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1 BACKGROUND OF THE INVENTION
Field of the Invention:

The present invention relates to an injection

molding method for molding an article by means of an
'5 injection molding machine.
Description of the Related Art:

Conventional injection molding method adopts
such a control as to reduce the injection speed
immediately before the mold cavity is filied up and to

10 switch the pressure from the injection pressure to the
dwell pressure in response to a signal indicative of the
filling up of the mold cavity. Such signals indicative
of the filling ﬁp'of the mold cavity is, for example, a
signal indicative of the screw position, a signal
15 indicative of the injection load pressure, a signal
_indicative of the intefnal pressﬁre of the rﬁnner or
cavity or a signal representing the degree of opening of
the meld. Alternativel&, the injection pressure is
adjusted in accordanee with the degree of opening of the
20 mold in the dwell pressure application stage of the
molding process. Thus, the control of the injection
pressure has been done based upon a single factor,
although the resin exhibits a tOmpllcated behavior

25 1mmed1ate1y before and after the filling up of the mold
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Referring to Fig. 2, the conventional injection
5 molding method essentially required a wait time in which
the fillinglis continued at a very small rate (low-speed
£i1ling mode) under a pressure which is low enough to
avoid generation of burrs (see Fig. 4) until the gases in
the gas space 11 in the moid cavity 6 are completely
10 replaced with_the resin. It is also to be understood
that a too early reduction of the pressure from the -
primary injection pressure or a too early switching to
the low-speed £i1ling mode) tends to cause a short shot
due to incfease in the viscosity of the resin at the
15. thin-walled portion 12. In other words, it is not
- allowed to Conduct'the reduction in the injection
pressure or switching to the low-speed filling mode too
early before the filling up of the mold cavity. |
when the mold has a.plurality of mold cavities
20 as shown in Fig. 3, there may remain a cavity or cavities
6a experiencing a short shot 13 even after other cavities
6a have been filled up. A.long wait time is required
until the short shot in each such cavity or cavities 6a
is completeiy filled, because such filling has to be done
25 at a pressure low enough to avoid generation of burrs in
the cavities 6a which ﬁave been completely filled.
Referring to Figs. 1, 2 and 4, when the mold

cavity has been completely filled, the resin has been
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the resin, once it has occurred, makes it difficult to
completely f£ill thin-wall portions of the mold cavity and
tends to cause defects such as short shot 13 or sink mark
14. It is therefore necessary to take suitable measure

10 for preventing reverse flow of the resin which is allowed
by backward movement of the screw 16.

Fig. 4 shows the sﬁate of the resin which has
f£illed up the mold cavity but no shell or solidified
surface layer has been formed yet at the resin surface

15 contacting the mold wall, while Fig. 5 shows the state in
Jhich the solidified surface layer 10 has been formed.
The solidified surface layer 10 starts to be produced
from 0.1 to 0.2 second after the state shown in Fig. 4
has been attained. Therefore, possible degree packing,

20 i.e., degree of press¥filling,-of the resin increases in
accordance with the.increasg in the thickness of the

solidified surface layer 10.

SUMMARY OF THE INVENTION
Accordingly, an object of the present invention
25 is to provide a control method in which the resin -

pressure is controlled based upon plural control factors.
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When the nold has a plurality of nold cavities 20 as shown in Fig. 3,

there may remain a cavity or cavities 6a experiencing a short shot 13
even after other cavities - 6a have been filled up. Along wait tine is
reqU|red until the short shot in eagh such cavity or cavities 6a

Is conpletely filled, because such filliny has to be done 25 at a

pressure | ow enough to avoi ¢ generation of. hurns i
whi ch havelbe®¥ PE¥BIELEFy RR|pegordance widh!"drie d%&ﬁﬂ%ﬁﬁ ngE?6%%Y5;|ei 62

and 4, when the 1old. of cne°PEbLY IRCREHLELUHRAE Varidd el e Tesin
s e itute sheet - 21

ain the gféatestl df¥e TR brasd-hat the
resin tends t(FHW%ﬁNsﬁagf P8W8 8 ?h% screw 16, as indicated by arrows

'%Riglg. 4. 1n 008G of MREdPesin! CREL1OMIRIREz irfy apgiarat lon dfe screw 16.
5 burrs on the molded article and d;mlnlshlng the short
shot.

To this end, according te the present invention,
there is provided an injection molding method for molding
an article by using an injection molding machine, in

10 which a plurality of controi paraﬁeters including the
injection speed, injection pressure and the mold opening
degree are controlled, from a moment 1mmed1ate1y before
filling up of the mold cavity with the resin, setting the
parameters in an order'determined in accordance with the

15 characteristics demanded by the resin, such that, when
the injection-preesure is controlled as a commanding
parameter, the injection speed is contfolled as a
subordinate parameter under a giveh restriction and, when

~ the mold opening degree is controlled as the commanding

20 parameter, the injection pressufe is controlled as a
subordinate parameter under a giveﬁ restriction.

The control is commenced after the values of one
or more of the mold opening degree, screw position and
injection pressure have reached predetermined values at a

25 moment immediately before the filling up of the mold
cavity. | '

when the injection pressure is controlled as the

commanding pafameter, the mold opening degree is set to a
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phenonmenon is often observed when the node has been 5 swtched to the

dwel I pressure nmode. Such reversing of the resin, once it has
qpcurred, makes it difficult to . conpletely fill thin-wall portions of

the mold cavity and ~  tends to cause_ defects such as short shot 13 or
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command, the injection pressure as a subordinate
parameter under such a restriction that the injection
pressure falls within the range which does not allow
generation of local burr. Prior to a control of the

10 injection pressure as the commanding parameter, a control
is done to control the injection speed and, when a set
value of the injection pressure is reached, the control
is automatically switched to a mode in which the injec-
tion pressure is controlled while the injection speed is

15 controlled as a subordinate parameter such that the resin
does not flow backward or such that the absolute value of
the speed of backward flow of the resin is smaller than a
predetermined maximum allowable value.

According to another aspect of the present

20 invention, there is provided an injéction molding method
for molding an article by using an injection molding
machine, comprising the steps of:.c0mmencing, immediately
before filiing up of the mold cavity with a resin, a
control of the injection speed to follow a set value V, of

25 the injection speed, starting at a control start point
which is determined by'é se£ valﬁe'or values of one or

more of control parameters including mold opening degree,

screw pos1t10n and the 1n3ect10n pressure, conducting

heet Has Been Replaced

R




-accordance with the incr
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in e present invention,

T s s o s S
P = F(t) Wthh provides the maximum injection pressure
within a range which does not allow generation of burr

5 and, after the actual injection pressure has been reached
the value represented by the set function P = F(t), such
that éhe jinjection pressure varies in conformity with the
set function P = F(t), while restrlctlng the injection
speed to a range which does not allow backward flow of

10 the resin or does not cause the absolute value of
-backward flow speed of resin to exceed a'predetermined
maximum allowable value, and setting a command mold
opening degree to such a value that allows relief of
lgases but does not allow generation of bufr at the mold

:15 parting surface; and after the command value of the mold
opening degree has been reached, switching the control to

- a mode in which the injection pressure is controlled so
as to maintain the mold opening degree in conformity with
the command value, wherein the injection pressure is

20 restricted to a range which does not cause generation of
burrs.

