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(57) ABSTRACT 

The invention relates to a shaped body (2), for production of 
Sports equipment, in particular tennis, Squash, and badmin 
ton rackets, golf clubs, hockey and ice hockey Sticks and 
baseball bats, comprising two tubular resonant bodies (4, 6), 
running parallel to and at a separation from each other, 
surrounded by a common shell (12) and a spacer body (8), 
which is arranged between the resonance bodies (4, 6), in 
Such a way that the resonance bodies (4, 6) are coupled, 
whereby the mass relationship between each resonance body 
(4, 6) and the spacer body (8) is greater than 1. The 
vibrations of the two vibrating systems, in the form of the 
resonance bodies (4, 6), are overlaid in a advantageous 
manner, by means of the coupling of the resonance bodies 
(4, 6). The invention further relates to a method for the 
production of the shaped body (2). 
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SHAPED BODY FOR PRODUCTION OF SPORTS 
EQUIPMENT AND METHOD FOR PRODUCTION 

OF SAID SHAPED BODY 

0001. This invention pertains to a structural member for 
the manufacture of Sports equipment, in particular Sports 
hitting tools Such as tennis, Squash and badminton racquets, 
golf clubs, field hockey and ice hockey Sticks, and baseball 
bats. The invention also pertains to a process for the manu 
facture of the structural member. 

0002. In ball sports requiring a hitting tool to play them, 
it is well known that Significant shock impulses and resonant 
Vibrations occur as a reaction to the impact of the hitting tool 
with the ball. The distinct vibrations represent a considerable 
risk of injury for the arm, the shoulder and the spine of the 
player. For example, there is the So-called tennis elbow 
condition, in which, due to the vibration of the racquet, a 
Significant local increase of tissue metabolism occurs along 
with leukocyte migration in the tissue. Tennis elbow is 
observed very frequently and causes great pain for a tennis 
player. 

0.003 Conventional tennis racquets tend to have disad 
Vantageous vibration behavior after impacting the ball, pro 
ducing especially large impulses of energy. The design of 
known tennis racquets is Such that an amplitude maximum 
occurs in the handle, and thus in the hand of the player. 
0004 German utility model specification DE 29805032 
U1 describes a racquet frame for a tennis, badminton or 
Squash racquet. The known frame is made from a single, 
tubular fiber-reinforced plastic. The tubular plastic part has 
an elliptical croSS Section, the longitudinal Sides of which are 
connected to one or two croSS members thus forming 
chambers within the Single plastic part. 

0005 With two ribs, a center chamber is formed that 
holds a foam element. Due to the elliptical shape of the croSS 
Section, the plastic part has its largest width at its center, 
through which the strings of the webbing pass via holes. This 
results in the mass being concentrated mostly in the center. 

0006 Furthermore, in the American patent specification 
U.S. Pat. No. 5,516,100, a frame for a tennis racquet is 
known which is bent from a single tubular profile element 
that has the croSS Sectional shape of a bean. Within the Single 
profile element is a Stiffening rib that connects the two 
longitudinal Sides of the bean-shaped croSS Section. A String 
guide Strip is embedded in the Stiffening rib, providing 
sleeves through which to feed the strings of the webbing. 

0007 AT388 106 describes a frame for ball racquets that 
is designed from a center Strip and hollow profiles attached 
to both sides of the middle strip. The middle, strip consists 
of a thermoplastic, Duroplast, an elastomer, rubber, ceramic, 
Wood, metal, or Similar material. 

0008 U.S. Pat. No. 4,357,013 describes a structure for a 
tennis racquet frame that is designed from two outer mem 
bers with a honeycomb Structure and a core lying between 
them. A common covering encloses the two members and 
the core. The core is made from a plastic Sheet rolled into a 
Spiral and layered. 

0009. The frame designs described above according to 
the State of the technology result in disadvantageous vibra 
tion behavior of the racquet when the ball impacts the 
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webbing or the frame itself, with the vibration behavior 
leading to bodily injury Such as tennis elbow. 
0010. Therefore, the objective of this invention is to 
design a structural member for the manufacture of Sports 
equipment, in particular a Sports hitting tool Such as tennis, 
Squash and badminton racquets, golf clubs, field hockey and 
ice hockey sticks and baseball bats, that exhibits favorable 
vibration behavior and thus present no health risk to the 
player, and to do So without increasing the overall mass of 
the Sports equipment or decreasing its Strength. Moreover, it 
is the objective of this invention to provide a process that 
enables the manufacture of Such a structural member. 

