~; e3e\ 002* * 159159* TITLE OF THE | NVENTI ON AN | NJECTI ON
MOLDI @ MM&M&W NG A DYNAM C BRAKE APPARATUS PROVI DED FOR AN

DRI VI D A METHOD FOR PROTECTI NG THE | NJECTI ON Mﬂ‘ WWNE 5
" BACKGROUNISO®R* THE | NVENTION 1. Field of the Invention The tion
generally relates to injection nolding nachines and net hods forispsdt ecting
the 10 injection nolding machi nes. More particularly, the present invention
relates to an injection nolding machi ne, such as an electric injection

mol di ng machi nep1a pacRyPis dnd¥eRe bR ection nol di ng machi ne, having a
dynam c brake apparatus provided for an electric driving machi ne used as 15
§lagp

an actuator for an inj ec AN oFlNEBH Nt MILD NG AL EINEN PR AYHRAMSCor
others, and a F Y @RbYREED NFod RINCELEERRI®| H RE NERARERENE 2
Description of the Re Art An electric driving machine, such as a
notor, is 20 uded F\OMEEH\O@IF@R PROTEGT NG | Toikr @UEC%@W&I@%@A@HWE Vi ng
source. Thecnotor is also used for a hybrid type injection nolding nachine
that takes i©'n beneficial points of both hydraulic and electric injection
nol di ng machi nEACKGROUNR GIHAWE INWENDIEN i nj ection nol ding 25 machines, the
nmotor is driven so that gn f_r,]n% c{:tl on.screw is rotated, advanced, and
retracted, a noveable plate X é’&v&ﬂge VHE% r act ed and an ejector pin
of an ejector apparatus fTre pedgded antestism |g%n@duampefbmsr ebracted. In
addi tion, dynamc brake a ratuses.are provi 30 various tors of
The i njecti o MOPERRGCHRNTEY HeChHIs AT Te hOR chtie P AECFEREdInt | ve
el ectric poger i9fj ekheoADheIEngFnechinégs. amléeﬁai*tﬂclﬂarﬁl@t utaké view of a
-2 driving circuit of a notor provided for an electric injection nDIdlng

machi ne as an &X&TSPE SRVEPTIGRY ERLPBRAITT [PedP BREHUT AIHGLRECHT AR

Referring to Fldachlast 88 &idatre Qhﬁ@@tlto@nbnahugaﬁa@u@@ﬂwr 5emym.rd 2, an
inverter part 3, a dynam c brake apparatus and a snoot hi ng capaC| tor 6.
type injection molding machine, hav1ng a dynamic bra

apparatus provided for an electric driving machine used as
15 an actuator for an injection apparatus, a mold clamping
apparatus or others, and a method for protecting the
injection molding machine.
2. Description of the Related Art
An electric driving machine, such as a motor, is
20 used for an electric injection molding machine as a
driving source. The motor is also used for a hybrid type
injection molding machine that takes in beneficial points
of both hydraulic and electric injection molding machines.
In the above mentioned injection molding
25 machines, the motor is driven so that an injection screw
is rotated, advanced, and retracted, a moveable platen is
advanced and retracted, and an ejector pin of an ejector
apparatus for molded articles is advanced and retracted.
In addition, dynamic brake apparatuses are provided for
30 various motors of the injection molding machine, as
apparatuses for consuming regenerative electric power of
the motors.

FIG. 1 is a schematic structural view of a



~The converter part 2 converts an alternating current being sent froma

t hree-phase alternating current electric power source 1 to a direct

current. The inverter 10 part 3 converts the direct current being sent from
" the converter part 2 to an alternating current, so that the alternating
current is supplied to a nmotor 4. The dyngam c brake apparatus 5 is
connected to a DC link part 8 provided between the converter part 2 and the
inverter 15 part 3. The capacitor 6 is connected to a part of the DC link
part 8 provi degirietwgesi AL tCORVEIh&foP¥rovddaadrdhedyiank e br ake
apparatus 5. The dynam c brake apparatus 5 includes a regeneratjve

resi stance par tingeetigR RoldingcRaehrems s exampiegdnar gervenelddlri c
pover of the mtgkcgibs wANBWIRHBYidde regenerative resistance part 5-1.
The switch elenment 5-2 is on-off controlled by a controller 9. The dynamc
brake apparatus 5 functiBaSexringn tappaf atls ther dsbwsngn Higuié r egenerati ve
el ectric power .qf t 0 ORN riyi jsrcuit,
the rotati o%ﬁl 121%% S%Et%v‘%g:%? ﬂigf%%e%&cggvso tr’h t%&hg’n%t%ajﬂjics made
regenerative amdaiecapmpamdtis gnabnd sa aamqeurhihgopepdmsitwonér.ol [ er 9. The
switch elenment 5-2 is on:off_ contrall Y, th ontrol signal..lf the
switch 30 el enment 5-2 isTﬁ% éﬁ“ﬁﬁmgrtﬁ%rgé%éﬁﬁng?%égéﬁ?&%??8t68%er of the
notor 4 i s consumrednbybdirey rsegenérat i/ echres-phase ealparinabityg ¢drtdmne
regenerative electric power of the tor. ..-3 4 is high, e dynam c brake
pparat us 5 i o SR CERLOITTad SF AT ol O el e Teiitrat U8 TN Seice
part 5-1 na§ beaktir Bedonvderee thet di fediecessany beirmetwet $uwoem eheoverl o?d )
state and reduce the | oad gn_the notor 4 by stopping the 5 operation of the
motor 4 or redOPNGEERT RAF 0P Fﬁea?o‘“l‘]aiﬁr@ﬁéllngpg\gﬂreg’ft't 7 Frﬁg rtall?, in order
to protect theadrk¥h&gikd rGitrenef 1§ heuppitied 4o Befsusse 40f Thé Sdyrantiker mal
overload relay_ 7 is generally provided for the dynam ¢ brake apparatus 5.
The thermal ov&rPESdAPRAILERLYE §Olae?%ﬁﬁ%$qﬁﬁaﬁotﬁé&9§P§$ BEIEh® regenerative

el ectric power byt B B fech EXECESIS/dRR UBSLINALAH RlUesveAtd€r nati vel y,
instead of the thermal overl oad rel a¥ 7, an electric current detector or a

vol t age delect ®rtwhi chThs GipRCEh i Fronegtedctec Pagtt ahtthad@dynani c

brake 15 apparatiug gai6 d hANeseMebl fASiRkecohPeNAVinded $0ind hgdynam c
brake apparatus 5. anwhile, it is necessary for the rotational speed of

the notor 4 of dyremapoveakfedPParetiel®ctric injection ol ding machine to be
controlled to accel erat e Cﬁ;na&ggebgélgé eagjﬁ&r%tﬁgoﬁtir?é/ﬁh%sd'a{” ng a process
, tor I

of nold clanmping or injectio exanpl €, i n order to produce a |arge
nunber of nol deggeneratios inesassance PEarti 6dloénd i aswdftichcedeamenyt Because of

this, the torReéehérQEUl?e Fe%%%@?&étﬁé’&exf %%q%ﬁgt$<¥tc{%*heri%f QL Esurhdq by, Very
i npor t ant for “the dynam ¢ brake -appar at us 0 € electrnc I njection
nol di ng machi neheorbgeprmtEivecdes iomalies pgricnSthe dRrey Iseatcktatensthie to

hi gh regenerati.ve el ectric power e notor.4 high, fr th ai nt of
U S that deot Pap) S gt BRRREoRled 28 IkBheo e ol PR ARBRA b
ot her hand, if baxapeosgedratuse%ciuscviprdewviscen spedraasist ferabovsumiert i oned

t hermal overlo relay 7, t.he electric curren etector, ,or the voltage
dotector s pRo SRETSEaN e, SHESHHT sEMeEREE PR dRe | o4

25 In the above mentioned driving circuit, the
rotational speed of the motor 4 is reduced so that the
motor 4 is made regenerative and a control signal is
output from the controller 9. The switch element 5-2 is
on—off controlled by the control signal. If the switch

30 element 5-2 is made “on”, the regenerative electric power
of the motor 4 is consumed by the regenerative resistance
part 5-1.

If the regenerative electric power of the motor



apparatus 5 as in the above nentioned conventional electric injection
nol di ng machine, a large electric injection nolding machi ne nay be

requi red. Such a large machine requires nore space and makes manufacturing
~cost 5 too high. SUMVARY OF THE | NVENTI ON Accordingly, it is a genera

obj ect of the present invention to providg a novel and useful injection 10
nol di ng machi ne having a dynam c brake apparatus provided for an electric
driving machi ne and nmethod for protecting the injection nolding machine, in

whi ch one or nuoyesohjighe ﬁ@@kﬂaﬁig%ﬁﬂ@%@pQQQt’% & g LlinmhAadesk1 Aot her
and nore specific object of the present 15 invention is to_provide an
i nj ecti on nol diSt§tRashi HatatdearreenRrtiore pesietingRy ReéE Pnj &83Y &if nol di ng

machi ne wher ei RyirhelS rgdldezed tt Datnddies BarbCabidke [Rpakabisr Leyi ded
for the electric driving nmachine, such as fotor, used as an actuator is
prot ect ed fromsiateverd orflupeathei hoad qn dhgprmeter r4idyussoryhed dbdsve

obj ects of he dieeaehln | qw M) ARcAE e A6NRuEM: By Al 86t oo mo! i ng

machi ne, including an electric driving nachine, am c brake apparatus
whi ch is provi dedatoenahesmsiedc pfi thelrmatiory 4nadhi oredemdocpnsbees 26

regenerative el ] ower. .of .t e tri,c dglyi hine as a | oad, and
a controller céﬁ?&éh&eg %%Léufgu¥ﬁ%‘§5%¥{ﬁg o%%%ﬁggéggﬁéflgo %he dynam c
brake appar at ugheemads dwerdoridr oklépal isheedpmabiy dralieedppar athess consunes
the regenerative el ectri ower of t el.ectrjc driving.30.machin wherein
t he controlIerc%???ﬁﬁﬂggﬁFﬁgpP85aL?%hfheT@?n& % éﬁ@g&863r5?ﬂ§'§%sed on

t he dri vi ngooutdettbcss gtisdt allepublte dhehay refetetdake appataidlpard

det er mi nes whet her.or not the dynam ¢ brake apparatus is in an -5
overl oad stat e Pasld BRI He §§F¥ﬁ§feﬁhq &?gngge values.

