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Dynamics of Bolt Loosening




Motivation

2013 Paris SNCF train derailment
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» 7 deaths, dozens of injuries
» Suspected cause: loose fishplate bolts
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Max’s Story

ing

nut MISsS

Ires

live w

—

should be
mounted here




Project Overview
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Bolt Loosening
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Project Overview

Observe bolt loosening due to loss of preload through modal excitation.




Project Goal







Experimental Setup
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Experimental Setup
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Experimental Setup
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Experimental Setup




Experimental Results

center excitation, 281Hz, 1.1 [Ibf]
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Experimental Results

off-center excitation, 281Hz, 4.2 [Ibf]
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Experimental Results

normalized preload data
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Discussion, Resonance Dwell
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Discussion, Simulated System

—>Laplace_BIk
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Discussion, Simulated System
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FEA Setup — Model

Bolt 2 Bolt 1

Total # Elements:
~800,000 hex elements




FEA Setup — Key Features

= Preload: 30-24001b
= Shaker Force: 251b

= Mode Frequencies:
= Mode 1: 241-288 Hz
= Mode 2: 321-350 Hz

= Material Model: Elastic-plastic

= Stick-slip friction model
= u, =0.6
" Uk = 0.2

= S|ERRA Step 1: Preload via nut rotation
= S|ERRA Step 2: Sine force input at mode frequency
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SIERRA Step 1 — Fastener Stress

150 Ib Preload




SIERRA Step 2 — 150lb Preload

Mode 1: 281 Hz

Mode 2: 337 Hz
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SIERRA Step 2 — 150lb Preload

Mode 1: 281 Hz
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SIERRA Step 2 — 150lb Preload

Mode 2: 337 Hz
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Contact Stress — 150Ilb Preload

Mode 1: 281 Hz
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SIERRA Step 2 —5001b Preload
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Experiment vs Computational

center excitation, 275Hz, 2.3 [Ibf]
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Conclusions

= Observed self-loosening through harmonic excitation
= Stage | experimentally
= Stage Il computationally

= Mismatch in experimental/computational behavior

= Experimental limitations

= Computational model




Future Work

= Things to try:
= more realistic preloads (50-80% o)

= simplified structure

= Comparison with reduced order models

= Other metrics of loosening
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Thank youl!

Questions?
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Experimental Results

off-center excitation, 281Hz, 4.2 [Ibf]
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Experimental Results

normalized preload data
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Project Overview

vibratory conveyor forces on joint

(preload, shear, axial, etc...)
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