TI TLE OF THE | NVENTI ON: MOTOR- DRI VEN MOLD CLAMPI NG DEVI CE AND NC@&UEﬂHNPFNG
. METHOD BACKGROUND OF THE | NVENTION: Field of the Invention: The presentiy,
- i'nvention relates to an inprovenent of a notor-driven nold clanpi ng dev}ce
for a notor-driven injection nolding machine as well as to an inproved nold
- clanpi ng nethod. Description of the Rel ateql Art: Mtor-driven injection

- mol di ng machi nes have gradually replaced hydraulic nachines, and have
—increasingly been us I%E§Che reason lies in the|r si npl e

. configuration as conpared W aul i ¢ injection nolding machi nes

~ because of the | ack MOTORBDRIVEN MMQLWHN@DEWQ&AND:WL@@LAWING

i valves. In addh@#fﬂ éfervo notors used for the source of power allows the

- easier control 9 not or-driven injection nolding machines. The servo

- nmotors are used in nost cases for an injection device and a nold cl anpi ng

. device. As far as nold cIa [ deV|ces are concerned it is often based on
~a toggle system Thds <! SR & nechanlsn1to doubl e t he

- force generated by » vvhlchlsthen transmtted to a nold by

- means of a toggle |f'ﬂ§d%$me§ﬁ’?§7§é2 of nmold cl anpi ng devi ces are under goi ng
- changes and ref i nemihespredentanvention wlates to anrimpesvemat! of-a mptoradrivénmold

. clanping device is disclosed in Japanese Patentg’phlbl I catiqQn 22135.

. The di scl osed ﬁ{ﬁr@'ﬂgéiﬁmwoﬂé\m@f@ﬁ%wﬁﬁ|'@§§t'9ﬁ diﬁgmwn%ﬁﬂv‘@ﬁrﬁ%ﬁotqrbn
detector for d%?F&deﬂ%@lJ&éﬁﬁP @gmgpﬁdélon of the servo notor. The nold

. clanping device Turther co a conversion nmechani smfor converting the
- rotation novenent oDestphmobthuRelated]Ad a linear novenent. The conver si on
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Upon the nold clanping, the servo nmot or Iven with a mcrocurrent
f1 owi ng t her et ieasayh lies inztheir simple confi guratlon as compared with the hydraulic

injection molding machines because of the lack of need of a hydraulic pump,
hydraulic tubes and valves. In addition, servo motors used for the source of
power allows the easier control of the motor-driven injection molding
machines. The servo motors are used in most cases for an injection device
and a mold clamping device. _

As far as mold clamping devices are concerned, it is often based on a
toggle system. The toggle system uses a toggle mechanism to double the
force generated by the servo motor which is then transmitted to a mold by
means of a toggle link. These types of mold clamping devices are
undergoing changes and refinements. An example of an improved toggle-
operated mold clamping device is disclosed in Japanese Patent Publication
No. 1-22135. The disclosed mold clamping device comprises a servo motor
and a position detector for detecting a rotation position of the servo motor. The
mold clamping device further comprises a conversion mechanism for
converting the rotation movement of the servo motor into a linear movement.
The conversion mechanism has a ball screw mechanism. The conversion
mechanism is used for driving the toggle mechanism and the position detector
detects a position of a movable mold, to carry out control operation of the mold
clamping. Upon the mold clamping, the servo motor is driven with a
~ microcurrent flowing therethrough.
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For the toggle nmechanism the reason the mcrocurrent is used is to
generate a sufficient clanping force with the phenonenon known as kni cki ng
reduced as nuch as possible. This provides a |large toggle magnification
factor and thus allows a smaller output of the servo nmotor. The nold

Cl anpi ng devi ces using the toggle nechanpsm of the type described .

advant ageously require only a small electric power consunption. As will be

described nore i n mgttAslto§sle MechidisitHd fRFasohahs mickdorrens is ubed o t er
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: cl anpi ng deV| e acc rd| t0 vent onprises a toggle

