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manufacturing



BEBERICEIL—TF—I5 vy T4V IDEIDEES
Additive manufacturing is driving the demand for
lasercladding . ......... ... 4

HRZA AT 7Ot ARFEE AT L
Customized process development and system
technology . ... ... 6

759V KR—T7—IWSDY)1—3>
Fraunhofer IWS solutions .. .......... ... ... ........ 8

BEL—Y—I3v 71V TRDOY AT LEf

Systems engineering for high-precision laser cladding ... 10

BEDLWL—Y =959y T4VTRDA—-IVSIOVF
VAT L

Allround systems for multi-functional laser cladding .... 18
L—H—959 T4V DRABEHDHDEEEE

High power for maximum performance in laser
cadding ... 28

REIa—F1 25 FWERFREFOMmI ./ XIv

Internal coating: Nozzles for deep contours .. ......... 36

TOeRER: L—Y—IS5v T4V TRE/Y—

Process monitoring: Sensors for laser cladding . ... ... ... 42



BEEIcLIL—T—77>
YT AV INDELDEES

Additive manufacturing is driving the
demand for laser cladding
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Laser coating processes have long played a key role in the
aerospace industry, in power generation, mold and tool
making, and in many other branches of industry. Businesses
are increasingly using these cutting-edge finishing processes
for generative buildup. This is because laser-based additive
manufacturing enables companies to realize complex
component geometries, enhance product quality and stand
out from competitors. Demand for high-performance
processes, optic tools and processing nozzles that enable
the metallurgical bonding of different materials or generate
structures is high. They can be used to functionalize
surfaces, retroactively modify component designs, or repair
long-life assemblies instead of replacing them completely.

First implemented on an industrial scale in the 1990s

with the COAX8 coating unit, the Fraunhofer Institute

for Material and Beam Technology’s COAX system family
continues to evolve to this day. It is characterized by its
modular design, meets the highest standards requirements
and yet is easy to operate. The Dresden-based institute
offers customer-specific solutions for industrial applications
ranging from the smallest structures at pm level with 100 W
laser power to applications requiring more than 20kW and
up to 45mm of track width. In addition to the coating units,
modules for quality and process monitoring/control are
available, as are “Industry 4.0 interfaces”.
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Customized process development and
system technology
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The "COAX" system family comprises a comprehensive

line of modular machining heads for laser buildup welding
using powder and wire. For this purpose, the Fraunhofer
Institute for Material and Beam Technology IWS develops
special coating heads for coaxial feeding of the material

to the laser beam at the machining position to produce an
omnidirectional welding result. These systems are used in
conventional laser systems and hybrid machining centers for
additive manufacturing. Specially developed coating units are
optimized for use in extreme conditions or confined spaces,
while others are designed for particularly fine structures or for
high-grade materials such as titanium or high-entropy alloys.
The Fraunhofer Institute for Material and Beam Technology
IWS is constantly refining this system line and designs entire
coating units with integrated optical components in response
to customer order. The main fields of application are surface
functionalization, such as corrosion or wear protection, repair,
and additive manufacturing of components. In practice,

these systems have proved their worth over many years in
component manufacturing for aircraft construction, the oil and
gas industry, vehicle manufacturing, the aerospace industry,
and toolmaking across all sectors of industry.
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Fraunhofer IWS solutions
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On request, Fraunhofer IWS develops customized, industry-
qualified laser cladding processes tailored to the needs

of the company in question. During this process, the
researchers determine optimized cladding parameters,
appropriate system technology and optimized nozzles

to achieve a target-oriented, cost-effective process.
Process development takes into account the customer’s
requirements, the specifics of the application as well as
the properties of the geometries and components to be
cladded for both easy and difficult to process (additive)
materials. These include, but are not limited to, light
metals, nickel and nickel super-alloys, as well as bronze,
hard metals or high-entropy alloys. For oxidation-sensitive
materials, a localized inert gas atmosphere can be
introduced either at the nozzle itself or via an external
processing chamber. In addition, induction heating can
have a positive effect on the coating process. The addition
and control of this extra heat source can help to increase
the deposition rate or to prevent materials with a hardness
above 60 HRC from cracking.
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Systems engineering
for high-precision laser cladding




