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Chapter Il Carbon Steel

S 2-1 Structures and properties of pure iron
2.1.1 Crystallization of pure iron
1. Super-cooling phenomenon and super-cooling degree

1) Cooling curve +
\ 1538°C
/

The cooling curve | T01539°c§ , Z =
of pure iron o A - \iﬂr

(partial)

&T."T
@ s ] ={;§}a

2) Super-cooling phenomenon
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3) Super-cooling degree — AT
AT =T,-T
T, — Equilibrium crystallization temperature
T — The true starting crystallization temperature

} V1 <U,<U3

N

2

i i) 2

Cooling curves under different cooling rates
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Z

€Ccessary conairtion or crystaliiZation

. T>0 o
5) Driving force of crystallization
AF =F,-F <0

F.—— Free energy In solid state
F_—— Free energy In liquid state

A
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= 4 Changes In free
i energy of liquid and
solid with
| | temperature
O T 7 e
per @ een
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2. Course of crystallization

Nucleating — Growing

3. Fine grain strengthening

4. Ways to fining grain In
cast processing

b)

d)

f)

The process of crystallization

of pure iron
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2.1.2 Crystal structure of pure iron

1. Basic concept of crystal structure
1) Crystal

il
=3

l
EE
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a)

~ THEEND Internal structure of

SCHOOL OF MATERIALS SCIENCE AND ENGINEERING OF XI'AN JIAOTONG UNIVERSITY




FHXAA Y munssTrRER

2) Crystal structure

3) Common crystal
structures of metals

Body centered cubic (bcc)

Face centered cubic (fcc)
Close packed hexagonal (cph)

o
IEEEENBN Three kinds of common cell of metals a) bcc b) fcc ¢) cph
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BCC structure
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FCC structure
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CPH structure
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2. Basic concept of crystal defects
Point defects
Crystal defects { _inear defect (dislocation)

Planar defects
Vacancy

Interstitial atom

1) Point defects {

Schematic of point defect

~——
[ Bt
SCHOOL OF MATERIALS SCIENCE AND ENGINEERING OF XI'AN JIAOTONG UNIVERSITY




T MEIRES TR

Edge dislocation

2) Linear defect—dislocation{ Screw dislocation

(1) Edge dislocation
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2

Screw dislocation
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Grain boundary
3) Planar defects { Sub-grain boundary
Phase boundary

(1) Single crystal and polycrystalline

A

""H.

a) b) 3%

Single crystal (a) and polycrystalline (b)
Anisotropy of single crystal and isotropy of

polycrystalline | THEEND
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Grain boundary (a) and sub-grain boundary (b)
(3) Sub-grain boundary

(4) Phase boundary | THEEND




FHXAA Y munssTrRER

4) Strengthening effect of crystal defect on metal

Crystal defect— Lattice distortion— Strengthening
}

Mig{H
|

\ & @

_ﬁg%

~
~

i ) 5
R T
’sxﬁj’?ﬂxﬂm
K ZS p\O
(£=10%~108cm 2)

© o 5 95 T w

Relationship between yield strength of metals
| THEEND and density of dislocation
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Relationship between yield strength (a) and toughness (b) of
pure iron and size of grains
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3. Crystal structure and allotropic transformation of pure iron
a — Fe o — Fe o O —Fe
o12°C /4 o B9°C |

<
bcc fcc bcc
1600 +
1500} o — Fe\
1400} .
y — Fe ¢ Allotrope of iron
1200} 5 _ Fe
O 1100} ’
& 1000}
utz
900}
soof Cooling curve and
700f change in crystal
i M structure of pure
@ iron TEEND
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pure iron

room temperature

polycrystalline
bcce structure

o — Fe

2.1.3 Structure and properties of commercially

1. Structure of commercially pure iron at
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Microstructure of

commercially pure iron X125
SCHOOL OF MATERIALS SCIENCE AND ENGINEERING OF XI'AN JIAOTONG UNIVERSITY



FHXAAY marssTEREn

2. Properties of commercially pure iron at room temperature
Low strength

O0,=100~170 MPa
0y, =180~230 MPa

High plasticity and toughness
O =30%~50%

Y =70%~80%

dy = 160~200J/cm?

