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Fig.l1 Schematic diagrams of two major types of additive manufacturing principles®®: (a) powder bed fusion and (b) directed energy
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Fig.2 Different additive manufacturing processes™”
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Fig.6 Forming process and microstructure of CSAM Cul®®
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Fig.7 Microstructures (a, b), electrical conductivity (c), stress-strain curves (d) and fracture morphologies (e, f) of the pure Cu parts

processed via SLM (a, e) and CSAM technology (b, )24
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ER AR P JAR AT TR A Al B v I R R e R v kL A
TERERE, REW FRARUIAR A IR FLBR %, H AR,
AL J5 AR A B i B A W6 A A7 A A1) R VRN 38 A A
A AR BT JRURS: s ELAS R AR e DT AR A S8 4 222 1) )

A B B AT R BRI A AR, R
. CSAM Ti Jt TCA PTRAL b3 f5 FLIRZ . $1
FroE B KB AN 1 Fran, A LUE H#kb 2 R 25 42
T & TCA YUK P hr s BE S e 28, Ti Hidi
i i KIS E] 600 MPa, M #E Ti YRR R BT
FroEAE (240~550 MPa) , {HZEMHIZ (8%) ik T Hik
(15%~24%) ; &S F N AL TCA PTAR AT 38
JEE 11 4 A %2 f5 K AT % 764 MPa il 6.3%, 1E T3 MG T 4t
(895 MPa, 10%) 7. FLER 2 ik w2 3 e A8 Ao R A1
(B . Huang 250790060 Lb 20 B 77 38 K Hab 380 35
FMLZ AL 2 MR (& 16) CSAM YT I 3O 45 1)
AR, M ET, B AT RAEY L B
BB G4 A, T BB TR AR, 0RO Rl
WK, WF 2R E, KA S % ERA T 2T
%, Z ALK B FLBR TR ik B AR DURRAR N, TRiE T
162791 Zhou £7E BF 5 3B K AL BE X} CSAM TC4 it
FUAH A 5 S ge e R, 50 7RSS &

DL R B, AL A AL B RN RE T BR DR A Y
R BIFLBR . PR e 75 22 25 G HoAth T2 F Bk ol s It

FUARIZRETERE . ANE T A 28, #5588 Chot
isostatic pressing, HIP) A& ¥ ¥4 {1 il B T = i i 1 4 1
AR B P A A T, T8 AR e A A it 0 % 1 ] A
JEF7, BRI AL S, $RER ik Rt HIP &b
ARG JC A N Hs AL AN AT AR P e AL EE 2 Fh T
2, Wl 17 Fos. fEEEE HIP 1, WS W&
JE S TR B A, &S T N R B R A
XF T ALBRF R A, — J7 T A] BR AR AE S e il e S
RE BB ESL, FHEFLBI R H— T, KW
B AL A B SR A RIS AR R, A Re & JE B
WU (B 16 FraR) B8 Pt T 2 LA A — R
AR EINE R HIP T2, Mgt A/ % B e
BRI, SFHETREZRBENTE, REHREE
N HIP JP A, fE HIP A2, LB P 8 1 A e £
B, T S50 A 4%

HIP &b f5 ) CSAM JURARH 2R 77 2 14 gAY
BT HIP T2, & 5WERA TR i FLBR A k.
CSAM Ti & A5 HIP A3 J5 Pt 47 58 FF A1 ZE A 5 43 5]
M 90~110 MPa HI 2%~3%7 = 4= 480 MPa Fl 8%, %A
i, Ti FsEAE 2.2% FLERP2. Chen %@ it X 4
2k i HHL W 2 4935 ( X-ray computed tomography,
XCT) REAEM T HIP XF TC4 YIRS, K
PTG HIP b B I AN REVH BR A AUWHR TCA JLA A
HEBFLBR, T2/ AWER TCA YIRUAZ HIP kb3 5 23
s EEEUE, HIP A3 S J A5 2 ABHR I TCA fithe
55 £ 43 7 A 90 il 374 MPa $2 /5 21 680 F1 963 MPa, {H
SEAF AT SRARMR A7 5 5y HIP S SE A 224 R 1) 42
15 AT RE A T FLBR N R I SR SRR OB, TR AL
W ek e A R %Y, (R R TR B IR
Petrovskiy 2SR 7% T AT BN HIP 4FEXT CSAM
TC4 VIBMA R H IR & Iy 5tk reszm (B 18) , RILAH
LB TCA PIARLE HIP 4b 7 f5 LI R B 3 A%, 5t
$75% E M 70 MPa$ = £ T 950 MPa, ZE 1 1A £ 13%),
b7 22 7 X 11 W 2R 2 A SR ) e I 2R

