" APPARATUS AND METHOD FOR LUBRI CATI NG FEED MECHANI SM OF FORM NG MACHI NE
/v frrrerrerrerrerrerrrerrerrrrrerrrr *159159*  BACKGROUND OF THE
O IENVENTION FHErrrrererrerererrrrererrrrererrrril Field of the Invention:

*000002* The present invention relates to an apparatus and nethod for

| ubricating a feed mechanismof a form ng machi ne. Description of the

Rel ated Art: Conventionally, iAP&RATEY MThYEHERHORL.UBRIGARNSs an mWﬂ’”mMm”m”I
nol di ng machi ne, resin heated | i nder

into a cavity of a nold apparatu D Q%A%?ﬂl Bﬂ%ﬁggét}gg}iﬁg that the cqsisby

is filled with the nolten resin. The rmlten resin is then cooled and
solidified within the cavity so as to produce a nolded arti

appar at us consi sts of a st at i onar JAGKBRAYNROE THEndVEITIIEN ol d. Tmﬂ WM ’”ﬂ“ﬂi
cl anpi ng appar at us r vanci n and retracting the novable nol
provi ded so as toFll‘J’ ﬁeI“ﬁ‘H\? Pl'e nold into contact with the sf’oﬁ?zl onary
mol d and separate the Sﬂ{zemfe';am ERELSbALLANAL Ko MPLthard s LGN Ko LELLCH
nol d cl osing, nmold cl anpi ng, and openi ng. f cl anpi ng appar at us
has a toggl e nechamirsdatfmra faéhlaémlbﬁhgmad’fda rfetniag tmabigi nk hBe s¥BAbGE ofrlhd. The
toggl e mechanismis operated through drive of a drive source, such as an
el ectric notor orRelateedstonot or, di sposed at a drive secti on FIG 1is a

sectional view of a dr| e setctr{a?;: of a foclevelpatcbme rcrg ar ecplgn
apparatus. In FIG 1, reVefedaded nuntt il st "§ehotes’ rvormfo]r sefving as

a drive source. deﬁgrmmeprre@ﬂﬂ heatll tag hetedoirdl Hebtink USh fafeed s
stationary nenber, such as a toggle support, and has a rotary shaft 52.

The front end (ri gliestednicditerdeavat-bGa fdld dppetrguy obdaryhighafresHRe ise that

the cavity is filled with the molten resin. The molten resin is then

cooled and solidified within the cavity so as to produce a molded
article.

The mold apparatus consists of a stationary mold and a movable
mold. A mold clamping apparatus for advancing and retracting the
'movable mold is provided so as to bring the movable mold into contact
with the stationary mold and separate the same from the stationary
mold, to thereby effect mold closing, mold clamping, and mold opening

The mold clamping apparatus has a toggle mechanism for
advancing and retracting the movable mold. The toggle mechanism is
operated through drive of a drive source, such as an electric motor or
a servomotor, disposed at a drive section.

FIG. 1 is a sectional view of a drive section of a
conventional mold clamping apparatus.

In FIG. 1, reference numeral 51 denotes a servomotor serving
as a drive source. The servomotor 51 is attached to an unillustrated
stationary member, such as a toggle support, and has a rotary shaft 52

The front end (right-hand end in FIG. 1) of the rotary shaft 52 is



1 coupled to the rear end (left-hand end in FIG 1) of a ball-screw shaft
56 via a coupling 53. A key groove is forned on each of the outer
. circunferential surface of the rotary shaft 52, the outer circunferential
surface of the ball-screw shaft 56, and the inner <circunferential surface
of the coupling 53; and keys 54 are fitted into the key grooves. Thus,
rotation of the rotary shaft 52 is transmtted to the ball-screw shaft 56
via the coupling 53. The ball-screw shaft 56 is rotatably supported by
bearings 57 aceampi®dad ebe wedrhemd &l efedrihgnhoodilfg 15&f sibiatirserevat t ached to
the wunillustrated stationary nenber, such as a toogglcie supgori. The outer
rings of the be#hathds Y7 arerlSgaphed B§Y SEXNE 157 TR 4 €289 °4tSched to

the bearing hougiig 58...flie.fal |AleWeshal 26 Lok gedlig ot ached to the

i nner rings of e beari ngs by neans of a nut 60, so that the

bal | - screw shaf titmfeasnod]l BIFEccabORRe bBE -axiedl shdft 661 iabd.thé\ isgdrew gr oove
is formed on the outer circunference of the ball-screw shaft 56 over
substanti al | y t bircorfierensidlepytpce pletbofcourdmeg 53 hanhipys 8tpatvidtiedt 56 is in

screw engagenent with a ball-scr nut . 61. The ball-sc aft 56 and the
bal | -screw nut BTocHstYt§PR"s E}é\l{fﬁ’-rs%?telvc\’f tofpghef &y ryrréé%gn?gs]rlns The

bal | - screw nut 6lksit38d 8¢RI bh O -s@& ek Rab: BEaGa GRe RbuR 1hPB8! € mechani sm
which is slidable along guide bars 63. Therefore, when the servonotor 51

i s operated, rotationTif bsliescreotshafit $has trobably surmpisted thyelkatr ongsh®

bal | -screw shaft 56, and the ball-screw nut 61 in screw engagenent with
the ball-screw 3t8mRodsEed Figlhidse deaige thousiagi e, gihithds pifrched f8whehaft 56.

As a result, thg ilffmggteﬁesqgt-%%aﬁ SndBPNE ds B 4 rtqgagdstmmwa@g dufes 1 G L.
Wien the cross' head I's advan ecf%?rmvecf rightward 1n FIG : {he t oggl e
mechani sm ext endgngs bfaghet Keadihgarizear@nredBied USt fidhe b Dy ddleesPhattaehed t O

to the bearing housihg 58. The ball-screw shaft 56 is fixedly

attached to the inner rings of the bearings 57 by means of a nut 60,

so that the ball-screw shaft 56 cannot move along the axial direction.

A screw groove is formed on the outer circumference of the

ball-screw shaft 56 over substantially the entire length thereof, and

the ball-screw shaft 56 is in screw—engagement with a ball-screw nut

61. The ball-screw shaft 56 and the ball-screw nut 61 constitute a

ball-screw—type feed mechanism. The ball-screw nut 61 is attached to

a cross head 62 of a toggle mechanism, which is slidable along guide

bars 63.

Therefore, when the servomotor 51 is operated, rotation of the

rotary shaft 52 is transmitted to the ball-screw shaft 56, and the

ball-screw nut 61 in screw-engagement with the ball-screw shaft 56

moves along the axis of the ball-screw shaft 56. As a result, the

cross head 62 is moved leftward and rightward in FIG. 1. When the

cross head 62 is advanced (moved rightward in FIG. 1), the toggle

mechanism extends so as to advance an unillustrated movable platen, to

thereby perform mold closing and mold clamping. When the cross head
2



t hereby performnold closing and nold cl anpi ng. When the cross head 2 62
is retracted (noved leftward in FIG 1), the toggle nechanism contracts so
as to retract the novable platen, to thereby performnold opening. Since

| arge torque is required to effect nold closing, nold clanping, and nold
openi ng, heavy load acts on a ball screwthat is constituted by the

bal | -screw shaft 56 and the ball-screw nut 61. In view of this, grease
serving as a lubricant is supplied to the ball screwin order to enable
smoot h noverment 6% 1sHetissred SeovedylsEwerdign §36- &) of é%%@éﬁd‘ﬁi"%ﬁﬂla’hd prevent
wear of the ball screwtoth reb he service life of .the ball
screw. However, fH'#&°8n |r8 Fgé"f Imgvabtrle&/latef\\/l ngthéegb ?erfa oft
mechani sm since,gnegse is used for lubrication, maintaining a uniform
filmof lubricant at the contact surfaces between the balls and the screw
is difficult. ConsequeSBincy, latubmm.:;at iigrrequindd tth cafectt moldesipetis, viewlgor ti ons
of the ball screw becone uneven. particul ar, when the stroke of
novenment of the B]aﬂmPl@craéﬁ\/@ﬁ%lPPe"rléif aP?E\Yé logd @REs ob &l Pald TGN rifiet 1§ short,

the grease is pu%;}gg Qs £ UM Lha- 991@&% £1 ?é”afa@ctﬁ? pREL-WEEN. B\Q ?{)I ol tand

the screw, and tRheretore, Ml ntaini ng ubri1 cant I mis

a result, there ajdwS&StHs, \gaéasatse@mmgnassermmeam fie s&ﬂiﬁﬁgd ttBetheesdect i ve
portions of the ball screw, thereby shortening the overall service life of
the ball screw Y¥rem nnh@dsuppleyablat gmopth g@\@a@ré o5 tbﬁebalglr é@zteérsetfhm 26
required rate |nfog er to. uarantee t hat ase S d| stri

sufficiently to SRR tPERE ot e Byl li’al%c W t%oﬁ‘gﬁ A8 hO

grease increaseSyye gg}vg@en@{i{gl of HELBNE dFeRXpensive, and therefore, the
i ncreased consunption of grease renders mai ntenance cost of the formng

machi ne extremnel y hi gHowelrenm, t hrethe wdranttibmelshedpl secrevatservifig geeadeed s

i ncreased,
mechanism, since grease is used for lubrication, maintaining a uniform
film of lubricant at the contact surfaces between the balls and the
screw is difficult. Consequently, lubrication conditions at
rgspective portions of the ball screw become uneven. In particular,
when the stroke of movement of the ball-screw shaft relative to the
ball-screw nut is short, the grease is pushed out from the contact
surfaces between the balls and the screw, and therefore, maintaining
the lubricant film is difficult. As a result, there arises a
variation in service life among the respective portions of the ball
screw, thereby shortening the overall service life of the ball screw.

When the supply rate of grease is set greater than a required

rate in order to guarantee that grease is distributed sufficiently to
respective partions of the ball screw, consumption of grease increases.
In general, grease is expensive, and therefore, the increased
consumption of grease renders maintenance cost of the forming machine
extremely high. Further, when the supply rate of grease is increased

excessive grease overflows, scatters, and contaminates the forming

machine and an area surrounding the forming machine

3



excessi ve grease overflows, scatters, and contam nates the form ng nachine
and an area surrounding the form ng machine. 3 Further, when the ball screw
.is used for a long period of tinme, iron particles generated due to wear
contam nate grease. If lubrication is perforned by use of grease
containing iron particles, contact surfaces are abraded by the iron
particles. Therefore, grease containing iron particles nust be discharged
as soon as possible. However, when the supply rate of grease is increased
in order to dischargefFugtieasevheontaibal ngetewors psadt fol esloas psvied @S time,

possi ble, grease is discharged fromthe ball screw at a high rate,
resulting in inteBRIEH Chey AENERalTd VR 09t "RA CORBHYAIEN&TESh off t he for ni ng

machine and an ALea.ihr UBLIBLNG (Qf 18 RlIBAE IS, 451 ARSELL bad, above.

Mor eover, since grasping progress of ar of screw is

difficult, the senvth@iesdrfisQiretdbeadealty ifer exinCidnndlele THrefbre! @dease
accurately. Therefore, in some cases the ball screwis used even after its
service |ife hascdpseiningeirdnerhrtjdes mpeis b tdisehapeedeasy soapeehapisihi®f t he

form ng machi ne pperates erraticall ereby the accurac f fornmed
products decr easlg F"e&ndﬁ’?ﬂ ﬁé‘? SBWﬁﬁd)r/?é%\tg/g BfEhe’ PEPARTHg E‘%l’n‘é" are
affected adver Seéi)éch%@-r}\f‘@sleeconwﬁiﬁfhgt n%n.b&lr‘:fclg§ ra@"!o%lh%@?po@@ﬁl%,h rease
bal | -screw nut are replaced prenmaturely in order to avoid use of the ball

screw beyond it siseétschamged iften thdBalln®dret enandeshcoste, afesilhénd arnm ng nmachi ne
increases. In view of the foregoing, there has been proposed a nethod for
neasuri ng the anbifeaset DRFBANEERICAF NERE FAPtgRRasonatfhéky Aormine radhipal | -

screw shaft and fhe ball- sqrewsnyt \and Bredhohing 1hg.seiwlcgoldfe of - the
bal | screw. HoweVeér2" thi's et ho requires “stoppi ng a Form ng nechi ne so as

to collect grease adhemdragvetO sifte PpakpingCi@Vwrobafst A@nébartdrecteabdiiscrew nut.

When the frequency of operation of collecting
screw is difficult, the service life of the ball screw cannot be
predicted accurately. Therefore, in some cases the ball screw is used
even after its service life has been reached. As a result, the feed
mechanism of the forming machine operates erratically, whereby the
accuracy of formed products decreases, and other components of the
forming machine are affected adversely. Meanwhile, when the ball-
screw shaft and the ball-screw nut are replaced prematurely in order
to avoid use of the ball screw beyond its service life, the
maintenance cost of the forming machine increases.

