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Top Innovation,
Complex service in metals

IN%H

1. misto
v kategorii
Malé a stfedni podniky

This is COMTES FHT a.s.
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Model example: Development of new material

An idea arising
from basic and
applied research

Numerical and
Product or physical

technology with simulations of

new added processes and

value properties of
materials

Metallurgical
processing of
experimental
materials
(melting, casting,
forming, heat
treatment)

Materials
analysis

o
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Model example: Development of new material
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West-Bohemian Centre of Materials and Metallurgy (WBCMM)

\

EVROPSKA UNIE
EVROPSKY FOND PRO REGIONALNI ROZVO)J
INVESTICE DO VASI BUDOUCNOSTI

www.comtesfht.cz
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West-Bohemian Centre of Materials and Metallurgy (WBCMM)

EVROPSKY FOND PRO REGIONALNI ROZVOJ
INVESTICE DO VASI BUDOUCNOST!

www.comtesfht.cz
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COMTES FHT a.s. Complex view
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Examples of successful R & D

Patents

«  299495: A method for producing high-strength low-alloy steel tubes
 301718: Method of processing semi-finished steel temperature above Ac1
« 302676: Method of annealing steel blank

« 302940: The method of work hardening the surface of the metal blank and device for performing
this method

Utility models

+ 22084: The skeleton of the seat frame of public transport
«  283289: Equipment for corrosion tests in steam at high temperatures
«  24922: Forming device for the continuous production of fine grained blanks of high-strength meta.

Established technology

«  VITKOVICE HEAVY MACHINERY a.s. - technology
of forging of cam
+  GMA Stanztechnik Kaplice s.r.o. — Forming of neck for thread

Publications

L Papers in journals with impact factor, citations and others

www.comtesfht.cz 8
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Supervisory Board

Organizational Chart

Material Testing Laboratory

Management

Quality Management

Sales
& Marketing

Economy
& Finance

Research
& Development

Facility
Department

Computer
Modelling

Development
Design

Simulation

Metallurgical
Technologies

Heat
Treatment

of Manufacturing
Processes

&

Material
Analysis

Light
Microscopy

Microscopy

Mechanical Testing and
Thermophycical Measurement

Mechanical Testing

Physical Modelling

Termophysical
Measurement

Metalworking shop

www.comtesfht.cz
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Metallurgical Technologies

www.comtesfht.cz
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Metallurgical Technologies

- Casting of ingots and die castings in VIM furnace, max. lot 50 |
(steel, Ni alloys, Al alloys etc.)

- Alloying in protective gas

A
g
A

VIM furnace at COMTES FHT
Q0 J

www.comtesfht.cz 11
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Metallurgical Technologies

- Forging of ingots up to 1 t, forging of small specimens,
prototyping

- Open and closed die forging

- Program based forging (automatic open die forging)

A
g
A

Max. power 2500t
Working table 800 x 800 mm
Max. stroke 500 mm

Max. opening 900 mm

New forging press 2 500 t at COMTES FHT
S J

www.comtesfht.cz 12
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Metallurgical Technologies 2

- Hot and cold rolling of bands and sheets down to 0,2 mm on
reversible rolling mill (both two-high or four-high mill can be used)

- Thermo-mechanical rolling
TWO-HIGH MILL

Hot rolling
® Max. reduction 100 mm
® Max. temperature 1 250°C
®* Rolling dow to 2 mm

FOUR-HIGH MILL

. Cold rolling
N ® Max. reduction 10 %
_ ® Rolling down to 0.2 mm

Rolling mill at COMTES FHT

www.comtesfht.cz 13


http://www.comtesfht.cz/

K

e @ OMTES FHT"

Metallurgical Technologies 2

- Hardening in a vacuum furnace and/or conventional furnaces
- Deep cryogenic treatment using liquid nitrogen
- Thermo-chemical treatment (nitriding, carburizing, boronizing)

A
g
A

Vacuum hardening furnace with a load inside
u J

www.comtesfht.cz 14
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Metallurgical Technologies

- Optimizing of tools lifetime through improved heat
treatment strategy

- Deep cryogenic treatment for wear resistance improvement
of tool steels Werkzeugstahlen (patents applied)

012 0,158

Distance from the surface [mm]

——Hardening ——Hardening + DCT ——Hardening + DCT + Nifriding
Hardening + Nitriding ===Hardening + Nifriding + DCT

Influence of deep cryogenic treatment on nitriding
L J

www.comtesfht.cz 15
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Metallurgical Technologies — A

- Complex services for industrial application of induction heat
treatment (hardening, normalising, soft annealing etc.)

