- . .
—— Ix oru

JIX#K: ZAER, B R, WA E F. 2195 4548 52 HFHIGH #:8 R TG 5 M REBF R [T]. AL HliEH K, 2023, 66(10): 60-65.
MENG Xiangchen, MA Xiaotian, CHANG Yuexin, et al. Formation and properties of 2195 Al-Li alloys via friction stir additive
manufacturing[J]. Aeronautical Manufacturing Technology, 2023, 66(10): 60—65.

[ e

2195 SRR S S HERIRMHIERE S

MERERIZE

HER,DEX,EAE REP,ERE ,KEF A £ EXE
(LA REIVRFAMFELEBZA R T L LT, S RE 150001;
2. VAR T AL K Foh T RFARM BRI, #6M 450046;
3. _EIEALRAE EHRAF T, L 201600)

[ ] BRI A A — A3 A B ARG M R i B K, AR 48 A 28 % 3 R 4842 6 L F R AR 09 B B 3K 77 S 1k
Re3g A M. R SAR R B FRAZIEFE R HIG AT 1 7 ik, VASB4R &2 M A RAT R & % B3 . SR AW, B
FREBIGH R AMAR S Ko, B0 S LGS RIF. WM EMER T FILRAS T B3 K — AR %ol , 33
R Y 0 R IR, AR AN, IR ABAL S, AR ARG . S EIGAREE 1 mm, 3§ Atk F Kk 200 mm/min, 3§ AT R AR E &
#% 126.8HV, ik 3| 2195-T8 4542644 79.3%. R iF, &1 T 4% Cu L& BA TIH R, B3 E AR 3 4 R o9 &)

JE AR AR T A .

KR : BRI AT B % (FSAMD ; 484264 MULLL LR RARAR JE 5 b i Aotk
DOI: 10.16080/j.issn1671-833x.2023.10.060

BFER

BB, L, AR A E AT
BR S RER SRR RHEE
R HEREMHE. REYREES
BMRHEERE,

2195 BB B A LU SR I
I T ARG S50, A KA TR
R B AE Rz T E
PASBLE BEHI A5 107 3047 Bk
BUHF ARG PFIS , G T 25 2R H
SBT3 e — b
TR - AR TZ 2B
JE R EA, AL AR | il
T RAMR AR L, HA TS BA Z
PERERE — S5 — Al e B A0
s B DA AR Y 2R 7 T
AT RS

FUAT, SR & b il T 2L
PSR o = SRR 2 B A
B WOAR” PR CTEART B RE, AEAE
BRARI )R LIRSS B

X 2195 FREEA A 5 L M L R
o B R R BUR L G a h
TCRIRLAR ) REARR AL R
JE Z B TEPEBE R A 3 ( Friction
stir additive manufacturing, FSAM )
Sy — i Y RIS B4 5 1%, Ry [
FH” ELHEEE] “[EAR” BIR At R, Al
TR BIEAIE A X ) 5 A H LU AR
PR ZH 2, MR AR b ] R
R R A S T Y B AR G b o AR
WEGR T G A U R b R E AR S AR
T AR AN AL IR e A ]
PRUESG AR A 308 BE | b 4 AL
RULRR AR A R U
RS S A A PR RE I A R T L
SR XA b, s e A T

* BE TN B« TR BHE S A F S\ IE B = A5 VRS 4 ( SAST2020-108 ) 5 FEIZE H SR FF2= 342 (52175301 ).

60 WizshEEEA - 202345 o6& B 1010]



Metal Additive Manufacturing ﬁﬁ%ﬂﬂﬁ

KN 2195-T8 #3& & 4 hi B 4%
il 5, M X R T A A R 1
AT 08 oty i RE R XK AR TR A FE IR Y
BT ot o AR AR T 3 T2 R AR A
¥ FSAM 43k 3 Fp L A X, B LA
HbA b Rk X | LIRS oK O ik A
ORI AT DIRUSE L

