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Synopsis :

At Mizushima Works, a 200mm thick plate of ASTM A387 Grade D was made by using
Ladle-Refining-Furnace, 6000t forging press and plate mill. The soundness of the plate,
the effect of heat treating conditions on mechanical properties and so forth were
investigated. The effect of such alloying elements as Mn, Ni, Cu, V, Nb and Al on
mechanical properties was also investigated, the possibilities of the improvement in the
tensile property of A387 D were discussed. The followings were obtained from these
efforts: (1) In spite of its weigher ingot and large thickness, the plate showed a very
small amount of non-metallic inclusion, without any defect. (2) The range of heat
treatment was clarified which can satisfy the requirement of the mechanical properties
for a standard composition. (3) Change in cooling rate during quenching did not affect
the strength as long as proeutectoid ferrite did not formed. (4) The hardness was
lowered in linear manner with the amount of proeutectoid ferrite formed during
quenching. (5) An increase in Mn content to 0.8% or additions of 0.2% Ni and/or 0.2% Cu
inhibited proeutectoid ferrite from forming during quenching. Coarse austenite grain
was useful in preventing the precipitation of proeutectiod ferrite. (6) An increase in Mn
or an addition of Cu increased hardness for all conditions of stress relief annealing. But,
an addition of 0.2% Ni had no effect on hardness. (7) An addition of 0.05% Nb increased

hardness in the range of severer conditions in stress relief annealing.

(c)JFE Steel Corporation, 2003



AINIROR—=VnbEETEET,




379
UDC 669,14-412:669,14.018.29 : 669, 15 26 28-194

ASTM A387 Gr. D I8 o0

On Heavy Gauge ASTM A387 Gr. D Steel Plaie
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Synopsis:
At Mizushima Works, a 200mm thick plate of ASTM A387 Grade D was made by using Ladle-Refining-
Furnace, 6000 t forging press and plate mill.

The scundness of the plate, the eifsct ol heat treatiog conditions on mechanical properties and so

forth were investigated.

The effect of such alloying elements as Mn, Ni. Cu, V, Nb and Al on mechanical properties was also

investigated, the possibilities of the improvement in the tensile property of A387 D were discussed.

The followings were obtained from these efforts:

(1) In spite of its weigher ingot and large thickness, the plate showed a very small amcunt of non-
metallic inclusion, without any defect.

(2) The range of heat treatment was clarified which can satisfy the reguirement of the mechanical
properties for a standard composition.

(3} Change in cooling rate during guenching did not affect the strength as long as proeutectoid
ferrite did not formed.

(4} The hardness was lowered in linear manner with the amount of proeutectoid ferrite formed
during quenching.

(3) An increase in Mn content to 0.8% or additions of 0.2% Ni and/or 0.2% Cu inhibited proeute-
ctoid ferrite from forming during guenching. Coarse austenite grain was useful in preventing
the precipitation of prosutectoid ferrite.

{(6) An increase in Mn or an addition of Cu increased hardness for all conditions of stress relief
annealing. But, an addition of 0.2% Ni had nc effect on hardness.

(7) An addition of 0.05% Nb increased hardness in the range of severer conditions in stress relief

annealing.
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Table 1 Chemical composition of steel X (%"
< | si Mn 3 J | s e | N } Cr Mo | Al | N
Spec. I «/0 “*51 - — 2. oo/z 500.90/1.10 - -
o - (— B
Ladie | 0_13! 0.2 060 0.013 0.010 0. 05\ 0 ozl 2.40) 0.92} 0.001 0.0088
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fLM ASTM A387 D 4 (2)4 Cr-1Mo §if) 4 &
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CBe)sh, 200mm) &AL, GRS X
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B DA N Al
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I B R i A s e, SEERSEHIEE /B
FUSRM 2 58 U, BB S, fre sl gs 1ixd

Do AN L, SorB ASTMA A3S7
Dﬁ@%%THﬁ%MﬁLto

2. EHER ASTM A387T D &R #HIROAE

2.1 Bl ETIE

SRl K BRUBRRTI L RO s OIS i A B
WAz, 100t/ch, ASEA-SKF Process”
(Yo g ks n, 24212 Ladle Refining Furnace
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Table 2 Fabrication history of steel X

Primary rehnmg 180t/ch I.D

‘1mnﬂm LRF

Fmal refmmg

Degaqsmg ‘ 100t/ch LRF

'Slabbmg ‘ GOOGt forgmg press
RDIlmg Plate mill, Thickness 200mm
Normdllzmg ‘ 920°C><8h Alr C001
Tempermg ‘ 650°C x lﬁh. Alr cool
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Table 3 Condition and resuits of ultrasonic test

