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(57) ABSTRACT 

A method and apparatus for loading deposit material, such 
as an embolic coil, into a shape memory polymer (SMP) 
gripping/release mechanism. The apparatus enables the 
application of uniform pressure to secure a grip by the SMP 
mechanism on the deposit material via differential pressure 
betWeen, for example, vacuum Within the SMP mechanism 
and hydrostatic Water pressure on the exterior of the SMP 
mechanism. The SMP tubing material of the mechanism is 
heated to above the glass transformation temperature (Tg) 
While reshaping, and subsequently cooled to beloW Tg to 
freeZe the shape. The heating and/or cooling may, for 
example, be provided by the same Water applied for pres 
surization or the heating can be applied by optical ?bers 
packaged to the SMP mechanism for directing a laser beam, 
for example, thereunto. At a point of use, the deposit 
material is released from the SMP mechanism by reheating 
the SMP material to above the temperature Tg Whereby it 
returns to its initial shape. The reheating of the SMP material 
may be carried out by injecting heated ?uid (Water) through 
an associated catheter or by optical ?bers and an associated 
beam of laser light, for example. 
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METHOD FOR LOADING SHAPE MEMORY 
POLYMER GRIPPER MECHANISMS 

[0001] The United States Government has rights in this 
invention pursuant to Contract No. W-7405-ENG48 
betWeen the United States Department of Energy and the 
University of California for the operation of LaWrence 
Livermore National Laboratory. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to the microgrippers, 
particularly to shape memory polymer gripper/release 
mechanisms, and more particularly to a method and appa 
ratus for loading shape memory gripper mechanisms. 

[0003] In recent years, substantial research and develop 
ment has been directed to microactuators, microgrippers, 
etc. particularly for medical applications and capable of 
operating in 250-500 pm diameter applications, such as the 
blood vessels in the human body. Recently a shape memory 
polymer (SMP) material has been developed Wherein above 
a certain temperature (Tc) the material becomes soft and can 
be shaped by applying pressure, and cooling to a tempera 
ture beloW Tc, and upon reheating the material to a tem 
perature above Tc the material returns to its original shape. 

[0004] By the use of the SMP material, microgrippers 
have been developed for applications such as depositing 
material (i.e., embolic coils) in the blood vessels. Due to the 
capability of the SMP materials, a small SMP tube attached 
to a guide Wire or catheter is heated, an embolic coil, for 
example, is inserted in the tube, and pressure is applied to 
the SMP material causing it to conform about the coil, 
Whereafter the SMP material is cooled thereby freeZing the 
SMP material in the formed shape thereby gripping the coil, 
and upon reheating the SMP material the material returns to 
its original shape thereby releasing the coil. Such SMP 
microgrippers are described and claimed in copending US. 
application Ser. No. 08/807,412 ?led Feb. 28, 1997, entitled, 
“Microfabricated Therapeutic Actuators”, and assigned to 
the same assignee. 

[0005] The present invention involved the loading of the 
SMP tubing With deposit material for medical applications, 
such as an embolic coil, medication, etc., and for non 
medical applications requiring the delivery and release of 
components in normally inaccessible areas. The apparatus of 
the present invention operates via differential pressure 
betWeen vacuum and hydrostatic Water pressure Whereby an 
application of uniform pressure on the exterior of the SMP 
tubing, With a vacuum on the interior thereof causes heated 
SMP tubing to change shape and grip a device located 
therein, after Which the SMP tubing is cooled and thereby 
freeZes in its changed shape. The heating and the cooling of 
the SMP tubing can be accomplished by the Water utiliZed 
to produce the pressure for changing the shape of the SMP 
tubing. The heating of the SMP tubing may also be accom 
plished using optical ?bers and laser light. Also, either 
heated Water passing through a catheter to Which the SMP 
tubing is attached or laser light via optical ?bers packed to 
the SMP tubing may be utiliZed to reheat the tubing and 
release the device therefrom. 

SUMMARY OF THE INVENTION 

[0006] It is an object of the present invention to enabling 
loading of shape memory polymer material With a deposit 
material. 
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[0007] A further object of the invention is to provide a 
method for loading a shape memory polymer tubing With a 
device to be gripped and released thereby. 

[0008] A further object of the invention is to provide a 
loading mechanism for shape memory polymer gripper/ 
release mechanisms. 

[0009] Another object of the invention is to enable loading 
of a shape memory polymer gripper/release mechanism 
utiliZing differential pressure on the external and internal 
areas of the shape memory polymer material. 

