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Summary

Energy consumption and CO2 emissions in steel production by electric arc furnace mills is
one quarter to one third that of blast furnace mills. Furthermore, electric arc furnace steel is
the most appropriate method for effectively reusing or recycling valuable iron and steel
scrap (hereinafter referred to as “steel scrap”) from high quality steel sheet containing rare
earth. Such steel sheet is used in automobiles and many other products. For that reason,
steel production by electric arc furnaces has an essential role to play in building a
recycling-oriented or low carbon emission society.

Electric arc furnace mills can now manufacture high-quality steel sheet using waste scrap
obtained from the scrap market as the main raw material. This has been made possible by
technology that enables the production of high quality steel materials through the
application of tramp elements or precious metals from low grade scrap and advanced
process control that prevents the brittleness caused by copper and reduces compositional
disparity. As a result, it is thought that electric arc furnace mills can now make steel sheet of
sufficient quality for automobile manufacture. If domestic steel scrap could be recycled
back to the automotive industry, the country’s largest consumer of steel, the scale of that
industry’s consumption would produce a large flow of recycled resources. We have set
ourselves the challenge of manufacturing steel sheet for automobiles using the electric arc
furnace method with 100% steel scrap as raw materials, achieving so-called
Product-to-Product recycling of resources in the automotive industry.

Important points in considering the recycling of steel scrap as steel sheet for automobiles
include 1) establishing a broad collection network sufficient to deal with the growing use of
higher tensile steel and thinner sheet in the automotive industry, 2) being able to produce
stable properties to ensure confident use of products, and 3) effectively utilizing the alloy
elements typically included in recycled steel scrap to produce high-performance steel sheet.
In the current research project, based on the results of the FY2012 research project, we
conducted further manufacturing of prototype steel sheet to address issues in achieving
actual use of recycled steel in automobile bodies.

FY2012 Research Project Results

We conducted manufacturing of prototype steel sheet suitable for automobiles using the
structure manufacturing technology based on fine grains developed by the Ultra Steel
Project led by Japan’s National Institute for Material Science (NIMS) adapted to bainite
structures, obtaining the following results.

e Trial manufacturing of steel sheet suitable for automobiles using 100% steel scrap (50:50
mix of new scrap waste and heavy scrap).

Note: New scrap waste is low-contaminant scrap from manufacturing cuttings of automobile companies.

e Manufacturing of prototype steel using volume production facilities with a balance of
tensile strength (TS) and elongation (EL) equivalent or greater than 980 MPa class steel
used by blast furnace mills (See Summary Chart 1).

e Even in the sections where the coil winding temperature (CT) fluctuated significantly
from the targeted temperature, the TS-EL product remained stable (trial manufacturing
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thickness: 2.0mm).
e In comparing properties for different uses, we did not find any problematic properties in
comparison with current blast furnace products.
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Summary Chart 1: FY2012 Research Project Results: TS-EL Properties of
Prototype Steel Sheet

Goals of Prototype Steel Manufacturing in Current Fiscal Year

The prototype steel sheet manufactured in FY2012 utilized the structure manufacturing
technology based on fine grains developed by the Ultra Steel Project led by NIMS adapted to
bainite structures where 1) the fine granulation was refined using the thermo mechanical
treatment process during hot rolling processing (y grain size: 10 um level), 2) bainite and
martensite-austenite constituent (MA) structures were formed from the fine prior-y grains,
3) the material was wound into coils of steel within the y range and bainite transformation
achieved. As a result, the prototype steel sheet was high-performance steel sheet made with
a highly robust manufacturing process.

In FY2013, the original manufacturing concept and composition of materials, etc., remain
the same as did the goals of achieving tensile strength (980 MPa class) and elongation (16%
or more). However, we also set the following new goals.

1. Use 100% steel scrap of which 30% or less will be new scrap waste
(remainder heavy scrap).
(Reduce dependence on new scrap waste in consideration of stable
procurement of suitable scrap)

2. Sheet thickness to be from 1.2 mm to 1.4 mm.
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(trial manufacture of sheet thickness within the scope of practical
application to address high tensile and thin sheet needs of automobile
steel sheet)

3. Verify the TS-EL balance across the steel sheet and in the rolling direction.

Based on these goals, we aimed to ensure stable product quality that could be maintained
under large volume manufacturing conditions.

Targeted Composition and Actual Constituents of the Prototype Material

The constituents of the prototype material are as indicated in Summary Table 1 below. In
our trial manufacturing for this year, the proportion of new scrap waste in the steel scrap
used was 16%. Since this figure falls within the average ratio of new scrap waste in steel
scrap sold on the domestic market over the past five years (10% to 20%), it is thought that
our results simulate those obtained from using market-sourced steel scrap. In the
previous year, our prototype material contained a low concentration of copper (Cu =
0.16%) because of the high proportion of new scrap waste (50%). This year, however, Cu =
0.24%, which is equivalent to the average concentration found in market-sourced steel
scrap.

Summary Table 1: Composition

c | ss | wn | P | s | cuo [ N | c | wmo
%

Targeted 0.19-020 | >010 | 040 | 0015 | 0.003 0.30 010 | >100 | >0.30
FY2012results| 0.18 1108 | 053 | 0029 | 0.005 0.16 0.11 1.01 0.30
FY2013results| 0.20 1.001 | 043 | 0032 | 0.007 0.24 011 1.01 0.30

v | n [ a [ sn [ P [ B | ca | Ti o N

% ppm

[Targeted - - 0.030 0.015 - - - - 20.00 40
FY2012results| 0.017 0.007 | 0023 | 0018 | 0.010 | 0.0016 | 0.0020 | 0.008 36 78
FY2013results| 0.013 0.009 | 0009 | 0019 | 0.000 | 0.0026 | 0.0017 67

Manufacturing Performance of the Prototype Coil

Because the manufacture of prototype coil with a thickness of 1.4 mm and 1.2 mm involved
rolling this class of high tensile strength steel for the first time, we gave priority to
threading performance in the finishing rolling process. For the first half of the coil length,
we began rolling with a temperature slightly higher than the targeted temperature for
structure control and shifted down to the targeted temperature control value after verifying
that coil winding was stabilized. Summary Chart 2 shows the rolling temperature results
when producing prototype steel sheet with 1.2 mm thickness, where the shift to the

P-11



targeted temperature control value can been seen starting around the 500 meter rolling
length point. Samples were obtained from the coil and steel properties mechanically
evaluated at the points shown by the vertical broken lines on Chart 2. Samples were taken
at 18 locations over the rolling length of the 1.4 mm coil and at 22 locations of the 1.2 mm
coil. For each sampled location, a test piece was cut across the width of the coil and tensile
strength tested in the direction of rolling for 11 points and at right angles to the rolling
direction at 7 points in order to evaluate the characteristic scatter in TS over length and
width. Quality verification testing was carried out by taking appropriate sampling based on
the results of the elongation tests.

= DT : finishing mill delivery tenperature
=<=<+MT: middle cooling temperature
IFDT-MT*CT Results = + CT: coilwinding temperature
- S Sampling locations
e B 1T
:z::: - i FDTJ
k¢ v ANV s it MT
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W
0 100 200 300 400 500 600 700 800 900 1000
Rolling length, meters

Summary Chart 2: Rolling Temperature Results
(t=1.2 mm coil)

Values of Mechanical Properties

Summary Chart 3 (t = 1.4 mm) and Summary Chart 4 (t = 1.2 mm) indicate the TS-EL
properties of the prototype coil in the direction of rolling at a point % across the width. In
the charts, the red dots (®) represent points in the targeted temperature control zone while
the x marks plot the points outside the targeted temperature control zone. The red dotted
lines represent the minimum TS and EL standards for 980 MPa cold-rolled steel sheet for
automobiles. The properties of current 980 MPa class steel sheet lie close to the TS x EL =
16,000 (MPa,%) line. As can be seen by the position of the points within the targeted
temperature control zone for the prototype sheet with t = 1.2 mm and t = 1.4 mm, the
prototype sheet meet the standards and also can be found to have superior TS-EL balance
compared with current blast furnace mill products.

Summary charts 5 and 6 indicate the TS-EL properties for the t = 1.2 mm and t = 1.4 mm
prototype steel sheet for points within the targeted temperature control zone across the
coil width. The red dots (®) represent points from one quarter to three quarters across the
coil while the x marks represent the properties of points on both edges. It can be seen that
the t = 1.4 mm prototype steel has extremely limited scattering even across the width of the
coil and lies substantially above the TS x EL = 16,000 (MPa, %) line for current blast
furnace products.
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Summary Chart 3: TS-EL Properties (t = 1.4 mm)
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Summary Chart 4: TS-EL Properties (t = 1.2 mm)
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Summary Chart 5: Distribution of TS-EL Properties Across the Coil

(t=1.4 mm)
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Summary Chart 6: Distribution of TS-EL Properties Across the Coil
(t=1.2 mm)

Similar to the t = 1.4 mm material, the prototype material with t = 1.2 mm also has
extremely limited scattering even across the coil and lies substantially above the TS x EL =
16,000 (MPa,%) line for current blast furnace products.

Summary charts 3 and 4 demonstrate that TS-EL properties are good for points within the
targeted temperature control zone while those points outside the targeted temperature
control zone are inferior. The reason is that the structure at the points with inferior
properties was a pearlite + bainite structure where pearlite was at the fracture origin. In
comparison, the points with good properties were bainite + martensite-austenite
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constituent (MA) structures, confirming the targeted structure had been achieved. The
pearlite structure occurred because the targeted cooling was not carried out in the first half
of the coil because of the priority giving to threading performance. Its formation can be
avoided by using specific controlled cooling.
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Summary Chart 7: Relationship between tensile strength and yield point

(t=1.4 mm)
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Summary Chart 8: Relationship between tensile strength and yield point
(t=1.2 mm)

In engineering automobile body strength, the yield point is important because its
properties determine the structural strength of the material. Summary charts 7 and 8 show
the relationship between tensile strength (TS) and yield point (YP) on the edges of the coil
width and those on the section between the two edges. In the 1.4 mm prototype steel sheet
the yield-tensile ratios (YR) were concentrated around 0.7 regardless of where the test
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points were on the coil, suggesting excellent structural strength stability. On the other hand,
the TY across the width of the 1.2 mm prototype steel sheet show a tendency for the YR to
rise on the edge portions. If the entire width of the coil is considered, the YR can be said to
fluctuate in the 0.7 to 0.8 range, but with this tensile strength class of steel, if the absolute
values are considered, it can be said that these variations are not necessarily large. The
reason for the differences is thought to be that there is a greater amount of microstructures
resulting from martensite-austenite constituents (MA) in the edge portions because they
tend to be easier to cool than the middle portion across the coil. With the 1.4 mm prototype
steel sheet, a stable YR can still be achieve without considering any special temperature
control of the cooling of edges, but in the case of the 1.2 mm steel sheet it would be
necessary to give some consideration to temperature control during the manufacturing
process to counteract the ease with which the edges of the coil cool.
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Summary Chart 9: Anisotropic nature of yield point (t = 1.4 mm)
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Summary Chart 10: Anisotropic nature of yield point (t = 1.2 mm)
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Summary charts 9 and 10 show the yield point in the rolling direction and perpendicular to
rolling. Both the 1.4 mm and 1.2 mm prototype steel sheet demonstrated an anisotropic
nature in that the YP in direction C perpendicular to the rolling direction had higher YP
values. Looking at the coil manufacturing conditions for the current project, it is through
that the finishing rolling exit temperatures were low, resulting in the reduction deformation
structure continuing to affect the steel sheet after entering the final stand post-finishing
rolling. We believe that this anisotropy can be reduced by shifting to a higher finishing
rolling exit temperature and ensuring complete recrystallization.

Important Properties for Automobile Body Steel Sheet

We took samples from the portion of the prototype coil chosen to represent the mechanical
properties of the coil and evaluated formability, weldability, chemical treatability,
crushability on impact of parts, and delayed facture resistance. Among these properties,
those especially important for improving the performance of automobile bodies are 1) the
stability of spot welding strength and, underpinning that property, the demonstration of a
stable fracture form, 2) demonstration of stable plastic transformation under large
deformations such as experienced with collisions without accompanying breakdown
phenomena, such as material rupturing, and 3) adequate delayed facture resistance.
Particularly with this class of high grade tensile strength steel, when large elongation values
are desired, microstructures dependent on the transformation induced plasticity (TRIP)
effect are used in many cases. However, transformation induced martensite is a brittle
structure from the perspective of delayed fracture susceptibility. Moreover, in this grade of
steel, the carbon content is close to 0.2% in many cases, making it difficult to achieve good
spot weldability. In both the 1.2 mm and 1.4 mm prototype steels, 1) using the cross
tension test, the most stressful testing method, button fracture or heat-affected zone
(HAZ) fracture forms were observed, resulting in a stable fracture mode and hence stable
weld strength. For such spot welding, no special welding conditions or welding equipment
are required; 2) in the crushing on impact test for parts, no fracturing was demonstrated
and a stable buckling mode was observed; 3) in the evaluation of delayed fracture
resistance, the surface of a cross section of the steel sheet immersed in an 0.1N aqueous
solution of hydrochloric acid was observed. However, no crack generation from hydrogen
embrittlement was seen. Among other properties evaluated, none presented any problems.

