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CHAIRMAN’S MESSAGE		    October 2016

Thanks to the efforts of Xiaoxi Wang 
and the entire Conference Commit-
tee, the 2016 Seattle  FOAMS® Con-
ference was a resounding success with 
115 attendees, 43 tutorial participants, 
47 Boeing tour attendees, 13 new SPE 
members via registration, and 7 spon-
sors. The conference program includ-

ed 23 oral presentations, 2 plenary talks, and 13 student 
posters. Speakers came from 12 different countries.  The 
Boeing tour was also well received, and we’ve learned that it 
is a good practice to stage such visits.  The best paper went 
to Ali Rizvia via Professor Chul Park’s live presentation: it 
was entitled “Fiber-Spun Polypropylene /Polyethylene Tere-
phthalate Microfibrillar Composites with Enhanced Tensile 
and Rheological Properties and Foaming Ability”.  What 
was unique about this paper was the addition of fibrils to 
greatly improve the melt strength, making it possible to 
produce foam materials from difficult polymers.  We hope 
to see continued success with the upcoming FOAMS®2017 
next October in Germany.  Stephane Cousteax has done 
an excellent job mapping out what will draw people to the 
TPM&F FOAMS® conferences and in staging the upcoming 
events through 2020.  There may also be some activity in the 
area of Biopolymer foams area.

On the thermoplastics side, our next shared conference ac-
tivity will be the Polyolefin 2017 conference.  Donna Davis 
and Anna Azevado will be supplementing this conference 
with a few TPM&F speaker seasons.  This event is sched-
uled for February 26-March 1st 2017 in Houston Texas.  We 
hope to see you there.  

We remain committed to improving our membership val-
ue and to improving our Education Outreach to students.  
Kimberly McLoughlin will be taking over the reins as the 
Education Chair.  The TPM&F Divisions has a number of 
awards and scholarships that need to be revisited and/or re-
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CHAIRMAN’S MESSAGE  (continued)

vamped, and Kim will be the person leading this activity.  On the membership side, we are finding that the best 
way of getting new members is to put on good conferences and draw them in that way.  Nevertheless, Anson 
is leading a team to contact 450 perspective members in the hopes of converting a few of them to a full TPMF 
membership status.  This year the membership side has also suffered from internal membership system based 
issues, and we are attempting to recover some of those missing members.  To date, roughly 15 have been quickly 
been added back.  We are also contemplating other membership value programs.   If any of our members has a 
good idea how to improve the TPM&F value, feel free to contact me at grove.dale@hotmail.com  

Respectfully Submitted,
Dale Grove
TPM&F Chairman

Thermoplastic Materials and Foams Division
Best Paper Winners

FIBER-SPUN POLYPROPYL-
ENE/POLYETHYLENE TERE-
PHTHALATE MICROFIBRIL-
LAR COMPOSITES WITH 
ENHANCED TENSILE AND 
RHEOLOGICAL PROPERTIES 
& FOAMING ABILITY

Ali Rizvi, Zamil K.M. Andalib, 
Chul B. Park*

Microcellular Plastics Manufacturing Laboratory, De-
partment of Mechanical and Industrial Engineering, 
University of Toronto, 5 King’s College Road, Toronto, 
Ontario M5S 3G8 (Canada)
 
ABSTRACT
The in-situ fibrillation of polyethylene terephthalate 
(PET) in a polypropylene (PP) matrix during conven-
tional fiber spinning of PP/PET (95/5 wt%), enhances 
the strainhardening behavior in extensional flows of 
the PP matrix. Furthermore, fibrillated-PET domains 
increase the tensile strength of PP. Foam extrusion of 
the microfibrillar composite reveals a two orders of 
magnitude increase in cell density and a five-fold in-
crease in expansion ratio compared to neat PP. Using 
fiber spinning of polymer blends to generate microfi-
brillar composites is technologically promising to im-
prove foaming ability of the matrix polymer.

AWARD

BEST PAPER

VISCOELASTIC SHEAR 
ANALYSIS OF POLYMERIC 
FOAM MIDSOLES

Alex M. Brill
University of Wisconsin-
Madison
 

ABSTRACT
Athletic footwear companies continually create tech-
nological innovations to give athletes a greater run-
ning experience. The nonlinear viscoelastic material 
behavior of polymer foams, found in the shoe mid-
sole, dissipate the ground reaction forces to provide 
cushioning. Shear analysis up to 50% strain was ex-
perimentally conducted at 1 and 5 Hz to characterize 
the stress-strain performance. Constitutive equations 
were curve fitted by using Finite Element Analysis per-
formed in ANSYS. A look at footwear industry trends 
demonstrated the potential for highly-cushioned, low-
hysteretic foams to support natural gait movement.
 

