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The plastication of pellets in a co-rotating twin-screw extruder is a significant concern for product homogeneity
and stability in the plastic industry. We developed a sensing technology for pellet plastication in a plastication
and melting zone in a self-wiping co-rotating twin-screw extruder. The collapse of the solid part of the pellets

emits an elastic wave as an acoustic emission (AE) that is measured on the kneading section of the twin-screw &
extruder using homo polypropylene pellets. The recorded power of the AE signal was used as an indicator of the L’E
molten volume fraction (MVF) in the range of zero (fully solid) to unity (fully melted). MVF decreased with i:.t

increasing feed rate monotonically in the range of 2-9 kg/h at a screw rotation speed of 150 rotations per minute
(rpm) because of the reduction in the residence time of pellets in the extruder. However, the increase in feed rate
from 9 to 23 kg/h at 150 rpm resulted in an increase in the MVF as the friction and compaction of pellets caused

their melting. The AE sensor could elucidate the pellet’s plastication phenomena caused by friction, compaction 7
of pellets, and melt removal in the twin-screw extruder. %
[2]=}
Keywords: pellet plastication; acoustic emission; melt removal; twin-screw extrusion —|“L
2
. The plastication and melting of pellets in a co-rotating
1. Introduction twin-screw extruder have been studied mainly by
Co-rotating self-wiping twin-screw extruder is a  Pbuilding mathematical models and performing
continuous polymer processing machine and one of the numerical simulations of the plastication zone over the S
most widely used screw extruders in the polymer past three decades [2—4]. These models assume that IIJ
processing industry. It produces pellets, sheets, films, n}el’Elng _ oceurs primarily by the viscous - energy A
and other plastic products efficiently. The twin-screw  dissipation dgrmg th.e flow of suspensions Of_ solid
extruder transports, plasticates, and melts pellets of polxmer partlculiates m melts., with th? evolution of
plastic resin. When pellets of thermoplastic resin are fed melt?ng d.ecreasmg the . particulate size [1]: Othe.:r -
to the twin-screw extruder, the heat transfer from the  Studies <.ilscussed' plastic energy deformatlon via &
barrel of the extruder, friction, and adiabatic =~ COMPressive experiments on mold.ed dlSk§ of several ¥
compression of pellets result in plastication and melting materlals. [5_7]: thl et al. mvestlgatef:l single pellet ai
of pellets. [1] If the pellets do not plasticate well in the ~ deformation using finite e.lement analysis and rePorteFl 2
plastication zone, mixing with additives in the that mechanical energy is converted to heat in this |
! S

subsequent compounding zone becomes incomplete.
Plastication and melting in polymer processing
machines are critical elementary steps because they are
often the rate-controlling steps that consume 70-80% of
the total processing energy input [1]. Additionally,
during the melting of polymer blends, a major part of
the blend morphology is established [1].

process [8]. The mathematical models and numerical
simulations were evaluated by the limited experimental
results. Despite the extensive research, studies on real-
time monitoring in the plastication zone are limited [9].

Real-time monitoring can raise the alarm and
eventually stop the line when the pellet plastication is
insufficient. It readily provides the state of pellet

Shibaura Machine Engineering Review 6
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Real-Time Monitoring of Pellet Plastication in a Full-Flight Screw and Kneading Disk Elements of a Co-Rotating

Self-Wiping Twin-Screw Extruder by Acoustic Emission (AE) Sensing

plastication and helps understand the phenomenon.
However, the resin temperature and pressure sensors
are too fragile to be used in the solid pellets and
plastication zones as the solid pellets may collide with
the sensors and damage them. Hence, a new type of
sensor for resin plastication monitoring is demanded.

In this study, we focused on acoustic emission (AE).
AE originates from the transient stress waves that are
generated by crack growths and many other kinds of
material degradation and deterioration. [10] AE can be
applied for monitoring mechanical behaviors of various
materials: carbon/epoxy composites [11], glass fiber
reinforced polypropylene [12], high-density
polyethylene/polypropylene blends [13], natural fiber
composites [14], carbon fiber reinforced plastic [15],
degraded polypropylene [16], polypropylene/cement
[17], etc. Recently, machine learning technology has
been applied to the pattern recognition of the AE signal
to determine the extent of the damage [18,19].

According to the previous studies on applying AE
sensing to various materials, we can expect that
collapsing resin pellets in the kneading screw elements
emit the AE signal in the extruder.

The AE sensor comprises a piezoelectric transducer
and detects ultrasound waves as the AE signal. The
ultrasonic wave receiver and transmitter have been
applied to the extruders in polymer processing to
evaluate the density of polymer melt and the
composition of polymer blends [20]. Previous studies
have measured the density of molten resin that can be
applied to the analysis of plastication in the twin-screw
extruder. However, the change in density cannot be
directly explained by the change in plastication. The AE
signal depends on physical incidents, such as elastic
deformation, destruction, and failure of materials,
which are directly related to pellet plastication.

Here, a measurement technique to monitor pellet
plastication in the extruder using an AE sensor was
developed. The effects of screw speed, flow rate, and
plastication of polypropylene pellets in the twin-screw
extruder were investigated. The experimentally
obtained data were discussed with the suggested
mechanism previously reported by Gogos et al. [1].

2. Materials and Methods

2.1 Materials

A homo polypropylene (PP, F-704NP) with a melt flow
rate (MFR) of 7.0 g/10-min was acquired from Prime
Polymer, Minato City, Tokyo, Japan. The resin was
used as received. The parameters of the Cross model
fitted to the complex viscosity are shown in the
Appendix. The melting temperature was measured
using a differential scanning calorimeter (DSC-8500,
PerkinElmer, Waltham, MA, USA) with a heating rate
of 10 °C/min under 20 mL/min flow of nitrogen. The

7 Shibaura Machine Engineering Review

DSC was calibrated with the Indium standard. The
melting temperature was 164 ‘C

2.2 AE Sensor

An AE sensor (FAEN-S601, FIRST AE), a built-in
amplifier, a 2nd amplifier (EDGE NODE DISCOVERY
SEG), and a data acquisition A/D converter (NI DAQ
cDAQ-9171 and NI-9775, National Instruments) were
connected sequentially. In-house LabVIEW®
software was used to collect and record the AE data.
The data acquisition speed was 250 kHz, and the
sampling period was 0.2 s.

The AE sensor was attached to a waveguide with a
diameter of 17 mm and a length of 300 mm screwed on the
barrel of the twin-screw extruder, as shown in Figure 1,
to avoid any heat damage to the AE sensor. Three metal
blocks, 50 mm in length, were attached to the waveguide.
The distance between the barrel surface and the AE
sensor was 450 mm. A certain amount of grease (EchoZ+,
ECHO ultrasonics) was applied between the AE sensor
and the waveguide to reduce the transmission loss. To
attach the AE sensor securely to the waveguide without
damaging the AE sensor, the same fixing torque (0.35
N-m) should be maintained for every measurement when
the AE sensor was fixed on the waveguide. A wind fan was

used to continuously cool the sensor.

AE sensor e 4

Barrel of twin-screw extruder

Figure 1. Image of the AE sensor, waveguide, and barrel of
the twin-screw extruder.

2.3 Screw Configuration

A co-rotating self-wiping twin-screw extruder
(nominal screw diameter 26 mm indicated in Figure 2,
screw length to diameter ratio, L/D is 64, TEM-265X)
was used. The screw consists of various screw elements,
i.e., a piece of the screw. The order of the screw element
can be changed to build a desired screw configuration.
We used three different screw configurations (A), (B),
and (C) to study the plastication in the twin-screw
extruder. The order of screw element’s code of screw
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AE sensor —

Flow direction

| 26 mm [
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(C) BRI P AR RN ARY -
Figure 2. Screw configurations of (A—C) of the co-rotating twin-screw extruder ’%
ES

configurations in the SHIBAURA MACHINE catalog is
available in the Appendix.

Configuration (A): It is a simple screw configuration
in which one kneading disk element is at 977.5 mm
from the feed, and the others are full-flight screw
elements, as shown in Figure 2A. The AE sensor was

attached above the five-disk forward kneading element.

A barrel temperature of 30 °C was used to identify the
AE signal of collapsing solid pellets, while that of 195 °C
with a short distance of screw heated at 150 °C
immediately downstream of the feed port was used to
confirm that the molten resin does not emit the AE

In addition, to collect the AE signal of fully solid
pellets for the normalization of the AE signal, the barrel
temperature was set equal to the melting temperature
at 164 °C.

Configuration (C): The screw configuration (C) was
considered to understand the effect of kneading disk
elements on the plastication phenomena, as shown in
Figure 2C. The five-disk forward, neutral, and backward
kneading elements were replaced with full-flight screws.
The pellets were plasticized in the replaced kneading disk

zone. The AE signal was measured at the downstream

signal. It should be noted that the barrel temperature of kneading zone. The AE signal is possibly generated in the 1}%
195 °C was higher than the melting temperature of the upstream and downstream kneading zones. As the lig
sample PP. The examined screw rotation speed and distance between them is set sufficiently long, the AE
feed rate were 50 screw rotations per minute (rpm) and sensor does not interfere with the AE signal from the
2.0 kg/h, respectively. upstream kneading zone. o

Configuration (B): The screw configuration (B) was 3
built to understand the effects of feed rate and screw e
speed on the plastication phenomena in a full-flight 2.4 Residence Time Measurement =
screw, as shown in Figure 2B. The five-disk forward, The mean residence time of the solid pellets on the o
neutral, and backward kneading elements of 27 mm in full-flight screw was measured as follows. The screw ;
length located at 965 mm from the feeding port collapse ~ configuration was as same as the upstream
the partially solid pellets that emit the AE signal. The configuration from the AE sensor of (B) in Figure 2. The —
AE signal was used to understand pellet plasticationin ~ detailed configuration is shown in Table A2 in the
upstream full-flight screw elements. The barrel Appendix. R
temperature was 195 °C at regions away from four full- The barrel temperature was set to a room temperature g
flight screw elements in front of the feed port. Thus, the ~ ©f30 °C. The pellets were fed to the rotating twin screws ;l,\
melting zone was located at 965 mm from the feeding alone, consisting of full-flight screw elements and no
port. The screw rotation speed increased as follows: 30, kneading disk elements. The exit of the extruder was
50, 100, 125, 150, 200, and 250 rpm. The feed rate open, and no die was attached to it. This operation does S
increased as follows: 2.0, 4.0, 6.0, 12, 18, and 23 kg/h. The not collapse and melt the pellets. The pellets were only =
interval of the measurement was approximately 3 min. transported to the exit of the extruder by the rotation of é;
Measurements of 12 kg/h at 30 rpm and 18 and 23 kg/h ~ SCTEWS. 2%
at 30 and 50 rpm were not performed because the In the measurement operation, the rotating screws and =
pellets were not fed to the feed port continuously. the feeder of pellets were abruptly stopped when the |l

Two series of experiments were performed. In the 1st ~ ™ass flow rate reached a steady state of the desired 2
series, the screw rotation speed was increased while the ~ Value. The screws were rotated again to transport the —
feed rate was maintained constant. Subsequently, the remaining pellets in the barrel when the feeder stopped.
process was examined at a higher feed rate from low to All the pellets in the barrel were collected, and the mass
high screw rotation speed. In the 2nd series, the feed () was measured. The mean residence time per meter =
rate was increased while the screw rotation speed was ~ Was calculated as follows: &t
maintained constant. 5o m, )

Qm Lm

Shibaura Machine Engineering Review 8
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Residence Time Screw Rotation Speed (rpm)

per Meter (s/m) 50 100 150 250

E 2 43.1 22.9 14.3 10.8

: 4 44.8 23.6 15.8 10.8
- 6 46.5 235 15.7 9.8
F‘Eid/r};te 9 53.2 24.4 16.6 105

;j s 12 60.1 235 16.7 105
gt} 18 76.5 26.4 16.6 10.2
23 % 31.7 17.6 10.6

* Feed neck occurred. Screw configuration was the “Residence time meas.” in Table A2.

Table 1. Residence time per unit meter of solid pellets transported on the full-flight screws at 30 °C.

where mp (kg) is the remained mass of pellets in the
barrel when the screws stopped, Qm (kg/s) is the pellets’
mass flow rate in the feeder, and Lm (m) is the measured
barrel distance, which is 0.918 m from feed to head.
The screw rotation speed was changed from 50 to 250
rpm with 50 rpm intervals. The feed rate was increased

melted, and a clear molten strand was obtained at the
exit of the die at the barrel temperature of 195 °C at the
same screw rotation speed and feed rates at 30 °C.

A typical time domain and the fast Fourier-transformed
AE signals obtained at the barrel temperatures of 30 °C

and 195 °C are shown in Figure 3. A strong signal was

53 . :
L’T‘T a.s follows: 2, 4, 6, 9,12, 18, and 23 kg/h. The residence captured at 0.1 s at 30 °C while no distinct signal was
w time per meter ranges from 9.8-76.5 s/m. The results are , ,
= . . observed at 195 °C in the full range of the time-space. The
summarized in Table 1, and the dependences on the o T )
screw rotation speed and the feed rate are plotted. frequency domain signal indicates that the peaks in the
range of 60—80 kHz originated from the AE signals of the
. 2.5  Signal Processing collapsing ;.)ellets. The. signals in the range of 20-60 kHz
-1l Extrusion of pellets at a barrel temperature of 30 °C were superimposed with those of the other phenomena,
G produced collapsed pellets in the screw configuration =~ such as the open-and-close solenoid valves, metal
a (A) at the screw rotation speed and feed rate of 50 rpm contacting screw and barrel, and other un-clarified noises.
; and 2.0 kg/h, respectively. The pellets collapsed Thus, the signals in 60—80 kHz were used in this study as
between the barrel and screws. The pellets were fully the AE signal of collapsing pellets.
6] T T T i 0.001 T T T T T T T T T T T T T T
i ] (a1) [—— Solid]; (a-2) ,
| ] 1
. 04 7 3
e s 2] 1 &
< L 1 B
g ] 15 oom- bl ]
S %) T T T w T T T T T T T T T T T T T T
=, g 6 T T T f 0001 T T T T T T T T T T T T T T
~ N 7 o
= - et - Melt
i 41 (b-1) —— 5 (b-2)
i 27 1 <
B 0+ T e e T ]
— -2 - .
a 4] ]
; 6] ] 0.000 A E
OTO 0:1 0f2 0 1‘0 2‘0 3‘0 4‘0 5‘0 6‘0 7‘0 8‘0 9‘0 1(‘)0 1ZII.O 1&0 150 1:10 150
Time (s) Frequency (kHz)
- Figure 3. Time domain AE signals at a barrel temperature of (a—1) 30 °C and (b—1) 195 °C. Power of AE signals in

frequency domains at (a—2) 30 °C and (b—2) 195 °C. The screw rotation speed and feed rate were 50 rpm and 2.0 kg/h,

respectively.
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2.6 Molten Volume Fraction (MVF) from AE

A model of AE signal generation, as illustrated in
Figure 4, indicates that the AE signal is proportional to
the residual solid part of pellets. The recorded time
domain signal was processed by the 60-80 kHz
bandpass filter. The square of the time domain signal
was accumulated during the measurement time of 210
s. Then, the accumulated signal was divided by the
number of pellets passed through under the AE sensor
for 210 s, which can be calculated by the mass flow rate,
measurement time, and average mass of one piece of

pellet.
Large AE signal

‘;9

Fully solid pellet

Small AE signal

o

Partially solid pellet Fully melted pellet

No signal

Figure 4. Model of AE signal generation.

Finally, the MVF, xy, is calculated as follows:

S(T,,Q,Ns)

- 2
S(T,.,2kg/h, 250rpm) @

Xo =

where S(Tbv, Q, Nis) is the accumulated signal per pellet.
S5(Tm, 2 kg/h, 250 rpm) is the reference signal. We could
not use the data at room temperature, i.e., at 30 °C,
because the pellets could not pass through the three
kneading disks, and the motor’s torque increased the
specification value. The pellets extruded at Tm (164 “C),
2 kg/h, and 250 rpm seemed almost solid and did not
stagnate in the kneading disk elements. The further
increase in feed rate and/or screw rotation speed caused
the torque-over. When the only kneading disk, such as
(a) Images 30 rpm 50 rpm
of screw and
pellets

in the case of screw configuration (A), was used, the
torque-over did not occur. However, some solid pellets
passed through the one-kneading disk zone without
collapsing. Hence, we placed three kneading disks to
ensure all the pellets collapsed in the kneading zone.

3. Results and Discussion

3.1 Visual Observation of Partially Molten State
Pellets on Rotating Screws

Figure 5a shows the effect of screw rotation speed on
pellet plastication. The full-flight screws in an open
barrel immediately upstream of the kneading disk
under the AE sensor were observed. The characteristic
aspects of melting resin varied with the screw rotation
speed. The structural aspects of melting pellets in a co-
rotating twin-screw extruder were described by Gogos
et al. [21-23]. They found seven different states and
described their characteristics and definitions. The
observed structural state was mentioned following
their definition in the parentheses. The clear molten
resin on the pushing side of the full-flight screw was
observed at 30 and 50 rpm (melt film). The partially
melted pellets and clear molten resin were observed at
100 rpm (melt-rich suspension). The partially molten
white pellets and their blocks were observed at 150 and
200 rpm (clustered structures). Almost solid pellets
rolling on the flight screws were observed at 250 rpm
(individual particles).

Figure 5b shows the MVF for each screw rotation
speed. The MVF decreases with increasing screw
rotation speed. Compared with the images in Figure 5a,
the dropping of MVF corresponds to the solid pellet
appearance clearly beyond 100 rpm. The MVF can be
used to evaluate pellet plastication quantitatively.

1.00
0.98
0.96
0.94 +
0.92

(b)

Molten volume

fraction (MVF)()

100

150 200

Screw rotation speed (rpm)

Figure 5. Effect of screw rotation speed on the molten volume fraction (MVF). (a) Visual observation and (b) MVF.
The screw configuration was (B). The feed rate was 2 kg/h. The barrel temperature was 195 °C. The videos of the
visual observations are available in the Supplementary Materials.
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Table 2. Summary of molten volume fraction (MVF) dependence on increasing screw rotation speed at constant
feed rates: 1st series *.

=
BE} Feed Rate (kg/h)
B MVF ()
2 4 6 9 12 18 23
30 0.98 0.99 0.99 0.99 - - -
50 0.99 0.99 0.99 0.99 1.00 - -
B .
5 Screw rotation speed 100 0.98 0.99 0.97 0.93 0.96 0.99 0.99
: (rpm)
150 0.97 0.96 0.90 0.90 0.92 0.97 0.97
0.95 0.91 0.82 0.85 0.86 0.90 0.93
250 0.92 0.87 0.76 0.81 0.82 0.82 0.83
* Screw configuration was (B).
(a) ' 100 (c) ' (d)
1.0 4. 1.0 1.0 —
C l%{ Ul C C - /'( 50 rpm
o \ A ™ [ N 150 rpm
> SN > - > ©\
2009 v\Q\. 209 £ 209 ©\
c ) \ c ’ u \E . 150 rpm
% ‘(’9) \v ‘ % g 2 250 rpm
iy @ N S S 8
iR 08 v =08 @ 101 =08 —— Correlation
& g \ GE) 8 Ee.eij ;ate (kg/h) GE) Feed rate (kg/h)
g Feed rate (kg/h) “ % Feed rate (kg/h) g e 4 =] =2
2 | S | g |l S s
é 0.7 :::g é 0.7+ ::: ig [n'd ::: ?2 é 0.7 . ?2
) % —v—9 § 23 < 18 § L
# 23 23
& 06 : : 06 , , 1 : 06
& 0 100 200 300 0 100 200 300 10 100 1000 0 10 20 30 40 50 60 70
2 Screw rotation speed (rpm) Screw rotation speed (rpm) Screw rotation speed (rpm) Residence time (s/m)
|
=
Figure 6. Effect of increase in the screw rotation speed on the molten volume fraction (MVF). The feed rate of (a)
2-9 kg/h, (b) 9-23 kg/h, and (c) residence time per meter of solid pellets in full-flight screws. The residence time was
measured for the solid pellets at 30 °C. (d) Relationship between the residence time and molten volume fraction
> (MVF). The screw configuration was (B)
Y
.
X 3.2 Effect of Increase in Screw Rotation Speed on of pellets occurred at the high feed rate and slow-screw
Plastication at a Constant Feed Rate rotational speed.

