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[ABSTRACT]

and large non detection zone were the major obstacles. Therefore, researchers in the world have studied the NDT for

Additive manufacturing bring challenges for the nondestructive testing techniques, anisotropic

additive manufacturing. The application of metal additive manufacturing technology in aeronautics and astronautics was
introduced. The application features of NDT methods were analyzed, the research progress on nondestructive testing
of metal additive manufacturing was introduced, including UT, RT, CT and FPT. The related nondestructive testing

standards are analyzed. The future development direction of NDT for additive manufacturing metal components is

pointed out, that is, high precision NDT, in-situ monitoring and the construction of standardization system.
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Fig.1 Ultrasonic testing signals of different laser power

20194655625 58] - RIS EEAR 71



‘_‘i.‘ »
E{%tﬁi RESEARCH

R P R 3 AT U 34 R T 5 ) A T R AL
IS AN R R BURJE 22 55 5B, (A X T 248U be | S
o I LR A D BT 7S A ) AL, T 2 A
5 A TC A A I Ty kb e R A s
TR R B 2 K4 2 T AR S5 AH X 52 22 VAN 15 ) 38 b
il 4, AT S A RE S | Tk blds N EH RS &, 2
[y Tl &
2.2 CTHN

CT A ARG ARG B ey, T — 4T )2 R 4,
LRIV, 35 FH T 2R AR g NS R ) TE AR

1200 ¢

= Ultrasonic testing result
= Actual size

1000

(e}

(=3

(=]
T

Defect size/um
D
[ =3
S

400

200 ¢

1 2 3 4 5 6 1 8 9
B2 SEMERR S5BAERINLG R

Fig.2 Comparison between actual size and ultrasonic testing result

of gas pore

El3 SAESEMEEHNEBRERINER

Fig.3 Ultrasonic testing result of aluminum additive manufacturing part

(a) BJmIE RIS AN

(b) CT A6l AR 2L

CT Rl AR fy FHA AR FEAE T T3 b4 i 5 2L
BEL ARSI . 9 B0 O TE ARSI AF 9 B A MT U i
25 RSPV FIIEGE TR RO RE R T3 A s CT
R 235 SR X6 L A, IO R 2o 50% B, CT Al H
3% FLIRR MG RE R 25% B, CT Al H L%
BT 30%.

R BE I A R CT 6 I AR g 1 448 44
T R AL AT SE TR AR 2R m) AN W R = 4R 2k
B BT A AT B R i R A A /NGB, PTSEER SOnm. 5 4
PER AL 7R B T ARG A Be b A Ry A R4 /N &,
W 4 froR B i TIOR3 R i 1 SRR F CT
G A 5 4 e 1 R o 5 R AP, ARSI FL R R
0.06% IR 4 Ok X Ak il 0, FLRT G s B A%
b 260pum BIFLER Yo 2k E AR B0 5T Beis A uCT
R 00 57 A A I A e T AR B TR 2 Y T B BB, DA nCT
60 P 5 o Rl e MR Bl B T A R R H AR A
254um /NG B2,

CT K H A AT 157 F T 4 i 38 7 i 3d& 12 () o i 4
il JEHEME 2N G Tl CT RS 45 A 7 FH 14 44 1l
TS AR ) TCAR ARSI A0 LAl 0 5, Al ARG s 18 b i 5 2
HP R A% 485 (4 SR 80 38 2o RO ARSI S 50w ARG H 2
HAR A SR B L ] 5 SR CT AGHIN 4 38864 Tl 5 2 A P 35
BlepE B NASA 240K CT RS IR FF 386 41

El4  3DFTEN 4 EI LA RERFEFFAE R R~F
Fig.4 Characteristic dimensions of microstructural defects induced
by 3D printing

(c) CT Kol i AR5k B

BEs5 SREMEISEHFHNCTRINER
Fig.5 Results of CT inspection of metal made by AM

72 WisshEEEA - 201945 5625 581



‘—‘? » »
RESEARCH Eltﬁbtei

il Y ZE AR, SRR R LR CA T K CT AN A
FHERE I ) pogo—z 44 . RS—-25/12—X Wi RN B 4%
PRGN, AT A 0 ) A4 A 50 ke o RS AT 3K 1) P R AR AR o
FARAEFE O N CT A J7 7450 SLM A1 EBM T
2T A KT R BB BREER A . 2t A R o0 R
CT R+ A, Kl e~ 5 T LR 52 A RN 3 T il
T B AR 1 AR A 4 AV 1 5 2 E LR

