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METHOD OF MAKING TAILORED BLANKS
USTNG LINEAR FRICTTON WELDING

BACKGROUND OF THIL INVENTION

This invention relates 1o Hrietion welding and. more spe-
cifically, o friction welding v one or more metal strweniral
memhers W form a tailored hlank.

Structural devices are often formed as assemblies of o
number of siuller structural members wmade of metal. Such
ussernbling of individual members may be iecessary o fonn
devices that are tow Jarge ur oo complicated to be furmed by
conventional mandacturing methods. Forexample. such fac-
tors as casling sizs, lorping sizes. wvailable plate and block
sires. and the like con it the size and geometry of e
striuctural members that can be manufactured. To form larger
ar more complex devices. the structural members are tvpi-
cally assembled by joining the individual structural members
using o variety of knewn joining welinigues ineluding, lor
examnple. mechuanicul fastening or welding.

Joints formed by mechanical fasteners such as rivets.
screws. atid bolts typically require an overlap uthe strmctural
materialy gt the joint, The fusteners and the overlap ol mate-
rial result inan inerease i weight of the joint and the strue-
tural asseinbly, The joint can also introduce areas elinereased
stress. for example. around holes drilled Tor receiving rivets.
Alternatively, weld joints can be furmed to Join the stmetiral
members. sometimes requiring litile or no everlap of mate-
rial. Flowever. the fennation of comventional weld joints. such
as by are or electron beam welding, can result in undesirahble
dimensional changes in the structural members. Welding can
also introduce porosity or other discontinuitios into the struc-
turul members or otherwise couse unwanted changes to the
mateniul properties ol the structural members,

Friction welding has also been proposed as analternative to
conventional welding methods for juining members. Linear
frictionwelding and rotational frictivn welding can be used to
form strong joints withoot reducing the wechanicul clurae-
teristics of the joined materialy or causing significant dimen-
stonal chanwes. Conventional Tinear and rotational friction
welding reguire vne member to be moved. e, oseillated or
rotated. sud urged against the ether member.

[t 1y knewn to fetion weld structural members together o
make o tailored blank | which termy are vsed interchangeably
herein] that is later machined. Typically the tailored blank
approximates the desired dimensions and configuration uf'the
linal structural asseimbly aud therelore requires little machin-
ing or other subsequent processing o fenn the lnal structural
assembly. The finished structural assemblics can be used as
structural compoenents of g vehicle, such as an aireradt, an

antomoebile, ora marine cralt. For example. a multiplicity of

the structural assemblies can be joined W fonm o wing, wing
support structure. fuselage. and the like ol an aimplane. Alwer-
natively. the strctural assemblics can be used i buildings.
machinery, and the like.

Muny structurul assemblios huve structural elements tlut
interseet at substuntially right angles. For exunple. numerons
ulreralt parts luve stilleners between two langes. cach stitl-
cner having respective ends that intersect the respective
flanges at suhstantally right aneles. 13oth the Banges and
stilfeners can be {riction welded to the substrate or buse
member. but typieally net 1o cach other. A wedge block can be
placed hetween a Hanwe and a stiffener and friction welded in
place to connect them. Alternatively. hvdropillar welding can
be used o friction weld stiffeners and {langes at their inter-
tuees. The latter process nvolves drilling o hole o the parts at
thelr interlaee and then rotuting o rod and loreing, it inte the
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lile. The taller the structural members being welded
tagether, the wreater the diameter of the hole needed tor
hyvdropillar welding, This results in higher costs for machin-
ing and material.

Tlere 18 o need for mprovements in the art ol {riction
welding metal structural members wopether at substantially
right angles i order (o minimize costs.

BRI DESCRIPTION OF THI INVENTION

The invention is directed 10 methods of friction welding
structral memhbers ar clemaents to make tailored blanks that
cant be further processed into final structural assemblics. In
e diselosed cibodiments. an angled block 1y riction
welded to one stroctural member. sucl oy o Hange. o forn an
intersection, and then that interseetion 1s friction welded w s
hase member or substrate. The vppusite of the angle will be
wachined out ofa seeond structural member. sucl as o stifl-
erer. allowing the second structural feature to be linear frie-
tien welded to tlwe angled block and o the buse member. This
climinates the need for the first and seeond struetural mem-
hers o he juined hy hydropillar triction welding. The torego-
iy method can be emploved in the manolacture of tailored
blunks for complex structural assernblios,

In the disclosed cmbodiments. the angled block has o pair
of mutually parallel side faces i the shape ofa right triangle
oraright trapezoid. As used herein, the term “right traperoid™
weans A trapesoid having two substantially deht anples.

Oue aspeet ol the invention 15 a4 method of making o tai-
lored hlank comprising the following steps: (a] friction weld-
ing first and second structural members ogether at a substan-
tally right ungle with respect to each other 10 form an
lntersection comprising o frst jeining surlsee fonmed by
adioining bottemn Fees ofthe first and second structural mem-
hers. and a second joining surtace formed by an angled face of
the first structural member that is disposed at o first ubligue
angle relative 1o the bottem fuee ol the dirst structural mem-
ber: (b)) friction welding the frst joining surfsce of the inter-
section toa fiest partion of a surface ufa hase member: and (e
concurrently linear friction welding first and second joining
stirfaces of @ third structural member to the seeond joining
surlace of the intersection and w0 g seeond portion of the
surlace of the base member respectively.

Another aspect of the invention 15 a method of making ¢
tailored blank comprising the following steps: (a) riction
welding a first joining surface ub'a st structural member in
U shape olo dght tnangle or right trapeseid o a lirst portion
ol a lirst surfuce of a second structural menber. the first
strnetural member having a second juining surface that s
stthstantially normal to the first joining surtace thereot and
third jeining surluce that s disposed al un oblique angle
relutive to the seeond jeining surfuece thereetl the seeond
Juining surfaee of e lirst structural member belng substan-
tially coplanar with a juining surface ol the second structural
member when the first and second struetural members have
been Metion welded together: (b) concurrently friction weld-
g the joining surlace of the second structural member and
the second juining surface of the first structural member o
first and sccond portions respectively of a surface vt a hase
member: and (e concuirrently lincar friction welding {irst and
second joining surloces of g third structurul mewber to the
third jeining surtice of the st stroctural member and to
third portion of the surface of the hase member respectively.

A further aspect of the invention s a method vf making ¢
tailored blank comprising the following steps: (a) riction
welding g first structural member having o substantially rght
trisngular or substantially nght trapesoidul cross section to
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one side of o second structural member to {form o T-shaped
intersection i which respective bottom Taces of the first and
sccond structural members are substantially coplanar: (h)
friction welding a third stmctral member having a suhstan-
tially riglt triangular or substuntiully right trapesoidal cross
section W another side of the second structural member.
therehy changing the T-shaped intersection ity a cross-
shaped intersection in which a hattom face of the third strue-
tiral member s substantially coplanar with the hottom faces
o the first and second structural members. the bottem fuces
tor the first through third structural mewbers fonuing g jein-
iy surtace of the cross-shaped intersection: and (e} friction
welding the joining surface of the cross-shaped nmtersection
ter o pertion of g surfuce ol u buse mwember, Tl use of the tenn
“substantially™ o deseribe the seometry of o structural mem-
ber laving a polyeonal eross seetion 1s intended to broaden
the definition ofthe particular weametric shape i issie to take
into account that the polveonal shape 1s not ideal. but rather
may. for exwnple. be rounded or beveled at the vertices of the
pulvgon. sinee wetal structural nwanbers typically do not
have precise edpes ot the Junctions ol faces.

