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Vi bration Welding The' _ _.,,.. Ther mopl asti ¢ Corfdd¥¥SIeeER Y of the

~Invention This invention relates generally to assenbly nethods for 5
thernopl astic conponents and nore particularly to methods and apparatus for
~ manuf act 80 ¥PI¥BRdow and door frames using vibrati on \RETAIANEBEChNi ques.

Background of the Invention At pres’ent plastic w ndow and door frames are

~typically assenbled from pol yvinyl chlori de (PVC) extruded profiles using
hot pl at e Weihodandinnaraty; Nelding, Th ‘ peNents g process

I nvol ves pre55| ng the mtered cut ends of two prof| | es against a

- Tefl on-coated heated netal plate. After the thernoplastic PVC material has

mel ted, the heated netal plate is renmoved and the two ends are then

pr essur &eldghthednvention ot her forming a hernetically seal ed wel ded bond.

Typically, in manufacturing a four sided frame assenbly either one-head,

two 15 head or fOUBISh‘é’&dﬂwe!ﬁf%g@mlbdemssembmmmdédorfour-head wel di ng

equi and t aki ng
it o 5 ShemobERu6 B0Rhaichs AT ok pATPRER ne Dol SnP BRI A8 Ry, ' Sorer
wel di ng manufdctatingwiadow ahd aloer irarhesdsing vibratientwildihg tachhigués.me is about two
m nutes. As well as being a conparatively slow process, a further drawback

20 of'hﬁacmraumwhéilm@rﬂtisnthat a large quantity of plastic flash is
created at the weld line and this plastic flash has to be mechanically

removed through at\wr@s‘s?ﬁs—pléémtwmd‘o’tﬁan@u@éﬁfen@éaérbmﬂxca?lp%gsélﬂblaad routing
operatigns. Cenera equi pment _required for” flaSh renoval is conplex

and . exp&081 Ry Chﬁéd%(%‘é‘e)s@d@dﬁd frafties uringhs plate weldingleehralegy.ngs appl i ed
to the & .&agﬁgegeaﬁéﬂﬁaﬂmb Bratads ﬂveﬂezgré%%pwﬁ&nﬁtaredo&u%ahasc flash material

i-S conta urin noved wasemater al
cannot tvmpmﬁieslaitlmhd T’eﬂm-cmtedheaﬁadmbtahﬂatm Mterctbmtheahepiaeﬂd ect the final

wel d st th al | or der, nt | ach uare ri ght angl ed
squar e E’ ?@ﬂgpferpl]@aselaé‘tefﬁm H?qii%cg E‘&’Ea& 13 5'85? 8 SRS &2 nechani cal
suppor t thengiressured against each other forming a hermetically sealed welded bond.

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




30 Vibration welding is one comonly used nethod for wel d| ng.toget her the
fl.at surfaced end walls of two thernoplastic con‘p?g’r,%?ﬂe?b 80%escrl bed in
US Patent 4,352,711, the typical vibration welding process involves 23
Novenber 2005 WO 02/ 098635 PCT/ CA02/ 00842 2 one conponent being held
firmy i WOPA3I n a stationary bottomfixture while #PCTEHYMIITonponent is
firmy held in place in a noveable 2op fixture. By applying pressure and

noving the tgﬁ) fixture vei rapidly, heat is generated through surface
frictiofNeich W%PSP%P?dﬁﬁP’V(%P & in astationary betemdixiure while acont act

i 1 oo TSRSl Wl B fladin e mbRe gt il By BB ®

wel di ngPresstrgaanthmaving ihg topdixiure veryaapidly, bﬁabagematedl‘tbrougbd for mechani cal
flash r d aII he.two plastic
corrpone%gﬁpartgﬂgah ?ﬁ%ﬂ&{%@#eﬁéhﬁgg&gh@%ﬂm@gﬁm i YTfaceh dans and

ot hers fefmnmpm&nts that arectorheomaﬂadtdgetmrhh@tmfsrmeﬂ@lﬂbﬁ?to dShdiscyis esul t, even
with the |im.t flasg q fstg erated, .its mpvenent and location is
cont r ol M&&: géu'ﬁfﬁitk ey adyantag ohxing 'Tvel‘jiﬁ’tgr'ﬁél"'aﬁ@lﬁim%ﬂﬁﬁ'dﬁl y. Various
efforts @ﬁefatéaemnamg ﬁe@dtfé]‘?né@ﬁmdapﬂéé?ﬁ'eﬁio%laédn% é%%ﬁa'nﬂﬂg techni ques for

pI ast I C fran”e assenb y but w thout commerci al success pat ent
5, 902, 65Auced s (eperaly Hhn fwe plastie comporend pads ate injection mekledenddhie descri bed

15 t hat d door
franmes. alg]vgs ﬁ?@%ﬁ Hﬁﬁ%%ﬁgg@‘éﬁé&gﬁ%ﬁ% %%wﬁﬁéﬁ ﬁiﬁﬂhm@&o&%}?ﬁhnal hot
pl-atlé mA*sdeesuheve?mth\thé)hralteﬂﬂasiﬂhai ls@bﬂémtécaﬁsdil%aeg‘m&mdmwhfOrt h I

bet ween, t he ends t WO T. eate a wej joint, the neta
plate i OCE¥RIH rcé’FH tﬁaﬂﬂ@ m'SB? &@@'@r‘ﬁ”"ﬁ'ﬂ@&ed agai nst each ot her.
As descri bed, th are S technl cal jssues with 20 this process because
unl i ke conventio "OH%Fﬁ &2 @’evk-,qeﬁ‘irﬁ ade ihg pasttthﬁeylhrat@@éveldlager i s heat ed
and as t%chﬁiﬁuéﬁ for\Mh%ﬂc?rBﬁle\éisﬁéﬁb t W8t &rclaPs ? , the small

. anmpount of surface g astic mat erl hat een rre is elther renpved
and / opateaid,.803,686dssueddodianson a‘aal Wmaitetrmmlve\moqmsaes dregdlescrbdd nal | y

presse e rofiles is poor,
D38 el Aol aoVBled e R P R el B iReB L e o5, 1o
pr oc esstediniqué bess amapiFrBak aimilds (O A2ohbehtiolhl Hot phits waklehatefecs a f our - si ded
vibratory metal plate rapidly moves back forth between the ends of two profiles.
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




frame, two opposite sides are held fixed in position while éhe ot her two

sides are noveable. The noveabl e sides are hel d 43 NPYeRDEf €298 hat are

- connected to four vibratory heads that are |ocated at profile corner ends
when directly welding .3 0 together two hollow thin wall profiles. Because

the vibratory head noves back and forth very rapidly, it is very difficult

to accurately control the final position of the vibratory head and so

- consequeghd yhis AesUiiiR réd@ldd Gorhet Wéldeét?eﬂ&i&gﬁgﬁél% b Lﬂbggﬁﬁ?ﬁﬁme'\bve”ber

2005 3 and this results in reduced corner strengt as an
uneven | whigh is ivisgtallwhpieealde.vi sual |y noticeable. Wth vibration wel ding,
there is typically a mninmum zone of disturbance at the weld |ine.

However, for gl ass,fi.her  r.e- e st a escribed in US Patent
5,874, 146 by Kagan%*%tai'ﬁpgﬁf%ét%% E‘&P'%?W ér{aﬁ{gumc%%en%pachi eved with
a w de wdistrzamse afthe vdid ding. HowesertordlasH fib@! i@senfbrdeel Slastic® &4 i ent away
fromthe flow direction and to cross the weld interface. Summa of the

. d :
| nvent | ofESRELSHAN My Patept £iG7%t, 146 by éaoan atied highesritrusiural slseroths provi ded a
met hod T edn b'aEhRSed witnhl QY YiekPISIfRelERANSHS FALINE BPRE fihbehpgd second
menbers and a junction piece ere e nenbers and e Junction pi ece are
conpos edtoatridrd astayifrom ding flow difeetion phddd iccogmthenwelt intefaceet hod conpri si ng
providing a vibratory head; providing the junction piece having a first

portion .for welding to the first and second nenbers and a second portion
ext endi ng4 VEBYOTY oy tion for nmounting to a fixture connected to
the vibratory head and for supporting the first portion fromthe fixture;

mount i ng the secongccop@hbited Mbt hspct bPtheih96Rtidm thélR i§ iprévidiéd gonnected to
the vibratory head; nmounting the first and second nenbers In fixtures that

are i ndepetwaier rming:a whrstaly wejdetbeennegtionthietyean fissigagereeandf orce
et ween Ok 3hq HHU o B ee M LB B P R e e oL "
si de of ddmpddadsat Ioasttin Partadt th&enoplastis inaferiil &he mambd tdhipridsthd he
engagenent forces while vibrating the junction I ece by means of the
vi br at orRroMeing avibsatonehertidrovding e ivoction pigoe having a tirstredionr i ct i on
- gener at &g, fRffind B 1 frsf B E56BndPhehiers§ 3T Pleddhd FBHIBE SRtending
| 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.




and on each respective opposite side of the first _portion of the junction
pi ece, such nelted material upon cooling fornin&3d*%@F@eb%9%ken t he
junction piece and the nenbers; and where the engagenent forces between
the first and second nenbers and the g4 unction piece are applied separately
fromthe operation of the vibratory head. 23 Novenber 2005 4 Preferably

t he engagenent forces provide even pressure on each side of the junction

pi ece. The engagenppéfeffUlf tfe Siefdenidnt féicBs \RoVias evbA prégufdibat i on of the
wel ding step such that af}teer t he gElesi red de\gb?%e of nethl ng of the

mat er i al §aeh sidecofdhg iiNaign Piress Theengegrmenh farvesl desisalily asnmyarigdhent f or ce

bosi &1 on ThieHatidry Bt 186680 4185 s g R Bld A5t dRe sfoce r ot er abi y
t he j unchieftingrbfethe naterialspifah@enghging dadditiashéamashialed adhohngl € with

respect to each of the nenbers, the Junction piece incorporating a
r enovabl 8NgageeRkforee igfedysachte; 3 levst whakein themelted apateriaimeaainsb i s hel d

s boenolehfin GBERGE bRfedh el A eMBA adl thollihBlod Bigcke) ¢ 19 oL oP

has been conpleted It 1's renove refer as a georetric shape
that is held in the fixture in an insert hole with a simlar geonetric
shape, e.g. T-shapldsfetsty jherjondtom gieee babai plgndreflahdel that gxtendpasi ti on by

f t ' hren or the like, Alterpatively, the junction
g? 222 ocarrﬁr%pa o‘?’%ﬁ%‘%@%} E@%?‘f?ﬁft&?‘_@én?’a e'@n&%ﬁg%h?’” B¥%®nsert pins on the
fixture ieorpoRatiiEa r&Rol 4B ItAS thalii® SR extbrifsH &f AR pI&itdr f%ngggfrpg 3' g;

application, the vibratory corner welding process  Is con _
~adj ust i nigbtip&elflindbe dintuse coneedpd tathevibrtonhkead, andtaftey the ndlding  a

speci fied: lLitude, freguenc and .engagenent. force. According to a second
agpect o%e? E%Sibr#gn‘%qn&w?%(ﬁg%enpvﬁpogﬁﬁg%’ pﬁe@g’%_ﬁ%ﬁ a&ePB?e“ﬂ%rm ng a

