
Note:  While this document is targeted for compound machines competitors, 
much of it will be helpful for simple machines competitors too. 

 
 

 
January 2, 2014 

 
 
To:   Science Olympiad Event Coaches 
 
From:  George Ruck, Event Supervisor 
  Compound Machines (Region 8) 
 
 
Subject: 1) What the Student should know 
  2) Device Design Considerations 
 
Dear Coach, 
 
In an attempt to give every student a chance to perform well in the upcoming 
Region 8 competition for Division C: Compound Machines, I am providing 
information on the two subjects listed. 
 
1) The attached list is a guide for helping you prepare your students for the 
written exam.  It is not necessarily complete and may not cover every possible 
question on the exam. It does not supersede the official rules including published 
clarifications and FAQ’s. If there is any conflict, the official rules will prevail. You 
are advised to review the Rules, Rules Clarifications, and FAQ’s on a regular 
basis with your students 
 
2) There are many things to consider when designing your compound lever 
device and, like many SO build events, it is not as simple as it first appears. The 
second attachment is derived from a presentation I made as a part of the Coaches 
Clinic held at Thurston HS in October. It contains information and suggestions to 
help your students design and build an accurate, reliable device 

 

 
George Ruck, Event Supervisor 
Compound Machines (MI Region 8) 
 



1) What the Student should know 
 

1.  The names of the six types of simple machines. 

2. The characteristics of the 3 classes of levers. 

3. The names of the parts of each simple machine.  

4. Real world examples of each type of simple machine. 

5. How the following historical figures contributed to the understanding of 
machines: 

 Archimedes of Syracuse.  

 Archytas of Tarrentum 

 Charles-Augustin de Coulomb 

 Galileo Galilei 

 Guillaume Amontons 

 Heron (or Hero) of Alexandria 

 Leonardo da Vinci 

 Michael Varro  

 Simon Stevin 

6. The definitions of and, how to calculate  

 Ideal Mechanical Advantage (IMA) 

 Actual Mechanical Advantage (AMA) 

 Efficiency (Eff) 

7. How to calculate the weight (gravitational force) of a mass for a specified 
acceleration due to gravity. 

8. Understand the concept of Center of Mass. 

9. Know the 1st Law of Thermodynamics 

10. Understand the conditions required for static equilibrium. 

11. Know how to set up and solve the static equilibrium equations to solve for 
the unknown value(s). 

12. Understand the concepts of energy, work, and power. 

13. The definitions of  

 Static friction 

 Sliding friction 

14. How to calculate friction forces 

15. The definition of a compound machine. 

16. Real world examples of compound machines. 

17. How to identify the simple machines in a compound machine. 



18. How to calculate the overall IMA, AMA, and Eff of a compound machine 
based on the simple machines. 

19. .How to calculate the IMA, AMA, and Eff of a “Mystery Machine” based on 
the inputs and outputs. 

20. How to use the concept of “tension in the rope” to analyze systems of 
multiple pulleys with one or more ropes. 

21. How to calculate the total IMA of Belt & Pulleys systems 

22. How to calculate the IMA of a gear train. 

23. Understand how a “differential pulley” works. 



2) Device Design Considerations 
 

A) The following things need to be considered: 

 Construction Specifications (the Rules) 

 Strategic Challenges 

 Deign Challenges 

 Suggestions 
 (Hint) Try to find a mechanical engineer to help with this event  
 

B) The Construction Specifications state that the device must be a class 1 
lever connected directly in series to a class 2 lever, each with a single 
beam of length ≤ 50.0 cm. 
There was a question about what “connected directly” means. This was 
answered by the National Event Supervisor as follows: 

"Connected directly" was the best choice of words we could come 
up with to indicate the levers must be connected in such as way as 
to not violate the spirit of the problem (e.g. both function together, 
the link doesn’t change the effective beam length, nor provide any 
mechanical advantage), yet not constrain designs too much (e.g. we 
didn't say fixed or attached to each other).  Having a connecting link 
that pivots somewhat was definitely within our vision and the spirit 
of the problem. 

  
C) Strategic Challenges 

 How will you use your device? 

 Will you design the device so that it can be used at Region, State, 
and National levels or optimize for each level? 

 How will you optimize your machine for different mass ratios? 

 Will you trade off accuracy of measurement for speed? 
 
D) Design Challenges 

Before your team starts building a device, give some thought to the 
following questions: 

 What mechanical advantage overall? 

 What mechanical advantage for each lever? 

 How to minimize friction in pivots?  

 How to attach test masses? 

 How to arrange the levers? 

 How to connect the levers? 
 



E) Suggestions for Devices 

 Make sure you impound the device and specified materials during 
the impound time (If you miss impound, you lose 50 possible 
points) 

 Make sure your Device meets the Rules (If it doesn’t, it won’t be 
tested and you lose 50 possible points) 

 Never make the Event Supervisor make a close call. If the 
specification says a maximum of 50.0 cm, make your device so 
that is a clearly less. 

 Make sure your device is strong and stiff enough to handle the 
maximum weights allowed. 

 Make sure the masses will not bottom out on any portion of the 
device or table it sits upon. (see rules for mass specifications) 

 Make sure the device will not tip over no matter where the masses 
are positioned 

 Balance your device so that it is in static equilibrium before the 
test masses are added. 

 Design in a method for limiting the displacement of the arm(s). 
Look at a triple beam balance to understand why. 

 Consider incorporating a measurement scale on the input / output 
arms to measure distance from the fulcrum. 

 Make sure you know how to use your device to weigh the 
unknown mass if, relative to the known mass, it is: 

 Much heavier 

 Equal or nearly equal  

 Much lighter 

 Practice using your device and doing the calculation to estimate 
the unknown mass. 

 Did I mention practice? 

 

Bottom line – impound your device, make sure your device meets the rules, 
and know how to use it 

 

Good Luck to All 

 


