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A tubular bat is provided whereby at least one diaphragm is 
located within the internal cavity of the bat. The diaphragm is 
fastened at its peripheral edge to the inner surface of the bat 
wall, thereby dividing the internal cavity into two separated 
cavities, thus creating two Sweet spots, or shifting the existing 
sweet spot forward towards the distal end of the bat. This 
improves player performance by providing an expanded 
number of optimal hitting Zones or by moving the optimal 

(2006.01) hitting Zone farther from the bat handle. 
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BAT WITH BFURCATED INTERNAL 
CAVITIES 

FIELD 

0001. The present invention relates to baseball bats and 
more particularly to tubular single wall or multi-wall baseball 
bats, constructed of any of a variety of materials, and 
designed to improve player performance while meeting regu 
latory requirements limiting bat performance. Baseball bats 
according to the present invention have one or more thin, 
lightweight diaphragms selectively placed within the tubular 
bat cavity to thereby modify the fundamental hoop mode of 
the bat, resulting in a bifurcation of the fundamental barrel 
hoop mode, or a selective relocation of the peak of the fun 
damental hoop mode (commonly referred to as being gener 
ally concurrent with the bats sweet spot) along the bat barrel 
length, while at the same time limiting bat performance. The 
result is the creation of at least two Sweet spots, or movement 
of the Sweet spot along the bat barrel length. 

BACKGROUND 

0002 Baseball and softball bats, hereinafter referred to 
simply as “baseball bats' or “bats', are today typically made 
solely from aluminum alloys, or aluminum alloys in combi 
nation with composite materials (hybrid bats), or most 
recently solely from composite materials (with the exception 
of solid wooden bats for the Major Leagues). Such bats are 
tubular (hollow inside) in construction in order to meet the 
weight requirement of the end user, have a cylindrical handle 
portion for gripping, a cylindrical barrel portion for hitting, 
and a tapered mid-section connecting the handle and barrel 
portions. 
0003. When aluminum alloys initially replaced wooden 
bats in most bat categories, the bats were formed as a single 
aluminum member, that is, they were made in a unitary man 
ner as a single-wall aluminum tube for the handle, taper, and 
barrel portions. Such bats are often called single-wall alumi 
numbats and were known to improve performance relative to 
wooden bats as defined by increased hitting distance. More 
recently (in the mid 1990's), improvements in bat design 
largely concentrated on further improving bat performance. 
This was accomplished by thinning the barrel wall of the 
single-wall bat frame, and adding inner or internal, and/or 
outer or external secondary members extending along the 
entire barrel length. These members are often referred to 
respectively as inserts or sleeves; while the main member is 
often referred to as a body, shell or frame. Such bats, con 
structed of metallic and/or composite materials are often 
called double-walled bats or multi-walled bats in the case of 
more than two walls resulting from two or more secondary 
members. 

0004 Such double-walled and multi-walled tubular bats 
generally attained improved performance in terms of hitting 
distance by reason of the improved deflection that is charac 
teristic of a multilayer barrel wall. The efficient batting of a 
ball is maximized by minimizing plastic deformation, both 
within the bat and within the ball. Ideally, during the bat-ball 
collision, the barrel wall of the bat should not deform beyond 
its elastic limit. In a multi-walled bat, having two or more 
members along the entire barrel length, the barrel portion is 
allowed to elastically deflect or flex more upon ball impact, 
which propels the ball faster and further than prior art single 
wall bats. 
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0005. The scientific principle governing improved tubular 
bat performance is bending theory. When a ball impacts a 
tubular bat it has kinetic energy that must be absorbed by the 
bat in order to stop the ball. The bat stores most of this energy 
by flexing, which results in various vibrational bending 
modes. The ball as well deforms in a hoop direction. The first 
or fundamental hoop bending mode of a tubular bat gives rise 
to what is commonly referred to as a tubular bats trampoline 
effect, which can increase bat performance. The peak of this 
first bending mode is often referred to as being approximately 
concurrent with the bat's sweet spot. After the ball is stopped, 
the bat returns the energy it has stored by rebounding and 
sending the ball towards from where it came. The more the bat 
barrel or striking portion deforms upon ball impact without 
failing (denting or breaking) or experiencing plastic deforma 
tion, the lower the energy loss and the greater the energy 
returned to the ball from the bat as the tubular bat barrel 
portion returns to its original shape following impact. 
0006 To allow the bat barrel portion to deform requires 
lowering the radial stiffness of the barrel portion. The prior art 
double-walled and multi-walled tubular bats have tradition 
ally accomplished this by thinning the main member of the 
barrel portion and adding thin secondary member insert(s) 
and/or sleeve(s) which are not bonded to the main member, 
but which generally extend throughout the full length of the 
barrel portion. Such inserts and sleeves are not coupled to the 
barrel wall portion of the frame, and these two contacting 
components may slide with respect to each other in the same 
manner as leafs within a leaf spring. The resultant lowered 
radial stiffness along the barrel portion length permits the 
barrel wall to deflect elastically. 
0007 U.S. Pat. No. 5,415,398 to Eggimanis an example of 
a multi-walled bat that discloses use of a frame and an internal 
insert of constant thickness running full length of the barrel 
portion of the bat in a double-wall construction. 
0008. Other similar bat designs are defied in U.S. Pat. No. 
5,303,917 to Uke, which discloses a two-member bat of ther 
moplastic and composite materials and U.S. Pat. No. 5,364, 
095 to Easton, which discloses a two-member bat consisting 
of an external metal tube and an internal composite sleeve 
bonded to the inside of the external metal tube and running 
full length of the barrel portion of the bat. 
0009 U.S. Pat. No. 6,251,034 to Eggimen et al., discloses 
a polymer composite second tubular member running 
throughout the full length of the barrel portion of the bat with 
the members joined at the ends only of the barrel portion with 
the balance of the composite member freely moveable rela 
tive to the primary member. U.S. Pat. No. 6,440,945 to Ander 
son also discloses two member bats with an outer sleeve and 
inner shell of constant thickness running full length of the 
barrel portion. Other references include U.S. Pat. No. 6,063, 
828 to Pitzenberger, U.S. Pat. No. 6,461,760 to Higgin 
botham, U.S. Pat. No. 6,425,836 to Mizuno, and U.S. Patent 
Publication No. 2001/00944882 A1 to Clauzin. 

