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METHOD AND APPARATUS FOR ADJUSTI NG ZERO POl NT PO cAn SSURE
SENSOR OF AN | NJECTI ON APPARATUS .q@gﬁﬁfgﬁmD OF THE
| NVENTION Field of the Invention: The present ?n ' rel ates

to a nmethod and apparatus for adjusting a zero point of a pressure sensor
of an injection apparatus. Description of the Related Art:

Conventionally, an injection apparatus is disposed-in an injection nolding
machi ne. A screw i s disposed wthispmIheedtmoy cylinder of the injection
apparatus such that the screw can be rotated and reciprocated by drive
nmeans. A spiral flight is formed on the outer circunferential surface of
the body of the screw, i.e., the screw body, so that a groove is formed by

the flight. When t he STI@&WOF STHEOTRYENTION a forward direction
during a netering step, pellets of resin which have fallen froma hopper
attached METHOD AND APPARATUS FOR ADJUSTING ZERO POINT

OF A PRESSURE SENSCR OF AN INJECTION APPARATUS

BACKGROUND OF THE INVENTION
Field of the Invention:

The present invention relates to a method and apparatus for
adjusting a zero point of a pressure sensor of an injection apparatus.
Description of the Related Art:

Conventionally, an injection apparatus is disposed in an
injection molding machine. A screw is disposed within a heating
cylinder of the injection apparatus such that the screw can be rotated
and reciprocated by drive means. A spiral flight is formed on the
outer circumferential surface of the body of the screw; i.e., the screw
body, so that a groove is formed by the flight.

When the screw is rotated in a forward direction during a
metering step, pellets of resin which have fallen from a hopper attached
to the heating cylinder are melted within the heating cylinder, and
molten resin is caused to advance along the groove., As a result, the
screw is retracted, and the molten resin is accumulated on the front
side of a screw head. When the screw is advanced during an injection
step, the resin accumulated in front of the screw head is injected from

an injection nozzle and charged into a cavity of a mold unit,



to the heating cylinder are nelted wthin the heating cylinder, and nolten
resin is caused to advance along the groove. As a result, the screwis
retracted, and the nolten resin is accunul ated on the front side of a
screw head. \When the screw is advanced during an injection step, the resin
accurmul ated in front of the screw head 2s injected from an injection
nozzl e and charged into a cavity of a nold unit. Incidentally, in
the case in which the outer circunferential surface of the screw and the

inner cirguei@nealilel surhaceasef ihhhikBatha@ueyt ividemmfaratddl eguihceswff ace
roughness, when the screwis rotated during the nmetering step, the resin
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Therefore, in general, the inner <circunferential surface of the heating

cylinder Ia%eﬁaﬂeeqwg@abfaé@modghae@w ehedl tESNE@eeNts atotsitebiadarig tihe

screw. When speed control or pressure control is performed during
the inj e%ﬁt@hﬁé% é)or SR8 Wres 19f wheRim e @ebewd adthyeyStogtharph s whe
sensor such as a , and the detected pressure is used for feedback

control. gcpew and does not advance. Therefore, in general, the inner
circumferential surface of the heating cylinder is made rougher than
the outer circumferential surface of the screw.

When speed control or pressure control is performed during the
injection step, pressure of resin is detected by use of a pressure
sensor such as a load cell, and the detected pressure is used for
feedback control.

Such pressure detection involves a problem as follows. In the
course of manufacture of an injection apparatus, a load cell is built
into the injection apparatus such that a value ocutput from the load
cell (i.e., a detection value) indicates zero. However, since -
mechanical resistance of the injection apparatus and frictional
resistance associated with resin produce loads which act on the load
cell, the actual resin pressure is not zero, resulting that the
detection value indicates a pressure differing from the actual resin
pressure, In order to solve this problem, an operation of adjusting the
zero point of the load cell is performed.

FIC. 1 is a chart used for description of the principle of a
conventional operation for adjusting the zero point of a load cell, In
FIG. 1, the horizontal axis represents time, and the vertical axis

represents detection value.



Such *pressure detection involves a problemas follows. In the course of
manuf acture of an injection apparatus, a load cell is built into the

i njection apparatus such that a value output fromthe load cell (i.e., a
detection value) indicates zero. However, since nechanical resistance of
the injection apparatus and frictional §resistance associated wth resin
produce | oads which act on the load <cell, the actual resin pressure is not
zero, resulting that the detection value indicates a pressure differing

fromthe actual residt, Br @8psk;eis liatPhgesd t S0b¥EdL His IPeabLE8Rd Fom a
operation of adjusting the zero point of the load cell 1s perforned.

FIG 1 is preabdsinitz@dphortidascelpti ané’sﬁiﬂi'@).% Qf,isﬁ}ﬁ:o?ﬂ g tﬁgte@*ingoé'ﬁ’é‘;ﬁtﬁfggnal

operation for adjusting the zero point of a load cell. In FIG 1, 't
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det ecti on val ue.
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position; e.g., a position at which a netering step has been conplete

(herei naf ttgfe HateaEedohOndPeentBiL YRS cEAAP! €688sequently, the screw is
advanced at a speed equal to the predetermined speed, and a detection
value Py autput from the load cell during the advance movement is
detected. A mean value Pyrp of the detection values P, and Py
expressed by the following equation assumes a value which is not
affected by mechanical resistance or frictional resistance associated
with resin.

Popr = (Pa + Pg )/2
In an injection step, pressure of resin is detected by use of the load
cell, while the mean value Py regarded as a zero point, is
subtracted from a detected pressure value, whereby actual resin
pressure can be detected.

However, in the conventional injection apparatus, since the
inner circumferential surface of the heating cylinder is made rougher
than the outer circumferential surface of the screw, when the screw is
advanced or retracted, a large frictional resistance acts on resin in
the vicinity of the inner circumferential surface of the heating
cylinder. Thus, as indicated by broken lines in FIG. 1, the detection
values P, and Py change due to loads stemming from the frictional
resistance and serving as disturbance., As a result, the mean value P ,

rr involves variation, which renders performance of precise zero-point



position"), and a detection value P[err] output fromthe load cell during
the retraction novenent is detected. Subsequently, the screwis advanced
at a speed equal to the predeterm ned speed, and a detection value P[err]
output fromthe load cell during the advance novenent is detected. A nean
value P[err] of the detection values P[grr] and P[err] expressed by the
foll ow ng equation assunes a value which is not affected by nechani cal
resi stance or frictional resistance associated wth resin. Plerr]

= (P[err]apﬂggﬁ%%% }é%ﬂ?%n%§¥1%g%§g&#ggsfﬁl , pressure of resin is detected

by use of an value Plerr] regarded as a zero
point, is subtracted froma detected pressure val ue, whereby actual resin
pressure can be detected. However, in the conventional injection

apparatus, since the inner Ciﬁﬁ%ﬂ&?rﬁﬁﬁhﬁhgﬁﬁﬁﬁﬁﬁ@ of the heating cylinder
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sensor of an injection apparatus, which method and apparatus enable
precise zero-point adjustment for the pressure sensor.