These and other objeéts, features and advantages
of the present invention will become clear from the-

following description which will be taken in conjunction

25 with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view of an example of a
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15 20 t he Accor di ngl [
_ , the control is
commenced after the val ues of one or nore of t%eynnld openi ng degree

screw position and i njection pressure have reached '

: _ ) pr edet er mi ned
valyeg at a 25 noment immediately before the filling up of the nold
cavity. When the injecti'bm pressure is controlled as the

commandi ng paraneter, the nold opening degree is set to a
1 mold employed in an injection molding machine to which

the present invention is applied;
| Fig. 2 is a sectional view illustrative of the
state of the resin in the mold cavity:

5 Fig. 3 is a sectional view illustrative of the
state of the resin in a mold'having a plurality of mold
cavities; _

Fig. 4 is a sectional view illustrative of the
stéte of the resin in a mold cavity showing the manner in

' 10 which burrs are generated;

Fig. 5.is a sectionai'viéw illuétfative of the
state in which a solidified surface layer has been formed
on the resin in the mold cavity; and |

Fig. 6 is a diagram_shdwing how the injection

15 pressure, injection speed énd the degree of opening of

the mold are changed in relation to time.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring to Fig. 1, a molten resin is charged
through a nozzle 1 into a mold cavity 6 in a mold 1 via a
20 sprue 3, runner 4 and gates 6 so as to fill the mold
cavity 6. When the mold cavity 6_has been filled almost
fully, the mold 1 slightly urged backward in_the opening
direction apart from a mating mold ﬁart tending to form a
minute gap at the pafting surface 7. The amount of this
25 backward movement will be referred to as "degree of
opening” of the mold. The degree of opening of the mold

is detected by a dial gauge attached to the mold 1 by
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‘or paraneters in accordance with the demanded ch I st
_ : ( _ _ arac- teristi
resin in the nmold which varies tine to time, so as to attai; fhgf the

greatest degree of press- filling of the resin, whi I ni m zi
L t : ile mnim
-generation of 5 burrs on the nolded article and di m ni shing thezgﬂgrt

shot. To this end, accordirfgt i i
o the present
there is provided an injection nDIdlng met hod for p EW! |nven%h0£EtIC|e
efp bYn aGZRRSTHC

by using an i pigaki 68 ADhagNEL nBcHHmd k8 trEmSTEEt 15
on the dial gauge 9.
Referring now to Fig. 6, a mold opening degree
is set as at 17 as a'critefion for determination as to
5 whether the cavity 6 has been filled near fully. This
set level 17 of the mold opening degree may be replaced
with the injection load pressure oOr the screw position.
when this set level of the mold'opening degree has been
reached, a control is set so as to control the following
10 three factors or parameters:
A) Injection speed (This parameter may be
'programmed, although it is fixed in the illustrated
embodiment.) '
B) Injection pressure (This parameter may be
15 ?programmed, although it is fixed in the illustrated
'embodiment. In ﬁhe case of an electric injection molding
machine, current value or the motor torque may be used in
place of the injection pressure.)
C) . Degree of mold opening (This parameter may be
20 prog:ammed,ialthoqgh it is fixed in the illustrated
embodiment.)

Referring to Fig. 6, when the degree of mold
opening has approached the set level 17 (5 to 10 M in
case of an ABS resin) after the start of the injection,

25 the injection speed A, (10 mm/sec or so in case of ABS
resin) is feedback-controlled on the basis of the set

value of the injection speed. An increase in the load

resistance causes a rise in the injection pressure so

-
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20 Accor di ngl i
y, the control is commenced after the val ues
or nore of the nold opening degree, screw position and of one

' : i nj ection
pressure have reached predeterm ned values at a 25 no 'hﬂéep

] - R - nent -

before the filling up of the nold cavity. | S&gheiﬁe

injection pressure is controlled as thes 2 = ~commandi
ndi n
nol d opening degree is-set to a : g parapeter, the

SUbSt'tUtelSheﬁﬁat e Jiectd®®h pressure reaches a set level P, 41400
atm in case of injection resin).
when this injection pressure is reached, a
feedback control is conducted by using the injection
5 pressure as the commanding parameter, euch that the
injection pressure is controlled in accordance with a set
function of P = F(t), under the conditions of the
following formula "S".
0 or set value - A, (3 mm/sec in case of ABS
10 fesin) |
< injection speed = set value A,.... Sl.
The maximum value Pmax of tﬁe injection pressure is 2000
atm.
| The maximum allowable injection pressure
15 (pressure whieh is the highest Wi;hin the range which
does not cause generation of burrs) at a moment t,
immediately before the filiing up of the mold cavity is
represented by Pl,ewhile the maximum allowable injection
pressure (pfessure which is the hiéhest within the range
20 which does not cause generation of burrs) at a moment at
which the solidified surface layer is formed upon contact
with the mold wall is expreSsed'by P,. The present
inventors have found that the pfessure P2 rises in
accordance with an increase in the thickness of the
25 solidified surface layer and.in-accordance with an
increase in the viscosity_of_the.resin. In this
embodiment the pressure P2 is changed linearly in

accordance with a time value set in a timer 18, e. g., 0.3
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-1 value which allows relief of i bi
_ gases but prohibit -
burrhat the nold parting surface and, afteP t he 2 mold o
:Lgﬁfrgﬁ t he set val ue, the control is switched to a npde which
connands’tESIDQ'the' 5 set value of the nold opening degree as the control
¢ restrict'e |nLect|on pressure as a sub®? di nat e par anet er under such
arestrt :Fn t hat the |njept|on pressure falls,within Qg hapge whi ch
injectianbrgégﬁ?%dége?ﬁvﬁﬁmsnyLi?dwnxgr.b@ﬁh?rPFPBFt%Bna°§oﬁ§roI %? the 10
es: _ e commandi n ar anet er : B
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. . i s reached, t he control is auto hcal ]
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as. a subordi nat e .patr r [
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packuald T oW O 1 within"che 20RbECo 1A formula BRdCUSUALIST fedmei mum

