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Abstract

The types of defects that may exist in the various stages of the additive manufacturing technology
(AM) are discussed in this paper, and the requirement of NDT in each stage is put forward. The
testing technology and its application status in the AM are summarized, and the importance of
stress testing is emphasized. At last, the future of the development of NDT in AM has been pros-
pected, and it is pointed out that the laser ultrasonic technology has great potential in the applica-
tion of the AM.
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1. 518

FEALG USSR T, 8% R SEIE AT B2 TARIOAE ™, B AR AN 5 B U g [ 1] -
RIS, B B AR B O BOR R JE, H™ i CRARAEIN Ta DAl aemlis ik, Bk, Tk
JEAB V) 5 ZEIUA BRI HE R SO s B BOR BB, PRI A i SR 0 B B A B R . Bot
FEHE 3G FAR SR I B P B ACRYE I — 38, L O R 28, B R AARME R R BOLIEX
AL (SLM) IO €& B B (LMDF)BOR S0k X AL B AR I IR A P 1 R [2] -

ZHT, BRSSO O O Tl A7 iR A il AR AR 2 —[3]. SEGEMPURHIEE AR
PR T AL, SEM RS BAR BAT R . oA REm . AR RS R #1155 — R I
FERHE BT BT B FURMUS OSSR 1 Z B HI[4] [5] [6] [7]. @I RA#ES . Mk aidie
MR 2R, G R AR TAFR) B A RES T D BE R S5 . XTI B BRI =, e —
AR S IR AT R, XTI 3 AR o A ) 1) P TR AN PR [8] [9], T T A )
B2 e A 3 PR AR Al KT IR BRSSO A I S R A R SR T REAT TR &5, $R T 344l
IR TSI BOR TR, I8 B S5 MBI SR PSR s A5 T O S BRI N 7

2. HEHHIER AR ERAEIEE

SR IR E AR 1] 2 BraR[2] [10] [11]. Mg i T2 BT LAy skt il s f b ]
2% 56 R FIRAOE AR DAY B, AN B P #8 TT BEAEE A RIS BB, 75 A I 1 P9 25t AN AR TR
JER) A 7 AW ) A A AFE R R BRI TR RITEAS . W BRAL 2 PR B AR R 55, ol 4 i
T BRI A A AN PR BRUIRE . MPRHERE. BRI, FLER. FRAY N (N MR A BRI 5T (iR
JE 37 A TG AT B AE DR P (6 R P 1R A R A7) AR R R A R B, 1) 45 e A R B ARG X 5
JUATARIRZE . BRARIL T PEfs k. g, Al gy, RMBG. FLR. RANBIRFBEEFIFL
B 2R (FEHOR AR FLBR AR B S AT RIAE B ZRIRAS T B AR 7 43 EL) , IRASE I r 0 Rk ) B s = B4 3% T
R RGURAETE[12] [13] [14] [15] [16]. SOGIE A G Hh JLAp 88 8 f) sk an ] 3 BroR[17] [18] [19].

H, g0, SRS E LG RO R, X BRI F 7R T G TR . A FAL58m
WOl BEIE BRI B UL, B HIE TR R AR R — R LB R . FLBRR A T e 2 1%
KRB MR, RMFLES SRR R LR, LI AAE I8 vee 7 M il TR sh At
BE(L%57) [20]. [RIE, b T30 XSk de K 51 o il & AT, 5 S5O0 4 M 4 it ik 2 o HE IR 52 1 2 7
RIARRAS o B IR )22 S BURT . JUA RS R SUN TR R, TR R 77 RS R 3G A & i A2
Hh B R ) PN 25 [20]
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Figure 1. Principle diagram of laser selective melting technique
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Figure 2. Typical additive manufacturing workpiece: (a) Leap engine fuel injector; (b) Titanium alloy
sternum and ribs made by the Salamanca University of Spain; (c) Honeycomb porous metal parts made
by Huazhong University of Science and Technology; (d) Complex structural parts made by Northwes-
tern Polytechnical University

