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SUSTAINABLE DEVELOPMENT GOALS THROUGH CSR ACTIVITIES

s
B

B. Ramesh

Head - Human Resouce &
Administration

SHIBAURA MACHINE INDIA
PRIVATE LIMITED

B Shibaura Machine India(SMI) is a frontrunner to cater to the
i
;ﬁ Sustainable Development Goals through its Corporate Social

Responsibility (CSR) activities.

Under the CSR rules mandated by The Companies Act, 2013, SMI

has constructed class rooms in nearby government schools and

%

}LE water tank for Chembarambakkam Village. As per rule, CSR amount

==
can also be deposited in Prime Minister/Chief Minister Relief fund. !
Instead SMI took the option of spending on social developments 3

S 2PF ‘:QE

allowed as per the rule. 2. N

7 Classroom building at Nanganallur

%

e The classroom construction process begins with receipt of

a

; approval request from the School Head Master along with Parents The construction process is monitored regularly and the fully

Teacher’s Association’s request. SMI then proceeds with obtaining
approvals from all relevant Government authorities and the

construction of classrooms begins through an authorized contractor.

constructed classroom is handed over to the school management.
By this, SMI has achieved SDG Goal No.2 — Quality Education & Goal

No.9 - Industry, Innovation & Infrastructure.

>

Y

L _

A A water tank of capacity 60,000 litres was constructed by SMI at

Chembarambakkam village which is towards achieving the SDG

I goal 6 — Clean water & sanitation. About 100 families are being

é benefited.

¥
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|
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Classroom building at Chembarambakkam
i

=1

Water Tank inauguration at Chembarambakkam
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Food packets distribution for poor & needy people

In addition to the CSR activities, SMI is also serving 50 packets of
food prepared for employees to the needy people in the nearby
areas for the past 145 days, which is aimed towards SDG Goal 2 -

Zero hunger.

Shibaura Machine BTP (Basic Training
Provider) :-Our endeavour

-
- -

. ICLRAINING CENTRE-

BTP was established in 2014 after obtaining permission from

Government to help the down trodden students in the society who
cannot pursue higher education because of their poor family back
ground. After 1 year of class room training and 1 year of on job

training, students have to write an exam conducted by central

government. Once qualified, they are given Certificate from
government and are employable as machinist or fitter. As on date
about 100 students trained in the trade machinist and fitter. From
this year onwards fitter trade is being changed to Injection Moulding
Machine operator trade. This would help customer to employ them
in their workshop. SMI plan to absorb some of the machinist trade
students after passing the examination, to operate high precision

Machining centre.
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Controlled degradation of commercial resin for meltblown nonwoven
fabric sheet production

&
- This article was reprinted from the academic paper, Polymers 2021, 13
(22), 3892. Manufacturing meltblown nonwoven fabrics requires special
— grades of resin with very low viscosity, which are not dealt with so much
on market and cost quite high compared to the standard grades. We
/Dj propose a high-shear rate processing method that can quickly and easily
% produce such low-viscosity resin from the commercial one without using

organic peroxides. In this method, we apply high-shear stress to molten ~ YUYa SASAI Yoshio IIZUKA
. . . . . . . Metal &Plastics Industrial Machine Company, Metal & Plastics Industrial Machine Company,
resin by using a high-shear extruder, which is a single screw extruder with  Extusion Machine Engineering Department ~ Extrusion Machine Engineering Department

high screw rotation speed, and the resin is thermally decomposed of its collective writing :

Kentaro TAKI

School of Mechanical Engineering,
Kanazawa University

shear-induced heat which is quickly generated. We found that polypro-
pylene with a value of melt flow rate over a thousand, which was required

for the meltblown process, was produced from the standard grade with

the high-shear extruder at the screw rotation speed of 3600 min™' and the

barrel temperature over 300°C. Using the degradated polypropylene, a

% meltblown nonwoven fabric sheet was successfully fabricated. We also Kaho OSADA

o} . . . . Metal &Plastics Industrial Machine Company,
% developed a numerical simulator of the high-shear extruder which can  ggugon Machine Engineering Department
E==%

=

handle a wide range of the screw rotation speed and barrel temperature
by the Nusselt number modulated with the operational conditions. The

experimental values of the zero-shear viscosity and temperature at the

%ﬁ exit of the extruder agreed well with the simulation results. Our high-
“E shear rate processing method will enable us to quickly and easily
i produce various meltblown nonwoven fabric sheets at low costs.
- . One of the methods, which is well known, is to degradate resin by
n Introduction
using organic peroxides. In this method, a resin and an organic
le Meltblown nonwoven fabrics are widely used as filtration media, peroxide are compounded by a twin-screw extruder and the
= medical fabrics, sound-absorbing and cushioning materials, and so peroxide radicals chemically decompose the polymers during the
on. Fine fibers are produced by pumping molten resin through a die mixing process. Numerical simulation of the peroxide-induced
B with tiny holes whose size is of the order of 0.1 mm, thus low degradation was also developed so far. The molecular weight loss
% viscosity grades of resin with quite a high value of melt flow rate and change in viscosity of PP in a modular self-wiping corotating
i (MFR) are chosen as the raw materials [1]. For polypropylene (PP), twin-screw extruder was studied by coupling a global one-
% the value of MFR around a thousand is required for the meltblown dimensional flow model of the twin-screw extrusion process with
; process. For example, low-viscosity PP with MFR of 1550 g/10 min at kinetic equations of the evolution of molecular mass in the peroxide-
— 230°C was used for investigating unstable behavior of melt-blowing induced degradation of PP [3]. To evaluate the viscosity reduction,
process [2]. However, such special grades of resin are not dealt with the relationship between the molecular weight and the rheological
" so much on market and they cost quite high compared to the parameters, which were given in [4], were used. However, it is
* standard grades. It could be useful and economical that those generally hard to treat such highly reactive additives and to control

special grades of resin are controllably produced from the

commercial ones which are always available anywhere at low costs.

11 | Shibaura Machine Engineering Review

the degradation. The molecular weight distribution of PP during the

peroxide-induced degradation in a continuous stirred tank reactor



was calculated and it was argued that imperfect mixing of the
peroxide with PP could lead to a broadening of the molecular
weight distribution [5]. The broadening of the molecular weight
distribution was explained by spatiallyinhomogeneous degradation
which occurred around the peroxide particles because of the fast
dissociation reaction and relatively slow diffusion of the peroxide
[6]. Recent developments of the modeling of the reactive extrusion
were summarized in [7]. In addition, due to residues that are caused
by the decomposition with peroxides, the degradated resins by this
method are not suitable for medical and hygiene products.
Moreover, organic peroxides are specified as hazardous materials
which must be carefully treated and stored.

Here, we propose another method without using peroxides,
which we call a high-shear rate processing method. To date, the
high-shear rate processing was mainly applied to the compounding
of immiscible polymers and the dispersion of inorganic fillers in a
polymer matrix. A high-shear processed poly(vinylidene fluoride)
(PVDF)/polyamide11 (PA11) blend was studied and it was shown
that PA11 could be dispersed in the PVDF phase with a domain size
of several tens of nanometers by using a high-shear extruder [8]. The
rotational speed of the extruder was 1200 min'. Unmodified
multiwalled carbon nanotubes (CNT) were compounded with
poly(styrene-b-butadiene-co-butylene-b-styrene) (SBBS) using a
high-shear extruder and the dispersion of CNTs was greatly
improved upon increasing the exerted shear rate and a
homogeneous dispersion was successfully achieved with the screw
rotation speed of 2000 min™ [9]. The structures and properties of
polycarbonate (PC)/poly(methyl methacrylate) (PMMA) blends
fabricated using their high-shear extruder were investigated and it
was shown that nanostructured PC/PMMA blends with high
transparency and improved mechanical properties were obtained at
the screw rotation speed of 2250 min' [10]. On the other hand, a
reduction of mechanical properties of compounds with the high-
shear rate processing was also reported. The effect of high-shear
rate processing on the compatibilization of high impact PP/ethylene
propylene rubber/high density polyethylene (PP/EPR)/PE blends
was investigated by using a co-rotating twin-screw high shear
extruder and a decrease of the size of PE core encapsulated by EPR
shell was observed when increasing the screw rotation speed from
300 to 600 min™' [11]. However, as the screw speed was increased to
800 min™ and 1200 min™, a noticeable reduction of the mechanical

properties of (PP/EPR)/PE blends was found due to the thermal

degradation. Polyamide 6(PA6)/PP blends were produced by a high-
shear rotational processing machine and PA6/PP alloy fabricated
under the screw rotation speed of 3000 min™ with a mixing time of
30 s showed considerably lower breaking strain and yield strength
than that of neat PA6, which was caused by the reduction of the
molecular weight due to the high-shear rotation [12].

In this paper, we positively use the ability of the degradation with
the high-shear rate processing to fabricate the low-viscosity
polymers without using peroxides. Our high-shear extruder is a type
of single screw extruder with a maximum rotational speed of 3600
min’. Similar to a twin-screw extruder, the screw is composed of
multiple screw elements so that we can realize different screw
configurations. We apply high-shear stress to molten resin by using
a single screw extruder with high screw rotation speed. The molten
resin is thermally decomposed of its own shear-induced heat. Of
course, we could decompose resin only by heat conduction from
the barrel with high temperature, but it costs much time to heat or
cool the barrels. Furthermore, there is usually an upper limit of barrel
temperature which is not so high. Our method utilizes the shear-
induced heat which is quickly generated in the bulk of resin and
makes theresin at a higher temperature than the barrel temperature.
In addition, as the major operating condition to adjust the
degradation is only the screw rotational speed, different grades of
resin are quickly and easily available. With the screw rotational
speed of 3600 min™ and the barrel temperature over 300°C, we have
produced low-viscosity PP with a value of MFR over a thousand from
standard grades of PP which are commercially available. The
meltblown nonwoven fabric sheet which is made of the degradated
PP has been also produced. To our best knowledge, this is the first
example to fabricate the low-viscosity PP for the meltblown process
with the high-shear rate processing without using any peroxides.

We have also developed a numerical simulator which can predict
the zero-shear viscosity of the degradated resin during the high-
shear rate processing. The simulation of thermal degradation in a
modular corotating twin-screw extruder was firstly developed in
[13]. They calculated the molecular weight loss of PP along the
screw axis by coupling a two dimensional flow model with the
kinetic equations of the thermal degradation. Since the maximum
screw rotation speed of their study was 300 min”, the effect of the
shear-induced heat was considered to be small. Thermal and
mechanical degradation of polystyrene in an ultra-high speed twin-

screw extruder and the predictions of the molecular weight loss
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were studied [14]. However, the viscosity reduction due to the
molecular weight loss during the extrusion process and the back
reactions to the physical quantities such as pressure and temperature
were not considered. In our simulation, we used the simplest kinetic
equation of the viscosity reduction and coupled it with a one
dimensional non-Newtonian flow model in a single screw extruder.
Our kinetic model of viscosity reduction could be easily derived by
assuming that a resin was composed of linear polymers and thermal
decomposition of polymers followed the random scission process.
The model took the similar form to the kinetic equation of MFR
described in [15], however we determined the order of reaction of
the kinetic equation for the zero-shear viscosity theoretically.
Residence time distributions (RTD) of PP in a high-shear twin-screw
extruder was measured by an on-line UV fluorescence device, and
they found that deviations between the experimental results and
the simulation results of RTD were observed at a high screw speed
more than 800 min™ and a small flow rate less than 4 kg/h [16]. They
also found that at a high screw speed of 1200 min™' and a barrel
temperature of 200°C, the calculated exit temperature overestimated
the experimental result by around 30°C. They concluded that this
difference occurred because the dependence of the heat transfer
coefficient on the screw speed was not treated and the resin was not
cooled by the barrel in the simulation [16]. Therefore, we decided to
evaluate the global Nusselt number by solving a one dimensional
transient heat conduction equation in the case of the simple shear
flow. The calculated Nusselt number was dependent on the
operational conditions such as the screw rotation speed and the
barrel temperature. We found that our simulation results agreed
well with the experimental results for the degradation using the
high-shear extruder. To our best knowledge, no one simulates and
investigates the viscosity reduction in the high-shear extruder over

the screw rotation speed of 2000 min™.

Introduction

2.1 | Flow in a Single Screw Extruder

We review a one dimensional non-Newtonian fluid flow model in a
single screw extruder. We assume that the flow is steady-state and
fully developed. Since the ratio of inner diameter to outer diameter of
screw is close to one, the channel curvature of the screw is negligible.
The Sl units are implicitly assumed in this section. The nomenclature

and the definition of symbols are summarized in the Appendix A.

13 | Shibaura Machine Engineering Review

2.1.1 | Screw

Fig. 1 shows an unwound geometry of a single screw extruder.
The screw is modeled by a rectangular channel with a height H and
awidth W, and the barrel is modeled by a moving flat plate covering
the screw channel. The velocity of the plate is V= DN, where D is

the inner diameter of the barrel and N is the screw rotational speed.

screw

/
LM

Fig.1 Geometry of unwound screw and barrel in screw extruder.

barrel

We only consider one dimensional flow in the down-channel
direction z. In the case of shallow and wide channels, the velocity
component of fluid v# can be approximated as a function only of the
channel depth direction y.Then, the equation of continuity becomes
trivial.

The equation of motion is
z

5 (15) =5 0
where p is the pressure and n is the viscosity of the fluid. The
boundary conditions are
v%|y=9 =0, v?|,_y =Vcos¢p = V7%, 2)
where ¢ is the screw angle. When the fluid is fully filled in the screw,
the pressure gradient has a finite value, which we denote by a. Since
the fluid velocity v is a function of the pressure gradient, a is

determined by the equality for the flow rate,
Q= WfOH dyvZ?(a). (3)
When the fluid is partially filled in the screw, the pressure gradient
vanishes. Thus, from Eq.(1), the flow in the partially filled region is

represented by the simple shear flow with

vZ =V?y/H. (4)
The fill ratio is defined by
f=—m—
WfOdevz' &)

The viscosity of molten resin is generically a function of shear rate

y =10v?/dy|. In this paper, we adopt the Cross model:

M
= oy oo ©

where 7o, T, and n are the model parameters. In the case of non-



isothermal problems, the zero-shear viscosity 1o depends on the

temperature T. We assume that 1, follows the Arrhenius law:

Mo = Mrexp (T* (% - %)) 7)

where T.is the model parameter and 7,.is the zero-shear viscosity at
the reference temperature T..
The energy equation is
pCv* St = =S+ 2, ®
where p, C, are the melt density and the heat capacity of the fluid,
respectively, and
q= _Ka—T, 9)
dy
is the heat flux, where k is the thermal conductivity of the fluid. The
initial condition is
Tlz=0 = Ti, (10)
where T;is the initial temperature. The boundary conditions are
qly=0 =0, )]
Tly=y = Tp, (12)
where T, is the barrel temperature.
Integrating the energy equation over y by part and using Eq.(1),
we obtain

[

aT
pCpQE = _quly:H + fWVZ":ly:H - QE;

(13)
where T=10v?/dyis the shear stress. Strictly speaking, the temperature
in Eq.(13) is the average temperature which is defined by

fOH dyviT

T =l vt
f:’dyvz’

(14)

as described in [17]. The second and last terms of the right hand side
in Eq.(13) come from the shear-induced heat generation. The first
term of the right hand side in Eq.(13) represents the heat conduction
of the fluid to the barrel and usually modeled in one dimensional

problems by

KNu

Aly=n = 55 (T = Tp), (15)

where Nu is the Nusselt number.

In the experiments of the high-shear rate processing, the screw
rotational speed and the barrel temperature are chosen in a wide
range of values. Thus, we can not set the Nusselt number as a
constant value in all experiments. To estimate the Nusselt number
for each experiment, we numerically solve the energy equation
Eq.(8) with the boundary conditions Egs.(11) and (12) in the case of
the simple shear flow with a homogeneous initial temperature
Eq.(10), and the distributions of temperature and heat current in the

y and z directions are calculated. Then, the local Nusselt number [17]

is obtained by
_ 2Hq@)ly=n
Nz = a@-ny

In our simulation, we use the average Nusselt number,
_ 1 rlp
Nu = L fo dzNu,, (17)

where L, is the path length of the screw.

2.1.2 | Die

In our experiments, a circular die was used. The equation of

motion is
19 avz) ap
fulihd — ) == 18
rar (‘I"T] ar oz’ (18)
where r, z are the radial and axial coordinates, respectively. The
boundary conditions are
ov?

ar

=0, v?,=p=0, (19)
=0

where R is the radius of the die. As in the previous subsection, the

pressure gradient dp/dz=a is determined by the equality for the

flow rate,
Q = 2n [} dr (rv*(a)). (20)
The energy equation is
PCyQ 5, = ~2mRqly-r — Q35 @1
where
Glr=p = 52 (T = Ty), (22)

is the heat flux at the wall of cylinder and T, is the temperature of
the die. For the Nusselt number, we use the average Nusselt number
for the case of power-law fluid,

1/3
Nu = 1.615(

(3+1/n)pcpa) ’ 23)

Kl

where [is the length of the die.

2.2 | Model of Viscosity Reduction

For a large rotational speed and a high barrel temperature, shear

heating and heat conduction become so large that polymers are
thermally decomposed. Although the complete kinetic equations of
the thermal decomposition of polymers were described in [13], here
we consider the simplest model. We assume that a resin is composed
of linear polymers and thermal decomposition of polymers follows
the random scission process.

A polymer is modeled by a long chain with 2N number of nodes,
which represent the backbone carbon atoms [18]. The number of
polymers with 2N"'number of nodes is denoted by n, . Then, the
number of all bonds in the polymers is given by Y. 5 (N =1)ny. If
breaks of the bonds follow the first order reaction with a reaction
rate k and the repolymerization does not occur, we find

HCRaV= D) = —kZGe (V= Dnp (24)
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where tis time. The reaction rate follows the Arrhenius law,

k = de”Rr, (25)
where A is the frequency factor, E is the activation energy, and R, is
the gas constant. The number of all nodes in the resin, Y \_1Nna,
does not change in time if the amount of evaporation of polymers is

neglected. Since the number average degree of polymerization is

defined by
o YiNey Ny
N= DT (26)
we obtain
d (1 1
a®=r(1-%) @7)
which was described in [19]. For large 2N, this formula becomes
dN o
e N (28)
Since the zero-shear viscosity is empirically proportional to N34,
we find
anr 5,13
o = Tk, 29

where the proportionality was absorbed into A.
In [15], a semi-empirical kinetic model of the peroxide-induced

degradation for a value of MFR,

dAMPR] — KIMFR]®,

was introduced, where K is the reaction constant and a is the order
of reaction. This expression is essentially the same as Eq.(29) because
the MFR is proportional to some power of the zero-shear viscosity.
However, we estimated the order of reaction from 7, « N34 without
experiments. As a result, the model parameters for the viscosity
reduction were reduced.

The time derivative is replaced by the material derivative, thus in
the steady-state case, we find

onr _ _fSk 13

a2 - g (30)

where S is the cross-sectional area of the screw channel or die.

2.3 | Numerical Calculation

Fig. 2 shows the flowchart of our numerical calculation. Our goal
is to obtain pressure p, temperature T, and zero-shear viscosity at a
reference temperature 1, for all axial positions of the extruder when
an initial temperature T; and an initial zero-shear viscosity at a
reference temperature n,; are given. From now on, we denote z as
the axial coordinate of the extruder.

Firstly, we evaluate the Nusselt number of the screw Eq.(17). Next,
we give initial guesses for temperature and zero-shear viscosity at
the exit of the extruder z = z;. The pressure at z = zis the atmospheric

pressure, which is set to zero. The distributions of p, T, and 7, along

15 | Shibaura Machine Engineering Review

o

2 =25, 07 =0, T° =Ty, n°=ths |‘

Set p” =0

Guess velocity and pressure gradient I

I Solve e.om.at T'= T, y, =’ |

. 9 [8)
‘ v, ‘()—}j f for filled region 5 c‘Tl: f for unfilled region

no

T="Ti, =i

4‘ 2?2 =g, p°=p,T =T, 12 =1 |

Fig.2 Flowchart of numerical calculation. The Qth is defined
by the right hand side of Eq.(3) or Eq.(20)

the axial direction are calculated in reverse order from the values at
z=2z.

If a geometry at an axial position z = z° is a cylinder, we solve the
equations Eqs.(18) and (20) by an iterative method with appropriate
initial guesses for velocity vZ = ¥Z and pressure gradient dp/0z = a.
We choose 7Z and d to the analytic solutions in the case of power-
law fluid. If a geometry at z = z° is a screw and the pressure p° is
positive, the screw is fully filled with resin. The Egs.(1) and (3) are
solved in the same way as the case of cylinder. If p°< 0, the screw is
partially filled with resin and p°is reset to zero. In the unfilled regions,
the velocity is given by Eq.(4) and the pressure gradient vanishes. We
used the finite volume method to solve Egs.(1) and (18).