Yot another aspect of the invention is o method of making
atailored hlank comprising the fullowing steps: (8] placing a
first 1lat surface of g fiest structural member having a cross
section i abutting relutionship with o portion of o first lat
surluce of o second structural member to fonn a irst interlace.
the first structural member Brther comprising a second at

surface that is substantially normal 1o the fest Har surtace of

the first structural memwber. and d third Hat surloce disposed at
un obligue angle relative to the second Hat surlaee. (B) apply-
ing a force thal cuuses an inerease o pressure al the dirst
interface: and {c) ruhbing the atutting surfaces at the first
interface together while step (h 1s heing performed and until
sulficient frictional heat Lus been penerated that material at
the first inerfaee plasticizes. wherein step (¢) 15 halted alter
the material at the first interface becomes plastic while step
(hicontinues o he pertormed nntil the plastic material welds
the first and second structural members ogether 1o form an
intersection having a bottem fee consisting ol the second flat
surtuce ol the firststructural meber and a second Qat surtace
ofthe seeond structural member, the method further compris-
iy the following steps: (d7 placing the bottom face of the first
intersection i abutting relationship with a portion of o flat
surluce of a base member 1o fonn a second interfuce: ()
upplying o loree that causes un inerease in pressure al the
sccond intertace: and {1 rabbing the abutting surfaces at the
sccond intertace wowether while step (e s being performed
und unti] sullicient fretionul beat Las been penerated that
material at the seeond interface plasticizes. wherein step (0 13
halted after the material at the second interface hecomes
plastic while step (e} continues W he performed until the
plastic material at the second mtertace forms a weld at the
intersection e e buse member.

Otlwer aspects of the invention are diselosed and elaimed
below.

BRIEF DESCRIPTION O TTHE DRAWINGS

IIG. s a drawing showing alop view of o tailored blank
having stiflener welded to langes by conventional hydropil-
lar {riction welding,

IFICH 2 15 a deawing showing an sumetric view ol a first
stage i the manufacture of g tatlored blank in accordance
with o first embodiment wherein an angled first structural
member hay been welded to o seeond structural member by
retion welding o form o T-shaped nterseetion.
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1167 3 is 4 draw ing showing a top view ol a second stage in
the manutactire of o tailored blank in accordance with the
first crnhodiment wherein the T-shaped mtersection has been
friction welded o a base member or substrate.

116 4 15 o drow ing showing o side view of o third stage in
e munutieture of o tailored blunk in aceordunce with the
tirst embuodiment wherein a third structural member has heen
welded o the angled st strictural member and to the hase
weinber by lineuar frction welding.

1167 5 iy a draw ing showing an isometric view of'a stagein
U manulaeture of g tailored blank in sceordanee with o
second erthadiment wherein angled first and sceond strue-
tural memhers have heen welded o a thind structural member
by riction welding to fonn two corners,

1167, 6 1s 4 draw ing showing an isometric view of'a stagein
the manuacire ot tailored blank in accordance with o thind
cmhudiment wherein angled first and second structural mem-
hers hive been driction welded to form a T-shaped intersce-
L.

IS, 7 and 8 are druwings showing isometrie views of
respective stages 0 the manudacture ol aailored hlank com-
prising intersections vl the type depicted in FIGKR. 5 and 6.

116G 9 1y o drawing showing an soetric view ol respee-
live stages 1 the manulaeture of o tailored blunk comprising
intersections ol the type depicted in FIGS, 11-13,

TG 10 35 & drawing showing an sometric view of the
portion of the tatlored blank within circle 10 scen in FIGL 9.

116G, 11 15 g drowing showing an isometrie view of the
poertion of the tuilored blank within cirele 11 seen in FI1G 9.

TG 12 15 a drawing showing an isometric view of an
[-shaped intersection uf the type seen in FIG. 9.

TG 13 15 a deawing shurwing a tailored blank having
interseetions made n two steps.

1167, 14 15 o drowing showing o finished structural assem-
hly formed by trimming the tailored blank depicted m IFIC.
13.

DETAILED DESCRIPTION OF THD INVENTION

TG 1 shows o tatlored blank 10 made by conventional
hydropillar friction welding. The tailored blank 10 comprises
first und second Hanges 14 und 16, first and second end
conueetors 18 and 20, und first and seeond stilleners 22 and
24, all welded o a suhstantially planar hase member or sub-
steate 120 The various structural members (Le.. Hanwes. end
cotnectors and stilfeners i are conneeted in the manner shown
using hydropillar triction welding al the respective ntersee-
tiens of the structural members. Ouly four suel hydropillur
friction welds 20 are shown 1o FICG. 1, while the interfaces
where flanges 14 and 16 contact the stiftener 24 and the end
conneelor 20 are slwn as being not yel hydropillar friction
welded. althouph each of structural members 14, 16, 20 and
24 have been friction welded o the base nwanber 12, The
present mvention uses linear friction welding instead of
hvdropillar friction welding.

[ o linear Metion welding proe respective substan-
tially planar surlaees of two parts are placed o contact with
cach other w form au interlaee and then rubbed together ina
reciprocating manner. This s accomplished by moving at
least one of the parts back and forth along a line. As the parts
are rubbed. compressive loree s applied w place the interlaee
under high pressure. Atthe interfsee. frictional heat 1s pener-
ated and material from each pant hecomes plasticized. Some
of this material flows vt from hetween the parts (Hash low],
resulting 1n gradual decrease inthe thickness. Le. the dimen-
sion in the direction in which pressure is applied (the dimen-
sion substantially nonnal w the intertuce) of the parts, When
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the process 1s terminated. Hash low ceases. and at the inter-
face, the remaining plasticized material forms g weld. therehy
bonding the two parts together.

The present mvention 1s dirceted to methods of manufac-
turing toilered blanks hoving rplt-angled intersections using
frction welding processes, [n general. tw struetural nwan-
bers are joined at a substantially right angle by Triction weld-
iyt form an intersection having a first joining surface
tormed by the botiom faees of the two structural members and

having a second jeining surthee formed by dinelined face of

an angled ene ofthe structural members that 1s disposed at an
oblique angle relative W the first joining surtace. The first
Joining surface of the intersection s then friction welded to a
buse wwember or substrate. Therealler o third structural -
ber 1y concurrently linear friction welded o the intersection
and to the base member. The third strietiral member also has
a juining surface disposed at the same oblique angle as the
seeond joining surtace, the former being welded o the latter
during the linear friction welding operation.

Vuneus eubodiments will be deseribed with relerence 1o
the drawings. in which similar clements in different deawings
bear the same reference numerals.

Vareus stuges in the manotaeture of g tailored blank in
uceordance with o lirst embediment are shown in F1GS, 2-4,

Reterring to FIG 20 a st struetural meiber 30 the form ol

an angled hlock vr plate having o pair ot substantially right
triangular side taces 15 heing juined ar substantially riaht
ungles W u seeond structural meinber 28 by means of fetion
welding, Although linear Metion welding (meaning that the
relative motion ofthe structural members during oscillation is
linear] is preferred, the relative motion may have a nonlinear
COmMpunent.

