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Magnetostrictive fastener arrangement that relies 
upon the fractional change in length of a ferromag 
netic element under the in?uence of a magnetic ?eld 
(magnetostriction) to alter the physical cooperating 
relationship between the element and a second ele 
ment. Each of the elements may exhibit the same or a 
different magnetostrictive effect in the presence of a 
magnetic ?eld, and each of the elements is dimen 
sioned so that a different physical relationship be 
tween the elements is achieved when either or both 
elements undergoes a fractional change in length. 

ABSTRACT 

14 Claims, 15 Drawing Figures 



PAIENTEuJuuIamm ' - 3816.902 

SHEET 1 0F 3 

F/G/ 

x 70% 30% 

I20p X/r 650/0 350/0 
HO _ x/ 75% 25% 

5 o 

90 - 

so - 

70 ~ 

so ~ 

50 - 

40 
so - 

20 ~ 

10 ~ 

MAGNETOSTRICTION, )\, IN INCHES 

1 I 1 l | I | I 1 I 

0O 400 800 I200 I600 2000 - 

MAGNETIC FIELD STRENGTH, H, IN OERSTEDS 



PATENTEDJus 18 am y 3316.902 

sum 2 or 3 

FIG‘. 7 

\ \ 
\ 





3,816,902 
1 

METHOD OF MAGNETICALLY SHRINK-FITTING 
MEMBERS 

BACKGROUND OF THE INVENTION 

This invention relates to an improvement in fastening 
arrangements and more particularly, to magnetostric 
tive fasteners that utilize the principle of magnetostric 
tion to provide enhanced holding action. 

Fasteners, such as screws, nails, studs, rivets, nuts 
and bolts and the like are well known and extensively 
used to join materials together. Such fasteners tend to 
loosen, however, especially where the materials joined 
together undergo stresses and strains. Also, certain 
types of fasteners are subject to corrosion. Such corro 
sion action may cause the fastener to loosen because of 
the reduction in its size or, may make the fastener diffi~ 
cult to take apart which is necessary in the normal 
maintenance of machinery. Thermal expansion of met 
als has been utilized to provide long term tight?tting 
fasteners. For example, pipe connections are com 
monly made by joining preheated and precooled pipes. 
There are practical difficulties in applying the principle 
in other fastening arrangements. The heating equip 
ment needed to provide the required temperature 
changes may be bulky and non~portable. Also, certain 
elements to be secured, such as large metal pieces, may 
not readily change their ambient temperature. 
Therefore, a fastening arrangement that would fit 

tightly by changing dimensions at the time of assembly 
or disassembly while at the same time not requiring ex 
tensive, additional equipment would be a valuable ad 
vance in the art of fasteners. 

SUMMARY OF THE INVENTION 

There is provided in accordance with the present in 
vention a fastener arrangement that overcomes the 
problems mentioned previously. More particularly, the 
invention relates to a fastening arrangement wherein at 
least one element of the fastener is at least partially 
made of a magnetostrictive material that undergoes 
shape changes in the presence of a magnetic ?eld. Each 
of the elements is so dimensioned that a different physi 
cal relationship between the elements is implemented 
when either or both magnetostrictive elements under 
goes a fractional change in length in the presence of a 
magnetic ?eld of appropriate strength. 
Where the fastener is a magnetostrictive screw, nail, 

stud, rivet, bolt, washer, electrical connector or the 
like, removal of the magnetic ?eld after the fastener is 
in place causes an increase in the diameter of the fas 
tener. The result is that the fastener ?ts more securely 
in the receiving holes in the elements to be held to 
gether. Thus, the fit is more snug than with conven 
tional fasteners. The term fastener is meant to include 
any type of arrangement where parts may be made rigid 
with respect to each other. Also, a cotter pin may be 
made in part of a magnetostrictive material so that the 
application of a magnetic field causes the shaft of the 
pin to curve or be straight. 
Corrosion may be reduced by fashioning the fastener 

of a magnetostrictive material that has less tendency to 
rust. More importantly, since the fit is more snug than 
conventional fasteners, there is less tendency for corro 
sion because oxygen has less surface area in which to 
oxidize. In addition, the usual difficulty in removing 
corroded fasteners is minimized by the use of magneto 
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2 
strictive fasteners. To remove the fastener, a magnetic 
?eld is applied to thereby decrease the diameter of the 
fastener and thereby crack any corroded surface that 
may be present. 

