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Courtesy to Alstom
LINT ©, Germany
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Background

Tritone’s 3D manufacturing MoldJet® technology 
process, is a sequential manufacturing process 
resulting with remarkable green parts dimensions 
and mechanical properties.

Following demolding and curing stages, the green 
parts undergo a sintering process at a temperature 
just below their melting point and get solidified while 
their density is also increased to meet standards 
requirements.

While being sintered, the green bodies initial 
proportions are changed and can be reduced up to 
15%. This dimensional change is affected by 
parameters such as sintering process profile, part 
geometry, material properties, part sintering 
orientation, and more. 
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Dimension change

Motivation

Finite Element Analysis (FEA) was applied using Ansys Mechanical and Ansys Additive 

Suite. Leveraging the FEA insights, allows understanding the preferred parameters for 

the sintering stage, as well as designing an intentionally deformed green body part to 

meet the desired requirements after sintering.
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Ansys Additive Solutions 

BACK
to

CAD
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New Additive Add-ons native in Ansys Mechanical
Ansys Learning Hub Additive Add-ons Short Tutorials 

Laser Power Bed Fusion (LPBF)

Predicted deformation

Directed Energy Deposition (DED) Sintering (Binder Jetting)

Rocket motor temperature and deformation

Sintering shrinkage

https://jam8.sapjam.com/groups/xy6kYgtlXz7dFbMiA3LxnG/overview_page/DoFlerlHe1xoYCTCp1HQVy
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Applications – Air Filter Distortion Compensation

Compensated GeometryOriginal Geometry

Courtesy of Croft Filters 
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Support Removal – Sequence Matters

• Asymmetric deformation observed after support 
removal is accurately captured by simulation

• Manufacturers should take support removal order 
into consideration when working with AM
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Additional Process Simulation
Thermo-mechanical & inherent strains 

Powder interaction  Build defects

Blade crash severity, shrink lines, 
support failure

Heat treatment

ex, ey, ez

Different material models can 
be used to capture time-
dependent deformation

Temperature Displacement
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Calibration Challenge

Inputs:

Geomtery

- Initial Dimension

Sintering Process:

- Thermal cycle

- Gravity Direction (Sintering orientation)

- Base plate frictional force

Material

- Sintering temperature 

- Powder diameter 

- Relative density (sintered/initial)

Outputs:
Final dimensions measured by:
(micrometer/3D scan/dilatometer)

Achieve similar dimensions in sintering simulation compared to manufactured

• Dimensional shrinkage

• Viscous creep behavior leading to 

warpage or bending of the part under 

gravity

• Grain growth effects (optional, 

depending on the material)

𝑓(𝛼, 𝛽, 𝛾 … )

Calibration Objectives
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Advanced Calibration Methods

Sintering Simulation Guide (ansys.com)
Sintering Calibration Guide (ansys.com)
Tutorial: Chapter 5: Workbench Additive Sintering Simulation - Printed Bridge (ansys.com)

Observed 
Phenomenon

Parts which do not 
have overhangs 

susceptible to warping

Notice differences in end 
densification depending on 

the heating rate

Optical or SEM 
microscopy

Parts that are prone to 
bending/warping during 

the sintering process

https://nam10.safelinks.protection.outlook.com/?url=https%3A%2F%2Fansyshelp.ansys.com%2Faccount%2Fsecured%3Freturnurl%3D%2FViews%2FSecured%2Fcorp%2Fv231%2Fen%2Fadd_sinter%2Fadd_sinter.html&data=05%7C01%7Comri.yannay%40ansys.com%7C46cfda4b85804e7630b508db08630f56%7C34c6ce6715b84eff80e952da8be89706%7C0%7C0%7C638112993830491870%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=hYd2xAfv1A2yXQCh15enCoLEOf4wIkAMX%2BNIv0Ulh%2FA%3D&reserved=0
https://nam10.safelinks.protection.outlook.com/?url=https%3A%2F%2Fansyshelp.ansys.com%2Faccount%2Fsecured%3Freturnurl%3D%2FViews%2FSecured%2Fcorp%2Fv231%2Fen%2Fadd_sinter_cal%2Fadd_sinter_cal.html&data=05%7C01%7Comri.yannay%40ansys.com%7C46cfda4b85804e7630b508db08630f56%7C34c6ce6715b84eff80e952da8be89706%7C0%7C0%7C638112993830491870%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=I0ID%2Bva3wOlIvG%2FjyzSUKNQxS%2BqyYhyt0dOjzdndFno%3D&reserved=0
https://nam10.safelinks.protection.outlook.com/?url=https%3A%2F%2Fansyshelp.ansys.com%2Faccount%2Fsecured%3Freturnurl%3D%2FViews%2FSecured%2Fcorp%2Fv231%2Fen%2Fadd_tut%2Fadd_tut_sint_brid_intro.html&data=05%7C01%7Comri.yannay%40ansys.com%7C46cfda4b85804e7630b508db08630f56%7C34c6ce6715b84eff80e952da8be89706%7C0%7C0%7C638112993830491870%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=%2BkeA4be0vHe%2FtnPqqVgwjuR40ipUeSReRfxtRa9RK7o%3D&reserved=0


15 ©2023 ANSYS, Inc.