Vi br at or shapel tatisaad @t thcoiktetineRins&d hbRCREh afsimflar §éorpgglicsecond nenber s
and a junction piece, where the nmenbers and the junction piece are

an
conposedaPs, 845 tT-piaRas: the fungtiom piessdieing helddirmly inapositieaby appar ﬁt “f, .
conpri sing. | tar ' i IL.ye fon vi ting the hea
e or ehgpnbt etaitRhg A AREr L6 e Y, AP iataly fredhBERin Ppe

can incorporate insert holes for engagement 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 appara.tus 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




opposed first and second fixtures each having clanping structure for
securing thereon a respective one of the first £dNWEEERTMHPnbers and
where the first and second fixtures support the first and second nenbers
for novenent independently of the vilkratory head; c) 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 welding

to the egﬂfp%eé Q%r%tgf&fioﬁﬂﬂ ﬁé?&iﬂﬁq% éﬁ%‘gﬂ&é of t@ﬂsﬁaﬁ&%ﬁ%&ﬂ%o” hon

extendin Fom and r supporting-t Irst  portion, a erein the third
fixture mentwapt antd dcechnd portipn ddendiog febnpand fomsuppiortirtethieditstt | on pi ece

fhe secoRatBBr eRaNESSRdRe i prure Rt s eidTag Tseniaiion e for
gui di ng 6ﬁhétjhﬂﬁidméﬂ§6hdb§ﬁ&§ﬁ&wéd% @Wﬁfesﬁ@fleoﬁieg toje:rl.ats at;gna piece in a

direction perpendicular to the end faces such as to facili engagenent
bet ween @ﬁﬁgfﬁﬂeﬁe’\f@mﬁ‘@ gAcondepgriientisi lield piydbe thirdifixtoee; id) geideand  second

menber s t4 . - es rs coupled to first and second
Fi o oo CRABRHY Suting toiBES Rk EmEt BB BB ReBBet o Eiftes or “The

j unct i onjuptsepiead ih Badifdctih pafsbrRaAatoBERSIFacédudh adteRitiitate system
to regulate the operation of the vibration welding apparatus. Preferably

t her e ar@GAYRIMINMWAERR RRRPSIA;SIHes 6F the ibbctipn Riecead thedisdand act uat or

wher eby r Qvi V. en tor is
i ndepen e%ﬁ”@ ’}ggﬁ{uﬁg? é;tefsfg%ﬁ\gelﬁh@?rgg%rgaa C\‘tj%ﬁ ?%ﬁﬁ%drjéoef'%fé'lfingagenent can
be pr ovisdntixturgb td peovide ahicmgagbmicheforeé tietwest eppositassidds ofd fi xture

whi ch holds the junctio i ece i s preferabl | ocated so that the planar
fl ange d etJ‘I‘FéCq]%‘JrR!ta?%ﬁ”gitﬁ%gfﬁ@"ﬁaﬁe&%@m%{ﬁ erspa8¢ f) dpapirehsystem |y in a

cent al |osglnblalBF ol Hlib@insAA0RE Jinstes | bel ng movabl e

I ndependent thi's t I Xxture. on al so contenpl ates a

system for interc ' ri I 5][' Cgagar. to forma
closed frane. In %Z&Isa?%g%e %%J aojig%tﬁ{eéﬁ(g@&gﬁhgs %%ﬁ?‘h menbers are
engaged dachysressidiret dutuatef whesehydtherpryagietsont Téree fpravi@edrepteachcan be a
rectangul ar franme, a set of apparatuses aforesaid being provided at each

of the fR¥EPSWEAMYalops indapendgrily 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




The fram ng nmenbers need not be assenbled at right angles, but can in fact
be connected at any selected angle in the range 93 Neyember26(¢ angl es of
adjoining franme nmenbers with respect to the junction piece can also be
different. Nor is it essential that the fram ng nmenbers be straight, but 23
Novenber 2005 6 on the contrary, one or nore of the fram ng nenbers nmay be
longitudinally curved. The system for interconnecting the frame nenbers

can be Us@the EdhtAs§Soms Sr mégffrfgr#%ﬁqgaﬁ@mremn%@og@ggg@ﬁgy or to the

frame nenbers being wel ded together to forma co y wth the
panel . d¥eganel can be of any desired conposition such as a sheet of
glass or rigid plastics material, an insulating glazing unit, a

mul ti-cavity sheet rysi . i ke, cording to a third,aspect of
the | nventi on. & nePde PEAB0r ifroghBetiid o RRBLGRBarrodh b MiGa o

el ongat eofaszembie Hgsesmeaticds arsurelnals irdler ppAkY priciito thefrapidber s bei ng

I nt erconnected through an interposed junction piece, wherein the frane

menber s BREMDERR bpingcveldad oeataentafornchcempisie agsembly vatis the panglr t of a

t her nopl ' | : ' L.: ' L1 ge that
ext ends 'r;}?é Bﬁ“%@%’ﬁ %'%?g%%,é% é%ﬁéggﬁngl{gﬁ???@%‘%%gﬁ% Oéﬁ‘ racterized

i n t hat pasticstatgriahcn iosulatieg @lazing anitr e chuitbcavineshectextrdsioacot  frane
menber s F Vi bratory wel ded bonds on opposite sides of the junction piece.
Pref er a é"ﬁﬁch hol low profile has a peripheral wall that provides a
surface for welding to the planar flange. The hollow profile of the frame

menbers can be subgicgraipg tb%ttﬂirél‘é@,p%tf &mhe ri#ﬁﬁtibh ﬁergrse@%w Yo t he pl anar

e
flange has a thickness in the range o 0 12 mmand preferably 3 nm
to 6 mmfrarne comprising @ alsslity of elongateframe menderseadjacardepdsafe a t ext ured

f | on _generated heat. The

U 200 8 ot RO 1SN BB bl Chh PR RLSA ilehe?

t her moplaede, wharbirr thalfrarsé eierAbeAnd/ihdYjlneitrPpicde ard BScH tafPosed
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.




menbers can have decorative coatings or finishes incorporated on their
outer - surfaces. 23 Novenber 2005 6a The juncti oR3giaeabeayOdr ef er abl y
carry integral legs that extend from opposite sides of the planar flange,

- the legs being sized to engage |ongitudinally within the hollow interiors
of the adjacent frame nmenbers. The integral |egs of the junction piece my
i ncorporate each an integral spring centering device. Furthernore the

hol | ow frame profi Lﬂ;{gg ; f g jUACtion
~pi eces by ul tPason-lhge pot Sﬁlwgprﬁe@ca IY%%E&@SQ%? %"Qtr“hptgﬁ"ee*‘% anar
fl ange. fromfepisity sides afitds pdnarilanbe athierlggp beingl sizedhtceengdger cut to
- provide the. desired. coner angle of. the frang, e.g. a mter c at 45 to
Brovi de l&”@ﬁ“@ﬂ W'tﬁ*ﬁgﬁﬁihpﬂawdﬂfle”@%g%ﬁ Q%Wgrmf‘g”ﬁ%t?‘?rﬁe heray be
formed wntdyral !é@s%ﬁhﬂ@ﬂn@@&?p%& rﬁ%Pﬁﬂ:oﬁbc%fé Qécﬂpé(rﬁ)ntéﬁ%fl Sphg>Sur © plate

can be applied on the mter cut ends of the front face e fram ng
pr of i | e -Cenieling deweevielrdthermnagre doe bisllow franesy profile ensipersananreefixdd t hi s front

face bei i y welding flash..The.,junction, piece can incorporate
devi ces @3Qﬁ@§ 5‘?‘&%&9%@1‘%%‘? g¥ u\‘MS&PWgS%ﬁé&PQ@t IEPPRg or recei ving
plastic dpael faanehaprthar lHAg@ the vibratory wel ding process. There are
‘three preferred applications for the vibration corner welding process,

nanely: (i) where franme nenbers are assenbled around an insulating glass

unit 23 Novenber XOoeterapydbesselss] theframing porfteparermitagcviier e sil i cone
seal ant | J | S r d, the insulating
gl ass urﬁ@vagﬁ!ﬁ?% g?%%gﬁ’ze{%ﬁ@@ﬁgé‘ttegﬁaarﬁ% %g?égﬁf%}" cg]g‘%éragdtC{o the sides of
‘a frame @mesidetd 90Usomegr.SiHe miter carendsndf, theficinfing iprofitbe heayabe assenbl ed
frame is | ocg\t e?] bet ween sggced | azi ng sheets, Brief Description of the
" Dr awi ngsforme with a so-called dado cut (open sided groove)} and a pressure plate

can be applied on the miter cut ends of the front face of the framing profile

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




~The following is a description by way of exanple of certain_ enbodi nents of
the present invention, reference being made to tﬁé%@ﬂ}?ﬁéﬁ%%g dr awi ngs,
in which: Figures A and 1 B are elevation views of a frane corner assenbly
10 fabricated fromsquare profile, glass fiber filled PVC extrusions and .
wel ded aWa@#d986doner using conventional hot plate wel digrgcaoedssol ogy.
Figure 2 is a vertical cross sectioh taken on the line 1.1 in Figure 1

