- 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. BACKGROUND 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/supfPRCRPICARTYION, 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 ROAYENGNYEFHEDr ANDUABPARARUBI THBREFPRNp used in
conventional techniques. Fig. 7 is a timng chart for explaining an

oper at i on THCHNECH: I Lhunp. [0003] In Fig. 5, a gas introducing device 212
conprises two Piston punps 245A and 245B which operate in an alternate
manner. | ®Hhl of the piston punps 245A and 245B, a piston is operated by
means of a nmotor M2A or M2B so as to effect a reciprocal |inear novenment of
t he piston. Thudhe prefentodnventiqn givedias tviedsthahd | foreing 13
thereby effect a suction stroke and_a discharge stroke. The piston punps
245A and DB GFEITheE fRRRF et vt D MRPISADEY ALheEeDonA. A 2

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 M2A 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



1

hi gh-vi scosity material MW 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 batchw se
manner. As shown in Fig. 6, a piston punp 245 conprises a cylinder 451, a
pi ston 452 which fittingly slides in the cylinder 451, and 3 needl e val ves
NV1, NV3 and NV5 provided in the cylinder2451. [0004] As shown in Fig. 7,
in either the piston punp 245A or the piston punp 245B, the piston noves
from a di shhghgeierdsitty matestiadnM¥N@upphue deffirent ian ¢ iahsudiscas isdyr oke.
During this time, after lapse of time Ti' fromthe start of novenent of

t he pi st onmatbeindedhppily devide 29 lopaded, garsd smpypdseds froup@ igads to t he

pi ston punp. Time Ti' is about 1 to 2 seconds. During time Ti'. an inside
of the cyl sngpilyi deviglej @310 larendgdimidualdys umdrddi@es] tsodheafpistdrhe

pi ston reaches the suction end, the needle valve NV1 is closed. Thus, after
conpl et i onpumpshat supriedetermiked mwadilondind@ dfatdhwicd maderext51Ass fill ed
with a gas having controlled pressure. After |apse of tine T3' after the
needl e val $BoNy1insFdldeséd, at Pd SHeadPEMPa|2dS emprEisesp@naylindar Pl s
about 0.1 to 0.5 second. Wth this arrangenent, the needle valve NV1 and

t he need| eavBEFEORVE S 2aMhighe Fdititd@ 9lvo $lEsiasy iepdhesigvllinglesodsily, ang i ng
time T4' during_which the needl e valve NV3 is open, by neans of a screw
pUND T of at PnBPFOdE VavSE A molt HMch NS HPERVIGPd cali EyenaYairdrMISi om
t he high-viscosity material supply 3 device 11 is supplied into the

cyl i nder 45990A}e" to a hi gh

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 NV1 is opened, and a gas is
supplied to the piston pump. Time T1l' is about 1 to 2
seconds. During time Tl1l', 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



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 aratio equal to a pressure ratio between the high-viscosity
material and the gas. Consequently, a volune of the gas becones
substantially negligible. [0006] After |apse of tinme T5' after the needle
valve NV3 is closed, the needl e valve NV 7s opened. The piston 452 noves
fromthe suction end to the discharge end, thus effecting a discharge
stroke. Tideviée 15 abosuppliedointd theoqﬁliﬁﬂernQSﬁhe bis chargehisgh oke,

t he needle valves NV1 and NV 3 are closed, wth forward end portions of the
needl e val peessiee nef f tehhifhhvaacoahty vateuifiér eat gak baviiageaof the
cylinder 451. Therefore, no dead space is forned, and the gas and the

hi gh- vi scoredehexrmined presedren vhicbyhpadbeendpredimipsmplyt supplied

di scharged from an opening 454 of the needle _valve NV5. After |apse of tine
T6' after tohplERe onylbRdeReddl schir §empresred ansabZagdeneayadt t8nastroke
is started. Tinme T6' is about 0.1 to 0.5 second. Patent Document 1:

Japanese P%f%ﬁ?u?%b¥?51?1EEFU%GPethﬁbhleg'YéBGSSlFXt@ﬁﬁeﬁéé&néﬁg shejapanese

Pat ent Public D scl osure gg %¥2344 Pat ent Docunent 3: Jaganese Pat ent
Publ i ¢ Di s8f®sure®nsGauentLty;g1a gv RE OIS P S RRERE | FRPStantl LENVS
TO BE SOLVED PY THF | NVENTI ON [ 0007]

negligible.

[0006]

After lapse of time TS5’ 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

i needle valve NV5. After lapse of time Té6' 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



In the conventional foam ng apparatus described above, the cylinder is
already filled with a gas and pressurized before the high-viscosity
material is supplied, thus necessitating use of a primary punp having a

hi gh-pressure transfer and injection function for supplying a high-
viscosity material. Therefore, the foam ng apparatus nust be provided with
a drumor a pail container, and a high-- v scosity material nust be supplied
by neans of a primary punp. Consequently, the apparatus as a whole is

i ncr eased FROBISIME , TABE aGOVED BYSTHE MMANSNTIONOLVE THE PROBLEMS [ 0008]
The present invention provides: a nmethod for m xing a high-viscosity
materi al wWiddo7 gas, using a piston punp in which a piston is reciprocally
noved in a cylinder to thereby effect suction and di scharge, said nethod
conprising: a stlep thie efdneentgmmlf ifetmisur tappard tukede scmibed dtheve pi st on
is noved in the cylinder so as to generate a suction condition in the
cylinder; thestayplisfdesupid yagpadhi ghlled cobth ya ngaerand poesserizgdi nder,
using a suction force in the cylinder generated in said first suction
stroke; abafqreftha dpighg/iseopity oratdrial sk$ dsippbieducthon stroke; a
step of effecting a second suction stroke in which - 5 the piston is noved
in the cylneffgsidiateing eseuphly PFindey DPugh-Raetogiayhhghepressugest ep of

supplying a gas to the cylinder, using a
transfer and 1nject10n 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

[oo08]

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



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 material and the gas; and a step of effecting a

di scharge stroke in which the piston is noved in the cylinder after the
pressuri zing stroke, to thereby discharge-the high-viscosity material and
the gas into a conduit. [00091 The present invention also provides: an
appar at us ther piistiong ia iogledv it adiet ylEn@eralaftierh the gagpping df attsd erri ng
the high-viscosity material m xed with the gas, conprising: a piston punp

i ncl udi nghd ghyviirsebers idiyd ma teirsitadn  provided in the cylinder so as to be

reci procal ly novable therein, the piston being adapted to be noved in the
cylinder in a fostepdodi sappilydngoat gaseltp &hleectyldngieat,i arsigtg gke, and
noved in the cylinder in a reverse direction to thereby effect a discharge
stroke; ashicFion Feasiet yindther iclindey wederaded dm sipsplségrnd suction

hi gh-vi scosity nmaterial to the cylinder; a gas supply device for supplying a
gas to th&tr@Keinder; 6 a piston drive device for driving the piston of the
pi ston punp; a piston stopping device for stopping the piston; a valve
device for a hi ghsSkrdcosi effpetdngap Paessurizing 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;



sel ectively opening and closing a passage for comuni cation between the

hi gh-vi scosity material supply device and the cylinder of the piston punp;
a valve device for a gas for selectively opening and closing a passage for
comuni cati on between the gas supply device and the cylinder of the piston
punp; a first suction stroke controlling portion for generating a first
suction condition in the cylinder by no%ing the piston in the forward
direction by neans of the piston drive device, and applying an openi ng
command si gnal atpis$benvatireedédevieefbortdeivigd- thecpsstynmatethal for a
predetermned tine, to thereby supply the high-viscosity mterial fromthe
hi gh-vi scpéstgnnpueepial supply device to the cylinder due to said first
suction force; a portion for controlling the piston stopping device for

st oppi ng the piatPhsbyn nebeRPHRIt Geviret BArssbppbhnd thei péshbner the first
suction condition is generated, and closing the valve device for the

hi gh- vi scosi ty #ef@lval denicechns aukigbnviseerdt¥omaEeriphgfpsrtion for
generating a second suction condition in the cylinder by further noving the
pi st on i nSehectiyadY doBrRrERgi BRALGLAREARS AoPasEadIBi §0&n COPMyaigariion with
t he high-viscosity materjal = having been supplied_to the cylinder, and