E 2. sENAMFIETH: (a) Leap ABIHLAMMHE; (b) FEEF Salamanca KEMKEEHES
BiE; () E£PRRRENEZTZILEREH; (d) ALIWXRENEREHTG
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Figure 3. Typical defects in the laser additive manufacturing: (a) Sketch map of spallation in mul-
ti-layer laser additive manufacturing; (b) Metallographic micrograph of spheroidizing defects in
laser additive manufacturing; (c) Cracked laser additive manufacturing layer with unmelted
powder particles; (d) Cavitation in laser additive manufacturing

B 3. MABMHEIER R BB : (2) ZRACIEMHIERRTEE; (b) HeEMFES
RIEKLERPE S EME; (c) RERRLAV KRB AY T RALIBMEIER; (d) g
HliEP R ERE

3. EHMHIERARNEHRENFTR

BERA IS B TAFIE R — PR, JF HAESA I & 5, R AR e AR 106 38 3 e i 13
FHEIE TR R, d TR G TR — 2R AU, Rk S LA, mxd M i) i T
PER BRI T PR AGER R SR, TS I AT AAE AR A S BV R 5 P RE R 26 11 T
SE RO TAFI TR PPAL, 7T DA 2 3 M )i AR A R A 56 22 R [21]

A REAS I EE SRR TC ARG 75 T S G S R TP AR RIR S T SR AT RHIARAL, 3Kz L 1) 46 4 10
TAFAS I R RZ R, R BESRAS L R AN BE TP G A 1 RN Tt R o HER 13 46 M I 20 e R R P e
I JIC A 00 A o A 42 ) 5 SR i AL AN 42 1) BE 77, SRAESEIN (K m] I AR R AT GRS AEDTARIL AR
ISR A AT R RE BB 52, 7R REWB S M S AR IR, (ARG G A 7 M F AR m AERE ) T %
%o

N T PRI RE R TR, ATRERR B A R SAT M AR, Bl RE s B R I aE I
2 B A B AN RN T, RIS 9 RN A I AR BEPE A A AR il o SRR 42 il o AT LY
FERIHiE 2 AT RERE, FFRAEF ARG . JUTRRA R 2]. BTG RET, TZS8RE
Hofp AR T e & S EUIOIN L AR ARSEPERE AL, Fr DA 223 JEHAs 0 45 SRt #6411l i 2 5 80t AT
VRO, PP R BB PR TR TS AR G 2 D S A R R R R TR R [20]
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B RPRH DB VAN BT TS I 755K s JRORES UGl S8 T AR TC A Nl Sl o 8 i 0
BO m BRI B S M e . OB TCRI, Bl mm AR R . BRI OSSR TR
WEER I 7 T AR TR, REESH BRI B A PP O A B — B S A Jedhs e 45 il i
TAF et — 20 A ) AN 5 AL PR T AR (RE it — 20 AL PE), Al A A 45N R LI 22 T LA AR AN R
AR KT BRI s SREEREI,  FITE UG N7 2006 52 i AT sk B R P AR R MRS AT 3RAE, T2
A e R S T e B AR RE R s e B R, OSSR K T DA 1 ) L AR A5
SR KRR, OEa TR P ICERIE A B8 R, Bl AR E T 7 R M % f i A
Ja R B SE A AR AL S s MBS HS HARE,  H AT = G (04 ROT TR RPPOr G A1 1R v (1 T 45
R RAAT P, TS B R T UAR R A . A BNEEER BIBREE . A3 AN R B2 44 (3 5
IEAEL), Jodthe I A0 A 2 Y 2 5 bR E[13].