AR SCHEE TR IR R IBPEARTE 1) )5
B2 A BRAL FSAM 75, BT
2977 ISR AR, SGE s A BT
SR A SRR, 5% 5
FSAM J7 B H, B K8/ N T 34 5
AL T8 T3 3815 20t el [R)
b, BT B A e Lk A — B 1
IRAPEE AL A A TAERS, B
RELAE 8 L Jh I ] R TE 338 A 4 2 2% 1
B , M G — A BOY 2 R
WE, =R s P A SR = T
B b 2 )M R PR OR R e T
HEOR S  55 E RE (R , $E S T FSAM
R, DL 1 mm JE 2195 SR04
S R JFORHE SR IR 4G | ST R A
{4 5, KT 358 ) 28 A T B0 2H 21
FNE S 2APE BE AN A T 5 Dol 1 R T
B, SEEE 2195 FRER G &R = i
FSAM, #k: 8l A A 25 i R 55 U 1Y)
N

1 REMEERE

P Y B B2 14 A 1) Rk SR FH 9
10 mm FY 2195-T8 45 & 4 Hff 41,
J£ 160HV  HLH 3% 580 MPa, fb2#
WA AN 1 iR, SR M 7E TAE
TR 5 22 0 25 1) 1R 2, Bl AR
R B I 2 R R A R kB A b
W, HE T SC B 22 )2 1A A 454
T, 1A R A 40 R EE A A i 1 vk dn
BT R —MBIEOL T, HBR A%
R SR TR MR R 0.1~0.5
mm, PRIIE F FRA 2% B e -5 A — 14 b
JEHE A, RGBT FR I AR I
I PRAESE A LR ) — ke, A T
VEFHS R I RRASE il JE R = BE - 1ar
RGP LA BT, B A1
4 10 mm, 7ERUA F i EHOEH,

®1 2195-T8 AR SN FM A (RESH)

Table 1 Chemical composition of 2195—-T8 aluminum alloy (mass fraction) %
Cu Li Ag Ee Mg Zr Ti Al
3.52 1.07 0.43 0.29 0.27 0.21 0.11 e

7 11358 4 R ek 3 1o iR R A B P Sk
FE S 2 8], EL BRI R
SEFIEA T , BRUE 2T T (R 3 A
il . PEPEEARFB B ALK 6 mm, $iE
PEEHEHK S 3.6 mm. TEPEEF R =
BEF RS, s - B A
Tt SIS P A R0 3 5 PR A R
TR o 3 il 1 AR R R
VT AR R ARAT BR S B AE P2 7K
SRR EE LA N, WK 2 PR,
SEPR MR = AR A A R 1 B S A
il 32

BT A TAERRAT UE 7 )
B4 AR, KD A 4 A U 2
AR FIORS B | d5Je SR R 1.5
um {44 WA IR 4 AR T
Lk, B 2R ICRIE A 1k H
Keller i3] (2.5 mL HNO,+1.5 mL
HCI+1 mL HF+95 mL H,0) %I #il
65 B R AT A ok, ke 1) AR
5~10 s &£ 41; & H Olympus-MPG3
S 2 8 3UES Al HitachiSUS000 %4
5 L S SRR A T 38 A 1 33 R
1 22 O 2L e AiF ., 2R HX-1000
A [ b Bl 8 0 345 A T 1 b DX 4
SUNE R, LEH AR (R R T 1S A X
SO R 45 J2 7K Hp o 4 U] B
4 0.6 mm (1% 9 4 rii 0 X ded Fichet R
I AT R 200 g, PR B[] 10
so R HHL T T BB AL IE AT kR
FEBTPEREIIR, Nk A 0.5 mm/
min; % HitachiSU5000 % 49 g
- G, XA B R R 1 R T
WEL AT HE— 25 PEH 1 b o A
it JE ek B 56 T 2 B GBY
T 7998—2005 Fl ASTM G110 —92
(2015 ) Fpifi, 5 57 g NaCl ¥fiR T2
B K, A 10 mL H,0, 37 B
&1 L Il A ms e Bk S iAo

El1 BRMGHHEREMHIETEE
Fig.1 Schematic of self-constrained friction
stir additive manufacturing