Alternatively, instead of the thermal overload relay 7, an
electric current detector or a voltage detector, which is
not shown in FIG. 1, detecting that the dynamic brake

15 apparatus 5 is in the overload state, is provided for the
dynamic brake apparatus 5.

Meanwhile, it is necessary for the rotational
speed of the motor 4 of the above mentioned electric
injection molding machine to be controlled to accelerate

20 or decelerate in a short cycle during a process of mold
clamping or injection, for example, in order to produce a
large number of molded articles in a short period of time
efficiently. Because of this, the motor 4 is made
regenerative frequently. Therefore, it is very important

25 for the dynamic brake apparatus 5 of the electric
injection molding machine to be prevented from being in
the overload state due to high regenerative electric power
of the motor 4 high, from the point of view that desirable
molded articles are produced efficiently.

30 On the other hand, if a protection exclusive
device, such as the above mentioned thermal overload relay
7, the electric current detector, or the voltage detector,

is provided in order to protect the dynamic brake



~The above objects of the present invention are also achieved by a nethod
for protecting an injection nolding machine, conprising the steps of a)
estimating a 5 load to a dynam c brake apparatus provided at the injection
"~ nol di ng machi ne, based on a driving signal input to the dynanic brake
apparatus, b) determ ning whether or not_jhe dynam c brake apparatus is in
an overload state based on the estimated |oad, and c) protecting the
dynam c 10 brake apparatus, in a case where it is determ ned that the

dynani c brake apparatus 3 ad Ant BRe OMSIYOARNEE 3hEed adhwvdritgbARWherei n the
over|l oad state continues exceeds a_ predetermned term According to the

present i nvent i3§CEEIAeRITBEAR1BOEBNVE MGH1PE  pBsk3isI% SLECHEL@rmine with a
simpl e struct uriesubet B mAaiRet mhBR: LY ®ebrake: aRpar alg Ls1dfyean
overload state, in order to protect the dynam c brake apparatus provided
for the el ectrM@CHENOI FRAMEES AETEr oPAThENGyBRkBA MRS TUZONTX ¢St obj ect s,
features, apd adyapigges of the present invention will become nore apparent
fromthe follow ng detailed description when read in conjunction with the
acconpanyi ng drawi ngs. 25 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a

schemati c structppdkyVhEWw R Rvifib¥hp9 circuit of a notor provided for an
electric inj ech—Oﬁ—nﬁ—df-ﬁg—n‘at-m—n?—as an exanple of a conventional
i njection nol ding machi nBecc@HiFgGy ,2itsia xrogesersécobpaal ofi éheshowi ng a
schematic structure ?f.an l.ectric_injection nnidirgg n%%h'hne 10 .of the

h G 85

first enbodi meRt “OF™t hE PPESEt “Priventi dn e ovg 2 BRI
structural 101 emodfiiagdnashing tbvingta afyrentibr Bealphagparatas Abd idlesposed
ol di g Tmchi nd OToBr SR TIT BF ERBRATARAE Cof 8 TRE T SEnb™PhventToon: FI G
4 is a schematithestingettical molewngfmacitiont,r ahl enidmef okl fiord;offltBe 5 is a
graph show ng & Bl Lel N lc, e hEStL T & FURISILL B80T 1o @ regenerative

Another and more specific object of the present

15 invention is to provide an injection molding machine and a
method for protecting the injection molding machine
wherein it is realized that the dynamic brake apparatus
provided for the electric driving machine, such as motor,
used as an actuator is protected from an overload state in

20 a simple structure.

The above objects of the present invention are
achieved by an injection molding machine, including an
electric driving machine, a dynamic brake apparatus which
is provided for the electric driving machine and consumes

25 regenerative electric power of the electric driving
machine as a load, and a controller configured to output a
driving output signal to the dynamic brake apparatus so as
to control that the dynamic brake apparatus consumes the
regenerative electric power of the electric driving

30 machine, wherein the controller estimates the load to the
dynamic brake apparatus based on the driving output signal

output to the dynamic brake apparatus and determines

whether or not the dynamic brake apparatus is in an



10 105-1 of FIG 3; FIG 6 is a graph showng a pattern (a waveforn of the
~electric current estimated by filtering to a driving output signal ("on"
signal and "off" signal) with a small tine constant T1 15 FIG 7 is a graph
" showing a pattern (a waveform of the electric current estimated by
filtering to the driving output signal (‘fn" signal and "off" signal) wth
a large tinme constant i2; FIG 8 is a graph showing a value of a duty as a
20 result of filtering with the tine constant Tl shown in FIG 6 and a

val ue of a dutyyasidadestitle Bhsbil s£rimg cdtifatée@ tddwe constant i 2 shown in
FIG 7, in a case where a nolding condition 1 or a nolding condition 2 is

set as a driving conditi 8¢ PAMaPPICHBF RhdhSpBratedh IWenEpeRt e 25 FI G

9 is a graph Squongcﬁié\%d"‘tﬂyostﬂ.éghmtf&eﬁrétgé'{i/n%tarﬁmﬁjEhﬂf‘o@nd aterm~
t fromthe time of starting nolding to a time for the duty to reach a
t hreshol d val ueolldipg machiped FPEPriging thesehehatel Ht egetUrBI"Yi%ew of a

30 controll g&%ﬁ@ﬁ&éﬁ%&ﬁﬂ%ﬁ%ﬁ@@ ratl€ Pr&sEMq lapventi on. DETAILED

DESCRI PTI ON CDI ME _/_ A description w |l now be
gi ven, with refiejentéon ondldE8g pachirrighhab@d of @rbodiimensigedl tHWPWr esent

exanpl €5 of t he eiibec FRPS oF TR BeniBY 8] Lo S g R | oes
sectional vi ewrsltowhagdynascheabke apparctwse ief imrareleeiripedi sifatt | on
mol ding machi n%als%dognt ee feisrtS:LJ%na reTg OPci)ar?,ntan%f c; hgrcpgeecscel%tg the dynamic
10 Dbrake apparatus, in a case where it is determined that the
dynamic brake apparatus is in the overload state and a
term wherein the overload state continues exceeds a
predetermined term.
According to the present invention as described
15 above, it is possible to determine with a simple structure
whether or not the dynamic brake apparatus is in an
overload state, in order to protect the dynamic brake
apparatus provided for the electric driving machine from
the overload state.
20 Other objects, features, and advantages of the
present invention will become more apparent from the
following detailed description when read in conjunction

with the accompanying drawings.

25 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic structural view of a
driving circuit of a motor provided for an electric
injection molding machine as an example of a conventional
injection molding machine;

30 FIG. 2 is a cross sectional view showing a
schematic structure of an electric injection molding
machine 10 of the first embodiment of the present

invention;



~invention. Referring to FIG 2, the electric injection 10 nol di ng nmachi ne
10 includes an injection apparatus 20 and a nold cl anpi ng apparatus 50. The
i njection apparatus 20 includes a heating cylinder 21. A hopper is disposed
~on the heating cylinder 21. A screw 23 is disposed inside the heating
cylinder 21 15 so that the screw 23 can bg rotated about an axis and can be
advanced and retracted. A rear end part of the screw 23 is supported by a
support nenber 24 so that the screw 23 can be rotated. A nmetering notor 25

such as a servo notor isrequiPpped aalscBeméhi: stpethraensw 24 as a driving
part. A rotation of the nmetering motor 25 is transmtted to the screw 23 by
atimng belt ?Fléféfagpﬁéﬁc‘&tt &% BUFBﬁ?e’sH%SF B‘Pt?ﬁel%tdéﬂrsPﬁﬁe%‘t’th 75. The

i njection apparfindsmidOnrahied dopakHdaes ﬁO§§d’r%Wi&5dS£'@fEhe2%l@EQﬂQed parall el
to the screw 23 'so that the screw shaft 28 can be rotated. An end part of

the screw shaf tird@citdon gpmkbimedmashane i ] &ft itha Fbrot PPopymgntied ng bel t

31 equi ppedsat g QwkRELt STHAfdnt3B80f the injection nmotor 29. Hence, the
screw shaft 28 is rotated by the 30 injection notor 29. A nut 32 fixed to

t he support menber 24 isFEFi dhbls saapehamatbt ptawgayedl iy &£ ront end part

of the screw shaft %§1ef‘cﬁ9§@f"‘9&%" fhe injection motor 29 is driven as a
driving part in order to rotate the - g_ screw shaft 28 by the timng belt

