- 1 - SPECI FI CATI ON FOAM NG METHOD AND APPARATUS THEREFOR TECHNI CAL FI ELD

[ 0001] The present invention relates to a nethod for foam ng a

hi gh-vi scosity material and an apparatus therefor. Specifically, the
present invention relates to a conpact and sinple apparatus for foamng a
hi gh-vi scosity material, which is used for form ng a foanmed-in-place
gasket, filling of a void, etc. BACKGRGUID-ART [0002] Fig. 5 shows a fluid
circuit of a gas m xing/supplying device of a conventional foam ng
apparatus. In this gas m xing/ suppspE@grtenTTeN a gas is introduced into a
hi gh- viscosity material by means of a piston punp. Fig. 6 is a front
cross-sectional view i NEOEMINGMETEOD UANDIr BPPARATHS STHEREPORP used in
conventional techniques. Fig. 7 is atimng chart for explaining an

oper ati on FECHN QAlstFdELpunp. [0003] In Fig. 5, a gas introducing device 212
conprises two piston punps 245A and 245B which operate in an alternate
manner. |n &8 lof the piston punps 245A and 245B, a piston is operated by
means of a nmotor MPA or M2B so as to effect a reciprocal |inear novenment of
the piston. ThusTheh@rgisendn inventdenpredatief keveadmethose foy ifeaming @
thereby effect a_ suction stroke and a discharge stroke. The piston punps
245A and P98 -FiSGoRidh FEEHA WS BhARRAT A thegetatn A

Specifically, the present invention relates to a compact and
simple apparatus for foaming a high-viscosity material, which
is used for forming a foamed-in-place gasket, filling of a
void, etc.

BACKGROUND ART

[0002]

Fig. 5 shows a fluid circuit of a gas mixing/supplying
device of a conventional foaming apparatus. In this gas
mixing/supplying device, a gas is introduced into a high-
viscosity material by means of a piston pump. Fig. 6 is a
front cross-sectional view indicating a structure of a piston
pump used in conventional techniques. Fig. 7 is a timing
chart for explaining an operation of the piston pump.

[0003]

In Fig. 5, a gas introducing device 212 comprises two
piston pumps 245A and 245B which operate in an alternate
manner. In each of the piston pumps 245A and 245B, a piston
is operated by means of a motor M2ZA or M2B so as to effect a
reciprocal linear movement of the piston. Thus, the piston
is reciprocally moved in the cylinder, to thereby effect a
suction stroke and a discharge stroke. The piston pumps 245A

and 245B are interposed between conduits 239A and 244A. A



2 high-viscosity material M supplied froma high-viscosity material
supply device 211 and a gas supplied froma gas supply device 210 are
individually introduced to the piston punps at a predetermned ratio in a
bat chwi se manner. As shown in Fig. 6, a piston punp 245 conprises a
cylitnder 451, a piston 452 which fittingly slides in the cylinder 451, and
3 needl e val ves NV1, NV3 and NV5 provided 2n-the cylinder 451. [0004] As
shown in Fig. 7, in either the piston punp 245A or the piston punp 245B,

t he piston nylesviseosatyi mebergelemv stppbisactrom &nHighhussebbeeyi ng a
suction stroke. During this time, after |lapse of tine Ti' fromthe start of
novenment afiatdmwipl ssupply hdeviedl 21 vabné &d\Vjas ssopphidd findmaaggasi S
supplied to the piston punp. Tinme T1' is about 1 to 2 seconds. During tinme
Ti', an inssupply dé¢reicyl2hleareésindipjdealiy hetuodveedrtgsthe. pf6008] Soon
after the piston reaches the suction end, the needle valve NV1 is closed.
Thus, afteﬂN§EW®I@t|@nP§¢d@h@rmSE@@|BﬁtS?rbRea bakchvssgemannene A% i nder
451 is filled with a gas having controlled pressure. After |apse of tine
T3' after %h&ﬂ?m%ﬂl%lﬁalée RNRl$§°EIB§%H Z?Eecﬂ@EH¥§e§an6Y#NBdP§ 48pened.
Time T3' is about 0.1 to this  arrangenent, the needle

Valve NVI hPARomekat b of KUBLIGTS 5%@%%@@ FRenBLIRGeEpaAL . and
by means. of dteeEF e BtiEe DY A MEFy ar M By Trdeos WEn CE T €50
viscositqu%G%l?I MW fromthe high-viscosity naterlal supply

As shown in Fig. 7, in either the piston pump 245A or
the piston pump 245B, the piston moves from a discharge end
to a suction end, thus effecting a suction stroke. During
this time, after lapse of time T1l‘' from the start of movement
of the piston, the needle valve NVl is opened, and a gas is
supplied to the piston pump. Time T1l’ is about 1 to 2
seconds. During time T1', an inside of the cylinder is
subject to negative pressure.

[0005]

Soon after the piston reaches the suction end, the
needle valve NV1 is closed. Thus, after completion of the
suction stroke, the inside of the cylinder 451 is filled with
a gas having controlled pressure. After lapse of time T3’
after the needle valve NV1 is closed, the needle valve NV3 is
opened. Time T3’ is about 0.1 to 0.5 second. With this
arrangement, the needle valve NV1 and the needle valve NV3
are prevented from being open simultaneously. During time
T4' during which the needle valve NV3 is open, by means of a
screw pump rotatingly driven by the motor M1A, a high-

viscosity material MV from the high-viscosity material supply



3 device 11 is supplied into the cylinder 451. Due to a high pressure of
the high-viscosity material, a gas having a predeterm ned pressure, which
has been prelimnarily supplied into the cylinder 451, is conpressed in a
ratio equal to a pressure ratio between the high-viscosity material and the
gas: Consequently, a volune of the gas becones substantially negligible.

[ 0006] After lapse of tine T5' after the Beedle valve NV3 is closed, the
needl e valve NV5 is opened. The piston 452 noves fromthe suction end to

t he di schadgeieed,l1t Hiss sefpfpddtedng nto dihec legrigemdstr alksa.. Tooe D' ai &ighout 0.1
to 0.5 second. During the discharge stroke, the needle valves NV1 and NV 3
ar e cl osed prwistsiureoofartdee id ghorvtiismres idly mead erded! e asadasehaigion@ fl ush with
an inner circunferential surface of the cylinder 451. Therefore, no dead
space i s f ®edeteandnele Prgesugied te ol drasy ibeeds inne ligiavdsl 1y iqunad ded t he
cylinder 451 are conpletely discharged from an openl ng 454 of the needle
val ve NV5. 1Aftethieasyd igdar o 116 1 safP resmidetitoR I6¥ Jt%@‘lﬂas]cl‘?-'é?g%
stroke, a subsequent suction stroke is  started. Tine T6' is about lto
0.5 second PEOZSHRE B35 e T e By RO S8t s i 45

09- 206638 Pat ent Docune ti Japa ngse Pa eni} Publ | Di scl os u&) Rg 11

10- 272344 F2Sont COBEGHBARESY J8pXR&yBepetehfepdnpi BeEPREFoSliPs taRdially

10- 278118 DI S gﬁE OF THE | NVENTI ON
negligi

[0006]
After lapse of time T5' after the needle valve NV3 is
closed, the needle valve NV5 is opened. The piston 452 moves
from the suction end to the discharge end, thus effecting a
discharge stroke. Time T5’ is about 0.1 to 0.5 second.
During the discharge stroke, the needle valves NV1 and NV 3
are closed, with forward end portions of the needle valves
being flush with an inner circumferential surface of the
cylinder 451. Therefore, no dead space is formed, and the
gas and the high-viscosity material filled in the cylinder
451 are completely discharged from an opening 454 of the
needle valve NV5. After lapse of time T6’ after completion
of the discharge stroke, a subsequent suction stroke is
started. Time T6' is about 0.1 to 0.5 second.
Patent Document 1: Japanese Patent Public Disclosure
No. 09-206638

Patent Document 2: Japanese Patent Public Disclosure
No. 10-272344

Patent Document 3: Japanese Patent Public Disclosure
No. 10-278118

DISCLOSURE OF THE INVENTION



4 - PROBLEMS TO BE SOLVED BY THE | NVENTION [0007] In the conventi onal
foam ng apparatus descri bed above, the cylinder is already filled with a
gas and, pressurized before the high-viscosity nmaterial is supplied, thus
necessitating use of a primary punp having a high-pressure transfer and
injection function for supplying a high- viscosity material. Therefore, the
foam ng apparatus nust be provided wwth-aadrumor a pail container, and a
hi gh- viscosity material nust be supplied by neans of a prinmary punp.

Consequent | progEMEPRE Bk USOERSES BWOTEE | ENVEGTEgged in size, and also in
cost. MEANS TO SOLVE THE PROBLEMS [0008] The present invention provides: a

met hod for pogenp a high-viscosity material with a gas, using a piston punp
in which a piston is reciprocally noved in a cylinder to thereby effect
suction and di sciar gethe aivkmetddll cooqminsg pparstep désef fieedi agorefir st
suction stroke in which the pistonis noved in the cylinder so as to

gener ate a thet¢phindendis i abready hfitiedndeth a gaspand puppbyrnged

hi gh-vi scosity material to the cylinder, using a suction force in the

cyli nder gersfferedther highdviseesityicnabersat oke,; supptépdof thusppi ng t he

pi ston after said first suction stroke; a step of effecting a second
suction strykeessitwtipg use of a primary pump having a high-pressure

transfer and injection function for supplying a high-
viscosity material. Therefore, the foaming apparatus must be
provided with a drum or a pail container, and a high-
viscosity material must be supplied by means of a primary
pump. Consequently, the apparatus as a whole is increased in
size, and also in cost.

MEANS TO SOLVE THE PROBLEMS

[0008]

The present invention provides:

a method for mixing a high-viscosity material with a
gas, using a piston pump in which a piston is reciprocally
moved in a cylinder to thereby effect suction and discharge,
said method comprising:

a step of effecting a first suction stroke in which the
piston is moved in the cylinder so as to generate a suction
condition in the cylinder;

a step of supplying a high-viscosity material to the
cylinder, using a suction force in the cylinder generated in
said first suction stroke;

a step of stopping the piston after said first suction
stroke;

a step of effecting a second suction stroke in which



5 the piston is noved in the cylinder after the supply of the

hi gh-vi scosity nmaterial; a step of supplying a gas to the cylinder, using a

suction force in the cylinder generated in the second suction

stroke; a

step of effecting a pressurizing stroke in which the piston is noved in the
cylinder after conpletion of the supply of the gas, to thereby pressurize

the high-viscosity nmaterial and the gas; Sand a step of effecti
di scharge stroke in which the piston is noved in the cylinder

ng a
after the

pressuri zi nhestgikon i mdwes@bin ditse hayuEndde 4 ©dr Vis€ osuppy1yeéertgé and
the gas into a conduit. [0009] The present invention also provides: an
appar at us frorghAwigup ity gieteistaki ty material with a gas and transferring

the high-viscosity material mxed with the gas, conprising: a

pi ston punp

including a cyli mderteancfa iipglgringraogadedd theheydndader woirgs 4 0 be
reci procally novable therein, the piston being adapted to be noved in the
cylinder iswct oy vieexceali ¥recthercybindsy edgnadfdteed in sthe i secend okectiemd
noved in the cylinder in a reverse direction to thereby effect a discharge

stroke; a HitfiRKk&iscosity material supply device for supplying a

hi gh-vi scosity material to the cylinder; a gas supply device for supplying a
gas to the Cyliﬁﬂéﬁep of effecting a pressurizing stroke in which the

piston is moved in the cylinder after completion of the

supply of the gas, to thereby pressurize the high-viscosity

material and the gas:; and

a step of effecting a discharge stroke in which the

piston is moved in the cylinder after the pressurizing stroke,

to thereby discharge the high-viscosity material and the gas

into a conduit.
[0009]

The present invention also provides:

an apparatus for mixing a high-viscosity material with

a gas and transferring the high-viscosity material mixed with

the gas, comprising:

a piston pump including a cylinder and a piston

provided in the cylinder so as to be reciprocally movable

therein, the piston being adapted to be moved in the cylinder

in a forward direction to thereby effect a suction stroke,

and moved in the cylinder in a reverse direction to thereby

effect a discharge stroke;

a high-viscosity material supply device for supplying a

high-viscosity material to the cylinder;
a gas supply device for supplying a gas to the

cylinder;



