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15 head or four-head welding equipment is used. For four-head welding equipment,
the complete frame is assembled in one operation and, taking into account the
time required for frame set-up, profile loading, corner welding, cool down and

frame unloading, the total 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 large 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 waste 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 walls of two thermoplastic components. As
described in US Patent 4,352,711, the typical vibration welding process involves



described in US Patent 4,352,711, the typical vibration welding process
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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
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 accurately control the final position of the
vibratory head and so consequently the thin profile walls are not correctly aligned



30 together two hollow thin wall profiles. Because the vibratory head noves
back and forth very rapidly, it is very difficult to accurately control

t he fi nalwpagiotdeahr of the vibratory head and so consequemRCiTyCAok@osshi n
profile walls are not correctly alignédd WO 02/ 098635 PCT/ CA02/ 00842 3 and
this results in reduced corner weld strength as well as an uneven joint
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and sai d.Jipheksrigiand Where said engagement forces between said first and
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after the desired _degree of melting of the. . .
15 members in fixtures that are indepenident of said vibratory head; creating an
engagement force between each of said first and second members with a
respective opposite side 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
20 on the ends of said members and on each respective opposite side 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 framing members and said junction piece are applied

separately from the operation of the vibratory head.

25 Preferably the engagement forces provide even pressure on each
side of the junction piece. The engagement forces desirably are varied in the
duration of the welding step such that after the desired degree of melting of the
materials of the engaging faces has been achieved, each engagement force is
reduced to a level wherein the melted material remains molten in position between

30 the ends of the members and the junction piece.

Preferably the junction piece has a planar flange that extends at an
angle with respect to each of the members, the junction piece incorporating a



materials of the engagi ng faces has been achi eved, each engagenent force is
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bet ween 3W@OtobwIssrtls of the nenbers and the junction piecePCPraoenedaby t he
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location on said vibratory head, said junction piece having a 25 planar
par t 1% ha8OMRrginggned per pendi cul arl y to said predeternined plane;

a) a vibratory head including a drive for vibrating said head in a
predetermined plane at an amplitude or at least 0.4 mm and-at a frequency of
from 50 to 500 Hz;

b) opposed first and second fixtures each having clamping structure for

20 securing thereon a respective one of said first and second frame members and
where said first and second fixtures support said first and second frame members
for movement independently of said vibratory head;

c) a third fixture for holding the junction piece in a balanced way and
typically in a central location on said vibratory head, said junction piece having a
25 planar part that is aligned perpendicularly to said predetermined plane;

d) guide structure for guiding relative movement between said frame
members and said junction piece in directions parallel to said predetermined plane
and perpendicular to said planar part and to said end faces to facilitate
engagement between opposite sides of said junction piece and said first and

30 second frame members respectively;



d) guide structure for guiding relative novenent between said frane

menbers and said junction piece in directions parallel to said

pr edet er mvoad/opdeane and perpendi cul ar to said pl anar parPcanmhorioosgai d end
faces to facilitate engagenent betwe&n opposite sides of said junction

pi ece and said first and 30 second frane nenbers respectively; WO 02/098635
PCT/ CAOZé)00842 5 prespursactuatass toapleddo ficstAnelseconti fixtiresid psevide dn

f|xtures to rovi,de an, en errent force betyween opposite sides, of s |
junctiorf 3505‘39 e%g? Mﬁ%&r\ﬁm hi Q@nis%'grf{’?to?”‘iystem

to regul%&nhhﬁem@térmﬂ of the vibration corner 5 welding apparatus.
Preferably there are ‘adj ust ment mechani sns associated with each pressure

act uat orp Wher eby t BoRREPARAERLo hBOGBIPIR HELIGH PRRIVIBIARAKaerCt Uat o

S |ndep ndently a way, vari a e force of engagenent
can be pweMirdedppdmatuggh t he duration of the welding step. 10 The third
fixture which holds the junction piece is preferably |ocated so that the

planar flange of tPesferably thete preadjustmbal meckanishe adtidtedaithtagehcal |y
in a central location, with the first and second fixtures being novabl e

i ndependeigssyresactuatos whereby thex@res@en‘m@t fpm%ﬂwmdabkéa%ﬁfﬁﬁwf%t es a
f f
oY oecn (R FRRPERCAR, AR il waloa VBl 1ORS BBy 0 T ¢

acen jolrnin ers ar e

engaged dca/nbe@rmﬁdédﬂﬂwmﬁghebaddraimmaofaheweldiﬁgestép anme rrerrber can be a
rectangul ar frame, a set of apparatuses aforesaid being provided at each

of the four cornersh@thitdixthferwBichTisids tenjungtion pleess pesiraly Idatassenbl ed
at right angles, but 20 can in fact be connected at any selected angle in
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fram ng independentyofithid thirdifixturenal |y curved. The system for
i nterconnecting the frame nenbers can be used to 25 assenble those nenbers

around an inner paygRé iVentibnlalsd BentbirpiEtesBIEYRESM for interconnecting a
15 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
20 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 on the
contrary, one or more of the framing members may be longitudinally curved.

The system for interconnecting the frame members can be used to
25 assemble those members around an inner panel prior to the frame members
being welded together to form a complete assembly with the panel. The panel
can be of any desired composition such as a sheet of glass or rigid plastics
material, an insulating glazing unit, a muiti-cavity sheet extrusion, or the like.

The invention further provides a frame comprising a plurality of
30 elongate frame members, adjacent ends of pairs of said members being
interconnected through an interposed junction piece, wherein said frame members
and said junction piece are each composed at least in part of a thermoplastic



bei ng wel ded together to forma conplete assenbly with the panel. The panel
can be of any desired conposition such as a sheet of glass or rigid
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15 The junction piece may preferably carry integral legs that extend
from opposite sides of the planar flange, the legs being sized to engage
longitudinally within the hollow interiors of the adjacent frame members. The
integral legs of the junction piece may incorporate each an integral spring
centering device. Furthermore the hollow frame profile members can be fixed to

20 the legs of the junction pieces by ulfrasonic spot welding at locations spaced from
the planar flange.

Preferably the ends of the framing profiles are miter cut to provide
the desired corner angle of the frame, e.g. a miter cut at 45° to provide a 90°
corner. The miter cut ends of the framing profiles may be formed with a so-called

25 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
30 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



corner. The mter cut ends of the framng profiles may be fornmed with a
so-cal l ed 25 dado cut (open sided groove) and a pressure plate can be
appl i ed owotodessdi er cut ends of the front face of the framiaxg2postil e
during the welding process to prevent?7 the appearance of this front face
being marred by any welding flash. The junction piece can incorporate
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Figuré 3 is an elevation view of the test fixture for the thermoplastic

0.2

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 to a diagonal corner

web

20 Figure 5 is a horizontal cross section of a frame corner assembly
where the thermoplastic 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.