FESE RIS R rh s 7R B0 AT RE ™ A (KR B AT S M, 55 B ol R TR 35 R ) % T P )
i BTG 5 AR 5 ) 3 e R AT R BT AN S A A 3 s N 5 B 1 7 EEAE SR i BOA A
A3 MREAT VR, A LA PERE . BAh, AERAERVEA A ar T, FEERAM R A AT,
Xof JE RIS T REATRE AN &, RAE A FR R I PIRAS S [13] [21]0 Rz, B RE P 55 (G AN [+ P o ) St o AR
D3 e b ey A ekt 1 R )i T2 B AT BB AR o Rk, SRR g 32 7 B e AR it
PURIMBARE R, B TRk e 7s an 3], s fliEad A fide . st el A7 s B gl
PR HRAR LR A (s I . DRI, S 3 0 25 BORE T e dohs I A 0 75 5K [1.2] o

4. IEPHIERAR DRI RR AR K R

SN REEP/VE 2% o/l Wl TTEOF 5 S S - T TP RV = 1 I3 v N N s oL R EA WA
HLIE . 40 4 Pros e —FoR AT A0 77 A 3D 4T BN S R 48 [22] -

S ). 54 PC

Figure 4. An acoustic emission monitoring system for 3D printing work pieces

Bl 4. BT 3D $TEN THHe0 A &R 5T i K88 R 4
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X SYEARINAE Tolk EAH 2 BRI, JE%EnT LU RAG DI I 44 1l 3& A AL R iR ZE A A
BREEA[21]0 X MRS A ELREREMAR I SR I B N AR, AT LR R /NT 2% 08 it 5 BER BRI . TH 5L
W2 4340 AT DO BT R AT AN, T A A N A S A R AT AR . X ST SRR A R R
AR DN P R SR RN PR AE I RE 0, AT ARG P LR R B . RIS, T SEALITZ SR I BoR
HA— R, fan X FELRAREN R [21]. FE, BT AR EE T X HLR R4,
FECHARE R ISR [20]. BRTI S, X BTSN Z 348002 — b oK o 388 44 1 R il 247 o 45t
KA, AT HR AR IS5 L TR A AT BRI 1) 52 B RS OV AT RE

BER G 00— R R R R LA SR BBIE . B IE BO L i A B AT S R LR R, RIS T
LA IR R T, Al A5G 0 % T SR o (140 % SE TGS SN T VR ME LA o 98 A I D 2R T s 50 A
I [ A R e L AR R R T S R T s (23], T RIS 22 3 I TG ) 2 FLERE RLRS T4, XESE
BOR, MEA B AR IR 2% (0 N AR ES Bl S M A5 A, 5 2T S RO AR SR A 40 S 5 9 [20] -

Dinwiddie %5 A [24] R HIZLAMERUE R T34 HlE I RE LI KRB S A1 SMIIA A4 S5 kB . A AT T A
(1 V8 Ak PR B B3 T LA SR FLIR R, L AT B A U W RS I 14 5 /N BB RS« Gatto M1 Harris [25]
7373 508 R R /I~ ) CMOS $d% Sk, 23 AE 8 TAF T 135 mm AL B, EHEEES, &R
BOZ R, RJElE & PR SR, SRGSR LM SEG R AT BLEf e FLER I LA RS BL K
THEREII R 2255 . XAITERRIRAE T, —J7 i A BE A B AR m s S i Je ik ke Il A s, 55—
3 TH R THTAEL A FEE 2 7 B S MR RS TN 25 SR [20] o

Guan %5 A\ [26]RH] EX1301 18 50 /K 2240 T Wi 2 5 R VP Ui B rE Bt R as (0 TAF, HoT Uk
B = HEEUZ 2 (1) 2 HE R 2908 10 pm (M ELZ R X 2609 50 pm),  [FIES AF LUK e s SRR & FR i
FLRERZ, il 5 fros, ESRIZMOTETER NIRRT Tk Guan 58 AN4R i, el i 28 B R BEHUR T4k
(R SORT B SRR, 9 L S DI e 18 2 () R P RTINS ) A PR 2 s el B R R, P DUZ BRI e R
T B R XA TS X FLIH S E B8 B AA MR R B, HR2 RN AR UM T 2R
AR FEAT I [20] -