Please see the full papers published within this newsletter – FOAMS® (page 9) and
ANTEC®/Thermoplastics Materials (page 14).

AWARD

BEST PAPER

mailto:grove.dale%40hotmail.com?subject=
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Stéphane Costeux (2019) 
The Dow Chemical Company 
989-636-6424  phone
sccosteux@dow.com
Conference Org. Chair

Donna Davis (2019) HSM
ExxonMobil Chemical Co.
281-834-2036 phone 281-834-2040 fax
donna.s.davis@exxonmobil.com
HSM/Fellows, ANTEC® 2016 overall chair

Dale Grove (2018) HSM
US Silica
240-313-8860 phone
grove.dale@hotmail.com
CHAIRMAN

Aaron Guan (2018)
BOCO Technology Inc.
647-882-9890 phone
aaron.guan@bocotechnology.com
NEWSLETTER CHAIR

Theresa Healy (2018)
Reedy Chemical Foam
732-264-1777 phone 732-264-1189 fax
thealy@reedyintl.com
Secretary/Communication Chair

Vipin Kumar (2019) FE
University of Washington
206-543-5535 phone 206-685-8047 fax
vkumar@u.washington.edu
OUTSTANDING ACHIEVEMENT AWARD CHAIR

Kim McLoughlin (2019)
Braskem 
412-208-8148 phone
kimberly.mcloughlin@braskem.com 
EDUCATION CHAIR

Salvatore J. Monte HSM, HLM, FE
Kenrich Petrochemicals
201-823-9000 phone 201-823-0691 fax
sjmonte@4kenrich.com
CONFERENCE COMMITTEE MEMBER, 
HONORARY LIFETIME MEMBER

Hani Naguib (2017) FE
University of Toronto
416-978-7054 phone/fax
naguib@mie.utoronto.ca
IMMEDIATE PAST-CHAIR

Masahiro Ohshima (2017) FE
Kyoto University, Dept. of Chem Eng.
81 75 383 2666 phone
masahiro.ohshima@gmail.com

Chul B. Park (2017) FE
University of Toronto
416-978-3053 phone 416-978-0947 fax
park@mie.utoronto.ca
TUTORIAL CHAIR-FOAMS®

N.S. Ramesh (2018) HSM, FE
Sealed Air Corporation
972-522-4041 phone 972-647-1040 fax
n.s.ramesh@sealedair.com
CONFERENCE COMMITTEE MEMBER

Miguel Rodriguez-Perez (2018)
University of Valladolid
34 983184035 phone 34 983423192 fax
marrod@fmc.uva.es
CONFERENCE TUTORIAL COMMITTEE MBR. 

Ashutosh Sharma (2017) FE
Klockner Pentaplast of America Inc.
(845) 489-6313 phone (503) 915-7620 mobile 
ahsharma@gmail.com

Henry Schirmer  FE, HLM
BBS Corporation
864-579-3058 phone 864-579-2126 fax
hschirmer@att.net
HONORARY LIFETIME MEMBER

Raymond J. Shute (2017) HSM
Novation iQ 
630-777-1203 phone
rshute@novationiq.com
NOMINATING CHAIR

Perry Vadhar (2019) HSM
Sealed Air Corporation
864-433-2086 phone 864-433-2560 fax
perry.vadhar@sealedair.com
COUNCILOR

Xiaoxi Wang (2017)
Boeing Company
425-404-1253 phone
wang0213@gmail.com
CHAIR ELECT, FOAMS®2016 CHAIR

Maxwell Wingert (2019)
Procter & Gamble
513-634-2832 phone
mw4SPE@yahoo.com
TREASURER

Gary Wilkes (2018)
Dart Container Corp.
517-244 2196 phone, 517-525-0755 mobile
gary.wilkes@dart.biz
BEST PAPER AWARD CHAIR

Anson Wong (2018)
The Dow Chemical Company
989-636-3060 phone
aw4spe@gmail.com
MEMBERSHIP CHAIR 

Shu Kai Yeh (2019)
National Taipei University of Technology
02)2771-2171x2524 phone, (02)2731-7117 fax
skyeh@mail.ntut.edu.tw

Changchun (Chad) Zeng (2017)
Florida State University
850-410-6273 phone
850-410-6342 fax
zeng@eng.fsu.edu
TPC 2016

Board of Directors Listing

HSM: Honored Service Member          FE: Fellow of the Society         HLM: Honorary Lifetime Member

Ana Paula de Azeredo 
Polymer Science Group, Braskem S.A.(Brazil) 
+55 51 3721-8111
ana.azeredo@braskem.com

Committee Member:

Thermoplastic Materials & Foams
2016 Scholarship Award winner

The 2016 year winner of the 
Thermoplastic Materials and 
Foams Scholarship award is 
Ms. Josey Hrbek.  Thirteen 
candidates applied for the 
scholarship this year, and in 
the four judges’ opinions, Ms. 
Hrbek emerged as the clear 
winner.

