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1 DESCRI PTI ON . | NJECTI ON
DEVI CE TECHNI CAL FI ELD : The present invention
relates to a%ﬂn' lon 5 device used for nolding a re
BACKGROUND Al Infifibe As an injection device usedﬁmﬂﬁfng a
resin, an injection device is known conprising a cylinder havi ng an
i njection nozzle at an end thereof, a plunger 10 sliding in the axial
direction in a position opposite to the injection nozzle within the
cylinder and driving 1 _

DESCRIPTION

INJECTION DEVICE

TECHNICAL FIELD
The present invention relates to an injection

5 device used for molding a resin.

BACKGROUND ART
As an injection device used for molding a
resin, an injection device is known comprising a cylinder
having an injection nozzle at an end thereof, a plunger
10 sliding in the axial direction in a poéition opposite to
the injection nozzle within the cylinder and driving
device for advancing and retracting the plunger, wherein
the cylinder has a port for supplying a molding material
between the sliding position of the plunger and the
1s injection nozzle, and the molding material supplied into
the cylinder is compressed by advanceméﬁt of the plunger,
so that the molding material is injected into a cavity of
molds connected to the injection nozzle. In such an
injection device, a screw for melting the molding
20 material is provided outside the cylinder in the case of
a preplasticizing type, and integrally with a leading end

of the plunger within the c¢ylinder in tpe case of an in-



devi ce. for advancing and retracting the plunger, wherein t he

cyllnder has a port for supplying a nolding materi al bet ween the
sliding position of the plunger and the 15 i njection nozzle, and t he
nmol ding material supplied into the cylinder is conpressed
advancenent W&H6 | unger , so that the nol ding n%("?g\w
Injected into a cavity of nol ds connected to the injection nozzle.
In such an i njection device, a screw for nelting the nolding 20
material is provided outside the cylinder in the case of a
preplasticizing type, and integrally with a | eading end of the
pl unger within the cylinder in the case“of an in- WO

97/ 43106 : PCT/ JP97/ 01557
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the preplasticizing type may be provided with a larger
diameter portion in contact with an inng% circumferential
wall surface of the cylinder for isdlétihg inner and
5 outer regions of the cylinder from each other and a
smaller diameter portion'in a leading end thereof.

Above injection device of é conventional
injection molding machine has presented. such issues as
described below.. |

10 When the molds are opened for removing a
product, because a molding wmaterial is forced out of a
leading end of the injection nozzle, causxng so-called
drooling condition, in the case a pressure (back
pressure) of the molding material in the side of a

15 plunger head is too high, while weigh-ing- comes to be
unstable, in the case the back pressure is too low, a
suck-back operation has been conducted for further moving
the plunger slightly backward from a .i)osition of the
plunger after it has been pushed back by the .back

20 pressure to an extent sufficient to prevg_rit the drooling.

In order to prevent the ﬁmldiéé material from
leaking out of the cylinder through a _élearance (gap)
between the cylinder and the plunger 3££ the time of
supplying the molding material into the cylinder,

25 injecting the molding material into the wmold cavity and



the preplasticizing type may be provided with a | arger di anet er
portion in contact with an inner circunferenti al wal | surface of
the cylinder for isolating inner and 5 outer regions of the cylinder

from each ot hﬁfoﬁﬂﬂo?

t her eof .

I njection nolding nachi ne has presented such issues as

smal | er diameter portion in aJ&agiiedsssnd

Above injection device of a conventional

descri bed

bel ow. 10 Wen the nolds are opened for renoving a
product, because a nolding material is forced out of a | eadi ng end
of the injection nozzle, causing so-called drooling condition, in
the case a pressure (back pressure) of the nolding material in
the side of a 15 pl unger head is too high, while weighing conmes to be
unstabl e, in tHhecatikehe thacldgnadsuet ias pextiany, o the plungesk- back
operation has been conducted for further noving : t he pl unger
slightly backwSMWecEmWithodihe Fyldnderehas been padpqdpngart ofnd; thepyg
been pushed bac ressure ent sufficient to

prevent the dr

mat eri al

10

15

20

25
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reduced, that is, narrowed to such minimum extent to
allow the plunger to slide.

In the cylinder, a check valve (ring valve) has
been employed between a fluid holding part with the
injection nozzle and the supply port for preventing a
molten 1liquid of molding material held in the f£luid
holding part from flowing back to the supply port. The
check valve is brought into tight contact with a valve
seat of the plunger by the back pressure of the molten
liquid of molding material, when the backward movement of
the plunger is discontinued after weighing, so that back
flow of the molten 1liquid to the supply port is
prevented.

On the other hand, in an attempt of preventing
back flow of the wmolding material from the mold cavity to
an inner region of the cylinder until completion 'of a
pressure-holding and compression process after injection
of the molding material to the mold cavity, a pressure
control has been conducted by applying a force to the
plunger in the advancing direction of the plunger until
completion of the pressure-holding and compression

process after injection of the molding material to the



| eaki ng out,of the cylinder through a clearance (gap) bet ween t he

cylinder and the plunger at the tine of suppl yi ng the nol di ng
material into the cylinder, 25 injecting the nmolding nmaterial into the
nol d cavity WD 97/ 43106 '
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the length of a portion of the plunger in contact with the cylinder
has been nmade | onger, and the cl earance between the plunger and the
cylinder has been reduced, that is, narrowed to such m ni num extent
to 5 allow the plunger to slide. , In the cylinder, a
check valve (ring valve) has been enpl oyed between a fluid hol ding
part with the i njection nozzle and the supply port for preventing a

mold cavity, so that a force of the molding material
flowing back from the mold cavity into the cylinder is
counterbalanéed with the force applied to the plunger.

Such injection device accordiﬁg to the prior

5 - art, however, has below-mentioned issues.

During the suck-back operation, because the
inner region of the cylinder is reduced in pressure, the
air is brought into the cylinder from outside the
-cylinder through a trailing end of the plunger, and the

10 air is entrapped in a product as a void (bubble), causing
a defect in the product. Although P, > P, at the time of
weighing of the molding material, P, < P, after
completion of the weighing where a pressure of molding
material from the plunger head to a guide is P,, a

15 pressure of the wolding material (back pressure) in the
side of a leading end of the plunger head is P,, and a
pressure outside the cylinder is P; (atmospheric
pressure), and entrainment of the air from outside the
cylinder is caused at P, < P, due to such reason as

20 insufficient closing of the check-valve.

Even if the clearance between the plunger and
the cylinder is narrowed, the molding material is adhered
to the wall surfaces of the plunger and;the cylinder in
the sliding zone of the plunger, and it is unavoidable

25 that the molding material enters between the plunger and



molten l:iquid of nolding material held in the fluid 10 | hol di ng part

fromflow ng back to the supply port. The check val ve is brought
into tight contact with a val ve seat of the plunger by the back
pressure of t liquid of rmolding material, when the

backwar d mveﬁgﬂ%ﬁd‘ the plunger is discontinued aft@FWB?’QFﬁsﬁg, o)
that back 15 flow of the nolten liquid to- the supply port is
prevent ed. On the other hand, in an attenpt of preventing
back flow of the nolding material fromthe nold cavity to an inner
region of the cylinder until conpletion of a 20 pressure- hol di ng and
conpression process after injection of the nmolding material to the
nold cavity, a pressure control has been conducted by applying a

force-to the the cYE)F'Bﬁ@Er iNpRafYeXdy 2RERNEhEi mekding T‘lﬂtetrh-@lpleuhge's
Bpgl:lass after |nJ ec %ggq-‘ %1‘[‘%%%'8 rsrgﬁgrrolllf‘agfhar}'% iar {yes%igvr;s #
between them, because the clearance is very narrow, and
retention of the molding material iq the clearance is
5 caused. The molding material retainéditherein is reduced
in quality and carbonized due to a ffiptional heat caused
by sliding movement of the plunger. Then, the carbide is
entrained in the molding material in the cylinder, and
contaminates a molded product, causihg a defect in the
10 product.

As shown in Fig. 8A, in an injection device of
preplasticizing type comprising a plunger 2 with a larger
diameter portion 21 in contaétr with an inner
circumferential wall surface of a cylinder 1 for

is isolating inner and outer regions of the cylinder from:
each other and a smaller diameter portion 22 in a leading
end thereof, although a molten liquid_df molding material -
fed from a port 12 for supplying the _inolding material in
the cylinder 1 is guided toward an injection nozzle
20 (lower side of the figure, not sﬁawn) by a stepped
surface 23 in a boundary between _the larger diameter
portion 21 and the smaller diameter péétion 22, a part of
the molten ligquid of molding materiai:supplied from the
molding material supply port 12 is.:divided into two

25 streams flowing in the right and left directions about
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4 nold cavity, so that a force of the nolding materia

flow ng back fromthe nold cavity into the cylinder is :
counterbalagped with the force applied to the plunger.

Such inj ect Y@?"8¥9% ce according to the prior 5 art, HSHEFEHOISK a5

bel ow nenti oned i ssues. During the suck-back operation,
because the i nner region of the cylinder is reduced in pressure,

t he ~air is brought into the cylinder from outside the

cylinder through a trailing end of the gl unger, and the 10 air is
entrapped in a product as a void (bubble), causing a defect in the
product. Al though P[err] > Plerr] at the time of wei ghing of the
mol di ng et éthealspalPper diameterr[pontjionaf2lepf the plumgmwpl2etaisoshobmt he

wei ghi ng where a pressure of nolding material fromthe plunger
head to a guiide §ig.p[&8 s |which j@re coplidedragainsthceagh detemainr al (back

Bl gffi‘rg)nd‘ N pokition backSidS £ £elSPfid%S e suphiy” port®h2"*4ha' ®
cause a stagnating area 9 in that position. Then, the

5 molding material in the stagnating area 9 has been
reduced in quality and carbonized by heat, and the
carbide has been removed from the wall surface of the
smaller diameter portion 22, and contaminated a product,
causing a defect in the product.

10 Since the check valve is not brought into
sufficiently tight contact with the valve seat of the
plunger, that is, not completely closed, even when the
backward movement of the plunger is disgcontinued after
completion of weighing, and completely ciosed only after

15 injection is ‘completed, a significant and unstable
quantity of molten liqixid of thé molding material flows
back before the valve is completely closed, as a result,
a preset gquantity of the molding materia_l_ to be supplied
and an actual gquantity of molding material supplied has

20 been unequal to each other, the actual qﬁantity supplied
has been varied, and it has been difficult to assure a
fixed quantity of molding material to bia supplied into
the mold cavity.

In the pressure control described above,

25 although the position of plunger in the cylinder should



pressure outside the cylinder is P[err] (atnospheric

pressure), and entrainnent of the air fromoutside the cylinder is
caused at P[err] < P[err] due to such reason as 20 i nsufficient
closing of th -val ve. Even.if the cl t ween
t he pl unger d&ﬂgg%ﬁ&i the cylinder is narrowed, the nn|di§§&ﬁ§?§F?§| S
adher ed to the wall surfaces of the plunger and the cylinder in

the sliding zone of the plunger, and it is unavoi dable 25 that the

nol ding material enters between the plunger and WO 97/ 43106
PCT/ JP97/ 01557 7 5 t he
cylinder. Moreover, once the nolding material enters bet ween the
pl unger and the cylinder, it hardly flows bet ween them because the

cl earance is vbeyspable, asirthe pressureecbEnthe moldinge maekdiay fateneal in
the clearance is
mold cavity during the pressure—holdipg and compression
process and the force applied to tﬁe plunger in the
advancing direction of the plunger aré,balanced with each
5 other, because the balance between: them is actually
varied in a subtle manner, the positibn of the plunger
is, therefore, varied, thus it has been also difficult to
consistently maintain the forces in perfectly balanced
condition in order to provide a ;constant holding
10 pressure. Accordingly, the molding matgrial is forced in
and out of the molding cavity during ﬁhe pressure-holding
and compression process, and it has been difficult to
assure a fixed quantity of molding material to be

supplied into the cavity.

