SPECI FI CATI ON SYNTHETI C RESI N PANEL WELDI NG METHOD AND HOLLOW PANEL
*STRUCTURES FABRI CATED BY THE METHOD 5 TECHNI CAL FI ELD The present invention
relates to a nethod of wel di.ng together hollow thernoplastic synthetic
resin panels each fornmed by integrally joining together two parallel sheets

10 by a pl | of ribs, and a hollow panel structure f | gﬁpby '
t he sane rretﬁg)?‘,hgﬁ GROUND ART Hol | ow t her nopl astic synt hetpi%awlrg@ﬁ anel s
having two parallel sheets and a plurality of ribs integrally 15

connecting together the two sheets are used for form ng packages, such as
boxes, architectural materials, such 72 2 =
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partition nenbers and walls, and the like. The hol | ow t her nopl astic
‘'synthetic resin panel for such purposes are produced by extruding a
material in the direction of 20 extension of the ribs. Generally, the
material is a thernoplastic resin such as a polypropylene rein or a

pol yet hyl eXP Y8801 The nol | ow thernopl astic synthetic rBSTHPISABRE has
‘becone prevalently used owing to its excelhent strength and durability as
conpared with those of 25 corrugat ed cardboards, Since the S|de edges
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the interiors of the hollows is practically inpossible. Accordingly, the
-conventional hol |l ow panel could not have been used for form ng boxes for
cont ai ni ng food, nedical 35 and pharmaceutical products, cosnetics, etc.
whi ch nust neet severe sanitary standards. Wen using hollow panels of this

kind as a paﬁhﬁﬂ?ﬁﬁhe -2- material, the hollow panels need §q.h8¢ &ected-
to processes to formgrooves and/or recesses in the surface théréeor, and to
form fol ding grooves and openings in the hol3 ow panels. Such processes use
press working including 5 hot - pl at e press working. However, since
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formed by press working are shall ow and portions of the holl ow panels
<corresponding to the fol ding grooves are excessively resilient, various
troubl es arises during and after assenbling the holl ow panels to form
boxes. If an 10 opening is formed in the holl ow panel by press worKking,
the interi ¥O81180M hol | ows are opened on the edge of the BEHIPIW3HBd hence
the interior of the hollows are contaninatgg with foreign matters incl uding
dust. Wen a hot plate is used for press rking, the surface of the hot
ortions on the opposite sides of a rt of the
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an adhesi ve. These net hods have been enpl oyed in joining together
corrugated cardboards made of paper and, in sone cases, these nethods are
applicable to joining together hollow synthetic resin panels without
entailing any 25 problem Holl ow thernoplastic synthetic resin panels are

used for forru,(?g.”?snp@ckage for containing a heavy article th?é.%ﬁgg)u}‘ﬁ; a
I'ber

| arge | oad t hat "cannot be born by a corrugated cardboard or oard to
t he package or a highly 30 air-tight or Igquid-tight package.
Therefore, a package fornmed by wel ding together hollow thernoplastic
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A met hod of wel ding together hollow thernoplastic synthetic resin panels
-wWth a hot plate, simlarly to the -3- nmethod of form ng grooves and/or
recesses in hollow thernoplastic synthetic resin panels and form ng fol ding
grooves and openings in the hollow thernoplastic synthetic resin panel, has
probl ens iWO9HE0Many holes and 5 i mpressions are fornBArAPP6HOBYS surface
.of the hollow thernopl astic synthetic resén panel, and in that two hol | ow
thernoplastic synthetic resin panel S, a hollow thernoplastic
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10 sati sfactory appearance and, in a worst case, the wel ded portions of
the holl ow t hernopl astic synthetic resin panel are burnt off. The present

i nvention has been nmade to solve those problens in the prior art and it is
therefore an object of 15 the present invention to provide a hol | ow

t her nopl asti 6;%E@tic resin panel wel ding nmethod capabl e ofcyfiipolibisis
wel di ng together the opposite sheets of a hollow thernoplastic synt hetic

resin panel , t wo hol | ow t hernopl astic 7synthetic resin panels or
a hollow 20 - thernoplastic synthetic resin panel and another part with
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25 t hernopl astic synthetic resin panel by fusion to seal the interior of
.the hollow thernoplastic synthetic resin panel panel. Still another object
of the present invention is to provide a thernoplastic synthetic resin
panel wel ding 30 nmet hod capabl e of surely form ng grooves, recesses,

fol di ng grwowsaser@peni ngs and such in a holl ow thernopl astRPCI/ERPH0INE | C
resin panel w thout inducing resilience ingportions of the hollow
thernDpIastlc synthetlc resin panel corresponding to t he grooves, t he
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-4- processed by the foregoing nmethod and a hol |l ow panel structure
fabricated by processing hollow thernoplastic synthetic resin panels by the
foregoi ng net hod. DI SCLOSURE OF THE | NVENTI ON 5 According to an
aspect of the present invention, a thernoplastic synthetic resin panel

wel di ng met h‘ggggﬂg"ﬁéi ses the steps of preparing a hollow tt}%&a Aé‘?ﬁ{d;)ct e

synthetic resin’p | having a first sheet, a second sheet pa
first sheet, and ribs integrally joining 109 the first and second sheets;
pl acing an ul trasoni c wel ding machine with an ultrasoni c wel di ng head
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head and the work support neans toward each other to bring 15 t he
.ultrasoni c wel ding head and the work support neans into contact with the
first and second sheets, respectively; generating ultrasonic waves between
the ultrasonic wel ding head and the work support means to generate

fricti onal waeewisti t he ultrasonic vibration of the first aFEURI6EIA8sheet s;
20 and conpressing the first and secon?L ﬁheet s between the ultrasonic

wel di ng head and the work support nmeans to weld together the first and
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sheets, and a second hol |l ow t hernopl astic synthetic resin 30 panel of the
sane construction as that of the first hollow thernoplastic synthetic resin
panel ; placing the first and second hol |l ow t hernopl astic synthetic resin

panel s one on top of the other; placing an ultrasonic welding nachine with

an ul trasoni Gyyohskese head thereof disposed on a 35 sur f aper/phoglolfigf i I St
hol | ow t her nopl astic synthetic resin panel and a work support neans tﬁereof

di sposed on a surface of the second hol | owl tlher nopl astic synthetic resin
-5- panel opposite to each other with respect to a line; noving the
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toward each other to bring the first and second hol |l ow t hernopl astic
synthetic resin panels into contact with each 5 other; driving the
ultrasonic welding head to generate frictional heat by ultrasonic vibration
inthe first and second holl ow t hernopl astic synthetic resin panels so that
portions of wigwBimst and second hol |l ow t her nopl asti ¢ synt ReuvIPoGRsiN
panels along the line are fused and wel deﬂ 0 together. According to

anot her aspect of the present invention, thod of welding together a
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second sheets, and a thernopl astic synthetic resin nenber; putting the
hol | ow t hernopl astic synthetic resin panel and 20 t he nenber one on top
of the other; placing an ultrasonic welding machine with an ultrasonic
wel di ng head thereof disposed on a surface of the hollow thernopl astic

synthetic regigoipapd and a work support means of the ultrapenaiees@sil N
machi ne di sposed on a surface of the nenber so that 25 t he hol | ow

t her mopl astic synthetic resin panel and thk 3renber are hel d between the
ultrasoni ¢ wel ding head and the work support neans; driving the ultrasonic

wel di ng head t oruEbEd oI T ONat diasa — N BOrb RIS SR | IFEREMe A5

t hernopl astic synthetic resin panel and the nenber in 30 contact with
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According to still another aspect of the present invention, a thernoplastic
_synthetic resin panel welding 35 nmet hod conpri ses the steps of preparing
a first hollow thernoplastic synthetic resin panel consisting of a first
‘sheet, a second sheet parallel to the first sheet, and ribs - 6- defining
a plural i twoeinsepaces between the first and second sheet s PCANE94033¥cond
~hol l ow thernopl astic synthetic resin pangly of the sanme construction as that
of the first hollow thernoplastic synthetic resin panel; placing the first
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over | appi ng section; placing an ultrasonic welding machine with an
ul trasoni ¢ wel di ng head t hereof disposed on one side of the overl apping
section and with a work support 10 neans thereof disposed on the other
side of the sane; driving the ultrasonic welding head to generate

frictional qsakwpﬁnyltrasonic vibration in the surfaces of tpggypy@shfopi ng
end portions of the first and second hol |l ow t hernopl astic synthetic resin

panel s in contact with each 15 other sol bhat the surfaces of the
over | appi ng end portions of the first and second hol |l ow t her nopl astic

syntheti c T esi noyagph &V S0R MBSk D MR BERIE DHhaEmar s Seitwedand wel ded

together; and conpressing the first and second sheets of the overl apping
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and the work support neans to weld together the first and second hol | ow
thernoplastic synthetic resin panels. According to a further aspect of the
present invention, 25 a thernmoplastic synthetic resin panel welding
met hod conprises the steps of preparing a hollow thernoplastic synthetic
resin panewaewmsd®ti ng of a first sheet, a second sheet pRCGHIRIFOIZ8 t he
first sheet, and ribs defining a plurali ysof spaces between the first and
second sheets; - pl aci ng opposite ed portions of the holl ow
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ultrasoni c waves that propagate fromthe ultrasonic wel ding -7- head

toward the work support neans so that frictional heat is-generated in the
surfaces of the overl apping edge portions by ultrasonic vibration and the
surfaces of the overl appi ng edge edge portions are softened and wel ded 5

toget her; angyseapRssSi ng the overl appi ng edge portions of tge, kb
t hernopl astic synthetic resin panel between the ultrasonic welding head and

the work support neans in the direction ofltthe thickness of the overl apping
edge portions to reduce the thickness of the overlapping section to a 10
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hol | ow t hernmopl astic synthetic resin panel. According to a still further
aspect of the present invention, a thernoplastic synthetic resin panel

wel di ng nmet-hod conprises the steps of preparing a hollow 15

t her mopl astic synthetic resin panel consisting of a first sheet, a second
sheet paral lvebot/msotdne first sheet, and ribs defining a pl uredT/ans6o3si8paces

between the first and second sheets; fold ng an end portion of the hollow
t hernopl astic synthetic resin panel in Iag'e s; holding the layers of the 20
hol | ow t hernopl astic synthetic resin panel between an ultrasonic wel ding

head and work suBbdOicia@ PR Hrth Bsbni B 281 Githy HEREE S S TS T he
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synthetic resin panel are welded together to forman edge portion of a
thickness greater than that of the hollow thernoplastic synthetic resin
panel . Accordi ng to another aspect of the present invention, 30 a
thernoplastic synthetic resin panel welding nethod conprises the steps

of preparing ' hol | ow t her nopl astic synthetic resin p mﬁﬁ LSting
of a first SH@E%bQQLsecond sheet parallel to the first shee??ﬁgn ??gs
integrally joined to the first and second kBeets and 35 defining a

plurality of spaces between the first and second sheets, and a second
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-8-'thernDpIastic synthetic resin panel; disposing the first and second
hol | ow t hernmopl astic synthetic resin panels with side edges thereof pressed
agai nst each other to forma butting section; placing an ultrasonic welding
machine with 5 an ultrasoni ¢ wel ding head t hereof and a work support
means t her eo918gr@sed opposite to each other with respect poraPssegigecti on
of thickness of the butting section on the opposite sides of the butting
section, respectively; driving the ultra Qi c wel di ng head to generate
frictional 10 heat in _the end surfaces of the hollow thernoplastic
synt hetic res&#BFaddts Bilt LidiT 20 EMER Deha vt AT HEPRLIRN Hrifadn, &
that the end surfaces of the holl ow thernoplastic synthetic resin panels
butting each OERdr2d & FHEIIRTME 2OETD Soi dTHEE 3 8 IE et s A-BB4¥ & 14 and
second _
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15 hol | ow t hernopl astic synthetic resin panels together in a single
hol | ow t hernopl astic synthetic resin panel. According to still another
aspect of the present invention, a t hermopl astic synthetic resin panel
wel di ng met hod conprlses the steps of preparing first, second and 20

third hollom1 | astic synthetic resin panels of the sanﬁ?ﬁﬁgi tion
each conS|st|ng o a first sheet, a second sheet parallel to %éﬁ?

sheet and ribs integrally joining the firsg lnd second sheets and defi ni ng
a plurality of spaces between the first and second sheets; - placing

the first and sgepmdsioh OBG-LEHOBRIROS SYashe &,/ ﬂe-pqa*lsbﬁfm@-fzgaﬂ_an

edge-to-edge junction; placing the third hol | ow t her no astlc synt etic
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30 the third panel butts on the edge-to-edge junction of the first and
second hol | ow t hernopl astic synthetic resin panels; placing an ultrasonic
wel di ng machine with an ultrasonic welding head thereof in contact with the
edge-t o-edge junction of the first and second hol |l ow 35 t her nopl astic
synthetic rao9r/1887%| s on a side opposite the side on whi chpthspdslosiig

hol | ow t her nopl astic synthetic resin panel butts on the edge-to-edge
junction of the first -9- and second h8l3 ow t her nopl astic synthetic
resin panels, and with-a work support neans of the ultrasonic wel ding
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hol | ow t her nopl astic synthetic resin panels in the 5 edge-t o- edge
junction of the first, second and third hollow thernoplastic- - synthetic
resin panels; driving the ultrasonic welding head to generate frictional
heat in portions of the first, second and third hollow

t her nopl ast i tic resin panels in the junction of the gd&/poshisist -
second and tﬁ‘l’ér%gﬁ ow t hernopl astic synthetic resin panels so that

portions of the first, second and third h@ 8ow t hernopl astic synthetic
resin panels in the junction are fused and wel ded together. According to a
further aspect of the present invent§gnskla #FH Epernoplastic synthetic
resin panel welding nethod conprises the steps of preparing first and
second holl ow t hernopl astic synthetic resin panels of the sane
construction each consisting of a first sheet, a second
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sheet parallel to the first sheet, and ribs integrally 20 joining the
first and second sheets and defining a plurality of spaces between
the first and second sheets; placing the second holl ow t hernopl astic
synthetic resin panel at an angle to one surface of the first holl ow

t her nopl ast wgo @¥iabRet i c resin panel with a side edge of therChsrospmmend
panel butting on the surface of the first_ hollow thernoplastic synthetic
resin panel; placing an ultrasonic wel di rﬂ:)4rrachi ne with an ultrasonic

wel di ng head thereof in contact with a portion of the other surface of the
first hollow t Hé.nmopREES T Soynk sk UED¥i-n NoRRHEH B icEsPoBHLHIS B2 BURE the

junction of the first and second hol |l ow t hernopl astic synthetic resin

panel s, and WEJEE WorkisbihEs s s TheEE IR OB EHRIRENER i n
contact with portions of the surface of the first hollow thernoplastic
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RT3 2 &4 510 3 HRIE 1 MO M SRR K — FOREE,
7. FTERTELI V- PBITE2Y— &, ThE Y~ FORI—E
KAELTAY — MR SROPREEHRT 2 7 2 T L0535 1 OMF
B ARRIEN R~ F, 5LURUBROE 2 OMTBEARBIENH— F2H
BL. ThOOE1SXUE20K- FERRAE, B1 K- FOBIESRE
FEBOBEHRERL, %2 H— FOEESARESROSERE, &
it THET 3 & 5 RS ¢, RERESEREECEESE TR O
— FEW20K— FEEMA ¢, HICETERERORRICL-TH1OH—F
L2 DK — FISEERRC X SEREE R S €, TH—- FEAITRcn -
TRAET 3 T &40 5005 MAIBE AR — FOME I, i

8., WFESTH1Y-MBEXUS2Y—FE, TS U— FORI—HE
RAEL TS ~ IS RO PREMAETRT 57 27 & 00505 2 MASHA
| BMIERE - F, SRUMESHARMIEMES L ERL,. ThoH— KRR
2 BRAY, K- FOELBROEC EERMESEOESRIER L 20
BTNENELRS ¢, EFRRER S SWROMIHIRE~ F S REEHAL
RIET, NEESERERLRES LT, £ F LBROBMBICEE SR
& BEHRAATE S ¢, MESEVCRET 3 o &5 57 3 M AREIES

5753 H— K L EBBOMEHE, |

9. WEENTWLI— MELCEM2Y— by T — hORNc—HE
- RAELTAY ~ Ml ROGZEZEMELRT 302 S L0555 1 OMF
A ARBIESIH — K, BXUE UHROE 2 OMETEH Sliles+ - K28
L. ShoOE 1 BXUE20H— FORBEE EENET 5 & 5 i East.

A




resin panel on the opposite sides of the second holl ow 35

t her nopl astic

synthetic resin panel and with portions of the opposite surfaces of the
second hol |l ow t hernopl astic synthetic resin panel; driving the ultrasonic

wel di ng head
and second h
junction so

- 10 - to generate frictional heat in portions of the first

rmopl astic synthetic resin panels corres@ndips4 0 the
S8 |

Oose positions are fused and wel ded toget her.

According to a still further aspect of the2@ esent invention, a nethod of

wel di ng together a hollow thernopl astic synthetic resin panel consisting of

a first
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sheet, a second sheet parallel to the first sheet, and ribs integrally
.Joining the first and second sheets and defining 10 a plurality of
spaces between the first and second sheets, and a thernoplastic resin
nmenber, conprises the steps of preparing the hollow thernoplastic synthetic
resin panelwewgidore thernoplastic synthetic resin nenber; pcaapsepibise

hol I ow thernopl astic synthetic resin pane| vm th a side edge 15 t her eof
butting on the thernoplastic syntheti & 6resin menber; pl aci ng an
ultrasonic wel ding machine with an ultrasonic wel di ng head thereof in
contact with H:AaRBIIERIEH =AM Lia Dok ~t h@%ﬁ%ﬁé’ﬁ‘rﬂbplmﬁtbﬂbynthet ic
resin panel adjacent the joint of the hollow thernoplastic 20 synt hetic

o D o Nl oot
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the hol |l ow thernoplastic synthetic resin panel adjacent the joint of the
hol | ow t hernopl astic synthetic resin panel and 25 the thernopl astic
synthetic resin nenber; - driving the ultrasonic welding head to generate
frictional heat in portions of the hollow thernoplastic synthetic resin
panel and thgybgeigpee! astic synthetic resin menber around thgci/sogiozsi® t hat
those portions are fused and wel ded together. 30 According to an
aspect of the present invention, a hollow Bahel structure conprises first
and second hol | ow thernopl astic - synthetic ‘resin panels of the sane

construction eapf:, oofist $v& 28 of-#8 CRIE - ek o 3 75 SEENBEhaskesbE -eF O o
the first sheet, and a plurality of ribs 35 integrally joining the first

and second shecgiggdigt. defining a plurality of spaces between the first and
second sheets, wherein the first and second holl ow t hernopl astic synthetic
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resin panel s are di sposed with side edge portions thereof overlapping each
other to forman overl appi ng section, portions of the first and second
hol | ow t hernopl astic synthetic resin panels in the overl apping section are
5 wel ded together by ultrasonic welding, and the thickness of the
over |l appi noweaahs®® i S substantially equal to the thicknesecrfspoénssfsi r st
and second holl ow thernoplastic synthetic_resin panels. According to a
further aspect of the present invention, 28 a hol |l ow panel structure
conprises first and second hol |l ow thernoplastic synthetic resin panels
of the sanme céhitrud€ildn—cbdsiE2 ing b\ @ brEl AHeRIETER ond ISIEBE
AR N TOAIRIE 1 O IR0 WA ARSI~ F, |
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parallel to the first sheet, and a plurality of ribs integrally joining the
.first and second sheets and defining 15 a plurality of spaces between
the first and second sheets; wherein the first and second holl ow .

t hernopl astic synthetic resin panels are disposed with side edges thereof
butting ag h other, and the side edges are wel ded y
uItrasonlcqmﬁi%?ﬁgg According to a still furtherngg gﬁ%P t he
present invention, a hollow1panel structure conprises a holl ow

t hernopl astic synthetic resin panel copsjpstgng of a first sheet, a second
sheet parallel to the first sheet, and a plurality of ribs |ntegrally
joining the first and second 25 sheets and defining a plurality of
spaces between the first and second sheets, and a thernoplastic synthetic
resin menber; wherei ntihe hol | owéher m)pl ast i‘f_ synt hetic iBsin

/
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panel and the thernoplastic synthetic resin nenber are put in contact with
each other, and portions of the hollow 30 . thernoplastic synthetic resin
panel and the thernoplastic-synthetic resin nenber in contact with each

ot her are wel ded together by ultrasonic welding. The present_invention

empl oys an WRPHIBhi c wel di ng process instead of a heat boﬂ’(’ﬁr(‘\I %&8&355

whi ch applies 35 heat to portions of conponents to be wel ded together.
An ul trasonic wel di ng process enpl oyed?'n '[/Bﬁ present invention nmakes the
mat eri al formng the hollow - 2/ ernopl astic synthetic resin
panel vibrate to generate
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heat in the holl ow thernoplastic synthetic resin panel instead of applying
heat to the hollow thernoplastic synthetic resin panel. Frictional heat is
easily generated 5 - in portions of the sheets of hollow thernoplastic
synthetic resin panels pressed agai nst each other and hence ?ﬁwﬁﬁiﬂpgﬁiions
are easily fwosd/180Mccordi ngly, welding starts fromthe int &1 0 ose
portions and the external surfaces of the sheets are hardly affected by
wel di ng and 10 are kept clean. Sin ﬁ}Zé-internal portions of the
conponents of the hollow thernoplastic g@ theétic resin panel are wel ded,
the junctions has a high weld strength. Since the range of wel ding can
"easily be controlled, the conponents can be wel ded together accurately, for
exanpl e, 15 along a line. Utrasonic waves can effectively propagate

t hrough the ribs of the hoIIOM/thernDpIasti% synt hetic




resin panel, and the sheets of the hollow thernoplastic synthetic resin
panels can effectively be welded together owing to the agency of the ribs.
20 The heat bondi ng process heats portions of components to be

wel ded toget her by applying heat to those positions fromthe outside.
Therefore, tWO9M8W%ces of the hol |l ow thernopl astic synt het PETHE P Bane|
are liable to be affected adversely by the heat, the inner portion of the
25 conmponents of the holl ow thernopl %2?psynt hetic resin panel are not-
necessarily be welded with reliability, por{Ffons of the conponents around
the wel ded portions are |liable to be affected by heat and, in npbst cases,
it is difficult to weld the conponents exactly as designed. 30

BRI EF DESCRI PTI ON OF THE DRAWNGS FRg. 1 is @psectional view of a hollow

t her nopl astic
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synthetic resin panel to which the present invention is applied; Fig. 2is
a partly cutaway perspective view of the 35 hol | ow t her nopl asti c
synthetic resin panel of Fig. 1; Fig. 3is a si de view of the hollow

t her mopl astic synthetic resin panel in an initial stage of a nethod of

13 - closi ngv@pEHOTRYs in an end edge of the hollow thernopl XﬁrfJBW‘?ﬁl%etlc
resin panel; Fig. 4 is a side view of the hollow thernoplastic synthetic
resin panel in a final stage of the matgoy 985 cl osing openings in an
end edge of the hollow thernoplastic _




synthetic resin panel; Fig. 5is a partly cutaway perspective view of a

hol | ow t hernopl astic synthetic resin panel having end edges closed as -shown
in Fig. 4; 10 Fig. 6 is a sectional view of the hollow thernoplastic
synthetic resin panel of Fig. 4, Fig. 7 is sectional view of _a hol | ow

t her nopl ast | WGYMIH® i ¢ resin panel, explaining a nethod of FeldR4{§3318
portions of the hollow thernoplastic synthetic resin panel 15 al ong
lines; Fig. 8 is a sectional view of a ggbyg?gthernnplastic synt hetic

resin panel , expl ai ni ng a met ho t wo- di nensi onal |l y wel di ng
toget her portions of the first and the second sheets of the holl ow

t hernopl astic synthetic 20 resin panel;
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Fig. 9 is sectional view of a hollow thernoplastic synthetic resin panel
havi ng wel ded portions fornmed by the nethods illustrated in Figs. 7 and 8;
Fig. 10 is a perspective view of a hollow thernoplastic 25 synt hetic
resin panel having a linearly welded portion; Fig. 11 is a Q,I M gvof a
hol | ow t her nW@19348078 synt hetic resin panel provided with an 8’3 44‘@ Bd a
recess denmarcated by wel ded portions; Fig. 12 is a sectional view taken on
line XII-XII in 30 Fig. 11; Fig. 13 iz/a/@rspective view of two hol | ow
t her mopl astic synthetic resin panels wel ded together along a line; Fig. 14
I's a perspective view of a hollow thernoplastic 35 synt hetic resin panel
wel ded to a nenber;
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Fig. 15 is sectional view of two hollow thernoplastic synthetic resin
.panels in an initial stage of a welding - 14 - process for wel-ding

t oget her the respective side edge portions of the hollow thernoplastic
synthetic resin panels; Fig. 16 is a sectional view of the two hollow 5

t her nopl astW@9wisaTheti ¢ resin panels in a stage subsequent PEGIP6O33Ei i al
Sstage of the welding process shown in Fig. 15; Fig. 17 is a sectional view
?Let he two conpl etely wel ded hol | ow thgpz)f)éast ic synthetic resin panels in

>//’é\\sz
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10  final stage of the welding process subsequent to the stage shown in
Fig. 16; Fig. 18 is sectional view of a welded portion of a structure
formed by wel ding together the two hol I ow t hernopl astic synthetic re5|n
panel s by the wel ding process 15° illustrated in Figs. 15_ 16 ang

Fig. 19 is swmoems0m ew of a circular tube formed by wel di ngi’ﬂ;’dg% ?lst he
opposite side ends of a single hollow thernoplastic synthetic resin panel;
Fig. 20 is an end view of a rectangularézﬁp?ﬁ%orned by 20 wel di ng

t oget her the opposite side ends of a si | I ow t hernopl astic synthetic
resin panel; Fig. 21 is a perspective view of a hollow panel structure
formed by successively connecting holl ow thernoplastic synthetic resin
panel s, and a frame nenber
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25  conbined with the hol | ow panel structure; Fig. 22 is a devel opnent of

a holl ow thernopl astic synthetic resin panel box; Fig. 23 is a
devel opment of another hollow thernoplastic synthetic resin panel box;
30 Fig. 24 is a sectional view of a reinforced edge portion of a

hol | ow t her WP synthetic resin panel before conpl eti orPCHIRY6N0338 | 5 5
sectional view of the reinforced edge portion of the hollow thernoplastic
synthetic resin panel 35 of Fig. 24 ;gj)mye;onpletion; Fig. 26 a
sectional view of two hollow thernoplastic synthetic resin panels,

expl aining a nethod of butt wel ding
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- 15 - the two hollow thernoplastic synthetic resin panels; Fig. 27 is a
sectional view of three hollow thernoplastic synthetic resin panels,

expl aining a nmethod of butt welding the three hollow thernoplastic
synthetic 5 resin panels; Fig. 28 is a sectional view of two hol | ow

t her mopl asti OYGYMBAWL i c resin panels, explaining a method of PRAEIRAESIBhe
two hol [ ow thernoplastic synthetic resin panel s at an angle; 10 Fig.
29 is sectional view, explaining a rret t{ wel ding a part to one side
edge portion of a hollow thernoplastic &( ic resin panel; Fig. 30 is a
fragnentary perspective view of an edge :




menber; 15 Fig. 31 is a perspective view of the edge nenber of Fig.
30 provided with a notch necessary for bending the sane; Fig. 32 is a
perspective view of an edge nenber provided with another notch necessary
for bending the same; 20 Fig. 33 is a perspective view of the edge
menber of Fi gYOIW18#ht and attached to a hol |l ow t her nopl ast i PCHIRPEHRBIE
resin panel; Fig. 34 is a perspective view of the edge nenber of Fig. 32
bent and attached to a hollom/thernDpIa7E%c ?E; synt hetic resin panel;
Fig. 35 is a perspective view of a grip; (6. 36 is a sectional view of a

hol | ow t hernopl astic synthetic resin panel to which.-the grip of Fig. 35 1is




wel ded; 30 Fig. 37 is a perspective view of a card holder; Fig. 38
Is a sectional view of a hollow thernoplastic synthetic resin panel and the
card hol der wel ded to the holl ow thernoplastic synthetic resin panel; Fig.