Structural member 28 1s showw in FIG 2 ay being o sub-
stantially rectanpulur block or plate. but may be substantially
trapezoidal or some other shape. Structural member 30 1s
shirwn in IFICE 2 as being a suhstantially triangular plate. but
may he substantially right traperoidal vr some other polyvgo-
nal shape having o substuntially right angle, For the sake of
siimplicity. the structural members 28 and 30 are shown in
IFICH 2 as having the same height and same thickness. Tow-
aver, those relationships are not reguirements of the iven-
tion.

[ the particular example depicted n FIG, 20 e structural
member 30 has live fuees. neluding g pair of congruent
stuhstantially right triangular side faces and three substan-
tally rectangular faces 31, 330 35 that meet the side faces at
respective edees. As used lwrein. the wnn “edpe”™ eueom-
passes o sharp edew as well ay an edge that is not sharp. such
as an edge that has heen radinsed or heveled. Bach of the tive
taces of strmctural member 30 comprises a substantially pla-
nar sirface. As seen in 71 20 the stmetural member 30 has an
inelined fuee 31 disposed at an oblique anpgle relutive to face
33 thereoll while laces 33 and 35 are disposed at g substan-
tally right angle relative o cach uther.

The structural member 28 in the example seen in F1GL 2 0
u purallelepiped with s1x substantially rectungular faees. cuch
fuee comprising a substantially planar surlaee. The structural
member 30 iy friction welded 10 a4 portion of one of e twe
faces ol structural member 28 having the Jargest arca. namely.
face 37

[ the exomple shown o F1IGL 20 structural member 30 15
trction welded 1o structural member 28 by uruing fhee 35 ol
striuctural member 30 against 4 portion of Tace 37 ofstmetral
memther 28 and causing structural member 30 0 move rela-
tve 1o strictural memhber 28 0o repeating pattern at o high
frequeney. More specifically, structural member 30 can be
reciprogated i opposite directions 2 and 4 along g line while

0

]

a

0
being urged or pressed agoinst structural mwember 28 inoa
direction 17 that 15 substantially normal to surface 37 of the
latter. | Iriction welding resulting from relative mation of the
welded parts along o line will be referred to herein as “linear
friction welding.| The structurul member 30 can be ureed
apuinst struetural nwanber 28 and reciprocuted by an actuator
(not shewn), such as an clectric. hydranlic. or preumatic
actuator that s coupled to the structural member 30 by means
ulupair o adjustuble juws 6. 8 or other coupling device such
as clunps or u chuck. The structural wewber 30 can be
seeured 1o the coupling device by holts. tack welding. woling,
arthe like. Inthe case ot jaws 6,8, cach jaw may be provided
with a knurled wripping surface for sceurely wripping the
structural member being trctionwelded. The setuator s pret-
erubly desipned 1o oscillute the structural member 30 o dis-
tanee o abone 0.1 neh at a rate of abont 60 herte. Alterna-
tively, utheroscillation distances and frequencies can be used.

The frequency of the reciprocating movement and the
applivd pressure are selected 1o cause the waterials at the
surlices being rubbed tegether 1o plasticize. reaching a state
wherein the parts will hecome fused together when recipro-
cation ceases amd the plasticized material 1s allowed to fuse
while the pressure 1s s11ll belng applicd. More specifically. the
relative motion ef the structural members 28 and 30 penerates
Irictional heating that plasticizes @ portion ol the struetural
member 28 andfor a portion of the structural member 30,
Omnee sulticient plasticization has occurred. the reciprocating
wetion of the structural member 30 s wenninated. Plasticiz-
tion can be detected. for example, by mechanical or opticul
meastrements. or riction welding can be continued for o
predetermined duration based upon such factors as the tvpe of
materials heing joinad. the sive or tvpe of the joint o be
lormwed. and the compressive force therebetween.

Adter the oscillatory metion of structural wewber 30 Lay
heen terminated, the compressive foree hetween structural
members 28 and 30 can be maintained by continuing o urge
strnectural member 30 10 dircetion 17 against straetiral mem-
ber 28, thereby forming a {riction weld joint 100 (indicated in
FICGE 23 at the interface ol face 35 of structural member 30 and
face 37 of structural member 28, More precisely, face 35 of
strnetural member 30 and a corresponding contacting portion
ul tuee 37 of structural member 28 form respective substan-
tially planur jeining surlaces that are jolned by the weld joim
10,

[t should he appreciated that the forees and ranges of
maotion reguired for lincar friction welding ol the structural
weinbers 28 and 30 con vary according te such fuetors as the
waterial they are made from their dimensions. their surface
finishes. and the like. For example. in aceordance with one
implementation of the {irst embodiment. in which the ment-
hers 28 and 30 are formed of aluminum. structural memboer 30
1y urped in direction b oagainst structural mwanber 28 with o
loree sullielent 1o produce o pressure ol about 20,000 psi at
their tntertace, while structural member 30 15 reciprocated
about (01 inch alternatingly n directions 2. 4 seen in FIGL 2.

[ other embodiments. the structural mewber 30 can be
reciprocated n directions other than these indicated by
arrows 2.4 1 G, 2 while being urged against the structural
member 28, Further. it should be appreciated that while the
maotion of the structural member 30 s substantially linear in
alteriading directions. the motion ef structural member 30 can
live vome nonlinear component ol motionw. e.g.. so that the
mation of structural member 30 relative o structural member
28 detines an clliptical path.

The result of triction welding structural members 28 and
30 wpether in the manner shown o MGG 205 o 1-shaped
interseetion 15w herein the angled block or plate 30 tenns the
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stem ol the T und the faees 29 and 33 are substantially copla-
nar, thus forming a T-shaped bottom face of the mtersection
15, The respective positions b the structural members 28 and
30 are precisely controlled during the friction welding opera-
tion so that the faces 29 and 33 are within 0.0028 inch ol cach
other wlhen the weld lss been fonned. Any Hush projecting
out uf the plance of the buttom face uf intersection 15 15 then
removed hy grincding.

[ the next manolaeluring stage shown in F1G0 30 the
T-shaped ntersection 15 15 placed atop o base member or
substrate 12, which iy u plute having u substantially planar op
surface 13, The hottom face of the intersection 15 15 placed in
ahutting relationship with a portion olthe top surface 13 ofthe
basemember 12, e intersection 13 1s then etion welded 1o
the base member 12 by urging the bollom fuce ol the inter-
section 13 against the top surface 13 of the base member 12
and causing the intersection 15 o move relative 1o the base
memther 1200 g repesting pattern at a high frequency. The
intersection 15 1y reciprocated o opposite direetions along
line while being urged or pressed against the base weber 12

i a direction that is substantially normal to the top surface ot

the latter. Apain. the intersection 15 can be urped apainst the
buse mwinber 12 aud reciprocuted by an actuator {noetl shown).
such ay an electre. hydraulic, or pneunatic aetuuator that 1s
coupled w the intersection by wweans of adjustable jows.
clamps or other coupling devices. Ior example. respective
pairs of [@ws or clamps may be coupled to the strmctiral
member 28 on opposite sides of its interfuee with the strue-

turul member 300 the supporting structure for botl pairs of

Jaws ar clamps being mechanically linked so that the respec-
tve sets ol jaws orclamps can be moved munison hy a single
actuator. [ reguired for particular constrctions of the nter-
section. a third set of jaws or clunps con be coupled tw the
structural member 30 and moved in unisen with the st two
sets of jaws or clamps.