What attracted us to Ms. Hrbek’s credentials 
were:  (i) the wide variety of organizations that 
she belongs to including SPE, Rho Lambda 
Panhellenic Honor Society, Gamma Sigma Al-
pha Honor Society, Tau Beta Pi Honor Society, 
and Society of Manufacturing Engineers, (ii) 
her volunteer work in restoring Flint, tutoring 
other students, and participating in a Sigma 
Chi Annual Haunted House event which ben-
efited the Huntsman Cancer Research Founda-
tion, and (iii) her outstanding 3.83 GPA which 
has earned her a variety of Alpha Gamma Delta 
awards and Kettering University Dean’s lists.  
This is not to mention her broad employment 
background in paints (PPG), plasma cell tech-
nology (Kettering University (KU)), composites 
(KU), fiber coatings (KU), piping and instru-
mentation diagrams with AutoCAD (Emergent 
Biosolutions), and catalytic converting (Umi-
core Autocat).  Josey displays a positive can-do 
spirit combined with strong initiative, drive, 
and communication skills which will make her 
an excellent chemical engineer in the future.  
We wish her continued success. 
 
The Thermoplastic Materials and Foams Divi-
sion will continue to offer this scholarship to 
worthy candidates in the future with the theme 
of thermoplastic and foam backgrounds.  So if 
you believe that you know of other deserving 
candidates, please apply in 2017.

Humbly submitted by, 
Dr. Dale A. Grove
Thermoplastic Materials and Foams Division 
Acting Education Chair
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         Perry Vadhar
TPM&F Councilor

Councilor’s Report

The Summer Council meeting was in held from August 20 to 21 in Quebec City, Canada. 

The minutes of the last Councilors meeting held during ANTEC® 2016 were approved. 
An amendment was made to include names of all the attendees in the minutes.

Financial Update by Jeremy Dworshak
Jeremy noted that the Society is not meeting its membership, advertisement and events target for 2016. We 
are doing a good job in controlling expenses but remain in the red. However, there is an improvement com-
pared to the last year. Wim DeVos, CEO, projected forecast for 2016 year is as shown below.  
                                     		             Budget        	  Forecast
			   Membership         $1,240,000   	  $1,040,000
			   Advertisement         $412,000    	    $280,000
			   There is a net loss of $50,000. 

SPE plans is to increase ‘non-due’ revenue in the coming years. This year ANTEC® attendance was short 
by 150 people and that has affected the performance. The operational side will not make the budget. Chang-
ing the SPE’s business model is important. About 15 years ago, SPE had 30,000 members and now it has 
dropped to 12,000. In the past, 95% of the revenue came from membership, ANTEC®, and journals. 

TopCons offered worldwide are helping with the revenue stream. They also help to reach more people. 
However, it is shifting income from the SPE HQ to Sections and Divisions.

Wim noted we need new ideas to grow SPE membership. Professional membership dues are $125 but this 
membership is declining. We have 2000 student members paying $25 annual dues. 

Overall membership (which includes E-Members) has grown to over 21,000 members. The data collected 
from the E-Membership will help with the revenue stream like what Facebook and Twitter are doing. Data 
will be used to target a select group of advertisers. 

Rebates and Membership Dues
Membership dues are changing. The current new membership due is $144 when signing up at TopCon and 
for renewal it is $129.

India is exception to the rule as there is restriction converting funds collected in the local currency to dollar. 

Governance Task Force Model for Governance Reform by Scott Owens
The August Council meeting included approval of several Bylaw & Policy modifications that will transform 
Society’s governance model at the inception of the 2017 Council term. Under the new model, the Execu-
tive Committee will be replaced by an Executive Board comprised of functionally qualified and accountable 
individuals. This board will provide direction and oversight for most Society governance matters, thereby 
enabling Council to focus on initiatives consistent with key Society objectives, including improving mem-
ber value, expanding educational programs, etc. Please see new GTF model on the website.

