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Plastics are wonderful. No other material offers such a variety of properties that can be tailored to specific 

needs, provide tremendous design freedom, and be manufactured at a relatively low cost and at very high 

rates. The primary property that makes most plastics so attractive over other materials is viscoelasticity. This 

gives plastic the ability to absorb energy, flex and spring back without cracking.  
 

Viscoelastic behavior is important in how a material will behave in many common applications: 

 Snap-fits—high deformation without breaking and snapping back to its original shape. 

 Press fits—forming to shape and staying joined to its mating piece. 

 Caps—elastic behavior to keep the cap attached and sealed to another part. 

 Impact applications—the ability to absorb and dissipate energy without cracking. 

 Rubber materials—high elongation without permanent deformation or fracture. 

 Living hinges—repeated high strains without fracture. 

 Design-to-crack—cracking at a specific stress or strain. 

 Gaskets—plastic or rubber that will deform to create a seal and take up tolerance stack-up. 
 

Let us dissect what the compound word “viscoelastic” actually means and how it influences the plastic part 

and its role in design. As the name suggests, a viscoelastic material has both viscous (liquid-like) and elastic 

(spring-like) properties. When a stress is applied to the plastic part, it will behave like a liquid and spring at 

the same time. It will flow with some resistance when a stress is applied. The part also will spring back when 

stress is removed. However, because the plastic has 

flowed, it will not return completely to its original state/

position. The ability to choose how much viscous and 

elastic properties a material will have gives the designer 

great flexibility. The consequence on how each property 

will influence part behavior must be understood for the 

design to be successful.  
 

This article will not go into the endless models that are used to numerically 

describe the viscoelastic response of a plastic. However, I think it is 

enlightening to understand how viscoelastic behavior can be visualized. As 

one might expect, the elastic part of plastics can be modeled with a spring, 

(Figure 1). The force required to elongate the spring is based on its stiffness 

(E). 
 

When the load is removed, the spring will fully recover nearly instantaneously 

to its original configuration. The viscous effect of plastics is modeled with a 
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Figure 1. The elastic property (stiffness E) of plastics 

can be modeled with a spring. 
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damper (Figure 2). The response of the damper to a load depends not only on the level of the load, but also 

how rapidly it is applied. If the load is applied quickly, the instantaneous deformation may be relatively 

small. Apply this same load or even a smaller load, over a longer period of time, and the damper will open 

(deform) significantly. Does this sound similar to how a 

plastic part might behave? Putting springs and dampers in 

different configurations will provide a different response of 

the plastic deformation over time. Figure 3 is one 

configuration that is commonly used to describe the 

viscoelastic behavior of plastics over time [1]. Using this 

model or others similar to it, we can predict how the 

material behaves when a load is applied.  
 

On a molecular level, a viscoelastic material consists of long-chain molecules that are intertwined/tangled 

together in a relatively ordered (partial) state (crystalline structure) and/or random state (amorphous). The 

molecules themselves are held together by extremely strong (intra-molecular) covalent bonds. The molecule-

to-molecule or inter-molecular, bonds are weak when compared to the intra-molecular bonds. These bonds 

play an important role in how the plastic material will behave in 

a viscoelastic manner. To get a better understanding and to 

measure viscoelasticity, we can use a dynamic mechanical 

analysis (DMA) device. This is a highly precise flexural-testing 

instrument that allows us to analyze the viscous (loss modulus) 

and elastic (storage modulus) behaviors at various temperatures. 

As one can imagine, at 

lower temperatures the 

elastic properties are 

more pronounced, but as 

the temperature increases, the viscous properties are more 

prominent.  
 

When reviewing materials for a certain application, we can choose 

materials that have the correct mix of visco and elastic properties at 

the temperatures in which the product will be used. For instance, if 

we are designing a snap-fit for an application that will be used in 

various outdoor temperatures, we can use DMA data to help find the 

correct material. The investigation would entail looking for materials 

with some viscous properties at cold temperatures to ensure the snap-fit does not behave too stiffly and break 

at the high strains typically required when engaging the snap-fit. Likewise, we would want to make sure the 

snap-fit has some elastic/stiffness properties at higher temperatures to ensure it does not easily open when a 

relatively lower stress is applied. A common snap-fit that falls under this description is found on most 

backpacks (Figure 4). This buckle must possess viscoelastic properties over a wide temperature range. In fact,  
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Figure 2. The viscous property (Ƞ) of plastics can 

be modeled with a damper. 