0011. The objectives according to the invention are met 
by the features of the independent patent claims 1 and 13. 
Advantageous further developments of the invention are the 
objects of the Subordinate claims. 
0012. The structural member according to the invention 
to manufacture Sports equipment has two tubular resonating 
elements running in parallel. The resonating elements can 
have any desired croSS Section and are separated from one 
another. Both resonating elements are enclosed by a com 
mon covering, with a distancing element being located 
between the resonating elements Such that they are coupled 
together. The compressive Strength of the distancing element 
is different in different directions, with the compressive 
Strength being greatest in the direction of an axis connecting 
the center points of the resonating elements. The result is 
that the direction of the greatest compressive Strength runs 
perpendicular to the longitudinal axis of the resonating 
elements, Said direction facing each resonating element. The 
distancing element thus creates a coupling effect between 
two vibrating Systems, each of which is constituted by a 
Single resonating element. It is also enclosed by the common 
covering. Each of the two individual resonating elements 
has a mass that is larger than the mass of the distancing 
element. 

0013 In contrast to the state of the technology, the 
Structural member according to the invention has two tubu 
lar resonating elements, each of which constitutes a vibrat 
ing System, with the two vibrating Systems being coupled 
through a distancing element whose compressive Strength is 
the greatest in the direction of an axis that connects the 
center points of the resonating elements. The coupling of the 
two resonating elements, each of the individual masses of 
which is greater than the mass of the distancing element, is 
effected by means of this distancing element Such that the 
Vibrations of the individual resonating elements are Super 
imposed in an advantageous manner. Thus, for example, for 
a tennis racquet that had been manufactured from the 
Structural member according to the invention, the amplitude 
maximum no longer exists at the handle when impacting the 
ball, and thus not in the player's hand. In this way, the 
players arm is relieved and the danger of developing tennis 
elbow is eliminated. The shift of the mass from the center of 
the distancing element to the exterior resonating elements by 
means of the Structural member according to the invention 
also results in improved bending characteristics of the 
Structural member about its longitudinal axis Since the 
external area Subject to high tensile/compressive Stresses is 
enlarged. 

0014. It is, moreover, necessary to have the greater com 
pressive Strength of the distancing elements be perpendicu 
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lar to the longitudinal axis in order to maintain the distance 
between the resonating elements even under extreme con 
ditions, Such as those occurring during the pressing process. 
In the latter case, this high material durability is very 
important Since the distancing element must withstand the 
internal preSSure in the two resonating elements. It is pref 
erable for the distancing element to be partially elastic 
perpendicular to the axis that connects the center points of 
the resonating elements, thereby making it possible, for one 
thing, to adjust to the contour of the Structural member 
during the mechanical pressing process, and for another So 
that the necessary internal preSSure can be developed. 

0.015 A tennis racquet, for example, can be manufactured 
from the Structural member according to the invention, Said 
racquet having a low weight of less than 290 g. Moreover, 
the resonance frequency of this ready-to-use racquet is 
higher than 170 Hz, and its stiffness is at least RA70. 
0016. In an advantageous embodiment of the structural 
member according to the invention, the distancing element 
is made of wood or a material Similar to wood, i.e. a material 
having a preferential direction. The resonating element can 
also be made of plywood or a multi-layered or laminated 
Wood having a preferential direction, but can also be made 
of pressed wood. 
0.017. In an especially advantageous embodiment of the 
Structural member according to the invention, the distancing 
element is made of balsa wood. In the case of balsa wood, 
the distancing element is arranged Such that the fibers of the 
balsa wood run parallel to the axis that connects the center 
points of the resonating elements. The balsa wood meets the 
requirements mentioned above for the distancing element, 
while at the same time exhibiting a low density, thereby 
providing a distancing element with a low weight. In addi 
tion, plastic filling can be eliminated, thus contributing to an 
environmental friendly design of the Sports hitting tool. If 
laminated wood is used, it's preferential direction should run 
parallel to the axis that connects the center points of the 
resonating elements. 