Equupment

Search area

Search unit
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7Freq1.1.e_1-1.cy 777777 ‘ 2MHZ 7 B fir, JIS J§IEiRE s e 7 — 2 0 v LR
Defect mdlcat:;):W ‘ Non o %7‘6{ ﬁ‘k - 7”;0“ i .
e e - Fa v 2 AR S 4 Table 447,54, AR
g‘elflgg;;nof back ‘ 10~14 S I LA b i ks B, bl reh o
Number of full 7 - e
scale back reﬂectlon 7~10 JIS i )i ik B kS 52 % Table 540,55, i
ST o o h REER 0L duoxeo DHEE0. I HIHETH 0, Wik
(2) WtkEGE R G MRS BRI A BB oo o b,

St OZA, EHE X O UIERO BRI -2
T Whpd B IR & f17e - o, HS IR

AL LRF - L A EodR ol s b2 b o,
YA T oy TN FERBR T AT s e WL e

Table 4 Check analysis of steel X (%>
Location Through gage Chemical composition
in ingot Iocation c Si Mn P S Cu ‘ Ni | Cr | Mo
T e L el — PR Lo
Surface I 0.13 0.27 0.58 | 0.012 0 010 0.05 ' 0.03 2.46 ' .97
Top Quarter 0.13 | 0.27 | 0.59 | 0.012| 0.010| 0.05 | 0.03 | 2.49 | 0.9
Center 0.14 0.27 0.59 0.013 | 0.010 | 0.05 0 03 2.47 0.98
Surface 0.13 0.28 0.58 0.012 0.010 0.905 : 0.03 2.43 0.97
Middle Quarter o 0,13 .28 0.57 0.012 0.009 0.05 ‘ 0.03 2.46 0.98
Center | 0.14 0.28 0.59 0.013 0.010 ; 0.05 | 0.03 2.45 0.96
I i
- : : D R
Surface i 0.13 ¢ 0.26 0.60 0.013 0.009 0.05 0.03 2.40 | 0. 95
Bottom Quarter .13 | 0.25 | 0.59 | 0.012| 0.009 0.05 | 0.03 | 2.43 | 0.96
Center 0.3 S 0.25 | 0.59 | 0.012| 0.009| 0.05 © 0.03 ° 2.41 ' 0.9
Table 5 Cleanness of steel X (7%
Location in ingot Th{&i%floﬁage dAyonso ‘ dBynoxee ‘ dConxa0 } dygosr
Surface 1 0.046 - I ‘ 0.046
Top Quarter 0.033 — — | 0.033
Center 0.046 — | - ! 0.046
Surface 0.054 ‘ - 0.054
Middle Quarter 0.030 0.003 - 0.033
Center 0.029 — 0.029
Surface 0.062 | — 0.062
|
Bottom . Quarter 0.038 | — — 0.038
Center 0.042 ‘ — — 0.042
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Table 6 SR conditions of stee] X

- - : - ._." ,;"..- - | o - T
-SR condition 7 Tempering Parameter

|
Heating rate (°C/h) ; H;)rll[gnﬁmtsr?ggif)m | Cooling rate (°C/hy | {x10%
! — ! ' 19.6
| 600x 6 | I 19.6
| 660 % 25 20.1
| 680 % 85 | | 20,1
680% 37 \ 20.6
: 680 % 110 | ! 21.0
48 ) | 48 .

| TO0x 3 i i 20.1
700% 14 - 20.6

' 700x 35 | | 21,
i 7% 5 | | 20.6
. T20% 14 | 21.0
I 720% 35 | | 21.4

T. P. (Tempering parameter) =T (204 log 1))
T : Holding temperature {("HK)
{1 Holding time (h)
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Fig. 2 Relation between tempering parameter, Fig. 3 Effect of SR conditions on yield strength
holding time and temperature and tensile strength



Elongation, Reduction of area (%)
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Fig. 4 Effect of SR conditions on elongation
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Fig. 5 Effect of SR conditions on yield ratio
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Fig. 7 Effect of SR conditions on absorbed
energy at 20°C
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Fig. 9 Effect of SR conditions on elevated
temperature tensile properties
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Fig. 10 Effect of SR conditions on elevated
temperature tensile properties
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Fig. 14 Cooling curves of water dip quenched or air cooled
specimen in various thicknesses
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Vickers hardness 398

