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® Tempering of Martensite Structure
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@ Welding Cycle
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® Energy change
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Transformation Plasticity
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Multi-Pass Hot Rolling

RILFRREEEEF QEERGCRE. K. 0T & VT HERE)EAN. FENFHHESNET,

BiEREOLEE
HEDEI
BARVST HDEL

@ JMatPro the materials property simulation software. - O X [JHot rolling -
File Material Types Options Utilities Help
9Ee) HoRohe
1.0
Wt % General Steel
Fe 97.925 Multi-Pass Hot Rolling 5
Al 0.0 8
cr 0.0 [Temperatuve ©) 1300 | 5
Ccu 00 2
Initial cooling rate ]
- vl | [raece :
Mn 15 DGR : 3 ‘
Mo 01 Initial grain size M
1
b 0.06 [Graln g (mlcron) u‘|3lill?l 1200 1100 1000 900 800 700
Ni 0.0
5 o0 Rolling profile file Temperature (C)
o o3l | |Fite tralling_profilesiexamp] e
. Initial grain size : 200 micron
Ta 0.0 l select ” edit l
Ti 0.02 Fraction vs. temperature :Ilﬂ@
v 00 I Start calculation ” Help I
v 0.0 [FT— -
B 0.0 Evolution | Input
C 0.09
N 0.005 Hot Rolling
P 0.0 200
S 0.0 180
X70 Reset 160
S140
g120
8 100
c 80
s
& 80
40
20
0 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 186 17
Pass number

Annealing temperature : 1300.0 C
Initial cooling rate : 1.0 Cis
Initial grain size : 200 micron

T ——| v o =]

B+t rolling o
Evolution | Input
Hot Rolling
2 200
240
1100
200 3
5 3
< 160 10003
e 8
120 a0 3
1] —_
80 )
800
40
1 2 3 4 5
Strain
Annealing temperature : 1300.0 C
Initial cooling rate : 1.0 Cis.
Initial grain size : 200 micron
T — s

16




@) Tempering Properti
RERLYMEED

HEELES. A

es

EDIEE

EEETOT —ILTOAINTEET,

MKYMEEDRRIL. FrEANICIOYEIELR R

) Isothermal ALN, MN, M(C,n)
ERAREE, IEERREIZCEWLWT B ENDRET

HEHELEY . BEANBRETONHAOMMEE

| JMatPro the materials property simulation software. — O “r
File Material Types Options Utilities Help Tempering
(wilc]
e
Wt % General Steel .
Fe 95.49 Tempering Properties g
Al 0.0 Calculation type §7su
Cr 0.0 © Heating + Isothermal holding 20
£l 0o O Use heat treatment profile 2
Co 0.0 78
Mn 0.45 Al itisation Temperature .
o i | I —
Nb 0.0 I T R R R
= v Initial heating rate Temperalure (€)
: [Rale cre): JRS——
) 0.0 Nanngreia (A7 100
- Tempering temperature (C): 250.0
Si 0.22 T perature Tempering ime 6
Ta 00 [Temnevature © ‘ o e IEENDEEEDEEEEEE
1 00 T Time
v 0.0 [ ‘
Time 1.0 hours
v [ [rows ]
G 0.0 -
| start catcuiation || Help |
c 014
N 0.0
P 0.03
S 0.04
4815 | Reset

BMEF—ATFAFLETIS M HAHIVEEDTADEEMIZBYEYS,

FRm

SEEBRBFLTLNDEED AIN. MN, LU M(C.N) DFT

FA—RTFADAHEZERLET A ETo

| JMatPro the materials property simulation scftware [}
File Material Types Options Utilities Help
fwie)
Wt % General Steel

Fe 97,925 Isothermal AIN, MN, M(C,N)

