- 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 high-viscosity material and an apparatus therefor.
Specifically, the present invention relates to a conpact and sinple
apparatus for foam ng a high-viscosity material, which is used for
formng a foaned-in-place gasket, fillkng of a void, etc. BACKGROUND
ART [ 0002] Fig. 5 shows a fluid circuit of a gas

m xi ng/ suppl yi ng devi ce of a convestrornacAaom ng apparatus. In this
gas m xi ng/ suppl yi ng device, a gas is introduced into a

hi gh-vi scosity mat eri alFORMINGaMETHOD aaAND ARPARAIUS. THEREFGRI S a front
cross-sectional viewindicating a structure of a piston punp used in
convent i onJAECHIIRALQEEELDFig. 7 is a timng chart for explaining an
operation of the piston punp. [0003] In Fig. 5 a gas

i nt roduci nd %9&}ilce 212 conprises two piston punps 245A and 245B whi ch
operate in an aligrnate nner. I.n each_of the piston punps 245A and

245B, a piston i SABPRFSTY by VRS Do eAakBs of© N Aghath 8oL, £ramigy a
ffect i I, LI f th i .odh th i st

s reci prodid: Yagsen  BF R HHT tne o gBeRERLY wtRoR St on

stroke and 5ei$30a0 96, SEROKSresidif ﬁ!ﬁeﬂ%iﬁﬁ@él%@é N %%a%rteand

i nt erposed between conduits 239A and 244A.
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 conventlonal techniques. Flg. 7 is a timing

\ chart for explaining an cperation 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 2393 and 244A. A



« - 2 - high-viscosity material M supplied froma high-viscosity
materi al 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 batchwi se manner. As shown in Fig. 6, a
pi ston punp 245 conprises a cylinder 451, a piston 452 which
fittingly slides in the cylinder 451, andy;3.needle valves NV1, NV3
and NV5 provided in the cylinder 451. [0004] As shown in Fig.
7, 1neit hehigﬁevﬁ?éééﬁ‘t}?%&”i% v GepRh 85 ORGP BrviltesRicgt on
noves froma discharge end to a suction end, thus effecting a suction
stroke. Durmagethhs $hpPly aidwicd 2n3€ a8l bi §Bs Tduppriva tiiens adlglasof
novenment of the piston, the needle valve NV1 is opened, and a gas is
suppl i ed tosupplpi devicpudl0 aiterdnflividsaabpuinfrédudedanortte pRstbng
time T1', an inside of the cylinder is subject to negative pressure.

[ 0005] pumpgoat af t eredefeqminesh nagdehds ahkatchwish mandert.-heAs
needl e valve NV1 is closed. Thus, after conpletion of the suction
stroke, theSPAYPAEROY1Y heb cy? iRHOMBPYMPs 2P| FREPTHI9F £ FALiREeTngoL-

trolled : ter. | e of ti T3 _aft th I I
NVL 15 of osdPLehEnnstel Bial Jol hInaly Bhiea i Hee T Lirdemddd - oasa
to 0.5 secoqd gﬁ&@ %Qi§e§r§€99ﬁ$ﬁﬁt:uiﬁﬁnﬁgﬁ%k%d%%'gﬁ L ?g§i%§§r 451,
needl e val vé R93“are prevent ed fronfbelng open Simul faneously. rng

time T4' duripggsyhi ch the needle valve NV3 is open, by means of a
screw punp rotatingly driven by the notor MLA, a high- viscosity

material MW from gheshdw - 6@ t7y, ARt 6 tRbr StEW| Yistomd pureued 32

is sUpplied into the cylinder 451. Due to a high pressure of the

hi gh-vi scosithg pakeohapum@ 3B habhlen@iztpnedetves nfran Ppraisraegewkendh

has been prelimnarily supplied into the cylinder 451, is conpressed

in a ratio égual stotioprerdurusataffeagdtingen shethoghstifakssi Pyring

material and the gas. Consequently, a volune of the gas becones

substantial¢yiﬁe§FW§ibP%Fer lapse 'of time T1' from the start of movement
of the piston, the needle valve NV1 is opened, and a gas is
supplied to the piston pump. Time T1' is about 1 to 2
seconds. During time T1l', 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



[ 0006]
cl osed,

After lapse of tine T5 after the needle valve NV3 is

t he needl e valve NV5 is opened. The piston 452 noves fromthe

suction end to the discharge end, thus effecting a discharge stroke.

Tinme T5'

is about 0.1 to 0.5 second. During the discharge stroke, the

needl e valves NV1 and NV 3 are closed, with forward end portions of

t he needl e val ves being flush with an i-nser circecunferential surface
of the cylinder 451. Therefore, no dead space is forned, and the gas
and the higheviscag iy mmppliald fhtd ethd reyiliedey! ubder ol t @ high
conpl etely discharged froman openi ng 454 of the needl e val ve NV5.
Af t er | apsepxdsgunee of6'thef hégheviptesiign mftertialdi scpasgeasingke, a
subsequent suction stroke is started. Tine T6' is about 0.1 to 0.5
second. Patekrdesdiimned Presgpafesehieh dias hasn erplivivaniby Nypplied
09- 206638 Pat ent, Docunent. 2: Japanese Patent Public Di sclosure No.

10- 272344 PREN o STMERECS: 43hpahsEOmRAHREPD PcTRFLC| 838RE Th .2

10-278118 [%Eg%égﬁgqéégiSngt&QQEhgﬁémkiéhf%iécosity material and the

gas. Consequently, a volume of the gas becomes substantially
negligible.
[0006]
After lapse of time T5' after the needle valve NV3 is
closed, the needle valve NV5 is opened. The piston 452 moves
from the suction end to the discharge end, thus effecting a
discharge stroke. Time TS§' 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 f£illed in the cylinder
451 are completely discharged from an openlng 454 of the
needle valve NV5., After lapse of time T6' after completion
of the discharge stroke, a subsequent suction stroke is
started. Time Té6' is about 0.1 to 0.5 second.
Patent Document 1l: 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



PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0007] In the
conventional foam ng apparatus descri bed 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 high-pressure transfer and injection function for supplying a

hi gh-vi scosity material. Therefore, the fgoam ng apparatus nust be
provided with a drumor a pail container, and a high-viscosity

mat eri al MystodigaURBl BRdsBYvEBaRe Rie aNVENTEOY Punp. Consequently,
the apparatus as a whole Is increased in size, and also in cost.

MEANS TO SQlgdn7HHE PROBLEMS [ 0008] The present invention provides:

a nethod for mxing a high-viscosity material with a gas, using a

pi ston punp in wWiInchha postemtienaleciqaming bypapsedsi descrithedddrovieq
t hereby effect suction and di scharge, said nethod conprising:

a step of effeaviligderfissalseady obikliedky tin avigashanieppessonifed
moved in the cylinder so as to generate a suction condition in the
cyl i nder; before thet Biapf viEERFiIngratafiid- viss 6gBPLyChunt BRFAI to the
cylinder, using a suction forge in the cylinder eneraéed in said
first suctiPFFstFdied ng use of 3t RpIHTSRIPH E&Vgﬂé Bi BLER-RF$RFIRI d

first suctipn olfakgna13488: 2bn SHISEL Y ARG hoReghr ke Tn
viscosity material. Therefore, the foaming apparatus must be
provided with a drum or a pail container, and a high-
viscogsity material must be supplied by means of a primary
pump. Consequently, the apparatus as a whole i1s increased in
size, and also in cost.
MEANS TO SOLVE THE PROBLEMS
f0008]

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,

J said method comprising:

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

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

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

a step of effecting a second suction stroke in which



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

hi gh-vi scosity materi al ; 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 pressuri zing

stroke in which the piston is noved in the cylinder after conpletion
of the supply of the gas, to thereby pressurize the high-viscosity
mat eri al and the gas; and a step of effecting a discharge

stroke in WﬂbCFléhsnpi§trﬁlﬂré§ iDad bﬁ}liﬂ@eﬁﬂfﬁlﬁerth%f @pptiBeor the
pressuri zing stroke, to thereby discharge the high- V|sc03|ty mat eri al

and t he gasightoiacesihinatdr3@Q9] The present invention also

provi des: an apparatus for mxing a high-viscosity materi al
with a gas and taassémrafi muppilyihggh- gascosithe matldmidalr , maggdgwit h

t he gas, conpr|3|ng a piston punp including a cylinder and a
pi ston pro¥ugédonnteree cin i e cyddndsrt geherated pitvddle pegondbpuction
therein, the piston being adapted to be noved in the cylinder in a
forward di Fé&PFEA to thereby effect a suction stroke and noved in

the cylind isection to thereby effect
okt ST TS ARy e &1 DTS St BTk 5P RGPy

a high'ViS%ﬁ§EB¥ Egtﬁgﬁéﬁ fﬁ)ﬂﬂéecgiﬁhagfrafter 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;



e

a dés supply devicébfaFuéﬁbﬁ{ying a gas to the cylfhder; - 6 -
a piston drive device for driving the piston of the piston punp; a
pi ston stopping device for stopping the piston; a val ve device

for a high-viscosity material for selectively opening and cl osing a
passage for conmuni cation between the high-viscosity material supply
device and the cylinder of the piston pump, a val ve device for
a gas for selectively opening and cl osing a passage for comuni cation
between the gas syppltbndeviee apditdersy!dndangofnkheRikshoss PHHWD;

a first suction stroke controlling portion for generating a first
suction coptlstémwnpunp £ he cylinder by noving the piston in the forward
direction by neans of the piston drive device, and applying an

openi ng conmand aipgrediont stoppingl ¢eviley e fsdoppliaghitgk- pistosi ty
material for a predeterm ned time, to thereby supply the

hi gh-vi scosity matVé@livel oevafet herh ghldh stighasi tyamaitegaiaduppry
device to the Q¥Iinder due to said_first suction force; a

portion f oPeLBh ?Yﬁ*Xrﬂfﬁﬂﬁ?gpﬁ§ﬂoﬁlSF65%i?@P%ﬁﬁﬂQﬁaqQE'Q§F&HBFﬁ@t%%%
Condi (1 on PECRRHE UG GrB5Rg PRECLATT e e derdes pat Bhe!! "
high-viscog&iyhagge%fzﬁﬁe istog gH@?cond suction stroke controlling

portion for generating a secon ion condition in the cylinder by

further noving tPe;ived Aviikel BErf 8T Y&E e b rROHAN VRY yTBRBAIRG Adie
pi ston drive device, with the high-viscosity material having been

suppl i ed t elbSengya | peyageafbrapphptAgcati ©p ard g ap RN Gasi gapply o
t he val ve device for the gas supply device
device and the cylinder of the piston pump;

a first suction stroke contreolling portiom for
generating a first suction condition in the c¢ylinder 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-viscogity 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 c¢ylinder by
further moving the piston in the forward direction by means
of the piston drive device, with the high-viscosity material
having been supplied to the cylinder, and applying an opening

command signal to the valve device for the gas supply device



- 7 - for a predetermned tinme, to thereby supply the gas fromthe
gas supply device to the cylinder due to the second suction force;
and a pressurizing stroke controlling portion for noving the
piston in the reverse direction by neans of the piston drive device,
to thereby pressurize the high-viscosity material and the gas in the
cylinder; and a discharge stroke gomtrolling portion for
nmovi ng the piston in the reverse direction by neans of the piston

drive devi air ted priedeebymihaast fiie | e hinghrevyssasply tmd efdalerand thhe
gas in the cylinder to a conduit communicated with the piston punp.