appl yi ng Qﬁtﬂﬁ%ﬁiﬁbe hoAhardssrgAily PétﬁﬁéasaFVBpégvﬁéglF@raPﬁetéﬁs suppl y
device 7 for Bre etermned tine, to thereby supply the gas fromthe gas
suppl y de9¥£én$% t A& EYPi REEFCBUBUMB t he second suction force; and a

pressurizing s;rqge gon ro&lin ortion ar ggxgggivgge gigkgg ignghe

reverse directidn'®y ﬁnéﬁg of ?ﬂg Bi 988n Yy op g
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



drive device, to thereby pressurize the high-viscosity material and the gas
in the cylinder; and a discharge stroke controlling portion for noving the
piston. in the reverse direction by neans of the piston drive device, to
t hereby transfer the high-viscosity material and the gas in the cylinder to
a conduit comunicated with the piston punp. [0010] The present invention
further provides: an apparatus for foam ny a high-viscosity material,
conprising: a gas m xing/supply device for introducing a gas into a
hi gh- vi scosizt ya nertede térmibmeld at jme; ntxethéoebyi sppp 3y nghé hgagasrom the hi gh-
viscosity material, the high-viscosity material having the gas m xed
t herewi t h 48 rupRidp| dedi¢e obo t Blee nexX1 tgdeup@ne tdetheesecbmdhsghtiyoscosity
mat eri al having the gas dispersed therein being adapted to be discharged
and foamedaRrRer ardnospheric pressure. [0011] The present invention further
provides: an apparatus for foam ng a high-viscosity material, 8 -
conpri sing: a gds RESESHY AP 5 ek e CInkrehl knglurentien gier imeving
hi gh-viscosity material; and a discharge device for pressurizing and
di schar gi nd'® ISR ERYsTeVeREe et 1 B8CHAOR NBY t HeaRasofi EherBEdtoRher ei n
for foam ng,
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.
[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,
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wherein: wusing a piston punp in which a piston is reciprocally noved in a
cylinder to thereby effect a suction stroke and a discharge stroke, said
gas m xi ng/ supply device supplies a high-viscosity material to the cylinder
in a suction stroke or after stopping of the suction stroke of the piston
punp; effects a second suction stroke by noving the piston after the
supply of the high-viscosity material; -ared supplies a gas to the cylinder
in the second suction stroke or after stopping the suction stroke, followed
by effectigHiprafdifg: conpl etion of the supply of the gas, a discharge stroke
of the piston punp in which: the high-viscosity material and the gas in the

cylinder are praegss mdednd/aigpigh-aswieesifior nfd@iciany 4 hfagants &

di scharged into a conduit after pressurization in the discharge stroke,

t hus di scharglingiscosxtywmatdride; hamgh- vi scosity material and the gas

di spersed therein and effecting foam ng under atnospheric pressure. EFFECT
OF THE | NVENTI Od diGrhargéc clendiary fiar tgre gswmsiening ramshtdischargimnd i tdre
condition 9 is fornmed in the cylinder, and a high-viscosity material is
suppl i ed ihditgh-tvies aog it ava ter gl shaving etheagess odispeesedr thatebm Hor
extruding force, in addition to a suction force. Therefore, wthout using a
| arge del iffe@mingunp for supplying a high-viscosity material, a

hi gh-viscosity material is directly supplied, by means of pressurization or
ext rusi onWheIsAm: smal | and sinple tubul ar contai ner such as

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



a cartridge, or a flexible bag-type container. Thus, an apparatus as a
whol e can be reduced in size and cost. [0013] A punp nmay be added so as to
supply a high-viscosity naterial to the cylinder. A high-viscosity materi al
can be injected into the cylinder under relatively | ow pressure.

Therefore, as a high-viscosity material supply device, an extrusion type
device is enployed, so as to apply a presswe or an extruding force to a
cartridge container or a flexible bag type container. BRI EF DESCRI PTI ON OF

THE DRAW NGS £d A id Rige é‘i}lﬁh@er 1 45d 8 ChigHL{i6E88E 89 ﬂnaﬁiéfé%l Ngsa main
part of a foami ng apparatus 1 for a high-viscosity material [Fig. 2] Fig.

2 is a Cirsupdl BRe | tik Cofl NPaer des ahd @f51mﬁﬁefﬁaahggoﬁpparatus 1.
[Fig. 3] Fig. 3 is a diagramindicating an operation of a piston punp.

[Fig. 4] Fhesdutrszéatiom oy eberidbxgl forcag an ageiaionntefa thetpbat on
punmp. [Fig. 5] Fig. 5is acircuit diagramindicating a - 10 - conventi onal
f oam ng apfared us ThieFiefor®l, Mighdmt isaifg entlaeedt | delal veatevpunipli @t | Ng a
structure of a conventional piston punp. [Fig. 71 Fig. 7 is a timng chart
i ndi cati ngsuwplypingita dnighi - viasconient habetipl st @anhpahpy i EXSEAMATI ON OF
REFERENCE MARKS [0015] 1 foam ng apparatus

material is directly supplied, by means of pressurization or

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

i [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



3 m xing/supply device 5 gas supply device 11 source of air 13 piston drive
device 15 controller 17 control device 19 el ectromagnetic directional
control valve device 21 electronmagnetic directional control valve 23 piston
punp 25 piston 27 cylinder 29 cartridge 31 piston stopping device 33 val ve
device for a high-viscosity material 35 valve device for a gas 37 piston
portion 39 shaft portion 41 chanber 431Bontrol chamber 45 check val ve -
11 - 47 check valve 49 material suction valve 51 gas suction valve 53

mat eri al digotearigieoneal vieodhigmsappatatomns val ve control ling val ve 57 materi al
suction valve controlling valve 59 material discharge valve controlling

val ve 61 [Fig.orf ¥ éliensed conta of rant \eedBienat i wieyubndbeatbhgval ve

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 valve



65 pressure sensor 67 coating gun HV1 valve HV2 valve REQ pressure contro
val ve REG3 pressure control valve REG pressure control valve BEST MODE
FOR CARRYI NG QUT THE I NVENTION [0016] Fig. 1 is a circuit diagram
indicating a main part of a foam ng apparatus 1 for a high-viscosity
material. Fig. 2 is a circuit diagramindicating a detail of the foam ng
apparatus 1. Fig. 3 is a diagramindicatilng-an operation of a piston punp
23. Fig. 4 is atimng chart explaining the operation of the piston punp
23. [0017])4Redgeek Ngai®e Figs. 1 and 2, the foam ng apparatus 1 conprises a
m xi ng/ supply device 3 for introducing a gas into 12 a high-viscosity
materi al, @ pheterx&l JuéPiodi $aRYEIiNg a gas in a high-viscosity material,
the high-viscosity material having the gas m xed therewith being supplied
fromthe %ixgag/ suppilyndexice 3, and a discharge device 9 for pressurizing
the m xture having the gas dispersed therein and effecting foam ng. [0018]
The m xi ng33uppteritleli desdhasgasedlffer m xing a gas into a high-viscosity
material and transferring the high- viscosity nmaterial nmxed with the gas.
[ 0019] 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

HV1 valve

HV2 wvalve

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



.