Tl CTT A r] A4S D0 14 A o s 25 4 1 A <AL
BAR RLUNIE GG RN A/ NERSG , IF AT 45
BRI Z I EIR . X RSHRN ARG # 2 2%
FRTRERA T T 24 | T4 a8 DA 68 4 R A Sh A LIS s 6 A e 2
R, VB SRA: H 45 /NFL B 8% BA A AR S BB , 3 5 R
FHTE CT A&y v
2.3 HHEEREKN

S BRARASIN — 2 AR 5 SR B, AN 32 i A 1T o
TR A T AR 2 A R A A, X (A R TR
WAL Je 2S5 Sy ARSI T AR R B R U 2 R A
BT R RS ERI TT E

B ) 3 A 1 S 2 BR ARSI R 0 el TR L T
JELRE BRSNS A S O o IRJRIR LA Al
FeIE AR Ti-6A1-4V &)@ PR35 56k, vl &
FE 4 42mm [ $0.4mm .0.8mm F1 1.2mm FEJE AL, H4k

S 2k RanE 6 iR B IRIRIRFMA "R 40T TR
LRI A AN R BB 1) S A IR, AL 5 AT AR S
LA S, T T TSR T RS AN R AR
YR TR e 90° FHUGE RE SR AT ARG HY .

SF 28 BEAEASIN AT 1 FH 3504 ] 350 14 5 JC A A
NASA FJ 20 X SR REARAR I 4 ARAG 3 44
Tl AR, IR EMLR AT A XA
BRI B A O E PR GHTE LRV 5571 /[ N RMTIN
R HET XA I He - o O BB R RO IR
i3 e AT 15 KA 4 R A S RN A TR

XSRS 5 3 AT A3 A ) i A A b AL
JEGA R LI F G X TG A R BLE , T2k

o I L REASIN A 7 TS e 5y Tl (R b L T AN R Tl 2

Elo SRBMMFRLLRMSTLEMLER
Fig.6 Results of RT of a MD FBH block

USRS T IARGE A AT & 2 A3 b4 il s &5 A 2, 4o
I SO R T 25 A R O R T 2 s 1
FL 2 0 K ANE S BRS04 S A, 38 A D XS A
AT IO
24 WHRSEKRN

PENCTB BRI HE AR 2 BG4 ¥4 B i /N, A
TR T 171 e b 1 52 A v, EL&S SR B0, 3 P TR 1R B0k
T A 2R T T T BB ARSI, NASA SR 28615 8 K
ASTRO-H KX PR GG, B 7 MiEEE
BN BB RN T AN A TR A 28 J5 Ab PR
TIFNH I 1) Z2F LA BOR RS 2% 181 (19 14 44 i 15 4. NASA
FIASAS ST FPO N FB B SLM Fll EBM T 25 il
(VB AAHE I K R BTGB A4 () 2R T, SHRORAR &
Frrut i BB I POGO-Z 4k, tni&l 8 fs , Hrp
FnAET A R AR LR S UGS S, R R B 1)
A 171,

PECIB BRI Ty 3 T ARG 2 1T T 11 ot /NS 80 55
B, X T e i S A BRI AL 2o LR A il s S R R 1 e 1T
FE VB 35 9O GB @A Jr i 64 5 JCAs
2.5 BERHBENTTEELE

B i 4 R A2 1 JCASU ARG Dy AT He R R AR A5 R
TE Y, 2% 1 EZE T BRI 48 R R 0 JCAR R

E7 ASTRO-HIEM SIS HAE BTG R
Fig.7 Results of PT of AM structure for ASTRO-H

(a) KRR S A BURE

(b)POGO-Z it

El8 AR SIESAEEERNER
Fig.8 Results of PT of AM structure for aerospace

20194655625 8] - RIS EIAR 73



‘_‘i.‘ »
E{%tﬁi RESEARCH

R1EMHIE € B HRSRIE T T BN 7T %
Table 1 NDT and defect of metal made by AM

oRUIDIRES L 2L SRz FNEe

peEbsy Al vV oV VvV vV
SR BECAAGHI Vv v % 1152V
Toll, CT A6 vV v v v
PGB IBAI (7 VAR (7 a V) — =

D5 5 ARG D B, JHL v e A R A A H S i ) 2
AR Sk O B, SR AG I BE A ARSI HE A N AR 1)
SESTRIR AL, D65 BRI AN REAG I 25 Th ' T 1
FHEREE . Tl CT RGN n] AS I B pE Fl 25 2, H nl sk 2
G . X FICHRIN A S5, 75 e 45 A e A il
T B AL B B RS ERAE , A X T 2 R R M My T
() TCHASI A AR AR R P