- tion of a
nol d openi ng degree has

formula S1 has a value not smaller than 0. The value of
this formula, however, may be loﬁered to a lower limit
expressed by -a2, particularly when the mold is so
designed and constructed as to small effect in prevehting
10 generation of burr. The pressure should not be reduced
lbelow this lower limit A2 because a too large backward
Eflowing speed increases the pumping effect on the resin.
The maximum pressure Pmax is set tO 2000 atm.
| An alarm is activated when the range of the
15 tformule Sl is exceeded, except for the case of a surge,
:so that the instent shet is rejeeted as being defective.
with this control, a waiting step is taken until the
gases are expelled from the gas space 11 and until any
short short 13 is completely eliminated, while avoiding
20 local generation of burrs.
when the local short'shot 13 is completely
eliminated, an external preseure acts so as to further
open the mold 1 at the parting surface 7 (see Fig. 1);
In this state, on conditions that the requirement of the
25 formula S1 and the requirement of the following formula
S2 are simultaneously met, the inﬁection bressure is
controlled using the mold opening'deéree as the

commanding parameter, such that mold opening degree
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According to another aspect of the present 20 invention, there is provided
an injection nmolding method for nolding an article by using an
i.njection molding machi ne, conprising the steps of: comencing,

i medi atel y before filling up of the nold cavity with a resin, a
control of the injection speed to foll owld set value [err] of 25 the

I njection speed, starting at a control start point which is

det er m ned1 by faldewsval setovalae U@s(38 tbricn tase of agpABS rgsi’dnt r ol
paraneters including nold openi ng degree, .. .
Substitute sheet - 21 Jimieqiom ressure = set value Pmax of injgetiqny.i (|

of the injection pressure such that the injection pressure is set to a
val ue represented by a BE@S$WFRtior« S;+ P = F(t) which provides the

maxi mum i nj ecti on pressur . .
_J P Thf% set value C is determined to be a value

5 which is the greatest within a range which allows escape
of gas through the gap on the parting surface but does
not allow the resin leak therethrough. .In this stage,
the thickness of the solidified surface layer 10 of the
resin contacting the surface of the mold gavity 5 {§%

10 still small. Consequently, the degree of possiblé ’
:packing also is small because the thin solidified surface
;1ayer of the resin may easily allow generation of burrs
when a large degree of packing is effected.
| The solidified layer 10 becomes thicker as the

15 time elapsés, so that the allowable mold opening degree
:also is increased; In the illustrated embodiment, the
.mold opening degree is directly set to C in view of time
lag incurred in the control for setting the injection
sped and the injectioq pressure. This value of the mold

20 opening degree C corresponds to the state at which the
solidified surface layer 10 is formed. It is thus
possible to precisely pack.the reéin with a degree which
is the greatest in the range which does not allow
generation of local burrs.

25 . The solidification proceeds to reach the portion
near the gate 5 (see Fig. 1). Iﬁ this state, the

injection pressure is no more transmitted to the resin

portion inside the cavity 6. Meanwhile, the resin is
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-within .a range which does not all i

a | : ow generation of
actual injection pressure has been rgached ool
the set function P = F(t), such
~conformty with the

o I 5 and, after the
o “the val ue represented b
that the injection pressure varies in Y
set function P = F(t), while restricting the

i nj ection speed to a range which dé@
( _ es not all
the resin or does not cause the absol ute val ue of ow backward 11ow of 10

of resin to ex - value of  ing Q3G 11ow speed

setting alcorﬁ?gﬁ'g'qlrr% Elw%b%ugggﬁﬁged?;?gtx?o sulélthblV&ﬁ)I el ,_and

relief of . . _ a_ val ue. t taq'ldo""s
. wal 85 Portiilorddes pramaati Lywageneh and F° £ %@,

15 parting Sur%ace; and after the comuand valﬁiI ot ﬁiﬁ% ol d

‘degree has beggs ¢ essihiedi, f iswtticn BFoc i PliAd %L etk ractingPeni N0
I njection pressure is controlledmgg RedgoNbl OF ¥ 2 nnd% o ch the

degree i n congise pagtian fof the nendo damihg ShACDaribied BO5 B4 opent g
geLe?alfgngfsifég ;ﬁe bé?ggréggfi tf% ﬂé% %eﬁ@ﬂQ@ “ﬁbé@e&@éﬁtﬂ@l shnlse
marks 14 are formed. ’

In order to suppress the generation of the sink
marks, the mold clamping force acts to close the mold
when the mold has been opened, thereby uniformly

10 compressing the resin in the mold cavity 6. To enable
:this operation, the control is conducted while setting
-the mold opening degree to the maximum value until the

timer 19 counts up. If the gate seal occurs too.early so
:that the time set in the timer 19 is too long (when ABS

15 resin is used, the time is set to 4 seconds, although the

time variés accofding to the wall thickness), the mold
IOpening degree becomes smaller than the set value C.
Occurrence of such state is informed by a display or
" activation of an alarm. This function also contributes

20 to the setting of the tiﬁer 19. Any shot which has

experienced such an abnormal condition is rejected, SO
that defective products are excluded. This function also
contributes to proper setting of the mold clamping-force;
Obviously, it is possible to automaticaily correct the

25 mold clamping force, glthough_such a control is omitﬁed

in the illustrated embodiment.

‘When the mold clamping force is too large, the

required mold opening degree cannot be obtained even when



-These and ot her objects, features and
_ _ _ , advant ages of the pre
i nvention wll beconme clear fromthe fol |l ow ng descriptign 3ﬁ?2h

will be taken in conjunction 25 with the [

] acconpanyi ng draw
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Substitute sheet - 21 June 1999 B 1 I
egplo¥ed in aahéPinﬁetbhomm@tﬁ$§ﬁﬁﬁuhﬁﬁu?qg9\HQQH?ased tPhEhSrggéh%ﬁm ol d
invention is applied; Fig., 2. ' |
;: : gusg rative ptephere. Suchtd ‘"o‘?nquﬁi‘?rgsiish #n#%%ﬁ‘e%%lpggggviﬁ ;El_Watgr
: I's a sectional view,i ' 7
through the c\é.vlle.xla g)?téxa tt':l'\{ee ao.lfartnne so that the operator

can readjust the mold clamping pressure. Such
5 readjustment of the mold clamping force may be done

automatically. Thus, according to the present
jnvention, it is possible to simultaneously obviate,
except for some special cases, the defects such as
generation of burrs,short shot'and generation of sink

10 marks which are the common problem of this fiéld of

'industry.

The degree of mold opening can be measured
simply by a position detecting device such as a dial
gauge 9 which can easily be mounted on the mold by meéns

15 of a magnet 8 or the like fixing means, without requiring
any modification.bf the mold construction. Various
controls and computations described hereinbefore can be

..realized without difficulty by using a general-purpose
computer program, so that details of such controls and

20 computations are not described in detail in this
specification.

