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(54) Fitle: METHOD AND APPARATUS FOR VIBRATION WELDING OF THERMOPLASTIC COMPONENTS

(57) Abstract: Vibratory welded connections are formed between first and second members (32, 33) of thermoplastic material by
interposing a junction piece (47) of sirnilar material and vibrating the junction piece (47) at high speed while pressing the first and
~~. second members (32,33) in a controlled manner against opposite sides of the junction piece {47), Friction created by the vibration
generates heat which melts a small amount of materia] at the engaging surfaces which upon cooling provides a strong welded joint
having minimal flash. Entire frame systems such as window frames can be fabricated by an apparatus system {120) which forms a
O friction welded joint between adjacent ends of the frame members (134, 135, 136, 137). Fuarthermore the frame can be fabricated
around a panel such as a glazing panel. The welded connections formed by the system do not mar the finish of the frame members
and produce no unsightly flash bead requiring subsequent machining steps for its removal.




Field of the Invention This invention relates generally to_assenbly nethods

for 5 thernopl astic conponents and nore parti cul ZINPYERDEERA RS and

. apparatus for manufacturing wi ndow and door frames using vibration wel ding
techni ques. Background of the Invention At present, plastic wi ndow and door

franes aMO¥3a] |y assenbl ed from pol yvinyl chl ori cET(VEH0s€xt r uded

profiles using hot plate welding tekhnology. 10 Typically, the corner

~-wel ding process ,involves pressing the mtered cut ends o two profiles
agai nst a TWENod.andHnnaraiys fof Vibraiion Welding-ThetmoplastisGompanents| astic  PVC

material has nelted, the heated netal plate is renoved and the two ends are

~ then pressured agai nst each other formng a hernetically seal ed wel ded

bond. Typically, in manufacturing a four sided franme assenbly either

one- heaé‘i@.@&h@ﬂﬂﬂﬁﬂﬂor f our - head wel di ng equi pnent is used. For four-head
wel di ng equipnent, the conplete frame is assenbled in one operation and,
taki ng i nt o accouhhis iftyentian relatessgenerally to @ssémbiymetodsifor profil e | oadi ng,

coner ' f . i le tine is
Sbout® 1 ticRinsag Borgdoiehes it gk B LT BpbFod BPBIREE SRS cs. = fur t her
dr awbac knan2@actrirgovingbw aad debiranges asindaibratioharaldingtethhighys.of pl astic flash
Is created at the weld line and this plastic flash has to be nechanically

r enoved Babkqyaghd of thedewsgioh hat can involve cutting, shaving and routing
operations. Cenerally, the equipnent required for flash renoval is conplex

and .expensi ve andaggigsetit Qlastiec viitdovrhSd® doSHFrameiss é&@i@éﬁ]@%ﬁ&ﬁﬂé&i ngs applied
to the extruded profiles. In addition 25 because the astic flash materi al

f
i s cont FRMiahedny ghioride {MVC)@rtwidad prafirsusing hotelate welinateghrolegyat er i al

{ : ' [ G t the final
wel 4 s TEREEY BetorfitluoiGiig pReRE kGG pie by nfiBfba S SRUEY °F1 L ngl o
squar e btwo prfilestdgainstailpflemcoated begled anetal platabhftertthe thetmoplaptiex mechani cal
t t .30 Vi ' di ' | d t hod f
vel 6 ng PYSRETRER GaRmple v Podtee el piale R Bmiyed aie Fiebhsotaetec
conponeiteh. préSsurée agdinstadch dtHebfdTaiga hénidiidalfdcealdd \Relli¥®bsid. Vi bration

wel di ng_process invol ves 23 Novenber 2005 WO 02/ 098635 PCT/ CA02/ 00842
Typically, in manufacturing a four sided frame assembly either one-head, two-

15 head or four-head welding equipment is used. For four-head welding equipment,
the compiete frame is assembled in one operation and, taking into account the
time required for frame set-up, profile loading, corner weiding, cool down and
frame unloading, the iotal cycle time is about two minutes.

As well as being a comparatively slow process, a further drawback

20 of hot plate welding is that a Jarge quantity of plastic flash is created at the weld
line and this plastic flash has to be mechanically removed through a process that
can involve cutting, shaving and routing operations. Generally, the equipment
required for flash removal is complex and expensive and the process can also
damage any surface coatings applied to the extruded profiles. In addition

25 because the plastic flash material is contaminated during the welding process, the
removed wasfe material cannot be recycled and the contaminated material can
also effect the final weld strength. Finally to order consistently achieve a square
right angled square corner, the equipment incorporates elaborate and complex
mechanical support systems. |

30 Vibration welding is one commonly used method for welding
together the flat surfaced end walis of two thermoplastic components. As
described in US Paient 4,352,711, the typical vibration welding process involves




. the second alternative rocess

2 one conponent being held firmy in place in a stationary _bottomfixture
while a second conponent is firmy held in pl ace "h’ﬁ%@ % e top
fixture. By applying pressure and noving the top fixture very rapidly,
heat |s enerated through surface friction, in a very short period of

tine, OW@Pftﬁ?the two contact surfaces 5 of conpond@TECAMBIZre to be
wel ded together and thus in additioh to a short cycle time, a further key
advant age of vi br WEi 3 9 is that mininumflash is generated so that
the nee n?(‘}PmrPé’Eﬁ% heid Jany inplaga in @ gietipeary hettenfduie while peduced.
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simlar to a conventional g{hate wel der where a rato netal plate
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thin surface . layer. is heated and, as a resuylt the vibratory neta
plate i Cgr%%ﬁcgﬁg Iledtsqpetﬁaélﬁaqotgﬁgal]y[oh;fusyglqr é'@@'ggﬁlkst ic material that has
been nelted is e| her ved and / H\-:tgpl dly cools down so that when the
two profiles are qr'ﬁH?F’ ”'g‘?'é%‘éeellﬁe"trﬂ tparse vibratiphaveldinged bet ween

the t [ ncerns with
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t he To create a welded joint, the metal plate is then removed and the two profiles are

pressed against each other. As described, there are some technical issues with
20 this process because unlike conventional hot plate welding, only a thin surface
o layer is heated and as a result, when the vibratory metal plate is moved away, the
small amount of surface plastic material that has been melted is either removed
and / or rapidly cools down so that when the two profiles are finally pressed
- together the welded bond formed between the two profiles is poor.

25 There are also some technical concerns with the second alternative
process described in US Patent 5,902,657. With this method for a four-sided
frame, two opposite sides are held fixed in position while the other two sides are
moveable. The moveable sides are held in fixtures that are connected to four
vibratory heads that are located at profile corner ends when directly welding

30 . together two hollow thin wall profiles. Because the vibratory head moves back

~ and forth very rapidly, it is very difficult to accurétely control the final position of the
vibratory head and so consequently the thin profile walls are not correctly aligned




vi bratory head and so consequently the thin profile walls are not correctly
al i gned ¥3 Noverber 2005 3 gnd this results in redNAEMOSF ALY wel d strength
~as well as an uneven joint line which is visually noticeable. Wth

vi bration welding, there is typicallysza mninumzone of disturbance at the
wel d line. However, for glass fiber re-enforced plastics as described in
US Patent 5,874,146 by Kagan et al, higher structural strengths can be

~achi evedaid this fedUiidan W84 SLcEOEIMENREIP Gt %Qrwé%aﬁfuhbb& E{i@tﬁl@gf i bers to

orient away fromthe flow direction and to cross the weld i ce. Sunmma
of the |whishtis yisualy opticeable.o a first aspect of the invention, there is
provided a nethod for formng a vibratory wel ded connecti on between first

and second nenberg, n tbis i r he. menbers and the junction
pi ece are conpose 'a%%&éﬁQ\l?erw'ﬁg’r&'egé?ﬁ%fcﬂﬁ‘b%éﬁw@uﬁom éﬁj t he net hod
conpr i si digturbanee af the weld ilibe aHoWEVEE d6k: glasSHbEY rRdenfbrodduslasticdadi ece havi ng
afirst portion for welding to the first and second nmenbers and a second
porti on €s8EREdiy US Paiant 544,148 by éadesret@brhighemstrusiurabstiengts ur e

connect e ) iVl 5,%0 : 254k | fi . tion from
t he fixtﬁari?etr?gﬁir?wﬁg éevvé%'g@‘%y por{h%gr?ﬁ%&?g%é\éc@t%)hpg}ee@ég% gB%rﬁe fixture
connect ek drient revayifloratios floweh@ctiomandtto rgpdstbefwdaldtintarfdceecond nmenbers in
fixtures that are independent of the vibratory head; creating an

engagenegt forcef etween.the first menber and one side of the first
portion ' n ce and an engagenent force between the second
menber and an opposite side of the first portion of the junction piece;

mai nt ai ni ng the enya@rAMBto HOASESspMb bEHE IRVaAicH) thélR ik PR&jiléda Pi ece by
means of the vibratory head at a frequency of from50 to 500 Hz to create
fricti onmgtheskfar kuminge vikwatasy weldgdeonneationtheéwean Sirsfandrecosttber s  and on

such o TEetE afRBlanBrbESe Hnee B Ichaditahi Betlns AR T s Dn b ece
and t he conbegest atdedstwh pagt diReengsgstiemiatdriai aRe nisthvaeanigmidg rst and

second nmenbers and the junction piece are applied separately fromthe
oper at | dHo¥iding a vibratprg Eg@d;ﬁggml_dlng the junction piece having a first portion

for welding to the first and second members and a second portion extending
from the first portion for mounting to a fixture connected to the vibratory head
and for supporting the first portion from the fixture; mounting the second
portion of junction piece to the fixture connected to the vibratory head;
mounting the first and second members in fixtures that are independent of the
vibratory head; creating an engagement force between the first member and
one side of the first portion of the junction piece and an engagement force
between the second member and an opposite side of the first portion of the
junction piece; maintaining the engagement forces while vibrating the junction

. piece by means of the vibratory head at a frequency of from 50 to 500 Hz to

~ create friction generated heat to melt material on the ends of the members
and on each respective opposite side of the first portion of the junction piece,

- such melted material upon cooling forming a weld between the junction piece
and the members; and where the engagement forces between the first and
second members and the junction piece are applied separately from the

operation of the vibratory head.




23 Novenber 2005 4 Preferably the engagenent forces provide even pressure
on each side of the junction piece. The engagenentNIEMPEE2Esi rably are
varied in the duration of the welding step such that after the desired
degree of nelting of the materials ofy the engagi ng faces has been
achi eved, each engagenent force is reduced to a | evel wherein the nelted
material remains nolten in position between the ends of the nenbers and

the junction pi ecepréferitly fld dnddiRnietgbricas Tp%\ﬁ&éebéﬁ p?eﬁ@ﬁ%h_flange that
extends at an angle with respect” to each of the nmenbers, the junction
pi ece i Baeh piseafithg jundtienwicds. d hesngapement faraee desirlilparevatied pl anar

and ot i el TR SART ofFedybinion s IRERET BE 65ii oot “rhe b
pr ef er abmeltirasofethg enatetiniscof thdangagingtfaces ad Beémathievéd xdashe in an insert

hole with a simlar geonetric shape T-shaped, the }[unction pi ece

€. g. 3 )
bei ng heFRORGeRER TpFEesisSRduGa toy2 lavehwbersin the melteg matgriak reswident s or t he

i ke. A igatin s8biion LRI HA QRPLARE mERBetd MO BRI AhGudTISEEL NOI €S Tor

engagenent by sert pins on | Xture secure t'he jun n piece in
position. For a particular application, the vibratory corner welding
process i s controPteferabjy the)justtiongpiebe hds mgtlanar fidngehthabedeats ah of t he

i brat h f i fied litude, f and t f .
Accor di nin 00k Wi et fcercroot BEnebeR 1 NEoR Blacd by ovi ded an
appar at Ugch@lorh@igTh PemavabiBrab eiat i%h%‘%ﬁbr&%ﬂ&%ﬁﬁ%ﬁ?ﬁﬂ%@@. ¢nd faces of

first and second nenbers and a junction piece, a ere the nenbers and
~ t he j unctéibda hgldcingha fisture gposedted to theavibratanyaead, @indaaftardheneidiog i c

materi al _, i paratus conprising: vihratory head incl.uding a drive
or vi or 6P TEs heRRRLaN L RTpRRRE; kot Brelf@bl Kas R taqmitis “of °f rom 50
to 500 Hghape)thabiRResieth fhid MiuRnd HaAE hbiewith sitps gd@vbig c! anpi ng
structure for securing thereon a respective one of the first and second

nmenmber s PR d -siipad, the jungtion piasereing held fsmly irppesiton be first and
second - ' | the vibr head; c) a
Thira. f1neans of el Y REtacheREPGRERTIY Aoy BRI ERFnct s on
pi ece, wimigcorponate]ing@t holkesgoreswgagement by insert pins on the fixture to

secure the junction piece in position.

For a particular application, the vibratory corner welding process
is controlled by adjusting the duration of the operation of the vibratory head for

a specified amplitude, frequency, and engagement force.

| According to a second aspect of the invention, there is provided
an apparatus for forming a vibratory welded connection between end faces of
first and second members and a junction piece, and where the members and
the junction piece are composed at least in part of a thermoplastic material,
said apparatus comprising: a) a vibratory head including a drive for vibrating
the head in a predetermined plane at a frequency of from 50 to 500 Hz; b)
opposed first and second fixtures each having clamping structure for securing
thereon a respective one of the first and second members and where the first
and second fixtures support the first and second members for movement
independently of the vibratory head; ¢) a third fixture connected to the

vibratory head for holding the junction piece, wherein the junction piece




23 Novenber 2005 5 conprises a first portion for wel diPr% to the ends of the
first and second menbers, and a second portion @XtNWYEMRE #3%m and for
supporting the first portion, and wherein the third fixture is adapted for
‘hol'ding the second portion of the jurction piece and is positioned to
allow the first portion to engage the end faces when the second portion is
held by the third fixture; d) guide structure for guiding relative
nmovenment - HaLWESN 5 kg Wfo}\,@é}@i he | ' ' j rection

per pendi cﬁﬁgr toatlhe end taces Sﬂ?ﬁ@ésétklﬁﬁ%gfgﬁeﬁrﬁfgnd g%‘goargferrent bet ween
opposi t ememtwssofind hsecond podionpdderding dranih and iforssuppodingtheditst menber s
respectively: e ressur ctpators, coupl ed._ t |.rst, and secopd fixtures
to proviﬁ%mén’ @%%Q’é’@ﬁ%’ﬁttﬁ? ﬁ?'@gﬁ’g'é%#a@bﬁg@r%@%’?% #reendiRoiofmct i on

pi ece angk thBguhdtio pidbs! apg & pesifiBRALfcSall the ﬁrs@pSﬁiBhﬁ@'en@M%é% to

regul ate the operation of the vibration welding apparatus. Preferably there
ar e adj uehdanesmhgmiiiessrcoadgatien ischeld by the hifd fixtues uh) @uitket uat or  wher eby

t he eng rce. i ded ressyre actuator,j.s i ndependently
adj ust azﬁglﬁ'{}}r? ftcoﬁQém?e\féﬂ%am%%ﬁgﬁp%?@’eee&tHeéﬂ%@égFﬁsﬁd @‘fn be provided
through juhetishipieicean addirdclion wetshirticuiace. thékadtBtedshénhs iefamitste hol ds the
junction piece is preferably |ocated so that the planar flange of the

j unct i orfiigasEaery hedvane eapasite sigesiof thenivwctign piegeland thedirgdemdr al | ocat i on,
ith the,fitst %L ' ' . ly of thi
\chi rd f%(%dgbg_m%gef%ﬁ%ﬁg Fﬁ%&gwgﬁg%ﬁﬁémtlﬁa%}égsb%ﬁ@%f@?nﬁ?ggﬁ n%/e(r)conn:aiti ng

~a seri esecohddixturgatte ptovide anemgeyemient farcebatwéarsegpdgiensided of t hi s system

adj acent_, ends ,of adjoining frame nmenbers are engaged by use of the
af o-r'esaitaedwﬁépé'til@‘.geﬁﬁgﬂg‘?Hf%aﬁérﬁﬁéianééﬁ’?fﬂbef&? aagtf)a%gmtaql Syplgm, a set of

appar at Usqgodiafd #rAbSkrafon af HWbEEnAHel8RGLdarkiyg, four corners of the
he%J B ed at

franme. ram ng nbers need not be ass ri ght angles, but can

angl 65 of adi o i rlg TRl WeRba B AN Fnacheting ARTRBE M o1 ece can
al so be efichf greestre ddnatos wiherdissibetdrijagehmint fdree fprentiog byeaiar s be

straight, but 23 Novepber 2005 i ) )
pressure actuator is independently adjustable. In this way, a variable force of

engagement can be provided through the duration of the welding step.

The third fixture which holds the junction piece is preferably
located so that the planar flange of the junction piece is balanced and
positioned typically in a central location, with the first and second fixtures
being movable independently of this third fixture.

The invention also contemplates a system for interconnecting a
series of elongate frame members to form a closed frame. In this system
adjacent ends of adjoining frame members are engaged by use of the
aforesaid apparatus. The frame member can be a rectangular frame, a set of

apparatuses aforesaid being provided at each of the four corners of the frame.