Consequently, it was thought that the prototype steel sheet produced in the current project

had the basic properties to be used in automobile bodies throughout the series of
evaluations.
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Future Issues

In terms of the properties of materials, the issues for further reducing the scatter of values
are as follows.

e Reduce the degree of anisotropy (clarify the temperature control zone for finishing
rolling).

e Determine methods to control temperature on the width edges of the coil (for 1.2 mm
thickness steel).

These issues, however, are considered to be completely achievable through the trial
manufacturing process.

e With manufacturability, it will be necessary to give repeated consideration to stable
threading performance in rolling, however, the current trial manufacturing has provided
reference data on control goals.

Through the current trial manufacturing, we verified the following.

e We were able to manufacture a prototype steel sheet of a thickness within the range for
use in automobile bodies using mass production facilities.

e The mechanical properties were proven to be suitably excellent, even in comparison with
blast furnace products.

e The prototype materials satisfied all important properties for improving the performance
of automobile bodies.

Going forward, from the perspective of completing our development of automobile steel
sheet and of expanding the scope of application, we believe the following issues need to be
addressed.

1) The property that differs steel sheet for automobiles the most from steel sheet for
construction and other applications is surface quality. Steel sheet for automobiles must
have extremely flat and corrosion resistant surfaces that are uniform and stable. Since it
has been pointed out that the tramp elements in electric arc furnace mills affect the
surface quality of steel by, among others, thickening the surface layer during the
manufacturing process, it is necessary to develop technology to control the quality of
the surface layer of electric arc furnace steel.

2) Using that surface layer quality control technology, we also plan to process the surface
of the steel sheet to meet anti-corrosion specifications for use in automobile bodies.
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Resource Properties and Recycling for the Automobile Industry

As shown in Summary Chart 11, steel scrap contains the alloy elements necessary for the
production of high tensile steel sheet. Moreover, end of life vehicle (ELV) scrap is a valuable
source of iron containing many precious alloy elements. If these alloys and source of iron
can be effectively utilized and recycled into automobile steel sheet, it would create a large
resource recycling network within Japan. From an economic point of view, it would
contribute to stabilizing prices and costs. From the perspective of reducing CO; emissions,
it would also contribute to reducing new CO2 emissions.
would require an industry-wide effort, but, taking the opportunity of our current research,
we would like to develop a new business model or environmental model for resource

recycling.

The press yield of steel plate for automobile
bodies: 65-70%. The remainder is new scrap

Average composition of tramp
elements in scrap market material.

waste
Cu:0.25~0.30%
: iace it=
Steel sheet for automobile k;o'dlzezsé k700 kg/unit Cr:0.20%
new scrap waste: g Ni:0.10%
| Vehicle production volume: 10 million units/year | 5n:0.02%
Mo:0.03%

| New scrap waste: 2.2 million metric tons/year |

ELV etc.

\ 4

\‘ Scrap generated by production of drive and

power train systems.

Tramp elements utilized
effectively in production of steel
sheet for automobiles

—

T

For example, Many Cr:1.0%, Mo0:0.1%
etc, are contained depending on a
partsystem.

Realizing these advantages

Increase steel grades (high tensile steel)
applicable to automobiles,

& From JATCO website
Domestic production : 3 million sets/year

Expandthe automobile <electric arc furnace
steel pipeline.

Summary Chart 11: Recycling for the Automobile Industry
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3.2 BHERSY

HIER 41 FY2012 O EFEZBEE 2. £ 3.1 2o By & Lz, FEeFEOHIC Cr,
Mo Z&ATEY, 827 7 v 7 %FEETHESIFECHLE LIRS TH D,

# 3.1 BRLZERS

[ | si [mn ] P | s [ cu| Ni | cr | Mo [ sn | A o | N
mass% ppm
0.19 1.00 1.00 20 | 40
(01850 k ~ u L | 04 [0015[0003| 03 | 0.1 y" 0.3 |0.015| 0.03 o | o
0.205% )

AXBORE. BEME.
[ Wi, AU e T2 RAEERL , ThBAOBE R ERORERETTE UL,

P-28




3.3 BUGHS&M:
(BT U 7= S 3 25
- AU (E F)

A7 Ty TG, G ARH, BN, HHE R

* SR SRR (i (LF)
BeRARHE, A& LDHE, BN, FeRNMEYE

(2) Waat L7k st
SRR —FRfE, AT L—HBE, HET SRR, R — Ak AVBRAE
3.4 JEIESAH:
A JEE O JESE ot CRAE L 72 SR O R A B 2 €L ISR & Uiz, 7277 LEIEIC e, H

JERENRSE « A1 BFESEIREE ANHV VB D 1272 B WABEME b & o 728, Wb 2B L, EAEEE
LD ANT O ET L & L,

P-29



4. HRORALME

4.1 HE

RENL, 27T v 7 HFR 41 IRTHEAE T, 146ton ZER L7z, EWNAE— X BICEEM B
ok, B EICHBERK T, A7 7 v 7RI 100% E L, 2o, Hilr b g s 2 e En]
HE72 16% & L7,

ERNA~E—d1E, RKREMOTEILRHZTL T AX L THH S Cr: 0.20%. Mo : 0.03% % &
ATEY, 27 Z7y7HkD Cr, Mo ZAHMFIHTE TS, FRMIZIZA B HEOEREIR «
T—hL A U RZNLRETDHERE (Cr:1.0%, Mo: 0.1%%) 2B AT HZ LT, ERD AT
T THOLT XA ZNLVOFENERNFRETH D,

LU - 800E, s (CCM) T, 925X210mm D AT 7 14 A (142ton) A FHHAATS,

(¥ 4.1)
# 4.1 WBRERE
LMBEOREAR | HBBORY) B
295v7| BERAE— 76.86 46.68
AR el 14.22 8.64
(ton) At 91.08 55.32
RIMEER 146.40

4.1 HEEgEETOEE G OUEER)
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AT ZIIAMBIRR A (B OREFIAL, Wi EINn 2 RAE) 2170, REMICIER 4.2 1737 &80
9ARZFEIEH & LTz,

FIETIE, 1.2mnm A 1240 (X4.2) & 14mm N1 aAf LA 8ETCEH~, Z0o2a/1vx L
NI =zl L, o rEgD ML, FRYEL CRERGEICHE L7,

+® 4.2 GFEERE
CHNo. |RSTHAX| EE (ke) wE
N5-9772-51| 925x210 9,461 ASTHREHR
N5-9772-52 | 925x 210 9,461 £ 3E
N5-9772-53 [ 925x 210 9,461 ASTHRER
N5-9772-54 | 925x 210 9,461 £ 3E
N5-9772-55 [ 925x 210 9,461 [£3E M
N5-9772-56 [ 925x 210 9,461 £
N5-9772-57 [ 925x 210 9,461 [£3E M
N5-9772-58 | 925x 210 9,461 AS5THRER
N5-9772-59 [ 925 x 210 9,461 £ 3E
N5-9772-60 [ 925 x 210 9,461 [£3E M
N5-9772-61| 925%210 9,461 [E 3R
N5-9772-62 [ 925x 210 9,461 [£3E M
N5-9772-63 [ 925x 210 14,772 A5THRER
N5-9772-64 [ 925x 210 13,932 A57BRER
HWE=E (kg) 142,238

X

X 4.2 BIEMONEEER
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4.2 B

(DR
BRI ~LF @ HREL KX EBbohhol=78, CCM I IEEZRIE L, BEISMH%
B ERERICE 2 TRl St 2 i L=,

Q5B A, SRR

PRAATEAZ TIIMAN LTt AMBIREZIT W E OMER AT o 12,

* 4.3 12, WAL B I OER 7 7O EE RS, AT 7OV o AEIE, K
43D LBV THD, $FALESIE, HWEY DEL T2 LN TE T, £/2. AT T TORS
EENT, $FALFOEZWNIE Yy 77 v 7470 $HAANLZE L TN Z &35,

* 4.3 BFR HHTRE R
%
BFHR C Si M n P S Cu N i Cr
B1iEE 0.19 1.00 1.00
) (01854 E ~0.20 0.40 0.015 | 0.003 0.30 0.10
%1 UE Rk
R)

L L F &4 0.200 1.000 0.43 0.032 | 0.007 0.24 0.11 1.01
9772-64A 0.217 1.001 0.42 0.030 | 0.007 0.24 0.11 1.01
9772-64B 0.215 1.017 0.42 0.032 | 0.007 0.24 0.11 1.01

257 9772-64C 0.233 1.013 0.42 0.031 | 0.007 0.24 0.10 1.01
9772-64D 0.225 1.007 0.43 0.031 | 0.007 0.24 0.11 1.01
9772-64E 0.216 1.001 0.42 0.031 | 0.006 0.24 0.10 1.01
9772-64F 0.204 0.998 0.42 0.031 | 0.006 0.24 0.12 1.01

%
BFHA Mo \Y; N b Sn P b B Ca Ti
BHEZE 0.3 0.015

L] L F &4k 0.30 0.013 | 0.009 | 0.019 | 0.000 | 0.0026 | 0.0017 | 0.006
9772-64A 0.29 0.013 | 0.007 | 0.019 | 0.000 | 0.0029 | 0.0015 | 0.006
9772-64B 0.29 0.013 | 0.008 | 0.019 | 0.000 | 0.0024 | 0.0010 | 0.006

255 9772-64C 0.30 0.013 | 0.006 | 0.019 | 0.000 | 0.0027 | 0.0019 | 0.006
9772-64D 0.29 0.013 | 0.008 | 0.019 | 0.000 | 0.0027 | 0.0011 | 0.006
9772-64E 0.29 0.012 | 0.006 | 0.019 | 0.000 | 0.0022 | 0.0009 | 0.006
9772-64F 0.29 0.013 | 0.008 | 0.019 | 0.000 | 0.0024 | 0.0012 | 0.006

% ppm
B HA Al 0] N
BiZE 0.030 20[3@0) | 40[@0)

£k L F &#& 0.009 67 67
9772-64A 0.012 24 66
9772-64B 0.010 21 73

255 9772-64C 0.009 21 66
9772-64D 0.010 27 72
9772-64E 0.010 21 69
9772-64F 0.010 24 69

%1 xxx |RiE,BAVETEIHSEERL , ThUAOEEFEFOREEMTAEL £,

%2

RHEAE, FREAMEA L,

CeqW=C+S1/24+Mn/6+Ni/40+Cr/5+Mo/4+V/14

Pecm=C+51/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B
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T
Lot
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W . . P
ay torhw B | teFhw 3 Lech T - IR R T
= PR
i i ks
T LN
¥ L,’Q’E,—J
[ P
# AR YL T oms kT
A v e -
W:32zmm l
[
.i/
1o pa 1D L T w0 |t [ e
“
' &

#HARAULEome

"F
l ::;;,;;;“‘;tm

'na-n;:um*
4 B A
| 15F b [ 5t ha [ | D Aot hwa H)]
F E o

4.3 RATTRHEERVY 7V v THE

4.3 FEIiE

B L7 AT T HTFIEL, Ay haA vzfE LT,
#£ 44, RA45\EET — X ET,

JEIEIIER EMER DT, A X — k& 6.0mm [EILANA T8 & LT, 0%, IEEZHEL L
TWVW&E, 1.4mm & 1.2mm 245 1 a2 A LELE L=,

EHE I - T2 ERE A5 5 7201, A EEEMIC THRIE S N8R, 707 v v T —7 1
B DA HIEREIC L > THKEND Z & THEDERBIRE £ THASHh, BEMEIC Tk X
BRoid, LnL, ARRIEICBWTIE, 1.4mm PL T O EREHR O EIE IO TORALEV D
ZELHVEKERCEIEEZITT o7, 4RO 1.4mm UL FORIEIZRBWT, 07U T —7 )L
TEIRY AN A VRS OB ZT O & GHEVKOIEPUT L 0 SRS 6 BRI AL
EEIRD ZENBEEINTZT2D, 2A VOB BIMAE TIHEEK CTRERY 2{7o7-, BEH
0%, WEZBRE L7=03, fERE L C, EEOFTPEER S TIAHWE Y OmEIN s TR 5958
BENELS 2D, BEIDIT/> THVIE Y OBRBUREIC R >7-, %BiBRD 5.4 AR DIE
TS, ZOBBIZE Y I A VEPES &R TIXR R DR L ol B2 B D,

WEROLZEMHICE L TIE, 4%, EEEZENRDL L TR TEZHEE 2 TND,
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BETIX, BIEZO A VOEBRSLHHPICA U L2ERBBROEEICL 500 2nH (X
4.4, 4.5) L 72> TR Y ABUEM TOMABAITIC BE R REHZRIZLTOD LHEL TS,
T b ARIEOBEE L R, @R BER O TR TITEB AN ATRE 2R R IF M ORI TR 2 AR 4E
FAELTEY, ZOBREORBNRS 5006, KlfEOH W &I AARTE LB LT

Do

#z 4.4 HEE
4 JLNo. A3929012 A3929013
<ARZTF—Z> REREI— R | 9MH0000100 | 9MHO000100
A7 7 No. N597726200 | N597726000
E[mm] 210 210
& [mm] 925 925
F[mm] 6262 6203
EE[kg] 9556 9466
H/C C C
# 4.5 HETEE
14 )LNo. A2B18020 A2B18019
<J/IIBEF—&> ARE[mm] 1.43 1.23
ARIE[mm] 955 955
RE[m] 911.4 1046.0
9272 [um] 35 35
<JMIILEETF—Z> BILEE kg 8,220 8,500
SKPEE kg 6,250 6,980
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A3929013(1.2x914) 4k DB EEE