Vickers hardness 325

Vickers hardness 271 Vickers hardness 208

Photo. 3 Austenite grain size, and microstructure after continucus cooling (steel X)
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Table 9 SR conditions of modified A387 D steels
Holding | yoro | Tempering | Holding [T
temperature HO]dl{'hg) time i parameter temperature Holding time
°0) (<10 | (°C)
| !
620 1 17.8 680 40
620 2.5 18.2 680 110
620 7 18.6 700 1
640 1 18.2 700 2
640 2.0 18.6 700 6
640 7 19.0 700 15
660 1 18.6 700 40
660 2.5 19.0 710 1.5
660 6 19.4 710 3.5
660 17 19.8 710 9
680 1 19.0 710 23
680 2.5 19.4 750 8
680 6 19.8 750 20
680 16 20,2

parameter
_(xwh

20.
21.
19.
19.
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21.

6
0

=

Mo D d



Table 10 Mechanical test results of

ASTM A387 Gr. D Wi iRt -7

T ammVT
Heat !nuu-h lm-‘Ha:S':th"
e e o _ o pactrest |
ment Ruom temperatuce 50 430 I.Ahsnrhed‘ Vichers
Steel R R . o . . . ;
- alter ; ! Lo T ‘i i Fio ! spy
S mfﬂ‘;':(h FTensale ¢ Elonga- ‘ Recuc § it VO e | Blong | Reda it Lensite | Elonga- | Reduc: | CMEEY hardues
: quench- f e . tion tion ratio slres E ' o tin tivn “\_'C‘"L . ! tion tion at 2000
| ing i 0‘2/,)-s(ren;:lh n.z,b) strenpth | i are 0,274 strength Dol area
: Lormet) o afiset) LA Loiser) i el Lok
: ikg/mm?) {kgimm® thgimm %% o o e mm?) kg,mm-}‘ 951 e ikgem
S— . S L e—— —el - ‘ - — : s - o i ' o
A 448 19 7l o 430 1 2} 751 s 83
s . | LT T Lo _
| i I |
B I . l 0 45 15 ] as | o I B L R ARt
— . .- — . - . ! LR ! [
| | ' .
c | @ i 4.5 | 8.8 w8 | are ! 7l ‘ 20 | 151 22 A mis L 181
S R S i : e - ‘ B :
n i ! 5 | 54 n &0 ate | oamD | Bl | s o o267 | 18w
- | - Ll : I - J— . I ! _.!-
) i ‘ i i
: | B ‘ | 46.6 21 ‘ [T
i ‘ | O L
| b W 357 455 | 181 78 ‘ 2.2 i
. ,,‘ - L ! J— ‘ _—
H ] | N i ‘
: 7 e . | 24 | 178
| I R I R
1 1 | $6 : YK ! (i 2.4 150
. L PR I - - —— . - ———
T el
= ‘ 8.5 —
i i - | - ‘ - | =z -
A BN R
i i : |
A RN
| I '
! . ! - o b
2 ‘ - ! | | ‘ 2.7 -
*(D: 680°C x 9hTemper, 630°C x 75h Internal SR, 700°C x 35h Final SR
(2): 700°C x 16h SR
Testing temperature
e . o
N—E‘ BT Quenching rate 22°C /min
g . Tempering parameter 21.0>10?
£ 395 Pertng pars
E o
2 451 430°C -
p ;
&
& . — .
3 B i .
3% 40~ !
S [
=
=)
Ly
E 35 I <]
= N
@ N N N
o N
.z 30 N N N _
2 BN i
N N |
L _ i . j
Steel A B C D E F G H 1 I K X ASTM
Cl%) .13 .13 14 .13 11 12 12 12 .16.12.14 .13 spec.
Modified Mn  Mn,Cu Mn, Ni Mn,Ni Mn, Ni Mn,Ni Mn,Ni Cu Cu
clements — Cu v Nb  Cu,V Ni - —
Nb