In view of the foregoing, there has been proposed a method for
measuring the amount of iron contained in grease adhering to the ball-
screw shaft and the ball-screw nut and predicting the service life of
the ball screw. However, this method requires stopping a forming
machine so as to collect grease adhering to the ball-screw shaft and
the ball-screw nut. When the frequency of operation of collecting
grease is increased in order to improve prediction accuracy, the total
stoppage time of the forming machine increases, and the productivity

of the forming machine decreases. Meanwhile, the frequency of
4



grease is increased in order to inprove prediction accuracy, the total
stoppage tine of the form ng machi ne increases, and the productivity of
.the form ng machi ne decreases. Meanwhile, the frequency of 4 operation of
collecting grease is decreased in order to shorten the total stoppage tine
of the form ng machine, prediction accuracy deteriorates. SUWARY OF THE
| NVENTI ON An obj ect of the present invention is to solve the above-
menti oned problens in conventional techniques and to provide an apparatus
and et hod for | eiarevatiofgeodldegbnk sraghank sivctfased fipromeigto phettienethghi ch can
maintain uniformfilmof lubrication _oil on contact . surfaces of respective

portions of the F¥&Y SHERPRERHITLIR Ph (PHIPEHDE "BFEIOnGTERFVCBEFIRPEE of the

respective portigns, af.idae feed nmechanism reduce maintenance cost,
prevent contam nation of the form ng machine and an area surrounding the
form ng machi ne, and prevent wear of the contact surfaces. Another object
of the present invention is to provide an apparatus and net hod for

| ubricating a feed mechani sm of aSPOHRY 9§ THReBWENOMhi ch can detect the

anmount of iron cont ai ngd Ln Iul%r% cation. oil and.contrgl the formng

t
. t £ ! L& db3hdl
machi ne properly on the" BRECE & R SYt HEEEd RAduitt *of i o I order to

achi eve the abovg.3bjREtrTobihe iRTRERMALIdnAY &REHNQRuesPIAVidBSovale @RPAr at us for
| ubricating a feed mechanismof a formng machine, conprising a conversion

mechani sm f or coanrerstiungnd greditodofral lubmixtaitore @ deekoedhanimmae! poforwingor
c_onverti ng repti | i near nmotion to r. ot atj on&l, rm}kilolg;i atnld a lubrication oi I
circul ation pi pe®¥sdine E}U‘ﬁ%lﬁ?f‘ FGLIEAR MBLEOTBA1HY P H1EPRIRRN 0B R BIPtARChani sm
and col I ecting E$¥%Aéﬂ§péy Lé?geéﬂquipr@iLﬁ§1ofﬂtke feed mechanism to thereby

prolong service lives of the respective portions of the feed mechanism,

reduce maintenance cost, prevent contamination of the forming machine

and an area surrounding the forming machine, and prevent wear of the

contact surfaces.

Another object of the present invention is to provide an
apparatus and method for lubricating a feed mechanism of a forming
machine which can detect the amount of iron contained in lubrication
oil and control the forming machine properly on the basis of the
detected amount of iron.

In order to achieve the above objects, the present invention
provides an apparatus for lubricating a feed mechanism of a forming
machine, comprising a conversion mechanism for converting rotational
motion to rectilinear motion or converting rectilinear motion to
rotational motion; and a lubrication oil circulation pipe for
supplying lubrication oil to the conversion mechanism and collecting
the "supplied lubrication oil.

This simple configuration enables maintenance of a uniform

film of lubrication oil on contact surfaces of respective portions of

the feed mechanism, to thereby prolong the service lives of the

5



This sinple configuration enabl es mai ntenance of a uniform film of

| ubrication oil on contact surfaces of respective portions of the feed

- mechanism to thereby prolong the service |lives of the 5 respective
portions of the feed nmechanism Preferably, the conversion mechani sm

i ncludes a screw shaft having a spiral groove; a screw nut having a spiral
groove of the sanme pitch as that of the spiral groove of the screw shaft;
and a power transm ssion nmenber di sposed between the spiral groove of the
screw shaft and tdseecspie a¢rtfg¢rt§o@feﬂ%ﬁ fﬁtdd@@b?’é\ﬂlﬂnut and adapted to transmt
power between the screw, the screw n case él cti on

{.
i's produced between the r§£‘?r€ ysh t CO"AHS Th 8% chs\W/ ’rﬂ? udséz?md SEIRY %6
transm tted snmootflyyn, TheERf %r%ove ;T Plsatdwonal ndhd ANspdtalORR00E o“'fhﬁwsﬁmgw
shaft and the screw nut is ficiently converted to rectilinear notion of
the other of the sicriews hhabf thndpite sopenwohuhe seref elradbl ypd theoweower

transm ssion nmenber is a group of balls or rollers. In this case, since a
sufficient quanti ’fr?“ﬁlflsﬂﬁbr“le[‘i%f’trl Gpesied beteees fibs| SriFRL 8raoKe ofetheptfaryl

surfaces of the bahl |f§ {xé)lslgﬁrr ?afrg‘ove #&bl&}kcg‘&leg u?' e!ndfédla %O‘FOS tzna%t m{)r eak,

and therefore, the con ces o e respectlve p Fti ons™0f "t he feed
mechani sm do not yRer .beRreert halkdew dHaet lanbrthe attann@ppar atus further

conprises a storage nenber for storing lubrication oil in an anmobunt such
that at |east a portioln thistdrsesor dwictiof tisinyodynedrbsewken rthererewiishafgat i on
oil. In this case, since a sufficjent quantity of lLubricati ' [

|
supplied to the pd¥i HetAr” Sttt AWb tif: (A98C% ¢ SHALTAF ed S£’°°’ihggrpk%etm%)%eoi I

filmdoes not bregka:dpth higbLbe e drNEheCOILAGhar1SMd BRLScRL dub€ s espective
portions of the feed nmechanism do not wear.

efficiently converted to rectilinear motion of the other of the screw
shaft and the screw nut.

Preferably, the power transmission member is a group of balls
or rollers.

In this case, since a sufficient quantity of lubrication oil
is supplied to the peripheral surfaces of the balls or rollers, a
lubrication oil film does not break, and therefore, the contact
surfaces of the respective portions of the feed mechanism do not wear.

Preferably, the lubrication apparatus further comprises a
storage member for storing lubrication oil in an amount such that at
least a portion of the screw shaft is immersed in the lubrication oil.

In this case, since a sufficient quantity of lubrication oil
is supplied to the peripheral surface of the screw shaft, a
lubricatior oil film does not break, and therefore, the contact
surfaces of the respective portions of the feed mechanism do not wear.

Preferably, the storage member covers at least a portion of
the screw shaft to an extent such that the portion is immersed in the
lubrication oil.

Alternatively, the lubrication apparatus further comprises a

6



Preferably, the storage nenber covers at |east a portion of the screw
shaft to an extent such that the portion is imrersed in the |lubrication

-0il. Alternatively, the lubrication apparatus further conprises a 6
storage nenber for storing lubrication oil in an anmount such that at |east
a lower portion of a return tube of the screwnut is imersed in the
| ubrication oil. Preferably, the storage nenber covers at |east the return

tube of the screw nut to an extent such that the return tube is i mersed
in the |ubricatstarasi penbpr dpesapnipe luheicplioricdatinotn ApPAE MU6B thaklPtdes
filter means di ?%)osed in the | ubri catjcon i | oc}i rcul ation. pi_pe and .adapt ed

to renove inpuritias® EOWT ARERNH F RS T HLMPE ST B B "Hh ThieE el since

inmpurities, such:gs igr9fiPad bicl es and dust, contained in the l[ubrication
oil are renoved by the filter means, the contact surfaces of the feed
mechani sm are not wor nPeafayabdy, tiee stemapeimetbeesovenscét dsasitr g pautn chies and
dust, contained in the lubrication oil. Preferably, the lubrijcatiaon,

appar at us i ncl udes the S6H% M theb eXERAn ptsRdheh thh & WiBrivatiSolPmgrged in
circulation pipe.and adapted to cool the lubrication oil 35. In this case,
since the respectivée portions of the feed nechanismare cooled by neans of

cool ed lubrication oil préteadblpf thdr@ubdieadoneehastsninandderpteyanimd.
Preferably, the lubrication apparatus includes an iron-content neasurenent
unit di sposed i nditresddubr teatplyacasiipn it citcatitann piipre apth@daradd pe arene e
measure iron content af the lLubri ca&i Enb Qil. | n.f his case, since the

ea ubrication oil.

service life of tPRTIH&EH RR@ARSE Lt

In this case, since impurities, such as iron particles and
dust, contained in the lubrication oil are removed by the filter means,
the contact surfaces of the feed mechanism are not worn away by the
impurities, such as iron particles and dust, contained in the
lubrication oil.

Preferably, the lubrication apparatus includes a cooling unit
disposed in the lubrication oil circulation pipe and adapted to cool
the lubrication oil 35.

In this case, since the respective portions of the feed
mechanism are cooled by means of cooled lubrication oil, wear of the
feed mechanism can be prevented.

Preferably, the lubrication apparatus includes an iron-content
measurement unit disposed in the lubrication oil circulation pipe and
adapted to measure iron content of the lubrication oil.

In this case, since the service life of the feed mechanism can
be grasped in advance, the feed mechanism can be exchanged with a new
one’at proper timing.

Preferably, the lubrication apparatus includes control means
for controlling the forming machine on the basis of the iron content

measured by the iron-content measurement unit
7



be grasped in advance, the feed nechani smcan be exchanged with a new

one' at proper timng. Preferably, the lubrication apparatus includes

. control nmeans for controlling the form ng machine on the basis of the iron
content neasured by the iron-content nmeasurenent unit. 7 Preferably, the
control neans calculates a service life of the conversion nmechanismon the
basis of the neasured iron content. Preferably, the control neans produces
a warning for pronpting exchange of the lubrication oil or the conversion
mechani sm when the nef&sterebly. riow evitdmeanx cebdatespr edetier iipedl|deel . In

this case, the ti m?}g.for chchanal'&%ht he Igbrl cation.,oil or _the feed

nmechani sm can be® gV HSHEU"FERTEBI4 Resht QL 0F TRVESE i 68" 5PB T Hes a net hod

for lubricating a feedprefBGHANT SO &t il Bat BYodREN I NRarn GRRY SFdAPt1ng
supplying lubrication oil to a conversion nechanismfor converting

rotational noti ogxchangerofcthel iuberat vt 9idnorothec osnwver silongrerknti s whegarhetot | on
to rotational notion; and collecti ng the supplied lubrication oil. This
met hod enabl es sPAFSHIFdREP &PHieRt enteeldAvRiedsisanised te¥tlat i onal motion to

rectilinear notion. Prefegably, tzh‘ee.t%{ﬁg%?ie‘}@hﬁg?&a?ﬂéﬂb&ﬁ?ﬁ%ﬂ L,$; Rower Dby

means of a screw shaf aving 'a spiral “groove screw nu aving a spiral

groove of the saiR fdel GlRcianidhadn B gtdi@eSpeliablgroove of the screw shaft;
and a power transm ssion nenber disposed between the spiral groove of the

screw shaft and the splTheajreggnsoinwentfion prowidesew meghod for fvtirécatange a2 frpd

friction is produc d.betgee? the screw shaft, .and the, SC{%W. nut, and thus,
pover is transm TECAH SRSt SFRIRENBIE Wi eSOmPHSERR SURPAV 1ot PoH 28R of t he

screw shaft and {he SeFEWMAUechshisEibd ChRRtt e CRRYELELAndQok &6t | 1 Near
noti on of the other of the screw

rectilinear motion or converting rectilinear motion to rotational
motion; and collecting the supplied lubrication oil.

This method enables smooth and efficient conversion of
rotational motion to rectilinear motion.

Preferably, the conversion mechanism transmits power by means
of a screw shaft having a spiral groove; a screw nut having a spiral
groove of the same pitch as that of the spiral groove of the screw
shaft; and a power transmission member disposed between the spiral
groove of the screw shaft and the spiral groove of the screw nut.

In this case, no friction is produced between the screw shaft
and the screw nut, and thus, power is transmitted smoothly. Therefore,
rotational motion of one of the screw shaft and the screw nut is
efficiently converted to rectilinear motion of the other of the screw
shaft and the screw nut.

Preferably, the power transmission member is a group of balls
or rdllers.

In this case, since a sufficient quantity of lubrication oil
15 supplied to the peripheral surfaces of the balls or rollers, a

lubrication oil film does not break, and therefore, the contact
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shaft and the screw nut. Preferably, the power transm ssion nmenber is a
group of balls or rollers. In this case, since a sufficient quantity of
. lubrication oil is supplied to the peripheral surfaces of the balls or
rollers, a lubrication oil film does not break, and therefore, the contact
8 surfaces of the respective portions of the feed nechani smdo not wear.
Preferably, at |east a portion of the screw shaft is inmmersed in the
| ubrication oil. Preferably, at |east a portion of the screw shaft is
covered by a st ewrdgeesmdinber raspeanvervrenens ot hhe Hatd ppchapom §onot gedmmer sed
in the lubrication oi]. Alternatively, at |east a |ower rtion of
return tube of the sc{?’ée\}?f??&]ﬁy'i &t ilhfer s @aTAR © ethfuﬁff%épgfgnlsoilwerse‘?
Preferably, at |east.a.R9kdion.9f the return tube of the screw nut is
covered by storage nenber to an extent such that the portion is imersed
in the [ubrication oilPrefPesbey,abt Yeadstnpubrtibesf cihatairevedhafr fheotebd i cati on
oil are renoved by filter neans disposed in the |ubrication oil _
circul ation pipkY 2| §foragesieabayeto &p fEEeNtniighithredhe SAEH AL S| I"PATPAr i1 cl es

and dust, conta{ne in &he Iqbrication oil are renoved by the filter
he Iubrication oi

means, the contact suifaces of the feed nmechanismare not worn away by the

inmpurities, such as irg@nRepaiivedl et andsdySloneC poriabed d Pedubd® tubdiBEi cation
oil. Preferably, the lubrication oil is cooled by a cooling unit disposed

in the lubricatitre eifevgiut del apised pinpthe Jubridatsonceide, since the respective
portions of the feed Preferably, at least a portion of the return tube of the screw
nut is covered by storage member to an extent such that the portion is
immersed in the lubrication oil.

Preferably, impurities contained in the lubrication oil are
removed by filter means disposed in the lubrication o0il circulation
pipe.

In this case, since impurities, such as iron particles and
dust, contained in the lubrication oil are removed by the filter means,
the contact surfaces of the feed mechanism are not worn away by the
impurities, such as iron particles and dust, contained in the
lubrication oil.

Preferably, the lubrication oil is cooled by a cooling unit
disposed in the lubrication oil circulation pipe.

In this case, since the respective portions of the feed
mechanism are cooled by means of cooled lubrication oil, wear of the
feed mechanism can be prevented.

Preferably, iron content of the lubrication oil is measured by
use df an iron-content measurement unit disposed in the lubrication
0il circulation pipe.