[0010] Another object of the invention is to provide load 
ing of a shape memory polymer tube With a device to be 
gripped/released thereby, utiliZing differential pressure 
betWeen vacuum and hydrostatic Water pressure. 

[0011] Another object of the invention is to provide load 
ing of a shape memory polymer gripper/release tubing 
utiliZing pressured Water Which is heated and cooled on the 
external area of the tubing While draWing a vacuum in the 
internal area thereof, and applying a mechanism to areas of 
the heated external area of the tubing to form depressions 
therein Which are froZen in the tubing by cooling of the 
external area. 

[0012] Another object of the invention is to provide load 
ing for a shape memory polymer gripper/release tubing 
utiliZing laser heating of the tubing and differential pressure 
and cooling for forming depressions in the tubing for 
gripping a device positioned therein. 

[0013] Other objects and advantages Will become apparent 
from the folloWing description and accompanying draWing. 
The invention involves the loading of a shape memory 
polymer SMP gripper/release mechanism With a device to be 
gripped and released. The invention is carried out by insert 
ing in an SMP tubing a device to be gripped/released, 
utiliZing differential pressure betWeen the internal and exter 
nal areas of a SMP tubing after and/or during the heating of 
the tube Whereby depressions are formed in the tubing, and 
thereafter cooled the tubing causing a freeZing of the thus 
formed depressions in the tubing Which causes gripping of 
the device located in the tubing. Release of the device from 
the SMP tubing is accomplished by reheating the tubing 
such that it returns to its original shape. The method and 
apparatus of this invention requires the use of an SMP tubing 
having a glass transformation temperature (Tg) Which When 
heated above Tg can be reshaped, and subsequent cooling 
beloW Tg freeZes to tubing in its reshaped con?guration. The 
heating and/or cooling can be provided by the same Water 
applied for pressuriZation, or the heating can be provided by 
optical ?bers packaged With the SMP tubing via Which laser 
light, for example, is directed onto the tubing. The heating 
and cooling may be carried out during pressuriZation of the 
tubing by controlling the temperature of the Water used in 
the differential pressure application to the tubing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The draWings, Which form a part of the disclosure, 
illustrate the method and apparatus of the invention, and 
together With the description, exemplify and teach the prin 
ciples of the invention. 

[0015] FIG. 1 is a partial cross-sectional vieW of an 
embodiment of a loaded shape memory polymer gripper/ 
release mechanism Which has been loaded in accordance 
With the present invention. 
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[0016] FIGS. 2-5 illustrate the method for loading the 
gripper/release mechanism of FIG. 1. 

[0017] FIG. 6 illustrates schematically and in partial 
cross-section an embodiment of the differential pressure 
apparatus for loading a shape memory polymer tubing in 
accordance With the invention. 

[0018] FIG. 7 illustrates schematically and in partial 
cross-section another embodiment of the loading apparatus, 
similar to FIG. 6, but utiliZing laser light via optical ?bers 
for heating the tubing, for both gripping and releasing a 
deposit material. 

[0019] FIGS. 8-11 illustrate embodiments of loading 
mechanisms utiliZing mechanical pressure to load a shape 
memory polymer tubing. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0020] The present invention is directed to loading shape 
memory polymer gripper/release mechanisms With a deposit 
material. The invention involves a method and loading 
apparatus to enable gripping and release of a deposit mate 
rial utiliZing a shape memory polymer (SMP) tubing and 
heating the tubing to be above the glass transformation 
temperature (Tg) While reshaping the tubing via differential 
pressure, and subsequently cooling the tube to beloW the Tg 
to freeze the shape. Upon reheating the SMP tubing to a 
temperature above the Tg it returns to its original shape. 
Thus, by utilizing the SMP tubing as a gripper/release 
mechanism, it can be utiliZed for gripping/releasing devices 
such as embolic coils, medicine, etc. at a point of use as 
described and claimed in above-referenced application Ser. 
No. 08/807,412. The loading of the SMP gripper/release 
mechanism is carried in accordance With the present inven 
tion by utiliZing a differential pressure betWeen the interior 
and exterior of the heated SMP tubing. For example, the 
differential pressure betWeen vacuum on the interior of the 
tubing and hystrostatic Water pressure on the exterior of the 
tubing is used to form indentations in the SMP tubing Which 
function to grip a device positioned in the tubing. Also, by 
applying vacuum to the interior, mechanical pressure can be 
applied to the exterior. In addition, the Water utiliZed to 
produce the hydrostatic pressure on the tubing can be heated 
to cause the tubing temperature to raise above the Tg 
temperature, and the same Water can be cooled to cool the 
tubing to beloW the Tg temperature Which results in a 
freeZing of the tubing in its reformed shape. Also, controls 
may be utiliZed to enable simultaneous heating and pressur 
iZation of the Water, and/or simultaneous pressuriZation and 
cooling to enable a continuous heating, pressuriZation, and 
cooling sequence. Also, instead of utiliZing Water to heat the 
SMP tubing, laser light may be directed into the interior of 
tubing via optical ?bers. Either laser light or Warm Water 
may be used to reheat the SMP tubing above its Tg tem 
perature to alloW it to return to its original shape and to 
release any device previously gripped therein. The apparatus 
of the present invention enables the application of uniform 
pressure to secure a grip on a deposit material via differential 
pressure. 