0010. In all of the above-noted multi-walled tubular bats, 
the bat secondary member, or insert, extends along the entire 
frame barrel length, has constant diameter and thickness, 
resulting in uniform cross-sectional geometry along the sec 
ondary member length. Also, the bat members are not joined, 
except at their ends, in order to reduce radial stiffness of the 
barrel portion to improve bat performance. Also, in all cases, 
the radial stiffness of the barrel portion is uniform or constant 
throughout the full length of the barrel portion of the bats. 
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0011 While the prior art single-wall, double-walled and 
multi-walled tubular bats have demonstrated improved per 
formance as claimed, various regulatory bodies have raised 
safety concerns regarding improved performance bats and 
thus, some have established maximum performance stan 
dards for various categories of baseball bats under their juris 
diction. As a result, manufacturers of baseball bats are 
required to pass various controlled laboratory tests, such as, 
BBF (batted ball performance), BBS (batted ball speed), 
BBCOR (batted ball coefficient of restitution), all of which 
are designed with the intent of limiting bat performance as 
measured by hit distance. Further, for a given bat category 
(e.g. slow pitch Softball), there may be two or more regulatory 
bodies, each of which may establish a different standard. 
Further, any of the regulatory bodies may change their stan 
dard from time to time. Such new or changed regulations are 
extremely problematic, costly, and disruptive for both manu 
facturers and players. 
0012. It is generally not desirable to lower the perfor 
mance of abat by simply increasing the thickness of the barrel 
wall of one or more of the barrel members along its full 
length. Lowering the performance of the bat by merely 
increasing the wall thickness can increase weight Such that 
the finished bat weight objective is exceeded. On the other 
hand, it is desirable while meeting lowered bat performance 
standards, to improve player performance as opposed to bat 
performance by selectively locating the bats sweet spot 
along its length and/or by creating a bifurcation, or two or 
more Sweet spots along the bat barrel length. 
0013 Therefore, what is needed is a simple low-cost, low 
weight-added invention to selectively, by design, locate the 
bat sweet spot along the bat barrel length or to create two or 
more Sweet spots along the barrel length, which improves 
player performance while meeting mandated bat perfor 
mance standards. 
0014. The Sweet spot of a bat is generally the portion of the 

barrel, which when struck by the ball, provides maximum 
batting performance. It is the location on the barrel at which 
the bat-ball collision occurs with maximum efficiently and 
with the transmission of minimum vibration through the 
handle to the hands of a user. Maximum bat performance, as 
measured by hit distance, occurs at the middle or peak of the 
Sweet spot area. The Sweet spot is located approximately at 
the fundamental hoop mode's maximum amplitude, the anti 
node, and is located generally midway along the barrel por 
tion of prior art tubular bats. It is highly desirable to provide 
improved player performance bats with either the sweet spot 
selectively located along the bat barrel length away from the 
barrel mid-point, or to create two or more Sweet spots along 
the tubular bat barrel length. Both of these designs can 
improve player performance as opposed to bat performance, 
which is an objective of the present invention. Further, bats of 
the present invention having one or more a thin, lightweight 
internal diaphragms, besides improving player performance, 
meet regulated bat performance standards while providing a 
vibration free, soft feel and unique Sound upon contact with a 
ball. 
0015 U.S. published patent application No. 2005/ 
0070384, filed on Sep. 29, 2003, by two of the inventors of the 
present application, addresses the creation of a larger Sweet 
spot region by varying radial stiffness along the barrel length 
by adding a ring stiffener, or by changing fibre properties 
along the barrel length, or by thickening the barrel wall gen 
erally in the area of the sweet spot. 
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0016 U.S. published patent application No. 2011/ 
0152015 A1, filed Dec. 17, 2010 by Burger, addresses the 
objective of controlling bat performance by employing a cen 
tral tube positioned coaxially within the barrel joined at the 
barrel end cap and including at least one restrictive member 
capable of limiting the bat performance. 
0017 U.S. Pat. No. 6,949,038 issued to Fritzke and filed 
Jan. 21, 2004, also addresses this objective. The Fritzke 038 
patent purports to achieve an improved Sweet spot character 
istic by providing a secondary member, located either inside 
or outside the barrel of a standard bat frame, wherein the 
secondary member has a constant outside diameter with an 
internal wall whose thickness increases while proceeding 
from its ends respectively inwardly towards the opposing 
ends. Generally, this thickening is shown to increase to a 
maximum around the mid-portion of the length of the sec 
ondary member. In FIG. 12 of the Fritzke patent, this thick 
ness is shown to practically decrease the mid-portion of the 
length of the secondary member, providing two laterally 
placed regions of maximum thickness on either side of the 
mid-portion. 
0018 While the present inventors earlier publication, the 
Fritzke patent and the Burger publication represent different 
means of limiting or reducing bat performance and/or achiev 
ing an enlarged Sweet spot of a baseball bat, one objective of 
the present invention is to improve player performance, as 
opposed to bat performance, by selectively relocating the 
Sweet spot area or creating a bifurcation of the Sweet spot 
resulting in two or more separate Sweet spot areas along the 
bat barrellength. To achieve this objective, bats of the present 
invention have one or more thin lightweight diaphragms 
internally placed and selectively fastened within the bats 
internal cavity. 

