
;ije3eqnX6TIL '  METHOD AND APPARATUS FOR CONTROLLING INJECTION MOLDING
MACHINE CAPABLE OF REDUCING VARIATIONS IN WEIGHT OF MOLDED PRODUCTS
BACKGROUND OF THE INVENTION The present invention relates to a method and
an apparatus for controlling an injection molding machine. In particular,
this invention relates to a method and an apparatus for controlling mold
internal pressure in order to reduce variations in weight of molded
products. Referring to Fig. 1, a motor-driven injection molding machine
will be described focusing on an injection unit. The motor-driven injection
molding machine has the injection unit which is driven by a servomotor. In
such an injection unit, rotation of the servomotor is converted into linear
motion by a ball screw and a nut, thereby moving a screw forward and
backward. In Fig. 1, the rotation of an injection servomotor 11 is
transmitted to a ball screw 12. A nut 13 is fixed on a pressure plate 14
and is moved forward and backward by rotation of the ball screw 12. The
pressure plate 14 is movable along four guide bars 15 and 16.(only two are
shown in the figure) fixed on a base frame (not shown). Forward and
backward motion of the 



pressure plate 14 is transmitted to a screw 20 via a bearing 17, a load
cell 18, and an injection shaft 19. The screw 20 is rotatably and axially
movably disposed in a heating cylinder 21. The heating cylinder 21 includes
a hopper 22 for feeding a resin to a position corresponding to the rear
portion of the screw 20. Rotating motion of a servomotor 24 for rotating
the screw 20 is transmitted to the injection shaft 19 via a connecting
member 23 which may be   22 May 2003 2 a belt, pulleys, etc. In other
words, the servomotor 24 rotates the injection shaft 19 which in turn
rotates the screw 20. In a plasticizing/measuring process) the screw 20
rotates and moves backward in the heating cylinder 21 so that a molten
resin is stored in front of the screw 20, that is, in the heating cylinder
21 on the side of a nozzle 21-1. The backward movement of the screw 20 is
caused by pressure due to gradual increase in the amount of molten resin
stored in front of the screw 20. In a filling and injecting process, the
forward movement of the screw 20 in the heating cylinder 21 is caused by a
driving force from the injection servomotor 11, so that the molten resin
stored in front of the screw 20.is forced into and is pressurized in a
metal mold. In this case, the force for pressing the molten resin is
measured by the load cell 18 as an injection pressure. The measured
injection pressure is amplified by a load cell amplifier 25 and is fed into
a controller 26. The pressure plate 14 has a position detector 27 for
measuring the amount of movement of the screw 20. The measuring signal
outputted from the position detector 27 is amplified by a position detector
amplifier 28 and is fed into the controller 26. The controller 26 outputs
current (torque) instruction values corresponding to the respective
processes and based on some values preset by a display/setting unit 33 via
a man-machine controller 34. The current instruction values are fed to a
drive 29 and a drive 30. The drive 29 controls a current for driving the
servomotor 11 to control an output torque of the servomotor 11. The drive
30 controls a current for driving the servomotor 24 to control the number
of revolutions of the servomotor 24. The servomotor 11 and the servomotor
24 comprise encoders 31 and 32, respectively, for measuring the number of
revolutions) The number of revolutions detected by the encoders 31 and 32
are fed to the controller 26. in particular, the number of revolutions
detected by the encoder 32 is used to determine the number of   3 22 May
2003 



