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OmniSonic Inspired Challenges 
 

 
The following set of activities uses LEGO MINDSTORMS NXT, NXT-G, and 

some common materials, to mirror the testing of a real-world engineering device 
designed by OmniSonics. OmniSonics has invented the Omniwave Endovascular System, 
which can dissolve blood clots by sending ultrasonic energy through a wire inserted near 
the clot. Just as OmniSonics must test their device, this set of challenges will allow 
students to use the engineering process to mimic testing procedures. In the following 
pages you will find: 
 

1.) Background material pertaining to the circulatory system and the functions of 
the Omniwave Endovascular System. 

 
2.) Three challenges related to OmniSonics Testing procedures with the 

following objectives: 
a. To compare the properties of different materials and test their ability to 

meet the stated requirement. 
b. To build an automated “wire” insertion device, comparable to the one 

that could be used in testing the OmniSonics endovascular system. 
c. To build something that will vibrate a wire.  

Each of the challenges includes set-up instructions, and ideas for 
modifications and extensions to the challenge. 

 
3.) Sample LEGO solutions with videos, pictures, a sample NXT-G program, and 

step-by-step build instructions. 
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OmniSonic Inspired Challenges 
 
Background Material: 

 
The function of the circulatory system is to carry oxygen and nutrients to every part of 
the body: to your brain, to all your organs, and to the tips of your toes. The oxygen and 
nutrients are carried in the blood, through arteries. The arteries are wide near the heart, 
but branch off and get increasingly narrower as they move away from it, so the blood 
from one pump of the heart can reach everywhere in the body. The arteries eventually 
narrow into capillaries. Capillaries are very small and their walls are so thin that oxygen 
and nutrients can pass through them. Carbon dioxide and waste products can also pass 
through them. The body constantly needs more oxygen and nutrients because it uses 
them, and then turns them into carbon dioxide and waste. The exchange between carbon 
dioxide and waste for oxygen and nutrients is made through the walls of the capillaries. 
Once the exchange is made, veins carry the blood low in oxygen (containing the carbon 
dioxide) back to the heart. The process repeats with the next beat of the heart. Arteries, 
capillaries, and veins, are all blood vessels, anything involving them is known as 
vascular. 
  
When you cut yourself, your body is able to stop the bleeding by forming a blood clot. 
Your body is also able to dissolve the clot, when the time is right. This naturally 
occurring process is known as hemostasis (not to be confused with homeostasis). 
Sometimes a blood clot forms when and where is shouldn’t, which can cause serious 
health complications. A blood clot that forms inside a blood vessel is known as a 
thrombus. A thrombus can impair blood flow. It is very dangerous when that blood clot 
breaks off (called an embolus) because it is able to travel through the bloodstream and 
may become lodged in a smaller blood vessel, impairing, or blocking, its flow. 
 
Heart attacks and strokes are very serious issues. A heart attack occurs when a coronary 
artery (an artery that delivers oxygen-rich blood to the heart) becomes blocked. A stroke 
occurs when a carotid artery (an artery that delivers oxygen-rich blood to the brain) 
becomes blocked. Pulmonary embolism occurs when a clot gets lodged in the artery 
between the heart and lungs. If a vein gets clogged, the blood tries to reroutes itself, and a 
varicose vein may appear. Peripheral vascular surgeons treat conditions that affect any 
area of the circulatory system, except for the heart and it’s blood vessels, which are 
treated by cardiovascular surgeons. 
 
A thrombectomy is removal of a thrombus. Normally the thrombectomy is performed 
with a mechanical devise and the thrombus is extracted from the body using a pressure 
vacuum. OmniSonics Medical Technology, Inc. (www.OmniSonics.com) is developing 
new treatments for the removal of thrombi via the Resolution Endovascular System. A 
wire is inserted into the area blocked by the thrombus and sends ultrasonic (sound 
inaudible to the human ear) energy through the wire. The ultrasonic energy is able to 
break the fibrin bonds (bonds in the clot), and the clot dissolves into the bloodstream.  
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Currently the Omniwave Endovascular system is indicated for use in the treatment of 
thrombosed peripheral vasculature. When a person has deep vein thrombosis or an 
ischemic limb, they may be a candidate for this type of product.  The Omniwave 
Endovascular System would be a simple and fast treatment option and does not carry the 
risks of a drug based therapy with anti clotting agents. 