. Table 2 and Figure 6ab show the effect of screw Figure 6d shows the relationship between the MVF and
= rotation speed on the MVF at a constant 'feed rate. The residence time per meter. Overall, the long residence time
2 MVF_ for every 'feed rate decreased Wlth the. screw resulted in high MVF. Therefore, solid pellets must
5 rotation speed. Figure 6¢ shows the residence time per .
= . . . receive heat from the barrel and screws to melt. Hence,
o meter of solid pellets estimated by Equation (1). The . )

a residence time per meter monotonically decreased with the l?nger the residence time per meter (more than 2?_30
; increasing screw rotation speed. The slopes of the low s/m in the polymer), the more heat the pellets received,
feed rate are close to -1, indicating that the residence and pellet plastication advanced. However, there are
time per meter is proportional to the reciprocal of screw several plots enclosed by circles that deviate from the
rotation speed. The majority of pellets were transported overall trends. To segregate them, an empirical equation,
= by the drag force of flight screws. The plots of high feed Equation (3) was fitted to the plots except for the enclosed
Sy rate, e.g., 12, 18, and 23 kg/h, in slow-screw rotation ones:

speed, deviate from the slope of -1 because the holdup
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Table 3. Summary of molten volume fraction (MVF) dependence on increasing feed rate at a constant screw rotation

speed: 2nd series *.

Feed Rate (kg/h)
MVE ()
2 4 6 9 12 18 23

30 0.99 0.99 0.99 1.00 - - -

50 0.96 0.98 0.99 1.00 1.00 - -
Screw rotation speed 100 0.98 0.99 0.96 0.91 0.94 0.98 0.99
(rpm) 150 0.95 0.96 0.92 0.87 0.89 0.94 0.96
200 0.93 0.91 0.83 0.81 0.80 0.84 0.90
250 0.88 0.85 0.76 0.76 0.75 0.72 0.78

* Resin is PP-MMEFR, and the screw configuration is (B).

a=Aexp(-x/t)+Y, 3)

where the parameters of Equation (3) were determined by
fitting to the experimental data except the data plots

enclosed by circles. A1 = —0.434, # = 5.79239 (s/m), yo =
0.99309. The plots on the correlation line and deviated
plots indicate that our definition of MVF of Equation (2)
is less sensitive to lower MVF and high solid content.

Further study is required for the appropriate definition of
MVF.

3.3  Effect of Increase in Feed Rate on Plastication at
Constant Screw Speed

Table 3 and Figure 7a show the effect of feed rate on
the MVF at constant screw rotation speed. The MVF
decreased at a lower feed rate and turned to increase at
higher feed rates for a screw rotation speed higher than
100 rpm. A minimum MVF for each screw rotation
speed existed. The feed rate of the minimum MVF

shifted to a high feed rate with increasing screw
rotation speed. MVF increased monotonically for the
cases of 30 and 50 rpm.

Figure 7b shows the effect of feed rate on the residence
time per meter. The residence time per meter of each
screw rotation speed against the feed rate had no peak.
The residence time per meter increased with the feed
rate, and its slope depended on the screw rotation
speed. A monotonical increase in the residence time per
meter above 25-30 s/m anticipates the advance of pellet
plastication.

Interestingly, the MVF curves at 50 rpm and those at
100 rpm are different in Figure 7a. The MVF at 100 rpm
dropped significantly at 5 and 7 kg/h. The pellets
received substantial heat from the barrel at 30 and 50
rpm due to the long residence time. At more than 100
rpm, the residence time was not sufficient to melt the
crystalline phase of polypropylene. Thus, the MVF
dropped with an increase in the feed rate.
Semicrystalline polymer requires heat to reduce the
viscosity of the amorphous phase as well as to melt the
crystalline phase.

(©)

(D)

~ o] oee  |screw T e Screw 1o —— Correlation
= 57'< . A—* | rotation 0 ||rotation o A + 50 rpm
> v A/v/' speed (rpm)| speed (rpm) S b . = 100 rpm
= *e %\ —=— 30 1= —e— 50 s . = 150 rpm
= os \* o dl-e—50 A Val J-4—100 | oo 250 rpm
kel < v’ /" |-4—100 o s —v—150 | &
i3] 1% & —v— 150 £ 50 o <250 | 5
g N 200 | T | o°® o
. o | ) o8
o °8 <250 | B4 o
1S 4 a c o :
% R y S o] A = -
< ‘0 A7 )

> o074 [} AAaAa— > 0.74]
c Y 20 c
£ VvV Y v v 9 25 s/m
§ 10{ 4 4q—4———q—< | §

0.6 ; ; . : \ . . : 0.6+

0 5 10 15 20 25 0 5 10 15 20 25 0 10 20 30 40 50 60 70 80

Feed rate (kg/h)

Feed rate (kg/h)

Residence time (s/m)

Figure 7. Effect of feed rate on (a) the molten volume fraction (MVF) and (b) the residence time of pellets. The residence time
was measured for the solid pellets at 30 °C. The screw configuration was (B). (c) Relationship between the MVF and the
residence time per meter. The correlation line was drawn using the parameters and Equation (3).
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Self-Wiping Twin-Screw Extruder by Acoustic Emission (AE) Sensing

Figure 7c shows the relationship between the MVF and
the residence time per meter. The correlation line was
drawn by the parameters of Equation (3). The MVF lower
than 25 s/m deviated from the correlation line. It indicates
that additional shear heating occurred in the starved
situation by screw rotation and increased the MVF
gradually.

Figure 8 illustrates the accumulation of pellets in the
valley of the full-fight screw zone of twin screws. An
increase in the feed rate accumulates the pellets between
the barrel and screws. The heat conduction rate of the
blue-colored pellets in the side view is lower than that of
the orange-colored pellets because the heat conducts
through the orange-colored pellets. The amount of
received heat per pellet at a high feed rate is lower than
that at a low feed rate. Thus, the decrease in MVF was
caused by the decrease in the amount of heat per pellet

with the increase in feed rate.

Flow direction x" hd NS ': Flow direction S 9, N

.

Side view

. Y
r P : -
™ ‘ 0‘
o I Heat conduction from Serews I

Side view

Low-feed rate High-feed rate

Figure 8. Comparison of the accumulation of pellets in the
valley of twin screws in the full-flight screw zone
betweenlow feed and high feed rates at a constant screw

rotation.

Figure 9 illustrates the holdup of pellets by the kneading
disk just below the AE sensor in twin screws. The increase
in feed rate causes the holdup of pellets just in the zone
before the kneading disk element. The friction and
compaction of pellets produce heat, which melts
themselves in the zone [23]. Thus, the higher feed rate
increased the holdup, friction, and compaction of pellets
in the zone. It melts and transforms pellets to increase the
MVF at further high feed rates.
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Flow direction

* [ Fully filled with molten resin

AE Sensor location |

Compaction and |
friction among pellets.

Sgueezing pressure

Figure 9. Holdup of pellets by the kneading disk in the
twin-screw extruder.

3.4  Effect of Kneading Disk

The effect of the kneading disk was investigated by
replacing the full-flight screw with the kneading disk
(configuration (C)). Figure 10a shows that the MVF
with the kneading disk is 1.0-9.0 kg/h. Further increase
in feed rate slightly decreased the MVF to 0.98. The
MVF without the kneading disk (configuration (A)) was
lower than that with a kneading disk. The kneading
disk facilitated the plastication of pellets efficiently.
Figure 10b shows the MVF at a barrel temperature of
175 °C. As expected, the MVF drastically decreases and
changes nonlinearly with the feed rate, as observed in
Figure 7a. The kneading disk does not always plasticate
pellets completely.

4. Conclusions

Plastication of semicrystalline resin pellets in a twin-
screw extruder was investigated using the newly
developed AE sensing system, which detects the elastic
wave and prevents the collapse of the partially melted
pellets in the twin extruder. The MVF based on the
power of the AE signal per pellet was defined. The feed
rate and screw rotation speed affected the MVF
nonlinearly. The residence time, accumulation of pellets,
fricion between pellets, and compaction play
significant roles in plastication. Their contribution
changes according to the feed rate. Moreover, the
kneading disk efficiently enhanced the plastication
independent of the feed rate. The compaction of pellets
in the kneading disk zone is a significant factor in
plastication.

Measurement of plastication using AE sensing has
several advantages. The AE sensor does not contact an
object directly. The AE sensing can be applied to severe
situations in pressure transducers and will detect
abnormal plastication via a sudden increase in the AE
signal.
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Figure 10. Effect of kneading disk on the molten volume fraction (MVF). The screw rotation speed is 150 rpm. The
barrel temperatures were (a) 195 °C and (b) 175 °C, respectively. The screw configuration of “with kneading disk”

was (C) and that of “without kneading disk” was (B).

The AE sensing and investigation of plastication still
have some limitations. Our AE sensing data support the
previously proposed plastication mechanism. However,
further quantitative analysis with mathematical models,
such as finite and discrete element methods, is required.
Moreover, plastication is followed by mixing additives,
resin, and glass fibers in a typical extrusion process.
Therefore, it is necessary to identify and categorize
problems arising from mixed signals of glass fiber
breakage, inorganic particles, and the blending of
different viscoelastic materials.

Supplementary Materials: The following supporting
information can be downloaded at: www.mdpi.com/xxx/
2kgh100rpm.mp4, 2kghl50rpm.mp4, 2kgh200rpm.mp4,
2kgh250rpm.mp4, 2kgh30rpm.mp4, 2kgh50rpm.mp4.
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Appendix

The equations of the temperature-dependent Cross
model are shown in Equations (A1) and (A2):

_ o
n=——"—"@n
1+(wj (A1)
-
My = Bexp[i—bj (A2)

Where 1) is the temperature-dependent viscosity; y is

the shear strain rate; and n, B, 7%, and Tv are fitting
parameters, which are shown in Table Al. These
parameters are determined based on the temperature-
dependent experimental data of complex viscosity
following the Cox-Merz rule because the resins are all
linear polymers. The shear viscosity can be calculated
at an arbitrary temperature of Tr.
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Table A1. Cross model parameters of viscosity estimation of the polypropylene used

% n(-) B (Pa* s) 7* (Pa) Ty (°C)

5

g PP F-704NP 0.4212 8.486 x 10-¢ 12,360 9472.1

The order of the screw element’s code from the feed to the head of screw configurations in the catalog of SHIBAURA

o MACHINE [24] is presented in Table A2.

B

&0

=

Table A2. The order of screw element’s code of screw configurations *.

Residence Time

A B C Meas.
Feeder - - - -
1 CL-3 CL-3 CL-3 CL-3
2 SC-20/20  SC-20/20  SC-20/20 SC-20/20
3 SC-40/40  SC-40/40  SC-40/40 SC-40/40
4 SC-40/40  SC-40/40  SC-40/40 SC-40/40
5 SC-40/40  SC-40/40  SC-40/40 SC-40/40
6 SC-40/40  SC-40/40  SC-40/40 SC-40/40
1?% 7 SC-40/40  SC-40/40  SC-40/40 SC-40/40
R 8 SC-40/40  SC-40/40  SC-40/40 SC-40/40
& 9 SC-40/40  SC-40/40  SC-40/40 SC-40/40
10 SC-40/40  SC-40/40  SC-40/40 SC-40/40
S 11 SC-40/40  SC-40/40  SC-40/40 SC-40/40
) 12 SC-40/40  SC-40/40  SC-40/40 SC-40/40
gﬁ 13 SC-40/40  SC-40/40  SC-40/40 SC-40/40
i 14 SC-40/40  SC-40/40  SC-40/40 SC-40/40
- 15 SC-40/40  SC-40/40  SC-40/40 SC-40/40
L 16 SC-40/40  SC-40/40  SC-40/40 SC-40/40
17 SC-40/40  SC-40/40  SC-40/40 SC-40/40
— 18 SC-34/34  SC-34/34  SC-34/34 SC-34/34
19 SC-34/34  SC-34/34  SC-34/34 SC-34/34
5 20 SC-34/34  SC-34/34  SC-34/34 SC-34/34
'| 21 SC-27/27  SC-27/27  KD-27/5R SC-27/27
2 22 SC-27/27  SC-27/27  KD-27/5N SC-27/27
23 SC-27/27  SC-27/27  KD-27/5L SC-27/27
24 SC-27/27  SC-27/27  SC-10/20L SC-27/27
L 25 SC-27/27  SC-27/27  SC-27/27 SC-27/27
5 26 SC-27/27  SC-27/27  SC-27/27 SC-27/27
e 27 SC-27/27  SC-27/27  SC-27/27 SC-27/27
Gl 28 SC-27/27  SC-27/27  SC-27/27 SC-27/27
2 29 SC-27/27  SC-27/27  KD-27/5R SC-27/27
L 30  KD-27/5R KD-27/5R  KD-27/5N Open head
- 31 SC-27/27 KD-27/5N  KD-27/5L. < AE sensor here -
32 SC-27/27  KD-27/5L  SC-10/20L -
33 SC-27/27  SC-10/20L  SC-27/27 -
% 34 SC-27/27  SC-27/27  SC-27/27 -
¥ 35 SC-27/27  SC-27/27  SC-27/27 -
36 SC-27/27  SC-27/27  SC-27/27 -
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37 SC-27/27  SC-27/27 SC-27/27
38 SC-27/27  SC-27/27 SC-27/27
39 SC-27/27  SC-27/27 SC-27/27
40 SC-27/27 SC-27/27 SC-27/27
41 SC-27/27 SC-27/27 SC-27/27
42 SC-27/27  SC-27/27 SC-27/27
43 SC-27/27  SC-27/27 SC-27/27
44 SC-27/27 SC-27/27 SC-27/27
45 SC-27/27 SC-27/27 SC-27/27
46 SC-27/27 KD-27/5R  SC-27/27
47 SC-27/27 KD-27/5N  SC-27/27
48 SC-27/27  KD-27/5L.  SC-27/27
49 SC-27/27  SC-10/20L SC-27/27
50 SC-34/34  SC-34/34 SC-34/34
51 SC-34/34  SC-34/34 SC-34/34
52 SC-34/34  SC-34/34 SC-34/34
53 SC-27/27  SC-27/27 SC-27/27
54 SC-20/20  SC-20/20 SC-20/20
55 SC-20/20  SC-20/20 SC-20/20
56 SC-20/20  SC-20/20 SC-20/20
57 SC-20/20  SC-20/20 SC-20/20
Head - - -

* Screw element names do not reflect the dimensions of the screw element precisely. The exact dimension is a part of
confidentiality. CL-3: 3 mm length collar, SC: Full-flight screw, KD: Kneading disk, R: Right-hand, N: Neutral, L: Left-
hand configurations. For example, KD-27/5N is a neutral kneading disk of which the length and number of disks are 27

mm and 5, respectively. SC-10/20L is a full-flight reverse screw element of which length and pitch are 10 and 20,

respectively.
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The demand for optical glass lenses is rising owing to the increase in image resolution. Optical glass is a
hard and brittle material. Thus, an efficient and precise grinding method is required for optical glass to improve
lens quality and productivity. There are a few methods of producing crack-free machined surfaces; however,
they provide only limited grinding efficiency. To resolve this issue, the authors’ group has proposed the reac-

tion-induced slurry-assisted (RISA) grinding method, which expands the range of ductile-regime grinding by
utilizing the chemical-mechanical action of a cerium oxide slurry. In this study, the grinding performance of

RISA grinding is experimentally evaluated for different pH levels. The results are compared using Tukey's test, 5
where surface roughness is considered as the characteristic value and the pH value as the analyzed factor. gé
The result shows that RISA grinding efficiently produces a high-quality surface when the slurry is alkaline. &
The adhesion of cerium oxide abrasives to the wheel in RISA grinding follows the same mechanism as slurry
aggregation. In addition, adhesion is more likely to occur when the alkalization of the slurry promotes aggre- —
gation. The tank in the slurry supply unit is replaced with a rotating tank to ensure stable RISA grinding with 3
a highly aggregable slurry while preventing aggregation. The performance evaluation shows that a high-quality %
surface with a surface roughness of less than 10 nm in most parts is obtained. Moreover, the critical depth of =
cut stably increases by a factor of 5.8. _|hL
R
Keywords: Ultraprecision grinding, Chemical-mechanical grinding, Optical glass —
1. Introduction method of expanding the range of ductile-regime grind- |/
ing by supplying a cerium oxide (ceria) slurry to the |J
The demand for optical glass lenses is rising owing to grinding point. This slurry chemically reacts with a glass x
an increase in image resolution. However, as these lenses surface [4, 5, 6]. As this method is assisted by the grind-
are hard and brittle, they are susceptible to cracks even ing action of free abrasive grains that produce chemical —
when they are produced via ultraprecision grinding. actions, we refer to this method as reaction-induced g
Ductile-regime grinding has attracted attention because slurry-assisted (RISA) grinding. In the present study, we %
it can produce crack-free machined surfaces. Several examine the slurry characteristics and analyze the influ- %%
methods have been developed for ductile-regime grind- ence of the pH of the cerium oxide slurry and the mech- i
ing, such as electrolytic in-process dressing [1] and anism through which the ceria abrasive grains adhere to ;
shape-adaptive grinding [2] using a compliant grinding the grinding wheel. The results are used to improve the o
wheel. slurry supply unit, which can perform RISA grinding in
In ductile-regime grinding, the maximum cutting a stable manner.
depth of abrasive grains must be less than the critical ;%

cutting depth of a material [3], and conventional meth-
ods can only achieve a limited grinding efficiency. To re-

solve this issue, the authors' group has proposed a

2. Reaction-Induced Slurry-Assisted

(RISA) Grinding

Shibaura Machine Engineering Review | 18
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Slurry Conditions for Reaction-Induced Slurry-Assisted Grinding of Optical Glass Lens

RISA grinding is used to expand the range of ductile-
regime grinding by supplying a cerium oxide slurry to
the grinding point. We have successfully performed duc-
tile-regime grinding with BK7 at an efficiency five times
larger than that of conventional methods [4] and pro-

duced a high-quality surface of quartz glass [5].

RISA grinding is a type of chemical-mechanical grind-
ing, where a grinding method for glass using a cerium
grinding wheel has been reported [7]. This approach uses
fixed abrasives. In RISA grinding, only the coolant is re-
placed with a slurry, and a conventional resin-bond dia-
mond grinding wheel is used. In other words, it combines
free-abrasive and fixed-abrasive grinding. Micron-sized
cerium oxide abrasives in the slurry are supplied to the
grinding point. They are crushed to a size of several hun-
dred nanometers and adhere to the entire surface of the
diamond grinding wheel. The performance of ductile-re-
gime grinding is significantly enhanced when the adhe-

sion of crushed cerium oxide abrasives occurs [4].

