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JMatPro
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Isopleth Phase Diagram

Calculation
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Solidification Calculation
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[ Show properties |
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Al 9237 Aluminium Alloy
Ei 0.0 Solidification calculation
Ca 0.0
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cr 00f | |stan: O |
Cu 0.01 Step: |5 |
Fe 0.z
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Mg 0.3
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Mi 0o [ include Gas
Ph n.o
Se 0.0 - Extended calculation
Si 7.0 ) '
Calculate strength and dendrite arm spacing
Sn n.o
Sr 0.0
Ti 00 Start calculation ” Help
W 0.0
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Solidification Calculation

Phases %
Density

Malar volume
Linear expansion

Young's modulus
Bulk modulus
Shear modulus
Poiszon's ratio
Liguid wiscosity
Total viscosity
‘field Stress
Tensile Stress
Hardness
Enthalpy
Specific heat
Latent heat

3310 Properties

Avarage expansion coeff.
Thermal conductivity
Electrical resistivity
Electrical conductivity

Density

8.4

Density {g/(cm)*3)

6.5

0 200 400 600 800 1000
Temperature {C)
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1400

1600

Grain size: A00.0 microns
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High Temperature Strength Calculation
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w400 S 0.0010
]
£| SHENP-1 Strength 200
; 0& ; .
High Temperature Strength 1.0 1.0
-.-."'_' -
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G600 = il —"
) COMPOSITION (Wit%)
a00 Stress-strain Curve Fe: 84 654
Cr1.27
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7 LN oo
3 .
o Miz 0.99
.-—-.ED.
E’ann = 5i0.49
i = ] W: 0,059
= i 40 Cil.5
& 20 S:0.0010
100
]
0.0 1.0
0 Strain
0 200 400 BO0 800 1000 1200 1400
Temperature(C) 0.2% Proof Stress: 64.3 MPa
Strain rate; 1.0E-5 (14=)
Testtemperature: 8000 C
Fixed strain rate: 1.0E-5 (1/5) 4] Display data above elongation
Stress |True ||MPa| Strain : |True E' -..[
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Strength Calculation
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Jominy Hardenability Calculation
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800+
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BO0 —t t +—t t +—t t +—t +—t t —t t +—t 26
0 1 2 3 4 a f 7 a 4 10

Distance(cm)

Grain size ;9 ASTM
Austenitisation : 8200 C
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Tempered Hardness

Calculation
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Thermo-physical Properties Calculation

|£ | JMatPro the materials property simulation ...

File Material Types Options Utilities  Help

[ Show properties |

Wyt %
Fe 84.31 General Steel
Al ]
cr 152 Thermo-Physical and Physical Properties
cu oo - Temperatures (C)
Co 0.0 Heat treatment: |5IZIEI |
g 045 Upper limit 1600 |
Ma 0.03) | | step: 10 |
Mk 0o
Mi 393 - Phases
0 ]

Take all phases into account

i 018
Ta 0o
Ti 0o | Start calculation ” Help
W 0o
Wy ]
B ]
C 011
il 0o
P 0.03
5 0.04

3310 | Reset

Loading finished...
Calculating properties at T(C)=70.00 —
Calculating properties at T(C)=60.00
Calculating properties at T(C)=50.00
Calculating properties at T(C)=40.00
Calculating properties at T(C)=30.00
Calculating properties at T(C)=25.00
Total CPU_time = 6.64
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Thermo-physical Properties Calculation

| Fhysical propeties I Fhases |

3310-old Physical properties

a0

30

n*"K)

Phases %

Censity
Malarwolume
Average expansion coeff,
Linear expansion
Thermal canductivity
Electrical resistivity
Electrical canductivity
oung's modulus
Bulk maodulus

Shear modulus
Poissaon's ratio
Liguid wiscosity

Total viscosity

Ligquid diffusivity
Total diffusivity
Surface Tension
L_|Enthalpy

Specific heat

400

600 800 1000 1200 1400
Temperature {C)

1600

Ciata: I'Fhermalcnnductiviw

[ Fhases details @

@LouD

W 2USTENITE
MMNS
FERRITE

SIMTC3

¥ M23CE

@TOTAL

Calculation
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ITT/CCT Calculation

TTT

TEMpErature |

o000

Aa=sTED .4

700+

o BO0-

500+

i
=
=

Ad=eah

200+

200+

M0 f00 1000 10000
Time (s)

100000

Austenttisation temperature (C) : 820.0
Grain size : 9.0 ASTM

Calculation

TTT/ICCT A

@ Ferite(1%)
Fearlite{1 %)

M Ezinite1 %)

— Transformedi1 0%

— Transformedi{a0%)

—Transformedi{&0%)

— Completion

COMPOSITION (%)
Fe: 94 .31

.52

Mh: 0.45

Mo: 0.03

Mi: 3.33

Sii018

Coo

F:0.03

5.0.04

TRARMSITIONS: (C)
A3 Y604
Fearlite: G95.8
Bainite: 55549
Martensite:

Start: 371.1

A0%: 3369
Q0% 2677
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ITT/CCT Calculation

AHLIOIE
o 20| &Al

{2 2 #H3ol5}

CCT

900--

200+

\\@8.9

T00--

600+

300+

200--

100+

Al=BST .1

Hardness

211

1

10 100 1000 10000 100000
Tirme (s)

Austenitisation temperature (C) ; 860.0
Grain size : 9.0 ASTM

TTT/ICCT A

W Ferriter1%)
Pearlite(1 %)

W cainite(1%)

@ zustenite(1 %)

# Marensite start

@ Martensite 50%

# Martensite 930%

Calculation

LTV LS I L,
Fe:95.49

Mn: 045

Mo 0.2

Mi: 3.42

Si:0.22

C:0.14

F:0.03

5:0.04
TRAMSITIONS: (T
A3 TEB A

Fearlite: a7 1
Bainite: 489.7
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Olo|] LHZ}I1Z mixell =
Quench Properties Calculation * ;. _-7.-" "~
Hot=dH ot Al Lt
COMPOSITION (it%)
KB-BORON Properties et
hr: 1.38
7827 Mo: 0.01
Mk 0.0090
Mi: 0.01
Si:019
Wo0.0020
B:0.0013
c:nz2
Po0.014
37.32“ S 0.0020
=
=
= 21.0(C/s)
2 S8 n(crs)
Phases % 10.0(CH5)
Density E=100.00C43)
Molar wolurme
Linear expansiaon
Thermal conductivity
Electrical resistivity
Electrical conductivity
Young's modulus
Bulk modulus
Shear modulus
Poisson's ratio
) 200 300 400 a00 GO0 Too a00 00
‘rield Stress
Tensile Stress Temperature (C)
~ [Hardness
Enthalpy Grain size: 9.0 ASTM

