


TRUMPF

TRUMPF Group

Machine Tools

Laser Technology

Electronics

Machine tools for flexible
sheet metal processing

Lasers for production
Technology

Power supplies for
induction heating, plasma
and CO, laser excitation

Medical Technology

Laser medicine, operating
tables, ceiling mounts

Power tools for sheet
metal processing

Sales (in million €)
Employees

992
3,720

Sales (in million €)

Employees

365
996

Sales (in million €)
Employees

131
726

End of fiscal year 2004; consolidated within the business division

Sales (in million €)
Employees

43
237

TRUMPF Laser Forming
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TRUMPF

Laser Cutting Head

laser light
as a tool
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TRUMPF

3-D-Laser Cutting and Welding

with the aid of
3D multi-axes
Machines:
precise and
highly flexible

TRUMPF Laser Forming
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TRUMPF

Scanner Welding

the laser
beam is
positioned
by a scanner

TRUMPF Laser Forming
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Laser Marking

from the PC
directly onto
the part with
the laser
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TRUMPF

TRUMPF Laser Forming

Direct Laser Forming Direct Metal Deposition ~ Manual
TrumaForm LF 250 TrumaForm DMD 505 Laser Repair Welding
PowerWeld
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TRUMPF Laser Forming

Direct Laser Forming
TrumaForm LF 250

Introduction
Applications
Technology
Machine
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TRUMPF Laser Forming
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Direct Laser Forming: Introduction

3D-CAD + finishing
Technology data Process steps operation

1 | T
= =

lower baseplate recoat powder scan layer

L = I
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Direct Laser Forming: Introduction
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Direct Laser Forming: Introduction

Process characteristic

Generative laser Technology

production of complex workpieces layer by layer
engineering freedom in terms of geometric shapes

Total melting of the metal powder

dense parts with weld microstructure
Pure metal powder is used

processing of laser-weldable metal

mechanical and metallurgical properties of the parts
correspond to those which are conventionally produced,
e.g. out of wrought steel (if producable)

Production of semi-finished serial part
time saving through shortening of the chain
production of ,impossible parts*
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Direct Laser Forming: Introduction

Applications for
Direct Laser Forming

Serial molds Functional parts

with conformal cooling

Complex parts in small lot sizes

Repair of mold inserts

Parts with integrated functions

Rapid tooling

Small functional parts
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Direct Laser Forming: Introduction

Overview main applications

Tool insert with Complex mechanical Complex medical parts
conformal cooling function parts
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Direct Laser Forming: Application Sample

Serial mold insert for injection molding
,<tooth brush*

Problem
Saving processing time
Added value with Direct Laser Forming

Cutting down the processing time
by 50%

Realization
Building up oblongs and holes

No additional heat treatment
needed
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Direct Laser Forming: Application Sample

Injection mold insert “ice scraper”

Conférences AFPR — 04/10/2005 - 16



Direct Laser Forming: Application Sample

Injection mold insert “ice scraper”

Problem

Long cooling time while injection
molding due to the plastic
accumulation in the handle

Added value
with Direct Laser Forming

Cycle times reduction > 30%
(Old: 80 s/ New: 52 s)

Realization

Heat dissipation through cooling
channels in all of the small fins

Source: LBC, Kornwestheim
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Direct Laser Forming: Application Sample

Injection mold insert “tooth brush housing”

; Build up with

Direct Laser Forming

~ -
S~aa — e

Machined preform

> 2

The combination of conventional machined preforms and Direct Laser Forming
iIncrease the economic applications!
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Direct Laser Forming: Application Sample

Injection mold insert “thooth brush housing”

Source: Innoshape, Aachen

Problem

Cost reduction of mold inserts
with conformal cooling

Added value

Savings in Direct Laser Forming
production cost from 2.700 € to 400 €
(without others machining cost)

Savings in production time
Realisation
Using a standard preform (1.2343)

Building up the shaping area with
conformal cooling on top of the
Machined preform
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Direct Laser Forming: Application Sample

