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R ARG 7075-T6 $5 & & A LA K 1 &E

IR, BFR, Fhi%, F R4, kR
(CREERSE MRBIA S TR, REE 300354)

OB ARWFE T I [ A BE R B R S A W%, #EAT T AAT075-T6 Hit #F BE R TR B A4 (additive friction stir
deposition, AFSD) T Zi58, PRUTFESE X PO EROW A 238 75 M Re sz . WF9ER I 76 2 RliF%1E 300 r/min 51 [A)
FE B E 53 )29 100 F1 150 mm/min ) TS50 N BRIIERAS OV B SICHEA I AAT075-T6 PTRLARE . PIRRIX 958 & 8U% 4
NG, FE RS 554G BEA 36.3321.99 pum 1R S LL R 2 AL . BT R I AR DR G BEAR BT A R AR
1R VR X 45 5 L0 I 80% ,  DOAR DX B B K b At 4 e B AN 350 40 A REAE . BB A% 20 £ AN 100 mmy/min 3 0 #]
150 mm/min, PO DX TR B8 B2 A 120 HV $2& = 2 141 HV, 43 i3k 20 BEM 6 (19 69.8% FH 82.1%: X I #F TD 77 [ 471 $i2 5k
FEM416.5 MPa iR Fi £ 477.5 MPa, PR 6.25% £ T3 9.25%; HITARIX JIEHBHTH 55 M 397.0 MPa 3 1113 414.0 MPa,

PR ZE N 11.5% E 2] 12.25%. PURR X e P o P AR 2643 1) vk B RERA (1) 78.2% A1 80.6%,  UTAH U I 2B 3y
HAEVIBIRE . X33 m R shdll A R AFSD iR X 5 5 5 BBV 1) it
KRR BEFEEERUIRINAS; 7075-T6 HE 4 WAL, f2arkae

REEDES: TG453.9;TG146.21 XHEAFRIAEE: A

NERS: 1002-185X(2026)01-0153-11

1 351 8§

AA7075-T6 J& T Al-Zn-Mg-Cu 25 UTIE #R Ak m omAs
B4l R R B AE A ) T2 H & LR E
R 058 AR S S P R AE R A, IX Pl Gt 1 2 A ik
JE AR R AR TR B ELAIN T 285 A0 K% il s A i » AR A B
IS5 33 v SRR A G 6 R T AT N R R A . H AT
I LT IR F I 22 3k T2 ) 4% S AR L PR R
AR AR T B B E RS, NS EmE A4S
PR AERISAR . (R B TR R B R & R M T2
Al-Zn-Mg-Cu & <0 V1A W B 10 FARBURNE , 72 19 44
158 [ 2 P A 5 T 8 b FL R S AR GUEE 1 & Bk L BT
A8 388 5 VAN o SR R B A 4 e 3O OB AR HEAT 4R
177, AR MEFRAF A 4 2 M e R U H 3 M A A BRI T 0
JESERA T 27 BRSO SR R b FA ) s A0 ) S FH

6 BE 52 PUAR 8 B (additive friction stir deposition
AFSD)J& T A SR T 1) — Ff S ik [ AR B M i HER , &
BT RGN T B M DU R AN 2 72 AR A AL
T 5 i B 52, T LAAG 28500l G LB AN AR R S S5 B O 3R AT
SEABUE MG K1, b %% =50 AR G SR B 1R P it
BB . EACX Txxx RYVEE G4 AFSD L2 REE
N FREAT T W15 0F 0, Avery 20195t 7075 45 & 4 i
1T AFSD T ZHR % , 16 & il i 14 225 t/min J %% 31k 5

i HEA: 2025-01-13
HEW B FXK [ RFHAIE 4 (52175356,51775371)

50.8 mm/min Bl % H 5 2 2 PR RRE , TR 1
AR IR S IR FE Behr s TS 26533 140 MPa,
295 MPa M 16%, ik 3| J& 45 £F # 1] 26.7%. 50.6% A
84.2%. Mason Z&!"F| il AFSD I 2 il % 7050 8 & 4+
T X PUREE , IESE T AFSD T 2041 % 5 8 1 1 g 12
45 2ok L 18 5 88 7050-T7651 Lk, Ht R SR FE )
EVERE A B BB A . A B PA KT 2024120, 221951,
60617 X fR & 4 M LR A &P E AT T IR 2 T2
FUESE T 46 & A IB VR R AR M 2 52 AFSD Rl AT 14
MR 2, 40 Al-Mg-Si RYIEE & & B A R AP A
B R4 L 75 32 3% 35 300~900 r/min A 7] 7 5 60~
200 mm/min 38 B35 3R 45 2R TH O 2 T8 K SRR 1 TR
2, 1M Al-Cu R AR A 4 AAE 250 r/min I3 T 4 g3k
BIEHFETRZ . 5 H RN 7xxx R0 @A 4 AFSD
ALAT M B 120 - A 231 B 2 [B) A EL 2 1 B = IR NHIE 9T
FFIEILAFSD T2 rATHEIRZE + 2.