Then, the temperature gradient d7/0z and the gradient for the
zero-shear viscosity 07,/0z at z = z° are evaluated by using Eqgs.(13)
and (30). Then, the pressure, temperature, and zero-shear viscosity
at z°- 6z are calculated, where 6z is a size of discretization for z axis.
Repeating the calculations, we obtain p, T, n, at z = 0. The
temperature and zero-shear viscosity at the exit are updated
iteratively so that the calculated values of the temperature and zero-
shear viscosity at z = 0 are close enough to T; and n,;. After the
iterative calculations, we obtain p, T, . for all z which satisfy the

initial conditions.




Experiment

3.1 |System

The total system of our experiments is shown in Fig. 3. Two
different extruders were used, which were tandemly connected. The
first one was a self-wiping co-rotating twin-screw extruder (L/D =
48.5, D = 26 mm, Shibaura Machine, Shizuoka, Japan), which was
just used for melting resin. The screw configuration, the barrel
temperatures and the screw rotation speeds used in the following
experiments are shown in the Appendix B. The resin temperature at
the exit of the twin-screw extruder was 195°C in all experiments. The
second one was a high-shear extruder, which was a single screw
extruder with a maximum rotational speed of 3600 min™'. The inner
diameter of barrel was 48 mm. In the high-shear extruder, the resin
was thermally decomposed by the shear-induced heat. The screw
was composed of multiple different screw elements such as a usual
twin-screw extruder. The high-shear extruder possessed a screw
element with circular through-holes, which is shown in Fig. 4. The
resin was dammed by the reverse flighted screw element and flowed

into the through-holes. The role of this element was to make the

Q_ Feed port

ﬂ [— Twin-screw extruder

] |
—~ M |

I | Water
High-shear extruder

Fig.3 Total system of our experiments. The twin-screw extruder
and the high-shear extruder were connected by a circular
single tube with the diameter of 10 mm and the length
of 150 mm. The resin was feeded from the feed port, and
flows in the twin-screw extruder, followed by the high-
shear extruder.

i
NN

Fig.4 Screw elements with through-holes. The arrow indicates
the flow direction of resin.

fully filled region in front of the reverse flighted screw, but not to
give too much shear stress to the resin to prevent the excessive
degradation. The discharged resin from the die of the high-shear

extruder was immediately cooled by water and dried appropriately.

3.2 | Materials
Two different grades of homo-polypropylene (F-704NP and

J107G, Prime Polymer, Tokyo, Japan) were used. The melt flow rates
were 7.0 and 30 g/10min, respectively, measured in accordance with
the 1SO 1133:97 standard. In the following, we denote F-704NP as
PP1 and J107G as PP2. To determine the parameters of the viscosity
model Egs.(6) and (7), the shear viscosity was measured by a modular
compact rheometer (MCR 102, Anton Paar, Graz, Austria). The steady
shear rate ranged from 0.01 to 100 s' and the measurement
temperatures were 190, 200, and 210°C. The reference temperature
was set to 200°C. The resultant model parameters of PP1 and PP2 by
curve fitting were given in Table 1. The viscosity data and curves are

shown in Fig. 5 and 6.

Table 1 Parameters of Cross model for PP1 and PP2 with T, =473K.

Sample 7, [Pa*S] T. K] 7« [Pa] n
PPI 515 % 10° 6.87 % 10° 6.87 % 10° 0.403
PP2 9.47 % 102 6.80 % 10° 9.26 % 10° 0.324

Viscosity [Pa.5]

1073 1072 107t 100 10t 10? 103
Shear rate [1/s]

Fig.5 Viscosity data and curves for PP1.

To determine the activation energy of PP, the Kissinger’s method
was used, which was reviewed in [20]. To obtain the weight loss data
for thermal degradation of PP, the simultaneous thermogravimetric
analyzer (STA7200, Hitachi High-Tech Science, Tokyo, Japan) was
used. For samples, PP1 was used. The samples were purged with the
air at a flow rate of 30 mL/min because the air was expected to exist
in the high-shear extruder. Constant heating rates of 2, 4, and 8°C/
min were used. For each case, the sample weight was approximately
10 mg. The results of the thermogravimetric analysis (TGA) are

shown in Fig. 7. The temperature T at a given weight fraction of
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B 190°C

—gﬂﬂhlﬂtﬂﬂu - 210°C
i 5

Viscosity [Pa.s]

=
S

3073 1072 107! 10° 10! 102 10°
Shear rate [1/s]

Fig.6 Viscosity data and curves for PP2.
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Weight fraction of residue
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450 500 550 800 650 700
Temperature [K]

Fig.7 TGA curves with different constant heating rates for PP1.

—10.01

-10.5

-11.0 1

—=11.54

In(grT2)

—12.01

—=12.54

—13.0 4

T T T T T T T
0.00160 0.00165 000170 000175 0.00180 0.00185 0.00190
uT

Fig.8 Sets of data (1/T, In(8/T?)) at a fixed X and fitting curves.

residue X was found for each heating rate . The Kissinger’s method

uses the following equation:

E
In (%) =- RoT + const. (ata fixed X), (31)

where E [J/mol] is the activation energy and R, is the gas constant. Fig.
8 shows the sets of data (1/T, In(5/T?%) and the fitting curves for X =
0.4, 0.5, 0.6, and 0.7. The values of E at X = 0.4, 0.5, 0.6, 0.7 were E =
8.006 x 10%,7.930 x 10% 7.964 x 10%,8.175 x 10, respectively. Thus, we
obtained E = 80.2 + 0.94 [kJ/mol]. This value will be valid because the
activation energy of PP at temperatures of less than 404 to 421°C was
found to be 98.3 + 3.1 kJ/mol by TGA under argon atmosphere in [20].
Our result was smaller than that of [20] because of the oxidative

degradation. In the following, we set E = 80.2 kJ/mol.
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3.3 | Investigation of Nusselt Number

The screw configuration of the high-shear extruder is shown in

Fig. 9. The screw elements with a channel depth of 3 mm, a lead of
15 mm, and a length of 45 mm were used. The die with a diameter of
4 mm and a length of 25 mm was used. The flow rate was 4.8 kg/h.
The barrel temperature was set to 195°C and 300°C. The screw
rotational speeds of 100, 1000, and 2000 min"' were chosen. For
resin, PP1 was used. The temperature of PP at the exit of the die was

measured.

—

N

250 mm Die

X
Y

Fig.9 Screw configuration to investigate Nusselt number.
The arrow indicates the direction of flow.

3.4 | Degradation of PP with High-Shear Extruder
3.4.1 | Experiment 1

The screw configuration of the high-shear extruder is shown in
Fig. 10. The screw was mainly composed of screw elements with a
channel depth of 3 mm, a lead of 22.5 mm, and a length of 45 mm.
The last screw element had the same channel depth as the previous
ones with a different lead of 15 mm and a different length of 30 mm.
The shaded region in Fig. 10 represents the reverse flighted screw
element with through-holes which was shown in Fig. 4. This element
possessed four through-holes with a diameter of 2 mm and a length
of 45 mm. The die of the high-shear extruder had the diameter of 2
mm and the length of 25 mm. The barrel temperature was set to
195°C. The flow rate was 4.8 kg/h. The screw rotational speeds of
2000, 2500, 3000, and 3600 min™ were used. For resin, PP1 was used.
The temperature of PP was measured at the point P in Fig. 10 and
the exit of the die. The zero-shear viscosity of the processed PP was

measured at the reference temperature 200°C.

™~

" Die

280 mm

Fig. 10  Screw configuration of experiment 1.
The arrow indicates the direction of flow.




3.4.2 | Experiment 2

The screw configuration of the high-shear extruder is shown in
Fig. 11. The screw elements with a channel depth of 3 mm, a lead of
15 mm, and a length of 45 mm were used. The shaded regions were
the same as that of experiment 1. The die with a diameter of 3 mm
and a length of 25 mm was used. For resin, PP2 was used. The flow
rate and the screw rotational speed were fixed to 10 kg/h and 3600
min’, respectively, but the barrel temperatures were set to 300 and
350°C. The resin temperature was measured at the exit of the die.
The zero-shear viscosity of the processed samples was measured at

the reference temperature 200°C.

790 mm

Fig. 11 Screw configuration of experiment 2. The arrow indicates
the direction of flow.

Results

4.1 |Investigation of Nusselt Number

Table 2 shows the simulation and experimental results described
in section 3.3. When the barrel temperature was raised from 195°C
to 300°C with the fixed screw rotation speed of 100 min”, the
calculated Nusselt number was a little bit increased. Therefore, the
calculated temperature at the exit of the high-shear extruder T;in
our simulation was also changed compared to the calculated value
of Tywith Nu = 8.92, which was the Nusselt number evaluated at N =
100 min™ and T, = 195°C. With the modification of the Nusselt
number, the simulation result approached the experimental result.

When the screw rotation speed was increased from 100 min™ to
more than 1000 min™' with the fixed barrel temperature of 195°C, the
calculated Nusselt number was largely increased. This was because

a heat transfer coefficient in a forced convection depends on the

Table 2 Simulation and experimental results of the experiments
described in Section 3.3. The outlet temperature is denoted
by Tr.The values of Trin parentheses were the calculated
values at Nu = 8.92.

%leq
N [min?] T, [°C] Nu

Sim. Exp.

100 195 8.92 216 213
10.9 280

100 300 (8.92) (74) 290
15.1 318

1000 195 (8.92) (328) 287
17.2 375

2000 195 (8.92) (393) 307

fluid velocity so that the resin with a high velocity was much cooled
by the barrel. As a result, the predicted values of Tyin our simulation
largely decreased compared to the calculated values of Tywith Nu =
8.92.Thus, we found that our simulation surely took into account the
dependence of the screw rotational speed and the barrel
temperature on the Nusselt number, which was not considered in
[16]. The large discrepancies of T, between the simulations and the
experiments at N = 1000 and 2000 min™ were caused by the viscosity

reduction due to the thermal decomposition.

4.2 | Degradation of PP with High-Shear Extruder

Fig. 12 shows the simulation results and experimental results of

experiment 1 when the screw rotational speed was 3600 min™. If the
frequency factor A was equal to zero, the prediction of temperature
at the exit of the high-shear extruder did not agree with the
experimental result because the reference zero-shear viscosity 7,
did not decrease and the shear-induced heat was overestimated.
Setting A = 5.7 x 10%, the simulation result agreed well with the
experimental results. In the following, A was fixed to this value.

The numerical values of simulation results and experimental
results in experiment 1 were summarized in Table 3. For all screw
rotational speeds, the predictions of T, and 7,; quite matched with
the experimental results, but the outlet temperatures T; in the
simulation were smaller than the experimental ones. This issue will
be explained later.

Fig. 13 shows the simulation results of the distributions of tem-

perature and reference zero-shear viscosity in experiment 1. As the

450 = Sim. (A=0) —
Sim. (A= 0) I
0400 1 @ Exp
—~ === “

£ 30 i
g
S 300
£
¥ 250

200

0 50 100 150 200 250
Axial distance[mm]

7
g 10*
& =
v ~.
2 s
2 10 —— Sgmle
5 SS S8
'~ ey
G ~
g !
g 10 ¥ dim. (a=0) =~
g Sim. (A= 0) .
o
5 e Exp
‘g 107 1 T
« 0 50 100 150 200 250

Axial distance [mm]

Fig. 12 Comparison of simulation results and experimental results
in experiment 1 when screw rotational speed was 3600
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screw rotational speed increased, the temperature increased and
the reference zero-shear viscosity decreased because of the thermal
decomposition. The zero-shear viscosity greatly decreased in front
of the through-holes and the die because the screw was fully filled
with resin here and the maximum shear stress and the residence
time became large. Inside the through-holes and the die, the
degradation was suppressed because the shear stress and the
residence time were small. The through-holes were not cooled or
warmed, so the temperature did not change so much. However, the
temperature decreased in the die because the die was kept at 195°C.
After the resin was discharged from the through-holes, the
temperature gradually decreased despite of the high screw
rotational speeds. This is because the shear-induced heat was
reduced due to the viscosity reduction in front of the through-holes
and the heat conduction to the barrel became dominant. However,
as we saw in Table 3, the experimental outlet temperatures were
higher than those of our simulation. We do not see the reason clearly
yet, however one of the possible reasons is that we treated the
Nusselt number as a global value. Generally, the Nusselt number

depends on the distance of the system. In our case, the Nusselt

Table 3 Simulation and experimental results of temperature at point P,
denoted by Tj, outlet temperature Ty, and outlet reference zero-
shear viscosity nrrin experiment 1.

Oy Oy .
N min] T, [°C] I, [°C] 7. [Pa*S]
Sim. Exp. Sim. Exp. Sim. Exp.
2000 337 343 322 351 162 143
2500 348 352 330 360 109 113
3000 356 346 337 364 78.6 76.1
3600 366 355 344 365 538 482
Holes Die,
—
150+ SRS S==alt :
o 325 T o
£ A EEE!
v 300 =
2 074
B 275 -
g T
£ 250 s
il |
25 !
200 |
0 50 100 150 200 5
w10t i :
£ R | ;
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Fig. 13 Predictions of temperature distribution and distribution of
reference zero-shear viscosity in experiment 1.
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number around the exit of the extruder will be smaller than that
around the entrance. Then, the heat conduction from the barrel
after the through-holes becomes smaller and the temperature
decrease in the simulation will be suppressed. However, to
accommodate the local heat transfer in the simulation will be
difficult because the heat conduction equation Eq.8 must be solved
backwards in the axial direction. It seems to be impossible to set a
good initial guess of the temperature distribution at the exit of the
extruder so as to converge the calculation.
Table 4 Simulation and experimental results of outlet temperature Tr,

and outlet reference zero-shear viscosity nrs when barrel
temperature Tj was 300 and 350°C in experiment 2.

T,[°C 7. [Pa*S
] ¥ 1°C] »[Pa-S]
Sim. Exp. Sim. Exp.
300 341 375 12.8 16.9
350 365 380 525 551
10¢
107
£
=
2 102
z
=
10!
10°
10° 10 10° 10° 104

Zero-shear viscosity at 200°C [Pa-s]

Fig. 14 Calibration curve of MFR for homo-PP.

Tomake PP with avalue of MFR over 1000 g/10min, the experiment
2 was performed. Since a high resin temperature and a long
residence time were necessary to reduce the zero-shear viscosity,
the barrel temperature was changed to a value more than 300°C.
The screw rotational speed was fixed to the maximum value of 3600
min’. The long screw was used and four dams with the through-
holes were inserted.

The simulation and the experimental results of the outlet
temperature and the outlet reference zero-shear viscosity in the
experiment 2 were summarized in Table 4. Although the outlet
temperatures of the simulation were lower than the experimental
ones as was expected from experiment 1, the simulation results of
the reference zero-shear viscosity were in agreement with the
experimental ones. The viscosity of both samples were too low to
measure the value of MFR directly using a melt indexer. However, a
logarithm of a reference zero-shear viscosity of PP was almost

proportional to a logarithm of the value of MFR, so we created a



calibration curve of MFR which is shown in Fig. 14. Using this
calibration curve, the values of MFR for T, = 300°C and 350°C were
938 g/10min and 2411 g/10min, respectively. Thus, we could
produce the degradated PP with a value of MFR over 1000 g/10min

using our high-shear extruder.

n Conclusions

In general, to manufacture melt-blown nonwoven fabric sheets of

PP, we need a low viscosity grade of PP with the value of MFR around
1000. We demonstrated that we could produce the degradated PP
with the value of MFR over 1000 g/10min from the commercial PP
(MFR = 30 g/10min) by the high-shear extruder without using the
peroxides. To fabricate the PP with the value of MFR over 1000
g/10min, the maximum screw rotation speed of 3600 min™ and the
barrel temperature over 300°C were used. From the TGA analysis
shown in Fig. 7, the thermal decomposition of PP started at around
250°C in the air. The temperature of PP in the high-shear extruder
exceeded the thermal decomposition temperature by 100°C. By
varying the screw rotation speed from 2000 min™' to 3600 min™" with
the fixed barrel temperature of 195°C, the outlet zero-shear viscosity
decreased by around 100 Pa-s. This shows that the viscosity of
polymers can be adjusted easily and quickly only by the screw
rotation speed of the high-shear extruder.

Using the degradated PP, a meltblown nonwoven fabric sheet was
really produced, which is shown in Fig. 15. The value of MFR of the
degradated PP was 1148 g/10min, and the yellow index was 5.68,
which was a little bit higher than that before high-shear rate
processing, 3.71. As can be seen in Fig. 15, the appearance of the
sheet was white enough. The feeling of touch was also good. In fact,
no shot (agglomerates of polymers that are larger than fibers) was
confirmed in the image of the scanning electron microscope (SEM)
which is shown in Fig. 16. The average fiber diameter was 1.6 um.

Itisinteresting to apply the high-shear rate processing to fabricate
low-viscosity engineering plastics for the meltblown process
because those raw materials are less commonly available in market
than low-viscosity PP. The meltblown nonwoven fabrics made of the
engineering plastics are applied to the heat-resistant air filters, etc.
However, it is challenging to degradate any engineering plastics by
the high-shear extruder sufficiently because those materials are
obviously hard to decompose thermally. In the high-shear extruder,

the shear-induced heat becomes gradually small as the resin is

¥

Fig. 15 Meltblown nonwoven fabric sheet which was made of
degradated PP by high shear extruder. We used PP2 as
the raw material because no talc was included as the
additives.

Fig.16  SEMimage of meltblown nonwoven fabric sheet in Fig. 15.

thermally decomposed because the shear stress is proportional to
the viscosity. Then, the heat conduction to the barrel becomes
dominant compared to the heat generation. In fact, in the simulation
of the experiment 1, the resin was cooled by the barrels as we saw in
Fig. 13. This will suppress the thermal decomposition of resin with a
high thermal decomposition temperature. This issue might be
solved by replacing the barrels to adiabatic walls.

The viscosity of the degradated PP in our experiments was too
low to extrude in a strand shape. Thus, small lumps of the extruded
PP were crushed and the particles, whose size was of the order of 1
mm, were obtained to be fed into the meltblown equipment. To
pelletize such low-viscosity PP, we have to use an under water cutter,
which is hard to manage. A low-viscosity grade of resin for the
meltblown process is sometimes only available in powder forms,
and feeding the powders to the meltblown equipment is awkward
because powders generally tend to be cohesive and also tend to

entrap air. However, if the high-shear extruder is combined tandemly
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with the meltblown equipment, we can manufacture the meltblown
nonwoven fabric sheets from the standard grades of resin, which are
supplied in pellet form and always available anywhere at low cost.
Furthermore, various meltblown nonwoven fabric sheets with
different physical properties will be easily produced by changing
the screw rotational speed of the high-shear extruder. We are now
developing the integrated manufacturing process of meltblown
nonwoven fabrics.

We also developed the simulation of the shear-induced thermal
decomposition of resin in the high-shear extruder. By the nature of
the high screw rotation speed and the wide range of the operational
conditions, the simulation of the high-shear rate processing was not
so easy. In fact, as described in [16], the heat transfer coefficient
should be modulated by the screw rotation speed to predict the
resin temperature at high-shear rates. Of course, we need to take
into account the effect of the viscosity reduction by the thermal
decomposition. In our one dimensional flow model, the global
Nusselt number in the screw was estimated by solving the heat
conduction equation Eq.8 in the case of the simple shear flow. We
found that the Nusselt number did not change so much as the barrel
temperature was increased from 195°C to 300°C, but the large
deviations occurred by changing the screw rotation speed from 100
min™' to more than 1000 min™'. By coupling the flow model to the
kinetic equation of the viscosity reduction, which was derived in
section 2.2, we found that our simulation results agreed well with
the experimental results even when the operational conditions
were widely changed. The simulation predicted that the large
viscosity reduction occurred in front of the dams such as the
through-holes and the die because the shear stress and the
residence time were expected to be large in the fully filled regions of
screw. Therefore, we installed many dams in the screw to obtain the
low-viscosity PP with MFR over 1000 g/10min in the experiment 2.

The numerical simulation to predict the number-average
molecular weight and weight-average molecular weight under the
thermal degradation in a twin-screw extruder were developed [13].
Using their kinetic equations of the molecular weights, we will be
able to predict the polydispersity index during the high-shear rate
processing. In the meltblown process, the polydispersity index of
the raw material will affect the variance of the fiber diameters. Since
the high-shear rate processing utilizes the thermal decomposition
of polymers, which is the random scission process, the polydispersity

index tends to be small. However, the quantitative prediction during
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the high-shear rate processing is missing. It will be interesting to see
how to change the polydispersity index with the screw configura-
tions and the operational conditions of the high-shear extruder.

In our simulation, the resin temperatures at the exit of the high-
shear extruder were a little lower than the experimental results. The
possible reason is that the dependence of the Nusselt number on
the distance in the system was not considered in our model.
However, obtaining the full local Nusselt number is difficult. This is
because the heat conduction equation is usually solved forwards
with a homogeneous initial condition, but we have to proceed the
calculations backwards to specify the unfilled regions. If the barrels
of the high-shear extruder were adiabatic, consideration of the heat

conduction would not be appeared.