15 DISCLOSURE OF INVENTION
Accordingly, an object of the present invention
is to provide an injection device gapéé;a of eliminating
defects in a molding due to entra;pméﬁg of carbides and
voids and difficulty in assuring.:a :£ixed quantity of
20 molding material to be supplied into a?pold cavity.
In accomplishing these .éﬁéf other aspects,
according to one aspect of the preseﬁﬁ:invention, there

is provided an injection device comprising:



5 caused. The nolding material retained therein is reduced I n
quality and carboni zed due to a frictional heat caused by sliding
novenent of the plunger. Then, the carbide is entrained in the

nmol ding matgrial in the cylinder, and cont am nates a nol ded
product, cal@ @MW defect in the 10 product . PCTIRPIINISSTAS shown
in Fig. 8A, in an injection device of prepl astici zing type
conprising a plunger 2 with a | arger dianeter portion 21 in

cont act with an I nner circunferential wall surface of a
cylinder 1 for 15 I solating inner gnd outer regions of the cylinder
from each other and a smaller dianeter portion 22 in a | eading

end thereof, although a nolten liquid of nolding nmateri al fed from

a port 12 for supplyi Bgcihend®t dhaeidBi A i Bljdcdtion nozz1&hgeCxhi BHGr 1 is
gui ded toward an injection nozzle 20 (l'ower side of the figure, not
shown) by &hetrepped surface 23 in a boundary between the |arger
di anet er portion_21 and the smaller dianeter portion 22, a part of
the molten liquid of AoPdPRGSHeFEIding stihAn axidloditgetion thereefdi ng

rial I re. ' I Vi, I n . ,
materia supgny pSoéléfoﬁsEé¥8Q1 %gtb Eget¥gjectlon nozzle within the

a
5 cylinder and;
a driving device for advancing and retracting
the plunger,
wherein the cylinder has a port for supplying a
molding wmaterial between a sliding position of the
10 pluhger and the injection nozzle, and the molding
material supplied into the cylinder is compressed by
advancement of the plunger, so that the wmolding material
is injected into a cavity of molds connected to the
injection nozzle, and the plunger has a groove
15 circumferentially extending along an cuter
circumferential wall surface thereof.
Insofar, the injection device may be either of
a preplasticizing type or in-line type.
Where a pressure in an inner region X of the
20 cylinder is P,, a pressure in an outer region Z of the
cyliﬁder is P,, and a pressure in an area Y of the
plunger is Py, the air in the outer region of the
cylinder cannot be drawn into the inner region of the
cylindér, in the case the inner region of the cylinder is

25 at a positive pressure (+P,), because a pressure gradient



25 Streanms flowng in the right and |left directions about
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6 the smal |l er dianeter portion 22 of the plunger 2 as shown

in Fig. 8B, V\@,'Pgt;mﬁw col l'ided against each other in a pCTIPPidsh ON
backside in relation to the supply port 12, and cause a stagnating
area 9 in that position. Then, the 5 nol ding material in the
stagnating area 9 has been reduced in quality and carbonized by
heat, and the car bi de has been renoved fromthe wall surface of

t he smal l er diameter portion 22, and contam nated a product,
causing a defect in the product. 10 Since the check valve
is not brought into sufficiently tight contact with the val ve

seat of the shown by a solid line in Fig. 6, that is, a gradient of
(a positive pressure +P,} in the area Y of plunger is
present between the inner and outer regions of the
cylinder. However, the air in the outer region of the
5 cylinder is drawn into the inner region of the cylinder,
if no groove is provided in the outer circumferential
wall surface of the plunger, when the inner region of the
cylinder is at a negative pressure (-P,), because a
pressure gradient shown by a dotted line in Fig. 6, that
10 is, a gradient of (a negative pressure -Py) in the area
of plunger is present between the inner and outer regions
of the cylinder. In contraét, in the case a groove is
provided in the outer circumferential wall surface of the
plunger, as shown in an alternate long and short dash
15 line in PFig. 6, a positive pressure (+PY) can be
temporarily maintained in an area of the groove, and the
air is prevented from being drawn into the inner region

of the cylinder.
Although one such groove may be provided, it is
20 preferable to provide a plurality of such grooves for the
purpose of increasing an effect of preventing the air
from being drawn from outside the cylinder. Although the
groove may have any sectional shape, in order to prevent

retention of a molding material in a bottom part of the



pl unger, that is, not conpletely closed, even when the backwar d

novenment of the plunger is discontinued after conpl eti on of

wei ghing, and conpletely closed only after 15 injection is

conpl et ed, ificant and unstable quantity of nolten |iquid
of the nnld“&ﬁ”%@&grlal f1 ows back before the valﬂﬁ:ﬂgywﬂﬁﬁ1etely
cl osed, as a result, a preset quantity of the nolding material to
be supplied and an actual quantity of nolding material supplied has
20 been unequal to each other, the actual quantity supplied has
been varied, and it has been difficult 4@ assure a fixed quantity
of nolding material to be supplied into the nold cavity.

In the pressure control described above, 25 al t hough the position

of plunger irgadevesylibndierpeétertably formed with\Wb@ad 4&hfiers in the

PCT/JP97/01557
bottom part of the groove.

The injection device of a second aspect of the
present invention is characterized in that it is of a
5 preplasticizing type, the plunger has a smaller diameter
portion in a leading part and a larger diameter portion
in a trailing part thereof, an outer circumferential wall
surface of the larger diameter portion is in contact with
an inner circumferential wall surface of the cylinder for
10 isolating inner and outer regions of the cylinder from
each other, so that a molding material is guided toward
the injection nozzle by a stepped surface between the
smaller diameter portion and the larger diameter portion,

and, in the case one groove is provided in the plunger,
15 a clearance between the outer circumferential
wall surface of the larger diameter portion of the
plunger and the inner circumferential wall surface of the
" eylinder is defined by a below-described equation 1 where
n is a viscosity of the molding material, P is a. back
20 pressure (kgf/cm?) during weighing, Q is a quantity
(cm3/s) of the molding material to be supplied, R is an
inner radius of the cylinder, r, is an outer radius of
the smaller diameter portion, r, is an outer radius of a
part of the larger diameter portion before the groove, rjy

25 is an outer radius of a bottom surface of the groove, r,



7 . be stable, as the pressure of the nolding material in the

nol d cavity during the pressure-holding and conpression process and
the force applied to the plunger in the advancing direction of the
pl unger are with each 5 ot her, because the b ween
themis act3§+?e&ﬁg varied in a subtle manner, the poﬁéﬁlon o$4the

pl unger I's, therefore, varied, thus it has been also difficult to
consistently maintain the forces in perfectly bal anced condi tion

in order to provide a constant holding 10 pressure.

Accordingly, the nolding material is forged in and out of the

nol ding cavity during the pressure-hol di Ng and conpressi on process,
and it has been difficult to assure a fixed quantity of nolding
material to D€ an outersupplies ioft catpareavdf Yythe 1hrger diawdt@@URE OF
| NVENTI ON Accordi ngly, an object of the present invention

is to provi de portigrecafer delé cgrcaypabl ¥, oisehnmapdaindength of ddfeects in
a nol.ding due to entrai nment of carbides and
smaller diameter portion, 1, is an axial length of the
part of the larger diameter portion before the groove, 1,
5 is an axial length (width) of the groove, 1, is an axial
length of the part of the larger diameter portion after
the groove, and k is the ratio of a flow rate in the
upward direction of the plunger from a port for supplying

the molding material into the cylinder to a total

10 gquantity of the molding material supplied.

/270 + {(1 - K)1,/[(R* - ;%) - (R? - r,)/QQR -
1,r.)1}
= k1,/ (R - %) - (R? - r,2)/ (AR - 1,75)]
4 k1,/[(RY - r3Y) - (R? - r3?) /(1R - 1,13)]
15 + K1, /0(R* - rY) - (R? - £, 2) /(LR - 1,1,)]
----- [Equation 1]

By providing the smaller diameter portion and
the larger diameter portion in the plunger, and guiding
the molding material toward the injection nozzle by the

20 stepped surface in the boundary between them, back flow
of a molten liquid of the molding material is reduced.
For smoothly effecting the guiding operation, it is
préferable that the molding material supply port is

partly covered by the larger diameter portion, when the



voids and difficulty in assuring a fixed quantity of 20 nmol di ng

material to be supplied into a nold cavity. I n
acconplishing these and other aspects, according to one aspect
of the present invention, there is provided an injection device
conpri si ng: WO 97/43106 WO 97/ 43106 PCT/IIPITI0AS57
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cylinder having an injection nozzle at an end t her eof ;

a plunger sliding in an axial direction thereof in a position
opposite to the injection nozzle wthin,the 5 cyl i nder and;

a driving device for advancing and retracting t he pl unger,

molding material is supplied from the molding material

supply port.
By defining the clearance between the outer
circumferential wall surface of the larger diameter
5 portion of the plunger and the inner circumferential wall
surface of the cylinder as set forth above, the molten
liquid of molding material can flow more easily in the
clearance in comparison with the prior art, and the wall
surfaces are washed by the molding material, stagnation
10 of the molding material is reduced. Degradation and
carbonization of the molding material can be thereby

prevented.

In this regard, although the length of the
larger diameter portion of the plunger should be shorter
15 and the clearance should be increased in view oOf
preventing stagnation of the molding material, the length
of the larger diameter portion of the plunger should be
longer and the clearance should be reduced in view of
preventing entrainment of air from the outer reéian of
20 the cylinder to the inner region of the cylinder, thus
the parameters are in close relation with each other, and
the inventors, as a result of studies, found out the
above equation 1 for determining an.optimum value of the

clearance.



wherein the cylinder has a port for supplying a nol di ng materi al

between a sliding position of the 10 plunger and the injection
nozzle, and the nolding material supplied into the cylinder is
conpr essed b¥vo97/43105 advancenent of the plunger, so that tlllﬁ“)?wnﬂﬁﬁg

mat eri al I's injected into a cavity of nolds connect

injection nozzle, and the plunger has a groove

circunferentially ext endi ng al ong an out er

circunferential wall surface thereof. | nsofar, the

i njection device may be either of 13 preplasticizing type or in-line
type. Were a pressure in an inner region X of the 20
cylinder is Plerr], a pressure in an outer region Z of the cyl i nder

is Plerr], and a pressu?éelﬁqﬁﬂta?%ach@Plﬁhée derived pFLARePIUASIPRG I ]

th t he_ out f th nd d t
the i nner 1 egi GRODR PRUSY- *ThEE AT e £ OUERER] AndF FERFON Of |

the cylinder !%ned prestu PPSiddy e iRr St AFPEETTE) . RCAYSYA 4

pressure gradie
sllding zone of the plunger 2 within the cylinder 1 are

5 Pp, Py, Pp, and Py, as shown in Fig. 4.
app/ax = (27Q,/m {1/I(R* - ;" - (R? - r;2)/(LR -
1,r)1}
dpp/dx = (290,/m {1/I@R* - %) - (R? - ) /(LR -
1,r,)1}
10 dPo/ax = (29Qy/m) {1/L(R* - %) - (R? - r3?)/(1R -
1,r3)1}
dpPp/dx = (29Q,/m) {1/[(R* - r,*) - (R? - r,?)/(1R -
1,14)1)
~---~[Equation 2}
15 Therefore, the equation 3 is established.
P, = (29Q,/m {1,/I(R* - r,*) - (R? - r)/(L R -
1.xy)1} |
Pp = (200/m {1,/1(R* - 1Y) - (R? - 1)/ (R -
1,r,)1) _
20 Pc = (290,/m {13/U(R* - r3%) - (R? - x?)/(}R -
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shown by a solid line in Fig. 6, that is, a gradient of

(a positive pressure +P[err]) in the area Y of plunger is pr esent

bet ween the |

d outer regions of the cylinder. However,

air in the outer‘?egion of the 5 cylinder is drawn i ntREHIRRIQLESTe

regi on of the cylinder,

If no groove is provided in the outer

r

t he

circunferenti al wal | surface of the plunger, when the inner region

of the

cylinder is at a negative pressure (-P[err]), because

pressure gradient shown by a dotted line,in Fig. 6, that 10 IS,
gradient of (a negative pressure -Plerr])in the area of plunger

present between the inner and outer regions

of the cylinder.

contrast, in the Bse=a (@uayye)i s(hl4/[(R4 -pr;@q?ﬂi)de.d i(R2the puhory p -
t he '

circunferential wall surface of

pl unger, as shotn’in®an

alternate | ongigmdl$hort dash 15 line in Fig. 6, a positive
pressure (+P[err]) can be

10

15

20

----[Equation 3)

Here, since Q = Q; + Q,, P + P, = Py + Pc + Pp,
and Q, = (1 - k)Q, if Q, = kQ, a below-described equation

4 is given.

P+ (292 - KQL,/w{(R* - %) - (R? - r,2)/(1R -
1ry)}

(29kQ1,) /T{(R?* - x,%) - (R? - £,2) /(1R - 1.1,)]}

+

(29kQlz) /7{ (R* - 3%} - (R? - r;2) /(LR - 1.r,))

+

(29%Q1,) /w{(R* - x,*) - (R? - r,2) /(LR - 12,0}

----- [Bquation 4]

In such manner, the first mentioned equation 1
is derived.

