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Problem description

Hip implants are highloaded parts and they mube lightweightstructures with the longegiossibleservice lifetime.
To meethese requirementsafully 3D optimized implant made of sintered shell/lattice structuight be a vergood
solution. A shell/lattice structure guaranties lightweight and full 3D topology optimization of the structure (modeled
exclusively with 3D solid finite elements) guaranties low stresses and removed stress concentrations, which prolo
dramatically tle service life.

This example shows simultaneougopology optimization of shell thickness and inner lattice struafitbe
implant while its outside geometry remains unchanged. The reshtained with CAESS ProTéxhibitslow weight
with remarkablestiffness andow stress levels withoutoncentrationsThe optimized geometry can logectly used
for Additive Manufacturing technologies

The basic requirements are as follows:

1 The optimized geometrpf the hip implant must be a stiff structure withow weight without stress
concentratiors, andit mustfit within the originabone
1 Material:
o Implantmateriat TiAlloy, Youngmodulus117211 Mpa
o Bone Youngmodulus5000 Mpa.
1 Load ConditionsXatic linear load o1000N.

‘ad

Hip implant

/_‘ Bone

WWW.caess.eu HIP IMPLANT IN FEMUR BONE


https://grabcad.com/

Case Study

Theinitial CADgeometrieswere importedinto t ¢ / T ak S0l Darts For the optimization purposes NB ¢ h LJQ
configuration tools were engaged in order to get a dhelouter structure and lattice inner structure from the simple
solid part

t ¢ /Cieo ProTOp

ProTOp configuration tools

Shell (solid F} Lattice (solid F}

Combinel shell/lattice structure in one model
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Case Study

With ProTOgonfiguration toolsvariousunit cells forthe lattice structure anbe selected Inthis casestudy,a cell being
well suitable for SLS (Selective Laser Sinteringi pwas chdsen

Running opology optimizationvith ProTOp meansimultaneous adjustment aon-uniformshell thickness and inner
lattice structureg within the specifiedimits. Both, he shell thickness and lattiseucturemayspatialy vary according
to inner loading in the implant.

Lattice

In both, solid and shell/lattice structuresvithout topology optimizationthe streses exhibitarge variations antigh
concentrationsThis can be changed significantly by material redistribution achieved by optimiz#ti@mow¥ @. This
procesdeads to greatly reduced stress levels and remguex$sconcentratiors.

Initial model Optimal model
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Case Study

CAD and FEA model

Thehipimplantin femur bone- initial modelint ¢ / 1 . / NB 2
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Boundaryconditions
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MaterialassignmentTially to creategolumeregionfor theimplantcomponent
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Optimizationby CAESS ProTOp

Optimization targets:
1 Volume reductiorto 45%of the fullsolid implant ptimizationdomain
1 Lowestpossible streskevels
1 Nostress concentrations within the optimized domain
Finite elements: specitpologyoptimizatiorenrichedlinear tetrahedrons
Configuration usingshell/latticestructure (implant)

Numerical data of thenodel

Elements7.9 million DOF4.0 million TotalCPU time09:29:12 @ Max RAM41 GB
(PC with 4core i7 CPU)

Initial model

Model in PoTOp.
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Date: 09-/07-2016 21:07:33 Inp: HipImplant_7-94MFEs.ptop Own: CAESS d.o.o. Date: 09072016 21:08:17 Inp: HipImplant_7-94MFEs.ptop Own: CAESS d.o.o.
Generator: 3.77 sec Vertices: 291484 Triangles: 584218 BBox: 6.55e+01 5.25e+01 1.71e+02 Generator: 3.77 sec Vertices: 291484 Triangles: 584218 BBox: 6.55e+01 5.25e+01 1.71e+02

WWW.caess.eu HIP IMPLANT IN FEMUR BORE



Case Study

Modelof the hipimplant inProTOp.
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