 
OmniSonics Medical Technologies Inc. performed many laboratory tests before being 
allowed by the FDA to treat people with the Omniwave Endovascular System. It is 
imperative that the wire does not do any damage to surrounding tissues. OmniSonics sets 
up a test for the wire, which can be seen in the pictures below. An automated insertion 
devise slides the wire into the tube and results can appear on a computer.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

The picture to the left is of the wire in a 
tensile test. OmniSonics makes the wire in 
their on-site laboratory, so, if the wire doesn’t 
exhibit the properties they want, they’re able 
to have the wire remade without having to 
wait for it to be shipped from another 
location. 

 
 
 

 
 

The following set of challenges is inspired by the OmniSonic Omniwave Endovascular 
System. 
 
 
 

Figure 1: OmniSonics testing device 
Figure 2: OmniSonics wire being tested 

Figure 3: OmniSonics wire in a tensile test 
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Omnisonic Inspired Challenges 
Task 1: Material Selection 

 
Activity Objective: 
• To compare the properties of different materials and test their ability to meet the 

stated requirements 
 
Learning Objective: 
• To learn the importance of proper material selection 
• To practice summarizing results in an organized manner  
 
The Challenge: 
• In the Omniwave Endovascular System a wire is navigated through a blood vessel to 

a blood clot. At the clot, the wire vibrates via ultrasonic energy, which dissolves the 
clot. Students must choose the best “wire” to navigate through the provided ‘blood 
vessel’. Based on trial and error, students should summarize the properties of each 
“wire”, and be able to discuss why some materials work better than others. 

 
Materials: 
• A ‘blood vessel’, for example, 7/8”x5/8” clear vinyl tubing mounted to a wooden 

board  
• Various ‘Wires’, for example 

o 5/32” Diamond-Braid Poly Cord 
o 16 Gauge Primary Wire 
o 0.065” General Purpose Round line 
o 1/4” Polyethylene tubing 
o String, raw spaghetti noodles, strips of paper or cardboard, etc. 

 
Supporting Teaching Materials: 
• http://www.OmniSonics.com 
 
Vocabulary: 
• Flexible vs. Stiff- ‘wires’ may bend different amounts. A piece of string vs. a pencil 
• Brittle vs. Ductile- the “wire” might break easily, or it might change shape when too 

much force is applied. An uncooked spaghetti noodle vs. cookie dough 
• Words used to describe the properties of the ‘wires’ may include: Pliable, malleable, 

rigid, tough, strong, fragile, etc. 
 
Set-up/Preparation: 
• The ‘blood vessel’ should be prepared ahead of time and tested to make sure that 

some of the ‘wires’ will be able to get through it. It might take some time to get a 
good ‘blood vessel’, one that will give the students a chance to navigate almost 
completely, but will look neat. 

 
 
Procedure 
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Discussion: 
• Start the lesson with a discussion on blood clots and their consequences. Ask the 

students if they have any ideas on the topic or treatments.  
• Move into a summary of the functions of the OmniSonic Omniwave Endovascular 

System.  
• Focus the next part of the discussion on the “wire” and what would happen if the 

wrong material were used. 
 
Activity: 
• Bring out the “blood vessel” and ‘wires’. Get the students to break into groups and 

give each group several different materials to use as “wires”.  
• Have the groups discuss and tabulate the different properties of each material.  
• Once the students have had enough time to discuss in their groups, have a class 

discussion about the “wires” so that students can hear what other groups had to say. 
• Get the students to test all the different “wires” and tabulate the results with the 

material properties.  
 