[ 0010] The gasesamwplyndenticentéd uthderylgmcieirdése to the swcEphanmttisn
for foam ng a high-viscosity material, conprising: a gas

m xi ng/ supgigraseyiagd for introducing a gas into a high-viscosity
material ; and pre-m xer for dispersing the gas in the

hi gh- V|5005|ty nﬂtBFP&Fur%ﬁ%n%liﬁFQNQS€8§FF91ﬁéP%rP%E %ﬂﬁnﬁﬂj fRE1iggs
m xed t her th .bei ng, sup glled from

I ng/ su Y vi.ce,
the hi gh- vigto&SFofatlr F4P FaVPT ¢ %ﬁ£§°&|g§ewggﬁ %ﬁr%ﬂ?13ﬁ§¢ﬁ6
adapted to fi& Wl Hehacgedgndnd panpd, el 13- RERNRE LR - Pl SSSHMS

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 condult communicated with the
piston pump.
{0010]
The present invention further provides:
an apparatus for foaming a high-visceosity 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,



VD

[0011] The present invention further provides: an apparatus for
foam ng a high-viscosity material, - 8 - conprising: a gas
m Xxi ng/ supply device for introducing a gas into a high-viscosity
mat eri al ; and a di scharge device for pressurizing and

di scharging the high-viscosity material having the gas di spersed
therein for foam ng, wherein: usigg_a piston punp in which a
piston is reciprocally noved in a cylinder to thereby effect a

suction stgﬁﬁgﬁqgﬂn%,discharge stroke, said gas m xi ng/ supply device
supplies a high-viscosity material to the cylinder in a suction

stroke or after gt gaBi A9xPhg}NHPULdeRcal EBke: RtrédecRiPIPHARUTRL0 a
effects a second suction stroke by noving the piston after the supply
of the hi ghriyrseasidoyifgt aatakianndasipplies a gas to the cylinder in
t he second suction stroke or after stopping the suction stroke,

fol |l oned by effeeat digchatyerdeoings doroprebsstuindzingphyd oliddimmring &he

di scharge stroke of the piston punp in which: ] t he _

hi gh- vi scodtiigh-vdiseoisdltyapgtenéaydraving taec gasndéspersedriduenain &or
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 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



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

m xture of the high-viscosity material and the gas dispersed therein
and effecting foam ng under atnospheric pressure. EFFECT OF THE

| NVENTION [0012] - 9 - is fornmed in the cylinder, and a

hi gh-viscosity material is supplied intogthe cylinder using a sinple
means of pressurization or extruding force, in addition to a suction

force. Ther j t;ho usi ar (AVZ=Y VAR -for | Wi a
g vi soacr (romell LADholiSy Mindet 5/ df 4P HIVALF1RUAR: L0 matipbl ot B

supplied, byuppaRs Qhtpr €RSUEYZAESN WHirlKla Binple hEQAS3sMal | and
sinpl e tubul ar container such as a cartridge, or a flexible bag-type

cont ai ner. pimsurdrzazppar atrusxasudindderaegn ihe addduten to sisetdna
cost. [0013] A punp nmay be added so as to supply a

hi gh- vi scosfascevat Eherefere t el hydithderingAahlghoyi debisvany maimgr Eak
can be injected into the cylinder under relatively | ow pressure.

Ther ef or e, SHPRLHTGh 8y hdgBsVi§eamt &Y indtedidmdl-y 2aBsPReViageel®¥ usi on
type device is eml qQyed, _so.as to I ressure_or an_extruding
force to a % é%cgﬁfﬁFﬁZV 6?p£f£?%'xia°c¥r)§'eﬁﬁﬁ P§p8r‘85’ﬁf5+??eﬁ'l_.°n o
BR EF DESCRLETLQNCQF PEDRANNGS L0l Quubh okl Gondalsed SldiOUS!
diagramindicating 4 airn part of a toanm'ng apparatus R o] )

hi gh- vi scosj tah 1EtiRlged! orl Bl 81ef1bTd Had tiype? cohta¥hbrdi AGHAM an
indicating a detail of the foam ng apparatus 1.

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

BRIEF DESCRIPTION OF THE DRAWINGS

‘ [0014]
[Fig. 1] Fig. 1 is a circuit diagram indicating a main part
of a foaming apparatus 1 for a high-viscosity material.
[Fig. 2] Fig. 2 is a circuit diagram indicating a detail of
the foaming apparatus 1.
[Fig. 3] Fig. 3 is a diagram indicating an operation of a
piston pump.
[PFig. 4] Fig. 4 is a timing chart explaining an operation of
the piston pump.

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



[Fig. 3] Fig. 3 is a diagramindicating an operation of a piston
punmp. |[Fig. 4] Fig. 4 is a timng chart explaining an operation of
the piston punp. [Fig. 5] Fig. 5is a circuit diagramindicating a -
10 - conventional foam ng apparatus. [Fig. 6] Fig. 6 is a front
sectional view indicating a structure of a conventional piston punp.
[Fig. 7] Fig. 7 is atimng chart indi€atdng an operation of a
conventional piston punp. EXPLANATI ON OF REFERENCE MARKS [0015] 1
f oam ng appRamAient idndlX FBahShy Phpypaeie 5 gas supply device

[Fig. 6] Fig. 6 1is a front sectional view indicating a

structure of a conventional piston pump.

[Fig. 7] Fig. 7 is a timing chart indicating an cperation 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 wvalve

23 piston pump

25 piston

{ 27 cylinder

29 cartridge

31 piston stopping device

33 valve device for a high-viscosity material

35 valve device for a gas

37 piston portion

39 shaft portion

41 chamber

43 control chamber

45 check wvalve



11 source of -air 13 piston drive device 15 controller 17 control
device 19 el ectromagnetic directional control valve device 21
el ectromagnetic directional control valve 23 piston punp 25 piston 27
cylinder 29 cartridge 31 piston stopping device 33 val ve device for a
hi gh-vi scosity materi al

- 11 -

47 check valve

49 material suction valve

51 gas suction valve

53 material discharge valve

55 gas suction valve controlling valve

57 material suction valve controlling valve
59 material discharge valve controlling valve
61 piston release control valve

63 coating gun control wvalve

65 pressure sensor

67 coating gun

HV1 valve

HVZ valve

REG2 pressure control valve

REG3 pressure control valve

REG4 pressure control valve

BEST MODE FOR CARRYING OUT THE INVENTION
{ [0016]

Fig. 1 is a circuit diagram indicating a main part of a
foaming apparatus 1 for a high-viscosity material. Fig. 2 is
a circuit diagram indicating a detail of the foaming
apparatus 1. Fig. 3 is a diagram indicating an operation of
a piston pump 23, Fig. 4 is a timing chart explaining the
operation of the piston pump 23.
{0017]

Referring to Figs. 1 and 2, the foaming apparatus 1

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



- - T S AN [P - B

35 valve device for a gas 37 piston portion 39 shaft portion 41
chanber 43 control chanber 45 check valve 47 check valve 49 materi al
suction valve 51 gas suction valve 53 material discharge val ve 55 gas
suction valve controlling valve 57 material suction valve controlling
val ve

- 12 -
a high-viscosity material, a pre-mixer 7 for dispersing a gas
in a high-viscosity material, the high-viscosity material
having the gas mixed therewith being supplied from the
mixing/supply device 3, and a discharge device 9 for
pressurizing the mixture having the gas dispersed therein and
effecting foaming.
[0018]

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

[0019]

As shown in Fig. 2, the mixing/supply device 3
comprises a piston pump 23 having a cylinder 27 and a piston
25 reciprocally provided in the cylinder 27, a cartridge 29
as a high-viscosity material supply device for supplying a
high-viscosity material to the cylinder 27, a gas supply
device 5 for supplying a gas to the cylinder 27, a piston
drive device 13 for driving the piston 25 of the piston pump
( 23, a piston stopping device 31 for stopping the piston 25 by

applying a restraining force to the piston 25, a valve device
33 for a high-viscosity material, which opens or closes a
passage for communication between the cartridge 29 and the
cylinder 27 of the piston pump 23, a valve device 35 for a
gas, which opens or closes a passage for communication
between the gas supply device 5 and the cylinder 27 of the
piston pump 23, and a control device 17.

[0020]

The control device 17 controls the piston drive device



59 material discharge valve controlling valve 61 piston rel ease

contr ol

val ve 63 coating gun control valve 65 pressure sensor 67

coating gun HV1 val ve HV2 val ve RE&Q pressure control valve REG3
pressure control valve REGA pressure control val ve BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON [ 0016]

—

- i3 -
13, the valve device 33 for a high-viscosity material, the
valve device 35 for a gas of the gas supply device., and the
plston stopping device 31. Thus, during a suction stroke of
the piston pump 23 or after the end of the suction stroke of
the piston pump 23, a high-viscosity material is supplied to
the cylinder 27, utilizing a suction force {a vacuum force)
generated in the cylinder 27, and after the high-viscosity
material is introduced to the cylinder in a predetermined
amount, the piston 25 is moved to thereby effect a second
suctlon 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 wvacuum 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 plston 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 comnecting 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.



Fig. 1 is acircuit diagramindicating 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
di agram i ndi cating an operation of a piston punp 23. Fig. 4 is a
timng chart explaining the operation of the piston punp 23. [0017]
Referring to Figs. 1 and 2, the foam ng ppparatus 1 - 12 - a

hi gh-viscosity material, a pre-mxer 7 for dispersing a gas in a

hi gh- vi scosjylyy JHRfes" b%tohhﬁoi%ﬂkh Vi-REQRifi% eaBt ehi 3l rf&%%dé‘epo&%&on
m xed therewith being supplTed fromthe m xi ng/ supply device 3, and

di schar ge dew Gelevddoinpr@ss arawing) t b2 thateyEidet RE &h@ @aston pump,
di spersed therein and effecting foam ng. [0018]

m Xi ng/ sup@ ypadaviofe cdnit soliseldahiosrsn 4Gangnd gad bfit btha ﬁ\isﬁbmlm ty
material and transferring the high-viscosity material mxed with the
gas. [0019]detsicshdmr efifBrging, re¢iprdcdingoyepehy dévike Biston. It
should be noted that the piston pump 23 may have the same
structure as a conventional piston pump such as that shown in
Fig. 6.

