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The significant problems we face, cannot be solved at the
same level of thinking we were at when we created them.

Wlhent instein

BCCI conference
09.07. 2018



Who we are ?

The Technical University of
Sofia is :
The biggest Bulgarian Technical
University with more than 11 000 full-

time, and a lot of PhD and post-
graduate students.

The academic staff of the TUS is more
than 780 professors, assistant
professors and researchers.

 The Research and Development
Sector (R&D) of the TUS organizes,
administrates and services of the
research activities of TUS.

R&D TU Sofia
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| Trends and Challenges of the Innovations
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Education and
Research level
Improvement

EDUCATION
QUALITY

Scientific consulting,
technology validation,
KNOWLEDGE execution and transfer

GENERATION

R&D TU Sofia




‘j‘The Technical University of Sofia

| Challenges of the Innovations —
| UNIVERSITIES TO INDUSTRY COLLABORATION

Industrial Partners and Universities look together
for:
P * New solutions
Gl * New products—
 New services

* New busiWISIIP management

New curricula for modern engineering professions
Individualized education and new competences
*Space for visions, communication and knowledge
exchange with industry and society

R&D TU Sofia




Strong R&D Activities Reflect to Cooperation in Innovations with a
World Leading Companies as:

¥’ The Technical University of Sofia
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The Technical University of Sofia

% The Research and Development Sector (RDS) -Type of
= Expenses Distribution

Administra
; Over
tive costs Heads
firg 3.9% 16.9%
Research
Investme Labor Cost
nts 22.5%
56.7%
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" Centre of Excellence “Mechatronics, Smart & Clean
| Technology”

ENGINEERING AND 3D MODELING
BIOELECTRONICS BY HIGH PERFORMANCE
COMPUTING

- ", ( VIRTUAL & AUGMENTED REALITY
o, L IN PRODUCTION SYSTEMS
[ ]

SOFTWARE &\
AUTOMATICS

. AUTONOMOUS AND
MOBILE SYSTEMS.
INDUSTRIAL SECURITY

S

HIGH TecH PRoDUCT
" DEVELOPMENT &
TP T R L ITELLIGENT MATERIALS

y

INTELLIGENT PRODUCT [
RE- ENGINEERING, LIF

TECHNOLOGIES, |
NG AND RENEWABLE
SOURCES )

ENERGY EFFICIENCY
TECHNOLOGIES
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OE “Mechatronics, Smart & Clean Technology” goals:

To develop innovative potential and technology level of
researchers and business structures;

To establish a basis for SMEs to research, develop, validate
and test new ideas and products;

To intensify dynamics processes of industrialization;

To increase the economic effectiveness of innovative
processes and creativity in Bulgaria;

|- To increase private investments'in these processes.

From TECHNOLOGIES To SOLUTIONS

00

Technology transfer \ /‘ Jline of business*

Knowledge exchange Lengineering network”
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Challenges of the Innovations :

% Example of GOOD PRACTICES

R&D Laboratory
"CAD/CAM/CAE in INDUSTRY*

www.3CLab.com

From the Idea to the Prototype ..

R

Member of

" CCius CENTRE OF EXCELLENCE

www.ce-tus.eu

R&D TU Sofia
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Zius Example of GOOD PRACTICES

R&D Laboratory "CAD/CAM/CAE in
INDUSTRY" was established on 1993.

' 5 Since 1995 Laboratory was grow up by collaboration and
~ | Projects with Industrial Partners from West Europe and
USA.

. Over 110 successful subcontracted projects with West
European and USA Companies was developed in Laboratory.