Ferromagnetic

3. Application of commercially pure iron | THEEND



FH X ﬁ}t«‘? M ERI S TR e,

S 2-2 The constituent of phase and structure in Fe-C

alloy . .
Phase — Phases in alloy | g(())lrlr?pf)%l#(tjlon

2.2.1 Fe and C forming solid solution — ferrite and

aust(_anlte : Substitutional solid solution
1. Solid solutlon{ o . :
Interstitial solid solution

Schematic of
Substitutional solid

O | solution (a) and
O s Interstitial solid
Q- — solution (b)
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2. Ferrite(Fora)

Crystal structure of the ferrite —— bcc
Maximum saturated solubility of ferrite—— 0.0218%
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T MRS S TSR

3. Austenite (Aor 7 )

Crystal structure of the austenite —— fcc THEEND
Maximum saturated solubility of C in austenite——2.11%
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4. Solid solution strengthening

a)
Distortion of lattice as forming a) substitutional
solid solution and b) interstitial solid solution

5. Feature in mechanical properties of the ferrite and
austenite
Higher hardness and strength (as compared with Fe)

Higher plasticity and toughness (as compared with Fe,C)
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2.2.2 Fe and C forming compound—cementite Fe,C
1. Crystal structure of Fe,C
Very complicated
: . | ?
2. Mechanical propertie o gT
features of Fe,C { pi2 }{'; y
e
Higher hardness ‘7?:{} lsﬂ |
(as compared with F) | - 3‘ﬁ ”ll |T“',: |
P il _ Il.l._,,
Higher brittleness '/’Vjﬁ @P‘ )L% /
(as compared with F ) /7 /)/ 21 s ups
o HEi T
| THEEND Crystal cell structure of Fe,C
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§ 2-3 Fe - Fe,C phase diagram
2.3.1 The basic concepts of Phase diagram
1. The establishment of Phase diagram

A 70Ni Nji *‘ )
50Ni 30Cu
30Ni 50Cu
Cu 70Cu
as
e
O >\ b3
T~ (4}
- "\ 22
B g8\
19) ,
Hf [A]

Establishment of Cu-Ni phase diagram by thermal analysis method
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2. What Is a phase diagram
3. Analyzing crystallization process with a phase diagram

A A
|
L
T b
a ¥ 0 a ~
. L. ~1._ l="1b ! \/ [N
o T ” -
s T
o
| |
| ' EEFAFEETETLLE
l |
Cu X, X Xg Ni b)
wNi fe-”‘"-\-:
a) @

Analyzing crystallization process with a phase diagram a)
and analogy of the lever law b)

4. The lever law ~ THEEND
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2.3.2 Analysis of Fe - Fe,C phase diagram
1. Phase fields in the Fe - Fe,C phase diagram

i —=

| THEEND Phase fields in the Fe - Fe,C phase diagram
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2. Points and lines in the Fe - Fe;,C phase diagram
322 FeFe:C HEFEEESMEE. BFIRESHEEN
RIS BEIC we (%) 1A
A 1538 0 SR
B 1495 0.53 B ENESESERE
C 1148 4.30 e g
D 1227 6.69 BimmE s (rEE)
E 1148 2.11 WTE v -Fe THIRERE
F 1148 6.69 BT
G 0912 0 FERMEET S (A3)
H 1495 0.00 B7E O -Fe THIBAIEME
I 1495 0.17 B A
K 727 6.60 T2
N 1394 0 FRIERHET R (A4)
P =27 0.0218 WTEa-Fe PHIEREE
S 727 0.77 R
0 =g 0.0008 BEa-Fe FRIEREE
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3. Triphase equilibrium transformation in Fe-C alloy
1) Eutectic transformation

L, , < 1148°C (7,,, + Fe,C) Ledeburite ( Ld)

The ledeburite iIs
very hard and brittle

Micrograph of ledeburite at
room temperature (< 200)
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2) Eutectoid transformation
Vo 25 (@t + Fe,C) — Pearlite (P)

The pearlite has very
good composite
mechanical property

Micrograph of eutectic at
room temperature (><500)

3) Peritectic transformation
1495°C
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2.3.3 Analysis of crystallizing process of typlcal

Fe-C alloys

P 3 K

Fe;C
we (%) @

Typical alloys in the Fe-C phase diagram
| THEEND

Structure
SCHOOL OF MATERIALS SCIENCE AND ENGINEERING OF XI'AN JJAOTONG UNIVERSITY
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Crystallizing
process of
hypoeutectoid steel
(W.=0.4%)

Structure at R. T.
P+F

Micrograph of
hypoeutectoid steel at
room temperature (><500)
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2. Eutectoid steel (W-=0.77%)

O\
t‘:

1 PR

Structure at R.T.