[o022]

The cartridge 29 for supplying a high-viscosity
material has a supply opening at one end thereof. The supply
opening is connected to the chamber 41 through a conduit. In
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 c¢ylinder 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 tc the cartridge 29 1s not required to be high,



SR
conprlses a plston punp 23 haV|ng a cylinder 27 and a plston 25
reciprocally provided in the cylinder 27, a cartridge 29 as a
hi gh-vi scosity material supply device for suppl ying 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
pi ston 25 of the piston punp 23, a pistonsstiopping device 31 for
st oppi ng the piston 25 by applying a restraining force to the piston
25, a val vesfieyd e shiztfioh Zobt8ho¥ i s®dHaAMbER! Qi ak, wDiCHe®PEHRS OF
cl oses a passage for conmunication between the cartridge 29 and the
cyl i nder 27swpXhiengitdteomipbrpi28osatwalaterdeni.ceTBa&rdfires, gasiswhi ch
opens or closes a passage for conmuni cation between the gas supply
devi ce 5 ardprdressddinder frmothe heapisidae @PmFre®, aahduah ceenbrest
device 17. [0020] . - .13 - 13, the valve device 33 for a
hi gh- vi sco %‘gﬂ%tf@rqhawreﬁﬁéream%lﬂ%ﬁn% $ichr 15 dnsrersehelysdze

ly d d.th t t d 31.. Thu
St on st rik Bt p %sﬁ”gﬁmpe‘“’ xﬁeﬂ'lgpa%%-iaé? CRELRR R 'g”gui‘t.on
P i o) [P MRLAR R DL IR TR hLRLL S, O P2

to the cylinder a suc o ce acuun1 orce

gener at ed lﬁhﬁé@es@éfwck%r u%zlleadaa&@gs&ﬁedy %@ \ék%fﬁ&iﬁg RS 'f%m

is introduced to the cylinder 1 n a predetermn anount he pi ston

25 is novedtie® dihershircRf figct B S@EANEasEGt hOR1§hL Pk My RAtEREal
second suction stroke or after the end of the suction stroke, a gas

i's syppli edndyp Hehesuppllilrdieto2¥he utylimdery 27 sudiii@dngoonky (@ stactilonm
forcé) generated in the cylinder 27, and after the conpletion of the
suppl y of tf@%ge%%@hangéhstqﬂmﬁ 4lhdnpitéeonypinger 327 sin a

effected for pressurization, and the high- V|5005|ty material and the
gas are di F StHokea oo B Pisteompymp 23 The piston punp 23
effects a.stﬁﬁéfﬁ stroke according to the novenment of the piston 25
in a forwar ction in the cylinder 27, and effects a discharge

ol heerY 70V metineobi KigPHALO0. v idL 3. RUSERS b SELLAR 44 defGne

cylinder 27. The rises a pair of i'ons

sl i dabl y dl pp&ﬁﬂ ;sdm g e o Ian%&wazdl aleeétﬂs&a daﬂd %tréu&s@a%ﬁbgleion,

manner , a shaft portion 39 connecting the pair of piston portions
37. e p| siwnrgxpydnsen td/a apfimhhe sheddl Fadn ahe3idebhnComtdianber
41 in a left-side portion (as viewed in the drawing) of the cylinder
27 of the pietigre puhp a2, compwhsed Chardier spuricghlvi,sendiay nmateri al
and a gas are supplied. - 14 - The other piston portion 37b defines,
in a right- %Jr%ﬁetlfﬂﬂﬁtgf@rtl(thglﬂa@%ﬂn@h e Rpdawisdye 8t PHevided ritwesh
t he piston np,. a pair of control chanbers 43a and 43b of the piston
drive devi cgh‘? d?'l"efq”oé’&qendlr éBfipFB%aPlﬁﬁﬂfbrPéﬂp 8‘? th'%he‘pl ston. It

ol e i OB e S5 S o
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 ailr 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



The cartridge 29 for supplying a high-viscosity material has a supply
opening at one end thereof. The supply opening is connected to the
chanber 41 through a conduit. In this enbodi nent, a high-viscosity
material in the cartridge 29 is supplied to the chanber 41 by
pressurization and extrusion in addition to a suction force generated
in the chanber 41 formed in the cylinder;@7-of the piston punp 23.
Therefore, it is unnecessary to apply a high pressure for
transferring,p,oi #h-Ae sl bY s¥BhephAb 39, f@sp%r&we%e. 2. pressure
Therefore, as the cartridge 29, a I'ightwel ght "an |nexpen5|%e
cartridge hgyhtigol QM IRELTSE 8 HESpebaNesd Gt ensed elBctbbSagnetic
enbodi nent, to enable a high-viscosity material stored in the
cartridge 28itectiomibaidntyodupplived2l candeclehaibesotitcet he. otrhisth end
of the cartridge 29 is connected to an air source 11, as a source of
pressure, thhbsghrzanggmenthvaizndsaspakls yurtided dlo whevpaREGAE Wt h
this arrangenent, even a material having an extrenely high viscosity
can be enpl 69Rbreas hamsFsyitscosity material . However, if air from
the air souggﬁﬁé% is used, the pressure of air supplied fromthe air

source 11 t cartridge 29 is not required to be high, - 15 -
since a suction fQrc f chgnmber 41 is utilized for su ying the
i Ghovi scosi Ly s et SHBrEr BPEtee S (it e B dehBrSSHEE L 19k

cart i dge 29:550i % QUON STRADEL KRV DO A0 QYRR £8SitALABGEber

which is increased in size and weig en a material having a

rel atively kowryime®sid treS c§TRhayedzascf tHdpidit%e0piubly 28t €htélgh id
i S unnecessary to utilize a pressure or an extruding force fron1t%e
air source é&dndbiti hiaspeassura Soghrol Sesiel REGaLel sapro@ydd® between
supplied to the cylinder 27 utilizing only a suction force generated
in the chanbbe 9dsisnniy degvilges 27di hhea pistdromwir @de dhushenabling
pi ston punp 23. [0023] The piston drive device 13_noves the

pi ston 25 ofif¥ helhika die PP ligd Ana2f Edkiel AAE&LIn afd Bieverse
direction, in response to a conmand signal fromthe piston_contyrol |
devi ce 17, SRROTDIEHS < e REEarTEDOHr BEVAGe it t Aot AFofEgReERT air
di recti onal 0], val. v ravi de i.f. _soyrce

the pi ston BadCbait TRetE ThaRaRY SCHeRRhIFER LIPSl el ¥R rif 05

i's connect eflot 9+9RE Afont NGL YL 0l chanbers 43 of the piston punp 23
through a conduit, and the other control chanber 43 of the piston

punp 23 thregghsanot her conduit, thus communicating the pair of
control chanbers 43 with the air source 11 in an alternate manner.
Wth this arrangermsntpisdtion fstopptihg devisewWledsl bapabdepplEi efdplypitdiea
pair of control chanmbers 43 in an alternate manner, to thereby effect
reci procal mesénehning fdrcepitst dire2hisporhdTkaty @ dedFeghpogithenk in
vaIvF 47 are provided in conduits connecting the el ectronmagnetic
di recti onal *Teé6RPRPE 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 propertles. Such a piston



- 16 - valve 21 and the piston. punp 23, respectively. A pressure
control valve REG 3 is provided between the el ectromagnetic
directional control valve 21 and the air source 11. Wth this
arrangenent, air is stably supplied to the pair of control chanbers
43. [0024] The gas supply device 5 (such as a conpressor) for
storing a gas (such as dry air) is conpegjed to the chanber 41 forned
in the cylinder 27 of the piston punp 23 through a conduit. A
pressure c I G2 | ravi.ded t S I

device 5 a%ﬂ&{ éj%€§¥§%ggu%% gé}fﬂﬁﬁgﬂgnggﬁiﬁ§88?§8g?%§ﬁ% eeségpFFed
in a stabl Ghddmedt oleh thBi ﬁi@f@t@déﬂ'@gﬁgngt heveas S&Peht 1RV IiGe the
utilizes air fromthe air source 11, and includes a dehum difying
filter for qrewnivtigsy NPhetpi€tdd GBdppanal Bevi®®25] is fixedTh8 phston
stopping device 31 is capable of applying a restraining force to the
pi ston 25 atyldndiegi ded apesnbeonsuch thedpdhee thooaghk opamnichrs iignallignem
the control device 17 of a control portion of the piston stopping
devi ce, to %Wiidy dbp silgpcthenppEimpvameniTiof phet pAstenppndy tdeyipdeten
has an annul ar configuration, such as a shape of a bl adder, having a

t hrough portiBPiRg GF¥icentdr anfHPIgP™ PRRSLER 3Ty EPTFRSMEnt 0 t he
pi ston stoppi evice. 31, .the pj.sto oppi devj c expands to

t he cent ralcocinf}%(?ﬂ'gﬁhﬁg'}jfafoﬁg?o Fﬂﬁlﬁ é‘g’?%:eggfgg?%e?’édioir%}‘ rpg?gf”ﬁez‘r’

t hrough pord,jQn 3 Wign i < Lhe cpLston. i ice
31 returns %%F%ﬁ%? or|SPQEIggga%%r%%%?ﬁﬁﬁﬂ?gkeﬁgs?ﬁ% %%%ﬁéﬁ?%éﬁ%?qgéch
a pi ston -gekhce B10PPANGeAEVd 1581 d three ] hokk NOMEyn AN teRAWRECHBLween
detail of an arrangenment of the piston stopping device is omtted in
the drawi nghe Ehafiti $o@itishopPi &ga e cdrdlighS pbir¥eén | Ntd keddbiynder
in a manner such that the through portion is aligned with the

di recti on girevwerdnerditr affanbeprsd org tded dond rpils thambéo pfianqddaceae
31 and one piston portion 37b formone control chanber 43a. The shaft
portion 39 tof thee Diisdedn sEsPrkRendevidn Gugrome leakbughtipmudhor sbace
t he piston stopping device 31. A seal structure_ (not shown) is

provi ded belSIEeY fdes SRAFEPBPEELIR 38 ARd the ThEsugh PRFtidh, fo

th b t .air .t f dto t trol ch 43 dj t
Lo the pr susr et 60y b ESrh Phg, hE HhrkdoprPaRaRon 43 BdRfeen
th haf t I t j i , i
formng t ne e Askite’ 3¢ LRbIET, P/ nrOubf RIS B0 TeeHlnse

to the through RQmna isAghB8IPERSE £ &dTAFINAeSig8al 7] reMdgeny
control device 17, to thereby narrow (reduce the dianeter of) the

t hrough porddsow Tresiucdeh@hpedi hetat a0y tihen thfrotlBR PosStvh .St 9pASE NQ
device 31 is pressed against the shaft portion 39 of the piston 25,

t o t her eby the lpertiphgirstlopo2Biat af dess ned tposistioppingodesemqerstll Ws by
Iocting the piston 25 at a desired position in a suction stroke, a

hi gh- vi scostussaat @dadnstathbeshappl peetian 3% ofhihbeplgion k% to
desired anount. That is, by Iocking%the piston 25 at a desired

posi tion, tHREEERUMCDT RehPGRLON €T # Masered Pe§hpi?Rd to the

charber ¢4 CaNRBAISAN 8 46U G pad e B ARl Bhsaion,

of the pi st PUREIH $tToR8€0a Rifh INrHAAY MatEREEE ! 8n ve
supplied to the chamber 41 in a desired amount. That 1is, 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 c¢losed, a high-viscosity material



- 18 - having a gas mxed therewith in the chanber 41 can be
pressurized to a desired pressure value, and can be maintained at the
sane pressure value. In addition, the peripheral portion formng the
t hrough portion of the piston stopping device 31 is dianetrically

enl arged so as to increase the dianeter of the through portion, in
response to a conmand signal fromthe_cogtrol device 17.