revolutions of the screw 20. If an injection molding machine is a hydraulic
injection molding machine) a hydraulic injection cylinder may be used to
replace the conversion system for converting a rotary movement into a
linear movement, which is effected by means of the ball screw and the nut
involved in the injection apparatus. In this case, the oil pressure within
the injection cylinder is measured. Since the construction of the hydraulic
injection molding machine is already well known in the art, it will not be
illustrated and described in this specification. However, one subject
associated with the above-described injection molding machine is to
manufacture, in a shortened time period and at reduced production cost, a
large number of molded products of uniform quality. Here) one factor that
has an influence on the quality of the molded products is their weights. In
order to manufacture molded products of uniform weight, there has been
suggested a mold internal pressure feedback control system. In this mold
internal pressure feedback control system, a mold internal pressure sensor
is provided in the metal mold for measuring resin pressure in the metal
mold. In this way, the injection servomotor or oil pressure in the
hydraulic injection cylinder may be controlled in accordance with a
difference between a mold internal pressure measured by the mold internal
pressure sensor and a preset value of the mold internal pressure given as a
target value, with the control itself being effected by reducing the
difference to zero. Fig. 2 is a block diagram showing the above-mentioned
mold internal pressure feedback control system. However, the mold internal
pressure feedback control system shown in Fig. 2 has been found to have the
following problems. That is, it is difficult to stabilize the pressure
within the metal mold, merely by measuring the pressure variations within
the metal mold since there are some limits to the response   4 22 May 2003
time of the overall control system. As a result, it is difficult to
stabilize the mold internal pressure, hence making it difficult to
manufacture molded products of uniform weight. On the other hand, as
discussed above, the mold internal pressure has a significant influence on
the quality of the molded products, especially on the weights thereof. In
view of this, there have been suggested some other control methods for
stabilizing the mold internal pressure, which methods are different from
that shown in Fig. 2. For example, a method has been suggested which
requires that a mold internal pressure control system be connected in
cascade with an injection pressure control system, a preset value of the
mold internal pressure and a measured value of the same are compared with
each other, so that a preset value of an injection pressure may be changed
so as to adjust the injection pressure. In the use of the above method, it
is necessary that the injection 



pressure and the mold internal pressure be set at the same time when
setting operation conditions. However, since the response of the mold
internal pressure has an extremely large time lag in the injection pressure
feedback system, it is not easy to adjust the injection pressure, nor is it
easy to set the mold internal pressure, hence making it difficult to set
operation conditions. In fact, the mold internal pressure often changes in
the manner shown in Fig. 3. In order to obtain molded products of a good
quality, it is necessary that the mold internal pressure be set so that it
can change in accordance with the graph shown in Fig. 3. This, however,
makes it more difficult to set operation conditions. SUMMARY OF THE
INVENTION Accordingly, it is an object of the present invention to provide
a control method for controlling an injection molding machine, which is
effective for   22 May 2003 producing molded products of a uniform weight.
Furthermore, another object of the present invention is to provide a
control apparatus for controlling an injection molding machine) which is
capable of stabilizing a mold internal pressure by an easy operation. The
control method of the present invention is suitable for use in an injection
molding machine including a mold internal pressure sensor for measuring a
mold internal resin pressure as a measured mold internal pressure value.
The measured mold internal pressure value is fed to a nozzle internal resin
pressure feedback control system. A nozzle internal pressure preset value
in the nozzle internal resin pressure feedback control system is changed in
accordance with a difference between the measured mold internal pressure
value and an mold internal pressure preset value. The control apparatus of
the present invention is suitable for use in an injection molding machine
which comprises a mold internal pressure sensor for measuring resin
pressure within a metal mold cavity or within a resin flow passage
extending to the cavity, a pressure sensor for detecting injection and
dwell pressures, an injection and dwell pressure setting section, and a
mold internal pressure setting section. The mold internal pressure setting
section includes a memory. With respect to an injection and dwell pressure
preset value fed from the injection and dwell pressure setting section, a
detected value from the pressure sensor is fed back so as to set operation
conditions. A pattern detected by the mold internal pressure sensor
obtained when a molded product of a good quality was produced, is stored as
the mold internal pressure preset value in the memory. In an actual molding
process, a detected value from the pressure sensor is fed back, and a
difference is also fed back between the mold internal pressure preset value
stored in the memory and a measured value fed from the mold internal
pressure sensor, thereby adjusting an injection and dwell pressure preset
value fed from the injection and dwell pressure   