In order to achieve the above object, the present invention
provides a method of adjusting a zero point of a pressure sensor of an
injection apparatus, the method comprising the steps of: detecting
pressure of resin by use of the pressure sensor, while moving a screw,
in order to obtain a detection value corresponding to a detected
pressure; and adjusting the zero point of the pressure sensor on the
basis of the detection value,

The detection value is obtained when the screw is moved in a
state inh which a flight speed is rendered lower than a screw speed.

In this case, since the frictional resistance which acts on
resin in the vicinity of the inner circumferential surface of the
heating cylinder upon movement of the screw can be decreased, loads
stemming from the frictional resistance are prevented from serving as
disturbance against the detection value. As a result, zero-point
adjustment for the pressure sensor can be performed precisely.

Preferably, the screw is advanced or retracted in a first stage,

and is moved in the opposite direction in a second stage.



adj ustment for the |oad cell inpossible. SUMVARY

OF THE | NVENTI ON An object of the present invention is to solve

t he above- nentioned problemin the conventional injection apparatus, and

to provide a method and apparatus for adjusting a zero point of a pressure
sensor of an injection apparatus, whichjnmethod and apparatus enabl e

preci se zero-point adjustnent for the pressure sensor. In order to
achi eve the above object, the present invention provides a nethod of

adj usting a zero pRrBtpREr AaM195SHRE SRRFOLPOED ah thel ?%é@%tﬁ%@awtd@ie the
met hod conprising the steps of ! detecting pressure of resin by use of the

pressure SgRgar to WHateiAMHeNge®naCE@We, 1N order to obtain a detection
val ue corresponding to a detected pressure; and adjusting the zero point

of the pressure sapseriON-{Ne <bass SRS i @cgﬁﬁ%yg‘a?a&% USn be operatedl®

detection value is obtalined when the screw is nov na state in which a
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adjustment for the pressure sensor can be performed precisely.

BRIEF DESCRIPTION OF THE DRAWINGS

The structure and features of a wmethod and apparatus for
adjusting a zero point of a pressure sensor of an injection apparatus
according to the present invention will be readily appreciated as the
same hecomes better understood by reference ta the accompanying
drawings, 1in which:

FIG, 1 is a chart used for description of the principle of a
conventional operation for adjusting the zero point of a load cell;

FIG, 2 is an enlarged sectional view of a main portion of an
injection apparatus according to an embodiment of the present
invention;

FIG. 3 is a schematic view of the injection apparatus according
to the embodiment of the present invention;

FIG. Y4 is a time chart showing operation of the injection
apparatus according to the embodiment of the present invention;

FIG. 5 is a block diagram of a main portion of a contrel circuit
for the injection apparatus according to the embodiment of the present
invention; and

FIG, 6 is a control block diagram of the injection apparatus



In tHis case, since the frictional resistance which acts on resin in the
vicinity of the inner circunferential surface of the heating cylinder upon
novenent of the screw can be decreased, |oads stemm ng fromthe frictional
resi stance are prevented fromserving as disturbance agai nst the detection
value. As a result, zero-point adjustrgent for the pressure sensor can be
performed precisely. Preferably, the screw is advanced or retracted
ina first stage, and is noved in the opposite direction in a second
stage.  according to the embodiment of the present f%ventlon _More preferably,
the screw speed I'n the first stage is nmade equal to that in the second

st age. In this case, since the injection apparatus can be operated
under the sane conditions in the first and second stages, the zero-point

adj ustiment for the pressupescaapemny GRNPREFERRED EvBRHIMANICI Sel ¥,

BRI EF DESCRI PTI ON OF THE DRAW N he structure and features of a
met hod and appar ﬁﬁ”e?nb%@imerﬁsdbf'sﬂﬁen?r@seﬁ%r Qn\wtmén Q13 ML@SBarRseensy iaf an
i njection apparatus according to the present invention will be readily

appr eci at @d¢ 261 §A€h reference to the drawings.

FIG, 2 is an enlarged sectional view of a main portion of an
injection apparatus according to the euwbodiment of the present
invention; FIG. 3 is a schematic view of the injection apparatus
according to the embodiment of the present invention; and FIG U4 is a
time chart showing operation of the injection apparatus according to
the embodiment of the present invention.

In FIGS. 2 and 3, reference numeral 11 denotes a heating
cylinder serving as a cylinder member; reference numeral 12 denotes a
screw which is disposed within the heating cylinder 11 such that the
screw 12 can be rotated and can be reciprocated and which serves as an
injection member; reference numeral 13 denotes an injection nozzle
formed at the front end (the left end in FIG. 2) of the heating cylinder
11; reference numeral 11 denotes a nozzle opening formed in the
injection nozzle 13; reference numeral 15 denotes a resin supply port
formed in the heating cylinder 11 at a predetermined position in the
vicinity of the rear end (the right end in FIG. 2) of the heating
cylinder 11; and reference numeral 16 denotes a hopper: attached to the
resin supply port 15 and adapted to accommodate pellets of resin.