AW FCET X AAT0T5-T6 45 & 4 3t 1T AFSD L 204k
56, VAR AN [F) 72 5 38 % 7075 45 4 AFSD RIEHFAIE
DU K 5 PERe 1 52,y SEEL AFSD 3 44 il it
AATOT5 AR AL B 200 A B AR
2 X I

1% AAT075 1B KSR S AAT075-T6 ¥ kL AT

EZ RN : LR, 22,2000 44, i1, KRR FAMRIREE S TREERL, K 300354, HiLif:022-87891461 , E-mail : wyq_cl@tju.edu.cn
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AFSD T 235, Z 4 R ~F 4200 mmx 100 mmx5 mm, 34
MFE R E A% 8 20 mm, K JE 8 200 mm, Ak 5 55 K )
SEVEREINE 1 AR 2 Fis o

1 &/~ AFSD L 2 i #2 &k AA7075 PR 72 .
AFSD L ET] 434 34N B« kL 46 BEBE T K Tl # L AR g It
TR FE S A B2 H B DUBRBRRHE h 4T B T H AT 3)
N R A , (R SZ 2 e R TR AR B B BE R BT
JRFER , 1 R ST A R e A Ak 5, 3T ED T B Tt )
ol # BT B T H BRI R UURRE S T st
HUZ , AFSD i3 N Fa € DAY B, 72 3 3 1 e DT AR A B2
S AT ED LR 0 K R Bl FE AR AR R, BURRZ i N Ve
H B EEIT LR T2 v 3-8 0l 2 2 0T
FE o AT BN T B R 1) B8 BT8R Ll 1) 1R ) iR
2 B SRR AFSD FE St 2 5.

SR B AR R H 47 ) [ A R P 5% i 3G 4 1 4% 56
B4 AFSD 205, 4T EN TR B A28 38 mm.
[E] 200 [X L4220 20 mm - B 45 i THT 717 A 91 2.5 mm =iy
i, FH DASEREDURR X MR A R0k DU RR J2 S i 2B PR i
B. I KRR A T 2R K, 0k 5 i
300 r/min £% 5038 £ 43 5114 100 K 150 mm/min 8] £ 38 44
WFE, 5 )2 DU E BE 42 81 7 2.0 mm, JUR K FE 150 mm;
FETURR B RHEN A IR 7709 11.5 kKN 24 R, BREDHI 4% o R 1
BRFE R BT AAT075 BRIE %2 E R,

=1 AAT075-T6 MAMERMLFE K 5
Table 1 Chemical composition of AA7075-T6 rods (wt%)

Cu Si Fe  Mn Mg Zn Cr Ti Al

12-20 04 05 03 2129 51-61 04 0.06 Bal

3R2 AAT075-T6 AERI F1F 1 AE
Table 2 Mechanical properties of AA7075-T6 rods

Hardness/ Tensile Yield Elongation/
Material
HV strength/MPa strength/MPa %
7075-T6 171.6 611.0 553.3 152
Rotation direction
Feed rod

Print tool
=

Transverse direction Longitudinal direction
\

Substrate
Bulid direction

1 AFSD TLZH R
Fig.1 Schematic of AFSD process

P UTRRFE AT ROWL 2L 23 K ) 5P e o A I EBURE
A B 2 Frow , 43 5l #5 7K 7 77 1) (longitudinal direction,
LD) Fl## 1] (transverse direction, TD) 77 [A] T B 43 #H A
ANRLARRE . S AR NLIRET B S5, H Keller iX
#1(95 mL H,0.2.5 mL HNO,. 1.5 mL HCI.1 mL HF)#4T
20k, 4R 5 5 S e A0 e IR A7 3 AU i i 22
SO 2RI AT WL %% . JE I LA PG i) £ EBSD ik
FE, AT A AR R AT &5 SR AR BE 0. I T R
%% (scanning electron microscope , SEMD i#t — 35 43 #r 20
GURFIE FE 0T A R W 1 30 S i e sk AT 20 . X6
DURRDX EAT S AR 5 WK A /N Ak , B AP Al AR
XAN A B ) 5 1t R o s R ATt b &7 200 g, ik
B 1R) 15 s, B B 03K A 7 45 1) B 2 mm, bR (] B% 1 mm.
K L T AR SR L (CSS-44100) 33 47 Bz ik 56 , Fo v
YLD K TD J7 [l F s B2 53531 04 4.5 £ 2.7 mm/min.

