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JEWELRY INCLUDING SHAPE MEMORY ALLOY 
ELEMENTS 

BACKGROUND OF THE INVENTION 

0001. This invention relates generally to jewelry com 
posed of metallic components and methods of manufactur 
ing Such components, and in particular relates to jewelry, 
Such as necklaces, bracelets, earrings, gem Stone Settings, 
and the like, which comprise a metallic component consist 
ing of a shape memory metal alloy in the form of a wire, rod 
or cable, and in particular a shape memory metal alloy 
composed of a near Stoichiometric alloy of nickel and 
titanium, Such as the alloy known as Nitinol. 
0002. A shape memory alloy is an alloy which upon 
being thermally treated at a very high temperature (typically 
at least about 500 degrees C or above) becomes fixed in a 
given shape due to crystalline alignment, yet when cooled 
below a transition temperature is relatively easily deform 
able. Often the alloy is shaped on mandrels or forms to 
create the desired memory shape. Cooling after forming is 
preferably performed in a rapid manner through a water 
quench or rapid air cool. The particular temperatures and 
treatment times are dependent on the particular alloy being 
treated and the shape and thickness of the alloy. Superellastic 
characteristics are inherent in the alloys after particular 
treatments. Alloys Subjected to extreme plastic deformation, 
Such that the wire or rod is bent or kinked, can be returned 
to the pre-deformation configuration upon reheating to a 
temperature above the transition temperature, the alloy auto 
matically recovers its pre-deformation fixed shape due to 
realignment of the crystalline phase. 
0003) Nitinol is the name given to a family of interme 
tallic alloys of nickel and titanium which show unique 
properties of shape memory and Superelasticity. These prop 
erties were discovered in near equiatomic Ni-ti alloys at the 
Naval Ordinance Laboratory. Nitinol comprises from about 
50 to 60 percent Ni and about 40 to 50 percent Ti, with less 
than about 5 percent other elements. A very common alloy 
is Nitinol-55, which contains approximately 55 percent Ni. 
The temperature for the shape memory reaction can be 
varied from below zero degrees C to about 100 degrees C by 
changing the Ni content of the alloy. 
0004 Shape memory is physical phenomenon by which 
a plastically deformed metal is restored to its original shape 
by a Solid State phase change caused by heating. The 
explanation of the Shape memory response is found in the 
Strong crystallographic relationship between the phase 
Stable at low temperature, called martensite (a close packed 
monoclinic crystalline structure), and the phase stable at 
high temperature, called austenite (an ordered body centered 
cubic phase crystalline structure). A wire or rod to be formed 
into a particular memory shape is formed, usually on a 
mandrel or other fixture, and heated to a temperature through 
the austenite start temperature, A(s), and above the austenite 
finish temperature, A(f), and held for a Suitable time period 
at temperature. The wire is then rapidly cooled, through the 
martensite start temperature, M(s), and below the martensite 
finish temperature, M(f). The stress due to the constrained 
shape produces twins in the martensite phase which are 
reversible realignments of the crystal lattice. This phase 
Structure is easily deformed into other shapes by continued 
realignment and preferential growth of favorably oriented 
twins. To recover the imparted memory shape, the wire is 
reheated to above A(f), which reverses the alignment of the 
twins and reforms the austenite crystalline Structure, the wire 
automatically resuming the memory shape. 
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0005 Superelasticity, reversible non-linear elastic defor 
mation, is imparted to Nitinol by a particular treatment 
during the austenite phase. The Nitinol wire is stained, 
cold-worked, drawn, formed or the like, at a temperature 
above A(s) but below the maximum temperature at which 
Superelasticity is obtained. 
0006 Typical representative properties of Nitinol alloys, 
which will vary Somewhat dependent on composition, are as 
follows: 

Melting point 
Density 
Young's modulus 

1310 degrees C. 
6.5 gmfcc 
120 Gpa (austenite) 
50 Gpa (martensite) 
379 Mpa (austenite) 
138 Mpa (martensite) 
690 to 1380 Mpa 
up to 20% or more 

Yield strength 

Ultimate tensile strength 
Elongation 
Shape memory 

transformation temp. 
recoverable strain 
Superelastic recoverable strain 
transformation fatigue life 

-50 to 100 Degrees C. 
6.5 to 8.5% 
up to 8% 
several hundred cycles at 6% strain 
10,000 cycles at 2% strain 
1,000,000 cycles at 0.5% strain 

0007. The following examples illustrate the different 
characteristics which can be imparted to Nitinol alloys by 
varying composition and treatment. 

