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Practical Software for Material Properties
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Thermodynamic Calculation
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Thermo-Physical Properties

YA Aol T BYYEBS JFOR A g
= “PeR= Py A A Hl = =
7t 4o @EelN B42 050 2 & AsULL BN, Qo
= R=) = ols v E}A:
IMatPro= Zt 12| 282 AlASHZ| g 2= E A1t =3V EN I ol
= -+ A oS
o0l Ef e 0] 22 LAT} D QU Lct v Q) e
. —
General Steel & &% X{ 2 0| A{= Stacking Fault Energy, vy =, HY oo
. . " == S
Magnetic Permeability 52| A4t = 7hs gL L}, s 2o 4 x|
Vi E
X
50 b
" ®LUoUD
W AusTENITE
MNS
Phases % a0 FERRITE
Density = WM N
Molarvalume x *-M23CE
Average expansion coeff. g \ & CEMENTITE
Linear expansion g
Thermal conductivity = 30
Electrical resistivity =
Elecirical conductivity -‘g
Young's modulus 2
Bulk modulus S m
Shear modulus © -
Poisson's ratin E /
L\qlJIEﬁ\"ISCUSIl\jl g
) . =
Total viscosity 10
Liguic diffushity /
Total diffusiity
oy Fe-25.0Cr-1.0Mn-1.5Mo-4.0Ni-0.758i-0.2C
Specific heat " 200 400 600 800 1000 1200
[Thermal conductivity [ = Temperature (C) 220
200
< 4o/ JHEE of LS .
[}
% 160
il E
Z 140
g
_sm 5120
o 2 100
< 2
= 400 = 80
© &
o i B0
=
= 300 | a0
= & 0.01(Cis) 0
§ 200 0.1(C/s) ] 200 400 B00 800
E & 1(Cls) Temperature ()
& . 10{Ciz)
* |
< HZZ oL x>
0 :
0 200 400 £00 200
Temperature (C)

< IS EE 2 E0f E X[ FAtE S Hap



Mechanical Properties
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Mechanical Properties
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Phase Transformation
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Phase Transformation
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Phase Transformation
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Miscellaneous
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Data Export
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Calculations | Export

General Steel
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All to ADSTEFAN format

Calculations | Export

Aluminium Alloy
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I Inspire Cast casting ” Thercast casting ]
I FroCAST casting ” Other casting simulation data ]
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Welding Data Export: Izl I LS-DVMA CUlit ” Syameld ]
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API E E(Optional)
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EF 2T EQ0{oto] B2 AES) & & YLICh

APl 2 & EX| X3 7|5 (IMatPro & 7 7| 35)
o EIs AN

- E=CAH =d A

« J|AA Zx A LA T, Fe, Ni, Co &3)
- SiEE Y SN =9 AL

« TTT/CCT & Z = 7| LHGeneral Steel)

«  HZAl =4 A LH(General Steel)

int status; // Optional variable: Holds function return values and allows error-handling.

const int numElements = 9;

const int numCoolingRates = 1:

char *alloyElements [numElements] = {"Fe", "Cr", "Mn", "Mo", "Ni®, "§i", "C", "P", "S"};

double alloyComposition [numElements] = {97.41, 0.98, 0.77, 0.21, 0.04, 0.15, 0.37, 0.03, 0.04}:
double coolingRates [numCoolingRates] = {1.0};

jmpSetWorkingDirectory ("temp/"):

jmpSetScreenutput (JME_FLAG TRUE):

jmpSetMateriallype (JME MATERIAL GENERAL STEEL);
jmpSetAlloyElements (nunElemsnts, alloyElementa):
jmpSetCompositionUnit (JMP_COMPOSITION UNIT WEIGHT PERCENT):

jmpSetklloyComposition (numElements, alloyComposition):

jmpSetCoolingProfileType (JMP_COOLING PROFILE CONSTANT):
jmpSetConstantCoolingRates (numCoolingRates, coolingRates):
jmpSetTemperaturelnit (JMP_TEMPERRTURE UNIT CELSIUS):
jmpSetCoolingTemperatures (260.0, 5.0}
jmpSetGrainSizeUnit (JME_GRAIN SIZE_UNIT_RSTM);
jmpSetGrainSize (2.0);
impSetPhasesCheck (JME_FLAG_TRUE) ;
jmpSetShiftFactors (1.0, 1.0, 1.0}
ImpUnsetPhysicalPropercy (JMP_PHYSICAL_PROPERTY_ALL);

icalProperty (JMP_PHYSICAL_PROPERTY_THERMAL CONDUCTIVITY |

JMF_FHYSICAL PROPERTY ELECTRICAL RESISTIVITY |
JME_PHYSICRL_PROPERTY ELECTRICAL CONDUCTIVITY |

JMF_PHYSICAL_PROPERTY DENSITY | JMF_PEYSICAL PROPERTY MOLAR_VOLUME |
JME_PHYSICAL_PROPERTY_YOUNGS_MODULUS | JMP_PHYSICAL_PROFERTY_BULX MODULUS |