[0021] In addition to medical applications for depositing 
materials in blood vessels in the human body, having a 
250-500 pm diameter, the SMP gripper/release mechanism 

Dec. 6, 2001 

can be used for various non-medical applications, such as 
assembly of read-Write heads for disk drives and other 
microassembly applications. 
[0022] As pointed out above, the SMP gripping principle 
is based on the unique property of the shape memory 
polymer. This polymer possesses a glass transformation 
temperature (Tg) above Which the material enters a revers 
ible glassy phase Where it becomes soft and ?exible and easy 
to reshape. Once reshaped and cooled beloW Tg, the neW 
shape is froZen in place and the material becomes hardened 
to over ?ve (5) times the elastic modules of the glassy phase. 
Upon reheating the material to a temperature above Tg it 
returns to its original shape. By Way of example, the Tg of 
the SMP material is in the range of 25 to 75° C., and the 
material may be manufactured to produce a Tg anyWhere in 
this range. In the SMP tubing utiliZed to experimentally 
verify the present invention the SMP tubing, manufactured 
by Mitsubishi, had a Tg of 55° C. 

[0023] Prior to a detailed description of the method and 
apparatus of the present invention, a broad description 
thereof is as folloWs: First, the SMP tubing, Which may be 
retained at the end of catheter, guide Wire, or optical ?ber, as 
illustrated in the draWings, Will be heated above its trans 
formation temperature Tg by, for example, Warm Water, as 
shoWn in FIG. 6, or laser light via an optical ?ber, as shoWn 
in FIG. 7, and Will become soft for conforming to gripped 
con?gurations, such as shoWn in FIGS. 1, 6, and 7. then the 
loading mechanism (see FIGS. 6 and 7) Will provide a force 
to conform the SMP tubing about a deposit material or 
device, such as an end of an embolic coil. The loading 
apparatus is operated by providing a pressure difference 
inside and outside of the SMP tubing, for example, either by 
providing vacuum to the inside or hydrostatic pressure to the 
outside, or both. As the pressure is applied, the SMP tubing 
conforms into or partially into grooves in the device posi 
tioned therein and provide a packaged locking con?guration. 
At this point, the Warm Water or laser light heating is 
replaced With cold Water or other cooling means to cool the 
SMP tubing beloW the Tg to freeZe it into the locking 
con?guration. In the loading apparatus illustrated in FIGS. 
6 and 7, a plurality of movable members containing O-rings 
are utiliZed to provide a sealed compartment for Water to 
produce heating/cooling for conforming of the SMP tubing 
as described in detail hereinafter. These movable members 
may be located on opposite sides of the tubing, or spaced 
around tubing so that pressure thereon, such as hydrostatic 
Water pressure moves the members into contact With the 
tubing and the Water pressure passing through openings in 
the members form indentations in the tubing to secure the 
deposit material or device therein. In addition to the use of 
Water to heat, pressuriZe and cool the SMP tube, the Water 
can be used to heat and cool the tubing and mechanical 
pressure can be used to move the members against the outer 
surface of the SMP tube, With or Without a vacuum Within 
the tubing. Also, a combination of laser light heating and 
Water cooling can be utiliZed With either hydrostatic Water or 
mechanical pressure being applied to conform the tubing 
about a device therein. FIGS. 8-10 illustrate mechanical 
arrangements for conforming the SMP tubing about a device 
to be retained therein. 

