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Research activities

Doctoral Thesis

= Lattice structures made by SLM
= Static loading — Diploma thesis
= Dynamic loading — Doctoral thesis

Prediction of lattice structure
mechanical properties

1) Experimental device 2) Reserch of SLM process parameters  3) FEA of lattice structure
- Energy absorption mechanism - Material without porosity and low roughness - Low velocity impact and compresion test
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Research activities

1) Experimental device — Imapktor 2.2

= Drop down device — change of potential to kinetic energy

= [mpact energy 50J

= Measurement of Force (Strain gauge), Deformation (HS camera)
acceleration (accelerometer)
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Research activities

1) Experimental device — Imapktor 2.2

= Semi-automatic evaluation in Matlab
= Evaluation of — Initial velocity, absorbed energy,
Impact time, impact depth, force
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Research activities

1) Experimental device — Imapktor 2.2

= Semi-automatic evaluation in Matlab
= Evaluation of — Initial velocity, absorbed energy,
Impact time, impact depth, force

—l

Input information for FEA, validation of
the prediction

HiEY

Research and education activities at IMID

30000

25000

20000

15000

Force [N]

10000

5000 ||

Time [ms]
Cooperation with UNOB - doc. Manas

= Development of recycled rubber material model for FEA

analysis

= Article in Scopus
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2) Process parametrs for Lattice structure
Potfebnjpofetdrah= 1666666667 1)
Nastaveny pocet drah = 1 I
Nonmelted Ares a= 0,24967155 ] mm
Nonmelted Area b= 002 “mm
Neprot 4 oblast AND )

= change of laser strategy — concentric ellipse
= Improving of lattice structure properties — surface, porosity )

= find out the LS and LP influence on surface and porosity - -

= find out the optimal proces parametrs window

Prut pravdépodobné obsahuje neprotavené oblasti.

Energy
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79,4009075 Jjmm2
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Research activities

2) Process parametrs for Lattice structure

= |[mproving of lattice structure properties — surface, porosity
= find out the LS and LP influence on surface and porosity

= find out the optimal proces parametrs window

= |F article in progress

Contour Plot of Ra-AB (um); Porosity (%)
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Research activities

FEA analysis of lattice structure low velocity loading

Tensile testing Compresion testing Sample batch

: . USTAV
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Research activities

FEA analysis of lattice structure low velocity loading

= |F article in progress

Total Deformation
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Research activities

FEA analysis of lattice structure low velocity loading
= |F article in progress
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Research activities

Project ESA — Bracket |
Project ESA — Bracket Il — Hybrid design
ESA project with GE

TACR Honeywell
ARMADIT

Research and education activities at IMID
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Educational activities /7CAT,A

: mremwmweizpososvomsyRukoEn
Software Catia PTTRE——

46. Kliknéte na @- Sketch a vloZte ho na rovinu Bokorys.
: : 47, Kliknéte na O-. Circle a vytvoite kruznici s pofatkem v stiedu soufadnic a o prdméru 40mm.
Z M 1 (P a.r am et r I C M O d el | I n g ) 48, Rezim skicare ukoncite kliknutim na ikonu th v bocni nastrojové listé.
Nastavte hodnotu Lenght 73mm a pfikaz ukoncete kliknutim na (@ o ]
= 49, Kliknéte na @- Sketch a vloZte ho na rovinu Nérys.
Z M 2 (3 D S u rfaC e M O d el | I n g ) 50. Kliknéte na '5’”1 Intersect 3D Elements a kliknéte na rovinu Bokorysu.
51. Kliknéte na = Spline a vytvorte kfivku o Sesti bodech zacinajici na promitnuté hrané.

52, Kliknéte na i Axis a vytvoite horizontalni osu rotace s pocatkem v sti'edu souradnic
53. Dvojklikem na EIx_ Constraint zakotujte skicu dle obrazku.

54, Kliknéte na | Quick Trim a ofezte presahujici ¢ast promitnuté hrany.

. e . . . - ik L. I
55. Rezim skicafe ukoncite kliknutim na ikonu = v bogni nastrojové lists.