As shown in Fig. 2, the m xing/supply device 3 conprises a piston punp 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 punp 23, a p2ston stopping device 31 for
stopping the piston 25 by applying a restraining force to the piston 25, a
val ve devigLeni @3- Ficds Nty inatt SE0S1 | Ya BtSIth Bxer Wi £6r OREHSe BE 1 £4 0§ €§ad
passage for commrunication between the cartridge 29 and the cylinder 27 of
the pi st onipuhidh-ai sd e ylavd eer 301 f othé h D@ts- v 641 Ppensterigl oses a
passage for conmmunication between the gas supply device 5 and the cylinder
27 of the haptigionchinm ised theoswith Beingesdppli&@20tomheheont r ol
device 17 controls the piston drive device 13 13, the valve device 33 for a
hi gh- vi scositingvduwrplat ,déviece V3 vandlevi @esYbatge @degbse 09 foe gas supply
device, and the piston stopping device 31. Thus, during a suction stroke of
t he pi st orpyREgNRZ org afiemidtmienchafingetbeicgamndsspekeedf theheipi sndn
punp 23, a high-viscosity material is supplied to the cylinder 27,
utilizing effretinh foaminga vacuum force) generated in the cylinder 27,
and after the high-viscosity material is introduced to the cylinder in a
predet er m QL8 hrount, the piston 25 is noved to thereby effect a second
suction stroke. During the second suction stroke or after the end of the
suction stroke, Breyasiiing/ Hmnlst dovidfe 3 cig iwerRe Dor mi¥ingiagdas suction

force (a vacuum force) . ] ]
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



- |

generated in the cylinder 27, and after the conpletion of the supply of the
gas, a discharge stroke of the piston punp 23 is effected for

pressuri zation, and the high-viscosity material and the gas are di scharged
into a conduit. [0021] The piston punp 23 effects a suction stroke according
to.-the novenment of the piston 25 in a forward direction in the cylinder 27,
and effects a discharge stroke by novemreaB -of the piston 25 in a reverse
direction in the cylinder 27. The piston 25 conprises a pair of piston

portions 3y3slikablyivdi soesed 389 6 £YhigWeriddobNtd hhdebdaii ofheand

gas-tight manner, and a shaft portion 39 connecting the pair of piston

portions 3aldXeiPrBEdBPOfdt 08 $d& @ﬂdtﬁ@egégai;ﬁ%pwt&@ﬁi§8, e tige @
chanber 41 in a left-side portion (as viewed in the draw ng) of the

cylinder 2gisfor hetdppming @enPce 331t 0 Mhisch dwhianber udt P Vd 5661 tof
material and a gas are supplied. 14 The other piston portion 37b defines,
in a righttlse deiposn i pump (23 ot eaEtlet Nthdeend avf nghe ofutheonyktndre of t he
pi ston punp, a pair of control chanbers 43a and 43b of the piston drive
devi ce fortkeé fpidtony pwop p2dcad hmbgkerenscosithempterbval is sshpllieddbeonot ed
that the piston punp 23 may have the sane structure as a conventi onal

pi ston punpheuehlzdenal7 showbhliningi g. secti0022prFae(gavaciuugef@fceé dr
supplying a high-viscosity mterial has a supply opening at one end

t hereof . TRNeUREY impdre ngyisndenndét eandoafherchhabhigivikacoaghya
conduit. In this enbodinent, a high-viscosity material in the cartridge 29
is suppli eBrERridk thakbe¥roduced peetRerf¥hingdarahd 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.



extrusion in addition to a suction force generated in the chanber 41 fornmed
in the cylinder 27 of the piston punp 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 | ow pressure resistance can be used. In this enbodi nent,
to enable a high-viscosity material steréd in the cartridge 29 to be
snoothly supplied to the chanber 41, the other end of the cartridge 29 is

connect ed Tie astisdr pidtdicepdidtids ITBASEEnOF , PILSSE WrEght hs Dag@hpervabye HV1
and a pressure control valve REG4. Wth this arrangenent, even a nmateri al
havi ng an (a4 reisted hhghthé s@pawiygfaofbehenplydyiadeas of hihgh-pdi ssteasigump ,
material. However, if air fromthe air source 11 is used, the pressure of

ai r suppl iepdiomf heorai rol schamzedd 43atdmed cé3b rofigeh€pistomtdreveired to
be high, - 15 since a suction force of the chanber 41 is utilized for

suppl yi ng dewide divwistihedtingrateciptocdhenevement i ¢f i the uphstessarft to form
the cartridge 29 froma tough nenber having high pressure resistance, which
is increasdtbuld dheanoted Hedighthe \iesten nprep i 23 hayilmgve theasanely | ow
viscosity is enployed as a high-viscosity material, it is unnecessary to
utilize a PrEEEHEE 1S oh AVeRtienabretstepnPunmesuch aputlat 1shovn imis
case, a méﬁrviscosity material may be supplied to the cylinder 27
utilizing¥ftly & suction force generated in the chanber 41 in the cylinder
27 in a suction stroke of the piston punp 23. [0023] The piston drive

devi ce 13 HR%%! t he pi ston 25 of the piston punp 23 in a forward direction
and a reverse dHﬁFction

) e 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. In
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,



in response to a command signal fromthe piston control device 17, and
conprises the air source 11, and an electromagnetic directional control

val ve 21 provided between the air source 11 and the piston punp 23. The

el ectromagnetic directional control valve 21 is connected to one of the
control chanmbers 43 of the piston punp 23 through a conduit, and the other
control chanber 43 of the piston punp-235through anot her conduit, thus
comuni cating the pair of control chanbers 43 with the air source 11 in an
al t er nat e simrmen . sWthon hfsreerafigehenthamberf 4bmishatailizeduEoe 11 is
supplied to the pair of control chanbers 43 in an alternate nmanner, to

t hereby efsuRplyirg ptheahigbversnesbtythatersabn Terefaeheckivalse 45 and a
check valve 47 are provided in conduits connecting the el ectromagnetic
directi onainreggsrrvctovirye Pheagarthbdge s2dnfpompa2goughspenbeyvel y. A
pressure control valve REG 3 is provided between the el ectromagnetic

di rect i ondtacbd rivi g apyressurangeshetangesovpéeh1is Ynereaspfsiar paARgenent,
air is stably supplied to the pair of. control chanbers 43. [0024] The gas
suppl y de\dR@ eYghieh dTer dMteasist) hvringtdrrekp el yaky (528h as dry air)
is connected to the chanber 41 formed in the cylinder 27 of the piston punp
23 t hr oughVLSCRBhYIi 1S ANBLRECHr 8S RIS -VAFGRSREY BaFeTrprdyi dEdibet ween

t he gas sqﬁglg device 5 and_ghe pi st on gugg 23, thus enabling dry air to be
suppl i ed | WBESESHIEY cbAdPELbhZeI i PRPESERBORF n@Rt ©XtREA4Rg SapEryTHEY: ce 5
e oo hle T Peth s e AISL! el o feli i g e
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



[ 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. fromthe control device 17 of a control portion of the piston
stoppi ng device, to thereby stop the piston 25. The piston stopping device
31.has an annular configuration, such as a shape of a bl adder, having a

t hrough portion at the center thereof. -Byétransferring a gas into the

pi ston stopping device 31, the piston stopping device 31 expands to the

central thvalegd POran@nthe® pheteRypunpdpse t8epdtaiveey . ofa theed itaigh
portion. When the gas is released, the piston stopping device 31 returns to
its origicehtshhpeative REGi 3siel psbiLdpaopetiees. thachlacprsmagné¥ic
stopping device is well known, and therefore a detail of an arrangenent of
t he pi stondisteppiomalevoneres waitvéerdli andhehedaaw sgarcéh&lpi swbth st oppi ng
device 31 is fixed in the cylinder in a manner such that the through
portion istllsgmedangeémént heailrriest sbabdy svpphkad 06 the pastronf and the

pi ston stopping device 31 and one piston portion 37b formone control
chanber 43eonthel s¢ladmbeost4dn 39 of the piston 25 extends through the

t hrough portion of the piston stopping device 31. A seal structure (not
shown) is PP®%4Hed between the shaft portion 39 and the through portion, to
thereby prevent air transferred to the control chanber 43a adjacent to the
pi ston st oppi ng & i3S AURRBM dBkERgS t hPeeiyhaa 3paerPreesaednfere shaft
portion 39 and the throu?h portion. A peripheral portion formng the

t hrough pofEPHinSfatG@s plsuch ast 8ppi AT dedPceoBReEkpande thet FBamkesugh
portion in response . to a command signal fromthe control device 17, to

t her eby 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



S R

narrow (reduce the dianeter 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 chanber
41 in a desired anount. That is, by |eckifng the piston 25 at a desired
position, the amount of a high-viscosity nmaterial supplied to the chanber

