SKILL BUILDERS


Grade: Four


                               Topic: Pulleys and Gears 


Introduction

Prior to working on the Skill Builders, introduce the Design Challenge scenario to the students, and explain that they will be working through a variety of Skill Builders that will enable them to work successfully on the Design Challenge.


Resources
	Manipulatives

Commercial pulley and gear kits (e.g., Lego Dacta Basic Simple Mechanisms Set [89630] or Motorized Simple Machines Set [89645])

Commercial pulleys (including those with metal frames)

Support structure for pulleys

Standard weights

Spring/Newton scales
	Print Resources

Grade 4 text books and other information books (e.g., Harcourt Canada, Pearson/Addison-Wesley, Scholastic, GTK Press)

Simple machines web sites (e.g., Inventor’s Toolbox - http://www.mos.org/sln/Leonardo/InventorsToolbox.html
and Simple Machines – 

http://sln.fi.edu/qa97/spotlight3/spotlight3.html
	Materials

Carpenter’s glue

Low temperature glue sticks

Gussets

String or rope

1 cm X 1 cm bass wood

Wooden dowelling

Milk carton

Wooden skewers

Hooking device (e.g., paper clip)
	Tools

Hacksaw

Mitre box

Joiners

Low temperature glue gun




Expectations

Overall

· Demonstrate an understanding of the characteristics of pulleys and gears

· Design and make pulley systems and gear systems, and investigate how motion is transferred from one system to another

Specific

· Design and make a system of pulleys and/or gears for a structure that moves in a prescribed and controlled way, and performs a specific function

· Manipulate pliable and rigid materials as required by a specific design task

Skill Builder 1 - Tool Identification and Safety

Students should identify and demonstrate the use of the following tools: hacksaw and bench hook/mitre box, hand drill, hammer, screwdriver, pliers, glue guns, and hand cutters (e.g., Jinx/Kidder Cutters, safety snips).  Teacher will demonstrate safe practice and safety rules for the above equipment.  The safe use of safety goggles when using tools should be stressed.  Students should demonstrate knowledge of safety rules and safe machine usage and have a safety passport and/or contract signed by student, parent(s), and teacher.

Skill Builder 2 – Characteristics of Pulleys

Use the pulley manipulatives and print resources listed to explore the characteristics of pulleys (including large and small pulleys, single pulleys, moveable pulleys, combined pulleys), and how they change speed, direction, and force. Discuss and demonstrate how pulleys are used in daily life (e.g., window blinds and curtains, clothes lines, fishing rod, flag pole, block and tackle, cranes).

Evidence of Student Learning

-    characteristics of pulleys (e.g., make lifting load easier, take longer to move load)

Criteria

· identification of characteristics of  pulleys (e.g., make lifting load easier, take longer to move load) 

· pulley system requires less effort than single fixed pulley to lift load

· identification of characteristics that contribute to making load easier to lift

Skill Builder 3 – Using Pulleys and Pulley Systems

Using commercial pulleys, students lift a load of about 1 kg using a single fixed pulley (Grade 4 Science and Technology textbooks will have illustrations of pulleys and pulley systems, and suggestions for activities).  Students then lift the same load with a moveable pulley (see textbook illustration).  Students compare:

· the force used to lift the load (measured with a spring/Newton scale) 

· the distance the load travels compared to the distance the hand (effort force) travels

· the speed at which the load travels compared to the speed at which the hand (effort force) travels

Note: The force used to lift the load with a single fixed pulley will seem to be less because pulling down (with the force of gravity, using your own weight) is easier than pulling up. The force used to lift the load with a moveable pulley will be about half the force required to lift the load with a fixed pulley because two strings/ropes (instead of just one with the fixed pulley) are supporting the load.

Students then add a fixed pulley to the moveable pulley (thereby changing the direction of the effort force), and determine that this makes it easier to move the load because of the effect of gravitational force; this combination of a fixed and moveable pulley is a simple block and tackle.

Students predict what will happen when more pulleys are added to the system and test their predictions (see illustrations of various pulley combinations).  After several tests, students determine that the more strings they have supporting the load, the less effort force is required to lift the load, and the greater the distance that the effort force travels.  This is a beginning awareness of the concept of mechanical advantage (the ratio of the force produced by a machine [output force] to the force applied to the machine [input force]).

Evidence of Student Learning

-     characteristics of pulley systems

· construction of pulley systems using various materials

· comparison of different pulley systems

Criteria

· identification of characteristics of  pulley systems (e.g., make lifting load easier, take longer to move load) 

· pulley system requires less effort than single fixed pulley to lift load

· identification of characteristics that contribute to making load easier to lift

Skill Builder 4 – Characteristics of Gears

Use the gear manipulatives and print resources listed to explore the characteristics of gears (including large and small gears, driver gears, follower gears, and idler gears), and how they change speed, direction, and force. Discuss and demonstrate how gears are used in daily life (e.g., can opener, hand egg beater, toys, bicycle, clock).

