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1 Y%Input initial value

2 format long; %display 15-bit precision of data with class -double
3 global B epsilon xi;

4 syms s A ;

5 epsilon=[0 0.01 0.02 0.03 0.04];

6 B=1;

7 xi=0.05;

B, KRR

1 %Solve Amplitude-Frequency of Duffing Equation

2 s_start=0; s_end=2.5; s_int=0.025;s_number=(s_end-s_start)/s_int;
3 s=linspace (s_start,s_end,s_number);

4 s_Duffing AF=zeros (3,s_numberxsize (xi,2));

5 for j=l:size(xi,2)

6 for i=1:(s_end-s_start)/s_int
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7 Duffing AF = (B / ..
sqrt ((1-s(i)7240.75xepsilon*xA"2) 724 (2xxi(j)*s(i))"2))-A;

8 %vpa () can get the numirical roots of equation solved by solve();

9 %double (): solve() get the data with class()=sym,so using ..
double () to transfer the class of data

10 Duffing AF=double (vpa(solve (Duffing AF ,A)));% slove

11 Duffing_ AF=Duffing_AF (abs(imag (Duffing_ AF))<eps(Duffing_AF));

12 %abs (imag (?)<eps(?)) delete imaginary number

13 Duffing AF=real (Duffing AF (Duffing AF>0));% find the data which ..
are greater than 0O,and insure the class of data is double

14 if size (Duffing AF,1)==

15 s_Duffing AF (1, i+4s_numberx(j-1))=Duffing AF;

%i4s_numberx(j-1): storing result with different 'xi'
in one matrix

16 elseif size (Duffing AF 1)==2

17 s_Duffing_ AF (1:2,i4+s_numberx(j-1))=Duffing_ AF;

18 else

19 s_Duffing AF (1:3,i+s_numberx(j-1))=Duffing_AF;

20 end

21 end

22 end

H=4, 2.

1 %a.Find zero point ,then delete it. b.Polt

2 a=find (s_Duffing AF==0);

3 s_Duffing AF (a)=NaN;

4 i=0;j=0;

5 ¢_color=colormap (copper (size(xi,2)));sz = 10;%color and szie of dotts

6 for i=l:size(xi,2)

7 for j=1:size (s_Duffing AF, 1)

8 scatter (s,s_Duffing AF(j,14s_numberx(i-1):s_numberxi), sz,

c_color(i,:), 'filled'");

9 hold on

10 end

1 end

12 hold off
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1 %Save the Duffing equation

2 function dy=Duffing (t,yn,y_n)

3

4 global B epsilon xi omicron0 omicron;

5 dy=Bxomicron0 " 2xcos (omicron*t) - 2%xixy n - ..

omicron0 " 2#(yn+epsilonxyn~3);

6
7 end
B LAR 20 SCRAME RIS KR Bl .m SC
1 function [ynl,y_nl] = RungeKutta(fun,xn,yn,y _n,h ) %#ok<«INUSD>
2 %{
3 This function aims to solve differential equation with two orders step

4 by step.
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5 Input:

6 fun:the differential equation ,fun is column vector; y''=fun(xn,yn,y n)

7 xn:initial value

8 yn:initial value;could be sigal or column vector; y(n)

9 y_n:initial value with one order;could be sigal or column vector;
y'(n)

10 h:step length

11 Output:

12 ynl:y(n+1),step length=h

13 y_nl:y'(n+1),step length=h

14 %}

15 if nargin = 3

16 h = 1; P%the default step size is 1

17 %input K11-K24

18 k1l = y_n;

19 k21 = fun(xn,yn,y_n);

20 k12 = y_nth/2+k21;

21 k22 = fun(xnt+h/2, ynt+h/2xkll, y_n+h/2xk21);

22 k13 =y nth/2xk22;

23 k23 = fun(xn+h/2, ynt+h/2xk12, y n+h/2+k22);

24 k14 =y n+hxk23;

25 k24 = fun(xnt+h, yn+h*xk13, y_n+hxk23);

26 ynl = yn + h/6x*(k11+ 2xk124+ 2xk13 +k14);

27 y.nl =y n+ h/6x(k21 +2xk22 +2+k23 +k24);

28

29 else

30 P%input K11-K24

31 k1l = y_n;

32 k21 = fun(xn,yn,y_n);

33 k12 =y nth/2xk21;

34 k22 = fun(xn+h/2, ynt+h/2xk1l, y n+h/2+k21);

35 k13 = y nth/2«k22;

36 k23 = fun(xnt+h/2, ynt+h/2xk12, y_n+h/2xk22);

37 k14 = y_n+hxk23;

38 k24 = fun(xn+h, yn+h*xk13, y n+hxk23);

39 ynl = yn + h/6*(kl11+ 2xk124+ 2xk13 +kl14);

