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Introduction- What exactly is engineering?


Engineering is the practice of designing solutions for practical problems. Scientists may ask why a problem occurs and do experiments to answer their questions. Engineers try to find out how to solve a problem and create a solution. One way to think about the difference between engineers and scientists can be summarized as: A scientist builds while learning but an engineer learns while building.


Over the next few weeks, you and your classmates will be working as mechanical engineers to create a prototype of a mechanical limb system. Mechanical engineers use their knowledge of physics, math, and everyday things to make new products and to solve real problems in safe and economical ways. Like an engineer you will use what you know already to help you build a prototype of your mechanical arm system. In this process you will learn many things about physics that will help you to improve your design. 

Module 1 Defining Needs

Introduction – Working in Teams

Teamwork is a useful way to share ideas and to work towards solutions for problems. In this unit, you will be a part of a team of engineers in charge of creating a mechanical limb system that solves a quality of life problem for a person with a disability. Below are a few suggestions to make the most of this teamwork experience.

LISTEN AND RESPECT


The two basic rules for successful teamwork are to listen to each others ideas and to respect each other’s ideas.

RECORD IDEAS

It is important that not one of your ideas is lost. Engineers and scientists use a lab notebook to record their ideas. To avoid losing your ideas, you should record them in your team guide.

REFLECT AND ASSESS
Learning includes reflection and assessment. You will think about what you have done (reflect) and evaluate how successful it was (assess) using this team guide.
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PLANNING – Text Discussion

As you read the article, write three questions that you would like Dyson to answer in more depth.

While reading I wondered or wanted more information about……….

1. 

2.

3.

Discuss the questions below in your teams. Be prepared to share your ideas with the class.

1. What general steps did Dyson follow that helped him to design and refine his prototype?

2. What need was Dyson trying to solve when he designed his vacuum cleaner?

3. Why do you think Dyson made so many prototypes?
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Insert QoLT movie clip activity here

Insert QoLT immersion activity here

 Module 2 Planning Your Design
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You will take the role of an engineer during this unit. You will determine a solution to a quality of life problem that requires a mechanical limb system. Engineers think about needs when they design new products or improve existing products. A need can be thought of as a problem that requires a solution. You saw from the article that sometimes inventors improve existing products so that those products make their life easier or their life more comfortable.

NEED 

A PROBLEM THAT REQUIRES

A SOLUTION


You will design a system that solves a quality of life problem for somebody with a disability. You can either improve an existing product or create a new product to accomplish you goals. The next few lessons will help you organize your ideas and think through your design.


You will have lots of ideas. You should record these ideas as you continue to develop the design of your mechanical limb system. Keeping track of your ideas, test and results as you work will be important because at the end of this unit you will complete a sales brochure and instructional booklet for your mechanical limb system.

Planning- Needs and New Ideas
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As a team examine your own potential needs for a mechanical limb system. Consider the individual tasks of daily life your limbs perform. Encourage everyone to share ideas freely. Do not criticize other’s suggestions. By the end of the class you will need to determine the mechanical limb system you would like to design.

NEEDS: List many tasks of daily living that are accomplished by human limbs.

NEW IDEAS: For each individual task listed above, create a list of mechanical limb systems that could accomplish that task for somebody with a disability.

Decide as a team the need (task of daily living) your team will meet. Your team design a mechanical limb to assist with this task. Your limb will improve the quality of life for a person with a disability or impairment.

OUR DECISION: Explain the need (quality of life task) your team will meet and the new idea you have for a system that will meet that need.

Our team’s choice for a mechanical limb system is 

_____________________________________________.

Now That you’ve Thought About It………

We use natural mechanical limb systems every day to accomplish tasks of daily living. Our arms, legs, fingers and toes are all examples of natural mechanical limb systems that function to transfer forces from our muscles to other objects. By transferring force from our muscles to another object, the limb functions to push, pull move or stop an object.