B [ Woakun glass
o STace

Glass Structure

(a) By 800 fs

Fig. 1. Chemical reaction between cerium oxide and

() By 1000 fs

The chemical reaction between cerium oxide and the
glass surface has been analyzed using molecular dynam-
ics, and it consists of the chain reaction shown in Fig. 1
[8]. The rate of the chemical reaction is of the order of
nanoseconds, which is less than the time required for a
cerium oxide abrasive to adhere to the wheel surface to
abrade the glass surface. Thus, a model has been pro-
posed for the RISA grinding mechanism, in which a ce-
rium oxide abrasive that adheres to the wheel surface
comes into contact with the workpiece of glass and chem-
ically softens the surface [4, 5, 6].

However, the mechanism through which cerium oxide
abrasives adhere to the diamond grinding wheel in this
model has not been clarified. Furthermore, the quality of
the machined surface varies depending on the production

variations in the slurry [6]. Therefore, it is necessary to

analyze suitable slurry characteristics for RISA grinding.

With this background, the effects of the alkalinity of the
slurry on RISA grinding are analyzed, and the mecha-
nism by which the abrasives adhere to the wheel surface

is discussed.

19 | Shibaura Machine Engineering Review

3. Influence of Alkalinity of Cerium Ox-

ide Slurry on Grinding Performance

3.1 Relationship between Slurry pH and

Grinding Surface

Chemical actions are widely employed in the field of
polishing; this is referred to as chemical-mechanical pol-
ishing. As the polishing rates of various materials vary
depending on the pH of the slurry [9, 10], pH is consid-
ered to strongly affect RISA grinding, which employs
chemical actions.

In this study, sodium hydroxide was prepared to vary
the pH of the slurry between four values: 7, 9, 11, and 13.
Cross-grinding characteristics were experimentally eval-
uated using a #2000 resin-bond diamond wheel (diame-
ter: 100 mm) and BK7 optical glass with a radius of cur-
vature of 62 mm. The same grinding conditions were
used for all pH levels as shown in Table 1. Two grinding
experiments were conducted for each pH level. The RISA

grinding process is shown in Fig. 2.

Table 1 Experimental conditions.

Grinding Conditions

Wheel feed rate [mm/min] 3.0
Work rotation [min-] 30
Wheel rotation [min-1] 7000
Depth of cut [um] 0.5

Ceria Slurry

Grinding Wheel

Fig. 2. RISA grinding experiment.
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Table 2 Slurry conditions.

Slurry Conditions

pH 7,9,11,13
Abrasive type Cerium Oxide
Concentration [wt.%] 5

Abrasive size [um] 0.6~1.3 (Ave. 1.0)

Pressure gauge Slurry flow

—e— = — | Machine -
Nozzle |

Wheel I

Tank Pump

Fig. 3. Slurry supply unit.

The slurry was produced by mixing cerium oxide abra-
sives with an average grain diameter of 1.0 pm at a con-
centration of 5 wt.% with water, as shown in Table 2. The
slurry was supplied to the grinding point by connecting
a slurry circulation device to the ultraprecision grinding
machine, as shown in Fig. 3. The machined surface pro-
duced by RISA grinding was evaluated in terms of sur-
face roughness (Sa) using a white-light interference mi-
croscope.

The surface roughness of the ground surface produced
using slurries with different pH values is presented in
Table 3.

Table 3 Surface roughness (Sa) of machined surface.

Slurry Exp. No. Exp. No. Aver-
pH 1 2 age
7 27.1 nm 29.5 nm 28.3 nm
9 16.3 nm 11.8 nm 14.0 nm
11 17.1 nm 15.5 nm 16.3 nm
13 16.5 nm 14.7 nm 15.6 nm

The obtained results were utilized to conduct multiple
comparisons using Tukey’s test, with surface roughness
as the characteristic value and the pH value as the ana-
lyzed factor.

Tukey’s test corrects for the family wise error rate un-
der the partial null hypothesis and employs the honestly
significant difference (HSD), which is stricter than the
conventional t-test. The HSD is expressed in Eq. (1).

o

HSD,(a) = (\/_H) @A, Ve @) v, (1

a is the level of significance, n is the number of ex-
periments repeated under identical conditions (2 in our
example) and a is the number of levels of the analyzed
factor (4 in our example). v, is the degree of freedom
of the error factor, which is computed as 4 for the pre-
sent case using Eqg. (2).

vo=Mmxa—-1)—-(a—1)=mn—-1a...Q2)

& is the mean square error, which is calculated by sub-
tracting the sum of squares of the effects of the analyzed
factors (given by Eqg. (3)) from the sum of squares of the
overall experiment (given by Eq. (4)) and dividing it by
Vp.

S=YHy; —%)?>%x2=2582..ccccccoeen..... (3)

T = Y8(x; — %)% = ¥3(x; — 18.6)2 = 273.8

x; is the surface roughness obtained from a given
experiment, X is the average surface roughness ob-
tained from all 8 experiments, and y; is the average
surface roughness for a given pH level. q(a,v,; @) is
the upper bound (a) of the studentized range
(g distribution) of the a level based on wv,. It shows the
range (difference between maximum and minimum val-
ues) of observed values that lie within a probability of
(1 —a) when a observations are made with v, de-
grees of freedom.

Assuming a level of significance (a) of 1%, the HSD
is computed as given by Eqg. (5).

HSD(0.01) = \/{—9 q(4,4;0.01) = 1.4 X
9.2 = 128 oo )

The effects of the different levels are compared using
their averages. The average surface roughness increased
as the pH changed from 9 to 13, 11, and 7. pH7 (Sa: 28.3
nm) and pH11 (Sa: 16.3 nm) were the only pairs that
showed a difference larger than the HSD, and the differ-
ence between pH9 and pH11 did not exceed the HSD.
Therefore, only the differences between pH7 and the
other pH levels were significant, and there was no sig-
nificant difference between pH9, pH11, and pH13. This
indicated that the quality of the RISA grinding surface

was significantly higher when the slurry was alkaline.
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“Thermometer

Digital camera
(fixed)

Fig. 4. Observation setup for slurry dispersion.

3.2 Evaluation of Dispersion of Slurry

The dispersion state of the slurry was investigated on
the basis of the above experimental evaluation. The
slurry was produced again under the conditions listed in
Table 2, and its dispersion was observed.

As shown in Fig. 4, the dispersion state of the slurry
was captured using a digital camera with fixed lighting
and position. Specifically, the slurry was stirred with a
stirrer for 10 min, and images were obtained immedi-
ately and 20 min after stirring.

The captured images were converted to a 256-grada-
tion gray scale. The differences between the images ob-
tained immediately and 20 min after stirring were dis-
played in color. The results are shown in Fig. 5. Blue and
red indicate the regions that became brighter and darker
after 20 min.

As light passes through water, the regions where the
slurry concentration is reduced are displayed in blue. In
the pH7 solution, the abrasive grains remained dis-

persed over approximately 3/4 of the beaker after 20 min.

In contrast, the dispersion region became smaller in
the pH9, pH11, and pH13 solutions, among which the
pH13 solution exhibited pronounced aggregation. The

red line at the surface of the slurry was caused by the

apparent increase in the water level due to stirring.

Fig. 5. Result of slurry dispersion after 20

21 | Shibaura Machine Engineering Review
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“’ur“z’#

(b) After wiping

(a) Soon after grinding

Fig. 6. Wheel surface after grinding.

3.3 Discussion

The wheel surface was observed after RISA grinding,
and the results are shown in Fig. 6. The abrasive grains
remained on the wheel surface even when it was wiped
with a wiper, which indicated strong adhesion. This pro-
moted the chemical alteration caused by cerium oxide.
The authors’ group showed that RISA grinding increased
the grinding load [11]. This was consistent with the con-
cept of adhesion, in which the contact area of the dia-
mond grains on the grinding wheel decreases.

Considering that RISA grinding produces the lowest
quality surface when using the pH7 slurry with the high-
est dispersion, it was likely that the adhesion of cerium
oxide to the wheel is caused by slurry aggregation and
dispersion state of the slurry affect the quality of that.
As the cerium oxide slurry was a colloidal solution, the
Derjaguin-Landau—Verwey—Overbeek (DLVO) theory
was applied. This theory explains dispersion and aggre-
gation in colloidal solutions. In this theory, the potential
(V) of the force acting between two particles at distance
D is expressed by Eq. (6) [12].

AO) R A0) L A02) N (6)

7, is the energy due to the van der Waals force and
V. is the energy due to electrostatic attraction. The van
der Waals potential between particles with sufficiently
large diameters is expressed by Eq. (7).

5 ~ —a—Ceria Abrasive
—s— Grnding Wheel

E o “\\\ ' '
£ 5
[
510 K\j\\
o W
o -15
~N

-20 | ‘ )

-25

Q 2 4 6 8 10
pH

Fig. 7. Zeta potential vs. pH.
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5 x10

—— Ceria-Ceria

R; and R, are the radius of the particles, and A is
the Hamaker constant.

The energy due to electrostatic attraction, V., is ex-
pressed by the Hogg-Healy—Fuerstenau formula, as
given by Eq. (8) [13].

V(D) =
eR1R2(w§+w§){ 219, (1+exp(—xn))
4(R1+R3) (W2+¢2) 1—exp(—kD)
In(1 — exp(—ZKD))} ................................ ®)

This formula considers hetero-aggregation and 1y,
and 1, are the electric potentials of the particles. € is
the dielectric constant of the solution and « is the in-
verse Debye length.

The zeta potential is typically used as the surface po-
tential of materials. The measured zeta potentials of the
grinding wheel and cerium oxide abrasive grains are
shown in Fig. 7. The potentials were negative for the
pH7 and alkaline solutions. The potential of the cerium
oxide abrasive was higher at pH7, the relation was re-
versed close to pH8; the potential of the grinding wheel
was higher in alkaline solutions.

When the zeta potential of the grinding wheel was
lower than that of the cerium oxide abrasive, the elec-
trostatic repulsion between the grinding wheel and ce-
rium oxide abrasives was expected to be lower than that
between the cerium oxide abrasives, which was advan-
tageous for adhesion. The potential between the parti-
cles in the pH9 solution was calculated, and it is shown
in Fig. 8. The parameters used for the computation are
listed in Table 4. As sodium hydroxide could be used to
adjust the pH to 9, the Debye length was calculated as-

suming a concentration of 10° mol/L in a 1:1 electrolyte.

A Hamaker constant that was suitable for oxides in wa-
ter was assumed [14, 15]. Furthermore, as the zeta po-
tential is generally lower than the surface potential ow-
ing to electrostatic shielding, estimated surface poten-
tials that were slightly higher than the respective zeta
potentials were adopted.

Ceria-Wheel

0 —

Interaction Energy [J]

Distance [nm)

Fig. 8. Interaction energy between ceria—ceria/ce-

ria—wheel.

Table 4 Computation parameters.

Hamaker constant 7x10-%
Ceria surface potential [mV] -25
Wheel surface potential [mV] -15
Debye length [nm] 96
Ceria particle size [pum] 1.0

The interaction energy between cerium oxide and the
grinding wheel decreased with the distance between
them. In addition, it was lower than the interaction be-
tween the cerium oxide abrasives. The interaction en-
ergy was analogous to the potential energy, such that a
low energy indicated a stable state. This implied that the
adhesion of cerium oxide abrasives to the wheel easily
occurred in the alkaline solutions.

Therefore, it was assumed that the slurry aggregation
and adhesion of cerium oxide abrasives to the wheel
were related. Thus, we conjectured that it was necessary
to use a slurry with high aggregability to obtain suffi-
cient RISA grinding performance.

4. Proposed Grinding Device

The DLVO theory shows that the adhesion of cerium
oxide abrasives to the grinding wheel is promoted by an
alkaline slurry in which the aggregation of abrasive
grains occurs easily. This should also increase the effect
of RISA grinding to improve the surface quality. There-
fore, the tank in the slurry supply unit, shown in Fig. 3,
was replaced with a rotating tank, as shown in Fig. 9.
This made it possible to supply a highly aggregable
slurry while preventing aggregation.

RISA grinding tests were performed using the new tank
under the conditions listed in Table 1. The measured sur-
face roughness is shown in Fig. 10. A high-quality sur-

face was obtained with a surface roughness of 10 nm or
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less in most parts. A ductile-regime-machined surface
was stably produced up to a distance of at least 13 mm

from the center.

Fig. 9. Electrically driven rotating tank.

8= Slurmy #1 .
=i Slurry #2
== Slurry #3

Surface Roughness Sa [nm]
-

0 2 4 6 8 10 12 14 16
Distance from Center [mm]

Fig. 10. Machining test results.

Sun et al. [16] proposed Eqg. (9) for geometrically cal-
culating the maximum depth of cut (h,,) in cross grind-
ing.

hm=252%$ﬂjz .............................. 9)

>

where R is the distance from the center, ¢ is the
angle between the wheel’s composite velocity and the
center of the machined work, C is the effective abra-
sive density, r is the average chip width divided by
depth, t is the depth of cut, and D is the grinding
wheel diameter.

According to Eqg. (9), the maximum depth of cut in-
creases with the distance from the center. The maximum
depth of cut calculated at a radius of 13 mm, which was
the limit for achieving sufficient ductile-regime grind-
ing, was 260 nm, which was 5.8 times larger the typical
critical depth of cut of BK7 (45 nm) [3].
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The above results indicated that it was possible to sta-
bly improve the surface quality of RISA grinding by in-
troducing a slurry supply unit to adequately stir a highly
aggregable slurry.

5. Conclusion

We propose RISA grinding to create a high-quality sur-
face with high efficiency. The influence of the cerium ox-
ide slurry characteristics on the grinding performance is
investigated. The mechanism by which abrasive grains
adhere to the grinding wheel is discussed to elucidate the
mechanism of RISA grinding. The results are summa-

rized below.

1. The surface quality of RISA grinding increases when
alkaline slurries are used.

2. The adhesion of cerium oxide abrasives to the wheel,
which is caused by a mechanism similar to the aggrega-
tion of the slurry, is likely to occur when a highly ag-
gregable slurry is employed.

3. A supply unit that can adequately stir a slurry with
high aggregability is necessary to fully demonstrate the
ability of RISA grinding. The critical depth of cut stably
increases by a factor of 5.8 when the supply unit with a

rotating tank is implemented.

Note that as the adjustment of the slurry characteris-
tics is accompanied by an increase in the amount of the
electrolyte, the alkaline slurry creates a condition in
which aggregation occurs more easily. More effective
RISA grinding is expected to be realized by adjusting the

amount of the electrolyte and pH level.
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T XY BEEEMOTHAIN, kA TRIND,
Qi1 = qi + Aqy 4)

D(q T DV T, AR SR O L F

V=5 €'(@0 K e(a,) ©)

YN S EB LS, E DI LB WVWERET B,
T, EBITHEELAD~Y=Ea L —& L2, 20 EEE
BADREICEEEREZ 5T 52N TED, 2T
AR AN REREATHIK AT D BT E A~ = a2 L —
BENENORAT 0y 71750, BEEREZIET D
BEERRETH L TRENDE, 2ROV TIKRE T
w5,

ZoXkHiz, AREIRG) EFEMEKE T 5 Mok
WLREZ R BB e FIETHY, EAO~v= =L —
& LFETEHE TN O B EACEIC R S 2 A flEEh o
BNLE —HE L C, BAENLE B O BEE IR U CEHE
T 5, LT, FOAEGRREGEHSCAEAGO~Y=Ea L —
S LEITHO BFEE L T OBMEEREEZE XD Z L T,
v = Ba L—& EETEHNHHREE T 2 28 EE
AR SELND, BIcR(Q) EROITZ oW ETICE
W, ERICEEREE 2RO, ThUL, RICEFVTH
MELIIMTO~=¥ 2 L—% OBEELENEL . 47
HOBEELEERZNL Y LELSBRES N TWEEE, &
ITERIXE LD BEABBEL YV b=t 2 L—F DO AEE
BBIFEA B IE T, PREOBERSBHEL/NSLSTDH L

RE7—FTUFv —BREORY bOHOH L LGIEEE

BRI OHRICEIK R TH D, FERMIC, ETHIT
WIERBHEFE, THROOBEHPLEN G X b TRk
Th-oTh, v=EalL—FOFEBIHE L THE<,
ZhE. ABECRL TR WETEMERNBEIER SIS Z
L LB EMEBEENARVWEFOY =Y 2 L—X 2 B

WA O BIED, R L TARSND Z EABHRL TV,

mB, BFELEORNEEN oW ThilE, v=¢

2 L= LETE O BARERBEIE T 2 BEO i BIFR.

HANIEBEGS . WMo s, B XS B EYER
FEHATEROEERIIZLE TH D Z OWMTTHEB OHEEIC
DOWTIE, fHERICB W TR T 5,

35 BEEBEEDERTE

ETH, A~v=tal—4% fiv=tal—% LEoO
2Ry b OIEENT A R, BEOB I &3 E T 5 ik
WIZDOWNWTIkR2%, FAEENT N RCEEELREZRET D
Wik, REBANRREATHIK 2R L, ETHR, A~v=F=a
L—4& F~v=tal—ZICEST 5470y 754175
o, BMEEEEEAREVE. . R EThERRAL, K
DEIITEEHET,

K, 0 0 "&Ky 0 0
K=|0 K, 0|= 0 Lk, 0 (6)
0 0 Ke 0 0 P&k

BB LR BTN E . Ik DI EREA TV ST
LS L7z a0, i Eh 5 3500 B gk & (5 TH A 5
1B BT 3L RV, WD IS U TR S5,

3.6 FBAMELFIREEDIELE

AE L WRENL, bivbilE OBGRIEEH CH 5.
ATE Tk 7= B R R O EIC L 0 | EREOKVE)
VEES2Y B B BARALE B8 0 AV AR E O EE
HOBERKLT D L O IR RED, Z2C, HEA
BIET O FTEpER & U TR E S 4L 5 BIEITZEATHIR & 0 AN &
VEHE) A B A & & 2 BRI AR pH (UL, EhfEEEh#pE) &
BT D, BIRIENLY Z OBEEBEHIC A - 2551, K
BEREORBARERK WY SEDHT LT, BEREICS
ESHEBBENEITSND L HICT B,

22U, Z OMEBRMAECIL, A AR INRE)VEAN R AT
LHAREHENRH B, T, R@OT O & v v /%
BATHID, ORERKATH T2 22 HIH T A —F 28T 5 Z
ET, BeNICEHBIEMEN A E S L ICT D, B
v PRBATHID, 1T BT BT BB EZE AL o F I
WH L, KBEEICRET DR NV 1 = JIF B A
YU TRED, OWATINE T H 2 L THEAMEMDOE
{LBAq, RO BND, Lo CHEZ v 7 RED,
DEMT 2 &, ST TR E X< D,

THID, DR RIL, WX THZ B D 19,

D,=J'KJ, +T, +6,E, +C 7
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il Lizon, By o JgEECTH D, EitoM
B OB EEBEIE A > 72BRI2, Z o BEIT xR 2 B
X UNGREEEHCO Ry st Bixlc<<3+524LT
2 BAE A 234 FE I BREFR IS X 12 < < 5,