3 HRKITIE

3.1 BEnREIIINEEMELR AN

3 J2 & 38 S 300 r/min « £ 3 3% 4y 51 A 100 Al
150 mm/min ) T2 2 40T 3R DR R 22 004K 1 %
i, Hoh g 0 F Sk AR SR AT B T H B2 W X (print tool
affected zone, PTAZ) , ¥ & #i 3k & 7/~ ™ 2 % o [X
(protrusion affected zone, PAZ) , RS &/~ HI M , AS IR
JEIEM . RIER AEWF T Z SN U E AAT075
TRFER T B 60, (R TR 2 B0 = 2E 2 25 (1 KA B
(F 3 ek X 15D , 5 AA6061 TTAR JZ A LhAR &
RN 2B B BRI . DURR 2 1] AR TE J5L 4 St T IR 3k
DURIX N B B3 R R B R R, 7E T B T Ay
HAE X 38 (PTAZ F1 PAZ) " & K B FL Bl 5% 59 3% 4%
BB 5 78 150 mm/min 72 2 3 T & I 3R 1 N P
., 1M 7E 100 mm/min FIFE B N, T U0R 2 B PE AR
TR R RIZL, Ja 1R R A 1) b5 i, a5 B PRI AS Bk
FEVUAR A RRR S T 950 o o EESR S THHT ED L EL )

B2 AR R R S R

Fig.2 Size and sampling location of metallographic and tensile

specimen
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K3 300 r/min F5 358 B AN [F) 72 3l 38 B DTRRRE 1) 7 A T T 50

Fig.3 Macroscopic  cross-sectional morphologies of samples
deposited under different travel speeds with rotational speed

0f 300 r/min: (a) 100 mm/min; (b) 150 mm/min

AS

A4 6T A3

Mid

AA6061 I IRBERY, HL TP B, %A S i sh B4, 5t
TH &5 AN, 76 ST A P W% 38 5552 3 AN FLIR R e , 150 B
SEHAT B T B AR T 2 AR R A . B r WL, 3
EFTEN T BA LR 2 A BT M EHR A KAt TG
E4h.

Bl 4 B S 2 5l R R AN [F) A% Bl B T AR 2 TS
JECHR ) AR SR AE . v LA B« 5 M R BEAA
FHEG DURBVEHSUR A T B2 41k, e SR 4G R A L T
SRR A0/ i 2L VR AE o T ok RV R T
o RS AR AR RS B3R AT ST, R B
100 mm/min I JURR)Z T A [F] A7 B db b RT 1E 4.46+
1.59~4.67+1.43 pm 2 [8] , "1 38 & RL 7E 4.2741.65~5.68+
1.67 wm 2 [8] , 1 J&& B 5 ki 7F 5.23+1.59~5.72+1.64 pum
YA . PUARZ TH S o il i R 22 R/ R R T
252 5 IR RAPAEIAE F SRR SO R, AE S 35 dtobn R
9 4.98+1.62 pm.  TEREAN PR EE ST R A I AR
S B B A RHR B 77 15 TR R T A I, S EUE K
(BT ) R RSB AR T | JBE 5 S JRl| 20 A Sl B0 B = AR 1Y)
R AR ) P S R — KO R AT
A DX 3 (M) R 500 7R &foRE, s 3B AN ok RS i

RS
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Fig.4 OM images and grain size statistics of different positions of the layer deposited under 300 r/min-100 mm/min parameter
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0. B8R S R0 150 mm/min, PURR X 72 i
KR SF N 5.2741.98 um. B SRS )38 5 12 = ff £43 AFSD
TN P BRAR , AR TR X SRR RS 5 AN 2