Consequently, the peripheral portion of the piston stopping device 31
is separatgd fromthe shaft rtion, 39 of .the.piston,25 0,.t her eby
ol oage ¢ NBATHRRAY S dmegn PP ERER S oo erridapt cah e Vol ve
device 33 j I.SCOS terl hSEs ri,al suction
val ve 49, gﬁés%%‘i%\%\eﬁg%t i%lgtﬁxﬁgaf g%é%?%%% e r?glfig?ihgl bgucti on

val ve 49 i fai REPONSE 410 theCQBNRNGres SNt S4B t NenCRAkL Ploklevitee 17.
The material suction valve 49 is provided in a conduit (as a passage)
f or communpéaipdrdietpmren dnheoenlihyi tige ragh tpetdbanber tdd g 1md
in the cylinder 27 of the piston punp 23. In a first suction stroke,
when the chbtoeingldedEisebeadn il ddedetnica B fardiaggeds sot mento
condition, the material suction valve 49 opens the conduit in
response t dnereasmuite digngtetr ofh the threudl nRobiiea.11in resppryeie
supply a high-viscosity material in the cartridge 29 to the chanber

41, utilizRngeBmart§ighalofcemyéher sPREFPh 4978 Charfoer CORSeqRRLLY,
material syction val ve 49 be gpeped_jn the m ddl e aof the fjrst
Suctt on st PBRESTGIBRE TR BETEGG GEnEDR RHECT APRRSG: QRVEFPoRb o3

O herw se, rd ti a 4 e i i |y
after the g%ggf)%ﬁ%ﬁef !n} ﬁh%sﬁc%f\énbé?F%E%@-éﬁQ% %ﬁgwomggﬁﬁe | ag
after the epdrOby e dddSttrHalcRBaSEsRKLL 1P lthe pistohhgsyal ve
device 35 for a gas conprises a gas suction valve 51, and a drive
portion 52[togedri ving the gas suction valve 51 in response to a
command signal fromthe control device 17. The gas suction valve 51
is provided in arsondilivie @@viaepa3sfige)a florghcommemisiayi matbeiaken t he
gas supply device 5 and the cylinder 27 of the piston punp 23. In a
second succpwopriseske magrrialhsuchanhevalive 4P t Rndyd idrdee pprbion hald

pi ston punp 23 _has been placed in a sufficient suction condition, the
gas sucti oh°FafivEving o MateriédnUrt PR Yakforsk ifo T8SPORFRNEC 2

i gnal fromth trol device 17, to thereb | in t
Supply devPeEnen oF KL Hab e SoREFPY SR RGeS Sl | BHeT BREREHH (he
hanber 41, tjon . ened g the i

The second“ieEr et s e Hefage T ACodREEY, (b (T RABHReT £r.

opened | ”n'%ghlﬁhﬁiéfa@:i&?rbéﬂ?eé?ﬂszh%f chRerse§oNsh Siird 11 TH=aker 91

wth atine lag after the end of the second suction stroke. [0028]

The controlsogR¥ACEn 1théE ORI irsRs 27 bEStheUSLs BFn Pungk2IONTH 0L £irst
portion, a piston stopping control portion, a second suction stroke
control pormsticohoansteoki sciterrgechst chlambeond t dhapdre¢domplated finr st
suction stroke control portion controls the piston drive device 13,
t o t her eby smffdcipet psecbippdndif iy, whhe Bateeiabrrudsiogervapye 49
generate a first suction condition in the chanber 41 of the cylinder

27, and supPePEsthf epRtthly HHRRIRPISEgHI 2t GOMMRN hed N TI9R: itBA

valve 49 htrol 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,



- 20 - for a predetermned tinme period, to thereby supply a

hi gh-viscosity material in the cartridge 29 to the chanber 41 of the
cylinder 27 under a first suction force. The piston stopping control
portion controls the piston stopping device 31, to thereby apply a
restraining force to the piston 25 after generation of the first
suction condition, to thereby stop the pigston 25. The second suction
stroke control portion supplies a command signal for rel ease of the
pi ston to bRewptht @nt ShOPIANG A tak BAAL bHNEh&a Nt xeMN tguddts ohhetroke.
pi ston drive device 31, to thereby nove the piston 25 further in the
forward di H@6LI7dn to generate a second suction condition in the
chanber 41 of the cylinder 27, with the high-viscosity nateri al
havi ng been supplhedalye mevdlegnBer £41 af gahecamprisgsr a2 gasThuctiewnd
suction stroke control portion then supplies an opening comand
signal to VR&VEasSlsurR{ oh Vakvre POTtigh gz pif‘é‘éléi%wﬁnrge&%ﬁ (98 SpEMFbEon
to thereby_s ly.,a,gas in the gas supply.device 5 to the chanber 41
of the cyl VRIEP 3% BRQRFSBOMRR did o GEPNORS f STERAL FiRoMy RenSP8E70L r oke
control porst| contr t L R vi.ce o.thereb V.

t he pistond%ggpﬁ ?ﬂé ﬂ%%%ﬁ%% %F?égg?g%&%ﬁ% suﬁﬁlf%gﬁéhﬁﬁg Pv?s%é;gﬁ€%
material a t Qe Ly t i i (g%gn#g ed
with the piqgtso?l Bgémé)a%%) %%n@ﬁ&%gﬁ?ﬁ%ﬁ?é’tf e E:E(%{rﬁro ei?%gg 17
conprises Aew@bbr ol hed ke and 131mea! ot benpBaGghi Scdli el @nal e rol
val ve device 19. The controller 15 and the el ectronmagnetic

di r ect i onalsecontir shcvhbiv esidssiece wh@npthei dieatither f4 1 siin Hhet iceniateoke?
control portion, the piston stopping control portion, the second
sucti on st Pdksheopisbén ppitnp of3 ¢ beendbisted gn a suFficdendkeuction
control portiqgn. [0029 In this enbodi nent, a discharge val ve

devi ce 54 °8NFis¥PRedtRe e HIdRAr yalvpehi mpots the mioadyd Tpdnp 23,
t | t he disch i i t, d

Signal frofCERENEENED of TR F200RE E PR Hat (RO e HR3viCe 144 EO
i i i val dr v ti 6 f

1V ng T hanEapEY] Sl 2L 5 KhE Bds, BURR VDY Ol 1"

signal from ROt I Oht PEVL G 1a7-sué%ibﬂnsoféet@§ &l b e %‘i[.‘ﬁre'ﬂf‘e

.
valve 53 is closed, the high-viscosity material and the gas in
chanber 41 ek tletPbstERIVINRL 2hya bR Bﬁéﬁé&tﬁd KO Mg oH $eBar ged
towards the pre-m xer 7 even in a discharge stroke of the piston punp
23. By neamecohdt hectiek hetgekeval Oeheewise, She idasi sSupassnbiralte 51

cl ose the di scharge opening of the piston punp 23 in a discharge

st roke, andayobpr epsued zEmpediafely aftert pheperd ief theviseromdggyction
m xed therewith in the chanber 41 to a desired pressure value unti

t he pi st onSEFOKE. | BEKEHLR 2 o Wk i428d 3 68Ft Fd ¢rdrofextdifpisecoad
prelimnary Igmer ggi@% described later) and naintain the piston 25
at the sam?'5T&¢88urE™Vafue. This pressurization is carried out so as
to preliniq%bhgx conpress a gas before a subsequent step, because a
gas can be ‘easSil'y conpressed under pressure. By conpressing a gas,

t he hi gh-vi scosi #ye N@42f i+ d%lﬁiéeh§7gé§m€£§§9£‘té QU YousRBhI sﬁraee

the cylinder in a batchw se manner are al nbost conbined wth eac

other in thenftebl pbréish XtalrgistbiesebppbengabdRErEDIPUASION a0ketbrd

gas, when the material discharge valve 53 opens in response to a

conmmand suction stroke control portion and a discharge stroke control
portion. The first suction streoke contrel portion controls
the piston drive device 13, to thereby move the piston 25 in
a forward direction to thereby generate a first suction

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

an opening command signal to the material suction valve 49



- 22 - signal fromthe control device 17, a high-visscosity materi al
having a gas m xed therewith can be continuously transferred to the
pre-m xer 7 under high pressure. [0030] The el ectronagnetic
directional control valve 21 of the piston drive device 13 conprises
a 5-port, 3-position switching valve. Specifically, the

el ectromagnetic directional control valwe 21 conprises 5 ports such
as an A-port, a B-port, a Ti-port, a P-port and a T2-port, and 3

