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άJapan ElectronOpticsLŀōƻǊŀǘƻǊȅά

ÅEstablished: May 30, 1949

ÅHead office: AkishimaTokyo, Japan

ÅEmployees: approx. 3,500

ÅSubsidiary GER: Freising/Munich, Germany
DACH + Nordic + Baltic
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Company Profile of JEOL Ltd.



ÅInitial PBF-EB/M process development in 2014

ÅJEOL as a key member of TRAFAM, which is a 
research group dedicated to PBF-EB/M 
technology maturation and commercialization

ÅW9h[Ωǎ t.C-EB/M process is based on core IP from 
70+ years in electron beam technology and 
equipment, with expertise spanning scientific 
instruments, semiconductor equipment, and 
industrial equipment 

ÅJAM-5200EBM is the latest release from 2022 
after two stages of prototype machines 

ÅThe first machine in Europe is used at the 
Technical University of Munich on the Garching
Campus.

5

IƛǎǘƻǊȅ ƻŦ W9h[Ωǎ t.C-EB/M development 

PBF-EB/M: Powder bed fusion of metals using an electron beam
TRAFAM: Technology Research Association for Future Additive Manufacturing

Figure 1: 1st (left) and 2nd (right) PBF-EB/M prototypemachines

Figure 2: JAM-5200EBM



ÅHighest melting point: 3,400 °C

ÅLow thermal expansion 

ÅHigh thermal conductivity 

ÅHigh density: 19,25 g/cm3

ÅHigh resistance to sputtering

ÅLow temperature brittleness

Ą It is a difficult metal to process. 

ĄHowever, AM is capable of printing complex 
geometries.
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Tungsten (W)

Figure 3: ITER fusion reactor

AM: Additive manufacturing



VObtaining high-density, micro-crack-free pure tungsten parts
ÅHigh melting point, low temperature brittleness

ÅWithout proper temperature, thermal strain causes cracks. 

VOptimizing the machine configuration
ÅRequires ultra-high temperature

ÅMachine must withstand and maintain ultra-high temperatures
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Objectivesof the study
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High productivity manufacturing process

Å6 kW high power electron beam 

ÅElectromagnetic lenses ςfast and accurate beam movement

High quality AM parts

ÅLow overhang angles without support

ÅCrack-free microstructures independent of material and/or 
geometry

Manufacturing workflow efficiency

ÅElevated process temperature with preheating ςlow 
residual stresses

ÅPart connection to plate not required, enabling use of entire 
build volume

JAM-5200EBM: overview

Figure 4: JEOL JAM-5200EBM

AM: Additive manufacturing 9



JAM-5200EBM: key features

PBF-EB/M: Powder BedFusion of MetalsUsingan EletronBeam, 
IR: infraredBSE: backscatteredelectron

Manufacturing method PBF-EB/M

Build area dimensions max. ʊнрлmm x H400 mm

Electron beam power output max. 6 kW

Lifetimeof cathode җ 1500 hr

Acceleration voltage 60 kV

In-situ process monitoring IR Camera, BSE imaging, video monitoring 

Particle size distribution 45 ςмлр˃Ƴ

Layer thickness 50µm, 75µm, or as specified

Materials

Standard materials: Ti6Al4V (Grade 5 and 23), IN718, 
Copper, Tungsten 

Partner materials (Collaborations with JEOL): 
refractory metals, as requested by customer Figure 5: JAM-5200EBM cross-section
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ÅChallenge: printing at ultra-high temperatures without damaging the machine

ÅSolution: reduce the size of the build tank to add heat resistance

JAM-5200EBM: modifications for tungsten processing

Standard machine setup; 
pǊƛƴǘ ǾƻƭǳƳŜΥ ʊнрл ƳƳ Ȅ Iплл ƳƳ

Supplemental heat 
shields

Extended powder 
insulation layer

Reduced build volume 
to add insulation

Metal 
powder

Heat radiation 
shield

Print 
volume

Adapted machine setup for refractory metal processing; 
ǇǊƛƴǘ ǾƻƭǳƳŜΥ ʊср ƳƳ Ȅ Iмнл ƳƳ