- Incl. projects of induction lines, design and manufacturing of
inductors etc.

Applications of induction heat treatment - examples

www.comtesfht.cz 16
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Metallurgical Technologies

Conform™

Grain refinement
Material flow analysis

Temperature analysis

www.comtesfht.cz
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Computer Modelling

www.comtesfht.cz
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Computer Modelling

_ Simulation of
Development Design Manufacturing Processes

- development of tools and jigs - preparation of material property
- analysis of static and dynamic data for numerical simulations
problems - design and optimisation:

- optimising and extending

. ' e conventional formin rocesses
lifetime of structures 9p

(forging, rolling, extrusion, tube

- development of non- manufacturing)
conventional joint types e special forming processes
- component geometry for (hydroforming, SPD, microforming)
numerical modelling e heat treatment, thermochemical
treatment and thermomechanical

- programming CNC machine
tools

treatment
¢ induction and resistance heating

AL J

www.comtesfht.cz 19
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Computer Modelling

Development Design

- Development of components and structures

- Optimisation of structures, material selection

- Extending the life of structures

- Tools and fixtures for forming and heat treatment

- Tools for special forming methods

- Fixtures for mechanical testing shops

- Development of alternative joints of special materials
- Programming of CNC machine tools

Software:

- CAD packages: AutoCAD, SolidWorks, SolidEdge

- GibbsCAM software for CAM

- FEM packages: MSC.Marc, Nastran, Dytran, XFlow

‘V

SoLip EDGE

AutoCAD

bibrhscAM®

MSC

(7p]
(=)
w—fn
]
=
Q
q
D

www.comtesfht.cz
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Computer Modelling

Development Design
Versatile grips

for a thermomechanical simulator

CAD Numerical
— ) \
model simulation

o

Testing
device

www.comtesfht.cz
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Computer Modelling

Simulation of Manufacturing Processes

- Adapting materials data
for numerical simulation

- Design and optimisation:

e conventional forming processes (forming, rolling, extrusion, tube production)
e special forming processes (hydroforming, SPD, microforming)

e heat, thermochemical and thermomechanical treatment processes

¢ induction and resistance heating

- Software: p——
CAE software DEFORM ,."at?rﬂ
JMatPro software for computing materials properties WATERIALS PROPERTIES

www.comtesfht.cz
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Computer Modelling

Temperature (C)

ol

Simulation of Manufacturing Processes

- Thermo-mechanical properties calculation based on

chemical composition

Options  Utiliies  Help
Showpmponin

General Steel
Exportto DEFORM for forming
2oom temperature strength

w
B
©
N
P
B

0.0050

JCHMoE | Res.et

waiting for user input. .

Input of chemical composition

Stress (MPa)

Strain

Strain rate: 0.01

Calculated flow stress curves

700

so0 I

50.0(C)
4 100.0 (C)
150.0 (C)
#2000 ()
250.0(C)
—300.0 (C)
+350.0 ()
£2400,0 (C)
4500 (C)
5000 (C)
550.0 (C)
4 560.0 (C)
45000 (C)
6500 (C)

—+700.0(C)

750.0 (C)
“+800.0(€)

850.0 (C)
go0.0 ()
®350,0 (C)
M 1000.0 (©)

1050.0 (C)
411000 (C)
1150.0 (C)
—+1200.0 (©)
12500 (C)
1300.0 (C)
13500 ()
1400.0 (C)

www.comtesfht.cz
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Computer Modelling

Simulation of Manufacturing Processes

Explosive forming: alternative joining techniques

trubka

zatézujici

sila

objimka

CAD mode/ Numerical simulation Test sample

www.comtesfht.cz
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Computer Modelling