A

A

=o—A  (Coil{flmm)
—4—B  (Coil¥}[&)
=>=C  (CoilAE)

~c\.\::0

Eg -’.~.-~,h~.__’.h~ ."-.~_'l
\\N
\\ T
100 200 300 400 500 600 700
EH5E T H 5 OB KR (min)
44 aANVEE FYEH 1.2mm)
A3929012(1.4x914) £ D BEERE
—IO—A (Colilﬁllﬁ)
——B (Coils}f&)
=>=C (CoilNfE)
B
ng
A

N

e
%m

100 200 300 400
5SS T H D OEE BB (min)

500 600

700

X 4.5 =ANVEE GEH 1.4mm)




5 RO M

(ZE0E

REHBDO BB TH S, EJFMEIL 590MPa % DP ik o5& (TS) 590MPa Ll EE L, TS
Y (EL) @ofF (TSXEL) 16000 LL EZi7Z L CWANERZIT O 120, WWEIHER % Ehi

L7,

5.1 V7 ERE

JEIE ST [ D P AAREALIE 2 X 5.1 12, T\ MOV T AERRALE % X 5.2 IZ7-7T,

BREE — R OVNT 2D NN T D EfERZ HIIZ, JFIEFPIZE N T, AF A TIEEmRB IO
Rii(A 7 7 — T TRWEE) OIREZE(LORZVLENDS bm By FTH TV 7L, LT
— TCIIFEEEESREER S LEbE T U I EZHE L, 1.2mm M T 22 23577, 1.4mm
MTI18 b O VR E 72570, £, BB RICIB W TIEAE S R O 5 5EER A 11 5,
MR H OS] ERER T 7 8280 H L, 5IIERBRZ1T> 72, WiE oY > T AALEITT — 27 3
A4 K (L%, WS) 726 RS54 7% A K (LLE, DS) > TOESZIEME L LTRT, (225mm

R0 1/4 %)
Z OO FVERRFEDOFRER T2 DWW TIE, SIRRBROFE R %2 LT 5.3 IR 7 VR IET
7,
FDT*MT-CT E#& ——FoT ==-MT4
il --ca e YT VERAE
HHH H [
il : i
m MM aoemeatenas o o S b
. i
i i
‘p | i it P - i
o A e e .
T i Yaa W GPUTIPwY ey || >
" i
i it
i i
i i
i ﬁ: ﬁ.{ L
0 100 200 300 400 500 600 700 800 9200 1000
EEZEE m
LVO RIS 5 20 45 70 105 130 230 360 400 440 480 630 760 770
No. 9 10 11 12 13 14 15 16 17 18 19 20 21 22
fIE m 125 140 165 190 225 250 350 480 520 560 600 750 880 890

X 5.1 ¥ 7ARBYLE (1.2mm)
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WS CRASE)

BLE — 20- L "
BLE - 60- L —
L)
iBLvE — 160- L .r‘-"-“ I
BA 5 ]
————— BLE — 2251 |- LT
=1 B1 =
$ B
ELVE — 3375 L o1 |
= I
— |
BT
__________ AL 1 I O
ﬁb-‘i e L0 | 5 ; 'i'ﬁ—
T|a
o
JBLVE — 5625 L B I
i Y
[
B — 675 L ? 21 b
Y= T BEE BCR el st --
ol 7]
T
BV — 780- L o §
iBLIE — 840- L — (l,
JBL v — 880- L
DSCENGEY
480mm -

X 5.2 VI NVEREBNLE (BRIETT M)

WS (ASE) WS (ASE)
]
S T . T — FBLVE - — - 925 | 1%
il — Ll 8
®BE — o
88 -
7-6 B
- AL ——450— L
84 o
7-4 R z
; 8
B - -
------ B E—r— - T ““‘)Ei.‘\’%“—“ﬁ?s:r_““““l“‘“ N ﬂf'
| iEL — L =10
LDH LDH LDH o m' z Ed
DS (#L3E) DS (#L3E)
- 500mm 520mm

X 5.3

YU INVRBAE (M)




5.2 BISDILERRS DT

#5118, LRT—TH TV T LI a A VOG5 EFTDOF = v 7 50 is R %2 w1,
EHER X O A L TOBHHEDIE B2 & 13/h & (IEREHA L 2R TLE LT 'S & Ml T
ETCWDHLEHITE L, £, REBTITHWBIEEREZ 16%I2 L7223, Cu: 0.24%. Sn: 0.020%
ThO, fiHRT Ty TORE L~ Th D, 506 7T H WD bR 2 228 iz v aB 70 bR
W FIFN D Z E PR TE T,

X 5.1 ALFRoME

%
R C Si Mn P S Cu N i Cr
0.19
Ei‘@ (0.18% k ~ :ﬁg 0.40 0.015 0.003 0.30 0.10 Lﬂg
’ 0.205K)
1.2 No9 WS 0.210 0.996 0.45 0.033 0.007 0.24 0.15 1.02
1.2 No9 1/4 0.206 0.997 0.44 0.032 0.007 0.24 0.13 1.02
1.2 No9 1/2 0.206 0.995 0.44 0.032 0.007 0.24 0.13 1.01
1.2 No9 3/4 0.205 1.001 0.45 0.033 0.007 0.24 0.15 1.02
LAS— 1.2 No9 DS 0.205 1.009 0.45 0.032 0.007 0.24 0.16 1.02
1.4 No9 WS 0.197 0.969 0.43 0.030 0.007 0.24 0.12 1.01
1.4 No9 1/4 0.205 0.988 0.44 0.033 0.007 0.24 0.12 1.02
1.4 No9 1/2 0.208 0.993 0.43 0.032 0.007 0.24 0.12 1.02
1.4 No9 3/4 0.205 0.989 0.43 0.031 0.007 0.24 0.11 1.01
1.4 No9 DS 0.201 0.985 0.43 0.031 0.007 0.24 0.12 1.01
%
RFHA Mo \Y N b Sn P b B Ca Ti
BEE 0.3 0.015
1.2 No9 WS 0.29 0.014 0.011 0.020 0.000 | 0.0024 | 0.0012 | 0.006
1.2 No9 1/4 0.29 0.014 0.009 0.020 0.000 | 0.0025 | 0.0011 | 0.006
1.2 No9 1/2 0.29 0.014 0.009 0.020 0.000 | 0.0024 | 0.0014 | 0.006
1.2 No9 3/4 0.30 0.014 0.010 0.020 0.001 | 0.0026 | 0.0012 | 0.006
LAS— 1.2 No9 DS 0.29 0.015 0.011 0.020 0.001 | 0.0025 | 0.0013 | 0.006
1.4 No9 WS 0.29 0.013 0.007 0.019 0.000 | 0.0026 | 0.0012 | 0.005
1.4 No9 1/4 0.30 0.013 0.007 0.020 0.000 | 0.0026 | 0.0010 | 0.006
1.4 No9 1/2 0.29 0.013 0.007 0.020 0.000 | 0.0026 | 0.0012 | 0.006
1.4 No9 3/4 0.29 0.013 0.006 0.019 0.000 | 0.0026 | 0.0010 | 0.005
1.4 No9 DS 0.29 0.013 0.007 0.019 0.000 | 0.0027 | 0.0012 | 0.006
% ppm
BFHEA Al 0 N
BE(E 0.030 20[30) | 40[20)
1.2 No9 WS 0.013 33 67
1.2 No9 1/4 0.012 27 68
1.2 No9 1/2 0.012 26 68
1.2 No9 3/4 0.012 25 65
LAS— 1.2 No9 DS 0.013 38 66
1.4 No9 WS 0.011 25 64
1.4 No9 1/4 0.010 24 65
1.4 No9 1/2 0.011 23 66
1.4 No9 3/4 0.010 21 64
1.4 No9 DS 0.010 25 65

¥ [ xax MR, BVETIRHPEERL , ThHNOEARERORERETIT L LE,
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5.3 HRAOIHEE

(DME ST 4
FloRAER 21TV FEARAOMEE 2 iRl L7,

SERTIE - JIS Z 2241 |[CHET 5,
AERF U H L2 400X 30mm %, X 5.4 12~ 5 SaBR A INL L7,

R=25

%/ /
~ ] ~
60
X 5.4 BIERBRA

(2)5 | EFBR S F

5.5 (MR J7 0] « JH4E 5 1) D 58 FE 53 A7 Joe OVGREE — ROV T 2 A D434 X % 7777, 1.2mm #4,
L4mm M2, EAES RO deim~ [ Tl HRE 710 1/4~3/4 O5&EFE (TS) 7% 590MPa (i
FLTHVDH DO 980MPa (Zxf L TIEIK L, 58 (TS) LY (EL) oFF (TSXEL) % 16000
UIFTHHo7T=, FR~%IETIE TS X 980MPa LI T, TSXEL % 20000 Fif% & YV B4 72 Rk
ZixLTW5b,

5.6, X 5.7 L &7 — & O5EE — i OV & AERk O BIfR 277, K o skl TS X
EL 728 16000 D5 A T, ZDOTFA » L VOB WS OO ZBIZET 5 & A T A b
+MA L7255 TED | JHWIE YD O/MEERSHE TV D, SRR E U RHEOIEN S O OFFRIZ, <A T
A M+NN—=F 4 N Tholz, JFIEOEBEER THIRARZEY | Aimo ixm AN+ TE T
WD NR—F A "ERT HIRESETH -T2 ZBZ BN D, BHES D X 5 ITHEEE 2 H D
THHEITIUE, N—=TF A MERZBT S Z LN TE, SBOERETORBETHIGTTEIDOL &
Ez25,

X 5.8, [X 5.9, (T =A /VOEIEST ) CHEIEREE 23V MEHE V(2 e 7 B P & AL 7 BT D58
FE— O — % LI EE 980MPa o &k W A B B RS 297, JHVE Y ORFE CIEE T X
7oA VRN TIE. 980MPa OHIK %+ 432 LT\ b £, TSXEL & 20000 Riif% &3 5 41
Tn5,

5.10. X 5.11 (ZHHV V@ D OIRE THAE T X 72 2 A JVERNLOWE 7 [ O K5 M Lok 2 7R3, 1.2mm.,
1.4mm & bIZEIT RO ZER T TS-YP<100MPa, EL<5%TH 0 XT DX (T2, YR IE
07 THDH, 2. oI OANAOSN TS, TSXEL IZ00mE < HrEn B,

5.12 |[ZRHHIC L J51H, fitshic C I oRit4a R4, L-CORGERROLND, Zidfk
RENHEICK L TR Z LI iy DD DOERTIT RN Ly b OZERENE Z
Sl EEZ NS, BIFMICEL I, L EELEEZRE EBEIET S Z &1 X0 iRk
TX5HLELZ TS,
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N N
o ol

Total Elongation, %

=
(6]

- 11.2t TS-EL ) e 1.2t REIHIME
s :9980“/”’3) X 12t REEMESR
\\ : — -TSxEL=16,000
\ . ] TSEL=20,000

500 700 900 1100 1300 1500
Tensile Strength, MPa

X 5.8 HREBELHEE— MO (LW 1/4%) OB (1.2mm)

N N
o (6]

Total Elongation, %

=
(6]

- 11.4t TS-EL | ® 1.4t B ME
r X L4t REHEVMES N
\\ : — -TSxEL=16,000
> . TSxEL=20,000

|(->980MPa)

500 700 900 1100 1300 1500
Tensile Strength, MPa

59 HBERELME—MMG (LH5m 1V/4E) OBEFE (1.4mm)
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30

® 1.2t : I§AM1/4~3/45R
N X 1.2t: @75 ™ Ws,DS BTy 4

— TSxEL=16,000

© 25 1 x Lo TSxEL=20,000

IS

k)

g

2 20

o

[11)

3

(=}

F 15 -

10 i t t
500 700 900 1100 1300 1500

Tensile Strength, MPa

® 1.4t : I@H A 1/4~3/45R
X 1.4t: 1875 WS,DS T vl
— TSxEL=16,000

< 25 i IR TSxEL=20,000
c
il
<3
c 20
o
]
g
(=}
F 15
10— P
500 700 900 1100 1300 1500
Tensile Strength, MPa
5.10 TS-EL DIEx MR
1000 =1 2t TS-YP ® 1.2t : 1B AI1/4~3/4%8
950 X 1.2t: 1§75 M WS,DS Tyl
900 —-YR : 0.7
g 850 ..... YR 08
=
_ 800
[}
g 750
n
o 700
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< 650 T
600
: (YR:0.7)
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500 SR ‘ ‘ ‘
500 700 900 1100 1300 1500
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950 - X 1.4t:WE75[E WS,DS MLyl
000 | — YR : 0.7
& 850 -
% 800 -
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P-45