Appendix A. Nomenclature and Definition of Symbols
A frequency factor in the kinetic model of viscosity

reduction [Pa®3-s73]

C, heat capacity of resin [J/(kg-K)]

D inner diameter of the barrel [m]

E activation energy of thermal decomposition [J/mol]

f fill ratio [-]

H height of the screw channel [m]

k reaction rate of thermal decomposition [1/s]

l length of the die [m]

L, path length of the screw [m]

L/D ratio of total length of screw to inner diameter of barrel in
an extruder [-]

n exponent in the Cross model [-]

N number of polymers with 2N'number of nodes [-]

N screw rotational speed [1/5]

N number of nodes of a linear polymer [-]

N number average degree of polymerization [-]

Nu average Nusselt number [-]

Nu, local Nusselt number at z [-]

p pressure of resin [Pa]

q heat flux [W/m?]

Q flow rate [m?/s]

r radial coordinate of the die [m]

R radius of the die [m]

R, gas constant = 8.31 J/(mol-K)

S cross-sectional area of the screw channel or die [m?]

t time [s]



T temperature of resin [K]

T, barrel temperature [K]

Ty exit temperature of the high-shear extruder [K]

T. reference temperature [K]

T, temperature of the die [K]

T. model parameter of the zero-shear viscosity [K]

vZ z-component of the fluid velocity [m/s]

%4 velocity of the barrel with respect to an observer on the

screw [m/s]

vz z-component of ¥V [m/s]

w width of the screw channel [m]

b's coordinate of the channel width direction of the screw [m]
X weight fraction in TGA analysis [-]

y coordinate of the channel depth direction of the screw [m]

z coordinate for down-channel direction or axial direction

of the screw [m]

a pressure gradient [Pa/m]

B heating rate in TGA analysis [°C/min]

y shear rate of resin [1/5]

n non-Newtonian viscosity of resin [Pa-s]

No zero-shear viscosity in the Cross model [Pa-s]

N zero-shear viscosity at T, [Pa-s]

N value of 1, at the exit of the high-shear extruder [Pa-s]
K thermal conductivity of resin [W/(m-K)]

p melt density of resin [kg/m?3]

T shear stress of resin [Pa]

Ts characteristic shear stress in the Cross model [Pa]
¢ screw angle [rad]

Appendix B. Setup of Twin-Screw Extruder

The screw configuration and the barrel temperatures of the twin-
screw extruder in the experiments are shown in Fig. A1. The total
length was 1260 mm and the inner diameter of the barrel was 26
mm. The flow rate and the screw rotation speed used in the
experiments were summarized in Table A1.

195°C 150°C

Fig. A1 Screw configuration and barrel temperature of twin-screw extruder.
The arrow indicates the flow direction. Names of the screw elements
are as defined in the catalog of SHIBAURA MACHINE CO., LTD.

Table A1 The flow rate Q and the screw rotation speed N of
the twin-screw extruder in the experiments.

O [kg/h] N [min]
4.8 80
10 100
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HEAMOILFmH %, Table 1 1277, 10t {ERERBREF
(50Hz) I T#Esk. X7 5 v 7. MM, Fe-Si. Fe-Mn %
BEEL., ZoxBicxt L TEERIC TERIRILAl (Fe-Si-Mg-RE
(Ce+lLa)) #AWTH Y FA v FRICL BERRCLEEZIT-
1o RIRBEHEMIE C:3.3mass% (LI % & #59 5).Si:2.7%.
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DODERAHEYT R b E—RITH T2 HFRETEIE. TP-300 : 300
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Ik > TERT B, TNENORERF O£ S RERRE%
% L 7=, TP-300 (£ 12ks, TP-500 (& 20ks, TP-1500 i 47ks
ThHo7e TNTNOERFYOFRLLY ZMZYIVHL.
ZIHhOXRCTHEERAE LT, 2 X2 x 30mm OHBRE %
BEL T

Table 1 #EM DOILFERSD (mass%)

C Si Mn P S RE Mg Fe

3.5 2.7 0.3 | 0.03 | 0.01 | 0.02 | 0.04 | Bal.
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WA 7>ay) 2AVT, EHEEZ2ERVES T L. B
R L ZRTTOARCEIT> 72, BROEFERIL. REV A
ADFEDHT-Y) 600 EF & L7z, = RTEMEBEZ. HHIK
DEMNER (UERIMNE LMY 3) T 15 ~ 50um FKimg, 50 ~
100pum = . 100 ~ 200pm >k &, 200 ~ 300pm =& i, 300
~ 1000um @ 5 EZBEIC B L 7= = RITENERD S 1 REF
IZH 1T 2 2R (n/view), BIABE L UOHRERZEH L,
SEL-ERMNRI L 0RmE#RosmKRICOLWTHEAES:
T-7=, Fig. 212, BE3#H¥ 4 X$ 300 ~ 1000pm D E$h D
BRANIEIC & 2 RFHEAB 2T, Fig. 2 ICHWT, ZRThm
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WBEEIE, —DORRERE LTREATELNTES, £
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Fig. 312, ¥4 XD TP-500 ® X 1§ CT Bk S5 AiAA

XY, ZOZRTWEGRERT, Y BEO SR THEAER
REREBICBLTE, CPERIIBEN TV EHNEEHRAE
BEIFHETERL, LHLED D, Fig. 3D THALE
B X WE., ZWECBRT 2L, Fro¥—RThHEI L
bbb, HIRBRBERO KT TORBERICELTIE, #
WA % (RS % 720 O BENIRIR(LE P RN R PN/ —F
AP REEEZRETDHIEN. ZOENER->TWS, LAL,
ARRD & 5 mERAIKRBIFIKICE VLTI, Fig. 30 Y KE
DEBTHALRIDO L3 12, ZRTEROATIIEBERBD
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Table 2 1=, TP-300. TP-500, TP-1500 ® 5 X k E'— X M
ERTHRRICL > TR ZNZTNORBRFICHET 2. £
WD ORI, BINMETE. BIMAEEEREZRT. REHNE
ML CHSRERBA 12ks H 5 20ks (T 5 &, EiRk
#HY 1041 & /view B 5 T17 @ /view (5B L. 4Tks I2# 5
&I HIT 267 8 /view £ TRAT 2, INIETHFEREREO
BEINCHE- T, AEAREVEREBAEINL TWB Z Licike
L TW3, Table 2 ICH W TEIAKIEA 15 ~ 50um D Rh
ISEET B L. TP YA XAKRELARBICONTHIEKIZ 147 »
5603 FTHEMLTVWSEA, ZOHEDBNNBMICEDHEE
MAEDEIAIZ 1.2% D15 0.4% B LTWSE, THETOD
EEHEOLOMERT, NEORISEAKABA ¢ 25 x 250mm (IS
G 5502 /v & A7) % 100 x 100 x 500mm DOHERA IH
WT I HRRERREA 1ks KT, RIMMRE S 50um UTF A
TERTHDEIEHPHERTETWS Y, ZOZEhd, HEHEA
BREARCHBZICONT, ERNRIERELHEZ ZEAHERT
5,

Table 2 & V), £@EBERRA 12ks TIERAREA 50 ~
200um D EIAMNEF LR >TH Y, 20ks (T4 S & 100um I
EAFEAY, 4Tks I24 B & 300 ~ 1000um A EEICA S Z
Ehhh B, HEREREOEMNTRMRFITERLL, Fr
VE—BRARETEIEAREINTLDS TV, AFEDE
SR IC DLW T H RRIC, EMEMOEAKRLLEF Yy F—F
SROBERA AL L TH Y. BEAKIEA 200 ~ 300um O—EB &
300 ~ 1000um (C R L - BnEMIZ. Fr ¥ -2 TH B,

Table 2 FnfEMOK S LOFR

Specimen name TP-300 TP-500 TP-1500
Eutectic solidification Time (ks) 12 20 47
Nodule count (n/view) 1041 717 267
15-50 um 14.7(153/1041) 50.3(361/717) 60.3(161/267)
Nodule count 50-100 62.9(654/1041) 24.4(175/717) 20.6(55/267)
ratio of each size 100-200 22.2(231/1041) 21.2(152/717) 10.2(27/267)
(%) (n/view) 200-300 0.2(2/1041) 3.8(27/717) 5.2(14/267)
300-1000 0.0(0/1041) 0.4(3/717) 3.8(10/267)
Graphite volume (mm?®) 0.43 0.78 0.68
Graphite volume ratio (%) 7.9 14.4 12.6
15-50 um 1.2(0.005/0.430) 0.9(0.007/0.780) 0.4(0.003/0.680)
Graphite volume 50-100 40.3(0.173/0.430) 5.2(0.406/0.780) 1.5(0.102/0.680)
ratio of each size 100-200 56.2(0.242/0.430) 29.3(0.229/0.780) 7.4(0.050/0.680)
(%) 200-300 2.3(0.098/0.430) 26.1(0.203/0.780) 13.6(0.092/0.680)
300-1000 0 38.5(0.300/0.780) 77.1(0.524/0.680)
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Fig. 412, Table 2 TRL7AT— X OFEMTH 5 H R EE
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S Nodule volume, mm?
TP-500 Eutectic solidification time:20ksec
1000 +——
i g 15-2001m Total graphite volume:0.78mm?
g 35.5% _ _ 200-300um, 300-1000pum
2 100 4 36 26.0% © 385%
2 10
z
h:dulc volume, mm?
TP-1500 Eutectic solidification time:47ksec
1000 =
Total graphite volume:0.68mm”
. 224 15-200pm
2 B 9.4% _  200-300um _ 300-1000pm |
2 100 47 TTT1E6% 77.1%
g L
o 10 90.7%
= 104 5
S
1

0.001
0.2
03}

Nodule volume, mm?

Fig. 4 HRHRERHEBNGEEDH

[FI#kIC Table 2 & Fig. 4 & V) FHEERE R 20ks TIE 300
~1000um OBEKXEERIE3ITLArAEL, LAarLars, B
FARIR A 300 ~ 1000um DFEEHNRMSHEICHD 28NS
385%IC B, F7-200um U EDEMAEBEICEHD B EE
£ 64.5%ICH7% %,

H2RE R 47ks TlE. 300 ~ 1000pm DEFEA RIRNEE
BICED2EEIF77.1%ICH %Y 200um LA E1E 90.7% 2%
%, HERERBROEINICE> T, BHRE 200um U LD
B EA 2.3%, 64.5%, 90.7% LML TWE, THZ & &

DHBRERBLIR A5 > T EROEHKIZ D<A,
HRGRINDOEDHZHEAET &b D, Thbhb, HE

BEAPRCARSIZE, 1 TOMRKERIRO LD 2HEEIET
EIZh B,

TP-300 (12ks) TP-500 (20ks) | TP-1500 (47ks)
No-Chunky Chunlky Chunky

Nodule size : 15 ~ 50pum
» >

Nodule size : 200 ~ 300pum

Nodule size : 300 ~ 1000pm 1200um_ |

Fig. 5 RIMNURILD=RTENEBILE

Fig. 512, MV A X LICHBELAEZRTOEMBEZD
EiR% TR, BT A XA 15~ 50um D/ S i Binid T
E R 12ks TIE>H—ICHH L TW 3, 20ks X 47ks TIL AL
%300 > 1000pm DK BIMDOEFEIC/NS LRI/ BET
2L5IChBTEDbA B, . BIMBERIEHEREFHE
12ks TIIBRTZIRD TR, HERERFREA 20ks %2 47ks I
BB EERIIHRTIERCAE-TL B,

BnH 4 XH 50 ~ 100pum H L T 100 ~ 200um TlE, HF
ARE R 12ks TR ORIMAERTH 5 2 LN HERTE 5,
LA LA D, HREEERREA 20ks X 47ks IZ4 5 L EKIRT
IE R WEMRORMIEZLHD LD B,
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2 tE A 200 ~ 300pum F & U 300 ~ 1000um o #H K %
ZRTTEMERBIE HEREERRE 12ks TIXIEEACHFELET,
HERERHE A 20ks ®° 47ks (27 % EHATEHIRTAWEMH
FROBMABERIND L5 I2h D,

FEBRERFRE 4Tks ICRON B X84 F—BICDVT,
RTBEE L1 fER%Z Fig. 6 IR T, ZRTHEHREGRD, O, 15
ROBIRDBEPRICED > 7S R END, LA LD D,
ERTERBICLIDZEAS L VEGEAD» O ORFTHRE L 7248
RTR A F—FRIFRAREBEROBHRIZRTERINT
WBZenhh D, Z0LIIC, ZRTHEETIE—MEDL O
REHERHNTZZ L LHATERVWD, ZRTHEZITHI T ETE
HLBIMOBELZIBIET S LN TE D,

[

1 Right side

Back side

Two-dimensional
observation

500pm

Fig. 6 R/3A%—25p0D=RTEINBR/LILE

A B
S Sl =
5 3 S 5
S S
S S
5 S S
S S
S S S 5 S
5 S S 3 3
S
A B
Surface_voxels 12 16
Volume_voxels 21 (12+9) | 21 (16+5)
Surface/Volume ratio 0.57 0.76

Fig. 7 Rk ERTHRELEEEOBR

TREOLSBARBICK D EUENLFTMOMIC, BERENT
ICHEWTEBREROFMICADLFEE LT, B RER
EOBRERWD I LN TE S, Fig. 7ICIHRERD=RTER
(Voxel) THEINZHKAEIA. BERT, AICKHLTBIE
BHRBRTHDIIEERBEL TV, 4B, HHFDOA BIC
HWT, & (Volume_voxels) 1321 AL TH Y., REHE
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(Surface_voxels) l¥ZNZFhN 12 &£ 16 TEHR S, KT [S]

IEEZLELTWVWS Voxel T, [S] ofIEXREEICHEET 2L
DTH3.[S] LUV [S] THEHEMNT Voxel ZEHE A
Fig. 7ToxR& WiHFEEEZRLTWS, A, BOXETRE (Surface_
voxels) % #F& (Volume_voxels) Tk L 7-f& (Surface/Volume
Ratio) &, BHFROBOAN ALY ERELLAZEERETR

BERBETICE VW TRIROER S 2 RTHEICIE. Voxel %
2R3 e THREALSKABRYOERIFGOND Z L 1'%
L. Z Z T Voxel Z AW RFHEF AT, HERERHEI &
OB TFET B,

Fig. S ICHBRERBMEIEDER0FEBELREBEOBR%E
R, RN 7 Ay b Voxel Ik 2 2B oREE L&
BORHE T, HPOERIIRBROKERE & FEORERKR (S =
4835V RLTWA, ZOERIE, BEOARKOM
i (BIEBIRBNIR) 2 B%T 5, HBRERM 12ks 0 BInHEMH

. EAAIRERER S B —HT 2RO BMAERE ST
W3, HERERHE 20ks (45 &, RINEBOXEENIER
REEREIR LY H EAICOHR T2 L5 ICh>TH Y, BFEICH
L TREEAKE VL, BEPROEREBIERINTWE S
EERLTWS, HEBRERFM ATks (2745 £, 20ks DR &
Vb I o, BRKKERO LAICHH TS L5 ICH->TL
%, BERRAREIGHRS) O ORBEOELRRERIEF v > ¥ —
BIPRNA X —BiNT ECEMBROBIROERICL D DD
Th D, FEEREBOBRIEAEIRREIR D © AT

Lia® 2 EsptufRi, HRRERRE 12ks Tl 61um, 20ks T
|& 60um, 47ks TlE67um TH 3, ZDZ L iZ, SEIOWE
Y TIL 60 ~ 67um U EDRIRKRICH D & BMAIKE TH
(B EERLTVWS, INETICEE ST, HERERRE
HM1h 6 20ks £ TORBREZAV - ZRTEBSR T, 258
HIfE 50um A BT/ 2 S ERIR1EER A 65% ~ T5% ICmB T &%
BRLTWS Y, REEORRIE, ZOBREBMA—BLT
W3, 7. BERORABEERL L ABEERBORRLY B
OFRILREATEELL T, Fr oy F—RMPR/8 1 -2
REDEEERROFELZHEL T, BBRWEBEOFTHEE T2 2
EHAREICH D EER NS,




Nodule size
61um

v

Eutectic solidification time: 12ks

Ideal
sgherondal
shape

Nodule size
60um i

Eutectic solidification time: 20ks

Ideal
SEhermdal
shape

\

Eutectic solidification time: 47ks

Nodule size

Ideal
sgherondal
shape

~

Fig. 8 RIARBRERREICHII2HHEEKEEDOBER

B =

ERERBINFERDOSHORREE X IR CT 12 & 2 ZRTENERER

RETV. UTowmES,

1) X#RCT 2 & 2 ERERIKERHHR O =R TRREBBARIC
&2 T, ZRTHEBRTIHIBENH L WVEMLZRIAOTR L
PEEALNICT DI ENARETHD I Db 57T,

2) HEREREIPR ARSI > THARERMBAEBML, %
DHEAREENO LD ZBEBEEMET Z LA bh o7,

3) BRIRES D XREHE (Surface_voxels) & &% (Volume_
voxels) OBARAEAWS Z & T, RMHKEH 60 55 67um
UEICm3 e, EHLERTRIERT L5105 L
Nhh -7,

SE R
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2) N.Shiraki, K.Tanaka, A.Sugawara, R.Fujimoto,
M.Tomizawa and T.Hara:J . JFS 91 (2019) 264

3) K.Sumizu, H.Toda, J-Y.Buffiére, J.Lachambre, K.Uesugi
and M.Kobayashi:J . JFS 86 (2014) 19

4) R.Fujimoto, M.Nakayama, |.Uemura : Report of the 168th
JFS Meeting 168 (2016) 125
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6) R.Fujimoto:Doctor al theses of lwate university (2014)

7) Y.lwabuchi, H.Narita and Y.Ichinomiya:IMONO 59 (1987)
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8) S.Kiguchi, M.Shintani, Y.Sumimoto and K.Nakamura : J .
JFS 72 (2000) 311
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SR IXATRANEREED
RERZTY Y MR EREBIRER 7 O RXADEH

BICRERBEBEN R 2~ LTV H, BEAdERLCT
TF— S RERMOBENERTH D, —FH. BEBEICLDE
o BT - OEEMBHBRELRY, T2y Z—BRETRAEN
BYMGN Y H—VRROBEBCOEREH B, TI T, BE
; TLORRD/HHE & SN D HMEE ORI EHR T E 2 HHEK

Wi

i BB & 2 EEETR T AL ROBERERRII OV TRET 5,
R&D v % — R&D > & —
AL HRFERED
F—HRER F—HRER
EH & L i
N = (7‘57(‘?&«1) 7/7:;»/47»
$B /Sy - VEROBERLICE CPU, GPU (CHE# % @ %o’ 2%
N LS| ORBHMMILT T <, LS| ZHEBT BEM/ Y 4 — ; et
i SHEIRTHLH U mIBOMMERERABEE BB, Ay — B i
%ﬁl ’T—’)%ffﬁ@%@%ﬁﬁlﬂﬁt: Lifﬁ@@ﬁ@q@%%ﬁt:%v%%ﬁ ;5_' ] B S MECER TR A Y EBFOEE
& » - B - EERELOER [CLOMEENI
BT D HRERAARARE 55, #EOTHETELBE [ [ ks -
o N my  REUESSALEEREICRBETEN
DEEHIE S NS HEERERAEETH 5, YHAREEE L,
HEGATAER ) SAFLARALTEY . SELL FEE Flg-l 777~
g BT 57-HHhEZ (100Pa ~ 0.1Pa) DEBEF 7/ 7 X7 Ic L3
= . o . X . (RINYZUSI &)
= FEREEL RNy RY Y I IC L 2 RBEE B EHRER K % AL
| .
Il L7z,
AFETHEIMLEM & LTREA Lo PRI L 25T
- 1l EEMTE. £ I 774714 735 & 2 EBHATEICD
WTHBNT 5,
D
I|) -
= - RIS T EER
B =znnze
Fig.2 Ry &\Yv5
T BRIESEB CIRAL TWA I XTI E /Sy &Y 72D 0
% THHET2 Y, ARBEFLTOT/OLREPERES (100Pa~ X—4y MNIERSEZIETE—4Fy MEZEIFLEHL
ﬁ 0.1Pa) THIRRA B EIBETHD, 75ATEMEDAEE  2—4y MINAT 2ERETCKET 355TH 5,
- DIREEE Wb TWB A, Fig. 1 ICRT &S ICEBBOSEICE
| _
2 FRBEXEMT 2 L&Y BFEMEL., SHEDPFADEE oo
SRSVRTERRL, mRATAORE 7YY MEBEERAORGH
— IEBZEIEVEREIND, TTIXTATIHRIGEDTWT Y
AABERI N, EHORERELED FHROEEREH T4 31 |pFRES
. LR B, CPU.GPU & EABEE N7 v MRBEIRIZTELE T
=¥ BEEBECEALTLWRY /2Oy Ry &Y v 7 T7ANLEFENEBEEEEL 10 BULBEAER-SE
Fig. 2 ICTRT &S ICHEEF v v N—RNICKET 288 GRA L) BELH->TW3, BREORRIIBRD > ETERENS, 1]
. DE—4y b EZBL, 75XTRTEHNRERAA L. . BRO®- X (CHBEREGRBEKICITESRD > /B D
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nTwa, EERD > T ORBBMRANOBEEILIEEM RN
RENOEMEBEICLP2YEBNT v H—ICLVERINE I L
H—RINTHZ, Lh L. ML ICFHeEMRE OTBEL S
BELRY)EBRO - ETHEROEERICKELEZET 2 +5
REEEMEONELE>TWD, BF, RSy r—YE
WRENFOF LWIEE LTR/Sy &Y v FIC &k 2EEBRAA
EOBENEDONTWD Y, Ry &Y ¥ I & B EEER
KITEERD > T LR CEERENERY., 777k
ZEHEOERICLZUCERENERL B -OFBE~EE
BERBETED, ¥/, BEEMO T TRELTIMERET
BAELETED LD, BIRTOHBEYRELEDXY v b
Lhb, —MHBR/Ny RV IICLDEREBFERTAERT
& Ti. CraloEBEELICHEREY 2 _EEBBENKR
FEnTwnah, BBRERFOEFREREOT Yy FY/IRRT
EEEBOBREIRAVEL AV FERATIRROBEET., K
UL EMESHSE L, ZITYHIBERHA IO LRI
L HEFEBRER At RARAKL, 77 XREICLYBIEE
MEREMEHRESIEE L TCEBREEBNTELERELA
Lo MABGRBER 7A€t ZX%2RE L, ZO7AtLRIEHE
ZEETUREIT 720, 27 FHAEL, BIRZ7OEXICHEW
THMERECEBEEEEREOIRADEAR WS, Hil
fLICBLTEY., BRERFECHEACHCEEZ S, U
Tz, 7Y v P ERMRIANOBEEFM & Ajinomoto Build-up
Film®(ABF) #&E &R L (= Semi-Additive Process (SAP Ii%)
T L/S=15/15 u m Ot ER% L DEIREK Z T =R %
BT %,

