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1 CONTROL DEVI CE FOR MOTOR- DRI VEN | NJECTI ON MOLDI NG 1Pl eopg
MACHI NE WHI CH CONSUMES LESS ELECTRI C POVER Background of the
| nventi on: The present invention relates to a control device for

a notor-driven injection nolding machi ne! More particularly, the present
i nvention relates to a control device for a nold clanping system used for
clanping an article with a toggle nechanismthat is driven by a servo-
not or . A mol d cl anping systemfor an injection nolding umachine
conprises a servo-notor, a ball screw, and a toggle nmechanism The
servo-nmotor has a predetermned rated torque. The ball screw has a screw
shaft and a nut to convert rotation of the servo-notor into rectilinear

CONTROL DEVICE FOR MOTOR-DRIVEN INJECTION MOLDING

MACHINE WHICH CONSUMES LESS ELECTRIC POWER

Background of the Invention:

The present invention relates to a control device
for a motor-driven injection molding machine. More
particularly, the present invention relates to a control
device for a mold clamping system used for'clamping an
article with a toggle mechanism that is driven by a servo-
motor.

A mold clamping-system for an injection molding
machine comprises a servo-motor, a ball screw, and 5
toggle mechanism. The servo-motor has a predetermined
rated torque. The ball screw has a screw shaft and a nht
to convert rotation of the servo-motor into rectilinear
motion. The rotation of the servo-motor is transmitted
to the screw shaft. In response to this, the screw shaft
rotates and the nut moves forward, al;owing the toggle
mechanism to achieve clamping.

Molding of resins typically involves in a
plurality of processes, i.e., dispensing a resin,
filling, dwelling, and cooling. Besides these processes,
the mold clamping system carries out a clamping process.
In the mold clamping system, a torque of the servo-motor

is controlled during the clamping process in order to



ﬁDtién. The rotation of the servo-notor is transmtted to the screw shaft.
In response to this, the screw shaft rotates and the nut noves forward,
allowi ng the toggle nechanismto achieve clanping. Mol di ng of
resi:ns typically involves ina plurality of processes, i.e., dispensing a
resin, filling, dwelling, and cooling. 2Besides these processes, the nold
cl anpi ng systemcarries out a clanping process. 1In the nold clanping
system a torque of the servo-notor is controlled during the clanping
process in opdwviide a clamping force of which profile efhibitsvade a
clamping force of which profile exhibits a predeternined pattern or
patterns. predeteGurined ipatdermiar @atfRrns syst ens generate a torque
that is approxi mately equal to a maximumtorque when a set clanping force
i s generated. Such a Gapyenfdonak GiRld clanping s RPpe FRIRTEI the rating.
In addition, the torque that is a proxinatelg'equal to the
- torque that is approximately equdl to a maximum torque

when a set clamping force is generated. Such a maximum

torque is determined depending on the rating. 1In

addition, the torque that is approximately equal to the

maximum torque is kept until completion of the clamping

process. The rating of the servo-motor is determined

while taking into consideration a coefficient of friction

between individual components forming the toggle

mechanism.

The conventional mold clamping systems at any
rate maintain the maximuﬁ torque génerated by the servo-
motor from the beginning to the end of the clamping
process. This consumes a significant amount of electric
power.

Summary of the Invention:

Accordingly, an object of the present invention
is to provide a control device for a motor-driven
injection molding machine that is capable of maintaining
a set clamping force with less consumption of electric
power.

| The present invention is applicable to a control
device for a motor-driven injection molding machine that
comprises a mold ciamping system having a servo-motor and
a ball screw mechanism in which the ball screw mechanism

comprises a screw shaft and a nut for use in converting



maxi numtorque is kept until conpletion of the clanping process. The
rating of the servo-notor is determined while taking into consideration a
coefficient of friction between individual conponents form ng the toggle
mechani.sm The conventional nold clanping systens at any rate

mai ntai n the maxi mum torque generated by the servo- notor fromthe
beginning to the end of the clanping process. This consunes a significant
anount of electric power. Summary of the Invention:

