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STSUYa0AER
B ELOR o
R+20R+a?R=0

!
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classdef NodalPoint
properties
Coordinates;
Displacement;
Velocity
end
methods
function obj = NodalPoint(p)
obj.Coordinates = p;
end
end
end
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EH E— (IBEERF ORT 1 7 REH)

|==F
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classdef Triangle
properties
Vertices;
Area;
Thickness;
Density; lambda; mu;
vector_a; vector_b;
U_X; u_y; V_X; V_y;
Cauchy_strain;
Green_strain;
Partial_J_lambda; Partial_J_mu;
Partial_Stiffness_Matrix;
Partial_TInertia_Matrix;
Partial_Gravitational_Vector;
end
methods

function obj = Triangle (i, j, k, pi, pj, pk, h)
i i (IREAY DA7 1 9 AER) BIEES - BRERE (A 47/70

==
B
classdef Body
properties
numNodalPoints; NodalPoints;
numTriangles; Triangles;
strain_potential_energy;
gravitational_potential_energy;
J_lambda; J_mu;
Stiffness_Matrix;
Inertia_Matrix;
Gravitational_Vector;
end
methods

function obj = Body(npoints, points, ntris, tris, h)

obj.numNodalPoints = npoints;
for k=1:npoints
pt(k) = NodalPoint(points(:,k));

end
T M— (IRMWASE DT 1 5 AEH)
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partial derivaties @5 du/dx, du/dy, Ov/Ox, Ov/Oy & & E

calculate_Cauchy strain =ZAFROI—Y—EH%5tE

partial_strain_potential energy =ZABADEART VY vIILIRILFRT
VYT RILE—

calculate_Green_strain ZAFHRD I ) —VEH%EFE

partial_strain_potential energy Green strain ¥'\) —V&EH%&RAWEHR

FUYwILIRINF—
partial_gravitational_potential energy =AHRDEART V¥ v LT X
LE¥—

partial_stiffness_matrix ERZEIMITH K;; , Z5HE
partial_inertia_matrix ERMEMETII M, ZFE
partial_gravitational_vector BRDEANYT b g;j i ZETHE

T = (IRIEAY DA 1 2 ZER)
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total_strain_potential energy BEHHRT V¥ v IILIRI¥—%FE
total strain_potential_energy Green strain 4'\) —VEH&ERAWLEHRT
VYR INIRILF—
total_gravitational potential energy EART V¥ v LT RILF—
calculate stiffness_ matrix BI#1TF K &EtE
calculate_inertia_matrix 18M1T5 M 2 5t&
calculate_gravitational_vector ANV ML g Z5HE
constraint_matrix 8E L7=HRZEEY % & = DHIKITI
draw 2FOWRKE#<
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B (B> IalL—3Y)

[0, tpush] EE%EE & P14P15 %FE‘:$$T
[toush: tho] EEZEE & P14P1s & T DIGICHREF
[thotd; tend] EEZEE & P1aPis &R

13 14 15 16
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Bigat s - ERERE (ZRFT) 52 /70

Bl (B Ial—ray)

[0, tousn] HRLIERE vpush
m=wm=u3=u,=0
Uy = tis = 04 vpuent
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ZZT Vpush - [07 _Vpush]

/
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Bl (B> Ial—>ay) Bl (BW>IalL—3V)

[0, tpush ] % EAFEEDEROBNIRER (4&times;4)

% g, cm, sec

uy
Ll addpath(’../two_dim_fea’);
ATUN = us
uy width = 30; height = 30; thickness = 1;
Uyg m=4; n=4;
uss [points, triangles] = rectangular_object(m, n, width, height)

BN ESNEHREREET S

% E =1 MPa; c = 0.04 kPa s; tho = 1 g/cm"2

Young = 10.0*le+6; c = 0.4*1e+3; nu = 0.48; density = 1.00;
[lambda, mu] = Lame_constants(Young, nu);

[lambda_vis, mu_vis] = Lame_constants(c, nu);

npoints = size(points,2);
ntriangles = size(triangles,1);
elastic = Body(npoints, points, ntriangles, triangles, thickn:

Fi - (UREAF OR7 1 9 REH) HikEE  ARERE (D) 54/ 70 T B (IRIEAF QR 1 2 RFH) Wik ARERE (DR 58 /70
Bl (BN IalL—vay) Bl (BHIalL—ray)
[0 toush] W ERERBELTLS
b(t) = bo + byt b0 = [ zeros(2%4,1); 0; -vpush*tp; O; -vpush*tp ];
ZZT bl = zeros(2%6,1);
0 0 interval = [tp, tp+th];
0 0 gqinit = q_push(end,:);
0 0 square_object_hold = @(t,q) square_object_constraint_param(t,«
by = 0|’ b, = 0 [time_hold, q_hold] = odelbs(square_object_hold, interval, qi1
0 Vpush
0 v % EEERRIR
. . pus A = elastic.constraint_matrix([1,2,3,4]);
b(t) =b & b(t) =04&Y b0 = zeros(2x4,1);
C(uN, VN) = 2C¥(ATVN — b1) + Oé2(ATUN — (bo + blt)) bl = zeros(2%4,1);

interval = [tp+th, tp+th+tf];

qinit = g_hold(end,:);

square_object_free = @(t,q) square_object_constraint_param(t,«
[time_free, q_free]l = odelbs(square_object_free, interval, qi
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B (B Ial—2av) B (B> Ial—2av)
[ tpush7 thold ] “© “© “ “
0 0 30 30 30 30
0 0 20 20 20 20
0 0 10 10 10 10
_ — o 0 0 0
bo = , b=
0 0 10 10, -10 -10
10 o 10 20 30 40 0 0 10 20 30 40 =10 o 10 20 30 40 10 o 1
Vpushtpush 0
Vpush tpush 0 40 0 w0 w0
30 30 30 30
2 20 20 20
10 " 10 10 10
0 o 0 0
10, 10, =10 10
o o 10 2 3 4 0 o 1 2 B 4 0 0 10 2 3 4 T
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Bl (BW>IalL—>3YV) Bl (B Ial—vay)

[ tho/d7 tend ]

/

m=wm=u3=u=0

/ 10 10 10 10

/ . 0 0 0 0

/4T = -10 -10 10 -10
| - S0 0 10 20 30 40 S0 0 10 20 3 40 S0 0 10 20 3 40 G001

/ o 0 0 w0 0

0 0 30 30 30 30

0 0 20 20 20 20

bO = 0 ) bl = 0 10 10 10 10
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Bl (B> Ial—
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—38 w DIEAFO R TiEMEER
YUUKRE, ¥R, BE)p
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3x3x2ED=AFICHE

13 14 15 16
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Bl (B IalL—vay)
[O tpush] EE%EE & P14P15 ;&-Fjj_‘:ﬂaj_
[toush, thow] EEEERE & P1,Pis % Z DHICRE
[tho/ch end] EE (’\oj-)ll;"fgf—C&jjé%I'%:)
13 14 15 16
9 10 11 12
5 6 7 8
1 2 3 4
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Bl (B> Ial—

=0
% EAFEEWAOBE (44times;4)

% g, cm, sec

addpath(’../two_dim_fea’);
width = 30; height = 30; thickness = 1;
=4; n = 4;
[points, triangles] = rectangular_object(m, n, width, height)

% E =1 MPa; c = 0.04 kPa s; tho = 1 g/cm"2

Young = 10.0*le+6; c = 0.4*1e+3; nu = 0.48; density = 1.00;
% Kfloor = 0.002 MPa/m = 2 KPa/cm

Epfloor = 0.02%1le+6;

[lambda, mu] = Lame_constants(Young, nu);

[lambda_vis, mu_vis] = Lame_constants(c, nu);

npoints = size(points,2);
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% EREHRFELTVWS
= [ zeros(2*4,1);

bl = zeros(2%6,1);

interval = [tp, tp+thl;

qinit = q_push(end,:);

square_object_hold = @(t,q) square_object_constraint_param(t,«

[time_hold, g_hold] = odelbs(square_object_hold,

=2

0; -vpush*tp; O; -vpush*tp ];

interval, qii

% TRTOFEIRZ K

floor_force = @(t,npoints,un,vn) floor_force_param(t,npoints,
IHRDRRA

interval = [tp+th, tp+th+tf];

ginit = q_hold(end,:);

square_object_free = @(t,q) square_object_free_param(t,q, ela:
[time_free, q_free] = odelbs(square_object_free, interval, qii

= [tlme push; time_hold; time_freel;
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