SWi t ch posicbir0ASpEEEHt SEmATbd! MGk PeagedAPOtsdi tilerédy supply a high-

i nt ernedi ate-stage portion and a | ower-stage portion. The A-port is
connect ed tvdastheitpmabériniberthé3aarhrddgd Zhetehdok ohamberdZl dhe
B-port is connected to the control chanber 43b through the check

val ve 45. The Tvlpeder aqt wierT2 gérstapuchbpen forehe Fhaopphter

t hrough relief valves, respectively. The P-port is connected tq the
ai r sour ce StPPPIBEnEPRITOLPUHAMR CANEFGLS 2the RIS IR SHPPiNg- dexdee
portion is_interppsed between the piston.pu 23 and the air soyrce
11 S0 as B3 preyEREESRY FRRLK fo ke EaBLPadLT oM the H PLSGaRoE LT,
To effect ti e pLsto 2 . A- pQrt e
P-port ar egg %%Tgruhgg%?%#&\ﬁm?t% eéé%h fg% %gr ggggwﬁegg%iﬁt&dngot ﬁ%@?ebg
T2-port argeeATRHEI G2Lesh Wdh eANsoLORE  cddvuDf ok uBBRE 51 a0
portion of the electronmagnetic directional control valve 21. Thus,

air fromtperaibnseuppeidd d sconmanel eigadlt fot NeeTOEd Jf &hanpestdda
through the P-port and the A-port, and air in the control chanber 43b
is releasead thet hestdmosphepind ontgblt berBipor tamdhdriterola- pbet . To
ef fect! a di scharge stroke of the piston punp 23, the - 23 - A-port
and the Ti ppstenadeivendevieatidd wiot fheaehyonpee thel pirtoBd- gor fuasber
the P-port are communi cated with each other, through the | ower-stage
portion of ifh&he| SEFTBRAHETSLIAN &6t IsRsFatent r secend \ioELonThys,

ir f th ir. 11 i f to t tr.ol 43b
b oug hEcpRBsESRal EHR i e e SR AR, 25
[ I ] 1 he A t i -
[o0st) - ChibR-yRECBL TR RS S iy S0 b BeBuPBbpElite 1 thie Bilhper

stoppi ng dQVi 68 3hedBPLifgeR ISt TAENEBEAOT St Qd M8 k8! 8BnEPol 0
t hereby stop the piston 25, so as to lock the piston portion 37b on a

side of thgceeabhokhehasgplies ain dpRhaaat ebinasd POGAL A (thef igast
suction stroke). In this instance, utilizing a suction force

gener at ed isuctthenchaiber 541fom digfedetecodney tihmerpediod, e kdereblyo
t he chanber 41. Thereafter, the piston stopping device 31 rel eases

t he restraiswppdyf or gas 9 thatdahayprdiodepdee Bnta7bhe chamiege 43f of
the control chanber 43 noves_to an upper point shown in Fig. 2 and
abut s agai fide S¥1iRAEE ﬁ&l?ngﬁﬁf%uﬁ?QSPdtHECE}PPnE%¥CQ7 gﬁetﬁéstﬁﬁge

o108, U % gyt AR RO SOEL O LR et ot ERTRY B B 15,

generated i, the GRITRE e Hine P BBSd $55YEKeHe! PEGelE ENAUMA o ina
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 contrecl device 17 comprises a
controller 15 and an electromagnetic directional coentrol
valve device 19, The controller 15 and the electromagnetic
directional control valve device 19 provide the first suction
stroke control portion, the pisten stopping control portion,

the second suction stroke control portion and the discharge



[ 0032] To | ock the piston portion 37 on a side of the control
chanber 43 at a predeterm ned position, the piston 25 may be | ocked
only by neans of a restraining force of the piston stopping device
31. However, the electromagnetic directional - 24 - control valve 21
may be controlled sinultaneously with the operation of the piston
stopping device 31 so as to enabl e the iznt er nedi at e-stage portion to
be i nterposed between the piston punp 23 and the air source 11 and
prevent ai sttoR& beh b B ypirdies . fromthe air source 11 to the control
chanmber 43. On the other hand, in a discharge stroke of the piston
punp 23, theopPston stopping device 31 stops the piston 25 by
applying a restraining force to the piston 25, so as to |lock the

pi ston portion 3 d&hi gmdodingaty podkschrigs veiswndeniFeg542iga
pressuri zi ng steg%._ln this instance al so, the piston 25 may be

| ocked onl PTBYLAeAnE? oty Hisghandki RFeRbRE CHf then P iFtonoREPoRBI N3P
device 31. However, the g%;ctr naaﬁgthc di rectional, control va%ve 21
may be confFoffetPet il tAfssuy reAEhES oPRY Ut DA o SSRERFPs B

st oppi ng deyi rneve [ i S | | t he
i 1 Sour ce PR R EAAE SeP EK Sontiby | SRR OF 10 HRR BB AR o
31 is contgygh{,gdady;d@ans QmprtigeR 8t H\HtQH%f PR g3 vah Bl B5S ana
embodi nent, even in a discharge stroke of the piston punp 23, fhe

pi ston por ki aRidd pertnket FHora ARAOLhE BRE Ynd €¥EIaIPAiRichBeher eathe
mat eri al di scharge val ve 53 opens. Therefore, a high-viscosity

mat erji al h&8i hg aegpense xed 4 hesmevaitdh dignibie febhanbbe ddntwasl bdevice 17.
pressUrized to a desired pressure value until the prelininary |ower
poi nt, andAgahohg #ithainaierial dsshavgpreabis & dlsucloskds, thden
the material discharge valve 53 is opened, the high-viscosit

materi al hBWPRgVIsROGEY MaksFiaderadi thecgads i tilgh shambey &id@? Wreh
pressure. [0033] _- 25 - A mi xi rati o at.which a

P Ghovi ScoBREsohR T 5 e RESTRLEN Ao ghoeind iR AAERA savapdted
on a press t ised _fr SHRP! i

pressure o?hghgéaas %Zt e ga;g1 s‘?‘ugg%}‘g‘ﬁ%‘?% S cé}r%t (r%g’l\él @%B@f%%mp
control degirce. pylhalsX o that H9sBRAr&E FORd Aeh@eebyaChapoing a
position at which the piston is stopped by neans of the piston

st oppi ng devkeebDé tdecinsd AhepdiRchiigePopéwing taPineg pdetofepaap e
controll ed by neans of the piston drive device. It is preferred that
t he pi stonidriavéisiehars: i stmdeablamdottospressgrime tehaighstvascssbppi ng
device, and an arbitrary foam ng ratio can be obtai ned. [0034]

The el ect r Batighdal chavingtad s mdgedr sheyavith davithe prhagberhdl to a
control device 17 conprises a gas suction valve controlling _val ve 55,
a material 9E§LFPAPTATIFC RIS Unkdly AhGePEFton dmtls ilockglsdRar ge
val ve, control ling valve 59, iston.release control valve 61_and a
Coat i ng QURSESRER CPOThT VI B OTrieRelRy &y \ BebTof Wi HIF 1T ABYER BOARE
struct ur e qbaokbbsaenpodimeila dA16:Sqa0 kAE BHOGOMS G YRlvefE 1S

provided in the electromagnetic directional”control val ve device 19,
so as to regdssurd P¥Rial | Thizepebsbhsl APPAIALILS calfPWRYChutt §6 as to
coating gun control valve 63 may not necessarily be provided in the
el ect r omagpetitminaetly coahpreary raolgasabefodeva caudS:quait mryphe
provi ded separately fromthe el ectronagnetic directional contro

val ve devi becagse Factasfcarhdgaassidat iconpyasyed conden|diasgurel. veBbs,
the material suction valve controlling valve 57, the materjal

di schar ge ¥aMPECEHRRE oF | 93y Ve & 198 -VEREOBL BY R ¥ deHs éndotheopas

val ve
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



- 26 - 61 and the coating gun control valve 63 conprises-a 5-port

posi tional sw tching valve. [0035] Regardi ng the gas suction
val ve controlling valve 55, a right-side stage block is normally

i nt erposed between the air source 11 and the gas suction valve 51. In
this state, air fromthe air source 11 is transferred to a 1B-1
chanmber of the gas suction valve controjping valve 55, while air from
a 1A-1 chanber of the gas suction valve controlling valve is rel eased

through t hgiq;}]er t%‘x%nfjethﬁ]%gﬁtgbfcg?@{@e a7 eld ngﬁawgcgéif.gsrfé%@erial

at nospher e: efore, e gas suction valve isinac

condi tion. AP {LSPYSE nli%e@ CREPERILIS| IR Ibd r&'ﬂt&ﬁ%oﬁem%’r SthfLfered
the gas suction valve controlling valve 55 noves so that a | eft-side

stage bl ockoithd HRI-mASRE heuwnaen hih aifesisiece 11 and the gas
suction valve 51. In this case, contrary to the above, air fromthe
air source{dd3es transferred to the 1A-1 chanber of the gas suction
val ve controlling valve 55, and air fromthe 1B-1 chanber of the gas
suction val ve cdiiter ¢lllecigomadnet 55 diraafiisasdd cohitoaghvahee | ¥ tofsitde
stage bl ock and the relief valve 64. Consequently, the gas suction
val ve 51 nBVEEOR rdnave Aeyd€8 pasFOMRYLier ¢h o thosSirPPSATiPDO036]

The material suction valve controlling valve 57 has a structure
simlar toSYheCHRI Jjdieon %%?9%;%ﬁﬁﬁ%wﬂItpﬁge38F$E°%%9n$$ﬁ9nﬂ ly, a
right-side,stage. bl ock, of the terial suction | ve,controllin
Vaive 87 1 et areioRAl P e haen Tke AF oA En & RE eEna R o
suction vajv , | eb - pl age rimgl ti val ve
49 in;a clgs %égbﬁ%?%#%%&'lé F%sééﬁgé %gpgy%gﬁﬁgﬁg%ngngﬁy?fo%g%ﬁi
control l ergdpecR pSdftidnde shbR08sPARChppdr g IRIHtAbnSUGBHI ON val ve

controlling valve 57 noves so as to be interposed between the air

source 11 gntetedimtesldtRlgeS pol-t@6n Vahd €a 4bwer-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 wvalves,
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



bt i P I

Consequently, the material suction valve 49 noves froma cl osed
position to an open position. [0037] Each of the materia

di scharge val ve controlling valve 59, the piston rel ease contro

val ve 61 and the coating gun control valve 63 has a structure simlar
~to the gas suction valve controlling valve 55. Normally, a right-side
stage block is |located between the ai - g@urce 11 and the
correspondi ng valve, to thereby place the valve in a closed

condi ti on. Al poFeSpaDSthd @12 poetMard sbaRddid{18 e nCeALROLLREr 18ng @
| eft-side stage bl ock noves so as to be interposed between the air

source 11 #nhd BhmoxoramsphedPrgorel dee edbmminiditednies Eaom atkévsed
position to an open position. [0038] Regardi ng the pre-m xer

7, rotati obhopugihethd Xeawers stager pbitilobyofradres edfecaromagnetio

t hereby di sperse a gas in a high-viscosity material. It is preferred
that the pRéraskiendl mordgipdadalve 3lze TANG hade &remr tlee vrir witulee
all ows an easy overhaul. The pre-mxer 7_is used if desired, when

fine, unifdfntel bEUPTGFHATE CEPPsCAPETPL(ehIMRET ¢ e thEPRFRekRE
0039 - 28 - The di sch devi i | 2
E)r eser e senBoft @%nﬁ’ea%c"glgt%&nggggnag% I lcnel'htg’eg%gﬁtlﬁé ;ﬁﬁaés#g‘ly‘-\‘/ 1s
control | edrgye é@st@ftﬁé.'ea h%lrjeerthégug% Hn:g ﬁ%g&{@larg(fvﬂfee 7~por'l:.
e e elec

t hrough the coating gun control™ valv ronagnéeti c
directionakogepnjrol valve 19. Information of the pressure sensor 65
is output to the controller 15, and based on the information of the

pressure sensor fb.a tdirtaent kekbre db eRdlgiion hempabue the gnekdhe
coating gun control valve 63. Wth this arrangenent, the coating gun