41 can be stBASIEEAdetitd Nes , we D K tlbwehasge BhéPKEorEYal @6kaNY bheanpi ston
25 at a desired position while a discharge opening of the piston punp 23 is

closed, adtHhyemewsidy R epistodSstbpying @egasenizedmibee@Wihhthd the
chanber 41 can be pressurized to a desired pressure val ue, and can be

mai nt ai nedirdwings sarmhepEistore stadpreing deadidid 130,14 heixeperimphgieal portion
form ng the through portion of the piston stopping device 31 is

di anmet ri calylimddnareda smamset osuchctkasethéetfranghepoptidheishadighed
portion, in response to a conmand signal fromthe control device 17.
Consequentwith the girepghioml opandvement ofiethpe spbateboppndgthbevptstdd i s
separated fromthe shaft portion 39 of the piston 25, to thereby release

t he | ockedstoapniing otevice hal pasd opn@5pisfoR2ppriThenvalbefdemi cre33 for a

hi gh-vi scosity material conprises a material suction valve 49, and a drive
portion 5Corigrolréhamper hé3amt dilieal shaft ipar Uiy 3 AP T rthegpiciizen t26 a
command signal fromthe control device 17. The material suction valve 49 is
provi ded iexterdnduproual Bheathrgeyhipertienmofi Ehei bBhsberwetAPPhRY

cartridge 29 and the chanber 41
, device 31. A seal structure (not shown) 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



formed in the cylinder 27 of the piston punp 23. In a first suction stroke,
when the chanber 41 has been placed in a sufficient suction condition, the
mat eri,al suction valve 49 opens the conduit in response to a conmand si gnal
fromthe control device 17, to thereby supply a high-viscosity material in
the cartridge 29 to the chanber 41, utilizing a suction force generated in
the chanber 41. The material suction-valBve 49 nay be opened in the mddle
of the first suction stroke, or sinmultaneously with the first suction

stroke. Gh&eiNg S&, %ébanm@é@rtﬁéréwgthOﬂnvahaecﬂamBay he capeped i mediately
after the end of the first suction stroke, - 19 or with a tinme lag after

the end opréseutrizéd 6oIChi @8sste@kpresElBE7yaTlie, vahdecdavbee 35 for a gas
conprises a gas suction valve 51, and a drive portion 52 for driving the

gas suctimainvalved5dt i thé esan8spréssareowaRigd. si pnaddd1 ooh hetwont r ol
device 17. The gas suction valve 51 is provided in a conduit (as a passage)
for comupersphenabepseenohhfogmsngupheythdeughepbrandnt b eyiki pdetor7 of
the piston punp 23. In a second suction stroke, when the chanber 41 in the
cyl i nder 2FoppinghdepiséoBlpispd28mbasibathypeatatdged aosakf itoi ent suction
condition, the gas suction valve 51 opens the conduit in response to a
comand sigtréase obhe h@iawatenl ofietheeti¥pugb pohtieby soppegpangaston the
gas supply device 5 to the chanmber 41, utilizing a suction force of the
chanber 44.cdanhmangasigueli bnomathe 8¢ntum9lbéevpened7in Coeseqaeelyf the
second suction stroke. O herw se, the gas suction valve 51 may be opened
i mredi at ethe aperiphepabnpostieheofetbadpiatonoatoppinkedeyicai BA astine | ag
after the end of the second

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. 1In a first

J 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,



suction stroke. [0028] The control device 17 conprises a first suction
stroke control portion, a piston stopping control portion, a second
suction stroke control portion and a di scharge stroke control portion. The
first suction stroke control portion controls the piston drive device 13,
to.thereby nove the piston 25 in a forward direction to thereby generate a
first suction condition in the chanber ¥ of the cylinder 27, and supplies
an opening comand signal to the material suction valve 49 20 for a

pr edet er nomeditthnma pemeodagt afitkeer ¢hy smdplof ahle ghrst soosiion netmakeal in
the cartridge 29 to the chanber 41 of the cylinder 27 under a first suction
force. ThéOpR§tlon stopping control portion controls the piston stopping
device 31, to thereby apply a restraining force to the piston 25 after
generation of tWHbefvaivesdeviicer 86ndpti engasocbhprdlses &t gas maqiiismon 25.
The second suction stroke control portion supplies a conmand signal for

rel ease otaflie Pilst end o driigepiporddost GEpifieF daritvigly gdve igns suaticontrol s
the piston drive device 31, to thereby nove the piston 25 further in the
forward dved¥ei 84 a8 FesSPoRSEe & Osdcoamane isgignadodfdam dhe caHE Thanber 41
of the cylinder 27, with the high-viscosity material having been supplied
to the ch&gydce 4f-ofTPﬁegé9lFHGg%°27Va¢Hé gécéﬁdp§98ﬂﬂ§ﬁ 31 Gk &oaghitol
portion then supplies an opening command signal to the gas suction valve 51
for a pred@SePnmPRe§adene &t ICoMMung caridiodh Pe tHasR Fhe S iSPRINY gas suppl y
device 5 to the chanber 41 of = the cylinder 27 under a second suction force.

The di sch@fgeCestr GRe &bst IIlipaeas Odntthe PIHETHIRWHh 4t i véddévi ce 13,

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 wvalve 49



to thereby nove the piston 25 in the reverse direction and supply the

hi gh-vi scosity material and the gas in the cylinder 27 to a conduit

comuni cated with the piston punp 23. In this enbodinent, the contro
device 17 conprises a controller 15 and an el ectromagnetic directional
control valve device 19. The controller 15 and the el ectromagnetic
directional control valve device 19 pro¥®e the first suction stroke
control portion, the piston stopping control portion, the second suction
stroke cofibrokh poetieterardetih¢idiespeaigd,2io thierelby cupply godriighon. [ 0029]
In this enbodi ment, a discharge valve device 54 is provided in the

di schar gevépensagyomatesipilstion thenpa2lridge 29 tto dpen cwamblesset 1t g

di scharge opening in response to a conmand signal fromthe control device
17. The dtbehavdandezl ¢ wadeseasfizekpsiucddon fwres.al THesphatge val ve 53,
and a drive portion 56 for driving the material discharge valve 53 in
response E§CRPaBANEABtTodnRoTtiom crateedsr ¢ghed@listen BtopRsinhgvdse he
materi al di scharge valve 53 _is closed, the high-viscosity material and the
gas in thélehéﬁbghelfbﬁfaPﬁéY B Feskrgdrgngs fereeptoy dhce Pistom P& ng

di scharged towards the pre-mxer 7 even in a discharge stroke of the piston
punp 23. 2BferedRECHAERE Qifsther §dT5dl $¥CHdPnc £opdition,s topyddgnahy t o

cl ose the discharge_oeenin% of the giston gunﬁ 23 in_a discharge stroke,
and to pr&&8SBr tPe RIALER- ¢PscosNBySCHaRrer FUFtRADi AYT9KEaSOREXEd therewith in
t he chanber 41 to a &esired pressyre val ye until the piston 25 is | ocked in
a desireBOpbiPhi SHPPLILSeRafroMmang Shapadi £2ry HehG@S &t ey SIS i Ped

later) and,mai,nt ain e BiSLqn 252t Lhe
|

ﬁ%??ion, and controls 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



pressure value. This pressurization is carried out so as to prelimnarily
conpress a gas before a subsequent step, because a gas can be easily
conpressed under pressure. By conpressing a gas, the high-viscosity
material and the gas discontinuously supplied to the cylinder in a

bat chwi se manner are al nost conbined with each other in the formof a

m xture. Therefore, after conpression of2ihe gas, when the materia

di scharge val ve 53 opens in response to a command 22 signal fromthe
control de¥rokreléon@irbigbovitseasity material having a gas m xed therewith
can be continuously transferred to the pre-m xer 7 under high pressure.

