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Nondestructive characterization of elastic constants for 316L parts
by selective laser melting based on dual-mode ultrasonic transducer

Dai Anbang, Yuan Maodan, Wu Junwei, Hu Zijian, Ji Xuanrong

(State Key Laboratory of Precision Electronic Manufacturing Technology and Equipmeni, Guangdong
University of Technology, Guangzhou 510006, China)

Abstract : Selective laser melting (SLM) can be used for rapid forming of metal parts with arbitrary structure, but the internal structure
and material properties of the parts are significantly different from traditional parts. The elastic constants and their distribution in different
directions of SLM 316L stainless steel parts are characterized based on a dual-mode ultrasonic transducer. Firstly, a measurement system
of ultrasonic elastic constant distribution is built by designing and fabricating a high-performance dual-mode ultrasenic transducer. The
longitudinal wave and two orthogonal shear wave velocities of 316L stainless steel samples prepared by SLM are measured successively,
and the elastic modulus and Poisson’s ratio in different directions at the same position are obtained. Through the measurement of sound
velocity in different forming directions, it is found that SLM parts show significant difference in the melted layer in the z direction of
stacking, showing obvious anisotropy. The distribution of elastic constants in the y-z plane shows that Young’'s modulus E\; is greater
than E,,, and Poisson’s ratio o5 is less than ¢ ,, and each melted layer of the part has similar elastic constant distribution rule. In
addition, the influences of main process parameters such as scanning speed and hatch space on the elastic constants are also discussed.
The effective nondestructive characterization of elastic constants of selective laser melting parts will provide a technical basis for internal
quality control and process improvement of additive manufacturing parts.

Keywords : selective laser melting; dual-mode ultrasonic transducer; elastic constants; anisotropy; process parameters

U #E H #A.2021-04-02 Received Date: 2021-04-02
* FEETH . ER G RPIEI4(51805097,51975131,11804059) T~ R4 “ERIL A 121" 5 #0138 &1 V. I BA T B (2016ZT06G375) , [ & | Sk
SR (2018 YFFO1010500) i H %% Bl



96 s XK 2 R

Ha2%E

0 5

i3

BEA ) e T R O R AR T i T
FHS AR = HEASE I 250 v O Sk il 68 2, SE 8L T A
M B, BEECRREA) RN RS
AR A PR — RS SIS =R Dl A
o PR o5 4k (selective laser melting, SLM) 24
A 14 4 1 S U P ) B R 2 — i e R R A
BOCHOR G JB AR PR L, AR5 PO Ve AU, BB
W R AR TSR A R SURAG BE s S0, ) A T
ZEMLR PRI AR SRR

o A T o TR 1 L MR RE A R s EOK,
M7 1 T B - AR AR 3 20, A R0 2 e
ot BB B, AR 6w b il 1 T 2= Rk
FAFRRAM R BA EE LR TRE L, METHIENE
JEAT RV AR R T Sy A REFE A , AT LATPAG 4 461
ASEPREVE, T E oA AT FE PG R R R MR i
WA, FT, 1R IR K 2 R A#E S k™ 1%
Ik et b 5 , LY LA RE Rk bl 2 AN LU A4
BERHEPERT R, A BEAR A I A 7 SEER IR R . ol TT
R A, gk IR XS et it AR B R
ARV BN B S SRR 2 R A LA R
SPRIIIRER S R , LSBT R iz