Simulation of Manufacturing Processes

Production of rail wheels - procedure

N ) Y,

www.comtesfht.cz 25
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Computer Modelling

Simulation of Manufacturing Processes

Simulation of blade forging

Kovani lopatky - Zdvih 80 mm; Cas 17.1 s

Temperature (C)
1280

1080 l

980
880 I

www.comtesfht.cz
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Computer Modelling

Project forging software — Open die forging solution

— Fast and precise design of a new manufacturing process
— Repeatability of production with the same quality

— High accuracy

— Documentation of production

Forging task

Allowance computation,
Ingot and Press choice,
Forging technology,
Control code generation

Technologist Knowledge database

Manipulator

Operator Forging process control

Temperature, position
measurement

Knowledge database

S

Developing diagram
of open die forging

www.comtesfht.cz
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Computer Modelling

Simulation of Manufacturing Processes

Thermochemical treatment

State Variable

Tem%eeroalure (<)

Temperature (C)
920

0.000 31000 _ 62000 93000 124000 155000
Time (sec)

Diffusion of carbon
in teeth region .

Calculation of phase composition.

www.comtesfht.cz
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Material analyses

m
.
1
;
:
i
!

29
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Services:
e Evaluation of microstructures (ferrous and non-ferrous metals)
e Phase analysis, identification and measurement of volume fraction
e Evaluation of porosity in alloys
e Chemical composition measurement by means of EDX (pint, line, area
mapping)
e Fractography
e Hardness measurements (in the laboratory, outside the laboratory)
e Measurement of the layer thickness

e Failure Analysis, case studies

www.comtesfht.cz
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Material analyses

n\ ...—"

Facilities
e 4 optic microskopes (Nikon and Carl Zeiss)

e 2 scanning electron microscopes ( Jeol with EDX and EBSD)

e Preparation of metallographic samples with modern machinery

Struers and Buehler

www.comtesfht.cz 31
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Material analyses \

Metallography of metals and alloys

Clockwise:

- nickel alloy

- cast aluminum alloy structure

- duplex steel annealed for the occurrence
of sigma phase

L J
32

www.comtesfht.cz
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Macro and microstructure

Macrostructure — heel /alloy pin FeNi42

L J

www.comtesfht.cz 33
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EDX map - distribution of chromium
in the powder material

EBSD Analysis of non-uniform

recrystallization process

www.comtesfht.cz
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Material analyses

Microhardness measurement
Equipment: Struers DuraScan — 70 EMCO-TEST Prifmaschinen GmbH

® Fully automatic testing cycle
(select load / penetration / Focus / evaluation of hardness)

®* Load 0.098 to 98.1 N

®* Measurement of micro
and macrohardness

Automatic table 200 x 120 mm
accuracy 0.008 mm

L J

www.comtesfht.cz 35
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9.65 90.35
1.98 9.43 88.58

90.99

A

7
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Metallographic determination of non-  CSN ISO 4967, DIN 50602
metallic inclusions ASTM E 45

Grain size determination CSN EN ISO 643
ASTM E 112

Microscopic observations thickness CSN EN ISO 3887- ¢l. 4.2

Rating metallographic structure of CSN EN ISO 945
cast iron

Determination of the proportion of ASTM E 1245
surface phase image analysis

Rating micro / macro structure CSN EN 1321
Vickers hardness CSN EN ISO 6507-1
Rockwell hardness test CSN EN ISO 6508-1

Front steel hardenability test CSN EN ISO 642

A comprehensive list of accredited tests:
N J

www.comtesfht.cz 37
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The surface
of the workpiece with defects

Excessive presence of large oxide
inclusions - metallurgical defect

EDX analysis

www.comtesfht.cz
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- Accredited tests (tensile tests, instrumented Charpy tests, hardness)
- Static and dynamic tests (tensile, compression, bend) up to velocity 25m/s, dynamic

- Wide testing temperature range (-200°C to 1400°C)

