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Mé dau

“Ty dong hoéa tinh toan, thiét ké tau” trinh bay cach tinh toan, thuat toan phuc vu viéc lap
chwong trinh tinh tinh ning tau thiy, tinh di chuyén, thiét bi ddy tau va ty dong héa vé tau. Sau muoi
nim st dung sach cho chuyén dé ndy nhitng ngudi viét chinh, stra, viét lai phu hop thuc té. Sira
chira va b6 sung 1an nay nham lam cho tai liéu sat dé cwong giang day va hoc tap tai truong Dai hoc
Giao thong Van tai Tp H6 Chi Minh.

Hy vong rang sach c6 ich cho nhiing nguoi dang theo hoc dong tau va cong trinh ndi ciing
nhu cac dong nghi€p dang lam viéc trong cung linh vyec.

Thanh phé H6 Chi Minh thang 6 nam 20009.

Nguoi viét

“M¢& dau” lan in thir nhit

“Ty dong héa tinh toan, thiét ké va dong tau” bao gdm huong dan tinh toan, chuong
trinh tinh phyc vu nhitng mén hoc tau thuy tai truong dai hoc. Nhirng dé tai trong tai liéu nay: T hiét
ké tau, Tinh noz va tinh on dinh, Svrc cin vé tau va thiét bi day tau, Qui hoach tuyén tinh, qui
hoach phi tuyén va trng dung cia ly thuyét nay vao thiét ké toi wu tau thiiy, Spline va teng dung
trong vé dwong hinh, khai trién vé tau.

Tai liéu duoc bd tri theo cach tién lo1 cho nguoi doc. M6 dau mdi ~chuong ban doc co didu
kién on lai nhitng hiéu biét can thiét vé cac phuong phap tinh lién quan dén noi dung cua chuong,
c¢6 diéu kién 1am quen chuong trinh tinh viét bang ngoén ngit C ap dung trong tinh toan. Cac
chuong trinh nho nay con dugc dung cho nhiing van dé lién quan véi nganh tau. Noi dung mdi
chuong chi gom nhiing kién thirc da duoc truyén dat trong trudng dai hoc chuyén nganh. Trén co s
nhirng van dé dang duoc trinh bay ban doc tim hiéu thém giai thuat xu Iy nhitng bai toan cu thé dang
dat ra va cach hoan thién mot chuong trinh mdy tinh dya vao gidi thudt vira co.

Tai liéu c6 thé gitp ich cho sinh vién khoa déng tau, k§ su 1am viéc trong linh vuc déng
sira tau, thiét ké, nghién ctru tau cung dong dao ban doc quan tam dén tau thuy khi tinh toan tinh
nang, nhu tinh ndi, on dinh, tinh strc can, chon may phu hop, thiét ké mai, lap phuong an dong moi,
lap phuong an sua chita tau vv...

Trong qua trinh bi€n soan tai liéu nhimg nguoi lam cong tac chuan bi nhan duoc sy gitp d&
chan tinh va thiét thyc cua ban giam hiéu phan hiéu Dai hoc Hang hai, phan khoa déng tau, ban
cung nghé va nhitng ban bé xa, gan. Nhu'ng dong gop qui gia vé ndi dung, vé bién soan va hiéu chinh
tai liéu, hi€u chinh cac ban in thi vv... dé lam cho tai liéu c6 néi dung phu hop hon, tranh dugc
nhiéu sai sot. Xin chan thanh cam on vé su dong gop qui gia trén. Nguoi viét can ctr su giup do, chi
dan trén di cb gang hoan chinh tai li¢u kip ra mit ban doc, tuy nhién vi kha nang c6 han chéc rang
trong tai liéu vAn con nhitng sai st kho tranh. R4t mong ban doc gin, xa gop thém ¥ kién nham lam
cho tai liéu ngay cang hoan thién. Thu, bai gop y, xdy dung xin giri vé phan hiéu Dai hoc Hang Hai,
thanh phé H6 Chi Minh.

Thanh phé H6 Chi Minh thang 12 nam 2000.



Chwong 1

PHUONG PHAP TiNH VA TU PONG HOA TiNH TOAN,
THIET KE TAU

Trong chuong nay gioi thiu nhimg phuong phap tinh thong dung dung xur ly nhing van dé
thuong gip trong tinh tinh ndi tau thity, tinh on dinh tau, thiét ké may day tau, thiét ké t6i uu tau
thuy.

1.1 NOI SUY LAGRANGE

Da thirc noi suy Lagrange duoc viét duéi dang':

f(x) = pn(x) + Rn(x), (1.1)
hoic dang day du:
n n (n+1)
e =ZL,-(x>f(x,->+[g<x—x,->}f( yaésh (12)
x—x,
trong d6 L,(x) = H(X - ] (1.3)

Da thuc p,(x) = iLi (x) f(x,) mang tén goi da thirc Lagrange, con vé sau cua phia phai cong thirc
i=0
goi ham sai sd.
Da thire py(x) mat khac duoc hiéu 1a da thire bac n, ¢ dang:
Pa(X) = ap(X — X1) (X — X2)... (X—X,) +
+a;(Xx—Xo) (X —X2)... (X—Xu) +
+a)(x —Xo) (X —X1)... (X—X,) +

+ ai(x — x0) (X = X1)... (X—Xi.1) (X —Xp1)... (X —Xp)

an(X — Xg) (X —X1)... (X —Xp2)(X — X1 ) (1.4)

Caché sd ao, a1, a,... tinh tur quan hé:
p(x) =fx)=yi ; 1=0,1,2,.. (1.5)

Lan luot thay x = X9, X = X,... vao cong thuc cudi c6 thé xac dinh cong thuc tinh cac hé $6.
Vi dl_l, tur pn(XO) =Yoo= ao(Xo — X]) (Xo — Xz)‘.. (X() — Xn) s€ nhén du’(yc:

_ S (x)
’ (g =X )(xg = X;)-.(Xg —x,)

tuong tu vay co thé viét:

'R.W. Hamming, “Numerical Methods for Scientists and Engineers’, McGraw-Hill, N.Y, 1962,
F.B. Hildebrand, “Introduction to Numerical Analysis’, McGraw-Hill, N.Y., 1956.
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S(x))

(o, =X )(x; = x;)...(x, —x,)

a1=

f(x,)
(x, =xp)(x, = x;)..(x, = x,)

Heé sb thir i mang dang chung:

ai — f('xl) (1,6)
(x; = x)(x; = x) (x5, =, )% = x,)(x, — X,)
Thay céac biéu thirc vira xac dinh vao vi tri a, ay,..., a, sé nhan dugc cong thirc ndi suy hay con goi
da thuc Lagrange:
(2= 2)(x = ,)x = x,) (x = x,)(x = x,).(x -,

P, (¥) = (xp = x,)(xy —x,)...(x, = x,) Yo () =X ), —x,)...(x; —x,,) .

(x —x)(x —x))...(x—x,,)

(x, =x)(x, —x)...(x, —=x,,)

(1.7)

n

n n x J— x .
hodc dudi dang gon hon nhu da trinhbay  p, (x) = ZL,- (x)f(x;),ve1  L/(x)= H . J .
i=0

Jj=0 i j
J#I

Nhiing truong hop riéng 1€ cia ham ni suy Lagrange nhu sau.

voin=1:
_ (x—x,) (x—x,)
p(x) = (xO_XI)yo x, _xO)y1 (1.8)
voin=2:
_ (x—x)(x—x,) (x = x,)(x —x,) (x = x,)(x—x,)
pZ(X)_(xo_xl)(xo_xz) ’ (x, = x0)(x; —x,) 1 (xz_xo)(xz_xl)y2 (9

Ham p;(x) 1a doan thang qua hai diém (xo, yo) (X1, y1), co tén goi cong thirc ndi suy tuyén tinh. Ham
thtr hai 1a duong parabol bac hai qua ba diém cho trudc, goi 1a ndi suy bac hai.

Chuong trinh hoa phuong phap néi suy Lagrange dugc thé hién bang thuat toan Neville va minh hoa
tai ham bang ngon ngit C sau.

#include (math.h>
void Lagrange(xa, ya, n, x, y, dy)
float xn[], vyall, x,*y, *dy;
int n;
{
int i, m, ns=1;
float den, dif, dift, hO, hp, w;
float *c, *d, *vector():
dif = fabs( x-xa[q]);
c = vector(1l,n);
d = vector(1l,n);
for (i=1l; i<=n; i++) {
if ( ( dift = fabs(x - xa[l] )) < dif) {
ns =i;



dif = dift;
}
cl[i] = yalil;
d[i] = yal[il;
}
*y = yalns--];
for ( m=1l; m<n; m++) {
for (i=1; i <= n-m; i++) {
hO= xa[i] -x;
hp = xa[i+m] - x;
w = c[i+l] - d[i];

if ((den=hO-hp) == 0.0) nerror("Error here !");
den = w/den;
d[i] hp*den;

c[i] = hO*den;
}
*y += (*dy=(2*ns < (n-m) ? c[ns+l]: d[ns--] ));
}
free_vector(d,1l,n);
free vector(c,1,n);

}

1.2 TiCH PHAN MQT LOP

Gia sir can thuc hién tich phan ham f(x) tor a dén b, co thé tién hanh tich tung phan doan
va sau d6 tong hop két qua. Poan [a, b] dugc chia 1am n phan doan bang nhau, giéi han bang cac
nat, trong d6 nat dau tién  xo = a, tiep dd6 Xy, X2, ..., Xn.1, Xp= b. Gid tri ham f(x) dugc xac dinh
cho tat ca cac nat.

1

A ’ A b - A . 7 J A < A M < A 7
Neéu ky hi¢u: & = — =Xx,,, — X, , mang tén goi budc, co the thay bién x bang bién mai nhu sau:

X—x,
h
Ham f(x) gio c6 thé viét:

p:

f(x) = f(xo + ph) = f(x¢) + p.Af(x¢) + %Azf(xo) + ...+ R(xo + p.h) (1.10)

trong d6 ham sai s6 dugc tinh theo cong thiic:

R(xo +ph)=h"" p(p-1)...(p-n)/ (n+1)! * [f**D(E) /21 ], & (X0, Xn). (1.11)
Cong thirc tinh tich phan néu trén c6 thé viét thanh:
(1) Trong da thuc 9u6i chi giir lai mot thanh phan dau tién, két qua nhan dwoc cong thirc tinh tich
phén theo nguyén tic hinh chit nhdt.

R3]

J e =3 [ (e = 3 (i) =LA ) oot £ ,)]

Xk

(2) Néu gitr lai hai thanh phan dau cua biéu thic, két qua s& nhan duoc cong thuc tinh tich phin
theo ludt hinh thang:



J reds= 3 [ Fosde= 3 hI 1)+ ol = 350 L)

k=0 %,

=W ()24 )+t f(x,)+ [ (3x) /2]
(3) Céng thirc Simpson duogc tinh theo lut trén day khi giir lai ba thanh phan dau tién cta chudi.

2n2 ) wm-2 2

Jroncs 3, [roac= 3 o] L7+ 2 o)+ P2 e =

k=0,2,..

2,...

2n-2

Z[f(xk)+4f(xk+l)+f(xk+2) [f(xo)+4f(x1)+2f(xz)+ A4S () + [ (s, )]

Ham bang ngdn ngit C, thuc hién tich phan theo phuong phap hinh thang dugc trinh bay tiép duéi
day.

#define FUNC(x) ((*func) (x) )
float trapezd( func, a, b, n)

float a, b;
float (*func) ();
int n;

{

float x, tnm, sum, del;
static float s;

static int it;

int j;

if (n==1) {
it=1;

return (s=0.5* (b-a) * (FUNC(a) +FUNC(b) )):;
}

else

{

tnm = it;

del = (b-a)/tnm;

X = a + 0.5*del;
for (sum=0.0, j=1; j<it; Jj++, x+=del) sum += FUNC(x)
it *= 2;
s=0.5* (s + (b-a)*sum / tnm);
return s;

}
}

Trudng hop khoang chia theo truc Ox khong bang nhau, cong thuce tinh theo dé nghi ctia Milne 2
duoc st dung. Tich phan ham f(x) trong phan doan xac dinh bang ba nit dugc tinh theo d€ nghi cua
Milne:

[ £, = 0+ an f, (5) + a0 x) (112)

A ’ ’ .7 . \ 2 S A r . A ’
Néu gan fi(x) céc giatri 1, x va x°, cac an s0 a; dugc xac dinh theo cong thurc:

2 Milne, W.E. “Numerical Calculus”, Princeton, 1949



a _l (xs_x1)3
’ 6(x2_x1)(x3_x2)’

ap =Xy =X —d, —d;

(1.13)

Ham viét bang ngdn ngit C xir 1y tich phan giéi han bién thién duoc thé hién nhu sau.

integrationv = J f(x)dx
0

void integrationv(int N, float *X, float *f, float *Ans)
{

register i,ii,n2 ;
float d1,d2,d3,al,a2,a3 ;

n2 =N/ 2;

Ans[0]=0.0;

for (1 =1; i <= n2; i++) {
ii = 2*i-1;

dl=X[ii]-X[ii-1];
Ans[ii]=Ans[ii-1]+4+d1/2.0* (£[ii]+£[ii-1]);
if (ii '= N-1) {
d2=X[ii+1]-X[ii-1];

d3= d2/4d1;

a2= d3/6.0*sqr(d2) / (X[ii+1]-X[1ii]);
a3= d2/2.0-a2/d3;
Ans[ii+l]=Ans[ii-1]+(d2-a2-a3)*
flii-1]+a2*f[ii]+a3*£[ii+1];

}

}

}

Céch 1am trén day duogc ap dung tinh gan ding tich phén, trong d6 cac budc chia trén truc khong
bat budc déu nhau, s6 phan doan 16n hon 1, dugc the hién tai ham sau day:

float integ(int N, float *X, float *f )

{

int M, 1b, k ;

float Sum ;

M=N-1;

Sum=(X[1]-X[0])/6.0* (E[0]* ((X[1]-X[2])/(X[0]1-X[2])+2.0)+
£I1]1* ((X[0]1-X[2])/(X[1]1-X[2])+42.0)-£f[2]*sqr(X[1]-X[0])/
( (X[0]-X[2])*(X[1]-X[2]) ) ):

Lb=1;
if (N !'=3 ) {

Sum=Sum+ (X[2]-X[1])/6.0* (£[1]1*((X[2]-X[3])/(X[1]1-X[3])+2.0)+

£[2]* ((X[1]1-X[3])/(X[2]-X[3]1)+42.0)-£[3]*sqr(X[2]-X[1])/
((X[1]-X[3])*(X[2]-X[3]))):

Lb=2;

}
for (k = 1Lb ; k < M; k++)

Sum=Sum+ (X[k+1]-X[k])/6.0* (E[k]* ((X[k+1]-X[k-1])/ (X[k]-X[k-1])+2.0)

10



+ £[k+1]* ((X[k]-X[k-1]1)/ (X[k+1]-X[k-1])+42.0)-f[k-1]*
sqr (X[k+1]-X[k])/ ((X[k]-X[k-1]) * (X[k+1]-X[k-1]1)));
return Sum;

}

1.3 PA THUC LEGENDRE
DPa thuc Legendre truc giao trong doan [-1, 1], duoc hiéu nhu sau:

j P, (x)P,(x)dx =0,.n % m (1.14)

].an ()P, (x)dx =c(n)#0

Mot s6 it da thie Py, (x) duoc viét dudi day:
Po(x) =1,
Pi(x) =x,
Py(x) = Y2 (3x* - 1),
Pi(x) =% (5x° — 3x),
P(x) = 1/8 (35x* - 30x” + 3)
Quan hé hoi qui cua da thirc Legendre c6 dang:

2n—1 n—1

B, (x)= xB, (x) =

P, (x). (1.15)

Ap dung tinh truc giao cia da thuc Py(x) dé xé4c dinh céc toa do Xj nham giam thiéu sai s6 khi tinh.
Cong thtre tinh tich phan Gauss-Legendre c6 dang:

[ fGodx = [ p,(o)dx + [ R, (x)dx (1.16)
Trong d6 ham f(x) c6 thé viét: f(x) = pa(x) + Ru(X).
f(x)=gLi(xV(x,-){;ﬁO(x—xn}%,a<5<b (117)

n(x—x,
trong d6 L, (x)=]] -
SO\t T
J#l
Néu st dung bién z theo cach sau day:
a+b b-a
z= +

2 2

X (1.18)

I3 s Iy g n zZ—Z.

ham f(x) c6 thé thay bang F(z), ham Lagrangre Li(x) c6 thé thay bang L.(z) = H . J con
Jj=0 Z;—Z Jj

J#i

gidi han tich phan tré thanh —1 va +1, bién & nam trong gidi han -1 <& <+1.
Tich phan (1.19) trd thanh:
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J.F(z)dz IZL(Z)F(Z )dz + J{H(z z)}qn(z)dz (1.19)

—1i=0 —1L i=0

Néubo vé sau bén phia phai ctia cong thirc c6 thé viét:
+1 n +1 n
[F(2)dz =Y F(z) [ L(2)dz = Y W, F(z,) (1.20)
-1 i=l -1 i=l1
Tir cong thire cudi c6 thé xac dinh:

[(z=z)lz =2, a2,z =2, )dx
(z=2zy)lz=2z,  N2=2,)(2~2,)

w, = jL (2)dz = (1.21)

i=0

+1[ 5

Vé thir hai cta phia phai I {H (z— zl.)}qn (z)dz chinh 12 sai s6 cta phép tich phan s6 dang duogc xét.
-1

Trong giai doan nay can thiét xac dinh vi tri cia z trong da thirc Legendre nham lam cho vé nay
truot tiéu. Tai day st dung tinh tryc giao cia ham Legendre d¢ dat dieu momg muon. Khai trién

hai da thiic q,(z) va H (z—z,) dudi dang sau day:

i=0

ﬁ(z—zl.)zbOPo(z)+blPl(z)+ ng(z (1.22)
va
q(z) = coPo(z) +c/Pi(z) + ... = y c,P(2) (1.23)

(=}

A

Thay hai da thirc cudi vao biéu thirc thudc vé hai phia phai cong thirc (1.19) c6 thé viét:
| {ZZb,c,P (2)P(2)+b,, Y. c,P(2)P, (z)}d (1.24)
i=0 j=0 i=0
T tinh tryc giao cta da thic Legendre c6 thé viét:
+1
b, [ P(2)P,(2)dz = 0;i % j (1.25)
-1
Tir d6, sai s6 phép tich phan dugc viét 1a:
+1
J[H (z -z, )}qn (2)dz = IZblcl P (z) dz = Zblcl J.[P (z)] (1.26)
-1L =0 —1i=0
Tir phuong trinh cudi c6 thé xdc dinh cac nit tinh toan. Cac nut tim bang cach nay goi 1a cac diém
zero cua da thuc Legendre.
Gidi han a, b trong cong thuc chung J. ’ f(2)dz, ¢ quan hé véi giéi han chuan cua ham f(x) nhu da
a+b b-a

trinhbay z=—+ X.
2 2

Cong thure tinh tich phan theo Gauss-Legendre c6 dang:
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[ ez G-y W, 1(2) (1.27)

Mot so gia tri cua nit va hé so tinh cho cong thire trén nhu sau:

Béng 1.1
n=1 x;= 0,0 w; =2,0
n=2 X1, = %0,577350 ajp =1,0
n=3 x31 =10,774597 a;3=0,555556
x; =0,0 a, =0,888889
n=4 x3; =10,861136 aj4 =0,347855
X42 =0,339981 a3 =0,652145

Vi du tinh theo cong thirc Gauss-Legendre.

Tinh gié tri tich phan sau L > dx
X

Thay thé bién z=2x —3 va ham f(x) thanh F(z) = 2/ (z+3). Tich phan L G gia tri bang tich
X

phan J‘TZ er 3 dz . Két qua tinh, v6in = 4 sé& c6 dang:
Béng 1.2

i zi Wi F(z) wE(zi)
0 0,0 0,5688889 0,333333 0,189629
1 0,5384693 0,4786287 0,282608 0,135264
2 -0,5384693 0,4786287 0,406251 0,1944435
3 0,9061798 0,2369269 0,256004 0,0606544
4 -0,9061798 0,2369269 0,4775959 0,1131553

Cong: 0,6931471

Ham viét bang ngdn ngit C cho trudng hop n =10 duoc ghi lai dudi day.

float ggaus (func, a, b)
/* Gauss-Legendre formula */
float a,b;
float (*func) ()
{
int j;
float xr, xm, dx, s;
static float x[] = {0.0, 0.1488743389, 0.4333953941,
0.679409568, 0.8650633666, 0.9739065285} ;
static float w[] = { 0.0, 0.2955242247, 0.269266719,
0.2190863625, 0.149451349, 0.0666713443};
xm=0.5* (b+a);
xr=0.5* (b-a) ;

s=0.0;
for (j=1; 3j<=5; Jj++) {
dx=xr*x[j];
s += w[jl* (( *func) (xm+dx) + (*func) (xm-dx) );
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}

return s *= xr;

}

1.4 PA THUC TCHEBYSHEV
Da thuc Tchebyshev, ky hi¢u tr ky tu dau tén nha bac hoc Tun(x), truc giao trong [-1, 1] cung ham
trong lugng w(x) = 1/V (1 —x%).

+1
I ! = T ()T, (x)dx=0,.n#m (1.28)
-1

1-x

+1 1
_jl s T, (x)T, (x)dx = c(n) # 0 (1.29)
Nhiing da thirc diu c6 dang sau.

To(x) =1,

Ti(x) =x,

Ta(x) = 2x° - 1,

Ti(x) =4x’ —3x.
Quan hé hdi qui cua da thirc Tchebyshev c¢6 dang:

T(x) =2xTn1(x) — Taa(X) (1.30)
Cong thuc Gauss — Tchebyshev.
Tich phan ham f(x), gi6i han a, b theo cong thic Gauss — Tchebyshev sé€ la:

'[f(x)dx=(b;a)jf(a+b+b_azjdz (131)

2 2

Ham trong lwong duoc trinh bay trén, cho phép viét tiép:

_[f(x)dx _® ; a)j‘ ! F(z)dz , trong d6

V=22
F(z) :\/l—zzf(a;b + b;“z] (1.32)
va
'[f(x)dx;%(b—a)zn:\/l—zzf(xi) (1.33)
a+b b-a

X. = + Z.

= >
L COS(M)

' 2n

Céc nut trong cong thire Tchebyshev dugc trinh bay tai bang 1.3.
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Béng 1.3

Wi X

3 2/3 X =-X3=0,707107
X, =0,0

4 2 X =-X4=0,794654
X, =-X3=0,187592

5 2/5 X, =-X5=10,832498
X, =-X4=10,374541
X3=0,0

1.5 TIM NGHIEM PHUONG TRINH BANG PHUONG PHAP CHIA POI POAN CO
NGHIEM

Phuong phap tim nghiém phuong trinh y = f(x) gidn don ma nhanh, dugc dung tai ddy mang
tén goi bisection ( ludng doan).

