REPLACEMENT SHEET 30 APR 1997 Method for fixing two el enents together in
particular 5 links of a nmetal wistwatch strap. The present invention
concerns a method for fixing two elenents together, in particular |inks of
a netal 10 wistwatch strap, according to which a netal pin made of a
nmoul di ng ne with large hysteresis - programmed su Lf, turns
fronlthg napﬁéﬁgﬁkkgystructuregto ¥he austenitPc gtructure ?Hn@HQ%Pk%
tenperature range which is situated above the service 15 tenperature of
the el enments and whereby its thickness increases, and such that it turns
back fromthe austenitic structure to the martensitic structure in a second
t énperature range which is situated unnder the above-nentioned service
tenperature - is put inthe 20 nmartensitic structure in at |east one
either or not blind hole in at | east one of the elenents to be |inked; the
pin i,s subsequently heated to a tenperature higher than the first
tenperature range, such that the thickness of the pin is increased, whereby

the (ilarrplngforce Vel ixing two elemen together, in particul
5 links of a metal wristwatch strap.

The present invention concerns a method for fixing two
elements together, in particular links of a metal
10 wristwatch strap, according to which a metal pin made of
a moulding memory alloy with large hysteresis -
programmed such that it turns from the martensitic
structure to the austenitic structure in a first
temperature range which is situated above the service
15 temperature of the elements and whereby its thickness
increases, and such that it turns back from the
austenitic structure to the wmartensitic structure in a
second temperature range which is situated under the
above-mentioned service temperature - is clamped in the
20 martensitic structure in at least one either or not blind
hole in at least one of the elements to be linked; the
pin is subsequently heated to a temperature higher than
the first temperature range, such that the thickness of
the pin is increased, whereby the clamping force between
25 pin and hole becomes very large; and the pin is finally
cooled down to service temperature.

Thanks to the use of moulding memory alloys, the mere
mechanical clamping of the pins in the holes can be
30 improved, since it is possible to obtain much greater
. clamping forces.

- The working of moulding memory alloys is based on =a
change in the wmetal structure, i.e. a martensitic

"THIS SHEET MAS BEEN
REPLACED

This Sheet:Has Been Reilaced

AR AN




25 pin and hol e becones very large; and the pinis finally cooled down to
service tenperature. Thanks to the use of noul ding nenory alloys, the nere
mechani cal clanping of the pins in the holes can be 30 inproved, since it
i's possible to obtain nuch greater clanping forces. The working of noul di ng

menory all oys_J s d on a change in the netal structur ' a
iti ‘*\/Wq’g’sﬁosz% PCTBES 0T

martensitic

PET/ BE96/ 00074 2 structure changes in an austenitic structure at a certain
tenperature during heating, and it turns back to the martensitic structure
when the tenperature drops again. It is possible to associate a specific
shape or dianeter 5 of a pin made of such mat2rial with each of the netal

structures. This inplie that during. the tr nS|I|on roma_lowto_a high
tenperature or vic TS HRARGLH & AR PARET Rt A5t ﬁ%%ﬁe\ﬂ\% R Eﬁﬁﬁﬁg’or,
if this change is temperatune durzng heating, and it turns back to the
martensitic structure when the temperature drops again.
It is possible to associate a specific shape or diameter
5 of a pin made of such material with each of the metal
structures. This implies that during the transition from
a low to a high temperature or vice versa, the shape or
diameter of the pin will change or, if this change is
prevented during the heating, a force will be created.
10
When such a memory alloy is heated, the transition to the
austenitic structure and thus the deformation starts, at
a temperature A,. This transition lasts until the above-
mentioned higher temperature A, is reached. When the
15 alloy is cooled down again, the transition back to the
martensitic structure will not start at the latter
temperature, but at a lower return temperature, called
the martensitic starting temperature M,, which phenomenocn
is called hysteresis. The return to the martensitic
20 structure is ended at a still lower temperature M,.

Examples of such alloys are: Cu-2Zn, Cu-Zn-Al, Cu-2n-8i,
Cu-Au-Zn, Cu-Al, Cu-Al-Ni, Ni-Ti, Ni-Ti-Cu, Ni-Ti-Fe,
Ni-Ti-Nb, Ni-Ti-Zr, Ni-Ti-Hf, Fe-Ni-al, Fe-Ni-Al-Ti,

25 Fe-Ni-Co-Ti, Fe-Mn-Si, Ag-Cd, Au-Cd, Cu-Sn, Cu-Au-2n,
Cu-Zn-Be, Cu-2r, Ni-Al, Fe-Mn-Si-Cr-Ni, - both single
crystalline and polycrystalline.

A method for fixing links together whereby use is made of
30 pins made of such moulding memory alloys is described in
WO~-A-94/23214.