Specific heat

Data: |Density - Rate {Ci=): [] Phases details E--@
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Quench Properties Calculation

4550 OE =2 2 0S5

3310 Properties

900

ao04

7001
™
o
= 6004
" !
E sonl gn.chxs)
i ! 0.1(C1s)
“ =1 0(CIs)
© 4001
o =10.0(C1s)
o 1 100.0(Cis)
w8 3001
™ l
o

2001

1001 —

|:| " " " ; ’ " " " " " " ; " " " " " J
] 100 200 300 400 500 B0 700 200 00
Temperature (C)

Grain size: 9.0 ASTM
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Martensite Transition Calculation

4 Martensite transition

Martensite transition

320

300+t

P2
oo
[}

26071

24071

Martensite transition (C)

2201

2001

100
Lag
la
L7
Leo
L5
Lao
L30
L1

110

200 1000 1200 1400
Temperature ()

' 0
1600

(9140) ADJE U BlUBIsnY

Alstenite %

& hart. Trans, & sustenite Wit
*Md[EDIED]

H R EEE ] E

Calculation

S[=/e3

COMPOSITION (M%)
Fe: 865

Cr10.22

Mn: 0.5

Mao:1.42

kb 0.5

Mi: 0.55

W02

Co0
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Tempering Precipitation Calculation

HEEHIA 22/AZH0 GE M Ed IR =2EA4H

120+
= 1004
General Steel e T
Simultaneous Precipitation ¥ a0+
- Steel type LT
= BD
Carbide-strengthened ] Maraging = 1
18]
o 40+
- Solution treatment il
Temperature () |1 noo — 201 - .. ]
. 2':' T e okl L] e tered
- Secand tempering stage 04 e e HHH
0.1 1 10 100 1000 goooo 100000 1000000 1ET
[ add second tempering stage Time (3)
o
- Termpering &
Temperature — _ Time E — MC M)
{Temp. © |600) {Time: 1 o 1.0 Hm2(C N
E M7C3
- Final rmatrix grain size % Wizzcs
_ - = +MBC
Size 100 micrans B e
& 1ac
Start calculation “ Help 0.0
0 1 10 100 1000 10000 100000 foooooo 1ET
Time (5]
Solution temperature (C): 1000.0
Tempering : at 600.0C for 3600000.0 s
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Reaustenization Calculation Jlel &S0 e @ AL}
E

. 2z Tk A
|= | JMatPro the materials property simulation so... [== = - -

File Material Types Options Utilities  Help Reaustenitisation
100 ]
| wt|[-c] [Show properties |
90
Wit % General Steel
Fe 95.032 Reaustenitisation %0
Al 0.0 ~ Heating 70
Cr 0.15 o
Heating rate {C/s) |1.III = B0
Cu 0.0 5
. o 50
o 0.0 - Holding = W AUSTENTE
]y} 1.28 % 0 FERRITE
Holding temp. {C) 900 T @ PEARLITE
i 0.01 T
Holding time ; (600 o .
o 0.0040 TTA diagram
[i 0.01
0 0o - Wlicrostructure 1200
Si 019 Marmalised {coarse
e 0.0 L] Guench tempered (fi oo ———
Ti 0.0
Y 0.0020 1000 A
: Start calculation %) —a3
iy 0.0 o — Homog. Aust.
= —1000.0 s
B 0.0013 g a0 —100.0 Cfs
C 0.z £ —10.0Cls
N 00 " a0 1.0 Cls
P no14 /
g 0.0020 [ / /
KE-BORON | Reset »
01 1 1mn 100 1000 10000
|waiting for user input... Time ()
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Multi-pass Hot Rolling

Hot Rolling
230 1200
o (@) Z4A X B2 /749 2 oy
240 1100 I:I'L_F_I' E7I_|-I=IFOI_4A| XHE(SIT'__E/EJ:IELj'/OI'
= = H
o B = #H 3} A AH(micro_alloyed_steel)
o 1000
= 160 @
8 120 g
= 800 3
“ an 3]
" aon
le—s 700 Hot Rolling
1} 2 3 4 a A
Strain
Annealing temperature ; 1300.0 C
Initial cooling rate : 1.0 C/s
Initial grain size : 200 micron
=
o
o
=
=
b
n
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&
o
[
n.a
1300 1200 1100 1000 Q00 ao0 To0
Temperature (C)

Quenching temperature : 1300.0 C
Initial cooling rate : 1.0 Cis
Initial grain size : 200 micron
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Calculation
Carburization (General Steel) get =z %?'ﬁﬁti e 5

Carburisation

1171

@Aﬂeratage‘l
@Aﬂerstage 2
@Aﬂerstage 3

Carbon amount (WW%)

Depth {mm)

Carhurisation in 3 stages:

At 900C for 10.0hr with surf. C 1.0wt%
At 890C for 10.0hr with surf. C 1.0wt%
At 880C for 10.0hr with surf. C 1.0wt%
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C diffusion in Weld(General Steel) :=%° f;% S0l Mo

-

C diffusion in weld

014

0.05¥

0.14]
= )
R 8
g o
S
c 013 10.047 2
o [ g
E =
[ <.
O | oot — o activity

=
—
(]

0.11 } } } } } } } 0.037
-3a0 -20 -10 1] 10 20 30

Depth (mm)

Holding temperature (C) : 1050.0

Holding time {h) : 30.0

Left alloyv elts:FeCrMn Mo HISICP S

Left alloy {wit%): 94.31 1.52 0.45 0.03 3.33 0.18 0.11 0.03 0.04
Right alloyelts: FeMn Mo HIiSICP S

Right alloy {wit%): 95.49 0.45 0.21 3.42 0.22 0.14 0.03 0.04
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Main GUI for Stainless Steel

Stainless Steel

Calculations | Export |

Step Cancentration

Single

High Temperature Strength I

Thermodynamic Properties: ‘El | Step Temperature

| Profile

| Izopleth
Solidification: ‘zl | Advanced Solidification
Chemical Properies: ‘El | Pitting Resistance
mMechanical Properies: ‘zl | Strength and Hardness

| Creep

Flow Stress Analysis

I

| Frocessing hMap

Fatigue Related

I

Thermo-Physical Froperies: ‘zl | Extendad General

I

Phase transformation: ‘zl | TTTI/CCT Diagrams

” Cynamic
| Stacking Fault Energy I

” il artensite
| Energy Changes ” Izothermal

| TTP of ALM, MM, h(C,H)

I

Others: ‘zl | Carburisation

I

Calculation
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Thermodynamic Calculation

Fe-25.0Cr-1.0Mn-3.8Mo-7.0Ni-0.45i-0.01C-0.28N wt(%)