The proposal is to increase new membership and renewal dues to $155.
New membership dues start January. 1, 2017. An extra income of $200,000 for 2018 is anticipated.
Please note the rebate amount is $10 regardless of annual dues.
A motion was made to increase the SPE membership dues and it was passed.

u

u

u

u

continued on page 5
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Councilor’s Report (continued)

Bylaws Update by Bruce Mullholland 
All the revisions to the Bylaws will become effective immediately instead of waiting for 30 days. 
A new member initiation fee is not needed due to all electronic communication. Welcome kits are no longer 
sent to the new member.

There were many Bylaw changes as a result of GTF implementation. Some of them are shown below:
There will be no more appointed Vice Presidents.
There is now mention of who will be elected by Council and who will be by membership.
There will be two separate elections.
Normal majority is now defined in the bylaws.
Terms of Office: 3 years per new GTF model
Mention on vacancies and succession are fully described.
Kept 2/3 majority as presented for bylaw changes and did not change to proposed ‘simple’ majority.

SPE “Plastics Insight” Updated by Russell Broom
Russell gave a demonstration on Plastic Insight. You can customize enhancements. The tool helps to under-
stand members’ interest and demographics. 
	
‘The Chain’ has several new enhancements which include improved graphics, sampling of current discussion 
topics, and the introduction of Industry Exchange our newest community supporting general industry aware-
ness. Please note The Chain includes private communities for use by your boards and committees. 

Student Chapter 
The Imperial College of London was added and the Rochester Section was abandoned.
Several non-compliant Sections include NY, East New England, Akron, Nebraska, Columbia River, Central 
Europe, and Middle East. The main reason is they have not provided volunteer rosters.
Babli Kapoor, Division Chair, mentioned several non-compliant Divisions including E&E, Thermoforming, 
and China Extrusions.

Babli Kapoor Perspective on New ANTEC® Model
Babli informed the reason for the decline at ANTEC® is due to competing on-line social & professional av-
enues and in some cases overlap in the subject matters.  ANTEC®  has been a strength for the past 74 years. It 
helps the entire value chain, and is a bridge between industry and academia and global reach.

Suggested Ideas for New Model:
Include lectures on soft skill, career fair, establish a theme, team up with other associations, NPE field trips, 
STEM activities, and allocate time for Division, SIG and organize activities. 
The path forward is to create a new ANTEC® format. Also, create a team that is effective to this cause and 
connect with Sections/Divisions, create a new blueprint, and target launch in 2018. 

Leadership Planning by Scott Owens
We need to develop new society leaders. SPE need diversity on the board along with people who are commit-
ted.  Any Board member from a Section or Division can serve. 

Please note anyone can serve in this position. It does not have to be a Councilor

Scott mentioned how to identify new SPE leaders from a list of 900 people. Leaders need ratings of 3 or higher 
and for a rating of 7 or 8 for executive committee. Please share this opportunity with your Board members. 
The plan will be formalized in 30 days and posted on Leadership Lane.

u

u

u

u 

u

u

u

u
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 continued on page 7

Highlights for TPM&F Board Meeting
Meeting Date: September 13, 2016

Minutes compiled by Maxwell Wingert

Attendance
Attending the BOD meeting in person:  Dale Grove, 
Xiaoxi Wang, Theresa Healy, Stephane Costeux,  Changc-
hun (Chad) Zeng, Maxwell Wingert, Gary Wilkes, Masahi-
ro Ohshima, Shu-Kai Yeh, Peter Schroeck, Eric Teoh, Anson 
Wong, Kim McLoughlin, Hani Naguib, Aaron Guan, Chul 
Park, Miguel Rodriguez-Perez  Attendence via phone: 
N.S. Ramesh, Donna Davis, Perry Vadhar

Chair Report – Dale Grove
Dale reminded all of us about SPE’s anti-trust and 
conflict of interest policies.  He thanked everyone for 
their time in joining this meeting. Kim McLough-
lin and Shu-Kai Yeh are the newest TPM&F board 
members.  Congrats to both.  Shu-Kai Yeh became a 
member directly after the election, while Kim was ap-
pointed on to the committee due to some open board 
positions.    We need SPE HQ to update the records as 
well as the TPM&F website. The Pinnacle and Com-
munication Excellence Award applications are both 
due in January 2017.  There was some discussion 
about the rebate system and Dale had to table that 
until further review takes place soon. s. 

Councilor Chair Report – Perry Vadhar 
(see page 13-14 in this newsletter issue)

Membership Report – Anson Wong 

Ananda Chatterjee Travel Award 2016		
Two rounds of two $500 awards are set for 2016

The first round has been completed.  There were 		
8 applicants and six judges.  The two winners 	
were: 

Alireza Tabatabaei-Naeini (University of Toronto)	
Syed Hassan Mahmood (University of Toronto)

The second round is targeted for late 2016.