Figure 3. Damper and spring put in parallel 

configuration (Kelvin-Voigt model) to model 

the viscoelastic behavior of plastics [1].  

Figure 4. Backpack buckle that utilizes 

the viscoelastic properties of plastic. 
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the buckle may remind you in some ways to the spring that was previously described. For this application, 

polyamide with a small amount of glass has proven to be the material of choice. The glass provides an 

increase in stiffness while also reducing the viscous portion of the viscoelastic behavior. 
 

A viscoelastic property that is commonly overlooked or is not at the top of the list when choosing a plastic 

material, is sound-dampening. This property is extremely important to industries such as automotive, HVAC 

and appliances. This viscous-related property of the plastic absorbs and dissipates the energy and other 

vibrations that can produce sound. Again, using DMA we can choose a plastic that has a high viscous 

property while having the appropriate level of stiffness.  
 

Disadvantages of Viscoelasticity 
 

Since viscoelasticity involves molecular movement and rearrangement when a stress is applied, this needs to 

be accounted for in the design. This movement is referred to as creep, and results in the plastic part being 

irreversibly deformed over time.  Think of the movement of a damper? The structure of the plastic, glass 

transition temperature, stresses and environmental conditions (primarily temperature) are important in how 

susceptible the part will be to creep. Since molecular movement primarily takes place in the amorphous 

region of the plastic, amorphous plastics are typically more susceptible to creep. However, semi-crystalline 

materials that are typically used above their glass transition temperature, such as polyethylene, 

polypropylene and polyacetal, are highly susceptible to creep. Thermoplastic elastomers are not immune to 

creep, but may provide better creep performance than other materials. The use of reinforcements, such as 

glass fiber, can significantly reduce creep, but can “come at the expense” of other challenges, such as an 

increase in brittleness. 
 

One reason why parts warp or crack after molding is because of viscoelasticity. You may have heard that 

everything wants to be at a zero state of stress. During injection molding, extrusion, compression molding 

and other processing techniques, the molecules of the molten plastic are sheared, stretched and compressed 

into a shape that they prefer not to be in. Considering the molecules to be individual springs that are 

compressed or elongated, after de-molding, these molecules will want to “spring back” to their natural, 

unstressed state. If molecules are frozen into place and not allowed to achieve a zero state of stress, a molded-

in residual stress will develop. If this molded-in residual stress is high enough, the part can warp after the 

part is de-molded. This warpage can occur very quickly after molding or over time (creep). If the part does 

not have the ability to warp, the stress will remain in the part. This can result in a worse situation; creep 

rupture. This occurs when the molecules disentangle over time, resulting in a separation of molecules and 

cracking of the part. A critical point to consider is that the stress that causes this disentanglement and 

cracking is below the material’s yield point.  
 

Case Study 
 

A couple of years ago, we were contacted by a client about some medical parts that were cracking during 

shipment from their facility to the OEM. The polycarbonate parts were made of a high-quality resin with a  

high molecular weight (low melt-flow rate). Testing was done to ensure the molecular weight was not 

Taking Advantage of Viscoelasticity; a Unique Property of Plastics  

(cont.)        Paul Gramann, Ph.D., P.E. 

http://www.madisongroup.com


September 2019 The Madison Group TMG News  

Page 4 madisongroup.com © 2019  The Madison Group  All Rights Reserved.  

 

diminished during molding, and that there were no contaminants present. Microscopy determined that the 

cracks formed purely as a stress situation. Because the parts were unassembled and there were no other 

externally applied loads, this clued us into a high molded-in residual stress condition. It was decided that 

residual stress testing would be done using a specific set of chemicals at different concentrations. In this well-

established technique, a series of plastic parts are put through ESC to determine the approximate level of 

built-in stress. In this case, testing showed the polycarbonate parts had over 3,200 psi of molded-in residual 

stress. This particular polycarbonate having a tensile strength of 9,000 psi, the stress was not high enough to 

cause instant cracking. However, it was high enough to cause cracking over time, which led to creep rupture. 