" through a conmer assenbl igure 3 is an elevation view of the test fixture

_ Figure 3
for the aMasp sliceneseslint i abnid ingapshetypen e assemblediiEmennt, Areri can
Fenes! 1 ahd PRUBNATSRES AT whbre aBHAY s i ARy BURGRH weepect | ve detal

of a franme coner” asse ncorporatTng a renova e outer side
edge wheéidestdia franeassepnbiy usiog siliconesseatent,aand (iii) vhets @m asedmibleédat t he

corners el Figure 5 is a horizontal cross section
~of a frg@%é%%?gﬁ@@%gﬁgséﬁ@%&&@ﬁ%rrmpl astic extrusions are
Vi brg,t.bi i lL.ded .t o diagonal planar flange junction piece incorporating
are v%\lﬁ?ﬁ%ﬁ—ﬁm (L = NS de edge. Figure 6A is a perspective view of
a single corner vibration wel ding. ratus, 25 Figure 6B is a schematic
di agram of the co‘mer@?'o‘gvgﬂ%ﬂﬂ%‘?’@g’gB}ﬂ&agf’fﬁﬁ'ﬂ%'?%#P?'&“ﬁ_"on wel ding
appar at mbokingsHite of heipregeri IrvBntidre Yefdfende By InfadeniSithe atidiiHnyfig We! di ng
apparatus with the extrusions installed in the tfixtures prior to the
vel di ng dppviegss t whichure 7B is a view sinilar to Figure 7A showing the

singl e corner 30 vibration welding apparatus during the welding process..
23 Novenber 2005 Rigires AdaBeRE: aerleymlion 9888 Df adrame corpetdssembin expl oded

per speckl i | IS olels L Vi of,,a,Vvi bration wel ded
Sor Al e atey oR Bt Bl e TiBr RERRE Bt fonk il Wi H BP0 1 ange
- and a r eomeabsing taivemtiohdldobplateoweldingaechnofigye 9A is a cross section detail
of a planar flange web

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. -




i ncorporating flash traps. Figure 9B is a cross section detail of a planar
flange web incorporating welding beads. Figure #3 Navegiber 8935 sect i on
detail of the noveable fixtures that hold the framng profiles in position
during the vibration welding process. 10 Figure 11 is a perspective view of
ajuncti QYPHWE¥ES with a planar flange and a renovabl PCI/GHAPEHE t ab on t he
outer side edge. Figure 12A is a petspective detail of a junction piece
with a planar flange and incorporating a renovable tab with a doubl e set
of L-shaped sl ot sFigHre 8A s abewplaiedaersectiveyview andiFigure 88 isepl oded t op

- elevati | 5 e UGt | ' Ll .pl anar fl ange

S juncti o(r]?%pr)élf:J ggteﬂ’é)v\‘/g%ﬂgsf %‘%\%ﬁéﬁ ﬁé@%gS?@gh%ﬂgﬁéﬁbg&?@?ﬁ%{g@%%rt I cal cross
sect i on jurictiohpigcamdthi aplapacitzmglaindiavgmavabie daleomtiidbatioph edge. | ange
junction piece as shown in Figure 12B. Figure 13 is a perspective view of a
corner web w th aFigersdfuls secroabsedtionl detuiltdfia phaidr fangsigeb Figure 14A is a

top plan view of junction piece fixture incorporating a separate
presgjr@@?qrﬁg%@q%@?aqgigure 14B is a vertical cross section detail of a

conmer web fixture_ incorporating a separate pressure strip device. 25
Figure 15A is a drigy® Q?%&q ‘Efﬁsi)g%qﬁ'o(}idét@"d’éﬁdl'qn%ﬂa'égq webe corner adssenbly
wher e t hgsohpiaimPheRingbdgdst i ¢ extrusions are vibration welded at the
corner using a corner gkey w th a diagonal web and integral |egs. Figure 15B

. 1S a cross secti Lay i . AR in

Fi gur el 5A where ?ﬂ%&%@s‘%iagr?éﬁchgﬁg?gpig@ei S u%pgafé%ﬁ?%gﬁ?@/ Spot wel ded
30 to t e framingmutfiles ipspasitionrderiog theevibliatipn weRlingpreotss, 2005 WO 02/ 098635
PCT/ CA02100542 9 Figure 1 5Cis a cross section and el evation detail of

the i@ astic frarfigueprlds ial perspedtiveoview of ejuration pizos with plgnare 15A. Figure
16 1s aﬂ£|rrlg‘fiezq:[lrﬁgcf1 5 ?ér%m?alb?en Tys.'hgﬁveg Iabvénbthgtoh%r} s}ﬁ% eOHgg.g apparatus
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.




showi ng that the fram ng profiles can be assenbled at varying angles to the
planar flange junction piece. Figure 17A is an 8§M?F@ﬁf%@<%w of a round
top wi ndow frame. Figure 17B is a cross section detail of a butt joint
assenbly between a straight and curved framng profile. Figure 18 is an
expl oded WePX(58Esi ve view of a vibration wel ded 10 corIT/daoapas4assenbl y

i ncorporating a junction piece with®a planar flange and a top held
renovabl e tab. Figure 19A and 19B are el evation views of a vertical four
head vibration welde PG s Fass sestionand elryation detall gé tierplasiicas senbl y.

Figure Harhing proffis SNAREOMABr Moy Sowh i Fidurg 35l Our head vibration 15

wel di ng appafat us where a four corners are simnultaneously wel ded. Figure

21A is an el evati | | . 1.ndo anel with the
t hernopl astic fr a'?nfaHPg6 WS‘?‘? T’%“srﬁ%{s@@ﬁ%%'ﬁ‘éfg‘@q&@hJﬁﬁﬁﬁ’%ﬁgB@/%@&s wel di ng.

Fi gur e ZhoBirgsthat the faiming profilescan detdssembledait vatyirigeangles o the pangddA - 21A 20
I n Fi!gurff 21A OI. a_conposite channel w ndow panel incorporating a double

gl aze AT 1L ‘%pﬁﬁ?‘t. Figure 22 is an expl oded perspective view of a
conposite channel . frane being assenpl ed around an, insul ating gl ass unit
using vibration c%‘EH'@rW%I%aﬁ‘fﬁ@B Ve Rfreropt lopwindpw iRt i ve view of a
coner assenbly of _a c&gpsi te channel w_ndow i ncorporating different size

fram ng profiles BAdre H&isatrass sacting defal ol aibyt jeiot arsembly Batwgen Fi gure 24A

IS a persoptittvad\sLRwd | ion wel ded conposite channel frame
assenbl y V\/%‘gére tﬁh\gbﬁrgaﬂarqgn%r’%?ﬁ es incorporate a single |I-shaped 30

g ass uni 1. 23 Nowaus. 18 BER SRR ekl B PEARBT BT T oure 208 i s
~an ekl cdoerframedssembly intaperatinga jinetion piecewith § planbofiengerarid gur e 24A.
“top held removable tab.

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 25A is an el evation view of an insul ating %I ass panel with a rigid
t her nopl asti c spacer frame assenbl ed usi ng vi br at43d¥pvesbeer08el di ng. 5
Figure 25B is a vertical cross section detail taken on a line 25A 25A in
Figure 25A of the insulating glass panel incorporating arigid

t her mopl a%@ PX¥098EHacer franme. Figure 26A is an el evati RECTGASNBH2 a seal ed
frame wi ndow panel where the outerl®gl azing sheets are directly adhered to
the frane assenbly, 10 Figure 26B is a vertical cross section detail taken
on a line 26A -26%\|Qurﬁ124:|3 ipaeexpiodegditop viewaf dhe ¢orneritame ciseempblyel as shown

i n Figur Uﬁ@ﬁ | 27A and 27B are front and side elevation views of a
cor ner %n oI adLEérjg%A'ng profile specifically fabricated for friction

corner wel di ng of - f S5.Fiqute 28 is a | oded
" perspective detai F@@@%@@%&Z@@%e&g@%%ﬂm aise%ﬂr@gwﬁﬁgrre wi ndow
_ panel agigihthermoplagticspaee2Bdne Bssamisied aﬁﬁ? Vibratidh cdfrferRiidihg.s of the
production steps involved in the sealed franme coner assenbly using a

conbimation of frFiguieo26BWl iertical Bebss sbéticRsdMiliak@Pbn Weih€ RBA-d5pchni ques. 20
Figure 30 is a eré’?ﬁ'ec_tive view of a junction piece with a renovable tab

i ncor porBfigNe 2 eripsidating glassRangbireerporing adisid thermeplastist f or m part of
the |unghibefrph&ce holding fixture. Detailed Description of the Preferred
Enbodi nents 25 Referring to the drawi ngs Figures |A and | B show side and

front el evationsg; | f fom square

hol | ow profile, 5‘?%@%%@ ﬁﬂ#ggv%@ﬁéﬁﬁeﬁh@&@@%@%‘ The mter cut
cor ner aviwse Sk aifter glazing sheats aendirctly a¢hared i hedrameradsdaibly. oget her usi ng
conventional hot plate equipnment. One major drawback of hot plate wel ding

is that a | arge dkigute 268 isfa eriicapbass sectiohaletailiskdrsorca tiné 26Aa2eA he wel d
line 36. Fhi S Qéfgsfi c fII @ﬁg 35 has to qe chanli:_call renoved and this
process "DF YRR <9V 81 3 &C2IPR AR WNCOW Rangl SR SYPWB ILFIgyr nber 2005 WD
02/ 098635 PCT/ CAQ2/ 008 11 t he wel ine 36. As a result of this
mechani cal renov !glér,eo?%gqu gﬁa@[ff%@gg ailde elevation views of a corner

- end of a framing profile specifically fabricated for friction comer 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




performance of the corner weld can be quite significantly reduced. Figure 2
" shows a vertical cross section on a line | B -1 R3tNgvsodber BROS frame corner
assenbly 31 where the mter cut ends 34 of the frame nmenbers 32 5 and 33
are wel ded together at the perinmeter wall edge. As previously described

thi s pro®s®/8§dat es plastic flash 35 that has to be meghant@ad2l y renoved
fromthe profile exterior. In Nortth Anerica, the structural performance of
“thernopl astic corner welds are evaluated according to the North Anerican

Fenest r & theweld ing 86 ¢ a neambofithisiraechapicatremoval pme%shtinmtﬂmtﬂlgur e 3, the
| . . _ Bl
eopport 9%5%@1?:9* e e bR an 1S quShand B 1] safiﬁa} eédloot o

b h . il. ) i 1 44 i
Al I LoP | Po%Agle Dendvifa VMBS ol SAUTERA 61 & e 18 (B PROMAS 54 being

. oc?_t ?adflgtneacTCtrx]IhatwsemllolyPB{liﬁemﬂﬁ rriiter eutentis 8atof ?mmr}l]énﬁﬁﬂﬁéégz of tpe_ :Jpper
rorile ; e S | test criterion . 1s that wnhen oade to al l ure,

