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preferential direction of tensible strength. Preferably, the 
straight cross sections of the tube are outwardly defined by 
a circle and Inwardly defined by an ellipse and the said 
layers comprise an external metallic layer and an internal 
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"TUBE STROOTURE FOR BICYCLE AND M0TOOCYCLE FRAMES 11 

The present invention relates to an improved tub_e structure, 

particularly a tube structure designed to be chiefly subject to 

5 bending stress and required to be as light as possible. 

More specifically, the present invention relates to a tube for 

bicycle and motorcycle frames having improved characteristics, espe­

cially suited for fonning frames of competition bicycles with highly 

distinctive features. 

10 As kno,m; various types of tubes - easy to be found on the pre-

sent market - have been made available by technique for the forming 

of bicycle and motorcycle frames. While, for the more common 

constructions, use is made of simple ordinary cylindrical tubes of 

uniform thickness, when special frames are constructed - wherein a 

15 great lightness has to be combined with a high rigidity - the 

following types of tubes are currently used: a) special steel tubes 

with reduced uniform thicknesses; 

longitudinally variable thicknesses; 

b) special steel tubes with 

c) light alloy tubes with 

uniform thiclmess; d) light alloy tubes of uniform thickness, with 

20 reinforcements in specific sections applied by glueing inserts. 

In all these types of tubes, each straight cross section has 

a llllifonn thickness of the tube wall. 

It is evident that, in order to improve the characteristics of 

these tubes, it is necessary to simultaneously increase their stiff-

25 ness and lightness, that is, to work on two characteristics which 

are inversely proportional one in respect of the other: in fact, an 

increase of the lightness is usually prejudicial to the stiffness, 

both if obtained by acting on the proportioning of the parts and if 

obtained through choice of the materials. Modern metallurgy and the 

30 expedients adopted in proportioning and planning the structures have 

allowed, in recent years, to achieve important progresses, but the 

requirements are increasingly pressing particularly in frames for 
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competition bicycles, wherein stiffness is an essential element for 

a proper and lasting response of the machine to the athlete's requi­

rements - increasingly tending to reach border-line results - and 

wherein lightness even forms part of the factors which contribute to! 
I 

. 5 said border-line results, extolling the perfonnances of the athlete-. 

machine binomial. In the case of motorcycles, the requirements are 

perhaps less sophisticated, but nonetheless felt, in view of the1 

constructive and energetic problems wherein lightness and stiffness: 

play an important part, particularly from the economical point of· 

10 view. 

In facing the aforementioned problems. for the setting up of an 

improved tube structure for bicycle and motorcycle frames, the Appli­

cant has discovered that, in said frames, the traditional struc­

ture of the manufactured article and the components forming said 

15 article are apt to guarantee a high and sufficient stiffness on the · 

plane ( vertically and longitudinally to the running direction of the 

vehicle) of said frame, whereas transversally to said plane the 

stiffness never reaches high values. On the other hand, particu4rly 

in bicycle frames, . the transversal stiffness is of considerable 

20 importance, since the effort made by the cyclist, as well as moving 

the bicycle forward also turns into a torque tending to cause a 

transversal flexure in the frame. 

Thus, the more flexible the transversal plane of the frame, the 

higher the cyclist's efforts being wasted, due to said passive 

25 torque, to the detriment of a successful performance. In short, the 

higher the transversal flexure, the lower the cyclist's performance. 

It thus appears evident that it is imperative for competition 

bicycles, and appropriate for nonnal bicycles and motorcycles, to be 

equipped with frames having a high transversal stiffness and there-

30 fore with tubes apt to guarantee such high transversal stiffness to 

the frames, without losing in lightness. 

In view of the aforespecified problems and requirements, the 
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object of the present invention is an improved tube structure 

designed to be chiefly subject to bending stress and especially 

suited for fonning frames of bicycles and motorcycles with highly 

distinctive features. 

Said tube structure is essentially characterized in that its 

straight cross sections have a variable thickness of the walls of 

the tube structure. 

Preferably, in said structure, the tube wall is formed by two 

or more reciprocally connected layers of different materials, at 

10 least one of them being metallic material and at least another of 

them having a preferential direction of tensile strength; for 

instance said structure is formed of a metallic tube lined with a 

layer of carbon fibers, positioned longitudinally to the tube (or 

else distributed in a helical, or slanting, or interwoven arrange-

15 rnent) and incorporated into an epoxy resin through which they become 

integral with said tube. 