39 is a plan view of a hollow thernoplastic 35 synthetic resin panel to
whi ch a transpeswmorpl ate is welded; Fig. 40 is a plan view BCTaPIsii3218

hol | ow t her nopl astic - 16 - synthetic resin panel to which a transparent
plate is wel ded; and /13/16
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Fig. 41 is a sectional' view of the hollow thernoplastic synthetic resin
panel of Fig. 40. 5 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON
Preferred enbodi ments of the present invention will be described
héreinafter with reference to the acconpanying drawi ngs. Referring to Figs.
1 and 2 shovWwe@P748a1®| | ow 10 t her nopl asti ¢ synthetic resi FGIARH/03318

rel evant to the present invention in a sectional view and a partly cutaway
perspective view, respectively, the holufmlgggrnnplastic synthetic resin
panel has a first sheet 2a, a second s ee(/ ext ended opposite to and in
parallel to the first sheet 15 2a, and a plurality of parallel ribs 3
integrally joining the sheets 2a and 2b. A plurality of holl ow spaces 4 are
formed between adjacent ribs 3. The sheets 2a and 2b and
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the ribs 3 are formed in an integral structure by extruding a thernoplastic
resin, such as a pol ypropylene resin or a 20 pol yet hyl ene resin, through
an extrusion die. In the hollow thernoplastic synthetic resin panel B thus
formed, the side edges 5 parallel to the ribs 3 are open to the outside as
shown in Fiwootiserad t he spaces 4 are open in the |ongitudi MEIIR6EE3Bges as
showmn in Fig. 2. 25 Therefore, the interior of the hollow

f her nopl astic synthetic resin panel B } )A | e to be contam nated with
foreign matters including dust and un#aht’ed Dacteria and, once

contam nated, it is practically inpossible to wash the interior of the

hol | ow t hernopl astic synthetic resin panel 30 B. A thernoplasti-c
synthetic resin panel welding nethod in a preferred enbodi nent according to
the present invention
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sol'ves such a problem For-exanple, the open ends of the spaces 4 opening
in the longitudinal end edges of the 35 hol | ow t hernopl astic synthetic
resin panel B are closed by wel ding together the |ongitudinal end portions
of the first sheet 2a and the second sheet 2b as shown in Figs. 3 and 4.

- 17 - The WpesAaspre i nvention enpl oys an ul trasoni c wel di ng PRAGRPGB31S: he
principle of which is generally known, for welding together the

‘l ongi tudi nal end portions of the firszé§gegg$2a and the second sheet 2b.
The ultrasonic welding 5 machi ne | r ded with a transducer which
uses a unidirectional piezoelectric effect for converting electric

FI1G.40




power into ultrasonic vibration, and an anplifier. Utrasonic vibration is
exerted through an ultrasonic horn on a workpiece to generate heat in the
woy' kpi ece by 10 stinmul ating atom ¢ novenent in nolecules of the nmaterial
form ng the workpiece. Fig. 3 shows an ultrasonic wel ding nachine which
carries out a thernoplastic synthetic resin panel welding method in
accordance with.the present invention. ~ Bhé€ 15 ul trasoni ¢ wel di ng
machi ne has an ultrasoni ¢ wel di ng hg%%ﬁ%qu5¥§o n ultrasonic horn, and a
wor k support bl ock 7 having a flat t The ul trasonic wel di ng
head 6 i s extended along an end edge of the outer surface of the first

sheet 2a of the hollom/ g?gé §%55N5§$ﬁg @E%ﬁfﬁbnmégHOD RBR el

(perpendicularly to the s € Wwor or bIock 71is
di sposed with its BOppOWt PANELaSERUCTURES FABRICATED BY THE METHOD

S
TECHNICAL FIELD

The present invention relates to a method of welding

together hollow thermoplastic synthetic resin panels each
formed by integrally joining together two parallel sheets
10 by a plurality of ribs, and a hollow panel structure
fabricated by the same method.
) BACKGROUND ART
Hollow thermoplastic synthetic resin panels having two

parallel sheets and a plurality of ribs integrally

15 connecting together the two sheets are used for forming

packages, such as boxes, architectural materials, such as

partition members and walls, and the like. The hollow

thermoplastic synthetic resin panel for such purposes are

produced by extruding a material 'in the direction of

20 extension of the ribs. Generally, the material is a

thermoplastic resin such as a polypropylene rein or a

polyethylene resin. The nollow thermoplastic synthetic

resin panel has become prevalently used owing to its

excellent strength and durability as compared with those of

i 25" corrugated cardboards, _

Since the side edges parallel to the ribs of the

conventional hollow panel of this kind, and the end edges

of the same hollow panel perpendicular to the ribs are open

to the outside, the interior of the spaces of the hollow

30 panel are liable to be contaminated with foreign matters

including dust and unwanted bacteria, and the cleaning of

the interiors of the hollows is practically impossible.

Accordingly, the conventional hollow panel could not have

been used for forming boxes for containing food, medical

35 and pharmaceutical products, cosmetics, etc. which must
meet severe sanitary standards.

When using hollow panels of this kind as a packaging



eerhded al ong an end edge of the outer surface of the second sheet 2b of
the holl ow t hernopl astic synthetic resin panel B so as to correspond to the
ulfrasoni ¢ wel di ng head 25 6. The end edge of the hollow thernoplastic
synthetic resin panel B is placed on the work support block 7, the
ultrasonic welding head 6 is actuated to nerate ultrasonic waves, and the
ultrasonic welding head 6 is noved in the ©fitection of the arrow A (Fig. 3)
toward the 30 wor k. sup ck 7_to caonmpress the end edge rt.i op_of
the hol | ow t hePRAbpT ARt ¢ @%t ﬁl&ﬁ(?wr egFﬁeggnelPe@beaﬂve ¥ tRe af‘a‘?% Esilonjlgcé
wel di ng head apnmdeshesmbokfsumpgrbcbbschnﬁ/ofhaeﬂ&ss&ammn:tmwesugéaeeated
Y (e ULLT SRR Xk ! BEaNRRI (B 2ot ARSI O Tbddifiildd Slo ShREL 22

and the 35 e secon b hen, eat erate
the first sheerokiowiprnekgonfusheprogiesses use pr§§s3wgyk1ng 1ncludlng

5 hot-plate press working. However, since folding grooves
formed by press working are shallow and portions of the
hollow panels corresponding to the folding grooves are
excessively resilient, wvarious troubles arises during and
after assembling the hollow panels to form boxes. If an

10  opening is formed in the hollow panel by press working, the
interior of the hollows are opened on the edge of the
opening and hence the interior of +the hollows are
contaminated with foreign matters 1nclud1ng ‘dust. When a
hot plate is used for press working, the surface of the hot

15 plate melts portions on the opposite sides of a pressed
part of the opposite sheets of the hollow panel and many
pores are formed in the hollow panel.

Hollow panels are joined together or a hollow panel is
joined to another part, such as a frame, by methods

20 respectively using staples, rivets, an adhesive tape and
an adhesive. These methods have been employed in joining
together corrugated cardboards made of paper and, in some
cases, these methods are applicable to joining together
hollow synthetic resin panels without entailing any

25° problem. -

' Hollow thermoplastic synthetic resin panels are used
for forming a package for containing a heavy article that
applies a large load that cannot be born by a corrugated
cardboard or fiberboard to the package or a highly

30 air-tight or liquid-tight package. Therefore, a package
formed by welding together hollow thermoplastic synthetic
resin panels with adhesive tapes or an adhesive is not
perfectly reliable when used for such purposes. Stapling
and riveting have difficulty in carrying out aif—tight orxr

35  liquid-tight welding. |

A method of welding together hollow thermoplastic
synthetic resin panels with a hot plate, similarly to the



I ntranol ecul ar vibration and the first sheet 2a, the second sheet 2b and
the ribs 3 are fused and wel ded together. Since those fused portions of the
first sheet 2a, the second sheet 2b and the ribs 3 are conpressed between
the ultrasonic welding head 6 and the work support block 7, the 5 first
sheet 2a is pressed toward the second sheet, 2b as the ribs 3 are softened
and, finally, the end edge of the first Shebt™ 2a is joined to the end edge

of e second Shselod® g IR Busords I05/600 Rdogstat! Lon dloils,
sheet 2b and ttRermopastiie syntheigss oésimepénels shdetfcZaniangl fdisdsmgond
sheet 2b are weldsd,d 0% ¥pening8€in the hollow thermoplastic synthetic
resin panei, has problems in that many holes and
5 impressions are formed in the surface of the hollow
thermoplastic synthetic resin panel, and in that two hollow
thermoplastic synthetic zresin panels, or a hollow
thermoplastic synthetic resin panel and a thermoplastic
synthetic resin part are not welded firmly together with
10 satisfactory appearance and, in a worst case, the welded
portions of the hollow thermoplastic synthetic resin panel
are burnt off.
The present invention has been made to solve those
problems in the prior art and it is therefore an object of
15 the present invention to provide a hollow thermoplastic
synthetic resin panel welding method capable of firmly
welding together +the opposite sheets of a hollow
thermoplastic synthetic resin panel, two hollow
thermoplastic synthetic resin panels or a hollow
20 thermoplastic synthetic resin panel and another part with
satisfactory appearance.
Another object of the present invention is to provide
a thermoplastic synthetic resin panel welding method
capable of surely closing the edges or the line of a hollow
25r' thermoplastic synthetic resin panel by fusion to seal the
interior of the hollow thermoplastic synthetic resin panel
panel.
Still another object of the present invention is to
provide a thermoplastic synthetic resin panel welding
30 method capable of surely forming grooves, recesses, folding
grooves, openings and such in a hollow thermoplastic
synthetic resin panel without inducing resilience in
portions of the hollow thermoplastic synthetic resin panel
corresponding to the grooves, the recesses, the folding
35 grooves, the openings and such.
A further object of the present invention is to

provide_ a hollow thermoplastic synthetic resin panel



>
b

ultrasonic wel ding head 6 has a concave, curved shape with the outer edge
portion protruding to the |argest extent as shown in Fig. 4, and the end
edge portion of the first 15 sheet 2a is bent in a curve conformng to
t he concave, curved shape of the ultrasonic welding head 6. The end
portions of the ribs 4 are nelted into a;sgape conform ng the curved shape
of the end edge portion of the first sheet™2a. Since the ultrasonic waves

and the work sORRSPERfodl 7 tnEnriOReRR AT Bl RhEPAL Rl 'EapeE” ©

synthetic resiatpaatbrg ifebriicatedgityn mrecesting dwlldve thermeplehsicane
are not nelted t he f ic 25
synffePif feégﬁoge 1% by h&%ﬁb&% NRELRSA |

synthetic resin panel B 1s also b to formclosed end edges
or seans 8 in the hollow t her BEPTHRSYRE OF THE INVENTION

5 Accoxrding to an aspect of the present invention, a

thermoplastic synthetic resin panel welding method

comprises the steps.of preparing a hollow thermoplastic

synthetic resin panel having a first sheet, a second sheet

parallel to the first sheet, and ribs integrally joining

10 the first and second sheets; placing an ultrasonic welding

machine with an ultrasonic welding head thereof and a work

support means thereof disposed adjacent the first and

second sheets, respectively; moving the ultrasonic welding

head and the work support means toward each other to bring

15 the ultrasonic welding head and the work support means into

contact with the first and second sheets, respectively:;

generating ultrasonic waves between the ultrasonic welding

head and the work support means to generate frictional heat

by the ultrasonic vibration of the first and second sheets;

20 and compressing the first and second sheets between the

ultrasonic weldingihead and the work support means to weld
together the first and second sheets.

According to another aspect of the present invention,

a thermoplastic synthetic resin panel welding method

25" comprises the steps of preparing a first hollow

thermoplastic synthetic resin panel consisting of a first

sheet, a second sheet parallel to the first sheet, and ribs

defining a plurality of spaces between the first and second

sheets, and a second hollow thermoplastic synthetic resin

30 panel of the same éonstruction as that of the first hollow

thermoplastic synthetic resin panel; placing the first and

second hollow thermoplastic synthetic resin panels one on

top of the other; placing an ultrasonic welding machine

with an ultrasonic welding head thereof disposed on a

35 surface of the first hollow thermoplastic synthetic resin

panel and a work support means thereof disposed on a

surface of the second hollow thermoplastic 5ynthetic resin



synthetic resin panel B as shown in Figs. 5 and 6. The closed end seans 8

Jcan be formed in a desired shape by properly determ ning the shapes of the

uFtrasoni c wel di ng 30 head 6 and the work support block 7. Wen the end

seans 8 are thus forned, the space 4 of the hollow thernoplastic synthetic

resin panel B are not contaninated with fareign matters including dust, and
air is sealed in the spaces : Consequently, the heat 35

110 DR A bt 4k Bt e gt ey |,
hol | ow t her nopthket tétrasonig welding head and the work support means
toward each other to bring the first and second hollow
thermoplastic synthetic resin panels into contact with each
5 other; driving the ultrasonic welding head to generate
frictional heat by ultrasonic vibration in the first and
second hollow thermoplastic synthetic resin panels so . that
portions of the first and second hollow thermoplastic
synthetic resin panels along the line are fused and welded
10 together.

According to another aspect of the present invention,
a method of welding together a hollow thermoplastic
synthetic resin panel and a thermoplastic synthetic resin
part comprises the steps of preparing a hollow
15  thermoplastic synthetic resin panel consisting of a first
sheet, a second sheét parallel to the first sheet, and
ribs defining a plurality of spaces between the first and
second sheets, and a thermoplastic sYnthetic resiﬁ member;
putting the hollow thermoplastic synthetic resin panel and
20 the member one on top of the other; placing an ultrasonic
welding machine with an ultrasonic welding head thereof
disposed on a surface of the hollow thermoplastic synthetic
resin panel and a work support means of the ultrasonic
welding machine disposed on a surface of the member so that
257 the hollow thermoplastic synthetic resin panel and the
: member are held between the ultrasonic welding head and the
work support means; driving the ultrasonic welding head to
generate frictional heat in portions of +the hollow
thermoplastic synthetic resin panel and the member in
30 contact with each other by ultrasonic vibration so that the
hollow thermoplastic synthetic resin panel and the member

-are welded together.
According to still another aspect of the present
invention, a thermoplastic synthetic resin panel welding
35 method comprises the steps of preparing a first hollow
thermoplastic synthetic resin panel consisting of a first
sheet, a second sheet parallel to the first sheet, and ribs



synthetic resin panel B parallel to the ribs 3 may be cl osed by wel di ng.

Wl ding work simlar to that nentioned above can be practiced for portions
of -t he holl ow t hernopl astic 5 synthetic resin panel B other than the edge
portions. Wen formng a hollow panel structure shown in Fig. 7, an
ultrasonic welding head 6Ais fornmed in a éapered cross section and has a
m ddl e nose 9. and a mnrk support block 7A’is basically the sane as the

foregoi ng work.s ck S a
desired porti o ?)?R % %cﬁllur\ﬁqt A F‘% g‘t:?%s%%&%&% |t§1%$g§' %tr?t gh[eil Qgconé
pl aced on the abeetsuppndtabSec@ndAhollmwL¢m¢Emeﬂ@st¢dﬁmgtheﬁuCGFﬁssn

dri ven Lo 9enepgheiLbi MO ARSAL LG ULt ERRANGE WRLOEDGShoRH) 600 o

noved toward the work support nsequent t he desired
portion of thethermeplastic synthetic resin panel; plac1ng the first and

5 second hollow thermoplastic synthetic resin panels so that
end portions thereof overlap each other to form an
overlapping section; placing an ultrasonic welding machine
with an ultrasonic welding head thereof disposed on one
side of the overlapping section and with a work support

10 means thereof disposed on the other side of the same;
driving the ultrasonic welding head to generate frictional
heat by ultrasonic wvibration in the surfaces of the
overlapping end portions of the first and second hollow
thermoplastic synthetic resin panels in contact with each

15 other so that the surfaces of the overlépping end portions
of the first and second hollow thermoplastic synthetic
resin panels in contact with each other are softened and
welded together; and compressing the first and second
sheets of the overlapping portions of the first and second

20 hollow thermoplastic synthetic zresin panels in the
direction of their thickness by the ultrasonic welding head
and the work support means to weld together the first and
second hollow thermoplastic synthetic resin panels.

According to a further aspect of the present invention,

25,’ a thermoplastic synthetic resin panel welding method
comprises the steps of preparing a hollow thermoplastic
synthetic resin panel consisting of a first sheet, a sebond
sheet parallel to the first sheet, and ribs defining a
plurality of spaces between the first and second sheets:;

30 placing opposite edge portions of the hollow thermoplastic
synthetic resin panel one on top of the other to form an
overlapping section; placing an ultrasonic welding machine
with an ultrasonic welding head thereof disposed on one
side of the overlapping section and with a work support

35 means thereof disposed on the other side of the overlapping
section; driving the ultrasonic welding head to generate

ultrasonic waves that propagate from the ultrasonic welding



thér}mpl astic synthetic resin panel Bis softened and partly nelted and the
first sheet 2a is curved and welded to the second sheet 2b to forma |inear
grove 10 having a substantially V-shaped cross section as indicated by 20
alternate long and two short dashes lines in Fig. 7. Thus, a weld line 11

- is formed in the bottomof the V-shaped |ipear groove 10 in the holl ow

t hernopl astic synthetic resin panel B. The sﬁape of the linear groove 10 is
dependent on th e of e ul t asoni ¢c_wel'di ng he er
may be attached etaglh %F’ BYBY f?????\ﬁttrﬁeear?‘%rfebo atqlazc qGClr?élgﬁ (gi'rlné Sove
10 or. the groous 1Qenayabedf amredhen simfameer ©F pﬁhéermm]ramﬁ@ efige

t hernopl astic gxghg? h¥%3 PeElgs B QB @
recess 12 havifig a %ﬁ%ﬁlﬁ ?I#ace I nst ead -E'H%Vf‘th Fanar roove

10. An u|tras@me;lapplng edge edge portlons are softened and welded

'

5 together; and compressing the overlapping edge portions of
the hollow thermoplastic synthetic resin panel between the
ultrasonic welding head and the work support means in the
direction of the thickness of the overlapping edge portions
to reduce the thickness of the overlapping section to a

10 thickness substantially equal to the thickness of the
hollow thermoplastic synthetic resin panel.

According to a still further aspect of the present
invention, a thermoplastic synthetic resin panel welding
method comprises the steps of preparing a hollow

15 thermoplastic synthetic resin panel conéisting of a first
sheet, a second sheet parallel to the first sheet, and ribs
defining a plurality of spaces between the first and second
sheets; folding an end portion of the hollow thermoplastic
synthetic resin panel in layers; holding the layers of the

20 hollow +thermoplastic synthetic resin panel between an
ultrasonic welding head and work support means of an
ultrasonic welding machine; driving the ultrasonic welding
head to generate frictional heat in the layers of the
hollow thermoplastic synthetic resin panel by ultrasonic

257 vibration so that the layers of the hollow thermoplastic

. synthetic resin panel are welded together to form an edge
portion of a thickness greater than that of the hollow
therméplastic synthetic resin panel.

According to another aspect of the present invention,

30 a thermoplastic synthetic resin panel welding method
comprises the steps of preparing a first hollow
thermoplastic synthetic resin panel consisting of a first
sheet, a second sheet parallel to the first sheet, and ribs
integrally joined to the first and second sheets and

35 defining a plurality of spaces between the first and second
sheets, and a second hollow thermoplastic synthetic resin

panel of the same construction as that of the first hollow



wel di ng head 6B having a flat end surface and a work support block 7B
having a flat support surface corresponding to the flat end surface of
the ultrasonic wel ding head 6B are enpl oyed. The ultrasonic wel ding head 35
6B is driven to generate ultrasonic waves and is noved toward the work
support bl ock 7B. Consequently, a portiOﬁ of the hollow thernopl astic
synthetic resin panel B 20 - correspofiding to the flat end surface of

cor r espondi nd 8 TR ACEa SO SUE 6 HE Ho o o B REPPLle T8 F5% on
of the first agidesec@adciool kepdriidimpl@astiec synthetic resin panels with
side edges thereof pressed against each other to form a
butting section; placing an ultrasonic welding machine with
5 an ultrasonic welding head thereof and a work support means
thereof disposed opposite to each other with respéc’c to the
direction of thickness of the butting section ‘on the
opposite sides of +the butting section, respectively;
driving the ultrasonic welding head to generate frictional
10 heat in the end surfaces of the hollow thermoplastic
synthetic resin panels butting on each other by ultrasonic
vibration so that the end surfaces of the hollow
thermoplastic synthetic resin ﬁanels butting each other are
fused and welded together to connect the first and second
15 hollow thermoplastic synthetic resin panels together in a
single hollow thermoplastic synthetic resin panel.
According to still another aspect of the present
Ainvention, a thermoplastic synthetic resin panel welding
method comprises the steps of preparing first, second and
20 third hollow thermoplastic synthetic resin panels of the
same construction each consisting of a first sheet, a
second sheet parallel to the first sheet and ribs
integrally joining the first and second sheets and defining
a plurality of spaces between the first and second sheets;
25_" placing the first and second hollow thermoplastic synthetic
resin panels to form an édge-to-edge junction; placing the
third hollow thermoplastic synthetic resin panel at an
angle to the surfaces of the first and second hollow
thermoplastic synthetic resin panels so that a side edge of
30 the third panel butts on the edge-to-edge junction of the
first and second hollow thermoplastic synthetic resin
panels; placing an ultrasonic welding machine with an
ultrasonic welding head thereof in contact with the
edge-to-edge junction of the first and second hollow
35 thermoplastic synthetic resin panels on a side opposite the
side on which the third hollow thermoplastic synthetic

resin panel butts on the edge-to-edge junction of the first



5 ul trasonic wel ding head 6B is wel ded to the second sheet 2b to form
t'he recess 12 as shown in Fig. 9. The recess 12 nmay be a gripping recess,
pattern or marks. Fig. 10 shows a hol |l ow panel structure obtai ned by
form ng a folding |ine 14 perpendicular to ribs 3 in a 10 hol | ow
thernopl astic synthetic resin panel B. Thig folding Iine 14 can be forned
by conpressing a portion of the hollom/thernnplastlc synthetic resin panel
B between an ul | t ead
oA shown | n Fi iy SECRROE Y ifhifedls bmthBsIL LaR ol SalBL L) Mhd
that of the ul tWigdo® workesehper hawgsns ph thesuh'@)mwmml@mgj@taﬂmne

correspondi ng pef tONEa St &B@hfbbn?‘cléﬂéebfzacr@dfif@tSe§é’89néhﬁﬁh i

curved in linear grooves simlar to the Iinear groove 10 of Fig. 9 and the
bottons of the b9 FRFRP IR %I e Eeh BeRER tBanels” in  the
5 edge-to-edge junction of the first, second and third hollow
thermoplastic synthetic resin panels; driving the

ultrasonic welding head to generate frictional heat in

portions of the first, second and third hollow

-thermoplastic synthetic resin panels in the junction of the

10 first, second and third hollow thermoplastic synthetic

resin panels so that portions of the first, second and

third hollow thermoplastic synthetic resin panels in the
junction are fused and welded together.

