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

The present invention concerns a method for fixing two 
elements together, in particular links of a metal 
wristwatch strap, according to which a metal pin made of 
a moulding memory alloy with large hysteresis 
programmed such that it turns from the martensi tic 
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 
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 metal structure, i.e. a martensitic 
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structure changes in an austenitic structure at a certain 
temperature during 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 Ag. This transition lasts until the a.bove­
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 f\, which phenomenon 

is called hysteresis. The return to the martensitic 
20 structure is ended at a still lower temperature ~-

Examples of such alloys are: CU-Zn, CU-Zn-Al, CU-Zn-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, 

25 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. 

A method for fixing links together whereby use is made of 
30 pins made of such moulding memory alloys is described in 

.. 

• 

WO-A-94/232i4. • 

~n this known method, pins are used whose thickness is ~ 

smaller than the width of the holes in the· martensitic 
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structure, such that the pins can be put loosely in the 
holes without any force being required. When the pins 
have the austenitic struct1:1re, they jam in the holes . 

5 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 bole is filled, is 
used to cause the clamping force in the hole. 

10 

15 

20 

Also, the invention aims to provide a method for fixing 
two elements together, in particular links 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 

25 clamping force, so that an excellent clamping is 
obtained, which cannot be obtained when a pin is pressed 
in the holes in a purely mechanical manner. 

:tt 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 1ower than the service temperature . 
of the elements. 
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Preferably, the pin and the hole are round, and the 
above-mentioned thickness of the pin and width of the 

hole are diameters. 

5 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 -
io0 c. 

10 

Preferably, the above-mentioned austenitic starting 
temperature is situated between 60 and B0°C, and the 

ma.rtensitic starting temperature ~s lower than -40°C. 

15 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 
20 wil.l become clear from the following description of a 

method for fixing together two elements, in particul.ar 
links of a · metal wristwatch strap, according to the 
invention. This description is given as an example only 
and does not restrict the invention in any way 

25 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 

30 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; 
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figure 3 shows a diagram with .the taper of the 

di8'leter 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 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 l.ip s around the pin 2. 

A good clamping is obtained if the force required to draw 
a pin 2 from the hol.e 3 ·is l.arger 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 bas been 
especially programmed to this end. 

25 one can take a known moulding memory alloy, such as an 

alloy from the following· series: Cu-Zn, Cu-Zn-Al, CU-Zn­
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. 

Iaoose pins, or a thread, for example thread wound on a 
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reel which is cut into pieces of the required length as 
pins just before use, are progrananed ac;:cording to the 

usual techniques, i.e. subjected to a thermomechanical 
treatment, so as to recall another shape when the alloy 

5 is brought from. the martensitic 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 

io 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. 

is 
one makes sure that the diameter Dl 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 transition 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 90°C or 
even higher than 80°C. The complete austenitic structure t· 

is obtained at the austenitic end temperature At which is 
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preferably higher than ao 0 c, for example between 90°C and 

200°c. When the alloy is cooled doWn again, the 

transition back to the martensitic structure will not 

take pl.ace at this end temperature A,, but at a lower 

5 return temperature M8 which has to be as low as possible, 

and in any case lower than the normal service 

temperature. This implies that the hysteresis of the 

alloy must be as large as possible. Preferably, the 
temperature Ms is significantly lower than o0 c, for 

10 example lower than -10°c and even -40°C. The return to 

the martensitic structure is ended at the even lower 

temperature ~. 

The pins 2 or the thread of which the pins 2 are cut are 
15 kept at a temperature lower than the austenitic starting 

temperature A.. J:f 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 

20 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 
l into the other hole 3. 

25 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, 

30 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 link 1, 



WO 97/032'4 PCT/BB96/00074 

8 

however, so that there is a very· large tension of this 

end in the hole 3, as a result of which this end is 

clamped very tightly in the hole 3. 

S Said clamping is maintained for the entire temperature 

range between the warming-up temperature and the end 

temperature ~ 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 

hol.e 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 taken into 

20 account when determining the length of the pins 2 before 
the application, and said length must be selected for 

example some St 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
8 

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 

t 

diameter as a function of the temperature of a pin 2 • 

designed to be clamped in a hole of J..37 mm. The pin 2 
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was made of a thread of a memory alloy with an original 
diameter of 1.72 mm which, after deformation and 
annealing, had a diameter of 1. 44 mm. In the ma.rtensitic 
condition, the thread was deformed to a diameter of 1.38 
mm, 1.39 1IDll 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 l.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 8.2t, 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 s. 5%, which implies a large tension of 200 N. This 
tension was maintained over a temperature range between 
52 and -as 0 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 Ag 
temperature was increased to so0 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 

THIS.SHEET HAS BEEN 
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industrially produced pins, their cost price may be 
relatively low. r 

The invention is by no means limited to the above-
s 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. 

,.. 

' 
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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 - prograumaed such that it turns from the 

10 martensitic structure to the austenitic striicture 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 
15 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 
20 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 
25 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 

30 moulding memory alloy is used which, when returning from 

the austenitic to the martensitic structure when cooling 

down, decreases in thickness as of a return temperature, 

i.e. the ma.rtensitic starting temperature <M.>, which is 
lower than the service temperature of the pin (2). 

THJS $.HEET HAS BEEN 
REPLACED 
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3. Method according to any of the preceding claims, 
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 (Dl 

5 and 02). 

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 (';) 

10 which is higher than 40°C. 

15 

20 

25 

30 

s. Method according to the preceding ciaim, characterized 
in that the austenitic starting temperature CA.> is 
situated between 60 and so0 c. 

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 (~) which 
is higher than so 0 c. 

7. Method according to claim 6, characterized in that use 
is made of a pin (1) made of a memory alloy with an 
austenitic end temperature <A,> which is situated between 
90°c and 200°c. 

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 ma.rtensitic starting temperature <t«.> 
which is lower than -10°.c. 

9. Method according to any of the preceding claims, 
characterized in that use is made of a pin C 2} made of a 
memory alloy with a martensitic starting temperature (JG.) 

which is lower than -4o0 c. 