[0024] Referring noW the FIGS. 1-5, Wherein FIG. 1 
illustrates an embodiment of a shape memory polymer 
(SMP) gripper/release mechanism, made by the method 
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schematically illustrated in FIGS. 2-5. The method for 
producing the embodiment of FIG. 1, as illustrated in FIGS. 
2-5 is exempli?ed as follows: 

[0025] 1. Heat is applied to an SMP tubing 10, having 
a glass transformation temperature of 35-65° C., as 
indicated by legend and arroWs 11 in FIG. 2 to a 
temperature above Tg. The heat may be produced by 
a ?uid such as hot Water, gas, oil, etc., having a 
temperature of 45 to 65° C., applied to the external 
surface 12 of tubing 10, or by laser light transmitted 
to the interior surface 13 of tubing 10 via optical 
?bers adapted to be positioned in an opening 14 of a 
tube 15, secured in one end 16 of tubing 10. The 
optical ?bers may replace the tube 15. By Way of 
example, the tubing 10 may have an internal diam 
eter of 200 pm to 1000 pm and an external diameter 
of 250 pm to 1050 pm. The tube 15 may be replaced 
With a solid guide Wire. 

[0026] 2. An end section 17 of a deposit material 18, 
such as an embolic coil, is inserted through an end 19 
of tubing 10 into the interior of the tubing 10, as 
shoWn in FIG. 3, With end section 17 provided With 
one groove or a plurality of spaced grooves 20. If 
desired the end section 17 can be inserted prior to 
heating the tubing. The external diameter of end 
section 17 being slightly smaller than the internal 
diameter of tubing 10 so as to provide easy insert of 
the end section 17 into tubing 10. By Way of 
example, the grooves 20 may have a Width of 25 pm 
to 200 pm and diameter of 150 pm to about 500 pm, 
and spaced about a distance of 50 pm to 150 pm, With 
end section 17 having an external diameter of 180 
pm to about 500 pm. 

[0027] 3. Pressure is applied to the external surface of 
heated tubing 10 as indicated by legend and arroWs 
21 in FIG. 4, While a vacuum is draWn on the 
internal surface 13 of tubing 10 as indicated by 
legend and arroWs 22. The pressure 21 may be 
produced by hydrostatic Water, gas, or oil pressure or 
mechanical pressure. The vacuum 22, produced by a 
pump, not shoWn, may be at a Torr of 10'4 to 1. If 
produced by hystrostatic pressure, the Water used to 
heat the tubing 10 may be pressuriZed to a pressure 
of 800 to 3000 Torr. As seen in FIG. 4, the pressure 
on heated tubing 10 causes sections of the tubing 
adjacent grooves 20 of end section 17 to conform or 
indent as indicated at 23. While not shoWn in FIG. 
4, heat 11 may be applied to tubing 10 simulta 
neously With pressure 21 to maintain the tubing 10 
soft and pliable. Also, pressure 21 may be applied 
Without vacuum 22 but such decreases the differen 
tial betWeen the external and internal surfaces of 
tubing 10 and thus the external pressure Would need 
to be increased to produce the same results. The 
indentations 23 provide a locking betWeen tubing 10 
and end section 17. 

[0028] 4. The tubing 10 is cooled as indicated by 
legend and arroWs 24, as shoWn in FIG. 5, to a 
temperature beloW Tg, Whereby the indentations 23 
are froZen, and the indentations 23 of tubing 10 
remain in their locked position Within grooves 20 of 
end section 17. The cooling 24 may be carried out 
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using cold Water or other cooling means (gas, oil, 
etc.), and can be carried simultaneously With pres 
sure 21 remaining applied. If cooling 24 is carried 
out by Water, a Water temperature of 5 to 25° C. may 
be used, and the cooling Water may be the same as 
used for heating tubing 10 and/or for producing the 
hystrostatic pressure 21. Upon cooling of the tubing 
10, an SMP gripper/release mechanism 25, as illus 
trated in FIG. 1, is produced, Wherein end section 17 
of the deposit material 18 is gripped by tubing 10 
Which is attached to tubing 15, Which may, for 
example, be attached to a catheter or guide Wire for 
insertion into a blood vessel of a human body, or a 
guide Wire may be utiliZed in place of tubing 15 to 
insert the gripper release mechanism 25 and a 
deposit material 18 into a non-medical inaccessible 
area. 