Rudlin ¥ A [27]8F 70 it WOGEH . BORGIE - T M EE AR R Sebr b, BLE=F
T, AR T I R AR, AR T % Jm BN R B AS I, DA G A 3 A 3 R T R
BOCH AR IR R ZLAMHBUEE XL i s SO IR AR 38 23 BEAT SN FARRAR - #a o i T  J0Te In i
RIS, ZT7 AN AN R SBa I RBUZAC, Wit AR 7 — N ERN 0.6 ZKIRE
N 0.2 ZAKMBRIE . £ 0.5 mm DL MEREZZAF T, et AR M I R B3y 0.4 mm, T 24 K00 2 1 ik
B, OGRS AEOL UG T VE R R ZIT 0.2 mm [20], #1/%] 6 fTm.

PO A R I e — R T T bR S A AR AR I 5 9%, R PR e S A < AR AT R A T )5
AN, AT DLRAEAE it v P A ) & ) PR [12], AR B0 G U, Bt S0 T T e iR
TR B RS AR L, 38 R 82 R R b Rl LA R A TE AN BUE ) 58 B0, HRTR Ao A i &
JERE B AR TR I T HD[15]0 BT B0 W] LR — RO ™ A 5 K Al = Sk, BT 5 T
SCHE BB ATV, PR 5 T sl AR L, eS8l R 1 3~10 5. Al PRDAHOG T S A ik
MAFEAEIRY;, I Bk RRSES A1 L PZT 4 6~7 %, IR DLSEEUE i) o e M i i R, H
AR/ HAET, ot A3 T R 150~500 pm B ESEGRFE, KGR EE Ak 700 pm, {H24iRE
HE 300 um RABEEWI N, OGRS TSGR 3 7 i K FLRS AR % 1 S A R B T IE AR /D [28]
[29] [30]. Az, WO T 3R l3E (e A M B T BCK 9 77, (HIE 75 2 5 i i RE AT 4R 1
5 FE A I AT 10 Y A ) i 1 R HE AT I R SN B [21]
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Figure 5. Optical coherence tomography of a rectangular discontinuous melting layer [23]
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Figure 6. The approximate application range of different testing methods [26]
6. AR 75 ZBYEE RSEE[26]

BEAR, FRARI 7 I 5E T 12 R A2 A BRI iR AIHUBI € v, HUBGI A8 28 R WA Tk, B
WYIRRERGALIE . P TR A BRI (e ks I 7 ik 2 B RIS . X S ERATS p P piiss .
W TR AR DR AV AN R N ) S AL 2R 2 IR AR R R AT INE , fE—EVERNAEA; X
SHRIER e, (HAFAE I L0 F HACREN RE R 10 N 3 B b g 78 Aor BB 1) ot Ak W A2 X AU 2, PRI L
PR SR KCBR A5 B 75 Bk I 2 TEA0 G 5 vk v doe 1 R R i 5 1 U5k, VARG . B S5 8 . BERE
D2 THT SCRE I A B AR AR I 554 s [31] [32] [33], JEHZ WOl A H AR BAT 58 R B 73[34]

5. HEMHIETIE MBI AR RE

TEAGASIN AE I A 1) 325 PR S FIATAEVE 22 IR, e RAE 7 ZE R A AT /MR AL AT R
AU RSF AR 2R KA RS, NASA IR BCA S R S MM I i) — A 32 Z R A2 H A+ i i ik
FErF TR = 08 M A T B

X T AR ke, JEARRSIN g 3 B AT H RTIE A 4, B AR AR AN S I A v
MR, RAELLFI AL . SRR IR I . BAh, B ATAIEHIE, A S TR
OS5 KA, ToVESEBUAL G 1 S o o AR DR IS o RO 8 ) R, A9 2046 T AR S it JER A7 T 45
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FEEA, B RO RR B BRI R BREE . FTCS UG RS 10 T 2 S T e AR L fLik . ks
FEL BTG FRARILA S G Er I, REUMSLIRAE[13] . FEAS TCHhs I B ARy — o R AL AG I T
HN IS AE T 1) PRERALATS A, A1 S MEI SR 20 IRXE, 2) ARy JC AR 75 42 8 A 23
HERFIIMBEIASET 261, WA TEMBOC IR 2 R0, 3) KM G & it A5 T
2R NDE RIS, 0 ZUR HUHIIT 4 A R T A I A% IR AR IO R A ANSE Mg A IS N T2, 4) K2 By
i3 Y 2 JE T AR I [13]

