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Abstract: Baseball is a popular and very lucrative bat-and-ball sport that uses a wooden bat to
score runs. We hypothesize that new design features for baseball bats will emerge from their shape
optimization using parametric modeling and genetic algorithms. We converge the location of two
points on bats made from maple (Acer sp.) and ash (Fraxinus sp.) wood that are associated with
increased velocity of a ball rebounding off a bat: vibrational nodal points and the center of percussion
(COP). Our modeling and optimization approach was able to reduce the distance between the nodal
points and COP from 166.0 mm to 52.1 mm. This change was similar in both wood species and
resulted from changes to the geometry of the bat, specifically shifting of the mass of the bat toward
the center of the barrel and removing mass from the very end of the barrel. We conclude that the
combination of parametric finite element modeling and optimization using genetic algorithms is a
powerful tool for exploring virtual designs for baseball bats that are based on performance criteria and
suggest that our designs could be realized in practice using subtractive manufacturing technology.

Keywords: baseball bat; wood; maple; ash; shape optimization; finite element modeling; genetic
algorithm; modal analysis; nodal point; center of percussion

1. Introduction

Baseball is a bat-and-ball sport that is popular in the USA, Canada, Cuba, Dominican
Republic, Japan, Korea, Mexico and Venezuela [1]. In the USA in 2017, the revenues in
Major League Baseball were estimated to be USD 9.46 billion, and the league is becoming
richer due to increased revenue from media contracts [2]. Increased revenues have flowed
over to player payments, particularly for players with high batting averages that play
decisive roles in winning games. For example, one batter recently secured the largest
contract in the history of US sports, which was worth USD 430 million [2], larger than the
individual GDPs of several Pacific Island countries [3].

The baseball bat is the key instrument used to score runs. It is a tapered wooden
cylinder with a button handle (knob) at the narrow end. This design evolved over the
last 150 years by trial and error, incremental innovation and partly by engineering cal-
culations [4–7]. However, bats with more diverse shapes including short, long, flat and
banana-shaped bats were experimented with in the nineteenth century. These bats are
now prohibited by Rule 3 [8], which states that a baseball bat should be less than 42 inches
(1067 mm) long and not more than 2.61 inches (66.3 mm) in diameter. Rule 3 also stipulates
that bats should be made from a single piece of solid wood. This rule has restricted the ma-
terials and construction methods used to make bats for Major League Baseball. Hence, bats
are now almost exclusively made from sugar maple (Acer saccharum Marshall) (75%), white
ash (Fraxinus americana L.) (20%) and yellow birch (Betula alleghaniensis Britt) (5%) [9,10].
Nevertheless, within the aforementioned constraints imposed by Rule 3, there is ongoing
innovation by commercial companies to improve the performance of bats and create ones
that helps players score runs by hitting the ball harder and with greater rebound velocity.
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The performance of a baseball bat depends on its dimensions and physical properties,
the five most important ones being length, diameter, mass and mass distribution and
stiffness [11]. The length and diameter of the bat are defined by Rule 3 [8], and the mass
and mass distribution depend on the bat geometry and degree of taper from the barrel to
the handle [12]. The stiffness depends on the wood’s properties, particularly the density,
grain angle and anatomical characteristics. Performance can be equated with the power
of a bat, as measured by the rebound velocity of a batted ball [11]. The rebound velocity
depends on the energy imparted to the ball by the batter’s body, arms and wrists, the
incoming speed of the ball, the weight of the bat and the point of collision of the ball on the
bat [13]. One of these collision points is the center of percussion (COP) [14], defined as the
point which, when impacted, provides a minimum reaction force at the axis of the bat’s
rotation (batsman’s hand) [15]. Balls hitting the COP have high rebound velocities, and
this location is considered to be the bat’s ‘sweet spot’ [14,16]. Another ‘sweet spot’ which
relates to energy imparted to the ball by the player is the location on the bat which, when
impacted, minimizes the vibration on the batsman’s hands. When a ball hits a bat, flexural
vibration occurs, which has a minimum amplitude at the nodal points along the length of
the bat (see Figure 1) [17–19]. As the vibrational energy is minimum when the ball hits the
nodal points, more energy is transferred back to the ball, and the ball receives the maximum
energy. If the nodal points of the flexural modes are close to each other, the amount of
excitation of these modes decreases, which results in better bat performance. Designers
have attempted to overlay the barrel nodal points of the flexural modes [4]. The positions
of the nodal points and COP on a bat (sweet spots) depend on the spatial variation in the
mechanical properties of the bat [19–21], and these can be altered by changing the mass
distribution of the bat within the constraints of Rule 3, which was mentioned above. Hence,
it should be possible to tailor the mechanical properties of a bat at different locations to
shift the location of the COP and nodal points as desired and also change the bat’s moment
of inertia.
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Figure 1. (a) Location of nodal points on a baseball bat. (b) Location of COP on the bat.