Fig. 19 Effect of alloying elements on yield strength



394 U wy #EBk 4E W July 1972
Testing temperature
R.T Quenching rate 22°C /min
395°C Tempering parameter 21,0 % 10¢
ﬁgr 430°C _
P | —
< - i
E gl ] _ ]
F | ]
o | M
3
£ 5t _
® 9 N "
L N N Ny 1
& gef NERENCHNEEREN Ny | N u |
s N N
& N N N §
NI SIIATT:
40! N LINM | N 1] N il N i
Steel A B C D E F G H I 4 K X ASTM
Creg) 13 13 14 13 11 12 12 A2 .16 12 14 13 spec.
Modified Mn  Mn, Cu Mo, Ni Mn,Ni Mn,Ni Mn,Ni Ma, Ni Cu Cu
clements Cu v Nb Cu,V Ni
Nb
Fig. 20 Effect of alloying elements on tensile strensth
T -
Symbol |Steel ] Mod1[|eq
i- ' elements
! T LA oo . -
3 ,'ié =5 300
. L Mo, Cu .
50 s ot e
4 i/ LD Ma N < o
/ LE Mo, NGy i —e— g
J F Mo Ni, V e K
& MR
et H 00/
300 ¢ X
i __l}" - {2uenching rate 22°C/min
— | <
- 5 =
b= ) T
:E Quenching rate, 22 /min \m 250)-
“ 50 . ¢
@ —_—
< z
3 £
2001+
200~ -1
.
1500 ] PS5 180 w0 T na
TsQ 7180 19.07 20,07 "6 22.0 Gerd . B e e
Tempering parameter T(20 Llogt) > 1073 Tempering parameter 7420 - log 1< 10
Fig. 21 Effect of alloying elements SR condi- Fig. 22 Effect of alloying elements and SR

tion on Vickers hardness

condition on Vickers hardness



(T.P.=21.0%107)
P '

Phote. 7 Microstructures of moditied A 387 D steels

RSOy, e, SIBECH 4 G 8RB [{]—T.P. Td 24 S RIBE & L O{REMSESA
AROFEE, HDuir TP O FERE T3 & P2 2 e MEOTE I ME RS R o — % Fig. 23054,
PIEIE = b b B, TP 25210 % 10° COBREDLEEL FLRE MRS b T, o
HEtasop: < o~NgUuEsamL L CWVERLEO T.P. 2B+ s s
R FIU-ChHLZLMbmb, 20k 3R BiTEmn



4001

B

o=
12
=

[
&
=
I M. AN S A

Hardness{Hv10 kg

[ac)
b=
=

150

fo

Y

asd

.,
\

JEEE Bk R & July 1972
007 =1 e e
90-
Stee]l A Quenching rate, 22°C/min
80 R.A.
Tempering temperaturel ! TNy
o 620 :&ﬁg’%‘a S o
® 640
o 660 70
" 630 <
o 700 = e
. F i
"~ a ;ég E Steel
< 0 A-K
N\ T 56 . % ]
- S = |
e [N S B — ‘::Jl 40;- A
18.0 19.0 20.0 21.0 2.0 B :" El i
Tempering parameter T(20+logt}<10° -] %0 . ..omm -l
Fig. 23 Hardness of steel A tempered at 2 S o° o z
various conditions &,
s 20
|
OEBCOCTEI bk A UERTH - Loy ]
{ \
pl L . \ L
50 55 60 6a 70

5. ASTM A387 D $HOMGEICET 3£

B Xots T A ~ Ko WM E &, Hi

CEEORC - oERAL b D, Fig

I Rl £ M-S 4 & Pig. 24~Fig. 200 1 5
]

24~Fig. 2% S NS REEMPIEED 5 b, #

Yield strengthi0.2% offset] {kg/mm?)

Yield ratie!24)

Fig

601

40[-

- r i | S

1=

U
63 70

Tensile strength(kg/mm2}

6

P
35

. 24 Relation between tensile strength and

other tensile properties

Tensile strength{kg/mm?}

Fig. 25 Relation between tensile strength

other tensile properties

and

Biirisioxnvd o T.P. & Jitkcod|

FBHEDLTHD,

WRXOHEFO LB LIELRE,

T OO EBA A E iy

70—

651

|
i

60

551

501

¢
s

{0.2%offset), Tensile strength (kg/mm?)

40

35+

Yield strength

X

1 El 1
160 170 180
Hardness( Hvl0kg)

I3
150

050

L.
200

0

Fig. 26 Relation between Vickers hardness and

tensile properties



Vol. 4 No. 3

Lo o TR R e o Zan B Lo,

Zhe

=
Ed

A

A R

OEAGARR e b R L o s,

Fig

Absorbed energy at 20°C, E 4ikp-m)

30

]
o

)
=

=

L1
]

e . L —_—
55 60 65

Tensile strength {kg/mm?)

. 27 Relation between tensile strength and

Yield strengthat 395°C (kg/mmz)

Tensiie strengthat 385°C (kg/mm?)

55

50

45

400 1

45

i

absorbed energy of 2mm V notch
Charpy impact test at 20°C

S S Y Y IO TOR
35 40 45 50 55 60
Yield strengthat R.T.{kg/mm?)