[0029] Upon the SMP gripper/release mechanism and 
loaded deposit material be positioned by the guide Wire at a 
point of use, the SMP tubing 10 is heated to a temperature 
above the Tg of tubing 10, Which alloWs the tubing 10 to 
revert to its original con?guration thereby removing the 
indentations 23 in tubing 10 alloWing the end section 17 of 
deposit material 18 to be released up removing the tubing 10 
from the area of use of the deposit material 18. Reheating of 
the tubing 10 to above it temperature Tg can be carried out, 
for example, by injecting hot Water through the opening 14 
of tubing 15 into the interior of tubing 10, or by directing 
laser light via optical ?bers in opening 14 of tubing 15 into 
the interior of tubing 10. Also, a solid guide Wire With optical 
?bers Wrapped therearound may be utiliZed in place of 
tubing 15. 

[0030] FIG. 6 illustrates schematically an embodiment of 
a loading mechanism utiliZing differential pressure involv 
ing hydrostatic pressure and vacuum on the exterior and 
interior of the SMP tubing. Components corresponding to 
components of the FIG. 1 embodiment Will be given cor 
responding reference numerals. As shoWn, an end section 17 
of a deposit material 18 is positioned in an SMP tubing 10 
secured at one end to a guide Wire or optical ?ber 15‘, the end 
section 17 including a plurality of spaced grooves 20. In this 
embodiment arroWs 11/21/24 are utiliZed to indicate heating 
of, pressure on, and cooling of the SMP tubing 10, as in the 
operational sequence described above With respect to FIGS. 
2 and 5, using Water to apply the pressure (21) and Warm 
Water for heating (11), or cold Water for cooling (24). A 
pressure differential loading mechanism generally indicated 
at 30 comprises a plurality of members positioned about the 
SMP tubing 10, tWo members 31 and 32 being illustrated in 
this embodiment, With members 31, 32 being provided With 
openings 33 to alloW passage of heating/pressure/cooling 
Water as indicated by arroWs 11/21/24. Each of members 
31-32 is provided With at least one groove 34 in Which 
?exible members or O-rings 35 and 36 are retained around 
SMP tubing 10. As differential pressure indicated by arroWs 
21‘ is applied against the members 31-32 and a vacuum 22 
is draWn on the interior of tubing 10, the ?exible members 
or O-rings 35 and 36 are pressed against the external surface 
of heated SMP tubing 10 producing indentations 23‘ in the 
tubing, and forming a seal around the tubing 10 Which 
de?nes a compartment or area 37 betWeen O-rings 35-36 
and betWeen tubing 10 and members 31-32. As pressuriZed 
?uid (Water) ?oWs through opening 33, indentations 38 are 
formed in tubing 10 Which provide locking betWeen the 
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SMP tubing 10 and the end section 17 of the deposit material 
18. As described above, the pressure 21‘ on members 31-32 
can be maintained during cooling. Note that the sealing 
indentations 23‘ in FIG. 6 have been illustrated as not 
extending into the grooves 20 of end section 17 While 
indentations 38 extend into grooves 20. The location of the 
indentations 23‘ and 38 With respect to the grooves 20 of end 
section 17 is dependent on the location of end section 17 
Within SMP tubing 10 and the location of the ?exible 
members or O-rings 35-36. 

[0031] Various modi?cation of the loading apparatus 30 
may be utiliZed. For example, the members 31 and 32 may 
be provided With a plurality of openings therein to provide 
for passage of heating/cooling Water. Also, there may be a 
plurality of loading members located in spaced relation 
around the SMP tubing so that the sealing indentations 23‘ 
extends around the tubing. The spacing of the loading 
members must be such as to alloW movement thereof by 
hydrostatic pressure, for example, or by mechanical pressure 
if desired, to produce the desired sealing indentations in the 
SMP tubing. In addition, if desired, additional ?exible 
members or O-rings, such as shoWn at 35 and 36 located in 
additional grooves in members 31-32 may be utiliZed to 
form additional compartments or areas therebetWeen. Also, 
instead of ?exible members or O-rings, balls secured in the 
grooves of the members 31-32 may be utiliZed to mechani 
cally provide tubing indentations as shoWn in FIG. 8. Also, 
forming protruding sections on the members 31-32 in place 
of the grooves and ?exible members or O-rings may be 
utiliZed to produce the desired indentations in the heated 
SMP tubing. 