P
Micrograph of eutectoid steel
at room temperature (<X 500)
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Crystallizing process of hypereutectoid steel (W¢ =1.2% )
Structure at R.T. P+ Fe,Cy

i

5
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Crystallizing process of eutectic white cast iron (Ws =4.3% )
Structure at R.T.

Micrograph of
eutectic white cast
Iron at room

temperature (X200
Creeeo  (CTPRIENE LD
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Structure at R. T.

Micrograph of
hypoeutectic white cast [
Iron at room

X
EEEEgy cmperature (X 250)
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Crystallizing process of hypereutectic white
Structure at R.T.
+ Fe,Cq

Micrograph of
hypereutectic white
cast iron at room

THEEND temperature (< 100)
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Crystallizing process
of commercially pure
iron (W: =0.01% )

Structure at R.T. e R A e
F+Fe,Cyy A

N
Micrograph of \ /Q &
commercially pure iron at g/ -‘“Zv
room temperature (X 125) e < ah X

SCHOOL OF MATERIALS SCIENCE AND ENGINEERING OF XI'AN JIAOTONG UNIVERSITY



FHXAA Y munssTrRER

2.3.4 The effects of carbon on the equilibrium

structures and properties of Fe-C alloy
1. The effects on equilibrium structures
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The Fe-Fe,C phase diagram divided into different structure fields
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2. The effects on mechanical properties

#®2-3 HkeE&EFHRTIUMARARD B F R
48 40 R 4 o,/ MPa =S S (%) Ag/]

BELE (o) 230 80HBS 50 160
BW®E (FesC) 30 800HBS ~0 ~0

A (P) 750 180HBS 20~25 24~32

1400 70
Ar
300r 1200 \[) //HBS 60 —192
o} 1000 N N P The effects of weight

il
K

=

4

- fraction of carbon on

HBS

200—%800\ - _ :
sol % ol ML I \30 = L. & the mechanical
y - .
w0k aoo ZAN ~ |l properties of the slow
TN 3 cooling carbon steels
200 NS 10 —132
Ay ~ -

——

|
0~ 02 04 06 08 1.0 12 14
e § | THEEND
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2.3.5 Practically use of the Fe-Fe,C phase dlagram

1. Providing a basis of selecting composmon of the
materials

2. Providing a basis of planning process of hot working

1700
1600A
1500 B P>
14510 o \\g g?%@
1300N \\ %
AN <\Q AF
o 12008 = \ % _ _
B 1100 R/ C The relationship
| 'Z‘;‘;G : between the process
ol of casting and
AV -
700HH-S forglng and Fe-Fe3C
o phase diagram
5000 0.5 1.0 1.5 2.0 25 3.0 35 4.0 45:5.0
wel%) @ _
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Casting
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2.3.6 Summary of relationship between property

and phase diagram of alloy
1. The relationship between service performance and

nhase diagram of alloy
: 7 A oA b I
: I
4 A B A =iB Ai ; EB Ai |1B A1I1|il|iB
BT N | L
I
x N A BTN i
A B A iB A} | IB A ||B AH“l iB
| | | ‘| N fi
| | |
= A B A B A B A B A B
gy 0y s ) @

The relationship between service performance and phase diagram of allo
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2. The relationship between processing properties and
phase diagram of alloy

\
i{

The relationship
between casting
property and phase
diagram of alloy

(

|
—
4 |
i |
mﬂﬁr i
N
& ! dirp
T m |
A B A
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S 2-4 The effects of common Impurity

elements on properties of steel
1. The effects of Sand P

- 2 | _;'ﬁ ,:"
2. The effects of Si and Mn

3. The effects of gases | THEEND
SCHOOL OF MATERIALS SCIENCE AND ENGINEERING OF XI'AN JIAOTONG UNIVERSITY
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% 2-5 The structure and defect of steel ingo
1. The structure of quiet steel ingot
2. The defect in quiet steel ingot
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Macrostructures of quiet steel ingot  Defects in quiet steel ingot
1—fine-grain zone in surface layer  1—shrinkage cavity
2—columnar-grain zone 2—Dbubble
3—Iisometric-grain zone in center 3—Iloose
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An aluminum ingot
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S 2-6 The effects of press processing on

structures and properties of steel
2.6.1 The effects of cold press processing on

structures and properties of steel

1. The main mode of plastic deformation — slip

Diagram of slipping through the dislocation movement

SCHOOL OF MATERIALS SCIENCE AND ENGINEERING OF XI'AN JIAOTONG UNIVERSITY
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Slip band