In another form of the invention the fastener may be 
a magnetostrictive chuck for holding a machine tool in 
place or alternatively, the tool itself may be made of a 
magnetostrictive material. Additionally, doors with 
magnetostrictive lining may be used to form a tight ?t 
ting fastening arrangement. 
The additional equipment needed to cause the en 

hanced fastening action consists of a suitable source of 
a magnetic field. Either small permanent magnets or 
electromagnets may be used. In some cases the device 
used to insert the fastener into place, such as a screw 
driver or wrench, etc., may be modified so as to also in 
corporate the source of the magnetic field. ’ 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the invention, refer 
ence may be made to the following descriptions of the 
exemplary embodiments taken in conjunction with the 
following drawings in which: 
FIG. 1 is a graph showing properties of some magne 

tostrictive materials; 
FIG. 2 is a schematic of a magnetostrictive nut and 

bolt combination arranged according to the present in 
vention; 
FIG. 3 is a sectional view of magnetostrictive nut and 

bolt in place arranged according to the present inven 
tion; 
FIG. 4 is a sectional view of magnetostrictive rivet in 

place; 
FIG. 5 is a sectional view of magnetostrictive nail in 

place; 
FIG. 6 is a sectional view of a magnetostrictive screw 

in place; 
FIG. 7 is a view of a magnetostrictive pipe connec 

tion; 
FIG. 8 is a magnetostrictive can arranged according 

to the present invention; 
FIG. 9 is a magnetostrictive ?tting arranged accord 

ing to the present invention; 
FIG. 10 is a sectional view of a magnetostrictive stud 

arranged according to the present invention; 
FIG. 11a is a partial sectional view of a machine tool 

held by a chuck arranged according to the present in 
vention; 
FIG. 11b is a view of the machine tool and chuck 

taken along lines 11b of FIG. 11a; 
FIG. 12 is a view of a magnetostrictive door arranged 

according to the present invention; 
FIG. 13 is a view of a bolt and magnetostrictive 

washer arranged according to the present invention; 
FIG. 14 is a view of a magnetostrictive cotter pin ar 

ranged according to the present invention. 
In the following descriptions of illustrative embodi 

ments of magnetostrictive devices arranged according 
to the present invention, all are based on the novel ap 
plication of the principle of magnetostriction. 

PRINCIPLES OF MAGNETOSTRICTION 
Magnetostriction refers to the fractional change in 

length of a ferromagnetic body under the in?uence of 
a magnetic ?eld. The three main kinds of magnetostric 
tion are longitudinal magnetostriction, transverse mag 
netostriction and volume magnetostriction. Longitudi 
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nal magnetostriction may be either positive (Fe-Co Al 
loys) or negative (Ni and Co) or may be positive (elon 
gate with increasing ?eld) at low ?elds and negative for 
large ?elds. Transverse magnetostriction is measured 
orthogonally to the ?eld and generally is equal to one 
half the longitudinal magnetostriction and of opposite 
sign. Volume magnetostriction is generally an order of 
magnitude smaller than longitudinal magnetostriction. 

