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clc, clear, close all
c1=2.02;
c2=2.02;
tic
it=1000;
N_p=20;
N_v=7,
x1=rand(1,N_p); %
x2=rand(1,N_p); %
x3=rand(1,N_p); %
x4=rand(1,N_p); %
x5=rand(1,N_p); %
x6=rand(1,N_p); %
x7=rand(1,N_p); %
XX=[x1;x2;%3;%4;X5;X6;X7];
% % XX=[Xx Gbest];
for j=1:1:N_p
f(j)=Fittness_4P_N(XX(:,)));
end
V=zeros(N_v,N_p);
Pbest=XX;
fPbest=f;
Gbest=Pbest(:,u);
fGbest=fG
thmax=0.9;thmin=0.2;
k=0;
for i=1:1:it
k=k+1;
th=0.7;
Vnew=th.*V+c1*rand(N_v,N_p).*(Pbest-XX)+c2*rand(N_v,N_p).*(Gbest*ones(1,N_p)-XX);
for j=1:1:N_p
f(j)=Fittness_4P_N(Xnew(:,)));
end
forj=1:1:N_p
if f(j)>fPbest(j)
Pbest(:,j)=Xnew(:,j);
fPbest(j)=f(j);
end
end
[fG,ul]=max(f);
if {G>fGbest
Gbest=Xnew(:,ul);
end
if mod(k,10)==0
end
FG(k)=fGbest;
XX=Xnew;
V=Vnew;
end
disp([ ' Time =" num2str(toc) ])
save opt_result_4P_N Gbest fGbest FG

0
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clc, clear, close all

tic

SearchAgents_no=20; % Number of search agents
Max_iteration=1000; % Maximum numbef of iterations

% Load details of the selected benchmark function

Ib=0;

ub=1;

dim=7;

fobj = @Fittness_4P_N;
[Best_score,Best_pos,WOA_cg_curve]=WOA(SearchAgents_no,Max_iteration,Ib,ub,dim,fob
J);

Time=toc

save opt_result WOA Time Best_score Best_pos WOA cg_curve

% The Whale Optimization Algorithm
function
[Leader_score,Leader_pos,Convergence_curve]=WOA(SearchAgents_no,Max _iter,Ib,ub,dim,
fobj)
% initialize position vector and score for the leader
Leader_pos=zeros(1,dim);
Leader_score=inf; %change this to -inf for maximization problems
%lnitialize the positions of search agents
Positions=initialization(SearchAgents_no,dim,ub,Ib);
Convergence_curve=zeros(1,Max_iter);
t=0;% Loop counter
% Main loop
Leader_score=10;
while t<Max_iter
for i=1:size(Positions,1)
% Return back the search agents that go beyond the boundaries of the search space
Flag4ub=Positions(i,:)>ub;
Flag4lb=Positions(i,:)<Ib;
Positions(i,:)=(Positions(i,:).*(~(Flag4ub+Flag4lb)))+ub.*Flag4ub+lb.*Flag4lb;
% Calculate objective function for each search agent
fitness=fobj(Positions(i,:));
% Update the leader
if fitness<Leader_score % Change this to > for maximization problem
Leader_score=fitness; % Update alpha
end
end
a=2-t*((2)/Max_iter); % a decreases linearly fron 2 to 0 in Eq. (2.3)
% a2 linearly dicreases from -1 to -2 to calculate t in Eq. (3.12)
a2=-1+t*((-1)/Max_iter);
% Update the Position of search agents
for i=1:size(Positions,1)
ri=rand(); % rl is a random number in [0,1]