Man-made mechanical limb systems meet needs in many industries and hobbies. A mechanical limb system is used by a fisherman to catch and remove fish from a stream. Mechanical limb systems are used in heavy construction to move steel beams. Bomb squads use mechanical limb systems to handle dangerous packages at a safe distance from the operator. Automakers use mechanical limbs to install the many welds, screws and rivets in a modern car. Doctors use mechanical limbs to perform delicate surgery through small holes in the body.  Just like their natural counter-parts man made mechanical limb systems transfer forces from one object to another.

Mechanical limb systems may work differently but one thing they have in common is that they work to transfer forces from one object to another. A mechanical limb system transfers forces from one object to another to push, pull, move or stop an object. The design of your mechanical limb has requirements. These requirements are defined by what is necessary to accomplish your task of daily living. There are two types of requirements. Must-have requirements are absolutely necessary for your design to work. Nice to have requirements are not necessary for your design to work, but they make it more attractive.

Definitions

Must-Have Requirements are features that are necessary for a design to work.

Nice-to-Have Requirements are unnecessary features that make the design more attractive.

Requirements
Record your ideas about the requirements for your design. Decide which of these requirements are must-have and which are nice-to-have.

	Requirements
	Must-Have
	Nice-to-Have

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Systems and Parts

Mechanical limb products meet needs in areas other than disabilities. Individually, first brainstorm a list of three existing products that function as mechanical limbs. You can think of products that are used in recreation, construction, medicine, hobbies and other fields. Be creative! Do not limit your ideas or thoughts to just one type of system. All of your ideas should be recorded no matter how crazy they may seem.

After you have made a list of existing limb systems, describe why each mechanical limb system is needed.  What essential task does the limb perform for the user. 

Lastly determine the essential parts that are required for each system to operate. For each essential part describe the functional need for the part (i.e. why the part exists). 

	Limb System
	Why is it Needed?
	Essential Parts and Part Function

	
	
	

	
	
	

	
	
	


What essential parts are the same among these systems?

What is different about these systems?

What parts in these mechanical limb systems serve the same function?

Sorting Parts
In your teams discuss and sort the essential parts of various mechanical limb systems into three different lists of parts that perform the same or very similar functions. 


	
	List A
	List B
	List C
	List D

	Parts
	
	
	
	

	Essential Function
	
	
	
	


Engineers design complex systems by breaking their designs into individual systems. Each small system called a subsystem meets a part of the needs of the whole system. The essential function at the bottom of each list describes a need met by a subsystem in a mechanical limb system.

Now That you’ve Thought About It………………


SYSTEMS AND SUBSYSTEMS

To build your mechanical limb system according to the requirements you will generate, you will need to understand what a system is and how a system works.

WHAT IS A SYSTEM?

A system can be defined as several parts that are functioning together in order to achieve a desirable goal. All systems have one main goal or purpose.

WHAT IS A SUBSYSTEM?
Instead of focusing on the entire design, engineers break it down into subsystems. This strategy helps them to tackle their task by focusing on one part of the prototype at a time. Subsystems can be thought of as the essential parts that are needed to operate the system. Each subsystem is designed to accomplish one goal, or function. Dividing a design into its subsystems and functions clarifies its goals.

LIMB SUBSYTEMS
Definition

Subsystem is an essential part of a system that accomplishes one goal.

Subsystem Functions
In your teams, look at the lists you generated when sorting parts. Decide on names of each subsystem required in a mechanical limb system. Place the name of each subsystem in your design. Write a description of the specific function for each subsystem. Make sure each subsystem has only one function. You should think carefully about each function because the more you clarify the goal of each subsystem the better your design will be.

	Subsystem Name
	Function

	
	

	
	

	
	


 System Diagrams



Engineers use diagrams and models to help them think about systems. Diagrams and models are convenient ways to describe how systems work.

Systems work on an input and output scheme.  The figure below shows a general system model.  You can use this general model to describe most of the systems or subsystems you discovered during class discussion.  A system model is usually drawn as a box with 3 inputs and 2 outputs.