For information, .in case of ABS resin, the set
_ valué'of the mold opening degree is 5 to 10 p for 20 to
35 4 and, in case of nylon, the set value of the mold
25 opening degree is 2 to 4 p for 8 to 12 .
wﬁen the injéction.molding machine is driven
hydraulicallyi the control of injection speed is achieved

by varying the speed of the pump or tilt angle of the



-state of the resin in a nold having a plurality of nold

_ _ Si cavities;
Fig. 4 is a sectional viewillustrative of the state of the resinin a
nold cavity showing the manner in 10 which burrs are generated,

"Fig. 5is a sectional viewillustrative of the
solidified surface | ayer has been forned4 - on the resin in the nold
cavity; and Fig. 6 is a diagram show ng how t he H%gsction

15 pressure, injecti [MaﬂgfyggltuﬁeQegh@ei@jecmﬁmnrmpkﬁing maglhdiepl d are
changed i N e?”é%%gr#]%}ets'i nme. : DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS

is driven electigfillyngthe Enjection speednis e9nF 7l kedhr ged
through a nozxTe 2 nto a nol d cavity 6 in a mold 1 via a 20 sprue 3,

runner 4 and gatesrpind tite tepdad loft ltbendirdving etegtr¥ic aMo%en t1RF nol d
cavity 6 has been filled al nost fully, the nold 1

) slightly utged
backward in t hgnepéhisf) the injection pressure 1S achleveg by meand of

state in which a

5 a hydraulic pressure control valve'when the injection
molding machine is driven electrically_and by varying
electric current or motor torque control when the
injection molding machine is driven electrically.

As has been described, according to the present
10 invention, a plurality of parameters including at least
the injection speed, injection pressure and the mold
opening degree are controlled in conformity with the set
values starting at a moment which is immediately before
the filling up of the mold cavity with the resin, the

15 control being done in an order of the parameters
determined in accordance with the demanded character-
istics of the resin, such that the value of the
commanding parameter follows a set value while the valug
of subordinate-pafameters meét.predetermined conditions.

20 Consequently, the following advantages are brought about
by the present invention. _

1) It is possible ta simultaneously obviate defects
such as burrs, short shot and sink_marks.
2) A gas relieving effect is achieved by a sui;able

25 control 6f the mold re-opening Aegree.

3) It is possible to realize a rational molding
method with distinctive setting of control parameter

values.



“direction apart froma mating mold part tending to forma '

_ m nute ga
at the parting furface 7. The amount of this 25 backward novenent mﬁl? Be
.referred to as "degree of openi ng" of the nold. The-degree of opening

of the nold is detected by a dial gauge attached to th
Substitute sheet - 21 June 1999 - 15 o © nnlg_l ?y

means of a magnet 8, and is transmitted by a transmitter on the dial

gauge 9. wHaT IS CLAIMED Reerring nowto Fig. 6, a nold opening degree
is set as at 17 as a criterion for determnation as 1o, 5 whether the

cavity 6dmas been fad |ierevtdonf moldingTheshod foxgpol &Yy of the nold
openi ng degree may be repl aced with_ the inje
screw posattbole by using an injection molding m%cﬁ&hgp Lﬁgge LEgsure or the

plurality of control parameters includihg the injection
speed, injection pressure and the mold opening degree are
controlled, from a moment immediately before filling up
of the mold cavity with the resin, setting said |
parameters.in an order determined in accordance with the
characteristics demanded by the resin, such that, when
the injection pressure is controlled as a commanding
parameter, the injection speed is contro;led as a
subordinate parameter under-a_given restriction and, when.
the mold opening degree is controlled as the commanding
parameter, the injection pressure is controlled as a
subordinate parameter under.a given restriction.

2. An injection molding method according to Claim
1, wherein the control is comﬁenced after the values of
one or more of the mold opening degree, screw position
and injection ﬁressure have reached predetermined values
at a moment immediately before the filling up of the mold
cavity.

3. An injection molding method according to Claim
1, wherein, when the injection preseure is controlled as
the commanding parameter, the mold opening degree is set
to a value which allows :elief-oﬁ gases but prohibits
generation of a burr at the mold parting surface and,
after the mold qpening degree has reached the set value,

the control is switched to a mode which controls, using

o



VWhen thi§ set level of the nold opening degree has been reached, a
control i's set so as to control the followng 10 three factors or

par amet er s: A I njection speed (This paraneter may be
progranned, although it is fixed in the illustrated enbodi nment . )

B) ~Injection pressure (This pasangter may be 15 programred
although it is fixed in the illustrated enbodi nent. In the casé of an
electric |njfﬁg|§gkr0%fuéubf the W@ BpentHE' €8yreal a= the témntmabr tor que
may be used Th place of the injection pressure.) O Degr ee

of nold openifgmdddi charaRiceiomyreesu2e psogrswbeddindtéough it is fi
in the illustrated - enbodi nent .) ? F@ferring?tolFiéé EIXEd

when the degpgpaméte®lshder sumien nmgstascappnobbABItRAeIBIRCHERR| 17 (5 to

10 [err] in case of an ABS resin) after the start of t i nj ection

A is feedbacgressurel fallowitihirhadies rangenwhich ¢apgenas ?ﬂﬁ”ﬁ" nj ection

speed/[err] (10 mm sec or so in_case of ABS
generation of local burr.

4. An injection molding method according to Claim
1, wherein, prior to a control of the injection pressure
as the commanding parameter, a control is done to 3%§trol
the injection speed and, when a set value of the iﬁf?c-
tion pressure is reached, the control is automaticaiiy
switched to a mode in which the injection pressure is
controlled while the injection speed'is controlled as a
subordinate parameter such that the resin does not flow
backward or such that the absolute value of the speed of
backward flow of the resin is smaller than a predeter-
mined maximum allowable value. |
5. An injection molding method for'moiding an
article by using an injection molding machine, comprising
the steps of:

commencing, immediately before filling up of the
mold cavity with a resin, a control 6f the injection
speed to follow a set value V, of the injection speed,
starting at a control start point which is determined by
a set value or values of one or more of control
parameters including mold opening degree, screw position
and the injection pressure;

condgcting control of the injection pressure

such that the injection pressure is set to a value

e



-resin) - of the injection i i

: _ _ | speed. An increas -

resi stance causes a rise in the injection pressure sg ' the load
Substitute sheet - 21 June 1999

"(1418.5 bar (1400 | that the inj i - 9-

) et _ ] ection pressur

atmin case of injection resin). = 17 2 © %ﬁgﬁhfﬁig ?ﬁt level [err]
pressure is reached, a f eedback control jection

et o g age o seccamenionge e ke v LSh e TEC
P =F(t), hieakunt fl@lj;ﬁctgir;'ﬂr ;L;igﬂlrghggggggaggﬁ.%%\% h‘&l%r%he tdcfes ,:g{ﬂmCt i on of
O or set value - Jerr] (3 misec in case_of " rnu.a .

allow generation of burr and, afterAggé actual injection

pressure has been reached the value represented by said

set function P = F(t), such that the injection pressure

varies in conformity with said set function P = F(t).,

while restricting the injection speed to a range which

does not allow backward flow of the resin or does not

cause the absolute value of backward flow speed of?%?éin

to exceed a predetermined maximum allowable value,-éhd

setting a command mold opening deéree to such a value

that allows relief of gases but does not allow generation

of burr at the mold parting surface; and

after the command value of the mold opening

degree has been reached, switching the control to a mode

in which the injection pressure is controlled so as to

‘maintain the mold openiné degree in conformity with said

command value, wherein the injection pressure is

restricted to a range which does not cause generation of

burrs.

