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THERMALLY ACMVATED RETAINER MEANS 
UTILIZING SHAPE MEMORY ALLOY 

ORIGIN OF THE INVENTION 
The invention described herein was made by employ- 

ees of the United States Government and may be manu- 
factured and used by or for the Government of the 
United States of America for governmental purposes 
without the payment of any royalties thereon or there- 
for. 

T h i s  application is a continuation of application Ser. 
NO. 07/731,829, filed Jul. 15, 1991, now abandoned. 

TECHNICAL FIELD 
The present invention pertains to apparatus for re- 

taining gap fillers placed in gaps between adjacent tile 
members. More specifically, the present invention per- 
tains to gap filler retaining apparatus which does not 
interfere with placement or removal of gap fillers be- 
tween tile members but which is deflectable upon ther- 
mal activation to positions engaging the tile members or 
the substructure underneath and between tile members 
to retain the gap filler between the tile members. While 
the apparatus of the present invention is suitable for a 
number of uses requiring retaining mechanisms in inac- 
cessible locations, it is particularly suitable for retaining 
gap fillers between the ceramic tiles installed as heat 
shields on space vehicles, such as the Orbiter. 

BACKGROUNDART 
Thermal tiles are installed on space vehicles, such as 

the Orbiter, to protect the space vehicle from overheat- 
ing during reentry into the Earth’s atmosphere. Such 
tiles are usually installed in such a way that gaps are 
maintained between each tile on the vehicle. However, 
high pressure gradients can exist along the vehicle sur- 
face and adverse thermal effects may then result from 
the flow of gasses through these gaps, particularly dur- 
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ing reentry through the-Earth’s atmosphere. To- mini- 40 
mize adverse gap heating, gap fillers are presently in- 
stalled in these critical gaps during vehicle assembly 
after the tiles have been installed. Gap fillers may also 
be installed at any time after vehicle assembly when 
additional critical areas are identified. 

Gap fillers may be made of various materials and 
configurations. An example of such a gap filler may be 
seen in U.S. Pat. No. 4,308,309. Currently, such gap 
fillers are secured by bonding them with room tempera- 
ture vulcanizing (RTV) polymer to the filler bar located 50 
underneath and between the tiles. RTV, e.g. composi- 
tion of silicone rubber, is placed between the tiles along 
the filler bar and then the gap filler is inserted between 
the tiles to form a bond. T h i s  type of installation is 
described in the aforementioned U.S. Pat. No. 55 
4,308,309. 

There is a significant disadvantage associated with 
RTV installation of gap fillers between tiles. Installing 
the gap filler with RTV is an operation which is diffi- 
cult to perform properly in a time efficient manner. 60 
RTV is often smeared along the sides of the tiles be- 
cause the gaps are small, e.g. 0.030 to 0.060 inches. 
During ascent and reentry of the space vehicle to which 
the tiles and gap fillers are attached, high tile tempera- 
tures causes the RTV to bum off the sides of the tiles 65 
and the RTV no longer provides an adequate bond to 
the vehicle. This is why the gap filler is intended to be 
bonded to the filler bar instead of the tile. As the gap 

45 

fillers are currently installed, it is difficult to verify 
whether the gap filler is being held in place by an RTV 
bond to the side of the tiles or by a bond established 
with the filler bar. Since the structural integrity of each 
installation is unreliable, as described above, many gap 
fillers have become detached and lost during flight. AS 
a result, increased heating of the vehicle may occur, 
increasing the possibility of large scale structural repair. 
Thus, the current methods of installing gap fillers in 

the gap between tiles or, for that mutter, installing any 
structure in gaps or narrow spaces, are not satisfactory 
for many applications. Retaining apparatus and meth- 
ods for such gap fillers can be improved in reliability, 
installation time, and structural integrity. 