As an example consider a bicycle system. One of a bicycle’s inputs could be human controls.  A second input is the pedal force that acts on the system (human input). A bicycle moves when a person exerts a force on the bicycle pedals.  A third input consists of the material that makes up the bicycle: mostly metals, rubber, and some plastics. 

The bicycle also has outputs.  Some outputs are desired: moving forward at a safe speed.  Some outputs are undesired: the bike collapses under the rider weight, or the rider gets wet would be examples of negative outputs.

An example system diagram for a bicycle system might look like this:


In your teams you will complete system diagrams for your limb. In the previous task, you identified the essential subsystems of mechanical limb systems and the essential functions performed by those subsystems. Label these three system diagrams with the names of the subsystems needed in a mechanical limb. 

On the system diagrams on the next page, define some inputs and outputs that are necessary for your mechanical limb system to work. Make sure you include both positive and negative outputs for each subsystem. You may add more boxes for each subsystem if needed. Be prepared to share your ideas with the class.

SUBSYSTEMS: INPUTS/OUTPUTS
Limb System:______________




Task:__________




Generating Alternative Solutions 
Individually each team member should sketch at least one limb design to perform the task. Label each part of the design that you think is essential for making your design function. Your design needs to include a minimum of one joint. 

You have been given examples of some construction materials our lab has in stock for prototype development. You may want to include some of these materials in your designs. You designs are not necessarily limited to the sample materials provided. These materials are sample materials to explore and consider. You should not begin construction with these materials yet. 

DESIGN SKETCHES
Decision Matrices
After you have a few sketches to consider you need to choose a preferred solution. Engineers define criteria for choosing the best solution. Actually you have already started doing this task.  Your requirements are your criteria.  You can build off your requirements by making a decision matrix.  
The example in the table below evaluates three different solutions according to several requirements for an artificial arm.  Consider this example of a robotic arm that is used by an operator behind a protective shield to clean up a nuclear reactor site. Alternative A uses wire and motors as the transmission subsystem . Alternative B uses a mechanism of pulleys and cords for its transmission subsystem. Alternative C uses two steel rods.

Step 1: Write your requirements for your task.

Step 2: Write at least three different ideas for alternative solutions.  You can use 

Step 3: Rank each alternative for how well it satisfies each requirement according to the above performance scale


Performance scale: 5=excellent; 4=good; 3=o.k.; 2=fair; 1=poor; 0=not at all

	Decision Matrix for a Clean-Up Arm for a Nuclear Reactor Site

	 
	
Requirements
	Alternative Solutions

	
	
	A. motors
	B. Pulley
	C. Lever

	1. 
	Must lift heavy objects
	5
	4
	3

	2. 
	Must be safe
	5
	5
	5

	3. 
	Must be compact to fit in small places
	5
	3
	2

	4. 
	Must move smoothly and quietly
	4
	5
	4

	5. 
	Must be easy to maintain
	3
	4
	5

	6. 
	Must be affordable
	3
	4
	5

	7. 
	Nice to have an adjustable grip (sensitivity)
	5
	4
	2

	8. 
	Nice to have the alternative to lift other heavy weights
	5
	3
	2

	9. 
	Nice to have the ability to operate by hand
	2
	5
	5

	10. 
	Nice to be installed easily
	3
	5
	5

	Sum
	
	40
	42
	38



Step 4: Add up the total for each solution

Step 5: Circle the solution with the highest score (best solution)


This matrix on the next page will assist you in choosing a preferred solution. You need to evaluate each of your alternative solutions according to the list of requirements you have generated.

Ranking solutions in a decision matrix using requirements assists you in choosing the solution your team wants to develop.

1. Use your task requirements and possible solutions to complete the decision matrix table

2. Rank how well each solution satisfies each requirement using the performance scale provided.

3. Add each column to get the total number of points for each solution.  The solution with the highest score meets the most requirements. Therefore, you should consider developing this solution first.
Limb Decision Matrix
Limb:___________________________



Task:_________

Performance scale: 5=excellent; 4=good; 3=ok; 2=fair; 1=poor; 0=not at all

	Table 3.5.2: Decision Matrix for Artificial Arm

	 
	Solutions

Requirements
	A
	B
	C

	1. 
	