In this known method, pins are used whose thickness is
smaller than the width of the holes in the martensitic



prevented during the heating, a force will be created. 10 Wen such a

menory alloy is heated,

the deformation starts, at a tenperature Alerr]. This transition |asts
until the above- nentioned higher tenperature Alerr] is reached. Wen the

15 alloy is gzg?own again, the transition back to the .11 .C
structure W|W6§y3@ art at the latter tenperature, but at gﬁ'ﬁ’&‘@ﬁ@"f”&urn

ténperature, called the martensitic starting tenperature Merr], which

structure i s ended

phenomenon is called hysteresis. The return to the martensitic 20
at a still lower tenperature Merr]. Exanples of such
Cu-zZn-Al, Cu-Zn-Si, CuAuZn Cu-Al, Cu-A-N, Ni-Ti

al'l oys are: Cu-Zn,
Ni -Ti-Cu, N -Ti-Fe,
Fe-Ni - Co-Ti, Fe-WMn-

Ni - Al,, Fe-M-Si-Crhdles widtHoutsiamyt efaxrcﬁsmmgne'equdirpdl ycWhet athe npinsh\

met hod for fixing
such noul di ng nenor
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N|-T|-Nb N|-T|-Zr i -T{ - Hf , Fe- N|-AI Fe- NI-A|
gfrugiingy SNghcihag thR Pios AE?IZFPE @altzﬁosselmanzvhe

hi¥e H0LBeenESE CRY IS RreS %BQ? gém?’i)n i hdtrde of
y alloys is described in WO'A- 947 23214.

However, this jamming is restricted since a considerable
part of the increase in thickness of the pin is required
to make the pin fill the hole, whereas only a part of the
increase, which is prevented when the hole is filled, is
used to cause the clamping force in the hole.

Also, the invention aims to provide a method for fixing
two elements together, in particular linke of a
wristwatch strap, making use of a pin made of a moulding
memory alloy with which a better clamping is obtained.

This aim is reached according to the invention in that a
pin with a martensitic structure is put in at least one
hole having a thickness which is slightly larger than the
width of the hole.

This implies that the pin has to be inserted in the hole
with a certain force. The entire tendency to an increase
in thickness as a result of the transition from the
martensitic to the austenitic structure is transformed in
clamping force, so0 that an excellent clamping is
obtained, which cannot be cbtained when a pin is pressed
in the holes in a purely mechanical manner.

It is possible to use a moulding memory alloy which, when
returning from the austenitic to the martensitic
structure when cooling down, decreases in thickness as of
a return temperature, i.e. the martensitic starting

temperature, which is lower than the service temperature .

of the elements.
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In this known nethod, pins are used whose thickness is smaller than the

width of the holes in the martensitic 3 structure, such that the pins
can be put loosely in the holes w thout any force being required. Wen the
pi ns have the austenitic structure, they jamin the holes. - 5 However,

this jamm ng | ricted since a considerable part of the J | N
t hi ckness of 5‘?%573’3#% s required to nmake the pin fill the hd@%@as
only a part of the increase, which is prevented when the hole is filled,

used to cause the

clanping force in the hole. 10 Al so, the invention ains
to provide a nethod for fixing two elenents together, in particular |inks

i's

of a wristwatch strap, making use of a pin ma%le. of a moul ding nenory alloy
with which a bett erpfﬁléﬁ@llﬁg 'I Stt(;)ebt %':i.zqe%nd15tt;|g]' Bofh M S rrgoac[ae‘d gggoggéng

to the invention i
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n .
above-mentioned thickness of the pin and width of the

hole are diameters.

According to an embodiment of the invention, use is made
of a pin made of a memory alloy with an austenitic
starting temperature which is higher than 40°C and a
martensitic starting temperature which is lower than -
10°C.

Preferably, the above-mentioned austenitic starting
temperature is situated between 60 and 80°C, and the
martensitic starting temperature is lower than -40°C.

Practically, a pin is used of a memory alloy with an
austenitic end temperature which is higher than 80°C and
which is situated for example between 90°C and 200°C.

Other particularities and advantages of the invention
will become clear from the following description of a
method for fixing together two elements, in particular
links of a  metal wristwatch strap, according to the
invention. This description is given as an example only
and does not restrict the dinvention in any way
whatsoever. The figures refer to the accompanying
drawings, where:

figure 1 shows a partially cut-out side view of a
part consisting of two links of a wristwatch strap
which are connected to a pin applied according to
the method of the invention;

figure 2 shows a side view of a part of a link and
the pin during the application of the method
according to the invention;

»



pin wwth a martensitic structure is put in at |east one has a thickness
which is slightly larger than the width of the hole. 20 This inplies that
the pin has to be inserted in the hole with a certain force. The entire
tendency to an increase in thickness as a result of the transition fromthe
martensitic stenitic structure is transformed in i
force, so thé@ogﬁﬁgégellent cl anping i s obtained, which caﬁﬁ%ﬁ£ ai ned
when a pin is pressed in the holes in a purely nmechanical manner. It is
possi ble to use a noulding nenory all oy which, when 30 returning fromthe
austenitic to the martensitic structure when cooling dow, decreases in
thi ckness as of a return tenperature, i.e. tBe martensitic starting
t enper at ur e, mﬂchislgww than the servige tenperature of the el enents.
of the

WO 97/ 03294 gure 3 shows a dlagram wathpg /
. . diameter of the pin as a function of the
temperature;
. figure 4 shows a diagram analogous to that of figure
5 . but with reference to another metal for the .pin.

Figure 1 shows parts of two links 1 of a wristwatch strap
which are connected tec a round, metal pin 2. This pin 2
is jammed in round holes 3 which are provided diagonally

10 through two protrusions 4 of one of the links. The other
link 1 is bent with one lip 5 arocund the pin 2.