n ERrA, Ti & Ti A S AR PR o B
7 CSAM PiRUE s fLBR =, f8 2 AT IR e %
W Ti R Ti B8R, BRIFLEREE, (HA
e 20 A 1), LR . HIP )5 40 T2 Nk —
R VTR A B B S5 T R TT &

3.4 Nb K Ta MEt& M

Nb R Ta B A7 b A0 5 I F ek 1 A (R 2 A
GPERE, EMTSHIR ARAO. AR BRIV SR
S ). A4S T E % Nb 5k Ta Mt lA m . IR
TR K. AM FAR A e ax 28 o] 3 (15 240842, 15 Nb
A Ta M, ISR, BORML, URENER


https://www.sciencedirect.com/topics/engineering/computed-tomography
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#F1 CSAMTi & TC4 Mf&EXTEL
Table 1 Performance comparison of CSAM Ti and TC4
Spraying
As-sprayed Annealed
parameter
Author Ref. Condition
P/ Porosity/ UTS/ Porosity/ uTs/
Gas T/'C El/% Method T/'C  P/MPa Time/h El/%
MPa % MPa % MPa
Binder Ti coating
N, 4 1000 0.13 450 - - - - - - - -
etal. as-sprayed
Zabhiri Ti coating
He 1.5 600 - 800 - Air 500 - 2 - 600 8
etal. as-sprayed
Petrovskiy Ti coating HIP
N, 3.6 750 4.3 90-100 2-3 900 110 - 2,2 480 8
etal. as-sprayed (capsule-free)
Petrovskiy Ti coating
N, 4 800 - 70 - - 900 150 3 - 480 -
etal. as-sprayed
TC4
Zhou 600 - 2 - 110 -
| coating N 0.25 680 - 90 - VAT
etal. -
as-sprayed 800 - 2 - 316
TC4 600 - 1 - 251+49 32411
154+ 2.3+
Voetal. [19] coating N, 4 800 7 o1 0.9 Ar 600 - 2 10 219+47 35405
as-sprayed ' 1000 - 4 58  462+42 58+1.1
445+ 3.8%
TCa He 4 350 <1 - 600 - 2 0.3 7641189 6.3+0.5
Chen . 145 0.8
5] coatin
etal, D) 9 N, 5 950 24 90 - HIP 920 120 2 15 680 14
(capsule-free)
as-sprayed HIP
He 2 950 1.2 374 920 120 2 0.03 963 1.76
(capsule-free)
TC4
Petrovskiy . HIP 13.5+
[96] c0aling N, 5 800 75 68 - 900 110 2 0.2 95645
et al. (capsule-free) 0.5
as-sprayed
TC4
Petrovskiy coating HIP
[93] N, 4 800 ~6.2 20 ~0.06 910 150 2 ~4.9 560 ~1
etal. (capsule-free)
as-sprayed
Hollander 240-
[97] BulkTi - - - - 15-24 - - - - - - -
etal. 550
Hollander
| [97] Bulk TC4 - - - - >895 >10 - - - - - -
etal.

HbF 1) 3 B 1) %5 Nb A Ta dEH B A Bk - Marinelli
219910017 ) WAAM H A ) 4 Fid 58 % 261 MPa, %t
15 36%01% Ta A, EAEZE K MR & (29 1 mm)
FAAAGE (B 19a) , HLIEH il i FOR UK (2.7 kg/h) «
SLM B AR B AR A R (10°~10° K/s) , Wk
R R ST/N  Zhou TSR SLM BAR il 4 T SRR

211 pm B Ta sURECE] 19b), Hi 47 32 & 7T 34 739 MPa.
Bl FEESRESES R 2 AT K S
#, T T R BREEIR R, AR R e <111>
ik, R L, B SLM TR
KYERE OB, WBhiES) BRES, )& A .
T Nb Al Ta &5 MHIPE, B R,
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Fig.16 Schematic diagram of the evolving CSAM deposit during