More particularly, the present invention relates to a tube 

structure for bicycle or motorcycle frames, formed by a metallic tube 

having a section outwardly defined by a circle and inwardly defined 

20 by an ellipse (or ova~urve) with the focuses onto a diameter of said 

circle, and by a lining of fibers incorporated in resin, said lining 

being applied inside said metal tube and having a section outwardly 

defined by the said ellipse (or ovafcurve) and inwardly defined by 

a • second ellipse with the focuses aligned with those of the first 

25 ellipse. 

The present invention also relates to a frame for ~icycles, es­

pecially competition bicycles, or for motorcycles, obtained by using 

tube structures as defined hereabove, and more specifically to a fra­

me wherein the tubes having said structures are all positioned so 

30 that their cross sections are arranged with their minimum thiclmess 

in correspondence of the plane of the frame. 

A frame of this type allows to solve the important problems in 
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the planning of bicycles and motorcycles, mentioned further above 

and, in particular, the problem of obtaining in competition bi­

cycles a very high rigidity transversally to the plane of the frame, 
! 

combined with a very great lightness (guaranteed by the specifio 
I 

5 weight of the tubes forming the frame, which is below that of the 

lightest traditional tubes). 

The invention will now be described in further detail, by mer~ 
' way of ~ample, with reference to the accompanying drawings, which 

show some preferred embodiments thereof and in which: 

10 Fig. 1 is a straight cross section of a preferred tub~ 

structure according to the invention; 

Fig. 2 is a partly sectioned external view of the preferred 

tube structure of figure 1; 

Fig. 3 is a general schematic view of a bicycle frame according 

15 to the invention, obtained ,d th tubes having the structure of the 

tube of figures 1 and 2; 

Figs. 4a to 4d . are straight cross sections along lines A-A, 

B-B, C-C, D-D, on a very enlarged scale, through the tubes of the 

• frame of figure 3; 

20 Figs. 5 to 7 are section views of some embodiments of a simpli-

fied tube structure according to the invention; · and 

Fig. 8 is a section view of a possible variant of the preferred 

tube structure of figures 1 and 2. 

Ref erring first of all to figures 1 to 4 of the drawings, the 

25 tube structure according to the. invention is formed (figures 1 and 

2) of a metallic tube 2 internally provided with a lining 3 of a ma­

terial having a tensile strength increased longitudinally to the tu­

be. 

The tube 2 is preferably made of a light metal, as aluminium, 

30 magnesium or a light alloy, while the lining 3 thereof consists of 

fibers, preferably carbon fibers, positioned either longitudinally, 

or slanting, or interwoven, in respect of the tube 2 and associated 
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thereto through a mass of resin, preferably epoxy resin, into which 

they are incorporated. 

As shown in figure 1 of the drawing, the tube 2 has its straight 

cross section outwardly defined by a circle C and inwardly defined 

5 by an ellipse E centered within the circle C. The irmer lining 3 of 

the tube 2 is in turn applied with a thickness variable in propor­

tion to that of the tube 1 and its cross section is outwardly defined 

by the ellipse E and inwardly defined by a second ellipse E 1, 

centered ~~thin the first ellipse. The focuses F-F and F1-F1 of these 

10 ellipses E and EI are, as seen, aligned on the diameter Y-Y of the 

circle C. 

In a tube structure as that heretofore described and illustra­

ted in figures 1 and 2, it has substantially been worked in 

the sense of transferring material from the areas crossed by the ax-

15 is y-y of figure 1 towards the areas crossed by the axis x-x of the 

same figure, the ma.xi.mum thiclmess of such structure being therefore 

obtained in correspondence of said areas. In this manner, it has 

evidently been possible to obtain a notable increase in the bending 

strength of the structure - the material employed and, thus, the 

20 weight of the tube being the same - under the action of fore.es acting 

on the plane x-x of figure 1, or pa.rallely thereto (and tending to 

actually bend the structure in said plane), while the bending 

strength of such structure is correspondingly reduced under the 

action of forces acting on the plane y-y of the same figure. 