STATEMENT OF THE INVENTION 
In accordance with the present invention, apparatus 

is disclosed for retainers placed in gaps and narrow 
spaces between adjacent objects, such as the tile mem- 
bers used as heat shields on space vehicles. One edge of 
the retainer apparatus of the present invention may be 
affixed to an edge of a gap filler with an opposite edge 
of the retainer apparatus providing a plurality of tab 
members which in intermediate positions do not inter- 
fere with placement or removal of the gap filler be- 
tween the tile members. The retainer apparatus is fabri- 
cated from shape memory alloy which, when attaining 
a particular memory temperature, thermally activates 
the tabs for deflection to predetermined memory posi- 
tions engaging the tile members or the substructure 
underneath and between the tile members to retain the 
gap filler between the tile members. 

The tabs of the retainer apparatus of the present in- 
vention, which may be of various configurations,.are 
made of a shape memory alloy which may be pro- 
grammed to respond to a specified memory temperature 
for movement to the memory positions by first physi- 
cally deflecting the tabs to the desired memory posi- 
tions and heating the shape memory alloy to a specified 
setting temperature while the tabs are restricted to the 
memory positions. Then the shape memory alloy is 
allowed to cool after which the tabs may be deformed 
to intermediate positions for placement in the gaps be- 
tween tiles. 

There are several unique features of the present in- 
vention, particularly as applied to gap fillers used be- 
tween the tiles of space vehicles. For one, metal retain- 
ing mechanisms have never been utilized to secure tile 
gap fillers between tiles in space vehicles, such as the 
Orbiter. In addition, application of shape memory alloy 
is unique in this service. The small thickness of the 
retaining apparatus of the present invention and the 
methods used for activation thereof allow for applica- 
tion with a substantial variance of gap sizes and inacces- 
sible locations without compromising functionality or 
efficiency of the apparatus. 

The retaining apparatus of the present invention, as 
compared to the current method of RTV bonding of 
gap fillers, has several advantages. First, the retaining 
apparatus is easier to install. The gap filler is simply 
inserted between tiles and allowed to reach the memory 
temperature required to restore the memory shape of 
the alloy. Secondly, it is easier to verify that the retain- 
ing mechanism has been properly installed. Restoring 
the alloy to its memory configuration ensures that the 
mechanism has deflected in a predetermined direction 
and is properly embedded in the desired location. Fi- 
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nally, if the retaining apparatus experiences any damage 
during flight in which deformation of the apparatus 
occurs, the high temperatures experienced during reen- 
try into the Earth’s atmosphere will attempt to reacti- 
vate the memory configuration and restore the retaining 5 
apparatus to its original installed condition. Many other 
objects and advantages of the invention will be apparent 
from reading a description which follows in conjunc- 
tion with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Details of the invention will be described in connec- 

tion with the accompanying drawings in which: 
FIG. 1 is a pictorial representation of a gap filler for 

placement in gaps between adjacent tile members along 15 
an edge of which ia aftixed a retainer member, in an 
intermediate position, according to a preferred embodi- 
ment of the invention; 

FIG. 2 is a pictorial representation of the gap filler 
and retaining apparatus of FIG. 1, showing the retain- 20 
ing apparatus in its memory position, according to a 
preferred embodiment of the invention; 

FIG. 3 is the gap filler and retaining apparatus of 
FIG. 1, as viewed along the bottom edge thereof; 

FIG. 4 is the gap filler and retaining mechanism of 25 
FIGS. 1 and 2, as viewed along the bottom edge of 
FIG. 2; 

FIG. 5 is a pictorial representation of the gap filler 
and retaining apparatus of FIGS. 1 and 2, showing the 
retaining apparatus in the intermediate position of FIG. 30 
1 and showing how a heating element could be placed 
thereon; 

FIG. 6 is a plan view of a pair of tile members show- 
ing a gap filler and retaining apparatus placed in the gap 
therebetween, according to a preferred embodiment of 35 
the invention, in the memory position of FIGS. 2 and 4; 

FIG. 7 is a cross-sectional view of the tiles, gap filler 
and gap filler retaining apparatus of FIG. 6; 