Previously, we showed that parametric finite element modeling and optimization
algorithms were able optimize the dynamic and vibrational characteristics associated with
the improved performance of a cricket bat made from willow (Salix spp.) [22]. We use a
similar approach here to optimize the performance of a baseball bat, but our research differs
from previous research on cricket bats because here we examine whether the optimal bat
geometry is influenced by the wood species (ash vs. maple). In addition, the axis symmetry
of baseball bats is different to that of cricket bats as is the complicated performance
optimization, which relies on redistributing the mass and mechanical properties of bats, as
mentioned above.
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In this paper, we minimize the distances between the nodal points and COP of a
baseball bat using parametric modeling and genetic algorithms (GAs). Our research with
wooden cricket bats revealed novel design features with the potential to improve the
performance of bats [22]. Similarly, we hypothesize that new design features for baseball
bats will emerge from their shape optimization using parametric modeling and genetic
algorithms (GAs).

2. Materials and Methods

The positions of the nodal points and the center of percussion (COP) influence the
performance of baseball bats because they alter the location of the sweet spot, as men-
tioned above.

2.1. Nodal Points

Previous research has shown that if a ball hits a bat close to the nodal points, there
will be less energy loss due to vibration and therefore greater rebound energy imparted to
the ball [11,18,23–26]. When a ball strikes a bat at a node point for the first mode, the first
mode is not excited at all, but the second mode is generated. Similarly, if the impact point
is the node for the second mode, then the second mode is not excited, but the first mode is
generated. The further the impact point is from a node, the larger the resulting vibration.
Vibrations are weakest, which is desired, when the bat strikes the ball at one of the two
node points [11,18]. If the nodal points are closer to each other, an impact close to these
points will result in less vibration [4]. The location of the nodal points can be altered by
tailoring the mass distribution of the bat. The nodal points for a bat when it vibrates via
the first and second bending modes are shown in Figure 1. When the ball hits any of these
nodal points (node 1 or node 2) or areas close to these points, it will absorb less impact
energy, and more energy will be transferred to the ball, increasing the rebound velocity.

2.2. Center of Percussion

The center of percussion (COP) is defined as the point on a bat which, when hit
by a ball, transmits no force to the batsman’s hand, which is considered to be a pivot
point [14,16]. Figure 1b shows the COP and the pivot point on a bat. The pivot point in
the figure is in the middle of a fixed support, which is considered to be 6 inches (150 mm)
away from the knob [11,27,28]. The location of the COP can be calculated as follows:

b =
Iyy

pM
(1)

where p is the distance between the pivot point and center of mass, Iyy is the moment of
inertia of the bat about the center of mass and M is the total mass of the bat.

It has been shown previously that when the nodal points and COP on a bat are
relatively close, impacts at points near the nodal points and COP will lead to higher ball
velocities [29]. We seek to reduce the distances between node 1, node 2 and the COP
(Figure 2), as mentioned in the introduction. The objective function is defined as the root
mean square distance (RMSD) between these three points:

RMSD =
√

d2
1 + d2

2 + d2
3 (2)

AI 2021, 2, FOR PEER REVIEW 4 
 

 
Figure 2. Distances between node 1, node 2 and the COP on the barrel of a baseball bat. 