Injection mold insert “clothing cap”
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Direct Laser Forming: Application Sample

Functional prototype
“spacer of a laser cutting head”

Conférences AFPR — 04/10/2005 - 21



Direct Laser Forming: Application Sample

Functional prototype “spacer of a laser cutting hea d”
Problem

Material rule: corrosion-resistant steel

Reduction in weight due to the
dynamically moved head

Integrated cooling channels

Added Value with Direct Laser Forming

Material reduction by 50% in
comparison to a soldered part

Realization

Optimized design for
Direct Laser Forming

Increased working steps through light
design in one piece
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Direct Laser Forming: Application Sample

Functional prototype
,flue gas evacuation”

Added value of Direct Laser Forming:

Fast production of functional prototypes in
the original material (stainless steel) through
direct production from the 3D-CAD data.

Sample part
Jilter of nuclear power plant*

Added value of Direct Laser Forming:
Savings of assambly times and reduction of
parts variety through building the geomety in
on piece.
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Direct Laser Forming: Application Sample

Metallic dental prosthesis
(cobalt-chrome alloy / gold alloy)

Source: BEGO medical AG, Bremen
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Direct Laser Forming: Application Sample

BEGO process chaing MEDIFACTURING

dental lab "Medifacturing" at BEGO Medical
model 3D-file data Direct Laser finishing and
preparation Forming quality control
—>
| finished part, <J_/
optical after coating with
scanner ceramics

Source: BEGO medical AG, Bremen
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Direct Laser Forming: Technology
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Direct Laser Forming: Technology

Tool steel 1.2343 without after-treatment
Hardness appr. 53 HRc
No crack formation due to tempering of the parts
Low number to fine pores (density > 99,8%)

subsequent heat treatment possible
(e.g. for austenit dissipation)

Material properties

(annealed 8 h / 650 C)
Yield point (Rp0,2): 750 N/mm?
Tensile strength (Rm): 900 N/mm?
Strain (A): 14 %
Contraction (Z): 35 %

Conférences AFPR — 04/10/2005 - 27



Direct Laser Forming: Technology

Stainless steel 1.4404 without after-treatment
Usage for dynamically moved parts
Density: > 99,9 %

Surface roughness:
(Rz) 50 pm

Hardness: 202 HV

Material properties
Yield point (Rp0,2): 480 N/mm?
Tensile strength (Rm): 600 - 650 MPa
Strain (A): 21 - 28 %
Contraction (Z): 35 %
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Direct Laser Forming: Technology

Layer thickness affects

Layer thickness

Layer thickness

Building speed

Surface quality

Geometric freedom

Qualified layer thicknesses:
50 um 100 pm 150 pm

S0 pm 200 um
Low High
High Low
High Low

200 um
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Direct Laser Forming: Technology

Changing build speed based on the mold insert ,clos ing cap*

Layer thickness | Scanning time | Building speed
[um] [h] [cm¥h]
50 30 3,7
100 15 6,7
150 9 11,1
200 7,5 13,5

skin-core
(50/100/150um) 22 4

The combination of different layer thicknesses in a part is leading to a optimized
building speed and a high surface quality.
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Direct Laser Forming: TrumaForm LF

Technical data

Production machine with single or
dual-chamber

Process chamber with heatable
build platform (up to 500<C) and
inert gas circulation

Working area:

platform diameter 130/250 mm
build height: max. 160 mm

TRUMPF disc laser
HLD 251 with 250 W

Variable focus diameter
0,20 - 0,40 mm

Scanner on linear slide
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Direct Laser Forming: TrumaForm LF

Working station

Movable Scanner

Opening with a optical glass to
remove the part as well as the
metal powder

Aluminum housing of the process
chamber

Flexible suction nozzle
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Direct Laser Forming: TrumaForm LF

Powder handling

Feeding

Powder handling in standard
containers

Feeding during manufacturing process
Slide contact with powder material

Exhaust
Integrated exhaust of used powder
material
Automatic filling standard containers
with used powder