Alloy #1 (superelastic): 55.8 + 0.5 wt % Ni, balance of Ti, 
s0.5 C, O, Fe 
A(s) = -10 degrees C. i. 5 
A(f) = +5 degrees C. - 5 

typical tensile properties of cold-drawn and tempered material: 

Upper superelastic plateau stress: 55 ksi. 
Lower Superellastic plateau stress: 20 ksi. 
Permanent set after 6% strain: O.1% 
Yield strength of the martensite 
after transition: 118 ksi. 
Ultimate tensile strength: 155 ksi. 
Elongation to failure: 17.5% 
Maximum strain recovery: 8% 
Alloy #2 (high-strength, superelastic): 55.9 + 0.5 wt % Ni, balance of Ti, 

s0.5 C, O, Fe 
A(s) = -20 degrees C. i. 5 
A(f) = -5 degrees C. - 5 

typical tensile properties of cold-drawn and tempered material: 

Upper superelastic plateau stress: 70 ksi. 
Lower Superellastic plateau stress: 30 ksi. 
Permanent set after 6% strain: O.1% 
Yield strength of the martensite after 
transition: 185 ksi. 
Ultimate tensile strength: 210 ksi. 
Elongation to failure: 12.5% 
Maximum strain recovery: 8% 
Alloy #3 (high-temperature, shape 
memory): 55.5 + 0.5 wt % Ni, balance of Ti, 

s0.05 C, O, Fe, s().005 H, 
s0.01 other trace elements 
A(s) = 95 degrees C. - 5 
A(f) = 115 degrees C. + 5 

typical tensile properties of cold-drawn and tempered material: 

Ultimate tensile strength: 180 ksi. 
Elongation to failure: 12% min. 
Maximum strain recovery: 8% 
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-continued 

Alloy #4 (body-temperature): 55.5 + 0.5 wt % Ni, balance of Ti 
s0.05 C, O, Fe, s().005 H, 
s0.01 other trace elements 
A(s) = 15 degrees C. - 5 
A(f) = 35 degrees C. - 5 

typical tensile properties of cold-drawn and tempered material at 
36-38 degrees C.: 

Upper superelastic plateau stress: 
Lower Superellastic plateau stress: 
Permanent set after 6% strain: 
Ultimate tensile strength: 
Elongation to failure: 
Maximum strain recovery: 
Alloy #5 (chrome-doped, 
Superelastic): 

50 ksi. 
2 ksi. 
0.5% 
180 ksi. 
12% min. 
8% 

55.8 + 0.5 wt % Ni, balance of Ti, 
0.2-0.3 Cr, s().05 C, O, Fe, 
s0.005 H, s0.01 other trace 
elements 
A(s) = -30 degrees C. - 5 
A(f) = -10 degrees C. - 5 

typical tensile properties of cold-drawn and tempered material: 

Upper superelastic plateau stress: 
Lower Superellastic plateau stress: 
Permanent set after 6% strain: 
Ultimate tensile strength: 
Elongation to failure: 
Maximum strain recovery: 
Alloy #6 (high-strength, superelastic, 
Ni-Ti-Fe): 

80 ksi. 
35 ksi. 
O.1% 
225 ksi. 
10% min. 
8% 

53.5 + 1.0 wt % Ni, balance of Ti, 
1.0-2.0 Fe, s().05 C, O, 
s0.005 H, s0.01 other trace 
elements 
A(s) = -30 degrees C. + 5 
A(f) = -10 degrees C. - 5 

typical tensile properties of cold-drawn and tempered material: 

Upper superelastic plateau stress: 
Lower Superellastic plateau stress: 
Permanent set after 6% strain: 
Ultimate tensile strength: 
Elongation to failure: 
Maximum strain recovery: 

100 ksi. 
65 ksi. 
0.5% 
210 ksi. 
10% 
8% 

0008. In comparison to other metals typically used in the 
manufacture of jewelry, and in particular in comparison to 
metals having structural properties considered as good, Such 
as for example Stainless Steel, Nitinol exhibits dramatically 
increased tensile Strength, at least an order of magnitude 
greater than Stainless, and greater flexibility, at least 50 
percent greater than Stainless, and much greater Superellas 
ticity characteristics. Individual wire Strands or thin rods 
may be intertwined to create bundles of Strands or cables, 
with varied pitch, helix angle, diameters, etc. 