In 2009 was established “ Centre of Ecxellence” , based
on Synergy of 5 TUS R&D Laboratories

R&D TU Sofia
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I UNIVERSITY NETWORK

_ I\TER\'ET
n CONNECTION

|
T
|

_,u AR

I LABORATORY NETWORK

COMPUTATIONAL

=3 ¥

CAD/CAM
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POWER CAD / CAE WORKSTATIONS

ETTLT

SERVERS

CAE

3CLab Activities
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MSC

Software

Simulating Reality, Delivering Certainty”

ANSYS

[SBETA ANSA

Moldex3D

MOLDING IN

Windchill Quality Solutions
Mathcad KiSSsort

Calculation programs for maching design
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R&D Engineering

Analyses

:‘ €,7us aboratory” CAD/CAM/CAE
)= in INDUSTRY*

New Product
Development

Consulting

,,,,,,,,
AR

~  Physical & Virtual
. Prototyping

3CLab Activities
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RESEARCH & TECHNICAL SPECIFICATION

=

-3

-4 ENGINEERING ANALYSES & SIMULATIONS

CONCEPTUAL DESIGN

o=
DETAILED DESIGN & DOCUMENTATION

P,
¥ PHYSICAL PROTOTYPING

AN 4

g /’I

7' / TESTING & MEASUREMENT

PRODUCTION SUPPORT

3CLab Activities
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TUS Industrial Partners

Over 90 International projects are
successfully finished in the Laboratory

VITECHNOLOGY - France
SIGUREN Ingénierie - France
ASSETIUM - France

» SPARKY M&T - Germany
>

»

» IndustrieHansa - Germany

>

»

>

GENMARK Automation - USA
SENSATA, Holland

DELTICA - USA

Badestnost Jsc. - Bulgaria
SPESIMA GmBH - Germany

VISTEON - Germany
and many others.

MANTOVANIBENNE - Italy
GLOBAL DESIGN sas - Italy
CMS- Italy

YV V V V V V V¥V

R&D TU Sofia




Establishment
of “University Scientific & Research Complex”

Challenges of the Innovations —

i
The Technical University of Sofia

WNetwork of "
Excellence on "

” Multi-Manufacture || . .
—— — —

Virtual ..
Engineering

Micro/Nano
Technologies

Communicatiot
Technologies
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[ Partners in the
new project

[ Associated

New Materials
& Nano
Structures
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X
................ Organizations

- g : QO Work Areas in the
: new project

@ Work Areas in the

current project
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Establishment
of “University Scientific & Research Complex”

USRC aims to expand and deepening the synergy of the
research capacity in research areas:

Virtual engineering innovations;

*Development of micro/nano objects and systems;

New materials and nano structures;

*Research of energy recuperation systems and their integration in
energy systems;

Management of innovations in building, processing and industrial
energy efficiency;

Development and management of renewable energy sources;
‘Raising the qualification level of the research fellows and
teaching staff and creative and innovation environment for
Incubator as Start Up .

R&D TU Sofia



Two Ready to industrialization
Innovations— on prototype stage

A) Innovative articulated forklift
operated in extremely narrow

spaces
B) Robot ContactlessEnd

Effector’s Family for Wafers
Handling

R&D TU Sofia h




A) Ready to industrialize Innovation:
An Innovative articulatedforklift operated in
extremely narrow spaces— on prototype stage

Innovative cornering system in tight
spaces

Pysical prototype

Bernoulli End-Effector




fl\\Vork with a conventional battery@nd an
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tandard size and parameter
orid package

Environmentally friendly
hybrid package with
reduced LPG fuel
consumption and multi-
shift operation without
battery change

Bernoulli End-Effector
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pe Configuration
=end* Visualization
al Validation .

) R/, '@ = i
. Team Collaboration

-

Engineering N
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#
' » |terative Work Tasks

G » Workflow & Workload
AR Management
1 Portals Best Practices « Quality Gates

* Deliverables & Progress

zommunication Management

vices

mation and Communication

3CLab Activities

Product Creation Process
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(i B) Ready to industrialize Innovation:
¢ " Robot ContactlessEnd Effector’s Family for

afers Handling

| Automated handling of non-rigid
parts is a challenging field of
| Industrial automation.
| Bernoulli principle based end
| effector allows:
* to handle contactless non-rigid
| wafers/substrates;
<« Effective use of silica bars (more
than 200%) — NEW extremely

Wafer Warp

low thickness of wafers (0.25mm —— ==

Wafer Bow (measure of concave or convex deformation)—SEMI MF534-0707

Instead of 0.75mm);
T h i n n er Wafe rS I eads to i n C rease xi::::::d(iif;efﬁgi:zﬁ:f:n maximum and minimum distanc:f::r:tl’:efront

of allowable CPU thermal loads, ——2— I~

1.e. new generation of electronics.