- According to a further aspect of the present invenfion,

15 a thermoplastic synthetic resin panel welding method

domprises the steps of preparing first and second hollow

thermoplastic synthetic resin panels of the same

construction each consisting of a first sheet, a second

sheet parallel to the first sheet, and ribs integrally

20 joining the first and second sheets and defining a

plurality of spaces between the first and second sheets;

placing the second hollow thermoplastic synthetic resin

panel at an angle to one surface of the first hollow

thermoplastic synthetic resin panel with a side edge of the

25" second panel butting on the surface of the first hollow

thermoplastic synthetic resin panel; placing an ultrasonic

welding machine with an ultrasonic welding head thereof in

contact with a portion of the other surface of the first

hollow thermoplastic synthetic resin panel corresponding to

30 the junction of the first and second hollow thermoplastic

synthetic resin panels, and with a work support means of

the ultrasonic welding machine in contact with portions of

"the surface of the first hollow thermoplastic synthetic

resin panel on the oppoéite sides of the second hollow

35 thermoplastic synthetic resin panel and with portions of

the opposite surfaces of the second hollow thermoplastic

synthetic resin panel; driving the ultrasonic welding head



20 formthe folding line 14. The hol | ow t hernopl astic synthetic
‘resin panel B can be folded along the folding Iine 14. The folding line 14
can be formed in parallel to or at an inclination to the ribs 3. Since
correspondi ng portions of the sheets 2a and 2b on 25 the folding line 14
are directly wel ded together, the re5|ll%pce of the hollow thernoplastic
synthetic resin panel B against bending along the folding line 14 is | ow

o e e et aeRerh e 1001 ORLE Réat LI 1HobERGAR bECERESEE-GR! BlHC

strength. Alt I near groove ng a V-shaped cross
section as she@mond Fihgllpwnaythermemkhskic fevothgtitne resins daselsgbl e

that the fol deQrééﬂ@n@fnéofHEEthy &ﬁ&@ﬁ&g &b n@ﬁét%ﬁ@¥ésp8§i{tﬂgn§ aegnon
bottomin the opposite surfaces of”t | ow t hermopl astic synthetic resin
panel B. fused and welded together.

5 According to a still further aspect of the present
invention, a method of welding together a hollow
thermoplastic synthetic resin panel consisting of a first
sheet, a second sheet parallel to the first sheet, and ribs
integrally joining the first and second sheets and defining

10 a plurality of spaces between the first and second sheets,
and a thermoplastic resin member, comprises the steps of
preparing the hollow thermoplastic synthetic resin panel
and the thermoplastic synthetic resin member; placing the
hollow thermoplastic synthetic resin panel with a side edge

15 thereof butting on the thermoplastic synthetic resin
member; placing an ultrasonic welding machine with an
ultrasonic welding head thereof in contact with a portion
of one surface of the hollow thermoplastic synthetic resin
panel adjacent the joint of the hollow thermoplastic

20 synthetic resin panel and the thermoplastic synthetic resin
member and a work support means of the ultrasonic welding
machine_in'contact'with a portion of the other surface of
the hollow thermoplastic synthetic resin panel adjacent the
joint of the hollow thermoplastic synthetic resin panel and

25" the thermoplastic synthetic resin member; driving the
ultrasonic welding head to generate frictional heat in
portions of the hollow thermoplastic synthetic resin panel
and the thermoplastic synthetic resin member around the
joint so that those portions are fused and welded together.

30 According to an aspect of the present invention, a
hollow panel structure comprises first and second hollow
thermoplastic synthetic resin panels of the same
construction each consisting of a first sheet, a second
sheet parallel to the first sheet, and a plurality of ribs

35 integrally joining the first and second sheets and defining
a8 plurality of spaces between the first and second sheets,

wherein the first and second hollow thermoplastic synthetic



35 The first sheet 2a and the second sheet 2b can be wel ded toget her
im a manner as shown in Figs. 11 and 12. An opening 16 or a recess 17 is
formed in the holl ow - 21 - thernoplastic synthetic resin panel B as
shown in Fig. 11, the edges of the opening 16 or the recess 17 are held
between an ultrasonic wel ding head and a_wpyk_support block having the
shape of the opening 16 or the recess 17, and 5 then ultrasoni c waves are

b ] ' | i ]
generated by the ult %a?g%!nsgiar%é 'S%l t 6l - G I8 ’Edpde’e g S Q'F]ef&?f

sheets 2a and cor e edges of the opening 16 or the recess
17 are wel ded texpairgRindgrhescht lefhedygeto 1§osm tare overlapping section,

portions of the first and second hollow thermoplastic

synthetic resin panels in the overlapping section are

5 welded together by ultrasonic welding, and the thickness of

the overlapping section is substantially equal to the

thickness of'the first and second hollow thermoplastic
synthetic resin panels.

According to a further aspect of the present invention,

10 a hollow panel structure comprises first and second hollow
thermoplastic synthetic resin panels 6f the same
construction consisting of a first sheet, a second sheet
parallel to the first sheet, and a plurality of ribs
integrally joining the first and second sheets and defining

15 a plﬁrality of spaces between the first and second sheets;
wherein the first and second hollow thermoplastic synthetic
resin panels are disposed with side edges thereof butting
against each other, and the side edges are welded together
by ultrasonic welding.

20 According to a still further aspect of the present
invention, a holiow panel structure comprises a hollow
thermoplastic synthetic resin panel consisting of a first
sheet, a second sheet parallel to the first sheet, and a

~ plurality of ribs integrally joining the first and second

25”7 sheets and defining a plurality of spaces between the first

: and second sheets, and a thermoplastic synthetic resin
member; wherein the hollow thermoplastic synthetic resin
panel and the thermoplastic synthetic resin member are put
in contact with.each other, and portions of the hollow

30 thermoplastic synthetic resin panel and the thermoplastic
synthetic resin member in contact with each other are
welded together by ultrasonic welding.

The present invention employs an ultrasonic welding
process instead of a heat bonding process which applies

35 heat to portions of components to be welded together. Aan
ultrasonic welding process employed in +the present

invention makes the material forming the hollow



opening 16 are closed or seaned as shown in Fig. 12. 10 In the
foregoing holl ow panel structures, the sheets 2a and 2b of a hol | ow

t hernopl astic synthetic resin panel B are wel ded together. A hollow panel
structure shown in Fig. 13 is fornmed by wel ding together a first holl ow

t hernopl astic synthetic resin panel Bl and a second holl ow 15

t hernopl astic synthetic resin panel BZ'aﬁghg a weld line 20. Wien wel di ng

t oget her the tgp hol | ow. t her nopl ast.ic synt hetic engqupel Bl and B2 al ong
the wel d 1inet3§T™PR&EFHEChFATREHE H5 PRPEY NS 5P nIFRRER 8L and
B2 are put onaeam tiap ohet hwldidherthearmaplasisioni symthditig hessli?0paneils

(her nopl ast | c LA SRS | B r SRHLISRGEI DT athort SubOaro bl SaETOeBeSSas:

into contact wvhithefiécseesin pEnedt. 2Brbctitmascwen dneaeilvhoeneprpisd c

syntheti g reshH.ﬁ@P@ions of the sheets of hollow thermoplastic synthetic
resin panels pressed against each other and hence those
pértions are easily fused. Accordingly, welding starts
from the interior of those portions and the external
surfaces of the sheets are hardly affected by welding and

10 are kept clean. Since the internal portions of the
components of the hollow thermoplastic synthetic resin
panel are welded, the junctions has a high weld strength.
Since the range.of welding can easily be controlled, the
components can be welded together accurately, for example,

15 along a line. Ultrasonic waves can effectively propagate
through the ribs of the hollow thermoplastic synthetic
resin panel, and the sheets of the hollow thermoplastic
synthetic resin panels can effectively be welded together
owing to the agency of the ribs.

20 The heat bonding p£0cess heats portions of components
to be welded together by applying heat to those positions
from the outside. Therefore, the surfaces of the hollow
thermoplastic synthetic resin panel are liable to be
affected adversely by the heat, the inner portion of the

257 components of the hollow thermoplastic synthetic resin
panel are not necessarily be welded with reliability,
portions of the components around the welded portions are
liable to be affected by heat and, in most cases, it is
difficult to weld the components exactly as designed.

30 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view of a hollow thermoplastic

synthetic resin panel to which the present invention is
applied;
Fig. 2 is a partly cutaway perspective view of <the
35 hollow thermoplastic synthetic resin panel of Fig. 1;
Fig. 3 1is a side view of the hollow thermoplastic
synthetic resin panel in an initial stage of a method of



B2, the ultrasonic welding head is driven to generate 25 ul trasonic
waves and noved toward the work support block. Consequently, heat is
generated in portions of the hollow thernoplastic synthetic resin panels Bl
and B2 between the ultrasonic wel ding head and the work support bl ock and
the hol | ow t hernopl astic synthetic resin ggnels Bl and B2 are 30 wel ded
together. The ultrasonic welding head and“the work support block are

13 " The ol I S e cveraaed e Has b Y pY the AGE S A Tis O,
t her nopl ast i ¢ spymithesticc wession peaved!;s B1 and B2 and having 35 t he
straight veld |1ng.s 12 4sed a3:RePafid 1 88 MEHIehol 9bydl edlimip tdleeic
interior of a box imo separate Spaces or a conponent nenber of "a honeyconb
structure. synthetic resin panel in a final stage of the method o :

5 closing openings in an end edge of the hollow thermoplastic

synthetic resin panel;

Fig. 5 is a partly cutaway perspective view of a hollow
thermoplastic synthetic resin panel having end edges closed
as shown in Fig. 4; =

10 Fig. 6 is a sectional view of the hollow thermoplastic
synthetic resin panel of Fig. 4;

{ Fig. 7 is sectional view of a hollow thermoplastic
synthetic resin panel, explaining a method of welding
portions of the hollow thermoplastic synthetic resin panel

15 along lines; '

' Fig. 8 is a sectional view of a hollow thermoplastic
synthetic  resin panel, explaining a method of
two-dimensionally welding together portions of the first
and the second sheets of the hollow thermoplastic synthetic

20 resin panel;

Fig. 9 is sectional view of a hollow thermoplastic
synthetic resin panel having welded portions formed by the
methods illustrated in Figs. 7 and 8;

Fig. 10 is a perspective view of a hollow thermoplastic

257 synthetic resin panel having a linearly welded porxtion;

. Fig. 11 is a plan view of a hollow thermoplastic
synthetic resin panel provided with an opening and a recess
demarcated by welded portions;

Fig. 12 is a sectional view taken on line XII-XII in

30 Fig. 11;

Fig. 13 1is a perspective view of +two hollow
thermoplastic synthetic resin panels welded together along
a line;

Fig. 14 is a perspective view of a hollow thermoplastic

35 - synthetic resin panel welded to a member;

Fig. 15 is sectional view of two hollow thermoplastic

synthetic resin panels in an initial stage of a welding



- 22 - Fig. 14 shows a holl ow panel structure formed by conbining a holl ow
ther nopl astic synthetic resin panel B and a thernoplastic synthetic resin
merber 22. The hol |l ow t hernopl astic synthetic resin panel B is wel ded al ong
ab weldline 23 to the thernoplastic synthetic resin nenber 22 by
ultrasonic welding as nentioned above.1 _ The t hernopl astic
synthetic resin nenber 22 is, for exanple, % Trenber of a frame for

16 syt het i PI0SEE pRET (RN, BRPREAS ortH! AeRESEHg¥bnet - of e ite
portions of a fPordtiomns | of t beenopdhbew c Ehennmpliastiosi syietBl aebin
second hol | ow thejsmpl astic
| Fig. 16 1is a sectional view of the two hollow
5 thermoplastic synthetic resin panels in a stage subsequent
to the initial stage of the welding process shown in Fig.
15;

Fig. 17 is a sectional view of the two completely
welded hollow thermoplastic synthetic resin panels in the

10 final stage of the welding process subsequent to the stage
shown in Fig. 16;

Fig. 18 is sectional view of a welded portion of a
structure formed by welding together +the two hollow
thermoplastic synthetic resin panels by the welding process

15 illustrated in Figs. 15, 16 and 17;

Fig. 19 is an end view of a circular tube formed by
welding together the opposite side ends of a single hollow
thermoplastic synthetic resin panel;‘

Fig. 20 is an end view of a rectangular tube formed by

20 welding together the opposite side ends of a single hollow
thermoplastic synthetic resin panel;

Fig. 21 1is a perspective view of a hollow panel
structure formed by successively connecting hollow
thermoplastic synthetic resin panels, and a frame member

25”7 combined with the hollow panel structure;

Fig. 22 is a development of a hollow thermoplastic
synthetic resin panel box;

Fig. 23 is a development of another hollow
thermoplastic synthetic resin panel box;

30 Fig. 24 is a sectional view of a reinforced edge
portion of a hollow thermoplastic synthetic resin panel
before completion;

Fig. 25 is a sectional view of the reinforced edge
portion of the hollow thermoplastic synthetic resin panel

35 of Fig. 24 after completion;

Fig. 26 a sectional view of two hollow thermoplastic

synthetic resin panels, explaining a method of butt welding



synthetic resin panel B2. As shown in Fig. 15, the hollow thernoplastic
synthetic resin panel Bl and B2 are disposed 15 bet ween an ultrasonic
wel di ng head 6C and a work support block 7C of an ultrasoni c wel ding
machi ne so that side edge portions of a width Wof the holl ow thernoplastic
synthetic resin panel Bl and B2 overlap_ eigh ot her . Then, the ultrasonic
wel ding head 6C is driven to generate ultiasonic 20 waves and.noved

toward the wor )r L t%}gﬁg{g c and the
wor k suppor t JF()%EP@ %ave&?r%ttz&mo ]Tgr%t%gur acest(f;1 ﬁﬂgm equal to
the width Wof theFi@er|aPpi A§ pertisartionahe WeeWowotherfuiast hellow
synthetic resigp Pabili ANELBh &N CGARAR ©ARels, UxPed6h R O ORE thHEO

close contact with the first sheet 2a of the first hollow t hernoplastic

synt heti c re3|ﬂfp§HEF BeLlehEgt fBesEbERE SO TR A dSHRFRBWAC

t her nopl agti c resin panels;

Fig. 28 is a sectional view of two hollow thermoplastic
synthetic resin panels, explaining a method of welding the
two hollow thermoplastic synthetic resin panels at an .
angle;

10 Fig. 29 is sectional view, explaining a method of
welding a part to one side edge portion of a hollow

{ thermoplastic synthetic resin panel;

Fig. 30 is a fragmentary perspective view of an edge
member;

15 Fig. 31 is a perspective view of the edge member of
Fig. 30 provided with a notch necessary for bending the
same; _

Fig. 32 is a perspective view of an edge member
provided with another notch necessary for bending the same;

20 Fig. 33 is a perspective view of the edge member of
Fig. 31 bent and attached to a hollow thermoplastic
synthetic resin panel;

Fig. 34 is a perspective view of the edge member of
Fig. 32 bent and attached to a hollow thermoplastic

25 " synthetic resin panel;

: Fig. 35 is a perspective view of a grip:;

Fig. 36 is a sectional view of a hollow thermoplastic
synthetic resin panel to which the grip of Fig. 35 is
welded;

30 Fig. 37 is a perspective view of a card holder;

Fig. 38 is a sectional view of a hollow thermoplastic
synthetic resin panel and the card holder welded to the
hollow thermoplastic synthetic resin panel;

Fig. 39 is a plan view of a hollow thermoplastic

35 synthetic resin panel to which a transparent plate is
welded;

Fig. 40 is a plan view of another hollow thermoplastic



synthetic resin panel B2, respectively. When the ultrasonic

~wel ding head 6C is thus noved toward the work 30 - support block 7C, the
over |l appi ng portions of the holl ow thernoplastic synthetic resin panels Bl
and B2 are held between the ultrasonic wel ding head 6C and the work support
bl ock 7C as shown in Fig. 16. As the ulté sonic wel di ng head 6C i s advanced
further 35 froma position shown in F°g. 16 to a position shomn in Fig.

17. ultrasonic Ve ener at ed he ultra onlc | di-n
pr opagat ed th?%%\g}ﬁ ?Jh‘g 57 s%%%?f %o whic %ﬁ né %rg'@@ t?ggt e &cond
sheet 2b of thelded} cand

Fig. 41 is a sectional view of the hollow thermoplastic

synthetic resin panel of Fig. 40.
5 BEST MODE FOR CARRYING OUT THE INVENTION

Preferred embodiments of the present invention will be

described hereinafter with reference to the accompanying
drawings.
Referring to Figs. 1 and 2 showing a hollow
10 thermoplastic synthetic resin panel B relevant to the
present invention in a sectional view and a partly cutaway
perspective view, respectively, the hollow thermoplastic
synthetic resin panel has a first sheet 2a, a second sheet
2b extended opposite to and in parallel to the first sheet
15 2a, and a plurality of parallel ribs 3 integrally joining
the sheets 2a and 2b. A plurality of hollow spaces 4 are
formed between adjacent ribs 3. The sheets 2a and 2b and
the ribs 3 are formed in an integral structure by extruding
a thermoplastic resin, such as a polypropylene resin or a
20 polyethylene resin, through an extrusion die.
In the hollow thermoplastic synthetic resin panel B
thus formed, the side edges 5 parallel to the ribs 3 are
open to the outside as shown in Fig. 1, and the spaces 4
are open in the longitudinal end edges as shown in Fig. 2.
25" Therefore, the interior of +the hollow thermoplastic
'synthetic resin panel B is liable to be contaminated with
foreign matters including dust and unwanted bacteria and,
once contaminated, it is practically impossible to wash the
interior of the hollow thermoplastic synthetic resin panel
30  B. ' |
A thermoplastic synthetic resin panel welding method in
a preferred embodiment according to the present invention
solves such a problem. For example, the open ends of the
spaces 4 opening in the longitudinal end edges of the
35 hollow thermoplastic synthetic resin panel B are closed by
welding together the longitudinal end portions of the first
sheet 2a and the second sheet 2b as shown in Figs. 3 and 4.



t hermopl astic synthetic resin panel Bl, and the first sheet 2a and the ribs
3 of the second holl ow thernoplastic synthetic resin panel B2 to the second
sheet 2b of the 5 second hol | ow t hernopl astic synthetic resin panel B2,
so that heat is generated in the overlapping portions of the holl ow

t her nopl astic synthetic resin panels Bl agg B2 by intranol ecul ar -ultrasonic
vi brations generated in the naterials for Zg the hol | ow thernopl astic

synt hetic reSILLf&? D %;1 Jg ll%;eﬂ énr%loys-rhe frdfé %qarle par‘{’gfé:f'agly '

t he i ntranol ec onrc rat rerrar I cu
in the |nterfaaeamimenthhepseocmdlsh@e?t woialf idegenerslpygndndBm anfiorhe

first sheet 2a 0fy4 f%r@bb&%&%n%fokhﬁhgaﬁﬂétm

and B2 around 15 m%e I'nt er ace are eate no | itensely and nelted
Consequent |y, t$Regbria ard ofhe regmd chesferdopl a8e (ltrasonic welding

5 machine is provided with a transducer which uses a
unidirectional piezoelectric effect for converting electric
power into ultrasonic vibration, and an amplifier.
Ultrasonic vibration is exerted through an ultrasonic horn
on a workpiece +to generate heat in the workpiece by

10 stimulating atomic movement in molecules of the material
forming the workpiece.

(U | Fig. 3 shows an ultrasonic welding machine which
carries out a thermoplastic synthetic resin panel welding
method in accordance with the present invention. The

15  ultrasonic welding machine has an ultrasonic welding head
6, i.e., an ultrasonic horn, and a work support block 7
having a flat support surface. The ultrasonic welding head
6 is extended alohg an end edge of the outer surface of the
first sheet 2a of the hollow thermoplastic synthetic resin

20 panel B (perpendicularly to the sheet of Fig. 3), and the
work support block 7 is disposed with its support surface
extended along an end edge of the outer surface of the
second sheet 2b of the hollow thermoplastic synthetic resin
panel B so as to correspond to the ultrasonic welding head

25". 6. The end edge of the hollow thermoplastic synthetic

: resin panel B is placed on the work support block 7, the
ultrasonic welding head 6 is actuated +to generate
ultrasonic waves, and the ultrasonic welding head 6 is
moved in the direction of the arrow A (Fig. 3) toward the

30 work support block 7 to compress the end edge portion of
the hollow thermoplastic synthetic resin panel B between
the ultrasonic welding head 6 and the work support block 7.
The ultrasonic waves generated by the ultrasonic welding
head 6 are transmitted through the first sheet 2a and the

35 ribs 4 to the second sheet 2b. Then, heat is generated in
the first sheet 2a, the second sheet 2b and the ribs 3 by

intramolecular vibration and the first sheet 2a, the second



synthetic resin panels - Bl and B2 around the interface are fused and wel ded
together as the ultrasonic wel ding head 6C advances fromthe position shown
in Fig. 16 to the position 20 shown in Fig. 17 and, finally, the

overl appi ng portions of the width Wof the hollow thernoplastic synthetic
resin panels Bl and B2 are conpressed to ﬁbthlckness equal to or |ess than
the thickness of the panel Bl or est shown in Fig. 17, portlons of

t he panel s Bl 4 B2,.1 n nter t 0 L

i ntensel y, t hé %Fs?%h%e@ %g’eoflll’[%se ??r s% EE(‘)"ISI O%}héérvﬁ‘%%ﬁag‘tal c%%y etic-
resin panel BSimee tthRosecéndeshamripnd ofie Wecohlirapl Isbeethe?appltdstic
synthetic resida paRelsHEetans & Qﬁtd QE.L,O&JI%@ 3a%%et E%mb\e@sgaae*b%t%e@mh& are

j oi ned together in a 30 sin dﬁane structure. he tenperature
of the nolt enyvddEEisendcr y@&fihggtiae% ordchEhe W@ﬁﬁé‘&?ﬁ?ﬁ?’é‘cltﬂ%{ik 7,

5 first sheet 2a is pressed toward the second sheet 2b as the
ribs 3 are softened and, finally, the end edge of the first
sheef 2a is joined to the end edge of the second sheet 2b
as shown in Fig. 4. The end edge portion of the first
sheet 2a is bent toward the end edge portion of the second

10 sheet 2b and the respective end edges of the first sheet
2a and the second sheet 2b are welded together. The
ultrasonic welding head 6 has a concave, curved shape with
the outer edge portion protruding to the largest extent as
shown in Fig. 4, and the end edge portion of the first

15 sheet 2a is bent in a curve conforming to the concave,
curved shépe of the ultrasonic welding head 6. The end
portions of the ribs 4 are melted into a shape conforming
the curved shape of the end edge portion of the first sheet
2a. Since the ultrasonic waves are effective only in a

20 region between the ultrasonic welding head 6 and the work
support block 7, only portions of the hollow thermoplastic
synthetic resin panel B in this region are melted and the
rest of the same are not melted.

The other end edge of the hollow thermoplastic

25'" synthetic resin panel B is closed also by welding to form
closed end edges or seams 8 in the hollow thermoplastic
synthetic resin panel B as shown in Figs. 5 and 6. The
closed end seams 8 can be formed in a desired shape by
properly determining the shapes of the ultrasonic welding

30 head 6 and the work support block 7.