FOAMS® committee Report – Sté-
phane Costeu Stéphane proposed having 

the FOAMS® 2017 Conference in Germany.  There 
was some concern as to who would be the Treasurer 
without local support.  There was discussion to have 
someone from the board as the Co-Chair and to gain 

u

u

u

Roles & Responsibilities
There will be checks and balances on an annual ba-
sis. Individual performances will be reviewed end of 
the year. For full transparency, we should all review 
minutes of the meeting, ask questions or concerns. 
SPE’s three-year plan was outlined in a PowerPoint 
presentation. SPE Membership will elect VP and VP 
of Technology & Education.

Wim DeVos – Membership Update
Wim noted across the board for Sections and Divi-
sions there is a decrease in membership. He will post 
ANTEC® attendance and membership history on The 
Chain. 

New Software Demo by Russell Broom
There was a demo done on a new software. It allows 
understanding who are our members and non-mem-
bers, heightens that value. New tool tracks members’ 
location, who has joined and who has left. The report 
will be available to Sections and Divisions. This is a 
tool connected to the main database. It is a visualiza-
tion based. This will allow easily welcoming a new 
member and also connecting with a member who 
has not renewed. This will be rolled out in October. 
Membership Chair will receive viewers and the first 
data set.

The data will be updated monthly and sent to the 
Membership Chair. It comes as a file with the data-
base, no need to be online. Council will review on 
this tool during December meeting. In order to make 
this tool effective, please use the central registration 
system so it can capture all the data.

ANTEC® Model and Membership
The whole of Council actively participated in two 
important workshops: improving the ANTEC® and 
growing Membership. There were many valuable 
ideas gathered from the effort. The discussions will 
continue on The Chain on these two important sub-
jects. 

Special Interest Group (SIG)
There was a discussion when a SIG should convert 
into a Division. A recommendation will be made 
during December’s meeting.

m

m
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Meeting Summary  continued from page 15

continued on page 8

support from SPE Europe.  There was a suggestion to 
have Chul serve as the Co-Chair with Hani’s assis-
tance.  After Stéphane got some additional informa-
tion from SPE as to how such a conference would run 
and as to how the European part of SPE would assist, 
there was a later email motion to have this location in 
Germany. The motion was approved.  It appears that 
the date is going to be the week of October 9, 2017. 

FOAMS® committee Report – Xiaoxi Wang/
Vipin Kumar/ Stéphane Costeu  Xiaoxi will send 
a report out once this conference is over.  So far, 13 
new TPMF members were achieved thanks to the 
conference.  Overall there were 105 attendees, 46 who 
went on the Boeing tour, and 44 tutorial attendees.  
There were 7 sponsors:  1 Gold, 2 coffee break, and 
the rest exhibitors.  There was some discussion about 
the TPM&F equipment being outdated (i.e.; projector, 
laptop, and telecom).  The division should invest in a 
new projector for conference since the ten year old 
one has broken.    

Reedy Scholarship Awards – The winners were:  
Victoria Bernardo Garcia, University of Valladolid 
and Syed Hassan Mahmood, University of Toronto.

Best Paper Award– Gary Wilkes is all set and has 
his volunteers.

Poster Award– Poster are all ready to be displayed.

Education Chair Report – Dale Grove 
(acting) Dale is the acting Chair for this committee.  
However, Kim will take this role over going forward 
with Dale’s support.

Scholarship Award - This area must be revamped 
and advertised since many members are not aware 
of it.  

Platinum SAC Level - Will be reviewed and dis-
cussed.  Travel awards and scholarships need 
names.

PlastiVan and Community Outreach – There must 
be more activity in this area.  The Seattle area has 
done it the last few years.

New Chair Appointment-The next Education 
Chairperson will be Kim McLoughlin.  

u

u

u

ACTION:  D. Grove will write a standard operat-
ing procedure and hand it off to Kim.

communication Chair Report – Theresa 
Healy  

Website  The website is current. Please review (www.
spetpmf.com) and send updates.  Once the FOAMS® 
Conference is over, the Polyolefins Conference will be 
advertised.  The BOD list needs to be updated by the 
end of September. 

Linked- In TPM&F site  This has been updated and 
checked daily for new members.  There was an an-
nouncement made on this page to remind people 
to register for FOAMS®.   Discussions and posts will 
continue to take place.  The site should be informative 
as well as a place for networking.  It will continue to 
be used to promote conferences, technical informa-
tion, and webinars.