" nmechani sm f or %@E ? g’%n@??é; Wg°f@}err1989(] h%ik@m e platen; and a servo
not or adapted to Olqbo(:évé,h@mé SAlIer REieking reBuNs th a Idgkl effeceaf aadtionas m
According to an aspect the present i1nvention, the notor-driven nol

cl anpi ng devﬁOECQ:@ImlrrtﬂllQna and|contacied Pﬁ§|0F1§er dneghanical parts @rﬁangrﬂ ¢ mold

t oggl e nmechan a t
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' present invention c ams he s of ato mechani sm t ed
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kni cking in the togg R 2 g, predet erm ned range and the

, N®
servo nmotor driven W |s not snaller than 20% of a rated
current therefor. Thergfore, an object of the present invention is to improve the accuracy

of control for the mold clamping force while reducing the effect of a frictional
force on junctions and contacted portions of mechanical parts forming the mold

_,‘

clamping device. .

- A motor-driven mold clamping device according to the preseht inve_ntio'n
comprises a toggle mechanism for use in advancing and refracting a movable
platen; and a servo motor adapted to drive the toggle mechanism via a ball

screw mechanism.
According to an aspect of the present invention, the motor-driven mold

clamping device controls a mold clamping force with a knicking in the toggle
mechanism being in a predetermined range and the servo motor driven with
a current which is not smaller than 20% of a rated current therefor.

A method for clamping a mold in a motor-driven manner according to
the present invention clamps the mold by means of a toggle mechanism
operated by a servo motor. In this method a mold clamping force is controlled
with a knicking in the toggle mechanism being in a predetermined range and
the servo motor driven with a current which is not smaller than 20% of a rated
current therefor.



BRI EF DESCRI PTI ON OF THE DRAW NGS: For a nore conpl ete understandi ng of the

. present invention, reference should be nade to the appended draw ngs,

wherein: Fig. 1is aviewillustrating a configuration of a motor-driven
nmol d cl anpi ng device to which the present invention is applied; Fig. 2 is a
bl ock diagramillustrating a conflguratlog of a nold clanping force
feedback control systemused in the present invention; Fig. 3 shows a

characteristic cury, | g.the control for a
nmol d cl anpi ng force; 'iew for describing a
bal | screw nmechani SFbﬂ@mﬁﬂe lcbmmaé understandingwf-the presentinveéntionmefergndevi ce
illustrated in Fig. 4; and Is a characteristic for describing the
rel ati on bet vve%h?ugd Pﬁé@ﬁ‘@t%@ﬁ QRP@;\d@drgd Windse Whegeing act or and a kni cki ng K

“in the toggle nech | BT, EE{%\%;;E@
N ;:I g. 1il ?gst r at gsafg ?rgpt o%ﬁ‘&gr@"%@@cg ééﬂﬁﬁ@? ?\?Fgglgt 0 Wi ch‘%vﬁe present
i nvention is agampéad dévicé-tawhich thermesErﬁllqutlmgl id@pptied;,conpri ses a fixed

| at 11 and a t I 3 (t f_whi¢ch
| ustrated i n-t he MBgareg bk dgradsbafng 8 canteutaih & 2 il afieing,
the fixed pl ate&éﬁeedaaaﬁ&aﬁﬂr@l ég)sﬁérﬁrwsé&m m@pmeﬁtﬂmwenﬁ&e fixed platen 11

such that the novable platen 14°can freely be advanced and retracted al ong
the tie bars 13. A Figxéshoewisca charactaristiacuree lustiatingiathysteriesis gluringdhef t he
fixed platen 11 novabl e pl aten 14. Likew se, a
novabl e nol d (%%iﬁi%vﬁi?‘%?‘ig%ﬁfpdﬁmﬂ?o the surface of the novable platen
14 that is opposed Fig. lﬂ‘@afpamai selctibnal vidw fordesoriding a pall steedatechanism
provided at the rear end of the nmovabl e platen 14. The ejectar  pi P, feeder

15 is for pushVhighds dgedn H?%B‘O(t%@”‘éﬁ{bmd pianmlaeﬂeweé lystraigd in Fig:

product. In thg,gjector pin feeder 15, a servo motor 16, used for ej ection,
advances and retracts an ejector rod 17 by stroke Sa. A toggle nmechanismis
provi ded between t hEigt 5ggbe:hatqnieli$tic]fbrdeslcnibieg tiue edlatiorpbeiweeniat theeretical o
notor 18 for npld, cla is driven,t va nd, retract crosshead 19 to
gener at e erM&QQlea'??ﬁgﬁﬁlch ’&Ea%f ?"?)P?@E?W %F%gﬁf‘amc#‘ﬁﬁﬁm ‘on fact or.

