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Ball Exit Speed Ratio (BESR)

fied so as to limit their “liveliness.” The certifica-

tion process is accomplished by measuring the
performance of a bat under controlled conditions and
then assigning a number to it; this number is known as
the BESR (Ball Exit Speed Ratio). To be certified, the
BESR of the bat must fall at or below a predetermined
value set by the NCAA. This paper discusses the con-
cept of the BESR.

The NCAA requires that all nonwood bats be certi-

THE BALL-BAT COLLISION

Figure 1 shows a ball and a bat just before the collision
and the ball just after the collision (the position of the
ball after the collision has been moved downward for
the sake of clarity). The speeds involved in the collision
are:

Vprrcuy = speed of the pitched ball just before it
collides with the bat.

Vear = speed of the bat just before it collides
with the ball. This is the bat speed at
the point of impact.

VearLexar = cxit speed of the ball just after it leaves
the hat.
WHAT IS THE BESR?

The BESR is a number, once known, that allows one
Lo delermine the ball exit speed Vy,uy; pxrr When the bat
speed V3,r and the pitch speed Vi are specified. The
relationship between the BESR and these speeds is:

@

Vi exit = (BESR+ ) Vgar + (BESR- ) Vprrey
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As an example, suppose the BESR for a particular ball-
bat collision is 0.65, and that the bat and pitch speeds
are Vg, = 70 mph and Vi = 75 mph. The ball exit
speed would be

Veat exar =(0.65+ ) (76mph) +(0.65 - )(75mph)= 92mph

Conversely, if one measures the bat speed, the pitch
speed, and the ball exit speed, then Equation 1 can be
used to determine the BESR (see Equation 2 below).

Note from Equation 1 that greater values of the
BESR give rise to greater ball exit speeds. Therefore,
the BESR is a measure of the “liveliness” of the ball-bat
collision and it includes, for example, any “trampoline”
effect that the non-wood bat may display (due to its
barrel being temporarily deformed by the ball during
the collision).

WHERE DOES BESR GET ITS NAME?
When one algebraically solves Equation 1 for the BESR
the result is

Veaexit * (Vprrew = Vear )

(Vorrenw + Viar )

BESR = (2)

When the speeds of the pitched ball and bat are the
same (Ve = Var), Equation 2 becomes

\Y
BESR = BALL EXIT

Verren + Vear

We see in this case that the BESR is equal to the ratio of
the ball exit speed V3,1 gxir to the relative speed (Vpipoy
+ Vyap) of the pitched ball and bat before the collision.
Hence, the name “Ball Exit Speed Ratio.”

HOW BESR DEPENDS ON THE PROPERTIES OF THE BALL AND BAT

Figure 2 illustrates a ball just before colliding with
the bat. The bat is assumed to be clamped in a hitting
machine and is free to rotate in the plane of the paper

about the pivot point.

12



THE BASEBALL RESEARCH JOURNAL

The physics of the collision is described by apply-
ing the law of conservation of angular momentum to
the ball-bat interaction. When this law is used, along
with the definition of the coefficient of restitution (see
below), we arrive at Equation 1, where the BESR is
given in terms of the properties of the ball and bat >2:

BESR = (3)

e = coefficient of restitution of the ball-bat collision. The coef-
ficient of restitution is defined as the ratio of the relative
speed of the ball and bat after the collision to that before
the collision. Suppose that, before the collision, the ball
and bat are moving toward each other with a relative
speed of 160 mph. Suppose, further, that after the colli-
sion the ball and bat are moving with a relative speed of
80 mph. Then the coefficient of restitution of the ball-bat
collision is (80 mph)/(160 mph) = 0.5.

m = mass of the ball.

distance from the pivot point to where the ball hits the bat

(see Figure 2).

Iy = moment of inertia of the bat about the pivot point. This
parameter depends on the mass of the bat as well as how
the mass is distributed relative to the pivot point. The
more the mass is concentrated away from the pivot point,
the larger is the moment of inertia.

=
1

Note that BESR depends on the properties of the ball
(m), the bat (I,), and the ball-bat collision (e and 7).

WHY USE THE BESR RATHER THAN SPECIFY A BALL EXIT SPEED?

In general, different bat testing laboratories use dif-
ferent types of hitting machines: (1) the pitched ball is
moving and the bat is initially stationary, (2) the ball is
stationary and the bat is initially moving, and (3) both
the pitched ball and bat are initially moving. Even if
each type of hitting machine is set up to have the same
relative speed (Vppey + Viar) of the pitched ball and
bat, the ball exit speeds will be different. However,
all types of machines will give the same value for the
BESR. This result, while not obvious, is a direct conse-
quence of Equation 1.
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Figure 1. The ball-bat collision.
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Figure 2. The bat pivot point and the dis-
tance r from the pivot point to where the
ball collides with the bat.
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WHAT IS THE MAXIMUM ALLOWED VALUE FOR THE BESR?

When bats were first tested in 1999, an initial lot of
baseballs was used. The tests were conducted by using
a pitch speed of 70 mph and a bat speed (at a point 6
inches from the end of the barrel) of 66 mph. Under
these conditions, the best major league wood bat
yielded a BESR of 0.728, which the NCAA then set to
be the maximum allowed value.

Figure 3 shows a plot of ball exit speed (Va1 mar)
versus bat speed (V3,;) for the case when the pitch
speed is Vi = 80 mph. The straight line represents
Equation 1in which the BESR has been set to the legal
limit of 0.728. Any bat that gives rise to a ball exit speed
at or below this line is legal. Likewise, any bat that pro-
duces a ball exit speed above this line is illegal.

Subsequent tests on non-wood bats used differ-
ent lots of new baseballs. Because the properties of
balls differ from lot to lot, even when they are stored
and used in a humidity-controlled room, the BESR is
adjusted to account for these differences. Therefore,
the maximum allowed value for the BESR changes
slightly, depending on the particular lot of baseballs
used in testing a given non-wood bat. However, in
every case, the BESR of the non-wood bat is always
compared with that of major league wood bats tested
in the same machine with the same lot of baseballs
under standardized ball-bat testing conditions.
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Figure 3. Plot of ball exit speed vs. bat speed when the pitch speed
is 80 mph
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