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LBACKGROUND OF THE INVENTION Field of the Invention: The presen,ﬁ_\rﬁi[ r'm%nﬁmﬁn
relates to an injection apparatus. Description of the Rel ated
Conventionally, in an injection nolding machine, resin heated and nelted
in a heating cylinder is injected into the cavity of a nold apparatus
under high pressure so that the cavity;is filled with the resin. The
nolten resin is then cool ed and solidi%ied so as to obtain a nol ded
article. The injection nolding machi ne includes a nold cl anpi ng appar at us -
and an injection apparatus. The I.ng apparatus is provided wth a
stationary platen and a novabl e gﬁgﬁéﬁiﬁgﬁgﬁnnvable platen is advanced and
retracted by a nold clanping cylinder, to thereby perform nold closing,
nol d cl anmpi ng, and nol d opening. The injection apparatus includes a heating

cylinder for heating and rreITtIiI-E? éEesfjHFf SiARlPB froma hopper, and an
I njection nozzle for injecting the nolten Tesrn. Further, a screwis

di sposed within the heating Cﬁ%b%@?fm§9ﬁﬂmhﬂfﬁsthe screw can be rotated
and can be advanced

BACKGROUND OF THE INVENTION
Field of the Invention:

The present invention relates to an injection apparatus.
Description of the Related Art:

Conventionally, in an injection molding machine, resin heated
and melted in a heating cylinder is injected into the cavity of a mold
apparatus under high pressure so that the cavity is filled with the
resin. The molten resin is then cooled and solidified so as to obtain
a molded article.

The injection molding machine includes a mold clamping apparatus
and an injection apparatus. The mold clamping apparatus is provided
with a stationary platen and a movable platen. The movable platen is
advanced and retracted by a mold clamping cylinder, to thereby perform
mold closing, mold clamping, and mold opening.

The injection apparatus includes a heating cylinder for heating
and melting resin supplied from a hopper, and an injection nozzle for
injecting the molten resin. Further, a screw is disposed within the
heating cylinder such that the screw can be rotated and can be advanced
and retracted. The screw is advanced so as to inject the resin, and

retracted so as to meter the resin.




and retracted. The screw is advanced so as to inject the resin, and
retracted so as to neter the resin. 0 S AUG 2003 2 There has b gmﬁ)mﬂl{d
"an i njection apparatus for an electric injection nolding nmachi

an el-ectric notor is used to advance and retract the screw FIG 1 is a
schematic view of a conventional injection apparatus wused in an electric
i njection molding machine. In FIG 1, snuneral 2 denotes an injection
apparatus, and nuneral 4 denotes a frame of the injection apparatus 2. A
heating cylinder 21 is fixedly prOV|ded in front (left side in FIG 1) of
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advancegdnd anst r . noved Ieftmard and rightward in FIG. 1). The
rear e%gd(thé%gﬁgﬁﬁéggﬁ% end in FIG 1) of the screm/20 Is ratatably

supported by apstipponilk M&%ﬁtaa % %&e %% ogx oLt n%g%)tg[quﬁ{"@sﬁuaq he

nmetering notor 6 having a sp aed”

met eri ngs&®tQy aR é@ecgrrlgafgméé}t gnt&? fc{l%gsrﬁé 20 via a timng belt 7a.

Further, a ball screw s 'S ro orted on the franme 4 in

paral I el with PREFRCT W Rlherd 1€ ra%%ﬁtgg'dano ns&eclt%%l gp;?acrré%\tﬁvs, and numeral
4 denotes a frame of the injection apparatus 2. A heating cylinder 21
is fixedly provided in front (left side in FIG. 1) of the frame 4, and
an injection nozzle 21a is provided at the front end (the left-side end
in FIG." 1) of the heating cylinder 21. A hopper 21b is disposed on the
heating cylinder 21, and a screw 20 is disposed within the heating
cylinder 21 such that the screw 20 can be rotated and can be advanced
and retracted (i.e. moved leftward and rightward in FIG. 1), The rear
end (the right-side end in FIG. 1) of the screw 20 is rotatably
supported by a support member 5,

Attached to the support member 5 is a metering motor 6 having a
speed reduction mechanism. The rotation of the metering motor 6 is
transmitted to the screw 20 via a timing belt 7a.

Further, a ball screw shaft 8 is rotatably supported on the
frame 4 in parallel with the screw 20. The rear end of the ball screw
shaft 8 is connected, via a timing belt b, to an injection motor 9
having a speed reduction mechanism. That is, the injection motor 9 is
designed to rotate the ball screw shaft 8. The front end of the ball
screw shaft 8 is in screw engagement with a ball nut 5a fixed to the

support member 5. Accordingly, by driving the injection motor 9 and




shaft 8 is connected, via a timng belt 7b, to an injection notof .9, having
.a speed reduction nechanism That is, the injection notor 9 is Qésﬁﬁﬁeﬂmﬂo
rotate the ball screw shaft 8. The front end of the ball screw shaft 8 is
in screw engagenment with a ball nut 5a fixed to the support nenber 5.
Accordingly, by driving the injection nmotor 9 and 0 6 AUG 2003 3 rotating
the ball screw shaft 8 via the timnggbelt 7b, the ball nut 5a can be
noved axially. Aload cell 5b is disposed between the support nenber 5 and
the ball nut 5a. In the injection apparatus 2 having the above-descri bed
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thereby retracting (i.e. moving rightward in FIG. 1) the screw 20 by a
determined amount. At this time, resin is supplied from the hopper 21b,
heated and melted within the heating cylinder 21, and accumulated on
the front side of the screw 20.