B2 WERABRERE
Fig.2 Robot friction stir welding

2 HBRERS52H
21 EWMEHR

T UE B A R A7 FSAM |y 32
P AT S R, RS T 10
JZ FSAM 4 2195 7 3 4 B & 4 1)
4, & 3 s, Al 4 BrEZk
Je 4 B [BIRAL AR, FfEi HAAE R
U, TCHEAIE A i A 1 b ) <L AN
AL BRI R ) A5 B TC A R
PRl YEM RS —3, 15 11 mm,
WEIA T A BRA FSAM By rf 474k,

& 4 2% H A FRAL FSAM 7 ik

20234E 5566 & 5 1000] - it BlE A 61



- . .
—— 8¥n o

il 1 2 Z LA SRR RS
PR M JEEBE Sk 1 mm, B9 TAE R 4EE
KA 3.6 mm, Z54 Bl 7GR
I ELR 32 308 R 5 A DXl i 4
INFRE R BB AT AR B A 2
BOR B 5 20 B 1 R 1T 3 A R
30T o

TEBEFEET 43 50 800 v/min, T.4F
BRAT HEH S 200 mm/min B T 2%
BRSBTS 20 IR 1 1
WIES . W 4 Fis, SR E24E
FHEALRR A IX, 45 )2 1041 X b4
R 51 LF—8, WA IX R
FEAEAL 58 FSW 23k h A 1Y “TE A
WA, R T AW s
PRI IR TS IR Bl o TR,
“VEEIN BRI R 2 R
FEA IR, AR — 12 522 (8]
SO TREEE ey 7 P AR € ol 1)
PR 5 A2 HZHLUM 5]
HZ 8 JCHA 500, 4% 2 2 606 445
A R AR TR IETE
2.2 fMELR

K]S 7R ARk AE B3 R # 1F F
T E LIS EHER I  iOoW ZH
ZUE S, R 56 BT 2195-T8 4948 &
G A SRV EL R O ) AR SRS
A SR E R 5 3~5 214t

Fig.3 Aluminum-lithium alloy component
via FSAM

1 mm
L

4 BEENFR

Fig.4 Macro-morphology in cross-section

62 WisshEEEA - 202345 66 55 1010]

XA fbn B AR R Al NG i, i AR
BB S 2" R Sy [
AHYGRE B “HRIE LY . BEBE DX AR
AT TREAE SR R A7 BR800y, I
H L ZE3M X A0 1 &k R R T
T2, K5 (e) FCE) H 5 2 2 A0
B MM X SRR T L3 )EE
hndis, f B s ok R B —E
R, GERFEH, LIS 2 RHEH X
AU, B WA TPt — 20 it
17 M TR & InfE% 2 L5 ks
AN e S TNLIR i S
W Z SRR R ™ o, R4S
TP TR 5, AR R AN, H B
JEREIRR 5 2T, 5 2 32 BA R
S R Lz 248 £ 6T B3R
RAIBYER S . BoREEr B i 1k
Z BN AL 4 JE HB I B i % e sk BY

YIVEH, KA — e BRI P mfs
BT RASIE , B — 2 R U
e R AL RS2 PIEASE ), 1 —
4 B A A T R R DA
XA, Aok R R B AN B
LI RES (e) FICE) [ 2 )24
A DX 1 2B R DX ok RN A
A 5 DRSS

XA [ 38 U AL PR
FAE PR R A ok T &2 2Z [T
TEAH I o3 A 22 5, 5 5 2 UUTE A
£ 505 1 2R 2 RIS 25
AKGHEE T 3~5 Bib. B8R
FH T ML A R BB AR B AT R
2 VT R 1 B RS A ] A4 Y
Wl BEFE B EEE YO £ YRR Y
AT, DUYE AR D TR
il R TS Z BIHL AR

(a) Bt

(¢) FaRHMIX

(e) H2J2HH X
5 BMREMREBNAR

Fig.5 Microstructures of base metal and the additive manufacturing zone

(b) H5EHMMIX

(d) H3ZEHMIX

(f) HZEMIX



Metal Additive Manufacturing ﬁﬁ%ﬁﬂﬁ

FHI T 2 M8, Ja S2E R W AEAE
FHASJE LA 2 R0 o6 28 FEpT 4 DL R
BT UCTEA KA, I 8T
55 1~2 2 XD

23 EBREE

X HERAARPE A TR B, 45 )2
HbA XA B A A A 6 T, B
2 2B R X I R 5 R BOC R
B, ok RO, 1 RS
2 JARERE JLAARIR] o s B A e R A Y
PLAEHS 5 )2 4 126.8HV, 15 3| 2195
T8 #HEL A Ak ML 1) 79.3%, T
Z R PIEAE R, 300 5 B/ MA
96.9HV HIFES 1 2, ik B b
{E1Y 60.6%.