Journal Entry/Discussion Topics: 
• Some “wires” will travel a lot farther through the “blood vessel” than others. Once all 

the students/groups have had a chance to test some “wires”, have another class 
discussion, this time discussing which “wires” worked and why. Have students give 
reasons as to what made a wire suitable for this particular job. 

 
Modifications: 
• Instead of providing “wires” for the students, have them find their own. You may 

want to show the “blood vessel” to them and have the theory discussion on the first 
day and have them bring in “wires” the next day. The students can have a chance to 
speak in front of the class and explain why they chose the “wire” that they did. 

• You could also specify a length and diametrical range, and ask the students to bring in 
something that meets that criteria, but don’t tell them what it’s for. When the whole 
class has brought in a “wire”, explain that the “wire” must navigate through the 
“blood vessel”. Have the students explain/discuss the properties of their “wire”, and 
why they think it is or isn’t meant for the job. 

 
Extensions: 
• Have two blood vessel courses on the pegboard, a short squiggly one and a longer 

straighter one. Students should discuss and test if the same material can be used to 
navigate through each course. 

• Have a “clot” somewhere in the middle of the “blood vessel” and have the students 
decide which way to enter. 

• Allow the students to use water, oil, grease, etc, to slide the wire through. 
 
 
 
 
Possible Solutions: 
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Figure 4: Various materials to be used as a 
“wire” 

Figure 5: Clear vinyl tubing to represent a 
blood vessel 

Figure 6: Primary wire Figure 7:  Rope 

Figure 8: Round line Figure 9: Polyethylene tubing 



Copyright 2007 LEGOengineering.com & Tufts Center for Engineering Educational Outreach 
 

Material properties
Experiment 

Remarks/Results

Date:                                        .

Name:                                       .
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OmniSonic Inspired Challenges 
Task 2: LEGO Building  

 
Activity Objective: 
• To build an automated “wire” insertion device, comparable to the one that could be 

used in testing the OmniSonics Omniwave Endovascular System 
 
Learning Objective: 
• To come up with a solution to an open-ended design problem using the engineering 

design process 
• To practice LEGO building and programming 
 
The Challenge: 
• After choosing a material in Task 1, or after being assigned a material, students must 

build and program some sort of device that will thread that material through the 
larger, provided, tube. The device should be able to thread a wire at least 12 inches 
into the tube at a continuous rate.  

 
Materials: 
• LEGO kits 
• Materials from Task 1 
 
Supporting Teaching Materials: 
• http://www.OmniSonics.com 
 
Vocabulary: 
• Automated – operates independently (i.e. press a go button and it does the rest on its 

own) 
• Device – invented to serve a particular purpose 
• Force – a push or a pull on an object. If the force is greater than the opposing force, 

the object will change motion or shape. Examples of force are gravity and the wind. 
• Friction – an opposing force between two surfaces 
 
Set-up/Preparation: 
• Students should have their LEGO kits. 
• Use the same tube setup from Task 1 
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Procedure 
Discussion: 
• If Task 1 wasn’t performed, start the lesson with a discussion on blood clots and their 

consequences followed by a summary of the functions of the OmniSonic Omniwave 
Endovascular System. If Task 1has been completed, start the lesson with a summary 
of Task 1. 

• Continue the discussion with an explanation of OmniSonics testing procedures. 
Explain to students that they must build and program a device that will insert their 
chosen wire into the tube at least 12 inches at a consistent and/or measurable speed. 

• Explain the engineering design process; brainstorm, design, build, test, repeat. 
 
Activity: 
• Have students work in pairs or in small groups. 
• Students should write down their ideas and make sketches of their design before they 

start to build. Allow the students to test their design using the tube, as often as they 
need to, in the time frame provided. 

 
Journal Entry/Discussion Topics: 
• Have students compare the different designs. 
 
Modifications: 
• Don’t limit students to LEGO materials. Allow them to use craft supplies or to team 

up into larger groups to use more than one kit. 
 