Further, in an injection stage, the rotation generated by the
driven metering motor 9 is transmitted to the ball screw shaft 8 via the
timing belt 7b, so that the ball nut 5a and the support member 5 are
advanced (i.e. moved leftward in FIG. 1) with the rotation of the ball
screw shaft 8. As a result, the screw 20 is also advanced, and the
resin accumulated at the front side of the screw 20 is injected into
the cavity of an unillustrated mold apparatus from the injection nozzle
21a.

At this time, the force for advancing the ball nut 5a; i.e., the
injection force imparted to the screw 20, is detected by the load cell
5h.

However, in the conventional injection apparatus 2, since the
injection force is generated with the rotation of the ball screw shaft
8, the ball nut 5a receives a torque corresponding to the screw-

engagement angle between the ball screw shaft 8 and the ball nut 5a.




thé cavity of an unillustrated nold apparatus fromthe injection nozzle 21
.a. At this time, the force for advancing the ball nut 5a; i.e., (theAUG 2003
injection force inparted to the screw 20, is detected by the | oad cell 5b.
However, in the conventional injection apparatus 2, since the injection
force is generated with the rotation of the ball screw shaft 8, the bal

nut 5a receives a torque corresponding to the screw engagenent angle

bet ween the ball screw shaft 8 and the ball nut 5a. 0 6 AUG 2003 4
Therefore, accuracy in detection of the injection force by the |oad cel

5b is | U Y HE. | NVENTI ON _An_object of the present invention
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appar at d:to rovi de an injection apparatus which can detect
injectigﬁl%gﬁcégv%QQ%ﬁ%ﬁhproved accuracy. To achieve the above object, an

I nj ection apparatus according to the present invention conprises a
cyl i nder nenber, an injection nenber, a first support nenber, drive neans,

The' i ection menber is di SROSURHME T SNESACRNder menber such that the
i njection "E"b%hl%ﬁﬁect of the present invention is to solve the above-
mentioned problems in the conventional injection apparatus, and to
provide an injection apparatus which can detect injection force with
improved accuracy.

To achieve the above object, an injection apparatus according to
the present invention comprises a cylinder member, an injection member,
a first support member, drive means, a transmission shaft, a second
support member, and load detection means. The injection member is
disposed within the cylinder member such that the injection member can
be advanced and retracted. The first support member supports the
injection member such that the injection member can rotate. The
transmission shaft is connected to the injection member such that the
transmission shaft can rotate relative to the injection member and has a
rotation transmission portion, to which rotation of the drive means is
transmitted, as well as a motion conversion portion for converting
rotational motion to linear motion. The second support member is
adapted to allow relative rotation between the injection member and the
transmission shaft. The load detection means is disposed between the

first support member and the second support member.

In this injection apparatus, when the rotation of the drive

means 1s transmitted to the transmission shaft via the rotation




be “advanced and retracted. The first support menber supports the injection

menber such that the injection nenber can rotate. The transm §$ &T&SEE&
"is connected to the injection menber such that the transmi ssi n

rotate relative to the injection nenber and has a rotation transm ssion
portion, to which rotation of the drive neans is transnmtted, as well as a
notion conversion portion for convertigng rotational notion to linear
notion. The second support nmenber is “adapted to allow relative rotation
bet ween the injection nmenber and the transm ssion shaft. The | oad
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member imparts no torque to the load detection means. Also, since the
load detection means is connected to the transmission shaft via the
second support member, rotation of the transmission shaft imparts no
torque to the load detection means.

Therefore, accuracy in detection of injection force by the load
detection means can be improved.

Another injection apparatus according to the present invention
further includes a metering motor, and transmicsion means for
transmitting rotaticn of the metering motor to the injection member.

S3till another injection apparatus according to the present
invention includes a heating cylinder; a screw, a support plate, an

injection motor, a transmission shaft, a bearing box, and load

detection means. The screw is disposed within the heating cylinder such
that the screw can be advanced and retracted. The support plate
supports the screw such that the screw can rotate. The tranémission
shaft is ceonnected to the screw such that the transmission shaft can
rotate relative to the screw and has a rotation transmission portion, to

which rotation of the injection motor is transmitted, as well as a

motion conversion portion for converting rotational motion to linear




Thérefore, accuracy in detection of injection force by the load detection
means can be inproved. Another injection apparatus according toméhe Eﬁﬁfnt
“invention further includes a metering notor, and transn155|on0 zﬂﬂdf _
transmtting rotation of the nmetering notor to the injection menber. Stil
anot her injection apparatus according to the present invention includes a
heating cylinder; a screw, a support plate, an injection nmotor, a .
transm ssion shaft, a bearing box, and | oad detection neans. The screwis
di sposed within the heating cylinder such that the screw can be advanced

t, plate _supports the screw such that the screw
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In yet another injection apparatus according to the present
invention, the motion conversion portion is a ball screw shaft portion

formed on the transmission shaft.

BRIEF DESCRIPTION OF THE DRAWINGS

The structure and features of the injection apparatus according
to the present invention will be readily appreciated as the same becomes
better understood by referring to the accompanying drawings, in which:

FIG. 1 is a schematic view of a conventional injection apparatus
used in an electric injection molding machine;

FIG. 2 is a sectional view of a built-in-motor-type injection
apparatus according to a first embodiment of the present invention; and

FIG. 3 is a sectional view of a built-in-motor-type injection

apparatus according to a second 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.