COAX14

COAX14 V3l s/ NDO—TF
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MARDAIFE 10-50 pm (COAX14V3) H DL
50-150 pm (COAX14V5)

FEERA0-20° £fzld 0-30°

The COAX14 V3 applies
the smallest of coating
structures. The annular
gap nozzle is designed
specifically for applications
with the finest of powder
focus. The modular design
of the entire COAX series
means that different
nozzle tips and variants
can be changed quickly
and cost-effectively while
maintaining a consistently
high level of process
quality. The system is
suitable for fiber and

disk lasers with the
highest beam quality,

enabling the buildup

of lattice structures
with track widths
greater than 50um. The
COAX14 V5 variant is
designed for convenient
machine integration
with simultaneously
high powder utilization.
It can be used as

a turnkey coating unit
with integrated optical
components in laser
systems or as a powder
nozzle module in hybrid
machines for additive
manufacturing.




COAX16

COAX16 13, B\ E—LmE
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The COAX16 is a miniatu-
rized coating unit for
fiber and disk lasers with

BV —F 42271 =wk  high beam quality. Itis
T, THIE TEEICTY+E  particularly suitable for
AREEITT Z v T T ERR applications where the
Dby, [ERETCAHRICHEL cladding area on the
IR 2w T 2 % component is difficult to
BLIIABEICRHTEL T access but simultaneously
£, TOKR/ AJUE 8N requires precise direction-
TEEFEBICAY LTERIIR independent application
THDfesDd D/ ZJWINJI of material. Since the
a3y a—Ta 0% powder nozzle has small
R CEREWVTNTDEHRIC dimensions and a stream-
WLTCERTEXY, FIAE lined design, it can be
COAX16 ZfERT L. BlE used at all points where
HRETHLHRITHRIT Y other nozzle variants are
VDIV R—2 > MEIEEL no longer able to apply
e BNFrETA DB coatings. For example,
TEZBINTHEEITHTEN  the COAXI16 can be
TEEY, 2O/ XU, used to repair the hardly

BEEFEOTAER., EF. accessible components of
=T fBRENE T, aircraft engines or for the -
generative buildup of tools EEIZT/-I‘IT_&

with deep cavities. This
nozzle is used for repair,
generation and coating

IERITBNIE—LRETRA 1kW OL—F—(
with metal alloys. BLTWEYT

MARES < 1.2mm

;S o1& 30 um-1mm

FARAIEE 10-50 um

B|BEERA 0-30°
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COAXwire mini
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AT AT DREERTAEIK, REEH A ERZER

FEIEAD 480x135%x160mm

E8:# 10kg

The COAXwire mini is
optimized for omnidirec-
tional, high-precision
buildup welding with
filigree metal wires. The
optics split the beam of

a fiber, disk or diode laser
with a maximum power
of 2 to 3kW symmetrically
into three partial beams
and then focus them into
a circular spot. The optical
elements are arranged in
such a way that the wire
can be fed accurately
along the laser beam axis.
The fact that the wire is
inserted directly into the
center of the laser-induced
weld pool makes omnidi-
rectional work possible.
This unit offers consider-
able benefits in the case
of particularly small laser
spots. Even the smallest of
tracks can be generated
with 100 percent material
deposition. This coating
unit is suitable for special
alloys based on titanium,
tantalum, gold, silver and
copper. Typical applications
include high-precision
corrosion protection coat-
ings for small components,
3D structures on aluminum
tools and repair coatings.
So it is designed for all 3D
structures that are more
effectively produced with
wire than with powder.
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Allround systems for
multi-functional laser cladding