An injection device according to an aspect of
the invention is further characterized in that it -is a
preplasticizing type, and a guide element is provided in
the smaller diameter portion of the plunger in a position
backside in relation to the supply port for guiding two
streams of a molten liquid of molding material, which
flow circumferentially about the smaller diameter portion

to reach the backside position, toward the injection

a
a

In

S



tenporarily. maintained in an area of the groove, and the air is
prevented frombeing drawn into the inner region of the cylinder.
Al t hough one such groove may be provided, it is 20 preferable to
provi de a pl yr.alj of such grooves for the pur pos ' si ng
an effect of i%@éﬁ?ing the air from bei ng drawn fﬁgﬁﬁggﬂgﬁ e the
cylinder. Although the groove may have any sectional shape, in
order to prevent retention of a nolding material in a bottom part
of the WD 97/ 43106

PCT/ JP97/ 01557 15 10 groove,

It

t he

Is preferably formed with round corners in the
t he groove.

10

15

20

bottom part of

The injection device of a second aspect of

nozzle. In addition, the guide element preferably has a
pair of inclined guide surfaces with the approximately
same inclined angle to the axial direction of the
plunger, or the guide element is preferably formed in
generally triangular shape at a protruding end of its
apex, although it is not specifically limited to such
form. In such case, two opposite oblique lines of the
triangle can be curved for smoother flow of the molten
ligquid.

Although the protrusion of the guide element is
only required to be convex in the advancing direction of
plunger such that it matches the flowing direction of the
molding waterial in order to prevent stagnation of the

molding material thereabout, and it may, therefore, be in

" the form of a partition plate, since the stagnating area

of mwmwolding waterial is generally triangular, and a
relation of Xy = ¢ (where x is a base of the shape
similar to a triangle of molding material stagnating area
(a part of the plunger bottom surface), y is a height of
the shape similar to the triangle, and c depends on a
viscosity of the molding material and the like) is given,
it is preferably formed in said triangular shape, and
most preferably such shape that meets the equation. It

is further preferable that the convex portion is



present, invention is characterized in that it is of a 5

prepl astici zing type, the plunger has a smaller dianeter portion in
a leading part and a | arger diameter portion inatrailing part

t hereof, an_outer circunferential wall surface of the |arger

di aneter poY® BRI i contact with an inner ci rcuﬁ?@?@ﬁ?l%é? wal |
surface of the cylinder for 10 I sol ating inner and outer regions of
the cylinder from each other, so that a nolding material is guided
t oward the injection nozzle by a stepped surface between the
smal | er dianmeter portion and the |arger ,¢i aneter portion, and, in
the case one groove is provided in the plunger, 15 a

cl earance between the outer circunferential wal | surface of the

| ar ger di anet progeegsiorelyf tiedluced in plthigkhessid t&earddinathe apex

circunferential wall surface of the cylinder is defined by a

bel ow descr i behexepkt iand haghapethickness [afy the apaxvi scosity of the

nol ding material, P is_a. back , 20 .pressure (kgf/cnferr]) during

weighing, Q is a quBtfipgckside PW%EH{’%r Pf/ $heofsmaddarp| ¢ aRpLRR er i al

(o 0° sumnl! el 20 pprenpppl DpeRRE U Ol S Mg, ) 'S ™

radiussof @ gecupies an upper half of the molding material supply
port in view of preventing back flow and stagnation and
facilitating flow of the molding material in the head
direction of the plunger, although it is not specifically
limited thereto.

10 : In order to assure a fixed quantity of molding
material to be supplied into a mold cavity, an injection
device of an aspect of the invention is still further
characterized in that a check valve is employed between a
fluid holding part with the injection nozzle and the

15 supply port for preventing back flow of a molten liquid
of molding material held in the fluid holding part to the
supply port, and the check valve is continuously forced
against a valve seat provided in the plunger by means of
a spring, which is 1located in a connecting shaft

20 extending frontward from the plunger. Insofar, the
injection device may be either of a preplasticizing type
or an in-line type.

In such case, although the material of the
spring is not specifically limited, for example, the

25 spring may be a metal spring or the like, and a coil



part of, the.larger dianmeter portion before the groove, r[err] 25 s an
outer radius of a bottom surface of the groove, r4 WO
97/ 43106 PCT/ JP97/ 01557

11 | ter radius of a part of the larger dia
hﬁﬁgﬂyﬁ Felribororssy

portion after ove, l[err] is an axial length of the smal | er
di aneter portion, 1[err] is an axial length of the part of the

| arger di ameter portion before the groove, 13 5 is an axial length
(w dth) of the groove, 14 is an axial | ength of the part of the

| arger diameter portion after thgygroove, and k is the ratio of a
flowrate in the upward direction of the plunger froma port for
suppl yi ng the nolding material into the cylinder to a total 10

quantity of thespmindy oy whieclikeé aspphi efample can be employed without

limitation to any specific shape. As for the number of
springs, at least one spring is required.

Finally, an injection device of an aspect of

5 the invention is characterized in that the driving device

is further provided with a control means having a

position detector for detecting a position of the plunger

within the cylinder in order to control operation of the

driving device according to a detection signal thereof

10 for fixing the position of the plunger to a position at

the end of injection. Insofar, the injection device may

be either of a preplasticizing type or an in-line type.

BRIEF DESCRIPTION OF DRAWINGS
These and other aspects and features of the
15 present invention will become clear from the following
. description taken in conjunction with the preferred
embodiments thereof with reference to the accompaqying
drawings, in which:
Fig. 1 is a schematic sectional view showing an
20 overall arrangement of an injection device according to
an embodiment of the invention, a pre-plasticizing device
and molds;
Fig. 2 is a perspective view showing a plunger

for use in the embodiment of the invention;



[err]R/2[err]Q+ {(1 - k)1[err]/[(Rerr] - r[err]) - (Rerr] -
rferr])/(1[err]R - [err]r[err])]} =
ki[err]/[ (R err] - r[err]) - (Rerr] - r[err]) /(I[err]R - 1[err])]

+ kl[err]/ - rferr - err] - r[err])/(1[err]R - _1lerr]r[err

15 [ ! [&Bﬁﬁél%[egr]/][%R[eﬁrR][ - ]r[err][) -]%Rfegr] ] FFE'!’*’TW %err”?]-
[err]r[err])] ----[Equation 1]

By providing the smaller dianmeter portion and the | arger dianeter
portion in the plunger, and guiding the nol ding material toward

the injection nozzle by the 20 strgfqoed surface in the boundary
bet ween them back fl ow of a en liquid of the nolding materi al
i s reduced. For snmoothly effecting the guiding operation, i's

preferable that the mkdi g {@tgrak %'iQW)éhoW}_h d Ssh rtIy
covered by the larger di gdrreter portlonr when t 5 ape o%tggl 43106

PCT/ JP97/ 0155 plunger;

Fig. 4 is a side view showing a shape and
dimensions of the plunger;

5 Figs. 5A, 5B, 5C are explanatory views for
explaining arrangement of a check wvalve in the
embodiment;

Fig. 6 is a graph for explaining entrainment of
air into the cylinder and a solution thereto;

10 Fig. 7 1is a sectionmal view ghowing a
modification of the embodiment of the present invention
with a left half of the plunger showing its outer
appearance and a right half of the plunger showing its
sectional view; and

15 Figs. 8A and 8B are explanatory views for
explaining formation of a stagnating area in a backside

position of a smaller diameter portion of the plunger.

BEST MODE FOR CARRYING OUT THE INVEN-TIO_N
Before the description of the present invention
20 proceeds, it is to be noted that 1like parts are
designated by 1like reference numerals throughout the
accompanying drawings.
By referring to the drawings, embodiments of

the invention are described in detail below.



12 - nmol ding material is supplied fromthe nolding materi al
supply port. By defining the clearance between the outer
circunferential wall surface of the larger dianmeter 5 portion of the

plunger and t{gydmbsfRE Circunferential wall surface ! i nder
as set forth above, the nolten l'iquid of nolding rra?‘técr'lf’}a}ﬁ”cégr? fl ow

nore easily in the cl earance in conparison with the prior art, and
t he wal | surfaces are washed by the nolding material, stagnation
10 of the nmolding material is reduced. Degr adati on and

carboni zati on of the nolding material canijge thereby prevented.

In this regard, although the |ength of the | ar ger di aneter portion
of the plunger should be shorter 15 . and the clearance should be
increased in view of It shoulflrebentdpryertiagadali Qivwefverhe sRh€i Nthe
material, the length i of the |arger dianmeter portion of the plunger
shoul d be inverfipsy &Ad Nofte bimitethctosithe demdwodiowmtsd descridedf

below, and materials, shapes and other conditions of
components described in respect to the embodiments are
5 not intended to limit the scope of the invention thereto,
unless any restrictive description is made, and are shown
only for illustrative purpose.
Figs. 1 through 5 show an injection device
according to an embodiment of the invention. The
10 injection device according to the embodiment is for use
in an injection molding machine of a screw-pre-plunger
type.
Fig. 1 is a sectional view showing an overall
arrangement of an injection device 100, a pre-
15 plasticizing device 200 for supplying a plasticized
molding material to the injection device 100 and molds
300 for receiving the plasticized molding material
injected from the injection device 100.
The injection device 100 comprises a cylinder 1
20 having an injection nozzle 11 at an end thereof, a
plunger 2 sliding in the axial direction of the cylinder
1 in a position opposite to the injection mnozzle 11
within the c¢ylinder 1 and a driving device 3 for
advancing and retracting the plunger 2, respectively, and

25 the cylinder 1 is also provided with a supply port 12 of



preventing .entrai nnent of air fromthe outer

region of 20 the cylinder

to the inner region of the cylinder, thus the paraneters are in
close relation with each other, and the inventors, as a result of
studies, found out the above equation 1 for det er mi ni ng an opt i mum
val ue of th¥OI3106 | oqrance. WO 97/ 4310PCT/IPYIISST

PCT/ JP97/ 01557 13

The equation 1 could be derived from equations
That is, the follow ng equation 2 is given

| osses in parts A, B, C, and Din a

2 wthin the cylinder 1 are 5 P[éPr] P[err] Plerr], and Pl[err],
shown in Fig.

{1/[(R err]

10

15

20

25

4, dP[err]/dx (2[err]C1err]/[err])
-mbl@ind ) mareRigL " Ibetwek® rthe / s01b8h5] Bosition of the

plunger 2 and the injection nozzle 11.

The guide element 24 preferably has at least a
pair of inclined guide surfaces 24a, 24b with the
approximately same inclined angle to an axial direction
of the plunger 2 in order to guide two streams of molten
liquid of the molding material flowing about the smaller
diameter portibn and reaching the backside position
toward the injection nozzle with good balance.
Furthermore, it is preferable that the guide element 24
is formed in generally isogonal trapezoid having the pair
of inclined guide surfaces 24a, 24b. It is preferable
that in order to more reliably prevent stagnation of the
molten liquid of molding material at a lower portion of
the lower end of the trapezoid, the gquide element 24 is a
generally isosceles triangle having a protruding end of
an apex thereof directed to Ehe injection nozzle.
Moreover, it is preferable that the guide element 24 is
formed in equilateral triangle so as to-more effectively
guide the molten liquid of molding mateﬁial.

The plunger 2 has a larger diamgter portion 21
and a smaller diameter portion 22 formed integrally in a
leading end thereof, as shown either im Figs. 2 through
4, and is also formed in the smaller diameter portion 22

with a guide element 24 of a generally triangular shape

shown bel ow.
where pressure
sliding zone of the plunger

as



lerr]r[er

r]) dP[ e = (2[err]Qerr]/[err]) {1/ [
(Rlerr] - rf[e
r]

d
) - (Rerr] - r[err])/EE e?r]
[ err]r[er 10 dP[err]/dx (2[err]Qerr]/[err]) {1/ 1(Rerr]

)
- - I R - 1
dPHarGF]rRix _(%[ ff‘%‘f‘b[{am ﬁ]geri]l/m[err] - r[err]gef”rﬁ{ﬁ’-“’]’}”‘*’}
rferr])/ (1l[err]R - lerr]r[err] )]}

W

- - - [Equation 2] 15 Therefore, the equation 3 is
est abl i shed. Plerr] = (2[err]Qerr]/[err])
{1[err]/[(Rerr] - rlerr]) - (Rerr] —rferr])/(1[err]R
lerr]r[err])]} Plerr]="" (2[err]err]/[err]) {1l[err]/
[(Rerr] - r[err]) - (Rerr] - rferr])/(1[err]R -

1ferr]r[err])]kn 28 _position Baekichias £1[ erelddind | tber the hdi®ind/
[(Rerr] - rf[err]) (Rlerr] - rf[err])/(l[err]R -
1[err]r[err])]hater1al supply port 12.

