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RESULTS

The peak impact force was found to increase approximately linearly with increasing baseball ball velocity. There was also a strong correlation between the static stiffness of the baseball and the peak impact force; the stiffer the ball, the greater the impact force. In this figure, each baseball model is identified by a circle whose color is mapped to its stiffness (i.e. the softest of the modified balls are purple and the hardest of the traditional balls is red).
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The impulse of the impact force was found to correlate most closely with baseball mass.
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The coefficient of restitution (COR) of all baseball ball models decreased with increasing velocity. Some modified baseballs met the NCAA standard for performance at the required test velocity of 60 mph, but their performance rapidly decreased with increasing velocity. The performance for most of the modified balls was generally below the existing standards. Note that these COR measurements are with respect to a flat wall. The COR for a ball and bat during an actual swing has not yet been reported.

ABSTRACT

A leading cause of injury in youth baseball is impact with a baseball. To reduce the risk of injury, manufacturers have produced modified baseballs for youth play that are more compliant than traditional baseballs. Determination of the efficacy of these modified baseballs in reducing injury risk requires an understanding of the injury mechanisms and information about the impact properties of the ball. This study addressed the latter by investigating the relationship between quasi-static mechanical properties and dynamic impact variables of baseballs. Eleven traditional and eight modified baseball models (n = 8/model) were studied. Quasi-static load vs. displacement curves were obtained for each baseball model, from which average ball stiffness and energy loss were calculated. The dynamic impact variables of peak force, impulse, duration and coefficient of restitution (COR) were determined from force-time profiles of balls impacted into a load cell and from velocity data. Impact velocities ranged from 13.4 to 40.2 m/s. Peak force increased linearly with increasing ball stiffness (r2 = 0.948 for impacts at 26.8 m/s). Impulse of impact increased linearly with both ball mass (r2 = 0.806) and COR (r2 = 0.899). COR decreased with increasing velocity in all balls tested, although the rate of decrease varied among the different models. Energy loss (hysteresis) calculated from the quasi-static load vs. displacement data was not useful in predicting some dynamic energy loss (COR2). These results indicate that static parameters can be useful in predicting dynamic impact variables, and may therefore be useful in estimating the relative safety of various baseball models.

With regard to injury, these results suggest that modified baseballs that are both softer and lighter than traditional baseballs would possess the greatest potential to reduce both the frequency and severity of injury from impact.

INTRODUCTION

Baseball is a popular source of recreational activity for young people throughout the world. While there are numerous benefits associated with youth participation in sports-related activities, most sports, including baseball, inherently pose some risk of injury to players. Although the overall incidence of baseball-related injuries is low compared with that for other popular team sports such as football, serious and even fatal injuries occasionally occur in baseball. In the United States between 1973 and 1995, 88 children in the 5 to 14 age group died from injuries sustained while playing baseball, softball, or teeball (Adler & Monticone, 1996). Most of these baseball-related deaths were attributed to impact with the batted or thrown ball. Furthermore, Adler and Monticone reported that ball-player impact was the leading cause of baseball-related injuries requiring emergency room treatment among children in the 5 to 14 age group in 1995, accounting for an estimated 55% of all such injuries. In an effort to reduce the incidence and severity of baseball injuries associated with ball-player impact, several sporting goods manufacturers have developed modified baseballs that are promoted as being "safer" for youth play. There are two components required to predict the efficacy of these balls in reducing the incidence and severity of impact-related baseball injury: (1) understanding of the injury mechanisms involved and (2) characterization of the impact properties of the balls. The present study addresses the latter of these two components. Other researchers have investigated impact characteristics of baseballs by impacting anthropomorphic test dummies with traditional and modified baseballs and measuring the resulting head acceleration (Viano et al., 1993). They found that modified baseballs reduced peak impact force and peak head acceleration. Static baseball parameters were not investigated in that study. Heald and Pass (1994) used cadavers and a Hybrid III anthropomorphic test dummy to investigate the relationship between ball stiffness and head injury risk caused by impact with baseballs. They concluded that there was a strong relationship between ball stiffness and risk of head injury. 

In this study, we performed quasi-static compression tests and dynamic impact tests on several commercially available traditional and modified baseballs, and sought to determine whether static parameters correlate with dynamic variables. The hypothesis of the present study was that static and dynamic impact characteristics of baseballs are correlated. If such a correlation exists, then static parameters, which are relatively simple to measure, might be useful in predicting the injury-reducing potential and field performance of modified baseballs. 

MATERIALS AND METHODS

Nineteen commercially available ball models were utilized in this study: eleven traditional and eight modified. Traditional baseballs were defined to be those consisting of a cork or combined cork and rubber core wound with yarn and wrapped with a stitched two-piece leather cover. The modified baseballs used were those in which the manufacturer modified the material composition or construction with the objective of making the balls safer in impact situations than their traditional counterparts. Three balls of each model were used in the static tests, and five of each model were used in the dynamic tests. Least squares regression was used to make comparisons of all measured variables among the various ball models, and correlations between static and dynamic variables were evaluated. 

Ball mass was determined by calculating the average mass value obtained from all balls tested of a given model. Ball stiffness was determined by measuring load and displacement while compressing the balls between parallel plates. Compressive loads were applied to the baseballs using an MTS 858 Bionix Material Test System (MTS, Minneapolis, MN). Displacement and load were sampled at 50 Hz while balls were compressed by 1 cm at a rate of 1 mm/s and then unloaded at the same rate. Stiffness was estimated as the average of the load-displacement curve (peak compressive force divided by peak displacement). Energy loss was defined as the area between the loading and unloading portions of the load-displacement curve. Percent hysteresis, a normalized representation of energy loss, was defined as the energy loss divided by the area under the loading portion of the curve. 

Dynamic impact testing was accomplished by firing baseballs from an air cannon (Movan, Inc., Toronto, Ontario, Canada) into a load cell mounted on a steel plate 2.5 cm x 66 cm x 66 cm). The force transducer consisted of three PCB 208B05 piezoelectric force transducers (PCB Piezotronics, Depew, NY) compressed between a 5 cm thick aluminum block and a 2.5 cm x 15 cm x 15 cm aluminum impact plate. The load cell was calibrated by compressing it with the MTS and comparing the summed output of the three force transducers with the MTS load measurement. Loads measured by the force plate matched the MTS load measurements within a standard error of less than 2%. 

Impact tests were performed on each ball at five targeted impact velocities: 13.4, 20.1, 26.8, 33.5, and 40.2 m/s (30, 45, 60, 75 and 90 mph). Forces vs. time profiles were obtained for each impact by summing the three channels of force data, each sampled at 20 kHz. A pair of photodetectors (Oehler Research Model 55, Austin, TX) was used to measure incident and rebound velocities. A secondary measure of inbound velocity was provided by a pair of photoelectric sensors positioned in the barrel of the cannon. The dynamic impact variables that were calculated based on the force vs. time profiles and the velocity data included peak impact force, impact duration, impulse of impact (integral of the force vs. time curve over the impact duration), and coefficient of restitution (COR, the ratio of the rebound velocity to the incident velocity. Impact velocities of the individual baseballs varied somewhat, due primarily to variations in ball mass. In order to facilitate comparisons among the various ball models, linear least squares regression was used to predict values for each of the dynamic impact variables at the five target velocities. These interpolated values were used to make comparisons of the impact variables among the various ball models tested 