The screw 12 has a flight portion 21 and a screw head 27

disposed at the front end of the flight portion 21, The flight portion



sane becomes better understood by reference to the acconpanying draw ngs,

i n which:

of a conventional

FIG 1 is a chart used for description of the principle

FIG 2 is an enlarged sectional view of a main portion of an injection
appar atus according to an enbodi nent of Tthe present invention;

FIG 3 is a schematic view of the injection apparatus according to the
enbodi ment of the present invention; FIG 4 is atinme chart
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of the present invention; FIG 5 is a block diagramof a main
portion ofs@reestsdlthel 56w boligl dohenah)Lebheam @%gﬁ@t’&s iaCESHndidnBy t et he

enbodi ment of the present invention; and

|G 6 is a contro

bl ock di agreiprf 2he TR) €64 AR gARPRSBELSH 21, a resin a8 BBctDoh Bl to
enbodi ment of the present invention.

which pellets of resin are supplied from the hopper 16, a compression
section P2 in which the supplied resin is melted while being compressed,
and a metering section P3 in which a predetérmined amount of the molten
resin is measured are forwed, in this order from the rear side (the
right side in FIG, 2) toward the front side (the left side in FIG, 2).
The resin in the groove 24 assumes the form of pellets in the resin
supply section P1 as shown in FIG. 2, comes into a semi-molten state in
the compression section P2, and is melted completely into liquid in the
metering section P3,

The diameter of the screw 12 measured at the bottom of the
groéve 24 is set to a relatively small value in the resin supply
section P1, and is increased gradually from the rear side toward the
front side in the compression section P2, so that the diameter becomes
relatively large in the metering section P3. Therefore, the clearance
between the inner circumferential surface of the heating cylinder 11
and the bottom of the groove 24 of the screw 12 is relatively large in
the resin supply section P1, and decreases gradually from the rear side
toward the front side in the compression section P2, so that the
clearance becomes relatively small in the metering section P3.

When the screw 12 is rotated in a forward direction during a
metering step, pellets of resin are supplied from the hopper 16 to the

resin supply section P!, and molten resin is caused to advance (moved to

operation for adjusting the zero point of a |load cell;



DESCRI PTI ON OF PREFERRED ENMBODI MENT An enbodi ment of the present

i hvention will next be described in detail with reference to the draw ngs.
FIG 2 is an enlarged sectional view of a nmain portion of an injection
apparatus according to the enbodi ment of the present invention; FIG 3 is
a schematic view of the injection apparitus according to the enbodi nent of
the present invention; and FIG 4 is a tinme chart show ng operation of the
i njection apparatus according to the enbodi nent of the present invention.

In FIGS. Zmnde3t igfEI®Rnee ausks alheliréenotas asbeat ity khbdetreerigi ng
as a cylinder nenber; reference nuneral 12 denotes a screw which is

di sposed widdidrtNqudeati 89 €yéiPdett Lh sueh phat ahBethscieMte? eaimas
rotated and can be reciprocated and which serves as an injection nenber;

ref erence JuRN8d telBoHeNR @80RE dike6t I19R BOER) eal OPTIRdWREN tHR kEASY 1end
(the left end in FIG 2) of the heating cylinder 11; reference nuneral 14

denotes a ji0zalgncRReRIFGef 8h nﬁ.@ehﬁi&d*%te%,nit@ﬁt rodi rhagahirhBed ref erencar
nuneral 15 denotes a resin supply port ormed in the heating cylinder 11

at a predefipr gEASH 1RAdI 37 AR ARG ¥R RhbYi®fecthsn Raz18NM (drideckipa end
in FIG 2) of the heating cylinder 11; and reference nuneral 16 denotes a
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head 27  syuter circumferential surface of the screw 12 and the inner
circumferential surface of the heating cylinder 11 are of equal surface
roughness, when the screw 12 is rotated during the metering step, the
resin within the groove 24 rotates together with the screw 12 and does
not advance., In order to avoid this problem, the inner circumferential
surface of the heating cylinder 11 is made rougher than the outer
circumferential surface of the screw 12
In order to prevent backflow of the resin accumulated in front
of the screw head 27, a backflow prevention unit is provided.
Specifically, the screw head 27 has a conical head body 25 at its front
side (left side in FIG. 2) and a shaft portion 26 at its rear side
(right side in FIG. 2). An annular backflow prevention ring 28 is
rotatably disposed to surround the shaft portion 26, and a press metal
plate 29 is fixed to the front end of the flight portion 21. The
backflow prevention ring 28 and the press metal plate 29 constitute the
backflow prevention unit.
An axially-extending hole 28a is formed in the backflow
prevention ring 28 at a plurality of positions in the circumferential

dipectioh; and a cutaway 28b is formed at the front end of the backflow



dJsposed at the front end of the flight portion 21. The flight portion

7° 21 includes a spiral flight 23 forned on the outer circunferenti al
surface of the screw body, so that a spiral groove 24 is fornmed by the
flight 23. In the flight portion 21, a resin supply section P1 to which
pellets of resin are supplied fromthe qiopper 16, a conpression section P2
in which the supplied resin is nelted while being conpressed, and a
metering section P3 in which a predeterm ned anount of the nolten resinis
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Meanwhile, an axially-extending hole 29a is formed in the press
metal plate 29 at a plurality of circumferential positions corresponding
to those of the holes 28a. Accordingly, when the backflow prevention
ring 28 rotates by the predetermined angle § relative to the screw
head 27, communication between the holes 28a and 2% is established
selectively. During the metering step, as shown in FIG. 2, the
backflow prevention ring 28 is positioned at a communication position
in which the space on the front side of the screw head 27 communicates
with the flight portion 21, and during the injection step, the backflow
prevention ring 28 is positioned at a shut-off position in which the
communication between the space on the front side of the screw head 27
and the flight portion 21 is broken.

The rear end (right end in FIG. 3) of the heating cylinder 11 is
fixed to a front injection support 31, and a rear injection support 32
is disposed to be separated a predetermined distance from the front
injection support 31. Guide bars 33 are disposed and extend between the
front injection support 31 and the rear injection support 32, and a
pressure plate 34 is disposed such that the pressure plate 34 can
advance and retract (move leftward and rightward in FIG, 3) along the

guide bars 33. The front injection support 3! and the rear injection



relatively large in the netering section P3. Therefore, the clearance
between the inner circunferential surface of the heating cylinder 11 and
the bottom of the groove 24 of the screw 12 is relatively large in the
resin supply section Pl1, and decreases gradually fromthe rear side toward
the front side in the conpression sectiipn P2, so that the clearance
becones relatively snall in the nmetering section P3. When t he
screw 12 is rotated in a forward direction during a netering step, pellets

of resin angpeuaplieddd omtde W%rur%ﬁi@sﬁﬁ&e&eﬂm&u}@g% BgChienogl.