To reduce shearing forces at the weld joint 100 during
friction welding of intersection 15 1o base member 1201t i
preferred that intersection 15 reciprocute along a line that s
not erthogenal 1o the midplane between the triangular side
faces of structural member 300 Lol ot parallel 1o the weld
Jotnt 100, For example. the intersection 15 may reciprocate
ulong o line that is disposed at a 45-degree ungle relative w the
weld joint 100, us indicated by the deuble-headed arrow in
I'1¢r 3. or along o line that 1s substantially orthosenal o the
weld juint 100 (ot shown i FIC 3.

Afterthe motionotintersection 18 has heen terminated, the
culpressive foree betweon interseetion 15 and base member
12 can be maintained by continuing to urpe interseetion 15 in
a direction suhstantially normal to the top surface 13 of base
memther 12 as the plasticized material at the interface of base
memther 12 and intersection 15 forms a weld juint. As seen in
115, 4. the weld join at the intertuee ol buse member 12 and
intersection 15 comprises a weld joim 102 between structural
memther 28 and base member 12 and aweld juint 104 between
striuctural member 30 and base member 12, which weld joints
102 and 104 may be connected. More precisely. the bottom
tuce (item 29 in 1G 2) of structural member 28 and a first
corresponding contaeting portion of the top surfuce ol base
memther 12 form respective substantially planar juining sur-
taces that are joined hy weld joint 102, while the bottom face
{item 35 in FIG, 27 of structural member 30 and a second
corresponding contaeting portion of the wop surfice of base
memther 12 form respective substantially planar juining sur-
faces that are joinad by weld Joint 104, ICG. 3 shows inter-

sectinon 15 welded 1o the base member 120 with face 31 of

structurul mweinber 30 being disposed gt an oblique angle
relative to the op surlace 13 of hase meber 2.
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Tlwereulter, un angled third structural member 32 15 con-
currettly juined to hase member 12 and intersection 15 by
lincar friction welding to torm the tailored hlank seen from
the side in IF1C 4. Tn accordance with the example shown in
FICG. 4. the anpled structural member 32 has six foces, inelud-
g mutually parallel side faees cuch huving o substantially
traperoidal shape. Two of the other faces (e 39 and 41 in
FIG. 41 comprise substantially planar surfaces that are dis-
posed at an obluse nterior angle relative 1o cach other, which
ubtuse angle 15 the supplement of the angle between faces 31
and 33 of'the ungled structural meber 30 (see 1V1CG 2). Inthe
particular example depicted in FIG. 4, the third structural
member 32 has a right traperoidal profile with one inclined
lace 39 that is disposed at twe swne oblique angle as the
inelined faee 31 of structural member 30, When structural
member 32 15 placed with its inclined face 39 in abutment
with the inclined face 31 of structural member 30 and with s
hottom face 41 10 ahurment with a corresponding portion of
e top surtuce 13 of base member 120 the twoe structural
twanbers 30 and 32 (1t wgether to form o structure that iy
stthstantially rectangular in profile and that extends substan-
tially normal to structural member 28,

While structural member 32 1s in the position seen in FIG.
4. the struetural member 32 1y coneurrently joined te inter-
section 15 and W base mwanber 12 by linear friction welding.
First, the intermaediate structure comprising interseetion 15
welded to base member 12 15 securely fixed by clamps. Then
structural member 32 1y placed between a pair of adjustable

Jaws (ol shown), which are adjusted 1o grasp the side fuces of

strnectural member 320 The jaws are initially positioned such
that structural member 32 vecupics the position shown in
FIG. 40 wherein the inclined face 39 of structural member 32
lornus g substantially planar joining surlsee that abuts the
substuntially planar joining surtuece fonmed by the inelined
face 31 of structural member 30 and ot the same time the
hattom tace 41 of the structural member 32 forms @ substan-
tially planar juining surlace that abuts a third corresponding
contacting portion of the wp surthee of base mwmber 12, The
bettom faces of structural wembers 30 and 32 are adjacent e
cach uther as shown in FIC 4.

Sl relerring w FIC. 40 structural member 32 is {riction
welded W base mewber 12 by causing structural member 32
1o reciprocate relative to buse member 12 in opposite diree-
Loy alony o line (nand out of the sheet as viewed in FIG 4)
while heing urped or pressed awainst hase member 12 0 g
dircction Fthat is substantially normal to the top surface of
buse member 12, At the smme tine. g vector component of the
loree heing exerted i direction 1 presses nelined faee 39 of
strnetural member 32 avainst the inclined tace 31 o structural
member 300 As previously disclosed. structural member 32
car be urged against the base member 12 and reciprocated by
an actuater (nel shown). such os an electrie. ydraulic. or
prewmatic actuater that is coupled wsiruetural member 32 by
means ol the aturementioned jaws.

The relative muotion between structural membser 32 and the
intermediate structure lonued by intersection 15 welded to
buse member 12 generates frictional heating that plasticizes
respective portions of structural members 30 and 32 at the
intertace ufthe inclined faces 31 and 39, and that concurrently
plasticizes respective portions of structural member 32 and
buse member 12 ot the interface of bottom fuee 41 of struc-
tural member 32 and the third corresponding contucting por-
tion o the top surface 13 of base member 12,

Onee sufficient plasticization has occurred. the reciprocat-
ing motion of structural member 32 15 terminated. Therealter,
e compressive foree between structural member 32 and
buse member 12 15 maintained by continuing to urge struc-
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turul member 32 indirection I against base member 12, At the
same time. a vector component of the foree being exerted in
direction I presses mclined face 39 of structural member 32
against the melined face 31 of structural member 300 Under

compression. the plasticized material at the interfuce of

inelined faees 31 and 39 and st il intertuce of bottoin tuce 41
andtop surface 13 forms weld juints 106 and 108, which meet
at the termination vbweld joint 104, Weld joints 102, 104 and
108 lie in the swne plane and fonn g single continuons weld
joeint that joing the three stroctural members 28, 30 and 32 10
the buse mewber 12, while weld jeint 106 is inclined at an
oblique angle relative to weld joint 104,

Adter all of the structural members 28, 30, 32 have been
welded in pluce. as illustrated in 1G4, the resulting structure
forms o tailored blank that can be trimmed to form o desired
final structural assembly. The tailored blank can he trimmed
by anv known means. including using a manual machining
device ur a computer-giided machining device such as a
computer nuinerie contrel (CNCY machine. During machin-
ing. portions of the base wewber 12 andfor the structural
memhers 28, 300 32 can be remoevad. Preferably. the ailored
blank 1s trimmed according 1o predetermined dimensions
corresponding w a desired conflguration ol the final structural
ussernbly (not shown in the drawings). Also. ash produced
during the friction welding operations can be removed by
trmIming.

A method for manutaciiring o tailored hlank of the tvpe
depicted in I1G. 1 will now be deseribed with relerenee 1w
IIGS, 5-8. To simplify e illustrations. an exemplory
ambudiment will be disclosed in which all of the strweniral
memthers have the same height and same thickness. In addi-
ton, o facilitate mereasing their scale, FIGS. 7 and 8 each
depict an ineomplete tailored blank, When completed. the
tuilored blank purtinlly depicted in F1G. 8 will have o structure
similar to that seen in PTG 1.