COAXpowerline
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COAXpowerline (&, TBAL
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IVF VT AR AFERRRE
7.13. 20mm T, AR b
MBlE 1-12mm ¢, 7o v T
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BEMEOBEEE E8RE]
MILE 7oy T3
A ES BRI, 58
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WET, 7 7arvELT

IovTaVIIC LB a1~
LOBEH &g/ X)VF
vZIcEZEERL. AEER
NDEERTPOIFIHED
FBREFCTEDTELT,
BEHREE Th B mE

DBEITE EREF1—T%H
E>C/ R)VAEFZIE 50mm
P 100mm ELTBTENT
EE9,

T7AN—L—— T4 R L —— BAF—FKL
——cBELTWVEY
BIHPAYPTVHRNDTI—F 15
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L—H—H71 & K 20kW
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The COAXpowerline
annular gap powder
nozzle is a modular
universal system with
integrated media supply
for laser powder cladding
developed for wide-ranging
industrial use and high
versatility - with quick-
change nozzle tips for
working distances of 7,

13 and 20mm and spot
widths of 1 to 12mm.

A module for induction
heating can be integrated
to increase the deposition
rate or to work, crack-free,

on difficult-to-weld and
particularly hard material
combinations. There

is the option of using

a localized exhaust system
right next to the nozzle
tip to prevent hazardous
fumes from being released
into the ambient air or
contaminate the optical
components. For flexible
focal lengths or difficult-
to-access component
areas, the nozzle can be
extended, for example,

by 50 or 100mm using
extension tubes.

21



COAX12

m BRMHEE10-75g/min
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In place of an annular gap,
the COAX12 uses four
separate, particularly wear-
resistant channels to guide
the powder stream to the
working point. In this way,
powder streams are almost
unaffected by gravity, and
extreme welding positions
are made possible. The
nozzle can be swiveled

by more than 90 degrees
and can also be moved on
all axes while the process
is ongoing. The COAX12
nozzle is particularly well

suited to 3D applications
involving robotic systems.
The COAX12V7 model is
designed for weld pool
diameters (spot) between
2.5 and 10mm and so can
also be used for very high
laser power. This allows for
an efficient coating of par-
ticularly large surfaces, such
as body molds for auto-
motive roof panels. The
streamlined exterior design
also means that this nozzle
is predestined for B-pillar
machining operations.



COAX13

el 7 — 2

B SUVNEREFRT K 200mm
m WREY Sy T BEERE
(£90° DfERh
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F—RL——TEERRE
L—H—H &K 3kW
FZvotE  RA4mm
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COAX13 IF, BR<TARULE/
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BT SH®WERICEY, BED
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Era&5d—T427 95
HDBEN TR A IR M
LET, BT REEHRE
EKO/N\TIVINT, 88
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24

BB HDMKRERZTLNT S
DT #HLWMIBETCOMTE
BIREC Y, / X)UFERAK 90°
L ChRETETT, REIXR
HETRETS/ XIVF v T = F B
TELT,

The COAX13 four-streams
powder nozzle, with its
long, slim nozzle body
and a minimal interfering
contour 30mm in
diameter, provides the
right conditions for
coating hard-to-reach
functional surfaces and
deep cavities. Its
applications include
repairing damaged
titanium turbine blade
wheels in a protective
chamber with an inert
gas atmosphere. Additive

manufacturing can thus
be used to rebuild BLISK
blades, compressor
components or other 3D
structures. As with the
COAX12, the powder
focal point is formed by
four individual powder
streams, meaning that
work can also be carried
out in tight spots. The
nozzle can be swiveled up
to 90 degrees. Quick-
change nozzle tips are
available.