6 72 AN R A% Bl B2 T 386 44 Bkt DL SRR J2 T
CEB 52D AECH (55 1 )2) & kL 1Y e A% B (inverse pole
figure, IPF) , F A O £ B2 s 7 FH SR 2R3, /N A1 B it S
FZFR N, 1E 100 mm/min (5SS 5 R, TS &by 3 22
WE<U12>H ) A, B — 3 7 R <L), — 38
I3 s <102> B ) AE K 150 mm/min F , T05B & okL 35 2 0%
<001>Hy [ A A, 777 J 5 b ) 3 By <212>H ) AR o
AFSD j #2 s i 5 P AN 55 R A FH 2028 7 BEA R ) R
A I<001>F<111>EL A , 10 52 0 H AN 7] 1 i A4 B )

7ZRNEBSD g R SF G453 . 7E553% 300 r/min
J A BE E 100 mm/min T, T AR B SRR SE 43 3
4.20+1.45 F1 4.3241.50 um, FH X T BF #4 36.33+1.99 pm
CE 6e) dib B R T 2 35 B AIG s Bl 5 7% 30 3 B2 38 Jn 2]
150 mm/min, JAR 2 VIR 3501 24 diob R ST 43 3 A2 4k
N 3.2441.09 F14.06+1.54 pm. 5L AG I 45 R L,
EBSD il 58 2445 #1315 B UG s % 203k B2 38 i ko AR
JZ ERL RS SR/

BT AFSD it 2 o ff ki 22 32 B 5 20 (1 #- 738 A 5

PIEs R PR DURUZE BEAREE ) T 5 2 1) #-S pAR
TEAER X FP AR ARG B A B 45 dh I R AR, N5 BT
JZ BRI A R ) R R AR B S I 4li4k . AFSD i AR
A A B R R A R B U AR T () SR DR 2 1 RS B
THREE 3 0 ARG R T R A N B AR (ELX B A T4
IEFE AR IR 22 . MR Hall-Patch 3¢ 5 , 4/ S5
WA BT 32 B TRUZ 58 5 5 (H AFSD #A- 718 & Y8 PE AR 1
FFEAATO75-T6 H T SR AVAH A R, (AR TR 2 72
A S ARG, I DA 5 o A o 5 AT 3 32 AR IR 7R
PG 52 715 M RE VA 1 — B IRAIE .

Pl 8 ST R REAE J AN [F) A% B PR AR R T
ARG (%) P45 s L Agi) o3 A B, Fh i e AR P 45 o AR R
ORI LS S fb ok, AR ki, 545 b LL )
Giit s RNk 3 pron, i HAGBs R KA. Al
DLBH 2 < AS R F8 203 B AR R T30 AR Je 40 11 7 45
o A RO T B 43 BRI 80% s S YT Z TR AR EL , | )
T %2 IR B BIEAAE FH L B 2 04548 dfoRi i A0 v
Gh T ARORE, TR R R I T S IR T4 AR AR B, TR R A
K EE AT IE 2 85% LA . 7E AFSD i FE , 7E 4T B T &
FZL R PE s IR B UIVE R, DR 2 AR YR S fR 2R K
IRV Y T AL, 78 [T B A R /N F R T AR

RS
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Fig.5 OM images and grain size statistics of different positions of the layer deposited under 300 r/min-150 mm/min parameter
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300 r/min-100 mm/min

300 r/min-150 mm/min

Feed rod

K6 AR BN T YU A RHRERE IR SO 1 T A7 P

Fig.6 IPFs of top (a, ¢) and bottom (b, d) positions of the samples deposited with different parameters and feed rod (e)

0.14 - 0.15
0.12 d=4.20+1.45 um . .
o i 0.12 d=4.32+1.50
g 0.10
5 0.08 0.09
5]
(=9
g 00 0.06
< 0.04
0.02 0.03
0.00 0.00
1 4 5 6 7 9 1 5 3 4 5 ¢ 5
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2 d
0.12 d=3.24+1.09 pm 0.15 d=4.06+1.54 pm
R
g 0.12
-£0.09
g 0.09
= 0.06
= 0.06
<
0.03 0.03
0.00

Fig.7 Grain size statistics of top (a, ¢) and bottom (b, d) positions of layers deposited at travel speeds of 100 mm/min (a—b) and

3 4 5
Grain Size/pm

6

0.00
1
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Grain Size/um

B7 AF SR PO R TR AR 8 b RS Se it

min (c—d) with rotational speed of 300 r/min

150 mm/
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JEPE NG S e Bl Ak SR /N B T A2 D KA
FE R T TR 4 kL. AATO7S B BLE JE HE e
Z AFSD Jil Z43A- il e il AR M 2 e A L A4S /0 A B2
FIVT B AaHAR KM LS VIR ZH AR A TR
SEA IS EN A A5 0 UUARZ SRR AR Tk B
A . XK AFSD L2 A AT i 78 42 5
LB ER G B UTAR R , IF HLIB I Zh 3 1 45 5 1 4
ZINE) ] P S5 i i BB 4 2R, T AN A2 3 T R I 44 T 5K
JI 7= A IR R DL IR AR 3 STRUORREAR den P i 4 24, IX N 3R A
BHATR R 1P RE I AATOTS B M (- B L SCHEJE Al .