While all ferromagnetic materials have magnetostric 
tive qualities, the iron cobalt alloys (Fe-Co) appear to 
produce the greatest effect. The curves of FIG. 1 indie 
ative magnetostriction as a function of ?eld strength for 
three cold rolled Fe-Co alloys; for the Fe 30 — Co 70 
alloy, the magnetostriction is 1.2 X 10"‘ in./in. at a ?eld 
strength of 1,000 oersteds. The thermal expansion for 
the same alloy for a 100°F. temperature change is 6 X 
10"4 in./in. 
Since the greatest amount of magnetostriction occurs 

as the material approaches saturation, the magnet for 
producing the ?eld must be capable of producing a 
large enough ?eld. The magnetostrictive materials uti 
lized in the present invention, such as the Fe-Co alloys, 
generally do not require more than 1,000 oersteds to 
saturate them. When the alloys are not cold rolled, 200 
oersteds may be suf?cient. However, the shape of the 
magnetostrictive material, which determines the de 
magnetization factor, may necessitate the use of a 
much larger ?eld to ensure the magnetostrictive mate 
rial is near saturation. 
Permanent magnets are suitable in most applications 

for generating the magnetic ?elds necessary to cause 
magnetostriction. Depending on'the application of the 
magnetostrictive material, various shaped permanent 
magnets are available, such as horseshoe, bar, circular 
or rod, depending on the direction of the magnetic ?eld 
required in relation to the structure of the magneto 
strictive material. Ceramic magnets, such as barrium 
ferrite, are readily available and provide ?eld strengths 
from 2,000 to 3,000 oersteds. Also, Alnico permanent 
magnets provide the same range of ?eld strength. In 
some applications it may be desirable to have higher 
?eld strengths. The rare earth cobalt alloy magnets, 
such as platinum cobalt, provide ?eld strengths in ex 
cess of 3,000 oersteds. - ' 
Most permanent magnets provide the previously 

mentioned field strengths in a relatively small volume 
of air. Therefore, where the magnetostrictive material 
is relatively large, electromagnets with or without an 
iron return circuit may be used. Air coils provide ?eld 
strengths of the order of 1,000 oerstedsv over a large 
volume. Where higher ?elds are desirable, electromag 
nets with an iron return circuit generate ?eld strengths 
to 5,000 oersteds in a one inch air gap. Electromagnets 
maybe useful when the present invention is utilized in 
industrial applications. I ' 

PREFERRED EMBODIMENTS 
In the illustrative embodiment of a magnetostrictive 

fastening arrangement according to the present inven 
tion, as. shown in FIG. 2, there is provided a nut and 
bolt combination for securing elements (not'ishown) 
together. In the drawing, a bolt 10 with a head 11 and 
external threads 12 and an internally threaded nut 14 
are designed for engaging relationship. With conven 
tional nut and‘ bolt combinations, the inside diameter of 
the nut is somewhat larger than the outside diameter of 
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4 
the bolt so that the two may be readily joined together. 
Friction between the elements joined together and the 
bolt and nut respectively is relied upon to maintain a 
tight connection. However, in the present’invention, 
the bolt 10 is made of a magnetostrictive material, such 
as a Fe-Co alloy, with an outside diameter that is ap 
proximately equal to the inside diameter of the bolt. In 
this condition the two may not be readily joined or if 
joined, separated. 
A magnetic ?eld is applied to the bolt 10 in a direc 

tion parallel to its axis when the combination is to be 
assembled or separated. This may be provided by an 
electromagnetic surrounding the bolt, a specially de 
signed tool or, where appropriate, by a permanent mag 
net shaped as a horseshoe with one pole near the head 
11 of the bolt 10 and the other pole near the nut 14. 
The magnetic ?eld causes the length of the bolt to in 
crease and the diameter to decrease about half the in 
crease in length. After the combination is assembled 
and the ?eld removed, the bolt 10 reassumes its origi 
nal shape. The transverse magnetostriction, along the 
diameter, causes the nut and bolt to ?t securely. In 
some applications it may be desirable to have the nut 
14 made of a magnetostrictive material. 