A good clamping is obtained if the force required to draw
a pin 2 from the hole 3 is larger than 175 Newton. This
15 would normally also be the force required to push the pin
in the hole. According to the invention, such a good
clamping can be obtained without having to exert said
great force on the pin 2 to put it in the hole 3, or even
better than possible in a purely mechanical manner.
20
This is possible according to the invention by using a
pin 2 made of a moulding memory alloy which has been
especially programmed to this end.

25 One can take a known moulding memory alloy, such as an
alloy from the following series: Cu-2n, Cu-Zn-al, Cu-Zn-
si,

Cu-Au-2n, Cu-al, Cu-Al-Ni, Ni-Ti, Ni-Ti-Cu, Ni-Ti-Fe,
Ni-Ti-Nb, Ni-Ti-Zr, Ni-Ti-Hf, Fe-Ni-Al, Fe-Ni-Al-Ti,

30 PFe-Ni-Co-Ti, Fe-Mn-8i, Ag-Cd, Au-Cd, Cu-Sn, Cu-Au-2n,
Cu-Zn-Be, Cu-2r, Ni-Al, Fe-Mn-8i-Cr-Ni, both single
crystalline and polycrystalline.

Loose pins, or a thread, for example thread wound on a
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4 Preferably, the pin and the hole are round, and the above-nentioned

t hi ckness of the pin and wdth of the hole are dianeters. 5 According to an
enbodi ment of the invention, use is nade of a pin nmade of a nmenory alloy °
Wi th an austenitic starting tenperature which is higher than 40[err]C and a

martensitic rgi tenperature which is lower than - 10C E%@{o ably,
t he above- mﬁ&gﬁf@g&austenitic starting tenperature is situsfl‘gla %en 60
and 80[err]C, and the martensitic starting tenperature is |ower than
-40[err]C. 15 Practically, a pin is used of a nenory alloy with an

austenitic end tenperature which is higher than 80[err]C and which is
sttuated for exanple between 90C and 200[err]5C. Ot her particularities and

descri pion of a nEBASQuREn{ve et A IRSER on HE Fiuifeatik, as
links of a netal wpinswiust dwefere Assor Arg pProgrammed aadoydingnhiteo the
description is gi vgauas 2BcBX2GRE#, 0Dl¥. subjected to a thermomechanical
treatment, =0 as to recall another shape when the alloy
5 is brought from the wmwartensitic structure at a lower
temperature to the austenitic structure at a higher
temperature. In the case of a pin or thread, this
deformation implies a change in length and diameter,
namely a shrinkage of the length of the thread and an
10 increase in diameter if the thread was elongated in the
martensitic structure. The change in length is taken
into account when the required length of the pins 2 is
determined, whereas the change in diameter is used to
obtain the clamping force of the pin 2 in a hole 3.

15 .
One makes sure that the diameter D1 of the pin 2 or of
the thread of the programmed memory alloy is slightly
larger than the diameter D2 of the hole 3 when the pin
has a martensitic structure. Of course, the diameter of
20 the pin 2 is even larger when it has an austenitic
structure.

Further, one makes sure that the temperature A, at which
the tranmsition to the austenitic structure begins, and
25 which thus forms the end of the temperature range in
which the alloy has the martensitic structure, is as high
as possible and in any case higher than the maximum
service temperature of the pin, i.e. for a pin in a
wristwatch strap the maximum environmental temperature.
30 _
In practice, this temperature A, is in any case selected
higher than 40°C, preferably between 60°C and 80°C or
even higher than 80°C. The complete austenitic structure
is obtained at the austenitic end temperature A, which is

F ™



and does not restrict the invention in any way 25 whatsoever. The
figures refer to the acconpanying draw ngs, where: figure 1 shows a
partially cut-out side view of a part consisting of two |links of a

wristwatch strap 30

and the pin

he application of the nethod according

i nventi on; REPLACEMENT SHEET 30 APR 1997 figure 3 shows a diagramwth
the taper of the dianeter of the pin as a function of the tenperature;
figure 4 shows a di agram anal ogous to that of figure 5 3, but with

ref erence to anot her
of a wistwatch strap
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preferably higher than 80°C, for example between 90°C and
200°C. When the alloy is cooled down again, the
transition back to the wmartemsitic structure will not
take place at this end temperature A,, but at a lower
return temperature M, which has to be as low as possible,
and in any case 1lower than the normal service
temperature. This implies that the hysteresis of the
alloy must be as large as possible. Preferably, the
temperature M, is significantly lower than 0°C, for
example lower than -10°C and even -40°C. The return to
the martensitic structure is ended at the even lower
temperature M,.

The pins 2 or the thread of which the pins 2 are cut are
kept at a temperature lower than the austenitic starting
temperature A,. If thread is used, pins 2 are cut off.

A pin 2, having a diameter D1 which is somewhat larger
than the diameter D2 of the holes 3, and which has a
martensitic structure, is pressed with a certain force,
which is considerably smaller, however, than the required
clamping force, through one of the two holes 3 of a link
1l into the other hole 3.

To this end, use can be made of the usual pressing
devices, for example of a hydraulic piston mechanism.