The framing members need not be assembled at right angles,
but can in fact be connected at any selected angle in the range 90° to 15°.
The angles of adjoining frame members with respect to the junction piece can

also be different. Nor is it essential that the framing members be straight, but




6 on the contrary, one or nore of the fram ng nenbers may be |ongitudinally
curved. The systemfor interconnecting the frame 43¥yembeeddlhbe used to
assenbl e those nmenbers around an i nner panel prior to the frame nenbers
bei ng wel ded together to forma conpl gte assenbly with the panel. The
panel can be of any desired conposition such as a sheet of glass or rigid
plastics material, an insulating glazing unit, a nulti-cavity sheet

ext r usi | ¢ ' ; ﬁ*ﬁﬁ PRRL kh&ianyent i on,
there i gé%yg/?%ﬁetgﬂg éﬁg'&eﬁﬁﬁgggﬁ%fir%ﬁ"@ p ur%rlét y ol?e gilcn ﬁ[ggltnlgn rame
menber s, CEgdcent ends of pairs of the menbers being interconnected

t hrough an interposed junction piece, wherein the frame nenbers and the

junction piece ar i rt of a thernoplastic
material, and thee]'lﬁé;’:g)?sltgﬁr%?ir‘@%rcgﬁbeétﬁﬁqs&waffarﬁépéﬂg%eqsn%qn é‘?(f"gﬂ@s at an
angl e witbhagseriie thdse eaaiberdardunaingn m&;@p?@mei gridteehefrogRd in that each
the junction piece is secured to a pair of adjacent frane nenbers by

vi br at orfpebese Beingrivelded teggiber todfosmndgsomplate aspemblyiwith thei Ranel. pref er abl y

h hol fi N ' f
wel di ng 15 PRAA R b8 afly BESt\EOmbolEon shef sl St Bl ol s RET e can
be subdiplastess matevial,vem iosulating glaing LRk, a Rnad-eavib) shddiexprlisioar of | ange has a

thickhes'?1 i.B the range of 2 mmto 12 mmand preferably 3 nmto 6 mm The
theliK€ of the planar flange may incorporate a textured surface

flat sur
finish to inprove the build-up of friction generated heat. The frane

menbers are preferﬁé&o&‘diﬁ@'{iﬁ‘éstﬁﬁd%fspgblaéﬁhé MRIntiohSinatO ILsbyidagrdropl asti ¢

i
material, such as polyvinyl chloride. The frane  menbers can have
decor at ifkame canipnigigoa pirality ivé slongate framet members radjacaniteeds ofur f aces. 23

Novenber, £8%5% he ok heBloBhRolRY (RIS AP lerBa5d jirtighr @ | egs that
piece, wherein the frame members and the junction piece are each composed
at least in part of a thermoplastic material, and the junction piece has a planar
flange that extends at an angle with respect to each the frame member,
characterized in that each the junction piece is secured to a pair of adjacent
frame members by vibratory welded bonds on opposite sides of the junction

piece.

Preferably each hollow profile has a peripheral wall that provides
a surface for welding to the planar flange. The hollow profile of the frame

_members can be subdivided into two or more cavities.

Preferably the planar flange has a thickness in the range of 2

mm fo 12 mm and preferably 3 mm to 6 mm.

The flat surfaces of the planar flange may incorporate a textured
surface finish to improve the build-up of friction generated heat.

The frame members are preferably composed of glass fiber
reinforced thermopiastic material, such as polyvinyl chloride. The frame
members can have decorative coatings or finishes incorporated on their outer

surfaces.




from opposite sides of the planar flange, the | egs being sized to engage

| ongi tudinally within the hollow interiors of the3digvg 209%me nmenbers.
The integral |egs of the junction piece nay incorporate each an integral

- spring centering device. Furthernoregthe hollow frane profile nenbers can
be fixed to the legs of the junction pieces by ultrasonic spot welding at
| ocati ons spaced fromthe planar flange. Preferably the ends of the

Cframe erg. a mt oy e byebn fited ey BROASY bRy HRRLIASRORR eBRT, O Lnoe

frame, e.g. a mter c ) er cut ends of
t he frarrirmgu qmpﬂsutbes&desayftbeplérmﬂfhdgwjme!agsbemglélmtl ttadogapd (open si ded

: J | at b h t t d f th
ront 1 2Bab#RRE Wit Ry Pisflawiiferot ot By ARCaL FaMBTIURATSsTE® pr event
t he appe‘ﬁ[ﬁ?ﬁﬂe@& of tHeSjuhE@sH Pfe@@@n&yeld&ar dfﬁfé@&hrpan g m%ﬂhﬁg flash. The

j uncti on pliece can i ncor pora devictes such as traps, grooves or wel di ng
beads f ogenteidng dagcer Fwﬁwmnregh@haﬂmwéraMapmf@mm@a caniye fixed he

vi br at or There, ar three referred IJcatlons for the
vi bratio tﬁ%#%%]&ﬁg?@?ﬁﬁmp?'%%%gyu aveny- Fi)qt q‘iﬂefa@tﬁ? Nfenmbers are
assenbl eshaeaUrim afe p|armuhghg@g glass unit 23 Novenber 2005 WO 02/ 098635
'PCT/ CA02/ 00842 7 and where silicone sealant is applied in gaps between the
assenbl ed frane and the insulati n% gI ass unit; (ii) where glazing sheets
are directly adher%r@fﬁ’c"@bb’l‘iée efidgey toe franting peofilessafebmitensuig sil i cone

seal ant, ( efyeen spaced
gl azi ng gig?ghbg)eﬁﬁeg SCI’I pthon ogq[%é]é%wbzmsec}@%?zts g)vm ng is a
‘descr i ptprowideya %Vc@hee%q)drﬂeotutcmdmﬂtheﬂﬁmdg ipeeiiles ofiayt be present

inventio ference b o the acconpanying draw ngs, in which:
"Figures fsﬂnﬁﬁéi‘"tf EBS%C@ 8@&2055%%6‘@@ ded grpgqved ppdopressuEsRlall y 10

fabr | caldm bd appRaah hefritbt bt et Sk IR tddd bfleMémt!drtfieons and

wel ded at t
during the welding process to prevent the appearance of this front face being

marred by any welding flash.

The junction piece can incorporate devices such as traps,
grooves or welding beads for locating or receiving plastic flash generated

during the vibratory welding process.

There are three preferred applications for the vibration corner

welding process, namely: (i) where frame members are assembled around an
insulating glass unit




~comer using conventional hot plate welding technology. Figure 2 is a
vertical cross section taken on the line 1.1 in R3Jipvember 2¢%ugh a coner
assenbly. Figure 3 is an elevation view of the test fixture for the
thernoplastic 15 corner test as specified in the North American _
Fenest r aW#/0®edndard (NAFS-1). Figure 4 is an expl ocded/qgaoe/epsexrti ve detail
of a frame coner assenbly incorporating a renpovable tab on the outer side

" edge where the _hernoél(ﬁlst_i c extrusions are vibration welded at the

~cor ner s a9 where sliseng sealpnids anplisd rooanshatween the asspbleddrame and oss secti on
of a fr B IR OI0RS tg%%ﬁgk,' g%wH@Pef @aiiﬂgsﬁ%ﬁé H%Oﬁi?e%tﬂt%dﬁé‘feﬂ.‘l’@{h%”s are
0 a diagonal jun

vi bration wel de ] prana ange tiron piece incorporating
a renovailes of adrasee assenhly using silieconedspalant andr(il) Gheressarm gseembledt i ve vi ew of

a singl Eﬁﬁg ' ' | . aratus. 25 Figure 6B is a schematic
di agram?ro %Zéchéh‘:{)é%wegﬁgﬁg‘%ﬁf@%"ﬁgﬁ'% ‘e corner friction welding
apparft :@iefﬁi géjrr E‘ IZA; i!s @_ gl. an view of a single conmer, vibration welding
apparat 2 % nstalled in the fixtures prior to the

| di . Ei JB.i ' Null to Fi 7A show th
\évien_g: _ggcg; (rjlgreSSSO-ﬁiﬁgﬁ'g‘f"Pgﬂﬁl aﬂgﬁﬁvfiﬁ o Eiﬁgﬂé{%?"%ﬂ?’lﬁ rcg'ﬁ%“\/v:l g\iMng_gpr ogess. .

23 Novegatiod#fiétis WO 2@ #Hyeioh, reiBrhBE 8didg nfadd BYRE a&%xﬁp%r@?mgex pl oded

perspective view and Figure 8B is a perspective view of a vi tion wel ded
corner FFMBILIEWRISNY i ncorporating a junction piece with a planar flange
and a renovable tab on the bottom edge. Figure 9A is a cross section detail
of a planar flanddgwes 1Aian§b‘rﬁ)mleva%onwm of adragne Eorpar asseBibils a cross

sect,i,on L | . [ 3! |, di eads. Figure
To° 1 a el i Baird e, RS EP e FC ERAISRs el Bofod LR e
- fram ngcpmef using convantisnalihoh plate weldingitechriolbggs | on wel di ng process.
Figure 2 is a vertical cross section taken on the line 1-1 in Figure 1

through a cormner assembly.

Figure 3 is an elevation view of the test fixture for the thermoplastic
15 corner test as specified in-the North American Fenestration Standard (NAFS-1).

Figure 4 is an exploded perspective detail of a frame corner
assembly incorporating a removable tab on the outer side edge where the
thermoplastic extrusions are vibration welded at the corners fo a diagonal comer

web

20 Figure 5 is a horizontal cross section of a frame corner assembly
where the themoplastic extrusions are vibration welded to a diagonal planar
flange junction piece incorporating a removable tab on the outer side edge.

Figure 6A is a perspective view of a single corner vibration welding
apparatus.

25 Figure 6B is a schematic diagram of the control system for a single
corner friction welding apparatus.

_ Figure 7A is a plan view of a single corner, vibration welding
apparatus with the extrusions installed in the fixtures prior to the welding process.

Figure 7B is a view similar to Figure 7A showing the single corner
30 vibration welding apparatus during the welding process. -




10 Figure 11 is a perspective view of a junction?;é.i ece with a planar

fl ange and a renovabl e T-shaped tab on the outer i"(‘.fé’eéﬂ’@é?oq-ﬁ gure 12A is a
perspective detail of a junction piece with a planar flange and

i ncorporating a renovable tab with a double set of L-shaped slots on the
back edgdV0@289¥3Zure 12B is an expl oded top el evati on RATEW0YPOSE j unct i on
piece holding fixture and a planar3flange junction piece web as shown in
Figure 12A. Figure 12Cis a vertical cross section of the junction piece
hol ding fixture Kigufe 8A j ammexpladed ngespestiva view apddigure$Bssewn i n Fi gure

- 12B. Fi | . 21 | 1th.a renovabl e tab
~20ont égpbo téo@e@é)ggﬁt&?gﬁﬁe@ﬁggwggg o%%égghbw&ﬁ%#m@ fnction pi ece

fi xt ur e junntion piecawiiica planacizngetand @ resmvalbledals op thiehottoen edigegure 14B is a

vertical cross section detail of a conmer web fixture incorporating a
separate pressur eFigtre $A ibew ¢roes s@fioRidgtatiof #phanas flangs web section plan view
detail of a frfame corner assenbly where the thernoplastic plastic

ext r usi JHORRAIRG ‘&S?E‘ttr%-mm ded at the corner using a corner key with a

di agonal web andr!iﬁnte ral legs. Figure 15B is a cross section detail of the

frame comer assenf8yresb iIsgherRps section detaliof A pignar angrweb ast i ¢ frani'ng

profil e jAcorpbrhfitpRBidfRl Basggpot wel ded 30 to the integral |egs of the
corner key. 23 venbér 2005 WO 02/ 098635 PCT/ CA02100542 9 Figure 1 5Cis

$a cross section angud! RNl Qesdilcbl deli bPhethaRiabfe mhiRL M ngi" 1| ¢ and

comer key as shown in gure 15 gure 'S a rragnentary plan view of
vi br at i dre frarmimgrgofiles i pasition dunogihegvibiiation weklig process. prof i | es can be
assenbl ed at varying angles to the planar flange junction piece. Figure
17A 16 an el evat iFigureitdvis afpesspectivelviewof aijuntblion piegsavithr plangr 17B is a cross

fs ?;tn! ggﬂgﬁéﬁaﬁ%g fren%mpatf)tlé Tls?lh;%d & So%ntJﬁle>c/>uPeerts;}%eeeera}igefle straight and curved
Figure 12A is a perspective detait of a junction piece with a planar

flange and incorporating a removable tab with a double set of L-shaped slots on
the back edge.

15 Figure 12B is an exploded top elevation view of a j'unction piece
holding fixture and a planar flange junction piece web as shown in Figure 12A.

Figure 12C is a vertical cross section of the junction piece holding
fixture with a planar flange junction piece as shown in Figure 12B.

Figure 13 is a perspective view of a comer web with a removable tab
20 onthe bottom edge. '

Figure 14A is a top plan view of a junction piece fixture incorporating
a separate pressure strip device. ‘

Figure 14B is a vertical cross section detail of a corner web fixture
incorporating a separate pressure strip device.

25 Figure 15A is a cross section plan view detail of a frame corer
assembly where the thermoplastic plastic extrusions are vibration welded at the
corner using a comner key with a diagonal web and integral legs.

Figure 158 is a cross section detail of the frame comner assembly as
shown in Figure15A where the plastic framing profile is ultrasonically spot welded
30 tothe integral legs of the corner key.




Figure 18 is an expl oded perspective view of a vibration welded 10 comer
frame assenbly incorporating a junction piece w 28 NPvBMRRE£0GY ange and a
top held renovable tab. Figure 19A and 19B are el evation views of a
vertical four head vibration welding apparatus featuring two stage frane
assenbl y WEPHB@E520 is an el evation view of a verti calPdTgiA0zbesdd vi bration
15 wel di ng apparatus where all four?corners are sinultaneously wel ded.
Figure 21A is an g] evation view of a conmposite channel sash wi ndow panel

with the thernopl BOHI& 19 lsd pgsp pestionandslevation detall of the plasicat i on coner
wel di ng-frd:rhiﬂgﬁ)?ofﬁelal% E&n?r?(@éé%kmnciﬁ?‘ﬁ.lréq&f\j on detail taken on a line 21A
i gure

- 21A 20 1In 21A of a‘conposite annel ™ wi ndow panel incorporating a

doubl e glazed in ' | ' .2 spective view

of a conposite chgi#r{'%el%1@%ré;ﬂnée&r%%lﬁﬁlgﬂ@ééglozH%ga}tg)ﬁ'%q&ﬁgPﬁgéfla S ng gl ass

uni t usishgwingthat theriracing profileseadibeassémbledg vary#ighariglesttofies plaaat | ve vi ew

of a 02{;%{1 assenbl fé of a conposite channel w ndow i ncorporating different
r ! PEEC-and

si ze ﬂﬁ"ﬂc P assenbl ed using vibration corner welding. Figure
24A is a perspective vjew of vi bration wel ded conposite channel frame
assembl y where th%‘g?"fea h§ %PZ?W‘EQ vieMeSrpovad donwidpyifame. shaped 30
cavity and thin sglid {{@rée@sgrofi le walls for supporting the insulating

gl ass unit. 23 NoVgHi%e 085 ee5tion gstsd obarbultipiny ansembly besweequre 24B i s

an expl %&iﬁl’ﬁ@n&icﬂi’\feﬁfﬁaﬁﬂﬁ%?ﬂﬁ@r frame assenbly shown in Figure 24A.
ew of an insulating glass panel with a rigid

Figure 25A 1's an el evation

t hernopl asti c spag; fqaig%naeg@ b | ' r lding. 5
Figure 25B is a \?@g?riec‘g Cros Fb;ﬁgé?gﬁ&gg%ﬁ%ﬁ@gﬁg@%&%ﬂﬁ#%%ﬁ25A 25A in
- Fi gute 25menframecassesblyincorgorglinga jnactisn piexeowittoa planagflange aridda

ther mophAShLig remBRHIE tdp) 2™

Figure 19A and 19B are elevation views of a vertical four head
vibration welding apparatus featuring two stage frame assembly.

Figure 20 is an elevation view of a vertical four head vibration
15 welding apparatus where all four corners are simultaneously welded.

Figure 21A is an elevation view of a composite channel sash window
panel with the thermoplastic framing profiles assembled using vibration corner

welding.
|
Figure 218 is a vertical cross section detail taken on a line 21A - 21A

20 in Figure 21A of a composite channel window panel incorporating a double glazed .
insulating unit. '

Figure 22 is an exploded perspective view of a composite channe}
frame being assembled around an insulating glass unit using vibration corner
welding. '

25 Figure 23B is a perspective view of a corner assembly ofé
composite channel window incorporating different size framing profiles and
assembled using vibration corner welding.

Figure 24A is a perspective view of a vibration welded composite _
_ channel frame assembly where the framing profiles incorporate a single I-shaped
30 cavity and thin solid frame profile walls for supporting the insulating glass unit.




Figure-26A is an elevation view of a sealed frane w ndow panel where the
outer glazing sheets are directly adhered to the rNgvenbesdd®i y. 10 Figure.
26B is a vertical cross section detail taken on a line 26A -26A in Figure
26A of a sealed frame w ndow panel as shown in Figure 26A. Figure 27A and
27B are fWOMY098EH side el evation views of a corner eRCTafA0200842ani ng

profile specifically fabricated fort¢friction corner welding of sealed
frame panels. 15 Figure 28 is an expl oded perspective detail of a coner
frane .assenbly fbiguee 4Biscan explodediop diew qf seetorasr feamerassemblygur e 26A.