[ 00301 Théoekedtromagnetic directional control valve 21 of the piston drive
device 13 conprises a 5-port, 3-position swtching valve. Specifically, the
el ectromagneti cIndthiést eohafliment; ok dakebazyecuapresdevicgobids isuch as an
A-port, a B-port, a Tl-port, a P-port and a T2-port, and 3 sw tch positions
such as aprappéedsingéhpodischarge opendmnge difattdes Pdgd oromumm Zéhd so

| ower -stage portion. The A-port is connected to the control chanber 43a

t hrough t B teheprnvarvelere the Biseharge epeRdagedn Fasponsttiola chanber
43b through the check valve 45. The Tl-port and the T2-port are open to the
at nospher €omRaBdgRipeple £ reEl Foe conddipdcidevdioe lfhe PhpofAisrhagdfnected to
the air source 11. Normally, as shown in Fig. 2, the internedi ate-stage
porti on V&lVARt 8PPdSEd HeCRBER1ERE Fi HAdHT dischF aehdaivie sor @4 11, so
as to prevent air frombeing supplied fromthe air _source 11. To effect a
suction sfr8k&VEf PPRE1PPs O8n TPENFTIYING Hbeamiderigdd dinehangs (vadve

CO”T”“iCaggdiﬁiE%s%%%@epﬂﬂfﬁa 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



and the B-port and the T2-port are comuni cated with each other, through

t he upper-stage portion of the el ectronagnetic directional control valve
21. Thus, air fromthe air source 11 is transferred to the control chanber
43a through the P-port and the A-port, and air in the control chanber 43b
is released to the atnosphere through the B-port and the T2-port. To
effect a discharge stroke of the pisten2punrp 23, the 23 A-port and the

Ti -port are communi cated with each other and the B-port and the P-port are

comuni cag £gn ¥4 tPrERCENQL BEAtrol NESYHBL G, | Q‘Aﬁi'ﬁtéﬂg_ceg?ﬁ:&oﬁa%rﬁﬁﬁ

el ectromagnetic directional control valve 21. Tﬁus, air fromthe air source

11 is trapghenges §8simex6QNthete®EAD8AN4BE EBRRYANOLBEy PrAAEEe2REat he
B-port, and air in the control chanber 43a is released ?o t he at nosphere

through the theopieantixéhe7 Tdna@eFthighOPB3dtshhea suction stroke of the

pi ston punp 23, the piston stopping device 31 applies a restraining force
to the pipbtemo]25 to thereby stop the piston 25, so as to | ock the piston
portion 37b on a side of the control chanber 43 at a predeterm ned position

(a first sucti orheteédD&e}romaghétsc diBéehienalt cbhtiol tasuet ponofothe
generated in the chanber 41, a high-viscosity material is sucked into the
chanber 4gistdhededbféecdevibe pBstompsisppi agsdpurte 3ipbelieasas the
restraining force, so that the piston portion 37b on a side of the control
chanber 48wirbeksngovahveppeSpgmificaliopn the dlgetPomaghabiikes agai nst an
inner wall surface of the <cylinder 27 on the right side in Fig. 2, thus
preventi ngitéetipnal onohtoolnvailng 24 sempnilseacbi ponrssr skeh. asnanhi s
instance, utilizing a suction force generated in the chanber

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

i
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 11. 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



ki o b e bt vtk s v

41, a gas is sucked into the chanber 41. [0032] To | ock the piston portion
37 on a side of the control chanber 43 at a predeterm ned position, the

pi ston 25 may be |ocked only by nmeans of a restraining force of the piston
st oppi ng device 31. However, the el ectromagnetic directional 24 control

val ve 21 may be controlled sinultaneously with the operation of the piston
st oppi ng device 31 so as to enable the dhternedi ate-stage portion to be

i nt erposed between the piston punp 23 and the air source 11 and prevent air
from bei AgpsuopphhédtheoTitperai arsogommuhicatedheitbnieaeh otiwheand3. On
the other hand, in a discharge stroke of the piston punp 23, the piston

st oppi ng tlegi Bep8ttsangsthhePppstrinazd bypmmappcpited airtdsteaaihniotdeqrce to
the piston 25, so as to lock the piston portion 37 at a prelimnary |ower
poi nt showhronghFthe 2owerps&sger ppirtigost ef) thien eflieics romsiganedd cal so, t he

pi ston 25 may be | ocked only by neans of a restraining force of the piston
st oppi ng dévectignalHoemtrpl vhéveeRdct rBhagneair fremcthenalircentirck val ve
21 may be controlled simultaneously with the operation of the piston

st oppi ng dévigetzansgenzedotpr dRencoaitrolr chapdeny 43hpphiregalf tde t he air
source 11 to the control chanmber 43. The piston stopping device 31 is
control | eB-B9TkeaRs &het BePprét oandr pi& ifekheecentrod chiambedddiard® , even
in a discharge stroke of the piston punp 23, the piston portion 37 is

| ocked at T&§lepfefi kPnibh¢ [EIMOSDYSLR WEIt®: tHe MtReT &l 2audsthar §é-parte 53
opens. Therefore, a high-viscosity material having a gas mxed therewith in
the chanbéP%31lcan be pressurized to a desired pressure value until the

prelimnary | ower point, and . .
In 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



can be maintained at the sane pressure value. Thus, when the materi al

di scharge valve 53 is opened, the high-viscosity material having the gas

m xed .therewith can be transferred under high pressure. [0033] 25 A mxing
ratio at which a high-viscosity material is mxed with a gas can be
control |l ed, based on a pressure of theﬁg?s supplied fromthe gas supply
device. The pressure of the gas fromt gas supply device is controlled by
the control device. The mxing ratio may be controlled by changing a
posi ti on epvnwmpiéhvahwepdt mayi Hestcomied liedredmel taheous Lyi stidh dtheppi ng
device of the piston punp. The piston stopping device can be controlled by
means of PRETpideBnofdithee Pd&tore stoppriagpdeidiceedlt isat ashgpienabdedrive
device is_capable of serving as the piston stopping device, and an

ar bi t r ar y theadnigrmgdiateas thgeopraition. tPO@@ﬂFnﬂﬁiﬂﬂ&ﬁﬁrhﬂﬁﬂﬁﬁnlﬁ?e
directional control valve device 19 of the control device 17 conprises a
gas suctlBHSWQPvBumEoﬁﬁrépﬁlﬁ@ev§P¥é599r0§ ret &ida [PreyEmtorpia|from
controlling, valve a material discharge valve controlling valve 59, a

pi ston rePEZBE EBHPﬁéﬁdv§F9@ 6hey3d To SO¥ECENd IgFe Bt CONt LR \RhagPerthese
val ves form an |ntegral unit structure. In this enbodi nent, the coating gun

control vAPve @3 tREPHReHMANH, the eﬂéﬁ??@ﬁﬁﬁn%FFekﬂlchFhSnBFSEBHtroI

val ve device 1 as .to reduce an overal l |ze of t aratus However ,
t he coati Rg™ Buﬁ?’co%BFOPl\?gP %?pwgngtevﬁ'é’@e &arsith}’sbg:% d\ﬁtc?é’d 35 Bhe
glag;f' ;,? g}a neﬁllgﬁh glhr e%tels%rllr%llncl%%t folrc\éalt\é)e th%E\f)IlC ’2 Sa,n so S bceo Ql.ro%\f( | ded

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]



el ectromagnetic 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
rel ease control valve 26 61 and the coating gun control valve 63 conprises
a b-port positional swtching valve. [00351 Regarding the gas suction valve
controlling valve 55, a right-side stag® block is normally interposed
between the air source 11 and the gas suction valve 51. In this state, air
fromthe air solrméxingjxatiangtevhiédhta higB-vishasthsy mhterhelgas suction
valve controlling valve 55, while air froma |A-1 chanber of the gas
suction vaiyedcwhthoR| PA§ ¢apveei sontspddsdd PRSEAgRNt Re PREGHUTS @& st age
block and a relief valve 64 to the atnosphere. Therefore, the gas suction
val ve 51the gasasuppiigdcram tbs. Ipk EEPPdis8eVd Ccg -coRRAnBTreFgHER OFfrom
the controller 15, the gas suction_val ve controlling _valve 55 noves so that
a left-sibBesga§etbPBckPPsIPAt EHPBLEdACHeFReds CREtECL1EGuPTe e and the gas
suction valve 51. In. this case, pontraﬂé to the above, §ir fromthe air
source 11COPETPlafAeVeFPed TP tHEXIDD 1T HEALBRY oPet AN §EeL46E: P8n val ve
controllinﬂ val.ve 55, and.air frothget%B-l,chanber of the as suction
val ve confPBPPLRY GaPOE1E40Dns L WBAGE thhr BAGHON AE SEPPELLYsMEFLSHI ock
and the re ig% vaLg? g4.t COn%eq %Qtlé’o hg %as.sg%tion valvg 51 moyes from
a closed ®posPfi BASE8 aRtEBRANESFYILSR. 06351 PERE ORaPiVPy  SHiEt PSRRI ve
controllin al v 7.h a_._structur LmJdar to_the suct.i qn _val ve
Controlliﬁgoégﬁeg éev1%% can Be %oﬂt%oiled %y hea%s o X he plg%on