Micrograph of slip band in the surface of commercially pure iron
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2. The changes In structures of pure iron and steel In
the process of plastic deformation

Microstructure of
commercially pure
Iron with deformation
of 80% (X 125)

The grains being elongated

The density of dislocation beinhg increased |FEEEN

SCHOOL OF MATERIALS SCIENCE AND ENGINEERING OF XI'AN JIAOTONG UNIVERSITY
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Forming deformation texture

L) 7 1m)

il
T e
e
- L
-

Diagram of texture in commercially pure iron
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3. The changes In properties of pure iron and steel In
the process of plastic deformation

Bring about work hardening (deformation strengthening)

1007 1000 —
)
o 800 / 1) ]
« / =il
~ 60 & 600
= E / —
40 & 400{
o
201 200N i
- 0 10 20 30 40 50 60.., 70
BRHATEE(%)

Work hardening of commercially pure iron and low carbon steel
BEEEBE 1 commercially pureiron  2— low carbon steel
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Bring about anisotropy

Ear-producing

phenomenon of | |-~ g

cold-punched
component

Bring about residual stress

SCHOOL OF MATERIALS SCIENCE AND ENGINEERING OF XI'AN JIAOTONG UNIVERSITY
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drawing




FHXAA Y munssTrRER

2.6.2 The changes in structures and properties of

cold-deformed steel in process of heating

1. Recovery and recrystallization and grain growth

A
[ 5 !ﬁ%lﬁi’J An bR

e
TR 1000 100
= -..a': --'.
? : 800 \\gb 30
= |
£ | Ak = s 60
= ol
o ] @ 400 \‘\_______ 0 2
i N - E:
o ‘ 200 20
- l 510

' | 0
& 0 200 400 600 800 1000 &
# | e J/ °C

Change in mechanical

properties of cold-press-
Diagram of change in structures and  processed pure iron with

properties of cold-deformed metal in  heating temperature

orocess of heating at various temperature | THEEND
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2. Factors affecting the size of recrystallized grain
1) Degree of cold deformation
A

SR NN

| _ o
O AL &
AT

The relationship between the size of recrystallized
grain and the degree of cold deformation
There iIs a critical degree of deformation  THEEND
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2) Annealing temperature

T,=04T,

Minimum recrystallization temperature—T,

T.,(K) — melting
point of the metal

As T>T,

The higher the T, the
larger the grain size

Recrystallization full

figure of pure 1ron
-

SRR/ /(103um?)

300

[\
o
(=

100

0

¥, O
10 20 30 50 5% K
AT (%) @
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The grain size of recrystallized aluminum with different
degree of cold deformation | THEEND
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3. The application of recrystallization theory

Recovery — stress relieving

Recrystallization — work-hardening relieving

Grain growth — single crystal preparing

SCHOOL OF MATERIALS SCIENCE AND ENGINEERING OF XI'AN JIAOTC ivw vivivennun Y
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2.6.3 The effects of hot-press working on structures
and properties of steel

J R R AR B B
H & A i L )ﬁ?ﬁﬁﬂﬁ)ﬁﬁ{m\ﬂﬁ Eoa FNTE

.“ ; l.:‘l\ }
K 5% (TR R
EhTn
:@&

The deforming and recrystallizing of austenite grains in
| THEEND steel as it being hot rolled
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1. The difference between hot working and cold working

For cold working: T<T,, no recrystallizing
For hot working:  T>T,, recrystallizing

2. The structures and properties of hot-press-worked steel

Welding pores
Refining structure

Forming hot-working flow lines

SCHOOL OF MATERIALS SCIENCE AND ENGINEERING OF XI'AN JIAOTONG UNIVERSITY
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b)

T

Diagram of arrangement of flow lines in crankshaft

72 2-4  ocH 045%HTNEHE G IFEERESRE T MEIRR

R E o,/ MPa | o,,/ MPa | & (%) ¢ (%) ag / (J*cm 2)
ZH\ ] 715 470 175 62.8 62
18 ] 672 440 10.0 31.0 30
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S 2-7 The classification and name and use
of carbon steel

