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A Productive, Affordable and Reliable solution for large scale
manufacturingof metalliccomponentsby combininglaser-basedADDItive
andSubtractiveprocesseswith highEfficiency.
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ωTo develop a Knowledge-BasedExpert Databaseintegrating process
and materials knowledge about combined LMD and machining
processesas well as related normative and standardisedprocedureswith the aim of

assistingmanufacturersof value-addingmetalcomponents.
ωTo develop CAx technologies with embedded database about combined LMD and
machiningprocessesfor enablingengineersto designand fabricate metallic products of
complexgeometries
ωTodevelopandimplementanefficient monitoring andcontrol system, including
ωTo developand integrate Smartcomponentswith integrated sensorswhich will increase
systemflexibility, reliability andproductivitywhile minimizingcosts.
ωTo develop and implement an integrated Process-Machine-Tools packageto assesand
validate the quality and the economic, environmental and productivity improvements
achieved with the PARADDISEapproach with respect to current state-of-the-art
manufacturingprocessesfor large-scalemetalliccomponents

PARADDISE PROJECT OBJECTIVES!

https://www.paraddise.eu
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Á Selectthe best material from Fe-, Ni- and Co-basedalloy powder for
coating, by LaserMetal Deposition(LMD) the filets of a hardened
42CrMoS4 extrusionscrewwithout preheatingprocess.

Á Comparedifferent characteristicsof overlappedcladsin a preheated,
non-preheatedanda hardenedbasematerial.

Á Examinethe relationships between the relevant LMD parameters
(feed rate, laser power, and powder feeding rate) and the main
geometricalcharacteristicsof a single clad (height, width, dilution,
depositionrate, efficiency,etc.).

OBJECTIVES OF THIS WORK
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All tests were performed in an IBARMIAZVH45/ 1600Add+processhybrid
machineequippedwith :
Á PrecitecYC52LMDdiscretecoaxialheadwith 4-streamnozzle
Á SulzerMetco TWIN-10-CPowderFeeder
Á Yb-FiberRofinFL030Lasergeneratorof 3kW
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42CrMoS4 (AISI 4140, DIN 1.7227): Typically used for the production of 
shafts, crankshafts and screws

Á SpecialstructuralSteel

Á Medium-goodhardenability

Á Suitable for hot purposed operations 
until temperatures of 500ºC

Á Bad weldability due to crack formation

Á Preheating to 200-300ºC is strongly 
recommended

Cut and turned
Non-heat treatment

HRC 33

BASE MATERIAL 
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42CrMoS4 (AISI 4140, DIN 1.7227): Typically used for the production of 
shafts, crankshafts and screws

SubstrateHardening Process HRC 52

Å Heat processat 850ºC for 2.5h

Å Quenched in oil

Å Tempered at 250ºC for 2.5h

Å Cooled at room temperature

Preheatedcondition HRC30-33

Å Heating procedure: Cylinder turning + LMD head
linearmovementin X± direction.

Å Cylinderheatedusingthe laserup to 270ꜛ /.

Å K type thermocouple for temperature measuring. 
Definition of heating. time

Å A thermal blanket used to isolate the part from the
turningplate.

BASE MATERIAL 
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POWDER SUPPLIERS DATASHEET SUMMARY

Eutroloy16606A: ~58HRC. Fe-based. Martensiticweldmetal
based on cold work tool steel. Hot wear resistant. Good
temperingproperties. Heattreatable.

Eutroloy 16006N: ~40 HRC. Co-based. High abrasion
resistanceunder pressureand impact stress(cavitation). Heat
and corrosion resistant. For operating temperatures up to
750°C.

Colmonoy 56 P2: 50-55 HRC. Nickelpowder offer superior
wearprotection,retainingtheir hardnessup to 600ºC(1000ºF)
with significantresistanceto oxidation.

Powders characterization

Å Powder size distribution (Laser diffraction) & Shape/morphology (Scanning 
Electron Microscopy)

Å Fluidity (ISO 4490 Standard), Tapped density & Chemical composition
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SULZER METCO TWIN-10-C POWDER FEEDER 

Rotation percentage
Powder mass flow rate, ἂp(g/s)  

Eutroloy16606A Eutroloy16006N Colmonoy 56 P2

50% 0.37 0.35 0.29 

75% 0.52 0.50 0.44 

100% 0.67 0.66 0.58

Å Carrier gas: Argon, 1.5 bar
Å Protective gas: Argon, 6 bar- 22L/minPARADDISE
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LASERCLADDING MAIN 
PARAMETERS

LASERPOWER (P)

FEEDRATE (V)

POWDER FEED RATE (F)

SPOT SIZE (D)-(Focusingscrew)

LASER POWER 

P (W)

POWDER 

FEEDER RATE  

F(%)