0009 Nitinol may also exhibit pseudoelastic properties, 
which occurs in a relatively narrow temperature range 
Slightly above the StreSS-free austenite to martensite trans 
formation temperature, and involves the creation of StreSS 
induced martensite which Simultaneously undergoes Strain 
as it forms to relieve the applied stress. When the applied 
StreSS is removed, the thermally unstable martensite reverts 
to austenite, and the Strain Spontaneously returns to Zero. 
This behavior gives a very high apparent elasticity to the 
material without inducing any permanent Strain, but is 
limited in the temperature range where it can be utilized in 
a given alloy. Outside of the temperature range, heat will be 
required to resume the memory shape after deformation. 
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0010 Objects of this invention are to provide for jewelry 
which is composed in whole or in part of a shape memory 
alloy, and in articular of Nitinol, Such that the mechanical 
memory characteristics and/or Superellasticity characteristics 
of the alloy are utilized to improve the ease of manufacture, 
to enable jewelry to be manufactured in ways which cannot 
be accomplished by non-shape memory alloys, to provide 
new manufacturing methods utilizing shape memory alloys, 
to provide cast pieces of jewelry, jewelry containing shape 
memory alloy members, wires or braided wire as Support 
members and/or aesthetic elements, and jewelry composed 
of braided wires to form cable pieces, wherein the Super 
elasticity and shape memory characteristics improve the 
durability, functionality and ease of repair of the jewelry 
pieces. 

SUMMARY OF THE INVENTION 

0011. The invention comprises jewelry containing com 
ponents composed of a shape memory alloy, and in particu 
lar the shape memory alloy Nitinol, as well as methods of 
forming Such jewelry. The jewelry may comprise compo 
nents or elements cast from the alloy, components used as 
Support or gem Stone mounts, and components or elements 
formed of wires, rods or other shapes, and braided or 
stranded wires which form cable. The jewelry comprises 
necklaces, bracelets, gem Stone mounts, earrings, rings, etc. 
The jewelry may be comprised of mixed components, Some 
of which are made of shape memory alloys and Some of 
which are not, Such as precious metals including gold and 
Silver, Stainless Steel, etc. 
0012. The method of manufacture includes the creation 
of a jewelry piece by imparting a fixed shape into the shape 
memory alloy wire component through thermal exposure 
with the wire constrained in a desired configuration, which 
may be accomplished by wrapping the wire around a man 
drel of desired configuration, Such as circular or elliptical in 
croSS-Section, in extended lengths or in desired short Seg 
ments, or forming the wire around particularly shaped forms 
of any choosing. This is followed by rapid cooling to Set the 
crystalline phase. The wire component is then worked as 
necessary to create the piece of jewelry, Such as by threading 
decorative pieces onto the wire, intertwining or braiding 
multiple wires to form cable for necklaces, bracelets or the 
like, or by incorporating the wire into other aesthetic pieces. 
If the Superelastic properties are properly Selected, the piece 
will have high flexibility and Superior tensile Strength, yet be 
elastic enough to resist breaking and kinking. If the shape 
memory properties are properly Selected, the jewelry can be 
repaired if the wire components become bent or kinked by 
heating the piece above the transition or phase change 
temperature to return the alloy to its fixed memory shape. 
This shape memory can also be utilized during the construc 
tion of jewelry pieces, where it may be necessary to bend or 
kink the Nitinol wire elements during assembly steps. The 
wire component is imparted with the desired finished prod 
uct shape. After the piece has been fully assembled, Such that 
the wire is now bent or kinked in an undesirable manner, the 
piece is heated above the transition temperature Such that the 
wire component returns to its desired memory shape. 
0013 The method of manufacture may also include the 
use of laser welding to join the shape memory alloy to 
connectors made of precious metal, StainleSS Steel or other 
non-precious metals, or Synthetic materials, Since common 
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joining techniqueS Such as Soldering will discolor the alloy 
and because the alloy will not in certain instances directly 
bond to certain precious or non-metal metals. The alloy, if 
unplated, will have a black Ni-Ti oxide outer coating 
which imparts an acid resistant Outer grain boundary, and 
which can be cold formed into the outer surface followed by 
a heat treatment to increase the Surface hardness of the alloy 
member. The alloy can also be plated to alter its external 
appearance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.014 FIG. 1 shows a necklace comprising a single 
Nitinol wire as the Support for a pendant and as a decorative 
element. 