Mechanical Testing

testing of Young’s modulus

- High- and low-cycle fatigue tests (Manson-Coffin a Wohler curve)
- Short-time creep tests

- Miniature-sample testing

- Torsion and biaxial testing

- Transition temperature determination

- Fracture toughness tests

* J-Rkcurves

* Master curves

* Fatigue crack growth rate, threshold value
- Component testing

Non-standard tests per customer request

www.comtesfht.cz 40
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Mechanical Testing

Optical measurement systems

- ARAMIS, video-extensometer, laser-extensometr,
high-speed camera

- Contactless measurements with data aquisition

- Ensure precise deformation measurements

- Available even for dynamic testing

System ARAMIS

Digital Image Correlation (DIC)
— Optical measurement method

— Measurement of surface deformation of
tested sample

— 2D (1 camera) or 3D (2 cameras)
measurement

— Video-extensometer

— True Stress-True Strain diagram
measurements

— Flowing Limit Curve (FLC, FLD)

S

www.comtesfht.cz
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Mechanical Testing X !:
ARAMIS - Digital Image Correlation

o

www.comtesfht.cz
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Mechanical Testing E , l[[

ARAMIS - FLC diagram

(Flowing Limit Curves )

[Secton 0}
:

Section 1 (Minor Strain)
Section 2 (Major Strain)
Section 2 (Minor Strain)

= - T T T
225 375 45.0 52.5
Section length (mm)

, .- Major limit value

B
2
£
s
w
e
2
©
3

0.08

minor strain (log)

www.comtesfht.cz
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Mechanical Testing

Dynamic testing
Impact tester IMATEK IM10T-30HV

Technical parameters:

Drop Height 50 mm to 3000 mm
Drop Weight 8 kg to 100 kg
Velocity Range 1,0 m/s to 25 m/s
Energy Range 2,5Jto 3000 J
Temperature Range -70 °C to +200 °C

High-speed camera Phantom v710 1 Mpx camera
— Full resolution 1250x1080px at 7 500 fps
— Lower resolution 128x8px at 680 000 fps

Possible tests
- tensile, compression, three-point bend ...
- dynamic component testing

&

www.comtesfht.cz
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Miniature-sample Testing -Small Punch Test (SPT)

- Sample-disc dimensions only D=8mm, t=0,5mm
- Stress-strain characterictics measurement
- Tensile properties determination

- Transition temperature measurement
- Estimation of fracture toughness i fnne

[
Load Prediction

Y Load (M)
1 456403

-
.
1.17e+003

888

606

324

Dol — .‘»4'

i
42.4

0.000 0.444 1.32

0.882
Stroke (mm)

S

www.comtesfht.cz
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Mechanical Testing

Miniature-sample Testing — Micro-tensile Tests
- Sample dimensions comparable to SPT disc
- Deformation measurements using ARAMIS system
- Tensile diagrams identical with standard tests

www.comtesfht.cz
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Mechanical Testing

Special Device for Sample Extraction
Electric Discharge Sampling Equipment

-, Non-destructive® extraction of samples from devices in use

- Extracted sample is further analyzed

- Mechanical testing (Small Punch test, micro-tensile tests)

- Hardness measurement S RS T s

- Chemical composition 4 ’%‘ £
determination S

- Microstructure analysis - s S

- Residual life determination

S

www.comtesfht.cz 47
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Thermophysical Measurements y o

CCT and TTT diagrams
Hardening dilatometer LINSEIS L78 RITA

- Induction heating — high heating rate (up to 200°C/s)
- Measurements in vacuum and inert gas, vacuum 102 Pa

- Temperature range from -160 °C to 1 600 °C
Further use:

- Isothermal modes (annealing,
tempering)

- Highly dynamic modes (welding,
hardening)

o
e
o
1
2
o
i
S
o
E
o
s

- Phase transformation during dynamic
modes and estimation of phase
fractions at a given temperature and
time

100 000

Time [s] processes optimization

www.comtesfht.cz 48
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Thermophysical Measurements e

Determination of temperatures of phase
transformations and thermal expansion
High-temperature dilatometer LINSEIS L75HS1600C PT

Transformation temperatures as percentage of distance between lines

- Temperature range from 20 °C to 1600 °C,
- Heating rate from 0,6 °C/min to 20 °C/min, o i o a5
- inert gas, vacuum 10-2 Pa, ] T
- Measurement range from 100 pm to 5000 pm
- Maximal resolution 0,125 nm/digit.