Phe r o8 372 WbtdRaeier af B3 petmelotnel Pdosehsiblavipstlesciian

convent fi§procB8é cilafdsSpladtictia8A 35Ut HaL Rle nfceiBAicAy rﬁrgtsagéq fr%@ﬁl les as

shown in Figure 2 were fabricated from 30 per cent g i1led PVC
ext r usi BFafile exierigranpl es were tested according to NAFS-1 procedure and 20
the sanples failed with the break extending fully along the weld |ine 36.
The mai n reason loiNarthiAreerica, dre stiuctusal pesfoumaide df dherowplastic bBXRSr t est

- d | : r theis typieal ly no higher than the base
ot ??xu%'gldfrsraé% Qg%'HL{aé? %@L’@é’tﬁg &?fﬁ@ﬂ‘gﬁah\i@#ﬁ'ﬁﬁe%woe?ﬁ%ﬂéfdass fiber filled
Besenbl g 26 Ao Eae Bed L Getar | T T el o B B 4 30, one. of

asse crjbed in detai reference to Figures 4-30, one o
e mebieGTGR W AR coROLRISCEIDN 31 (A SHOTIGE WitboRmRS A AR asbenbl y
et hod 44916 bbliem!cRirhp 33 Wloesiteli 100 i BEve 18T BuReh2 BPb BlgSs. {1 ber
filled PVC extrusions, consistently pass the FS-1 Thernoplastic Corner

Vel d t effemeprefte ddr & Pt lpadiLi A4 isigreduslly appliedis ﬂjawqrefmpmnmlﬁlee Vi e¥v of
: o . . _
ronber 5 R A5 bdg haledtatd ditande s BT et e fOG PR, e on O

pi edé 4adgershobteappeopmfilel 3 aFhe pdss g 146 aitation is Hrabwioh doddali 9. The
juncti oppl S8 KHoak InalFistst extehd dioks 8 SRtire weld fine 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




23 Novenber 2005 WD 021098635 PCTI CA02/ 00842 12 base polyner as the

t hermopl astic fram ng menbers 32 and 33. The pl afarNoverkgge0MWs i ncor por at es
a rough or textured surface and because this surface treatnent accel erates
the generation of friction heat, the weld cycle tine is substantially
reduced. Wh/OREPT t hi ckness of the gl anar flange 48 ca#CTNGAWOB4het ween 2 mm
to 12 nmwith the preferred range Héing 3 to 5 nm The renovable tab 49 is

t hi cker .than the planar flange, 48 and this provides for increased strength
“and stiiblaﬁ%ggfymﬁfgﬁ&?&'@ q%twrﬁ'aﬂmb@fs§8|@ﬁﬂ&39,Thetﬁanafermvabl e tab 49

s cut ' oraRak L4 [ e vibration
wel di ngﬂgggeé;ﬁ%g{%o gpont aﬁianrg?@téwg&tﬁ%dﬁqr?cﬁgﬁg b%g?%%e@%%ﬁ% renovabl e 10
tab can tieatment peceleraiesithergenpration pt frictien heatcthsavkld Byclatimeds shows a
hori zon e} r ri,cat cagpner frame assenbly from
- hol | ow %?g%t%ﬁtéﬁl Foﬁﬁ%gé&ggrﬁé%ﬁ@@é%gkgﬁs@gﬁf angg%hicﬁa VAB®nbers 32 and 33
- are \d blbefvﬁelm Z(Ijmhdtﬂd'lz mﬁew;tllnﬂ’[]e m'éﬂ!aredfr?rgdvﬂbéiu@ettb th(}mpi?‘héedﬂ, I t he
structura aj. each of t t s i s reduced accordingly. In 15
addi t i oﬁ‘?"_"?‘f?g’?ep‘%grf{(?r'sglﬂ'ﬁlfﬁjéh@fht?‘ﬁrp%la\é\ﬁéng%‘ig Gi’%gﬁaﬁo"@@ﬁﬁﬁr br aci ng,
furt her incréuseadfrerigtnldid Siifhesd. Yiktr IRORERINGEI6ESs bRplefd e assemdly. A

f the plana

renovabl e tab 49 that fornms an extension ange 48 is

I ant eql'QmO\tﬁb;!? igbtAd) is sitieff using ?@heame;ssmlcsi?ﬂw qlﬂ\@:e Bf:_‘aumtﬁenlgdft he [
501 1 nk rat8R o BOBE iECcontatitaletfie Bssl weld fateridf s ihdbeb® el di ng " ©

appdat tab &ih tesredpcled ahd the plastici resinesugel, 6B and 7A, 7B. A corner test
sanpl e was fabricated using the sane holl ow square profile PVC extrusions

Wi fjh 30 per cent Figues$ ﬂmi;sh Qﬂhorﬁentahla'gwé@cttbﬁ thh@bhh@kﬁbh‘?ﬂw prfevi ously |
made using convention ot at [ ui pnent. The 25 profile sanples
wer e vveF’?fgﬂr W?%SW&M&OW h&l?gﬂé&aéﬁeqmo{ﬂg%ggae@% Becausathen  wel di ng

t echni afasi Bbidan 4 i SR RS | e vibration
wel ded tes{'@;@% gs paslitg(sj@tg%eml\ﬁgeéq ‘fﬁlld%g?orr%mst I C é@?h”é‘?ﬁ| d test

pr oceduPigce A¢, tbastHciuml foagigras each otibe o weldsds radsicad agegrdioglys dn gener al | y
r esy4kt Saddition, the planar flange 48 provides for diagonal comer bracing, further

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




30 in the plastic framng profiles 32 and 33 bei% enbedded i n the planar
flange 48. Although it is desirable that the plafsNaverkhge290 made fromthe
sanme resin-based material as the framng profiles, one option is for the
junction piece to be made 23 Novenber 2005 WO 02/098635 13 PCT/ CA02/ 00842
froma sWO2E¥863% astic material (e.g. glass fiber fil IRSEH/GARR/BISHAI) so t hat
the profiles are not excessively dfbedded within the planar flange. Figure
. 6A sho ato erspective view of a prototype single corner vibration

wel di n\sﬁﬁaﬂbaﬁﬁﬁ’%@% ic mgignal {5 & S'@ﬁ%ﬁ'é‘%rf@ﬁgF@t@?alkﬁwf@amﬁmf@fd?ﬁ)@iﬁent s: 5 1.
Vi brator,%tgﬁggsﬁejyié?ﬁgéddéhwﬁﬁﬁhgﬂ%ﬁﬂ%é_hat i ncorporates a top plate 53

very rapi

whi ch vibrates back and fort y in a predeterm ned plane. 2.

Junction Piece Hoggi ' | | ' i £ 50 is
direct Iy attached PuHR SHONS &1ch beSiRca VWS Rl dinde bifer D

f I ange jvibmatianowelgingappatatus5pothe apparattis dvbsistslof vémain camponants:es Two
noveabl e fram ng fixtures 55 and 56 i ncorporate clanping devices 60 that
~firm% hold the ft.aNibnatopyldéad es in position. The novenent of the fram ng
fixtures 55 and 56 is operated through a variety of neans including: 15.

el ectrical servo Atihearsibratoeyihedd 52 thatl itoliperatesa dpplate 53 whickont r ol
Systenms A control system 46 that. requl ates. the various operating paraneters
of the VI%?*Q?%’B&‘@!B@%’%%W@YW fﬁéﬁf‘?ﬂi“w&.gnmed time, hold time, joint
pressure, anpli tzélde’ freguency. and vol tage. The control systemis |ocated
in a protective -M%%E&M%d to an operator interface 64. 5.
Machi ne Franme A nachine frame 65 provides the structure that-supports the
ot her conponent s.ANStion Blege eldingdidire 50 s direatly @ttaphed torthe top plaieear or
or bitsal ' | 4 ' | Q0aa the vibratory head noves
1 gﬂ?g?ﬁmyeﬁd%%!bﬁdﬁ RahgejuREfIn FH8ces ﬁ&yhoﬁ.

back an
3. Moveable Framing Fixtures

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




in a predeterm ned plane. Wile with orbital vibration, the vibratory head
continuously rotates in a circul ar operation. As-Z23Noyembersld$ process,
orbital vibration offers sonme maj or advantages including: reduced tineg,

| ess energy, less weld anplitude, reduced cl earance and better flash
control . WROP¥3Ent, orbital 30 vibration is sonewhat ACEEAR/EI8#ZADb] e because
“the continuous circular nmotion is 1riven by an electrical notor and so

only linear vibration | ding.is illustrated in 23 Novepber 2005 WO
02/ 0986385 IRHONEATISER5s Howeyal: itican beiaPBiRciRied bythose skilpiée-art 1 can be

appr eci ahfbrbiyal vibpatfonSkélting ¢an Bisbb sibstitulddGbr r%{i\ir bfthedd Pcfrﬁéll on welding can
al so be substituted for mahy of these corner welding applications and
speci f | walding applisafipns ard specifisally, His processeaiferh adeantagesivéene af | ange j uncti on

pi ece i ?J'é*%‘?‘ﬁaﬂ?eu@hgﬁgnepig%nﬁ@%%@ a plan view of a single corner, vibration

wel di ng® appara 1'n position. The linear vibration welding

apparatus 51 feat; | Ly, he 52 that |ineat.l ves back and
fort hfi n a pre- g’éﬁ@%ﬁ‘%%%%%h%nwge? B’Pa'tFocPV'q{e‘é{@’a@ﬁWgPdm% lar to the
Vi br at ompphrstutss Liseth open msitionr ThellihgaruisratiGioiveldingparatidset i on wel ders
such as th Br anso M,hni g‘gl d?r_, lg’ but unlike these commercially avail able
pr oduct $eAtHeS "‘W’IPTPS&% pad a4 fhat dneqrfyraeves hack @8d fslthingsPiehi s al | ows for nore
f1 exi bl RN He @By if &ialing, g during the
frame aggg#ng‘ls y r%’%iﬁéﬁﬁ'}a@%ﬁ? g I%%ﬁi:ﬂéngé ?gﬁfgfﬁg%te éésta%%d éﬁrface of

t he vi bﬁamgrma@e@vmb!e/i@eaﬁ vibradormwelders suchrastthe Bransbd ddisi Welder, vi brat ory

Sarigl SRUEbRE these SRR aUaRbIe SB3bci 6 yBIS Heal el e, Shber
| ][m unt s 6 gp?’iﬁé ;siowaﬁs thisaliows fyyondre Slexiblet ardeedsy positibning obthketieshihg. 2 machi ne
r ame a

ositions. the vibratory head 52 at conveni ent workin
horar: - Terisers a8 3B Aatdiing .ttt Asgniol racess. A fefatass Bhotada of 1 be
machi netd fHa1g @éaéwz oftthé teibfamymahisng A%%itra%ngat?d yRPRIALRddéRafhl from the