Fi gures 490 @Fe details of the production steps involved in the
seal ed frane '@g g&é’enbl y using a conbination of friction welding and

I
ul trasoni ¢ spot | chni Eiqure 30 is a per ctive view of a

junction piece wi @ﬂg%%\ﬁﬂé%ﬁﬁggf?eﬁ%fﬁghw? w@?ﬁﬁq@fﬁﬁh 8s for

_ engageneigid thermoplastic spater ramé absembled using Vibrdtion dokieg Welding?i ece hol di ng

fixture. Detail ed Description of the Preferred Enbodi nents 25 Referring to

the dsawi ngs Fi guFigard Z5Buscth Veticd) eHsss iseetiontibidil takén o heMa EABAOf a frame
corner assenbl ¥@§1 fabri ciat ed fromsquare hollow profile, glass fiber

filled PYEIGE 38 PHHE ingulaling olass panel Rcerpprating adigidibemaeplastes of the frane
menber s B2c-ahnie are wel ded toget her "using conventional hot plate
equi prent. One maj or drawback of hot plate welding is that a |large quantity

of 3 0 plastic flg ' r ' U Sy plastic flash
35 has to be rreclﬁgg'i.e%}*§aﬁeér?m%§gngm} (?f?‘l és&%%oiééﬁgwﬁﬁogﬁn%\l/ol ves renovi ng
a shal | avhege theveut@glaring sheats aG0diréfly Adl0d 6BtheMEMASR2MMAB42 11 at the
weld line 36. As a result of this mechanical renoval process, the

st (rjum gr al perdeigmrecﬂBh Bois at\!mt_icab}:nmes seetion detel thieernon é?iné?ﬂlili-%(ming yh .
reduced.. Ei qur 0 verti.cal cross section_on a |line - t hr oug
“he fraﬁ%E@gF%&Kgg%é%%?gﬁgTe\mB&@”Pﬂ'ée I?P'[SBPWEMF'QH@SZ% of the frane ,
menbers 32 5 and%.SS V\@{% t oget her %t he perjneter wall edge. As
previ ously descri'H8¥et4fisa Sy apdsi SI‘%@’@P@ Yiewsof oM@t has to be

mechani eablof afRIMING Brdfife’sPekcifigally fabricated for friction corner welding of sealed
frame panels. '

15 Figure 28 is an exploded perspective detail of a comer frame
assembly for a sealed frame window panel as shown in Figure 26A.

Figures 29A to 29E are details of the production steps invoived in
the sealed frame corner assembly using a combination of friction welding and
ulirasonic spot welding techniques.

20 - Figure 30 is a perspective view of a junction piece with a removable
tab incorporating insert holes for engagement by insert pins that form part of the
junction piece holding fixture.

Detailed Description of the Preferred Embodiments

25 Referring to the drawings Figures 1A and 1B show side and front
| elevations of a frame corner assembly 31 fabricated from square hollow profile,
glass fiber filled PVC extrusions 32 and 33. The miter cut corner ends 34 of the
frame members 32 and 33 are welded together using conventional hot plate
equipment. One major drawback of hot plate welding is that a large quantity of
30 plastic flash 35 is created at the weld line 36. This plastic flash 35 has to be
mechanically removed and this process often involves removing a shallow groove




profile exterior. In North Anerica, the structural perfornmance of

thernopl astic corner welds are eval uated accordiZigNavembee2P@rth Aneri can
Fenestration Standard 10 (NAFS-1) test procedure. As shown in Figure 3, the
test procedure involves attaching a welded frame corner assenbly 31 to a
support 3 ®40083x| anps 40 and 41. The bottom cl anp 4PdrgLAby@aszed 100 mm
above the top edge 42 of the lower ifrane-profile 33. A point load 1 44 is
~gradual ly applied to the |ower frame profile 33 with this |oad 44 being

| ocat ed 31? hesveld dipg96e A @suliaf thisunechapical iemoval process, thegiruciraif t he upper

: fil | ded t fail
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e Sa al ea exten u al on e we i ne .
e Far Bt 3Lt welied o0ehOr sIhs PRTTPEEALERSS-oAS DesniouadeacoRRS. ¢ oot
Pr ocedutifis pfocsbébrealts piedt flash a8 Mt hat fo by me%ﬁér';ﬁal{chﬂ?‘b%ﬂroh*m%‘l the base

matri x polyner and as a result, because the ent gl ass ber filled
prof i | epraffeexdei®nger and stlffer the joint is the weak link in the frane
assenbly. 25 As described in det ail with reference to Fi gures 4-30, one of
the main pur posdndoritmerica, e steustural perfopnaivdedd therooptastié camer assenbl y

net hod r t m | ass fi ber
filled e?iepﬁlgg{% ac%@l?ﬁ@&%ﬁpbﬁ&egc?%geﬂﬁ%@? ﬁ&Pe’P[ﬁff& astic Corner
Vel dot e @IAFS1p tasti prazed@. Ashowndn Figiive 3iheteqtppstedurainedies | ve view of
comer frga asse@dﬁ where the m tlﬁ(g%fm ends 34 of ther m)BI astic framng

“menmber 3 aye rame, PONPHASSHEL oA ShRReE; 38with glampsA0&ndunct i on
4 t 49. The
et o i oo BRIt 11k B0ated 100 1 Bl Mo by B8 00 D063

PCTI CAoframegudfile 83. mntd@aq/héﬁ rﬁgradu@llytawhad)m thedowerffranms prgfileenber s 32 and
33, Theaplitis IddPBeifl 10cARRY RY ditfiRed or R HimHork B i gig81" f ace and

because hIS sur
15 edge 45 of the upper profile 32. The pass / fail test criterion is that when loaded to

failure, the break shali not exiend along the entire weld line 36.

Using conventional hot plate welding technology, corner weld test
samples as shown in Figure 2 were fabricated from 30 per cent glass fiber filled
PVC extrusions. The samples were tested according fo NAFS-1 procedure and

20 the samples failed with the break extending fully along the weld line 36. The main
_reason that the fiber filled material failed the NAFS test procedure is that the weld

strength is typically no higher than the base matrix polymer and as a result,
because {he 30 per cent glass fiber filled profiles are stronger and stiffer, the joint
is the weak link in the frame assembly.

25 As described in detail with reference to Figures 4-30, one of the
main purpose of this invention is o provide a comer frame assembly method
. where the test samples fabricated from 30 per cent glass fiber filled PVC
extrusions, consistently pass the NAFS-1 Thermoplastic Corner Weld test
procedure.

30 Figure 4 shows an exploded perspective view of corer frame
assembly where the miter cut ends 34 of thermoplastic framing member 32 and 33
are vibration welded to opposite sides of a junction piece 47 'incorporating a planar
flange 48 and a removable tab 49. The junction piece 47 is made from the same




treatnment accelerates the generation of friction heat, the weld cycle tine
is substantially reduced. The wall thickness of 23N¥o¥MRREZOG ange 48 can
vary 5 between 2 nmto 12 nmw th the preferred range being 3 to 5 nm The
renovable tab 49 is thicker than the planar flange 48 and this provides for
i ncreased"@A%8$68t h and stiffness. After the wel ding prRsGéx®2pixonpl et e,
the renovable tab 49 is cut off udfng a shear press or sinilar device,
Because t he vibrati,on wel dilggiydfoes, not contam nate the plastic weld

mat er i alPaS¢ RPYMEE A5 g thermep taping nareheys B @ng 3$- the Plangsti c resin
d. i i ' | f abr i d
i e o el AR 2

corner frane asse rom ] plastic pro . Because the
f r am ng tiegtment aceslcrsites the generatiph ohifriction bedtdthe wald eydiditimeds de of t he

| tuceq ety ool The ERiors Pt FhodiHERe 4neaR 8 ovi des 1 or

| di ag(‘ﬁnalbetvmanﬁmmmdmglmwmntﬂmxreférnedrraﬁie being Bao Stmmctipheal per f or mance of
the frane as ?nglby A r.em)iﬁabl tHTRJ?‘Af t ha 'forg_&ban ext ensi on of the

pl anar {$RRGERIGED 4% s thicker dnan theplanag flange 43 aad Bz Rrovides fer j uncti on pi ece

47. Dur iritgedses sieRaMRtdrensti i heholi \ [rmy held in a

hol di ng fi xt uré? SOQI.i nkedlfﬂt"lgésfr{%ﬁé@ﬁ%’ﬁﬁ@g}gﬁreé%gégggéﬁgeﬁg ée speci al

vi br at i 53MQuAble tal 4% srbefliusiag agheayess besimilar davicpurBacagge theB and 7A, 7B.

A cornef(; | | h ' l.] ow s re profile
PVC ext p'&éﬁ%ﬁs W #%ﬁ%g{%@%‘ﬁ%@i&%fﬁ%ﬁ?@ﬁﬁl @g{éﬁﬁgﬂgﬁwtﬁ’% at had been
pr e\idoutdbycamiterecycled and theeplastivnabinhetsedl at e wel di ng equi pnent. The 25
profile sanples were welded to the planar flange using the special

v-ihbr ati OB wel di rF@glltrgtﬂHHm%hdﬂzbriahbﬁokeséchbnﬁﬁlfouhgi@faﬁﬁéaiédi ltest Sag| es,
these vibration we tes ampl es passed_the NAES-1 Thernopl astic rner
Vel d t eSPMeh %@&aﬁwgﬁifoyhé%lﬁ?wnﬁaﬁlcgﬁpieng@Hé 33 Hegausnth@el di ng process
gener al fr¥mi &inb Y iisyaitié ity € x 33 being
enbeddedr_ ?r@tsrﬁehpfrgh&;r Iﬁg%gﬂ%ﬂl%ﬁfﬂlﬁ[ﬁgﬁaigltt_ﬁ%rg'dcfle??pggngﬁ?‘hat t he pl anar
fl ange Pieceddethe sbuctural lepdsdt each of the twel weldstie reduiced scedrdingilyatinng profil es,

one 1Dt h&lidr? tieplahSenardess (BLERF dlBoRs) RS LRG YRg! 2005 VO

02/
increasing the structural performance of the frame assembly.

A removable tab 49 that forms an extension of the planar flange 48
is located on the outer side back of the junction piece 47. During the vibration
welding process, this tab 49 is firmly held in a holding fixture 50 linked to the

20 vibratory head 52 of the special vibration welding apparatus 51 as described in
Figures 6A, 6B and 7A, 7B. |

A comner test sample was fabricated using the same hollow square
profile PVC extrusions with 30 per cent glass content as the samples that had
been previously made using conventionat hot plate welding equipment. The

25 profile samples were welded to the planar flange using the special vibration

' welding techniques but unlike the hot plate welded test samples, these vibration
welded test samples passed the NAFS-1 Thermoplastic Cdrner Weld test
procedure.

As shown in Figure 5, the vibration welding process generally resulis
30 inthe plastic framing profiles 32 and 33 being embedded in the planar flange 48.
Although it is desirable that the planar flange is made from the same resin-based
material as the framing profiles, one option is for the junction piece to be made




13 PCT/ CA02/ 00842 froma stiffer plastic material (e.g. glass fiber filled

material) so that the profiles are not excessiveWNAREBEHA Wi t hin the

pl anar flange. Figure 6A shows a top perspective view of a prototype single
corner vibration welding apparatus 51. The apparatus consists of five nmain
conponent¥0 02998635 \/i br at ory Head A |inear vibratory hedCTEAR/PSH2

i ncorporates a top plate 53 which Wibrates back and forth very rapidly in

~a predetermn | ane. 2. Junction Piece Holding Fixture A junction piece
hol di ng O @ § erpiastic peiedak(eg- dlass fbrrdilied "!Eﬁ%"ﬂ%o?? hrtihe preftesareand 1 i nf y

hol ds t%t&%fvefy'éhﬁlﬂ#‘dde%ﬁfhirﬂﬁe%é?{ggﬂé@é.” position. 3. Myveable Franing

Fi xtures Two noveable framng fiXx and 56 incorporate clanping

devices 60 that fy ) ' ' .1 1 e novenent
of the framng ffl P?lﬁ’ﬁeé'Qiécg;v%ﬁ?%&%@gﬁ&%ﬁeﬁ%@%@%ﬁﬁé}gr@%ﬁy of neans
i ncl udi vipratich weldingtappaedius 81.v herepparatuspoasisistafl Gvansithgamporents:devi ces. 4.
Control Systens A control system 46 that regul ates the various operating
- parareters of the Vibpatary ldeadwel di ng apparatus including: weld tinme, hold
time, joint pressure, anplitude, frequency and voltage. The control system

is located in a pAdiheartvibratoly RedibSthay incttipdratesiatioppldte 53 nwhkipkr at or
interface 64. 5., Machipe Franme, A machine frame 65 provides the structure

t hat -.suﬂﬁﬁ%gb?%aﬁ‘gmmmé PrEAEtefMediVANe. head 53 can nove in
either a linear or orbjtal mapner. 25 Wth linear vibration welding, the
vi bratory head n ! ' rapidly in a predeterm ned pl ane.
While with orbital ,vibratjon, the vibratory head continuously rotates in a

circul ar oper at i dhjunsgonpiesahpiding fixtyse 584s direclly sittaghed tpithe tap Mateof f er s sone
: : i . O Ld

garr{)IO’Llrot 3%2%?2%@@&1 citgg:ﬁgﬁ%ﬂgﬁ%@gﬁdﬁ?cﬁaﬁﬁk@%ﬁoﬁy. Ates;s)re\évgnt, orbital

30 vibration is Sé?nﬁl%%blé ?&ﬁniﬁ&ﬁ)&%? because the conti nuous circul ar

notion is
' Two moveable framing fixtures 55 and 56 incorporate clamping
devices 60 that firmly hold the framing profiles in position. The movement of the
framing fixtures 65 and 56 is operated through a variety of means including:
15 electrical servo motors, pheumatic and hydraulic devices.

4. Cohtrol Systems

A control system 46 that regulates the various operating parameters
- of the vibration welding apparatus including: weld time, hold time, joint pressure,
amplitude, frequency and voltage. The control system is focated in a protective
20 housing and is linked to an operator interface 64.

5. Machine Frame

A machine frame 65 provides the structure that supports the other
components.

The vibratory head 53 can move in either a linear or orbital manner.
25 With linear vibration welding, the vibratory head moves back and forth very rapidly
in a predetermined plane. While with orbital vibration, the vibratory head
continuously rotates in a circular operation. As a continuous process, orbital
vibration offers some major advantages including: reduced time, less energy, less
 weld amplitude, reduced clearance and better flash control. At present, orbital
30 vibration is somewhat less reliable because the continuous circular motion is
driven by an electrical motor and so only linear vibration welding is ilfustrated in




driven by an electrical notor and so only linear vibration welding is
illustrated in 23 Novermber 2005 WO 02/ 098635 PCTREARYPMb®4290514 t he
followng figures. However, it can be appreciated by those
skilled-in-the-art that orbital vibration welding can also be substituted
for many W 0409%3% corner wel ding applications and spe€irfGaszdisys t he
“process of fers advant ages where a Il anar fl ange junction piece is used. 5
Figure 7 ows | an,view of a single caorner, vibration welding

poar at 68 BloWRaTigti HoysYer It oain eripracated by ihoke Skilpc-Doheiary agpar atus 51
f eat ur eshar-otbidl lbpation \Rading 8ah BRb Hejsmsg' thina pre-
determ ned plane. The vibrgtpry head 5 mpgmgpﬁﬁﬁg?aﬁﬁegﬂgnb?%ratory heads
used on weldnrgepplications andspesifically, theprocessoifers advantdgtevheseah as t he

Br ansonlpg%dgrrﬂgﬁ%%@h%&r?pi égi(ﬁ%é‘g-ke t hese commercially avail abl e products,

the vib y urne side down as this allows for nore flexible

and easy positiong. f 1N nbers 32 an 3 during the frame

asse%l y process%'ﬂgﬁeloiﬁ L@?%ﬁésgg@gg;ﬁggfé c[ogle[rh\ggrgﬁgnyaﬁrﬁe of the

Vi br at ompphetus 5Rin ssopent positioan The dingalvirationwakingeippardties1 vi br at ory head
ort (not shown) and 15 isol ated

Is bolted ,to a separate h ast _iron sup ]

fromt h%@'&"?? Q-Y’Upﬁ?%b%ﬁ’ ggﬁqt ﬁ'&?ﬂ'yén?‘fﬁ?tbaé’ﬁéﬂﬂ)forﬂklﬂr?gmﬁubber nmounts. This
cast 1Ir r r iro hi e ' 65 t hat
oot t 1 oact e, (TS Wbty nbad S sikflal Bihe ARty HekCLsedBf 00 ' T o
met al s gewmergallyavailpblietlisgan dpratien welderssuch@s thé Branson MisiWeldef,r ane 65 but

this 0 | | t r Q. yibratory head 52

so t 0at B&%I%Eﬁ?ﬁ% (L;CIEJ n@ﬁ%rrc @%?ga%%eﬁgﬂﬁﬁgﬁ? &@%M}%@é 3 %'"t' machi ne

frame 6upsitiedewhlas thisallows fdrimdre flesibRtaraehsy positioning ppthetfegniag. gui de rails

57 directly attach to the t table plate 54 d these fixtures hold the
franing "’Lﬁ%?qrﬁég @SM’BQ&%&Q’M@SW&M PSS 3 at pigie %W@&ﬁ?.@ profile

fi xtureg fie top BOrASR GRINE viBKRGryHead \s2b ARMVAIY stAS@d Bratidh wdlge®, thg no direct

contact except 25 where the framng profiles 32 and 33 contact the junction

pi ece 4Yibratpey hagdds bpked tpiagapasate heavy east son supparhiotshawn)@nd ends 34 of
thefra'm?ﬂ) i Lb .l t he pl anar
fl ar}glj:)e %'Q 0 fr lfgt!‘l%%g%ﬁgﬁ%glpé@%Eﬁgﬁ&rga(@ﬁlsénﬁg\\;\feﬁgggg&Etgbﬁelk' ﬁL?uh%Xt ure 55 and 56
consi st $hisfcaat inmr supporiztrutiuee is in turn bolted to a machine frame 65 that

positions the vibratory head 52 at a convenient working height.