In FIG. 3, there is shown a sectional view of the bolt 
10 and nut 14 holding a pair of elements 16 and 18 in 
place. Not only does transverse magnetostriction en 
hance the holding action, but also, longitudinal magne 
tostriction provides a tighter ?t. Since the length of the 
bolt 10 increases when a magnetic ?eld is present, the 
removal of the ?eld after assembly causes the bolt 10 
to decrease its length and thereby causes greater hold 
ing pressure to be exerted on the elements 16 and 18. 
Alternatively, the bolt 10 and the nut 14, instead of 
being formed with threads, may have smooth engaging , 
surfaces. 
FIG. 4, indicates a magnetostrictive fastener in the 

form of ‘a rivet 20. A pair of elements 22 and 24 with 
matching holes receive the rivet 20. The diameter of 
the rivet 20 is larger than the diameter of the holes of 
the members 22 and 24. A magnetic ?eld, applied par 
allel to the length of the rivet 20, by a device similar to 
that described in FIG. 2, decreases the diameter so that 
it may be inserted into the bores in the elements 22 and 
24. The head 20a is then'formed on the rivet in the 
usual manner, and when the ?eld is removed, the diam 
eter of the rivet 20 increases while‘ its length decreases, 
thereby to hold the elements 20 and 24 in tighter rela 
tionship. . ' . ' 

As shown in FIG. 5, a nail 30 with a head 32 and a 
shaft 34 is made of a magnetostrictive material. When 
the nail 30 is to be'driven into an element 36, such was 
wood, a magnetic ?eld is provided parallel to the shaft 
of the nail 30, thereby decreasing the diameter of the 
nail. After the nail 30 is driven into the wood 36, the 
magnetic field is removed to increase the diameter of 
the nail 30. 

In similar manner, there is shown in FIG. 6 a magne 
tostrictive screw 40. The screw 40 with threads 42 is 
made of a magnetostrictive material and is shown 
seated in an element 44, such as wood or metal. The 
screw is inserted while the magnetic ?eld is applied par 
allel to the sha? of the screw 40. The result of this ac 
tion, again after the ?eld has been removed, is that the 
screw ?ts more securely into the material 44 because 
of its increased diameter. The magnetostrictive screw 
40, along with the other fastening arrangements, have 
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the advantageous feature of facilitating their removal if 
any corrosion should accumulate on the fasteners over 
long time periods. The change in size of the fasteners 
can cause the corrosion, including rust, to break loose. 
Referring to FIG. 7, there is shown an improved pipe 

connection arranged according to the present inven 
tion. A pipe 52 has a coupling section 54 adapted at 
one end to receive the end of another pipe 56. In the 
present invention, an end 57 of the pipe 56 is made of 
a magnetostrictive material with a diameter approxi 
mating the internal diameter of the coupling 54. When 
the pipes are to be ?tted together, a magnetic ?eld is 
applied parallel to the length of the pipe 56 which 
causes the end 57 of the pipe to contract, as shown in 
FIG. 7, so as to allow the pipe 56 to be inserted into the 
coupling 54. After the magnetic ?eld is removed, the 
diameter of the end 57 of the pipe 56 increases to cause 
a tight fitting pipe connection. 
Referring now to FIG. 8, a can 56 has a top member 

58 formed of magnetostrictive material frictionally se 
cured within the recess of an interior lip 60 of the can. 
A permanent magnet 62 is located adjacent the top 58 
to generate a magnetic ?eld perpendicular to the sur 
face of the top 58. The magnetic ?eld causes the diam 
eter of the top 58 to decrease thereby causing the top 
member 58 to separate from the lip 60. The top mem 
ber 58 adheres to the magnet 62 after removal from the 
can 56. 

In a ?tting arranged according to the present inven 
tion as shown in FIG. 9, a bar 66 is joined with another 
bar 68 by means of a ?tting 70. Ends 67 and 69 of the 
bars 66 and 68, respectively, are made of a magneto 
strictive material, and have a diameter slightly greater 
than inner diameter 72 of the ?tting 70. When joining 
the rods 66 and 68, a magnetic ?eld parallel to the axis 
of the rods causes the diameter of the ends 67 and 69 
of the rods 66 and 68, respectively, to decrease, as 
shown in FIG. 9, so that the rods ?t into the ?tting 70. 
When the ?eld is removed, therods are held by the ?t 
ting 70. 
Referring now to FIG. 10, a threaded stud 74 made 