Rl



10 resin) < injection speed < set val ue

[err]. S1. 2026. 5 bar
The maxi mum val ue Pmax of the injection pressure is/2000 atm.

The maxi num al | owabl e i njection pressure 15 (pressure which is the

hi ghest within the range which es/gpt cause generation of burrs) at
a nonent [err] i medi ately before'th& filling up of the nold.cavity is
represented by P1, while the nmaxi mum al |l owabl e injection pressure
(pressure which is the highest within the range 20 which does not cause
generation of burrs) at a nonment at which the solidified surface |ayer
is formed upon contact with the nold wall is expressed by [err]. The .
pr esent i nventors have foundiﬂEF:tCS pjessure P2 rises in

accordance with an increase in the.t of the 25 solidified surface
| ayer and in accordance wth.an - increase in the viscosity of the
resin. In this enbodi nent, the pressure P2 is changed linearly in

NN NN NNNNNNY




accordance with a tine value set in a tiner 18, e.g., 0.3

Substitute sheet - 21.June 1999 _ - 10 - 1
second. Cbviously, however, other function of tine may be used for
the control of the pressure. Anyway, the control should follow the
curve of the function P = F(t). In this state, the injection
speed naturally 5 falls within the 2gh8e of the fornula S1. Usually,

t he formula S1 has a value not smaller than 0. The val ue of this
formul a, however, may be lowered to a lower limt expressed by -A2,
particularly when the nold is so de5|gned and constructed as to snaH
effect in preventing 10 generation of e pregspre should not be
reduced bel ow this | ower |init |&~be ' rpe backward

fl owi ng speed increases the punpin effect :

FIG.3

6a

6a

137

FIG.4

840 SEtt
FlG‘ 5 ; o e

10—t s
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2026.5 bar The maxi num pressure Pmax is set to/ 2000 atn.

An alarmis activated when the range of the 15 fornmula Sl is exceeded,
except for the case of a surge, so that the instant shot is rejected
as being defective. Wth this control, a waiting step is taken until

t he gases are expelled fromthe gas space 11 and until any short.
short 13 is conpletely elim nated, mhil§/a30iding 20 | ocal generation of
burrs. When the | ocal shdort shot 13 is conpletely
elimnated, an external pressure acts so as to further open the nmold 1
at the parting surface 7 (see Fig. 1). In this state, on conditions
that the requirenent of the 25 fornula S1 and the requirenent of the
followi ng formula S2 are sinultaneously nmet, the injection pressure is

controll ed using the nold opening degree as the connarding-paraneter,
such that nold opening degree k
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- 11 - et=fUFlows a set value C (30 [err] 'in case of an ABS resin).

I njection Pressure < set val ue Pmax of injection pressure
..... ferr]. This set value Cis deternmned to be a val ue
?h mhlﬁh Ls t he greaLest within a range which allows escape of gas

_ rough the gap _on_the part face but does to
not al | oABS sOE/TIéEPW%@ ugh. In this st age t he thi ckness
of the solidified surface |layer 10 of the resin Ebﬁﬁﬁc@]ng t he surface
of the nmold-cavity 5is 10 still small. Consequently, the degree of
possible - packing also | INIRETIONMELBENGMETHOD sol i di fi ed surface
| ayer of the resin may easily allow generation of burrs when a | arge
degree .of packing is effected. - The solidified | ayer 10

becones thicker as the

There is disclosed an injection moldipg method
using an injection molding machine in which a plurality
of control parameters including the injection speed,
injection pressure and the mold opening degree are
controlled, from a moment immédiately before £illing up
of the mold cavity with the resin, setting the parameters
in an order determined in accordance with the
-characteristics demanded by the resin, such that, when
the injection pressure is controlled as a commanding
parameter, the injection speed is.controlled as a
subordinate parameter under a given restriction and, when
the mold opening dégree is controlled as the commanding
parameter, the injection pressure is controlled as a
subordinate parameter under é given restriction.
According to this method, it is possible to control the
injection molding operation on the basis of a plurality
of control parameters in_accofdanée with characteristics
demanded by the resin in the mold.which varies time to
time, thus making it possible to”maximize the packing

degree while minimizing burrs and short shot.

eet Has Been Re] laced
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15 tinme el apses, so that the .allowable nold opening degree Uontsl Elos
increased. In the i |l ustrated enbodi ment, the nol d openi ng degree is
~directly set to Cin viewof tinme Iag incurred in the control for
setting the injection ' speed and the injection pressure. This val ue of

the nmold 20 opening degree C corresponds t e state th
solidified surface l'ayer 10 is formed. 2Rq;ﬂagement Sgsgg%f&'%?g%
preci sely pack.the resin with a degree WhICh is the greatest in the

range whi ch does not all ow ABST L S RBurrs. 25

The-solidification proceeds to reach the portion near the gate 5 (see
Fig. 1). In this state, the I njection pressure is no nore transmtted
to the resin portion i NNJESTION MOLDING MEVEEOBhi |l e, the resin is

There is disclosed an injection molding method using an injection molding
machine in which- a plurality of control parameters including the injection
speéd, injection pressure and the mold opening degree are controlled, from
a moment immediately before filling up of the mold cavity with the resin,
setting the parameters in an order determined in accordance with the
characteristics demanded by the resin, such that, when the injection
pressure is controlled as a commanding parameter, the injection speed is
controlled as a subordinate parameter under a given restriction and, when
the mold opening degree is controlled as the commanding parameter, the
injection pressure is controlled as a subordinate parameter under a given

restriction.