0.018. There are other types of woods, such as cork for 
example, that are Suitable as materials for the distancing 
element. Moreover, other materials can be considered, Such 
as honeycomb, corrugated or tubular materials made of 
aluminum, paper and certain plastics resistant to high tem 
peratures. 

0019. In an advantageous embodiment of the structural 
member according to the invention, the width of the reso 
nating elements is greater than the width of the distancing 
element So that the Structural member narrows near the 
distancing element. The distancing element is designed in 
such a way that the forces are absorbed by the webbing and 
So that the resonating elements are coupled. 

0020. In another advantageous embodiment of the struc 
tural member according to the invention, the covering has a 
greater wall thickness at the Side of the resonating element 
that faces away from the opposite resonating element. 
Designing the covering in this way locates a majority of the 
mass of the Structural member at the resonating elements 
and thus no longer in the center of the Structural member. 
The larger wall thickness produces a larger resistance 
against bending about the longitudinal axis of the Structural 
member. 
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0021. In another embodiment of the structural member 
according to the invention, the covering is advantageously 
designed in Single or multiple layers of various plastic 
impregnated laminar materials. The covering has a first 
Section with a number of laminar material layers one on top 
of the other on the Side of the resonating element that faces 
away from the resonating element opposite to it. These first 
Sections are connected via two Second Sections, with the 
laminar materials of the first Sections overlapping the lami 
nar materials of the Second Sectionis in the transition Zone. 
The laminar materials of the first Section are thicker and/or 
more numerous than the laminar materials of the Second 
Section So that more mass is allocated to the resonating 
elements. 

0022. In another advantageous embodiment of the inven 
tion, the plastic-impregnated laminar material is made of 
GFK (glass fiber reinforced plastic), AFK (aramide or Kev 
lar fiber reinforced plastic), CFK (carbon fiber reinforced 
plastic), KFK (same as CFK), or MFK (metal fiber rein 
forced plastic) fiber-reinforced plastic in a resin matrix, or of 
other metal or plastic layers, fabrics or foils that can absorb 
external forces. 

0023. In another advantageous embodiment of the inven 
tion, at least one mass Support Strip with chambers is placed 
on the wall of at least one resonating element. Freely moving 
mass particles or fluid droplets are contained in these 
chambers, damping vibrations and absorbing the recoil of a 
sports hitting tool. A tennis racquet manufactured from the 
Structural member according to the invention has a frame 
and a handle, both of which are produced from a structural 
member So that a mass Support Strip is located in the frame 
and/or in the handle. This allows the damping effect of the 
mass Support Strip to be utilized in the handle as well. 

0024. The process according to the invention to manu 
facture a structural member comprises the process Steps of: 
placing two tubular resonating elements in parallel with a 
distancing element in between them, wherein the distancing 
element is oriented Such that the direction of maximum 
compressive Strength of the distancing element runs parallel 
to an axis that connects the center points of the resonating 
elements, attaching plastic-impregnated laminar materials 
that Surround the resonating element and the distancing 
element only partially, with each individual laminar material 
layer overlapping another laminar material only at the Side 
of the resonating element that faces away from the respec 
tive resonating element opposite to it; placement into a 
heated die; producing a mechanical pressure in the resonat 
ing elements and laterally deforming the distancing element 
by means of a punch located in the die; hardening within the 
die. Since the plastic-impregnated laminar materials do not 
completely enclose the resonating elements and the distanc 
ing element, the covering is composed of multiple Strips of 
laminar materials, with the Strips overlapping one another. In 
this way, laminar materials with varying thicknesses can be 
used at different points of the covering So that a very precise 
distribution of the mass can be done along the covering. This 
makes it possible to use thicker laminar materials or even 
more laminar materials at the Side of the resonating element 
that faces away from its opposite resonating element than at 
the other sides So that the mass is greater there. In the 
process according to the State of the technology, this is 
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impossible Since the laminar materials are applied as a single 
wound sheet, making it impossible to graduate the wall 
thickness. 