The pin 2 is then heated to a temperature which is higher
than the austenitic starting temperature A,. As a result,
the pin 2 passes from the original martensitic structure
to the austenitic structure, and its diameter would
thereby increase if it could expand freely. The increase
in diameter of the part of the pin 2 which sticks in the
hole 3 is prevented by the protrusion 4 of the limnk 1,

whi ch are connected to a pin applied according to
the nethod of_the invention; figure 2 shows a side view of a part of4a l'i nk

metal for the pin. Figu?e 1 shows parts of two links 1



whi ch are connected to a round, nmetal pin 2. This pin 2 is jamed in round
hol es 3 which are provided diagonally 10 through two protrusions 4 of one
of the links. The other link 1 is bent with one |lip 5 around the pin 2. A
good clanping is obtained if the force required to draw a pin 2 fromthe

hole 3 is lar n 175 Newton. This 15 would normally

force requi re%% h the pin in the hole. According to twgwpgn,
such -a good cl anpi ng can be obtai ned without having to exert said great
force on the pin 2 to put it in the hole 3, or even better than possible in

a purely mechanical manner. 20 This is possible according to the invention
by using a pin 2 made of a noul ding menory al Boy which has been especially

Clch a5 an all oy {rORFEYERt oFF chptl EBFTRce i TRty LA Aoaioh, e Shis
Cu- Au- Zn, Cu-Al, Cuend- Nin, tYe Thole\i 37| agua Nestlireof Nwhith Nbhisg\| enf- is
Ni -Ti-Hf, Fe-Ni-AI,cfgmﬁgdAQég},tfa%tﬂ§eiyitﬁp-ﬁglngi-Nh-Si, Ag- Cd, Au-Cd,
Cu- Sn, Cu- Au-Zn, .

S BSaid clamping is maintained for the entire temperature
range between the warming-up temperature and the end
temperature M; of the return to the martensitic structure,
i.e. for all normal service temperatures to which the
wristwatch strap is subjected. Tensile forces of more

10 than 175 Newton are required to draw the pin 2 out of the
heole 3 in this temperature range.

For alloys on a Fe-Mn-Si basis, the above-mentioned
clamping is maintained for the entire temperature range
15 under the warming-up temperature.

Since, during the transition from the martensitic to the
austenitic structure, not only the diameter increases but
the length also decreases, this must be takem into

20 account when determining the length of the pins 2 before
the application, and said length must be selected for
example some 5% larger.

The most critical temperature is of course the starting
25 temperature A, of the transition to the austenitic

structure, whereas also the return temperature M, is

important. These temperatures depend on the alloy

selection, and especially on the thermomechanical

treatment and thus the programming to which the alloy has
30 been subjected.

Figures 3 and 4 show two examples of the taper of the
diameter as a function of the temperature of a pin 2
designed to be clamped in a hole of 1.37 mm. The pin 2



Cu-Zn-Be, Cu-Zr, Ni-Al, Fe-M-Si-Cr-Ni, both single crystalline and
polycrystal line. Loose pins, or a thread, for exanple thread wound on a
WD 97/ 03294 PCT/ BE96/ 00074 6 reel
which is cut into pieces of the required I ength as pins just before use,

are progranme S?&ﬁﬂ'”g to the usual techniques, i.e. subjected to a
t her moechani ?va‘? reaJt ment, so as to recall another shape WRST/BESONH oy 5

is brought fromthe martensitic structure at a | ower tenperature to the
austenitic structure at a higher tenperature. In the case of a pin or
thread, this deformation inplies a change-in |ength and dianeter, nanely a
shrinkage of the length of the thread and an 90 incre$ﬁe iE di arrptelr |ft';]he
thread was elongated in the martensitic structure. e change in | eng

i s taken into agcoﬂﬁs\lﬁé{; Ofre 3r EREPREJOF AJRIRQHY HI W with AR erigimahed,
wher eas the change diamtitaret ef | 3.U3edmho which, after deformation and

annealing, had a diameter of 1.44 mm. In the martensitic
. condition, the thread was deformed to a diameter of 1.38

5 mm, 1.39 mm respectively, after which a pin was cut from
the thread.

The pin 2 to which figure 3 refers, is provided in the
. hole 3 at room temperature, and thus with a diameter of
10 1.38 mm, after which the pin is heated to 52°C. As of
43°C, the structural transition begine. The original
deformation, which amounted to 8.2%, decreases to 2.8%
when the pin is heated freely, and the diameter increases
to 1.42 mm. In the hole 3, the deformation is restricted
15 to 5.5%, which implies a large tension of 200 N. This
tension was maintained over a temperature range between

52 and -85°C. '

