.
Lee reported that Walter Smith resigned from the Board, and asked Hoa Pham to take the minutes for this 

meeting. He also reported that Dave Karpinski would not apply for re-election to The Board. Lee yielded time 
to Dave Karpinski.

Dave expressed his appreciation for the Board’s support and friendship during his tenure. 

Approval of May 5, 2010 Meeting Minutes
The meeting minutes of May 5, 2010 were presented. 
Kishor Mehta moved that the May 5, 2010 meeting minutes be approved. Jack Dispenza seconded and  the 

motion carried.

Treasurer, Jim Wenskus – Financial Report
Jim Wenskus reviewed the IMD finance from July 1, 2010 through December 31, 2010. With income and 

expenses kept within plan, the financial status was positive. 

The budget for the 2011 – 2012 fiscal year was proposed. The impact of having a new editor/ 
publisher for the newsletter was discussed.

Councilor, Jack Dispenza – Council Meeting Report
Jack summarized the highlights of the Fall Council meeting on September 24 – 25, 2010:
•  Completed SPE elections: J. Griffing – President; J. Ratzlaff – Sr. Vice-President; V. Boolani – Vice President; 

D. Cameron – Chair, COW
•  Approved SPE 2011 budget.
•  Stabilized membership; Working on Bylaws to redefine Council attendance.
•  Rolling out new technology infrastructure to handle vast database, reduce cost, increase functionality and 

provide ease of use.
•  Requested the Board to support SPE’s Student Activities initiative. Details to be discussed under Student 

Activities Committee Report.

SPE Leadership Services Manager, Tricia McKnight – SPE Update
Tricia gave an overview of major milestones at SPE:
• SPE finances have shown significant improvement. Expected net positive in 2011.

Chair: Lee Filbert
Chair-Elect: Jan Stevens
Councilor: Jack Dispenza
Technical Director: Peter grelle
Treasurer: Jim Wenskus
Secretary: Walter Smith/hoa Pham
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Chair: Lee Filbert
Chair-Elect: Jan Stevens
Councilor: Jack Dispenza
Technical Director: Peter grelle
Treasurer: Jim Wenskus
Secretary: Walter Smith/hoa Pham

IMD Board of Directors Meeting Continued

• Continuing efforts to grow membership and increase retention rate.
• Developing programs to address the changing demographics.
• Implementing change in business model for seminars.
• Changing the SPE on-line store.
•  Gained success in socially oriented activities such as social media (Facebook, LinkedIn) and networking 

events.

Chair-Elect, Jan Stevens – Pinnacle Award
Jan reported that he submitted the IMD Pinnacle Award application for both the silver and gold levels. He 

discussed activities needed for next year’s application.

Technical Director, Peter Grelle – Technical Report
Peter reviewed the trends in IMD ANTEC papers and the status on TOPCON.
IMD ANTEC Papers:
•  70 papers submitted for ANTEC 2011 (`30% down vs. 2005 also in Boston) – 53 papers accepted 
•  Papers from academia showed ~60% decrease, industry remained flat, and academia-industry joint papers 

increased 20%.
•  Many more technical papers than commercial.
•  Percentage of US papers has increased.
ToPCoN Update:
•  IM TOPCON at Penn State, Erie June 15 – 18, organized by Brad Johnson; focus on medical
•  Minitec co-sponsored with the Upper Midwest/Medical Division – Discussed the timing, and the Board ap-

proved to organize the Minitec in 2012 to avoid conflicts with the IM TOPCON and Eurotec.

Education Committee Chair, Pat Gorton
Pat proposed to change the wording of the Bylaws section 6.1.6 to clarify the role of the Education Commit-

tee. After discussions, the Board agreed to clarify the role while maintaining flexibility. 
Based on Pat’s survey, he identified several themes where education could be beneficial to members:
•  Sustainability – biodegradability, biopolymers, additives
•  Emerging technologies – microcellular foaming, multishot
•  Processing – biopolymers, thermal degradation, stability
•  New and modified materials – biopolymers, fillers, modifiers

ANTEC 2011 Technical Program Chair, Susan Montgomery
Susan gave an update on the technical paper review and the preparations for ANTEC technical sessions.
Of the 70 papers reviewed, 10 were accepted without revisions, 43 with revisions and 17 rejected.
Identified top 3 papers, to be announced at ANTEC 2011 IMD Reception.
Invited keynote speakers for one technical session, and for the Reception

Nominations Committee Chair, Hoa Pham
Hoa presented the candidates for Board officers, and made the motion to approve the nominees: Chair-

Elect: Susan Montgomery; Treasurer: Jim Wenskus; Secretary: Hoa Pham; Technical Director: Peter Grelle. Jack 
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IMD Board of Directors Meeting Continued

Dispenza seconded and the motion carried.
Hoa presented Brad Johnson as the candidate for Councilor (3-year term) and made a motion to recom-

mend that the Board approves this nomination. Jack Dispenza seconded, and the motion carried. Brad’s name 
will be included in the general ballot for membership voting.