2.3. Parametric Design 
The mass distribution and inertial properties of a baseball bat can be tailored by al-

tering its geometry based on 10 parameters which equate to the radius of the bat at differ-
ent sections and accord with Rule 3 [8].The handle is divided into 5 sections which can 
have a variable radius at each section, shown as r1–r5 in Figure 3. This figure shows a 
parametric design for a baseball bat as well as a randomly generated baseball bat design. 
The handle is considered to be symmetrical along the x-axis passing through its center. 
The barrel, on the other hand, has a hitting side (front) and a non-hitting side (back). The 
hitting side of the bat is circular. However, the back profile of the bat (non-hitting side) 
can be altered as shown in Figure 3. This approach is feasible because, in practice, baseball 
bats made from ash and maple have hitting sides which correspond to the radial and tan-
gential faces of bats. Bats contain stickers on the non-hitting faces, and players are in-
structed to orientate the stickers vertically (up or down) so that balls only come into con-
tact with either of the hitting faces. Furthermore, one bat on the market has an axe-type 
handle that restricts bat rotation, creating one hitting and one non-hitting face [30]. Error! 
Reference source not found.a shows the top view of our virtual baseball bat. The lower 
section, which is the hitting side, is a half-cylinder with a constant radius along the barrel 
that is colored gray in Error! Reference source not found.a. The radius (r6) of this half-
cylinder is a design variable for the parametric design of the baseball bat. The upper sec-
tion, on the other hand, can have different radii at different sections, which are denoted 
by r7–r10 in Figure 3a. From the front view, the bat looks like a regular bat with a cylindrical 
barrel (Figure 3b). Our approach makes it possible to tailor the mass distribution and the 
mechanical and bending properties of the bat and ultimately move the nodal points and 
the COP. Obviously, this approach can lead to a barrel which may or may not have a 
circular cross-section unlike regular bats; the hitting side will be a half-cylinder, and the 
other non-hitting side of the barrel can have different radii along the length of the bat. 

Figure 2. Distances between node 1, node 2 and the COP on the barrel of a baseball bat.



AI 2021, 2 384

2.3. Parametric Design

The mass distribution and inertial properties of a baseball bat can be tailored by
altering its geometry based on 10 parameters which equate to the radius of the bat at
different sections and accord with Rule 3 [8].The handle is divided into 5 sections which
can have a variable radius at each section, shown as r1–r5 in Figure 3. This figure shows a
parametric design for a baseball bat as well as a randomly generated baseball bat design.
The handle is considered to be symmetrical along the x-axis passing through its center.
The barrel, on the other hand, has a hitting side (front) and a non-hitting side (back). The
hitting side of the bat is circular. However, the back profile of the bat (non-hitting side) can
be altered as shown in Figure 3. This approach is feasible because, in practice, baseball bats
made from ash and maple have hitting sides which correspond to the radial and tangential
faces of bats. Bats contain stickers on the non-hitting faces, and players are instructed to
orientate the stickers vertically (up or down) so that balls only come into contact with
either of the hitting faces. Furthermore, one bat on the market has an axe-type handle that
restricts bat rotation, creating one hitting and one non-hitting face [30]. Figure 3a shows
the top view of our virtual baseball bat. The lower section, which is the hitting side, is a
half-cylinder with a constant radius along the barrel that is colored gray in Figure 3a. The
radius (r6) of this half-cylinder is a design variable for the parametric design of the baseball
bat. The upper section, on the other hand, can have different radii at different sections,
which are denoted by r7–r10 in Figure 3a. From the front view, the bat looks like a regular
bat with a cylindrical barrel (Figure 3b). Our approach makes it possible to tailor the mass
distribution and the mechanical and bending properties of the bat and ultimately move the
nodal points and the COP. Obviously, this approach can lead to a barrel which may or may
not have a circular cross-section unlike regular bats; the hitting side will be a half-cylinder,
and the other non-hitting side of the barrel can have different radii along the length of
the bat.

2.4. Finite Element Modeling

Finite element (FE) modeling has been used in the past to investigate the durability
of baseball bats, and the models have proven to be valuable tools for understanding
the mechanical response of wooden bats during impacts [9,31–33]. In this study, the FE
modeling software ANSYS [34] was used to model the baseball bat. A total of 186 solid
elements with orthotropic material properties representing the elastic properties of sugar
maple and white ash, as listed in Table 1, were used. The x-axis was along the grain
direction of the wood, while the y and z directions were along the transverse and radial
directions, respectively. A cylindrical fixed support represented the boundary conditions
(Figure 4). Elements on the surface of the bat’s handle were restrained from moving in any
direction as well as rotating about any axis to simulate the bat being held by the batsman.
An element size of 10 mm was selected based on a sensitivity analysis of the effect of the
element size on the modal frequencies of the bat. Modal analysis was performed using
the block Lanczos solver [35]. As mentioned earlier, the most influential modes are the
first and second bending modes of vibration. Figure 5 shows these modes as well as the
nodal points.