= Individual approach to teaching
= New materials for teaching — Step by step instruction

[ M s L

~L2ekne zpracovane prezentace, u kterych se clovek nauci mnohem vic nez pri tupem opakovani
pfikazl z projektoru®- XYZ

56. Kliknéte na - Groove v boéni nastrojové listé.
57. Vyberte vytvorenou skicu, First angle 360deg, Second Angle: Odeg. A potvrdte Ea
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Educational activities

ZAT — Additive Technologies

= Teaching of Selective Laser Melting
= Material research — AlSi10Mg
= Single tracks
= Cube test
= Porosity test
= Hardness -> mechanical properties
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Educational activities

ZAT — Additive Technologies « \ ]

. v 7 ‘\ NJ U1 & 1%~ ' ‘/';‘ Py
= Project ,Fond védy " EGPA : /9 .
0 \\E ' < /> . s
= New topology optimization tasks _ ’ v

/.
y
8
2
¥

= Universal testing device ~ %

ZAT Skupina 1
450 —Skupina 2 Tost .
——Skupina 3 ‘:;:r“’j‘(c' Sk.1 | Sk.2 | sk.3 | sk.4 | sk.5 | sk.6
350 Skupina 4 Maximalni sila
—Skupina 5 o) 349,9 3459 | 433,2 | 366,7 | 1351 | 3182 | 373,6
—Skupina 6 " :
250 Predig o 280 250 | 250 | 330 | 250 | 800 | 240
< Hmotnost (g) 17 165 | 185 | 16 14 | 165 | 155
o 150 K (N/g) 20,58 20,96 | 2341 | 22,91 | 965 | 18,98 | 24,10
n 50 — p(l,v::,sgt:ni ok X ok X ok ok
25% 38% | 73% | 11% | -46% | 4% | 56%
50 0 100 200 300
Cas (s)
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Educational activities K

Semestralni projekt pfedmétu ZAT - Névrh nosniku s vyuZitim topologické
optimalizace a technologie Selective Laser Melting

ZAT — Additive Technologies ., .l 0 Vvt

Cil projektu

Ukol £.4: Detailni MKP vipofet v programu Ansys
2 2kouliy standardning

Selective Laser Mestr mn e kovawEno 30 tisky, kters Lol wioou o Vyudi

L] A4 “ N - “‘
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Konstrukc namizo pirého materii. Ooa tyto mwfmpmvp.mq mmul
i el P T h gy

= New topology optimization tasks SR

= vyudivi pokr ¥ i tospolcygicke: o

= Universal testing device e ,?' 4

._, o Bt i y yp [Euté Gsticar )

ot Nu:umm

‘clrnmnfmlqdi m:Lunmmgummwzmnuu .msimlg Prutowt koaeruce Hytridind enstrukes Bionizkd kovstrukce
« B pr ukce, bionicka |orsanic-

&) m:run p nybricn kombinovans] varianta
+ Reitiria hecnoceni - parsmetr .= e/ motnest; nsiezeni mizks ponZen; dodrieri
tfend Ukol &5: Viroba nosnik technologli 30 tisku

Olbe.: 4 6 Findinich variant vytvedenjeh v simel sfedmty 247 201 7

Prlmv‘lrr.bfw" miwwwsu.ll
\nlunmplunimmmnzmslesﬂlL
<y i ; S cxitend fecrmiEtu ZAT
B3 Wi wi B
e 1 Tiikiached sbebiky o Ipdnh satdledn iemalizos) 3 i) &)
kol £2: Topologicks optimalizace nosniku bz 5 o) Oyl i v progem— Magies;

» Merathni vypodet, Kery urdi nejehocndji raziadeni materidu wehiedem k danému kritgriu
=, hmotnast a dai

« Venil icedini b, ktery je nutné modikowst . P e

+ Definice okrajoeich podminek vEetng kontakinich vazeh, i i p cir - 1 MEYETIAINIT (= AMECHT Znren v rameS profektu

‘zfamnm‘mmwuammmmmum e - PP

N - « 2atifeni n o res pama] zhvits )

+ Moincst proicit Mmmwm[ﬂnnm\glmpmuxﬂ mfic karty HEM Quantim

uputy upfw\nmmuf  phipravEn£m mEficim progrmu v softwar CetmanEasy

Oie: 7 Vihedek topolog) o apkikoce
kol £.3: iteraénl proces Gpravy, MKP vipodet
* Pro zikladni vipotet byl poulit fednocusen; elnsticky mocel meteridly AISI0ME

kol £6: Testovéni nosniki

+ Nalezend kritick mista nasniku by chlegem na i 2 nizkou
mmotnazt nasiks
+ Wsiedny byl vyExportowen pro findini vjpoket w programu Anzys . & il ) A
- o ; &
- . "
. » ¥ &
s o A"
¢ p -
Dhe: 5 fa) Ve testiovind vrobend sody meinki;
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Prejeis Inovece efedmbty JAT - Aditivi tichnolenie o lushy tassbesd na optimaliza i i ' P FAT0.
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Contractual research

Selective Laser Melting

= Cooperation on all SLM production project

U STAV
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Contractual research

Selective Laser Melting

= My new customers

1 project

brose 2 projects @) sHooa
- = Budget about- SKODA JS a.s.