Hoa presented nominees for the general election to a three-year term on the Board. She made a motion to 
recommend that the Board approves the nomination of Jack Dispenza and Michael Uhrain for the 2011 ballot. 

Kishor Mehta seconded and the motion carried.

Fellows & HSM Committee Chair, Larry Schmidt
Larry reported that the Board had nominated Jack Dispenza for HSM, and the application was pending. 
The SPE elected five new Fellows, of which two were nominated by the IMD – Professors David Kazmer and 

Furong Gao.
The deadline for 2012 Fellows & HSM is October 2011.

IMD Historian, Larry Schmidt
Larry reported that he would distribute hard copies of the history document at the next meeting (ANTEC 

2011).

Membership Committee Chair, Nick Fountas
Nick reviewed membership trends:
• As of the end of December 2010, the IMD primary membership decreased slightly by 1%
•  Composition of the Board: academia (14%), consulting (33%), equipment (24%), molder/OEM molder 

(19%), and resins/materials (10%).

Communications Committee Chair, Adam Kramschuster 
Adam reported that he applied for the IMD Communications Excellence Award. He also highlighted some 

areas to improve overall communications:
•  Increase interaction on Facebook and LinkedIn, and improve the IMD website.
•  Strengthen the newsletter, which has been a successful tool for the Division, and pursue more effective 

marketing of this product.

 Adam gave an update on the newsletter:
•  New editor/publisher Heidi Jensen
• Sponsorships were ready for the Spring 2011 issue.
• Deadlines for content and sponsorships: Summer issue – June 1; Fall/Winter issue – October 3
The Board discussed briefly about getting sponsorships on the website. Lee suggested to focus first on get-

ting the content on the website, then look at sponsorships.

European SPE Liaison, Jan Stevens
No new update
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IMD Board of Directors Meeting Continued

Awards Committee Chair, Jim Peret
The Board discussed and agreed on the number of plaques for ANTEC 2011.

Student Activities Committee Chair, Jack Dispenza for Walter Smith
Jack reported on the SPE Student Activities initiative which consolidated all areas of activities supporting 

student members attending ANTEC (travel, luncheons, plant tours, etc). There were four categories of spon-
sorships: Platinum, Gold, Silver, and Bronze. The Board discussed the support of this initiative.

Jack made the motion for the Board to disburse $1000 for the Silver level contribution to the SPE Student 
Activities Committee. Tom Turng seconded and the motion carried.

Jack accepted to be Chair of the IMD Student Activities Committee to replace Walt who resigned from the 
Board.

Old Business, All
None

New Business, All
Jim Wenskus requested a new Assistant Treasurer to replace Dave Karpinski who elected to not apply for 

re-election to the Board.
Kishor Mehta reported that Tom Turng was selected as 2011 Engineer-of-the-Year. The Board congratulated 

Tom.
Lee Filbert encouraged the Board to identify 2 - 4 new Board members. Tom Turng suggested a candidate 

with European connection, and would invite this person to the next meeting.
Jim Wenskus followed up with the mystery composition of a plastic cup found at ANTEC 2010 meeting in 

Orlando. The major component was Polystyrene.
Next meeting: Sunday May 1, 2011 in Boston (ANTEC 2011)

Adjournment
At 2:40 PM, Hoa Pham moved to adjourn. Motion was seconded and carried. 

mailto:sponsorIMDNewsletter%40gmail.com?subject=
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The IMD Welcomes 244 New Members From Around the World
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20 Microns Ltd.

3M Purification

ACOS Ltd.
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Advanced Graphic Systems

Ajay Industrial Corporation 
 Ltd.

Alimentos Ideal, S.a.

American Casting & 
 Manufacturing

Applied Plastic Technology

Aqua Poly Equipment / 
 Arhtech LLC

Arburg USA Inc.

Arcelik A S

Arizona Instrument

Arkema

Arkema Peroxides 

India Pvt. Ltd.
Asheville Minerals &  
 Chemicals Inc.

Associated Soapstone Dist. Co. 
 Pvt. Ltd.

Autodesk

Autodesk Melbourne

Aziz Sezginis

Bangladesh U. of  
 Engineering and Technology

BASF India Ltd.