of a magnetostrictive material is engaged with a nut 76 
to hold the elements 78 and 80 together. The external 
threads of the stud 74 match the internal threads of the 
element 80. Similarly, as in the nut and bolt combina 
tion shown inFIG. 3, the holding action of the stud is 
enhanced by both longitudinal and transverse magneto 
striction. Also, the stud 74, nut 76 and element 80 may 
be formed without threads. 
FIG. 11a and FIG. 11b show the application of the 

principle of magnetostriction to a chuck adapted to 
hold a machine tool 82, having a working end 84 and 
a securing end 86, is held by a chuck, represented gen 
erally by the reference numeral 88. In one manner of 
holding the tool 82 in place in the chuck 88, the secur 
ing end 86 is placed in a receiving hole 90 in the chuck 
88 formed by a series of three arcuate adjustable chuck 
sections 92, 94 and 96. The inner edges of the sections 
92, 94 and 96 fonn the receiving hole 90 and by con 
ventional adjustment techniques (not shown) these 
sections may releasably grip the securing end 86 of the 
tool 82. The present invention may either supplement 
or eliminate the adjustment techniques. 

In one form of the invention the sections 92, 94 and 
96 are formed of a magnetostrictive material. Thus, 
when it is desired to insert the tool 82 into the chuck 
88, a magnetic ?eld, which may be provided by either 
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6 
a permanent magnet or electromagnet, is applied to the 
sections 92, 94 and 96 to cause them to alter their size 
and thereby increase the size of the receiving hole 90 
to allow the securing end 86 to be inserted, as shown 
in FIG. 11a and FIG. 11b. The magnetic ?eld is then re 
moved which causes the sections to alter their dimen 
sions so that they securely grip the tool 82. The sections 
may also be adapted to hold the tool when a magnetic 
?eld is applied to them and release the tool when the 
?eld is removed. In this form, it may be more suitable 
to have the ?eld producing means be an appropriate 
electromagnet that is permanently affixed to the chuck. 
Control of the tool may then be accomplished by con 
trolling electrical power to the electromagnet as with a 
switch. 

In another form of the invention the securing end 86 
of the tool 82 may be formed of a magnetostrictive ma 
terial with the receiving hole 90 being of conventional 
design. To insert the tool 82 into the chuck 88 a mag 
netic ?eld is applied to the securing end 86 to alter its 
dimensions to cause it to ?t into the chuck. When the 
?eld is removed, the tool assumes its original shape 
which results in the tool being ?rmly held by the chuck. 
Referring now to FIG. 12 a door 100 is mounted on 

a wall 102 by a pair of hinges 104. The shape of the 
door is not critical and may be square as shown, rectan 
gular, or circular as with portholes on ships. Mounted 
around the perimeter of the door 100 is a strip 106 of 
magnetostrictive material. To close the door 100 a 
magnetic ?eld is applied to the strip 106 to cause the 
strip to alter its size and thereby slightly decrease the 
overall perimeter of the door 100. The door 100 may 
then be swung into engagement with the wall 102. The 
removal of the magnetic ?eld causes the strip 106 to 
assume its original dimensions which cause the door to 
?t snugly within the wall. In an alternative form of this 
embodiment, the strip 106 of magnetostrictive material 
may be placed along the edges of the opening in the 
wall 102. The tight ?tting arrangement forms an excel 
lent barrier for preventing leakage of water or air and 
thus is applicable for use in ships and space vehicles 
where tight ?tting passageways are of utmost impor~ 
tance. The magnet may be protable or permanently 
mounted within either the door or wall. 