6 a piston drive device for driving the piston of the piston punp; a

pi ston stopping device for stopping the piston; a valve device for a

hi gh-vi.scosity material for selectively opening and closing a passage for
communi cation between the high-viscosity material supply device and the
cylinder of the piston punp; a valve device for a gas for selectively
opening and closing a passage for communbcati on between the gas supply
device and the cylinder of the piston punp; a first suction stroke
controlling portaopiébon gemheeatiengca fbrstirsudchgonheopdistionnoifn thiae
cylinder by noving the piston in the forward direction by neans of the

pi ston dri péstieni pempand appl yi ng an openi ng command signal to the valve
device for the high-viscosity material for a predetermned tinme, to thereby
suppl y the high-@iBtatpnystanpénpatieviem €Az Btghpingcébet pisdoari al supply
device to the cylinder due to said first suction force; a portion for
control ling the pi%tdHesteppragtasvacbighovisceppitiigmakergadt 68Tby nmeans of
t he piston stopping. device after  the first suction condition is generated,
and cl osi ﬁ@l?ﬁ£1VSFLVe°88\‘?FE‘€ 94 ChesHnghay P8ES&dey tRagt Sommunig d
suction stroke controllin Qrtion for enerating.a secqond suction

condi +1 on PRERBRCEhEhsRTGYLsPaRtte: MASSEag Y RUBPLT: SRR ABY dPiRar d

di rection bé neans gfthge Ri§% n %riye device, with the high-viscosity
material H %ing bedn suppplg optwg'cylinder, and appl yi ng an openi ng

command signal tg {Re,¥ahye;dgve6® L0hakheo8a5e3HBR Ye9§ bBEning and

closing a passage for communication between the gas supply
device and the cylinder of the piston pump;

a first suction stroke controlling portion for
generating a first suction condition in the cylinder by
moving the piston in the forward direction by means of the
piston drive device, and applying an opening command signal
to the valve device for the high-viscosity material for a
predetermined time, to thereby supply the high-viscosity
material from the high-viscosity material supply device to
the cylinder due to said first suction force;

a portion for controlling the piston stopping device
for stopping the piston by means of the piston stopping
device after the first suction condition is generated, and
closing the valve device for the high-viscosity material;

a second suction stroke controlling portion for
generating a second suction condition in the cylinder by
further moving the piston in the forward direction by means
of the piston drive device, with the high-viscosity material
having been supplied to the cylinder, and applying an opening

command signal to the valve device for the gas supply device



7 for a predetermned tine, to thereby supply the gas fromthe gas supply
device to the cylinder due to the second suction force; and a pressurizing
stroke controlling portion for nmoving the piston in the reverse direction
by neans of the piston drive device, to thereby pressurize the

hi gh-viscosity material and the gas in the cylinder; and a discharge stroke
controlling portion for noving the pistod i-n the reverse direction by neans
of the piston drive device, to thereby transfer the high-viscosity materi al
and the g#&er a predetlermdared d imeconduithexr@iyursuppled tlie [gashefrqm stten
punp. [0010] The present invention further provides: an apparatus for

f oam ng a WiaghswpPpdysidey iegt &o ghe oydimdedi miye & qgdhearisdaapd igydtiatevi ce
for introducing a gas into a high-viscosity material; and a pre-m xer for

di sper si ng foR€eda®ndn t he hi gh- viscosity naterlal t he hi gh-vi scosity
material having the gas m xed therewith bein plied fromthe

mi xi ng/ supply  d@vPEESSURE ZANGh SHEOKEs COP thaL PPQIPH§$PH& fI9& §RYididkper sed
t herei n bein adapted toég%ﬁdlscharged and foaned under atnospheric
pressure. [ S‘Ff?é‘ fie eV S eSSy By ARadss ot R RSk for

foamng a %rQh %ﬁ%ﬁk}y %éf%ﬁy pressurize the high-viscosity

material and the gas in the cylinder; and

a discharge stroke controlling portion for moving the
piston in the reverse direction by means of the piston drive
device, to thereby transfer the high-viscosity material and
the gas in the cylinder to a conduit communicated with the
piston pump.
[0010]

The present invention further provides:

an apparatus for foaming a high-viscosity material,
comprising:

a gas mixing/supply device for introducing a gas into a
high-viscosity material; and

a pre-mixer for dispersing the gas in the high-
viscosity material, the high-viscosity material having the
gas mixed therewith being supplied from the mixing/supply
device,

the high-viscosity material having the gas dispersed
therein being adapted to be discharged and foamed under
atmospheric pressure.
[0011]

The present invention further provides:

an apparatus for foaming a high-viscosity material,



8 - conprising: a gas m xing/supply device for introducing a gas into a

hi gh-vi scosity material; and a di scharge device for pressurizing and

di scharging the high-viscosity material having the gas dispersed therein
for foam ng, wherein: using a piston punp in which a piston is
reciprocally noved in a cylinder to thereby effect a suction stroke and a
di scharge stroke, said gas m xi ng/ supply @devi ce supplies a high-viscosity
material to the cylinder in a suction stroke or after stopping of the
suction st Rk@rafsitlye piston punp; effects a second suction stroke by
noving the piston after the supply of the high-viscosity material; and
supplies a gas hogalse mdylinggenpplyt devieeofdrs ibittrodustiineka @asafinto a
stopping the suction stroke, followed by effecting, after conpletion of the
supply of hHighgadscesdityc artger istlr;olendf the piston punp in which: the

hi gh-vi scosity material and the gas in the cylinder are pressurized; the

hi gh-vi scosity mat diisghaange tdeyiges fare pdiessarigdag iamido dd sedvachg itn ga ftther
pressurization in the discharge stroke, thus discharging a m xture of the
hi gh- vi scodiigp -vdiseoisdlt vama terhiaa 1g s wing dihee @ash gligipe raedl. ditfessgimgEdoani ng
under atnospheric pressure. EFFECT OF THE | NVENTION [0012] According to

t he presentfoaMi@®.i on, a suction condition

wherein:

using a piston pump in which a piston is reciprocally
moved in a cylinder to thereby effect a suction stroke and a
discharge stroke, said gas mixing/supply device supplies a
high-viscosity material to the cylinder in a suction stroke
or after stopping of the suction stroke of the piston pump;
effects a second suction stroke by moving the piston after
the supply of the high-viscosity material; and supplies a gas
to the cylinder in the second suction stroke or after
stopping the suction stroke, followed by effecting, after
completion of the supply of the gas, a discharge stroke of
the piston pump in which:

the high-viscosity material and the gas in the cylinder
are pressurized;

the high-viscosity material and the gas are discharged
into a conduit after pressurization in the discharge stroke,
thus discharging a mixture of the high-viscosity material and
the gas dispersed therein and effecting foaming under
atmospheric pressure.
EFFECT OF THE INVENTION
[0012]

According to the present invention, a suction condition



9 is fornmed in the cylinder, and a high-viscosity material is supplied
into the cylinder using a sinple nmeans of pressurization or extruding
force, .in addition to a suction force. Therefore, w thout using a | arge
delivery punp for supplying a high-viscosity material, a high-viscosity
material is directly supplied, by nmeans of pressurization or extrusion,
froma small and sinple tubular containergsuch as a cartridge, or a

fl exi bl e bag-type container. Thus, an apparatus as a whole can be reduced

in size andsCetrmeld0Qk3knd RYTAnRRY ,PANIILCH 13033 iR sTHRPMatRrial is
hi gh-viscosity material to the cylinder. A high-viscosity material can be

inj ected i gBupptihedcyhitedeneurgar nderatisielgy al eWmpieswdams ofherefore, as a
hi gh-vi scosity material supply device, an extrusion type device is
enpl oyed, s@easutrdzafpfloy @rplestsuwdd ngofoacesX tihudiddd tienced G &uxarildn dge
container or a flexible bag type container. BRI EF DESCRI PTI ON OF THE
DRAW NGS [Eo@t4]. [ Fhegrefipr&i gwithogtausinguat ldrggr delinmdrgapump fomai n part
of a foam ng apparatus 1 for a high-viscosity material. [Fig. 2] Fig. 2is
a circuit &upglyingnad bdghnyiscostidyl maftertilad ,f @amiigh-yds@ocsticy 1. [Fig. 3]
Fig. 3 is a diagramindicating an operation of a piston punp. [Fig. 4] Fig.
4 is a tinmageshadt iexgigiesitdy swpPddest.i by seanshefpipsessuyiigation @r 5]
Fig. 5is acircuit diagramindicating a

extrusion, from a small and simple tubular container such as

a cartridge, or a flexible bag-type container. Thus, an

apparatus as a whole can be reduced in size and cost.

[0013]

A pump may be added so as to supply a high-viscosity
material to the cylinder. A high-viscosity material can be
injected into the cylinder under relatively low pressure.
Therefore, as a high-viscosity material supply device, an
extrusion type device is employed, so as to apply a pressure
or an extruding force to a cartridge container or a flexible
bag type container.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

[Fig. 1] Fig. 1 is a circuit diagram indicating a main part
of a foaming apparatus 1 for a high-viscosity material.
[Fig. 2] Fig. 2 is a circuit diagram indicating a detail of
the foaming apparatus 1.

[Fig. 3] Fig. 3 is a diagram indicating an operation of a
piston pump.

[Fig. 4] Fig. 4 is a timing chart explaining an operation of

the piston pump.

[Fig. 5] Fig. 5 is a circuit diagram indicating a



10 - conventional foam ng apparatus. [Fig. 6] Fig. 6 is a front sectional
view indicating a structure of a conventional piston punp. [Fig. 7] Fig. 7
is atimng chart indicating an operation of a conventional piston punp.
EXPLANATI ON OF REFERENCE MARKS [0015] 1 foam ng apparatus 3 m xi ng/ supply
device 5 gas supply device 11 source of air 13 piston drive device 15
controller 17 control device 19 el ectronddhetic directional control valve
device 21 electromagnetic directional control valve 23 piston punp 25
pi ston 27 ephivedeiondd €ammindgapdarpitason st oppi ng device 33 val ve device
for a high-viscosity material 35 valve device for a gas 37 piston portion
39 shaft pbFtigenél4Eighafbés a3fcontr secthenbdr vidly dhddicatdnge a

structure of a conventional piston pump.

[Fig. 7] Fig. 7 is a timing chart indicating an operation of

a conventional piston pump.

EXPLANATION OF REFERENCE MARKS

[0015]

1 foaming apparatus

3 mixing/supply device

5 gas supply device

11 source of air

13 piston drive device

15 controller

17 control device

19 electromagnetic directional control valve device

21 electromagnetic directional control valve

23 piston pump

25 piston

27 cylinder

29 cartridge

31 piston stopping device

33 valve device for a high-viscosity material

35 valve device for a gas

37 piston portion

39 shaft portion

41 chamber

43 control chamber

45 check wvalve



- 11 - 47 check valve 49 material suction valve 51 gas suction valve 53
mat eri al di scharge val ve 55 gas suction valve controlling valve 57 materi al
suction valve controlling valve 59 material discharge valve controlling
valve 61 piston release control valve 63 coating gun control valve 65
pressure sensor 67 coating gun HV1 valve HV2 val ve REQR2 pressure contro
val ve REG3 pressure control valve REX Ikessure control valve BEST MODE
FOR CARRYI NG QUT THE I NVENTION [0016] Fig. 1 is a circuit diagram
i ndi cati ng4a ehegkpaailvef a foam ng apparatus 1 for a high-viscosity
material. Fig. 2 is a circuit diagramindicating a detail of the foam ng
appar atus 19 mager3ails sactiiagr aralivedi cati ng an operation of a piston punp
23. Fig. 4 is atimng chart explaining the operation of the piston punp
23. [0017] SRefgesr ismgtionFivgdvel and 2, the foam ng apparatus 1 conprises a
n1X|ng/suppIy device 3 for |ntrodu0|ng a gas into 12
53 material discharge valve

55 gas suction valve controlling valve

57 material suction valve controlling valve

59 material discharge valve controlling valve

61 piston release control valve

63 coating gun control valve

65 pressure sensor

67 coating gun

HV1l valve

HV2 valve

REG2 pressure control valve

REG3 pressure control valve

REG4 pressure control valve

BEST MODE FOR CARRYING OUT THE INVENTION
[0016]

Fig. 1 is a circuit diagram indicating a main part of a
foaming apparatus 1 for a high-viscosity material. Fig. 2 is
a circuit diagram indicating a detail of the foaming
apparatus 1. Fig. 3 is a diagram indicating an operation of
a piston pump 23. Fig. 4 is a timing chart explaining the
operation of the piston pump 23.