After performing the modal analysis, the locations of node 1, node 2 and the COP
were determined, and the root mean square distance (RMSD) was calculated.
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Table 1. Mechanical properties of sugar maple (Acer saccharum Marshall) and white ash (Fraxinus americana L.) [36].

Wood
Density (kg/m3) Young’s Modulus (MPa) Shear Modulus (MPa) Poisson’s Ratio

Ex Ey Ez Gxy Gxz Gyz uyx uzx uzy

Maple 706 12,600 820 1660 760 1400 12 0.037 0.07 0.35
Ash 672 12,000 960 1500 920 1310 12 0.051 0.06 0.36
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3. Optimization of the Performance of the Baseball Bat

Code was written for the ANSYS software to generate the geometry of the baseball
bat, run the modal analysis to determine the location of the nodal points and COP and
calculate the objective function. The length of the bat was 34 inches (864 mm), which is
representative of bats used in Major League Baseball [11]. The diameter of the bat should
be less than 2.61 inches (66.3 mm), and therefore, the radius of the bat should be less than
33.2 mm, as dictated by Rule 3 [8]. Hence, the design variables of the problem ri were
restricted between the upper and lower bounds. The lower bounds for the design variables
were defined in a way to ensure that the bat could maintain its structural integrity. The
allowable maximum radius of the handle at the grip section (r1 and r2) was 20 mm so that
the bat could be held by the batsman. The optimization problem of this study was defined
as follows:

Minimize RMSD(ri), subject to

12 mm ≤ r1, r2, ≤ 20 mm
12 mm ≤ r3, r4, r5, r6, r7, r8, r9, r10 ≤ 33.2 mm

(3)

The genetic algorithm optimization method (GA) was implemented to optimize the
geometry of the baseball bat. Genetic algorithms are random adaptive heuristic search
algorithms inspired by the process of Darwinian selection. They belong to a larger class
of evolutionary algorithms and are designed to find the optimal solution to a problem.
The optimization process was performed by integrating the ANSYS script with MATLAB
software. Figure 6 shows the optimization flowchart. A custom script in MATLAB stored
10 design variables in a text file called the ANSYS batch file. The ANSYS software read
the input design variables, generated the geometry of the baseball bat, meshed the bat
and performed the modal analysis. The locations of the nodes and COP were determined,
and the objective function (RMSD) was calculated inside the FE script at each iteration
and stored in a text file, which served as an input for MATLAB for the next iteration. This
loop continued until convergence occurred. MATLAB’s GA toolbox was used for this.
Sensitivity analysis was performed to determine the population size for the GA, and an
initial population size of 100 was used. For better scoping of the feasible design envelope,
the first generation of the GA was generated by Latin hypercube sampling (LHS) [37–39].
The root mean square distance (RMSD) was then minimized over 100 generations from the
initial LHS design’s generated population. During this process, the generational cross-over
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probability and mutation rates were calculated. Crossover is the process of combining two
individuals to create new individuals, and the crossover probability is the probability of a
selected individual going through a crossover process. Mutation is a random alteration in
the value of one or more genes in an individual from its original state. The mutation rate is
the probability of each gene being modified. The hardware used for parametric modeling
and optimization using GAs was a high-end laptop (Lenovo Ideapad Y700, 17”) with an
Intel® Core™ i7-6700HQ CPU at 2.6 GHz and 16 GB of RAM. Using this computer, each
evaluation of the objective function took approximately 8 CPU seconds. The optimization
process as a whole took 24 h.
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Figure 6. The optimization process flowchart.

The final (optimum) design of the baseball bat was compared to that of one of the
best commercial baseball bats: a Rawlings 460 ‘Big Stick’ Professional Model long wood
baseball bat (34 inches). The exact dimensions of this bat were obtained by measuring its
diameter along the handle and barrel with a digital caliper (Mitutoyo 500-196-30 Digimatic,
Mitutoyo, 1-20-1 Sakado Takatsu-ku, Kawasaki, 213-8533, Japan) at multiple points. These
diameters were then used as input design variables in the ANSYS software to model the
geometry of the ‘Big Stick’ bat.

