There are many uses for robotic arms. One of the most famous is Canada’s Canadarm. It cost roughly $100 million to design, develop, test and manufacture. It was given to NASA as Canada’s contribution to the Space Shuttle Program. Like a human arm, the Canadarm has rotating joints at its shoulder, elbow, and wrist. First used in 1981, it played a critical role in assembling the International Space Station and is used on a regular basis on the ISS.

Examples of Syringe arms: See if you can spot the key elements and differences.
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Conclusion Exercise				Name:_________________________
						Partner: ________________________
Complete sentences are necessary for full marks.
1.  (4T) a)  For each direction of motion (lifting, moving horizontally (rotating), grabbing, moving back and forth) clearly state how that motion is accomplished with the syringe and state what additional equipment was needed to accomplish this motion.
     







b) (5A) Look back in chapter two and clearly describe 
i)  which types of levers were used and where (what part of your arm)





ii)  what other simple machines were used and where






iii) if a force or distance advantage occurred with the use of each pair of syringes (clearly describe which syringe you are discussing).





c) (3K) Write a very clear energy transformation equation from the start to finish of the operation. 








2. 	(2K) Did you use any valves or t-connectors? If so clearly state where and for what purpose.








3.	(2C) What level of conformity does your final project have with your original design?

100%	90%	80%	70%	60%	50%	40%	30%	20%	10% 	0%

Why did your design change? Give reasons. 







3.	(2C) Clearly describe what improvements you could make to your design to increase the speed, smoothness, accuracy of operation. 






4.	(1T) State what improvements could be made to improve your gripping hand.







5.	(1C) What was the most difficult challenge that you encountered in building your syringe arm. Why?





Syringe Arm	Project Checklist		Name: _____________________________
 						Partner:____________________________

_____ Size limitation on base: 25 cm x 25 cm

_____ Design proposal and sketch handed in. Includes:

	_____ purpose of syringe arm (what will it do)

_____ description of how it works

_____ materials list

_____top view

_____side view

_____ measurements

_____ motion in 2 or 3 directions

_____ grasping hand to pick up object


_____ build the arm

_____ test, adjust or modify, complete the arm

	_____ does it move easily?

	_____ can you change directions ?

	_____ can you lift your desired object?

_____ make it neat (not duct tape all over) and don’t make the arm and claw too heavy or you will not be able to lift it.










Name: __________________ Syringe Arm Calculations     Date: _________________
Chapter Two, Three, Four and Five: Machine Efficiency

K: _____/14	T:_____/11	A:_____/6	C:_____/7	TOTAL: _____/41
Use your text to help you with this assignment. Show all your work! Use GRASP, sig digs, etc. Use a force scale or sensor to measure forces.
	Q# and mark
	Measure the following in METERS, KILOGRAMS and NEWTONS. Show units and uncertainties! Look at the diagram.
	Symbol
	Value with units
	+/- with units

	#1(1C)
	The effort force required to lift the arm and object (without hydraulics) 
	FE1

	
	

	#2(1C)
	The mass of the object being lifted

	m1

	
	

	#3(1C)
	The mass of the entire arm and object
	m2

	
	

	#4(1C)
	The distance from the fulcrum to the effort force in meters (the point where the syringe lifting the arm is attached)
	dE1


	
	

	#5(1C)
	The distance from the fulcrum to the load (object being lifted)
	dL1


	
	

	#6(1C)
	The height that you lift the object (measure from bottom of object to the table)
	h2

	
	

	#7(1C)
	The vertical distance the syringe moves when lifting the arm (If the piston is mounted at an angle still measure the vertical distance only.)

	h1
	
	




1. (2K) Use the effort force, FE1 (#1), and dE1 (#4) to calculate the effort torque  (TE) exerted by your arm on the object you are lifting.




















2. a) (2K) Calculate the load force (FL1) using the mass of the entire arm (m2, #3). Hint: what force are you calculating here? _________________________












b) (2K) Now calculate the load torque (TL). Use dL1 (# 5) and FL (from #2a).













3. (6K) Calculate the IMA, AMA, and percent efficiency of the lifting portion of the arm. 
















4. (2A) Look at your percent efficiency. Comment on what YOUR results mean. Can you think of something we neglected (say, when looking at the load arm?) in our calculations? 








5. a) (2K) Let’s try again. Calculate the work done to lift the arm and object using  FE1 (#1) and h1 (#7). That is your energy input.  














b) (2T) Then calculate your total energy output using the height (h2, #6) you lift the object and the mass of the object being lifted (m1, #2) 










c) (2T) calculate the percent efficiency using the energy formula from Ch 4.













d) (2A) Are the results any better than from the #3 efficiency calculation? Explain why they are different (that is why one efficiency gives a better number than the other).














1. Now define and make the measurements to complete the following calculations. Show all work.
a) (3T) Calculate the effort torque applied by the rotator syringe.
b) (3T) Calculate the load torque of the entire system being rotated. (Hint: you will have to estimate where the center of mass of your device is to get the dL.)
c) (4T) Calculate the efficiency of your rotator portion of your arm.
d) (2A) Comment on your results (why are they good or bad) and the difficulty of performing these measurements.
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