
- 1 - SPECIFICATION FOAMING METHOD AND APPARATUS THEREFOR  TECHNICAL FIELD
[0001] The present invention relates to a method for foaming a
high-viscosity material and an apparatus therefor.  Specifically, the
present invention relates to a compact and  simple apparatus for foaming a
high-viscosity material, which  is used for forming a foamed-in-place
gasket, filling of a  void, etc. BACKGROUND ART  [0002] Fig. 5 shows a fluid
circuit of a gas mixing/supplying  device of a conventional foaming
apparatus. In this gas  mixing/supplying device, a gas is introduced into a
high- viscosity material by means of a piston pump. Fig. 6 is a  front
cross-sectional view indicating a structure of a piston  pump used in
conventional techniques. Fig. 7 is a timing  chart for explaining an
operation of the piston pump. [0003] In Fig. 5, a gas introducing device 212
comprises two  piston pumps 245A and 245B which operate in an alternate
manner. In each of the piston pumps 245A and 245B, a piston  is operated by
means of a motor M2A or M2B so as to effect a  reciprocal linear movement of
the piston. Thus, the piston  is reciprocally moved in the cylinder, to
thereby effect a  suction stroke and a discharge stroke. The piston pumps
245A  and 245B are interposed between conduits 239A and 244A. A 2  



high-viscosity material MV supplied from a high-viscosity  material supply
device 211 and a gas supplied from a gas  supply device 210 are individually
introduced to the piston  pumps at a predetermined ratio in a batchwise
manner. As  shown in Fig. 6, a piston pump 245 comprises a cylinder 451,  a
piston 452 which fittingly slides in the cylinder 451, and 3 needle valves
NV1, NV3 and NV5 provided in the cylinder 451.  [0004] As shown in Fig. 7,
in either the piston pump 245A or  the piston pump 245B, the piston moves
from a discharge end  to a suction end, thus effecting a suction stroke.
During  this time, after lapse of time Ti' from the start of movement  of
the piston, the needle valve NV1 is opened, and a gas is  supplied to the
piston pump. Time Ti' is about 1 to 2  seconds. During time Ti'. an inside
of the cylinder is  subject to negative pressure. [0005] Soon after the
piston reaches the suction end, the  needle valve NV1 is closed. Thus, after
completion of the  suction stroke, the inside of the cylinder 451 is filled
with  a gas having controlled pressure. After lapse of time T3'  after the
needle valve NV1 is closed, the needle valve NV3 is  opened. Time T3' is
about 0.1 to 0.5 second. With this  arrangement, the needle valve NV1 and
the needle valve NV3  are prevented from being open simultaneously. During
time  T4' during which the needle valve NV3 is open, by means of a  screw
pump rotatingly driven by the motor M1A, a high- viscosity material MV from
the high-viscosity material supply 3  device 11 is supplied into the
cylinder 451. Due to a high  



pressure of the high-viscosity material, a gas having a  predetermined
pressure, which has been preliminarily supplied  into the cylinder 451, is
compressed in a ratio equal to a  pressure ratio between the high-viscosity
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 T5' is about 0.1 to 0.5 second. During the discharge stroke,
the needle valves NV1 and NV 3  are closed, with forward end portions of the
needle valves  being flush with an inner circumferential surface of the
cylinder 451. Therefore, no dead space is formed, and the  gas and the
high-viscosity material filled in the cylinder  451 are completely
discharged from an opening 454 of the  needle valve NV5. After lapse of time
T6' after completion  of the discharge stroke, a subsequent suction stroke
is  started. Time T6' is about 0.1 to 0.5 second. Patent Document 1:
Japanese Patent Public Disclosure  No. 09-206638 Patent Document 2: Japanese
Patent Public Disclosure  No. 10-272344 Patent Document 3: Japanese Patent
Public Disclosure  No. 10-278118 DISCLOSURE OF THE INVENTION - 4 - PROBLEMS
TO BE SOLVED BY THE INVENTION  [0007] 



In the conventional foaming apparatus described above,  the cylinder is
already filled with a gas and pressurized  before the high-viscosity
material is supplied, thus  necessitating use of a primary pump having a
high-pressure  transfer and injection function for supplying a high-
viscosity material. Therefore, the foaming apparatus must be  provided with
a drum or a pail container, and a high- viscosity material must be supplied
by means of a primary  pump. Consequently, the apparatus as a whole is
increased in  size, and also in cost. MEANS TO SOLVE THE PROBLEMS  [0008]
The present invention provides: a method for mixing a high-viscosity
material with a  gas, using a piston pump in which a piston is reciprocally
moved in a cylinder to thereby effect suction and discharge,  said method
comprising: a step of effecting a first suction stroke in which the  piston
is moved in the cylinder so as to generate a suction  condition in the
cylinder; a step of supplying a high-viscosity material to the  cylinder,
using a suction force in the cylinder generated in  said first suction
stroke; a step of stopping the piston after said first suction  stroke; a
step of effecting a second suction stroke in which - 5  the piston is moved
in the cylinder after the supply of the  high-viscosity material; a step of
supplying a gas to the cylinder, using a  