S R IE BOR B TC U I FOIEAT VE 2 AR B4, SEM 3G AR A B i 15 AL AT AL
BRI 75 BN R [35], BT IX LSRR ) TC 5T I H A I FH % 38 A ) 36 15 8 R TC 40304 0 82 9% 1) B F AT A7 K
(1) R G BT T AT, A0 Y A7 A R O B PR A R A ) T A0 5 AN e AR TE ik 1 1 i i
PRSI AN 3G R B AN, B R e IR A A I . R, SR A% S T ARSI 5 AR KA
3 58 BRI AT HEAT R, D ARAR AT PR

6. &t

G 1) 3E AR TR A5 B ek IR T B R, k= 0 e e I B L
PSR G B — 2B T Z B B R R . H AR 9 2 S8, —J7 A TE U I B AR A B i
JRIBRAE, 53— T M A o) 3 AR T A 0 a6 B R )

B 7GR G R AT REAEAE I BREE A, BRI gt — A 7 E S I A B R AR BT A
MFBerb, BOLH A BORTCIR AN T IRAL T FIARLI, 302 Xk 3G A 1 i R s 1 G0 0 s LA 2 RS

E&WE

1 A48 B 2R3 4:(ZR2017QEE002); 1l AR A G B P2y £ £ 101 H (20162DJQ0401); EFK a4 r2E K
HIB R BB AR I H (2017GC10268) .

SE3#Ek (References)

[1]1 Zhou, J.X,, Liu, R.X., Chen, L.L. and Liao, D.M. (2004) Applications of Foundry CAE in Steel Casting. Hot Working
Technology, 11, 67-68.

[21 %5, BPR, FEE, & B EHIEEOR T FIR KR R[], ST G R, 2016(12): 26-31.
[3] Zlenko, M.A., Popovich, A.A. and Mutylina, I.N. (2013) Additive Technologies in Machine Building. Polytechnical
University Press, St. Petershurg.

[4] Melchels, F.P.W., Domingos, M.A.N., Klein, T.J.,, et al. (2012) Additive Manufacturing of Tissues and Organs.
Progress in Polymer Science, 37, 1079-1104. https://doi.org/10.1016/j.progpolymsci.2011.11.007

[5] Buchbinder, D., Schleifenbaum, H., Heidrich, S., et al. (2011) High Power Selective Laser Melting (HP SLM) of Alu-
minum Parts. Physics Procedia, 12, 271-278. https://doi.org/10.1016/j.phpro.2011.03.035

[6] Baufeld, B., Vanderbiest, O. and Gault, R. (2010) Additive Manufacturing of Ti-6Al-4V Components by Shaped Metal
Deposition: Microstructure and Mechanical Properties. Materials & Design, 31, 106-111.
https://doi.org/10.1016/j.matdes.2009.11.032

[71 Murr, L.E., Martinez, E., Amato, K.N., et al. (2012) Fabrication of Metal and Alloy Components by Additive Manu-
facturing: Examples of 3D Materials Science. Journal of Materials Research and Technology, 1, 42-54.
https://doi.ora/10.1016/S2238-7854(12)70009-1

[8] Sufiiarov, V.S., Popovich, A.A., Borisov, E.V. and Polozov, I.A. (2015) Selective Laser Melting of Heat-Resistant
Nickel Alloy. Non-Ferrous Metals, 1, 32-35.

