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Abstract

SLS(Selective laser sintering) technique is an important branch of rapid
prototyping processes, which was developed rapidly in recently years. it is a
integrated process of laser, new materials, CAD, and CNC science. In this paper, the
theories of metallic powder laser sintering and the microstructure characteristics of
nano-crystalline particles under the laser irradiation are studied in details. The
research presented creative and conclusive works are as follows.

1. Based on the classical heat transferring theory, a three-dimensional
mathematical model has been developed for the simulation of the temperature fields
in metallic powder SLS process. The numerical simulation method is employed to
analyze how the thermal physical parameters, such as heat conductivity, specific heat,
and energy absorptance of powder, change during laser sintering process. The
simulating temperature distribution obtained in the condition of the Gaussian laser
beam show a good agreement with the practical results.

2. The definition of rapid formability of metal powder during laser sintering is
given, which is further divided into two aspects, that is, metallurgic rapid formability
and thermal rapid formability. The effects of the material properties, such as chemical
components and physical characteristics, and the processing parameters on the rapid
formability of SLS process are discussed in details.

3. The laser sintering process of Ni-based metal powders was studied deeply, the
basic disciplines of “balling” effect influenced by processing parameters are analyzed.
Based on the micro-structure analysis of SLS-processed specimens, it shows the
existence of the heterogeneous microscopic structures, namely, the multi-layer
sintering structure with the alternant appearance of dendritic grain and equiaxial grain.
Furthermore, the inhomogeneity of chemical components in SLS-processed
specimens is also demonstrated.

4. SLS of nano-powders is sufficiently studied. By means of analyzing the
microstructure of coating layer of nano-TiAl alloy powders on the surface of low
carbon steel, it is demonstrated that the grain size in laser-molten zone is
approximately 1-2pm. The selective laser sintering of preliminarily compacted
samples of nano-WC/Co powders and Al,O; powders are studied respectively; and it
shows that, during the interaction with the laser beam of a certain volumetric heat
generation, the grains of nano-WC/Co and Al,O3 particles are both refined and the
meta-structure with the grain size of merely 30nm forms.

5. The non-stationary thermal stress developed in the interior of nano-particles
during the transient laser-heating-up process is preliminarily analyzed. Based on that,
the essential causes that transform the interior structures and the interfacial
characteristics of nano-particles are presented, that is, the force effects and the thermal
effects generated by the non-equilibrium action of laser energy in transient state.

Keywords: selective laser sintering, metallic powder, nano-particles, grain refinement
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B, BUNESL Wk . B L
FIETWS. PS Fy WhMIEEE . it | e R N
R — | — %7 2
R géé%gﬁmlkﬁ% ABS P400 RS T W TT 2 i
AL — A — | : = e
AR 2 Z AT A 2 ABSi P500 WAL IE s
FDM R ICW06 Wax RS i
YRR ¢4 Elastomer E20 15 FH AT i
SR FLEE IR
YA K| 22 Polyster P1500 SRR
fité2 . ABS 4 JFUM | SRR HiEAs




B LU R N7 R AR

M RG 45 & 8 IS A TE BB A, FR7ERTE SR I IPE A TR T 450 4 )8 ¥ R B9 LB
Z 8], fFZ % FHBFEML.

W HI R, RESEMAMELIRES, EHBOEHRE M EMH LR,
HERZ —REREEHERESREFRIEEDNFEZERE BIRE 2, FIRMEE
il P2 B AR AE B PR 22 2 B BURE %o [T A RV R 55

=. W& %MK (Pre-alloyed Powders)

FRE 4 AR A B Fa 65 AR B 0T LLST A PR, BV ER AR TS 6 R AT
EEMRERHEEEHRRIEES R ;
 BETUE £ ¥R (Single-phase Pre-alloyed Powders) X7 2 A & @ Ky RiR &
Y, &RMROTRE S Tres R ENES. BEE R RSB R RN RED

HE, FZEMAESUIEPRREFEEL, BRTEEMNBOtRS.

MEEMRKEHLMER M RIE S R Blends of Pre-alloyed Powders and
Single-phase Metals) & 4K SHAEEHM KRS R DMLS 456 T ZAH4ES
B AR RTINS MR T ERE, Fitil k2 DMLS K EH &

EMESMAEREEEM KBS RI DMLS IRES, HInfanEEm
RMEEREFEENSH, ENTFREER. BEHNEMASFRLERESR
FEEREM . LT RE P TRE S8 R AE TSR R S A 48 M R 2 S B R Lh %
ShRHE .
1.2.2.2 DMLS FI& A E

BHESBMRBOLRSE T UERBEBRT R ZHNA, —PMEEREZH
Ai¥%#A DMLS THME. —MIER T, DMLS ¥AMEMTEREZERZ: (1) FHH
FRERSF I TR, (2) HEHIE UhRe i iRl ZE He i il B 24 R % s L
WIRE . #FaEMSHER, 3) B TREMNEELED, MERTHATERESRE
A B ERREE IR B R K I1E SR RIBHRM L IX L L A3l 2 8 RiG &
DR AR e W = a1 B R e e o9 D A AL R S D A 0 R TR s 2l i
FREEE B R B AR IR KRR Z A, R EE AR G 2 B4 8 By RO G 48 U
EK. BTl DMLS & R#E R H 28 8 AR