Accor di ngl y, mutathjesctodHfthdserwsamtomviaiio arect sl imeqr avotbom. contr o
device for a notor-driven injection nolding nmachine that is capable of

mai ntai ning a set claogdrdindrice an taspestts abrishenpyesent eentien, pover.
The present invention is applicable to a control device for a notor-driven
i nj ecti on noltdienFoarddrahdeviae qamprisass a pat e genexatys X havi ng a
servo-notor and a ball screw nmechanismin which the ball screw nechani sm

conprises a Sen&FadHdTd Jfeta RAktDY fok the ampinggforce. The

patte;n generator calculates, in response to application
of the set clamping force, a travel distance S0 of a
predetermined movable member in the mold clamping system
according to the set clamping force. The pattern |
generator then generates the set pattern having an
allowable range of deviation 2A § that is defined by an
upper limit (SO0 + A S) and a lower limit (SO0 - A S)
relative to the travel distance S0 calculated. The mold
clamping system generétes the clamping force that is
defined by the upper 1imit (s0 + A S) by means of
rotating the screw shaft in the normal direction at the
beginning of a clamping process. In addition, the mold
clamping system continuously decreases, by means of |
rotating the screw shaft in the reverse direction during
a predetermined clamping time interval T£, the clamping
force within the range defined by the allowable range of
deviation 2A § after the clamping force reaches the value
defined by the upper limit (S0 + A S).

Brief Description of the Drawings:

Fig. 1 is a view l1llustrating a structure of the
essentials of a mold clamping system to wh;ch the present
invention is applied; |

Fig. 2 is a block diagram.illustraﬁing a

structure of a control device for a mold clamping system



3 rotation of the servo-notor into rectilinear notion. ' Accor di ng
to an aspect of the present invention, the control device conprises a
pattern generator for generating a set pattern for the clamping force. The
pattern generator calculates, in response to application of the set
clanping force, a travel distance SO of &4 predeterm ned novabl e nenber in
the nol d clanpi ng system according to the set clanping force. The pattern
generator then generates the set pattern having an allowabl e range of

devi ati on 2[ aadosiingtte sthiefpresenty nventpben; [ init (SO + A S) and a
lower limt (SO - [err] S) relative to the travel distance SO cal cul at ed.
The mol d cl anpi ng syBt®m }ek@raatekevw Hhewingi 3y e¥arRle Rf 2ssedefined by
the upper Iimt (SO + [err] S) by nmeans of rotating the screw shaft _in the

normal di r ectR¥rEen (FRNEFREPABRP At RALIPFMIPROERRT 1hlushrated, the

nmol d cl anpi r}Tg{l s%steg/.cont | nuously decreases, by neans of rotating the
screw shaft int T rer direction during a predeterm ned clanping tine

interval Tf, the ClE”H¥é¥J4 is a flow chart for use in describing
operation of the control device illustrated in Fig. 2.

Description of the Preferred Embodiment:

Referring to Fig. 1, a mold clamping system in a
motor-driven injection molding machine is described. 1In
Fig. 1, a mold clamping system 10 comprises a fixed
platen 11, four tie bars 12, a movable platen 13, two
arms 14, a toggle support 15, a servo-motor 16, a screw
shaft 17, a cross hea&'ls, a first toggle lever 19-1, and
a second toggle lever 19;2. Only two tie bars 12 are
1llustrated in Fig. 2. A toggle mechanism is formed of
the two arms 14, the toggle support 15, the cross head
18, and the first and the second toggle levers 19-1 and
19-2. While not illustrated, the fixed and the movable
platens 11 and 13 are attached tc fixed and movable mold,
respectively, such that they are opposed to each other.
The fixed platen 11 is securely fixed to a base plate 20.

The movable platen 13 slides on the four tie bars 12
depending on the position of the two arms 14.