flange junction piece incorporating a renovable tab on the outer side edge.
Figure 6A is a perspective view of a single corner vibration wel ding

appar at uswo23/0986gure 6B is a schematic di agram of the contcaolCagsesam for a
single <corner friction welding appar&tus. Figure 7Ais a plan view of a
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process. 10 Figure Il is a perspective view of a junction piece with a

pl anar ncampsatingiwgldirgbeadse T- shaped tab on the outer side edge. Figure
12A is a perspective detail of a junction piece with a planar flange and
i ncorporating a rehigusbil@ is atcross secticmodetai ofthe mbveabledixtures thathald  t he
back edgg. A5 Figure 12B is.an explqgded.top elevation view of a junction
o ece . MoedTatg e Bipfies 8 medish dio YR insalef WEIRhA Bt eb a5’ shown In
Figure 12A. Figureg 12C.is a vertical cross sectjon of the junction piece
holdifig 11 xture w EIUEE Bl én@ParsRerive M of alunsticBiscs WBAPRRAE gur e 125,

Figure lg,ds é‘nd’ﬁrréﬁr;o%gb}éeﬁéhﬁlﬁ/eefta@oﬁ%é‘%ﬁté?‘%!iﬁé’\é& a renovable tab 2 0

on the bottomedge. Figure 14A"is a top plan view o ‘a junction piece
fixture incorporatpae 12A is a perspective detail 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 corner web with a removable tab
20 on the 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 corner
assembly where the thermoplastic plastic extrusions are vibration welded at the
corner using a corner key with a diagonal web and integral legs.

Figure 15B is a cross section detail of the frame corner assembly as
shown in Figure15A where the plastic framing profile is ultrasonically spot welded
30 to the integral legs of the corner key.



a separate pressure strip device. Figure 14Bis a vertical cross section
detail of a corner web fixture incorporating a separate pressure strip
devi ce. 280RFRgesseas 15A is a cross section plan view detail pefl/okioesse cor ner
assenbly where the thernoplastic plas®Pic extrusions are vibration wel ded at
the corner using a corner key wth a diagonal web and integral |egs.
Figure 15B i s a crbigtira §6Ci isra cresaiskectidn ahe elevation detaibof theqdasticy as shown

in Figurgl BA where the plastic frani filg s ult i cal | t
wel ceg. BominD BREIS Abd gotet heyas S hoBiohes 188y Vo 02 068635

PCT/ CA02/ 00842 9 Fj@%ur lSCtj S a cross section and el evation detail of the
plastic franing pFiFe d64sa fragmentapeplagview ofNibratien welding sppakatysir e 16
is a fr I | A ty ' | at the
Fram ng. o B ShabRTn G Fofles et b6 e diinlol o RN elflesTPIE Poraty) 1 e
j unct bonflangecjpincioypiecel7A i s an el evation view of a round top w ndow
frame. Figure 17B is a cross section detail of a butt joint assenbly

between a strai ghFigane 174rig et dlevatiorgviewasfid wunbitop winddwifanssl expl oded
perspective view of a vibration welded 10 corner franme assenbly

i ncorporating a j URRfUr@N 7B iS&Fcroks BedticH dskal of badejofit dsdembiPoéiledn
renovabl e tab. Figure 19A and 19B are el evation views of a vertical four

head vi@staight and arved dppunapafileé.cat uri ng two stage frane assenbly.
Figure 20 is an elevation view of a vertical four head vibration 15
wel di ng appar at us higere 18lis aheaxpladedperspectivesviewlaf andbration weltlddd. Fi gure

21A | s an el eyation vi of a conposite channel sash w ndo anel. with the
£ her hpl SUDEE rAMe Asaerbly heqlpo g 4, JRFtoB Rigcs, MR 4 PlBRAE Hands anda di ng.
Fi gure 2fppthdlg rémeeabledab. cross section detail taken on a line 21A - 21A
20 in Figure 21A of a conposite channel w ndow panel incorporating a double

glazed insulati ngrifid 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 21B 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 channel
frame being assembled around an insulating glass unit using vibration corner
welding. '

25 Figure 23B is a perspective view of a corner assembly of a
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 22 is an expl oded perspective view of a conposite channel frane
bei ng assenbl ed around an insulating glass unit using vibration corner

wel di ng. D ozioggss® 23B i s a perspective view of a corner €Iamobyposat a
conposite channel w ndow i ncorporating different size framng profiles and
assenbl ed using vibration corner welding. Figure 24A is a perspective view

of a vibration wel Higiire @4Bois iancexpiduathiop view ot tiks semer franterassembly r am ng
profiles jncorporate,g,.single |I-shaped 30 cavity and thin solid frame
profile SROWR “'Pgigué% 6vting the insulating glass unit. WD 02/ 098635

PCT/ CA02/ 00842 10 _Fi gure 24B is an_expl oded top view of the corner frame
assenmbly shown i nFigui@2eAdis &n elpvation view of andpsulpting glass panehmith ain
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usi ng vi bvation corner ver Cross section

"ncor Bor at  no_a 11 idie BRFIS X vertifa i ot drat Bt Bhn HadagR® P!
el evati opp M‘gam P5A of Hes Irdtldting glayd pﬁWimpbratmq %iﬁhﬁeﬁ#@;ﬂéslﬁﬂ azing

sheets are directly adhered to the frane assenb Figure 26B is a
verti cal SRR drafe®t i on detail taken on a line 26A -26A in Figure 26A of a
seal ed frane w ndow panel as shown in Figure 26A. Figure 27A and 27B are
front and side el ebigure 26/ isan elevatiatoviewrof acsehled franfe winidoy pandli | e

Spe | b RS SRR tnd S AP ABlar e 2, e
mbly f d f i nd | . Sh Ll Fi 26A. Ei
socerhlyoror 2 Scobatel RS, di pondl as,ahons, L0 Egun 5,20, G es

frame Cofnrﬁguﬁé&mé:'f ¥ éé%létﬂfrﬁnféwmdﬂgicﬁéﬁél @k shiolwf indigurel 2849 and

ul trasoni c Spot wel di ng techni ques. Figure 30 1s a perspective view of a

junction piece wtg; v, | {A ' I
engagenent by i nseira{g%;r)% ?Zﬁ tﬂg* Qz%tra?ngFf)ﬂgﬁfﬁ@@@{(%eélagaﬁd??ﬁéﬁ/smaec?orBSF
end of a framing profile specifically fabricated for friction corner welding of sealed

frame panels.