0.025 In an especially advantageous embodiment of the 
process according to the invention, the distancing element is 
laterally penetrated at certain points after the distancing 
element is laterally deformed and prior to or during the 
hardening process. This displaces the fibers of the covering, 
keeping them from being destroyed. The through holes 
resulting from this Serve to provide Supports for the Strings 
of the webbing. By preventing the fibers of the covering 
from being destroyed, which is accomplished in the State of 
the technology by drilling them after the hardening Step, the 
Strength in this area remains intact for the most part. 
0026. In other preferred embodiments of the process 
according to the invention, the covering and the distancing 
element in the die are penetrated from one side by a pin, or 
two pins are pushed through the covering into the distancing 
element from opposite Sides until their ends meet within the 
distancing element. The resultant through holes can Serve to 
hold the Strings of the webbing, for example. 

0.027 Below, the invention is explained in more detail 
with the aid of exemplary embodiments and with reference 
to the attached figures. 

0028. Shown are: 
0029 FIG. 1 a perspective representation of the struc 
tural member according to the invention in a simple first 
embodiment 

0030 FIG. 1a the functioning principle of the structural 
member according to the invention with the first simple 
embodiment in FIG. 1 as an example, 

0.031 FIG. 2 the cross section of the structural member 
according to the invention in a Second embodiment, 
0.032 FIG.3 a representation of the process according to 
the invention in a first embodiment, 
0.033 FIG. 4 a representation of the process according to 
the invention in a Second embodiment, 
0034 FIG. 5 a representation of the process according to 
the invention in a third embodiment, 
0.035 FIG. 6 a representation of the amplitude profile 
along the length of a tennis racquet with a frame according 
to the State of the technology and with a frame made of the 
Structural member according to the invention, 
0.036 FIG. 7 the frequency spectrum of a tennis racquet 
with webbing according to the State of the technology, 

0037 FIG. 8 the frequency spectrum of the tennis rac 
quet according to the invention with webbing at weak 
excitation, 

0.038 FIG. 9 the frequency spectrum of the tennis rac 
quet according to the invention without webbing at Strong 
excitation, 

0.039 FIG. 10 the resonance spectrum of only one reso 
nating element according to the State of the technology and 
0040 FIG. 11 the resonance spectrum of two coupled 
resonating elements according to the invention. 
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0041 FIG. 1 shows a perspective view of the structural 
member according to the invention in a simple first embodi 
ment. The Structural member 2 has two tubular resonating 
elements 4, 6 that are arranged parallel to and at a distance 
from one another. Between the resonating elements 4, 6 is a 
distancing element 8 that lies adjacent to the resonating 
elements 4, 6, Said distancing element coupling the two 
Vibrating Systems, which consist of the resonating elements 
4, 6. The distancing element 8 extends between the reso 
nating elements 4, 6 along the entire length of the Structural 
member 2 and its width A is less than either width B, B of 
the resonating elements 4, 6 So that in addition, by proper 
dimensioning, the mass ratio between either resonating 
element 4, 6 and the distancing element 8 is greater than 1. 
Moreover, the distancing element 8 is made of a balsa wood 
that has a low density. The distancing element 8 has its 
greatest compressive Strength in the direction of an axis 10 
that connects the center points of the two resonating ele 
ments; thus, the fibers of the balsa wood are arranged in the 
direction of the axis 10. A common covering 12 encloses the 
two resonating elements 4, 6 and the distancing element 8 
located between them. The structural member 2 has pen 
etration holes 14 made in the distancing element 8 along its 
entire length, Said holes placed one after the other at Specific 
intervals. The holes 14 extend perpendicular to the axis 10 
through the distancing element 8 as well as through the area 
of the covering 12 that encloses the distancing element 8 at 
the side. The purpose of the holes 14 is to hold strings (not 
shown) of the webbing in the case of the structural member 
2 being used to manufacture a tennis racquet frame. 
0042 FIG. 1a shows the functioning principle of the 
Structural member according to the invention using the first 
embodiment in FIG. 1 as an example. In FIG. 1a, two side 
views of the structural member in FIG. 1 are shown without 
the covering. If the Structural member shown at the top in 
FIG. 1a is deflected or bent in the direction of arrow C, 
tensile stresses occur in the upper resonating element 6 and 
compressive Stresses occur in the lower resonating element 
8 as a result of the coupling of the two resonating elements 
4, 6 by the distancing element 8. If the load imposed in the 
direction of arrow C is released, the Structural member 
oscillates from this deflected position backward and arrives 
at the state shown at the bottom of FIG. 1a in which 
resonating element 6, which was previously Subjected to 
tensile Stresses, is compressed and resonating element 4, 
which was previously Subjected to compressive Stresses, is 
Stretched. AS the oscillation proceeds, these States alternate 
back and forth. The distancing element 8 functions as a 
neutral fiber Such that it is essentially free of bending tension 
and compression Stresses. Thus, the only direction in which 
the distancing element 8 is Subject to compressive Stresses is 
in the direction of the axis 10 shown in FIG. 1, effectively 
transferring the deviation of one resonating element 4, 6 
onto the other resonating element 6, 4. By coupling the 
resonating elements 4, 6, their resonance frequencies are 
Superimposed, resulting in a main frequency that is not a 
resonant frequency. In the case where the resonating ele 
ments are not coupled together, they will vibrate at a certain 
resonant frequency similar to a taught String. The coupling 
of the resonating elements now causes the vibrations of one 
element to influence the vibrations of the other element in 
Such a way that results in phase shifts, and thus in the effects 
mentioned. The resonating elements together with the dis 
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tancing element represent a strongly damped System, with 
the damping being dependent on the characteristics of the 
material. 