0.015 FIG. 2 is a cross-sectional view showing a multi 
wire braid or bundle having a Nitinol core wire surrounded 
by Nitinol wires and non-Nitinol wires. 
0016 FIG. 3 is a cross-sectional view showing a cable 
comprising multiple wire bundles, the cable having a core 
bundle composed fully of Nitinol wires, with some outer 
bundles bing Nitinol wires and some outer bundles being 
non-Nitinol wire bundles. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.017. The invention comprises in general various 
embodiments of jewelry consisting of or containing com 
ponents formed of a shape metal alloy, preferably Nitinol, 
most commonly in a wire, braid or cable form, and the 
invention further comprises various embodiments of meth 
ods of manufacture for Such jewelry. 
0.018 Nitinol is the generic name for a shape memory 
metallic alloy composed primarily of nickel and titanium, 
with Small or trace amounts of iron, copper, Zinc, aluminum, 
oxygen, hydrogen, nitrogen or other elements-Some added 
to impart certain characteristics, the others being present as 
impurities. Nitinol comprises from approximately 50 to 60 
wt percent Ni and approximately 40 to 50 wt percent Ti. 
Variations in the component percentages produce wires 
having different properties. A typical Nitinol wire compo 
Sition, for example, comprises 55% Ni, and is designated 
Nitinol-55. Nitinol has a black color and readily develops 
oxides on the Surface. Other shape memory alloys include 
combinations of copper-aluminum-nickel, gold-cadmium, 
copper-zinc aluminum, Silver cadmium, Silver-zinc, copper 
aluminum and copper-zinc. 
0019. A preferred configuration for the shape memory 
Structural component of the jewelry is a relatively thin wire, 
preferably about 0.004 to 0.020 inches in diameter, but 
which may be larger or smaller if desired. The wire may be 
utilized individually or in multiples, and in many applica 
tions is braided by patterned winding about a core or with 
intertwining wires to create a braid or cable composed of 
multiple wires, with the braided bundle or cable being 
suitably from about 0.48 to 10 millimeters in diameter for 
ease of handling and aesthetic appearance, although again 
larger or Smaller diameters are possible. The braid or cable 
can be composed entirely of Nitinol wires, or wires of gold, 
Silver, Stainless Steel or other metals may be used in com 
bination with the Nitinol wire or wires to create patterns. The 
braiding or winding is best performed mechanically. The 
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Nitinol wire or wires, or an internal braided Nitinol cable 
itself, may be used as an inner core for Structural purposes 
alone, hidden by externally wound wires or cables of other 
metal, or the black Nitinol may be used as an exposed 
decorative element in the finished product. The Nitinol wire 
can be used as a necklace or bracelet to retain other jewelry 
pieces, Such as beads, pendants or the like, or the braided 
cable in and of itself can be worn as jewelry, formed into 
rings, earrings, Watchbands, pendants, etc. 
0020 For example, FIG. 1 illustrates a necklace com 
prised of a single Nitinol wire 11 Structural component 
which Supports a pendant 12 and has a gap 13 to allow the 
wearer to place it around her neck. The necklace is provided 
with an elliptical memory shape. Bracelets, rings, earrings 
and the like can also be formed in equivalent manner. FIG. 
2 shows a bundle or braid 20 of wires, where a core wire 21 
of Nitinol is provided which is covered by external wires 22 
and 23, where wires 22 represent Nitinol wires exposed for 
aesthetic purposes and wires 23 represent non-Nitinol wires, 
such as gold, silver or the like. Alternatively, the bundle 20 
can be formed with only non-Nitinol wires 23 on the outside, 
or may be formed totally from Nitinol wires 22. In FIG. 3, 
bundles 20 are combined to form a cable 30. Again alter 
native combinations of Nitinol wires 22 and non-Nitinol 
wires 23 may be utilized as desired. 
0021. Initially wire on spools may be annealed at high 
temperature to release any manufacturing Stresses or to 
Straighten it. The wire is passed from one reel to another 
through a high temperature Zone to accomplish this. This 
technique can also be used to impart a linear shape to the 
wire by applying tensile StreSS during the process. Alterna 
tively, long lengths of the wire or cable can be wound onto 
a mandrel and then annealed to impart a desired shape. The 
croSS-Sectional configuration of the mandrel may be circular, 
elliptical, tear-drop, etc. Alternatively as well, the wire or 
cable can be cut to desired lengths for each jewelry piece, 
shaped individually by hand or on a mandrel or form, then 
thermally processed to impart the desired shape. Tempera 
tures for the StreSS relaxation annealing and the memory 
imparting or hardening annealing will vary according to 
wire composition and configuration, with thicker compo 
nents and braided components taking more time and/or 
higher temperatures. Preferably, temperatures of about 350 
to 500 degrees C or higher are used to Set the shape and 
properties of the Nitinol, followed by rapid cooling in a 
water quench or rapid air quench. Such techniques are 
known in the art. 

