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Name:_____________________________   PS:______      Score:______

EFFORT

Criterion Majority of
problems/solutions

About half the 
problems/solutions

Less than half the 
problems/solutions

Expectations for each solution to 
a problem articulated before div-
ing into the details?

3 2 1

Were longer problems broken 
down into smaller, more manage-
able pieces?

3 2 1

Were solutions checked for rea-
sonableness? 3 2 1

Were solutions well organized? 3 2 1

Appropriate use of diagrams, 
graphical, tabular representations? 3 2 1

Are symbols defined and diagrams 
adequately labeled? 3 2 1

REFLECTION

Criterion Mostly Half Less than half

Are mistakes correctly identified? 3 2 1

Are conceptual difficulties correctly  
identified?

3 2 1

Is the overall assessment reason-
able? 3 2 1

Additional Feedback:

MSE 220 Fall 2013

Problem Set Reflection Name:_________________

1.   List any assistance you sought while creating my solutions and/or places you got “stuck”:

2.   Now mark up your solutions, using the following color scheme. Use red to identify any errors that reflect a lack of con-
ceptual understanding (for instance, a physics or mathematics concept you did not understand). Use blue to identify 
any errors that reflect procedural mistakes in executing the problem (for example, incorrect substitution, calculation 
error, etc.). Add a few words describing the mistake(s) you identified.

3.   Describe what you learned from creating this problem set or reviewing it in class. (Do you think you would be 
able to take the concepts you explored in this problem set and transfer those concepts in a whole new context? 
For example, would you be able to solve a problem involving the same materials concepts, but of a form you 
have never seen before?)

4.   Overall rating of your understanding of the material (check one)

   Green: good general understanding (How do you know? What did you do to ensure you understood the ma-
terial?)

   Yellow: some barriers in understanding (What are those barriers? What efforts did you take to overcome such 
conceptual barriers?) We will provide advice on how to overcome the barriers you identified.

    Red: substantial barriers in understanding (Did you seek out any of the course resources to hone---in on 
those challenges? What are some strategies you will implement to better learn those concepts and overcome 
such conceptual barriers?) We will work closely with you to help address the barriers you identify.

Please elaborate here on potential barriers and your plans to address these:

5.   Things you need to review

ol erine s Suit  Self-healing Elastomer 
University of Michigan College of Engineering; MSE 220 

Team Wolverines: Andrew Hartman   Mina James-Gist   Michael Ward   Trevor Wong   Steven Zatzke 

Introduction 
  
 Currently, Wolverine's suit has holes at his knuckles to 
accommodate for his claws. Our research is to redesign his suit to be 
completely sealed by changing to a high strength, highly ductile 
material that could break bonds when the claws come out, and reform 
these bonds when the claws are retracted. This idea could also be 
applied to his entire suit. This means that Wolverine’s suit would be 
able to “heal” similarly to how he heals. Our research shows that 
poly(urea-urethane), (PUU), a silicone elastomer is the best material to 
be used to design Wolverine’s suit. In addition to the PUU, a 3mm 
Kevlar vest will also be included to protect The Wolverine from gunshot 
and knife wounds. In total, for a suit of 1 mm thick PUU, and a 3mm 
Kevlar vest, the cost of the suit is about $14,250.00. 

Manufacturing of Poly(urea-
urethane) 

 
● Mixture of bis- and  tris-isocyanate terminated prepolymers along 

with 4-aminophenoyl disulfide 
● Mixture degassed in a vacuum for 15 min 
● Allowed to set in a mold for 16 hours at 60 C to reach desired 

properties 

Mechanical Properties 
 

● Poly(urea-urethane) is a soft cross-linked elastomeric 
network. 

● The metathesis reaction of aromatic disulphide reconnects 
the chemical crosslinks which are broken due to fracture at 
room temperature without any catalyst. 