Gia su phuong trinh f(x) = 0, trong d6 f(x) lién tuc trong doan [a, b] va f(a).f(b) <0. Dé tim
nghiém ctia phuong trinh vira néu, nam trong [a, b], can thiét chia doan (a, b) ra lam hai phan bang

nhau. Néu f(a-i_b

ij, x = (a + b)/2 s€ la nghiém chinh x4c cua phuong trinh. Nguoc lai

S [a ;bj # 0, chung ta phai chon mién c6 nghiém [a, (a+b)/2] hay 1a [ (a+b)/2, b] theo d4u hiéu,

c, . , A S, . 1A L e, a+b \ n
gia tri f(x), trong d6 x lan lugt mang gia tri a, b, c6 dau nguogc véi gia tri f [Tj, vua néu. Trong

phan doan méi, ky hi¢u [a;, bi], béng Vs gia} tri doan [a}, b] cong viéc dugce 1ap lai nhu vira trinh bay.
Truong hop chua xac dinh duoc nghiém tién hanh tiép cac thu tuc cho phan doan vira dugc chon
[a2, b2, ..., [an, bn ], . . ., VV... thod man di€u kién:

f(an) f(by) <0 n=1,2,... (@)

va b —a, =2in(b—a) (b)

C6 thé thay rang, ai, ai, ..., an, . .. tao thanh chudi khong gidm, con giéi han bén phai by, by,
.., by, . .. tao thanh chudi khong tang, phal ton tai mot gidi han ma tai d6 hai chudi nay tién dén:

$=Ilima, =limb,

Phép chia duoc thuc hién véi diéu kién (a), néu n — o diém chon x = (a,+b,)/2 sé& dat dén
€, taido f(§)=0.

Du¢i day trinh bay mét ham viét bang ngon ngir C gitp cho viée tim nghiém ham f(x) dugc
dinh nghia tai (*func) (float). SO lan chia d6i doan chtra nghiém MAX=40. Ham nén dugc hi¢u
chinh tuy truong hop su dung.

/* Bisection Method */

#include <math.h>
#define Max 40
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float rtbis( func, x1, x2, xacc)
float x1, x2, =xacc;
float (*func) ()
{
int j;
float dx, £, £fmid, =xmid, «rtb;
void nerror();
f=(*func) (x2);
if (£f*fmid >= 0.0) nerror("Bisection Method) ;
rtb = £ < 0.0 ? (dx=x2-x1, x2);
for (j=1; j <= Max; j++) {
fmid=(*func) (xmid=rts+(dx *= 0.5) );
if (fmid <= 0.0) rtb=xmid;
if (fabs(dx) <xacc || f£fmid == 0.0) return rtb;
}

nerror ("Too many bisections ") ;

}

1.6 PHUONG PHAP TONG NHO NHAT CAC BINH PHUONG

~ bay la phuong phap kinh dién, ra doi tur thé ky thir XIX 4ap dung cho truong hop ham hoa,
biéu dién ket qua thuc nghiém, do dac thyc te.

Gia sir rang tir dit lidu thuc té c6 thé xac 1ap quan hé gitra hai bién x va y nhu sau. Ung voi

mdi gia tri cira x;, j =0,1, 2, ..., m ¢ thé nhan biét gia tri thyc coa y 1a y;i = f(x;). Néu gio day can
phai xac lap mot ham xap xi bleu dién quan hé d6 duéi dang :

p(X) = C()f()(X) + lel(X) + szz(X) +...+cy n(X) (a)
trong d6 n <m.

Ham fi(x), k=0, 1, 2, ..., n lién tuc cl}l'ra bién x, con ¢y 1a 4n sb phai xac dinh. Tru?(‘)'r{g hop
riéng, song thuong gép, fkgx) = Xk, ham p(x) can xac dinh chinh 1a da thirc bac n. Theo cach t6 chirc
nay, sai sO xac dinh tai moi vi tri xj,j =0, 1,, ..., m gita ham p(x) va f(x;) dugc tinh nhu sau:

p(x) —f(x) = & j=0,1,2,...,m (b)

Phuong phap tinh doi hoi tong binh phuong céc sai sé  phai nho nhit :
25 - [p(x) S(x)f = min (©)

Piéu kién néy cho phép viét :

ol = =0,12,..., d
oc, /Z(; / " @
J,
~=f(x))
C

Duéi dang ddy du cong thirc cudi tré thanh:

{Z[ )~ y,]}fk(x) 0k =0,1,2,.. ©

Jj=0L i=0

hodc c6 thé viét dudi dang, thuan loi hon khi lap trinh:
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D aye, =bk=012,....m )
i=0

Ay = Zfi(xj)fk(xj);
v6i -
bk :zyjfk(xj)
=0
Vi dy: Xac lap hamy = ¢, € Jr’cze2X qua ba diém (0,1) (1, -2) (2, -40) trén co s& phuong phap tong
nho nhat cac binh phuong sai so.
c160 + cze0 -1 =9
ciel + el -1 =8,
2 4 _
cire” + cre -1 = 8

Theo cach lam néu trén, c6 thé viét:

0, 9, +0, 99, +0, 005 _ 0
oc, oc, oc,
5 00, +5, 00, 5, 00, _0

oc, oc, oc,

Thay céc gia tri 95, :eo;% 261;%262 ; %, 280;852 282;853 =e¢' vao hé
oc, oc, oc,

phuong trinh cu6i ¢6 thé xac dinh: ¢; =2; ¢; = -1.

Néu str dung cac ky hi¢u vector va ma tran vao bai todn nay, h¢ phuong trinh néu trén duogc
viet lai gon hon.

Céc hé sd ¢ sip xép tai vector {c} gdm n+1 thanh phan, gia tri vi-J=0,1,2, ..., m xép vao
{y}, ma tran [F] tap hop m+1 dong, ing véi céc gia tri cia fi(x;) .

Co Yo
@=1"t =t
Cu (N+1)x1 Y (M +1)x1
_fo(xo) Sixg) e fn(xm)_
Sox)  filx) e f(x,)
L fo(x) filx,) e f(x,)] (M+D)x(N+1)

Vector sai sb xac dinh bang biéu thirc: [F]{c} — {y} = {5},
Va cong thic (d) tr¢ thanh:
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2HF1k%—{yH5€§{FI&}=O

hoac : [Fl{c} - {»]F1=0

Vi rang [F] # {0}, biéu thirc trong ngodc vudng phai bang 0. Bai toan theo phuong phéap tong
nho nhat cac binh phuong dua vé dang:

[Flmixnn-{€}@ix1) = {¥}mixn), trong d6 my =m+1; nl=n+ 1. ()

Ma tran [F] gdm m+1 dong, n+1 ¢ot, véi n<m. Vector {c} chi c6 n+1 dong, {y} gdom m+1
dong.

Xtr Iy phwong trinh (g) theo nhiéu cach khac nhau. Dudi day trinh bay hai cach thong dung,
dé dung.

Céch thir nhét dua bai todn (g) vé dang bai toan kinh dién nhu trinh bay tai (f). Nhan hai vé
ctia phuong trinh (g) voi ma tran chuyén vi cua [F] 1a [F]" :

[FI"[Fl{c} =I[F]" {y}

Tir d6 c6 thé viét :

[A].{c} = {b}, (h)
v6i [A] = [FI'[F] va {b} = [F]"{y}. (@)
Cac hé s6 {c} duoc xac dinh sau khi giai hé phuong trinh dai s6 tuyén tinh.

Vi du : ap dung céch lam nay xu ly bai toan vira néu.

e’ e’ 1

o e {cl}: _9

e’ e “ —-40

_ e e 1
eO el eZ el ez Cl ~ €0 1 eZ _2
_eo e et P ¢, e’ e et 40
63 424 7[c,| [ -296

424 3036]|c,] |-2198

Tur hé phuong trinh cudi ¢6 thé xac dinh : ¢; ~2; ¢, ~ -1.

Céch 1am thir hai 14 tién hanh giai hé phuong trinh dai s6 gém m+1 phwong trinh, chira chi n
+1 4n, trong d6 n < m, bang phuong phap xtr Iy ma tran suy bién. Phuong phap mang tén goi bang
tiéng Anh: Singular Value Decomposition — SVD.

Mot trong nhitng thuit toan hay nhat xir 1y hé phuong trinh dai sd tuyén tinh [A]
Ny D {nx)={Y} (mx1) dugc trinh bay trong $0 tay toan tinh cua Wilkinson. Thu tuc tinh dugc nhém
nha toan hoc duéi su chi ddn ctia Wilkinson viét ra trong nhitng nim sau muoi bang ngdn ngir Algol
da dung c6 hiéu qua trén nhitng dan may tinh. Thi tuc trén ngudi viét tai liéu nay da “dich” sang
ngdn ngit FORTRAN va sau d6 “chuyén “ sang ngon ngir C, duoc gidi thiéu tiép theo, gitp ban doc
xtr 1y nhitng bai toan thyc té. Trong chuong trinh, ngudi viét dang han ché n <10. Trudng hop
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nguoi dung can ting sd hé s ¢, dén s6 16n hon 9 ( tinh tir 0), can thay thé IMAX bang s hé s6 cao

nhat.

Ham LeastSquares dugc dung xac dinh cac hé $6 thuy dong luc chan vit tau, xac dinh cac hé
s0 duong cong stc can vo tau trong phan ty dong hod thiét ké chan vit. Ham nay la phuong tién

chinh cho cac phép hoi qui dung trong phan xac dinh sirc can tau.

#include <stdlib.h>
#include <stdio.h>
#include <graphics.h>
#include <math.h>
#define JMAX 10

void LeastSquares( int N, int M, double A[][JMAX], double *b,
double *y )

{

register int N1, M1, MM1, L, i, LL, L1, j;
double s, ss, s2, d, pp’

MM1 =M -1; Ml = M+1;

for (L =0; L < M; L++) {

ss =0.0;

for (i =1L; i < N; i++) ss += A[i][L] * A[i][L];
s2 = ss;

s = sqrt(s2);

if ( A[L]J[L] < 0.0 ) s = -s;

d = s2 + s*A[L] [L];
A[L][L] += s;
if (L '= MM1) {

L1 =1L+ 1;
for ( j =L1; j < M; j++) {
pp = 0.0;

for (i =L; i < N; i++) pp += A[i][L] * A[i][]j];
A[N][3] = pp/ d;
}
for ( j = L1l; j < M; j++)
for (i =L; i < N; i++)
A[i][j] -= A[i]l[L] * A[N][]];
}
A[N] [L] = -s;
}
for ( i=0; i <N; i++) A[i][M] = yI[il;
for (L =0; L < M; L++) {
pp=0.0;
for ( i=L; i < N; i++) pp += A[i][L] * A[i] [M];
d =pp / ( -A[L][L] * A[N][L] );
for ( i= L; i < N; i++) A[i][M] -=d * A[i][L];
}
b[MM1] = A[MM1][M] / A[N][MM1];
if (N !'=1) {
for ( LL =0; LL < MM1; LL++) {
L=M-1LL -2;
Ll = L+1;
pp = A[L] [M];
for ( i=Ll; i < M; i++) pp -= A[L][i] * b[i];
b[L] = pp / A[N][L];
}
}
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s =0.0;
for ( i=M; i < N; i++) {
ss += A[i] [M] * A[i] [M];
A[i][M] = 0.0;
}
for ( LL =0; LL < M; LL++) {
L = M-LL-1;
pp =0.0;
for (1 =L; i < N; i++) pp += A[i][L] * A[i] [M];
d=pp / ( -A[L][L] * A[N][L] );

for ( i=0; i <N; i++) A[i][M] -=d * A[i][L];
}
return;
}
main ()
{

int m, n, Npoints,i, j, jpl,Min, Max;
double a[200] [JMAX], b[JMAX];
double xi,p, res, ss;
int order, coeff[l10] = { O., O., 0., O., 0., 0., 0., 0., 0., 0.0 };
double x[10] ={ 0.23, 1.01, 2.29, 2.87, 4.15, 5.36, 5.51, 6.36, 6.84, 7.0},
double y[10]= {5.64, 7.83, 17.04, 21.38, 24.56, 16.21, 14.57, 0.78,
-7.64, -12.52 };
printf ("Enter n, npoints\n");
scanf ("%d %d", &n, &Npoints);
for ( m =0; m < Npoints; m++) {
a[m][0] = 1.0;
xi = x[m];
p =1.0;
for ( J =0; j < n; j++) |

jpl =3 + 1;

P *= xi;

a[m] [jp1] = p;

}

}
LeastSquares( Npoints, n+l, a, b, y )
res =0.0;

printf ("\n i x[i] y[i] observation\n") ;
for ( m=0; m< Npoints; m++) {

p =1.0;

xi = x[m];

ss =0.0;

for ( J =0; j <n + 1; j++) {
ss += b[j] * p;

p *= xi;
}
printf (" $d %$12.61f $15.81f %$15.81£f\n", m,
x[m], y[m], ss);
ss -= y[m]; ss = ss * ss;
res += ss;

}
printf ("\n\nThe order is %d with res = %10.61£f\n\n", n, res);
for (i =0; i <= n; i++) printf("\tC[%d] = %15.81f\n", i, b[i]);

}
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1.7 QUI HOACH TUYEN TINH

Trong quan 1y san xuét thuong gip nhitg van dé khong don gian can dugc can nhic, tinh
toan thi¢t hon trén co s¢ nguon nhan lyc va tai nguyén dang s¢ hitu, trude khi dua ra nhing quyet
dinh. Tai nguyén trong moi xi nghiép c6 khac nhau, tuy nhién nhing tai nguyén cap thiét nhat ma
cac xi nghiép san xudt phai c6 gom may moc, thiét bi, lao dong, tién bac, nguyén vat liéu va nha
xudng, vin phong. Qui hoach tuyén tinh trong tai liéu nay 1a phuwong phap tinh, tin dung ngudn
nhan lyc va tai nguyén, chon cach lam hitu hiéu nhit cho cong viéc.

Qui hoach tuyén tinh déng vai trd phuwong phap tinh toan dé giup cho nguoi diéu hanh san
xuat tan dung dén mirc hop 1y nhit tai nguyén hién hiru, dua ra nhimg quyét dinh hop thoi cho san
xuét nham dua lai hiéu qua 16n nhat. Theo nghia nay qui hoach tuyén tinh duoc hiéu 13 cach tim
maximum hogc minimum ctia bai toan dang dat ra cho san xuit, trong khong gian han ché va thoi
gian ciling han dinh.

Dang chung ciia bai toan dugc phat biéu theo cach sau.

Tim maximum (hodc minimum) Z = ¢; X; + ¢, Xy +... +c¢cp Xy (1.34)
Vi diéu kién:

ApXy+ apXs ... tanpXs < by

Ay Xy + anXs +... tanX, < by

AmXg + amXs +... +amX, < by (1.35)
va han ché:
X120; X220 ... X, 20. (1.36)
Duéi dang vector bai toan trén duogc thé hién:
Ham muc tiéu: ¢'X — maximum (1.37)
Han ché: AX=b; (1.38)
X>0 (1.39)

Vi du don gian sau day minh hoa cach phat biéu trén ldy tir xi nghiép san xuat dd moc. Xi
nghiép can san xudt luong ban va ghé nhim thu loi nhun cao nhét. Thuc té san xuét cho biét rang
mdi ban doi 4 gid cong moc, 2 gio cong danh véc ni, son. Cong san xuat ghé 1a 3 gio moc, 1 gio
danh vecni va son phét. Xi nghiép gianh 240 céng 1am moc va 100 céng son phét cho cong viée nay.
Tién 161 do ban ban 7.000 B, 15i tir ban ghé 5.000 D.

_ Theo cach viét trén day, X, dung chi s6 ban s& san xuat, X, — s6 ghé. Gia ban ca ban va ghé
tinh bang VND, thoi diém 1998 1a 7. 10°.X; +5.10°X,. Bai toan qui hoach theo mé hinh vira xay,
tinh bang don vi 10> VND:

7. X; +5. X, — maximum. (a)
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4X,+3X, <240 )
2X,+1X, <100
va: X;= 0; X, 2>0. (c)

Céch giai kinh dién cho bai toan nay c6 thé ké:

e phuong phap db thi,

e phuong phap iso-Profit (ding loi nhuén)

e phuong phap chon diém tdi wu.

Trong tai liéu nay chi trinh bay phuong phap thich hop cho vi¢c tu dong hoa, goi 1a phuong
phép “gian don “ (Simplex Method). Thu tuc thuc hién trai qua céc budc.

Budc dau tién xu ly cac diéu kién han ché da dat ra trong bai toan, chuyén hoa cac bat dang
thirc thanh cac dang thuc, bang cach gan thém cac bién long 1éo (muon cach goi cua nguoi My:
slack variables).

4X,+3X,+S, =240 )
2X,+1X, +S, =100

Viét day du hon, hé phuong trinh trén s& 1a:
4X,+3X,+0S,+S§, =240 ™)
2X, +1X, +1§, + 05, =100

Ham muc ti€u tré thanh:
7X; +5 X5 +0S; +0S; —» maximum. (@)

Tiép do6 ap dung phep thir va giai (b™), bét dau tr X, = X, = 0 va loi nhuén bang 0. Trong
truong hop nay co thé thay ngay S, = 100 va S, = 240. Loi giai ban dau nay c6 tén goi, “1o1 giai kha
thi co ban”, dudi dang vector cé thé dién dat:

X, 0

X, ]0

s, [ ]100

S, 240

Dud¢i dang bang tinh, lgi nhuan dugc khao sat theo mau sau:
Béng 1.4
G 7 5 0 0
X] X2 S] Sz So llIQHg

0 S 2 1 1 0 100
0 S, 4 3 0 1 240
- Z; 0 0 0 0 0 (Loi nhuan)
- Ci - Zi 7 5 0 0 _

Trong bang 5.1 cac ky hiéu mang y nghia cia bai toan dang dat ra.
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C; — Lgi nhuan don vi, 4p dung cho ca dong va cot.
Z; — Loi nhuan.
C;- Z;: Loi nhuan thuan.

Tai bang 5.1, \féi gia tri ban dau nhu da néu, loi nhuan dang ¢ muc 0, bai toan g:hua di dén
dich. Céc dong tac tiép theo phai theo hudng lam cho dong chura gia tri lgi nhudn thuan (C; - Z; )
khong am.

Bang tinh chuén dugc 14p qua cac budc:

(1) Chon bién sb tiép theo dé dua vao cot chuan, cot thi hai tai bang. Tiéu chuan chon 1a
bién d6 co gia tri C; - Z; 16n nhat.

(2) Chon bién tir c¢ot thtr hai dang & vi tri wu tién phai nhudng chd cho bién méi tuyén. Dé
lam di€u nay, can tién hanh chia céac gia tri trong cdt s luong cho s6 tuong ing & cot hai.

(3) Tinh cac gia tri méi cho cot trung tAm vira thiét lap.

(4) Tinh cac gia tri méi cho céc ¢t con laii theo cong thirc:

(S6 méi) = (6 cit) — [ (s6 tai dong ci, trén hodc dudi sé ban 1é) x (sé twong iing tai dong
mai, vira thay trong buwdc 3) |. SO ban 1€ 12 s6 nam tai diém catnhau cua dong trung tdm voi cot
trung tam.

(5) Tinh dong Z; va C; - Z;. néu tat ca gid tri tai dong C; - Z; bz‘?lng 0 hodc sb 4m, bai toan tdi
uu da dén dich. Nguoc lai, moi cong viéc phai tién hanh lai tir bude dau tién.

Aup dung cach 1am vira néu vao bang tinh cho phan xuéng gd c6 thé thiy:

1. Vi réng X c6 gid tri lgi nhuan don vi cao nhét, dua X; vao cot trung tam.

2. Chia mdi sb tai cot sd lugng véi sd twong dugng tai cot ciia X;: 100/2 = 50; 240/4 = 60.
Bién X, thay cho S; tai c6t thir hai.

3. Thay dong trung tim bang cach chia mdi sd trong né véi sé chuén, ndm tai giao diém cot
trung tam va dong trung tam, cu thé day la 2, noi gap nhau dong S, ¢t X;: 2/2 =1; 2 =0,5; 2 =0,5;
0/2 =0; 100/2 =50. Duéi dang bang cac s6 nay sap x&p nhu sau:

Bang 1.5
C; Cot 2 X, X S| S, S6 luong
7 X, 1 0,5 0,5 0 50
4. Tinh cho dong S; méi.
0 = 4 - [4 x 1]
1 = 3 - [4  x 0,5]
2 = 0 - [4  x 0,5]
1 = 1 [4  x 0]
40 = 240 [4  x 50]
Bang 1.6
C; Cot 2 X, X, S S, S6 luong
7 X, 1 0,5 0,5 0 50
0 S, 0 1 2 1 40
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5. Tinh Zj va Cj-Zj.

Bang 1.7
C; Cot 2 X, X, S, S, S6 luong
7 X, 1 0,5 0,5 0 50
0 S, 0 1 2 1 40
Zi 7 7/2 712 0 350
Ci-Z; 0 3/2 12 0 -

Tai dong cudi con gia tri 16n hon 0, do vay loi nhuan 350x10° chwa phai t6i wu. Can thiét
phai ti€p tuc tinh lai tr bude thur nhat cho bang tiép theo.

1. Pua X, vio cot thir hai vi 3/2 12 s§ 16n nhét trong dong cudi.

2. Dong trung tm 13 dong S, vi rang 40/1 = 40 nhé hon 50/(0,5) = 100.
3. Thay thé dong trung tam.

4. Tinh gid tr1 m&i cho dong X.

5. TinhZ; va C;-Z,.

Bang 1.8
C; Cot 2 X, X, S S, S6 luong
7 X, 1 0 32 -1/2 30
5 X, 0 -2 1 40
Zi 7 5 Y 3/2 410
Ci-Z 0 3/2 -12 -3/2 -

Bai toan qui hoach trén déy, sau khi giai s¢ dua ra dap s6 X, =30 va X, = 40. Loi nhuin thu
duoc tir san xudt tinh dugc bang VND: 7.10°.30 + 5.10°.40 = 410.10°.

Téng két qua trinh thuc hién trén day trong khudn kho thuat toan ctia phuong phap simplex.

Truée khi tim max hodc min ctia ham muc tiéu, vi du:  ¢'X — maximum can thuc hién
budc chuyén cac han ché vé dang hé phuong trinh tuwong duong, vdi sy tham gia cia cac bién bo

sung, hay con goi 1a bién 1ong 1é0. Céac bat dang thic Za <b, thay bang céac ding thirc chira

Jj=1

ij /
thém s;: Zal] X, +s, =b,. Bang cach ndy c6 thé xac dinh bac ciia ma tran A tai AX =b bang m.

Nhu di thdy rd trong vi du, ma trin A c6 thé coi 1a tip hop hai ma trin dang [B, NI, trong d6
= | aB1seees ABm ] -ma tran co ban va ma tran N kich cd m x (n — m). Néu X la dlem cuc tri, ban
than X ¢6 thé viét duéi dang tuong duong nhu da thyc hién cho A vira néu: X' =Xg", XaH =",
0), trong d6 b = B'b > 0. Céc bién nam trong cac cOt cua ma tran B goi la bién co ban, Xg1seees XBm
nhu d3 biét, cac bién khac goi 1a bién b sung.

TerAX=b; X==0 cothé chon gia tri bat ky cua x, trién khai vecto x dudi dang nhu vira
néu: x! = (XBT, XNT). Tir AX =b co6 thé viet Bxg + Nxy =b. Vecto xp c6 dang:

xg=B!'b-B"! Nxy
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Ham muc ti€u tréd thanh:

c'x=cg xg+ cNT xx=cg B'b+ (cNT -cg' B! N)xy =

=¢" X+ (en' —cg' B'N) xn. (1.40)
Néu (cNT -cg! B! N) >0, voi xy khong am s€ thoa man bAt déng thac

¢'x > ¢™X vaXladiém cuc tri.