suction force in the cylinder generated in the second suction  stroke; a
step of effecting a pressurizing stroke in which the  piston is moved in the
cylinder after completion of the  supply of the gas, to thereby pressurize
the high-viscosity  material and the gas; and a step of effecting a
discharge stroke in which the  piston is moved in the cylinder after the
pressurizing stroke,  to thereby discharge the high-viscosity material and
the gas  into a conduit. [00091 The present invention also provides: an
apparatus for mixing a high-viscosity material with  a gas and transferring
the high-viscosity material mixed with  the gas, comprising: a piston pump
including a cylinder and a piston  provided in the cylinder so as to be
reciprocally movable  therein, the piston being adapted to be moved in the
cylinder  in a forward direction to thereby effect a suction stroke,  and
moved in the cylinder in a reverse direction to thereby  effect a discharge
stroke; a high-viscosity material supply device for supplying a
high-viscosity material to the cylinder; a gas supply device for supplying a
gas to the  cylinder; 6  a piston drive device for driving the piston of the
piston pump; a piston stopping device for stopping the piston;  a valve
device for a high-viscosity material for  



selectively opening and closing a passage for communication  between the
high-viscosity material supply device and the  cylinder of the piston pump;
a valve device for a gas for selectively opening and  closing a passage for
communication between the gas supply  device and the cylinder of the piston
pump; a first suction stroke controlling portion for  generating a first
suction condition in the cylinder by  moving the piston in the forward
direction by means of the  piston drive device, and applying an opening
command signal  to the valve device for the high-viscosity material for a
predetermined time, to thereby supply the high-viscosity  material from the
high-viscosity material supply device to  the cylinder due to said first
suction force; a portion for controlling the piston stopping device  for
stopping the piston by means of the piston stopping  device after the first
suction condition is generated, and  closing the valve device for the
high-viscosity material; a second suction stroke controlling portion for
generating a second suction condition in the cylinder by  further moving the
piston in the forward direction by means  of the piston drive device, with
the high-viscosity material  having been supplied to the cylinder, and
applying an opening  command signal to the valve device for the gas supply
device 7  for a predetermined time, to thereby supply the gas from the  gas
supply device to the cylinder due to the second suction  force; and a
pressurizing stroke controlling portion for moving  the piston in the
reverse direction by means of the piston  



drive device, to thereby pressurize the high-viscosity  material and the gas
in the cylinder; and a discharge stroke controlling portion for moving the
piston in the reverse direction by means of the piston drive  device, to
thereby transfer the high-viscosity material and  the gas in the cylinder to
a conduit communicated with the  piston pump. [0010] The present invention
further provides: an apparatus for foaming a high-viscosity material,
comprising: a gas mixing/supply device for introducing a gas into a
high-viscosity material; and a pre-mixer for dispersing the gas in the high-
viscosity material, the high-viscosity material having the  gas mixed
therewith being supplied from the mixing/supply  device, the high-viscosity
material having the gas dispersed  therein being adapted to be discharged
and foamed under  atmospheric pressure. [0011] The present invention further
provides: an apparatus for foaming a high-viscosity material, 8 -
comprising: a gas mixing/supply device for introducing a gas into a
high-viscosity material; and a discharge device for pressurizing and
discharging the  high-viscosity material having the gas dispersed. therein
for  foaming, 



wherein:  using a piston pump in which a piston is reciprocally  moved in a
cylinder to thereby effect a suction stroke and a  discharge stroke, said
gas mixing/supply device supplies a  high-viscosity material to the cylinder
in a suction stroke  or after stopping of the suction stroke of the piston
pump;  effects a second suction stroke by moving the piston after  the
supply of the high-viscosity material; and supplies a gas  to the cylinder
in the second suction stroke or after  stopping the suction stroke, followed
by effecting, after  completion of the supply of the gas, a discharge stroke
of  the piston pump in which: the high-viscosity material and the gas in the
cylinder  are pressurized; the high-viscosity material and the gas are
discharged  into a conduit after pressurization in the discharge stroke,
thus discharging a mixture of the high-viscosity material and  the gas
dispersed therein and effecting foaming under atmospheric pressure.  EFFECT
OF THE INVENTION  [0012] According to the present invention, a suction
condition 9  is formed in the cylinder, and a high-viscosity material is
supplied into the cylinder using a simple means of  pressurization or
extruding force, in addition to a suction  force. Therefore, without using a
large delivery pump for  supplying a high-viscosity material, a
high-viscosity  material is directly supplied, by means of pressurization or
extrusion, from a small and simple tubular container such as  



a cartridge, or a flexible bag-type container. Thus, an  apparatus as a
whole can be reduced in size and cost. [0013] A pump may be added so as to
supply a high-viscosity  material to the cylinder. A high-viscosity material
can be  injected into the cylinder under relatively low pressure.
Therefore, as a high-viscosity material supply device, an  extrusion type
device is employed, so as to apply a pressure  or an extruding force to a
cartridge container or a flexible  bag type container. BRIEF DESCRIPTION OF
THE DRAWINGS  [0014] [Fig. 1] Fig. 1 is a circuit diagram indicating a main
part  of a foaming apparatus 1 for a high-viscosity material.  [Fig. 2] Fig.
2 is a circuit diagram indicating a detail of  the foaming apparatus 1.
[Fig. 3] Fig. 3 is a diagram indicating an operation of a  piston pump.
[Fig. 4] Fig. 4 is a timing chart explaining an operation of  the piston
pump. [Fig. 5] Fig. 5 is a circuit diagram indicating a - 10 - conventional
foaming apparatus. [Fig. 61 Fig. 6 is a front sectional view indicating a
structure of a conventional piston pump. [Fig. 71 Fig. 7 is a timing chart
indicating an operation of  a conventional piston pump. EXPLANATION OF
REFERENCE MARKS  [0015] 1 foaming apparatus 



