University of Michigan

CENTER FOR
RESEARCH ON
LEARNING AND

TEACHING IN
ENGINEERING

ENGIN

Traditional Lecture

Pedagogical Path

Reading Lectu Homework Recitation Exam

- Time
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
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First presentation of matertial is from the hook.

Annotation Score as
Function of Course Grade

Rubric for annotation grading based on quality, quantity, and timeliness

Pedagogical Path

Reading/Annotation

In-Class Activities

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 hecause 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.

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 ahout 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.

Homework

RAA

Reading/Annotation

In-Class Activities

Homework

RAA

In-class activities

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

SCALABILITY:

Flat classroom large enough to accommodate students.
One double sided whitebhoard per 10 students

One instructor

Estimated recurring costs: less than $30.00 per student above traditional lecture

Time in Weeks

One GSI, one IA for inclass work, and one IA for grading per every 30 students

Examples of Posters from the Designing a Gomponent of a Superhero Gostume
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THE DESIGN

CORE: High tensile strength and lightweight

CASING: Form sharp edges and maintain strength
COATING: Conductive, resistant to saltwater corrosion,
resistant to melting at high temperatures, and
visually appealing

Battle
ready!

TRIDENT COMPONENTS

Titanium Core

Density: 4510 kg/m3

* Relatively lightweight, 45% lighter than steel
Extreme tensile strength of 210-1380 MPa

* Steel only has a tensile strength of around 860 MPa
Melting Point: 1933 K
Modulus of Elasticity: 116 GPa
Yield strength: 940 MPa

* Greater than steel and steel alloys
Fairly low thermal and electrical conductivities
Maintains properties at higher temperatures
Insoluble in water and low corrosion rate in sea water
Ductile and malleable so can be molded into desired shape

It was an average day in October. Aquaman had just returned from his long voyage to
Mercy Reef where he buried his deceased child, Aquababy, to attend the annual
Justice League Halloween Ball, hosted by Batman at the grand Baronette Renaissance
Hotel in Novi, Michigan. Due to complications Aquaman faced at the Detroit
Metropolitan Airport, a very important component to his uniform went missing, his
trident. Knowing that University of Michigan engineers are among the best engineers
in the world, he came to us hoping that we would be able to create another trident
for him. A trident stronger and prettier than his old one so that he could not only
make Superman bleed during the Justice League sparring competition that would be
held at the ball, but also win the heart of Wonder Woman.

REDESIGNED TRIDENT

MANUFACTURING THE TRIDENT

1) Kroll Process: Converting the ore (rutile, ilmenite) into titanium metal
Chlorine gas is infused through rutile in a chlorinator. Titanium tetrachloride

Low Carbon Steel Casing

Approximately 0.05-0.3% carbon =il STEEL TIPS and chlorides are produced.

Density: 7850 kg/m3 TITANIUM CORE * Oxygen is removed from the TiCl4 through a distillation process.

Hardness: 126 (Brinell scale) * Liquid magnesium or sodium is added, resulting in a metallic sponge.
Ultimate Tensile Strength: 440 MPa * Titanium sponge is crushed and put into a consumable electrode vacuum arc

furnace, causing it to melt and solidify into a titanium ingot.

[&==— ALUMINUM ALLOY - > e o
The ingot then goes through a primary fabrication process where it is formed

Yield Tensile Strength: 370 MPa LOW CARBON N

PRI COATING
Modulus of Elasticity: 205 GPa STEEL CASING into a trident shaped bar without the three spear tips.
Bulk Modulus: 140 GPa 2) Casting: The low carbon steel alloy is cast around the titanium bar. The die
Electric Resistivity - 0.0000219 Q-cm @ 100 °C cast would include the spear tips at the three ends of the trident.
Extremely ductile - Good shock absorber eﬂ\e\'o * Dies are first sprayed with a lubricant to control the temperature of the die
. . uf ist i ]
Withstand high temperatures and pressures 2“2“9\“\ as well as assist in the removal of the casting.

* Dies close around the trident before molten steel is injected into the dies
under high pressure. Pressure is maintained until the mold solidifies.

Aluminum alloy is then cast around the steel coated, titanium trident using a

similar process.

3) Anodizing: Trident undergoes an electrochemical process that converts the

metal surface into a decorative, durable, corrosion-resistant, anodic oxide finish.

The oxide layer acts as an insulator and will be dyed into a golden color.

Potential Failures
Withstand high temperature: Aquaman uses his trident to manipulate scorching
hot water and to channel his lightning harnessing powers. Therefore, metals
with high melting points have been selected for the core. The aluminum coating
will allow for the conductivity properties necessary for the trident.
Corrosion from seawater: Using an aluminum coating, the trident will be

Aluminum Alloy Coatings
Alloyed with Copper, Zinc, Magnesium, Manganese, and Silicon
* 7xxx alloy family
Density: 2600-2800 kg/m3
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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.

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 CIN
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.

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 CTHE 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

CR Cu AA M~N Sr C P S
0.03 0.01 0.01

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.