● The stress vs. strain at different healing time of the material 
is shown below: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
● Infinite lifetime and resistance to fatigue. 
● Tensile strength is measured in terms of self-healing 

efficiency, which is about 97%. 
● For 1.0 mm thick suit, it takes about eighteen minutes to 

heal a three inch cut. 
● Kevlar’s tensile strength is 124,00 MPa, extremely high for 

protective purposes 

Suit Design 
● 1.0 mm thick poly(urea-urethane) on 

outer layer (for self healing properties) 
● 3.0 mm thick kevlar layer under the 

poly(urea-urethane) layer (for protection 
from knife/gunshot damage) 

● Total weight of suit (with kevlar vest) is 
5.12 kg 

Resources: 
● www.bulletblocker.com  
● www.sigmaaldrich.com - pricing 
● Catalyst-free Room-temperature Self-healing Elastomers Based on Aromatic Disulfide Metathesis, Alaitz Rekondo, Roberto Martin, Alaitz Ruiz de Luzuriaga, 

German Cabanero, Hans J. Grande, Ibon Odriozola 
● www.rsc.org/chemistryworld/2013/09/polymer-regenerates-elastomer-heals-independently 
● marvel.wikia.com 
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Fracture 
Toughness

Tensile 
Strength

Hardness Bulk 
Modulus

Melting 
Temperature

Maraging Steel 175 
MPa·m1⁄2

3500 
MPa

650 
Vickers HV

170 GPa 1413°C

Carbon-Carbon 
Composite

0.6-3.0 
MPa·m1⁄2

18.5 
MPa

70 
Vickers HV

87 GPa 2000°C

Silicon 
Carbide

3.5-4.0 
MPa·m1⁄2

307 
MPa

2234 
Vickers HV 

250 GPa 1600°C

To help us determine the best material to use for Captain America’s shield in combination with 
adamantium and vibranium, we compared several materials against our main design criteria (in 
table). The shield has to be effective for both defense and offense. It also has to be portable. 
Overall, maraging steel was the best choice according to our criteria.

Design against failure

• Vibranium absorbs kinetic energy, increasing 
the shield’s durability because crack 
formation and propagation require more 
energy to occur. 

• Adamantium has a stable structure and is 
virtually indestructible, making the shield 
resistant to deformation and cracking. 

• Maraging steel is malleable, lightweight, 
heat resistant, and has a high fracture limit. 
Its malleability helps balance out 
admantium’s rigid nature in the casting 
process. It has a high melting temperature, 
giving the shield enhanced heat resistant 
properties. compared to other alloys, 
maraging steel is lightweight, increasing 
Captain America’s maneuverability.

Adamantium properties
This alloy has a stable molecular 
structure. Once its shape is set, it 
cannot be molded further. Adamantium is 
a colorless, shiny solid resembling 
titanium. 

Captain America's shield is made of 3 materials:
• Adamantium: A (mythical) man-made metal alloy that is highly durable and

almost impossible to fracture or destroy. The edge of the shield can be sharpened
and can penetrate materials with minimum force.

• Vibranium: a (mythical) meteorite isotope found in the (fictional) African country of 
wakanda. It can absorb all vibrations, sound waves, and kinetic energy directed at it. 

• Maraging steel: A strong alloy with nickel as the principal alloying element. 
Maraging steel has high tensile strength and fracture toughness. It can also 
maintain these characteristics at a higher temperature than most steels. 

Vibranium Properties
This isotope can absorb all nearby 
vibrations and kinetic energy. This 
energy is stored within vibranium’s
molecular bonds. the more energy 
this substance absorbs, the 
stronger it gets.

Sources
www.link.springer.com/article/10.1007%2FBF
00800345#page-1
www.azom.com/article.aspx?ArticleID=5733
www.google.com/patents/US6309474
www.keytometals.com/page.aspx?ID=CheckArt
icle&site=kts&NM=103
www.global.kyocera.com/fcworld/charact/st
rong/hardness.html
www.makeitfrom.com/material-
data/?for=Reaction-Bonded-Silicon-Carbi
www.redbubble.com/people/topmarxtees/wor
ks/7149781-vibranium?p=sticker 
www.redbubble.com/people/waqqas/works/10
772467-adamantium 

Sources
www.link.springer.com/article/10.1007%2FBF
00800345#page
www.azom.com/article.aspx?ArticleID=5733
www.google.com/patents/US6309474
www.keytometals.com/page.aspx?ID=CheckArt
icle&site=kts&NM=103
www.global.kyocera.com/fcworld/charact/st
rong/hardness.html
www.makeitfrom.com/material
data/?for=Reaction
www.redbubble.com/people/topmarxtees/wor
ks/7149781
www.redbubble.com/people/waqqas/works/10
772467-Maraging steel is relatively easy and inexpensive to manufacture. It is often 

machined to its final dimensions because it does not change much when heat 
treated. Maraging steel costs approximately $3000/ton to purchase and is 
available to buy in a variety of channels and in multiple grades and forms.