32 |REHE

LALy MAOEHEERMT 2B L TEREZRAL
EREHE LPP-450  BUE L 72, £BOABE% Fig 310, %
Btz Table 1 ICRY, £RELEN% Fig. 4 IZR7,

Fig.3 75XHEBR/yREE

Table 1 B

Outer dimensions 4,200 x 2,800 x 2,100 mm

Chamber volume 450 L

Substrate size Max 630 x 540 mm

Sputtering method DC magnetron method

Plasma method RF remote Type

Deposition Rate (Cu) ~ 35nm/sec

Film thickness uniformity <10%(max-min)/(2XAvg)

Tact time 240sec (standard process)

A5y i

JEBIFE AP

F 7 Lz ik

Fig. 4 ZBHE

Fig. 4 ITRT & DS, 7753 XVEBRE RNy REBEZNT
NZEFOBREA->TH Y, —BOBEZEHSILEBETEM O
A~DOHE, MENTE S LPEHTH S,

Fig. 5 | LPP-450 TOEMMEBFIEZ L, Fig. 5 DTl
TRYICAET S AE., EAlZZEIBICAESTSBEE L7,

a) EMR/AL. T AL XATEEES 0.1Pa £ TEZHR

b) ABICT 7 X<ME L THE

c) AEICR/Sy ZAET Cu & FE

d) ZO%EREZYYEZ, BEICT 7 X vE

e) ERICBED R/ XAIET, Cu % KiE

f) KSFmL., Bzl HL

BE, BEEREEER0IPa UTOBEZEE £ THSZIT
SH, BIEEMEZRRE LI-EZHTCRMRIDL DDA RFEE
Do, BEEFEEBIOICIIRERNEETS, LHALID
7B+t Xt 100Pa~0.1Pa O HEZREE TUIEHN TE B7-0,
ERRESKBICERTE—RHT-Y ONBIZFLE 240sec T
TT T 5, AEBECUBAIREAEIRY A XIE 7Y » BRIk O
EFRIEOBRAYT A X 640mm x 530mm £ TRIEETH 5,

3.3 | 7V FERBERMENOBEFESE

LPP-450 W\ T, &4 L 7 MEEGKEOEM~DEET
fli%1T> 7z, 50mm x 50mm DOEHEM ICEFEEREL. B
BOSZTEI30 u mOIAEBELT7=—LEITH. Z DE,
E—LEERBREIC T EB LR ORBBELZAE L
7o Fig. 6 ICTFERE 7B X TEAIEL 724 > 7L FHEMG & B EEE
BERERY, BESRFIEE-FEY AE 90° ©— LR, 5ok
Y RE 50mm/min, HERIEIX 10mm & L7,
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b) Sy KEEE (AE) \ « \b) 75 X2WE (AH)

» d) 75 X202 (BE)

» e) RSy 2 (BE)

) KSR
/EARER

a) ERIEA
/EZHR

«

Fig. 5 MEBRTv7HE

EfRED T8

FRwE
(b) B EBIRS X

(a) B
Fig. 6 E—/LABREHES] & A EBEIEE

3.4 | 7V MEREIRMEIA OBRE E iR
ZU v FERMRHCH L 3.3 IR TRIFESRGIC T —LIRE

%HE L7-$ER % Table 2 TR,

Table 2 7> MEREREIRM BN O C— L BERER

E—IL
ok BE s &

(N/cm)
EN K7y TERME 4~ ABF &5 —4
/ABF (GXT31)
BRBERY)AIFR 6~ MPI #~ D EA% T
COP 6 ~ YA/ 77 ZF16-100
75 REMR 10 ~ A4 =2 XG
RUA I REM 8~ h7 kv

NRE—ZVTFELY R T74LVLDT I 52—, B, B
& BHEBREM., BRD->E LR MNESOTENASAY,
AN/cm U EDE—LBENFBLETHS Y, Table2hd, &
A Lo MABKBRR 7A€ X T, RIERTEAI R SN
TW3 7YY FERMEHZ D W T AN/ cm B ED E—ILEEAD
BonTHY, BRESX—ZV 7 IENEAELE WD ZEHbh
%,

Fig. 7T ICE—LBBEATE#OSBERBE AT OREE., Fig. 8
ICE—LBEAEROSBIBME TR E R,

Fig. 8 ICRTEFHEMBETEGH . SEAFIBEICHEED
AEPBERTE, HHEIEEEMNORERETHD L
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Es
@-2 @2

KEMRY A X 50mm x 50mm x 0.8mmt &' —/LERERIE :1cm
Fig. 7 E—LBERAEEXERIBEITOEFREE

228h AT k vt RS RES o | BFamEs
¢ XA-% 0.139% 21.89 0.1 49_10
0 KA-x 0.08878 10.34 0.06 1741
si KA-X 008049 866 0.08 [
B A% 0.002%0 0.2 0.07 0.24
Cu LA-x 0. 46092 58 83 0.14 [ |
= 100 100

SEM-EDX IZ & DGR (%5000 T2 &)
Fig.8 ®-&>—FEZEERBERSITIER

HHERTE /=, 7. Energy Dispersive X-ray Spectroscope
(EDX) Ic & 2R AN L L HBEICCAS<REINTS
Y. HEEORERIENTBINT I XATUEL AV RERE
THils - EERA TLE/BENELEENELONTLDEZ LD

HTET,

SHRIIREREDOMR =R T 5720, X-ray Photoelectron
Spectroscopy(XPS) IZ & 2L ZHE LT EITVWEE - BilgD
TERBERAL, EBEMBNOBENTHEZIT> TV F
ETH 5,



35 | 7Y v PERERA OEREH K

RICABF BV K7y TEREICEA L7 MADBEEZR L
7=SAP (22177174 7i%K) IC&BEEFEASEFig 9I1c7
A+ 270—%FRY, FR-4 %37 & L 7= ABF £k (GXT31)
ISBY Y AVBICL D TR ITREBETV, A—7VMATH
KAEBAERET B, D% LPP-450 (2T ABF 075 X< RE
WH, ARy &Y ST &Y EERE (300nm) L 7=,
NRE—=vJTlE, BEIFIX—XTFIALIR T4 A
% B Y {$1F Direct image JRICCEX. Bz Rk, BEFD -
ETI umBEL, ZOBRT7Z—IVLEZITL, REBICY—
FETyF>/ICCRIBREAKL -, BEMRFTEE L TIEXFERH
BICL 2REAR. L —VEMBICL 2MEBRERZTL,
ZD#ERERT cEHEMERE (Highly Accelerated Stress
Test, HAST) SR cERAVERME % 5@ L 7=,

ZER—k
ABF
Seed§TvF
pvosis—kE B N
iz ABF ABF

DFF3x—+ M-

N
. e L
ABF

ABF
e & BRwox W
? ABF
% 3 Fahs W
Li_}
ABF ABF

E

Fig.9 ZUrIMERERTALR7A—

3.6 | #ER(FAIEERS & UEaEFTT)

EERFEHREOXRAEE% Fig. 10 I, WAL —VBEMETE
% Fig. 11 127", Fig. 10, Fig. 11 S YV T v Fr o/ &Eld A
K/ Z— VPR ENTWBEZ LD DD B, £7-Fig. 12
IZ 85°C 85%RH T EfEIERER (HAST i) HRE2RY, &
BRD > ECERBETKLIE—/S2—> DY T & hE
L7#ER. S OMBEERE THR L -84 E 0EBIER T EE
BoH-ELY bEWERIENE R Lz, UEDRERISZAL
7 MAOBEKEHN TV v EFEREETEICH LESHEE R
DT ENTRINT

HAST:HERRI MR

Fig. 10 ¥—FEBZvF I %NER

Fig. 11 BSigMrmEAIK

1.00E+10

B.0DE+09

6.00E+09

Resistance[(]

4.00E+00 B

2.00E+09 PVD Cu seed

i
0.00e+00 +—EL-Cuseed
0 1000 2000 3000 4000 5000 6000

Time[min]

Fig. 12 HASTHREZORNER

3.7 | EEEIRADOMMEEEEER

B#&IC, EEY A XITE L 290mm x 190mm @ ABF £ L
Ry 7ERE~NLS=5/5 u m OBHEIK TR L - EE%
RY, 7AEX70O—|4Fig. 9 LAk TH Y., BBOERD -
5 u mBEEZIT->TWB,

Fig. 13 ICMEIEEF R D ABF D EXREE %, Fig. 14
(2 LS=5/5 u m B4 SEM B % =T,

Fig. 13 ABFER LMlEREAREE
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Fig. 14 LS=5/5u#&F% DMIESEME

Fig. 13 IRIEIEIE3I X 2DEAH/NEZ—>% 4> 3y b T
EX L TW3, Fig. 14 IZ5RT LS=5/5 u m B4 O WrE SEM
BETEI Y FrI/REL R REGHERRIEETE 2,
UEDZ e O HBHEBTHEKRLEZZA Lo b CuBEKEIL/N
BEROAZLSTEEERVAXICEENTHY ., 10 u mY
TOMMEIRICHBEARRETHD L WS T ELERTE,

| 4+ EXUIS

R RATRABEBZAVTEKLEZREAL S T
DEREZTY v FEEREREK 7O X~EA L, FEMER
BEIT->7, ZOHERLI SNy F—VERTRAINATVLS
SAP TikIC & 2RI~ DEE M Z R TE 7, R
IFENF Ty ZEIRFIZITTIEARLS BEBR7 4 VLME, A5
ZER~DERRAZIT>TWLL,

SE
1) RA, &b, #K, R, XA, EZRSE PVD+CVD MR

S

HEEORFE - 2/ 1 F—7 HUD A Al-SiO-NbO RiTE

ZRERNE~DHER - Z AR vol.28 13-16,2021

2) OH, Yoong, et al. Adhesion of sputter-deposited Cu/Ti film
on plasma-treated polymer substrate. Thin Solid Films,
600: 90-97, 2016

3) SUN, Jiang-Yan, et al. Adhesion study between electroless
seed layers and build-up dielectric film substrates.
Journal of The Electrochemical Society,, 160.3: D107,
2013.
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'-J_“‘/ FoBERE{C—FEaIEEED S

EFAREANDESERREICEWT

R&D t >~ % —Tld NEDO( Bl R EAF T RIILF — « FE
FREE) hoREE 2T, BEKX-ERPILK-FF
AEHRT, THBICHFWTI FIEAEETEEXIET 2. B
BEBAOEEORyY PERELTWS, KBS TldhbhbnhHE
WIBRTLEORY POBRUEDEHERZRT L EBHIC,
Viability = &£ 7&F R ¢
HomKib—&, ZOEBZZERELAORY FE2ERELTSHHD
B, IolcaRy FOBBRUEERET 52T X b O ORE

ERATHES

Zhich e ARy FrOBRILOES -

ReWET 2,

1 Y

FEFOBEBHEOEEIEFEALRFR Y F CONOID®
%, Fig. 1ITRT, 20ARy M, FENEYEIRET S E
HOB (=%BEARy b, Y22 L—%) &, &HMET
AR,

25 L-aaEBsiaory bd. AMR(Autonomous Mobile
Robot) L FEIEN T W3, HEAORD Z2E SR ICTEERM~D
IOy by =Yy Foftih, REAXREED ) —LES
BEADY —ILEHEE . AMR AWK & § 2 BEIE + F1F
2oBPE=—XpEE Y. AGV ICZHESIAR Y FEBEHL
7-BEMEEDRy FHERFEEINTWS, LA L. FEEDOKE
&, EEREDOBEATALAFRLTH S, ARy MIIEELE
MBAEHRT B-OETELRICHEEZBNI S SE 5B, ET
LAEDNSOFELEIZHEL W -DTHD, £/, F(=TVFT
7z R)PEATEEEZT OTHRENSHELBE, FHLIN
2ZEEHOR Y FOFRICMZ, BERETOELUCBERESL H
£95%, INTIEEILVEEOEATOBMEIRYEHLPaIYE=
TOEBHTEDOL I IS, BEL DBFRICFEEHENHBE
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KB FLEBEMBRIEE Ap 3. XADKXAF I/ XICL T
M3,
F, = MAp + DAp + KAp (10)
M (IHEVE, D ISREME. K I3 ZRT,

I 70 e £ 3 BRE Rt ORE

41 | F7E YR ITEHOME T

ARy MZ&D R7OBYRITIIETHELVEREE Sh,
O OREL AL, HELATARTIONTLE YO, b
bt H CONOID THE & LEERATRE A C D ERBICER Y A TH
V. BEFHRICL 2BV IRIIPTETH B (Fig. 3), TDT
BICEFOBZICELELETBHLLRELRD, E1ET
ATz K D IC, R TIEBER TP RELR & 2@AL T
B, bUbWAKRTE 2018, BEICBIKEFEAFHIL
LICEFNZNORREZUBICEEYT 2 & 5. ETHIERO
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GOEBWEICN L TIEBBIICIZMEERPEREZET. ZF)

MIch bbbt B,
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222 | J)—-2HEE
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FEoAE LT, ENEFRELEEREFELNH 2D, BREGR
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Fig. 41X, BEIMORTI #1532, 20K, BHBO

BEERV, £7-. SEOBERICEVLTIE. BEDYHMERE %
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%
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AT4 FER %

Fig.5 FRMIT7—2
Table 1 tHI&4 o
EHERRE | XY EE IS
(min™) (mm/min) (min)
2+ k220 3,920 1,090 153 jﬁ
ZERF Yk 15,000 4,170 66 @
Fig.4 TEETEME?2 BRICKZNMIERETIH. RAELHRFEOMIEE 4 ->T

W3, AR TRN-ZRAESH»EEEL, £ EIFRE L THEL
FRETIE, TNFThoAXERBRL:, FTENEOKRI% FERAEY FILE LT R REANLH DI L HERTET,
TH5BIE, Fig. 30AXTHRAAEHE%IBEL/-LT, Fig. 4

DHRZRRBEEL L TWS, A hﬂIﬁZﬂk;ﬂﬂE{ﬁE

24 | A7V YREDERE /

RTY YT OAEDIE, NEARERABL, AT Y ¥ SHEHE 7
AHLTWE, NBEIIE. THORELRICHES BELEA &
B0, BENIZZAEY FLREROT PERETL, BT !

H5HCTHELEHIC, A—XEED LEEENSETL S,
e, AT UV SRARBEEEBHRS T HIC, HEAD
BEABELED LS ITRTLTVS, ZASICMAT, _7
U ICEZ B FEOTEICLY, REBICH2EETLR ?
ELEEGARTHESICLTVS,

Tl RTVYVTREDEY VI EITVL, BICREES%:

ToTW3,

i %
| 3 i F
Fig. 5 1R 3 AGE LIEHRD 7 — 7 % L I TR % 26 L —. X
EEAXFT
Teo RF 7 b 220 (FEZESEIEERE 8,000min, ELIHIH XY A¥ok220 —
BE) RUEERF 7 b+ (F#ESEEEE 20,000min™, 4L
IFEIRIXE) THIE L7, T FRBOMTIEMA%, Table Fie.6 MIESH .
11R9, ¥
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TWw3 (Fig. 7,

TIHISEIL 57T % TE. b ndb. BIRLEL~DFES

HEAFECE DR E A > 7 (Table 1),
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EP BN EBEDEHFOETLEBD B SMRERLAT
AR -> TWBDITEICTEFE WET, BEWCETLEZERDH IO LI BHLDOHIH
%}i%@g%&%l_ THT-ILFICITE, T ITHRA D ETMICHELLADZWAEDT vy 7A—-RFPI 7 -
RIRER B —LELEY, REERES BT MEREECRRATSILASVLTT, Z0kHT
TEE SMHTBE NS EABDS — L OF—AKCEA— FLOBBRL AL EFR— 3y
TT, ZOT—LTRENOREICFERID ETLER ZRESTIRITONDIBENE > TVWBERLE LT,
ETEET, TD=HDFTF—LAIICIFEXRLZARY b MEBRDEEDWEETILOT Yy 7 A= FEFTEF—FR
TJrAWniY 2bLLWEDOFABEOETIEHRLAITTL RET LD, BRIATIZET VST - AREREA B L TH
TS AHYET, 72U, 3D ETILOBMEICHEKL TWET,
A—HY—AT—LFPLIDEFTLETS—LRNICT YT ATEOZNEELETEFLFLVLEMERE LA
A — F¥ %121F Unity®(Unity IPR ApS O ZSREHE) & L W, ETHELVWOTHEEKOH ZHIIHRALRY, BEOH
ST—LTYYrEFERLETNERY A, BREER ZHBEICIITO—ERL THZDIEVHIHDTL & 5D T
oYy —nLeFELRIFNIEWNT ARV DS —LZR LT N7 A4 LTWBHDIEVRSNS (Virtual Reality Social
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—FA. BEGEEE VBN OB & L > BN/ FE
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RFE T, WEMNI AT BRI A LIEIMNIICE S
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BEEET 2OHMIOIRARTBLE LD, ZDT®H, ik
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ITE@ICEEBARELT T, H LTI EFREE um (S
THIENTED, IhiCLY, RZRIMT oM KRFZ T
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T, COLD BB EREMI ETAIINTIICL > TEIEY
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K%z 0.2 mmAL7RIRTORBRZ LB L 7=, Table 1 (CHE
DFETETT

MEMIICH T 2INITREIE 960 2. RIEBEFIKOER%
IT¥2RHEIEERT 2 4ETL050 & o7, THIIXFL T,
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THY ., UHIMID 2 EUALONMIKEIBETH S, LREL
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T, BESHEOMSHEEZREMIA SYIEIMITICEEHRZ S
ZET, BEEIIBIIIHLFOEEDROREL, HEE
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Fig.3 EESEOMIETLEEMNIS
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41 |BESVOLETFNI

HEORKREL Y BESEOEETEEEETRLF — DB S
MPORZE. MELY HUHICK 2&BBEOANREFTH S
Zenbh o, L L, BIEOHRIIFRRMIICOWT
THY., ARIFZOIERORICEETmMT, BICHLIFMIH
fibhd, KEMIOBE EITROMICT7—7 %Y HL T,
ROMIMTHEEIRY LINTZThiiFhiERoiwn, Z 2 T,
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Table 1 BEHEHTT

g E D FRAA NRAGL T
PN RS 40 mm
AN TR 20 mm
vy FHER 30 mm
LS 8 th
TV a2 3.75 mm
i e A 45 deg.
T JEE S A 45 deg.
vy F A 45 deg.
2 13.8 mm

42 |BEEBYL = Jt22UVM

EE, TXEFOSBEELCIETICHEL, BED3IRTD
FIRBEEOERL S E-> &k, COEREERTZICIE
BESMIEI,HEL LS, HHTR. ERRB3IHICEE
BEUVZTHAREYZTE—X%EZFEAL, 10 nm OFWIE
ROBEL, BERFHMICEHIHZTZEH LBV EEELRE
AERTIBBEY V722 UMY —X#RE%EL
TW2, UWMICIZBHBEOTITERREZSHEEICATETE S
[FormEye®| & Z D TEWIPMIRICHH L TINI/ X% BET3
RITHES 2 TEREER S FILFHE [VectPath] O#E% 18
TEIENTRETH D, ¥