Flat plate metal sheets 54 are bolted to the top surface of the

machine frame 65 but this top working surface is separated apart from the

20 vibratqu head 52 so that a minimum of vibratory movement is fransferred to the
machine frame 65. Moveable profile fixtures 55 and 56 are supported on guide
rails 57 directly attached to the top table plate 54 and these fixtures hoid the
framing profiles extrusions 32 and 33 in position. The moveable profile fixtures 55
and 56 move over the vibratory head 52 but there is no direct contact except

25 where the framing profiles 32 and 33 contact the junction piece 47. The moveable
fixtures also allow for the miter cut ends 34 of the framing profiles 32 and 33 to be
positioned péralle} to the planar flange 48 of the junction piece 47.

Each moveable profile fixture 55 and 56 consists of a horizontal flat
~ plate 58, a support member 59 that is attached to the horizontal plate 58 and a
30 clamping fixture 60 that firmly holds the profiles 32 and 33 against the support
member 59. A front clamp 60 is positioned adjacent {o the side edge 61 of the flat
plate 58 and to ensure that the profile 33 is firmiy held in position, the miter cut
profiles 32 and 33 only extend 2 or 3 mm beyond the side edge 61. ltis also




" vibrating the jurfdgy8

pl ate 58, a support nenber 59 that is attached to the horizontal plate 58
and a 30 clanping fixture 60 that firmy hol ds t 28 Navefibeeg0®2 and 33

agai nst the support nenber 59. A front clanp 60 is positioned adjacent to
the side edge 61 of the flat plate 58 and to ensure that the profile 33 is
firmy hevelodosedsition, the mter cut profiles 32 ardTRI0nmisy: extend 2 or
3 mm beyond the side edge 61. It i95also 23 Novenber 2005 WD 02/098635
PCT/ CA02/ 00842 15 ir’rportant that both the profiles extend the sane

di st ancémppdaitithat hollothel pioiffiesgxtend thewsame distangs homdee tves clampinght  angl ed

j oi nt CoRRR ion (i.e. 90), the vertical support nmenbers 59 are positioned
at a 45 angle to side edge 61. However for 5 special fram ng shapes, the

angul ar position rt nber 59 can be j,uste s required by
means of a pivot ﬁ%ﬁiﬂ“@%’iﬁﬁ@@"&@dﬁ'ﬂf@ﬂ"e@n @8' %@E tli@"?'%ﬁ%d hol di ng
fixture sufpbromentters 89 ate pusitivred &t 4 35! andle ersigs e8ge BNaHolageopnar flange

of the junci%]h?%ﬂfgige e is in a balanced central position. The hol ding

fixtute SHBC iS8apgs, tha angularpesitian awh thewuppeg meraber 59aprba he vi brat ory
head 52, ' ' ] ' 47
ea adjusted ¥s ﬁggﬁésdh%ﬁ@eéﬁ% P%%%&gt}{@?ﬂfbgarpéﬁéciﬂﬁ]énvHé\fd(‘ﬁ)@&pheCe 'n

position.” Figure an'vie e vibration we ng equi pment in
oper at i dired hpldingifodure S0 dordhel jurgtiorpiecs 47 s lotated se that tise plasarFinged 33 are

ressur LSt t junct i i ece 47. As
| Fr)equi r eg’?tqeﬁgﬁ'z&at%éﬁ'%éqsm %B?’é@%%?@f gqsﬂlgonpﬁg‘\e{q%é&@g ﬁﬂﬂ&e@f‘g@cénd 56 can
be had j u.;iﬁ ditoctlp atti_;atedat? lthd tm_prpla'ztﬁ i58tof _ti%vibmtdr@ne%d a:e,eﬁnﬁw ldldethewi th eac hf
other. |In operajtio iction heat .is generated at the two joint interfaces
bet\'_/aé)enr?'ﬂg"%?&‘? fﬂblﬁ"fg{ﬁp&gé@ W?c?ﬁt'qﬁqsgpncut ends 34 of the fram ng
profiles 32 and 33 a %the pl anar, flange 48 of-the junction piece 47. By
1 ossa plan vigw ot e vibeion walding gquipmantianeous| y

pressur| : ' | I st fl ange 48
b “the Chasof, MARIGLBEARI 045t e pReORNSrE 30 I a3 98 el | o

i nt er f a@gsinsithe plananfiangetsefdbe junstiorepiete 47.af\s rempiredpthejangalar i nt er f aces 66
and 67, | ' | S r L cul ar SSur P is then
i nt a1 AEABSHTEh T AR prolieTRARRE o 3 sbente ke ¢ Bt BLBEEIR: wo el deq
j oi ni5s  G6rfages e parallel withesachiofkerof the planar flange 48. In order to
provi de for even

In operation, friction heat is generated at the two joint interfaces
" between the paraliel surfaces of the miter cut ends 34 of the framing profiles 32
and 33 and the planar flange 48 of the junction piece 47. By vibrating the junction
piece 47 back and forth and by simultaneously pressuring thé framing profiles 31
20 and 32 against the planar flange 48 of the junction piece 47, friction heat is
generated at the two joint interfaces. When a molten state is reached at the iwo
joint interfaces 66 and 67, the vibration is stopped and the perpendicular pressure
P is then maintained briefly while the molten plastic solidifies to form two welded
joints 66 and 67 on either side of the planar flange 48. In order to provide for even
25 weld strength, essentially the same perpendicular engagement force has to be
simultaneously applied to each side of the junction piece 47

In the vibration welding process, if excessive pressure is applied
after the surface plastic has been melted, the melted plastic can be pushed away
from the joint line resulting in a poor structural bond. By carefully controling the

30 engagement force or pressure of the framing profiles on the junction piece, this
joint bond problem can be avoided.‘ After the desired degree of melting of the
materials at the joint line has been achieved, the engagement force is reduced to




25 wel d strength, essentially the sane perpendi cul ar engagenent force has
to be simultaneously applied to each side of th&3jNaverpenddfidece 47 In the
vi bration wel ding process, if excessive pressure is applied after the
surface plastic has been nelted, the nelted plastic can be pushed away
- fromtheWQe¥H363%i ne resulting in a poor structural baeeg/caByoogsr ef ul |y
controlling the 30 engagenent forcdéor pressure of the framng profiles on
the junctjon piece, this joint bond problemcan be avoided. After the
desi r ed 3ieyelathere therpeked matsrial lemaingameltendn position betwasinribe endsohas been
achi eve lrﬁﬂ%gﬂ nt force is reduced to 23 Novenber 2005 WO 02/ 098635
PCT/ CAO%‘%@%@ gg'}aevel where the nelted material remains nolten in

osition between . ' iles. . dn friction weldin
ol ass fiber fill Jﬁ"@’?ﬁ j’%@?"goéw'gs%o'ibre? RS o th e el o strengt h
s that reduceglvesid strefigth & thit ihe ghissiibetshatignalonglthe weldireer pendi cul ar to the
PTGt \PRHTRIPURE dn necaRBYSd sBedpeRtast loroast REpIey TSSH 700 Bng and
opt i m Ziyyficall) SeWhHdvarging TRNPAG tA0D rﬂﬁ;fdds?téfya%dﬁ%fug@%@@ilng%dm essure, a

-wide weld zone can be created so that sone o ers are

or i ent e®PHINENG g welding parametens fad padicelasy she appliadiplessite afvide. As a
‘resul t, ,hi ' -fi ber

i1 ed SRR 4| bo BickEto et of o Blad Thik ae bRENBEFUAV B3R o7 o of
exper i mihe welidine andenossdhe wettl intarfase.d At lagesule higher wekitstrengthe cahown t hat
satisfactory. structural ds..can achi eved by optim zing the different
vel dﬁ’ng%eﬁgﬁ'ﬂfﬁqg:}réh?alf"'ﬁ%'\ﬁheréﬂl'}?‘igm@%?% de range of different paraneter

val ues. For 15 e | e, nmaximum appl i ressure can_be reduced if
anplitude is i nc%&e %Pénﬁﬁtqq"%ﬂe?fﬂ?ﬁﬁﬁﬁﬁr?@& deas e and anplitude can
be reduegserirhent® hévd b&en éiried DG fRItAEse BetientsHdvé shewhgraice the anount of
- plastic flash that is produced, our experinments have al so shown that is

~ pref er aftisfagorysérugturl yralds gandepectigvediy aptimizingsthedifiarentugidingener al 1y, the
o b ol ATRS 615 oSy AP el el B 0 L or Y, v s
set 16f exdndplegmpzinumeepplied pressure can be reduced if amplitude is increased, or
both maximum applied pressure and amplitude can be reduced if weld-time is
increased. Particularly to reduce the amount of plastic flash that is produced, our
experiments have also shown that is preferable to use a higher frequency and a
tower amplitude. Generally, the different welding parameters can be vatied
20 through the following values although for each application, there is a need to

establish a particular set of welding parameters.

Maximum applied pressure 6 kN

Weld time 2 —12 seconds

Weld ampiitude | 0.4 mm to 3 mm
25  Weld frequency 50 to 500 Hz

Generally for a particular application, the vibratory corner welding
process is controlled by the weld time that is determined for a specified weld
amplitude, frequency and maximum applied pressure or engagement force.
shouid be noted that weld time is defined as the duration of the operation of the

30 vibratory head. |

Figure 6B is a schematic diagram of the control system 46 for the
single corner vibration welding apparatus 51. The control system 46 consisis of a




Maxi mum applied pressure 6 kN Weld tine 2 --12 seconds Weld anplitude 0.4
mmto 3 mm 25 Weld frequency 50 to 500 Hz Gener ZBINovEE0eR2@8r t i cul ar
application, the vibratory corner welding process is controlled by the
weld tinme that is determned for a specified weld anplitude, frequency and
maxi num a¥$p2iogs3pr essure or engagenent force. It showcd/dae2ewsd2ed t hat wel d
tinme is defined as the duration of {¥he operation of the 30 vibratory head.
Figure 6B is a schenmatic diagram of the control system 46 for the single

cor ner  \¥epiraliqopholiar 84 whjch jsripigcied within metal bousipg and lirkedito 48 consi sts of a
23 Nove i OPRo ntroller 84

whi chvi srHi5 %faé'ta g@?%ﬁ&vé) thin ng&éﬁqéé%?%%%ﬁpﬁ%@ﬁ? Ehgénmgg'per ating

i nt er f acempbnerita(i)odbratosy head 83, (f)ostamping mévhanisar28d awd @) fi ve main
conmponents: (1) vibratory head 55 i 1).,Cl anpi hani sm.,239 and (iii).
prggsuripﬁ%SSHéE&\chﬂ?' 4&‘5:?]%%%"1’#?"& e%@@ﬁ%ﬁ%rﬁla@r&f(wﬁhﬂe'% aﬁld (i)v)
the % clokimping meehasism12hH (9 pretMiring RScHahisny 246 thaisetdndt2 of the second
noveabl e profile fltla?it ure_56. Through an i nput, out put information feed,

/
the op&ieBlrsrefile finsa 58, TwoudinabineHt souteit infermeafigndesrhte®l and control | ed.
Usi gt bpepiighebPss HATLSmBCHG cifl b abdriaRIii coRfbidyrent as  descr i bed

I n Figurg corner frane profile assenblies have 10 been

successfully pr Owﬁﬁlﬁ'{ﬁr@?}@ﬁk%@%%‘?%%ﬁ%‘b%mﬂi°5f’%r’%a§'ir’@lg?‘s él IcI ren;t g{/ iC?l s,

i ncludi ng: pol yviny osite glass
cel | ul ade$eriped iPFiguressth,B, 174 ambiB,fdolrer filaid prdfile\dSsemblligstaveopl asti ¢

pul t.rusions. For I semblies,.it i.s, desirable that the,planar flange
Pl 's ReR surbefiin: protp s Fon B widelvafiBly F At B BiaslE dtBI, 2t he frami ng
profi | esciudlirge poleingf clidridky (PYMO)veordosite Hl=a8 FibEPfillet PV C;Qeihdar foafm have al so
been tested and our ex | v shown that satisfactory welds can be

produce® V&?éﬁWﬁquPr Wo gégﬁﬁlgqti ?Ngganec{ hepneplasiicqyultrusions; kahal 5 nm  Fi gures
8A and SRseHIINs R i ddiraBRANNINE BRMbH g jVEtidh pleck!i® ik Hom
essentially the same base resin as the framing profiles. A series of altemative
15 designs for the corner web have also been tested and our experiments have
shown that satisfactory welds can be produced even with a planar flange
thickness of less than 1.5 mm.

Figures 8A and 8B show an exploded perspective view of a vibration
welded comer frame assembly 31 incorporating a junction piece 47 with a planar
20 flange 48 incorporating a removable tab 49 on the bottom edge. In contrast to the
side held junction piece, one advantage of the tab on the bottom edge is that the
junction pieces are easier to load into the holding fixture.

For simple corner web designs, the junction pieces can be die cut

from plastic sheet material. Alternatively, the junction pieces can be injected

25 molded and this has the advantage that various design features can be
incorporated into the junction piece that essentially eliminate the need for plastic
flash removal. Figures 9A and 9B show two ailternative joint designs that
essentially eliminate the need for mechanical flash removal. In Figure 9A, two
hollow-thermoplastic profiles 32 and 33 are fongitudinally joined together using a

30 junction piece 47 incorporating a planar flange 48. The junction piece 47
incorporates flash traps or melt recesses 69 on either side of a central bead 70.
During the vibration welding. process, plastic flows into the flash traps 69 creating

- double parting lines 71.




- wel ded comer frame assenbly 31 incorporating a junction p| ece 47 with a
planar 20 flange 48 incorporating a renpvabl e tas3MNpvembenddaSottom edge. In
contrast to the side held junction piece, one advantage of the tab on the
bottomedge is that the junction pieces are easier to load into the
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beads i crusertbers is Spireghapical flash r@@ﬁ?ﬂi theee §Wifﬂ°‘|¢J nishes {81a#e ng pr ocess
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J (_)I ntovg C{h.a\t welding beads can be incorporated into the joint desugn without the need

for dato cuts.

For the vibration welding equipment shown in Figures 6A, 6B and
7A, 7B, the framing profiles are held firmly in position by means of a front clamp
20 60. For more complex profile shapes, special custom fixtures have to be used
and where there is a need for different framing profiles to be welded on the same
production line, it is necessary for these custom clamps to be changed over. As a
result, there can be production slow downs and delays which means that the
productivity advantages of vibration corner welding may not be realized.

25 To eliminate this need for special custom fixtures, Figure 10 shows a

cross section detail of an adjustable clamp 60 for holding the plastic framing
profile 77 firmly in position. A vertical support member 59 is attached to the

moveable horizontal plate 58. The framing profile 77 is held firmly in position by
means of a double set of flat metal sirips 78 and 79 with each strip 81

30 incorporating a special gripping tip 82. The first set of strips 78 slide into position

 and assume the general profile shape of the front face 80 of the framing profile 77 .

so that the profile 77 is held against the vertical support member 59. The second
set of flat strips 79 then slide into position and assume the general profile shape




strength can al so be increased. Although as shown in Figure 9B, a dato cut
is 15 incorporated into the franming profile, it éahoyembppdddsi ated by those
skilled-in-the- art, that wel ding beads can be incorporated into the joint
design without the need for dato cuts. For the vibration welding equi pnent
shown i nYWQ @P¥IS 6A, 6B and 7A, 7B, the fram ng profiHC@LAG e84l d firmy
in position by neans of a front cl dhp 20 60. For nore conpl ex profile
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Novenber 2805 WO 02/ 098 35 PCLO%thlOOSM 19 of the side face 83 of the

f r ariongMGCHRNICA PressUe deviges ity ficREES ke in rositin;ate pel yyitabless agai nst t he
hor i zongipdse PrédsBredevideddansit withstahd t@cdnﬂﬁﬁ‘él%ré’ﬁo% a | ocking system (not

shown) that 'locks the strips into position. Figure 11 shows a perspective

detail of the J“%élﬁ%nﬂhm%%% ?r}’n{);ﬁimfﬁ%}ng &{?n'cg?péb e cor ner

vi bration wel di ng equi prent I'ng xture 50 is
mechani devitss iatfertbe wmtabﬂmtabttkﬂmfplhajmcm piéce hktmnwmomtya H'ead 52 (not

h ec, ol di.ng,fi.xture 50 is brat ed back and
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orces

and the ‘?slgaped profile 85 is held firmly in position by means of metal spring
attachments (not shown).

Figure 12 illustrates an alternative corner key holding system that
also incorporates no moving parts.

20 Figures 12A shows a perspective detail of junction piece 47
incorporate a planar flange 48 and a removable tab 49. The back edge 87 of the
removable tab 49 incorporates a double set of L-shaped siots 88.

