Design Scenarios

Scenario #1: Orthopedic Biomechanics- Artificial Leg Segment

( The Situation:


The President tells us that in order to reduce the National deficit, everyone must contribute by paying higher taxes and that government spending must be decreased by an equal amount.  Jobs must be created and many citizens must be educated to be contributors in our high-tech global society.  Every capable individual needs to be put to work to help reduce the welfare roles.  Even with all of this, the spiraling health-care costs must be brought under control or the deficit cannot be reduced.  A part of his plan includes a reform of our health-care system.  We, as Biomedical Engineers, are needed to contribute to this plan.


Many individuals who wish to help themselves are unable to do so because of physical disabilities.  Poor circulation in the lower leg because of advancing age, poor nutrition, gang violence, the Gulf Wars, AIDS, and adult-onset diabetes, has caused many individuals to be bed ridden.  Because of the poor circulation, the lower leg is likely to fracture during normal daily activities.  Many of these individuals cannot afford the cost of the surgical procedure and associated materials to have the situation corrected.  Currently, the treatment of choice involves replacing the lower leg with an aluminum or carbon-graphite composite that must be custom made for each patient.  Although the procedure is very expensive, over a career, it has a high benefit-to-cost ratio.


During the President’s most recent visit to campus, he challenged us to design a device that would greatly reduce the cost of replacing the lower leg.  A research group working with the College of Engineering and the Medical School has successfully developed the technology required to replace the knee and ankle joints.  This effectively results in an additional 0.1-m length on each end of the leg.  The President’s mission to us is to replace the shaft portion of the lower leg, in the most economical fashion possible.

( The Problem:


Your assignment is to design the shaft portion of an artificial leg that: 


( Is made from aluminum because aluminum is light weight, can be made biocompatible, is readily available, and can easily be processed and sterilized ((yd=25x107 N/m2, E-7x1010 N/m2).


( With proper design, can withstand the bending moments and axial loading likely to be encountered during normal activities.


( Has a length of 0.50 m, and inside diameter of 2.0 cm, and a small degree of curvature that results in a 3.0-cm displacement at mid shaft.


( Acting on the top, has a vertical force of 2000 N (down), a horizontal force of 250 N (left), and a bending moment of 175 N∙m (ccw).

( Special Considerations:


Processes currently exist to efficiently manufacture aluminum pipes, and then to slightly bend these pipes so that they have a large radius of curvature.  For your design, you will be using a 0.5-m long section of aluminum pipe.  The weight of your prosthesis, however, is a consideration, and the outside diameter of your design will be reduce (machined away) until the thickness of the pipe at each location along its length is that which will reduce the thickness to just withstand the design load.  Assume a safety factor of two.   The loading conditions are as given.
( Your Contribution:


Plot the outside radius of the pipe as a function of length so that the machinist can program the CNC to remove the excess material.  So that your design can be substantiated by the Surgeon General and FDA, provide all the support documentation, in a logical, neat, clear, thorough, readable, complet, and understandable form.

Scenario #2:  Biofluid Rheology - Blood Viscometer

( The Situation:


The School of Medicine has a primary mission to educate primary care physicians to practice in underserved and rural areas.  Because of this, the number of physicians practicing in rural areas over the past decade has dramatically increased, resulting in better health care for this segment of the population.  The U.S. Congress has recently commended the university and the state for this worthy achievement, and the President himself, presented a plaque to the dean during a recent visit to campus.  Furthermore, the School of Pharmacy has a strong working relationship with the Centers for Disease Control and Prevention (CDC).  They are jointly involved in several projects aimed at reducing the rate of infectious diseases in socio- and economically-disadvantaged regions of the state.  And as a result, national attention is now focused on the university for continued significant healthcare gains.


You are the new staff Biomedical Engineer at a clinic that serves four rural counties.  As a result of its close ties to the university and the potential for this clinic to have a positive impact on the region, it has just been awarded a grant from the CDC to be the clinical site for testing a new drug, developed in the School of Pharmacy, that is thought to reduce the severity of the side effects in patients who have sickle cell anemia.  This drug has the potential to greatly reduce the cost to society, both in terms of clinical costs and costs due to lost productivity, of individuals with the sickle cell anemia disorder.  You will be working with several recently graduated physicians and pharmacists on this most important project.

( The Problem:


Sickle-shaped red blood cells generally cause inflammation and pain in arterioles because of the increase in the apparent viscosity of the whole blood, particularly at shear rates generally seen in arterioles.  One way to assess the validity of a new treatment regime for sickle cell anemia is to measure the viscosity of blood in patients who are receiving treatment, and observe how the viscosity changes over time compared to control values.  Your assignment is to design a cone-plate viscometer that will measure the viscosity of a blood sample that is under a uniform shear rate, over a range of shear rates.


( Is made from stock metal because it is readily available, and can easily be processed, sterilized, and heparinized.


( The sample of blood required is reasonable because each patient will have to be tested daily for six weeks.


( The device must have a variable speed control (which will determine shear rate) and be capable of measuring torque (which can be related to shear stress), both of which will be used to determine the viscosity.

( Your Contribution:


Plot the shear stress-torque and rpm-shear rate curves for your device on a graph that includes a family of viscosity curves, so that the lab technician can easily interpolate the viscosity of the sample being tested.  Make sure you also include all your technical justification and documentation as there may be a need to patent your design.