37 ETHRMUEBBREX
= PR ERAER SR b U < IWEH O T 5 A AR E LS 4

For L, ETE O BEMLE RS 2 B0RT D BERRVEE

EATERO BAEMEESITHEICRO OND 2 ENEE L
W, 8.5 TR LI EBITE OB EESEE O E 2 K< BE
THZETEBARETIED DN, FIZZ OEEE BT
EATER & B L7e . W3 4u o BT HS 5 12 BE i A B
FRIT S WSAZE T 5 2 LIS 0 BiERk RN LS e D, LT
Bo T, BHFILTRICED DROFIEICL 0 ETEHO BIE
PO R E P | SR & WERY P AR K D i o)
IR R BV Bk F B & T 5,

EATER D BAEME RS2 BRI O 5 HiEE LT, =
SV L —ZOR#FEHHEE XS, BRIy =t a2l —
2 OREEEIL, ~v= 2 L—Z L L PEEMETINATF
RS EOMBERABRTRIND, £ T, K Pase
L P RORES%EH DU EBRACR D X 5 e T HAR
ME DO IERAp, BT 5,

EFT. P BEPLET YRR DOEKEE 2 5 (Fig. 4),
DR E B Ppase DR & THEHE IV B o 72 H 0 8%
ZRET 5, Ppase EMHOFL O EDOMOMILEDRP,
D Ppase DTEGIRALE L 725, T2 TPy & Ppase D75 % R
e =Pyr — Ppase & L. ZODREex ANJ) & U TRAER 722
SNRE LV RHIBINE £ Y Pgage & PearlZIES1T 5, 727201, M
OB X% U CTEITEH DM SIS T D MBEIL /RN,
WMEANTTeN —ED L EWE LY KEWIGEITARBEEEN G
PRl Y

é=M'(Ke—Dé) (8)
MIIEBEETH D, ERIVHE I EMEEes
b e, EEOBO A EMEEAp,. dppE R, =
no &Y L CETSOMEMERApy & T 5,

Fig. 4 ETERMLEBBRESZE
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4. IREEEEAM

RIETIL, BIE 3.4 Hi 5 3.7 Hi TR R_-FEMED L
HEHOMTT B 72D ORBEERHE OFE R 2R,

4.1 BEEHRFEICZELDSHRGITEOR HORKEE
FP. ERERTOENT CONOID OfTEINE S %D
L%, RTBTEEDSY I 2L — 3 > THRIET 5,
Fig. 513, ¥ Ialb—vaouiikETdhsr, LLTOv
Sal—varid, F7/ 7ERIE Ty AR SENC
fiv=ta b= FELEELKRET, CONOID 23 F
TEETIEEAER LTS, £KICHE VT CONOID
1. BWHEFTEMEIIS CZATZ LV R UETFTATRENT
W5, F7 /v FviaOd->T CONOID 8 K7 dm v 7
EIRERT 2EEIIEBE L TBOT, vy 7 ko bRk
ENTWD L0 EMBET S, Fig 6(a)i, EFTEEOBEME
FEE 1OWKHEELZHAD, v al—ya O
LR TIREBIZBIZARR Yy FOBBEERL TS,
Fig. 60X FHREL DR TREE CO, EHAD~=F=a
L—& LEFRENENO RS DL E R L TS, Fig.

Fig. 5 (a) 3 RR®  Fig. 5 (b) 2 ReE R (FEE)
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2l N
s il &

Fig. 6 (@) 3 R7T&R  Fig. 6 (b) 2 R ER(FEE)
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Fig. 6 FICHE—FTORT7RITEES 2L —a R



Fig. 7 (a) 3REER  Fig. 7 (b) 2 RIEFm(FEE)
Fig. 7 FIBSE—K TORZBIH B Sal—S 2 B8

6(a) & Fig. 6(b)& .5 L, # THRRETIZ CONOID 1% K7
B IEMR IS LA FV I EL TV D, ZorRy R
MRTHOZEYHKTAEE,. FTHROEZEOLNEY KT
RTWEFIME LTV D EF XD,

ZOYIal—var T, gIREBIL KT &
15° FOBWTW o HREBICB TS, FFLOXS%
ADBRERT D ERELTND, —F, ST ORSITEL
At & 2 B GEB PAEIC L Y BBE R s D,

Fig. 6. FWLHRE S ETH N B E BT EHATE TO,

oRy NOEBBRENERL TS, WHREND R7 R
45° BIVE AR ORIEE T, BITHIZAE D IHER L
TWB2T T, X &Y HEOMBIXHHIRE L [ CAEE
HMEFFL TS, Z2LT, AKOREIZBNTE4 Y 2 &
FH5 VI PRFTICRDFFREBEZNZ D & LI,
55 4 B o> BIE A B S AT B EPH O BRI E T DR, Ak
FRIZ N EES ZERTERLIRD, T5HE, Z0%
OWREETITBRER & L B ER PR A TFEOI LS &
2L, BIMEERENE WA TREO HIEESASEL T 5
X o, EEELRENMRONEITHN X & Y FoiriER
LB 5, TOME, Fig. 6ITRLIZ L 2 ICAETE
WX RT 2B 2EEEME L. FT7 20 HREIT L
90° BEBIT LN TWEZ N2 5,

Fig. 7%, ETHOMEEIEEE 0 ITRELLHEAD,

Valb—va UERE LK TIREBIZE TS CONOID
DEBEHR LTS, Fig. T@IIPHIREN LK TIRIES
TO, EAEOHE ETHENENORBOEE R LT
%, Fig. 7@ & Fig. 71b)& L5 &, CONOID [(L#& TIkRE
T R7BEAIERD? O ARIZANTZGFTICME L TN D, 2
OGN LIXEDIERTHAOZ@EY FITIT WO, o A
Ay MEIFTHOZ@EY HITOT <o TWVD,
ZOEHIT, BEEEEDHEE —OEZXDIET T, vl
v MZEER LT IB8bThl] WRiTEIZ 52252 LR

RET7—FTOFv —BEORY FOHOFH L UVGIEEE

T HE A (rad)

a 5 10 15 20 25 30
E5 M)

Fig. 9 EXR— )LD BiZEExAE

(5o EWBfERE

i N .

T 04 Klim]

Fig. 10 B&BEAZIERS (U ><YRLEMERTFERS)

T&3%, —FH, WRIZSEUTED L) RELEELZHRETH
FE Wy, TORTEED D WVITHRFENRETH B,

42 BRENZRVOEBHERICZKL DHIAED

BEXM G Th 2 BeR — VI, BEE Lz EliGdE b v
D 185° DEIEE L, EOHITHITFIZFE UM R RS S T
RIEHZ G2 570 T RT—F7 7 F¥ilEoTr
Ay MO & ETEHS BB HIER L, LR oES)
BRI S W DA BB O BAEEEA PRI E N1 E D
73% . CONOID-II o E#E THEGE L 7= (Fig. 8), EtAR—/L4H
IFFRRICEEINT-D R T =27 Z 2> Tl CESA
MHEMI AT LRI D, ZOBELEIXH S
UDEUR LT R R EONERBTHY . 2B
i & BB S & O F KM L 2B,

Fig. 9 \CBR — VA HEAER 3 5 % 7= B AE LA T O g
MZEE R, Z O BERERAED D EE CEBRICHE S
NI FBEW O BRI L5 % . CONOID-II D A 7 /L k
VEFITETFLEON Fig. 10 Th 5, KRS I1%, B

R VR 2 2 B EE M E DY OEEEDH Th 57,

W8 O T 55 13 B AN — VA O [mldisdihi 2 6 BEh 7o AL E IS F R &

Fig. 8 CONOID-T =42 & B BAR—ILFE U-o<KYSELENE
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Fig. 13 BEENEWESPHERMEROETERMERS

NTWABH, MRS THILRICIEE L Tn b
TENDbND, S HICETH L o F5E 0 FHEED RN D
T &C, 3.7 BiOEITIE B BREKEICL Y . ETEIT
FRHRIZBISEOLND L ICHIFICET L TV 5,

I ETE, WG OF L BEMBERS LS LI, B
e B A & PEB AR X o THBaEh oo 4% B B AT A R
(Fig. 11, Fig. 12) & E1TE O B AL E R (Fig. 13)35 5
SNb, BIEBENEUR LTz DIZEBAR — VFE DL 5 [r]#RE
OB THDN, TXCTORBHAEMICHE L TND 2
ERbnD, £, BEAR— VRICE 2 72 BER LA R 13 E
BOFE &% L TR T, BN T S TR AARER L (R
L0 WCHE->TWAR(Fig.9). =Ry hOBMEICRIT 5E
ITHEB D H AL & 5 & il s o £ BE B AR A X, #hED
B & %24 THRRIZIE 22 » TV 2R (Fig. 11~TFig. 13), 4%
IR 1k & EITERO X Jr Mo BEENTE S, RiEEsy &
By TR E N KRELS B> TS, BIEOBETH O
FHALEIZE -ESND L I ICEITE AT I BET5 =
LT, BT OBEICEE 2RIV D o0, B0

RV EMEDOBIZITETHOR Y &3 50mm /hE 72D

e 2 B BAEAE & OB RICEBINTH IR E D
SléEEZLRRD,

Fig. 13 I2B W TEITEH® X o BN E GEED) 3
BT, WOEB R RS E) B T 5 & 25s LARRITS
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THBT %, Fig.1 I ABF BV K7 v 7HbR FicE I 75 4
T 4 THSAP IDIC L BEHIER 7 vt A 7 1 —%7R T,
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22 PVD I & B RIS D BASE

FEERNN Yy —OEBREAETOER al dry EIZAE T E=FE

o W, = NET Y F 7T 5 2 L TRIEEGE T £78 %,
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5 HCITE DR Z T DR MAREER Sy Fr—2 T 1

Table 1. 3EET4%
Outer dimensions 4,200 % 2,800X2,100 mm
Chamber volume 450 L
Substrate size Max 630 % 540 mm

Sputtering method DC magnetron method
Plasma method RF remote Type
Deposition Rate  (Cu) ~35nm/sec

Film thickness uniformity

<10%(max-min)/(2XAvg)

A
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Tact time 240sec (standard process)
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Fig4 REME
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PUF 12 LPP-450 CORMUERFIAZFET, Fig.d O HMil%z
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b) AMEIZT T A APE L CE

o BHIZT T A~ L CE

d FERIZ A, Bifiir~ Cu A% 248

e) KRB L. Feta By Hi

i

SEH ,EIEBZH%% FrR EZEGEIR(0.1Pa~105Pa) & CHEX %
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AIEEDT= D, EEZEE A 1G5 T DI TR 255, L
L Z O at A FHEZHHE CABN TE 5720, PEXURE
R RIEN IR T & — Rl 7= D OV IAIE 240sec THE T
T 5, ARLEE CUEEATREZ R YA K377 > MR ODZE
FHREDIRY A X 640mmx530mm £ THRHETH D,
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& 7 MIRELRE D,

Figh 75 XTTR I 7R ABFRE
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Fig.7 RS54 74 RT SR MERESEME
Fig 76 RIA T A AT T A NEnT5H & 2 & TRENHE
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77
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1. BIRLX—EDEZRA

HATA N OERMITEFRIL, ORI, @
. @FHAD=ZoNEATHL, b =21F, mitihH
MOBIGEMZVLELTDL NG, XA AA RV T
MEBREBN TR TH D, MEFa 7 FTEEH., BE
BN ON D — T, FBIMOEEARCHRILIC X D
FZTALH D, THICK LT, EEIERENIM Y K LEE
PEE XX —WRIEN D, MELRISOHD, IGE
MERDDERBELTax bREL D, b LIIIHRE
DOEFZHAM CIEBZERERER b H D, Z DX D 2FIA,
AREZ R L 72 MA o T, AR TIXEBRICE H
L7=ABICOWTHET 5,

2. BIRILF—IEDERS

Table 1 ([CEEFEL A DA b~ v OF M Z R, A
FRENMEAZ IERRE ) O BB iR s b 2 & T, B

PARFICRB U 2 = R X =2 ROLELH D IR UIFEO[ |

YA I NEA LOREMEBEFSND, £, FlRO—>
TH D5 IAEE 27 M L7 RUB8 PA b Ml b 8 2 3 %
TENHHEL R D,

Table 1 TEENVRGE S A B A b~ v DR

CHIRLX RN LD
c KRR URSE RS B

15
" - BIBHPAEEAS I
- ZUBAPA R [R5 1k 23 R RE
© T OFEELRA S LB
[SEd = < 2 N
B 1 0 S (BB D FAHIRTIL)

© T 2 T ORI S 5
(BEREDO LA T U Fxts)

Fig. 1 (a) ([ZTUBHIR TRERA 2 &M~ 4 5 — ik
AT LA BAAREOIERK Z2RT, AT LA ey b/ X
JVHEHRER N B T E R F TOREES — @ Ll BB T8 A L
TWw2, —F. Fig. 1 (b) OETAKEZFIH L 72 PH
WA LA BAgIE, B (BEiY AL —1F) #2271
A ANATEETHREE L, AT VA BfET 52 & ThlE
HUH DA FH BB RERL AR IE I/ 2 Th 5,
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3. FANhRM&BBREEAE

Fig. 2 [ZHEBRGEICHEA LI XA 2 v~y (B
oG 7 HER) AT, ERMAEJ11E 3500kN. FUEEE
WA EEEEE) (Fig. 3.a) b L IZM/EBH (Fig. 3.b)
(TR ATHEZR RS L o> TR Y . K EIE & FFHH BRI
ERENZHH LA A DA M~ THD,




Fig. 2 7fii}) 3500kN &' A 1 A p~ v
(Y — R, HE ACC HHR)

(a) BEVRGHIAR (b) MERGH AR

Fig. 3 ZUiEBEEEN S 02N

AT VUAMEZ, =T HRENC L ZEHAXT 30 A X
DAF VLA Ty bEFERLTEYa v b, BARRMITE
KRR &R T L ¥ 4 2 OE-SF BERIH % % v £ 5 1 I[TBA
L7o, BERIKIOBAT T, BERIA A @@ T 5 EERE 04t
BECy 7 v 7 A ER & B CRH L2, B L
IS EEZERA L. 2R A IV THA DA N EIT-
2o FEBRANCIE, XA DA M~V U MES v 7 NOVETH
EHREWMY ., oo NEERE. B TiTo72, fEAL
- VEEN I, ¥R &4 MORESCO #~4 F—/L HAW-K
Ok-7"V a— VR 1EEH) THDH, SFREIL Fig. 4 OF
N—JEK L L, Table 2 (2444, Table 3 (244 5 A bk
DH#EFEMGERT, XA TAMITRFEFNT Ar X7 Y &
7B OIE e AD A2 & VT, IREFIFNOEGIR

FEx 670C, AU —7EBE O ~DHARES 660CL LT,

ZAHANRDOREIZOWTIE, ®Lo—#% CT f#iric
LMW OFHFRBERECIHM L, XA A MEEIC X
2 BREEA TR A T E AR AR & B AR AR D 1 A
NAEHBT— FPICHEE LZEIEEZENERFHAIL,
WA L7z, iz, MHHRORSEERRIT ) 2 fE T 572
O, Y o FO~y Rl ay FMllzEhENETE
U B YRS ) & AR B L 72,

TERAR ATE) LA

Fig. 4 #EBIR

Table 2 &4

SRE X 411 mm
NS SIS 2.0 mm
PRATE & 1.1 kg
FRIEE & 0.9 kg
5 0.7 kg
A — b W A 2.34 cm?
F o TR @70 mm

Table 3 #F&ESM

of ARG i R 0.2 m/s

S R 3.0 m/s

of HH Pl ek 1.0 m/s
B ) 85.5 MPa
H TR 18 ms

HAJE PR R IRE [ 3.0 sec.

B H B HE PR AL E 345 mm

it 100 %

T B PR 3 100 %
HARA=

R 6.0 sec.
(F=27V7)

A Fe—7 20 mm

P HH A7 100 %
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wEE CO B EA =T, k. CO P EITIHEE T
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BEnRyrR2S X T LlDual Safety Core | D B FE o

BXME BEERARR WK

.

AfElE 1ISO 10218-1 ICHEH L BB ARy F DEREL > X F L: Dual Safety Core 2D WTHET 5, Dual g
Safety Core 3R & 5 (Safety Board), t > UL UVLTLBEE#E TEMR SN D, $5IC Safety Board DEHEM
4 1SO 13849-1 & IEC 61508-1 A% IEC 61508-7 THREINTWD, INORIBICEML 7-BERkE2ERT 57 —
&, 220D CPU ##FD>#iE D Safety Board ZFH L 7=,

KREDEEV AT LTRRFARBEIOVAT L N=FT7IZT, V7V IT7TERESIND TR TOHREIC -
DVWTHOWNZETW, TRTOWEZRET S LD ICKFF LTz, COBER. BWEEME%A2E T 5 Safety Board # % /_Dlg
ELAHBEARyY h&EE2 > X T L: Dual Safety Core #B3% L 7=, S
1. FC®I= aRy NEMEOER & BE () XAy hOALE, -

WE. H (b)) OERNSHETT S, BEETOME,
1.1 BEORY FEREVRTLA WE, NIBPBEUNTHNIZIER. BEN TOHNIZERT

PEEM R ARy MEABEETY THICADLRVE ) 0% (HehE) &%, WbE L HIT LA, BRY AT AEA -

EftE#HET D ERERINTVDI], £ L TLeimx WfEEEZ S5 ZDANCEREZER LeRy NEELEIED, ﬁ
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TG 72, FEILE1T 5,

SRRy MIHAZRMER T D LERRVOT, @i Sensor
AT 2 Z LB CTX 5,
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O, NEFEEZMARVEMEAZ RS Z ERm<ERS N
bDo TDENRITL AT AT L (Safety system) (2L 0 3HE .
*
BEN5, Fig 1 E—BIORERY AT LAOWRTH S, P evices HSafety Board|-.-- Related Switch By
LAY AT MIEEE (Safety Board), Af#E (Input - s
- Safety related equipment N
Devices). B ¥, A4 vF (Related Switch) THEL T - LASER scanner Control |
%o TEATBILHIEE (Contro) % L CESNCHFET 5. & -?mwmmt o 2
. . - Emergency stop switc
VIR Y B — 5 — B CRE BRI S VERIEH | Enning switoh, —— o
HHERBEET, BV AT ARERELEMLE—¥ —% Supply
Bilkx® 3, 2., 7428 %L (Safety related Fig. 1 Conventional Safety System }
equipment) Z i [l L7 A BB DR IEOBER N H - 7125 J
BOEEY AT ANBREER LE— ¥ — 2S5, Safety Board X
TR, BREYAT MIFLLT ORRENER SN D, R el
I EBE—S —BIEOER &%% 1| Veleiy o
RLEEMBICL HEILESANOER et T sppres (Teraee) =
ncocer Value U ~
E—4—0NELE I\[A‘;)rl(;)l::urrem Enmaebr\geegv?i;cslios[iop CP:E'(':APU ) Tl %:
by sensor - Stop by ISSD - Operation 2
> Gomparison gﬁF
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8= R b AR A & AR CREFROBEALES £ OB LR BEAl) | - Enable swien “Enabl owien top | 1 CPUA
. 8 =l - Stop by 1SSD +CPU-B
B, Wi A > NI FRRA (AR Y RN & BT i
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Table 1 Requirement of safety board
PFH *Note 1 6.5x107 [H']
DC: Diagnostic Coverage 90% or more
SFF: Safe Failure Fraction
[Note 1] Average frequency of dangerous per hour