Figures 12B shows a top view of a junction piece holding fixture 50
and a planar flange junction piece 47 prior to installation of the junction piece
25 within the holding fixture. The junction piece holding fixture 50 incorporates a
narrow slot 89 and the width of this slot 89 is marginally larger than the width of
the removable tab 49. Two circular metal pegs 20 span across the narrow slot 89. '

Figure 12C shows a cross section view of the junction piece holding
fixture 50 prior fo installation of the junction piece. In the corner frame assembly
30 process, the junction piece 47 is first moved horizontally across so that the two
circular pegs 90 are engaged within the double set of L-shaped slots 88. The
junction piece is then dropped down into its final position where the circular pegs




10 nmechani cal pressure devices to hold the conmer key in position are not
suitable as these pressure devices can not w t hg8dNedemher 2195t i nual

vi bration. As shown in Figure 11, one way of elim nating nechani cal
pressure devices is for the renovable tab 49 of the junction piece 47 to
I ncor por 3002498635 shaped profile 85 and for the hol di n@cCricabres4250 to al so
I ncorporate a 15 conplenentary T-sB&ped insert hole 86. The junction piece
47 is slid into position and the T-shaped profile 85 is held firnmly in
posi t i 090isye pertained Within the chpulanshaped doh 8t of e (Lrshapetiokets 88.Fi gure 12

Il lustr I Lve.corner. k hol di S mthat . also
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j unct i oof theadvtibien_-shapsar giots & thattheljanvtion blezsg asd fesa ehtéridlofa\sabl e tab 49.
The back egge 87 _of t renmovabl e tab 49 incorporates a double set of

e
L- shape§@R t"la@'éa.cuﬁpgﬁﬁﬁéo"i%ﬁ’o%ows a top view of a junction piece holding
fixture 50 and a_planar flange junction piece 47 prior to installation of
the junction pi eddgyrs ashews anRxpiosedipeisrertieLyiaw ofaduncling piess 48 ece
~hol di ng ' RQr. t width of this
sl ot 89%@%‘%@3&%@?%3@85}% véble 1 A9 th Mdbotitih 8gh, e 11 11 0T LM S0
ci r cul aremexable tabdld ipcorporatesadnublesvertical slaty 3nithat corradponditgdoubld 2C shows a

Cross s ' i N m i i i xture 5 rior to

ot al | S belis oo bt HidsBa PRk e i 3oy, SecthBargaf ' %o

pr ocessthd dide heltddiolding $ystern shiawn ih Figust 12ytheesiaincidvantzigalid thagtheoss so t hat
the two, cicular pegs 90 ?rﬁégn aged within the double set of L-shaped

sl otld ghInCHGEPIep iSGgiepte logd;indo fhr-bottpm, Reld oliRghsYsiRM- i ts final position
where the circul ar pegs 23 Novenber 2005 WO 021098635 PCT/ CA02/ 00842 20 90
are contai ned wi thiguyse SREheWE @ fegpnd pligraativejundiongrieqerholding pysiem sl ot s 88.

Conpare 5 | | ' | ' the main
advant ag.'eaﬁ g%?“ﬁ?@@%%ﬁﬁ% TH‘@ﬁ%B%‘ET @:’f@ n?ﬁy\mgﬂfé?ﬁierﬂ P{Pﬁ%&# %%ﬁ pi eces use
| ess maplanacilangedi8sand & emonablesiab M&8c fTwoddsart heles 88and®@Fstre 5 Figure 13
shows a ' rs ' ' [unction piece 47 with a planar
Flange MeSERAES Ll HlsBITVoHE tib 8 oPlne dctBl biR8 47, Complementaly
15 insert pins 98 and 99 are incorporated into junction piece holding fixture 50 that is

attached to the top plate 53 of the vibratory head. When the two pins 98 and 99

are inserted into the two holes 96 and 97, the junction piece is held firmly in

position during the vibration welding process.

Rather than incorporating flash traps and welding beads, an
20 alternative method for controlling plastic flash as shown in Figure 14 is to apply a
pressure strip device to the weld joint during the vibration welding process.

Figure 14A shows a top plan detail of the corner web fixture _
incorporating a separate pressure strip device 95 featuring a non-stick coating
such as Teflon on the contact surface of the pressure stiip 95. The profile

25 extrusions 32 and 33 are held in position by the moveable framing fixtures 55 and
* 56. A pressure strip device 95 is attached to a separate support structure 96 and
this support structure is isolated from the vibratory head 52. '

Figure 14B shows a vertical cross section detail of the single corner
vibration welding equipment 51 incorporating a separate pressure strip device 95
' 30 and a bottom-held planar flange junction piece 48. During the vibration welding
' process, downward pressure is directed on the weld line between the fréming
profiles 32 and 33 and as a result, the plastic flow generated during the welding
- process is directed inwards and away from the weld line between the iwo profiles.




renovabl e tab 49 incorporates double vertical slots 92 that correspond to
doubl e circul ar pegs incorporated into junctionZ2giNsyembendi®dbe (not shown).
Conpared to the side held holding systemshown in Figure 12, the main
advantage is that the 10 junction pieces are easier to load into the bottom
hel d hol dvongp/eessst em Fi gure 30 shows a second al t er natrcraAoraei2i on pi ece
hol di ng system that also incorporates no noving parts. The junction piece
47 incorporates a planar flange 48 and a renovable tab 49. Two insert

hol es 96 and 97 are incorporated into the renovable tab 49 of the junction
pi ece 47. Conplenentary 15 insert pins 98 and 99 are incorporated into

j Enct i gn pi ecehhoAinsthm im%mvieuﬁﬁgﬂrbs,tthéjunctcilﬁrt pieted7 tondidte of ﬁp pl at eh53 of
“the vibragtor ea en the t ,ns.98 an 9 ,are jnsert into the two
ol s ol gAse 5wl e retdiab B R as eoneaa Famng pRiclaas dn dur i ng ¢ he
vi br at i g flehg@cerfiatraon doas et protiae idrRefficRAt Sthidksral $i@bpBrilanars and
wel di ng beads, an 20 alternative nmethod for controlling plastic flash as

show i iheredsaseed foraddiionglnopnes regpioseaments Asispown i Eiutar1a.hlisvel d j oi nt
“during t | ' | Q&S corndr KBy - ; an detail
of the ggﬁr?érga&e@gb?:%\teﬁ%g'h?%c r'%%fatl ﬁ%&ﬁgéggwﬁ%@ﬁ@@eﬁ% device 95
featurir@®la *non-stick coating such as Teflon on the contact surface of
the pressure strip 95. The profile 25 extrusions 32 and 33 are held in

posi tion by the niigems|1&6AfaratbBghoweat cut ot Gbsssettiob plan/vigw efaure strip

Suppor t OrIe%EREFSSEmbCy CeBCaea b miadbarepralis o diar e NG e 145 shows

a verd i padfils eRBSIGRGZ At SBhAd Whére the Brofle3BZariPssre walddd af ighiy We! di ng
equi prent, 51 incorporating a sSeparate pressure strip device 95730 and a

bot t om [RdHectionpigee anlaghaped eatner ey 0Qtneompgrating dntagral legs JPkr at i on wel di ng
process, downward pressure is directed on the weld |Iine between the fram ng

profiles 32 and 338 shawmip Rigure J&h: thetiniegiel legs 181 of the epswrikeyd®0duri ng t he

- wel di ng; ' ' ' A O d I'ine between
the two '“p%ﬁ?%‘g’ .ahjﬁtgk@g‘?w'ﬁ@r bw&&&&&wﬁ%ﬁﬁ%y 00842 As shown
i n pr eviassemiblyglheeplanahitange d8taf the qireerdest 100 dsfiisstibratibn avelded to
15 the miter cut ends of the profiles 32 and 33. Because of the need to

accommodate the vibration movement back and forth, the legs 101 only loosely fit
“within the profile.

As shown in Figdre 16B in order to provide for additional support, the

plastic framing extrusions are ultrasonically spot welded to the legs of the corner
20 key 100. A double tip welding head is typically used creating spot welds 106 and

107. Because the legs only loosely fit within the profile, the ultrasonic welding

process allows the plastic to flow in the gap between the corner key legs and the

. profile extrusions creating an extra strong welded spot bond and reduced material

flow on the exterior surface. Because of their complex profile shape, the corner
25 keys 100 are typically injected molded and have to be manufactured from

essentially the same base resin material as the extruded profiles 32 and 33.

One of the main advantages of using ultrasonic spot welding is that it
is an assembly technique that joins two similar thermopiastic components at
~ localized points with no preformed hole or energy director. In operation, the spot
30 welding tips pass through the frame profile wall and the molten plastic displaced is
shaped by a raised cavity in the tip (not shown) forming a neat, raised ring on the
surface. Simultaneously, energy is released at the interface producing frictional
~ heat. The tip then penetrates the comer key, displacing molten plastic materiaf




pl anar flange 48 with a renovable tab 49. For certain fram ng applications,
thi's planar flange configuration does not provi &8 Nowember4Q08i ent
structural support and there is a need for additional corner
re-enforcement. As shown in Figure 15, this can be achieved by the

juncti onW) ®®E363F corner key 100 incorporating integr CTICAgH0084201. Fi gures
15A and15B show a cut out cross seé@ion plan view of a corner frame

assenbl 1 fabricated fromsquare profile glass fiber filled PVC 10
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doubl e tip wel di nEigiveats stowsyirgghéntatyhsh fvibioRghsaPs2 ¥iehgds 106 and  107.
Because the legs only | oosel%wfi t within the profile, the ultrasonic
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and have,. be feact ur 0 essential ly the ase resin materi al
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ul t r asoailewsfopspeethldihage franieBad bé manufachitedssenbl y techni que that joins two
simlar ther m)prast ic conponents at localized points with no prefornmed

hol e or energy diFig@boi7A showeRReMvalion vieheofePelind fbp\whdowsrahidds pass
through the frane profile and the nolten plastic displaced is shaped

| | t
by o rafSedhe-straghtiaming piles 198: 110 dih Are itet 61 and vibsmtonwelded 1ing on

t he qsu ' , | At iantgrgace produci ng
Fri & o ALt ot B St 1 A VRl bl RENGERAGIAR pib S 48 RIAECE, Mol t
pl ast i cbuthjoimts 4115 28d Nd 6 debegerosi@ight framing profiles 109 and 111 and the

round top profile 112, the profiles are straight cut and vibration welded together

using special junction pieces 117. °

_ Figure 17B shows a cross section detail of the butt joint 115 between
20 the siraight framing profile 111 and round top or curved framing profile 112. The
| junction piece 117 incorporates legs that feature an integral spring centering
device that simplifies the assembly of the window frame.

Figure 18 shows an exploded perspective view of a corner frame
assembly where two framing profiles 32 and 33 are vibration welded fo a junction
25 piece 47 incorporating a planar flange and with a removable tab located on the top
| edge 119 of the planar flange 48. To provide for simplified handling at the framing
profiles, the junction piece corner key fixture is fypically attached to a flat plate
located on the top surface of the vibratory head. However, the position of the
vibratory head can be reversed so that the junction piece 47 is held from above
30 and particularly for frame-and-panel assemblies, this reversed head position offers
the advantage that both the panel and the final assembled unit can be more easily
moved in-and-out of the vibration welding apparatus.




- WD 02/ 098635 PCT/ CA02/ 00542 22 between the two surfaces and after the
plastic has solidified, this forms a permanent 28 Ne¥emPen2096nd bet ween t he
fram ng profiles and the corner key legs. Figure 15C shows a verti cal
cross-section through the hollow profile 33. The inte%ral | egs 101 of the
corner k&P ®#B%bnsist of a rigid flat bar 103 with FCHCAHBER
positioning fin 104. The profile exXtrusion 33 i ncorporates a half circul ar

i ndentation and this allows the positioning fin 104 to be centrally
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single h Gf : | ing fram ng angl e
opt i onsgefr%?ﬁSLie?’ﬁ%%%%g%%'%hgkéﬁtgF gﬁf@%@%ﬂ%@ﬂ%\@ext ruded profiles 32
and 33 ainaultthepusly.t Figueed13yshoves a fronet elevation aievsofpearticaldodrdiead (not  shown)
and the_anqul ar .,di spl.ace of..t hese suppor.t nber.s can be varied from
90 to 1uBiAprHESr SRUETETAGP. &sduneryraiel o vt ranuf act ur cd.

Fi gurse éaaipﬁim,&h@mwh@a@mmmgfe%prﬁéntaqzowﬁstmavrbaaﬁgwé:r ame 108. The
straight framng profiles 109, 1 111 are mter cut_ and vibration wel ded

1
15 at t REUBBE Bm&r%r\%ithﬂ@gsam@ﬂ?&m%&%ﬂwafpuwwdﬁlg@ hegdgti on pieces 48.
AL the 19%}1?51}1‘52“5 ‘H@ar@’%ﬂta&ﬂéj RAWARRRIc Bﬁ’dqggupgﬁﬁgﬁ@&aﬂﬁ “??5' es 109 and
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vi br at i that apanibetweeydbentop beatn h2P apdbotidm paamt 123 rof thecsioxtirdlifranie gure 17B

h ' i | of L,oi nt 115 h 20 th i gh
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18 showltatedonihe dotomdeapbist oidhe siyrturl fame 124 Thaiop SNAZ8all y wher e two

fram nor Rbyddbe Bilageherts sipfondiPbi'd GRAURICER bGuad bH 1B 25 piece 47

I ncorporating a p | ange an a renovabl e ocated on the top
edge 11bean 1%ﬁ@fmastmcturabfr@nem, To provide for sinplified handling at the
framng profiles, the junction piece coner key fixture is typically
attached to a fl atA fppsbsed of Vibadior svelding headsot80sandf H3Searefattabiseddobr at ory head.

e TR A R Y T T
f r ane- aweldifyedadasi3d randi 132.aré bitachetMo the Sedopddindvesblel ridge shippsit
' 125. Each set of vibration welders are opérated by a electro servo motor driven
ball screw that in combination with special control devices allow the vertical
_ position of each head to be individually controlled so that in operation, all four
20 heads can move up and down either simultaneously or independently towards a
central horizontal datum line 154. After the four heads 130, 131. 132 and 133
have moved to their initial start location, the four framing profiles 134, 135, 136
and 137 are loaded into position as well as the four junction pieces 138,139,140
and 141.

| 25 In contrast to a conventional four point welder where all four comers
are welded simultaneously, the preferred operating strategy for friction welding is
a two stage process. As shown in Figure 19A, iwo diagonally opposite comers
150 and 152 are first welded together. For each corner weld, the process is

. essentially the same as with a single corner vibration welder. Both sets of framing

30 profiles 134, 137 and 135,136 are independently pressurized against the two
diagonally opposite corner keys 138 and 140. In addition, only the moveable
frame clamping devices, immediately adjacent to the corner keys 138 and 140 are
in operation. After the welding process is complete, the comer keys 138 and 140




t he advantage that both the panel and the final assenbled unit can be nore
easily noved in-and-out of the vibration weldi ng3asyemaen#00523 Novenber
2005 WO 02/ 098635 PCTI CA02100842 23 Although frane assenblies can be
manuf actured using a single - corner welder, it is nore productive if two
or nore ¥hBM8863F e wel ded sinultaneously. Fi gure 19A PEREAS2/842 ont

el evation view of a vertical four Rtad vibration welder equipnent 120. As

wi th conventional hot plate welding 5 eqwg;)mant the four head wel di ng
equi pnehave tobe mieassd andibydneaseeratiog a part of theoibratery welding heati ani t h | eg

S Bone ot SR preki o U blad 0P, 138 dilte e 00, 0k e (e

t op beamléas: pmde&aibthmm&mlmﬂt@érpéfft:baﬂ;structural frame 121. The first
vertical bridge support 124 is fixed in position while the second to bridge
support 125 i s noAsshidwn iaritigure 1B} themdxy step $=fov thesther setief a cog track

| ocat ed pn th bott m beam 127 of, .t ru raI frame e top end 129
of e dO9baR PRoRfE R e 1 weled foBlieh, e Hitoniead 5R0nthecat ad on t he
top begmst heficabdahtisTiked %ﬁonﬂﬁlﬁ%o@l theﬁoﬁ S headi130fand! 1@at i on wel di ng
heads 130 and 133 are attac the first bridge support 124 that is
fixed i maygsiomnyiardsuhile simeliareossly the swm\dahndgﬂsuml%m@mwaas 131 and 132
are att 0 !’o&g et of
vi brati gﬁQ%Y%ePé@@%g ergggg?%%y rgcé% Br%?ﬁ?‘\%ébr'r% egﬁ?’@g bal | screw
t hat i ndevioés inahediately ad]amnétd the coner keys m/amiaM‘hbﬂeQWObbthﬂIt i cal

posi.tio

al | %U?\ﬁsbth%%%gg'?‘ﬁgﬁ ‘ﬁ@gonﬂ Vgéﬂ\ﬁog@%\hélépfsﬁg{ hd nﬁﬁ ' n operation,

I ndepengdesdnhbled frameds thien Uifddded! hori zontal datumline 154. After t he four
heads 130, 131. 132 and 133 have noved to their initial start |ocation,

the four fraring Besdisbife fitfon WRinHcedld sa bt agolsaadeiydnt o posi ti on

as well as the four junction pieces 138 140 1471. 725 n contrast to

a conveliis Bvaestage procges deesmotsianifipaatisingrease cyele memans compared| ded

sinmulta n lon welding is a

two st ag'gﬂ%ﬁ‘g‘%ﬁ%ﬁg&g&g%w\g@ﬁﬁgg&ﬁ%% %%eﬂ;aamg&é’taéggsn@% @Eopposi te coners
15 required movement and control of the heads is greatly simplified. For the four

head welder, the controllers for the individual heads form part of a coordinated
control system (not shown) that controls all four heads as well as the operation of
the other mechanized components of the automated four point welder.

For a conventional four head, hot plate welder, the overall cycle
20 time is about 2 minutes and this overall cycle time includes: profile loading, comer
welding, cool down and frame unloading. In comparison, the estimated overall
" cycle time for the two-stage vibration welding process is less than 30 seconds and
so this represents a significant increase in productivity. To further improve
productivity, one option is to incorporate an automated mechanical feed (not
25 = shown) for installing the junction pieces in the corner holding fixtures.