0.043 FIG. 2 shows a cross section of the structural 
member according to the invention in a Second embodiment. 
The structural member 16 has two tubular resonating ele 
ments 18, 20 that are arranged parallel to and at a distance 
from one another. Between the resonating elements 18, 20 is 
a distancing element 22 adjacent to them that is made of 
balsa wood, the fibers of which extend parallel to an axis 24 
that connects the center points of the resonating elements 18, 
20 So that the direction of greatest compressive Strength of 
the distancing element 22 faces the resonating elements. AS 
in the first embodiment, the distancing element 22 has a 
smaller width than either of the individual resonating ele 
ments 18, 20 So that the cross section of the structural 
member 16 narrows in the middle. The mass of either of the 
individual resonating elements 18, 20 is greater than the 
mass of the distancing element 22. 
0044) At the sides 18, 20' of the resonating elements 18, 
20 facing one another, the resonating elements are flat So that 
the distancing element 22 rests against them evenly. The 
sides 18", 20" of the resonating elements 18, 20 facing away 
from the opposite resonating element, respectively, are 
curved outward and are narrower than sides 18, 20' So that 
the croSS Section of the resonating elements 18, 20 is tapered 
beginning from the distancing element 22 outward. 
0.045. A common covering 26 encloses the two resonating 
elements 18, 20 and the distancing element 22 located in 
between them. The covering 26 is made of two first sections 
26' and two second sections 26". The first sections 26' are 
arranged at sides 18", 20" of the resonating elements 18, 20 
that face away from the opposite resonating element 20, 18, 
respectively, and are made of multi-layered Stacked plastic 
impregnated laminar materials 30. The second sections 26" 
run essentially in the direction of axis 24 and connect the 
first sections 26' to one another. The second sections 26" are 
also made of multi-layered, Stacked plastic-impregnated 
laminar materials 28, with the laminar materials 30 of the 
first Sections 26" being thicker. In addition, there are more 
laminar materials in the first Sections 26' So that the majority 
of the mass is shifted toward the sides 18", 20" of the 
resonating elements 18, 20 that face away from one another, 
and So that the wall thickness of the covering 26 is designed 
to be stronger in this area. In the transition Zone 32 in which 
the first Sections 26' are connected to the Second Sections 
26", the individual laminar materials 30 of the first sections 
26' overlap the laminar materials 28 of the second sections 
26". Moreover, the cross section of the structural member 16 
is narrowed on one side of the distancing element 22 in the 
direction of a perpendicular axis 34, resulting in the com 
pression of the distancing element. 
0046. On the walls of the two resonating elements 18, 20 
is a mass Support Strip 36. The mass Support StripS 36 have 
individual chambers 38 in which mass particles 40 are held 
that are free to move and act to dampen the vibrations and 
to absorb the recoil of a Sports hitting tool. 
0047 The advantages of the structural member according 
to the invention identified in FIGS. 1 and 2 will be 
discussed later with reference to FIGS. 6 through 11. 
0.048 FIG. 3 shows a representation of the process 
according to the invention in a first embodiment. First of all, 
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the two resonating elements 18, 20 are arranged in parallel, 
with the distancing element 22 placed in between them, the 
distancing element 22 being oriented Such that the direction 
of maximum compressive Strength of the distancing element 
22 runs parallel to the axis 24 that connects the center points 
of the resonating elements 18, 20. In the case of a distancing 
element 22 made of balsa wood, the fibers of the balsa wood 
face in the direction of the adjacent resonating elements 18, 
20. Subsequent to this, plastic-impregnated laminar materi 
als are applied, Said laminar materials only partially Sur 
rounding the resonating elements 18, 20 and the distancing 
element 22 and overlapping only at the sides 18", 20" of the 
resonating elements 18, 20 (FIG. 2). Then, the unfinished 
assembly is placed in a die 42 consisting of two die halves 