0022. By imparting the jewelry with a shape memory 
desired configuration, the wires or cables can be heated to 
return the wire or cable to the desired shape should the 
jewelry be damaged. For example, a necklace consisting of 
a Nitinol wire which is Strung with beads, a pendent, or the 
like, may have the Nitinol Support wire memory shaped on 
an elliptical or tear-drop shaped mandrel to impart the 
desired final configuration. Should the necklace be crimped 
or kinked, the necklace can be heated above the transition 
temperature, typically approximately 40 to 160 degrees C 
but dependent on the articular Nitinol alloy, at which point 
the shape memory alloy will Spring back to its fixed, i.e., 
elliptical or tear-drop, memory shape, and the kinks or bends 
will no longer be present. Contrast this with a Standard 
Stainless Steel necklace, where any significant bend or kink 
is for practical purposes a permanent feature which is not 
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readily fixable. Likewise, the memory shape characteristic 
can be utilized with braids or cables of Nitinol wires to 
repair bends, kinks or other unwanted deformations. 
0023 Alternatively, the properties of the shape memory 
alloy can be utilized where the manufacturing proceSS 
required to create a finished piece of jewelry requires that the 
wire or cable be bent, crimped, coiled, etc. during assembly. 
Once the jewelry is finished, the deformed wire or cable can 
be returned to its original shape by raising the temperature 
above the phase change transition point, followed by cool 
ing. With this method, complicated or intricate pieces of 
jewelry requiring deformation of the wire or cable to create 
the piece can be achieved, Since any damage done during the 
creation of the piece can be easily reversed. 

0024 Jewelry pieces can also be cast in the desired shape 
from the molten alloy, with the finished piece treated to 
impart the shape memory. For example, gem Stone mounts 
or rings can be cast, or simply fabricated from larger 
diameter Nitinol rods, bars or sheet Stock, where an incom 
plete circle is formed of the rod or bar with a separation gap 
Smaller than the width of the stone to be maintained therein. 
This shape is fixed by the temperature treatment process. 
Once cooled well below the transition temperature, the gap 
is widened to insert the stone, which will be held temporarily 
by the tensile force of the circle. Raising the temperature of 
the circle above the transition point causes the ring to tighten 
into its fixed memory shape, which Securely binds the Stone 
within the gap. Other mounting components, Such as prongs 
or barrel mounts, can likewise be produced. AS before, the 
final shape is first imparted through annealing and cooling, 
the mount is deformed to accept the gem Stone, and then 
reheated above the transition temperature to Secure the Stone 
in place. 