When the end seams 8 are thus formed, the space 4 of
‘the hollow thermoplastic synthetic resin panel B are not
contaminated with foreign matters including dust, and air
is sealed in +the spaces 4. Consequently, the heat

35 insulating performance and the rigidity of the hollow
thermoplastic synthetic resin panel B are enhanced. If
necessary, the side edges of the hollow thermoplastic

~—



relatively short time after the ultrasonic vibrations have been stopped.
Thus, the holl ow thernoplastic synthetic resin panels Bl and B2 are joi ned
together in a single 35 hol | ow panel structure as shown in Fig. 18.
Portions of the panels Bl and B2 in the internediate region 30 are fused
and solidified in a welded joint 31 and thﬁ panel s Bl -24- and B2 are
joined firmy together. The thickness of "t & joint of the panels Bl and B2

Gl trasoni & vel RITREF ESaR BREGlork SA500L oI Btk T8, Zamt ¢ Re i e can
be 5 f or ned closed b kveldbigdi ghtly smal l er than the thickness '
Welding work similar to that mentioned above can be
practiced for portions of +the hollow thermoplastic
5 synthetic resin panel B other than the edge portions. When
forming a hollow panel structure shown in Fig. 7, an
ultrasonic welding head 6A is formed in a tapered cross
section and has a middle nose 9. and a work support block
7A is basically the same as the foregoing work support
10 block 7 and has a flat support surface. A desired portion
of the hollow thermoplastic synthetic resin panel B is
placed on the work support block 7A, the ultrasonic welding
head 6A is driven to generate ultrasonic waves and the
ultrasonic welding head 6A is moved toward the work support
15 block 7A. Consequently, the desired portion of the hollow
thermoplastic synthetic resin panel B is softened and
partly melted and the first sheet 2a is curved and welded
to the second sheet 2b to form a linear grove 10 having a
substantially V-shaped cross section as indicated by .
20 alternate long and two short dashes lines in Fig. 7.
Thus, a weld line 11 is formed in the bottom of the
V-shaped linear groove 10 in the hollow thermoplastic
synthetic resin panel B. The shape of the linear groove 10
is dependent on the shape of the ultrasonic welding head
25" 6A. A member may be attached to the panel B by fitting the
: member in the linear groove 10 or the groove 10 may be
formed in characters, patterns or marks.
A thermoplastic synthetic resin panel welding method
shown in Fig. 8 forms a recess 12 having a flat bottom
30 surface instead of the linear groove 10. BAn ultrasonic
welding head 6B having a flat end surface and a work
support block 7B having a flat support surface
corresponding to the flat end surface of the ultrasonic
welding head 6B are employed. The ultrasonic welding head
35 6B is driven to generate ultrasonic waves and is moved
toward the work support block 7B. Consequently, a portioh
of the hollow thermoplastic synthetic resin panel B



of each hollow thernoplastic synthetic resin panel. Wiile in the above
;stated structure, two different panels are wel ded, a single panel can be
wel ded together to forma holl ow panel structure shown in Fig. 19. In this
10 case the opposite end edge portions of a single hollow thernoplastic
synthetic resin panel B are wel ded togetBgr. The hol | ow thernoplastic
synthetic resin panel Bis rolled in a tubular shape so that the opposite

end edge porid anse LA EMg OUST kAR SAGh Oé&grzgugﬁgcgh%fov&gé apPLPgsERE: edge

15 portions are to forma joint en formn ~ow panel
structure showeldingi geag0, 6B his | wittiemesdopl Roritdongnt ¢t ithe esiRspafel B

is fol ded i ntQ,A-dESEAMMY Fo tHRE, $Orh86h1E A APRAS IH L BE ségem%)pfeéapns

t hereof overlap_each other, and then the 20 over | appi ng end edg
portions are 3Rd FRdPPEEEPAePLt hpofirst sheet 2a corresponding to the

5 ultrasonic welding head 6B is welded to the second sheet 2b
to form the recess 12 as shown in Fig. 9. The recess 12
may be a gripping recess, pattern or marks.

Fig. 10 shows a hollow panel structure obtained by
~ forming a folding line 14 perpendicular to ribs 3 in a
10 hollow thermoplastic.synthetic resin panel B. This folding
line 14 can be formed by compressing a portion of the
hollow thermoplastic synthetic resin panel B between an
ultrasonic welding head similar to the ultrasonic welding
head 6A shown in Fig. 7, and a work support block of a
15 shape similar to that of the ultrasonic welding head. In
this hollow panel structure, corresponding portions of the
first sheet 2a and the second sheet 2b are curved in linear
grooves similar to the linear groove 10 of Fig. 9 and the
bottoms of the linear grooves are joined to each other to
20 form the folding 1line 14. The hollow thermoplastic
synthetic resin panel B can be folded along the folding
line 14. The folding line 14 can be formed in parallel to

or at an inclination to the ribs 3.
Since corresponding portions of the sheets 2a and 2b on
25 " the folding line 14 are directly welded together, the
resilience of the hollow thermoplastic synthetic resin
panel B against bending along the folding line 14 is low
and, when used as a hinge, the folding line 14 has an
increased fatigue strength. Although the linear groove 10
30 having a V-shaped cross section as shown in Fig. 7 may be
used as a folding line, it is desirable that the folding
line be formed by forming linear grooves having a common
bottom in the opposite surfaces of the hollow thermoplastic

‘synthetic resin panel B.

35 The first sheet 2a and the second sheet 2b can be
welded together in a manner as shown in Figs. 11 and 12.

An opening 16 or a recess 17 is formed in the hollow



a joint 33. The holiow panel structures shown in Figs. 19 and 20 are used
as.side walls of containers. A circular bottomis bonded to the holl ow
panel structure shown in Fig. 19 having the shape of a circular 25 t ube
to forma contai ner having the shape of a circular cylinder. A
rectangul ar bottomis bonded to the holl ow.panel structure shown in Fig. 20
havi ng the shape of a rectangul ar tube to“form a container having the shape

- of a rectangul Vi a
rect angul ar pr?é%gégﬁ%ggg%r%%t%%éf Ozgz‘llsﬂigr{j(eijrahrn;"la‘ll s herﬁr?g’gll gis?lt ?Echsynt hetic
resin panel BStlas edg®s iof Fthe 2Reninge Jtﬁ)lbuw‘ttﬁeerr@ﬁpﬂ%\st L Sme hbeld

resin panel fedn b Rﬂ@z%%%'l@wéidlkguﬁeéadénéeacwo%lssﬁépo%@ b8dcrNd
38, andfoldln Ilnes 40 : be simlar to _the
| i near groove gg vipgyghe shape of the opening 16 or the recess 17, and

5 then ultrasonic waves are generated by the ultrasonic
welding head. Consequently, portions of the sheets 2a and
2b corresponding to the edges of the opening 16 or the
recess 17 are welded together. Thus, the edges 18 of the
opening 16 are closed or seamed as shown in Fig. 12.

10 In the foregbing hollow panel structures, the sheets 2a
and 2b of a hollow thermoplastic synthetic resin panel B
are welded together. A hollow panel structure shown in Fig.
13 is formed by welding together a first hollow
thermoplastic synthetic resin panel Bl and a second hollow

15 thermoplastic synthetic resin panel B2 along a weld line
20. When welding together the two hollow thermoplastic
synthetic resin panel Bl and BZ along the weld line 20, the
two hollow thermoplastic synthetic resin panel Bl and B2
are put one on top of the other, an ultrasonic welding head

20 is brought into contact with the first sheet 2a of the
first hollow thermoplastic synthetic resin panel Bl, a work
support_block is brought inco contact with the second sheet
2b of the second hollow thermoplastic synthetic resin panel
B2, the ultrasonic welding head is driven to generate

25 " ultrasonic waves and moved toward the work support block.

: Consequently, heat is generated in portions of the hollow
thermoplastic synthetic resin panels Bl and B2 between the
ultrasonic welding head and the work support block and the
hollow thermoplastic synthetic resin panels Bl and B2 are

30 welded together. The ultrasonic welding head and the work
support block are formed in linear shapes to form the
straight weld line 20 as shown in Fig. 13. The hollow
panel structure thus formed by welding together the hollow
thermoplastic synthetic resin panels Bl and B2 and having

35 the straight weld line 20 is used as a partition member for
dividing the interior of a box into separate spaces or a

component member of a honeycomb structure.



in Fig. 9 or the folding line 14 showm in Fig. 10. The side sections 35,
36,. 37 and 38 are provided with bonding - 25 - tabs 45. Wen formng a
contai ner by folding the hollow thernoplastic synthetic resin panel B3, the
correspondi ng bondi ng tabs 45 are superposed and wel ded toget her by the
wel di ng procedure previously described mﬁ%g reference to 5 Figs. 15 to 17
to formjoints of a thickness correspondi to that of the hollow -

havi g & o 0ss S6dtbn MecHTThg SanbVErT RPTE T S rioAs ao TN A B 21

may be combining a hollow thermoplastic synthet%c resin panel B

and a thermoplastic synthetic resin member 22. The hollow

thermoplastic synthetic resin panel B is welded along a

5 weld line 23 to the thermoplastic synthetic resin member 22

by ultrasonic welding as mentioned above. The

thermoplastic synthetic resin member 22 is, for example, a
member of a frame for reinforcing a box.

Figs. 15 to 18 show different phases of a thermoplastic

10 synthetic resin panel welding method for welding together

side edge portions of a first hollow thermoplastic

synthetic resin panel Bl and a second hollow thermoplastic

synthetic resin panel B2. As shown in Fig. 15, the hollow

thermoplastic synthetic resin panel Bl and B2 are disposed

15 between an ultrasonic welding head 6C and a work support

block 7C of an ultrasonic welding machine so that side edge

portions of a width W of the hollow thermoplastic sYnthetic

resin panel Bl and B2 overlap each other. Then, the

ultrasonic welding head 6C is driven to generate ultrasonic

- 20 waves and moved toward the work support block 7C. The

ultrasonic welding head 6C and the work support block 7C

have flat working surfaces having a width W equal to the

width W of the overlapping portions .of +the hollow

thermoplastic synthetic resin panels Bl and B2 and capable

25 7 of being brought into close contact with the firét sheet 2a-

| of the first hollow thermoplastic synthetic resin panel Bl

and the second sheet 2b of the second hollow thermoplastic

synthetic resin panel B2, respectively. When the

ultrasonic welding head 6C is thus moved toward the work

30 support block 7C, the overlapping portions of the hollow

thermoplastic synthetic resin panels Bl and B2 are held

between the ultrasonic welding head 6C and the work support
block 7C as shown in Fig. 16. '

As the ultrasonic welding head 6C is advanced further

35 from a position shown in Fig. 16 to a position shown in

Fig. 17. ultrasonic waves generated by the ultrasonic

welding head 6C are propagated through the first sheet 2a,



10 put on the upper edges of the side walls of the container thus forned
and the frame nenbers 50 may be welded to the side walls by the previously
described nethod. In Fig. 21, a frame nenber 50 is put on and wel ded to an
edge of the holl ow panel structure fornmed by connecting two holl ow 15

t hernopl astic synthetic resin panel Bl ang% 2 as shown in Fig. 18. Fig. 23
shows separate conponent hol | ow t her nopla C synthetic resin panel s for

form ng a contajner ving the sh e of ar | ar,. pri hi s, cont ai ner
is formed by Z%he 5§§ Sln%n%ne ot B Pa el?§%ﬂén&bFo g gﬁ@?? ¥35,
36, 37 and 38. thélmobaasmtcpaynthéﬂm scqwiov pdee 0Bl tand dlhre sﬁ'ldes: whebkt

bondi ng t abs S%th s%%% Iq)35 gq% 37580 Egﬂg%xn¥o¥hg§goggagggbr

bott om si des ondlng t ondlng e si de panels
35, 36, 37 andsgsthetic re51n panel B2 to the second sheet 2b of the

5 second hollow thermoplastic synthetic resin panel B2, so
that heat is generated in the overlapping portions of the
hollow thermoplastic synthetic resin panels Bl and B2 by
intramolecular ultrasonic vibrations generated in the
materials forming the hollow thermoplastic synthetic resin

10 panels Bl and B2. The frictional effect of the
intramolecular ultrasonic vibrations is remarkable
particularly in the interface between the second sheet 2b
of the first panel Bl and the first sheet 2a of the second
panel B2, and hence portions of the panels Bl and B2 around

15 the interface are heated most intensely and melted.

Consequently, the portions of the hollow thermoplastic
synthetic resin panels Bl and B2 around the interface are
fused and welded together as the ultrasonic welding head 6C
advances from the position shown in Fig. 16 to the position

20 shown in Fig. 17 and, finally, the dverlapping portions of
the width W of the hollow thermoplastic synthetic resin
panels Bl and B2 are compressed to a thickness equal to or
less than the thickness of the panel Bl or B2. . As best
shown in Fig. 17, portions of the panels Bl and B2 in an

25° intermediate region 30 are melted most intensely, the first
| sheet 2a of the first hollow thermoplastic synthetic resin
panel Bl and the second sheet 2b of the second hollow
thermoplastic synthetic resin panel B2 are not deformed,

and the two panels Bl and B2 are joined together in a

30 single hollow panel structure. ‘i‘he temperature of the
molten portions returns to an ordinary temperature in a
relatively short time after the ultrasonic vibrations have
been stopped. Thus, the hollow thermoplastic synthetic
resin panels Bl and B2 are joined together in a single

35  hollow panel structure as shown in Fig. 18. Portions of
the panels Bl and B2 in the intermediate region 30 are

fused and solidified in a welded joint 31 and the panels Bl



25 and the bonding tabs 52 of the bottom panel 34 are superposed,
crespectively, and the bonding tabs 51 and 52 are wel ded together by the
wel di ng procedure previously described with reference to Figs. 15 to 17 to
obtain a bl ank panel of a shape as shown in Fig. 22. Then, the 30 bl ank
panel is folded and bonding tabs 45 of tgg si de panels 35, 36, 37 and 38
are wel ded together by the sane nethod a§™that previously described with

Frge. 24 and T4 P7 Lt P o BL S8 nEEFRY oF CPREAREr of Apean et SEERR o &
hol | ow t her nojzbiast i of syhe hprnels &l rearphBY dan A2 ddjusted By.pepernty edge
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head 6C and the work support block 7C, and the joint can be
5 formed in a thickness slightly smaller than the thickness
of each hollow thermoplastic synthetic resin panel.

While in the above stated structure, two different
panelé are welded, a single panel can be welded together to
form a hollow panel structure shown in Fig. 19. 1In this

10 case the opposite end edge portions of a single hollow
thermoplastic synthetic resin panel B are welded together.
The hollow thermoplastic synthetic resin panel B is rolled
in a tubular shape so that the opposite end edge portions
thereof overlap each other, and the overlapping end edge

15 portions are welded to form a joint 32.

When forming a hollow panel structure shown in Fig. 20,
a hollow thermoplastic synthetic resin panel B is folded
into a rectangular tube so that the opposite end edge
portions thereof overlap each other, and then the

20 overlapping end edge portions are welded together to form
a joint 33. The hollow panel structures shown in Figs. 19
and 20 are used as side walls of containers.

A circular bottom is bonded +to the hollow panel
structure shown in Fig. 19 having the:shape of a circular

25" tube to form a container having the shape of a circular
cylinder. A rectangular bottom is bonded to the hollow
panel structure shown in Fig. 20 having the shape of a
rectangular tube to form a container having the shape of a
rectangular prism.

30 A container having the shape of a rectangular prism can
be formed by folding a hollow thermoplastic synthetic resin
panel B3 as shown in Fig. 22. The hollow thermoplastic
synthetic resin panel B3 has a bottom section 34, four side
sections 35, 36, 37 and 38, and folding lines 40, 41, 42

35 and 43, which may be similar to the linear groove 10 shown
in Fig. 9 or the folding line 14 shown in Fig. 10. The

side sections 35, 36, 37 and 38 are provided with bonding



- 26 - three or nore layers in a layered structure 55 of. an appropriate

iM dth, the ultrasonic welding head 6D and the work support bl ock 7D of an
ultrasonic welding machine is applied to the opposite surfaces of the

| ayered structure 5 55, and the | ayered structure 55 is conpressed and
wel ded by the wel ding procedure DFEVIOUS|% described with reference to
Figs. 15 to 17 to forma strong, reinforc 3 edge portion 56 of a thickness

smal | er_than gl ofs ! heg) ayer ﬁm'ngtéu%ﬂrtslné? g&“&ﬁ%%g thd

hol I ow 10 t ernD astic syn resrn pane rgtes a
hol | ow panel stttramrtqpleasmrqrayrbs,hmq e id rn;grtaplo Byl mm tcmrrmgncushrtg

synthetic resip,panel sk o £ sliRrgdda e RAMRPUddethed dyradef t

welding procedure previously described with reference to

5 Figs. 15 to 17 to form joints of a thickness corresponding
to that of the hollow thermoplastic synthetic resin panel
B3. _

When necessary, frame members 50 having a cross section

resembling an inverted letter U as shown in Fig. 21 may be

10 - put on the upper edges of the side walls of the container
thus formed and the frame members 50 may be welded to the
side walls by the previously described method. In Fig. 21,
a frame member 50 is put on and welded to an edge of the
hollow panel structure formed by connecting two hollow

15 thermoplastic synthetic resin panel Bl and B2 as shown in
Fig. 18.

Fig. 23 shows separate component hollow thermoplastic
synthetic resin panels for forming a container having the
shape of a rectangular prism. This container is formed by

20 assembling one bottom panel 34 and four side panels 35, 36,
37 and 38. The bottom panel 34 is provided on its four
sides with bonding tabs 52, the side panels 35, 36, 37 and
38 are provided on their bottom sides with bonding tabs 51.
The bonding tabs 51 of the side panels 35, 36, 37 and 38,

25" and the bonding tabs 52 of the bottom panel 34 are

: superposed, respectively, and the bonding tabs 51 and 52
~are welded together by the welding procedure previously
described with reference to Figs. 15 to 17 to obtain a
blank panel of a shape as shown in Fig. 22. Then, the

30 blank panel is folded and bonding tabs 45 of the side
panels 35, 36, 37 and 38 are welded together by the same
method as that previbusly described with reference to Fig.
22 to obtain a container having a rectangular prism.

Figs. 24 and 25 illustrates a method of reinforcing an

35 end edge of a hollow thermoplastic synthetic resin panel B.
As shown in Fig. 24, an edge portion of the hollow
thermoplastic synthetic resin panel B is folded in two,



panel Bl and the left side edge portion of the right panel 15 B2 are

Jdi sposed edge to edge between the ultrasonic wel ding head 6E and t he work
support bl ock 7E of an ultrasonic wel ding machi ne, the ultrasonic wel di ng
head 6E is driven to generate ultrasonic waves while the sane is noved
toward the work support block 7E to conprﬁ s_the joint 60 of the 20 si de
edge portions. Both the ultrasonic wel di % head 6E and t he work support

bl ock 7E have Iat rk| sui%ggﬁés Gap hergg)rg%l ngtpu(g L |5rgst oofl Qse

contact with théc s sur c&S*6 ol Mow ["TastTC synthétic resin
panel s Bl andappropyiate widibat the gé¢e6§9940|weﬂ@enBOM@BdG@Dbpnduihe

ultrasoni c vi brak gﬁag,g%frtt BS olR! Ah %g Ta&les ;&fr%%o%%ewré%tmgn&a%rn%ﬂael itsed

and wel ded. The nel oint 60 sol he ultrasonic vibration
of the u|tra3@pp@1ﬁ§|5pn§hﬁe§@p@§1te surfaces of the layered structure

5 55, and the layered structure 55 is compressed and welded
by the welding procedure previously described with
reference to Figs. 15 to 17 to form a strong, reinforced
edge portion 56 of a thickness smaller than that of the
layered structure 55 integrally with the hollow

10 thermoplastic synthetic resin panel B.

Fig. 26 illustrates a hollow panel structure formed by
butt-welding two hollow thermoplastic synthetic resin
panels Bl and B2. The right side edge portion of the left
panel Bl and the left side edge portion of the right panel

15 B2 are disposed edge to edge between the ultrasonic welding
head 6E and the work support block 7E of an ultrasonic
welding machine, the ultrasonic welding head 6E is driven
to generate ultrasonic waves while the same is moved toward
the work support block 7E to compress the joint 60 of the

20 side edge portions. Both the ultrasonic welding head 6E
and the work support block 7E have flat working surfaces
capable of being brought into close contact with the
surfaces of the hollow thermoplastic synthetic resin panels
Bl and BZ2.

257 Heat is generated in the joint 60 by the ultrasonic
vibrations of the joint 60, the side edge portions are
melted and welded. The melted joint 60 solidifies after
the ultrasonic vibration of the ultrasonic welding head 6E
has been stopped and the two hollow fhermoplastic'synthetic

30 resin panels Bl and B2 are joined together in a single
hollow thermoplastic synthetic resin panel.

Fig. 27 illustrates a hollow panel structure formed by
butt-welding first and second hollow thermoplastic
synthetic resin panels Bl and B2, and butt-welding a third

35 hollow thermoplastic synthetic resin panel B3 to the joint
of the first and the second hollow thermoplastic synthetic

resin panels Bl and B2 perpendicularly to the second sheets



has been stopped and the two hol |l ow t hernopl astic synthetic 30 resin
.panel s Bl and B2 are joined together in a single hollow thernoplastic

synthetic resin panel. Fig. 27 illustrates a hollow panel structure forned

by butt-welding first and second hol |l ow t hernopl astic synthetic resin
panels Bl and B2, and butt-welding a thir hol | ow t her nopl astic

synthetic resin panel B3 to the joi nt of ?Ke f| rst and the second hol | ow

Second shoet & 25 2 3 3585 aRACERS Lol LB AEhRa  Rifatt o5

pai r of work swmporsuddoodk ldEkar éFda:sspahespcss:eda$d @shtbdhohé therthird

panel B3 therebetween and to support thé first hollow

thermoplastic synthetic resin panel Bl and the second

5 hollow thermoplastic synthetic resin panel B2. An

ultrasonic welding head 6F pressed against the first sheets

2a of the panels Bl and B2 is driven to generate ultrasonic

waves to generate heat in the joint 61 of the panels Bl, B2

and B3, so that the joint 61 is melted and welded. The

10 work support blocks 7F are biased in the direction of the

arrows to compress the joint 61 between the ultrasonic

welding head 6F and the work support blocks 7F. The third

hollow thermoplastic synthetic resin panel B3 may be

inclined at an angle other than 90° to the second sheets 2b

15 of the panels Bl and B2. Fig. 28 illustrates a hollow

panel structure formed by welding together a single hollow

thermoplastic synthetic resin panel B, instead of the two

hollow thermoplastic synthetic resin panels Bl and B2 shown

in Fig. 27, and a hollow thermoplastic synthetic resin

20 panel B3. The hollow panel structure illustrated in Fig.

28 is entirely the same in principle as that illustrated in

Fig. 27. A joint 62 is formed in the hollow panel

structure shown in Fig. 28. In Figs. 27 and 28, an

optional hollow thermoplastic synthetic resin member may be

257 welded to the hollow thermoplastic synthetic resin panels

: Bl and B2 or the hollow thermoplastic synthetic resin panel

B instead of the third hollow thermoplastic synthetic resin
panel B3.

Fig. 29 illustrates a hollow panel structure formed by

30 welding a thermoplastic synthetic resin member 65 to a side

edge of a hollow thermoplastic synthetic resin panel B.

The thermoplastic synthetic resin part 65 has a projection

66 having the shape of a flat plafe and set in contact with

the first sheet 2a of the hollow thermoplastic synthetic

35 resin panel B. The ultrasonic welding head 6G of an

ultrasonic welding machine is pressed against the

projection 66, and the work support block 7G of the

A



panel B3 therebetween and to support the first holl ow thernoplastic
synthetic resin panel Bl and the second 5 hol | ow thernoplastic
synthetic resin panel B2. An ul trasonic wel ding head 6F pressed
against the first sheets 2a of the panels Bl and B2 is driven to generate
ultrasonic waves to generate heat in the Pglnt 61 of the panels Bl, B2 and
B3, so that the joint 61 is nelted and we The 10 wor k support

bl ocks 7F are Ln.t c e t jsnt
61 bet ween thegﬁﬁfggg%%ccQ§%$%£§ %% ﬁR%FEQ e mofﬁ? sﬁﬁ%lggﬁbng.
The third hol | sheehebropf ddhe dnoé,y‘mWhghecmopéaﬁtpaneynBBeMsz pesincpaned at
an angl e ot hergtfad HBLets bnt 8t ﬂﬁ TeeMiboiRealis %Qniciewaf rEQEnpﬁQﬁbérBl

and B2. Fig. 28 illuStrates ow anel structtre fornmed g
t oget her a singfe k&HWQ%@QQKaQ%ﬂ& &gtﬁé §onmréti cIfekhp EﬁﬁéﬁCBl°Pn§§e8 of
the two 5 the thermoplastic synthetic resin member 65 does not have

a shape resembling a flat plate, it is desirable to place
the ultrasonic welding head in contact with the second
sheet 2b of the hollow thermoplastic synthetic resin panel
B and to place the work support block in contact with the
10 projection 66. |
Fig. 30 shows an edge trimming member 70 for trimming
an edge of an open end of a box formed by processing a
hollow thermoplastic synthetic resin panel. The edge
trimming member 70 is formed by extruding a thermoplastic
15 synthetic resin, such as a polypropylene zresin, a
polyethylene resin or a polycarbonate resin, and has a base
71, and a clipping lug 72 having a cross section resembling
the inverted letter L and projecting from the base 71 so as
to define a groove 73. Longitudinal ridges 74 are formed
20 on the inner surface of the base 71 facing the clipping lug
72. The vertical size, as viewed in Fig. 30, of a portion
provided with the ridges 74 of the base 71 is greater than
that of the clipping lug 72.
The edge of the hollow thermoplastic synthetic resin
25° panel is fitted in the groove 73 of the edge trimming
‘ member 70 so that the base 71 is in contact with the outer
surface of the hollow thermoplastic synthetic resin panel.
An ultrasonic welding head and a work support block are
applied to the assembly of the hollow thermoplastic
30 synthetic resin panel and the edge trimming member 70 in a
manner as shown in Fig. 29. For example, the ultrasonic
welding head is applied to the outer surface of the base 71
at a position corresponding to the ridges 74. The ridges
74 increases the area of a melted portion for effective
35 welding.
When applying the edge trimming member 70 to the upper
edges of the side walls of a box having the shape of a



hol | ow t her nopl astic synthetic resin panel s Bl and B2 shown in Fig. 27, and

a holl ow thernoplastic synthetic resin 20 panel B3. The hol |l ow panel
structure illustrated in Fig. 28 is entirely the sane in principle as that
illustrated in Fig. 27. Ajoint 62 is forned in the holl ow panel
structure shown in Fig. 28. In Figs. 27 gem_d 28, an optional holl ow

t her nopl astic synthetic resin nmenber may b% 25 wel ded to the hol |l ow

t her nopl astic tiG.resi.n_pan EE or t I op tic
synt hetic resi %yep%téér%édugﬁrn ‘&8 ’o%h§h§&?%rl?r oﬂl;%w%ﬁgér)#mp a&s%e% syAnt Yetic
resin panel B3beRitlgat2gighittusngiessat turee\posifelions v andirthe oopgpsite30
wel ding a thergmpy ' tdt&%ti LGSl HRer 9% hQedsSide Rted ¢
hoIIom/thernoplasffzhggﬁgﬁg?lc ﬁgéln B%ng% B. The ?hé?nn5¥%§%¥c syﬁ?ﬁefﬁc
resin part 65 mg;ma§nggqﬁngﬁﬂar frame. Notches 75 are formed in the

5 clipping lug 72 as shown in Fig. 31l. Each notch 75 is
formed by removing a triangular portion having the shape of
a rectangular equilateral triangle from an upper wall 72a
of the clipping lug 72, and a rectangular portion having
the shape of a rectangle and a width equal to the length of
10 the base of the triangular portion from a-éide 72b of the
- clipping lug 72. The edge trimming member 70 is bent along
. a folding line 77 passing the apex 76 of the triangular
space of the notch 75.
Fig. 32 shows an edge trimming member 70A in a
15 modification of the edge trimming member 70 of Fig. 31.
The edge trimming member 70A is provided with a notch 75A
of a shape different from that of the notch 75 of the edge
trimming member 70. The edge _trimming member 70A is
provided with a slit 78 in the upper wall 72a of the
20 clipping lug 72 instead of the triangular space of the edge
trimming member 70. A folding line 77 is formed at a
position corresponding to the slit 78.
Fig. 33 shows hollow thermoplastic synthetic resin
panels B forming side walls of a box, and the edge trimming
25ﬁ member 70 of Fig. 31 attached to the upper edges of the
' hollow thermoplastic synthetic résin panels B. When the
edge trimming member 70 is bent along the folding line 77
toward the notch 75, edges of the upper wall 72a defining
the oblique sides of the triangular space are joined
30 together in a line 81. When the edge trimming member 70 is
welded to the hollow thermoplastic syﬂthetic resin panels
B, welded joints 82 are formed.
Similarly, the edge trimming member 70A of Fig. 32 is
welded to hollow thermoplastic synthetic resin panels.B as
35 | shown in Fig. 34. In the edge trimming member 70A,
adjacent portions 84 of the upper wall 72a on the opposite

sides of the slit 78 overlap each other as shown in Fig.



