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Abstract: Based on the nonlocal theory, a 1D layered nano-quasicrystal (QC) simply supported beam model
was established to investigate the free vibration, buckling behavior, and bending deformation of nano-QC
beams. The pseudo-Stroh formula was used to derive the governing equations for the nanobeam. Using the
transfer matrix method, exact solutions of the natural frequency, the critical buckling load, the generalized dis-
placement and the generalized stress for bending problems of layered nano-QC beams was obtained under sim-
ply supported boundary conditions. The effects of the height-span ratio, the layer thickness ratio, the stacking

sequence, and the nonlocal effect on the natural frequency, the critical buckling load and the bending deforma-
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tion of layered nano-QC simply supported beams were analyzed. The results show that, the natural frequency
and the critical buckling load decrease with increasing nonlocal parameter. The bigger the outer-layer quasicrys-
tal elastic constant is, the higher the natural frequency and the buckling critical load will be. The stacking se-
quence has a significant effect on the mechanical behavior of nano-QC beams. The obtained exact solution pro-

vides a reference for various numerical methods and experimental results of nanoscale beam structures.

Key words: nano-quasicrystal; simply supported beam; free vibration; buckling; bending; nonlocal effect

0o 51 7

PAESIRHESK Shechiman T 1982 475 2V BE K Al-Mn £ HOULIN 2] 1T LU R B T R7 5T 4, 1984
AR URE S SR T A B I DG M R — R A R AR R R 1 A HES (R
HUA R A P A SRS 2 T HE A Rk Vi A AR 2 bR, A T | s R R
T 5 o A4 DR, e PV BRI B R, A T E R A B R Tl AR A58 , A S 2 R b e g 1 5
A, FTER TR R ERE ™ OF AR A TR R4 3 S5 Sl A 6 T 2 R

AR ARG, BEA R e 2 4 14 5 J3E AN R AR S — ol BRIk 1, 8 oK iy PR L5 A H
ZHTAT AT LS PR A5 T, T AR SRy 45 R, F V& AT S B E R 1k B R C &R Y B
A B AR K J AR OK e T A5 U T B R Barua 55 R ML & & AL B AR 146 T Al-Cu-Fe 4K
B4, AT T BRI IS [R) F0AR AL F X TR TS B P 5 1. Singh 551 3 3k ¥4 85 AT PR AR B T B 0 K U R A 1Y
Mg-Zn-Y 44, Hi R4 e 1) Jt AR 32 5538 400 MPa . H T 4KME S HLAT DL 5, A1 0 6 9k P ofe i
AR AR RN KA AR 45

AR AR A R SRR v A B 2 R G, W3 T KR 2 AT A R R R, Wang 451 % A
A AL AT 59— 27N 07 HE R S AR S A AT EA T TRESE, B T AR B AR S S B0 B R ) A
RE 2R AE SRR RUBETR SR 14 RUBEARORLAS 1T 2201 8 I 24 T3 2 © A3 T TR S ok 45 14
FHERE AR T A s SRR 0 T 25 R BE AL A A 1 Sy B R R s AR
IR RS ST AR RIS, Waksmanski Al Pan'"> 5 11T LA AR Je A0 (14 TAT 52 22 J22 1 it A DR AR 17 i
e Li S5V ST T DI REM L 22 S 2k v R A ORAR 9 AR JR) R ONE. Zhang S5 NTWESE T £ )2 — 4N 5 e L
AR KA R 18T ER SR B P T A RS 25 AR T [0 Sun 451 33Dy Stroh U0 UM 38 AR VA7 31 T
T R ZOR A RAE SR R Sl A A I S A RS T R R e 2 A AR 2 22 AR A BRI o v R b
BHHEFT TRFSE, A0 Guo 55 BT T AT 168 TEAB R 3 800 1) — 2k 348 7 22 6 AL 4 45 3 i 7. Zhang 4520 56T
JRyER IS AL 6 BIAE  BIF ST T DIRERR L 222 1 b A K AR A 7 25 25 A [l

FEXST &, D& THEA R I DI Huang 5521 2[5 AR R FRALN I 5200, B 5 1 HA ) SO 5030 5 5%
1 1 XU L M A K S ) RS 1)L L 1 Xiao 2 BETAE IR R WS 1 A1 B 5 1 — 4 i R M 20
KRB E B4R S 43T T 30 BT A AR 5 0. Sun R Guo ™™ A PRS2 )-8 4 SR B e 17— 4k
A2 B AL A T BT BRI e RS AT e T2 ML MBS BRERSE KB Stroh B A FURIE
EBHEREILAREE G BRAT T — 47T AR JZ A E ARSI MG H [ R A A 1 i