To solve the issue, our team utilized injection molding simulation to provide insight into several options to 

reduce the molded-in stress, gating, molding temperatures/pressure, and wall thickness. Follow-up testing 

showed that we were able to reduce the residual stress to below 800 psi (without changing the part’s 

thickness), which was determined to be low enough not to cause warpage or creep rupture. 
 

As one might expect, there are methods to reduce the viscoelastic behavior of plastics. Again, this is another 

reason why we love plastics so much; design, material, and processing freedom.  
 

References: 

[1] Osswald, T.A., G. Menges, Materials Science of Polymers for Engineers, Hanser, 1996.  
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The Madison Group Teaches Failure Analysis, Design & Prevention 

Monday-Wednesday, October 14-16th, 2019—UW-Milwaukee at Milwaukee  
Presenters:  Jeffrey A. Jansen, Dr. Antoine Rios, Dr. Javier Cruz, and Erik Foltz 
Plastic Part Failure: Analysis, Design & Prevention  
 
 

The University of Wisconsin—Milwaukee School of Continuing Education is offering a 3-day course entitled, 
“Plastic Part Failure: Analysis, Design & Prevention” taught by The Madison Group Engineers. The course 
will cover a broad range of topics essential to understanding and preventing plastic failure. Get introduced to 
the strategies behind analysis, design and prevention with course material that includes: 

• Learn the essentials of why plastic components fail 

• Understand the five factors affecting plastic part performance 
 - Material, design, processing, installation, and service 

• Learn the process of conducting a failure investigation 

• Know the importance of ductile-to-brittle transitions and their role in plastic component failure 

• Understand how and why a product has failed 

• Explore approaches to more quickly respond to and resolve plastic component failure 

• Learn methods and techniques to avoid future failures 
 
Course Outline: 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Introduction to Plastics  
 -Overview of Plastic 
 -Composition 
 -Properties 
 -Plastic Part Failure 
• Failure Correction and Prevention 

-Part Design 
-Mold Design 
-Material Selection 
-Processing 
-Validation Testing 

• Failure of Plastics Overview 
• Failure Mechanisms 
• The Roles of Multiple Factor Concurrency and 

Statistical Distribution in Plastic Part Failure 
• Failure Analysis 

-Problem Solving / Investigation Techniques 
– FA and RCA 
-Failure Analysis Test Methods 
-Case Studies 

 

Plastic Part Failure: Analysis, Design & Prevention  
Monday-Wednesday, October 14-16th, 2019 
8:00 am to 4:30 pm 
Note: Class ends at 4:30 pm on Days 1 and 2 
Class ends at 3:00 pm on Day 3 
Location: University of Wisconsin – Milwaukee  School 
 of Continuing Education 
CEUs: 2.0/PDHs: 20 
Program No. 4830-11769 
 
For more information: 
https://uwm.edu/sce/courses/plastic-part-failure-analysis-design-prevention/  
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Today’s topic is a very interesting one where we will be looking at a component of a household appliance 
that failed directly as a result of poor design mistakes that could have been easily prevented. 
 

A new over-the-range microwave-hood combo (Figure 1) was installed in a rental unit just before new 
tenants moved in. About a year later, the top black faceplate that allows the filtered air from the hood to exit 
the unit, fell off the unit and fractured. The tenants indicated it just fell off and they had never pulled on it or 

otherwise disturbed it. The black faceplate is removable and 
houses on its interior, a carbon filter that helps with smells from 
the exiting air. The exposed underside air filters that bring in the 
air were relatively clean, as they had been regularly maintained. 
However, it was clear that the air exit vent had not been 
removed, by the fact that the internal carbon filter was much 
dirtier and with oil build-up. In this application, some build-up 
from cooking oils suctioned by the hood is to be expected. I 
quickly examined the failed part, and after a couple of minutes, 
told the tenants not to worry about it because this was obviously 
not their fault.  
 

