s of

ZIUT P 2024 =& IR E & 45 8

HICR I A - HEE PR Z

W H : Thermal deformation silicone design

R F22 (3230110061)

22 4h K (3230110740)

A (3230110348)

15 5 20T T

TR SHITIESERE: i Kt LT

2 AR AR O HH: 2024 4 06 F 15 H-2024 45 07 A 15 H



WE
BHBRKEREmRERKNFE, $EEERERE S, TMEHSMHEA. AR E
B = mAATRA :

1. WK R £ 5B TR AR R

2. AFEREHNF I LR

3. ETREEHENNRELEMER.

HHTT 2AEF L ERKERONZ G, RINXIABKERN T HEREASEEMKE
BREMK, BERE-—NAEGEHEELERA. A, LRETHEFENE A SKE
AR REM R, BEFAE I RERMALEEE,
MTAERENFER A, BAERRIANIEANTH - ABEEE, HNEALT H#ET
C, BRT ZP . BREB A EZS AR ELEENEER, BERHS AERESEE.
FevTr kR AR R, FEZARMNETREMBREZIR. LEREENER, —KFRE
FRIGRE, fRIE T AU . TUE B9 = IR DL B OB AR 78 2 IR 3l , IR B R A /N — IR .
FRAGEHMERZ T, THREXERZ Y CENAN. ABEER, SERE KA LT &
RAEHI, RASEIT BIF B FARS L



Abstract

With the help of expansion silicone's property of expanding when heated, a variety of
applications can be derived by combining it with ordinary silicone. In this thesis, we mainly
investigate in three aspects: 1. the influence of the basic parameters of the expanded silica gel on
the expansion effect 2. the optimization of the fabrication process of the pneumatic silica arm 3.
the exploration of the bistable structure based on the sandwiched disc.

After carrying out several sets of measurements of the control variables of the expanded silica
gel, we found that the degree of bending of the expanded silica gel is only positively correlated
with the width and concentration, and that there exists a point in the thickness that makes the
degree of bending reach its maximum. Similarly, experiments show that the stress generated is
positively correlated with concentration and width, and that there is a point in thickness where the
stress peaks. For the manufacturing problem of pneumatic silicone arm, it is specifically
manifested in the uneven size of air cavity and poor air tightness. We optimized the fabrication
process to solve the problem. The original approach was to fabricate the air-thin mold and the
main body separately, and then bond the two parts together with silicone. The new method is to
manufacture the main body first and reserve a grid-like gap on the side of the body. The body is
inverted into the mold and cast in one piece as a silicone film, ensuring an airtight seal. The
reserved voids allow the silicone liquid to flow sufficiently to achieve the effect of homogenizing
the size of the air cavity. In the exploration of the bistable structure, the size of the center circle of
the sandwich disc, the number of surrounding teeth, the percentage of tooth area, and the staggered
arrangement of upper and lower teeth are continuously adjusted to finally achieve a better bistable

response.
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it %

X 1: curve—fit.m
clear; close all; clc;

Start = tic;

%% Inputs

%

% Image files
I = imread('h=1. jpg'); %"'2019 04 19 19 33 26 456 Ang 0.bmp');

I reverse = imcomplement (I);

% Measure shape parameters

boundaryPoint = 10; %12, 10 number of boundary points curvature is
found over

curvatureThresh = 0.25; %0.06 the maximum allowed value of the
curvature measure

bp tangent = 10; % number of boundary points the tangent angle
is found over

interpdmin = 0.3 ; % the minimum number of pixels seperating
boundary points after interpolation

loopclose = 0; % 0 — if open boundaries | 1 - if closed

boundaries

%% Find the curvature
[shape details, Icurv] = curvature (I reverse, boundaryPoint,

curvatureThresh, bp tangent,



interpdmin, loopclose);

%% Plot curvature

X = shape details.XY(:,1);

Y = shape details.XY(:,2);

7 = zeros (size(X));

C = shape details. curvature'*1;