(Figure 6)
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i Topi—-¥ IPoS
- 12 - » 1 continuously cooled. The resin constituting the thin- wal | ed
portion is primarily quenched and solidified, and this solidification

proceeds while pulling or attracting the pqrtian of the resin in
t hi ck-wal | ed portions 5 which are being cooleg“kéﬁﬁﬂFiﬂﬁﬁFijfJu“e 1896
Consequent |y, sink mar ks 14 are forned. In order to

suppress the generation of the sink _ mar ks, the nold cl anpi ngferce
acts to close the nold ~when the nn?% has been opened, thereby

uniformy 10 conpressipng the resin in t.he I Vigk Y 6 0
this_opegatﬂon,CQ$E;?§ﬁﬁ42ﬁ°i§?§5) cf@ﬁ*ﬂhfggd%eg?iggxw bacghé%gngﬁ
openi ng degree to the nmax val | Ml g194C0ouRhsS cdper! f

t he gate seal ot r%czf%%xieg'?lr%s ?ﬁmﬁﬁyﬁgoﬁsn\%hg&%gi'n the ti r?erefQ S

too |ong {(when ARS:. 15, ré&ddidd tkE id@ghliRd toSehel 8cfeseadnds This
al t hough t he ¥ine varies according to the wall thickness), the nold

phenomenon is often observed when the mode has been

S switched to ﬁhe dwell pressure mode. Such reversing of
the fesin, once it has occurred, makes it difficult to
completely £ill thin-wall portions of the mold cavity and
tends to cause defects such as short shot 13 or sink mark
14. It is therefore necessary to take suitable measure

10 for preventing reverse flow of the resin which is allowed
by backward movement of the screw 16.

Fig. 4 shows the sﬁate of the resin which has
filled up the mold cavity but no shell or solidified
surface layer has been formed yet at the resin surface

1S contacting the moid'wall; while Fig. 5 shows the state in
whieh the solidified surface layer 10 has Eeen formed.
The solidified surface layer 10 starts to be produced
from 0.1 to 0.2 second after the state shown in Fig. 4
has been attained. Therefore, possible degree packing,

20 i.e., degree of press-filling, of the resin increases in
accordance with the increase in the thickness of the

solidified surface layer 10.




openi ng, degree becones smal |l er than the set value C Qccurrence of

such state is infornmed by a display or .activation of an alarm- This -~
function al so contri butes 20 to the setting

of the tipger 1 ST
whi ch has - experienced such an abnor nal c%HHﬂ"r‘Gﬁﬁ eFéj 1c?{e\é,e SO °
that defective products are excluded. This function al so contributes
to proper setting of the nmold clanpi ng 3orce. Qoviously, it is

possible to aufommy| ga%l_, GOEEEE Ladd & ppataturDitdrclalpenion JRekding Fough
such a control E‘%hﬂ eg ] in.th JAl tzrsat3§d4ggbgﬂ|_ MBRtthis known
When the mpladtdlcampitegipdscds; 9“-?65?%‘?9’9, I (L SHUL" gdofOLE opening
degree cany te&%.d?zbh@lﬂe.ﬁhgemlﬂhmhea process control switches o
+ theirlzjnejcet-c:';[clononsppere%.s U8 Jaschesh inséeasad fressugeengRnigal wherelin
-5 -before switching from the injection speed contro% to the led in
injection pressure control, the injectldn.speed is cozr;o
conformity with a command value of the 1n]eetlon spee i ]
regulating the discharge rate of molten resin by meazsdea
valve. After the injection wmolding pressure das reac il .
10 predetermined value, the injection pressure.ls eontro e r:
conformity with the command value of tde injection pzeesu .
Accordingly, the process control in this known method is

| at a
performed based upon a single control factor or.parameter

time.

15 .
SUMMARY OF THE INVENTION

Accordingly, an ‘object.of the present invention 1S .thJ- i
provided an inj ection molding method for molding an artic : yed
. : . . orm
20 using an injection molding machine in which control is per



pressurge. Such a conditi ga—s—i-ni-o+-Aed-t-0--t he oper at or t hrough t he

di splay or the alarm so [tHad JHEET dpid BE can readjust the nold

cl anpi ng pressure. Such (5 re&dpiugEpent of i n 18 be
done * automatically. ThUS—accordimng—t thgugv'@g&ﬁtgg%t g%/{n%ﬁgl on, 9
I's possible to simultaneously obviate, - 4 €xcept for sonme special  cases,
the defects such as generation of burrs, short shot and generation of

sink 10 marks, why henCaRBBRARKEE! RItINf clidi detidrelet] gfharac-
i ndustry. \A%a%% %FE ga}egr ee of nold opening can be neasured

sinply Dby, a po%écfll%l@efo@tth@grég\incensuhé msld wWhkth varigmugd"® Y%hich can
easi |y be nount on the nold by neans 15 of a nagnet 8 or the |ike

fixing means, wijtfoutsd e@litd Bgtain thengraadefstcéegﬁﬁeo? tHELFHT d
constructd on. Various controls and conputations described
her ei nbef ore cafilling of uthealresdd.,wwhidet mélPi’-l“i‘-EhT‘?yg%?e{%?h%na

ener al - pur pose conput er program _so that, . det ai f c trols
gnd P ps burrs on tere molded %.rtlcle ang dlmlnlshfna tRYCEnEPE

shot.

To this end, according to the present invention,
there is provided an injection molding method for molding

an article by using an injection molding machine as defi.ned

10 in Claim 1.

15

20

the
Accordingly, /control is commenced after the values of one

or more of the mold opening degree, screw position and
injection pressure have reached predetemined values at a
25 moment immediately before the filling up of the mold
cavity. '
when the injection pressure is controlled as the

commanding pafamet:er, the mold opening degree is set to a

Sheet Has Been RTlaced
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20 conputations are not described in detail in this speci fication.
For information, in case of ABS resin, the set val ue of the nold

opening degree is 5to 10 [err] for 20 to 5 Jerr], and,,jn ca
nyl.on, ‘the set value of the mold 25 openi ngsél'géph'@ei%‘e?tt'oztgf@??fg%r 8
to 12 [err]. When the injection nolding machine is driven
hydraulically, the control of injection sp€ed is achieved by varyi ng
the speed of the punp or tilt angle_qf th% hibits genera-
ar14e- % s?ashvll%@eﬂ?}ﬁhw%%%ﬁwﬁmﬁ%4lﬁﬁe°inF?éFﬁoRuﬁnPaPné fachPne i S
iven electrically, e.dnjecti spe i r kN h
speed of the drFWﬁg"él%c‘?‘f’%”c arFD%g’F %Pﬁ'g p%r‘ﬁgg t%\g}:?%}get ﬁga%/n}éggt)éikoghé ©
pressure }S aChﬁngdoﬁghfgﬁﬂgéégee has reached the set value, the

control is switched to a mode which controls, using the

5 set value of the mold opening degree as the control
command, the injection pressure as a subordinate
parameter under such a restriction that the injection
pressure falls within the range which does not allow
‘generation of local burr. Prior to a control of the

10 injection pressure as the commanding parameter, a control
is done to control the injection speed and, when a set
value of the injection pressure is reached, the control
is automatically switched to a mode in which the injec-
tion pressure is controlled while the injection speed is

15 controlled as a subordinate parameter such that the resin
does not flow backward or such that the absolute value of
Lhe speed of backward flow of the resin is smaller than a
predetermined maximum allowable value.