The design of the faceplate consisted of a black polycarbonate 
plastic with a grill pattern and multiple assembly points. The 
part was mounted at the bottom by the use of snap-fits that 
mated against another 

component. Figure 2 shows a view of the snap-fit design. When 
assembled, there was a lot of play in the components. In fact, the snap
-fits acted more like hooks, since the part could essentially be 

installed at an angle by 
aligning the hooks into the 
lower slots on the mating 
component, and then 
moving the faceplate up 
into place. I imagine that 
the aggressive design 
angles on the snap-fits 
required a loose fit. 
Otherwise, the snap-fits would not have been able to be removed 
after installation for accessing and replacing the carbon filter. 
 

In order to prevent the faceplate from falling, the assembly used 

three screws that were inserted over the top of the microwave 

through a metal plate and into small tabs of about ¾” in width 

along the part. These tabs were completely broken into multiple 

pieces. In Figure 3, the top photo shows the general idea of what 

they should have looked like. The three screws consisted of small 

non-plastic specific thread forming wood screws that created 

interference and stress to the tabs. In addition, the sheet metal 

holding the tabs was designed as a groove that required some force  

How Poor Design Decisions Can Lead to Environmental Stress Cracking 

           Dr. Javier Cruz 

Figure 1: Over-the-range microwave-hood 

combo. 

Figure 2: Lower Snap-fits. 

Figure 3: Upper tabs general design (top). 

Remaining broken tabs (bottom). 
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to push the tabs in and hold them in place. Overall, there appeared to be a lot of stress on the tab area 

resulting from the interference of the screws, the tightening force, and the force of the metal squeezing the 

tabs in place. This was pretty obvious by the fact that I had to use pliers and a flat head screwdriver, with 

some force, to push out all the broken pieces of tabs from the slots, even after removing the screws. 
 

A closer inspection of the pieces of broken tabs showed oily residue in the cracks and surrounding areas. This 

tab location is directly exposed to the flow of air from the hood 

and would likely carry cooking oils through the air. I was pretty 

convinced of what to expect when examining the fracture under 

a microscope, but it is always a good idea to confirm your 

hypothesis with real data. Examination of the fractures “as-is”, 

did not show much details since the fractures were covered in 

oil, Figure 4. In order to better examine the fractures, they were 

ultrasonically cleaned. After cleaning, it was evident that the 

fractures were not 

consistent with a 

failure caused by an 

impact or user 

abuse. The fractures 

showed slow-crack 

growth features and 

banding consistent 

w i t h  a n 

environmental stress 

cracking (ESC) mode 

of failure, Figure 5. 

E S C  i s  a 

phenomenon that allows a plastic material to crack when under 

load and while exposed to a chemical. If the plastic is not under stress, the part will not necessarily crack by 

the chemical agent. This was evident in all the other locations of the faceplate that were coated with cooking 

oil, but showed no cracks. The polycarbonate material had only fractured at the tabs that were experiencing 

high stress from assembly.  
 

A valuable tool for evaluating ESC failures is a scanning electron microscope (SEM). The SEM is able to 

highlight the ESC features and allow to positively confirm the mechanism that was driving the cracking. 

Based on the SEM analysis it was pretty obvious that the cracking was driven by ESC. In addition, certain 

progressions of cracks showed features consistent with cyclic loading. It is likely that the vibrations of regular 

use, whether from opening/closing the microwave door, or from the hood fan contributed to crack 

propagation. Figure 6 includes views of a fracture as observed under the SEM. This fracture shows typical 

characteristics that identify and confirm an ESC fracture mechanism.  

How Poor Design Decisions Can Lead to Environment Stress Cracking 

(cont.)          Dr. Javier Cruz 

Figure 4: Fractures covered in oil. 

