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Method of cold working for machined holes using a shape memory alloy tool
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Abstract of the Invention

Generally, machined holes formed in a structural member will impair the fatigue life time of
the structural member concerned, so that the cold working of the holes 16 is intended for
recovery of the fatigue life This invention is concerned with a new cold working method with use
of a shape memory alloy piece 10 That is,a model of afastening tool for fixing such structural
members 12,14 is molded from a shape memory alloy, wherein the model shape memory alloy's
diameter is adjusted to realize “ the interference fit" resulted from its expansion Thence, if
the structural members 12,14 are kept above its critical transitional temperature or kept in“ the
interference fit" status, a circumferential area of the hole 16 is always subjected to the cold
working effect, resulting in the enhancement of the fatigue life.
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Field of the Invention

This invention relates to a cold working for enforcement of a structural metal member which
has been formed with machined holes In particularly, to a new cold working method with use
of a shape memory alloy to be performed prior to the fastening work wherein a fastening tool,
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for instance,rivet, bolt, is placed through such hole to fix a plurality of such structural
members
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Background of the Invention

Referring to an aircraft body like an airplane, cracking occurring at machined fastener holes
is majorly caused by the fatigue problem in the structural material constituting the flying body,
and the fatigue is resulted from the intensification of stress resident at the edge of a hole The
fatigue life enhancement of a fastener hole is intended to improve the fatigue performance,
hopefully to a level comparable to that of the structural material with no holes.
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It has long been the practice, in the fabrication or assembly of, such as, aircraft and aerospace
structures, to first drill or punch holes through the metal through which bolts, rivets, or
fasteners are to pass, and to then cold work the metal around the hole Referring to methods for
cold working, one method heretofore practiced in cold working of drilled or punched holes has
been to force a ball having a diameter slightly larger than the hole to pass through the hole,
enlarging it and compressing the metal around the hole

Fatigue life of the structure is increased by the placement of interference fit fasteners

including bolts, pins, rivets, and/or bushings in holes Theimprovement offered by interference
fit is resulted from a combination of the following two effects First, the stress intensity at
the hole surface is significantly reduced because of highly effective load transfer through the
fastener Second, depending upon the level of interference, the interference fit fastener induces
favorable compressive stresses near the hole which prolong fatigue life
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Summary of the Invention

Proposed invention is based upon the use of certain metallic materials, the so-called” shape
memory” alloys, which can revert expand or contract to their original shape after they have
undergone a sequence of plastic deformation and heating The effect depends upon the thermoelastic
martensitic transformation of the material For example, nickel-titanium NiTi shape memory
alloys such as Nitinol are preferred They have transformation temperatures that can be
adjusted to occur between approximately 150 and 100 A bolt made from an alloy
deformable with the martensitic material, such as an NiTi, if placed in a snug hole, will generate
stress and displacement when the material is heated above its transformation temperature and
expand to its original size Stresses generated during transformation can be extremely high,
easily reaching levels greater than 100 ksi The displacement caused by the bolt can result in
permanent cold expansion of the hole and, if the bolt is left in the hole, an interference fit is
realized between the two

4.07 1

The present invention includes several embodiments, the first of which is a cold working tool
fabricated entirely from shape memory alloy material The tool is inserted into a hole and
warmed to expand, thereby it causes permanent cold expansion of the hole and a favorable
distribution of compressive residual stresses around the hole edge Then the cold working tool
may be removed by cooling because the tool contracts for easy withdrawal

4.08 2

In the second embodiment, a dual benefit may be imparted to the fatigue life characteristics
of a hole In this embodiment, instead of a cold working tool as just described, a bushing is
inserted into the hole and expanded However, unlike tool as described above, the bushing is
left in place so as to form a radial interference region between the bushing and the structural
material The dual benefits are the cold working of the hole and the subsequent interference fit,
favorable to the material around the hole
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Brief Description of the Figures

Figs.1A-1C are cross-sectional views of a cold working tool being inserted and withdrawn
from a structural member during cold working treatment

Figs.2A and 2B are cross-sectional views illustrating the insertion of a shape memory alloy
interference bushing inserted into a hole through a structural member
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Detailed Description of the Invention

Referring to Figs.1A to 1C, afirst embodiment isillustrated as a cold working tool In Fig.1A
the tool is generally indicated by reference numeral 10 and is seen to include a solid cylindrical
member having a rounded end for permitting easy entry into coaxially located hole 16 through
two structural plates 12 and 14 The body of the tool is fabricated of a shape memory alloy of
the type previously discussed and is inserted through the hole 16 when the shape memory alloy
piece is below the critical transition temperature of the alloy Asindicated in Fig.1A, the outer
diameter of the tool piece is smaller than the diameter of the hole
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In Fig.1B the tool isillustrated in the inserted position and indicates an enlarged diameter as
a result of warming the tool alloy piece above the critical transition temperature As a result,
the tool becomes enlarged, as indicated by reference numeral 18 and deforms the wall of the
hole 16 so as to form a cold worked region, generally indicated by reference numeral 20 In
order to remove the tool from a cold worked hole, it is necessary to cool the shape memory
alloy piece of the tool below the critical transition temperature so that it approaches the size it
had upon insertion (Fig.1A), which allows the tool 10 to be withdrawn from the enlarged cold
worked hole 16', as indicated in Fig.1C The result of the cold working is a desirable
enhancement of the fatigue life
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Figs 2A and 2B illustrate a second embodiment wherein a bushing 26,fabricated from the
previously discussed shaped memory alloy piece, becomes inserted within coaxially aligned hole
28 through structural members 22 and 24 In Fig.2A the outer diameter of the bushing is less
than the diameter of the hole 28 while the shape memory alloy piece of the bushing remains
below the critical transition temperature So this condition allows the bushing to be slipped into
the hole Then, the temperature of the shape memory alloy piece is raised above the critical
transition temperature so that the bushing expands, as indicated by reference numeral 30 and an
interference fit results between the bushing and the hole Expansion of the bushing causes cold
wall area around the hole and is generally indicated by the interference region 32 This cold
worked hole enhances the fatigue life of the structural member 22,24 because of the existence of
the interference bushing 26
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Claim

Method for cold working of machined holes 16 formed in structural members 12,14 to
enhance fatigue life, comprising the steps of:

stacking at least two apertured structural members 12,14 together, ahole 16 in each plate
being aligned to another;

forming a generally cylindrical piece 10 of shape memory alloy;

positioning the piece 10 into an aligned hole 16 formed in the structural members

12,14 ;

warming the piece 10 above its critical transitional temperature to expand its outer
diameter;

cold working the hole 16 asthe piece 10 expands

4.14 List of Reference Numerals
10 tool,
12,14 two structural plates,
16 hole,
16" enlarged cold worked hole
18 enlarged tool
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20 cold worked region
22,24 structural members
26 bushing
28 inserted within coaxially aligned holes
30 expanded bushing
32 interference region
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