20 vibratory head 52 so that a mninumof vibratory novenent Is transferred
to the VivEtAnheagd s helteblo atrpatale Bepyibeast ison sup obshawn) abd are support ed

on I d ' ' I t : 54 and t hese
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noveabl Fhisraait iren $uppodrsiisictiite 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




 planar flange 48

and 56 nove over the vibratory head 52 but there is no direct contact
except 25 where the framing profiles 32 and 33 c@dthayembre29dinct i on pi ece
47. The noveable fixtures also allow for the mter cut ends 34 of the
fram ng profiles 32 and 33 to be positioned parallel to the planar flange
48 of t hevgrwnesesdn pi ece 47. Each noveabl e profile fivcareaohtsand 56
consists of a horizontal flat plati®& 58, a support menmber 59 that is
attached to the horizontal plate 58 and a 30 clanping fixture 60 that
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cl anp G%Xilﬁegositioned adj acent to the side edge 61 of the flat plate 58

and to ensureé that the profile 33 is firmy held in position, the mter cut
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ends 34 of the profile extrusions 32 and 33 are pressured against the
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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




20 and 32 agalnst the planar flange 48 of the junction piece 47, friction
heat is generated at the two joint interfaces. RAdtpvamber 2q05 state is
reached at the two joint interfaces 66 and 67, the vibration is stopped
and the perpendicular pressure P is then maintained briefly while the
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filled ef(périm@ﬁs hbid Bélrt Etrigd aumrmﬁeé‘@émhmeﬁ{sohm shoRRfRAtUS, a series of

~experiments have been carried out and these experinents have shown that
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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
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essentially the same base resin as the framing prof les. A series of alternative

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.
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art, that welding beads can be incorporated into the joint design 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
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front face 80 of the framng profile 77 so that the profile 77 is held
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then slide into position and assune the genera ape 23 Novenber
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~and the T-shaped profile 85 is heid firmlyin 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




5 fixture 50 for the single corner vibration welding equi pnrent 51. The
junction piece holding fixture 50 i s mechani cal 2§ Novembesd0050 t he top

pl ate 53 of the vibratory head 52 (not shown). Because the junction piece
hol ding fixture 50 is vibrated back and forth very rapidly, the stresses
or shockwaoenzabsesh the fixture are very high and it ha®crlaenccest i mat ed t hat
these stresses are in excess of 10@0 G forces. As a result, 10 nmechani cal
pressure devices to hold the coner key in position are not suitable as
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conpl ementary T- t@oea i nsert hole 86. The junction piece 47 is slid into
positioﬁangﬁtmqqﬂ'ia reRAHBIOVRTAOft e 85 is held firmy in position by means
of netal spring attachnents (not shown). Ficf?ure 12 illustrates an
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span across the narrow sl ot 89. Figure 12C shows a cross section view of
the junction pi eddduieBlishgws secand altrrnativedunation;pigaedalding system t he
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then drg wn.lpto it i ,ti.on . where t circul ar, pegs 23
mvemewggﬁ‘g?q%ﬁﬁdgﬁa@%ﬁf%é 103 956 4§re go ?ﬁ"&‘?’ﬂ@'& within the
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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.




Conpared to the T-shaped junction piece shown in Figure 11, the main

advant age of the double L-shaped slots is that 2Rdgvambei EWSpi eces use

| ess material and so can be manufactured at a |lower cost. 5 Figure 13
shows an expl oded perspective view of a junction piece 47 wth a planar

fl ange A8v@aemes3s enovabl e tab 49 on the bottom edge. Taogrcavpemazabl e tab 49
I ncor porates double vertical slots292 that correspond to double «circular
pegs i ncorporated into junction piece fixture (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 held hol ding system
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97, the junction prete 1Is rmy in ositior dur Sorati on
wel di ng 1ocess. Rather than incorporating flash traps and wel di ng beads,
an 20 alternative nmethod for controlling plastic flash as shown in Figure
14 is to apply a Figumsl@ﬂeamitISB[shdmaimEochrbmmmpla'mi\néwdﬂai ng the

vi bratian weldln 0 14A shows,.a to | a |1 of the
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the pressure strip 95. The profile 25 extrusions 32 and 33 are held in

posi ti omwctpﬁ@!mébﬂ@pﬁﬂ&ﬁmg key 19Qinearporating dntegrg! legs dPéssure strip
device 95 is attached to a separate support structure 96 and this

support st ruct ur éA§ showbindtigure f168ntheretegiablegs I0Y ofitheccasuer keydlPe 14B shows

~a vertig ation weldin

equi pnmen @?%%gﬁq@tkgﬁ]n@ﬁ@agéeﬁgﬁﬁ&&bress tﬁgfﬁ{nﬁﬁ%es év'ﬁ e 95 30 and g

bot t om Iaesemlpiya'ﬁw praham‘gmgje 4B aif thmcqmmadey%ﬁ lsﬂirsT gibrlatrba wgldtadatbi o {1hwe:c di ng
rog sure re n_the ipe between the framn
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the two profiles.
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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




23 Novenber 2005 WD 021098635 21 PCTI CA02/ 00842 As shown in previous
figures, the junction piece 47 consists of a pl ZR&lovembeigd088 with a
renovabl e tab 49. For certain fram ng applications, this planar fl ange
configuration does not provide for sufficient structural support and there
is a nee®F@OIATi ti onal corner re-enforcenent. As shd@®li/dAn2/@B4gure 15, this
can be achi eved by the junction pi e or corner key 100 incorporating

i nt egral ures 1 nd15B show a cut qut cross section plan
vi ew of b&“"‘%%ﬂh@ ?ISH n%ef/ iastighas solidifiad: Yis fWa@e profile gl ass
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101 of the coner 100 incorporates an Integral” spring c ering device
102 t hat33siTiglintepesd Q‘Qﬁaﬁlﬂd of theseamhenkey 108 cphsistnf afrigichflat b48103 withe coner key

100 i,s fJ £ cut ends ,of. t rofiles 32
and %&i‘ﬁﬁ&%‘ﬁ%’@%% &Sﬁ@&‘#%ﬂ% ggfﬁﬁ’&fﬂi’f ?%?l'@k %ﬁﬁ'p nt back and
forth, ftriventation ahdthismllyws thegsositiohing finvi04ito Betchatrallydbedied. As shown in
Figure 15B in order to provide for additional support, the plastic framng

extrusions are ulFj mmswﬁmhemﬁym sfvira®ry Réd 54 ofithe corner 20 key
is typically used creating spot welds 106

100. A dou%e@& rp vvel di ng Vé%& l%

and 10#inglcornerdrichin wg%f g ﬁBB%r@th 51 shoygng-framing angle siptipas. t he

ul trasoni; t he gap between
the. cor ndangRniees 4P AERTANACAYE ahd EXRdRprnIbOsd afl' a8 Bre NE D20 O ong
wel deéd ppsitiomechagainst theevertieal suppast inainbefs (oot shownh and thecanigudarsur f ace.
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sane baamw&&ir@pétﬂéI@Mpbf@mebh@b@MJMMrédOfI les 32 and 33. One of the
mai n advant ages of using ultrasonic spot welding is that it is an assenbly

techni que that j dFigwetv womslaa;reté\faﬁbﬁmwta r@uﬁd’fﬁﬁmﬁﬂé\ﬁfﬁhe local i zed
points with no prefaornmed hole or enerq rector. I'n operation, the spot
108. The straight framing profiles 109, 110, 111 are miter cut and vibration welded

15 atthe bottom comers 113 and 114 using planar flange junction pieces 48. At the
butt joints 115 and 116 between straight framing profiles 109 and 111 and the
round top broﬁle 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.
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112, the profiles are st.ralg;ht cHt and vi bration wel ded together using

speci al lqcatediarihe hotiebeany 12 foidhe stryctyral Hame 12 1cr Hiatopseddi B9 det ai | of the
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curved am ng pr j uhctTon piece I ncor pofates | egs that
f eat ur ebeami126«the styysturalrarest2dr i ng device that sinplifies the assenbly
of the wi ndow frame. Figure 18 shows an expl oded perspective view of a
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welding heads 131 and 132 are attached to the second moveable bridge support
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 comner keys 138 and 140




edge 119 of the planar flange 48. To provide for sinplified handling at the
framing profiles, the junction piece conmer key £8RNoye@bers2G0ppi cally
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
juncti onWQBEBE7 is held fromabove 30 and parti cul aiGE/GAGR/00842
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el evation view of a vertical four head vibration welder equipnent 120. As
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fixed i gestpahibd ABmMans thniftediddset of vibration. wel ding heads 131 and 132
are attached to the second noveabl e bridge support 125. Each set of

vi bration wel ders . r j n ball screw
that in conbinati %ﬁéﬁs?ﬁ%g@gﬁw@rﬁ@%ﬁgﬁgz@ﬁqﬁ s,[eﬁgh% rtical
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the _f ouheéé \%{fdgﬂ ﬂrl)é 8£At}o?l§rslrgﬁﬂ1ellr?c§wd&gﬁ-neads 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




‘and 137 are loaded into position as well as the four junctjon pieces
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15 previous figures, these new fypes of fenestration products incorporate complex
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
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offers particular advantages for fenestration CE Ications. In addition to
an

t he pro@atseddhe tnsulaog glegs uaihand thermpsess than welded and h%aledrﬁ-ka)a'ed assenbl y

met hod ration
pr oduct Eé&#bﬁgfélfrh@%’tr'm 3.“%89? éorma 'néi;" an%%ﬁ@? @% SHBr &6F on comer
wel di ngthd?egwaigniﬂdarﬂméidriaihndvlabbremtemnm es of these new types of
fenestration products, nanely: 1. conposite channel w ndow panels, 2.

gl ass panel uni t d/NiiimdoBentiond| &di platerveldingdnwrdsrded the tifio wallpesfilé o t he sinple
' e_Ct angul afls Jﬂea&r&d%a ?ogmfher At ’th'eI cl:olﬁ%rrs aﬁ.‘e ?ramlng 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
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convent o 478 iding iidulitfly ofish Bhit thPsdid] ‘Theffdih Bitydtg@s dilsast i c Trame has

been assenbl e e corners, two SI e seal ant beads 169
and 170 ramewxgsphposite channed profileds thed thveeveralhwidtil ofzhe framing profie isnd t he