Figure 5: View of an ultrasonically-cleaned frac-
ture. 
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Figure 7 includes an FTIR spectrum of the oil residue 

contained on the fractures. The spectrum shows a strong hydrocarbon and ester functionality similar to most 

fatty acid esters. Many cooking oils will have a similar spectrum to the one shown, as identified by the 

examples of coconut oil and palm oil. It is well-known and documented that polycarbonate can be sensitive 

to ESC for these types of chemical 

substances. In fact, temperature plays a 

critical role in the effects of ESC. In this 

application where the part will likely be 

exposed to hot cooking oils, the damaging 

effects are of greater concern. 
 

Looking further into the design, it was 
interesting to note that the interior of the 
assembly included some bosses that did 
not appear to have any purpose of being 
there, Figure 8. The design appeared 
typical to what would be used to install an assembly by inserting a screw into the holes of the bosses. I 

wonder if this component was designed-in and someone realized 
that the idea of supporting the assembly by these bosses was 
probably not the best due to the high stress they would have 
encountered. Maybe, the bosses were also a poor design because 
they would be hard to access. In any case, it was a good thing that 
no screws were inserted into the bosses. Unfortunately, the same 
was not done for the top of the faceplate, and thread forming 
screws were placed against tabs that were constrained and under 
high stress. A better design would have focused on making sure 
that the part was completely free of elevated assembly stresses, in 
order to avoid the chances of a premature ESC failure.  
 

In this article, we are not diving into alternative options of design 
or materials, but I have to say, that there are a number of changes 

that could have been implemented in order to avoid this failure. 
 

Information regarding additional case studies can also be found at:  
https://www.madisongroup.com/case-studies.html 

How Poor Design Decisions can Lead to Environment Stress Cracking 

          Dr. Javier Cruz 

Figure 7: FTIR spectrum of oily residue with similar matches to various 

cooking oils. 

Figure 8: View of one of the bosses in the 

assembly. 

Figure 6: SEM views of the fracture. 

http://www.madisongroup.com
https://www.madisongroup.com/case-studies.html


September 2019 The Madison Group TMG News  

Page 9 madisongroup.com © 2019  The Madison Group  All Rights Reserved.  

 

Upcoming Educational Webinars  

Wednesday, October 9, 2019—Jeffrey A. Jansen—SpecialChem 

Understanding Structure—Property Relationship for Effective Polymer Selection  
 

Avoid plastic part failure in demanding applications by making better decisions with the right material 
selection and component design. 
 

The webinar will explain in detail how different aspects of the polymer structure alter the physical properties 
of thermoplastics including mechanical, thermal, chemical resistance and environmental characteristics. 
 

Being increasingly used in demanding applications, plastic materials often have to endure aggressive chemical 
contact, elevated temperature exposure and demanding mechanical stresses.  Choosing the right material in these 
applications is critical to avoid part failure!  But often, limited understanding of the interrelationship between 
molecular structure and properties acts as a roadblock. 
 

Join this course to: 
1. Meet evolving needs of demanding applications by making informed decisions related to plastic material 

selection and component design. 
 

2. Improve performance by gaining an understanding of how polymer structure of thermoplastics
(polyethylene, polyesters, sulfones, polyaryletherketones…)relates to final part performance. 

 

3. Avoid failure and other costly problems. 
 

Click here for more information.   
 

Thursday, October 10, 2019—Jeffrey A. Jansen—Society of Plastics Engineers  
Degradation Failure of Plastics 
10:00 AM (CST) 
 

Plastic materials offer a unique balance of strength and ductility associated with their inherent viscoelastic 
nature.  However, they are susceptible to molecular degradation through a variety of exposures.  Molecular 
degradation is a permanent change in molecular weight that reduces the mechanical properties and integrity 
of the plastic material.  This degradation can occur during compounding, processing, storage, or while in 
service.  Such degradation mechanisms include: 
• Thermal Oxidation 
• Hydrolysis 
• Ultraviolet Radiation 
• Chain Scission 
• Destructive Crosslinking 
 

The various forms of molecular degradation account for approximately 20% of plastic part failure, and an 
understanding of the nature of degradation can help to prevent failure.  
 

Topics covered during this session will include: 
• Introduction to plastic molecular degradation, including the various mechanisms. 
• Material susceptibility to degradation. 
• Stabilizers to prevent degradation. 
• Testing to assess the level of degradation. 
 