Calculation

SAF2507 2 HIYAMES

Wt % Phase

100+
ol
801
|
501
sl

0

20+

10 t I
0 BE AR TR, R ————— . . ;

1000 1100 1200

600 7ao a0o ano

d

Temperature(C)

1300

1400

1500

1600

@LouD
BreERRITE
i AUSTENITE
& SIGMA
WM20c N
WScH
HM23CH

@ LAvES
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ol

Isopleth Phase Diagram Mo 710l 2 A A

O O O -

j

Isopleth

1600+
LG

1400+

ALISTEMITE+FERRITE
1300+

—. 1200+

ALISTEMITE

1100+

Temperature (C

1000+
ALISTEMITE+CHI

400+

AUSTEMNITE+MZICE+CHI

8001

700
1

WO concentration (W)

Balance element: Fe
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Advanced Solidification

H = 0=
TypeE sl AHs 2ZA
100 T
90
a0
SAF2507: —
70
.
a0
£ &0 3
E 430F: Dupl
: 50 B a0 u eX
a ®uoup
@ 141 MrerRITE
1]
g, Ferritic . 0
30 F 60
=]
20 3 50 L _JR[=[N]Ts]
& AUSTENITE
o
10 £ w WrERRITE
0
0 200 400 600 200 1000 1200 1400 1600 a0
Temperature {C)
100
a0
a0 200 400 600 300 1000 1200 1400 1600
Temperature (C)
70
Grain size: 500.0 microns
F w0
4 420- #LouD
@ 50 . & AUSTENITE
“a o WFERRITE
£ 40 M t t @MARTENSITE
o artensitic
30
20
10
0 = £
0 200 400 600 800 1000 1200 1400 1600
Temperature (C)
Grain size: 500.0 microns
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Solution Hardening

23337 2 18

1 &2 Aot ZA L

Solution hardening

200 2490

700+ +270
~ BO0 260 o
: 2

qi}

= A00+ 230 w
ﬁ % B2 ProofStress IMHardness
& 400l 210 E M Tensie Stress

200+ +1490
200 -170
1 10 100 1000 10000 100000

Grain SiZe(microns)

Heat treatrment ; 1000.0 <
ALSTEMITE 100.0%
Hall-Petch ;0,22 MMm~3r2
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Creep/Fracture life

Creep calculation

10000

100

0.01

1E-4

Creep rate (10%-7)/3)

1E-B

1E-54

1E8

1E7

1000000

100000

10000

1000

100

10

1

0.1

0 " 200 400 OO
otress (MPa)

200

1000

(u) ay aundne

Testtemperature : G500 C
ALISTEMITE 99.26%

Calculation
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Flow Stress Analysis

|£| Flow Stress
| Piot | Setings | nput |
_ Fixed
Fix strain rate lunm—"T [] Fix termperature (C)
s — 8
[ 25.0 Osol [F150.0 [ 200.0 []250.0 [ 300.0
[]350.0 Cl4001 0 []500.0 []550.0 7] 600.0 16500
[]700.0 [# 75(10.0 [1850.0 7] 900.0 []950.0 []1000.0
7 1050.0 9 133;0 [ 1200.0 112500 []1300.0 71 1350.0
[]1400.0
| Select Al “ Clear Al “ Reduce {1 in..) “ Refresh graph @250
w1000 150.0 ()
% & 300.0(C)
- 450.0 ()
i #6000 (C)
i 750.0(C)
E —a00.0 ()
- 10500 (C)
£211200.0 (C)
1350.0 {C)
0 ' 1 ' 2 ' 3 4
True Strain

Strain rate: 0.001
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ITr

Calculation

TTT Austenitic Stainless Steel

Temperature (C)

1000+

G001

200+

a0+

600

0.1

1|:| + + :::::1:|::_|:|
Tirme (h)

100.0

Quench temperature: 1000.0 C

W cicmain s
W cHins%)
BWLsvESin s

COMPOSITION (%)
Fe: 64,447

cri17.3

Mn: 1.74

Mo: 2 66

Mi: 13.1

Si0.73

Co0.023
TRARSITIONS: ()
M23CE: not searched
CHI: 951.3

M MY not searched
M2{C MY not searched
LAVES: 926.6

M7 C3: not searched
SIGhA; 921.4

MEC: not searched
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ITr/ccr

Calculation

CCT Duplex Stainless Steel

3DD-—|H—H4HH—FHHHH—H—H—HH—|H—HHH—HHFHH—|H—FHM—|—FFHHH—FH—HHH—FHH

W ciemain s
AN EEEEEEEE .CHI{D.E%}

W LsvESin s

B ALPHA_CR(D.5%)
—1000.0 Cimin
—100.0 Cimin
—10.0 Cirnin

'.l"'l“ 1.0 Cirmiin

0.1 1 10 100 1000 1000010000a000000 1E7
Tirme {min)

T=1140.0 ¢ AUSTEMITE 50.69 FERRITE 49.31

1300+
11004
5
= 900
TTT Duplex Stainless Steel 2
z
1100 £ 07
[1A]
'_
10004
B S1GMA(D 59%) a004
WcHins%)
a00 ¢
> B LavESD A%
o MALPHA CRID5%)
L gondt 0.01
=
=
L rood
=
[uk]
|_
G004
5004
400
0.1 10 1000 100000 1E7 1ED 1E11
Time (min)
Heat treatment :

Heat treatment
T=1140.0 C ALUSTEMNITE 50.69 FERRITE 49.31
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Thermo-physical Properties
Physical propeties [M|

316L Physical properties

8.0+

AR

TA+

7Tt
Phazses %

Diensity

falar volume @LouD
Average expansion coeff. MrerRITE
Linear expansion & AUSTENITE
Thermal conductivity WTOTAL

Electrical resistivity
Electrical conductivity
Young's modulus
Bulk modulus

Shear modulus
Foisson's ratio
Liguid viscosity
Total viscosity

Liguid diffusivity

Total diffusivity 400 50D a00 1000 1200 1400 1600
Surface Tension
Temperature (C)

| |Enthalpy
Specific heat

Data: |DEHSit‘:.f |A [] Phases details @
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Main GUI for Nickel alloy