Preferably, the forming machine is controlled by use of

control means and on the basis of the iron content measured by the
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mechani sm are cool ed by neans of cooled lubrication oil, wear of the feed
mechani sm can be prevented. Preferably, iron content of the |ubrication oi
is neasured by use O an iron-content neasurenment unit disposed in the

| ubrication oil circulation pipe. Preferably, the form ng nmachine is
controlled by use of control neans and on the basis of the iron content
nmeasured by the 9 iron-content neasurenent unit. Preferably, the service
life of the conversion nmechanismis calculated by use of the control neans
and on the basi sizgh~qoneent measyeradtiungh content. Preferably, the control
means produces a war ni fo rgnptin h e of the lubrication oil or
t he conversi on nechanig f%ﬁ%HPtﬁg “ﬁégghfég %?o"&%ﬁfgﬂfnéwﬁﬁﬁﬂgnés
predeterm ned | eygkn1BR BF WDESERNE TN (PrnePRAMNGS thB&a3(d YELHEE and

features of the apparatus and nethod for lubricating a feed nechanismof a
form ng machi ne sezewredi irgn tconttehe present invention will be readily

appreci ated as the sane becones better understood by reference to the
drawi ngs, in which: FI&efaraply, gther rasTdeRegng PAPIUFPRG WATMENEIfoT BrFBE RN Of

a Convent! onal e@{%hg ggloq’ngenﬂlb?‘{acg?‘{o%t cyﬁ; orFltF'é cgnvie§si% .Sm%gﬁarrrlqgnix (v;v é/nl %}\{V of a
nol d cl anpi ng apparé}us of ‘an "i1njection nolding nEchi ne accor ing Yo a

first enbodi mentpkurtedeiroPc6SRAL ekébe@Nlal Prdefelrfined leSeld Cross-sectional
view of a lubrication apparatus for a feed nechani smaccording to the
first enbodi ment of the present invention; FIG 4 is a cross-sectional

view show ng a first exanple  poicr ppscRIPTION OF DRAWINGS

The structure and features of the apparatus and method for
lubricating a feed mechanism of a forming machine according to the
present invention will be readily appreciated as the same becomes
better understood by reference to the drawings, in which:

FIG. 1 is a cross—sectional view of a drive section of a
conventional mold clamping apparatus;

FIG. 2 is a schematic view of a mold clamping apparatus of an
injection molding machine according to a first embodiment of the
present invention;

FIG. 3 is a cross—sectional view of a lubrication apparatus
for a feed mechanism according to the first embodiment of the present
invention;

FIG. 4 is a cross—sectional view showing a first example
structure of the feed mechanism according to the first embodiment of
the present invention;

FIG. 5 is a cross—sectional view showing a second example
structure of the feed mechanism according to the first embodiment of
the present invention;

FIG. 6 is a schematic view showing a third example structure

of the feed mechanism according to the first embodiment of the present

10



structure of the feed nmechani smaccording to the first enbodi nent of the
present invention; FIG 5 is a cross-sectional view show ng a second
exanple structure of the feed mechani smaccording to the first enbodi nent
of the present invention; FIG 6 is a schematic view showing a third
exanpl e structure of the feed nmechanismaccording to the first enbodi nent
of the present 10 invention; FIG 7 is a cross-sectional view show ng a
fourth exanple structure of the feed nechani smaccording to the first
enbodi ment of heermiersient invention; FIG 8 is a cross-sectional view as
viewed in the directio [ 9 is a crossltesecti onal

arrow A in Fl 3;. FlIG
view of a lubrication Pg[ﬁpgr}ﬁ ﬁscmf%'tse%tlf”éagdvﬂcﬁ)i‘a?ﬁn§rﬁ S28ESP S*AP o a second

enbodi ment of t hg PLABERE thé FYE LSRR Kl é%coﬂnqng So2he! A38c SREdi ARl opvi ew as
viewed in the direction of arrow B in 11 is a partial

Cross-secti onal theewesdnovinmenttibre | ubri catl on condl tions of the feed
mechani sm according to the second enbodinent of the present invention;

FIG 12 is a cross-sectiforfals ¢i @Rsusestiieniddyien %Shéle(‘]FcféEtﬁhSrfhrE)‘T“&? Pdw A in
FIG 3 showing a thind ephodiment of the present invention; FIG 13 is a
cross-sectional Vi ew as viewed in the direction of arrowBin FIG 9

showi ng the third enbodicments af crbfie sPEt@8RNL viel BfENtlUBNcaAiBA dpbizatdd IS a
di agram showi ng the configuration of an iron-
for a feed mechanism according to a second embodiment of the present

invention;

FIG. 10 is a cross—sectional view as viewed in the direction
of arrow B in F1G. 9;

FIG. 11 is a partial cross-sectional view showing the
lubrication conditions of the feed mechanism according to the second
embodiment of the present invention;

FIG. 12 is a cross—sectional view as viewed in the direction
of arrow A in FIG. 3 showing a third embodiment of the present
invention;

FIG. 13 is a cross—sectional view as viewed in the direction
of arrow B in FIG. 9 showing the third embodiment of the present
invention; and

FIG. 14 1s a diagram showing the configuration of an iron-
content measurement unit used in the third embodiment of the present

invention.

DESCRIPTION OF PREFERRED EMBODIMENTS
Embodiments of the present invention will next be described in
detail with reference to the drawings. Although the apparatus and
method for lubricating a feed mechanism of a forming machine according

to the present invention can be applied to various forming machines,
11



content neasurenent unit used in the third enbodi mrent of the present

i nvention. DESCRI PTI ON OF PREFERRED EMBCODI MENTS Enbodi nents of the present

. invention will next be described in detail with reference to the draw ngs.
Al t hough the apparatus and nethod for |ubricating a feed mechani smof a

form ng machine according to the present invention can be applied to

various form ng machi nes, 11 such as extrusion nol di ng nachi nes,

| am nators, transfer nolding machines, die casting machines, and IJ

encapsul ati on pressess dxeruws;ommolganeniqhipdsi clanitpaopy esranstarnyaddiricon i s

applledtoanlnjectlon | di n hlnevml]ldbedecrlbed FI G 2|sa

schematic vi ew of™&hiRsFd 98 éﬁsﬁ?%mﬁ%b’éﬁsaﬁi’g t engAPSYLAT ReRL FIRS ST 1 T firg 2

machi ne accordi ngcafsg i9 Jhll&ﬁfm gmgﬁmmenpﬂ‘ontﬁeappqwﬁ@manlﬁ\ﬁ@mb%olm FI G
2, reference nunera denotes a frame; 13 denotes a stationary platen,

which is fixed thaEhﬁlefvfl&IYBelﬁschBecdenOt es a toggle support, serving as a
base plate, which is novably disposed on the frane 15 and is separated a
predet ermi ned di stance flforf ihe %ba&amﬁarv ohratodf 013"‘?’12& agesrotesof i@ bars
whi ch are di sposed 10 ext nd bet enaccorg Stt%tl qnar tmeerrllt S‘ﬁm”d t he
toggl e support 2378 d°’1§°die%f“ rovab’te faten ch i Sposed to
face the stationag¥shain®thtish. and IS reci pt ocat abl e (can be noved | eftward
and rightward in FIG 2) along the tie bars 14. An uni |  ustr at ed
stationary nmold is attaGhBi. 2 orefesancé aceerel lohienstet & dmawey 31 a¢romesl 3,

whi ch surface faces the npvable platen 1 An unillu trﬁt ed novabl e _nol d
is attached to a St@hrPaderster hTéh Fﬁbv‘ébqlée tattaf frame éh denrtes e te88les the

stationary platen 13: Acfig N baskOpiate akh RENEInd Qb1 NG &84 ENGhe
(left-hand end in

frame 15 and is separated a predetermined distance from the stationary
platen 13; 14 denotes tie bars which are disposed to extend between
the stationary platen 13 and the toggle support 23; and 12 denotes a
movable platen which is disposed to face the stationary platen 13 and
is reciprocatable (can be moved leftward and rightward in FIG. 2)
along the tie bars 14. An unillustrated stationary mold is attached
to a surface of the stationary platen 13, which surface faces the
movable platen 12. An unillustrated movable mold is attached to a
surface of the movable platen 12, which surface faces the stationary
platen 13.

A dive unit 10 is attached to the rear end (left~hand end in
FIG. 2) of the movable platen 12. The drive unit 10 includes a motor
11 serving as a drive source and adapted to advance and retract (move
leftward and rightward in FIG. 2) an ejector rod 24, which is a member
to be moved. The advancement and retraction of the ejector rod 24
causes advancement and retraction motions of an unillustrated ejector
pin which projects into the cavity of the movable mold of the mold
apparatus, to thereby eject a molded product. The motor 11 may be any

type of motor; however, a servomotor is preferably used as the motor
12



FIG 2) of the novable platen 12. The drive unit 10 includes a notor 11
serving as a drive source and adapted to advance and retract (nove

. leftward and rightward in FIG 2) an ejector rod 24, which is a nenber to
be noved. The advancenent and retraction of the ejector rod 24 causes
advancenent and retraction notions of an unillustrated ejector pin which
projects into the cavity of the novable nold of the nold apparatus, to

t hereby eject a nolded product. The notor 11 may be any type of notor;
however, a servomdtor is preferably used as the notor 12 11. A toggle

mechani sm 18 is di spos d be& Wl:"ec agps?n {?¥sa%l sposeaatnetween %Fér&gve}bqg ptlolge%l e
support 23. A drive uni erving as-'a aii neans I ng

operation of the 1I2nmcme0{bggm ghplagrtnﬁ@.hl neri e uﬁ&t@chﬁévir@ ihe dou end
(left-hand end in FIG 2 the toggle support 23. The drive unit 10

i ncl udes a not or nmkihs Ser wlrdgclaspiag cgeratgors ofirtbe iamtawjamleidna oagddvance and
retract a cross head 17, a( nenber, tq be m)vei to thereby operate

the toggl e mecharfits3hedg to t?ﬁlf§ar Fﬁ% hhraband ";S‘Fa.’t“elﬁlGiZ2 i &f 3Bv dAeES (moved
rightward 19 Fl Gougdort s, { REL 8% Pt Ofo 1R 6heC 12054 BY. uFL%Wa% 24 Cl anpi ng

force, which ist product o rust rce generated Re nbtor 11"
and a toggle nagRitd 6airt®Rnd alidpded its @em%adnedrenfhc@rdefostsomer1f7orvmleml d
clanping with the clanping force. In the present enbodi nent, the cl anping
force is generatédd 2 herbggttodiserarei.ofio dherdby apetpjk ethaeiolals Bemhasisn Hovever ,

the thrust force enegatedvget e or 1 .8an be tr gwsmtte‘gll[ ectlyto
the movabl e pl at e %2 Ksy? 1y ﬁ%tﬁ’b Frcivanseds e g G et G
mechani sm 18. ThenbAGY!fRr el $Msifs.| NEIANGS 4 00Ghend 8%RES wBlerS Y Q99b| y
supported by the cross head 17; toggle |evers 22 sw ngably supported by
t he toggl e supporprod@t dna thnxgglfer@r pEnetsted Wiyngfebhotos uppcant ed tdmgle
magnification ratio, is generated in order to perform mold clamping
with the clamping force. In the present embodiment, the clamping
! force is generated through operation of the toggle mechanism 18.
However, the thrust force generated by the motor 11’ can be
transmitted directly to the movable platen 12 as a clamping force,
without use of the toggle mechanism 18.
The toggle mechanism 18 includes toggle levers 21 swingably
supported by the cross head 17; toggle levers 22 swingably supported
by the toggle support 23; and toggle arms 16 swingably supported by
the movable platen 12. The toggle levers 21 are linked with the
toggle levers 22. The toggle levers 22 are linked with the toggle
arms 16.
Next, a lubrication apparatus for a feed mechanism of the
drive unit 10 will be described,
FIG. 4 is a cross—-sectional view showing a first example
structure of the feed mechanism according to the first embodiment of
the present invention; FIG. 5 is a cross—sectional view showing a

second example structure of the feed mechanism according to the first
13



t he novabl e platen 12. The toggle levers 21 are linked with the toggle

| evers 22. The toggle levers 22 are linked with the toggle arnms 16. Next,
~a lubrication apparatus for a feed mechanismof the drive unit 10 will be
described. FIG 4 is a cross-sectional view showng a first exanple
structure of the feed nmechani smaccording to the first enbodi nent of the
present invention; FIG 5 is a cross-sectional view showng a second
exanpl e structure of the feed nmechani smaccording to the first 13

embodi nent of t henbpdi@sentdf ithy endseoh;infEnGiong §1§. & &y @seroseweronat! Vi

showi ng a third exanple structure of the fee chani sm accordin o the
first enbodi rrents’(?f’ln‘:{)gh% tE’rréis‘ia?ﬁFplienVéH‘fti%ﬁ;"?a an%eéa’“e?hal“ésm Sgult i

a ¢ross-" sectional

vi ew showi ng a four # exaemlbfnstdrUutleUsR s &t tNenfiBRd ABEHANISIE acGeEdi ng to
the first enmbodi ment of the present invention. In FIG 4, reference

nuneral 25 denotestionsCvésw BhtwingaAdfolfih elenpleestracaoeef siieaféed The screw
shaft 26 and the screw nut 25 have spiral grooves, respectively, which are
formed at the saPfshgiisegccoxding| gy &g £irsofempedipentyoh the Greseat i \pERRFiQ%r vi ng

as a power transm ssi ng‘ Fﬁg S}g??feagnecedniuggr%sieg styeen the %%rg’k r% oove of

the screw shaft 26 an al groovée of the screw nut eturn

tube 25a is attagbed i QcideshRer. eWHUEcrdd sRYFtNBARRd @he &cF&l MUIN2E BB
attachment nenber 25b. This configuration enables the balls 29a to

circulate, whilseniral groeyes,t taspenthivelhie vbpdcerehéarmednttthe sk rrakclyr dove of
the screw shaft 26 and the iral oove of the screw nut 25, as. well as
through the int FiErlior o Bl Foed nealoti i By, SaFRERss  RSNSTAERIAR Si™ ¢ he

plurality of bal jsaddzte! fiaiy boRRURIHBAMPANCIGe SEIAY Shaf kgt And the
screw nut 25, while fof ing. Therefore, no friction is generated between
the screw shaft 2 eedsdih€l groove of the screw nut 25. A return tube 25a is

attached to the screw nut 25 by means of a return-tube attachment

member 25b. This configuration enables the balls 29a to circulate,

while rolling, through the space between the spiral groove of the

screw shaft 26 and the spiral groove of the screw nut 25, as well as

through the interior of the return tube 25a.