B PR FLA T O L ) R T A B
HEEH FE MRy =V RE T B R AE h 32 BN )2 Gk,
H M A B Hu 25 SRSk R B 43k 2331
DB TR B AN R IBERS 3, TR A% el R PR R o
BERR T T BRI . DLET Sol 4
X SLM il & ) ALSi10Mg 4 <5 i 4 A [] )8 284 5 16 #3581
HORGHEATRAL, A2 BB W B OB T m A k. e
RN LK 2 Foster 2% 3 B3 3ot = J5 1] A Ak
PN, SCHL Al 3003-H18 & <3 88 A 184 A4 1l 1 1) 1
RO B, IFor B 7 S PR R RRE A AL B A A2 b
Javidrad 2 SREOG B RIS AH A B #) Inconel 625 431
B A, I 8 A £ AR AN [] 5 1) ) AR
AL, ) P PO R R P 2 B X A 4% [ S A LA G D A
FAE . LA _F P SRAE Ty VR R 230 1 A R B A R e
9 U AT R 2 75 3, A TG R 7545 1] [ 28 % 1] e A
AR B R, IR O SR B & 2R 2R BITEA
[ 77 ) Ay P R I, BACRAIRTTS , EL 2 A5 19 5 P 3 %
S DN (9 -S4, T AN B8 52 et 71 £ S 6 80 53 A
ARAS o b BT Tl oK o R o AT AR e 2 A
(polyvinylidene fluoride, PVDF ) £k 5 £ #8 75 5% 3k [R] B i)
gt SLM i £ /9 Tnconel 718 $RHEF 4 il 4 A9 Hh RN 3% T
P, g el A B R G SL B 1 AR R 7 1] AN R L

BRI RN R, AR, A BRI ATEED
D28 3RA ¥ LA S B DR XSy e i bR 3 4 1
o (B L TR, FA S YRR SR A —
1A, TR IO o B8 U I 75 5 , T o B 1 R8T
o XFME B A AR A AT DL A 25 3RS
AR ST, T EL AT LR SR A i S A
PERE R AL L
SRS, B TR R B ] AR Y e R v A2 HEAR

i) ¥ 1 AR R AT AR BE (9 52 ), T 78 2 T2 SRR IR Aok
R, A A R R bR A5 SR T EL P A 4
BET 2SRRI R BRI 5 A4k, TRt , HE S8 PR 0
W EPSE - E LR Yt S NP e
P R BE SR AT P MO I AL 316 L ASEE S 4 ) 8 1
WROMT AR S T ES R I T . 4T X1
St R A B T B P R R RO R A, O ) e
REXUEUB A eSS . HlBA A& RR, AR T
T AN [ ) 5 A e, I AT il R 4 i ]
P A5 S BT SO0 SR B R R, R B A P
BUEAEA R T ZARAL SO E AT RS,

1 SLM i{#H&

PR RSO AR 1 T 25 il 2 2% 38 O SR A 4
X4 S A A T AR A AR O i, G 4 R I e 2
FI PR AR T 28, R R
TR 385 T LA [l B B EL25 5 T AR SR TE
ICEFREE , LU B R R i, BEAh, S T /N ER
SR A AR g B T AT B R A T B R
SO R 24 SLM BRF, BIR R
K437 T 10 /B S, LB A £ BT 39k 2R 31 48 o o)
B s 1R, ER TS R A O~ @5 B &R
FTED R SO 3 R 7 I B ER 3 5 U , -2 F2 T 4%
iSRG 541~ #15 43 51 3 7% B 500 A4 T i S v
RS AL XGRS S A% B0 1 T AR e B

z(3)

YOS
VS S

f] Bmmr e G @ = {5
H
V=B €n=B =~ 5 (--—; #6

i it

;---»t:---»‘---»a--»a #15 y(z)

x(1)

B Mg i 2R R

Fig. 1 Schematic diagram of checkerboard grid scanning mode
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Table 1 Processing parameters, density and

sizes of SLM specimens
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1 2 600 0.07 7. 41 29.61 34.30 20.74
2 2 500 0.07 7.45  29.75 34.74 20.64
3 2 700 0.07 7.32 20.79  34.67 20.75
4 2 600 0. 06 7.52 29.61 34.75 20.59
5 2 600 0.08 711 29.63  34.62 20.65
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Fig.2 Ultrasonic testing system for elastic constants
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