Rotation of the servo-motor 16 is transmitted to
the screw shaft 17. A nut 21 is thread-engaged with the
screw shaft 17. Rotation of the screw shaft 17 results
in forward movement of the nut 21, which causes thé

toggle mechanism to achieve the clamping operation.



force within the range defined by the allowable range of deviation 2[err]
S after the clanmping force reaches the value defined by the upper limt
(SO + [err] 9. Brief Description of the Draw ngs: Fig. 1
is aviewillustrating a structure of the essentials of a nold clanping
systemto which the present invention-is applied, Fig. 2is a

bl ock diagramillustrating a structure of a control device for a nold

cl anpi ng system 4 according to the
present invention; The clanping Iarre 18 drephdy ngeams exfinpdelng thaet
pattern generated by a set pattern generator illustrated in Fig. 2; and
Fig. 4is a moor\nbdmmolfd)rtqjstélei paddddamirgauiied foorkedping thetset
device illustrated in Fig Description of the Preferred

Enbodi nent: clamping If@"»’é*‘rer-l nFhe ey axms 4 E tharkpIgle yeechanksn

are not fully extended when thg set clamping force is
generated in the mold clamping system 10. Instead, the
arms 14 are just short of the fully extended status in
order to avoid so-called "deadlock" of the toggle
mechanism. The deadlock is a status where the two arms
14 are locked with being fully extended and neither can
be returned to the original position at all. The
deadlock will occur only when the two arms 14 are fully
extended. More specifically, the toggle mechanism will
be locked due to a frictional force when a clamping force
exceeds a certain limit érovided during the normal use of
the system, with the two arms 14 being fully extended.

The servo-motor 16 generates a torque that is
approximately equal to a maximum torque, which is
determined depending on the rating, when the set clamping
force is provided in the mold clamping system 10. In
addition, the torque that is approximately equal to the
maximum torque is kept until completion of the clamping
process.

As described above, the conventional mold
clamping system at any rate maintains -the maximum torque
generated by the servo-motor 16 from the beginning to the
end of the clamping process. This consumes a significant

amount of electric power.



notor-driven injection nolding machine is described. In Fig. 1, a nold

cl aripi ng system 10 conprises a fixed platen 11, four tie bars 12, a
novabl e platen 13, two arns 14, a toggle support 15, a servo-notor 16, a
screw shaft 17, a cross head 18, a first toggle lever 19-1, and a second
toggle lever 19-2. Only two tie bars 12 @re illustrated in Fig. 2. A
toggl e mechanismis forned of the two arns 14, the toggle support 15, the
cross head 18, and the first and the second toggle levers 19-1 and 19-2.
Whil e not illustratedRefaeringetioaftigt h2, nbtabsedestatbed dlcantrdl are
attached to fixed and novabl e nold, respectively, such that they are
opposed to eadevicecfor ghwoldxelampimgnsystem secordingfteed to a base
plate 20. The npvable platen 13 slides on the four tie bars 12 depending
on the positiRFEERTr¥ed empodingnt0f the preseptainvenbionpe Thevo-notor 16

Is transmtted to the screw shaft 17. A nut 21 is thread-engaged with the
screw shaft SPMERLi1FSVice FARPELFRS arpdttern generatory3ior wBhE novenent

[ s. the._ toggl e nechani smto achi eve the cl anpin
ggeﬁgfigﬁt 2]'p)at. éﬁ# &ggggator 31 géﬁ%rates a set pattern Sr as Ping

illustrated in Fig. 3. The pattern generator 31 produces
an instruction signal indicative of an instructed value
in accordance with the set pattern Sr generated. In Fig.
3, the clamping force is illustrated as a position of the
cross head 18 in the mold clamping system because the
profile of the clamping force reflects that of the
displacement of the cross head 18. The control device
further comprises a pbsition'sensor 32 for use in sensing
a position of the cross head 18. The position sensor 32
produces a positioﬂ sensor signai indicative of the
sensed position. A subtracter 33 calculates a difference
between the instruction signal supplied from the pattern
generator 31 and the position sensor signal obtained by
the position sensor 32. The subtracter 33 then supplies
a calculated difference signal indicative of the
difference to an amplifier 34. The amplifier 34 has
functions including PID compensation. The_amplifier 34
amplifies the calculated difference signal and produces a
torque instruction signal indicative of an instructed
torque value for the servo-ﬁotor 16. A motor drive 35
drives the servo-motor 16 in accordance with the

instructed torque value provided by the amplifier 34.