In the feed mechanism, the plurality of balls 29a transmit

power between the screw shaft 26 and the screw nut 25, while rolling.

Therefore, no friction is generated between the screw shaft 26 and the

screw nut 25, and power is smoothly transmitted therebetween.

Therefore, rotational motion of the screw shaft 26 is efficiently

converted to rectilinear motion of the screw nut 25. Alternatively,

rotational motion of the screw nut 25 is efficiently converted to

rectilinear motion of the screw shaft 26.

In the present embodiment, the power transmission member may

be rollers. In this case, as shown in FIG. 5, a plurality of rollers

29b, collectively serving as a power transmission member, are disposed

between the spiral groove of the screw shaft 26 and the spiral groove

of the screw nut 25. Notably, the spiral groove of the screw shaft 26
< 14



screw nut 25, and power is snoothly transmtted therebetween. Therefore,
rotational notion of the screw shaft 26 is efficiently converted to
. rectilinear notion of the screw nut 25. Alternatively, rotational notion
of the screw nut 25 is efficiently converted to rectilinear notion of the
screw shaft 26. In the present enbodi nent, the power transm ssion nenber
may be rollers. Inthis case, as shown in FIG 5, a plurality of rollers
29b, collectively serving as a power transm ssion nmenber, are di sposed
bet ween t he spiraid greosmealbirdohe ofcrhewscgbmitit 26 hanel thhearpipi wh. grloove  of
the screw nut 25. Not abl t he spl gr oov f the scre h 4 and
the spiral groov@léfcafﬁe¥§%F%WﬁJP ?52?‘?31\]7@“&123 SRR Bf(tvéwds ﬂzfotlﬁ‘ﬁssz ase,

two return tubes L QUi geg | 18 sr288, vk Clyspass
t hrough the retur}ﬁggtf%seéggrg-g%at%? &rpet(ras 29b 1\Aﬁct°qu)ass t‘fvw ou;Jr%st he

return tube 25a- thratgh thectdiondtibe Piposirt eindlinedtin aippositdlatiadtyonst ol | ers
29b inclined in one direction and rollers 29b inclined in the opposite
directi on may beNQ)tlabbos@élﬁlst?éPn@PéVVd 1&50’1954’1169\7??1% aFii GOUEFrSIQr?bt h| s case,
the direction of, ﬁc |nat%}9n of Ithe rot .ers % di gterm ne

consi deration of ‘A& Axitaf CaPRPaEL o H P 1 *Ahi"Rh fhéqufs ed HECAH P’sr%sr ecei ves
a load. Thus, thgJweed rrechkani smcan bear a heavier |oad, and can
efficiently convert rotational notion to rectilinear notion. In the
present enbodi ment, thén phisecaser ahemiissitoon prbelinatyn dfethe pilderst 29y
roller. In this case, as shovvn in FIG 7 pl ural ity . of pl anetary rollers
29¢, col | ectivel ¥° Se1eFRiIge 48 SonpidrEation étﬁstl%f Yndingghiga,in Bhigh fihenosed

petueen the Pl T AledHaRtEaPleddfeof 151 S DAL %ﬁe 08 nérpigh A anObR e T or Mmed
on a screw groove formation e of the screw nut 25. Nota Iy, t he
spiral groove of hdahgerSTéaWaalakh 9251c1ently convert rotational motion to

rectilinear motion.

In the present embodiment, the power transmission member may

be a planetary roller. In this case, as shown in FIG. 7, a plurality

of planetary rollers 29c, collectively serving as a power transmission

member, are disposed between the spiral groove of the screw shaft 26

and a spiral groove formed on a screw—groove formation member 25c¢ of

the screw nut 25. Notably, the spiral groove of the screw shaft 26

and the spiral groove of the screw-groove formation member 25¢ of the

screw nut 25 have the same pitch. Further, a spiral thread is formed

on the perimeter of each of the planetary rollers 29c at the same

pitch as the spiral grooves. The spiral threads of the planetary

rollers 29c are in screw—-engagement with the spiral groove of the

screw shaft 26 and the spiral groove of the screw-groove formation

member 25¢ of the screw nut 25. Notably, the screw nut 25 and the

screWw—groove formation member 25c¢ may be formed as a single member.

The planetary rollers 29c are disposed around the screw shaft
26 in such manner that the center axes of the planetary rollers 29c

become parallel to the axis of the screw shaft 26. The opposite ends
15



and the spiral groove of the screw groove formation nmenber 25c of the
screw nut 25 have the sane pitch. Further, a spiral thread is forned on

- the perinmeter of each of the planetary rollers 29c at the sane pitch as
the spiral grooves. The spiral threads of the planetary rollers 29c are in
screw engagenent with the spiral groove of the screw shaft 26 and the
spiral groove of the screw groove formation nenber 25c of the screw nut
25. Notably, the screw nut 25 and the screw groove formation nenber 25c
may be formed agfatisi mighetamerbders Bhe apt antdtably swipbetied Poguide er1désposed
around the screw ﬁhaft 26 in such manner that the center _axes of the

pl anetary rol | erdd256 Aot FFAPHISF XY YTPHE R RPPehi 2% he T8 ew shaft 26.

The opposite endgpsilarfhiof BRabRb ARG BlahetRy! RN $er29 AL cF AR APLN  SUPPOT T €d
by guide rings 25d secured to the screw groove formation nenber 25c. This

configuration enabkes thhescpévasieifardp 4ml tler scr2g®cut @5t whdbs rbtatpogver bet ween
the screw shaft 26 and the screw nut 25 while rotating. In this case, since
t he backl ash between tHethigreas -shiice e baghipsk hetysenride aicyet shafer26 29¢ and

the backl ash betugen the S&Lew9l °9é(cear‘§q°rt£@%£ 9, PBHRGL. 236, 30d,Lhe
pl anetary rollers 2@0 are eyxfrerreﬁy skl I rotational notion can be

converted to reclbbieNBFhatiBPmbmar U5k hanbi B8 AGRLEAE Yol lleRs 1206 REESENt
enbodi ment, the feed nechani sm may have any one of the above-descri bed

configurations. esderemelyaswdde rpvatidnadmobadnl san be eonysetkdaty rég ipower
transm ssion nmenber wll be described. FIG 3 is a cross-sectional view of
a lubrication afParet Yidh Weh 2fHE2f%ed nechani sm according to the first

enbodi ment_of the  preseff. LAXER!LBaidle BleCred] denfhiGh I8P RELLhORAL Vi ew
as viewed in the direction of arrow A IR FIG 3. 1n F&G , the screw nut
25 of the feed rEctiRNi®IR-idesdribeddcdnPigurations. Here, a case in which balls
are used as the power transmission member will be described.
FIG. 3 is a cross—sectional view of a lubrication apparatus
for the feed mechanism according to the first embodiment of the
present invention; and FIG. 8 is a cross-sectional view as viewed 1in
the direction of arrow A in FIG. 3.
In FIG. 3, the screw nut 25 of the feed mechanism is fixed to
a nut support member 31 by use of, for example, bolts
The nut support member 31 may be a stationary member such as
the toggle support 23, or a movable member such as the cross head 17.
The screw shaft 26, which has a spiral groove on the perimeter thereof,
is in screw—engagement with the screw nut 25. The right—hand end {(in
FIG. 3) of the screw shaft 26 is connected directly, or indirectly, to
an unillustrated drive source, such as the above-described motor 11.
The screw shaft 26 is rotated by the drive source.
A portion of the screw shaft 26 in which no groove is formed
is attached to a screw-shaft support member 41 via bearings 42. The

screw shaft 26 has an integrally formed flange portion 26a. The screw

shaft 26 is fixed to the inner rings of the bearings 42 by means of
16



a nut support nenber 31 by use of, for exanple, bolts. The nut support
menber 31 may be a stationary nenber such as the toggle support 23, or a
. novabl e menber such as the cross head 17. The screw shaft 26, which has a
spiral groove on the perineter thereof, 1is in screwengagenent with the
screw nut 25. The right-hand end (in FIG 3) of the screw shaft 26 is
connected directly, or indirectly, to an unillustrated drive source, such
as the above-described notor 11. The screw shaft 26 is rotated by the
drive source. A gertlaoge pfritde2éecamine shafitg R@bem 4hhisedh ad agkaebveiti s f or med

is attached to a screwshaft support nenber 41 via egar hé;%s 45. The screw
shaft 26 has an ife&GP PP \PeFSr AAdt f4PandB boFts BT eBER2 TR =8¢ rBG SCERaf t 26

s Tixed Lo the L pely,[db0%eRlor (4] SaCb IS 1824 o RANS Qlon1Babilie, () ange

portion 26a and a fiIXxIing ne such as a lock nut, fixed to the screw
shaft 26. Thus, tHae thef @vn sbafit r2fatdnd tbheach otk bighadrnos wpporelavevder 41
are coupled to each other in such a manner that they can rotate relative
to each other bute eshneftherglener dleaayigk direstéieh ot her al ong the axi al

di rection. Wen rotatiﬁg of the screwshaft support nember 41 is
prohibited by a member TEBCKIELON %UPES AR BRPY 1 FE Feél pfocat i ve
motion; i.e., axi@hidietd b} aNERberTOEdh0sy aOuilid Qentet EWn BNl réfptsrative
transmtted to the screwshaft support nenber 41. \Wen relative rotation
occurs between themiacrew. nakiSreandlihéer nstdpewoShibé tscW, shtalie 26cksew nut 25
axially noves relative to the screw shaft 26. Therefore, when the nut
support member 3trapgnijted g ithih a¢ieYShehh EFPPOFhAeWEF e shaft support menber

41 15 a movable member gRiohfhve [BE:ib 38 e M rdkln ALIEPAL BE AulrpsupPOrt
menber 31 is a novabl e nenber, the screwshaft support nenber 41 is a
stationary nmenbeg.rsHGRartags,t fiR §26@In6t 28PPQET1y2mbves relative to the screw

shaft 26. Therefore, when the nut support member 31 is a stationary

member, the screw—shaft support member 41 is a movable member such as

the cross head 17; and when the nut support member 31 is a movable

member, the screw-shaft support member 41 is a stationary member such

as the toggle support 23.

A nut cover member 32 (storage member) for covering the
perimeter of the screw nut 25 is fixed to the nut support member 31 by
use of, for example, bolts. The nut cover member 32 assumes a
cylindrical shape and has an open end and a closed bottom, which has a
circular hole formed therein. The open end of the nut cover member 32
is attached to the nut support member 31. The screw shaft 26 passes
through the circular hole formed in the bottom wall.

A first seal member 36 such as a packing is disposed between
the nut cover member 32 and the nut support member 31 in order to
establish a fluid-tight condition to thereby prevent leakage of
lubrication oil 35. Further, a second seal member 37 such as an oil
seal 1s disposed between the inner circumferential surface of the

circular hole and the outer circumferential surface of the screw shaft
17



A nut cover nenber 32 (storage nenber) for covering the perineter of the
screw nut 25 is fixed to the nut support nenmber 31 by use of, for exanple,
. bolts. The nut cover nenber 32 assumes a cylindrical shape and has an open

end and a closed bottom which has a circular hole forned therein. The
open end of the nut cover nenber 32 is attached to the nut support nenber
31. The screw shaft 26 passes through the circular hole fornmed in the
bottomwall. A first seal nmenber 36 such as a packing is disposed between
the nut cover neRber Sdemnel eskrbliit @ Shpof tEMReRBErian tp FheFeps rprepent
establish a flui g 1N htofct%Qq'uEr'icc’Qtitor? L egeby prevent, | eakage, of
| ubrication oil 35 *Further, "&'Secohd’sedl menber™37°°such as an  oi seal

i s disposed betwgefr Lih@adN MRSt GidcWaFraeenhirt. syrdrage edrelhat Cistigdkar hol e
and the outer circunferential surface of the screw shaft 17 26 in order to

establish a fl ui denbeghitl, cbich surdecet Gecehahelrgren ewedd, aheakeagds ob 4 he

| ubrication oil 35, An oil pan 44 is attached_to side surface (left side
surface in FIG 3yingrPelat 1R PRGLCQIFEF 1" rtTheﬁ%’ﬁ’ﬂé’r "g‘i“, t%il&flg?frl%lce
faces the screw n Saf beRRLNLLDELOW ¢ r menber
32. Therefore, mﬁg%3$ﬁga u§¥ﬁ§%$?%nazﬁf% 35 Ieaks bron1?ﬁgﬂ%%g§?§ﬁce

bet ween the i nnesusrat€BATAE @Afdudhr holer raC €heObuteh e i@éunE et eak id105 & fadedot he
outer circunferential surface of the screw shaft 26, the |eaked

| ubrication oil 3Be issravethafyy @6 bhe depked dubriganionsihi Bhbureeriveghbnghe urt her
downward. A screm&fhaft co¥§r menber §3tést%rage(penber) is attached to

the side of the Att PEUSHIFEINEMBEPIAE THFEES F0YYfTfe nut cover nember 32 by

use of, for exanple, Dbal{Sen-EhetSOheMmahiRE t33CAMEFactBIRREr) 3] eOMERs ¢4 he
perineter of an end portion of the screw shaft 26 which projects fromthe

screw nut 25 towahd sideeoSitke noppawbt e medber rfut orposide tiemyerco32r medee Rcr ew

shaft cover nenber 33 assunes a_cylindrical shape and has an
by use of, for example,” bolts. The screw-shaft cover member 33 covers
the perimeter of an end portion of the screw shaft 26 which projects
from the screw nut 25 toward the side opposite the nut cover member 32
Ihe screw-shaft cover member 33 assumes a cylindrical shape and has an
open end and a closed end; 1.e., a closed bottom. The open end of the
screw—shaft cover member 33 is attached to the nut support member 31.
A first seal member 36 such as a packing is disposed between the
screw—shaft cover member 33 and the nut support member 31 in order to
establish a fluid-tight condition to thereby prevent leakage of the
lubrication oil 35

As shown in FIG. 8, a lubrication oil supply pipe 34 and a

lubrication oil discharge pipe 38, serving as a lubrication oil
circulation pipe, and an air bleeder pipe 39 are connected to the
screw-shaft cover member 33. One end of the lubrication oil supply
pipe 34 is connected to a top portion of the screw-shaft cover member
33, and the other end of the lubrication oil supply pipe 34 is

connected to a lubrication oil supply pump 47. A suction pipe 45,

serving as a lubrication oil circulation pipe, is attached to the
18



open end and a closed end; i.e., a closed bottom The open end of the
screw shaft cover nenber 33 is attached to the nut support nenber 31. A
. first seal menmber 36 such as a packing is disposed between the screw shaft
cover nmenber 33 and the nut support nenber 31 in order to establish a
fluid-tight condition to thereby prevent | eakage of the |lubrication oi
35. As shown in FIG 8, a lubrication oil supply pipe 34 and a |ubrication
oi | discharge pipe 38, serving as a lubrication oil circulation pipe, and
an air bl eeder bibpeca3nasid swpherewrddt oandéilig meqpsstfafit CERELI Fenber 33.

