45 38 B4 3 M ® z I B ¥ Vol. 38 No. 3
2025 43 H Journal of Vibration Engineering Mar. 2025

W/TaffiKEREBHIHLMR I FERE
FERE T HZ AL

E R,

(1. AT RS AR SKM TR B TR R L8 A 2300095 2.4 18 Tolk K2EHUAK T 82 2% B LA % - T
FER LB AN 2300095 3. A N8 Tl A Mt 28 25 ¥ 1 iU il i 5 0 45 2 B0 31 S =5, %80 AR 230009)

FE: W/ TadRJZ R 68 & —F R BCC/BCC 4544 1Y 2R & 8 AR 7E AR AR A& b BAT )™ I I R 5% o AR SCR
J5 - RUBE 53 F 8l I3 % J5 9 T W/ Ta 94K 2 4R 463 J 72 Sl B A ol 72 v 8 0 24 PR e N BB PR AR TR AT g, E— 25 43 1 3 o ] 480
X W/ Tagy Ak J2 4k 4 8 I 22 0 B 200 . 25 SRR W], W (110)/Ta (110) FHI 23T 3 9 26 4R ) 2 TS (5 45 25 4, B A (0T LA
A S TEAZ B IR e, 1t LT AW R 4 T A vl B O RS A T AL A BT R T R A A B b R B I = AR TR B B, Bk
P I IR AN S Y B L S AE Ta B IR YR, BN J) AR R B BEJS Ta 2 i AL 5 A I 2 W R TR
B S ECWIR R . URE A B IR 2B Ta)2 2%, WL O B SR TE th W2 A0 Ta J2 v i 7 5 B H s A 3L ]
P o VR A A S T A B D TR P AL R A [ AR A e TR A A A 2 5 0 i L R T LA R
TR AH IR i 2 RSP 49 20 P 3 78 5 8 i) 48 o e A1

KGR : GUKRZAREE 5 47 F ol Sy 2448305 1k Re s S8R TR AL 5 R 0 A
hESZES: TB383;0313.1 XEKFRERD: A XEHS: 1004-4523(2025)03-0637-08
DOI:10.16385/].cnki.issn. 1004-4523.2025.03.021

Mechanical properties and plastic deformation mechanisms
of W/Ta nanoscale metallic multilayer under tension
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Abstract: W/Ta nanoscale metallic multilayer is a typical body-centered cubic/ body-centered cubic nanolayered composite, which
is very promising for the application in nuclear fusion devices. Based on atomistic molecular dynamic (MD) simulations, we inves-
tigate the mechanical properties and plastic deformation mechanisms of W/Ta nanolayered composite under uniaxial tension, and
further analyze the influence of modulation period on the mechanical response of W/ Ta nanolayered composite. The results show
that the W(110)/Ta(110) interface forms a misfit dislocation network, which can not only serve as the source for dislocation nucle-
ation but also adsorb the dislocations in the metallic multilayer. The microstructure evolution analysis shows that, W/Ta nanolay-
ered composite mainly experiences three deformation stages during stretching, 1.e. linear elastic, plastic yield, and plastic flow stag-
es. The dislocations firstly nucleate and propagate in the Ta layers, which leads to the sharp drop in the stress-strain curve. Subse-
quently, the dislocations in the Ta layers pass through the interfaces and enter into the W layers, and the propagation and slip of
the dislocations in the W layers cause the yield of W layers. The yield of the sample is primarily determined by the Ta layers, and
the plastic deformation in the flow stage is jointly governed by the dislocations and their evolution in both the W and Ta layers.
With an increase of modulation period, the number of interfaces in the W/ Ta metallic multilayer decreases, so that the nucleation
of dislocations decreases as well as the amount of dislocations adsorbed by the interfaces decreases. In addition, the decreased num-
ber of the interface weakens the effect of hindering dislocations by interface. Therefore, the yield strength increases and the aver-

aged plastic {low strength decreases.

Y75 B H#3: 2024-01-24; &7 B #3: 2024-04-02
HEEUWB: BHEARBAE W H (12272118) ; B R G2 R % RASGE & 53 £ Wi H (2022YFE03030003)



638 & 3 T

S

%38 %

Keywords: nanoscale metallic multilayer; molecular dynamics simulation; mechanical properties; plastic deformation mechanism;

modulation period

AR JZ AR < T AR ph A B o 2 b 4 oK s
I 368 3o o S M T ) 22 R A S R
0K 2R S R R AR AR R 2 ST — A
S J01, JFGJRE JEE Sy o B Ul T A Y
S AR AT, 00K 20K 6 T A R R B HE 3 T R R 44
oK it 4z B A 0 S 0 R RIS JRAET . U, S0
HE B BT RE B 25 5 4 AR LT Z WY P AL, v i o
— 4 ICJZ B9 JR IR 15 94 K 200K 4 TR b R 5 B
L5 W L2 B DesF 1% LA R B R IR R
DR IHE 94 K 2 R 4 Ja B R A 0T 23 90K i i e 5 [ B
BT Tl A A 0y B 25 i 2R i BRI CRR AT T
Z N AT S

T12AVE REAR D 5 1 2 R 200K & s A1 R PR RE A —
TR L B AN R A, B R SE R AR SRR & b R
FETRER A IR R B AR 2R 4 B A RHEY
G B A] LA g3 o = A oAk A o AR B i A
Sep S R S B AR DLAT 5T R W, g8 oK 2k
< AEORHEY g 2 Pk BE S BB DN B LB 2 A Bk B
(32 2l 3 BRI O DOAE OGSl R U, 9K )2
AR S I AR B0 22 T8 MU IR e A A 98 oK sl N
o SR, A2 AT S B H AR B BRI, F AT AT AR A
TE IR 5 N R X 9K 2R G s b et S P A 8 i 7
LA B 5% B9 R4 R it I 1) 3841 R IE 36 A7 S I UL
7318l 1 2 B BE 8 4 LA b R Ji 1 U2
A BRAS F T AL, 3 T LG AR DR M B A A SR
TR 28 RSF LA BN 25 A 55, R F 58 490 K T2 IR 46 s A4
FHE T A P R AR WL £ 03t 1 B S B