Bayer MaterialScience Pvt. Ltd.

BD Medical

Becton Dickinson

BIC Violex SA
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Blow Line Plast
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Carplast India
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Donaldson Coordination 
 Center
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Fanuc India Pvt. Ltd.

Ferriot

First Engineering Plastics  
 (India) Pvt. Ltd.

Flexituff International Limited
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Formulated Polymers Ltd.

Frontier Business Systems  
 Pvt. Ltd.

The IMD Also Welcomes Companies From 29 Countries
Argentina
Australia
Bangladesh
Belgium
Brazil
Canada
Chile
Colombia

Costa Rica
Czech Republic
Finland
Germany
Greece
Guatemala
Hong Kong
India

Iran
Ireland
Japan
Mexico
Netherlands
New Zealand
Peoples Republic of China
Saudi Arabia

Singapore
Sweden
Thailand
Turkey
U.S.A.

Representing More Than 157 Organizations, Including:
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G.V.S. Envicon Technologies 
  Pvt. Ltd.

Gallagher Corporation

Glenair Inc.

Global Manufacturing  
 Solutions

GLS Polymers Pvt. Ltd.

Gujarat Fluorochemicals Ltd.

Harita-NTI Ltd.

Hewlett Packard

Honeywell International India 
 Pvt. Ltd.

Honeywell Technology  
 Solutions Lab Pvt. Ltd.

Hydro S&S Industries Ltd.

Hyundai Motor India Ltd.

IKEA of Sweden AB

Indelpro Sa De Cv

Indian Institute of  
 Technology Delhi

Infiltrator Systems Inc

ITW

ITW - Body & Interior Business

J.P. Polymers Pvt. Ltd.

J.R.D. Corporation

JDSU

Jiangsu U. of Science  
 and Technology

Kautex Corp.

King Mongkut’s Institute  
 of Technology Ladkrabang

Koch-Alger and Assocs.

Kohler

Konkan Speciality  
 Polyproducts Pvt. Ltd.

Kraiburg TPE Pvt. Ltd.

KraussMaffei Technologies 
 India Pvt. Ltd.

L & T Plastics Machinery Ltd.

Lanxess Corp.

Leon Plastics Inc.

Liteonmobile

Lubrizol Corp.

Lucas-TVS Limited

M. Holland Company

Mahindra & Mahindra Ltd.

Manex Consulting

Mar-Bal Inc.

MD Plastics Inc.

Michada Resources

Microsoft

Milabtech LLC

Milliken Asia Pte. Ltd.

Molex Singapore Pte. Ltd.

Motherson Automotive  
 Technologies & Engineering

Moulding Specialists

MRC Polymers

National Petrochemical  
 Industrial Co. (NATPET)

Noetic Technologies Inc.

NOVA Chemicals

Oldcastle Precast

Onward Technologies Ltd.

Otario Tire Stewardship

Pandrol USA

Parker Hannifin Corporation

Paya Baspar Aria

PCS Company

Penn State U. - Behrend

Performance Plastics

Performance Plastics Ltd.

PF Associates,LLC

Philmac Pty. Ltd.

Pieresearch

Plasticos Tecnicos S.A.

PlasticPartSource

Poly Products Co. Pty Ltd.

Polymers International  
 Australia Pty. Ltd.

Poly-Vac

PPC Moulding Services

Prabhu Polycolor Pvt. Ltd.

Pryde S.R.L.

Robert J. McHenry Inc.

Ropella

SABIC Innovative Plastics

Sakarya U.

Schoeller Arca Systems

Sercel Inc.

Shure Inc.

SKZ / Süddeutsches  
 Kunststoff Zentrum

Sonoco Molded Plastics

Southco Inc.

Southwest Jiaotong U.

Suncast Corp.

Suttle Costa Rica

Technology Ranch

Thermoplastics Co.

Tomas Bata U.

Tupperware Brands Corp.

Tupperware Hellas S.A.

Turck Inc.

Tyco Electronics

U. Patras, Dept. of  
 Chemical Engineering

Universidad Autonoma  
 Del Estado De Hidalgo

University College Dublin

Vishal Plastic Industries

Vision Technical Molding LLC

Wacker Chemical Corp.

Washington Penn Plastic Co.

WDI

Welch Allyn

Welltec Machinery Ltd.

Wittmann Battenfeld

Zhejiang U.

Zhengzhou U.
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PL
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ER
S Polymers and Plas�cs for the Electronics Industry

Monday, May 2
Dr. Young Kim
Samsung Advanced Ins�tute of Technology, Samsung Elec. Co. , Ltd.