22 May 2003 6 setting section. In this way, an injection and dwell pressure
feedback loop is used as a minor loop to perform a mold internal pressure
feedback, thereby regulating an instruction value for injection and dwell.
BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is an explanatory block diagram
showing the construction of a motor-driven injection molding machine which
is one example of an injection molding machine; Fig. 2 is a block diagram
showing a conventional mold internal pressure feedback control system; Fig.
3 is a graph showing changes in mold internal pressure during one shot of
an injection molding process; Fig. 4 is a block diagram showing a control
apparatus according to a first embodiment of the present invention; and
Fig. 5 is a block diagram showing the construction of a control apparatus
according to a second embodiment of the present invention. DESCRIPTION OF
THE PREFERRED EMBODIMENTS With reference to Fig. 4, a control method will
be described which is for controlling an injection molding machine
according to a first embodiment of the present invention. Fig. 4 is a block
diagram showing a control system for carrying out the present invention. In
Fig. 4, the control system comprises a mold internal pressure sensor 41 for
measuring the pressure of resin injected in a metal mold. A mold internal
pressure value measured by the mold internal pressure sensor 41 is fed to a
nozzle internal resin pressure feedback control system 40. In the control
system, a difference between a measured mold internal pressure value
(measured by the mold internal pressure sensor 41 ) and a mold internal
pressure target value is calculated by a subtracter 42. A main    22 May
2003 control system is provided to change, in accordance with the
calculated difference, a nozzle internal pressure preset value in the
nozzle internal resin pressure feedback control system 40. The nozzle
internal resin pressure feedback control system 40 includes 



a nozzle internal pressure sensor 43 for measuring the nozzle internal
resin pressure and outputting a measured nozzle internal pressure value,
and a subtracter 44 for calculating a difference between the nozzle
internal pressure preset value changed by the above main control system and
a measured nozzle internal pressure value. In this way, the injection
pressure can be controlled in accordance with the difference calculated by
the subtracter 44. The control system according to the present embodiment
is not a system for directly feeding back a measured mold internal pressure
value. instead, it is a system for changing a preset value of the nozzle
internal resin pressure feedback control system 40, in accordance with a
measured mold internal pressure value. That is, the control system
according to the present embodiment can be called a cascade control. Of
course, the fundamental portion of the control system is a conventional
nozzle internal resin pressure feedback control. However, the gain of the
overall control system has been increased, and thus its response
characteristic has been improved) by changing the preset value of the
nozzle internal resin pressure feedback control system 40 in accordance
with a measured mold internal pressure value. fn other words, since the
nozzle internal pressure sensor 43 is located at a position closer to an
injection device than the mold internal pressure sensor 41, and since a
measured nozzle internal pressure value from the nozzle internal pressure
sensor 43 is used, it is possible for a measured nozzle internal pressure
value to be more quickly responsive to the operation of the injection
device.   s 22 May 2003 Therefore, with the use of the control system
according to the present embodiment, since the mold internal pressure can
be maintained constant, it is possible to manufacture molded products of a
uniform weight. If an injection molding machine is a motor-driven injection
molding machine as shown in Fig. 1, a control process can be carried out in
the following manner. That is, the nozzle internal resin pressure feedback
control system 40 is caused to perform control to make the difference
between a nozzle internal pressure preset value (to be changed in
accordance with the difference calculated by the subtracter 42) and the
measured nozzle internal pressure value (detected by the nozzle internal
pressure sensor 43) zero. Specifically, the position of the screw 20 which
is driven by the injection servomotor 11, i.e. the injection pressure, will
be controlled in accordance with the above difference. On the other hand,
when an injection molding machine is a hydraulic injection molding machine,
the control process can be carried out in the following manner. That is)
the nozzle internal resin pressure feedback control system 40 is caused to
perform control to make the difference between the nozzle internal pressure
preset value (to be changed in accordance with the difference calculated by
the subtracter 42) and the measured nozzle internal pressure value
(detected by the nozzle internal pressure sensor 43) zero. Specifically,
the oil pressure of the hydraulic injection cylinder will be controlled in
accordance with the above difference. In this way, with the use of the
first embodiment of the present invention, the mold internal pressure can
be maintained constant so that the weights of molded products can be made
uniform, thereby ensuring improvement in the quality of molded products.
With reference to Fig. 5, a control apparatus formed according to a second
embodiment of the present invention will be described. The control
apparatus is suitable for use in an injection and dwell process which is
one of  



