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Abstract

The discrete variational method is studied for the solution of high-order beam vibration partial
differential equations. Firstly, the differential quadrature method is used to discretize the space,
the discrete variational method is constructed on the time interval, and the Euler-Lagrange equa-
tion is variational. The simulation experiment uses MATLAB for numerical calculation. Taking the
forced vibration equation of a simply supported beam without axial motion under external excita-
tion as an example, the effects of the type of interpolation basis function, time step, interpolation
node type and simulation time on the solution are studied. The numerical results show that the
constraint and energy stability of the discrete variational method in a short time are better than
those of the classical Runge-Kutta method; under long-time simulation, the accuracy of the dis-
crete variational method is higher than that of Runge-Kutta method, and can maintain the stability
of constraints.
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AR B B SRAUE DT 1 AE R A 5T b ) AR S R 5 I SR A RS A R AR S, AR AT 3 AL i
ATXS b R R [T FI AR 0 SR FUAEAN [FIIA SR AF N R A N 8, 73 At 1 ThRERE I S B0 3 7027
Wi L PR SR o A% BE TR 73 SRAPIEAE AL B 2D RN X L SR AL B, 29 R AR E PEAS REAS BIR IF AU PR 5

T RS ARG EE, FEARRA RN L SR AT RE 4L, Rtk ) J7 RERE AL N o AR BT 72
H, ASCRAREA R B ECE 2 TTEM UK. SRk, HER N TNECRAEZRRG S b eE T
Sz R e oAb, SKROKUKRTT 3 K [1010 2 4k R Gtah /127 B B 7 BV BUE 5 A BT TRTTT, DT 0%
FEABIBEAT SR - TS0 (L1 22 S R 3l 7 ARBO R BB AR 73 T B LT BB AR 3 Tk dt AT T R Gtk
BT, 3T T AFTHERIE B . BHUEE 2 J7 I M ORAE R T AR P AR BRI, R SRR B T R
s 77 R HY B O3 70 J7 R SR AT BT VR AT 06 B4

AL TFENN T RIRE TR E AL 3 7598, WS A7 5 R RO FE IR, LR L, SAED
WS BAAE 73 7 IR A I 18] 415 B0 T DAORFR R AR E T

2. BUrEiRal
2.1. RIREAE
% e B ERIRE R BT ) 53 B, s R PSR R E ) AR [12] N

il

DOI: 10.12677/aam.2022.111009 55 N #E


https://doi.org/10.12677/aam.2022.111009
http://creativecommons.org/licenses/by/4.0/

=
o
4
48

Al —KGA(U,, 7, )~ f =0
Pl —KGA(u, —y ) —Ely,, =0

(L)AL bR x AU R AAHR t TS LR [01] R1[0,T], u MMM AL, v R MR, fRINEK
Jili, JEH AR T x At RS | AMRIKE, T RoRizganE, kKA ZEREIUIm, G 2aYfis,
PARLERE, El RBHRIE, pl £ E.

HH (1) T 45 2I7E AR IURD T 2R3N 72 [12] 09

oy o E ) o ol ol &f El 8t
82U, a2 i1+ E ou_g,pl ot El T 2
ot Phar P ( ijatzax kG o | KGA o’ KGA ox2 @

iﬁ(Z)EPE'“”%)&iJJﬁ%%E’J*ﬂ%Ei, IF 1) 60 22 ) 4 e v i B89 DU By, B I 1) 2 1R ) — B i 4515 40
R ZH G, AR KT x KA, u BRI s 5 2 AMEEURD, I BRI T x A1t (U eR L.
FE TREN I P R A A A F A RIS BEOES: SBR[ [13]5 00, Pim el 2 A

2
ul =0, Z_“ ~0.ul,, -0, 23

x=0
x=0

o))

=0 ©)

x=I

SKEhR TREVHS A, AIUa & AfBescn v

=05

= =0 @)

t=0

Kia R AR GEREOTREAL, FER G T3 R HA N AREOT FEALRR I, R x B IX 1A [0, 1] B8 ik
N ARG A RIS SRBUE R BGERE[14] [15], LRI

u(0,t)=0 u(x,t)=0
u(l,t)=0 u(x,,t)=0
¢= 2)2( (0,t)=0|= %A{_ﬁ.)u(xj,t)zo )
C500=0 ] | ZATu(x.0)=0
3. BHZERE
3.1 A RFESH
PIRFTFRMBNRE . EE
_LiffawY , afu)
T—Z.([(pl(atj+pA(atj]dx (6)
_HElfowY KkGA(au Y
V—![;(&j —T(&—Wj —fujdx (7)

I RAE B UG, 2R IRk B H R8Oy
L=["(T-V +2g)dt

TG 3] o {3 8w B -]