Available sintering models in Ansys Additive Suite

Calibrating new material
1.Song, J., Gelin, J. C., Barriere, T., & Liu, B. (n.d.). Experiments and numerical modelling of solid state sintering for 316L stainless steel components. 800 . https://doi.org/10.1016/j.jmatprotec.2006.04.111
2.Kerbart, G., Manière, C., Harnois, C., & Marinel, S. (n.d.). Predicting final stage sintering grain growth affected by porosity. https://arxiv.org/abs/2011.12402
3.Paudel, B. J, Conover, D., Lee, J., & To, A. C. A computational framework for modeling distortion during sintering of binder jet printed parts. Journal of Micromechanics and Molecular Physics. 6.4 (2021): 95-102.
4.Zhang, R. (2005). Numerical Simulation of Solid-State Sintering of Metal Powder Compact Dominated by Grain Boundary Diffusion. The Pennsylvania State University. https://etda.libraries.psu.edu/files/final_submissions/5423

https://ansyshelp.ansys.com/account/secured?returnurl=/Views/Secured/corp/v231/en/add_sinter_cal/add_sinter_cal_new_matl.html
https://doi.org/10.1016/j.jmatprotec.2006.04.111
https://arxiv.org/abs/2011.12402
https://etda.libraries.psu.edu/files/final_submissions/5423
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Ansys Mechanical Native Calibration Wizard (Beta)
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Tritone’s 316L SS Material and Process Data

Mean Powder Diameter 𝜇𝑚 12

Green Density Ratio
(compared to sintered)

- 0.64

Sintering Activation Temperature ℃ 900
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Calibration Beam Specimen

Initial Sintered

Thickness mm 6.35 5.58

Width mm 12.7 11.2

Length mm 35 30.84

Initial Dimensions
(before printing)

3D Scanned
(sintered)
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Uncalibrated Sintering Simulation

Native sintering wizard material

Base Plate

▪ 3D scanned sintered specimen
▪ Simulated sintered specimen

Base Plate

Width

Th
ic

kn
es

s

Length



21 ©2023 ANSYS, Inc.

Model Calibration with OptiSlang

Final simulated 
dimensions as 

output 
parameters

Material model input parameters
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Parametric Optimization with optiSLang

600 
Design 
Points
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Sensitivity Analysis with optiSLang

Most Significant parameters

Design points 
area of interest
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Best Design Point (DP 538)

▪ 3D scanned sintered specimen
▪ Simulated sintered specimen
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Case Study- Initial Sintered Result

316L Stainless 

Steel 3D Printed 

Door Stopper

Holes Distance:

Specified: 30 mm, 

Measured 29 mm

M5/SW8 

nut fit

Sharp edges 

Courtesy to Alstom
LINT ©, Germany



27 ©2023 ANSYS, Inc.

Flat Orientation Sintering Simulation (15% scaled model)

∆𝑑𝑒𝑓𝑜𝑟𝑚 = 0.29𝑚𝑚

Courtesy to Alstom
LINT ©, Germany
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Tilted Orientation Sintering Simulation (15% scaled model)

∆𝑑𝑒𝑓𝑜𝑟𝑚 = 0.06𝑚𝑚

Courtesy to Alstom
LINT ©, Germany
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Capturing Gravity Influence

*Gravity direction

Courtesy to Alstom
LINT ©, Germany
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Flat Orientation Distortion Compensation Analysis

▪ Required dimensions
▪ Distorted compensated

Courtesy to Alstom
LINT ©, Germany
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Courtesy to Alstom
LINT ©, Germany

Verification – Sintering Simulation of Distorted Part

Distorsion compensation sintering analysis deformation

Verification - Distorted sintering analysis deformation

▪ Required dimensions
▪ Deformed distortion 

compensation
▪ Deformed verification
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Validation- Sintering Printed Distorted Part (Uncalibrated)

Courtesy to Alstom
LINT ©, Germany

Sintered part

▪ Required dimensions
▪ 3D Scanned

Similar distortions 
as uncalibrated 

specimen
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Summary

• Using FEA to simulate the sintering process is crucial to design and predict desired 
dimensions and residual stress.

• Distorsion compensation analysis can be used to create precise initial part 
dimensions before sintering and avoid the use of supports.

• Material model calibration is crucial due to ingredients difference.  

Future work:

• Compare case study calibrated result

• Calibrate additional of Tritone’s materials

• Using the new native sintering calibration tool in Ansys Mechanical

• Material calibrations based on advance methods.



34 ©2023 ANSYS, Inc.

Thank you for listening
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