K AR G i TSR I 5 2 064 T O I (43 A 1
ARSI EL A R BRI, H 224 2 B B B o g A ol 1
BT B, DRI AS DA lb AV ST HILRA T R T 38 b4 i 1 )
W PELR MR ARG . FERE A A AR
LIANME AR AL G O SRR e I
DT 32 3 R e Y 43 AT RIS , 4n o A B RIS
FIEOS A w45, U0 S8 SLM ek 75 475 ot 72 48 Wi, %of
TR ) S ARG I A R A S B

3 EHHIE SR TR R

B A B ARAE SE B T AR T A AR R
PRIEfL AT A SAE B 2002 44 AT 15—
TS B ASRECF R RIS AMS 4999 ), ASTM )
B35 42 AR Z3 0125 FA2 R ISO A4 il 1 4 R 25
2 TC261 IR AR s HADRELT 20 T, WA K
AR TR AR R S T B R B b 5 AR
WAL 5 R PRAFAE R 2 0, AAE R B T 325 38 45 )5 T B
FE bR UE 8 T, % T kit 20 A3 5 Il 45 5 ThT A
HEAL IR ARAT Ptk Ji . 2016 4F BT 4= [EIHG A il A5 1 Ak
HRZE 5125 (SAC/ITC562 ), P AR AR S A il T 2005
5 U R T S AR R Y, 2017 4
CA 2 OG- 20N i [ G20 26 o i aod o
AL CHEBA 3 T 20 ABDRE 328 ) F0 G il 3 32 4
PR T )

XF T 44 bE A] 3ak A D045 I AH SC AR U, B v AMS
4999A Titanium Alloy Direct Deposited Products Ti—6A41—
4V annealed FLE T P G I RN S ZASH ) T 2 AN
& I A PN O 1 K, AR R YRR 1] B P A

74 WissREEEA - 2019455625 5581

e AMS2631, TEULARIR 3 TT SR Y ST A 2 ASTM
E 1742 F5 e, L B H ORI 145 ) I 1054 7 7 A S
ZEK6 M . ASTM F2924Standard Specification for Additive
Manufacturing Titanium—6 Aluminum—4 Vanadium with
Powder Bed Fusion X} 24 3% T Ji &5 A1 P9 3 57 & 1%
AR SR, A T S A I ) A Ty A o T
WobR v S5 i HE T X7 B R R L B R L S R A
MR, ASTM Z5 0t 23 JF e 1 4 Ja 38 M i 1 0 1 T
PR R AR E ASTM WK47031Standard Guide for
Nondestructive Testing of Additive Manufactured Parts
Used in Aerospace Applications )& o

R BRI ISO 17296— 3Additive manufacturing-
General principles, Horp e 3 FR43 SER To4vi Aol #4 90
A FRERAT B, SR AN 1SO5579, Tl CT A6 il 4
IEC61675, BB/ 1903452, NASA M) BURMTR
ATHLO PG T IS I A B R R L RS T
A e B N AR AR R IA TR , TEAEBIF S G ] 1 4
il 3 & Sl pogo—z F4AR ) JCHAG I AR .

ARG AR VRS AG: 30 PN 1S A T 3 Bk A
= e o A A S A ) AR A B, TR e T b o
TE A TCAGURS: DU RV R 1 A 1 s ) A B, A 1
Tk [ JC ARG, U AR TR AIF 5 5 AR A VT 22 5 T R s BT
T C 1) TRVRR RIS S8 b4 i i T A5G DU A ) M43 ( 2) 3
T TGS 50 B e DR P 0 a5 ( 3) il 36k wig A4 kb gy
ARIGTCAGRG I B 57 5( 4 ) 368 3 B Hh o4 RS I A AR AL 5
(5) FRiEfl TR ic 5%

4 45ip

180 o 7R AR R TR, A TR R B L R SR R B
TR LA S (R T RS

(1) S8 1 1) S 2 PR B 4 , Q52 5 F 0
PRI T PR, T T R () TR I v, e
A AT IR R SHRY CT Rl A, 5 b e
W73 AN

(2 T A 80 1 3 e S0 5045 1 o 3o 8 1 7 2%
W7 1) % J  BIF 9T ST ARG 2 e R
SV 5 DS M AR, S B0 FE k1 92 6 7
LR, Wl v 7 A R e I S B 5

(13) 35 W78 7 60 5 28 43 A T 3 T4 G ) ik e
SR BEEDR A B A R AR A R,
BB Pl R SR

& % X
[1] DANIEL G, BASTIAN H, FRANZ G, et al. Continuous 3D
printing for additive manufacturing[J]. Rapid Prototyping Journal, 2014,



PN
RESEARCH Hltﬁbtei

20(4): 320-327.