9 22 May 2003 several processes for an injection molding process. In fact,
an object to be controlled by the control apparatus of the present
embodiment is the injection servomotor (represented by a reference numeral
11 in Fig. 1 ) if the injection molding machine is a motor-driven injection
molding machine. fn Fig. 5, the control apparatus according to the present
embodiment includes an mold internal pressure sensor 51 for measuring a
resin pressure within a metal mold cavity or a resin pressure within a
resin flow passage extending to the cavity, a pressure sensor 52 for
measuring injection and dwell pressure, an injection and dwell pressure
setting section 53, and a mold internal pressure setting section 54. A
preset pressure value for injection and dwell pressure which has been fed
from the injection and dwell pressure setting section 53, is transmitted as
a speed instruction value to the injection servomotor by way of a
calculator 55 effecting primary delay, an adder 56, a subtracter 57, and a
calculator 58 serving as a Iimiter. A switch SW1 is inserted and connected
between the mold internal pressure sensor 51 and the mold internal pressure
setting section 54. The mold internal pressure setting section 54 has a
calculation function which will be described later and also has a memory
54-1 for storing a mold internal pressure preset value. The mold internal
pressure preset value fed from the memory 54-1 is supplied to the adder 56
by way of a subtracter 59, a calculator 60 for providing a gain, and a
switch SW2. The detected value fed from the mold internal pressure sensor
51 is fed to the subtracter 59. As will be described later, the switch SW1
is set ON when setting operation conditions, and the switch SW2 is also set
ON during an actual molding process. In this way, when a measured value
from the pressure sensor 52 is fed to the subtracter 57, an injection and
dwell pressure feedback control loop is thus formed.   22 May 2003 io The
operation of the control apparatus according to the present embodiment will
be described in the following. First, operation condition setting is
performed under a condition where both the switch SW 1 and the switch SW2
are turned OFF. That is, with respect to the injection and dwell pressure
preset value fed from the injection and dwell pressure setting section 53,
the measured value from the pressure sensor 52 is fed back, thereby setting
operation conditions. Then, when it has become possible to obtain molded
products of a good quality, the switch SW1 is turned ON, a detected pattern
of the mold internal pressure sensor 51 corresponding to one shot of the
molding process (when a molded product having good quality was obtained) is
stored as the mold internal pressure preset value in the memory 54-1.
During an actual molding process, the switch SW1 is turned OFF while 



the switch SW2 is turned ON. At this time, the detected value from the
pressure sensor 52 is fed back to the subtracter 57, while the subtracter
59 is operated to calculate the difference between the mold internal
pressure preset value stored in the memory 54-1 and the measured value from
the mold internal pressure sensor 51. The difference thus calculated is fed
to the adder 56 through the calculator 60 and the switch SW2. As a result,
the injection and dwell pressure preset value fed from the injection and
dwell pressure setting section 53 is adjusted in accordance with the above
difference. This means that the injection and dwell pressure feedback loop
is used as a minor loop to effect mold internal pressure feedback) thereby
regulating an instruction value to be fed to the injection servomotor. In
this way, during the actual molding process, when the switch SW1 is turned
OFF and the switch SW2 is turned ON, the difference may be calculated
between the mold internal pressure preset value stored in the memory 54-1
and the measured mold internal pressure value from the mold internal
pressure sensor 51, and the injection and dwell pressure feedback loop may
be used as   i1 22 May 2003 a minor loop to effect mold internal pressure
feedback, thereby making it possible to obtain a highly precise and exactly
stabilized mold internal pressure capable of producing molded products of a
good quality. Therefore, it has become possible to realize an easy setting
of the mold internal pressure which would otherwise be difficult to deal
with) thereby ensuring a stabilized injection molding process. Furthermore,
the control apparatus of the present embodiment can also be expected to
operate in the following examples in the same manner as described. As a
first example, various types of measured patterns corresponding to
different types of molded products) i.e., various mold internal pressure
preset values corresponding to different types of molded products are
stored in advance in the memory 54-1 of the mold internal pressure setting
section 54. This is because an injection molding machine is required to
change its molding conditions from time to time in accordance with
different requirements for producing different types of molded products.
Accordingly, operation conditions are set in advance for each type of
molded product. At this time, each measured pattern (obtained when a molded
product of each type having a good quality was obtained) fed from the mold
internal pressure sensor 51 is stored in the memory 54-1. Then, when the
molded product to be manufactured must be changed from one type to another)
a mold internal pressure preset value corresponding to the molded product
of the new type is selected and read out from the memory 54-1, so as to be
used as the mold internal pressure preset value for carrying out the actual
molding process. As a second example, a plurality of measured patterns
(obtained when a molded product of each type of a good quality was
obtained) are obtained and the average of the plurality of the measured
patterns is stored as mold internal pressure preset values in the memory
54-1. For this reason, the mold internal pressure setting section 54 has a
calculation function. That is, the mold   12 22 May 2003 