" Ready to industrialize Innovation: Robot End
Effector for Wafers Handling

..'|-'ual prototyping based NEW
B

208
194
162
170
158

Physical prototv
testing

Bernoulli End-Effector
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TECHPARK

technology +
innovation
network

‘j‘ Technical University of Sofia
3D Creativity Laboratory”

i Industry 4.0 - Additive manufacturing

& Faster way to innovate

The project is implementing with the financial assistance of Operational program “Development of the competitiveness of the
ulgarian economy” 2007-2013, co-financed by the European Union through the European Regional Development Fund and through
the national budget.



technology +
innovation
network
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Industry 4.0

3D Creative Lab

Industry 4.0 — Future Today

Additive

manufacturing ) :

The cloud Cybersecurity

Industry 4.0 is the vision of the
industrial production of the future

Source: BCG.

Horizontal and vertical
system integration

The Industrial
Internet of Things




3D Creative Lab 9

Manufacturing technologies

Conventional
Manufacturing

AR
v |




3D Creative Lab 9

Digital manufacturing

3D Model

Manufacturing

@ I\
Addie | Siaive




3D Creative Lab

Digital Manufacturing

3D Model
Manufacturing

Additive
Manufacturing




network

3D Creative Lab 9
Additive Manufacturing Methods

SHEET LAMINATION Sheets of material are bonded to form an object.

Material is selectively dispensed through a nozzle
2 |MATERIAL EXTRUSION . —
or orifice. A
3 |MATERIAL JETTING Droplets of build material are selectively deposited.|
4 |BINDER JETTING A 'hqurd bonding agent is selectively deposited to .
Jjoin powder materials. —
VAT Liquid photopolymer in a vat is selectively cured by

PHOTOPOLYMERISATION ||/ight-activated polymerisation.

POWDER BED FUSION || Thermal energy selectively fuses regions of a
(PBF) powder bed.

DIRECTED ENERGY Focused thermal energy is used to fuse materials
DEPOSITION (DED) by melting as they are deposited.
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Laboratory Process Workflow

. Complex molds
» Molding of high
volume parts

Addit | » Plastic Parts
Itive  Small low
3D Scan anufacturing volume, low

3D Quiality control production

~+ Unproducable

Metal metal Parts
« Complex parts

3D print EaNTGRIY

arcclirarc\y/
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network

of complex ready to use molds
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" 3D Creative Lab
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Digital Manufacturing of Metals

CNC Machining

Repeatable

Precise

Good surface finish

High productivity

Waste material

Limited work piece figure

Additive Manufacturing
Less material wastage
Geometrical freedom
Material options

Long cycle-time

Poor surface finish

Light-Weight Automotive Components
— EOS GmbH
http:/iwww.eos.info/en

F1 Roll Hoop — 3T RPT
Ltd.
http://www.3trpd.co.uk/p
ortfolio/titanium-f1-roll-
hoop-proves-
concept/gallery/metal-
additive-manufacturing-
case-studies/
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Subtractive manufacturing - CNC Milling

107




= 3D Creative Lab 3
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Additive v/s CNC Machining

(—

' Hybrid

_Zx
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Complexity b



Bt e 3D Creative Lab 9

Metal Additive manufacturing

Selective Laser Melting (SLM)

A laser melts powder In a powder bed. After each
work step a new layer of powder is added to the
) resulting workpece. Then the laser is used again

¥ and melts the next layer

Laser direct Metal Deposition (LMD)

Powvder & blown from nozzles into the lases beam and melts
at the place where the new layer s required. Up to four
different metals can be combined to form an alkoy.

focus fenses
i aser
v v v
e C C°
o S
100! 1o smoothen the metal part

{  surface of the powder : —
- v

< hvu-n IO Tt

Info graphics—Additive Manufacturing. Credit: Empa
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.':': | il 3D Cre ative Lab {jl

Additive manufacturing - Requirements

Powder Bed Direct Metal Deposition

’.\~

Required Functions Required Functions

O Part Orientation O Trajectories (Additive Toolpath)

