H2E H5M wOR OB T Ok K ¥ ¥ MR Vol.52 No.S
202045 1 JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY May. 2020

& BG4 ) 1S 5R BE A T L K

FRECIE, AR PR A
( LEAsil ko HUR S0 TR, i 200240)

B OE: RN SR RBEE MR TALR HRN T LRGP A TR A B NEL LM, A FLE R
WA, T EAER R, R VRSB SRR RN EEEE, RH T FBOARA K FOR Y BA . Ko RISk
FRABTHEIZSR AR ELR AMRAZHEA  AHGKBELECTHA TR S EHWES M TMLE. AR
i I B Bk FU AL BAR B AR B AR A TR 2 B M F B AR AP R AR S A3 — 3 AL, R U St 4 B 3
EHWE LA EERE, R T ERIAH AR E. MG 57 R VT K £ 8 30 41 5] 1 5 1 A0 0 408 B A (R oy 7
AT, TEAA S RBMAE RN AL TRONF F @, I 08 B BOR B BLA M L &5 x5 6 AR T 5 R oy &R 2 % #t
TRE XERHSBEMA T HORERA T URLRN T ERBEAT URE, B ATR S AN 7 A5 RSEH %
77 T A R SE PR R B R, BB A B A i R A A R T KR

KB : B A F 2 5 16 T E AR I BB

hE4rES: THI6S +. 4 XHERFRERD: A NEHS: 0367 -6234(2020)05 —0049 -09

Defect detection technology in metal additive manufacturing

GUO Zhengya, XIONG Zhenhua

(School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: In metal additive manufacturing ( AM), rapid material temperature changes and complicated material
behavior inevitably lead to various types of surface and internal defects, which are detrimental to the performance of
final parts, and hinder the development and application of metal AM in key areas. Acquiring defect information in
time is beneficial for adjusting process parameters, improving manufacturing process, and elevating parts quality.
Meanwhile, the defect information can be utilized to conduct subsequent machining and processing. Therefore, it is
of significance to conduct research on defect detection technologies to improve AM technology and expand its
applications. To resolve this issue, this paper introduces the common defects in AM parts and summarizes their
origins. Then typical studies on AM defect detection technologies in recent years are reviewed, with a focus on the
monitoring of process signatures and the online non-destructive testing methods. The application scope of different
methods is also presented. Finally, the development trend of defect detection technology is forecasted. A conclusion
is drawn that defects in AM are complicated and the parts quality needs to be assured by detection methods and
technologies. However, methods proposed so far still cannot satisfy the requirement of AM, and the technology
should be developed towards integration and intelligence in the future.
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Fig. 1 Micrograph of balling on the part surface'®’
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Fig.2 Micrograph of lack of fusion'""
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Fig.3  Micrograph of inclusion defects

¥ B R I 2 B A < i b o s P R AN LU Y
SRATEZS, JB TR R BR B 2E. ¥ Bl b ] —
PR, R o IX U RAT e 3R i, 3 0 XS AR 1T AN
AL VR B IR AR T PR S R 5t
HORNAR TG 15 S8 20 HEA T 7 R XN A7 /N R R
RN MR AR R B & 2 32 B — 2D LA,
S B R L B T AR, B A T e A v B R
TR ELE I R AT B R AR R AN R AT EN SRR

RGBS SR IR S R s s E R 2 3
TSR A S BAMELIL 4. B R BhG RIEE 25 R Ay
Fh G AR LE TSR I S5 B
1.2.2 OB

FLIR e b 2 Fo s DL B IO BB 2 — , OB 25 32
B BRI SR ER S, RSP — B < 100 pm" AR
F <40 wm B NLIRTE B A BN A oA
4 JRoR T TR B XA AL T 3R AR Y T
6A14V e B L IR R . FLIR Bl b 14 32
T PRS2 i R S8 3 Ao R R R A R R AR
W A5 A R A% S IR T v S R DA S L 5
S A A TE A A 0 T R R L PRI AL R <
PREZRITASE 1) B R & A KAy, 48 e
IR IR 3 7 AR K AR I E A 5 2) IR R AR B
Hh 2 g B B R T AR B SR R B i 2
Fat SR SR E A b, SR I LI 53 ) A
V5 2R gk i sl A el o 8 S EUIUE S A ST R K
RICHAL. AN Y PIR 0 w76 4 s 2 R T
A 2 e S 2 T 4 T TR R 4 11T s, 3
TFLIRA B T RE 2 e R AL IR Bl T
0 o P R R A TR AT %, LB 1R AT 10 5 4
Qb B3 S 2L B A AL BB o B e
PR REA S BLZ I, (8L R T RSF 8N, HLIIRA XL
), R b X 2 7 R 3 R o e /N

4 A9
3 §
g r&» (&

4 FLREKEEHESR™
Fig.4 Micrograph of porosity defect!”’
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Fig.5 Detection technologies of defects in metal AM
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Fig. 6 On-axis monitoring system ™"’
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Fig.7 B-scans of defects with different depths
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