External purification of used powder
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Direct Laser Forming: TrumaForm LF

TRUMPF disc-laser
(optical plate of a HLD 1001.5)

The disc laser without thermal lensing enable a stable beam quality
along the whole range of performance.
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Direct Laser Forming: TrumaForm LF

Sketch of a disc laser resonator

collimated

pump beam rear mirror

retro optics
folding mirror

laser beam
heat sink

outcoupling mirror

parabolic mirror
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Direct Laser Forming: Programming System

Link between 3D CAD design
models and the TrumaForm
LF Machine control system

Functional and process-
oriented operating structure

Functions:
Analysis of the design data

Technological preparation
of the single part

Nesting of several parts
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Direct Laser Forming: Programming system

Analyses

formats for data import:
STL, IGES, CLI

automated data analysis and
correction

visualization functions for the
parts geometry (dimensioning,
marking, sectioning)
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Direct Laser Forming: Programming system

Preparation

Alignment of a single part in relation to the
base plate

Support generation

Saving the model data together with the
solution strategy

Determination of the scan strategy

Determination of the Machine parameters (e.
g. temperature of the base plate)

Calculation of the building time
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Direct Laser Forming: Programming system

Nesting

manual or automated nesting
functions for several parts on
a base plate

calculation of the total
Machine cycle time

save as build jobfile with all
technology parameters
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Direct Laser Forming: Conclusion

Direct Laser Forming enables an economic production of
complex parts in small lot sizes with new features
Serial molds with conformal cooling

Direct manufacturing of functional parts directly
from 3D-CAD-data

Generating operational experience with a well-known partner for
Technology

Programming
Machine tool
Laser
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TRUMPF Laser Forming

Direct Metal Deposition
TrumaForm DMD

Introduction
Application
Technology
Machine
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TRUMPF Laser Forming
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DMD: Introduction
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DMD: Introduction

Process characteristic

Generative method to refine molds or parts by producing
metallic layers on 3D-shapes

Automated 3D materials deposition with good properties (e.g.
density, strength, toughness)

Minimal distortion and narrow heat affected zone in the weld
area due to the use of laser-radiation as a energy source (fine
microstructure with even distribution of alloying elements)

Finishing of the coated part by conventional machining e.g.
Milling, EDM

PVD, CVD as well as nitriding as a post machining process
possible
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DMD: Introduction

Process chain for repairing a forging tool

1. Worn-out tool area 2. Area after DMD processing

3. Area after DMD processing

4. Finished tool contour
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DMD: Introduction

Validation of welding processes in mold making indu stry

: @
2
< Direct Metal

‘ Deposition
2 Manual Laser ‘
S Repair Welding ' Plasma Welding
O

‘ MIG/MAG automated

- WIG/MIG Welding

low productivity high [cm3/€]

Quality = f (microstructure, distortion, mechanical properties, repeatability)
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DMD: Introduction

Principle
powder nozzle
CO,-laser
shielding gas
CCD-
camera
worktable

mirror
optics

coaxial powder
nozzle

CCD-
camera

part

Overlapping contours and changing track speed (e.g. at sharp edges) require a
controlled process to ensure good materials properties

Conférences AFPR — 04/10/2005 - 47



DMD: Introduction

Application areas of
Direct Metal Deposition

Mold making Functional parts

on a new mold of production tools of capital goods

in mold (cooling channels, Y Y T — .
. g_ . inexpensive base materials wear-resistant materials
material combinations)

in serial molds wear-resistant coatings corrosion-resistant materials
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DMD: Introduction

Application areas of
Direct Metal Deposition

Hard Facing and

Conformal Cooling Coating

Remanufacturing

Special Applications

Lattice Structures

Plastic Injection Molding Oil Industry

Stamping

;

Trimming

Expensive Component Valve Seat Cladding

;

Small Engineering
Changes

Forging
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DMD: Application Sample

Warm forming tool
“tripod hinge”

