THE SOUTH POINTING CHARIOT

MECH 401 

HOMEWORK # 9

Background 

(from Mechanical Engineering Design, by Shigley  6th edition)

It has been suggested that the Great Wall of China was built along the climatological contour line marking the farthest consistent northward advance of the monsoons, partitioning agricultural land from grazing land.  The necessities of life created different cultures.  The defense of cropland to the south of the contour required in-place fortifications, hence the Wall was begun with earthwork and eventually finished in stone.  Food resources to the north of the contour were defended by maneuver, as grazing animals could be moved.  The style of warfare depended on who was attacking.

Any northward military excursion faced the problem of direction on seemingly featureless plains, plagued by overcast skies both day and night and battle smoke screens during engagements.  There were reconnaissance parties to be vectored out and returned, segmentation of forces before attacking, and messages to be sent back.

About 2600 BC Emperor Hung-TI navigated by a south-pointing chariot, which predated the magnetic compass. A section drawing expressed in terms of present-day artifacts is shown in the attached figure. The Chinese adopted south as their cardinal direction, whereas Europeans chose north for the same purpose.

This engineering triumph was rendered obsolete by the invention of the magnetic compass

Assignment

1) [35 points] Geometry: Show that as the chariot moves in a circle of radius R, the arm always points in the original direction (South).

2) [65 points] If a saboteur pinned the pointing-arm-platform to the frame, thus preventing the output shaft from rotating, how would the mechanism fail (gear breakage) if:

A) the chariot continued in a straight line

B) the chariot went in a circle.

Make the following assumptions in this regard:

· the coefficient of friction between the wheel and the ground is 0.2

· The weight of the chariot is equally distributed between the two wheels

In analyzing the failure determine which gear in the train is most susceptible to failure and what weight of the chariot is required to make the gear fail: see spreadsheet. For part 2) turn in a copy of the spreadsheet that is filled in.
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INPUTS ON THE GEAR TRAIN

1) Note gears are numbered 1( 12 (see So. Pointing Chariot figure).

2) There are many equivalent gears: 1=12; 2=11; etc.

3) There are many bevel gears: 1,2, 5,6,7,8,11, and 12

4) Spur gears: 3,4,9, and 10

5) Use Boston Gear catalogue for equations for stress

6) Consider as a static failure: no dynamic factors, velocity is Zero.

7) Gear data: see spreadsheet
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