R\WNTH
{4 /44

Precise prediction of NNS HIP components
through DEM and FEM modelling

Yuanbin Deng, Anke Kaletsch, Alexander Bezold, Christoph Broeckmann

*Institute for Materials Applications in Mechanical Engineering (IWM), RWTH Aachen University

HIP17 - 12t International conference on Hot Isostatic Pressing
Sydney Australia, 08.Dec.2017



Content RWNTH
| 4 /4 4]

Introduction
» Purpose of the study
» Process description

Simulation of HIP Process with “Image Analyzed” Densities Distribution
> “Image Analyze” for investigation of initial density distribution
» FEM Simulation

Simulation of HIP Process with DEM simulated Densities Distribution
> Introduction of DEM and Modelling Approach

» Validation, Simulation and Comparison

Summary and Outlook



Purpose of the study HAZAS RWTH

Typ = 1125°C
Pyp = 110 MPa
tHoIding: 2h
Welded Capsule (SS304) filled with powder Capsule (SS304) filled with powder (SS316L)
(SS316L) before HIP Process consolidated to full dense after HIP Process

= Anisotropic shrinkage of capsule during PM HIP:
* Inhomogeneous powder densities distribution in the capsule
« Temperature gradients and inhomogeneity in the HIP Unit

* Imperfection of material



Process description RWTHAACE

o Capsule design o Material properties
o Particle size o Process parameters
o Initial relative density and distribution (Time, Pressure, Temperature, etc.)

- Trial and error Trial and error

“Image Analyze”

FEM-Simulation
for Investigation

of initial density
distribution

of HIP Process

(d)

HIP process in general: (a) Capsule production; (b) Filling powder, tapping and vibration;
(c) Evacuation; (d) Sealing capsule; (e) Applying high temperature and high pressure;
(f) Full density HIPed component




Content RWNTH
| 4 /4 4]

Introduction
» Purpose of the study
» Process description

Simulation of HIP Process with “Image Analyzed” Densities Distribution
> “Image Analyze” for investigation of initial density distribution
» FEM Simulation

Simulation of HIP Process with DEM simulated Densities Distribution
> Introduction of DEM and Modelling Approach

» Validation, Simulation and Comparison

Summary and Outlook



“Image Analyze” for investigation of RWTH

Initial density distribution | 4 /44
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FEM densification model RWNTH
| 4 /4 4]

ABAQUS

Get initial Values: User-defined Material Model

G DE T LA |

ij? 2
inel r, plastic hardening parameter
PsP950gs Tis J1s€5 "€ | T1P L

; Calculate: o
E
Calculate: i = [
e inel __ e
B C* s s I Y Aey’ = Agy, — Agyy
fi=0,—h—0, Calculat;.‘ RD
(t++At) ¢t inel
@ v P =p -Aey
Y H
Update Jacobi-
Yes stcoplas{lc . Matrix: J
Plastic ot Deformation: 2
; E:.
Deformation™ "7 /
Update:
Agy,Av,
"Ael__A _Apl_Acr

_ gel el




HIP Simulation with determined RWTH
densities field in the capsule 4 /44
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Process description RWTHAACE

o Capsule design o Material properties
o Particle size o Process parameters
o Initial relative density and distribution (Time, Pressure, Temperature, etc.)

Trial and error Trial and error

“Image Analyze” for _ :
FEM-Simulation

Investigation of
initial density
distribution

of HIP Process

DEM-Simulation of
powder flow and

filling (d)

HIP process in general: (a) Capsule production; (b) Filling powder, tapping and vibration;
(c) Evacuation; (d) Sealing capsule; (e) Applying high temperature and high pressure;
(f) Full density HIPed component




Introduction of DEM RWNTH

Discrete Element Method (DEM)
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— mathematical description of single objects / particles / granules
— meshless method compared to FEM
— interactions between objects only at contact points

Advantages:
= Few equations which have to be solved for each object

» Forces and motions can be investigated for each single object, which are
usually not measureable

Limits in usage:
o Computing time-consuming for real particle systems consists of billions of

elements



DEM Modelling Approach iwinawal
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Materials and Model Parameters
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Materials:
« Stainless Steel 316L (Powder)
« SS304 (Underlayment)

Particles: radius 250 um

Density p 7800 kg/m3

Particle radius r 250 pum
Young’s modulus E

Poisson’s ratio v

Coefficient of restitution C .qittion
Coefficient of static friction C;i,
Coefficient of rolling friction ¢,

Capacity: 10° Particles
- Iron powder 500 kg
- Ti-Alloys powder 300 kg

Rayleigh time increment:

~ (0.1631 v + 0.8766)

Atp

Hertz time increment:

Aty= 2.87

(p(4/3)nr3)2]°’2

2
TE“Vmax

At = 0,20 min(Atg, Aty)

Time increment 0.000001s



Validation - Flow test
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Validation - Filling and HIP Simulation...,..
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Filling process using DEM Simulation
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Filling process using DEM Simulation
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HIP Simulation with determined
densities field in the capsule
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HIP Simulation with determined ‘ RWNTH

densities field in the capsule 4 /44
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e Summary

» Simulation approach with coupled DEM and FEM Modelling has been
used to calculate the capsule filling densities and predict the
densification behavior of HIP Process.

» The simulation results correspond well with the experimental
measurement.

 Qutlook

» Influences of particle size distribution
» Influences of pre-desification process, vibration and tapping
» Influences of more complex shape
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Inhomogeneous initial Properties of powder Temperature and
density distributions L and capsule materials pressure profile
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