5 - The clanping force is kept by nmeans of noving the novable nold
to the position required for keeping the set clanping force. The two arns
14 of the toggle nmechanism are not fully extended when the set clanping
force is generated in the nold clanping system 10. Instead, the arnms 14
are just short of the fully extended st&us in order to avoid so-called
"deadl ock"” of the toggle nechanism The deadlock is a status where the two
arms 14 are locked with being fully extended and neither can be returned
to the original positimFig. ./ feptaraaff dde piesentcknwenyiamehiehe two
arms 14 are fully extended. Mre specifically, the toggle nmechanismwl|
be | ocked dudn &he FQlkwing - f Fhee RN TP T otk calksitlairs a

certain limt provided during the normal use of the system _wth the two

arms 14 bei ng™¥ H9SPWdRidefPplication Afe the RRNGIARNYHRIW®R es2R

Loraue, thel o dBLS e S P R OIS,

provided in E%%d?ﬁé%‘%é”&éd&%é%@“éﬁ@3¥%t'é1amp1ng force as a travel
distance S0. A deviation A S is determined depending on
the allowable range of deviation within which the
clamping force may change.

The set pattern Sr is generated such that the
travel distance of the cross head 18 reaches the upper
limit, i.e., (S0 + A S), upon coméletion of the clamping.

Furthermore, the travel distance should be smaller than
the upper limit of (S0 + A S) during a clamping time
interval Tf before the eﬁd of the clamping process and be
within the deviation of 2A § from the upper limit of
(SO + AS).

With such a set pattern Sr, the screw shaft 17
rotates by an amount of rotation necessary for generating
the set clamping force plus the amount of rotation
corresponding to the allowable range of deviation for the
clamping force (corresponding to the distance A S8). This
allows the mold clamping system 10 to generate the
clamping force that is larger than the set clamping force
by the amount corresponding to the.allowable range of
deviation. The screw shaft 17 is continuously rotated
within the range between the upper limit (S0 + A S) and
the lower limit (S0 - A S) in the revefse direction

during the clamping time interval of Tf. ~



addition, the torque that is approximately equal to the maximumtorque is
kept- until conpletion of the clanping process. As descri bed
above, the conventional nold clanping systemat any rate naintains the
maxi mum t orque generated by the servo-notor 16 fromthe beginning to the
end of the clanping process. This consur@®s a significant anmount of

el ectric power. 6 Referring
to Fig. 2, it is described a control device for a nold clanping system
according to a preféks alesmbididrabiovs, ttthe psesmntshaftent? obs dAdeatednt r ol
device conprises a pattern generator 31. The pattern generator 31 :
generates a da& the txaversie firgatilen o dde raige Giswnblypatt B rofener at or
31 produces an instruction signal indicative of an instructed value in

accor dance witf¥¢ 8¢ shanping forge)gsidhinwhich fhe deviation|efpihe

force is illustrated as a positiqn of_ the
0 éiamping f%rcé)is allowed, once the set clamping force is

achieyed. As a result, the torque of the servo-motor 16
can be decreased while taking the advantages of the
negative efficiency of the screw shaft 17 or the toggle
mechanism.

Referring to Fig. 4, the control device
determines, at step S1 at the beginning of the clamping,
whether the value Sr(t) of the set pattern Sr exceeds the
upper limit (S0 + A S) to determine whether the clamping
i1s completed. When détermining that the clamping is
completed, the control dévice rotates the screw shaft 17
in the reverse direction at step S2 to retract gradually
the movable mold at a rate of 2A S/Tf. The value Sr(t)
that is t (time) after the completion of the clamping is
given by the equation: (S0 + A S - 2A S*t/Tf).