66'héving the shape of a flat plate and set in contact with the first sheet

2a of the hollow thernoplastic synthetic 35 resin panel B. The
ul trasoni ¢ wel ding head 6G of an ultrasonic wel ding machine is pressed
agai nst the projection 66, and the work support block 7G of the - 28 -

ultrasonic wel ding machine is pressed agag%sg t he second sheet 2b of the
hol | ow t hernopl astic synthetic resin panel" B and a portion of the

t her nopl astic §énthetic resin menber 65. A welded joint 67 is formed. If
the projection ™66 of 5 t he thernopl astic synthetic resin nenber 65 does
not have a shape rBsgnbBSnghaws| atgpipmt®6 to he attachédetooaprapsainer

formed by assembling hollow thermoplastic synthetic resin

panels. The grip 86 has a 'ring 87 and a flange 88

5 spreading out from the ring 87. The ring 87 define an

opening 89. The grip 86 may be formed in the shape of an

inverted letter U. The grip 86 is made of a thermoplastic

synthetic xresin. As shown in Fig. 36, the grip 86 is

- welded to a hollow thermoplastic synthetic resin panel B.

10 An opening corresponding to the ring 87 of the grip 86 is

formed in the hollow thermoplastic synthetic resin panel B,

the ring 87 is fitted in the opening so that the ring 87

project from one surface of the hollow thermoplastic

synthetic resin panel B and the flange 88 is in close

15 contact with the other surface of the hollow thermoplastic

| synthetic resin panel B. The ultrasonic welding head of an

ultrasonic welding machine is applied to the'outer surface

of the flange 88, and the work support block of the

ultrasonic welding machine is applied to a portion of the

20 hollow thermoplastic synthetic resin panel B correspohding

to the flange 88, and then flange 88 and the corresponding

portion of the hollow thermoplastic synthetic resin panel

B are compressed and ultrasonic waves are applied to the

same to form a welded joint 90. The flange 88 is

25 ‘ incorporated into the hollow thermoplastic synthetic resin

panel B so as to form a portion of the latter.  If the grip

86 has the shape of an inverted letter U, portions of the

first and the second sheet of the hollow thermoplastic

synthetic resin panel B forming an edge of the opening

30 corresponding to the open side of the grip 86 are welded

together to close or seam the open edge of the hollow
thermoplastic synthetic resin panel B. |

Referring to Fig. 37, a card holder 91 has a frame 92

of a shape resembling the letter U, and a flange 93 formed

35 integrally with and extending outward from the frame 92.

The frame 92 is raised from the flange 93 so as to define

a space for receiving the periphery of a card 95 therein as



the ultrasonic welding head in contact with the second sheet 2b of the

hol I ow t hernopl astic synthetic resin panel B and to place the work support
bl'ock in contact with the 10 projection 66. Fig. 30 shows an edge
trimm ng nenber 70 for trinmmng an edge of an open end of a box formed by
processing a hollow thernopl astic synthetic resin panel. The edge
trimmng nmenber 70 is formed by extrudiﬁgih'IhernDplastic 15 synt hetic

resin, such ol ypropyl ene esin | ene re5|n or_a

pol ycar bonateﬁ%é%‘inn g égbase &, %?Rfiaha ‘%’ﬁ éll dgs 7Pef8yi %G &
cross section m@nmlwgymmeﬁ degtiter lasinghdim] eat Fing.f B8 e base
71 so as to d |ne gr.oove

73, |tu | nal rldges 74 are forne
t he inner sur acgggf tﬁ't? bREES %ec?a |ng %he O¥ Epl?llér ?ﬁj 75% T?leg\?é‘lg‘tlcal

size, as vi ewdidhemmoplgsti€ oyndhpditi omesin panel B by ultrasonic
5 welding. The ultrasonic welding head of an ultrasonic
welding machine is applied to the flange 93 and a welded
joint 94 is formed to weld the flange 93 of the card holder

91 to the hollow thermoplastic synthetic resin panel B.
Referring to Fig. 39, a transparent plate 95 of a
10 thermoplastic synthetic resin is attached to a hollow
thermoplastic synthetic resin panel B to enable the
observation of the interior of a container formed by
folding the.hollow thermoplastic synthetic resin panel B.
A rectangular opening 96 of a predetermined size is formed
15 in the hollow thermoplastic synthefic resin panel B, the
transparent plate 95 of a size slightly greater than that
of the opening 96 is put on the hollow thermoplastic
synthetic resin panel B so as to cover the opening 96, the
ultrasonic welding head of an ultrasonic welding machine is
20 applied to the periphery of the transparent plate 95, the
work support block of the ultrasonic welding machine is
applied to the hollow thermoplastic synthetic resin panel
B so as to correspond to the ultrasonic Welding head, the
periphery of the transparent plate 95 and the corresponding
25 - portion of the hollow thermoplastic synthetic resin panel
: B are compressed between the ultrasonic welding head and
the work support block, and the ultrasonic welding head is

driven to form a welded joint 97. _

Figs. 40 and 41 shows another transparent plate 95A
30 attached to a hollow thermoplastic synthetic resin panel B
SO as to cover an opening 96A formed in the hollow
thermoplastic synthetic resin panel B. Portions of the
-ribs 3 of the hollow thermoplastic synthetic resin panel B
around the opening 96A are removed so that portions of the
35 first sheet 2a and the second sheet 2b of the hollow
thermoplastic synthetic resin panel B around the opening

96A can be warped away from each other, the periphery of



provided with the ridges 74 of the base 71 is greater than that of the
¢lipping lug 72. The edge of the hollow thernoplastic synthetic resin 25
panel is fitted in the groove 73 of the edge trimm ng nenber 70 so that the
base 71 is in contact wwth the outer surface of the hollow thernoplastic
synthetic resin panel. An ultrasonic meLd%gg;head and a work support bl ock
are applied to the assenbly of the holl ow™thernoplastic 30 - synthetic
resin panel an h triom r .70 .i n S | Lg.

26 For oxaml Ehot §EShP LT bILHOORE' 1 &0 4 Re bR N, £ et Cot Byltd
surface of thethasbifgt stheetp@si endnthersespuhdhest @b bs shayasiz4Fighe

ridges 74 incrgpsespflg afga Qbr edyPOLHd 0P 4 0L &%ﬁ{:tﬂ&té%sz\ is
- wel di ng. Wen apfly?ng tf he edge ???%#%ng menber 70 t% t he d% er
welded to edge portions of the first sheet 2a and the
5 second sheet 2b around the opening 95A by ultrasonic
welding to form a welded joint 97A.
INDUSTRIAL APPLICABILITY

The thermoplastic synthetic resin panel welding methods

of the present invention are capable of forming various
10 types of bonds of high quality in hollow panel structures
formed by processing hollow thermoplastic synthetic resin
panels, and the hollow panel structures fabricated by the
thermoplastic synthetic resin panel welding methods of the
present invention are applicable to versatile uses as

15 building materials and packaging materials.



edg'es‘ of the sille watto-oFER HoRERAvi ngS(i}he shape of a -29- rectangul ar
prism the edge|(diDesdripgionEpReA .M. oRded L.U..Je bent at right angles at

t hree positions, il oppesidtdB. endsgsef .38hg edge trimm nghi Bépn ed
to be butted tojf9f@ingGFt: 3aghdl 2r {73881 . Nt ches 75 are f “LN';
clipping lug 72|a% x3quh 1n, éﬂ;fﬁlmqngPEQUHOtCh 75 is for

a triangular po on_havi ng the shape Of _a 7 Ct angul ar equilateral triangle

froman upper wall 72a of the clipping I@Eﬁﬁa and a rectangul ar portion
havi ng the shape of a rectangle and a w ual to the length of 10
the base of the trilangular thermopiakitam aswnilee i afestime panel welding

method comprising the steps of:

preparing a hollow thermoplastic synthetic resin panel
having a first sheet, a second sheet parallel to the first
sheet, and ribs integrally joining the first and the second
sheet; .

placing an ultrasonic welding machine with an
ultrasonic welding head thereof and a work support means
thereof disposed adjacent the first and second sheets,
respectively;

moving the ultrasonic welding head and the work support
means toward each other to bring the ultrasonic welding
head and the work support means into contact with the first
and the second sheet, respectively;

generating ultrasonic waves between the ultrasonic
welding head and the work support means to generate
internal frictional heat by ultrasonic wvibration of the
first and second sheets; and

- compressing the first and the second sheet between the
ultrasonic welding head and the work support means to weld

together the first and second sheets.

2. The thermoplastic synthetic resin panel welding
method according to claim 1, wherein the ultrasonic welding
head and the work support means of the ultrasonic welding
machine are disposed along end edges of the first and
second sheets to melt and seam edges of the synthetic resin

board continuously.

3. The thermoplastic synthetic resin .panel welding
method according to claim 1, wherein the ultrasonic welding
head and the work support means of the ultrasonic welding
machine are disposed along a line spaced from the end edges
of the first and second sheets, and portions of the first
and second sheets corresponding to the line are welded

together continuously.

* [ L M S *



clipioi ng lug 72. The edge trinmm ng nenber 70 is ben
77 passing the apex 76 of the triangul ar space oﬁ“&@ﬁwngt%

ng |ine

h 75. Fig. 32

shows an edge trimm ng nenber 70A in a 15 nodi f | e@dge
trimm ng nenber 70 of Fig. 31. The edge trinm ng nHMiﬂ rovi ded
with a notch 75A of a shape different frog,that of of the edge
trimm ng nmenber The edge tri mm ng er 70Ais provided with a slit

70.
(i angul ar Shace o t KecedUe TRrART s TesPREAdstH0 ST oh

triangul ar space g ne

formed at a powtthash acoorddpgntio nglam tthe wheireingthei gl teasemnbogrenlol d gy

8Ad10 udllfing

ther nopl asti ¢yt Ritld GHEUSLIPARGR-R TRH Qo R V@.lh:ézsaé?:fni% Rfgag

edge trimm ng er 70 of FI'g. 31 attached to t

edges o

machine have working surfaces of substansiggggrthe same
area, respectively, the ultrasonic welding head and the
work support block are disposed opposite to each other on
the outer side of the first sheet and on the outer side of
the second sheet, respectively, and two-dimensional
portions of the first and second sheets corresponding to
the ultrasonic welding head and the work support means are
welded together.

5. The thermoplastic synthetic resin panel welding
method according to claim 1, wherein an opening is formed
in the thermoplastic synthetic resin panel, the ultrasonic
welding head and the work support means of the ultrasonic
welding machine are disposed along the edge of the opening,
and edge portions of a first and a second sheet of the
thermoplastic synthetic resin panel along the edge of the
-opening are welded together continuously.

6. The thermoplastic synthetic resin panel welding
method according to claim 1, wherein recesses are formed in
corresponding portions of the first and the second sheets,
respectively, the ultrasonic welding head and the work
support means of the ultrasonic welding machine are
'disposed along the edges of the recesses, respectively, and
the edges of the first and second sheets defining the edges

of the recesses are welded together continuously.

7. A thermoplastic synthetic resin panel welding
method comprising the steps of:

preparing a first thermoplastic synthetic resin panel
consisting of a first sheet, a second sheet parallel to the
first sheet, and ribs defining a plurality of spaces
between the first and second sheets, and a second

thermoplastic synthetic resin panel of the same

* c L M S *

t he
t he



hofIOM/thernDpIastic synthetic resin panels B. Wen the edge trinm ng

menber 70 is bent Emsﬁh line 77 toward the notch 75, edges of
t he upper wall 72a | i que sides of the triangular space are
j oi ned 30 togeth When the edge trinmng nenber 70 is

wel ded to the hol Iom1thernDpIast|c synt het | £ resin panels B, welded joints
82 are forned. Slntlarly t he edge trlnn1 % menber 70A of Fig. 32 is wel ded

to holl ow t hernp nt.hetic re anel s B hown i Fi

5 1 he e qgR TR ARt 6F Wl AdeRt SORCTORIaST LG RIS
wal | 72a on t hereipogianelsi des of the S|It 78 overlap each other as shown
in Fig. placing the first and the second thermoplastic

synthetic resin panels one on top of the other;

placing an ultrasonic welding machine with an
ultrasonic welding head thereof disposed on a surface of
the first thermoplastic synthetic resin panel and a work
support means thereof disﬁosed on a surface of the second
thermoplastic synthetic resin panel opposite to each other
with iespect.to a line;

moving the ultrasonic welding head and the work support
means toward each other to bring the first and second
thermoplastic synthetic resin panels into contact with each
other;

driving the ultrasonic welding head to generate
frictional heat in the first and second thermoplastic
synthetic resin panels by ultrasonic vibration so that
portions of the first and second thermoplastic synthetic
resin panels corresponding to the line are fused and welded
together. '

8. A method of welding together a thermoplastic
synthetic resin panel consisting of a first sheet, a second
sheet parallel to the first sheet, and ribs defining a
plurality of spaces between the first and second sheets,
and a thermoplastic synthetic resin member, said method
comprising the steps of:

preparing the thermoplastic synthetic resin panel, and
the thermoplastic synthetic resin member;

putting the hollow thermoplastic synthetic resin panel
and the member one on top of the other;

placing an ultrasonic welding machine with an
ultrasonic welding head thereof disposed on a surface of
the thermoplastic synthetic resin panel and a work support
means thereof disposed on a surface of the thermoplastic
synthetic resin member so that the thermoplastic synthetic

resin panel and the thermoplastic synthetic resin member

*  C L M s




- 30 - 34. Fig. 35 shows a grip 86 to be attached to a container fornmed by

ass Sh zhﬁah lhds@r nopl astic synthetic resin panels. The grip 86 has a
ring e 88 5 spreading out fromthe ring 87. The ring 87
defi 9 The grip 86 may be fornmed in the shape of an inverted
letter e gr| p 86 is made of a therno %gstic synt hetic resin. As

shown |n Flg 36 the grip 86 is weldedt 'hoIIOM/thernDpIastic synthetic
resin panel B. AN »ARELNG, £Or T onding to,the r f p 86
S torhed i n it REonBrTawrRRErRBrAS: ERESROREY, k81 aLRe' befer%nd the wih

Is fitted in taepppeti mgass;tandl the ring 87 project fromone surface of

the hollow thermophashifgSyphlet | +E880R: RaNGL1 81309 hAGa"! 88964888 LN

cl ose
frictional heat by ultrasonic vibration in portions of the

thermoplastic synthetic resin panel and the thermoplastic
synthetic resin member in contact with each . other so that
the thermoplastic synthetic resin panel and the member are

welded together.

9. A thermoplastic synthetic resin panel welding
method comprising the steps of:

preparing a first thermoplastic synthetic resin panel
consisting of a first sheet, a second sheet parallel to the
first sheet, and ribs defining a plurality of spaces
between the first and the second sheet, and a second
thermoplastic synthetic resin panel of the same
construction as that of the first hollow thermoplastic
synthetic resin panel;

placing the first and second thermoplastic synthetic
resin panels so that end portions thereof overlap each
other ahd the surfaces of the overlapping end portions are
in close contact with each other to form an overlapping
section;

placing an ultrasonic welding machine with an
ultrasonic welding head thereof disposed on one side of the
overlapping section and é work support ‘means thereof
disposed on the other side of the same;

driving the ultrasonic welding head +to generate
frictional heat by ultrasonic vibration in the surfaces of
the oveflapping end portions of the first and second
thermoplastic synthetic resin panels in contact with each
other so that the surfaces of the overlapping end portions
of the first and second thermoplastic synthetic resin
panels are softened and welded together; and

compressing the first and second sheets of. the
overlapping portions of the first and second hollow
thermoplastic synthetic resin panels in the direction of
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15 contact with the other surface of the hollow thernoplastic syn '
resin panel B. The ultrasonic wel ding head of an ultrasonic mtsahammg,iﬂelm

is applied to the outer surface of the flange 88, and the Workumm mfm

bl ock of the ultrasonic welding machine is applied to a porti g E
hol | ow t her nopl astic synthetic resin panel corresponding to t

88, and then flange 88 and the correspondiig portion of the holl ow

nthetic resin.panel B.are coppressed and ultr i c_waves
R A D R 2R P BHSER IR WS ESEnS Hadt |- SReCubRK 3
I ncor por at ed i atippbhet hoddrsy thoer wepbastogeshat hethe riEsist pamél Besonds to

forma porti0”tﬂ£rﬁ8§l%%%i§{?%?t%%8£$ﬁrgéiﬁ ﬁ%ngﬁgéthe shape of an inverted

t her nopl astic

are applied to

letter U, portions o

t her nopl astic

e Seco t of the holl ow
synthetic resin panel B form ng an edge of the opening

10. The thermoplastic synthetic resin panel welding
method according to claim 9, wherein the overlapping end
portions of the first and second thermoplastic synthetic
resin panels in the overlapping section are compressed
between the ultrasonic welding head and the work support
means to reduce the thickness of the overlapping section.

11. The thermoplastic synthetic resin panel welding
method according to claim 10, wherein the thickness of the
overlapping section in which the end portions of the first

and second thermoplastic synthetic resin panels overlap

- each other is reduced to a thickness substantially equal to

that of each of the first and second thermoplastic

synthetic resin panels.

12. A hollow thermoplastic synthetic resin panel
welding method comprising the steps of:

preparing a thermoplastic synthetic zresin panel
consisting of a first sheet, a second sheet parallel to the
first sheet, and ribs defining .a plurality of spaces
between the first and second sheets:;

placing opposite edge portions of the thermoplastic

synthetic resin panel one on top of the other to form an

overlapping section;

placing an wultrasonic welding machine with an
ultrasonic welding head thereof disposed on one side of the
overlapping section and a work support means thereof
disposed on the other side of the overlapping section;

driving the ultrasonic welding head +to generate
ultrasonic waves that propagate from the ultrasonic welding
head toward the work support means so that frictional heat
is generated in the surfaces of the overlapping edge

portions by ultrasonic vibration and the surfaces of the
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30° ‘.correspondlng to the open side of the grip 86 aré& wel ded together to
close or seamthe open edge of the hollow therno %g&ga@egﬁkﬁbg resin

panel B. Referring to Fig. 37, a card holder 91 a shape
resenbling the letter U, andaflange 93formad3]]m m&@

wi th and
extending outward fromthe frame 92. The frame 92 t he fl ange

93 so as to define a'space for receiving t3fe perlphery of a card 95 therein
as - 31 - showmn_in F The card hol

her mopl asti  SYAPREPPERLEisE BRE SN oFR FPHEenst T WAL togegher;
attached to thanduter surface of a hollow )

compressing the overlapping edge portions of the

thermoplastic synthetic resin panel between the ultrasonic

welding head and the work support means in the direction of

the thickness of the overlapping edge portions to reduce

the thickness of the overlapping section to a thickness

substantially equal to the thickness of the thermoplastic

synthetic resin panel.

13. A thermoplastic synthetic resin panel welding
method comprising the steps of:

preparing a hollow thermoplastic synthetic resin panel
consisting of a first sheet, a second sheet parallel to the
first sheet, and ribs defining a plurality of spaces
between the first and second sheets;

folding an end portion of the thermoplastic synthetic
resin panel in layers;

holding the layers of the hollow thermoplastic
synthetic resin panel between an ultrasonic welding head
and an work support block of an ultrasonic welding machine;

driving the ultrasonic welding head to generate
frictional heat in the layers of +the thermoplastic
synthetic resin panel by ultrasonic vibrations so that the
layers of the thermoplastic synthetic resin panel are
welded together to form an edge portion of a thickness
greater than that of the thermoplastic synthetic xresin-

panel.

14. The hollow thermoplastic synthetic resin panel
welding method according to claim 13, wherein the layers
are compressed to reduce the thickness thereof while the

layers are being welded.
15. A thermoplastic synthetic resin panel welding

method comprising the steps of:

preparing a first thermoplastic synthetic resin panel
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thérnDpIastic synthetic resin panel B by ultrason-e—-5——weldinrg——The
ul trasoni ¢ wel di ng head of an ul trasoni c wel di ng

qﬁp ine is a p“ied to the
flange 93 and a welded joint 94 is forned to weld _ X the card
hol der 91 to the hollow t hernopl astic synthetic res ferring to

Fig. 39, a transparent plate 95 of a 10 t her nopl

cresinis

attached to a holl ow thernoplastic syntﬁe??c“resin pane:dB to ﬁnaﬁlflthe
observation of the.interior of..a_container_fornmed by folding. ol | ow
t her mopl asti ¢ %?%?+ﬁ$#?9r° ianfbﬁﬁﬁlgﬁﬁe ¢ re 5%e8§éﬁ?ﬁg}58ﬁoF°ath?
predet er mi ned $izsti sheetpeckntb ribs ninhegha[L[Lywjdailfr_fﬂﬁg): ABéi Finsd hﬁﬁﬁc
resin panel B, r e p o] ' Sl reater, than
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t hat of the opening 9
panel B so as tke c%‘h‘@’t Bnd Shersegpsd sheaets, and a second thermoplastic

synthetic resin panel of the same construction as that of
the first thermoplastic synthetic resin panel;

disposing the first and second hollow thermoplastic
synthetic resin panels with side edges thereof pressed
against each other to form a butting section;

placing an ultrasonic welding machine with an
ultrasonic welding head thereof and a work support means
thereof disposed opposite to.each other with respect to a
direction perpendicular to the thickness of the butting
section on the opposite sides of the butting section,
respectively;

driving the wultrasonic welding head to generate
ffictional heat in the end surfaces of the thermoplastic
synthetic resin panels butting on each other by ultrasonic
vibration so that the end surfaces of the thermoplastic
synthetic resin panels butting each other are fused and
welded together to connect the first and the second
thermoplastic synthetic resin panels in a single

thermoplastic synthetic resin panel.

16. A thermoplastic synthetic resin panel welding
method comprising the steps of:

preparing first, second and third thermoplastic
synthetic resin panels of the same construction each
consisting of a first sheet, a second sheet parallel to the
first sheet and ribs integrally joining the first and the
second sheet and defining a plurality of spaces between the
first and second sheets;

placing the first and second thermoplastic synthetic
resin panels so as to form an edge-to-edge junction;

placing the third thermoplastic synthetic resin panel
at an angle to the surfaces of the first and second

thermoplastic synthetic resin panels so that its side edge

THIS SHEET HAS BEEN
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ul trasoni c wel ding head of an ultrasonic welding machinme is 20 appl i ed
to the periphery of the transparent plate 95 the wor %H@pgqugh& kce@f t he
ul trasoni c wel ding machine is applied to the hollom/t nt hetic
resin panel B so as to correspond to the ultrasonic vveﬂ!lmg ﬂﬁ “

peri phery of the transparent plate 95 agd4bhe correspo rtlon
of the holl ow thernoplastic synthetic resin panel B are conpressed between

the ul trasoni [ d ﬁHR?% % bl pc e r ni c
wel di ng head ﬁ?ygégvgﬁ ?gafgg a melggg ol n éf %he & f%hihgﬁg
anot her transpReeond pthemmaslesgoic anth&ﬁwnin&sxnrnﬂnQW$xhernDplastlc
synthetic resin palcR$0 a8 ! 0190%26nal ORfN it Aﬁéea § gm&té}? hoh! ow

t her nopl astic nthetic Tesin panel B.. Portions o
hol | ow t her rmd!%%‘ﬁ%o%%t relidindesib@afanshepeof 1in contact with the

edge-to-edge junction of the first and second thermoplastic

synthetic resin panels on a side opposite the side on which
the third thermoplastic synthetic resin panel butts on the
edge¥to—edge junction of the first énd second thermoplastic
sfnthetic resin panels, and with a work support means of
the ultrasonic welding machine in contact with a region
around the junction of +the first, second and third
thermoplastic synthetic resin panels;

driving the wultrasonic welding head to genefate
frictional heat in the junction of the first, second and
third thermoplastic synthetic resin panels so that the
portions of the first, second and third thermoplastic
synthetic resin panels in the junction are fused and welded
together.