H BT B AME X & Fh 4B R AR Fe 45 B R AL L B2 T4 DMLS &
M EHO BRI T /E, tn3€E Texas K% Austin 438 Suman Das S AT T
INCONEL625 #& &1 Ti-6A1-4V I ELHOCHEE LIRS, JFaonlfliEt F-14
LR IR S R BHLIH R AIM-9 SR, 1P, Kruth 55 AW % Fe-Sn.
Cu-Sn. Fe-Cu ZHEARIZEAE M &Ik RIBEM Mk 50 E K, WOLEIZRE
Fe-Cu My RIR & &R, HEREMmIEMIBLE 45 B, Abdolreza Simchi 25 AR T —Fp
FIF bR T B ilit (Rapid Tooling, RT) MK &4 EkM A48l FRZ A LaserTooll,
EESMREE (1) RGN, (2) HFRRRE A S FE AR s,

5.



& B AR RS EE R AR S ROLR SR 4 M FRIE

(3) REEHTE, (4) BIFELH Csintering aids) 1 (5) FI T4 B8,
EHMERR TR, B IRKKHA, LaserTooll ¥R DMLS J&EU% ErIiE 95% LA
D501
BEFEIHE, DREmits) DMLS TR ESEE />, FEEEE EOS &
TR —RIBEL, MR RRULEAEHED LR 1.3,
# 1.3 Properties of DMLS materials

Direct Direct Direct Direct Direct

Powder Metal Metal Metal Steel Steel
100 50 20 50 20

Layer thickness, 1 m 100 50 20 50 20
Main constituent Bronze Bronze Bronze  Steel Steel
Ultimate tensile strength(UTS), MPa =200 =200 =500 =500 =600
Brinell hardness 90-120 90-120 100-120 150-220 180-230
Minimum porosity,% 20 20 7 5 2
Max operating temperature, 'C 600 400 400 850 850

EOS f] DMLS ER# KRB E: SHEFETASRERMESEER
RENEEY), LMES DMLS ISP g ST . K70 BB B a4 Z AL IE.
RETRHNZHGEM AR, FIHPE T2 b0k A FAH LY 50m 5 HE R EZAK
SFAMEWARGEEE B B 1) B AR e %

TS ERRBOCRSEE AR EEATE . iz, SIREAEFIUH, LS
B BEXRATKERREN . EHRATLIRIT I E L FRE 0L T A DMLS
LHME, REEWHIGRER, NEXBRE DY, RETELRIT, EEMN
SREB I . A, TEXHMES GRS AT EIBT R ERE L, S ZnaEx R A T
SLS BARIITIF, $ARAKIE. SRELESWEHIPR R E E AP RER,

1.3 QKR P B BOARBT 5T

B AR Kb e — IR e R P2 TS e B R VA PR G T AR . 4K
KB RBR A, HRERA, WAERBOREEE. XAt HRRA ML,
B R R KRR MR BRI, e /B LU EE BRI T3 AT AT, (iR
BT 4R VP 2 I AL L R (B — R0 . B T e — AR b R4 R A
FORDRLA . ARSI AR PR R S AP P AR, — R RRORLA ), AT
TR FIA0 K EHG (I Yo B T BLIE RORDRL, (ELIX FUR — P gt T
e R R AR R BB T R R R A T 5 TR, B8t S8 T Bt i i
O I, — MR o LI A e et R o 1) SRR SR B o oK
BEVE, AR BDRLFTRAS VI, (EAR RS LR, [ 3 b A £ K

-8



R LU UR N7 A R | AR

RST BT pli o SALIRE R PR ERAR G 45 o B s LLBE S i, R W ERR 45 T 99Ky
I g s i AR BRAR IR A, IXFEFE SRR P i AN FT B e AF VR 2 <L, REERSG T
BHAAATURRRKIERHER, EEBITEEHERRMANES T . EENZXH
KA, AEGORSRAR B KRR = Z 2™ S .

1.3.1 KRR B S T Z IR

EJLHER, EREBEN RRIAMSS /1 AR RIS H T 1R KRt
£, WL T 2B RUIIRES T  REZETEF Z WL 2 T A = 1 E K,
EHAELE 54 IR, ERA1E R T 90K &R I Tl P 10
AT, XEHEEERD.