[0032] FIG. 7 illustrates a loading mechanism similar to 
that of FIG. 6 except that heating of the SMP tubing is 
carried out by directing laser light into the interior of the 
tubing via optical ?bers. In FIG. 7, the end section of the 
deposit material is shoWn only partially inserted into the 
SMP tubing to enable dearer illustration of the laser beam 
heating the SMP tubing. Components similar to the compo 
nents of FIG. 6 are given corresponding reference numerals. 
As shoWn, an optical ?ber 40 positioned in opening 14 of 
tubing 15 is secured to one end of SMP tubing 10. Aplurality 
of optical ?bers 40 may be utiliZed. Laser light indicated at 
41 is passed through optical ?ber 40 into the interior 42 of 
SMP tubing 10 for heating the tubing to a temperature above 
the Tg, as described above. In this embodiment, as in FIG. 
6, the end section 17 of the deposit material may be inserted 
into the SMP tubing after or prior to heating of the tubing. 
HoWever, Where laser light is utiliZed to heat the tubing it is 
more ef?cient to only partially insert the end section prior to 
heating, as shoWn in FIG. 7, Whereby the laser light Will 
bounce off the end of the end section 17 rather than passing 
out the end of the SMP tubing, thereby providing more 
ef?cient heating. By Way of example the laser light 41 may 
be at a Wavelength of 400 nm to 1000 nm. As pointed out 
above, a solid guide Wire With optical ?ber Wrapped around 
or along the external surface thereof may be utiliZed in place 
of tubing 15 With optical ?ber 40 therein. 

[0033] After heating of the SMP tubing 10 by laser light 
as shoWn in FIG. 7, and the end section 17 of the deposit 
material is inserted into the SMP tubing, as in FIG. 6, the 
operation of the loading mechanism 30 as described above 
With respect to FIG. 6 is carried out to produce and freeZe 
the indentations 38 in SMP tubing 10, not shoWn in FIG. 7. 
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[0034] While not shoWn, the hydrostatic Water pressure 
21, as Well as the heating Water and/or cooling Water, may 
utiliZe the same Water Which ?oW is controlled and passes 
through a heating means, a pressuriZing pump, and a cooling 
means, or means for a heating/pressuriZation operation and/ 
or a pressuriZation/cooling operation. Such controlled sys 
tems can be readily utiliZed using computer control knoWn 
in the art. Such heating/pressuriZation/cooling operations 
can be carried out in a controlled sequence to enable ef?cient 
manufacturing of shape memory polymer gripper/release 
mechanisms in various siZes and for various applications. 

[0035] FIG. 8 illustrates a loading apparatus generally 
similar to FIG. 6 except that the indentations in the SMP 
tubing are formed mechanically instead of hydrostatically. 
Similar components to those of FIG. 6 are given corre 
sponding reference numerals. The only structural difference 
from the FIG. 6 embodiment is the replacement of the 
?exible members or O-rings With a plurality of ball, only 
four (4) such balls being shoWn in FIG. 8 at 50-53. As in the 
FIG. 6 embodiment, Warm or cold Water indicated by 
arroWs 11/24 is utiliZed to heat and/or cool the SMP tubing, 
but mechanical pressure indicated by arroWs 21‘ in FIG. 8 
is used to form indentations 23‘, the only indentations 
formed in SMP tubing 10. The depth of the indentations 23‘ 
is dependent on the relative location of balls 50-53 With 
respect to grooves 20 in end section 17 of deposit material 
18. As shoWn in FIG. 8, the indentations 23‘ are suf?cient to 
retain the end section 17 Within SMP tubing 10, even though 
such do not fully extend into grooves 20 of end section 17 
as does indentations 38 in the FIG. 6 embodiment. The 
mechanical pressure 21‘ on members 31 and 32 may be 
provided by conventional press technology, for example. 
While only four (4) balls 50-53 are shoWn, grooves 34 in 
members 31 and 32 may contain any desired number of 
balls, each forming an indentation 23‘ in the SMP tubing 10 
When pressure 21‘ is applied. 