AR, T4 [ A B o T 5 B X 9K 2R
G Jm A RE Y T 27 P RE AN IR AR AL HEAT TR Y
OrF B 1 ARG . WENG S8 BF5E T SRR
(7] 2% i 5 TS T (FEA% | S A AR JE Ak S ) /9
Cu/Ni g4 K JZ 4R 4 Jm A i T 22 s AL ML, 45 R 3%
B I At 2l B T o 98 P T RE A8 ™ AR I i AL
O o YINZEHESE T Cu/ ALK 2R 4 8 45 4 78
Ji 46 i 48T B ST 25 0 A AR TR L K B
Cu/ ALK JZOIR 4 69 1 4 B 7 -0 728 i 2847 1 4>
LAY JE R AR FE R B — A i Al Ay SR T 2K I AL
O3 S B A A RS S AR AR R Cu
JEAR G o AN AERFSY T 4 02 R RN B X Ti/Al
AR JZR G T A R FE BIL R Y 5 R, 45 SR R W
FOREA JiE R 55 R B R A i R A I AR R .
WANG &5 iy RSB 52 3 B X Cu/Ni gk 20K 4
o B A5 K 5 AR X T T Lt 3 4 56 2 DT = (]
MR IR AT o TSR b RGO SE T — i Y

B3 5 Cu/TaJe 2 94 K J2 4k 4 J& 4 %} 78 B0 b 7 i
FE 4R T 1 g 2 7 A2 (6] P R AR T2 Ak,
WE5E N 5OR F 43 8l 1 24 AU At AN TR] 25 78 1) 44
K AR & JE A RE R g 2 1 BE AN AR T AL 2E AT T
5%, W Cu/Nb™ [ Ti/Ni"" [Ni/Co'"™ | Cu/Fe'"* 4 {k
2o BRI, K2 BB 58 2 B4 P T im0 S
(FCC)/FCC 8k FCC/f&.t> 52 J5 (BCC) 45 14 119 44 K
EAR 4B AR, 56 T BCC/BCC 454 i 48 K 2k 4
o A4 A} g 2 R DL AR S L I RIS i A D

B ELA R A T DL R S A B R
Al Bl IA O 2 T B A% S50 S g HE (TTER) e HL i
S A THT i) B AR R SR A JE Tt U 4 )
MR, BT IR i S, R B Y S R R AT
Shy TR R 04 i ) P B AR R R AR R L BR ) T AR
P RAR T AR L ™0 A T BE (8 A3 AR 47 i 1o
FERZ R AR R h Wb AR e A Y SR AR TR fiR T . W
FNRER, W/ TaZ2 R4 8 E G bR R i e 4
) B — 46 AR A% . ZHANG %6V 5% s B4 fin
WZH TaZB)Z2E L] DL 85 W/ Ta )21k &
J& B4 RE A 3B . Bk A, CHEN 2™ i 58 T
W/ Ta e Heag Fim b i) 200 8 A Fn AR Kk 7, & 3R
ST 2 T A7 X ST T R RN A K S R
W/ Tagi K2R 4 8 A BHE Sy —Fh 8 ) BCC/BCC
SEA R 2R AR A5 R, H R AT EL g 2 i K ¥
PEARTE AL I 745 38R /D

BT, AR SO AR = R SR 4 F 8 ) SR
XF W/ Tadhiok )z 4R 4 @ SE 4T S hr 4, 3 58 98 ok R
JETT W/ Tadi ok 2R 4 I8 1 7124 P BE A 00 A TE L
i, FE ARSI ] SR X T A e 1N 1 5 0

1 REMESKEMUTIE

1.1 &R E

BT W/ Tagiok 24K 4 08 78 2 T 1 5 5
RLARAT S, 1 5600 ATOMSK #1444y 2t W/ Ta 44
KR4 8 I IR RO AL, Q] 1(a) IR, b A
AU oy vz = AT I B RS 4300 6.6.,.18.6 T 54.9
nm, LA ELL0 T NEF. WEM TaZ1E = 4E25 0]
4 T 43 R s (11000110 ] sye [112]3 0011 2] 5
22 [110]I[110] 5,0 A SCHIFFE T 5 R A 5861 30 1
5 AR W/ TagkEREE 582 = 9.14,
10.97.13.71.18.29 F127.43 nm, & 1(b) £ T A [m] 4
il 5 0 W/ Ta gl oK 200K 4 8 1 i 7 ROBEASE A 51
Bk, L A4 H B4R i JEL S A 28 oA AT AR, A RN AH )



XU ME 45 . W/ Ta gl oK JZ0R 4 Ja -7 7 2 4 RE A9 1 7 TE L) 639

yi[112]
(a) W/Tag Kk ARG J8 I RO B (B A7 S AR R 7 10)

(a) The atomic scale model of W/Ta nanoscale metallic multilayer
(The two arrows indicate the tensile direction)
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(b) The atomic scale models of W/Ta nanoscale metallic multilayer
with different modulation periods
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Fig. 3 Stress-strain curves of W/Ta nanoscale metallic multi-

layer with different modulation periods under tension
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(b) The mean plastic flow strengths of W/Ta nanoscale metallic
multilayer with different modulation periods
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