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Student Projects

If you are interested in doing a Bachelor or Master thesis in the High Temperature

Integrity Group (HTIG), please contact Dr. Hosseini or Prof. Mazza.

The followings pages are only examples and we usually have many interesting
projects available. Do not hesitate to write us to get more information on the

different topics available. If you wish to visit us directly, you find us in the RH-

building, 3" floor at Empa Diibendorf.
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=] SUBROUTINE UMAT(STRESS,STATEV,DDSDDE,SSE,SPD,SCD,RPL,DDSDDT,
DRPLDE, DRPLDT, STRAN, DSTRAN, TIME, DTIME, TEMP,DTEMP, PREDEF,
DPRED, CMNAME ,NDT , NSHR , NTENS , NSTATV,, PROPS , NPROPS , COORDS , DROT,
PNEWDT, CELENT,DFGRD®, DFGRDL, NOEL , NPT, LAYER , KSPT ,KSTEP, KINC)

INCLUDE 'ABA_PARAM.INC'

DIMENSION STRESS(NTENS),STATEV(NSTATV),DDSDDE(NTENS,NTENS),
DDSDDT (NTENS) , DRPLDE (NTENS ), STRAN(NTENS ) , DSTRAN (NTENS) ,
TIME(2),PREDEF(1),DPRED(1),PROPS(NPROPS),CODRDS(3),DROT(3,3),
DFGRD®(3,3),DFGRDA(3,3)

CHARACTER*S CMNAME

!*******************************************************************1

! Variables defined and used in the UMAT

INTEGER i,5,k,1

REAL*8 d_epsm(3,3),alphal_i(3,3),alpha2_i(3,3),f_ii,epse_e(3,3),
alphal_e(3,3),alpha2_e(3,3),epsp_1(3,3),epsp_e(3,3),T_ e,
sigma_1i(3,3),sigma_e(3,3),DTIME,Variabl_i(5),Variabl_e(5),
epsp_eq_1i,epsp_eq_e,KIso_i,KIso_e,d_epsmtan(3,3),pnewdt_e,
sigmatan_e(3,3),d_sigma_ddepsm(3,3,3,3),epsp_mg_1i,epsp_mg_e,
eps_g_e,sml_depsm,TDROT(3,3),Variabl_e_tan(5),epse_1i(3,3)

REAL*S zero,one,two,MAccur

PARAMETER (zero=8.08,o0ne=1.D08, two=2.D8,MAccur=1.D-17)
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Materials Science and Technolo
Two master theses: qy

Constitutive model development and finite element analysis for addi-

tive manufactured Ti lattices

Keywords: Modelling, Experiments, additive manufacturing, FEM, DIC, computer tomography, Fatigue

Project’s tasks:

- Mechanical characterisation of tiny additive manufactured (AM)

spec-imens (gauge section of 0.04mm?2),

- uCT analysis for determination of the exact geometry of AM sam-

ples
- Development of elastic-plastic constitutive model for the AM Ti

- Employment of developed constitutive model for FE prediction of

the behaviour of lattice samples under static and fatigue loads

- Static and fatigue mechanical testing for additive manufactured

lattice specimens (cross-section of 7.2x7.2mm?2)

- Effectiveness demonstration of FE analyses

Master Thesis:
Fatigue and cyclic deformation of a novel high-strength Al alloy fab-

ricated by selective laser melting

Keywords: Experiments, Additive manufacturing, Constitutive model, microstructural investigation
Description:

Additive manufacturing (AM) of Al alloys is interesting with regard to light-weight constructions e.g. in
aerospace technology. However, the currently available Al alloys for AM processes either have rather
poor strength and ductility or they contain high-levels of expensive elements like Sc. Therefore, we have
recently developed a nano-precipitation strengthened Al-Mg-Zr alloy that could be easily fabricated by
selective laser melting (SLM) and which showed both high strength and ductility [1]. The aim of the
present project is to study the cyclic deformation and fatigue properties of this novel Al alloy fabricated

by SLM and to correlate the fatigue-induced damages with the alloy microstructure.
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Master Thesis: Materials Science and Technology

Measurement of residual stress distribution in additive manufactured

parts via contour method

Keywords: Experiments, modelling, additive manufacturing, contour method, FEM, Confocal microscopy
The fast temperature transient and solidification during additive manufacturing processes such as SLM
induce high level of residual stresses within the built structures. There are various destructive and non-

destructive methods to quantify the existing residual stresses. One of promising approach is the con-

tour method, which includes cutting the structure using wire-electrical discharge machining. The re-
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sidual stresses at the generated free surface relaxes and

cause distortion of the free surface. By measuring the

surface distortion and use of FEA, it is possible to back
calculate the initial residual stress. This project aims to

evaluate the effectiveness of this method for measure-

ment of residual stress within an additive manufactured

part. The projects tasks include EDM cutting, surface
profile measurement using confocal microscopy and Contour method infagraphic (www.stressmap.co.uk)

elastic finite element analysis.

Master Thesis:
Warm severe plastic deformation (SPD) for tensile and fatigue

strength improvement of pure Ti

Keywords: Constrained groove pressing, Tensile and fatigue testing, microstructural characterisation

The strain-hardening accompanied with plastic deformation increases the alloys strength, but often
decreases the ductility. Severe plastic deformation processes impose large amount of shear strain un-
der a compressive hydrostatic stress state and enable the formation of ultrafine-grained structures with

new physical and mechanical properties, including simultaneous enhance-

ment of strength and ductility. Constrained groove pressing (CGP) is a

metal SPD process which involves repetitive shear deformation under

plane strain deformation conditions by utilizing alternate pressings with

asymmetrically grooved and flat dies. While room temperature SPD is via-
ble for many FCC materials, warm SPD might be exploited for HCP mate-
rials with limited room temperature deformability (e.g. Ti). This project
aims to exploit the possibility of using warm CGP process for fabrication
of nanostructured Ti material with enhanced tensile and fatigue beaviour.
For a successful effectivness demonstration, the apporach will be further

exploited for fabrication of high strength Ti implant as a replacement for

Ti6Al4V (Al and V are toxic additives used for strength improvements).
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Master’s Thesis: Mechanical conductor deformation during
installation — Conductors under combined tensile and bending load
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>

Context:

The installation of electrical overhead line conductors is often a challenge, in particular for
new conductor types used mainly for the uprating of existing lines. Residual stresses from
the manufacturing process and geometric settling lead to an almost immediately non-linear
mechanical response and cannot be neglected.

The loosening of outer layers, so-called bird caging, caused by the plastic deformation of the
conductor on drums and pulleys, is one of the major concerns in all installations, yet the
underlying causes are barely understood.

Non-linear simulations involving different geometries and materials will be used to describe
the effect of conductor bending on the mechanical response. Such simulations are
challenging and operate at the limits of current commercial finite element software. The
results will hence be validated in a purpose-built experiment, using full conductors in an
arrangement similar to the simulation.

The student will be given the opportunity to visit one of the leading European conductor
manufacturers, including a guided tour through the production site.

Your work includes:
- FE simulations (no prior experience required)
- Design and execution of experiments for validation (e.g. strain measurement during
conductor bending)
- Aliterature survey

How you profit:
- Practical experience with challenging simulations, learning the benefits and limitations
of finite elements
- Validation of simulations and design of experiments
- Industry contacts: A visit to one of the leading European conductor manufacturers,
including a tour through the production site, will be sponsored

The thesis can be written both in English or German.

Contact: Kilian Schillai (kilians@ethz.ch, 058 765 6049)
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