Tool steel (1.2344/1.2367)
coated with CPM™ 1V

Added value with DMD

Increased tool lifetime caused on the wear
resistant coating

Cost saving through automated tool repair
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DMD: Application Sample

Redesign of the forming tool ,tank filler plug*

Added value with DMD

Large-area materials
deposition with less part
distortion
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DMD: Application Sample

Automotive Industry
Trim Insert for Aluminium Deck Lid

Hard surface allows 2x Live
Improvement
Applied via Direct Metal Deposition
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DMD: Application Sample

Plastic Injection Molding
Crisper bin - Conformal cooling

40% cycle time reduction through
reengineering of existing tooling — DMD
deposition allows seamless deposition

and color match
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DMD: Application Sample

Tool repair ,air condition part”

DMD-repaired insert

Damaged insert
(pre-DMD)

Final part
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DMD: Application Sample

Injection mold insert ,belt pretensioner*

Functional surface:

tool steel 1.2344 \
(finished)

Base material:

copper alloy \
(Ampco 940)

Added value with DMD

Productivity gain up to
25 % due to optimized
heat dissipation
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DMD: Application Sample

Hardfacing of petroleum
drill string components

Tungsten carbides particles
embedded in a nickel matrix

Tool core:

Non-Magnetic Cr-Mn-steel

Added Value with DMD
Automated 3D-coating

Multi-layer deposition with different
metal alloys
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DMD: Technology

Materials combination: cast iron — tool steel

Application field: cutting tools and sheet metal forming tools

Basic material;

Cutting edge out
/ of tool steel

e ————— DMD coating

(one side machined)

\ DMD preparation

(45°chamfer)

Low cost basic material coated with high quality materials in the critical areas.
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DMD: Technology

Building speed: 20 - 150 cm3/h
Layer thickness: 0,2-1,2 mm
Typical total coating thickness: 1 -3 mm
Typical machining allowance: 0,5-1 mm
Powder material (size fraction): 40 - 120 pm

Tested materials: Fe-, Ni- und Co-alloys
WC hard coatings
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DMD: Technology

On-line process control

Overlapping contours and
variable NC speed require
a process control system.

The dimension of the melting
pool is used as a control value
for real-time processing.
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DMD: Technology

[ C>\6O/Q

60/0,3

Hardness profile

DMD coating | |
axoamm < 60/0.6
DMD coating CPM 1V

59/1,0

60/1,4 Materials mixture section t = 0,6 mm

\

Basic material << 45/1,8
Basic material 1.4034

30/2,2

Hardness HRc / Distance [mm]

A small materials mixture section enables pure material properties
after a minimum of materials deposition
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DMD: Technology

Coated nodular iron: comparision between DMD and TIG

DMD microstucture TIG microstucture
p | | |
Deposition
zone <
HAZ t = 2,2 mm

Heat -
affected _
zone = HAZ t = 0,34 mm
Substrate {

0,5 mm 2 mm

DMD microstructure with HAZ factor 6 — 12 smaler HAZ compared to TIG
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DMD: TrumaForm DMD 505

Machine data

5 Axis-operation with travel range:

Linear Axis

X =2000 mm
Y = 1000 mm
Z =750 mm

Rotational Axis:
B + 45°
C +190°

Heavy duty rotary Axis (A-axis)
as an option

TRUMPF TLF CO: - Laser with a output power range from 2000 to 6000 W
3D-CAD/CAM programming software (ToPs 800 DMD)
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DMD: TrumaForm DMD 505

DMD coaxial powder nozzle
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DMD: TrumaForm DMD 505

Powder
feeder
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DMD: Conclusion

Direct Metal Deposition is very interesting for manufacturing and
repair of capital equipment e.g. automotive industry

Rapid repair and modifications in a high quality

Adjust tailor-made tool properties to increase tool lifetime
and/or decrease cycle times

Generating valuable expert knowledge in application
By using a turn-key machine tool

In cooperation with a well-know machine tool builder
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TRUMPF Laser Forming