40 y.nl =y n+ h/6x(k21 +2xk22 +2xk23 +k24);

a1 end

42

43 end

HIE, ESOHIIRES L.
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1 global omicron omicron0 xi epsilon
2 omicron0=1;
3 xi=0.05;
4 epsilon=0.04;
5 %When np=400 and t num=4000, the runtime completing the whole program ...
is 83s;
6 np=400;%calculating times about excited frequency
7 Omegal = linspace (0,2.5 ,np) ;%Forward sweep
8 Omega2 = linspace (2.5 ,0,np) ;%Backward sweep
9 s Al=zeros(length (Omegal) ,1);%displacement
10 s _A2=zeros (length (Omega2) ,1);%displacement
11 s Al _1=[];s_A2_1=[];
12 t_start=0; t_end=400; t_num=(t_end-t_start)=10;
13 step=(t_end-t_start)/t_num;%control the accuracy
14 t=linspace (t_start ,t_end,t num);
S, IEmAMOK
1 Y%Forward sweep
2 yn=0;y_n=0;
3 for i=1:1:length (Omegal)
4 omicron=0megal (i) ;%Change the excited frequency
5 s_yn=zeros (t_num,1) ;s y n=zeros (t_num,1l) ;%Pre-allocated memory
6
7 for j=1:1:length(t)
8 [s_yn(j,:),s_y_n(j,:)]=RungeKutta(@Duffing,t(j),yn,y_n,step);
9 yn=s_yn(j,:);y n=s_y n(j,:);
10 end
11 nn=length (s_yn);
12 ynmax=max (s_yn(nn-round(nn/2):nn));
13 y_nmax=max(s_yn(nn-round (nn/2):nn));
14 s_Al(i)=ynmax;%displacement
15 yn=ynmax ;y_n=y_nmax;
16 end
=20, R dIER A
1 i=0;j=0;
2 yn=0;y_n=0;
3 for i=1:1:length (Omega2)
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4 omicron=0mega2 (i) ;%Change the excited frequency
5 s_yn=zeros (t_num,1) ;s _y n=zeros (t_num,1) ;%Pre-allocated memory
6
7 for j=1:1:length(t)
8 [s_yn(j,:),s_y_n(j,:)]=RungeKutta(@Duffing,t(j),yn,y_n,step);
9 yn=s_yn(j,:);y n=s y n(j,:);
10 end
11 nn=length (s_yn);
12 ynmax=max (s_yn(nn-round(nn/2):nn));
13 y_nmax=max(s_yn(nn-round(nn/2):nn));
14 s A2(i)=ynmax;%displacement
15 Yyn=ynmax;y_n=y_nmax;
16 yn=0;y_n=0;
17 end
CHLE
1 figure
2 plot (Omegal,s_Al)
3 hold on
4 plot (Omega2,s_A2)

4.2 iR

(A DU Je s 12 5 A FORAFA FIBR TN R GEAERTECR AR, HAERS BHR IR S
WA, 52 RGEAIRBUEE T 2. 70 BIME EIBR A (IR m3T) A BREs] (K
) . PASE @ IRARGRSES R BLAIAS IR BE MR (VA5 @ + 1 YOS R GE0(E, Hod
i =0 WIRARG AL N 0.

WH B=1,(=0.05¢=0.04 BRGEMIHL, WP THR. K adR R
IFBEER, WO R SAR S S R . DA A D (g 420 ] PAAS: 21 Mg 531 il 2B K
(E U — BIR MRS, 10 AR BE T 2 A e i S AR 21 . (HEA O A A
S F4) — ¥ 3 WA P AS BB AT BB T v T AR 31

Xt ERAEL AT — B (U AT, PTG H S TR TE N © = A coswt I, B
T i AR AR 2 o8 7 DXCTRD KB P B AR 2 i — B a Rl pT A . {H2
LSRN IRATE N © = Acoswt + Asinwt I}, AT AR 25 AL AR FosE BER—Fr 3t
PRATAP A ER . PRI, B DCPAT2OR AR R SRR P 4RI, 55 2™ AR
e AR AL, I Bl ARSI R 8RS i ZR SElR R ik




5,:»

A

e

{87

Amplitude (A)

Amplitude (A)

s Forward Scan

6 - 1 Reverse Scan

g | g T g T T T T 1
0.0 0.5 1.0 1.5 2.0 2.5

Frequency Ratio (s)
B 7 AR A (CBUE S, N © = Acoswi)

Forward Scan
Reverse Scan

e

T T I T
0.0 0.5 1.0 1.5 2.0 2.5
Frequency Ratio (s)

el 8 AT MER 2 (HORMR, R o = Acoswt + Asinwt))

14



	问题的引入
	一维弹簧质量块模型
	伪二维Jeffcott转子模型

	求解方法
	近似求解方法——谐波平衡法
	数值求解方法——龙格库塔方法

	近似解析解
	谐波平衡解的推导
	编程实现
	结果分析

	数值解
	编程实现
	结果分析