In FIG. 13 a bolt 110, having a head 112 and a shaft 
114, is adapted to be inserted into an aperture 115 in 
a receiving member 116. A washer 118 made of a mag 
netostrictive material is rigidly mounted on the shaft 
114 of the bolt 110 due to the magnetostrictive princi 
ple. An outermost portion 120 of the receiving part 116 
is also made of a magnetostrictive material. To insert 
the bolt 110 into the aperture 115 of the receiving part 
116 a magnetic ?eld is applied to the washer 118 and 
the outermost part 120 which causes the magnetostric 
tive materials to alter their dimensions. Removing the 
magnetic ?eld causes the magnetostrictive materials to 
assume their original dimensions, the result being that 
the washer 118 is too large to ?t through the aperture 
formed by the outermost portion 120. Thus, the bolt is 
secured within the receiving part and may not be re 
moved until a magnetic ?eld is applied to the magneto 
strictive material. In some applications it may be desir 
able to have only the washer 118 or only the outermost 
portion 120 made of a magnetostrictive material. 
Referring now to FIG. 14, a receiving part 122 has an 

aperture l24'with an outwardlyflaring end section 126. 
A cotter pin 128 has a head 130, and a shaft 132 with 
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section 133 of the shaft being made of a magnetostric 
tive material. The shaft 132 is curved as shown in FIG. 
14 absent any magnetic ?eld. By applying a magnetic 
?eld to the cotter pin, the shaft 132 becomes straight 
(not shown) whereby the pin may be removed from or 
inserted into the receiving part 122. Thus the curved 
shaft 132 in conjunction with the shape of the end sec 
tion 126 of the aperture 124 causes the combination of 
the cotter pin 128 and receiving part 122 to be held in 
tight frictional relationship. 
The present invention is applicable to increasing the 

frictional holding relationship between electrical con~ 
nectors, such as electrical connectors that are inserted 
into switchboards. For instance, in FIG. 14 the cotter 
pin 128 may be an electrically conductive connector 
that may be inserted into the aperture 124 which may 
be a receiving hole on’ a switchboard. Similarly, the em 
bodiments shown in FIG. 9 and FIG. 13 may be modi 
?ed for use as electrical connectors. 
The embodiments of the present invention described 

previously are intended to be merely exemplary and 
those skilled in the art will be able to make numerous 
variations and modi?cations without departing from 
the spirit of the present invention. All such variations 
and modi?cations are intended to be in the scope of the 
invention as de?ned in the appended claims. 

I claim: 
1. A method of engaging elements in cooperating 

physical relationship at least one of which is formed of 
magnetostrictive material comprising the steps of ap 
plying a magnetic ?eld to the magnetostrictive element 
to change a dimension thereof and alter the physical 
cooperating relationship between the elements, secur 
ing the elements together in a frictional engagement, 
and removing the magnetic ?eld to cause a fractional 
change in a dimension of the element and provide a 
greater frictional engagement between the elements to 
lock them together more securely. 

2. The method according to claim 1, wherein the 
magnetostrictive element is a nail adapted to be driven 
into and engage the second element in the presence of 
the magnetic ?eld, the diameter of the nail decreasing 
when the magnetic ?eld is applied parallel to the axis 
of the nail, whereby the diameter of the nail increases 
in the absence of the magnetic ?eld to provide a greater 
frictional locking relationship between the nail and the 
second element. 

3. The method according to claim 1, wherein the 
magnetostrictive element is a screw adapted to be 
driven into and engage the second element in the pres 
ence of the magnetic ?eld, the diameter of the screw 
decreasing when the magnetic ?eld is applied parallel 
to the axis of the screw, whereby the diameter of the 
screw increases in the absence of the magnetic ?eld to 
provide a greater frictional locking relationship be 
tween the screw and the second element. 

4. The method according to claim 1, wherein the 
magnetostrictive element is a rivet adapted to be 
formed into engagement with other elements in the 
presence of the magnetic ?eld, the diameter of the rivet 
decreasing when the magnetic ?eld is applied parallel 
to the axis of the rivet and whereby the diameter of the 
rivet increases in the absence of the magnetic ?eld to 
provide a tighter engagement between the rivet and the 
other elements. 

5. The method according to claim 1, wherein the 
magnetostrictive element is a stud adapted to be in 
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8 
serted into and engage other elements in the presence 
of the magnetic ?eld, the diameter of the stud decreas 
ing when the magnetic ?eld is applied generally parallel 
to the axis of the stud, whereby the diameter of the stud 
increases in the absence of the magnetic ?eld to pro 
vide a greater frictional locking relationship between 
the stud and the other elements. 