Manual
Laser Repair Welding
PowerWeld

Introduction
Applications
Technology
Machine
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TRUMPF Laser Forming
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Manual Laser Repair Welding: Introduction

Process principle
Filler materials as thin wires
Wire feed by hand

Movement of the workpiece by
joy-stick or movement of the
optical system

Wire and workpiece need to be
in contact during welding

Optical supervision of the
process by a stereomicroscope
or camera

Triggering of the welding pulse
by a foot switch
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Manual Laser Repair Welding: Application Sample

Mold repair ,sprue bush®

Problem

Repair of sprue bush
because of material fatigue

Added value with Manual Laser
Repair Welding

No distortion

Fine material deposition
save final operations

Fast mold repair
(appr. 40 min.)
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Manual Laser Repair Welding: Application Sample

Problem

Repair of a multi-cavity mold without
disassembly

Added value with Manual Laser Repair
Welding

No distortion because of less energy
input

Possibility to repair a assembled mold
Possibility to repair textured surfaces
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Manual Laser Repair Welding: Application Sample

Repair of forming tools

Problem
On-side repair of big molds
Reduction of final operations
High shipping cost

Added value with Manual Laser
Repair Welding

Flexible materials deposition
with hand-held laser head

Less final operations due to
the precise material
deposition
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Manual Laser Repair Welding: Technology

Filler wires

Diameter
from 0,15 mm to 0,8 mm

Alloy determines the
hardness of the welded
area

Selection of the wire
material depends on
substrate material and
function
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Manual Laser Repair Welding: Technology

Welding microstructure

Material:
tool steel (1.2344)

Filler material: GS3
Welded without preheating

No more heat treatment after
welding
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Manual Laser Repair Welding: Technology

Damaged mold

Tool steel (1.2344)
Damaged by punching

Repaired mold

Damaged area
repaired by laser
welding

Choice of the filler
material according to
the finishing process
(chemical etching)

Welded area partly
grinded and textured

Plastic part

Molded part in
repaired and in
textured area

In the textured area,
the damage is almost
no more visible
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Manual Laser Repair Welding: Working Station

PowerWeld

Ergonomic design for sitting
during operation

Laser safety integrated

AXis movement by joystick
Shielding gas supply integrated
Exhauster integrated

NC control integrated for precise
positioning of the welding spot

Process visualization by
stereomicroscope with glare
shield
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Manual Laser Repair Welding: Working Station

PowerWeld Multiflex
Usable for heavy molds and parts
Axis movement by joystick
Working in parts coordination system
Teaching function
CNC control
Axis movement: 1000 mm (in x/y/z)

Laser class 4
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Manual Laser Repair Welding: Working Station

PowerWeld Multiflex
Welding optic swiveled mounted
(459 in 2 directions
Options
Rotary axis
2. Z axis

Setup for increased focal
length

Welding table for small parts
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Manual Laser Repair Welding: Hand Welder

Mobile Hand Welder
Unlimited part dimension
NoO axis
Process monitoring via camera
Integrated lighting
Integrated safety sensor

Laser class 4
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Manual Laser Repair Welding: Laser

Possible lasers:
HL54 P, HL124 P, and
HL204 P

Up to 4 laser light cables to
different working stations

Laser device HL124 P (standard)
Up to 120 W average power
Up to 5 kW pulse peak power
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TRUMPF Laser Forming

Direct Laser Forming Direct Metal Deposition ~ Manual
TrumaForm LF 250 TrumaForm DMD 505 Laser Repair Welding
PowerWeld
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TRUMPF Laser Forming

Application Center Laser Forming
TRUMPF, Ditzingen
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Merci de votre attention

Vincent NOBLET - Responsable Produits
TRUMPF SARL

86, allée des Erables — Paris Nord 2

BP 52239 — Villepinte

95956 ROISSY CDG cedex

Tel.: +33 (0)1 48 17 80 78
Email: vincent.noblet@fr.trumpf.com
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