20 invention, there is provided an injection molding meéthod
for molding an article by using an injectio olding
machine, comprising the steps of: compericing, immediately
before filling up of the mold cavity with a resin, a
control of the injection spéed to follow a set value V, of

25 the injection speed starting at a control start point
which is deterfiined by a set value or values of one or

more of“control parameters including mold opening degree,

- & V) oD ol aWa - '~ ata - - -~ atala ala



5 a hydraulic pressure control valve when the injection nmol di ng

machine is driven electrically and by varying electric current or not or
torque control when the i nj ection nolding nmachine is

el ectrically. As has been descri l?é’d’s“é'é'@&mﬂg‘ ?3) June HP88ent
10 invention, a plurality of parameters including at |east t he

i njection speed, injection pressure and- t e~ nol d openi ng degree -are
controlled in conformty with the set val ues startlng at A nDnent
which is |qpe abelas baf ang iniectienf pkbssgrapsetht-hbake 3 P t he
resin, the control being done in an order of the aranet

det er m ned 'f‘§¥é§§ﬁ¥ﬁuxs\ﬁéd1ﬁdma da&aadedpcaaeaéﬁérby a Ser§P8§t6° t he
resin, such that the value of the commandi ng paraneter_follo a set

val ue whi‘l e the v@ (e whichfprontidiesi SheempyimHSt éPéeﬁEé?inﬁﬁé? fi ned

condi tions 20 Consequently, the follow n dvanta are
by the presentwlthmnua(range)&hlch does not 2130w geadzac 68 BEofight about

5 and, after the actual injection pressure has been reached
the value represented by the set function P4 F(t), such
that the injection pressure varies in copformity with the
set function P = F(t), while restrictifig the injection
speed to a range which does not alldw backward flow4of

10 the resin or does not caﬁse the Zbsolute value of
backward flow speed of resin Yo exceed a predetermined
maximum allowable value, ayd setting a command mold
opening degree to such & value that allows relief of
-gases but does not a¥iow generation of burr at the mold

15 parting surface; ghd after the command value-of the mold
" opening degree /has been reached, switching the control to
a mode in which the injéction pressure is controlled SO
as to majfitain thé mold opening degree in conformity with
the cofimand value, wherein the injeétion-pressure is

20 resfricted to a range which does not cause generation of

Sa=- ry

These and other abjects, features and advantages
of the present invention will become clear from the -
following description which will be taken in conjunction

25 with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view of an example of a



1) - It

I S possible to sinultaneously obviate defects such as

burrs, short shot and sink marks. 2) A gas relieving effect is
achi eved by a suitable 25 control of the nold re-opening de?ree.

3) © ° It is possible to realize a rational rsbstitigte sheet -n21 Kvmmend 999
distinctive setting of control paraneter val ues.

- 15 - WAT IS CLAIMED I S: 1. An‘iﬁjéction nol di ng nmet hod for
nol-ding an article by using an injection nolding machi ne, wherein a
plurality oft cd¥de éfs 3N dRI8FRECPRNBOLAfBEt FRFN1RP R, WRiFRCt i on

pr.essure -and t
I mredi ately bef

M

10

15

20

25

rgh%?ﬂégﬁjﬁﬁyﬂﬁié% ngi%rgppiggégolled, froma nonent

Fig. 2.is a sectional view illustrative of the
state of thé resin in the mold cavity:

Fig. 3 is a sectional view illustrative of the
state of the resin in a mold having a plurality of mold
cavities;

Fig. 4 is a sectional view illustrative of the
state of the resin in a mold cavity showing the maﬁner in
which burrs are generateé;

Fig. 5 is a sectional view illustrative of the
state in which a solidified surface layer has been formed
on the resin in the mold cavity; and

Fig. 6 is a diagram showing how'the injection
pressure, injection speed and the degree of opening of

the mold are changed in relation to time.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Fig. 1, a molten resin is charged
through a nozéle 2 into a mold cavity 6 in a mold 1 via a
sprue 3, runner 4 and gates 6 éo as to £ill the mold
cavity 6. When t@e mold cavity 6 has been filled almost
fully, the mold ililightly urged backward in the'opening
direction apart from a mating mold part tending to form a
minute gap at the parting surface 7. The amount of this
backward movement will be referred Lo as "degree of

opening" of the mold. The degree of opening of the mold

is detected by a dial gauge attached to the mold 1 by



of the nmold cavity with the resin, setting said paranmeters in an order
determ ned in accordance with the characteristics denmanded by the resin,
such that, when the injection pressure is controlled as a conmmandi ng
paraméter, the injection speed is control |l ed aSubstifutsoshretat 21 plunent9e9
under a given restriction and, when the nold opening degree is controlled
as the commandi ng paraneter, the injection’pressure is controlled as-a
subordi nate paraneter ynder a given restriction.

. 2. An injection
mol di ng met Hod BERBFJPRgat BREREF P 13NGnkT & TRRFIL e Y 3 SRR RRRF

af.ter the val ues_ of one 3r nor e gf t he nol d openi ng degree, screw position
and injection pPBsENPe hBVeIRrBIENRY predet ermined val ues at a nonent

i medi atel y before the fiﬁég&grdil*?%q{%; g%airp%lgql anﬁle:“élr? %ﬁ?ning d&ree

injectioﬁ_nnlding met hod accor ( en the Injection
pressure is contokbedagSatt 19 S§ENHBEH] fr 13K ALt et d R HEY LtbrP RN

degree is set

5 whether the cavity 6 has been filled near fully. This
set level 17 of the mold opening degree may be replaced
with the injection load pressure or the screw position.
When this set level of the mold.opening degree has been
reached, ;-control is set so as to control the following

10 three factors or parameﬁers:
A) ) Injection speed (This parameter may be
.programmed; although it is fixed in the illustrated
embodiment. ) |
‘B) Injection pressure (This parameter may be

15 Eprogrammed, although it is fixed in the illustrated
embodiment. In.ﬁhe case of an electric injection molding
machine, current value or the motor torgue may be used in
place of the inﬁéction pressure.)
C) Degree of mold opening (This parameter may be

20 programmed,lalthough it is fixed in the illustrated
embodimenﬁ.)