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

Figures 29A to 29E are details of the production steps involved in
the sealed frame corner assembly using a combination of friction welding and
ultrasonic 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



junction piece holding fixture. Detail ed Description of the Preferred
Enbodi nents 25 Referring to the drawings Figures 1 A and 1 B show side and
front elwoakiogssss of a frane corner assenbly 31 fabri cat e@Clrranvesepsar e

hol l ow profile, glass fiber filled PNNC extrusions 32 and 33. The mter cut
corner ends 34 of the franme nmenbers 32 and 33 are wel ded together using
convent i atrthe weld lipeadG A airpselhof thisxmechanicabreavdat pradesspthepdtedcturs! di ng

is that a lL.arge qu ity of 30 plastic flash. .35 js created at the weld Iine
36. Thi sPYTYTHENC ‘Pafgbﬁ %:gnq{égelg&ag}e ﬂ’é'&ﬁ'ﬂf@&?ﬂ{}y 8d and this process
often invol ves renpyvi gg a shal l ow groove WD 02/098635 PCT/ CAQ2/00842 11 at
the weld |ine 36. RAguEe 2shiows dyertigakergas saatiemen ading, Hp —pti Bweygh hee

structur fa 4t ; | | gLl y
Feduced. EneRAe SN a f WRe BTN AR saorie e Mpmberd ¥ ¥\ o g1
he f§anand 88mee weldedidgetBdr aitthe periheter wall edge. Asdwetidusly deseribed e
menbers 32 5 and 33 are wel ded,t ther at, the perineter wall _edge. As

b v ousiip BRERs GikptenPslr st Shhebles fbe Biedhanicall remousd ionLgia o be
mechani cgdofile &tBRYEd fromthe profile exterior. In North Anmerica, the
structural performance of thernoplastic corner welds are eval uated

accor ding to the N KBAMGHERE the EALLAIRORBREE LR HEmoNES: hriast

procedure. As shown I gure procedure 1 nvo attaching a
wel ded fwelds areravaluated acbdrdirdilic thedNarthpAmerical ReridstratiomBiaridardnd 41. The

bot t 471 i | d 100 bove th d 4 f.the | f
Do PP P Sl RESTE. A s Bl oS PReeau bl rore
profile aﬁcmd 8 idibad sk gérr#éﬁ b@gehewﬁﬁ f‘gug%&‘t gﬁ%&?c@h/p%@ from

the front si 15 edge 45 of the upper "pro e pass t est
criteri ofli Thetpottownelanip4addsilacated 100 mne above the tapkedgen#t? ofthe levteznd al ong

the entife weld.li 6. .Using,conventional hat .plate, wel ding technol ogy,
cor ner ?@eﬂ:ggflle :ggnél pé)érli@gag Plro‘%:'sigﬁaﬁi'@&raeopi'eﬂg? 3"? M?&é%’ﬂa pf'?@ﬁ] 30 per
cent gl ag® withitAls Ibhd eheiRyfocatéd HEa @Rstandd6f 3E0THING fronefife fréstiside accor di ng
to NAFS-1 procedure and 20 the sanples failed with the break extending

ful | §5al edgs ¢hef tke uppererofie 32ﬁh$h¢maﬁsfl falbieshcriterion i that when lpaded &
materi al rafiiitd, b bRSaEn At ExielPaRAY the htifd Fbid'He ¥8 @

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 to 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 the 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 to provide a corner 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 corner 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



strength is typically no higher than the base matrix polynmer and as a
result, because the 30 per cent glass fiber filled profiles are stronger
and stiffwp,02opss3joint is the weak link in the franme assecibiGA2A684As
described in detail with reference tol2Figures 4-30, one of the main
purpose of this invention is to provide a corner franme assenbly nethod
wher e t heasespolysengisdbe fibémepiastit framingdtepiers 88tangl &'isThelp@na‘rl |l ed PVC
rner. Wl d t est

extrusio s Si st ent ass .t he FS- er m) lastic
pr ocedur 9?0‘?%’559{ ROTR éﬂ%\ﬁgu%(’re "Hﬁg&uﬂgf’%ﬁ@ tQ‘%P@U§? SHf@68ner frane
assenbl ytrémﬁ{ehtbbee@réteg th&'geRBFT0Rbf HictioneHeEPInRSAIE dyeRiME | émgber 32 and

33 are vibration welded to opposite sides of a junction piece
i ncor poratbat@ptwllwradmed f The yall4bicknessof bemlanardlange 49 camhary unct i on

e el o B S B S e ol

I ncor por@hnfsvable RIO49 8 thicker thatiteusihagellfiyé 48 and IBistprovideyférace
treatment accel erates the generation of friction heat, the weld cycle tine

i s subsingraasedisjrengtiapd stiffiessaafiter thewelding proceseistamplete; thge 48 can

vary 5 e| mm The
rermvablb'gw}ﬁ%{%% ? %@emﬁhg%%% 5I anarééﬁgwégaggc hgﬁ%ﬁﬁgég? vi des for
i ncreas adb&ttlbawgéldlr@mba ncbh‘crmﬁamm@‘te tire plastiovaiett neaterialciisremovabipl et e,

the renpvable tab 4%’#3@: of f using a shear press or simlar device.
Becalde BRCANLG FRAYC % plaglictesibreusst ani nate the plastic weld
material, this renmpvable 10 tab can be recycled and the plastic resin
reused. Figure 5 s 'QWEGﬁSh@wszﬁ)hﬁﬁlo'ﬁ?kﬁgs%ééﬁh%tmwmtﬂ? fehdcatedr i cat ed

corner fé& r 13 ?&%@@g%&&?hbﬁ’&gﬁ:@!ﬁ&p‘? ég’gblaﬁﬁi %Qa&%e cause the

fram ng rre ers are vi I on to elrther si t he
j unct i onframpirgcmefhibers 32 aid 88 tave aibrétundaeh!bdetacdlthef sideaftihe Jum:ltlda S

reduced accordingly. In a d|t|o the | anar fla e 48 praovi des, for
di agonalp'€6$ Adr H@’%“\E‘i‘ﬂl@lraﬁ &"p eiq'r%'ssr? eedRg orﬂmg%br Wance of
t he a f of the
pl angé f ange ggé)blar%frofca ed Oﬁroﬁvﬁ%sﬁgl{ g%@gpégécgg ﬁ‘ﬁr#ﬁq‘igﬁj I:ij)én].ct I on piece
47. Duriingredsing/ihiersttuchural 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 corner 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 conventional 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 Corner Weld test

procedure.

As shown in Figure 5, the vibration welding process generally results
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



wel di ng process, this tab 49 is firmy held in a holding fixture 50 |inked
to the 20 vibratory head 52 of the special vibration welding apparatus 51
as descriwed2io9863Fi gures 6A, 6B and 7A, 7B. A corner test PSarqNoe/0esas
fabricated using the sanme hol |l ow squarde profile PVC extrusions with 30 per
cent glass content as the sanples that had been previously nade using
convent i fooral a siffermlastic materiai de.gqglassdiber fillt mzsenialpso thatdheprafiesware

wel ded to the Ian |aI vi bration welding techniques
but unl i B PE ﬁ'X?Vp‘F'Hl%Qa%ﬁ’H’ith'?‘é‘&pq% €t hese vi bration vel ded 't ost
sanpl es passed the NAFS- M‘Eﬁrm Iastlc rne d t est ocedure. As
shown in Figure 5, FloNe$ WA R PEISREC Y%X'@Wsog%ﬁ@tﬁwpﬁsr' GIcPENer3o i n
the pl asﬁbfatﬁah%lamgomarb 57 ?‘Hgtaﬁéaﬁﬁw%ﬁ Rt Ma %@@ﬁ 5l | ange

48. ough it 1s desira e t'ha anar ange i s nade e sane
resi n5based mterﬁamm ng prof| | es, one option is for the
junction piece to be 098635 PCT/ CA02/ 00842 13 froma stiffer

pl astic materi al Il ed. o that .t he ofiles
B e ot excesei vereapuBiRan, ey B2l pERhEaRhela o bR 5 RN Chove o

top per syBgitey Bavk anddorts verpiapidipe aipredétetaingerplanébr ati on wel di ng
apparatus 51. The apparatus consists of five main conponents: 5 1.