	
	
	

	2. 
	
	
	
	

	3. 
	
	
	
	

	4. 
	
	
	
	

	5. 
	
	
	
	

	6. 
	
	
	
	

	7. 
	
	
	
	

	8. 
	
	
	
	

	9. 
	
	
	
	

	10. 
	
	
	
	

	Sum
	
	
	
	


Design Choice to Detailed Sketches
Your decision matrix has helped you to decide which alternative design to build. 

As a team consider sketch a revised design in the space on the next page. Include as much detail as possible so that others can understand how your design will work. 


You should be as neat and detailed with your sketch as possible. You will be presenting your sketch to the class for feedback.

Below are some ideas you should discuss as a team. Be prepared to address these ideas during your presentation.

Explain the need this design will meet and the design requirements.

Use your sketch to explain how the design will function.

Describe what other information you will need to understand as you construct your design.

Sketch your design for presentation here.

Planning – Reflection I


It is very important for engineers to record their progress during product development. Throughout this unit you will practice important skills using reflection logs.

How did thinking about your needs and requirements help you plan your design?

Think about the comments from your peers about your design. How could you improve your design based on these comments?

Think about your comments on your peers designs. How could you improve your design based on these comments?

How do you think your design might change once you start testing some of the mechanical parts of your design?

Module 3 -Structural Stability 


Design engineers learn a lot about forces. A considerable amount of a design engineer’s time is devoted to understanding all of the forces that act on products she designs. Forces are simply either a push or a pull on an object. 

Engineers use their physics training and experience to determine the forces that need to be considered when designing a chair. They consider all of the needs and requirements the chair is being designed to meet. The forces that need to be considered to design a chair for a school desk are quite different than the forces to be considered when designing a chair for the deck of a high performance speed boat. 

In this unit you will examine the forces acting on your limb prototype.  You will develop knowledge about how your prototype responds forces input forces and output forces. Your goal will be to improve the function of  your  prototype by improving the structure subsystem. 

        Evaluate outcomes

    Begin here with evaluation of structural integrity from test results and observation..

Draw force diagrams. Indicate all places where equilibrium exists.

Module 3 – Input Output Force

Your design will take energy from a limb and transmit that energy to another object to accomplish a task of daily living. Engineers have lots of knowledge about how different mechanisms interact together to transmit forces. They use this knowledge to help them make good design choices.

Engineers call objects that transmit energy from one object to another “machines”. Natural human limbs and artificial limbs are also machines. 

Engineers design complex machines by combining simple machine components to build a machine that meets their needs. Human limbs also use combinations of simple machines to perform their tasks.  Here is a short story about simple machines:


Thousands of years ago, a caveman named "Ug Lee," needed a better way to cut up his Woolly Mammoth that he stoned to death. He took his favorite rock, and tried his best to remove some choice morsels. However he realized that his trusty rock just wasn't completing the job. His wife "Hoam" told Ug that he should try her favorite stick. Ug realized that if he attached his favorite rock to Hoam's favorite stick, his job might be a little easier. Thus, Ug and Hoam Lee invented the first simple machine. Throughout the centuries, humans have been challenged to make life easier. One way to accomplish this was to invent tools to make jobs less difficult. We know these tools as machines. The tools most people think about when they hear the word "machine" are actually a combination of two or more simple machines. 
There are six types of simple machines: the inclined plane, wedge, screw, lever, pulley, and the wheel and axle. Each one makes work easier to do by providing some trade-off between the force applied and the distance over which the force is applied.

You should complete any modifications to your prototype from the last unit and test your prototype.

1. Does your prototype operate with the required input force? Explain using your requirements and test results.

2. Does your prototype generate the required output force? Explain using your requirements and test results. 

3. Does your prototype require input force applied over the correct distance? Explain using your requirements and test results.

