Miniproject for Dynamics 22.213, Spring 2007, U Mass Lowell
The goal of this miniproject is to provide you with a chance to apply the theory and tools of engineering dynamics to an actual system and an opportunity to help your local community as well as international community.   You are encouraged to work in groups of at most three persons.  If you work in a group, turn in a joint group report.  Select one of the two miniprojects below; or you may propose one of your own.  The first one is design oriented and more open-ended.  The second is a safety analysis and is more structured, and has been requested by the town of Lawrence for several playgrounds there.  

1.  Playground Rides for Children with Disabilities

As part of the Village Empowerment project (http://energy.caeds.eng.uml.edu/Peru/index.shtm ), the college has been working with a volunteer clinic in the town of Huarmey which provides therapy for fifty folks with disabilities.  The goal of this project would be to analyze and design two rides to be built with local materials for children with disabilities that would give them exercise in a fun way.  The group would work with Prof. John Duffy to choose specific children from a client list and to develop more specific objectives and an approach.   Most of the children are in wheel chairs.  The analysis would be similar to that called for in the third project below.   Reporting and deadlines would be similar to that of the third project below.
2.  Local Playground Ride Safety Analysis
Our class will help evaluate and improve the safety of local playgrounds, mostly in Lawrence.  With our knowledge of dynamics, we will estimate the speed, forces, momentum, and potential injuries to children on various playground devices and recommend safety improvements.  We will proceed in steps as outlined below.  

Background (from the US Consumer Product Safety Commission:  http://www.playgroundsafety.org/research/index.htm 
Each year approximately 205,860 preschool and elementary children receive emergency department care for injuries that occurred on playground equipment.  From January 1990 to August 2000, the Consumer Product Safety Commission (CPSC) received reports of 147 deaths to children younger than 15 that involved playground equipment.  Injuries to the head and face accounted for 49% of injuries to children 0-4, while injuries to the arm and hand accounted for 49% of injuries to children ages 5-14.  For children ages 0-4, climbers (40%) had the highest incidence rates, followed by slides (33%).  For children ages 5-14, climbing equipment (56%) had the highest incidence rates, followed by swings (24%).   Falls to the surface was a contributing factor in 79% of all injuries.  Most injuries on public playground equipment were associated with climbing equipment (53%), swings (19%), and slides (17%).  Data reported in Tinsworth, D. and McDonald, J. (April 2001). Special Study:  Injuries and Deaths Associated with Children's Playground Equipment. Washington, D.C.: U.S. Consumer Product Safety Commission.

The technical objectives of the miniproject are:

1. Estimate the maximum speed of children on various rides, including swings, slides (straight and helical), and merry-go-rounds.

2. Estimate the potential forces exerted on the children by the rides and by other children coming off the rides by exiting or falling off.

3. Estimate the impact or deceleration of children hitting the ground from exiting or falling off the rides.

4. Inform your community about maximum speeds, forces, and impacts on children on local playground equipment and the potential for injuries.

5. Suggest improvements to the playgrounds in general (e.g., surface material, warning signs) and to designs of the rides (e.g., railings) to make them safer.

The learning objectives include:  By the end of this project the student should be able to:

· Apply the theory of kinematics to estimate the velocity, acceleration, forces, momentum, and impact/deceleration on children of typical playground rides,

· Evaluate the potential positive and negative impacts of the technology on the local community,

· Write a brief report describing the analysis, results, conclusions, and suggestions of this miniproject.
· Write a letter to be given to the person responsible for the playground with information important to him/her.

Part I   Velocity, Acceleration, Forces

(Answers to this part due March 28, 2006)

In this part of the miniproject, you will be assessing the velocity, acceleration, and forces possible on children using playground rides found in Lawrence or near the university.  Choose a playground from the list to be provided shortly to you via email.  Check with John Duffy to make sure no other group has your playground.  Measure important parameters of the equipment, such as height, length, ride material and finish, ground surface material beneath the ride.  If you can, take photos to document your study and to help in future analysis.  Use the parameters from the rides in your playground in place of those below.  If your playground does not have the specific ride mentioned in the questions below, substitute a ride that your playground does have or else use the default parameters for the ride in the question.  You may make any reasonable assumptions about the size and weight of children.   

