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(57) ABSTRACT

Said strap with articulated links, in particular for a watch,
comprises at least three adjacent rows of links offset from one
adjacent row to another, in which at least one friction surface
(3,13, 23-163) of each joint is made of a material of which the
hardness is >800 HV. Said bearing surface (3, 13, 23-163) is
in contact with at least one joint element (5, 15, 25-165)
having at least one friction surface made of a second material
selected from the following materials: ceramic, ceramic-
metal composite, amorphous carbon, stainless steel without
nickel, cobalt alloy, gold or gold alloy, platinum or platinum
alloy, platinoid or platinoid alloy, titanium or titanium alloy,
capable of reducing the frictional wear with the friction sur-
face (3, 13, 23-163).

18 Claims, 7 Drawing Sheets
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1
STRAP WITH ARTICULATED LINKS

The present invention relates to a strap with articulated
links, in particular for a watch, comprising at least three
adjacent longitudinal rows of links offset longitudinally from
one adjacent row to another, in which at least one friction
surface of each joint is made from a first material of which the
hardness is >800 HV.

The problem with the wear of the joints of straps with links,
in particular watch straps, has been a recurrent problem since
the appearance of this type of strap. The wear increases the
clearance in the region of the joints, providing an unattractive
appearance to the strap. This wear not only affects the hinge
pins but also the links of the strap when they are metal links,
and in particular in the case of straps comprising a plurality of
adjacent rows of links, the clearance of the joints making it
possible ultimately for grooves to be formed in their adjacent
lateral faces, thus damaging the appearance of the strap.

Ithas already been proposed to remedy this drawback in EP
0243315 by interposing jewel bearings between the links and
the hinge pins.

In contrast to what this document sets forth, producing
joint elements of high durability, in this case jewel bearings,
does not on its own make it possible to resolve the problem of
the wear of the joints. This wear may be significant, even
more so, depending on the case. Moreover, the choice of a
ruby in the form of a crystal poses problems of reliability,
given its relative fragility. More specifically, the joint ele-
ments of a strap are liable to be subjected to severe stresses
which may lead to the rupture of the joint elements made of
jewel bearings, thus able to cause damage which is difficult to
repair.

Irrespective of this risk, it is necessary to know that a strap
is exposed to abrasive dust, in addition to corrosive sub-
stances (salt water and sweat, in particular). Depending on the
material of the counter surface of the bearing which rubs
against the jewel bearing element, this dust and these corro-
sive substances may cause wear of this counter surface which
is at least as significant as the absence of the jewel bearing
element, as tests for wear carried out over a long period on
devices simulating different conditions have shown.

The object of the present invention is to reduce the wear of
the friction surfaces of the joints of straps with metal links.

To this end, the subject of the invention is a strap with
articulated metal links, in particular for a watch, comprising
at least three adjacent longitudinal rows of links (MB, MC)
offset longitudinally from one adjacent row to another and
connected and positioned by transverse passages which
receive connecting rods, a strap in which each joint com-
prises, on the one hand, friction surfaces with axial guidance
and, on the other hand, friction surfaces with lateral guidance,
of which some friction surfaces are made of a first material of
which the hardness is >800 HV, characterized in that all the
friction surfaces of each joint consist of a pair of materials
formed from said first material and a second material selected
from the following materials: ceramic, ceramic-metal com-
posite, amorphous carbon, stainless steel without nickel,
cobalt alloy, gold, gold alloy, platinum, platinum alloy, plati-
noid, platinoid alloys, titanium, titanium alloy, each of the
pairs of materials making it possible to reduce substantially
the wear between said friction surfaces relative to any other
pair of materials.

Advantageously, the joint surface is that of an element
made of ceramic which is sintered or deposited on a substrate,
or a ceramic-metal composite which is sintered or deposited
on a substrate in the form of alternate metal and ceramic
layers.
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Alternatively, one joint surface is that of a substrate cov-
ered with amorphous carbon.