LASER TRACK 

SPEED 

V (mm/min)

FOCUSING 

SCREW

1500-2000-2500 50%-75% 750-1000-1250 10

LASER CLADDING PARAMETERS

31.6 gr/min / Power=2500 W

1) 750 mm/min 2) 1000 mm/min 3) 1250 mm/min

21.17 gr/min / Power=2500 W

1) 750 mm/min 2) 1000 mm/min 3) 1250 mm/min
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SINGLE CLAD CHARACTERISTICS

HEIGHT
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h w A b
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SINGLE CLADS: CHARACTERISTICS
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SINGLE CLADS: AREA

Å Theresultswere separatedfor eachpowder feed rate in two dimensionCartesianCoordinate
system.
ü Abscissa: Singlecladsparameters
ü Ordinate: Energydensity

Å Forthe samelaserspot diameter, the energydensitycanbe simplifiedasa LaserPower-Feed
rate relation.
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SINGLE CLADS: HEIGHT

PARADDISE

OBJECTIVES

HYBRID MACHINE

MATERIALS

PARAMETERS

SINGLE CLAD

Ç CHARACTERISTICS
Ç RESULTS
Ç CONCLUSIONS

OVERLAPPED CLADS

Ç CHARACTERISTICS
Ç RESULTS
Ç PIN ON DISK
Ç CONCLUSIONS

QUESTIONS



ISEM 2018:Conference on Electro Physical and Chemical Machining
24th-27th April 2018, Bilbao

Pedro Ramiro
TECNALIA

SINGLE CLADS: HEIGHT
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SINGLE CLADS: WIDTH
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Clad Characteristic Dependence parameter Type of trend

Width Logarithmic

Efficiency and deposition 
rate

Polynomial

Height Logarithmic

Area Linear

Height+penetration Logarithmic
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SINGLE CLADS: CONCLUSIONS

Å The influenceof the laser power in the penetration, efficiency,MDRand
width ishigherthan the feedrate.

Å Theinfluenceof the feedrate in the heightandareais higherthan the laser
power.

Å Thelaserpower and feed rate havethe sameinfluencein the sumheight-
penetration.

Å Thebest quality cladswere obtained at higher laserpower (no defects in
the caseof Eutroloy16606A and16006N)
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Powder Eutroloy 16606A Eutroloy 16006N Colmonoy56 P2

EnergyDensity
(J/mm²)

90.90-54.54 90.90-54.54 90.90-54.54

Powerdensity
(W/mm²)

657.67 657.67 657.67

Focusingscrew 10 10 10

Relationlaser 
power-powdermass
flow rate (J/g)

6839.95 7085.49 8522.72

Rotation percentage
50%,  Powder mass  
flow rate, ἨǇ
(g/min)  

21.93 21.17 17.6 

SINGLE CLADS: CONCLUSIONS
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OVERLAPPED CLADS: COATING PARAMETERS

Coating Parameters

Å LaserPower=2500W

Å Speedrate=(750-1000-
1250)mm/min

Å Focusingscrew=10

Å Powderfeeder rate=50%

Å CoatingOverlapped at 50%

6840 J/gr
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OVERLAPPED CLAD CHARACTERISTICS
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OVERLAPPED CLADS: RESULTS
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Eutroloy 16606A

SUBSTRATE
Feedrate

(mm/min)

Height

(mm)

Penetration

(mm)

Deposition rate

(kg/h)

Efficiency

(%)

Dilution

(%)

Productivity

(mm2/min)

Non-treated 750 0.92 0.41 0.48 36.22 30.77 1091.25
Non-treated 1000 0.55 0.56 0.38 29.11 50.77 1480.00
Non-treated 1250 Sample broken in machining process (only know the height 0.43) 1581.25
Hardened 750 1.15 0.34 0.59 45.01 22.68 1091.25
Hardened 1000 0.86 0.38 0.61 45.96 30.66 1480.00
Hardened 1250 0.76 0.41 0.57 43.49 34.85 1581.25
Pre-heated 750 1.24 0.6 0.64 48.81 32.54 1091.25
Pre-heated 1000 0.84 0.64 0.59 44.92 43.29 1480.00
Pre-heated 1250 0.76 0.53 0.57 42.96 41.36 1581.25

OVERLAPPED CLADS: RESULTS

Eutroloy 16006N

SUBSTRATE
Feedrate

(mm/min)

Height

(mm)

Penetration

(mm)

Deposition rate

(kg/h)

Efficiency

(%)

Dilution

(%)

Productivity

(mm2/min)