4. Results

The reduction in the root mean square distance (RMSD) and the resulting change
in the geometry of a bat over 100 generations from the initial design generated by Latin
hypercube sampling to the endpoint produced by the genetic algorithm (GA) for bats made
of white ash and sugar maple are shown in Figures 7 and 8, respectively. The crossover
probability was 0.8, and the mutation rate was 0.2. For both ash and maple, there was a
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rapid reduction in the RMSD initially, but after the twelfth generation, the reduction in the
RMSD as a result of the GA occurred at a lower rate (Figures 7 and 8).
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The optimized bats were compared with two designs. The baseline design was a
simple cylinder with a fixed diameter of 2.61 inches (66.3 mm), which is the maximum
diameter allowed by Rule 3 [8] (Figure 9a). The diameter of this bat did not change along
its longitudinal axis. The second design was that of the Rawlings 460 Big Stick Professional
Model (Figure 9b). The exact geometry of the latter bat was obtained as described above. It
was modeled in the ANSYS software, meshed, and finally, its objective function (RMSD)
was calculated as described above.
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Table 2 shows the design variables, RMSD and the total mass of the baseline, Big
Stick and optimized designs for maple and ash. For the bats made of maple, the objective
function for the baseline design was 166 mm, and that for the Big Stick bat was 72.29 mm,
while for the optimized GA bat, it was 52.13 mm (a reduction of 27.9% compared with
the Big Stick bat). The total mass of the baseball bat for the baseline design was 2.034 kg
(71.7 oz), and for the Big Stick bat, it was 0.878 kg (31 oz), while the mass for the GA-
optimized bat was 0.933 kg (32.9 oz). For the bats made of ash, the objective functions were
close to those made of maple. The RMSD for the baseline design was 165.9 mm, while for
the Big Stick bat made of ash, it was 72.53 mm, which was slightly higher than that of the
Big Stick bat made of maple. The RMSD for the optimized bat made of ash was 52.05 mm,
which was slightly lower than that of the optimized design for maple, representing a 28.2%
reduction compared with the Big Stick bat made of ash. In general, because sugar maple
and white ash have similar mechanical properties (Table 1), there was not going to be a big
difference in the design variables for bats made from the two wood species.

Table 2. Optimization parameters for the baseline, GA and hybrid optimized design.

Design Wood
Species

Design Variables (mm) RMSD
(mm)

Mass
(kg)r1 r2 r3 r4 r5 r6 r7 r8 r9 r10

Baseline Maple 33.2 33.2 33.2 33.2 33.2 33.2 33.2 33.2 33.2 33.2 166.00 2.034
Big Stick Maple 13.4 12.5 12.7 13.2 16.2 20.5 25.5 29.2 31.5 32.2 72.29 0.878

GA Optimized Maple 19.9 12.1 12.0 12.2 12.1 33.1 12.2 33.0 32.5 17.0 52.13 0.931

Baseline Ash 33.2 33.2 33.2 33.2 33.2 33.2 33.2 33.2 33.2 33.2 165.90 1.936
Big Stick Ash 13.4 12.5 12.7 13.2 16.2 20.5 25.5 29.2 31.5 32.2 72.53 0.836

GA Optimized Ash 20.0 13.0 12.0 12.0 12.0 32.4 12.1 33.1 33.1 19.7 52.05 0.873

Figure 9 shows the baseline design, the Big Stick bat and the optimized bats made of
maple and ash. In the baseline design, the mass was distributed evenly along the length
of the bat. In the Big Stick bat, there was the characteristic taper from the handle to the
barrel of the bat, and the mass was relocated toward the end of the bat. In the optimized
designs, however, the mass was shifted toward the center of the barrel with the thicker
area of the bat around the center of the barrel, and some mass was removed from both
ends of the barrel. Removing mass from the end (tip) of the barrel helped to reduce the
swing weight. The designs for the optimized bats made of maple and ash were similar. The
maple bat was slightly slimmer toward the end of the barrel than the ash bat, but for the
other parts of the bat, the dimensions were almost identical. Figure 10 shows the variation
in the cross-section of the Big Stick and optimized bats along their lengths. In contrast to
commercial bats that have a circular cross-section along the bat, the optimized designs
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had non-circular cross-sections in the barrel section. Some mass was removed from the
non-hitting back side of the barrel section of the bat. On the other hand, mass was shifted
more toward the hitting area (sweet spot) of the bat. The center of the barrel was thicker,
and it had a cross-section which was almost circular. The mass was removed from both
ends of the barrel, making its cross-section non-circular at those sections. These optimized
designs incorporated features seen in state-of-the-art cricket bats, which are thicker in the
sweet spot of the bat and slimmer toward both ends of the blade [22].
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5. Discussion

Our interest in parametric modeling and genetic algorithms was as a tool to reveal
new baseball bat designs. To this end, we decomposed the performance of a baseball
bat using the simple objective function of converging the nodal points and the center
of percussion on a baseball bat. This approach was adopted because previous research
on wooden baseball bats and cricket bats had shown that the nodal points and center of
percussion influence bat performance [4,11,14,16–18]. The final design that emerged from
our modeling contained some of the elements seen in contemporary baseball bats, such as
tapering of the barrel toward the handle. However, it also revealed new design features,
most notably shifting the mass of a bat closer to the sweet spots and a small reduction in
mass at the very end (tip) of the bat. The former is also seen in the latest generation of
wooden cricket bats [26].