2.7.1 The classification of carbon steel
. Low carbon steel W << 0.25%

Medium carbon steel
W-=0.30%~—0.60%
' High carbon steel W >0.60%

| W <0.035%
. Plain carbon steel {Wp<0-035%

W, <0.030%
W, <<0.030%

<
' High-duty carbon steel { Ws =0.020%

W, <<(. 0
B { Carbon structural steel 00507
Y US89 1 carbon tool steel THEEND

SCHOOL OF MATERIALS SCIENCE AND ENGINEERING OF XI'AN JIAOTONG UNIVERSITY
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2.7.2 The name and use of carbon steel
1. Plain carbon structural steel

SCHOOL OF MATERIALS SCIENCE AND ENGINEERING OF XI'AN JIAOTONG UNIVERSITY

* 2-5 LB R SRS AL A7 (GB/T700-1988)
WERD o (%)
hE S E c Vi Si S P BLETTE
' ARF
Q195 — 0.06~0. 12 0.25~0.50 | 0.30 | 0.050 .045 | F. b, Z
A 0. 050
Q215 0.09~0.15 0.25~0.55 | 0.30 .045 | F. b, Z
B 0.045
A 0.14~0.20 | 0.30~0.65" 0. 050 _
——— 0.30 . .045 | F. b, Z
B 0.12~0. 20 | 0.30~0.70 0.045
0235
C <0.18 0. 040 . 040 4
0.35~0.80 | 0.30
D <0.17 0.035 . 035 TZ
A 0. 050
0255 0.18~0. 28 0.40~0.70 | 0.30 . 045 4
B 0.045
Q275 — 0.28~0. 38 0.50~0.80 | 0.35 | 0.050 . 045 Z
F: 1. Q235A. B HHBNEEIRES E R4 0. 60%.
2. “F7 B, “b” PEEH, ‘77 EHE, 17 RSHRER.
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7 2-6 LiEmE SN 1Z1E8E (GB/T700-1988)