1,300 - 1,300 - —
ﬂl.Zt TS(L-C) ® 12t : iEFA1/4~3/4H 11.4t TS(L-C) ® 14t : iEHEL/A~3/48
1,250 ; X 1.2t : 15 WS, DS T vl 1,250 E X 1.4t : (@A MEWS,DSHI Y
1,200 —lC 1,200 | — =
& 1,150 _ < & 1,150 _
= =
= 1,100 = 1,100
) » IS X -
£ 1,050 - 21
2y 23 £ 1,050 }ﬁ
1,000 X 1,000
7~ re
950 = 950 -
-~ b
900 900
900 950 1000 1050 1100 1150 1200 1250 1300 900 950 1000 1050 1100 1150 1200 1250 1300
TS(L) MPa TS(L) MPa
1,000 — 1,000 -
11.2t YP(L-C) ® 12t : iEFIA1/4~3/4H 11.4t YP(L-C) ® 14t : iBHI1/4~3/48
950 1 X 12t (EAEWS,DSEI YA 950 1 X 14t : 1B EWSDSTTYS
900 | — Lc 900 — L=
g 850 = g 850
= - = -
g 80 _ G 800 _
a X 7~ a e
& 750 ge & 750 ’(#
o8 -
700 700
r’e re
650 = 650 -
- P
600 T T T T T T T 600 T T T T T T T
600 650 700 750 800 850 900 950 1000 600 650 700 750 800 850 900 950 1000
YP(L) MPa YP(L) MPa
30 - — 30 ¢ -
,s |1.2t EL(L-C) ® 12t : 1EJIRIL/A~3/4% ,s 1.4t EL(L-C) ® 14t : UEAHI1/4~3/4%0
% £ X 1.2t : HEAEWS,DSEI v % E X 1.4t : HEAEWS,DSEI VI
2 E — -L=C I — L=C
22 > 22 =
S 2 + T 2 +
- E 7 - E e
F X F
@ 1 E g :’{- @ g g x“'§
16 _ = o 16 _ < ®
14 - e 14 - x®
E e E I
10 - L L L L } L L L L } L L L L } L L L L 10 -
10.0 15.0 20.0 25.0 30.0 10.0 15.0 20.0 25.0 30.0
EL(L) % EL(L) %
X 5.12 L-CEFH




6. EZIC BT AT

AR EM 2 W, HEIEASRKE L CERESND WEERIEH OfGEE 6.1 TH~6.6 THIZ,
F M OREUILT A 2 BB U AERBHE L L CoONERIEE 6.7 HICHR RS,

6.1 A METAMR

M - KM < R - R MAE DR HRVIRLICK WV ERRELZBIR L, BB I 0ME
FSALEE - FEAE AL DM RME 2 B L 72,

(DRBRFE
HKEFZERER(SST), a1 7 V3B (CCT)H L ONRIRAKFER(SDT) % Fhi L 7=,

(@) SSTc k%7 a2 il
FRBRIE « JIS Z237T1 (/KM 25 A BRIE) L AE O Hr PR K e 2 BB IE 1T T 5
AR A 150X 70mm, Ul 2t v o7 — 7 TRk
RSN - RERFE N 35+2°C, 22X fafngam 47°C
MR - 96Hr., 240Hr. 480Hr
WE5EE /) 0.098+0.01MPa

K - JIS K8150 Hplkdfi b R U w7 A SIX RIS AL + WA A 7K, 50+5g/L, pH6.5~7.2
HEHEH : uxby HDEFICED SO 330, 7— 7 FEfE

() CCT 2k D7 oz Ml
B - JIS K5600-7-9( 1 7 )V kb H I HET 5,
B A 0 150X 70mm
EEBEZITV, K611 DX I VALEEZSTH(Z a Al v b)),

0.5~1.0mm
i
Hih

X 61.1 THEMFMARBRAF ~D7rXH v b
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RS X 61.2 1T T NF— % 5, 10, 25 VA 7 L0 K,
HOKMEZESET. BEC SST [FIAE. BERFO@E X, 95%RH &4 %,

REEIR

S
C

e R=F &~ N ; 2
1BIKIEE P IBRFLIR

....... e
>

v

X 61.2 CCT &E#p/X¥—

WEEE - (7axhy DERICE 2 S0 - 30, 7— 7 HIEkE

(¢) SDTIZ k%7 v 271 > LFfh
AL L JIS IZHET D,
BRI 5%Nacl KR 55°CIZ 96 FfH] iR 5.
AR b CCT 3R & [FIkE.
WEEH : (7axhy DBEFICE 2 &0 - 30, 7— 7 HIbkE

QRBEE
EERBEBEOFB O, [M61.3 3 LUK 61.4 IO TEAT A 7 VB2 Fv o, ARRB
OB, TR, MUKy o OHT - BRI, ERUHGE, R, R,
PP E S Ol S, % - il - 8 BIEO 4 S0BEAHBT S, Xy F o x v b
0= T TRBAMEREL, EEONUTF - A4 D TABIEET 5.
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E5/ X)L

61.3 CCT HRBRENEBEE

SARRAH—

PREEA
: 1\ EEEREO <« REERER
R i 2
/
TEBEe =T 0%
=y N 2 gy | SRR
(R — — | mERsE
HEH
SO/
[~h,
»ﬂ t<<— E——
(REZBRE) A /w
— 1R < TR A
o o
O o
EEK e
2y
Zo S BT 28

K 61.4 CCT REXNE
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(FRBRAER

(@) SSTIc kb7 a2k vy M

A L B

S—

17

EF RS (270Mpa IERS) THEBLIZZ B AT v b

ARG R A, & 61.1

BLOK 61.5 27, sERpiE O /M BRI, 61.6~X 61.8 |27~ 7,
AEM O e K FIBENE XL (2.6mm LLF) PN T, BATEF M I Tl v 28

NTW5H,
# 61.1 SST 7 u Rt v FEHHRERL R
SST-96Hr{% SST-240Hr7% SST-480Hr%
A nik Flgeig | DY R4EE| FEE |[DUR4EE] REE |[DUREEE
980-1.4t 1 <0.1 7 0.2 s 0.4 i
2 0.1 7 0.4 i 0.6 i
3 <0.1 7 0.3 i 0.3 i
980-1.2t 1 <0.1 % 0.3 b 1.0 i
2 0.1 7 0.3 i 0.7 i
3 <0.1 7 0.4 7 0.9 i
FEECE 1 <0.1 e 0.5 i 1.1 =
2 0.1 7= 0.4 i 15 i
3 0.1 = 0.6 i 1.5 i
SST 96hr
3 H 980-1.4t96hr H 980-1.2t96hr L& # 96hr
2.5
2
15
1
0.5
0
SST 240hr
3 M 980-1.4t240hr W 980-1.2t240hr LEE# 240hr
2.5
2
15
1
0.5 —
= = =N =N =u §
2 1
o [e)) .'qgé
SST 480hr
3.0 m 980-1.4t480hr M 980-1.2t480hr ELEAE 480hr
2.5
2.0
15
1.0 1 1 —
ot -l—m HE B I
0.0 - T

980-1.4t
980-1.2t
He##1-0.8t

X 61.5 SST 7o A v bEEAMRBRKE R
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96H1 41 96H1 2t 96Hr FLEG T

4|‘_' :
e
<041 <041 <041
(a)n=1
96Hr—1 4t—2 96Hr—1 2t-2 96HFEES #1-2

<041

(b)n=2
96Hr—1 4t-3 96Hr—1 2t-3 96HrLEES#4-3

TATE
s
|
®

01

(c)n=3

X 61.6 SSTZ7uxiy FMRBANEEE (EF 96hr )
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240Hr-1 4t 240Hr-1 211 240Hr- L& 41

X

%
i
‘@
04
(a)n=1

240Hr-1 4t-2 240Hr-1 2t-2 240Hr-FEES #4-2

:;
o=
J&
a8
03 03 04
(b)n=2
240Hr-1 4t-3 240Hr-1 2t-3 240Hr-LEES#4-3

%
I X
A i
04
(c)n=3

X 61.7 SSTZ7uRxAy FRBRANBEE (FBEFE 240hr #£)
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480Hr-1 4t

480Hr-1 2t-1

480Hr— FEEG 41

11

480H-1 4t-2

(a)n=1
480Hr—1 2t=2

480Hr-LEES #4-2

’
L
®
(b)n=2
480Hr—1 4t-3 480Hr—1 2t-3 480HrLEES#4-3

%
11
®
09
(c)n=3

X 61.8 SSTZ7uRb vy NRBRANBEE
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() CCT Ik A7 v xH v Nk
CCTIzk a7 uxhy FiBRFER A 61.2, X 61.912~77, [X61.10~X 61.12 [Z#ER T D
N EHE %R~ T,

#61.2 CCTZuxkvy NRBRHEER

= CCT-5cyci® | CCT-10cyci® | CCT-25cyct’
4 =
Prattt n# ZIEENS FIEEE FIEEE
AR 1.4t 1 0.2 0.9 1.8
2 0.3 0.7 2.5
3 0.6 14 1.8
HAEH-1.2t 1 0.4 0.5 1.2
2 0.1 0.4 1.8
3 0.1 09 2.3
CCT-5cyci®
70 ™ 1.4t5cyctk m 1.2t5cyctk
6.0
5.0
4.0
3.0
2.0
1.0
0.0 I e
£ £
CCT-10cyci®
70 M 1.4t10cyct M 1.2t10cyct®
6.0
5.0
4.0
3.0
2.0
1.0 _ -
0.0
o z
= P
CCT-25cyci®
70 M 1.4t25cyctk M 1.2t25cyci®
6.0
5.0
4.0
3.0

2.0
1.0
0.0

FEM-1.4t
BEM-1.2t

K619 CCTZuixbv FREER
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i1i-5

AEH
1. 2t

M
1. 4t

X 61.10 CCTZuzxk vy bREBRFABEE (B beye %)

FitkEd

11—10

12—10

13—10

AEH
1. 2t

AfEH
1. 4t

X 61.11 CCTZwuxiy FRBRANBEE (% 10cyc %)
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FitE:d 11—25 12—25 13—25

980$H
1. 2t

23—25

fiFE 21—25

9808
1. 4t

X 61.12 CCTZuzk vy bRERFIBEE (FEFE 25cyc %)
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() SDT 2 & %27 1 27 it
SDT 2L %7 m A%y Mkl Ra# 61.3, X 61.13 1277, X 61.14 [Z3RBR T OAME G E

%‘f%jéo
SDT T O KHBEMRIIEYEN (2.5mm LLT) THDH, #HREHL~UCHDL EE2HND,

#61.3 SDT 7 v X v NRBRER

_ SDT-96Hri%
M n AR B IE
1 0.8
1.4t 2 15
3 14
SAEM ] 038
1.2t 2 1.0
3 0.8
AR | 2 o2
4.5 W14t
4.0
012t
3.5 S
& : DRETEFHO
X 30 | ATEEAER
% f
Bt 2.5
L.PY
m 15
m
1.0
0.5
0.0
1.4 t 1.2t 0.8 t

X 61.13 SDT 7 v X% v FMRBRKER
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96Hr1 4t 96Hr1 2t

| 96Hr FLET #1-1

08

(a)n=1
96Hr—1 4t-2 96Hr—1 2t-2

| 96Hr-LLEG#1-2

(b)n=2
96H—1 4t-3 96H—1 2t-3

96Hr— LR 13

(c)n=3

X 61.14 SDT 7 v X4y bRBRAFANEBEE (1R{E 96hr %)
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(D~@)DOFRERIZIN T, AEM X, EABENMEICE U CHUTEIF LA & [R5 7ot %
HLTWbEEBEXLND,
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6.2 VAEEVEREAR

ARy MAERE I, RFHA D ICHEARDPHEERE 2 RET A OO EEREEEETH Y |
THETH D, HEVEHSKRO EEIMEIT, BE L EEDONRT A EBAIESZ ERRDO LN D
72O MELE U CIRFEEZ SO USSR 2 @ O 7R TSI 2175 Z 3@ LT
HZE, BHOHWIE, BEF AR L CRUE R MRHIE 21T o BEImch v . ZofER, ARy b
VRHEEROVRFLT 7> NEROBEEEIIAE < 722 L [AIRFIC VBIERME F LT LE S E WO ENAE T T
W5, BIZIE, MO ERIRIRE & e 5700, AMFHIES RELOW RN NEL 8D 2 &b
WEHERR OIS STEF N LR 5 2 LITRE U, RS ST 54, BEAMRENLE L
R RDHEVHIMEND D, 2O ORIEIZEC, MEHREEN 590MPa ##8x 7-&H7- 0 7> 5 88
BRDZENHLNTWD, ZDOZ EnD, @ME—EIEEN RSO 51D A B H &R S8R
DOFFEIL, ARy MEEER Lo E L5 4. MEBHR & O, 2o Tk (&) A
L EERBEBELE o> T D,

ZDX SR —EOEEIIND AR NEAEEICR D AREIL. B, MRBERE 590MPa #% T
P72 B L 72 > CTHlL, 780MPa, 980MPa & A EHEAE N L3 D224 T, FREED #EL) B 13
L & &89, REIEM Tid. MPEHREE 590MPa UL E . EERORME B 213k E58E 980MPa % H
ELELTWDZH, ARy MABEMEITRHICEERMERECTHVBRERREL S 25,