[9] Popovich, A., Sufiiarov, V., Borisov, E. and Polozov, I. (2015) Microstructure and Mechanical Properties of
Ti-6Al-4V Manufactured by SLM. Key Engineering Materials, 651-653, 677-682.
https://doi.org/10.4028/www.scientific.net/KEM.651-653.677

[10] FKAME. M HE SR K SPGB R[] Aia33h 7724 4), 2016, 31(1): 10-16.

DOI: 10.12677/app.2018.82011 98 N A


https://doi.org/10.12677/app.2018.82011
https://doi.org/10.1016/j.progpolymsci.2011.11.007
https://doi.org/10.1016/j.phpro.2011.03.035
https://doi.org/10.1016/j.matdes.2009.11.032
https://doi.org/10.1016/S2238-7854(12)70009-1
https://doi.org/10.4028/www.scientific.net/KEM.651-653.677

MRt &%

[11]
[12]
[13]
[14]

[15]

[16]

[17]
(18]
[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

WRiba, ke s, w5, 45 T EOLIRIEM IS ORI S5 ] ML TREOR, 2017, 46(1): 7-13.

Popovich, A.A., Masaylo, D.V., Sufiiarov, V.S., et al. (2016) A Laser Ultrasonic Technique for Studying the Proper-
ties of Products Manufactured by Additive Technologies. Russian Journal of Nondestructive Testing, 52, 303-309.
https://doi.org/10.1134/S1061830916060097

Waller, J.M., Saulsberry, R.L., Parker, B.H., et al. (2015) Summary of NDE of Additive Manufacturing Efforts in
NASA. Review of Progress in Quantitative Nondestructive Evaluation, 1650, 51-62. https://doi.org/10.1063/1.4914594

Everton, S.K., Hirsch, M., Stravroulakis, P., et al. (2016) Review of in Situ Process Monitoring and in Situ Metrology
for Metal Additive Manufacturing. Materials & Design, 95, 431-445. https://doi.org/10.1016/j.matdes.2016.01.099

Everton, S., Dickens, P., Tuck, C. and Dutton, B. (2015) Evaluation of Laser Ultrasonic Testing for Inspection of Metal
Additive Manufacturing. In: Laser 3D Manufacturing li, International Society for Optics and Photonics, Bellingham,
Vol. 9353, 935316.

Harris, 1.D. (2012) Additive Manufacturing: A Transformational Advanced Manufacturing Technology. Advanced
Materials & Processes, 170, 25-29.

AR, FHERL, BEE. RTHOGEERLUNE L] BotakE, 2010, 31(5): 44-45.

EBWR, BB ZREEER 7L S L D]: [ML2a g s0]. R REERA%, 2007,

LR, BRKE, 5k, 5. CT Delorod0 #34G &8 RO M & SRR ar v B 7L [J]. RLAROK, 2016,
36(4): 397-402.

Aleshin, N.P., Grigor’Ev, M.V., Shchipakov, N.A., et al. (2016) Using Nondestructive Testing Methods for
In-Production Quality Control of Additive Manufactured Parts. Russian Journal of Nondestructive Testing, 52,
532-537. https://doi.org/10.1134/S1061830916090023

Aleshin, N.P., Grigor’Ev, M.V., Shchipakov, N.A., et al. (2016) Applying Nondestructive Testing to Quality Control
of Additive Manufactured Parts. Russian Journal of Nondestructive Testing, 52, 600-609.
https://doi.org/10.1134/S1061830916100028

SRR, T [ 384 A4 1) 3 1 P S M DN AR B SE R E FE[D). BN oK s, 2017.
e, Wby BERNBOR AR DAL AU TR 2 2 Tt 7 2= ior =+ F4E[J]. Jedikaiil, 2008(9):
6-9.