DOI: 10.12677/aam.2022.111009 56 IR Esid

®)
dt



https://doi.org/10.12677/aam.2022.111009
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4. HUEE B
JTR()H R R I )y S SN, SHHI) IR Psin(ot) . ASCRIZELPDTE AT
EI%+pA%=Psin(a)t) (10)

R (L0)H SN E =1.5x10° N/m? , 1 =1/6x10° N/m?* , P=100N, @=35Hz, | =1m, p=1000kg/m* ,
A=10"m?, u AMEFARE BB, ROCT xRt MBRE. oy RANE T S AR E T Bl 7, RSy
LA S A AR H 0 2. I R RIAIAG S A R
o P00 uit—o S o M o)
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4.1. RxzhHENBHER

1. Bl 2 B3R TTRAEA K h=0.001 m e PEHEVE . B U 70k P Rl 77 15 K3 B B02E s A
ek PE ¥ % (Runge-Kutta method) i ic 9 RK, B #5748 7372 (Discrete variational method)fiijic >y DV, ElH1)
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Figure 1. Time history diagram of vibration equation of beam with triangular interpolation
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Figure 2. Time history diagram of vibration equation of beam with Lagrange interpolation

2. hiRER HiRERRREN 5 2R IEE

oAk PRSI N — PSR R T DT AR B BT R M & My %, B RERER, 1847 I (] J6 i A
Mo P 1L B2 ULEH TP (E BE R AT B U AR RS R I AR R SRR . XU T
BB R B R SRS R S R, UE R T RS U AT SR AR R B 5 FRX R 4y 7 R B AT AT

Kl 3. E 4 RBIRS TS K h=0.001m B s FEESE . BEUE L. Tl SKERZE (Differential
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Figure 3. Time history diagram of beam vibration equation in 30 s simulation
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Figure 4. Time history diagram of beam vibration equation in 1000 s simulation

4.1000 s {7 EBTRARFN 75 2 AN AT FEE

MK 3. & 4 TUVEH, K KR A R BOH RIS, BEE I E] 80 =07 3% B I A2 PR 45 SRAH 2248
K5 AT A R J R S 1A TR 7 AP R PR P AL 17 12 AR i A A I ) 475 0T W] AORFF b 5
X B AR R R .

4.2. REFNFELERE

5. [ 6 RZIRF) TS K h=0.001m B e i FEHE . BECE ik 4 N AR TREAL RS 2001
AW, N AR AL EIE, A% 23 (Displacement Constraint). i & 23 (Speed Constraint). Jini%
JZ 2% (Acceleration Constraint) 7%l ] DC, SC, AC 3KoR, o sREE: AR R BUE RE 43 Bl I = f 4
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Figure 5. Constraint graph of Runge-Kutta method
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Figure 6. Constraint graph of discrete variational method
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IR E LY AR AT AR FFRGSE o T 18 BAR S0k (0 =R 20 AT W] AR FFARSF IR E 1, HAL R AR 4 A b
TleA% FEREA R A N R, XU T B AR AR R R A AT T OB . AR E RO I, =
ESEVE G IENEDE AN R & (3 H N = ISR V€ iR D ERTR

1RO EAEA R AN SR ECEL, (7 F Ry 30s, $ifE BR #id oy = £ e B s B H B8
. WTLEN, BESKREN, BFETR G, =MARARR, FIr LU 8 e 5 752
BT RP K. A E R BRI, = A1 oR G B (32 AT I RN 2 A2/ N T i BT H o i

Table 1. Comparison of results of discrete variational method under asynchronous length
1 BHESFEENELSK TSR

HK BATRIE TIs BAMBAR O HRKEHELR O S KINEELR Oy IR
h =0.010 4.6094 1.4211E-13 2.1233E-11 8.5735E-11 =R
h =0.010 5.5781 2.8422E-13 4.3732E-11 1.2657E-10 FA% BT H R %
h =0.005 7.3281 1.5632E-13 4.8074E-11 8.0671E-11 i
h = 0.005 7.4844 2.2737E-13 9.5451E-11 1.3617E-10 kg BA H s
h=0.001 27.2500 1.7053E-13 2.6690E-10 9.6590E-11 =R
h =0.001 29.7344 3.4106E-13 5.3012E-10 1.3349E-10 Fig BA H ok 4K

WA 20 3 3 TLUE RS R R D K IR s K L A 2, B KR R0 I 2T A AR
FRRUE » BB M IRBE D KIIRDN , =R A RFF R E , A 1E h=0.001 m e KO L2040 BT K
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2,

T %

PIRII R LA IR LA ZEAK, 108 B i KR AR T RARBI T RE AL AR 2 A, W LA
& HH B R 7 IR AE DR L 5 TP e A

Table 2. Comparison of trigonometric interpolation results under different methods
2. ZARBIRETEREGETHERIER