31, so that the support FE@be¥ i acgmape slthwiimged pettetn adt ¢éhe As a result
of this, the screw,23 can_be .advanc or_retr Th ld_c i ng
apparatus 50 i necﬁegﬁégca %&a%%gtp?gt%nreé%\?ﬁéig‘g% rr?os\aasl%gggﬁo#%rgl IS
attached and a 1X5atli ofiaFyG plat en 54 where a stationary nold 53 is attached.
The novabl e platen 52 is Egnnéec.t ed to the stati onaré gl at e 54 t% ti)e bar s
55. The novabl e platen 55 ¢ar® siS de JAFBRGSHIMETRS & Barsess. (GriavRoPH"

cl anpi ng 10 appsr aheseb8ciatiso durekbhndess winaagd by nEthesvisig $8. aOne end part

of the toggle nechani sm57 is.connegfed,tao the no | e ,platen 52 and the
other end of t 10985 BurethSEDRLET TL comac B L SqgnB Laragrt 6. A

bal | screw shaff sa@1hStsHPRYrs@dnat 3; center of the toggle
15 FIG. 7 is a graph showing a pattern (a waveform)
of the electric current estimated by filtering to the
driving output signal (“on” signal and “off” signal) with
a large time constant 7t,;
FIG. 8 is a graph showing a value of a duty as a
20 result of filtering with the time constant t; shown in
FIG. 6 and a value of a duty as a result of filtering with
the time constant t, shown in FIG. 7, in a case where a
molding condition 1 or a molding condition 2 is set as a
driving condition so that a molding operation is repeated;
25 FIG. 9 is a graph showing a relationship between
a duty at any time and a term At from the time of
starting molding to a time for the duty to reach a
threshold value IL; or L,; and
FIG. 10 is a schematic structural view of a
30 controller of the second embodiment of the present

invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT




15 support 56 so as to be capable of rotating. A nut 61, provided at a
cross head 60 that is disposed at the toggle nmechanism57, is slidably and
mat abl y engaged with the ball screw shaft 59. A pulley 62 is provided at a
~read end part of the ball screw shaft 59. 20 Atimng belt 65 is stretched
and provi ded between the pulley 62 and amout put shaft 64 of a nold

cl anpi ng notor 63 such as a servo notor. Accordingly, in the nold clanping
apparatus 50, when the nold clanping notor 63 is driven as a driving 25
part, rotation of the nDAdysd HRPAGnMRLDI % be HiaasMdited re@etbecdal |
screw shaft 59 as a driving transm ssion_part bg the timng belt 65.

Furt hernore, ateofi6R- & rideiough L. h\RERCEaMeREn &f tdreaPréagtt notion to a
rectilinear rﬂnﬂﬁ%@n@ioﬁrnfﬂ%@étr§€r§%£§%3¥8h 281808y themdQequli Bl 0 _that the

t oggl e nechanism 57 is acted upon. sed on the toggle nechani sm 57 being
acted on, the mesablibep|zn @xaBplssiebsthe enpotheerte dfartdesBrezeitthat t he
nmovabl e nol g 51 i.s g%gﬁed to, clanped to or opened from a -9 stationary
mol d 53. As describe above, electric injection nolding nmachines (notors)
such as the netering notBiG25 ishe cnpestsentivnedr vReoy shewimgl d cl anpi ng
notor 63, or t ' [ tuatars._ ] ; [ C injection
nol di ng naching&T%m%¥K?H?%§§ﬁ%%%iﬁgﬁg?eé%%#ﬁgg %ﬁh%aéggiﬁ%%g%éénetering,

i nj ection, nol chachanpi h@),orthehéirskecnidimehtnentdee goeseotti vely at the
time of noldi n% Meanwhi | gzdefl\/nem roﬁgtbifgnalz sg gde é‘cta}:ri gf .Lh : &0 above
ment i oned not ordVES FRAuced - FEFRRerati ve &lectti T power of the Totor is
produced. A0dymaYTdenrakehiappanainsluderaoyiitdgedct ton eaplaratus h20 naidrs of
the electric ie%ecﬁion nol di ng machj ne 10, as an apparatus for consum ng
the regener ati Ve GlectHi PPBFate Hotor. 15 FIG 3 is a schematic
structural view of a drivhagirgiddioh eppardditceophaseudsy er hd@4ifgsposed
with a dynam c brake apparatus |05 provided at the electric injectjon

mol di ng nachi nélyfeng?rt‘f%e' f i SPPRABHOLT POt AR B"reeé"?ﬁttlpﬂv%gf&%rtﬁjr?r 20
Referring to FI2G, 3a tbeewlldviiBydespssud iinRGHEUESe hANvEr EQLiRdsd 2102, an
inverter part 103, a dynam c brake apparatus 105, and a snpot hi ng capacitor
106. The cénverteihphrEha ErEreyngdr €30 e ASLERgL #PRP e @ 88¥LS bR Faent from

a three-phase @d appahidd &4 HeRtacbegl ectric power source 101 to a direct
current. The inverter part 103 converts the direct current being sent from

the converter part 102 td ®eRRlaner RarFn@f cihe érrevsd3 timtsupperaPedbnat i ng
current is supp 's%%p&?t%%cwﬁ%?2@h§§etﬂg¥ Ocrhelgére\:rﬁ%%a%cr f2K& appar at us

105 is connected 30°to a ink part 108 provide etween the converter
part 102 and t e mefeeing mqimrnt 2508uciThas cap&sive onot@s diss eqohpeed et t o a

Part o i n800C denkupakt: tBLBLOY: d5d DRIMRER,! PErEOMUPLLRR: P (0402 and
the metering motor 25 1s transmitted to the screw 23 by a
timing belt 27 equipped at an output shaft of the metering
motor 25.

The injection apparatus 20 also includes a screw

25 shaft 28 provided parallel to the screw 23 so that the
screw shaft 28 can be rotated. An end part of the screw
shaft 28 is connected to an injection motor 29 by a timing
belt 31 equipped at an output shaft 30 of the injection
motor 29. Hence, the screw shaft 28 is rotated by the

30 injection motor 29. A nut 32 fixed to the support member
24 is slidably and matably engaged with a front end part
of the screw shaft 28. Accordingly, the injection motor

29 is driven as a driving part in order to rotate the



~The dynam c brake apparatus 105 includes a regenerative resistance part
105-1 and a switch el enent 105-2. Regenerative electric power of the notor
104 is 5 consuned by the regenerative resistance part 105-1. The sw tch
~element 105-2 is on-off controlled by a controller 109. The dynam c brake
apparatus 105 functions as an apparatus f@r consum ng the regenerative

el ectric power of the three-phase notor 104. 10 If the rotational speed of
t he three-phase notor 104 is reduced, the three-phase notor 104 acts not as
an electric drisdreg BR&ht B Iyt tae alrgﬂn;etb@tmr 30Pt &y .tH3ecaHses@pdhi S, an
electric current that is generated the three-phase notor 104 i s sent
backward to t h&BeeFi Ak aap %’PdYGBC%% Q%dftetéaGB?@ageAso@ EREUBE 94 nk part

108 rises momentali, | ¥ne Padtdwe Yhabhy, bé advaaReq ¥her&adreldi ng cycle is
short, a control for accelerati ng and decelerating the rotational speed of
the three-phase motor 10%FhegnelehicdpERnied IvRafFensl §0 Eeekudes At is easy for
the 20 volt30e plyabfie DfaldiaPahbrd08 dfdiheenold & %%Sﬁé‘e'ggﬁé’dtanﬁi vol t age
of the DC |ink part exceeds a pre etermne val ue riving output
signal for rrakuawgtaheos«wm a agleanbht Wheys: 2 s@ﬁtlo@ammﬁ ﬁﬁomt he

control ler 109., he i 0 %ﬂ othe electric
current is sent \érv“lg%e?he t rgngpffﬁggggﬂ e]n%foﬁls to the regeneratlve

resi stance partsti@3otaandoldtemeby bhetiedewer abi velted amtvabd;epplmtrerof t he
notor 104 is c d th g r e reskst e In a case
where the term O;érrg Pi/d teﬁong %F%hé‘%%\{) em‘?ﬁt 1 f% 'cj‘ri%%pjr %g, t he
termfor cd:lsumppgreitestﬁso calw\/\/&ncbydM]a regeher a¢cheanises 53t angee pard  105- 1
is long. In this cas thelod t he, m.c brake app s 105

i ncreases. In é}aﬁ% go? 3 aﬁ‘%ﬁ}ﬁ?mo‘?‘}/%a] ¥ f?\rénefcotfgl% %ﬁ% dynami ¢

br ake appar at u:molzaleeSplmten’f Q}QOéthﬂhé wtHea dutilyodftHdeodtilei ng out put
signal for naki rél% the switch el enen %05-2 "on"_or "off". gased 0

above menti onedSFEPRLFBI3hilF §°BE?9\E% thé &r8aht YPRAFE PBad P

dynani ¢ brake appawabusfdOd ardstppostdy £f af bendki Wingneutpggisi gnal for
maki ng the_switch el errent 105-2 "on" or "off", in this enbodi nent, the
control | er 1209 Sb’é’PPSFn% 99 138 LRGPP oF2RFRI PV FAEA B%Ut si gnal s (an

signal and an "of f" 10 shon@ et 0piBeiquk toh £l-eB88thd2P-6d thhe ggntrol I er
109 al so estinmates the load to the dynam c brake apparatus 105 based on the

duty obtai ned BYSPPEE@rdthdng fogadetierhanise ednt+dI31ed2Pdy &ed er ni nes
whet her or not rﬁa'%%b@yn%&;fe@' M enappangaiius st0awi Shdf a Ovﬁrﬂn??fje gt e

based on the 15 estinated 1o0ad. In a case where the controller 1
det er mi nes t hatist Reouydedrat lor akadappdrratts of0she ald sereveshai 5§t ate,

the controbper Alc&%mﬁﬁ&fﬁéf@ Gk 19p§£f‘é{<ﬁ{lacf %EdpEu% Sucﬂ%e&@@eﬁe&?&er ative

resi stance part 105-1"fromthe 20 over sta as outputting a
signal for st omlﬁgyt h2 angl dinnguopet azhialt 6# Phea etdst clemphjpeotdtmr nol di ng

machine 10 to gqmaj,p,conty %I&rqygp@g@(gy not illustrated, of the electric

i njection nolding nmachi ne Is a schematic structural view of the
25 control ler 109. ReferhAcogrdindEyG i1, thdandontcienbing Hparathadssd, an

nput part 109-dend RONIOL RARL:19%Zro.R YT 40 GLT QUL 309, and

others. An arrow Tl lustra 4" Tepresen an inpdt cor ngoutput of
i nfornati oA50r partor detat hmt oufstdesmldamiah@b.ag motor 63 is

transmitted to the ball screw shaft 59 as a driving
transmission part by the timing belt 65. Furthermore, a
motion direction is converted from a rotational motion to
a rectilinear motion by the ball screw shaft 59 and the
30 nut 61 so that the toggle mechanism 57 is acted upon.
Based on the toggle mechanism 57 being acted on, the
movable platen 52 slides along the tie bars 55 so that the

movable mold 51 is closed to, clamped to or opened from a



30 Systemcontrol information is input to the input part 109-1 of the
controller 109. The systemcontrol information is generated based on a feed
back signal from a designated sensor provided at the dynam c brake -12

