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clear

Y% parameters
N=2;

Kt = 6e8;

Kn = 2e8;

w0 = 922%2%pi;

zeta = 0.011;

m_t = 0.03993;

aD = 0.05;

up_or_down = —1;

if up_or_down ==1
fist = 0;
fiex = acos(1 — 2*aD):

elseif up_or_down == —1
fist = acos(2*aD — 1);
fiex = pi;

end

stx = 400;

sty = 200;

w_st = Oe — 3;

w_fi = 10e — 3;

0_st = 5e3;

% number of teeth

% tangential cutting force coefficient
(N/m?)

% normal cutting force coefficient
(N/m?)

% angular natural frequency (rad/s)

% relative damping (1)

% mass (kg)

% radial depth of cut

% 1: up-milling, —1: down-milling

% up-milling

e start angle

% exit angle

% down-milling

e start angle

9% exit angle

9 steps of spindle speed

9 steps of depth of cut

Y starting depth of cut (m)

Y final depth of cut (m)

Y0 starting spindle speed (rpm)
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B(2, 1) = h_i(i)*w/m_t:

P = expm(A™*dt):

R = (expm(A*dt) — eye(2))*inv(A)*B;
D(1:2,1:2)=P;
D(1:2,m-+1)=wa*R(1:2,1:1);
D(1:2,m4+2)=wb*R(1:2,1:1):;

Fi = D*Fi;
end
ss(x,y) = o;
de(x.y) =w;
ei(x, y) = max(abs(eig(Fi))):
end
stx +1 —x
end
figure

contour(ss.dc.ei,[1, 1].’k")

o_fi = 25¢3;
% computational parameters

%o
%o

%o

%o
%
%o

matrix P;
matrix R;

transition matrix d»

matrix of spindle speeds
matrix of depth of cuts
matrix of eigenvalues

e final spindle speed (rpm)

%¢ number of discretization interval over one
period
%¢ number of numerical integration steps for

Equation (37)
e
Yo
Je
Ge

k = 40;
intk = 20;
m = Kk:
wa=1:
wh = %:

D = zeros(m + 2. m + 2).
d =onestm+1,1):

since time delay = time period
since time delay = time period
since time delay = time period
matrix D

% numerical integration of specific cutting force coefficient according to Equation (37)

d(l:2)=0:
D = D + diag(d, —1):
D31 =1:
fori=1:k
dir = 2%pi/N/k:
h_i(i) = 0:
for j=1:N

for h=1:imk

e

fith) = i"dtr + (j — 1)*"2%pi/N + h*dtr/int k:

il (fith) == fist)*(fith) <= fiex)
g(h) = I:
clse
g(h) =0
end
end

e
e

e

e

At, if t=2n/N

loop for tooth j
loop for numerical integration of /;

tooth is in the cut

tooth is out of cut

h_i(i) = h_i(i) 4+ sum(g.* (Kt.* cos(fi) + Kn.* sin(fi)).* sin(fi))/int k:

end
end
e start of computation
for x =1:s1x + 1
o0 =o0_sl + (x — 1)"(o_fi — o_st)/stx:
tau = 60/0/N:
dt = tau/(m);
fory=1:sty+1
w=w_sl + (y — D" (w_I{i — w_st)/sty;
% construct transition matrix Fi
Fi = eye(m + 2, m + 2);
fori=1:m
A = zeros(2, 2):

A(l,2)=1:
A(2.1) = —w0™2 — h_i(i)"w/m_t:
A(2,2) = =2"%zeta™wo:

B = reros(2, 2):

e
Te
Te

Lo

Te
Te

loop for spindle speeds
spindle speed

time delay

time step

loop for depth of cuts
depth of cut

matrix A;

matrix B;
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close all,clear all,clc
tic