Heat Treatment Technique
1) Maraging Steel is annealed at 820°C for 15–30 minutes 

for thin sections (add 1 hour per 25 mm thickness for 
Heavy sections) to form a fully austenitized structure.

2) Steel is then air cooled to room temperature to form 
untwinned martensite.

3) Martensite is precipitation hardened for around 3 hours 
at between 480°C and 500°C (due to the precipitation of 
intermetallic phases from the martensite – the martensite
is supersaturated with the alloying elements). The 
maraging steel has a high density of dislocations. 

Manufacturing & Strengthening Shield 
Specifications

Concave disc 2.5 
ft. in diameter, 

& weighing 
12 lbs.

Before aging, maraging steel can be cold rolled up 
to 90% without cracking. It can be welded but must 
be aged afterward. Due to its high alloy content 
maraging steels have a high hardenability. Ductile 
FeNi martensites form upon cooling, so cracks are 
non-existent or negligible. Maraging steel can 
be nitrided to increase case hardness as well as 
polished to a fine surface finish.

Iron-Nickel Phase Diagram

Fe Ni Co Mo Ti Cr Cu Al Mn Si C P S
65.95 18.0 9.0 5.0 0.7 0.5 0.5 0.1 0.1 0.1 0.03 0.01 0.01

Maraging steel properties
Maraging steel derives its strength from the precipitation of intermetallic compounds instead 
of from carbon. For Captain America’s Shield, we are using a maraging steel grade 350 with 18 
wt% nickel (the strongest grade). Its weight is 4.25 pounds per lineal foot. Chromium has been added to 
make it resistant to corrosion and rust. The following table lists the weight percentages for the 
elements in this steel alloy. 

Failure
The shield is The shield is stiff 

Failure
stiff and bounces without visible deformation. and bounces without visible deformation. It The shield is The shield is stiff stiff stiff and bounces without visible deformation. and bounces without visible deformation. 

has a Young’s modulus much greater than 210 
and bounces without visible deformation. and bounces without visible deformation. 

has a Young’s modulus much greater than 210 has a Young’s modulus much greater than 210 GPa
and bounces without visible deformation. and bounces without visible deformation. 

GPaGPa (value 
and bounces without visible deformation. and bounces without visible deformation. It It and bounces without visible deformation. 

(value (value for 1040 has a Young’s modulus much greater than 210 has a Young’s modulus much greater than 210 GPaGPaGPa (value (value (value for 1040 for 1040 
steel), so the ratio of uniaxial stress to uniaxial strain is low. 

The high Young’s modulus suggests the shield will undergo brittle The high Young’s modulus suggests the shield will undergo brittle 
fracture at failure. 
The high Young’s modulus suggests the shield will undergo brittle 
fracture at failure. fracture at failure. A 
The high Young’s modulus suggests the shield will undergo brittle The high Young’s modulus suggests the shield will undergo brittle The high Young’s modulus suggests the shield will undergo brittle 

A A A A Charpy
The high Young’s modulus suggests the shield will undergo brittle The high Young’s modulus suggests the shield will undergo brittle 

CharpyCharpy test would reveal the alloy to be a fracture at failure. fracture at failure. A A A CharpyCharpyCharpy
strong shock absorber before 

test would reveal the alloy to be a test would reveal the alloy to be a test would reveal the alloy to be a 
strong shock absorber before strong shock absorber before fracture, explained 

test would reveal the alloy to be a test would reveal the alloy to be a 
fracture, explained fracture, explained by its 
test would reveal the alloy to be a test would reveal the alloy to be a 

by its by its vibraniumstrong shock absorber before 
properties.  