Innova�ons in Engineering - SABIC Approach to New
Materials and New Applica�ons
Tuesday, May 3
Tom Stanley
Vice President, Technology, SABIC Innova�ve Plas�cs

Industry Dynamics Impac�ng the Resin Supply Chain
Wednesday, May 4
Howard Rappaport
Global Business Director, Plas�cs, Chemical Market Associates, Inc.

®

Reasons to a�end:
� 3 New Technology Forums

� NEW special sessions on Fundamentals, Regulatory, OSHA and Design
� Hundreds of technical presentatons in 40 different areas of plas�cs
� Networking opportuni�es and live updates for first-�me a�endees,

SPE Facebook® and LinkedIn® members, and ANTEC Twi�er® followers
� Consultants Corner*: Bring your challenge or problem, and consult with 

an expert in your area—for FREE!
* by appointment only

MOREMORE

Check out the March 2011 issue of Plas�cs Engineering
to review  the ANTEC® 2011 Advance Conference Program,

and the full schedule of events and  presenta�ons!

Visit www.antec.ws for more informa�on and to register.

http://www.antec.ws
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Dear Readers,

You’ll notice that some changes have been made to the look of 
Molding Views. There is a lot of competition today for your read-
ing time. So in addition to wanting this publication to be chock-
full of useful information to help you in your jobs, I also want to 
make sure that it’s the most attractive and easy to read as it can be. 
Let me know what you think.

With this Spring Edition, I’m delighted to welcome Steve  
Johnson of ToolingDocs as our newest Ask The Expert colum-
nist. Steve has a wealth of information to share that will help 
you with your mold maintenance problems. Remember that 
you’re invited to send questions related to their area of expertise 
to Steve (Mold Maintenance) steve.johnson@toolingdocs.com,  
Bob Dealey (Injection Molding) molddoctor@dealeyme.com, and 
Terry Schwenk (Hot Runners) tschwenk@processdesigntech.com.

If your company has a product or service that’ll provide  
solutions for the injection molding community, please consider 
Molding Views Sponsorship Opportunities. With 5000+ current 
and past members worldwide, Molding Views can be a very 
valuable, very affordable  touch-point with your target audience.

Finally, I want to express my deep appreciation to Chris  
Lacey for helping make as easy as possible the transition from her  
tenure as Editor/Publisher of Molding Views to mine.

Heidi Jensen

Message from the Publisher

New Editor/Publisher  
Is Heidi Jensen

ANTEC ....................................................................... 41
www.4spe.org

D-M-E ........................................................................ 3
www.dme.com

Engel ......................................................................... 11
www.engel.com

Incoe ......................................................................... 7
www.incoecom . com

Industramark .......................................................... 5
www.industramark.com

Process & Design Technologies ....................... 13
www.processdesigntech.com

Progressive Components .................................. 21
www.procomps.com

Purgex/Neutrex Inc. ............................................. 17
www.purgexonline.com 

Tooling Docs........................................................... 23
www.toolingdocs.com

Ultra Purge ..........   .................................................. 8
www.ultrapurge.com

Become A Sponsor Today 
The Injection Molding Division publication 

is issued three times a year to more than 
5000 current and past members worldwide. 

SPONSOR’S FEE SCHEDULE 
1 page  $3,300/yr. 
1/2 page  $1,900/yr. 
1/3 page  $1,260/yr. 
1/4 page  $960/yr. 
1/10 page  $350/yr. 

ISSUE DEADLINES 
Summer Issue:  June 1, 2011 
AD SIZE  (W X H in inches) 

1/10 page:  3 x 2 1/2 

1/4 page std:  3-3/8 X 4-7/8 

1/4 page horiz.:  4-3/4 X 3-1/4 

1/3 page square:  4-3/4 X 4-3/4 

1/3 page vertical:  2-1/4X 10 

1/2 page horiz.:  7 X 4-7/8 

1/2 page isl.:   4-3/4 X 7 

Full page:  7 X 10 

For information on sponsorships or  
article submissions please contact : 
Heidi Jensen, 908-797-1968 
SponsorIMDNewsletter@gmail.com

Try Out the New  

E-mail Links!

All our authors have e-mail links  

if you need to contact them for 

 more information.

mailto:steve.johnson%40toolingdocs.com?subject=
mailto:molddoctor%40dealeyme.com?subject=
mailto:tschwenk%40PROCESSDESIGNTECH.COM?subject=
mailto:sponsorimdnewsletter%40gmail.com?subject=