J L ... 1
50 55 60 65 70 7‘5
Tensile strength at R.T.(kg/mm?)

Fig. 28 Relation hetween tensile properties at

R. T. and 395°C

ASTM A387 Gr. D fsl gl LT

LT N TORBELET

kg/mm?;

3
&
o+
W
=
L
@
%
]
~
=
-
ot 0 o — 1. -
Jo 35 40 &5 30 55 60
B
E
o
o]
)
e
=
-
E
e
B
=3
@
"
w
=
o
T
gl — | S
€5 50 35 60 65 70 15

Tensite strength at R.T. {kg/mm?)

Fig. 20 Relation between tensile properties at
R. T. and 430°C

5-1 S|EAhH

We AR R 7 = 5 0 R LM or,
Fig. 17 726452 1 51 S REOW 2 115EA
MM OB L 13 L A R, A X
wHUE 200mm o ¥ ke L 87y, Photo. 1
W L S DG A W T = 7 A A
e d, AR LT T oS RE&MT Fig. 3~
Fig. 10 54 L 5w ilg oy & Y vl
HeEm o Mot 0 U X4 fiv
THF100mm, 150mm #5 & o¢ 200mm o8 =
Y OB A R A T o A L, AR
TR AN HIEE OB A 510 T fols, o
SR A Rt ok, Fig, 13 @53 h 3 L
S5 DT AT YA b, N D
HIERGE TUE TR, & braand)ee &
STEE LI S dh D EFanh L, Jiu
1, Fig. 17 Wmahd & 5o A M 7
T FA PR UAEEIT, B Y LB
VR A IR

VLEORED 6 - B0 E A ik ds &0 il

R



ARG E TR A 2 A s, R o
IR o T A4 FOHTHCT R L g
LT h,

kb o

511 FMA 7z 74 FOMHICE L ET S
HEEOXE

A—ATT A FALDOINCEEL T, Wb =
A P T I SRRV R UALSEIR
[BUA — AT 5 4 LT o S HZE
mBRDBHN G, XIOWT, & ORI HELE
ir Fig, 14 2 ARG OB GIRER 200mm, 727
O 20~35mm @ fide e ¥y NI M e
L. LLXEITg 200mm o % 50K L
TG ORTF R CILNT 7 = 74 b igalan s
i ot TOFEL, WHED A — A5+ 1 bl
QT L B A~ AT H A PR O E AT
DEFZLRD,

Fig. 13 » Fig. 17T D84 T, BEARD
FEOCHE R TOMNT = 54 F Rh, Hiby
= 74 MIHESE D BE e w LTt Lo
Fig. 30 Ca%, = O fks DR HEIELL
THoTh7 =74 WIS 5 2
e, Wl 5PN T = 74 FE A D8y
VL, ABARIRES S D\ R BIR I £ 0 AR ASHE
ShTL RIS EIC G2 228 b nd, 7=
Z A4 FHTHEE A W B EEHAL 600sec L oA B )
BHT 7 = 7 A P ROVEECHN L, C ki ke
ST 2RO T L,

Fig. 30 Y9, X#ICoig 300mm i F oK
BOBE S DU 100mm LU FeosEss o
Wb, SEHRREAL Y w5 B A T G R
i3 400sec LIFT&H D, ¥M4F7 -~ 714 bbb 5%
NETHhdice, ¥ 7 =54 FOPHIC L S
TO{ETFiL 20~30HY £ L K E T D,

5:1:2 A—ZXTH4 FHEOKE

XEE AWML 4 BEERIO e 8 D
75, Fig. 19 3 X ¢ Fig. 20 4 h 7 L3 X
Bz s S A LTS, E AU
B, Xoou i Fig. 30 i L Lo e
& 250mm D FLER HTET A EE AN BRI T
SHOTH7 =74 rHFATHADIECHL, A

398 R

Hardness as quenched (HvlOkg:

e

Proeutectoid ferrite

July 1972
QU0 ¢ e mm e g e e 1 = e 1B
350 o T 8 "
o
+— Proeutectaid o
300 2. ferrite
H {0
250~
i 2%
|
200! 3 Hardncssh i 0
. as quenched
200 _ 7@,§90(Dip yuenching;
150 3 ToI00 A, cooling!