Vibrations move atoms around equilibrium positions, releasing Vibrations move atoms around equilibrium positions, releasing 
energy as sound waves, preventing failure in non
Vibrations move atoms around equilibrium positions, releasing 
energy as sound waves, preventing failure in nonenergy as sound waves, preventing failure in non-
Vibrations move atoms around equilibrium positions, releasing Vibrations move atoms around equilibrium positions, releasing Vibrations move atoms around equilibrium positions, releasing 

-superpoweredenergy as sound waves, preventing failure in non
impacts
energy as sound waves, preventing failure in nonenergy as sound waves, preventing failure in non
impactsimpacts.
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• Adaptable: Ability to go from Fighting to Climbing  
Our newly developed Batglove has woven in synthetic setae on the finger 
tips and palm. It is designed to allow Batman to quickly and easily scale 
buildings. The glove works because it contains billions of small nano-scale 
polypropylene structures that resemble spatulas. Due to the abundance 
and proximity of these structures it is sufficient enough for van der Waals 
forces alone to provide the required adhesive strength to allow Batman to 
scale buildings. Figure 2 displays how the Batglove must be used for the 
adhesive forces to kick in.  
1. Batman applies his hand to the surface 
2. The gravitational pull will cause the glove to slide on the surface 

causing a force build up perpendicular to the surface 
3. This force activates the polypropylene material which allows Batman is 

able to climb 
4. To detach, Batman increases the angle between the surface and his 

arm to 30 degrees. No matter how big the perpendicular adhesive 
force is, the adhesive force is “turned off”  

 
This process is possible because the increased stress at the trailing edge of 
the setae causes the bonds between setae and the surface to break. The 
setae then return to their default state and are ready to be used again.  

 
• Adaptable: Usability on Wet and Smooth Surfaces 
To allow Batman to scale the glass buildings in Gotham City, the material 
chosen must also work on smooth surfaces in any weather conditions. 
Polypropylene works great on smooth surfaces and can handle varying 
weather conditions.  
 
• Sleek and Discrete: Similarity to Batman’s Outfit 
We designed the glove to be sleek and discrete to match Batman’s outfit 
and the darkness of night. The synthetic setae are clear, so the glove 
appears black even on his finger tips and palm where the setae are located. 
Along with this, we also wanted to ensure the material chosen would not 
leave a residue that would allow villains to track Batman. Polypropylene is 
discrete and does not leave any residue behind.  
 
• Robust:  Capacity to carry “Damsels in Distress” 
Each mm2 of polypropylene has 14,400 locations and can hold 200μ N per 
location → 200μ N * 14,400 locations = 2.88 N/ mm2  
Our glove will cover approximately 3 in2 = 2,580.6 mm2  

 
The load this area would carry is equal to :  
2,580.6 mm2  / 200μ N = 12,903,000 N = 2,900,709.79 lbs. 
If Batman weighs, on average, 250lbs he will be able to carry 11,602 times 
his weight. Figure 3 displays where the polypropylene additions will be 
added to the original glove shown on the left. 

Figure 2: Batglove in Action 

Visual and Design Requirements Raw Materials Material Choice 

Manufacturing & Cost 

Figure 3: Batglove Before and After Production 

• Manufacturing Polypropylene  
ForceSpinning and melt spinning are currently used to create polypropylene 
fibers that are used in upholstery, carpeting, ropes, diaper fabrics, and road 
paving materials.   
 
To manufacture the Batglove, we will take a standard lambskin black leather 
glove already on the market and retrofit it with our uniform polypropylene 
material. Our uniform polypropylene material will consist of two main 
components: a substrate base and the polypropylene fibers. These fibers 
that have been spun will be permanently attached to the black substrate 
layer. The substrate will be triple stitched into the palm of the leather glove 
allowing for a very secure attachment to the glove.   
 
• Cost Analysis  
Polypropylene is the fifth most commonly used plastic today which makes it 
very inexpensive.   
 
The costs that we will incur consist of: 
1. Lambskin pair of gloves - $20.00 
2. Cost of the raw polypropylene - $0.80/ lb 
3. Estimated cost for turning the polypropylene into fibers - $15.00/ lb 
4. Estimated cost of the substrate and thread for attachment - $0.50/ in3 

 
Total Cost of the Batglove: $35.65 

 
 

Polypropylene is a thermoplastic polymer that is often used in packaging, 
textiles, and plastic containers. Our use of this polymer is inspired by the 
gecko. 
 
• How it Works 
The hair on geckos’ feet allow them to climb on many surfaces because the 
intermolecular van der Waals forces provide the adhesive force. The 
microscopic hairs, called setae have pads on the tips, called the spatulae. 
These increase surface density; the denser it is, the greater the force.  
 