1. A classic slide starts at a 9-foot height, has a ramp down at a 45 degree angle, and has a short horizontal section 2 feet in length and 1.5 feet off the ground.  Assume in the worst case that the slide is wet and that friction is negligible.  (a)  What will be the speed of a child coming off the end of the slide?  (b)  If a child falls off the top of the slide, what is the speed of the child just before s/he hits the ground?

2. A helical slide is thirteen feet in height, has a radius of 5 feet, has two revolutions, and exits one foot above ground level.  Again assume the slide is wet and there is negligible friction in the worst case.  (a) What will be the maximum velocity of a child coming off the end of the slide?  (b)  What will be the maximum force exerted on the child by the edges of the slide?  (c)  What will be the maximum acceleration of the child?

3. A swing is ten feet long.  (a)  What will be the maximum velocity of a child on the swing if the child starts at a horizontal position?  At what position will that maximum velocity be attained?  (b)  What is the maximum acceleration and force exerted by the swing seat on the child?  (c)  If a child fell off the swing what would be the maximum velocity of the child just before s/he hit the ground?  Where would the child fall off to achieve a maximum velocity?  

4. A merry-go-round is ten feet in diameter, is 1.5 feet off the ground, and has bars for holding on.  (a)  Estimate the maximum rotational speed of the ride based on your estimates of the maximum speed of a child running to turn the merry-go-round before jumping on.  (b)  What would be the acceleration and force acting on the child by the bar if the child were seated at the edge of the ride?  (c)  If a child fell off the ride at this speed, what would be the speed of the child just before hitting the ground?  

Part II   Impacts   (due April 30)

With the force and velocity values you estimated (and corrected, if necessary) in Part I, (a) estimate the maximum impact and effective deceleration of a child exiting or falling off each ride (whichever is worse) onto whatever surface material is present in your playground.  (b)  Suggest devices or parts of a ride that might be improved to keep the child on each ride.  (c)  Suggest surface materials the might be improved in your playground.  Be specific as to type and depths of material for each ride.   (d)  If a non-rider walked in front of a swing, what would be the result if the rider were at your estimated maximum speed?  

A safety survey form used to study playgrounds throughout the country, should also be used and is available at:    http://www.playgroundsafety.org/research/report_card_form.pdf .  A more complete handbook is available at:  http://www.cpsc.gov/cpscpub/pubs/325.pdf .
Suggestion for analysis for part (a):  You could probably treat the surface material as a linear spring.  You could estimate the “spring constant” by applying a known force (your body perhaps) over a surface area equivalent to the head or elbow of a child and then estimating the deflection of the surface.  You could assume the velocity of the child reaches zero at the maximum deflection of the surface material.  You could then use the principles of work and momentum and impact that you have covered in class to estimate the force and deceleration of the child’s body part (as functions of displacement or time deflecting the surface material).  Relate equivalent forces and deceleration rates to probable injury.  [See ASTM F1292 and ASTM F355 for additional information.  Also for the forces needed to cause skull fracture, we have lecture notes from http://www.dundee.ac.uk/forensicmedicine/llb/heading.htm :  “Force required to cause fracture: is very varible and depends on the thickness of the hair, scalp and skull, upon which part of the skull is struck, the direction of impact and other imponderables. Skull fracture can result from merely walking into a fixed obstruction (73 Newtons or 16 pounds), from the 4.5 kg adult head falling from a height of 1 metre onto a hard surface (510 N), the head falling from a standing position (873 N), running into a obstruction (1020 N) or a 100g golf ball or stone thrown with moderate force against the temple.”]  
Part  III (due April 30, 2006)

1. The accrediting agency for our engineering program requires that graduates demonstrate (among other things) a "the broad education necessary to understand the impact of engineering solutions in a global, economic, environmental, and societal context."  (ABET, "Engineering Criteria 2005," Accreditation Board for Engineering and Technology, Baltimore, MD, http://www.abet.org )  The impacts of your engineering information to those responsible for the playground of playground physics and potential speeds and forces on their children and of your possible solutions to improve the playground rides could be in the social, economic, environmental domains of the local community.