=3
=3

62,5
95 | 50,0
90 } 375

. ‘
85 t 25,0

£
E
T
@
E
@
o
K]
Q
k]
o

Austenite proportion [%]

80

75
720 740 760 780 800 820

Temperature [°C]
Further use:
- Study of recrystallization and recovery

- slow and isothermal modes
(annealing, slow cooling in furnace)

- Determination of coefficient of thermal expans.
-  Estimation of phase fractions

S i

www.comtesfht.cz 49
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Thermophysical Measurements

Calorimetric measurements
High-temperature calorimeter LINSEIS DSC HDSC PT1600

- Temperature range 25 t01400 °C,

- Heating and cooling rate from 0,1 to 50 °C/min
- Measurement accuracy +/-0,5 °C,

- Inert gas, vacuum 102 Pa,

- Sample dimensions max. & 5 mm,

- Resolution 0,3 yW.

Further use:

- Temperatures and enthalpy of phase transformations
- Study of recrystallization and recovery

- Study of precipitation and precipitate dissolution

- Specific heat capacity determination

- Melting point determination

www.comtesfht.cz
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Thermophysical Measurements

Thermal diffusivity and thermal conductivity
LINSEIS Laser Flash LFA-I 000/1400 °C

- Temperature range from 25 t01400 °C
- Inert gas, vacuum 10-2 Pa

- Measurement accuracy <5%

- Measurement repeatability <5%

- Sample diameter 12,7 mm or 25,4 mm
- Holder for 3 or 6 samples

Further use:
- Thermal diffusivity measurement
- Thermal conductivity determination

www.comtesfht.cz
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Thermophysical Measurements " é ‘
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Simulation of the Forging Process
Servo-hydraulic system MTS 810 with resistance heating

- Heating / cooling rate 150 °C/s
- Temperature range - 150°C to 1 400 °C
- Max. cyclic loading 30 Hz

Max. loading velocity 600 mm/s
Max. force 250 kN

Further use:

- Complex modelling of the forming process

- Choise of temperature and deformation characteristics

- Simulation of forming parameters influence on final microstructure

www.comtesfht.cz 52
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Thermophysical Measurements

Customer-based tests

Mechanical properties of undercooled austenite

- Electromechanical testing machine Zwick/Roell 250 kN, laser extensometer,
induction heating, fast cooling

www.comtesfht.cz
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Employees
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Company

of the Year 2011
Pilsen Region
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00000000088

), | VODAFONE
\' FIRMA ROKU 2011

CENA HOSPODARSKYCH NOVIN

@QMTESE;;IJ'

iska

1. MiSTO

v soutézi Vodafone Firma roku 2011
Plzenského kraje
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BEST INNOVATOR 2012

ATKearney

1. misto v kategorii
,Malé a stredni podniky”

EovresEnT

www.comtesfht.cz
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Our partners

ZAPADOCESKA
’ UNIVERZITA
V PLZNI

e
G Institute of Physics of Advanced Materials -
@ yrA Ty NN ey

VYSOKE
UCENI
TECHNICKE
V BRNE

z

tu TECHNISCHE .
0 UNIVERSITAT

+ X o TECHNISCHE UNIVERSITAT

&1t CHEMNITZ

University
of Glasgow
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Important
customers

DOOSAN

Doosan Skoda Power

Ein Name fur Kaltband

SCHMOLZ + BICKENBACH

Providing special steel solution

BEMNTELERY @

@ BONATRANS Tube management w

@ snoon

SKODA JS as.

Honeywell

—— DE
MECAS ESI
s.r.o. QBCZECH PRECISION FORGE

www.comtesfht.cz
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at the end...

With the most modern knowledge in R & D
we achieve global competitiveness

We look forward to cooperation
with you!

www.comtesfht.cz
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