Vibratory Head A |pnasctivhtPiat®HoldiRgEiddre hat i ncorporates a top plate 53
whi ch vi brates backan or very raptdly in a predeterm ned pl ane. 2.
Junction Piece Hol |

directly attached gdﬂﬁﬂﬁﬁ(ﬁl%glh?{dé ﬁ%ﬁ‘lgsgrﬁ W&‘i@\e{? téttﬂé?%‘? lndzgé
fl ange j5Ganhddinmbi bolels4Be|plarranélangeuuncslonmm48m Eosntmmg Fi xtures Two
noveabl e fram ng fixtures 55 and 56 incorporate clanping devices 60 that
firmy hold the framMevezbid FramingFigeses i on. The novenent of the framng
fixtures 55 and 56 is operated through a variety of neans including: 15

el ectrical servo mphRrovealsie TRimifg fiRtirey 86ad 56 HHRBISctate cldmpigt r ol

stens
> devices 60 that firmly hold the framing profiles in position. The movement of the

framing fixtures 55 and 56 is operated through a variety of means including:
15 electrical servo motors, pneumatic and hydraulic devices.

4. Control 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 located 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 illustrated in



A control system 46 that regul ates the various operating paraneters of the
vi bration wel di ng apparatus including: weld tinme, hold tinme, joint

pr essur e, woanpbdesduude, frequency and vol tage. The control ®¢ItEw0634kocat ed
in a protective 20 housing and is |iWked to an operator interface 64. 5.
Machi ne Frane A machine frame 65 provides the structure that supports the
ot her clhedoliewing. figuwes.iilewaves; it cashie appregiatetby thosecskiltad-inatherarbar or

orbital ner. ' i phrati [ the .vi bratory head noves
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vi br at i opeldifapplitarionsandesseciiRally, tHe wrboedsfdre advantages Whdrala oper ati on.
As a continuous process, orbital vibration offers sone nmjor advantages

i ncl udi ngfanaefiargsljuncten piecssisaiselgy, | ess wel d anplitude, reduced
clearance and better flash control. At present, orbital 30 vibration is
somewhat | ess rel i biguse Fécshayes a plarcvawi of wosingle earnetvibratiomweldingdri ven by

an electrical ,motor and_so only |inear vibrati.on ding is.illLystrated in
W0 0br oommraniErs o8 Sea stkbn, 11 fnads it plioh wiiioh Hpatarks 5171 " Son e
appr eci afeatlirey o VIBRAOAKISAESS? thatliReany movesdiackidtd forthvih by el on wel di ng can
al so be substituted for_many of these corner welding applications and

speci f i cdgteymineskpignecdde \ibriory headHa isgamilantertheyibrplay heads aisgd grunct i on
. : o et . ; - _ . 0

et i ng cffergBt bdfdbid fnsgWBraoR iladisYch adtu SRS Rfiiflveders 1! °"

appar @t usutiinlikeehése esmmerchallptavalabiie produtts fthe vibratay headiy tgnbdck and

forth in a pre- determ ned plane. The vibratory head 52 is simlar to the
vi br at or‘}pﬁi‘éﬁﬁlé’“bns%?jtmﬁaﬁ%‘ﬂ MePH '%'@@zﬁﬂ%aﬁﬁ posiRnng phthe framingel der s

such 2 fafreneaihdS Pl 15 ralf BiorklokS-ddaee ngeOBRY SR byl | 2bl e

products, the vibratory I's turne I'de down as or nore
f 1 exi bl etodthe topsyrfpoeiaf ittunvibeatofy hémd 652 akisnwith stemdard vibeatiomdweldedstheg t he

f I S Aflat plate 53 i lted tq the t f
the vi braBERgPHASAN BBoled (4 helrasaK fast doh aurRefbPEERY AR br at or y
head §s {3B|at&d from theSERRidhSupparmistariire (hONsHMANUSing AMber M¥dintsand 15

i solated fromthe cast iron support structure (not shown) using rubber
mount s. This cast iron support structure 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 vibratory head 52 so that a minimum of vibratory movement is transferred to the
machihe 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 hold 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 parallel 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 to the side edge 61 of the flat
plate 58 and to ensure that the profile 33 is firmly held in position, the miter cut
profiles 32 and 33 only extend 2 or 3 mm beyond the side edge 61. ltis also



This cast iron support structure is in turn bolted to a machine frame 65
that positions the vibratory head 52 at a conveni ent working height. Flat
pl at e nmetwbD 0ghessds 54 are bolted to the top surface of theCTraoboesd2frane
65 but this top working surface is sefdarated apart fromthe 20 vibratory
head 52 so that a m ninum of vibratory novenent is transferred to the
machi ne importardShatNioth diné profiles extendithie same distaane fiotn thectveaiglampiegl on
guide rails 57 directly attached to the top table plate 54 and these
fixtures™Bi&-the framing profiles extrusions 32 and 33 in position. The

noveabl e profile fixtures 95 and 56 npye over the vibratory head 52 but
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support nenber 59. A front clanp 60 i's positioned adjacent to the sTde edge
61 of t hef thegunctigngpiece s mrribalaneed geatrakpasitions phehpldingfixture 50 whigh hel d

the'si ddoalise B tER0Ed 18 e toBiots FEebedMiatihuiiati 55 S5 ol e (ot Y nat
bot h1 ¢ herephfable tale49 ofthe jupctiompistiesd7ingsositionn t he two clanping fixtures.
To provide for a right angled jolint connection (i.e. 900), the vertical

support nembers S59Fpyife VBSéﬁdmgla’#viawﬂcﬁ tR@¥lbRatich wb%géﬁeipﬁﬂentmmver

for 5 special framng shapes, the angular position a of the support nenber

59 can beperafion: Bae miter egtiends 38 \of thepeofilg extrysions 33 @ndt3barepresaured

5. Pocar SePiEEt hRaaAnds A O 18 fhfor ithe's? , X8 Sirsicie g, oo #
bal anceddigplaicementosttid profilsTieures 58 agd 56xdan ise Afjuskidcsd that allifowdgblnt

attached to the top plate 53 of the vibratory head 52, firmly holds the 10
r eno¥abl sufagesaredraraligl witheaghather.ece 47 in position. Figure 7B shows a

plan view of the vibration weldi nﬁ equi pment in operation. The mter cut
ends 34 of the proln operafion . fsicton heat isgensmtad @t thebwajoint interfaces

between the parallel 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 two
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 controlling 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



agai nst the planar flange 48 of the junction piece 47. As required, the
angul ar displacenent of the profile fixtures 55 and 56 can be adjusted so
that all wouwe/psssht 15 surfaces are parallel with each otPo@rCAoknaos42
operation, friction heat is generatediéat the two joint interfaces between
the parallel surfaces of the mter cut ends 34 of the fram ng profiles 32
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frani ng %‘P&Iﬁm@ 5 hy '%' and 32 against the planar flange 48 of the junction

pi ece 47, friction hﬁat, S eneratef_ at_the two joint interfaces. Wen a
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surface plastic has been nelted, the nelted plastic can be pushed away

f r om t heweldozane ¢ambe ceeaiediseghahsemp of the glags fibers atsooriented avaydraml y
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desi1gd peacrievedfonpktdlags-fibert filled profilesi al s at the joint |ine has been
achi eved, the engagenent force is reduced to WO 02/ 098635 PCT/ CA02/ 00842