[0036] FIG. 9 illustrates a loading apparatus utiliZing a 
mechanical clamp arrangement. In this embodiment of an 
apparatus generally indicated at 30‘, a coil or deposit mate 
rial 18 is positioned in a SMP tubing 10, as in FIG. 6, and 
a pair of mechanical clamps 60 and 61 having liners or 
members 62 and 63, constructed of a polymer or high CTE 
material, Which are forced against the heated SMP tubing 10 
When the damps 60 and 61 are forced toWard each other 
causing indentations in the heated SMP tubing 10, the 
pressure on the clamps 60 and 61 being maintained until the 
SMP tubing 10 has cooled beloW the Tg temperature thereof, 
Whereby the indentations are froZen in the SMP tubing until 
it is reheated above its Tg, and the pressure on the clamps 
60-61 WithdraWn. Movements of the clamps 60-61 being 
shoWn by double arroW 64. The liners members 62 and 63 
may be of a variety of con?gurations including spaced 
sections, protruding sections, etc., and located to form 
indentations at any desired location on the deposit material 
or coil 18 so as to retain same Within the cooled SMP tubing 
10. 

[0037] FIG. 10 schematically illustrates a loading mecha 
nism using mechanical damping With alignment pins. In this 
arrangement an SMP tubing 70 is secured at one end to a 
guide Wire, optical ?ber or catheter 71, With an end 72 of a 
deposit material 73 being inserted into an opposite end of 
SMP tubing 70, by a retain means 74. The loading mecha 
nism comprises a pair of annular matching spaced members, 
only a portion of each pair shoWn at 75 and 76 and having 
openings 77 and 78, respectively, Within Which the SMP 
tube 70 and the end 72 of deposit material 73 are inserted, 
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With opening 78 being of a smaller diameter than opening 
77. Members 75 and 76 additionally include openings 79-80 
and 81-82 through Which alignment pins 83 and 84 are 
inserted to align members 75 and 76, Which are spaced from 
each other to de?ne compartments or areas 85 and 86. 
Member 76 is provided With a tapered surface 87 adjacent 
opening 78. 

[0038] In operation of the FIG. 10 mechanism, pressure is 
applied to the pairs of members Which cause member 75 and 
tapered surface 87 of member 76 to contact the SMP tubing 
70 forming a seal therebetWeen Whereafter ?uid pressure 
indicated by arroWs 88 is directed through compartments of 
areas 85 and 86 causing an end 89 of the SMP tubing 70 to 
conform to the shape of the end 72 of deposit material 73, 
and upon cooling the SMP tubing 70 as described above, the 
end 72 of deposit material 73 is retained Within the end 89 
of SMP tubing 70. HoWever, pressure applied by the tapered 
surface 87 may be utiliZed as a clamping surface to cause the 
end of 89 of tubing 70 in conforming to the shape of the end 
72 of deposit material 73. 

[0039] FIG. 11 illustrates an inverted version of the load 
ing mechanism of FIG. 10, the difference being that the end 
72‘ of deposit material 73 is inserted into the end 89 of SMP 
tubing 70, thus eliminating the retainer mechanism 74 of 
FIG. 10, Whereafter the SMP tubing 70 and the deposit 
material 73 are inserted through opening 77 of member 75 
and into opening 78 in member 76 as indicated by arroW 90 
until the end 89 of SMP tubing contacts tapered surface 87 
of member 76, Whereafter pressure ?uid is directed into 
areas 85 and 86 causing the end 89 of SMP tubing 70 to fully 
conform to the external surface of end 72 of deposit material 
73, as described above. In the FIG. 11 embodiment the 
initial ID. of SMP tubing 70 is slightly greater than the OD. 
of the end 72 of the deposit material 73 so that the deposit 
material is initially retained in the end of the SMP tubing 70 
by the close ?t. 

[0040] It has thus been shoWn, that the present invention 
provides a method and apparatus for loading shape memory 
polymer (SMP) gripper/release mechanism. The invention 
utiliZes differential pressure, such as betWeen vacuum and 
hydrostatic Water pressure, to produce indentations in SMP 
tubing for retaining deposit material therein. The invention 
utiliZes heated Water or laser light to heat the SMP tubing, 
and Water to cool the tubing after the indentations are formed 
to freeZe same in a locking position about the deposit 
material. The same Water may be utiliZed for heating, 
pressuriZation, and cooling of the SMP tubing. The inven 
tion enables the ef?cient and inexpensive manufacture of 
SMP gripper/release mechanisms for various applications, 
particularly those requiring operation in areas of 250-500 
pm diameters. 

[0041] While particular embodiments of the invention 
have been illustrated and/or described and particular opera 
tional sequences have been described, along With exemplary 
parameters, materials, etc., such are not intended to be 
limiting. Modi?cations and changes may become apparent 
to those skilled in the art, and it is intended that the invention 
be limited only by the scope of the appended claims. 