Calculation

Nickel Based Superalloy

Calculations | Export |

Thermodynamic Properies: ‘zl |

Solidification: ‘El |

Mechanical Froperies: ‘zl |

Thermo-FPhysical Properties: ‘El |

Fhase transformation: ‘zl |

Others: ‘El |

Step Temperature

Step Concentration

Frofile

Single

Izapleth

FPhases and Properias

Hamogenisation

Strength and Hardness

High Temperature Strength

Creep

Flowe Stress Analysis

Frocessing Map

Fatigue Related

Extended General

Cynamic

Zammalzamma' Mismatch

Stacking Fault Energy

TTTICET Diagrams

Coarsening

Energy Changes

Izathermal

Heat Treatment

Criszimilar betal Welds

| Reset
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-

Aoy B A&

R |

[£ | Udimet720 Temperature stepping { = | (= M
Ni-2.5A1-14.7C0-18.0Cr-3.0Mo-5.0Ti-1.25W-0.033B-0.035C wt(%) LIQUID
100
7] GAMMA
an
&0 [ MG M
I @ L0UD
@ M Ganma (A B2
o o0 Wuic
E &0 @ ez [7] GAMMA_PRIME
" M Gamma_ PRIME
- imaez
= 4 HM23CH 7 Mgz
W icme
30
20 7] M23CER
10
[ SIGhA
S0 a0 e e g e 1200 1300 1400
Temperature(C) } T
Select all
| pat: [Phl(E1][T (28] (o] [Ce] Cenases aetais | options: (i) (witl[=c] (@[ R)SE | [2]S]E][2)=][=][2]
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Isopleth

Temperature ()

1400

LiQuID

13004

LIGHHD -+ GARNA+ W

12004

GAMMA+MC+ME2

11004

GAmMA+ETA+MC+MB2

GAMMA+GAMMA_PRIME+MC+MB2

1000 GAMMA+GAMMA_PRIME+ETA+MC+MB2
300
GAMMA+GAMMA_PRIME+MC+M23C6
GAMMA+GAMMA_PRIME+ETA+MC+M23C6
__,.,-—F""-'_-_\
8004 7
g CAMMATGAMMA_PRIME+ETA+SIGHMA M23CE GAMMA+ GAMMA. PRIME-+SIGMAM23CE
oo/
15 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4

Al concentration (WE%)

24

Balance element: Ti

Calculation
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si=d AL

[£| Physical properties E@ﬂ
|| Physical properties |[ Phases ] Coaoling curve ]
General physical properties TOTAL
1.0
GAMMA
0.3
MG
0.8
0.7 WTOTAL ME2
g M Gamma
£ 0.6 e =
i
= @ ne2
& 05 CIETA
o
S M Gamma_PRIME GAMMA_PRIME
B . Msicma
20
= M3B2
0.3 #ma3ce SIGMA
0.2 M3E2
0.1
M23CE
0.0 i
0 200 400 §00 200 1000 1200 1400
T Clear all
emperature (C)
Selectall
Data: |Fractions solid E| Phases details @
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d 23 EXNE 7|5

|£ | Homogenisation

Calculation

E=RERT X

Homogenisation

=
z
= i start
=
2 Bh
- = @12h
| E 18h
5 +24h
U ES
0.9+
n.a } ' } ' } ' " y
1] 10 20 an 40 a0l
Distance (microns)
Phases at equilibrium at homogenisation temp. 1150.0 C (At%):
GAMMA 9727 GAMMA_PRIME 2.17 MC0.31 MB2 0.25
Type: |Element [~ i | - J[wil k<] (] [R) (2] [S)[B) (B = [=] (2]

start

[+] Bh

[+] 12h

[+] 18h

24h
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g=oH

|£ | Physical properties

24 A

Calculation

|£ | Physical properties [5@'&

FPhysical properties [ Phases |

Udimet720 Physical properties

Density (g/(cm)*3)

A ]
'3 200 400 600 300 1000 1200 1400
Temperature (C)
Data: [Density [=] | @ Phases detais EEE

| Physical properies |[ Fhases |
Udimet720 Physical properties Lauin
70
GAMMA
A
60 MG
=
X
ME2
E . ®LouD
g [ [ERIVTAT
= :MC GAMMA_PRIME
E MBZ
S 4 M GAMMA_PRIME
3
i M3E2 CEER
H #M23CE
‘T; M W sicma
30 WTOTAL
£ ] M23CE
L]
=
L _
20 __, SIGHA
| TOTAL
10
200 400 600 800 1000 1200 1400
Clear all
Temperature (C) ‘ eara
‘ Select all
®LIAUIC| pata: [Thermnal canductivity ﬂ Fhases details |
W GAMM,
omc
GAMMA_PRIME
®me2
W Ganma,_PRIME
M3E2 B
Hmz3cH
W zioma
WTOTAL MI3CE
SIGMA
TOTAL
| Clear all
| Selectall
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A B AN

|£| Udimet720 Strength

Calculation

Precipitation hardening

1700 480

460

1500 440

420

1300 400

380

& 1100 360
=

o 340
Lip]

F=a-lilil 320
ol

300

700 280

260

500 240

220

300 200

010 20 30 40 S0 BO 70 8O 8O0 100

Precipitate Size(nm)

{NdA) ssaumIEy

Heattreatment: 760.0 C
GAMMA 54.18% GAMMA_PRIME 44.61%
Matrix grain size {microns) ;100

[wi][-c][nPa][VPN][ pm |[ Tin |

Wo.2% Proot stress IHardness 370.2 MPa

B Tensile Stress

-
|£| Creep calculation { = ‘ [5] ‘ﬁj
COMPOSITION Ot
Creep calculation Ni: 55.482
Al 2A
Cao 147
01 1E13 Cr18.0
[ Mo: 3.0
0.001 Ti: 5.0
1E11
- W 1,25
=X o B:0.033
L = :
i 1E4 g C:0.035
“u:’ 1E-7 o
=] = WEE energy ((m* 2y
= 1E7 m Garmma' 0.301
o 1E-8 = :
o — Stacking fault enerdy:
—
i
&) 100000 D.D_?SE J.f(m_ 2
1E-11 Matrix moduli: (GPa)
Young's: 179.1
1E-13 1000 Shear. 67.4
1] 200 400 GO0 a00 1000
Stress (MPa)
Testtemperature : 6500 C
GAMA 52 73% GAMMA_PRIME 46.0%
Size distribution (nm):Gamma' 125 (T0%) 30 {30%)
Cog weeprunre v svecs |- il (5 EE) () )05 6 E) B M= E)

Solution hardening:
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S =d
HE] S Al
Phase evolution Gamma_Prime Coarsening graph
161 800
700
g‘ BO0
= % 500
E = * Gamma'
o T ann- Hoamma" minor
o E ) & Garmma" major
= =
o0 T 300
E 200
100 _ &

10 100 1000 10000 100004
Time (5]

Holding temperature (C): 720.0
Quench temperature (C) : 1100.0

i} 8 10 12 14 16 18 20 22 24 26
Ageing time (h*1/3)

Jata: |Temperature

E'HTSEI.EI C

-] | [wee)[ o ) Gin | (] (0) (2
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JSHE =d AL