v B ORI Horie
s JEfR A os/ MPa S (%) o | VR
Bs |, WHERE (EE) /m N AMEE (ER) /m |
% Hirsa s gl
=16~ |>40~[>60~|>100~| ) =16~ |=>40~|=>60~{=>100~ | (4
=16 =150 | o/ MPa | =16 =150 | / L
40 60 | 100 | 150 40 60 | 100 | 150 0 M) /]
TATF T TATF
Q195| —|(195)| (185)] — | — | — | — |315~390| 33 | 32 | — | — | — — | =] —
A —
Q215 B 215 | 2056 | 195 | 185 | 175 | 165 | 335—410 | 31 30 29 | 28 20 26 o0 27
A — -
_| B _ _ _ _ _ _ — _ 20
Q235 235 | 226 | 215|205 | 195 | 185 | 375—460 | 26 25 24 | 23 22 21
C 0 27
D —-20
A — N
Q255 20b | 245 | 235 | 225 | 215 | 205 | 410~510 | 24 23 2 21 20 19
B 200 27
Q275| —| 275 | 265 | 255 | 245 | 235 | 225 | 490~610 | 20 19 18 17 16 | — —
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2. Quality carbon structural steel
F 2-7T MEHmE SN ILZERSS (GB/T 699-1999)
th = Bl 7 o (%)
3= P S Ni Cr Cu
C Si Mn
ARTF
08F 0.05~—0. 11 =0.03 0.25~0. 50 0.035 0. 035 0. 30 0. 10 0. 25
10F 0.07—0. 14 =0. 07 0. 25~—0. 20 0. 035 0.035 0. 30 0. 15 0. 25
08 0.05~0. 12 0.17~0. 37 0.35~0.65 0.035 0. 035 0. 30 0. 10 0.25
10 0.07—0. 14 0.17—0. 37 0. 35~—0. 65 0. 035 0.035 0. 30 0. 15 0. 25
15 0.12~0. 19 0.17~0, 37 0. 35-0.65 0.035 0. 035 0. 30 0. 25 0. 25
20 0.17—0. 24 0.17—0. 37 0.35~—0. 65 0.035 0. 035 0. 30 0. 25 0. 25
25 0.22~—0. 30 0.17—0. 37 0. 50~—0. 80 0. 035 0.035 0. 30 0. 25 0. 25
30 0.27~0. 35 0.17~0. 37 0.50~0. 80 0.035 0. 035 0. 30 0. 25 0.25
35 0.32~—0. 40 0.17—0. 37 0. 50~—0. 80 0. 035 0.035 0. 30 0. 25 0. 25
40 0.37—0. 45 0.17~0, 37 0.50~0, 80 0.035 0. 035 0. 30 0. 25 0. 25
45 0.42~—0. 50 0.17—0. 37 0.50~—0. 80 0.035 0. 035 0. 30 0. 25 0. 25
50 0.47—0.55 0.17—0. 37 0. 50~—0. 80 0. 035 0.035 0. 30 0. 25 0. 25
55 0.52~0.60 0.17~0. 37 0.50~0. 80 0.035 0. 035 0. 30 0. 25 0.25
60 0. 537~—0. 65 0.17—0. 37 0. 50~—0. 80 0. 035 0.035 0. 30 0. 25 0. 25
_ 65 0.62~0. 70 0.17~0, 37 0.50~0. 80 0. 035 0. 035 0. 30 0. 25 0. 25
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F 2-8 L& S Ay I =18 (GB/T699-1999)
- B %ﬁi’iﬁ@@
iz BN/ =
e o,/MP, | ¢./MP, | 5,(%) | ¢ (%) | A /J ~ * F
= ~H
b VAP I =D Y NI Sk b 3B N
08F | 25 | 930 295 175 35 60 131
10F | 25 | 930 315 185 33 55 137
08 |25 | 930 325 195 33 60 131
10 |25 | 930 335 205 31 55 137
15 |25 | 320 375 225 27 55 143
20 |25 | 910 410 245 25 55 156
25 |25 | 900| 870 | 600 450 275 23 50 71 170
30 |25 | 880| 860 | 600 490 295 21 50 63 179
35 |25 | 870| 850 | 600 530 315 20 45 55 197
40 |25 | 860| 840 | 600 570 335 19 45 47 217 187
45 |25 | 850| 840 | 600 600 355 16 40 39 229 197
50 |25 | 830 | 830 | 600 630 375 14 40 31 241 207
55 |25 | 820| 820 | 600 645 380 13 35 255 217
60 |25 | 810 675 400 12 35 255 229
65 |25 | 810 695 410 10 30 255 229 _
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RO FEAMETENNES. fo. AEAFE (GB/T1298-1986)
ZEmao &%) #AE
S K EPS R &
C Mn 5i 5 P AT S
tu?:& e L fﬂz‘f‘ EE HRF‘ tu?:lf T Eg HR?
i (AT (AT
_ o ) ’ HEAZERI S
T7 | 0.65~0.74 £0.030 | =0.035 | 800820 7K 62 180~200 | B0~—62 iﬁiﬁ% . E?ﬁﬁvﬂﬁ
Eﬁ:[gﬁﬁ ﬁnﬂﬁf %R
7 Cofy T{ S:-.. “h{.._ o | — — ..F%"' 1 'ﬁi%" .\IIﬁ"
T74 | 0.65~0.74 0. 020 0.030 | 800~820 7K 62 180~200 | 60~62 FH (GEER) &
HEERZRD S
T8 | 0.75~0.84 £0.030 | =0.035 | 780~800 7K 62 180200 | 60—62 | FEHF. ERETENY
FEEHSFIA, WF
£ET. L. =R
T84 | 0.75~0.84 £0.020 | =0.030 | 780~800 7K 62 180~200 | 60~62 | BE(T]. RIITE. &7
Al A
£0.40 | =0.35 REs
T10 | 0.95~1.04 £0.030 | =0.035 | 760~780 | K, B 62 | 180~200 | 60~62 HIENZ IR
£ OLEXFIENHT
B, mal7]. g, 28,
T104 | 0.95~1.04 =£0.020 | =0.030 | 760~780 | 7K,JH 62 180~200 | 60—62 | WF. FEELE. FRE
T12 | 1.15~1.24 £0.030 | =0.035 | 760~780 | 7K, 3B 62 180~200 | 60~62 saREE. =5
MEEEMNIA. M
. T . : . L . |
T124 | 1.15~1.24 £0.020 | =0.030 | 760~T780 | 7K, iH 62 180~200 | B0~62 R . #. ET)
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