Phuong phap Simplex ap dung trong qui hoach tuyén tinh dugc chuong trinh héa. Mot trong
nhimg minh hoa viét bang ngon ngit C duge gidi thiu dudi day, thuc hién theo giai thudt trinh bay
tai sO tay tu dong hoa tinh toan cia Wilkinson s,

/* Linear Programming, Simplex method */
#define EPS 1.0e-08
#define FREEALL free_ ivector(l3,1,m);free_ivector(12,1,m);\
free ivector(ll,1,m);
void simplex(a, m, n, ml, m2, m3, icase, izrov, iposv)
int m, n, ml, m2, m3, *icase, izrov[], iposv][];
float **a;
{
int i, ip, ir, is, k, kh, kp, ml2, nll, nl2;
int *11, *12, *13, *ivector():;
float g1, bmax;
void simpl(), simp2(), simp(), nerror(), free_ivector();

if (m !'= (ml+m24+m3) ) nerror("There is error");
ll=ivector(l, n+l);
12=ivector(1l,m) ;
13=ivector(1l,m) ;
nll=n;
for(k=1; k<=n; k++) 1ll[k]=izrov[k]=k;
nl2=m;
for (i=1; i<=m; i++) {
if (a[i+1l][1] < 0.0 ) nerror(" Bad here");
12[i]= i;
iposv[i] = n+l;
}
for (1 =i; i<=m2; i++) 13[i] = 1;

ir=0;
if (m2+m3) {
ir=1;
for (k=1; k<=(n+l); k++) {
qi=0.0;
for (i=ml+1l; i<=m; i++) ql += a[i+1][k];
a[m+2] [k] = -ql;
}
do {

sipml (a, m+1l, 11, nll, O, &kp, &bmax);
if (bmax <= EPS && a[m+2][1l] < -EPS) {

*jicase = -1;
FREEALL return;
} else

if (bmax <= EPS && a[m+2][1] <= EPS ) {

3 Wilhinson, J.H., Reinsch, C., “Linear Algebra, Vol II of Handbook for Automatic Computation”, Springer-Verlag,
1971.
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one:

ml2=ml+m2+1;
if(ml2 <= m) {
for (ip =ml2; ip <=m; ip++) {
if (iposv[ip] == )ip+n) ) ({
simpl(a, ip, 11, nl1, 1,
if (bmax > 0.0)
}

goto one;

}
}
ir=0;
--ml2;
if( ml+l <= ml2)
for (i=ml+1l; i <=ml2;
if (13[i-ml] == 1)

it++)

for (k=1; k <=n+l; k++)
ali+l] [k] = -a[i+1][k];
breake;
}
simp2( a, n, 12, nl2, &ip, kp, &ql);

if (ip == 0) {
*jcase = -1;
FREEALL return;
}
simp3(a, m+l, n, ip, kp);
if (iposv[ip] >= (n+ml+m2+1) ) {

for ( k=1; k<=nll; k++)
if (11[k] == kp) breake;
--nll;
for (is=k; is <=nll; is++)
a[m+2] [kp+1l] += 1.0;
for (i=1l; i <= m+2; i++)
} else
{
if (iposv[ip] >= (n+ml+1l) ) {
kh = iposv[ip] -ml -n;

if (13[kh] ) {

13[kh] = 0;
a[m+2] [kp+l] += 1.0;
for( i=l; i <= m+2; i++)

a[i] [kp+tl] =
}
}
}

is=izrov[kp];

izrov[kp] = iposv[ip];
iposv[ip] = is;
} while (ir);
}
for );;) |
simpl(a, 0, 11, nll, 0, &kp,
if (bmax <= 0.0) {
*icase = 0;
FREEALL return;
}
simp2(a, n, 12, nl2, &ip, kp,

if (ip == 0) {
*jicase =1;
FREEALL return;
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&kp,

a[i] [kp+l] =

&bmax) ;

11[is] = 11l[is+1];

-a[i] [kp+1];

-a[i] [kp+l];

&bmax) ;

&ql);



}

simp3( a, m, n, ip, kp):;
is = izrov[kp]:;
izrov[kp] = iposv[ip];
iposv([ip] is;

}

}

Nhirng Van de thuong gap dugc giai quyét bang cac phuong phap qui hoach tuyén tinh trong thuc
té san xuat c6 thé 1a:

- Van tai hang ho4, vat tu tir diém ngudn dén noi tiéu thy véi chi phi van chuyén thap nht.

- Phan cong cong viéc cho ngudi 1am thich hop, giam chi phi san xuat dén mirc thap nhat.

- OT(;) chtrc san xuat hop 1y, chon tuyén dudng ngin nhit trong mang dé thuc hién cic cong
viéc trao doi, phan cong.

Bai todn van tai de cap m ngudn, ning luc san xut a; don vi (j =1, 2,..., m); va n dich, nang
luc tiéu thu by don vi ngudn (k=1,2,..., n). Gia thanh van chuyén don vi nguén tir j dén kla cjk, s6

luong van chuyén Xjk tir nguon j den dlch k. Bai toan van tai dang ndy dugc dua vé phép lay
minimum cua ham sau:

m n
Z= Zchkxjk — > minimum.
j=1 k=1

trong do:

n
ijk =a;;j =12,....m
k=1

ijk =b,;j=L2,..,n
Jj=

vaxjx = 0 cho tat cajvak
Trong bai toan nay can thiét phai dit ra didu kién:

Bai toan phéan cong cong viéc gilip cho viéc phan n cong viéc cho n ngudi hodc nhom nguoi
thyc hién. Chi phi nhan cong cua viéc thir j do nhom k thue hién 1a cj.. Bai toan tim gia nhan cong
thap nhat duoc dua vé dang:

m n
Z= Zchkxjk — > minimum.

j=1 k=1

trong do:

dxp=Lj=12..n

J=1

vaxj = 0 hoic 1, cho titcajvak.
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1.8 QUI HOACH PHI TUYEN
1.8.1 Ham mét bién

Ham mot bién, vi du f(x), c6 minimum cuc bd tai diém xo néu ton tai dai lugng vo cung bé 6
thoa man diéu kién, néu [x — x¢| <& ham f(x) = f(xo). Diéu nay dong nghla v6i viée ton tai mién cia
X, trong mién do moi gia trl X thoa mén f(x) 16n hon f(xo). Ham mot bién trén c6 mlmmum theo
nghia chung tai X néu véi moi gia tri ciia x ham f(x) théa mén bat ddng thuc f(x) = fix" ) Phuong
phap kinh dién tim minimum cta ham 13 xac dinh vi tri cua x, tai d6 dao ham bac mot bang 0, co
nghia:

£(x)=0. (1.41)

Phuong trinh (5.5) 1a didu kién can dé c6 minimum, song chua phai la diéu kién du. Diéu
kién sau nay can tim tai dao ham bac hai. Tai vi tri X¢ hodc X', ¢ thé thdy rang £(x) chuyén dau tir
am sang duong, hay néi cach khac ham f(x) tang dan. Trong tru’orng hop nay c6 thé viét:

(xo) >0, £(x)>0. (*)

Khi dao ham bac hai biéu dién bang hai cong thirc (*) ddi diu, cac diém vira chon sé& 14 nhitng
di€ém ma f(x) mang gia tri maximum. Truong hop dao ham bac hai vira néu bang 0, bai toan chua xac
dinh.

Pé lam rd hon van dé, c6 thé xét ham f(x) khi phan thanh chudi Taylor.

S (% +f)—f(xo)=hf'(xo)+%f”(xo)+--- (1.42)

Néu tai diém x, (hoic x*) ham dat minimum, biéu thirc bén trai cta (1.42) s& am véi gia tri
nho batky caa h (Jh| < 8 ). Hé qua cua diéu nay 1a dao ham bac mot £°(xo) pha1 bang 0, va day la
didu kién du, nhu da viét tai (1 Al). Néu nhu biéu thic vira d& cap duong, didu dy c6 nghia gia tri
am rat nho cta h ciing 1am cho vé phai (1.42) thanh am, nguo’c lai néu biéu thirc mang gia tri m, chi
gia tri dii nho cua h ciing 1am cho vé phai 4m. Tai vé phai h® > 0 trong moi trudng hop, va néu £(xo)
> 0, tai Xo f(x) s€ dat minimum.

Vi dy: ham f(x) = x> — 2x* + x + 1 dat cuc tri tai cac vi trf sau. Tai x = 1/3 dao ham béc hai
°(x) = 6x -4 =-2 <0, ham dat maximum. Nguoc lai tai x = 1, {’(x) = +2, ham f(x) dat minimum.

_ Trudng hop £°(x) = 0, chua thé két ludn vé tinh chat cyc tri, cin thiét khai trién ham thanh
chuoi Taylor dén bac cao hon hai nhu da thuyc hién tai (5.6). Vi du:

1 h2 " h3 " h4 "nn
S o+ )= f(x)) =hf (xo)+3f (xo)+;f (xo)+zf () + ... (1.42)
Qui ]uét tim diém cuc trj cua ham f(x) duoc néu gon nhu sau. Vi n — chan, ham dat
maximum néu f(x¢) < 0; nguoc lai khi f(x¢) > 0 ham f(x) dat minimum.
1.8.2 Ham nhiéu bién

Trudng hop bién cta ham khong chi 1 nhu phan vira trinh bay ma gdm n bién, ky hiéu x,
X2, X3,..., Xn, hay dudi dang vecto sau day:

= {x} = [X1, X2, X3,..., Xn ]T

ham nhiéu bién c6 dang:
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SIX) =Ax1, X2, X350, Xn ) (1.43)

Pao ham bac mot cia ham nhiéu bién ¢6 tén goi gradient ciia ham, 1a vecto gém cac thanh
phﬁn dao ham riéng 01/0x,, 0t/0xa,...,0f/0x,, ky hi¢u bé’mg V1(X). Khai niém dao ham bac hai nhu da
gap trong trtwong hop ham mot bién khi ap dung cho ham nhi€u bién duoc hiéu 1a ma trdn c& (n x
n) chura cac thanh phan:

2
A (1.44)
7 o0,

duoc ky hiéu H(x), c6 tén goi ma tran Hess.
Khai trién thanh chudi Taylor ctia ham nhiéu bién dua dén dang:

F@y 4= f(x) =Y gl(xl,...,xnn%iih P AP
i=1 x,‘

iy
e A Ox,0x ;

=h"Vf(x) + 5 h"H(x¢)h +... (1.45)
Diéu kién can dé ham nhiéu bién c6 minimum tai X la:
V1(Xp) = 0, c6 nghia la

TE) g =1,..m) (1.46)

Ox,

1

trong truong hop nay hiéu gitta f(Xo + h) — f(X¢) xac dinh theo 1/thH(Xo)h. Néu H(x,)
dwong, biéu thirc nay s& duong ddi voi tat ca h. Do vay c6 thé viét diéu kién can va di & ham
nhiéu bién ké trén dat minimum la:

Vi(xp) = 0, H(xop) duong.
bicu kién dat maximum:

Vf(X()) =0, H(Xo) am.
Vi du: Xé4c dinh cuc tri ham ba bién sau AX) =x;> + x2° + x3° -4x; -8x,— 12x3 + 100.

Gradient dugc tim sau day:

2x, -4
VEx) = 4 2x, -8 +={0} tai x; =2; x5 =4; x3 =6.
2x, —12

Ma tran Hess:

2 00
H(x) = |0 2 0] la ma tran duong, cac gia trj trén duong chéo chinh bang 2.
0 0 2

Do viy tai diém (2, 4, 6) ham £(X) dat minimum.
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1.8.3 Xac dinh minmum hoic maximum ham mét bién
Phuong phap tim doan vang trong bai toAn mét chiéu

Phuong phap co tén goi rat hay “Golden Section Search”, trong thuc té 1a phuong phap chia
doan c6 nghiém (max hodc min) lam hai phan dé tién dan dén dich, khong khac cach lam nhu dé trinh
bay vé phuong phap bisection, chuong hai.
Chiéu dai doan chia diém cuc trj ctia ham duge tim trong:

Ly =L;+L;, (a)
Néu ty 18 giira cac phan doan cudi 12 hang sd, thoa man diéu kién:
L. L. L.
/1 = U JH =...=7 (b)
Lj Lj+1 Lj+2

chung ta co thé viét:
L.
e

L,

J J

Lj+1

, conghia t=1+1/t (©)

Tir d6: 7° - 7 - 1 =0 va nghiém ctia phwong trinh bac ba nay s& la:
t=(1+5)2 ~ 1,61803399.

Két qua cho thay rang:
L, L,
o2 22 =y, (d)
Lj+1 Lj+1
C6 thé viét nhusau —-=7"", hay la:
L
L, =—5 (e)
T

Néu xac dinh ding doan c6 chtra cuc tri, vi du trong (Xo, x3), trong do6 xac dinh dugc hai gia
tri cua ham f(x) tai x; va xp, véi x; < X, nam trong khoang xy, x31a f; va f;, phép tim kiém thyc
hién theo cac budc sau.

(a) Néu f; < f5: Phan doan dugc chon dé tiép tuc tim 1a (xo, x2 )

X0 X1 Xlz XI3
Hinh 1.1
(b) Néu f; > f5: Phan doan dugc chon dé tiép tuc tim 1a (x;, x3)

[ [ [
X0 X1 X2 X3

Hinh 1.2
Chuong trinh sau minh hoa cach tim diém cuc tri ham f(x) = -e*Ln(x) theo phuong phap
phén doan vang vira néu.

/* 8/91 for nonlinear programming TCN *x/
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#include <stdio.h>
#include <stdlib.h>
#include <math.h>

/* phuong trinh chinh*/
float funceval( float x )

{

return -exp(-x)* log(x);

}

void main ()

{

float err, i, inita, initb ;

float x0, x1, x2, x3, tl1, t2, £f1, £2;

printf ("\n Chuong trinh tinh toi uu- pp. Golden Section ");

err = 0.000001;

printf("\n Gan 2 gia tri cua han che a, b:=");

scanf ("$f %$f", &inita, &initb);

tl= 0.381966;

t2= 1.0 - t1;

x0 = inita;

x1= inita + tl* (initb-inita);

x2=inita+t2* (initb-inita) ;

x3=initb;

fl= funceval (x1);

f2=funceval (x2) ;

printf ("\n x1=%8.3f f(x1l)= %12.7f x2=%8.3f f(x2)=%12.7f",x1, fl, x2, £2);
Ll1l:

printf ("\n %8.4f %8.4f %8.4f %8.4f %12.7f %12.7f",x0, x3, x1, x2, fl, £2);

if (£2 > £f1) {
i=x2-x0;
x3=x2;
x2=x1;
x1=x0+t1l*i;
£2=F£f1;
fl= funceval (x1) ;
if ( i > err) goto L1;
}
else
{
i=x3-x1;
x0=x1;
x1=x2;
x2=x0+t2*3i;
f1=£2;
f2=funceval (x2) ;
if ( i > err) goto L1;
}
printf("\n x = %$12.7f f£(x)= %15.8f", x1, f1);

}
Nghiém bai todn dugc tim x = 1,762852744 ; f(x) =-9,72601324E-02;
Nghiém chinh xac cua bai toan la x = 1.76322211.
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Phwong phap Newton

Phuong phép kinh dién tim vi trf cyc tri ham mot bién 1a xac dinh dao ham bac nhét va gan
cho dao ham bang 0. Giai phuong trinh vira xac 1ap s tim ding gia tri cua x dé f°(x) =0.

Truong hop chung, giai phuong trinh dang nay khong phai gian don. Mot trong nhiing cach
tim nghiém gan ding cta phuong trinh mdi xac 1ap 1a phuong phap Newton.

PA
— =tan =¢q' a
T4 gy =¢'(x)) (a)

= p{x
— | y=F70x> Y pox

Hinh 1.3
tir do:
P'(x,)  9'(x)

x

=, - 2 ©
?'(xy)

v =x, - 20 @

?'(x,)
va truong hop tong quat: x,,, = x, _ob) (e)

¢'(x,)

Chuong trinh tim gia tri cuc tiéu cua ham sé f(x) = ¥%x* — sinx theo phuong phap Newton
dugc trinh bay tiép theo. Trong chuong trinh sir dung cdc ham sau:

o(x) = f(x) = x — cosx

va ¢@’(x)=1+sinx khi tinh.
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/* 8/98 for nonlinear programming
#include <stdio.h>
#include <stdlib.h>
#include <math.h>

/* phuong trinh chinh*/
double funceval( double x )

{

return 0.5*(x * x) - sin(x);

}

/* dao ham bac 1 */
double funcdl( double x )
{

return x - cos(x);

}

/* dao ham bac 2 */
double funcd2( double x )

{

return 1 + sin(x);

}

void main ()

{

/* phuong phap Newton, xu ly phi(x) = y' (x)

double err, init, x, £, 4, ff ;
printf ("\n Chuong trinh tinh toi uu");
err = 0.000001;

printf ("\n Gan gia tri ban dau:=");
scanf ("$£f", &init);

do {

X = init;

f = funcdl (x);
d = funcd2 (x) ;

init = x - £/4;
printf ("%$20.8£%20.8£f\n", x,init);
}

while (abs(init - x) > err);

X = init;

f = funcdl (x);

d = funcd2 (x) ;

ff = funceval (x);

if (4 > 0) printf ("\n Mimimum tai x
if (d < 0) printf ("\n Maximum tai x
printf (" f(x)= %20.8f", ff);

}
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1.8.4 Phwong phap sir dung gradient

Gia str vector X cta (*) c6 thé chuyén vi tir X dén X +h.d, trong d6 d - huéng chuyén dich, h
- budc chuyén. Thay d6i ham f(X) sau chuyén vi ctia X dugc tinh nhu sau:

df =f( x; + 0xy, X3 + 0Xa,..., Xn + OXp) - £ ( X1, Xp,..., Xp)

= i&cl +i5x2 +...+i5xn (1.47)
dcl @CZ @Cn

Trong trudng hop don gian nhat phwong trinh trén duoc viét thanh:

df = |Vf (x)||dx| cos & (5.13)
trong do6 0- goc gitra vector VI(X) va dX. Truong hop 6 = 180° hudng cua dx trung véi -VE(X). Vai

budc nho doc duong déng muc, f( x; +dxy, X2 + dXo,..., Xy + dXy) = f( X1,X2,...,Xn ) biéu thtc df ¢
dang:

df = Z":%idj =|Vf(x)"d=0 (1.48)
=1 X
Qua trinh tim kiém cuec tri tién hanh nhu sau:
Xit1 = X - AVI(x)), (1.49)
trong 46 A; - gia tri ctia A - hang s6 Lagrange, x4c dinh tir quan hé:
o) =1 x; - LiVI(xi), (1.50)

Gia tri cua A; x4c dinh theo mot trong cac cach tim nghiém ham mét bién di trinh bay.
Gidai thudt cua Powell va Fletcher

Bit dau X, i=0 l
d; = -Q(X;) l

A 4

i= i-kl Xia1 = Xi + Aids

y

X* = X 111

Hinh 1.4
Giai thuat nay nham tim huéng di dén tién dén muc tiéu nhanh nhat, trong d6 sir dung ham
nguyén thiy va ca gradient ctia no lac khao sat. So do khoi cho giai thuat nay nhu tai hinh 1.4,
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Gidai thudt Davidon-Fletcher-Powell

Trong khuén khd phuong phap DFP, cac ham lién tuc dugc viét dudi dang gan ding cua

ham béc hai: F(X)=a+x' b + % x' HX,
voia— héng s6, b — hfing vecto. Ham dat cuec tri tai x*, khi do:
VEx*)=b + Hx* = 0
Tudo x* = -H' b.
Duéi dang chudi Taylor, ham kiéu nay dugc viét thanh:
F(X) = f(X) + (X — Xg) V(Xg) + %2 (X — Xo)" H(X)(X — X0)
Cong thirc (a) gid day c6 thé viét thanh:
VF(x0) = G(X0)(Xm — X0) = 0
T d6: xm=xo - G™(x0) VE(x0),

hodc dudi dang: xm =x¢ - H'(xo) g(x0), voi g() thay vao vi tri VF().

Nghiém bai toan tim dudi dang:
xin =% - H' (xi)g(xi)
hodc X1 =xi - LG™ (xi)g(xi)

Cac budc thuc hién nhu sau:

(1) Taibudce thtrj chon x; va huéng duong ciia ma tran dbi xtmg H;.

(2) Chon d;=-H;gjlam huéng tim kiém cyc tri.

(a)
(b)

(©)

(d)

(e)

*)
**)

(3) Thuc hién tim cuyc trj theo huéng x; + Aid; va xac dinh minimum ham f(x; + A;d; ) dé c6

ham A,
(4) Dat: vj=Ad;

(5) batx; =% +v;

(6) Tim f(Xj+1) va gj+1. Néu cac dai luong |g 1| hodc | vj | du bé, s& dirng cong vig¢c. Nguoc

lai, tiép tuc thuc hién theo thu tuc trén. Tai ddy c6 thé luu ¥ dén quan hé gj+1TVj

(7) Dat uj=gj -g

(8) Tinh ma tran H tai budc tht j+1 theo cong thurc:
Hj1 = H; + A; + B, trong do:

Ay =vivi' (v w);

Bj=-Hjuj u;' Hj / (u;" H; u;)

(9) Tangj thém 1 va quay lai budc 2.

=0.

Thé hién phuong phap DFP bang chuong trinh ban doc ¢ thé tham khao listing dudi day.