International Activities Report – Hani 
Naguib/Miguel Perez/Masahiro Ohshima  

Shaayegan, V., Park, C.B., Franco, C., and Han, S., “Ex-
perimental Studies in Microcellular Injection Mold-
ing”, CONNECT! European Moldflow User Meeting 
2016, Frankfurt, Germany, June 21-22, 2016

Cherukupally, P., Farnood, R., Hinestroza, J.H., Bil-
ton, A.M., and Park, C.B., “Adsorption Mechanisms 
of Emulsified Crude Oil Droplets onto Hydrophilic 
Open-Cell Polymer Foams”, 32nd International Con-
ference of the Polymer Processing Society, Paper # 
S16-388, Lyon, France, July 25-29, 2016

Kazemi, Y., Ramezani Kakroodi, A., Wang, S., Ameli, 
A., Filleter, T., and Park, C.B., “Electrical Conductiv-
ity and Crystallization Behavior of Polypropylene in 
the Presence of Supercritical Carbon Dioxide and 
Multiwalled Carbon Nanotubes”, 32nd International 
Conference of the Polymer Processing Society, Paper 
# S02-592, Lyon, France, July 25-29, 2016

Liao, X., Xu, H., Bai, J., Yang, Q., Li, G., and Park, C.B., 
“Effects of Viscoelastic Properties on the Foam Mor-
phology of Silicone Rubber Using Supercritical Car-
bon Dioxide”, 32nd International Conference of the 
Polymer Processing Society, Paper # S05-199, Lyon, 
France, July 25-29, 2016

u

u

u

u
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Meeting Summary  continued from page 16

Ramezani Kakroodi, A., Kazemi, Y., Ding, W.D., Am-
eli, A., and Park, C.B., “The Effects of Morphologi-
cal Manipulations on the Characteristics of Polylac-
tic Acid (PLA)/Nanofibrillar Nylon-6 Blends”, 32nd 
International Conference of the Polymer Processing 
Society, Paper # S06-120, Lyon, France,  July 25-29, 
2016

(keynote) Shaayegan, V., Wang, G., and Park, C.B., 
“The Effect of Melt/Gas Mixture Compressibilty 
on the Cell-Nucleation Behaviors in High-Pressure 
Foam Injection Molding”,  32nd International Con-
ference of the Polymer Processing Society, Paper # 
S05-48, Lyon, France, July 25-29, 2016

Shaayegan, V., Cuif, L., Ameli, A., Wang, S., and Park, 
C.B., “Investigation of Fiber Orientation and Dis-
placement in High-Pressure Foam Injection Mold-
ing of Polystyrene/Carbon-Fiber Composites”, 32nd 
International Conference of the Polymer Processing 
Society, Paper # S02-133, Lyon, France,  July 25-29, 
2016

*Theresa will post these activities and papers to our 
website.

New and Old Business 

Chul mentioned there was a BIOFOAMS Confer-
ence that he was Chairing, but he suggested that the 
TPM&F Division consider taking this over.  This 
could be a separate Topcon.  Chul has been alternat-
ing with another person.  Chul will work on a write 
up to send the BOD members to see if this is of in-
terest, and Kelvin Okamoto was recommended as a 
point of contact.

Stephane asked whether Chair travel funding should 
be an on-going budget item.  After some discussion, 
it was decided that this should be done on an individ-
ual case by case basis since in most cases an incom-
ing Chair will have travel funds.  The reason why this 
was deemed necessary in this one particular case was 
because the present Chair’s company restricted travel 
during his mid-tenure.

Adjourn-Meeting was adjourned at 8:28pm Pacific 
Time.

aaron.guan@bocotechnology.com

http://www.reedyintl.com
mailto:aaron.guan%40bocotechnology.com?subject=
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BEST PAPER
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Best Paper Foams®2016 (continued from page 4)
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Best Paper Foams®2016 (continued from page 5)
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Best Paper Foams®2016 (continued from page 6)
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Best Paper Foams®2016 (continued from page 7)
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AWARD

BEST PAPER

 

 

VISCOELASTIC SHEAR ANALYSIS OF POLYMERIC FOAM MIDSOLES  
 

Alex M. Brill, Schyler Sanks, Mark Lind, Tim A. Osswald 
Polymer Engineering Center, University of Wisconsin-Madison 

 
 

Abstract 
 

Athletic footwear companies continually create 
technological innovations to give the athlete a greater 
running experience. The nonlinear viscoelastic material 
behavior of polymer foams, found in the shoe midsole, 
dissipate the ground reaction forces  to provide cushioning.  
Shear analysis up to 50% strain was experimentally 
conducted at 1 Hz and 5 Hz to characterize the stress-
strain performance. Constitutive equations were curve 
fitted by using Finite Element Analysis performed in 
ANSYS. A look at footwear industry trends demonstrated 
the potential for highly cushioned and linear foams to 
support natural gait movement. 
 