The latter A, temperature of 43°C is still relatively low,
20 and thanks to a suitable thermomechanical treatment,
consisting of a larger deformation of the martensite, or
thanks to the stabilisation of this phase, said A,
temperature was increased to 80°C for the pin according
to figure 4. However, said pin 2 has to be heated up to
25 160°C after it has been applied in the hole 3. The
diameter of the pin 2 increased from 1.39 mm to 1.43 mm,
there where it could dilate freely. In the hole 3, a
tension of 240 N was created in the pin 2, which was
maintained between 160°C and -40°C.
30 '
? In the above-described manners, applying pins is very
easy and simple, whereas excellent clamping of the pins
in the holes is obtained for a large temperature range.
Only a reduced force and heating are required. With
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obtain the clanping force of the pin 2 in a hole 3. 15 One nmakes sure that
the dianmeter DI of the pin 2 or of the thread of the progranmmed nenory
alloy is slightly larger than the dianmeter D2 of the hole 3 when the pin
has a martensitic structure. O course, the dianeter of 20 the pin 2 is

even | arger whsn it has an austenitic structure. Further, om,, ure
that the terrp‘@ QTWA[ERR] at which the transition to. the

structure begins, and 25 which thus fornms the end of the tenperature range
in which the alloy has the martensitic structure, is as high as possible
and in any case higher than the maxi mum service tenperature of the pin,

ire. for a pininawistwatch strap the maxd%um envi ronnent al tenperature.
30 In practice, this_tenperature A ER%R% isin arh/ case sel ected hi gher than

40[err]C, preferabPyanst WBoBrafuced| APFe JrigitenCAPHhATiCea A0 Ber ] C.
The conpl et e aust epelariwélyiXaw.e i s obtained at the austenitic end
tenperature Alerr] which is .
The invention is by no means limited to the above-
5 described embodiments; on the contrary, many changes can
be made to said embodiments while still remaining within
the scope of the invention, among others as far as shape
and dimensions of the parts used for the realisation of
the invention are concerned.
10
In particular, the pin and the hole must not necessarily
be round. '



WO 97/ 03294
preferably higher than 80[err]C, for exanple between 90[err]C and

200[ err] C.

but at alo
possi bl e,

t enper at ur e.

| arge as possi
| ower than

THe return to

t enperature l\/[err

PCT/ BE96/ 00074 7

les that the hysteresis of the alloy nust be as
Preferably, the tenperature Merr] is significantly

ﬂm:m anpl e | ower than -10C and even -40[err]C.
mmstructure is ebktled at the even | ower
The pfns*2 or the thread of which the pins 2 are cut

When the alloy is cooled down again, the transition back to
the martensitic structure will not take place at this end tenperature As,

urn tenperature Merr] which has to be
\AS{")?W;S%{ case |lower than the nornal ser%ﬁm“

are 15 kept at a terrperature | ower than the austenitic starting tenperature
If thread is used, pins 2 are cut off. A pin 2, having a di aneter

Al err.]

whi ch i s somewhat

a
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D1

| arger than the dianmeter D2 of the holes 3, and which has

Claims.

1. Method for fixing two elements together, in particular
links (1) of a metal wristwatch strap, according to which
a metal pin (2) made of a moulding memory alloy with
large hysteresis - programmed such that it turns from the
martensitic structure to the austenitic structure in a
first temperature range which is situated above the
service temperature of the elements and whereby its
thickness increases, and such that it turns back from the

austenitic structure to the martensitic structure in a

second temperature range which is situated under the
above-mentioned service temperature - is clamped in the
martensitic structure in at least one either or not blind
hole (3) in at least one of the elements to be linked;
the pin (2) is subsequently heated to a temperature
higher than the first temperature range, such that the

thickness of the pin (2) is increased, whereby the

clamping force of the pin (2) in the hole (3) becomes
very large; and the pin (2} is finally cooled down to
service temperature, characterized in that a pin (2) with
a martensitic structure is put in at least one hole (3)
having a thickness which is slightly larger than the
width of the hole (3).

2. Method according to claim 1, characterized in that a
moulding memory alloy is used which, when returning from
the austenitic to the martemsitic structure when cooling
down, decreases in thickness as of a return temperature,
i.e. the martensitic starting temperature (M,), which is
lower than the service temperature of the pin (2).

This Sheet Has Been Re aced | : iTHIS SHEET H ASBEEN
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20 martensitic structure, is pressed with a certain force, which is
considerably small er, however, than the required clanping force, through
one of the two holes 3 of alink 1 into the other hole 3. 25 To this end,
use can be made of the usual pressing devices, for exanple of a hydraulic
pi ston nechanism The pin 2 is then heated to a tenperature I ch is_higher
than the ausﬂ@ﬂ??“?’%tarting tenperature Alerr]. As a resuIF&%é%“WW§"pin 2

passes from t he—eriginal—martensitic structure to the austenitic structure,

and its dianeter I h gincrease if it could expand freely. The
I ncrease in dia;‘ﬁﬂm ! im“!!rof the pin 2 which sticks in the hole 3 is
prevented by th the link 1, 22 WD 97/03294

PCT/ BE96/ 00074 8 however, so that there is a very large tension of this end
in the hole 3, as are¥8rhodr agepeAing £en¥RY s of aFRdPYeF§ainghelpimg. t he
hol e 3. characterized in that the pin (2) and the hole (3) are

round and in that the above-mentioned thickness of the
pin (2) and the width of the hole (3) are diameters (D1
5 and D2).

4. Method according to any of the preceding claims,

characterized in that use is made of a pin (2) made of a

memory alloy with an austenitic starting temperature (a,)
10 which is higher than 40°C.

5. Method according to the preceding claim, characterized
in that the austenitic starting temperature (a)) is
situated between 60 and 80°C.

is
6. Method according to any of the preceding claims,
characterized in that use is made of a pin (2) made of a
memory alloy with an austenitic end temperature (A;) which
is higher than 80°C. '

20
7. Method according to claim 6, characterized in that use
is made of a pin (1) made of a mwemory alloy with an
austenitic end temperature (a;) which is situated between
90°C and 200°C.