[0017]
Referring to Figs. 1 and 2, the foaming apparatus 1

comprises a mixing/supply device 3 for introducing a gas into



a high-viscosity material, a pre-mxer 7 for dispersing a gas 1in a

hi gh-vi scosity material, the high-viscosity material having the gas m xed
therewith being supplied fromthe mxing/supply device 3, and a di scharge
device 9 for pressurizing the m xture having the gas dispersed therein and
effecting foam ng. [0018] The m xi ng/ supply device 3 is used for mxing a
gas into a high-viscosity material and trzansferring the high- viscosity
material mxed with the gas. [0019] As shown in Fig. 2, the m xi ng/supply
device 3 gonpghsessaoplisyyonapeinall hapregmaxeyl 7Tnder Aispedsang st @as 25
reciprocally provided in the cylinder 27, a cartridge 29 as a

hi gh-vi sco$nt § higbrvabceappiyymdéerdelf, othsuppbhit-nwgsaoshitghmatecdsilt y
material to the cylinder 27, a gas supply device 5 for supplying a gas to
the cylindeav2ig ghei gasnmidedvehdrewishlBefiog duppilagdt fizopi $hen 25 of the
pi ston punp 23, a piston stopping device 31 for stopping the piston 25 by
appl yi ng amiééﬂgéFHPBéYf@ﬁ&écﬁo3thén§|§t§h5293raevéBVéC§e9|£9r 33 for a

hi gh-vi scosity material, which opens or closes a passage for conmmunication
bet ween thEréﬁﬁPFFGgEQZ§h&nﬂlﬁﬁérec9PVhaért?? gfst HaSpeEe6A phepedn aadval ve
device 35 fgr a whi.ch opens or closes a passage for comunication

bet ween t h&f ﬁgtégSpFQaﬂé99ce 5 and the cylinder 27 of the piston pump 23,
and a contigb g?V|ce 17. [0020] The control device 17 controls the piston
drive devi

The mixing/supply device 3 is used for mixing a gas
into a high-viscosity material and transferring the high-
viscosity material mixed with the gas.

[0019]

As shown in Fig. 2, the mixing/supply device 3
comprises a piston pump 23 having a cylinder 27 and a piston
25 reciprocally provided in the cylinder 27, a cartridge 29
as a high-viscosity material supply device for supplying a
high-viscosity material to the cylinder 27, a gas supply
device 5 for supplying a gas to the cylinder 27, a piston
drive device 13 for driving the piston 25 of the piston pump
23, a piston stopping device 31 for stopping the piston 25 by
applying a restraining force to the piston 25, a valve device
33 for a high-viscosity material, which opens or closes a
passage for communication between the cartridge 29 and the
cylinder 27 of the piston pump 23, a valve device 35 for a
gas, which opens or closes a passage for communication
between the gas supply device 5 and the cylinder 27 of the
piston pump 23, and a control device 17.

[0020]

The control device 17 controls the piston drive device



13, the valve device 33 for a high-viscosity material, the valve device 35
for a gas of the gas supply device, and the piston stopping device 31.

Thus, during a suction stroke of the piston punp 23 or after the end of the
suction stroke of the piston punp 23, a high-viscosity material is supplied
to .the cylinder 27, utilizing a suction force (a vacuum force) generated
in the cylinder 27, and after the high-viggosity material is introduced to
the cylinder in a predeterm ned anount, the piston 25 is noved to thereby

effect a sqepONdhSULIRN &VAKES 3 PUd NG RN SUG) IRde St 2Ke Qe af ter

the end of the suction stroke, a gas is supplied to the cylinder 27,

utilizing &8 iqevidy G (Fovac B fax cle e Ery | ded€e CYAnddede 27,
and after the conpletion of the supply of the gas, a discharge stroke of

t he pi ston fisgrItdppiald atdwitd @1 pr easEr,i datiien, aartdtienhisthokesoFsity
material and the gas are discharged into a conduit. [0021] The piston punp
23 effects thesyditstom giungk e Acmorafi ey tthe tdred mofy erfentswdtide ptisdlon &5 in a
forward direction in the cylinder 27, and effects a discharge stroke by
novenent dfhet i gticgt @uMb 45 a rielvghsel stiossicty omateridak Lyl supelié€d.to The
pi ston 25 conprises a pair of piston portions 37 slidably disposed in the
cyl i nder 27then aylinglgr-27 ghtt ke e -a i it iomrffrrce aal wacwam tfqreee ] on 39
connecting the pair_of piston _portions 37. One piston portion 37a and the
shaft portigsResrtegkfimdhe Gahnden 21 n apd aftey dheodighrvisgosithied in

the draw ng) of the cylinder 27 of the piston punp 23, to_which chanber a
hi gh- vi scodlatpiidlerdisiindieP R & fhaypiiidfensin a predetermined

amount, the piston 25 is moved to thereby effect a second
suction stroke. During the second suction stroke or after
the end of the suction stroke, a gas is supplied to the
cylinder 27, utilizing a suction force (a vacuum force)
generated in the cylinder 27, and after the completion of the
supply of the gas, a discharge stroke of the piston pump 23
is effected for pressurization, and the high-viscosity
material and the gas are discharged into a conduit.

[0021]

The piston pump 23 effects a suction stroke according
to the movement of the piston 25 in a forward direction in
the cylinder 27, and effects a discharge stroke by movement
of the piston 25 in a reverse direction in the cylinder 27.
The piston 25 comprises a pair of piston portions 37 slidably
disposed in the cylinder 27 in a liquid-tight and gas-tight
manner, and a shaft portion 39 connecting the pair of piston
portions 37. One piston portion 37a and the shaft portion 39
define a chamber 41 in a left-side portion (as viewed in the
drawing) of the cylinder 27 of the piston pump 23, to which

chamber a high-viscosity material and a gas are supplied.



The ot her piston portion 37b defines, in a right-side portion (as viewed in
the drawi ng) of the cylinder of the piston punp, a pair of control chanbers
43a and 43b of the piston drive device for effecting reciprocal novenent of
the piston. It should be noted that the piston punp 23 nay have the sane
structure as a conventional piston punp such as that shown in Fig. 6.

[ 0022] The cartridge 29 for supplying a hi4gh-viscosity material has a
supply opening at one end thereof. The supply opening is connected to the
chanber 41Ther otflera pdctdn tportion 7 eufddiesentin & MightHssicles igortirirer i al
in the cartridge 29 is supplied to the chanber 41 by pressurization and

ext rusi on i(asaddiemiesh itno thestnawiing breke gemecyl tuden ofiethehpribé&opnd pufnpr, med
in the cylinder 27 of the piston punp 23. Therefore, it is unnecessary to
apply a hi ghppiasodr eohdgrolt cheabens r@aa amdgd3b ofodiey piwttem arive t he
cartridge 29. Therefore, as the cartridge 29, a lightweight and inexpensive
cartridge H&Vif§ Kow gfdfestiagd asicdpaiocalc moviemendedf [the mHistamboditment ,
to enable a_high-viscosity material stored in the cartridge 29 to be

Smoot hly sSSP Deo PORE T idhiert e PISTRD SUHBr 2endiat N e Ao 29 | s
connect ed tg an air source 11, 3s a _soyrce of pressure, through a valve HV1
and a preSSEPETESS A5 A SORY SREGPNAK B SUNs PP fYSHe S WAEn shoYaddy i al
havi ng an tregely hi gh viscosity can be enpl oyed as a high-viscosity

mat eri al . Eﬁﬁév rr, if air fromthe air source 11 is used, the pressure of
air suppliggogbqn1the air source 11 to the cartridge 29 is not required to
be high, 1

The cartridge 29 for supplying a high-viscosity
material has a supply opening at one end thereof. The supply
opening is connected to the chamber 41 through a conduit. 1In
this embodiment, a high-viscosity material in the cartridge
29 is supplied to the chamber 41 by pressurization and
extrusion in addition to a suction force generated in the
chamber 41 formed in the cylinder 27 of the piston pump 23.
Therefore, it is unnecessary to apply a high pressure for
transferring a high-viscosity material to the cartridge 29.
Therefore, as the cartridge 29, a lightweight and inexpensive
cartridge having low pressure resistance can be used. 1In
this embodiment, to enable a high-viscosity material stored
in the cartridge 29 to be smoothly supplied to the chamber 41,
the other end of the cartridge 29 is connected to an air
source 11, as a source of pressure, through a valve HV1 and a
pressure control valve REG4. With this arrangement, even a
material having an extremely high viscosity can be employed
as a high-viscosity material. However, if air from the air
source 11 is used, the pressure of air supplied from the air

source 11 to the cartridge 29 is not required to be high,



since a suction force of the chanber 41 is utilized for supplying the

hi gh-vi scosity material. Therefore, it is unnecessary to formthe cartridge
29 from a tough nenber having high pressure resistance, which is increased
in size and weight. Wien a material having a relatively low viscosity is
enployed as a high-viscosity material, it is wunnecessary to utilize a
pressure or an extruding force from the Br-source 11. In this case, a

hi gh-vi scosity nmaterial may be supplied to the cylinder 27 utilizing only a

suction fe@HieRegeneitadh Eddte GRMRY chhnberd el o iverized ifol@  suction
stroke of the piston punp 23. [0023] The piston drive device 13 noves the
pi ston 25 eluppheing sihen higlp- Wik dos it orarad adi . eThiedle fare ,a irteder se
direction, in response to a command signal fromthe piston control device
17, and comwpmesessdny dia fSour dihel Gadndidge 29 dotomoreagimeigic membset | onal
control valve 21 provided between the air source 11 and the piston punp 23.
The el ect havdgeethighlinregdwitalrevmtasicejalwhaicll iiss igwreased! i sige of
the control chanbers 43 of the piston_punp 23 through a conduit, and the
ot her cont B8d #ediahdr- 4¥ben ghBagesien hauapg2e rrAetdNediodeer condui t,

t hus comuni cating the pair. of_control chanbers 43 with the air source 11
in an al teﬁ’ﬁ&ﬁé’s’l&é’ dét eMRhAYahias & merfaveifcosdty MaRtiel aitt sburce 11
is supplied to théﬁfalr of control chanbers 43 in an alternate manner, to

t her eby ef YOEIEES Hoehtd eSS storf? PX TN |E QLS ST and a
check val ve 47 are provided iny copdul ts gongegting the elect romagneyic

may be supplied to the cylinder 27 utilizing only a suction

force generated in the chamber 41 in the cylinder 27 in a

suction stroke of the piston pump 23.

[0023]

The piston drive device 13 moves the piston 25 of the
piston pump 23 in a forward direction and a reverse direction,
in response to a command signal from the piston control
device 17, and comprises the air source 11, and an
electromagnetic directional control valve 21 provided between
the air source 11 and the piston pump 23. The
electromagnetic directional control valve 21 is connected to
one of the control chambers 43 of the piston pump 23 through
a conduit, and the other control chamber 43 of the piston
pump 23 through another conduit, thus communicating the pair
of control chambers 43 with the air source 11 in an alternate
manner. With this arrangement, air from the air source 11 is
supplied to the pair of control chambers 43 in an alternate
manner, to thereby effect reciprocal movement of the piston

25. A check valve 45 and a check valve 47 are provided in

conduits connecting the electromagnetic directional control



val ve 21 and the piston punp 23, respectively. A pressure control valve REG
3 is provided between the electromagnetic directional control valve 21 and
the air, source 11. Wth this arrangenent, air is stably supplied to the
pair of control chanbers 43. [0024] The gas supply device 5 (such as a
conpressor) for storing a gas (such as dry air) is connected to the chanber
41 fornmed in the cylinder 27 of the pistoh6épunp 23 through a conduit. A
pressure control valve REG 2 is provided between the gas supply device 5

and the pi stgdvepwp il tHwpaRed igugnp dry, atdsperbereuppl iedrdssurs abl e
condition. In this enbodi nent, the gas supply device 5 utilizes air fromthe
air sourcedhtranddlnved RES A idehuovided e iwddrertHeore Yesmwomggneoist ur e
fromthe air. [0025] The piston stopping device 31 is capable of applying a
restrai ni nifmgateidmal rgimilorvdbraeat2la atebitlex guosisowrge i bl . r @sipdnse to a
command signal fromthe control device 17 of a control portion of the

pi st on st oppiify arsAngemeny t Eiepls shalply rupnkiesh 26, ttheppist@h st oppi ng
device 31 has an annul ar configuration, such as a shape of a bl adder,

having a tIORM pdrankaTsatddhe center thereof. By transferring a gas into
the piston stopping device 31, the piston stopping device 31 expands to the
central thﬂéUHﬁBbortion to thereby reduce the dianeter of the through

portion. Wen the_gas is rel.eased, pi st gn sto deV|ce 31 returns to
e o gi el ShIbe &S CURRIY Hevicer rRoan i & SHIPLE§A S ort o

storing a gas (such as dry air) is connected to the chamber
41 formed in the cylinder 27 of the piston pump 23 through a
conduit. A pressure control valve REG 2 is provided between
the gas supply device 5 and the piston pump 23, thus enabling
dry air to be supplied in a stable condition. In this
embodiment, the gas supply device 5 utilizes air from the air
source 11, and includes a dehumidifying filter for removing
moisture from the air.