3 mixing/supply device  5 gas supply device 11 source of air 13 piston drive
device  15 controller 17 control device 19 electromagnetic directional
control valve device  21 electromagnetic directional control valve 23 piston
pump  25 piston 27 cylinder  29 cartridge 31 piston stopping device 33 valve
device for a high-viscosity material  35 valve device for a gas 37 piston
portion  39 shaft portion  41 chamber 43 control chamber  45 check valve -
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 valve  



65 pressure sensor 67 coating gun  HV1 valve HV2 valve REG2 pressure control
valve  REG3 pressure control valve  REG4 pressure control valve BEST MODE
FOR CARRYING OUT THE INVENTION  [0016] Fig. 1 is a circuit diagram
indicating a main part of a  foaming apparatus 1 for a high-viscosity
material. Fig. 2 is  a circuit diagram indicating a detail of the foaming
apparatus 1. Fig. 3 is a diagram indicating an operation of  a piston pump
23. Fig. 4 is a timing chart explaining the  operation of the piston pump
23. [0017] Referring to Figs. 1 and 2, the foaming apparatus 1  comprises a
mixing/supply device 3 for introducing a gas into 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 13  13, the valve device 33 for a
high-viscosity material, the  valve device 35 for a gas of the gas supply
device, and the  piston stopping device 31. Thus, during a suction stroke of
the piston 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
suction stroke. During the second suction stroke or after  the end of the
suction stroke, a gas is supplied to the  cylinder 27, utilizing a suction
force (a vacuum force)  



generated in the cylinder 27, and after the completion of the  supply of the
gas, a discharge stroke of the piston pump 23  is effected for
pressurization, and the high-viscosity  material and the gas are discharged
into a conduit. [0021] The piston pump 23 effects a suction stroke according
to the movement of the piston 25 in a forward direction in  the cylinder 27,
and effects a discharge stroke by movement  of the piston 25 in a reverse
direction in the cylinder 27.  The piston 25 comprises a pair of piston
portions 37 slidably  disposed in the cylinder 27 in a liquid-tight and
gas-tight  manner, and a shaft portion 39 connecting the pair of piston
portions 37. One piston portion 37a and the shaft portion 39  define a
chamber 41 in a left-side portion (as viewed in the  drawing) of the
cylinder 27 of the piston pump 23, to which  chamber a high-viscosity
material and a gas are supplied. 14  The other piston portion 37b defines,
in a right-side portion  (as viewed in the drawing) of the cylinder of the
piston pump,  a pair of control chambers 43a and 43b of the piston drive
device for effecting reciprocal movement of the piston. 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. [0022] 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 cylinder 27 of the piston pump 23.  Therefore, it is unnecessary to
apply a high pressure for  transferring a high-viscosity material to the
cartridge 29.  Therefore, as the cartridge 29, a lightweight and inexpensive
cartridge having low pressure resistance can be used. In  this embodiment,
to enable a high-viscosity material stored in the cartridge 29 to be
smoothly supplied to the chamber 41,  the other end of the cartridge 29 is
connected to an air  source 11, as a source of pressure, through a valve HV1
and a  pressure control valve REG4. With this arrangement, even a  material
having an extremely high viscosity can be employed as a high-viscosity
material. However, if air from the air  source 11 is used, the pressure of
air supplied from the air  source 11 to the cartridge 29 is not required to
be high, - 15  since a suction force of the chamber 41 is utilized for
supplying the high-viscosity material. Therefore, it is  unnecessary to form
the cartridge 29 from a tough member  having high pressure resistance, which
is increased in size  and weight. When a material having a relatively low
viscosity is employed as a high-viscosity material, it is  unnecessary to
utilize a pressure or an extruding force from  the air source 11. In this
case, a high-viscosity material  may be supplied to the cylinder 27
utilizing only a suction  force generated in the chamber 41 in the cylinder
27 in a  suction stroke of the piston pump 23. [0023] The piston drive
device 13 moves the piston 25 of the  piston pump 23 in a forward direction
and a reverse direction,  



in response to a command signal from the piston control device 17, and
comprises the air source 11, and an  electromagnetic directional control
valve 21 provided between  the air source 11 and the piston pump 23. The
electromagnetic directional control valve 21 is connected to  one of the
control chambers 43 of the piston pump 23 through  a conduit, and the other
control chamber 43 of the piston  pump 23 through another conduit, thus
communicating the pair  of control chambers 43 with the air source 11 in an
alternate  manner. With this arrangement, air from the air source 11 is
supplied to the pair of control chambers 43 in an alternate  manner, to
thereby effect reciprocal movement of the piston  25. A check valve 45 and a
check valve 47 are provided in  conduits connecting the electromagnetic
directional control 16  valve 21 and the piston pump 23, respectively. A
pressure  control valve REG 3 is provided between the electromagnetic
directional control valve 21 and the air source 11. With  this arrangement,
air is stably supplied to the pair of  control chambers 43. [0024] The gas
supply device 5 (such as a compressor) for  storing a gas (such as dry air)
is connected to the chamber  41 formed in the cylinder 27 of the piston pump
23 through a  conduit. A pressure control valve REG 2 is provided between
the gas supply device 5 and the piston pump 23, thus enabling  dry air to be
supplied in a stable condition. In this embodiment, the gas supply device 5
utilizes air from the air  source 11, and includes a dehumidifying filter
for removing  moisture from the air. 