1 om gl ARU0ER At Helq fshfAnele afh el and o0 sHUBOR OBREEFEBST 0 021008035
PCTI CAO24i8 @afdw chanrel profile Bahathith HRMlaesornforhdravsty it difbuitta f f ness of

gl ass-and-frane assenbly, the overall franme profile size can be reduced
when! ¢ oRshie¥e aicongistenbeRrnenweld boeauss thadrgsf §1a chasnekshaped comeshows an

expl oded, JpeiraR88kihve corner detail of a 5 conposite channel w ndow panel
158. The channel -shaped framng profiles 171 and 172 are assenbl ed around

the nsul ating oG4k Bgidtis orifd cathlr 48 d bA7LREng 8 BB Brotidvlld 172 are

then joi ned and sea e corners usin ‘ rner wel di ng. One
key featlédof the lkdhaped baviivutvStdndrio fricocporaie o match p82 btibe miter cohrovabl e pl astic
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15 the profiles 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




wel ding equi pnrent. This has the advantage that t a e assenbl ed
around the insulating glass unit and the corners%ﬁ%ﬁ %FH@ and seal ed. As

a result, by elimnating the need to separately install the insulating
gl ass unit 169, there are significant material and | abor cost savings. 15
Wth convehezo8%6d% hot plate welding, in order for the ROTIGAIMRNS42 profil e
walls to be wel ded together at the28orners, the fram ng profiles have to be
essentially the sane size and shape. However with vibration corner welding,
by usi siugiucal inesmoseiting sealabt argiapplisdimtwpenthiel spaseifeaman86 ashdpes can be

struct ural ' her or exanple as shown in Figure 23, the
bott om Fﬁ%ww%‘% %ﬁ?%tg%%t] 165 Iarger and incorporates a deep hardware
channel 175 mhile he s is smaller, and there is no

74
har dwar e channel . h*%H@gFQQ%SSRﬁ? S %m?éfh??l iqoe t"'swgé’fbé ding, only

45 m tebomarmmmﬁatrthb@ :y&%nﬂmlﬂsesmgléb:all%afﬁer@banﬁad@fr&hng and a
cor ner Is feasible to itom together framng profiles with

di ff&eW’@#‘?EﬂOM@ﬁ“C@(ﬁ@fPB@ A hi@sy (theéaclsiacaﬂﬁgbwe spgcetfrapdul d be not ed
that whegy jjioRidigte! eigﬁg)fo;s}bﬁg?éaq%s%&f‘d@ Q&e*dhﬁﬁntﬂé\a&% ffiction corner

wel di ng, |t I'S necessar two novea ramng fixtures to apply
di f f er eaddiingajtboutdanmagingthedotegtitytof thechartiendeal olharmemmplaatict he different

profile sizes eSS ti t he, same ied on either
Pl G of PRHETE g5 il ot i SR e @UR podk REn 182 3l helsP988T . s "how
exanpl egrafife 1@_vv| ndow fram ng profile being assenbled around an insul ating
glass unit, it can be appreciated by those skilled-in-the-art that the

samg gor oduct i on [FigGRIBACEHOWS AN KU RItoA Vit y&afébﬂfr&%%ae%@ie@w 00842

27 al so be used to fabpricate a w de range of frane-and-pan products
i ncl udi fgsh windewipanel insaporatinga rarimetersash fiagies194s withwibratidy s and cupboar d
doors. Weﬂ'}érd rréH. and 24B show a perspective and top plan view of a
wel ded conposi te channel frane assenbly where the framng profiles 176 and

5 177 incor poratq:aurgl

supporting profile m@%ﬁ%ggﬁe }Shtgﬁ ai.'tl n@f}%%@féﬁdn?gﬁg{r’g' gol i d. The

mai n admme glgzed;fsehluda‘rammwmﬂwmambwa dl helpaneledonplstsfofltwo iglazirigat t he
o_verl%l | uter sneé)cs 1%h%m];i r1%51tﬁaqt OQleﬁap lhe perlmeter 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




reduced and as a result, there are material and égﬂ sagi gﬂ)% One dr awback
of this narrow channel profile is that with a faPN¥BPPHAPR0mer web, it
is difficult to 10 achieve a consistent corner weld because the | egs of the
~channel -shaped conmer web are so thin. One option is for the corner web to
only ext B02088685he top profile wall 181 of the |-shaped/aagawdossz 178 and to
incorporate a notch 182 in the mté¥ cut corners of the framng profiles
176 and 177. As_a result, while the bottompart_of 15 the profiles 183 is
seal ed 87 dwebility, sificanecsealant isrthe preferred meterialii Fersnhangsdogampositeal | s 184

1ly b l}ﬁ&ﬁm%e%! ' ' Iy rocess can be
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- made from essent| the sane astiC resi e spacer profile.
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and the spacer frane 186, the thernoplastic spacer profiles are nmade from

- glass fiber re- e thidegnicnglazingl sheet t96 istcabed bets/een theomio outerus gl ass fi ber

re-enforced pult j.ans. . After,.the spacer 30.franme 186 S been assenbl ed,
dessl caﬂ@!’-i“9|%"“88{sg‘§1ﬁ"§'ok® %n‘@H@ Qzﬁ%ﬁ?eﬁt 5 simlay 'B&ﬁa[?%g‘?tﬁg'q%ﬁﬁer sur f ace
188 of iréizestanahe bulievd §azing eaeétsd For RptbvdtiPefimldetfophancectle After the
panel has been assenbl ed, doubl e beads 190 and 191 of 23 Novenber 2005 WO

02/ 0986%Wkith of theavihspanss 281 and LO2 helweanibe giazing shegtsste, 406 aadg appl i ed
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coating 203 can aiso be applied to one or more of the glass cavity surfaces of the
15 window panel 193. In addition, the 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




-corner welding is that there is a continuous, single wall barrier seal nmade
from5 rigid thernoplastic material. As a result 23tNevepher24¢0%ce 192 of the
spacer frane can incorporate a variety of profile features including
attachnent devices. In addition wthout damaging the integrity of the
barri er swad209%sher thernoplastic parts (e.g. gas fildcrgabzbess) can al so
be wel ded to the back face 192 of Bhe spacer frane 186. 10 Figure 26A
shows an el evation view of a sealed franme, triple glazed sash w ndow panel
- i.ncor potlermatexgpamsionmafties 36 psincent, ayless ¥ibér fillsdmuietiaids 18X 10 kg or ner s.

Fi '26B sho tion detail line, 26A and.26A of tripl
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adhered to the frame wth thernosetti nig structura ‘ant 195, The inner
cent er fygihes redyced dytreinfrscing the fpsee profilenyalisR07and 268 adiaganitatheosd. The
peri net i I —f ] | | .ow
t her %pﬁgge{rpéﬁ%ﬁ ééﬁséﬁi‘l%‘@e@?imgﬂ %éngﬁ?%sﬁg@dgﬁgﬁégfglé%e@qert@ﬁ{gscOner S using
20 vi br gotshown).ner wel di ng. The thernopl astic profiles incorporate gl ass
fiber fill and as previously noted this provides for increased strength

and rigidi tly as \élﬁstbadﬂffibefr@assﬂemfwmeﬂﬂp' Vﬁxﬂheriwp' rlpﬁbgnlavgd?b@ I
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act ilén, extrusiensaansthigh draw pdented thermoplastia extrugiops.nBeeausedheplastic - a st ressed

skin sa \ ' .09 sheets
161 andB }Trg?iﬂg@pdggﬁ %@(taqt @Sigﬁaezj:d r ggss%%ﬁgﬁtogwggﬁ%gﬁhsi@ai nst ead of
t he panpbiniscofftioe permgetes frame, magienem diseds dileatpithg difforseitial edpaasibmo 30 sheets
161, 162 t tqogether as.a structural unit. The gl azing sheets 161 and 162
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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.




termdurability, silicone sealant is the preferred material. For enhanced
conposite structural performance, a hi gh nodul ug3&lovembee08aal ant is
required with the thickness of seal ant being preferably I ess than 3 mm To
- provide for increased panel stiffness, both the bottom edges 198 and

peri met ewosizgessaidges 199 of the 5 gl azing sheets 161 a&nu/ChA6200842e adhered to
L- shaped seats 200 on either side 8f the perinmeter frame profiles 197. To
al l ow gl azing sheets 161 and 162 to bow in and out with changes in
tenperature and phepreviouslyshows iiniBigurkse? 7Poand2iB, | enrsnioving theept to a

ith 1 ' ical. | engt ired. Atbi t
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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




fiber fill and is produced by PolyOne Inc. of Ceveland Chio. The
co-efficient of 23 Novenber 2005 WD 02/ 098635 PCPA&RYSMBEBZPS 30 t her nal
expansion of the 30 per cent, glass fiber filled material is 18 x 10-6
cmcm - C and this conpares to the thermal coefficient of glass which is 9
X 10 -6 Y e¥PP863T. For very | arge panel sizes, the théCrglAz88énsi on of the
plastic profiles can be further ré8uced by reinforcing the frane profile
wal'ls 207 and 208 adjacent to the 5 outer glass sheets 161 and 162 with
continuous uni-directional glass fiber strips (not shown). Instead of
~fiber glass reinforced PVC, the frane profiles 197 can be nade from
various other alternative plastic materials, including: thernoplastic fiber
gl ass pulprefiles andso gs agesult Bsleandiadingline@3é igeraatedibelveanthedi@ming pl asti c
foam 10 e‘%ﬁ,gg ons and high draw oriented thernoplastic extrusions. Because
the plasth ¢ “profiles are firmy bonded to the gl azing sheets and expand
outwards fromthe g i . i [ erﬂ . ess due to
the differential e%%r%?f)“r?%@gﬁ%’ﬁﬁ?ﬁ%&ﬁgﬁé’ﬁﬁg{%rof |s1 8 an rﬁ@%‘égl ass
sheet s o9, thecthb 224 ixmeckarically Femoven) fram the Wwshdped| cosreerkep 21 9f Theed
profiles,_ because the corner welds are i.cal.ly 15 on trong as the
P i1 SBLees e Peodlere piatass B8 bhad HBiBtorprole BRIN 8 ekt Sor i 1
the frame,as8@Ebmdr kel@ uRIMMiIEson® spoRweRRyEBsst rength and rigidity and to
al so reduce stress on the corner welds, the preferred assenbly nethod is

to join the plastic profiles together at the corners using a conbination of
friction conmer welding and ul trasonic spot bonding and this production

met hod 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 framng profile for a triple
gl azed seal ed sash wi ndow panel. By renoving the frame profile material, a
3 to 4 mmdeep 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 el evation 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
- fram ng
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~profiles 213 and 214 are joined together by nean speci corner keys 30
i ncorporating a planar flange web 215 and integrzp?LES@%?i 05T provide for
sinplified frane assenbly, the integral |egs incorporate a self centering
spring device. 23 Novenber 2005 VI)O%%098635 PCT/ CA02/ 00842 31 As
previously shown in Figures 27A and 278, by renoving the frame profile