O RIS S AR RS Bl B2 R TR = T

£

)

"a 23 -t 3
W wte Sy
S A b

JEEHBAE SEM F 15 BUS (back scattered electron, BSE) £ 24,
B . g 4T B8 i (energy dispersive
spectroscopy » EDS) 73 #r , 45 A o i Bl BERA v (1) 55 —AH
FE W TR KT 25 H A1 S H (ALCuMg) (B F &
)& B AH (AL,CuFe,) Fl1 22 5 1) Mg, Si, BL S 28 /N 7R B
nin' M (MgZn ) 4L, Forr Xt 7075 854 & 5 3 B b e
FH 1 2 75 85 2k 4R b 52 40 /0N SR 80 29 AT 1 MgZn, AT H 9
HARE

S AN [F) A% S FE R URR 2 T30 A JEC 3508 A4 o A ot A
HIAHHEAT EDS 7387, 25 3 L3R 4, LEUURR 2 T8 40 A 1)
R M E & Mg Si H ELFIT el 2:1, af DL e H oy

P8 AN RIS Bl JEE T AR T 5 JE 78 L K el R 1) 11342 8 ELA3 T 20 1

Fig.8 Distributions of recrystallization ratios of top (a, d) and bottom (b, ¢) positions of layers deposited at travel speeds of 100 mm/min (a—b) and

150 mm/min (d—e) with rotational speed of 300 r/min and feed rod (c)

®3 FRISHTRRERBAMRBA N AESANBESRANERDH

Table 3 Area fractions of grain boundaries and recrystallized grains of top and bottom positions of layers deposited under different

parameters (%)

Parameter and position HAGBs Recrystallized grains Substructure grains Deformed grains
Feed rod 324 8.08 10.6 81.3
300 r/min-100 mm/min-1st layer 89.0 85.7 11.8 2.51
300 r/min-100 mm/min-5th layer 90.2 81.6 15.3 3.02
300 r/min-150 mm/min-1st layer 91.0 86.1 10.1 3.84
300 r/min-150 mm/min-5th layer 90.4 80.9 17.1 1.98
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Fig.9 BSE images of top (a, d) and bottom (b, e) positions of layers deposited at travel speeds of 100 mm/min (a—b) and 150 mm/min (d—e) with

rotational speed of 300 r/min and feed rod (c, f)

Mg, Si #H , Mg,Si £ 4 7075 £8 & 4 H 1K HME VA = S A » 23 78
FEIT /7 Mg G 3, IX 230D MgZn, s AL AR 1 =, &
HOREE N, BT Mg, St BURLEUK , 25 5) 76 R i = AR 3R
KIRIRE £ H a3 T 52 0 i 2 B

AFSD UURHAAE Hh i T A 70 i P 23 A 1R R ST AR
SRR A TE M E & Mg Zn Cu e & , Il AT G 2
S AH (ALCuM@!"™, AH X T #5 BEBEAF H (1) S #H , ¥ 4) S AH
R AERAL s T A Y A/ BIUTUE AR B B Mg Zn TG E AR
4 i EDS 25 W, HE W A2 A (MgZn,) 5% '
(MgZn,) ,MgZn, {ER 7075 #5464 1) F ZEHT H s AH , H
& s AR ARG 52 , 25 1F AFSD i F2 rf [l k44, 75
Ji& s B v E AT H SR R AL 1) MgZn, ¥ TGS B
JEA B 5 AL 8 R, I 2 AFSD S RE R AR AR 11 32 2
SRR o X EEPTAR AN [FIA B T DL HY - AT 21 5T
Y i T 5 A RIORE ) RS R FE XA BT i N, 2% 32 30k
FEAE = AR BOR B Ry B, T T TR J2 TR B 1Y) ) 2
PERERR TS 22 o I3 AR LUAS [6] % 3l 1ok 2 Py sz ), B o5 7%
BN FE B i, 55 AR R A% FE AT A bR AIG, 22
FH T 3l 12 1R 3 5 3 B0 SR I R N DD L B AR ER
HrT IR R AT REE AR .
3.2 BENEEIINRENFEM RN
32,1 RMARAE