4. Does your prototype generate output force applied over the correct distance? Explain using your requirements and test results.

5. What additional knowledge might you need to improve your design?

Objectives

Explore the types of simple machines available to see how they can be used to meet your requirements.

Consider the similarities and differences in the six types of simple machines and how they impact your design.

	SIMPLE MACHINE TYPES

	Machine
	Functions
	Picture

	Lever
	A lever is a stiff rod that rotates around a pivot point. Downward motion at one end results in upward motion at the other end. Depending on where the pivot point is located, a lever can multiply either the force applied or the distance over which the force is applied.
	1st class

2nd class

photo
3rd class

photo


	Wheel & Axle
	In this machine a wheel or spoke is locked to a central axle so that when one is turned the other must turn. A longer motion at the edge of the wheel is converted to a shorter more powerful motion at the axle. In reverse, a short powerful force at the axle will move the wheel's edge a greater distance.
	


	Screw
	A screw is a central core with a thread or groove wrapped around it to form a helix. While turning, a screw converts a rotary motion into a forward or backward motion.
	

	Pulley
	A single pulley simply reverses the direction of a force. When two or more pulleys are connected together, they permit a heavy load to be lifted with less force. The trade-off is that the end of the rope must move a greater distance than the load.
	


	Inclined Plane
	
	

	Wedge
	A wedge converts motion in one direction into a splitting motion that acts at right angles to the blade. Nearly all cutting machines use the wedge.
	


In your teams compare the components drawn on your design sketch to the six simple machines above. Redraw your design sketch on the next page. Label each instance of a simple machine in your design.

Sketch your design again here. Clearly label all examples of simple machines in your design.

Select one simple lever example in your design sketch. Limit your lever selection to one pivot point (fulcrum) only. Compare your lever to the pictures in the chart. Is your lever a 1st 2nd or 3rd class lever?

Consider the requirements of the transmission subsystem. What requirements for input and output force will this lever need to meet? What ratio of input force to output force (Fi/Fo) is needed?

Again consider the requirements for input and output movement distance of the transmission subsystem. What requirements for input and output movement distance will this lever need to meet? What ratio of input to output movement distance (di/do) is needed?

Using the materials supplied to you (PVC tubing, PVC fittings, eye-hooks, hanging masses), construct a small test example of your lever. 

A table is provided on the next page to record your data. Be sure to record the distance between the fulcrum and the location of the input force (Xi), the distance between the fulcrum and the output force (Xo). Compute and record the ratio (Xi/Xo). 

Attach a force meter to the eyehook located where the input force would be applied.

Attach a hanging mass to the eyehook where the output force would be applied.

Apply input force through the force meter.  Use the lever to lift the hanging mass until the mass hangs perpendicular to the lever arm. Adjust the angle of the force meter until the input force acts parallel to the output force. Maintain the parallel orientation of input force and output force that holds the lever steady in this position. Record the input force (Fi), output force (Fo, gravitational force on the hanging mass) and the ratio of input to output forces (Fi/Fo). 

Did your lever design meet the needed ratio of input force/output force? Why or why not?

Measure the distance the eyehook attached to the hanging mass travels (output distance, do) when the eyehook attached to the force meter travels 10 cm (input distance, di). Record the output distance and the ratio of input to output distances.

Did you lever design meet the needed ratio of input/output distance? Why or why not?

How could you modify the lever design to meet your needs?

Without changing lever class, modify your lever design (Xi, Xo) three times to try to meet your requirements. If you should meet your requirements continue to collect the three additional data points to gain an idea about the sensitivity of the design parameters.

Lever Data

	Class
	Fi

(N)
	Di

(m)
	
	Xi

(m)
	
	Fo

(N)
	Do

(m)
	
	Xo

(m)
	
	Fi/Fo
	Di/Do
	Xi/Xo

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


Individual Think Time

What requirements were you trying to meet? 

Think about your outcomes, what variables seem to effect the requirement you are trying to meet

List three reasons why you were or were not able to meet your requirements? Justify your reasons with evidence from your observations.