25 With tubes having a structure equal or similar to that hereto-

fore described and illustrated in figures 1 and 2, one forms the bi­

cycle frame according to the invention, shown in figures 3 and 4. 

In said frame, the various tubes 4, 5, 6, are mounted, in respect 

of their longitudinal axes and of the plane of the frame being 

30 fonned, so as to position their straight cross sections (as shown in 

figures 4a to 4d) '1-'ith their thickest areas arranged at the sides of 

the frame and their thinnest parts lying in correspondence of the 
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plane of the frame. 

A frame thus fonned possesses - with an equal weight -of the 

tubes employed - a notably higher rigidity, transversally to its own 
! 

plane, than the traditional frames. Since, on the other hand, th~ 

reduced rigidity in the plane of the frame does not create any in_: 

conveniences, such rigidity nonnally exceeding the requirements o~ 
I 

use, the frame described and illustrated fully and efficiently ac-+ 
' 

cornplishes the objects of the invention, being to obtain a bicycl~ 

frame of great lightness and high rigidity, apt to satisfy the 

strictest requirements in the field of cycling competitions. ! 

Corresponding advantages are evidently obtained by producing 

frames, based on the same principles, for use in the sports and tra­

velling bicycles found on the market, and in motorcycles. 

Figures 5 to 7 of the drawings show the straight cross sections 

15 of some simplified structures of the tube according to the invention. 

These structures comprise only the essential characteristic of the 

invention, that is, having the wall of variable thickness., with the 

material concentrated in the areas designed to undergo higher stress­

es and removed from the areas less subject to stresses., such struc-

20 tures being thus fonned of a simple metallic tube, without any 

lining. 

In the embodiment of figure 5, the tube structure has a section 

outwardly defined by a circle 11 and inwardly defined by a circle 

13 which is not centered in respect of the circle 11., instead of be-

25 ing defined by the circle 12 concentric to the outer circle 11. This 

allows to preserve the wall thickness of - the tube, as planned, 

there where the material is subject to highest stress, namely in cor­

respondence of the area!, and to progressively reduce said thiclmess 

towards the diametrally opposed area~ of minimum thickness, without 

30 _ weakening the structure and obtaining at the same time a significant 

saving of material (and a consequent considerable lightening of the 

tube), as it appears evident from the area .£ lying between the curves 
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12 and 13. 

Th~ embodiment of figure 6 similarly provides for two areas! 

and !' of maximum thickness and two areas!? and!?' of minimum thick­

ness of the tube wall, these two areas being connected by arcs of 

5 an ellipse 14, centered within the circle 11 which outwardly defines 

the section. Also in this case, the reference 12 indicates the circle 

which inwardly defines the section of a corresponding conventional 

tube. It is evident that the structure will be apt to stand higher . 

stresses in two areas! and!' positioned symmetrically. Consequent-

10 ly, a tube of this type can be used - like that of figures 1 to 4 -

more frequently and conveniently than the tube of figure 5, and it 

may be simpler to mount, though evidently each type of tube will have 

to be chosen or preferred according to the use made thereof. 

In the embodiment of figure 7 the tube structure according to 

15 the invention has a section with a design inverted in respect to that 

of the embodiment shown in figure 6, in the sense that the said sec­

tion is outwardly defined by an ellipse 15 (instead of a circle 16) 

and inwardly defined by a circle 17, centered in respect of the 

ellipse 15. While from the structural point of view the differences 

·20 are negligible, from the point of view of e~ernal appearance the two 

tubes are rather different. Furthemore, in the tube of figure 7, the 

areas !, !' of maximum thickness appear quite evident from the 

outside, which may in certain cases be helpful for mounting purposes. 

This last advantage may of course suggest to apply the shape of the 

25 tube section of figure 7 to the tube 2 of figures 1 to 4. 

It is understood that, though the curves 14 and 15 of figures 

6 and 7 have been defined as ellipses, they could also - with si­

milar results - be defined as oval curves. 

It is also understood that the tube structures having the sec­

JO tions illustrated in the heretofore described figures 5 to 7, should 

be mounted - particularly for forming frames of bicycles or motor­

cycles - with an accurate positioning, which should correspond to 
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the real needs and should take into account the actual stresses in­

volved and their possible variations, as already mentioned for the 

structure of figures 1 and 2 fonning the frame of figure 3. 
I 

Figure 8 finally shows, by way of indication, one of the mani 

5 possible modifications of the preferred embodiment of the tube struc..:. 

ture according to the invention, illustrated in figures 1 to 4. 