[0025] The piston stopping device 31 is capable of applying a  restraining
force to the piston 25 at a desired position, in  response to a command
signal from the control device 17 of a  control portion of the piston
stopping device, to thereby  stop the piston 25. The piston stopping device
31 has an  annular configuration, such as a shape of a bladder, having a
through portion at the center thereof. By transferring a gas  into the
piston stopping device 31, the piston stopping  device 31 expands to the
central through portion to thereby  reduce the diameter of the through
portion. When the gas is  released, the piston stopping device 31 returns to
its  original shape due to its elastic properties. Such a piston 17
stopping device is well known, and therefore a detail of an  arrangement of
the piston stopping device is omitted in the  drawings. The piston stopping
device 31 is fixed in the  cylinder in a manner such that the through
portion is aligned  with the direction of movement of the piston, and the
piston  stopping device 31 and one piston portion 37b form one  control
chamber 43a. The shaft portion 39 of the piston 25  extends through the
through portion of the piston stopping  device 31. A seal structure (not
shown) is provided between  the shaft portion 39 and the through portion, to
thereby  prevent air transferred to the control chamber 43a adjacent  to the
piston stopping device 31 from leaking through a space  between the shaft
portion 39 and the through portion. A  peripheral portion forming the
through portion of the piston  stopping device 31 expands to the through
portion in response  to a command signal from the control device 17, to
thereby  



narrow (reduce the diameter of) the through portion. Thus,  the peripheral
portion of the piston stopping device 31 is  pressed against the shaft
portion 39 of the piston 25, to  thereby lock the piston 25 at a desired
position.  Consequently, by locking the piston 25 at a desired position  in
a suction stroke, a high-viscosity material can be  supplied to the chamber
41 in a desired amount. That is, by  locking the piston 25 at a desired
position, the amount of a  high-viscosity material supplied to the chamber
41 can be  measured. Further, in a discharge stroke, by locking the  piston
25 at a desired position while a discharge opening of  the piston pump 23 is
closed, a high-viscosity material 18  having a gas mixed therewith in the
chamber 41 can be  pressurized to a desired pressure value, and can be
maintained at the same pressure value. In addition, the  peripheral portion
forming the through portion of the piston  stopping device 31 is
diametrically enlarged so as to  increase the diameter of the through
portion, in response to  a command signal from the control device 17.
Consequently,  the peripheral portion of the piston stopping device 31 is
separated from the shaft portion 39 of the piston 25, to  thereby release
the locked condition of the piston 25.  [0026] The valve device 33 for a
high-viscosity material  comprises a material suction valve 49, and a drive
portion 50  for driving the material suction valve 49 in response to a
command signal from the control device 17. The material  suction valve 49 is
provided in a conduit (as a passage) for  communication between the
cartridge 29 and the chamber 41  



formed in the cylinder 27 of the piston pump 23. In a first  suction stroke,
when the chamber 41 has been placed in a  sufficient suction condition, the
material suction valve 49  opens the conduit in response to a command signal
from the  control device 17, to thereby supply a high-viscosity  material in
the cartridge 29 to the chamber 41, utilizing a  suction force generated in
the chamber 41. The material  suction valve 49 may be opened in the middle
of the first  suction stroke, or simultaneously with the first suction
stroke. Otherwise, the material suction valve 49 may be  opened immediately
after the end of the first suction stroke, - 19  or with a time lag after
the end of the first suction stroke.  [0027] The valve device 35 for a gas
comprises a gas suction  valve 51, and a drive portion 52 for driving the
gas suction  valve 51 in response to a command signal from the control
device 17. The gas suction valve 51 is provided in a conduit  (as a passage)
for communication between the gas supply  device 5 and the cylinder 27 of
the piston pump 23. In a  second suction stroke, when the chamber 41 in the
cylinder 27  of the piston pump 23 has been placed in a sufficient suction
condition, the gas suction valve 51 opens the conduit in  response to a
command signal from the control device 17, to  thereby supply a gas in the
gas supply device 5 to the  chamber 41, utilizing a suction force of the
chamber 41. The  gas suction valve 51 may be opened in the middle of the
second suction stroke. Otherwise, the gas suction valve 51  may be opened
immediately after the end of the second suction  stroke, or with a time lag
after the end of the second  



suction stroke. [0028] The control device 17 comprises a first suction
stroke  control portion, a piston stopping control portion, a second
suction stroke control portion and a discharge stroke control  portion. The
first suction stroke control portion controls  the piston drive device 13,
to thereby move the piston 25 in  a forward direction to thereby generate a
first suction  condition in the chamber 41 of the cylinder 27, and supplies
an opening command signal to the material suction valve 49 20  for a
predetermined time period, to thereby supply a high- viscosity material in
the cartridge 29 to the chamber 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 piston 25.
The second suction stroke control  portion supplies a command signal for
release of the piston  to the piston stopping control portion, and controls
the  piston drive device 31, to thereby move the piston 25 further  in the
forward direction to generate a second suction  condition in the chamber 41
of the cylinder 27, with the  high-viscosity material having been supplied
to the chamber  41 of the cylinder 27. The second suction stroke control
portion then supplies an opening command signal to the gas  suction valve 51
for a predetermined time period, to thereby  supply a gas in the gas supply
device 5 to the chamber 41 of  the cylinder 27 under a second suction force.
The discharge  stroke control portion controls the piston drive device 13,  