SUMMARY 

0019. Therefore, in view of the foregoing, what is needed 
are tubular baseball bats with specifically located Sweet spots, 
or two or more sweet spots, both of which improve player 
performance while at the same time meeting regulated bat 
performance standards. To achieve these objectives, the bats 
of the present invention are stiffened at selected locations 
along the barrellength, which is achieved by one or more thin, 
lightweight diaphragms internally placed and selectively 
secured inside the bats internal cavity, separating the bats 
internal cavity into two or more separate internal cavities. The 
term diaphragm used in this disclosure means a thin, gener 
ally solid disc like device which may be of variable cross 
sectional geometry, positioned within the internal cavity of a 
hollow bat and spanning the entire cavity Such that the dia 
phragms outside circumferential diameter meets the bats 
inside circumferential diameter, thus bifurcating the bat cav 
ity. 
0020. The lightweight diaphragm may be made of any 
suitable material successfully utilized in the manufacture of 
tubular bats, including metals, polymers and composites, or 
combinations thereof, and is generally a thin, generally solid 
stiff disc, with an outside diameter approximating the inside 
diameter of the internal bat cavity, with a thickness in the 
order of 0.060 inches, and may be combined with a small 
flange or ring at the diaphragms outer diameter to distribute 
local impact loads and provide fixturing or joining of the 
diaphragm to the barrels internal Surface. The diaphragm 
spans the entire internal cross section of the bat at the selected 
location or locations. The diaphragm joins or couples the 
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impact side of the barrel wall to the entire circumference of 
the bat at the diaphragm location via in-plane, or membrane, 
stresses. The barrel wall cannot flex or has limited flex at the 
diaphragm location because the diaphragm prevents the cir 
cular barrel from distorting into an oval shape. The stiffness 
that the diaphragm imparts on the barrel wall is an order of 
magnitude higher than that achieved by flexural member stiff 
ening, and the effect is significantly more localized. The 
failure mode of the diaphragm structure is a plate buckling 
mode, which is controlled by the modulus (stiffness) of the 
material used, not the strength. Because the modulus of all 
aluminum alloys is virtually the same, regardless of the 
strength, this allows the use of lower quality alloys for an 
aluminum diaphragm than would be needed for an equiva 
lent-weight flexural stiffener. 
0021. In a further embodiment, the diaphragm is sup 
ported by a flexible ring so that there is a small annular gap 
between the inside surface of the bats internal cavity and the 
diaphragm. This allows the barrel to deform a predetermined 
amount into the annular gap before it contacts the diaphragm. 
The Supporting structure can be a thin-walled aluminum ring 
or a solid but flexible polymer shape. This allows a predeter 
mined amount of trampoline effect, which is useful for lim 
iting bat performance to a degree, but without going to the 
extreme of reducing performance to the standard of a Solid 
wood bat. 