FIGS. 8 and 9 are pictorial representations of a gap 
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4 
intermediate position. Then the shape memory alloy 
may be heated to a memory temperature which will 
thermally activate the alloy for return to its predeter- 
mined memory position. This unique mechanical mem- 
ory characteristic, still only partially understood, is the 
result of a reversible, stress-induced martensitic trans- 
formation. When heated above a certain “setting” tem- 
perature while constrained to a particular shape, the 
alloy will return to the memory shape even after it has 
been plastically deformed in the interim. The amount of 
allowable plastic deformation is limited however. The 
return, or recovery to its memory shape is brought 
about by heating the alloy above its transition tempera- 
ture range, which is well below the setting temperature 
at which it was “memory heat treated”. 

In the preferred embodiment of FIGS. 1-7, the re- 
tainer 2 is fabricated of a rectangular piece of approxi- 
mately 0.02 inch thick shape memory alloy plate which 
is stamped or cut in such a way as to form tabs 4,5,6, 
7,8,9, as shown in FIG. 1. The number and size of the 
tabs may vary. 

The tabs, as shown in FIG. 1, may be said to be in 
their intermediate position. Prior to attachment to the 
gap filler 1, the tabs may have been previously de- 
formed or deflected alternately to one side and the 
other, as illustrated in FIGS. 2 and 4, and programed in 
these “memory positions” by heating to a predeter- 
mined setting temperature, while the tabs were re- 
stricted to their memory positions. After the shape 
memory alloy has cooled, the tabs may be physically 
returned to the intermediate positions of FIGS. 1 and 3 
and the retainer member attached to the filler member 
by sewing, gluing or otherwise bonding along the mar- 
gins 3. 

With the retainer 2 and its tabs 4-9, in the intermedi- 
ate positions of FIG. 1, the tile gap filler 1 and retainer 
2 are inserted in a gap 20 between adjacent tile members 
21 and 22 (see FIGS. 6 and 7), such as the ceramic tile 
members used in heat shields of space vehicles, such as 

filler and retaining apparatus, acdording to an altekaatk 40 the Orbiter. As shown in FIGS. -7, the tiles 21 and 22 
embodiment of the invention, FIG. 8 showing the inter- rest on strain isolation pads 23, 24 and a filler bar 25 
mediate position of the retainer apparatus and FIG. 9 therebetween. 
showing the memory position thereof; A layer of bonding material 26, 27 (the thickness of 

FIGS. 10 and 11 are pictorial representations of gap which is exaggerated in FIG. 7) may exist therebe- 
fillers and retaining apparatus, according to still another 45 tween. The gap filler 1 and attached retainer 2 would be 
embodiment of t6e *invention, FIG. $0 showing the 
intermediate position of the retaining apparatus and 
FIG. 11 showing the memory position thereof; and 

FIG. 12 is an edge view of the gap filler and retaining 
apparatus of FIGS. 10 and 11, as viewed along the 
bottom edge in FIG. 11. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring first to FIG. 1 there is shown a gap filler 1 
for placement in gaps between adjacent tile members 
(not shown) and along an edge of which is affixed one 
edge of a retainer member 2. The gap filler 1 may be 
made of any number of materials, e.g. ceramic cloth. 
The free ends of the gap filler 1 can be attached by 
gluing, sewing, or some other method of bonding at 3 to 
the retainer 2. 

The retainer 2 is made of a unique metallic substance 
herein referred to as “shape memory alloy.” Shape 
memory alloys, of which Nitinol is one, may be physi- 
cally deformed into a “memory position”, heated to a 
specified setting temperature while restricted in the 
memory position, cooled and then returned to some 

first inserted h t o  the tile gap 20 in the intermediate 
position of FIGS. 1 and 3. Prior to installation in the 
gap, a small nichrome heating element 30 may be 
mounted on one face of the retainer 2 as shown in FIG. 

50 5. This is one method of heating the shape memory 
alloy after installation. Of course, many other methods 
are available. For example, the setting temperature may 
be room temperature and the shape memory alloy may 
be cooled at intermediate positions. 