" apparatus 105, such as information regarding the voltage of the DC |ink
part 108, an order for reducing the rotatgonal speed of the three-phase
not or 104 based on a nolding pattern, or the like. 5 In this enbodi nent, a
case where the information regarding the voltage of the DC link part 108 is
input to the inputiBakly!RPrdl swill be described. The system control
information that is input to the input part 109-1 is output to_the control
part 109-2 10 by the inpht ¢esaribed aboye, £led@ighérietHeorncHaledNd part
109-2 det er m neg, dhfigkst B s 386! od N DhckbBinpatde 08 sexegeds the
designated value, a driving order for outputting The driving output signal
for maki ng t he igviecthor| refean 2005the "mpl'd icd agpipatmeton WS dekvilgy circuit
109-3. 15 Based. Vi ti , e I ctric
power of t he 8- Bhas o RESy TR SRS AR 5 Seiaon Soeat it he
regenerative resilstiapceagairte 1050f. tihe adwdioknpar tEakdOoZ perf or ns
filtering for the driving.output signals . .(an "on:y . .signal. and _an "off" 20

si gnal ) out put qp(?rfaﬁéogvﬁ{ érhetgelréﬁ%ntlribesc- ,OnSOm%%tCJ?aﬁrglﬁgt’yofsubeet ect ed.
The control paritikk09s2imbEameasicimabesedilte veQgdat othdet ithenaffi o bd ake
apparatus 105 based on the duty obtained by filterin | n addi tion, the
control part 109-2 det erW?ﬁ%‘g}%?etﬁ’ Fnofoﬁ%ﬁl 59ﬁ§%%pﬁf’é(k8%2§h%pparat us
105 is in ap owohveaflest ddreddanedronid hemslednategenardivibanebities in a
case where the rggfnerative el ectric &gmer of tae t hr ee- phase notor 104
that remarkabl PO¥eEelisthhd"FRE Af BFOIHEY eglnBYRAT /e PIGRFeEPRITAHUS part

105-1 of the dyraprevhoakerapracat s &b notogenst atied dirstantaneously, the
duty of the driving output signals (the "on" signal and the "off" signal)

-13 becones | arigd eCc§60r R 14indsBaRBIRR 1§/ Fe 2ByRRIPA T PSakeT appar at us 105

is in the overlQadustabetndidMabrativd N 2heve pEM Uredneedsnsr ative
el ectric power is applied to the regenerative resistance 5 part 105-1 for a

rel ativel yl8hort period BfGtidels it SFEeBREMRISEFUSEYsRblE ot Re .
regenerative regliohagce: Pl 195a 1t Pl RotdF IR AWikpoBegapsg f this,
the control part 109-2 of the controller 109 perforns fllperl'ng by a tine
const ant based dymamipropaie wopkretes 1107 agonédadi e thesiedeghtecpart 105- 1.

The control pargt . : rkvj : i | base on
t he above mantilrglr%g%%?ﬁ%%c&r%ggggfﬁ%gtﬁe ﬂtfggagt %lﬁﬁ‘g e&%&@%@?g %\y}g
resi stance parttheObrésest egtvematied. Here, the tinme constant is one

paraneter bLg determne the-d5 Sty eRoEhsOfs tNG S kb §i 0% renit
includes a converter part 102, an inverter part 103, a
dynamic brake apparatus 105, and a smcothing capacitor 106.
The converter part 102 converts an alternating

current being sent from a three-phase alternating current

25 electric power source 101 to a direct current. The
inverter part 103 converts the direct current being sent
from the converter part 102 to an alternating current, so
that the alternating current is supplied to a three-phase
motor 104. The dynamic brake apparatus 105 is connected

300 to a DC link part 108 provided between the converter part
102 and the inverter part 103. The capacitor 106 is
connected to a part of the DC link part 108 provided

between the converter part 102 and the dynamic brake



Next, filtering in this enbodinment will be described. FIG 5 is a graph
showi ng a pattern of the electric current sent to the regenerative

resi stance part 105-1. 20 Referring to FIG 5, the horizontal axis
represents tinme and the vertical axis represents a value of electric
current at the regenerative resistance paf-105-1. An electric current
pattern shown in FIG 5 coincides with a pattern (illustrated in FIGS. 6
and 7 by 25 a dotted lines) of the driving output signals (the "on" signal
and the "of f" sigaabruouigsit fromthe control part 109-2 of the controller
109 to the switch elenent 105-2. The pattern of the driving output signals
i s defined by a noldi ng PAEt &Y H HCeBEeEe nirRAF¥ e Lthe FEMdeScai nj ection 30

mol di ng machi ne-cfdnekBt &y & asss \Whahee t herdriosAganyt PWwiti@nah ehént he "on”
signal, the electric current has a maxi numvalue. In a case where the
driving output igdal Regauernativgeelefiriaingwalr, of hehemedori E0¢uks ent has a

mi ni num val ye %@%&m¥a}?§)th§iﬂebgﬁle?9tﬂfﬁ tﬁ%i?%éﬂ%%% \F;:dgi_ﬂ gl[‘fl'ilres (the

"on" signal an 0 signal”) 1s 1nplenmente ng ter tine
const ants i nt o awidcki atemerit tIfe-Li he eomstfarostradbed yova aspahtrel e

constant el and ar t] I } . ph_.show ng a
pattern (a vvave]’?)oglr'rr) Qg? é‘ﬁmﬁ%g%%??% %rgﬁﬁsgéggngf%%%ggf ?Ft%?i ng of the
10 drivi ng out pupasiagnal Sox tdvmstionhgstiygmategemereahive afiféctsiignadyemidth a
smal | tine conzchaelntthtl -.ef errior%grt of! G 6, the horizontal axis represents

time and the v cafegx?sasreeb“r esents the duty, nanely a cal cul ated val ue

of the eledbric current af the rdategeaerspeace dfeshst amoee{phateldtdr af t er
nLerie. In agasg Wl lher LRgcLohe BaLterfof Ll LRt o0 By the
the "of f" signallectsitngt iy edchyné eut id¥e acgeséedtiorFnodowavef or m 20
'lTustrated by Baec%(ljllsiedolfi{]l'?isi,n a|r:1I glegt}isc %lﬂtr@g%i: 1|:_1'k13ar€’is generated by
the three-phase motor 104 is sent backward to the DC link
15 part 108 so that a voltage of the DC link part 108 rises
momentarily. Particularly, in a case where a molding
cycle is short, a control for accelerating and
decelerating the rotational speed of the three-phase motor
104 is implemented frequently, so that it is easy for the
20 voltage of the DC link part 108 to rise.
In a case where the voltage of the DC link part
108 exceeds a predetermined value, a driving output signal
for making the switch element 105-2 “on” is output from
the controller 109. When the switch element 105-2 is made
25 “on”, the electric current is sent from the three-phase
motor 104 to the regenerative resistance part 105-1 and
thereby the regenerative electric power of the motor 104
is consumed by the regenerative resistance part 105-1.
In a case where the term for making the switch
30 element 105-2 “on” is long, the term for consuming
electric power by the regenerative resistance part 105-1

is long. 1In this case, the load on the dynamic brake

apparatus 105 increases. In other words, the amount of



the small time constant Tl is used for filtering so as to set a threshold
~value of a load permitted by the regenerative resistance part 105-1 for a
short period of tine. 25 Furthernore, in FIG 6, "A" represents an initial
maxi mum perm ssi bl e value that is predeterm ned, wherein the maxi num

perm ssible value is a maxi rum val ue of a{oad that can be given to the
regenerative resistance part 105-1 so that the regenerative resistance part
105-1 30 is not burned. As shown in FIG 6, if the driving output signal

for making the g tehdeberait ayBam2c "Wiekd sppdtatits froemikhencontrol [ er 109
shown in FIG 3, the electric current -15 1s given to the regenerative

resi stance par PrPESIIIoRNEP thher BBYYt Pl Wty SFVING PHIRYT 61gB_S I an upper

right directi oparAegotR: gl Mch B16@&ht ofog-2e vdHt Yoi S'\c¥dded so as to exceed
the initial maxi mum perm ssible value A of 5 the duty of the regenerative

resistance part 105-1, tRese@gdndhgt pReve cvantigned patatisNiPis in the
overload statepdifeahdefe LRV SRt thdIe JROBRCERL | ¥R phaRee part 105-1

frombeing I'n the above nentioned overload state, a threshold value L1 that
the regenerati wppegatesi siaree phetduns-of ¢ae geivdng fortpatshasgnalperiod of

time is set as S val . n jNisthizal & N m S§li val ue
A FIG 7 is af‘g%rrag%kéﬁ%v&%g%gltﬁgﬁt%%ér}%ﬂfv%ée%owo tﬁg%ere?f lr:*Jihci.lscurrent
estimated by fidnedimgnt o tHee cbbtdel Vend Guppufosngnfallterany Ségnale and