16 a | evel where FUgin@Bthé%oi&\h%éé\hefW_@Riiﬁ@afipbi‘a@u”s,id‘sél% &f on between the
ends of the framng profiles.” In friction welding %Lg%ss fiber filled

pr of i | esexpeiEnents hayerheangarried out aad these expearinaents hgve showmthat t he gl ass

for ce. or Yriadnfitndcliefefir Salfoe ARRGHEY. G REoRnk aFraRRt WEHITE T om 4o
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paranmeters and particularly the applied pressure, a wde  weld zone can be
creat®d example: maximuat appliedgpressure; o ke reduced;ibamelitudeds increased. s wel d

"S5 S ed BRSPS S Ao bt hehedles Wdlathigho 1= e
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
lower amplitude. Generally, the different welding parameters can be varied

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 amplitude 0.4 mmto 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. It
should 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 consists of a
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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 corner 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 alternative joint designs that
essentially eliminate the need for mechanical flash removal. In Figure 9A, two
holiow-thermoplastic profiles 32 and 33 are longitudinally 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.



described in Figures 6A, 6B, 7A and 7B, corner frane profile assenblies
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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 strips 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



touch, creating a single thin parting line. As previously noted, the main
advant ages of using flash traps and wel ding beads is that the plastic flash
i's cont awpadiogkéss ng t he wel di ng process and does not hav@CTEADR/00842
mechanically renoved fromthe surface® of the plastic extrusions. As a
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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 slots 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 90 span across the narrow slot 89.

Figure 12C shows a cross section view of the junction piece holding
fixture 50 prior to 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



system (not shown) that |ocks the strips into position. Figure 11 shows a
perspective detail of the junction piece holding 5 fixture 50 for the
si ngl e cowper/096hs at i on wel di ng equi prrent 51. The j uncti oRCpid®e/oodanl di ng
fixture 50 is mechanically attached t2 the top plate 53 of the vibratory
head 52 (not shown). Because the junction piece holding fixture 50 is
vi br at ed9®ak camtdineidowithinibe wircalar dhgped toe 81 péliweclk-shapstisidts B8vel on t he

fixture are very, hj and it.has. been estimated thgt fhese stresses are in
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el i mi nat¢ambenmanuiaciuregpata dower casbvi ces is for the renovable tab 49 of the

junction piece 47 to incorporate a T- shaped profile 85 and for the hol ding
fixtuse 50 to al soFignoedfahatvs an éXplodeg perspectivy viewsobp fuhdtinagidcdd¥ e 86.
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i ncorporates no noving parts. 20 Figures 12A shows a perspective detail of
j unct i orcipiiarepegs incokporaledante junglicmpiece Ifixtwe (ast shawry. rcgampatacbtq ab 49.
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sl ot 89 is marginal arger than the width o the renovab b 49. Two
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wher e t hgy CleGHbdhe RE9P1a1953% 18 GitRaloly hSAY 2408 the B/ 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 strip 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 framing
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 two profiles.



90 are contained within the circular shaped toe 91 of the L-shaped slots
88. Conpared to the T-shaped junction piece shown in Figure 11, the main
advant agewOwbR/09ds85 doubl e L-shaped slots is that the junctiPoR/qaoR0EE2USeE
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As shown in Figure 15B 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 thermoplastic 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 corner key, displacing molten plastic material



process is directed inwards and away fromthe weld |ine between the two
profiles. WD 02/098635 PCT/ CA02/00842 21 As shown in previous figures, the
junction Wo@MIIS consi sts of a planar flange 48 with a PermAabbess2ab 49.
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pass through the franme profile wall and the nolten é)l astic displaced is
butt joints 115 and 116 between straight framing profiles 109 and 111 and the

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

using special junction pieces 117. -

Figure 17B shows a cross section detail of the butt joint 115 between
20 the straight 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 to 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 typically 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.



shaped by a raised cavity in the tip (not shown) formng a neat, raised
ring on the surface. Sinultaneously, energy is released at the interface
pr oduci ngwbroeodeshal heat. The tip then penetrates the cE®CRETAIRBYS42

di splacing nolten plastic nmaterial W2302/ 098635 PCT/ CAO2/ 00842 22 between
the two surfaces and after the plastic has solidified, this forms a

per manent struct urAlth@ﬁgmfraﬁfem@mm@sfobﬁraemnahumfdturéa Ia%ﬁhg{l@r ner key
| egs. Figure 15C shows a vertical cross-section through | ow profile
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top or curved fram ng profile 112. The junction piece 117 incorporates

| egs t hapearaak26 &f tha stwpwabfra@sﬂzm centering device that sinplifies the
assenbly of the wi ndow frame. Figure 18 shows an expl oded perscgect ive view
of a corner frane Adissirastpf vibsation weldingaheads H30andd333meaitacheddee
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48. To pReMirtEhéads $8Maindf1320areadtttiched tethé béccjﬁcamdvsablermiddeesn goe
junction. fl ece corner key fixture is typically attached to a flat pl ate
5. Each set of vibration welders are operated 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 corners
are welded simultaneously, the preferred operating strategy for friction welding is
a two stage process. As shown in Figure 19A, two diagonally opposite corners
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 corner keys 138 and 140
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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, corner
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 technically feasible to simultaneously
weld all four corners 150,151, 152 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 ih varying directions so that at four all corners, perpendicular
pressure is simultaneously applied by the four framing profiles 134,135, 136 and
137 to the four corner keys 150, 151, 152 and 153. However because the head



are wel ded sinultaneously, the preferred operating strategy for friction
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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 21B shows a cross section detail on a line 21A-21A of the

composite channel window panel 1568. 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 structural 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 applied in the
gaps between the glazing unit 159 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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r ect anguthgre arasgnificaphmaterialiand aberasd seWngs5 previ ous figures, these new
types of fenestration products incorporate conplex profile shapes, but it
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an el evagésimtivilg ePSarmeirrand sRapd.HMowever witloWbration 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 corners 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 Figures 21 to 24 show examples of
a window framing profile being assembled around an insulating glass unit, it can
be appreciated by those skilled-in-the-art that the same production process can



20 panel 158 consisting of a conventional seal ed double glazed unit 159 and
a rectangular sash frane 160 that is assenbl ed around the seal ed gl azi ng
uni t 159 wogRngeess brati on corner wel ding. Figure 21 B shoRe€TaADR/O0882Ssect i on
detail on a line 21A-21A of the conpdsite channel w ndow panel 158. The
seal ed doubl e glazing unit 159 25 consists of two glazing sheets 161 and