One end of the |ubrication oil suppl pi 4 i.s_connectgd a.top
portion of the gﬂ?éﬁ?@ﬁéﬁﬁedﬂﬁgpnHﬁﬁ%éﬁ' 35?%§%a°?%8“6? é?’éﬁgc%fk?he
lubrication oi | }3pRl:YorPbfiCsupg1y BunpC@NBERIsCEoh G Budribdlismlol DRaf U Suppl y
punp 47. A suction pipe 45, 'serving as a lubrication oil circulation pipe,
is attached to tjxetHe8sdctibini gipki4snami thes Gjipky mpanyp4647is awblied tertheeans 46
is attached to the |ower end of the suction pjipe 45 The |ubrication oi
35, which the inisriozaali die enrevshpiil soYsuMsnRe? bﬁﬁbas“rer OHETA°RBR i%ati on oi |
tank 49 via the suction,pi nd.t he fi n vavlk S S lied to
the interior of"®nePsTr ?étivaxf s §?ﬁlbglc?\?élr°nn%lr%bge#ggy3g§ﬁa§7t ﬁg b !(’:’}gtgi on oil
supply pipe 34. piHReddi W sh6at 148nsueh lasSappl s tPienptdy. i s driven by a punp
drive source 48 such as an electric notor. As shown in FIG 8, one end of
the lubrication oil dischange Fisi pb 88 pod ebrtheduldcegon didvidscharee portion

of the screwshaft cover nembher 33, and.{he ot her d of the_|ubrication
oi | di scharge pPifE #gls cannepifdet® 2doVY £HE PUBII c3L ?g‘h S‘é’ielw-%}‘ziﬁk ‘46T By

virtue of this S&IBL{]%?'I ahd e oLMIS MR khey 18riLdtSod WDF EathbAR Pide R Stored
inside the screwshart cover nenber 33 is controlled in such a manner that
the oil |evel doesomptteaxaeett Libei@aisot obl tadki ¢h tByevirube iofathion oi |

configuration, the quantity of the lubrication oil 35 stored inside

the screw-shaft cover member 33 is controlled in such a manner that

the oil level does not exceed the point at which the lubrication oil

discharge pipe 38 is connected to the screw—shaft cover member 33. As

a result, only a bottom portion of the screw shaft 26 is immersed in

the lubrication oil 35. As shown in FIG. 8, one end of the air

bleeder pipe 39 is connected to a upper side portion of the screw-

shaft cover member 33, and the other end of the air bleeder pipe 39 is

connected to the vicinity of the lubrication oil tank 49. The air

bleeder pipe 39 introduces air into the interior of the sealed screw-

shaft cover member 33 to thereby enable the lubrication oil 35 to be

discharged smoothly from the lubrication oil discharge pipe 38.

The filter means 46 attached to the lower end of the suction

pipe 45 is immersed in the lubrication oil 35 stored in the

lubrication oil tank 49. When the lubrication oil supply pump 47

pumps the lubrication oil 35 from the lubrication oil tank 49, the

lubrication oil 35 is caused to pass through the filter means 46.

Therefore, impurities such as 1ron particles and dust contained in the
19



di scharge pipe 38 is connected to the screwshaft cover menber 33. As a
result, only a bottom portion of the screw shaft 26 is imersed in the

| ubrication oil 35. As shown in FIG 8, one end of the air bl eeder pipe 39
is connected to a upper side portion of the screw shaft cover nenber 33,
and the other end of the air bleeder pipe 39 is connected to the vicinity
of the lubrication oil tank 49. The air bl eeder pipe 39 introduces air
into the interior of the sealed screw shaft cover nenber 33 to thereby
enabl e the | ubrilghticetonidil 35 4re fidterdi swhar feafexabdnt fthy I kiem neges 46

| ubrication oil di scharge Bi pe 38. The filter ns_4
e T o h

.attached.to the
| ower end of théSsTREPYEBRY 2piaskeds &P ithe SHHEPS RGPS At hE rlqﬂ%rri%r F%ar‘i’t%il 35

stored in the 'tﬁpréi%&i RAnOlsk hfaélfakfﬂ%?ri\é\é%tmgl,l WhdH catek onr OldpeSWPP! Y

punp 47 punps the lubrication oil 35 fromthe lubrication oil tank 49, the

| ubrication oil w3be meshcalieedat filpaselehbitougla tdaevdbilé tferm reEngs 46.
Therefore, inpurities such as iron particles and dust contained in the 19
| ubrication oil c35sedte fln thiseepsputthe Bikiesredprapt qaRebef prahapeedeiit ease i s
removably attached to, the suction.pipe.45. Further ref.erabl the filter
nmeans 46 has a fwﬁﬂf Aringe rgr%ﬁngﬁya?f HIRIERUISE SHEh taér”B'éB’éF{lS?gS \?\AXdr &5tesh:
i.e., afilter gLeigRtunhilhtad ENRY AL €rf ORRIULR 85 ude oGASEElhE petibdt Ni s
case, the filter element can be exchanged with ease when a large quantity
of inpurities swéhtims. i ron particles and dust have accunulated in the
filter element due to use over a lagng period of tine. Next, operation of

b

the | ubrication appar a€ts ARAFRHGR 1 ethsbtPEL ol FRPBERFUE JWRY 1RBuFhE: FRASEWI | | be
descri bed. Wen the;pot ggdlf}%rgtelro}{ivﬁgl as o%sgrihé/oe source is operated, the
ed. Si

screw shaft 26 is rotat nce the screw shaft 26 is in screw engagenent
Wi th the screw nut 25 whexedé yoedrt HICB@Gifigaé Redmivé ssuePOist operated, the
screw shaft 26 is rotated. Since the screw shaft 26 is in screw-
engagement with the screw nut 25 fixedly attached to the nut support
member 31, upon rotation of the screw shaft 26, the screw shaft 26 and
the screw nut 25 move (i.e., advance or retract) relative to each
other in the axial direction. Notably, whether the screw shaft 26 and
the screw nut 25 advance or retract relative to each other is
determined by the direction of the screw thread and the rotational
direction of the screw shaft 26.
As result, the screw-shaft support member 41 and the nut
support member 31 move relative to each other in the axial direction.
For example, when the nut support member 31 is a stationary member
such as the toggle support 23 and the screw—-shaft support member 41 is
a movable member such as the cross head 17, the screw—-shaft support
member 41 is advanced or retracted along the axis of the screw shaft
26.
As described above, the lubrication oil 35 is stored within
the screw-shaft cover member 33:; and, as shown in FIGS. 3 and 8, the

0il level 1s set slightly higher than the lowest point of the screw
20



menber 31, upon rotation of the screw shaft 26, the screw shaft 26 and the
screw nut 25 nove (i.e., advance or retract) relative to each other in the
axial direction. Notably, whether the screw shaft 26 and the screw nut 25
advance or retract relative to each other is determned by the direction

of the screw thread and the rotational direction of the screw shaft 26. As
result, the screwshaft support nenber 41 and the nut support nenber 31

nove relative to each other in the axial direction. For exanple, when the
nut support neniskzft3%6.i snaotbeawpuisaray lerentrertiosughtimsss¢ree shafygle isupport 23

and the screwshaft support nenber 41 js_ a_novabl e nenber such as the
cross head 17, CHETSRd EWABhAPRTIERbPEL ShendRsrehore; sWhérﬂ\}gﬁééﬁewthaifétract ed

along the axis of Jhgesonayaalicio?Bi 45 AESCE REH.APRY gyt NGuyRE cat i on
wthin t h nenber 33 d

oil 35 is store e screwshaft cover ; and, as shown in
FIGS. 3 and 8, bhethe Qoktilbogwel theSscsed shafitgdd LycabedRethih e schew-lspapest poi nt
of the screw 20 shaft 26. In other words, a |lower portion of the screw
shaft 26 is imiereserrmber Bhe Inuptditemi die oiubrizgtionhed effofkovs\ilere tthe screw
shaft 26 rotates he lubgrication, oil .35 co to cover .t entire surface
of the portion SPirta%egrg%vreeI\rA'?r'%%a?'f tB% PPIIES eédgg\/a\n%t’%isﬁretwh%ag%?gv@n HAFE™S cover
menber 33. In adgi QR bedeblen! HHT icGaF QN 281 dnd e dcPUB sl t R nc SRS 2l
groove fornmed on the perineter of the screw shaft 26 and enters the space
bet ween the screweavuthalb 26redidlie mweesevelshifet t26he Scregenuthzd astCrieav shaft 26
axially noves relative to the screw nut 25 and the _screw shaft cover

menber 33, the ST GAvegitemkey P& Eher fyiTicati oy oikdpgisi BT tderHE i nner
cirounferential SHLACE, khe Snnpr! AEcAREIRE 121 0000YE) (OF. | BR. SpLAW Nut 25 and
t lbeé I C r om

a portion of the screw sha projects ri g]Htewa the screw
nut 25 in FIG 3roove) of the screw nut 25 and a portion of the screw shaft 26 which

projects rightward from the screw nut 25 in FIG. 3.

By virtue of sufficient supply of the lubrication oil 35, a
film of the lubrication oil 35 is formed on the surface of the spiral
groove of the screw shaft 26, the surfaces of the balls 29a held
within the screw nut 25, and the surface of the spiral groove of the
screw nut 25, thereby improving the lubrication conditions at the ball
screw portion. As a result, the movement of the ball screw becomes
smooth, and wear of the ball screw can be prevented, whereby the
service life of the ball screw can be prolonged.

A portion of the lubrication oil 35 flows along the spiral
groove formed on the perimeter of the screw shaft 26 to thereby move
rightward in FIG. 3 beyond the screw nut 25. However, since the
second seal member 37 such as an oil seal is disposed between the
inner circumferential surface of the circular hole of the nut cover
member 32 and the outer circumferential surface of the screw shaft 26,
the lubrication oil 35 hardly leaks to the outside of the nut cover
member 32. Even when the lubrication oil 35 leaks outside along the

spiral groove of the screw shaft 26, the lubrication oil 35 leaks in a
21



By virtue of sufficient supply of the lubrication oil 35, a filmof the
| ubrication oil 35 is fornmed on the surface of the spiral groove of the
. screw shaft 26, the surfaces of the balls 29a held wthin the screw nut
25, and the surface of the spiral groove of the screw nut 25, thereby
inmproving the lubrication conditions at the ball screw portion. As a
result, the novenent of the ball screw beconmes snooth, and wear of the
ball screw can be prevented, whereby the service life of the ball screw

can be pr Ol Onged AS[IP? aim? nt,Ofi. Eh%OQGlgb(gdtca:SthC@ Qjclh %SOézllgé,\?OPJIQH%ft he

t
spiral groove {orned %n e perinmeter of e screw shaft 26 to thereby
nmove rightwar dehd 18 &at3ob@yDBE ishecsbieeiyntie @8. pdrotevelie 1sirnes1bhe
second seal nenber 37 such as an oil seal is disposed between the inner
circunferenti al osluf adoes oft dhiv d¢¥rcul ar hol e of the nut cover nenber 32

and the outer circunf Eﬁenti al_surface QJ .t he sé%(%ew slrggqcta g6,in otrgeer to
lubrication oil 35 hardf PUPefidde 0t HKe h it SPHE 8T PEHEI AL e 6V &F “mbPrber 32,

Even when the | ypri teiﬂl@rfya!tio%SqilleﬁJﬁﬁngﬁ@i@be. A0nGeting, &piral groove of
the screw shaft 26, the lubrication oil 35 leaks in a 21 very small

anount; i.e. 00Z€&%iGatfion SiNGE ssodd antiotubrdcgydornt bdh tedk 49 He Humbed e&t i on
oil 35 is received by the oil pan 44, the lubrication oil 35 does not drip
down. The punp dke feltepmears ABapd thpEpstiany PHRY FOFPE S| SPPPH8r@ef 0  drive

the lubrication, ol ‘osrugpltXe plelr twasﬁ%fzé%ve% t'ﬁe ?}%111633 VHQQhellldpﬁcﬁ@‘}oinO&IOi I35

stored in the | aBFFEdt Por o 1S pu via the fer means 46

and the suctiongpi¢ mpe 380 THussUpRldiediehol withen thBtsRkéwkhah ddver
screwshaft cover menber 33 via the lubrication oil supply pipe 34. Thus,
the oil |evel wintdben 3Bheisssr end shaktessbieeportanplethg3uprigason aad 3@nis

excessive portiaon of the |ubrication oil 35 . i di sch ed fromthe
| ubrication oil dH?‘:é‘E’rF&FgfémbitB%%g%”éﬁrdql é’lia?ﬁ rﬁeoplpeagsga"d 1s caused to

return to the lubrication oil tank 49. When the lubrication oil 35 is
caused to circulate in the above-described manner, impurities, such as
iron particles and dust, contained in the portion of the lubrication
oil 35 sto?ed in the screw-shaft cover member 33 are removed by the
filter means 46, thereby cleaning the lubrication oil 35.