0022. In another embodiment, the diaphragm may be con 
figured into a shape that has a variable cross-section, thereby 
creating a small annular gap between the outer portion of the 
diaphragm and the inner portion of the diaphragm. This 
allows the barrel to deform a predetermined amount into the 
annular gap before it contacts the inner portion of the dia 
phragm. This again allows a predetermined amount of tram 
poline effect, which is useful for controlling bat performance. 
0023 The diaphragm of the present invention can be used 
to alter the fundamental hoop mode shape, either to align the 
fundamental hoop mode peaks with the bending mode nodes 
(improving performance) or to separate the peaks of the fun 
damental hoop mode from the nodes of the bending mode 
(restricting performance). Locating the diaphragm in the bat 
taper region moves the fundamental hoop mode peak further 
outboard or towards the distal end of the bat barrel. The 
fundamental hoop mode of the bat without the diaphragm 
extends far into the taper region, causing the peak to be too far 
inboard to line up with the bending mode nodes. Inserting a 
diaphragm into the end of the taper forces the peak of the 
fundamental or first hoop mode outboard by an amount 
roughly equal to half the distance between the proximal end 
of the taper and the diaphragm. In this location, near the end 
of the taper, the diaphragm shifts the Sweet spot nearer to the 
bat barrel distal end, thereby increasing player performance 
for ball contacts near this location, due to the faster bat swing 
speed. 
0024 Placing the diaphragm at or near the location of the 
bat's natural Sweet spot without a diaphragm, divides the bat 
barrel cavity into two distinct barrel cavities. The original 
barrel without a diaphragm has a fundamental hoop mode 
containing one peak near the middle of the barrel, while the 
modified barrel with the diaphragm inserted at the location of 
the natural Sweet spot has a fundamental hoop mode that has 
two peaks, at approximately halfway points between the dia 
phragm and either end of the barrel portion of the bat. This 
creates a hoop mode node at the diaphragm location and 
bifurcates the fundamental hoop mode since it doubles the 
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number of peaks in the fundamental hoop mode, in effect 
creating two distinct Sweet spots. The result is to increase the 
area along the bat barrel with maximum allowable bat per 
formance resulting in improved player performance. 
0025. In accordance with one aspect then, there is pro 
vided a tubular bat for striking a ball, the bat comprising: a 
handleportion for gripping; a tubular barrel portion; a tubular 
taper portion connecting the handle portion and the barrel 
portion, wherein the barrel portion and the taper portion have 
an internal diameter and include an internal cavity and a bat 
wall having an inner Surface and an outer Surface; and at least 
one diaphragm located within the internal cavity, the at least 
diaphragm having a peripheral edge, the at least one dia 
phragm fastened at the peripheral edge to the inner Surface of 
the bat wall, thereby dividing the internal cavity into at least 
two cavities. 
0026. In one embodiment, the diaphragm is a circular, 
disc-shaped diaphragm that spans the entire internal diameter 
of the bat. The diaphragm may have a thickness of between 
about 0.0625 inches and about 10% of the internal diameter of 
the bat. The diaphragm may have a weight of between about 
0.18 ounces and about 3 ounces, a stiffness of at least 100 
pound-inches, and a strength of at least 5,000 pounds per 
square inch. The diaphragm may be solid, or may include 
Small openings to reduce weight. The diaphragm may be 
located approximately at the Sweet spot of the bat or within 
the taper portion of the bat. The bat may include two dia 
phragms located with the internal cavity, thereby dividing the 
internal cavity into three cavities. 
0027. In accordance with another aspect, there is provided 
a tubular bat for Striking a ball, the bat comprising: a handle 
portion for gripping; a tubular barrel portion; a tubular taper 
portion connecting the handle portion and the barrel portion, 
wherein the barrel portion and the taper portion have an 
internal diameter and include an internal cavity and a bat wall 
having an inner Surface and an outer Surface; and at least one 
diaphragm located within the internal cavity, the at least one 
diaphragm including a Supporting ring having an inside Sur 
face and an outside Surface, the inside Surface of the Support 
ing ring being attached to a peripheral edge of the at least one 
diaphragm, the outside Surface of the Supporting ring being 
fastened to the inner surface of the bat wall, thereby dividing 
the internal cavity into at least two cavities. 
0028. In one embodiment, an annular gap is located 
between the inner surface of the bat wall and the outer surface 
of the supporting ring so as to allow the bat wall to deform by 
a predetermined amount into the annular gap upon contact 
with the ball before contacting the diaphragm, thereby pro 
viding a limited trampoline effect. 
0029. In accordance with yet another aspect, there is pro 
vided a tubular bat for striking a ball, the bat comprising: a 
handleportion for gripping; a tubular barrel portion; a tubular 
taper portion connecting the handle portion and the barrel 
portion, wherein the barrel portion and the taper portion have 
an internal diameter and include an internal cavity and a bat 
wall having an inner Surface and an outer Surface; and at least 
one diaphragm located within the internal cavity, the at least 
one diaphragm having a peripheral edge, the at least one 
diaphragm fastened at the peripheral edge to the inner Surface 
of the bat wall, thereby dividing the internal cavity into at 
least two cavities, wherein the at least one diaphragm com 
prises an outer U-shaped ring portion and an inner disc por 
tion, and an annular gap located between the outer ring por 
tion and the inner disc portion, wherein the bat wall is able to 
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deform by a predetermined amount upon contact with the ball 
before the outer ring portion of the at least one diaphragm 
contacts the inner disc portion of the at least one diaphragm, 
thereby providing a limited trampoline effect. The diaphragm 
may be located approximately at the Sweet spot of the bat. 
0030. In accordance with a further aspect, there is pro 
vided a tubular bat for striking a ball, the bat comprising: a 
handle portion for gripping; a tubular barrel portion; a tubular 
taper portion connecting the handle portion and the barrel 
portion, wherein the barrel portion and the taper portion have 
an internal diameter and include an internal cavity and a bat 
wall having an inner Surface and an outer Surface; and at least 
one closed-end tubular insert located within the internal cav 
ity, the at least one closed end tubularinsert having at least one 
closed end, wherein the at least one closed end forms a dia 
phragm that spans the entire internal diameter of the bat, 
thereby dividing the internal cavity into at least two cavities. 
The at least one closed end may be located approximately at 
the sweet spot of the bat or within the taper portion of the bat. 
In one embodiment, the bathas two closed-end tubular inserts 
located within the internal cavity, each closed-end tubular 
insert having at least one closed end forming a diaphragm that 
spans the entire internal diameter of the bat. The closed ends 
may be located adjacent one another or they may be separated 
by a pre-determined distance. In a further embodiment, at 
least one open-ended tubular insert may also be located 
within the internal cavity along with the closed-end tubular 
insert, the open-ended tubular insert having two open ends. 
0031. The foregoing summarizes the principal features of 
the present invention and some of its optional aspects. The 
invention may be further understood by the description of the 
preferred embodiments, in conjunction with the drawings, 
which follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0032 FIG. 1 shows a longitudinal cross-section of a typi 
cal single wall tubular bat of the prior art, with a thickened 
barrel wall in the bats sweet spot area. 
0033 FIG.2a shows alongitudinal cross-section of a typi 
cal single wall tubular bat of the prior art with a ring shaped 
stiffener in the bat's sweet spot area. 
0034 FIG. 2b is a longitudinal cross-section of the bat 
shown in FIG. 2, showing the effect the ring shaped stiffener 
has on the bat barrel fundamental hoop mode. 
0035 FIG. 3a shows a longitudinal cross-section of one 
embodiment of the present invention showing a single wall 
tubular bat having an internal diaphragm located at the bat 
Sweet spot area. 
0036 FIG. 3b shows a longitudinal cross-section of the 
same bat shown in FIG. 3a, having two internal diaphragms 
located within the bat barrel portion of the bat. 
0037 FIG. 4 shows alongitudinal cross-section of another 
embodiment, showing a single wall tubular bat having an 
internal diaphragm located at the bat Sweet spot area, the 
diaphragm having a integral Supporting ring for attachment of 
the diaphragm to the inside surface of the bat cavity. 
0038 FIG. 5 is a longitudinal cross-section of the bat 
shown in FIG.3a showing the resultant bifurcation of the bat 
barrel fundamental hoop mode resulting in two distinct Sweet 
spots. 
0039 FIG. 6 shows a longitudinal cross-section of a fur 
ther embodiment, showing a single wall tubular bat having an 
internal diaphragm located in the bat internal taper area and 
the resultant selective relocation of the peak of the bat barrel 
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fundamental hoop mode (approximately concurrent with the 
bat's sweet spot) towards the bat barrel distal end. 
0040 FIG. 7 shows a longitudinal cross-section of a fur 
ther embodiment showing a single wall tubular bat having an 
internal diaphragm with an annular gap between the bat barrel 
inner wall Surface and the diaphragm thus allowing limited 
deformation of the barrel upon ball contact until the barrel 
inner wall Surface contacts the diaphragm. 
0041 FIG. 8a shows a longitudinal cross-section of a fur 
ther embodiment showing a single wall tubular bat having an 
internal diaphragm configured into a shape that has a variable 
cross-section, thereby creating an annular gap between the 
outer portion of the diaphragm and the inner portion of the 
diaphragm, thus allowing limited deformation of the barrel 
upon ball contact until the outer portion of the diaphragm 
contacts the inner portion of the diaphragm. 
0042 FIG. 8b shows a longitudinal cross-section of the 
same bat shown in FIG. 8a, having two internal diaphragms 
located within the bat barrel portion of the bat. 
0043 FIG. 9a shows a longitudinal cross-section of 
another embodiment showing a bat having an internal dia 
phragm located at or near the Sweet spot area of the bat, where 
the diaphragm is formed by the closed end of a closed-end 
tubular insert. 
0044 FIG.9b shows a longitudinal cross-section of a fur 
ther embodiment showing a bat having two internal dia 
phragms located at or near the Sweet spot area of the bat, 
where each diaphragm is formed by the closed end of a 
closed-end tubular insert, and the diaphragms are positioned 
adjacent one another. 
0045 FIG. 9c shows a longitudinal cross-section of 
another embodiment showing a bat having an internal dia 
phragm located in the taper portion of the bat, where the 
diaphragm is formed by the closed end of a closed-end tubular 
insert. 