- As shown in Figure 20, it is technicaliy feasible to simultaneously
weld all four corners 150,151, 162 and 153 in one operation. All four vibration
welding heads 130, 132,133 and 134 incorporate an additional servo motor 156
that allows each head to move fractionally as the plastic material is melted during

30 the vibration welding process. As a result, the position of the heads can be
fractionally adjusted iﬁ varying directions so that at four all comers, perpendicular
pressure is simultaneously applied by the four framing profiles 134,135, 136 and
137 to the four comer keys 150, 151, 152 and 153. However because the head




150 and 152 are first wel ded together. For each cgrner I the process is
essentially the sane as with a single conmer vibr *$ﬁ@ﬂﬁ$ﬁ%ﬁﬁ Both sets of
framng 30 profiles 134, 137 and 135, 136 are independently pressurized

agai nst the two diagonally opposite corner keys 138 and 140. In addition,
only theWwtbiz@#giee franme cl anpi ng devi ces, inmedi at el ypCagjaavemsz to t he
corner keys 138 and 140 are in opéFfation. After the welding process is
conpl ete, the corner keys 138 and 140 23 Novenber 2005 WD 02/ 098635
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support 125 noves sideways. During this second stage process, only the

rmoveabl e franme clmmpugH vibRevnGmndrEaR Yenbially bé dbaf &) Jbin'togdthe, comer keys 139
and 141 are in operation. 10 After thé second set of |a%onally opposite

~ cor ner s exbudegd-plagtioprafile exkusiens, thehimprovadassemblyrmeatihed offerstpantiautaroaded.
" Because o N ' S(d f : econds), this two
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wel | as the operation of the other nechanized conponents of the automated
~ four pothesenendypes ¢idenestialian pradustsanamelyr 1.ieemposite channgl windewder , t he
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i ncl udeS: pro I'ng, corner we ( own and frame unl oadi ng.
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profile shapes, but it should be noted that the basic component joint design does
not change and the planar flange junction piece can be configured to correspond
to the miter joint contour of these more complex profiles shapes.

Figure 21A shows an elevation view of a composite channel window
20 panel 158 consisting of a conventional sealed double glazed unit 159 and a
rectangular sash frame 160 that is assembled around the sealed glazing unit 159
using vibration corner welding.

Figure 218 shows a cross section detail on a line 21A-21A of the
composite channel window panel 158. The sealed double glazing unit 159
25 consists of two glazing sheets 161 and 162 and incorporates a conventional
perimeter seal 163 with the specific example shown being an inner barrier seal
164 of desiccant filled polyisobutylene (TPS) and an outer sfructural seal 165 of
polysulphide sealant. The sealed glazing unit 159 is supported on conventional
hard rubber glazing blocks 166 and the glazing channel 167 is conventionally
. 30 drained. After the multi-cavity hollow plastic frame has been assembled and
welded at the corners, two silicone sealant beads 169 and 170 are 'appliéd in the
gaps between the glazing unit 152 and the channel frame profile 168. Preferably,
the window frame profile is made from glass fiber filled PVC and this has the




productivity, one option is to incorporate an au ed rreg&ﬁ‘m cal feed
(not 25 shown) for installing the junction pi eced
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evel opnept of new,t e roduct ystrate the
perfjcprnﬁh co mmbéég‘g"%? yqeoqlrl%cf'ugﬂ %@ﬁé’ﬁ’ W@Wd‘@?@ of%'l%&chgn 21 to 31 show
three eyammdesq lﬁﬂf)mehth‘fﬁﬁ Hag\hd HMtége tflé’t'”tﬁé?r'éﬁffe'd&'h HY &8fibled nanel y: 1.
conposi te channel w ndow panels, 2.” glass panel units and 3. sealed frame

wi ndow pemvedshe Dsulating glase unmanéthﬂﬁ@era&mded and aegledh Aedbl i es
|
or oduct st b irtfaicite e to il AP BWIAIGE RS, 1r 0 ¢ hat

t he basttcereara)mgmﬁd:antma’aenaiaadgabodomsavings.change and the planar flange
junction piece can be configured to correspond to the mter joint contour

of tisese nore corWIthorwenﬁbrhaiaoisﬂflaﬂeameldlﬁg,gu rbﬁde?iakthhﬁvin wal pedfityat i on vi ew
of & Cowals {o be \?vgl%eg ?oge\%er 2t the corners, the framlng profiles have fo be
essentially the same size and shape. However with vibration corner welding, by
using a common corner web, different profile sizes and shapes can be structurally
joined together. For example as shown in Figure 23, the bottom framing profile
20 173 is larger and incorporates a deep hardware channel 175 while the side
framing profile 174 is smaller and there is no hardware channel. In addition, with
| conventional hot plate welding, only 45° miter cut comers can be used, while with
a friction welding and a corner key web, it is feasible to join together framing
profiles with different miter cut angled corners (i.e. 60° and 30°).

25 it should be noted that when joining together different size profiles
using friction corner welding, it is necessary for the two moveable framing fixtures
to apply different engagement forces so that when taking into account the different
profile sizes, essentially the same pressure is being applied on either side of the
web.

30 Although the examples given in Figurés 21 to 24 show examples of
‘a window framing profile being assembled around an insulating glass unit, it can
be appreciated by those skilled-in-the-art that the same production process can




20 panel 158 consisting of a conventional sealed g bl e ‘%eﬂ@ d unit 159 and

-a rectangular sash franme 160 that is assenbl ed 3 AMPE al ed gl azing

~unit 159 using vibration corner welding. . Figure 21 B shows a cross
section detail on a |line 21A-21A of the conposite channel w ndow panel

158. The W@#d/@8638oubl e gl azi ng unit 159 25 consi sts ofPCIAIZIE4# ng sheet s

- 161 and 162 and incorporates a convéntional perineter seal 163 with the

speci fic exanpl e shown being an inner barrier seal 164 of desiccant filled

pol yi solalso/bensed orgricatela adeotange oﬁframe{andajanebzrbdumsimfudirml ysui phi de
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in the vgidsd bshpssite mhmﬁlf@mmsumbymeﬁmmmgcﬁmim aRgre profile

168. Preferably t he wi ndow frane proflle I S e fromglass fiber filled

PVC ahd i 'gcma%fateh%&"'ﬂg'erl@héﬁ%ﬁamdg wnd gvhen thedhinpsuppettiog povite12 26
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assenbly, the overa profi e Sl ze can e re en conpared to
convent inamvaw cposite nhmmqbpmﬂei ie that HeponvezalDRidihofithe framingoprofileds per spect i ve

cor ner i1, .of 5 j t l. wi.ndo ne Th hannel - shaped
Fr am ng iGie0 A 4 ARGl o FRRGRT and b8 S BRR conR SRR A ng ol azi o
uni t 15%nie ndrrblvehbnrdtipassile Rrthativittsa full beotivh dofRerawed, ithe difficRitned and seal ed
at the corners u3|n%@V|brat|on corner wel di ng One key feature is that the

j unck§ omchiexe @ censisfenbegrppriveld bﬁcaU@rm@ms@fw%@ﬁ@empﬂg CPA® is | ocated
on the ngeére%b pnof the frame and is held 10 in the corner web hol ding
fixture attached to the vibratory head of the friction welding equipnent.

This has the adv &Eg]g he
i nsul ating gl ass%ﬁhﬂ@ﬁ%&ﬂrﬂ@%@ﬁ%gé@g@egﬁ&e gg?%@‘gq@{nh%q %g i resul t,
by el i nmilGatof the IESMpaéedvrtyd?ﬁeqmlrtaumioypormtaammch 182 intba Ingiter oyt gl ass uni t
169, there ar si-gni. f | ab st. savi ngs. .15 Wth
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15 the profi Ies 183 is sealed and welded at the corners, the miter cut solid profile
walls 184 only butt together. However because the vibration welding process can
be closely controlled, the open gap 185 between the two miter cut profiles 176 and

177 can be kept to a minimum.

Figure 25A shows an elevation view of a sealed double glazed
20 panel 159 incorporating a rigid thermoplastic spacer frame 186 that is welded and
sealed at the corners using vibration carner welding.

Figure 25B shows a cross section detail on a line 25A-25A of the
perimeter edge of the double glazed panel. The spacer frame 186 is made from
an open channel, rigid thermoplastic framing profiles 187 that are vibration welded

25 at the corners to planar flange junction pieces 47 made from essentially the same
thermoplastic resin as the spacer profile. To minimize differential expansion
between the glazing sheets 161 and 162 and the spacer frame 1886, the
thermoplastic spacer profiles are made from giass fiber re-enforced thermoplastic
extrusions or continuous glass fiber re-enforced pultrusion's. After the spacer

30 frame 186 has been assembled, desiccant-filled polyisobutylene sealant is applied .
to the inner surface 188 of the spacer frame 186 creating a continuous barrier
seal. After the panel has been assembled, double beads 190 and 191 of




walls to be wel ded together at the corners, the f&ﬁn n%[bgrgé'les have to be
essentially the sane size and shape. However wi t FSNPFPIPPY or ner wel di ng,
by wusing a comon corner web, different profile sizes and shapes can be
structurally joined together. For exanple as shown in Figure 23, the
bottom f Mem0g868F of i | e 20 173 is | arger and incor por atRE€I/CAZIe842 har dwar e
channel 175 while the side fram ng8profile 174 is smaller and there is no
hardware channel. In addition, with conventional hot plate welding, only
45 i t estruciural thermoseting isealastare aphliddbeativeen the spacert frame W86 dhdg and a

cor ner web, it s f i_bl 0 join together framng profiles with

di ffereﬁﬁgwqale'egtShéﬁtaﬁga a&ﬂ?‘ﬁérs (i.e. 60 and 30). 25 It should be noted
that when joining_together djfferent size.profiles _usjng.friction corner
welding. i1 15 noEoteiiping plasn Baidl, s fibrdvenagg o SERERAE ' To apply
di f f er egbrrieh VRURAERIthAIhERSs aCohthfious§ingle Al Maridt sBabfRgd@aibmt he di fferent
profile sizes, essentially the sane gressure Is being applied on either

h
si de of rigitherpeplasiis materialy 4)¢ a resulbiaepadsfage 182 of themspgoerdsamea to 24 show
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O ab ugrR oottt Yerichyoh dranBElngs itfidiy AERfiSrF et i B | TR, B MO
sanme pr addition adthputctaesagingthedsletily editier bard@seal) ofiier GeS6@plaBtiT/ CA02/ 00842
27 al b d_t O f i cat i, d f f - - | duct
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doors. Fagie £86.24A and 24B show a perspective and top plan view of a
wel ded conposite channel franme assenbly where the framng profiles 176 and

5 17§ i ncor por at eFjgurd 283 showsdhplevhtion Vidw ofld Seadffrahie pipleltfladdd N
supporting profile  walls 179 for the insulating glass unit are solid. The
mai n- ad'ﬁaﬁg‘! winslowtpangl icoparating agurimalensash irames 194 withiviksation t hat t he

overal | w&&g%ﬂf‘ l.Ehe framng profile is reduced and as a result, there are
mat eri al” "an cos‘? savi ngs. One drawback of this narrow channel profile is

that with a full i r i fe iof £0.cull t Feve a
consi stent cor nerﬁg‘g‘#ﬁeﬁ%@ Qélﬁ,gs F%%'Shg‘fﬂ“r?é’acc aen%éeﬁgéiﬁggégfgoner web
are so trpleglaged; septeddrame wintiowt femet $93) dihe\pahel consistsyofdwo gladingo t he top
Pr 0f1|5I ol elr Ie‘.heets; 161 and 162 that overlap the perimeter sash frame 194 and are
adhered to the frame with thermosetting structural sealant 195. The inner center

glazing sheet 196 is supported by the perimeter frame 194.

The perimeter frame 194 is assembied from glass-fiber filled, hollow

thermoplastic profiles 197 which are joined and sealed at the comers using

20 vibration corner welding. The thermoplastic profiles incorporate glass fiber fill and
as previously noted this provides for increased strength and rigidity as well as
reduced thermal expansion.' Compared to conventional window assembly, the
main advantage of sealed frame glazing unit is that through composite structural
action, the required size of the sash profiles 197 can be significantly reduced

25 resulting in improved energy efficiency and material cost reductions. '

With composite structural action, the sealed frame panel performs in
a similar manner to a siressed skin sandwich panel where thé perimeter edges of
the two glazing sheeis 161 and 162 are respectively in compression and tension
and so instead of the panel performing as two independent glazing sheets, the two
30 sheets 161,162 act together as a structural unit.

The glazing sheets 161 and 162 are structurally adhered to the
plastic frame profiles 197 with structural thermosetting sealant 195 and for long




181 of the I-shaped cavity 178 and to incorporat notﬁ ﬁ%[% in the mter
cut corners of the framng profiles 176 and 177 & whi |l e the
bottom part of 15 the profiles 183 is seal ed and vvel ded at the corners, the
‘mter cut solid profile walls 184 only butt together. However because the
vi brati oWOMBIBE6g process can be closely controll ed, R AOp@E42gap 185
between the two mter cut profile32&76 and 177 can be kept to a m ni mum

Fi gure 25A shows an el evation view of a seal ed doubl e gl azed 20 panel 159
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th | ast,i ' | es ,187 t br at i 25 at th
cor ner < PRBLSTERERE, bPth Bk BolioBaegee sbeand Bfmiler el hpt T8RINET U 1 he same
t her opykEingsheess 161%and f&z seaiberaartof idheped @eatsrzomo?ﬁeuﬁef éigsent i al

expansi gn between the azi sheets 161 and 162 e spacer frame 186,
the thERpInter a@ﬁ&&%ﬂespwguT%%'om@a#a@éhwtéﬂﬁ@aaeéﬁ?.cbb@wmb enf or ced

Ul L1 o PR QUPHF Khargeh riferGRf ot BiéSelie e sids e Bri Rngffls
“desi ccakepfftplal minimpunywito keing thedypical ler!gtlapepﬂuired to the inner surface

188 of the spacer frame 186 creating a continuous barrier seal. After the
panel has been asﬂsﬁﬁlﬁlwdter@mb'lgesueeht% isd6cadedtibétaken the2toatember 2005 WO

02/ 863 PCT. 2 ural th rrms tt.in l.ant are applied
bt wen SBrE0Shiee. 1o Ao 2ot s AR stigst i Svinngn SHage G RBPIBRG 165 For
i nsul at ingzethanthe atier fvo glhgng%héetadvaﬂw@véd thléﬁhélgaewbﬁﬁéﬁdeofhe cor ner
welding is that there is conti nuous, Ssing barrier seal nade from5

rigid twethepihegaviy ?ﬁﬁ('@ﬁlzeﬁ’l" angd202 heéfgemthetgllaevrmaﬂwetsdfé 186 apd t he spacer
fram 4621 hfianaicieero il e dﬁmOfFo?irRﬁrblIEd &ﬁ&gy {éﬁ)@:égpﬁt g attachment

devi ces. I on w thout he I nt e barrier seal,
ot her thmtm;ﬂﬂésszancaisqabe applied. tgongasnTore bf thaglasscavibpsurfaces obthewel ded t o

the 1@ac\l§linfd%9vepa]n%?1§]§. ﬁ1haedd?ti%ﬂ?§1re cavity spaces 161 and 162 can incorporate a
low conductive gas such as argon or Krypton.

To provide for long term gas retention as well as maintaining the
integrity of the perimeter edge seal, there is a need for a continuous perimeter
edge seal between the outer glazing sheets. Various edge seal configuration

20 sand sealant materials can be used fo provide this continuous barrier seal. One
option as shown in Figure 26B is to apply low permeable sealant material 204 to
the front face 205 and front side edges 206 of the perimeter frame 194. To
accommodate glass bowing and movement, the sealant material must be flexible
and because of its low temperature performance, polyisobutylene is the preferred |

25 material. To remove moisture vapor from the glazing cavity spaces 201 and 202,
the low permeable sealant incorporates desiccant fill material with the preferred

“material combination being 85 per cent 3A molecular sieve and 15 per cent silica
gel.

The rigid frame profiles 197 can be made from many alternative
30 plastic materials produced using various processes. One preferred material is
glass fiber-filled polyvinyl chloride (PVC) that is extruded to the required profile
shape. One suitable product is Fiberloc 80530 thai features a 30 per cent glass
fiber fill and is produced by PolyOne Inc. of Cleveland Ohio. The co-efficient of




- frame 186 10 Figure 26A shows an el evation view of a sealed frame, triple
gl azed sash w ndow panel incorporating a peri metSMNwgaRer2%e 194 with

vi bration welded corners. Figure 26B shows a cross section detail on a

i ne 26A and 26A of a triple glazed, sealed frame wi ndow panel 193. The
panel com&®togsesd two gl azi ng 15 outer sheets 161 and rtGR Avkhedssover| ap the
perineter sash frame 194 and are @&tlhered to the frane with thernosetting
structural sealant 195. The inner center glazing sheet 196 is supported by
- the per iteriat epamsionici4he Slhpelpmnt rmassrﬁb‘br filtee] rb@térialds 48 serto? egh/dniom

gl ass-fi, lled, holl t her no lc_profilJes, 197 which are joined and
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provi des for increased strength and ri E dity as as uc t her nmal

expansi dirtheciediged byreinfaseing fie foamae profileavalissFeans 308 adjacentrid ﬁhEadvant age of
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resul ti fuptishownpr oved energy efficiency and material cost reductions. Wth
conposite structural action, the sealed frame panel perforns in a simlar
manner to a streslﬂetéadbfﬁberglad;mrelhfqnmdelw%eéram}!?pmﬁbsr'lBV%En@égeS of the

t | heet 16 | dt i
and o MHABJRR SroRthSAlemigys blasli SRt als. Uiy SIRRBRDRBISORST sheot s,
the twogia3g pamﬁsroﬁslﬁasslf%reaﬁfok&a@n@ﬁfeeﬁﬁ a@étﬁﬂérbre\g?d fodf t. The gl azing

sheets 161 and are structural ere to th astic frame profiles
197 18 t nﬂswalwancblmgh desvwrerdented tli@msemlasmenmsaoaﬁd Beoausedhg plstidlovenber 2005

-\;;\Pe? glr ?éﬁﬁ%;&t{%"éﬁqlﬁ—/orgg@ﬁﬁ ?9& dzE @gﬁﬁgg @#eH éﬁﬁﬂ@?‘h&%ﬁgﬂgvﬁggr@ﬁcel Sat E?gh
nodul uspeints afdine psrraetenframe, megivune stredst duet todhe tifferdntialexpahsisral ant  bei ng
Phe. bor Bolteen i sk driles a1k BFeSFhreti agats 6585om e 5 gl azing sheets
161 andpafiuriig withtasadibepfiledsiiafies] breaise HeGofier dleldiodre Wil
15 only as sirong as the un-reinforced plastic, the corner welds can be a pofential
weak point in the frame assembly. To provide for increased strength and rigidity
and to also reduce stress on the corner welds, the preferred assembly method is
to join the plastic profiles together at the corners using a combination of friction
corner welding and ultrasonic spot bonding and this production method has
20 previously been described in Figures 15A and 15B.