FIC & shows a stage in g method of manufaciuring a
tatlored hlank in accordance with a second embodiment
wlerein angled structural members 34 and 36 hove been
Iretion welded 10 a structural member 18 10 fonn two cor-
ners. Bach of structural members 34 and 36 15 juined at
stuhstantially right angles to structural member 18, Strmctural
member 1815 a substantially rectangulur block or plute having
six faces, Hach o structural members 34 and 36 Las six Hoc
including a puir of congruent substuntially npht traperzoidal
side faces and four substantially rectanpular faces that meet

the side faces at respective adwes. Bach of the six faces of

structurul wembers 34 and 36 comprises o substatially pla-
nar surlace. As seen in FI1G. 8, each of structural members 34
and 36 has an inclined face 31 disposed at an ohligue angle
relativie o the battom face thereot. The structural members 34
and 36 are friction welded to respective portions ol one of the
two faees of structural member 18 huving the larsest area.

Alter cuch ol structural members 34 and 36 has been Iric-
ton welded to strmetural member 18 as shown in FFICGL 5. any
flash 15 removed from the bottom faces by wrinding. The
respective positions of these structural members are precisely
controlled during the friction welding operations so that the
bottenn faees of structurul menbers 18, 34 and 36 are sub-
stantially coplanar. The resulting dual-mtersection structure
can he placed with its bottom face in abutting relationship
with o base wmwenber and {riction welded therete i the course
elmunutieturing the wilored blank partly depicted in FIGL 8.
as will be explained in further detatl later.

FICH 6 shows a further stage in the manudacture ol the
tatlored blank partly depicted m FIG) 8. wherein an angled
structurul member 40 has heen retion welded o on augled

structurul ember 38 1o form o T-shaped intersection. Facho!
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structural members 38 and 40 has six faces. including a pairod
coranient sihstantially traperaidal side faces (right trapezoi-
dal i the case vl structural member 40 and not right trapezoi-
dal inthe case ofstructural member 383 and four substantially
reclangular fmees thut meet the side tuees at respective edpes.
Faeh of the six fsces o structural members 38 aud 40 com-
prises a substantially planar surface. As seen in FIGL 6. strue-
tural memher 40 has an inclined face 31 disposed at an
ubligue angle relutive to the bottom Thee thereoll whereas
structural member 38 has two nelined fuces 43 and 45 dis-
posed al respective oblique angles relative to the hottom faee
thereat.

The procedure tor friction welding structural member 40t
structural member 38 1y the swme as that for making the
Iriction-welded intersection seen in LG 20 Alfler struetural
member 410 has been friction welded o structural member 38
as shown in FIG. 6. any Bash s removed from the hottom
faces by wrinding. The respective positions of these structural
uwnbers are precisely controlled during the friction welding
uperations so that the bottow aees of structural members 38
amcd 40 are substantially coplanar. The resulting T-shaped
intersection seen in FIGL 6 can be placed with its bottom face
i ahutling relationship with o buse mwanber und riction
welded thereto 1 the course of manutacturing the tailored
blank depicted in FIG, 8. as will he explained in Tunlwr detail
hereinalter.

[nvrderto make a tatlored blank uf the type shown in TG
1. the wethod of manulbcture in aecordance with the seeond
embodiment calls for the manufacture of twe dual-intersee-
tion structures of the type seen i FIGL S and four T-shaped
intersections of the type seen i FICL 6. The two dual-inter-
section structures and four T-shaped interseetions are cach
frictien welded to o base member or substrate. To facilitate
{riction welding, each '1-shaped intersection can be coupled in
turn 1o an actuator by clamping means previously descrihed
with reference to FICG. 30 Different clamping means may be
designed to wrip each dual-intersection structure during fric-
Lo welding.,

116, 7 show s the relative positions of one dual-intersection
strneture 42 and four 1-shaped intersections 44. 46. 48 and 50
after being friction welded to o base member or substrate 12.
‘The seeond dual-intersection structure 1s not shown n FICG 7.
but would neeupy a position at the end ofbase member 12 that
is upposite 1o the end of base member 12 where dual-inter-
section structure 42 1s located.

To reduce shearing forces at the weld joint during iriction
welding of tlwe dual-intersection structures and 1-shaped
lntersections o buse nwanber 12,11 i prelerred that cach
dual-intersection structure and each T-shaped intersection be
reciprocated alonw o line that is not parallel to the respective
weld juint thereof.

Six of the elght intersections are arrunged on e base
mwanber 12 as shown i F1GL 7, Bach etien-welded iuter-
face seen i TG 7 takes the place ofa respective hvdropillar
Iriction weld of the similar strmeture depicted in FIG. 1. The
structural meinbers 38 of intersections 44 and 46 are alipued
with cach other and define o substantially trupesoidul space
twrebetween. Likewise, the structural menber 36 of dual-
intersection strenwre 42 and the structural member 38 of
intersection 44 are aligned with cach other and define a sub-
stuntially trupevoidul space therebetween. The smme s true
{or the structural members 38 of intersections 48 and 50, and
far the structural member 34 of dusl-intersection structure 42
ard the structural member 38 of intersection 48, Although not
shown in IF1GL 7, the ather dual-interseetion struetire Itkewise
comprises struclurul wewbers similar o structural members
34 aud 36, which are respectively ulipned with structural




US 7,891,535 B2

11

members 38 of lulerseetions 46 and 50 and define respective
stuhstantially traperoidal spaces therehetween. Turther. the
striuctural members 40 0 T-shaped intersections 44 and 48 are
mutially aligned and define a substantially traperoidal space

therehetween, The same Iy true for structural members 400 of

T-shaped Intersections 46 and 500 5ix of eipht traperoidal
spaces are shown in FIGL 7.

In accordance with the sccond embaodiment. a respective
substantially trupesoidal structural member is linear Mmetion
welded in place incach of the aforementioned substuatiully
trapesoidal spaces. FIG. 8 depicts o situation whereln tour
such substantially trapezoidal structural members 52, 54, 56
and 58 have been welded in place. Fach substantially teap-
wroidal structural member hus six foees. neluding muotoally
parallel side faces having o substautially tapesoidal shupe
that matches the substantially traperoidal space in which it
will be welded.

Forexample, the substantially traperoidal structural mem-
ber 52 has o bottam fuee and two lnelined fees disposed at
respective obligue angles relative 1o the bottom faee thereo!
When structural member 52 15 inthe position shown in FIGL
8. one inelined face abuts the inclined face b stmcnwral mem-
ber 40 of ntersection 44, while the other nelined foee ubuts
the inclined face of structural member 40 of inlerseetion 48,
Al the smue tine the bottom fee of strueturd] member 52
ahuts a corresponding portion ol the top surface 13 of base
memther 120 The three interfaces furmed by the bottom and
inelined faces of structural member 52 and the abutting sur-
fuces of base nwanber 12 und structural mewbers 40 of inter-
sections 44 and 48 are disposed such that the abutting surfaces
rub tugether when the structural member 52 15 reciprocated at
high frequency while heing urged against the base member
12.