35



Bét dau tir x;, H; (1=0)

A 4

d:i =H;: gi l

Xac dinh A;, minimum ham
F(x;+ A dy)

Xis1 =Xi+7\,idi =Xi+ Vi

Tim gj+q

Tu Hi,Vi lli=gi+1 —gi dé
Tao ma tran Hjy,

|v|<a hoac
|&H|<5

Hinh 1.5

/* Nonlinear Optimisation

Nonlinearly Constrained Optimisation Calculations
from the works of Davidon,

<stdio.h>
<stdlib.h>
#include <math.h>
#include <ctype.h>
#define MAXN 10

#include
#include

Fletcher, Powell */

double x[MAXN], g[MAXN];
double funceval( double x[] )

{

return O;

}

double gval( double x[], double g[] )

{

return O;

}
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double DFPoptimization( void )

/* Coded in Hochiminh City 1992
Prepared by Dr.Tran Cong Nghi */
{

register int i,j;

int cc,n;

double H[MAXN] [MAXN], p[MAXN], tt[MAXN], d[MAXN], v[MAXN],mm[MAXN];
double y[MAXN],qgl, gr, gp, g9, fp, fq, gx, cg, fr,wk,dk,
auk, auxz, waux,dd,varh;
double w, bb, g2,g3, gq[MAXN];
cc=0;
printf ("\nEnter number of variables N= ") ;
scanf ("%d", &n);
for( i=0; i<n; i++) {
for( j=0; j<n; jt++)
H[i][j] =0.0;
H[i][i]=1.0;
}
for (i=0; i<n; i++) {
scanf ("%£f",&x[1i]) ;
pli]l=x[i];
ylil= x[i];
}
fp= funceval (x) ;
gl= gval(x, g);
for (i=0; i<n;i++) {
tt[i] = g[il];
d[i]= 0.0;
for ( j=0; j<n; j++) d[i] -= H[i][jl*gl[jl:
}

L6:
gp=0/
for( i=0; i<n; i++) gp += gl[i]*d[i];
if ( gp < 0.0) goto L68;
gx = fabs(2*fp/gp) ;
if( gx >1.0) gx= 1.0;
for( i=0; i<n; i++) {
x[i] = p[i] -gx*d[i];
pli] = x[i];
}
fp= funceval (x) ;
gl= geval (x,9);
goto L6;

L68:

qx= fabs( 2*fp/gp) ;

if(gx > 1.0) gx =1.0;

varh=qgx;

bb=varh;

L7:
for (i=0; i<n; i++) x[i]= q[i]= p[i] + bb* d[i];
fq = funceval (x);
g2= geval (x,9g) ;
cg=0;
for( i=0;i<n; i++) cg += g[i]* d[i];
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if (gg > 0 || £fq >fp ) goto L83;
varh = 2* varh;
goto L7;

L83:

auxz = 3* (fp-£q) /varh;

auxz += (gp+gq);
waux= auxz * auxz - gp*gq;

if( waux < 0.0) waux =0.0;
w = sqrt( waux);
dd = varh* (1.0- ( gqg + w —auxz ) /( gg-gp + 2*w));
for( i=0; i<n; i++) =x[i] = p[i] + dd * d[i];
fr = funceval (x) ;
g3= geval( x, g);

gr= 0.0;

for (i=0; i<n; i++) gr += g[i] * d[i];

if ( fr <= fp && fr <= fq ) goto Ll1;

if( gr > 00 ) goto L99;

varh -= dd;

for ( i=0; i < n; i++) p[i] = x[i];

fp= funceval (x) ;

gp= gr;

gl= geval (x,9g);

goto L83;

L99:
varh = dd;
for (i=0; i<n; i++) ql[i] = x[i];

L11:
auk = dk = wk =0.0;
for( i=0; i<n; i++) {
tt[i] = g[i] -tt[i];
v[i] = x[i]- y[il;
}
for( i=0;i<n; i++) {
mm[i] =0.0;
for ( j=0; j< n; j++) mm[i] += H[i][j] * tt[]j]’
auk += mm[i] * tt[i];
wk += v[i] * tt[i]:;
dk += v[i] * v[i];
}
if ( auk == 0.0 || wk == 0.0 ) goto L12;
for( i=0; i <n; i++)
for (j=0; Jj <n; J++);
H[i][j] += ( -mm[i] * mm[j]1/ auk + v[i]*V[3j]/ wk);

L12:
cc++;
if( sqgrt( dk) < 0.5e-5 || g3 < 0.1le-5) goto L3;
goto 1L4;

L3:
printf ("Iteration number %d\t and £ = %20.8f\t",cc, funceval (x)
for( i=0; i<n; i++) printf("$d%20.8f",i,x[i]);

return funceval (x);

}

38



1.8.5. Phwong phap tim true tiép (khdng qua giai doan tinh gradient)

Y tu’éng phuong phéap hét stec don gian, cb ging béng moi cach thir nghiém tim diém xy, tai
d6 thoa man diéu kién || Xk+1 - Xk [ <&. Budc tién hanh dau tién ciia phuong phap 1a chon vector di,
d,..., dy, cing diém xuat phat x;, va hiy dat y; =x;, k=j =1, sau 40 bit tay vao tinh lap.

Gia doan tinh lap'
yi T Ad;. Néu j<n hay thay j thanh j + 1 va quay lai budc dau. Néuj=n hay tién dén budc (2).

(2) Pit Xps1 = Yor1. Néu || Xy - Xk || < & dimg cac phép tinh. Truong hop nguoc lai, hay dat
V1= Xg+1, J=1, thay k thanh k+1 va quay vé budc (1).

Nhitng phuong phap chinh trong phan ndy goém:

- Phuong phap Hooke-Jeeves,

- Phuong phap Neldel-Mead, hay con goi phuong phap Simplex cong bd trong “A Simplex
Method for Function Minimisation”, Comp. Jour.,1965.

- Phuong phap ctia Rosenbrock,

- Phuong phap cua Box hay con goi phuong phap Complex.

Trong céc thi tuc tinh néu trén, khi xtr 1y nhitng bai toan trong mién han ché ching ta thudng
gap khai niém hang s6 Lagrange va khai niém 161, Ildom ham da bién. Trong tai licu néy s€ khong trinh
bay cach xac dinh A; cling nhu diéu kién Kuhn-Tucker. V& ham Lagrange va diéu kién ctia Kuhn-

Tucker lién quan mlen 16i ham da bién duoc tim thay trong cac tai liéu chuyén nganh sau:
“ A new derivation of the Kuhn-Tucker conditions”, Operations Research, 12, 1964.
H.W. Kuhn and A.W. Tucker, “Non linear Programming”, hdi thao khoa hoc tai truong dai hoc Berkeley, 1951.

Phwong phap Hooke-Jeeves,

Phuong phap nay dugc gioi thicu lan dau nam 1961, con gia tri dén ngay nay. Qua trinh tim
gdm nhiéu budc, quanh quan diém co ban. Tha tuc tién hanh nhu sau:

(a) Chon diém co ban by va budc h; cho mdi bién Xj,] =1,2,3,...,n
(b) Tinh f(x) tai diém co ban by va xac dinh hudéng tim kiém.
1. Tinh f(by),

2. Tinh f(b; +he; ). Néu dong tac nay lam cho ham f() nho hon, thay b; bang by +hye;.
Nguoc lai, thyc hién phep tinh theo f(by - hiey), va néu gi trj ctia f() nho hon sé& thay by thanh by -
h;e;. néu cac dong tac trén khong mang lai hiéu qua lam nho6 hon ham £(), diém chuan by s& duoc
giit nguyén gia tri ban dau va chuyén huéng sang tim trén truc x,. Thay vi budc tinh f(by +hye; ) nhu
d3d lam & trén, 1an nay tinh ~ f(b; + hye; ). Can thiét khao sat cho tit ca n bién, néu cong viéc doi hoi,
sau d6 sé& chuyén qua diém co ban méi bs.

i 3. Néu bz = by, c6 nghia la khong lam cho () giam, phai lam lai tur dau, ciing quanh quan
diém co ban ban dau by song budc phai nho hon. Kinh nghiém tinh cho thay, nén giam budc chung
10 lan.

4. Trudng hop b, # by, tién hanh cac budc néu dudi day quanh diém co ban sau.

(c) Str dung day d thong tin thu nhan tir phan trén dé tién hanh cong viéc theo huéng tét
nhat. Thu tuc lam nhu sau:
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1. Theo hudng b, - by dé tiép tuc cong viéc. Tinh gia tri ham f() tai diém
P;=b; +2(b; - by). Truong hop tong quét tinh theo:

Trudng hop tong quat tinh theo: P; = b; + 2(bi+y - by).

2. Khao sat ham chung quanh diém P; (P)).

3. Thuc hi¢n cac dong tac néu trén cho diém co ban bz néu can.

~_ (d) Thyc hién cac dong tac trén cho dén khi budc trd thanh qua nho, dat gidi han cho phép,
néu can.

Chuong trinh tinh sau day duoc soan dé tim diém cuc tiéu ham Rosenbroke, theo phuwong
phép Simplex cua Neldr-Mead:

/* example for opt. */
#include <stdio.h>
#include <stdlib.h>
#include <math.h>
#idefine sqr(X) (X) * (X)
#define IMAX 20

int k,m,N;
double xb[IMAX], xh[IMAX], x1[IMAX], stp[IMAX];
double fb;

double funceval( double xb[] )

{

return 100.0*sqr( xb[1l] - xb[0]*xb[0] ) + sqr(1.0 - xb[0]) ;
}

void DirectSearch( int N, double *xb, double fb, double *xh, double *x1,
double *stp, int flag, int ifns, int conv )
/* Direct Search procedure in C
Coded in Ho Chi Minh City 1992
by Dr. Tran Cong Nghi */
{
register int i, j ;
int fns, iexp, minfal, rvs[IMAX];
double stor, temp, pat, fbp, fp;
double a, b, tol, toll;
double bp[IMAX];
for (i=0; i < IMAX; i++) {
rvs[i] =0;

bp[i] = 0.0;
}
conv =0;
iexp = 0;
a=1.20; b =0.10; tol = 1.0e-06; toll = 1.0e-08;

for (i =0; i < N; i++){

if ( xb[i] > xh[i] ) xb[i] = xh[i];
if ( xb[i] < xh[i] ) xb[i] = x1[i];
if ( xh[i] == x1[i] ) stp[i] = 0.0;

bp[i] = xb[i];
}

fns = 1;

fb= funceval( xb );
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fp = fbp = fb;
L2: minfal = 0;
if ( fns > ifns ) goto L21;
if ( flag > 0 ) {
printf ("fns = %d fbp = %20.51f\n", fns, fbp);
for (1 =0; 1 < N; i++)
printf ("%$20.51f %20.51f\n", bp[i], stp[i]);
}
/* start the exploratory loop */
for (1 =0 ; i < N; i++)
{
rvs[i] = O0;
if ( stp[i] == 0.0e+0 ) goto L1O;
stor = xb[i];
xb[i] += stp[i];
if ( (xb[i] > xh[i]) || (xb[i] < x1[i]) ) goto L4;
++fns;
fb= funceval( xb );
if ( flag > 1 ) {
printf("i= %d fb = %20.51f\n", i, £fb);
for (j =0; j < N; j++)
printf ("%d %25.61f\n", j, xb[]j] )
}
if ( fb >= fp - toll * fabs(fp) ) goto L4;
if ( iexp == 0 ) stp[i] *= a;
L3: fp = fb;
goto L11;
L4:
xb[i] = stor - stpl[i];
if ( (xb[i] > xh[i]) || (xb[i] < x1[i]) ) goto L5;
++£fns;
fb=funceval( xb );
if ( flag > 1) {
printf("i = %d fb = %20.51f\n", i, fb);
for (j=0; j < N; j++) printf("%d %25.61f\n",j, xb[]j]);
}
if ( fb >= fp - toll*fabs(fp) ) goto L5;
if (iexp == 0 ) stp[i] *= a;
rvs[i] =1; goto L3;
L5:
xb[i] = stor;
if ( iexp == 1) goto L10;
stp[i] *= b;
temp = fabs(xb[i]/stp[i])* tol;
if (1.0 < temp ) stp[i] *= temp;
else
if (1.0 == temp ) goto L7; else goto L9;
L7: temp = 1.0 - 10 / fabs(stp[i]):
if ( 1.0 >= temp ) goto L10;
L8: stp[i] *= temp; goto L10;
L9: temp = 1.0- 16 / fabs( stp[i]);
if ( 1.0 == temp ) goto L10;
else
if (1.0 < temp ) goto L8;
else goto L11;
L10: ++minfal;
L1ll: j=0;
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if ( (fbp-fp) <= (tol * fabs(fbp)) ) goto L1l4;
if ( flag > 2) printf("%d", £fns);
for ( i=0; i < N; i++)

if ( rvs[i] '= 0 ) stp[i] = - stp[i];
fbp = fp;
for (i =0; i < N; i++)

{

pat = bpl[i];

bp[i] = xb[i];

xb[i] = 2.0* bp[i] - pat;

xb[i] = ( xb[i] > x1[i] ) ? xb[i]: x1[i];

xb[i] = ( xb[i] < xh[i] ) ? xb[i]: xh[i];

}
++£fns;

fb=funceval (xb) ;
if (flag > 2 ) {
printf ("fp = %$25.61f\n", fp);
for (i=0; i < N; i++)
printf ("% 25.61f\n", xb[i]);
}
iexp =1;
goto L2;
L14: if ( iexp ==1 ) goto L16;
if ( minfal >= N ) goto L18;
if (flag > 2 ) printf(" base point exploratory mode failure\n");
for ( i=0; i < N; i++)
if ( rvs[i] '= 0 ) stp[i] = - stp[i];
goto L2;
Ll16: iexp =0;
fp = fbp;
for (i =0; i < N; i++) xb[i] = bp[i];
if ( flag > 2 ) printf("pattern mode exp failure\n");

goto L2;
L18: if ( fp <= fbp ) goto L20;
fb = fbp;
for (i=0; i < N; i++) xb[i] = bp[i];
L20:
if ( flag > 0 ) {
printf ("The optimum value found\nfp = %25.61f\n", fp);
for (i=0; i < N; i++)
printf ("xb[%d] = %25.61f\n", xb[i] );
}
fb = fp;
if ( flag > 0 ) printf("fns = %d\n", fns);
goto L23;
L21: conv = 1;
if ( flag > 0 ) {

printf ("number function estimates exceeded %d\n", fns);
printf ("fbp = %25.61f\n", fbp) ;
for (i=0; i < N; i++) printf("bp[%d] = %25.61f\n",i, bp[i]):
}
fb = fbp;
for ( i=0; i < N; i++)
xb[i] = bp[i];
L23: return;

}
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main ()

{

int ii,infs,fb,flag,conv;

printf ("Enter inputs: N, ifns, flag\n");

scanf ("%d %d %d", &N, &infs, &flag);

printf (" estmates of xb\n");

scanf ("%$1f %1f %1f", &xb[0], &xb[1l], &xb[2]);

printf ("Enter xhi\n");

scanf ("$1f %$1f %1f", &xh[0], &xh[l], &xh[2]);

printf ("Enter x1li\n");

scanf ("$1f %1f %$1f", &x1[0], &x1[1], &x1[2]);

for (ii=0; ii < N; ii++)

stp[ii] = 0.24 * ( xh[ii] - =x1[ii] );

DirectSearch (N, xb, fb, xh, x1, stp, flag, infs, conv);
printf ("\n\tOutputs:\n") ;

printf ("fb = %20.61£f\n", fb);

for (ii=0; ii < N; ii++) printf("xb[%d] = %20.61f\n", ii, xb[ii]);
}

1.8.6. Phwong phap dung ham phat penalty

Phuong phap dung ham phat nam trong phan tinh t&i wu (The Sequential Uncostrained
Minimisation Technique, viét tit SUMT) do A.V. Fiacco va G.P. McCornick dé xudng.

D¢ giai ham f(X) nhu d trinh bay trén, trong phuwong phap SUMT thyc hién phép bién doi:
chuyén z = f(x) thanh Z = f(X) + P(X). (1.51)

Ham P(X) duogc goi 1a ham phat (Penally) Ham P(X) dong thoi mang dic tinh rao chan nod
c6 thé con duoc goi 1a ham ba-rie (rao chan). Bay gio tién hanh tim cyc tri ciia ham Z trong mién han
ché do dau dé dit ra, cu thé hon trong hang rao chin ctia ham ba- rie.

Ham P(X) thuong dwoc viét dudi dang:

PX)=r 1.52
(%)= z e (1.52)
trong do r - dai lugng mang gia tri duong.
Ham Z = ¢(X,r) dudi day c6 dang:
Z=0p(X,r) = f(X)+r z (1.53)

o)

Yéu cau dit ra cho vector I 13, ¥ phai 1a dai lugng vo cing nho dé anh huong ciia ham P(X)
rat nho tai diém dat cuc tri. Tir d6 ¢6 thé coi diém ma ham o(X,I) khong han ché dat cuc tri, trung
v6i diém cyc tri ctia ham f(X) ciing cdc han ché.

Vi du don gian nhét vé ham muc tiéu, ham phat dudi dang ham rao can dugc minh hoa bfing
bai toan don thuan, khong gan vdi hién tugng vat 1y nao, nhu sau:

fix)=x > min.
Céc diéu kién han ché:

> 2, tuong duong voi x -2 2> 0.
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C6 thé nhin thdy ngay 1ap tirc ham f(x) béc nhét, khi x tang, f(x) ting, do vay ham chi co thé dat gia
tri nho nhat tai x =2, va f(x) mn = 2. D€ giai bai toan theo phuong phap ham phat, tién hanh xay
dung ham rao can P(x). Bai todn dugc dua vé dang:

Z=g(xr) = f)+ry -1 =x .~

= c¢;(x) x-2

Loi giai bai toan duoc minh hoa trén hinh bén. Trén d6 thi thiy rd, voi r nho dan, tir r= 1, sau
d6 0,25, 0,01 diém Q tién tir Q1, Q2, va Q3. Gia trj Q dat dugc tai x = 2 1 diém gip nhau cua f(x) va
duong han ché x =2. Pham vi han ché nim bén phai duong x =2 nhu thé hién trén hinh. Mot trong
cac cach tim x tai d6 ham o(x,r) dat cuc tri 1a khdo ctru x dé dao ham bac nhat béng 0.

do r
Y 1=
dx (x-2)°

Gia tri @& de/dx =0 chinh 1a x=2 + r

Y
<
0 X=c
Hinh 1.6
Khi d6:
dz(p_ 2r
dx>  (x=2)°

va diém dé ham dat minimum 1a x = 2 +r, trong mién han ché.

Gi4 tri ciia ham tai diém dang xét 2 + 2V2. Vi tri cac diém Q;, i= 1,2,3 x4c dinh trén do thi.
Tog do diém,Ql ’sé lé} 3:4), Q tai, (2,5;3), con Qs 1a (2,1; 2,2). Nhu vay khi r — 0, ham ¢(x, r) cua
mién han ché tién dén 2 nhu da thay.

Céach tim diém cuc trj tién hanh theo tht tu sau.

Néu x; va x; 1a nhir ng diém nam trong vung dugc han che, théa man c;(x;) = 0 va cj(xz) 2
0,véii=12,..m véimoigidtricia 0 < 0 < 1 s€ thdoa man bat dang thirc sau:

ci(0.x2+ (1- 0).x1) > O.ci(x2) +(1-0).ci(x)) >0,
cho ham ¢;(x) 16i.

Va nhu vay diém x, + (1 - 0).x; trong phamvi 0 < 0 < 1 ciing s& ndm trong pham vi tim kiém.
Ngoai ra ham 1/¢;. (x) cling 1a ham 16i cho tat ca gia tri x néu x thoa man c;(x) = 0.

Néu h(x) = 1/ ¢i(x) thi
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-Ve;(x)

Vh(X) = (1.54)
[e; (0T
Ma tran Hess cua h(x) c6 dang:
H(X) = - C(x) 2Vc j(X)Ve; " (1.55)
[e; (0] e, (0]
c;(x)

trong d6 C(X)ix = la ham Hess cua c;(X).

i“Mk

Néu ky hiéu p - vector bat ky, phuong trinh chira p sau ddy ciing 1a phuong trinh c6 nghia:

TH _p C(x)p 2Ap" Ve, (0] 1.56
pHEp = [c; ()] [e; (0] (1.39)

trong d6 ludn ludén thoa man p H(x)p > 0. V&i ma tran Hess H(X) duong thi 1/¢i(X) phai 1a 16i
trong toan mién.

Gia su rang X*1, X*,..., X*; 1a diém cuc tri ciia ham o(x, _T) VOl cac gia tri giam dan ry,
I2,....Tkonr, cho dén 0. Khi d6 chudi diém x*|, x*»,..., X*i,..., hoi tu vé 1o giai bai todn tim cuc tri véi
han ché kiéu ¢ da cho khir, — 0.

Tur do:
lim x, = x* (1.57)
va lin%[minQ)(x, r)]= f(x*) (1.58)

trong d6 x* - diém ham f(x) dat cuc tri, voi han ché d3 dat ra.

Trong trudng hop c6 nghiém céc phép tinh dua vé dang:

f(X*) = f(X*) va 1y Z

/1]k

Vi dy:Tim gié tri nho nhit cia ham f(x, x2 ) = (1/3) (x1 + 1)* + x,

50 (1.59)

v6i han ché:
xi-120; x 2 0.
Tim ham (X, r) dang (5.19):

¢7(xr)_l(x1+l) +x2+r( ! +Lj

x -1 x,
bicu kién can d¢ ham ¢() dat minimum s¢€ la:

(x, + 1)2 -

(x, +1)° ’ X

Nghiém cta hai phuong trinh nay:
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x,(r) =1++/r;
x,(r) = \/;
Gié tri nho nhat cia ham @(x,r) tinh tir cong thc:

P *(r) :{é[(Hx/;)m +1}3 +r +\/;|:(1+\/;)”2 +1T} (1.60)

Khir > 0ham x;(r) — 1; xx(r) > 0 va ¢*(r) - f(1;0) = &/3.
Giai thuét Fiacco va McCornick tom tit nhu sau:

Tim gi4 tri nho nhit cua ham e(X,r) = f(X) + r. Z !
C. (X

j=1"J

;= 100+ F.P(X) (5.26)

Gradient cia ham ¢(x,r) tim dang sau:

V o(X,r) = Vf(X) +r VP(X) (1.61)
Tir d6 c6 thé viét:

Vi(x) ' V(x) + 2r.V(x) ' VP(x) + r’VP(x) ' VP(x) (1.62)
va gia trj toi thiéu tim cho vector r ban dau:

_ -Vf(»)"VP()

1.63
VP(x)" VP(x) (1.63)

Céc gia tr1 thir nghiém lan sau c¢6 thé 1a 11 = i/ C, v6i C vidu béng 10.

Bit dau tir xo l

Tim Min. cia ham o(x, r)
A g Tai xy*

k=k+11

A

Hinh 1.7
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Diéu c6 thé noi & day dé tim gia tri cuc tiéu ciia ham @(x,r+1) tot nhat nén ding phuong phap
gradient. Cu thé hon, trong cac phuong phép gradient, véi trudng hop vira néu  phwong phap DFP
(Davidon-Fletcher-Powell) thich hop hon ca.

