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Department of Mechanical Engineering and Materials Science

Rice University

MECH 401 – Mechanical Design Applications

Semester Project – Spring 2008
Design of a Manual Transmission Output Shaft
Background

Manual transmissions are commonly used in automobiles because they are fun to drive and tend to be more fuel-efficient than automatics.  They can also be very reliable because there are few moving parts.  However, the loads can be large in the transmission because there is no fluid coupling to absorb shocks as in an automatic.  Consequently, the load bearing members of the manual transmission must be carefully designed to ensure reliability.

The object of this project is to apply fatigue failure theories to a manual transmission shaft (see Figure 1).  To do this, some background on the transmission and drive-train of the vehicle will be helpful.  The engine is connected to the input shaft through a clutch, which is operated by the driver’s foot.  The clutch is normally engaged so that the engine and input shaft turn at the same speed.  Periodically, the driver needs to disconnect the engine to shift gears or stop.

Multiple sets of meshing gears are included so that different speed ratios can be obtained.  Low ratios (low output shaft speed relative to the input shaft) are used to accelerate the vehicle, pull heavy loads, and climb hills.  Higher ratios are used for top speed operation.  In older transmissions, the gears were splined to the shaft, and to change ratios, one gear would be slid out of mesh and the next gear slid into mesh.  However, this shifting process requires significant operator skill because the gear speeds have to be properly matched to avoid clashing them together.

Modern transmissions reduce this problem by providing synchronizers.  In a fully synchronized transmission, all of the forward gears on the output shaft are always in mesh with the gears on the counter shaft.  We will ignore the synchronizers in this design analysis. Assume the gears are rotationally attached to the output shaft with keys or splines. You will need to provide restraints to prevent the gears from moving along (longitudinally) down the shaft. Since the shaft rotates, there will be potential for fatigue. Any irregularities in the shaft diameter will be stress concentrations and have a significant affect on fatigue stresses.
Shifting from low gear to the middle gear takes place as follows.  The operator speeds up in low gear in which gear 6 is connected to the output shaft and the input shaft is connected to the engine.  Power is flowing from the engine, through the clutch to the input shaft, through gears 1 and 2 to the counter shaft through gears 4 and 6 to the output shaft, then on through the axles to the wheels.  Gears 3 and 5 spin at the speed dictated by gear 3, which is permanently fixed to the countershaft.  To shift to second gear, the operator depresses the clutch pedal, which disconnects the engine from the input shaft.  By moving the shift lever, gear 6 is disengaged from gear 4 and gear 5 is connected to the output shaft.  This will force the counter shaft and input shaft to quickly come to a different (in this case, slower) speed.  The synchronizers accomplish this smoothly and quietly.  Then the operator releases the clutch, which will force the engine speed and input shaft’s speed to match.  This usually requires the engine to slow down. Third gear the input shaft is directly connected to the output shaft (neither gear 5 or 6 is engaged with gears 3 or 4). There is a just direct drive from the input shaft to the output shaft (we will not concern ourselves with the mechanism that engages the input and output shafts). The only stresses are the torsional stresses in the output shaft.

 Though all of this may seem complex, it is important for you to understand the physical operation of the transmission so that you can accurately model the forces generated on the output shaft.  

Problem Statement

Your task for this project is to design the output shaft of the transmission shown in Figure 1.  To begin, you need to know the forces on the shaft (which vary with location and gear ratio selected).  The forces can be calculated knowing input horsepower, gear ratios, gear tooth geometry, bearing spacing, etc.  Tasks described below are calculations necessary to complete the project sub-section.  Dates are guidelines for a timely project completion!
a) From the information given in Figure 1, determine the shear, moment, and torque diagrams for the output shaft.  Do this for all necessary planes in all three forward gears.  (Neglect reverse in all your work.)  
Tuesday, April 8, 2008
b) Design the shaft to take the peak static loads generated in part (a).  This will require sizing the diameter of the shaft down its length.  Include stress concentration effects for spline groves and shoulders needed to retain the gears.  Use a minimum factor of safety of 3.  Specify a material and heat treatment for the shaft, as well.  

Tuesday, April 15, 2008 
c) Design the shaft for fatigue again including stress concentrations and a minimum factor of safety of 3.  Your shape can be quite similar to the design in part (b), but it may need to be modified because fatigue is a bigger concern.    Design the shaft for infinite life.  

Tuesday, April 22, 2008
Turn in a complete report that explains each step of the analysis and design process, with detailed engineering drawings of your shafts for parts (b) and (c).  Support all of the design features of your shaft with appropriate calculations.  Be sure to include equations, figures, and references as appropriate (in the appendices).
Final report due Friday, April 25, 2008 (5:00 PM)

Helix angles = 45o 




Normal pressure angles = 15o
Constant horsepower to input shaft = 80 

Constant input shaft speed = 3000 rpm
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Figure 1.  Schematic Diagram of 3-Speed Manual Transmission.
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