AFRNEM ClE, IR 2 B LT ARG G e STV D08, AR v MRS BT
(2B 7z > Tid, LB 7 1 & A2 > TREFZ2MENRS SN D L9 2208 - i AR 21T 5~
HEFMORGEZTo7-, M. LIXUIR, BEESH T, #55E OF MR O BLS )
5. T+ E FOMERBRICB N T, RE RITHET, &2 WITRMBET RO 55, BHE I,
+ RS TR NEFORNOR LB LWVEE FOBEICADL Z & BRGSO AW
T — R CIXEEARE (TSS) MIEHER MR /A2 DITx LT, ok & F o R it e+ —
RClix, HIEETRE (CTS) MM EHCIRBEM R MICBUR TH D Z L h, kS BEE— )
REME—RERAZLIZEY MEFZEOLODEFEENGOINLEEZ NI L THD, B
REGIZ I, 70k S BOSREES OB B S LA OEFT CLEREBITt— N (R ¥ k7% %
B35 ik, MERZEEO SIS BEELFMEEOOL DL 5T D,

AENER . R OVE DM IE RIS % R0 hT-» TlE. FEOREWIEE— 2 21 %
ZEEHEE LT,

BRI, ARy MR T U723 BR A 2ER L, HAWSIE - +55 (X 62.1) % it
LT, ARy MNEBEHMOM®RS #3735,

T35 [5RatER

X 62.1 PAEEEICAT D5IRARA A -
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(DRBRA

3IHERBR I 62.2 35 K O 62,3 1R, 2Ky MEHEE B L, 2 Hoh - St & e

THELTIZE A, BEL CEEBEG R Y MNa)T 5,

< B ~
e L ~)
I .
S 2 %
: L )
I [ |
% L
<<=
z A " T
EUHRE RIEW Ehil | RBRAEESA|YSUTMERS
0.3=t<0.8 20 20 75 70
08=t<1.3 30 30 100 90
1.35t<25 40 40 125 100
25=t<5.0 50 50 150 110
62.2 HAWE|ERBRF (TSS)
16-11ZL)
f——rt
i 7
1 A
—__ - e .d;.-_.@/\c 0 o
SET A oT¥"|¥°
I v
\
I
|

Ao IR :

[~

X 62.3 +F5|EREH(CTS)
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QBB DREFIE
FEARM BB SRR OEB 2513, WHEIR D 2 7 MO (RO SEEMN) 258 L.,
2BLAELE L, ZC@EP’CJEIEK@%EE? Ll Lz, 7 1 BhddE ClamiEEER 2T 5 &
BT, TOEBRELETHIE L7 BT, RET DB - iENRREZ M O TR E LT 2BHDEE
%FL'?‘%’) Ll L7z, ARy MEBIZBWTIL, BMRITEELRE Y +T5FERTH D LA
KRR, B ARD T 2mMEAIFEETHH D, BEEZMGIT 2 LB . MHEAINED LRE
LU TR ~Bm OIREEIED Z N KD 72 & B RAEAIDONRZ A ED X HlTk
D INDEBER O &R & DBfRCTEETH D, F/-, EEICLVIEEME (77> b)) BE
Eivh & imﬁ@’fﬂ{ﬁﬁ)*ﬁ@/\ﬂﬁ RSN ETHEH Y ZTOROEMIZ KL DIHENT
ZTOREORKE IEHEHRD &Iz, ZoEEEE R L ClEGIE S rsETH 5,
AFNEM DI DORFHI & 72 > TlL, Stepl. Step2. Step3 & 3 DD EREIZ /T TIREES
1¢@5@Eftz§:ﬁoﬂ\oto (¥ 62.4)
Stepl : &9, H—WEDOHTT 7y MELEEEROMMRZ RS, AEEET 7y ME 5/ t
(t :*ﬁf) G D IEEENE L 2T,
Step2 : ¥KIZ. Stepl THRDOFEHEEIME LLICKDE —BE L ZOEZDO (BEEELHNET
%) R—/ REFfE hold#2 2 & 2 THLAG DL T, et — K BTN K L ET HIH
M ZRTREERDIAALT,
Step3 : Step2 THEMIE— RO ARET 2%, Step2 OF —BEHXZICHE BELITHI 2 & THW
#LTz, B BB TIREOREER L &JEEK”JW’ 7 (FFfH) Ne ZfAE e TR
ATz ZOMBEDOEEEZDZ LT, B BELOEETIIEMBN BT 5 D0
HN A 2 O REZHIE T 5 Z kb)ﬁf ETH D,
:@io U TR U7 im ik L F O 51R D B BR 21TV IRIE — N R ONE IR L 2 3R |
TEREETE— RGO N D NENE MR LT, IWEEMMEL 1T — NG U EN SO 5
wo%xﬁf%é
W, eEOEERET 7y ML, Y t (t  HE (mm)) & L7223, BA5RE2S 980MPa 27 7 A
ER, ENENT AT HRELTHEFELYDREWT Ty MEE LTz, —RICHENA T U FD
FIRCTHWOINL D ERET 7y MEIZ, 4.25/ t TH D,

TRt@~ D TR ATV, il AR Y MEERIFZIEER., BE LR TTSS BLD
CTS %?i‘o f:o

(Q)TRBESFI®E Stepl
Weld lobe Z#1Ef L. F 74~ M ND=5/ t Ziii e+ 2 EERI)Z RO S5,

il F—AT U7 AR Jolis ¢ 6mm, ME Cr-Cu

INET) : 550kgf

A7 A XWE 0 60 YA 7 /L/50Hz =5
B 20 Y1 7 /L/50Hz

{REFIFR © 10 YA 7 /L/50Hz T

2Aa—>7:/pL

Ty MBI JIS 73139 ICHET S l2

b5 ]
hold#1 N;  hold#2 N2 hold#3

X 62.4 @EVAL 7N

P-61



(b) VAHES11%E Step2
T EE OLREFRERE] (hold#2) & & Fligk & L CIAERE L 7= CTS KON TSS bk i Trol kil 4 52
fE L. e — REFRSFORBRFICT, BETe 7 7 A V2RSS,

(c) VEHESRMIEE Step3
Step2 DOfiEARND hold#2 ZRE L, i< & _lBERM (No I2) Z4MsE L T LI
CTS KO TSS B ToloRakBR A4 F2h L, A€ — N L RKRMFEORBRAICT, BET 0
TrANEEERT D, Elo. BT — FRRMBR L 25 b0 D5 2 L 2R T D,
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B FE LB LM TOMERBER

il U7 isie et ©, B S TALEMIEET— RSO, FORE L L CiasEimE
LRE LTERG LN, LIT, m%*@@&dW@%ﬁ%ﬁéo

Z ZTlE, Step2ilnl&EfiE, FH _WBRMHOMEAZITo. £ 62,1, K 62.21%, F5MHF
@ﬁ@bk+$%%$ﬁ%ﬁ@ﬁM%~h&%@%f»rbf%é R A OTMEEENIE R
OB STe b DD, 1.4mm # O F HEOEEEIM 12 75 11 125 L T 30%® 2.10k A LA
S OREWIEREIX RS B O HAZ SN & 72 0 | ZEMEWTE— R 5, B0 IR A
RIETHMOHT— FAELN LD EEZBND, BEMEET— N LICBEARE LR
ELTWD, o, K625 ICHET v 7 7 A Va7 0, HAZFALIZA L7200,

k. ANy MABICET LREMIZ 32V A4 70 THY ., 0.6sec £725, BUTOHIKEFES
HLIZIELEDL LW EDEEZ NS,

#* 62.1 Step3 AErFE (1.2mm)

12 N2 CTS ] TSS [rewrms e ‘
(KA) (cyc) (KN) E&H’ﬁ' 7 RY Ave (KN) E&H’ﬁ'ﬂ/i Ave E'litt
3.88 B 17.62 B
5 4.21 B 4.03 17.32 B 17.63 0.23
3.99 B 17.96 B
3.70 B 18.45 B
5.14 10 3.66 B 3.91 18.08 B 18.77 0.21
4.36 B 19.77 B
3.40 B 16.80 B
15 3.67 B 3.63 18.21 B 17.49 0.21
3.82 B 17.45 B
3.83 B 16.85 B
5 3.81 B 3.86 16.87 B 17.61 0.22
3.93 B 19.11 B
4.50 B 17.66 B
3.44 10 4.00 B 419 17.64 B 17.40 0.24
4.06 B 16.91 B
4.08 B 18.48 B
15 3.84 B 3.82 17.31 B 17.23 0.22
3.54 B 15.90 B
3.85 B 15.77 B
5 3.65 B 4.21 20.02 B 17.79 0.24
5.13 B 17.58 B
3.75 B 17.25 B
207 10 3.69 B 3.74 18.06 B 17.91 0.21
3.77 B 18.42 B
4.56 B 15.56 B
15 4.06 B 4.24 16.15 B 15.76 0.27
4.10 B 15.56 B
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#* 62.2 Step3 #AEBEE (1.4mm)

12 N2 CTS [WkMifizRE TSS o ,
(KA) (eye) (KN) Ave (KN) TRz EE Ave | ZETELE
5.92 B 25.60 B

5 6.39 B 5.83 25.19 B 25.53 0.23
5.17 B 25.79 B
7.26 B 25.53 D
5.27 10 5.54 B 6.02 25.60 B 25.58 0.24
5.25 B 25.61 B
5.99 B 25.20 B
15 6.24 B 5.78 26.57 B 25.65 0.23
5.10 B 25.18 B
6.17 B 25.03 D
5 5.64 B 5.32 26.66 C 25.70 0.21
414 B 25.42 B
5.92 B 24.72 B
3.54 10 5.36 B 5.63 26.00 B 24.83 0.23
5.60 B 23.76 B
6.24 B 25.12 B
15 5.56 B 5.38 25.38 B 25.30 0.21
4.35 B 25.40 C
6.04 B 25.27 B
5 5.33 B 5.34 24.82 C 24.38 0.22
4.66 B 23.06 D
5.01 B 23.94 B
2.10 10 5.42 B 5.16 24.17 B 24.01 0.21
5.04 B 23.92 D
5.78 D 24.96 C
15 6.87 B 5.92 25.22 D 24.83 0.24
5.11 B 24.30 D
t1.4 351 RELALERE
600
500
400 : \
gg 300 weid Neew
200
—=—351
100 36-1_F
0
5 10 15 20 25 30 35 40 45 50

X 62.5 BESo7 7 A NLVHIERER (1.4mm 7.0kA)
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6.3 &BAEBFEMm

AREOMEHIMSATEIEN  WE - MEMIT ZERERE 23 0K & 70 o THM SN2 BEE 7 1 ¥ =
7 ORI SRR S MR O R A XA F 1 MERRIIGH L TV 5,

£ 2T iRl & AR ORI - RO OS2I BT D SRR A IS ST o TiEL A
REOMEI ORI = 7 FEEE, KO OISHMBEORRFEOREETH Y, £/-. AH)
BHHNR & LT ORMENTRICEF 2RO NIMS IZH B2 LTh b o 2 L& L,
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(1) MR ERAIC X 2 ARG ORT E A% ORE

AE L7280, TSX EL=21115 & BFERHE % 7B L 723 EM 1.2mm (No.9(750)) » I 7 =
k2 X 63.1 12/~ d, ZIUXEMAITERO SEM MG TH 5, B CILHE M OBEWSOR B
FHLDZE (KRAGEHR) I2X-> T, REIHNBIRZENER SN D729, SEM & X 5 FmHih
Dy v T ANOENIHIG LIS EZ BT 25 2 ERAEETH D, I HIT, Rl EIKZENE)
THAHT-OIMERAEOERZ Yy —T I AD N TE D, Bl (XA A MEH DI W~
VT A MHE) I LT, B (MA &5 Wk 1) NREZHTWDLHEHIZ, Anay
7 A MELTHRIEND, 8 A (MA) 1T K E 72 O Tl sum fFRE D O HAF(ET D135,
Wk v 2 &5 L, lum UL FREEORY-2 EDTnD, KERE M (MA) bEfEETHE
Maslzd s L, NENBHHTORINTWAZ Enbnd, -, B (XA F 1 MH) O
FITITBEZEDTERL SN TEY (52D W25 =R 237E) . 2-3um F2 P IZ RHFE 23 HI b =
NTWDZENHDL, ZNAAHOENRE R THDL EEZOND, SHICE/BREDOITRT LD
W5 A (MA &2 \WIEHT ki 1) Z0Wr T 2RI lim L FTHY . ThizEad s ERHEO
WA RIS DI/ EL 78 d, XA T A MEFE I (MA &5 WIEIH PR 1) O¥—53H 03,
ARENEM O @R E SR A A TWA 2 L R EIGRR-, 22T, TNEEMITF A0, B 7E
FERIFBE T ORERRAR & F N CL il O E R A 520E L 7=,