0.025 In other circumstances, the Superelastic properties 
of Nitinol may be a more desired characteristic than its shape 
memory properties. With proper choice of alloy and pro 
cessing, the uSable temperature range under which the 
Nitinol exhibits the pseudoelastic response can provide for 
a jewelry piece having high flexibility and tensile Strength, 
yet which is elastically elongatable or bendable over a 
Significant percentage without breaking or resulting in plas 
tic or permanent deformation 

0.026 Nitinol and other alloys will become coated with a 
Ni-Ti oxide, especially when annealing is performed in 
atmosphere. The oxide is a desired characteristic to present 
a black, Shiny outer Surface which is resistant to degradation 
from body acids and salts. This oxide can be cold formed 
into the Surface of the wire to increase its hardness prior to 
a Subsequent annealing Step. 

0.027 Nitinol and many other alloys will not bond 
directly with precious metal Such as gold or Silver. In order 
to attach clasps or other connection elements to the wire or 
cable, the normal method of Soldering is not Suitable, Since 
the process will discolor the Nitinol. Instead, laser welding 
is utilized, where the caps or other connector members of 
titanium or the like are joined to the Nitinol by fusing the 
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connector members to the wire or cable. The caps or 
connectors may be internal members, Such as externally 
threaded sleeves, onto which external caps or connectors of 
precious metal or the like can be mechanically joined. The 
caps are welded by providing tiny holes at Spaced locations 
when the design of the cap is Such that the laser beam cannot 
reach the junction between the cap and the wire. Alterna 
tively, bonding with epoxy compounds may be utilized. 

0028. The Nitinol can also be plated by first providing a 
coating of nickel, which will bond to the Nitinol, and then 
coating the nickel with the desired external coating, Such as 
gold. 

0029. It is understood that certain equivalents and Sub 
stitutions may be obvious to those skilled in the art, the 
above examples being exemplary in nature, and therefore the 
true Scope and definition of the invention is to be as Set forth 
in the following claims. 

I claim: 
1. An article of jewelry comprising a flexible Structural 

component comprised of a shape memory alloy, wherein the 
Structural component is characterized by having a pre 
determined memory shape, and further where the Structural 
component is characterized by a capacity upon thermal 
treatment to resume Said memory shape after plastic defor 
mation. 

2. The article of jewelry in claim 1, where said structural 
component is a wire composed of between approximately 50 
to 60 wt percent Ni and between approximately 40 to 50 wt 
percent Ti. 

3. The article of jewelry in claim 2, where said structural 
component comprises multiple wires composed of between 
approximately 50 to 60 wt percent Ni and between approxi 
mately 40 to 50 wt percent Ti. 

4. The article of jewelry in claim 3, where said structural 
component comprises a cable formed from Said multiple 
wires composed of between approximately 50 to 60 wt 
percent Ni and between approximately 40 to 50 wt percent 
T. 

5. The article of jewelry in claim 2, where said structural 
component is further characterized by being Superellastic. 

6. The article of jewelry in claim 1, the structural com 
ponent further characterized by an elongation to failure of at 
least 10 percent, a tensile Strength of greater than 155 ksi, 
and a maximum Strain recovery of 8 percent. 

7. A method of manufacture of an article of jewelry 
comprising: 

providing a structural component comprising a wire com 
posed of between approximately 50 to 60 wt percent Ni 
and between approximately 40 to 50 wt percent Ti; 

forming Said wire into a desired shape; 
elevating the temperature of Said wire above the austenite 

phase finish temperature to impart a memory shape to 
Said wire; 

cooling Said wire to below the martensite phase finish 
temperature, and 

assembling Said wire to form Said article of jewelry. 
8. The method of claim 8, wherein said forming step is 

performed on a mandrel. 
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9. The method of claim 8, wherein said assembling step 
includes the Steps of: 

plastically deforming Said wire to create plastic deforma 
tions in Said wire; and 

reheating Said wire after Said assembling Step to above the 
austenite phase finish temperature in order to remove 
Said plastic deformations. 

10. The method of claim 8, further comprising the step of 
heat treating Said wire to impart Superelastic characteristics 
to Said wire. 
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11. The method of claim 8, further comprising the step of 
forming multiple Said wires and intertwining Said wires to 
form a braid. 

12. The method of claim 8, further comprising the step of 
forming multiple Said wires and intertwining Said wires to 
form a cable. 

13. The method of claim 8, further comprising the step of 
laser welding Said wire. 