Dinwiddie, R.B. (2013) Thermographic in Situ Process Monitoring of the Electron Beam Melting Technology Used in
Additive Manufacturing. SPIE Defense Security & Sensing, 23, 87050K. https://doi.org/10.1117/12.2018412

Gatto, M. and Harris, R.A. (2011) Non-Destructive Analysis (NDA) of External and Internal Structures in 3DP. Rapid
Prototyping Journal, 17, 128-137. https://doi.org/10.1108/13552541111113871

Guan, G., Hirsch, M., Lu, Z.H., et al. (2015) Evaluation of Selective Laser Sintering Processes by Optical Coherence
Tomography. Materials & Design, 88, 837-846. https://doi.org/10.1016/j.matdes.2015.09.084

Rudlin, J., Cerniglia, D., Scafidi, M. and Schneider, C. (2014) Inspection of Laser Powder Deposited Layers. The 11th
European Conference on Nondestructive Testing, Prague, 6-10 October 2014, 10 p.

Klein, M. and Sears, J. (2004) Laser Ultrasonic Inspection of Laser Cladded 316SS and Ti-6-4. In: International Con-
gress on Applications of Lasers and Electro-Optics, Laser Institute of America, Orlando, 6 p.

Herman, P.R. (2013) Defect Detection in Laser Powder Deposition Components by Laser Thermography and Laser
Ultrasonic Inspections. SPIE Lase, 8611, 86111N.

Cerniglia, D. (2013) Laser Ultrasonic Technique for Laser Powder Deposition Inspection. 13th International Sympo-
sium on Nondestructive Characterization of Materials, Le Mans, 20-24 May 2013, 8 p.

Zaeh, M.F. and Branner, G. (2010) Investigations on Residual Stress and Deformations in Selective Laser Melting.
Production Engineering, 4, 35-45. https://doi.org/10.1007/s11740-009-0192-y
FPG. BRAR BT E AR R R[], ERHUAEML, 2002(4): 39-49.

Hoye, N., Li, H.J., Cuiuri, D. and Paradowska, A. (2014) Measurement of Residual Stresses in Titanium Aerospace
Components Formed via Additive Manufacturing. Materials Science Forum, 777, 124-129.
https://doi.org/10.4028/www.scientific.net/MSF.777.124

Zhao, Y., Chen, J.W., Zhang, Z.Z. and Zhu, Y.N. (2015) Nondestructive Evaluation of Residual Stress and TGO by
Using Laser Ultrasonic Method. Symposium on Piezoelectricity, Acoustic Waves and Device Applications, Jinan, 30
October-2 November 2015, 411-417.

VRKA. B IE B B A B T ARAS I R [D]. TE4RAR I, 2016, 38(6): 60-64.

DOI: 10.12677/app.2018.82011 99 N A


https://doi.org/10.12677/app.2018.82011
https://doi.org/10.1134/S1061830916060097
https://doi.org/10.1063/1.4914594
https://doi.org/10.1016/j.matdes.2016.01.099
https://doi.org/10.1134/S1061830916090023
https://doi.org/10.1134/S1061830916100028
https://doi.org/10.1117/12.2018412
https://doi.org/10.1108/13552541111113871
https://doi.org/10.1016/j.matdes.2015.09.084
https://doi.org/10.1007/s11740-009-0192-y
https://doi.org/10.4028/www.scientific.net/MSF.777.124

RIS B B P A 2K
1. ¥TFFEIM T http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD

THFIRMEESE: [ISSN], FIAWIT ISSN: 2160-7567, RIA[#rif)
2. FTFFENIE TR http://cnki.net/

e« EBRSCHRAE” BEN, BIANSCERRR, HIE A
hEE S http://www.hanspub.org/Submission.aspx
HATIHRAE: app@hanspub.org

Hans Xl


http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:app@hanspub.org

	Research Progress on Application of NDT in Additive Manufacturing Technique
	Abstract
	Keywords
	无损检测在增材制造技术中应用的研究进展
	摘  要
	关键词
	1. 引言
	2. 增材制造技术的缺陷类型
	3. 增材制造技术的无损检测需求
	4. 增材制造技术中无损检测技术的发展
	5. 增材制造无损检测技术的展望
	6. 结论
	基金项目
	参考文献 (References)