[0025]

The piston stopping device 31 is capable of applying a
restraining force to the piston 25 at a desired position, in
response to a command signal from the control device 17 of a
control portion of the piston stopping device, to thereby
stop the piston 25. The piston stopping device 31 has an
annular configuration, such as a shape of a bladder, having a
through portion at the center thereof. By transferring a gas
into the piston stopping device 31, the piston stopping
device 31 expands to the central through portion to thereby
reduce the diameter of the through portion. When the gas is
released, the piston stopping device 31 returns to its

original shape due to its elastic properties. Such a piston



stopping device is well known, and therefore a detail of an arrangenent of
the piston stopping device is omtted in the draw ngs. The piston stopping
device 31 is fixed in the cylinder in a manner such that the through
portion is aligned wth the direction of novenent of the piston, and the
pi ston stopping device 31 and one piston portion 37b formone control
chanber 43a. The shaft portion 39 of the piston 25 extends through the

t hrough portion of the piston stopping device 31. A seal structure (not

shown) is piepbdad BeiMeen ist ke 13hahowdor bindn t3R raFddda tdyeuah gzordyd on, to
thereby prevent air transferred to the control chanber 43a adjacent to the
pi ston st oppiraggémente oFl thieomilstal B3 oppritdg dedrizeads dnaitwean itrherrshaf t
portion 39 and the through portion. A peripheral portion formng the

t hrough podraenngk .t hEBhei pishonssbppphggdédeviee3tlexpandgetioihhehehr ough
portion in response to a command signal fromthe control device 17, to

t hereby neyildwderednce mamngirarsercdy thfat tthe tthrowgh porttiieom iEhwslignete
peri pheral portion of the piston stopping device 31 is pressed against the
shaft port Waish3ghef digeciiono@f2noviementhefeihe pdietiome @Finst dhe Pistan
desired position. Consequently, by Iocklng t he plston 25 at a desired
position PFHORPING A6Viser e angd KNGhDLiSEORs Wtﬁﬁ’eﬁ 7R foxm wee supplied to
the chanber 41 in a_desired anmount. That i cking the piston_ 25 at a
desired poSPRtERL ChamBedu it of r!a*“ahFBF‘lf\tn BEBHPS} ﬁﬁt efi EPeSBEJﬁItPEdZPo t he

chanber 41 can ng LJeasu %E'ﬂ F % d| sc&a st.r oke, | ocki ng the

pi ston 25 &ETENGEsiPEQYS ulggl zP tg‘ﬁerﬂlﬁd:od’f SHIPP IRt on

punp 23 isd%'%%%dqu hkggegiscgéhé ure ?Bb%lsﬁown) is provided between
the shaft portion 39 and the through portion, to thereby
prevent air transferred to the control chamber 43a adjacent
to the piston stopping device 31 from leaking through a space
between the shaft portion 39 and the through portion. A
peripheral portion forming the through portion of the piston
stopping device 31 expands to the through portion in response
to a command signal from the control device 17, to thereby
narrow (reduce the diameter of) the through portion. Thus,
the peripheral portion of the piston stopping device 31 is
pressed against the shaft portion 39 of the piston 25, to
thereby lock the piston 25 at a desired position.
Consequently, by locking the piston 25 at a desired position
in a suction stroke, a high-viscosity material can be
supplied to the chamber 41 in a desired amount. That is, by
locking the piston 25 at a desired position, the amount of a
high-viscosity material supplied to the chamber 41 can be
measured. Further, in a discharge stroke, by locking the

piston 25 at a desired position while a discharge opening of

the piston pump 23 is closed, a high-viscosity material



having a gas m xed therewith in the chanber 41 can be pressurized to a
desired pressure value, and can be nmaintained at the sane pressure val ue.

I n addi.tion, the peripheral portion form ng the through portion of the

pi ston stopping device 31 is dianmetrically enlarged so as to increase the
di aneter of the through portion, in response to a command signal fromthe
control device 17. Consequently, the perli§heral portion of the piston
stopping device 31 is separated fromthe shaft portion 39 of the piston 25,
to therebpavéhgaaeghbemligeldedheegpdithoinothehehpmde@n 425can] ®@26] The val ve
device 33 for a high-viscosity material conprises a material suction valve
49, and a dressupdeedotnoS5e desdiredi pregstire wafleei, ahnductnobeval ve 49 in
response to a command signal fromthe control device 17. The materi al
sucti on vamgéniiginedpagvithedspmeapcesduire yadug.patsag@ditben, coheuni cation
between the cartridge 29 and the chanber 41 forned in the cylinder 27 of

t he pi st onPpa&pPhesal| pogtippsforaing shesthsrughnwpentina efaitber p4steas been
placed in a sufficient suction condition, the material suction valve 49
opens the E5ABDLRY| AeVéSBoAdeifoddarshraraliygRBILAFE6M EReaScERt rol devi ce
17, to thereb sugpl a high-visc siby materjal in.the Qartrid%F 29 to the
chanber 4110GEERE iﬁéeadlg ELPENOFotOE (EREPEPeBOFhiPRe dRaFEEPORES FRe

T SRR b0, PR B NG el RGOS, LoblRabbhEly et
p?ﬁg[igtcfgg%i§§F%§é§§iggp8§¥iBﬁ o2PEHEIH: BB 8L 8Ly 1AL Gevile §7d:Qf the

separated from the shaft portion 39 of the piston 25, to
thereby release the locked condition of the piston 25.
[0026]

The valve device 33 for a high-viscosity material
comprises a material suction valve 49, and a drive portion 50
for driving the material suction valve 49 in response to a
command signal from the control device 17. The material
suction valve 49 is provided in a conduit (as a passage) for
communication between the cartridge 29 and the chamber 41
formed in the cylinder 27 of the piston pump 23. In a first
suction stroke, when the chamber 41 has been placed in a
sufficient suction condition, the material suction valve 49
opens the conduit in response to a command signal from the
control device 17, to thereby supply a high-viscosity
material in the cartridge 29 to the chamber 41, utilizing a
suction force generated in the chamber 41. The material
suction valve 49 may be opened in the middle of the first
suction stroke, or simultaneously with the first suction

stroke. Otherwise, the material suction valve 49 may be

opened immediately after the end of the first suction stroke,



or with a tinme lag after the end of the first suction stroke. [0027] The
val ve device 35 for a gas conprises a gas suction valve 51, and a drive
portion 52 for driving the gas suction valve 51 in response to a command
signal fromthe control device 17. The gas suction valve 51 is provided in
a conduit (as a passage) for conmunication between the gas supply device 5
and the cylinder 27 of the piston punp 23191xn a second suction stroke, when
the chanber 41 in the cylinder 27 of the piston punp 23 has been placed in
a sufficienr sdah e tigendidd GEtdihegaerlicifi Ahe & s 1 Iswpeinsn tdersendui t
in response to a conmand signal fromthe control device 17, to thereby
supply a gd90271t he gas supply device 5 to the chanber 41, utilizing a
suction force of the chanber 41. The gas suction valve 51 may be opened in
the mddl e of th&8hesyediveé Sestiicen 3t foke.a Qaseowimpsisese gaa s widtbimn/al ve
51 may be opened imredi ately after the end of the second suction stroke,

or with a Makved & .afand a gl RFT RN e divy duisting the dkas $woBIn The
control device 17 conprises a first suction stroke control portion, a

pi ston st opFilVE Intifb|T§FRANTh, TR & SIMANS Fek I ATk R iR dbrti on
and a discharge stroke control portion. The first suction stroke control
portion cofSVaiIc® lthe PP&t §ASISHFE198yVAAVE3 5Lt &St REPYEYICHDVE Ph&HAd 25

e Snhor v LR ¢ b SR AENR AL IS uetion Rt on

to the ”at%gdﬁcéﬁgnéﬁﬁ‘eﬁﬂ‘6§f¥%é§% 27 of the piston pump 23. 1In a
second suction stroke, when the chamber 41 in the cylinder 27
of the piston pump 23 has been placed in a sufficient suction
condition, the gas suction valve 51 opens the conduit in
response to a command signal from the control device 17, to
thereby supply a gas in the gas supply device 5 to the
chamber 41, utilizing a suction force of the chamber 41. The
gas suction valve 51 may be opened in the middle of the
second suction stroke. Otherwise, the gas suction valve 51
may be opened immediately after the end of the second suction
stroke, or with a time lag after the end of the second
suction stroke.
[0028]

The control device 17 comprises a first suction stroke
control portion, a piston stopping control portion, a second
suction stroke control portion and a discharge stroke control
portion. The first suction stroke control portion controls
the piston drive device 13, to thereby move the piston 25 in
a forward direction to thereby generate a first suction

condition in the chamber 41 of the cylinder 27, and supplies

an opening command signal to the material suction valve 49



for a predetermned tine period, to thereby supply a high- viscosity
material in the cartridge 29 to the chanber 41 of the cylinder 27 under a
first suction force. The piston stopping control portion controls the

pi ston stopping device 31, to thereby apply a restraining force to the
piston 25 after generation of the first suction condition, to thereby stop
the piston 25. The second suction stroke oM rol portion supplies a conmand
signal for release of the piston to the piston stopping control portion,

and contr olsrt Ae preigeterndhiede tdaw peribd,! @o htvealbymenpiRe dimstigh 25
further in the forward direction to generate a second suction condition in
t he chanberiétosfitiyhmatgrimdernn? £hewidalt tirfidgehi2gh-tel s idhanairerdialofhavi ng
been supplied to the chanber 41 of the cylinder 27. The second suction

st roke conthel cypdntesn 2t7heamdeapal ifds sdn sweddiong foomeandThegpaktbo t he gas
suction valve 51 for a predetermned tinme period, to thereby supply a gas
i n the gass$appipgdeentagod porthencicamiaols] thie nilsd ory|sitegedng7 devdare a
second suction force. The discharge stroke control portion controls the

pi ston drivé.dé&¢i ¢8ergby apPlieleBPSHaddniRng Fioficen t25 the mHE taay &Sse
direction and supply the high-viscosity material and the gas in the

cyl i nder 22ft8§Ta9€8RdIG L OB RfutiPCatfdd sl SRCtHONpicOnG tipmp 42 therehyi s
enmbodi nent, the control device 17 coggrises a .control]er 15 and an

el ect r omag§&PPc ther BdSitoRaltocont PGl SGEPRE 8BGHLAN16TT9kE EBREFBLI er 15 and
t he electrona%netic di.r.ectional contral éﬁlve devi.ce 19 % i de the first
I

suction sPPEE&CBoREPELISS: & SEMMERE Fit $OEp Fi§ 386 %o BiP? t he

second suc t1:ioo rtl: h%t rb?.%% o%o r%ttro%lp 191%r tcio%r% r%rld ptorfel‘: i%ins, ¢ D:\%rdg % o% rols the
piston drive device 31, to thereby move the piston 25 further
in the forward direction to generate a second suction
condition in the chamber 41 of the cylinder 27, with the
high-viscosity material having been supplied to the chamber
41 of the cylinder 27. The second suction stroke control
portion then supplies an opening command signal to the gas
suction valve 51 for a predetermined time period, to thereby
supply a gas in the gas supply device 5 to the chamber 41 of
the cylinder 27 under a second suction force. The discharge
stroke control portion controls the piston drive device 13,
to thereby move the piston 25 in the reverse direction and
supply the high-viscosity material and the gas in the
cylinder 27 to a conduit communicated with the piston pump 23.
In this embodiment, the control device 17 comprises a
controller 15 and an electromagnetic directional control
valve device 19. The controller 15 and the electromagnetic
directional control valve device 19 provide the first suction
stroke control portion, the piston stopping control portion,

the second suction stroke control portion and the discharge



stroke control portion. [0029] In this enbodi nent, a discharge val ve device
54 is provided in the discharge opening of the piston punp 23, so as to
open or, cl ose the discharge opening in response to a conmand signal from
the control device 17. The discharge valve device 54 conprises a materi al

di s¢charge valve 53, and a drive portion 56 for driving the materi al

di scharge valve 53 in response to a conmadt signal fromthe control device
17. As long as the material discharge valve 53 is closed, the

hi gh- vi scositirpkienicamnitalolampdbrdtdiomgas i n the chanber 41 of the piston punp 23
are prevented from being di scharged towards the pre-m xer 7 even in a