AR FE I e O R B AR R

heat treatment!™

High-pressure gas

High-pressure gas

Sample in
vacuum capsule

™

K17 TEEMTEEAEMELETZ HIP RE
Fig.17 Schematic diagrams of capsule-free (a) and encapsulated (b)
HIPC

CSAM fEME G BUH ) Nb A1 Ta P {4[26-29.104-100]

FLBR AR T 1%, Wil 19¢ A1 19d AR, Wik Ta 7R
AlIA 4.7 kg/h, AHHCEST WAAM 845 5 2 48 46 TR i
], H548 A . Jafarlou Z5MORF 5T T CSAM Ta YR 14
FIMOUL 2L 23 A0 7 2 M, % T Ta BT 4L 21 R 4 i

SEM HV: 20.0 kV
SEM MAG: 100 x
SM: RESOLUTION

SEM HV: 20.0 kv
SEM MAG: 200 x
SM: RESOLUTION

WD: 14.78 mm
Det: BSE

GA3 TESCAN|  SEM HV. 20.0 kV WD: 9.96 mm
SEM MAG: 2.00 kx Det: SE
SM: RESOLUTION

Lot
200 pm SEM MAG: 2.00 kx
SM: RESOLUTION

VEGA3 TESC. SEM HV: 200 kV

Bl 18  HIP BHHI 5 TC4 U AU 2H 24 22 Wi 1 T 50
Fig.18 Microstructures (a, c) and fracture morphologies (b, d) of TC4 deposits before (a, b) and after (c, d) HIP treatment °®!

LR S5l R A, VR 3R IR HE IR B At A S 1
FIEE]), PihsREIA S 484 MPa, & T HL TR I AN
WA & H %1 Ta MR (205 AT 310 MPa) , JE 45
J5EEE 9 761 MPa, Iy &[] [R] 14, {H L ft 28 R W
HPIMERC. BE EAH & T IR L E 0.5% Ta

VOB, Ta JURRAR B J ph B O3 BE B 3161 Ak f A1
T L, B RS S ek

JEASE T AM FA R KN I R 22—
AM SR AR A B BRI, K R A S 8
PRERACH A& m ks sy R DS, AR . CSAM i 2
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Fig.19 Microstructures of Nb and Ta deposits prepared by different processes®2°1%: (a) WAAM Ta, (b) SLM Ta, (c) CSAM Nb,

and (d) CSAM Ta

WO T R RE S R TR AR I OB R 2K . i
TR R BAA s ) AT, v ARk f
AIEAT HE A 3, 451 s ) 96 IR A B0 D v B &L Ak
Jit S ) £ 1 Ta by R BUARERTE Ta ¥y oK, BRG] i Bl
7% . Tang %18 5t 70 RIS KT CSAM Ta HERERI
W, AHEGAEL THEEKE A A TE M AR, 2 LM RAEBHR I
FE A A T 7= AR R 48 AR SR AT N, DURR B N 30
Kim 21094 it Ta # 3E 47 T3 b B 25 AR 4 W5 94 1)
Ta JURUAR B FLER % .

DL EAFFEEREH, CSAM ReW il 5 U5 1) Ta F1 Nb
DUBUAR, PidismfE s, (HZET L2ARS 08, U
MR LT A B, WP, aof se b om
YR L A7 2 CSAM Hi A M F5 ffE UL 1) ) /82—

4 CSAM 7E[E Br s aY B A K it e

4.1 RB[BEEFHEE

25T CSAM PUR AR AR S 1) Tif Ji e B 9% 55
AEL82, 2000 4 CSAM H A E 5] A2 < BHIF A 51 156
. 2001 F3EHE ARL 55 W E 5K S5 %= A 1E AL
TEAK CSAM M H T3 & 45 155 = ; 2008 4F,
5 E By ik AT T T F2hELE S A miR G T2
PrifE. BT CSAM BER O 2 HF % W% %
REBHLENYE, 2B, HBEMRHERTES
RmE R R BOWBES T2, SHERBELT
i, H 2008 fELLkK, ARL B2 IFUEFIH CSAM &5
BB RS ST, Bl E TS &1L 3
WA AR . UH-60 F g AR Tk, B-1 ZAENLIIHET