In an outer circumferential wall surface of the

larger diameter portion 21 of the plunger 2, a groove 211

5 is provided for preventing entrainment of air £rom
outside the cylinder. 1In order to prevent stagnation of
the molding material in the concave area of groove 211,
bottom cormners of the groove 211 are rounded as shown in
the figures.

10_ In this case, a clearance between the outer
circumferential wall surface of the larger diameter
portion 21 of the plunger 2 and an inner circumferential
wall surface of the cylinder 1 is deéigned to be at an
optimum wvalue in relation to an axial 1length of the

15 larger diameter portion 21 of the plunger 2 according to
the equation 1.

Fig. 7 shows a modification of the embodiment
in which the molding material come into and come out from
the groove 211 can be cut by a cutting member 250 to

20 remove the unnecessary molding materiéi from the inside
of the cylinder 1 and reliably prevent the stagnation of
the molding material in the concave area of groove 211.

In Fig. 7, the molding material comes into the
groove 211 of the larger diameter portion 21 of the

25 plunger 2 and then the molding material 499 in the groove
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14 Plerr]= (2[err]Qerr]/[err]) {1lferr]/| R[err] -
rferr]) - (Rerr] - r[err])/(1[err]R - 1[err]r[err])]

---- [Equation A Here, since Q = i Qerr],
P + P[err] WOEPANP6 + plerr] + Plerr], 5 and Qerr} '”“lssz)Q i f
Qerr] = kQ a below described equation 4 is given.

P+ (2[err](1 - k)Ql[err]/[err]{(R[err] - r[err]) - (Rerr] -
rferr])/(1[err]R [ err]rf[err]) =
(2[err]le[err])/[err]{(R[err] - rlerr]) - (Rerr] - r[err])/(I[err]R -

| [err]r[err])} + (2[err] a[err]) [err]{(R[er ] - rlerr]) -
(Rferr] - r[err])/(l[err]R- [ err]r[err])}

(2[err]kQ[e ?ii/[ﬁ”%i&ﬁ{ ebtt £k’ Edd grbBLE" iy 5&8&&44/&
|[err]r[err])}y— — o TUomoTo TmmoOmEELLEILL on 4]
I n

such mannegouhdid fidttonmedirhefgdof Okl ig¥bole 211 and the movement
of the plunger 2 and flown into a clearance between the

upper part of the larger diameter portion 21 and the

5 cylinder 1. Then, the molding material in the clearance
may be carbonized by heat to become carbides. The
carbides move upward in accordance with the upward and
downward movements of the plunger 2 and finally, come out

from the inside of the uppermost part of the cylinder.

10 The cylindrical cutting member 250 is .arranged at the
uppermost part of the cylinder 1 as shown in Fig. 7. Tﬁe
cutting member 250 has a body 250c with its inner
circumferential surface sliding on the outer
circumferential wall surface of the plunger 2, and at its

15 lower end a cutting blade 250a for cutting the cérbides
500 around the plunger 2 and having notches 250b,
arranged separately at equal distances, for dividing the
carbides 500 while the carbides 500 are cut. The plunger

2 upward and downward slides inside the cutting member

20 250 fixed to the cylinder 1, and then the cylindrical
carbides 500 moved upward from the groove 211 are cut by

the cutting blade 250a and divided into many chips due to

the notches 250b. The carbides 500 are accommodated in a
carbide accommodating space 100 provided in the cylinder

25 1. Compressed air is blown into the space 100 from an



is derived, 15 An injection device according to an aspect

of " the invention is further characterized in that it is a
preplasticizing type, and a guide elenment is provided in t he

smal | er di amav%é;_ng rtion of the plunger in a position PCT/IPORRIS4SI de in
relation to t 5 %ﬁly port for guiding two 20 streans of a nolten
liquid of nolding material, which flow circunferentially about
the smal |l er dianeter portion to reach the backsi de position
toward the injection WO 97/ 43106

PCT/ JP97/ 01557 15 nozzle. In
addition, the guide elenent preferably #3s a pair of inclined guide
surfaces with the approxi mately sanme inclined angle to the axia

|d|n rection of ¢ p)owing- B YA 109" thBeebE| €8 &l &TRYgd THe ehebalby formed

500 together with the air through a discharge port 102.
When the air is sucked through the discharge part 102,
the carbides 500 can be more smoothly discharged from the
5 space 100 therethrough. It is preferable that the axial
direction of the air blowing-in port 101 is not located
on the axial direction of the discharge .port 102 as shown
in Fig. 7 to prevent the air from being discharged
generally linearly and to cause turbulent flows in the
10 space 100, thus more effectively discharging the carbides
500 from the space 100. The cutting biade 250a can have
a curved surface for guiding the cut carbides 500 s0 as
to separate the carbides 500 from the cuter
circumferential wall surface of the - plunder 2. The

15 cutting blade 250a can have no notch.
The driving device 3 comprises a slide gquide
shaft 31 extending from a rear end of the cylinder 1, a
servo motor 33 mounted on a support mouﬂﬁ 32 at the other
end of the slide guide shaft 31, a screw;shaft 34 coupled
20 at an end to the servo motor 33 for rotation, and a
transmission member 35 engaged with thé screw shaft 34,
and advanced and retracted along the sli@e guide shafr 31
according to forward and reverse rotatigns of the screw
shaft 34. The transmission member 35 ié,connected at an

25 end to a trailing end of the plunger 2, and transmits its



5 generally triangular shape at a protruding end of its apex,

although it is not specifically limted to such form In such case,

two opposite oblique |ines of the -~ triangle can be curved for

snoot her fI%!gL ltuge nol t en Liquid 10 Al t hough the
0

protrusi on e Ui de el enentf s SHEET HASEEENT Baui red (RETHEYRYATex in
t he advanci ng direction of ? REpURCeEBUCh that it matches the flow ng
direction of the nmol di n to prevent stagnation of

t he nol di ng materi al thereabout and it may, therefore, be in 15
the formof a partition plate, since e stagnating area of nol di ng
material is generally triangular, and relation of xy = ¢ (where x
is a base of the shape simlar to a triangle of nolding materi al
stagnating gbedard and back¥id OmolBReREYNGSS BBk Oﬁiﬁéﬁéﬁc@f&‘r' S a

hei ght of 20 the shape simlar to the triangle c depends on a
viscosity oadvaecimg chmi) rextractihg atle tpkungewe)2.i s gi ven, it is
preferably formed in said triangular shape, and nost preferably
such shape that neet®stfeowryuig F§@. L.t a check vlaéeru#t her eppiodyedbl e t hat

the convex portion is
getween a flu:.d holding part 13 and the supply port 12 in

5 a stage before the injection nozzle 11 within the
cylinder 1 for preventing a molten liquid of wmolding
material held in the fluid holding part 13 to flow back
to the supply pbrt 12. The check valve 4 is cylindrical,
as shown in Fig. 5C, and is passed therethrough, as shown

10 in Fig. 54, by a conneéting shaft 25, which extends from
the smaller diameter portion 22 of plunger toward the
injection nozzle 11 (see Fig. 1) for sliding within the
cylinder 1 in the wvertical direction of the figure. At a
leading end of the smaller diameter portion 22 of the

15 plunger, a valve seat 221 in conformity with a tapered
valve element 41 of the check valve 4 is provided.

A spring 27 is employed in an arrowhead-shaped
head 26 formed at a leading end of the connecting shaft
25, and the value element 41 of the check valve 4 is

20 continuously forced against the valve seat 221 in the
smaller diameter portion 22 of the plunger by weans of
the spring 27, as shown in Fig. 5B.

As shown 3in Fig. 1, the dr}ving device 3
includes an encoder 51 associated with the servo motor 33

25 for detecting an angle of rotation of the servo motor 33.

This:Sheet Has Been Reﬂlaced

I
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16 progressively reduced in thickness toward the apex

t hereof, and has no thickness at the apex. The backsi de
position of twee3a®ibéer di aneter portion is pref erﬁg’l‘% gcated in
such a position that 5 occupi es an upper half of the Jﬁ M eri al
supply port in view of preventing back flow and stagnatlon and
facilitating flow of the nolding material in the head di rection of
t he plunger, although it is not specifically limted thereto. 10
In order to assure a fixed quantity of gplding material to be
supplied into a nold cavity, an injection devi ce of an aspect of

t he |nvent|on is still further

The encoder 51 detects the position of the plunger 2
within the cylinder from the angle of rotation detected.
The driving device 3 comprises control means 5 for
controlling operation of the driving device 3, and the
5 control means 5 receives a detection 'signal from the
encoder 51 for controlling operation of the servo motor
33 of the driving device 3.
The pre-plasticizing device 200 comprises, as
shown in Fig. 1, a hopper 201 and a screw unit 202, and
10 feeds a molding material plasticized in the screw unit
201 through the supply port 12 of cylinder 1 into the
cylinder 1. After the molten liquid of molding material
is fed into the cylinder 1, it is guided toward the
injection nozzle 11 by a stepped surface 23 in a boundary
15 between the larger diameter portion 21 and smaller
diameter portion 22 of the plunger 2, as shown in Fig. 4,
while a part of it is divided into two streams, which
flow about the smaller diameter portion 22, and reach a .
position backside in relation to the supply port 12, as
20 shown in Fig. 8B, then smoothly guided along the contour
of the guide element 24 toward the injection nozzle 11 as
shown in Fig. 3, thereby forming no stagnating area in
the backside position.
As shown in Fig. 4, by allowing the larger

25 diameter portion 21 of the plunger to close up to



charact.erized in that a check valve is enpl oyed between a fluid

hol ding part with the injection nozzle and the 15 supply port for
preventing back flow of a nolten liquid of nolding material held in
the fluid holdin art to the supply port, and the check valve is
cont i nuousl f’g agai nst a val ve seat provi ded PCRPHOIH unger by
nmeans of a spring, which is located in a connecting shaft 20
extending frontward from the plunger. I nsofar, the i njection
device may be either of a preplasticizing type or an in-line type.
In such case, although the material of the - spring i s not
specifically limted, for exanple, the 265 spring may be a netal spring

or the like,

and a coil WD 97/ 43106

PCT/JP97/015§&mmnmimately a half of the molding macerfga supply port

10

15

20

25

12, when the molding wmaterial is supplied into the
cylinder 1, the molding material hardly leaks out of the
cylinder through .the clearance béﬁﬂeen the outer
circumferential wall surface of the .larger diameter
portion 21 of the plunger and the inner circumferential
wall surface of the cylinder 1, and easily tends to be
directed toward the injection nozzle 11.

The molding material within the cylinder 1 is
forwarded to the £fluid holding part  13 ahead of the
plunger head 26 for weighing. Although the molding
material forwarded to the fluid holding part 13 reacts to
the forwarding action and thus causes thg_plunger 2 to be

retracted slightly the weighing process, as soon as a

preset quantity (one shot) of the ublding material is

reached in the fluid holding part 13, the plunger 2 is no
longer retracted, and the weighing procgés is completed.
The plunger 2 is advanced for compres-s?ing the molding
material supplied into the cylinder Hi. The preset
quantity of the molten ligquid of molding;?aterial held in
the fluid holding part 13 within the cyl%ﬁder 1 maintains
a positive pressure by the ccmpression[:and is injected
due to the positive pressure to a cavity 301 of the molds
300 that is connected to the injection:éozzle 11. The

molding material forced into the mold éavity 301 at a



spring.or the |ike as an exanple can be enpl oyed w t hout limtation
to any specific shape. As for the nunber of springs, at |east one
spring is required. Flnally, an injection device of an
aspect of 5 i nvention ig hat th evi ce
Is further pP%@?W%Eﬁmdth a contr g epé%?ﬁﬂ&g et ector
for detecting a position of the in the cylinder in
order to control operation of the y=dlevi ce according to a
detection signal thereof 10 for f|X|ng the position of the plunger to
a position at the end of injectignw Insofar, the injection device
may be either of a preplasticizing type or an in-line type.

BRI EF DESCRI PTI ON OF DRAW NGS These and ot her aspects and
features of thaigh5 speedprusian & nhéghi @resisiirebdsomaiitained ot t hhe

fol | owi ng description taken in conjunction with the preferred
enbodi nent s t hdPIBELHPRNPFRSBIHAY 119 RIURGSSPaptdd 1t comesqE@wPRgs, in

whi ch: . Fig. 1 is a schematic sectional view showi ng an
solid. .

