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SOSUaDARRE

HIRELDR ) _
R+2aR+o’R=0
3
(AT iy — b(t)) + 2a(AT iy — b(t)) + (AT ux — b(t)) = 0
U

—ATwy = —b(t) + 2a(AT vy — b(t)) + o*(A" ux — b(t))
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SOSUaDARRE

RAER
Uy = vy
{ M —A:||:VN:|_|:—KUN+f:|
—AT A || Cux,w)
ZZT

C(uy, w) = —b(t) + 2a(A" vy — b(t)) + o*(AT uy — b(t))
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MATLAB LD R TEBRERE

http://www.ritsumei.ac.jp/ hirai/edu/common/
soft_robotics/Physics_Soft_Bodies.html

Y 2 X NodalPoint, Triangle, Body
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classdef NodalPoint
properties
Coordinates;
Displacement;
Velocity
end
methods
function obj = NodalPoint (p)
obj.Coordinates = p;
end
end
end

fERE ORT 1 7 2%H) HUEEE - BREFRE (ZRT)
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RKIR
classdef Triangle
properties
Vertices;
Area;
Thickness;
Density; lambda; mu;
vector_a; vector_b;
u_Xx; u.y; V_X; V_Y;
Cauchy_strain;
Green_strain;
Partial_J_lambda; Partial_J_mu;
Partial_Stiffness_Matrix;
Partial_Inertia_Matrix;
Partial_Gravitational_Vector;
end
methods

function obj = Triangle (i, j, k, pi, pj, pk, h)
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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
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72X Triangle D XY v K

partial derivaties {45 du/dx, du/dy, Ov/Ox, Ov/dy & &tHE

calculate_Cauchy strain ZAFROI—Y—FEH%58E

partial_strain_potential_energy =ZAFRDEART Vv ILIXIVFRT
VU IIIRIF—

calculate_Green strain =AFHND Y ) —VEH%ETE

partial_strain_potential_energy_Green strain 7'1) — > EH % B WLEHR

TYUYYILIRILE—
partial_gravitational_potential_energy ZAMADEHRT Vv ILIT R
F—

partial_stiffness_matrix EBZBIEITH K« Z5TE
partial_inertia_matrix BERDEMEITII M, Z5tH
partial_gravitational_vector ERDENNRYT M g, Z&5tE
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72X Body DXV v R

total_strain_potential energy EHRT V¥ v LI RILF—%ETH
total_strain_potential_energy_Green strain 7'\) —YEHEBWEHRT
VYUY ILIRIF—
total_gravitational_potential_energy EHRT V¥ v LT RILF—
calculate_stiffness_matrix BT K Z5H&
calculate_inertia_matrix 18475 M #5tHE
calculate_gravitational vector EANY ML g ZE5TE
constraint-matrix #EE LHRZEET % & = DFIKITTI
draw 2O IRZHE <
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Bl (BHIal—Y3ay)

[0, tpush ] EEEEE & PPy 2 FTAHICHY

[ toushs thotd] EEIZEE & P14P1s & Z DIGICREF
[ thoids tend] IERHEIZEE & P14P1s & R

13 14 15 16
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Bl (EBHWIazlL—3V)

[0, tousn] TR UIRE vpusn
u=u=u3=u=0
Uy = uis = 0+ vyt

ZZT Vpush = [0, —Vpush ]

/
/

Al =

/
/

1234 14 15-th block columns
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[ 07 tpush ]

uy
u;
AT uN = Us
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Uiq
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Bl (BWIalL—ravy)

[O, tpush]
b(t) = by + byt
ZZT o ) )
0 0
0 0
0 0
bO = 0 3 bl - 0
0 Vpush
0 | Vpush |

b(t)=b, & b(t)=0& Y
C(UN, VN) = 20/(ATVN - bl) + Oéz(ATUN - (bo —+ blt))
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Bl (BWIalL—ravy)

[ tpusha tho/d ]

[ e i e I )

Vpush tpush

[ e T < B e T e Y e ]

Vpush tpush |
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[ thold: tend |
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B (B> Ial—3ay)
% EAFEEDERDEINRER, (4&times;4)

% g, cm, sec
addpath(’../two_dim_fea’);

width = 30; height = 30; thickness = 1;
m=4; n=4;
[points, triangles] = rectangular_object(m, n, width, height)

% E=1DMPa; c = 0.04 kPa s; rho = 1 g/cm"2

Young = 10.0*le+6; c = 0.4*1le+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, ntriang
T - (IREEARE OR7 1 2 REH) WIEHE : BRBEFRE (=KD

les, triangles, thickn
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Bl (W Ial—ay)

h LBEEFLTWDS

b0 [ zeros(2x4,1); 0; -vpush*tp; O0; -vpush*tp ];

b1 zeros (2x6,1);

interval = [tp, tp+th];

ginit = g_push(end,:);

square_object_hold = @(t,q) square_object_constraint_param(t,:
[time_hold, g_hold] = odelbs(square_object_hold, interval, qi:

% EEB % fRIR

A = elastic.constraint_matrix([1,2,3,4]);

b0 = zeros(2%4,1);

bl = zeros(2%4,1);

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

ginit = g_hold(end,:);

square_object_free = Q@(t,q) square_object_constraint_param(t,:
[time_free, q_free] = odelbs(square_object_free, interval, qi:
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B (HW>IalL—3V)

% IEAFEEYERDBE (4¢times;4)

% g, cm, sec
addpath(’../two_dim_fea’);

width = 30; height = 30; thickness = 1;
m=4; n=4;
[points, triangles] = rectangular_object(m, n, width, height)

% E=1MPa; c = 0.04 kPa s; rho = 1 g/cm™2

Young = 10.0*le+6; c = 0.4x1le+3; nu = 0.48; density = 1.00;
% Kfloor = 0.002 MPa/m = 2 KPa/cm

Epfloor = 0.02*1e+6;

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

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

b0 [ zeros(2x4,1); 0; -vpush*tp; O0; -vpush*tp ];

b1 zeros (2x6,1);

interval = [tp, tp+th];

ginit = g_push(end,:);

square_object_hold = @(t,q) square_object_constraint_param(t,:
[time_hold, g_hold] = odelbs(square_object_hold, interval, qi:

% TRT O % B

floor_force = @(t,npoints,un,vn) floor_force_param(t,npoints,
IRD KRR

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, qi:

time = [time_push; time_hold; time_free];
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L F— k (MATLAB Grader)

MATLAB grader TBEREFRZE (Z)R7T) ]
) 20247 H 298 (B#E) 00:10 AM
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