44, 46, whereupon the die is heated. Then, mechanical 
preSSure is produced within the resonating elements 18, 20 
that expands the resonating elements 18, 20 and that presses 
the laminar materials constituting the covering against the 
wall of the die halves 44, 46. An internal pressure of this type 
can be produced, for example, using pressure hoses in the 
resonating elements 18, 20. Because of the high compressive 
Strength of the distancing element 22 in the direction of the 
axis 24, the preSSure is not able to compress the distancing 
element to a considerable extent. At the same time, the 
distancing element 22 is pressed in laterally by means of a 
punch 48 located in die half 46 so that the structural member 
narrows in the middle. The distancing element 22 is partially 
deformed laterally in this way, but also provides the neces 
Sary reverse pressure required during pressing. Then, the 
Structural member thusly shaped is hardened in the die. 
0049 FIGS. 4 and 5 show a representation of the process 
according to the invention in a Second and third embodi 
ment. Both processes involve the lateral penetration at 
points along the covering and the distancing element 22 after 
the lateral deformation by the punch 48 and before or during 
the hardening. This produces a through hole for the Strings 
of the webbing without significantly reducing the Strength in 
this area. The penetration is made using a pin that is 
designed in Such a way that the fibers of the covering are 
displaced and not destroyed. 
0050. In the second embodiment of the process according 
to the invention (FIG. 4), a moving pin 50 is located inside 
the punch 48, Said pin penetrating the covering and the 
distancing element 22 of the structural member 16 from one 
Side. In the third embodiment of the process according to the 
invention (FIG. 5), the moving pin 50 is pushed through the 
covering and into the distancing element 22 on one side and 
an opposing pin 52 located coaxially in die half 44 is pushed 
through on the other side until the ends of the pins 50, 52 
touch inside the distancing element 22. 
0051 FIG. 6 shows a representation of the amplitude 
profile along the length of a tennis racquet with a frame 
according to the State of the technology and with a frame 
made of the Structural member according to the invention. 
The frame according to the State of the technology is made 
of a single tubular part with internal ribs to provide stiffen 
ing, if necessary. Moreover, the mass of the frame is 
concentrated essentially at the center of its croSS Section. The 
Structural member according to the invention is shown in 
FIG. 2, wherein the essential difference is that according to 
the invention two resonating elements are provided instead 
of only one resonating element, with the two resonating 
elements being coupled together. Moreover, according to the 
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invention, the mass is not concentrated in the center of the 
cross section. The amplitude profile 54 for the known 
racquet has five amplitude maxima 56, 58, 60, 62, 64 along 
the length of the racquet, with the amplitude maxima 62 and 
64 being located at the handle of the racquet. Thus, the hand 
and arm of the player are Subjected to a large vibration 
amplitude, which for one thing makes it more difficult to 
handle the racquet and for another leads to the injuries 
described in the beginning, Such as tennis elbow. In contrast, 
the amplitude profile 66 for a racquet with a frame made of 
the Structural member according to the invention has only 
three amplitude maxima 68, 70, 72, with the amplitude 
profile 66 at the racquet handle showing that the handle of 
the racquet according to the invention vibrates with a 
comparatively lower amplitude. In this manner, the handling 
of the racquet is made easier, and there is leSS danger of 
injury. 
0.052 FIG. 7 shows the frequency spectrum of a common 
tennis racquet with webbing, Said racquet having only one 
resonating element as its frame according to the State of the 
technology. The known racquet exhibits a distinct resonant 
frequency 74 along with its harmonic overtones 76, 78,80, 
which are common for a frame made of only one resonating 
element. Moreover, the frequency 82 of the vibrating string 
can be seen. 