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



55. Normally, a right-side stage block of the material suction valve
controlling valve 57 is interposed between the air source 11 and the

mat eri.al suction valve 49, to thereby 27 place the material suction valve
49 in a closed condition. 1In 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 2%t erposed between the air source 11
and the material suction valve 49. Consequently, the material suction valve
49 noves 6iloand théosedtpngi gunncontanlopaehvposidt comprfi@esd7h Baporaf the

mat eri al di scharge valve controlling valve 59, the piston release contro
val ve 61 pogithenabaswihyching vehveol valve 63 has a structure simlar to
the gas suction valve controlling valve 55. Normally, a right-side stage

bl ock is [0@3bé&d between the air source 11 and the corresponding valve, to
t hereby place the valve in a closed condition. In response to a conmmand
signal from theRegapding| the 19as aspetion| vielve agenbrotkingveslye 85.t8 be

i nterposed between the air_ source 11 and_the corresponding valve, which

t hus nnveElﬁthth%I6§éaepBéPFFtht8°§Haéb¥nln68§PP§8ﬁ.bF%U@@P kb§ardTng t he
pre-m xer 7, rotation_of the mxer is controlled by neans of a notor, to

t hereby dFSpEFeeld 884 the dafi §HOGLSRo¥PLYemaLeri B . this| StRERS eR1Bd t hat
the pre- mxer 7 be conpact in_size and Eave structure which allows an
easy over h&AM. tRfeapFeSRIkER #1j is,ELanp eHE@ﬁré&,awﬂgﬁl Ehaaberniofor m

closed fogmng cells are required to . .
QHL 8as suct%on valve con ro?ilng 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. In 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 1lA-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



obtai ned. [0039] 28 The discharge 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 electronagnetic directional control valve 19.
Information of the pressure sensor 65 is output to the controller 15, and
based on the information of the pressurékensor 65, the controller 15
controls the valve HV2 and the coating gun control valve 63. Wth this
arrangeneplacehtheombitegiglins@¢tionsvhdvge4 9a im xt wle sk icognd tgas .
conpressed and finely dispersed therein under desired pressure with

pr edet er minedesppnrsagtoWaenomhend stignali f romc diner eonda odtl®re 15 reel eased
and subject to atnospheric pressure, the gas in the high- viscosity materi al
expands, teftheidbystboei hlackoam thet Mateniigh- wusddont wadmeeri al . For
exanpl e, as shown in Fi 1, the coating gun 67 is used for form ng
string- Ilﬁéntﬁaﬁﬂhgg veive 53 @ﬁvaﬁ 69]é@t%GBbe[G@&@Fpﬁéﬁ%}fHQRYQQPIﬁhﬁ;

3 and 4, description_is nmade regard to an operation of the
HIX|ng/suﬁﬁFySGB§P6elé aPGO&EF PﬁF§FlaétS&ﬁﬁ%ﬂ%i%ﬂl“@mﬁﬁe t he piston
portion 37b is located at the | ower point, and the piston portion 37a is in
contact WFPRSSAUPRESY -w&PP BR&egdAdi & C&flotnhé’a(,lﬁq AdeMO¥ESHFTAhE | ef t side

in Fig. 2, 5 at the caﬁa0|ty or volu the chanber 41 fornmed in the
cylinder 2 %°F§ zBPELTAPT iP5 an) RPEPaPOFH] n ‘the internedi ate-stage portion
of the [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]



i

el ectromagnetic directional control valve 21 is interposed 29 between the
pi ston punp 23 and the air source of air 11. Therefore, there is no

comuni cati on 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 chanbers 43a and
43h. This is the condition of step O indicated in Fig. 3 (see X1 in Fig.
4). [0042] Subsequently, the controller 28 of the control device 17
controls the el ectromagnetic directional control valve 21, to thereby allow

conmuni cati on befyeels dditarid Udv Al § Neompr 84 . o apsh Petieen 4he B-port and
the T2-port, through the upper-stage portion of the el ectromagnetic

di recti ongresfiitd WeVsdyes 2 land halSco@ting SgsnPpy | edrHd C&Bé@ﬁ]g&i’%qrsw ce 11
to the control chanber 43a through the P-port and the A- port, ile air in

the controls cdwithesl ¥ed b meawasetl thetdentadIDEPNES ot htREYBoHBE0B- port
and the T2-port. Consequently, the piston 25 noves in a direction so as to
i ncrease alewigpacit ytlofoudie thanbeatfidg ofuh heosytobdealdd, 6Bootheneby
generate a suction force in the chanber 41 (a first suction stroke). [0043]
After tinmellectramdiet st adiredtt ionabiecdntfol heapvst bd. plnforhatidre of
controller 15 controls the material suction valve controlling valve 57, to
t her eby opgre tpreesstees i s¢nseucédd ohs valivpudoté stlee X@onhréilyer4) s, aand after
time T2 in Fig. 4, closes the material suction valve 49 (see X3 in Fig.

4). Duringrased a2, the hinfoynatbent 9f nbherpuéssgreupphsed 661 obhehe
cartridge 29 to the chanber 41 due to the suction

controller 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



30 force of the chanmber 41 (the first suction stroke). In this instance,
the pressure of the high-viscosity material is 1 to 10 kg/cn2. Normally,
the high-viscosity material is supplied at 2 kg/cnZ. This is the condition
of step 1 in Fig. 3. [0044] When the piston portion 37b of the piston 25
noves to the internmediate point, the controller 15 controls the nmaterial
suction valve controlling valve 57, to-tRereby close the material suction
valve 49. At the sane tinme, the controller 15 controls the piston rel ease

control Ii ngsttAdere tifd pOstder operane the st esustePsEngideyice 31, and
enabl e the piston 37 on a side of the control chanber 43 to reliably stop

at the i ntEiewrs ate, pehdite (E€enX3cofimimUcatdion botwdés tHetANCEndi B-i S
preferred that the el ectromagnetic directional control valve 21 be

control | ecbdmtd hei@&byhstDp-, the anpply-pbras; andthe abvntisl sappibed 43 and
stop the novenent of the piston 25. Based on tine T2 until the piston 25
stops at tfhwom nthes neth at@upoe N1 bodthéeceperdl othamhvenend 3aocdndheé3pi st on
25, an amount of the high-viscosity material supplied to the chanber 41 of
the cyl i ndBri7igathdecomdi then i bl $yepe@simétcatedi istFigct Boliseer¥ke i s
effected between tinme X1 and tine X3 in Fig. 4. [0045] During the first
suction st¥mkier 4uring tine T2, the controller 15 opens the valve HV1, to
t hereby extrude the high-viscosity material stored in the cartridge 29 by
means of R®3lrized air fromthe air source 11. Utilizing this extrusion

by neans of air and the above-nentioned suction 31
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 Tl 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, the high-viscosity material can be supplied to the chanber 41. Thus,
in the present enbodinent, to supply a high-viscosity naterial to the
chanber 41 of the cylinder 27, a nethod of extrusion by nmeans of air
pressure is utilized, in addition to the suction force. However, supply of
a high- viscosity material can be conducted only by neans of the suction
force of the chanber 41. Alternatively, gRe.suction force may be conbi ned
with a nmethod of extrusion such as that of a nechanical type, an electric

b P bR 1S (Ve OhaflnckVRE. UEhDO: AP PXLLUBLEA COBRLE) CYE) NIRTs |

[ 0046] After Tapse o redeterm ned t1ne ween tine

| ndi cated {dFhtce 4 thdLOBLALL! 6 Lo CADLAOYSSEDS: thl AbPByiSh cage1CRgl T O
a t he The

val ve 61 and stops operation o pi ston restraining device 31.

