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ABSTRACT

This study investigated the effects of ultrasonic nanocrystal surface modification (UNSM) on the
deteriorated surface of AISI SUS316L additively manufactured (AM) using the powder bed fusion (PBF)
technique. Specifically, the effects of UNSM conditions on surface topology, hardness, and anti-corrosion were
examined. Before UNSM treatment, the stainless steel 316L powder was processed via the PBF machine to
prepare a substrate. We observed surface changes due to UNSM treatments in PBF SUS316L substrates and
examined the correlation between topology changes, roughness, hardness, and anti-corrosion. After UNSM
treatment, the coarse as-built surface was refined, and a regular micro-profile was implemented. Compared to
the non-treated PBF sample, the waviness and roughness of the surfaces after UNSM treatment decreased by
up to 56.0% and 94.5%, respectively, and decreased further as the interval decreased. The hardness improved
by up to 63.0% at a maximum depth of 500 pm from top surface by the UNSM treatment. The results of
the corrosion test showed that the corrosion resistance of the UNSM specimens was moderately improved
compared to that of the untreated surface. This study confirmed that UNSM is an effective post-processing
technique for additively manufactured parts.
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AFEE, S99, 93y, o8 E, A, RAFE, AR : A/ AVEEI A A19W, AsE

TZ 9 A5 B4 MAste EH A 7IYol FAA &4 HEANZ F o] aRFHo=E AF
ol o]yt 71AIZ ZHd AHee FTH =2 U o #9 E4S 34 AE F dudx BRud e
=9 YxZA ulAF-Z(nanocrystalline structure)S o]t!? o] 23 UNSM 7<=}, A AF3 74
st &A E9E AsA7IA Ao 71AH A %A Ay ZAHEY] B4 ¢ 2de oy 3
®W AHg= AF I Y(shot peening, SP), B == O MEoq vugd 4 Yot
E(deep cold rolling, DCR), %23 AF Iy o] g UNSMe| AH wj&o ghefFgh A9 4k
(ultrasonic shot peening, USP), #|o|A £3 Y AA S8 A Fo sl W XS AL A
(laser shock peening, LSP) T o8 WHHEo] U T7F Rtk 53], HIZde ASARH
Ak «L]‘/‘(SP) o7 "WAlEE wmiAAzl A= (additive manufactured) H-¥ =2 &A¢ EWH 5
9] FHo Es]—d:] A My BN de MNAAZ7] A% A8 A7 s W9
2588 % 7}F7 S(strain hardening)E F=3}F Ha 9goer, UNSM 7l&€% 1 % 37l doh
= Yot JAE #W A 71E FolA 7t Ma 52 UNSM EW A FHOZ direct metal
A WA 2dFRen, d=FI|EA 2 laser sintering(DMLS)C.2 A %3 AlSiloMg2]
o F& Az FH A= oo ET2E A ARVE NAAFHeH, A9Fd Holx &§
I (air blast shot peening, ABSP)°] TjZEZ o[t} (selective laser melting, SLM) Z|Ho=zZ 233+
9 Zc= =9(DCR)S WY A (burnishing)©] 2L = Ni-Tio] B AZ7|¢} vfm S48 FFA >
28, ¢ = % 02 AoEHe F&5 BS Bl Zhang S Ti64 LAl UNSM AHEE 3l
Ags B =8 ddste ZAaH AFE F71% W AV EAAEE N, ARzFE
gbl v = %EE]% 4= %%%H A7+ 5]'7‘] 95 SAFETYSE vy MEZAFTIA FEA
ok SPRTH 2o FdY7tx FET 5 U % Ao T12]3 Cho T @A A ¥ dnt
s} AF 3] (ultrasonic shot peening, USP)-< J_—Zr-L]- (bulk) AISI H13$} direct metal tooling (DMT)Z 2
o 2F9e £¥& o|83lA T (spherical)S] Wi =3 AISI H139] thal UNSM A8 HZEol uwd
MAE JSANHO=ZH, w9 e F7]2 As AR7], 29 Ax, upF g nr AF, vA 23
Edol] FEAZIG Holx &3 IY(laser Halol] tisf] AT T
shock peening, LSP)> 1LE&¥ 9] H2x HolAE F SHARE, 99t 22 AT HASAzRH &A1
& ¥ 1y EFgRuE =E2A7EH, o BEAHES 1AE HAAUMEEY HeskE A
Zohzute] FASEN FH A WIS 7 UNSM Ag& & 1 &4 ¥H3E & 4
ZINZIGP, & D[S EHE 4 Fd7A » T 5 ¥ H2AUME glo]l As-built AE] A9
oA ¢ Qojx AH7E AR EEtRY UNSM &3l tig A7+ obx Bud npvl gl
=2 9% &Ae E wWFo] WA= TdHol omn, 53] UNSM A & F2 EMo tjg o
At T AtEle &EA A @ mEpa B AFoA

A, B AFolA gFaz ste 259 Yk = W =83 (powder bed fusion, PBF) %22
7] A (ultrasonic nanocrystal surface modification, Z AZAZH  stainless steel 316LE] F W
UNSM)2 ©o|H o AFE Tl a% AR Wnt UNSM A gste, g dAFo] FHA A7 (surface
2AOg g2 750 QR0 58 kA 4 roughness)?} Id = (waviness), 74 =H3}E #3)
Aol THE W A2 rleolth =3 Am & I, FAANEE FP3tAn
Aol upF B4 4S9 violaE JdE 34
(micro-dimple topology)S &Aldl FdE 4 Ao 2. Alg gy
Pl 3, UNSMS TA WS AEsHA Ao
= _7] oZoll, 71&°] ABSPo|Y} LSP, 11 21 AlE W2
Hl 523k 8o USP 7IMET o Adsta e
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Table 1 Chemical composition of SUS316L steel
substrate (wt%)

