Engineering Design (adapted from Mr. Nosiglia’s mcas review, Horace Mann Middle School, Franklin, MA)
Engineers:  Essential question – what steps does an engineer follow to solve problems and what is the end result of those steps?    

Engineers use the 8 step EDP (Engineering Design Process) to solve problems.  The end result is a solution to the problem.  


Technicians:  Essential question – What is a technician’s job?  Technicians follow the design created by the engineer to build prototypes and products.  

Engineers communicate: Essential question – How does the technician know what material and what dimensions to use?    The technician gets all needed information from the design created by the engineer.  

The design contains: dimensions; material; what to use for glue or nails; and a complete detailed drawing.
The best type of drawings is an Orthographic Projection.  This type of drawing shows all sides and even shows where hidden edges are.  Ortho drawings have a separate drawing for each side.  Each drawing is drawn so all edges line up perfectly 
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Essential question – Who builds the prototype and why was it built? Prototype: A prototype is a full size working example of the solution so the engineer may test to see if it solves the problem. 

[image: image5.jpg]N‘L i

!I&v




Materials, Tools, and Machines
(adapted from Mr. Nosiglia’s mcas review, Horace Mann Middle School, Franklin, MA)
Material:   Stuff we make things out of.

Essential question – The engineer select the correct material for the job, but how do they make that selection?

Answer - An engineer selects the appropriate material for a job by:

1.      Evaluating what forces that material will experience, and

2.      Deciding if that material needs to fight or give in to that force
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Engineers categorize material by what uses they can provide: what forces they fight or give in to; and their physical properties (e.g., can they be magnetized, conduct electricity, absorb sound, and conduct heat).

The Five forces are 

Tension (pulling), 

Torsion (twisting), 

Shear (cutting), and 

Compression (pressing)

Bending

Steel fights tension, torsion, and shear.  Concrete fights compression

Examples to design a pillow, an engineer would evaluate what forces the pillow would feel – in this case compression from someone’s head.  Then, the engineer would decide if the pillow should give in to the force of compression so the head would not dent or fight the compression so the head would dent.  The best material for giving in to compression would be something very compressible, like cotton, or feathers.

Tools:   Something that makes the job easier

Examples hammer, wrench, screw driver, scissors, saw.

Hand tools:   A hand tool uses human power, and can be grouped by the forces they exert: hammering (compression); cutting (shear); twisting (torsion; and prying or pulling (tension).  Some tools don’t use force, but are used to measure.
Power tools:  Power tools use some sort of power other than humans (gasoline, electric, wind, nuclear, etc.).
Examples lawn mower, chain saw, portable electric drill, tractor, etc.

Safety:   Always wear safety glasses. It is always better to walk slowly and carry sharp objects pointing to the ground.  Never touch someone that is being electrocuted, and make sure all loose jewelry, hair and clothing is kept away from spinning tools to prevent being pulled in.

Construction (adapted from Mr. Nosiglia’s mcas review, Horace Mann Middle School, Franklin, MA)
Structures: are built in this order: foundation, flooring, wall, and roofing systems.

Floors consist of main beam, joists and decking

Walls consist of studs that hold up the top plate, jacks that hold up the headers, and cripples that hold up the sills
Roofs consist of beam, rafters (same as joists but at an angle), and decking (usually waterproof)
Essential question – What material should a foundation be made of? 

Bridges:

There are four major types of bridges: cantilever, beam, suspension, and Roman arch 

The Roman arch can hold the heaviest load, because it fights compression so well. 

The suspension can span the longest distances, because it holds itself up with cables, so it feels lots of tension on its cables.

The beam is the simplest, but can’t hold a heavy load or span great distance, because it fights compression on the top and tension on the bottom as the beam bends.

The cantilever is only good if you don’t want to have anything under or over holding the bridge (need to move it up and down). It feels all the forces.
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Essential questions 

1. When an object pushes down on this bridge, the bottom edge experiences a force that tends to pull it apart as shown. What is the type of force labeled X?
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Use diagram at right for a-d

a) Identify one example from the figure that represents a type of arch bridge.
b) Explain how an arch bridge is different from a beam bridge. (arch supports more weight allowing longer span) 

c) Identify one example from the figure that represents a type of Beam Bridge.
d) Explain how a beam bridge is different from a suspension bridge. (Suspension span longer due to low mass deck which transfers weight to strong low mass cables.)
[image: image10.png](0ot to scale)



[image: image11.png]


Transportation
(adapted from Mr. Nosiglia’s mcas review, Horace Mann Middle School, Franklin, MA)
Vehicles: Vehicles are defined as something that carries goods or people from one place to another.   All vehicles have 5 key parts: 
1. Propulsion or Thrust, move a vehicle in the direction you want. 

Examples a person is the propulsion for a bicycle, an engine is the propulsion for a car 

2. Structure, to hold things up or together. 

Examples a bicycle frame holds a bicycle together 

3. Suspension, to allow vehicle to absorb changes in the surface it travels over. 

Examples the tires and spokes give the bicycle a smother ride

4. Guidance, detailed knowledge of how to get from one place to another. 

Examples the person bicycling, driving a car, or flying a plane is the guidance that knows how to get the vehicle from one place to another.  Autopilot is the guidance that gets a rocket ship or jet from one palace to another 

5. Control, how to change direction when needed. 

Examples the handle bars on a bicycle, the steering wheel in a car, and the reins on a horse are the control that make the vehicle go left, or right.  The brakes or reigns can be used to make it stop

Essential question – what is the propulsion, structure, suspension, guidance, and control for a bicycle? Answer – 

        you are the propulsion (the bicycle only moves when you pedal it);

        The bicycle frame is the structure that holds it up and together;  

        The tires are the suspension that help the bicycle get over bumps in the road; 

        Your brain is the guidance (you are the guide, you know how to get somewhere & what route to take); 

        The handle bars are the control (only moving the handle bars can you make the bicycle change direction and stay on the course you are guiding it though).