FIG. 2 is a sectional view of a built-in-motor-type injection




S
i nvention, the notion conversion portion is a ball screw shaft portion
formed on the transm ssion shaft. BRI EF DESCRI PTION OF THE DRAV§ I‘ﬁl(igughg@é
structure and features of the injection apparatus according to th r nt
invention will be readily appreciated as the sanme becones better
understood by referring to the acconpanying drawings, in which: FIG 1 is a
schematic view of a conventional injegtion apparatus wused in an electric
i njection nolding machine; FIG 2 is sectional view of a
built-in-notor-type injection apparatus according to a first enbodi nent of
the pre Lnvention, and FIG 3 is a sectional view of a
bui | t -iT- n:‘y"tabc%‘?%/ t%xcpcé’r’gﬁ?%c“tq En T 153 ankedinentc 6f dt ey present eroratésdodi nent
of the presenthgﬁﬁgnt%on. DESCRI PT] ON OF PREFERRED EMBCODI MENTS Enbodi nent s
of the present™1nvent Fol SR nbxtdepetae st hepsing reyldeder |semviihg raf ehence
to the .0gs, FIG 2_js a sectional view of a built-in-notor-type
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present..n Lon, .In. FI.G 2 numeral 12 denotes a heating cylinder serving
as the léefl ?fﬁgékr- ?@%Q]re.fltl'}fel e&hAngn Bl Gndor hdssanewnp2cieémningoazl end2a at

Its frant, left-side end in FIG 2). A screw 22 serving as the
i nj ect ?L@He‘?}gﬂ%rgrm <gi %ﬁogje%P%e@hPhtlﬂﬁé theatieatleyldyidedet 212 unfcht hast t he

screw 22 can ro%ate and ,can advance and retract (i.e. nove |eftward
e screw can rotate and can advance and retract (i.e. move leftward

and rightward in FIG. 2).
The screw 22 has a screw head 22a at its front end, and extends
rearward (rightward in FIG. 2) within the heating cylinder 12. A

bearing box 13 serving as the second support member is fixed at the rear

end (right-side end in FIG. 2) of the screw 22. Also, a spiral flight
23 is formed on the peripheral surface of the screw 22, resulting in
formation of a groove 26.

An unillustrated resin supply port is formed at a predetermined
position on the heating cylinder 12, and an unillustrated hopper is
disposed on the resin supply port. The resin supply port is formed at a
position such that the resin supply port faces the rear end portion
(right-side end portion in FIG. 2) of the groove 26 when the screw 22
is positioned at a forwardmost position (leftward in FIG. 2) within the
heating cylinder 12, Also, an unillustrated heater is disposed around
the heating cylinder 12.

In a metering stage, the screw 22 is retracted (i.e. moved
Pightward in FIG. 2) by a predetermined amount while being rotated, so
that pellet-shaped resin is fed from the hopper into the heating

cylinder 12. The resin is then heated and melted by the heater, and




and rightward in FIG 2). The screw 22 has a screw head 22a at its front
_end, and extends rearward (rightward in FIG 2) within the heﬂt'wwﬁ 2003

cylinder 12. A bearing box 13 serving as the second support nenber 1S
fixed at the rear end (right-side end in FIG 2) of the screw 22. Al so, a
spiral flight 23 is fornmed on the peripheral surface of the screw 22,
resulting in formation of a groove . An unillustrated resin supply port
is forned at a predeterm ned positioh on the heating cylinder 12, and an
unil lustrated hopper is disposedon the resin supply port. The resin
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of an unillustrated mold apparatus.

At the rear of the heating cylinder 12 is disposed a drive
section 15 for rotating, advancing, and retracting the screw 22. The
drive section 15 includes a frame 17, a metebing motor 81 serving as
the first drive means, and an injection motor 82 serving as the second
drive means. The metering motor 81 is movably disposed on the frame
17, The injection motor 82 is fixed to the frame 17. The injection
motor 82 and the screw 22 are disposed on the same axis.

A guide bar 83 is disposed on the frame 17 such that the guide
bar 83 extends parallel with the screw 22. The metering motor 81 is
moved along the guide bar 83, For this purpose, a support plate 84
serving as the first support member is slidably supported by the guide
bar 83; the metering motor 81 is attached to the support plate 84; and
a driven-side pulley 88 is rotatably supported by a bearing 106.

Also, a drive-side pulley 86 is fixed to the output shaft 85 of
the metering motor 81. A timing belt 89 is extended between and wound
around the drive-side pulley B6 and the driven-side pulley 88. The

bearing box 13 is attached to the rear face (the right face in FIG. 2)

of the support plate 84 via a load cell 105 serving as the load




In"a subsequent injection stage, when the screw 22 is advanced, the nolten
.resin accunul ated at the front side of the screw head 22a is iﬂ]jﬁeibﬁdzwflom
the injection nozzle 12a, and is charged into the cavity of an
unillustrated nold apparatus. At the rear of the heating cylinder 12 is

di sposed a drive section 15 for rotating, advancing, and retracting the
screw 22. The drive section 15 incluges a frane 17, a netering notor 81
serving as the first drive nmeans, and an injection notor 82 serving as the
second drive neans. The netering notor 81 is novably di sposed on the franme

17. The,Lpj lon nptor .82 i,s,fixed to the frame 17. The injection notor
82 and %gécgcgltngwn%%nsdreﬁresg%‘é%'sdﬁet Relleihdbaxthe dxigendeidsampudley 58,

di spose the.fra 7 ch that the guide bar 83 extends parallel wth
t he scr%@vé)g:fe %ﬁ@l%t it agn%‘?‘?ﬁ Fytesthedransaisnipn neagsi de bar 83. For

thi s purpose, suppaort .plate 84 _serving as the first support nenber is
sl i dably suppo??%dﬁ'@?cﬂ%ﬁgn d‘lﬂ%&é’ 8P ompriSenca shater iyl Foxed ®1ths ftameched
to the o]¢) | ate 84; and a driven-side pulley 88 is rotatably