Evidence of Student Learning

· characteristics of gears (change speed, direction, and force of movement)

Criteria

· identification of characteristics of gears (change speed, direction, and force of movement)

· gear teeth mesh; gears turn each other

Skill Builder 5 – Using Gears and Gear Systems

Materials:

- 2 pieces of 1 cm x 1 cm  bass wood 10 cm in length

- 2 pieces of 1 cm x 1 cm basswood 5 cm in length

- 1 piece os 1 cm x 1 cm bass wood 3 cm

- 1 piece of 3/16th dowel 14 cm long

- 2 pieces of 3/16th dowel 9 cm long

- 8 gussets

-3 pieces of plastic straw cut to 5 cm in length

- 4 different sized gears

- glue / low temperature glue gun

Equipment:

- ruler

- saw

· drill - 3/16th drill bit

Assembly:

Steps

1. Using the 1 cm x 1 cm  bass wood construct a wooden rectangular frame which measures 12 cm x 5 cm (see Figure 1)


* strengthen the corners by gluing cardboard gussets to each corner (top and bottom)

Note: The frames from this activity should be kept intact to be used for the Grade 4 Design Challenge.

2. Glue the first plastic straw (axle holder) across the width and parallel to the end of the frame 3 cm from one end.  (see Figure 2)

3. Glue ( low temperature glue gun) one commercially made gear  (small or medium in size) to the 12 cm wooden dowel (axle) and slide the axle into the axle holder.

4. Make a crank, and glue it onto the end of the first axle:


* Cut 5 cm piece of 1 cm x 1 cm  bass wood


* Drill .5 (3/16th) diameter hole 1 cm from each end


* Cut 3 cm piece of wooden dowel, and push and glue it into one of the holes


* Slide the other hole onto the other end of the first axle attached to the frame; glue if it is loose  (see Figure 3)

5. Glue another commercially made gear (larger size) to a second wooden dowel axle (9 cm) that extends 2 cm (on each side) beyond the width of the rectangular frame


* Slide axle through another plastic straw (axle holder).  This becomes the gear/axle assembly.


- Position and glue gear/axle assembly onto the frame so that the two gears mesh as well as possible making sure that the axle holders are parallel to each other and the frame; when one gear is turned the other gear should turn in the opposite direction with the smaller gear rotating more quickly than the larger gear


* Glue smaller gear onto the opposite end of the axle

5. Glue another commercially made gear (larger size) to t third wooden dowel axle that extends 2 cm (on each side) beyond the width of the rectangular frame


*Slide the 9 cm dowel (axle) through another plastic straw (axle holder) 


* Position and glue gear/axle assembly onto the frame so that the smaller gear from the second axle meshes as well as possible (making sure axle holders are parallel to each other and the frame) with the gear attached to the third axle; when the first axle’s gear is turned the second axle’s gears should turn in the opposite direction with he smaller gear rotating more quickly than the larger gear, and the third axle’s gear turning in the same direction as the first axle’s gear but much more slowly (see Figure 4).

Note: The ratio of the number of teeth from one gear to another is the same as the ratio of the number of rotations for each gear when connected and turning together, and also corresponds to the mechanical advantage of the gears.  For example the speed of a 50 tooth follower gear driven by a 10 tooth driver gear will be 5 times slower than the driver gear; similarly, the effort force needed to turn the driver gear will be 5 times less than the output force produced by the follower gear (thereby providing a mechanical advantage of 5).  This is the idea behind gearing down (smaller gear drives larger gear resulting in less speed but more power) and gearing up (larger gear drives smaller gear resulting in more speed but less power).

Evidence of Student Learning

· characteristics of gear systems or trains (change speed, direction, and force of movement)

· construction of gear systems or trains

Criteria

· identification of characteristics of gear systems  (further change speed, direction, and force of movement; connected in two dimensions and three dimensions)

· gear teeth mesh; gears turn each other

· speed, direction, and/or force of movement are altered

Skill Builder 6 – Using Pulleys and Gears Together

Students use pulleys and gears they have made (or from commercial kits) to make a device that lifts a load.  For example:

· using a 1 or 2 litre milk carton (or 1 cm x 1 cm wooden frame structure) poke (or drill and push) two wooden skewers (or small round dowels) through two opposite sides (one towards the top and one towards the bottom)

· attach one end of a string to the middle of the lower skewer (dowel) and loop that over the top skewer (dowel) so that it hangs towards the bottom of the milk carton

· attach a paper clip hook to this end so that it can hold a load

· attach a larger gear to the top skewer

· attach a smaller gear onto another skewer (dowel) and poke it through the sides of the carton so that it meshes with  the larger gear

· glue a small (wooden dowel) handle onto the smaller (driver) gear

· students can now attach a weight to the paper clip hook and use the driver gear handle to operate the entire mechanism

Students experiment with smaller driver gears and larger follower gears; record observations and conclusions (e.g., smaller driver gears turn more quickly than larger follower gears – therefore, there is more force delivered to the pulley)

Evidence of Student Learning

· pulleys and gears working together

· construction of mechanism

Criteria

· mechanism works (e.g., lifts load)

· pulleys and gears are interconnected and work together to accomplish work (e.g., lift load)

Skill Builder 7 – Design Process

Teacher explains the Design Process and provides examples of a few different Design Processes (see Halton District School Board Technological Design Continuum for basic model).  

Notes to the Teacher

It is best to use commercial pulleys and gears in order to have pulleys and gears that work reliably, and have less friction than those made by students; students should be reminded that there is some friction in every pulley or gear system.

Assessment and Evaluation Note: It is important to gather information (assess), and provide timely, helpful, and specific feedback, on students’ work with Skill Builders, as opposed to judging (evaluating) all of the work.  Teachers should use their own discretion as to which aspects of the work to evaluate (based on Overall Expectations).