(ARG

OISTRESES

975-16 WD 5. 4mm 15. OkV x20 2um

X 63.1 #E# 1.2mm (No.9(750)) D EBEHFEETE O SEM #HA%
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4 63.2 1%, Ao SEM % (4 63.1(a)) OHREF 2 /7 2 8 Z45H|, ﬁﬁﬁ%m“ﬂ%%é@
Wity Bl 2T D8 4 (MA & 2 WA R 1) @Eé(a)&n‘% BT HRHHEOE X (b)
DEANTTLEZZFNTNRLELDTHD, M5y EORFERI Ex%’w&d\f; THRRL RO 5
NOGEITIER G L TREZFHAIL TWD, RHEMOBZE BER) [ MR FELRVWESETYH
SEM O v VBRI EL T, 2 M T A MNREBEINDOTHRINES THD, F_FMOEHHE
FEFIX 0.24 T, RAHOEAFIT0.76 &0, FHH : =1 : SOETHDH, FH _IHDFL
F&130.34pm TH 25—, BMHOESIZ061um & 2 EFFHORE S TH D, EBE. BiKO &R
SEM #2770 . 4 - A E BICH T I 7 0 L DR IR IEAEDZ N2 ERbnb, b
Z NI T ADBITERDOREWETF TR THH=OIS, 540 - B E BICHAIZ S D OSEE N
BV EERL TS, FHEE S35 AR 7RI O XMT 272012, 5 AR -3 ¢ —I2
LTS Z ERFRHNICERMT BN D,

BURODFRIEMICB N T, ki A X - hi Rl E biIc 73 7oA —4—%2FEBLTBY, H
G AR DAL & 5 AR O — S BILICE L XIRIEHMEZZE L TWb e EZ BN D, EH
iz CoMfkEORA E L, il I 7 affrodki#z s & bic, B M EMDEERED
il Z Z DA O X —FRA U N ERDTHA D, TODIZIE, R - 5 AR ORE &
BARE R Tl et T DR R 2 HOR T 5 Z L S & 0 D, BUfE, EH B 7 0 — 7 BEREE A
AR FRIEEOBR E . T/ AT o TF—ay (BUMERER) % 7= M0 NEER R 126t
% B R PVERTAN & YEfi P T H B,

@%F MY A X

0.7

06 263 particles
' Mean = 0.34 um

05 Occupied area fraction
' =0.24

0.4

Frequency

o
w
<«

o
)

o
[

0
0 02 04 06 08 10 1.2 14 16 18 20 22 24 26 28 30<
Cutting length of MA, L ya/pm

W) B A X
0.7
440 particles
0.6 Mean=0.61 um
Occupied area fraction
0.5 =0.76 ]
>
2 04
(<5}
>
15
Z 03
0.2 i
0.1
e e

0 .
0 02 04 06 08 10 12 14 16 18 20 22 24 26 28 3.0<
Cutting length of Matrix, L pagrix/m

X 63.2 H_ABKTFEREYAADERA NS T A
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6.4 BIURZEEME G ERER

A —AT T A b &G T BN LIRS & A—AT FA FOLEREIT X > T3
T~ VT oA NERREZE Z 3720, KFEMIC L2 BIVEEORANRE SN D, Rk
IR ICy vy =l 2475 2 & T, VA MU ANTAHY O K E il EE 5 2, T ORBRA
12 0.1IN O KIEHRITIRIE L CTKBTFT ¥ — V%27V, BAVEE DT 217 5,

(DR
(@F 64.1 IR, BFIEDZ VT T ANER D v —HIW 2 3 64.2 DRBRSMEIC TH
FRIRIE L C, KETF¥—T %179,
WFAFEF v — KM (1h, 2h, 3h. 5h. 24h, 48h, 72h, 96h) #XiE#ilc, BEREAERNE
BEL, BAOIETMAETT O,

#64.1 FEEIVTITUARR

#E mm
1.2] 1.4
VTSI UA % FREME mm =
HEESL 0.06 0.07 1
BEREDL 0.12 0.14 2
HRESL 0.14 0.17 3
REEL 0.18 0.21 4
HESESL 0.24 0.28 5
* 64.2 BBRSM
ER S
)T IR $95~20% : bk
SLEAYE 18 23°C fEERFZTE
AR R (94— 58— /S ALEF)
- HCL
(B REXHT D, )
B 0.1N
2B R 1h,2h,3h,5h,24h,48h,72h,96h
a) T =B A 5%
HBAIUY |b) U E =24 R%
EEBA

(2)FHMTE B o OVFAM 7 5

(@/KFEE : M. KFEF v —T%ORBRF D 400°C R COMH/KZEREZE L, YEEHkE
2 E DLW STV D RET 5,

EZ : B, KEF v — % OREBR N OWrik 2 822 LENOMREIT .,
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B)RBRAER
(a) 7k & & E
HHKFZEORERE R A2 64.1 27T, 400°CA M T SN KB L2 ILEMEKRSE E L THE
BL7o, fERITMRM IR o7z 72 RHENZIEZBR< &, 12{EFRE 24h . 48h, 96h (Zxf L Thk
HKFEEI1T 0.008ppm. 0.016ppm. 0.031ppm M I TW5D, F7-, KB LTHEmL
TW5,

0.003
Un-charged (+)
= 0 masspgm<400C
g 24h-charge (0.1N-HCI) (O)
2 0.008 massppm<400°C
€ 0.002 48h-charge (0.1N-HCI) ()
ﬁ 0.016 massppm<400°C
% 72h-charge (0.1N-HCI) (O)
'E 0 masspgm<400°C
® 96h-charge (0.LN-HICI) (X)
0.031 massppm<400°C
0.001
0 100 200 300 400 500 600 700 800
BB (°C)

X 64.1 HHAKRERERSR
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(b) > v — Gl i 8 %

KO 2 EEIRIER IS AR A O A fEGR L, fE R 2 3K 64.3, HERIERFRH 72h
& 96h DAMVBIEE %X 64.2~[X 64.5 (237,

WTIDERAEIZIBN T S UIWm I BAVIEEIC K 2 BEE A IR I e o T,

# 64.3 WrEBILER

1.2t . 1.4t .
N s e R U7 oAeEEmO oy aE 7
1-1 0.06 1 i Al-1 0.07 1 =

1-2 0.06 2 i Al1=2 0.07 2 b

1-3 0.06 3 = A1-3 0.07 3 i

1-4 0.06 5 i Al-4 0.07 5 Fiii

1-5 0.06 24 i A1-5 0.07 24 =

1-6 0.06 48 i A1-6 0.07 48 Fiii

1-7 0.06 72 i AS o) Al1-7 0.07 72 i ZAS )
1-8 0.06 96 i 5L 22-SEM]  A1-8 0.07 96 Fiii 5\ £3 - SEM
2-1 0.12 1 £ A2-1 0.14 1 i

2-2 0.12 2 i A2-2 0.14 2 Fiii

2-3 0.12 3 F A2-3 0.14 3 i3

2-4 0.12 5 i A2-4 0.14 5 Fiii

2-5 0.12 24 = A2-5 0.14 24 Fi

2-6 0.12 48 i A2-6 0.14 48 "

2-7 0.12 72 = fis ) A2-7 0.14 72 i FAS o)
2-8 0.12 96 4 5482-SEM]  A2-8 0.14 96 45 4488 - SEM
3-1 0.14 1 3 A3-1 0.17 1 "

3-2 0.14 2 i A3-2 0.17 2 =

3-3 0.14 3 i A3-3 0.17 3 i3

3-4 0.14 5 i A3—4 0.17 5 =

3-5 0.14 24 iy A3-5 0.17 24 =

3-6 0.14 48 i A3-6 0.17 48 "

3-7 0.14 72 iy 41 %8 A3-7 0.17 72 i s
3-8 0.14 96 i s E8-SEM|  A3-8 0.17 96 4 5488 - SEM
4-1 0.18 1 B Ad—1 0.21 1 fiis

4-2 0.18 2 i A4-2 0.21 2 Fi

4-3 0.18 3 i A4-3 0.21 3 Fiii

4-4 0.18 5 i Ad—4 0.21 5 i

4-5 0.18 24 i A4-5 0.21 24 Fiii

4-6 0.18 48 = A4—6 0.21 48 i

4-7 0.18 72 i 588 A4-7 0.21 72 i vAS )
4-8 0.18 96 i s 88-SEM|  A4-8 0.21 96 am 5488 - SEM
5—1 0.24 1 i A5—1 0.28 1 =

5-2 0.24 2 i A5-2 0.28 2 i

5-3 0.24 3 i A5-3 0.28 3 =

5-4 0.24 5 F A5-4 0.28 5 i3

5-5 0.24 24 s A5-5 0.28 24 "

5-6 0.24 48 = A5-6 0.28 48 i

5-7 0.24 72 Fi [As ] A5-7 0.28 72 i vAS )
5-8 0.24 96 i s183-SEM]  A5-8 0.28 96 Fiii 5V E3- SEM
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X 64.2 T —WENMEER 1.2mm 72h

il s il P .

X 64.3 v¥—WEAEEE 1.4mm T72h
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e - i

X 64.4 Tr—WEABEE 1.2mm 96h
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6.5 FEAERHE

AR 2N TOR R 2 HeZ8 9 D720, #iiF P, M7 7 oM 9k H LM, 3 LU
BT T ONT, 2R, igRER, JURTRER, =V 7R, MERR D KR L

it L7=,

6.5.1 HHITRBR
(DFERT5 15
T2 A 5720, X 65.1 (2R 2 il R A S e L7,

AERSTEE - JISZ 2248 |ZHET 5
B A 0 200X 30mm

w&R

N~
t
7a\
\
2r
2r+2t
ZT>
N
(P
\
\

2r

(2)90° dhiF (b) 180° ¥ () AT

X 65.1 BhiFRERSIE

(2) ik Bohs L

Yo7 U T LR IZOWT, 180° M IE, MERA DX A M A Y $kiF 5 £ TOMLIA

P DI AT T,

Hh BB A X, LoAmicRB W TiIa T 180° #iiFiXt sk Tuvv=28, C Mz v 180° dh
FORHETH RN ORH Y BGMOEBLEZ NS, (L EEEEEZHREETCLTDZ &

IR DBRTMERRICE > T ZNORBITRRT 5 EEZX TN D,
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6.5.2 JUUKITRER

(DFRERT5 15
MO7 7 o OMEZRHE 2720, X 65.2 ([ZFIRT 2 yUNT R 2 FEht L7,

AR 0 JIS Z 2256 ICHET 5.

n#: 3
BARE
dc,dL
] dc0,dLO
AR
HER A
: Cﬁﬁ]@?ﬁ\&\ 7
_____ e B S W IR W S B
d [:_ |
5 5 L FRORE
LAm
SABRRI HEBR
65.2 FUSTERBR
(2) 3Bt 1

FAER CTOULT sl &2 It L 7= f5 2 3% 65.1 B XL O 65.3 (2”7,
AREAEM 1L FY2012 @ 2.0mm & [AEOFHEEZ A L, BUTE P M L0 &R ELTD
%R
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# 65.1 SURITHRBRWER

o R
< Mo, VINGES

% 57/ R AV
19. 8

1.2t No. 20 20. 2 19. 8 20. 2 20.0
19.9
23.1

1.4t No. 15 21.7 21.7 23.6 22.8
23.6
23.8

FY2012 21.4 21.4 24.5 23.3

2. Omm

24.5
aa=N e % 9.9
980MPa 1. 8mm 18. 4

X 65.3 NISTRBRAFONABEE (1.2mm No20)
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6.5.3 =V 7k HABR

(DB
R0 H UM 2720, X 65.4 (IZHlRT 5T Y 7 & il a Fi L.

RER S . JISZ 2247 ICHET 5.

n#: 3
FARRNE
;

! FAR
|
. HER A

R ]

< .: 7 Lbhizz
\4(7
X 65.4 V7 R B
(2)a B it

EM O ) 7 R EBROFE R A, 3£ 65.2 8 L0 65.5 12T,
SHEMIIRE X Z[ET 5 & FY2012 @ 2.0mm £ VB, BUTE G L) & 1% o Kkl %
HLTWALDEEZBEND,
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#6562 VUVt RBRER

Abo=%
COILNo. e B i =
9.87
1.2t No.20 9.97 9.78 9.97 9.87
9.78
10.00
1.4t No.15 9.85 9.82 10.00 9.89
9.82
9.63
FY2012 9.56 9.50 9.63 9.56
2.0mm
9.50
BTSSP LAt 11.57
980MPa 1.8mm 1127 11.27 11.57 11.42

X 655 V7B RBRADODABEE (1.2mm No20)
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6.5.4 TRV B
(DFRERT5 15
TV IAB DRI FAM T % 728D, X 65.6 (2B 2 TRIL 0 3R 2 520 L 72,

REBR T  AWREfIBIE, 2N ER U FROT A A2 HNCTHEIZRY INT4 5,
n#: 2

Ko

LhRSZ

HEA

e | N

AR

X 65.6 R AR
(2) Bt R
TR OFE R % . % 65.3 B LUK 65.7 IR 7,
M&E# Y 1%, LDR=2.10~2.20 T, FY2012 ® 2.0mm & [R5l FOEMEEZA LTV DH L
DEEZHND,

LDR (PRAZY It : Limiting Drawing Ratio) : fEIZ K E W RHFE LU,
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* 65.3 RV ABRER (LDR)
COIL No. LDR

1.2t No. 20 2.15

1.4t No. 15 2.20

FY2012
2. Omm

BT L 202
980MPa 1. 8mm '

2.02

HERAY A Z: 080

R i o 100N J
90 B o

HERAY (X 082 HERAY A X: 084

w w100 m 0w 100 10

HERAY A X: 086 HERAY X d88

HERAY A X: 090 HERAY A X d92

X 65.7 ERYRABRFONEEE (1.2mm No20)
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6.5.6 FLD