suppor t E?f b%{og aEé"a?ﬁOﬁ’g%?o%%SRP%g g hy ddaper 8y- 86The fotaed X ishe
out put ;gﬁgg 5 of the ngterin motor 81. A timng belt 89 is extended
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06 /“X%S%%QBSégft 93 are supported by the frame 17 via bearings 94 and 95.
Bearings 96 and 97 serving as the support means are disposed
within the bearing box 13. The screw 22 is connected, via the bearings
96 and 97, to a ball screw shaft/spline shaft unit 98 serving as the
transmission shaft, such that the screw 22 and the ball screw
shaft/spline shaft unit 98 are rotatable relative to each other., A ball
nut 99 fixed to the frame 17 is screw-engaged with a ball screw shaft
portion 98a formed at the front-half portion of the ball screw
shaft/spline shaft unit 98, The ball screw shaft portion 98a
constitutes the motion conversion portion for converting rotational
motion to linear motion. The ball nut 99 and the ball screuw
shaft/spline shaft unit 98 constitute the motion conversion means.
Consequently, during a metering stage, the rotation generated
through drive of the metering motor 81 is sequentially transmitted to
the drive-side pulley 86, the timing belt 89, the driven-side pulley 88,
and the screw 22, so that the screw 22 is retracted while being
rotated. Thus, resin for one shot is accumulated at the front side of

the screw head 22a. In this case, the screw 22 and the ball screw

shaft/spline shaft unit 98 arelrotatably linked to each other via the
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det'ecting neans. The drive-side pulley 86, the driven-side pulley 88, and
the timng belt 89 constitute the transm ssion neans. The inject&nAygt 2803
82 conprises a stator 91 fixed to the frame 17, and a rotor 92 di sposed
inside the stator 91. The rotor 92 is rotatably supported by the frane 17.
For this purpose, a hollow rotor ,shaft 93 is fixedly fitted into the rotor
92. The opposite ends of the rotor shaft 93 are supported by the frame 17
via bearings 94 and 95. Bearings 96 hfd 97 serving as the support means are
di sposed within the bearing box 13. The screw 22 is connected, via the
bearing§u %? q?d f? tg a ball screw shaft/spline shaft unit 98 serving as
the tranemdsi dhlehsrs 4 sddre thead theldcnew, 22 mnd kbepball gp%%% |
shaft/s?hégg,shaf% unit 98 are rotatable relative to each ot h&r . mﬁw
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t he nntﬁﬁﬁﬁﬁﬁpve sﬁgn ortion for converting rotational “nmbtion to |Tnear
not i on.” The Bal P! nthe g§sdndintidenshe beateing S?Mrﬁde&plmngssﬂaé‘n%mg%%d%%
constitg%gbth? nmoti on conversion neans. Consequently, during a. netering
stage, Fhe Potatiif §oAEHAIRddnet shafitghnlt i 96 vak the ImRHess 110 178t O % s
sequemﬂéglgﬁtéans Jtted to the drive-side pulley 86, the tiningc%e £ 89,
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the front”sitde bf "thE2SEPEwhéde 22dng mdthited;asthe therssr oW 22 and t he

ball s
He¥Pacted. When the screw 22 ig retracted, back pressure is applied to

the screw 22 against the pressure of the resin.

When an alternating current of a predetermined frequency is
supplied to the stator 91 of the injection motor 82, the screw 22 is
advanced. For this purpose, an annular engagement member 101 is fixed
onto the inner circumference of the rotor shaft 93 and is located at a
substantially central portion thereof, so that a spline 102 formed on
the inner circumferential surface of the engagement member 101 is
engaged with a spline shaft portion 98b which is formed at the rear-
half portion of the ball screw shaft/spline shaft unit 98. The spline
shaft portion 98b constitutes the rotation transmission portion to which
the rotation of the injection motor 82 ig transmitted. The engagement
member 101 and the ball screw shaft/spline shaft unit 98 constitute the
rotation transmission means.

Consequently, during an injection stage, the rotation generated
through drive of the injection motor 82 is sequentially transmitted to
the rotor shaft 93, the engagement member 101, and the ball screy

shaft/spline shaft unit 98, Since the ball nut 99 is fixed to the




shaft/spline shaft unit 98 are rotatably |inked to each ot !er vml

AUG 2003 1 0 support plate 84, the |oad cell 105, and the bearing box 13.
‘Therefore, the rotation transnmitted to the driven-side pulley SHJBSAEQtﬂm3
transmtted to the ball screw shaft/spline shaft unit 98; however, the
pressure of the resin inside the heating cylinder 12 is transmtted to the
bal | screw shaft/spline shaft unit 98 via the |oad cell 105 and the
bearing box 13. As a result, when:the ball screw shaft/spline shaft unit
98 is retracted while being rotated, the screw 22 is also retracted. Wen
t he scr?p%éz #f retracted, back pressure is applied to the screw 22

e
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?

ossibl i '
p e to shorten the time required for establishing op changing the

injecti
Jectlon speed and to decrease the torque required for establishing or

changin injecti
ging the injection speed. Further, the time required for changeover

from the inj i
€ injection stage to the pressure holding stage is shortened
S | L]
ince the engagement member 101 is fixed onto the inner
circumf
erence of the rotor shaft 93 at a Substantially central portion