DK GRS T LA POR S5 2 — FETA LA R GE R R ™ A TR AR i 25 43
WA A ) IZ L Zhang A5 R T OB ORI A BT O 28 R T OB A I 4 43 BE 2 Huang
SV SR SR P 18 BEAS B P e Y A S P AR M A R A o — S e T R R
TR AR, W & 55 A BDBHEL B 525 bR 52 AT R T IR AR ) 27 #E . Chang 45014 Al
Cu-Fe A &R SPRE G NZIRRIZ K BUR IR 14 22 2251 T4 i 5D 0 28 B H 858 s 1) O A2 B
J1 SR, B ETHZ 90K RUBE TR IR G ELE 7 T AR SE. R T AR R Y TR A K S G AR AR TE AL, A
TR S T AR ERAE AR TR 2 A SR AR AR AR AR WA 2T TS AR ME 2 5 R4 1
12747 R R AR SCHE TR R PR BRAE | 7 oK ME & 2 45 7 SR RN WP 1 A el ksl e ot AR 25 i
IR 15745 0 456 P Stroh % SRR 66 A 12 , 3 1 G [ 003l S0 i T 8 R 257 A 2 T2 DR 0



=
=
g
=
&
S

210 2024 4F 3 45 &

OIMT RS L R B R LKA SR AR R 1 2 5 187 SR ) A AT O RS, SR R T R A B BT
AT AL T BB,

1 [ S A A5 7
R RS9I O 2, T VLA 23— 2 = T R S5 M = 2 . A

SO — AR TT R T AE 2 R RO R L SERE D b, SR IED b A 1 B HE SRS 1 o
J5 18],
X3
‘ b
ik g
> E.J
layer N
Nz
h hid layer j
5 N <D
layer 1
o I \x§”) b i

B —HEGRE )2 A TR SR
Fig. 1 A 2D layered simply-supported beam for 1D nano-quasicrystals
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Table 2 The first four natural frequencies of the quasicrystal homogenous simply supported beam
h/L mode present frequency SSbQM %! Stroh formula'?*!
1 0.267 7 0.267 6 0.267 2
o1 2 0.982 3 0.982 3 0.982 3
’ 3 1.016 4 1.014 7 1.014 7
4 1.968 7 1.968 7 1.968 7
1 0.392 7 0.392 3 0.392 6
2 0.983 1 0.983 1 0.983 1
0.15
3 1.412 1 1.407 9 1.412 1
4 1.979 0 7.978 8 1.979 0
1 0.508 2 0.507 4 0.508 2
02 2 0.984 4 0.984 4 0.984 4
’ 3 1.707 3 1.700 7 1.707 3
4 2.009 8 2.008 3 2.009 8
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Table 3 The first four natural frequencies of quasicrystal simply supported beams under two different stacking sequences
UL QC1/7QC2/QC1 QC2/QC1/QC2
/
1 2 3 4 1 3 4
0 0.264 1 0.796 6 0.996 8 1.551 3 0.175 5 0.553 2 0.679 1 1.008 2
0.015 0.263 9 0.794 8 0.993 8 1.497 3 0.175 1 0.551 4 0.672 6 0.976 8
0.03 0.263 3 0.787 0 0.985 6 1.087 7 0.173 8 0.545 4 0.653 6 0.860 2
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Fig. 2 Variations of the 1st-order natural frequency of quasicrystal layered simply supported

beams with 2/L under two different stacking sequences
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Table 4  Critical buckling loads (]_VU.) of the homogenous simply supported beam

h/L 0.1 0.05 0.02
present results 10.091 1 10.336 0 10.406 6
exact solutions 2! 10.090 0 10.340 0 10.410 0
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0, =0./C,,, DALY R R,
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Table 5  Critical buckling loads (& .,) of nano-quasicrystal layered simply supported beams under two different stacking sequences

QC1/QC2/QC1 0C2/QC1/QC2

v h/L = 0.1 h/L = 0.15 h/L = 0.2 h/L = 0.1 h/L = 0.15 h/L = 0.2
0 7.068 0x1073 1.512 791072 2.520 23x1072 3.123 3x1073 6.848 0x1073 1.176 00x1072

0.015 7.057 4x1073 1.510 49x107>  2.516 37x1072 3.107 9x1073 6.815 2x1073 1.170 49x1072

0.03 7.026 3x1073 1.503 791072 2.505 06x1072 3.062 8x1073 6.717 7x1073 1.154 15x1072
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Fig. 5 Variations of the critical buckling loads of nano-quasicrystal layered simply supported beams with h/L
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Fig. 6 Variations of the critical buckling loads of nano-quasicrystal layered simply supported beams with i, /h,
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Fig. 7 Variations of phonon displacement u; and phason displacement w; along the thickness direction of layered beams
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