OMF_FHYSICAL PROFERTY SHEAR MODULUS | JME_FHYSICAL FROFERTY FOISSONS RETIO):

status = jmpRunCoolingCalculation ()7

if (status == JMP_STATUS_ERRCR)
{

1

ystem ("pause”);

exit 10):

<API ZZ22f5 M=

Fa 2 A Z[H3L, Ef 2 Z EQf0{Q At
A

= (1 JMatPro API reference guide
@ Overview
= I APl modules
@ Core
@ Solver
@ Coldfire
(1 Solidification
[£] jmpExcludeSolidific ationPhases()
[£] jmpRunSolidificationCalculation()
[£] jmpSetAustenitisationTemperatureReadMode()
[£] jmpSetCastironType()
[£] jmpSetGraphiteFinalFraction()
[E] jmpSetQuenchRate()
[E] jmpSetSolidific ationModel()
[£] jmpSetSolidific ationPhaseReadMode()
[£] jmpSetSolidific ationPhases()
[£] jmpSetSolidificationTemperatures()
& TTT
@& CCT
= ([ Cooling
[£] jmpRunCoolingCalculation()
[£] jmpSetConstantCoolingRates()
[£] jmpSetCoolingProfileFilename()
[£] jmpSetCoolingProfile Type()
[£] jmpSetCoolingTemperatures()
[£] jmpSetGrainSize()
[£] jmpSetPhasesCheck()
@ Troubleshooting
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Version 14.0 2 S2luo T E% = g- 21 5|52 5o
(Data export to 3 party simulation S/W) = |=2|8g(c2(Ee| T | " |3 | |3282
(Additional API module available)*** = TR e0 (g | = S|l E| &|[2®|o"
@ Temperature/Concentration stepping v v v v v v v v v v v
2 Isopleth v v v v v v v v v v
f Metastable phases v v
_w Standard physical properties* v v v v v v v v v v v
_g 'g Stacking fault energy v v v v
_:>’~ qé_ Gamma/Gamma' mismatch v
a5 Magnetic permeability v
5 Phases and physical properties v v v v v v v v v v v
'.E Back diffusion/Secondary dendrite arm spacing v v v v v v v v
h‘;_’ Cooling curve v v v v v v v v v
) Cast Strength v v v v
E Homogenisation v v v v v v v v
* O F H T5 T4/T6 T8 Heat treatment strength v
-x% Room temp strength/hardness v v v v v
‘5 High temp strength/hardness v v v v v v
g- Flow-stress curve & rupture strength v v v v v v v
s Creep and rupture life v v v v
s Jominy hardenability v
E Fatigue tool v v v v v
§ FLD/Processing Map v FLD v v v v v
= Fracture toughness v v v
TTT/CCT diagram v v v v v v v v v
TTA diagram v
Reaustenitisation phases and properties v
Plasticity coefficients v
g Isothermal transformations v v v v v v v v
._g Energy changes v v v v v
g Cooling transformations v v v
‘§ Martensite formation v v v
. Stress induced martensite v v
E Quenching and welding data v
% Simultaneous carbide precipitation/strength v
f Temperature-time-precipitation of M(C,N), MN, AIN v v
Tempering hardness and properties v
Gamma'/Gamma" coarsening v
Hot Rolling grain size/recrystallization/rolling force v
Evolution of microstructure & strength v
- Forging simulation data v v v v v v
-'g §_ Welding and heat treatment simulation data v
Q 5 Solidification simulation v v v v v v v v v v v
Carburisation v v
o C diffusion in weld v
g Dissimilar metal welds v v v
Pitting resistance v

* Specific heat — enthalpy - density - molar volume - thermal expansion coefficient - thermal conductivity - electrical conductivity/resistivity -

surface tension - liquid viscosity/diffusivity- Poisson's ratio- Young's/shear/bulk modulus. These properties can be calculated during/after heat
treatment or during solidification for the whole temperature range including liquid phase. When relevant, properties are given for each phase.
** Proof stress, tensile stress and hardness are calculated at any temperature up to the melting point.

*** Tt allows you to automate and develop tasks within your own models and to integrate them into your own software via ¢/c++ programming.
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