= Budget about

: . USTAV
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Teaching activities 2017/2018

Lecture

= ZM1 - Parametric Modelling — Part Catia

= ZM2 - 3D Surface Modelling — Part Catia

= ZPP - Polymer Prototypes and Rapid Prototyping
= ZAT — Additive technologies

= 3CD - CAD

= 4KC — Design and CAD

= ZKP — Team Project

Batchelors thesis

= Jan Jaros
= Tomas Koutny

Diploma thesis

= Ondfej Cervinek
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Other activities

Litame v 3D tisku?
= Panel discussion at FSI, CVUT

V ’ "‘-;ﬁ -.
; 2ame : x - - j . B
LITAME V 3D TISKU? paneLovA piskusE SE ZASTUPC! LETECKEHO PROMYSLU, CIRC CVUT PRAHA. 29.11.2017 * s

: . USTAV
Research and education activities at IMID 21/23 k KONSTRUGOVANI



Other activities

EuroPM 2015 - Reims WorIdPM 2016 — Hamburk 3Dtrends 2016 — Liberec

EURO )
PM2€|5  PM20IG
congress & exhibition quburg

3”%‘*&“ ;

W

Research and education activities at IMID 22/23 k ESLA;RUU\,AN[



Other activities

VRANA, R.; KOUTNY, D.; PALOUSEK, D.; ZIKMUND, T. Impact Resistance of Lattice Structure Made By Selective Laser Melting From Alsi12 Alloy. MM
Science Journal, 2015, ro€. 2015, €. 4, s. 852-855. ISSN: 1805- 0476.

e VRANA, R.; KOUTNY, D.; PALOUSEK, D. Impact Resistance of Different Types of Lattice Structures manufactured by SLM. MM Science Journal, 2016,
roc€. 2016, €. 6, s. 1579-1585. ISSN: 1803-1269.

e VRANA, R.; PALOUSEK, D.; KOUTNY, D.; KOUKAL, O.; ZIKMUND, T.; KREJCI, P. Impact resistance of lattice structure made by Selective Laser
Melting technology. In Euro PM2015 Proceedings. Reims, France: 2015. s. 1-6. ISBN: 978-1-899072-47- 7.

e VRANA, R.; KOUTNY, D.; PALOUSEK, D.; ZIKMUND, T. Influence of Selective Laser Melting Process Parameters on Impact Resistance of Lattice
Structure made from AISi10Mg. In World PM2016 Proceedings. Hamburk, Germany.

e KOUKAL, O.; KOUTNY, D.; PALOUSEK, D.; VRANA, R.; ZIKMUND, T.; PANTELEJEV, L. Research about the Influence of Process Parameters of
Selective Laser Melting on Material EN AW 2618. In Euro PM2015 Proceedings. Reims, France: 2015. s. 1-6. ISBN: 978-1-899072-47- 7.

e MANAS, P.; VRANA, R.; HEJMAL, Z.; DUBEC, B. Determination of the material properties of recycled rubber for explicit FEM simulation. In ICSMESP
2017 Proceedings. Prague, Czech Republic: 2017. s. 1-7. ISSN: 2367-2544.

e VRANA, R.; KOUKAL, O.; KOUTNY, D.; PALOUSEK, D.; KREJCI, P. Device for Testing Impact Resistance of Lattice Structures Panels Produced by the
Selective Laser Melting. In Book of Proceedings of 56th International Conference of Machine Design Department. Prvni. 2015. s. 144-149. ISBN: 978-80-
552-1377- 4.

e KOUTNY, D.; VRANA, R.; PALOUSEK, D. Dimensional accuracy of single beams of AlISi10Mg alloy and 316L stainless steel manufactured by SLM. In
5th International Conference on Additive Technologies iCAT2014. Ljubljana: Interesansa, 2014. s. 142-147. ISBN: 978-961-281-579- 0.
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Thank you for your attention

Radek Vrana

vrana@fme.vutbr.cz
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