di scharge d00@ed of the piston punp 23. By neans of the discharge valve
device 54, it is possible to close the discharge opening of the piston punp
23 in a discharde shiskembaddmeatpr @ sisichargehivgil-ve skeosiictey 54nsitser i al
having a gas m xed therewith in the chanber 41 to a desired pressure val ue
until the provddess ins Yheeddgharnge qpaniay mfsitheri{Stan oumpl| 23, o0
prelimnary |ower point described |ater) and maintain the piston 25 at the
same pres$§r &0/ HPER OThiclgfte e RGIT IS aRaning gutrerPese cto a

prelimnarily conpress a gas before a subsequent step, _because a gas can be
easily comfP® ﬁﬂ@éﬁlp%mté‘.e B"}Pn%&s‘icﬁg i 'gagl,he; ﬁésl‘fp@l’f'g\ﬁ scosity
ot o T Ao A sl v, SRS R R Y 2 g
T o BBV neEn SVl I o dlond B dlve
53 in response to a command signal from the control device 17.
As long as the material discharge valve 53 is closed, the
high-viscosity material and the gas in the chamber 41 of the
piston pump 23 are prevented from being discharged towards
the pre-mixer 7 even in a discharge stroke of the piston pump
23. By means of the discharge valve device 54, it is
possible to close the discharge opening of the piston pump 23
in a discharge stroke, and to pressurize a high-viscosity
material having a gas mixed therewith in the chamber 41 to a
desired pressure value until the piston 25 is locked in a
desired position (for example, a preliminary lower point
described later) and maintain the piston 25 at the same
pressure value. This pressurization is carried out so as to
preliminarily compress a gas before a subsequent step,
because a gas can be easily compressed under pressure. By
compressing a gas, the high-viscosity material and the gas
discontinuously supplied to the cylinder in a batchwise
manner are almost combined with each other in the form of a

mixture. Therefore, after compression of the gas, when the

material discharge valve 53 opens in response to a command



signal fromthe control device 17, a high-viscosity material having a gas
m xed therewith can be continuously transferred to the pre-m xer 7 under
hi gh pressure. [0030] The el ectromagnetic directional control valve 21 of
the piston drive device 13 conprises a 5-port, 3-position swtching valve.
Specifically, the electromagnetic directional control valve 21 conprises 5
ports such as an A-port, a B-port, a T-Z®ri¢, a P-port and a T2-port, and 3
switch positions such as an upper-stage portion, an internedi ate-stage

portion angignkoWeiost e ROMitrel. dERAceAINQrla hI gheRASH0Rd tho rdteraent r ol
chanmber 43a through the check valve 47. The B-port is connected to the
control chartay 43bashmixgd tthereldtkh vanv®edcontieublisigr ttrand fidiared
T2-port are open to the atnosphere through relief valves, respectively. The
P-port is tontbet pdetoiklee & unsiesr bdghl preNsurel.l y, as shown in Fig. 2, the
I nternmedi ate-stage portion is interposed between the piston punp 23 and the
air sourcel0®30]so as to prevent air from being supplied fromthe air
source 11. To effect a suction stroke of the piston punp 23, the A-port and
the P-port are cORffufilésteamagrrtéscAiserEionaAdconérBlpypdvandlt k€ theport
are communi cated wi th each  other, thrqugh the upper-stage portion of the
el ect r omagReEItEn Gri¥et dedcecdrt COMPFASES 815 Pogd: S Posiddko™e air source
11 is transfe&rgd to the con%rol,ghan?fr 4§a thiough t he Ez ort and the
A-port, anGYAtFRrRYt K8ld6nt r oPeEhahERr 1 spthe e1eFEaeBaAIPGtite at mosphere
t hrough the.B-port _and the T2-port. o effect a discharge stroke of the
pl ston pu 1£§%%tlﬁga 3con%ro%. Qlalve 2-5 comprises (!i') pO]’.‘%S sucC as an

A-port, a B-port, a Tl-port, a P-port and a T2-port, and 3

switch positions such as an upper-stage portion, an

intermediate-stage portion and a lower-stage portion. The

A-port is connected to the control chamber 43a through the

check valve 47. The B-port is connected to the control

chamber 43b through the check valve 45. The Tl-port and the

T2-port are open to the atmosphere through relief valves,

respectively. The P-port is connected to the air source 11.

Normally, as shown in Fig. 2, the intermediate-stage portion

is interposed between the piston pump 23 and the air source

11, so as to prevent air from being supplied from the air

source 1l1. To effect a suction stroke of the piston pump 23,

the A-port and the P-port are communicated with each other

and the B-port and the T2-port are communicated with each

other, through the upper-stage portion of the electromagnetic

directional control valve 21. Thus, air from the air source

11 is transferred to the control chamber 43a through the

P-port and the A-port, and air in the control chamber 43b is

released to the atmosphere through the B-port and the T2-port.

To effect a discharge stroke of the piston pump 23, the



A-port and the Tl1l-port are communicated wth each other and the B-port and
the P-port are conmmunicated with each other, through the | ower-stage
portion of the electromagnetic directional control valve 21. Thus, air from
the air source 11 is transferred to the control chanber 43b through the
P-port and the B-port, and air in the control chanber 43a is released to

t he at nosphere through the A-port and the231-port. [0031] In a suction
stroke of the piston punp 23, the piston stopping device 31 applies a
restraini ng-fporee dnd tthe [@istpurt 2ird cdmmeirelatddprite gaci otRér &edas to

| ock the piston portion 37b on a side of the control chanber 43 at a

predet er m ride Pogidrtorand the |-t iaore stomke)icdtred wisth i emstlanciher,
utilizing a suction force generated in the chanber 41, a high-viscosity

mat eri al i $hageighd thet dawer H@adrerporitiomad ddfe el ectromagnetict oppi ng
device 31 releases the restraining force, so that the piston portion 37b on
a side of diFecidemadl candmadr v o\ads: t Fhas . -upp&r fFemthehair iseurmey. 2
and abuts aqélnst an i nner wal l surface of the cylinder 27 on the right

side in Fi ¢l s tHarshearat ity e <o Qﬂ]qq4Wﬁqﬁnﬁ3R; hreugnth’uct i on
z}};%:?. In tpgrﬁgqrbit&&%e@uéﬁﬁfozén %rélr:‘%{alr forceg%enerat ed in th% “ton
Phe pi st iﬁr‘) R DT N BTEOBy° reareodh ErfeArPBFR Agar %}1%3 I B
pi ston stq%quq device 31. However, the el ectromagnetic directional 24
In a suction stroke of the piston pump 23, the piston
stopping device 31 applies a restraining force to the piston
25 to thereby stop the piston 25, so as to lock the piston
portion 37b on a side of the control chamber 43 at a
predetermined position (a first suction stroke). In this
instance, utilizing a suction force generated in the chamber
41, a high-viscosity material is sucked into the chamber 41.
Thereafter, the piston stopping device 31 releases the
restraining force, so that the piston portion 37b on a side
of the control chamber 43 moves to an upper point shown in
Fig. 2 and abuts against an inner wall surface of the
cylinder 27 on the right side in Fig. 2, thus preventing the
piston from moving (a second suction stroke). In this
instance, utilizing a suction force generated in the chamber
41, a gas is sucked into the chamber 41.
[0032]
To lock the piston portion 37 on a side of the control
chamber 43 at a predetermined position, the piston 25 may be

locked only by means of a restraining force of the piston

stopping device 31. However, the electromagnetic directional



control valve 21 may be controlled sinmultaneously with the operation of the
pi ston stopping device 31 so as to enable the internedi ate-stage portion to
be interposed between the piston punp 23 and the air source 11 and prevent
air from being supplied fromthe air source 11 to the control chanber 43.
On the other hand, in a discharge stroke of the piston punp 23, the piston
stoppi ng device 31 stops the piston 25 by24applying a restraining force to
the piston 25, so as to lock the piston portion 37 at a prelimnary |ower

poi nt showgonrofti Faldrel 21PHRSSWd HotrdiaRa ditdiRiahdd1B3N6R 3 Sche t he
pi ston 25 may be | ocked only by neans of a restraining force of the piston

st oppi ng deyketatibn dEweher pilston &teppicipd@eaiiice @1 ext igalo iy val ve
21 may be <controlled simultaneously with the operation of the piston

st oppi ng deéhiec dnT e rmedds tes siragpee ifordiirorf rrmmbee iimg e ade dbe fwemn tite ai r
source 11 to the control chanmber 43. The piston stopping device 31 is
control | ed phyptosapaimpl 283hangi $then adim \s@umbeyilde ab¥l prnevents adbditiament , even
in a discharge stroke of the piston punp 23, the piston portion 37 is

| ocked at &eipgelsuppdded faear the minhsfanee Hd et diticalcalituhargjmmkgye 53
opens. Therefore, a high-viscosity material having a gas mxed therewith in
t he chanbert341 @anthe gEbssuhpRAd iB & ddeshpegeprézskeeofalthe paAsitont he
prelimnary |l ower point, and can be maintained at the same pressure val ue.

Thus, whenPU® Zfat &MPalPIRtOIh ST GPRINY o3 98 Hp&taPs (e migan codty

mat er i 2l Naginghie ;938 UASH TR LS AN 9 200 YWY Mk
the piston portion 37 at a preliminary lower point shown in
Fig. 2 (a pressurizing step). In this instance also, the
piston 25 may be locked only by means of a restraining force
of the piston stopping device 31. However, the
electromagnetic directional control valve 21 may be
controlled simultaneously with the operation of the piston
stopping device 31 so as to prevent air from being supplied
from the air source 11 to the control chamber 43. The piston
stopping device 31 is controlled by means of the piston drive
device 13. In this embodiment, even in a discharge stroke of
the piston pump 23, the piston portion 37 is locked at a
preliminary lower point before the material discharge valve
53 opens. Therefore, a high-viscosity material having a gas
mixed therewith in the chamber 41 can be pressurized to a
desired pressure value until the preliminary lower point, and
can be maintained at the same pressure value. Thus, when the
material discharge valve 53 is opened, the high-viscosity
material having the gas mixed therewith can be transferred

under high pressure.

[0033]



A mxing ratio at which a high-viscosity material is mxed with a gas can
be controll ed, based on a pressure of the gas supplied fromthe gas supply
device. The pressure of the gas fromthe gas supply device is controlled by
the control device. The mxing ratio may be controlled by changing a
posiition at which the piston is stopped by neans of the piston stopping
devi ce of the piston punp. The piston -st2fppi ng device can be controlled by
means of the piston drive device. It is preferred that the piston drive
device is capabhemakiggrvamngoaatt haiphstonigheppspgsdeyi mateaidlans
arbitrary foamng ratio can be obtained. [0034] The el ectromagnetic

di rect i onaimizedt walthval gesdeanc del ¢ondfrofliedcobtaseld daviac@ressscoreprafses a
gas suction valve controlling valve 55, a nmaterial suction valve

control | i n§hevgpge s8Ppli ednfaomalthgi gaisasyerial deviest.r ofhengreabvee59f a

pi ston rel ease control valve 61 and _a coating gun control _ valve 63. These
val ves for kP&nIRAt EFPEI thei O35t SYPPdYe AoV Cet AiSs comtadilhet bxt Hdecoat i ng gun
control valve 63_is provided in the electromagnetic directional control

val ve devi E8ntgol dgvigero ?Eﬁuﬁéxéﬂgo§%FéPlm@YzEeoFoPﬁéoébﬁQrBVus However ,

the coatin un .control valve 6 ot neces arily be rovided in the
el ect r o HBARGLAR, 8PS OBots FPLFR FOS BIFIER 15, SEaRRR o THBV ded

ly f h d I I I d
Zach of | LRE SHE BactPhn SVRBPEEOAE AT R JARYBISION RaH ¢ iR P18GE on

valve cont Labllagevalys a7 cabn® e 1S §9hden & AeY e Yy Wdd no val ve
59, the pIStO ease control valve 2
drive device. It is preferred that the piston drive device
is capable of serving as the piston stopping device, and an
arbitrary foaming ratio can be obtained.
[0034]