"of f" signal) Vc\i th.a large time cgns%ant“ T2 Rﬁfﬁéiiz{}% tQ E|O%:Jf,,7, t he

hori zont al axi srrlé’ﬂiflgs%% 2% i SHRER & Vertic axi s represents the duty,

nanely a cabculsigedlyatoetlof saniteheelenentcUiObent &rhd lhwn2@oldgenedati ve
resi stance part_.105-1 after filtering. In a _.case.where filteri t.0,t he
pattern (illustr&Pe8Shy e det zaaﬁiigh%str}]en SR A Ei(et ﬁ‘@pafr?g‘ig%gl%osut put
signals (the "woases ghathandhtyhebteifed Bygrfalltetsndg nplBwimadtedidy, tihe ti e
constant iz, a waveform 25 il]ustrated solid Ii% 7 iskeoutput.

in FIG
Here, the | ar g@MHELLBhstEhOSternines 'S0 ETs PELRYT esglyﬁgm%%@a a

threshold val ugrphratheath pargmiht 88 SyeditRd 8gaBersddaee oneghst ance part
105-1 for a_long period of tinme. 30 The slope of the wave form of the

electric ctPreMSWAGWAYi HF4-G 7 is smaller than the slope of the wave form
of the electric current showneddt FhErebind @ndrdi18¥e0d fadteendhbyi Ng

out put signal for making the

that the dynamic brake apparatus 105 is in an overload
state, the controller 109 performs an operation for
protecting the regenerative resistance part 105-1 from the

20 overload state, such as outputting a signal for stopping
the molding operation of the electric injection molding
machine 10 to a main control apparatus, not illustrated,
of the electric injection molding machine 10.

FIG. 4 is a schematic structural view of the

25 controller 109. Referring to FIG. 4, the controller 109
includes an input part 109-1, a control part 109-2, a
driving circuit 109-3, and others. An arrow illustrated
in FIG. 4 represents an input or an output of information
or an order that is described later.

30 System control information is input to the input
part 109-1 of the controller 109. The system control

information is generated based on a feed back signal from

a designated sensor provided at the dynamic brake



-16 switch elenent 105-2 "on" is output in the case showmm in FIG 7, the
speed to add the duty is slower than the case shown in FIG 6. In addition,
even if the driving output signal for nmaking the switch el enent 105-2 "off"
is output 5 in the case shown in FIG 7, the speed to subtract the duty is
sl ower than the case shown in FIG 6. Meapphile, the substantially sane
nol di ng operation is repeated consecutively in the electric injection
nol di ng machine 10. FIG 8 is a graph showing a 10 value of the duty as a

result of filteipigratukhibhe duidre sgonstentatibrsheyardindlibe Goabdga val ue
of the duty as a result of fllterlng with the tine constant t2 shown in
n

FIG 7, in a cadfe WfePE AimbIRANg 108ndRti OFfer dPrarmdredity t&6ndition 2 is

set as a drivi ngsandnbh 08pe& tdratthbhen ide MEH AlNfo@BLT Bi4 Mased bEPLat ed.
Referring to FIG 8, in a case where the nolding condition 1 is set as the

driving conditiT®n.digePaaFeEn (i1 ¢9€r 24E™- by a line 300 in FIG 8) of the
duty as a rgsu't of filtehi Re:DYerdfifiillel® CONSAAN linelel BEE CARRIMERE0R0 @

short period of time, as conpared with the value (illustrated by a I'ine 400
in FIG 8) of tirgahdtipgathe vasidge of thetRE ildigkbparhel@d e dopvtam® t2 On

t he ot her hand, - rij e, sk CASE. e filtering is
i npl emrented by %}ﬂ% 1?1?%;: %gﬁgtgdr??\ﬁi 5’,1@53? he spr\gggafo subtract the duty is
sl ow, as conpared wth tleecagstemmercmtiriolt enforgnatsonmphaheid ecpmg the tinme

constant t1 (Seg FI.G 7). _Ac Ji.ngly, as shown.in FIG 8, aft 8
desi gnat ed peri@be o]Tnptui% a%g&ég} %St Ru?%uet \%ﬂm&ge( F??Brs?lr Be& Eéggzl i ne 300
in FIG 8) lof tiwe whet inpstapdt: riéSullt ofnfa |dasel nheby the donmeot opsttant t 1

and the val ue (j strated. b li.ne, 400 in FIG of .the. duty a resul t
of f1 et ng byldde CRTETBHRER SHE ShEvERtiRaT § oo Bheree s Rbearef

const ant val ue.exceelid kheadéesismhaneear eallie, mldlivgngootddr Gor2 IS set as the
driving condition, , as case,  where thg g‘élrg{;‘? , coggi tion is set

as ,wel | t.he
as the driving CHRRYHEH, RS ARG PREPYS (588 § P EFE 8)

of the duty as &l anen@subb-of drl tier bagphy tdeaHe aRicORStAMCuil LOgFBases
for a short period of tinme, as conpared wwth the value (illustrated by a

line 600 i A5FI Based 6p the #RAYE ASNAIPRERI QX f LREFPIRNSFPLARE ti ne

constant i 2. Aféféct%i@egbﬂé'ﬁt&ﬂ PRI kade8fpHd S rpassesrs ROt he wad ue 10
(illustrated by a line 500 in FIG 8) of the duty as a result of filtering

by the time condtiEntCorsuaad hehrarggepeTatista LE4shnee MatéE 666-1n FIG 8)

of the duty as a result af,f E&ﬁ@féln%a@ﬁ tlb?—ii;%’rf%%ét Eﬂité&r%V%Bkum ly
becone the same and constant val ue.
the driving output signals (an

w ”

on” signal and an “off”

20 signal) output to the switch element 105-2, so that the
duty is detected. The control part 109-2 also estimates
the load to the dynamic brake apparatus 105 based on the
duty obtained by filtering. In addition, the control part
109-2 determines whether or not the dynamic brake

25 apparatus 105 is in an overload state based on the
estimated load.

Meanwhile, in a case where the regenerative
electric power of the three-phase motor 104 that
remarkably exceeds the rating of the regenerative

30 resistance part 105-1 of the dynamic brake apparatus 105

is generated instantaneously, the duty of the driving

output signals (the “on” signal and the “off” signal)



15 Meanwhile, as shown in FIGS. 6 and 8, at the tinme when the electric

i njection nolding machine 10 starts working, it is possible to permt a

| arge duty as long as the duty does not exceed the initial maxinmm

" pernissible value A However, because of deterioration of the 20 property
of the regenerative resistance part |05-1;¢lue to radiation of heat of the
regenerative resistance part 1051, a maxi num perm ssible value (illustrated
by a dotted line in FIG 8) of the duty of the regenerative resistance part

105-1 is reducefdcsmbd 1iHeyPass fBaef it idERens0a8SitotZd dyeenie Broanst ant
val ue eventual ly. Accordi@%Ly,,in a case where the electric injection
nol di ng nmachi néPPErAEFR sl CorAsedtit FheI19vedicad FedtCperiod of tine, a smaller

val ue than the maxi num pgspdesi blig vakugodfe Wit tddh¥d ofeddiRrhggeaerative 30
resi stance part 105-1 that eventually becones a constant™ val ue, can be set

as a threshol d elgctisicpoten He apptieddo The rREERIATE VeaFaeisanse t he
over|oad capg b%ag%rgbs,lfdf@a at Re1LEORORS alove HESLSd Acespart 40y 1 for a

| ong peri od : of time. Because of this, the regenerative resistance
part 105-1 is @mctuedigdedsvinlech&opvene ompereaadive nresicdgacaheret t he

mol ding condi U194 £8 58has S hegEiging candbLion idhheplect ric
injection 5 nol'ding machine 10 works consecutively t'or a l'ong period of
time, the duty cexteellspiaiie If@x2Znum pee negirbléeyal Uk mfrfomssduty of the

regenerative resi.stance part .105-1, ver, at _the tij f e FIG 8)
When the duty SRGBERS g thialRortrt ST e tEred o S RSErSY 8T o ng the 10
t hr ee- phas&0 nmtregehdfat sveo tgaittancaspd: O6t+-&ct Tihe gdoegenérpsrtvel09-

(o stance part M3 te. 18 RBCRNELE, M SL09, CTULAOR Bl 3Ot e
L2, it is possidhecabovaandntid@ed filtering so that the load to the
regenerative resistance part 105-1 is estimated. Here,
the time constant is one parameter to determine the

15 strength of the filtering.

Next, filtering in this embodiment will be
described. FIG. 5 is a graph showing a pattern of the
electric current sent to the regenerative resistance part
105-1.

