

Mid-term (Solutions)


Mid-term – Part 1 Written Section (Closed Book)
Instructions: Complete your answers in the space below (do not use back of paper).
Student Name _________________________
                          Final Score out of 50: ________
1. Fill in the blanks for the following – some blanks may be 2 worded ones (10%) 
A. All machines (almost) always employ at least one lever 
B. In bevel gears, the plane of rotation changes from horizontal to vertical (and vice-versa)

C. A bell crank converts up-down motion to side-to-side motion

D. Springs in cam-followers increase friction so tensioners are used

E. Ratchets give stepped motions

F. A lever of the second order is also known as a force multiplier 
G. A crank converts rotation to reciprocation

H. A 3-bar (linkage) is for straight-line motion 

I. An idler (or jockey wheel) is a tensioning mechanism is used to take up slack in a belt

J. In friction drives, a flange is often employed to prevent belt slip
Grading Rubric for Question 1: Deduct 1 point for any missing or wrong answer.  
Total Score out of 10: ____________

2. Define in short paragraphs and/or bullets and provide sketches for the following (10%)

[image: image2.emf]
A. Worm Gears (include sketch and bullets)
· Worm gear: shaft has a screw thread

· Screw thread meshes with the toothed wheel
· Gives a very slow but powerful force to the toothed wheel

B. The simple machines (list, sketch and give examples)

· [image: image3.emf] Inclined Plane (or slope)

·  Wedge

·  Screw

·  Lever

·  Wheel

C. Levers of the 2nd Order (include sketch and bullets)
[image: image4.emf][image: image1.emf]
. 

D. 3-bar linkages.  Include sketch (you don’t need to show sequence) and bullets
[image: image5.emf]
3-bar linkage is used for straight-line motion.  In the figure shown, pegs prevent Bar 1 from rotating too far with the crank.  Consequently, Bar 2 only moves side-to-side.  This finally results in Bar 3 approximately straight-line motion.

E. Springs (list, sketch and give examples)

[image: image6.emf]Bell Crank SequenceBell Crank Sequence

[image: image7.emf]
Grading Rubric for Question 2: Each sub-question is worth 2 points.  Per sub-question, deduct 1 point if missing more than 2 descriptive bullets or sentences from my answer; deduct 1 point if sketches and examples are not given when requested

Total Score out of 10: ____________

3. Sketch the sequential steps per cycle for the following.  Describe in a few sentences and/or bullets why they are used (10%)

A. Bell Crank

[image: image8.emf]
B. 8-notch ratchets




Grading Rubric for Question 3: Each sub-question is worth 5 points.  Per sub-question, deduct 2 point if missing more than 2 descriptive bullets or sentences (from my answers); 2 points if sketches do not clearly show sequence of motions

Total Score out of 10: ____________

4. In one homework question, you were asked to study how a folding chair operates and is constructed.  Sketch such a chair (showing the sequence: unfolded, as it is folding, and complete folded).  Describe the simple machine(s) that are involved and how this chair works (10%)

Grading Rubric for Question 4: Deduct 2 points if the operation is not clearly described in words.  Deduct 3 points if the sequential sketches are not clear.

Total Score out of 10: ____________

5. In one homework question, you were asked to study how car windshield wipers operate and constructed.  A typical car has a pair of wipers.  Sketch such a wiper and annotate it with the key parts and simple machine(s).  Sketch a 4-stage sequence when the wipers are: at the bottom of windshield; at the mid-point of the windshield; at the fully deployed point; and again at the mid-point returning towards the bottom of windshield (10%)

Grading Rubric for Question 5: Deduct 2 points if the operation is not clearly described in words.  Deduct 2 points if the sketch and annotation don’t clearly help one to understand how the wiper works.  Deduct 3 points if the sequential sketches are not clear.

Total Score out of 10: ____________
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2nd order lever: load between fulcrum effort e.g. wheel barrel


Known as a force multiplier
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Compression spring: shock absorbers


Extension spring: springs in garage door rails


Torsion spring: mousetrap spring


Radial Spring: clamps and seals





Change up-down motion to side-to-side motion (and vice-versa)


Crank pushes vertical rod up-down


 Bell crank rotates around pivot


 Horizontal rod moves sideways
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Crank drives the ratchet


One crank revolution moves ratchet one step


There are 8 notches.  So 1 ratchet revolution = 8 crank revolutions


Observe pawl; ratchet must stop at correct point


At correct point, ratchet will be in position for next push from crank pawl


Detent pawl often has spring to ensure it contacts the ratchet








�








( Copyright by Paul Oh