Tests simulating wear over a long period in corrosive and
abrasive conditions have shown a marked reduction in wear
between the joint surfaces according to the invention and the
prior art.

The accompanying drawings illustrate, schematically and
by way of example, different embodiments of the strap with
metal articulated links which form the subject of the present
invention.

FIG. 1 is an exploded view in perspective with parts of a
first embodiment in section;

FIG. 2is an exploded perspective view of a second embodi-
ment;

FIG. 3 is an exploded perspective view of a third embodi-
ment;

FIG. 4 is an exploded perspective view of a fourth embodi-
ment;

FIGS. 5 and 6 are exploded perspective views of two vari-
ants of FIG. 4;

FIG. 7 is a sectional view along the hinge pins of the links
of' the strap;

FIG. 8 is an exploded perspective view of a fifth embodi-
ment;

FIG. 9 is an exploded perspective view of a variant of FIG.
8;

FIG. 10 is an exploded perspective view of a sixth embodi-
ment;

FIG. 11 is anexploded perspective view of a variant of FIG.
10;

FIG. 12 is an exploded perspective view of a seventh
embodiment;

FIG. 13 is an exploded perspective view of a variant of FIG.
12;

FIG. 14 is an exploded perspective view of an eighth
embodiment;

FIG. 15is a sectional view along the hinge pins of the links
of' the strap, of a ninth embodiment;

FIGS. 16A, 16B are respectively an exploded perspective
view and a sectional view along the hinge pins of the links of
the strap, of a tenth embodiment;

FIGS. 17A, 17B are respectively an exploded perspective
view and a sectional view along the hinge pins of the links of
the strap, of an eleventh embodiment;

FIG. 18 is a comparative diagram of wear of different pairs
of materials.

Various embodiments of the present invention are possible.
All these embodiments have, however, a common theme,
namely only to allow friction between materials identified for
their compatibility for rubbing against one another with a
minimum of wear, even in the presence of abrasive and cor-
rosive agents, as is the case of a watch strap with articulated
links, worn in all circumstances, without the slightest protec-
tion of its articulated elements being possible. All the illus-
trated embodiments only show segments of straps with links,
the formation of complete straps being obtained by the addi-
tion of links or groups of fixed links, identical to those illus-
trated, until the desired length of the portion is obtained. The
elements for connecting the strap portions to the watch case,
in addition to the closure, which is used to connect the two
portions to one another and which, in the case of this type of
strap is generally a closure known as an “unfolding clasp”, do
not form part of the invention. Moreover, they have not been
illustrated. This obviously does not prevent the joint surfaces
between the strap links and the adjacent elements of the
closure being able to use the pairs of materials according to
the present invention, said invention relating to all the joints
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of the different elements of a strap with links, including
therefore its joint with the closure and possibly the watch
case.

In the embodiment illustrated by FIG. 1, two central links
MC and four edge links MB are shown forming two groups of
fixed links articulated to one another. In this example, these
links are made of a material which is not capable of reducing
the wear when it rubs against a surface of which the hardness
is >800 HV, such as a surface made of ceramic or a ceramic-
metal composite.

The central links MC are offset in the longitudinal direction
of the strap relative to the two rows of edge links MB, such
that a central link MC overlaps relative to two edge links MB
of each row. A central link MC comprises three transverse
passages of which two each receive a connecting element 1
formed by a rod of which the two end parts of smaller diam-
eters protrude beyond the central link MC on each side. The
projecting parts of the connecting elements 1 are intended to
be driven into blind holes 2 of two edge links MB which
oppose one another. As a result, a central link MC forms a
fixed assembly with the two edge links MB into which the
projecting ends of the connecting elements 1 are driven.

The joint is thus created between two adjacent assemblies
of fixed links, each comprising a central link MC offset lon-
gitudinally relative to two edge links MB aligned transversely
to the strap.