to thereby move the piston 25 in the reverse direction and  supply the
high-viscosity material and the gas in the cylinder 27 to a conduit
communicated with the piston pump 23.  In this embodiment, the control
device 17 comprises a  controller 15 and an electromagnetic directional
control valve device 19. The controller 15 and the electromagnetic
directional control valve device 19 provide the first suction  stroke
control portion, the piston stopping control portion,  the second suction
stroke control portion and the discharge 21 - stroke control portion. [0029]
In this embodiment, a discharge valve device 54 is  provided in the
discharge opening of the piston pump 23, so  as to open or close the
discharge opening in response to a  command signal from the control device
17. The discharge  valve device 54 comprises a material discharge valve 53,
and  a drive portion 56 for driving the material discharge valve 53 in
response to a command signal from the control device 17.  As long as the
material discharge valve 53 is closed, the  high-viscosity material and the
gas in the chamber 41 of the  piston pump 23 are prevented from being
discharged towards the pre-mixer 7 even in a discharge stroke of the piston
pump  23. By means of the discharge valve device 54, it is  possible to
close the discharge opening of the piston pump 23  in a discharge stroke,
and to pressurize a high-viscosity  material having a gas mixed therewith in
the chamber 41 to a  desired pressure value until the piston 25 is locked in
a  desired position (for example, a preliminary lower point  described
later) and maintain the piston 25 at the same  



pressure value. This pressurization is carried out so as to  preliminarily
compress a gas before a subsequent step,  because a gas can be easily
compressed under pressure. By  compressing a gas, the high-viscosity
material and the gas  discontinuously supplied to the cylinder in a
batchwise  manner are almost combined with each other in the form of a
mixture. Therefore, after compression of the gas, when the  material
discharge valve 53 opens in response to a command 22  signal from the
control device 17, a high-viscosity material  having a gas mixed therewith
can be continuously transferred  to the pre-mixer 7 under high pressure.
[00301 The electromagnetic directional control valve 21 of the  piston drive
device 13 comprises a 5-port, 3-position  switching valve. Specifically, the
electromagnetic  directional control valve 21 comprises 5 ports such as an
A-port, a B-port, a T1-port, a P-port and a T2-port, and 3  switch positions
such as an upper-stage portion, an  intermediate-stage portion and a
lower-stage portion. The  A-port is connected to the control chamber 43a
through the  check valve 47. The B-port is connected to the control  chamber
43b through the check valve 45. The T1-port and the  T2-port are open to the
atmosphere through relief valves,  respectively. The P-port is connected to
the air source 11.  Normally, as shown in Fig. 2, the intermediate-stage
portion  is interposed between the piston pump 23 and the air source  11, so
as to prevent air from being supplied from the air  source 11. To effect a
suction stroke of the piston pump 23,  the A-port and the P-port are
communicated with each other  



and the B-port and the T2-port are communicated with each  other, through
the upper-stage portion of the electromagnetic  directional control valve
21. Thus, air from the air source  11 is transferred to the control chamber
43a through the  P-port and the A-port, and air in the control chamber 43b
is  released to the atmosphere through the B-port and the T2-port.  To
effect a discharge stroke of the piston pump 23, the 23  A-port and the
Ti-port are communicated with each other and  the B-port and the P-port are
communicated with each other,  through the lower-stage portion of the
electromagnetic  directional control valve 21. Thus, air from the air source
11 is transferred to the control chamber 43b through the  P-port and the
B-port, and air in the control chamber 43a is  released to the atmosphere
through the A-port and the T1-port.  [0031] In a suction stroke of the
piston pump 23, the piston  stopping device 31 applies a restraining force
to the piston  25 to thereby stop the piston 25, so as to lock the piston
portion 37b on a side of the control chamber 43 at a predetermined position
(a first suction stroke). In this  instance, utilizing a suction force
generated in the chamber  41, a high-viscosity material is sucked into the
chamber 41.  Thereafter, the piston stopping device 31 releases the
restraining force, so that the piston portion 37b on a side  of the control
chamber 43 moves to an upper point shown in  Fig. 2 and abuts against an
inner wall surface of the  cylinder 27 on the right side in Fig. 2, thus
preventing the  piston from moving (a second suction stroke). In this
instance, utilizing a suction force generated in the chamber  



41, a gas is sucked into the chamber 41. [0032] To lock the piston portion
37 on a side of the control  chamber 43 at a predetermined position, the
piston 25 may be  locked only by means of a restraining force of the piston
stopping device 31. However, the electromagnetic directional 24  control
valve 21 may be controlled simultaneously with the  operation of the piston
stopping device 31 so as to enable  the intermediate-stage portion to be
interposed between the  piston pump 23 and the air source 11 and prevent air
from  being supplied from the air source 11 to the control chamber  43. On
the other hand, in a discharge stroke of the piston  pump 23, the piston
stopping device 31 stops the piston 25 by  applying a restraining force to
the piston 25, so as to lock  the piston portion 37 at a preliminary lower
point shown in  Fig. 2 (a pressurizing step). In this instance also, the
piston 25 may be locked only by means of a restraining force  of the piston
stopping device 31. However, the  electromagnetic directional control valve
21 may be  controlled simultaneously with the operation of the piston
stopping device 31 so as to prevent air from being supplied  from the air
source 11 to the control chamber 43. The piston  stopping device 31 is
controlled by means of the piston drive  device 13. In this embodiment, even
in a discharge stroke of  the piston pump 23, the piston portion 37 is
locked at a  preliminary lower point before the material discharge valve  53
opens. Therefore, a high-viscosity material having a gas  mixed therewith in
the chamber 41 can be pressurized to a  desired pressure value until the
preliminary lower point, and  