Fig. 4 lIc2h o2z AVWE3RTERZEBH TRHET 270t
A%ETRT, WEOL I AIRTERICHL T, ko=
YOV R TRHRIERETIERD 2 RICE D 2 RTMARIE
LAMTRED 2Tz, ZD7-H, TEEHIBOMMITEFAFIRICER
BEINBREELHR D, TEOHGIBEIIIEA—-HDESN
Ic&Y). 1umBEIcEmEL TW3 A, TEERCEERN.
AFICE ) um OFRRBRELIHKET B, COMEEZHERT S
FHICIEIRTEREZBET 2L 2E Rz, kD70
+ 2 T3 CAD/CAM IC & Y 1ERL L 72T/ X &2 =M LAIE
HEREASTEIROBLERSD CAD #EIEL. BEMI /X%
BLTWih, ZOTERENS FILFEERE [VectPath] (3
BUNCERLIMICRICIEEMAEOERE(HML., #E
T [FormEye®] IC& WBIE L-TE&RIBEZHAAL O, EIC
Al TOMELRY ., BRICLITERBOEZILHTEESH
BES 2L THE/ELNBBTITIODNS, DF Y. HEDEIS
CAD/CAM %ZEIET 2 BN W0, FIE7 O+ XA EHE
IND, COFETOERLL2MHE L TOFERREZERT 2
7o, IHBOEEMOBLEICOHRL S, DL ICEHAKEEE
FHLTWA7-, BESEOUHIINIZ UVM A XL, &
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BELGTREEZERTZ2ER 5, EHMEM (BR) Rk — L= UVM > U — X https://
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7 KHEMTORS, 2022 FEBEIYREFTARFMHE
R EMIE. (2022). pp.489-490
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0 [ FormEye] 4 % TERIHRFEHROMEG &

['VectPath | =4 % HE3XTIREEE

Fig. 4 UVM B 3 RITIARRHIEREE
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) ERLEIRY © 1 TRICENT 5 2 L AARETH D, MA T,
CAD/CAM ICR S %W 3 RTHROBEWET A RIZK Y,
- MINROBHER LT ICRBEARRBEEEERETES, &
LR BIFEBROERAERXRELT,
>

gy SE—FE L TRERROBESEZIY EIFTL58,

OITEHFIIEVLWTHLEBELIIHIELL, aBEARNI%Z
EREND, £ZOFTREMBICAZA> TLHRIEED
“' BV, Z0SH, 7 —vh 2k ENEERBEMIOMREICZ
2 NhLEBHTLERLL,
= St
L DEEELER—LR— BENRH RGHORIRE,
- https://www.env.go.jp/council/06earth/y0620-3b/mat03.
pdf. (Z88:2022-7-19)
. 2) REFRE, H LERR. SBHE. BANMOSRBEIEIMI,
7 HZLEa2—, Vol.b3, No.7.(1998). pp.47-50

3) IhAE—B, HEEH. RBlEih, AEBESEERO
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Hl it Z R FRICH T HE TR A~DEFH A
Efforts to save energy in control equipment development

WE, R4 SDGs ~NOBELOFE Y I, KERBEREALYE
EICBEWTERODENERACH—RY 7 ) —~OEHEAZIEL T
W3, YHoE@EHE Iy R—%Y MIFHEEEH L WET I F 2
I—X2WEHD-DENZLELTEHHN, BHEEXZMWR /TR
F—EORVWHBHAFKECBRRBOBIRA EEED TE, &
T ZDEY HAICDODWTEBNT 5,

In recent years, the growing global interest in the SDGs has
become a major trend, and countries around the world are
accelerating their efforts for effective use of resources and
carbon”free products. Our various control components require
electric power for control operations or actuator drives, and
we have been developing energy efficient products with low

power loss and reducing the number of components. This paper

D = — Lilkiilt2 2 B Ay
AR AT AR AT
N—R7y TR N—R TR
INEFETER KO =B

introduces our efforts in this area.
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HEER D = — D = —
AR AT AR AT
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ik E— sl 88—

YA4AVDEE
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AETIE, SEHEIVR—F Y MBI ZEEN-EIH-
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HURESEORENMEND I LICLY, BRIAT7HA 7L
B L -REZEANERICERL TWL 5,

BIxZTYRAMTBY 7 b7 o THEICETAEREE L
T, WIRERNEB A% Bl 28D L OBRERIROHE
BHE 1Y —ICARLAIFZRIENOVTRENT 3,

H#arbto—-3-—TEALTLEYAaVICENT
&, 1997 FICHIREML Y 05 umT AR EA WL
H8S/2144 »*) U —R &N, ¥—4F>»RA¥ +O—5 D TC200
BLETCMini TC3 LY —XDv A2 & LTEHL BRI
Axni,

LAhL. 70X 0ESICL Y H8S/2144 DFERIAITD W
TW/=2015 &, ILFxH R &Y 40nm 7O+ X% AL 7= RX231
PMY YU —XZIN TCmini > —X~DEAZETL 7=,

WEBHRE, XEVARE. BEMESZ HES/2144 2 2B L T
BY, TCI122 ) —X& LT2016 £& YVIRAZRA L.

2016 F P&, TC12-10, TC12-11. TC12-12, TC12-13, TCl2-
01, TC12-02, TC12-0A. TC12-1D, TC12-14 ~ & BRER%E1T-
T&7,

2019 & E o H8S/2144 0 H i #4113 12,576 & TH - 7=,
2021 EEL Y 2HEH DR 4,954 B4 H8S/2144 & V) RX231
~Y Bbh o7,
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Fig.1 TC12-01

1 EDHEEHERS

|48 TC3-01:3.35W

HAE TC12-01:1.89W —  1.46W(44%) DI

FERR 63MWh OEBEEHEDHIR

X1ISBHAIT7IY 4 ~580BEEKICIHY
@20 [ /kWh & L T 126 A%,

HTC3INH TCL2 ~NDEEIF, ¥4 AVOEES L UKE
FAMRE SR mBIR A E CEAKEELT EIL A L,

B -7 1 (£ 3n24LIC)0EE

2005 %, |H NEC & CMOS-12M 7O+t X %A L =4 — K
7Y 7 BSX U —X@Fs— k7 LA (T-P0243303) % FA%
L7

2016 FIHENECHASICOBER NI E > -T2 T > M IFIC
BS-X ¥ U —XAlf ASIC DE#RBFE R L7z, 2018 &£ &
YEEX—H®DCMSC IC &V FEH (TM20242R0) %17 > 7=,

Z7O0€ZXA015 u mA 5 0.13 u miZh -7 Z & Clock
gating BIEEDIAIC K VIEEBNZERT DI A TET,
Fig. 2IZR &5 2. BEAMELS LAY BRE LR OMHZHES
R H¥E T,

BR:YIal—vavEoHEEED

MEAREBMERKBICE VT

T-P0243303:685mW

TM20242R0:240mW

—  445mW(65%) DR

T-P0243303:2018 £E 67,941 &

TM20242R0:2022 FFE 7,830 &

(BxgbY 4~6 1)

FERER 125MWh O HEEBHEDHEIRE

X18BHAI 7Y 8~ 9 BDBAEEKICHY

@20 [ /kWh & L T 250 A%,
X Clock gating: ZU vy 77Ry 7RI/ B Yy 7% T—2HE
T2 LELITHEIBTE LS ICREZBRT S
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Fig.2 BELR(E:RTR. & HRER)

| 4 RNDEEEECT

TCmini &V — X D #AE XF B % 1 2009 £ & V) TR AKX 0 B3
PERAIN TV, BPEEREZERL WD BED
FlEMER EERICHET 207U JEA (Iech T
400ms) DERIEAPBE L A>T,

ZZ T, MAXIM 0SS FEMEZSHEN - TV 2Ly
/N—4& MAX31855 %R L 7=,

MAX31855 I B IC A EREIKZFH, BENANZRE
T—RICEBELYYTAT—RTHAOIND D, T OEHEERH
RETTIOms ThY ., 7V v IEoEEIELI NS,

¥, BEAT A TUBR V-FRRERAENRELR

V., MERBEZERTE 2,

EHmas1lch »7-Y

1T E & :55(1Cx4,Rx35,Cx10,PCx4,0SCx1, TRx1)

##E & 23(1Cx3,Rx12,Cx7,PCx1)

— 32 ROMEHEIR., EEETE 55% KR

U2 Mol SoaBr P
MZSE‘%E"I'HL .

Fig.3 ABNANEERRLE(E R, B &)



n N)—FS1—IVDEE

BREEHOZEY Y —RE—XAORERFHEE (B :
Y—RT7>7) RICBEHINZ X7 —FP2—-LIiF, BHE
B (ER=>0 XMy FlELEL WS, Y—RT7V7H
DBEHEHR A v FIE. £IZIGBT (Insulated Gate Bipolar
Transistor) &\ HEHKRNT —RFICLYBRINTWS,
IGBT . ®FEX A v Fr I/t RENLEBRERAZEDLE
FolemM7—EY2—BRELTHREBELTEY., ZOEIER
MEElFR4mELTWS,

P—RT7 Y TOETLFzyIICEbE, FHRANT—F
Pa—LERALEHOEEENERICERL TV 3,

Fig. 5 oflclE, MIBET LV (F—FKT7 Y7 ARV Y =X,
IPM RYU—=ICHLEBHET LB —RT7>YTGCM U —
X, IPM V2 U—=X)Tlk 27% (14W) DBEERBHIERES 1
TW3,

Y —RT7 v 7 (GMA2A) + B —RE— & (E 6kW) EFESR
12 TER 123kWh (=14Wx24hx365day) SEE EHE DEIE R A,

EAZEE : 600V

BHEK

= (SR =g
EIEE : 150A 27 %Hll R

R-1PM B1PM3 U-1PM V-IPM

re=5kHz

Fig.4 N7—%EYa2—1 Fig. 5 BHBKERS

LT, BN —EYa—LEERLEY—RT7> 7 (GM
DY =R BLUVRAY—RT7 v THREEO—GITH B,

Fig.6 H—H®7>7 GM -3

St SoLL-CLLE

Fig.7 &< Y # BTD-110S.R16

) nIesmiEsic & 3 HEEDES

Lt oo TRt L BUEHI#I5RE T % % TOSNUC PX200
k., B IMTH#EE L LT [CNCSHAPE] Z##EHL TW 5,
CNCSHAPE 7~ X hH#kgE% ON (¥ % Z & TINTHEEA K
EL NTERFEOERES L CEBOEEENDOERICTEST 5,

12 )(%E&FI(CAV)
CAV mold

Assist OFF
14h 22min

Assist ON
11h 59min

1 5 ¥l

1 2 K

Fig. 8 TOSNUC PX200 Fig. 9 £AMIKMEH
o, BABHEOREVEMTRWI -7 2T 2B
FNERARET B[ 7 —EEBLHEICHIYBEATLS,
T—VBEICIGLTAIA - emBElk L, MIKEOERES
LSOO EBEENERICES T %, Fig. 10 (Z MPJ-3120M

ICTEELAIZTRT,

o BAERE 15t Rl
J—4 : 5t 15.8—>12h
' 24%5E1E
]

TR 24 %052hE

L
i

Fig. 10 MPJ-3120M (Z35 1) % EFEAER
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HEBNORR | 3 ERDIs

5 Wt DEHHEAME T 702X 3 b O—5 CIEBENE AETIE. KRB F—2 FOREN-RTHK-BER

= WABALICERT B LICEY, BEICARL—ZANBEE  CETAREICOWTRNTE -,
HEBBTE B, IND D LA BN EALBF T AL RELA LY — (2

— R BEEIC T 2 EBEATEY TALA LICIBEY HET3CICL Y BEREaHERCERTE2 LER 3,
BIlici). ATAEEAX— Y OBREEBRHICLTWS,

=

5

it

=

E5d

fir

g

BRESESRE | B RRER /
[z B rr——
e 000.00 [Vl Bl =20
o CIEEEEC
T s | ————
h -00 L 1n B30
000,00 [T J
B 00 i
i 000.00 [T
W ]
. T

Fig. 12 EBHANEREEE

izl

2 ™
: LI S SR A TS
R
o EBEDTH~FRICED PEBAOEAEE CREIAREL TWEHTEBIR
CEBEMATIAEEL T BIFELSNEOTTA, BRENPR> CHERM LB
7 9, BEICAAMBRLAZY  E—BOAAEBEL, Fa33E (FFaao& LEEL A
% KBIZOoWTOED, BHROT ZULWDTZORBIIFEDNTLERATLT,
BICA > TEEMROAM & /< LAHOBERIE, PEEEEFTHBICMASING T -~
— L Ly FERENBERAN DSBS OBEAHA oI EDEFNC, OB E LT, AMICK
z s LTHEOMIBICEATSN  TAMBARA > b — RO TENE L [ UEARE
i bR Ry FEBTOI ETT, PREETORAERRL TV EICbHY £ LT,
% kH EE AMERS DRIFHTHZET IO L MHTOERN LD EENITH L TLL
! LD TMINREB DI, T—rOTHEPIESDEE  EFPULYIRERTI CLORNS ZRICRBL S L1
- FERICEY RO L2 ETIET X P ETL, CORMTH  BRIA-STHY. ZAHLRBEVRAKTEANT, BTR
NIEATRE VS ZETEBEE-OTTH, EBICT  BY7— 22 EBRICERT L Vot I ELAITE LS
. BITMASNE 7 — 2 WY RO EHEEAECBABIE  ICLTLET, APBERRLANRICER T3 LKA
b 52FR(V Y. Eh, £, KOFOBHAE)MELS  BRICODLWTTLT
HDTLT=,
- - J

71
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AAZ0 Ry MRFEICBIISRIEEFEIR~NO770—F

EFAORyY MIRT2HEERIIFLATE>THEY ., BIFEEEE L TEY A 7L 2 4 LOEHBCHIEE D
mE. ZNHEARXRFOMAAPEEFINTWE, IHICIIREEWEROBREN L, REBICEBLA-ERTH S
ZeHRHBONTWDE, BHIFZO=Z—XIC T2 2FHEME L TR AT ARy b THEB00/THEL000 DFF %=
T>7-. ATETIZ THESO0/THEL000 MBIFICH T 2 BIEEMAAEIRMERE. 1DCAE #F) B L 723Xt~ DEL Y A

RN L. RIRAFRIBANDOMRICOVWTRET 5,

SRR

s DA SIS > /= — B > e = — B > /= —
ARy bR ARy bR ARy bR ARy bR
=k A S 0 ARy bR Oy bR Oy b kiR
— et = & N RS
RKE =H hH R M= fe— JiH B
. - Table 1 THE800& TH850AD -k
Lo .
A THE00 TH850A
ZHT ARy FAATFSEEEAK Y b EFERTVD, el ! !
7 — A (mm) 800 850
KEFRD 3 D20 EEHAOEHNEHD 4 BEHEDOHE (17 — h+8E27 — 1) (350+450) (350+500)
BIckY, FEACTOEERZBELTIEEXAORY FTH 5, 511 (deg) +132 +160
N o R PR N " 21 (deg) +152 + 145
Z2A5ARy MET7—LEHA300mm &5 5 1,000mm %482 BRI 5380 (o) 05120 35200
2b0FTELOBELN DY tRALIEOBELITFERAS N #5440 (deg) +360 +360
TWw3, #TH7—LE800mm, 1,000mm 7 5 X T Al ik %5 1 (deg/s) 300 300
21 (deg/s 540 420
Db DIE. EV (Electric Vehicle) E#A/ Sy 7 U ORGERA |k [ oo (deg/s)

) %1 30l (mm/s) 2, 200 2, 050
ELTHBEZ—XDEWVWHDEAE->TWS, YHXAT7AaKRyY w4t (deg/s) 1, 100 1, 200
FICH LT, 7 — 4 800mm., 1,000mm & 5 2 0 & Al 1, 2 £ K (nm 5) 8, 400 8, 130

TERE ATIVE & (kg) 5 5

JoMETE (2 IXBE7E D TH850A, TH1050A Aidh V). B+ i K AT A (kg) 20 20
BEALTLAA, “REREETRCHVCRAERS Yy | STOAWIIET— X | (ken) 0.6 0.2
) . NL R | X, Y (nm) +0. 025 +0.010

KA EAR, BELDE7 PREDOAEICIEZ, ARY FREDERE UK e 7 (mm) +0.010 +0.010
UP L BIBMEER EA RO DN TS, £7-. S IBIBEETH *2 C(deg) £0.010 0. 004
Wl - N _ I oAy PAREE (ke) 416 76
é”;ﬁ“@}}:ggb\ia L. h—Kyv=—a— }‘7)'/0)§ﬁ,,|‘\75‘b:t:)\ oy hE—F %3 TS5000-MS TS3100

CO: HEHHBHIEA RO SN TWB, I T, ZDO LS HHHEE
KRICIEZBDRCHB R A Z 0Ky b THES800/THEL000 o B %
Z{To 7,

B3 THES00/1000088%

21 | EAXEH

FTHEE THESO0 & fiEski%fE THB50A D ft#k% Table 1 (Z/R7,
LB, LEBRDO3I5RIE THES00 & TH850A & 9 3,

LB R - BRER - BRELF 7y ML ReERE - IEERE O
RN %%,

*2:FAERE HERE—ERO—ARRELIEE TH D BB ROEE
BLUBPHEE L IZERL D,

*BZEAKROBK CEARAEF T a v BRANELD,

THES00 ¥ TH850A & LB L T, 3@ EEZ bn—7
. ESOBEE=—X% & 5Z 200mm » 5 420mm & L 7=,
o, JVKEGWEYZIBETH7-01C. FRBEE— XV
b % 0.2kg-m’ 5 0.6kg-m” IC¥EME E 72, Fig. 1 iC THES00
& TH850A DAL E %R,
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THES800 TH850A

Fig. 1 THE800& THS50AM k&3 LS

22 |REGHHIROT 7O0—F
THE800/THE1000 TIXRIE~DHEZR/NRICT 2 X< H
ROBBTHABEN ST 7O—F % Li, RALYREEH
BRI IS L 7 BEEHRRIC D L TR T B,

221 | N—=—2#B(
THES00/THE1000 Tl R — X &F % {tkiktE T 5 THEG00

CHBL LTz, BT BRI ET, FHE-ARROEELINZ
BERLEERL, Fig.2l22h50F vy b (THES00) D&
ER&froX %, Fig. 31 THES00 & THE600 mX % RT,

E18h
(Fem)

. i

Fig.2 ZAZAKRy F(THES00) DEEBAFR

i THES800 THEGO0
-
- .
L
— ol
| .
~N—2 Ak

Fig. 3 THE800&THE600D~R—X
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222 |17 —L.E27—LOBE(L
THE800/THEL000 T8 1 7 — A, 52 7 — L IZ ST

ZRENICITVO., BEOEREZER TCE2BHEORWVWLA A
R bEEERAL, ZNICE Y BIEZFREURICRE DD
—LBEEDOHIEZERL 7z, Table 2 IZ THE800 & TH850A

DNEL1IT—LEE, F2T7—-L2KOEE%RT
Table 2 THE800<‘:TH850A0)
BT — LA BT — LD EE
THE800 TH850A
17 — 2 2ROEE (kg) 8. 92 12.12
H27 — A eROE R (kg) 28. 1 33.27

2.2.3 | 528, 48T — Y BEHIR
THE800/THE1000 T 55 28, H4 MO RELEE IC £

Y. TH850A L kR LIERENDE— X %A L 7=, Table 31
THE800 & TH850A D5 28l F4ME—XBEZRY,

Table 3 THE800&£TH850A®M
B2 BT —XRE

THE800 | TH850A

w2EhT— 2 KEW 750 1000
FAadhE—XKEW 200 750

2.2.4 | BB& A B DHIR
THE800/THE1000 TIFEHE EWVWX A WX FRERAL

T EIC& Y XAZALR by SBEEGFO—KENT
T Efo. T, R—RO—{Kt, REYBEOREL Y.
THES800 (&, TH850A DB RE & LLE T % & #) 6% DHIF %
EHR L7

225 |3y hO-50OEH
THE800/THE1000 Tl 3> kA — 3 TS5000-MS =# A L

7zo TH850A THWT W/ ¥ FA—3F TS3100 & L& L Tl
EHRECT RS ILEBREKNBICHRLTVLS

REGWHBOT77A—F & LTIE. 3y bo—7 o8
IZ& Y. TS3100 £ LbBR L CTEE35% HIB L 7=, 7= £
X722 TCRIAEIICERET 22 &ick Y, REAEL 33%
HIB (r — 7 LVBEEEE) L. Sl e MREIREZ SRR L
7zo Fig. 412 TS5000-MS DO &% RT