(DRI IE

FBED T L AN LUK IS Lo BRI Z2TRIRIEIC LA B IRA 2 HIE L, EHEemiko~
VAR Z TRIT 57200 & LT, 5 fih~—#h5 [ EAE 217\ FLD(RRIF RS iR
Forming Limit Diagram ) %R 7-,

BAEIC FLD &%, X 65.8 (24 & 9 2efli 2 OTIRORER B & V. AWl - o<
ONELEUCEENOOTH(e )V AT T4 7 Ry —27 VIETHIET D, HIEHEREOFK (X
65.9) 1R T, e EE LRIy FLTREBATLELOTH D, fithh - FEHOT (e )DONLE
LD, EOXIRERRETLEDREODERE CTMALNDDONEHETE D, — %Iz, ¥
I ONT AR BE (R O™ 72 =0) T 5 CRIEBR R N e/ & 72 D,

Xl 65.8 FLD 3B i

RRTZPR T 4R
FEROYH3I3RY
E
L~ agl Sy
F
v O &
B

ar S

| | | | | | | | £

-05 -0.4 -03 -02 -0.1 01 02 03 04 05

B’ TLZBREICE TR0 THREERERARE (BAEHRER)
Fig.9

X 65.9 FLD RO

(AR B2 R http:/weblearningplaza.jst.go.jp)
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(2 Bk =

FLD oRIERKFZ . X 65.10 (12777, HFD(@)FY2013 BARIEM O, (b)FY2012 23HEF
FED 2.0mm (FRHR) & FHATEF B (G ORBE BHEE SN D RIERA R TH 5,
BT iE, R - KRBT OB R 2B TR LTV D,

WEZEEZET 5 ETUTEIFREM L0 LEEICENL T EE X LND,

0.60 FLD':EIJE"%% ® 9t 0.80 .afﬁﬁ- (201:) T
® 1.4t O BITHE AL B#980MPa(1.6t) == ===
XERIEH (2.01) WM
0% 0.50 A B {7 E 4R B H980MPa(1.6t) WM
X
0.40 0.40 /
£ 2 v x &
ﬁ 030 ﬁ 0.30 2N\ A ‘y,a
X H Q\_}fﬂ'
w X -~ -
] — - O -
020 w 0.20 0.0 o o
) (o4
0.10 &0- -

0.10

0.00
000 -0.30 -0.20 -0.10 000 010 020 030 040 050
-0.30 -0.20 -0.10 0.00 0.10 0.20 0.30 0.40 0.50
€ Y(RIEH) e Y(BIEH)
(a)FY2013 (b)FY2012

X 65.10 FLD B ERE R

6.5.6 MDD E L ®

6.5.1~6.5.5 Ofi KO BHAIEMIL, BATEF LKA 980MPa  1.8mm & [A]%5 LA B In T
EALTND ERMITE 5, 2F Y, BEFEMHNR & L THEAMFGLORIEL ATRER M E TH 5
LB TE T
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6.6 v NEHF OB BAFE

BARMERE DB & BB MERE D — DN EE FHFOEEMRE TH 5, IR E L TIIRASIRRICE
ERNCERT 5 Z &, TRHIE LI WERR Z DR W2 EREETH S, M L~V Tl
BBIREE 2D L HEMOMMEr, MEMEWE 23S 35, /v MR I B AR SRS &K
XL B0, HERBR COEHMBENTRRAT) - REF T CLELEREZR LEDLHDONE S M
DBEERNCI2 D,

ATEl, X 66.2 IZRT /Ny MER A2 TR TRIEL, O AR v MEBAL, # 66.1 OS5I
TlfEL., HEAEEHARICH L,

Ny NEDOEMICEEZ B 22 S8, IS0 2 T2 TR0 « BREE ORI Z 1~ R A T
DL,

(ORBF ]
66.1 | T~ PR FERABRIEE 2 W TIT o 70, WElE
HEAAE FICEST T 7= 2 — REAIC L 0 HE L, BT % 5E
FERANL G 2 AW CEERm OB EZHIE LT, 4
Fo. BEEET A A TICLDERE (REEE
2000FPS. fi#fa i : 512X 512) Z#FEhi L7-, RBERSAE
TIOR8 Th 5,

VEHEE & © 190kg

TS 0 10m 2Ry
E 2L 50km/h
?%ﬁ%’\% : 100mm(7< k y/\o'ﬁE%jJ) t il Ny NIPHt
A n2: 1.2mm. 1.4mm 4% n=3 SRS (S
| | O— K+l
NUEsE

— ]
66.1 P ENEZEABREEHIKX

2~y MEREF
AR I 66.2 ISR TIRIRIZAIE T %, ARy MEEEITER 66.1 IT- T 5444 T 25mm v
FTITV, X 66.3 ([Z/RT KRR ZHD (HiF 5, AR~ MAEERILX 66.4, [X 66.5 (27779 Weld
lobe 5, FUNEAET 7y MEPAFI LIZUOHEME TH D 8.5kA & LTz,

7 66.1 Ny MEHMIEESRE

AR LT FTARB(S—LTOT A S 16, ¢, JellifEi6 ¢ (BPECu-Cr)
) 550 kegf
RN IR 609121,/ 60Hz
Ty Aa—7 A7
55 138 EE RF 20427V /60Hz
2 rERF 0H A2 /v/60Hz
By AR— L
R— LR[S %A 2V, 60Hz
TR 8.5kA
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[EELLT: mem]

-
“l

)

() RERE REAE

h
W
ES RN
i)

(b) A= -EEHEET R
X 66.2 v FEHTZIR

[HLfT: mm]

* HATHMR RO E L
(a) HATEBERL (b) FHut iR

X 66.8 N> bEH RKHREUS X
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40000
35000 f— OHF
8.0 Oy
30000 (5
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E 6o [B0/02) o 8 2 25000 5 5
5 ‘ o
M{ o B @ 20000 A °
o0 fé 15000 a Ak s
FURELGL
Vo 10000
5000
0.0 0
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FTA) ST
()75 ERIERS R (b)t AT 5 R s
66.4 Ny MEMEBEFMERESER (1.2mm)
10.0 40000
35000 |— OE
8.0 Opygl
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3., [soroe R Q Q — 25000 ’ - - N ( Q\
ES 5 ANy z A e N/}
e}
‘iﬂ FUFE 20000 A e
‘w40 5
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00 0
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EHETRKA) EHHERKA)

(@77 > FRRIER R

()& AT | BRAA RS

X 66.6 /v MBMBEEFMRERER (1.4mm)
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QRBAE R

Ny NERM D AR v MBS R LT D 2 & T M OREHIEIR RS HERR ST, i
MR DB LT, A% OEREBGFOR—R+020EL b0 EEZ LD, LT, B
SNEERT,

Ny MRS 6 R CHME L 72 PR A SRR OFE R %2, K 66.2 B LUK 66.6 1277, sBRIKED
J A RBREOT D HEWTE R 1kHz 124 O 7 ¢ L X B (21 BBV ) 21T - T2 56 O i ik
REHLADLETORT, TNENOME—ZEN EWIR= R L F——ZBOBRE X 66.7~K 66.11
\ZRT, RERATR OB EEIT 1.2mm # &Y 1.4mm M ORERE LT 12-1 & 142 %[X
66.12, X 66.13 1Z/r7, F7=, BT OEHREHE %X 66.14, X 66.15 (257,

e X 66.7~X 66.11 O E — MK Z 5 2 & EBBHIICKE RME Y — 27 BN THN,
ZAVTERM DS EEEBHAR IO B — 27 EB 2 b5, MEE—7 OGS 72 < ZEMICHEIEETE L
TEEZLND,

F 7=, AEREI#% O AMEEGEK (X 66.12, X 66.13) % OVEfE G HE (X 66.14, X 66.15) %
RTHENWITHEIRIZE L TE Y . MEMEE-CEEEMEN I R oo 72,

PLEDFEMNS, ARIEMITEZZIGEM & L TH FoEARFTOR—RChHi LEZLND,

# 66.2 HEAERRABRMER

BAREIE RIR T /L X —1E(0-100mmF)

cppns| EEEE M - zfﬁgﬂ %Jr;’,ﬁé:ﬂ*_ié:b) . é}éﬁ% y
kg km/h kN kN kJ kJ
12-1 190 51.3 287 228 71 7.0
12-2 190 48.8 324 257 1.7 7.6
12-3 190 491 308 247 7.8 1.7
1.2t £y — — 306 244 15 14
14-2 190 49.3 446 341 9.9 9.7
14-3 190 49.7 434 334 9.1 9.0
1.4t £y — — 440 338 9.5 94
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WAL OFE R 2 X 67.1~X 67.3 1" T, WREIZEDT, L—F—DT7r—D A%~ A
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(a) 2 A < e
L SHERE R 2 K 67.5 10, MRPEE & R S OBR %X 67.13 (2”7, BEVERER O
IRV, FEH S B 22 H D,

(b)# i SEM #i52
KW oFRmEBIZL (x 2000) & X 67.14 12R7,

BETbhbND X ) TR oS & o~ pm BEOMMAKEL 20,
67.13 O L — VM COmM SFER L —HT 5,

BY 7LD SEM BlEit 2K 67.15~[4 67.19 |71, LLFICEKY T OBIEER R %
w5,

67.15 [No.B-1 [E¥:RHE 5sec]

FHNIFEFNCBRER BRI K D2 A7 — V3 7 L T D,

FAF A — )V OIIR, AR BAMEAITER D H v,

KO~ v B 7ok R. X 67.20 1277,

A= VLD INFEIZIE Si,Cr,Mo N HiLd, A7 — /VHLNEWE/3ICB VT
Si,Cr,0 B— 7 O\ Ar— /L OENGED & B b8 0355, Cu, Ni HED 77T
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67.16 [No.B-2 M&{tiFH 10sec]

B-1 TR LN DHRIRFEGF A — MITFAE L2 o T2 i3, S i 7e sk 2 Bk & L=k
WIIRD 5D,

BREOTTREICHN T DIED 238 R U T AR 2 2 & iR L = DS RRE DO E
WITFHERTE oz,

IAER O EM AT & X 67.21 1ZRT, R EL Y. Mn, Cu, Ca Ofift# & Al, Mg
DA Z TR E LIZBEKEEbh b,

67.17 [No.B-6 E&JERFR 30sec]

FHX, 2EOISENNARKE 2D, B-1, B2 IZAGN7 1 um BEOH/INLITD 72 <
o TV A,

FIEIZIE B2 & FERIC RIS b D3R B b,

67.22 IZE(bY (K OE) SO EMESITHERZ RS, KEOS R A HIXA 7 —LR
EENTEATHY . Fe Ofth, Si,Cr 2358 55, SEM & CHERLIRIZE 25 B #IL,
Mo DFRWE— 7 RO Hivb, Si,Cr,Mo Ok & Bbivsd, ko C EXmeueis 23
AL EEZBNRD,

67.18 [No.B-12 PE&UERFHE 120sec]
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#* 67.5 MHIPEFHR