90% or more

Table 2 Safety Function

1 STO Safe Torque OFF

2 S0S Safe Operating Stop

3 SS1-r Safe Stop 1 ramp monitored
4 SS2-r Safe Stop 2 ramp monitored
5 Stop function by ISSD *Note 2

[Note 2] Input signal switching device

EH & BE (5B oA 2BREIE— T 2brE,
BEME TIEAR VY, FOOME, WE, 1o BEIXEICH
B4 5, 1.1 TlRA7-MEEIC THLE - HE - 5 (Fv2)
OB Z#Mx b L2k, LTOBEETT S HMEEL S
VAT LANEBT D,

H—HROFF &< ARy FEIMEDEL / BT
EHREBEEL SHBEIE~IYUBED D BEEEIS
FEHBEMEALIY EDH D)

ORy MZEEGANMb > =BIZELET S

1.3 Dual Safety Core

Fig. 1 ITR LI=%A Y 2T A5+ % Safety Board I
1 oK TRy harybe—JRNICEEIND, 2O
ERIT e Ry NEMEZGIET D A A ERO ARy MEIE
EEIRLE—F—ICB RGBT 27 7 LT, s
Lizn— Ry 7 CHmkIhb,

Safety Board IZH @ m A > N &R T H2HLOF TR
EWEEMENEREND, ZOEREZERT LD, KB
HTix 2 20 CPU(CPU-A. CPU-BIC & % R % FF
- Safety Board #BiF L. FN— KU =7 #HW\W L2y
A7 % Dual Safety Core CE$pa#E) & L7z,

Fig. 2 13 Dual Safety Core T& %, Dual Safety Core i3
Tra—FfE, E—F—EBiRE. o ErbE Ry M
wh (B9E) oofrE (AE) . WE (AEE). N (M)
EEET 5, BIERIF O Humanoid BN BB =2 K » b

DA, 16 o a—FE, -2 —EitiER L 08
ot HENS, FHOME, #HE, WEHETS,
bk, Moy a—4fE, =—2—&Eiffi, &
MHE U EHW T CPU B (CPU-A & CPU-B) (Zi#
H95, fRzHE L, CPU-A & CPU-B OfEREN—H
T 5EAIFIER (Normal Operation)., A~ —H DA 1T
B (Failure) &9 %, EHEOBESITEMELMET 5, K
EOHFAEITn ARy F&fEIE&E 5, Dual Safety Core Ti
IO OERR XOER R A I ) B E, 0K
LT 9,

Table 1i% Dual Safety Core D2 4IZ+ 2 TH D,
Zh 5% ISO 13849-1:2016. IEC 61508-2:2010, IEC
61508-1~IEC 61508-7 THE I T\W5%, PFH I3k
RTHD, —MHR CPU, ATV OWEMRIZ1IEHIZY
1.0x103FThH D, T b CPU, AE VY & LT Safety
Board Z##% i L7234, Table 1127R L7= PFH O ERLITIEH
WCNEETH D,

L2orL7en 5 Fig. 2 IC/aRTM#ETHIIT M
H:1.0x10% FEOEREL Z VT H . 2 D DO EREL 2N R R
T HMERE (BRI 1.0x1010) & LCHET D2, Table 1
\ZoR L7z PFH OZRR S FIERIZ /2 5,

1.4 HE2HE

Dual Safety Core 1% 16 OZ2HEREA Ff->, Table2 1% 16D
BRI D EREO|E LI Z2EETH L, STO

(Servo Torque Off) & SOS (Safe Operating Stop) 13f5 1k
HRECTH D, STO I¥—AR OFF T#FIEd %, STO Tl
YEFRFBHIXFE Y —AR ON 23 Z(Z/2 5, SOS [ IH—AON
ZHERF L CIEIES 5, SOS TOBEFRIZY —H ONMEL
THEITT 5D, SS1t 1T STO TEILTH-DDHEEIT O
RETH D, SS2r 1L SOS TIEILT 5728 DREHZ1T 5 Hne
T® 5, Stop functionbyISSD Tt —77F 4 L —H%—
AXxFRT A NI —T UEOIBA TG D 5 A TIH%
HBTho,

B OIHFE L TIISNP T % EEEREN 2175, —F5
T, Table 2 ZRTHREAMMEE D Z LI XV IERIFILEN
MT#%., BEESR LN B ATV, SOS TELL, sl E
EA OGS ITAEFRENICO Y B2 Lok Ry FoH)
TERFIHE L 72 D,

Selector DC/DC CPU A Operating- Electronic-
Switch [A] Converter Timer Component
Switch-
CCF Connector
Selector DC/DC CPUB Operating- Electronic-
Switch [B] Converter Timer Component

Fig. 3 Reliability Block Diagram of STO
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Fig. 4 Safety Board of Dual Safety Core

2. Dual Safety Core M EXE+

21 JRTLOEREHKE

Table 1X& » DC(Z2IHEEZ)NL 90%LL |, SFF(ERHI
SRR N 90%LL ETH D, TNHIEV AT AEKT
B CE W ERAIEERS 1%RiMCTHd 2 EE2RLT
W5,

Dual Safety Core DL AT ARGHTITIEDIZT AT A48
RO FMEA % 30 L7z, BARICIZT AT D2k d 5 E
HEh 70 FRFEARE Lo, WRIZ, b0 EmEiET
LERGEEE, ®BER, > a— b, B, BEESL2HM
BIZHAE L7z, RIZ, ZROREICE D AT 2HEOBR S
ERELMEORME TEEZSE L, RS LTHEESH
DEREHOLHIELRINT 2B (=7 &5 EE
FLZ, MBS 2B TY itk BiHTE
TRWBEN RN AT M EFRF Lo, BE L2 HEHAIE 70
PRI RO 1 MO CEEBOMEERIE 2R & 2 7o i
SIHIxBRIT 398 THE Lo T,

22 N—FH9I70OREHH

Dual Safety Core ®/~— K77 |% Safety Board Th
%, Safety Board OZagkiHImMEEMELZIENT 2720
ARSIk B PFH & DC Z#5H&E L7z,

Dual Safety Core ®F%7tTCi 12 FEEOFEEMET 7 v 7
ZVERR L7-, Fig.31XTable 2 {275 L7- STO Df5HEME:
TayJHlThHL, TOT Ry ZRIXI20T 0y 7 TR L
TV,

PFH ¢ DC o#HEIIE#EMET v > 7 KEIZIT 9, Dual

Safety Core i Safety Board 122 2® CPU 2278,
Selector Switch LAMEIL 2 RFiHEE L 70> TV D,

PFH &% Safety Board 4#hdh D #EfE=R 4 F4 L,
INLEMET S, 7 v v 7 EFigure 3 @ CPU-A %Dk
R AEE, 27y OEkEELHEAE L, FEM
Ty 7 MEOYWERRERET D, 12 OEEET v
MBI & L L, U — R b — X O MFETRER % %%
AT LD PFH &9 5,

DCOFFE MM ORZ2MERHEZREL, Zh

HEoRy fERE L X T LlMDual Safety Core | DB

LOWYEHET S, FEET 2y 7 KEICEEEEFE
%, 12FEOEEM T 7 v 7 KB 220l R = 4
WL, V=AM —20LREASIERHREZES AT L
D DC L3 2,

Fig. 307 0 v 7 51312, 170 v 7 130 & Tk
5 7= O A KE e 2138500 T 5, Dual Safety Core
LARDE AR ELITH 8,000TH 5,

Fig. 4 I% Safety Board T&h %, Fig. 4 ® X 5T CPU-
Al CPU-B, 22® CPUMN 12D IEBANICEIES LT
%, PFH O&tH L Fig. 4 OfEFR L Y Table 1 1IZfE>7- &
VMETEM: 2 SZH 9 5 Safety Board % #k5t L7z,

23 VI b I TDOREHKE

Dual Safety Core ® Y 7 7 = 7 &% & TI3fa Ml H =%
1% F2FERTHED, Y7 by T &Hkd+ 5707
HAL CHERS R S D X HIC§EF Lz, T LTHRESND
ElEFEDOR M AT o7, T OFHECTIE 2.1 TH TR~
Wi (= 7 —F N L A MBS R AT & 34 L7z, ks
MHFIZY 7 by =7 O a—F ¢ > 7 RNCHEN LT,
V7 N7 a—F 4 TH%IFY T b T kT
BmIc T2 [E%ETTD) [HIETD) [RRofExE A
NT 5] FEOMFEEY 7 by T BICREAESE, FEND
WS CTHRHEND XL HICY 7 NUT OREEEIT - 72,
Dual Safety Core 27 v v 7 #5376, 71 v 7 Il
BREOM 23 AE ST 572D, 200 LLE R R %
1Tol-, ZOFHAEOHEE X Y. Dual Safety Core - TEIE
TV 7 NURT BT D EMBIMES AL TH2.1
HTHRAR7ZWE S CHESRB SN Z L 2R L, €
LCREAERLD, Table 1 IZ/R LIk EMETH Y 7 by
T EEB LT,

3. t@aRy FEiE

Fig. 5i% Dual Safety Core |2 LV EHIT 5@ oK v~
FOEETH 5, Table 3ITLZEEHR &L vl y NEIEDR
FZTHs, Fig. 5 TlE2H50EVY (BE—T77 4 L —
P—2AX X FRT A M —T ) TR LA

(Safety distance) = U T ZED T35, ABLEEHE
T U THMNTNLEE, ARy MIFEMRMEIEL T 5, FE G
WETIEr ARy hOMNENREREND, —F., BEEET
WAL, HE, ) (Fvy) PEHREND, Fig. 5 (a)
IZANLEREHET Y THNICASTZREEZRLIZKTH D,
2Ry MMEIEEE ) O W EE~EE TS, Fig. 5 (a)
X SS1-r, SS2-r T b FEETE 5, SS1-r, SS2-r ®
BRI NNT A—HFEETITI,

Fig. 5 (b) IZADHE=Y 7 (Collaborative area) W
AT REBE R LIEKTH D, vy FEANFIRLTY
THWTIEH#£T 5, SS1Tt 2T Fig. 5 (b) &b,
2Ry MIBEEIEE T 5,
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)
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Fig. 5 Safety Motion of collaborative robot using Dual Safety Core

Table 3 Relationship between safety monitoring and robot motion

collaborative to collaborative
condition by SS2-r

(a) (b) (c)

SS1-r Motion with non— Motion within collaborative Motion with collaborative to
collaborative to collaborative | condition speed non—collaborative condition
condition by SS1-r according to SS1-r

SS2-r Motion with non— SOS Motion with Self-recovery.

Motion with collaborative to

non—collaborative

ZORE, ARy MIEfL, BES LD -
7e%if. mAR Y ME STO TIFIET 5, SS2-r % T Fig. 5

(b) &hpo7hE, vl y ME SOS TEIET 5, Z DR,

ARy ML, Bl EOMENE LGS,
7Ry MME STO TEIET 5,

Fig. 5 (¢) IZARREERT ) TN D REEZ R L
MThHb, Fig. 5 (b) TuRy FBHBEELIT> TV D
LA, vRy MIHEEEN SR BEE~ERT S,
Fig. 5 (b) TuRy b2 SOS TIEIELTWAHEA, vk
v MIFELELOEE~B OEIR Lk, BEETEHIER
BEE~ERT 5,

Fig. 5 & Table 3 IZ/R L7cBfEZEHRTHZ &1LV,
gy MI#e Ry Mokes, e Ry MIAE O
B X0 FEHBEED S BEEE. BEEIED & I E
E~ABCERT S, BEEEXRITHESLD HLNT
ET 570, NMCEBERAEFEEZMA RN EEBRET D,

4. #&8

W@ AR > b AZ4 Y AT 5 Dual Safety Core % BE%
L7,

Dual Safety Core IZ#5#i 9 % Safety Board (% ISO
13849-1: 2023 |2 #:#L L 7- PFH. IEC 61508-2:2010. IEC
61508-3:2010 (Z#EfL L 7= DC. SFF /% % mWEHEMEE
FH LT, BERVAT LIHEEZ LK IEC 62061:2021
WCHAELTRBY, VAT LA T 7 L— 250 W il
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Ny P EEEICHAADE, v ) —Hk e O EMH
I T& %, Dual Safety Core Z#fiL7-2R v MIAER
CxUTHNTEEEZIT) DR ELF 2. Fig. 5 1
AT RO REMEL BT D,

b LY, BEeRy N TEREEMBREIZRD, K
EMAVLEREER Ry PORBERMEE KT L, W
ey SORBEEAIIREI NS, EEDE~D
HENRHRTE D,

SE XMk

[1] ISO 10218-1, Robot and robotic devices — Safety
requirements for industrial robots — Part1: Robots (2011),
pp.15-16

[2] ISO/TS 15066, Robot and robotic devices —
Collaborative robots (2016), pp.21-24
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WEIMTT 2y RIZA#ROSHY ¢, BENTHEO LA
LB EESTHD, TOENOE BT EICE, X, T

WML TWD, EMOSEITRO L HICEM LT, —&H
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Sn WHIMIE S IZx T2 @HHEOKEE KELT5H, £
DD, RFTNREIO LR ZMALEREI 2G50
D/ EEHRM LTz, Cu ld Mn ZIfre A & A FHIC
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EWRT L0 MnEZENSE, Cuz@EERNLE,
EOICH—RE S EED20IC, Fe-Si REMA & BT
OEEEZIECMA T, HITHENICHRE LRI L -
THMBER ATV, R & L S 8 7,

WSOE DO XXM HEEE ORELE T, "I O,

. EHLE OBVEREERA D) . CAbEEE LSS NEOREEECAEE o TS, HSORY % &
EEMEEDD L VIOBERD D, LMLARLIERDHE  KE/ETLH-0, BEREETHOREENR/MIARD X 0
Mo T TIRBR S OHEEIINEECTH 5, IHiEs I 2 L—3 3 (ADSTEFAN HA#If YV = VS
EEOFR Y7 L7 T0BDE XV FICLbT0ED —ya A ERAWTH LAEDORE., HESCEORIR o
ETR Thd, ¥V /ELILEEROESR 2 S Ek  BE FEORK) S0 R ma Lz, Figl 12k
B EHEEE MR SN WIS LOM LR 290 & (kOSSR L . IENRERIE 217 - - 858 7 B oS
HEICLVIEL, BWilns (45 LXiEns /2 52T 5 5000 bk OISy Ai & T, i
KOAYC L BFTLOH EFFEEZ BT EETHS 2, X
T AELITHEL 2 [~ 22— OFEEMTEEZTY Conventional After improvement
abt, BMLTNAMEBTHS 470 #4252 g | 998
T B OTE S R SORIIN T 00N TR FE A R R K o
XEBTD, TIT, BMEMONE, BEFRETIC 5
LHWS OB b, ¥ S EEN LROM L IEETIC X ¥
DIMTHEEmM EEBEMBIC LY, oML E TOERE i
A WE LD TRET S, Center T
ZS
2. FHEAE
L ORE N T ULG O~y FiZEHREEY T, 2540 _
VV AR RPN TSR T . THmEL L (o -

T (> =v7MT) (FL—FmmI), FHtETF (9
FHEZE) (T AbE) oTEREcHEEND, BEMOSE
282 VAREE O S ¥ BN T TRO TIEER
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HC 800~1000°C DIREES A & 72 0 | ZF DFEFITHK 200°C &
REWV, —J7, WHNREEHIE 21T o 7o §18 )7 2 ClLmi &
HLE C 940~990°C DIREE /AR & 72 0 | Z D AHITHKI 50C
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22 MIAFEDOHRE
VA T IO B IS AT D E R TH ST, ik
BRIV AL 2TV b EERICKREL TS, 20

TRFAM TIC L D EEE R FERETRIERZET 5720,

WEY — RE A 2ERILSEIERNE 2> TS, 22
T, i LREOMBIN THEEZ M ESE 5 Z & TR RTFR
O RLHE % AT BN LIX0E k0 7 L —F 1 L & 4
HIMTA~OTIEER CREZR LW, S OICHEIINT S
Zhfe W7, BREIIN LSBT TAFEIIN RS O R ) .
THFEIN T o B&E) o 2 BEFECFEM, #Eh L 7=,

221 HEINMIFEEDOHEDR

WFEIIN TR EE 137 A FE— R BE LML=, 7 & k
v—2 & VEEBR O E (YT, AE, HE) %
Fig.3 \&/r7, 7 A b E—2 3 FEEDO ULG Xy Ko VEH
B TIR &2 R T 72 T T A, BEEE IS W TN
HBRERE ZITo =7 VET IV ERISORESAMICRD &
IV Iab—varEANTEHEFREZREL CREL
7o Tod. BWHOLFERSy, LG 7 VET LV E RIS
& Lz,

Fig.3 VERBHEZBEERLI-TANE—X

ZOT A b E— AT LHFHDIN TR C CTHEMIARAT SR (0
—tvy 7 5 EHH) ZFEEIC 45° EREE, 1 mT O
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HIN T 2% L7z, L%, =kl E# (MMZ
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222 HWEIMIDOEEIL

CHRSIIN THEFE ORERR) I LB F VA Ic k290 4bt
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KL, ULG1 a5 0 VEESE A 258 % 1 EICHHY
MTCx 5 EMABELHRA L7, (Figd)
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723, ULG D4 F M ORI S % IRFE T 5 BI§EIA A
HBaFr (JISGH501) THIEM XX 350~400MPa, ## =i
240~260HB T %,

ZZT, Fig2®0 ULGXy FO¥ I = b—a UiRES
i b BB HN T 5 & EROBFEE T ROy R
HCIdA A 1000°CLL FCREE E 7o TV 5D, FREHON
BT 1150°CAHE CREAH LR NREIE L TV 5 EHERI S 4
5, ZOXHIC ULG Oy RGO RE I bl
A EIREEHIE 2 1T o 72 & I S BB 12 b TR AT I
<72y, RCHEMENTHREZNECLGVEZ X DN,
ZDREDIAANRIE S OSSN S D7 (RE—)
E LTRGBS ET S,

Fig.5 (ZIIMER D85S 5 R L i ENRFEHIE U 7= 8538 5 2
DIEBTET 6 1000 1% ORE SR 277, V BEEE
DIREIZOWTHEG A FIE S 7= 91 0 5 EDR RE & & B 1
FETHER U (R EREE) . fEROBEF R CIEED
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HUZZEWEBEMRE (LT 774 1) 18725 TWn5D & HEH
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LD V AEEHIZES 0 m BEORMAEAL, YU
DAFFICCRIFRYS -0 255 FNHER W, AERED
FRE LT, HREAENA ha—7 LEBEOY v Fr 7
ZEENEELT-LEZOND,

Table1 FHE#ER

EHH A e R
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Jr £ B £-1 45° 44. 9880°
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TN TR Ak o> T B 1 PN ELE R 2 R E L 72 RS R, /9 3500mm
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RENER SNz, ERABEOE X ICBRET D L, &K
TE150u m/m OMEEBFHAETHZ LIZhb, ZOHEBER
X, BFEIEERS X he—27 LEBICAE LS, HEICK D2
DHEBLORUEUNEHET D00 W I —7 O & L
TR ONHREE Y Th D, AN TICE W T A
MEOER L >TWDE I ERHLNI ST,