Fig. 4 TS5000-MS#-&8




2.3 |1IDCAE%FIA L /-FAKDXADOEI V) A&
THE800/THE1000 B Tix. 1DCAE #H Y AN 7-FAF DX

EHEE, ETALYIal—avICLBEIRHRETICEYEA
72, RIELYZOFERIIOVWTRERT 2,

2.3.1 [1IDCAEICD W\ T
1DCAE & ‘it/}:ﬁ;&u+gX|§%b\b@ﬁH

FiE VLD ETH B,
BrLosoIal—varyERICEY.
Z &l GEENMRE T SR kT,

6~ nXu‘I’i?ﬁo)%K)‘j—
SEZDY—ILD1DOTHBER
AEmERETRIET S

2.3.2 Iab—=—YaFIg
THES00 & TH850A O 1. 2 8 AR ENEDERE k1L & &

TalL—Ya vz ToFIETIT >
a) ¥YIal—YavETFTLOMERK

B b Tal—aryTlRAVR—FY FEFEIEND
TRy o EEREDE, YIal—2avETILEERL
Fig. 5ICTHESOO D> 2 2L —¥ 3 vV EFTILERT, £7-.
Table 412, ¥ Tal—yavIiERLEZIVYR—FYFOA
IRBERT,

Table figg | bEe e

Position ([E]%z5)

\
= ﬂ Revolute

(111} =@ :%Umﬁu@

Fig.5 THE800MD>Ial—>avETIL

Table 4 IAVKR—FVFODAAARAR

o R—F b ANTTNE
World EHG M, &E
Position (JA]#z%) L
Revolute [al#iz )7 1A)
Body Shape ETIVOELOLEEE, EE.
EﬁT//w
Combi Time Table RERHZ & OKMhAET — &

b) Body Shape A1/ X —2 DEH

Body Shape AAF /8T X — &%, FHEFICERLTWS
3D-CADT—%h b, R—XEP F1T—LE. E27— LA
D= T LI, ETILOENEBERZ, B2, BHT
YL EBEHLT,

c) Combi Time Table AABOBEET—XDEH

Combi Time Table AZTROABET — X I35 1. 2EHERKED
FFIZBEVWTRA ML DPHEZEMHFICTER L7z, Table 51
BHEMHE%, Fig. 61 THES00 DAETF—&% 57 7{kL71zd
D%ERT,

Table 5 AVKR—FVFDALAR

THE800 TH850A
1 EhENERPE (deg) -65665 -86. 5$386. 5
%52 ShENMEHIPE (deg) -115.7&115.7 -130130
A (kg) 5
(deg/s) (deg)
600 150

400 100

200

-200 -50

-400 -100

-600 -150

0 02 04 06 08 1 12 14 16 18 2 (s

Fig. 6 THEB0OMAET—X

d EEhtLsvIal—varoEhE

b), o) TEHLA#MEZ, a) TEKRLAEYIaL—Y 3
VETNMIAALEEB ML T2 -2 avaERELTS,
THES00 & TH850A DEBA h L7 2T % &, & 18I
13%., E28IN3I%IWMAoNE I & ZERTES, Fig. 7.
Fig. 8 ICZ N Z+ THES00 & TH850A D55 1 8, 5 2 BHER S
by Ial—vaviEROMBD S S 7%RT, Table 6
ICBERAR/AN ML ZIRT,

W THES00 1: Jitau m TH850A 1: Jitau

23

}=3

t=3
|

400

200

o

Lo b0 8w o byt bogpp fown o byt oy

J1.tau [Nm]

=200

=400

-600

1.0 15 20
Time [s]

=3
o
o
o

Fig. 7 THE800&TH850AD S 18HERE) L
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m THES00 1: J2tau m TH850A 1: J2tau

200
100 ‘

50 /"‘

J2.tau [N'm)
o

s

- L

100 /L_J [
-150 T _J\

-200

/ .

00 05 10 15 20
Time [s]

Fig. 8 THE800&TH850AMEE28hERE) Lo

Table 6 FHJEAFNIILY

THE800 | TH850A | HiJa%
sk V2 [N] | 489.6 | 567.5 13. 3%
%1 iR/ BV 2 [N] | -489.6 | —565.2 13. 4%
W2 M K RV [N] | 161.9 | 167.3 3. 2%
%2 s/ kv [N] | -161.6 | —166.9 3. 2%

) suasmn ong

BIE THAN L 7= THES00/THELI000 BEH I+ I 2 IRIBEE T
BB ME . IDCAE %# &£ IC L 7ZFAFEDX~D B Y H & IC &
D, ERICEOBEERRETHARTZ -0 H % THES00 &
TH850A NEREHBEEZ #HE L /=R H 5 LCA(Life Cycle
Assessment) % FA\ TEHl L 7=,

BRZRELY BRT 5,

31 |[LCAICDWT
LCALIFER - Y —ERDT A 7Y A4 7 LEHEXIEZ DEFE

BREICEIIZRIBANEZEENICTHMET 2FED I TH D,
SEIFE. FRHIND CO BFHB% BT 2 Z & T, HIRE (&K
EB) = EEMICFHE L 7=,

3.2 | THE800& TH850AMNCO ki B LB
THES00 & TH850A @ CO: HEHHE Lk B D 7=, E#EH S|

TE L7=fE% Table 7 [ZR T,

Table 7 THE800&TH850AM EH#ERIE &

THE800 | TH850A | HIIJE=R

' & (kg) 46 76 39. 5%

ThEE & () 192 860 77. 7%
SAMREOEREEE (kVA) | 0.74 0. 85 12. 9%
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Table 7 DEBIfEA H THES00 & TH850A D5 A 7H 4 J L
TOCO HFHEZEH, KT 5 & 128%DHIFENRADH S
T & EHER L 7=, Fig. 912 THES00 & TH850A D5 1 7 H A
INLTDCO BEHEHBRD I T 7 %R,

7.00

6.00 —

5.00

4.00 mESIS
5.64

3.00 491 BB (105F)
2.00 LSS

co2iEHE (1)

1.00

0.00 |[pyna=
-0.04 TH850A THE800 -0.04

-1.00

Fig. 9 THE800&TH850ADZA 7 HA 7L TD
COBEHH B LB

.’ff’ébb)t:

THE800/THE1000 o B % | $ |F 3 IR 1% & 77 KBl 1 3K,
IDCAE ZH A L 7oA~ DI Y A Z BN LT, oo Th
HIERIC & Y IR & LB L CRIBRAMEIRA R TE 1,




b i

Column

RFEEDFED HFhlE SMMT (X 4
T4#5:Shibaura Machine Manufac-
turing Thailand) TOIRMIER
I LT IR EE{T>T
W3, ¥9. B CcEAERY 2MHE
N EE"DETHD, HEDM

s — . -
TASE TR R R TITHERICIETARYEHINT
THE IBR macers@stchzeade

EoTLWIEBALBEWI EN'H B,

FIZ LTI ORERY [%[/3YERY | [HRY B LT % &
DENICHT=2, Z5 LIRBICHLEEP 2 RTKE T
BRZDICHNPREEZET 2hFEH £ THE—RKL
I S72DH, ZADOMIETEATHW - HRD3IDET
METH B, 3IRTHICEBROBERZHLBFLRS Z &

hRZEHNE | BATONIEMZE

T YBEFITEHEBRICKVWEETH “RBE "2 77X
SNNIEEEHERE— FARBWICEHETI-DOIEE > X T
H7E,

- BBMOESZIY AL Z & T, BRIPEATYL
BELBHTETWS, LY LEKARL LTEHEEIEINLTYL
%, MIWB T INIAHO “PIHIE "D, SEh b “ ik
B MIZOED “ME", BLE>7d 0OEEEHILM
TICRMT BN TES, HEADRREEEICAZ LD
NOBABRBEELSMIREEZ BBH2 2L HE4F 50N
ZOEIBBEICOVWTIMFR-RBITHILIFHELL, B
AOBEWEEEICH L THRR LEVWRTIEOREE &0 &
SICRBLEGET 200 2N NN HEEYT % FEED—
2TH 5,
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Injection Molding Machine upgradation from
Induction to energy efficient servo system

&
#
- Shibaura Machine India has began its operations with the takeover of the plastic
machinery business of Larsen & Toubro in 2012. The company manufactures advanced
7 Injection molding machines and Auxiliary equipment since 1992. Its products cater to the
needs of wide range of sectors such as automobiles, packaging, medical equipment, pipe
i.ﬁj fitting, consumer goods, electrical and agriculture.
; Shibaura Machine India organized upgradation process of Injection molding machine ESZ 4 /=
manufactured at Shibaura Machine Japan (SMJ) as well as Shibaura machine India (SMI) C.Somaskandha
Head-Customer Service & Application
— from Induction system to Servo system. SMI executed more than 50 no. of machines for this  SHBAURAMACHINE INDIA PRVATE LIMITED
retrofitment. Most of the retrofitment work was done at customer place.
%
0
i Customer’s are benefitted with followings:

-+ Energy conservation: 30-40% or more in power saving
“ Environmental impact on reduction in carbon footprint

& Noise level reduction from Maximum 90 dB to 80 dB

“ Improvement on productivity and quality

Japanese machine equipped with Field modification by using new technologies with
induction motor and binary multi-pumps servo motor and a single pump

- MR

N— b |13

Energy efficient Servo Servo drive Software
motor and pump system

77 | Shibaura Machine Engineering Review



Some of the sample of retrofitment details & its benefits as below:

. Year of .
Sl.no Mna‘g'é'e']e M?:?ﬂifgd Product Egsrﬁg E“‘ﬂ:‘%“a?te“t Customer voice
o Highly satisfied
60% . .
Headlamp Reduction of with energy
1300T . and .
1 2003 (Automobile 23 kg CO» saving and
(SMJ) 33 kWh ) .
-Cars) equivalent technical support
saved
from SMI
Performance of
. . 42% . machine
850T Grill radlat'or and 25 Reduction of sz, il
2 1993 (Automobile 18 kg CO;
(SMJ) kWh . plan for next
-Cars) equivalent .
saved machine
upgradation
o .
Writing 41% Reduction of Machme.
200T . and performance is on
3 2003 instrument 15 kg CO:; .
(SMI) 22 kWh ) par with new
(Pen) equivalent .
saved machine
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EHX Y752 =vF EC PLUST DN

Wi

Table 1 {Lik%k(E
HE |
= T ERANY)

Eg DR mm »18 20 022 025
= BEmOEEME S0 5 4% EDEEE L CEETIEKESNH ZJ12M0-2 mm 72 80 88 100
HHE cm? 18.3 25.1 33.5 49.1

BEAREREMNE L TEZBEMBEAERLELINTALL, L BASHBED MPa 200 200 200 160

‘ ) i BARE MPa 150 150 150 150

B L. BRI TR HERAFELERAEREN I REL R g mm/s 180 180 180 180
. e et s b e . e s SiHEE cm’/s 45.8 56.5 68.4 88.4

- . o e 201 EIREREE in'1 480 430 420 420

# E#T 37010, FORGLABREREICA Y — LT Sovenes torh - 4 - e
s RIOBIE & BT 2 kb b2, TRAMERIcRY £ L2 = = 858 58

MELEREMEICT LB, FIT. FNDHTXA Yy FEERET
32LxEMELT, 2EHASNERHEEC-SXTY ) —X
IS L, U=RFTNICT RA VAl BB Y 7=y
kF ECPLUST %#B% L 7D T, ZDEFREBNT 2,

i

(1) B8RX v 745Ha1=v b EC PLUS*

EC PLUSY 1. RRFEHEAKRD X 1 ETHEE & 13518 hN%
BT 2 75HHEBTHY ., XA VFHEE L IXEL B H5H
BaeSRNICFKEBETEHDTH S, EC PLUST O4E % Fig. 1.
AEREME%E Table 1 ISR Y, A& S EBEZMBFICRHLT 22
ET, BIIBE (R VaR)ZREL, ARR—X, vy
bEEEBIEL, ZORRE. NAKOSEEE" oA-~

b BICH L. 25 130mm 35 (10% 38) 18 130mm 3 (20% 35
¢ BE*2170mm 3 (50% 35 ) £ E| L 7=, Upper
ROV 18 PRI Yadmbhbh A - LEE TOTE Non-operation side
T (2) L3R
% EC PLUS* |, BEEMAZLOIZEHE EC-SX MKEICH L TH.
§ WEHWASICBMTES LS ICEY 2 —AEEEFALTL
- %, BICTICRY ZEBAIRRAD T, ZEEMMEOEERE
% EHEB LRI, REERORREESH S, 7, 1=y
- EA YRy bz E, REAAINR/EOTHICLIISTE
BEAEAEL TV 0, 280 3K (XE., BEE) » P
. S DFHIHIETE 3. (Fig. 2) e AR R A A LTV BT

Fig.2 ECPLUSY®%BLAT7 Y
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51T, BRICH LETHEE & 0EERECNIATEL D
T, BEOLZEEMBTERERICERICHIETESZ XY v b
H5,

(3) #BfF1E

EC-SX M ) —XTlE, [INJECTVISORV70] Z#&# L. &
AR EOREBE LT, XA VY THRADFHZEL AL~
TS T ENARETH S, (Fig. 3) —MMICT KAV 247
OY TEHEBOBREERIEAGE L FRIEME N, RFEEE
BEVCEEROE=RY Y/ T—RHMILTVWEEH, Zh
LE—TEETBICIETIRIREL 7o, FHETIE2 DDOHH
HBOT—RERATELTWDD, EROL5EBEHLLE
ORI ENS, Industryd0 ICRERSNDEERKBD loT &
BTk, EET-R0—TEBI WAL LD, TNOEXIET
DHEHAIHE ) T— FEEY R T L [IPAQET] ORHFH/N— 3
YT 2MRFEICHIET 2 FETH B, (Fig. 4)

32 ALEDY THINEB BT 3 I IHBEEE OB BHE
(4) BEIOD—% Y —F—7 L &DEE

iR =y ME, BERV7HEI=Y bOfh, EFIO—%
U—F—7LHREEINT WS, (Fig.5) BEO—%Y—F—
Znkld, ATREARDEESHMEIICE LT, AIEERICER
D72 ZEEIE 2RI =y FTH D, REERED
HIHEBT1IRMERIER, 01y FTEEERES E,
EC PLUS* T2 XM= FHET %, (Fig. 6) ZDBEHA—% U —
T—7LLAREICT RA T2 L zpiRICETFshTY
3, TDLIIC, ERTHNITEROSH HARFAME ZlE L 1S
NETERD 21 ZBEMEEALRIEIX F TRRTE 3,

x IS HAE : EC100SX T ,EC230SX IM ,EC350SX II

Do

SERH L [EBXY 75Ha1=y b ECPLUS*|IZ. EH
ST ORRE T > TS BERERF 2 RRT 3 HlHH
MAEERF INT WD, ST, ThOEFFIMTEZE L &
HII, BEROBEAREICFY AL, SETICEVWTATTO
BRICEBML TLERL, BAL TUW WSRO
BEELARE U — X F T ILICIRH L, BEBRASFRICHMINMEE
BERBRTERLIBELIEMARISEET 2FHFTH 2,

T 58] e

MAIN

SuB

ok
St

)R

prrarr e sw |

MAIN SuUB i
Fig. 4 iPAQET E=&Y¥/HEHE =

=
rh
=8

LIRS — @RuiR — 2 WA

Fig. 6 a7 REEEAA2MET

N— b 1283 -

POfe B BRI S >SS — BRI AR RAREGTER | 80

Shibaura Machine Engineering Review



Wi

=
rh
=2

N— b 124

PR/ —-X

XA NhRX <> DCA00R2 DFEA

Fig.1 DC400R2D 4148

KD ==

WE, KADAMERIEIFEOSE Y ICL Y REETH
ZEBTELREHIRD DN TVB KB TIH . BH Y —RE—
ZEREND b S K BHERECY — R E— X Z AV TRENCED
ZHIEY %Y — R HERZEH AIsE% DCA00R2 ZFFE L 7= D

THRNT %, (Fig. 1)

D =

1) BBEBICLZEATR
DC400R2 D EENEEBNEFHEIE % Fig. 2 ISR T,
R—ILRLEY—RE—LOEHIEDLEICLY . RL—X7
IUBORENE A FIRE & 2 Y . SREBRENIC R T R L F —1BKAH
NS BT RERD,

} R—-hl3
Y-—ht-% Ball screw3

Servo motor

oyRF1-7
FAZUINI Rod tube

Timing belt

Vo b v V)
Angular contact bearing

Fig.2 EBHEHE

HERE C B CHRAMAKOEEEN LME LR L 2
%% Table 1 IT7RY, BBIRHEILHEEHD» DAL 1470
EEIC L DEERR L TREE A B,
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Table 1 BHEMHEOE IR

T GELD) =
HEES (kW) 12.2 7.0 5.2
TUBHEARFR | (sec) 4.0 2.7 1.3

XETIERTHE RE100% TR

2) Y—FRAERICLZETR
EHEOHERCIEHERY 73— O EEH cEind 3 A
YRy avE—XTREL, Ry 7homHIn/didE
NREBFERICTEN, REZRAELTHY ., ZORICHE
DEWHEZ VZICELTWS, TTICTRLF—OXDH
%9 % (Fig. 3),

BREDMER

NANA FPDF1I-AN

dp db

.

-~

Fig. 3 1REEMTIRDMER



Ihi L, Y= FRBERTIHHEER Y 72 —RE—XI(C
THREBL. E—20REGEHTREZHEL. ENILHERED
EHEY—RTY 74— KRNy o LTHEEITS, 207
HIFNF—%ZORTEI e HEBNEZERTZI LN
AlkE &7 B (Fig. 4),

H—RHER
HANAPRYVETHF1I—HA

e R IS
i (8R4
pERNRO | || B2 Ene
IRILF a1
LABTRE
SRS !

WEs/MNROEER

CHETHIER=>CO,HIRE
SRHIKEERE
Fig. 4 Y —FHhERDHERK
BEOHERE: Y —RARBROHEHEENZ LR L /-%k%
Table 2 IT"9, Y—HRHERZEEHT 52 & TR 3MU%DHE
BHEHET 52D TE S,

Table 2 H—HRHERDE TR

mie | o8 |
MER | W | ()

WHEE | (kW) 15.9 10. 4 34.6

XA 2L R4 L30(S)

3) FhlEE
FIEEE (3 FFFE L /- KRB @EmE D TOSCAST-999
L7 (Fig.5), KEEZENL LT 2 BETRIET 2
GUI & L=SIC & Y EEYHARENRY . E=2—% Rad
OEUEET S, BEETA VT —2EZRABFICKRRT 25D
AlREE Y | BFELSKIBICAELTWS,
£, 7X4—707 7 LRBEPIURGRAZ. RHERE V-
7A—Y - RELERORREEDL LA TE, R—/8—
LRICEBREMT v 7PRIBEOREICHEMTE L LE

Z %o

=

i fEsde YA X (298%375(mm))
FH YA X (447%375(mm))
Fig.5 23> +A—>TOSCAST-999

3 RRE

Table 3 (Z DC400R2 E&t%ziC L 7=, HIkkTET#H % DC350R
L L, BfEHT v 7 (3500 = 4000(kN)), &4 7L — b~
&7 v 7 (935 x 935 = 960 x 955(mm)) (& W AESAHE L
L. I—Vo4EMELICESETEDZEER D,

Table 3 DCA400R2 Ttk

B DC400R2
i kGl kN 4000
AATL—btHk (B Fx33) mm 960 x 955
AN (27 x33) mm 650 x 650
BAN—ERF mm 135
ERES mm 300~700
g4 b0—Y mm 420
ST RRGTH A kN 344
HEFEEE 1:2.07
IS xR bO—Y mm 480
FyIEHE mm 265
SHOGME D s Y THEA~) [mm 150
TR m/s 0.3~6.5
Fv ITEE (1ZH%) mm 60~80
R 1 B kN 190
L N = mm 20~90
SRE BEDFH Set 3/8” x1
BEHDFHR—~ (EHFIELY) [Set 3/47 %2
EBNBIE [MPa 15
WHEEEHE L 450
BRIV OBE L 480
Mt FREREE (BEIR MR EES) mm 6335 x 2346
c RO S mm 3076
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-
B = =6

BEAMOBHICL AT ADE

> HEBEBEHERE I 42%

Y—RhEROEHRHICL AT MR

> HEBHERE I 34%

BEAMICL 2EEROMA L

>Y A TIEZA LEME1.3s

Bfgh7y 7. AT L—bFTET Y 7FI2L B
FmAomLE, £EEOEL

>a1-YREmOmERL

FHEREIC & 2REMOR L

= KEHELIZ & 2 BEYHRERE OB,

A—YHRELEREZERICKRTTSILIIED
(ESIESl N

| 5 EXDIs

% 1
2)
3)

:th'

5

= 4)
5)

5

ffr

Hizl

X

51

W

ﬁg

- MR

N— b 124

DCA00R2 IZA T A XEEMR LICEM TE 2RIEETH
b, SHBIAVTy TDILFEICLY,
W<,

BERDIEZIIGRAT

Jo 0 Rk

HginARy bEROLAFEELT
Wiz & & ROFEHREVEIMTE
OWEE—#iIcAYy FVICHER
L. kBICWEDE®HTRY Fv
DEE7 + 1 WAEAT o THT -
ZEDBH B,
§§@Mﬁﬁ%ﬁ 7 A4 4L XFEIE 1903 &£, D
$EA B BHBREEELTLAT # (LR
REHIRBRICKK L, REICFAEFL W ZBEAOHKRE