Our approach of using parametric modeling in combination with GA optimization
to design a new baseball bat has not been used before, although it has been used to
create performance-driven geometries for bats used for cricket and field hockey [22,40],
and it potentially could be extended to design wooden bats used in other sports such as
hurling. Our algorithmically designed baseball bat used the upper limits for the design
variables defined by Rule 3 [8]. Under this rule, the bat could be a simple cylinder with a
maximum allowed diameter, but the bat would be far too heavy for optimal performance.
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Interestingly, the weight of the bat that emerged from our modeling (32.9 oz or 932.7 g)
is remarkably similar to the ideal bat weight of 33 oz (935.5 g) that was derived from
coupling physics to force–velocity equations for professional baseball players by Watts and
Bahill [13]. Furthermore, the shape of the bat is similar (especially the hitting side of the
bat) to that which has evolved largely by trial and error and incremental innovation. Our
approach is capable of being extended to perform multi-objective optimization by adding
additional criteria to the objective function. Further research is planned to examine the use
of vibrational energy loss and possibly durability as objective functions to further optimize
the designs of baseball bats.

One limitation of this research is that we did not prototype and test the performance
of the new optimized baseball bat. Further studies should perform experimental tests to
measure the rebound velocity of balls hitting optimized and traditional bats. Finite element
modeling of bat and ball impacts could also be conducted to complement experimental
studies. Such modeling could be used to optimize (maximize) the rebound velocity, but
high computational capacity would be needed for the modeling because each iteration
of the optimization process would involve simulating the impact of a ball on a bat. An
additional limitation of our research is that we only investigated the potential effect of a
change in the bat geometry on the vibrational characteristics of the sweet spot, and we
did not evaluate the effects of such changes on off-sweet-spot characteristics. Research to
address this point is needed and could suggest additional design modifications to further
improve the performance of baseball bats.

Baseball bats, like cricket bats, are made from a single piece of wood, but the back
profiles of cricket bats can be tailored to improve performance. Hence, the back profile of a
cricket bat is thickest in the area that is opposite the sweet spot on the flat hitting side of
the bat. For baseball bats, however, the same approach is not feasible. As baseball bats are
round, a larger diameter in the center of the barrel and smaller diameter toward the end
of the barrel would make it difficult to hit the ball properly. However, if the hitting face
remains circular, and the back profile is changed, this can be achieved, as we have shown.
The resulting design is asymmetric and could not be manufactured using a turning lathe,
the machine most commonly used to make baseball bats. Alternatively, multi-axis CNC
machines are capable of manufacturing the asymmetric bat designs that emerged from our
modeling. In fact, CNC machining is already being employed to manufacture Leinart’s
patented asymmetric axe-handle baseball bat [30]. Furthermore, the operating instructions
for CNC machines can be easily obtained from ANSYS optimization software, which was
used here to create virtual prototypes of bats [41]. Therefore, we see no major obstacles to
the development of prototypes of ‘optimized’ bats, which could then be tested for their
performance characteristics.

6. Conclusions

The combination of parametric modeling and optimization using genetic algorithms
was able to reveal new design features, with the potential to improve the performance
of baseball bats made from sugar maple and white ash. The bats that emerged from
our modeling also shared some of the features seen in modern bats, but the bats were
not symmetrical around their long axis. Nevertheless, our designs are capable of being
manufactured using multi-axis CNC machines, and therefore, we see no major obstacles
to the development and testing of prototypes of ‘optimized’ bats. We conclude that the
modeling approach we have adopted shows promise as a way of creating virtual models
of new baseball bat designs and, in principle, wooden bats used in other sports. It is also
possible that new design features for baseball bats could emerge from more sophisticated
multi-objective modeling. Further research is needed to develop such models and also to
prototype and test the new designs that emerged from this study.
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