Melting Point: 933 K
Elastic Modulus: 70-79 GPa

protected from water corrosion because of the thin oxide layer that forms on the

FRACTURE TENSILE HaRDNESS B8uLk MELTING ELEMENTS IN THIS STEEL ALLOY
TOUGHNESS STRENGTH MoouLus TEMPERATURE FE N1 Co Mo Tr
MARAGING STEEL 175 3500 650 170 GPa  1413°C EaSRISION SON SICM G GISHN GRS ORI G G
MPam’2 MPa VICKERS HY
y VIBRANIUM PROPERTIES
CarsoN-CaARBON 0.6-3.0 18.5 70 87 GPa 2000 C THIS ISOTOPE CAN ABSORB ALL NEARBY
COMPOSITE MPam’2 MPa VICKERS HY VIBRATIONS AND KINETIC ENERGY. THIS
o ENERGY IS STORED WITHIN VIBRANIUM'S
SILICON 3.5-4.0 307 2234 250 GPa 1600 C MOLECULAR BONDS. THE MORE ENERGY
CARBIDE MPam’2 MPa VICKERS HVY THIS SUBSTANCE ABSORBS, THE
STRONGER IT GETS.
MANUFACTURING § STRENGTHENING SHIELD FAILURE
SPECIFICATIONS

HeAaT TREATMENT TECHNIQUE o

1) MARAGING STEEL IS ANNEALED AT 820 C FOR 15-30 MINUTES
FOR THIN SECTIONS CADD 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 P;RECIPITATI(ZN HARDENED FOR AROUND 3 HOURS
AT BETWEEN 480 C aND 500 C (DUE TO THE PRECIPITATION OF

CoNCavE DISC 2.5
FT. IN DIAMETER,
£ WEIGHING
12 LBs.

INTERMETALLIC PHASES FROM THE MARTENSITE — THE MARTENSITE

IS SUPERSATURATED WITH THE ALLOYING ELEMENTS). THE
MARAGING STEEL HAS A HIGH DENSITY OF DISLOCATIONS.

IRON-NICKEL PHASE DIAGRAM

HERRRERREN

FENI MARTENSITES FORM UPON COOLING,

"""" = = ™ POLISHED TO A FINE SURFACE FINISH.

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

SO CRACKS ARE

NON-EXISTENT OR NEGLIGIBLE. MARAGING STEEL CAN
BE NITRIDED TO INCREASE CASE HARDNESS AS WELL AS

THE SHIELD IS STIFF AND BOUNCES WITHOUT VISIBLE DEFORMATION. IT
HAS A YOUNG'S MODULUS MUCH GREATER THAN 210 GPa (vALUE 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
FRACTURE AT FAILURE. A CHARPY TEST WOULD REVEAL THE ALLOY TO BE A
STRONG SHOCK ABSORBER BEFORE FRACTURE, EXPLAINED 8Y ITS VIBRANIUM

PROPERTIES.

VIBRATIONS MOVE ATOMS AROUND EQUILTIBRIUM POSITIONS, RELEASING
ENERGY AS SOUND WAVES, PREVENTING FAILURE IN NON-SUPERPOWERED

IMPACTS.

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

outside of the trident.

Fracture during battles: The trident needs to be strong enough to “make
Superman bleed” hence, a combination of titanium and steel will prevent any
losses due to lack of strength. Low carbon alloy steel will act as a shock absorber:
around the more brittle titanium.

Fracture from high water pressure: Because Aquaman fights both above and
below the sea, the trident is made of strong metals that can withstand high
pressure so the trident can be taken deep into the ocean.

Failure of structural design: In order to prevent the points of the trident from
dulling or breaking, the tips will only be made of the low carbon steel alloy in
order to have maximum strength and durability in this part of the trident. A
sharper edge can be made using steel instead of titanium for this component.

COST ANALYSIS
By using economically priced metals, the raw materials cost of the
trident is low (no more than 165/pound with all components).
However, because of the necessity of multiple coatings, the
manufacturing price will be affected by these processes. For an
amazing superhero like Aquaman, we can make the trident at a
reasonable price.

Yield Strength: 215-505 MPa

High electrical and thermal conductivities

Tensile Strength: 580 MPa (highest in strength of Al alloys)
Anodizing improves strength and appearance, while maintaining
high reflectivity

Can withstand high temperatures with steel reinforcements
Strong resistance to corrosion in salt water because of oxide layer
that forms protects it from most chemicals, weathering conditions,
and acids Al;0,

evin Paek-Digan Parikh-Caitlin Tice
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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.
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Material Choice

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.

Figure 1: Microfiber Bending with Applied Shear Stress
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 stri re.

Batgiove

Visual and Design Requirements

* 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 mm? of polypropylene has 14,400 locations and can hold 200p N per
location - 200p N * 14,400 locations = 2.88 N/ mm?

Our glove will cover approximately 3 in2 = 2,580.6 mm?