Chuong trinh giéi thiéu tiép sau ddy nham khao sat ham:

f(x)=(x1-1) (x1—=2) (x; = 3) +x3

Cung han ché:

x; 20;x,2 0; x32> 0;

X32 - X]2 - X22 > 0;

X12 + X22+ X32 -4 >0;

x3 < 0;

(X, r) =f(X) + 7’[2 12 ~+ 1 — +L+L+LJ

2 2 2
X;—x; —x; X, +x;+x;—-4 S5-x; x; x, X

/* The Sequential Unconstrained Minimisation Technique
for nonlinear programmming
A.V. Fiacco and G.P. McCormick
ref. SIAM J. Appl. Math. 17,1969 */

#include <stdio.h>
#include <stdlib.h>
#include <math.h>

#define M 10
#define N 20

/* double x[N], c[M], cg[N], g[N], r; */
double funceval( double x[], double c[], int m, double r, double a, double b )
{

register int i;

a = ( x[0] -1) * ( x[0] -2) * ( x[0] -3 ) + =x[2];

b =0.0;

for ( i=0; i< m; i++) b += 1.0/c[i] ;

return ( a+ r*b);

}

double geval( double x[], double g[], double cg[], double c[], double r,int m)
{

register int i;

double ka, kb, kc, g0;

ka x[0] -1;

kb x[0] - 2;

kc x[0] - 3;

g[0] = ka* kb + kb* kc + kc* ka;

cg[0] = -(-2*x[0]/c[0]*c[0]) + 2* x[0] /(c[l]l*c[1l]) +

1.0/ (c[3]1*c[3]);
g[0] += r* cg[0];

g[l] = 0.0;
cgl[l] = -(-2*x[1]/c[0]*c[0]) + 2* x[1] /(c[l]l*c[1l]) +
1.0/ (cl[41*cl[4]);
/*cg[l] = 0%/
g[l] += r* cg[l];
g[2]=1.0;
cgl2] = -(-2*x[2]/c[0]*c[0]) + 2* x[2] /(c[l]l*c[1l]) +

1.0/ (cl[2]1*c[2]);
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cg[2] -= 1.0/ (c[5] * c[5]1);

gl[2] += r* cgl2];

g0=0;

for ( i=0; i< m; i++) g0 += g[i] * g[i];
return sqrt( g0 );

}

void constrain( double x[], double c[], int i)

{

switch( 1 ) {
case '0': { c[0] = x[2]* x[2] - x[0]*x[0] -x[1]* x[1];

break;
}
case 'l1l' : { ¢[1l] = x[0]*x[0] + x[1]*x[1l] + x[2]*x[2];
break;
}
case '2' : { c[2] = 5- x[2]; break;
}
case '3’ : { c[3] = x[0];
break;
}
case '4' : { c[4] = x[1]1;
break;
}
case '5' : { c[5] = x[2];
break;

}

main ()

{

register int 1i,j;

int m, n, s, ii, cc, ic[M];

double p[N], u[N], d[N], v[N], rr[N],q[N], mm[N],y[N],r ;
double x[N], <c[M], cg[N], g[N], h[N][N];

double t, b, fp,ff, fq, fr,z;

double g0, gl,g92,g9p, gq,9r, w, ww, zz, dd,L;

double hh,kk, wk,dk,aa,bb ;

printf ("\nEnter Number of Var N =");
scanf ("%d", &n);

printf ("\nEnter num of Constrains M =");
scanf ("%d", é&m);

printf ("\nEnter %d values of vector X: ",n);
for( i=0; i< n; i++) scanf("%d", &x[i]);
s=0;

for ( ii=0; ii<m; ii++) {

constrain(x, ¢, ii );

if( c[ii] <0.0 ) {

s++;

ic[ii] = 1;

}

if( s>0 ) printf("\nFirst point is not legal. Program terminated") ;
exit(0);
}
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t b=r=0.0;

cc =0;

gl = geval(x, g, cg, ¢, r, m );
for( i =0; i < n; i++) {

t -= g[i] * cgl[i];

b += cg[i] * cg[il];

}

r = t/b;

if( r<0.0) r=1.0;
L4:

for ( i=0; i < n; i++) {
for ( j=0; j <n; J++)
h[i][j] =0.0;
h[i][i] =1.0;
}
L5:
for (i=0; i <n; i++) y[i] = pl[i] =x[i];
for( ii =0; ii < m; ii++) constrain(x, c, ii );

z = funceval(x, ¢, m, r, aa, bb );
fp = z;

gl = g0 = geval(x, g, cg, ¢, r, m );
ff =z;

L54:

for(i=0; i<n; i++) {
ul[i] = g[il];

d[i] =0.0;
for( j=0; j <n; j++) d[i] -= h[il[3j] * gljl’
}

gp =0.0;

for ( i=0; i <n; i++) gp += g[i]* d[i];

if( gp > 0.0 ) printf( "\nWarning: function is increasing!");
L =2;

for (i=0; i <n; i++) {

L65:
s=0;
for(ii =0; ii <m; ii++) {
L67:
ic[ii] =0;
constrain(x, c, ii );
if (c[ii] >= 0 ) goto L73;
ic[ii] =1;
s++;
L /= 1.05;
for( i=0; i <n; i++) x[i] = p[i] + L*d[i];
goto L67;
L73: ;
}
if( s > 0 ) goto L65;
hh =L;

for (i=0; i <n; i++) x[i] = q[i] = p[i]+ hh*d[i];
for ( ii=0; ii <m; ii++) constrain(x, c, ii );
fg= z = funceval(x, ¢, m, r, aa, bb );

g2 = g0= geval(x, g, cg, ¢, r, m);

gq =0;

for(i=0; i <n; i++) ggq += g[i] * d[i];

if( gg< 0.0 & fg < fp ) goto L1l1l;

goto L12;

L11:
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for(i=0; i < n; i++) {

for( j =0; j < n; j++) h[il[j] -= d[il* d[]] /gp:
y[i]l = x[i] =p[i] =q[i];
}

ff = fp = z;

gl = g0;

goto L54;

L12:
zz = 3* (fp-£fq) /hh;
zz += gp+gq;
ww = zz*zz - gp* gq;
if (w < 0.0 ) ww =0.0;
w = sgrt( ww );
dd =hh* (1.0 - (gg+w - zz ) / (gg - gp +2*w ) );
for( i=0; i <n; i++) x[i] = p[i] + dd* d[i];
for(ii =0; ii < m; ii++) constrain(x, c, ii );
fr = z = funceval(x, ¢, m, r, aa, bb );
g0= geval(x, g, cg, ¢, r, m);
gr =0;
for( i=0; i <n; i++) gr += g[i] *d[i];
if(z<= fp && z <= fq ) goto L1l4;
if( gr > 0.0 ) goto L19;
hh -= dd;
for( i=0; i < n; i++) p[i] = x[i];
fp =z; gp =gr; gl =g0;

goto L12;
L19:
hh =dd;

for (i=0; i<n; i++) q[i] = =x[i];
fq = z; gg = gr; g2 = g0; goto L12;
L14:
for( i=0; i <n; i++) {
ul[i] = g[i]- uli];
v[i] =x[i] -yI[il;
}
for( i=0; i <n; i++) {
mm[i] =0;
for( j=0; j < n; j++) mm[i] += h[i][J] * u[jl’
kk += mm[i] * u[i];
wk += v[i] * ul[i]:;
}
if( kk ==0.0 || wk ==0.0 ) goto L15;
for (i=0; i<n; i++)
for( j=0; j < n; j++)
h[i][j] += -mm[i]* mm[j] /kk + v[i] * v[3j] /wk;
L15:
cc++;
if( fabs( (ff - z)/ff < 1.0e-5) )goto L16;
ff = z; goto L5;

Ll6:

if( r*bb < 1.0e-5 ) goto L18;
r /= 10.0;

goto L4;

L18:

for( i=0; i < n; i++) printf("3d $%20.8f\n",i, x[i]);
printf ("\n Value of f(x) = %20.8f",aa);
}

50



Chuong 2

TINH NOI VA TiNH ON PINH TAU

2.1 TINHNOI TAU THUY

2.1.1. Kich thuéc chinh va cac hé s thin tau

Phén biét cac tén goi lién quan dén chiéu dai tau sau:

Chiéu ddi toan bj tau, Lt hoic Loa, 1a khoang cach do tir diém xa nhat trudc tau dén diém xa nhit

sau lai.
L

0a |

Hinh 2.1
Chiéu dai dwong nwéc két ciau Ly, do trén dudng nudc thiét ké, ké tir diém tiép nude ¢ mii tau
dén diém tiép nudc phia sau lai.
Chiéu dai giita hai tru Lpp, 12 khoang cach do trén mat duong nude, tinh tir tru 14i dén try miii. Trén
tau vo thép tru 1ai duge hiéu 1a truc di qua truc quay banh lai, con try miii di qua di€ém cat nhau cua
duong nudc thiet ké voi mep ngoai trén 16 mii tau. V6i cac tau c6 vach dudéi nam nghiéng so vdi
mat co ban qua day (vach T ), tru lai nhén di qua duong cit cua vach nghiéng voi dudng nudc thibt
ké, tinh trén mit cat doc gitra tau.
Chiéu rong tau lon nhat Bmax, 1a khoang cach 16n nhét do tai mat cét ngang tai khu vuc rong nhét
cua tau, tinh tir diém xa nhat bén man trai dén di€ém xa nhat bén man phai cua tau.

| |
;

Hinh 2.2

Chiéu réng tau B, thuit ngr chuyén nganh bang tleng Anh viét ddy du 1a Breadth moulded, 1a
khoang cach do tir man trai dén man phal tau, tai mat cat ngang tau di qua mat rong nhét ciia tau. Véi
tau c6 mat cit hinh U hodc V, vi tri do nam tai mép boong. Véi tau dang o chiéu rong tau do tai vi tri
rong nhét clia mat cit.
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Chiélf cao tau, ky hiéu bang D hoic H, 1a khoang cach do theo chié‘u théng dung, tinh tir mép trong
cua tam ki chinh dén mép trén cua xa ngang boong man khé. Véi tau nhiéu boong, boong man kho
dugc hiéu la boong c6 két cau kin nudc, co h¢ thong ddy kin cac 16 khoét trén boong va cac 10 khoét
bén man, nam & vi tri cao nhat.
Mén nuwéc tau ky hiéu bing d hogc T, do trén tryc thang dimg, tinh tir dudng co ban qua ddy tau, dén
duong nudc thiét ké. Vi tau ddy bang mon nudc ti€u chuan do tai gilra tau. Phan bi¢t cac té€n goi
thuong dung sau.
~ Mon nuce d (chiéu chim), thuat ngit chuyén nganh trong tiéng Anh goi la  draught moulded

(tieng MY: draft molded) do tir duong co ban. Chi€u cao do tor mép dudi song chinh goi la keel
draft, con mon nuoc trung binh d, 1a gia tri trung binh cong ctia mén nudc do tai tru 141 va mon
nudc do tai tru mai.

Mén nuée lai do tai try 1ai, tinh ca chidu nghiéng cua séng chinh, néu co.

Mén mueée miti do tai try miii, tinh ca do nghiéng cua song chinh.
Man kho
Chiéu cao man kho tau 1a hiéu sb gitrta chiéu cao va mon nuéde tau:

Fb=D-d hoac H-T
Hé s6 day

Quan h¢ gitta kich t7hu’(')’c chinh cua téy V‘(’)’i thé tich phﬁn chim, di¢n tich duong nudc, dién tich
mat gitra tau vv... duoc thé hién qua cac h¢ so day.

H¢ sé day dwong nwéc
B

- Aol

Hinh 2.3 Hinh 2.4

Cw hodc a, 1a ti I¢ gitta dién tich mdt duong nudec duge vo tau gidi han va dién tich hinh chir
nhat c6 canh la chiéu dai va chiéu rong duong nudc. Néu ky hi¢u Ay - dién tich mat duong nude, L -
chi€u dai tau, do tai duong nudc, B - chi€u rong tau, hé¢ s6 Cy tinh theo cong thirc:

%4
Cp=—"
BT «xBxT
¥ V
\/
- V ___
. A
PN
Hinh 2.5
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_ AW
Y IxB

H¢ 56 day swon giita tau, C\ hodc B, 1a i 18 gitta dién tich phan chim cua suon gitta tdu Ay v6i dién
tich hinh chir nhat ngoai ti€p n6, canh BxT
A
CM = M

BxT
H¢ 56 diiy thé tich, Cghoic 8, 1a ti 1é gitra thé tich phﬁn chim cta tau V véi thé tich hinh hop ngoai
tiép no. H¢ so Cg tinh theo cong thirc:

14
LxBxT

H¢ sé day ling tru, Cp hodc ¢, 1ati1¢ giita thé tich phan chim tau V so v6i éng tru dai bang chiéu
dai duong nudc L, dién tich mat try Ay,

C
CP = v hay la Cp = B
wXxL Cy
H¢ sé ddy tru dieng, Cy hodc y, 12 ti 1& giira thé tich phan chim so v6i tru dimg cao T, mit tru Aw.
C
Cy = havlia Cp= —&
VT gar YRR C,

DPwdng hinh vé tau
Puong hinh 1y thuyét cia vo tau duoc biéu dién trong hé toa do gin lién véi vo tau nhu trén

hinh. Truc OZ hudng 1én trén. Tryc OX trung véi chiéu doc tau, hudng vé trude, con truc OY

hudng sang man phdi. Tam cua hé toa do dat tai giao di€ém ba mat phang: mat cat ngang gitra tau,

mat cat doc gifra tau va mat co ban qua day tau.

AZ

Hinh 2.6

Puong 1y thuyét miéu ta vo tau duoc qui udc v& trong ban vé hai chidu 2D, bao gdm céc phan
sau.

Hinh chiéu cac vét gét doc tau do mat phang doc giira tdu va cic mat phang song song voi
mat ndy tao thanh. Cym vét cat nay nam phia trai, trén.

Hinh chiéu cac vét cit vo tau qua cac dudng nude, nam phia trai, dudi.

Hinh chiéu cac mit cit ngang tau, goi 1a cac suon 1y thuyét, ndm phia phai, trén.
Tinh cac dai lwgng hinh hoc v6 tau
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Tir duong hinh 1y thuyét tién hanh tinh cac gia tri ddc trung hinh hoc v6 tau. Thir ty tinh ton
chia 1am hai giai doan: (1) cac dai lugng dac trung trong mat duong nude va (2) cac dai lugng déc
trung trong sudn tau. Sau hai phan tinh vira néu tién hanh tinh toan cho toan tau.

Pai lwgng hinh hoc dwong nwée

Biéu dién duong nudc bat ky cua tau dudi dang dudong cong dang y = f(x), cac phép tinh dai

luong hinh hoc duong nudc duoc dua vé dang sau.

AY
y=Hx}
/...--"' _—_"ﬁ\/
rd [ 5 | T
r 4 [ | N
I ~ B N x
i A \
a [ b
| qx!--
——] x ——
Hinh 2.7

Dié¢n tich duwong nuoc Ay,

b
Ay = I ydx
a
Tdn trén Icm chiéu chim (Tons per cm Immersion — TPcm)
A . Ay
Trong moi truong nudce ngot: 7TPem = 100
Trong méi trudng nudc bién: 7T'Pem= %

trong d6: Ay tinh bang m”.

b
Moment tinh so vdi truc Oy: mey = J‘ xydx
a

~ .. b1
Moment tinh so voi truc Ox: Mex = j 9 );dx
a

Toa do tam dién tich duong nudc, tinh dén truc Oy:

J. xydx

J.b ydx

a

LCF =

Toa do tam dién tich duong nudc, tinh dén truc Ox:

—I Fdx

J. ydx

a

TCF=

Momen quan tinh so voi truc doc:

I; = ZI:AZde
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Momen quan tinh mat dwong nudc so voi truc O’y’ cach Oy mét doan LCF tinh theo cong thirc trén
sé la:

I’ =1, -(LCF)\’. Ay
Momen quan tinh mat dwong nuwdc so voi truc ngang:

2 ¢b
IT:ngJ;’dX

Trong cac biéu thirc trén y mang gia tri % chiéu rong vo tau tai vi tri dang xét.

2.1.2 Tilé Bonjean
Dién tich mdt swon tinh dén mén nuée Z.

S2)=2 IOZ y.dz
Momen tinh so voi truc Oy cua mét suon:
=2( yz
1 2) J‘o yvz.dz

T Tam dién tich mat swon thude phan chim dén mén nude Z tinh
theo cong thure:

vty 1D Ly 2
S(Z) IOZ.Y'dZ

Vé6i mdi suon tau, tir két qua tinh dién tich phan chim va momen tinh phan chim so véi ddy, c6 thé vé
hai dudng cong miéu ta bién thién cta hai gia tri trén theo chiéu chim Z. Tép hop toan b cac duong
cong ki€u nay, l1ap cho tat ca suon tinh toan sé duoc do thi cé tén goi # I¢ Bonjean.

2.1.3 Thé tich phin chim va cac dai lwong lién quan dén thé tich
Tinh thé tich phan chim dugc tién hanh theo mot trong hai cach:
1- Tinh tir dudi 1én trén co s dit liéu cua tat ca duong nudc hoac

2- Tinh theo chiéu doc tau, sir dung dir li¢u cac suon lam co so.

Z
= S/
/Q{ , X’lt_dx

a) b)
Hinh 2.9

dz

Thé tich phan chim, tinh dén mén nuée Z:
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2 = jOZAWu).dZ

trong d6 V- thé tich phan chim, Ay(z) - dién tich dwdng nudc.
Str dung ti 16 Bonjean khi tinh thé tich phan chim:
Li2

N2 = j S(x).dx

trong d6 S(x) dién tich suon, tinh dén mén nuée Z, doc tir biéu d6 Bonjean.
Momen thé tich phan chim so véi mat phang qua day tau:
zZ
MXOY = .[0 Aw(Z)ZdZ
Momen thé tich phdn chim so v6i mat giita tau:
L/2
My, = .[ Sx).xdx
Toa do tam néi phan chim:

Chiéu cao tim ndi, ky hiéu KB hodc Zg:

IOZ Apyl2).zdz _ Myoy(2
[[afnas V2

Hoanh do tam ndi, ky hiéu LCB hodc X3:

KB=Zy=

I S(x).xdx MYOZ(Z)
IO S(x).dx n2)

LCB= Xp=

Cic dwong cong tinh noi

Két qua tinh cac déc trung hinh hoc vo tau dugc tp hop trong mét bang v chung mang tén goi
cdc duwong cong tinh noi ciia tau. Thuat ngit chuyén nganh dé chi @6 thi dang nay khong giong nhau
& nhiéu nude, trong d6 c6 nude ta. Mot nude ¢o nén cong nghiép dong tau phat trién, c6 anh hudng
l6n den sach vo cua Viét nam goi déy la cac duong cong yéu t6 dudng hinh. Trong tai liéu chinh thire
ctia to chirchang hai qudc té IMO, ho dudng cong ndy mang tén goi bang tiéng Anh hydrostatic
curves, cO nghia cac dwong thuy tinh cta tau.

Cac duong cong bat budc c6 mit trong dd thi nay:

1. Thé tich phan chim V hodc V.

2. Lugng chiém nudc A = ¥V hodc ky hiéu cach khac D = y.

3. Hoanh d¢ tam noi LCB.

4. Chiéu cao tam nghiéng KM tinh theo cong thirc: KM= KB+ BM = KB+ I;
5. Hoanh d¢ tdm duong nuéc LCF

6. Momen lam nghiéng doc tau 1 cm, ky hi¢u Mg, hoac MTecm: MTem = yl—z
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7. Chiéu cao tAm ndi KB

8. Chiéu cao tim nghiéng doc: KM, = KB+ BM; = KB+

9. Cac hé sb day (béo) than tau.

T, [m]
3.00

1,

CB CP Cw CM

SRV

A

/
w | N\ R
s UL RN AT
w LA R/ Y
VAN

D,7 8 D9 1

N
N
N
-

Xf| XB [(m) S

0,
CP, gB, CW, CM

Hinh 2.10 Cac dwong thuy tinh

50 v
a5 PV
v
ﬁi . o ban
N s I
XVl wsag [0
Y o i N s X
Xy asWARY A7 = N T 2 i
X \ I '/ oA / \i—;f:? o5a| | { //_/ / Y
>§<I:: 1 w3 ,I // : / ; 1/ L [T 57 (L ‘I ws v
I35 | i / / / 15 / l 1,5 v
Xl f S )
X 130 l/ l | | ,/ | / s |l | .'I I 1of
Xy w2 ] i I T - g QF I I I [ w2 I
viil 2544 [/ [/ ) iy / / wits]
Vit bo [ 1/ i/ / / b
vl POows i 7 —— Wi
v swie / = W1/2
g yrowo P 6 § 87 9 97 100
i 4
1 s L/ﬁ'/é
o : WA 1% L,p,=52.50,8=8,74,T = 3,63

Hinh 2.11P6 thi Bonjean
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2.1.4 TINH CAC PUONG THUY TINH TREN MAY CA NHAN

Céc dai lugng hinh hoc trinh bay trén dugc chia 1am ba nhoém khéac nhau luc tinh.
(1) TinhN dién tich, momen tinh, momen quén tinh, h¢ ) déy duong nudc, momen chui don vi vv...
trong moi duong nuoc.
(2) Tinh dién tich phan chim cac suon, momen tinh so véi ddy, so voi mit gitta tau cho mdi suon,
thuc hién trong mat suon
(3) Tinh thé tich phan chim va cac dai luong lién quan dén thé tich.

Cac phép tich phan dugc phén vao hai dang, tich phan gi6i han xac dinh doc chidu dai tAu va
tich phan gidi han trén thay doi thuy thugoc mén nudce tinh toan.

Chuan bi dit liéu.

1/ Chon sb suon tinh toan, sb duong nudc can thiét khi tinh,

2/ V1 tri cac suon tinh todn ghi trong h¢ toa do tuong ddi, don vi tinh dL =Lpp/(10 hoac 20),

vi du:
Béng 2.4
Thu tu 1 2 3 NS-1 | NS
Vi tri suon #O | #L | #1 | #H1Y% | #2 #19% | 20
3/ Vi tri cac duong nudc theo don vi tinh dT, vi du:
Bang 2.5
Thu tu 1 2 3 NW
Vi tri dudng nudc | 0 Y2 1
4/ Toa d¢ vom dudi so v&i tru 1ai, ghi lai dudi dang bang
Bang 2.6
Thu tu 1 2 3 NW+1

Toa d0 vom duoi

5/ Chiéu dai that cua tat ca dudng nudce tinh toan,
6/ Chiéu cao cia tit ca cac suon tinh toan,
7/ Toa do vo tau, xac dinh tai tat ca cac suon tinh toan, qua tat ca dudng nude tinh toan. Toa
dovo tau (gia tri Y2 chiéu rong tau) ghi dudi dang ma trédn nhu vi du sau:
Béang 2.8

Thtr ty dudong nude 0 172 1 NW | Boong
Suon

#0

#Y

# suon cuoil

Thu tu ghi dir liéu nhu minh hoa trén hinh trén day.
Chuong trinh tinh thyuc hién cac phép tinh theo thir tu sau:
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Tich phan trong mat dwong nuoc thir j, j =1,2,..., NW

Dién tich: Aw= 2 L vdx (a)
Tam duong nudc:
I x.y.dx
LCF = £ (b)
J-L vdx
Momen quan tinh doc, qua truc trung hoa:
IL = 2.[ x2.ydx - a’ Ay (©)
L
Momen quan tinh ngang:
It 3 L y.dx (d)

Momen chui tau 1 m.
MTRIM = IL / L (e)
Tich phan trong mat swon thw i, i=1,2,.., NS

Dién tich phan chim:

Z
S(z) =2 j y.dz 63)
0
Momen tinh so voi day:
M;g(z) =2 J%y.z.dz (gl)
0
Momen tinh so voi mdt gitta tau:
V4
Mo(z) = 2 Jx.y.dz (g2)
0
Tich phdn theo thé tich phan chim tir 0 dén Z:
Thé tich phan chim:
V(z)= j.AW(Z)dZ (h)
0
Chiéu cao tim noi:
.Z[Aw(z).z.dz
KB(z) = OT (1)

Hoanh do tam noi:
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TAW(Z).G(Z).CI’Z

0

LCB(z) = Vo) (k)
Ban kinh tam nghiéng ngang:

BM=1It/V D
Ban kinh tam nghiéng doc:

BM, =1./V (m)
Cdc hé s6 day:

Cw=Aw(z)/L.B (n)

Cm =So0(2)/T.B ()

Cg =V/LB.T (9

Cp =Cp/ Cu ()

Cv =Cp/Cw

Nhu di chuan bj tai phan dau chuong nay, cac phuong phap tich phan sé duoc sir dung dé thuc

hién cac phép tinh trong so dd.

Theo cach lam vira néu, cac phép tich phan thuc hién trong mdi duong nudc thude dang sau:

= [ rear.

Trong d6 A vi tri du6i tau thuoc duong nudc, do tai mat ddi xung doc gitra tau, B 1a vi tri 16
miii tau, do tai dudng nudc tinh toan, trong mat doi ximg doc. Vi tri cua A va B thay doi tir duong
nuodc to1 duong nudc trén cac tau thong dung.