As mentioned above, the control device according
to the present invention provides the clamping force that
is larger than the set clamping force and is within the
allowable range of deviation upon completion of the
clamping. The control device then continues to decrease
the clamping force within the allowable range of
deviation during the subsequent clamping time by means of
rotating the screw shaft 17 in the reverse direction.
Accordingly, the torque of the servo-motor 16 can be

decreased. In other words, it is possible to maintain



cross head 18 in the nold clanpi ng system because the profile of the
clanping force reflects that of the displacenent of the cross head 18. The
control device further conprises a position sensor 32 for use in sensing
a position of the cross head 18. The position sensor 32 produces a
position sensor signal indicative of th® sensed position. A subtracter 33
calculates a difference between the instruction signal supplied fromthe
pattern generator 31 and the position sensor signal obtained by the
positi on sentbe Zdanplimgs figtncecadr 033 aeamds e iset clamping dficente

di fference signal indicative of the difference to an anplifier 34. The
anpl i fier 34°R3¥ byudPPlydag dcmignegcmmyendnpensati on. The anplifier 34
anplifies the calcul ated di fference signal and produces a torqgue

i nstruction signal i fdiecRHepenssf 1%%“639‘11&‘@& thug heen descrifed Han

servo-notor 16. A tor driye 35 rives thg servo-nmotor 16 in accordance

with the inSPPJEREYIOH ¥d&Dy & REefedFede gMbPAmentfihereqf 4p which

7 the position sensor 32 senses the position of the cross
head 18 in the mold clamping sYstem. However, the
position sensor 32 may sense a position of other movable
member in the mold clamping system. Examples of such
other movable member include the nut 21 and the-movable

mold.



In Fig. 3, features of the present invention lie in the follow ng. The
patt’ern generator 31 calculates, in response to application of the set
cl anping force, an anount of displacenment of the cross head 18 that is
required to generate the set clanping force as a travel distance SO A
deviation A S is determ ned depending ohO the allowabl e range of deviation

within which the clanping force may change. The set pattern Sr is
generated such that the travel distance of the cross head 18 reaches the
upper |imt, i.e., (SO + [err] S), upon conpletion of the clanping.

Furthernore, the travel distance should be smaller than the upper limt of
(S0 + [err] YHAFULSHGLARMERFiSty tinme interval Tf before the end of the
cl anpi ng process and be _ within tQF deviation of 2[err] S fromthe upper

limit of (SO + [err]t-Sp control ' Fth % MCATISSR dniedearr ew
et cl anpi g PARIES FREHHNE THAInCoBERLRER o ROl AR RS E he
o Louel ) CoBR AN i AT Y SRS G
the ball screw mechanism comprises a screw shaft and a
nut for use in converting rotation of the servo-motor
into rectilinear motion, wherein:
the contﬁol device comprises a pattern generator
for generating a set pattern for the clamping force, said
pattern generator calculating, in response to application
of the set clamping force, a travel distance S0 of a
predetermined movable'membe: in the mold clamping system
according to the set claﬁping force, generating the set
pattern having an allowable range of deviation 2A S that
is defined by an upper 1limit (SO0 + A S) and a lower limit
(S0 - A S) relative to the travel distance S0 calculated,
said mold clamping system continuouslf decreasing, by
rotating the screw shaft in the reverse direction during
a predeterminéd clamping time interval Tf, such that the
clamping force is within the range defined by the
allowable range of deviation 2A s, after the clamping
force reaches the value defined by the upper limit
(s0O + As).
2. A control device for a motor-driven injection
molding machine as claimed in Claim 1, wherein a rate of

decrease of the clamping force is given by 2A S/Tf.