‘material, a channel can be fornmed in the mter cut ends 217 and 218 of the
fram ng g[Rhuées 213 and 214 so that the top side rib surfaces 220 and 221
overl ap gonal center flange 215 of the corner key 217. During the
friction 5 welding process, the profile ends except for the top side ribs

220 and P21 are DA@AStHEEGor@ANRRY a VitkateRMvelddd @ltiRcldR beRRsaise plastic
flash is only generated at the interface between the profiles ends 222 and

223 and fisbakédsaeondmembersgad 2imction pieserwiperet said maembersancrsaid ed bet ween

Fi qur oo BRI BBeb 28 sefheBl S finel in po B h MR BIE A  aanr act uring o

single, vibration-welded, seal ed-frame corner assenbly. As shown in Figure
29A, the seal ed frsaig nasthodrcongsidgihgy consists of two framing profiles 213
and 214 and a special L-shaped corner key 219 with a diagonal center
flange 215 and a renovable tab 224. A channel is forned in the 15 mter cut
ends of the frami dYOYIHI9 PAdPHRYARADI14 so that the top side ribs 220 and
221 of the framng profiles overlap the diagonal center flange 215 of the

corner key 219. Agprgh %Qid':'i:lfgb'ﬁ%p?&% I"i‘é\qné_%qirsi BBrtioMPror eisidig> and 226

of the L-shaped corner key are loosely Titted into the two™fram ng
prof i | edomaid fird apal secanst messharsiand a sprana goirlion Betendingfroonmsaidr ner

wel di ng i US renpvabl e tab 224 incorporates a,special arrow head
ot 10 B80B0HeNTpr FmirS 2 Bifoe ZRenB e By AP BB 48 Wt hi

t he cor rfer skgporfingtdsie fitdorfibe from slidxtaFef i | es 213 and 214 are hel d
firmy in position by means of front clanping devices 230 and 231 that are

attached to the noveabl e fram ng fixtures 232 and 25 233 of the vibration
wel di ng appar at us @RtingBighgecond portion of said junction piece to said

fixture connected to said vibratory head;

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.




As shown in Figures 29C and 29D, the two profileié%ge %res red using

per pendi cul ar force against the contact surfaces 2GfNY8APg} 5 of the

corner key 219 and friction is created by rapidly noving the corner key 219

back and forth. During the friction ¥§Iding process, as the two profiles

213 and 214 are 30 pressured agai nst e corner key flange 215, plastic

flash flows to either side of the contact surface. Because relatively
flash does .not extend 0 joint line

[im d fl h i d i
botumen £he. tuo o Ie AR o i S G, 1B bnGadahet BiGea Bl 2008 wo
02/ 0985 3¢oritkalllcd 00 it evel? prestlird B atitth Si8edF said Rétibn pledd.ean parting

line 237 is created between the framng profiles. After the friction

wel di ng :grocess is_conplete and as shown in Figure 29E, the tab 224 is
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26) 23 Novenber 2005 33 .CLAIMS: |. A method for formng a vibratory wel ded
connect i4n bet weenfhé methodod asg cmedonBlaimssl #n8 whgraimcéacmsaidece wher e

said nenbers and said .junctjon pjece_are ¢ sed at least in part of
thermpl%réqQQ?%@teﬁf%q’ |§ alt ﬁ\é‘ifﬁ%@?@&ﬁ?ﬁm%‘ﬂﬁg?ﬁﬁ A 'QVW’pratory head;
provi di neh@PeRgadEIRENPIbrEE RERARUNG Ridviel PhePOthd Ribifedr mukdiiing to said
first and second nenbers and a second portion extending fromsaid first
port i on resrainglargehyintpoaition ketweerc thenerde of the swimbersarat they head and for
support ijgﬁctzcgj} ﬁi first portion fromsaid fixture; nounting the second

portion %Cﬁnction piece to said fixture connected to said vibratory
head; nounting said first and second nenbers in fixtures that are

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.




i ndependent of said vibratory head; creating an engagengent_force between
saidpfirst menber and one side of said first poﬁ?gﬁﬁe%$e§%¥ﬁ junction

pi ece and an engagenent force between said second nenber and an opposite
side of said first portion of said jggction pi ece; maintaining said
engagenent forces while vibrating sai junction piece by neans of said
vi bratory head at a frequency of from50 to 500 Hz to create friction

. generateg heat to t ter] on-the ends of sai.d nenbers. and on each
respectig‘e opposi tgﬁéi"aéemﬁ ‘{fﬁféaw Fs“?ﬁ%’@r%?'grge@f“eatg'gisa'af)ﬁﬂﬁtsri'on pi ece, such
mel ted nefgsecal upon cooling formng a weld between said junction piece

and sai d nenbers; and where said engagenent forces between said first and

second penbers and said junction piece are applied separately fromthe
operati ofr of the UR®methpyg ol aay onesofelainsdrtodbyheminihe wifalai¥hod of

Caim1l =y 10 St r ol ' even
pr essur ooy Broc¥e-3E SPAERE ol Rl fhe SRR ITHe LhePami 68 S 1
wher e eattie Whratopnigeark ford specified iasnpliapgé, feequaETgendd engagement he pl ane of
t he m)vefmsnt of said vibratory head. .4. The nethod of any one of Clains 1

to 3 whelP&¥%r each said engagenent force is varied such that after nelting
has been achi eved, each engagenent force is reduced to a | evel where the

nelted mpgerial rem@imthbdodahy die SOShIhA 88 Wakdtelh8n @pdsofof the
menbers and the m{unctl on piece. 5. The nmethod of any one of Clains | to 4

wherei n sgid dirst and sepoid memiegr campriges athiatlewpprediée thad iadpfinedbyf | ange andh
id , ‘ id_jungti i g . bl e tab whi
" ncor pord PEuBReH iR o e r SiERg B TR BB 50 1 xeure

incorporating an insert hole or slot with a conplenentary geonetric shape
to that pf. said rEm@urithed bfblaif. 10 heharimediddlination predhclddesns 1 to 4
wherein aS ?ésdpgcltiilgtintegrai 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.




portion of said junction piece has a planar flange that extends at an angle
with respect to each said nenber and where said %@M&WSF?@% of said
junction piece incorporates a renpvable tab that is an extension of said

pl anar flange, wherein said renovable,tab is held in said fixture that is
connected to said vibratory head and ere the nethod al so i ncorporates

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

conpl ete 7. The i rel i tab is | ocated
on an_ou?g'r edge O?ﬁéglﬁeghg{jgfg?’n%rgenég&gﬁhgﬂﬁgﬂs,S\:\Zﬁ(‘%‘éﬁ%ﬁgncor porates a
geonet ri jrstiepgi¢dwinclridzedtdehst pos tevies foy recdiving piastiolagtpor ati ng an
insert hole or slot wwth a conplenentary geonetric shape to that of the
r enovabl 8energted dyring th Waldingdiragesonf i gured to grip said renovabl e tab
and to ensure that the junction piece is held firmy in position. 23

Noverber 2005 35 8rd ietfiBl M hrfforfd 6f Aanihaba e AiifbafPEELI i © shape is T-

shaped. 9. The net hod any oné o al ns erein the vibratory
wel di ng pnoties pieéc isonade (fioed abstiffedjthstmoglastie nthiedsal thandhat fremoper at i on of

the vibratory h for,a spefified anplitude, frequency and engagenent
f or ce. 1&"0%%3'&2?%@%?9 givEn rsg)rgirﬁgéiq. to 9, wherein an end of said
first and second nenber conprises a hollow profile that is defined by a

periphergg. wal | prwe tetBod of eIdiRCE7 et dhiiguhbtispibdelncti on piece. 11.
The method of clajm10, wherein said gunctl on piece includes a respective
i nt egr al coBprisss glagsfpre fidad dhemeplastic matedal. sai d junction piece, said

"l egs being sized for insertion into the hollow ends of said first and

second ers andrﬁ&meﬁﬁgggkgﬁg%s%%%éﬁs %"18.1%?%{29% %Srs within the

hol | ow i nt'erior there claim erern nmounting said
j unct i onjupttore pidoe ingiudekiaxweaidingibeadpunti ng said first and second nenbers
in said fixtures are perforned with said legs inserted into the holl ow
: ds of id first

ends ot 7§ TS A?nnéj[hod 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;




second nenbers. 13. The method of claim1l, further conprising inserting
said legs into the hollow ends of said first and3NvemaenEiiers prior to
~nounting said junction piece to said fixture connected to said vibratory
head, and prior to nounting said firig and second nenbers in said
fixtures. 14. The nethod as clainmed in"any one of clainms 11 to 13, further
conpri sing spot welding said legs to a respective member at a |ocation

spaced fromsaid fjrst P]ortd'.o f sai d ‘JEI“BCt orh& ece gS The met hod of
any one of clains TPYWENYACUGH JW"%&“ BN MUESHEaLATS nt egr al spring
cent er i nfhdienaent BsAia e 2}{&@ 36 16. The nethod of any one of clains 1
to 15, wherein said Junctlon pi ece includes at | east one device for

receiving plastic flash generated during the wel ding process 17. The
met hod of any one @éfeadingidmsengagenent igree beiwvesn a mpmber @od Qfeece i s nade

froma s far f id first and
second n%?rctj%e(ﬁssaté@yﬁ&rﬂéﬁg?sgﬁjeﬁhbﬁ hl&fg érﬂ?én e"f%@gmﬁﬂing:?%r%gal d junction
pi ece cbepréerean gidjent inberabér hheé dintdprositp! sidé iof samkt firist pbrticklof The net hod
of any one aof clains 1 to 18, wherein said junction piece includes a

wel di ng BALAUNSHPN RiE%Ei hod as claimed in any one of clains 1 to 19, further
conprising the steps of: (a) providing a panel to be franmed; (b) providi ng

a plural ity of frawRiffBlied Sakiindddiihd Bl whRdSlbrificy 4gdigng said first

and second nenbers, each franme nmenber having a c anne ornmed therein
for. recejunctign m@dgﬁ rrpﬁarta ofrsaid viaatbrpdwead, togaeate frictior gemebatedconpr i si ng

at | east t|c ria serting,said panel into the
channel ‘%& tggﬁglti %8 Ppe eBHB\?? ldgégggénhﬁ?ﬁ‘ﬁ’cm? &% &8 'br | 0i ni ng
adj acente@(ﬂdﬁesﬂectlve oppos:te 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




each franme nenber; and for each two adjacent frane nenbers %&erform' ng said
‘steps of: nounting the second portion of said jur?@t'?‘%”ﬁﬂeég ®0 said
fixture connected to said vibratory head; 23 Novenber 2005 37 nounti ng

adj acent frane nenbers in fixtures th are independent of said vibratory
head; creating an engagenent force beiween a nenber and one side of said
first portion of said junction piece and an engagenent force between an