More specifically. structural member 52 can be recipro-
cated 1 wpposite directions along a line (ndicated hy a
donble-headed arnow 10 110G 8) while being urged e pressed
against base member 12 0 adirection 17 that is substantially
normal o the top surtaee 13 ol the base mwanber. At the same
tinwe. o first veetor component of the Horee being exerted in
direction Fpresses one inclined face of structural member 52

against the inclined face of structural member 400 mtersee-
tion 44, while a second veetor component of the foree heing
exerled o direetion I presses the other inelined faee ol strue-
turul member 52 against the inclined lhee of structural mem-
ber 40 of intersection 48, As previously disclosed. struetral
memther 52 can be urged against the hase member 12 and
reciprocated by un actuator (nol sluwn). sueh as un eleetric.
hydraulic. or pneumnatic actuator that is coupled 1o structural
memther 52 hy clamping means.

The relative motion between structural member 52 and
cach ol terseetions 44 and 48 and hase member 12 penerates
metional heating that plasticizes respective portions ol those
members at dwe interlaees of the inclined fuces and at twe
interface ol structural member 32 with base member 120 Onee
sufticient plasticization has  oceurred. the reciprocating
motion ofstructural member 52 1s terminated. Thereatter. the
compressive foree between structurul member 52 and base
member 12 s maintained by continuing o urpe structural
memther 52 in direction Foagainst base member 120 At the
samae time, the first and second vector components ol the

foree being exerted in direetion F opress the melined faees of

structural meber 32 aoaingt the inelined faees of structural
memhers 40 ot intersections 44 and 48. T nder compression.
the plasticized material at the inclined interfaces forms weld
Joints 116 and 118, while the plasticized material at the inter-
tuce of structural member 52 with base mewber 12 {orns
weld joint 114,
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Substuntially trapeveidal structural members 4. 56 und 58
fand other substantially rapezoidal structural members not
shown in PTG 8)are similarly installed in respective substan-
tially traperoidal spaces by Tinear friction welding. The result
1 o twilored blank i which a rectungular wall having twe
internal eross mebers 1s joined to one side of'a buse member
ar substrate. Such a tailored blank can then be trimmed o
form a final structural assembly comprising two mutually
parallel lanpes with ends conneeted by end connectors and
with intermediate portions conneeted by stitfeners disposed
parallel 1w the end conueetors. all jeined o one side of g web,

Aliernatively, mstead of forming the dual-intersection
strneture seern in 1FIC 50 a pair of T-shaped intersections can
be riction welded wo tlw base member in the places that would
utherwise have been oceupied by the corners of the dual-
intersection structure. with o substantially teaperoidal space
therebetween. Then a substantially traperoidal structural
member would be installed 1n the substantially traperoidal
spuce by linear {rietion welding in the munner previously
deseribed. FICH 12 shows u representative L-shaped ntersee-
tion 90 comprising a pair of structural members 92 and 94
cach having six taces, including o pair ot mumally parallel
side faces having o substantially right trapesoidal shape. In
the embodiment shown i F1G.0 120 0 rectangular Tace of
structural member 94 iy riction welded o a portion of o ol
the suhstantally right traperoidal side faces of structural
member 92, thereby forming o corner or T-shaped intersee-
Lo 90, The bottem fhees o lwe structural members 92 and 94
are substantially coplanar to tueilitate their abutment witl o
stthstantially planar top surface of @ hase member during
Iriction welding of T-shaped intersection 90 to the base ment-
her.

110G 9 shows g stuge in the manulaeture ol o tailored blank
60 in sccordanee with o third anbodiment. The wethod of
manufacture includes the construction of a T-shaped intersee-
tion of the type stursn in 171G 6 and a cross-shaped intersee-
tion is disposed in the area demarcated by the dashed cirele 10
i 116G 9. which area 1s shown ona lurger seale in F1G. 100A
cross-shaped Intersection s disposed in the aren demarcated
hy the dashed cirele 11 in TG 90 which arca 15 shown on a
larger scale i FIC 11 An T-shaped intersection is dispuosad
in the areu demarcuted by the dashed cirele 12 in FIGL 9.
which areu 15 shosan on o lareer seale n FIGL 120 Alter the
lntersections have been friction welded (o the buse wmember
12 in g manner such that substantially traperoidal spaces
separate nelphboring intersections, respective suhstantially
trapesoidul stroetural members are linear fetion welded in
place in respective substantially trapesoidal spaces in the
manner previously described with relerence to FIGL 8.

The tailored blank 60 shown in FIG) 9 comprises a
T-shaped intersection 62 similar 1o [=shaped intersection 44
seen in G, 8. The T=shaped intersection 62 1s shown o an
enlorged seale in FIG 100 A structural member 66 Luving o
stthstantially right trapezoidal profile is friction welded 1o o
portion vl a substantially traperoidal side face o a structural
uweber 64 having o substantially trapeveidal profile. thereby
forming o T-shaped lntersection 62 having three angled faces
disposed at respective oblique angles relative o substantiolly
coplanar hottom faces of stmictural members 64 and 66,
which form the bottom face uf the T-shaped inlersection 62.
‘The bottom face of the T=shaped itersection 62 1s placed in
abutinent with o substantially planar tep surtuce of the base
member ur sthstrate (oot shown i FIG. 100 Then the
T-shaped intersection 62 is {riction welded to the base mem-
her in the manner previously deseribed. Therealter, structural
uwnbers 8. 70 and 72 are linear riction welded in place in
separule operations. Ul bottem faee of cach structural mem-
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ber 68. 70 und 72 1 joined to the top surfaee of the base
member during a respective linear friction welding operation.
Also. each strictural member 68, 70, 72 has a first inclined
face that s Joined to a corresponding inclined face of the
T-shaped intersection 62 concurrently  during the sane
respective linear friction welding operation, Hach structural
memther 08, 70, 72 also has a sceond inelined tace (not shown
i BTG 107 that s joined o other struetiral members coneur-
rently during the smne respective linear Iriction welding
operation,

The twilored blunk 60 shown in 110G, 9 further comprises o
cross-shaped intersection 74 in FIG. 8 The cross-shaped
intersection 74 1s shown onan enlarged scale in FIC 1T First.
u structural member 78 huving g substantially right trapesoi-
dal profile is friction welded 10 portion of a substantially
trapezoidal side face of g structural member 76 having a
substantially trapesoidal profile, thereby forming a T-shaped
intersection having three angled faces disposed at respective
ohlique angles relative o substantially coplanar bottom Faees
ol structural members 76 and 78. Then a structural nwmber 80
having a substantially right teaperoidal profile s friction
welded toa portion of the ather substantially trapezoidal side
tuee of structural member 76. thereby forning a cross-shaped
intersection 74 having four angled fuces disposed ot respec-
tive oblique angles relative o substantially coplanar bottewn
faces ol structural members 76, 78, 80, which form the bot-
tom face of the cross-shaped intersection 74, The bottom face
ol the cross-shaped intersection 74 15 placed inabutment with
the top surfuce of the base wember. Then the cross-shuped
intersection 74 s friction welded to the hase member in the
manner previously deseribed. Thereafter stmctural members
82, B4, 86 and 88 are linear friction welded in place in sepa-
rate operations. The bottean face of cach structural member
82. 84, 86 and 88 iy joined o thwe wp surloce of the buse
memther during lincar feiction welding. Also. cach strmctural
memher 82, 84, 86, 88 has o {irst inclined face that is joined to
acorrespunding inclined face of the cross-shaped mtersection
74 concurrently during the same respective lineur retion
welding operation. Baelh structural member 82, 84, 86. 88
also has o second inclined face (not shown m PTG 11 that 15
Joined o other structiral members concurrently during the
s respective linear metion welding eperation.