67 di schar gesppimy xdewicd @i agppd igasacpaptesieichqfdriceneby tie spes s@d
therein under desired pressure with predeterm ned timng. Wen the

m xture i n28 tonphesshy ston dhes pistenase2d. asnl subjcediocko thenpspheni c
pressure, the gas in the high-viscosity material expands, to thereby
obtain a fBaRF&P1t HEP AYHR AiEo St fhfafertEel gwmberaddl 8t &8s shown

in Fig. 1, the coatjn un .67 is,used for formng string-Ijke foam ng
beads 68 oRESHCEERMACHBoyidaen (5 ElrstrmeH{an b iskelgs 13 iRy
4, descri p&hg@%ﬁée“f’&'gi WA 2982 ¢i8n2PoRRE Miledh1Ya 48 the chamber
m xi ng/ suppl'y “devite 3.
41, a high-viscosgsity 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



[ 0041] First, at an initial value, the piston portion 37b is

| ocated at the | ower 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 volunme of the chanber 41 formed in
the cylinder 27 is zero. At this initial value, the

i nternedi ate-stage portion of the el ectrramagnetic directional control

valve 21 is interposed - 29 - between the piston punp 23 and the air
source of abhtidl JABFEIDN Gnay RS eontrbQle8M¥imiCiidudisgt weeh the A-
and B-ports and the Ti-. P- and T2-ports, and no air is supplied from

the air sovperation oof hthe qritstwin cltapbéng dSeiand@ U3y dEhite esabhe
condition of step O indicated in Fig. 3 (see X1 in Fig. 4). [0042L
Subsequent ithe ihtermedizie-@tage @ortiencéat Pel inkagnas ety bedweesl $hehe
el ectromagnetic directional_ contral valve 21, to_thereby allow
connunlcatpéﬁtBEtRE@h 1hend fde adxq senEce. bhrand BREVRREAESE £REM
B-port and_ the T2- rou t he upper - st aor.tion of
ol bot r omagREAPE SFPRLHS o g Giry 55950515?9%8 the,Gont Oéussﬂﬂsar
fromthe ai,lL s ol t ontro 0 h

45, %Hcﬁ bth@d RQ ih %.r Jr‘@criﬁae:f acﬂ;g% gen fs{’

and the A—port earr in é con IS re

the at mosphers LAY opgd e RAdpARY hRe:32- @Prgto;@,or&%qtﬁ%%n zshsy

piston 25 ioves in a ditection sO as to increase a capacity of the

chanber 41 apbiyhggcyl tésieraihing Eodder eby tgensistceh 25UGd @3 frer ¢eckn
the chanber 41 (a first suction stroke). [0043] After tinme Ti

fromthe stthet pobtonveeaentornf37 ke @ predipinpr 3lowdie ppdnitr ghlogn 156
controls the material suction valve controlling valve 57, to thereby
open the nﬁﬁsnial(sunr¢$ﬁumiﬂins‘$¢6@§ee X2 thisiigstapceapdsoaf the
time T2 in Ei%. , closes the material suction valve 49 (see X3 in
Fig. 4). DRLSkg"t 2Remd?p, b%1}ﬁiﬂﬁ4n9§éaépﬁymﬁﬁﬂﬁr?%1a|%P%ﬁﬁﬂﬂq¥§@ £PERE

the cartridge 29 Lo Lhe shamher; 4hdue 49 MERNE O 30 -

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 wvalve
53 opens. Therefore, a high-viscosity material having a gas
mixed therewith in the chamber 41 can be pressurized to a
desired pressure value untlil the preliminary lower point, and
can be maintained at the same pressure wvalue. 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]



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

Normal |y, the high-viscosity material is supplied at 2 kg/cnR2. This
is the condition of step 1 in Fig. 3. [0044] When the piston
portion 37b of the piston 25 noves to the internediate point, the
controller 15 controls the material suc®Bon val ve controlling val ve
57, to thereby close the material suction valve 49. At the sane tine,
the controller 15 ncionitrgplratitbeapi shibch ra|eage wisebsaltlyi mgteaiak 6l to
thereby operate the piston stopping device 31, and enable the piston
37 on a si#éxed vhth cbrEasolcagh #béﬁnheolbeﬁem@@ldy@t@ppaﬁsﬁhée of

i nternedi ate point ee X3 in Fi In this_ instance,

pref er Ir leddf:]ﬁ‘at gtﬁes‘é‘?%]&erdorfﬁgﬁ'ef:gé aps e?:??%ldeé’dﬁﬁ ol T%IR/’E‘“?P?? of
73 ana. st ot neRT bR R Gt s RPLYASYASE A dnroting 8 BTt he
P St o7 s FoRPSa " adlifed ' RHEEH} 2Ufq Ry wA0ANLBOAPESTLOL PYETer!

of the piston an ‘anmoun VI SC erla plied

to the chaghgngfdyof 3dia QW el 28 Ot bﬁi@é&rpri%t's%%bb)éd”ﬁé‘sﬂéé?s A

first suction stroke Is effected between tinme X1 and tinme X3 in Fig

4. [0045] of the PLEtdY dttdpiingSesiieti 60 Bld QR tVn PuikpNg Tﬂ@q)ﬂéa-,on
the controller 15 opens the valve HV1, to thereby extrude the

hi gh- vi scostbypimg ed¢alcetamnetel conheotaed rvylgesadis f rkanpiston
pressurized air fromthé air source 11. Uilizing this extrusion by
means of afFlgpdieticabovs- kenprehedrediciiagn the pistonodrive tdwerice
hi gh- viscosity material can be supplied to the chanber. 41. Thus

the pr esenf-se%/r%ﬂ‘i’%%rﬂf SFvdmgpry ADAi @hswrs&dsqaa}%ﬁewsp t%nélh%n

chanmber 41 _g he_cy. er 27, .a nmeth sion by neans of air
pressure i &F Ef%??ﬁ%d% O didt8n °AB gﬁe gER%%?ﬁ#'force However ,
supply of P P viscosity material can be conducted only by neans of

the suction force of the chanber 41. Alternatively, the suction force

may be conbi ned id mlaac’ﬁtohﬁgn@fuexaiyéé%rﬁacfeoff&rbﬁaba@treaaevice 19
mechani cal type, an electric type, a hydraulic type or a type using

an extrusi ef thatcohtiryl idwdice [10046hprises a AfdLrsucapsa ohlae
predetermned tine between tinme X3 and tine X4 indicated in Fig. 4,

t he controfbetréblitomtvalwe ti%e pi shderiel esiset oontvadivey gbuer61l amgl
stops operation of the piston restraining device 31. The piston 25 is
further noVedvet®d7t heredierjededdsehargacyabye faomdaaddding valvaesd, a
chanber 41 forned in the cylinder 27 (a_second suction stroke

During tin® "I"E°ﬁn¥?}e?-°rfe GG ?’é‘&é’ﬁeéltﬂ%‘i U A2 Y S0t ﬁengagl

t I ntrolled to_b t I
ont ol 1] nieaEByEs ‘iﬁﬁes%ﬁaaivas?F%ﬁa&ﬁriﬁr%rﬁicﬁﬁiﬁZ?%%%ﬁ%ﬁa viPve
device 19. thEstQﬂnﬁoam&?ﬂ‘C tt‘in hguﬁ“%ﬂ&[&ra}c Cebf rom 3, EE EPSGPc?éd

41 (the second suction stro I's's

supply deviigethet elwercﬁﬁhagﬂwléalr@ehahal | SostDl ved vieheygBe t 11,
gas suction valve 51 to the chanmber 41 while being nmaintained at a

pr edet er mi sedapr essted@udy areaveraflllt Beézpr e8sthie agyiradiusyal Nevdl=.
This gas pressure is 0 to 5 kg/cnR2. It should be noted that a
pressure othe kgAthegformseanineduivikilvei 6 seRtroumderessarily 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 contreolling valve 55, the material
suction valve controlling valve 57, the material discharge

valve controlling valve 59, the piston release control valve



- 32 - atnospheric pressure, and theoretically an expansion ratio of
200%is obtained. This is the condition of step 2 in Fig. 3. Tine T4
in Fig. 4 indicates a second suction stroke. In a suction stroke, a
hi gh-viscosity material is first supplied to the cylinder 27. This is
because if a gas is first supplied, the gas in the chanber 41 w |
expand during the suction stroke, and-azsuction force in the chanber
41 can therefore not be obtai ned when a high-viscosity material is
supplied. gf LihdStd®atihg Fuheabht£61 tLaBRNGUCoRpeIBEE aabliphrt O
generate a force for conpressing the gas in the chanber and extrude a
hi gh- vi scoposythenar isitichiiagt kalebanber. [0047] Wth | apse of
time TS5 after the gas suction valve 51 is closed, the control device
17 control §0088] | ower-stage portion of the el ectromagnetic
directional control valve 21 to be interposed between the air source
11 of air and tHRegsrsiiag puApIas, sEetigferadyeacrahrediidd Falvyencs. a
between the A-port_and the_Ti-port, and petween the -%ort and éhe )
P-port. Ther@RbreldsStagehlers 48 ReHR? ff“%eéfpé’ﬁﬁai&&“’?&ntﬁ e air

trol hanmb 4 th h th - t B- . i i h
control chaere aih 4l VAR sedGoPERERh FRed dhierc B EnAS S PRk "
val ve 47, Fggmt RO dsrt He RQr ts2Rdaf B £8d &fo %@hﬁQlS%haFﬁer of

Consequent e piston 25 noves in a direction to reduce the
capacity oknkhgashamdelont bk tofrdf1ing Ndivet 553 WhaIsUkHZ Bgom a
stroke), thus conpressing the gas in the chanber 41. [0048] - 33 -
When t he pigtoncpafbé®pi3ine dgasespbsion 261w cordirdd 1dhgt kaleanisol
chanbér 43 noves to the prelimnary | ower point shown in Fig. 2 and
Fig. 4, theeteased| treroudh ddvet malghtt hedei stage rtglasds @ncodt relliedl ve
61 to thereb{ operate the piston restraining device 31, thus reliably
st oppi ng t N@lppsééntporhe GMoEPhsTS - i therstonse &Rt FBF ERERDRR VBl

th [im 'y | i nt X7 in Fig. 4). This is th djti

(e e mpery Lover polol (88800 1 1 &t I3 Locthe SNl
t tt im | i j Fig.. 4 .
SLopS B ! Boh! bt AR e POUGE (SE00aE 10D ity leondin1ung

di schar ge ‘6‘3:1\9@ goNhEAld 10 Ve 3RrtlQidbeselye ﬁﬁ%kt he TR&erpaked

di scharge valve 53 and nove the piston 25 to the | ower point.
Theref ore, pRuybag theeailS ddlideNd 1aadisehar ges dudiieyn v lRiexure 0

of a high-viscosity material and a gas is discharged into a conduit
72 (see X8tand X8sen ¢omgtraly tbhithel abbhe, caidifron tdfe stigp sburgeFily.
3. 10049] is transferred to the 1A-1 chamber of the gas suction valve
controlling valve 55, and air from the 1B-1 chamber of the
gas suction valve controlling valve 55 is released through
the left-side stage block and the relief valve 64.
Consequently, the gas suction valve 51 moves from a closed
position to an open position.
[00386]