internal pressure setting section 54 can operate to sample one measured
pattern and to store a sampled value. Subsequently, a calculation is
performed in which an average value is calculated from a plurality of
sampled values obtained at the same sampling timing with respect to a
plurality of detected patterns, thereby calculating, and thus obtaining an
average value from a plurality of measured patterns. As a third example,
the sampling process for obtaining a detected pattern is not carried out
during the entire time period for one shot of molding process, but for only
during a part of the time period. At this time, for example, a mold
internal pressure will change in accordance with the graph shown in Fig. 3.
However, the time period during which a fluid resin can maintain its
flowability is not covered by the entire time period shown in Fig. 3, but
is covered only by the first portion T of the time period. In other words,
the above control according to the present invention means that the time
period T shown in Fig. 3 will function effectively. Taking the above into
account, the abovedescribed sampling process is carried out only in the
time period T shown in Fig. 3, while measured patterns obtained in the time
period T are stored as mold internal pressure preset value in the memory
54-1. At this time, the calculation for obtaining the difference between
the measured pattern stored in the memory 54-1 and the measured value fed
from the mold internal pressure sensor 51, is required to be carried out
only in the time period T of the above one shot. In the second embodiment
of the present invention, the injection and dwell pressure feedback loop is
used as a minor loop to efifect an mold internal pressure feedback, thereby
making it possible to obtain a highly precise and exactly stable mold
internal pressure capable of producing molded products of a good quality.
Therefore, it has become possible to realize an easy setting of a mold
internal pressure which would otherwise be difficult to control, thereby
13 22 May 2003 ensuring a stabilized injection molding process capable of
producing molded products having low variation in weight.   22 May 2003 14
WHAT IS CLAIMED IS: 1. A method for controlling an injection molding
machine comprising a nozzle internal resin pressure feedback control system
including a mold internal pressure sensor for detecting a mold internal
resin pressure as a mold internal pressure detected value, the method
comprising: 