The electromagnetic directional control valve device 19
of the control device 17 comprises a gas suction valve
controlling valve 55, a material suction valve controlling
valve 57, a material discharge valve controlling valve 59, a
piston release control valve 61 and a coating gun control
valve 63. These valves form an integral unit structure. 1In
this embodiment, the coating gun control valve 63 is provided
in the electromagnetic directional control valve device 19,
so as to reduce an overall size of the apparatus. However,
the coating gun control valve 63 may not necessarily be
provided in the electromagnetic directional control valve
device 19, and may be provided separately from the
electromagnetic directional control valve device 19. Each of
the gas suction valve controlling valve 55, the material

suction valve controlling valve 57, the material discharge

valve controlling valve 59, the piston release control valve



61 and the coating gun control valve 63 conprises a 5-port positional

swi tching val ve. [0035] Regarding the gas suction valve controlling valve
55, a right-side stage block is nornmally interposed between the air source
11 and the gas suction valve 51. In this state, air fromthe air source 11
Is transferred to a 1B-1 chanber of the gas suction valve controlling valve
55, while air froma |A-1 chanber of thedas suction valve controlling
valve is released through the right-side stage block and a relief valve 64

to the atmggphanethéheoetang dguhe cdatrdUCHiaQRrevalaveonplilsed ik &-Poraed
condition. In response to a command signal fromthe controller 15, the gas
suction vabveicapnadl lswigchialgveaivenoves so that a |left-side stage block is
i nterposed between the air source 11 and the gas suction valve 51. In this
case, contifaog5tlo the above, air fromthe air source 11 is transferred to
the | A-1 chanber of the gas suction valve controlling valve 55, and air
fromthe 1B-1 chBeberddngt lthe gas suctiion valve controlling wvalve 55.i @

rel eased through the left-side stage block and the relief valve 64.
Consequent Fyghtheiggs s¢agdei SAogk Ve DPrmgldy finderRosiess &etveed thhen alg an
open position. [0036] The_ material suction_valve controlling valve 57 has a
structure SPHECEr 1ioaPFe th&s 985 SUGTIPR V8 l¥entlol | LRgthaPvEtats. RéFmal |y,

a right-side stage bl.ock of the material _suction valve controlling valve 57
s’ i bt er poSeam Shfe BTy FOUTSE IdodhSod PISERITENe tinferil SHEHTRSE B ve 49

to therebytﬁé gas suction valve controlling valve 55, while air from a
1A-1 chamber of the gas suction valve controlling valve is
released through the right-side stage block and a relief
valve 64 to the atmosphere. Therefore, the gas suction valve
51 is in a closed condition. 1In response to a command signal
from the controller 15, the gas suction valve controlling
valve 55 moves so that a left-side stage block is interposed
between the air source 11 and the gas suction valve 51. 1In
this case, contrary to the above, air from the air source 11
is transferred to the 1A-1 chamber of the gas suction valve
controlling valve 55, and air from the 1B-1 chamber of the
gas suction valve controlling valve 55 is released through
the left-side stage block and the relief valve 64.
Consequently, the gas suction valve 51 moves from a closed
position to an open position.

[0036]

The material suction valve controlling valve 57 has a
structure similar to the gas suction valve controlling valve
55. Normally, a right-side stage block of the material
suction valve controlling valve 57 is interposed between the

air source 11 and the material suction valve 49, to thereby



pl ace the material suction valve 49 in a closed condition. In response to a
command signal fromthe controller 15 a |left-side stage block of the
material suction valve controlling valve 57 noves so as to be interposed
between the air source 11 and the material suction valve 49. Consequently,
the.material suction valve 49 noves froma closed position to an open
position. [0037] Each of the material di s€harge valve controlling valve 59,
the piston release control valve 61 and the coating gun control valve 63
has a strupflace $hei martetrdatlhsugddoquostailye 4Palive ac @itos@d iapgpdidiivon .55.
Normal Iy, a right-side stage block is |ocated between the air source 11 and
the corredpon@sRgnegl €, at ¢ommanehy igingde firjom ey €omtreldiegsdd . @nditi on.

In response to a _comand signal fromthe controller 15, a |left-side stage
bl ock nmovede§s-gddeo spegei kx &&d ther fiederiRd HctOm Y@We and the
corresponding val.ve, whi.ch thus noves from.a %Josed position to an qpen
position. COBSEPLREGS dedget Rd BOYES 88 aF, Yo% ot s ased hsldtesns the
controlled b% neans ofla t%§j totther by d%sperse ag in a

hi gh- vi sco8ty STHEES art. 88 e E e TS e VEYS fixer 7 be conmpact in

size and have a str ure.whic l.l_.qws n _ea ver,haul . Th re-mxer 7 1is
used if deglopg’&,que é(rifg”f ;%rr]lée, m&%e orm (ﬁuggelé)%f S%énl'l%r?g 4'r(%eln\osvefr :fI‘r%énqLﬁ red to be

obt ai ned. Eggégh %%sition to an open position.
[0037]

Each of the material discharge valve controlling valve
59, the piston release control valve 61 and the coating gun
control valve 63 has a structure similar to the gas suction
valve controlling valve 55. Normally, a right-side stage
block is located between the air source 11 and the
corresponding valve, to thereby place the valve in a closed
condition. In response to a command signal from the
controller 15, a left-side stage block moves so as to be
interposed between the air source 11 and the corresponding
valve, which thus moves from a closed position to an open
position.

[0038]

Regarding the pre-mixer 7, rotation of the mixer is
controlled by means of a motor, to thereby disperse a gas in
a high-viscosity material. It is preferred that the pre-
mixer 7 be compact in size and have a structure which allows
an easy overhaul. The pre-mixer 7 is used if desired, when
fine, uniform closed foaming cells are required to be
obtained.

[0039]



The di scharge device 9 conprises a valve HV2, a pressure sensor 65 and a
coating gun 67. The coating gun 67 is controlled by neans of the controller
15 of the control device 17 through the coating gun control valve 63 of the
el ectromagnetic directional control valve 19. Information of the pressure
sensor 65 is output to the controller 15 and based on the information of
the pressure sensor 65, the controller-1%8centrols the valve HV2 and the
coating gun control valve 63. Wth this arrangenent, the coating gun 67

di scharges a m Xirnee diavhag g RV ICRNY eoapFided f&d RRllwe divgpersed therein
under desired pressure with predetermned timng. Wien the mxture in a

conpr essed pieaismiries gerlsmasébd ardl & wijaecing guat osph@hiec cpaeIsy gunt 6 gas
in the high- viscosity material expands, to thereby obtain a foam of the

hi gh- vi scodist yomeirerlilald bWomestepife, thes cidwe lilerFilgh dif théecamatolhg gun
67 is used for formng string-like foam ng beads 68 on an object 66. [0040]
Ref erring tdevRiogs 172 tharaugh £hejeenating gun saprowivdilve eghraf tthen
operation of the nixinq{sup_ly device 3. [0041] First, at an initial value,
t he pi st oneg@atrepagnetic digaatdenal i iredervaloiantl? and nfeamgitdosn of
portion 37a_is in contact with an inner wall end portion of the cylinder 27
on the | effePFESSPLS FNBEOLP] Hat FHPWagstithe Goridiueeof15 ¢ PG hanber
41 forned %p t?e gylinder 7 is zero. At this initial value tge

i nt er nedi at®@ % ga i’d’rﬁod‘:f‘“att}?é’n e o MIGRAYRE ASR9T dind trol valve
21 1s Inte%&@ﬁ%%i%%r 15 controls the valve HV2 and the coating gun
control valve 63. With this arrangement, the coating gun 67
discharges a mixture having a gas compressed and finely
dispersed therein under desired pressure with predetermined
timing. When the mixture in a compressed state is released
and subject to atmospheric pressure, the gas in the high-
viscosity material expands, to thereby obtain a foam of the
high-viscosity material. For example, as shown in Fig. 1,
the coating gun 67 is used for forming string-like foaming
beads 68 on an object 66.

[0040]

Referring to Figs. 2, 3 and 4, description is made with
regard to an operation of the mixing/supply device 3.

[0041]

First, at an initial value, the piston portion 37b is
located at the lower point, and the piston portion 37a is in
contact with an inner wall end portion of the cylinder 27 on
the left side in Fig. 2, so that the capacity or volume of
the chamber 41 formed in the cylinder 27 is zero. At this

initial value, the intermediate-stage portion of the

electromagnetic directional control valve 21 is interposed



bet ween the piston punp 23 and the air source of air 11. Therefore, there
IS no communi cation between the A- and S- ports and the Ti-. P- and

T2-ports,

and no air is supplied fromthe air source 11 to the control

chanmbers 43a and 43b. This is the condition of step O indicated in Fig.

(see X

device 17 controls the el ectronmagnetic-de9ectional control valve 21, t
t hereby all ow communi cati on between the A-port and the P-port, and between
t he B-port panshddie the prstor unipoe 3 kd upReraist agmiiy tdomnf 1he
el ectromagnetic directional control valve 21. Thus, air is supplied from
the air somhegefblre,0 ttherecdrst mal comandyeicad3ort recivgdert thdP-pordnd@rel t he A-
port, while air in the control chanber 43b is released to the atnosphere
t hr ough t h@oBtsorandarithet TH -T,.2-Hrorand Cingeguient land ndeaipr sioms@ipieds in a
SO0 as to increase a capacity of the chanber 41 of the cylinder
27, to thefaop tPenariast scurniectlilortd dihse dontited climmimrsA43a dnd s¢3lsuct i on

direction

st roke) .

[0043] After tinme Ti fromthe start of novenment of the piston

3

in Fig. 4). [0042] Subsequently, the controller 15 of the control

(0]

punp

23, the cofhid lig the comdidiion s el ihlingicqated mIRig cohti¥ge ik val ve

57, to theneb¥vopen the material suction valve 49 (see X2 in Fig. 4), and,
after tinelh2

Fig. 4).
cartridge

49 . ﬁ)g. 4, closes the material suction valve 49 (see X3

n

?&rin time T2, a high-viscosity material is supplied fromthe

0447 he chanber 41 due to the suction - 30

Subsequently, the controller 15 of the control device
17 controls the electromagnetic directional control valve 21,
to thereby allow communication between the A-port and the
P-port, and between the B-port and the T2-port, through the
upper-stage portion of the electromagnetic directional
control valve 21. Thus, air is supplied from the air source
11 to the control chamber 43a through the P-port and the A-
port, while air in the control chamber 43b is released to the
atmosphere through the B-port and the T2-port. Consequently,
the piston 25 moves in a direction so as to increase a
capacity of the chamber 41 of the cylinder 27, to thereby
generate a suction force in the chamber 41 (a first suction
stroke).

[0043]

After time T1 from the start of movement of the piston
pump 23, the controller 15 controls the material suction
valve controlling valve 57, to thereby open the material
suction valve 49 (see X2 in Fig. 4), and, after time T2 in
Fig. 4, closes the material suction valve 49 (see X3 in Fig.
4). During time T2, a high-viscosity material is supplied

from the cartridge 29 to the chamber 41 due to the suction



force of the chanber 41 (the first suction stroke). In this instance, the
pressure of the high-viscosity material is 1 to 10 kg/cn2. Normally, the

hi gh-vi scosity nmaterial is supplied at 2 kg/cnR. This is the condition of
step 1 in Fig. 3. [0044] Wien the piston portion 37b of the piston 25 noves
to .the internediate point, the controller 15 controls the material suction
val ve controlling valve 57, to thereby cl3se- the material suction valve 49.
At the sanme time, the controller 15 controls the piston release controlling

valve 61 grbRepeb¥nePehdifde@ 1Pi(¢hen SRk 1dH & rdke@ndneralblke the
pi ston 37 on a side of the control chanber 43 to reliably stop at the

i nter nedi atigspandle ,( I8 ¥Fdsuried ofd)the higniha dobsiacenatidriiasl prefierded
that the el ectromagnetic directional control valve 21 be controlled to

t hereby stap kighemdupmlormdlby ) tloe thnbglc-ont $ods ChynhetedBannils sswpplhed
novenent of the piston 25. Based on tinme T2 until the piston 25 stops at

t he intermedi at ggcmit, Ewmis the Speetordimbyveneftstep 1 hinpFsgon325, an
anount of the high-viscosity material supplied to the chanber 41 of the
cylinder 2100441lbe automatically neasured. A first suction stroke is
effected between tinme X1 and tine X3 in Fig. 4. [0045] During the first
suction stroke oWhgdrithg Pilgéon?pogmkdoncddbr 6ifl éhel pishenRs 25haovalsydoHVl, to
t hereby extrude the high-viscosity nmaterial stored in the cartridge 29 by

nmeans of pPesdbterd@ddiater pohnthe tAier cORMTOd LB 1% i9anALRd & HiRe  extrusi on

by neans of air and the above-nentioned _suction 31
material suction valve controlling valve 57, to thereby close

the material suction valve 49. At the same time, the
controller 15 controls the piston release controlling valve
61 to thereby operate the piston stopping device 31, and
enable the piston 37 on a side of the control chamber 43 to
reliably stop at the intermediate point (see X3 in Fig. 4).
In this instance, it is preferred that the electromagnetic
directional control valve 21 be controlled to thereby stop
the supply of air to the control chamber 43 and stop the
movement of the piston 25. Based on time T2 until the piston
25 stops at the intermediate point, and the speed of movement
of the piston 25, an amount of the high-viscosity material
supplied to the chamber 41 of the cylinder 27 can be
automatically measured. A first suction stroke is effected
between time X1 and time X3 in Fig. 4.