The check valve 4 closes a passage of the
5 molding material as shown in Fig. 5B, as the value
element 41 of the check wvalue 4 is pressed_against the
valve seat 221 in the smaller diameter portion 22 of the
plunger during injection, after the injection, and during
pressure-holding process. The passage is open, as shown
10 in Fig. SA, at the initiation of weighing, during the
weighing, and when the molding material is fed, because
the feeding pressure of the molding material overcomes
the spring force. Although if the spring 27 is absent
the valve tends to be opened when it 'is subjected to a
15 ‘negative pressure during suck-back operation, since the
check-valve 4 is continuously forced by the spring 27 in
the injection device_, it is not opened. and keeps closing
the passage of the wmolding waterial, even if it is
subjected to a negative pressure. In such manner, back
20 flow of the molding wmaterial can be'-_' prevented, and a
fixed quantity of the molding material can be supplied to

the mold cavity 301. |
The wolding wmaterial tends to flow back into
the cylinder from inside the mold cavity 301 after

25 injection to the mold cavity 301 until -completion of the

Hlsiiiiltl’iiilﬂifi‘llﬁm



20 overall arrangenent of an injection device according to
enbodi nent of the invention, a pre-plasticizing device and nol ds;
Fig. 2 is a perspective view show ng a pl unger for use in th

enbodi nent

PCT/ JP97/ 01
Fig. 3 1s a rear view showi ng a shape of the pl unger;

Fig. 4 is a side view showi ng a shape and

pl unger;

5

t invention; WO 97/ 43106
%)797;1510'6 v ! 18  PCT/IP97/01557

di nrensi ons of the
Figs. B5A, 5B, 5C are explanatory views

e

for

an

explaining arrangement of a check wgve in the enbodi nent ;

10

15

20

25

pressure-holding and compression process. Then, the
control means 5 of the driving deviée 3 detects the
position of the plunger 2 within the cylinder 1 by means
of the encoder 51, and controls rotation of the servo
motor 33 according to a detection signal thereof, so that
the position of the plunger 2 is fixed to a proper
position at the end of the injection process. The
position control allows more reliable regulation of an
injection capacity in comparison with the conventional
pressure control.

Because the invention is constituted as
described above, the following effects are obtained.

In the injection device, by providing the
groove circumferentially along the outer circumferential
wall surface of the plunger, as entrainment of air from
outside the cylinder to inside the cylinder can be
prevented, and voids can be thereby eliminated, a molded
product of a good quality can be produced.

In the injection device, by providing the
smaller diameter portion and the larger diameter portion
in the plunger, and defining the clearance between the
outer circumferential wall surface of the larger diameter
portion and the inner circumferential wall of the
cylindexr by the specified equation, since stagnation of a

molding material between the outer circumferential wall



Fig. 6 s a graph for explaining entrai nment of air into the
cylinder and a solution thereto; 10 Fig. 7 iIs a
sectional view showing a nodi fication of the enbodi nent of the

present i nvenybSPussos with a left half of the plunger showg.ids outer
appearance and a right half of the plunger showing its Ssect1ona

view, and 15 Figs. 8A and 8B are explanatory views for
explaining formation of a stagnating area in a backside position of
a smaller dianeter portion of the plunger. BEST MODE FOR CARRYI NG
OUT THE | NVENTI ON Bef orepghe description of the present
I nvention 20 proceeds, it is to be noted that |ike parts are
designated by |ike reference nuneral s t hroughout the acconpanyi ng
dr awi ngs. surface of tHey lafgeri djametéehe prrandiongsand mvhei nbnmriex of
the invention are described in detail bel ow

circumferential wall surface of the cylinder can be

prevented, a molded product of a good gquality can be

produced without contamination by a carbide of the

5 molding material.

In the injection device, by providing the guide
element in the backside position of the smaller diameter
portion of the plunger for directing the molding material
toward the injeection nozzle, because. stagnation of the

10 molding material in that position can be prevented, a
molded product of a good quality can be produced without
contamination by a carbide of the molding material.

In the injection device, by forming the guide
element in the generally triangular shape that extends

15 toward the injection nozzle at the protruding end of the
apex thereof, the molding material can be guided wmore
smoothly, and stagnation can be further prevented.

In the injection device, by continuously
applying the force in the closing direction to the check

20 valve by means of the spring, time required for the check
valve to be c¢losed is reduced, back flow can be
effectively prevented, a £fixed quaﬁtity of molding

material can be supplied to the mold cavity, and a molded

product of a good guality can be produced.



WO 97/ 43106 PCT/ JP97/ 01557

19 It should be appreciated, however, that the
invention is not limted to the enbodi ments descri bed bel ow, and
mat eri al s, shapes and ot her conditions of "~ conmponents described in
respect to Y @E’)é'ﬂﬁ bdi nents are 5 not intended to |i MTYEHE®Zope of
the i nvention thereto, unl ess any restrictive description is made,
and are shown only for illustrative purpose.

"Figs. 1 through 5 show an injection device according to an
enbodi nent of the invention. The &. I nj ection device according
to the enbodinent is for use i4¥ an i njection ol ding nachine of a
screw pre- pl unger type. Fig. 1 is a sectional
view showi ng an overakh the injBEt2BHCTBBYicO®f Bécaldl ecdi opixdlgvice
100, a pre- 15 pl asticizing device 200 for supplying a

plasticized quantity of wmolding material can be supplied into the
mold cavity by the position contrxol of the plunger, a
molded product of a good quality can be éroduced.

5 The entire disclosure of Japanese Application
No. 8-117637 filed on May 13, 1996 including
specification, claims, drawings, and summary  are
incorporated herein by reference in its entirety.

Although the present invention has been fully

10 described in connection with the preferred embodiments
thereof with reference to the accompanying drawings, it

is to be noted that various changes and modifications are
apparent to those skilled in the art. Such changes and
modifications are to be understood as included within the

15 scope of the present invention as defined by the appended

claims unless they depart therefrom.



nmol ding material to the injection device 100 and nol ds 300 for

receiving the plasticized nolding materi al i njected fromthe
i nj ection device 100. The injection device 100 conprises a
cylinder 1 20 having an injection nozzle ‘11 at an of, a
pl unger 2 sIW&’WQ"‘IP‘h the axial direction of the cylinder m’”;%%ﬁ' n
position_opposite to the injection nozzle 11 within the cylinder 1
and a dr|V|ng deVTte~3 for__ advancing and retracting the plunger 2,

PCT/ JP97/ 0115
mat eri al betmeen the slldlng position of the

i njection nozzle 11, cibamgui de el enent 24 preferably has
at least a

respectiv ' the cylinder 1 is alsq provided with a supply
bort 12 ol y m m)97/43106 a1 H\ w |

1. An injection device comprising:
a cylinder (1) having an injection nozzle (11)
at an end thereof;

5 a plunger (2) sliding in an axial direction
thereof in a position opposite to the injection nozzle
within the cylihder and;

a driving device (3) for advancing and
retracting the plunger,

10 wherein the cylinder has a port (12) for supplying a
molding material between a sliding  position of the
plunger and the injection nozzle, and the molding
material supplied into the c¢ylinder _is compressed by
advancement of the plunger, so that the molding wmaterial

15 is injected into a cavity (301) of molds (300) connected
to the injection nozzle, and the plunger has a groove
(211) circumferentially extending along an outer
circumferential wall surface thereof.

2. An injection device accordigg to Claim 1,

20 wherein the plunger has a smaller diameter portion (22)
in a leading part and a larger diameter portion (21) in a

trailing part thereof, an outer cir¢§mferential' wall

surface of the larger diameter portion ;_fin contact with

an inner circumferential wall surface of;the cylinder for

This Sheet Has Been Rer
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pair of inclined guide surfaces 24a, 24b with the 5 approxi mately sane

i nclined angle to an axial direction of the plunger 2 in order to
gui de two streans of nolten Liguid of the nolding material flow ng
about the spaller di anetierrHpesHEeN HABRGBEERAGhI ng the backsi de

position WO, d the FEIIPIMWAIEAnce. 10

Furt her nore;—it—+s- ﬂfe%efabke t Is fornmed

i n generall rapezoid haV|ng'the pair of inclined guide
surfaces 2 EMME@ “ upreferable that in order to nore
reliably p of the 3 molten |liquid of nolding

material at a | ower portlon of 15 the I ower end of the trapezoid, the
guide element 24 is a generally isosceles triangle having a
protrudi ng eddodbting innean andpeuterheresifonsdigectsl cyDindde fiBmection
nozzl e. Moreover, it is preferable that the QU|de element 24 is

formed in eq&Rcht é-’rfélemr i ang| @ sereppeady mwrfacs f ¢23) ve.lny a 2boundagyi de t he
nolten liquid of nold pl unger 2 has a

| arger di anet&¥ ﬁSPtFBﬁ iég&l &lametﬁﬁdPSrEﬁﬁPl%ﬂdcﬁﬁﬂnﬁﬁﬁgepGFPWBHGEZ forned
Lpeearally i Bodrion serve8¥dl? GhiiP" G0l mdfalllf MalbIS LOLELE®
5 the injection nozzle, and:
in the case there is one said groove,

a clearance between the outer circumferential
wall surface of the larger diameter portion of the
plunger and the inner circumferential wall surface of the

10 cylinder is defined by the following equation where 7 is
a viscosity of the molding material, P is a back pressure
(kgf/cm?) during weighing, Q is a quantity (ecm3/s) of the
molding material to be supplied, R is an inner radius of
the cylinder, r; is an outer radius of the smaller

15 diameter portion, r, is an outer radius of a part of the
larger diameter portion before the groove, r; is an outer
radius of a bottom surface of the groove, r,; is an outer
radius of a part of the larger diameter portion after the
groove, 1, is an axial length of the smaller diameter

20 portion, 1, is an axial length of the part of the larger
diameter portion before the groove, 1; is an axial length
of the groove (width of the groove), 1, is an axial
length of the part of the larger diameter portion after
the groove, and k is a ratio of a flow rate in an upward

25 direction of the plunger from the supply port of the
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4, and is also formed in the smaller dianmeter portion 22 25 with a

QUIde el enent 24 of a generally trlangular shape WO 97/ 43106
PCT/ JP97/ 01557 - ; 21 in a
p03|t|on bac relation t ‘ ' mat er gy ﬂ?mﬁ port
&%éﬁaﬂglln an oute @l | surface O %M
Iarger “di aneter portion 21 of the=ptungs ~—a graopve 211 5 S

provide entrainnment of air Fom out si de the
cyI I nde ,"' ﬁlml mmmﬂmgevent stagnati on of the nolding material i

he concavecarea © ve 1, pottom corners of the groove 211

sgr @

In

are rounded as shown in the figures. 10 In this case,
a cl earance between the outer

10

i5

20

25

molding material into the cylinder to a total quantity of
the molding material supplied:

/279 + {(1 - K1,;/IR* - r,%) - R - r,2)/ (R -
1,7,)1}

= k1,/[(R* - 1,%) - (R? - r,2) /(LR - 1.7,)]

+ X13/[R? - r3t) - (R? - r32)/(1;R - 1h1,)]
+ k1,/[R* - 1Y) - (R? - £ 2) /(1R - 1,1,)]

3. An injection device according to Claim 1 or 2,
wherein the plunger has a smaller diameter portion (22}
in a leading part and a larger diameter portion (21) in a
trailing part thereof, the larger diameter portion is in
contact with the cylinder for isolating inner and outer
regions of the cylinder from each other, a stepped
surface (23) in a boundary between the smaller diameter
portion and the larger diameter portion serves for
guiding the molding material toward the injection nozzle,
a guide element (24) is provided in the smaller diameter
portion of the plunger in a position backside in relation
to the supply port so that two streams of molten liguid
of the molding material flowing about the smaller
diameter portion and reaching the backside position are
guided toward the injection nozzle. |

4. An injection device comprising§

a cylinder (1) having an injééction nozzle (11)

at an end thereof;

Hlllll\ \IIII\ I\il il
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circunf.erential wall surface of the |arger dianeter portion 21 of
the plunger 2 and an inner circunferenti al wal | surface of the
cylinder 1 is designed to be at an opti mum val ue in relationto an
axial length of the 15 | & portyon 21 of the plunger
accor di ng t¥OYM3106 e equat %El%g;ﬁ??&gq BEEN Fi g PCFIE 5?7 9

nmodi fication of the enbodi nent LASERhi ch Hhe ol di ng nateri aI cone

into and come out. from : the groove 211 can be cut by a cutting
menber enove the unnecessary nolding material fromthe