T THBRBEESEEZERL, ZO@EEE2ME L, &
Efi#OMER%E Fig.6 12T, BEBSEZOT A MFH &
FEhi Lk R, AEMEC D VREEmORKE %2 £1.8
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BIDDOA L= RXIRBIERITZA D LD I FEEIT- T2,
(Fig.3)
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/
sige /)

mwzmmt/ ot

N I-IERTE

EfrERERE

Fig. 3 BE#EMOREL
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T 53 e

BRI

P g
Y
I N
P

N— b 13 -

AL HR IV =5 )LEIEHZEE TOSCAST-999

23 XHETEE@R

AIETH L7228, EEZ NS I AZ~ A XTED L
IR CWVWHKIE, RUERENEMETH D, ZHAMKIE
2=V OEZEZEHECKMRSELIERTITERETH D08,
ZZETERBENZ—PIT & > T ZEE R 27200 & 72
STLEIF—ALFEET D,

Fo. FA B A NERME OHELLHIME O — 1T
WAL HEE ST, 2—VFO"EN"BLETH D, RR
FRE LT, REBMBOT VA v kEEIT>T-, ASHHEH
DHFRIZT TR CTH - TH, BIfEDA A=V R TED
o, MISL-HEBR EDBEICHIE LI-HEE 2D,
FHAL L TERIALEZ, XY, FMEREOKEL BT

LERLT VST OENERGEOREIIRD EBZZTND,

(Fig.4)

Fig. 4 FHBREEEROT YA VER

24 Fxary - EE#EE

Wigba—Fve VT ombEoizd, Wmim bk CHRIEDHE
X)) F%:X/Fﬁa%%ﬁb%Lﬂﬂbﬁ_o Z PR CHR
FHAZORY 2 — L7 v T EITV, 2—FRAL—X T~
UBHANTEDLTREKVIAATND,

I, [~ THERE] L LTAALTRE VS F¥a A
VENDOKRBR—=T I AT I ATEDEREIZELD ., ]
BRRE COT vt AEHENTRE L 72 5 72, (Fig.5)

Fig. 5 ~JL 7 ke
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25 SIHERGET—2)DNLE
FRIEH AT OISR TEE R ) A - ﬁzékj
ZHEME L Ta—FE4 T4 f@ﬁ&%’%ﬁofwé
DEBEIIM BRI ED JL 2 55 WIREZERIC %@%
K&, TLvEEBIC ﬁﬁﬁéJﬁmf%éio IR
b5, RENTHLOIFIEMNEZEZICL THE2ED
LEET, TOEREEEFET —HELTHIBLDOTH D,
Fe UL TIE—RAYIC A2 > TW D DTNz, BEAE T D B 22
R 5%, 2 —FRSL0TRLLNEL GE - TE
T2,
PERITEAWIE s RICMA, A7 a v 2R/ E TON
ST ST, 2=V ERNEESTETVWDLIHFICLD, K
WARAREBART A —ANHTERZ, 207D
TOSCAST-999 Tlkz—HDERKIZEZxzbNd L), +
Tvarv e Rk EET 20 KETIEEL-, (Fig.6)

Fig. 6 KRz MREDRGR

3. BHYIC

BT TOSCAST-999 DOHAEIT LD 7L, 2—
P OFFMTEA DAL TH LD, BOFHIiZTENTW D,
A% E SV A — FMERESLFEIC TOSCAST-999
LHEBTELF—ET T T o HREE. 2 —FOAERSIC
EHEAY v b3HHHEEBNZTEL TV D,
INDBEHERFEA—BEITIET TR, ZOMEL OF
INMEZEASTANT T2 BEREIE D E WO BLE L Bk L. E D
Ty T EATO, A TR BRER~FFRLTOHE 20,
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AR ER)STH B8 EC3000SX I

‘ R im:"' I ]; mrm‘ . = 7y L
il o
o ==
il N
. :FJ'\ 4 l‘ Jg, EL __,—-t n i f -
1'\"
1. HE

BE A H T EC-SXIM Y Y — X ARM Y 5 2
3000ton ZH 7= I A LIz, ZHUC XV /R 50ton 72 5 8
K 3000ton ETDT A 7 v FWFER LT,
BEHEOER S 7 FAIET A4, EC3000SXII i H K
B EAGIC PR ) KRBV S OFEIERIC G T 5, F7o,
EC3000SXIL DA A 7 VT &4 = X MEREIL. BERE
DO*LCA FHilim FIZE BT 2 BEF AR TH 5,

*LCA : Life Cycle Assessment

2. BR

EC3000SXINi% TS 7 v No.l oL % =
YT MR EIT o7z, EEAAREE L. Table 1
IR, LAFIC 6 DORREEMBMAT D,

OERRERSAHFA1IL

2009 £ EC-SX v U — XA L T A B4 1 7L
— hDYV =T HA RZFiEL EC3000SXII bk LT
Wb, V=THA ROKETHD HEWEERG) [HEiE
FEORMHMEE X, BE#XA T L — e S&MOBEEDNK
+r Iz B ISBRETIX, TOBREIIREWL, Ih
WCHHIE DX A F I v 7 IEGERIIC L 2 —ARE—%
B ZAGbE s LT, mEfbsmRBELZMY. ST
Wb, EEEOR EGRIEY A 7V E A4 AOFEICIE
BT 20N T A4 A 7 V)OEMBERET S,
EC3000SXI & K A B 7 )Li%
(Fig.1) fhttEEh b 7 Bk & el LT 1.2s(14%) <, ~
AP A T NVEIBIZHT HRERT KRV T—ITH D,

Q= LEES

B &) 3 H RBBIR S 5 D~ A A 7 /ViE 30~40s TiTH
OB, TORPCHERMOEMROEE L 25, RN
ERHIEH A TRPICHETRGETE)™ KDL RNE . A
—NR— LB A LV E A DL R D6 Th D, £
IT, ALT7 4 URBIEO S 65 Em Bk a B LR
A2 U 2 ESBZ#HM% Lz, (Fig2) A7V amlis
kb HE, "I LEES) 1050kg/h(p 150) % ZEpk L, #Ek
A2 U 2 (SDB)% L 46%[7 L7,

7.2s TERKHETH D,

Table 1 FE{LHREE

Tl dE EC3000SXIII
Rt ) kN 29400
2 A REREXV) mm 2110X 1810
g& :])V* hoTik mm 3000 X 2350
TIBAEAA ha—7 mm 1800
T —74 b mm 3700
/N R~ fp KR mm 1000~1900
S H S i215AM 1240AM
CYAEY mm 140 150
P GRS AR cm3 11840 13600
BREHEE / RE| MPa 180/150 | 175/ 150
S H ek mm/s 130 130
A7 Y 2 [ #5#HE | minl 114 106
27U a by N'm 12700 17300
[ ¥E1{k e
PP+ L 2) kg/h 940 1050
7 9.5s TIBHBAA b e —7 &K
8.6s 8.4s A1.2s (14%)
7.2s
’ it Mt ZifinA Nt fhitemEh B el )

Fig. 1 RS9 44U

wy YT 754 b BEMEE ML,

MMMCERIEE

7‘57)/7
V=

i) BRORRC - 5 RREL A DI G )
Fig. 2 &al%1k ESB 92

arFryvary—r (B —) =

TAUIHE Skg DRFERFH 4.7s FHEICH Y T 5,

B &) H AN T, BEOBIENLY v MCEAM
(FAZ Ny FVERE LR TR TN D, £0fs)
WERLTDHD, ~AF NNy F LBHEEZIRMT DM EE
J ANV I X T ) AVnNb b, IXxv T
KIS EPEICEN TV D8, BHEFK O E LI X
DRBEEANREL 8D 2 L0, BEEZHT DB, N
DOEVWEHEZBH LIS WTAY vy bbb D, T T, &
WBEREIZE D E FIC, REENRLOFLYWEI T/ =
2N 7 (T a /)%Fﬂ“?l%é Lz, iz Li-5E8
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BRI

%
(i

P g
Y
I N
P

N — b |2 MR

HBAZIE ST H RIS HE EC3000SX I

& Fig3 1o, GHEMOWEUP Z0fA+ 52 TIx
VT ) AN ERIEOOSEIERREMR L, Ju R v
TEIF VT AV TREE NI B5T%IE T
T 5, ZIUXHEBRBIOMHENC SRV | RO EIT
TG A2 Hal D BE R NEHIR S WIF T 5,

O B 32 1 Bi5 ] O K

%D BAERE CIIHBIC AR A BT O LER D B,
TS DRI D SRNC AT DB, b 7 LB E 1% i
F REREREAEL R 2BENR b o, ZOHARMR
LT, VoIl TV =THA4 RXFFEY—HhE
— S B AT D2 LT, BERERNOBEEE L 5
WAL Lz, BEERRKREWEERED RTINS, RE:
700mm DY E, 4 4r 34 B (Q2T49) MM & 72 D, (Fig.4)
£72. 2> hr—F INJECTVISOR V70 (ZHEHELEff &

T2 TINDUSTROL) (TS T 14 O R FE 45 1k |
HE) =D (@), @R, Y RIEER,

VP VIZ SN
SRR EFERMGE Vom0 TR A Ak DA
Th 2, (Fig.h) TV E TIEFARENME R 2 M BN
TOMLENRHY, BACLKEN NP> T, 20
[INDUSTROL | (I EOEET A =2 v & EFIZIE
TWL 2T, HEIBEERRE TE H7280, BEERAELEL
RO TRICRT Z LN TE B,

OF P PN 1
EC3000SXIi3EH DO KA ‘Y —HRE—F THEHL T
BN, FOEBMAFETHLIY—FRT 7L ENICL LR &R
BRI D, TNHERET 71 5T, B
INRLT T A A DY CRMEE T DK%
EC3000SXII TIIEA LT 5, (Fig.6) /N7 v 7Fi3/h
RGO L T D ZENOAFTHEL RS, 2
TR T o THEIC LD E T B A AL HEELS TE 5,
F . RN T IR AT 5 2 L T
BEEDRTFHRZHERH LT WA Y v b d D,

OBBRAR—R

W27 A0EE NI ABEOHR TIEREDOEE SR
(16.8m A7 U =% ¢ 150), 2ME(4.6m) & LizE A~N— A
BEFELTRY, THLAT7 Y FoOHEEZM ESETH
5. BHAEENEN S THIEABRERO N, T Y
v F# ED3000 L ihig L TH, BHEE T ImDEL 2
R NIRRRAE & TR o T B,

®7 ) IRBLRFHEORL

Bo#A AT L~ 2 =T WA RCXFFTHZ LT, #
ANRT Y aPRE LR -T2, (Fig7) XA N2 VU A
BRI H 2 LT, BRI ~D 7 U A DA E D
72D 2 ERGT RIS CIEEE BRUGHENETIZA Y AT,
TEMBWAEEBLO 7 ) — AMRIZBIRINTH D, SHIT
PERDARY A X TFFCIIIBBE O BEFEIC X D RREEEN
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KA T — NOFATERBICON D=0, &R~ K X
—UMNBEEINDEN, V=T HA REFITRES(LREN
7280, o RSTFE 2SRRIz A ExwT,

3. BHYIC

SDGs T p kR FE-HESOER IS, HHEIFEOS
PN B R TEEMKICEER TE 5 EC3000SX1I % [
FLiz, % b D =— TS 2 TV D 8 H R e
DO EITI> T FIFETH D,

A7V 2D
HHE 3MPa

3

500

A= SNad
HHE 3MPa

| B

NES V7
HE 3MPa

smaRY s
HE 9MPa

L% |

Fig. 3 B/ 8RELE

BN BT RN

m SR

400 383s
R 7% 700mm D5

300

A274 s (4 %) 34 FIEHE)
109s

)
(=)
(=}

B A5

100

7)1

FC3000SXM

Fig. 4 BEFAERRHLLE

[

Bl ne
Fig. 5 INDUSTROL & &
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| HEGE=1—R |

T—TIHERSCYISLRE BTH XLy FHEROBS

1. BiE (FR/-AZEDHRLLY)

B J158 8 A — I IS E =B E CO2 BRI 1R
HERBMRANBEEZMOTHHGEAZRIBL TV,
2024 05 12~15MW(A H 7 » k), 2026 4F LU T 1
16~20MW % BT ETHDH, ZhIZLD, 20354
FE TICAHR T 30,000 DR HERMHIHD TES

NTEY, 16MW LLEFE MY A AR LY R&E< 20,

BEfF# BTD/BTH OMARCIEFEMDO R b —27 R OYT
— 7NV EREBEEN AR T D, £ T, I SRS
TRET DU — 7 ~0jIs, BLOMEETSHICH
LT B 7m0l LER BTH 2 RMIBIS L, #h<v
BOBMMEEIRET 5,

BATHCTdH 5 BTH O % Fig.1 1277,

Fig. 1 BTH-130.R24

1.1 MiEHM

Fig.2 WHBERMOTHERT, 77 7hbbbh
HERIC, FEERMAREOHEIMIEN, KB L B
FERERM DOENE K TEZ HD D,

40,000
35,000 m Z0fh
30,000 . mKFE-VEZT
S 25,000 I m IR
o 2 N
?\% 20,000 Ly:wa
& 15,000 — N
ﬁ% .
10,000 [RF7
| ]
5,000 . . KB
B .
0 - || — ™ ij

2020 2030 2040 2050

Fig. 2 BRAXBRMERORAL () 4157
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S HIZ, 2030 FFE TORNFEEO LB (Fig.3) % /5
L ERBRIDOTSGHENE L RET 2 2 EnfiEIN
TW5, 2020 FH 5 2030 FI2H T TOFRER I MNEIL
B R TR 2.6 i, T ERINITKN 8.6 FIZ D RIAATH
%,

6,000 400
& 5,000 o
7 300 3
> 4,000 o
) e
X 3,000 200 <
= 1}
¥ 2 000 &
e 100
mg 1,000 - “‘@

0 - 0
2020 2030 2050
F RS (TGHRE)
[ R (FHIGFRE)
——[E FES (FRIEAE)
FERSD (FEEAZ)
Fig. 2 ANHRBERMHISHEREL (HFR) 2HH~=L
1.2 HiEHH

B TR ARTFRIC, 2024 0 bHX 6 FE 2 12MW L E
DRI LT, JR TSI JE B B R S DK 26% %
W% B ARG B 2 4 — 7y R &L, BEES BTH o 5415
FEIZEY e FIZ LT,

300m

200m

100m

20104 20134 20194 20304
3IMW 6MW 10MW 15-20MW

Fig. 3 ;¥ EREO KR 2@~




2. WERI—2

ZAEOKRMUIZ XV Figd [TRTHEEO 4 X K&
<Y, MIEOXY R e — 7 THET 5 6D TEICE
W, 10MW 28 1,000mm~1,200mm {25 LT 15MW LL
FiZ7 5 & ¢3,000mm ZHBX D TIEICRD, LD
GMrtD T A T v T EED, BATHOLETIZIA br—
IARREER D,

HPE OIS
' TV A/\—5

Fig. 4 W& —yilxss

3. RFLYFiE#

T—ILRERCY T34 RBBTH X b Ly FHEHDER

32 BITHER MLy FHHEDLLLE

A b Ly FARRITBATHRICH LT, S be—27 234
THEE S, #HiIC Y A be— 27 [ 3BEFHIicx LT
1,000mm DERE L725H 2 &0 b, %WT@MI%ﬁﬁ%
Ransb, ERENDMTHEN L ERT H720I2IE, &
@mﬂﬁﬁém1%§%ﬁ@6%mmﬁ@%%ﬂﬁg_
5, B, ZITOMLEEEIF, BT —27IZERIN
D ER Y SHEREOZR TH Y, DEIEEHETH O T
HEN,

F 7o, BEBAIMEZ R T 2 720121, B < 0 B ORFK
THdH o EHEY HURECTONT. 2 EE Lokt
ETOMENDH D, €T, MBIV —I25BELZT A b
=2 EER L, HES TR TOREEIT >,

Table 2 BEF#EDEHLEER

BTH -?5?3324 Bi":-l‘ E’ J‘.J:;{)‘fll::gcl
X#4Z2 bOo-2 mm 3,500 4,000
Y#AO-2 mm 2,540 3,500
ZW2 ho=-42 mm 1,500 2,200
F=TNYLX mm  2,000x2,400 2,000%2,400
s ton 25 30

4. BIFEHBTOIMIREE

31 WMEIT—VBELFREFHEELER

Tablel T/RT XL D12, ¢3,000mm Bz 55HT —2
W LT, A be—27 XEEO Y i chn &, X
WZOWTIEBASED 4,000mm 274 7 v 7 LT3
A, Y oW T 3,000mm Nk KETHY ., o
3,000mm #B2 AV —27I1Zx L TIMLA he—27 BNRE
LT3,

Table 1 WRT—VEIVEREHDEHRILE

XWAMI-2 mm 4,000 4,000

2,000
3,000
2,300 2,200

2,700 (500-2,700)

Y®#ArO-2 mm 3,000

ZwArO~-2 mm 2,000

F-TAHAX  mm 2,000X2,200 i:gggg ggg 2,000%2,400

etz ton 30 30 30

41 MITRMHE

Fig.6 CTnrd Xk oic, iz HL TEIRER—Y
CIMTEITV, MTHOMBEREE (e V) E&D, T
ROEME, MfFEE, REyF, BHIEFHEL, BES
NABERKEE AT L T D0 REEE2 1T - 72,

Fig. 5 FAMIIDHF

INTERT - 7 —7 0 EfEs S 1,500mm, 2,200mm.,
3,060mm @ 3 I Ft

T4 : V120m/min - %Y 0.06~0.1mm/rev

BEHIME : FC300 (¥4 X 700X 2,100 X 160mm)
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T—ILBERCY 754 REBTH X kL v FEHROFSE

42 MITRMER
KEEF: BT, AL EFAR=Y BT 5EFmLIIZR

S FRERSELR. BFCTHS Y3,060mm OLETOM
= TICBONTHLEE Y OFAENENT &L 2R TEX, X5

I0. BRSEE R ORI S 12351 B I C b BT 2ok e

- ST,
SHEOREE LY | LIS L R O MR R

. FE B 7=t % LI L. B oo R a2 A L7s,
!
% 5. NCHi#

HINZRBE Uik, Bl CNC %5 FANUC Series 31i-

B Plus] O#if. @@ CPU oMIc L v, @l - s E

MTICHEST L7 ey 74AB, ~7 affE7R2 EOREm k-

- EEB L, KHEARTE v 2 BIIA T g VBIRIZEY
@ FEHEE 200% F THLEFRETH 5,

T, ZHEEINE O T 0 7T AEEREIC LD . KT

b9 B RS R BRI T U — 712k LT H @k E 2 m LI

EHTE B,

53 .