[0045]

During the first suction stroke or during time T2, the
controller 15 opens the valve HV1l, to thereby extrude the
high-viscosity material stored in the cartridge 29 by means
of pressurized air from the air source 11. Utilizing this

extrusion by means of air and the above-mentioned suction



force, the high-viscosity material can be supplied to the chanber 41. Thus,
I n the present enbodinent, to supply a high-viscosity material to the
chanber 41 of the cylinder 27, a method of extrusion by neans of air
pressure is utilized, in addition to the suction force. However, supply of
a hi.gh- viscosity material can be conducted only by neans of the suction
force of the chanber 41. Alternatively,-t3le suction force nay be conbi ned
with a nmethod of extrusion such as that of a nechanical type, an electric

type, a hydobauki,Ccthgpaigh-aisicpRa tysinag eal a@x icauns ben seppliiela & ithder
[ 0046] After |apse of a predetermned tine between tine X3 and tine X4
I ndi cat ed thambgr 41.t hthasntinl tke pbesentrembodimenp| stonsuppegsa control
val ve 61 and stops operation of the piston restraining device 31. The
pi ston 25 highuvtisepsityematetrdailhdoelihegehambes 4 1swodt ithve foyrldmdegai2y,in
t he chanber 41 fornmed in the cylinder 27 (a second suction stroke). During
time T4 unti methedpft entiresdloas byhaeapseofpaiim prelssuges isswdtiildzedal ve 51
is controlled to be open by the %qs suction valve controlling valve 55 of
t he el ect r 8AngAefitdon| tecthgnshuctdon ferogal veoweveEe 39pPly fKi 8 haghance,
due to the suctign force of .the chanber 41 (the second suction stroke), dry
air is supBRPeasttidnieherddd SappPy FORALetsd 9nie PYCHERPSr of1thry air is
suppl i ed through t he gas sucb&on val ve 51 to_the chanber 41 whil e being
mai nt ai nedSBCtAONERIEEPE 188 PEEOGTe 4dy nBLRETRRLERE1Hr eERGr SUESAPROI
valve REQ._ This gas.pressure is Q.to 5 k /cgg. It shoul.d be noted hat a
pressure OFOECEQW%XQP r FOMRAREGu LT PuWFgPQ ofn§&trysion Subh B thal

of a mechanical type, an electric type, a hydraulic type or a

type using an extrusion control cylinder.

[0046]

After lapse of a predetermined time between time X3 and
time X4 indicated in Fig. 4, the controller 15 controls the
piston release control valve 61 and stops operation of the
piston restraining device 31. The piston 25 is further moved,
to thereby generate a suction force again in the chamber 41
formed in the cylinder 27 (a second suction stroke). During
time T4 until the piston reaches the upper point, the gas
suction valve 51 is controlled to be open by the gas suction
valve controlling valve 55 of the electromagnetic directional
control valve device 19. In this instance, due to the
suction force of the chamber 41 (the second suction stroke),
dry air is supplied from the gas supply device 5 to the
chamber 41. Dry air is supplied through the gas suction
valve 51 to the chamber 41 while being maintained at a
predetermined pressure by means of the pressure control valve

REG2. This gas pressure is 0 to 5 kg/cm?. It should be noted

that a pressure of 0 kg/cmzforms an equilibrium state under



at nospheric pressure, and theoretically an expansion ratio of 200%is
obtained. This is the condition of step 2 in Fig. 3. Tine T4 in Fig. 4

i ndi cates a second suction stroke. In a suction stroke, a high-viscosity
material is first supplied to the cylinder 27. This is because if a gas is
first supplied, the gas in the chanber 41 will expand during the suction
stroke, and a suction force in the chanbe32 41 can therefore not be obtained
when a high-viscosity material is supplied. Inthis case, it is required to

conduct pé%ﬁ%%bhé%&@%_x‘e%s&&*ée,r AR 3 hle@re® il 150N @SY S il 1Basid e the
chanber and extrude a high-viscosity material into the chanber. [0047] Wth
| apse of tpoesTIsabbeainkd.gaghsycisobheatyrddbtibs o€l 6sed, 2t ha sagtral.
device 17 controls the | ower-stage portion of the el ectronagnetic

di recti onallimentrdolinv&@livye 21 inidd dasteisntaerspeoad Beictdemn (dtrokia. saurae 11 of
air and the piston punp 23, to thereby allow conmuni cati on between the
A-port andstikéidb- pdrokeand hdigheen sidesiBypoateariclt Hes B-ipwtt .supHidrest or e,
air fromthe air source 11 is supplied to the control chanber 43b through

t he P-port tandheheyBipdetr, 2and Thils iis becasiset did] aclgasbdrs £3xsts rel eased to
t he atnosphere through the check valve 47, the A-port, the Tl-port and the
relief vaI$§P9313Q0n§gGu@ﬁFI}P tthe shamber23 Inmidd iexpanddiduadinothe reduce
the capacity of the chanmber 41 for time T6 in_Fi%. 4 (a pressurizing
stroke), tRUStdORpBEETSkEy ERE yHNGH ohEoTcenidy the 4ﬁﬁm9ﬂr:§§ can

therefore not be obtained when a high-viscosity material is
supplied. In this case, it is required to conduct
pressurization to generate a force for compressing the gas in
the chamber and extrude a high-viscosity material into the
chamber.

[0047]

With lapse of time T5 after the gas suction valve 51 is
closed, the control device 17 controls the lower-stage
portion of the electromagnetic directional control valve 21
to be interposed between the air source 11 of air and the
piston pump 23, to thereby allow communication between the
A-port and the Tl-port, and between the B-port and the P-port.
Therefore, air from the air source 11 is supplied to the
control chamber 43b through the P-port and the B-port, and
air in the control chamber 43a is released to the atmosphere
through the check wvalve 47, the A-port, the Tl-port and the
relief valve 58. Consequently, the piston 25 moves in a
direction to reduce the capacity of the chamber 41 for time
Té in Fig. 4 (a pressurizing stroke), thus compressing the
gas in the chamber 41.

[0048]



When the piston portion 37 of the piston 25 on a side of the control
chanber 43 noves to the prelimnary lower point shown in Fig. 2 and Fig. 4,
the controller 15 controls the piston release control valve 61 to thereby
operate the piston restraining device 31, thus reliably stopping the

pi ston portion 37 on a side of the control chanber 43 at the prelimnary

| ower point (see X7 in Fig. 4). This is-th& -condition of step 3 in Fig. 3.
Wth the lapse of tinme T7 after the piston 25 stops at the prelimnary

| ower point (seewhX8 itheFipdsté)h, poitionnBr7ollfetheb pafs tiohe 2s0in &l sdede ce 17
controls the material discharge valve controlling valve 59, to thereby open
the mat eri alf dihecltangerolalchanerankd moves i fhes tpore Zmimansheldweawer poi nt .
Therefore, during time T8 (during a discharge stroke), a mxture 70 of a

hi gh- vi scopotipt wlopmi din dlid .a gand §'1di .schartded dontore leondih tcort(cslee X8
and X9 in Fig. 4). This is the condition of step 4 in Fig. 3. [0049] As a
hi gh- vi scodibey pigiten gleleasencopddieot yigd veurtdblte tharativalonarate idigack
type curable material can be used. Exanples of such materials include a

t wo- pack t P& R AFSEraFIAT devisifpdlsi rﬁj’% Bl YagerRPRAME & ur i ng
agent, and _one-pack type curabl e materi aﬁ&such as quick-cure

t her noset t PA§ WP @OE Mo 5% & Sds ol iqhamher 4t 3% dh& hane,

and a silyl i.al naterlglls can be

t bl
qui ckly cuPE&?! 13 lrn%%nﬁ"\ ?'-' f 3‘?;& i (%rergg het |Fr?tj’ tﬂu‘su%H&Feéﬁ rge
productivity and &l Balidg 5 the Mepd § or g hatge Bgakinggdeyige 4l 0050] 34

after the piston 25 stops at the preliminary lower point (see
X8 in Fig. 4), the controller 15 of the control device 17
controls the material discharge valve controlling valve 59,

to thereby open the material discharge valve 53 and move the
piston 25 to the lower point. Therefore, during time T8
(during a discharge stroke), a mixture 70 of a high-viscosity
material and a gas is discharged into a conduit 72 (see X8

and X9 in Fig. 4). This is the condition of step 4 in Fig. 3.
[0049]

As a high-viscosity material, a one-pack type curable
material or a two-pack type curable material can be used.
Examples of such materials include a two-pack type curable
material comprising a primary agent and a curing agent, and
one-pack type curable materials such as quick-cure
thermosetting urethane, moisture-setting urethane, silicone,
acrylurethane, and a silyl group containing curable material,
etc. Such materials can be quickly cured at room temperature
or by heating, thus increasing productivity and eliminating
the need for a large heating device.

[0050]



The m xture of a high-viscosity material and a gas discharged to the
conduit is dispersed in the prem xer 7. The gas conpressed in the

hi gh-vi scosity material expands inmmediately after being discharged fromthe
coating gun 67 to the atnosphere, and the high-viscosity nmaterial foans.
Openi ng and cl osing of the coating gun 67 is controlled by the coating gun
control valve 63 of the el ectromagnetic- 8#rectional control val ve device
19. [0051] As has been described above, in the present enbodi nent, a
suction conditi ofhies mjertarat ed ian hilyh -ohisdosi t4]1 maftetdial eyld rdeyas?27, and a
hi gh-vi scosity material is supplied to the chanber 41 using the suction
force. Theddisoharded it thenersusbuily i diswper ssohvianttilenalrdnaixgr pri mary
punp for supplying a high-viscosity material. A high-viscosity material
can be suppfheeda$ compneSsesinia svhe hight wisgsislt dmtanial axpands a
cartridge. Therefore, the present jnvention can be applied to a

f oani ng- i nipmedd adsdar Affen eindAisrPangge oy We maatiing Fudhadd Hei ng
a desired form such as a %ﬁﬂPaCt and sinple packing material, a gasket, a

string-| i ké&PEhjFdEOSBhFF S%0 e DIghWEE CqoH T Bt HOR ¥ O ng a _
190 V1 SCON SR Sl & S A B O YR bl st on 1
FaL et ol TS SR S 0 hil o gt e
directional control valve device 19.
[0051]
As has been described above, in the present embodiment,
a suction condition is generated in the chamber 41 of the
cylinder 27, and a high-viscosity material is supplied to the
chamber 41 using the suction force. Therefore, it is
unnecessary to use a conventional large primary pump for
supplying a high-viscosity material. A high-viscosity
material can be supplied directly from a small and simple
container such as a cartridge. Therefore, the present
invention can be applied to a foaming-in-place apparatus for
coating, injecting or molding a foam having a desired form
such as a compact and simple packing material, a gasket, a

string-like object, and so on.



condition in the cylinder; a step of supplying a high-viscosity material to
the «cylinder, using a suction force in the cylinder generated in said
first suction stroke; a step of stopping the piston after said first suction
stroke; "a step of effecting a second suction stroke in which the piston is
noved in the cylinder after the supply of the high-viscosity material; a
step of supplying a gas to the cylinder, 85ing a suction force in the
cylinder generated in the second suction stroke; a step of effecting a
pressurizing stroke in which the pist@iLimgoved in the cylinder after
conpletion of the supply of the gas, to thereby pressurize the

hi gh-vi scoqitly mRmRtId @ut infiecigas;a anidh Silsfd At eiadd gl avdischar ge
stroke in which the piston is noved in the cylinder after the pressurizing

stroke, t@adshensindlisgissigm themgi Oh-whiscto s tpyi sedrerial redibideapbg i nto
a conduit. [2] A nethod according to claim1l, wherein: 36 said step of
suppl yi ng tnwereld gim \a sooksindemnsateritedrelsy effelictsdction hend | dssclsacge pn
stroke or after conpletion of the first suction stroke; and said step of
suppl yi ng tseidae i ormnptiesiing: t he second suction stroke or after
conpl etion of the second suction stroke. [3] A nethod according to claim1l
or 2, wherein: a step of effecting a first suction stroke in which the
piston is moved in the cylinder so as to generate a suction
condition in the cylinder;

a step of supplying a high-viscosity material to the
cylinder, using a suction force in the cylinder generated in
said first suction stroke;

a step of stopping the piston after said first suction
stroke;

a step of effecting a second suction stroke in which
the piston is moved in the cylinder after the supply of the
high-viscosity material;

a step of supplying a gas to the cylinder, using a
suction force in the cylinder generated in the second suction
stroke;

a step of effecting a pressurizing stroke in which the
piston is moved in the cylinder after completion of the
supply of the gas, to thereby pressurize the high-viscosity
material and the gas; and

a step of effecting a discharge stroke in which the
piston is moved in the cylinder after the pressurizing stroke,
to thereby discharge the high-viscosity material and the gas

into a conduit.