DETAILED DESCRIPTION 

0046 FIG. 1 shows a typical baseball bat 1 of the prior art, 
having a barrel portion 10, a handle portion 11, and a taper 
region 12, connecting the barrel portion to the handleportion. 
A knob 13 fits into the proximal end of the handle portion 11, 
and an end cap 14, fits into the distal end of the barrel portion 
10. The bat 1 has a bat wall 15 having an internal surface 16, 
and an external Surface 17, forming an internal cavity 2. The 
bat wall 15 has an internal diameter 6 and an external diameter 
7, both of which may vary along the length of the bat. The bat 
wall 15 has a wall thickness 18, which may also vary along the 
length of the bat. Such bats will generally have a sweet spot 3 
located midway between the distal end 14 of the bat and the 
spot where the taper portion 12 meets the barrel portion 10. 
Aluminum bats that pass the BBCOR test can be made by 
simply increasing the thickness 18 of the bat wall 15 in the 
barrel area 10 near the sweet spot 3 as shown in FIG. 1. 
Increasing the barrel wall thickness 18 enough to pass the 
BBCOR test has several drawbacks: 1) the performance is 
decreased in areas away from the Sweet spot, 2) the extra 
weight added to the barrel makes the bat much harder to 
Swing quickly, thereby reducing performance, and 3) the 
extra material results in a higher manufacturing cost. 
0047. The barrel stiffness of bats made with composite 
laminates can be increased by also increasing the bat wall 
thickness 18 in the area of the Sweet spot 3 or by changing the 
type and direction of the fibers in the barrel portion 10. Unfor 
tunately, the same drawbacks are encountered when design 



US 2014/0162813 A1 

ing composite bats to pass the BBCOR test as are encountered 
with aluminum bats, and the cost increase is an order of 
magnitude higher due to the higher cost of the stiffer carbon 
fibers required, 
0048 FIG. 2a shows a second approach to designing a 
hollow bat that has a minimal trampoline effect. A local 
stiffener in the form of a ring 20 is inserted into the barrel 
portion 10 at the sweet spot 3. This reduces the performance 
locally while still allowing the barrel to flex away from the 
stiffener. The stiffening ring 20 required to accomplish this 
has to have significant flexural strength and stiffness, and is 
therefore as heavy as the added weight required when thick 
ening the barrel wall, as described above. 
0049. As shown in FIG. 2b the original bat barrel 10, 
without the ring 20, has a fundamental hoop mode 40 con 
taining one peak 40a located near the middle of the barrel, 
approximately at the Sweet spot 3. Once the ring 20 is 
inserted, a modified hoop mode 22 is created. The deflection 
of the modified hoop mode 22 is reduced but not eliminated at 
the location of the ring 20. This results in a reduced trampo 
line effect at the sweet spot area, but does not eliminate the 
trampoline effect at that location. 
0050. To overcome the problems of stiffening too wide of 
an area of the bat and adding too much weight, a more effi 
cient and localized stiffening solution is required. The funda 
mental problem with all of the prior solutions is that they 
attempt to stiffen the barrel wall by adding material that 
resists deformation via flexural stresses. The fact that this 
material must flex requires that it have high flexural yield 
strength, resulting in the required use of high Strength mate 
rials that tend to be costly. 
0051. The present solution, as described herein below, is 
directed to providing tubular baseball bats with a bifurcated 
or relocated Sweet spot to improve player performance, as 
opposed to bat performance, while meeting any regulated bat 
performance standards. As shown in FIG. 3a, this is accom 
plished by selectively placing a thin, stiff, lightweight dia 
phragm 30 within the bats internal cavity 2, with the dia 
phragm 30 fastened at the periphery of its outside 
circumference 32 to the internal surface 16 of the tubular bat 
cavity 2, spanning the entire internal diameter 6 of the bat, 
thus separating the single bat cavity 2 into two separated 
cavities 2a and 2b. 
0052. The term diaphragm, as describe herein means, a 
relatively thin, stiff, lightweight, predominantly solid circular 
device, which when located within the bat cavity 2 at or near 
the sweet spot 3, as described above, results in bifurcation of 
the original bat's Sweet spot, thereby resulting in improved 
player performance while meeting any regulated bat perfor 
mance standards. The diaphragm my be disc-shaped, or may 
have a variable cross-section, as further described below. 
0053. The term sweet spot as used in this disclosure refers 

to the area along the tubular bat barrel length 10, in the range 
of 2" to 4" in length, normally centered in the middle of the bat 
barrel length at a location 3 (see FIG. 1) where bat perfor 
mance, as measured by hit distance, is at the maximum. The 
sweet spot 3 is the location of maximum deformation of the 
tubular bat barrel 10 caused by a ball impact and rebound, 
which results in the maximum trampoline effect. The maxi 
mum trampoline effect occurs at the middle of the sweet spot 
3, which corresponds approximately to the maximum ampli 
tude of the fundamental or first hoop mode of vibration of the 
bat. Tubular softball bats have a fundamental first hoop mode 
frequency typically in the range of 500 to 1800 hertz, while 
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baseball bats typically have a fundamental first hoop mode 
frequency in the range of 2000 to 4000 hertz. 
0054 Referring again to FIG.3, the diaphragm30 couples 
the outer surface or impact side 17 of the bat wall 15 to the 
entire circumference of the bat at the location of the dia 
phragm via in-plane, or membrane stresses. The bat wall 15 
cannot flex at this point because the diaphragm 30 prevents 
the circular bat wall 15 from distorting into an oval shape. The 
stiffness that the diaphragm30 imparts to the bat wall 15 is an 
order of magnitude higher that that achieved by flexural mem 
brane stiffening, and the effect is significantly more localized. 
0055. In one example, which was successfully field-tested 
by the inventors, an aluminum diaphragm was used in a bat 
having an outside barrel diameter 7 of 2% inches. In this 
example, the diaphragm weighed 2 ounces, was a circular 
disc having a thickness of 0.050 inches, a strength of 45,000 
pounds per square inch (psi) and a stiffness of 108 lb-in. In 
another example, with a bat having an outside barrel diameter 
7 of 2/4 inches, both weight and stiffness of a disc-shaped 
diaphragm were correspondingly lower. By utilizing a carbon 
composite diaphragm, the thickness of a disc-shaped dia 
phragm was reduced to 0.0625 inches with a weight of as low 
as 0.18 ounces. Testing has shown that a disc-shaped dia 
phragm may weigh between 0.18 and 3 ounces with a thick 
ness of between 0.0625 inches and 10% of the bats internal 
diameter, which for example is approximately 0.200 inches 
for 2/4 inch barrel diameter bats employed in slow pitch, fast 
pitch, and youth baseball, and 0.225 inches for 2% inch barrel 
diameter bats employed in senior league and adult baseball. 
0056. The failure of a disc-shaped diaphragm from ball 
impact is plate-buckling mode, which is controlled by the 
modulus (stiffness) of the material used, not the strength. 
Since the modulus of all aluminum alloys is virtually the 
same, regardless of the strength, this allows the use of lower 
cost alloys to be used in the manufacture of diaphragms than 
would be needed for an equivalent-weight flexural stiffener. 
0057 The diaphragm 30 may be made of any suitable 
material, provided that the product of the materials modulus, 
specified in pounds per square inch (psi), and the second 
moment of area of the thinnest section, specified in inches 
cubed, is at least 100 lb-in. The second moment of area 
(SMA) of the central portion of a thin flat disc is defined here 
aS 

SMA=thickness/12 

Such that the stiffness requirement is expressed as 
ModulusXThickness/12>=100 lb-in. 