Introduction 
 

The athletic footwear industry increased rapidly from 
corporations grasping the emerging running trend 
beginning in the 1970s. Nike and Adidas were among the 
top sports footwear manufacturers to distribute revenue 
into research and development promising a greater 
running experience and increased injury prevention. These 
claims continue today grounded by their dynamic 
technological development of the midsole region of the 
shoe, which is the main damping mechanism of the foot-
ground interaction during running applications  [1, 3, 5]. 
The major part of the midsole is comprised of a foam 
polymer, but is often coupled with other cushioning 
technologies, such as  air pouches, thermoplastic support 
shanks, and non-Newtonian fluids. However, the injury 
rate remains unchanged [2]. The footwear engineer must 
be knowledgeable in the studies of human running motion 
to provide design decisions to reduce injury due to impact 
loads. 

 
Ethylene-vinyl acetate (EVA) has been the indus try 

leading material, providing durability and toughness over 
a wide temperature range, along with water resistance, 
and inexpensive manufacturing. Polyurethane (PU) is also 
used in running shoes for areas needing greater strength 
and durability due to the aging resistance [3]. PU is 
denser than EVA, so it is often placed in high impact 
areas of the midsole to control the medial rotation of the 
ankle joint, also referred to as pronation [4] 
 

Kinematic trends show highly cushioned shoes 
increase vertical loading rate and significantly decrease 
peak lateral force than footwear with moderate foam 
thickness [6]. Authors suggest highly cushioned shoes 

could reduce pronation due to the decrease shear impact 
forces. However, biomechanical research on barefoot 
running has proven that runners increase impact-
moderating behavior as the reduction in plantar shear 
movement, perceived as foot stability, increases . The 
force production remains similar to shod cases, however 
running efficiency increases due to proprioception 
(neural-mechanical adaptation to perceive ground contact) 
by enhancing the storage and restitution of elastic energy 
in the ankle extensors [7]. The sports footwear engineer 
must understand the responsiveness and energy 
dissipating properties of foam materials  in shear to 
accurately predict performance measures, such as 
metabolic efficiency and joint rotation. 

 
Materials and Procedure 

 
Two polymeric foams found in commercially 

available high performance running shoes were analyzed. 
Nike Cushlon™  Ethylene Vinyl Acetate (EVA) foam is 
compared to Adidas Boost™  expanded thermoplastic 
polyurethane (E-TPU) foam. Both materials are steam 
compression molded from hundreds of small foam 
granules [8]. This process increases the responsiveness, 
while decreasing the density. EVA is an open-cell foam, 
while E-TPU is a closed cell foam. 
  
Mechanical Analysis  
 

Viscoelasticity is the contribution of two forces in a 
system: the elastic solid and the viscous liquid. A 
sinusoidal input displacement results in a phase lag of the 
resulting stress response of the material, indicating an 
energy loss. Lissajous loops provide a representation for 
the viscous dissipation during a dynamic strain input, as 
seen in Figure 1 [9].   

 
 

 
Figure 1: Lissajous loops showing a decrease in energy 
loss from low frequency input (100% viscous) to high 
frequency input (100% elastic). 
 

The area inside the loop is the energy dissipated by 
the material. Literature analysis of footwear foams test the 
uniaxial compression, since the compressive direction 
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accounts for roughly 80% of the force contribution during 
running applications [5, 11, 12]. Typical stress-strain 
behavior can be seen in Figure 2. Large deformation of 
the foam demonstrates three regions: linear elastic, 
plateau or collapse, and densification. During low strains, 
the foam cell walls bend to allow a linear reaction before 
large deformations buckle the cell walls to reach a plateau 
of the stress response. Finally, there is a region of 
densification where the stress increases sharply and the 
foam acts as a solid polymer. 

 

 
 
Figure 2: Stress-strain curve for PU foam sample under 
compression testing. Included: linear elastic region, 
collapsing region, and densification region [11]. 

 
Dynamic mechanical analysis (DMA) in simple shear 

will support the classification of the spring and damping 
abilities of foams in the medial/lateral and anterior-post 
directions during running applications. Nonlinear 
viscoelasticity describes the stress lag resulting from an 
input strain. Equation 1 and 2 describes an oscillatory 
shear input, 

 
)*sin(0 t        (1)

)*sin()()( 0   ttt      (2) 
  
where is frequency and is phase lag. The phase lag is 
a dimensionless value representing the viscoelastic 
damping of the material. 
 