162 and alse benedl lofabricate\cewideorsmige difraniebad-pmel pidifictd ineludiey:speci fi c
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side of the frame and is held 10 in the corner web holding fixture attached
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wel dihg, therprofiler1&3ois seated andhwedded afrtbeidoenersathiesmiter et sediddudfileoget her  at
the cor "Walfs 155' %niyr Bt P&be‘%ﬁ&f_ ! Illgv%/e\r/]éarvbeecta%sg?he 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 corner 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 186, the
thermoplastic spacer profiles are made from glass fiber re-enforced thermoplastic
extrusions or continuous glass fiber re-enforced pultrusioné. 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



essentially the same size and shape. However with vibration corner welding,
by using a common corner web, different profile sizes and shapes can be

st ruct ur aWwby2/098sBhied t oget her. For exanple as shown in Fi garaeAddposshe
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s redugeldedrobrasrsa result, there are material and cost savings. One
drawback of this narrow channel profile is that wwth a full section corner

web, it is difficuFigut®26B showsey erassaseetion detdil wanipe 26A dnd26AUsfa t he
| egs of the channel -shaped corner web are_so thin. One option is for the
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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 assembled from glass-fiber filled, hollow

thermoplastic profiles 197 which are joined and sealed at the corners 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 stressed skin sandwich panel where thé perimeter edges of
the two glazing sheets 161 and 162 are respectively in compression and tension
and so instead of the panel performing as fwo 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



15 the profiles 183 is sealed and wel ded at the corners, the mter cut
solid profile walls 184 only butt together. However because the vibration
wel di ng pwooesssesain be closely controlled, the open gap P8F/dtwmessn t he
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sash %rame 194 with vibration welded“corners.
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 to 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 that features a 30 per cent glass
fiber fill and is produced by PolyOne Inc. of Cleveland Ohio. The co-efficient of



Fi gure 26B shows a cross section detail on a line 26A and 26A of a triple
gl azed, seal ed frane w ndow panel 193. The panel consists of two glazing

15 outer whaeenssed®l and 162 that overlap the perineter sa®oTitse®osi®4 and
are adhered to the frame with thernos¥tting structural sealant 195. The

I nner center glazing sheet 196 is supported by the perineter frame 194.
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to also rgduce stress on the corner welds, the preferred assem Iy 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 diagonal cut end indicates the depth of the channel 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 corner 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.



in size than the outer two gl azing sheets. For inproved thernmal
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corner key 219.

As shown in Figures 29B and 29C, the two legs 225 and 226 of the
L-shaped corner key 219 are loosely fitted into the two framing profiles and the
20 corner assembly is placed in the vibration corner 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 corner key flange 215, plastic flash flows to either side of
the contact surface. Because relatively limited flash is produced, the flash does
not extend into joint line between the two diagonal cut ends 236 of the framing



made from various other alternative plastic materials, including:

thernopl astic fiber glass pultrusions, glass fiber reinforced engineering
st ruct ur awophkasiedt f oam 10 extrusi ons and hi gh draw ori entPed/aAvenosapl astic
extrusions. Because the plastic prof3les are firmy bonded to the glazing
sheets and expand outwards fromthe md points of the perineter frane,
maxi mum stress due to the differential expansion between the plastic
profiles and the gl ass sheets occurs at the corners. Particularly with
glass fiber filled profiles, because the corner welds are typically 15 only
as st rongpasfiiédand Bo 8l afesulted dearsparting ihe 237rig ereated Hetvosen the feampivigent i al
weak point in the frane assenbly. To provide for increased strength and
rigidity PefE® o al so reduce stress on the corner welds, the preferred
assenbly nmethod is to join the plastic profiles together at the corners
usi ng a conbi nat i onAder tha Eiclien welding roegssds sgmpiaie and URndi ng

v
and this dyct i I i i 15A
and 155, EPBulELEB R G ATl SRRV R INEERAARRE AT ) 1RSSR
el evat sonficki step ¢ SheProduetiomprddessds tbovad theLinteriod pifte whlls ketie b ng
profile for a triple glazed seal ed sash w ndo anel. By renoving the
frame prosharedewier eYs ysing ylrasonigspekye - 210 is fornmed in the
di agonal cut end of the profile 209 25 creating plastic side ribs 211 and
212. The dotted line 212 on the side elevation of the diagonal cut end
i ndi cates the depth of the channel 210. Figure 28 shows an expl oded
perspective detail of the corner frame assenbly for a triple glazed,
seal ed frane w ndow panel 193. The two framng profiles 213 and 214 are
j oi ned together by nmeans of special corner keys 30 incorporating a planar
fl ange web 215 and integral |egs 216. To provide for sinplified frane
assenbly, the integral |legs incorporate a self centering spring device. WO
02/ 098635 PCT/ CA02/00842 31 As previously shown in Figures 27A and 27B, by
removing the frame profile material, a channel can be fornmed in the mter
cut ends 217 and 218 of the framng profiles 213 and 214 so that the top
side rib surfaces 220 and 221 overlap the diagonal center flange 215 of
the corner key 217. During the friction 5 welding process, the profile ends
except for the top side ribs 220 and 221 are
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pressured agai nst the center flange 215. Because plastic flash is only
generated at the interface between the profiles ends 222 and 223 and the
corner kewofokapgges 215, a clean parting line is created betwsaw2bbsa2t wo t op
side ribs 220 and 221 of the fram ng3profiles 213 and 214. 10 Figures 29A
to 29E show t he production steps involved in manufacturing a single,

vi bration-wel ded, seal ed-franme corner assenbly. As shown in Figure 29A the
seal ed frane corner assenbly consists of tw framng profiles 213 and 214
and a special L-shaped corner key 219 with a diagonal center flange 215
and a renovabl e tab 224. A channel is forned in the 15 mter cut ends of
the framng profiles 213 and 214 so that the top side ribs 220 and 221 of
the fram gpapMetil es overlap the diagonal center flange 215 of the corner
key 219. As shown in Figures 29B and 29C, the two | egs 225 and 226 of the

L- shaped cor ner osel y ted M t he framn rofiles
and the 20 corne?yg’é"@%{o‘?fég”%g é‘&'a.&‘?{YtVYFé %Q'Hﬁch ESM]%&?” ﬁ@?dl ng
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227 that fits into a npl enentary shaped insert hole 228 within the

cor iy  IESCE anet ¢Rnapgsest aﬁ*ﬁ@t IR PaR dghermstniasic regiB aaigralia are held firny
in position by nmeans of front clanping devices 230 and 231 that are
attached to the moaishimethdd eampdsingxt ures 232 and 25 233 of the vibration
wel di ng apparatus (not shown). As shown in Figures 29C and 29D, the two
profiles are pressuowddingusvihtptpsripesddi cul ar force agai nst the contact
surfaces of 234 and 235 of the <corner key 219 and friction is created by
rapi dly novi ng t hengagingrsdicjur2fién ipsede inanfiktirerdonnefedito gaidhdbfatont head;
wel di ng process, as the two profiles 213 and 214 are 30 pressured agai nst

the corner key flangentdlSsaidlirstiang sekbafd nidritygs ipfidutdicthabae of the
contact surface. Because relatively limted flash is produced, the fl ash

doesl 5 ndfdepansent pheaidjviliratory hgadbet ween the two di agonal cut ends 236 of
the fram ng WO 02/ 098635 PCT/ CA0O2/ 00842 32 profiles and so as a result, a
clean parting |inereding an engagerdenidoreedetvhen eaahiohgaid firgfandesecond er t he
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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
20 create friction generated heat to melt material on the ends of said members and
on each respective opposite side 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 framing

members and said junction piece are applied separately from the operation of the
25 vibratory head. '

2. The method of Claim 1 wherein the engagement forces are

controlled to provide even pressure on each side of said junction piece.