Al 0.0 Q

Cr 0.0 {Tempevatuve C) 1250 I
Cu 0.0 o o

o 00 Grain size atquenching temperature

Mo 0.1 X

Nb 0.06 Deformation

Ni 0.0 Temperature (C) : |950

0 0.0 ONo @vYes Strain: 0.2

Si 0.3 Strain rate (1/s): [1.0

Ta 0.0

Ti 0.02

g 00 Holding ternp. (©)
B 0.0

c 0.08

3 0005 Start calculation | Help ]
P 0.0

s 0.0

X70 | Reset

KITHYDE, YA ANRRTEFT,

(&l 1sothermal ALN M -
Isothermal-AIN,MN,M(C,N)
010
@AmeN 6B
S A N .
*
R ¥
g #
€ #
g re
-f Blmen o8
/ H M(C.N) Matrix
OO 00400 G00 800 1000 1200 1400 1600 1600
! [ M(CN) Matrix
Time (s)
Quench temperature (C) : 1250.0
Holding temperature (C) : 950.0
Holding time (s) : 1800.0
Grain size : 200.0 microns
Deformation temperature (C) : 950.0
Strain: 02 | Clearan |
Strain rate: 1.0/s Selectall
[pmoun” 1) Co )R | (5 ) ) () 51 0 ) ) ()
[ 1sothermal ALN MN M(CN; o
Isothermal-AIN,MN,M(C,N)
28
o
2 o [ M(EN) 6B
20
515
§12
2]
¢ . Blmen o8
4 HM(CN) Matrix
0 200 400 600 800 1000 1200 1400 1600 1800
Time (5) [ M(C,N) Matrix
Quench temperature (C) : 1250.0
Holding temperature (C) : 950.0
Holding time (s) : 1800.0
Grain size : 200.0 microns
Deformation temperature (C) : 950.0
Strain: 0.2 Clear all
Strain rate: 1.0/s Selectall
s CEEEE] HEREEE

17



6. ZM1h (Others)
(@) Carburization
RRICKDRFREFIHE,

0 the materials prope mulation software. - [m] X [£)] Carburisation - [m] X
File Material Types Options Utilties Help
Carburisation
1.0
W% General Steel
Fe 9431 Carburisation 03
Al 0.0 {
Cr 152 This calculation will assume that the alloy is purely _os
Cu 0.0 itic at all the 9
S0 00 Depth details g’ 0.7
Mn 0.45 s €06
g . £
Nb 0.0 Depth step (mm): g 05 O After stage 1
INi 3.33 i =]
i © stages P
0 0.0 Number of stages: [E 8
Si 0.18 . . 03
Ta 0.0 ]
T 00 Temp. (C) Time Surface C (%) 02
v ool | |[eo0 100 J[1.0 | o
W 0.0 0 1 2 3 4 5
B 0.0 Depth (mm)
c 011
N o0 Carburisation in 1 stages:
. At 900C for 10.0hr with surf. C 1.0wt%
P 0.03
S 0.04 ¢
| startcaicuaton || Help 1l
3310 Reset
(@ Carbon Diffusion in Weld
s;lq (e ¥ §
BEFORROILEREAELET,
[#) MatPro the materials propert [£] C diffusion in weld - o x
FEile Material Types Options Utilities Help
C diffusion in weld
W% General Steel
Fe 94.31 Carbon Diffusion in Weld 015 057
Al 0.0 Time and
cr 152/ Holding temp. (C) —~014 o
Co 0.0 g
o
Mn 0.45 Depth details =]
c 013 0.047
Mo 0.03| | | Max depth [30 | [mm =] s a
i 0.0} || Depth step: o1 ] o < " »
L) 333 Qo012 Z | Ho o —cacviy
0 0.0 Elements variation
Ll LAl stat End start End o vr
T: 00 bo ] AT ) a
2 A o Joo ]| |m e [o Jeo 40 30 -20 -0 0 10 20 30 40
Tl 00 Cr 1452 0.0 o c 0.1 [0.14 De th mm
v 00 cw o Joo si N o Joo pth (mm)
W 0.0} ™ baos |
o 00 Co o0 Joo |f|Ta P 003 Joos Holding temperature (C) : 1050.0
Mn 045 |[o.as T s 004 004 Holding time (h) : 30.0
C on Mo o3 Jozr ]| |v Left alloy efts: Fe CrMn Mo NiSiCP S
N 0.0; N oo oo b0 Left alloy (wt%): 94.31 1.52 0.45 0.03 3.33 0.18 0.11 0.03 0.04
P 0.03] Right alloy elts: Fe Mn Mo NiSiCP S
s 004 R Rt o CRT o CoDetin Right alloy (wtts): 95.49 0.45 0.213.42 0.22 0.14 0.03 0.04
ETTe HE s EED
3310 reset || | et calcaiaien I tek J




