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Additive/subtractive hybrid manufacturing of
18N -300 steel parts

Background

Additive Manufacturing (AM) possessegapability of building complicatedparts that are [, AM process Toonmrfe,.enceJ

otherwisedifficult to manufactureby the conventionalmethods Howeverthe dimensional | < - '\Lm
and geometricaccuraciesswell assurfacequality of an AM producedpart are inferior to P‘”Tm LI

the conventionallymachinedpart, which hindersthe AM applications A novel additive/ [ - /l{ ]ﬁ
subtractivehybrid manufacturing(ASHM)method is developedto take advantageof both R -

the simplexAM and precisionsubtractivemanufacture(SM) Q —

For the parts fabricatedby an ASHM the microstructuresare different from those of the Sintered part | | fQ/Mmmgm
conventionalmetallic parts (suchasforged, cast, hot-rolled parts) due to the rapid heating Sy ,,/"W“

and cooling in the AM steps In addition, the residual stressinduced by the AM steps
Influencesthe residualstressreconstructionin the subtractivesteps Thus,the AM-induced

. : : . o o) — : (a) (©)
mlcrostruc_ture and r_eS|duaI stressmay result in unique maghlnlngcharacterlstlcs,vvhlch S R—
affectthe final resultingcomponentsand correspondindgunctionalperformance

(b)(c) Parts fabricated by AM and ASHM
Objectives Achievements

x Propose additive/subtractive hybrid manufacturing of 18Ni-300 / A Microstructure comparison \
maragingsteel samples

X |nvestigate the microstructuresof ASHMedsample and compare
those with their counterpart of the wrought sample

X |nvestigatethe machiningcharacteristicssuch as hardness,cutting
force, residualstressand surfaceroughnessof the ASHMedsample \ /

and comparethose with their counterpart of the wrought sample

( A Machining characteristic comparison \
AHardness AResultant cutting forces AMachined surface roughness
Methodology
A 18Ni powders A ASHM system A Scanning strategy
‘ AResidual stress profiles in the transverse and feed direction
A Residual stress
measurement system A Slot milling process A ASHMedand AMed sample
Rotation Q
Z (Axial)
‘Lj (Feed) Milling tool /gfreeiﬁon
X (Transverse ) -
Workpiece
/ A Surface morphologies of the samples from SLM and ASH I\/I\ ASchematicof residualstressevolutionin ASHM  Aschematicof an end milling process
x  The SLMedsamples have finer cellular microstructures than the wrought x When the gentle milling is conducted, the residual stressesof an
samples The hardnessof the ASHMedsamplein side surfaceis higher than SLMedsample exhibit as tensile stressesin the machined surface
that of the wrought sampleby 31.6%; due to the AM-induced thermal stress, but the wrought sample

exhibits compressivestress When the abusive milling Is used to
suppressthe AM-induced thermal stress, the resultant residual
stressis compressiveand larger than that in the wrought sample
dueto the lower plasticity of the AMed material.

X  The SLMedsamplespresent a higher cutting force than that of the wrought
samplesunderthe samecutting conditions

x A lower machined surface roughness of the SLMed samplesis obtained
comparedwith that of the wrought samplesat the samefeed rate;
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