This nold clanplng fp

Fig. 1 illustrates a motor-driven mold clamplng device to Wthh the
present invention is applied. In Fig. 1, a mold clamping device comprises a
fixed platen 11 and a toggle support 12. Four tie bars 13 (two of which are
illustrated in the figure) are provided between the toggle support 12 and 'the
fixed platen 11. A movable platen 14 is opposed to the fixed platen 11 such
that the m.dvable platen 14 can freely be advanced and retracted along the tie
bars 13. A fixed mold (not shown) is attached to the surface of the fixed
platen 11 that is opposed to the movable platen 14. Likewise, a movable
mold (not shown) is attached to the surface ef the movable platen 14 that is |
opposed to the fixed platen 11.

An ejector pin feeder 15 is provided at the rear end of the movable
platen 14. The ejector pin feeder 15 is for pushing ejector pins (not shown)
in order to eject a molded product. In the ejector pin feeder 15, a servo motor
16, used for ejectien, advances and retracts an ejector rod 17 by stroke Sa.

A toggle mechanism is provided between the toggle Support 12 and the
movable platen 14. A servo motor 18 for mold clamping is driven to advance
and retract crosshead 19 to generate a mold clamping force multiplied by a
togg.le magnification factor. This mold clamping force is used to advance the



4 nmovabl e platen 14 (in the right direction in Fig. 1) to achieve the nold
. €l anmpi ng. The toggle nmechanismis forned of toggle levers 20 and 21 and a
toggle arm 22. The toggle lever 20 is pivotally supported on the crosshead
19. The toggle lever 21 is pivotally supported on the toggle support 12.
The toggle arm 22 is pivotally supported gn the novable platen 14. The
toggle lever 20 is linked to the toggle I ever 21. The toggle lever 21 is

linked to the t 22.. A rotar 23 . i ded jn,th
otor 18 to qoeuebienaan e O B T BiSckinaiFig T dkFinecie R 1 oo
to as a crosshgagppqgi tion). The rotary encoder 23 detects the crosshead

position by di rectl¥ detecting the rotation speed of the servo notor 18.
Now, the concept of TRaitegglagnechanism iscformpgdeaf toggleulevers RO ands3y ane a
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of the toggl e togulemarmn22.The rotary enlcader 23 islgroddedfin tthe seyye mbdercd8ied i s

 Sapanece. Pat endol epsiiwof BB esassgad R indTeliater. el SoR0A Srinrad
pat ent appl i Cabbsm?ﬁ)issWaﬁﬁﬁgrﬂiggaéﬁéstqétgas the Ewsﬁhew p@éitl‘bh[}kﬁ/ divedly and

one feature thereo itiona rive mechani sns such "as a belt

i s needed for detectingtherraiatiomspeed nbthersarvagator t®. Referring to Fig. 4,

: the ball screw nechanj .S Lihed in. brief. T a
hol | ow out put shaft @gﬁ %eAc%ifq(bt n@teﬂﬁkn@gl gvﬂ ibfeg%grmz’ae\#?e%sg}(’)n?%?aonmﬂ%f t he

hol I ow out put gégent. Befiveeh e lfulsrumvB rathie idhgle ilevemphgai Whe pointeofbal |

nut 18-2 and is 1pserted into the hollow portion of the, hol Igw out put ,shaft

18- 1. The cr os3ARURRTIED A on d6¢ legale 3t Z2indhe toagleMBEhANiSTRe ASSUME ANaler

ot o o ol s PRGOS gEtelethe pBByS LAY I et A
which passes the fulcrum on the toggle arm 22, that is, the junction C between
the toggle lever 21 and the toggle arm 22. A distance K between these two