20 Referring to FIG. 5, the horizontal axis
represents time and the vertical axis represents a value
of electric current at the regenerative resistance part
105-1. An electric current pattern shown in FIG. 5
coincides with a pattern (illustrated in FIGS. 6 and 7 by

25 a dotted lines) of the driving output signals (the “on”
signal and the “off” signal) output from the control part
109-2 of the controller 109 to the switch element 105-2.
The pattern of the driving output signals is defined by a
molding pattern predetermined for the electric injection

30 molding machine 10. 1In a case where the driving output
signal is the “on” signal, the electric current has a

maximum value. In a case where the driving output signal



15 electric injection nolding machi ne conti nuously. Here, ~t (See FIG 8)
represents a termfromstarting nolding to the tinme when the duty has the
threshold value L1, in a case where filtering is inplenented by the tine
constant t1 or a termfrom20 starting nolding to the tine when the duty
has the threshold value L2, in a case wherg-filtering is inplenented by the
time constant i2. FIG 9 is a graph showing a relationship between a duty
at any time and atermDt fromthe tine of 25 starting nolding to the tine
for the duty tdsreaeh efthreiginald v uslddtroe tdrrénk HaG a9mitfreurhori zont al
axis represents the duty and the vertical axis represents Wt. Referring to
FIG 9, a caseV\ﬁJrB?e(?“?%/cf ef3l%§)i's i npl enented by the time constant t1 is
illustrated by the 30 ongipgifinglelrt edel dBrinky GasSguheIgAisl (ehéNng is
inplenented by the time constant t2 is illustrated by the two points dotted
line. As shown 19R"FPEPP®l angl dhehePffaseional)t hg HRIPMeDtEPdr B8, the term
where the dyty $1834inglPi e thhesbohsatdlsuankd Bho UArsE sRothe @R i f the
duty is small, the termwhere the duty has the threshold value L1 or L2 is
| ong. Thus, si meastiehterimpdly i apinamEntégebgorsttand t abhdya ofandee filter
tinme cons_tants,tj_imte icgngggﬂ' bl e to easily make a threshold value of the
regenerative resistance part 105-1 regarding the load close to the maxi mum
perm ssi bl e val ue of theFiégemdrati guapksixavmee appatta0b- (B, wbye&orymngi ng
the sensitivity of e + under I.der ati of the
property (ill us?tf? ;&P%dgggg%eifotctuége{l?neeéﬁgrgf—[leé Eg) f%g%r ggeg}ger ative
resi st ancelpar tdri®3ng. okignce sighals pdssilong sognakraasehehBopf’eci sion to
protect the re%energﬁ]i Ve I esi st‘ﬂcg,[ﬁart 1 51tfromthe overload state. 15
Accordingly, bad€425h YhE' SRt o Mhe"AFSFE  nériti oned filtering, in a
case where the control pRefedfli9®y det BI@l nes tHee hoedeoetal iaxd sr esi st ance
part 105-1 of the d%na 1 c_brake ap ar at us 135 is in the o%er%oaddsgate, t he
control part 106P2 S35t bt 5% e i - cort ofax%\f’)p%el’*palielféen § oty
iI'lustrat eﬂ) ofnlagq@eyehe@atxdxgait@hfeeah@@ o;mlmenglaaﬁfﬁmgsulﬁkea;czwntaie f(r)]_r
st opping t nol di ng operation of the electric injecti,qn mpl di ng machi ne
10. As a régul FEGENFRRSIVE HESIFERAET PATE ltoﬁéie?g&‘il?i%%itﬁjré{?gi on nol di ng
machine 10 is stopped orrhnhidideethharear WBFdY NG a0atRStIpAR e operation is
given to the electric injection nolding nmachi ne_10. Because of this, the
regenerative reldildtghEatehily 1s- doted pridteedPeliIfr ot tHe tBoefF AP St at e.
Hence, the regengpati é!f%r?e{l%‘?t(ﬁ:h@ poMers ganar ahadey et QE?ﬁaﬂh?i%? not or
104 is consuned by the 30 regenerative resistance part 105-1 efficiently.
In addition, itimpdepertedlhy ttheptimectonsi@ndyfani & weekeo@ppar at us 105
P;eglnz(ra!i%/i \?/g safhhbagrL PEeShPld suak yes: fornespands ngs tRde . Prepasty of the
J the small time constant t; is used for filtering so as to

set a threshold value of a load permitted by the
regenerative resistance part 105-1 for a short period of
time.

25 Furthermore, in FIG. 6, “A” represents an
initial maximum permissible value that is predetermined,
wherein the maximum permissible value is a maximum value
of a load that can be given to the regenerative resistance
part 105-1 so that the regenerative resistance part 105-1

30 is not burned.

As shown in FIG. 6, if the driving output signal
for making the switch element 105-2 “on” is output from

the controller 109 shown in FIG. 3, the electric current



-20 resistance part 105-1 of the dynam c brake apparatus 105. Furthernore,
braking of the electric injection nolding machine 10 can be inpl enented
efficiently. In this enbodinent, an exanple where two kinds 5 of the

t hreshol d val ues are used. However, nore than two kinds of the threshold
val ues may be used so that it is possiblejgo make a threshol d val ue of the
regenerative resistance part 105-1 regarding the |load close to the nmaxi num
perm ssi bl e val ue of the regenerative resistance 10 part 105-1. That is, it
is possible to setgigefivkdi tige Caidnkhranitbatesmbtanckhgathrigshal dapal ue of
the regenerative resistance part 105-1 regarding the load quite simlar to
t he maxi num per RESH EnGaraeeisrm A8 Fi§entranssvans 83 WRafc&igaEt 1 05-1, to
the electric 1%9i/iQabhon ABESHANGYChE Reeddh, AS tBe! @Y tiOfaghBASsoit 1S
possible to make the nolding cycle of the electric injection nolding

machi ne 10 f ast&¥ En@*XRERE iR IFditARd sTEXEUD G TE bl vaHueePphfise not or
104 | arger. sAcCOIiGhY ofi thd SrRRIBIrREEVE Or JBIR AABL AL AG: PrRdyct gpgore 20
efficiently by the el éctric injection nolding machine 10. Thus, it is

possi bl e to proteganerpsivg need & tangrerappartids 1805n plesyiaved 1bad t he

t hr ee- phase not equl.p t r e by a
sinpl e struct urstcagat%(éncg,h ?J?g?lgstﬁg%gigg%gét%{? rgpe{ggﬂn%%fgt%ygge%?ggg%er ation
for the el ectrimaithjl@étilofremitiimg Anchheealiyecfientiemd yovetleadbove
mentioned threshol.d val ] er_or nat.the regenerative
resi stance part%ﬁ%—’lgi ggfﬁé}gﬁl%&%ﬁ“% ' sqtglg\téggég '“Tc'ﬁe sergtﬁég'\e/al ues of 30 the
filter timiOconst=nteanarepgrioddS-y dehepermicd foasedsioora wyrdodf o€ val ue of

t he dynami ¢ brake apparatus_ 105 suych_as rat ed ectric current and a
rated el ectri caﬁé‘?ﬁer‘l.s se%’Za_LSI‘%S gﬁ?iro}ﬁ?ﬂﬁgctl"r?ﬁ‘t gl‘“elbrhl?sa FE*HM'ted to a

t hr ee- phase notmrrmilssibbervares aal t hough the information regarding the
vol tage of the DC |ink pgt[‘r& 108, is used. as the system5 control information

that is input to the inpitCpaft G035k ?ﬂ%w%ytar BREEFTR 0 MRVERR ™ Bbove

ment i oned enbodifieihe, ell BetPiEsRIHrennvestimitdds bpoFil temird thothbe
i nformat i oa regardi,ng the voltage of the DC link part_108. The order for
reduci ng t e r StEtiGHaPUEREe FigRathd "Phr et Piids 8 ot DF L 1 1892 Lhaltt on t he

nol di ng pattern arzdechh&e-dmhe used for the present invention. Next,
t he second enbodi nent of the present invention will be described. FIG 10

is a schematic structuraRelrewRE %@ E3Rtr ot | Bre Srigentsak gid Senbodi nent 15

of the present JdyeREHES. tidk Flde +h@. vEAf{& It hat safgptdersiamenasatfig parts
shown in FIG 4 are given the sane reference nuneral's, and expl anat’i on

thereof will beamelyt adcaleadtedanavee nehtdrogeg@ctrietcunnsadi asnthet he 20

controll er ,309 ,gggté' : Volos UL - atl;;;}q tus 105 based
on the dut iéof thengrqigﬁ\r’]%r%uét%ﬁctgnts:?g%%ft '(tjlo thegggmé?léﬁle em;al%t' 105-1. In

the second enbodi nent of Inhe grssemerenfédhtening weetherpattemr the dynanic
br ake appar at us; LS. ] r tate Js.2 eterm : t he
(133slcPa bl A QAR LBRES Phibd Sn2PrdStAl Bhede By Dald

driving output signal output” fromthe controller val ue
of the drivi ng @updt ssggmbd . (theat'on§, sigrndlerindgthe Yorfpi‘emegned) tis t he | ead

back val ue of the .driving ,output signal as well as the driving output
signal, so thatlmﬁgpﬁg%e%rb%o % fré&™ Sonstant 72,73 WBSeflim
25 illustrated by a solid line in FIG. 7 is output. Here,

the large time constant 7, is used for filtering so as to
set a threshold value of a load permitted by the
regenerative resistance part 105-1 for a long period of
time.

30 The slope of the wave form of the electric
current shown in FIG. 7 is smaller than the slope of the
wave form of the electric current shown in FIG. 6. That

is, even if the driving output signal for making the



30 dynam c brake apparatus 105 is in an overload state is determ ned. For
instance, it is assuned that although the duty obtai ned based on the
driving output signal (the "on" -22 signal and the "off" signal) is |ower
" than the designated threshold value, the duty obtained based on the | ead
back val ue of the driving output signal igghigher than the designated
threshold value. 5 In this case, the control part 109-2 determ nes that the
dynam c brake apparatus 105 is in an overload state as a result of the
dynam c brake appathteBerdddy Q0BLD NUWY M0 kitpgt aln hoeglragecshndwmolirsi gnal
system such as the driving circuit 109-3 and others is %gﬁgogﬁélo abnor mal

r

state. Based ofiifhe’ abthfe hERL bAcEUtE FR¥t 1Bl R €25f09

inpl ements an @pekAt LRNFF@r 6r otgciddiidie dyBam £ dHaake 1apRGr Altfatl05 from
the overload state. Because of this, it is_possible to further increases

the reliabilitypigegar Erhdakiogethe ot bich slener by "BEdkel aPatus 105

fromthe overl Qadiftatse THRwRr 8RCREG] MVeRhOBpesa NY subirhed {ie these
enbodi ments, but variations and nodifications may be nmade wi t hout departing

fromthe scopedotyt he praganthpraveneicrse FhPVexANH K- he control l er 109
can estinmate the |oad toM%)mhpquIy?ggi SubakR 12RRYT aidks HAwiRgsed on the

duty of the only | ead back value of the driving output signal "to the switch
el ement 105- 1, operehaen wiretdepeatved noensdwitdyrawi tn btekelgppatat us 105 is in

an overl oad st .er m n ithon, f a eflst hough
the electric i ﬁ]% gg?g%g%qqﬁlﬁamnggﬁ%%ge%ds' dgggf i %e%b ian%{rﬁgﬁa%%%/vginr?gr?ti oned
enbodi nent 30 t velpeesénthe mingnt asna cegsle appfikdetiong whyhr the t yiye

i njection nolding nmachine that tak i n_beneficial poin of both a
hydraul i ¢ and tcﬁgs§6nEl &at F‘F8WF n’;ré%tslidon%ﬁpgi%gv @«h.oﬁeﬁﬁe 1‘%‘?@’ pat Ent
application isrkased &n Fiapanesg pitwride tpakesdbnafyt caf istidwNoin 20034321318

filed on Cctober 19, 2001, the entire contents, of ich _are_hereby -23
i ncor porat ed by 'r éPef eFftE w&’(‘frTSazrbo%l% B2 fn e molding

condition 2 is set as a driving condition so that the

15 molding operation is repeated.