2] i, &R, WEE, 5. BoUEM S BRI R
Ry (0] iz hliEseoR, 2016, 59(12): 26-31.

YANG Qiang, LU Zhongliang, HUANG Fuxiang, et al. Research
on status and development trend of laser additive manufacturing[J].
Aeronautical Manufacturing Technology, 2016, 59(12): 26-31.

3] EHH] . SR RAL G A OIS IR - TR
Tl [0). fi2s 2448, 2014, 35(10): 2690-2698.

WANG Huaming. Materials fundamental issues of laser additive
manufacturing for highperformance large metallic components[J]. Acta
Aeronautica et Astronautica Sinica, 2014, 35 (10): 2690-2698.

4] XEzd, b, BRRlR , % BOLE LTI TATS + Ti2
AINb &4 MAILUS J12# A8 [7]. BiasMREAL L 2017, 37(3): 61-67.

LIU Yantao, ZHANG Yongzhong, CHEN Yiqiang, et al.
Microstructure and mechanical properties of laser melting deposited
TA15 + Ti2 AINb alloys[J]. Journal of Aeronautical Materials, 2017,
37(3): 61-67.

[5] k=%, R ZEIERR , 55 . 3D TENECRIEZC IR AL
AR [J]. BERETRE | 2016, 44(2): 122-128.

ZHANG Xuejun, TANG Siyi, ZHAO Hengyue, et al. Research
status and key technologies of 3D printing[J]. Journal of Materials
Engineering, 2016, 44(2): 122-128.

[6] MHZEZE, A4, PRIk, 45 | WOl i AR e Al
AT IS5 5 J (9], MLs ISR | 2015, 58(11): 38-42.

TIAN Zongjun, GU Dongdong, SHEN Lida, et al. Application and
development of laser additive manufacturing technology in aeronautics
and astronautics[J]. Aeronautical Manufacturing Technology, 2015,
58(11): 38-42.

(7] BUKF], BRELHE , 2002 . BIm IR S BORTE L2 S
RIES R (7] ez R R |, 2013, 56(13): 66-71.

GONG Shuili, SUO Hongbo, LI Huaixue. Development and
application of metal additive manufacturing technology[J]. Aeronautical
Manufacturing Technology, 2013, 56(13): 66-71.

[8] XU, HEERRE , WRUTAS , 55 . MBS BORTE R MUK S
HIBFFERL AR [J]. SR EE A | 2016(6): 103-106.

LIU Qi, LIANG Xiaogeng, CHEN Jilun, et al. Research and
application status of additive manufacturing in foreign aerospace[J].
Missiles and Space Vehicles, 2016(6): 103—106.

[9] GE Aviation. Additive manufacturing[EB/OL]. (2015—
07-29)[2017-12-29]. http://www.Ge aviation.com/company/
additivemanufacturing.html.

[10] Airbus. Airbus strengthens R&T cooperation with China[EB/
OL].(2014-03-14)[2017-12-29]. http://www.airbus.com/presenter/press
releases/ press-release—detail/detail /airbus strengthens—rt—cooperation—
with—china/.

(1] bka, BTTA . W] T s ek it 43 Jes g A R A ol i
A ] W EB R | 2015, 34(9): 684-688.

LIN Xin, HUANG Weidong. High performance metal additive
manufacturing technology applied in aviation field[J]. Materials China,
2015, 34(9): 684-688.

[12] #P4, AR, 385, 55 BRIl HoAR K sl
L ARG S (7). B4R TAR , 2017, 4509): 13-21.

YANG Pinghua, GAO Xiangxi, LIANG Jing, et al. Development
tread and NDT progress of metal additive manufacture technique[J].
Journal of Materials Engineering, 2017, 45(9): 13-21.

[13] CERNIGLIA D, SCAFIDI M, PANTANO A, et al. Inspection
of additive manufactured layered components[J]. Ultrasonic, 2015,62:
292-298.

[14] BeE:dG, #REE, 21 . TC4 HobsT Ik BUE B A 20 3
PSRRI (1] TP EEOE , 2015, 42(1): 0103005,

RUAN Xueqian, LIN Xin, HUANG Chunping. Effect of
microstructure of laser solid forming TC4 titanium alloy on ultrasonic
parameters[J]. Chinese Journal of Lasers, 2015, 42(1): 0103005.