and nolten resin is caused to advance (noved to In FI G

2) along the) giaANeaddoiRs, @ result, the screw 12 retracts (noves to the
right in FIG 2), and the nolten resin is accunulated on the front side of
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step, they,eon (electric motor) 41 is disposed as first drive means; and first
rotation transmission means composed of pulleys U2 and 43 and a timing
belt 44 is disposed between the metering motor 41 and the drive shaft
35 Therefore, the screw 12 can be rotated forward and backward through
drive of the metering motor U1. In the present embodiment, the
electric metering motor 41 is used as the first drive means. However,
in place of the electric metering motor #1, a hydraulic motor may be
used.
A ball screw 47, which is composed of & ball screw shaft 45 and
a ball nut 46 in mutual screw-engagement, is disposed on the rear side
(on the right side in FIG. 3) of the pressure plate 34. The ball screw
U7 serves as motion conversion means for converting rotational motion
to linear motion. The ball screw shaft 45 is rotatably supported by
the rear injection support 32 via a bearing 48, and the ball nut U6 is
fixed to the pressure plate 3% via a plate 51 and a load cell 52, which
is an example of a pressure sensor serving as load detection means, In
order to reciprocate the screw 12, an injection motor 53 is disposed as
second drive means; and second rotation transmission means composed of
pulleys 54 and 55 and a timing belt 56 is disposed betuween the injection

motor 53 and the ball screw shaft 45. Therefore, when the ball screw



sin within the groove 24 rotates together with the screw 12 and does not
advance. In order to avoid this problem the inner circunferential surface
of the heating cylinder 11 is nmade rougher than the outer circunferenti al
surface of the screw 12. In order to prevent backflow of the resin
accunul ated in front of the screw hepd 27, a backflow prevention unit is
provided. Specifically, the screw head 27 has a coni cal head body 25 at
its front side (Ieft side in FIG 2) and a shaft portion 26 at its rear

side (rig ggféuﬂae Nt & edkhrdl rg]@ra@% roPagkf hx@j\éd%&%\ﬂetﬁéﬁ&” 581 Nehe al1s

rotatably disposed to surround the shart portion 26, and a press nmet al
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to extend,augt #,prEACES B -20d)fe ﬁ'&xf%‘%@ge”ﬁ%ever, in place of the
injection motor 53, an injection cylinder may be used.
Resin pressure can be detected as a load by use of the load cell
52. However, since a pressure represented by a detection value output
from the load cell 52 differs from the actual resin pressure, after the
load cell 52 is built into the injection apparatus, the zero point of
the load cell 52 is adjusted in two stages. Specifically, in the first
stage of zero-point adjustment, as shown in FIG. ¥, the screw 12 is
moved in a first direction; e.g., is retracted, at a predetermined screw
speed VS, frow a predetermined position; e, g., a wetering completed
position, and a detection value P, output from the load cell 52 during
the movement is detected. Subsequently, in the second stage, the screw
12 is moved in a second direction; e.g., is advanced at a screw speed VS
» which may be equal to the screw speed VS, , and a detection value P,
output from the load cell 52 during the movement is detected. The screw
speed VS, assumes a positive value in the retraction direction of the
screw 123 and the screw speed VS, assumes a positive value in the
advancement direction of the screw 12, A mean value Pypy of the
detection values P, and P, expressed by the following equation

assumes a value which is not affected by mechanical resistance or

frictional resistance associated with resin.



projection 25a formed on the head body 25 is received in the cutaway 28b.
By virtue of this structure, when the screw 12 rotates, the backfl ow
prevention ring 28 rotates over a predeternmined angle [err] relative to
the screw head 27 and is restricted fromrotating further.

Meanwhi | e, an axially-extending hole 9 is forned in the press netal
plate 29 at a plurality of circunferential positions corresponding to

t hose of the holes 28a. Accordingly, when the backfl ow prevention ring 28
rotates by the predeterppned pggj [err] relative to the screw head 27,
conmuni cati on bet ween the' hol s 28a and 29a is established sel ectively.
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be calculated in accordance with a predetermined mathematical forumula.

However, as described above, the inner circumferential surface
of the heating cylinder 11 is made rougher than the outer
circumferential surface of the screw 12. Therefore, when the screw 12
is advanced or retracted, a large frictional resistance acts on resin in
the vicinity of the inner circumferential surface of the heating
cylinder 11, Thus, the detection values P, and P, change due to loads
stemming from the frictional resistance and serving as disturbance. As
a result, the mean value Pypy involves variation, which renders
performance of precise zero-point adjustment impossible.

In order to solve the above-described problem, when the screw 12
is retracted in the first stage, the screw 12 is rotated in a first
direction; e.g., in the forward direction, through drive of the
metering motor 41, such that the apparent speed of the flight 23 or the
flight speed Vf; is set lower than the screw speed VS, ; l.e., is set
to satisfy the following relation.

0 € V&, < V5

When the screw 12 is advanced in the second stage, the screw 12 is



advance and retract (nove leftward and rightward in FIG 3) along the
gui de bars 33. The front injection support 31 and the rear injection
10 support 32 are fixed to an unillustrated slide base by use of
unillustrated bolts. A drive shaft 35 is connected to the rear
of the screw 12, and the drive shaft(3p is rotatably supported by the
plate 34 via bearings 36 and 37. In order to rotate the screw 12,

pressure

a metering notor (electric motor) 41 is disposed as first drive means;
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A ball scrg n. Which is conposed of a ball screw shaft 45 and a bal

46 in nutua scremfengagenent i s di sposed on the rear side

0= Vf, < V5

As a result, since the frictional resistance which acts on resin
in the vicinity of the inner circumferential surface of the heating
cylinder 11 upon movement of the screw 12 can be decreased, loads
stemming from the frictional resistance is prevented from serving as
disturbance against the detection values P, and P, . Accordingly,
variation in the mean value Pygy 1s prevented, so that the zero-point
adjustment can be performed precisely.

When the zero-point adjustment for the load cell 52 is
performed, the screw speed VS, at which the screw 12 is retracted is
made equal to the screw speed V3, at which the screw 12 is advanced.
Since the injection apparatus can be operated under the same conditions
in the first and second stages, the zero-point adjustment can be
performed precisely, |

It is to be noted that when the screw 12 is retracted in the
first stage, a space is formed in front of the screw 12, so that
resistance of resin does not act on the screw 12, By contrast, if the
screw 12 is advanced in the first stage, resistance of resin present in
front of the screw 12 acts on the screw 12, and the detection value is
disturbed.