Referring to FIG. 8, in a case where the molding
condition 1 is set as the driving condition, the value
(illustrated by a line 300 in FIG. 8) of the duty as a
result of filtering by the time constant t; increases for

20 a short period of time, as compared with the value
(illustrated by a line 400 in FIG. 8) of the duty as a
result of filtering by the time constant rt,.

On the other hand, as described above, in a case
where filtering is implemented by the time constant <z,

25 the speed to subtract the duty is slow, as compared with
the case where filtering is implemented by the time
constant 7, (See FIG. 7). Accordingly, as shown in FIG. 8,
after a designated period of time passes, both the value
(illustrated by a line 300 in FIG. 8) of the duty as a

30 result of filtering by the time constant 7, and the value
(1llustrated by a line 400 in FIG. 8) of the duty as a
result of filtering by the time constant 7, eventually

become the same and constant value.



-24 WHAT IS CLAIMED I'S: 5 1. An injection nolding machi ne, conprising: an
electric driving machine; a dynam c brake apparatus which is provided for
the electric driving machi ne and consunes regenerative 10 electric power of
the electric driving machine as a |l oad; and a controller configured to
output a driving output signal to the dyngmi.c brake apparatus so as to
control that the dynam c brake apparatus consunes the 15 regenerative

el ectric power of the electric driving machi ne, wherein the controller
estimates the |oad to thendynease wWhedke thppasading kasadtDon tthdsdekeyi ng

out put si gnal outgg%yto_the dynam ¢ brake apparatus and determ nes 20

whet her or not &%h HanY E%r ;"5[58& atus"e's P ahep%%w *§t the based on
the estinmated |@adinddcdndtior Nj g6t ke AP HNAriReHy NeHRS tebal Megk i n claim
1, wherein the dynam c_brake apparatus includes a swtch elenment that is

on-of f control 'EdUsy (EheUFTaLey PPuBplinSP W dRaF I6ut Putots thm Bney as

Controller.5 a result of filtering by the time constant 7, increases

for a short period of time, as compared with the value
(illustrated by a line 600 in FIG. 8) of the duty as a
result of filtering by the time constant 7,. After a
designated period of time passes, both the value

10 (illustrated by a line 500 in FIG. 8) of the duty as a
result of filtering by the time constant 1, and the value
(illustrated by a line 600 in FIG. 8) of the duty as a
result of filtering by the time constant 71, eventually
become the same and constant value.

15 Meanwhile, as shown in FIGS. 6 and 8, af the
time when the electric injection molding machine 10 starts
working, it is possible to permit a large duty as long as
the duty does not exceed the initial maximum permissible
value A. However, because of deterioration of the

20 property of the regenerative resistance part 105-1 due to
radiation of heat of the regenerative resistance part 105-
1, a maximum permissible value (illustrated by a dotted
line in FIG. 8) of the duty of the regenerative resistance
part 105-1 is reduced with the passing of time so as to

25 Dbecome a constant value eventually.

Accordingly, in a case where the electric
injection molding machine 10 works consecutively for a
long period of time, a smaller value than the maximum
permissible value of the duty of the regenerative

30 resistance part 105-1 that eventually becomes a constant
value, can be set as a threshold value L, of the overload.
The threshold value L, of the overload can be permitted by

the regenerative resistance part 105-1 for a long period



-25 3. The injection nolding machine as clainmed in claim2, wherein the
controller calculates a duty of the driving output signal for making the
switch elenent "on" and the 5 driving output signal for naking the switch
el ement "off" and estimates the load to the dynam ¢ brake apparatus based
on the duty. 10 4. The injection nolding-m@chine as clainmed in claim3,
wherein the controller calculates the duty by filtering 15 the driving
out put signal for making the switch elenent "on" and the driving out put
signal for makiofgtihe. svBdtusel epethis pfiHe r2@eherdithierd meetktamcarol di ng

machine as clainmed in_claim4, whereipn the dynam ¢ brake apparatus further
i ncl udes a 25 PEGENLPATH FE?F?FE%%egﬁﬁﬁﬁ: oPVED %ﬁéﬁ%ﬁjtﬁhe regenerative

el ectric power of the el egtyicasd wneRg 86 MdIRIingNdohdier fdd tieiknget s
i mpl emented by a plurality of tine constants corresponding to a property of
the 30 regener &Si FBer @5t singheongafFion, 1f the electric injection

5 molding machine 10 works consecutively for a long period
of time, the duty exceeds the maximum permissible value of
the duty of the regenerative resistance part 105-1.
However, at the time of At (See FIG, 8) when the duty
exceeds the threshold value L;, the order for stopping the

10 three-phase motor 140 is output so as to protect the
regenerative resistance part 105-1.

In a case where the molding condition 2 is set
as the driving condition, since the duty is smaller than
the threshold value 1,, it is possible to work the

15 electric injection molding machine continuously.

Here, At (See FIG. 8) represents a term from
starting molding to the time when the duty has the
threshold value 1;, in a case where filtering is
implemented by the time constant 71, or a term from

20 starting molding to the time when the duty has the
threshold value 1;, in a case where filtering is
implemented by the time constant ;.

FIG. 9 is a graph showing a relationship between
a duty at any time and a term At from the time of

25 starting molding to the time for the duty to reach a
threshold value I, or L,. In FIG. 9, the horizontal axis
represents the duty and the vertical axis represents At.

Referring to FIG. 9, a case where filtering is
implemented by the time constantrt; is illustrated by the

30 one point dotted line. A case where filtering is
implemented by the time constantt, is illustrated by the
two points dotted line. As shown in FIG. 9, in either

case, if the duty is large, the term where the duty has



-26 6. The injection nolding machine as clainmed in claim5, wherein the
respective plurality of the tine constants are defined so as to nmake a
different tine to increase and 5 decrease the duty calculated by filtering.
10 7. The injection nolding machine as clainmed in claim4, whereinin a
case where the controller determnes thatyjg¢he dynam c brake apparatus is in
the overload state based on a result of the filtering, 15 if a termwherein
the overload state continues is within a predetermned term the controller
permts the dynaw ehbeshkelappanat us dro1hei gistairtt hend opfl the aupyeidet er m ned
value; and if theﬁﬁern1mherein t he ovengfad state c ntingﬁa 20, exceeds the

predet er ni ned S8R ¢ RS CGHTH SPPEF DT rOTYe PAR GRRIATESH Brbiedt the

dynam c brake apparatdiSond® 8. The injection nolding machine as clainmed in
claim1l1, wherein the controller determnes whether_or not_ the dynam c brake
apparatus is in the over Fo&d &€, IHYLeRPBESdAMPLAECRRDEY &ignal and a

| ead back vel ug19fat hey ds# WHag rOUERH! t SidRRnstant2! & iE@okBLEEE iQN
mol di ng machine as claimed in claim3, wherein the controller determn nes
whet her or not eaBéldyhake @ Bharehapparatuss ofsthf regensrétivgad state, by 5

conparing the quiysol,the,drd Yiag OPén%é&td'sd- gk 200 & 1d4kY +8f 1R | €ad back
val ue of the d?#biﬁg %ut uttgigna o1 161g%he i njection nolding machi ne as
claimed in maximum permissible value of the regenerative resistance

part 105-1, by arranging the sensitivity to a change of

10 the load, under consideration of the property (illustrated
by a dotted line in FIG. 8) of the regenerative resistance
part 105-1. Hence, it is possible to increase the
precision to protect the regenerative resistance part 105-
1 from the overload state.

15 Accordingly, based on the result of the above
mentioned filtering, in a case where the control part 109-
2 determines the regenerative resistance part 105-1 of the
dynamic brake apparatus 105 is in the overload state, the
control part 109-2 outputs to the main control apparatus

20 (not i1llustrated) of the electric injection molding
machine 10 a signal for stopping the molding operation of
the electric injection molding machine 10. As a result of
this, the operation of the electric injection molding
machine 10 is stopped or inhibited or a warning against

25 the operation is given to the electric injection molding
machine 10. Because of this, the regenerative resistance
part 105-1 is protected from the overload state.