measuring the mold internal pressure value and feeding the measured mold
internal pressure value to the nozzle internal resin pressure feedback
control system; providing a nozzle internal pressure preset value in the
nozzle internal resin pressure feedback control system; and changing the
nozzle internal resin pressure in accordance with a difference between the
measured mold internal pressure value and the mold internal pressure preset
value. 2. A method for controlling an injection molding machine according
to claim 1, wherein the nozzle internal resin pressure feedback control
system includes a nozzle internal pressure sensor for measuring a nozzle
internal resin pressure as a measured nozzle internal pressure value, so as
to control an injection pressure in accordance with the difference between
the nozzle internal pressure preset value and the measured nozzle internal
pressure value. 3. A method for controlling an injection molding machine
according to claim 2, wherein the injection molding machine is a hydraulic
injection molding machine, and the nozzle internal resin pressure feedback
control system operates so as to control an oil pressure in a hydraulic
injection cylinder in accordance with the difference between the nozzle
internal pressure preset value and the measured nozzle internal pressure
value. 4. A method for controlling an injection molding machine according
to claim 2, wherein the injection molding machine is a motor-driven
injection molding machine, the nozzle internal resin pressure feedback
control system operates to control the position of a screw driven by an
injection servomotor, in   22 May 2003 15 accordance with the difference
between the nozzle internal pressure preset value and the measured internal
nozzle pressure value, 5. An apparatus for controlling an injection molding
machine, comprising a mold internal pressure sensor for measuring a resin
pressure within a metal mold cavity or within a resin flow passage
extending to the cavity, a pressure sensor for measuring an injection and
dwell pressure, an injection and dwell pressure setting section, and a mold
internal pressure setting section, wherein: the mold internal pressure
setting section includes a memory; with respect to an injection and dwell
pressure preset value fed from the injection and dwell pressure setting
section, a measured value from the pressure sensor is fed back so as to set
operation conditions, a measured pattern of the mold internal pressure
sensor, obtained when a molded product of a good quality was produced, is
stored as mold internal pressure preset values in the memory; and wherein
in an actual molding process, a measured value fed from 



the pressure sensor is fed back, a difference between a mold internal
pressure preset value stored in the memory and a measured value fed from
the mold internal pressure sensor is fed back, thereby adjusting the
injection and dwell pressure preset value fed from the injection and dwell
pressure setting section, so that an injection and dwell pressure feedback
loop is used as a minor loop to perform mold internal pressure feedback,
thereby regulating an instruction value for injection and dwell pressure.
6. An apparatus for controlling an injection molding machine according to
claim 5, wherein a plurality of measured patterns corresponding to
different types of molded products are stored in advance in the memory and
are optionally selectable.   22 May 2003 16 7. An apparatus for controlling
an injection molding machine according to claim 5, wherein a plurality of
measured patterns for one type of molded product are obtained, and average
values obtained from the measured patterns are stored as mold internal
pressure preset values in the memory. 8. An apparatus for controlling an
injection molding machine according to claim 5, wherein a sampling process
for obtaining the measured patterns is performed within a predetermined
time period during one shot of molding processing. 9. An apparatus for
controlling an injection molding machine according to claim 8, wherein with
respect to the injection and dwell pressure preset value fed from the
injection and dwell pressure setting section, a difference is fed back
between a measured pattern stored in the memory and a measured value fed
from the mold internal pressure sensor, said feedback being effected only
within a predetermined time period during one shot of molding processing.
.Al.Al.AyY.AfY.Afl.Afl.Afl 



.Afl.Al.ASY.AyY.Ayl .ASl7.Ay.ASl

.A@l!)W-zdDZfhzqs2%'3/}xrmhc^Y]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c<a!s
!$((w),1/2/>/C0G26667:5=>>>C@A#CmF|FIbMNNNP}xsnid_Z]]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a!PvUVVVX,Z1Z/]^^^_E_T_`bKdffikmnPnnn+oroopp[pq{vqlgb]X]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]caV]ca]ca]ca]ca]ca
]ca]ca!)W-iK- 10%M&'()-3,10%M&'()-y10%M&'()-, 10%M&'()-Y
Z10%M&'()-y:10%M&'()-l10%M&'()--zdiK-)10%M&'()-(- 10%M&'()-&@&10%M&'()-
10%M&'()-Lf10%M&'()-Z10%M&'()-Y10%M&'()-DWXYZfhiK)10%M&'()-s10%t&'()-9$lS10
%t&'()-10M10M10M/
10%M&'()-`-10%M&'()-+10%M&'()-h[<zB}[<iK)103(!10%t&'()-!dl 10%&'()-l
10%t&'()-!s 10%&'()- !d 10%tt&'()-  10%t&'()-
Bnopqsb@)10!dy:!10%&'()-Ly:!10% &'()-LL$YT10%&'()-Ss10%&'()- 10t 10t
10t3(!10%t&'()-2"#}[9+@ 10!n  10%&'()-'!i  10%&'()-'  10%&'()-'!ig
10%&'()-g 10%&'()-!ny:!10%&'()-L#$%'3/dE@ 10!ny!10%&'()-!sf 10%  &'()-tf
10%&'()-t&$YS10%&'()-Ss10%&'()- 