95



r2=rand(); % r2 is a random number in [0,1]
A=2*a*rl-a; % Eq. (2.3) in the paper
C=2*r2; % Eq. (2.4) in the paper
b=1, % parameters in Eq. (2.5)
I=(a2-1)*rand+1; % parameters in Eq. (2.5)
p = rand(); % p in EQ. (2.6)
for j=1:size(Positions,2)
if p<0.5
if abs(A)>=1
rand_leader_index = floor(SearchAgents_no*rand()+1);
D_X_rand=abs(C*X_rand(j)-Positions(i,j)); % Eq. (2.7)
Positions(i,j)=X_rand(j)-A*D_X rand; % Eq. (2.8)
elseif abs(A)<1
D_Leader=abs(C*Leader_pos(j)-Positions(i,j)); % Eq. (2.1)
Positions(i,j)=Leader_pos(j)-A*D_Leader; % Eq. (2.2)
end
elseif p>=0.5
distance2Leader=abs(Leader_pos(j)-Positions(i,j));
% Eq. (2.5)
Positions(i,j)=distance2Leader*exp(b.*1).*cos(l.*2*pi)+Leader_pos(j);
end
end
end
t=t+1,;
Convergence_curve(t)=Leader_score;
[t Leader_score]
end

% This function initialize the first population of search agents
function Positions=initialization(SearchAgents_no,dim,ub,lb)
Boundary_no= size(ub,2); % numnber of boundaries
% If the boundaries of all variables are equal and user enter a signle
% number for both ub and Ib
if Boundary_no==1
Positions=rand(SearchAgents_no,dim).*(ub-Ib)+Ib;
end
% If each variable has a different Ib and ub
if Boundary_no>1
for i=1:dim
ub_i=ub(i);
Ib_i=Ib(i);
Positions(:,i)=rand(SearchAgents_no,1).*(ub_i-Ib_i)+lb_i;
end
end
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Abstract

The existing limitations of the Equal-Channel Angular Pressing (ECAP) have been led to the
development of methods for continuous processes. These limitations include the short length
of the workpiece, the discontinuity of the process and the discarding of the beginning and end
edges of the workpiece, the limitation of the stroke, and needed to excess parts for removing
the material in the channel of the ECAP die. Due to these factors, the ECAP process is not
efficient and cost-effective in mass production. In recent years, researchers have paid special
attention to methods of Severe Plastic Deformation (SPD) continuously, such as the ECAP-
Conform process. In the present study aiming to a comprehensive knowledge in the ECAP-
Conform process, the influence of effective parameters on the ECAP-Conform process of
AA7075 aluminum and their optimization have been investigated. The aim is to achieve
maximum stress, minimum torque, and minimum rod curvature as well as to result a more
uniform strain distribution. Influence of the wheel radius, the bending angle, the die channel
angle, the outer corner of die channel angle, the friction coefficient between rod and wheel,
the friction coefficient between the rod and die and the dimensional ratio of die channel are
examined on required torque, Yield strength, the curvature of the output rod and the
uniformity of the strain distribution at the cross-section of the rod. For this purpose, 88
experiments were designed based on the Response Surface Method (RSM) in the Minitab
software and their simulations (after validation) were performed using Abaqus software. To
model the ECAP-Conform process of the aluminum rod, multilayer perceptron Artificial
Neural Network (ANN) has been used. To find the number of layers as well as the number of
neurons in each layer, the Particle Swarm Optimization (PSO) algorithm and the Whale
Optimization Algorithm (WOA) have been used. The optimized two-layer perceptron neural
network with the PSO algorithm was selected as the best neural network with an mean square
error rate of 0.0027. Based on it, the optimization of the ECAP-Conform process has been
implemented by PSO and WOA algorithms. The results show that the parameters of the die
channel angles and the friction coefficient between the rod and the die have a significant
effect on all responses. Comparing the results of optimization methods and simulations shows
that the PSO algorithm has the lowest error with an error of about 15%, and the RSM and the
WOA algorithm, both have an error of 17%.

Keywords: Aluminum 7075, Optimization, ECAP-Conform, Response Surface Method,
Artificial Neural Network, Particle Swarm Optimization Algorithm, Whale Optimization
Algorithm
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