10 7R 76 #4384 300 r/min # 53 £ 43 51 A 150
HIT100 mm/min T 3G R4 R B 2 0 A = B . il
RO AR R Bl FE T PURR 2 A A B2 (B 7 84.4~132 HV
YRR AZ A, AITURR 2 TR 380 T35 2 200l 25 3 i 4, 4k s

x4 B thiER a8 BRI PR ELE EDS 4R
Table 4 EDS results of different positions of deposited samples
and feed rod in Fig.9 (at%)

Spot Al Zn Mg Cu Si Fe Possible
phase

1 54.09 533 2233 1799 006 020 AlLCuMg
2 8520 2.61 .72 276  0.00 7.72 Al,CuFe,
3 3870 1.12 36.89 048 2261 0.20 Mg,Si
4 92.08 250 408 093 013 0.12 MgZn,
5 57.14 1.04 2529 041 16.03 0.09 Mg,Si
6 86.36 526 595 209 005 009 AlCuMg
7 91.86 296 389 0.89 0.09 0.12 MgZn,

& A A R AY S . TER 30 N 100 mm/min
IS}, PURR DXP- 88 5 4 100.5 HV, 2B RHRERT 58.5%; H:
DURR T e e B AT IA 120 HV, 2 9 H R BEHE 1) 69.8%,
AT T FRRL R S I AL . TI4E 150 mm/min &
HoP 3508 5 O 106.6 HV 21 RHRER 62.1%: Ll f 2
THERE FE AT I 141 HV A2 47, 18 B RHRER 1 82.1%, AH
XF T 100 mm/min R FE AL E A BT FEAIC

FUE DU LA /0N 0 S5 2 o 4 02 2H 2R AIE L (H El
T AA7075 J& T i iR & 4, 2 2 BRI 15
F BT H SR MgZn, 7 il SOLAL, A0 S ECDTRUZ
S IR 2 PRI, AT DL A A 5 AL I R B R 2GR AAT075
DU ZE BV AR R Bt 25 A% 31 2 A 100 mm/min 1
HNE] 150 mm/min, YO )Z P 3000 BEAG i, o2 0t
TR TOL S0 P55 40 2 186 , X 32 L2 TR 3 3 1Y 3
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Vickers hardness/HV
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o

N

Deposition Height/mm

0
-15-10 -5 0 5 10 15
Distance from Center Line/mm

10 %634 54 300 r/min I AN [FIFS 2 T PTAR R A E = ]
Fig.10 Vickers hardness maps of layers deposited at travel speeds of

100 mm/min (a) and 150 mm/min (b) with rotational speed of
300 r/min

T BN A, T TS DR Z AN 32 3 1 IR DT = #A I
IER A A3 0T i A AR VA SR AR 2 A, A A T
FUZ AT E 1 5
322 Iafhikge

11 AN 5 A [F] # 2l 38 BE T POAR BRE e fif
Ao IR RLHARE TR T S N PITERTRL, A TTAR
22 T 380 JES 0 , U P el 5 B PR AIC L BB PR AR T R ) 8
151 5 5 T TR FEE 43 A1 45 R 58 AR

100 mm/min # ) 34~ , PR = A0 XKIEIR LD 77
I T0 35 (100-LD-T) Al 35 (100-LD-B) $t $7 58 £ 43 51l A

600 | —e—100-LD-T
ﬂﬂ:’ ——100-LD-B
S 500t —e—150-LD-T
E —e—150-LD-B
£ 400 —— 100-TD-T
7] —e—100-TD-B
2300 —e—150-TD-T
5 ——150-TD-B
g 200 —e— Feed rod
éﬂ
= 100
0 1 1 1 1
0 5 10 15 20
Engineering Strain/%

P11 A R RS Sl AT A oz BB AR R A R R 7 - A% fH 22
Fig.11 Engineering stress-engineering strain curves of different

positions of samples deposited under different travel speeds

R5 TEIFHENEE TR RSB AR R a2
Table 5 Tensile properties of samples deposited under different

travel speeds and feed rod

Yield strength/ Tensile strength/

Sample MPa MPa Elongation/%
Feed rod 533.3+1.70 611.0+2.70 15.2+0.6
100-LD-T 301.5+25.5 451.0+£8.5 11.5+0.5
100-LD-B 222.0£11.0 336.0+4.5 4.2+1.2
100-TD-T 296.5+6.5 416.5£14.5 6.3£1.3
100-TD-B 260.5+8.5 397.0+£31.0 11.5+4.5
150-LD-T 349.0+6.0 461.0+8.0 10.8+3.3
150-LD-B 286.0+£10.0 372.543.5 4.8+1.3
150-TD-T 355.5¢11.5 477.5427.5 9.3+1.3
150-TD-B 278.0+24.0 414.0+£20.0 12.3+2.3