Céac phép tinh thuc hién tai mdi sudn tau thudc dang:

I(z) = j f(2)dz, trong d6 z bién miéu ta chiéu chim, tinh dén dudng nudce. Tich phan dang

nay can thyc hién theo chwong trinh. Mt trong nhimg ham viét bang ngén ngir C, gidi tich phan dang
vira néu dugc trinh bay tai phan dau chuong.
2.1.5 Biéu d6 mang tén Firsov

Tén goi ndy chi thinh hanh tai dat nudc di sinh ra nha khoa hoc tau thuy dang ne nay. Trong
sach bao clia nudc ta tén goi biéu do Firsov dugc cong nhan mét cach chinh thue, gidng nhu duoc
go1 & Nga vay. Tén goi nay khong mAy khi xudt hién trén sach chuyén moén cac nudc ngoai Nga.
Bleu d6 Firsov gitp cho nguoi doc tim dugc thé tich phan chim hodc lugng chiém nuéc, toa do tim
n6i phan chim cho cic trang thai nghiéng doc tau. Néi theo cach dé hiéu hon, khi doc dugce chiéu
chim tau tai miii va lai cda tau, ngudi doc str dung biéu d6 Firsov dé tim gia tri thuc cua lugng chiém
nudce D, cao d6 tim n6i KB va hoanh do tim ndi XB cia tau trong trang thai éy.
Biéu db Firsov trinh bay quan hé giita thé tich phan chim hodc lwong chiém nuéc, toa do tim ndi
phﬁn chim cho céc trang thai nghiéng doc tau. Khi doc duogc chiéu chim tau tai mi va 14i caa tau, tur
biéu dd Firsov tim gia tri thuc cua luong chiém nuéc D, cao d6 tdm ndi KB va hoanh dd tam ndi
LCB cuia tau trong trang thai dy.
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Thu tuc 1ap biéu dd Firsov theo thir tu sau:
1) Xac dinh mén nudce lai 7; va mon nudc miii 7,
2) Xac lap duong nudce qua hai vi tri trén

3) Sir dung biéu dd Bonjean tinh thé tich phan chim va toa d6 tim ndi theo cac cong thirc:

: S/

[m] \\\\ N

2,2 AN

N

77
/
N
\\

o9

==

2,0

/
RN
S

XA - -
o Seeiett)
1,6 }’\7/) P<s 7

NN //’
\ K///,

\\‘)o \\\

Bl

\%;i{;‘\o/

D¢

\\\ < AN J
. OQ

% —

o

=SS

%

O N 0
N NS
\ A
\0
1,0
1,0 1,2 1,4 1,6 1,8 2,0 2,2 2,4 2,6 2,8 d,(m)

Hinh2.13 Biéu dé Firsov tau vin tai
Theé tich phan chim cua tau:

L
V= J- a(x)dx
0
Momen thé tich phan chim so véi day:
L
0

Momen thé tich phan chim so v&1 mét cat ngang gitra tau:
L2
M, = I xa(x)dx
_LI2
Chiéu cao tdm noi, so v&1 mat day:

L
.[m(X)dX
0

I
J. a(x)dx
0

KB= =

Hoanh d6 tdm ndi, tinh tir mit cit ngang giira tau:
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+L/2
J. xa(x)dx

LCB= M® _=Li2
L

.[ a(x)dx
0

2.2 ONPINH TAU
Cong viéc lién quan tinh toan 6n dinh tau bao gdm:
(a)  Tinh céac dai luong dic trung 6n dinh ban dau.
(b) Tinh ho dudng cross curves (pantokaren).
(c)  Xac lap dd thi 6n dinh tinh, 6n dinh dong.
(d) Kiém tra tinh 6n dinh tau theo tiéu chuin 6n dinh.

2.2.1 On dinh ban dau

Hinh2.14 On dinh ban dau

Tau nghiéng & goc nho, khoang cach BB' xé4c dinh nhu sau:

_vxh
\

trong d6 v — thé tich ném tam giac; V - thé tich phan chim théan tau.

BB’

Momen phuc hoi:
Mp]] =AXx G_Z

trong d6 GZ - doan thiang ndi tir trong tam tau G d&én duong tac dong luc ndi tai thoi diém xem xét, qua
diem B’.

GZ = GMsin [0)
GM 1 chiéu cao tim nghiéng, M — tim nghiéng.

GZ goi 14 tay don on dinh.

Ban kinh nghiéng ngang: BMr=-—=
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Ban kinh nghiéng doc: BMy = I_IL/

Chiéu cao cua diém M so v&i mdt chuan qua day:

KM = KB+ BM hoic KM = KB + BM
Chiéu cao tAm nghiéng ngang ban dau:

GM = KM - KG hoic GM = KB + BM - KG
trong d6 KG - chiéu cao trong tim so v6i mat chuan qua day tau.
Tam ndi B di chuyén trén cung gin cung tron, ban kinh »= BM , tAm tai M.

GM = KB+ BM - KG= BM-(KG—- KB =r-a
trong d6 a = KG- KB.

GZ = (r-a) sinp = rsing - asing

I
W é L
w L o)
g | =
s T ¢ @
X
©
S4B v
m
'

Hinh 2.15 Tay don on dinh tau GZ va Hinh 2.16
chiéu cao tam nghiéeng GM

2.2.2 On dinh tai géc nghiéng 16n

Tir d6 thi miéu ta qui dao tim 6n dinh M va tdm ndi B trong qu4 trinh tau nghiéng c6 thé thiy
10, tau nghiéng dén goc du lon, khoang tu 10 -15° tro 16n, tim M khong con nam trén truc doi xung,
con B di chuyén khong phai trén cung gan tron nhu ban dau ma theo duong cong khong thanh luét.
Do tang tay don momen ngau lyc gitta lyc ndi va trong luc khong con tuyén tinh v6i goc nghiéng ma
sang haq giai doan phi tuyén. Tai cac goc nghiéng 16n ban kinh 6 6n dinh theo nghia 1a khoang cach
theo chiéu dimg gitra B°M’, trong do B’, M’ 1a vi tri nhat thoi Gmg v61 goc nghiéng dang xét, tinh
theo ti I¢ gita momen quén tinh dudng nudc nghiéng va thé tich phan chim tau.

BM=1,/V

Toa d¢ tm ndi B doi dén vi tri méi:

Y= TBM((p) cospdg

| BM(p)sin gy
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Khoéng cach GM,, khi tau nghiéng tinh theo cong thirc da trinh bay tai phan trén:
GM, = di GZ =-Ysing + (Z - KB) cosp- a.cos
@

Momen én dinh tinh: Ax GZ = Ax (EB— ﬁ’)
Tur quan h¢: vx hh'=V x BR c6 thé tinh:

Br=V"I Br_BGsing

Momen 6n dinh tinh tinh theo céng thirc:

vx A — ]

— BGsing

-

Hinh 2.17 Xdc dinh tay don on dinh tai géc nghiéng lom
Cong thtre tinh tay don 6n dinh:

GZ= BR- BT= BR— BGsin ¢
Ho dudong BR= £(V,¢) goi chung 13 cross curves hoic pantokaren.

bd thi tay don on dinh tinh GZ = f(p) c6 dang:
GZ
0,8} (m)
0,6
0,4
0,2
2 (o)

0 1|0 210 éo 4IO E;O éo \io 810
Hinh 2.18 Tay don én dinh tinh GZ = f(¢)

Momen phuc hdi 12 tich s6 ctia lugng chiém nudc D véi tay don GZ:
Mph =D. GZ
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2.2.3 Db thj on dinh

Do thi 6 on dinh duogc hiéu 1a duong momen ngau luc phu thudc vao goc nghiéng tau. Momen
nay 1a tich sd cua tay don GZ, bién thién theo goc nghiéng tau va luong chiém nudc, co gla tri
khong ddi cho mot trang thai khai thac. Do vay, dd thi tay don GZ = f(¢) cling dugc coi la dd thi
on dinh. Trong céc phﬁn tiép theo cua tai liéu khai niém dd thi 6n dinh dugc dung cho ca hai dd thi
vira néu.

Momen ngﬁu luc vira néu dugc goi 1a momen phuc hoi.

M3i d6 thi 6n dinh c6 thé théy 1 ba doan. Poan dau, phu thudc vao chiéu cao tim 6n dinh
ban diu, GM véi gia tri duong, dd thi s& ting truong nhanh hodc chadm tuy thudc vao do 16n GM .
Mién tang truong két thic tai vi tri cuc tri GZpa, Ung v6i gbc @, Trong doan tiép theo duong cong
van mang gia tri duong song theo xu huéng giam dan. Giai doan nay két thic tai goc laén oy, tai day
GZ tr¢ lai gia tri 0. Poan tiép theo GZ < 0.

Trén d6 thi 6n dinh c6 thé biéu dién d6 déc duong on dinh dudi dang tiép tuyén voi do thi 6n
dinh, xuét phét cta tiép tuyén tir gbc toa do. Chiéu cao tim 6n dinh ban dau doc trén dudng tiép
tuyén tai vi tri ¢ = 57,3

Gia trj 16n nhét tay don 6n dinh GZ,... Goc ing véi tay don 16n nhat @,,. Goc 1an ¢y

GZ

4 (m)
0‘8_GZ|TI6X
0,6
0,4]
0,2] GM

| | ) _|_|_£(0)
0 10 20 30 40 50 60\ 70 80
573

Hinh 2.19 Tay don 6n dinh tinh

2.3 THUAT TOAN XAC LAP HQ PUONG CROSS CURVES (PANTOKAREN)
bé xé4c dinh toa d6 tAm ndi B’ cho gdc nghiéng bat ky, xét trong hé toa do chung toan tau, tién
hanh cach roi rac hoa bai toan theo cac budc sau.

1/ Phén chia toan by chiéu dai tau thanh nhiing phén doan, c6 chiéu dai phan doan ng:Zin hon
nhiéu lan chi€u dai tau. Chi€u dai cac phan doan khong nhat thi€t bang nhau. Mo6i phan doan rat ngan
kiéu nay duoc coi nhu mot khoi tru dai ding bang chi€u dai phan doan, mat cat ngang cua lang tru
ding nhu mat cat ngang gitra lang tru.

2/ Trong m(:zi phan doan tién hanh tinh thé tich phan chim, tdm ndi phan chim so véi day, so
véi mdt ngang chuan, cu thé so véi mat cat ngang gitra tau.
Thuét toan tinh thé tich va momen tinh ling tru.
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Hinh 2.20

Tai moi mit sudn tién hanh ké nhiéu duong nudc nghiéng dudi goc ¢ so voi mit ddy, cat suon tau.
Tai moi chiéu chim Z, tinh trén truc OZ, ké dudng nudc song song voi mat thoang nude tinh. Xac
dinh céc gia tri bd trg a,b,c theo cong thirc:

a:é—t (a)
b=%(y+ a) (b)
c=y—a (©)

trong do: y - ntra chiéu rong tau, do tai mén nudc z, tai suon dang xét; ¢ - khoang cach tr giao diém mat
duong nude nghiéng tai day dén mat cat doc gitra tau.

Dién tich mit suon, phdn nim duéi duong nude nghiéng:
T
A= [ dDdz (d)
Momen tinh so vo1 mat day:
T
My = d2).2dz ©)

Momen tinh so véi mat cat ngang gitra tau:

M= d2).H2)dz )

3- Tinh thé tich phf?ln chim tau va toa do tdm ndi cta phf?ln chim tau, nam dudi mot dudng nudc
nghiéng, khi da xac dinh A(x), Mp(x), Mc(x).

Thé tich phan chim:
— M (ndx __ My(x)dx
V= I Alxdx; RB= —J.L ; = —J.L ()
7 I A(x)dx J A(xdx
L L
Tay don hinh dang Ly , hinh 2.20 tinh theo cong thtrc:
L, :ﬁsin¢:§sm¢+ﬁcos¢ (h)
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Moi gid tri c(z) do trén ban vé phai 1a nhiing gié tri that, c6 nghia c¢(z) > 0. Nhiing truong hop thuong
gap khi doc ¢(z) va cach hi¢u chinh nhu sau:

Néu ¢ > 2y gia trj that cia c =2y; b=0

Néuc < 0thi: c=0vab=0;

Az /C<O

\ e,

% C <=2y
é C =2y
/ | C>2y

= z -y

/ K

. Hinh 2.21 Nhitng truong hop thuwong gap khi xdc dinh c

So d6 tinh dugc gidi thiu tai hinh 2.22.
| Poc di lieu toan tau |

!

| Poctoadovétau |

|
Y

| Tinh a,b,c |

Sai l -
H&t dudng nuSc? Budng

|

Y
|T|’nh A(x), MB(x), M(x)|

Sai

H&t dudng nudc? >£9—|
]
| Tinh v,RB,SB.KN |
Sai l .
H&t dudng nudc? >MI
. v
Sa .
—< Hé&t cac géc nghiéng? Ban
¥
| In k&t qua |
Hinh 2.22

X4y dung ho dwdng cross curves tau nhiéu thin
Ho dudng cross curves Lx = f(V, ¢) 1ap cho truong hop V;; i = 1,2,... v6i goc nghiéng ¢ (hodc con ky
hiéu [1) thay doi tir 0 dén goc bat ky, vi du dén 90°.
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Tay don hinh dang Lg duoc do tir diém K giao diém cua mat cat doc gitra tau véi dudng co ban nam
ngang, dén hudng tdc dong luc qua tdm no1 B’ cua phan chim tau trong thoi diém tinh todn, ing véi
gdc nghiéng cho trude (H.2.23). DBiém K c¢6 dinh trong moi truong hop tinh toan.

z} cl+d

\
| 77,

W

Hinh 2.23
Tai mdi mit sudn tién hanh ké nhiéu dudng nudc nghiéng dudi goc @ so véi mat day, cit suon tau.
Tai moi chiéu chim Z, tinh trén truc OZ, ké dudong nudc song song vdi mat thoang nude tinh. Xac
dinh céac a, b, c theo cong thurc trinh bay tai (a), (b), (¢) cho tau mdt than.

Nhém cong thirc ndy ap dung cho “tau 40” nam phia trong cta tau hai than, giap tinh “tay don 40”.
Céc dai lugng nhan dugc sau khi tinh dugc ky hi€ua’, b, ¢’.

Dién tich mit suon, phan nam dudi dudng nudc nghiéng:
T
Ax) = jo d2dz
Momen tinh so vo1 mat day:
Mag(x) = IOTC(Z).Z.dZ
Momen tinh so v6i mat cit ngang gitta tau:
Me()= [ d2).6Adz

Tinh thé tich phan chim tau va toa d6 tim ndi ctia phan chim tau, ndm dudi mot duong nude nghiéng,
khi da xac dinh A(x), Mp(x), Mc(x).

Tay don hinh dang L tinh theo cong thuc:
L, = ﬁ\fsinglﬁ = S_Bsin¢ +Ecos¢

CROSS CURVES

Phi 10.00 20.00 30.00
volume lever volume lever volume lever
(m3) (m) m3) (m) m3) (W)
225.207 0.492 238.849 0.807 243.231 1.070
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196.814 0.541 219.026 0.896 220.268 1.193
165.752 0.561 195.195 0.989 192.002 1.342
135.570 0.589 168.254 1.078 159.623 1.503
106.524 0.627 139.006 1.155 124 .880 1.655
79.444 0.687 109.489 1.222 89.778 1.760
54_.515 0.775 82.233 1.306 57.490 1.833
33.650 0.916 58.244 1.386 30.868 1.958
16.712 1.016 37.892 1.477 12.127 2.211
3.845 1.163 21.191 1.618 2.291 2.475
VN 272.135 0.322 256.417 0.716 224 .447 1.171
Phi 70.00 80.00 90.00
volume lever volume lever volume lever
(m3) (m) (m3) (W) (m3) (m
238.902 1.756 235.783 1.795 232.471 1.769
216.962 1.815 212.260 1.824 208.762 1.763
193.416 1.880 187.070 1.859 183.360 1.764
168.553 1.950 160.436 1.902 156.440 1.775
142 .483 2.029 132.384 1.961 128.462 1.802
115.358 2.123 103.897 2.036 101.062 1.835
88.216 2.234 76.790 2.112 75.185 1.867
62.260 2.335 51.201 2.180 50.825 1.903
37.789 2.395 27 .441 2.205 28.083 1.936
16.913 2.361 7.630 2.132 8.362 2.022
VN 100.745 2.182 79.235 2.105 60.994 1.889

D6 thi pantokaren (Cross Curves) c¢6 dang.

12
Li(m)
o ~ Y gﬂdggnc%r;%Cross Curves
N
\\\\\\:F\:\\
\
IENEANN
L 60N
\\\ \\\\\ 5
NN
) ASNES
R0
™~ L 30
N
20
2 10
V(cm’)

Hinh 2.24 Cross Curves (Pantokaren)

Dung d6 thi 6n dinh trén co sé pantokaren
Db thi 6n dinh dugc dung duéi dang duong GZ = f(¢); Momen 6n dinh dung dudi dang momen

phuc héi bang tich s6 cua GZ(¢) voi lugng chiém nude D = const.
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GZ =Lk - KG sing

Uting voi mdi trudng hop V = D/y = const, tir 6 thi pantokaren d& dang do dugc Lk, tinh
theo goc nghiéng, vi du 10°, 20°, 30°,...

Thay gié tri Lk vira do dugc vao biéu thirc cudi cing ching ta xac 1ap dugc diy gia tri GZ,,
tinh cho @ = 10°, 20°, 30°,...

L [m] —_—
—————_ 50

Lk47I J

V = const

GZ [m] . o o
L20 — KGsin(20) L40 — KGsin(40")

10 20 30 40 50 \%@(o)

Hinh 2.25 Xay dung do thi 6n dinh tinh
2.4 GIOI THIEU CHUONG TRINH TiNH TiNH NOI TAU
Qui wéc ddnh s6 swon, dwong niede.

+ Suon #0 qua try 1ai, suon thr 10 ( hodc swon 20) qua try mii

+ WL 0 bt dau tir duong co ban, cac WL tiép theo 1én cao dan.

+ Khoang cach vom 14i, 14y gia tri + néu nam trudc tru lai

Chudn bi di liéu:

+ NS- téng s6 suon tinh toan

+ NW- tong s6 duong nude tinh toan. Mit boong tau dugc coi 1a duong sé NW+1

+ S6 tho tu cac duong nuée, sb thwe, vi dw:0, 0.5, 075, 1, 1.52, vv..
Hinh 2.32

+ 86 tht ty duong nudc, s6 thuc, vi du: 0, 0.5, 1, 1.5, 2 vv...

+ Chiéu dai that cac duong nude vira dang ky

+ Toa dd vom dudi,tinh cho cac duong nude vira dang ky, diu theo H.4.
+ Chiéu cao H, cho tit ca sudn tinh toan.

+ Toa dd vo tau, léy 1/2 chiéu rong tau. Thi tu doc: bat du tir suon dau tién, vi du #0; trong
moi suon doc gia tri y cua dudong nude dau tién, vi du WLO0, dén duong nudc cudi cung la NW+I (
mép boong).

Swr dung chwong trinh
Nhap dir liéu

ten tau:  tén goi cua tau
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Tong so suon: 6 swon tinh todn
So duong nuoc: 6 dwong nuede tinh todn
Chieu dai Lpp:  chiéu dai giita hai tru, m
Khoang suon dL: khodng swon 1y thuyét, m
Khoang duong nuoc dT: khodng dwong nudc,m
~ Nhap so thu tu ( s6 sudn) phai tinh: nhdp dii s6 chi vi tri swon. Cac gia tri cach nhau khoang
trong.
~ Nhap chieu cao ( s6 sudn): toan bd chiéu cao cia cdc swon. Céc gia tri cach nhau khoang
trong.
Nhap so thu tu (s duong nuéce): s6 thir tw ciia WL, tir duwedi Ién boong
Chieu dai that ( s dwong nuéc):  gid tri chiéu dai thét cac dwong nudc, m. Céc gia tri cach
nhau khoang trong.
Khoang cach vom lai den truc sau ( s6 duong nuéc): Khodng cdch cing gid tri (+), (-) nhu hinh
4 trén.
Toa do vo tau:  Toa dé vé tau (% chiéu réng)nhap theo huéng dan ghi tai man hinh ddi
thoai.

Toa do diem vao nuoc: Tog do diém dé nwoc tran vao tau, gia tri y va z, do bang m

Ghi cht: Piém chon ¢6 thé nhu hinh bén canh hoic tai mép boong.
Cac file chira dir ligu:

H.DAT - dir liéu dau vao, nhap tir ban phim. Goi va stra bang trinh EDIT ctia DOS.

H.OUT - dit li¢u daura

STAB.OUT - Bang tinh bang s tay don 6n diph tinh va 6n dinh dong, tinh bang <m>, cach
nhau 10° mdt lan tinh. Gia tri trong bang twong ing do thi dugc hién trén man hinh.

Céc file sau day chura gia tri trung gian

FIRSOV.OUT - biéu db Firsov

CROSS.dat - gi4 tri pantokaren

BON.dat gia tri biéu d6 Bonjean dung khi v& do thi.

Gia tri tinh toan va ky hi¢u trén céc dd thi co nghia nhu sau:
KB- chiéu cao tAm ndi
BM- bén kinh 6n tim
GM - chiéu cao tdm 6n dinh
Tay don trong do thi pantokaren duoc xac dinh nhu trén hinh bén. Lk 1a khoang cach tir K dén
duong vudng goc véi duong nudc nghiéng, di qua tdm noi phan chim - diém B’.
Chuong trinh viét bang ngoén ngit C.
Dudi ddy s& trinh bay noi dung chuong trinh tinh bang ngén ngir C.
1/ IntegrationV() - tinh tich phan c6 gioi han trén thay d6i 1(z) = [ f(z)dz
2/ Integ() - tich phan gi6i han dudi tir a dén gidi han trén b: I = [f(x)dx
3/ Lag() - Noi suy (ngoai suy) Lagrange
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4/ Inputfiles - ghi dir liéu vao file H.dat

5/ Crossfiles - ghi dir li€u trung gian vao file cross.dat

6/ FirsoffDiagram - ghi gia trj tinh biéu dd Firsov ra file firsoff.out
7/ BonjeanGr - biéu d6 Bonjean

8/ CrossCurveGr - db thi pantokaren

9/ StabilityCurvesGr - do thi 6n dinh tinh va dong

10/ Stability - On dinh tau.

Trich doan chuong trinh bang ngén ngit C c¢6 dang nhu sau.