Figures 27A and 27B show a front elevation (Figure 27A) and a side
elevation (Figure 27B} view of the diagonal cut end 209 of the framing profile for a
triple glazed sealed sash window panel. By removing the frame profile material, a
3 to 4 mm deep channel 210 is formed in the diagonal cut end of the profile 209
25 creating plastic side ribs 211 and 212. The dotted line 212 on the side elevation of
the diagonat cut end indicates the depth of the channe! 210.

Figure 28 shows an exploded perspective detail of the corner frame
assembly for a triple glazed, sealed frame window panel 193. The two framing
profiles 213 and 214 are joined together by means of special comer keys

30 incorporating a planar flange web 215 and integral legs 216. To provide for
simplified frame assembly, the integral legs incorporate a self centering spring
device.




the perineter frane profiles 197. To all ow gl azi ng sheets 161 and 162 to
bow in and out with changes in tenperature and P dlovgrpker 300e si de edge
contact length is kept to a mnimumwi th 10 nmbeing the typical Iength
“required. Athird center glazing sheet 196 is | ocated between the two outer
10 gl azi w9 ®hewsss 161 and 162 and this gl azi ng sheet PET&ANI/0842 | N shape
but smaller in size than the outeBltwo gl azing sheets. For inproved
thermal performance, the w dth of the cavity spaces 201 and 202 between
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_ th . | 1
desildcant fill mdtigfres 294 te B9k sBowtag Rrodugtionfters in¥evedilbi nati on being 8

- per Ce”haﬁg‘r?dﬁﬁlrﬁlﬁt)ﬁeéﬁn%lg,ie \ﬁl?ﬁ%ﬁ@ﬁ‘—ﬂleﬂeédp alé&ﬂém@idohgeg‘agﬁtl%lfhe rigid frame

profiles can rom many alternative c materials

produced using vatd q f ' ' S

f.iber-fi 1':' ed pol ?fn\(/é. nf%/i @‘E{lﬁé gg@ﬁ%@&%ﬁ@&@ﬁ?ﬁ%@gﬂ@g@]ngls?szqui red

pr of i | eof svaipmnin@peofiies 2 b & spacial Ibshdped c®0E3Gey B39 withat ures a 30

per cent,. gl ass | ber fi | nod by, Rol | nc.,.of, Cl evel and

hi o *THisSRAEepies PBiee 215 98 RevBrdAie KBE v BAEHE SR R 0% vosa2 30

E gegaalmrrﬁt?ﬁpwt%rﬂ ob thel framidg profiles218 andi2 Bhso fhabtie tbp bidedibsrerial is 18 x
"° S5 221 of the framing profiles overlap the diagonal center flange 215 of the

corner key 219.

As shown in Figures 29B and 29C, the two legs 225 and 226 of the
L.-shaped corner key 219 are loosely fitted into the two framing profiles and the
20 corner assembly is placed in the vibration comer welding apparatus. The
removable tab 224 incorporates a special arrow-head profile 227 that fits into a
complementary shaped insert hole 228 within the corner key fixture 229, The
framing profiles 213 and 214 are held firmly in position by means of front clamping
devices 230 and 231 that are attached to the moveable framing fixtures 232 and
25 233 of the vibration welding apparatus (not shown).

As shown in Figures 29C and 29D, the two profiles are pressured
using perpendicular force against the contact surfaces of 234 and 235 of the
corner key 219 and friction is created by rapidly moving the corner key 219 back
and forth. During the friction welding process, as the two profiles 213 and 214 are

30 pressured against the comner key flange 215, plastic flash flows to either side of
ihe contact surface. Because relatively imited flash is produced, the flash does
not extend into joint line between the two diagonal cut ends 236 of the framing




C and this conmpares to the thermal coefficient of glass which is 9 x 10 -6
cmicmi C. For very large panel sizes, the ther n&ﬁ%?ﬁ%?ﬁ@?%qp%f the plastic
profiles can be further reduced by reinforcing the frame profile walls 207
~and 208 adjacent to the 5 outer glass sheets 161 and 162 with conti nuous
uni - di r eONQ &408863y| ass fi ber strips (not shown). | nst @gd/26asser gl ass
reinforced PVC, the franme profiles397 can be nade from various other
alternative plastic materials, including: thernoplastic fiber glass

pul trusions, glass fiber reinforced engineering structural plastic foam 10
~extrusions and high draw oriented thernoplastic extrusions. Because the
plastic profiles are firnly bonded to the gl azing sheets and expand

out war ds Frefes anbsorpeia redilinaslesn Rﬂﬁ@gd@ﬁ%ﬂ%@feﬂtea@m%@ ARG ess due to
the diff 8’?& al expansion between the plastic profiles and the glass
sheets occUrs at the corners. Particularly with glass fiber filled

profiles, because g as the
un-rei nf or ced pl as%&%tﬁ?w%ﬂé%%mgeé%ghgﬁgba potéegl%ﬁbﬁmv\% gp0| nt in

t he fran29ss tenthb 224 Tompclariichly removerdiram $hed -shapedgiomerkdy 219 They and to
al so reduc e stres corner referred gssepbly nethod is

to joih tihel PRRULY epﬁ%ﬁ?%ef%ﬁ%ﬁﬁ%g"%‘! &PHQQEWM% @?ﬁ’g{gg ombi nati on of
friction Gistigclitvddonfsspot weRR@t23sondi ng and this production

met hod hfgaggﬁg?fgﬁ%gﬁ ymgeen descri bedﬁjlmr? Fi gures 15A and 15B. Figures 27A
and 27B show a front elevation (Figure 27A) and a side elevation (Figure
27B) view of the diagonal cut end 209 of the framng profile for a triple
gl azed seal ed sash wi ndow panel. By renoving the frane profile material, a
3'to 4 mmdeep channel 210 is forned in the diagonal cut end of the profile
209 25 creating plastic side ribs 211 and 212. The dotted line 212 on the
side elevation of the diagonal cut end indicates the depth of the channel
210. Figure 28 shows an expl oded perspective detail of the corner frane
assenbly for a triple glazed, sealed frame w ndow panel 193. The two
framng profiles 213 and 214 are joined together by neans of special
corner keys 30 incorporating a planar flange web 215 and integral |egs 216.
To provide for sinplified frane assenbly, the integral |egs incorporate a
. self centering spring device. 23 Novenber 2005
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- WD 02/ 098635 PCT/ CA02/ 00842 31 As previously shgﬁqgjn Eipﬁ%gs 27A and 27B
by renoving the franme profile material, a chann AATHE med in the
mter cut ends 217 and 218 of the fram ng profiles 213 and 214 so that the
top side rib surfaces 220 and 221 overlap the diagonal center flange 215
of the corner key 217. During the fri tion 5 wel di ng process, the profile
‘ends except for the top side ribs 220 and 221 are pressured against the
center féﬁggﬁ§215. Because plastic flash is only generated at the

interfac en the profiles ends 222 and 223 and the corner key fl ange
215, a clean parting line is created between the two top side ribs 220 and

221 of 4he fram ng nstAbl f@sfodhihgPa dibtdibry wWeldeddsirech8i\beveE show t he
production steps involved in manufacturing a single, vibration-wel ded,

seal ed- fiirghand seeend mesebarsandssjunstion piecervhenessaid nemmbers el saic(ij frame |
TREHEH Yi | j ' 214 i
L s hapedt RGN bR R Fhpatea atfedd ATRER Lt indmaghc s8ud, o 2", rovan! o

tab 224. A channel is formed in the 15 miter cut ends of the fram ng
profiles 213 and Zd swethbdtcanweriding side ribs 220 and 221 of the fram ng
profiles overlap the diagonal center flange 215 of the corner key 219. As
shown in Figures 29B and 29C the two, | egs 225 and 226 of the L-shaped
corner key 219 areorPM@E%gﬁ‘f' FQy #$A% the two framing profiles and the 20
-corner assenbly is placed in the vibration corner welding apparatus. The

renovabl e tab 224 ﬂrBQﬂﬁrE}@éékﬁﬁnétiér@%fécl@ h%&iﬁ@‘&ﬁ%ﬁﬂoﬁf&ﬂo‘r%&&iﬁ that fits

into a conplenmentary shapedinsert hole 228w thin the corner lgey fixture
229. Thdo gaidfirsignst sgcanssmenbersdrglia sacent godtisn emending frosi $aidn by means
of frontg j evi ces 230.and 231 that, are.attached to the noveable

Fr anm ng 1rE4BRReB%0s SRR 2 %o Erbnt BBl SHEWUTITY a3 s (ot
shown) . 8 sapeuMtingnsdfdl retasorB9 o saRDiixtuRg, two profiles are pressured

usi ng perpendi cul ar force against the contact surfaces of 234 and 235 of
the corner key 219 and friction is created by rapidly noving the corner
key 219 back and "PRYRYING e seeprcheortioncef said windiongrigeedes8id as the two

profil eg; etéd %ga%%igfaqéﬁ)éﬁ% ;agai nst the corner key flange 215,

pl astic ash ows to elther si

mounting said first and second members in fixtures that are

independent of said vibratory head;

creating an engagement force between said first member and
one side of said first portion of said jun(ﬁtion piece and an engagement
force between said second member and an opposite side of said first
portion of said junction piece;

maintaining said engagement forces while vibrating said
junction piece by means of said vibratory head at a frequency of from 50 to
500 Hz to create friction generated heat to melt material on the ends of
said members and on each respective opposite side of the first portioh of
said junction piece, such melted material upon cooling forming a weld

between said junction piece and said members; and where

said engagement forces between said first and second
members and said junction piece are applied separately from the operation

of the vibratory head.




the contact surface. Because relatively limted fI #@ Pégﬁyced t he
flash does not extend into joint |ine between tﬁ@ cut ends
236 of the fram ng 23 Novenber 2005 WO 02/ 098535 PCT/ CA02/ 00842 32
profiles and so as a result, a clean firting line 237 is created between
the framng profiles. After the friction welding process is conplete and
as shown in Figure 29E the tab 224 is nechanically renoved fromthe

step in.the roduct rocess is to

h k Th f |
band L re2t oter i of The Meth8S of (A 13k B8t BnBhSHERt P88 BES o
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.CLAIMS: 1. A nmethod for formng a vibratory wel ded connection between
first and second menbers and a Junctlon pi ece where said nenbers and said

j uncti ompi ece ar el R®msIbed oétC aigndiwherepach saidiengagementtivecanst eri al |
~said net S geﬂoﬂ%’rlrpeﬁklﬂﬂjlﬂ P\hd ;nané‘om{l%% g'}oQ{eﬁé}ﬁa f B%&'tcg‘s} ! | unct i on

pi ece havi rst portion for we rst and-’second nenbers
and a second portion extending fromsaid first port ion for nmounting to a
fixture 4onnect ed The swttodidbaayame die@kiasd td 3wisarppoeadngaigai d first

portion from sai | xture unt,i t he sec ortion of sal d junction

pi ece t o*'EHFPMET dtjpﬂ?ee'sc@f ?léfd‘ B%t feg ! F'Qt'%ﬁp‘?‘?éha Chigy@d i ng said
first ansh@reRpagemBREoTcE s fddticutias 4 ikl iere ksl ARadeRRt<Hal Sai d

vi bratory head; Treating an engagenent force between said first nmenber and
one Si deremaleaulargfelyrmpqmtmm batvegers thiedends of thenmesinsloersaard! the engagenent

force be second nmenber and an opposite side of said first
portion Qﬁg@h ﬁ% %nct i on piece;

5. The method of any one of Claims 1 to 4 wherein said first

“portion of said junction piece has a planar flange and said second portion
of said junction piece comprises a removable tab which incorporates a
geometric shape that is held in position by a fixture incorporating an insert
hole or slot with a complementary geometric shape to that of said
removable tab. |

6. The method of any one of Claims 1 to 4 wherein said first
portion of said junction piece has a planar flange that extends at an angle
with respect to each said member and where said second portion of said
junction piece incorporates a removable tab that is an extension of said
planar flange, wherein said removable tab is held in said fixture that is
connected to said vibratory head and where the method also incorporates
the step of removing the tab after the vibratory weld connection is

completed.

7. | The method of Claim 6 wherein said removable tab is located
on an outer edge of said planar flange and where said tab incorporates a |
geometric shape that is held in position by a fixture incorporating an insert
hole or slot with a complementary geometric shape to that of the removable
tab, said fixture being configured to grip sarid removable tab and to ensure

that the junction piece is held firmly in position.




mai nt ai ni ng sai d engagenent forces while vibrating said j tion piece by
means of sgi d vibratory head at a frequency of fF MOSW“P%HZL@%O Hz to create
friction generated heat to nelt nmaterial on the ends of said nenbers and
on each respective opposite side of t?ﬁ first portion of said junction

pi ece, such nelted material upon coolinhg formng a weld between said
junction piece and said nenbers; and where said engagenent forces between

. said firgt and sec ersywand-said junction pi.ece are plied
separ at by {1 om ¢ nihSRREPAGH CIaM 7EhSreL a0 e SPaleie Mehper 2005 34
2. The nshidmsti.of Caim1l wherein the engagenent forces are controlled to

provi de even pressure on each side of said junction piece. 3. The nethod of

Claim1 where each_said ena_%gemant force is ap&l i ed perpendicular to the
pl ane of %t he noventhe ngthediad apyang e (lainead. to & whergintae yifraliiYany one of

Cl ai-ns ; gp&g j 1 f | : that after
mel ti nglﬁ%fsemg% n aé?ﬁpg\%@?h)ﬁgggﬁ %ﬂgag ntd!f'%?@gl c}th%‘?gﬁ%ﬁ%ﬁa | evel
wher e t hihermdbtatdrynlead farla specified amplitgée yfrequerns/ andenpagyewent t he ends of
t he rrenbfers and the junction piece. 5. The nethod of any one of Cains |

to 4 whelP&%r said first portion of said junction piece has a planar flange
and said second portion of said junction piece conprises a renovable tab

whi ch i np@r por at esTRe ntABE o afy UHEPSF ElBREs 1o B hhdrBirPRs iendsy by a fixture
incorporating an insert hole of slot wth a conplenentary geonetric shape

to that ediddastiand seewubmenbey. canpises adidilow profimihadrnie definatidiyns 1 to 4
wher ei n i LIS ton of said junction piece.has a planar flange that
ext ends %ﬁeﬂﬁﬁgh’gﬁ@lpﬁo&ﬁp%gp%g%qeof%%q{d|§lgit§ %ﬁﬁg}&lgﬂdﬁ%@e sai d second

portion of said junction piece incorporates a renpvable tab that is an
ext ensi oM of sai d T aeahod bfioRem 1heviedreirs shid juaotivablesetinbludeshel d in
said fixture that is connected to said vibratory head and where the nethod
al so i nchfpesting integral leg extending from opposite sides of said junction

piece, said legs being sized for insertion info the hollow ends of said first

and second members and for engaging said first and second members

within the hollow interior thereof.

12. The method of claim 11, wherein mounting said junction piece
to said fixture and mounting said first and second members in said fixtures
are performed with said legs inserted into the hollow ends of said first and

second members.

13. The method of claim 11, further comprising inserting said legs
into the hollow ends of said first and second members prior to mounting
said junction piece to said fixture connected to said vibratory head, and

prior to mounting said first and second members in said fixtures.

14. The method as claimed in any one of claims 11 to 13, further
comprising spot welding said legs to a respective member at a location

spaced from said first portion of said junction piece.