In addition, the ultimate strength of the material should be at 
least 5,000 psi, with a weight of between 0.18 and 3 oz. While 
generally solid, the diaphragm 30 may include Small open 
ings to further reduce weight while not unduly lowering the 
diaphragm Stiffness. 
0058 FIG. 3b shows the same bat 1 as shown in FIG.3a, 
having two diaphragms 30 positioned and secured within the 
barrel portion 10. Each diaphragm 30 is configured into the 
same shape as that shown in FIG. 3a, each diaphragm 30 
spanning the entire internal diameter 6 of the bat, thus sepa 
rating the single bat cavity 2 into three separated bat cavities 
2a, 2b and 2c. The diaphragms 30 may both be located in the 
barrel portion 10 as shown in FIG. 3b, or one diaphragm 30 
may be located in the barrel portion 10 with the other dia 
phragm 30 located in the taper portion 12, as described below 
with reference to FIG. 6. 
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0059. As shown in FIG. 4, the diaphragm 30 may have a 
Supporting integral ring 34, having a width somewhat greater 
than the diaphragm thickness. Ring 34 is used to securely 
fasten or join the diaphragm 30 to the inside surface 16 of the 
tubular bat wall 15 at the diaphragm’s periphery 32. The 
outside surface of the ring 34 that comes in contact with the 
inside surface 16 of the bat wall 15, may be smooth, or may be 
roughened or grooved to facilitate joining to the tubular bat 1. 
0060. As shown in FIG. 5, locating a single diaphragm 30 
internally within the bat cavity 2 at or near the sweet spot 3 
results in a bifurcation of the tubular bats internal cavity 2 
into two separate bat cavities 2a, 2b. The original bat barrel 
10, without the diaphragm 30, has a fundamental hoop mode 
40 containing one peak 40a located near the middle of the 
barrel approximately at the Sweet spot 3. Once the diaphragm 
30 is inserted and secured to the inner surface 16 of the bat 
wall 15, the hoop mode of the bat is modified. As shown in 
FIG. 5, a first modified hoop mode 42 has two peaks 42a and 
42b, thus creating two separate sweet spots 3a and3b, the first 
located towards the distal end 14 of the tubular bat barrel 10 
and the second located towards the taper portion 12. The 
deflection of the modified hoop mode 42 is reduced to zero at 
the location of the diaphragm30. This virtually eliminates the 
trampoline effect at the original sweet spot 3. The result is 
improved player performance by increasing the area of maxi 
mum bat performance along the length of bat barrel 10. 
0061 Locating diaphragm 30 away from the sweet spot 
area 3 of the tubular bat 1 can produce alternative player 
performance improvements. For example, as shown in FIG. 6, 
locating diaphragm 30 in the tubular bat taper region 12 
causes the fundamental hoop mode 40 to be modified, creat 
ing a second modified hoop mode 44. This modification 
results in a modified sweet spot 3c, which generally corre 
sponds to the peak 44a of the second modified fundamental 
hoop mode 44, being moved towards the distal end 14 of bat 
barrel 10, resulting in improved player performance when 
impacting a ball in this area due to the correspondingly faster 
bat Swing speed at this location. 
0062. A further way to improve player performance, as 
shown in FIG. 7, is to include an annular gap 50 between the 
Supporting integral ring 34 of diaphragm 30 and the inner 
surface 16 of the bat wall 15. The annular gap 50 allows the 
bat barrel 10 to deform by a predetermined amount before it 
contacts the diaphragm 30. This provides a limited trampo 
line effect and thus improves player performance during ini 
tial contact while limiting bat performance to a desired 
amount once the annular gap 50 compresses upon ball impact, 
thus ensuring any applicable bat standard is not exceeded. 
0063. In another embodiment, as shown in FIG. 8a, the 
diaphragm 30 may be configured into a shape that has a 
variable cross-section, thereby creating a small annular gap 
60 between an outer U-shaped ring portion 30a of the dia 
phragm and an inner disc portion 30b of the diaphragm 30. 
The outer portion 30a of diaphragm 30 is fastened at the 
periphery of its outside circumference 32 to the internal Sur 
face 16 of the tubular bat cavity 2, spanning the entire internal 
diameter 6 of the bat, thus separating the single bat cavity 2 
into two separated cavities 2a and 2b. In this configuration, 
diaphragm 30 allows the barrel 10 to deform inward a prede 
termined amount until the outer U-shaped ring portion 30a of 
diaphragm 30 encounters the inner disc portion 30b of the 
diaphragm 30. This again allows a predetermined amount of 
trampoline effect, which is useful for controlling bat perfor 
aCC. 
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0064 FIG. 8b shows the same bat 1 as shown in FIG. 8a, 
with two diaphragms 30 positioned and secured within the 
barrel portion 10 of the bat. Each diaphragm30 is configured 
into the same shape as shown in FIG. 8a, having a variable 
cross-section, creating a small annular gap 60 between outer 
U-shaped ring portion 30a and inner disc portion 30b. The 
diaphragms 30 span the entire internal diameter 6 of the bat, 
thus separating the single bat cavity 2 into three separated 
cavities 2a, 2b and 2c. Diaphragms 30 allow the barrel 10 to 
deform inward a predetermined amount until the outer 
U-shaped ring portions 30a of diaphragm 30 encounter the 
inner disc portions 30b of the diaphragms 30. This again 
allows a predetermined amount of trampoline effect, which is 
useful for controlling bat performance. The two diaphragms 
30 my both be located in the barrel portion 10 as shown in 
FIG. 8b, or one diaphragm 30 may be located in the barrel 
portion 10 with the other diaphragm 30 located in the taper 
portion 12. 
0065. Moreover, the inventors contemplate that to further 
control bat performance and improve player performance, it 
may be advantageous to combine different configurations of 
diaphragms 30 at different locations within the internal cavity 
2 of bat 1. For example, disc-shaped diaphragms, as shown in 
FIGS. 3a, 4, and 7, may be combined with variable cross 
section diaphragms, as shown in FIG. 8a. All diaphragms 
may be located in the barrel portion 10 or the taper portion 12, 
or one type of diaphragm may be located in the taper portion 
12 and the other type of diaphragm located in the barrel 
portion 12. Other possible combinations of diaphragms 30 are 
contemplated as well. 
0066 FIGS. 9a,9b and 9c show further embodiments in a 
bat 100, where a diaphragm 131 is formed by the closed end 
of a closed-end tubular insert 130. In the embodiment shown 
in FIG. 9a, the bat 100 includes a barrel portion 110, a handle 
portion 111, and a taper region 112, connecting the barrel 
portion to the handle portion. A knob 113 fits into the proxi 
mal end of the handle portion 111 and an end cap 114 fits into 
the distalend of the barrel portion 110. The bat 100 has a first 
bat wall 115 having an internal surface 116, and an external 
surface 117, forming an internal cavity 102. The first bat wall 
115 of the bat has an internal diameter 106 and an external 
diameter 107, both of which may vary along the length of the 
bat. The bat's first wall 115 has a wall thickness 118, which 
may also vary along the length of the bat. A sweet spot 103 
will generally be located midway between the distal end 114 
and the spot where the taper portion 112 meets the barrel 
portion 110. An open-ended tubular insert or ring 120 having 
two open ends may be located within the internal cavity 102 
of the bat in the proximal end of the barrel portion 110, and the 
closed end tubular insert 130 may be located within the inter 
nal cavity 102 in the distal end of the barrel portion 110. The 
inserts 120 and 130 may be located adjacent one another, as 
shown in FIG. 9a, thereby creating a double-walled barrel 
portion of the bat 100. The closed-end of the closed-end 
tubular insert 130 forms the diaphragm 131 that spans the 
entire internal diameter 106 of the bat, thereby separating the 
single bat cavity 102 into two separated cavities 102a and 
102b. 