TTT NiFe Based Superalloy CCT NiFe Based Superalloy
1200+ 1200+
11004 11001
W Gamma_PRIME(D.5%)
1000+ W GAMMA"D.5%)
o 1000 %) O ETA(D.5%)
w Loog00¢ @ DELTAD.5%)
% 9004 *E W LAVES(D.5%)
z o —1000.0 Cih
= S 800¢
= E —100.0 Gih
T 800y - —10.0 Ch
oy 1.0 Cih

o0+

6001

SINE A 00— HHHH——— - HHH—— - HHH—— -
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JSHE =d AL

Input and end results ” Evolution

NPT
Initial heattreatment. 9y0C
Cooling rate: 1.0 Cig

Micrﬂstructurﬁ Isothermal holding at; 730 C for; 8 h
Gamma grain size: 4 5 ASTM

0.20q RESULTS:

Gamma'fraction at sub-solvus: none
Gamma'fraction formed after cooling: 0.0107
with final size: 12.24 nm
Gamma' Fraction formed during isothermal holding: 012

eeamma~ cooling wiith final size: 18.94 nm

~+Gamma’ isothermal

R N e e L N A + + + + + + + +
Gamma' fraction at sub-solus: none

+ Garmma" isotherral Gamma" fraction formed after cooling: nane

— Gamma’ total Gamma" fraction formed during isothermal holding: 0.0211
with final size: 34.43 nm

010+

—Gamma" total

Fhasze fraction

0.2% Proof Stress; 909,58 MParf121.94 ksi
Tensile Stress: 127013 MPar184 24 ksi
Hardness: JE6.89VPM S 3538 HrC

=] =] o o =] =] o o =]

0.0o

0 " 100 2200 300 400 500
Time {min)

axis: | Time E -axis: |F'hasefract...Elﬂ|minl|El@lﬁ”@@
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Calculation

JSHE =d AL

Phase fraction

0.0

B I T T T T T e A T Y

A R Y
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200 400

1400
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: /"" T

40 +
g 44
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0 200 400 GO0 g0a0 1000 1200 1400
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S Gamma’ coaling

+ Gamma firstisothermal
Hoamma' second isothermal
+ Gamma' firstisotherral
Hoamma' second isothermal
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Main GUI for Al alloy

Wt %

100.0
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0.0

| Reset I

Calculations | Expont |

Aluminium Alloy

Thermodynamic Properties: Izl | Step Temperature ” Step Concentration
| Frofile ” Single
| Metastable Phases ” Izopleth

Salidification:

Mechanical Properties:

E | FPhases and Propertias

Homaogenisation

E | Cast Strength

RT Strength

Age Hardening

High Temp. Strength

FProcessing Map

| Flow Stress Analysis

Fracture Toughness

Thermo-Physical Propeties: ]EH Extended Geoneral

Phase transformation:

Others:
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| Isothermal
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Calculation
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2 47 At

R |

7075 v s T S ] O %

Select all
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oy B M(F O A

Metastable phases

104
gl
=p!
74
o .l
o i *ETA_PRIME
o 5 * BETA_PRIME
£ Q_PRIME
g 4} 'S_PRIME
1 Hr_rriME
3l
3l
14
0

Temperature(C)

Heattreatment: 4700 C
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o A3t X

Homogenisation
1.7
=
z
%] a start
=
2 1h 20min
= 8 zh 40min
=
m 4h
5 ~+5h 20min
O
Homogenisation
or 5
0 10 20 30 40 a0 r—
Distance (micrans)
4
Multi temperature step homogenisation: .
510.0C for 1h 20min - 520.0C for 1h 20min - 530.0C for 1h 20min - 540.0C for 1h 20min §
3 iy
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Multi temperature step homogenisation:
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Calculation

S1=d

Density (g/(cm)*3)

34

24

0 100

200

300 400
Temperature (C)
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@A BFEMGISIA
#*mezsl
WTOTAL

General physical properties
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=
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Fraction solid (wt)

=
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A60 420
Temperature (C)
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Calculation
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ECETEE

%] TTT plot | = | &5 JT‘
COMPOSITION fatse) |~
TTT Aluminium Alloy A 0287
500
a0 CCT Aluminium Alloy
500
15 -
o 300
5
w
o 400
£ 200 —
[iE] ]
'_ —"
o
5
100 w300
e .
o g
5 ]
o
i 0
0.001 0.1 10 1000 200
Time (h)
! user set start temperature: 500.0 C !
100
HEE EEpISEEEEE Soo I
El
Sn ! user set start temperature: 500.0 C !
Sr

WG 2si0.5%)
~+BETA_PRIME(0.5%)
i B_PRIME(D.5%)
BeeTa 5%
—1000000.0 Cih
—100000.0 Cih
—10000.0 Ch
1000.0 Cik

COMPOSITION 0%
AlBRAT

Cu: 0.01

Fe:0.2

Mg: 0.3

Wn: 0.02

570

Zn. 01

TRAMSITIONS: ()
ALLL not present
AL2CL 969
TE_ALCLULI: not present
ETA_PRIME: 107.8
T1_ALCULE BT
BETA_PRIME: 393.5
T_PRIME: 104.8
MGZEMNZ 138.3

MG250 483.5

GF: not present
TAL_ALLIMG: not prese
B_PRIME: 403.0
THETA_PRIME: not pres
TZ2_ALCULL not present
T_ALCUMGZM: 155.2
BETA"™ 380.9
S_ALZCUMG 1704

AL3M_L12: not present
o PRIME- 1727 2
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A 24

|£ | Solidification physical prope

Physical properties ] Phases ] Cooling cune ] Cast strenath [ Dendrite arm spacing ]

Cast strength
30 -30
2804
1 r-40
2704
50 40
2304
| r-60
I
— 2101 )
n“f ] o 2
= 1804 i % M0 2% Proof Stress IHardness
: ﬂ M Tensile Stress
[72) i
o 170 e 'i
s A
150 O
e
r-90
130
110 r-100
80
r-110
70
50% -120

0 10 20 30 40 50 B0 70 a0 an 100
Initial cooling rate (C/s)

[MPa] [HRT) 1in | (=] (2)(0) (7] (&) [E)[B) =) (=) (2]
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A 24

Al alloy strength

IMNFLT: 500

Wrought alloy
Temper designation: TG i
Solution treatment termperature:; 500.0C T
Ageing temperature: 150.0C 1
Grain size: A0 microns
T & 150.0(C)
Additional thermal history: Isothermal 1 200.00C)
for 104 h 25000

D-—l—FFHFH—I—IﬁH+FH—I—FH44+H—|—FH44+H—|—H—H4H4—|—HFFFH1—I—PHﬂ44H

0.01 0.1 1 10 100 1000 10000 100000
Tirme (h)

i
=
=

[
=
=

b2
=
=

0.2% Proof Stress (MPa)

—a
=
=
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A 24

IMPLIT:

Wiraught alloy

Temper designation: TATE

Solution treatment temperature: 475.0C

Cooling rate frorm solution treatment temperature: 1000.0 (Cig)
Ageing temperature: 120.0C

Ageing time: 1000 h

Zrain size: 40 microns

Calculation

Al alloy strength

=
=
(]

00+

0.2% Proof Stress (MPa)

o]
=
=

100 —+

1E-4

0.001

0o

"1 10 100 1000 10000 100000 1000000  1E7

Tirme ()

Diata: |0.2% Proof Stress

[~ |[MPa) [veN][-c][_s ][ log (<] (& [2)[2][S] (B (2] mi] (=] [ 2]
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A 24

IMPUT:

Wraught alloy

Temper designation: T

Solution treatment termperature: 500.0C
Adeing temperature: 150.0C

Grain size: 20 microns

Additional thermal histary: Mone

Tirme befare testing: 1.0 h
Tested at constant strain rate: 1.9E-4 (1/s)

Al alloy strength

Calculation

0.2% Proof Stress (MPa)

00+

400+

300+

200+

100+

100

zﬁn
Temperature ()

200

400

500
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Plot Settings Input|

Flow-Stress
800
700
GO0 ®20000)
B0.0 (C)
o 100.0 (C)
w 5007 140.0 ()
= #180.0(C)
% mnw 220000(C)
= — 260.0(C)
u ~+300.0(C)
— 3007 €20 340.0(C)
350.0(C)
R ——————— '420'D ()
Jr o 500.0 (C)
100]
]
] 1 2 3 4
True Strain

Strain rate: 0.001

nit | True [-vpe]e] | ()2 (Rl 2] (Sl [E) (B mi (&) [2)]




Ti alloy



JMatPro

He

=
(@)

Ti Alloy2 & 7|

B ¥
oy 5 <0
7l g o
_”_ X T -
ﬂ._._l ﬂr W = 0d
— __OH_ - ﬁ v |_|_._._ OoF
N o < r0 3 o
il a0 =< _H = il
S | i Mo oF ._.__M =50 = _|_.__m__| w__.e
b | KU < = 31 U0 s
A T b=
00 H 75 - < ¢ = ol @
=t | %0 ol = = - o O
meE (2w [P mx <
N o i W ol i gu <0 0 .M_
e P I A
o R 3 K Ofl <0 IH o
0Bl = % o =
<0 @1 <0 0/0 KO &l o g0 NO IT] ai
Ol KIr
ol &
70
RO H oy
N N0 |
N ol ol MO
< Moo K
< ol oo K H
O -
L T R i P
N |2 S =K ol Mg 0w
=2 ZITT = mHT S
o w_.an N modr Mpn  [UR &
R I I 1 3 S et
T on oy 0 I S
20 H I R L o o K W
ou o ) o < 08I0 | OBUyr
| [m K [ = H = N
0 20 00 &I wE JM71O oum SR E oy
0014 04 T — L0 30
Z
N T W 110
=i < = O <0 fill
T _uA_E RT of EN
pal 0l0 pall = 5
N <0




JMatPro Calculation

Main GUI for Ti alloy

Wi % Titanium Alloy

Ti 100.0 T |
Calculations | Export |
Al 0.0
Cr 0.0 Thermodynamic Properies: ‘EI | Step Temperature ” Step Concentration l
0 0.0 | Frofile ” Single l
Fe 0.0
H 0 | Izaplath l
M 0.0
Mo 0.0 Solidificatian: E | Fhases and Froperies ” Homogenisation ]
Mb 0.0
Mi 0.0 Mechanical Propeties: ‘EI | Strength and Hardness ” High Temperature Strength l
Re 0.0 | Creep ” Flow Stress Analysis l
Ru 0.0
o 00 | Frocessing Map ” Fatigue Related l
i )
Sn on | Fracture Toughness ]
Ta 0.0
Y i Thermo-Physical Properties: ‘zl | Extended General ” Dynamic ]
£r 0.0
C 0.0 FPhase transformation: ‘zl | TTTICCT Diagrams ” Cooling Phases l
a 0.0 | Caaling Properies ” Energy Changes l
] 0.0
| Isothermal ]
B 0.0
Cthers: Diszimilar Metal Vel ds
| Reset | ‘zl | l
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d d St
A yosas nmo ze AL e A, oY S A
|£:| Temperature Step Plot [ = | =] w
Ti-5.8A1-0.02F¢-0.5Mo-0.7Nb-0.358i-4.05n-3.5Zr-0.06C-0.10-0.01N wt(%%) —
1 —
[#] BETA
| |
# TIZRsI
@ @LouD
© MeETA
f WTIZREI
= S aLPHA [] ALPHA
) “TIZAL
3 ®hic
[ TI3AL
n [+#] mC
il 800 1000 1200 1400 1600 1800
Temperature(C) ‘E
‘ Select al
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Calculation

2
SEY WHYNO| B8 A Aphattol 4L #3

Ti-6.51 A1-0.18Fe-4.13V-0.02C-0.1850-0.01 N wt{%o)

<

I

o

;:'5 L '8
— W
T .y
g“ *c
o 80
e Hn
R -7 Salaieion 'S WY

E: ] ., -

GO0 voo a00 900
Temperature(C)

1100

e [*Ph [Phj [EV) [T J(&5] (o] [Ce] Heneecs cetais | options: (i) [will-cl[EI[QIGE | [2)(S|E]E]N
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Ti-6.51A1-0.18Fe-4.13V-0.02C-0.1850-0.01N wt{%)

23

21

14

17

Wit % V

251m

800 000 1200 1400 1600 1800
Temperature(C)

Amount of elt. in individual phases [ Distribution of elt. in all phases

@LouD

MeeTA

EIALPHA
“TIZAL

Rta: lﬁﬂm@mlﬁlmlm mmm [] Phases details

optons: [f] [wll>cl @RI [?lSlBElBli

Calculation
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EASAY e s

Isopleth
1800
LD
1600+
14004
3 BETA
o
=0
® 12004
[u k]
0
=
1k
" 00!
ALFHA+BETA+TIZRSI
800y ALPHA+TIZRSI
EO0 } } } } } } } } } } } ’_?—j ' '
n.a 0.1 n.z 0.3 0.4 0.5 0.6 0.7 n.g n4 1.0
ko concentration (W)

Balance element; Ti
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Titanium Alloy
Homogenisation

- Homogenisation type

Single ternp. [ Multi ternp.
- Initial solidification
Allow back diffusion
Cooling rate (Cis) 0.1
Secondary dendrite arm spacing {micran)
Estimate from coaoling rate |353.EI
- Homogenization temperature
Temperature (Z) |1 100 |
- Homogenisation time
Tirme : |4nn ||min E|
- Steps
mumber of steps |5 E“
— Elements to homogenise
Fla FFe [FMo [F Kb
Si Sh Zr C
0 ]
Select Al || Clear Al
Start calculation | Help