Hence, the regenerative electric power generated

by the three-phase motor 104 is consumed by the

30 regenerative resistance part 105-1 efficiently. 1In
addition, it is possible to protect the dynamic brake
apparatus 105 precisely by setting threshold values

corresponding to the property of the regenerative



~claim2, wherein the controller calculates a duty of a |ead back val ue of
the driving output signal for making the switch 15 el enent "on" and the
driving output signal for making the switch elenent "off" and estinmates the
| oad to the dynam c brake apparatus based on the duty. 20 11. A nethod for
protecting an injection nolding machi ne,-ze#aprising the steps of: a)
estimating a load to a dynam c brake 25 apparatus provided at the injection
nol di ng machi ne, based on a driving signal input to the dynam c brake
apparatus; b) defsdsmbneagpartetlltér1oof nitte tdyaadlynahiﬁcé)r@berapparmms isin

anoerload state ased on .t he est t.ed oa .and 3 t th
dyna\r% c brake 4 ?&mgr% P %&gel gﬁé}?e‘e q]‘[e agfﬂﬁﬁﬁf@&p&ﬁﬁ&f%ggdyn:m c

brake appar at USnalc$11h€ 1 hecay eyd Qﬁgléﬁl@m@ecamffac&@ﬁmymerel n the overl oad
state continues exceeds a predeterm ned term E 12. The ms%ho for

protecting an injection RBI Y W@ﬁﬁﬁ@ntasarbleéﬁa% i WReF & L X 1 RA®r ei n t he
| oad to thesdynamitpebtakesIRAKALUSs | Sresidammt edobasad, aRra dnby & cul ated

by filtering the 5 driving output signal with a pIurallty of tine
constants, in ﬂ%HP@§t@§ Ege threshold values may be used so that it is
possible to make a threshold value of the regenerative
resistance part 105-1 regarding the load close to the
maximum permissible value of the regenerative resistance
10 part 105-1. That is, it is possible to set a molding
condition that makes the threshold value of the
regenerative resistance part 105-1 regarding the load
quite similar to the maximum permissible value of the
regenerative resistance part 105-1, to the electric
15 injection molding machine 10. As a result of this, it is
possible to make the molding cycle of the electric
injection molding machine 10 faster and make the
permissible load from the three-phase motor 104 larger.
Accordingly, it is possible to make molding products more
20 efficiently by the electric injection molding machine 10.

Thus, it is possible to protect the dynamic
brake apparatus 105 provided for the three-phase motor 4
equipped as an actuator, from an overload state by a
simple structure. Hence, it is possible to implement a

25 Dbrake operation for the electric injection molding machine
10 efficiently.

The above mentioned threshold values for
determining whether or not the regenerative resistance
part 105-1 is in an overload state or kinds and values of

30 the filter time constants are properly determined based on
a specific value of the dynamic brake apparatus 105 such

as a rated electric current and a rated electric power.



10 13. The nethod for protecting an injection nolding nmachi ne, as clainmed
in claim12 wherein the filtering is inplenented by the plurality of tine
constants corresponding to a property of a 15 regenerative resistance part
- of the dynami c brake apparatus. 20 14. The nethod for protecting an
i njection nolding machine, as clained in-g{aim12 wherein the plurality of
the tinme constants are defined so as to nake a different tine to increase
and decrease 25 the duty calculated by the filtering. 30 .A3. Al ;S Al;
f.ANf. A; S. ASR. Al AdBlifyory .thS AbLtANf 104 fis Aok ASRi#ed to a three-phase
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omitted.
In the above mentioned first embodiment, the
20 controller 109 estimates the load to the dynamic brake
apparatus 105 based on the duty of the driving output
signal to the switch element 105-1. 1In the second
embodiment of the present invention, whether or nor the
dynamic brake apparatus 105 is in an overload state is
25 determined, by both the driving output signal output from
the controller 109 and a lead back value of the driving
output signal. That is, filtering is implemented to the
lead back value of the driving output signal as well as
the driving output signal, so that whether or nor the
30 dynamic brake apparatus 105 is in an overload state is
determined.
For instance, it is assumed that although the

duty obtained based on the driving output signal (the “on”



c Cc& 9S10%& ()- 10 " 10 °
100 " 113Y(10% & ()-8!'3Y(10%m® ()-8!3Y(10%& ()-8Hg WU3P! ~l @ 10%z& ()-/'yl @
10% & ()-/'fl@10%z& ()-/! 1@10%& ()-/!'1 @10%}& ()-/!'l @10988& ()-/P
+5wWXMB7! 10 10 10L810%& ()-!tl @10%& ()-/!'pl @10%& ()-/!'tl @10%z& ()-/!'l @
10%&' ()-/RzX6MB7! ' El @ 10%0%& ()-11!'l @4P%z& ()-11!'~l @10%' ()-1 1!l @ 10%
& ()-11'1 @10%& ()-119f 109 ()-\}oP1S 10%& ()- SOf 109%&' ()- 10 10 10
signal and the “off” signal) is lower than the designated
threshold value, the duty obtained based on the lead back
value of the driving output signal is higher than the
designated threshold value.
5 In this case, the control part 109-2 determines
that the dynamic brake apparatus 105 is in an overload
state as a result of the dynamic brake apparatus 105
continuing working although a control signal system such
as the driving circuit 109-3 and others is in some
10 abnormal state. Based on the above mentioned
determination, the controller 109 implements an operation
for protecting the dynamic brake apparatus 105 from the
overload state. Because of this, it is possible to
further increases the reliability regarding protection of
15 the dynamic brake apparatus 105 from the overload state.

The present invention is not limited to these
embodiments, but variations and modifications may be made
without departing from the scope of the present invention.

For example, the controller 109 can estimate the load to

20 the dynamic brake apparatus 105 based on the duty of the
only lead back value of the driving output signal to the
switch element 105-1, so that whether or nor the dynamic
brake apparatus 105 is in an overload state can be
determined.

25 In addition, for example, although the electric
injection molding machine is described in the above
mentioned embodiments, the present invention can be
applied to a hybrid type injection molding machine that
takes in beneficial points of both a hydraulic and the

30 electric injection molding machines.

This patent application is based on Japanese
priority patent application No. 2001-321318 filed on
October 19, 2001, the entire contents of which are hereby
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10% [ & () - 99- 1@M@ctyic power of the electric driving machine as a load;

and
a controller configured to output a driving
output signal to the dynamic brake apparatus so as to
control that the dynamic brake apparatus consumes the
15 regenerative electric power of the electric driving
machine,
wherein the controller estimates the load to the
dynamic brake apparatus based on the driving output signal
output to the dynamic brake apparatus and determines
20  whether or not the dynamic brake apparatus is in an

overload state based on the estimated load.

25
2. The injection molding machine as claimed in
claim 1, wherein
the dynamic brake apparatus includes a switch
element that is on-off controlled by the driving output

30 signal output from the controller.
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the controller calculates the duty by filtering
15 the driving output signal for making the switch element
“on” and the driving output signal for making the switch

element “off”.

20

5. The injection molding machine as claimed in
claim 4, wherein

the dynamic brake apparatus further includes a

25 regenerative resistance part for consuming the

regenerative electric power of the electric driving
machine, and

the filtering is implemented by a plurality of
time constants corresponding to a property of the

30 regenerative resistance part.
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are defined so as to make a different time to increase and

5 decrease the duty calculated by filtering.

10 7. The injection molding machine as claimed in

claim 4, wherein

in a case where the controller determines that
the dynamic brake apparatus is in the overload state based
on a result of the filtering,

15 if a term wherein the overload state continues
is within a predetermined term, the controller permits the
dynamic brake apparatus to be given the load by a
predetermined value; and

if the term wherein the overload state continues
20 exceeds the predetermined term, the controller performs an

operation to protect the dynamic brake apparatus.

25
8. The injection molding machine as claimed in
claim 1, wherein
the controller determines whether or not the
dynamic brake apparatus is in the overload state, by the
30 driving output signal and a lead back value of the driving

output signal.
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10
10. The injection molding machine as claimed in
claim 2, wherein
the controller calculates a duty of a lead back
value of the driving output signal for making the switch
15 element “on” and the driving output signal for making the
switch element “off” and estimates the load to the dynamic

brake apparatus based on the duty.

20

11. A method for protecting an injection molding
machine, comprising the steps of:
a) estimating a load to a dynamic brake
25 apparatus provided at the injection molding machine, based
on a driving signal input to the dynamic brake apparatus;
b) determining whether or not the dynamic brake
apparatus 1s in an overload state based on the estimated
load; and
30 c) protecting the dynamic brake apparatus, in a
case where it is determined that the dynamic brake
apparatus is in the overload state and a term wherein the

overload state continues exceeds a predetermined term.



108 10%&' ()-d}"?2~\=p!!110%& ()-S 109& ()-'k]S 10%&' ()-'\uS

"109& () - 109 ()-109& ()-2j }r?~\=p!!!

4109 ()-, 109 ()-+109&' ()-!p&LO0%&' ()-!y&10%&' ()-%0%& ()- Normal" "Heading
13]c" "Headi ng 23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading
63] c" "Heading 73]c" "Heading 83]c" "Headigrg 93] c"A "Default Paragraph

Font Cov

C&, 3: QAHN3U[ bi pv}?ubt) =[i s”pgr st uvwxyzH 2p" $#%&) ) *, , -/ 26| : =@ FKI MORWK3Z\ ]
ARbei | nOgAst vxr z~=shg<h1z{ | Th< Tethed Néor RoretertiiabCanr irefedddwhh Root

Ent ryWor dDocunent, .. ! "#39R' () *+, -. 012345678%:: _
<=>7? G\BCDEFGH MM@@W@M ained 3t SRR hhopestdvwy z{ | } ~
the load to the dynamic brake apparatus is
estimated based on a duty calculated by filtering the
5 driving output signal with a plurality of time constants,

in the step a).

10
13. The method for protecting an injection
molding machine, as claimed in claim 12 wherein
the filtering is implemented by the plurality of
time constants corresponding to a property of a
15 regenerative resistance part of the dynamic brake

apparatus.

20
14. The method for protecting an injection
molding machine, as claimed in claim 12 wherein
the plurality of the time constants are defined
so as to make a different time to increase and decrease

25 the duty calculated by the filtering.

30