17. A thermoplastic synthetic resin panel welding
method comprising the steps of:

preparing first and second thermoplastic synthetic
resin panels of the same construction each consisting of a
first sheet, a second sheet parallel to the first sheet,
and ribs integrally joining the first and second sheets and
defining a plurality 6f spaces between the first and second
sheets:

placing the second thermoplastic synthetic resin panel
at an angle to one surface of the first thermoplastic
synthetic resin panel with a side edge of the second panel
butting on the surface of the first thermoplastic synthetic
resin panel;

.placing an ultrasonic welding machine with an
ultrasonic welding head thereof in contact with a portion
of the other surface of the first thermoplastic synthetic
resin panel corresponding to the junction of the first and
second thermoplastic synthetic resin panels, and with a

. THIS SHEET HAS BEEN
TR 0T AR R REPLACED
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around t he opéni ngRBEIAAare renoved so that portions of the 35 first

resin panel
the periphery [¢f] Drawing®? papdie. 1. &anpqgad efL..pl ate 95A is i
bet ween the fiin
t he peri

sheet 2a and {f8 ecimonsipegtd .2b.. of paghé..fol| ow t her nopl aBhis Silestﬁw

B|sAtausieh@)he qpeni ). abpugearthel war ped avay f

i

tasheat 2:6pag<nﬂ.:t.he)§@6wna.i1eet 2b as shown in Fig
DE% T

erv of the transparpnr
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contact with portions of the surface_ of the first
thermoplastic synthetic resin panel on the opposite sides
of the second thermoplastic synthetic resin panel and with
portions of +the opposite surfaces of the second
thermoplastic synthetic resin panel;

driving the wultrasonic welding head to generate
frictional heat in portions of +the first and second
thermoplastic synthetic resin panels corresponding to the
junction so that those positions are fused and welded

together.

18. A method of welding together a thermbplastic
synthetic resin panel consisting of a first sheet, a second
sheet parallel to the first sheet, and ribs integrally
joining the first and second sheets and defining a
plurality of spaces between the first and second sheets,
and a thermoplastic resin member, said method comprising
the steps of:

preparing the thermoplastic synthetic resin panel, and
the thermoplastic synthetic resin member;

placing the thermoplastic synthetic resin panel with a
side edge thereof butting on the thermoplastic synthetic
résin member;

placing an ultrasonic welding machine with an
ultrasonic welding head thereof in contact with a portion
of one surface of the thefmoplastic synthetic resin member
adjacent the joint of the thermoplastic synthetic resin
panel and the thermoplastic synthetic resin member and with
a work support means of the ultrasonic welding machine in
contact with a portion of the other surface of the
thermoplastic synthetic resin panel adjacent the joint of
the thermoplastic synthetic resiﬁ panel and the
thermoplastic synthetic resin member;

driving the wultrasonic welding head +to generate
frictional heat in portions of the thermoplastic synthetic
resin panel and the thermoplastic synthetic resin member

) 0 O O 1

b 95A is wel ded to edge portlons



The t hernopl astic synthetic resin panel welding nethods of the present
sinvention are capable of fornming various 10 types THis $hodl Giias Bden Réplpoed

gquality in hollow panel structures forned by processin

t hernopl astic synthetic resin panels, and the hollow p

fabricated by the thernoplastic synthetig resin panel I ng e S of
the present invention are applicable t0o &rsatile uses as 15 bui | di ng
mat eri-al s and__packagi mat.er.i al s. CLAI M5 1. A __thernopl.asti.c
synthetic r&&iH? 'ﬁgg IR ng° ﬁ@?ﬁbdé¥§#ﬁrpgf%&QHia%ﬁ%pgugﬁg;ﬁ%%aring
a hol | ow t herwalplesbs ttagesyhesheti ¢ resi n panel )

19. A thermoplastic synthetic resin panel structure
comprising a thermoplastic synthetic resin panel consisting
of a first sheet, a second sheet parallel to the first
sheet, and a plurality of ribs integrally joining the first
and second sheets and defining a plurality of spaces
between the first and second sheets, wherein portions of
the first and second sheets along a line or a plane
extending ééross the ribs are welded together by ultrasonic

welding.

20. The thermoplastic synthetic resin panel structure
according to claim 19, wherein the line extends along an
end edge of the thermoplastic synthetic resin panel.

21. The thermoplastic synthetic resin panel structure
acdording to claim 19, wherein a portion of the first
sheet extending along the line is depressed toward the
second sheet and welded +to the second sheet by ultrasonic

welding.

22. The thermoplastic synthetic resin panel structure
according to claim 19, wherein portions of the first and
the second sheet extending along the line are depressed
toward each other and welded together by wultrasonic
welding.

23. A thermoplastic synthetic resin panel structure
comprising first and second thermoplastic synthetic resin
panels of the same construction each consisting of a firs
sheet, a second sheet parallel to the first sheet, and ribs
integrally joining the first and second sheets and defining
spaces between the first and second sheets; wherein the
first and the second thermoplastic synthetic resin panel

are disposed so that the side edge portions thereof overlap
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consisting of a first sheet, a second sheet parallel to the first sheet,
and ribs defiMIﬂ}KSh Imgsaﬂ Rtedspaces between the first and second
sheets; folding a f t he thernoplastic synthetic resin pane

in |layers; hoIdin the foIIOM/thernDpIastic synthetic resin
panel between an u trasonlc i ng head a work support block of an

ul trasoni c wel di ng nachlne dr|V|ng t he "ul rasonlc wel ding head to generate

f t | heat t f the th | ast t het el b
Ul trasont ¢ vi BFAETGHERRE YhAoThan QYera 0F rhe e ol BRF FEotmPterre
resin panel ar£inetdeddt sgebhdr thermophastied gynithetion m¥sin tpandhesin
greater than tﬁ% t?%eff%#ﬂﬁ{é "DOL AL Café( ”&%‘f&é& %Siéghgﬁnﬁir'uftrasgngc

hol | ow t her nop resin
welding, and the overlapplng sectlon has a thickness

substantially equal to a thickness of each of the first and

second thermoplastic synthetic resin panels.

24. A thermoplastic synthetic resin panel structure
comprising first and second hollow thermoplastic synthetic
resin panels of the same construction consisting of a first
sheet, a second sheet parallel to the first sheet, and a
plurality of ribs integrally joining the first and second
sheets and defining a plurality of spaces between the first
and second sheets; wherein the first and second
thermoplastic synthetic resin panels are disposed so that
side edges thereof butt on each other, and the side edges
of the first and second thermoplastic synthetic resin
panels are welded together by ultrasonic welding.

25. The thermoplastic synthetic resin panel structure
comprising:

a thermoplastic synthetic resin panel consisting of a
first sheet, a second sheet parallel to the first sheet,
and a plurality of ribs integrally joining the first and
second sheets and defining a plurality of spaces between
the first and second sheets; and

a thermoplastic synthetic resin member;

wherein the thermoplastic synthetic resin panel and the
thermoplastic synthetic resin member are put in contact
with each other, and portioﬁs of the thermoplastic
synthetic resin panel and the thermoplastic synthetic resin
member in contact with each other are welded together by

ultrasonic welding.

e ————
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met.hod according to claim1l, wherein the |ayers are conpressed to reduce

t he thickness therepf while the |ayers’ aré being wel ded. 3. A

t her nopl asti c synthetic resin panel welding nmethod conprising the
steps of: preparing a first thernoplastic synthetic resin panel consisting
of a first sheet, a second sheet parallel ég the first sheet, the ribs
integrally joining the first and second shééts and defining a plurality of

spaces between the first and the second and a second thernoplastic
synthetic resin panel of the sane c%%gfgéézion as that of the

first thernopl asti @osyitdnest iaf reeSiherpepdlastdics mysitig ttilre fesrist ks e@®nd
hol low t her nopl@sida Pt BRkEGS165! BnBAekaalidhfl 51 iR 40098 F1ER0Ts i gesed
agai nst each other to forma butting section,
(2a), a second sheet (2b) parallel to the first sheet (2a),
5 and a plurality of ribs (3) integrally joining the first
and second sheets (2a, 2b) are welded together by
ultrasonic welding by applying an ultrasonic welding head
(6) and a work support block (7) of an ultrasonic welding
machine to the first sheet (2a) and the second sheet (2b),
10 respectively, and compressing the portions of the
thermoplastic synthetic resin panel (B) between +the
ultrasonic welding head (6) and the work support block (7).
When welding together two thermoplastic synthetié resin
panels (Bl, B2), at least portions of the panels (Bl, B2)
15 are put one on top of the other to form an overlapping
section, an head (6C) and a work support block (7C) are
applied to the opposite .surfaces of the overlapping
section, respectively, and the head (6C) is driven to
generate ultrasonic waves, compressing the overlapping
20 section between the ultrasonic welding head (6C) and the
work support block (7C). The overlapping section vibrates,
generates frictional heat therein, and is welded under

compression.
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34 pl °Cﬂ”§ r?js chine wiith an ultrasonic wel di ng hea
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wth régﬁl cf %c t p_e di cul ar tﬂ/t(memtshl ckmpess .88.. tohe gt dg.n
secti gn-o rzpfﬁgg (5’533 Pd’@ f’ the but t i ] Deetinge) :pesaect.i walaged drij ng
the ul tpa%ﬁfaé’tv\el é“?ﬁFél héﬁc? rate friictismahctheabpagdd . Eheramdesurf.aces
of thg thernoplastic éf;qtfﬁiEBC@ﬂS' n pag ? 4 hutting on each OfHieShedd¥as Been Replaced
ul t r ajonDATE BFaRECRIRD. . “had2t.. nd surfaces of the thernopla “} “ur“IlImI

synthetic resin panels butting each othgimgre fused and wel ded

r i nthetic resin e} s
connect the first, and fng, SEEGNhNE MOPLARILG SYOLIS S bl

method comprising the steps of:

preparing a hollow thermoplastic synthetic resin nel
having a first sheet, a second sheet parallel to the/first
sheet, and ribs integrally joining the first and th¢ second
sheet; | _

placing an  ultrasonic welding machine
ultrasonic welding head thereof and a work support means
thereof disposed adjacent the first and cond sheets,
respectively; '

moving the ultrasonic welding head and the work support
means toward each other to bring the filtrasonic welding
head and the work support means into cgntact with the first
and the second sheet, respectively;

generating ultrasonic waves Mpetween the ultrasonic
welding head and the work support means to generate
internal frictional heat by ultrasonic vibration of the
first and second sheets; and

compressing the first a the second sheet between the
ultrasonic welding head ang the work support means to weld

together the first and s¢cond sheets.

2. The thermopl@stic synthetic resin panel welding
method according to aim 1,.wherein the ultrasonic welding
head and the work Support means of the ultrasonic welding
machine are disposed along end edges of the first and
second sheets tpg melt and seam edges of the synthetic resin

board continugusly.

thermoplastic synthetic resin panel welding
method agCording to claim 1, wherein the ultrasonic welding

the work support means of the ultrasonic welding

e first and second sheets, and portions of the first
second sheets corresponding to the line are welded

ogether continuously.

s is the replacement sheet
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t her nopl astic synthetic resin panel. 4. A ther mplastic—synthe
ri

resin panel welding nethod conprising the steps of:. preparin firﬁt,
second and third thernopl astic synthetic resin panelBisghe lace
construction each consisting of a first sheet, a secor ﬁ ILeI to
the first sheet and ribs integrally joining the first sheet
and defining a plurality of spaces betws#h the first and the second sheets;
pl acing the first and second .t hernoplastic synthetic resin panels sg as to
form an edge-t o- efige ThgnctheroRdiagdiifng S¥ERSticd ¥¢erhoBRrASET ded@ifiYet i c
rﬁSi n p?nel atneanoﬁ,r@iceoﬁdmgheoswaliﬁcas @frﬁ]eiélﬁu f'tihléStxlﬁﬂ&isd @:ej:@b Rélding ]
thernopl astic,synthetig¢, resin panels.so that Lts si edge .butts/an the
cdge. Lo- edgeEoRcEREntaT THE: FEECHEAoPHS Sholi VBN 4o MR het i
resin pane|s;machine have working surfaces of substantially thg same

area, respectively, the ultrasonic welding head
work support block are disposed opposite to each/other on
the outer side of the first sheet and on the ouper side of
the second sheet, respectively, and twofdimensional
portions of the first and second sheets copresponding to
the ultrasonic welding head and the work sypport means are
welded together.

5. The thermoplastic synthetic yesin panel welding
method according to claim 1, wherein/an opening is formed
in the thermoplastic synthetic resifi panel, the ultrasonic
welding head and the work support/means of the ultrasonic
welding machine are disposed alopg the edge of the opening,
and edge portions of a first/and a second sheet of the
thermoplastic synthetic resipf panel along the edge of the
opening are welded together/ continuously.

6. The thermdplast' synthetic resin panel welding
method according to clgim 1, wherein recesses are formed in
corresponding portio of the first and the second sheets,
respectively, the ltrasonic welding head and the work
support means o the ultrasonic welding machine are
disposed along the edges of the receéses, respectively, and
the edges of t first and second sheets defining the edges

of the recessés are welded together continuously.

7. thermoplastic synthetic resin panel welding
method cgmprising the steps of:
pregparing a first thermoplastic synthetic resin panel

consigting of a first sheet, a second sheet parallel to the
fir sheet, and ribs defining a plurality of spaces
befween the first and second sheets, and a second

ermoplastic synthetic resin panel of the same

This is the replacement sheet .
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pl aci ng an_uLLL&ymﬂ%%ﬁwﬁrﬁﬂg machine with an ul trasoni c wel di ng head
thereof in contact MA hg edge-to-edge junction of the first and second

t her nopl adhis esin panels on a side opposite the side on which
the third t “ ‘Bynthetlc resin panel butts on the edge-to-edge
junction of second thernopl astic synthetic resin panels, and

with a work support neans of the uItragQ?lc wel di ng machine in contact with
a region around the junction of the fir second and third thernDp astic

synthetic regbRsRANELSon dhd Vit e tHlet Feopi Ghe‘!ﬁhé&&fwsﬁ%?\% at e
frictional heat . in the junction of the first, secon and third
35 resin panel;

placing the first and the second thermoplgstic
synthetic resin panels one on top of the other;

placing an ultrasonic welding machine
ultrasonic welding head thereof disposed on a spyrface of
the first thermoplastic synthetic resin panel /and a work
support means thereof disposed on a surface the second
thermoplastic synthetic resin panel opposite/to each other
with respect to a line;

moving the ultrasonic welding head and the work support
means toward each other to bring the/ first and second
thermoplastic synthetic resin panels ifto contact with each
other;

driving the ultrasonic weld ng head to generate
frictional heat in the first d second thermoplastic
synthetic resin panels by ultfasonic vibration so that
portions of the first and segond thermoplastic synthetic
resin panels corresponding t¢ the line are fused and welded
together.

8. A method of elding together a thermoplastic
synthetic resin panel gonsisting of a first sheet, a second
sheet parallel to e first sheet, and ribs defining a
plurality of spaceg between the first and second sheets,
and a thermoplasfic synthetic resin member, said method
comprising the gteps of:

preparing /he thermoplastic synthetic resin panel, and
the thermoplAstic synthetic resin member;

putting the hollow thermoplastic synthetic resin panel
and the

plaging an ultrasonic welding machine with an

mber one on top of the other:;

ultrasfnic welding head thereof disposed on a surface of

synthetic resin member so that the thermoplastic synthetic

esin panel and the thermoplastic synthetic resin member

This 18 the ;epiacernent sheet
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t hernopl astic synthetic resin panels so that Phe~ee%%%eﬁsﬂﬁ;%+ﬁ&first,

second and third thernoplastic synthetic reS|n panels |n nction are
fused and wel ded together. 5. A thernoplastl S|n pane
wel di ng nethod conprising the steps of: prepar IH second

t hernopl astic synthetic resin panels of the sa each
consisting of a first sheet, a second shget_parallel to the first sheet,

and ribs integrally joining the first and second sheets and defi ni ng

plurality of spacasilbebyegsen hend iVlYragbdiseqendisdastisd naaineg
t her nopl astic s nth tic_resin panel at an angle to one surface of
t hernopl astic S8 R?ﬁ t Fe2P25i3 Danel with a side edge of the secopd panel
butting on the sudfaeéngf the filitgesondcnopedding sheadettic gefigraianel ;

placing an ul te-38RbAa Y NGBy TBEREBSoM & Ry 18 dHibhnA$RNbErtions bf the

pplastic
so that

member are

thermoplastic synthetic resin panel and the therm
synthetic resin member in contact with each otheg
the thermoplastic synthetic resin panel and the
welded together.
9. A thermoplastic synthetic resi panel welding
method comprising the steps of:
preparing a first thermoplastic sypthetic resin panel
consisting of a first sheet, a second gheet parallel to the
first sheet, and ribs defining a/plurality of spaces
between the first and the second sheet, and a second
thermoplastic synthetic resin panel of the same
construction as that of the rst hollow thermoplastic
synthetic resin panel;
placing the first and sgcond thermoplastic synthetic
resin panels so that end /portions thereof overlap each
other and the surfaces of/the overlapping end portions are
in close contact with ¢ach other to form an overlapping
section;
placing an ul¥rasonic welding machine with an
ultrasonic welding Aead thereof disposed on one side of the
overlapping sectjon and a work support means thereof
disposed on the fother side of the same;

driving the ultrasonic welding head to generate

are softened and welded teogether; and
compressing the first and second sheets of the
ovérlapping portions of the first and second hollow

ermoplastic synthetic resin panels in the direction of

W] R Thi is the replacement sheet
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wel di ng head thereof in contact with a portion of the other surface of the
rst thernopl diiisiShees athtReﬂlacreéS| n panel corresponding to the junction

fi
of the first ermopl astic synthetic resin panels, and with
a work support trasonl ¢ welding nmachine in contact with
portions of the surtace of the first thernoplastic synthetic resin panel on
the opposite sides of the second therr astic synthetic resin panel and
with portions of the opposite surfaces of the second thernoplastic

synthetic reghBipape] ckriidsy bs}gtwmbtlﬂars%%@el we @l gl Mabeadat thd

te

frictional heat in portions of the first and second thernoplasti nt hetic
resin panel s SEBPPESpdIRHy €8 t¥Re!t] utCBrER®E0 tifat fthe ?)'g t5 §‘ re
fused and weltbedmbpyashic.syhthetAd wesdoppaséls. synthetic resiy panel

structure conprising first and second hol |l ow t hernopl astic sypthetic resin

panel s of _
10. The thermoplastic synthetic resin panel /welding

method according to claim 9, wherein the overlapping end
portions of the first and second thermoplasti¢ synthetic
resin panels in the overlapping section arg compressed
between the ultrasonic welding head and th¢ work support

means to reduce the thickness of the overlapping section.

11. The thermoplastic synthetic résin panel welding
method according to claim 10, wherein /the thickness of the
overlapping section in which the end/portions of the first
and second thermoplastic synthetif resin panels overlap
each other is reduced to a thicknebSs substantially equal to
that of each of the first nd second thermoplastic

synthetic resin panels.

12. A hollow thermgplastic synthetic resin panel
welding method comprising/ the steps of:
preparing a thermbplastic synthetic resin panel
consisting of a first eet, a second sheet parallel to the
first sheet, and zr#fbs defining a plurality of spaces
between the first

placing opposite edge portions of the thermoplastic
synthetic resin/panel one on top of the other to form an
overlapping settion;
placing /an ultrasonic welding machine with an
ultrasonic #elding head thereof disposed on one side of the
overlappifg section and a work support means thereof
disposed/ on the other side of the overlapping section;
drjving the wultrasonic welding head to generate
ultr

hea

onic waves that propagate from the ultrasonic welding
toward the work support means so that frictional heat
generated in the surfaces of the overlapping edge

ortions by ultrasonic vibration and the surfaces of the
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the sanme construction consisting of a first sheet,—a SELUHd bheet paral | el

to the first sheet, and a plurality of ribs integr .1 tpe flrst
and second sheets and defining a plurality of spac a ffrst and
second sheets; wherein the first and second thernop c resin
panel s are dlsposed so that side edges thereof butt - and the
36 side edges of the first and second_t hgroopl astic synthetlc resin panels
are wel ded together by ultrasonic welding. 7. A thernoplastic synthetic
resin panel ot idigngieibethbaaiipHsshig-dedftcnbapsndivelgicdpasgaghaspol | ow

thernDpIastlc gynthetlc resin panel (B)

compressing the overlapping edge portions of the

thermoplastic synthetic resin panel between the ultrasonic

welding head and the work suppoTt means in the direction of

the thickness of the-cVerlapping edge portions to reduce

the thickness—6f the overlapping section to a thickness
substantially equal to the thickness of the thermoplastic

13. A thermoplastic synthetic resin panel welding

method comprising the steps of:

preparing a hollow thermoplastic synthetic resin panel

consisting of a first sheet, a second sheet parallel to the
first sheet, and ribs defining a plurality of spaces
between the first and second sheets;

folding an end portion of the thermoplastic synthetic
resin pahel in layers;

holding the 1layers of +the hollow thermoplastic
synthetic resin panel between an ultrasonic welding head
and an work support block of an ultrasonic welding machine;

driving the ultrasonic welding head to generate
frictional heat in the layers of the thermoplastic
synthetic resin panel by ultrasonic vibrations so that the
layers of the thermoplastic synthetic resin panel are
welded together to form an edge portion of a thickness
greater than that of the thermoplastic synthetic resin
panel.

14. The hollow thermoplastic synthetic resin panel
welding method according to claim 13, wherein the layers
are compressed to reduce the thickness thereof while the
layers are being welded.

15. A thermoplastic synthetic resin panel welding
method comprising the steps of:

preparing a first thermoplastic synthetic resin panel
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portions of the opposite surfaces of the second
thermoplastic synthetic resin panel;

driving the wultrasonic welding head to generate
frictional heat in portions of the first and second
thermoplastic synthetic resin panels corresponding to the

junction so that those positions are fused. and welded
This Sheet Has Been Replaced

synthetic resin panel consisting of a first sheet, a secongd

together.

. A Mo hand = o = s ONEL O =N by o S
o= o - o - - 4G - =

sheet parallel to the first sheet, and ribs integrafly
joining the first and second sheets and definghg a
plurality of spaces between the first and second/sheets,
and a thermoplastic resin member, said method fomprising
the steps of: '

preparing the thermoplastic synthetic fesin panel, and
the thermoplastic synthetic resin membex’;

placing the thermoplastic synthetdc resin panel with a
side edge thereof butting on the ermoplastic synthetic
resin member;

placing an ultrasonic /welding machine with an
ultrasonic welding head thefeof in contact with a portion
of one surface of the thefmoplastic synthetic resin member
adjacent the joint of/ the thermoplastic synthetic resin
panel and the thermoflastic synthetic resin member and with
a work support mgéns of the ultrasonic welding machine in
contact with /& portion of the other surface of the
thermoplastj€ synthetic resin panel adjacent the joint of
the theymoplastic synthetic resin panel and the
thermopdastic synthetic resin member;

driving the ultrasonic welding head to generate

fydctional heat in portions of the thermoplastic synthetic

This is the replacement sheet
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edge portion thereof disposed in opposition to and along said end edge of
.the first sheet (2a) and with said sloping surface det?Bﬁ“tﬁéTéﬁT‘drsposed
inwardly of said end edge of the first sheet (2a); pIaWMng&@hQB%Qk_laed
support block (7) with said flat work support surface t In a
face-to-face relation with a portion of said second shegmg awim t and
al ong the end edge of the second sheet; noving said wel

said work support block (7) toward eachggther to bring the meldlng head and

the work support bl ock |nto cont act mnth the flrst and second sheets
respectively; & 2 MBS g 6

sai d work S“QH%&&%Q&%%. . through sa|d flrst sheet (2a) sa|d r|bs (4)
and sai d second sheet (2 to said work support bl ock

19. A thermoplastic synthetic resin panel structure

comprising a thermoplastic synthetic resin panel consisting
of a first sheet, a second sheet parallel to the first
sheet, and a plurality of ribs integrally joining the first
and second sheets and defining a plurality of spaces
between the first and second sheets, wherein portions of
the first and second sheets along a line or a plane
extending across the ribs are welded together by ultrasonic

welding.

20. The thermoplastic synthetic resin panel structure
according to claim 19, wherein the line extends along an

end edge of the thermoplastic synthetic resin panel.