15. The method of any one of claims 11 to 14, wherein said legs

include an integral spring centering device.




the step of renmoving the tab after the vibratory weld connection is

conpl eted. 7. The nethod of O aim6 wherein said2&¥y¢abee29%n is | ocated
on an outer edge of said planar flange and where said tab incorporates a
geonetric shape that is held in posit%gn by a fixture incorporating an
insert hole or slot with a conplenentary geonetric shape to that of the
renovable tab, said fixture being configured to grip said renpvable tab

and to epgure tha | [ | e i ld fdr in sition. 23
Novenber rll§005 35 8&h§ﬁetﬁp%g§%&f% éf%aﬁngﬁetseﬁsé'\’%ﬁ%ﬁ@@ri c shape is T-
shaped. Rinclibe pieteivdiefesaatyeasicond delizeTr fedevifig WiastRl flagthe vi bratory

wel di ng process is controlled by adjusting the duration of the operation of

the vi br 4608 RIeRdEring the weldinomregeshpl i t ude, frequency and engagenent
force. 10. The nethod of any one of clainms 1 to 9, wherein an end of said

first angzsecond NPADRiethEdRS G JOLbRHS RI1BM1d, SuidiRln sgigde! | ned by a

peri pheral wall providing a surface r ng to said junction piece. 11.
The net hjpuhction pietenisifadeiremne arstétErdhg¢unaplastic piadedal thehutakfrom respecti ve

integral |eg extendi ng, from osite sides,of said junction piece, said
| egs bein'C%i %ﬁ?'rgraﬁ%‘?‘m%ﬁ%ﬁ%ﬁt% M@H#fow ends of said first and
second nenbers and for engaging said first and second nenbers wthin the

hol I ow ingerior t & aisthdd of EREmTEEL oRein 65Rl jihddon P& N mount i ng said

junction piece to said fixture and nmounting said first and second nenbers
in sai d ¢empiises glagsdibpe filled thermpplasamatesak i nserted into the hol | ow
~ends of said first and second nenbers. 13. The nethod of claim 11, further

conpri si i nserti i into . I Qﬂﬁ pd first and
second rrg‘?fber s pr ig?e f:gétﬁr%%ﬁ?lﬁ% dﬁ%a?%a?’tﬂ'ﬂégb itg\rblmgi ecer8{no§% idfixture
connect gdntiios pietevinbiudiesraywhtidg bead. prior to nounting said first and

second nenbers in said fixtures.
20. A method as claimed in any one of claims 1 to 19, further

comprising the steps of:
(a) providing a panel to be framed;

{(b) providing a plurality of frame members for framing said
panel including said first and second members, each frame member having
a channel formed therein for receiving an edge portion of said panel, each

frame member comprising at least in part thermoplastic material;

(c) inserting said panel into the channel of each frame

member:

providing a said junction piece for joining adjacent ends of

each frame member; and

for each two adjacent frame members, performing said steps

of:

mounting the second portion of said junction piece to said

fixture connected to said vibratory head;




14. The method as clained in any one of clains 11 to 13, further
conprising spot welding said legs to a respective3hiayg@ber2008 | ocat i on
- spaced fromsaid first portion of said junction piece. 15. The nethod of
any one of clains 11 to 14, wherein S?id l egs include an integral spring
centering device. 23 Novenber 2005 36716. The nethod of any one of clains 1
to 15, wherein said junction piece includes at |east one device for
receiving plastic flash geperated during.the welding,process. 17. The
net hod of any one mougltlgg%td}acqrg?ﬁ_aépem@ﬂggﬁ rg\ﬁﬁureisuﬁ% PBh piece is made
froma siriddpehdehesnesiiaghisgoyaicid;al than that from which said first and
second nenbers are nmade. 18. The nethod of claim 17, wherein said junction
pi ece conprises glass fibre filled thernoplastic material. 19. The net hod
of any one of cl ai fgalinganengsgriPentfosee hetyeptainembeseadiang udes a
wel di n : | -l ' f _clai o 19, further
conpri gi %@gﬁﬁfé%g‘? gﬁ%%aﬁgﬁ%@&ghgﬁ%b%%%@ogﬁg gapﬁ{a%é(;}m b) providing
a pl ur al betwesn &n axifpcentinesmbépand mampresiei side pasaid firgt puriongofsai d fir st
and second ,nenbers,. each frane nmenber having a channel fornmed therein
for. recePAHYNEHPLBECpor ti on of said panel, each frame menber conprising
at least in part thernoplastic material; (c) inserting said panel into the
channel of each frg gﬁm)@ ai | N [ O} | ' for joining
adj acent ends of eggﬁ f#anéa'ﬁn@g@%ﬁgiéﬁgﬂ@?&%ggnﬁg%gt frame
menber s, jJupetion piggegby Mmehnst efsaidvibraturpthiead torrestecinctiop geneoatedf sai d

Juncti Onhé)étet%em%ﬁ rﬁe?t'e%al E)ﬁ)ﬁ[]éj Bhas Of S5 g&aggnts f%ér%evrlngn te% \éngeoand;

each respective opposite side of the first portion of said junction piece,

~such melted material upon cooling forming a weld between said junction

piece and said frame members; and

where said engagement forces between said adjacent frame
members and said junction piece are applied separately from the operation

of said vibratory head.

21. A method as claimed in claim 20, comprising providing a
vibratory head and a fixture connected thereto at each junction between
adjacent frame members and mounting the second portion of each junction
piece in a respective fixture, and vibrating two or more junction pieces to

create said friction generated heat substantially simultaneously.

22. Apparatus for forming a vibratory welded connection between
end faces of first and second members and a junction piece, and where
said members and said junction piece are composed at least in part of a

thermoplaétic material, said apparatus comprising:

a) a vibratory head including a drive for vibrating said head in a

predetermined plane at a frequency of from 50 to 500 Hz;

b} opposed first and second fixtures each having clamping

structure for securing thereon a respective one of said first and second




23 Novenber 2005 37 nounting adjacent frame nenbers in fixtures that are
“independent of said vibratory head; creating an éﬁd&@@ % ce between a
menber and one side of said first portion of said junction piece and an
engagenent force between an adjacent3§enber and an opposite side of said
first portion of said junction piece; maintaining said engagenent forces
while vibrating said junction piece by neans of said vibratory head to

create frjcti : rial t he f said

adj acent ?‘gér%grre e?]g%g%'dgﬁé{ 3@@@@%@%@%@&9%%’8&@5%@ @&3?“ f the first
portion sécaml chemiversifonnuventent indepentdrithdofmatie vitahtarpeeadpol i ng form ng
a weld between said junction piece and said franme nenbers; and where said

) t forces bet, n sai d adj acent frar nmenbers and said junction
gingggegtra appl i ed %i’ﬁ\é\ﬁﬁi‘@@ CP!”Bﬁ{C’Eeﬁetoo?p?éﬁj é’ﬁéwwgt\é@a@aﬂﬂ%‘?%; ory head.
21. A meghaduagic piceBdwhiréihaldry fﬂqctfeﬁfmébébaﬁu %@%'adfit%gpgatio‘ﬁ fyratory head

and a fixture connected thereto at each junctio et ween | acent frane
nenber s walingimthengnd$ of saichiingt podtseocnndfmemblerg, .anct a sacomd ece in a

[ fi . i b [ . ' g ' t t
o a0 rri b0h e EonBdton alid o sphAtird s99 sl At ERBo AR YRGS Appar at ue
for forng41g tAird FREEEIS YdWBtEPbraRIMIAG RN sBEENE BBrIcHSF $A8 fen@forf i st and

s8
second nmenbers and a junction piece, and where said nenbers and said
j unct i onPipre @addp dasiigneskle allow saist firsh ppeian iox ergagehsaidopidfaces materi al |

vt brat  RGEN SR SR bBRiogP s B b ARLE"S 1 cauency of from 50 to

500 Hz; b) opposed first and second fixtures each having clanping
structura@) for secuguidg sthetirerforgurime edlative aneadhetdiatwkiehHaidind second 23
Novenber 2005 38 s i . . o . .

members and said junction piece in a direction perpendicular to said end

faces such as to facilitate engagement between opposite sides of said

junction piece and said first and second members respectively;

e) pressure actuators coupled to first and second fixtures to
provide an engagement force between opposite sides of said junction piece

and said first and second members; and

f) “a control system to regulate the operation of the vibration

welding apparatus.

23. An apparatus as claimed in claim 22, wherein said drive is

arranged for driving said vibratory head at an amplitude of at least 0.4mm.

24, The apparatus of Claim 22 or 23 wherein the pressure
actuators are controlled independently of the operation of the vibratory
head. '

25. The apparatus of Claims 22, 23 or 24 wherein said pressure
actuatoré are independently adjustable to provide a variable force of
engagement between opposite sides of said junction piece and said first
and second members and where the profile size and shape of said first and

second members are different.




menbers and where said first and second fixtures support said first and
second menbers for novenent independently of sai #3NyeaPsr $9%%ead; c) a
third fixture connected to said vibratory head for holding said junction
pi ece, wherein said junction piece C0§I§)I‘I ses a first portion for welding
to the ends of said first and second nenbers, and a second portion
extending fromand for supporting said first portion, and wherein said

pilece atPis posi o inabPetls BRI Mhe "R RS AL 1oERE MRl odB LS i ana "
faces viherd fadie: Issidemsdiguriction plécélﬁ'i d Hayarmcﬂwtaylam ibifikedrte;said gui de

structure fag quw déing rel ative novenment between said nenbers and said
j unct i onvibrale Injp sbstastiay ceatal lagalipnan saidyiliadoryrheaskandch as to-

faci | i t ayReRMYRERIRE aR8 ﬁﬁﬂd‘?ﬂﬂ%btaﬁ-eﬁ-l—ﬂ@ébl? ind8héhddriydr Qg Pl ece and
said first and second nenbers respective ressure ua ors coupl ed
to firstthiaddidereoant prplyusen pesspreto d&hansndagﬂ@enrbnmdlonqﬁedmt ween

opposite sides of said junction piece and said first and second nenbers;
and f) ont r ol emto re Iateth er atj,.on he vibration welding
appar at ?f 23. Anséb%ﬁpaﬂ?éu% eruioReL (ﬁ%gpalz:%tngé NPAA d drive is

- ar rangednfraifitiie s MRl Boch B i@ iloraRAY racan anpl i tude of at |east 0. 4mm
24. The apparatus of Caim22 or 23 whefein the pressure actuators are

controlled |ndependently of the operation of the vibratory head. 25.. The
appar at Z8-of O ai risframeé oomgrising aumdurality efelangatesisame mapthessors are

opposi t S R AT ool MosiBels LRI GobRhEfteS h AR a remper e
and mhenntetrb@séﬂ pirictienpiece, amle:ehapando&am@l Mefritess apddais patitidnmenbers are

different. 23 Novenber 2005 39 he agparat us of any one of Clainms 22 to
25 V\/neré]"?lc%ﬁf‘?jea@?llcpﬂ‘ﬁqsﬁﬁﬁtée%@l 'BSP puajtoeEeeRiasiie é!ﬂiefw &nfal anced way

and is fdaxefidctioRdidce has a planar flange that extends at an angle with
respect to each said frame member, characterized in that each said
junction piece is secured to a pair of adjacent frame members by vibratory

welded bonds on opposite sides of said junction piece.

29. The frame of Claim 28 wherein each said frame
-end comprises a hollow profile that is defined by a peripheral wall providing

a surface that is welded to said planar flange.

30. The frame of Claim 29 wherein said hollow profile is

subdivided into two or more cavities.

31. The frame of Claim 29 or 30 wherein said junction piece
carries integral legs extending from opposite sides of said planar flange,
said legs being sized to engage longitudinally within at least part of the

hoillow interior of the adjacent frame member ends.

32. The frame of Claim 31 wherein said hollow profiles are
| ultrasonically spot welded to said legs at locations spaced from said planar

flange.




vibratory head in a substantially central |ocation on said_vibratory head
and wherein said first and second fixtures are foNRYeCEEREE Endentiy of
said third fixture and apply even pressure to either side of said junction
pi ece. 27. The apparatus of any one of Cains 22 to 26 wherein said third
fixture is |located above said vibrato?@ head. 28. A frane conprising a
plurality of elongate franme nenbers, adjacent ends of pairs of said

menber s i ng interconnecte hrough an | nterposed junction piece, wherein
sai d frareg menber sﬁé‘ﬁﬁ'aé"éer' Bgfﬁ.ﬁiﬁl ggt‘i’re’&‘@b%@h‘? %ﬁ@ﬁ{%mﬁ%&@ﬁ i | east in
part of : t; i I W TS I J pl anar

fl ange tﬁ]zi |hge§<g{?§gide§§£6% gﬁgﬁ?”ﬁ’? rnéél?e'(s:hdﬂ%%g%%ﬁs gg?@&ftbg(?rue&nenber,

char act ethiezagbanmbly o cess; the déglis ¢entetadim thiedfcamirg pefilz.ed to a pair of
adj acent frane nenbers by vibratory welded bonds on opposite sides of said

junctio i ece. 2 The fr of aim 28 ergin _gach id.fr end

conpri se E‘a hol | 037-'5(? E’%meegfﬁéﬁm %’a\gﬁrﬁ'@om%))négﬁ%r F’Bﬁé}?ﬁ‘ew‘i%er ovi di ng
a surfac,ﬁet;baﬁcd?omé@e@em@riﬁgidé\m&@nar flange. 30. The frane of C aim 29
wherein said hollow profile is subdivided into two or nore cavities. 31.

The frame_of Caim?29 or 30 wherein said junction piece carries integral
| egs extendi ng frohhefipaw pkclainnad, sthesgingsaid seateinadgeice said | egs being

i zed ' e e f th hol | interi
of “the. i TRARES PRteo R, Infelfeh B MARPCadPn. O i m a1 wherein said

hol l ow profiles are wultrasonically spot welded to said | egs at |ocations
spaced f3@m sai d pltenfemd bhage on2>fiaiendeéto 360w héPeiBaid undtiomne of C ai m

31 or 32 wherein, th d_the integral |egs i t
compl erdhiEdh RS RbICERRARS B da (e TERF BIGHPIoE G sk SRBFJABHocbss.  the | eg

I's -cent efifithg forimioh'#EanY wellddd b8ndg4- The frame of Claim 33 wherein the
integral legs of the junction piece incorporate a centering device.

37. The frame of Claim 36 wherein said device comprises a

recess for receiving plastic flash generated during the welding process.
38. The frame of Claim 37 wherein said recess is a flash trap.

39. The frame of any one of claims 28 to 38 wherein said junction

piece incorporates a welding bead.

40. The frame of any one of claims 28 to 39, wherein the junction
piece is made from a stiffer thermoplastic materiai than that from which the

frame members are made.

41, The frame of any one of claims 28 to 40, wherein said planar

flange has a thickness in the range of 2 to 12mm.

42. The frame of any one of Claims 28 to 41, wherein said planar
flange has opposed planar surfaces which incorporate a textured surface

finish.

43. The frame of any one of claims 28 to 42 wherein said frame

' members are composed of glass fiber reinforced thermoplastic material.




35. The frame of claim 34, wherein said centeri n% devi ce con£r| ses a
spring device integrally fornmed with each leg. 3 3 Newemben ge0% ¢ any one of
-claim 28 to 35, wherein said junction piece includes at |east one device
for receiving plastic flash generated _during formation of said wel ded
bonds. 37. The frame of C aim 36 wher&tn said device conprises a recess
for receiving plastic flash generated during the welding process. 38. The
frame of erein said reces |s a flash trap. 39.. The frane of any

37
- one of cf‘g1 ?r:sm28 ¢ Shedrafpe o ?Hyé)éieoo ¢laERS 28 10 Fle MhEraiRcHaidr at es a wel di ng

bead. 40thethpldstidBmateriilys pORv IEhFﬂ'rﬂ% 28 10 39, wherein the junction
piece is made froma stiffer the stic material than that from which

the frane nenbers _are nade. 41. The frame of any one of clainms 28 to 40,
wher ei n 4&i d pl anafhe filcang of AaY 0@et¢f|(zlalm28|t®|4¢2hwheaa@esauﬂ fiame® 12nm  42.

The fra Yoo in said planar flange has
~ opposed p ana‘?rgscur (':Seescéa%ﬁ% aﬁ‘iQPﬁ’ QWEJ tured surface finish. 43.
The frame of any one of clains 28 to 42 wherein said frane nmnenbers are

conposed4®f gl ass Thddaneonbay one dfaimRass 4o, Wieptinadaid #anvenber 2005
41 44. The frame of any one of clainms 28 to 43, wher ei n sai d t her nopl astic
mat eri al "iegn%ﬁmwfsecmmppa'ée wood figre ff”ﬁﬁr@‘b‘f'“ﬁ'n@”@ﬁ@eof clains 28 to
42, wherein said frame nenbers conprise cellular foam polyvinyl chloride.

. 46. Thegframe of 'Pf’iﬁffr‘é f aﬁ# 6?1@50J?(§3|afrﬁs 43, t@’%ﬁvﬁbﬂaﬁ%e%}é menber s

conpri se conposite wood pol yvi ny ori e frame of
any one matmganorsl‘frﬂ&esaazmlnmepmatedjenmm:i swafacesatf sajd firamé i ni shes are
i ncorporated on outer surfaces of said frane nenbers. 48. The franme of
anyone o Bne of claims 28 to 47 wherein

48. The frame of anyone of any one of claims 28 to 47 wherein

the ends of the frame mémbers are miter cut.

49. The frame of Claim 48 wherein a dado cut is fabricated in the
miter cut ends of the frame members except for one or both of upper and
lower faces of said frame members.

50. The frame of Claim 48 where a pressure strip is applied on
the miter cut ends on upper or lower faces of the frame members during

the welding process.

51. - The frame of Claim 48 wherein a dado cut is fabricated in the
miter cut ends of the frame members except for front and back sides of

said frame members.

h2. The frame of any one of Claims 28 to 51 wherein the frame
members are assembled around an insulating glass unit and where silicone
sealant is applied in gaps between the assembied frame and the insulating
glass unit. |

53. The frame of any one of Claims 28 to 51 wherein glazing
sheets are directly adhered to the sides of the frame members using a

structural thermosetting sealant.




t he ends of the frame nmenbers are niter cut. 49. T Claim 48
wherein a dado cut is fabricated in the mter cu%ﬂg a[%ﬁfzgﬁﬁ frame
menbers except for one or both of upper and |ower faces of said frane
menbers. 50. The franme of C aim 48 whg e a pressure strip is applied on
the mter cut ends on upper or |lower faces of the frame nmenbers during the
wel ding process. 51. The frame of C aim 48 wherein a dado cut is fabricated
in the ter cut r C back sides
of sai dg?r ane nengggzraqéﬁw%ﬁg %@%%?f@é{)o m thgr}%gﬁg S51 wherein
t he frambcatedrbetwean spassbglazidy stierted an i nsul ating gI ass unit and where
silicone sealant is applied in gaps between the assenbled frane and the
insulating glass unit. 53. The frame of any one of Clains 28 to 51 wherein
gl azing 55hee1rﬁeafa?neholf anlloneesihaaipil 28 16 531, WHERsinCdaill fgndticiBiegBNDEr S
using a structural thernbsetting sealant. 23 Novenber 2005 42 54. The
frame of isinjected nedidéliai ms 28 to 51 wherein the frame is |ocated between
spaced gl azi ng sheets. 55. The frane of any one of clains 28 to 54, wherein
said junction piece is injected nol ded.