I nsi de“mmmm“ﬁﬂim Hmyl i nder 1 and r§ | ably prevent the stagnation of

the nol 8ing rat&ri &l tn the concave ar of groove 211. I n
Fig. 7, the molding material conmes into the groove 211 of the
l'arger dianmeter portign giliifert N€2) 2%51iding Ehnl Afhih | di ng
material 499 in the groove @) mQQ%S?& 1 "ereBE18R

PCT/ JP97/ 015%hereof in a position opposite to the injection nozzle

within the cylinder; and

a driving device (3) for advancing and
5 retracting the plunger,

wherein the cylinder has a port (12) for supplying a
molding material between a sliding position of the
plunger and the injection nozzle, and the wolding
material supplied into the cylinder is compressed by
10 advancement of the plunger, so that the molding material
is injected into a cavity (301) of molds (300) connected
to the injection nozzle, the plunger has a smaller
diameter portion (22) in a leading part and a larger
diameter portion (21) in a trailing part thereof, the
is larger diameter portion is in contact with the cylinder
for isolating inner and outer regions of the cylinder
from each other, a stepped surface (23) in a boundary
between the smaller diameter portion and the larger
diameter portion serves for guiding the molding material
20 toward the injection nozzle, a guide element (24) is
provided in the smaller diameter portion of the plunger
in a position backside in relation to the supply port so
that two streams of molten liguid of the molding material

flowing about the smaller diameter portion and reaching

s Sheet Has Been Replaced
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22 ) ,211 is flown out fromthe groove 211 because of the
rounded bottom corners of the groove 211 and the novenent of the
plunger 2 and flown into a cl earance between the upper part of the

| arger di ane ion 21 and the 5 cylinder 1. The in
ger ; tkﬁée 9-&9@3 y Mi»@g&i?&vd g

material in rance may he _carbaonized by heat to becone

carbl des—— The——————car bi d SFH?@‘éﬁmF’PW%%EZEN 1ccordance with the upward
al

rd nmovenents t e ARGy d finally, cone out
fron1the um ﬁﬂf pernnc der. 10 The
cylindri ,r 250 i s arrangqgd at the upper nost part of

the cylinder 1 as shomn in Fig. 7. The cutting nenber 250 has a
body 250c with its inner circunferenti al surface sliding on
the  outer the batkisidel @aitiah vatd guifiade tokatrlie gHeunipefedticnd at
its 15 | ower end a cutting blade 250a for cutting the carbides

500 around t henpkshger 2 and havi ng not ches 250b, arranged

separately at equal di stances, [0 BU NGNS 010y o AR 10259 W11

wherein the guide element has a pair of inclined guide

5 surfaces with the approximately same inclined angle to an
axial direction of the plunger.

6. An injection device according to Claim 5,
wherein the guide element is a generally isosceles
triangle having the pair of inclined guide surfaces with

10 a protruding end of an apex of the guide element directed
to the injection nozzle.

7. An injection device according to Claim 6,
wherein the guide element is formed in equilateral
triangle.

15 8. An injection device according to any one of
Claims 1-7, further comprising a check valve (4) provided
within the cylinder between a f£fluid holding part (13)
with the injection nozzle and the supply port for
preventing a molten liquid of the molding material held
20 in the fluid holding part from flowing back to the supply
port, wherein a value element (41) of the check valve is
continuously forced against a valve seat (221) in the
plunger by means of a spring (27) that is provided in a
connecting shaft (25) extending £frontward from the

25 plunger.

. This Sheet:‘Has Been Replaced
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2 upward and downward slides inside the cutting nenber 20 250 fixed to
the cylinder 1, and then the cylindrical car bi des 500 noved upward
fromthe groove 211 are cut by - the cutting blade 250a and di vi ded

i nto many eto t not ches 250b. The carbi des 500 are
acconnndatggbgﬁﬂg% car bi :

TARE ce 100PGFERMBEE i n t he
cyl i nder : Cbnpressed air | 'kﬁhsﬁﬁtm he space 100 from an
VE)QZL43L96—"~"””’ ' ED Pgﬂ JP97/ 01557

g-in port 101 thereo harge the carbi des
500 tﬂ M,‘n Walr t hrough a di rsagharge port 102. When t he
air t he di scharge pa 102, t he carbi des 500 can
be moré snoothly dlscharged fromthe 5 space 100 therethrough. It is
preferable that §he d @njection device comprising:

a cylinder (1) having an injection nozzle (11)
at an end thereof;
a plunger (2) sliding in an axial direction
5 thereof in a position opposite to the injection nozzle
within the cylinder; and
a driving device (3) for advancing and
retracting the plunger, wherein the cylinder has a port
(12) for supplying a molding material between a sliding
10 position of the plunger and the injection nozzle, and the
molding material supplied into the cylinder is compressed
by advancement of the plunger, so that the molding
material is injected into a cavity (301) of molds (300)
connected to the injection nozzle,
15 | the device further comprising: a check valve (4) is
provided within the cylinder between a fluid holding part
(13) with the injection nozzle and the supply port for
preventing a molten liquid of the molding material held
in the fluid bolding part from flowing back to the supply
20 port, wherein a value element (41) of the check valve is
continuously forced against a valve seat (221) in the
plunger by means of a spring (27) that is provided in a
connecting shaft (25) extending frontward from the

plunger.
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direction of. the air blowing-in port 101 is not | ocated on the
axial direction of the discharge port 102 as shown in Fig. 7 to
prevent the air from being discharged generally linearly and to

A AL

cause turbul en ws in the 10 e e—¥o&F=+hys nore
di scharging t 6‘13 %i des Sﬁﬂ)‘squ*“tﬁﬁTtW gpliig| 100. Th%‘t:@ﬁe%%’yﬁ%ybl ade
250a can have ———acurved sirfaceREBkAGER di ng [ he cut carbi des 500 so

t he car bl des 500 rom the out er
CI rcumc mﬁlmﬂi@]mmm ace of the plunder 2.  The 15 cutting bl ade

250a can » aue (e} he driving device 3 conprises a
slide guide shaft 31 extending fPoma rear end of the cylinder 1, a
servo notor 33 nmounted on a support nount 32 at the other end of
the slide guide shpgt 3y @.n%é&@i\bﬁhi‘ietvl% CR R MAng?Oco anyl SR CiyE tO the
servo notor 33 for rotation, transm ssion rrenber 35 engaged
with the screwChaihg 3149, wheremnd they adeddingd devicet etk alfngtdrwe slide
gui de shaft 31 accordl ng to forward and reverse rotations of the
screw previdesl. wikb (3 aeomtEolormeanmer(535 haviggnnactipesiftiam 25

end to a trailing end of thg tE)Iun er 2 and transmts its
de ector for detecty a ' position of the plunger within

n..

5 the cylinder in order to control operation of the driving
device according to a detection signal thereof for fixing
the position of the plunger to a position at the end of
injection.

11. 2an injection device comprising:
10 a cylinder (1) having an injection nozzle (11)
at an end thereof;

a plunger (2) sliding in an axial direction
thereof in a position opposite to th.e injection nozzle
within the cylinder; and

15 " a driving device (3) for advancing and
retracting the plunger,

wherein the c¢ylinder has a port (12) for
supplying a molding material between a sliding position
of the plunger and the injection nozzle, and the molding

20 material suppl.ied into the cylinder _-is compressed by
advancement of the plunger, so that the molding material
is injected into a cavity (301) of molds (300) connected
to the injection nozzle, the driving d_evice is furthexr
provided with a control means (5) having a position

25 detector for detecting a position of the plunger within

Thls Sheet Has B

B Wi



24 . . forward and backward novenents to the plunger 2 for

advanci ng and retracting the plunger 2. As shown in Fig.
1, a check valve 4 is enpl oyed between a fluid holding part 13 and
the supply port 12 in 5 a stage before the injection nozzle 11

within theWO9743106 v jnder 1 B 77 a ol ten |i §EFIPBORD| di ng
material held in the flui d‘ hnméimiﬁEﬁaMSE@E"ﬂa f1 ow back to the
suppl'y port 12, ——The—checkljval veR&PLACER| i ndril cal , as shown in
Fi g. al t her —das_snown 10 in Fig. 5A, by a
conr{mmﬂmumimﬁﬂfwhl ch extends from the smal |l er di aneter

LOT » :

porti*one ! toward the 38 jnjection nozzle 11 (see Fig. 1)
for sliding within the cylinder 1 in the vertical direction of the

figure. At a

@

the cylinder in order to control operation of the driving
device according to a detection signal thereof for fixing
the position of the plunger to a position at the end of

injection.

Rt



| eadi ng- end -of the smaller diameter portion 22 of the 15 pl unger, a

val ve seat 221 in conformty with a tapered val ve el enent 41 of the
check valve 4 is provided. A spring 27 is enployed in an
arr owhead- sh head 26 fornmed at a | eading end of cting
shaft WG rs106 val ve 25, and the valve e|£§§§Fﬁ@¥£§f t he
check valve 4 is 20 continuously forced agai nst the valve seat 221 in
t he smal | er diameter portion 22 of the plunger by neans of

the spring 27, as shown in Fig. 5B. {/8 As shown in Fig. 1
the driving device 3 I ncl udes an encoder 51 associated wth the
servo notor 33 25 for detecting an angle of rotation of the servo

not or 33. WD 97/ 43106 '

PCT/ JP97/ 01557 25 The

encoder 51 detects the position of the plunger 2

51

Figl 33
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within the cylinder fromthe angle of rotation detected. ) The
driving device 3 conprises control neans 5 for controlling
operation of the driving device 3, and the 5 control neans 5 receives
a detection s“%w%“ﬁ*on1the encoder 51 for controlling operation of
t he servo notor 33 of the driving device 3. PCT/AIPI7/0155TThe
pre-plasticizing device 200 conprises, as shown in Fig. 1, a hopper
201 and a screw unit 202, and 10 feeds a nolding material plasticized
in the screw unit 201 through thBegupply port 12 of cylinder 1 into
t he cylinder 1. After the nolten liquid of nolding material

is fed into the cylinder 1, it is guided toward the i njection
nozzle 11 by a stepped surface 23 in a boundary 15 bet ween the

| arger dianeter portion 21 and snaller di aneter portion 22 of
t he plunger 2, as shown in Fig. 4, while a part of it is divided
into two streans, which fl ow about the smaller dianeter portion 22,
and reach a position backside in relation to the supply port 12, as
20 shown in Fig. 8B, then snoothly guided al ong the contour of
the guide elenent 24 toward the injection nozzle 11 as

Fig 2




shown in Fig. 3, thereby form ng no stagnating area in t he backsi de

posi tion. As shown in Fig. 4, by allowing the larger 25
dianeter portion 21 of +the plunger to close up to
W97/ 43106 PCT/ JP97/ 015
26 5%%?%&?%%tely a half of the nolding materi al sué%?@”%@F?7
12, when the nolding nmaterial is supplied into the cylinder 1, the
nol ding material hardly | eaks out of tiya cylinder through the
cl earance between the outer 5 iScunferential wall surface of
the |larger dianeter portion 21 of the plunger and the inner
circunferenti al wal | surface of the cylinder 1, and easily tends to
be directed toward the injection nozzle 11.
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The nol ding /material wthin the cylinder 1 is 10 forwarded to the
fluid holding part 13 ahead of the pl unger head 26 for wei ghing.