piston 25 i@ fg/émer NBYRA11y!0thBeheBY -988@03NE vA maeldidN f1Qr GRippdaiely i N
t he chanber 41 fornmed in thé cylinder 27 (a second suction stroké). During

time T4 undt |2 tibg/ st ornigagkegsheheornRB el oROioH stldpe 19ah FaWct izon val ve 51
is controlled to be open by the gas suction valve controlling valve 55 of
the el ectrpomgneti c directional control valve device 19. In this instance,
due to the suction force of the chanber 41 (the second suction stroke), dry

air is suppliedWHernthe HEStonPPdYL e i BFb Sof othdepishanbes ddvedryoair is
supplied through the gas suction valve 51 to the chanber 41 while being
mai nt ai nedtldd Intgrmeedi 2tal pednpl eshdr eohyrokass 06 tbatpoesstuhe contr ol
valve REQ. This gas pressure is 0 to 5 kg/cnR2. It should be noted that a
pressure afateki@rnfu¢vios walequconbrolbisyatvraluadsl,32o aheoepiecilose
pressure, and theoretically an expansion ratio of

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



SR — RPURURR

200%is obtained. This is the condition of step 2 in Fig. 3. Tinme T4 in
Fig. 4 indicates a second suction stroke. In a suction stroke, a

hi gh-vi scosity 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 chanber 41 can
therefore not be obtained when a high-vi3kosity material is supplied. In
this case, it is required to conduct pressurization to generate a force for

conpr essi F@ricke dae highl-RE s miteradlr udh didipplissdsid et eri al
into the chanber. [0047] Wth |apse of tine T5 after the gas suction val ve
51 is cl enathberh@alconThak, dexi eRelpresshtokmbbigemeaner +ot aa@plgoat i on of

the el ectromagnetic directional control valve 21 to be interposed between
the air sadghe vikcofsidyr matertila to tthen qdianbed3,4 1 oft relyidday 27,
communi cati on between the A-port and the Tl-port, and between the B-port
and t he Papoetthodllod¢r efxaresian Wy aadn®se ofi raisopressiird sissuppiiieked .o t he
control chanmber 43b through the P-port and the B-port, and air in the
control cHanaddi43gn ¢ o diheaseg ttion Horaterws fhwevert hsoppi vt loE @hdédlghval ve
47, the A-port, the Tl-port and the relief valve 58. Consequently, the
pi st on 25vihsgesiity matg¢nigdt icam the raahdis ttdse agepyadin yesng hef ctizrber 41 for
time T6 in Fig. 4 (a pressurizing stroke), thus conpressing the gas in the
chanber 4sudqtdesgitorye \WheFhehehsimhagh 4dor t AdheZnadiveny .pitheosuzdion a si de
of the control chanber 43 noves to the prelimnary | ower
force may be combined with a method of extrusion such as that
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/cmz. It should be noted

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



point shown in Fig. 2 and Fig. 4, the controller 15 controls the piston
rel ease control valve 61 to thereby operate the piston restraining device
31, thus reliably stopping the piston portion 37 on a side of the control
chanmber 43 at the prelimnary |lower point (see X7 in Fig. 4). This is the
condition of step 3 in Fig. 3. Wth the lapse of time T7 after the piston
25 stops at the prelimnary |ower point {see X8 in Fig. 4), the controller
15 of the control device 17 controls the materi al discharge val ve

O”tro"'BQm\é%gYm%fg grte%st-{l‘% ey LRHL E‘t 161 aal dé V%E’J%(ES and

move the pi st over point. during uring a

di schar ge ;5i050ke) ’ob%arfn?étdl”eT%Qso‘lsatﬂbggoﬁhiQQEht be TR 'zallpa@qﬁ% gas is

di scharged into a conduit 72 (see X8 and X9 In

condi ti onpeheStap i4 Mgl @ iRhdiddiO)a Axcdrd %d‘ﬂﬁﬁp%ﬁﬂo]{@.t erfpaly, a
one-pack type curable 'naterial or a two-pack type curable material can be

used. Exgiieta®nofsteke Mt eriigh-S/iigtdsids ddte-RaAcki d yierSuraihsrid@t eri al
conprising a primary agent and a curing agent, and one-pack type curable

mat eri al s tsueheasyquinderc e THiQY MRS eddaisdiriet hanfas M Stirer setting
uret hane, silicone, acrylurethane, and a silyl group containing curable

mat eri al , suplpdiedjchthentgad dlrs than danBdrckly wilrledksfarddadat Bigettsd ure  or
by heating, thus increasing productivity and elimnating the need for a
| ar ge heatsueg idevistaroke)0ZhAd 3 subteian Marree afn atHe glhanits0si 1 ycarat eri al
and a gas discharged to the conduit is dispersed in the prem xer 7. The
gas conpr ¢eheee fioret me thibgh-ohtsdosd wheat ev ihal glexpisswdssity 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 valve 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.

[o048]



I medi ately after being discharged fromthe coating gun 67 to the

at nosphere, and the high-viscosity material foans. Qpening and cl osing of
the coating gun 67 is controlled by the coating gun control valve 63 of the
el ectromagnetic directional control valve device 19. [0051] As has been
descri bed above, in the present enbodi nent, a suction condition is
generated in the chanber 41 of the cylidder 27, and a hi gh-viscosity
material is supplied to the chanmber 41 using the suction force. Therefore,
it IS unnecessafher othisepis tomveot t boml 37 avfetipe i phsyyopudd donra si@el ying a
hi gh-vi scosity material. A high-viscosity material can be supplied directly
froma snedf timel comprel chbambéned3smeonieasta thet prddémimheyeflower t he
present invention can be applied to a foam ng-in-place apparatus for
coating, iP¢betisigowr hbl Bigg A avdnFhavi Ag Shdespnédofidem lSuchnizods
conpact and sinple packing material, a gasket, a string-like object, and so
on. 35 - Cikensisian m&h%@ﬁédCPDFrﬁixVﬁgVa Al ghovitbessbyyoparatealthei t h a
gas, using a piston punp in which a Eiston I's reqigrocally moved in a
cylinder tRlsheRrchgstraeringudevdneand. dkFbBRargélabavdskePréng &beprising: a
step of effecting a first_suction stroke in which the piston is noved in
the cylinde}steraRo¥bigRndraPR & siidei 8f thenarptsali ghambegyUdnaér theg step

of supplying a,high-viscosit material to the_ cylinder, using a suction
force in tPECEIPIRAEY LeWeraPednfn(saedX7f iRsFiGuction TeiBkES the

condition of step 3 in Fig. 3. With the lapse of time T7
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 gquickly cured at room temperature
or by heating, thus increasing productivity and eliminating
the need for a large heating device.

[0050]



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, 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 B#e-cylinder after conpletion of the
supply of the gas, to thereby pressurize the high-viscosity material and

t he gas; and a Shepmiiktefrfec@ifi rag ha gt -schrayoya tSt mte tia Whdrh 4 hgagi ston i s
noved in the cylinder after the pressurizing stroke, to thereby discharge
t he hi gh- discdsirgedrateertited cordivuie igasiispersed comdihé . pfehizene? hod
according to claim1l, wherein: said step of supplying the high-viscosity
mat eri al iThe gasdwompressadielsd itlst sighivisorske matefial egpghdsi on of
the first suction stroke; and said step of supplying the gas is conducted
in the sedomediargliyrafstenieeiorg adissharggd eiron Yie t¢teatbeongusue? i bh
stroke. [3] A nethod according to claiml or 2, wherein: said step of

suppl yi ng thee afimgepliensosiand rdieerhigh dnds ¢es bty snapenial uppiys ng t he gas
are conducted by pressurization and extrusion, in addition to the suction
force genéiPfinddig mnhelasinhd Hie teraping dupudrp. isecoparohl edt bvd
according to any one of clains 1 to 3, wherein: said step of stopping the
pi ston i s BEhARAERDYWHPpHIA P VEELR rad hhgtherekesbremaapesion and

| ocki ng the piston. )
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.