The central link MC of this assembly of fixed links com-
prising a central link MC and two edge links MB is articulated
to two edge links of the same assembly of adjacent fixed links.
To this end, an attached bearing element, in this example,
formed by a tube 3 made of sintered ceramic or a sintered
ceramic-metal composite is engaged in the inside of the third
transverse passage 4 of the central link MC. The ceramic
selected is advantageously zirconia ceramic. A pin 5 is freely
engaged in this tube 3 and its ends are driven into two blind
holes 6 of two edge links MB of the adjacent assembly of
fixed links.

If the strap is made of standard steel for a strap, such as
316L steel, the tube 3 made of sintered ceramic or a sintered
ceramic-metal composite, has to be fixed to the central link
MC by driving-in or by bonding, for example.

A second hinge pin 5 or 5a, as illustrated in FIG. 1, the
hinge pin 5a is a pin of which one end part is a screw head and
the other end part is threaded so as to be screwed into an
opening 6a of the adjusting edge link MB, whilst the opening
65 for the screw head passes through the adjusting edge link
MB. These pins 5a and the adjusting edge links MB, provided
with openings 6a, 65, are intended to allow the length of the
strap to be adjusted by the removal or the addition of adjusting
edge links MB and adjusting pins 5a. This is true for all
embodiments so that this adjusting system, which is more-
over conventional in this type of strap, will not be described
further. When adjustment is not permitted, the screw hinge
pin 5a is replaced by a standard hinge pin 5.

If the hinge pin is a pin 5, it is intended to be fixed in the
openings 6 of the two opposing edge links MB, for the articu-
lation of an adjacent assembly of fixed links MC, MB as
shown.

The hinge pins 5, 5a, are made of one of the materials
which makes it possible to reduce frictional wear with the
tubes made of sintered ceramic or sintered ceramic-metal
composite 3. One of these materials is a cobalt alloy. Amongst
the other materials capable of reducing the frictional wear
with the tube 3, in conditions to which the watch straps are
liable to be subjected during use, may be cited as stainless
steels without nickel, gold and gold alloys, platinum and
platinum alloys, titanium and titanium alloys, in addition to
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all the platinoids and their alloys. The choice of material is
essentially made depending on the material(s) used to pro-
duce the links MB, MC.

Inthe embodiment illustrated by FIG. 2, the tube 3 made of
sintered ceramic of the first embodiment is replaced here by
two shorter bearing tubes 13 arranged on both sides of the
central part of greater diameter of the hinge pin 15. The
respective axial positions of these bearing tubes 13 are
defined by the bearing surfaces between the central part of the
hinge pin 15 and the adjacent parts on which the bearings 13
are mounted. The bearing tubes 13 are driven into or bonded
in the opening 14 ofthe central link MC leaving a very small
clearance (several hundredths of a millimeter) between the
bearing tubes 13 and the bearing surfaces of the central part of
the hinge pin 15.

In turn, the ends of the hinge pin 15 are driven into open-
ings 16 of the edge links MB, thereby creating clearance
between the lateral faces of the edge links MB and the lateral
faces of the central link MC. This clearance is selected to be
very slightly greater than the clearance between the bearing
tubes 13 and the bearing surfaces of the central part of the
hinge pin 15, such that the lateral faces of the links MB and
MC are not able to touch and that lateral friction is only
produced between the ceramic bearing tubes 13 and the bear-
ing surfaces of the central part of the hinge pin which is,
depending on the nature of the material from which the links
MC, MB are formed, made of a cobalt alloy, stainless steel
without nickel, gold alloy, platinum alloy or even platinoid
alloy or titanium alloy.

The diameter of the central part of the hinge pin 15, is
naturally smaller than that of the opening 14 of the central link
MC, such that the friction between the cylindrical surfaces is
only produced between the internal faces of the bearing tubes
and the portions of the pivot pin 15 which pass through the
respective bearing tubes 13.