25



COAXshield
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For the additive processing
of high-tech materials
that embrittle such as
titanium, tantalum or
niobium, complex inert
gas chambers are needed
for the entire system.
However, this approach
reaches its technological
and financial limits as
component sizes increase.
One alternative to this

is the COAXshield for
powder-based cladding.
A dedicated coaxial cone
consisting of helium,
argon or other shielding
gases surrounds the

cladding zone and
prevents the material
from oxidizing in the weld
pool. The nozzle head
can be fitted beneath
conventional optical
components. Typical
applications include
additive processing of
highly reactive materials
such as titanium,
aluminum and refractory
metals, especially for
large components such as
titanium satellite support
structures in aerospace
applications.
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High power for maximum
performance in laser cladding




COAXI1T

The nozzles of type
COAX11 are designed for
use with rectangular or
linear laser focal spots and
high laser power levels.
Two opposing channel

COAXT1 DINT/ RJUid, &
B BRI DL —H—

EalEaDL——HN1T plates form a powder line,
DIITZBEMELTVE T, which can be adapted
WELTEBEEINTL 2D precisely to the dimensions
DF v IV T L— M AR of the weld pool. These
HOTEITERICEDESN make it possible to build
BIRTAVEFEHRLET, up flat, near-net-shape

THUE ST 27z b
IA 7T IERBITEBDLELA
BEC—ROIZ v TR
IHLEJ, COAX11 V5 DFN
ZTNDFZYIIEIE 16mm
F7zld 19mm T

COAX1T V6 DIFEICIFHR
BICHRB DL 45 mm

T, LW v IR TH BT
EDTSADYTHR L

and very wide weld beads.
The single track width of
the COAX11V5 is 16 or
19mm and, in the case of
the COAX11V6, 45mm,
which is a world first.

A positive side effect of
the wide track widths:
Despite high buildup
rates, welding speed and

BERICEIHDOST. AR
MO Ty T EREET
)T —BE S EEERYEL
TY, ek o741 Ah

JVISIAROREE B CINTZ T

DIHZBITA) Y IDBYE T,
COAXN AT L& BEICE
FATERIN WAL

DEEFRENTLE T, 50kW
DL—THEANCLBTHDT

ARTlE ARV 625 [C K
D#&T 35 kg/h DIEEB=R%

ERLELIze Z—LFKT&
AFvF—HFEZ (LASSY)
EHFEDEB T EITLY.
FSvoRE IOV ATERE
TEXE,

energy density in the

weld pool are relatively
low. This has advantages
when processing critical
combinations of materials.
The COAX11 systems have
already proved their worth
in industrial applications.
Initial tests with a laser
output of 50kW achieved
cladding rates of 35kg/h
for the first time with
Inconel 625. In combina-
tion with zoom or scanner
optics (LASSY), the track
width can be changed in
variable ways during the
process.




COAX18

BRI >TH Y. BFICTEE
FHMD 8 DOF vV,
COAX18 D= RERE =N T
mcBEBLES, /R
COAX12V7 [E%k, 3 T ¢
L. EEITHIENTE

F 9, COAX12 D 2 BD¥7k
FrRILHHY., R
7R EERER B A T ULND
DT COAX18 &) 73k
Frv T/ ZIVDLN)VTH
‘lIckELAEWVNI—T T
ERIBL. RAL—FHEIH
25kW o LuhatAhL—
— 92T HICLAD &
EeEEROEBEFIHE
LTWEY, /XILFvFiEE
1=V TRIRARE T,
ZhUTLY 130 20, 26,
30mm DT EEEAINTER

BT —4

BATREICLE T, BT
N4 Y
DBERE (ARY M) & 3-15mm
T AT a>TldE /RIb
W IcEWL— =B ATD
B C—LEREUT Bz D
HODIRELEEL, HAHWNERIG
HEARFREI TS 520
BV AREEARX /X
IWEERTEEY,

L—H—H 8K 25kW, 2144 —
RL—%— FURIL—HF—, 77

AN—L—F =TS

L—H—ZRy bE:3-15mm, i1T

EBE 13, 20, 26, 30mm

MR MAEEE 1 10-300g/min

m RINEK EK 95 %

7Ot AERAONEEE L —

Eight separate, particularly
wear-resistant channels
guide the powder stream
in the COAX18 to the
working point. Like the
COAX12V7, the nozzle can
be moved and swiveled
three-dimensionally.

