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Abstract

Analyzing failed components interests students. It allows them to apply theoretical knowledge that they learned while wondering whether they would ever use it. A laboratory section of a junior-level materials and manufacturing class received a cracked clubhead from a titanium driver. The graphite-shaft club was used by a person who regularly hit 300-yard drives and who has a swing speed of greater than 120 mph. The students planned a failure analysis. The clubhead was photographed and the initial stages of the failure analysis process were started. After cleaning, the shape of the clubhead was measured using a touch scanning probe. The students determined that three separate pieces of titanium were welded together to make the clubhead. The fatigue mechanism followed the weld line until the clubhead failed. A stress analysis will be described that indicates where the forces come from that provide the tensile stress that grows the fatigue crack. 
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Objective

The objective is to provide students with an opportunity to practice using the theory that they have learned, to plan a failure analysis, and to execute that plan.
Equipment and Materials

Failed component (in this case, a cracked titanium driver), photography equipment, cut-off saw, solid works, and touch scanning probe.
Introduction

Students come to courses with a variety of experiences. For example, mechanical engineering co-operative education students frequently have seen failed components and it is often enjoyable in the theory portion of a class to have them recognize why a particular failure may have occurred. But for students without that experience, lecture can seem like it covers irrelevant information. However, with the opportunity to perform a failure analysis, students’ may use skills and information that they have been learning in class in a more practical way. During this past year a junior materials and manufacturing class was give a failed titanium driver. This paper will describe the process for analyzing the component.
Process

The driver pictured in Figure 1 was brought into class. 
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Figure 1. Photograph of the composite shafted titanium driver. a. shows the entire club. b. shows the crack in the driver head on the back side of the face.

Students were asked to explain how the driver was manufactured and how they would develop a failure analysis procedure. The first item was to cutoff the shaft. In order to perform a stress analysis, the clubhead had to be made into a Solidworks model. In order to do this, a touch scanning probe, which is shown in Figure 2, was used to obtain a digital image of the component.
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Figure 2. Touch scanning probe measuring the face of the titanium driver.

After this operation, the clubhead was cleaned of paint and photographed again. Figure 3 shows the cleaned clubhead. 
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Figure 3. Paint removed from the titanium driver and the crack in the backside of the head.
Results

From the initial examination, the students’ determined that the crack was the result of fatigue loading from impact with a golf ball. The club was about 8 years old and had been used about one round of golf per week, 10 times per round for 40 weeks per year. The number of fatigue cycles is approximately 3200 impacts. The stress analysis will be done this fall.
Discussion

Analyzing failures is a useful method of making course material more relevant for students. They not only enjoy examining a component that they are familiar with but they have the opportunity to practice using course material that they have studied. Additionally it helps connect different courses, because there is material, manufacturing, and mechanics analysis involved in this project.
Conclusions

A failed titanium driver has been analyzed. Students were able to apply principles that they learned in class to an actual item.