[15] ¥, i, B9, &5 . TC18 kA ekt hil vk kbt
FAREIRFIE RIS [J]. WA diliEHA | 2017, 60(5): 38-42.

YANG Pinghua, SHI Lijun, LIANG Jing, et al. Experimental
research on ultrasonic characteristics of TC18 additive manufacturing
titanium alloy[J]. Aeronautical Manufacturing Technology, 2017, 60(5):
38-42.

[16] RIEDER H, SPIES M, Bamberg J, et al. On and offline
ultrasonic characterization of components built by SLM additive
manufacturing[C]//42nd Annual Review of Progress in QNDE. Melville:
AIP Publishing LLC, 2015.

[(17] BUhih, #kdg, wRT, 55 . TC4 G a ot g AL
FEBPA R RS RN [J]. HEREOT | 2015, 42(12): 1203001.

RUAN Xuegqian, LIN Xin, HUANG Chunping, et al. Ultrasonic
nondestructive testing of hole type defects in laser solid forming TC4
alloy[J]. Chinese Journal of Lasers, 2015, 42(12): 1203001.

[18] SHIY W, YANG P H, LIANG J, et al. Relations among
ultrasonic testing results and defect characteristics and material properties
of laser additive manufacturing titanium alloy[C]//19th World Conference
of Non—Destructive Testing. Munich, 2016.

[19] WALLER J M, SAULSBERRY R L, PARKER B H, et
al. Summary of NDE of additive manufacturing efforts in NASA[C]//
Quantitative Nondestructive Evaluation 2014 Conference. Boise: QNDE
Conference, 2015.

[20] LAVERY L, HARRIS W, JEFF G, et al. Recent advancements
in 3D X-ray microscopes for additive manufacturing[J]. Microscopy &
Microanalysis, 2015, 21(3): 131-132.

[21] MASKERY I, ABOULKHAIR N T, CORFIELD M R, et
al. Quantification and characterization of porosity in selectively laser
melted Al-Si10-Mg using X-ray computed to—mography[J]. Materials
Characterization, 2016, 111: 193-204.

[22] NOURI H, GUESSASMA S, et al. Structural imperfections
in additive manufacturing perceived from the X-ray microtomography
perspective[J]. Journal of Materials Processing Technology, 2016, 234:
113-124.

[23] GOMEZ H V. Application of X-ray CT for quality control
in additive manufacturing[C]//2016 Additive Manufacturing Users

(T#%87TR)

20194655625 8] - RIS EIAR 75



PN
RESEARCH Hltﬁbtei

U A R (0], AR T2, 2011(11): 74-77.

YUAN Shaohua, ZHANG Haiou, WANG Guilan, et al. Fusion
and milling compound precision moldless rapid manufacturing of metal
parts[J]. New Technology & New Process, 2011(11): 74-77.

[9] RZSC. SERMESRRERIN L7 (). AUz REE A
1992(4): 19-21.

XU Jiawen. Special processing method of blisk[J]. Aviation
Precision Manufacturing Technology, 1992(4): 19-21.

[10] BRI . BUAAES RSP I i B RIS BOR (0] Wiss
HITEHAR | 2006, 49(4): 94-100.

HUANG Chunfen. Modern aviation engine blisk and its
manufacturing technology[J]. Aeronautical Manufacturing Technology,
2006, 49(4): 94-100.

(1] 7%, B, S0, 45 Wil SOk RE R AT 55
R ] Aias REAAR , 2006(3): 93-98.

TANG Xin, CAO Lamei, GAI Qidong, et al. Superalloy double
performance blisk casting technology[J]. Journal of Aeronautical
Materials, 2006(3): 93-98.

[12] SHAN D B, XU W C, LU Y. Study on precision forging
technology for a complex-shaped light alloy forging[J]. Journal of
Materials Processing Technology, 2004 (151): 289-293

[13] X0y, BAft , B4R, 55 . FRAHLEE T Io i B K A5kt
K8 BUE 12 (1] B | 2003, 24(5): 474-477.

LIU Fang, SHAN Debin, LU Yan, et al. Surface modeling of
compressor rotor and isothermal precision forming process[J]. Journal of
Propulsion Technology, 2003, 24(5): 474-477.

[14] X5, MR, PGB | 55 . 2A70 FRA 4 1S5 IR 22X
Bert T 25T [7]. MU T AR 2441, 2005, 41(9): 161-165.