Equivalent thickness{mm)
S R EOR Y

P R,
100 1000 10000
Time in ferrite region in C.C.T. diagram {sec)

Fig. 3¢ Effect of time in ferrite region in
C. C. T. diagram on hardness and
fraction of proeutectoid lerrite

WCER20%B0MH 7 = T4 P RHFATVD, O
DFEENEO Al FHENARL - T Dlcsh, B
AMBEOF — 27>+ 1 FRECE S, Th
E AR SR Sl EX BN,

IRB R Do, A~H#s X UTX e
DUV, BEARIMBRIE A, M7 2T A0
AR LR {5708 860°C o5 300°C T
TP EE A 4.6°C/ min £ R AR E T
BWREANLL, MARO T TOWE, 7 =7
4 B LU 700°Cx 250k (T. P.=20.8x 108 o
SR¥LLHEOMEEME LI, FEfhfhn
PEANBRE T — 27 + 4 PR IEL A,

d— AT F A MEBREGHTFE LY =
F A Mot A EE o —F £ DT
Photo. 8 =, 3E&54% Fig. 31~Fig. 34z
T,

Fig. 31 250 DA Con B A fa g &
WANDE R LS REOEI LG 2 0
A2 o, BEA RN X o SR KRR LR
Koo b Wde QU 428, D ORI AK
B Gl -c iy, o X ERLA U
R T4 2 AT b Tl S EEHERL T b 4R
BOEGE, C,DEICGHLI b LU Tamik
B B THEA MW R A E AR LT D,

Ls LA RD E $ XS REBOIE X%, b
AMEIEC R TRl 7 = 710 PR LTt



Vol. 4 No. 3 ASTM A387 Gr. D SUBgaiki o1 399
As quenched [4.6°C /min} 720°C X 25h SR{T.P.—20.8x18%)
-
=
x
I
2
[=p]
-
-
x
2

Austenitizing cendition for quenching

950°CX 4 h

980°C X 4 h

Photo. 8 Effect of austenitizing conditions for gquenching on microstructure (steel D)

— 49 —



400
__Symbol | Stee Modified elements
R .
I S [
. + B Mn
_ I R . .
& i 7(17” 71\-‘1n9(‘,u
s D N ]
A A TS TR
v | ¥ MRV i
3 |G M NN
e | H MmN Cu VLN
X X | . — a
400+
; Cooling rate 4 .50 /min
T; Tempered at 700°Cfor 25h
350F
~ 300%
=
- =
z
W 950F
H]
[}
-]
|5
L
200k
150+
Holding time 4 h
100 L ... !

L T
900 950 1000

Austenitizing temperature (“C)

Fig. 31 Effect of austenitizing temperature on
hardness

F L Fig. 32 o L 5@ A%, MR BB R <
W 0 RN VR E — R BRI A E L, T = 7
A FEOBINT L L@ BT L, Tieh
tH, MEAERECET & L LA RAOA — 2T
o VR R D, BT - 7 A bR
fod i B S AMET U, % S o B REE B 2
M7 = T4 Y REPRE CEL L INER BRI
~F LT HREAFREE, WX omBEERTT
N EL, fo ko, &L ELV800°C pnET L R
7= bbb BRELAINLIVGCE#M T
AR X AR T AR, i Photo. 8
Al FAn A X oD, 980°C hnEh i BT Y = T
1 MiT#EI5 % Th AN, H0°C Bzl 4 2§40
GDHH T = F A FATI L 5T H DT HENE
AR S e AR ok RATT 4

MBI RE & — 2 F 7 A P REOMEf: Fig.
I R D at, WO T SRR 0 |

T O3 A

July 1972

330
Q; Cooling rate 4.6°C /min
T; Tempered at 700°C for 25h

Joor
“an
-
=
v
=
Tt
]
T asQ
Q-7
s
W05 35— 730 &b & 100
Proeutectoid ferrite {75)
Fig. 32 Relation between fraction of proeutec-

taoid ferrite and hardness(Symbols used
in this figure represent same identifi-
cations as in Fig. 31)

11
10+
=
o
£
E
2 9
]
‘ia
= 8r
&
=3
; 7; F\;\(
=
W
a
=]
< &
5
Holding time 41
1 ] I il
4 500 850 1000
Austenitizing temperatere (°C)
Fig. 33 Effect of austenitizing temperature on

austenite grain size number (Symbols
in this figure represent same
identification as in Fig. 31)

used

ol — Ay A PRl AT S, B
e b oo XA s L HlRRI =4 5, Nb ¥issn
DGR IUHESE AR TH 5, it Table
1 3 Lox Table 8 4.6 4o i 4.2 5 Xgir Al
SRV <, GBIUHS T Nb ik
Flic L D82 605,