~ line segments are referred to as the knicking or knicking distance. Therefore,

the smaller the knicking K is, the shorter the distance from the dead point of
the toggle mechanism. _ |

The mold clamping device of the type described is disclosed in
Japanese Patent Application No. 7-327017 (corresponding to Japanese Patent
Laid-open No. 9-164571). The device as disclosed in this patent application
is what is referred to as a "built-in driving type" and one feature thereof is that
no additional drive mechanisms such as a belt is needed for the transmission
of the driving force. '

Referring to Fig. 4, the ball screw mechanism is described in brief.
The servo motor 18 has a hollow output shaft 18-1. A ball nut 18-2 is fixed
to an end portion of the hollow output shaft 18-1. A ball screw shaft 18-3 is
engaged with the ball nut 18-2 and is inserted into the hollow portion of the
hollow output shaft 18-1. The crosshead 19 is attached to an end portion of
the ball screw shaft 18-3. Thus, the rotation motion of the hollow output shaft
18-1 is converted into the reciprocating motion of the crosshead 19 through



5 the ball nut 18-2. Referring to Fig. 2, a nmold clanping force feedback
control systemis described. A strain gage 30 is provided on any one of the
four tie bars 13 shown in Fig. 1. Strain gage 30 detects the nold cl anpi ng
force by detecting a strain exerted on the tie bar 13 as the cl anping
proceeds. The detected nold cl anpi ng forc% I's converted into a positional
-amount of the crosshead position in a converter 31. The converted :

posi tional anpgnt rosshead is supplied to a subtracter 32. The
subtracter 32 @% bcqillréqth@g di fference between a value of the converted

‘posi tional anount oRefétfing t@FRN2ad raok dampirsioees! fasdbatk eontrol systemial ue
;supplied froma setting unit (not shown). The subtracter 3 supp |es%§he

‘subtraction redesaribed. 2 AcHEain |Q@§e(§91t5rkfpvlﬂ$ﬁl 91 pBY 088 Qiéh% QuT Y Parsc

: [. Th
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velocity anplifier 35 anp ?Téestherecelv fference signal into a
| signal suitablis supplladdara esubtraebuta?ck T&rpssehhractewae:ammtysmlffereaee 35

b o5t 1 ot SRR e b BR SR h R S urt b e st did Bha T
subtracter 37 ¢rdsshead positionséftingaanfe Sgipiearérhe ﬁtﬁh@bnﬁ'@r@@ﬂsmﬂvﬁ)r OTThéhe
velocity anplifier 35 and a current feedback signal froma current detector

40 whi ch. det ec%%btéﬁﬁt@ﬁ%ﬁﬂpmlﬁsrtbﬂtsubtrréﬁti%ﬂ mﬁu&toarnqséﬂoggconm agpifieadBer 37
then supplies %ﬁ'cﬁﬁéﬂenbgggtﬁﬁ' "'ﬂwé’fng@h@n o) frUf Ahplfit 3 @ommn% r‘égﬁﬁé&e”t

anplifier 38. e curren Ires a curren ue for
t he servo not odifféeferioe sigaahmtml signal&smﬂ&bl@éordasmlodﬂgdeedba@c systermahd

cl anpi ng dEVICeCJ’ltI‘ | | ed by t nol d npi n rce , feedback .contr
systemis knowrHRRYER 'gést AR %@P't}@\ﬂ ﬁ'&nﬁﬂ%laeﬁﬁ'&ﬁfge'bgf*i Sg lim?cf?fegﬁal I
screw mechani sgaegafisV# difftfen @bétwidntAE Ca?nﬂfﬂefd@% mEll=hdCd dEBLigidedbagk when
the clanping is performed with the togg | 'ever and the toggle arm 22

ext endi ng al nosignglsynnpiied fipm thextotary, erm.darfzae §ha|sub§actpb§éutbe@sunpl¢ea ng.
The reaction farce Hithchigh F8slPtdd veRSRY GrhSifRYr 35 as a difference signal. The

velocity amplifier 35 amplifies the received difference signal into a signal
suitable for a current feedback system. The velocity amplifier 35 then

supplies the amplified signal to a subtracter 37 via a limiter 36 which restricts
the upper and lower limits of the amplified signal. The subtracter 37
calculates a difference between the signal supplied from the velocity amplifier