I

L



clanping force that is larger than the set clanping force by the anount
corresponding to the allowable range of deviation. The screw shaft 17 is
continuously rotated w thin the range between the upper limt (SO + [err]
S) and the lower |imt (SO - [err] S) in the reverse direction during the
clanmping tinme interval of Tf. 11 8

As descri bed above, the screw shaft 17 is rotated in the reverse direction
in the range (usually [err] 1% of the set clanping force) within which the
deviation of the <clanmping force is allowed, once the set clanping force is
achieved. As a result, the torque of the servo-notor 16 can be decreased
whi | e taking the ad‘“' 2h3:2 pL { piee garpgeretficiency of the screw shaft
17 or the toggle nechanism Referrlng to Fig. 4, the contro
device deternmines, at step Sl at the beginning of the clanping, whether
the val ue Sr(t) CGONTROLSOEVICE: FOR MOTORSORIVENM ENIJECTION MOLDING

MACHINE WHICH CONSUMES LESS ELECTRIC POWER

In a control device for a motor-driven injection
molding machine which comprises a mold clamping system
comprising a servo-motor and a ball screw mechanism, the
ball screw mechanism comprises a screw shaft and a nut
for use in converting rotation of the servo-motor into
rectilinear motion. The control device comprises a
pattern generator for generating a set pattern for the
clamping force. The pattern generator calculates, in
response to application ¢f a set clamping force, a travel
distance S0 of a predétermined movable member in the mold
clamping system accordiné to the set clamping force and
generates the set pattern having an allowable range of
deviation 2A S that is defined by an upper limit (SO0 +
A S) and a lower limit (SO0 - A 8) relative to the travel
distance S0 calculated. The mold clamping system
continuously decreases, by rotating the screw shaft in
the reverse direction during a predetermined clamping
time interval Tf, such that the clamping force is within
the range defined by the allowable range of deviation
2A s, after the clamping force reaches the wvalue defined
by the upper limit (SO + A S).
(Fig. 2)



upper limt (SO + [err] S) to determ ne whether the clanping is conpleted.
When deternining that the clanping is conpleted, the control device
rotates the screw shaft 17 in the reverse direction at step S2 to retract
gradually the novable nold at a rate of 2[err] S/ Tf. The value Sr(t) that
Ist (time) after the conpletion of the tlanping is given by the equation:
(SO + [err] S - 2[err] S*t/Tf). As mentioned above, .the control
device according to the present invention provides the clanping force that
is larger than the set clanping force and is within the allowable range of
devi ati on upon conpletion of the «clanping. The control device then
continues to decrease the clanping force within the all owabl e range of
devi ation during the subseguent clanping tige by neans of rotating the
screw shaft 17 in the revdrdd direction. ordingly, the torque of the
servo-nmotor 16 can be de(wesseer—r—o+h e itj}is possible to
mai nt ai n
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the clanping force at or around the set clanping force only by applying a
m cro-current. The present invention has thus been described in
conjunction with a preferred enbodi ment thereof in which the position
sensor 32 senses the position of the cross head 18 in the nold cl anping
system However, the position sensor 322nmay sense a position of other
novabl e nenber in the nold clanping system Exanples of such other
novabl e menber include the nut 21 and the novable nold.

10 VWHAT IS CLAI MED I S: 1. A control device for a notor-driven
injection nolding machi ne that conprises a nold clanping system having a
servo-nmotor and a ball screw nmechanismin which the ball screw mechani sm
conprises a screw shaft and a nut for use in converting rotation of the
servo- not or
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into rectilinear notion, wierein: ‘the control device conprises a
pattern generator for generating a set pattern for the clanping force,
said pattern generator calculating, in response to application of the set
clanping force, a travel distance SO of a predetern ned novabl e nenber in
the nold clanpi ng system according to tBe set clanping force, generating
the set pattern having an allowable range of deviation 2[err] Sthat 1is
defined by an upper Ilimt (SO+ AS) and a lower Iimt (SO- AS) relative
to the travel distance SO cal cul ated, said nold clanping system
continuously decreasing, by rotating the screw shaft in the reverse
direction during a predetermned clanping tine interval Tf, such that the
clanping force is within the range defined by the allowable range of
deviation 2[err] S, after the clanping force reaches the val ue defined by
the upper Iimt (SO + [err AS . Sr 2. A control device for a

not or-driven |njegblon PG JB i ne as clalned in Cla|n11 wherein a
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