Figure 6: Machine modifications for tungsten processing
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Buildprocesssequence
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Processparameterdevelopment

z: buildingdirection

Buildplatformheating

Recoating

Pre-processpowderbedheating

Melting

Post-processpowderbedheating

Video: Tungsten build process

z
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Max. powder
bedpreheating
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above1,600 °C 
(min.: 1,200 °C)



Parameter study

ÅTest samples: 10 x 10 x 10 mm³ cubes

ÅFixed parameters:
ÅAccelerationvoltageU: 60 kV

ÅElectronbeam current I: 20 mA

ÅLayer thicknessd: 75 µm

ÅVariedparameters:
ÅScanning velocityv: 200 ς2,000 mm/s

ÅHatch distanceh: 30 ς300 µm

ÅVolumetricenergydensity(VED) range: 66.7 ς1,777.8 J/mm³

ÅQuality criterion: top surfacequality(inspectionvia opticalmicroscopy)
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Meltingparameterdevelopment

VED= (Uϊ I) / (dϊ vϊ h)



Parameter windowidentification
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Meltingparameterdevelopment
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Metallographicevaluationof goodparts

ÅCracks occurredevenunderproper meltingconditions.
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Meltingparameterdevelopment
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Determiningthe causeof cracks

ÅEstimationof crack origin: crack propagates along grain boundary

ÅNano-pore forms near grain boundary; this nano-pore is estimated to be the starting point of 
the crack.
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Crack suppression

Figure 9: Scanning electron micrograph of an exemplary cubecross-section
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Determiningthe causeof cracks

ÅEstimationof drivingforceof crack 
propagation

ÅMany subgrainboundaries are formed. 

ÅSubgrainboundaries are estimated to be 
generated by migration/accumulation of 
dislocations due to residual stress inside 
the structure. 

ÅThis residual stress is estimated to be 
the driving force of crack propagation.

Ą Attempt to reduce the residual stress 
by increasing the preheat temperature.
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Crack suppression

Grain boundary estimated from 
crystallographic orientation 

difference

Subgrainboundary
(less than 2 degx

Figure 10: EBSD IQ map with the misorientations of the grain boundaries

z

z: buildingdirection, EBSD: electronbackscatterdiffraction, IQ: imagequality
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Preheating temperature increase by local heating with pre-hatching function
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Crack suppression
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Metallographicevaluationof parts
manufacturedusingpre-hatching

ÅHighly dense, almost crack-free parts 
achieved

ÅDefectrate: 0.015 % (evaluatedvia cross-
sectionaldefectanalysis)

ÅDensity: 19.26 g/cm3 (evaluatedvia the
Archimedes method*) 

ÅVickers hardness: 380 HV0.3 Ą Equivalent
to recrystallizedtungsten
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Crack suppression

Theoreticaldensityof tungsten: 19.25 g/cm³

z

1 mm

Figure 12: Optical micrograph of an exemplary cubecross-section
manufacturedusingpre-hatching



Microstructuralevaluationof partsmanufacturedusingpre-hatching

Number of subgrainswas reduced compared to the part manufactured without using pre-
hatching Ą fewer subgrainboundaries lead to reduced residual stresses
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Crack suppression

Figure 13: Scanning electron micrographs of exemplary cubecross-sectionsusingdifferent scanningstrategies
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High temperaturetensiletesting

Å600 °C testingtemperature: UTS = 313 MPa

Å1,000 °C testingtemperature: UTS = 217 MPa
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Material properties

UTS: ultimate tensilestrength, *estimatedfrom crossheaddisplacement
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Figure 14: Thermostatictensiletest bench
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Demonstrator parts

Figure 15: Tungsten blast furnace, D65 mm x H123 mm Figure 16: Tungsten throat, D69.3 mm x H129.6 mm
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