The load this area would carry is equal to :

2,580.6 mm? /200p N = 12,903,000 N = 2,900,709.79 Ibs.

If Batman weighs, on average, 250Ibs 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.

http://en.wikipedia.org/wiki/File:Lift-off_mechanism.jpg
http://robotics.eecs.berkeley.edu/~ronf/Gecko/

Figure 2: Batglove in Action

Figure 3: Batglove Before and After Production

Figure 4: Gecko Adhesive System

http://www.ted.com/talks/robert_full_on_animal_movement.html

Raw Materials

Catalyst [ ction for
Polym@Zation

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

Manufacturing & Cost

¢ 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/ Ib

3. Estimated cost for turning the polypropylene into fibers - $15.00/ Ib

4. Estimated cost of the substrate and thread for attachment - $0.50/ in®

Total Cost of the Batglove: $35.65

Megan Kalasho  Eric Belfer

Journal of Engineered Fibers and Fabrics. Fabrication of Melt Spun Polypropyl

Journal of the Royal Society. Sliding-induced adhesion of stiff polymer microfibre arrays. 2008. www.britannica.com
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Were solutions well organized? 3 2 1
Appropriate use of diagrams, 3 2 1
graphical, tabular representations?
Are symbols defined and diagrams 3 2 1
adequately labeled?
REFLECTION
4. Overall rating of your understanding of the material (check one) .
Criterion Mostly Half Less than half
Green: good general understanding (How do you know? What did you do to ensure you understood the ma-
terial?) Are mistakes correctly identified? 3 2 1
Yellow: some barriers in understanding (What are those barriers? What efforts did you take to overcome such Are conceptual difficulties correctly
conceptual barriers?) We will provide advice on how to overcome the barriers you identified. identified? 3 2 1
Red: substantial barriers in understanding (Did you seek out any of the course resources to hone---in on Is the overall assessment reason-
those challenges? What are some strategies you will implement to better learn those concepts and overcome able? 3 2 1

Course Grade
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nbh.mit.edu Score

omework Reflection and Rubric

MSE 220 Fall 2013

Problem Set Reflection Name: MSE 220 Fall 2013

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

Name: PS: Score:
EFFORT
Criterion Majority of About half the Less than half the

Now mark up your solutions, using the following color scheme. Use red to identify any errors that reflect a lack of con- problems/solutions
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.

problems/solutions | problems/solutions

Expectations for each solution to
a problem articulated before div- 3 2 1
ing into the details?

. . . o . Were longer problems broken
Describe what you learned from creating this problem set or reviewing it in class. (Do you think you would be

' " / down into smaller, more manage- 3 2 1
able to take the concepts you explored in this problem set and transfer those concepts in a whole new context? able pieces?
For example, would you be able to solve a problem involving the same materials concepts, but of a form you
have never seen before?) Were solutions checked for rea- 3 2 1

sonableness?

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:

Additional Feedback:

Things you need to review

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

Wolverine’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 Mechanical Properties
Currently, Wolverine's suit has holes at his knuckles to e Poly(urea-urethane) is a soft cross-linked elastomeric
accommodate for his claws. Our research is to redesign his suit to be (ﬁ network.
compl.etely Seldl [y EEtEhg 1 & rign Smeniin, Wl ciEie e The metathesis reaction of aromatic disulphide reconnects
material that could break bonds when the claws come out, and reform ) ) )
these bonds when the claws are retracted. This idea could also be the chemical crosslinks whicn are broken due to fracture at
applied to his entire suit. This means that Wolverine’s suit would be room temperature without any catalyst.
able to “heal” similarly to how he heals. Our research shows that e The stress vs. strain at different healing time of the material
poly(urea-urethane), (PUU), a silicone elastomer is the best material to is shown below:
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.
a)
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wd Ve e e e Infinite lifetime and resistance to fatigue.

e Tensile strength is measured in terms of self-healing
- - efficiency, which is about 97%.
SIIIt DeSlgl‘l e For 1.0 mm thick suit, it takes about eighteen minutes to
e 1.0 mm thick poly(urea-urethane) on heal a three inch cut.

outerliayer (for seifihealing| properties) e Kevlar's tensile strength is 124,00 MPa, extremely high for
e 3.0 mm thick kevlar layer under the .
protective purposes

poly(urea-urethane) layer (for protection

Manufacturing of Poly(urea-
urethane)

e Mixture of bis- and tris-isocyanate terminated prepolymers along
with 4-aminophenoy! disulfide

: . _ from knife/gunshot damage) i
e Mixture degassgd in a vacuum for 15 min ) e Total weight of suit (with kevlar vest) iS| resources:
e Allowed to set in a mold for 16 hours at 60 C to reach desired 5.12 kg S ot con-ring
. e Catalyst-free Room-temperature Self-healing Elastomers Based on Aromatic Disulfide Metathesis, Alaitz Rekondo, Roberto Martin, Alaitz Ruiz de Luzuriaga,

properties

German Cabanero, Hans J. Grande, Ibon Odriozola
. e 1 Jastomer-heal