TIL—T A JIL—7 B
2o (o | gy |HFHAE Raum) BAEE Rz(um) gy | BHFHME RaGim)| BAHE Rz(um)
=T 8. = =
Bl 1] 2| ave 1 2 Ave. |E®| 1 2 | Ave. 1 2 Ave.
5] A1 [122[1.22 1222972 | 3144| 3058 |B-1| 131 | 137| 1.34| 2860| 3563 | 3211
1o A2 [122] 127 1.24 | 3183 [ 3295 3239 |B2| 124 145| 1.35| 2840 3199 30.19
15| A3 | 1.47 ] 1.49 1.48 | 32.05 3480 | 3342 |B3| 132 1.27] 1.30| 33.35| 3296 33.16
20 A4 [1.30] 1.35 1.33 | 3137 | 31.43| 3140 B4 124 142 1.33| 32.28| 3223 32.25
t1.2 No.20 25] A5 [ 1.61] 1.21 1.41 ] 28.78 | 35.42 32.10]B-5[ 160| 1.38] 1.49] 33.14| 36.03| 34.58
(A3929013) 30| A6 [ 1.15] 1.41 1.28 | 31.13 | 3292 | 3202 |B6| 162| 158| 1.60| 3550 32.15| 33.83
35| A7 | 1.24 | 1.28 1.26 | 4073 | 29.03 | 3488 | B-7| 151 | 1.36| 1.44| 3405| 2877 | 31.41
2 LE 40| A8 | 1.36 ] 1.43 1.39 | 35.51 | 3638 | 3595 | B8] 127 1.35] 1.31 | 38.91| 3581 | 37.36
3 m so| A9 | 1.18] 1.18 1.18 | 33.14 | 3483 | 38399 |B9| 139 1.36| 1.38| 42.88| 40.85| 41.87
6o] A-10 | 157 1.48 153 | 33.66 | 35.78 | 84.72 |B-10] 155 140| 1.47| 39.66| 35.17 | 37.41
oo A-11 [ 1.41 [ 1.27 1.34 | 39.04 | 37.07 | 38.05 |B-11] 164 | 154 1.69 | 43.69| 39.27 | 41.48
120] A-12 | 152 | 1.63 158 | 32.73 | 37.10 | 34.91 |B-12| 169 1.69| 1.69 | 41.65| 50.69 | 46.17
180] A—13 | 1.70 | 1.63 1.66 | 43.90 | 43.02 | 43.46 |5-13] 183 | 196 | 1.89 | 5582 | 52.33 | 54.08
JIL—=T A JL—7 B
34 JLNo E#Fféigsec) st ﬁfiﬁzﬁﬁj*ﬁé Ra(“ m) Eaix_lél_é RZ(H m) st %ﬁﬁ\ﬂzi’g*ﬂé Ra(l.‘ m) Eaix%é RZ(IJ m)
&S 1 2 Ave. 1 2 Ave. S 1 2 Ave. 1 2 Ave.
5] A1 | 1.33] 159 146 | 31.33 | 3487 | 8310 | B-1| 141 127] 1.34| 2957| 27.91| 28.74
o] A2 [ 1.32[1.27 129 | 29.98 | 2886 | 2042 | B2 | 142 | 1.72| 157 | 4063| 35.34| 37.98
15| A3 | 1.30] 1.16 1.23 | 32.66 | 2806 | 3036 | B3| 1.21 | 144 | 1.33| 3437| 32.10| 33.23
20| A4 [ 127 1.27 127 | 32.60 | 3548 | 3404 | B4| 154 146| 150 | 34.95| 3339 | 34.17
t1.4 No.15 25] A5 | 1.40| 1.47 1.44 | 31.72 | 32.66 321985 130] 1.25] 1.27]| 40.86| 4252 41.69
(A3929012) 30| A6 | 143] 1.33 1.38 | 2817 | 27.51 2784 | B6| 123| 1.34| 1.28| 3484 27.15| 31.00
35| A7 | 1.39] 1.56 147 31.87 | 3200 | 31.93| 87| 1.21| 138] 1.30| 3204| 3337| 32.71
2 LE 20| A8 [144]135 1.40 | 3500 | 29.02 | 32.01 |B-8| 139 1.37| 1.38| 43.37| 30.45| 36.91
5y m 50 A9 | 1.50 | 1.62 1.56 | 3657 | 3740 | 3698 | B9 146 121 | 1.33| 3627 | 3321 34.74
60| A-10 | 1.48 ] 1.63 1.55 | 35.69 | 38.62 | 37.16 |B-10] 147 | 165] 1.56 | 4032 | 4255]| 41.43
90| A-11 [ 1.70 | 1.62 1.66 | 38.26 | 36.77 | 3751 |B-11] 152 1.78| 1.65| 4460 4062 | 42.61
120] A12 [ 1.67 ] 1.72 1.60 | 4138 | 4133 | 41.36 |5-12| 186] 1.J0| 1.78 | 39.56 | 4423 | 41.89
180] A—13 | 1.71 | 1.80 1.75 | 47.95 | 4828 | 4812 |8-13] 1.72| 12| 1.72| 41.08| 41.94| 41.51
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67.6 \Z~7, £, KRAEM Lk L7- SEM 5EH %X 67.26~28 |Z/~" 7,

Fedg s A O R HHL & 1, BB LT, Ra TH 12, Rz TR /4 RRETH 5, 4],
RAOEMIETRELE CIE 21T - TBY . AF L SR L BIE T AIb o TWARN =0, Hfit
BT IZ LB T & A0V 08, RFSR D FEHERRVEIC 101 C DR & 72 B,
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ERsF x400
M B . |Ra _ B Rz
JsHasow |71 [Ra2 |, Rzl [Rz2 1,
2.0mm 068] 0.70] 069] 746] 836 7.91

P-118



B-1 (BABERsE  5sec)  x500 B-2 (Pl 10sec) x500

B-6 (FAUERFHE  30sec) x500 B-12 (EEPERER]  120sec)  x500

2014/03/20

B-13 (F&ERHE  180sec) x500 Pl E RS x500

67.26 F X H# x500

P-119



3 / 10pm JEOL
1,000 15.0kV M m 1 000 SEM WD

B-1 (AR Bsec) x1000 B-2 (AR 10sec) x1000
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7. VT AEZLVOEZIER

$ﬁ¢fi1& TORBL U DT > TRV, 5, 0B (XA T4 N OERKRSRMAE L)
Eax N (BE&TLEDOIMEOHITN, A7 T v TR EOEEL) O, LV &Ry %%
1‘5@.:??‘6%%75‘&%5 %OD%F]'J%IEM‘\@:@&%& LT, 7j— nﬁ%{fﬁ\%ﬁk n‘:\ﬁ%ﬁ}—@é”fT’) 71:_0

7.1 TFAHRBHE - FHRELE
1) 7 Reafl
980MPa 5 IEME D TS A A AR AZ1ED . Si: 1.0%. Cr: 1.0%. Mo : 0.30%%

NR—2 L LT, £71ITR”THEHY, Si, Cr. Mo 22 b S 7= 2 AR & L CIREL L 7=,

171 T7ARBEROBEIFERSS
E‘/: S (wt%h)

FY | B — 5] n P Tu N i Mo v
50171 AT 1 0070 | 08 | 1.40 0751 Tr.
20121 B 100
2012] ¢© 115
=1 0,190 2 1.00
2012] E 145
2013] T T 25 T
2013] @ 7,50 750 O3
2013 H 1.00 125
2013] 1 25| 40| 0-015] 0.003 | 0.30 | 0.0 [1.00 Tr.
2013 J 150 © 1.00
2013] K 1.00 1.50
03] L | X" T2 1.25
2013 W 1,50 1,50
2013] N 1.00 1.25
2013] 0 125 70| %%
2013| P 1,50 1.00
2013] 0 1.00 1.50
B (wth)
FY | BR — T T T-AT TSol AT sn Ph B T2 0 N
2017 Al
20121 B
2012] ©
2012] D
2012] E
2013] T
2013] @
2013 H
2013] 1 | 1. | 1. |oos| - |oos| . | tr. | 1. | ms= o0 0040
2013 J
2013] K
2013 L
2013| W
2013 N
2013] 0
2013| P
2013] 0
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Q)7 RIELE

WtR, T AREEMIC TEIE 21T - 72,

7.2 SWERER

(LS

o Rt RS R A . £ 7.2 12RT,
FAREAEELNT . JHVVE D ORS OIS ST,

# 7.2 BHRSSIVRER

=8 5] i P S o N or o y

2012 Al 0. 071 0.85 1.40 [ 0.016 |0.0032 0.30 0.11 0.15 <0. 01 <0. 005
2012 B 0.193 1.00 0.42 1 0.017 [0.0031 0.30 0.1 1.00 0.30 <0. 005
2012] ¢ | 0.192] 1.16 ] 0.42] 0.017 [0.0029 | 0.30 | 0.11 1.00 | 0.31 <0.005
20121 D 0.192 1.33 0.41 | 0.017 |0.0028 0.30 0. 11 0.99 0.30 <0. 005
2012 E 0. 191 1.44 0.42 | 0.017 |0.0030 0.30 0.1 0.99 0. 31 <0. 005
2013 F 0.197 1.25 0.42 | 0.016 [0.0023 0.32 0.10 1.24 0.30 <0. 005
2013 G 0.194 1.50 0.41 | 0.017 |0.0028 0.32 0.10 1.49 0.30 <0. 005
2013| H 0.195 0.96 0.41 | 0.014 |0.0026 0.32 0.10 1.23 0.30 <0. 005
2013 I 0.195 ] 1.27] 0.41 [ 0.015]0.0033 | 0.32[ o.10] 1.00] 0.30 ] <o 005
2013 J 0.202 1.49 0.42 |1 0.017 [0.0035 0.32 0.10 1.00 0.30 <0. 005
2013 K | 0.195 | 1.01 0.42 ] 0.016 [0.0026 | 0.32] o0.10] 1.49] 0.30 | <0.005
2013 L 0.192 1.29 0.42 | 0.017 |0.0023 0.32 0.10 1.24 0.24 <0. 005
2013 N [ 0.197 ] 1.49] 0.42] 0.017[0.0034 | 032 0.10] 1.49] 0.25] <0 005
2013 M 0.196 1.00 0.42 ] 0.016 |0.0034 0.32 0.10 1.25 0.24 <0. 005
2013 0 0.196 1.23 0.41 0.016 | 0.0031 0.32 0.1 0.99 0.24 <0. 005
2013 P 0.192 1.52 0.42 | 0.017 |0.0023 0.32 0.10 1.00 0.25 <0. 005
2013 Q@ [ 0.198 ] 0.99 ] 0.41] 0.016 [0.0025 [ 0.32] 0.10] 1.50] 0.25] <0 005

ook B (wth)

FY | =6 —p T T TAT [Sel ATT Sn P B Ca 0 N

20121 A1 <0.005[  <0.005[ 0.033 | 0.032 | 0.015 <0.001] 0. 0001 <0.0005{ 0. 0010 [ 0.0037
2012] B <0.005]  <0.005] 0.033 [ 0.032 | 0.015 <0.001] <0. 0001] <o0.0005] 0. 0007 [ 0. 0040
2012 C <0. 005 <0.0050 0.033 [ 0.032 | 0.016 <0.001| <0. 0001| <0.0005] 0. 0007 | 0. 0040
2012 D <0. 005 <0.005{ 0.034 [ 0.033 | 0.015 <0.001| <0. 0001| <0.0005] 0. 0008 | 0. 0038
2012 E <0. 005 <0.005| 0.031 0.030 | 0.014 <0.001{ 0. 0001 <0.0005] 0. 0006 | 0. 0042
2013] F <0.005]  <0.005[ 0.033 | 0.031 | 0.015 <0.001] <0. 0001] <0.0005] 0. 0012 | 0. 0048
2013] G <0.005[ <0.005[ 0.031 | 0.029 | 0.014 <0.001] <0. 0001 <0.0005] 0. 0010 | 0.0046
2013 H <0. 005 <0.005] 0.033 [ 0.031 0.015 <0.001] <0.0001| <o0.0005[ 0.0012 | 0.0041
2013 I <0. 005 <0.005 0.033 [ 0.031 0.015 <0.001| <0. 0001| <o0.0005] 0. 0014 | 0. 0039
2013 J <0. 005 <0.005] 0.034 [ 0.033 | 0.014 <0.001| <0. 0001| <0.0005] 0. 0015 | 0. 0036
2013 K <0. 005 <0.005{ 0.032 [ 0.030 | 0.015 <0.001| <0. 0001| <0.0005] 0. 0011 | 0. 0045
2013] L <0.005]  <0.005] 0.031 [ 0.029 | 0.015 <0.001] <0. 0001 <0.0005[ 0. 0013 [ 0. 0042
2013] N <0.005[ <0.005[ 0.031 | 0.029 | 0.015 <0.001] <0. 0001 <0.0005] 0. 0010 [ 0. 0035
2013] M <0.005]  <0.005] 0.033 [ 0.032 | 0.014 <0.001] <0. 0001] <0.0005[ 0. 0012 [ 0. 0035
2013 0 <0. 005 <0.005 0.032 [ 0.031 0.015 <0.001| <0. 0001| <0.0005] 0. 0018 | 0. 0038
2013 P <0. 005 <0.0050 0.030 [ 0.029 | 0.015 <0.001| <0. 0001| <0.0005] 0. 0015 | 0. 0043
2013 Q <0. 005 <0.005 0.032 [ 0.031 0.015 <0.001| <0. 0001 <0.0005] 0. 0012 | 0. 0043
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FEERRIRk DB 2 i E . XA A MR A R S LS L, (K 8.1)

//'/ | \\‘
HERLvE | AL P

1) BB SICE Sy
./ (Dy~10um)

10um

PHARAE & 4R
X 81 HMEAIROEXGEBEET vt )

P-125



8.2 & DT RN DR

MEE GRER) 1220 TE, Si-Cr-Mo RIS X BRI OFT . #5idh y D% e CRAEH
#i) . N=T A MEROIS, EEEREINE AL ERE L pGRGET & Lis, (36 8.1)

& 8.1 MR RK

C | Si | Mn ] P | 8 [ cu ] Ni | cr | Mo
%
0.19 1.00 1.00
JALY |18l E~ pLE | 040 | 0015 [ 0003 | 030 | 010 | W"p 0.3
0.20K i)
FXEQLZ 0.182 1.108 | 053 | 0029 | 0005 | 0.16 | 0.11 1.01 0.30
e
FIEQL3 0.201 1001 | 043 | 0032 | 0007 | 024 | 0.11 1.01 0.30
e
V | Nb | AL | Sn | Pb | B | ca | Ti O | N
% ppm
20 40
\ — — — — — —
JAL 0.030 | 0.015 @0 | o)
F}:géz 0.017 0.007 | 0.023 | 0018 | 0.010 [0.0016 |0.0020 | 0.008 36 78
Fgg; 0.013 0.009 | 0.009 | 0.019 | 0.000 |0.0026 |0.0017 67

JEIEIE, I TEVLELC o v Rk, & R EE, S LT, aA Va8 E D IREE T, o
yRINEDRA F A NEREOa BT FEEET D Z LR, (X8.2)
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9. £LDLEEK

9.1 BREEFHED HEVEAMRBIEE & DR

AFRNEM OBEFERME & FEHERE OFRWER . R OBUTEIFM O % X 9.1 1287, ARRIEM X,
SROmE Y BBV SRS IC T LT, BEEZ LTS Z ENbnDd, iz, EEROBITE
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