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

suction valve controlling valve 57 is interposed between the

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



e et i + e meenres sstznsrns bt o

As a high-viscosity material, a one-pack type curable nmateri,al or a

t wo- pack type curable material can be used. Exanples of such
materials include a two-pack type curable material conprising a
primary agent and a curing agent, and one-pack type curable naterials
such as qui ck-cure thernosetting urethane, noisture-setting urethane,
silicone, acrylurethane, and a silyl graegp-containing curable
material, etc. Such materials can be quickly cured at room

t enper at ur g1@te byndamd tditialt Rustibar €ase94Productdivsleld @Bddition.
elimnating the need for a | arge heating device. [0050] - 34 -

The m xt ur #notespimgh-to sCemngniateghal finch atlgascotitsohaegedst oat he
conduit is dispersed in the prem xer 7. The gas conpressed in the

hi gh- vi scodefy- shderstdge iacds ofntbdi matéyial tarctisnngyadvechar ged
fromthe coating gun 67 to the atnosphere, and the high-viscosity

mat eri al f68ﬁ§¥°¥ihﬂﬁrﬂfl¥ﬁdsﬂl8§Vﬁ§ 6P fhetedit iMfeFpRs6? pgiween the

controlled by the coatjn un control valve 63 of the el ectronmagnetic
i recti onaPLEoRRRETe vat e BaF 62 phoBYTEIon Valvas 48ac been

descri bed i e ,ire t odi.nen a_suction condition_is
gener at ed ?§8¥§%u%€%%ﬂbfﬁ%ﬁ%b efgggchgﬁ é? f"%ﬁg goﬁFﬁhf5P?cﬁsity

material ig;500R &Lk {1bd RS GRABREL fds¥EiHg. the suction force.

Therefore, 1t I's ‘unnecessary to use a conventional |arge primary punp
for supplyifpgsa)hi gh-viscosity material. A high-viscosity materi al
can be supplied directly froma snmall and sinple container such as a
cartridge. Ther eaxtle,off hepmasental ndtsthargs amlye appkiredlling avalve

f oami ng-i n-pl ace apparatus for coating, injecting or nolding a foam
havi ng a dés8i rthefpistauctelesse conpaeil walvsieblandddie wgatdngr gamh
a gasket, a string-like object, and so on. -35- THE CLAI M5 DEFI NI NG
THE | NVENTFERLBRE Wl §3has 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]



1. A method for mxing a high-viscosity material with a gas, using a
pi ston punp in which a piston is reciprocally noved in 5 a cylinder
to thereby effect suction and discharge, said nethod incl uding:

a step of effecting a first suction stroke in which the piston is
noved in the cylinder so as to generate a suction condition in the
cylinhder; 10a step of supplying a high:vﬁﬁcpsity material to the
cylinder, using a suction force in the cylinder generated in said
first suction str

ke; a step, of stopping the pisto ter said
first suotion ot idkentsehacBeshefids £ RhRr et PatkRcifon T r oke
in which t 'QE%p ' v Lhst he ' af.ter t
hi gh- vi scors]ll? Ifé;é nma ersjiez‘f;@ %9 hgds‘?eﬁg%#ir%g&nyietgg alhg%sé 0 tl-if?e%In 6
cylinder, usinghirPHaldaoBy! REGRS! Bt ige W tIdAN cgener BkednkNeddierol
second suction stroke; 20 a step of effecting a pressurizing stroke
in which th@epicd ary ithriodgedthe tbetoyd i Adercoafttel eanpkesBoss ofhd he

supply of the gas, to thereby pressurize the high-viscosity materi al
and the gaselewid-anasinefiof defrketiongl acalitsstlavgdvet 16ke Imfavmatiionhef
piston the pressure sensor 65 is output to the controller 15, and
based on the information of the pressure sensox 65, the
controller 15 controls the valve HV2Z and the coatingAgun
control valve 63. With this arrangement, the coating gunﬂ67
discharges a mixture having a gas comﬁressed 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 1s zero. At this

initial value, the intermediate-stage portion of the

electromagnetic directiocnal control valve 21 is interposed



25 is noved in the cylinder after the pressurizing stroke, to thereby
di scharge the high-viscosity material and the gas into a conduit,
wherein a high-viscosity material supply pressure for supplying the
hi gh-vi scosity is 1 to 10 kgf/cn®, a gas supply pressure
for supplying the gas is 0 to 5 30 kgf/cn2. -36-- said step of
suppl ying the high-viscosity material Ls;ganducted in the first
suction stroke or after conpletion of the first suction stroke; and

osai d step ole Pl B 1508 O S & UHIGHR0 1D LBEr8eCn ey on

stroke or after conp lon of "t second suction s ‘hod

accordi ng thddeddhel @hefe YHEKE Fomliidiat iTheBe®leSNPRAYIAY 4l B-
hi gh-vi scosity material and said step of supplying the gas are

conduct ed hyortrsessidr ithat TaR, apd &xd rEsipntsi,Nanddhnbi anrt Os thepEcid on
force generated in the cylinder of the piston punp. 15 4. A net hod
accordi ng tframythen@igf sohacesll to Be woarteiod: chambers 43a and 43b.
This is the condition of step 0 indicated in Fig. 3 (see X1
in Fig. 4).

[0042]

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 2% to the chamber 41 due to the suction



said step of stopping the piston is conducted by applying a
restraining force to the piston and | ocking the piston. 5. A nethod
according to any one of clains 1 to 4, wherein: 20a ratio in which
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

pi ston punp. 6. A nethod according to an¥ one of clains 1 to 5,
wherein: 25a ratio in which the high-vis %sTty material is mxed with

h , . b 1 > whi ch .

e e L Pt BT hepseBEE T PO LR e L S50

7 An apparajys. Jole Mofng, 8Ll uk SEes iy RLE Al Y hc8- 927 ANY ¢
%%e C na M xed W th the gas,

transferrinb I‘gh-Vvi sCoSity erial
i ncl udi ng: | st | ngleugi 1 SYbd ma - 13 1P St i
\ 10 kg/Abr, STl | H-31 868 m i3 1P4%! Qipp1ied
provided . Int i?cylln er g%’as to %g reci procally nnvgﬁfe t e?gln
t he at 2 kg/cm®. This is the condition of step 1 in Fig. 3.

[0044]

When the piston portion 37b of the piston 25 moves to
the Intermediate point, the controller 15 contreols the
material suction valve contrelling valve 57, to thereby close
the material suction valve 49. At the same time, the
controller 15 controls the piston release cdntrolling 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 wvalve 21 be contreclled to thereby stop
the supply of air to the contrel 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 HV1, 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



e i e e it PR NP

- 37- plston belng adapted to be noved in the cyllnder in a forward

direction to thereby effect a suction stroke, and noved in the

cylinder in a reverse direction to thereby effect a di scharge stroke;
5a high-viscosity material supply device for supplying a

hi gh-vi scosity material to the cylinder; a gas supply device for

supplying a gas to the cylinder; a pist@n drive device for driving

the piston of the piston punp; 10a piston stopping device for

stoppi ng t B rRkSt @Ae high- é&é@ﬂéﬁ%yd%MkQEiBQrcénr%é”kﬁﬁﬁ%%@ﬂ 4% the
material for selectively opening and closing a passage for

communi cat ichambeirween tis)i gh- ¢heCHBéEdn trodmid @EimesttI Py Qﬂy?g? and
the cylinder of the piston punp; 15a piston stopping device
st oppi ng t hd gpi-vtienpsity matemiale tebetheechamber M Yhof/idrosivilynder 27,
material for selectively opening and closing a passage for
conmuni cat ifoMesbpdeeh eXierdsign s oeshsyofmadripfesupys yisdeniidézadd
the cylinder of the piston punp;

in addition to the suction force. However, supply of a high-
viscosity material can be conducted only by means of the
suction force of the chamber 41. Alternatively, the suction
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 peoint, the gas
suction valve 51 is controlled to be open by the gas suction
valve controlling valve 55 of the electromagnetic directional
control valve device 19. In this instance, due to the
suction force of the chamber 41 (the second suction stroke),
dry air is supplied from the gas supply device 5 to the
chamber 41. Dry air is supplied through the gas suction
valve 51 to the chamber 41 while being maintained at a
predetermined pressure by means of the pressure control valve

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

that a pressure of 0 kg/cm’ forms an equilibrium state under



20a 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 punp; a first suction stroke controlling
portion for generating a first suction condition in the cylinder by
nmovi ng the piston 25 in the forward direction by neans of the piston
drive device, and applying an opening cogrand signal to the valve
device for the high-viscosity material for a predeterm ned tine,

th b hi gh- t t he hi h

mat er i a1 S QUBPGPHETRESPEE TP o QL POu AL PBLLY: B DTS SE"%{tﬁénOf-
force, 200%. RQergéllﬂQ& CaR %0%15 Pﬂet@&&’iﬁ‘f&{‘&t%ﬁ%”ﬂ dgvkeg Tor
st oppi ng the pi Ston by neéans "0 e pl ston stopplng ce after’the

first SUCtTQ&eCQHth'Pﬂg'S49ﬁﬂfﬂﬁﬁ%§ a28dc6haskastide M@l deyicg
for the high-viscosity material; -38- a second suction stroke

control |i ngumabnostfsekege@aiﬁgnngs@o&&wndasuﬁapnlgmgﬁ Gupplikde
cylinder by further noving the piston in the forward direction by
means of the phet oglinder 27. This is because if a gas is first
supplied, the gas in the chamber 41 will expand during the
gsuction stroke, and a suction force in the chamber 41 can
therefore not be obtained when a high-viscosity material is
supplied. In this case, it is required to conduct
pressurization to generate a force for compressing.the gas in
the chamber and extrude a high-viscesity 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
t 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
alr 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
T6 in Fig. 4 (a pressurizing stroke), thus compressing the
gas in the chamber 41.