After the gap filler 1 and retainer 2 have been inserted 
into the tile gap 20, as shown in FIGS. 6 and 7, heat is 
applied to the shape memory allow retainer 2 by passing 
a current through the heating element 30, heating the 
shape memory alloy to a transition or “memory” tem- 

60 perature at which temperature the tabs 4-9 are ther- 
mally activated for deflection to the previously prede- 
termined memory positions of FIGS. 2 and 4 and 6 and 
7. The tabs 4-9 engage and become embedded in the tile 
members 21 and 22. Alternate embodiments allow at- 

65 tachment to the substructure 25 which lies beneath and 
between tile members 21 and 22. The gap filler 1 is 
firmly anchored in the tile gap 20 preventing it from 
coming loose under the loads of ascent and reentry. 

55 
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Although the embodiment described with reference 
to FIGS. 1-7 is a preferred embodiment, there are many 
other configurations possible. FIGS. 8 and 9 illustrate 
another embodiment in which the tabs of a shape mem- 
ory alloy retainer 40 are finger-like extensions a, b, c, d, 
e, f, g, h, i, j, k, 1, the distal ends of which project down- 

position of FIG. 8 but which curve when in memory 
positions of FIG. 9, to form hook-like extensions for 
engagement with the tile members or their substructure 
when the gap filler 1 and retainer 40 are placed in a tile 
gap, such as tile gap 20 of FIGS. 6 and 7. In the embodi- 
ment of FIGS. 8 and 9, some of the extensions a, b, c, d, 
e, f, curve in one direction and others of the extensions 
g, h, i, j, k, 1, curve in an opposite direction to prevent 
apparatus movement in any one direction during instal- 
lation. 

FIGS. 10, 11 and 12 illustrate still another embodi- 
ment in which the retainer 50 comprises wire alter- 
nately bent in substantially one hundred eighty degree 
turns to form, in the intermediate positions of FIG. 10, 
downwardly depending wire tabs a, b, c, d, e, f, g, h, i, 
j, k, 1, m, which are aligned in a generally uniform elon- 
gated array but which in the memory positions of 
FIGS. 11 and 12 are deflected outwardly therefrom. In 
the embodiment of FIGS. 10-12, these wire tabs (a-m) 
are alternately deflected in opposite directions. The 
retainer 50 and the wire tabs formed thereby may be 
made from a single wire 51, the ends of which may be 
placed across an electrical voltage for applying the heat 
necessary to raise the temperature of the shape memory 
alloy to its memory temperature for deflection to the 
memory position of FIGS. 11 and 12. 

The finger-like extensions or hooks of the embodi- 
ments of FIGS. 8 and 9 and the wire tabs of the embodi- 
ment of FIGS. 10-12 function similarly to the tabs of 
the preferred embodiment shown in FIGS. 1-7 embed- 
ding themselves into adjacent tiles or substructures 
f m l y  holding the attached gap filler 1 in the tile gap. 
Of course, many other shapes may be used. 

Thus, the present invention provides retainer appara- 
tus for retaining gap fillers placed in gaps between tile 
members. The retainer apparatus is formed from a 
unique shape memory alloy which is physically de- 
formed to an intermediate installation position but 
which may be heated to a specified memory tempera- 
ture for thermal activation and deflection to predeter- 
mined memory positions engaging the tile members or 
the substructure underneath and between the tile mem- 
bers to firmly retain the gap filler in the tile gap. The 
retaining apparatus has several advantages over the 
RTV bonding method currently used. First, the retain- 
ing mechanism is easier to install than current methods. 
The gap filler and retainer are simply inserted between 
the tiles and the retainer thermally activated by heating 
to its memory temperature to restore the shape memory 
alloy to its memory shape. Second, it is easier to verify 
thai the retaining mechanism has been properly in- 
stalled. Restoring the shape memory alloy to its mem- 
ory configuration ensures that the mechanism is embed- 
ding itself into the tiles in the desired location. Third, in 
space flight, if the retaining mechanism experiences any 
damage during the flight in which deformation of the 
retainer mechanism to an alternate, non-fastening state 
has occurred, the extreme temperatures on orbit or the 
heat of reentry may suffice to reactivate memory con- 
figuration restoring the retainer to its original installed 
condition. The size of the retaining mechanism and the 

, wardly straight from proximal ends in the intermediate 

6 
method used for activation allow for application to a 
variety of gap sizes without compromising functionality 
of the mechanism. 