/* Program HydrostaticCurves; */
#include <stdio.h>

#include <conio.h>

#include <io.h>

#include <math.h>

#include <stdlib.h>

#include <ctype.h>

#include <time.h>

#include <graphics.h>

#define sqr(A) (A) * (A)

char ship[20];

int Nwplusl, Nw, Ns,Index, Midship ;

int MaxX, MaxY, MaxColors;

float Lpp, dt, dl1, yfa, zfa, Cend, Afj, Haftl, Breadth, BxL, d;
float Phi, SinPhi, CosPhi, TangPhi, db, dz, an, bn, cn;
float yyl[9]1[2];

float aux[100];

float **y, **sa, **sm;

float *WL, *Wa, *dis, *VOL, *xb, *KB, *BML, *CW, *CB, *CM, *CP;
float *ILc, *It, *BMt, *Af, *Low, *St, *H, *xl1, *xa, *zz;
float *bb, *cc, *ff, *z, *Aw, *amm, *am, *displa, *trim;

FILE *inf, *outf, *cross, *bon ;

void StabilityCurvesGr ()
{
char buffer[20];
int k, j;
int Nn,x0,y0,x1,yl,x2,y2,y01,y10,ErrorCode,graphdriver,GraphMode ;
int pO0,KK ;
float vmax,lmax,c4, p,p3,p2,p03 ;

graphdriver = DETECT;

initgraph (&graphdriver, &GraphMode, "..\\BGI");
ErrorCode = graphresult();
if ( ErrorCode '= 0 ) {
fprintf (stderr, "%$s" ,grapherrormsg (ErrorCode)) ;
exit(1l);
}
MaxY getmaxy () ;
MaxX = getmaxx();
MaxColors = getmaxcolor() + 1;

vmax =0; 1lmax =0;

for (j =1 ; j < 9; j++) |
if ( cc[j] > 1lmax) 1lmax = cc[j];
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if (CB[j] > vmax ) vmax = CB[]j];
}
if (1lmax < vmax ) lmax = vmax;
cd= cc[3]; if (c4 < cc[2] ) c4= cc[2];
if (c4 <= 0.0 ) c4 = lmax;
KK= (int) (lmax/c4 +0.5);
if (KK <= 1) KK=2;
p2= c4/2.0;
KK= (KK+1)*2;
y0= MaxY -20;
yl= y0 / KK;
x0= MaxX-10;
x1l = x0 / 12;
cleardevice () ;
settextstyle(0,0,1);
for (J =1 ;3 <= RKK+1;j++) {
k= KK-2-3j;
p=(k*p2) *1000.0;
sprintf (buffer,"%8.0£f",p) ;
outtextxy (0, j*yl, buffer);
line(0,yl1*j,x0,y1*3);
}

settextstyle(0,1,1);
outtextxy(10,10,"Lst & Ld [mm]") ;
for (J =0 ; j <= 12;j++) {
sprintf (buffer,"%$2d", (j-3)*10 );
pO0=3j*x1;
outtextxy (p0, (KK-2)*yl, buffer);
line(p0,0,p0,y0);
}
setlinestyle (SOLID_LINE,O,NORM WIDTH) ;
yO1= (KK-2) *yl;
p3 = (y0-y01)/c4;
for (j=0 ; j <= 11; j++) {
if (3 < 3) {
k= 3-3;
p= -ccl[k]; p03= CB[k]; vmax= -cc[k-1]; p2= CB[k-1];
}
else
{
k= j-3;
p= ccl[k]; p03= CB[k]; wvmax= ccl[k+l]; p2= CB[k+1l];
}
yl0= y0l- (int) (p3*p);
y2= y01- (int) (vmax*p3);
if ( y10 < 0 ) y10 = O;
if (y2 < 0 ) y2=0;
if ( y10 > y0) y10=yO0;
if (y2 > y0 ) y2=y0;
line (j*x1,y10, (j+1) *x1,y2) ;
y1l0= y01- (int) (p3*p03);
y2= y0l1 - (int) (p3* p2);
if ( y10 < 0 ) yl1l0 = 0;
if (y2 < 0 ) y2=0;
if ( y10 > y0) y1l0=yO0;
if (y2 > y0 ) y2=y0;
line (j*x1,y10,x1*(j+1) ,y2);

73



/*

delay (100) ;
}
getch() ;
closegraph() ;
}
void Stability()
{
int n,km, i, j, k ;
int KK;

printf ("\nNumber of States N = "
CB = calloc( 10, sizeof( float
Wa = calloc( n, sizeof( float

cc = calloc( 10, sizeof( float

xb
xa

calloc (10, sizeof( float

)

)

dis = calloc( n, sizeof( float )
)

)

calloc (10, sizeof( float )

) ;
);
)
)
)
);
);

scanf ("%d", &n);

sa = dim2(9, 11); sm = dim2(9, 11);
printf ("\nNhap %d gia tri cua Vol: ", n);

for (i =0 ; i < n ; i++)

printf ("\nNhap %d gia tri cua
for (1 =0; i < n; i++) scanf( "%

for (km =0 ; km < 10;

scanf ("$£f", &dis[i]);
Zg: ",n);
£", &Wal[i])
km++) xal[km]= km * 0.1745329;

printf ("\n\tO N D I N H\n");

cross = fopen("a:\\cross.dat", "r");

fscanf (cross,"%$s\n",

ship) ;

for (k=0 ; k < 9; k++) {

for (3=0 ; j < 11; j++)

fscanf (cross,"\n")

;o*/

for (j=0 ;j < 11; j++) £fscanf(cross,"$f",

fscanf (cross,"\n"

}

fclose (cross) ;

)y: */

for (i =0; i < n; i++) {

bn = dis[i]; cn =
xb[0]=0.0;
for (k =1 ; k < 10
if (bn> sal[k-1][0]
else
{
KK=-1; do {

KK++; }

while ( bn <= s
db=(-sa[k-1] [KK-1

}

Wali];

; kt++)

) xb[k] =sm[k-1][0];

a[k-1] [KK]

) ;

fscanf (cross,"%$f" ,&salk] [j] )~

&sm[k] [3] )’

] +bn); dz =(- sm[k-1][KK]+sm[k-1] [KK-1]);
xb[k] = db*dz/( sa[k-1] [KK-1]- sa[k-1] [KK])+sm[k-1] [KK-1];

fprintf (stdout, "\n\tTRUONG HOP SO %d",i);
tv = %10.2f m3

fprintf (stdout, "\n\
fprintf (stdout,"\n
for (k=2 ; k <= 10
fprintf (stdout, "\n
for (k=1 ; k < 10
fprintf (stdout,"\n
cc[0]=0.0;
for (k=1 ; k < 10;
Phi=k*0.174533;
ccl[k]= xb[k] - cn

deg " );

Zg = %$6.2f m" ,bn,cn );

; k++) fprintf (stdout,"%$7d", (k-1)*10);

Lk " ),.

; k++) fprintf(stdout,"$7.2f", xb[k] );

Lst " );

k++) {

SinPhi= sin(Phi) ;

*SinPhi;

fprintf (stdout, "%$7.2f", cclk]);
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/*

}
integrationv(10,xa,cc,CB) ;
fprintf (stdout,"\n 1d " );

for (k=1 ; k < 10; k++) fprintf (stdout, "%7.2f",
StabilityCurvesGr() ;
free( dis); free( Wa ); free( xa ); free( CB );

free( *sa ); free( sa ); free( *sm); free( sm);

void main ()

{

char ch, chose, ck = 'K';
register int i,j, k, m, n;
int KK, KPl, mcolor;

float t[11];

time_t loctime;

struct tm *currtime;
textcolor ( WHITE ) ;
textbackground( BLUE ) ;
loctime = time (NULL ) ;
currtime = localtime( &loctime);
clrscr() ;

CB[k]);

free ( xb ); free( cc );

gotoxy (45,1) ; printf( "%s\n", asctime( currtime ) );

textcolor( YELLOW ) ;
textbackground( BLUE ); */

gotoxy (10,5) ;

printf ("\n\tWelcome to Hydrostatic Curves\n");

printf ("\n\n\tPrepared by Dr. Tran Cong Nghi, Nav. Arch.\n");

printf ("\n\n\tCho biet Ten tau: "); scanf("%s", ship);

printf ("\n\t\tl - NHAP DU LIEU TAU - LAN DAU \n");

printf ("\n\t\t2 - SU DUNG DU LIEU CO SAN\n");
textcolor (WHITE) ;

printf ("\n\n\t\tChon <1> hoac <2> ==>:");

ch = getche();

ch = toupper (ch) ;

if (ch == '1") {

printf ("\n\tSo suon phai tinh Ns = "); scanf("%d",
printf ("\n\tSo duong nuoc WL = "); scanf("%d",
location() ;

printf ("\n\tlpp, dL, dT ==>: "); scanf ("$£3£f%f",

&Ns) ;
&Nw) ;

&Lpp,

printf ("\n\n\tNHAP SO TT %d SUON PHAI TINH\n", Ns);

for (k=0; k < Ns ;k++) scanf("%$f", &St[k]);
printf ("\n\tNHAP CHIEU CAO %d SUON\n", Ns);
for (k=0 ; k < Ns; k++) scanf("%$f", &H[k]):;
printf ("\n\tNHAP SO TT %d DUONG NUOC\n", Nw);
for (j=0; j < Nw; j++) scanf("$f", &WL[]])

printf ("\n\tCHIEU DAI THAT %d DUONG NUOC\n", Nw);

for (j=0; j < Nw ; j++) scanf("%$f", &Low[j]);

&dl,

&dt) ;

printf ("\n\tKHOANG CACH VOM LAI DEN TRU SAU %d DG NUOC\n", Nw);

for (j=0; j < Nw; j++) scanf("$f", &Af[]j]):
textcolor( 3 );

clrscr () ;

gotoxy (10,1) ; printf ("\n\t\t\tTOA DO VO TAU\n");

printf ("\n\tBAT DAU DOC TU SUON %5.2f DEN SUON %5.2f ",St[0],St[Ns-1]);
printf ("\nTai moi suon NHAP %d gia tri 0,5B tu day len\n", Nwplusl);

for (k=0 ; k < Ns; k++) {

printf ("\nfor Section no %d = Sation St[%5.2f]\n", k, St[k]):

75



for
for
for
for
for
for
for

for (j=0; j < Nwplusl;

}

j++) scanf ("$£", &ylkIl[3] )

printf ("\n\tGoc vao nuoc = Flood Angle ==>: "); scanf ("3%f
Inputfiles();

}

if ( ch ==
inf= fopen("a

I2l ) {
:\\H.dat", "r");

fscanf (inf,"%s", ship);
fscanf (inf, "\n%d%d", &Ns, &Nw) ;
location() ;
fscanf (inf,

(7 =0 ; j < Nw; j++)

"\n%$f3£f3f\n", &Lpp, &dt
(k=0; k < Ns; k++) fscanf(inf,"S$f"
(k=0; k < Ns; k++) fscanf(inf,"S$£"

(j=0 ; j < Nw; j++) fscanf (inf, "S$£f"
( =0 ; j < Nw; j++) fscanf(inf, "%£f
(k=0; k < Ns; k++) {

(3 =0 ; J<Nw+ 1; j++)

fscanf (inf, "\n");

}

fscanf (inf, "%£%£f", &yfa, &zfa);
fclose (inf) ;
} /* if ch == */
textcolor ( YELLOW ) ;

clrscr () ;

gotoxy (5,20) ;
printf ("\n\tDu lieu da co san. Co tinh Khong <C/K> ?");
ck = getche();

if ( toupper( ck ) == 'C' ) {
Haftl=Lpp/2.0;

Midship =(Ns+l1l) / 2;

for (k= 0

for (j=0 ;

k=0;
do {
k++; }

}
}

’

results() ;

k < Ns; k++)

14
4

4

4
n
4

&dl) ;

$f", &yfa,

&St[k]); fscanf(inf, "\n");
&H[k] ); fscanf (inf, "\n");

fscanf (inf, "%$£f", &WL[]Jj] ), fscanf (inf,

&Low[j] ); fscanf(inf,
&Af[j]); £fscanf(inf,

fscanf (inf, "$£", &y[k][3j] ):

x1[k]=dl*St[k]-Haftl;

j < Nw; j++) z[j]=WL[j]l*dt ;
for (j=0; j < Nw; j++){
Afj = Af[]3];
Cend=Afj-Haftl;

bon = fopen("a:\\bon.dat", "w");
fprintf (bon, "%$s\n",ship) ;

k< Ns; k++) {

j < Nwplusl; j++)
fprintf (bon,"%9.2f" ,sal[k][j]); fprintf (bon,"\n");
for (j=0;j< Nwplusl; j++)
fprintf (bon,"%9.2f", sm[k][]j])

for (k=0 ;
for (3=0 ;

}

fclose (bon) ;
free( *sa);

printf("\n\t\tTINH CROSS CURVE S\n" );
sa = dim2(9,11) ; sm = dim2(9,11) ;

clrscr();

chose =

’

free (sa) ; free (*sm) ;

fprintf (bon,"\n") ;
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while ( chose != 'E' ) {
printf ("\n\n\t\tB - Ve duong Bonjean\n");
printf ("\n\t\tC - Ve Cross Curves\n");
printf ("\n\t\tS - Ve cac duong on dinh tinh va dong\n");
printf ("\n\t\tE - Exit --> Thoat khoi chuong trinh\n");
printf ("\n\n\n\t\t\Chon <B>, <C>, <S> <E> ==>: ");
chose = getche() ;
chose = toupper( chose );
switch ( chose ) {
case 'B':printf("\n Ve duong Bonjean") ;

BonjeanGr(); break;
case 'C':printf("\n Ve Cross Curves");

CrossCurvesGr () ; break;
case 'S':printf ("\nTinh on dinh");

Stability(); break;
case 'E':printf ("\nGood bye\n") ;

exit( 0 );

}

}

free(St), free(H); free(Low); free(z),; free(xl);
free (WL) ; free(Af); free(*y); free(y):;
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Chuong 3

SUC CAN VO TAU

3.1 SUC CAN VO TAU

Chuyén dong trén mit nudc, trong nude, bé mit vo tau phai tiép xtc voi méi trudng bao
quanh né: mit w6t vo tau tiép xic véi nudce, phan trén mon nude tiép xac véi khong khi, vabé mit
ndy chiu tac dong cua cac luc do moéi truong gdy ra. Chiu tac dong anh huong qua lai nay trén bé
mit vo tau xudt hién phan bd luc bé mit. Gia st vec tor luc bé mat tai mdi diém cua bé mat 1a p,,

luc bé mit trén dién tich dA duoc xac dinh 1a p,.dA. Khi coi vetor p, gdm hai hanh phan, trong
d6 thanh phan tac dong vudéng goc voi dién tich dA duoc coi nhu 4p luc phap tuyén, ky higu 5 va
thanh phan thir hai tic dong tiép tuyén voi dA, ky hiéu 7, cong thic tinh Iyc thuy dong tac dong 1én
phan tr vo tau c6 dang: p,.dA = pdA + 7.dA.

Cac thanh phan trén duoc tinh bang dudng thi nghiém hodc bang 1y thuyét dwa vao cac dinh
luat vat Iy c6 dién Newton va cong thic Bernoulli.

Truong hop tinh lyc tdc dong 1én vo tau thong dung, mi€u ta trong toa do Oxyz, voi Ox doc
tau, hudng vé miii tau, tring hudng tién cua tau, sirc can vo tau, ky hiéu R duogc hiéu nhu sau:

R=R,= [[p.cos(p,x)+7cos(z, x)}i 3.1)

Tir cong thire (3.1) ¢6 thé thay, trong thanh phan cua R ¢6 luc can phu thudc vio ap suat p goi
1a strc can ap sut (pressure resistance) va lyc can phu thuge vao t, goi 1a strc can ma sat (friction
resistance). Moi thanh phan chinh trén diy duoc coi 1a tap hop cia nhimg thanh phan nhat dinh.
Trong strc can 4p sudt stc can tao song voi tau chay nhanh 1a thanh phan chu yéu, con véi tau chay
chadm tham gia vao day chu yeu lai 1a stc can do tinh chit nhét cua nude. Stre can vi di tao song
clia tau co thé coi 1a sirc can tao song do phéan thin tau, do phan miii tdu va do phan chim cia dudi
tau dang transom trong nudc tao song.

Trong thanh phan sttc can ma sat cia vo tau c6 thé nhin nhan cac thanh phan: ma sat vé tau
trén nudc lang va luc ma sat bd sung trong qua trinh khai thac.

Tap hop cac thanh phéan trén chiing ta c6 thé danh gia strc can dudi cach nhin khéc, raing day
la tap hop cia suc can nhot Rv va strc can tao song Rw.

Trong thanh phan strc can nhét, theo quan niém méi tir nhitng nam cudi thé ky XX, Rv gdbm
stc can ma sat R nhu ching ta da dé cap va stc can hinh dang R,. Trong thuc té thanh phan R¢ phu
thudc vao chat lugng bé mit con stc can séng Ry, va stic can du’oc ky hi¢u R, nhu vira nhic phu
thudc vao hinh dang cua than tau, va co thé coi tap hop ciia Rw va R, 14 strc can du Rr, dé tir d6 c6
thé tinh R = Ry + Rr.

Theo thuyét doc 1ap cac thanh phan stc can, sy tao song ciia tau chay khong anh huéng va
khong phu thudc vao stc can nhét. Co thé xét rang stiic can trong qua trinh tao song 1a hién tuong
vat 1y sinh ra trong moéi truong nude ly tudng, chiu chi phoi cua lyc hut trai dat. Trong thanh phan
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cta suc can nhdt, suc can ma sat, sic can hinh dang phu thudgc hoan toan vao tinh chit cuia chét
long, ngoai ra strc can Rp phu thudce vao hinh dang vat thé. Noi cach khac sirc can ma sat phu thudc
vao chiéu day va cac tinh chat cta 16p bién.

Cac thanh phan strc can
Tong hop cac thanh phan stic can vo tau gidi thi€u tai bang A.

Béang A Cdc thanh phan sikc can

Strc can toan b Ry
Strc can vo tau R b sung

Strc can nhdt Ry Strc can song
Ry

Sturc can Strc can hinh dang Strc can song
ma sat R¢ Rp " Ry

Strc can Strc can du R,
ma sat Ry

So db trén day duoc 1ap trén co so gia thuyét vé sy doc lap cia cac thanh phan tao nén sirc
can toan bo. Theo thuyet nay su tao song cua tau chay khong anh hudng va khong phu thude vao suc
can nhot. C6 thé xét rang stc can trong qua trinh tao séng 1 hién tugng vat ly sinh ra trong moi
truong nude 1y tudng, chiu chi phdi cua lyc hut trai dat. Trong thanh phan cta sirc can nhét stc can
ma sat, stc can hinh dang phu thuge hoan toan vao tinh chét cta chat 1ong, ngoai ra stic can R, phu
thudc vao hinh dang vat thé.

Stre can ma sat

Thanh phén nay clia sirc can chiém ty 18 16n trong sirc can toan bd. Vi cac tau chay cham sirc
can ma sat chiém 80 + 85%, con véi tau chay nhanh ty 1¢ nay cling gitr dén 50% strc can toan bo.
Nhirng cong trinh nghién ctru strc can tau dau tién cling bat dau tir strc can ma sat.

Cong thirc mang tinh lich st cta Froude khi dbi sang hé metre duogc viét nhu sau:
R=fy.S.V", v6in=1,825. (3.2)

Trong cong thirc (3.2) R tinh bang (kG), y - trong luong riéng cua nudc tinh bang (kG/dm’),
S tinh bang (m?), va V tinh bang (m/s).

Hé sb k dung cho mo hinh tau va tau that dd nham trung binh duoc gidi thi€u tai bang (a) va
(b) twong tng.

Bang : 3.1 a. Hé s6 k dung cho mé hinh tau.

Chiéu  dai | Hés6 f Chiéu  dai | Hés6 [ Chiéu  dai | Hés6 f
mao hinh (m) mao hinh (m) mo hinh (m)

0,5 0,2280 3,5 0,1817 6,5 0,1671
1,0 0,2132 4,0 0,1782 7,0 0,1658
1,5 0,2033 4,5 0,1757 7,5 0,1645
2,0 0,1960 5,0 0,1727 8,0 0,1634

) Thanh phin nay con c6 tén goi stic cdn xody - eddy resistance
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2,5 0,1903 5,5 0,1706 8,5 0,1624
3,0 0,1856 6,0 0,1687 9,0 0,1615
Béng : 3.1b. Hé s6 k dung cho tau that.

Chiéu  dai | Hés6 f Chiéu  dai | Hé s6 f Chiéu  dai | Hés6 f
tau (m) tau (m) tau (m)

10 0,1590 80 0,1430 170 0,1399
15 0,1537 90 0,1426 180 0,1396
20 0,1508 100 0,1422 190 0,1394
25 0,1488 110 0,1418 200 0,1391
30 0,1474 120 0,1415 220 0,1386
40 0,1457 130 0,1412 240 0,1381
50 0,1446 150 0,1405 280 0,1372
60 0,1439 150 0,1405 280 0,1372
70 0,1434 160 0,1402 300 0,1367

) Cong thure tinh hé s6 fcua Froude d3 dugc chinh thic hoa trong hé théng metre nhu sau, theo
két ludn cua hoi nghi ITTC 1935:
0,258

£=0,1392+
2,68+ L

(3.3)

Cong thirc do Schoenherr dé xuat nim 1932, dwoc ATTC (American Towing Tank
Conference) chap nhan tir nam 1947:

0,242
hY CF
Cong thure Prandtl va Schlichting :

0,455

o _ 3.5
" (log,y Rn)>* 3:5)

=log,y(Rn.C) (3.4)

Cong thue Hughes:
0,066

- 3.6
F (2,034 log,y Rn)" (3-6)

Nam 1957 hoi nghi qubc té ITTC (International Towing Tank Conference) tai Madrid chap
nhan cong thirc “ché bién” tir két qua thir md hinh céc loat mé hinh tau nhdam muyc dich giup tinh sirc
can ma sat vo tau dua vao két qua thir mo hinh. Hoi nghi ghi nhan rd rang day chi 1a giai phap tam
thoi “only an interim solution to this problem for practical engineering purposes”. Cong thuc tinh hé¢
s6 can ITTC-57 khong nhiam xac dinh Cy cho tdm phing tuong dwong nhu cic cong thirc trén ma
ding cho viéc tinh chuyén ngay khi thir mé hinh tau hodc tinh strc can ma sat cho tau that, co dang:

0,075

Cp=— 00
" (log,, Rn—-2)*

(3.7)

Céc cong thire ap dung cho dong réi thich hop vdi sb Reynolds tir 107 tré 1én.
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Tinh sirc can, cong suat hiru hi¢u theo phwong phap ITTC 1978

Ho1 nghi ITTC nam 1978 Performance Committee dé xuat cach tlep can form-factor
approach trong xac dinh cong suat hitu hiéu tir két qua thi nghiém. Hé s sirc can toan bd ctia mo
hinh Crp,, ch1a lam hai thanh phan Cym va Ciy, dé cap strc can nht mo hinh va strc can do tao séng.
Tai van téc Fn nho, thanh phan Cwm qua bé, Cr,, gan nhu song song voi duong hé sO stic can ma sat
2D. Gia tri Cry, tai diém nay coi nhu bang Cym cung diém cua Rno.

He s6 stic can hinh déng trong nhimng truong hop nay co thé xac dinh:
Crp(Rny)
Cry(Rny)
Heé sb strc can nhét md hinh trong 3D biéu dién bang biéu thirc:

Cym = (1+ k) Cpy (3.9)
trong d6 Cry — cong thic ITTC-1957.

1+ k= (3.8)

(o (Fn)"
=4k ra

FO FO
v6i 4 <n <6, a-nhin tir phan tich két qua thir,
Hoi nghi ITTC lan thir 15 khuyén co chia sirc can tiu lam hai thanh phan Ry va Ry,

Cr = Cyy(Rn) + Cypy(Fn) = (1+ k) Cry + Oy (3.10)
Sirc can song
Ap suit trong qua trinh tao séng :
ap

pw=p—pc=pVE (3.11)

Strc can song toan tau tinh theo cong thirc:

R, =—pV| %cos(n,x)dS (3.12)
S

Néu thay cos(n,x) ~ - 0f/6x vao biéu thirc tai vé phai ctia cong thirc cudi, cong thic tinh stic
can song c6 dang:
0+L/2
Ry =-p. V-[—cos(n x)dS =2p. VJ- _[ —(p%dx dz (3.13)

-T-L/2
Stre can dw
Ban than st can du 13 tap hop cta cac thanh phan stc can séng va stic can xody, trong do ty
1€ strc can song rat 1on. HE so stic can du dugce tinh nhu sau:
R R, +R))
Cr= I - =(1 £ (3.14)
—pV:S —pV’S
2 P 2 P

3.2 CONG SUAT HU'U HIEU

Khai niém cong suat hitu hiéu dugc hiéu 1a tich s6 cua strc can vo tau véi van toc tau.