- 35 and a current feedback signal from a current detector 40 which detects an
output current from a motor drive 39. The subtracter 37 then supplies a signal |
indicative of the calculated difference to a current amplifier 38. The current
amplifier 38 supplies a current command value for the servo motor 18 to the
motor drive 39. | |
| As described above, the mold clamping device controlled by the mold
clamping force feedback control system is known to have the following
problem. The ball screw in the ball screw mechanism receives no reaction
force of the mold clamping force when the clamping is performed with the
toggle lever 21 and the toggle arm 22 extending almost completely, that is, with
the smallest possible knicking. The reaction force is taken up by toggle lever



6 21 and toggle arm 22, rather than being transferred to the ball screw.
'Receiving no reaction force neans only a snmall electric power is required
for the servo notor 18. However, the small knicking results in a large
.effect of a frictional force on the junctions and the contacted portions of
‘the nechanical parts forning the nold chmn%ng devi ce, which increases the
‘operational hysteresis of the device. This Yarge operational hysteresi's
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“the nold clanpi ng orce Erow ded by the servo notor 18. A feature of the

present inventi OYsteresis ohthe@evicei ng of the nol d clanping. The present

nvention perforns t

!to\g;gl eI ar mp22 not beﬁ%@@%%@ggﬂdﬁ%}gm#gféy& rh:g?% S, oﬁﬁtiﬁ&y@iﬁ%%’t\%gv

I argle kgl cki Eg Hﬂellﬂ aﬁnslhowhaheFugIhdbesausmeﬁthmfrjntiomal fosce aqis ased resistence

Su ied wt a | el ectric curreng | S { o n the,.rat

current value fgunfgdhasngld cl%'na&mam@rsnéhﬁiq%ﬁrehe@f She' et Soee

increased, thisp Qgpwﬂh% ﬁ)? ‘1‘6?&' fddeRBl tﬁﬂi(@'ht é%%ldrﬂq{ giunhgtthé%old
(0] ri uce

Ilmtedto the effect cti onal e bei ng that it
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el at1 onbet woeNVE% AUBF 405 XEintBl gbfiotnanee e tpufialck: oPRiRloB A Bhneki ng

K'in the toggl ep&@@h@tosmnanﬁeaweddtwl tﬁ@ﬁ\dld’@ﬂhﬁ)lﬁ@‘fdﬂ%@lmn ﬂhaneance has
characteristic as shown, in Fig , IL.f the knicking g pr oaches

the zero, the tReynal kB'&k"‘Qd&glégﬂlﬁgﬁﬂfﬁs&ﬂbﬁ@r@bpé(@t'M'a&}?ﬁr%’é’@%e et on the
infinity. This %%%c&@?onirék{o‘?%%ﬁi&#b@%ﬁn or C?f'ﬁblldeﬁfﬂy'{ﬁ? defvd ﬁwotor

possible to obtain a anpi'ng even he serv

notor 18 is drivi@n with a small current smaller than the rated current In

the embodiment, the t A€z l t%rerrecf t ré Srrgsent invention lies in the timing of the mold
clamping. The present invention performs the mold clamping with the toggle
lever 21 and the toggle arm 22 not being extended completely, that is,' with a
relatively large knicking K. In this state, the servo motor 18 is required to be
supplied with a higher electric current which is at or near the rated current
vaiue for fhe motor. Although power requirements are therefore increased,
this brings some significant advantages including, but not limited to, the effect
of the frictional force being reduced and that it becomes easier to control the
mold clamping force with the higher accuracy.