Using the wethods of furming welded interseetions dis-
¢losed herein. a structural asseibly can be formed from auy
numhber ol structural members depending on the desired
dimensions and configuration of the structural assemhbly. Fur-
ther. the conlipuration and material composition of the strue-
turul members can be fonued and selected aecording to the
specitications and design reguirements vi’the final stmctural
assermbly,

Advantaacously. cach o the base and structural membuers
can be standard stock itemws o inventory, As 1s known in the
art. thw base and structural members can be lormed using auy
ol a multitide of fabricating processes such as milling. cast-
i, die vr hand forping. extruding. ralling. and machining.
The base and structural meanbers con be fonned from mate-
rials having high strength-to-welght ratios and good corro-
slon resistunee. For purposes of example only and net limi-
tation. the hase and structural members may  comprise
aluminum, alumimum allovs. ttanmm, ttanim allovs, steel.
nickel-bused allovs. copper-based allovs, beryllinm-bused
ullewws, or mixtures thereo!, Further, the base and structural
memhers can be formed Trom similar or dissimilar materials
(provided that the dissimilar materials are of tvpes that can be
welded together).

[ addition te the materlal compesition and properties of

the base and structural members. the selection o the nwembers
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15 alse based on the desired dimensions of the final structural
assembly that is 1o be furmed. More specifically. the desired
dimensions v the structural assembly can be determined first,
atid the base and struetiral members can then he selected so
that the resulting ailored blunk will correspond in conligu-
ration e the final structural assembly, e the confipuration e
e tailored blank is such that material can be machined or
otherwise remuoved or reconfigured to achieve the dimensions
of the finished structural assembly. An exemplary tailored
hlank 110, made nsing the friction welding techniques dis-
closed herein. iy shown in FIGL 13, For example. struetural
wembers 1120 114 and 116. fretion welded to base member
12, are analogous e structural members 38, 40 and 52 seen in
FIG 8, and may be friction welded topcther using the samoe
techniques disclosed for friction welding strmemiral memhbers
3840 and 52 a5 shown. A finished structural assemhbly 111
produced by trinuning tuilored blank 11015 shewanin FI1G. 14,
Advantageonsly, by constructing tailored  blonks having
dimensions and  confipurations closely  or substautiolly
approximating the predetermined dimensions and configura-
tion of the corresponding desired final structural assembly,
machining time s material waste can be minimized. mak-
iy the linished structural assemblies were cconomical to
produce,

Muny meditications and other einbodiments of the inven-
tion will come w mind to one skilled in the art o which this
invention pertains having the benetit of the teachings pre-
sented inthe foreguing descriptions and the associated draw-
ings. For example. the structural menbers coan be processed
betore andior afler joining by Iriction welding. Such process-
g can include eleaning the joining surfaces of the structural
members o renove oxidation or surface defeets. Addition-
allv. the structural members can be heat treated by aging,
yuenching, stretehing, annealing. or solution annealing to
ubtain desired mechanical or chemical properties. as iy
known in the art. Thercfore. s 1o be understood that the
mvention is not W be limited W the specific eombodiments
disclosed and that medifications and other embodiments are
intended to be ineluded within the scope of the uppended
claims, Although speeilic terms are cmployed herein. they are
used noa generic and descriptive sense only and not for
purposes uf Iimitation.

While the invention has been deseribed with reference o
various einbodiments. 10w il be understood by those skilled in
Uwe art that vurious changes may be imade and equivalents may
be substituted for elements therea! without departing rom
the scope ol the invention. Tn addition, many muodifications
may be made to adapt a particular sitation to the teachings of
the ivention without departing, {rom the essential scope
thereel, Therefore it is intended that the Ivention not be
limited to the partienlar embuodiment disclosed as the hest
maode contemplated for carrving out this invention, hut that
the invention will inclhude all embodiments talling within the
seope of the appended ¢laims.

Tl mumeric designation of structural members in the
claims 1s arbitrary aud merely serves to distinguish one mem-
her from another during the arrangement of structral mem-
hers. This is true forthe first through sixth structural members
recited inthe elaims. For exwnple. with respect 1o elaims 1. 4
and 3. the first throueh (il structural members con be read on
clements 38, 400 52, 50 and 58 scen in FIC 8. Alternatively,
with respect to claims 10 and 18, the fiest through itth strue-
tural members can be read on intersections 44 and 48 (cach
comprising respeclive elewents 38 and 407 and elewwen 52
seen in FIG. 8.
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The lnvention elaimed is:

LA method of making a tailored blank comprising the

fullowing steps performed in the order listed:

(a1 placing a first plate in contact with a second plate at a
substantially right angle with respeet 1w cach other, the
first plate having o puir of mutually parallel side fuces
having the same shape and o bottom face, and the second
plate having a pair of side faces, o battom face. an end
faee disposed orthoponal 1o the bottom tuee of the see-
ond plute. and an angled e disposed at un oblique
angle relative o the botlom and contaet laces of the
second plate. wherein the end face of the seeond plate
cortacts g portion o one side tace ofthe first plate while
Uwe bottom Faees of the lirst and seeond plates are copla-
nar und adjoin cach other:

(b1 lincar friction welding the first and second plates strue-

tural members together at an interface vf the end face of
the second plate and the portion of the vne side face of

the first plate te fonn an intersection comprising a '1- or
[-shaped johung surtiuce Tormed by tlwe adjoining bot-
tom faces of the first and second plates.

i linear friction welding the entire T- or T-shaped joining

surlice ol the intersection to a lirst pertion ol'a surlbee of

a hase member by reciprocating wetion ol said intersee-
lienn, spid surluce of the base member having an ared
areater than the area of the 1= or T-shaped juining sur-
face of the intersection:

[d) placing a third plate in contact with the second plate and
e base wember. the third plate having a pair of sub-
stantially right traperoidal side faces, abuttom face and
an aneled tace disposed at an oblique anele relative 1o
the huttom face ol the third plate. wherein the buttom
lace ol the third plate contaets the base member and
adjoing the bottom faee of the second plate. while the

angled face of the third plate contacts the anuled face of

the seeond plate: and
(el concurrently linear friction welding the bottom face and

the ungled fuce of the third plate 10 o second portion of
e surluce of the base menber and 1o the angled fuee of

the sceond plate respectively, the first and seeond por-
tions of the surtace of the hase member adjoining cach
uther.

2. The method as recited in elaim L further comprising e
slep. perlorned prior w step (). of remeving ash from e
Joining surface vf the intersection.

3. The method as recited 1nclaim 1, wherein the side taces
of e second plate hoave o shape that 1y substutiully riplit
triangular or substantially rght traperoidal.

4. The method as recited in claim 1. wherein step (o)
comprises causing the intersection W reciprocate along aline
that 1s ot parallel o the first plate.

5. The methed as recited o elaim 1. wherein the irst and
second plates. when riction welded. ferm o '1=shaped inter-
seetion.

6. The method as recited in claim 1. wherein the first and
second plates. when {riction welded. fonn an [ -shaped inter-
sectivn.