Extensions: 
• Have the students program their insertion devises to have several controllable speeds 

and test the ease of wire insertion at each of those speeds. Get students to discuss the 
affects speed can make in such an experiment. 

• Have the students program their devices to stop inserting the wire when it reaches a 
corner or a block in the tube that would be difficult to navigate through. 

• Have the students build devices that can thread multiple materials and widths. 
• Talk about the relationship between power, torque, and motor speed. Get the students 

to incorporate gears into their design to thread the wire in with more force. 
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Possible Solutions: 

 
 
 
 

Figure 10: LEGO NXT Wire-threader run by an NXT-G program 
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OmniSonic Inspired Challenges 
Task 3: Clot Resolution  

 
Activity Objective: 
• To build a device that will vibrate a wire to dissolve a “blood clot” 
 
Learning Objective: 
• To introduce students to linkages, cams, gears, etc. 
• To boost students’ knowledge of sound and vibration 
• To practice LEGO building and programming 
 
The Challenge: 
• After choosing a material in Task 1, or after being assigned a material, students must 

build and program some sort of device that will vibrate or jiggle that material inside 
the provided section of tube, to dissolve a “blood clot” made out of water, cornstarch, 
and sand, placed in the provided section of tube. 

 
Materials: 
• LEGO kits 
• Materials from Task 1 
• Cornstarch 
• Play sand 
• A 6-10 inch section of tube for each group of students (use the same material for the 

sections of tube as used to represent the “blood vessel” in Task 1). 
 
Vocabulary: 
• Linkage – transmits motion or power through interconnected rigid bodies 
• Cam – a non circular, or un-centered, rotating part that converts rotary motion 
• Sound – longitudinal wave vibrations that travel through a medium (like air) 
• Ultrasound – soundwaves with frequencies too high to be heard by the human ear 
• Ultrasonic Energy – work done by ultrasound 
 
Set-up/Preparation: 
• Students should have their LEGO kits. 
• Prepare the “blood clots” for the students at least one day in advance. 

o Cut a clear tube (of the same material used for the “blood vessel” in Task 
1) into equally sized lengths. There should be one for each group of 
students, plus one or two extra, and they should be between 6 and 10 
inches. 

o Firmly mount the tube sections onto a board. Make sure they can’t be 
jiggled loose. 

o Mix 2 parts cornstarch, 7 parts sand, and 2 parts water, to form an even 
consistency paste; about as thick as runny peanut butter, add a few drops 
of water or sand if necessary. 2 or 3 teaspoons to represent 1 part should 
be enough. 

o Place some of the paste in each tube section to represent a “blood clot”. 
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o The clots will take at least one or two nights to dry. They’re fragile; make 
sure the board isn’t jolted too much. 

 
Procedure 
Discussion: 
• Discuss the consequences of blood clots, followed by a summary of the functions of 

the OmniSonic Omniwave Endovascular System. Summarize the previous two tasks 
if desired. 

• Discuss how sound moves through solids, liquids, and gasses in waves and that these 
waves can have different frequencies. Explain that our ears can only hear certain 
frequencies and that frequencies of sound higher than what our ears can hear are 
know as ultrasound.  

• Explain to students that they must build and program a device that will dissolve the 
blood clot in the blood vessel via vibration. 

• Give the students some ideas for the projects by including a discussion on linkages 
and cams. Explain how a circular or linear path of motion can be converted to form a 
different path of motion. Ask the students to think about how they would create 
vibrations in a wire using their hands. 

 
Activity: 
• Have students work in groups of 2 or 3 students.  
• Allow the students to use their wire-threaders from Task 2 if they wish. 
• Tell the students that they will only have one chance to try and dissolve the blood 

clot. When students are ready, gather them around the clots and have the groups 
explain their devices. Have the groups perform the task, one at a time.  

 
Journal Entry/Discussion Topics: 
• Have students compare the different designs. 
 