FTHLIZEZA EEUALDENEZZIF-Z e DIEE
EL®HBZEIChosTEWIEET, BECHRETHEHR
KBROEEICH>TWL S,

Bui-olf, ZEHEICEHTZRLOEYTEDONT
WAEROTZATHHZ I L o1, BAOEEOERHM
ol ZARERO L, BTV THE, FE. BHA
FTVT AV ALY, HROBLALERITOEBLEARAD

EYPHTHY LHATWT, BEHFEREL L THRERIC
BRI DL ICESTEBEPRLS DD 272 & AN LT
ik, AV 2 =%y F THBADORECHXEZSRT DL
T BXHLBABE~BEFMNICEHRL TRRINDZDTL
THRICHE->TWB,

ZNICIFATHBEEDO BT OKIE & LWh it T\ 5 BENE)
RORTFLOBFEAREVE VO TWS, BEIFIRTIE
By F—2%FBLT. TOXEDRICIEZDA T 47
LHEDZENSEWE W ARG EEFRAL T, =
ANAXENEAITONT LD,

ARFICET 2 BAOEEOHRIOERIERNOEERS
BRBICHEBICEL B> TWVWEDTELTW A, BHL<
v FENL-BBEROBMITEH2DMLERS, £
BADLARITKREZEVIRITENMEZATLWE DL, X7k
OEEBE~NOBHFR A TLEZNL TRy FOBERODIE
WAFEICAFTERZ L HRWIIRIL-TWLWB LR S,
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P92 5 EhE ST N1 T FET IV MP-2620(U) D35

BE(ER FRORSL)

i

HE, ARL—2RE, BBREIR—IF R, KEFHROD
EREAELrHEL Y BERY BHOHIRAFTRETH 2EE
MIAEFESNTWD, 7/, TIRABRKEZEICAD D F. A
NEE KNIFEE KEARZ—EVENSHROEINELICLD
EEZ LN, FEEIE SEMIABRAART— PR 57H. 5
HMEAMIEOZTENSEDLFRINTLD, HiEICiE, 5
HIESHE LT MP-UrH %3 0ODFEHE 10 EU EEZBL T
Y, ARMERLL1EETH S,

A EEHEICIZENT & v F 4 > b SHElE, T — 7 LA
ERATOMIEFOELMEZ AL/ L. S8~y FDRENMA
Fics VbR e xR ER > 72,

e (AP )
CRANLAy R (A) 2R L 7R 3 #hERMT
AbA—JERICEZAYTY —ILERTTEE
FEAETOT Ry F AV MEIHL

EVL TS RENFTE S,

BN % Fig. 1 ISRT,

Fig. 1 MP-2620(U) D447

2.1 | FANUCH ¥l sl iin s 8 18 &

FANUC Series 30i-B Plus 3R IC & Y. fERBEICILED - 7=
IEEMEEZBINT 5, F7-. HMERILKEEICK Y. FE)-8
HETOE— N THEBOBERE IR EMOBIE T RAICH <,

BmARIE, 2—=> 7 E8h CT WREMEE, EiRmxy %
BEHIRETT 5 2 & T FANUC1RICHHIS L 7=,

22 |#WZX b O-OREL

ZHEERTHIE T BTV — I ERICL 2HBHHEE
BRICHIG LTz oo TERM, 7Ry FXAY IR, TR
RO T — 7 BEATREICAY . FURTIAALET B,

2.3 | KESSLER#t5#~ v Nig$;

KESSLER #£ 5 @i~ v F C &% (] 650mm 7 LANICERET %
ZET. Fig 2DESICRARILAY K (AE) A5 L TFERICE
BINREICAEZ, A58~y Fld, CE#E XA R~y F
DRBAIRETH B0, RANILAY FIETRyFAVFEL
TERAIREE %15,

oo R8I~y P& MEREICITEVE#MO Y 7L HE
LTW3, IoICiERiELY A-CEosibLy, LUV
THANEMEL TV,

KESSLER#t3DCADN

Fig. 2 HEMEEIRR

24 | PRy FXAYIRBAREA

23BEEHOBY ., TRy FAV MERARECEAT 5, X
A b~y RSN KESSLER# R F 7 b KEZ—=v T~y
B BEX—Zv I~y FeEfFlLlc, X—2v I~y F%fE

B¥3ZeT. MEOREMIHLFREICH B,
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25 |Y—-wL484—-71—-2R

4.2 | 24N~y FICHIELABEZ hO—7

REDR—=Z2 7Y =i, HSHFERAEROEZHFENEDLL
NTERD 72D KREILZENR HSK-T 24 7DV — Ly
YO RRERBLT,

26 |BBHIHGFAKE

X,ZBEA FA—JHRT, R4 N~y R TY =L %
B 372358 THIMIR O — 7 D+ ICHERSINE 720, I
TIrleh 7 —opE2. ELBFLI AL L7, (Figd)

43 |[EEAETOT7 2y F X PEIHATHE

L—Y—HEHRICLY IV I/IER-TERZE. % v

F7AO-TICE YRR TENEG A ERET 5, HRl2=v b
IFY®ARIZR ba—JiRlIcHh Y. FHAIAEIC K Y RIEIR DR
BZEET 5,
D
ftHk% Table 1 I5RY,
Table 1l FEAH—E
HH F Lk
X B EE mm 3,200
Y#BEH=E mm 3,400
ZEHBEIE mm 1,500
W EIE mm 2,000
CTmBsH= 360°(GEHT)
AEBE=(0p.) +110°
C 8 &= (0p.) +360°
PIIE mm 2,600
PIE (5 BHAYR) 2,040
FT=JIPAL X mm ®2,000
T-JIERABEHEE kg 10,000
X,Y #HE X DR m/min 30
Z B R XDEE m/min 20
CT B EXDEE deg/min 1,080
A,C 1B XDEE deg/min 14,400
F O EERE mint 50~6,000
FEHRAEEES Nm 500
F#IS>TMLI Nm 1,400
FT=JIIEEHEEHERE mint 2~250
T—JIEK[OEEH Nm 20,000
JAHE mm 650
A B —RE-FNLINmM 2,200(S1)
ABRIS>TMILI Nm 7,400
C 85 —/RE—S LT Nm 2,500(S1)
CE/J5>TMILI Nm 12,500

HARF R, O ERERE

| 4 EEVEL

4.1 | Fe§38hhEAIN T

FoOoy JHEICKYIRHIZEZEE. Az 2T REF 3 8
MIC& Y, BHEPROT—0%—D2DIETHMITES &S
2% 572, (Fig. 3)

REE B TR v — TSRS AR R 552
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WEDOT Ry F AV FEIH AA) IZH—EY oAy TUY S
ICEB 1B TH 7D, AMEECEITT Xy FA Y FOAL
BEROEMERICCHI 707952 TREEEHEMTREICAH -
7=, (Fig.5)

4.4 | NCHgE
NC =& FANUC 1kl &

.« ISEEMERE. EMTETZRRT LA,

7— 7B BWIE. FEERAGE. TREEAKES O NCHE
EAREL. FUBFIrmLELT,

Fig.4 n»o7v—IfER Fig.5 T7XyFAvMEEEIH

| 5 EXDIN

AMP-U L, Bee - SEHET L LB DA, RERKICE
WHTHREBEE RMICTIRIEL . FRIBEMEZRRSEH LT K
FRIHEU 2 TWLKFETH S,




BEZIFEKEM THOSEEET7 —7 T8 B

KD ==

HE

BEFIER@MIM ULG / ULC >V =Xk, XFEL ¥ X
REROUH - HEINI. BLV. 77 XL X0EEHH %
FHRARE T HRBATIEEMTH D, 1980 EREFKLDHL
LS HET, MHOERICGABITZ2 Tz TEMBIELT
i

Bl ZIE, FEBIAIT 1454k L 7= ULC-100F(S) Id. Z 8z 7 —
7 81 ABC-80MP ###H L. XD YE#HIZ LAICTE%XE
YAFF, Olnm AEORE 2 #HEHEITS 2T A —+t
7 EHL Y XD &S R A RERARIM I 2 8L T
W3, Fig. 1%, 5 BAIEEREMIHE ULG-100D(5A) DHEMRERL
ERLTEY. XYZOER3I#EE BCOREK2#HEEhE
EES 5 A EEZ AR L. MINKISLCTIETHYTE
BEMUEZZA L, YIEIINT & HFEIINT 24 A RERY TX
T3z eNTES,

INBLULG/ULC Y Y —XD7—7F8he L TEEHINT
L % ABC-80MP If, ZFLERY AREE > - EXFHEWMZ S
EIVA—REBHLEZEL M VBEEE—XOEAEDEIC
£V, BERSIEER & EEiEA T 2 EE L BBEMNIICEL
-EMTHD, LHL. BREALITTHL, £EYZED S
7-BICEEEERARER Z E BRIk ONTWS, Z5 LT
BROBT, TNETHES 1500 min™ £ TTH - -EEEk%
3000 min™ £ TH| & LIf-mREET — 7 FHMOMREETo 72
DT, KRICTRNT 5,

Fig. 1 ULG-100D(5A) D&M

LTI, TMEKOERTNICL Y BERE%F FRT
LTWB7i®, EERROERRL, X7 ¥ FEFIC A~
THhHd, 1272, BREGEKOWMIZTTEERNTIE. ZROEA
WHETLIC & V) RN RAE L. FEHICHUHNEL B, ZOHUNL,
ToRBEERERICE Y YFal— T30, BEEMNIIC
BOTHI /A ORVIZHEGHTH Y B O BEEEERIL
EEREORBLEBERTH D, £I T, BRBEEL HAEKE
BEJTZCICLY, ¥FaL— MEBEOEBEERL /-, Fig. 2
TiE, FE7 — o/ TMOEERICHE S BEZLEHRUEERL
THY, WIKETHRILAYFaL—FL, ZTOED 1um Y
TR LNTWBZ LA hh 5,

24.4 0.8
24.2 0.7
0.6
24
0.5
— 23.8 T
5 0.4 g
w236 03
LT 0.2
23.4 &
0.1
23.2 0.0
23 0.1
0 900 1800 2700 3600 4500 5400 6300 7200 8100

BERfE [S]

Fig.2 #ifE7—7 THMORERL LMV

R EH

=1L L 7= ABC-80MP 0 EREHF BN T 5,

F9. 4K - SK R ZIZRFE T 272D DORBERA L » X PFER
BAEBOREL VIR LICE, KORL Y XAHLLNATL
3H. B 100mm 8 Z 2 KOR7T — 7 & {ZER 72 BREEMN
THAZRUWTINIT 254, 7— 7 BHEE~0BTIAKE
W, BBRY A XICHIRA S WU BUI AN TREAE o WEE,
EmAIAMI’RETHZHELE VL, ZniCW L, ULG-
100D(5A) Tl&. ABC-80MP % Wil E %4, B &h (ABC-240MP)
7 — X ET B ITENAIRESR D, BEHARY 3. Btk
MILHETNITETWAL >, SROEEREELIZL Y,
BEREEETMIAEITS &M TED LS ICH Y ZHEHY
Foh& ) HEMET LI AKE L ABC-80MP 12 & > TKO
B7—7ICH L TRELIZMIAAIREE A > 7=,
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Wi

=
rh
=2

N— b V3R

RIZ, ULC-100F(S) I, R~¥— b+ 74> A XSDL Y XA
SO EIFIMIHEE L THECEAINTLED, Xv—
73V OERFREMEBHAHAXTOZRICEY, LYID
EERBEIEMLTE Y, MIMROBALELNKRD SNTWLS,
MIEZ EIF2IC1E, RYREZ LIF2 2 L720, ARE%E
HRT 270, RYRELRRKICT7 —7E0&EHE EIFR20EDN
Hb, AN— b7+ v0HXTAL Y XEROGE, BREBE
P-V 50 nm I{F, E#& Ra 03 nmUTFEFEBIIETVINTR
BRERINTEY., Ho02EBEROIRGVEMMLICEE
THEREEDL DD, BFE DR TIIBREREZH. SERE
KIS EIEFAZERY OREIRBAFKEL, MIEZELIE
30T, 7— 2 E8HEIELK 800 ~ 1000 minT WA TOEMIC
EEEF->TWS,

.

Fig.3 AORLYIMIOEF

ZI T 2ETRARIZIFEEICIR, SREEKICH T2 E—
AR ZDHNE/ AT A — X DRBEICEIT o T2 HRDOIRIEE LT,
ZE P LI ED LB ET> 7, THMOOEIRED Z8HISEHY
HNETAAFRATH S Z#HARZRGSIEZ LT MIE
DERITOHENA>TWVWEDT, ZED ML EZRS Z & TR
BB IaiHMEiTCEB L ER OND, Z8 ML EERIKREER
ML=RRY bAS T L(BRAE) % Fig. 4 ITRY, WR7—
2 EETIE. 600 ~ 800 Hz B &— & (IEfEEK) »BE->T
BY. ZHIRBICFEL WD 7 — 0 TEHOOEIREIHAER L
1L ERRTED, Sk BELIRHELICLY. SEEET
HLRFAMIHEZEONIEEROSWT — /7 THOER%H
fELTWL,

87 | & MT TIEMAH >/ =— TIRRMMLEE MERMR
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Fig. 4 3000minMCHIFHRRI MRS T L
(L RAL T HR%)

B 500

7 — 2 £#1 ABC-80MP D&, ERHEZURT D I & T,
7— 7 THMOEEREG L HRELERR LI, A7 -7 EH
OERAEGIZRML, o, ELDIFRRICL YV EREEOEK
zRELTVW




TCmini ¥V—X

iR5A PLC TC11-03D#2 %

KD ==

KD =

TCmini &3, X -EEFE(PLCERE) TS5 I/ TE
ZRAAVE—FTHY BREOZ—XIAbE TREL KL
YA XX+ EERTEZHHMEBTH B,

IRITHAE TC5-03 IFFEE XMz, BEREERSEL Com|EL
HBO DRESIHEPLC] & LTRASATELY, BELEHE
Z—XRIZIBR D70, RESIEOE R - HEEILRZ EE L
7= TC11-03 % RIS L 7=,

#MCU®Y 2R L. k& TC5-03 OET - MEEE %
RHEA L, HIEEREO SRR -#EEEILREZERL TW 5,

3 1) MCU(Micro Controller Unit): 1 D D&EFERIEKIC ROM % RAM 7 & D
AEYXRI/OBEEREL S OEIKEEZEH L ZBARBDO~Y,4 70
AR

BB cii-030%5

1)HEEgEm £ 5 & — RIS AME et 1/2
2)7RX—=7ATT LRE e 1.3 15
T—RLU Y RRXEBE HERMELE 415
3)REHE CREAN) oiit:
Y7 v R R 4 SRl
F v 2V EBICEERE ORI E AR (1ERIEEF v~
FER) &L, W/ A XMEPELE
4)Fy k7 — o tREsR L [ Ethernet (B{5. USB @18
Ethernet 385 : Modbus/TCP ¥ X & / X L —7%¢G
5 ) HERENLAR :
WEME Y TFOIAN 4-20mA) 35, 7FRTHS
(4-20mA) 1 &
LU TIVEIE (RS485) 1 &, REAN BEX) 1 KH%k
IRATHE
6 ) REEBRDHIR:
IEATRIC & W FEEE (RRITEEER)

BRI GRS v — BIEERNER V7 b o TRRR S ISR SIS v — BIEEEERNER N — R o TRHR | s8

Table 1 TC11-03FAt#k

TC5-03

HE TC11-03 (Gt i)
EREE DC24V DC24V
St i (mm) 150 (H) x 220 (W) 150 (H) x 220 (W)
FEREERE -10°C~60°C 0~60°C
USB i@ 1{E (FAF ) 18 -
Ethernet &{E 1R —
BEXMAN 6 & 58
2 1) 7 ILiE1E (RS485) IR 2@
FFrRJAAED Am/2 @ 18/1 8
AEAAHHA 8m/12 8 8 /12 M
B mEEE b MEEE
ISRV I/F 18 15
puksdicio| 4kW T bms LI'F 4kW T 10ms LA'F
J0J 5 LRE 32k 7-4 24k 7-}

Fig.1 TC11-03 A&

| 4+ EEVEL

TC11-03 ILEEH O S MR L £ H I, BEELEDZH -
7= Ethernet @f5. USBBIEZ D BEMEZR{LL. X~—+
777 b)) —bExXETIEGEELE T,

7. BIEFAMNBEES TH > /RIS L TRICHRRERE

ZHIR L 7o
€23:22E217))|
EEEMER BRI SRSHEE
BREESR R F—LA =T, A RTF =T
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ARy b3 bA—7 TS5000-EMS DRS¢

KD ==

HHorRy bavba—7ik, 2011 EICRTOEAME
7% TSL3000 % ki, 2N o OEE AR EU I8 H3 Gk %
R =L TEF, 2019 F, ZNF TD TS3000 > VU —
XD LBEMEC IO LEELEEZABICHRL, &% -
SHMPEEORX A S ARy b THE00 (XS LAza> ba—
Z TS5000-MS % i L 7=, 2021 . ERMMAIFIC. &wHD EU
B ICEM L /- TS5000-EMS | %2 F& L 7=,

" I

TS5000-EMS i TS5000-MS % R — R (2, EICRE2EBD[E
BrHmEz R BEREREICHLT2HDICEEL, »2&EHNT
ZETART EEIMZR/NBRICHIZ 72, F£7o. FFRAICKRME
& (THE800 / THE1000) ICHMETERE—XR TV /RE%
BRLOD, MITBREL - FEOHK T EU f5HHE %
FefE L 7=o TS5000-EMS oA % Fig. 1 127”9,

N b T - R

Fig. 1 TS5000-EMS®D 414

TS5000-EMS D 3EHEEIE, T4 —FRVE >V bDA =T
LRy FRREFEESONRIE, RE2UL—EYa1—IL%E
e2Z&T, BmfELrHo7mE LTH, LYERICOKRY
FafEIETE S,

TS5000-EMS &, XA Z RAKRw + THE400-E/THEG00-E %
HAEHETHEEYT % EUES% Table 112, £/, Z0ORE
HEE% Table 2 ITRT,
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Table 1 TS5000-EMSAYE&E Y ZEUIES

B AR A T
2006/42/EC

KB
2014/35/EU

EMC#4
2014/30/EU

EN 1S010218-1:2011
EN 1S012100:2010
EN 15060204-1:2018
EN I5013849-1:2015
EN IS013850:2015

EN61800-5-1:2007
/A1:2017

EN55011 A1:2017
EN61000-6-4:2019
EN61000-6-2:2019
EN61800-3:2018
Emission:

PDS of category C2
Immunity: Second
environment

Table 2 TS5000-EMSnD &£ 1EAE

1S013849-1 :2015
zeNT Y —

1S013849-1 :2015
INT f—v ALY

7Y —3

PL=d

BRSO W T, E=E A TUOV SUD 2T TOV v —
TR REMREEIMBEEEE L7 SIAE% Fig. 2 IR,

Attestation of Conformity
2zt 000 o 00

EPTMOMKAT  CERTIFICADO # CERTIFICAT

ZERTIFIKAT & CERTIFICATE # i2

C€ ®

CERTIFICATE
No. B 112262 0001 Rev. 0

older of Cortibeate:  ShDaura Machine Co.Lta.