RGN AR A SR EE B AH-64 B A &5 i b 3¢
L RHLEE AL, FIA-18 % SF ML R 16 56 il 45 A
7, i 20 proglB,

W2 g RS 3 45 7 7, 2019 4F, 25 [ bk 42 4F R g
R J ) A Rl i 22 AT 9 S 56 2 T M TR R A R e PO A
& v () TR R CSAM AR X M2 A iz 48 1) 25
M 25 mm BB AT TS, MHEEE
FULH AL T BT B RE, IOE TR B R ) M A
BN RE S FIRS, ARL ¥ CSAM AR 5] N4k
16 sk B2 o 2 Y A A e 0 3 R R, X RS 1)
B BEAT B R RE IR, 25 R W], CSAM B E 5
TR BT A BE A T FAR A (R, CSAM BAR fiE
A R B DA RS 2 A IR S ) AR AR R 2, 2019
B, AR TRE T 2 B AR R T N B IRK 8 3R A5 ARL
B, TR ROE R T M5 T ) CSAM
AR R A CSAM £ 4t . 2020 4F, A it % E. 4]
BIGAE T E#;0 CSAM WA/ EBA I T B E E F
% BIATAT I, RSRIHRIKS CSAM BiR K R Gl N R
R . ity 26 F R it 8 it o

W AR % T, FAE 2000 F, EEBES)E
S AR T B ZE A B0 B AR A e He T I
(BES A RS, JTJE T CSAM YRR BE VAR BT 9T o
20154, VRC BK& ¥ S RHE i it iy R H 2 CSAM
IR 6061 Al A& KINMEE T 56411 TH 303
BT R R b, DURUA S B AR 2 A R KT
71 MPa, & J&HIHIEh 880 T AR A % A% A
2019 4, 3 [F 4 2R A Bk & o0 FH#2 3) CSAM


https://www.sogou.com/link?url=hedJjaC291OkRHB_GaOT68-hJiDhCTPK_EXca_FznE8dYrIQE1DdhMeYdKQFpAvS0ztd7q5nl6o.
https://www.sogou.com/link?url=hedJjaC291OkRHB_GaOT68-hJiDhCTPK_EXca_FznE8dYrIQE1DdhMeYdKQFpAvS0ztd7q5nl6o.
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fastener of ajuminu

Y &
N\

Areas to be
removed and filled
with cold spray

Re-machined
ring groove

Wear damage removed and replaced
with tungsten carbide-cobalt using
kinetic metallization

20 CSAM & E ##

Fig.20 Examples of CSAM repair parts®3™%: (a) repair the B-1 bomber’s front system deck panel, (b) repair magnesium alloy

transmission gearbox, (c) repair the mast bracket, and (d) repair the hydraulic pump gear shaft

RGMBEE T V-22 & FEE G . 2020 4, £H
WA EEM R HABRERRIIEE T
CTRIR AT TR 2 ANEK IR RN R4, 3]
KN 2 55 T4 CSAM Ho A T 418 4] bk 37 25 8 i
(1 TS s A A S5 D B VS FRE S0 1, T S I 7 F R T 7 T A
5 R EHE U CSAM 4%

R E, el ks, A TR RE R
EE A T B P E B SRR, T
RAFREBE WM BT AL C I T CSAM B
F, WUART —E R, w3 s KR S gt B
MU 5 42 T /RS 4 5% R A A of 2 Y 2 0 1 £
BRAESGEWMMEEHEI P ENRIOTRET
CSAM =W 7T, i 21 fis, UIBRAEEE, 5
FEAR I 45 A 98 4 50 MPa, B A B I WL I AE
4.2 EsLERarRt

REeRE A NS, RIZGRYER, RN e A
G 2B B 2 N R @45, W Cuy Al Ni &%, T
bt 5 H B e 0 B3 e, 2 AL SR SR B R T
WPk . XUE T REZG BB 2 — P 2 e e 4
&, ANERNE MM BB B B, SR AR
Sk 0 T R AN e e e A AL BT AL & AI-Ni