Al t hough the nol di ng material forwarded to the fluid holding part
13 reacts to the forwarding action and thus causes r 2to
be re ng’fselgi‘ slightly the wei ghing process, as soontpg?'@%?%?
preset quantity (one shot) of the nolding nmaterial is reached in
the fluid holding part 13, the plunger 2 is no | onger retracted,
and the wei ghing process is conpleted. 4/8 The plunger 2 is advanced
for conpressing the nol ding material supplied into the cylinder
1. The preset 20 quantity of the nolten liquid of nolding materi al
held in the fluid holding part 13 within the cylinder 1 maintains
a positive pressure by the conpression, and is injected due to the
positive pressure to a cavity 301 of the nolds 300 that is
connected to the inj?ptho ngizle 11. The 25 nol ding material forced
into the nold cavity 301 't
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27

I njection pressure by the pl unger
The check valve 4 cl oses a passage of the

2 until
5

hi gh speed under a high pressure is maintained at the
It comes to be

nol di ng mat eri al

solid.
as

shown in

t he val ve

el ement 41 of the check valve 4

I's pressed against t

FiWo 97, 15330%635

portion 22 of the

val ve seat 221 in the smal | e®CEIBITOISS

pl unger during injection,

after the injection,

and during
10
wei ghi ng,

pressure-hol di ng process.
in Fig. 5A, at the initiation ofS5x8i ghi ng,

and when the nol ding materi al

is fed, because

The passage is open,
during the

as shown

t he feeding

pressure of the nolding materi al
Al though if the spring 27 is absent

when it is subjec
operation, since
spring 27 in

RIG 2E5H

over cones

negative pres
check-valve 4 is c

the spring force.
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the injection device, it is not opened and keeps cl osing t he

passage of the nolding material, even if it is subjected to a
negative pressure. In such manner, back 20 fl ow of the nolding

mat eri al canghe ented, and a fixed quantity of i ng
mat eri al can“g)e”;sa%fggl ied to the nold cavity 301. PM&Q

The nolding material tends to flow back into the cylinder from
inside the nold cavity 301 after 25 injection to the nold cavity 301
until conpletion of the #6087/ 43106

PCT/ JP97/ 01557 28

pressure-hol ding and conpression process. Then, the control
means 5 of the driving device 3 detects the position of the plunger
2 wthin the cylinder 1 by neans of the encoder 51, and controls

rotation of the serve.
**'Fig. 6
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5 notor 33 according to a detection signal thereof, so that t he
position of the plunger 2 is fixed to a proper position at the end
of the injection procgess. The position control allows nore
reliable regugﬁ%é f an i njection capacity in co h the
conventi onal 7%mgpr essure control . Be%*éﬁgﬁﬂg-’t

i nvention constituted as descri bed above, the follow ng

ef fects are obtalned. zéélthe i njection device, by
provi di ng the groove circunfer ially along the outer
circunferential 15 wal | surface of the plunger, as entrainment of air
from outside the cylinder to inside the cylinder can be

prevent ed, and voids can be thereby elimnated, a nol ded product of
a good quality can be produced In the injection device,
by providing the (i;z? 95 di aneter portion and the | arger dianeter
portion in the p er,S and defining the cl earance between the
outer circunferential wall surface of the | ar ger di ameter portion
and the inner circunferential wall of the cylinder by the specified
equation, since stagnation of a

-~31. -
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25 nol di ng material between the outer circunferential wall

WO 97/ 43106 , PCT/ JP97/ 01557

29 surface of the larger dianeter portion and the inner
~circunferenti ao Wasiggsur f ace of the cylinder can be revented, a
"~ nol ded product of a good quality can be pr oduced mﬁtE@WF9muﬁW
~contam nation by a carbide of the nol di ng material .
~In the injection device, by prOV|d|ng FQ&39UIde el enent in the
* backsi de position of the smaller diane portion of the plunger
. for directing the nolding materi al toward the injection nozzle,
- because stagnation of the 10 nol ding material in that position can be
‘ prevented, a nol ded product of a good quality can be produced

- W t hout

Fig 84
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o

.cont am neﬁtsemftjbry Speisedi ®artrfert he nol di ng:imateri al . s In the

| nj ection device, by formng the guide = - 7 egagma'g in the geferal | Y
“triangul ar shape that extends 15 towar d t heroiofibn@bdn s05en 022 558! | Attoreys
protruding end of t he apex thereof, the e,?;‘,?“'j;"g mat eri al Sgan. Gb@erEsenru"r
gui ded nore o snoot hly, and stagnatlon CaNo Dty tntrRer preVéﬂn?épt;i‘::v‘V;g:'::'
In the injection device, by continuously :ecmsgnw:tappl yi ng t be- rfgocrc.@esrdgd%
the closing direction to the check 20 - valve by Heans of thegsmgkm’g"gg';j"
time required for the check valve to be feldn@sted i s reduceeyenbask
Al
flow can be effectively prevented, a fix&feOtaintdday,sof ngﬁd‘r]gﬂ%':mr:"vf:opoen
naterial can be supplied to the nold cavity, ando@arnoteded. s
of a good quality can be produced. e\ O et (0] it iifc",fs:";v;,';‘;
PCT/ JP97/ 01557 Dipl.-Chem. BPeter Scnuier Chnstian Spintig
Sabine Richter

Berlin

Patentanwiltin Martinistrasse 24

European Patent Atiorney D-28195 Bramen

Dipl.-Ing. Jutta Kaaen Tel. 0421-36 350

E .
Bremen, b June 1998 Alicante F:: gﬁ:-gg gg gg:?g:t)
European Trademark Attorney
Our Ref.: M 4842 JOEIaw Dipt.-Ing. Jirgen Klingnardt 73 064.125 @ compuserve. com

Am MATSUSHITA ELECTRIC INDUSTRIAL CO., LTD.
Serial Number: PCT/JP97/01557

IIIIIIII llllll IIIII lllll II IIII

New Claims

1. An injection device comprising:
~ acylinder (1) having an injection nozzle (11) at an end thereof;

a plunger (2) sliding in an axial direction thereof in a position opposite to the
injection nozzle within the cylinder; and '

a driving device (3) for advancing and retracting the plunger,

wherein the cylinder has a port {12) for supplying a molding material
between a sliding position of the plunger and the injection nozzie, and the molding
material supplied into the cylinder is compressed by advancement of the plunger,
so that the molding material is injected into a cavity {301} of molds (300} con-
nected to the injectioh nozzle, and the p!unger has a groove {21 1) circumferentially
extending along an outer circumferential wall surface thereof; '

wherein the plunger has a smaller diameter portion (22) in a leading part and
alarger diameter portion {21) in a trailing part thereof, an outer circumferential wall
surface of the larger diameter pdrtion is in contact with an inner circumferential
wall surface of the cylinder for isolating inner and outer regions of the cylinder
from each other, and a stepped surface (23) in a boundary between the small
diameter portion and the large diameter portion serves for guiding the molding
material toward the injection nozzle, and

in the case there is one said groove,
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In the injection device, because a fixed quantity of nmolding
terial can be supplied into the nol d cavity by the position

ggntrol of the plunger, a nol ded product of a gotmlmmu“ :
produced. - 5 . The entire disgl-osure of Japan ; ﬂuiﬂm ﬂ
* L M s *

No. 8-117637 filed on My 13, 1996 i ncl udi ng

speci fication, clains, drawi ngs, and sumuary are I ncor por at ed
herein by reference in its entirety. Al t hough the present
i ivention has been fully 10 described in connection with the preferred

embodi ments - a cledraeeenétwisrttiobeter tirBuinforbifial AVAP SRABYA 06 thE AgRAS, 1t
is to be no | : . lons..ar.e aren
to those Sk%i{%ﬁéé%m}ﬁﬁé -d?lr‘t?e ! cﬁ.sagﬁgﬁeg@%e{négga;nf&gﬁ?gn‘ﬁaﬁl prface 8ﬁ§'9%re to
be under st 08}9'"3. r lsrﬂ_ﬁflﬁ'ﬁgg’yvﬁh?ﬁ? wre eq.tz’gm" where fds g viseagtyppbtheamoldingnt i on
as defined Biptenab R jsoeRaekipressure (kgfcaiinguting eeaighingyQde pauantihe farhism

_ of the molding material to be supplied, R is an inner radius of the cylinder, r, is an

outer radius of the smaller diameter portion, ro is an outer radius of a part of the
larger diameter portion before the groove, r3 is an outer radius of a bottom surface
of the groove, r, is an outer radius of a part of the Iargef diameter portion after the

. groove, 11 is an axial flength of the smaller diameter portion, I5 is an axial length of
the part of the_ larger diameter portion before the groove,. I3is an axial length of the
groove (width of the groove), 1, is an axial length of the part of the larger diameter
portion after the groove, and k' is a ratio of a flow rate in an upward direction of
the plungér from the supply port of the molding material into the cylinder to a total
qUantity of the molding material supplied: '

mP2nQ + { (1 -k /LR*- 1M -R2-1,2) /0 R-1rq) 1}
= Ky / LR*- 5% - (RZ - 152) 1 1R - 1) ]
4+ kg /R*-rgh - R%-r32) /R - 11 ]
+klg I IR*-r,% - RZ-1,2) [ 1 R-1r,) ]

2. An injection device comprising:

a cylinder (1) having an injection nozzle {11) at an end thereof;

a plunger (2) sliding in an axial direction thereof ina bosition opposite to the

. injection nozzle within the cylinder; and '

a driving device (3) for advancing and retracting the plunger;

wherein the cylinder has a port (12) for suppjy_ing a molding material
between a sliding position of the plunger and the injection nozzle, and the molding
material supplied into the cylinder is compressed by advancement of the plunger,
so that the molding material is injected into a cavity {301) of molds (300) con-
nected to the injection nozzle, and the plunger has a grooif_e (211) circumferentially
extending along.an _pg_tér circumferential wall surface thereof; and

wherein the plunger has a smaller diameter portion. {22) in a leading part and
a larger diameter portion (21) in a trailing part thereof, t‘__ﬁ_:e__larger diameter portion
is in contact with the cylinder for isolating inner and outer regions of the cylinder
from each other, a stepped surface {23) in a boundary between the smaller diam-
eter portion and the larger diameter portion serves for guiding the molding material -
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New Cl ai s 1. An injection device conprising: a cylinder (1)
ghaving an injection nozzle (1 1) at an end thereof; : a pJ,unger’( 2)

sI iding in an axial direction thereof in a position oppeelte to the
i njection nozzle within the cylinder; ald a drivin
advancing and retracting the plunger, ' wherein-t “ port
(12) for supplying a nolding material between a slidi St oh the
pl unger and the injection nozzle, and the nol ding -materl al suppli ed into
the cylinder is conpressed by advancenent of the plunger, so that the
mol di ng mattewiatd thesinjegtien tnodzle na guidecalemnent (230 19 pofvided| idshé¢ 36@)lecdiam-nect ed
to the inj atéd wioos ke pRAGel Mea PbsINGR babRSJ& ir0FeRIm to2hé)supply port so
&1 1 eunt er erhbAivid/stfedidt MBidh Rilia 8P rhBlainy MatiHaPdingHoolP e stk

' diameter portion and reaching the backside position are guided toward the injection

nozzle. -

3. An injection device according to Claim 1 or 2,

wherein the plunger has a smaller diameter portioh___ {22) in a leading part and
a larger diameter portion (21) in a trailing part thereof, the larger diameter portion
is in contact with the cylinder for isolating inner and outer regions of the cylinder
from each other, a stepped surface (23) in a boundary '.b__e:__tWeen the smaller diam-
eter portion and the larger diameter portion serves for guiding the molding material
toward the injection nozzle, a guide element {24) is provided in the smaller diam-
eter portion of the plunger in a position backside in relation to the supply port so
that two streams of molten liquid of the molding material ﬂowmg about the smaller
diameter portlon and reachmg the backside position are guided toward the injection
nozzle.

4. An injectioh device according to Claim 2 or 3, :
wherein the guide element has a pair of inclined guide surfaces with the
approximately same inclined angle to an axial direction of the piunger.

5. An injection device according to Claim 4, .

 wherein the guide elementis a generally isosceles triangle having the pair of
inclined guide surfaces with a protruding end of an apex of the guide element
directed to the injection nozzle. '

6. An injection device according to Claim 5,
wherein the guide element is formed in equilateral triangle.

- 7. An injection device according to one of Claims 1 - 6,
further comprising a check valve (4) provided within the cylinder between
a fluid holding part (13) with the injection nozzle and the supply port for preventing
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. Wherein the plunger has a smaller dianeter portion (22) in a |eading part
- @nd a larger dianmeter portion-(21) in a trailing part thereof, an outer

“circunferential wall surface of the |arger digseter portion is in contact

" wWith an inner gj _ |1 surface of Gy Trde I sol ati ng
i.nner and out eﬂ“““ﬂmmum\ﬂlm‘?yl i nder from iy ] ptepped
surface (23) in*a Bouhdaly bet ween the snal | Sgiasnt EDi and  t he
| arge diameter portion serves for guiding the noldi Feterial toward

the injection nozzle, and in the case there i5S one said groove,

- 2- a moltem liduihofitreembiding: Aratére? held irthe iflidiRbIBMgNGAre frobibwiy f ace

of the | ar 6 € #ERARoPRok! WheRlin bVRIRY BRfhe M) difie!cRBEK \BlVEGHTLAT enti al

wal | surfage of ., the c%llnde{ I's, de |Qe 2 }/.t e 1o0llo ngne%ua I'oh wnere

[err] is a Q/'%L{*fysf?rﬁe IaQFWé-ﬁ’DWa&f%@e.a { in the plun_ggr. y means of a spring |
2 (27) that is provided in a connecting shaft (25hextanding frontwarg fraok the essure