ZERTIFIKAT  CERTIFICATE ¢ (Z0RW & CEPTHOMKAT ¢ CERTIFICADO # CERTIFICAT

Fig.2 TUV~—2 Rl (k) LEATAE (H)

FERLTWALERICD VT RoHS2 IES~DHEA % 7
RLTHY, BREICHEBBLEERE A>TV,

KCs ¥—7 (8E). TS~¥—7 (BE) KIBEREEIE. 7
A—/NLHHTOBEEERICHA TV,

*EL NIy bO—-FERDOBE MIFO T L2 -5
FREB@BENBIAML TRIETE2A—D—bH D



KD =

) 55 =0

TS5000-EMS o {t#r% Table 3 (277,
Table 3 TS5000-EMS M

TH H frkE

UZEEN TS5000-EMS

i) 4060 s %50 4 i

B — R =K F UK L — R

A7 AR 7 2 TV 2— kR

T AE 22 kv —J WNJjE FlashROM
N : 12Mbyte

i Bh A £ U SD 7 — K (SD. SDHC)
Ik KA B : 32Gbyte

75 A )L FEFRAEY : K512

R ATEL B AV HAK 512

1A=/ N
1T

17077567720
7 AR 5000 & 4V}
a5 AE 5000 1T

B S35 - SCOL2

AHT Ry k

ENRUETE PTP, CP ([E.#%, F50), >3 — k7
v b, T—F

o R A —=N—F 4 K/BHEY I v N/
A=A N
% 1~100%

N3 FE 3% 7a 7T sy 1~100%

kv 7 iR AR N 1~100%

A A R—R, T—7, Y — VT
R E Al HE

BT A -~ & ko TP5000

(X7 av) [|PCY 7 b : TSAssist

R ER A Ehternet 1ch (1Gbps)
4 T )E @S, HOST =2~ > Ri&1E,
Wk PLC @13 %%

/0 [ AT 8 s/ 8 M

VAT A N3 R/HT9 R
NUR AN JJ 8 mi/Hi ) 8 s

ST <15 (mm) 410 (W) X 161 (H) X 350(D)

& (kg) 13

B HLAH  ACL90V~240V 50/60Hz

FFa v - YRR A ME S (ANJ7 21 51/
H17 &)
« 74—V RN XHERE
(CC-Link, EtherNet/IP, EtherC
AT, PROFINET, DeviceNet, PROFIB
Us)
« o T (R HERE

LR Table 1 I & %

ROV B THE400-E, THE600-E

(THE800-E, THE1000-E T i&)

BIR. RAZ 0Ky MERERE O THL U — XA, TSL3000
) —XEDEEETERET—LE (300mm ~ 1200mm) @
ZAY Ty TETLTWBA, TS5000-EMS & o4&+ <3
69 % THE-E ¥ U —XgHiHTHERH % Ly 400mm,600mm
(THE400-E,THE600-E) o 2 ##& % %47 <L L 7=, THE400-
E,THE600-E O A& % Fig. 3 ICRT,

THE400-E THEG00-E

Fig. 3 THE400-E,THE600-ED 517

Sl BE=HEEBICTRERBBERIAPREIE Lz LT,
Sler i3 TUV 04 A b TEHARY F OBEEKE—EHED
Eho, ECRGORBRELRZ ANKELXY v FTH
b, T HA—NIULHHBICRAE— FEEF> THIETE
Eme LT, BEMELEC L, MBEKRISA > -EmER
ZETT B,

n.’f@bb) b

SHIETHE-EY Y — XD LT —LRZA VT v 72T
HE. -V —DZHFAERICHIETE 2 &L S IERFH~ L,
BT %,

FESom@EARy boEFBICLY EEBORY AT
BEE=—XF RetzLYVERTIER EE->TWS, &
EORERIEBEAIAA TR TEEMREEN L. BERLE
DBEAREIZEOTULELL,

B HRER SIS = —  ORy FRIE ARy SHEIEEGTER | 90
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=MD NC RO ES

1 I

Z o (RTERE M) (AT 24) &, BT NC (BBl
£E) cHF. HELTLWIERATERS ARV IEEEA —5h
D=2l >TW3B, ZOEBHELTUTOL I BRI EHES
>N,

- BHORRIE () REOBEHMOMBIHE,NOFKL TH
V. B SA S BREZ LRV OEAY R TWEI L,
Z0EHIZTL Y PAZ I ZARBTLREEREEER->TIN
=&,

-BIS2 E, (HREEH S NC DEEBRER T, [FhIB
D NC FFRET, 88, RBERELCICELIRMENBET
BT 2 EREE L T, Y4tic NC iz R 2 A NS
bhf=Z &,

- KEDKerney & Trecker tt £ BBFI 50 F, v =7t &
OEITRER L. NC % - - TIREMICE T 2 FIBARMAE
BIhTwiz,

cREAHE L THEFESHE VWS BERHAEBRENHM
A=hHHY, TLI bAZIREET A VIZL>TNC OH
BEAXZ LN TWEZ L,

- ZOIENEK, YRR T— L EEST-ANA—FT7 T NC
%& POSITION MASTER mBa% (FBF0 48 &) #&. NC 5
T 5EMEARIMMTbObh TV &,

- EERERT /03— HREINT, V7 bT
TIZ & BB A AREBR ICHm E L2 &,

-4, FIERCTHLBESAOBMEEDL LIS, DECO 12y
f~A42B8avE2—%LSI11 AWz CNC OEAELTH
NTWT, THEEHEY TLZALTHETZY 77270
ERNAEMERNER EN > TV &,
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et i S e

ﬁwfif_ur 0
FRA $EA B

LD NCOBERICIIFEBICZL DAL IPEL>TETH
5, UTTlE, 25 L-BRECBNEEDHTHLED NC BHH
DEFLICDWVTIHERIZ U,

D 0%z 5oNCOEEBE

FTLUHONCEEOEBZEIDICKECEBMT B LIC
- 7-BM 52 ED () HEHh 5D NC DEEBEH, SEEH
BTy,

21 | (R)RZNDZThEF TONCEE
R EZTIELE, FPIETUTOL A NCEZEELT

W7z, BUF TOSNUC® VXXX % T-XXX & 82589 2,
1) T-420M
(BEZD 16 Ly k- =3 TOSBAC40 U — X%
fE£->7= NC
2) T-420P
TOSBACA0 & U =X & E 7=/ F T L A X —h@ES
» NC
3) T-300M. L
(k) HEH 12y by /A0 21— R %EfE>7-v<
vy R EEERNC
BHOTI =Ty X TIEHER T-300MX ZER L TW s,
ZM5 b T-420M, 420P, 300M &b, HERREA LIS
BEEBEIN, BHORMEICZORNELIEBEINT,
EEBEOEBHE LT, NCIETEEMA —AA B TE-
T-ADNRRICEE = — XICHETE T-300MX ZE> T/
HICBEST 20/ 8LE BEEZTHKLAZZLICLD LB
N3,




22 |#H L <BEARBONCHBE

LK, P TRMRAFEOH LIS, AMDHOE Y X T4
Z CPU Z#RW-EMBe% CNC OBIRMED DN T W=,

Ey PXZAXCPUZAWEZDIK, 4B 7AT T L%
AWTEMLRACY —RoFEAERICIT) 2L 2BNELT
WizZ &tk s,

ZOFHFLWNCIE, RRBFICHBLLTWEEEZ LY
PDP&RRBEBZAWL, y—FLFEET -2 0OFIEHLARET S
REFBICEMNALOEBIRL T,

CORFICED> TWIEMAREZIELHET B XA /N —
B, T E L TBRIBICKRCHREEZBO, ZO30 A%
IZZhETn NC DFE BERFRELIHAL TETNCEE
BEMNIILOHONT,

B % X v /8— AN EE

(N=F7z7)BH-KZF-RILK

BEBEAVN—

(V7 b %EHEIMR) R (300) -RER-Fith K (420)
ERETBIMR) B A BB R K

(= F-HBRBER)RR-ES TR SRE-/NER-FHERK

(BLERIR) AARK

RREA LV N—DOFEE WMARKEILE) FZ0 NC oK%
FHEINTELATYH—REIEISERTE T OREEEL,
T BITSRSEIRTT btz, FRMAREIX @O FRZ0HR
EhobREESI L TWE,

L TIEREM 52 £, BEFOBRAMCHLT2ENET
DE—HIEEMEROMIc, NC oREkatZ B E LB 4
EEAFRER SN, FNBPRODH & ABETHEHE-FEH- AR
Y—EXROBEIARONT, BEINY 7 M, ST
T-420M (Z B3, T-300 [ZEIBEK, T-300PG EAFKICE] &
whN 7=,

(/n—

.

Fig. 1 T-300%) 7k (EREKIRAED

Tl PO EESERBAORBREE. HARNIC NC AE
TEGNICBEART 2ERBLENC OBEAREZTOE
BEHTHROBREZREL L (ETHABTEY X7 L% EIE,
BTIZICHHRINABFEERICKRESIN, ZLoFHLLAY
W= ZTHEEZITIL I ITH T,

RBMG53E 4248, T30 EFEBENOMHATS
7L Z2DEE% Fig. 1 ISR,

BETIE. NC DHFEEY X7 Lld, EREM () ICBE
INTW3B,

| 3 REVINOIES

(BFEZDA Y NR—DFIFELIN—F 7z T7ER—ZIT, 4
Howr v sy 2EITO T-500MX AREFES W, BFEOD
U—RREHRERT, V7 b7z 7IRLSI1LTHELEY VT
WHEIILFRRIYTILEL L OS ER—RIC YT TRKL
V7 b7 zTERALE, 0%k, Sl X T LAEERTIE
T-500MX ZHiln& L7z 74 VBRI ZIT 5 SIERE R (FIER) &
KREANC ZFAFT 2 E _HIHEBRARE(CHIE) (oMM TNC D
BZEAIT-o T o7z,

TOSNUC® 13Z D, SHE TBARETAPNEREINTE
TW3, ETILVOERBOEE% Fig. 2 1TRT,

TOSNUC O F ik
Ee~a] o ] | THNC ] [ SLERNC ]

1975 S50 T-300

1976 S51
1977 S52
1978 853
1979 S54
1980 S55
1981 856
1982 857
1983 858

T-500SP

1984 859
1985 S60
1986 S61
1987 S62

T-630M T-600PG

1988 S63
1989 H1
1990 H2
1991 H3
1992 H4
1993 H5
1994 HG
1995 H7
1996 H8
1997 H9 8080
1998 H10
1999 H11 ToseaaT
2000 Hi2
2001 H13 T-888.2P0

2002 Hi4
2003 H1i5
2004 H16 o]
2005 H17 Tom
2006 H18 o5
2007 H19
2008 H20
2009 H21
2010 H22 TPXi00
2011 H23
2012 H24 T-PX100G

T-380L

2013 H25 T-PX100
2014 H26
2015 H27
2016 H28
2017 H29 T-PX200 I
2018 H30

2019 Rt

2020 R2

2021 R3

2022 R4

Fig.2 TOSNUC®ETILDOZEE (T RKIRA)
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3.1 [ T-500MX®D 7 1 ~ ER

RV TV RATIEREDN OFRABREENHIN, Th%
WEROETHEBERLF L OHTNCITHARAATW ST,

ZD—2DNIRIVF /Ny b RTFLDHD, /Sy FITERY
fFronf<Ly FaA—-FESICHGLEZMIFTAS S L% F
HNCOEETHRELTEWT, /Ly bty b LEET—72
DIRTIMIETICHZ EFT, MIEKITFT TV RT LT,
BRETH T -V 2 EHGNIC|ATINITESZZ LD HLELD
A—HYTERAINT, T—BRIYEEEEE> T, MIZLd
T/ y bERIRT ZZEHTE S,

29 L-HBED EBNA S ICEAAD D IE, T-500MX T
I PLC TIE < NCAERE., Y= v X1flIL Tunizze
I2& %, NC 0R{FEIHE & R ORZEETZma L THET 2
B X —H D NC OFmEED LIV AT LO—FlEm>TUL
7=

ZOED. Ry FEVYDTA—TEHFE>TRERPT—D
MIEZBBNICAET 28PN RXT L, EWHE—20DE
HERCRANL CITEER - 1B RANT 2 XT L, £fiIa
YEA—REDBEENLTNMIIAS I LOXZ T A— KR
MIETHRE., VYA 7LRZ— FDOIBTREERLBREREY
Y 9d5FMS S RTLEBEVPERI NI

LA LS —7 > X% NC TITI DIEKRBEBAL B4 RT
EHMICISAT %2 5 A CEREICH TS, NCHLERMIARL
TRIMI7AT S LOYAXHETETARECAY, XEVR
BEANBICHEPLT ZEHDEICA->TET,

H—RiE DCH—FKT, BERERIEL VLN, REREA
ATz xL—REFERALTWS, REFEILT7 O/ DR
ERSL., THRIDRET 4 — RNy o hbART v 7R
ICKYTFATHEINTWD, Z07H, F—HREIEIZHER
e TERH, 7THFRITRODTAVERE 08F 7y b,
FUZ MEOREZRLH -7,

|
- .-, é & .
o4 B

Fig. 3 T-5001BfF~> 4 Bl
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Fig.4 T-52078v4[

) 5202 v - X (1982%%)

Fig. 470y oRhbhns@EY CPUANLDTNC XA
YI—=F M, /04 E—T7 -, FKx, BRI —T
2, V=R E TETCOMEERTL TV,

BEA CRTICHR Y, Y—HRhRA YKo aryE—REAL
7=ACH—RICHR Y, REHEI,IN—FT7FRTHDHY 7
TITTAYRLEEICR o, WBERERIE/SLZAY R
L—xelg), BERNET7 4 —FNy 7 OEFEETRDT
W3, 207, 7HATUEBISERT 2 REFIHROBRED
RARY, FEoBREIE K7,

o, EWME—2FIELEYVEB®ERLCN—FYz 7T, V7
Pz TICKBHIAEEZEZ DI ETRRELTVLS,

FIZVMC-6CHFEDTY =V /v RICALWLNTZ,

BB v-c00(19845)

T-600 ¥ LU BE D TOSNUC® & U — XD ERER % FAE- 72
VRATLEWR D, YRT LK% Fig. 5 ITRT, NZXENL
TH58 RAM THEHE S N7=<ILF CPU ICL BHEL T, # 7Y 3
. B Y RT LAOBBICIE L CIRRAREAER E BT
W FBEREELT 770 varvF—ICLBAZa—
FRERA L7,

PLC ###H L T, #HEMEE > -7 v 27055 L THIE
TBHE5IC L7, LETO NC TIREEEIED SIS NC A{KIC
HARAENTHY ., WHBIEICADDHDIEENH S & NC A1
DYV EEBETDIREND 7=, BHEEOEIAHR, T
NTHPERAIBLEEOATITA S LI TR -7,

Ffe. /DTS IVIOBEERBMLIZZ LTk Y.
BMAEY T & Y REICKBOBEEEG I LA TES LS (S
o7,

LENET AT T L, RTA—RBEDABAITHET—TH A
WHNTWED, KU —XTIEINTILhty F2FEBLT.




Zhick Y, KEC BWRVWDERBEITH R T—TV —K/
R F Y HITREITIR 5T,

T-520 TEALZACA YR oY avE—RIIBENGE,
BETRY -7H. BRAEEEIERTHY . 784 F
v TL—FICEEN H T, ZITERGEEREOGRY
DELCETAFT Iy 7T L—FFK KABEREBE—XIC&
% AC U —RERH L7, ¥ —RFlfH CPUEHR 14T 4 &%)
HL, BA3IKTL2@ECHETE S,

CPU (¥ A n ot Z8000 >V — X %#FA L7, BRI
feiEp Y BTy FOERBEY = 2 TILHRERET, FE
FEXAE—ZEY ICHR L.

FRREBETEY 77T V- FROUBREEED S92,
BEBEONEBY A 7 LEE U FOERICO XY b e LTRER
L. EfTHEMORELER -7,

MIEBERERELT, FTENLTLYANE3EBLED
77V a— MIiBRESRERALE, LAaL, LYAAN
ONRREDEELNMIEICEN D EELH Y. CIEHIEICH
WaErHYid/LzTrya—ge L, 77V Y a— MIBHRH
ZLYNANRTITIARICEE LT,

EREEEMIOZOOFIHEEE LT, RAFIHEREZE
BLEFREEZMEEL. Y—FROENICL 2REEE%{E%k
DLUTREICHNZZIENTED LI IR T,

Y= VARTATILTY—RE—XEZHHETEI—T X
EHOMEZBRRE L, hiZkY AP0, AAC D4l

WS —FREAIMERATED LS Tk ot
NI .
3 N A E D
_;j\:ﬁRAM_ oz
CPU-2
T 1 s—ovx
T=TRvFx
J v
— gm%:l}y ATV 2F AN
-7
+ DNC
= L 15 RAM |— 2> he—5 & 1w
. CPU-3
v
b KM T 0T T L
H HIGE RAM | (7w o 3
] CPU-4
7
Key/CRT CRT
cpu| | P68 RAM %ﬁwﬁ
Key
I8 RAM
Tu 7 h
2L RAM |- 2¥ be—7 > WRiALS
CPU-6
S P—FRE—X E—X
358 RAM |- 2 ta—7
CPU-7,8,9 L b2
shidtiERT,, €T FOIA
|| 58 RAM |—| 7707 A% (R e FAER etc)
- Tuky Y e
CPU-10 —ppF MR R A

Fig. 5 T-600> R T L#ERK

Fig. 6 T-600#1E~>& v b

) 7777 (1987%)

TFEMEEREFIES R T LABERTHICHRA L. TIEE
WEERATR TP C Y BICREL NC ORFIEKRE £ L D)
LR CHRLAENC TH D, Ry T Ty TXx=a— ~L
TR WREAETOST IV FERRERV LV MY aA
RT 4y VIRALR EDFENH B,

FREBOERFL LT, HMIIZERICBRFEL TAEWLER
HORLELADOHEW O, FRINARkTY 7 F&H
RAATH, EETRELTRIIVEBEL WS ZENFERL,
HMI DBFEENENT W -DETRELTW 2,

INOLDOEAORER, BRIEEIRENICALL., THOFY
R by MEICHR S 7,

Fig. 7 T-77744ZBTD
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T-800 (1989%)

ErO—58mD32 Yk CPU, MC68020 & & U VME /¥
ZzRALTERER BEE. SHEZEELEZNCTH S,
HMI ok FTERES®R7 0t v HEBUL T, UNIX®? 7—2 2
T—2avESEIINALTF VAV RIVRTLERE L, -
2L, ¥ RAMERRVLNC OBEETIEEREOEREOEERT
BEICTEEWS 2T, IBEZEELAYLF V4 FUX

R 2 7=,
ZEDI/OB[E L T35 (VF) 7y E—T 1 XU %R
BLINI707 7 L R7XA=2BEORY)FVHIRICA T,
—RHlEROEMERLZBEL T, NEREHFODERE

FUB L LTIERESD 16 A(pulse/rev) D77V ) a— kT
A—ZHEEBA LA, Ihick Y, frEHESEE 0L (um)
HIZEEYL LT,

7. HIEEARL LKL LTE
EEHIEEL 0.5(ms) & L7z,
Lk, RAREBIELT VT IDN—MBHNTH - 7H, Y —FHl
HEBOERHB LV HMIBTCCERBZRA L, £/, ¥—
ROERPL X7 EBAIZ, wait) IC& W R R7ETYEZB
YYTLTLFRRY 0S #BIELTz, TNIEZDHOBEHE
3> kA —7F INJECTVISOR®™, TOSCAST® ™ 2 ¥ D % A
B L E Y —RHIEEBTHER I N,

F X M&BeA & LT, RS232C & — I FILMRE.
THRRBELARELT,

SROER, SHE. SRAEIMNIMATIC CNCSHAPE®™
BEEBIR L. THNICDOWTIEUTISRY,

BRaOAIEHEEHR 3(ms).

—K77

| 8 ERIRRNOLLT

CNCEETHIICRETERNEERL0rEROERE, &
BE. BRUNIoOKEETH D, 1980 FR%FE, T-600 T
D MPD &£WS ERIMIHEAEEE X —AERICHA I N,

LAL. T-600 13E@BDONC TH Y., SEMITHETIEL Y
RDZKRT O T LT By vRGHP, 70y 7 BMRED
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HEEMRRX L1t 5-307
TEL 052-702-7811

FAX 052-702-1141

REXE

T530-0001

ABRFALXIEE 3-4-5 BAA T A 11K
TEL 06-6341-6181

FAX 06-6345-2738

NNZIE

T812-0004

BETIES XEH 2-3-23
(FMT fEH E L)

TEL 092-451-2795

FAX 092-474-1045

= E R

T370-0016
HERERBTHRASE 739-6
TEL 027-367-2370

FAX 027-360-5055

P N-E S

T433-8117

B R IRAN T P X & R 5-6-25
TEL 053-436-7407

FAX 053-436-3996

LEEEm

T731-0103

RS T REBXEH 5-17-5
TEL 082-831-7530

FAX 082-879-7065

REEEMm

F729-0141
LBREET=AR 4778-1
TEL 0848-56-2378

FAX 0848-56-2377

BRI

T410-8510
B4fERIRETA M 2068-3
TEL 055-926-5141

FAX 055-925-6501

RIS

F252-0003

B ERH LY AR 4-29-1
TEL 046-258-2801

FAX 046-258-2900

il m]

T412-0038

FHEE R ERS TP 1-120
TEL 0550-87-3555

FAX 0550-87-3742

H—
Fa::1 2 ety I S L
T410-0007
FRRRETREIRE 267-2
TEL 055-921-7800
FAX 055-921-7831
https://www.shibaura-machine.co.jp/
smeng/

RREEGASH

T411-8510

BB = BHRA 131

TEL 055-977-4111

FAX 055-977-4110
http://www.toei-electric.co.jp/index_J.htm

CHELTy /KAt
T410-8510

FRRRRIETH AR 2068-3

TEL 055-924-3450

FAX 055-925-6556
http://www.s-semtek.co.jp/

THEERKRASH
T410-8510

B R TERT AR 2068-3
TEL 055-922-0816

FAX 055-924-5816

<HT7Y7T>

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., N0.168, Ruiguang Road, Neihu District,
Taipei City, 11491, TAIWAN

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

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

<EEBT7Y7T>

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: [62]-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: [65]-(0)11-3586-0138

< B >

SHIBAURA MACHINE EUROPE
S.R.L

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

TEL: [39]-02-50041667

FAX: [39]-02-50041668

SHIBAURA MACHINE UK LTD.
66 Burners Lane, Kiln Farm, Milton Keynes,
MK11 3HD, UNITED KINGDOM

TEL: [44]-(0)1908-562327

FAX: [44]-(0)1908-562348

ZHEMAERINST

T100-8503 FHREXMFEHA 2-2-2 (EEEHLENL)

TEL 03-3509-0200

FAX 03-3509-0333

T410-8510 #%[E 2 B2 KM 2068-3

TEL 055-926-5141

FAX 055-925-6501

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