A pressure-sensor zero-point adjustment apparatus is provided in

end

and

nut



(on the right side in FIG 3) of the pressure plate 34. The ball screw 47
serves as notion conversion neans for converting rotational notion to

| i near notion. The ball screw shaft 45 is rotatably supported by the rear

i njection support 32 via a bearing 48, and the ball nut 46 is fixed to the
pressure plate 34 via a plate 51 and ‘%oad cell 52, which 1is an exanple
of a pressure sensor serving as |load detection neans. In order to

reci procate the screw 12, an injection notor 53 is disposed as second

and 55 andtael f A50er « s L8 SpRel Borndeh Te ERFEREESnSheat 0rSes  and
Lhe bal | Sehetholiah by o liongl ot en, W baldy SSERN s, 1n s RRLY 4
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Next, a control circuit for the injection apparatus will be
described.
FIG. 5 is a block diagram of a main portion of a control circuit
for the injection apparatus according to the embodiment of the present
invention; and FIG. 6 is a control block diagram of the injection
apparatus according to the embodiment of the present invention.
In FIGS. 5 and 6, reference numeral 41 denotes a metering motor;
52 denctes a load cell; 53 denotes an injection motor; 62 denotes a
controller; 64 denotes an injection servo-amplifier; 65 denotes a
metering servo-amplifier; 66 denotes a screw-speed setting unit serving
as screu-speed setting means; 67 denotes a memory; 71 denotes an
injection-motor-rotational-speed detector for detecting rotational speed
n, of the injection motor 53; 72 denotes a metering-motor-rotational-
speed detector for detecting rotational speed ny of the metering motor
41; and 81 denotes a screw position detector for detecting the position
of the screw 12 (FIG, 3). The controller 62 includes an injection-
motor-rotational-speed setting unit 73, subtracters T4 and 78, a gain
setting unit (-K) 75, and a metering-motor-rotational-speed setting
unit 77.

During a metering step, the uetering-motor-rotational-speed



52. However, since a pressure represented by a detection value output from
the load cell 52 differs fromthe actual resin pressure, after the | oad
cell 52 is built into the injection apparatus, the zero point of the |oad
cell 52 is adjusted in two stages. Specifically, in the first stage of
zero-point adjustnent, as shown in FIE 54, the screw 12 is noved in a
first direction; e.g., is retracted, at a predeterm ned screw speed

VS[err] froma predeterm ned position; e.g., a nmetering conpleted

posi tion, gyﬁ%f%gdﬁhﬁﬁt7?”%%§%££§§TBGPFESQHtﬁ&%eJﬂﬁgndbﬁgrL96€aFfﬁﬁaﬁi%ﬁ@@a'”9

t he novenent is detected y, In the second stage, the screw 12

i's noved 'dbd%a%%coﬂd dhregd | bt rRcBer 178, ad?ﬁH“éﬁ%ﬁ%éc%e§C?3“@éﬁ§ﬁ¥é§w%hez

whi ch nmay be equal o the screw speed VS[err] , and a detection value P2
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speed VS, assunes a p05|t|ve value'in the retraction direction of the

screw 12; %ﬁBﬁﬁ% VEZ1 ASBHIERS thePASY 1 A¥ey Al NCol Mo fifsen the

advancenent di T ectio o thg Screw 12. nean va ue Plerr]

detect ] oN A EMGRe noTdd-rBREL TS a;IeJCstpggars&n? find O HoREr eI -

assunes a val u I'S not by nec anl resi stance o

fricti Onalroﬁzﬁﬁiﬁﬁgf%eﬁﬁsoﬁ' at e Liyd ecsf‘]'endematlon A ny to the metering
servo-amplifier 65 in the form of a current command I, . In this
manner, the controller 62 drives the metering motor 41.
After completion of the metering step, at the metering completed
position, the injection-motor-rotational-speed setting unit 73
generates an injection-motor-rotational-speed command N; (j = 1, 2),
and sends the injection-motor-rotational-speed command N; to the
subtracter T4 and the gain setting unit 75, The subtracter T4 receives
the injection-motor-rotational-speed command N; and the injection-
motor-rotational-speed n; , calculates the deviation A ny; (j =1, 2)
between the injection-motor-rotational-speed command N; and the
injection-motor-rotational-speed n; , and sends the deviation A n;; to
the injection servo-amplifier 64 in the form of a current command I,;;
(j =1, 2). In this manner, the controller 62 drives the injection
motor 53 in order to retract the screw 12 at a screw speed VS; (j = 1,
2).
Upon reception of the injection-motor-rotational-speed command N
; supplied from the injection-motor-rotational-speed setting unit 73,
the gain setting unit 75 calculates and generates a metering-motor-

rotational-speed command Ng; (j = 1, 2), and sends the metering-motor-



%

12 Plerr] = (P[err] + Plerr] )/2 1In an injection step, pressure
of resin is detected by use of the load cell, while the nean value P[err]
regarded as a zero point, is subtracted froma detected pressure val ue,
whereby actual resin pressure can be detected. In the present enbodi nent,
the nmean value P [err] is obtained thrpugh a calculation in which the sum
of the detection values Plerr] and PFerr] is divided by two. However, the
mean val ue P[err] may be cal culated in accordance with a predetern ned

mat hematl g?&é@ﬂl %gend comuand Hﬁ \Gr thgI ﬁ%%%&t&e%abo’f’ﬁe %@rh@ﬂﬁf 78
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the apparqpt sqee$)of &% %llgggn%gr?r ﬁe screw 12 is rotated at a screw
rotational speed Nf; (j = 1, 2).
During this operation, the controller 62 reads a detection value
P; (j =1, 2) by the load cell 52, calculates the mean value Pggp On
the bagis of the detection value P; , and performs zero-point
adjustment for the load cell 52
In the present embodiment, the injection-motor-rotational-speed
setting unit 73 generates an injection-motor-rotational-speed command N
, for a period <t 1 in the first stage at the metering completed
position and then an injection-motor-rotational-speed command N, for a

period 72 in the second stage at the metering completed position.