Referring to Fig. 6, when the degree of mold
opening has approached the set level 17 (5 to 10 pu in -
case of an ABS resin) after the start of the injection,
A is feedback-controlled on the basis of the set value

25 the injection speed /A, (10 mm/sec or so in case of ABS
resin) |

of the injection speed. An increase in the load

resistance causes a rise in the injection pressure so



to a vatue which allows relief of gases but prohibits generation of a burr
at the nold parting surface and, after the nold opening degree has reached
the set. value, the control is switched to a node which controls, using
- I6 : the set value of the nold opening degr &bstitutecsheatt-ra1 Junenh®oad,
the injection pressure as a subordinate paraneter under such a restriction
that the injection pressure falls withinmthe range which does not al-ow
generation of local burr. 4. An injection nolding (i BoEl bacctidddng
ta Caim 1,1whéhacnther igdecbianceressirdiredmhenjecigongfesstird as the
- commandi ng paranet?n, a control iis done to control the injection speed
and, when a set a8 d2 Gpseneti hpdection resin).

< : When this injection pressure is reached, a
feedback control is conducted by using the injection
S pressure as the commanding parameter, such that the
injection pressure is controlled in accordance with a set
function of P = F(t), under the conditions of the
following formula "S".

O or set value - A, (3 mm/sec in case of ABS

10 resin)
= injection speed = set value A .... Sl.
. 2026.5 bar
The maximum value Pmax of the injection pressure is/@o0o

atm).
| The maximum allowable injection pressure
18 | (pressure which is the highest within the range which
‘does not cause generation of burrs) at a moment t, |
immediately before the filling up of the mold cavity is
represented by Pi, while the makimum allowable injection
pressure (pressure which is the highest within the rénge
20 which does not cause generation of burrs) at a moment at
which the solidified surface layer is férmed upon contact
with the mold wall is expressed by P,. The present
inventors have found that the pressure P2 rises in
accordance with an increase in the thickness of the
25 solidified surface layer and.in accordance with an
increase in the viscosity of the resin. In this
embodiment,.the pressure P2 is changed linearly in

accordance with a time value set in a timer 18, e.g., 0.3



[ ure is reached, the control is automatically switched to a node
}hoahpgﬁsfhe I njection pressure is controlled while the injection speed is
control.led as a subordinate paranmeter such that the resin does not flow
backward ofr such that the absol ute val ue of th&ubstitutesshedtacXhaluthef 1999 of
the resin is smaller than a predeter- n1geg naxlnun1allomable val ue. 5.
An injection nDIding nmet hod for nol ding an Orticle by using an injection

I di nachlne LiSi t he, steps of: conmenci ng,
Pﬁnehpgtely befo?? gg?rlnggkiP%ﬁl¥+1 oweMRTy oRhary tNPCK 18 edi fime sem ro

of the infjectiongg ﬁgggdfé 4&I€ ept Iueé%err J%Ieﬁ%SKgg g;%lgg cot

speed, starting af a con

val ue or.val ues e&n@f‘sloéhm& Pél t'{1e Imrgfge{ %@Eﬁrsfhﬂgg?‘gh“% 10k, .

openi ng degree screw positi.on I'on pressu
In this state, the injection speed naturally

5 falls within the range of the formula S1. Usually, the
formula S1 has a value not smaller than 0. The value of
this formula, however, may be lowered to a lower limit
expressed by -A2, particularly when the mold is so
designed and constructed as to small effect'in preveﬁting

10 generation of burr. The pressure should not be reduced
below this-lower limit A2 because a too large backward
flowing speed increases the pumplng efgect on the resin.
The maximum pressure Pmax is set tQLQOOO atm).

- An alarm is activated when the range of the

15 formula S1 is exceeded, except for the case of a surge,
so that the instant shot is rejected as being defective.
with this'eeﬁtrol, a waiting step is taken until the
gases.are_expelled from the gas space 11 and until any
short short 13 is completely eliminated, while avoiding

20 1local generation of burrs.

When the local short shot 13 is completely
eliminated, an external pressure acts so as to further
open the mold 1 at the parting surface 7 (see Fig. 1).
In this state, on conditions that the requirement of the

25 formula S1 and_the requirement of the following formula
S2 are simultaneously met, the injection pressure is

controlled using the mold opening degree as the

commandlng parameter, such that mold opening degree



conducting control of the injection pressure such that the injection
pressure is set to a value (1) which - . - 17 -
represented by a set function P = F(t i ch provi des e Maximm
infection pressure within a range which does nSUbsHiutgwhgeter2t Junedf99mir r
and, after the actual injection pressure has been reached the value
represented by said set function P = FEt)RL1 such that the injection -
pressure varies in conformty with said set function P = F(t), while
restrictinglthéoldpest aosespeatiueoca(I@ngeinhtsde sbem AES atdim)backwar d
ftow of fhe resin or does not cause the absolute val ue of backward fl ow
speed of resin to exceednieptichPmssural Saseturribkormbkeofaingeceion
setting a conmand nol d openi ng degree to such a val ue
pressure ..... S
This set value C is determined to be a value
S which is the gréatest within a range which allows escape
of gas through the gap on the parting surface but does
_ to IS
not allow the resin/leak therethrough. 1In this stage,
the thickness of the solidified surface laye? 10 of the
' ife
resin contacting the surface of the mold cavity 5 is
10 " still small. Consequently, the degree of possible )
packing also is small because the thin solidified surface
.layer of the resin may easily allow generation of burrs
when a large degree of packing is effected.
The solidified layer 10 becomes thicker as the
15 time elapses, so that the allowable mold opening degree
also is increased. In the illustrated embodiment, the
mold opening degree is directly set to C in view of tiﬁe
lag incurred in the control for setting the injection
sped and the injection pressure. This value of the mold
20 opening degree C corresponds to the state at which the
solidified surface layer 10 is formed. It is thus
possible to precisely pack.the resin with a degree which
is the greatest in the range which does not allow

generation of local burrs.

25 The solidification proceeds to reach the portion
near the gate 5 (see Fig. 1). In this state, the
injection pressure is no more transmitted to the resin

portion inside the cavity 6. Meanwhile, the resin is



: : ~g 105
that allows relief of gases but does not allow generation 8*“ﬁﬁr?'%t t he
nol d parting surface; and after the command val ue of the nDId
openi ng degree has been reached, switching the control to a node

whi ch the injection pressure is controlled SOSHQSW%RGshﬁﬁhtlethb9%8|d
opening degree in conformty wth sai command val ue, wherein the

I njection pressure is restricted té a range which does not cause
generﬁflqn of burrs. in accordance with the demanded charac-

ceristic of the resin in the mold which varies time to
rime, so as to attain the greatest degree qf press-
fiiling of the resin, while minimizing generation of:

s burrs on the molded article and diminishing the short
shot. |

To this end, according to the present invention,

there is provided an injecﬁion molding method for molding
an article by using an injection molding machine as defined

10 in Claim 1.

15

20 .
the
Accordingly, /control is commenced after the values of one
or more of the mold opening degree, screw position and
injectibn pressure have reached predetermined values at a
25 moment immediateiy before the filling up of the mold
cavity.
| When che'injection pressure is controlled as the

commanding pafameter, the mold opening degree is set to a