21. The thermoplastic synthetic.resin panel structure
according to claim 19, wherein a portion of the first
sheet extending along the line is depressed toward the
second sheet and welded to the second sheet by ultrasonic

welding.

22. The thermoplastic synthetic resin panel structure
according to claim 19, wherein portions of the first and
the second sheet extending along the line are depressed
toward each other and welded together by ultrasonic
welding.
comprising first and second thermoplastic synthetic—resin
panels of the same construction each consisting of a firs
sheet, a second sheet parallel to_the first sheet, and ribs
integrally joining the fizst and second sheets and defining
spaces between e first and second sheets; wherein the
first amd " the second thermoplastic synthetic resin panel

-~ 0 -V & - R - PNV PO e 23 S L o - -
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(7) to generate internal frictional heat by ultrasonic vibration so as to
nelt the first sheet, the ribs and the second sheet in 37 portions
thereof in which ultrasonic waves aré& generated;, conpressing the first and
second sheets between the end surfacer@fsheais Bas itbha@dhead (6) and the fl at

wor k support surface of said work supp sai d protrudi ng outer
[ I d end edge of the
i on of the wel ding head

edge portion of the welding head abutt
first sheet; causing said protruding ou

to nmove the end edge of the first sheet toward and agai nst the end edge of
t he second sheet;

- 43 -
first and second thermoplastic synthetic resimaPanels in
the overlapping section are welded—tdSgether by ultrasonic
welding, and the guertdpping section has a thickness
substantial¥y equal to a thickness of each of the first and

24. A thermoplastic synthetic resin panel structure

comprising first and second hollow thermoplastic synthetic
resin panels of the same construction consisting of a first
sheet, a second sheet parallel to the first sheet, and a
plurality of ribs integrally joining the first and second
sheets and defining a plurality of spaces between the first
and second sheets; wherein the first and second
thermoplastic synthetic resin panels are disposed so that
side edges thereof butt on each other, and the side edges
of the first and second +thermoplastic syﬁthetic resin

panels are welded together by ultrasonic welding.

25 The_ti Lasti choti . Lo

comprising:

a thermoplastic synthetic resin panel consisti
frst sheet,
the first and

first sheet, a second sheet parallel to the
and a plurality of ribs integrally joini
second sheets and defining a plurali y of spaces between
the first and second sheets; an

a thermoplastic synthe resin member;
wherein the thermopiéastic synthetic resin panel and the
thermoplastic sy etic resin member are put in contact
with each er, and portions of the -thermoplastic
synthetie resin panel and the thermoplastic synthetic resin

T in contact with each other are welded together by
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causing said sloping surface portion of the welding head to nove an end

region of the first sheet adjacent said—end‘edge*rherenf—romard an end
regi on adjacent the end edge of the secg) hé?ﬁﬁﬁhel&:ﬁ?ﬁreby shape sai d end
region of the first sheet to conforn1|n i opi ng surface
portion; concurrently causing said slopi EE”H lw E ltl on of the welding
head to shape portions of said ribs adja ges of the first and
second sheets to conformin shape to the sloping surface portion; and thus
joining the end edge of the first sheet to the end edge of the second sheet
in a manner to forma closed end seam (§) of a converging cross-sectional
shape al ong said end edges (FIGS. 3-6)- The thernoplastic synthetic
resin panel welding method according to claim 7 wherein said sl opi ng
surface portion of the

26. A thermoplastic synthetic resin panel welding method
comprising the steps of:

preparing a hollow thermoplastic synthetic resin panel (B)
having a first sheet (2a), a second sheet (2b) parallel to the
first sheet, and ribs (4) interposéd between the first and
second sheets to integrally join the first and second sheets
and extending in parallel in a first direction, said first and
second sheets having respective end edges in parallel opposing
relation and extending in a second direction crossing said
first direction;

providing an ultrasonic welding machine with an ultrasonic
welding head (6) and a work support block (7), said welding
head (6) having an end surface and said work support block (7)
having a flat work support surface cooperable with said end
surface of the welding head (6), said end surface of the
welding head having a protruding outer edge portion and a
sloping surface portioﬁ conptiguously provided adjacent said
ounter edge portion; .

placing said ultrasonic welding head (6) with said outer
edge portion thereof disposed in opposition to and along said
end edge of the first sheet {(2a) and with said sloping surface
portion thereof disposed inwardly of said end edge of the
first sheet (2a);

placing said work support block (7) with said flat work
support surface thereof disposed in a face-to-face relation
with a portion of said second sheet (2b) adjacent and along
the end edge of the second sheet:

moving said welding head {(6) and said work support block
(7) toward each other to bring the welding head and the work
support block into contact with the first and second sheets,
respectively;

generating vltrasonic waves from said welding head (6) to
said work support block (7) through said first sheet (2a),
said ribs (4) and said second sheet (2b) to said work support

[
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wel di ng head (6) has a concave curved shape so that said closed end seam
(8) is given a convex curved shape on the side of the first sheet (2a).

(FIGS. 3-6) 9. A thermoplastic synthetic resin panel welrdimg nethod
conprising the steps of: preparing a hoIIovvtherﬁmmh@éh&g3e |c resin
panel (B) having a first sheet (2a), a second she to the
first sheet, and ribs (4) interposed between the I d sheets to
integrally join the first and second sheets and e aIIeI in a

first direction; providing an ultrasonic_wel di ng nachlne mnth an ultrasonic
wel di ng head (6) and a work support bIb%?‘(?), sai d wel di ng head

block {7) to generate internal frictional heat by ultrasonic
vibration so as to melt the first sheet, the ribs and the
second sheet in portions thereof in which ultrasomic waves are
generated;

compressing the first and second sheets between the eand
surface of said welding head (8) and the flat work support
surface of said work support block with said protruding outer
edge portion of the welding head abutting against said end
edge of the first sheet: '

causing said protruding outer edge portion of the welding
head to move the end edge of the first sheet toward and
against the end edge of the second sheet;

causing said sloping surface portion of the welding head
t0 move an end region of the first sheet adjacent said end
edge thereof toward e&m end region adjacent the end edge of the
second sheet, to thereby shape said end region of the first
sheet to conform in shape to the sloping surface portion;

concurrently causing said sloping surface portion of the
welding head to shape portions of said ribs adjacent the end
edges of the first and second sheets to conform in shape to
the sloping surface portion; and

thus joining the end edge of the first sheet to the end
edge of the second sheet in a manner to form a closed end seam
(8) of a converging cross-sectional shape along said end
edges. (FIGS.3-6)

27. The thermoplastic synthetic resin panel welding method
according to claim 26, wherein said sloping surface portion of
the welding head (6) has a concave curved shape so that said
closed end seam (8) is given a convex curved shape on the side
of the first sheet (2a). (FIGS.3-6)

28. A thermoplastic synthetic resin panel welding method
comprising the steps of;

preparing a hollow thermoplastic synthetic resin panel (B)
having a first sheet (2a), a second sheet (2b) parallel to the
First sheet, and ribs (4) interposed between the first and

NN R A WA This s the replacement sheat
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38 (6) having an end surface and said work support block (7) having a flat
-wor k support surface cooperable with said end surface of the wel di ng head
(6), said end surface of the welding head having ayRisHd] s BehReplied and a

pair of side sloping surface portions contiguously th sides
of said mddl e nose; placing said ultrasonic meldingnuﬁg h said end
surface thereof disposed in opposition to the first d with the

m ddl e nose thereof extending in a second direction crossing said first

direction; placing said work support bhgck (7) with said flat work support
surface thereof disposed in a face-to-face relation with said second sheet
(2b) and in confronting relation with said end surface of the wel ding head;

moving saigl el fihe182¢ o GhedpHaddh ;905 K SHPPPEL ¢ PhOF s econd sheets

and extending in parallel in a first direction;

providing an ultrasonic welding machine with am ultrasonic
welding head (6) and a work support block (7), said welding
head (6) having an end surface and said work support block (7)
having a flat work support surface cooperable with said eand
surface of the welding head (6), said end surface of jhe
welding head having a niddle nose (9) and a pair of side
sloping surface portions contiguously provided on both sides
of said middle nose; placing said ultrasonic welding head
(6) with said end surface thereof disposed in opposition to
the Iirst sheet (2a) and with the middle nose thereof
extending in a second direction crossing said first direction;

placing said work support block {(7) with said flat work
support surface thereof disposed in a face-to—face relation
with said second sheet (2b) and in confronting relation with
said end surface of the welding head; .

moving said welding head (6) and said work support block
(7) toward each other to bring the welding head and the work
support block into contact with the first and second sheets,
respectively;

generating ultrasonic waves from said welding head (6) to
said work support block (7) through said first sheet (2a),
said ribs (4) and said second sheet (2b) to said work support
block (7) to generate internal frictional heat by ultrasonic
vibration so as to melt the first sheet, the ribs and the
second sheet in portions thercof in which ultrasonic waves are
generated:

compressing the first and second sheets betwesen the end
surface of said welding head (6) and the flat work support
surface of said work support block;

cansing said middle nose (9) of the welding head to move a
linear region of the first sheet along the middle nose toward
and against the second sheet;

causing said sloping surface portions of the welding head
to move opposite adjoining regions onm both sides of said
linear region of the first sheet toward the second sheet, to

LIy e oo enee
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(7) toward each other to bring the wel ding head and the work support bl ock
dnto contact with the first and second sheets, FeSpectively;, generating
ul trasonic waves fromsaid welding head (6) to grik ShewakBSHRRMLg P! OCk (7)

t hrough said first sheet (2a), said ribs (4) and lmlm’!ﬂﬁmm eet (2b) to
t by
¢ ) d the second

said work support block (7) to generate interna

ultrasonic vibration so as to nelt -the first she

sheet in portions thereof in which ultrasonic waves are generat ed;
conpressing the first and second sheetg7between the end surface of said
wel di ng head (6) and the flat work support surface of said work support
bl ock; causing said mddle nose (9) of the welding head to nove a |inear

region of the first sheet along the m dd] e nose toward and ai.nst .t he
segond sheéPQerY shape sa?d ogposite aéyoig}ng reé%%ns o% t%% erst

sheet to conform in shape to the sloping surface portions;

concurrently causing said sloping surface portions of the
welding head to shape portions of said ribs between the
welding head and the work suppor block to conform in shape to
the sloping surface portions; and

thus joining said linear region of the first sheet to the
second sheet in a manner to form a linear grbove (10) in the
first sheet. (FIGS.7 and 9)

29. The thermoplastic synthetic resins panel welding method
according to claim 28, wherein each of said sloping surface
portions of the welding head (6) has a concave carved shape so
that said linear groove (18) is given side surfaces each of a
convex curved shape. (FIG5.7 and 9)

30. A thermoplastic synthetic resin panel welding method
comprising the steps of:

preparing a hollow thermoplastic synthetic resin panel (B)
having a first sheet (2a), a second sheet (2b) parallel to the
first sheet, and ribs (4) interposed between the first and
second sheets to integrally join the first and second sheets
and extending in parallel in a first direction;

providing an ultrasonic welding machine with an ultrasonic
welding head (B6) and a work support block (7)., said welding
head (6) having an end surface and said work support block (7)
having a work support surface cooperable with said end surface
of the welding head (6)., said end surface of the welding head
having a middle nose (9) and a pair of side sloping surface
portions contiguously provided on both sides of said middle
nose, said work support surface of the work support block
{T)having the same configuration as said end surface of the
welding head:

placing said ultrasonic welding head (6) with said end
surface thereof disposed in opposition to the first sheet (2a)
and with the middle nose thereof extending ipn a second
direction across said first direction;
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causing said sloping surface portions of the welding head to nove opposite
adj oining regions on both sides of said |inear region of the first sheet
toward the second sheet, to thereby shape sai d opposite adjoining regions
of the first sheet to conforn1|n shape to the sloping surface portions;
concurrenthywsmmﬁﬁn epjacsd opi ng surface portions of the welding head to
shape portlo &i s between the wel ding head and the work support
bl ock to con to t he sl opi ng surface portions; and 39 thus
joining said |near region of the firstygheet to the second sheet in a
manner to forma |linear groove (10) in the

placing said work support block (7) with said work support
surface thereof disposed in opposition to the second sheet
(2b) and in confronting relation with said end surface of the
welding head ;

moving said welding head (6) and said work support block
{7) toward each other to bring the welding head and the work
support block into contact with the first and second sheets,
respectively; : ' '

generating ultrasonic waves from said welding head (6) to
said work support block (7) through said first sheet (2a),.
said ribs (4) and said second sheet (2b) to said work support
block (7) to generate intermal frictioanal heat by ultrasonic
vibration so as to melt the first sheet, the ribs and the
second sheet
in portions thereof in which ultrasonic waves are generated;

compressing the first and second sheets between the end
surface of said welding head (6) and the work support surface
of said work support block;

causing the middle noze (9) of the welding head to move a
linear region of the first sheet along the middle nose toward
and agaist the second sheet;

causing said sloping surface portions of the welding head
to move opposite adjoining regions on both sides of said
linear region of the first sheet toward the second sheet, to
thereby shape said opposite adjoining regions of the first
sheet to conform in shape to the sloping surface portions of
the welding head;

causing the middle noze of the work support block to move
a lipear region of the second sheet along the middle nose
toward and agaist the first sheet;

causing the sloping surface portions of the work support
block to move opposite adjoining regions on both sides of said
linear region of the second sheet toward the first sheet, to
thereby shape said opposite adjoining regions of the second
sheet to conform in shape to the sloping surface portions of
the work support block;

concurrently causing the sloping surface portiomns of the
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first sheet. (FIGS. 7 and 9) 10. The thernoplastic synthetic resin panel
:wel di ng nmet hod according to claim9 wherein each of said sloping surface
portions of the welding head (6) has a concave curved shape so that said
| i near groove (10) is given side surfaces each of a convex curved shape.
(FIGS. 7 and 9) 11. A thernoplastic synthetic resin panel wel ding nethod
conprising the steps of: preparing a hollow thernoplastic synthetic resin
panel (B) having a first sheet (2a),
first sheet, and ribs (4) interposed between the firgis heets to
integrally join the first and second sh®ets and exten ﬂﬁgﬂaﬁ%@p& % in a
first direction; ‘providing an ultrasonic wel ding nacqu rasonlc
wel di ng head (6) and a work support block (7), said

welding head and the sloping surface portions of the work
support block to shape portions of said ribs between the
welding head and work support block to conform in shape to the
sloping surface portions of the welding head and the work
support block; and

thus joining said linear regions of the first and second
sheets to each other in a mannper to form a linear fold:ng line
(14). (FIG.10)

31. A thermoplastic synthetic resin panel welding method
conprising the steps of:

preparing a hollow fﬁermoplastic synthetic resin panel (B)
having a first sheet (2a), a second sheet (2b) parallel to the
first sheet, and ribs (4) interposed between the first and
second sheets to integrally join the first and second sheets
and extending in parallel in a first direction, said synthetic
resin panel (B) having an opening (16) therethrough, said
opening having a first edge of the first sheet and a
second edge of the second sheet:

providing an ultrasonic welding machine with an ultrasonic
welding head (6) and a work support block (7), said welding
head (6) having an end surface and said work support block (7)
having a flat work support surface cooperable with said end
surface of the welding head (6), said end surface of the
welding head having a protruding outer edge portion and a
sloping surface portion contiguously provided adjaceut said
outer edge portion:;

placing said ultrasonic welding head (6) with said outer
edge portion thereof disposed in opposition to and along said

LR 0 A R Tris i the repizcement sheet
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(6) having an end surface and said work support block (7) having a work
support surface cooperable with said end surface of the wel ding head (6),
said end surface of the welding head having a middl e nose (9) and a pair of
side sloping surface portions contiguously provided on both sides of said

m ddl e nose, said work support surface of the work support block (7) having
the sanme configuration as said end surface of the meEﬂiﬁﬁEmnamx édng

en R
said ultrasonic welding head (6) with said end surfac sed in
opposition to the first sheet (2a) and_wi th the m ddl C

extending in a second direction acros§5§%id first direction; i sai d
wor k support block (7) with said work support surface thereof disposed in
opposition to the second sheet (2b) and in confronting relation with said

end surfaceiofstt kdgeelodi ngeshepening (16) and with said sloping surface

portion thereof disposed inwardly of said first edge:

placing said work support block (7) with said flat work
support surface thereof aisposed in a face-to-face relation
with a portion of said second sheet (2b) along said second
sdge of the opening;

moving said welding head (6) and said work support block
(7) toward each other to bring the welding head and the work
support block into contact with the first and second sheets,
respectivaly;

generating ultrasonic waves from said welding head (6) to
said work support block (7) through said first sheet (2a),
said ribs (4) and said second sheet (2b) to said work support
block (7) to generate internal frictional heat by ultrasonic
vibration so as to melt the first sheet, the ribs and the
second sheet: in portions thereof in which ultrasonic waves are

generated:

compressing the first and second sheets between the end
surface of said welding head (5) and the flat work support
surface of said work support block with said protruding outer
edge portion of the weldipg head abutting against said first
edge of the opening;

causing said protruding outer edge portion of the welding
head to move the first edge of the opening toward and against
the second edge of the opening;

causing said sloping surface portiom of the welding head
to move a region of the first sheet adjacent said first edge
toward a region of the second sheet adjacent said second
edge , to thereby shape said region of the first sheet to
conform in shape to the sloping surface portion;

concurrently causing said sloping surface portiom of the
welding head to shape portions of said ribs adjacent said
first and second edges of the opening to conform in shape to
the sloping surface portion; and

thus joining the first and second edges of the opening in
a manner to form a closed end seam of a2 converging
cross-sectional shape along said-edges. (FIGS.11 and 12)

-
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noving said wel ding head (6) and_said werk-suppoert—block (7) toward each
other to bring the welding head and the work support block into contact
with the first and second sheet sthis Y 40 generating ultrasonic
waves from said wel ding head (6) Hupport bl ock (7) through
said first sheet (2a), said ribs [ econd sheet (2b) to said
wor k support block (7) to generate internal frictional heat by ultrasonic
vibration so as to nelt the first sheet, the ribs and the second sheet in
portions thereof in which ultrasonic wa4es are generated; conpressing the
first and second sheets between the end

32. The thermoplastic synthetic resin panel welding method
according to claim 31, wherein said sloping surface portiom of
the welding head (6) has a concave curved shape so that said
closed end seam is given'a convex curved shape on the side of
the first sheet (2a). (FIGS.11 and 12)

33. A thermoplastic synthetic resin panel welding method
comprising the steps of: ’

preparing a hollow thermoplastic synthetic resin panel (B)
having a first sheet (2a), a second sheet (2b) parallel to the
first sheet, and ribs (4) interposed between the first and
second sheets to integrally join the first and second sheets
and extending in parallel in a first direction, said synthetic
resin panel (B) having a recess (17) therethrough, said recess
having a first edge of the first sheet and a second edge of
-the second sheet;

providing an ultrasonic welding machine with an ultrasonic
welding head (6) and a work support block (7), said welding
head (6) having an end surface and said work support block (7)
having a flat work support surface cooperable with said end
surface of the welding head (6), said end surface of the
welding head having a protruding outer edge portion and a
sloping surface portion contiguously provided adjacent said
outer edge portion;

placing said ultrasonic welding head (6) with said outer
edge portion thereof disposed in opposition to and aloang said
first edge of the recess (17) and with said sloping surface
portion thereof disposed inwardly of said first edge:

placing said work support block (7) with said flat work
support surface thereof disposed in a face—-to—-face relation
with a portion of said second sheet (2b) along said second
edge of the opening:

moving said welding head (6) and said work support block
(7) toward each other to bring the welding head and the work
support block into contact with the first and second sheets,
respectively;

generating ultrasonic waves from said welding head (6) to
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.surface of said welding head (6) and the work support surface of said work
:support bl ock; causing the m ddl e nose(9) of the welding heatd—to—rovea
| i near region of the first sheet along the m ddl e nose toﬁﬁr apd agai nst

t he second sheet; causing said sloping surface portions o ot d
to nove opposite adjoining regions on both sides of said Il f

the first sheet toward the second sheet, to thereby shape i
adjoining regions of the first sheet to_conformin shape to the sl oping
surface portions of the welding head;‘éénsing the m ddl e nose of the work
support block to nove a linear region of the second sheet along the m ddle
nose toward and against the first sheet; causing the sloping surface
portions of the work support '

said work support block (7) throngh said first sheet (2a),
said ribs (4) and said second sheet (2b) to said work support
block (7) to generate intermal frictional heat by ultrasaonic
vibration so as to melt the first sheet, the ribs and the
second sheet in portions thereof in which ultrasonic waves are
generated;

compressing the first and second sheets between the end
surface of said welding head (6) and the flat work support
surface of said work support block with said pretruding outer
edge portion of the welding head abutting against'said first
edge of the recess; “

causing said protruding outer edge portion of the welding
head to move the first edge of the recess toward and against
the second edge of the recess;

causing said sloping surface portion of the welding head
to move a region of the first sheet adjacent said first edge
toward a region of the second sheet adjacent said second edge,
to thereby shape said region of the first sheet to conform in
shape to the sloping surface portiom;

concurrently causing said sloping surface portion of the
welding head to shape portions of said ribs adjacent said
first and second edges of the recess to conform in shape to
the sloping surface portion; and

thus joining the first and second esdges of the recess in a
manner to form a closed end seam of a converging
cross—sectional shape along said edges. (FIGS.11 and 12)

34. The thermoplastic synthetic resin panel welding method
according to claim 33, wherein said sloping surface portion of
the welding head (6) has a concave curved shape so that said
closed end seam is given a convex curved shape on the side of
the first sheet (2a). (FIGS.11 and 12)
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bl ock to nove oppBERLASEMENDISMERY | egi ons on both sides of said |inear '
regi on of .the s¢cdnd Sheet towafdithe first sheet, To thereby—shape—said
opposi te adj oi nifn @pgbgm§?g@ t hef second sheet to CQB;Q{ to the
t he

sh p
sl opi ng surfacejpartions o wpr k support bl ock; - ﬁ%ing
t he sl oping surfla ' 't he wel di ng head andcmmﬂlﬂlﬂ rface
portions of thejwork support bl ock to shape portions et ween

t he wel di ng head™andwor K support block to conformin shape to the sl oping
surface portions of the welding head and tshe_wor k support bl ock; and thus
joining said linear regions of the first and second sheets to each other in
a manner to foré#reuddne g j hosdé ) 3 aer ph@st i
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19. A thermoplastic synthetic resin panel struct
comprising a thermoplastic synthetic resin panel consigfing
of a first sheet, a second sheet parallel to the/ first
sheet, and a plurality of ribs integrally joining A£he first
and second sheets and defining a plurality/ of spaces
between the first and second sheets, whereirt portions of
o/ the first and second sheets along a line or a plane

extending across the ribs are welded togegther by ulfrasonic
welding.

/’.
.

20. The thermoplastic synthgtic resin panel structure
according to claim 19, where%p/fhe line extends along an

end edge of the thermoplast}d,synthetic resin panel.

21. The thermoplast?é synthetic. resin panel structure
according to claim 19, wherein a portion of the first
sheet extending aLﬁﬁg the line is depressed toward the

second sheetlanda elded to the second sheet by ultrasonic

welding.
22.

accordi

T thermoplastic synthetic resin panel structure
to claim 19, whérein portions of the first and
the sgcond sheet extending along the line are depressed
d each O%her and welded . together by wultrasonic
ding. '

S 7 » _= v 1

comprising first and second thermoplastic syntbetic resin
panels of the same construction each comrsisting of a firs
sheet, a second sheet parallel to e first sheet, and ribs
integrally joining the £4rSt and second sheets and defining
spaces between #lfe first and second sheets; wherein the

first amd” the second thermoplastic synthetic resin panel
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41 conprising the ktRERLAGEMENT: §H§ﬂ

resin panel

the first sheet, apdfrpbsj(f)1go9te
sheets to integralfy}join the firsf

g a hollow thernoplastic synthetic
B) hayi pg a first shedet] (24a), a second sheet (2b) parall el
osed between the first and second

nd second sheets and extending in

=

parallel in a firsy drrectTom—sard pynthgtic resin panel (B) having an

openi ng (16) therethrough,

sheet and a second edge of the second sheet; providing an ultrasonic
wel di ng machine with an ultrasonic wel ding head (6) and a work support

bl ock (7),

7

sai d wed.di ndy thesmadplastic synthetic resin panel structure comprising a thermoplastic

synthetic resin panel which includes a first sheet, a second sheet parallel to the first sheet,
and a plurality of ribs extending in parallel between, and integrally joining the first and
second sheets to define a plurality of spaces between the sheets, wherein portions of the
first and second sheets along a line extending across the ribs are welded together by
ultrasonic welding in such a manner that at least one of the sheets are shaped in a region
adjacent said line to gradually approach the other toward said line.

36. The thermoplastic synthetic resin panel structure according to claim 35,
wherein said one of the sheets are shaped to approach the other in a curve.

37. The thermoplastic synthetic resin panel structure according to claim 35,
wherein said line extends along an end edge of the thermoplastic synthetic resin panel.