25
8. Method according to any of the preceding claims,
characterized in that use is made of a pin (2) made of a
memory alloy with a martemsitic starting temperature (M,)
which is lower than -10°C. :

30
9. Method according to any of the preceding claims,
characterized in that use is made of a pin (2) made of a
memory alloy with a martensitic starting temperature (M,)
which is lower than -40°C.



5 Said clanping is maintained for the entire tenperature range between the
warm ng-up tenperature and the end tenperature Merr] of the return to the
martensitic structure, i.e. for all normal service tenperatures to which
the wistwatch strap is subjected. Tensile forces of nore 10 than 175

Newt on are rv?wred to draw the pin 2 out of the hole 3 inW rature
~range. For al a Fe-Mh-Si basis, the above-nentioned

mai nt ai ned for the entire tenperature range 15 under the warm ng-up '
tenperature. Since, during the transition fromthe martensitic to the
austenitic structure, not only the dianeter increases but the length al so
decreases, this nust be taken into 20 account when determ ning the |l ength
of the pins 2 before the application, and said | ength nust be selected for
exanpl e sone 5%l arger. The nost critical, tenperature is of course the
startlng 25 tenperature Kerr] ofﬁ&he trdnsition to the austzgpi tic
structure, whereas al so tge retg- tenp rqture Merr] |4hu2$ertant

These tenperatures de ¢e¥-sehect|on and ecially on the
t her npnmechani cal |
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treatnent and t hus tha.progrann1ng to~mh|eh the al [.oy. has 30 been
sub}ected Fi gures 3 and 4 show two exanples of’ t he. taper: of the di ameter
as a tunction of the tenperature of a pin 2 desi gned to be clanped in a
hole of 1.37 mm The pin 2 7 REPLACEMENT SHEET 30 APR 1997 9 was nade of
a thread of a nmenory alloy with an original dianet

after deformation and annealing, had a di ameter of RE&BA(ﬁﬂMENﬂ‘SHEET

martensitic condition, the thread was defornmed to 8]5 mm
1.39 mmrespectively, after which a pin was cut fr Hﬁs hefpin 2
to which figure 3 refers, is provided in the hole room at gr e,

and thus with a dianeter of 10 1.38 nmm after whi : J id to

52[err]C. As of

Method for fixing two elements together, in particular
5 links of a metal wristwatch strap.

The present invention concerns a method for fixing two
elements together, in particular 1links of a metal
10 wristwatch strap, according to which a metal pin made of
a moulding memory alloy with large hysteresis -
programmed such that it turns from the martensitic
structure to the austenitic structure in a first
temberature range which is situated above the service
15 temperature of the elements and whereby its thickness
increases, and such that it turns back from the
austenitic structure to the martensitic structure in a
second temperature range which .is 51tuated ?nder the
above-mentioned service temperature - is e&amped in the
20 martensitic structure in at least one either or not blind
hole in at least one of the elements to be linked; the
pin is subsequently heated to a temperature higher than
the first temperature range, such that the thickness of
the pin is increased, whereby the clamping force between
25 pin and hole becomes very large; and the pin is finally
cooled down to service temperature.

Thanks to the use of. moulding memory alloys, the mere
mechanical clamping of the pins in the holes can be

30 improved, since it is possible to obtaln much greater
clamping forces.

The working of moulding memory alloys is based on a
change in the metal structure, i.e. a martensitic

AMENDED SHEET



43[err]C, the structueal transiti-on beglns The or1g|ﬁ . 2] ol
‘whi ch ambunted to 8.2% decreases to 2.8% when the-pin \thbhied fréely :
and the dianeter increases to 1.42 nm In the hole 3, tlhe defornatlon<1s

restricted 15 to 5.5% which inplies a large tension df |2@OMPR 98 s
tensi on was mai ntai ned over a tenperature range betweerl 52 and -85[err]}C
The latter Alerr] tenperature of 43[err]Cis still relgtivety Tow, 20 an
t hanks to a suitabl e thernmonechani cal treatgent, consisting of a larger
deformation of the nartensite, or thanks to the stabilisation of this

phase, said A[e@ﬂrdéﬂﬂyﬂfﬂéﬁéhVﬁﬁa&”Eﬁ@aéfﬁsteaﬁobérﬁhg hQbskh H%gthe

according to figure 4. However, said has to be ated up

160[ err] C after 4%% er?asw’o"elé‘PP'épﬁP}’ea°Fﬁet Reing Feguirede (FERBt éF‘eofPJtane

pin 2 increased Haventhe3 hustdri tidt Stract i £ ey ejanm Doutlte hdbés.
freely. In the hole 3, a tension ok 240 N was created in the pin 2, which
was mai nt ai ned between 160[err]C and -40[err]C. 30 In the above-descri bed

manners, applSyi pwsver . shiss yj eamsinganics siegdim, ctetk rssasee e aldraidestadnis ng

of the pins part of the increase in thickness of the pin is required
to make the pin £ill the hole, whereas only a part of the
increase, which is prevented when the hole is filled, is
used to cause the clamping force in the hole.