.6 Ff - £ERT7Sa—)

E

Gl 2023453 11 12 BIRAR K A1\, BAA hORHEET L

Too WSSO HMIX20244E3 2 BAZ L LTW 5D, WIETE
THIBEICBME S TR Y, 20238 ARLATIADZE L
BHELLOFEWRH D, BB, SEORBITET VT =
CURHEIE L LT TIE R, S ETHLIATHICKI LT
FT v a AAERRONET LR D,

7. BhYIC

AT RV —HED S LR EEBEEBINCIHT,
KB B ERSIREER AT OU — 7 12k T 2T
a WD R T Z & T, SDGsiz b ERL TV <,

¥
Y
|

2

10

\
L

N— b |1 2R
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| HEGE=1—R |

AT SS5S—INT# UFG-150D(PV)DBES

1. [ZLC®IC 2. BH
RY AL IF—EL—FHEEESEDL-DOEHTH 21 BB FO—YDERSELIUIERILID
V. INETTFOXNELKE. ERAER. 8. o0 KEME

g CIHAAENTHEA SN TE T, KT IT—
MTHEIEI 7 —0FmIZKI LT, X1 YEL RS b
FAWTEIENC XV BN T T 288 Ch 5,

A, ASBIE CCHOANED FmzigE Lz . H
B FEBIRTE T TR o MAEEREDTZD, B
O B ENER OB B > —(LiDAR) % & Te LAY K & 7oK
VAV I T—%REBAELIZVWEDOEEREZ TS, L
ML, BHORFEIKR Y 22 27— THEUFG-80C(P) D A
TIZYIHYED FBAR SN TWES, KT — 7 ~D 5 A
HLWRLOMERD D, £ T, SEF IR
UFG-80C(P)Izxf L. [BIERHH A QOB 7= g R U 20
7 — M LHEUFG-150D(PV) % B3 L 7=, Fig. LiZkEm oo+
Bl. Fig. 23RV I I5—DEATH D,

Fig. 1 #5181

Fig.2 KU = 35—

KB — 706/ T — 7 FTHHIETE D L9012, H#R
i X, Z#hoA e —27%ZNEH 70mm 25 200mm,
85mm 75 100mm ([ZZ 8 Uiz, FioApEEm ooz
THRANVAEREZEZ 126mm 705 175mm (2 KA L, BV
T o TEHEZRK 2N 4 fIZHEP LT,

22 NCOZEH

2T I SR MBTEIR Z DT 7oy &y S BRI
3 5b7-%, NC %2 FUNUC Series 0i MF-Plus 726, X
D 2NN FE 4 2N ATHE 22 FUNUC Series 32i-MODEL B Plus
WCEE L, B X, Ziho 5/ NEE¥A Z 0. 1um 2> 5
0.01lpm (2 L7z,

23 BEEIYVHLEODZER#MZL
BH#EIWHLBEEMKORT Y I+ 4 —AXT b
ZeLHZAE L A B HICEET LT, B0 HL
WEOR E, BHFMb, #haodlick s A7
AMED ) ;A B LTz,

24 D—UOXBOBEEIL

U— 7 OISR S A S a VBT A2 LT
TE~DOT—7 OWE - By L, M TEOYKERE A
B L, KEAE - ANMEICHIEATRE L 72> 72, (Fig. 3)

Fig. 3 7 — 7 A@)ss#udk &
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BRI

23
(i

g
Y
I Y

z

N — b |2 MR

AR T2 2 5—I# UFG-150D (PV) DFEAN

3.

F 24k % Table 112777,
LTWBHESTH D,

R PSS YA

Table 1 F7pftpk—Fi%k

UFG- UFG-
150D(PV) 80C(P)
X i Eh# mm 200 70
Z B EE mm 100 85
B E & deg ) [ SHE T R
TEFANVAERE mm 175 125
X #3125 0 3#HE mm/min 10~1250 10~1250
7 #h3% ¥ 3EE mm/min 10~1250 10~1250
B(O)#hi% v 3 deg/min 10~1250 10~1250
X iR /N E B pm 0.01 0.1
Z s/ NEOE AL pm 0.01 0.1
B(O)#ili e /Na% & AL deg 0.0001 0.0001

4. BHER/EH

41 RKEIT—OAOFIG - MIHEDREL
TEFNVF ORI E EHEEHOR ha—7 DIERIZEY |
K 100mm X 100mm Oifi % £F> 4 wHA Y T I 77—
MTAEEIC e o T, WWARY T2 7 —DE, EEkE
NT—EIZNTT 52 & TAE LM LI 2508, e
LB LTH L5 OB EINTRREE 2 o7, £io. M
LU — 7 2B D0 EMTEOEY S5 &K )8 E S
LTRY, BERDIBEEHECL TH XEOBBIHHITE D
DWW O TR A X 2 WHRIER H 5, Fig. 4 12T
ENERT,

/

Fig. 4 N T2/
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42 MARARMI DX

[E AR o /N EHAL 2 0.01pm(10nm)iZ 95 Z LT &
0. CERERIZT TR FREA 200nm 1F E M AT
B b RIERRBIC 22 o 72, (Fig. B)

ez

Obligque Blot

+0.10000

um

#) 200nm
i

010000
55.4

r T
186 mm 657

Fig. 5l i@ i Lo 43
43 BHEIERDEEDR L

B ] ) H U B ONLIE R 6O 4 EE 134 1 FlT O %fiE T el
DL, RO £4 N6 2.8 Bz L LT,

5. BHYIC

L, R AU IT—XSI O EEHNMBRIAEND
7o, AEMEEZR ESEIVLERD D, OO, Eil
OEERERL, TERLVEORE L, 282N T 518
AL & 72D O LRRFER, HEIRHEE O I 57
LR D D 2 LT, AR LICES L THE D

o



| HEGE=1—R |

TCmini!)—X TC11—02M#E4

1. BE

TCmini &%, &4 —57E (PLC E7E) TFus 737
T&HvA a2 A—FNThV, BIEO=—XZHLE TR
T RRERE - A X - 2R N EEBITEX SHlEEETH D,

PENRE TC5-02 I LPEERAR. EBARIE T & DOIRE Wy
BCTRASNTE LR, ERHING=—XITNZ D720,
F v hU— I HREE AL L7 TC11-02 ZBR% L7,

B OMCU EDAERH L. TC5-02 O EUSIT - HEHE oD Btk %
HReN S, FIEMEEED KigRm L, 3y bV —27 e
bE%FEBLLTWD,

1) MCU(Micro Controller Unit): 1-24EHEEIFKIZROM
RRAMZR ED A E Y RI/OBE 2 &% < R DR RE
LA O~ A 7 a T at v

2. B

2.1 Hl{EERER L
T Z— R RAL BRI ) 36 SR bE 1/2
22 34— L, T—EALPRABRERK :
THE—Ta s T KhEE R 1.3 6%
T—H LU R R 2 1%
23 v bTJ—UHEERIE
Ethernet i@{E: Modbus/TCP <~ A% /A L — 7 %ls.
Web Hr—/ X —HEREXTIGH2
CUnet WBIE®Y . ~ A &% /A L —T7 %t
H2)  Web Hh— N—iHE:
W7 —Z &2 7Ly hRAY— 742, PC
LEOEMET T OFNLHAEETDHIENTE
2 RE
Web H— N—HREAIEH T2 2 & T, SMTTH
—N—REDOZAf7e Y E— MNER S AT LD

ZEHFTHE,
27 Ly MR
RSN L & WebH—)(—

.

Fig.1 Web H—/\—#gE

7 3) Clneti@fg:~/AF~wAZMOY £—k 1/0 %
v FU =T, G A R R RS N
W, 120Xy FT—7ITHKK 645 F TR
Al HE,

2.4 TC5-02 A5 MIBHNKERE

7 a7 AT (4-20mA/0-5V) & 2 GBI

7 J a7 H 7 (4-20mA/0-5V) & 2 MBI

U 7 ViE{E (RS485) % 1 GBI

T v X —HERE A A

2.5 {LHREEER

Table 1 #ERHEEDIEIRELER

TC5-02

EHE TC11-02 (5 )
BREE DC5V DC5V
SRR 135 (H) x 220 (W) 135 (H) x 220 (W)
FRRAEEE -10°C~60°C 0~60°C
USB & 1E (FAF ) 18| -
Ethernet @15 1R -
CUnet @15 18 -
AL —HEE 18 —
)7 ILAEE LY 3=
T AA/HEA AR/2R 28/
H—IRE AN 45 4m
FARAAE A 16 /16 = 16 /16 =
N2 )L 1/F 158 1m
LR MR 1/F 18: 18
A0 T B R 4kW T 5ms LI F 4kW T 10ms LLF
SE—TJOTS5LEE 32k 7-F 24k 9-p
T—HALPRARE 4096 -+ 2048 7-4

Fig.2 TC11-02 141

2.6 SR EHI
TC11-02 13T ¥ —HAENHO SEL & & b, HEE
LD% ) o 7= Ethernet i85, Clnet BEHED R v hV
— 7R RIL L, A~v— 17727 MY —{LEIET
LRI 0T,

(£ 941]

PESERSER BRI, FALRETU—
Rk EBBEK, a1 T Y —

3. BHYIC

£ [ElPA%E L7 TC11-02 1%, Ethernet D% v MU — 7 i
EdRAbIC & 0 A B 2 AT, S 57 YRR & HEE LT

o

anb

N\

Shibaura Machine Engineering Review | 88

T 53 e

RS

23
(i

g
Y
I N

P

NEIE =
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BRI

¥
Y
|

2

0k R

\
L

N— b [1Z5R-

| HEGE=1—R |

ZAH5013wk THES00/THE1000 B4

1. BE

FANE - WEERE ARy TG, BEEEE, EMS, %
= F 74 CBEEATLICFENSIER L TE Y ML - il
ETRIZACE 2 TER2AEZ L, BEb=—XPRE, 7T
TEPOINZAY— N7 4 B, Ny T U BE T KR
WHBER LTV, HEIEOEVILIZEE, BNy T
VOBEHOO, HiAAy T VHEEZBE LRy b
ORFBENLETH D, Bl AT VITEER S D720, B
ITHFEDOTHLY Y — XTI E &% W2 T 2V Al g
R D DT, K AT & 20kg D> Ji B VR FLEH L2 kG
L7y ) — X R TH D AN T rHK v b
[THES00/THE1000] DBFNLETH -7,

2. 5

21 HBE
THESOO/THEIOOO(Fig.l) X . € 3k =+ 5 L THLS800/

THL1000 & kb, 17— AFEEMIIELED LT, El
HTHD, 3l (ZA Fr—2) T2 T, ERET
300mmiZ %t L C, fEAET420mm & 55 = & CTIAFPHE)
EEEBLTWS, 2> hr—F[FTS3000/TSL3000 Y
— XN LIEEBRESLT v S T AR ERIBICHBE SN T
W5 TS5000-MS%# A Lz, F7=. TS5000-EMS & fH 7
HAb¥5Z L TCCExIEbARETH D, BUIR, CE{LARLSL
¥ ¥ v SRR (Fig.2). ¥ x N7 Fig.8). KMk
(Fig.d), v ARy h~arre—JMr—71E15m (&
) f#RIxhE LCTnad, abiz, ekt 7 v avicd
HMISTECTH D, 7 U —thkk, BHEE - BAi (P65 AR
Do VNARKICTETH D, EOMIT, Frikftgke L TR
17 maARy h TTHEL000) & EARZaRy b [BEGOS] &
SEMHIEA = > b v —F [TS5000-MS-AD| ZfHAAbH

i AEfb===y bryrRv ) =X ZHxn LTS,

Fig. 1 THE800/THE1000 (M #}+#7
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Fig. 2 THES00 v A M 18

—rrdi

Fig. 3 THE800 4/ \SHtM 187

Oy N T

Fig. 4 THES00 X Rt s



2.2

THES800/THE1000 M f1:4kZ Table 1 i@V TH 5,

T4

Table 1 THES00/THE1000 D4k

XA Z B8Ry k THEBOO/THE1000 MD#FS

2.3 #HE/EH
itk > THLS800/THL1000 & kb~7T, THES800/THE1000

TR KA FEE N, £ 1.9 f£i2m EL T a(THES00:
% 1.95 £, THE1000:1.9 %), mAAIMERICBVTH
10kg 705 20kg & 2fFicm ELCW5, WA E b=
FrPERY Y —XFighllBNTAALZ A X - FAL
A4 X2 =y b ILOER—LHMERE.®C
THES00/THE1000 23 STV 5,

[}

f >

i e

=

-
'-q-‘:#'

Fig. 5 THE1000 ##ML=A> Ak SP

3. BHYIC

LR THES00 \ THE1000 | HANZ
i3 K% BEHG T —
A AR 4 4 —
7 — L 2R 800 1,000 | mm
BT — A 350 550 | mm
2T — A 450 450 | mm
551 1, 000 W
E—X 5 2 il 750 W
P8 s 55 3 i 750 W
o5 4 b 200 W
1 i +132 | °
P 5 2 il +152 | °
5 3 il 0~420 | mm
5 4 W +360 | °
%51 300 | ° /s
— 5 2 Hil 540 | ° /s
s 553 Hh 2,200 | mm/s
5 4 il 1,100 | ° /s
Ak 8, 400 9, 500 mm/s
TERE FTRE R 5 kg
R ATHE & 20 kg
TFRAREEE—RA R 0.6 kgm?
[vAEs) X, Y +0. 025 mm
B UK Y/ +0.01 mm
w2 C +0.01 °
EN NS 46 49 kg
gy h~arite—7
My —7 LB se
WHa v hr—7 TS5000-MS
TS5000-EMS
(CE f1:4%)

MLUBEANT — - AfTEHE

IR AL - INRGE BE DR 23 8> %
H2H PRI « BAIREE —ERF D — ) B LKEETH
Do MERALER OREE TR,

CAMBELLTTEY MY,

THES00/THE1000 OBEZIC L - T, @, i, &l
BiksETH S THE U —XL LT7 — A F 400mm~
1,000mm ETOT A o F v T REA5T=,
LRI TV a VIR, = — = DZERRERITRHR
TE 2 Lo ERMSG~ L. BATECTHDL, HEANYT
VORETRIZE > TE, IR LR TH D & IP65 - #ilR
RANERENDZE LDV, A7V 3 VOIEFTIIHLEAT
HbH, ELRIBEMLEORKIIZED TN,
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HEEXZHE/2KY

MITIRE ITH#EI /I —— IFEBREXBE Wi EA

TFHMIE, HORDRABTEHI2YeBAT 2MmeBIET 575
JSCT-THRERIPBETH Y |

EE-THERIEERRATHY . TN ZNDIRIC

i prehvigchrsd, —= THSE

FzIEMIY (7—72) %[EER

IH Y AERCIEAMGI G Y B3Iy 28R Hb, COLHICRRBIETIEEBTEOND S

ENEL WRICIY =<2y (BRZHEM) cHasn, COTHEEMOMIBEICL
IO TFEMIZE DERIC E%LT§#®#7$%Ti fte
RBONT-RNEBTIEH AP EHLOEGHERDOES B IBNT

DLRILPREBEE->THRE
Z—ROEBE ITEEMOE/IZDNT,

T W, TlE,

1. [FCE&HIC

1.1 THEEROIEILFEY

TAEHEMOIL U E 0 ICIEER D D, TON, KM
EELZOICHELHEDRL TS (AL A 2 TAEMM O R
BMLEx25, 1AL A BREEGETL2HE (F—7 1) Ok
R & OB TR 2 [AlEE S8 5 FTh L+ 2 KBS
FEOREICHL IET 5, 20 5L 5] OFHITEL A
REf (REITRT 6000 4E~FRInhl 2400 4R IZhE-7m & &
NTHY, ZOFBEEZFMLTELN TIEER TR
Ths,

Filoo o7 MR (Rdochl 1480 4EEE) (21X, B ORI
BERBEAT, SEME&E T2 THRARRSYE, Bk
THRERTREDITHEN R (PHREV)) BELNLD
EolkZhote, ZOREEFHLTESRTZON THR—L
B Thb,

o AL A & TR OFEBEEDYE, TEMICH
EEX . TOMOEITE AR A BT B Z e T
TAEmZEL, BT 5 TEMICHEZ S TTNTTS 15
AR BN U7 MIRRISBEE LT,

ZTO%, L OB AK I 72 EEFIR Lz TVEREM
R OREEE MR Z 5 £ TEbE T 7=,

1769 FIZT v FRAKHEEZFEA LR, Z0FARN
FEALEINDTZDIZIE, VA ArF Iy (AFYR) O
M) OB (1775 &) ZREZ2THIER S 720
o, ZOFEAIL, AREHEOLRELEZAHY UHD
Wiz N LT 572D BREh, FIEETHSZNEMNL
ZHBTMLITE AL 5Lz ThD, FOKEIX, F
E¥ET lem DL EOBEERH - 7-ENEL 1.5mm EF T
BEZED LI, BRREEOMERR EICKE<HBKLEZD
ThD,

Z ORI L 247 5 (T EIEEB) L EHUEB M b 5,
& BATHEE MM 2 ALY 2 o T MOE B R0 [l fE E) O X
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Y H‘%‘QE/] 71:555—3—5 izuu

FE e mbE L, X0 BWIEEO TEEMAESNS X

W2 olz, ZhbEZOMZ MR WEANBERE MY RS
THRIED TEBEMICE > T 5, Hitb o ha AL LT
B2 728 A D LTV B,

1.2 ZHEBRDEE

ZHEHOE ) SV EBUHT 27201

I, Yo ER

D VER D D,
e 19492030 B
R SamENGey o
?ﬁﬁ 10385125 LRSI 1961568 2017838 2020848
E% > nE —| - PRMHEEEIC LU AR ai-uir - ET‘) HERE
ST L — J wzam B zamm
4 Sr e 2
ES 70—
19645 19875 20025
’EJET-. —le:‘J-uTI-.— o T-u-. -—‘
L 20133 20128
%4 I 4> F¥m- 9
Fig 1. Z Mtk DKL E
1938 Y I, TEH I L O 72 DITHEAT S V7= E O KR

ETH D TBBBESEREIC LY. ERAEEORS & 72
% TAEHARBE 2 5L SR R O &2 %2 1T IS 0 |
(BR) e (B () E) O TAERMER P 23317
HET D OICHat s LT NEM LMkt »
washiz (Figl),

TAEM T AR LS I R D R W EEIEE TH Y Z O
PEWEERWIERAEND Z L EOBEKR E L Tontt
WSS, EOVIEKTHED=—XLF 9 L0 I
[E O F#HIZ A o s ik H o TAE#M A2 JdE L Tunizo
TH D, S TIEMER) DA EY SHIT. 1940 4£3Z7E L
7. 12m 7 A 7 Vi (Fig2) ThoTz,

ZOH LR ==X ELEEERMAEED, MiEFE,
SR EE, ¥ 2 NEE HINREFE, BBENT
B HEEER CERROFN & ICEEOBRL, FIE
REERTTETND,



Fig 2. 1940 EZ{ED 12m 7 A 7 V4%

AfaTiE, EEOHNFETH 2 TIEBRMFEORE I 4
R ADEMTISCTED L HITEL L, #HRITEAT
XTI DINEREDIZ,

2. BXRDOEE L T

2.1 FCFEY

19134F (KRIE24) ICHARDEKRF —EUIMTHD T4
M BEEETYEBHET LFEEPEE 2, REIZY —E
BOEEHEDOE N RN TH > 1272 — DD HITHENE D
L., BRKBLIEDOTHD, ZOFEE ST 2V
FNTWDHARGE, EALORGNEETHY, DD
OEMBORBIZAARICE > TRERFEHRTHD Z 0
DR 4 — B BB O # 2 B ECES R hide
B & MEEDO AT T o 78 KRS (12 O TIEH
WA R) 13, B ER 7RO EZLICHIATRE,
YOS =—XEMICE D XEREHITHY . 5
Lo DNA & LT TF#HAN TS,
PRKE T, 65 1 F T2 ORI Uz fugs
BUEH O TR A FIC8/E L, 2k HL W23 ik
g, TR OGN EShD Z &icio Tz,
ZORMTHHED =% 2, BKMEE (Fig3) <
A BRE (Fig 4) e PofliEZ B L, SfhafR LT
W, O, 19494 1 HICHEEOR T4 X 0 4 T/EH
W4 KEETIHICBETENMEE S, FFE 3 Ho¥HE
OGRS L0 BE LS A2 RIS (BR) 2 Bk R AT & 3%
L, LEEMOEEZFI L0 Th D,
HgOEBICHDOE, BRI REREREZTZ D2 L1
7%, HERZTTREORBICNE R, A7 7 DEES
BB O1EMAL e E 2D DI, FERMEOMR, $EHE
O, Ein, B A 7 7B HEEED D LI
b, FITRBELENDLON TEEXoa 4| TR
gTh b,