Referring to Fig. 5, the description will be made with respect to the

relation between a theoretical toggle magnification factor and the knicking K
in the toggle mechanism. Generally, the toggle mechanism has a
characteristic as shown in Fig. 5. InFig. 5, if the knicking K approaches the
zero, the theoretical toggle magnification factor approaches the infinity. This
means that, if the knicking K is a smali value, it is possible to obtain a sufficient
mold clamping force, even if the servo motor 18 is driven with a small current
smaller than the rated current. In the embodiment, the toggle mechanism is



7 used within a range of 20 through 80 in the theoretical toggle

. magnification factor. This is because the followi ng reason. |If the toggle

. mechanismis used with a |large theoretical toggle magnification factor, the
operational hysteresis becones |arge and the accuracy of control for the
mol d clanmping force is deteriorated. Wien _the toggle nechanismis used
within the range of 20 through 80, it is fequired that the servo notoer 18
is driven with the current near.to the rated current. However, IS
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Thi s means t hapf mmmagueomt i$ regyuiredthatthelseinso mntorets i drivarmntlstrmecmenthe
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- Invention s “ %g&rgélbefcﬁﬁsé‘WSp Jansﬁ%, r@sférbgﬂ Béld:bmés gthall.ne servo

notor 18 is de y the require force, the theoretical
toggl e magnifi cat i olfhéaene maodor Hhithayfbe dmthhwwmeIc isnet smalierso

Goscribed for Man 20%ta Bed eiiehTnetetbr (Dl TERabB R ekei Mt fo PPe"
in type notor - @ dmrsh With the baviientwhioR ¥s aleast®0%ofted rated\cemtenbn i s aI so

; applicable to other types of the notor-driven nol ces
- dggcrl bed above, acb’bgddlﬁgntmet\#?éuﬁ)ﬁfa%‘@ﬂﬁ'{'&/&%ﬁt'ﬁ(Slﬁtermnﬁ?%g}ﬂg%% hﬂ°éeff%
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invention. To %hf’eréf‘tﬁé khitkirFRR®varied with the size of the toggle mechanism. For
example, the value of the knicking K is determined within a predetermined
range of 5 through 10 (mm). However, the present invention is no limited by
the above range. A rated output of the servo motor 18 is determined by the
required mold clamping force, the theoretical toggle magnification factor, a
lead of the ball screw shaft 18-3, and so on.
While the preferred embodiments of the present invention have thus
been described for the case where the present invention is applied to the built-
in type motor-driven mold clamping' device, the present invention is also |
applicable to other types of the motor-driven moid clamping devices.
As described above, according'to the present invention, it is possible
to control the mold clamping force with high accuracy while reducing the
adverse effect of the frictional force between the mechanical parts of the mold
clamping device by means of controlling the mold clamping force with a
relatively large knicking.
Numerous modifications may be apparent to one of skill in the art, while
remaining within the spirit and scope of the invention. To determine the scope
of the invention, reference should be made to the appended claims.



of the invention, reference should be nade to the appended cl ai ns. - 8
WHAT |S CLAIMED IS: 1. A notor-driven nold cl anpi ng device conprising: a

t oggl e mechani sm for advancing and retracting a novable platen toward and
away froma fixed platen; and a servo notor adapted to drive said toggle
mechani smvia a ball screw nechani sm wherein the toggle nechanism the
novabl e platen, and the fixed platen are c%nflgured such that a nold:
clanping force is controlled with a knicking in the toggle mechani sm bei ng
in a predeterm ned range such that said servo notor is driven with a

~current which is no % of a rated current therefor, in order
to maintain the nol Mﬁﬁﬁbj‘mﬁg 2. A notor-driven nold clanping device
as claimed in clai ml, Avnoter-driven momeclamprmg dev:'cs comprisingni t h the current

of at least 70% of said rated current. tor- drlven nmol d ¢ ngi {1%
devi ce conprising: A toSgla Bachanism $on a Yamﬁé‘ﬂn"& rapking a;mevablegplate

novabl e pl aten, 6\9%%1(?5\%‘ Wgrﬁ%?létbﬁegn&” aten; and a servo notor

adapted to drive sal ogg e nmechanismvia a ball screw nechani sm wherein
the toggl e mechani s seriie natonadaptetido nivesai toggle meeliapisat via sball screw
configured such that.a noJd clanmping force is controlled with a knicking in
the toggle nec ' ' b eren a predeterm ned range such that said servo

