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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 Special Bolting Nut

Background
In some designs, special bolt geometries are required to work in the application. This bolt design has a nut with a long neck and an enlarged base. The base is eccentric to the threaded axis to provide a method for holding “back-up” during make up.  The design has most of the thread engagement in the upper neck. The shoulder between the upper neck and the base has a potential stress riser due to the radius between the neck and base. The threads on the inside diameter of the nut also represent a stress riser that should be included in the analysis. 


Fluctuating Loading condition:



1) Steady tensile load due to the preload


km = 8kb  




2) Additional alternating load amplitude = 95,000 lbf
f = fc = 0.06


Make-up torque = 8000 ft-lbs. The mean diameter for rotation during make up = 5.00 inches.

See attached figure for geometry of nut and bolt

The object of this project is to apply fluctuating fatigue failure theories to the design and evaluate if the current design meets infinite life standards. Assuming it does not then redesign the nut to get a design that will have an infinite life. On the nut redesign, evaluate the nut weight and compare with the original design (this was an important factor in the actual redesign). This bolted connection is exposed to cyclic loading as well as a constant tensile load so it is a fluctuating fatigue problem.   

Problem Statement
Evaluate the stresses in the bolt and nut. This includes stresses due to stress risers. Determine the fatigue life for the design. Redesign to get infinite life. Guidelines for subtopics with completion dates are indicated below.  They are included in order to keep you on schedule for timely project completion.

a) Determine the preload stress in the bolt and nut. Estimate the distribution of load on the threads. Check stresses for several locations to determine the maximum stress in the nut. Include the effect of stress risers.

Tuesday, April 8, 2008
b) Using the highest stress location evaluate the life of the connection (nut and bolt). Use f = 0.9 for these calculations. 

Tuesday, April 15, 2008 

c) Design the nut for infinite life. Determine several (at least two) redesigns that will lend themselves to a geometry that will have an infinite life for the conditions given. Use the modified Goodman equation and design for a safety factor of 1.25. Compare Goodman results with ASME elliptical and Gerber (make a table of values). For each redesign determine the added weight required, if any (this was an issue in the original redesign). 

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 design.  Support all of the redesign features of the nut with appropriate calculations.  Be sure to include equations, figures, spreadsheets, and references as appropriate.

Report due Friday, April 25, 2008 (5:00 PM)
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