451.0 F1336.0 MPa, 25 N #EHEER 1K) 73.8% 1 55.0% ; 7
Jo K R BN 11.5% R 4.2%, BE 5 R 5 i m &2
150 mm/min , YT AR 2 A0 X3 LD 75 [ PR 2 T3
(150-LD-T) 5 J&& #5 ( 150-LD-B) ) F 4 45 i 58 JF 43 5l
A4k N 461.0 Fi1372.5 MPa , i& 2 ¥ kLB 44 1) 75.5%
61.0% ; “F- ¥ Wi J5 i & 26 5 10.75% 1 4.75% . ¥ TD
77171 100 mm/min #% #E BE N, YU JZ T (100-TD-T) 5
JEHS(100-TD-B) (IHTHL R 73 71 9 416.5 F1397.0 MPa, 15
FIkERHRE 1 68.2% 1 65.0% , ~F- 14 It J5 4 K 2823 51l Ay
6.25% F1 11.5%. B8 # 20 & 42 5 3 150 mm/min,
TD J7 [A AR 2 TH &6 (150-TD-T) A #5 (150-TD-B) $i fii
43 5 477.5 K11 414.0 MPa, i 2 R BE 11 78.2%
H167.8% ; ~F 1 Je A4 22 43 33l 9 9.25% AT 12.25%, 294
He R RER ) 60.9% F1 80.6% -

EH O T WL < £E 2 Fh A% B 2 AAT7075 SRR AR
LI LRI B, R T AFSD i R w2 98
AT Je 2 IR B AR BAEIME T, A A5 UTR 2 A i s A AR
VA5 A REL A AT AR AT HH B8R A BN, 5 BT 2 e Al i 5
T i A o R N BRI . B B R ) B8 Bl R i &
150 mm/min, BT H 5 A0 58V it SR A0 RE BE Rl /N , (s 15
R A BT Tt (H S SR A B3, 5 AAT075-T6
RER ELE A AE AR AR K £ R o X R W4T X AFSD 1 4% 1)
AATOT75 KA, D6 i it 5 Ak 2 R 42 Y AR S O 2H 21
R VEREA B A TRER & .
323 oL

12 7R 4E 300 r/min-150 mm/min f) T. 2 250 iR
FEWT LD J7 0] W7 J5 A 2853 531l 9 13.5% 1 5.0% F B A
FERIWT ATES LL L. 7T RUE - K 2608 13.5% B Fi i
TRE R VAR T B3, SOOI S LB RS , mT DA
WEZ R K /NS5 5] ) 58 AR TEARFAIE , 0 83 TR B R~ A &
KI8T RE Jr. X E b e m
5 T AHBURLEEAT EDS 20 AT, 25 gk 6 T, HUE & Mg
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Fig.12 Fracture morphologies of tensile specimens with elongation of 13.5% (a) and 5.0% (d) under 300 r/min-150 r/min parameter;

enlarged images of marked areas in Fig.12a and Fig.12d (b, e—g); precipitate inclusions of specimens with elongation of 13.5% (c) and

5.0% (h)
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Table 6 EDS results of coarse precipitates entrapped in the

tensile-fractured sample in Fig.12 (at%)

Possible

Point Al Zn Mg Cu Si Fe
phase

1 69.98 1500 532 819 0.12 140 ALCuMg
2 3870  1.12 36.89 048 22,61 0.20 Mg,Si

Zn.Cu i & , 5 “ARBURL R SF 2078 2 pm, HEM 2 S A8+ 1M
K29 5.0% MR , 22 0T 11 3R T 5 30 B 2 AL
PRI S 8 /N BB 20 T SR, AROWE BT 11 02 35 2 R~ 3H )
IR B R SF /N, S B AR S M AR TR AE . 0 e
(VR K B8 — AH3E4T EDS 23 BT AT A1, & & Mg Si, #E 2
Mg, Si, H K ) Mg, Si I A7 7E 8 73 J= 3 7= A 3 g v, 5
EYETALIERTATE A (I
4 £ iR

1) 7E F il #3954 300 r/min J B 6] 7 50138 FE 3 51 N
100 #1150 mm/min ff] AFSD T. 2S5 T, K Ih#i %

