Simple Machines 1B Notes #2

Pulley, Inclined Plane, Wedge, Screw

“Because He has inclined His ear to me, Therefore I will call [upon Him] as long as I live. “ Psalm 116:2

PULLEY

· A pulley consists of a grooved wheel that turns freely in a frame called a block. A pulley can be used to simply change the direction of a force or to gain a mechanical advantage, depending on how the pulley is arranged. 

· A pulley is said to be a fixed pulley if it does not rise or fall with the load being moved. A fixed pulley changes the direction of a force; however, it does not create a mechanical advantage. A fixed pulley is illustrated below. 
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· A moveable pulley rises and falls with the load that is being moved. A single moveable pulley creates a mechanical advantage; however, it does not change the direction of a force. 

· The mechanical advantage of a moveable pulley is equal to the number of ropes that support the moveable pulley. (When calculating the mechanical advantage of a moveable pulley, count each end of the rope as a separate rope). As shown in the following illustration, two rope ends support the moveable pulley. Therefore, an effort force of 50 pounds will lift a resistance force of 100 pounds. The mechanical advantage is 2. 













· In many applications, both fixed and moveable pulleys are used in combination to form a device known as a block and tackle. A block and tackle is capable of both changing the direction of a force and creating a mechanical advantage. 


· Window blinds, flag poles

INCLINED PLANE 

· An inclined plane is an even sloping surface. The inclined plane may slope at any angle between the horizontal ( ---------- ) and the vertical ( | ). The inclined plane makes it easier to move a weight from a lower to higher elevation. An inclined plane is illustrated below: 

















· The mechanical advantage of an inclined plane is equal to the length of the slope divided by the height of the inclined plane. (This assumes that the effort force is applied parallel to the slope.) As an example, for the inclined plane previously illustrated, assume that the length of the slope (S) is 15 feet and the height (H) is 3 feet. The mechanical advantage would be 5. These calculations are shown below: 

Mechanical Advantage = S/H = 15/3 = 5 

· While the inclined plane produces a mechanical advantage, it does so by increasing the distance through which the force must move. In the previous example, the object moved 15 feet along the slope in order to increase the vertical distance by 3 feet. 

· Ramps, sloping roads, jar lids, light bulbs, key rings

WEDGE 

· The wedge is a modification of the inclined plane. 

· Wedges are used as either separating or holding devices. 

· There are two major differences between inclined planes and wedges. First, in use, an inclined plane remains stationary while the wedge moves. Second, the effort force is applied parallel to the slope of an inclined plane, while the effort force is applied to the vertical edge (height) of the wedge. See the illustration below: 


· A wedge can either be composed of one or two inclined planes. A double wedge can be thought of as two inclined planes joined together with their sloping surfaces outward. Single and double wedges are illustrated below: 







· The mechanical advantage of a wedge can be found by dividing the length of either slope (S) by the thickness (T) of the big end. As an example, assume that the length of the slope is 10 inches and the thickness is 4 inches. The mechanical advantage is equal to 10/4 or 2 1/2. 

· As with the inclined plane, the mechanical advantage gained by using a wedge requires a corresponding increase in distance. 

· Kitchen knife, saw, awl

SCREW 

· The screw is also a modified version of the inclined plane. While this may be somewhat difficult to visualize, it may help to think of the threads of the screw as a type of circular ramp (or inclined plane). 

· The vertical distance between two adjacent screw threads is called the pitch of a screw. One complete revolution of the screw will move it into an object a distance to the pitch of the screw. 

· The pitch of any screw can be calculated as follows: 


Pitch = 1 


Number of threads/inch of screw 

· EX:  assume that you place a ruler parallel to a screw and count 10 threads in a distance of one inch. The pitch of the screw would be 1/10. 


Since there are 10 threads per inch of screw, the distance between two adjacent screw 
threads is 1/10 of an inch. Also, remember that one complete revolution of a screw will 
move the screw into an object a distance equal to the pitch of the screw. Therefore, one 
complete revolution will move a screw with 1/10 pitch a distance of 1/10 of an inch into 
an object. 

· The mechanical advantage of a screw can be found by dividing the circumference of the screw by the pitch of the screw. This formula is shown below: 

	Mechanical Advantage =
	Circumference 

Pitch


· In actual applications, the screw is often turned by another simple machine such as a lever or a wheel and axle. In this case, the total mechanical advantage is equal to the circumference of the simple machine to which the effort force is applied divided by the pitch of the screw. 

· EX:  a screw with 12 threads per inch is turned by a screwdriver having a handle with a diameter of 1 inch. The mechanical advantage would be calculated as follows: 


First, determine the pitch of the screw... 


Pitch = 1 = 1 = .083 


12 threads/inch of screw 12 


Second, determine the circumference of the handle of the screwdriver... 


Circumference = 3.14 x diameter = 3.14 x 1 = 3.14 inches 


Finally, insert the values obtained into the formula and solve the equation... 


Mechanical Advantage = Circumference = 3.14 inches = 37.83 


Pitch .083 

ACTIVITY

Create a simple machine to raise a toy car 12” off the table surface

HOMEWORK

p. 108 – questions 15-20