thereof i
» the spline shaft portion 98b'can be advanced and retracted

within t F
he rotor 92, Further, the drive-side pulley 86, the driven-

side pull | i
pulley 88, and the timing belt 89, all provided for transmission

of rotati i
ation of the metering motor 81 to the screy 22, can be disposed

to o 1 i
verlap the bear'lng box 13 in the axial dir*ection. Accor‘dlngly the
i}

axial si L i
ze of the bu11t~ln—motor—type injection apparatus can be

decreased,

) .
urther, since the load cell 105 is attached to the support

plate 84 i
+ rotation of the screy 22 or the driven-side pulley 88 never




e e —

Consequently, during an injection stage, the rotation generated through
_drive of the injection notor 82 is sequentially transmtted to UEeAUStﬁm?
shaft 93, the engagenent nenber 101, and the ball screw shaft/spline shaft
unit 98. Since the ball nut 99 is fixed to the 0 6 AUG 2003 11 frame 17,
the ball screw shaft/spline shaft unit 98 is advanced while being rotated,
so that the screw 22 is also advanced, At this tine, the injection force
generated by the screw 22 is trans lted to the load cell 105 via the
driven-side pulley 88, and is detected by the load cell 105. As described
above, fﬂﬂgg@sr(§ati0£ of tgg injection notor 82 is transmtted directly to
the bal T rScréw Eivwft FSpHihecafatelui0h. 9glonsovenutsinet ethenbhancall agspeed
reduct i ani a,pulle and the |ike, mechanical efficiency can be
inprové§£c%%§1Fﬁ5??%§ §5ﬁ b@X1d§§F@ﬁsé@@fmésBﬂin&nﬂhaftﬂmmimgQBheigniggtion
st age, 4 ossible to shorten the tine required for establishing
or char?ge}aﬁgggﬁﬁg}?i 1rﬁ?e59%:%{31%@§d thRdbabl denewasbat hesptldngueha e uing edgd or
est abl i;shi hangi.ng, the_injection speed. Further, the tine required
f or chalﬁl éggse%ro F&S‘Fﬁﬁgﬁ’ 'th?e%‘?q ket alfdt o the pressure holding stage is

short ened. Sim eotae gﬁgag%neit nmenmber 101 is fixed onto the inner
ci rcunf er ence ‘of °t HE"#0bortPEnhaP3d o2 ldt 185 ez dahechl injecent alorper &ian

thereoEmpE@&xﬁ%E%Qgtigggkcgggé§Pn 98b can be advanced and retracted

Next, a second embodiment of the present invention will be
described.

FIG. 3 is a sectional view of a built-in-motor-type injection
apparatus according to the second embodiment of the present invention.

In FIG. 3, reference numeral 181 denotes a front plate,
reference numeral 182 denotes a water-cooling jacket attached to the
front plate 181, and reference numeral 223 denotes a rear casing. The
rear casing 223 is composed of a cylinder portion 226, and end plates
224 and 225 covering the Opposite ends of the cylinder portion 226. An
injection motor 145 serving as the second drive means is disposed inside
the rear casing 223,

Between the front plate 181 and the end plate 224 is disposed a
guide bar 183 extending paralléi to an unillustrated screw serving as
the injection member. & metering motor 201 serving as the first drive
means is moved along the guide bar 183. For this purpose, a support
plate 184 serving as the first support member is slidably disposed on
the guide bar 183, and the metering motor 201 is attached to the support
plate 184, The metering motor 201 and the screw are disposed on

different parallel axes, and the injection motor 145 and the screw are




Wi thin the rotor 92. Further, the ‘dri ve-si de pull ey 86, the driven- Si

pulley 88, and the timng belt 89, all provided for transm ssion of
rotation of the nmetering notor 81 to the screw 22, can be dispdg@dAUGogmB

overlap the bearing box 13 in the axial direction. Accordingly, the axial
size of the built-in-notor-type injection apparatus can be decreased.
Further, since the load cell 105 is attached to the support plate 84,
rotation of the screw 22 or the driVies-side pulley 88 never 0 6 AUG 2003 12
i nparts torque to the |oad cell 105. Moreover, since the |load cell 105 is
connect g Sapethe ball screw shaft/spline shaft unit 98 via the bearing box
13, rot at1ronest O e Gemmpn sotiew shaft/spline shaft unit 98 inparts no
torque to the %o d cell 105. Accordingly, the load cell 105 can detect

injection force WiR Sidpraseed 20t bt eRRECYRALY Kt ol gegond
i | ( : t 20%
enbodi qﬁrgerigfe%t%qet prgag?nt i nvention will be gescr |'%I§H. Hagt 3 290fa_the
sectional v o |I%ndrn&nnhomeShﬁﬂ%-bﬁgéégdéﬁ% w%ﬁﬁaratus Ao dend 1°
t he se {Fggog%gg@tbgf the present invention. In @ ddle grarc A6k,
nuner al n a°tyoAauppbated sefarance NWEral, 182 denotes a
“ﬁter'ﬁggkin_.jacket attached to the front p atea%§f, aR8*r ersience A
nuner al - 223 dei6t 8821 308ais castiatgb1Fhe B9, 243 IS _conmposed of a
. gse).[q pof8E &P thlY9s GsenrtS o] i
cyl i nd ortiaon 226, and end plates » Piate 164 via
Sgaplngs §}3 and 214 and is i '
and is in meshlng—engagement with the idle gear
204, 4 i i
ccordingly, rotation generated through drive of the metering
mot. ' i
or 201 is transmitted to the rod 114 via the drive-side gear 203, th
id1 i s
€ gear 204, and the driven-side gear 205, The drive-side gear 203
the id i ,
ldle gear 204, and the driven-side gear 205 constitute the
transmission means.
A b i i
earing box 231 Serving as the second support member is
att
tached to the rear face (the right face in FIg. 3) of the Support
1 ) ;
plate 184 via a load cell 105 serving as the load detection means
The screw can be advanced (i.e. moved leftward in FIG 3)
th ' inj i |
rough drive of the injection motor 145, Fop this purpose, beapin
gs
166 and ,
and 167 as well as a thrust bearing 168 are disposed inside the
beari 313
aring box 231; the front end (the left-side end in FIG. 3) of a ball
sc i i
ew shaft/spline shaft unit 165 serving as the transmission shaft is
rot
ataby supported by the bearings 166 and 167; and a thrust load is
recelved by the thrust bearing 168. Further, a ball nut 169 is fixed
to t
© the front face (the left face in FIG. 3) of the end plate 224 and is
sc - i
Féw-engaged with a ball serew shaft portion 123 formed at the front-