Since it has twice as many
powder channels as the
COAX12 and a particularly
effective cooling system,
the COAX18 achieves
coating results at the level
of annular gap nozzles,
regardless of direction,
and is particularly well
suited to the new HICLAD®
high-power laser cladding
process with laser outputs
up to 25kW, as well as for

additive manufacturing
with extremely high
buildup rates. The

nozzle tip is modularly
interchangeable. This
allows variable working
distances of 13, 20, 26 or
30mm. The track widths
or weld pool diameters
(spots) to be achieved are
between 3 and 15mm.
The option is available

of fitting the nozzle

with a water-cooled
copper heat shield, which
dissipates the reflection
radiation at particularly
high laser output levels,
or of a modular inert gas
nozzle for processing
reactive powder materials.



COAXquattro

sSHAL—F—0ZvTay
COAXquattro & <ILF 5k
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The COAXquattro
high-performance laser
cladding head is designed
for the multi-powder and
multi-wire modes. The
laser beam is positioned in
the center. The wire and/
or powder is fed in from
the outside. This system
enables simultaneous
processing of powder and
wire for the first time. With
wire, the nozzle achieves
100 percent material
utilization and extremely
high deposition rates with
optimum material effi-
ciency. The system guides
four separately controllable

material wires or powder
streams coaxially into the
laser focus. In doing so,
combinations of different
wires and powders and
variable feeding rates can
be used. This new concept
makes it easier to create
different in-situ alloys

from a variety of wire and
powder combinations
during the coating process.
Typical applications include
corrosion and wear pro-
tection coatings made of
Inconel (wire) and tungsten
carbide (powder), plain
bearing alloys or 3D struc
tures on aluminum tools.
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Internal coating:
Nozzles for deep contours
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The COAXid4 is a modular
internal coating unit that
builds up complex, deep-
lying internal contours
irrespective of direction
using fiber or disk lasers
and now also diode
lasers. The new design is
engineered for efficient
and highly productive
internal coatings with
iron, nickel, copper and
cobalt-based alloys as well
as hard-material binder
combinations. A special
feature is the 60° inclined
coating head, which is
based on the coaxial
multi-stream principle and

features wear-resistant
inserts for the powder
channels. This means that
blind holes can also be
cladded right up to the
end. During development,
special attention was paid
to efficient water cooling,
which is designed for
continuous operation up
to 8 kW laser output. In
addition, sensors have
been integrated to monitor
critical areas and enable
safe operation even at
maximum laser power.
Wear parts can be replaced
quickly and easily thanks to
the modular design.
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COAXmini id
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The COAXmini id
internal coating head
was developed for very
small internal diameters
starting at 43mm. Due
to the limited space
available, the powder

is supplied laterally (off
axis) to the laser spot.
The zero-degree optics
incorporated in the tube
allow high immersion
depths of up to 3000 mm.
The specially developed

optics system is designed
for stable long-term
coating processes despite
its compact size. The
integrated sensors and an
optional off-axis camera
for process monitoring
ensure stable coating. The
system coats the internal
areas with iron-, nickel-
and cobalt-based alloys
as well as hard-material
binder combinations.
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Process monitoring:
Sensors for laser cladding
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Emags: Camera for process control
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The Emags camera is one
of various systems which
are available for increased
process reliability and
quality assurance. This

can monitor coaxially and,
if necessary, record the
entire process through

the powder nozzle in the
beam path. The parameter
settings in the LOMPOCpro
operator software control
the deposition process as
specified. In the process,
the camera detects the size
or temperature of the weld
pool. If the preset target
value of the weld pool
deviates from the actual
value, the system adjusts
laser output or welding
speed.
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COAXjay guarantees reproducible

processes
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This modular edge device