K21 CSAM 25 1Tsh i1t
Fig.21 CSAM repair mobile parts: (a) before repair, (b) after

repair, and (c) after machining

SEMEHE SR T SRR ERGE, EFEERYNE
SR B AN RIS, —BaEE R R 4. TR
AEL R R T2 4 010 M T R AR R
CSAM ViR A & & LA KA, TTRRFLER
ALk CSAM il 45 1R £ e 26 71 B L H A T
2l & B A B 2 R R B RE, XK AR TR
i1 g AT, Lee 120U CSAM R XUZ 24 B BB
1T T ERe M, 25K, CSAM XZZ AL E )
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Al 5L AI-Ni 4 E R 5 BURGHEAT R B, 3 R R
MR LA, SRR B J), XA A& CSAM 1)
S—RH .
4.3 tRimFZH TR

BEAAREEF W, JORERB[E LI
B B3 AR A7 AR )RR R S B TR OREE, KE N
T REEE S M L2 S AR B R R B i 1 iR
B2 —o SR, 5 ZEERTE VDB L S A v T
IR A5 B0 55 T 0 BR A A R A IR B M AR T A B
SR, BEZE I BE 1 B B T 6 e M i A ) £ BE A 7R G
AR & b SIL AR AR S R R ) R . SR T ok A R
G SR T RE I A AT B, HR AR LR
HE R, 55RESG SN LRI, [FR
DA £ 52 B A i B AR Ak . 2B 3 PRI BAAR AL B iE T ST
G5 K6 R TR B T AR AR 1Y) BE AR 5 M R Y A AR A ORE,
CSAM TEE: G &M RImblI & 7T EE 3 mm 1
420SS/WC-17Co VA4 (KBl 22a) , MitEEMEEEE G &
BRm T 2 AN ER, JHE T 2000 km A EHHE
% (B 22b) W2, BOR BT BT R, B EE
(1 T R FH AN E

TER— P 4B M )& 775, CSAM BR 24k
J7IZ R T o 3e e & IR A4S B 3 ) 3 At . L AE 12
HHEG & KA &A1 RO B BAR T 4% G ) Fams
W R BOBES TS, BB REAME (UIRA
HEER) R RAESE, ESRME. SIS SR
WM G R R LB T AR — . A
ifi, ZRTHEAMIRTR, hE T HRRE.

5 CSAM BEIFERNHE

51 &

JURITEAR IR 22 . Tkl 26 R 2R S AR E — 27
FEERREI T CSAM HIRIT . fEMTIRREh, Bk s
T A AR AR T 2 288 g i A, L v AR DA T8 JRE v T A

A0 B TR 2 JEZ, S SR AE rh o X3 A 0K i R T3
LR RBURL 2T R S 2 A 20 R AR S Uk 4
B2 i, OB A o XIS R P2 R AR T 32 £ X SRR E
BEREE, & RUTRRR R FEANIA 5T, T8 B 8] e PR AL A
MR “ =72 $ER, i 23a s, BEJa T
XSRS B BT AL /N, FURLTAR A2 45 5 00 PR X, i el
“ AT R BRI ] o (RO TR
ZIE R 5 18 BT AT Bk, niE 23b Fr,
i BN JE S0 TR BR A RE SRS I s R, 38 12
P TR RRAS R 3 B RHR 3%

BEXT U AR 2 1 22 1) 1) AL, RN 5% 20 il R
AL TR S AL TR B A2 2 T S oK 2503 CSAM
PRI 22 ) 1)

UKL £ [ T/ 2 BL 7R 55 W6 P 20 A1 S ISR i 7 0 A1 o0
AR ST TR RE 0% 50 UKL £ W6 A R 0 AT, BORL 2 AT
ML), POARAR BN 2], Wi 24 Fros, %W
WETT IR CSAM L #2 s #51 fig /10122124 HACR
BEAT B 2 B AE R SR IR DT AR A (1 12 e

B 1 LR AL T OU A M IR (1 R B . CSAM
FBAL, MR AR 23R TT CSAM BORFETENE )
HIETF B Pattison 25— Rl i 4y Byt « =
FTGARIR 7 SRS R it 4 Lk EE . 08l 25a R, 8
I R A LR LT SR RTUORR I = A Rt
TR, M =M, DURSSHE, AR
BT BT @ g5k, il 25b TR . 7E SRR b,
Wu S0P B X AR 4% i 2 00 ik 2 5 i 3k
Totra, ERA RS IREREERERE . R
T B A b T R R AR 0 RS R s ML IR R d
X 3AEESHEAT RGMH T (& 25¢) , L
FA 5 PRSI B AT I AE, 3RAT 1 oIl M R AR ) 2
FREEE ([ 25d) U, G gk AT LASE i pR Ak ik
R R MG IR R “ =M 5 =Mk
G 45 AR 5 %5 5% . Hutasoit 5995 H 44wt i