Calculation

Homogenisation

Concentration Sn (W)
n

& start
1h 20mmin
& 2h 40min
e s £ Se s == 4h
~+5h 20min
Gh 40rmin

0 20 40

60 a0 100 120 140 160 180
Distance (microns)

Phases at equilibrium at homogenisation temp. 1100.0 C {At%):

BETA 100.0
Initial cool

Type: |Element E”E

Type: |Time

Concentration (Wi

G

[ S-S -
a

4

3

2

1

| = S = R Bl el S = A A= S S = = = = 1

] 5888000 o 8 5858885888084 g
DM

0 20 40 B0 a0 100 120 140 160
Distance (microns)

Phases at equilibrium at homogenisation temp. 1100.0 C {At%):
BETA 100.0
Initial cooling rate: 0.1 C/s

[~]lin2omin [~ ][wit k][ [P 2] S [E) 2] =] (=[]

L I
W
Hnta
=1
Hsi
Sn
L Dy
*C
&0
N
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0.4

0.4

Fraction solid (wt)

0.3

0.2

0.1

no

1500

1640 1660 1680 1700 1720 1740 1760
Temperature {C)

1780

1800

hta:

Fractions solid

[~ O Phases aetais [k [wie][-c] ] [ Ol (2] [ SB[ B] bl [E][#]

PTOTAL

Calculation
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Calculation
— - = A
o-L= sd117t=4d
General physical properties
10
Titanium Alloy 0.g -
n
Solidification calculation n
0.8
- Temperatures (C) [
Start 1800 | 07 "
Sten: 5 Fractions salid
B | | Fraction liguid u W@ToTAL
e Densi MeeTA
- Solidification cut-off ansily
Molar wolurme » I ALPHA,
Fraction liquid (Af) 0,01 | Valurne change ®7iRs
Average expansion coeff, "TI3AL
- Back diffusion Thermal conductivity | Buc
- - Electrical resistivity
D"&'”Dw hack diffusian Electrical canductivity
Yaung's modulus L
- Phases Bulk modulus
Take all solid phases into account Shear modulus
Poizson's ratio
_ Phase Boundaries Liguid viscosity
Total viscosity i}
Lacate phase houndaries Liquid diffustvity 400 600 800 1000 1200 1400 1600 1800
Total diffusivity
Surface Tension Temperature (C)
Start calculation ” Help ] Enthalpy
Specific heat
Latent heat
|Fracti0ns salid rs
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6.0

Density {g/(cm)*3)

Thermal conductivity (A/(m"K))

Temperature (C)

aon 1000
Temperature (C)

Calculation
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Flow-Stress

Calculation

A 24

1600
1400
1200

1000

True Stress (WMPa)
=
o

600

Solution hardening

400 \

®250(C)
100.0(C)
& 200.0 ()
300.0(C)
#400.0 ()
500.0(C)
—G00.0(C)
700.0(C)
27500 (C)
850.0(C)
Was0.0()
1050.0(C)
4 1150.0 ()
*1250.0(C)

1350.0 (3
+ 14500 ()

True Strain

340

1 3 5 7 9 11 13 15 17 19 21
Grain Size(micrans)

Heattreatment: 7200 C
ALPHA 958.29%
Hall-Petch : 0.26 MMNmM~3/2

Strain rate: 0.001

Mo 2% ProofStress IMHardness
M Tensile Stress



JMatPro Calculation
A 2

Creep calculation

d8=4d

1E11 100000
19 1000
¥ g7
r-- 10 A
e 5
S 100000 = o ==
e oA T —T’— — 'U'| E Jlll_ I_:I = O—|
W 1000 T
o = .
8 o om = Strain vs cycles
[
1E-5
01 100.0
0.001 1E-7
0 200 400 500 200 1000 ‘00
Stress (MPa) '

Testtemperature : 7200 C
ALPHA98.29%

T

0.1 \'\-—..__.
“‘11*.._%__

Tatal strain (%)
=

o.a
10 100 1000 10000 100000 1000000 1E7

Murnber of cycles

Testtemperature ;10000 C
Strain amplitude (%) ;0.5
Loading frequency {Hzh - 1.0

EEiEREEEEE

b: [-0.1 |.;; |-u.9
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Calculation

JHH =4

TTT Titanium Alloy

TTT/CCT

1100

1000

400

a00

roa

Temperature (C)

GO0

400

400

0.1

10
Tirme (s

1000

Grain size : 4.5 ASTM

B 5L PHA GED.A%)
WL P HA MATRIHD.5%)
TIZALID.5%)

CCT Titanium Alloy

Temperature (C)

1100

1000

w
=
=

200

a0

GO0

a00

\

0.1

10 1000
Time (s)

M :LPHA GB0.5%)
W L PHA MATRIND.5%)
TIZAL{D.5%)
—1.0Cis
—0.1 Cis
—0.01 Cfs
0.001 Cfs

Grain size 4.5 ASTM
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é)l-tlﬂ EH %g Isothermal heat treatment

Phase evolution

a0
40
=
z 30
[ir]
i ML PHs cB
@ 20 . . .
=
& Bt P HA MATRIX Continuous cooling transformation
10 )
Phase evolution
0 100
10 100 1000 10000 100000 1000000
Time (3)
&0
Holding temperature (C) : 750.0
Quench temperature (C) : 1000.0 § B
Grain size : 1.5 ASTM =z
o
a
2 B maRTENSITE
T MeETs
M LPH
20
a —‘/ i\
0 200 400 600 800 1000 1200 1400
Temperature {C)

Start temperature (C) : 1400.0
Cooling rate (C/s) : 10.0

Grain size : 1.5 ASTM
Martensite transition: 821.79 C
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A 24

Fracture toughness FLD

|| Fracture toughness — ) Calibration: |Uniaxia|tensi|e lirnit strain E“ Lirnit: |01 | Calibrate

IMPUT:
Heat treatment temperature: ¥10.0C . .. .
ALFPHA: 91 24115 1 55A1% Forming limit diagram
EBETA: 8. 66Y% 8.45A1%

RT 0.2% proof stress: 1000.0MPa 7 145 0ksi

CALCULATION RESULTS:
Flane strain fracture taughness KIC:
IfALPHA moarphology is acicular, 61.6(MPa*m™0.5) f 56,1 (ksi*in®0.9)
I[fALPHA moarphology is equiaxed: 521 MPa*m™0.9) 1 47.5(ksi®in™0.9)
Charpy v-notch impact energy W
I[fALPHA moarphology is acicular 15,800 7 11.7ifThs)
IfALPHA moarphology is equiaxed: 142000 10.5{frhs)