- (kgf/cni erplungerduri ng wei ghing, Qis a quantity (cnferr] /s) of the nolding
material to be supplied, Ris an inner radius of the cylinder, r[err] is an

outer radius of the smaller diameter portion, r2 is an outer radius of a

part of th§ | ar ger, di aneter, gortio_n before the groove, r3 is an outer

“radius of @ botfBANEEHIMARVIE? aprFdRIGtAElRIMTer 1] is an outer radius of a

-part of the 1 artherdelicadursherpoornpusing: aesheckevaive ttieis drpeidedl withanthexi al

l'ength of &fimdenBédvederch AGRLIRICIRG Phitdn 3) Withrthb injéctidh RodzR aldftatdupply t he

part of thﬁ%&%ﬂ;ﬁ&vﬁ 1 on%ﬁrﬁhkﬁ!%f%@%?dihg‘?nék’eﬁ&%n%ld fln['tWe.rf]Lﬁid figihg?*! al.

| engt h of e @rogve, dth of ‘t'he It’:jlroove ) l[e_rr- S a]n axi a eg of

‘the part oP2F & doydng BRgkdP &he SUPPIY RPMLf vBpreih & \@lus flemenh i4 1) P ratio .

of a flow ehack valverrs cqiviinuguslyr feceadoagainstt & valye regt (22 Hom theplgngssiby por t

of the nol dieags it spahg i(RYOtHates prbvidderintd conhatiting shefni(2SY exfentdliyy

mol di ng MegBhividrd B! the Blunge [err]P/2[err]7Q +- { (1 - k)1[err]

IL(Rerr]- e R e U9 er r1) /(I[err]R -1[err]rlerr])1} -
kli[err] / [(Rlerr] - r[err]) - (Rerr] - r[err]) / -(I[err]R - '

| Terr]r[err])] - + kl[err] / [Rerr] - r[err]) - (Rerr] - rf[err])
I (I[err] R9: Ah[iejectiorf devité apcording to Claim 1,

wherein the driving device is further provided with a control means (5)
having a position detector for detecting a position of the;ﬁlunger within the cylin-
der in order to control operation of.the driving device'agﬁf_:cj:ording to a detection
signal-thereof for fixing the position of the plunger to'a-_iposition at the end of
injection. '

10.  An injection device according to Claim 1,

"~ wherein the driving device is further provided with a control means (5)
having a position detector for detecting a position of th'e‘.p_l_'unger within the cylin-
der in order to control operation of the driving device é‘c‘__?ording to a detection
signal thereof for fixing the position of the plunger to a position at the end of
injection.

11." An injection device according to Claim 8 or 9,
~wherein the valve element (41) of the check valve (4) has a tapered portion
in conformity with the valve seat (221).

L1 B e
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+ kI[err] /. [R[err] - r[err]) - (Rerr] - rferr]) /I (l]err]R
| [err]r[err] 2L ection device conpri sing: a cyl i nder
(1) having a@mﬁh&ﬁﬂ%&ﬁﬁ‘ kJg (1 1) at an end thereof; a plunger

(2) sliding |n an axi al d| rect i on thereof in aSpbstituteshepboditt Mayo1988 -
I nj ection nogz rg%@a cyi i nder; and a driving device (3) for
advanci ng anj et I'ng the pf -unger ; wherein the cylinder has a
port (12) %o upptyrg—a—mol df ng material between a sliding position of

the plunger and the injection hozzle, and the nolding material supplied-
into the cyl MUer 15 conpressed by advan@énent of the plunger, so that the
mol ding material i's |nJected |nt0 a cavity (301) of nolds (300) con- nected
to the inject has a

I 21 1
C|rcunferentﬁéqﬂf @Hﬂl gaﬁ BRE un%ﬁ?@?“ﬁ?rc r03¥§h(PiPn%%q 2ur fage
th f d di t t 22
in a leading 355 ncm%‘%fda%%ﬁ%ﬁ B AS  n ara g pare
thereof, the larger dl@§E§ﬁ5WQO£ﬂI§ |slln @%ﬁgﬁ UL the & %@ﬁfggeaor
i nder

|solat|ng i nner and outer regions o he cy fron1each ot

stepped surf &t et 4 mmi@maaimgo%ap@mi hend nend eéuﬁbﬁm 8{-€r1@0ih' on
and the Iarger di aneter portion serves for guiding the ol dlng mat er 1 al
towar @ t he i i ecitiznre nQuetdre a tthe deie] @deidn ( 24dzzBe provi dedehint hehe
smal l er diam eter portion of the plunger in a position backside in

rel ation to tdydiswdspt y lpoforseuehanting str eanbtef AolguEm | bfui dodfinge
mol di ng material- fl owi ng_about the smaller diameter portion and reaching
the backsi de Wpg@niah kedd gindsber dlarid theldinecpash AdzHie. flow back

to the supplyfport :12.. The check valve 4 is cyiblndrlcal

as shown in Fig. 5C, and is passed therethrough, as shown
10 in Fig. S5A, by a connecting shaft 25, which extends from
the smaller diameter portion 22 of plunger toward the
injection nozzle 11 (see Fig. 1) for sliding within the
cylinder 1 in the vertical direction of the figure. At a
leading end of the smaller diameter portion 22 of the
15 plunger, a valve seat 221 in conformity with a tape;ed

valve element 41 of the check valve 4 is provided.
A spring 27 is employed- in an arrowhead— shapezi
head 26 formed at a leading end of the connecting shaft

valve
25, and the walue element 41 of the check valve 4 is
20 continuously forced against the valve seat 221 in the
smaller diameter portion 22 of the plunger by means of
~the spring 27, as shown in Fig. 5B.

As shown in Fig. 1, the driving device 3
includes an encoder 51 aSSbciated with the servo motor 33

25 for detecting an angle of rotation of the servo motor 33.
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3. An injecti on devi ce accor di ng to Gaim1l or 2, wherein the

pl unger has a FRmmportion (22) in a leading part and a | arger
di anmet er portlm@g\mﬁ\ﬁ 'Tlnl ng part thereof, the |arger dianeter
portion is injcdntact with the dyl i nder for |s%mb§titnge sheet - 2AdVeyt 999 -
regions of thg qyl |1r@ﬁmyf199¢n dag¢h other, a stepped surface (23) in a
boundary BRet n the smal l er .di gm eter portion and the | arger dianeter
portion servesj f ing the rolding material toward the injection

nozzl e, a guide_el errent (24) jisiprovided in the smaller diam eter portion
of the plunger in a position backside i®7relation to the supply port so
that two streans of nolten liquid of the nolding material flow ng about the

[ di he backsi.d
: g&argrthleamﬁ]tgg%tlg [ﬁgﬁgg"f&dr "G R ERRREE o BRTREARed! GDotES G ai m
2 3, i f
su?]t aces Wit r?jt he apprOX| &%dﬁ%:iﬁgg}gﬁ&}lgﬁgg ang{r{tlﬁo :ieqncéa% aéj tgﬁy gst i on

of the plungeyria. 5. An injection device according to C aim 4,

wherein the guide elenent is a generally isosceles triangle having the pair
of inclined guide surtheesched¢k argld rudi rRQomed ok apaspayeof oEhergyi de

el ement directed to the injection nozzle. 6. An injection depmiwe
accordi ng t ®adidiing S5material waer eshovhe imuiRlay el &Bgnt ass the

equi | at eral tr| angl e An i nj evalk®n devi ce according to one of
Clainms 1 - @Glemen 4$u|°tfhérha:o%$¢ljs WgruecHecks varessed) agadnisfedthet hin

t he cyl i nder_ hetween a ui d hol di n%agart (23) with the injection nozzle
and the supﬁ' ﬁ)rﬁeaftbr ‘Jf)-T"e%%nF]f"ﬁgs ler diameter portiorn 22 of the

plunger durindg injection, after the injection, and during

pressure-holding process. The passage is open, as shown
10 in Fig. 5A, at the initiation of weighing, during the
weighing, and when the molding material is fed, because
the feeding pressure of the molding material overcomes
the spring force. Although if the spring 27 is absent
the valve tends to be opened when it is subjected to a
15 ‘negative pressure during suck-back operatlon,- since the,-
.check-valve 4 is continuously forced by the spring 27 in
the injection device, it is not opened and keeps clpsiné}
the passage of the wmolding material, even if it is
subjected to a negative pressure. In such manner, back
20 flow of the tﬁolding material can be prevented, and a
fixed quantity of the molding material can be supplied to
the mold cavity 301..
The molding material tends to flow back into
the cylinder from inside the mold cavity 301 after

25 injection to the mold cavity 301 until completion of the




_4-  a-molten |REFLACEMENTSHEIi ng material held in the fluid holding
part fromflovm ng fbgck to the Supply port, wherein a valve elenment (41) of
t he ¢heck val ve is qon~ QMH 0‘?% f ¢rced agai nst a valve seat (221) in the
pl unger by ‘neans df la SPr g ) t hat -s4prov$ﬁ%i!'ﬁuﬁe§h§9hnédtMag 999+
(25) . ext endi ng- f r gntwar-d—from-t+hed pl unger . 8. An injection device
accordl ngeto Chaim 1, the-deyice further conprising: a check val ve
(4) is provi ded within the cyrTHuer between a fluid holding part (1 3)

wi th-the injeéti‘on nozzle and the supply port for preventing a nolten

li quid of theqitardiiguid mditbe inadidingl rdatenial heldfihuthd fhud Hollthg ﬁahtf.-érhom\j,lr@m

back t o theb-éiikpfd phep&ﬁriply\mﬁd’ emere.nva%elrem%m (4 flds ﬁfe érfb%n \gé?\‘? yghve

of & spring SP“‘G‘%‘*“ i 2,298 e da3h ) Zﬁ}%p'gna? S e e
frontward 19(|2 . ﬁ&' drd o 2 C@"”%ﬂ"‘i‘-’nf‘éﬁﬁtl 8R! Gé%’t?’é“ QWG fromChe m
1, - MEW@?’H the dr| ving device is further provided with a control

neans (5) having a position detector for detecting a position of the
pl unger W|th1n the cylin- der in order to control operation of the driving

devi ce accogding ection signal th reof for fixing the position of
t he pl unge?ét 0. aﬁéés%fggh agetkncte 26 g%‘”ﬂfm BRI Y on. 10. An injection

devi ce accor di ngtheodeyigefugther °°m9”%ré|we§héfadw4 V4inl§ providest iveitiiar theer
provi ded wigyindec batweén adhuic holdilg paravi Bigwixhphe litjecuorded 244 @nd ftRé supply

det ecti ng a&xqo%bd prevelfing AenokeHGRlid Wt thé Hﬁi&lﬁg%{éﬂeﬂat hel®n ik ALdHoibiRg

cont roI opeﬁﬁ *f%q‘fov% g ﬂdkvf&gaedgdﬂp(w p%(n:'? WAL %ﬁ-eie%:erllto(rlﬂ of the
,_-check valve is contlnuo sly forced against a valve seat (221) in the plunger by
-_:means of a spring (27) that is provided in a connecting shaft (25) extendmc
:'__frontward from the plunger.

9. An injection device according to Claim 1,

wherein the driving device is further provided with a control means (5)

__:havmg a position detector for detecting a position of the plunger within the cylin-
'_..-'_;der in order to control operation of the driving device according to a detection

sugnal thereof for fixing the position of the plunger to a position at the. end of

j_:_nj_egtlon

10 “..An injection device according to Claim 1,

-yvherem the driving device is further provided with a control means (5} *
havmg :a position detector for detecting a position of the plunger within the cvylin-
_c;g_r -'-U;- order to control operation of the driving device according to a detection
‘signal thereof for fixing the position of the plunger to a pasition at the end of

‘ __'if'_l_nj'e'cf:ioh.

'-_1:1 . -"An injection device according ta Claim 8 or 9,
. . wherein the valve element (41) of the check valve (4) has a tapered portion
m conformlty with the valve seat (221).

—— —
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si gnal

end of 11.

I nj ection.

t.ﬁere,of for fixing the position of the plunger to a positl
An injection device according to d ai

wherein the valve el enent (41) of the check valve (4) has a tapere

Wos6>1-&

W
d portio

l‘m ‘l p

4,‘9

in conformty with the valve seat (221).
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- In an injection device, a groove (211) is provided
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in an outer circumferential wall surface of a plunger (2),
a clearance between the outer circumferential wall surface n-' 5
of the plunger (2) and an inner circumferential wall surface [
of a cylinder (1) is determined by a specified equation, a XN PN
guide element (24) is provided in a position backside of i .ll‘.
the plunger, a check valve (4) employed in the cylinder is D1 .Hér* 34
continuously forced against a valve seat (221) by means =i
of a spring (27), and a driving device (3) is provided with i i 31 | i--l? X 35
control means (S)dfo; ﬁxmg a position of the plunger to a ; ! ‘ |"/;' I
position at the end of injection process. N 100 7 34
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