Therefore, in the first stage, the subtracter T4 receives the
injection-motor-rotational~speed command N; and the injection-motor-
rotational-speed n, , calculates the deviation A n, between the
injection-motor-rotational-speed command N, and the injection-motor-
rotational-speed n, , and sends the deviation A n;, to the injection
servo-amplifier 64 in the form of a current command I,,. Therefore,
unillustrated screw advancement/retraction control means of the

controller 62 drives the injection motor 53 in order to retract the



fllght speed V[err] is set |lower than the screw speed VS[err] ; i.e., is
sét to satisfy the follow ng relation. O J[err] Vf[err] < VY[err]
When the screw 12 is advanced in the second stage, the screw 12 is

13 rotated in a second direction; e.g., in the reverse direction, through
drive of the netering notor 41 such that the flight speed Vf2 is set |ower
than the screw speed VS[err] ; i.e., is set to satisfy the follow ng

rel ation. O [err] Vf[err] < V§err] As a result, since

the frictisepa) ﬁﬁétsééﬂﬁﬁ?WQ% &R @§ts onresin in the vicinity of the inner

C|rcunferent|al surface o e heatlng cylinder 11 upon novenent of the

screw 12 can be ﬁ%%k 3886 1o|n°8flst esixgjg&ﬁgninfo%&lrt&aﬂﬂﬁil'égg@égnF:\S/tgt.'ha?fdaﬂce

is prevented fro dis ance agal nst the ues
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prevent ed, at t zero- ust nent can bé’ performed preci sély.

Wien the %%EOgQEﬁfEeé%ﬂngS&H§@t7§‘@élkafaéé§“£daegénéﬁaﬂé§ a metering-motor-

rotational-speed command Ny , and sends the metering-motor-

rotational-speed command Ng, to the subtracter 78, The subtracter T8
receives the metering-motor-rotational-speed command Ng; and the
metering-motor-rotational-speed ny , calculates the deviation A ny
between the metering-motor-rotational-speed command Ng and the
metering-notor-rotational-speed ny, , and sends the deviation A ng to
the metering servo-amplifier 65 in the form of a current command Ig,.
Therefore, unillustrated flight speed control means of the controller
62 rotates the screw 12 at a screw rotational speed Nf, .

During this operation, the controlier 62 reads a detection value
P, .

Subsequently, in the second stage, the subtracter T4 receives
the injection-motor-rotational-speed command N, and the injection-motor-
rotational-speed n; , calculates the deviation A n,; betuween the
injection-motor-rotational-speed command N, and the injection-motor-
rotational-speed n, , and sends the deviation A n;; to the injection
seprvo-amplifier 64 in the form of a current command I;, . Therefore,
the above-described screw advancement/retraction control means of the
controller 62 drives the injection motor 53 in order to advance the
screw 12 at a screw speed V3, .

Upon reception of the injection-motor-rotational-speed command N



performed, the screw speed VS[err] at which the screw 12 is retracted is
made equal to the screw speed VS[err] at which the screw 12 is advanced.
Since the injection apparatus can be operated under the sane conditions in
the first and second stages, the zero-point adjustnent can be perforned
precisely. It is to be noted ant when the screw 12 is retracted
in the first stage, a space is forneh n front of the screw 12, so that.
resi stance of resin does not act on the screw 12. By contrast, if the
screw 12 is_adv
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pressure-%g@gggnégﬁb-bgggggagggﬁgyiggggdqg%%&@bu§%2 and the metering-motor-
rotational-speed ny , calculates the deviation A ny» between the
metering-motor-rotational-speed command Ny, and the metering-motor-
rotational-speed ny , and sends the deviation A ng, to the metering
servo-amplifier 65 in the form of a current command Ig,. Therefore,
the above-described flight speed control means of the controller 62
rotates the screw 12 at a screw rotational speed Nf, .
During this operation, the controller 62 reads a detection value
P, , calculates the mean value Pypr on the basis of the detection
values P, and P, , and performs zero-point adjustment for the load cell
52,

In the present embodiment, the zerc-point adjustment for the
load cell 52 is performed at the time of completion of the metering
step. However, the zero-point adjustment may be performed at any other
time, such as the time when the power is turned on or the time when
resin is exchanged.

In a subsequent injection step, the screw speed Vs is changed in
multiple steps in accordance with the screw position S; (i =1, 2,
+ss )y For this operation, the screw-speed setting unit 66 generates a

screw speed command Vs,; (1 =1, 2, ...) in accordance with the screw

position S; , and sends the screw speed command Vs,; to the injection-



Next, a control circuit for the injection apparatus will be described.

FTG. 5 is a block diagramof a main portion of a control circuit for the

i nj ection apparatus according to the enbodi nent of the present invention;
and FIG 6 is a control block diagramof the injection apparatus according
to the enbodi nent of the present inveTtgon. In FIGS. 5 and 6,
reference nuneral 41 denotes a netering notor; 52 denotes a |load cell; 53
denotes an injection notor; 62 denotes a controller; 64 denotes an

I njection servo-a 65, denot e
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metering s%ﬁ%péuééggcgggeﬁﬂ @gééggé%riﬂé“{%%gg fgﬁ;%8€§¥1rotational—speed command
N,; and the injection-motor-rotational-speed n; , calculates the
deviation A n, between the injection-motor-rotational-speed command N
;; and the injection-motor-rotational-speed n; , and sends the
deviation A n; to the injection servo-amplifier 64 in the form of a
current command I, . In this manner, the controller 62 drives the
injection motor 53 in order to advance the screw 12,

In this case, as the screw 12 is advanced, fhe resin accumulated
on the front side of the screw head 27 generates a reaction force, by
which the load cell 52 is pressed via the pressure plate 34 and the
drive shaft 35, At this time, distortion of the load cell 52 is
converted to an electric signal. On the basis of the electric signal,
there is calculated an injection force which is required to push the
screw 12 from its rear side at a predetermined pressure.

Subsequently, when the screw position S; detected by the screw
position detector 81 reaches a predetermined value, the controller 62
changes its control mode from speed control to pressure control, and
performs pressure holding control on the basis of the above-described

injection force. Thus, the injection step is completed.