[2] A method according to claim 1, wherein:



said step of supplying the high-viscosity material and said step of
supplying the gas are conducted by pressurization and extrusion, in
addition to the suction force generated in the cylinder of the piston punp.
[4] A nmethod according to any one of clains 1 to 3, wherein: said step of
stopping the piston is conducted by applying a restraining force to the

pi ston and |l ocking the piston. [5] A netdwd according to any one of clains
1to 4, wherein: aratio in which the high-viscosity material is m xed

wth the gas s detarotBedoBy sGpBILahl RACANRGRISGELN NGardas AR [ o (O

the cylinder of the piston punp. _ “according to any one of clains
1to5 Wwash@AuBted Hal tBel FiMItCRUIE N SHPOKECOT taf vt @dni1dt5idH Xad

with the gas is determned by controlling a position at which the pistonis
st opped i nthBefgykitndactibns @itdokedp adfd stopping the piston. [7] An
apparatus for mxing a high-viscosity material with 37 a gas and
transferring theshighstepcogi typpayénigalthei yad wist Bonthetgds.incame i Sing: a
pi ston punp including a cylinder and a piston provided in the cylinder so
as to be reecpndcalcyivoysiireket lvar @fitert lvomplettdonbeifndg hedasenhd o be noved
inthe cylinder in a forward direction to thereby effect a suction stroke,
and noved spcthencgltiro#ter in a reverse direction to thereby
[3] A method according to claim 1 or 2, wherein:
said step of supplying the high-viscosity material and
said step of supplying the gas are conducted by
pressurization and extrusion, in addition to the suction
force generated in the cylinder of the piston pump.
[4] A method according to any one of claims 1 to 3,
wherein:
said step of stopping the piston is conducted by
applying a restraining force to the piston and locking the
piston.
[5] A method according to any one of claims 1 to 4,
wherein:
a ratio in which the high-viscosity material is mixed
with the gas is determined by controlling a pressure of the
gas supplied to the cylinder of the piston pump.
[6] A method according to any one of claims 1 to 5,
wherein:
a ratio in which the high-viscosity material is mixed
with the gas is determined by controlling a position at which
the piston is stopped in the cylinder in said step of

stopping the piston.

[7] An apparatus for mixing a high-viscosity material with



effect a discharge stroke; a high-viscosity material supply device for
supplying a high-viscosity material to the cylinder; a gas supply device
for supplying a gas to the cylinder; a piston drive device for driving the
pi ston of the piston punp; a piston stopping device for stopping the

pi st.on; a valve device for a high-viscosity material for selectively
openi ng and cl osing a passage for commuhization between the high-viscosity
mat eri al supply device and the cylinder of the piston punp; a val ve device

for a gas fogagehae! itrang FAReINYY thRd nighSikEod RS SRR i1 GRRIEH WAt on
bet ween the gas supply device and the cylinder of 'the piston punp; a first
suction st takegaent comprigime:ti on for generating a first suction condition
in the cylinder by noving the piston in the forward direction by neans of
the piston driva gegtor, pamg appllvdiggan egéindercandaadpiisgoal to the

val ve device for the high-viscosity material for a predetermned tine, to

t her eby suppbyitied hinglthel Syddinder38o mmt ¢o dle meampreedlilgh-mavsadds ty
material supply device to the cylinder due to said first suction force; a
portion fothegetingl [theg piilsdopi Hedmgstagigpiteg dovibee mousd sitroppiengliadsirst on
by neans of the piston stopping device after the first suction condition is
gener at ed, 1an@ feryardg digeckdiore tgethegeyr afifeati gh-sMadded tstnaktesrial ; a

second suction stroke control l.ing portion for ]
and moved in the cylinder in a reverse direction to thereby

effect a discharge stroke;

a high-viscosity material supply device for supplying a
high-viscosity material to the cylinder;

a gas supply device for supplying a gas to the
cylinder;

a piston drive device for driving the piston of the
piston pump;

a piston stopping device for stopping the piston;

a valve device for a high-viscosity material for
selectively opening and closing a passage for communication
between the high-viscosity material supply device and the
cylinder of the piston pump:

a valve device for a gas for selectively opening and
closing a passage for communication between the gas supply
device and the cylinder of the piston pump;

a first suction stroke controlling portion for
generating a first suction condition in the cylinder by
moving the piston in the forward direction by means of the
piston drive device, and applying an opening command signal
to the valve device for the high-viscosity material for a

predetermined time, to thereby supply the high-viscosity



generating a second suction condition in the cylinder by further noving the
piston in the forward direction by neans of the piston drive device, with
the high-viscosity material having been supplied to the cylinder, and
appl yi ng an opening conmand signal to the valve device for the gas supply
devi.ce for a predetermned tine, to thereby supply the gas fromthe gas
supply device to the cylinder due to the 3%cond suction force; and a
pressuri zing stroke controlling portion for noving the piston in the
reverse di mateiroalby rizamarheothilghe viissioditydmiaterdeMi Gapply tdweriely to
pressurize the high-viscosity material and the gas in the cylinder; and a
di schar ge $heokgldaderolduendopeatiidorfifet mmatign ferge;ston in the reverse
direction by nmeans of the piston drive device, to thereby transfer the

hi gh-vi scosity nat pprslioanfort kengaolilinghéheypisdon is¢oppdmaddievice
communi cated with the piston punp. [8] An apparatus according to claim?7,
wher ei n: s&pd KitgPpdngc ddiet P ipdioay byl maans widdhec @isfoadAframbind supply
the high-viscosity material to the cyllnder of the piston punp by

pressuri zafP¥Acgndtéetr thicodiTsd Fugtinn gopsiddes decgemaiqtesiclafidn 7 or
8, wherein: said piston drive device serves as sald | ston stopping device.

[10] An apﬁ&PéﬂBg 8eoVailg GeVdcs hog, theehdigh-visgas Yst“lﬂi:“ﬁrll% devi ce

5 UL (4P B TREBRNEER RS, Bl po.NER A A T

generating a second suction condition in the cylinder by
further moving the piston in the forward direction by means
of the piston drive device, with the high-viscosity material
having been supplied to the cylinder, and applying an opening
command signal to the valve device for the gas supply device
for a predetermined time, to thereby supply the gas from the
gas supply device to the cylinder due to the second suction
force; and

a pressurizing stroke controlling portion for moving
the piston in the reverse direction by means of the piston
drive device, to thereby pressurize the high-viscosity
material and the gas in the cylinder; and

a discharge stroke controlling portion for moving the
piston in the reverse direction by means of the piston drive
device, to thereby transfer the high-viscosity material and
the gas in the cylinder to a conduit communicated with the
piston pump.
[8] An apparatus according to claim 7, wherein:

said high-viscosity material supply device is adapted
to supply the high-viscosity material to the cylinder of the

piston pump by pressurization and extrusion.



pi ston punp in which a piston is reciprocally noved in a cylinder to
thereby effect a suction stroke and a discharge stroke, said nethod
conprising: supplying a high-viscosity material to the cylinder in the
suction stroke or after stopping the suction stroke of the piston punp;
effecting a second suction stroke by noving the piston after the supply of
the high-viscosity material; a first stepdof-supplying a gas into the
cylinder in the second suction stroke or after stopping the suction stroke
of the pistlorn purRp; appacatng aceprdfinpr €®sdliadiimng bite 8hi ghetieiaqsity

material and the gas in the cylinder by effecting a discharge stroke of the
pi ston punp, afteaidoppkébnodrdfret deviapplkeroks hlse sgdd, pdfsftect ist@pping

di scharge stroke in which the high- viscosity material and the gas are

di schar geddentieea conduit after the pressurization, thus discharging a

m xture of the high-viscosity material and _the gas dispersed therein; and

f oanmi ng t hd 1Qilxt AReapRasAtESBSFREALRIpitesShpdm I, 1¥hereddi:hod according to
claim 11, wherein: 40 a.ratio in which the high-viscosity material is m xed
with the gas is 88i8r RLFEQLPTAYRt AEVACRy1S Br PRSYMELIC tth®e.g&s supplied to

e | el Slaie PiStan RUIP LSl A atiiod according (o claim iz

9 Txed WL BRRokD SSHCRAGRTAGY KRB OALEDY.Ry RRTLASE Aot (e
piston pump in which a piston is reciprocally moved in a
cylinder to thereby effect a suction stroke and a discharge
stroke, said method comprising:

supplying a high-viscosity material to the cylinder in
the suction stroke or after stopping the suction stroke of
the piston pump;

effecting a second suction stroke by moving the piston
after the supply of the high-viscosity material;

a first step of supplying a gas into the cylinder in
the second suction stroke or after stopping the suction
stroke of the piston pump;

a second step of pressurizing the high-viscosity
material and the gas in the cylinder by effecting a discharge
stroke of the piston pump, after completion of the supply of
the gas;

effecting a discharge stroke in which the high-
viscosity material and the gas are discharged into a conduit
after the pressurization, thus discharging a mixture of the
high-viscosity material and the gas dispersed therein; and

foaming the mixture under atmospheric pressure.

{12] A method according to claim 11, wherein:



the suction stroke. [14] An apparatus for foam ng a high-viscosity material,
conprising: a gas m xi ng/ supply device for introducing a gas into a

hi gh-viscosity material; and a pre-mixer for dispersing the gas in the high-
viscosity material, the high-viscosity material having the gas m xed
therewith being supplied fromthe m xing/supply device, the high-viscosity
mat eri al having the gas dispersed ther<i4® being adapted to be di scharged
and foamed under atnospheric pressure. [15] An apparatus for foam ng a

hi gh-vi scosity nateatab, inCRAHREhSLRE: h@ghagiBtysNgySHARkYidevieemiged
introducing a gas into a high-viscosity material; and a di scharge device
for pressuwirhnghandadi sehdegergihkd bl gbhntiretddnby arptresisalreh@fi et he gas
di spersed therein for foamng, wherein: wusing a piston punp in which a
pi ston is gasi puppalied 40 theveglindercylfi ter ptistohepabp .ef f ect a suction
stroke and a discharge stroke, said gas mxing/supply device supplies a
hi gh-vi scoéi8y ratmethedtaceprdingi hdeelpbimalducwhenesnroke or after
stoppi ng of the suction stroke of the piston punp;, effects a second suction
stroke by novi nglRhgapdstbEShf BEEP. t ReT3LpPI §¥NoVhifR KhghhipBcydscpsity
material; and supRILes a gas .to the cylinder in the second suction stroke
or after Mmaterial is mixed with the gas is determined by controlling a
position at which the piston is stopped in the cylinder in
the suction stroke.
[14] An apparatus for foaming a high-viscosity material,
comprising:
a gas mixing/supply device for introducing a gas into a
high-viscosity material; and
a pre-mixer for dispersing the gas in the high-
viscosity material, the high-viscosity material having the
gas mixed therewith being supplied from the mixing/supply
device,
the high-viscosity material having the gas dispersed
therein being adapted to be discharged and foamed under
atmospheric pressure.
[15] An apparatus for foaming a high-viscosity material,
comprising:
a gas mixing/supply device for introducing a gas into a
high-viscosity material; and
a discharge device for pressurizing and discharging the
high-viscosity material having the gas dispersed therein for
foaming,

wherein:

using a piston pump in which a piston is reciprocally



stopping the suction stroke, followed by effecting, after conpletion of the
supply of the gas, a discharge stroke of the piston punp in which: the

hi gh-vi scosity nmaterial and the gas in the cylinder are pressurized; the

hi gh-viscosity material and the gas are discharged into a conduit after
pressurization in the discharge stroke, thus discharging a m xture of the
hi gh-vi scosity material and the gas dispgrsed therein and effecting foam ng
under at nospheric pressure.

moved in a cylinder to thereby effect a suction stroke and a
discharge stroke, said gas mixing/supply device supplies a
high-viscosity material to the cylinder in a suction stroke
or after stopping of the suction stroke of the piston pump;
effects a second suction stroke by moving the piston after
the supply of the high-viscosity material; and supplies a gas
to the cylinder in the second suction stroke or after
stopping the suction stroke, followed by effecting, after
completion of the supply of the gas, a discharge stroke of
the piston pump in which:

the high-viscosity material and the gas in the cylinder
are pressurized;

the high-viscosity material and the gas are discharged
into a conduit after pressurization in the discharge stroke,
thus discharging a mixture of the high-viscosity material and
the gas dispersed therein and effecting foaming under

atmospheric pressure.