0.053 FIG. 8 shows the frequency spectrum of the tennis 
racquet according to the invention with webbing at weak 
excitation, i.e. wherein the excitation is carried out using 
minimal force (bending). The frequency spectrum also has a 
distinct measurable resultant main frequency 84. However, 
in this case this frequency is the differential mixed product 
between the lowest resonant frequencies 86, 88 and the 
highest resonant frequencies 90,92, respectively, of the two 
resonating elements. Thus, the fundamental oscillation 
exhibits a higher frequency than the fundamental oscillation 
of a common racquet. In the process, the distance between 
the lowest and the highest resonant frequency 86, 92 to the 
measurable resultant main frequency 84 is Small (minimal 
bending). In addition, the vibration frequency 94 of the 
String can be seen. 
0.054 FIG. 9 shows the frequency spectrum of the tennis 
racquet according to the invention without webbing at Strong 
excitation, corresponding essentially to the frequency Spec 
trum in FIG. 8. The distance between the lowest and highest 
resonant frequencies 86, 92 to the measurable resultant main 
frequency 84 is, however greater (more bending). Also, the 
Vibration frequency 94 of the String is missing Since the 
racquet is not Strung, thus producing a clear shift of the 
entire frequency Spectrum upward due to the reduction in 

SS. 

0.055 FIG. 10 shows a reference diagram of a frequency 
Spectrum for a single sinusoidal resonant frequency of a test 
Structure that vibrates Sinusoidally in exactly the same 
manner as a racquet, designed as an individual resonating 
element according to the State of the technology, excited to 
a single fundamental oscillation (natural frequency). This 
test Structure exhibits a clear formation of only a single 
fundamental oscillation () (96) in the line spectrum shown, 
as well as regular harmonic overtones 2 (0-5 () (98). 
0056 FIG. 11 shows a reference diagram of a frequency 
Spectrum for a test Structure according to the invention with 
two resonating elements. The Spectrum exhibits a clear 
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formation of additive as well as Subtractive mixed frequen 
cies between the fundamental oscillations () and () (100, 
102) of the test structure, shifted in frequency due to 
multiple resonance, as well as the mixed frequencies co-co 
and ()+() of these oscillations. As a result, a racquet 
according to this invention has no single constant measur 
able natural frequency, but a number of variable frequencies 
that generate a number of apparent resonances of varying 
frequency at the same time, along with their mixed frequen 
cies, all depending on the load case of the Structure. 

1. A structural member to manufacture a Sports equip 
ment, in particular tennis, Squash, badminton racquets, golf 
clubs, field hockey and ice hockey Sticks and baseball bats, 
having two parallel tubular resonating elements (4, 6, 18, 20) 
that are placed at a distance from one another and are 
enclosed by a common covering (12, 26), and with a 
distancing element (8, 22) that is placed between the reso 
nating elements (4, 6, 18, 20), 

characterized in that the mass of each resonating element 
(4, 6, 18, 20) is greater than the mass of the distancing 
element (8,22) and that the compressive strength of the 
distancing element (8,22) is the highest in the direction 
of an axis (10,24) that connects the center points of the 
resonating elements (4, 6, 18, 20): 

2. A structural member to manufacture a Sports equipment 
according to claim 1, characterized in that the distancing 
element (8, 22) is made of wood or a material similar to 
wood. 

3. A structural member to manufacture a Sports equipment 
according to claim 2, characterized in that the distancing 
element (8, 22) is made of balsa wood. 