1.3.1.1 TIE#ESG 1 (Conventional Sintering Methods)

TIEe g iE e e i R I 58 — 10 REE FIR M TR0 RSl BRI A, R
JEBERLEAM TS . 5@ AR, R85 AR T L5 N BURL F) E 8 7041,
MU AR B R R EUE B AR 1R BN AT LIS IR A BUE R, B &L S
S TRRIERIN S, XK FEE T RIS IR . F & R A AR k(7
HILFIrids. R BERIERAF R SILA D B mis, MAREMREEEE A
FEARKEI A EOAER T £ RIS T R BRI Re B 2R KR &, FIATIE
AE TR IF diobL AU AK RT .

1.3.1.2 [JE B 457 (Pressure Consolidation Methods)

JE B S5 XAT i — D 4y AR R4 . SRR RR LS 1 (HIP) . Bikess
% BRE. BEREiE%.

IIRREEAB T R g5, X P HIAR Bk I i b & 78 3R 19 BUE H 4L [R] B
WRERABEEMEIERAK K. SCRIFAXMTERTRERE (T &2
(Al-Fe), &gt EMMEBEME (Zr0,-AlL,03) BTEEIRBHILE T L HIE
% R B SR RSP EA KT 100nm. B, B TFHREREER L NBEERK, AL
100MPa £ 1000MPa, HF#4E [ 77 838 K5 2 1 dn bl )R ~T /) .

PEFHIERELEE (HIP) SRULFEMLL, HIP BUE LT R [ AR,
[ IE 5y 5 | S R B K o B I S A 7 VAP 46 1) P oK R A B 28 1) i b R <F — ARGk
BIPOK B L. ALIEB A LR /N F 100nm #5FHK, W%t Cu-NbC [kt . [
il HIP [ F T~ & e 4h 09 &= ZERIS R 6k = A i@ (1 28Rk, BRI B IR R Y
BT MR MR IR R

Bod Fe s TR TR BOG RS I BV AL BT 75 (1L R TR e & R IS e 45 ik
W Fe g n A K ILIERAAREE L, X e RN s AT . 8o e sl M FERE
BRI /NIEL, WK TiO, BIKEEE H 2 RN A 87nm, 17 FH TC IR K 45 ZE sk 15 AR

e



& BB AR BOLR S BRI KA L HOERE S R 10 45 Mk

FIEIBUEE (91%) SRS KT 400nm. FHR 7 8 4t B 2 i R B 1AL RI 35
RIS RMWTS, TERESBN NERAENEE,
WIEEEEATIRE S BAKI R, 15 E 55 iR N B TR AR 7 R
sto Y EIRE ESREIRAE, 040 SR B SR AR .
R I Be 4 R 45 8 P I I 7E GPa B4,

1.3.1.3 #5245 7¥% (Non-conventional Sintering Methods)

H e g T vERI R S N 3% . @ IR B 3% B s Y PR 35 55 VR R BT B E
RIEATA KB R R ISR, BB HIA KR T A KB H B IXRBETE XA 04
T 78 45 7% (microwave sintering ) 375 Bl e 45 1% (field-assisted sintering technology )
R e a5

MBS R AR ER T @R A=A RE TR T E. T K
TFHERENEEMAFERRIMAE, ML T a) /N T4 H SN AR R L SU R 45
V5 o T5 A FE I sk /IS R Bt i) 45 4 AR KK PEAS T SRR EI K K. BFEIX M ITVE S
28 A TREGKFE (40 Tio, 1 ALO;) (B R &R R ~HARKF 100nm.

BRI E A IR R i1, PR T P45 IR A e 45 i [a) [7]
MEREEm THEE. £XEH. BEX. REHECELBFRNATRENKMENER T
IR TR R BRI — R .. ER A —F BRIk R ER ™
A g m R R PR S IR R 45 . X PR B2 F TR ALO; IR F IR/
Bedh .

o 3k 58 5 2R FH 1) 2 4l 4B B X P A ) K R 9 I 0 i i AN R AR AR
FISMRIIR o« o i = A RO T 71IE B L1 GPa, #REAE 8 B B 48 11 Je Al
TSI BUCE AL . [RIB HH T J00RE o) () BE B 7= A R A, MR Pl REAk B4 i, AR
AT LS ELORL (8] I 45 & . B RIE SR IX P 7 IEHUR A B TIAL P LS 5e £ B 1L,
HEAKSEHR R 15nm. PP R R A LA, ‘

Mixsepest TERTLLE W, EAKMARMEURGEES, B/ AR BRI
R f6 1) R 38 K08 25 KA R B BUR A0 R B 2 4 KM R s 45 R S BB R G 5
B, A NEEKE BT RS HARMEH S ER (niiipeshis . Hukkbess .
RLKTERE G KRGS & . S E FRESFE) #ELILAIH KL
SR, RIEIEI IR R BE TR o BIE R EHT 9K WC/Co FeditiR, W%E
FiE 4 (Plasma activated sintering,PAS) FIHRIEMZEHEE (HIP™), H PAS
AR S L5 5 1 WC/Co BRAR R 24119 ik RUSHAE 200~500nm

1.3.2 g KRR 4 2 IR F (D) K R H A& L&
1.3.2.1 f A SR K KM HIF
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