Fig. 34 (34 — 27+ 1 vRIELINI7 = 7 1

- 50_



Vol. 4 No. 3
70-
60t

50F

40

Cooling rate 4.6°C /min
W

Proeutectoid ferrite (%

201

10f //
[‘I i I 1 4 4
4 5 ] 7 B [ 10 11
Austenite grain size number

Fig. 34 Effect of austenite grain size number
on fraction of proeutectoid ferrite{ Sym-
bols used in this figure represent same
identification as in Fig. 31)

FREOBRFA R TS, A AT A MRIAVAE L
BEME 7T P BNE G, o7 21
FYEAIOS A A AL, A-ATH A
PRER S —EFARLIC A A D A X T T
= 7 PEAEBCHMT S gy Ly
BB D, LinhiaT, 0Ly &b TinA4 - A
FFALEHOFI A —~AF A rHEAY T
PLAZRCBETL, 7 =71 F&i0
THEA~OHERBHECE/ o LD,
Aoz Embiigsntimi, EARCL - T
7 = 54 AT B S iti T 554
TCH O X A0 AL owEN, AR
MMEED -5, Al aFED WAL L4
— AT CRORAIIT L T, ALY X
SL, #W#77 = 74+ BARD X CHEEKE T4
Bids sindarho,

5-1-3 EENBORE

MIH TR LA I 5 AR AT B0
W7 =54 poifETH S, ZOFHCHLT
A—2A7r g PREAKECHEL TS, L
Wi T, ASTM A387 D §oosis A 3o & TIE
TEEAFOWBRECHTEOEEIEL, A~
AT FA VRER S L COMBHGR L
i,
EHECOCTiE T R B0, Al

ASTM A387 Gr. D {EE Iz T

401

Nb DL SRR LR, ChbOCELOm
Bt — AT A PR A S LBEA e B
+ 4,

Air& 2w Flig 34 in # 0 B 8aURx he
Wi, Fige 3w TR U A — 25 o1 R
THELTHH 7 = 740 FRAPIC S HDE
IEEARMES IV S Ein e B,

AL 20 T ASRE X, Vic-ouTit DM
LF#, Nbioui DR E G#, +L-CNb+
Vieou T Edl s HRABIEE T2 285, o h
BOLHCOWTH, 2 THEMERREED R
TRBEA R~ O EFEO BT RN B o, i
W Mn Tk A E B A Nl Tt
BE & DES S UCHEES G & L0 0.2% O
B EEA R X BEEN T 25005, Mo ks
LU NI REEARBN A T, 4 —AF+ 1 + 40
EEEE L TR T L EhbYKTh o
S T IOEBBCECTCHE DML
LOCR IO S OFRENSL, $EMHIICE
HELCOCLGC LICEEYE L, Cu o
WL D L E#L, /- Vis LU Nb @ iaiic
WELICEEDFS L UNGH S HERE O H
L AN RCTAHEAEMNLRL A, Bl
ECHD R TRy B b, LnLC
Mz AR &g b oG Mo d 2087 Tch b,
PRI Cu L — AR A SUE A B R s
bR TEHY, REED S TLA—~2F 1 b
T AR Lo 2 & e F A5, ASTM A387
D#fiZ bV TL AN LR 4D EFEL T L
THAHY,

52 SR #©

SR #ooi@i 2t Fig. 32 winaha L 5o, 6
AhoF o X s g Fig. 3, Fig. 21 oonx
NoHLHC SR £FCE L LCHERXRD, L
L, Fig. 20 s Lo Fig. 21 e h B X 542,
HLEORHIFEOTEMEFE USRI ST 458
R IOl w@EZErsz 705,

5-2-1 SR ##okE

Wxex Fig 21 ot Lo T P ofitu-f
[T 2 BB G v Lo, T PO okin:



LT L, SRITE G S o At
Xz T Phote. S Lo X 5 BEA D
F ¥ AR 5°C/min o & S L B
TP LES B e, 660°Cx 2, 5hysd, &
LT, <A+ 1 i hxvghlkodriim
EIRIbRECEIRIIE S S LTS
At MooC 23 & L - IRIEBTaH 0, f’C/?
My Co BRI & S b L, HEAT &0 b
7 = T4 P LD XLk b RAbA Y
L Twi o bohsh, T00°Cx24h HSRET
i, FrilE A B VRIS S ke ML, Cy A
CHEL TR, #HREEHE T~ = 74 10b
L i, F AV T RO S RAgMT
b, A Mo EnL O E S AIkE
FHBEARMFEBE O R L L L vy,
Photo. 6 ik & 20 TOAMEmie
FEERDBBEARD F F Ty HEE O S A
F AR LD, TP e b iz
A B L WAS TR D » S,
TGN E D, Fho o NS A A
FRECERRE A NG HER O BREIE L A Ficw,
Ll z Eab, @ L Cin TP e
B CI g T ds T o b2 w5 Lk
h, T. P. oWmic & 7oV RS S 5 LT
HBEFrbRL, LicheT, SRICLEBWED
A RETH SO MELEITED TR Lo
BAOEE L L CHEA I il b,