Click here to register:  
 

http://www.madisongroup.com
https://omnexus.specialchem.com/online-course/50034-understanding-structure-property-relationship-for-effective-polymer-selection
https://www.4spe.org/i4a/pages/index.cfm?pageID=4659
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Upcoming Educational Webinars  

Tuesday December 3, 2019—Jeffrey A. Jansen- SpecialChem 
Best Combination of DMA, DSC, FTIR... for Optimal Material Analysis 
 

You often have to mix multiple tools (DSC, DMA, FTIR, TMA...) to either 

characterize your materials or solve complex formulation or processing issues. 
 

However if you are not clear which tool to use, when and how to complement data from these multiple 
techniques for better analysis, it can cost you lots of time & money.  
 

Join this course and: 
1. Design better material analysis plan by clarifying the type of information you will get from each 
characterization method (DMA, DSC, TGA, FTIR...) 
 

2. Extract more value (extent of oxidation, HDT, Tg, contamination...) by learning how to efficiently cross 

data from multiple characterization techniques  
 

3. Wisely optimize performance of your plastics materials by seeing in practice how to proceed on real-cases 
(material identification, contamination, failure analysis) 
 

Click here for more information.  
 
 

Thursday, December 12, 2019  - Jeffrey A. Jansen—Society of Plastics Engineers  
Failure Associated With Injection Molding  
11:00AM–NOON (EDT) 
 

The injection molding process is one of the key characteristics that determines how a plastic part will perform 
in service. Manufacturers certainly attempt to avoid failure, but often unanticipated factors result in 
unexpected problems. The chances for a successful application can be significantly increased through 
preventative measures, including appropriate material selection, proper mold design, and process 
development. Even when appropriate actions are taken, failures can still occur. The evaluation of these 
failures provides an opportunity for learning. By understanding how and why a plastic component failed, 
steps can be taken to prevent future occurrences. Case Studies will be presented to illustrate failures 
associated with the deficiencies from the injection molding process. The presented cases will illustrate how 
the failure analysis process was used to identify the failure mechanism, as well as the primary factors 
responsible for the failures. 
 

Click here to register.  
 
 
 
 

Information regarding upcoming educational opportunities can also be found at:  
http://www.madisongroup.com/events.html 
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TMG - Industry News  
The Madison Group has exciting news that will help us better support you, our customers.  

  

The Madison Group has entered into a strategic partnership with D3 Technologies to help support and sell 

the Autodesk Moldflow Suite of products. We have joined forces to provide added value in many areas be-

yond analysis. In addition to continuing to support your analysis needs for finding solutions to your plastic 

design and manufacturing applications, you can now leverage our expertise to help you find the right simu-

lation products and proper training to help your team take on your new programs. By partnering with D3 

Technologies, the software integration, and ability to improve internal workflows will be further enhanced 

through their extensive manufacturing software offerings. 
 

 

We had the option from Autodesk to become resellers of Moldflow, but we realized that we did not want to 

compromise the investments in and around our services expertise. By Partnering with D3, you now have ac-

cess to the only Autodesk Platinum partner solely focused on Manufacturing clients.  D3 offers solutions that 

can help manage all aspects of your product development process, incorporating data and workflows from 

concept all the way through manufacturing. 
 

With our expertise in Advanced Materials Analysis and D3’s proficiency in product design, development and 

data technologies, our clients can approach their needs and workflows with a holistic approach and cohesive 

team working to grow their enterprise from every angle. Whether it is vital as enterprise-level support, or as 

straightforward as taking advantage of D3’s virtual education platform, CAD L.I.V.E, this decision expands 

the ways we can help support your bigger picture goals. 
 

Please reach out to The Madison Group at moldflow@madisongroup.com, to hear how to take your next step. 
 
 
 

 
 
 
 
 
 
 
 

 
 

Our Full Moldflow Services can be found at:  
https://www.madisongroup.com/moldflow-analysis.html  

 

Visit Our Website  

Announcement—Strategic Partnership 

http://www.madisongroup.com
mailto:moldflow@madisongroup.com
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https://www.madisongroup.com/#2