The operation for driving the lubrication oil supply pump 47
by operating the pump drive source 48 may be performed, for example,
once every week, once every day, or once every hour. Alternatively,
the lubrication oil supply pump 47 may be operated continuously in
order to circulate the lubrication oil 35 at all times. The filter
element, which may be loaded with impurities such as 1ron particles
and dust, may be replaced at predetermined time intervals or whenever
the operatioﬂ time of the injection molding machine reaches a
predetermined time.

- When the feed mechanism is used over a long period of time due
to long-term operation of the injection molding machine, the
lubrication oil 35 may contain impurities, such as iron particles and

dust, which are generated duezéf wear of the ball screw. If



return to the lubrication oil tank 49. When the lubrication oil 35 1is
caused to circulate in the above-described nmanner, inpurities, such as
iron particles and dust, contained in the portion of the lubrication oi'
35 stored in the screwshaft cover nenber 33 are renoved by the filter
means 46, thereby cleaning the lubrication oil 35. The operation for
driving the lubrication oil supply punp 47 by operating the punp drive
source 48 may be perforned, for exanple once every week, once every day,

or once every hOtll{lbrl@’A‘ctlgﬁ qgtﬂeygdr)ﬂed b; 18e olflb'r.rhI C@Bi’ﬁ'ﬁt@n oﬁuwlcynﬁqmgdf? may
be operated continuously in order to circulate the lubrication oil 35 at

all tinmes. The fihfuwettiee] amEnks iwbn ohrtialeshand| adedhavicbintacnpuridceesmaguch as
iron particles and dust, may be replaced at redeternlned time intervals
or whenever thebﬁﬁ@F%FFﬁhbtﬁh%16$”EW€51nﬂ@%ﬁ ﬁﬁ?d@ﬁ&“ﬁﬁ%ﬁlﬂ@hﬁﬁaches a

predeterm ned t1 TEs n %1cltese f edeugt nﬁlgqage mo'v€d lf%cﬁnd Oev?ubrlcatang oE)Fr I"Od of
time due to Iong e n1opera |on 6f "Th 1 On no chi i

| ubrication oil 3§ tﬂa}breﬂﬁftaémﬂodlmt[|ﬂhbeﬁlbrfchlﬁhma&ll xms raafctumieas a_nd _
dust, which are generated due to wear of the ball screw |If 22 |ubrication

is performed by wedodicalhwe ot ubmﬁiomuistm imiOkd@St@@moabrﬁmngritimuwctﬂia@s, such
as iron particles and dust %%e con faces. m worn away by the
i mpurities. Ther af¥r BATHHES Lﬂ“ﬂl Lbéécatf?"oﬁ lpﬁ?tblyctlsésdaﬁ dust ,

nust be removed ¢5am g, @@r'ﬁ]@&msle,o%e Bntacd BulfALPLESEOL ETDOT Ment

the lubrication oll 35 1s circulated periodically or continuously in order
to renove inpuri he@anishusde B wdrhQivapaiytihel @puriffesiusich s Ofont fu@ticles

| ubrication oil 35 by use of the filter means 46. Therefore, the contact
surfaces of the peedustrechani smare not worn away by the inpurities, such

as iron particles and gya%tly, since the quality of the lubrication oil 35
deteriorates with heat or with time, the lubrication oil 35 is
desirably exchanged with fresh lubrication oil 35 at predetermined
time intervals.

fhe feed mechanism is cooled by means of the lubrication oil
35. Therefore, when the feed mechanism generates excessive heat due
to severe use conditions, the heat generation of the feed mechanism
can be suppressed through an increase in the quantity of the
lubrication oil 35 stored in the screw-shaft cover member 33 or an
increase in the circulation rate of the lubrication oil 35.

Wear of the feed mechanism can be prevented through employment
of a cooling unit which is disposed in the lubrication oil supply pipe
34 in order to cool the lubrication oil 35 to thereby cool the screw
shaft 26, the return tube 25a, and the balls 29a. Further, the
lubrication oil 35 stored in the lubrication oil tank 49 may be cooled
thréugh employment of a cooling unit connected to the lubrication oil
tank 49.

As described above, in the present embodiment, the perimeters

of the screw shaft 26 and the screw nut 25 are covered by the nut
23



Not ably, since the quality of the lubrication oil 35 deteriorates with
heat or with tine, the lubrication oil 35 is desirably exchanged with
fresh lubrication oil 35 at predetermned tinme intervals. The feed
mechani smis cooled by neans of the lubrication oil 35. Therefore, when
the feed nmechani sm generates excessive heat due to severe use conditions,
the heat generation of the feed nechani sm can be suppressed through an
increase in the quantity of the lubrication oil 35 stored in the

screw shaft covep,Jyefhiel, §§> £ <A schOCLRAT G & hbiefishCUeatd- oIV gt @an@f the
| ubrication oil 35. Wear o feed mechani sm can be prevented through

enpl oyment  of ahedebiingtionicil \#i Ghsicsediisphsedrewtsidfe dovbr mesiter 038 oOn |
supply pipe 34 in order to cool the lubrication oil 35 to thereby cool the
screw shaft 2632antageuitesishntbetiifel sh PORHEP tHet5afqre” 20aft #hirie Hi@perseRe

| ubrication oil .35 ,sto nth ol.l _tank be caqol ed
t hr ough enpl oymentth(%flul;)rlca (ﬁnnogl?uénélj? co%rﬁégqub 1t“i‘)tet ?lfgr'?%g 1'8h g t ank

49. As descri bedeghoyethd MudhgatREESENB5eMbodi nent , the perimeters of t he
screw shaft 26 and the screw nut 25 are covered by the nut 23 cover nenber
32 and the screw shaf tAccodénglnenrbed &8, filesgettel Wblrycationdoilt B chulbbei cati on
oil 35 is stored in the screwshaft cover menber 33 in_ an anount such that
a | ower porti onm6¥“tFH§ds‘E’rE% SHAREt SETpces; b EFe¥i hafhél 1B rihe st eh o |

35 to thereby |ypf 'zeaéhgngh fh pfn t&ﬂ.@ ﬁm&xtacm@m ALY bé@ﬁggmagon oi |

35. Accordingly, a uniform ubr| cation 0| 35 can

mai nt ai ned on t ke therdoaed tﬁdhl’siﬁﬁ@ﬁdh fémbehe Bakewhsraftic2Qiasxdof hte SCrew nut
25 through which they conme into contact with the balls 29a serving as the
power transm ssirespentivesrortipngef thsefesdmerkanisy gasbpfextqpded. Further,

the respective portions of the feed mechanism are cooled by the
lubrication o0il 35. Therefore, wear of the respective portions of the
feed mechanism can be prevented in order to extend the service life of
the feed mechanism.

Fufther, impurities, such as iron particles and dust,
contained in the lubrication oil 35 are removed by use of the filter
means 46, whereby the lubrication o0il 35 is cleaned. Therefore, wear
of the respective portions of the feed mechanism due to impurities,
such as iron particles and dust, can be prevented in order to extend
the service life of the feed mechanism.

Next, a second embodiment of the present invention will be
described. Repeated descriptions of structural features and operation
which are the same as those of the first embodiment will be omitted.
FIG. 9 is a cross-sectional view of a lubrication apparatus for a feed
mechanism according to the second embodiment of the present invention;
FIG.'IO is a cross—sectional view as viewed in the direction of arrow
B in FIG. 9; and FIG. 11 is a partial cross-sectional view showing the
lubrication conditions of the feed mechanism according to the second

embodiment of the present invention.



respective portions of the feed nechani smcan be extended. Further, the
respective portions of the feed nmechanismare cooled by the |lubrication
-0il 35. Therefore, wear of the respective portions of the feed nmechani sm
can be prevented in order to extend the service |life of the feed
mechani sm Further, inpurities, such as iron particles and dust, contained
in the lubrication oil 35 are renoved by use of the filter mneans 46,
whereby the lubrication oil 35 is cleaned. Therefore, wear of the

respective portions ofydt hewh agdrmaecianinSiRedpm@stm bdbB4inehi, €$he Such as iron
particles and dust, can be prevented in order to extend the service life

of the feed necﬁahr]smmhleoaﬂ sugp bepimdideaipb diarbriiri oft10thei prdésdbategd puvent i on
will be described. Repeat ed descri ptions of structural features_ and

operation whici®afé tHBCLEAEORT L %s?rB‘f'sf“ﬁé FEE MeBIRBoth REnEC ViPF INUbe
omtted. FIG 9.5 ﬁdn%ng% S%ﬁ D3k ¢ ébq aﬁok”ﬂﬁ'&%hiyog p%psz‘r gtus for a

feed nechani sm accor to the secon |rrent of rese

invention;, Fl Gcodfbcitéd 3o GF O§Sp&eTdn 6Nahe wuewm& MinBWed2,i @nd RBe d:ltﬁeﬁCtl on of
arrow Bin FIG 9; and FIG 11 is a partial cross-sectional view show ng
the |ubricatiorendoxidihei bibsiqaftiqnheilf surglynoéieapd smmmmd g the t he second

enbodi nent of the ﬁﬁesent |nven ion. 24 ﬁi Zlh in S %0, An the present
enbodi nent, the TuP ?flé’at‘?le)nS“BP Y B¥Bptly pitp ﬁlcahld’“t?'} Pubtiektthdn oi

di scharge pipe 13§ 6L o5oRIeH §Opldpe 565 @6 S0fika G0N &1y 33 but
to the nut covelr m eor 32. %ﬁ% g% ofptn%e | ubri cati 3n30| s}ug%frge%l pe 34
is connected toia rmepsupt)lrohlmme db dnldetheufilcevedanssitbelrs Sipplddid hige ot her

end of the lubrication oil supply pipe 34 is connected to the |ubrication
oi | supply punp iaverivhef| igriud a0V en Pepber 35 vighthehlubhricatiqibeilc arrdn oi |

SUppl y punp 47 QHHP%J rRWhtngql L}szgfrcgfeeger gll.pe §9ali]sk oﬁ?tted, the air bleeder

pipe 39 may be provided in a manner similar to that in the first
embodiment.

As shown in FIG. 10, one end of the lubrication oil discharge
pipe 38 is connected to a lower side portion of the nut cover member
32, and the other end of the lubrication oil discharge pipe 38 is
connected to the lubrication oil tank 49. By virtue of this
configuration, the quantity of the lubrication oil 35 stored inside
the nut cover member 32 is controlled in such a manner that the oil
level does not exceed the point where the lubrication oil discharge
pipe 38 is connected to the nut cover member 32.

In the present embodiment, the screw nut 25 is attached to the
nut support member 31 in such a manner that the return tube 2ba is
located on the lower side of the screw nut 25, and, as shown in FIG.
11, the oil level is set such that a lower portion of the return tube
25a ;s immersed in the lubrication oil 35. One or a plurality of fine
holes (not shown) are formed in the return tube 25a. Therefore, the
lubrication oil 33 is supplied to the interior of the return tube 25a

via the hole(s), so that the surfaces of the balls 29a are covered



via the suction pipe 45 and the filter means 46, is supplied to the
interior of the nut cover nenber 32 via the lubrication oil supply pipe
-34. Although the air bleeder pipe 39 is onmitted, the air bl eeder pipe 39
may be provided in a manner simlar to that in the first enbodinent. As
shown in FIG 10, one end of the lubrication oil discharge pipe 38 is
connected to a |l ower side portion of the nut cover nenber 32, and the

ot her end of the lubrication oil discharge pipe 38 is connected to the
l'ubrication oil {ankd9 pByca¥idnl &8 &, t#ur%ercosmegweatmmcatt be oguantjdy of
the lubrication oil 35 stored inside the nut cover nenber 32 is controlled
i n such a manner sigpatedt retid ballkedge] wilddscihrotlakcaetk tie spiolhtgradveseott he

| ubrication oil discharge pipe 38 is connected to the nut cover nenber 32.
In the present eﬁhﬁoé@rﬁ’érﬁhafttﬁ ag¢ they SALAY DY P &t cabHétr id ferred futhsupport
menber 31 in such LB nghghaga{ e Leturn tube 25a is located on the

| ower side of th& s&r8wnut® 2%, ﬁd as shown in FIG 11, the oil level is
set such that a | ower wthézqnasoéh&whemrewm thebeil 2HA110E tHEMBILSeLhtish t he

| ubrication oil 35. One or a plurality of fine holes (not shown) are
fornmed in the rebir B tinket 25eh thitetlef oile letehedoek iot ireath oire béilgh35fi the
supplied to the interior, of the_return gbe 2ba, via the hal e(s),, so that

the surfaces of FHENHAPHSDIET 47 ILBRPEPE A FEER\TRS, LENFE F1TRYS eaﬂtbﬂ oi | 35.
Further, since t?ﬁrfla&’ebf;f% £ icoMu@l) h3R LF the YRPLbRY tﬁe?lbélth Qﬁh'tﬁ 2%y Whi ch

C|rculate al ong the splra grooves o the screw sha and the screw nut
25, an oil fil m t&chofer@dionsidfece sfirthacesewoshafhe26spiThéaleferepothes. Furt her,

as shown in FIG 9, the oil level of the lubrication oil 35 is set such
that the oil Ievbllbré@és°met1 ﬁ%aeﬁilwéah%ifgm thet cleqpance destrgnsidal imenber 37,
di sposed between fhe i r C|r%unfe£%g

circim eren ial” surface o e 01rcu1ar hole and the outer

circumferential surface of the screw shaft 26. Moreover, an oil pan
44 is attached to a side surface (left side surface in FIG. 9) of the
screw-shaft support member 41, which surface faces the screw nut 25,
and extenas to a point below the nut cover member 32. Therefore, when
the lubrication oil 35 leaks from the clearance between the inner
circumferential surface of the circular hole and the outer
circumferential surface of the screw shaft 26, the leaked lubrication
0il 35 is received by the oil pan 44 without dripping further downward.

Notably, a cooling unit may be disposed in the lubrication oil
supply pipe 34 in order to cool the lubrication oil 35 to thereby cool
the screw shaft 26, the return tube 25a, and the balls 29a for the
purpose of preventing wear of the feed mechanism. Further, the
lubrication oil 35 stored in the lubrication oil tank 49 may be cooled
through employment of a cooling unit connected to the lubrication oil
tang 49.