O Support Creation O Combined with Subtractive Processes

O Exposure Strategy O Multi-Tasking, Multi-Function, Synchronized

O Nesting & Slicing 5-Axis CNC Control



5 3D CreativeLab 9
e Metal Additive Manufacturing

‘ Directed Energy Deposition

Laser Arc Electron Beam
l | |
Metal Powder Metal Wire Metal Wire
Inactive Gas‘ Inactive Gas Vacuum
Laser Wire Arc Electron
Metal Additive Beam
Deposition Manufacturing Additive
Manufacturing




Deposited Zone

Dilution Zone

technology +
innovation
network

Laser

Melt Pool

Multi-Laser Metal Deposition

Heat Source :Laser Beams
Material : Metal Powder

Deposition rate :  10cc/h

Deposition size :  (h) 0.2mm
(w) 0.5mm

Deposited Zone
Metal Powder

Dilution Zone

3D Creative Lab
Direct Metal Deposition Types

Laser

Laser Metal Deposition

Heat Source :Laser Beam
Material : Metal Powder

10mm

Deposition rate :  60cc/h

Deposition size :  (h) 1.5mm
(w) 3.0mm

| R

>

/8 Metal Powder

Melt Pool

Metal Wire

S
A

Shield Gas
Arc
Dilution Zone

Meilt Pool

Wire Arc AM

Heat Source :Arc Discharge
Material : Metal Wire

Deposition rate :  600cc/h

Deposition size : (h) 4.0mm
(w) 7.0mm
| Gl
—>



T-N 3D Creative Lab 9

network

CNC+Additive Technology Work Flow

Pre- machining:

*Bottom surface AM bwldmg

*Basic perimeter
* *Rinsing from chips and (+ Rinse from powder )

(+ Clamping N cutting fluid (recirculate)
* Positioning to find 0-point * "Heat treatment * Remove from AM unit
and coordinates * *Quality control * Heat treatment
* *Clamping and positioning * Re-clamping and positioning
inthe AM unit in the CNC unit

« Fill and level powder

Finishing
N 4 machining

W CNC milling




T-N 3D Creative Lab 9
e Additive v/s CNC Machining
rom isolation to integration — HYBRID

| With the adoption of AM for industrial manufacturing, especially in metals, the

* In particular, metal parts almost always require some finishing steps, most often
| machining, polishing, or grinding

Machining (rough) AM processing and Machining (Finish)

T T
{ == BEAY




T-N 3D Creative Lab 9
s HYBRID
| echnology Integration Opportunities:

Surface treatment for heat-proof, wear-proof etc. by
ﬁ coating dissimilar metal on substrate.
. » Near-net-shape application.
» Coating and depositing on free-form surface with
. simultaneous 5-axis process.
e By process integration, shortening process lead time
.| including material preparation.




3D Creative Lab

CNC + Additive Integration in
one System— HYBRID

3
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Hybrid manufacturing in Sofia

Rapid Prototyping and Rapid Tooling with integrated metal
Additive Technology and High Speed Milling- LASERTEC 65D

-

9
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iT-N 3D Creative Lab
Hybrid manufacturing in Sofia

Additive Technology and High Speed Milling- LASERTEC 65D




» T-N 3D Creative Lab 9
3D Digital Inspection Systems

3D Scan

3D Quality
control

Additive/Hybrid
Manufacturing
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3D Multisensory system
3D precise measuring and scanning system

. High precise measuring capabilities;
. Tactile measuring;

. Vision measuring;

. Contactless laser measuring;

. Work volume: 600 x 600 x 300 mm.
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network

3D Multisensory system




LN 3D Creative Lab

innovation
network

3D Portable system
3D portable measuring and scanning system

« Universal portable system with accuracy
according to 1SO 10360-2 or B89.4.22
certification;

« Best for large scale parts;

» Choice between contact ot contactless
measuring.

3P

#
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3D Portable Scanning System
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| network
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New Jobs in the AM Technology

2025

UK - £3,500M GVA

2015 60,000 Jobs

UK- £235M GVA
<5000 Jobs

The UK’s AM opportunity proposed by AM UK
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Thank you fer your time
.-nand cooperatlon
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R&D TU Sofia