The object of the embodiment illustrated by FIG. 3 is the
same as above. Nevertheless, in this case, the bearing tubes 23
are entirely housed in the edge links MB, either fixed or not
depending on the nature of the material of which the links are
made. In contrast to the embodiment of FIG. 2, the pivot pins
25 are not fixed in the edge links MB, but in the central link
MC. The lateral friction is produced between one end of the
bearing tube 23 and a bearing surface of the pivot pin 25
which is in one of the materials capable of reducing the wear
with the bearing tube made of sintered ceramic or a sintered
ceramic-metal composite. According to a variant, the bearing
tube could be made of metal coated with amorphous carbon,
also known as DLC (diamond-like carbon), with ceramic or
alternate layers of ceramic and metal deposited by PVD
(physical vapor deposition).

The embodiment of FIG. 4 comprises a bearing tube 33
fixed in a central link MC. The hinge pin 35 is in this case
divided into two parts. Each part of this hinge pin comprises
a segment of greater diameter, driven into an edge link MB
and a part of much smaller diameter, freely engaged in the
bearing tube 33, such that once assembled, the distance
between the segments of greater diameter is equal to the
length of the tube increased by a functional clearance allow-
ing the pivoting of the links. The bearing tube 33 is made of
sintered ceramic, or a ceramic-metal composite, and the
hinge pin is made of one of the above materials to reduce the
wear with the ceramic tube. As in the embodiments of FIGS.
2 and 3, the lateral friction is produced between the ends of the
bearing tube 33 and the bearing surfaces between the seg-
ments of different diameters of the hinge pin 35 in two parts.

As a variant, as illustrated by FIG. 5, the two pivot pin
halves may be replaced by a hinge pin 45 comprising a seg-
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ment of greater diameter driven into an edge link MB and a
segment of smaller diameter freely engaged in the bearing
tube 43 and a sleeve 45a driven into the edge link MB located
opposite the edge link into which the segment of greater
diameter of the hinge pin 45 is driven. By adjusting the depth
of driving-in of the hinge pin 45 and of the sleeve 454, it is
possible that the lateral friction is produced exclusively
between the ends of the bearing tube 43 and the bearing
surface of the hinge pin 45 on the one hand and the end of the
sleeve 454 on the other hand.

In the variant of FIG. 6, the bearing tube 53 is divided into
two shorter half'tubes to avoid driving-in over the entire width
of the central link MC.

FIG. 7 illustrates a device for adjusting the length of the
strap. To this end, the hinge pin 66 has a threaded portion 66a
at one end and a screw head 665 at the opposite end. To avoid
lateral friction between the edge links MB and the central link
MC, two small bearing tubes 65 are driven into the edge links
MB. The lateral friction is produced between these bearing
tubes 65 and the bearing tubes 63 driven into the central link
MC.

In the embodiment of FIG. 8, the bearing tube(s) is(are)
replaced by balls 73 which are sandwiched between two
sleeves 75 driven into a central link MC and two sleeves 75a
driven respectively into the two adjacent edge links MB. The
edge links MB are assembled by driving in connecting ele-
ments 71 which hold the balls 73 in contact with the annular
edges of the sleeves 75, 754, which advantageously form
truncated surfaces.

In the variant of FIG. 9 are two lens-shaped friction mem-
bers. One 83 is made of ceramic and is placed in a housing 84
formed in each lateral face of the central link MC of one of the
fixed assemblies. Its convex contact face projects from the
lateral face of the central link (MC). The further lens-shaped
member 85 is selected in one of the above materials for its
reduced wear when in frictional contact with the ceramic and
is housed in a housing 84a made in the internal lateral face of
each edge link MB; its convex face projecting from this lateral
face to come into contact with the convex face of the ceramic
member 83. The entire assembly is maintained by the con-
necting elements 81 driven into the two edge links. Depend-
ing on the material of which the links are made, the lenses 83,
85 are fixed in their housings 84, 84a, for example by bond-
ing.