10 10zp q }[9+@ 10!Q4@ 10%&'()-!V4@ 10%&'()-+S 10%&'()-`!s @ 10%  &'()- @
10%&'()-!|y!10%BB&'()-q r s   !!#^?@ 10!y 10%&'()-m !Vf 10%&'()--!df
10%&'()--f 10%(&'()--!l10%55&'()-m 10
10#$(((((w)){\:0!!df!10%++&'()-f10%&'()-!l10%&'()- 10 10 10 10%&'()-!Qy
10%&'()-m );
**+}+,+,wU3{\:0![@&'!10%&'()-!|f!10%&'()-!xf!10%EE&'()-!xf!10%&'()-!nf!10%&
'()-!if!10%pp&'()-+,.///0/1/2/>//C0uV40!![f 10%&'()-`f
10%&'()-`&$lf10%&'()-ft10%&'()- 10 10
10!Q@&'!10%&'()-C02G2666666~_@0!![f&$lf10%&'()-ys10%&'()- 



10 10
10y!10%&'()-!Qy!10%&'()-y!10%&'()-677a::<5=z[9~_@0!!!x3M!10%&'()-93M!10%&'(
)-9!xf&s!10%&'()-:f&s!10%&'()-:!nf 10%&'()-s!Qf
10%&'()-s5==>>>>>>?uV70!!10%`&'()-,9$lS10%`&'()-fs10%`&'()- 10 10 10!d@/
10%&'()-@/ 10%&'()-?C@AAB#CE}[<uV70!!s$!10%`&'()-y!df 10%11&'()-f
10%`&'()-!i!10%&'()-!10%`&'()-!n10%&'()-,EjFkFlFmF|FIIoM70!!s$!10!xS&!10%%%
&'()-!QS&!10%&'()-!`Y10%&'()- 10`` 10``
10``!|s$!10%``&'()-yIMbMNNNNNN~_@0!!&$Yf10%&'()-sS10%&'()- 10 10
10yy2!10%&'()-s!|f,!10%))&'()-zf,!10%&'()-zN?PP1UvUVVVV}^SH=0!! 10 10
102!10%&'()-s!xf!10%cc&'()-zf!10%&'()-z!sy 10%&'()-y
10%&'()-VVVYXX\/]a?SH=0!! !y`!10% 



g g&'()-y`!10%&'()-!`y 10%XX&'()-y 10%&'()-L$T10%&'()-f
10%&'()-/]^^^^^^_B_C_bC8! 10f310%&'()-S10%&'()-9$lS10%&'()-`f10%&'()- 10 10
10@/M!10%&'()-C_D_E_T_h_``?bdEbC8! 10y
10%&'()-!dy!10%hh&'()-!iy!10%&'()-y!10%?&'()-!10%&'()- 10
10?bbdKdeffff}[M?18 10 10 10!`) 10%&'()-`) 10%&'()-`!d !10%&'()-
!10%&'()-!Vy 10%&'()-ffwgh9iijzX9M?18 10f-
10%&'()-!dS!10%&'()-!dS!10%yy&'()-!`S!10%&'()-S!10%!&'()-!Llg10%&'()-jkmmmm
mnPnrP1810%&'()-!LlT10%&'()- 10 10 



10!|yL$:!10%&'()-yL$:!10%&'()-!xf- 10%%%&'()-Pnnn+oroopdErP1810%f10%&'()-S
10%&'()-10%&'()-S3 10%&'()-Sf 10%&'()-@10%&'()-pp[pqdErP1810%f10%&'()-S
10%&'()-10%&'()-S 10%&'()-310%&'()-ff10%&'()- Normal" "Heading 13]c"
"Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph
FontYp$r%0,3;lCKS[D\cjnrtvxz|~PqIJK-hB#q
#)+,C065=?EINV/]C_?bfjPnpqLMNOPQRSTUVWXYZ[\]^_`abcdef6Times New
RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefgh 


