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Abstract: High-strength aluminum alloys have been widely used in aerospace manufacturing field, due to their advantages
of lightweight and high strength. The friction stir additive manufacturing (FSAM) technology provides a potential
application prospect for integrated manufacturing forming for high-strength aluminum alloys, which will further improve the
service performance of complex components. In this study, a 3D finite element model of the 2195 aluminum alloy was
established in the FSAM process by numerical simulation, based on the coupled Eulerian-Lagrangian (CEL) algorithm. The
distribution of temperature field, flow field and strain field in the FSAM process were analyzed, which can provide a
theoretical basis for studying the forming characteristics and material rheological behavior of FSAM workpieces, and
provide guidance for improving the forming quality of high-strength aluminum alloys.
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Fig.2 Modelling schematic diagram of mesh division
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Fig.3 Boundary conditions of the CEL model for the workpiece
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Fig.5 Temperature field distribution of workpiece during FSAM (700 rpm~200 mm/min)
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Fig.6 Equivalent plastic strain distribution of the workpiece (700 rpm~200 mm/min)
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Fig.8 Material flow field distribution in different thickness planes
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Fig.9 Material flow field distribution in different cross sections
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Fig.10 Material flow field distribution in the plane perpendicular to the transverse direction of the sheet

BVERE , Bl 5 0 DT B A 38 I, 4 RE i 30 1k e
W s 55, A 10(c ) s o TR BF B 4 4 AT rpu
B 4 mm WHUEVEHIX R oS it — 2055 , #4kE R
T2 B R e M 0y shm A Az iai sl , R RI
Sy bR BB RBHA S0 B8 S A 1 I S Y
MOBHR S RE AL 2%, R WIRR 0971 sV FHAEGER AL
HOAKRA THRRBENS, i’ 10(b f) s .
FE 11 A A S50 (700 rpm~200 mm/min) 38 A4 #) {4
IR RE o3 A 2 B AT LA BORHZE T 00 5 5 28 A0
52 L X B 23 B RRAE X2 BT FSAM i A
55 )5 AR A0 22 [ 0 B4 RO B0 47 7 25 57 3 RS
75 FSAM P i fe v, o T B8+ T 50 B 45 9 U A
FH B8R 2 0 RE AL 1) B A, 756 A 9 A4 RE A 1) 3 A4
2, REMEMZESEM L RARGE S, 6T
EVF(Eulerian volume fraction) {2 Ji¢ A #4 #} i BX 4L
BATTR B, Frb 4o A3 Bt S AR L, R AR
FIFIR G E AR

P11 b S48 2 MORHE & 20 A 20 G ARR ISR SEAR A B,
W AR IBUIR A 2 4
Fig.11 Material mixing of substrate and additive layer, red
represents the substrate material and blue represents the additive
layer material
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