Several preferred embodiments of the invention have 
5 been described herein. Many other embodiments can be 

made by those skilled in the art. Accordingly, it is in- 
tended that the scope of the invention be limited only by 
the claims which follow. 

We claim: 
1. Gap filler having retainer means for retaining gap 

filler within void between adjacent structural members, 
said gap filler comprising a flat flexible portion having a 
plurality of edges, said flat flexible portion being folded 
such that two opposing edges are adjacent; said retainer 

I5 means comprising a member having a plurality of edges, 
one edge of said retainer means being attachable to said 
two adjacent edges of said flat flexible portion and an 
opposite edge of said retainer means providing a plural- 
ity of depending tab members which in intermediate 

20 positions do not interfere with placement or removal of 
said gap filler between said tile members, said retainer 
means being fabricated from shape memory alloy which 
when heated to a specific memory temperature will 
thermally activate said tab members for deflection to 

25 predetermined memory positions engaging adjacent 
structural members to retain the gap filler between the 
structural members. 
2. Gap filler of claim 1 wherein said flat flexible por- 

tion comprises a ceramic cloth. 
3. Gap filler of claim 1 wherein said retainer means 

comprises an elongate flat member cut along an edge 
thereof to provide said tab members which in said inter- 
mediate positions are essentially longitudinally aligned 
but which in said memory positions are deflected out- 

4. Gap filler of claim 1 in which said tab members, 
when in said memory positions, are alternately de- 
flected in opposite directions. 

5. Gap filler of claim 1 in which said tab members 
40 comprise finger-like extensions, distal ends of which 

project downwardly from proximal ends, when in said 
intermediate positions, but which curve, when in said 
memory positions, to form hook-lie extensions for 
engagement with said structural members. 

6. Gap filler as set forth in claim 5 in which some of 
said extensions, when in said memory positions, curve in 
one direction and others of said extensions curve in an 
opposite direction. 
7. Gap filler as set forth in claim 1 in which said 

50 retainer means comprises wire alternately bent in sub- 
stantially one hundred and eighty degree turns to form, 
in said intermediate position, downwardly depending 
wire tab members which lie in a generally uniform elon- 
gated array but which in said memory positions are 

8. Gap filler as set forth in claim 7 in which said wire 
tab members, when in said memory positions, are alter- 
nately deflected in opposite directions. 

9. Gap filler as set forth in claim 1 further comprising 
60 a heating element disposed along said retainer means 

and by which said shape memory alloy may be heated 
to said memory temperature while placed between the 
structural members. 
10. Gap filler apparatus for placement in gaps be- 

65 tween adjacent tile members comprising a gap filler 
member; said gap filler member comprising an elongate 
flexible member having a plurality of edges including 
two opposing edges, said flexible member being folded 
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55 deflected outwardly therefrom. 
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SO that two opposing edges are adjacent and along 
which said adjacent opposing edges is affixed one edge 
of a retainer member, another edge of said retainer 
member providing a plurality of depending tab mem- 
bers which in intermediate positions do not interfere 
with placement or removal of said filler member and 
retainer member between the tile members, said retainer 
member being fabricated from shape memory alloy 
which when allowed to reach a specified memory tem- 

a 
perature will thermally activate said tab members for 
deflection to pre-determined memory positions engag- 
ing the tile members and embedding the tab members in 
the tile members to retain said gap filler apparatus be- 

11. Gap filler apparatus as set foph in claim 10 in 
which said setting temperature is greater than said 
memory temperature. 

. 

5 tween the tile members. 
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