This Sheet Has Been Reilac

sald openy ng having a first edge of the first
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(6) havi ﬁ?'be‘?& SHrfaces and 'k support block (7)having a flat wiP9e €oF

support du o erafbl eay =nd surface of the wel ding head (6),
sa!og end is ms épt H&e 5%?%\# n@éﬁg paving a protrudl ng outer edge portion
and a sl dp r@‘(j‘l“g Lo K8t i'gupusl y provi ded adjacent said outer
edge por tfi &A% ng Fé‘é?‘& “ufor P88 c| weh di ng head (6) with said outer edge
portion thereof di sposed | @0@1 to and along said first edge of the
openi ng (16?ABE&EMRECEHI‘ nggs ir f ace portion thereof disposed

i nwardly of C3ALMSfir st edge, pl aci ng said work support block (7) with said
flat work support surface thereof disposed in a face-to-face relation with
a portion of said second sheet (2b) along said second edge of the opening;
nmovi ng sai d lnel dBngthesrerlertinid syathetit k regpporeamnsilockeldng ogtio@ach
other to bricegptisingelde ngcdppadrand the work

preparing a hollow thermoplastic synthetic resin panel

consisting of a first sheet, a second sheet parallel to the
first sheet, and ribs defining a plurality of spaces between
the first and second sheets:;

folding an end portion of the thermoplastic. synthetic
resin panel in layers;

holding the layers of the follow thermoplastic synthetic
resin panel between an ultrasonic welding head and a work
support block of an ultrasonic welding machine;

driving the ultrasonic welding head to generate frictional
heat in the layers of the thermoplastic synthetic resin panel by
ultrasonic vibrations so that the layers of the thermoplastic
synthetic resin panel are welded together to form an edge
portion of a thickness greater than that of the thermoplastic

synthetic resin panel.

2. The hollow thermoplastic synthetic resin panel welding
method according to claim 1, wherein the layers are compressed
to reduce the thickness thereof while the layers are being
welded.

3. A thermoplastic synthetic resin panel welding method
comprising the steps of:

preparing a first thermoplastic synthetic resin panel,
consisting of a first sheet, a second sheet parallel to the
first sheet, the ribs integrally joining the first and second
sheets and defining a plurality of spaces between the first and
the second sheets, and a second thermoplastic synthetic resin
panel of the same construction as that of the first
thermoplastic synthetic resin panel;

disposing the first and second hollow thermoplastic
synthetic resin panels with side edges thereof pressed against

each other to form a butting section;

D
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support block into contact with the first and second sheets, respectively;
generating ultrasonic waves fromsaid wel ding head (6) to said work support
bl ock (7) through said first sheet (2a), said ribs (4) and said second
sheet (2b) to said work support block (7) to generate internal frictional
heat by ultrasonic vibration so as to gelt the first sheet, the ribs and
the second sheet in portions thereof in which ultrasonic waves are
generat ed; conppéssing atheuktinasenihdweleiogd mehbéns wthwewn wltgagadicur f ace

of said ‘Aelw‘é!lagn{'%d( &heddk thify fd %rwgﬁf&w)%faﬁUEﬁ@f&fOfdl%?era\Df k
support block with said protrudi ng outer ortion of the welding head
abutting aQEPﬂ%’ctesé'-Pde??l’r‘ Qther with respect to a dlrectlon perpendicular

to the thickness of the butting section on the opposite sides of
the butting section, respectively;

driving the ultrasonic welding head to generate frictional
heat in the end surfaces of the thermoplastic synthetic resin
panels butting on each other by ultrasonic vibration so that the
end surfaces of the thermoplastic synthetic resin panels butting
each other are fused and welded together to connect the first
and the second thermoplastic synthetic resin panels in a single

thermoplastic synthetic resin panel. -

4, A thermoplastic synthetic resin panel welding method
cbmprising the steps of:

preparing first, second and third thermoplastic synthetic
resin panels of the same construction each consisting of a first
sheet, a second sheet parallel to the first sheet and ribs
integrally joining the first and the second sheet and defining a
plurality of spaces between the first and the second sheets;

placing the first and second thermoplastic synthetic resin
panels so as to form an edge-to-edge junction;

placing the third thermoplastic synthetic resin panel at
an angle to the surfaces of the first and second thermoplastic
synthetic resin panels so that its side edge butts on the edge-
to-edge Jjunction of the first and the second thermoplastic
synthetic resin panels:;

placing an ultrasonic welding machine with an ultrasonic
welding head thereof in contact with the edge-to-edge junction
of the first and second thermoplastic synthetic resin panels on
a side opposite the side on which the third thermoplastic
synthetic resin panel butts on the edge-to-edge junction of the
first and second thermoplastic synthetic resin panels, and with
a work support means of the ultrasonic welding machine in
contact with a region around the junction of the first, second
and third thermoplastic synthetic resin panels;

driving the ultrasonic welding head to generate frictional

heat in the Jjunction of the first, second and third
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42 edge of the opening; causing said protruding outer edge portion of the
wel ding head to nove the first edge of the opening toward and agai nst the
second edge of the opening; causing said sloping surface portion of the

wel di ng head to nove a region of the fist sheet adjacent said first edge
toward a region of the second sheet adpacent said second edge, to thereby
shape said region of the first sheet ' to conformin shape to the sl oping

surface pordheamoprastdcr semtieticanssitg peaells siophay she freceipos taforrhef the

wel di ng he%grgg SggquPQBEl?Hfréﬁtﬁg?ﬁg%idJ%icagkﬁﬁﬁﬂac$§bglﬁ §ﬂefQHQnsecond

edges of thé opénin o conforminss to -t pi Ng surtace portion
and t hus Jcnh¢|ngn@¢wpnfargtfuﬂﬁ§ 8nd orrl dedgbegeitherrhe opening in

5. A thermoplastic synthetic resin panel welding method
comprising the steps. of:

preparing first and second thermoplastic synthetic resin
panels of the same construction each consisting of a first
sheet, a second sheet parallel to the first sheet, and ribs
integrally joining the first and second sheets and defining a
plurality of spaces between the first and second sheets;

placing the  second thermoplastic synthetic resin panel-at
an angle to one surface of the first thermoplastic synthetic
resin panel with a side edge of the second panel butting on the
surface of the first thermoplastic synthetic resin panel;

placing an ultrasonic welding machine with an ultrasonic
welding head thereof in contact with a portion of the other
surface of the first thermoplastic synthetic resin panel
corresponding to the junction of the first and second
thermoplastic synthetic resin panels, and with a work support
means of the ultrasonic welding machine in contact with portions
of the surface of the first thermoplastic synthetic resin panel
on the opposite sides of the second thermoplastic synthetic
resin panel and with portions of the opposite surfaces of the
second thermoplastic synthetic resin panel:;

driving the ultrasonic welding head to generate frictional
heat in portions of the first and second thermoplastic synthetic
resin panels corresponding to the Jjunction so that those

positions are fused and welded together.

6. A thermoplastic synthetic resin panel structure comprising
first and second hollow thermoplastic synthetic resin panels of
the same construction consisting of a first sheet, a second
sheet parallel to the first sheet, and a plurality of ribs
integrally joining the first and second sheets and defining a
plurality of spaces between the first and second sheets; wherein
the first and second thermoplastic synthetic resin panels are

disposed so that side edges thereof butt on each other, and the
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a manner to forma closed end seam of a converging cross- sectional shape
along said edges. (FIGS. 11 and 12) 13. The thernoplastic synthetic
resin panel welding nethod according to claim 31, wherein said sloping
surface portion of the welding head (6) has a concave curved shape so that
sai d cl osed end seamis given a convex zgirved shape on the side of the
first sheet (2a). (FIGS. 11 and 12) 14. A thernoplastic synthetlc resin
panel wel dF&ge afigeR 0Bt chepfiissh@ndheesembdhetmoprastici aynthedtdlcl oesin

t her mopl ast panépntahet he1deRSkBgane! vl Bl1HaLAY: dudiidisl . Sheet (2a), a second
sheet ?Zb) Ba?allel to the fI?St shegt and r|%s f Pnterposed bet ween t he

first and second sheets to integrally join the.flrst and second sheets and
ext endi ng i M. paral | ghermopda$ticst sght@sticonresa d panat hefdraingsi nep@ne! (B)

havi ng a reggﬁﬁjg%%g {Qggﬁgggoggp, sai d recess having

preparing a hollow thermoplastic synthetic resin panel (B)
having a first sheet (2a), a second sheet (2b) parallel to the
first sheet, and ribs (4) interposed between the first and
second sheets to integrally join the first and second sheets and
extending in parallel in a first direction, said first and
second sheets having respective end edges in parallel opposing
relation and extending in a second direction crossing said first
direction;

providing an ultrasonic welding machine with an ultrasonic
welding head (6) and a work support block (7), said welding head
(6) having an end surface and said work support block (7) having
a flat work support surface cooperable with said end surface of
the welding head (6), said end surface of the welding head
having a protruding outer edge portioh and a sloping surface
portion contiguously provided adjacent said outer edge portion;

placing said ultrasonic welding head (6) with said outer
edge portion thereof disposed in opposition to and along said
end edge of the first sheet (2a) and with said sloping surface
portion thereof disposed inwardly of said end edge of the first
sheet (2a);

placing said work support block (7) with said flat work
support surface thereof disposed in a face-to-face relation with
a portion of said second sheet (2b) adjacent and along the end
edge of the second sheet;

moving said welding head (6) and said work support block
(7) toward each other to bring the welding head and the work
support block into contact with the first and second sheets
respectively;

generating ultrasonic waves from said welding head (6) to
said work support block (7) through said first sheet (2a), said
ribs (4) and said second sheet (2b) to said work support block
(7) to generate internal frictional heat by ultrasonic vibration

SO as to melt the first sheet, the ribs and the second sheet in

W




a first edge of the first sheet and a second edge of the second sheet;

provi ding an ultrasonic wel ding machine with an ultrasonic wel ding head (6)
and a work support block (7), said welding head (6) having an end surface
and said work support block (7) having a flat work support surface
.cooperable wth said end surface of thgywelding head (6), said end surface
of the wel di ng head 43 having a protrudi ng outer edge portion and a

sl opi ng supbateorporthedeof dmt Wwhylichusilrpsoviadedvesj aegensadttediut er edge

portion; placing ﬁg‘kgséll tgr q:%gnlfqrg\gl gh@gsgc?@rgi (Hletist ri')e%@laéin ophEr efilge
portion thereof 8 pose pposition to and al ong said

surface of sald weldlng head (6) and the flat work support
surface of said work support block with said protruding outer
edge portion of the welding head abutting against said end edge
of the first sheet;

causing said protruding outer edge portion of the welding
head to move the end edge of the first sheet toward and against
the end edge of the second sheet;

causing said sloping surface portion of the welding head
to move an end region of the first sheet adjacent said end edge
thereof toward an end region adjacent the end edge of the selond
sheet, to thereby shape said end region of the first sheet to
conform in shape to the sloping surface portion;

concurrently causing said sloping surface portion of the
welding head to shape portions of said ribs adjaceﬁE the end
edges of the first and second sheets to conform in shape to the
sloping surface portion; and

thus joining the end edge of the first sheet to the end
edge of the second sheet in a manner to form a closed end seam
(8) of a converging cross-sectional shape along said end edges
(FIGS. 3-6).

8. The thermoplasfic synthetic resin panel welding method
according to claim 7 wherein said sloping surface portion of the
welding head (6) has a concave curved shape so that said closed
end seam (8) is given a convex curved shape on the side of the
first sheet (2a). (FIGS. 3-6)

9. A thermoplastic synthetic resin panel welding method
comprising the steps of:

preparing a hollow thermoplastic synthetic resin panel (B)
having a first sheet (2a), a second sheet (2b) parallel to the
first sheet, and ribs (4) interposed between the first and
second sheets to integrally join the first and second sheets and
extending in parallel in a first direction;

providing an ultrasonic welding machine with an ultrasonic

welding head (6) and a work support block (7), said welding head
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first edge of the recess (17) and with said sloping surface portion thereof
di sposed inwardly of said first edge; placing, said work support block (7)
with said flat work support surface thereof disposed in a face-to-face
relation with a portion of said second sheet (2b) al ong said second edge of
t he opening; noving said welding head §68) and said work support block (7)
toward each other to bring the wel ding head and the work support block into
cont act wi t{le) t havifrior en endl Swdaeel aldesnsd varkpeuppPerd ﬁlogbngﬁathiaﬁéng

ul trasoni c Jngyges ‘Léﬂms%?bgrmlﬂifaee hedshelGb1s OwsSal GaWar knd UpRGRkebboCk (7)
t hrough said first shee 52%%8 said ribs (4) and said, second, sheet SZb) to
) ’

sai d work $UBpoeLdbrgciep g&afatBd| SREEREE PFi CPPoSfBAL PE§
ul trasoni ¢ havbh@t BOMi8A1&Snése MEd)t Ak 41 pSir sheetidd helsping andfabe second

sheet in portions contiguously provided on both sides of said middle
nose; placing said ultrasonic welding head (6) with said end
surface thereof disposed in opposition to the first sheet (2a)
and with the middle nose thereof extending in a second direction
crossing said first direction;

placing said work support block (7) with said flat work
support surface thereof disposed in a face-to-face relation with
said second sheet (2b) and in confronting relation with sdid end
surface of the welding head;

moving said welding head (6) and said work support block
(7) toward each other to bring the welding head and the work
support block into contact with the first and second sheets,
respectively;

generating ultrasonic waves from said welding head (6) to
said work support block (7) through said first sheet (2a), said
ribs (4) and said second sheet (2b) to said work support block
(7) to generate internal frictional heat by ultrasonic vibration
so as to melt the first sheet, the ribs and the second sheet in
portions thereof in which ultrasonic waves are generated;

compressing the first and second sheets between the end
surface of said welding head (6) and the flat work support
surface of said work support block;

causing said middle nose (9) of the welding head to move a
linear region of the first sheet along the middle nose toward
and against the second sheet;

causing said sloping surface portions of the welding head
to move opposite adjoining regions on both sides of said linear
region of the first sheet toward the second sheet, to thereby
shape said opposite adjoining regions of the first sheet to
conform in shape to the sloping surface portions;

concurrently causing said sloping surface portions of the
welding head to shape portions of said ribs between the welding
head and the work support block to conform in shape to the

sloping surface portions; and
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portions thereof in which ultrasonic waves are generated; conprising the
first and second sheets between the end surface of said welding head (6)
and the flat work support surface of said work support block with said
protrudi ng outer edge portion of the welding head abutting against said
first edge of the recess; causing saidzprotruding outer edge portion of the
wel ding head to nove the first edge of the recess toward and agai nst the
second edge of tdbasrgoesyg caddi hijpnesai deghopioly ther ffacet pshddtortoothe he
wel di ng he | fo fe r.5t 4 S | t hdsfi edge
toward a rgs%ic%ﬂdggﬂﬁg {srggéo(r){gargﬁée?%a jb%%e?\t Eggt%acfagée%gon e(gg?e l%orttisl er eby
shape sai d F&gtoshest -t HEI¢$ r st 28RePt to conformin shape to the sloping
surface portion; concurrently causing said sloping surface portion of the

10. The thermoplastic synthetic resin panel welding method
according to claim 9 wherein each of said sloping surface
portions of the welding head (6) has a concave curved shape so
that said linear groove (10) is given side surfaces each of a

convex curved shape. (FIGS. 7 and 9)

11. A thermoplastic synthetic resin panel welding method
comprising the steps of: . ' -

preparing a hollow thermoplastic synthetic resin panel (B)
having a first sheet (2a), a second sheet (2b) parallel to the
first sheet, and ribs (4) interposed between the first and
second sheets to integrally join the first and second sheets and
extending in parallel in a first direction;

providing an ultrasonic welding machine with an ultrasonic
welding head (6) and a work support block (7), said welding head
(6) having an end surface and said work support block (7) having
a work support surface cooperable with said end surface of the
welding head (6), said end surface of the welding head having a
middle nose (9) and a pair of side sloping surface portions
contiguously provided on both sides of said middle nose, said
work support surface of the work support block (7) having the
same configuration as said end surface of the welding head;

placing said ultrasonic welding head (6) with said end
surface thereof disposed in opposition to the first sheet (2a)
and with the middle nose thereof extending in a second direction
across said first direction;

placing said work support block (7) with said work support
surface thereof disposed in opposition to the second sheet (2b)
and in confronting relation with said end surface of the welding
head;

moving said welding head (6) and said work support block
(7) toward each other to bring the welding head and the work
support block into contact with the first and second sheets,

respectively;
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wel di ng head to shape portions of said ribs adjacent said first and second
edges of the recess to conformin shape to the sloping surface portion; and
thus joining the first and second edges of the recess in a 44 manner to
forma closed end seam of a convergi ng cross-sectional shape al ong said
edges. (FIGS. 11 and 12) 15. The thapnmopl astic synthetic resin panel
wel di ng net hod according to claim14, wherein said sloping surface portion
of the wel ding headrgtindas taasombavevesr ¢ean stwige weddihathesal d6el tsed end

?le:?gsl Slg' \és% daw§3919v§ii>p%%"tvﬁﬂo<§l‘a(ﬁ? RReddh 3098 Pirdthenblisizaheahif2a)
ribs (4) and said second sheet (2b) to said work support block
(7) to generate internal frictional heat by ultrasonic vibration
so as to melt the first sheet, the ribs and the second sheet in
portions thereof in which ultrasonic waves are generated;

compressing the first and second sheets between the end
surface of said welding head (6) and the work support surface of
said work support block;

causing the middle nose(9) of the welding head to move a
linear region of the first sheet along the middle nose toward
and against the second sheet; - -

causing said sloping surface portions of the welding head
to move opposite adjoining regions on both sides of said linear
region of the first sheet toward the second sheet, to thereby
shape said opposite adjoining regions of the first sheet to
conform in shape to the sloping surface portions of the welding
head;

causing the middle nose of the work support block to move
a linear region of the second sheet along the middle nose toward
and against the first sheet;

causing the sloping surface portions of the work support
block to move opposite adjoining regions on both sides of said
linear region of the second sheet toward the first sheet, to
thereby shape said opposite adjoining regions of the second
sheet to conform in shape to the sloping surface portions of the
work support block;

concurrently causing the sloping surface portions of the
welding head and the sloping surface portions of the work
support block to shape portions of said ribs between the welding
head and work support block to conform in shape to the sloping
surface portions of the welding head and the work support block;
and

thus joining said linear regions of the first and second
sheets to each other in a manner to form a linear folding line
(14) . (FIG. 10)

12. A thermoplastic synthetic resin panel welding method
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16. A thernoplastic synthetic resin panel structure conprising a

t hernopl astic synthetic resin panel which includes a first sheet, a

second sheet parallel to the first sheet, and a plurality of ribs
extending in parallel between, and integrally joining the first and second
sheets to define a plurality of spacesghetween the sheets, wherein portions
of the first and second sheets along a |ine extending across the ribs are
wel ded t ogeheripinailtheasenscofiel ding in such a manner that at |east one of

the sheets arc hapsiid £ roeghoradhapeiteisabintia d eogladualdy (8ppr oach

t he ot her towar ard I1n her nopl asti c heti c resin
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extending in parallel in a first direction, said synthetic resin
panel (B) having an opening (16) therethrough, said opening
having a first edge of the first sheet and a second edge of the
second sheet;

providing an ultrasonic welding machine with an ultrasonic
welding head (6) and a work support block (7), said welding head
(6) having an emd surface and said work support block (7) ~having
a flat work support surface cooperable with said end surface of
the welding head (6), said end surface of the welding head
having a protruding outer edge portion and a sloping surface
portion contiguously provided adjacent said outer edge portion;

placing said ultrasonic welding head (6) with said outer
edge portion thereof disposed in opposition to and along said
first edge of the opening (16) and with said sloping surface
portion thereof disposed inwardly of said first edge:;

placing said work support block (7) with said flat work
support surface thereof disposed in a face-to-face relation with
a portion of said second sheet (2b) along said second edge of
the opening:;

moving said welding head (6) and said work support block
(7) toward each other to bring the welding head and the work
support block into contact with the first and second sheets,
respectively;

generating ultrasonic waves from said welding head (6) to
said work support block (7) through said first sheet (2a), said
ribs (4) and said second sheet (2b) to said work support block
(7) to generate internal frictional heat by ultrasonic vibration
50 as to melt the first sheet, the ribs and the second sheet in
portions thereof in which ultrasonic waves are generated;

compressing the first and second sheets between the end
surface of said welding head (6) and the flat work support
surface of said work support block with said protruding outer

edge portion of the welding head abutting against said first
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edge of the thernoplastic synthetic resin panel.
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edge of the opening:;

causing said protruding outer edge portion of the welding
head to move the first edge of the opening toward and against
the second edge of the opening;

causing said sloping surface portion of the welding head
to move a region of the fist sheet adjacent said first edge
toward a region of the second sheet adjacent said second edge,
to thereby shape said region of the first sheet to conform in
shape to the sloping surface portion;

concurrently causing said sloping surface portion of the
welding head to shape portions of said ribs adjacent said first
and second edges of the opening to conform in shape to ~the
sloping surface portion; and

thus joining the first and second edges of the opening in
a manner to form a closed end seam of a converging cross-

sectional shape along said edges. (FIGS. 11 and 12)

13. The thermoplastic synthetic resin panel welding method
according to claim 31, wherein said sloping surface portion of
the welding head (6) has a concave curved shape so that said
closed end seam is given a convex curved shape on the side of
the first sheet (2a). (FIGS. 11 and 12)

14. A thermoplastic synthetic resin panel welding method
comprising the steps of:

preparing a hollow thermoplastic synthetic resin panel (B)
having a first sheet (2a), a second sheet (2b) parallel to the
first sheet, and ribs (4) interposed between the first and
second sheets to integrally join the first and second sheets and
extending in parallel in a first direction, said synthetic resin
panel (B) havihg a recess (17) therethrough, said recess having
a first edge of the first sheet and a second edge of the second
sheet;

providing an ultrasonic welding machine with an ultrasonic
welding head (6) and a work support block (7), said welding head
(6) having an end surface and said work support block (7) having
a flat work support surface cooperable with said end surface of

the welding head (6), said end surface of the welding head
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having a protruding outer edge portion and a sloping surface
portion contiguously provided adjacent said outer edge portion;

placing said ultrasonic welding head (6) with said outer
edge portion thereof disposed in opposition to and along said
first edge of the recess (17) and with said sloping surface
portion thereof disposed inwardly of said first edge;

placing said work support block (7) with said flat work
support surface thereof disposed in a face-to-face relation with
a portion of said second sheet (2b) along said second edge of
the opening;

moving said welding head (6) and said work support block
(7) toward each—other to bring the welding head and the- work
support block into contact with the first and second sheets,
respectively;

generating ultrasonic waves from said welding head (6) to
said work support block (7) through said first sheet (2a), said
ribs (4) and said second sheet (2b) to said work support block
(7) to generate internal frictional heat by ultrasonic vibration
so as to melt the first sheet, the ribs and the second sheet iﬁ
portions thereof in which ultrasonic waves are generated;

comprising the first and second sheets between the end
surface of said welding head (6) and the flat work support
surface of said work support block with said protruding outer
edge portion of the welding head abutting against said first
edge of the recess;

causing said protruding outer edge portion of the welding
head to move the first edge of the recess toward and against the
second edge of the recess;

causing said sloping surface portion of the welding head
to move a region of the first sheet adjacent said first edge
toward a region of the second sheet adjacent said second edge,
to thereby shape said region of the first sheet to conform in
shape to the sloping surface portion;

concurrently causing said sloping surface portion of the
welding head to shape portions of said ribs adjacent said first
and second edges of the recess to conform in shape to the
sloping surface portion; and

thus joining the first and second edges of the recess in a
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manner to form a closed end seam of a converging cross-sectional
shape along said edges. (FIGS. 11 and 12)

15. The thermoplastic synthetic resin panel welding method
according to claim 14, whefein said sloping surface portion of
the welding head (6) has a concave curved shape so that said
closed end seam is given a convex curved shape on the side of
the first sheet (2a). (FIGS. 11 and 12)

16. A thermoplastic synthetic resin panel structure comprising
a thermoplastic synthetic resin panel which includes a first
sheet, a secontd Sheet parallel to the first sheet, “and a
plurality of ribs extending in parallel between, and integrally
joining the first and second sheets to define a plurality of
spaces between the sheets, wherein portions of the first and
second sheets along a line extending across the ribs are welded
together by ultrasonic welding in such a manner that at least
one of the sheets are shaped in a region adjacent said line to

gradually approach the other toward said line.

17. The thermoplastic synthetic resin panel structure
accordingly to claim 16, wherein said one of the sheets are

shaped to approach the other in a curve.

18. The thermoplastic synthetic resin panel structure
according to claim 16, wherein said line extends along an end

edge of the thermoplastic synthetic resin panel.
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(57) Abstract

An ultrasonic fusion apparatus is used for joining of a unitary thermoplastic resin extruded board (B), in which a first sheet (2a) and a
second sheet (2b) are connected to each other through 2 multiplicity of parallel webs (3). In order to fuse the first sheet (2a) and the second
sheet (2b) to each other in a linear or surface-like manner, an ultrasonic oscillation unit (6) of the ultrasonic fusion apparatus is made to abut
against a surface of the first shect (2a), and a seat portion (7) is made to sbut against a surface of the second sheet (2b), 5o that the board (B)
is pressed between the oscillation unit (6) and the seat portion (7). In onder to join boards (B1, B2) to each other, both boards are made to at
least partially overlap each other, ultrasonic waves are generated while an oscillation unit (6C) and a seat portion (7C) press both sides of
both boards. Ultrasonic waves cause interna! oscillation in the boards, and friction due to the oscillation generates heat from inside, so that
fusion is effected by the fusing and the pressing forces.
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