[5] A method according to any one of clains 1 to 4, wherein: a ratio in

whi ch the high-viscosity material is mxed with the gas is determ ned by
controlling a pressure of the gas supplied to the cylinder of the piston
punp. [6:! A method according to any o -of clains "I to 5, wherein: aratio
in which the high-viscosity material is mxed with the gas is determ ned by
controlling a position at which the piston is stopped in the cylinder in
said step of stopping the piston. [7ZLrAMSapparatus for m xing a

hi gh-viscosity material with a gas and transferring the high-viscosity
material mxed with the gas, conprising: a piston punp including a cylinder
and a pilStlon?pmevhdedfpn mthengyd imdgr-wecas ity beteechprotahl y gawvabl e

t herein, . i St bej ed to he ved in the cylin in.a forward
directi&ﬁlqgoetﬁgggg9 é?%%c?ggﬂiﬁ% f%ﬁ”fgggbﬁg,rgﬁép§%$%giYg§§%%96V}ther in
a rever seldindect tonther¢herebieef fectt imrdiagdhdigehstpoekesaad hngtrad scosity
naterialoﬁggggxn gvice for supplying a high-viscosity nmaterial to the

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

drive devi ceaf stedr b¥i agfebeipy s oni oft tshetpiost snropanpn ahpclst ome st oppi ng

device forstoppipg,Lhe; pi ston:, & valve devi ge for a,ploh-yl seosity material
for seléﬁtively openi ng and c?%5|ng a passage ror COMuni Cation bet ween t he
hi gh- visodsittipnmatethal cgupplsr devi ce and the cylinder of the piston punp;

a val ve devi%esgg gas for.sele '%ngigpening and _cl s%ng n@ passage for

[ | ecti
conmmuni cati on betﬁegﬁ ?H%pgﬁén%u%p ngeV|c§S§%5 Fﬁéeréﬁ i ndef“of t he pi ston

punp; 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 1is
conducted in the first suction stroke or after completion of the
first suction stroke; and

said step of supplying the gas 1s conducted in the second
suction stroke or after completion of the second suction stroke.
[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, 1in addition to the suction force generated in the

cylinder of the piston pump.



— )

a first suction stroke controlling portion for generating a first suction
condition in the cylinder by noving the piston in the forward direction by
means of the piston drive device, and applying an opening conmand signal to
the val ve device for the high-viscosirB9-material for a predeternined tine,
to thereby 37_ supply the high-viscosity material fromthe high-viscosity
mat eri al supply device to the cylinder due to said first suction force; a
portion [for éomerbbdli mgceieip stormrst oppi ng dévive toro st oppirminthe piston

by means of theaplston, stopping, dexlce atLer ot be bhtelaskotion sandifion s

generated, and cl osi t he vice for th Vi scos naterlal a
second §@étrémn3@®ok@r@©ﬁU¥dﬂﬁimgqmﬂmkﬁwiﬁoﬁkgeneEQ@lmgstﬁﬁsecond suction

condi tiqm;inat mstﬁgalyg &@Jynq y OV ng the, i | ot 9ﬁew Sihe dgfward

direction by neans of e pi s rlve device, wt hlgh viscosity
mat eri al havﬁngabe@nl@uwpiqﬂedth@ hitdhe vaylciondéy, mahdr appl y$ ngizead opierdi ng

commndt%gggg {9 &Q@ef’ﬂ & t@}yevéo%etro‘irllhg §§?§5199éyoge%’kﬁé3 jor a

predeterm ned tine, ere supply t romthe gas supply device to
t he cyIﬁﬁ@éﬂleduéOtthh@YBE@bndCﬁhdmﬁoplﬁépoepuapd a pressurizing stroke

control ljighg Rofé]é'c%'dfgécé"P&’irﬂ?O%é‘% Ije)o%teogfl 0 Lhgsreverse direction by means

of the plston rive device by pressurize the high- V|sc05|ty
mat eri al andat hetigasniwhide Yy hﬂﬂh‘vuﬂm@satdl@éharg@lst$0kEXQanMQﬂI| ng

por't i on tar 70vi B0l el ol an | khe meyer se.dtpebh on, by, Mmans, of the

pi ston rive device, to y trans er °t viscosity material and
the gagistionhescylomeded tro e onddindegormmunipcdt edemi oh $heppist grie punp.

piston.

[7] An apparatus for mixing a high-viscosity material with a gas
and transferring the high-viscosity material mixed with the gas,
comprising:

a pilston 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;

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

a plston 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
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[8] An apparatus according to claim7, wherein: said high-viscosity materi al
supply device is adapted to supply the high-viscosity material to the
cylinder of the piston punp by pressurization and extrusion. [9] An
apparatus according to claim?7 or 8, whirein: said piston drive device
serves as said piston stopping device. [10] An apparatus according to claim
9, wherein: said piston drive device is a pneunatic type, a nmechanical type
or a hydrapliycthypeigfil]sFosetshah tfeoriaflodmongthehhgbhvi ssoss ity mat eri al |

using a i.St in ' a pi.ston.i.s reciprocal Ly. poved in cyl i nder
to thergﬁgeggggc?H§B%EC?¥€%&£t?%Egméﬁ léngfgcﬁgﬁgggs %6 e?lg%ﬁcfurﬁﬁﬂbd
conpri sifegcesuppl yi ng a high-viscosity material to the cylinder in the

suction strok 1 er oppi t-h tiaon ok .1 he . pisto unp;
cffecting a SecORiSint | on ooy De By Frding e or SBR AP eF Rt e hppl y of
t he hi gteipscosi thenat erdmlhy anddrstofsttép ofissuppbybpgiag gasviog ;ittee

cylinder,jcn Ahe, second, sughd an ot roke G atter stepping, fhe suctign stroke
of the Tpiston punp; a second s ep of ‘pressurizing the high-viscosity
mat eri aldevapd the ghs hnghhel eydsindemanerefflecti ng a di scharge stroke of

the piston pu r tion of the s ly of the gas; effecting a
di schar ge strgﬁse?ékﬁhfgﬁg?%g%ﬁiﬁ@%f%%%gpggenﬁa 8?%5 naﬁgrt%%pﬁggnég%
di schar gedeicntid aucondui tomdierorn hen ghreesylrinzati bp, fthusedi schargitg a

L S e L O S508L L T ol A0 e ool gpstspe e an
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.

[9] An apparatus according to claim 7 or 8, wherein:

said piston drive device serves as said piston stopping
device.
(10] An apparatus according to claim 9, wherein:

said piston drive device is a pneumatic type, a mechanical
type or a hydraul:c type.

[11] A method for foaming a high-viscosity material, 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

method comprising:
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[ _2] A nethod according to claim-1, wherein: a ratio in which the

hi gh-vi scosity material is mxed with the gas is determ ned by controlling
a pressure of the gas supplied to the cylinder of the piston punp. [13] A
met hod according to claim 12, wherein:-38n said first step, a ratio in which
t he high-viscosity material is mxed with the gas is determ ned by
controlling a position at which the piston is stopped in the cylinder in
the suctionssppokeng[d4hidm apparattus rfeorrfiednitngthehighiviscosi thhe

et er | a'suctEBHpE'c%fé‘%e” a%@éerm '}%! téﬁl%'h% gg%‘c%n ?Er&f?érggut% 4% %t% into

a high-viscosity na ar ge device ressurizing
di schar gumg/t he high-viscosity materi al haV|ng the gas dispersed thereln

for foam ngef‘ﬁ’@@é?h??}a usi .&Lpatslto% YR B ebst}na Phgtgps afrer

reci procal ly nove a cylinder to thereby ¢t "a’suction stroke and a
di schar gé&e stippkeg, Oéai@Eg@%ghnvasqﬁsyawpmﬁtdevaée supplies a high-v'-scosity

material to th i n strak r e . .ng_ o t he
suction stro%e%ogg%hgg% 6%%%} (£f a% gngecg%% sﬁ%%?ggk-gﬁ by %roke by
nmovi ng tShae:OpldstsontaMeHUbﬂee supp freof stthephinghtieseosttynmaterkalqf are
suppl i es;a ggs the cylinder in the second suction stroke or after
stoppin% h Fon stroke, followed by effecting, after conpletion of the

supply of the gasona di sghaf ger st swkier iofy tthe pigtomipuppiin whiehial he
high-visgosity gaLefjal,and tNe;8as, | 0 ANe Gyll QgL S8R o P E550Ed 280
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:

a ratio in which the high-viscosity material i1s mixed with
the gas 1s determined by controlling a pressure of the gas
supplied to the cylinder of the piston pump.

[13] A method according to claim 12, wherein:

in said first step, a ratio in which the high-viscosity
material is mixed with the gas 1is 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 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 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



t he high-viscosity material and the gas are discharged into a conduit after
pressurization in the discharge stroke, thus discharging a mxture of the

hi gh-vi scosity nmaterial and the gas dispersed therein and effecting foam ng
under atnospheric pressure. -39 -

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.