Modifications: 
• Turn it into a competition, seeing which group can dissolve their blood clot the 

fastest, or get the most dissolved in a given time limit. 
 
Extensions: 
• Have the students build and program devices that can thread a wire and vibrate (both 

Tasks 2 and 3). 
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Preparation/Possible Solutions:  
         
 
 
 

Figure 11: Cornstarch and sand 

Figure 12: Testing rig 

Figure 13: Cornstarch, sand and 
water when dry, it will represent a 
blood clot in the tubing 

Figure 14: A “blood clot” being placed in the tube 
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Testing Rig Build Instructions 
 
The first two challenges require the top part of the set up and do not require any of the 
sand/cornstarch mixture. The third challenge requires the bottom part of the set-up and 
the sand/cornstarch mixture must be placed in those tubes at least 24 hours ahead of time 
so it can dry. 
 
When completed the rig should look something like this: 

   
 
 
Attach the tubing to the board using plastic zip ties. The tubing is too stiff to stay to the 
board otherwise, and if students use force to try and get materials through the tube, it will 
come loose. 
 

 
 
The placing of the ties isn’t too important, as long as the tubing is securely fastened. 
 
 
To make the blood clots mix 7 tablespoons of tropical play sand with 2 tablespoons of 
cornstarch; when mixed, add 2 tablespoons of water and up to 1 more tablespoon of 
either sand or water to get the consistency of runny peanut butter. 



Copyright 2007 LEGOengineering.com & Tufts Center for Engineering Educational Outreach 
 

 
Use a popsicle stick, or something similar, to put some of the mixture on the sides of 
tubes on the bottom part of the setup. The tube should not be blocked but there should be 
adequate sand/cornstarch mixture in the tube. 
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Ominsonics Example Builds 
 
Wire Threader: 
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Wire vibration device A: 
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Wire vibration device B:  
 
Step 1 
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Step 2  
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Step 3  
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Sample Program 
  
 
Below is a sample program (split into two halves to fit on the page) that can be used for 
either task 2 or 3. When the touch sensor is bumped the motor starts rotating at speed 40, 
if the touch sensor is bumped again, the motor speed will increase in an increment of 20, 
bumped again, another increment, until it reaches speed 100. When the touch sensor is 
bumped a 5th time, the motor will coast to a stop. 
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Pictures  
 
The following pictures are of a sample idea a for a wire threader: 
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The following are pictures of two different solutions to task 3. The first uses the idea of 
linkages, and is very basic, the second is also quite basic, with an off centered gear acting 
as a cam: 
 

 
 

 
 

 
 



SUMMARY OF MATERIALS

Tool/Material Number needed Cost each Where might you 
find this?

LEGO Mindstorms 
Education Base Set

1 per 2 students $250.00 (value 
packs of 4, 8 ,or 
12 available)

http://www.legoedu
cationstore.com/

LEGO Mindstorms 
Education Software and 
Site license

1license per school/class $265.00 http://www.legoedu
cationstore.com/

Education Resource Set 3-5 per class http://www.legoedu
cationstore.com/

board with holes in it 1 ~$10.00 hardware store



plastic fastners 20+ ~$2.00 hardware store

7/8”x5/8” clear vinyl 
tubing

3-4' per class & 6-
10"/group

~$8.00 hardware store

 5/32” Diamond-Braid 
Poly Cord

3-4' per group of 
students

~$2.00 hardware store

16 Gauge Primary Wire 3-4'/group ~$3.00 hardware store

0.065” General Purpose 
Round line

3-4'/group ~$2.00 hardware store



1/4” Polyethylene tubing 3-4'/group ~$4.00 hardware store

Corn starch about 3 teaspoons ~$1.00 grocery store

Play Sand about 9 teaspoons ~$3.00 garden store

water about 3 teaspoons $0.00 at home
Disposable cup 1 ~$0.25 grocery store

Popsicle stick 1 ~$0.10 grocery store
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