As described above, 1n the present embodiment, the perimeters
of the screw shaft 26 and the screw nut 25 are covered by the nut

cover member 32 and the screwighaft cover member 33, respectively: and



surface of the circular hole of the nut cover nenber 32 and the outer
circunferential surface of the screw shaft 26. Therefore, the |lubrication
-o0il 35 hardly | eaks fromthe cl earance between the inner circunferential
surface of the circular hole and the outer <circunferential surface of the
screw shaft 26. Moreover, an oil pan 44 is attached to a side surface
(left side surface in FIG 9) of the screwshaft support nenber 41, which
surface faces the screw nut 25, and extends to a point bel ow the nut cover

menber 32. Ther efiQf 6 up W8N on (€ J5URY LGRLE QR mh@%%&%&&my {hencl earance
between the inner circunferential surface of the circular hole and the

outer circunfer entinal swehirthace iwet Iperses e dhafeturdbtubieh?zbal eakegkrsed in

| ubrication oil 35 is received by the oil pan 44 w thout dripping further
downwar d. Not abl yhe ubE6RTiRR %h.%ﬁ' fayChés dhépsRdigdnte fie |lutﬁr|1era1°?ofﬁ%i|
supply pipe 34 | PJrqe{ubE‘% ool the lubrication oil 35 to thereby cool the
screw shaft 26, Re return fube 25a, and the balls 29a for the purpose of

preventing wear of t he sfipadtieehdnissns bk bilgk, 20bN&er'idprdsCael povedi | 35
stored in the lubrication oil tank 49 may be cool ed through enpl oynent of

a cooling unit conmsetsdon @embhe leobrcpeeaed gathoithe lebmikatdon ol 38escri bed
above, in the present eryg‘(l) t he peri, geters of the sarew shaft 26 and
the screw nut 25 U“BHOTRJV f/ ltuhrelcﬁh‘t“ TOVEr °aPelffo BF 1N32105A Pt HhE

screw shaft cover omgp%ﬁrf%%es o?srﬂgcstc!ré/wegyaft 8E%dandzg'net pﬁ'eL LﬁEE 'ﬁa{ rglrf'ghOi I 35

is stored in the nut cover In an anount such at a ower
portion of the rehwhntrteub@maaam sommmsﬂdthmbambagbubrrhﬁattr@nsé}wlceSS,
which is thus supplied to the interior of the return tube 25a. Since the
surfaces of the Bafd &f Zbg fe%‘bl"%hﬁglsascat“h@ pEhRafed- t r ansni ssi on menber, are

covered with the Iubri CN&H On (Plud e%odlment of the present invention will be

described. Repeated descriptions of structural features and operation
which are the same as those of the first and second embodiments will
be omitted.

FiG. 12 is a cross—sectional view as viewed in the direction
of arrow A in FIG. 3 showing the third embodiment of the present
invention; and FIG. 13 is a cross—sectional view as viewed in the
direction of arrow B in FIG. 9 showing the third embodiment of the
present invention.

In the present embodiment, an iron-content measurement unit 71
for measuring quantity of iron contained in the lubrication oil 35 is
disposed in the lubrication oil supply pipe 34. In the present
embodiment, the lubrication oil supply pipe 34 and the lubrication oil
discharge pipe 38 may be connected to the screw-shaft cover member 33,
as shown in FIG. 12, or to the nut cover member 32, as shown in FIG.
13.. Further, the iron-content measurement unit 71 may be disposed in
the lubrication oil discharge pipe 38.

The iron-content measurement unit 71 is communicatably

connected to a controller 72, which serves as control means for



uniformfilmof the lubrication oil 35 can be nmaintained on the contact
surfaces of the screw shaft 26 and the screw nut 25 through which they
. come into contact with the balls 29a. Thus, the service life of the feed
mechani sm can be extended. Next, a third enbodi nent of the present
invention will be described. Repeated descriptions of structural features
and operation which are the sane as those of the first and second
enbodi ments will be omtted. FIG 12 is a cross-sectional view as viewed

in the directi Oncongoé?f @gwé%gfgatﬁbrﬁof%hghmﬁg nsafaﬁmltehia_rnd Sohadieptef the

present invention; an IS a cross-sectional view as viewed in the
direction of arrewBliéer Fl & ndlswlensmitng ghdie ifdiicsd verdiodimpanntredfirdthe present
invention. In the present enbodi ment, an_iron-content nmeasurenent unit 71
for measuring quentdnty dhe cersobleht’di Healavs thieerersiner daet sANGPE: 35 i s

di sposed in the |uybrication oil s I | 34. In the present enbgdi nent,
the | ubrication CS;IIfulgﬁ'bspiL'@/e fﬁrﬁ)'éceSZ §n3/ ?%eg??elfb??cl}:’% 553 P01 ba&f%cqgﬁlgee pi pe

38 may be connecfgfl cbRtehb@nd WisYrashahd semMeind BFHRLIthd3ron 38nt2ROVR iM FI G
12, or to the nut cover nenber 32, as shown in FIG 13. Further, the

i ron-content neaxuesnmeht presdt Vdluppyabe @ sposed thet theesdrubnei Cifeiah oi |
di scharge pipe 38. The iron-content neasurenment unit 71 is comuni catably
connected to a cdRthest merhapdsm hgy BepnsEsRGRad as control neans for 27

control Iing_the oper atygn f, Lol . MREDIAG oA LARSULS: Lo he

controller 72 a measurenent Sl gha ndicative of a neasured 1ron content.

The controller 74 #ilsplea¥ssctived magsad i ron content; calculates the
service life of the feed nechanismon the basis of the iron content and
di spl ays the sanme; andfItwHénist helipgron sbevimenthejepnfiguration of the iron-

content measurement unit used in the third embodiment of the present
invention.

In FIG. 14, reference numeral 74 denotes a first excitation
coil, which is disposed in such a manner that the lubrication oil
supply pipé 34 passes through the center thereof. Reference numeral
75 denotes a second excitation coil, which is disposed to face the
first excitation coil 74. However, the lubrication oil supply pipe 34
does not pass through the center of the second excitation coil 75. A
detection coil 77 is disposed at the midpoint between the first
excitation coil 74 and the second excitation coil 75. The first
excitation coil 74 and the second excitation coil 75 have the same
configuration and are excited by the same current output from an
oscillation circuit 76. Therefore, the first excitation coil 74 and
the second excitation coil 75 generate magnetic fields of the same
intensity in the same direction.

- Therefore, at the midpoint between the first excitation coil
74 and the second excitation coil 75, the magnetic field generated by
the first excitation coil 74 and that generated by the second

excitation coil 75 are cancelled out, so that no electromotive force



excess of a preset value, warns an operator that the service life of the
feed nechani sm has been reached. Next, the configuration of the

. iron-content measurement unit 71 will be described in detail. FIG 14 is a
di agram showi ng the configuration of the iron- content neasurenent unit
used in the third enbodi mrent of the present invention. In FIG 14,
reference nuneral 74 denotes a first excitation coil, which is disposed in
such a manner that the lubrication oil supply pipe 34 passes through the
center thereof. Refgpence; QUIT%I(’)&JOMJEQ QeEéhteﬁﬁe@ S eaRNE 18X Gioh alol pry7coi |,
which is disposed to face the first excitation coil 74. However, the
lubrication oil &up@ley i fie Bdipothoes not pass through the center of the
second excitation coil 75. A detection coil 77 is disposed at the m dpoint
bet ween the first exc‘i“’cwa’(qronWhébltlheﬁ&b%%ﬁatWHé”%erjéoﬂd’wb’S@ci“isdP? dRecoil 75.

The first exci t?%l on. coi %é&éstﬂﬁ % Len1§ qvghet he

34se g
sane configuratioh ant na?le1 se%@?’?@ ﬁ}g same curren{i‘ out put from an

oscillation circtirkt €QeitdbRhedR1 &4, tclaﬁftaflhé’ Store ¥4yt ellels 073, CtHel infdnaind oft he
second excitation coil 75 generate magnetic fields of the same intensity
in the sane dir etk menetihefieibfernedtbyt the fﬁrdp@kﬁttabi@nv@eh Tehinct easss,

excitation coil 74 and thg} fecon excit at coi l t he net c field
generated by th&sPiTise L8 CPLACE S TAgRTtY i Tt‘nélfe Bb‘i?@?'htre ﬁee second
excitation coil 45 e?erc%ro%@&cv@'%&ge gytmme J;agenapat@& qst{hgna%ttwﬁo; Qhee 28 is
induced; i.e., no voltage Is generated in the detection coil 77 disposed

at the m dpoint. 77|-|Ovm\éeﬂhus-\&hﬁéntd§tbvdlmbid ¢tatamelni f tddl by3bednlsonfi mg i nsi de t he
| ubrication oil ?ply pi pe 34, which passes through the center of the
amplification circuit 78 and is sent to the controller 72 as a
measurement signal. Since the amplitude of the voltage changes in
proportion to the quantity of the iron particles 73 contained in the
lubrication oil 35, the quantity of the iron particles 73 can be
measured on the basis of the amplitude of the measurement signal.

Wﬁen the lubrication oil 35 circulates, the iron particles 73
contained in the portion of the lubrication oil 35 located inside the
screw—shaft cover member 33 circulate together with the lubrication
oil 35. Therefore, the quantity of the 1iron particles 73 contained 1in
the lubrication oil 35 can be measured by use of the iron-content
measurement unit 71 disposed in the lubrication oil supply pipe 34.
Notably, the quantity of the iron particles 73 may be measured at all
times, or intermittently at intervals corresponding to a frequency at
which the lubrication oil supply pump 47 is operated.

When the iron-content measurement unit 71 is operated, the
oscillation circuit 76 starts its operation, whereby magnetic fields
are éenerated by the first excitation coil 74 and the second
excitation coil 75. When the lubrication oil 35 contains no iron
particles 73, the magnetic field generated by the first excitation

coil 74 and that generated by the second excitation coil 75 have the



first excitation coil 74, contains iron particles 73, the intensity of the
magnetic field fornmed by the first excitation coil 74 increases, upsetting
t he bal ance of magnetic fields at the mdpoint. Therefore, an

el ectronotive force or voltage is generated in the detection coil 77. The
t hus-generated voltage is anplified by neans of an anplification circuit
78 and is sent to the controller 72 as a neasurenent signal. Since the
anplitude of the voltage changes in proportion to the quantity of the iron

particles 73 Congé’?ﬂenﬁlCEeﬁﬂtyt he, thatbhd Q@Iﬂa@@ Qi éengl%te& he wdantbdioRfcot he iron
particles 73 can be nmeasured on the basis of the anplitude of the

measur enent si gnad.. Hevert hvded ube iloaticarionidil 3B Lliowigl atsédg thdrie iron
particles 73 contained in the portion of the lubrication oil 35 |ocated
i nside the scr ewbgh%artf-orbaxﬂeﬁu hipépe 38 coptadng 4reR PyGAtieEr i B t he

oL RS B S AU 4 0 gl

contained in the U e neas y use 0

iron-content nNEASYAAIEEHs, Wi thatla db13RES €6l deflerab@ inhhé @atdc@orobdilsSTRP! Y

pi pe 34. Notably, the quantity of the iron particles 73 nmay be neasured at
all tines, or ibinee rﬁht-'tiemdssf'tyapf ithe @pgret&c ébﬁrllde@parﬂiPﬁ@Yt@eafifrﬁtaquency at
\/\hlchthelubrlcatlon oi | ?Lgxrtpn})MlsoerateqP en, the iron-content
measur enent uni te"fit?témbﬁg’rla dCHeARes b’éé’f?‘?’é B c‘EHaP“fé & Khg 4790t s

operation, wherepy . opgneki CthE'a%Lﬁscud@Bﬁ tgg%[@atggckepé’ratt&eb; t'h§tde?é%%$@t' on
coil 74 and t he secon excitation coil When the lubrication oil 35

contai NS NoO i roncoipal?t bldoeincrehses He m‘agcneionctcf ited dugetheyr af etle dyord he fir st
excitation <coil 74 and that generated by the second excitation coil 75
have the 29 sanEafth‘tléﬁ573ty,Th%rGf?If‘Fatthﬁoq“@th&g’é the {fé’ﬁé’@éﬁ’é&eﬁ A3 t938 be

detection coLl Ehpt Sy Bl sHIER U LARLCTLIR 1 83 SLgutn et ce e
77.

When the measurement signal is sent from the iron—content
measurement unit 71 to the controller 72, the controller 72 calculates
the serviée life of the feed mechanism. When the quantity of the iron
particles 73 contained in the lubrication oil 35 is in excess of a
preset value, the controller 72 provides a warning to the operator.
For example, when the iron content of the lubrication oil 35 has
exceeded 0.1%, the controller 72 warns the operator to change the
lubrication oil 35; and when the iron content of the lubrication oil
35 has exceeded 1.0%, the controller 72 warns the operator to change
the feed mechanism, while commenting that the degree of wear of the
feed mechanism has reached the allowable limit. The above-described
values and contents of warning may be changed freely.