In general, it is preferable that the bearing tube is fixed to
the link and is not able to rotate or move in a linear manner
therein. In the previous examples, driving-in or bonding has
been discussed. The driving-in of a ceramic tube is not easy to
implement. In addition, the embodiments of FIGS. 10 to 14
are alternative means of fixing. FIG. 10 relates to a bearing
tube 93 provided with recessed surfaces 93a to cooperate with
locking pins 90, preferably made of plastics, engaged in adja-
cent openings 94a and communicating with a transverse pas-
sage 94 receiving the bearing tube 93, adjusted and clamped
between the tube and the pin 91.

A different manner of fixing the bearing tube 103 in the
central link MC consists in producing a tube in the form of a
sintered ceramic profile of which the non-circular section has
a projection as illustrated by FIG. 11. The section of this
profile 103 corresponds to a portion of the section of the
passage 104 formed transversely to the central link MC. The
projection of the section has to be sufficient to come into
contact with the links MB and thus block the translation of the
profiled tube. The hinge pin 105 is similar to the hinge pins of
FIGS. 5, 6 and 10, with an end segment of greater diameter
driven into an edge link MB located on one side of the central
link MC, a sleeve 105a being driven into the edge link MB
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located on the other side of the central link MC. This sleeve
105a and the bearing surface between the segment of greater
diameter and the segment of smaller diameter of the hinge pin
105 are used for lateral friction with the ends of the profiled
bearing tube 103, of which the length is very slightly greater
than the width of the central link MC.

In the case of FIG. 12, the central link MC is a hollow
profile in the transverse direction, in the opening 117 of which
is introduced an insert made of sintered ceramic or ceramic-
metal composite 113 of which the section is exactly comple-
mentary, allowing for clearance, to that of the opening 117 of
the hollow profile forming the central link MC. The insert 113
comprises three passages 114, two for the connecting ele-
ments 111 of which the ends are driven into the edge links MB
of'the two external rows of the strap and a passage 114 for the
hinge pin 115, identical to the hinge pin of FIGS. 5, 6, 10, 11.
As in all the embodiments above, the material of the hinge pin
115 and of the sleeve 1154 is one of the abovementioned
materials for friction against the insert made of sintered
ceramic or sintered ceramic-metal. Advantageously, this
hinge pin 115 and the sleeve 1154 are of the same metal or
alloy as the strap links when said strap is made of a gold alloy,
platinum alloy or platinoid alloy. Preferably, the strap is made
of stainless steel without nickel, if the links are made of steel,
even if certain links are made of steel and others of a gold
alloy. It could also be made of a metal coated with amorphous
carbon.

In the variant of FIG. 13, the inserts 123 in two parts are
driven-in at the two ends of the opening of the hollow profile
forming the central link MC, so as to promote the contact with
the bearing surfaces of the hinge pins 125 and 1254 and the
inserts. The remainder of this variant is identical to the
embodiment of FIG. 12.

The variant of FIG. 14 differs from the above essentially by
the fact that a spring 138 operating in compression is inter-
posed between the two inserts 133 made of sintered ceramic
or sintered ceramic-metal composite, thus applying an advan-
tageous contact between an insert 133 and the sleeve 135a
driven into an edge link MB and which is coaxial with the
hinge pin 135, in addition to between the other insert 133 and
the bearing surface between the segment of greater diameter
of the hinge pin 135 and its segment of smaller diameter.

The embodiment illustrated by FIG. 15 relates more spe-
cifically to a strap of which the links are made of metal or a
precious metal alloy. In this case, the hinge pins 145 are
advantageously in the same metal or alloy as that of the links
and are preferably soldered into the edge links MB. The
bearings 143 are small sintered ceramic tubes, freely mounted
in the transverse passages 144 of the central links MC, given
that the degree of friction between the ceramic and a gold
alloy or platinoid alloy is advantageous from the point of view
of reducing wear.

In FIG. 15 the case has been shown where a pivot pin
consists of a screw 145a, thus making it possible to add or
remove links to adjust the length of the strap.