0067. The combination of inserts 120 and 130 create a bat 
100 with a double-walled barrel portion 110 that has the 
advantage of also including diaphragm 131 spanning the 
entire internal diameter of the bat resulting in all of the same 
advantages described above with respect to a single walled 
bat having a diaphragm 30, as shown in FIGS. 3a, 4, 5, 6 and 



US 2014/0162813 A1 

7. In the same manner as described above for a single-walled 
bat, if the diaphragm 131 is located at or near the Sweet spot 
103 of bat 100, as shown in FIG. 9a, the result will be a 
bifurcation of the original bats sweet spot, thereby resulting 
in two Sweet spots and providing improved player perfor 
mance while meeting any regulatory bat performance stan 
dards. 

0068. The advantage of using closed-end tubular insert 
130 to create diaphragm 131 in the double walled bat 100 is a 
reduction of weight, assembly time and costs. Since the dia 
phragm 131 is formed by the closed end of closed-end tubular 
insert 130, it does not have to be glued in place, saving both 
assembly time and cost. In addition, there is improved reli 
ability, since there is no risk of the diaphragm coming loose. 
0069. In a further embodiment, as shown in FIG.9b, two 
closed-end tubular inserts 130a and 130b are located within 
the internal cavity 102 of the barrel portion 110 of bat 100, 
with their respective closed ends 131a and 131b located adja 
cent one another. The closed ends 131a and 131b each form a 
diaphragm that spans the entire internal diameter 106 of the 
bat, thereby separating the single bat cavity 102 into two 
separate cavities 102a and 102b. Alternatively, the two closed 
ends 131a and 131b may be separated by a predetermined 
distance. 

0070. In a further alternative embodiment, as shown in 
FIG.9c, the closed-end tubularinsert 130 is located within the 
internal cavity 102 of the bat, in the proximal end of the barrel 
portion 110, and the open-end tubular insert or ring 120 is 
located within the internal cavity 102, in the distal end of the 
barrel portion 110. In this configuration, the close end of the 
tubular insert 130, forming the diaphragm 131, is located in 
the taper portion 112 of the bat. The combination of inserts 
120 and 130 create a bat 100 with a double-wall in the barrel 
portion 110 and part of the taper portion 112, that has the 
advantage of also including diaphragm 131 spanning the 
entire internal diameter of the bat in the taper portion 112 
resulting in all of the same advantages described above with 
respect to a single walled bat having a diaphragm 30 located 
in the taper portion 12 as shown in FIG. 6. In the same manner 
as describe above for a single-walled bat, locating the dia 
phragm 131 in the taper portion 112, causes the fundamental 
hoop mode of the bat to be modified, creating a second modi 
fied hoop mode with a peak thereof being moved towards the 
distal end 114 of bat barrel 100, resulting in improved player 
performance when impacting a ball in this area due to the 
correspondingly faster bat Swing speed at this location. 
0071. The previous detailed description is provided to 
enable any person skilled in the art to make or use the present 
bat with bifurcated internal cavities. Various modifications to 
the embodiments described will be readily apparent to those 
skilled in the art, and the generic principles defined herein 
may be applied to other embodiments without departing from 
the scope of the bat with bifurcated internal cavities as defined 
by the appended claims. Thus, the present bat with bifurcated 
internal cavities is not intended to be limited to the embodi 
ments shown herein, but is to be accorded the full scope 
consistent with the appended claims, wherein reference to an 
element in the singular, such as by use of the article “a” or 
“an is not intended to mean “one and only one' unless 
specifically so stated, but rather "one or more'. All structural 
and functional equivalents to the elements of the various 
embodiments described throughout the disclosure that are 
known or later come to be known to those of ordinary skill in 
the art are intended to be encompassed by the elements of the 
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claims. Moreover, nothing disclosed herein is intended to be 
dedicated to the public regardless of whether such disclosure 
is explicitly recited in the claims. 

1. A tubular bat for striking a ball, the bat comprising: 
a handle portion for gripping; 
a tubular barrel portion; 
a tubular taper portion connecting the handle portion and 

the barrel portion, wherein the barrel portion and the 
taper portion have an internal diameter and include an 
internal cavity and a bat wall having an inner Surface and 
an outer Surface; and 

at least one diaphragm located within the internal cavity, 
the at least diaphragm having a peripheral edge, the at 
least one diaphragm fastened at the peripheral edge to 
the inner surface of the bat wall, thereby dividing the 
internal cavity into at least two cavities. 