half i
portion of the ball screy shaft/spline shaft unit 165, The ball

scre i
w shaft portion 123 and the ball nut 169 constitute the motion




224 and 225 covering the opposite ends of the cylinder portion F

I njection notor 145 serving as the second drive neans is disposed inside
"the rear casing 223. Between the front plate 181 and the end pI[]aﬁqQ[}[?Q[j[]s
di sposed a guide bar 183 extending parallel to an unillustrated screw
serving as the injection nenber. A netering notor 201 serving as the first
drive neans is noved along the guide bar 183. For this purpose, a support
plate 184 serving as the first supparfy nmenber is slidably di sposed on the
gui de bar 183, and the netering notor 201 is attached to the support plate
184. TQﬁngéégaggg np;g; 201 and the screw are disposed on different ,
paral |l e LO8nEC it djcectdove it d.the screw are 0 6 AUG 2003
13 di sppsed on. a common axis. A dﬂrqﬁii\?eél-’ g%ﬁgtge 3e5iPR ta tldomed nat iam.
out put p@h%f abpngt the amet ekéngs Mot ek lgglsgn i,s_in meshi ng- engagenent
with an idle gear 204, which is r ot at ab y suSSB(FBélB9 &hafnbi bhist 1esed

front CESSHytULE h@ﬁiv@hkxidenga&ﬁu%ﬁéegﬁLrotatably di sposed on the support
plate 184 via_ bearings 213 and 214 and i1s in nmeshing-engagenent with the
h drive of the

idle gear 204UrBleewr di hgbylar ehatidinge ed, hrou

meteringd mtor 201 is transnitt%%gtor%régﬁé% T%L3§iagFﬁﬁﬁﬁrhwéﬂmidea@ear

203, tREY ildine ﬁé@htZ@dﬁeamﬂuihg]¢nkyqu§h%§ ear 205. The drive-side gear

203, the idle gear 204, and the driven-Tsi e'%%ar it tihs t the

tr ansnFE&1&5PeREapRIber 121 extends from the rear sng portion (the right-sid
—Slae

end portion in FIG. 3) of the rotor shaft 157 to an approximate center
thereof, and a spline 122 is formed on the inner circumferential surface
of the engagement member 121 at the front end thereof. The engagement
member 121 is in spline—engagement, via the spline 122, with a spline
shaft portion 124 formed at the rear-half portion of the ball screw
shaft/spline shaft unit 165. That is, the front end of the ball screw
shaft/spline shaft unit 165 is rotatably supported by the bearing box
231, whereas the rear end of the ball screy shaft/spline shaft unit 165
1s rotatably supported by the bearings 153 and 154 via the engagement
member 121 and the rotcr shaft 157, The spline shaft portion 124
constitutes the rotation transmission portion to which the rotation of

the inj i i
Jection motor 145 ig transmitted. The eéngagement member 121 and

the b i
all screw shaft/spline sharft unit 165 constitute the rotation

transmission means.

A : :
nend cap 131 is fixed to the rear end of the rotor shaft 157

The & i
end cap 131 seals the interior of the rotor shaft 157 in order to

the rot
ctor shaft 157, Further, an encoder 132 is attached to the end

cap 131 i i
P 131 in order *o directly detect the number of rotations of the ball




'
A bearing box 231 serving as the second support member is attached to t!e -

~rear face (the right face in FIG 3) of the support plate 184 wvia
cell 105 serving as the |oad detection neans. The screw can belgﬁv@ﬁiéﬁﬁ?

(i.e. nmoved leftward in FIG 3) through drive of the injection notor 145.
For this purpose, bearings 166 and 167 as well as a thrust bearing 168 are
di sposed inside the bearing box 231; the front end (the left-side end in
FIG 3) of a ball screw shaft/splibhejsshaft unit 165 serving as the
transm ssion shaft is rotataby supported by the bearings 166 and 167; and
a thru%%r%%g%h%%t{reieived by the thrust bearing 168. Further, a ball nut
169 is Ti'xed BelinenshbAteufiherdmft fa5Edi |G 3) of the end plate
224 and i g  screwengaged with a ball screw shgfjt%éégl’tiaf}nuﬁé&@%'?%‘éﬁgt t he
front- “RAT Doritehien che tadlcstacw shaf Do d 116, SPRT Lpuni L 165 The ba
screM/EQaitﬁggﬁtion 123 and the ball nut 169 constitute Pﬁe Rotli GF % AUG
2003 1 42 CuRPrEPoRIETr tindh 165 monver bidg Lot ﬁh‘%% potlon to. linear
not i on gﬂﬁﬂball nut 169 and the ball screw shaft sgﬁrn% Jrdetioms tof165
const i Pt eSHBRY ehagbriserisicoshapangitFygsd her, a tubul ar engagement
menber 121 isgat&gphed to the rear end (the right-side end in FIG 3) of
the rotor shaff 8% CHse, enbagtsrenis wBEDESL L2 X ds frogmthe rear end
porti %]%]59;[ kég{ﬂé&ght -ff,tirfdeﬂ. end portion in FIG S)Jﬂ%f H?%rW&th%ath the7 to
an approxi c¥Ridr spl e edaf tandie w8l L0 422 5L 0! t he inner
CirCLﬂgﬁgégg&ééﬂ su%face rotol T 987 and the
me . \
m er 121, and the rotational motion 1s converted to linear

motion by the ball screw shaft portion 123 and the ball nut 169, so
that the ball screy shaft/spline shaft unit 165 is advanced and
retracted. Accordingly, through drive of the injection motor 145, the
rotor 19 can be rotated in order to advance the ball screw shaft/spline

shaft unit 165 to thereby advance the screw. Injection can be

performed in this manner. Numeral 148 denotes a stator

Next, the operation of the injection apparatus having the above-
described structure will be described.