% Plot

figure;

sl = subplot(1,2,1); imshow(Icurv)

s2 = subplot(1,2,2);

imshow (Tcurv)

hold on

surf ([X(:) X(G)J, [YG) vY() I, [Z(:) Z(:)], [C CJ, ... % Reshape and

replicate data

'FaceColor', 'none', ... % Don't bother filling faces with color
'EdgeColor', 'interp', ... % Use interpolated color for edges
'LineWidth', 3); % Make a thicker line

hold off

cmap = jet;
colormap (cmap) ;
cb = colorbar; % Add a colorbar

ch. Label. String = 'Curvature';

get (s1, 'position');

slPos
s2Pos = get(s2, 'position');
s2Pos (3:4) = [s1Pos(3:4)];

set(s2, 'position', s2Pos) ;



x1=487;

x2=737;

y1=549;

y2=253;

lindex x1]= find(abs (X-x1)<0.001);

[index x2]= find(abs (X-x2)<0.001);

[index y1]= find(abs (Y-y1)<0.001);

[index y2]= find(abs (Y-y2)<0.001);

%plot X and Y with their index

%
%
%
%
%
%
%
%
%
%

x=1:1:953;

a=X;

b=Y;

plot(x,a, '—*b',x,b, '—or') ;%% M, F&, #iC

axis ([0,960,0,900]) %% & x4 5 yHAE & A/

set (gca, 'XTick', [0:100: 1000]) %x%h % E1-6, [Ef&1
set (gca, 'YTick', [0:100:900]) %y%h3E El0-700, I8[§100
legend('X','Y"): %H EAARE

xlabel (" &5 5")  toxf AT R

ylabel (' ZEEME") %y%h AL AR 4

%% End parameters

%

Runtime = toc(Start);



X 2: curvature.m

function [shape, Tcurv]

curvatureThresh,

loopclose)

= curvature (image, boundaryPoint,

bp tangent, interp resolution,

Yo%k kskskskskokskokskokskokskokskokskokskokskokokskokskokskokskokskokskokskokskokskokskokskoskokskok sk sk skokskokokskokskskok sk sk skokskskok k)

%% Curvature measure *%
% Measure shape properties of loops. *Y%
%% *%
%* Original author: Dr. Meghan Driscoll *Y%
%* Modified by: Preetham Manjunatha *%

%* Github link: https://github. com/preethamam

%% Date: 08/02/2021

*%

Qpskskskskkokskokskokskokskokskokskokskokskokskoskokoskokskokskokskokskokskokskokskokskokskokskoskskoskokskokokskokskoskokskok sk skokskskokskokskkok k)

%

Qpskskskskkokskokskokskokskokskokskokskokskokskoskokoskokskokskokskokskokskokskokskokskokskokskoskokoskokskok sk skokskoskokskokokskokskskokskokskkok k)

%

% Usage: [shape, Icurv]

curvatureThresh,

%
loopclose)

% Inputs: % Inputs:

% Image

% boundaryPoint
curvature is found

% curvatureThresh

in the cutoff curvature

curvature (image, boundaryPoint,

bp tangent, interp resolution,

— input image

— number of boundary points over which

— the largest curvature magnitude allowed



% bp_tangent
which the boundary tangent
%
% interp resolution
number of pixels seperating
%
% loopclose
boundaries
%
% Outputs:
% shape
% . curvature
point (uses snakeNum)
%
given the magnitude of the cutoff
% . meanNegCurvature
% .numIndents
which the curvature is negative
% . tangentAngle
at each boundary point
% . tortuosity
how bendy the boundary is)
% .uncutCurvature

boundary point (uses snakeNum)

% Tcurv

channel. This fixes the plot)

- the number of boundary points over

direction is measured

— interpolation resolution —— the minimum

boundary points after interpolation

- 0 - if open boundaries | 1 - if closed

— the boundary curvature at each boundary

Curvatures above or below a cutoff are

— the mean negative curvature

— the number of boundary regions over

— the angle of the tangent to the boundary

- the boundary tortuousity (a measure of

— the uncut boundary curvature at each

— Output image (padded image to make 3

%

%



%%%%%%%%%%%%%%%% MEASURE SHAPE  %%%%%%%%%%%%%%%%

% Original author: Dr. Meghan Driscoll

% Modified and compacted/concised a complicated codebase by: Preetham
Manjunatha

%

% Thanks to Dr. Meghan Driscoll who kindly shared her code for academic
purpose.

% If you use this code for visualization and other academic/research/any
purposes.