2. The tubular bat of claim 1, wherein the at least one 
diaphragm is a circular, disc-shaped diaphragm, and wherein 
the at least one diaphragm spans the entire internal diameter 
of the bat. 

3. The tubular bat of claim 1, wherein the bat has a sweet 
spot and wherein the at least one diaphragm is located 
approximately at the Sweet spot of the bat. 

4. The tubular bat of claim 1, wherein the at least one 
diaphragm has a thickness of between about 0.0625 inches 
and about 10% of the internal diameter of the bat. 

5. The tubular bat of claim 1, wherein the at least one 
diaphragm has a weight of between about 0.18 ounces and 
about 3 ounces. 

6. The tubular bat of claim 1, wherein the at least one 
diaphragm has a stiffness of at least 100 pound-inches. 

7. The tubular bat of claim 1, wherein the at least one 
diaphragm has a strength of at least 5,000 pounds per square 
inch. 

8. The tubular bat of claim 1, wherein the at least one 
diaphragm is solid. 

9. The tubular bat of claim 1, wherein the at least one 
diaphragm includes an integral Supporting ring located on the 
peripheral edge of the at least one diaphragm for attaching the 
at least one diaphragm to the inside surface of the bat wall, the 
Supporting ring having a width greater than the thickness of 
the at least one diaphragm. 

10. The tubular bat of claim 9, including an annular gap 
located between the inner surface of the bat wall and an outer 
Surface of the Supporting ring, wherein the bat wall is able to 
deform by a predetermined amount into the annular gap upon 
contact with the ball before contacting the diaphragm, 
thereby providing a limited trampoline effect. 

11. The tubular bat of claim 1, wherein the at least one 
diaphragm is located within the taper portion of the bat. 

12. The tubular bat of claim 1, wherein the at least one 
diaphragm comprises an outer U-shaped ring portion and an 
inner disc portion, and an annular gap located between the 
outer ring portion and the inner disc portion, wherein the bat 
wall is able to deform by a predetermined amount upon con 
tact with the ball before the outer ring portion of the at least 
one diaphragm contacts the inner disc portion of the at least 
one diaphragm, thereby providing a limited trampoline effect. 

13. The tubular bat of claim 1, wherein the bat includes two 
diaphragms located with the internal cavity, each diaphragm 
having a peripheral edge, each diaphragm fastened at the 
peripheral edge thereof to the inner surface of the bat wall, 
thereby dividing the internal cavity into three cavities. 
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14. A tubular bat for striking a ball, the bat comprising: 
a handle portion for gripping; 
a tubular barrel portion; 
a tubular taper portion connecting the handle portion and 

the barrel portion, wherein the barrel portion and the 
taper portion have an internal diameter and include an 
internal cavity and a bat wall having an inner Surface and 
an outer Surface; and 

at least one diaphragm located within the internal cavity, 
the at least one diaphragm including a Supporting ring 
having an inside Surface and an outside surface, the 
inside Surface of the Supporting ring being attached to a 
peripheral edge of the at least one diaphragm, the outside 
Surface of the Supporting ring being fastened to the inner 
surface of the bat wall, thereby dividing the internal 
cavity into at least two cavities. 

15. The tubular bat of claim 14, including an annular gap 
located between the inner surface of the bat wall and the outer 
Surface of the Supporting ring, wherein the bat wall is able to 
deform by a predetermined amount into the annular gap upon 
contact with the ball before contacting the at least one dia 
phragm, thereby providing a limited trampoline effect. 

16. The tubular bat of claim 14, wherein the bathas a sweet 
spot and wherein the at least one diaphragm is located 
approximately at the Sweet spot of the bat. 

17. The tubular bat of claim 14, wherein the at least one 
diaphragm is located within the taper portion of the bat. 

18. A tubular bat for striking a ball, the bat comprising: 
a handle portion for gripping: 
a tubular barrel portion; 
a tubular taper portion connecting the handle portion and 

the barrel portion, wherein the barrel portion and the 
taper portion have an internal diameter and include an 
internal cavity and a bat wall having an inner Surface and 
an outer Surface; and 

at least one diaphragm located within the internal cavity, 
the at least one diaphragm having a peripheral edge, the 
at least one diaphragm fastened at the peripheral edge to 
the inner surface of the bat wall, thereby dividing the 
internal cavity into at least two cavities, wherein the at 
least one diaphragm comprises an outer U-shaped ring 
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portion and an inner disc portion, and an annular gap 
located between the outer ring portion and the inner disc 
portion, wherein the bat wall is able to deform by a 
predetermined amount upon contact with the ball before 
the outer ring portion of the at least one diaphragm 
contacts the inner disc portion of the at least one dia 
phragm, thereby providing a limited trampoline effect. 

19. The tubular bat of claim 18, wherein the bat has a sweet 
spot and wherein the at least one diaphragm is located 
approximately at the Sweet spot of the bat. 

20. A tubular bat for striking a ball, the bat comprising: 
a handle portion for gripping; 
a tubular barrel portion; 
a tubular taper portion connecting the handle portion and 

the barrel portion, wherein the barrel portion and the 
taper portion have an internal diameter and include an 
internal cavity and a bat wall having an inner Surface and 
an outer Surface; and 

at least one closed-end tubular insert located within the 
internal cavity, the at least one closed end tubular insert 
having at least one closed end, wherein the at least one 
closed end forms a diaphragm that spans the entire inter 
nal diameter of the bat, thereby dividing the internal 
cavity into at least two cavities. 

21. The tubular bat of claim 20, wherein the at least one 
closed end is located approximately at the Sweet spot of the 
bat. 

22. The tubular bat of claim 20, wherein the at least one 
closed end is located within the taper portion of the bat. 

23. The tubular bat of claim 20, having two closed-end 
tubular inserts located within the internal cavity, each closed 
end tubular insert having at least one closed end, wherein the 
at least one closed end of each closed-end tubular insertforms 
a diaphragm that spans the entire internal diameter of the bat. 

24. The tubular bat of claim 23, wherein the closed ends of 
each closed-end tubular insert are located adjacent one 
another. 

25. The tubular bat of claim 20, further including at least 
one open-ended tubular insert located within the internal 
cavity, the open-ended tubular insert having two open ends. 

k k k k k 