During a metering stage, rotation generated through drive of the
metering motor 201 is sequentially transmitted to the drive-side gear
203, the idle gear 204, the driven-side gear 205, the rod 114, and the
SCrew, so that the screw is retracted (i.e. moved rightward in FIG. 3)
while being rotated. Thus, molten resin for one shot is accumulated at
the front side (left side in FIG. 3) of the unillustrated screw head.
The screw and the ball screw shaft/spline shaft unit 165 are connected
to be relatively rotatable via the rod 114, the driven-side gear 205,
the support plate 184, the load cell 105, and the bearing box 231.

7 .
herefore, although rotation transmitted to the driven-side gear 205 is




!

of "t he engagenent nenber 121 at t;se front end thereof. The engag_e

menber 121 is in spline-engagenent, via the spline 122, with a gpline
el 203

"shaft portion 124 fornmed at the rear-half portion of the bal

shaft/spline shaft unit 165. That is, the front end of the ball screw
shaft/spline shaft unit 165 is rotatably supported by the bearing box 231,
whereas the rear end of the ball screw shaft/spline shaft unit 165 is
rotatably supported by the bearings 11§3 and 154 via the engagenent nenber
121 and the rotor shaft 157. The spline shaft portion 124 constitutes the
rotatiq&wgﬁgggg%%%§%$ﬁportion to which the rotation of the injection notor
145 is S0The By dge esdre .and . the ball screw
shaft/spline shaft unit 165 constitutgﬁﬁzﬂsﬁf@?i%ﬁftﬂ"%%%rﬁ@simesma:es. An
end cap 13FS5$ fidtddn dhehanteans ergt o4 EQ%%%ﬁéor haft 157. The end cap
131 se%:ﬁ.tpe interior of the rotor shaft % i erylogens thwasi on
of uni It Sfelerpri gh treinced ttad oLd d M85 QL.of the rotor shaft 157,
Further, .an encoder 132 is attached to fhe ené‘SEEﬁwl%q?ﬁ@{%ﬂLdeB sbaft
directP?lgeﬁégﬂ”@héhﬁunbér?bm rabadkons-qf gbhe, bal.l. .0 6 AUG 2003 15 screw
shaft/sp) i haf it 165. Accordingly, 4 %ea"l‘lﬂ@é AbR csuppomtr platsect |
%Q%:aﬁﬁf aft unit . Accordingly, an @ni tr rplatsection

can cal tlﬁédm%]ilt 18D, afnd BBe bsddriS6r aft/spline shaft unit 165
on the bizz\ is of the nunber of rot atiorﬁqsl?l f@éﬂ% hzéqbal‘{ccg’é'ﬂé%bhaﬂhéapﬁﬁme

shaft ORFE §65e%| ghefites dde i . @f e.rotor 149 is transmtted to
sha ediee sobatl aniQl qgRe ;0104 149 15 tran being

rotat i
Ed, the screw is also retracted. When the SCcrew is retracted
1

Meanwhi i inj i
while, during an injection stage, the rotation generated

through i inj '
gh drive of the njection motor 145 is Sequentially transmitted to

the rot
or shaft 157, the éngagement member 121, and the ball screw

shaft i i i
/spline shaft unit 165, Since the ball nut 169 is fixed to the end

being rotated, so that the Sscrew is also advanced

1 .
n the present embodiment, since the load cell 105 ig attached

?

load cel 1
ell 105 is connected to the ball screy shaft/spline shaft unit

165 vi i
a the bearlng_box 231, rotation of the ball screw shaft/spline

shaft unit 165 imparts no torque to the load cell 105

A .
ccordingly, the load cell 105 can detect injection force with

improved detection accuracy,

Alt i
hough a screw is used as the injection member in each of the

above-d i '
escribed embodiments, a Plunger may be used in place of the




bal'l screw shaft/spline shaft unit 165 via the rotor shaft 15! an!_

_engagenent nenber 121, and the rotational notion is converted t% éid{]ear
notion by the ball screw shaft portion 123 and the ball nut 169, UG 2803
the ball screw shaft/spline shaft unit 165 is advanced and retracted.
Accordi ngly, through drive of the injection notor 145, the rotor 149 can
be rotated in order to advance the ball screw shaft/spline shaft unit 165
to thereby advance the screw. Injectlipn can be perforned in this manner.
Nuneral 148 denotes a stator. Next, the operation of the injection
apparatus having the above- described structure will be described. During a
neteri r‘s’s’f"age, rotation generated through drive of the netering notor 201
is sequenti al l éhéransm'tted to the drive-side gear 203, the idle gear 204,
the driven-sid eRFEFY, itlventddnlid, ; screw, so that the screwis
ret racteﬁg &l e. noved rightward in Fl G@@B?llt"\’}%fefie%%e% FRoverdesc hived
mol t en “rESFATFBES oneNutmitols magymahat 8f<a qthg.frant side (left side in
FIG 3) of the unillustrated screw head. The scre%%’ﬁ’_& Phethal prezemw
shaf t / SBY T He!®@nare RRssiblesimns gaonmeaadsy i bheer @l ey o atap e via

t he rog‘%&]’éﬁ the driven-side gear 205, the support plPit&eng4inventiomad
cell 105 d fRe Bacxagubek 23 théd hed ffeP b8 t%uéhou h rotation
transmtted to the driven-side gear 205 is 0 6 rfﬁggtllré’eﬁ@ﬁo@ransm'tted
to the ball screw shaft/spline shaft unit 165, pressure of resin within
the unillustrated heating cylinder serving as the




cyl'i nder menber

165 via the rod 114, the driven-side gear 205,
| oad cell 105, and the bearing box 231. Accordingly,

is transmtted to'the

the support plate
when the ball screw

shaft/spline shaft unit 165 is retracted while being rotated, ﬁﬁeAgGszgi s
al so retracted. When the screw is retracted, back pressure is appliedt

the screw agai nst the pressure of ?theé%resi n.

i nj ection stage,

notor 145 is sequentially transmtted to

engagemnﬂ%ﬁnd the ball screw shaft/spline shaft unit 165.