7. The method as reelted in claim 1. wherein the side faces
ol the first plate have a shape that 1s substantially rectanaular
ar substantially traperoidal.

8. The method as reeited in claim 1. wherein the side faces
of'the third plate love o shape that 1s substantial by trupessidal,

9. A method of making a tailored hlank comprising the
fullowing steps performed in the order listed:

(a1 placing a first plate in contact with a second plate at a

substantially right angle with respeet 1w cach other, the
first plute having o puir of mutually parallel side fuces

2

o
o

16

having the swme shape and u bottom faee. and the seeond
plate having a pair of side faces having the same shape.
a hottom face. an end face disposed orthowonal o the
bottem tace ob the second plate, and an anpled face
disposed gl au oblique angle relative w the bottom and
contact fuees ofthe second plate, wherelu the end tuce of
the second plate contaets o pertion ot one side tuee ol the
first plate while the hottom faces o the Hrst and second
plates are coplanar and adjoin cach other.
(hilinear triction welding the tisst and second plates strue-
miral memhers together at an mtertace ol the end face of
the seeond plate and the portion of the one side face of
the first plute:
) placing a third plute in contuct with the first plate at o
stthstantially right angle with respect to each other, the
third plate having a pair of side faces having the same
shape. o bottom Laee. an end face disposed orthogonal te
the bottom face of the third plate. and an augled faee
disposed at an obligque angle relative to the hottom and
contact faces uf the third plate. wherein the end face of
the third plate contacts a portion of the utherside face of
the first plate while the botiow faees of the first and third
plates are coplunar and adjoin cach other:

L#1

(dy linear riction welding twe first and third plates strue-
miral memhers together at an mtertace ol the end face of
the third plate andthe portion ofthe other side face ofthe
lirst plate. the result of steps (4) through (d) being an
ntersection eomwprising o X-shaped joining surlbee
tormed by the adjuining hottom faces vf the first. second
and third plates:

e1 linear friction welding the entire X-shaped joining sur-
tace of the intersection o a first portion ol a surtace of o
base wwmber by reciprocating motion of said ntersee-
tion. sald surface of the base member having an area
arcater than the area ol the X-shaped joining surface of
the interseetion;

(11 placing a fourth plate in contact with the sceond plate
and 1w base wewber. the ourth plate having o pair of
having o pair of substuntially nght trapesnidal side
faces, a bottom face and an angled face disposad at an
oblique angle relative to the hattom face ol the fourth
plate. wherein the hottom face of the foureth plate con-
taets the base mermber und adjoins the bottom lace of the
second plate. while the angled face of the fourth plate
contacts the angled face uf the second plate:

() concurrently linear friction welding the hottom face
and the angled face of'the fourth plate o a second portion
o the surlaee ol the base member aud to the angled fbaee
of the second plate respectively, the first und seeond
portions ol the surface of the hase member adjuining
cach other:

hy placing a fifth plate in contact with the third plate and
the base member. the Hith plate having a pair ol substan-
tally nght trupesoidal side fuces. o bottewn fuee and an
angled fuee disposed at an obligue augle relative to the
bottem face b the fifth plate, wherein the battom face of
the fifth plate contacts the base member and adjuins the
bottenn fuce of the third plate. while the ungled fuce of
the 1ifh plate contucts the angled fuce of the third plate:
and

(L concurrently lincar friction welding the bottom face and
the anwled face vt the fifth plate wo g third portion of the
stirface ot the hase member and to the angled face ol the
third plate respectively. the tirst and third portions ofthe
surluee of the base member adjeining cach other.
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10, The method as recited in eluiin 9. wherein the side faces
of'the second and third plates have a shape that 1s substantially
right triangular vr substantially right traperoidal.

11. The method as recited in claim 9. wherein step (o)
comprises causing the intersection o reciprocate along o line
that is not parallel w e Lirst plate.

12. The method as reeited i elaim 9 wherein the side taces
ol the first plate have a shape that 1s suhstantially traperoidal.

13, The method as recited in elaim 9. wherein the side faces
ol the Fourth and fifh plates have g shape that is substtiully
trupeveidal.

14, A method of making a tailored blank comprising the
fullowing steps performed in the order listed:

[u) placing o lirst plate in contact with o second plate at o
substantially right angle with respeet 1w cach other, the
first plate having a pair of mumally parallel side faces
having the same shape and o bottom face, and the second
plate having a pair of side faces having the same shape.
a bottom fuce. an end face disposed orthogenal 1o the
bettom face of the second plate. and an angled fuce
dispused at an oblique angle relative 1o the bottom and

contact faces o the sceond plate, wherein the end face ot

the second plate contacts a first portion of ene side fuce
ul e first plate while the bottow faees of the lirst and
second plates are coplunar and adjoin cach other:

(b1 lincar friction welding the first and second plates strue-

tural members together at an interface vf the end face of
Uwe secend plate and the portion of the one side faee of

e lirst plate:

el placing a third plate in contact with the first plate at a
substantially riwht anule with respect 1o cach other. the
third plate having a pair of side faces having the same
shipe. 2 bottom foee. an end Lee disposed orthogonal (o
e botten faee of the third plate. and an analed taee
dispused at an oblique angle relative 1o the bottom and

contact faces vl the third plate, wherein the end tace ot

the third plate contacts a secotd portion of the vne side
face ol the first plate while the bottem faces of the dirst
and third plates are coplunar and adjoin cach other:

{7 Tinear friction welding the first and third plates stroe-

tural members together at an interface vf the end face of
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the third plate and the portion of the one side tuce of the
first plate, the result of steps (a0 through (d) being an
intersection comprising a juining surface formed by the
adjoining bottom faces of the fiest, second and third
plates:

[e) linear frction welding the entire joining surfuce of the
intersection o a first portion of a surface of a hase
member by reciprocating motion of said intersection.,
suld surluee of the base nwauber having an arean greater
than the area ol the jeining surlaee of the intersection:

(1) placing a fourth plate in contact with the seeond plate
and the hase member, the fourth plate having a pair of
stthstantially right trapevoidal side faces. a bottom face
and an ungled fuee disposed at an obligue angle relative
tor U bottonn Faee of e fourth plate. wherein the bottom
face of the fourth plate contacts the base member and
adjoins the bottom face of the second plate. while the
angled face ufthe fourth plate cottacts the angled tace of
the seeond plate:

[¢) coneurrently linear metion welding the botom laee
and the angled face of'the fourth plate o a second portion
of the surface vl the hase member and to the angled face
of the second plate respectively, the first und seeond
portions o the surtuce of the base mewber adjoining
caeh otlher:

hy placing a fifth plate in contact with the third plate and
the base member. the Hith plate having a pair ol substan-
tally nght trupesoidal side fuces. o bottewn fuee and an
angled fuee disposed at an obligue augle relative to the
bottem face b the fifth plate, wherein the battom face of
the fifth plate contacts the base member and adjuins the
bottem tace ol the third plate, while the angled tace of
the 1ifh plate contucts the angled fuce of the third plate:
and

(L concurrently lincar friction welding the bottom face and
the anwled face vt the fifth plate wo g third portion of the
stirface ot the hase member and to the angled face ol the
third plate respectively. the tirst and third portions ofthe
surluee of the base member adjeining cach other.