Class Think Time

Share your outcomes and reasoning with the class. Record others students data and ideas in the space below. These ideas may be useful for improving your design.

Reflection II

1. As a class, you have generated a number of ideas about how levers work to meet requirements. How might these ideas change your design?

2. What ideas seem to be common to all lever systems?

3. How might you apply the knowledge you have gained from levers to other simple machine elements such the pulley, wheel and axle or wedge.

Let’s see if the ideas you generated for levers apply to the other simple machines. Select either a wheel and axle or pulley system to test for your design.

Review your lever test procedures. Discuss with your team how you would test a different simple machine. Choose either a pulley or wheel and axle to test.  Test your chosen simple machine to measure mechanical advantage and record your results below. Remember to keep the input force and output force parallel to each other. Be prepared to share your results with the class.

Simple Machine Tested:_______________________

Drawing of simple machine test.

Simple Machine:

	Fi

(N)
	Di

(m)
	
	Xi

(m)
	
	Fo

(N)
	Do

(m)
	
	Xo

(m)
	
	Fi/Fo
	Di/Do
	Xi/Xo

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	


Does the data from your simple machine support or refute the ideas generated from the lever experiments?

How is your simple machine different from a lever?

How might you apply what you have learned about simple machines to your design?

 Now that you have thought about it.
Energy Conservation

Simple machines provide a means to transmit energy from one object to another. The energy in a simple machine appears as forces and movements. Scientists call the product of a perpendicular force and the distance that force acts on a moving object “work”.  The units of work are the units of energy the Joule. A Joule is the amount of energy exerted by a 1 Newton force acting perpendicular to a 1 meter displacement. The abbreviated symbol for the Joule is a capital “J”.


[image: image7.wmf]
In your tests, you saw that the energy output, Wout , of an ideal simple machine is equal to the energy input, Win . The ideal simple machine did not create more energy. The ideal simple machine also did not destroy or loose energy. When output energy and input energy of a machine are the same engineers say that “the energy is conserved”. This means that none of the energy is lost.  As you will see later in this unit, simple machines do not always obey the principle of energy conservation some energy is usually lost. Without good data to quantify the energy lost engineers can begin their initial designs by assuming energy is conserved. 

Mechanical Advantage

By applying the principle of conservation of energy to simple machines we can say that input work and output work are equal. This allows us to use some algebra to see that in simple machines three important ratios are related and indeed equal. These ratios define the mechanical advantage of a simple machine. 

[image: image8.wmf]
Engineers use the ideas of conservation of energy and mechanical advantage to design machines. Engineers may design a machine may make tasks feel easier by requiring less input force to move a heavy object a short distance. Engineers also may design a machine to move something a large distance with only a short input stroke. The trade off is that the output force is less than the input force.  The machine design is always constrained by conservation of energy. You can use the equations for mechanical advantage to design a simple machine in terms of required input and output forces. 

Simple machine extension practice problems. Could be from textbook problems

Your group should draw a detailed drawing of your mechanical limb prototype. You need to include details (location, length, size etc.) of each simple machine in your design. The next page includes space to show the calculations you made to determine the simple machine design details. You may need to make a few calculations, one for each simple machine in your design. Clearly label the design detail on the drawing and the calculation that supports it.

Draw a detailed design drawing here. Include force diagrams.

Make your design calculations here. Include all known and unknown variables, algebra and a solution.

Reflection

How did your design change as you begin to consider the principles of energy conservation?

How did the cycle help you to think about refining your design? 
 Module 6- Transmission II

Redesign prototype with simple machine data.

Construct full prototype from design.

Design fails if did not consider vector forces. 

Generate reasons for design failure-simple machine based on perpendicular forces, design not all perpendicular. 

Test ideas for non-perpendicular forces using simple machine test apparatus and protractors.

Analyze results as class.

Generalize to right triangle trig big ideas (Pythagorean theorem, sin, cos, tan)

Deployment problems

Redesign

Module 7
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