can be maintained at the same pressure value. Thus, when the  material
discharge valve 53 is opened, the high-viscosity  material having the gas
mixed therewith can be transferred  under high pressure. [0033] 25  A mixing
ratio at which a high-viscosity material is  mixed with a gas can be
controlled, based on a pressure of  the gas supplied from the gas supply
device. The pressure of  the gas from the gas supply device is controlled by
the  control device. The mixing ratio may be controlled by  changing a
position at which the piston is stopped by means  of the piston stopping
device of the piston pump. The piston  stopping device can be controlled by
means of the piston  drive device. It is preferred that the piston drive
device  is capable of serving as the piston stopping device, and an
arbitrary foaming ratio can be obtained. [0034] The electromagnetic
directional control valve device 19  of the control device 17 comprises a
gas suction valve  controlling valve 55, a material suction valve
controlling  valve 57, a material discharge valve controlling valve 59, a
piston release control valve 61 and a coating gun control  valve 63. These
valves form an integral unit structure. In  this embodiment, the coating gun
control valve 63 is provided  in the electromagnetic directional control
valve device 19,  so as to reduce an overall size of the apparatus. However,
the coating gun control valve 63 may not necessarily be  provided in the
electromagnetic directional control valve  device 19, and may be provided
separately from the  



electromagnetic directional control valve device 19. Each of  the gas
suction valve controlling valve 55, the material  suction valve controlling
valve 57, the material discharge  valve controlling valve 59, the piston
release control valve 26  61 and the coating gun control valve 63 comprises
a 5-port  positional switching valve. [00351 Regarding the gas suction valve
controlling valve 55, a  right-side stage block is normally interposed
between the air  source 11 and the gas suction valve 51. In this state, air
from the air source 11 is transferred to a 1B-1 chamber of  the gas suction
valve controlling valve 55, while air from a  lA-1 chamber of the gas
suction valve controlling valve is  released through the right-side stage
block and a relief  valve 64 to the atmosphere. Therefore, the gas suction
valve  51 is in a closed condition. In response to a command signal  from
the controller 15, the gas suction valve controlling  valve 55 moves so that
a left-side stage block is interposed  between the air source 11 and the gas
suction valve 51. In  this case, contrary to the above, air from the air
source 11  is transferred to the lA-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. [00361 The material suction valve
controlling valve 57 has a  structure similar to the gas suction valve
controlling valve  



55. Normally, a right-side stage block of the material  suction valve
controlling valve 57 is interposed between the  air source 11 and the
material suction valve 49, to thereby 27  place the material suction valve
49 in a closed condition.  In response to a command signal from the
controller 15, a  left-side stage block of the material suction valve
controlling valve 57 moves so as to be interposed between the  air source 11
and the material suction valve 49.  Consequently, the material suction valve
49 moves from a  closed position to an open position. [0037] Each of the
material discharge valve controlling valve  59, the piston release control
valve 61 and the coating gun  control valve 63 has a structure similar to
the gas suction  valve controlling valve 55. Normally, a right-side stage
block is located between the air source 11 and the  corresponding valve, to
thereby place the valve in a closed  condition. In response to a command
signal from the  controller 15, a left-side stage block moves so as to be
interposed between the air source 11 and the corresponding  valve, which
thus moves from a closed position to an open  position. [0038] Regarding the
pre-mixer 7, rotation of the mixer is  controlled by means of a motor, to
thereby disperse a gas in  a high-viscosity material. It is preferred that
the pre- mixer 7 be compact in size and have a structure which allows  an
easy overhaul. The pre-mixer 7 is used if desired, when  fine, uniform
closed foaming cells are required to be  



obtained. [0039] 28  The discharge device 9 comprises a valve HV2, a
pressure sensor 65 and a coating gun 67. The coating gun 67  is controlled
by means of the controller 15 of the control  device 17 through the coating
gun control valve 63 of the  electromagnetic directional control valve 19.
Information of  the pressure sensor 65 is output to the controller 15, and
based on the information of the pressure sensor 65, the  controller 15
controls the valve HV2 and the coating gun  control valve 63. With this
arrangement, the coating gun 67  discharges a mixture having a gas
compressed and finely  dispersed therein under desired pressure with
predetermined  timing. When the mixture in a compressed state is released
and subject to atmospheric pressure, the gas in the high- viscosity material
expands, to thereby obtain a foam of the  high-viscosity material. For
example, as shown in Fig. 1,  the coating gun 67 is used for forming
string-like foaming  beads 68 on an object 66. [0040] Referring to Figs. 2,
3 and 4, description is made with  regard to an operation of the
mixing/supply device 3. [0041] First, at an initial value, the piston
portion 37b is  located at the lower point, and the piston portion 37a is in
contact with an inner wall end portion of the cylinder 27 on  the left side
in Fig. 2, so that the capacity or volume of  the chamber 41 formed in the
cylinder 27 is zero. At this  initial value, the intermediate-stage portion
of the  



electromagnetic directional control valve 21 is interposed 29  between the
piston pump 23 and the air source of air 11.  Therefore, there is no
communication between the A- and S- ports and the Ti-. P- and T2-ports, and
no air is supplied  from the air source 11 to the control 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 Ti from the start of movement of the piston  pump 23, the
controller 15 controls the material suction  valve controlling valve 57, to
thereby open the material  suction valve 49 (see X2 in Fig. 4), and, after
time T2 in  Fig. 4, closes the material suction valve 49 (see X3 in Fig.
4). During time T2, a high-viscosity material is supplied  from the
cartridge 29 to the chamber 41 due to the suction 