The invention claimed is: 
1. An apparatus for loading a shape memory polymer 

gripper/release mechanism, comprising: 

means for heating the shape memory polymer having a 
con?guration; 
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means for applying pressure to the heated shape memory 
polymer to cause a change in the con?guration of the 
shape memory polymer; and 

means for cooling the shape memory polymer to maintain 
the con?guration of shape memory polymer caused by 
applying pressure thereto. 

2. The apparatus of claim 1, Wherein the means for 
applying pressure includes means for producing a differen 
tial pressure on the shape memory polymer. 

3. The apparatus of claim 2, Wherein the means for 
producing differential pressure including a vacuum and a 
hydrostatic or mechanical pressure. 

4. The apparatus of claim 3, Wherein said shape memory 
polymer is of a holloW con?guration, and Wherein said 
differential pressure is applied by means across at least a 
portion of a Wall surface forming the holloW con?guration. 

5. The apparatus of claim 4, Wherein the differential 
pressure is produced betWeen vacuum means and hydro 
static Water pressure means. 

6. The apparatus of claim 5, Wherein the vacuum means 
is applied to an interior of said holloW con?guration and said 
hydrostatic Water pressure means is applied to an exterior of 
said holloW con?guration. 

7. The apparatus of claim 1, Wherein said means for 
applying pressure includes a plurality of members having 
means for at least forming indentations in said shape 
memory polymer. 

8. The apparatus of claim 7, Wherein said plurality of 
members are moved against a surface of said shape memory 
polymer by means forming a differential pressure. 

9. The apparatus of claim 1, Wherein said means for 
applying pressure includes a plurality of ?exible members at 
least forming spaced seals about said shape memory poly 
mer. 

10. The apparatus of claim 9, Wherein said spaced seals 
form an area about said shape memory polymer into Which 
?uid pressure is directed to form at least one indentation in 
said shape memory polymer. 

11. The apparatus of claim 1, Wherein said heating means 
is selected from the group selected from heated ?uid and 
laser light. 

12. The apparatus of claim 1, Wherein said heating means, 
said pressure applying means, and said cooling means each 
include a quantity of ?uid. 

13. The apparatus of claim 12, Wherein said heating 
means, pressure applying means, and said cooling means 
includes the same ?uid. 

14. The apparatus of claim 11, Wherein said heating 
means includes at least one optical ?ber for directing laser 
light onto said shape memory material. 

15. The apparatus of claim 14, Wherein said shape 
memory polymer is of a tubular con?guration and said laser 
light is directed into an interior of said tubular con?gura 
tions. 

16. The apparatus of claim 1, Wherein said cooling means 
includes a quantity of cooled Water capable of cooling the 
heated, pressuriZed shape memory material to a temperature 
beloW a phase transformation temperature of said shape 
memory polymer. 

17. A method for loading a shape memory polymer to 
form a gripper/release mechanism retaining a deposit mate 
rial, including: 
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heating a quantity of shape memory polymer, having at 
least a section of a deposit material located therein, to 
a temperature above a transformation temperature of 

the shape memory polymer; 

applying differential pressure across the heated shape 
memory polymer causing a change in the shape 
memory polymer con?guration; and 

cooling the shape memory polymer to a temperature 
beloW the transformation temperature to maintain the 
change in the con?guration of the shape memory and 
maintain at least contact betWeen the shape memory 
polymer and at least a portion of the section of deposit 
material therein for retaining at least the section of 
deposit material in the shape memory material. 

18. The method of claim 17, additionally including heat 
ing the shape memory polymer and then inserting at least the 
section of deposit material therein. 
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19. The method of claim 17, Wherein heating the shape 
memory polymer is carried out, using heated ?uid or laser 
light. 

20. The method of claim 17, Wherein applying a differ 
ential pressure is carried out betWeen a vacuum and hydro 
static ?uid pressure. 

21. The method of claim 17, Wherein cooling the shape 
memory polymer is carried out using cool ?uid. 

22. The method of claim 17, additionally including attach 
ing the shape memory polymer to a guide Wire. 

23. The method of claim 17, Wherein applying a differ 
ential pressure is carried out using at least mechanical 
pressure, and utiliZing means for causing the change in 
shape of the shape memory polymer. 

24. The method of claim 17, Wherein the change in shape 
of the shape memory polymer is carried out by forming 
spaced seals about the shape memory polymer, and directing 
pressuriZed ?uid onto the shape memory polymer interme 
diate the spaced seals. 

* * * * * 