FIGS. 16 A, 16B illustrate a variant of a strap, of which the
links and the hinge pins are made of a gold alloy or platinoid
alloy. This strap has five rows with links offset alternately
from one row to another. This strap thus comprises two rows
of edge links MB and three rows of central links MC, MC,,
MC,. Two inserts made of ceramic or a ceramic-metal com-
posite 153 are housed in the central links MC,, MC, and have
transverse passages 154 for the hinge pins 155.

For the same type of strap with five rows of alternate links,
but made of steel, there are as many tubes 163 as the product
of the number of links times the number of hinge pins 165,
namely ten tubes in the strap portion illustrated by FIGS. 17A,
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17B. The ends of the hinge pins 165 are fixed in the edge links
MB. In this case, one of the pins 1654 has been shown in the
form of a screw to allow the adjustment of the length by
removing or adding links.

The dimensions of the bearings 163 transversely to the
strap are selected so that the lateral friction between the links
is produced exclusively between the end faces of the bearings
163, which are fixed in the links MB, MC, MC,, MC,. Thus
all the friction is produced between these bearings 163 or
between the bearings and the hinge pins 165 which are pref-
erably made of a cobalt alloy. These pins could also be made
of stainless steel without nickel or even made of a different
metal coated with amorphous carbon or ceramic.

The materials capable of reducing the frictional wear
against a friction surface of which the hardness is >800 HV
have been tested using a tribometer comprising a disk made of
one of the materials to be tested, against which an arm applies
a ball made of the other of the materials to be tested, at a
specific force. The difference between the diameter of the
impression on the ball and the depth of the groove on the disk
is measured and the total worn volume of the two materials is
calculated.

A series of comparative tests has been carried out. The
results of these tests are shown in the diagram of FIG. 18. On
the abscissa, four comparative tests A, B, C, D have been
shown and on the ordinate the worn volume in pm?> has been
shown. The tests are carried out by attempting to reproduce
the actual conditions in which a watch strap is used. To this
end, the tests have been carried out with a particular additive
and in a controlled atmosphere. The additive consists of an
abrasive (silica powder) in an organic oil matrix.

A, corresponds to the frictional wear between a disk made
of austenitic stainless steel with nickel, standard in the field of
watch straps, such as 3161 and a ball made of a cobalt alloy.

A, corresponds to the frictional wear between the same ball
made of a cobalt alloy in friction against a sintered zirconia
disk.

A, corresponds to the frictional wear between an 18 carat
gold disk and a disk made of a cobalt alloy.

B, corresponds to the frictional wear of a ball made of 18
carat yellow gold, against a disk made of austenitic stainless
steel with nickel.

B, corresponds to the frictional wear of a ball made of 18
carat yellow gold, against a disk made of sintered zirconia.

B; corresponds to the frictional wear of a ball made of 18
carat yellow gold against a disk made of 18 carat yellow gold.

C, corresponds to the frictional wear of a titanium ball
against a disk made of austenitic stainless steel with nickel.

C, corresponds to the frictional wear of a titanium ball
against a disk made of sintered zirconia.

D, corresponds to the frictional wear of a platinum ball
against a disk made of sintered zirconia.

D, corresponds to the frictional wear of a platinum ball
against a platinum disk.

The invention claimed is:

1. Strap with articulated links for a watch, comprising:

at least three adjacent longitudinal rows of links offset

longitudinally from one adjacent row to another, said
links comprising transverse passages,

connecting rods received in said transverse passages so that

said rows of links are connected and positioned by said
connecting rods.
said strap comprising joints, wherein each joint comprises:
(1) friction surfaces with axial guidance and
(ii) friction surfaces with lateral guidance,

wherein all the friction surfaces of each joint consist of a
pair of materials formed from a first material having a
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hardness of more than 800 HV and a second material
selected from the following materials: ceramic, ceramic-
metal composite, amorphous carbon, stainless steel
without nickel, cobalt alloy, gold, gold alloy, platinum,
platinum alloy, platinoid, platinoid alloys, titanium, tita-
nium alloy,

each of the pairs of materials making it possible to reduce
substantially the wear between said friction surfaces
relative to any other pair of materials.