H e A BUE T LB BLE AAT075-T6 ¥E M i FE , IR ZE
T~ R B R AR A7 TE B35 KA BRI, S 80
FEFIFH 2 AR

2)AATO075 PUAR JZ HL A 25 At Ak 5 il oy 2L ZRRRAE
8 B A 100 mm/min B, FLPURZ TG -5 6 574
fBL ST 3 50N 4.20+1.45 F14.32+1.50 pm; [ %5 7 3l 1%
FE % 1 A2 150 mmy/min, F 0135088 14 T 35 b R ST i
A IR/ A 3.24+1.09 F14.0621.54 pum, B 52/ T HE R BEAF
36.33£1.99 pm PR SF o BT SR E - TR O BE R BT IR
YER A5 DTRR X 25 i Lu gt 80% DA I

3) GHRLEEM A EL , AAT075 UTRLE 77 AR B 3 Ak
PG, A FE KA i R A AN 50 A ke fiE . BEE RS
Zf £ A 100 mm/min 3 /1 2 150 mm/min, JTAL X T3
T &2 M 120 HV 4255 2 141 HV, 43 53k B ¥ k) £ 474 1 &
1] 69.8% H1 82.1%: TD J7 [ Hit Fiz i B A K F AT T 42
Th: DURR JE T0 38 J e 38 16 Bt B 2 B2 43 ) AN 416.5 F11
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397.0 MPa #& 7} % 477.5 11 414.0 MPa, 150 mm/min It} i&
B R RLRERE 1R 78.2% A1 67.8% ; ~F- 15 It J 4 43 31l A
6.25% H111.5% $2& T+ 5 9.25% 1 12.25%, 150 mm/min I}
LI RERHRER 1R 60.9% A1 80.6%. YRR IR AT W 2458 5 1)
HAPIMIRHIE .

4 AAT075 YRR EHT SR AAH o A il AL 2 T
BN B AL AR AR TR R, B = A= 1 4 /N 38 2 it I AN BE
25 AR G A R R R AR SR R o A ) 8 B R A
100 mm/min 34 1% 150 mm/min, JOFRJZ B H 5040 AH V2 i
SORAL R FE BEAC, A R T 3 A e b A P R 3 T, (B S
AA7075-T6 BEA LLAATS A7 AEAR K 22 7 . AFSD il 4% 1)
AATOTS A0 25038 I F5 AR kb B 1 45 TR SO 2H 2k
Bk Re A R A TR = L.
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Microstructure and Properties of Additive Friction Stir Deposited 7075-T6
Aluminum Alloy

Wang Yuqing, Yang Xinqi, Xu Naigiang, Xu Shuming, Ji Haocheng
(School of Materials Science and Engineering, Tianjin University, Tianjin 300354, China)

Abstract: Based on the pressure-controlled solid-state friction extrusion additive equipment, additive friction stir deposition (AFSD) process tests
of AA7075-T6 were carried out to explore the effect of travel speed on the microstructure and mechanical properties of the deposited layer. The
results show that well-formed and defect-free AA7075-T6 deposited specimens were fabricated at a spindle rotational speed of 300 r/min and
travel speeds of 100 and 150 mm/min. The deposited area exhibits a fully dense and fine equiaxed grain microstructure. The average grain size is
significantly reduced compared with that of the original feed rod (36.33£1.99 pm). Due to strong thermal-force coupling friction and extrusion,
the recrystallization area fraction of the deposited area is more than 80%, while the hardness and tensile properties exhibit uniform distribution. As
the travel speed increases from 100 mm/min to 150 mm/min, the hardness of the top of deposited layers increases from 120 HV to 141 HYV,
corresponding to 69.8% and 82.1% of that of the feed rod, respectively. The corresponding tensile strength along transverse direction increases
from 416.5 MPa to 477.5 MPa, and the average elongation improves from 6.25% to 9.25%. However, the tensile strength of bottom deposited
layers increases from 397.0 MPa to 414.0 MPa, and the average elongation increases from 11.5% to 12.25%. The largest tensile strength and
elongation of deposited layers can reach 78.1% and 80.6% of those of the feed rod, respectively. The fracture mode of the deposited specimens is
characterized by ductile fracture. This indicates that the increase in travel speed is favorable to the improvement of strength and plasticity of the
AFSD-treated layers.

Key words: additive friction stir deposition; 7075-T6 aluminum alloy; microstructure; mechanical property
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