% the model
N = 2; %
Kt = 6e8: %
Kn = Z2e8§; %
wQ = 922%2%pi ; %
ze - T %
m_t = 0.03993; %
ab = 0. 05; %

up_or down = —1; %

paramecters

if up_or down == 1 %
fist = 0; %
fiex = acos(1-2%al) ;%
clseif up_or_ down -1 %
oo os (2%aD-1) : %

stx = 400; % ostc

sty = 200; % ste

= De—-3; % sSts
10e—3; % i
sle

w_st
w_ti =
o_st o
o fi = 2Re3: 9
% the co
m = 40; !
D = zerosimt2, m+2) ; %
d = onesimtl, 1);

d (1 2y = 0;

D = D+diagid, —1):

D(3,1) = 1;

[TLIT

wrting spindl

final

number of teeth

tangential cutting force coelficient
(N/m™ 2)

cutting force coefficient
frequency (rad/s)

17
\1,’

angular natural
relative damping
mass (kg)

radial depth of cut, for

1: up—milling, —-1: down—milling

up—milling
start angle
exit angle

down—milling
start angle

exit angle

spindle speed

pe of
of cut

of

ns of depth
A

irting depth cut  (m)
1al depth of cut {m)

e speed (rpm)

spindle speod

pAarametors

nher of discretization interval over

maltrix D

arno

(N/m™ 2)

aD = 1,0.1,and 0.05

peri
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force coellficient h(t) in Eg. (29)

AT

loop for tooth j
tooth is in the cut
tooth is out of cut

% Discretization of the specific cutting
for i = 1 m+1
dir = 2#%pi/N/m: o
hii) = 0;
for j =1 M s
fi = dkdtr +{j—1)%=2%pi/N;
if (fi >= fist)*(fi <= fiex)
g =1; %
else
g = 0; "
end
h(i) = hii}) + gx(Kt*kcos{(li)+Kn*sin(fi))*sin(fi);
end
ond
.

Hs Begin of the proposed
AD = [—zela % w0, 1/ m_t;

mt * ({zeta * w0} 2 — w0 2),
[“eve (size (AQ))
invAD inwv (AQ) :
% start of computation
1 stx+1

o= o st tlx—1)#{o fi—o_st) stx;

—roela k

for x =

o
p.i]

[
B

% sweeping spindle
o

nmethod
AD
w0l ;

in HEg. (33)

invAD (A0 7 (—1)
speeds

% spindle speed

Figure;
contour (ss, de, ei, [1, 1], "k ), xlabel (€2 (rpm) '), viabel (" w

tau = 60/0/N; % time delay
dil = tau/m: % Lime step
% Caleulation of @O0, D1, @2, O3
FiQ = expm (AQ#dL) ; % D0 in Hgo (15)
Fil = invAQ %= (Fi0 — T); % 1 in Eg. (16)
FiZ2 = invAD % (Fi0 = dt — Fil}; % @2 in Eg. (17)
AOk = [0 0; —w=xh(i+1) 0]; % Eq. (7)
Alk = [0 0; wkh(i=1)-h(i})/dt 0];: % Ha. (72 -
FOL = FiZ#A0k/ dt + Fi3®Alk/dt; % IFO, 1 using Eq. (11}
Fkpl = (Fil — Fi2Z/dt)®A0k + (Fi2 — Fi3/ /dt)=®Alk:% Fk+1 using Eaq. (12)
invOl ImFkpl inv(l — Fkpl): % [T = Fk+1] (=12} o Fi
lrix Fi
D1 2,1 2) = invOfImFkpl * (Fi0o+FO1) M . (25)
D1 2, m+1) = —invOrImlPkpl % Fkpl(1:2, 1:1); % since I'm—1 = — IFk+1
D(1 2, mt2) = —invOfImFkpl = FO1(1:2, 1:1); % since Fm = — FO1
Fi = D = [Fi; W B, (27)
end
ss(x, v) = o % matrix of spindle specds
de(x, v) = w; % matrix of depth of cuts
ei(x, v) = max(absl{eig(Fi})) % matrix of eigenvalues
end % End of sweeping depth of cuts
stxt+l—x
end % End of sweeping spindle speeds
i The end of ithe proposed method
Lo

(m)’)
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