Sawve to material file

tajor Eng. Strain
=

Close

0.0
-010 0.oo 010 0.20

hinor Eng. Strain

Hardening exponent: 01167

0.2% Proof Stress: 1434 MPa

Young's modulus: 85.4 GPa

Strain rate: 1.0E-5 {1/s)

Testtemperature: GO0.0 C

Lser defined uniaxial tensile limit strain: 0.1
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Main GUI for Cu alloy

Wt %
Cu 100.0
Al 0.
Ei 0.
Fe 0.
Cr 0.
Mg 0.
]y 0.
Mb 0.
i 0.
Si 0.
Fb 0.
5n 0.
Zn 0.
Zr 0.
F 0.

| Reset |

Copper Alloy

Calculations | Export |

Thermodynamic Properies: ‘zl |

Step Temperature

” Step Concentration ]

| Frofile

” Single

)

| Izapleth

l

Solidification:

E| Phases and Froperias l

Thermo-Physical Froperies: ‘zl | Extendad General

” Cyrmamic

Calculation
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Step Temperature :

F

Al
SAOf g

F

54

O
|_

(=]

=

Step Composition :

ol
0

4] =

Profile

Isopleth Calculation: &Ef = H| &
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Temperature Step Calculation 7|
al
|£| Temperature Step Plot = | T e
Cu-3.4A1-0.025F¢e-0.6Ni-0.005Pb-22.7Zn wt(%o)
LIGUID
100
40
80 CU_BCC
70
o sp L0 2
ES Hecu rFeo
§ 40 # AB_B2Z
CU_FCC
30
0
10 7] AB_EZ
500 B0

gl

Temperature(C)

1000 1100 1200

Data: @ [ Phases details

ostions: (] [will-e] B[ QEE | [2]E]B)[E)mi =)=

| Clearall
| Selectall

|£| Phases sel.. — O >
Choice of phases far:
Copper Alloy
438 D019
43B_Do3 AB B2
ClU_BGo BETA_MIZH
CL10SM3 CLI3P
[ CU3EN [ CL41SN11
DELTA_CLUSI CU_FCC
GAMMA_CLIS] GAMMA_DE2
GakihA_DE3 GAMMA_H
GaMMA_PRIME [ HCP_A3
LAVES_C15 Lig_2
M25I_ 23 MI35I2
MIZSI_H MISSIZ
FE_FCO FE_FCC
FE_BCC CRME)_BCC
has513 ElI_RHOME
MIZME CR2ME
ML_PHASE CLS1ZR14
CUSER CLBIR3
CU10ZRT CUZR
CUZR2 AL3ZR
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Temperature Step Calculation

Cu_BCC &9 =dH#H 3}

Cu-3.4A1-0.025Fe-0.6Ni-0.005Pb-22.77n wt(%o)

[un)
o)

G—ﬁﬁﬂ‘“ ﬁﬁﬁﬁﬁ
1 = o

-l
[

o
o)

[y
[m ]

=T
WAL
Wre
[ I

7N

Wit % Element in ClJ BCC

[
=

—_
=

Temperature(C)
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Temperature Step Calculation

Fe B 49| UM =X

Cu-3.4A1-0.025Fe-0.6Ni-0.005Pb-22.77n wt(%0)

0.05

0.04
™ WU
= 003 ®cu_Bce
g Hecu_Fece

b
0.02
0.01
500 500 700 800 800 1000 1100 1200
Temperature(C)
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Isopleth Phase Diagram

2@ A B AL

Isopleth
1100
LIGUID
1000
AB B2+CU_BCC
a0
%)
= &0 4B B2+CU_BCC+FE_BCC
=
o
1k}
=3
£ 700
'_
8B B2+CU BCC+CU FCC+FE_BCO
G000
500 \
AE_BZ+CU_FCC+GAMMA_DS3+FE_ECT
400
1 2 3 4
Mi concentration (W)

Balance element: Cu
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Solidification Calculation

Calculation

I oled X}

?
T H /o

rol

0[0
=
M0
0%
X
=
o

Cu
Al
Bi
Fe
cr
Mo
i
Mh
i
Si
Ph
sn
Zn
Lt

100.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

| Reset

- Temperatures (C)

Copper Alloy

Solidification calculation

Start: |12IZIIZI

Step: |5

- Solidification cut-off

Fraction liguid a4 |IZI.III1

- Phases

Take all solid phases into account

- Phase Boundaries

Locate phase boundaries

| Start calculation “ Help
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Solidification Calculation

=8 S1=s2 43 =49
Al &

General physical properties

~
=

= o o o o =
= [y ] o =l o [Lu}

Fraction solid {wt)

=
[a}

0.2

0.1

0.o

0 200 400 600 800 1000 1200
Temperature (C)

=E 31

0l0

o
=

MO
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V' V'
= ol Ol H1 &
Solidification Calculation e ZhAo| U EH 5o
Phases % 7.4
Densi
E 7a
Malarvolume
Linear expansion 7.7
Average expansion coeff.
Thermal conductivity B
Electrical resistivity 75
Electrical conductivity iy
iy
! 74
oung's modulus E BLoun
Bulk modulus *@ 73 @cu Bce
Shear modulus - SToTAL
Poisson's ratio E 7.2
Liguid viscosi @
A ) . Iy 0 74
Total viscosity
field Stress 70
Tensile Stress
Hardness 6.9
Enthalpy B8
Specific heat
6.7
Latent heat 0 200 400 00 a0n 1000 1200

Density

Temperature (C)

S5y YEH s}
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Solidification Calculation

Fractions solid
Fraction liguid
Density

Molar valume
Waolume change
Average expansion coeff.
Thermal caonductivity
Electrical resistivity
Electrical conductivity
Young's modulus
Bulk modulus

Shear modulus
FPoisson's ratio
Liguid viscosity
Total viscosity

Liuid diffusivity
Total diffusivity
Surface Tension
Enthalpy

Specific heat

==

General physical properties

Calculation

HrsH

fol

J

Latent heat

Thermal conductivity | = |

Thermal conductivity (A/(m"K))

190

180

170

-
[=2]
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.
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o
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-
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-
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o

100

90

BLcuD
#cu _BCC
WTOTAL

200

400
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Temperature (C)

1000

1200
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Calculation

Thermo-physical Properties Calculation
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Copper Alloy

Thermo-Physical and Physical Properties
- Temperatures (C)

Heat treatment: |EIZIIII |
Upper limit: 11200 |
Step: 10 |
- Phases

Take all phases into account

| Start calculation “ Help




JMatPro Calculation

Thermo-physical Properties Calculation
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C69000 - Aluminium Brass Physical properties
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