K22 BirEWHSEASZEH CSAM 420SS/WC-17Co (il 4 F1 5 F
Fig.22 Preparation (a) and application (b) of CSAM 420SS/WC-17Co deposit in magnesium alloy road wheel of tracked vehicle™?!
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Fig.23 Schematic diagram of CSAM particle deposition (a) and edge loss (b

)[122-123]

1.2 - - FABEN 90Ty 455 IR, Cu PLAA MRS i &7 K
1ol P oross sectim BALIR, WP 26 Fiow, X L FL B B 2 554 H 0 72
208F o FERETT I EIBJE UL, AR AL, T
2 06l ot oo desines - BREGAFAE, GLE LT DUBUA ISR
£l _ SR AT AR T 4 0 B 4 2B
g e - ARG, 15 CSAM FURT il 4 S AR EE K 1 018 1«
302 z<f/‘ (ELZE R TS 34 B 2 W o oy T B4R A B A K0, 0

R ol W . Tk TT RE LA TETLIE . LU BRI, TR R

° % isancerm 7 PR B B 5.«
5.2 =%

B 24 IR T TR AR T8 M A 1) B A AR 8 U 4 A 521 %A@k

Fig.24  Comparison of cross-section thickness profiles of AM TR, PLEE AR TSI R R e
single-track coating deposited using different nozzle FafE . BRI IR AR B — R A T, LA N385 45 5T
cross-section shapes!** MEER, BT ZERERPIE R FEAE, fL

Typical profile Altered profile |y

Spray at 90 °to substrate Spray at 90°

i +Spray at
+Spray time 45°8°135°

I Viddle trackC
De-Laval [ Left track

nozzle I Right track

Substrate

[ 25 15k PR AR I
Fig.25 Spray path strategy*?**?!: (a) triangular tessellation scheme for production of primitive shapes; (b) a vertical wall created using
the technique of Fig.25a; (c) technique with three main parameters to enable stable layer building; (d) a vertical wall created using

the technique of Fig.25¢
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Fig.26  Combining interface with different spraying angles®*

B AE UAR A N BT 3 A AN 5], CSAM AR A A TR0 &5
Hy Je Sy 2 MERE R DL & ) e, AT TR L 7 7]
R E A G G o e = N i TN v G
ﬁE[64'126-127]o Wu %[81]‘ QlU %[82]& Wu %[127]%@}:%7}
B, A B R ET LU T R 7 RIORT P 4G e
B BRI ER N AR SO 254 2% 1 S, R R LA %
g 1, (E H S B8 BR OB B o A7 AN 3 2T 5L
B, oIk e A R BRUUBMAR UM ) 7 1 o @i A2 I
AT DA 35 1) S, Wu ST S A i s ik 484
s ) B A o0 BIOKST AT I 58 LR [ . A
I, I I R i AR W] DR AT 32 4% FL R R Y
UL TR 20, DL R R M, A i A A S
TR R OK CSAM BT TT K A, A3 R e T e A LR
REWS P AR DR AR U BE 1 25 170 5 S AL IR R, dR v
TIORR B R SR
5.2.2 ARG

H T RURE 22 2oL i) 2 P SR A A T T R UCRR AR K kL
&5 & LN & o8 X, S BOS BRI R 24 )
%, WP R S A LR 6%~25%1" (3 2 fiF
) o RN IR SR S KRR, R Y 5
FEAR T A L 0 B i M B, X AE — SRR LR T
CSAM AR R« PEAL T K% T ARARA B
BRI FE B IR I T e B AT — 5 B84k OAR 1 ) 4%