5-2.2 RETEORE

Fig. 21 @R T. P LI 2 0BG 055
bkl s s Fig 3s v L owmie s, VEaE
MLz F&Elt T. P.=20.0x10% LUFCinids o
R N E G S Aor LTV 5, Filgey TP,
19.0x10° @t 2ot v 7 v »¥EC X 5T T
SRS Photo. 942704 5%, Pheto. 5 o7 L
e U T Pt & XERoo sk & 34 & 4
i MG RAEWAFMOIz o pieedioy .,
Tl A b D~ rae e - A Xt
Table 11 1px 55 T. P.=19.0x10° o )
EFHD A F A Mg A O L 0 # 40HY
S AL TG A, LacL, TP a5
E VMM LG 208 L3 E W U X 4,

4a2 }” ll} }(_ ';ET ;i ﬂ'(

July 1972

SR OEERE s B, VoL SR e e HLA
Mo Co Bt~ e B L8 b 2 2 %
2 BhD., VOooos ‘r‘gf’fﬁ VDT LR o
ST T S T LYY

ﬁg35m$ﬁ#mﬁﬁmﬁ~:ﬂzyMnM
Cu T hLhfM s i SmmL 2B, C.
D LUEMOESRR-ci L, Wnbbmdd
S5¢2, T.P.=20.0~20.5x10° » S R 44480 <
Gt T, B THLARIXME D
BB LT A, Dhite SR L L M
T4 & Fig. 19, Fig. 20 & X ¢ Fig. 21 @0
TBH & DERS 2002 CH & ES IR A,
0.2% o Nigphuis o8 4 L OO0 S W&y - L
Vichr 2 2 A, Fig, 19 85 o Fig. 20 5.4
T.P.=2L0x10* ®S R, 0.2% Mn @it
FEAR T A f0 0.0kg /mm?, LR X 48y Tkg/mm®
WS Tl b, 0.2%Cu R,
MRE & gy Skg/mm® KNS TS D Lok
A%, Ll Fige 21 1 h 0.2%Mn, 0.2% Cu
L AMEWMERS REFIDHLTHRG, R
Bg VT 2 & Mn, Cu ki 7THy &
A

BLLDZ F b REBROFEE T30, 2% Ni o il
IntghAiaie <, 0.2% Cu D iEhiie0.2% Mn o
AL O L R R LT A A AR E
B,

Mn, Nik Do CuxEFR LI T

300

Hardness{Hv10kg)
oo
=

200

150{

Fig. 35 Effect of SR condition on hardness

w180 190 206 200 220
Tempering parameter T{20+ logtj < 10°

_52 —



Vol. 4 No 3

ASTM A38Y Gr. D M. -7 403

Tempering condition : 660°C «2.5h (T. P.=19.0x 10#)

Photo. 9 Electronmicrographs (extraction replica technique) of steet F (V addition steel)

Table 11 Hardness measured for respective structures in various steels and SR conditions

' Quenched

Type | structures ; 1+ P-=0 (As quench) | T. P.=18.0x WP | T.P.=(20.8~.21.0) x 10°
Steel Ferri- Baini-+ ] 7T - TRt E RS
; i Hy Heo Hr | Ha ‘ Hy Hao

- AU Gyl ' \ | ! o

! i . '
of steel te  fe Hs ‘ Hy * Hy | H:  Hy | He
| |
Standard 0 100 — ‘ :
|

Mz | - oA ‘ , 241 | 230 | 241 — | 179 173 179
Standard | 20 80 1531 342 | 303 303 | 155 24l | 256 | 224 162 | 179 188 | 175
F |MnNi-V| o | 100, -— l 346 288 | 280 | 288 — | - 170 | —

| -
G Mn-Ni -Nhl 20 80 187 341 | 315 . 310 ‘ 165 , 243 | 237 | 227 167 | 190 ‘ 184 | 185
R o ' o : :
Note. Hr : Microvickers hardness of ferritic region
He : Microvickers bardness of hainitic region
Hv : Average Vickers hardness
H:: : Hardness calculated by following formula
He=(Ferrite %) - He 4 (Bainite %) - Hg
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