The present invention is not limited to the above-described



15 setting unit 77 supplies a preset netering-notor-rotational-speed
conmmand N err] to the subtracter 78. The subtracter 78 receives the

nmet eri ng-notor-rotational -speed cormand N err] and the netering-notor-
rotational -speed n[err] , calculates the deviation [err] n[err] between the
nmet eri ng- notor-rotational -speed connagq)N[err] and the netering-notor-
rotational speed n[err] , and sends the deviation [err] n[err] to the
meterin servo-anplifier 65 in the formof a current command If[err] . In
this

Aft er congﬁepﬁgﬂgggoPL@ﬁ%é @0%%?é§§t§$§%2§% aﬁggﬁ8n%féEQ&ipﬁ§§§PFuon
h 73
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L oont e e BBk RRRE it *en?scg &l fﬁ’%&i‘gg”%@ BhEASGRT 74 and

i njection-notor-rotational -speed conmand N err] and the injection-
notor-rotational -speed n[err] , calculates the deviation [err] n[err] (] =
1, 2) between the injection-notor-rotational-speed command N err] and the
injection-notor-rotational -speed n[err] , and sends the deviation [err]
nferr] to the injection servo-anplifier 64 in the formof a current
command I[err] (j =1, 2). In this nmanner, the controller 62 drives the

i njection



not or '53 in order to retract the screw 12 at a screw speed VS[err] (j = 1,
2) Upon reception of the injection-notor-rotational-speed conmand
N [err] supplied fromthe injection-notor-rotational -speed setting unit
73, the gain setting unit 75 calculates and gener at a netering not or -
rotational -speed command N err] (] é % and sends the nete

ubtr

rotational -speed command N err] to th acter
receives the netering-notor-rotational -speed connand N

nmet eri ng- o) sSpeed n[err], calculates the deV|aﬂ|oﬁ
it 38 zéﬁt[kﬁazta

nferr] (] the neterlng nDtor-rotatlonaI speed connand
L R B R R
at a screw %S % or?a%ip%%)g tgs N e f"eﬁ](’d cgﬁpbzt)s% the S%epst).? i:n_g this
the Toad cel Pe5(2:%tt t’ttft'%p és%%%dmﬁgitﬁ&hg%[ AT HE oS sbbe bl
detection ﬂgvfﬁg gﬁéar%L rgggft rHEtéfﬁfg'&E%é%Eion value corresponding to a
detected pressure; and
adjusting the zero point of the pressure sensor on the basis of
the detection value, wherein
the detection value is obtained when the screw is moved in a

state in which a flight speed is rendered lower than a screw speed.

2. A method according to claim 1, wherein the screw is advanced
or retracted in a first stage, and is moved in the opposite direction

in a second stage.

3. A wethod according to claim 2, wherein the screw speed in

the first stage is made equal to that in the second stage.

4, A method according to claim 2, wherein the flight speed is
made lower than the screw speed in at least one of the first and second

stages.

5 A method according to claim 1, wherein the flight speed is

made lower than the screw speed when the screw is advanced.



agjuétnent for the load cell 52. In the present enbodinent, the
injection-notor-rotational-speed setting unit 73 generates an .
injection-nmotor-rotational -speed command N [err]—for—a period{err] 1 in

the first stage at the netering conpleted positio 'ﬁ W:I m i
injection-notor-rotational -speed conmargd N2 for a r”ml m MMIIH”IHG second
stage at the netering conpl eted position. Fhefefore, isn the first
stage, the subtracter 74 receives the injection-notor-rotational-speed

command N err] ang, thg &@f@g@i@ﬁ%ﬁ?{%a cglaaliinﬁefﬁ' WRSRANERE korew is

cal cul ates the devi ation ween 't

i njections =f0f.atr-anal onmmand N err] and the injection-notor-
] F_BPttantgﬁ n{,rg rﬁrh.F s %@Q%é:

rot ati onal - spee ,and sends the deviation [err] n[err] to the
injection servo-anplifier 64 in the formof a current command I[err].
Therefore, wunillustrated screw advancenent/retraction control neans of the

controller 62 dripves LA I 0 i4N . 1 ry .
17 screw 12 at Il?é s%?ﬂé\?vhg%e%&%\r/’%%% ri (r:l'a'_’ﬁn E #h plgngpéegfteld%ﬁ %né}%f%dt &
i njection:np q&&%otational-speed comand N supplied fromthe

i njection-notor-rotational -speed setting unit 73,

8. An apparatus for adjusting a zero point of a pressure sensor
of an injection apparatus, comprising:

(a) a heating cylinder;

(b) a screw disposed within the heating cylinder to be rotatable
and reciprocatable, the screw having a flight portion in which a flight
is formed on an ocuter circumference of a screw body, and a screw head
disposed at a front end of the flight portion;

(c) first drive means for rotating the screw;

(d) second drive means for advancing and retracting the screw;

(e) a pressure sensor for detecting pressure of resin while the
screw 1is advanced and retracted;

(f) screw advancement/retraction control means for driving the
second drive means in order to advance and retract the screw at a
predetermined screw speed; and

(g) flight speed control means for driving the first drive
means, during advancement and retraction of the screw, in order to
advance and retract the flight at a flight speed that is apparently

lower than the screw speed.



the gain setting unit 75 cal cul ates and generates a netering-notor-
rotational -speed conmmand N err], and sends the netering-notor-

rotational -speed command N err] to the subtracter 78. The subtracter 78
receives the netering-notor-rotational -speed command N err] and the
metering-notor-rotational -speed n[err]- 1 calculates the deviation [err]
nferr] between the netering-notor-rotational -speed conmand N err] and the
nmetering-notor-rotational-speed n[err] , and sends the deviation [err]
nferr] to the netering servo-anplifier 65 in the formof a current conmand
I[err]. Therefore, unillustrated flight speed control means of the
controller 62 rotates the screw 12 at a screw rotational speed Nf[err]
During this operation, the controller 62 reads a detection value P[err].
Subsequently, in the second stage, th racter 74 receives the

i njection-notor-rotational -speed comman 2 and the injection-notor-
rotational -speed nf[err] , calculatq 53EEYBW¥T9” [err] n[err] between the
i njection-notor-rotational -speed conman and t'he injection-notor-
rotational -speed n[err] , and sends the deviation [err] n[err] to the
injection servo-anplifier 64 in the formof a current command |I[err]
Therefore, the above-described screw advancenent/retraction control means
of the controller 62 drives the injection notor 53 in order to advance the

screw 12 at a scrgw $peed VS[err] . Upon reception of the
i nj ection-notor- rg afional -speed command N -
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18 2 supplied fromthe injection-notor-rotational -speed setting unit 73,
the gain setting unit 75 cal cul ates and generates a netering-notor-
rotational -speed command N err], and sends the netering-notor-rotational-
speed command N err] to the subtracter 78. The subtracter 78 receives the
netering-notor-rotational -speed command N err] and the netering-notor-
rotational -speed n[err] , calculates the deviation [err] n[err] between the
nmet eri ng-notor-rotational -speed cormand N err] and the netering-notor-
rotational -speed n[err] , and sends the deviation [err] n[err] to the
metering servo-anplifier 65 in the formof a current command I[err].