· Briefly describe at least two positive impacts of your information and engineering solutions on the local community.

· Briefly describe one potential environmental, sociological, or economic problem that could arise as a result of your engineering solution. 

· Briefly describe how this miniproject has helped you become a better citizen of the commonwealth and helped you give back to the taxpayers some benefit for their investment in your education.  

Part IV   Recommendations to be given to those responsible for your playground

(due April 30, 2006)
Only include those rides that are actually in your playground (not the “default” rides that you might have used for calculation purposes).

In terms that non-engineers and non-medical people can understand, write a letter from your group to the person responsible for the playground, with her/his name and address, and include in the letter:

· Summarize key existing parameters of your playground:  dimensions of rides, distance apart (if relevant), surface material, signs, barriers to keep non-riders from walking in front of riders (as near swings), conditions of ride surfaces and structural elements (corrosion, splinters, paint peeling…), etc.  You should use the evaluation form and guidelines in the appendices of the report at:  http://www.playgroundsafety.org/research/report_card_form.pdf .  Photos would be very helpful here.

· Explain the possible dangers in your playground; include quantitative estimates as much as possible of equivalent force or deceleration as, for example, number of “g’s”; heights of rides in feet; speeds in mph… 

· Suggest improvements to the playground; include (if appropriate) surface material under the rides (type and thickness); repairs; barriers between rides; spacing of rides; removal of rides (if warranted); signs; railings to prevent falls; higher sides to keep children on rides; etc.   

Sample letter to playground authority for 22.213 miniproject

John Smith, Carol Jones, and Joe Small

University of Massachusetts Lowell

One University Ave.

Lowell, MA  01854

April 30, 2007
Ms. Janet Sullivan

Director of Public Works

City Hall

35 Main St.

Millville, MA  01999

Dear Ms. Sullivan:

We are students in the engineering school of U Mass Lowell and have engaged in a service project as part of an engineering course in dynamics.  The focus of the project was to evaluate the safety of local playgrounds.  We chose and studied the Wonder Playground on Second St.  The analysis and findings are in the enclosed report, which also contains photos of the rides.  We have also included a completed survey developed by the National Program for Playground Safety (http://www.playgroundsafety.org/research/report_card_form.pdf) and one by the Consumer Product Safety Commission (http://www.cpsc.gov/cpscpub/pubs/325.pdf).  

Our key findings and recommendations are:

· The top of the slide is 12 feet high above the surface, and at the top there is little to prevent a child from falling off.  The material around the slide is basically packed dirt.  If a child falls off the top, the child will hit the ground at a speed of almost 20 mph.  If the child hits the ground head first, the child will experience a deceleration and force equivalent to 100 g’s and 100 times his/her own weight!    

· We would recommend in the short term replacing the surface material around all the rides with loose fill material such as wood chips within six feet of the slide to a depth of 12 inches (per the guidelines of the Consumer Product Safety Commission (CPSC) study http://www.cpsc.gov/cpscpub/pubs/325.pdf).  

· In the longer term, CPSC recommends a maximum height of six feet of any ride for school age children.  

· The swings are closer than 24 inches from each other and 30 inches from the support bars.  We estimate that the children on the swing reach velocities of about 15 mph.  It is obvious that if the children hit each other, the speeds relative to each other could reach 30 mph with potential forces greater than that for the slide scenario!  In the short term, signs warning children of the danger would be warranted.  In the longer term, we would recommend increasing the spacing to values greater than the above limits suggested in the CPSC study. 

· The wood on the merry-go-round is splintering, and we would recommend sanding it down to prevent injuries to the children.  

We hope you find these findings and suggestions useful.  If you have any questions or feedback, please contact us directly at  John_Smith@student.uml.edu… and/or the professor coordinating this project, John_Duffy@uml.edu.  Dr. Duffy is also eager to know if any changes to the playground result from our work.

Sincerely,

John Smith, Carol Jones, and Joe Small
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