2. Strap according to claim 1, in which one of said friction
surfaces is that of at least one attached bearing element made
of sintered ceramic, or a sintered ceramic-metal composite.

3. Strap according to claim 1 in which one of said friction
surfaces comprises a substrate coated with one of the follow-
ing materials: ceramic, ceramic-metal, amorphous carbon.

4. Strap according to claim 1, in which the links are metal
links.

5. Strap according to claim 1, wherein said friction surfaces
with axial guidance of said joints are formed on (i) at least one
bearing, and (ii) a hinge pin, respectively,

said at least one bearing being attached to a central link
disposed in a central row among said rows of links,

said hinge pin having ends fixed in edge links disposed in
rows other than said central row among said rows of
links, and said hinge pin passing through said at least one
bearing,

said hinge pin being in said second material, and said at
least one bearing being in said first material.

6. Strap according to claim 1, comprising:

afirstassembly and a second assembly, each formed by two
edge links aligned transversely and a central link offset
longitudinally, the first assembly and the second assem-
bly being adjacent and articulated each other by a hinge
pin, a friction surface of the hinge pin forming one of
said friction surfaces of the joint,

wherein ends of the hinge pin are fixed to the two edge links
of the first assembly and a central part of the hinge pin
has a segment of greater diameter creating two bearing
surfaces,

said hinge pin being engaged in two bearing tubes, forming
at least one other friction surface, said bearing tubes
being fixed in a transverse passage passing through a
part offset longitudinally of the link (MC) of the central
row of the second adjacent assembly, on both sides of the
central segment of greater diameter of said pin.

7. Strap according to claim 1, comprising:

a first fixed assembly and a second fixed assembly, each
formed by two edge links aligned transversely and a
central link offset longitudinally, the first assembly and
the second assembly being adjacent and articulated to
each other by a hinge pin, a friction surface of the hinge
pin forming one of said friction surfaces of the joint,

wherein a central part of the hinge pin comprises a segment
of greater diameter fixed to the central link of the first
fixed assembly and creating two bearing surfaces,

said hinge pin being engaged in two bearing tubes, forming
at least one further friction surface, said bearing tubes
being fixed in a transverse passage made respectively in
the two edge links of the second adjacent fixed assembly,
on both sides of the central segment of greater diameter
of said hinge pin,

bearing surfaces of said hinge pin forming abutments for
said bearing tubes to provide lateral friction between the
fixed assemblies.

8. Strap according to claim 1, comprising:

A first fixed assembly and a second fixed assembly, each
formed by two edge links aligned transversely and a
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central link offset longitudinally, the first assembly and
the second assembly being articulated to each other by a
hinge pin, a friction surface of the hinge pin forming one
of said friction surfaces of the joint,
wherein the hinge pin has two parts, each of said two parts
comprising:
asegment of greater diameter, fixed in an edge link of the
first fixed assembly, and

a segment of smaller diameter, freely engaged in a bear-
ing tube forming at least one further friction surface of
said joint and transversely passing through the central
link of the second fixed assembly,

wherein lateral friction is created between ends of the
bearing tube and bearing surfaces formed between the
segments of different diameters of the hinge pin in two
parts.

9. Strap according to claim 1, comprising:

a first fixed assembly and a second fixed assembly, each
formed by two edge links aligned transversely and a
central link offset longitudinally, the first assembly and
the second assembly being adjacent and articulated with
each other by a hinge pin, a friction surface of the hinge
pin forming one of said friction surfaces of the joint,

wherein the hinge pin comprises:

a segment of greater diameter fixed in an edge link of the
first fixed assembly; and

a segment of smaller diameter, freely engaged in a bear-
ing tube forming at least one further friction surface of
said joint and transversely passing through the central
link of the second fixed assembly,

a sleeve forming at least one further friction surface of said
joint being fixed in the other edge link of the first fixed
assembly,

wherein lateral friction is produced between (i) ends of the
bearing tube and a bearing surface of the hinge pin, and
(i) an end of the sleeve.