%

% Please cite:

%

% Reference:

=

6 Driscoll MK, McCann C, Kopace R, Homan T, Fourkas JT, Parent C, et al.
(2012)
% Cell Shape Dynamics: From Waves to Migration.

% PLoS Comput Biol 8(3): e1002392.

==

6 https://doi.org/10. 1371/ journal. pchi. 1002392

%

% Important note: This code uses parfor to speed up the things. If you do
not have

% the Matlab parallel computing toolbox. Please make 'parfor' as 'for' in
this

% function.

%

% %%%%%%%% This code is way too slow! (curvature should not be in a for
Toop) %%%%%%%%%

% If I have time I will try to improve this. If anyone improves it, please

% share the modified version code with me.



% RGB to binarization
if(size(image,3) == 3)
Igray = rgbh2gray (image);
binaryimage = imbinarize (Igray);
Tcurv = image;
elseif (islogical (image))
binaryimage = image;
Icurv = im2uint8 (repmat (image,1,1,3));
else
binaryimage = imbinarize(I);
Tcurv = im2uint8 (repmat (image,1,1,3));

end

% Find boundaries X and Y coordinates
cc_index = 1;

boundaries = bwboundaries(binaryimage,8) ;

x = boundaries{cc index} (:, 2);

boundaries{cc index} (:, 1);

y

% Perimeter of the binary component
stats = regionprops(binaryimage, 'perimeter');

perimeter = cat(l,stats(cc_index).Perimeter);

% Interpolate for more points
% Every coordinates

xn = x+rand(size (x))*1e-8;

yn = y+rand(size (x))*1e—8;

[xi,yi] = snakeinterpl(xn,yn, interp resolution);

% Every nth coordinates



switch loopclose

case 0
xn = xi (1:boundaryPoint:end);
yn = yi(1:boundaryPoint:end) ;
case 1
xn = [xi(1l:boundaryPoint:end), xi(1)];
yn = [yi(l:boundaryPoint:end), yi(1)];

end
shape XY = [xn;ynl]';

M = numel (xn) ;

% initialize variables

shape curvature = NaN(1,M);
shape uncutCurvature = NaN(1,M);
shape meanNegCurvature = NaN(1,1);

shape numIndents = NaN(1,1);

shape tortuosity = NaN(1,1);

shape tangentAngle = NaN(1,M);

% calculate the curvature (by finding the radius of the osculating circle
using three neaby boundary points)

bp positions = [shape XY(M-1-boundaryPoint:M-1,:); shape XY(1:M-1,:);
shape XY (1:boundaryPoint+1,:)];

parfor j = 1:M

% assign the three points that the circle will be fit to such that the
slopes are not infinite

pointl = bp positions(j,:);

point2 = bp positions (j+boundaryPoint,:);

point3 = bp positions (j+2%boundaryPoint,:);



(point1(1,2)-point2(1,2))/(pointl1(1,1)-point2(1,1));

slopel2

slope23 = (point2(1,2)-point3(1,2))/(point2(1,1)—point3(1,1));

if slopel2==Inf || slopel2==—Inf || slopel2 ==

point0 = point2; point2 = point3; point3 = pointO;

slopel2 = (pointl(1,2)-point2(1,2))/(pointl(1,1)—point2(1,1));

(point2(1,2)-point3(1,2))/(point2(1,1)-point3(1,1));

slope23

end

if slope23==Inf || slope23==—Inf
point0 = pointl; pointl = point2; point2 = pointO;

slopel2 = (pointl(1,2)-point2(1,2))/(pointl(1,1)-point2(1,1));

slope23 = (point2(1,2)-point3(1,2))/(point2(1,1)-point3(1,1));

end

% if the boundary is flat
if slopel2==slope23

shape curvature(l,j) = 0;

% if the boundary is curved

else

% calculate the curvature
X_center = (slopel2*slope23* (pointl(1,2)-
point3(1,2))+slope23*(pointl (1,1)+point2(1,1))...
—-slopel2*(point2(1,1)+point3(1,1)))/ (2% (slope23-
slopel2));

midpointl12 = (pointl+point2)/2;

midpointl3 = (pointl+point3)/2;



y center = (-1/slopel2)*(x_center—
midpoint12(1,1))+midpoint12(1,2);
shape uncutCurvature (1, j) = 1/sqrt ((point1(1,1)-

x_center) 2+(pointl(1l,2)-y center) 2);