LIU Fang, LIN Zhongqin, SHAN Debin, et al. Study on isothermal
blocking forging process of 2A70 aluminum alloy rotor[J]. Journal of
Mechanical Engineering, 2005, 41(9): 161-165.

[15] CHO M H, KIM D W, LEE C G, et al. CBIMS: Case-based
impeller machining strategy support system[J]. Robotics and Computer-
Integrated Manufacturing, 2009, 25(6): 980-988.

[16] INNOTEC S. High-speed milling of large impellers[J]. World
Pumps, 2008, 2008(507): 26-27.

[17] YOUNG H T, CHUANG L C, GERSCHWILER K, et al.
A five—axis rough machining approach for a centrifugal impeller[J].
International Journal of Advanced Manufacturing Technology, 2004,
23(3—4): 233-239.

[18] skigRy, BBl FH:22, & S E BB 5 8tHl
HeHE 5T G B 1 4 B FATHOR [J]. R PR, 2005, 16(20):
1863-1866.

ZHANG Haiou, XIONG Xinhong, WANG Guilan, et al. Plasma
fusion forming and milling finishing technology for direct manufacturing of

metal parts[J]. China Mechanical Engineering, 2005, 16(20): 1863—1866.

BIEE : XK, T, B2, 05 1) M A2 R A R s M 4
FAR i 5% GEfi i , E-mail : 1chq0123@126.com.,
(Vg # L)

(E#EFT5T)
Group 28th Annual Education Training Conference. St.Louis: Additive
Manufacturing Users Group, 2016.

[24] NILSSON P, APPELGREN A, HENRIKSON P, et al.
Automatic ultrasonic testing for metal deposition[C]//Proceeding of
18th World Conference on Non—destructive Testing. Durban: World
Conference on Nondestructive Testing, 2012.

[25] ek . SRS B St ARSI R 7], Jodbife:
I, 2016, 38(6): 60—64.

LING Song. Additive manufacture technique and related NDT for
its products[J]. Nondestructive Testing, 2016, 38(6): 60—64.

[26] LOTT P, SCHLEIFENBAUM H, MEINERS W, et al. Design
of an optical system for the in situ process monitoring of selective laser
melting (SLM)[J]. Physics Procedia, 2011, 12(1): 683-690.

[27] RAO P, LIU J, ROBERSON D, et al. Online real-time quality
monitoring in additive manufacturing processes using heterogeneous
sensors[J]. Journal of Manufacturing Science & Engineering, 2015,
137(6): 061007.

[28] LEVESQUE D, BESCOND C, LORD M, et al. Inspection
of additive manufactured parts using laser ultrasonics[C]//Review of
Progress in Quantitative Nondestructive Evaluation: Incorporating the
European—American Workshop on Reliability of Nde. Melville: AIP
Publishing LLC, 2016.

[29] ZENZINGER G, BAMBERG J, LADEWIG A, et al.
Process monitoring of additive manufacturing by using optical
tomography[C]//41st Annual Review of Progress in Quantitative
Nondestructive Evaluation Aip Conference. Melville: AIP Publishing
LLC, 2015: 164-170.

[30] SRaif . [ANE TG BRI T (0], Al bR S
1, 2013(4): 44-56.

JING Liilu. Analysis of foreign additive manufacturing technical
standards[J]. Aeronautic Standardization & Quality, 2013(4): 44-56.

[31] skidy, BN, 00 A SR R AR E S BT (D).
FEFFR , 2017, 31(29): 62-65.

ZHANG Yu, HOU Huipeng, LEI Liming. Analysis of
standardization in super alloy additive manufacturing[J]. Materials
Review, 2017, 31(29): 62-65.

[32] ISO 17296-3. Additive manufacturing—general principles
(Part 3): Main characteristics and corresponding test methods[S].
Geneva: International Organization for Standardization, 2014.

[33] XUBusk , FIUARL . FRFEHE M L £f S ARE L BRI R
PR [7]. BRALRS S (FESMI ), 2017, 53(9): 651-654.

LIU Qiongxin, WANG Shunquan. Suggestions for technology
system of integrated standardization for additive manufacturing industry
in china[J]. Physical Testing and Chemical Analysis (Part A: Physical
Testing), 2017, 53(9): 651-654.

BIAEE : mm G, M R AR, W5 1) SR TCADURG I 5 f e

W, E-mail: gaolimin@comac.cc.

(Vg % £)
2019465562 81 - RiATREEIA 87