4 2R M EES ST
R R A BUIE 4 2 B R DG B
PEo R4 )2 2 ) ok R 22 7
T VTR RO £
i 8 P AR5 R S R R
SRS 2 M. 1F 2195 F4E
HabF DX, JE R BE A B DTUE AR T,
( ALCuLi) 10’ (ALCu) 1R > 17
TE, FEARSE T, 5 8UR X K
1k, ¥ A TB ( ALCu,Li) filZb
12 8'/B" ( ALLI/ALZr ), X &3t X
L QA e o TS IS T A 1 -
5% 28 X O ULTE A R 20 A1 2
SEAFGT I, UTTE AR 2 1)o7 5 T
B BT SRR ST DUTEAR XS
2 2 HE B DX R S R Ak
PR EH . 1R S5 2 2Rk R
SEOUTTEAR A A | S R - — 3K
VEIATEAIR S, 806 2 B0 4 12
b, ¥ AN FEZ BB E A R 2
2R B R B A

Ry it — P A BRAL FSAM 1)
PR R PERE , RHS A A LRES 1 B9t
JEHEAT B YIRS, 3R ] 7R AZ e K B
Y1710 4397 N, e K3t A 732.8
N/mm;; [& 7 F 8 b il 1 44 14 BY
VI B SIS, T, 554
BTS00 B I A 58 A A 1 38 A1 2 B
24, MRS 1 380 2 5 3R ik
4, WA A A 1 G AE 2 YR, B

o kAW, TR 8 I i 1 SR T
LT 7 £LtaJr HERL I 11 3R
TEAE KA RS A — )5, RN
MR R AR . 9 i FSAM
FAPELS 2195 84R A 4 BEbF b ] ik
TEAR . BEbF 5B d5 ol ™ 5 S iR

I JE ok L [ P A A T3 A X
Rk L IR R R AR, W kA
WO 2195 G e ERER LAY

SIS, LR T A R B A R T
FEARREAT AT ol P

1400 —=— 52 —e— 542 532 —~— 22 —— 12

k\ﬁ//+_ﬂ//*‘~k\‘ﬂfk\ﬂ

120 - .\./‘\/.\"'/‘\q

2 m
jus
~— 100
P
E " HOBFIK 02
TS T R A O
0.6 mm
60 1 1 1 1 1 1
-2.5 -1.5 -0.5 0.5 1.5 2.5
S BFIX b0 B 2 fmm

6 WBHXEMEESH
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Fig.9 Intergranular corrosion morphology of additive manufacturing component
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[ABSTRACT]

Friction stir additive manufacturing (FSAM) as a novel solid-state additive manufacturing technology, can

be effectively utilized to fabricate high-performance components without evaporating the elements of aluminum-—lithium
alloy. Self-constrained friction stir additive manufacturing was proposed to prepare the multi-layered structural components
made of aluminum—lithium alloy strips. The results show that the well interlayer metallurgical bonding was obtained due
to the sufficient material flow. The grain sizes and distribution of the precipitates in each additive manufactured layer were
primarily influenced by thermal-mechanical effects. Those layers worked by less stirring pass showed more precipitates
and higher microhardness, attributed to less thermal-mechanical effects. The additive manufacturing thickness of single
layer is 1 mm, and the additive manufacturing rate is 200 mm/min. The microhardness reached 126.8HV (79.3% of 2195—
T8 aluminum-lithium alloy). The corrosion resistance of the additive manufacturing zone was better than that of the base
materials due to the solid solution of Cu elements.

Keywords: Friction stir additive manufacturing (FSAM); Aluminum-—lithium alloy; Microstructures; Microhardness;

Corrosion resistance
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