% cutoff the curvature (for visualization)
shape curvature(l, j) = shape uncutCurvature(l, j);
if shape curvature(l, j) > curvatureThresh

shape curvature(l, j) = curvatureThresh;

end

% determine if the curvature is positive or negative
[In, On] =
inpolygon (midpoint13(1,1),midpoint13(1,2),shape XY(:,1),shape XY(:,2));

if "In
shape curvature(l, j) = —l*shape curvature(l, j);
shape uncutCurvature (1, j) = —l*shape uncutCurvature(l, j);

end

if On || “isfinite (shape uncutCurvature (1, j))
shape curvature(l,j) = 0;
shape uncutCurvature (1, j) = 0;

end

end

end



% find the mean negative curvature (really this should use a constant dist
snake)

listCurve = shape uncutCurvature(l,1:M-1);

listNegCurve = abs(listCurve(listCurve < 0));

if “isempty(listNegCurve)

shape meanNegCurvature(1,1) = sum(listNegCurve)/(M-1);

else

1
()

shape meanNegCurvature (1, 1)

end

% find the number of negative boundary curvature regions
curveMask = (listCurve < 0);
curveMaskLabeled = bwlabel (curveMask) ;
numIndents = max (curveMaskLabeled) ;
if curveMask(l) && curveMask (end)
numlndents = numIndents—1;
end

shape numIndents(1,1) = numIndents;

% find the tortuosity (should correct units)
shape tortuosity(l,1) = sum(gradient (shape uncutCurvature (1, 1:M-

1)). 2)/perimeter;

% calculate the direction of the tangent to the boundary

bp positions tangent=[shape XY (M-1-bp tangent:M-1,:); shape XY(1:M-1,:);
shape XY(1:bp tangent+1,:)];

for j=1:M

pointl = bp positions tangent(j,:);

point2 = bp positions tangent (j+2%bp tangent,:);



shape tangentAngle (1, j) = mod (atan2 (pointl (1, 2)-point2(1,2),
pointl(1,1)-point2(1,1)), pi);

end

shape. XY = shape XV;

shape. curvature shape curvature;

shape uncutCurvature;

shape. uncutCurvature

shape. meanNegCurvature = shape meanNegCurvature;

shape. numIndents shape numlIndents;

shape. tortuosity = shape tortuosity;

shape. tangentAngle = shape tangentAngle;

end

%% Auxillary fucntions

%

function [xi,yi] = snakeinterpl(x,y,RES)
% SNAKEINTERP1 Interpolate the snake to have equal distance RES

% [xi,yi] = snakeinterp(x,y,RES)

%

% RES: resolution desired

% update on snakeinterp after finding a bug

% Chenyang Xu and Jerry L. Prince, 3/8/96, 6/17/97

% Copyright (c) 1996-97 by Chenyang Xu and Jerry L. Prince

% image Analysis and Communications Lab, Johns Hopkins University



% convert to column vector

x =x()s y = y();

2
1

length (x) ;

% make it a circular list since we are dealing with closed contour
x = [x;x(1)];
y = Ly;y (D)1

dx = x([2:N+1])- x(1:N);
= y([2:N+1]) - y(1:N)

(o
<
I

d = sqrt(dx. *dx+dy. *dy); % compute the distance from previous node for

point 2:N+1

d = [0;d]; % point 1 to point 1 is O

% now compute the arc length of all the points to point 1

% we use matrix multiply to achieve summing

=
I

= length(d);

[@N
I

(d'*uppertri M,M)) ';

% now ready to reparametrize the closed curve in terms of arc length

maxd = d(M) ;
if (maxd/RES<3)
error ('RES too big compare to the length of original curve');

end

di = 0:RES:maxd;



xi = interpl(d,x,di);

yi = interpl(d,y,di);

N = length(xi);

if (maxd - di (length(di)) <RES/2) % deal with end boundary condition

xi = xi(1:N-1);
yi = yi(1:N-1);
end
end
function q = uppertri (M,N) %added by Ilya

% UPPERTRI  Upper triagonal matrix

% UPPER(M,N) is a M-by-N triagonal matrix

[J,1] = meshgrid(1:M,1:N);
q = (I>=0);

end