motor i's driven it ling teatle Sréctietiia, itfe fsvabR siater diahesketsp Ibtérpéré‘t or
near a rated current theref or, 1 n or der to mai ntain the nol

force. 4. A nowonfiguredssuchdhat 2 moidiclampiagiferceds contipliasiwith a'ckruckmg in the

det ector - bel ng et Heild'n 4 FheiRe Brkd Tali Sl AR B G fagtd?' ©
exerted; and aigndriden witdiangurrentcwhicheidbastksmaé tlansae¥%eof haatedeurreht i ng
said servo notgr depending on the pold cl an;ﬁl ng, force detected by said

detector to t hdhenejoreByerder ta maintainithe maals lgmping:lerce.

2. A motor-driven mold clamping device as claimed in claim 1,
wherein said servo motor is driven with the current of at least 70% of said rated
current. _

3. A motor-driven mold clamping device comprising:

a toggle mechanism for advancing and retracting a movable platen
toward and away from a fi xed platen; and

a servo motor adapted to drive sald toggle mechanism via a ball screw
mechanlsm wherein _

the toggle mechanism, the movable platen, and the fixed platen are
configured such that a mold clamping force is controlled with a knicking in the
toggle mechanism being in a predetermined range such that said servo motor
is driven with a current which is sufficiently high so as to be at or near a rated
current therefor, in order to maintain the mold clamping force.

4. . A motor-driven mold clamping device as claimed in claim 3, further
comprising:

a detector for detecting the mold clamping force, said detector being
disposed at a position where the mold clamping force is exerted; and

a mold. clamping force feedback control system for controlling said
servo motor depending on the mold clamping force detected by said detector
to thereby control the mold clamping force. |

» € L M § *



9 5. Anotor-driven nold clanping device as recited in claim4, wherein

~ said novable platen is novable along a tie bar, and wherein said detector

is disposed on said tie bar to detect a strain thereupon. 6. A notor-driven
nol d cl anping device as recited in claim5, wherein said detector conprises
- a strain gauge disposed on the tie bar. 7., A notor-driven nold cl anping
device as recited in claim5, wherein sai ® mold cl anpi.ng force feedback

trol syst i verter, f , ti out.put .of , t .
Getector I nto a posht; GaPOkRBYAD MRIFRAMEING Jeqce o FreiBAiR SR 4 HIeTEl | ng
the positional sé‘i%?&?lﬁglp‘iﬁeﬁ rié’moi’raﬁl%taslglﬁ%%eﬁe Bar, @ha'WhetBRSAE defctor is

detecting a spee servo notor, rotary encoder providing a
signal to a sedispdsedionrsaid tie basto detectastrainuthereupa. det ernining a

di fference between gn | {fied output of the fi.ls ract er. :

out put signal of thg- rgtnﬁpkpr'éﬁﬁ’%@&gad?'ﬂpm device éﬁ?%&fepgﬁ ciémi%ﬂg@é}%n a
di fference bet ygRHeABcBFBbiNbISEs 8hidin g8ligé HRpeEEEOA theltiergt er and a not or
drive current; and notor control means for driving the servo notor based

upon an anplified ot pdmetortdriventimeld clampingcdevice as seciied ipSiAINLP) Whereihe

Gevi co navi ng SaEBglEeiameTid e anR PR Ssthitombrited ColetR 60
provi ding a t ogghverting Eaowpuf cfithe detettomiataa positionabamogntvatueabl e pl at en

toward and away from a stationary platen; apd prg%,vi ding a servo_notor_ , -
adapted to drive th@ firsgphdr ahsubiractingthg posi @@?Lﬂﬂﬁaeﬁ\éﬂvgﬁﬁomasﬂ

. controlling a qgilg.cl anping force by configuring a knicking in the toggle
- mechanismto be in'a predeterm ned range such that the servo notor is
driven with a curr eatrotdry@ncodenfor detedtingra speed obthecserdo moted said ratary