K AT Ts BORMBAR & RKHELAR O SAINEEL K Oy J5ik
h=0.010 46094 1.4211E-13 2.1233E-11 8.5735E-11 BRI SE
h=0.010 0.4818 9.3593E-11 1.3261E-11 6.2064E-11 Tk PEEE
h =0.005 7.3281 1.5632E-13 4.8074E-11 8.0671E-11 BRI 73k
h =0.005 0.9067 2.8422E-13 2.7416E-12 6.3752E-11 Tk PEEEE
h =0.001 27.2500 1.7053E-13 2.6690E-10 9.6590E-11 BB ik
h = 0.001 4.4573 4.4768E-10 8.7472E-11 8.2668E-11 ek BE B

Table 3. Comparison of Lagrange interpolation results under different methods
% 3. hRBHERBAETEAR S A THERIER

RS BATRIA Tls RABIBAR @ RKEELAR O BAIIEEZLH Oy WARIA
h=0.010 5.5781 2.8422E-13 4.3732E-11 1.2657E-10 BB IR
h=0.010 0.5273 9.5672E-10 5.9614E-11 1.3802E-10 oA SR P i
h = 0.005 7.4844 2.2737E-13 9.5451E-11 1.3617E-10 BB ik
h =0.005 0.9132 1.1369E-13 1.3246E-11 1.5919E-10 ek PERE 1
h =0.001 29.7344 3.4106E-13 5.3012E-10 1.3349E-10 BRI 73k
h =0.001 4.4097 1.1442E-09 1.3737E-10 1.8193E-10 ek RS

AR =MREEEE T B AR SRR S S ARSFI R R L. BUh=0.01m , {7 I E] 4
30s. ATLAFE HH, U A B AR EE T AN 2R BN T R ER T N LR, Herp DTS T R4

ERE LR -

Table 4. Comparison of results of different nodes under trigonometric function interpolation
2 4. ZRRBIRE T A ET S RIEE

F 2R A BATIIRE Tls BRMBLR @ BRKERAR O, HSKIMELLR O i
SRR 4.6250 45475E-13 7.0271E-11 2.3996E-10 B 3
T - BhibEAr S 5.7188 2.2737E-13 3.4142E-11 9.3007E-11 SRR v
PILLE R 4.6094 1.4211E-13 2.1233E-11 8.5735E-11 B 3
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X5 SR BB AR S ek FE S VEAE AN RN ] T R4 S b . BB K h=0.01m , f4r sREVE R R
SRR = fAIE E R R, 5 BN E]% 9 30 s, 100 s #1500 s. A LAE HIFEEE ISR 3G 0, B ECE R
R R TR AP R RS, RS FEESVE I B AR 2, X UL T B B AR I (A 47 BT A R
P

Table 5. Comparison of results of discrete variational method and Runge-Kutta method in different time

3?5 BEENESRAREEAERFERE T A RELR

e [5] BATHFIE Ts RARMIBAR @ RKEELR O mKIEELR Oy WARZA
30 5.8906 1.4211E-13 2.1233E-11 8.5735E-11 BB
30 0.4809 9.3593E-11 1.3261E-11 6.2064E-11 ek PE B
100 11.2031 1.7053E-13 2.3840E-11 8.6229E-11 BB
100 1.5107 1.2808E-10 2.1252E-11 6.9650E-11 Ttk Pk
500 66.0000 1.7053E-13 2.6048E-11 9.5581E-11 BRI 43k
500 7.5563 1.2808E-10 2.1252E-11 8.2813E-11 Ttk PRk

4.3. REFFREKNEGER

B 7. K 8 R RIRBN R 4TI ] t =10,000 s I A% FEES VL. B RUAR ML 4 N TR RS
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Figure 7. Long time simulation diagram of Runge-Kutta method
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Figure 8. Long time simulation diagram of discrete variational method

8. BHIEN AR KEE{EE

MR BRI B, b P B K TR 3 R AR 0, SREEA RS2, Sk s B g ]
WEF] 1078, FUA 0 2 R A AR R AT B R e e . T B B A AN T LA K D)5 B R = Ay
WK e, T AR, LA R E A TR, BRI PR S A R, X784 1 B
AR G AE SR AR B 5 R 2K i S 11 A1 e
5. &ig

ARSCEE RS i RS i ke T3 R — O, IRy - ARBOTRE R E, MiE s B ) Jr ik
AT3RAE . BB STRARN], FEIN R] P B O 005 5 e R S N R B R, B R ik M) TR A e
BAE MR T R, I TR B R ik I I R R B v T e P B, XU 1 B R i
FIATVERT R ANE o SR R B RIS, ASFID AR B B O ik B =R A RO BEAR S S OR K, T e B ik
MIAFEL . WKEER, ZMAMENLARER TR HEE. 52 Runge-Kutta VA LLEL, B
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[ K SRR 3E 42 (11772166, 12172186).
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