4. A structural member to manufacture a Sports equipment 
according to one of claims 1 through 3, characterized in that 
the width (B, B) of the resonating elements (4, 6, 18, 20) 
is greater than the width (A) of the distancing element (8, 
22). 

5. A structural member to manufacture a Sports equipment 
according to one of claims 1 through 4, characterized in that 
the covering (26) on the side (18", 20") of the resonating 
element (18, 20) that faces away from the resonating ele 
ment (20, 18) opposite to it has a greater wall thickness. 

6. A structural member to manufacture a Sports equipment 
according to one of claims 1 through 5, characterized in that 
the covering (26) is comprised of one or more layers of at 
least two plastic-impregnated laminar materials (28, 30). 

7. A structural member to manufacture a Sports equipment 
according to claim 6, characterized in that the covering (26) 
has first sections (26) on the side (18", 20") of the resonating 
element (18, 20) that faces away from the opposite resonat 
ing element (20, 18), said Sections being connected together 
via two Second Sections (26"), wherein the laminar materials 
(30) of the first sections (26) overlap the laminar materials 
(28) of the second sections (28) in the transition Zone (32). 

8. A structural member to manufacture a Sports equipment 
according to claim 7, characterized in that the laminar 
materials (30) in the first sections (26) of the covering (26) 
are thicker than the laminar materials (28) in the Second 
sections (26") of the covering (26) and/or that more laminar 
material (30) exists in the first sections (26") than in the 
Second sections (26"). 

9. A structural member to manufacture a Sports equipment 
according to one of claims 7 or 8, characterized in that the 
plastic-impregnated laminar material (28, 30) is made of 
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GFK, AFK, CFK, KFK, MFK fiber-reinforced plastic in a 
resin matrix or of other metal or plastic layers, fabrics or 
foils that can absorb external forces. 

10. A Structural member to manufacture a Sports equip 
ment according to one of claims 1 through 9, characterized 
in that there are lateral through holes (14) located in the 
distancing element (8, 22) and the covering (12, 26), in 
particular for the Strings of the webbing. 

11. Sports equipment, in particular tennis, Squash, bad 
minton racquets, golf clubs, field hockey and ice hockey 
Sticks, and baseball bats that contain a structural member (2, 
16) according to one of claims 1 through 10. 

12. A tennis racquet with a handle and frame according to 
claim 11, in which a structural member (2, 16) forming the 
frame and/or grip contains within at least one resonating 
element (18, 20) mass particles that move about freely, or 
fluid droplets, that dampen the recoil forces and vibrations 
acting on the Structural member, or alternatively contains on 
the wall of at least one resonating element (18, 20) a mass 
Support Strip or a number of mass Support Strips (36) for 
kinetically damping mass Systems. 

13. A process to manufacture a structural member for a 
Sports equipment, in particular tennis, Squash, badminton 
racquets, golf clubs, field hockey and ice hockey Sticks and 
baseball bats, comprising the proceSS Steps of; 

the arrangement in parallel of two tubular resonating 
elements and a distancing element in between them, 
wherein the distancing element is oriented Such that the 
direction of maximum compression Strength of the 
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distancing element is directed parallel to an axis that 
connects the center points of the resonating elements, 

the attachment of plastic-impregnated laminar materials 
that only partially Surround the resonating elements and 
the distancing element, wherein each individual lami 
nar material layer overlaps another laminar material 
only at the Side of the resonating element that faces 
away from the respective opposite resonating element, 

placement into a heated die (42), 
production of mechanical pressure in the resonating ele 

ments and lateral deformation of the distancing element 
by means of a punch (48) inside the die (42) and 

hardening inside the die (42). 
14. A process according to claim 13 which further com 

prises the process Step of making lateral penetrations in the 
cover and the distancing element at points, said penetrations 
displacing the fibers, after the distancing element is laterally 
deformed and prior to or during the hardening Step. 

15. A proceSS according to claim 14 in which the covering 
and the distancing element is penetrated in the die by means 
of a pin (50) from one side. 

16. A process according to claim 14, in which two pins 
(50, 52) are pushed through the covering into the distancing 
element from opposite Sides until their ends meet inside the 
distancing element. 