o A HERBEIE M.
5.2.3 MM B F 5% E AR

fE CSAM I FEHf, il KAT (0 B0k $8E o B4,
YR I SR A R E G, BRE—E, 5
5 Ok i o 7 e BT DR R BURL 2 T R AR AR Y, T R
JREE A, X BTG BLIE A T O R R R AR K Ok R -k
BRI G, SRR R - AR, T A o RO e T 4
i A, B RORL R AN R AR BRI, AR R AR
AT, TR BN RN, B A, G
S o RORE i o AR CUTRRBURL R T, UL B R R 2R
I AN, PUR A FLBR & o T R T R R - B
A, B JE RURL A DL R AR T R A4 A, Rk CSAM
A TR SR BEARA R o e B o AR M
DA ] 2% S50 B DTRR AR 1) D% B Il 02 A LA B 3 DA K AR
HRIBHEA T . Cao 25PONE I A0 AL BT Wi R ) ok 42
5 CSAM TC4 Bk (1) 2, HA T A R, PR
TR Z LG . Fk, B—AmiRaE AR AE ) ae
HCREIEM B AR S M, ZRemEEHIE R KK
CSAM HiAR BRI HE T2z —.

BWOLEA SRR % AL AL, ERBTHR
AU B R TE SOl B B R R O R 2
It AR AL, 55 @ AR IR E AR LE, WO Bh st
PR T DL R O g A R iR R B

R2 REBEASRILASEMET R MEXLL

Table 2 Fracture toughness measurement of cold sprayed pure metals compared to cold-rolled references™

Material As-sprayed, Kic/MPa m*? Cold-rolled, Ko/MPa m*2 %':
Al 10.5 59.3 0.18
Ti 16.6 136.9 0.12
Ni 49.2 194.1 0.25
Cu 8.7 134.5 0.06
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2006 4 i 3 [ $1 7 K 2716 O’ Neill 25 MO8 0% 4 B
A4 (laser assisted cold spray, LACS) A&, FH
W 27 Frow, R SO B 38 AT 18 AR BORL R
FARBAT AL, (RSN AR S 5
Aty 5 18 A i R AR LE, LACS %2 [ S PR B
A, T8 5V 2 5 T OB HE RGN /7. &
TE MR RGO 285 M i AR 45 1) . LACS T i % B0
() TCA Sw i AR TR, Tl &% AISI
4340 AR WISSIAt e piy g e R TOAR AR . T TR
HerE R B E R, LACS w] I8 35 42 =08 oK 1 Ut AR
2, fRERR 2 M REFMS S, LACS W TR RIS
SR A ik 724 MPaltl,

LACS H AR T 5 — AWk TIE DU B0 1) =
PRI AR R PR, 3 EAR SRR m U
B, EsEAR PR AL . IR S PURUE E — 7 5l
WV TGN, RORLYTAR vy, — 7 i v
FE 2 5 BUR R BUR 7R TR I R AR AR . AL S A
g, FRARMERE. BRG, PTRRE R iR 2 LACS
ke, T Z2MMAn2& LACS [ImF 5T #H A5
5.3 BRENH

BRAR N ST (B Ry R YT R = AR 1, s K
WUk 7 B FEA B, S AEUTRMAR S S b 7 A b
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Research Status, Application and Challenges of Cold Spray
Additive Manufacturing Technology

Cui Lang"*?, Liu Guang®, Feng Shenggiang®, Zhu Jihong®, Li Wenya?, Zhao Jian®, Jia Li®
(1. State 1JR Center of Aerospace Design and Additive Manufacturing, Northwestern Polytechnical University, Xi’an 710072, China)
(2. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China)
(3. Ningbo Branch of Chinese Academy of Ordnance Science, Ningbo 315103, China)

Abstract: Cold spray additive manufacturing technology is a solid-state additive manufacturing method that relies on the plastic
deformation of powder particles to form bonds. The additive components have almost no defects such as oxidation, phase transformation,
grain growth, cracks, etc. The lower deposition temperature has little effect on the heat of the matrix, and has the advantages of high
additive efficiency and the manufacture of large components. It has attracted the attention of many national research teams and is
recognized as a powerful and useful additive manufacturing and additive repair technology. In view of the increasing attenti on of scholars
and industry in various countries to the cold spraying additive manufacturing technology, this paper attempted to summarize the
microstructure and properties of typical cold spraying deposits (Cu, Al, Ti, Ta and other materials) on the basis of describing the cold
spraying equipment, with emphasis on the application and new progress of cold spraying additive manufacturing technology in the field of
national defense. At the same time, the challenges of cold spraying additive manufacturing technology were also pointed out. Finally, the
remaining problems and development direction of cold spraying additive manufacturing technology were prospected.
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