Non-treated 750 0.8 0.34 0.49 38.80 29.85 1211.25
Non-treated 1000 0.77 0.45 0.54 42.32 37.06 1380.00
Non-treated 1250 0.68 0.44 0.58 45.32 38.93 1662.50
Hardened 750 1.20 0.06 0.74 57.95 5.03 1211.25
Hardened 1000 1.03 0.05 0.72 56.50 4.24 1380.00
Hardened 1250 0.85 0.09 0.72 56.64 9.62 1662.50
Pre-heated 750 1.20 0.18 0.74 57.95 12.90 1211.25
Pre-heated 1000 1.04 0.05 0.73 57.44 4.57 1380.00
Pre-heated 1250 0.84 0.2 0.71 55.94 19.16 1662.50
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Colmonoy56 P2

SUBSTRATE
Feedrate

(mm/min)

Height

(mm)

Penetration

(mm)

Deposition

rate

(kg/h)

Efficiency

(%)

Dilution

(%)

Productivity

(mm2/min)

Non-treated 750 0.94 0.09 0.49 46.37 8.29 1061.25   
Non-treated 1000 0.90 0.11 0.52 49.22 11.02 1180.00   
Non-treated 1250 0.74 0.15 0.51 48.25 16.51 1412.50   
Hardened 750 1.16 0.15 0.72 68.34 11.19 1273.13
Hardened 1000 0.94 0.26 0.75 71.16 21.97 1635.00
Hardened 1250 0.78 0.31 0.75 70.86 28.33 1950.00
Pre-heated 750 1.18 0.33 0.65   61.59 22.05 1125.00   
Pre-heated 1000 0.93 0.31 0.69   65.07 25.00 1500.00   
Pre-heated 1250 0.71 0.33 0.65   61.97 31.91 1875.00   

Laser power in Colmonoy case: Non-treated and Pre-heated case at 2000W, Hardened case 2500W

ÅEutroloy16606A presenteddefectsfree structureand the higherhardness.
ÅEutroloy 16006N presentedno defectsand low geometricaldilution in all cases. A scanningelectron microscope

(SEM)analysiswasneededto checkthe weldingzonein the caseof a hardenedsubstrateshowinga good quality
weldedzoneof the Co-basedmaterial.

ÅColmonoy56P2 presenteddefectsin all casesbut fewerporesandno cracksin preheatedsubstrate.
ÅTheefficiencyandthe coatingheightin preheatandhardenedcasesarehigherthan in non-treatedcase.
Å In preheatedcase,the Heat Affected Zone(HAZ)was deeper. All the coatingspresentedhigher dilution and less

heightin the first andsecondoverlappedclad,beingcontinuousafter the third clad.
ÅA martensiticstructurewasobservedin the HAZof non-treated substrateanda temperingprocess in the hardened

substrate.
ÅHighdilution of Fein Colmonoy56 P2 coatingwasdetectedcreatingNiFe, Ni2Feand Ni3Feintermetallicalloysthat

decreasethe hardnessof the cladin pre-heatedcase.
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ÅRelationship between the
coating height and
productivity rate: for the
same processingconditions
of laser power and powder
mass flow rate, the height
decreaseslinearly with the
productivityrate.

Hardness HRC: 0.7mm  thicknessaveragevalue.

Substrate Non-treated Hardened Pre-heated

Speedrate    

(mm/min)
750 1000 1250 750 1000 1250 750 1000 1250

Eutroloy 16606A 60 56 - 62 59 63 63 61 62

Eutroloy 16006N 45 42 42 54 54 52 52 53 50

Colmonoy 56P2 56 51 53 57 55 55 50 31 31
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ÅTodeterminate the mechanicalproperties,a pin on disk test wasdone.
ÅA pin on disctribometer consistsof a stationary"pin" under an appliedload in contactwith a rotating

disc. To obtain a wear value,this test usesthe friction coefficientmeasuredduring the test aswell as
the sampleandpin weartrack.

ÅThe samplesused in this wear test were hardened in the same conditions than in the aƛŎƘŜƭƛƴΩǎ
hardenedsubstrate.

ÅA 42CrMoS4 hardenedsteelsamplewasusedlike control (54HRC).
ÅForeachmaterial,a steelsamplewascoatedandground.
ÅAll the sampleshada standarddimensions: 5mm thicknessand45mm diameter,quite smallerthan the

cylindercoatedon the hardenedcase(75mm diameterand150mm length).
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Pin on disk wear Test conditions

TestCondition Unit Specification

Load N 5

Velocity cm/s 20

Testradius mm 18

Rotation rpm 106.1

Testduration min 30

Test

temperature
ᴈ 100 

Lubricant - No

Relative

Humidity
% -

Pinmaterial -
AISI 52100 (HRc 

62-66)

Pindiameter mm Ø 6 

50% overlapped Samples: Laser claddingparameters

Laser 

power

P (W)

Powder feeder 

rotation 

percentage

F (%)

Feed rate

V (mm/min)

Spot 

diameterD 

(mm)

2500 50% 750 2.20
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