30  force of the chamber 41 (the first suction stroke). In this  instance,
the pressure of the high-viscosity material is 1 to  10 kg/cm2. Normally,
the high-viscosity material is supplied  at 2 kg/cmZ. 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 controls the  material
suction valve controlling valve 57, to thereby close  the material suction
valve 49. At the same time, the  controller 15 controls the piston release
controlling valve  61 to thereby operate the piston stopping device 31, and
enable the piston 37 on a side of the control chamber 43 to  reliably stop
at the intermediate point (see X3 in Fig. 4).  In this instance, it is
preferred that the electromagnetic  directional control valve 21 be
controlled to thereby stop  the supply of air to the control chamber 43 and
stop the  movement of the piston 25. Based on time T2 until the piston  25
stops at the intermediate point, and the speed of movement  of the piston
25, an amount of the high-viscosity material  supplied to the chamber 41 of
the cylinder 27 can be  automatically measured. A first suction stroke is
effected  between time X1 and time X3 in Fig. 4. [0045] During the first
suction stroke or during time T2, the  controller 15 opens the valve 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 31  



force, the high-viscosity material can be supplied to the  chamber 41. Thus,
in the present embodiment, to supply a  high-viscosity material to the
chamber 41 of the cylinder 27,  a method of extrusion by means of air
pressure is utilized,  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 point, the gas  suction valve 51
is controlled to be open by the gas suction  valve controlling valve 55 of
the electromagnetic directional  control valve device 19. In this instance,
due to the suction force of the chamber 41 (the second suction stroke),  dry
air is supplied from the gas supply device 5 to the  chamber 41. Dry air is
supplied through the gas suction  valve 51 to the chamber 41 while being
maintained at a  predetermined pressure by means of the pressure control
valve REG2. This gas pressure is 0 to 5 kg/cm2. It should be noted  that a
pressure of 0 kg/cm2 forms an equilibrium state under 32  atmospheric
pressure, and theoretically an expansion ratio of  



200% is obtained. This is the condition of step 2 in Fig. 3.  Time T4 in
Fig. 4 indicates a second suction stroke. In a  suction stroke, a
high-viscosity material is first supplied  to the cylinder 27. This is
because if a gas is first  supplied, the gas in the chamber 41 will expand
during the  suction 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-viscosity material
into the  chamber. [0047] With lapse of time T5 after the gas suction valve
51 is  closed, the control device 17 controls the lower-stage  portion of
the electromagnetic directional control valve 21  to be interposed between
the air source 11 of air and the  piston pump 23, to thereby allow
communication between the  A-port and the T1-port, and between the B-port
and the P-port.  Therefore, air from the air source 11 is supplied to the
control chamber 43b through the P-port and the B-port, and air in the
control chamber 43a is released to the atmosphere  through the check valve
47, the A-port, the T1-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. [0048] 33  When the piston portion 37 of the piston 25 on a side
of the control chamber 43 moves to the preliminary lower  



point shown in Fig. 2 and Fig. 4, the controller 15 controls  the piston
release control valve 61 to thereby operate the  piston restraining device
31, thus reliably stopping the  piston portion 37 on a side of the control
chamber 43 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 T8  (during a
discharge stroke), a mixture 70 of a high-viscosity  material and a gas is
discharged into a conduit 72 (see X8 and X9 in Fig. 4). This is the
condition of step 4 in Fig. 3.  [0049] As a high-viscosity material, a
one-pack type curable  material or a two-pack type curable material can be
used.  Examples of such materials include a two-pack type curable  material
comprising a primary agent and a curing agent, and  one-pack type curable
materials such as quick-cure  thermosetting urethane, moisture-setting
urethane, silicone,  acrylurethane, and a silyl group containing curable
material,  etc. Such materials can be quickly cured at room temperature  or
by heating, thus increasing productivity and eliminating  the need for a
large heating device. [0050] 34  The mixture of a high-viscosity material
and a gas  discharged to the conduit is dispersed in the premixer 7.  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 coating gun control valve 63 of the
electromagnetic  directional control valve device 19. [0051] As has been
described above, in the present embodiment,  a suction condition is
generated in the chamber 41 of the  cylinder 27, and a high-viscosity
material is supplied to the  chamber 41 using the suction force. Therefore,
it is  unnecessary to use a conventional large primary pump for  supplying a
high-viscosity material. A high-viscosity  material can be supplied directly
from a small and simple  container such as a cartridge. Therefore, the
present  invention can be applied to a foaming-in-place apparatus for
coating, injecting or molding a foam having a desired form  such as a
compact and simple packing material, a gasket, a  string-like object, and so
on. 35 - CLAIMS  [1] A method for mixing a high-viscosity material with a
gas, using a piston pump in which a piston is reciprocally moved in a
cylinder to thereby effect suction and discharge, said method  comprising: a
step of effecting a first suction stroke in which the  piston is moved in
the cylinder so as to generate a suction  condition in the cylinder; a step
of supplying a high-viscosity material to the  cylinder, using a suction
force in the cylinder generated in said  first suction stroke; 