According to this modification, the tube structure comprise~ 
! 

a metallic tube 21, the straight cross section of which is defined 

by two non-concentric circles 22 and 23 and is thus of variable 

10 thickness, and an internal lining 24 of said tube, consisting of J 
layer of carbon fibers and resin, applied inside the tube 21 and also 

varying in thickness in correspondence of the straight cross section 

of the structure. Such layer will have its maximmn thickness in the 

area ~ co1Tesponding to the thickest area ~ of the tube 21, the sec-

15 tion of said layer being outwardly defined by the circle 23 and in­

wardly defined by a circle 25, which is not centered within the first 

circle. 

In this modified embodiment, the circles 23 and 25 and possibly 

• the circle 22 may be replaced by other figures, such as preferably 

20 ellipses or oval curves, without thereby departing from the scope 

of the invention. 

It is mderstood that the aforedescribed and illustrated tube 

structures according to the invention have been given by mere way 

of example and that there may be other practical embodiments of the 

25 invention, for what concerns the geometrical configurations of the 

sections, their relative size proportions, and the materials and 

positioning of the layers. In particular, as regards to the shape 

of the sections, all kinds of modifications are possible as to the 

choice of the geometrical figures ,:hich define the straight cross 

30 section of the tube, as to the manner of reciprocally associating 

said figures, as to the choice of the tube wall thicknesses in said 

association, and so on. In this way, according to the intended use 



-9- 0063719 
of the structure and to each specific .planning or stress problem in­

volved, the designers will _be able - depending on their capability 

- to realize different tube structures, specifically suited for the 

problem to be solved, but always with the positive advantage of ob-

5 taining a stiffness in the frames manufactured responding to the re­

quirements of use of such frames, together with a lightening of the 

structure which would othe:r.d.se be unthinkable if the usual present 

technologies ,,,ere to be adopted. 

Concerning the application of the linings or layers of materials 

10 with a preferential direction of tensile strength, it is evident that 

the ~ide possibilities of application, by means of resin, of the 

carbon fibers or of similar naterials, allows to study the tube 

structures for bicycle frames - case by case - with the strictest 

adhesion to the requirements of construction and perfonna.nce, and to 

15 therefore plan such structures in the most rational manner, thereby 

obtaining results up to date considered unattainable. 

It should be noted that the said linings or layers can also be 

applied partially or discontinuously, in correspondence of areas or 

along directions of the only surfaces of the metallic tube, that is, 

20 merely where an increase of the tensile strength is required, and 

this not only on the plane of the sections shown in the figures of 

the drawings, but also according to a longitudinal trend. Further­

more, it may be possible to adopt linings wherein the fibers, instead 

of being disposed longitudinally, have helical or interwoven arrange-

25 ments. 

As to the methods for manufacturing tube structures such as 

those being claimed herein, no limitations should be here set, 

espe.cially as, considering the novelty • of such structures, the 

problem can probably be faced and solved in many and different ways, 

• 30 or ,dth appropriately studied technologies. However, the manufactu­

ring process suggested to be the most efficient and reliable - at the 

Applicant's state of experiments - and probably the most convenient 
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and advisable, is meant to be the extrusion process. 

Concerning the naterials, it is also evident that no limitations 

exist. Nevertheless, particularly for use in the construction of fra­

mes for bicycles and motorcycles, it seems obvious that the tube 

5 structure according to the invention should be preferably made of 

special steel, or aluminium, or magnesimn, or any other of the most 

widely spread light alloys having high strength. 

It is anyhow understood that any other variant or modification, 

which will appear evident to the technicians sldlled in the art, will 

10 have to be considered as falling within the scope of the present in­

vention. 
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CLAIMS 

1) Light and strong tube structure for frames of bicycles and 

of motorcycles., characterized in that its straight cross sections 

have a variable thickness of the tube structure wall. 

5 2) Tube structure as in claim 1, wherein the wall thickness va-

ries - preferably ~i.th continuity - from a maximmn to a minimum, 

along the transversal extension of the tube structure. 