system is used for automatic

process monitoring to
ensure both the cladding

quality as well as predictive-

maintenance of the
system technology. The
intelligent data acquisition
module monitors process
stability. It detects process
fluctuations, contaminated
protective glass, powder
feed fluctuations, and
changes in process
temperature. The module
combines system sensors
and software for sensor
monitoring and data
logging. The sensors can
be integrated into the
process environment,
laser optics, and powder
or wire systems. COAXjay
records, visualizes and
monitors process flows.
The software, sensor and
monitoring system has an
intuitive, clearly structured
user interface. The freely
configurable sensor
channels can be used to

display the measured values

or correct them in real time
during the process. The
limit values for automatic
warnings and a process
stop in the event of fault
can be set individually.
Warning and fault signals
increase automation level,
safety and process stability.

In addition, COAXjay
protects the system
technology from overloads
and supports predictive
maintenance.
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Lisec measures powder cone geometry
at the nozzle

IETREL RO — 215
DHBTENTEET, TN
lc& mBEEEZEBRILL.
IR ZEFNICAEL MR/ X)VOEFRICELTH

MR/ KIVRIES AT L
Lisec (TLight Section]
KU)W TOERAFITHER
£9, F0fedIT BIEL— BITBTENTEEXT,
P—ld. / ZIVDSHTED

MARDANZ AT+ LET,
BAEFEHIFIERICERCE

F9, AATIE TNUTHLT
BAICERIMIFoSNTEY.

MARDFCER D7 5CER L« ST
VIRNIITICEDEENE T,

7V XL, EeiRE Nz

ERIERZ TRt

BLET, ZDTesD. HHRD

MND 3 R NFh% [EHE

Ty b
m AIEDARRE : X/Z (ER) 30.6 um/PXETldY (&=/)
FrEEERE) 50 um
n | —H—{REER: 3b

The Lisec (derived from
“Light Section”) powder
nozzle measuring system
automatically measures
the geometry of the
powder stream cone prior
to the process. For this
purpose, a measurement
laser illuminates the
powder stream as it leaves
the nozzle. The number
of measurement levels is
freely definable. A camera
is mounted at right angles
to it. This records light
sections through the

powder and transmits

the data to an evaluation
software. An algorithm
compares the captured
image information with
mathematical functions.
In this way, the three-
dimensional distribution of
the powder stream can be
calculated very accurately,
and the powder cone can
be characterized. This
simplifies quality control
and allows conclusions to
be drawn about the wear
of the powder nozzle.
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POWDERscreen monitors the powder

throughput
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Alongside the inert gas
shielding provided by the
COAXshield system and
the LIsec powder cone
analysis, POWDERscreen
is another system that
plays a vital role in
ensuring a stable and
reproducible coating
process. Its sensor focuses
on powder throughput
and accurately monitors
when and how many
different powder particles
enter the weld pool. With
this information, the
conveyed powder mass
can be calculated precisely
for the four measuring
channels available. The
system detects fluctuations

in particle throughput
and reports them to the
system, thus enabling
downstream regulation.
POWDERSscreen ensures
selective mixing of
different powders during
the cladding process and
an increase in process
reliability. Digital recording
of powder throughput
yields suitable data for
creating a digital twin

of the manufactured
component with regard
to the powder mass
introduced.
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About us

The Fraunhofer Institute for Material and Beam Technology IWS
develops complex system solutions for the laser technology
and materials engineering sector. At Fraunhofer IWS, we see
ourselves as innovation drivers for developing solutions invol-
ving laser applications, functionalized surfaces and material
and process innovations — from easy-to-integrate customized
solutions and cost-efficient solutions for medium-sized compa-
nies right through to complete solutions suitable for industry.

Contact

Prof. Dr. Frank Bruckner
Additive Manufacturing and

Surface Technologies
Phone +49 351 83391-3452
coax@iws.fraunhofer.de

Fraunhofer Institute for Material
and Beam Technology IWS
WinterbergstraBe 28

01277 Dresden, Germany
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