Therefore, the above-described flight trol neans of the
controller 62 rotates the screw 12 at screw ot ati onal speed Nf2
During this operation, the controller rea detection value Plerr] ,
cal cul ates the nean value P[err] on thgj basi the detection val ues
Plerr] and P[err] , and perforns zero- nt jilst mrent for the | oad cel
52. In the present enbodi nped=el|{ he } nt adjustnment for the
load cell 52 is performed@at the tifqeNdfl|conpl n| of the nmetering
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step.® However, the zero-point adjustnent may be perforned at any ot her
ttme, such as the tine when the power is turned on or the tinme when resin

i s exchanged. In a subsequent injection step, the screw speed Vs
is changed in multiple steps in accordance with the screw position Si (i =
1, 2, ...). For this operation, the sgrew speed setting unit 66 generates
a screw speed command Vs[err] (i =1, 2, ...) in accordance with the screw
position S[err] , and sends the screw speed command Vs[err] to the

i njection- 19

notor-rotational -speed setting unit 73. Upon reception of the screw speed
command Vs[err], the injection-notor-rotational-speed setting unit 73
generates an injection-notor-rotational-speed coomand Nerr] (i =1, 2,

.) in accordance with the SCFEM/S ed co nd Vs[err] , and sends the
i njection-notor-rotational - d cod%a rr] to the subtracter 74. The
subtracter 74 receives the |nj ction-yot or-Xot ati onal - speed conmand N err]

and the injection-notor-rotatiomal -spegd nl ehr C ul ates the deviation
[err] n[err] between the injectiorf T -jrotati ongl /Speed conmand N [err]
and the injection-notor-rotati -speed nflerr an Epds he
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deviation [err] n[err] to the injection servo-anplifier 64 in the formof a
current conmand I[err] . In this manner, the controller 62 drives the
injection motor 53 in order to advance the screw 12. In this case,
as the screw 12 is advanced, the resin accunulated on the front side of
the screw head 27 generates a reaction,force, by which the load cell 52 is
pressed via the pressure plate 34 and the drive shaft 35. At this tineg,
distortion of the load cell 52 is converted to an electric signal. On the
basis of the electric signal, there is calculated an injection force which
is required to push the screw 12 fromits rear side at a predeterm ned
pressure. Subsequent |y, when creyw position S[err] detected by
the screw position detector 81 reacheE;é.e(A erm ned val ue, the
controller 62 changes its control node from speed control to pressure
control, and perfornms pressure holding control on the basis of the
above-described injection force. Thus, the injection step is conpleted.
The present invention is not {limted to the above-descri bed
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invention are possible in light of the spirit of the present invention,
and they are not excluded fromthe scope of the present invention.

2 1 WHAT IS CLAIMED | S: 1. A nethod of adjusting a zero point of a
pressure sensor of an injection apparatus, the method conprising the steps
of : detecting pressure of resim by use of the pressure sensor,
while noving a screw, in order to obtain a detection val ue correspondi ng
to a detected pressure; and adjusting the zero point of the
pressure sensor on the sis of the detection | ue, wherein t he
detection val ue i s obtaifped when the screwis ed ina state in which a
flight speed is rendered®| ower than a screw speed. 2. A net hod

according to claim1, wgrein the screwis advarided or retracted in a
first stage, and is nnvqy in the epposite directgon in a.&?cond st age.
3. A nethod according taaclaim 2, erein the sgfew speed %i the first

stage is nmade equal to t%at in thef second stage.§
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4. A-method according to claim?2, wherein the flight speed is nade | ower
t han the screw speed in at |east one of the first and second stages.
5. A nethod according to claim1l, wherein the flight speed is nmade |ower

than the screw speed when the screw i s advanced.

22 6. A nethod according togclaim2, wherein the screwis
retracted in the first stage.

wherein the flight speed is
adjusting a zero point of a pressure sensor
conpri si ng: (a) a heating cylinder;
within the heating cylinder to be rotatable

made zero.

having a flight portion in which a flight

FIG. 6
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7. A nethod according to claiml,

8. An apparatus for

of an injection apparatus,

(b) -a screw di sposed

and reciprocatable, the screw
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is formed on an outer circunference of a screw body, and a screw head
di'sposed at a front end of the flight portion; (c) first drive
means for rotating the screw, (d) second drive nmeans for advanci ng
and retracting the screw, - (e) a pressure sensor for detecting
pressure of resin while the screwis vanced and retracted, (f)
screw advancenent/retraction control %Eans for driving the second drive
means in order to advance and retract the screw at a predeterm ned screw

speed; and (g) flighkea d r for driving the first
drive nmeans, during advance%én gﬁdmfg?¢ ﬂ#lon the screw, in order to

advance and retract the flight at a flight speed that is apparently | ower
than the screw speed.

Title: METHOD AND APPARATUS FOR ADJUSTING ZERO POINT OF A PRESSURE
SENSOR OF AN INJECTION APPARATUS |

Abstract: A method and apparatus for adjusting a zero point of a
pressure sensor of an injection apparatus, which method and apparatus
enable precise zero-point adjustment for the pressure sensor. Pressure
of resin is detected by use of the pressure sensor, while a screw is
moved, and a detection value corresponding to a detected pressure is
obtained. The zero point of the pressure sensor is adjusted on the
basis of the detection value. The detection value is obtained when the
screw is moved in a state in which a flight speed is rendered lower than
a screw speed. In this case, since the frictional resistance which
acts on resin in the vicinity of the inner circumferential surface of
the heating cylinder upon movement of the screw can be decreased, loads
stemming from the frictional resistance are prevented from serving as
disturbance against the detection value. As a result, zero-point
adjustment for the pressure sensor can be performed precisely.

Figure for Publication: FIG 4