HEEXADE/ DY

Fig3. BXAEE (1946 4F) Fig4. EEAR BEE (1947 4F)

22BXOBHEICHHLET

[BRITEFE R0 ) LRI TSIV, 1947 FICHEF
VEERER & IR OMPEICE & L BIR A B SE T,

2.2.1 B IC{Eo - TYEREMR

—HERFHICR 223, R b ths (H) o=—XITs
A TAEBRR A2 AEPE L TN, e T A 7 VIR D AEPER |
1940 4 8 HZ 3m DO T fiEfk T-30/35 % 5epk S ¥ J4E I,
BARIEY 11m ORMSIHE# % 52 & & T % (Fig 5),

Fig 5. 11m ~>7heik

WL T — 7 A FEELAMT 2 T TERIETH D28, B
T FICMBEILIZ A BN 2B VTN D, E£72, F4E12 A
Wi, ERMAEOT =TV E A4 TP Bk L, M
SO BORBELEE LIFCWD, 1942 F1i%, FHEaf
JE#E KPL <0 8l 7 — 7 VI S i % KB-8 (Fig 6) &
Y 2m, & 15m O KRB E#E DK bEl S TH Y,
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T 53 e

R
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#

=

N—p |150%

=z,

>

=3l
=

\
L

N— |25

YHFOWESEIN TIZEH S0 TldennrtBbn s,

Fig 6. FiriAff A KB-8

BT 1943 FE(2iE, BEOME~Y = 7k X ORARRE
EE 7B HEE bR S TS (Fig 7).,

Fig 7. PH%USEHI%E

ShIEHEFICHE DI D KYE ST I %5 e TR % 2F
FELTWE 2 &N, BLE Yoo KA TR D AT 72 -
T35,

2.2.2 BROBEEM

ST AT KD 1T DEBUTIIBR D AEPEN LETH -
oo Flz, FRFICHR T — 23R Z DV OFEERNEE -
7oo WA O T — NV Z T DB OTFENEL Z 0, Yk
WD KA T EReHk & L < e — LiFSI#E KRP-955 % BUHK )
I LR AT o7 (Fig 8), Z OBAFEIT. Mmrric
TAVIOT7 7 — LAt r — Vs E X7 F L1
DINFETHY, 77— LV E L THBEBZ L
i BT AR BDTH Y, 1951 EITF L
7o ABETERROTAFICIL, WEH O T v — v AT
KRP-1350 b 52 ¥ 72, 2D 2 BIZHOWTHRNSMT DT
D RUEMICREZITO.,. ZORREE S &G 2 2mmIc

93 | Shibaura Machine Engineering Review

K2 T3 el S e RmOBELFEIEL, ¥y —
FVZXLbRE I EHE LT,

Fig 8. & — LIl 4] 54 KRP-955

EMRFEEIC DB THERT L VAR Z T 7 Bl
BT HEOBASE 2 1953 4EICEHPFEW) O bm Bl BLAR 7R
Z5ER Lz, EIHREEIL CW8 B, CCW6 BT L LT
TERBEOEIHEZEB L7 (Fig9),

Fig 9. #likH7R 7 HRS-500

Fro, Bl E LCRBEL CWEEASHEIC OV T B
FTRERFTEZT T, Z Ok Rk oEEEEE
DL LT, Bl LIEERE SN TEZ D Z LTk,
1946 FFIC Y 1h 2 & e LIERM 5 035813 T2 DBOR
AT O FIC R o 72, 1947 4F 10 A T/EREAR RUEFF AT 2 &5
L. BNICERIER 227 Lz, 1948 FFICi3 it E T

Fig 10. &% i 00 TOEMAR [ 8)H e |



Ao TENESOHERZZ T@ELE D [ENEET
) HRE SN, FFEICEE R O T/EME CoH 5 Bhik
AR S, ZoFEF 2EEN Y EE, BN
OEIGFICEB L= TH B,

3. e =——X LTkl

3.1 BERFRER

Btk DR LA & % 1955 R 1973 FFEE THARILA
ERFEREZLNZDZLICRD, RFERBOTZOE SN
EEHSIUIMAEOTFENMEN L, ThictdbellgktF

WEM U7, RKAEHIC BV TIE, 227 ) 2—%Ed 720
DIFH LSOt HHH 72 & O RPEH O TR3MEZ /2D |

1954 IR ERIBE R < 0 AR W) S 1 BSF-26 52 L, 3
A2 2 5L 72 5 BSF-15Q (Fig 11) BT m—F a4t
FEL., 2 BIHEAEERATICHELZIToTND, 71—
FMEELIE, HEALALICF—I V2L (Fig12) 45 IL{E
B TH 5, Mo HE R 7T LR o 8
WHF—IVMILBMETHY, TO=—X5Z2 D72
KRBT 0 —FOEERITo Tz, £, BEHEKT
AR B R EE N TAT I 2 % 2\ A O o B 0D SRS EEAL 2 e oD

&f7Oo—FmL

Fig 11. RAEREH < 0k

1955 4 8 AL~V T = b & i 2 47 B3 A A
BX Ly MEfk, KBNS 4 (57— 7 V£ 800,
900, 1,000, 1,400mm) % x4 e L7z, 1956 FIiLFHL
ONF & AU PF ST iEfk TB-10 8 A LS 3B A
FER AATICHE Lz,

Fig12. 7o —FNL

3.1.1 BEBENEBE—_—ZXADHEY

HEELRHE LD HB) O AEFEIC OV T H EELOE) X 2
a7z, Ythik, HEBRBE, HfE# LI ThT v
AT 7O E ) \ZHY A, 195647 ATV
Vo X7y ZMITHRN I VAT 7~ U EERESEHE

HEEXZABHE/DKY

HEHHICMA L7z, T LTI OERY AL 1957 4 4 A1
KITNAEEEEZZELT=OTHD, TORT VAT 7y~
VOBEICEY, BRI ED D IIBELRED NS &
Tt

3.1.2 NCiEDIrZE Y

HEFT2N O B2 220 T LAEMMIL, P A, B0
U, 77y &R R LI-HE T2 CRERETH
oz, LEHIE, THMAEDHM) EShhn =¥ —
~ v (BR8] EEbnTnd, ZOREIX. T
B & TR O E xR & 7 Bl E e SR LINT 447 5
HLOTHD, ZOFEE NPT TW=DT THEORE)
EFREIL TN THREZHLTWZEE A D, BROMES
HWEOHEREFMCHE L, MToRbOEEE 70 s Z
ATITHO FH AL LT 1949 £ KEZE R DOEE 2%\
7-Vay T RX=Y AN Fa—ty YV ITEKRKFEL
NC %5 O LRI ATV, 1951 FIZ A FI D NC 25 |
FURICHRYIO NC 7 7 4 AEEBRF Lz, ZHA NC L
ERE DIRE Y ThH D, Z DBIFEARITA TAFHEI A — 0
25 NC #f TAEBM OB R A2 B L, YihicksnTh
1958 T (Bk) WEZEOXEAZZ T e b TEEIE B &
N Ly NiESE) OB E D, BEOE 6 [0 FUKERE A
AT TVIN-10 JEEUERIE 2 Ly Mg Z2HE L,
1959 E|Z1X. 4 THL YD R IETH B 7 — 7 LA
<V #E BFT-11A,13A 256 S . £ O FFITIE NC HEiE
ZP5# L7 BFT-9(S)NC 58k S, BUED T — 7 /LR
T4 AR DEEOFRINGEAE L2 (Fig 13),

Fig 13. 7— 7 ABIEF <Y 7 5 4 2 BFT-9(S)NC

3.1.3 XWEBEIMIN=—XIZEZD

NC HEDBR%E% ., 1961 45 6 AT (BR) EimisehrErT 2
T () ZWIADL, HZHBEASHE e A
WL, ZOEH, KPWRMTO=—ARNEEY . FF 12
AWHE LG RIS R %K (5Ek) L7z, £L T 1962
A QIR TICERRCTE 2 TE#M S LT, SiFTiX
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101 55 o

BRI

=z

P

=3l
=

L

3= b 11243

HA R KRR DR LR < 0 g (T 27) BSF-32/19 734
MPREEZH L, ZORMTEOEREHI S TR

WrER g N AT B 72 6D O R LRIk D /EPEICIET) L

EE M KRB O ST OBR 21T 572, 19634F 7 HIZ1X
A A S T =5 1 AT (B A AT M&E) A1V I [ PE fe
KD KRFINT fghx (At 2 §6) TWI-80/120 (e Rn T4
12m) Z5ER Lo, AT ORI ERENZ A L
ThY, ZOEMIRMEOTHERNOEARL > TN D
(Fig 14), KM TVERSMDOAFERE I &M E X722 Lic Xk
D, AROA V7 FEEORZG oM EICE#BRL, AARD
EEREEXZTZOTH S,

.|-__' ——

Fig 14. KRAUS7ERE TWI-80/120

KWEEM LI, BEWMO T o126 kAT, 1965 4
Wi, KRB O 7 a XZ IZBEH Y v 7 M &AL S
DT uNTRACKET — SRR, F—I Y &ML
THEMAME LT u TR MTH PB-32 Z52 LT-,
T OB I F REFTE TIC T e RT OREE N T
% B K% PBD-80A & 52k L 7= (Fig 15),

« 1967HE BE

- 5 ) 1

+ NC:FANUC
MAVREDAAARIIEES

Fig 15. 7' u 7 3N L5 A PBD-80A

C OB CHIT, THREEA 2 B L, B 4HhE T
— 7 )VEERE 1A NC & CRIFE 5 il 447 5 #hk ©
bote, TNETHEEMROMLIZ, Bodifrs Y Calc
EREHB LB FEETITo TR, 7—F UV —X
2 £7C 5 Wi E1T > FCTRRM Lo BELR & HFEE T
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XM oTeDTHD, OB FEAM S AL,
1968 42 H Al T2 AL+ RF R E 2 W20z,

KRB TIF[OSER E NC 2R ORI L0 | fRx 2 KM T
TEROBRIE N TE D X 51y, FEICTIHRERBRD
INLRNAIEE & 72 0 K ) FEEOKER KO 7 1~ Z
T EORBFERABORBE LT T b, KEITIIKER
INTAH% (NCS #ilit) . KRBT I dhimm i THKE 5 ikl
HE = Z A A7 EORME A BRI 5 & I EERM
B2 &0 b NC B 2 #5Hk L 72K EARE T < 0 R
SLEEEEOER B X, T KA OAEE LN LT,

HHOERIINCILIZY 7 b LS4 S KR TR > 72 NC
LB % v — Ve v — VAFEIAR . 7 — 7 VIR <
DA (RSP IUAKE) . ILASIIEE 2 CICH BB L, wWan
& NC # ORI E 572, 1968 4F 10 HIZiZ, NC #T
HE TAERHBEE A Hx AT 7 v RO~y =v 7+
VB MC-6A ZH5E L, v~ =r 7k X ORNEK L
T2DOTH 5,

3.1.4 XBEBOB/ELLIEL

Fltx BEERRORRIIHE, BE. Mkl SIChERR
HUHE - B OTRE TG L TR, TR E
RV, BB X AT O TS L D RIRY R T OB
BUETH-oT-, BMT, I—V 2 7MNT, "R&iTMT
METRIEICEIBEZZToTMT L TWER, ZDOH
FEREVAZNELD, ZOBBREZE2DRTHIERN
RAORERFE L LTl bEREINBE L) icko
7-OTHD,

ZD=—RTGZ B0 1968 4E 2 A b RAEIPEEA
TR OB AR L, 11 A XV EEFHCET, 1970 F
4 AV KREIMBEA TR Y — > I 7 —TM-53/90A % 5
Lz Th2 (Fig16), AL, I—V I~y F&X
—=r sy REBE LN T E 2 —Y 7T 21T
2 HBEWTHY . NCEE S FANUC # NC # & F260B
Z 2 RaHEH L. BBk bR Lz,

[ o

Fig 16. % —> I 5—TM-53/90A
ABII KB OREE 7T — 7 V2B X ICEMIAE AMBE %
B L EMEARERTRIIBEN T AT N —2 4 TOT



TER§I Cdo o 7o, B TAEBM OB AL H A — I Tl
HNTWDH, YTl 50 L ERTicE A Lo E Rk
WIhz, BERERBL WO TH S,

ZO%H RO BEME, 23 LD ZERITIE X, 1970 4F 8
A2z vV = NCTF /7 25 —MG-24/14A %585k L
7= (Fig17), A#IX., Mg 1lm, EF (Fv b —FiEB
7)) 23m O KA T NC 248 F220 ### L= K
D NC TAE#R CH 2,

%‘ﬂ‘}:. * -

Fig17. #> FU—NC 77 / 2 7 —MG-24/14A
COWBICE D KB — L Dr—v T oM E
T T ATITAD LR VRN EAT,

3.1.56 XEBOEHEEL~DEEE
ZIT—HBxP—=i b LTS TR O B
BT D, Hihix, KB TAE#BOAEEZIT> T D0
THBRFTAERMIL, TR O A KRB LR K P30 dh o
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KRBT AR OS2 L, @R EL=— Xk %
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RL., BERBEREMZDZ T,

4.1 BEILE THEEBR

mEREM A2 . TGO Lo EER M
HEYEZR R —fRFEDOWE ML Zhb o
WIS R 27, MEEITREMNLELR>T, To7RD
TR TN T3 285 b EEMSICAMNE LD U—
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HIET 5 Z ERRRO=—X LR ol
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FICHIMED=—XITEE Y,
VIR HICHE TR E
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MITD#hZEp=—XZS 2 Te, ZTOHE=—X1%, JLH
PEDENT — 7 VBRSO BIC B IR L, 1970 FRA]
HTiX, ATC B & APC BB AR LI=T7 — 7 A BIEEH
<O#E BTN-10B Z5Em L, R <o Eh=—
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BB EERICBN T U0 RENEIT D &I
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HRckE, NOx HIJ e EoodkE, HEHEOBRELICK
TRAXIROGEREEZEDT-OTH D, ZOFII
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7= EE A HE 12,000mint O E# 5 #ifiE~ > = V&
U4 MP- (5C)> U — X% B3 Lirat & 57 (Fig 24),
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TR, M T OBIEA TE, BRI BINTE D
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<HFPYT>

SHANGHAI SHIBAURA MACHINE
CO., LTD.

4788, Jin Du Road, Xinzhuang Industry Zone,
Shanghai, 201108, PEOPLE'S REPUBLIC OF
CHINA

TEL: [86]-(0)21-5442-0606

FAX: [86]-(0)21-5866-2450

SHANGHAI*, BEIJING, TIANJIN, DALIAN,
CHONGQING, NINGBO

SHIBAURA MACHINE
(SHANGHAI) CO., LTD.

4788, Jin Du Road, Xinzhuang Industry Zone,
Shanghai, 201108, PEOPLE'S REPUBLIC OF
CHINA

TEL: [86]-(0)21-5442-5455

FAX: [86]-(0)21-5442-5466

SHIBAURA MACHINE
(SHENZHEN) CO., LTD.

Room 608, Building 2, Animation Park,
Yuehai Road, Nanhai Street, Nanshan
District, Shenzhen, 518054, PEOPLE'S
REPUBLIC OF CHINA

TEL: [86]-(0)755-8625-0599

FAX: [86]-(0)755-8625-0522
SHENZHEN*, GUANGZHOU

SHIBAURA MACHINE TAIWAN
CO., LTD.

7F., No.168, Ruiguang Road, Neihu District,
Taipei City, 11491, TAIWAN

TEL: [886]-(0)2-2659-6558

FAX: [886]-(0)2-2659-6381

<HBEBTFIST>

SHIBAURA MACHINE
SINGAPORE PTE. LTD.

123 Pioneer Road, Singapore 639596,
SINGAPORE

TEL: [65]-68611455

FAX: [65]-68612023

SINGAPORE*, KUALA LUMPUR, PENANG

SHIBAURA MACHINE
(THAILAND) CO., LTD.

127/28 Panjathanee Tower, 23rd Floor,
Nonthree Road, Khwaeng Chong Nonthree,
Khet Yannawa, Bangkok 10120, THAILAND
TEL: [66]-(0)2-681-0158 ~ 61

FAX: [66]-(0)2-681-0162

PT. SHIBAURA MACHINE
INDONESIA

Jalan Ciputat Raya No. 1B Unit 1&2,
Desa/Kelurahan Pondok Pinang, Kec.
Kebayoran Lama, Kota Adm. Jakarta
Selatan, Provinsi DKI Jakarta, 12310,
INDONESIA

TEL: [62]-(0)21-22761766, 22761770
FAX: [62]-(0)21-2122761624

* : HEAD OFFICE

SHIBAURA MACHINE VIETNAM
COMPANY LIMITED.

2nd Floor, VIT Tower, No. 519,Kim Ma Street,
Ngoc Khanh Ward, Ba Dinh district,Hanoi,
VIETNAM

TEL: [84]-(0)24-2220-8700,1

FAX: [84]-(0)24-2220-8702

HANOI*, HO CHI MINH

SHIBAURA MACHINE INDIA
PRIVATE LIMITED

No. 65 (PO. Box No. 5), Chennai-Bangalore
Highway, Chembarambakkam, Poonamallee
Taluk, Thiruvallur, Chennai, TN 600123,
INDIA

TEL: [91]-(0)44-2681-2000

FAX: [91]-(0)44-2681-0303

CHENNAI*, DELHI, MUMBAI

SHIBAURA MACHINE
MANUFACTURING (THAILAND)
CO., LTD.

7/499 Moo 6, Tambol Mabyangporn, Amphur
Pluakdaeng, Rayong 21140, THAILAND

TEL: [66]-(0)38-027313

FAX: [66]-(0)38-027317

< KM >

SHIBAURA MACHINE COMPANY,
AMERICA

755 Greenleaf Avenue, Elk Grove Village, IL
60007, U.S.A.

CHICAGO*, LOS ANGELES, CHARLOTTE,
ATLANTA, ONTARIO/CANADA

TEL: [1]-847-593-1616

FAX: [1]-847-593-0897

SHIBAURA MACHINE MEXICO,
S.A.DEC.V.

Circuito Luxma No. 115, Poligono Industrial
Milenio, C.P. 37290 Leon, Guanajuato,
MEXICO

TEL: [52]-477-101-8600

SHIBAURA MACHINE DO BRASIL
COMERCIO DE MAQUINAS LTDA.
Rua Cubatao,86 Conjunto 1307, Vila
Mariana,Sao Paulo,SP CEP 04013-000,
BRASIL

TEL: [55]-(0)11-3253-3331

FAX: [565]-(0)11-3586-0138

<BRM >

SHIBAURA MACHINE EUROPE
S.R.L

Via Gaudenzio Fantoli 7, Piano 2, 20138,
Milano, ITALIA

TEL: [39]-02-50041667

FAX: [39]-02-50041668

AL 1 Sk

T100-8503 FHHEHXMNIER2-2-2 (EEEHENL)
TEL 03-3509-0200 FAX 03-3509-0333

T410-8510 #HERBEHAR 2068-3

TEL 055-926-5141

FAX 055-925-6501

URL https://www.shibaura-machine.co.jp
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