6. The method according to claim 1, wherein the 
magnetostrictive element is a pipe adapted to be in 
serted into another pipe having a coupling section, the 
diameter of the pipe decreasing when the magnetic 
?eld is applied parallel to the axis of the pipe whereby 
the diameter of the pipe increases in the absence of the 
magnetic ?eld to provide a greater frictional locking 
relationship between the pipes. 

7. The method according to claim 1, wherein the 
magnestrictive element is a bolt and another element is 
a nut, the bolt adapted to engage the nut in the pres 
ence of the magnetic ?eld, the diameter of the bolt de 
creasing when the magnetic ?eld is applied parallel to 
the axis of the bolt, whereby the diameter of the bolt 
increases in the absence of the magnetic ?eld to pro 
vide a greater frictional locking relationship between 
the bolt and the nut. ' , 

8. The method according to claim 1, wherein the 
magnetostrictive element is a bar and another element 
is a ?tting, the bar adapted to engage the ?tting in the 
presence of the magnetic ?eld, the diameter of the bar 
decreasing when the magnetic ?eld is applied parallel 
to the axis of the bar, whereby the diameter of the bar 
increases in the absence of the magnetic ?eld to pro 
vide a greater frictional locking relationship between 
the ?tting and the bar. . 

9. The method according to claim 1 wherein the mag 
netostrictive element comprises a clutch formed with a 
receiving hole and another element comprises a ma 
chine tool, the machine tool adapted to engage the re 
ceiving hole of the chuck in the presence of the mag 
netic ?eld, the receiving hole increasing in size when 
the magnetic ?eld is applied, whereby the size of the 
receiving hole decreases in the absence of the magnetic 
?eld to provide a greater frictional locking relationship 
between the chuck and the machine tool. 

10. The method according to claim 1, wherein the 
magnetostrictive element comprises a machine tool 
and another element comprises a chuck formed with a 
receiving hole, the machine tool adapted to be engaged 
by the receiving hole in the chuck, the dimensions of 
the tool decreasing when the magnetic ?eld is applied 
to the tool, whereby the dimensions of the tool in~ 
creases in the absence of the magnetic ?eld to provide 
a greater frictional locking relationship: between the 
machine tool and the chuck. . _ 

11. The method according to claim ‘1, wherein the 
magnetostrictive element comprises a door having a 
lining made of magnetostrictive material formed 
around the perimter of the door and another element 
comprises a wall having an opening for the door, the 
size of the door decreasing when the magnetic ?eld is 
applied to the door, whereby the size of the door in 
creases in the absence of the magnetic ?eld to provide 
a greater frictional locking relationship between the 
door and the wall. 

12. The method ‘according to claim 1, wherein the 
magnetostrictive element comprises a wall with an 
opening having a lining made of magnetostrictive mate 
rial and another element comprises a door, the size of 
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the opening increasing when the magnetic ?eld is ap 
plied to the lining, whereby the opening decreases in 
the absence of the magnetic ?eld to provide a greater 
frictional locking relationship between the door and 
the wall. 

13. The method according to claim 1, wherein the 
magnetostrictive element comprises a washer, another 
element comprises a bolt adapted to be mounted within 
the washer and another element comprises a receiving 
member having an aperture, the size of the washer de 
creasing when the magnetic ?eld is applied to the 
washer, whereby the size of the washer increases in the 
absence of the magnetic ?eld to provide a greater fric 
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10 
tional locking relationship between the bolt and the re 
ceiving member. 

14. The method according to claim 1, wherein the 
magnetostrictive element comprises a normally curved 
cotter pin, partially formed of a magnetostrictive mate 
rial, and another element comprises a receiving part 
having an aperture, the pin becoming straight when the 
magnetic ?eld is applied to the magnetostrictive mate 
rial of the cotter pin, whereby the length of the pin 
curves in the absence of the magnetic ?eld to provide 
a greater frictional locking relationship between the 
cotter pin and the receiving part. 

* * * * * 
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