10
Also, the invention aims to provide a method for fixing
two elements together, in particular 1links of a
wristwatch strap, making use of a pin made of a moulding
memory alloy with which a better clamping is obtained.

15
the
This aim is reached according to the invention in that &

pin WLFE a martensitic structure is—put—in-at least one
he;e—hav&ag a thickness which is slightly larger than the
width of the hole.
20 .
This implies that the pin has to be inserted in the hole
with a certain force. The entire tendency to an increase
in thickness as a result of the transition from the
martensitic to the austenitic structure is transformed in
25 clamping force, so that an excellent clamping is
obtained, which cannot be cbtained when a pin is pressed
in the holes in a purely mechanical manner.

It is possible to use a moulding memory alloy which, when
30 returning from the austenitic to the martensitic
structure when cooling down, decreases in thickness as of
a return temperature; i.e. the martensitic starting

temperature, which is lower than the service temperature
of the elements.

AMENDED SHEET



in the holes is obt ained for - |.arge ~terrperature~ range_. Mly:a red.ureegl_q
force and heating are required. =~ Wth VI)97/03294}§£P EMH§\ Eﬁ
-PCT/'BE96/ 00074 10 industrially produced pins, their cpSt f

relatively low The invention is by no neans limted fo t%gaﬁ&@g%@
descri bed enbodi nents; on the contrary, nmany changes ¢anp Z shi
enbodi ments while still remaining within the scope of {the invenfion..anpng
others as far as shape and di-nensions of the parts us¢d for the reallza i on
of the invention are concerned. 10 In particular, thelp ~Rot-e st

not necessarily be rogidyre 3 shows a diagram with the taper of the
diameter of the pin as a function of the

temperature; _
figure 4 shows a diagram analogous to that of figure
5 3, but with reference to another metal for the pin.

Figure 1 shows parts of two links 1 of a wristwatch strap
which are connected to a round, metal pin 2. This pin 2
is jammed in round holes 3 which are provided diagonally

10 'through two protrusions 4 of one of the links. The other
link 1 is bent with one lip 5 around the pin 2.

A good clamping is obtained if the force required to draw
a pin 2 from the hole 3 is larger than 175 Newton. This
15 would normally also be the force required to push the pin
in the hole. According to the invention, such a good
clamping can be obtained without having to exert said
great force on the pin 2 to put it in the hole 3, or even
better than possible in a purely mechanical manner.
20
This is possible according to the invention by using a
Pin 2 made of a moulding memory alloy which has been
especially programmed to this end.

25 One can take a known moulding memory alloy, such as an
alloy from the following series: Cu-2n, Cu-Zn-Al, Cu-2Zn-
Si,
Cu-Au-Zn, Cu-Al, Cu-Al-Ni, Ni-Ti, Ni-Ti-Cu, Ni-Ti-Fe,
Ni-Ti-Nb, Ni-Ti-Zr, Ni-Ti-Hf, Fe-Ni-Al, Fe-Ni-Al-Ti,

30 Fe-Ni-Co-Ti, Fe-Mn-Si, Ag-Cd, Au-Cd, Cu-Sn, Cu-Au-Zn,
Cu-Zn-Be,' Cu-Zr, Ni-Al, Fe-Mn-Si-Cr-Ni, both single
crystalline and polycrystalline.

Loose pins, or a thread, for example thread wound on a
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REPLACEMENT SHEET Clakns. 1. Method for finng W0 - ekenents together

'partlcular links (1) of a netal wistwateh strap ae

metal- pin (2) made of a noul ding menory al | oy mnth IE:

programed such that it turns fromthe 10 martensit
austenitic structure- in a first tenperature range
the service tenperature of the el enents and wher eby
i ncreases, and such that it turns back frongthe aust

hiiCg DAPR 1957 €4

ern.u oLluutut'

martensitic structure in a 15 second tenperature r§g

id StTucture T6

i tis t hi ckness

=

under the abovewd@nwadeedsSel vutsﬁeat&r@.eraatm!érﬁorylélpu wmthhanrreﬁ: g
structure in at Ieas one eft or not '*gh d hotg é i.n.at gast onedof
the el ements to & ﬁl?ed h ’pl 'seqﬁ hefy AghPEmarsyoy an

in

tenperature 20 ahmghéunghahaﬂha anametEEnpﬁrhtememuangk;tbacmarhansuhec
thi ckness of the, | LN TR AP (6] TR AR50 500 5B

pin (2) in the ho e econes very lar

cool ed down tSo §@hvﬂeé9t@Wpeﬁéﬁﬁﬁelveﬁahaéﬁéﬁkz@@lﬂh-ﬁh@ﬂntWéspFHt(QYQMttt

the thread.

The pin 2 to which figure 3 refers,

is provided in

the

10

15

20

25

30

hole 3 at room temperature, and thus with a diameter of
1.38 mm, after which the pin is heated to 52°C. As of
43°C, the structural transition begins.' The original
deformation, which amounted to 8.2%, decreases to 2.8%
when the pin is heated freely, and the diameter increases
to 1.42 mm. In the hole 3, the deformation is restricted
ro—5+5%, which implies a large tension ef—2860-N. This
tension was maintained over a temperature range between
52 and -85°C.