10. Strap according to claim 1, comprising:

a first fixed assembly and a second fixed assembly, each
formed by two edge links (MB) aligned transversely and
a central link offset longitudinally form a first fixed
assembly, the first assembly and the second assembly
being adjacent and articulated with each other,

the friction surfaces of each joint comprising (i) balls made
of one of the two materials, arranged between each lat-
eral end of the projecting part of the central link of the
first assembly and the adjacent lateral faces of the edge
links of the second fixed assembly,

each ball being engaged between two respective annular
friction surfaces of two articulated tubes of the other of
said materials, respectively fixed to two transverse pas-
sages opening into the respective lateral faces of the
edge link of the second fixed assembly and of the pro-
jecting part of the central link of the first assembly.

11. Strap according to claim 1, comprising:

a first fixed assembly and a second fixed assembly, each
formed by two edge links aligned transversely and a
central link offset longitudinally, the first assembly and
the second assembly being adjacent and articulated with
each other,

each joint comprising two pairs of projecting contact sur-
faces,

one of said pairs of contact surfaces projecting from an
internal lateral face of a part of each edge link of the first
fixed assembly, adjacent to a respective one of two lat-
eral faces of the central link of the second fixed assem-
bly,

20

25

35

40

45

50

55

60

65

10

the other of said pairs of contact surfaces projecting from
each oflateral faces of the central link of the second fixed
assembly.

12. Strap according to claim 1, in which one of said friction
surfaces is a bearing surface formed by a tubular element
housed in a transverse passage of the central link or edge link,
wherein a cylindrical face of said tubular element is inter-
rupted by a recessed surface cooperating with a pin housed in
an adjacent opening communicating with the transverse pas-
sage receiving the tubular element.

13. Strap according to claim 1, in which one of said friction
surfaces is a bearing surface formed in a profiled element of
non-circular section, housed in a passage, wherein one part of
a section of said passage at least corresponds to a section of
said profiled element.

14. Strap according to claim 1, in which the central link is
a hollow profile in the transverse direction, the hollow profile
having an opening,

wherein an insert having a section complementary to a
section of the opening of the hollow profile forming the
central link is introduced in the opening of the hollow
profile,

and wherein the central link comprises three transverse
passages,

two of said transverse passages being for connecting ele-
ments, said connecting elements having ends driven into
the edge links of the two external rows of the first fixed
assembly, and

a third of said transverse passages forming one of said
friction surfaces of said joint for the hinge pin, said hinge
pin having the other friction surface of said joint.

15. Strap according to claim 1, in which the central link

comprises a passage of non-circular section,

said passage freely receiving two inserts each having a
section is complementary to a section of said passage,

said inserts having transverse passages forming one of said
friction surfaces

a hinge pin received in said transverse passages of said
inserts forming another friction surface, and

a resilient element operating in compression being inter-
posed between said inserts.

16. Strap according to claim 1, comprising:

A first assembly and a second assembly, each comprising
two edge links aligned transversely and a central link
offset longitudinally, the first assembly and the second
assembly being adjacent and articulated with each other
by a hinge pin,

wherein the links and the hinge pin are in said second
material,

ends of the hinge pin being fixed in the edge links of the first
assembly and passing through at least one bearing in
said first material freely engaged in a transverse passage
of the central link of the second assembly.

17. Strap according to claim 1, comprising five rows of
links offset longitudinally, alternately from one row to
another,

wherein the links and the hinge pins are in said second
material, ends of the hinge pins being fixed in the edge
links aligned transversely and passing through two bear-
ings in said first material engaged in two transverse
passages of two central links offset longitudinally rela-
tive to the three other links.

18. Strap according to claim 1, in which said first material

is a zirconia-based material.