Element Substrate Powder
Fe Bal. Bal.
C 0.019 0.017
Si 0.68 0.67
Mn 1.23 0.61
P 0.013 0.037
S 0.004 0.001
Cr 17.8 16.44
Ni 12.8 10.01
Mo 2.36 2.05
Cu 0.05 0.33
N 0.1 0.011
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Fig. 1 Schematic diagram of (a) UNSM experimental
setup and (b) UNSM process

Table 2 Experimental conditions

Process parameters Value
Amplitude (1m) 30
Ultrasonic frequency (kHz) 30
Ball tip diameter (mm) 2.38
Scanning speed (mm/min) 2,500
Static load (N) 10, 30, 50
Interval (um) 10, 50, 90
W] EWol td AU 71go] shssith
B AFedxs NG AW FETAC

DesignMecha jit2] UNSM #X& A3 Ag9
g3t 7A 29 UNSM 8 £7& Table 2
o Agstdtt A 238me B2 Fluiol= B
Bl F9< 306z 30pme] RNE OFa o)d&nT
2500mm/mine FAMTE AR AT B35
722 b HA(interval)S 22319 S W] UNSM
a3 WskE olrEy] 98l dF<S 10, 30, SONS
2, 383 4L 10, 50, 90pimE WH3AA A7
shAh.

23 M2 | dg=A
UNSM #&e] 54 wsts #astr] 93, A



A2 =7 AZFEEE A A194E, A8E

g9 AFEHLe 4 AF 2o e =72 9]
o} A B (wire-cutting) 3+ . UNSM A 8] & FHO
ZHE Zold W& AEWss #@slr] 9s)A,
Aol @S AW Ant Fo ASTM-E384 A3

Aol 3l Akashi ko] HM-1225 A}8351o]
uA AEE SAHSAT st 03kegfoE 1023t
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S 2ZRE Zo] 20l AHFE F 800m7tA|, 20
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UNSM 2] #%e] ¥ 54 Wsls B3l

Y3l FALHA v A (Field  emission  scanning
electron microscope, FE-SEM, MIRA3, TESCAN)3¥}

33 THEEE =47] (Contour GT-X, Bruker)E
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7] < RaZE AAIFT. UNSM 33 =1E& H&
3 EE A#HuY dojE FH 5XS A3 H,

A 5% 7 A FZ(root mean square, RMS)Z< 3%
#o 2 AT

B2 B4 Wzt #FS fa AHEgE AEe =
ZHZA 10mmx10mm Tt 713, yHA= Ay
2 FAE dd AFHT AE 84E 3.5wt% NaCl
LA AEstHon, 17)58kd s o] &3t
o B2 $(corosion  potential)
(polarization potential)2] &+ < 3 T (impedance)
S =A3A T 71F A Z(reference electrode)S X
3} 729 I (saturated calomel electrode, SCE)<,
t=(counter electrode)e WS AFESIHTE FA}
&S (scan rate)= SmV/s, 18]3 delay time 1800
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& g Utk FF EQ 2iEIL HEErt 5
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A9 WEo® UNSM 30| o} S 3
& o Utk AR ve Ao 52 A4l
& 7HAE &A7F B " o3 eEE, 5§
of ofa "t &Ale &S wEt &4 HEFE
Pile-upo] AgTE o]H s FAAHSE B §o| 4A
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4 ®l(wave-like pattern)o] HHEEo] UERLA
Hrt

O o rr o ox rlr

32 EHAHET|e mME

UNSM —g—zg =z = 7<47<4 5].% }_7—]0] z%é-_ Iz
e wXe G gotrr] 3 BH sk
< 10NHE 50N74A] 20N9] FZH o2 UNSMS 3
g3tk o] W, AR 1A o]F £ L 7|
B 272 50 #m, 2500mm/min®] T}, Fig. 42 A2
st wE AF W JHE FEAv|AHoR
A& Yebd Aoltk. 181 Fig. 5& UNSM
HEBHA E2 NS 7|2 7t 27 BE 1
Aot W AH7] WstE B9 ET Fig 491 ®
H ARRA & d%0], AR 31Ho] BT FY
A 712 27 50 umoE AARFEY7] W2
UNSMO 2 A mlo]az2 EZ 7H4L 50 4m
02 FYdT} Fig 4(a)= AF 3F 10NY oj 9
EW EAolt}. AAZ o2 §He| F3o] A3 A
Hol, AR 35o] BH-S sl A6l
FE£3 7102 AaEnt. o= Fig 591419 3
To} 29 ARV gorE AT F =,
UNSM A gl3tA] k-2 7390l thsix EHAA =
10N 35 & Aol 833% =AY, ==
& M3 §les ¢ F Aok &, BF FFol
10N =71 o2 HF stg =0Edd b8 714
A N &23E Rola Ut Fig 4(b)e HA 3t
ZFol 30 NI A9 mW 72E Y Ho=

o I o

Fig. 4 Optical images of UNSMed surfaces with
different loads: (a) 10N (b) 30N and (c) SON
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Fig. 5 Effects of static load on waviness and
surface roughness of UNSMed surfaces
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Fig. 6 Optical images of UNSMed surfaces with different
intervals: (a) 10xm (b) 50um and (c) 904m
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