Lherel oh: e SRR B SidhE% bRel ) 4 ooMR BRI B A U e
]9" iven with t h%efeffhﬂﬁiﬂb Péiffdter @ASdtWEBH =0 arfpiifitd altpt 6ttheditst subtrackematdod
or clanmping a nold inTa nold clanpi ng device having
"~ the output signal of the rotary encoder,;

a third subtracter for calculating a difference between an amplified
output of the second subtracter and a motor drive current; and

motor control means for driving the servo motor based upon an
amplified output of the third subtracter, thereby controlling the mold clamping
force. '

8. A method for clémping a mold in a mold clamping device having a
toggle mechanism, said method comprising the steps of: |

providing a toggle mechanism for advancing and retracting a movable
platen toward and away from a stationary platen; and

providing a servo motor adapted to drive the toggle mechanism via a
ball screw mechanism; -

controlling a mold clamping force by configuring a knicking in the toggle
mechanism to be in a predetermined range s'uch that the servo motor is driven
with a current which is not smaller than 20% of a rated current therefor, thereby
maintaining the mold clamping force at a preselected value.

9. Amethod as recited in claim 8, wherein said servo motor is driven
with the current of at least 70% of said rated current.

10. A method for clamping a mold in a mold clamping device having

a toggle mechanism, said method comprising the stepsoff ——

R O g



" a toggl e mechanism said nethod conprising the steps of: 10 providing a

- toggl e mechani smfor advancing and retracting a novable platen toward and

away froma stationary platen; and providing a servo notor adapted to drive
the toggl e nmechanismvia a ball screw nmechanism controlling a nold
clamping force by configuring a knicking in the toggle nechanismto be in a
predeterm ned range such that the servo mdPor is driven with a current

which is controlled to be at or near a rated current therefore, thereby

mai nt ai ni ng t he nol Brayidingiantgggle mechanismgor advanting andiretracting a moxabled as

force 1s pert P Il Ay iy 8 siioRRRL RN B0t "Current o he ser vo
motor, said feedbacprovidihg @ sdred mgotoradapteddd drivéahetbggle mechaishniag
force and a de git ed sérvo nptor input current. 12. A nethod as recited in

claim 11, wher BRhSSEWIMECABNIEM; control 1ing the nol d cl arrpl ng force

comprises a step, of oAb e By ool SRERRbeTh kAl °

mechani sm said fee ntro ased pon posi

of the driven mechanisnit be\lnmtplnedbténmnetlerapgeguehrhhﬁtdhé sepvombtor-isidrivem
manner by nean

f t h ated by a servo notor ri sing
the step of co\%(ftﬁtﬁ Evfﬁgﬁaﬂﬁ'&ﬁg&?’ﬁkﬁfgpﬁﬁéz r2 iateq curgnt Wef?fr??voggl e
mechani sm bel ngherébymiRERI HeYAIT ABAPIRYToIES it APrUsbIERbAaflld. ven wi th or
around a rated current

as clarnmed Iin c

" wherein the step of 1¢onArroethodgas recitediin claimnin, nyhéreircthei stepaufraoetl’oﬂmg by a

o et SR SRR b A

force detect or cutrenttodhe servd motdr} s4id feédiiacki dontro? being Isaseid\gpdrPs eetddied
exer t ed. mold clamping force and a detected servo motor input current.

12. A method as recited in claim 11, wherein said step of controlling
the mold clamping force comprises a step of calculating a position of a driVen
member of the toggle mechanism, said feedback control belng based upon the
calculated position of the driven member.

13. A method for clamping a mold in a motor-driven manner by means
of a toggle mechanism operated by a servo motor, comprising the step of
controlling a mold clamping force with a knicking in the toggle mechanism
being in a predetermined range and the servo motor driven with or around a
rated current therefor. |

14. A method as claimed in claim 13, wherein the step of controlling
the mold clamping force is carried out by a mold clamping force feedback
control system for controlling said servo motor depending on the mold
clamping force detected by a mold clamping force detector disposed at a
position where the mold clamping force is exerted.
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