Si nce the ba s fixed to the end plate 224, the ball screw _
shaft/spline shaft unit 165 is advanced while being rotated, so that the
screw i s al so advanced.

is attached to

driven-si de gear

since th | oad

unit 165 vi aAMhiojentioni aPay rotation of the ball screw shaft/spline
shaft unit 165 irrpartsarl\% torﬁ@h 105. Accordingly, the
| oad cell 105(aan g i bi.egti

Qﬁyﬁﬁaeﬂ%ﬁﬁ’@"i #kction menber in each of the

Al t hough a screw is used as

above-descri ly
2003 *

(c)

(d)
(e)

(f)

Meanwhi | e, during an
t hrough drive of the injection

the rotation generat
the rotor shaft 157, the

In the present enbodi nent, since the |load cell 105

the support plate 184, rotation of the screw or the
205 never inparts torque to the load cell 105. Moreover,
cell 105 is connected to the ball screw shaft/spline shaft

RIISfE | oad cel |

n force wth inproved detection accuracy.

e Lagents, a plunger may be used in place of the 0 6 AUG
”@:?ﬂ'bgalon Mmember (22) disposed within saj i
aid cylinder member

12 id injecti
{(12) such that said injection member (22) can be advanced and
retracted: "’

a first su
Pport member (84,184) for rotatably Supporting said

injection member (22);

drive means (82,145);

a transmission shaft i(98,1 65) connected to said injection
member (22) in g relatively rotatabie manner, said tramission
shaft (98,165) having a rotation transmission portion (98b), to
which rotation of said drive meang (82,145) s transmitted ’as

well as 3 ' '
motion conversion portion (98a) for Converting

rotationa| motion to linear motion: and

a second |
support membgr (13, 231) adapted to allow relative

rotatio id ! inj
n between sajg ‘Injection member (22) and saig
i

transmission shaft (98,165);

said injecti
injection apparatug being characterized in furthe
r

comprising:



| 7-screw. The present invention is not IIm
enbodi nents. Nunerous nodifications and variations of the present
“invention are possible in light of the spirit of the present inveption,

and they are not excluded fromthe scope of the present i nventi &n AUG 2808
2003 18 What is clained is: An injection apparatus conprising: (a) a
cylinder member (12); (b) an injectiopgmenber (22) disposed within said
cylinder nenmber (12) such that said injection nenber (22) can be advanced
and retracted; (c) a first Support nenber (84,184) for rotatably
supporting sai I nj Lan nber .(22);: (d) drive neans (82,145); (e) a
transmi ssion sﬁ;a)ft lﬁé@fﬁ%@%ﬁ?ﬂ%ﬁddoﬁﬁ)dmdeﬂmﬁéﬁgn %Lboﬁr (t22) in a
relatively rotatablg .Hvsfnner, said tram ssion shaft % , E gdi g a
rotation transnissi&HCPERt PERPQroBISMbeD (8N 84) 44 % n of said drive neans
(82,145) is transnmitted, as well as a notion conv% wﬁﬁ"mﬁpbmr(t%a) for
converting rot atidﬁﬁmh%ﬂ-'brﬁab. | i near notion; and a second support nenber
(13, 231) adapted to allow relative

> T

An injection apparatus according to Claim 1 further comprisi

) ing:
(a8 a metering motor (81,201); and
(b tra issi
) nsmission means (86, 88, 89) for transmitting rotation of said
metering motor (81,201) to saig injection member

3.

An in. i l i ' l ' I l
1

transmissi ion i
Smission portion is g splfne shaft portion (98b) formed on said
transmission shaft (98,165).

converei - |
nversion portion is a bajf screw shaft portion (98a,123) formed on

said transmission shaft (98.165]:0.

An injection apparatus according to Claim 1 wherein

(a)  said first Support member is a Support plate (84 184); and



I rotation between said injection nmenber (22) and said transmW

(.98,165); said injection apparatus being characterized in furtﬁgé
“conprising: 0 6 AUG 2003 19 | oad detection neans (105) di sposed AkGe 2003 d
attached to (9)said first support nenber (84, 184) and said second support
menber (13, 231). 2. An injection apparatus according to Claim1l, further
conprising: (a)a netering notor (810:201); and (b)transm ssion neans (86,
88, 89) for transmitting rotation of said nmetering notor (81,201) to said
i njection nmenber. 3. An injection apparatus according to Claim1, wherein
said rotation (byanggjfsd rtion is a spline shaft portion (98b) formed
on said transr(n'yssi %@fﬁ%ﬁhdgg‘ﬁf%gwwermaibqammm @pm@813t us according
to Claim1, wherein said Mdtion conversion portion is a ball screw shaft
portion (98a,123) fornmed on said transm ssion shaft (98,165). 5. An
I nj ection apparatus according to Claim1, wherein (a) said first support
menber is a support plate (84,184); and 0 6 AUG 2003 20 (b) said second
support nenber is a bearing box (13, 231).