The controller may be configured to continuously display the
iro; content on a display or meter of the controller. Further, the
controller may be configured to stop the molding machine when the

controller determines that the feed mechanism has come into an

anomalous condition due to excessively high iron content
30



intensity of the magnetic field generated by the first excitation coil 74
i ncreases, so that a voltage is generated in the detection coil 77. Since
-the intensity of the magnetic field generated by the first excitation coi
74 increases in proportion to the quantity of the iron particles 73, the
anplitude of the voltage generated by the detection coil 77 also increases
in proportion to the quantity of the iron particles 73. Therefore, the
gquantity of the iron particles 73 can be neasured on the basis of the

vol tage gener at e&iltlaynattmlg,ettﬁgtcw}omir'may7b7e- cofren Lh], BasUL EMBRta, st gnal is
sent fromthe iron-conten nmeasurenent unit 71 to the controller 72, the

controll er 72 casdrula@at exfe dfheheSesedi Bhdribe bpfmebine of @eteszeghasnosminghen t he
quantity of the iron particles 73 contained in the lubrication oil 35 is
in excess of a fareswEmpleal el apaopbntremsiipepeipge gheilgedon RaaRBRgot 0 t he
operator. For exanple, when the iron content qf the lubrication qil 35 has
exceeded 0.1% t H& ot 16 PEFRePLSRRTSTsO% ﬁ’éc‘%(a) e(raa'{%{rgmt "% ?ae%ge Iphghs
lubrication oil 33 afd JpbeAot REn ik GRN GRke 0br Lh@ahsthrdduaiieebrpl! 35
has exceeded 1.0% the controller 72 warns the operator to change the feed
mechani sm whi | ecanomake ndomplpte hatparhtiod efyr esxcidngovedr thef feet aneciandsh.mechani sm
has reached the allowable |limt. The above-described . values and contents
of warning may be chantedesaréadyaboyte i dAe PEESeBF ARSI te orhei JGRed to

continuously dis oln@é(nttﬁgthé r19t§1ri€%%r?%‘il Q8 4 rﬁga§€ﬂlegybyogsen§% &he %? e

controller. Further, controller may be con ured to stop e nol di ng

machi ne when t hecongentt fiddshemestetgiitnT Nesndt that cdnbeolfi @ed2 nachastamias cone
into an anomal ous condition due to excessively high iron content. 30
Al ternatively, t¢ravientifsgl ¢fetharfisedbrechenish goridd hagideE phayreasyseédiret ed

service life of the leed MRGDAML T2 RN e AnTCRE NS [ EPON 54'Y;
the feed mechanism. Therefore, the service life of the feed mechanism
can be predicted accurately, thereby enabling replacement of
components at proper timings.

Iﬁ the above-described embodiments, a horizontal-type
injection molding machine in which the movable platen moves in the
horizontal direction has been described. However, the apparatus and
method for lubricating a feed mechanism of a forming machine can be
applied to a vertical-type injection molding machine in which the
movable platen moves in the vertical direction. Further, the
apparatus and method for lubricating a feed mechanism of a forming
machine according to the present invention can be applied not only to
injection molding machines, but also to other forming machines, such
as die castfng machines and IJ encapsulation presses.

The present invention is not limited to the above~described
embédiments. Numerous modifications and variations of the present
invention are possible in light of the spirit of the present invention,

and they are not excluded from the scope of the present invention

31



for exanple, that one nonth remains before the tinme for exchange, or that
the feed nechani sm nust be exchanged within one week. In this case, the

- operator can grasp the timng for exchange, and therefore can nake

conpl ete preparation for exchange of the feed nmechanism As descri bed
above, in the present enbodinent, the iran content of the lubrication oil
35 is neasured by use of the iron- content neasurenent unit 71; and the
controller 72 calculates the service life of the feed nechanismon the
basis of the nea i ontent and warns the operator to replace the
| ubrication oil ggj{ﬁ% C['ﬁm Sged mechani sm Therefore, the service life of
the feed mechani sm can. be npbetiati@dapaeituatiel yluotitetiopys eaabhédhgnism

repl acenent of conponents at proper timngs. In the above-descri bed
enbodi ments, a heofizz&rmane @Wiéne i emeeksiied nol di ng machl ne in whi ch the
novabl e pl aten noves i )t hor i. zont %apdl rpct on been. de cri

However, the apparat us & “METHOYT POl uBri%tati™my ‘a gf SO HEER A %on% B

form ng machine emlbﬁeaﬁ&mﬂoﬁ%ﬂ SondeMERE redi1inkRe mbﬂloﬁcttd maﬁmndl ng

machi ne in which the novable platen noves in the vertical direction.
Further, the appanatxuamand met hod for lubricating a feed mechanismof a
formng nmachine accor g to the present invention can be_ applied not only
to injection nolding L& Hegicapinn oflseireblagiHePimeotdhi SFPHEERI nes, such

as die casting n I esent invention
is not imted trrgg ﬁéﬁg @321 és@?ﬁﬁgg& %%B%h?r@%ﬁ:a%ﬁ o-rfrieje?ég'{sg §rrkgedl fications
and vari ations ofugieedl@setdtiod BViENti on are possible in light of the
spirit of the present invention, and they are not excluded fromthe scope
of the present invention. 31 WHAT WE CLAIMIS: 1. A lubrication apparatus
for

a

lubricating a feed Zveahﬁxrt])ir;sc@tion apparatus according to claim 1, wherein the
conversion mechanism includes a screw shaft having a spiral groove; a
screw nut having a spiral groove of the same pitch as that of the
spiral groove of the screw shaft; and a power transmission member
disposed Between the spiral groove of the screw shaft and the spiral
groove of the screw nut and adapted to transmit power between the

screw shaft and the screw nut.

3. A lubrication apparatus according to claim 2, wherein the

power transmission member is a group of balls or rollers.

4, A lubrication apparatus according to claim 2, further
comprising a storage member for storing lubrication oil in an amount
such that at least a portion of the screw shaft is immersed in the

lubrication oil.

5. A lubrication apparatus according to claim 4, wherein the
storage member covers at least a portion of the screw shaft to an

extent such that the portion3§s immersed in the lubrication oil.



of a form ng machine, conprising: (a) a conversion nechanismfor converting
rotational notion to rectilinear notion or converting rectilinear notion
to rotational notion; and (b) a lubrication oil circulation pipe for
supplying lubrication oil to the conversi on nechani smand collecting the
supplied lubrication oil. 2. A lubrication apparatus according to claima1,
wherein the conversion nechanismincludes a screw shaft having a spira
groove; a screw nut having a spiral groove of the same pitch as that of
the spiral groove of the screw shaft; and a power transm ssion nenber

di sposed between the spiral groove of the screw shaft and the spiral

groove of the screw nuk. andivbdapt fmh impatdtansotdrdpEVes cheimgenutther screw
shaft and the screw nut. 3. A lubrication apparatus according to claim 2,
wherein the poweenrrisingri swrase neubpefor sterige dubrigstipnldis orar ehduats. 4. A

| ubricati on apparatus accordin o claim2, further onprij,sing a storage
nmenber for storifYf Iﬁﬁl’iactahaﬁﬁ ohwefrfoéﬁ‘)ar?gu%tret‘gﬂcw f 1 tthﬁtsﬁqéﬁsnfna
portion of the s¢fewhshad tinithe l INPRI.88QnId11the lubrication oil. 5. A

| ubricati on apparatus according to claim4, wherein the storage nenber
covers at |least a portion of the screw shaft to an extent such that the

portion is imersed in_the Jubrication oil. 32 6., A lubrication apparatus
according to claim2, furthPri@bifsr IPpTRIUS 288V A tEh@r 6:f Bhereinthag

l Ubri Catl on OI l Iﬁporg‘%i’ ﬁg%léptcov lgcﬂ Egﬁtt Llje?\ﬁ%t tlﬁelo(}m@}{e th‘l;ek'ln%@ T.OOf ana

return tybe of the ew nut I's Imrersed in t he _ubrlcatlon ol. 7. A
| ubrication appaegfeds sa&ic @kall tip t&xueh aubB 6s i@ k& in tthe lubrication oil.

8. A lubrication apparatus according to claim 1, further
comprising filter means disposed in the lubrication oil circulation

pipe and adapted to remove impurities contained in the lubrication oil.

9. A lubrication apparatus according to claim 1, further
comprising a cooling unit disposed in the lubrication oil circulation

pipe and adapted to cool the lubrication oil.

10. A lubrication apparatus according to claim 1, further
comprising an iron-content measurement unit disposed in the
lubrication oil circulation pipe and adapted to measure iron content

of the lubrication oil.

11. ~A lubrication apparatus according to claim 10, further
comprising control means for controlling the forming machine on the
basis of the iron content measured by the iron—content measurement

unit.

12. A lubrication apggratus according to claim 11, wherein



storage nenber covers at least the return tube of the screw nut to an
extent such that the return tube is imersed in the lubrication oil. 8. A

| ubrication apparatus according to claim1, further conprising filter
means di sposed in the lubrication oil circulation pipe and adapted to
remove inpurities contained in the lubrication oil. 9. A lubrication
apparatus according to claiml, further conprising a cooling unit disposed
in the lubrication oil circulation pipe and adapted to cool the

ubri cation of | ¢pdQundol WECANLOR:APRAA S ATEQIINTd0phaf m 1, Turt her
conprising an iron-content neasurement unit disposed in the Iubr| cation

oi | circul ati onmpéHaeisanéh aBkapisd dfothvemadtsed fron @otdnent of the

| ubrication oil. 11. A lubrication apparatus according to claim 10, further
conprising control neans for controlling the form ng machi ne on the basi s
of the iron content sup ron-content. measur enent uni 12. A

| ubrication apparat ugqgcco‘ral i nlé:a%mnc"fpgaratﬂ ac%dm légastm ﬂé chon?rol nmeans
cal cul ates a seryi ¢entrbf GesMs %ﬁ@u&a@@%ﬁh@@ fomsmmrfgmmartgbeoﬂoa& s of the
measured iron content. 13. A lubrication apparatus according to claim 11,
wherein the contimkatieansl prodecesvesiar néchgnifsorvher chpmeagrekdhemge of t he
| ubrication oil or the conversion nmechani smwhen the neasured iron content
exceeds a predet@tiirhédcaeds @l predaterpinedfeyelat i on nethod for | ubricating a
feed mechanismof a form ng machine, conprising: supplying lubrication oil
to a conversion mechanismfor converting rotational notion to rectilinear
nmotion or converting 1aecihilubfieatiofDidthdd Far Lebratdtonak et im@bhanasid of

a forming machine, comprising:

supplying lubrication oil to a conversion mechanism for
converting rotational motion to rectilinear motion or converting
rectilinear motion to rotational motion; and

collecting the supplied lubrication oil.

15. A lubrication method according to claim 14, wherein the
conversion mechanism transmits power by means of a screw shaft having
a spiral groove; a screw nut having a spiral groove of the same pitch
as that of the spiral groove of the screw shaft; and a power
transmission member disposed between the spiral groove of the screw

shaft and the spiral groove of the screw nut.

16. A lubrication method according to claim 15, wherein the

power transmission member is a group of balls or rollers.

17. A lubrication method according to claim 15, wherein at

least a portion of the screw shaft is immersed in the lubrication oil.

18. A lubrication meggfd according to claim 17, wherein at



collecting the supplied lubrication oil. 15. A lubrication nmethod accordi ng
to claim 14, wherein the conversion nmechanismtransmts power by neans of
a screw shaft having a spiral groove; a screw nut having a spiral groove
of the same pitch as that of the spiral groove of the screw shaft; and a
power transm ssion nenber di sposed between the spiral groove of the screw
shaft and the spiral groove of the screw nut. 16. A lubrication nethod
according to claim15, wherein the power transm ssion nmenber is a group of
balls or rollers. 17. A l.ubri.cation hqd i t i wher ein
at least a porflieaos# dPorne” s°§r%v?/ 3 rgﬁh?g fsﬁrgr%'%ég%g?r? tg%ogld?éugﬁbgéttloon oi l .
18. A lubricati QR d®bd0shcACHRE AhBGhok Pioa! i Mmdrsed et Mutdtcat3dn lbgast a
portion of the screw shaft is covered by a storage nenber to an extent
such that the portion is imersed in the lubrication oil. 19. A lubrication
met hod according to chgin115 wherein I a |l ower portion ofta return

\ t, lea
tube of the screw nut s !Anh’éf’scéalqnnmetgﬁ%af‘i?ﬁﬁﬁ“ﬁa’ﬁ Blr?lﬂiII%: TER At
| ubri cation met hggstgﬁqgmi D& 6f Al Mk (WREELLRe Qlrew! RASEs 2nRQLLd O Of

e
the return tube o e screw nut 1s covered by storage nenber to an extent
such that the paréilabricstionmatsed in the lubrication oil. 21. A

| ubrication nethod according to claim 14, further conprising renoving
inmpurities contained in the lubrication oil by filter means disposed in

the lubrication oil ciyculation pipe. 52 A lubrication t hod .according to
claim 14, further cofdridi ltn“gt]’r%:cc?gf%n%et pL 2% ?lllnéattol Bina”é])i ré?bveléelé’o% ing unit

di sposed in theeldths ineaticRbrOide £dtlifthdel Nt Perewbt A LoMARELBET ON net hod
according to claim 14, further
storage member to an extent such that the portion is immersed in the

lubr.cation oil.

21. A lubrication method according to claim 14, further
! comprising removing impurities contained in the lubrication oil by

filter means disposed in the lubrication oil circulation pipe.

22. A lubrication method according to claim 14, further
comprising cooling the lubrication oil by a cooling unit disposed in

the lubrication oil circulation pipe.

23. A lubrication method according to claim 14, further
comprising measuring iron content of the lubrication oil by use of an
iron—content measurement unit disposed in the lubrication oil

circulation ﬁipe.

24. A lubrication method according to claim 23, further
comprising controlling the forming machine by use of control means and
on the basis of the iron content measured by the i1ron-content

measurement unit.
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conprising nmeasuring iron content of the lubrication oil by use of an
iron-content neasurenent unit disposed in the lubrication oil ~circulation
pi pe. 24. A lubrication nmethod according to claim 23, further conprising
controlling the form ng machi ne by use of control neans and on the basis
of the iron content nmeasured by the iron-content neasurenent unit. 35 25.
A lubrication nethod according to claim24, further conprising calculating
a service life of the conversion nmechanismby use of the control nmeans and
on the basis of the neasured iron content. 26. A lubrication nethod
according to claim 24, wherein the control neans produces a warning for
pronpti ng exchange of 25he A lubbidacadni mathed kecavrdingetcolnierdt ofurmeghani sm when

the measured iron content exceeds a predeterm ned level. 36
comprising calculating a service life of the conversion mechanism by

use of the control means and on the basis of the measured iron content.

26. A lubrication method according to claim 24, wherein the
control means produces a warning for prompting exchange of the
lubrication oil or the conversion mechanism when the measured iron

content exceeds a predetermined level.
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