30 3. The method of Claim 1 where each said engagement force is
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29E, the tab 224 is nechanically renoved fromthe L-shaped corner key 219.
The 5 final step in the production process is to bond the interior profile
wal | s t o whazksbiaped corner keys using ultrasonic spot welCaiang2a682

SUBSTI TUTE SHEET (RULE 26) WO 02/ 098685 PCT/ CA02/00842 33 CLAIMS: 1. A
method for formng a vibratory wel ded connecti on between first and second
menbers and a junction piece where said nenbers and said junction 10 piece

on ers and said junction 10 piece
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respecti [ | W ' i : el ted material upon
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where said engagenent forces between said first and second fram ng nenbers

and said junction piece are applied separately fromthe operation of the
25 vi bratory head. 2. Th t.hod of im1 rein _.the. engagenent forces
are congr olled to dVFﬁE%g?feﬁpyp‘?r&gﬁ@"ﬁﬂ &%Wﬁ?fﬂ@ Sgid WHFEPT BigSEi on
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8. The method of any one of Claims 1 to 5 wherein said junction piece
has a planar flange that extends at an angle with respect to each said member
and where said junction piece incorporates a removable tab that is an extension of

15 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
20 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 with a similar
geometric shape as the removable tab said fixture being configured to grip said
removable tab and to ensure that the junction piece is held firmly in position.

25 8. The method of Claim 7 where said geometric shape is T-shaped.

9. The method of Claim 1 wherein 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.
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4. The nethod of any one of Clainsl to 3 wherein each said engagenent
forces is varied such that after nelting has been achi eved, each 5
engagenmemvofoengss3i s reduced to a | evel where the nelted necardsabk/oosaeai ns
| argely in position between the ends3sof the nmenbers and the junction

pi ece. 5. The nethod of any one of Clains 1 to 4 wherein said junction
pi ece incorporates insert holes and where said fixture for the junction

pi ece i ng@r por at esApgé&ratins fortfomhing aofibsitorywasided ebhhectiphdweentdhd i nsert
holes in said junction piece. 6. The nmethod of any one of Clainms.1 to 5
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met hod of Claim.6 rein said renovable tab is | ocate n an 20 outer
edge of Bidetemiad PRANS HanAapliNgror ek fenst A4 MR ANSA A BeauensY et r i ¢
shape t hgbmi 50 RebG0o He: pPosition by a fixture incorporating an insert hole
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geonet r i sealrmgeheseon & hegpedtive® onglof saie firstamd sédandfrdameinesreberstdved vi br at ory
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35 10. Apparatus for formng a vibratory wel ded connecti on between end

faces of of i rst and; §gePhdufd ﬁﬁ‘?\o‘mﬁ%ﬁ{é'uﬂ%ﬁ?ﬂeﬁg‘ﬁ{ E%Iagic%ﬁq?afﬁﬁdymere
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15 d) guide structure for guiding relative movement between said frame

members and said junction piece in directions parallel to said predetermined plane
and perpendicular to said planar part and to said end faces such as to facilitate
engagement between opposite sides of said junction piece and said first and

second frame members respectively;

20 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.
25
11. The apparatus of Claim 10 wherein the pressure actuators are

controlled independently of the operation of the vibratory head.

12. The apparatus of Claims 10 or 11 wherein said pressure actuators
30 are independently adjustable to provide a variable force of engagement between

opposite sides of said junction piece and said first and second members and
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b) opposed first and second fixtures each having clanping structure for
securing thereon a respective one of said first and second frane nenbers
and 10 whwoe2med6ads first and second fixtures support said frcmatacanes4zecond
frame nenbers for novenent independe¥t|y of said vibratory head; c) a
third fixture for holding the junction piece in a bal anced way and
typically in a central |ocation on said vibratory head said junction piece

orane: 18EE BT wRld sl st Bt AR A5t AR Sor e hide AP e i o

frame nmenbers and said junction piece in directions parallel to said
predeterm ned plane and perpendicular to said planar part and to said end
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t he oper pidsgredfo éiftfer\sidis of sHid pharad flahge, The apparat us Of Caims 10 or 11
wherein said pressure actuators 30 are independently adjustable to provide

a variable force of engagenent between opposite sides of said junction
pi ece and said first and second menbers and SUBSTI TUTE SHEET (RULE 26) WO

02/ 0986354 PCT/ CAO24 8 bparsids BPEAF ohBer IdHis 0 & FEwABfLi3 RaRangl e d 11 st

and second nenbers are aratus of any one of d ai

10 t aol2fivtbes isi Incateddabiaviersaid Vibrataryehdad.ds said junction piece in a

bal anced way and is fixed to said vibratory 5 head typically in a central

| ocation on said vibratory head and wherein said first and second fixtures
are novabl e i ndependent of said third fixture and apply even pressure to

ei ther sige of sai A gysesraforflih@rgennecting a series of elongate frame members to
form a closed frame wherein adjacent ends of adjoining frame members are

engaged as first and second members within an apparatus as claimed in Claim 9.
15 |

16. The system of Claim 15 wherein said frame is a rectangular frame
and wherein said apparatus as claimed in Claim 9 is provided at each of four

corner of said rectangular frame.

20 17. The system of Claim 15 wherein said framing members are
assembled at different angles to said planar flange and where said angles range
from 90° to 15°.

18. The system of Claim 17 wherein the angles of adjoining frame
25 members with respect to the junction piece are different.

19. The system of Claim 16 where at least one of said framing members
is curved along its longitudinal axis
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14. The apparatus of any one of Clainms 10 to 13 wherein said third 10

fixture is | ocated above said vibratory head. 15. A systemfor

i nt er conrwotmiogeeas seri es of elongate frane nmenbers to fomraracavkoesae frame

wherei n adj acent ends of adjoining fr¥&me nmenbers are engaged as first and

second nmenbers within an apparatus as claimed in Caim9. 15 16. The

systemof Claim1l5 wherein said frane is a rectangul ar frarre and wherein
n.Caim?9 each of _four corner of
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are different. 19. The systemof Claim 16 where at | east one of said

fram ng nenbers is curved along its |ongitudinal axis SUBSTI TUTE SHEET
(RULE 26) WD 02/098635 PCT/ CA02/00842 37 20. The system of any one of

C ai ms5 121.0 19 wheTke aystem dfr@iaim@() whenbiersaidipana sssetbdted fanotived an i nner

I t b | ded ¢t th 21, T t
010l af mIOURIORBISHNG oF (AT STSetS il PIRRE SHRe en diasgl il caHlY Sheely of
flat gl ase%ﬁ}gﬁg.fssanal,gélgam{ fafipgtmst s, © plastic nulti-cavity sheet

ext rusi ons nsul ating g azi ng units. 22. The system of any one of
Clainms 15 to 21 wherein the framng |0 nenbers adj acent opposite sides of a
said junction piece are of different profile shapes. 23. A frame

conpri si ng, a pl ural-mé(sfé ﬁ\lﬁrég\gt&egéf?ﬁslnﬁ@@%% whels e 3 i@nﬁj of pairs

of said nemnbers bei ng rterconnécte rough an i nterpose nction
pi ecel0 wheenribers adihcenbopposietsides rafrmlsmdumhqtmn piecerarp iof diffesand peaﬁib
conposed EH | east in part of a thernoplastic resin, wherein each said
j unct i on Shapes.