 
 
 
 
 
 
 
 
 
 
The pictures in Figure 1 are of gecko-inspired tape which use polypropylene 
microfibers. When the load becomes heavier, the fibers bend more or grip 
harder, creating more contact with the surface so that the tape can still 
hold the load. In addition, both polypropylene fibers and gecko feet hair are 
self-cleaning. 
 
• Material Properties 
1. Heat and chemical resistant 
2. High tensile strength for polymer 
3. Elastic modulus: about 1 Gpa - allows for the bending of the fibers 

along the surface 
  
In most applications, material scientists have used hard polypropylene, 
which in its normal (film) form, has very poor adhesion properties. This is a 
result of its low surface energy or the fulfillment of many of its surface 
bonds. In turn, the polypropylene does not tend to adhere to a surface as it 
does not need a material to fulfill any unsatisfied surface bonds. 
  
In our application, however, the polypropylene in micro-fiber form allows us 
to use the high friction with an applied shear stress to allow the material to 
“stick” to a surface.  
   
• Potential Concerns 
1. Plastic deformation of fibers 
2. Swelling and expansion from non-polar solvents 
3. High atmospheric pressure environments 
 
Under extreme shear stress levels, fibers may move beyond the elastic 
region and begin to plastically deform. This could prevent the microfibers 
from returning to a position normal to the surface and leave the 
polypropylene permanently attached. The exposure of microfibers to 
certain non-polar solvents is another concern that may complicate the 
microfiber structure. 

Ziegler-Natta catalysts include mixtures of halides of transition 
metals, such as titanium, chromium, vanadium, and zirconium, 
with organic derivatives of non-transition metals, particularly 
alkyl aluminum compounds 

Polypropylene 

Propylene Propylene

with organic derivatives of non-transition metals, particularly 

catalysts include mixtures of halides of transition 
metals, such as titanium, chromium, vanadium, and zirconium, 
with organic derivatives of non transition metals, particularly 

Figure 1: Microfiber Bending with Applied Shear Stress 

Figure 4: Gecko Adhesive System 
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Time 
Reading Lecture Homework ExamRecitation

Traditional Lecture Engaged Learning Environment

Pedagogical Path

Examples of Posters from the Designing a Component of a Superhero Costume

Pedagogical Path

Homework Reflection and Rubric

In-class activities
LearningCatalytics problems, estimation exercises, demon-
stration activities, and (very) short tutorials. All based on 
peer instruction and formative feedback and assesment.

nb.mit.edu

SCALABILITY:  
 Flat classroom large enough to accommodate students.  
 One double sided whiteboard per 10 students
 One GSI, one IA for inclass work, and one IA for grading per every 30 students
 One instructor
 Estimated recurring costs: less than $30.00 per student above traditional lecture 

First presentation of matertial is from the book.  
Asynchronous social document brings peer instruction into the discovery phase.
Demand synthetic/analytic statements, questions, or answers to questions.
Rubric for annotation grading based on quality, quantity, and timeliness

Learn More at http://java.engin.umich.edu/220f13

Workflow and issues converting from 
traditional lecture
Same reading as is always assigned. 
Assign the same homework but make it a bit harder
Build peer instruction problems by using your old lecture notes.  A typical 50 minute 
class session will have about 4- 8 LearningCatalytics questions.  This is about the 
number of learning objectives most faculty have per 50 minute lecture.  Hence, simply 
ask what 4-8 things you wanted to teach your students in a lecture and make up 4-8 
problems that do the same thing.  Much of the time, it will just be the examples in your 
lectures.  Mixing in some deeper estimation exercises will help your students learn 
how to make assumptions when applying concepts.

Challenges:
While in the traditional lecture (sage on the stage) the hero of the story is usually the 
teacher. The engaged learning method places the teacher in the role of mentor (guide 
on the side) where the hero is the student and the mentor gives them magical gifts so 
that they can go on in their careers to conquer evil and bring a new level of prosperity 
to the themselves and the World. The traditional lecture format provides a great deal of 
contol to the teacher because it is scripted and rarely challenged by the students 
during class.  Engaged learning is a wild ride where the teacher can easily be derailed 
by great question or unexpected student responses during class.  This leads to a 
rather unstable experience.  But, it is great fun and quite enjoyable. 

1  Parts of this work are based on Eric Mazur’s AP 50 at Harvard University