3) Tube structure as in claim l, wherein the wall thickness va­

ries so as to take up values recurring in various points or areas 

10 of the transversal extension of the tube structure, the thickness 

variations being preferably continuous and sym.~etrical between one 

point and the other. 

4) Light and strong tube structure for f~ames of bicycles and 

of motorcycles, as in claims 1 to • 3, wherein the wa11 of said 

15 structure is metallic. 

5) Light and strong tube structure for frames of bicycles and 

of motorcycles, as in claims 1 to 3, wherein the wall of said 

structure is formed by two or more reciprocally connected layers of 

different materials, at least one of them being metallic material 

20 and at least another one of them having a preferential direction of 

tensile strength. 

6) Tube structure as in claim 5, fonned of a metallic tube in­

ternally and/or externally lined dth a layer of fibers, positioned 

longitudinally to the tube and incorporated into a resin through 

25 which they become integral ,-:ith said tube. 

7) Tube structure as in claim 5, formed of a metallic tube in­

ternally and/or externally lined with a layer of fibers, positioned 

in a helical or interwoven arrangement and incorporated into a resin 

through which they become integral with said tube. 

30 8) Tube structure as in claims 6 or 7., wherein said fibers are 

carbon fibers. 

9) Tube structure as in any one of the claims 1 to 8., the 
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cross section of ,,·hich is defined by two non-concentric 

Tube structure as in any one of the claims 1 to 8, the 

of ~hich is defined by a circle and by an ellipse (or oval 

11) Tube structure as in claim 10, the section of which is 

outwardly defined by a circle and inwardly defined by an ellipse 

centered in respect of the circle. 

12) Tube structure as in claim 10, the section of which is out-

10 wardly defined by an ellipse and inwardly defined by a circle 

centered in respect of the ellipse. 

13) Light and strong tube structure for frames of bicycles and 

motorcycles as in claims 1 to 12, the straight cross sections of 

which ~ve a variable thiclmess of the tube structure wall, the said 

15 wall being fonned by two or more layers of different materials, at 

least one of them being metallic material and at least another one of 

them having a preferential direction of tensile strength, characte­

rized in that the said straight cros~ sections of the tube are 

defined by a circle and by an ellipse, while the said layers forming 

20 said tube comprise a metallic tube and a lining of fibers incorpora­

ted into resin for said metallic tube. 

14) Tube structure as in claim 13, wherein also said layers have 

straight cross sections of variable thiclmess. 

15) Tube structure as in claims 13 or 14, wherein said metallic 

25 tube has a section outwardly defined by a circle and inwardly defined 

by an ellipse (or oval curve) with the focuses onto a diameter of 

said circle, and wherein the lining of fibers incorporated into resin 

is applied inside said metallic tube and has a section which is 

outwardly defined by the said ellipse (or oval curve) and inwardly 

30 defined by a second ellipse, with the focuses aligned with those of 

the first ellipse. 

16) Tube structure as in claim 15, wherein the focuses of said 
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second ellipse do not coincide with the focuses of the first ellipse. 

17) Tube structure as in claim 5, wherein the thickness of the 

layer having a preferential direction of tensile strength varies in 

the same direction and proportionally to that of the metallic layer. 

5 18) Tube structure as in claim 5, wherein the layer of material 

having a preferential direction of tensile strength is associated 

to the other layers only on areas or parts thereof. 

19) Tube structure as in claims 6, 7 and 13, wherein said resin 

is an epoxy resin. 

10 20) Frame for bicycles, especially competition bicycles, or for 

motorcycles, characterized in that it is obtained by using tubes ha­

ving a structure as described in claims 1 to 19. 

21) Frame as in claim 20, wherein said tubes are as described 

in claims 11 and 13 and are all positioned so that the cross sections 

15 thereof are arranged v.i th their own minimum wall thicknesses in cor­

respondence of the plane of the frame. 

22) Frame as in claim 20, obtained by using tubes having a 

structure as in claims 13 to 16, wherein the tubes are all positioned 

so that the diameter of the circle which outwardly defines the 

20 section of the metallic tube - containing the focuses of the ellipses 

which inwardly define the section of the metallic tube and which 

outwardly and inwardly define the section of the lining of fibers 

incorporated into resin - lies on the plane of the frame. 
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