Finet onoraegs A whlre B o SBelho TR e sbbolA Mg g s o

j unct i onsgéerEkmaynivesfer afoveanchtunde péridentliyesidsdid vibratirg headct | on gener at ed
heat to nelt material on the ends of said adjacent frane nenbers and on

h ti J id f ot first portion of said junction piece,
Such ol od mat er | ARNIR JKilse ST CRGH i Frid tetery eRUdBneIRg | unct i on
pi ece a“ﬁaié%ﬁctfdrﬁﬁﬂ%c@?%%géih Sy J;dmbﬁ ﬁé&@' cORFFREIE Mirst Boffth fapt ween said

adj acent franme nenbers and said junctl pl ece "are appli separately from
t he operweldimg tmiheands of baial finsy ahd agcoad mémirerd)ahdas sebandred i n cl ai m 20,

i Si , I di ib hegad and ,a. fixture connected thereto at
cach | orkdrBh St ot atlEiel St festaertihG AR NG TR second
por ti on &did eRied fixttetis @dapRiEfR HoMifg %P 8EEONE pbHid/6LsaidfGhatior ating two

or nore junction pieces to create said friction generated heat
subst antPigre gngl impasitinnagstoyallow saidblivst podiort iorengrgd sgidend tacasory wel ded

oi coo. . aelRaNE SearBatREER i by eio it BREEY i oce are composed at |

least in part of a thernoplastic material, said apparatus conprising: a) a
vi br at org) head i najuidetruetutel feegliating rdintivée Ao emhéehtaddeen said

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.




predeterm ned plane at a frequency of from50 to 500 Hz; b% o=oposed first
and second fixtures each having clanping struct @Pdqvgmbee ng thereon a
respective one of said first and second 23 Novenber 2005 38 nenbers and
where said first and second fixtures %éjpport said first and second nenbers
for novenent independently of said vibratory head; c¢) a third fixture
connected to said vibratory head for holding said junction piece, wherein

~said ju i on piec i (,rst I i to,the ends of
said first and sec@ﬁ%gﬁgé‘?@r&é o‘i"ghg Oz'es(g@%%ﬁggg{q %w&tngﬁcﬁaﬂ% fromand for

suppor t i thirdsfadtoref holds said junetion picceMrea dialancsdl Waly Eindds fiixetubesdi¢ adapt ed

for hol di E%tsai d second Borti_on of said junction piece and is positioned

to all ovbfi ant e npasupsintigliksgatal saloarnn saidedbrajgiyrhead andecond
portion \fehfh @akyﬁr%@bﬂdts'é'cbﬂgfﬂxﬁr‘éfseére%o Igﬁa&éﬁéﬁé}ﬁﬁ dfUaigui di ng

rel ati ve novenent between sal menbers and said junction piece in a

di r ect i dhirgdixperedircibpplytevesaprisentk td eitksr sidelnfaaid uricdonlpi¢ed.e engagenent
bet ween opposite sides of said junction piece and said first and second

menber s spectiv . e ressure actu S C led to first and second
fixtu_reséf‘_o prov?h}élé'ﬂﬂg@pﬁ_é‘éﬁgrrﬁﬁyof’&r e&rﬁ"gf‘ﬁ%égto Wg\e(%'ns'?&ﬁ‘is of said

. juncti onhpignguredBdosatbd dbovelsaad dibratdiyhemarbers; and f) a control system
to regulate the operation of the vibration welding apparatus. 23. An

apparatus as clainmed in claim22, wherein said drive is arranged for
driving i d vi br & Haneea@psisingna piyelitiefelongate frametmemhers, 24. The

P ependifie et drndlfs ars e Bele BeBicTP R Srn Bt HROITRE oo0ar at e
of d ai riste2@osABjumctidA piies, eiiteredn gaidr feseRemeirs ahdrsai@idndtivpependent | y

adjustable to provide a variable force of engagenment between opposite
si des ofPI&%H ﬁrs})ﬁﬁﬁfﬁ ceMRgsedatdaastdnirart pf athepeplasiomatadaband and where

the profdgiejtctiendides RaRS Phnarhdngd 154t &Rbnds 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.




second nmenbers are different. 23 Novenber 2005 39 26. The aratus of any
one of Clains 22 to 25 wherein said third flxtuF@'WBP g&ﬁsjunction
piece in a balanced way and is fixed to said vibratory head in a
substantially central |ocation on said vibratory head and wherein said
first and second fixtures are anabIe4@ndependentIy of said third fixture
and apply even pressure to either side of said junction piece. 27. The

appar at us,of any o o 26 erei thlrdflxture is
| ocat ed i3%0ve sai d P&?%Pba@%3 9§ 32 M%%%%ﬁﬁm% kersiandi ity of
el ongat g r ein

g tﬁé.ﬁg%,rtaﬁrr@ggéﬁccgﬁe%e% !%Qﬁ&t@ﬁ/c@%'fﬁegsﬁ’épéﬁég AR GyIPe ! N

i nt er connect I nt er pos ion piece, whereln sard frame

menber s thedassainbly ypmecéss theileg s e&tﬁeeﬂtm therfparsing) pitofileeast in part of a
thernoplastic material, and said junction pi ece has a planar flange that

ext ends an angl th r ch s act erized
T that Bhoh said THOHEMGAT Eriey? oH iR B oy RAraP Qe 11 ane
nenber s mcglnb(f@pgfg[e aeditedinganrdscedn opposite sides of said junction

piece. 29. The franme of C aim 28 wherein each said frame end conprises a

hol l ow profile that is defined by a peripheral wall providing a surface
that is %@l ded to 538 Hameaﬁaelafm%évheggm e cBNtRRNGACYcsi m 29 wherein

Sa1 S, Nl GHbRESL by oSS LR, Bl yPEadRlig v 1 & o1y e frame

tron piece carries integral |egs
extending from opposite sides of said pl anar flange, said |egs being sized
t o engagsb.l ongi t udl meafrenenot ali'IYIOBE dfedaim pautd 361 whieeeinhedid gumdtioner i or of
t he adj acent . 32, The frane o rei n said

bt ou ofigee indGaEe STIRET o8B teviad tordnteiving plaslic oSh e PELBaa; | ouat | ons
spaced fdHRGRIrhatbAHsaid Waldsd béAddlovermber 2005 40

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.




33. The frame of Claim31 or 32 wherein the franme _nenbers and the integral
| egs incorporate conplementary profile shapes so 234evemhesgd® the assenbly
-process, the leg is centered in the framng profile. 34. The frane of Caim
33 wherein the integral legs of the junction piece incorporate a centering
device. 35. The frame of claim 34, whétein said centeri ng device conprises
a spring devi ce integrally forned with each |l eg. 36. The frane of any one

- of clai m to 35, rein said nction |ece i ncl udes at | east one

- devi ce fé recei V|F€hgr3£§?P afWéJé'W %fteﬂ@’l"&‘i ¢ 0&&% WAredrsaidi on of said
wel ded bengmopkiatic TRatdAR pBfyvirt Efiloffieuner ein sai d device corpr i ses a
recess for receiving plastic fy h generated during the wel di ng process.

38. The frame of Caim37 wherein said recess is a flash trap. 39. The
frame of4&ny one oTh%rf@nﬂ%OﬁanIJ@r@&waﬁm A84aid, wineceinosaid fiiaane

i ncor por of, any one of clains 28 to 39,
- wherein ﬁﬁ%ﬁ?ﬁ"ﬁ]&p@@gaﬁé’%ﬁ% i\nﬁl ef'fer t hernopl astic nmateri al
than that fromwhich the frane merrbers are made. 41. The frane of any one

“of claim628 to 40Thavirainee of aay dnel gfirdaims Par@a2hamereinfitdmesse i n the
range of 2 to 12mm 42. The frame of any one of Clains 28 to 41, wherein

sai d pl af&m 9!’%95%%0%99%@“fﬂogﬁsnreiulﬁﬂaacéwm @Morideor porat e a

textured surface finish. 43. The frane of any one of clains 28 to 42

wherein gaid franeyp, £ 8 8h oRE'BITS gng?sggatfasrwhbp ﬁde%bfét Rlced

t hermopl astic material. Nove rane o any one of
cl ai ns 2@atimngsr fiishas are;mcdrpar‘amdmplomﬁean surfetes ofadaid Sramod yvi nyl
chloride,_ 45 The frame of any one of clains 28 to 42, wherein said frane
menber s ' H%’rq Ge cellular foam pol yvinyl chloride. .46. The franme of any
one of clains 28 to 42, wherein said frame

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.




menbers conprise conposite wood fibre filled polyyjnyl chlqride. 47. The
frame of. any one of Clainms 28 to 46 wherein decor%{'%‘éemct%%gpbggs or

fini shes are incorporated on outer surfaces of said frane nenbers. 48. The
frame of anyone of any one of clains to 47 wherein the ends of the
frame nmenbers are mter cut. 49. The frame of C aim 48 wherein a dado cut
is fabricated in the mter cut ends of the franme nenbers except for one or
bot h of per and ' f _Sod r.ane of
Claim 48Bahere a prlég\iﬁ"éég’f%ﬁﬁ“s‘? qp%‘l%@%%n%eﬁgh%r %&hguﬁﬁg% S on upper
or | ower Idcatesd befwedrespacrgleirizesisestsri ng the wel ding process. 51. The
frame of Claim48 wherein a dado cut is fabricated in the mter cut ends
of the franme nenbers except for front and back sides of said frane
menbers. 582. The ff4manf ahy ¥t eMBails &80 5, Hhdr8imsaitjéri@idh pidgel r ame
menbers are assenbl ed around an insulating glass unit and where silicone
seal ant issinjgmdéd etblded gaps bet ween the assenbled frane and the insulating
glass unit. 53. The frane of any one of Clains 28 to 51 wherein gl azing
sheets are directly adhered to the sides of the frame nenbers using a
structural thernosetting seal ant. 23 Novenber 2005 42 54. The frame of any
one of Clains 28 to 51 wherein the frane is |ocated between spaced gl azing
sheets. 55. The frane of any one of clains 28 to 54, wherein said junction
piece is injected nol ded.






