Fatigue Model of Bolts Based on Manufacturing Defects
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Abstract This work is sponsored by Caterpillar Inc.,
The existing standards for thread fastener defects, which specify the acceptable level of defects, are antiquated and Lafayette, IN

overly cautious as they allow no defects in the thread root. To address this issue, a mathematical model has been
created to determine the appropriate size of thread defects that should be permissible. The model utilizes Murakami's
equation on fatigue strength and is integrated into a user-friendly graphical interface. This interface allows for the
assessment of a batch of bolts with defects in the thread root to determine if they meet customer standards.
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defects are permitted in the thread root « Data was used to test the fatigue strength model quickly evaluate the viability of defects in bolts via a graphical user
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Figure 2. Caterpillar's 3500 engine is on the

left and the C175 engine is on the right [2]. Mndel nevelnpment

There are three different types of fasteners that were characterized:

« Counterweight Bolts: Attaches the counterweights that balance Stress Concentration Factor (SCF)
the rotating mass of the pistons and the connecting rods.

« Connecting Rod Bolt: Attaches the piston to the crankshaft.
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* The bolts were cycled up to five million cycles, or until they failed. - stress range mean stress model
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and applied stresses. The stress amplitude is the value of cyclic

stress during testing. The stress range is the maximum stress minus

the minimum stress [5]. Conclusions

. The model calculates the fatigue amplitude strength of the bolt. + A created mathematical model satisfies the lack of contemporary

 If the stress amplitude is greater than the calculated fatigue gllowa%le defecr:.stalmdard.s. f for th th tical model
amplitude strength, the part will fatigue and fail prematurely. reated a graphical user interface for the mathematical model.

« Murakami’'s equation for fatigue strength is the basis of the model.

Murakami’s Equation  The model produces a tradeoff curve (Figure 14) of the maximum
allowable defect based on the desired fatigue factor.

Recommendations

* Future work can look towards implementation of defects located at
the fillet of the bolt by adding the stress concentration factor of the

Data Collection

« Specimens were of pre-
mounted cross sections
of bolts, whole bolts,
and bolts that had failed
during testing.
Examples of this are in
Figures 4 and 5

« Data collection process
IS summarized in Figure
6, with the bolt
sectioning diagram in

« Equation 1 is Murakami’s equation for calculating fatigue strength where
o,, IS the fatigue strength amplitude (MPa), H, is the Vicker’'s hardness, R
IS the stress ratio, and area refers to the defect area (um) [0].

« The approximate +/area for shallow, long cracks is v10c, where c is the
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