Equation 3 depicts the shear storage (G’) and loss 
modulus (G”) which corresponds to how much the 
material stores and dissipates energy, respectively [9]. 
 

)cos()sin()( 00 tGtGt                         (3) 
 
 
 
 d    

Testing Procedure 
 

An Acumen MTS electrodynamic machine with a 5 
kN load cell was used to perform dynamic mechanical 
analysis. Cylinder foam samples were cut from the 
midsole to 22.5 mm diameter and 10 mm thickness. 
Cyclic input strains of 1% to 50% were performed in 
simple shear at 1 Hz and 5 Hz, simulating the contact 
times of walking (500 ms) and fast running (100 ms), 
respectively [12]. The shear testing device can be seen in 
Figure 3. Force and displacement data was collected at 
100 Hz and was analyzed at the 5th cycle to ensure a 
steady state response [11].  
 

 
Figure 3: Shear testing device for testing midsole foam 
cutout. 

 
Results 

 
Experimental 
 

The viscoelastic foam stress response was collected 
in shear for strains up to 50%. Shear storage (G’) and loss 
(G”) modulus were graphed in Figures 4-7. Both 
modulus’ gradual decreases in the EVA foam, while the 
E-TPU foam remains unchanged after 5% strain. The 
storage and loss modulus of the E-TPU material also 
shows significantly lower values. 
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Figure 4: Storage and loss shear modulus of E-TPU and 
EVA at 50% strain sweep at 1 Hz input. 

 
 
Figure 5: Storage and loss shear modulus of E-TPU and 
EVA at 50% strain sweep at 1 Hz input. 
 

Lissajous loops for 15%, 25%, 35%, and 45% strain 
at 1 Hz and 5 Hz can be seen in Figures 6-9. EVA depicts 
more nonlinear behavior and energy dissipating 
properties. The 5 hz tests show greater hysteresis than the 
1 hz tests for both foams. E-TPU at 35% strain was 
removed from Fig 7 due to measurement errors . There 
was a significant increase in energy loss at 50% strain for 
EVA. 
 

 
Figure 6: Lissajous loop for EVA at 5 Hz. 
 

 
 
Figure 7: Lissajous loop for E-TPU at 5 Hz.  
 
 

 
Figure 8: Lissajous loop for EVA at 1 Hz. 
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Table 1: Coefficients for 2nd order Odgen Hyperfoam 
model of EVA and E-TPU in simple shear. 
 

Polymer Foam μ1 μ2 α1 α2 β1 β2 

1 Hz 
EVA 12.65 12.65 .0409 .0409 0 0 
E-TPU 3.523 3.523 .0538 .0538 0 0 

5 Hz 
EVA 13.75 13.75 .0400 .0400 0 0 
E-TPU 6.214 6.214 .0315 .0315 0 0 

 
Discussion 

 
EVA depicts more nonlinear behavior due to gradual 

decreases in the elastic and viscous modulus values . 
Alternatively, E-TPU shows more responsive behavior as 
seen in the Lissajous loops (Figs 6-9). The hysteresis 
characterization at 5 Hz shows EVA having 113% greater 
energy dissipating properties at 50% strain than E-TPU in 
simple shear. The hysteresis values of EVA foam support 
the higher loss modulus when compared to E-TPU at all 
shear strains. E-TPU foam demonstrated more linear 
behavior, which provides the athlete with an enhanced 
foot-shoe “feel”, since there is lower energy loss  at 
ground contact. Additionally, the low storage modulus 
illustrates E-TPU foam’s high compressibility providing 
the runner with greater cushion at equivalent 
biomechanical impacts. 

 
Conclusions and Further Investigations 

 
Derivation of viscoelastic behavior of polymeric 

foams found in athletic footwear was performed in simple 
shear experiments. The curve fitting function in ANSYS 
determined the 2nd order Ogden model. The energy 
damping abilities of EVA were greater than E-TPU, 
indicating a potential kinematic change for the athlete. A 
verification of the biomechanical analysis of runners 
wearing EVA vs E-TPU shoes can offer the polymer 
engineer insight into developing foams for the appropriate 
sport activity to reduce injury and provide adequate 
cushioning. 
 

Furthermore, a 3D midsole Finite Element Model can 
be examined at max lateral stress seen at mid-stance. The 
dynamic relationship of body dynamics and stress 
distribution in the midsole is complex. E-TPU 
compression data can be inputted into multiple 
experimental tests to accurately represent the combination 
of stresses experienced during typical gait situations. 
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