[oo48]
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drive device, with the high-viscosity material having been 5 supplied
to the cylinder, and applying an opening conmand signal to the valve
predeterm ned, tinme, supply device to the signal to the valve 10
predeterm ned tine, supply device to the and device for the gas
supply device for a to thereby supply the gas fromthe gas cylinder,
and applying an openi ng command devi ce-f®8 {he gas supply device for
a to thereby supply the gas fromthe gas cylinder due to the second

suction force; When &hpr @38H6nH ZpeEt S Ge oFORhEOLE E88n PPS tdOM fsaide
novi ng the piston in the reverse direction by neans of the piston
drive 15 deof cee tawnthrelelohapbessdd i mevdh e chitile wreddsihgryatevdmal
and the gas in the cylinder; and a di scharge stroke controlling
portion forPev idicwie i3 §ign Enanfcfievelsdhd contirodlpy heagrntofols
the piston drive device, to thereby transfer the high-viscosity

mat eri al anth¢ R-FPYHFSLeRSChECRYIPhdEr 1 ¥ & dondierebynfberatR dee

o NS PSS PR S R AV S98L LLTBASH BLoBRE Vene
gas supply fi&f.sosx‘}jrp%rft(l%nsggploxi Qgsig'g @@Stﬂes c%nttgroi %ﬂ%ﬁggqg, at the
preliminary lower point (see X7 in Fig. 4). This is 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 T3
(during a discharge stroke)., a mixture 70 of a high-viscosity
material and a gas 1s discharged into a ceonduit 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
materlial 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 guickly cured at room temperature
or by heating, thus increasing preoductlvity and eliminating
the need for a large heating device.

[0050]



25 8. An apparatus according to claim?7, wherein: sai d

hi gh-vi scosity material supply device is adapted to supply the

hi gh-vi scosity nmaterial to the cylinder of the piston punp by
pressurisation and extrusion. 30 9. An apparatus according to claim7
or 8, wherein: said piston drive device serves as said piston

st oppi ng device. -39- 10. An apparatus mgccording to claim9,

wher ei n: said piston drive device is a pneunmatic type, a

mechani cal type @heambyghadl b€ d ¥RQh-FikkosAtyrhbogdr{or 4R g
hi gh-vi scosity material, using a piston punp in which a piston is

reci procal lgisaheedeidnta eibi asieduiv iherishperekiieth 8heustémixeat roke

and a di scharge stroke, said nethod conpri sing:
The gas compressed in the high-viscosity material expands
immediately after being discharged from the coating gun 67 to
the atmosphere, and the high-viscosity material foams.
Opening and closing of the coating gun 67 is controlled by
the ceoating gun control valve 63 of the eleciromagnetic
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
contalner such as a cartridge. Therefore, the present
invention can be applied to a foaming-in-place apparatus for
coating, injecting or melding a foam having a desired form
such as a compact and simple packing material, a gasket, a

string-like object, and so on.



supplying a high-wviscosity material to the cylinder in the 10 suction
stroke or after stopping the suction stroke of the piston punp;
effecting a second suction stroke by noving the piston after the
supply of the high-viscosity materi al; a first step of
supplying a gas into the cylinder in f%e 15 second suction stroke or
after stopping the suction stroke of the piston punp; a second
step of pressurizing the high-viscosity material and the gas in the
cylinder by effectlng a dlscharge stroke of the piston punp, after
conpl eti on GHEL QAR ) 1S RQLEORS:schar ge stroke
i n which the high- V|5005|ty naterlal and the gas are discharged into
a conduit after the pressurization, thus discharging a mxture of the
hi gh- vi scosilty mateathar &P8 BHdngad Bisbpeiscaritneratiariadnditlf damhg

thte o xlt ur eu%{ﬂﬁ@ra aglrmsahfﬁam;c i QASEH & pibedLiiR aeaﬁpﬂyctamzylmeal iy

materi a supp ssure_for su viscosity

kgf/cne, 2 glg%g ngPgl W@sgg%{:f ‘PCtslﬁBp?‘?AqrﬁidsFH%rq“fassP’sd G‘EFB"%

kgf/cnR. 30ib2ludinget hod according to claimll, wherein; a ration in

whi ch the high-vjs | t S SR et erm ned
4 SEOS Lok "eef%f% hﬁjxggas fg{lﬁgpl s&{"'dt 2,985 {5 dete E’?{,

by controlling a pressure o hé cylinder cof
plston punpplstq@ is moved in the cylinder 50 as to generate a suction

condition in the cylinder;

10 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;

16 a step of effecting a secend suction stroke in which ths
piston is moved in 'the cylinder after the supply of the high-
viscosity materiql;

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

20 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

25 is moved in 'the ecylinder after the pressurizing stroke, to
thereby discharge the high-viscosity material and the gas into
a conduit, wherein a high-viscpsity material supply pressure
for supplying the high-viscosity is 1 to 10 kgf/cm?,

a gas supply pressure for supplying the gas is 0 to 5

30 kgf/cm?.

2. A method according to claim 1, wherein:



13. A nethod according.to claim112, wherein: in said first step, a
ratio in which the high-viscosity material is mxed wwth the gas is

determ ned by controlling a position at which the piston is
stopped in the cylinder in the 5 suctipn stroke. 14.
Anappar at usf or f oam ngahi gh-vi scosity erial, including: a gas

m xi ng/ supply device according to clains 7 to 10; 10 and a pre-m xer
for dispersing the gas in the high-viscosity material, the

hi gh-vi scosity material having the gas m xed therewith being supplied
fromthe m xing/supply device, the high-viscosity material having,

the gas di Spersggkd step of supplying the high-viscosity material is
conducted in the first suction stroke or after completion of

the first suction stroke; and
5 said stép of supplving the gas is conducted in the second

suction stroke or after completion of the second suction

stroke.
3; A method acceording to claim 1 or 2, wherein:
io said step of supplying the high-viscosity material and

said step of supplying the gas are conducted by pressurization

and extrusion, in addition to the suction force generated in

the cylinder of the piston pump.

15 4. A method according to any one of claims 1 to 3, wherein:
said step of stopping the piston is conducted by applying
a restraining force to the piston and locking the piston.

5. A method according to any one of claims 1 to 4, wherein:
20 a ratio in which the high-viscosity material is mixed with
the gas is determined by contxolling a pressure of the gas

supplied to the cylinder of the piston pump.

6. A method according to any one of claims 1 to 5, wherein:
25 a ratio in which the high-viscosity material is mixed with

the gas is determined by controlling a position at which the

piston is stopped in the cylinder in said step of stopping the

Pistona

30 7. An apparatus for mixing a high-viscosity material with a
gas and transferring the high-viscosity material mixed with the
gas, including:

a piston pump including a cylinder and a piston provided -

in the cylinder so as to be reciprocally movable therein, the



15 therein being adapted to he discharged and foaned under

at nospheric pressure. 15. An apparatus for foam ng a high-viscesity
mat erial, including: 20a gas m xi ng/ supply device according to clains
7 to 10; and a discharge device for prgssurizing and discharging the
hi gh-vi scosity material having the gas dispersed therein for foam ng,
wherein: 25using a piston punp in which a piston is reciprocally
noved in a. cylinder to thereby effect a suction stroke and a

di scharge stroke, said gas m xing/supply device supplies a

hi gh- vi scosipigtemtkeing adgriefe tyPenBRYed ring LHECEY BIPISEr bRea CFOXaREer

st oppi ng of HhecBUM 1N tREFAKL ctkedhar Rust Hoh RUWBke 3RS BEES A the
second suction stroke by noving the piston after the squéprf t he
nde

hi gh- vi scosiGind%E et & | FSYRASS UPFSCELOn adhesehnesidpr 135harae
second suctis@rogéy oke or after stopping the ' suction stroke,

foll Owe-dsby eff egt kggﬂwvaifstcggitcyo alt%E:Iigf g&pz}lge device for supplying a

high-viscosity material to the cylinder;

a gas supply device for supplying a gas éo the cylinder:;

a piston drive device for driving the piston of the piston
pump: '

10 a piston stopping device for stopping the piston:

a valve device for & 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;

15 a piston stopping device for stopping the piston;

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

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

a first suction stroke controlling portion for generating
g first suction condition in the cylinder by moving the piston

25 in the forward dlrectlon by means of the piston drive device,
and applying an opening command signal to the valve device ifor
the high-viscosity material for a predetermined time, to
thereby supply the high-viscosity material £xom the high-
viscosity material supply device to the cylinder due to said

30 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;



-41- supply of the gas, a discharge stroke of the piston punp in
whi ch: the high-viscosity material and the gas are discharged
into a conduit after pressurization in the discharge stroke, 5 thus
di scharging a m xture of the high-viscgosity material and the gas

di spersed therein and effecting foam ng under atnospheric pressure.
16. A nmethod for mxing a high-viscosity material with a gas, 10
substantially as herein described with reference to forns of the

i nventi on.

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
5 supplied to the cylinder, and applying an opening comnmand
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, and applying an opening command
signal to’ the valve device for the gas supply device for a
{0 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
15 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
20" gas in the cylinder to a conduit communicated with the piston
pump, wherein a high-viscosity material supply pressure for
supplying the high-viscosity is 1 to 10 kaf/cm?,
a gas supply pressure for supplying the gas is 0 to 5

kgf/cm?,
25
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 pressurisation and extrusion.
30

8, An apparatus according to claim 7 or 8, wherein:
said piston drive device serves as said piston stopping

device,
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10. An apparatus according to claim 9, wherein:
said piston drive device is a pneumatic type, a mechanical
type or a hydraulic 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:

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

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

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

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

effecting a discharge stroke in which the high-viscosity
material and the gas are discharged intc 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, wherein a
high-viscosity material supply pressure for supplying the high~
viscosity is 1 to 10 kgf/em?,

a gas supply pressure for supplying the gas is 0 to 5
kgf/cm?.

12. A method according to claim 11, wherein: a ration in which
the high-viscosity material is mixed with the gas is determined
by controlling a pressure of the gas supplied to the cylinder
of the piston pump.
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13. A method according to claim 12, wherein:

in said first step, a ratio in which the high-viscosity
nmaterial is mixed with the gas is determined by controlling a
position at which the piston is stopped in the cyiinder in the

suction stroke.

14. An apparatus for foaming a high-viscosity
material, including: '

a gas mixing/supply device‘according to claims 7 to 10;
and

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

the high-viscosity material having the gas dispersed
therein being adapted to be discharged and foamed under

atmospheric pressure.

15, An apparatus for foaming a high-viscosity material,
including:

a gas mixing/supply device according to claims 7 to 10;
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 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
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supply of the gas, a discharge stroke of the piston pump in
which:

the high-viscosity material and the gas are discharged
into a conduit after pressurization in the c’n'ischarge. stroke,
thus discharging a mixture of the high-viscosity material and
the gas dispersed therein and effecting foaming under

atmospheric pressure.

16, A method for mixing a high-viscosity material with a gas,
substantially as herein described with reference to forms of

the invention.