a step of stopping the piston after said first suction  stroke; a step of
effecting a second suction stroke in which the  piston is moved in the
cylinder after the supply of the high- viscosity material; a step of
supplying a gas to the cylinder, using a suction  force in the cylinder
generated in the second suction stroke; a step of effecting a pressurizing
stroke in which the  piston is moved in the cylinder after completion of the
supply of  the gas, to thereby pressurize the high-viscosity material and
the gas; and a step of effecting a discharge stroke in which the piston  is
moved in the cylinder after the pressurizing stroke, to  thereby discharge
the high-viscosity material and the gas into a  conduit. [2] A method
according to claim 1, wherein: said step of supplying the high-viscosity
material is  conducted in the first suction stroke or after completion of
the  first suction stroke; and said step of supplying the gas is conducted
in the second  suction stroke or after completion of the second suction
stroke.  [3] A method according to claim 1 or 2, wherein: said step of
supplying the high-viscosity material and said  step of supplying the gas
are conducted by pressurization and  extrusion, in addition to the suction
force generated in the  cylinder of the piston pump. 36- [4] A method
according to any one of claims 1 to 3, wherein: said step of stopping the
piston is conducted by applying a  restraining force to the piston and
locking the piston. 



[5] A method according to any one of claims 1 to 4, wherein: a ratio in
which the high-viscosity material is mixed with  the gas is determined by
controlling a pressure of the gas  supplied to the cylinder of the piston
pump. [6:! A method according to any one of claims "I to 5, wherein: a ratio
in which the high-viscosity material is mixed with  the gas is determined by
controlling a position at which the  piston is stopped in the cylinder in
said step of stopping the  piston. [7] An apparatus for mixing a
high-viscosity material with 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; a piston
drive device for driving the piston of the piston  pump; a piston stopping
device for stopping the piston; a valve device for a high-viscosity material
for selectively  opening and closing a passage for communication between the
high- viscosity material supply device and the cylinder of the piston  pump;
a valve device for a gas for selectively opening and closing  a passage for
communication between the gas supply device and the  cylinder of the piston
pump; 



a first suction stroke controlling portion for generating a  first suction
condition in the cylinder by moving the piston in  the forward direction by
means of the piston drive device, and  applying an opening command signal to
the valve device for the  high-viscosity material for a predetermined time,
to thereby _37_  supply the high-viscosity material from the high-viscosity
material supply device to the cylinder due to said first suction  force; a
portion for controlling the piston stopping device for  stopping the piston
by means of the piston stopping device after  the first suction condition is
generated, and closing the valve  device for the high-viscosity material; a
second suction stroke controlling portion for generating  a second suction
condition in the cylinder by further moving the  piston in the forward
direction by means of the piston drive  device, with the high-viscosity
material having been supplied to  the cylinder, and applying an opening
command signal to the valve  device for the gas supply device for a
predetermined time, to  thereby supply the gas from the gas supply device to
the cylinder  due to the second suction force; and a pressurizing stroke
controlling portion for moving the  piston in the reverse direction by means
of the piston drive  device, to thereby pressurize the high-viscosity
material and the  gas in the cylinder; and a discharge stroke controlling
portion for moving the  piston in the reverse direction by means of the
piston drive  device, to thereby transfer the high-viscosity material and
the  gas in the cylinder to a conduit communicated with the piston  pump. 



[8] An apparatus according to claim 7, wherein: said high-viscosity material
supply device is adapted to  supply the high-viscosity material to the
cylinder of the piston  pump by pressurization and extrusion. [9] An
apparatus according to claim 7 or 8, wherein: said piston drive device
serves as said piston stopping  device. [10] An apparatus according to claim
9, wherein: said piston drive device is a pneumatic type, a mechanical  type
or a 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 first step of supplying a gas into the
cylinder in the  second suction stroke or after stepping the suction stroke
of the  piston pump; a second step of pressurizing the high-viscosity
material  and the gas in the cylinder by effecting a discharge stroke of
the piston pump, after completion of the supply of the gas; effecting a
discharge stroke in which the high-viscosity  material and the gas are
discharged into a conduit after the  pressurization, thus discharging a
mixture of the high-viscosity  material and the gas dispersed therein; and
foaming the mixture under atmospheric pressure.  



[_2] A method according to claim -1, wherein: a ratio in which the
high-viscosity material is mixed with  the gas is determined by controlling
a pressure of the gas  supplied to the cylinder of the piston pump. [13] A
method according to claim 12, wherein: in said first step, a ratio in which
the high-viscosity  material is mixed with the gas is determined by
controlling a  position at which the piston is stopped in the cylinder in
the  suction stroke. [14] An apparatus for foaming a high-viscosity
material,  comprising: a gas mixing/supply device for introducing a gas into
a  high-viscosity material; and a 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-v'-scosity
material to the cylinder in a suction stroke or after stopping of  the
suction stroke of the piston pump; effects a second suction -39- stroke by
moving the piston after the supply of the high viscosity material; and
supplies a gas to the cylinder in the  second suction stroke or after
stopping the suction stroke,  followed by effecting, after completion of the
supply of the gas, a discharge stroke of the piston pump in which: the
high-viscosity material and the gas in the cylinder are  pressurized; 



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