Forces: Vehicles will experience some or all of the following forces: 


1. Lift, something in the vehicles design makes all or part of it rise as it moves forward

Examples a wing makes a vehicle lighter by lifting it as it moves through the air or water.

2. Drag, whatever the vehicle is moving through is trying to hold it back 

Examples a square shaped car will have more drag than a pointed shaped car, because the square shape must push more air out of the way to go forward.

3. Friction, the ability of different materials to fight motion when they move against each other.

Examples a vehicle moving through air has less friction than moving through water, because water grabs the vehicle more than air does.

4. Gravity, the force that pulls us down. 

Examples a rocket and an airplane get pulled back to the ground by gravity, so it must be designed to fight gravity at all times.

Vehicles can travel in any of four zones: Land, air, water, and space.  Each zone has its own unique characteristics like drag, gravity and friction.

Examples underwater things don’t weight much, in outer space they don’t weight at all.  You can’t use gasoline engines underwater or in outer space where there is no air to burn the gasoline.  Vehicles traveling through air and water must fight the force of drag from the air or water pushing against the vehicle as it moves forward.

Essential question – What forces does a race car feel? (Refer to diagram above for an answer)

Manufacturing is making a product that is shipped to be used somewhere other than where the product is made.
(adapted from Mr. Nosiglia’s mcas review, Horace Mann Middle School, Franklin, MA)
The UNIVERSAL SYSTEM model can be used to describe manufacturing  

System. 
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1) Material is the stuff we make things out of. It comes in 2 forms either raw or industrial

a) Raw materials are materials found in nature but not conditioned by man or machine.

b) Industrial materials are materials that have been conditioned by man or machine. Can be a material that is natural or synthetic (made by people).

2) Process is the steps you follow to make a product. 


Some of these steps may be: 

(1) Cutting - to remove pieces of material, or casting - to pour into a mold

(2) forming - to force into a shape

(3) separating - to remove excess material (cut, drill)

(4) Assembly - putting pieces together

(5) Conditioning - change a materials properties by force or chemical action (hardening, flexible, rust proof)

(6) Finishing - final step of process, prepares product for the customer (painting, coloring, sanding, labeling). 

3) Product is something that is useful to people. If it is not useful it is junk, and junk is not manufactured, it is a byproduct of manufacturing.

4) Byproduct is an unwanted thing that is produced as a result of the process (pollution, waste, etc.)

5) Feedback taking the results of the product (product and byproducts), examining for improvements and adding these improvements to the process.

A manufacturing company is divided into departments: 
Administration - responsible for managing the other departments and making sure things are done on time 

Marketing - comes up with the product look, feel, and name. Also, guesses the best price and who will buy

Engineering – makes the plan by selecting material dimensions and fasteners 
Production – builds the product by cutting, shaping, assembling, joining, quality control, and safety

Sales and Distribution – gets the product out to customers and brings in the money
Research/development – where the scientists work with engineers and technicians. They come up with new product ideas.

Communication is the transferring of information from one place to another. 
(adapted from Mr. Nosiglia’s mcas review, Horace Mann Middle School, Franklin, MA)
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Transmitter is the device that sends out information onto the medium.  
Examples are: vocal cords, flashlight, pencil, and drum
Medium is the area that carries the information from transmitter to receiver.  Examples are: air, light, paper, and wire.

Receiver is the device that collects the information from the medium.  Examples are: ears, eyes, satellite dish, and telephone

Coding is when you change the way a message looks, making it readable only by a reciver that knows the code (it has a decoder.)
Decoder makes a coded message readable by the reciever
Protocol is the set of rules that must be followed to communicate. 
Bio- Technology
Assistive or adaptive technology: Technology that helps a person get back to doing a normal activity.
Examples of assistive devices: prosthetic devices (artificial arms or legs), wheelchairs, eyeglasses, grab bars, hearing aids, elevator, ramps, braces.

Bioengineered technology: Technology that improves living things and nature, by using nature as a tool to improve life.
Examples of bioengineering technology: bio-fuels, irradiation, integrated pest management, hydroponics, cross pollination, gene therapy.

Vocabulary:
Prosthesis: Human-made device used to replace human body parts
Biofuel:  Essential question – why is biofuel better than other currently used fuels?
Fuel made from a cellulose renewable resource or waste product, such as agricultural and forestry residues, aquatic plants (e.g. microalgae), fast-growing trees and grasses, and municipal and industrial wastes. 

Irradiation: Essential question - Why would radiation be used in medical treatment and for the sterilization or preservation of food? 
Irradiation is the process of “spraying” radiation on something. Radiation kills fast growing cells first -cancer cells are fast growing, bacteria is a fast growing cell.  Food can be “cleaned” of all bacteria by using irradiation.

Integrated Pest Management: Essential question – why is it better to use a natural pest management method than to just spray a chemical on the bugs?
Integrated pest management (IPM) system that looks at prevention of pests or their damage through natural methods such as getting enemy bugs to eat the bugs you don’t want, changing the enemy bugs habitat (move corn crop to the other side of the field where the lettuce used to be so the corn bugs can’t find it next year), and growing crops that fight bugs and weather better. 
A simplified model of a communication system:
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