The latter A, temperature of 43°C is still relatively low,
and thanks to a suitable thermomechanical treatment,
consisting of a larger deformation of the martensite, or
thanks to the stabilisation of this phase, said A
temperature was increased to 80°C for the pin according
to figure 4. However, said pin 2 has to be heated up to
160°C after it has been applied in the hole 3. The
diameter of the pin 2 increased from 1.39 mm to 1.43 mm,
there where it could dilate freely. 1In the hole 3, a
tension of—240—-N was created in the pin 2, which was
maintained between 160°C and -40°C.

In the above-described manners, applying pins is very
easy and simple, whereas excellent clamping of the pins
in the holes is obtained for a large temperature range.
Only a reduced force and heating are required. With



25 the martensitic.structure is put--in.at |eat. one- hole (39-+has a
“.thitckness (Dl)which is slightly’ l'arger. than the mﬁdth of the hole (3).

2.

-Method according to claim1, characterized in that a 30 noul di ng nenory

alloy is used which, when returning fromthe austenitic to the martensitic
structure when cool i ng down, decreases in thickness 1@[) EME TLBHEET
tmmmaUWe—+ﬁk4h&ﬂm+a§M|csuuUngtammat - i's

| ower than rvice tenperature of the Hﬂn (2). wgggﬁﬁ 3@82

PCT/ BE96/ 0 Eﬁilj&i ’Tﬁ according to any of thejpte 8 ,
character| in (2) and the hole (3) &re round. and.inl that

t he above- nentloned thlckness of the pin (2) and th¢ width of the hole (3)
are dianmeters (DI 5 and D2). 4. Method accordi ng tolary—ef—t-he—preced ng

clainms, characterized in that use is made of a pin (2) nmade of a

5
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Claims.

1. Method for fixing two elements together, in particular
links (1) of a metal wristwatch strap, according to which
a metal pin (2) made of a moulding memory alloy with
large hysteresis - programmed such that it turxns from the
martensitic structure to the austenitic structure  in a
first temperature range which is situated above the
service temperature of the elements and whereby its
thickness increases, and such that it turns back from the
austenitic structure to the martensitic structure in a
second temperature range which is situated‘., under the
above-mentioned service temperature - is ei;mped in the
martensitic structure in at least one either or not blind
hole (3) in at léast one of the elements to be linked;
the pin (2) is subsequently heated to a temperature
higher than the first temperature range, such that the
thickness of the pin (2) is increased, whereby the
clamping force of the pin (2) in the hole (3) becomes
very large; and the pin (2) is finally coecled down to
Sﬁrvice temperature, characterized in that&anin (2) with
-e; martensitic ostructure is—put—i-n—at—least—-ore—holte—{33
havtag a thicknes& which is slightly larger than the
width gf the hole (3).

2. Method according to claim 1, characterized in that a
moulding memory alloy is used which, when returning from
the austenitic to the martensitic structure when cooling
down, decreases in thlckness as of a return temperature,
i.e. the martensitic startlng temperature (M), which is
lower than the service temperature of the pin (2).
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menory alloy with an.austenitic starting tenperature (Al err]p-10-which is
hi gher than 40[err] C. 5. Met hod “according to the preceding claim
_characterized in that the austenitic starting temperature—{Alerr]l) is

“situated between 60 and 80[err]C. 15 6. Method accordi ng QQP@MEMEW@}EET

preceding clainms, characterized in thdt use is.nmade of a -{2—frade—of
menory alloy with an austenitic end tenperature (Alerr]) cJ\g EPHFE' @e

than 80[err]C. 20 7. Method according to claim®6, charactlerfi z ol t t Use¢
is made of a pin (1) nmade of a nenory alloy with an austéniitic _end
tenperature (Alerr]) which is situated between 90[err]C gnd 200[err]C. 25
8. Method according to any of the precedi ng clainms, chara ' '
use is nmade of a pin ¢2) made of y all oy with a marbqnsmlc starting

tenperature (I\/[errF) v@ch |sJ I4Ner t}ﬁaq -10[err] C 30.{ |__
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9. Method:i#according to any of the preceding clains, character Irla
use is made of a pin (2) nade of a nenory alloy with a mrten%%& ?;
tenperature (Merr]) which is |lower than -40[err]C. S
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(57) Abstract

Method for fixing two elements together, in particular links (1) of a metal wristwaich __I '_2;‘
strap, according to which a metal pin (2) made of a moulding memory alloy with large 'Ll
hysteresis - programmed such that it turns from the martensitic structure to the austenitic

structure in a first temperature range which is situated above the scrvice temperature of the
clements and whereby its thickness increases, and such that it turns back from the austenitic
struchire to the martensitic structure in a secoml temperature range which is situated under
the above-mentioned service temperature - is clamped in the martensitic structure in at least
one either or not blind hole (3) in at least one of the elements to be linked; the pin (2) is
subsequently heated to a temperatre higher than the first temperature range, such that the
thickness of the pin (2) is increased, whereby the clamping force of the pin (2) in the hole (3)
becomes very large; and the pin (2) is finally cooled down to service temperature, characterized
in that a pin (2) with a martensitic structure is put in at least one hole (3) having a thickness
which is slightly larger than the width of the hole (3). 7