23. A frame comprising a plurality of elongate frame members, adjacent
ends of pairs of said members being interconnected through an interposed

15 junction piece, wherein said frame members and said junction piece are each
composed at least in part of a thermoplastic resin, wherein each said junction
piece is secured to a pair of adjacent frame members by vibratory welded bonds
on opposite sides of said junction piece, and wherein said junction piece has a

planar flange that extends at an angle with respect to each said frame member.
20

24. The frame of Claim 23 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.

25 25. The frame of Claim 24 wherein said hollow profile is subdivided into

two or more cavities.

26. The frame of Claims 23, 24 or 25 wherein said planar flange has a

thickness in the range of 2 to 12mm and preferably 3mm to 6mm.
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piece is secured to a pair of adjacent frame nenbers by vibratory wel ded
bonds on opposite sides of said junction piece, and wherein said junction
pi ece haswe 02ppbssamr fl ange that extends at an angle w th rPeTp=woR/00sa2each
said frame nenber. 20 24. The frane 3f C aim 23 wherein each said frame
end conprises a hollow profile that is defined by a peripheral wall
providing a surface that is welded to said planar flange. 25 25. The frane
of O ai méZ4 wher ei 7 hesframesifiapy oneotfiClainiss 23 i a6 whiseinithe dlat sudaces ofor e

cavities. 10 i 2 r .wherein said planar flange
has a tﬁ?éﬁ%’gggpﬂ%ﬁ@%&'C%%%g%oﬁeﬁ?@dl%cﬁ%‘5'5\&?ef erably 3mmto 6mm

SUBSTI TUTE SHEET (RULE 26) WO 02/ 098635 PCT/ CA02/ 00842 38 27. The frane of
any one of Clainms 23 to 26 wherein the flat surfaces of said planar flange
incorporate a textured surfgce fipnish. 28. The franme of Caim23 wherein
said fr a%@- nenber s M@Bﬁﬁ%éﬁ!m 23 yhegeinsaic Tape eMBerT BrCAmeesashl asti ¢

mat er izl reRRE ol thard ; L said thernoplastic nmaterial is
pol yvi5nyI0f§E188r| é.r @0 50. Ll%e @aﬁéﬁﬁﬁgﬁc one of Clainms 23 to 29 wherein

decorative coatings or finishes are incorporated on the outer surfaces of
said frame nenbers. 31. The frane of any one of Clains 23 to 29 wherein

sai d jungti on piec r :1,-8S: | ral. | e xt endi fr.om,Qpposite sides
of said EPanar fl aﬁré‘&]f‘s%‘ﬁ?é{f@%@ Q%S\?»?Sé'gi%@th?w§néa€§ma&ﬁ5?'e§di nal 'y

wi t hi n apoly&#gfl chidiideof said hollow interior of the adjacent frame nenber
ends. 32. The franme of Claim31 wherein said hollow profiles are

ultrasonically 20 spot welded to said |l egs at |ocations spaced fromsaid
pl anar flange. 33. The frame of Caim 32 wherein the fram ng nenbers and

the qiont agfal | e9s THacpipRIct iy CABRUTEMASY 129 WreFeif iRBRtRR that through
the “assenbly process, the leg'is centered in the framng profile.
coatings or finishes are incorporated on the outer surfaces of said frame

members.

31. The frame of any one of Claims 23 to 29 wherein said junction piece

15 carries integral legs extending from opposite sides of said planar flange, said legs
being sized to engage longitudinally within at least part of said hollow interior of
the adjacent frame member ends. '

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

33. The frame of Claim 32 wherein the framing members and the
integral legs incorporate complementary profile shapes so that through the
assembly process, the leg is centered in the framing profile.

25

34. The frame of Claim 33 wherein the integral legs of the junction piece
incorporate a centering device.

35. The frame of anyone of Claims 23 to 34 wherein the ends of the
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25 34. The franme of Claim33 wherein the integral |egs of the junction

pi ece incorporate a centering device. 35. The franme of anyone of O ains 23
to 34 wheweim/obdses ends of the SUBSTI TUTE SHEET (RULE 26) PADODL20885635

PCT/ CA02/ 00842 39 framing profiles a¥e mter cut. 36. The frane of Claim
35 wherein a dado cut is fabricated in the mter cut ends of the fram ng
profiles except for one or both of the upper and |ower 5 faces of said
fram ng £ T of Claim35 where a pressure stripis

appl i ed @é‘q\'@esmga%@ eFEIE’;l S on the upper or lower faces of the fram ng
profiles during the welding process. 10 38. The franme of Caim 35 wherein
a dado cut is fabricated in the mter cut ends of the framng profiles

except f the fro nd bagk,si f said, framn rofil.es. 15 39. The
frame of 8érny one o?ha?%ﬂ"ﬁ%°§§'ﬁ"6‘d§‘§wﬁﬁ&%‘%ﬁr@8ﬁCd‘fj'%ﬁ?PBFa{?ddPZE% miter

i ncor por ghtesndi of thaFtarfing prefiles extept foF 6 v Bethrdfaké lugpél' and Iaeser at ed
during the welding process. 40. The frane of Cl aim 39 wherein said recess
i s a Pl afgesofigaid framing profilest r ame of C ai m 39 wherein said junction piece
incorporates a welding bead. 42. The frane of Caim 23 wherein the frane
menbers are assenbled 25 around an insulating glass unit and where
silicone sealant is applied in gaps between the assenbled frane and the

i nsul at e87gl ass uniThe fedine hEIdima3fiewhereCh preashBe shiprisiappliédion ige atitrt s ar e

L R o BB e

process.

10
38. The frame of Claim 35 wherein a dado cut is fabricated in the miter
cut ends of the framing profiles except for the front and back sides of said framing
profiles.

15 39. The frame of any one of Claims 22 to 38 wherein said junction piece
incorporates at least one recess for receiving plastic flash generated during the
welding process.

40. The frame of Claim 39 wherein said recess is a flash trap.

20

41. The frame of Claim 39 wherein said junction piece incorporates a

welding bead.

42, The frame of Claim 23 wherein the frame members are assembled
25 around an insulating glass unit and where silicone sealant is applied in gaps
between the assembled frame and the insulated glass unit.

43, The frame of Claim 23 wherein glazing sheets are directly adhered

to the sides of the frame assembly using silicone sealant.
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40 44. The frane of Caim 22 wherein the assenbled franme is | ocated
bet ween spaced gl azi ng sheets. SUBSTI TUTE SHEET ( RULE 26)
WO 02/098635 PCT/CA02/00842
40

44, The frame of Claim 22 wherein the assembled frame is located
between spaced glazing sheets.
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