Cong thirc chinh thirc tinh EHP dung trong hé thong do Imperial Anh-M§ mang dang :
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R[IbWV] f2/5]

= (3.15)
550[ ft—1b/s/hp]
Trong cong thirc nay stc ngua dugc hiéu 13 550 Ib.f/s hay 1a 1HP = 76 kG.m/s.
Trong hé¢ mét cong thirc trén day duge viét nhu sau:
_ RIkGV[m/s] (3.16)
75[kG.m/ s/ HP]

Trong cong thirc (3.16) strc ngua theo hé mét tinh bang 1HP = 75 kG.m/s.

Trong nhiéu truong hop dé dé phan biét EHP tinh trong hé thong Anh-My va trong h¢ mét,
c6 the thay ky hiéu nay bang EPS dé dung trong hé mét. Ban than PS viét tat tir ddng nghia voi HP
trong tiéng Puc 14 Pferdestérke, duge ngam hiéu 13 strc ngya cta thé gidi con lai, ngoai Anh va My.
Cong thuc cudi duge thay bang biéu thirc mang dang sau:

R[kGV[m/s]
75[kG.m/ s/ PS]

EPS =

(3.17)

Ngay nay cong thtrc tinh EHP nén ghi & dang:
EHP=R,V [W]
trong d6 Rp— suc can toan bo, tinh béng N, V- van tdc tinh béng m/s
Hoan d6i don vi tir sitc ngua sang kW nhu sau:
1HP (thudc hé¢ théng do UK) x 0,746 = 1kW
1HP (thudc hé thong do metric) x 0,735 = 1kW
3.3 CAC PHUONG PHAP KINH NGHIEM TiNH SUC CAN VO TAU
Ngay nay dang song song ton tai cac phuong phap tinh strc can khac nhau. Co thé phan loai
cac phuong phap tinh strc can theo so do sau.
3.3.1. Phuong phap truyén thong dwa trén co sé xtr Iy dit liéu thong ké
Phuong phéap Taylor (1910-1943)
Pham vi dung: tau chay cham va trung binh, van tbe tr v/~/L =0,3 = 2.

Loat mo hinh thi nghiém gém 80 chiéc, ty 1€ B/T nam trong gioi han 2,25; 3 va 3,75. H¢ ) lang try
tir 0,48 dén 0,8.

W)

TN 80 A\ {INE N ] =
0,813 T \'24\5:.: HHH
~ I 2 THTT /[ Fro/—7
06 I WH—= NN (111 00 i e 2.
0,4 ]‘ ; 0B ALY O AN 1177 Z 1]
: .26 1777 A27 74 I
0,2 ; / ﬁx \ 1a gg
E— o ——=—=—\ Oroowr—— 1 B.L
A.P39% 39 38 37 36 35 34 4 3 2 1 F.P

Hinh 3.1
Str dung dd thi Taylor xac dinh suc can du. H¢ sb strc can toan bo Cr béng téng cuia Crva Cp, tinh
cho mdi vén téc twong déi WL (Corresponding speed).

EHP = SCyV,? (3.18)
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Phuong phap Lap (1955)

% Heé s6 C,- (J,:L (3.19)

%p.vz.AM

+ [) r.. A r Y o~ Y
/ o ¢ V01 Ay, - dién tich suon gitia tau.
Lo A Ha sb stic can du duoc thiét 1ap cho nim nhom tau ky higu

A, B, C, D, E khic nhau bang vi tri tim ndi, 12 ham cta
g _/ B/T va van tbc tau tinh bang v/ [CpL. Vi tri tim noi

N\
i NN
N

2 [Nl

@0 L 2 \ . L x o, \ \

S / 5 - chuan cho tau, theo cach sap xép cua Lap, dugc trinh bau
% v tai hinh 4.32.

a
o)
o
N
0
D

Céc d6 thi dugc xay dung cho mAu tau voi ty 16 B/T=2,4.
Trong st dung pham vi nay c6 thé thay doi tir 2,2+ 2,6.

\5
R

0,60 0,65 0,70 0,75 ¢

Hinh 3.2 Vi tri tdm néi cho
cac nhom A,B,C,D,E...

Phuwong phap Ayre
) 70643
Cong suat hiru hi¢u EHP: EHP= TS (3.20)

trong d6 C, 1 hé sb can xac dinh, 4p dung cho mdi gia tri C chuén.
Céc hi€u chinh theo ty 1€ B/T, LCB, vv... dugc thuc hi¢n cho moi gié tri Cs.

N
500} }% 500
2= TSNS
P ~ — ~—T] —
400 ?/ ™~ \\\Sit‘\\\\\ A00
- P \\ TV
» \‘\QQN“_\‘ = \&0‘201\\
- T~ \\ \\ i\\ \\\\@_ E}lQ/i
300_ ] < N N \\ L 0 07/3~ 300
E \\ NN NANS
> ~ ~ ) NS
200k - 200
g ! e T NN
— Hé sb C, theo Ayre e ><3_f9 <N
E | (B/),=2L,=1,025.Lpp 07%= 3 9] O~

100— 5 x; == 100
F o "o

SN RENE ,
0,10 0,20 v 0,30 0 40
Fa :—M vIm/s] g =981 [m/sILpp [M/s]
Hinh 3.3

Mbi phuong phap chi co6 mot pham vi str dung nhat dinh va chi dung cho nhing truong hop
chudn. Hién chua c6 mot phuong phap thuc té mang tinh da nang dé 4p dung cho cac kiéu tau.
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Phwong phap tinh sirc can tau song

Hién nay ton tai nhiéu cach tinh strc can tiu séng thudc nhom tau dang sa lan (barge type) va
tau dang thong dung. Nhiéu phuong phap tinh gianh cho tau dang sa lan tuy da 18i thoi song thich
hop v&i mot s6 kiéu tau nhat dinh. Nhiing phuong phap d6 c6 tén goi, phuong phap Riehn - Dietz
ctia Deutschland, phuong phap tinh ciia Vién thiét ké tau Leningrad (thoi Lién x0).

Phwong phap Riehn - Dietz

Phuong phap hoan chinh tir ndm 1890, dung vao viéc tinh strc cdn sa lan, tau dang sa lan, tau
keo chay song, tau khach chay bang banh quay (guong) dat bén man tau. Ngay nay phuong phap nay
gitp cho viée tinh toan tham khdo va trong nhi€u truong hop tinh toan cho dang tau dac biét, “hoai
c0” cia doi tau du lich.

Strc can tau gdm sirc can ma sat va sirc can du, tinh bang cong thirc:

R=R¢+R; = R¢ + (akyBT) (3.21)

Hé s6 kg phu thude vao ty 1¢ L/B va h¢ sb dﬁy duong nudc Cyw; HE s6 a 1a ham cua van toc
tau.
Cong thirc tinh ciia Vién thiét ké tau song Leningrad
Cong thure phu hop cho tau song ki€u cii, dang sa lan hoac dang thong thuong song hé s day thé tich
16n. Cong thure cho phép tinh strc can toan bd cta vo tau.

R=0,17WS v"** + 1,45(24 -L/B) Cg’* (A/L}) v*
(3.22)

trong do6 lugng chiém nudc A do béng [T], dién tich bé mat tiéﬁp nudc WS béng [mz], van tdc tau do
bang [m/s].

Strc can toan b tau vo thép, kiéu tu chay co thé tinh theo cong thirc do k¥ su nguoi Nga Zvonkov dé
ra cung thoi véi cong thire vira néu.

R=fWS V"5 + Ch & Ay, v 7H (3.23)
5/2

trong d6: g 10TmCy (3.24)
(L/6.B)” +2

m =1 ding cho tau c6 chan vit thong thuong, m = 1,2 ding cho tau vdi chan vit trong him dan tai
vom duoi.

Stic can toan bd tau vo thép, kiéu tw chay co thé tinh theo cong thirc do k¥ su nguoi Nga
Zvonkov d¢ ra cung thoi voi cong thirc vira néu.

R — fWS V1,825 + CB é AM v (1,7+4Fn)’ (3.25)
trong do :
17,7mC,>"? ‘ e : ‘ o
&=——"—""—; m=1,0 dung cho tau c6 chan vit thong thuong, m =1,2 dung cho tau voi

3
L
(j +2
6.B
chan vit trong ham dan tai vom dudi.

Stre can tau c¢& nhd, chay nhanh
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Tau nho, chay nhanh dugc dé cap trong phﬁn nay co chiéu dai toan bo dudi 30 + 40m, khai
thac v6i van tdc dén Fn ~ 2. Pic tinh hinh hoc than tau loat tau nay dugc han ché trong pham vi : Cg
=0,30+0,60; Cp=0,50+ 0,75;

L

=3,5+8,5; 2 3,0 +6,0; =1,5+3,5.

L

v

Bang ké du6i day néu rd tén tac gia va pham vi ing dung cua phuong phap. D6 thi va dan giai
cach dung dugc de cap day du trong tai li¢u da dan.

Bang 3.6
Téntacgia | L CB CP L L/B B/T Fn
[m] v
Kafali 9-30 0,325-0,45 | - 3,8-4,8 - 1,7-3,0 0,12- 0,46
Henschke | 6-40 - - 5-8 - - 0,25-1,1
de Groot - 0,29-0,56 | 0,46-0,79 | 5,2-9 3,53-10,1 | 3,57 FnV 2,7
Buller . : - 60-85 |- - 0,4-09
Savitzky
Brawn 0,29 - 0,54 4,8-6,8 35-74 3,1-44 FnV :2,6
Nodstrem 0,373-0,41 | 0,576- 5-8 4,83-6,94 | 3,16-3,57 | FnV :2,7
0,599
SSPA 0,4 0,68 6,7,8 3,0-4,0 FnV :2,0
NPL 0,397 0,693 5-9 33-75 1,72 - 6,87 | FnV :2,8

3.3.2. Cac phwong phap tinh sitc cin dwa trén co s¢ phan tich hdi qui

Phuong phap tinh thong dung trong toan tinh c6 tén goi “phép hdi qui” tam dich tir tiéng Phap
regression duoc cac nha dong tau str dung véi murc tdi da khi nghién ciru strc can tau thong dung.
Trong cac bai cua Scott tir nhitng ndm bay muoi da trinh bay két qua do thyc t& vé sirc can tau mot
chan vit va hai chan vit du6i dang cong thirc héi qui . Str dung phép tinh thong ké nay co két qua
con ké dén Holtrop trong céc tai liéu ban vé trang bi dong luc cho loat tau cao toc. Tur két qua thir

nghiém ctia 334 cudc thi nghiém mé hinh Holtrop tong két vé dang ™
RT = RF(I‘H(]) + RApp + RW + RB + RTR + RA (3 26)

Trong cong thirc nay, Ry tinh theo khuyen c4o ghi trong cong thitc ITTC-57, hé s anh hudng
ctia vo tau dugc tong két ciing trén co sé thong ké.

(1+k;) = 0,93 + 0,487118(1+0,011C))x(B/L)"068% (T/L)"4610¢

x(Lwi /LR)O,121563 (LWL3 /V)0,36486 X(l—Cp)'O’6O4247 (3.27)
Chiéu dai mang ky hiéu Lg duoc hiéu la:
0,06C,.LCB
LR: LWL I—Cp+4C—_ (328)
P

' Scott I. R. “A method od predicting trial performance of single screw merchant ships”, Trans RINA,1975,
") Holtrop, J.A “A statical re-analysis of resistance and propulsion data”, ISP, 1988
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Hé 6 C, dé cap anh huong vom lai, theo Holtrop = -10 dung cho sudn tau V, +10 cho suon
chir U, = 0 cho suon thong thuong.

Strc can bo sung tinh hoi dai dong :
Rupp =3 PVECH (42 Y S app + R (3.29)
cong thirc tinh (1+ky)q c6 dang:
D (1+5)S o

ZSAPP

Néu tau c6 trang bi chan vit 14i ( thruster) ndm phia miii, sttc can Rgr mdi dugc tinh:

R =1pV".d1Cpr voi dr - duong kinh ham chén vit miii, Cgr = (0,003 + 0,012).

(I+ky) g = (3.30)

Thanh phan sirc can séng ciing tinh theo phép hdi qui.
Rw= K, K5 K3 Vpg.exp[Ks4 F*® + K5 cos(K7/Fn?)] (3.31)
Céac hé s6 trong cong thirc cudi duge tac gia trinh bay day du trong tai liéu vira néu (1988).

Phuong phap téng nho nhat cac binh phuong dugc st dung pho bién trong x4c dinh cac hang
s6 cac cong thirc hoi qui. Két qua nghién ctru strc can dugc dua thang vao chuong trinh thiét ké
nham mé phong sirc can tau trong cic ché do khai thac va tiép d6 xac dinh cong suét can thiét cua
méy quay chén vit, tao lyc day dii thing stic can Ay.

Mot trong nhiing vi du thuc hién tu dong hoa tinh sttc can vé tau cia seri BSRA (ctia UK)
dugc tién hanh nhu sau ) .

Heé s sirc can tau dai tidu chuan 400 ft tinh theo phuong thirc ¢6 dién trong hé thong do Anh-
My, nguyén dang dugc dinh nghia:

Cran= © = a, (3.32)
trong d6 a - hiéu chinh theo chiéu dai tau.
a= sfc® = sfc% (3.33)
EHP - R
© = 427, I hofe © - 293857+ (3.34)

K s

trong d6 Ry tinh bang [Ib], L bang [ft], Vs bang [HL/h], va A tinh bing long ton (1T = 1016kG).

Khi biét Cr.400 €O thé tinh strc can toan bo hoac cong suét déy tau theo cong thtrc:

2/3 2

R. =[©=a]. , hoac
r =[©%d] 7938 :
A2/3.V3
EHP= [© + 4] : (3.35)
4271

) Sabit A.S. “Regression analysis of the resistance results of the BSRA series”, ISP, Vol 18, 1971
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Hé sb sfc doc theo bang.

Bang 3.7

L [ft] Vs AL

0.4 0,6 0,8 1,0 12 1,4 1,6
100 0,0150 0,0141 0,0134 0,0129 0,0125 0,0121 0,0119
200 0,0069 0,0065 0,0062 0,0059 0,0058 0,0056 0,0055
300 0,0029 0,0027 0,0026 0,0025 0,0024 0,0023 0,0023
400 - - - - - - -
500 -0,0013 -0,0012 -0,0012 -0,0011 -0,0011 -0,0010 -0,0010
600 -0,0041 -0,0039 -0,0037 -0,0036 -0,0034 -0,0034 -0,0033
700 -0,0058 -0,0054 -0,0051 -0,0049 -0,0048 -0,0047 -0,0046
800 -0,0070 -0,0066 -0,0063 -0,0060 -0,0059 -0,0057 -0,0056
900 -0,0082 -0,0077 -0,0073 -0,0070 -0,0068 -0,0066 -0,0065
1000 -0,0091 -0,0086 -0,0081 -0,0078 -0,0076 -0,0074 -0,0072

Hé sb Cr.00 xay dung cho se-ri tau BSRA c6 dang:

Cao0 = a9 +a1./1+a2.ﬂ+a3.5+a4.§+a5./12 +a6.ﬂ2 +

+a;.6% vag.E vag. A frayg. A.0+ay A Evay,. B.O+ (3.36)
tayy. f.évay. 5. .E+al5ES?

trong do6 céac ky hi¢u mang y nghia sau :

L B

Pé giam bt sai sO khi tinh cac phép bién d6i, dwa cac hé sb vé dang chuan, thay di trong
gi01 han tur -1 dén +1 s€ thuc hién theo thir tu:
10.(3 - 3,025}
T

A-5,296
xo =1; X, = X, =
1,064 9,05
1000.(C, —0,725) (LCB—0,77) i
Xy = s Xy = X5 =Xi 5
75 2,77
Xg=X2; X, =x2; Xy =Xp5
Xo = X,.X,5 Xy = XX, X, = X,Xs;
Xy = X3.X,5 X3 =Xy, X, =X3.X,5
X5 = X4.X73

Thay vi Caoo, can tinh hé $6 trung gian :
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Yao = Y. a,.x, (3.38)
i=0
Quan h¢ gitra Y400 va Caoo nhu sau:
Co — 13,1035
= 3.39

400 51635 ( )

Céac hé sb aj, ] =0,1,2,...,15 dugc xac dinh cho day gia tri cua van tde tuong ddi j//‘_ , tr 0,5
L

dén 0,8. Vidu, hé s6 a,j=0,1,2,.., 15 tinh cho trudng hop vén toc tuong ddi tir 0,5 dén 0,8
nhu sau.

Bang 3.8
VAL

0,5 0,55 0,6 0,65 0,7 0,75 0,8
agy -0,7550 -0,7612 -0,7336 -0,6836 -0,5760 -0,3290 -0,0384
ay 0,2107 0,223 0,2399 0,2765 0,3164 0,3562 0,4550
a 0,0872 0,0911 0,0964 0,0995 0,1108 0,1134 0,0664
a 0,0900 0,0768 0,0701 0,0856 0,1563 0,4449 1,0124
a, 0,0116 0,0345 0,0210 0,0496 0,2020 0,3557 0,2985
as 0,0883 0,0842 0,0939 0,1270 0,1790 0,1272 0,0930
ag 0,0081 0,-154 0,0177 0,0175 0,0170 0,0066 0,0118
a; 0,0631 0,0644 0,0656 0,0957 0,1193 0,1415 0,5080
ag 0,0429 0,0650 0,1062 0,1463 0,1706 0,1238 0,2203
ag -0,0249 -0,0187 -0,0270 -0,0502 -0,0699 -0,0051 -0,0514
ajo -0,0124 0,0292 0,0647 0,1629 0,3574 0,2882 0,2110
ap 0,0236 -0,0245 -0,0776 -0,1313 -0,3034 -0,2508 0,0486
ap -0,0301 -0,0442 -0,0537 -0,0863 -0,0944 -0,0115 -0,0046
as 0,0877 0,1124 0,1151 0,1133 0,0839 -0,0156 -0,1433
ajy -0,1243 -0,1341 -0,0775 0,0355 0,1715 0,2569 0,2680
as -0,0269 -0,0006 0,1145 0,2255 0,2006 0,0138 0,2283

Pham vi tng dung cua phuong phap:

L B
INE 4,232 + 6,36, T 2,12 +3,96; C, =0,65+0,8; LCB =-2% ++3,54%

Vi du tinh strc can tau ca.

Trong nhirg nim nim muoi tai bé thir s6 1 thubc NPL ( thuéc UK) tién hanh xtr 1y két qua
thir mé hinh tau danh ca luof kéo kiéu cii . S6 lugng md hinh duoc thir tir giita nhitng ndm ba muoi
dén giita nhimg nim nam muoi gdm 130 chiéc. Tau dugc thir thude dang tau dénh ca bang ludi kéo,
tiéng Anh viét 1a trawler. Tac gia nguoi Anh D.J. Doust dugc giao nhiém vu xéc 1ap hé sd strc can
cho tau dai tiéu chuan 200ft ( qui thanh 61m) . Tham s trong ham gom ty 1& L/B, B/T, hé s day mit

88



gitra tau Cy, hé s6 day CP, tam no6i phan chim LCB tinh bang %, va goc két cau mili cua dudng nude.
A A ’ *
He s6 Croor tinh nhu sau )

Cro =0y +a,.B+a,.B> +a,.E+a, £ +a,.CP+a,.CP*> +a, A+

+ag A +a,.CM +a,.€+a,.€ +a, CPE+a,, CPE +a,, CP* &+

+a,;.CP*£* +a,.CPe+a, CPe +a,CP’&+a,CP’ £ +a,CP’ A+  (3.40)
+a,.CP.2 +a, .CP* A+a,, .CP* A+a,,,CP* 1’ +a,, A&+

+ay A +a A e+ay, A e’ +a,, CP.B+a,, CP.B°

Pham vi tng dung cua phuong phap:

L =4,4+58; ? =2,0+2,6; C, =0,60+0,68; LCB = 0% ++3,54%. aft

B
C, =0.81+0,9;. e=10" +30°

Bang 3.9
VAL
0,8 0,9 1,0 1,1
ay -0,6641 -0,5496 -0,1053 0,1783
a 0,1273 0,0901 0,1795 0,3259
a) 0,0652 0,0328 0,1752 0,3883
a; 0,0584 -0,0263 -0,2771 -0,2881
ay -0,0857 -0,1009 -0,1268 0,1321
as -0,0113 0,1011 0,5299 0,4943
ag 0,0405 0,0641 0,1988 0,4091
a; 0,1973 0,2120 0,3129 0,1280
ag 0,0152 -0,0140 -0,1068 -0,2769
ag -0,0701 -0,1118 -0,1873 -0,0040
aj 0,1402 0,1933 0,3603 0,5311
a 0,0702 0,1329 0,3203 0,5239
ap 0,1363 0,0232 -0,1599 -0,4904
a; -0,2305 -0,2643 09,5207 0,0608
ay -0,1762 -0,3374 -0,4600 0,1516
as 0,4469 0,7199 1,4720 -0,3782
ag -0,1416 -0,2178 -0,6562 -0,8533
ay -0,1003 -0,0851 -0,3545 0,1506
ag 0,2584 0,0601 0,1542 -0,4252
ag 0,1767 -0,0220 -0,1283 0,1145

“ Doust D.J.,0’Brien “Resistance and propulsion of trawlwes”, Trans. NECI, Vol 75, 1959
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a0 0,0385 0,0299 0,0506 -0,0930
a -0,1886 -0,2085 -0,3192 -0,2343
a -0,0261 -0,0843 -0,3110 -0,2299
a3 -0,0318 -0,1187 -0,1835 -0,6057
Ay 0,1375 0,0655 0,0175 -0,0804
s 0,1304 -0,0010 -0,3088 -0,3055
A6 0,1029 -0,0407 -0,6904 -0,8458
a7 -0,0027 0,1408 0,0928 -0,2882
a g 0,1700 0,0649 0,2781 0,0532

a9 0,0975 -0,0015 0,1457 0,2367

Theo don dit hang cua t6 chirc néng lwong qudc té FAO, dot tiép theo Doust thuc hién phép
hoi qui tinh strc can tau ca dya vao két qua thir mo6 hinh cua 308 tau. Hé sb strc can cua tau Cries
tinh cho tau dai tiéu chuan 16 ft (4,86m), gdm 86 thanh phan.

86
Cric = ».a,.X(L,B,H,Cy,...) (3.41)
i=l1
Céc cong thic tinh chuyén tir hé s6 strc can cho tau chiéu dai tiéu chuan 200ft va 16tf sang
suc can tau that, d§ dai khac dd dai ti€u chuan co6 thé thudc , dang ctua Froude hodc cua ITTC-1957
.Theo khuyén céo cua hoi nghi ITTC-57, cong thirc tinh chuyén Cgr ctia tau c6 chi¢u dai khac 16 ft,
tir Cry6 €6 dang:

) -2
WS x L V V
Criy =Cri —0,212847 log88.—.10° | —|1lo 1,2834.—.L3/2.103J 342
R(L) R16 ( A ]{( g \/Z j ( g \/Z ( )

trong d6 WS - dién tich mit tiép nudc, do bang (ft’), L - chiéu dai tau, do bing (ft),va A - luong
chiém nudc tau, do bang (T- long tone), van toc V do bang (HL/h).

Cong thuc Telfer tinh hé sb strc can toan bo, phu thudc van tbe tuong dbi V/\/L, ap dung cho
tau ti€u chuan dai 200ft, tinh chuyén bang phép ngoai suy Froude.
R,.L
NG
Vi tau co chiéu dai khong tiéu chuan cong thire tinh Cr ( hodc dugc ky hiéu cach khac Cg)
tinh theo cong thuc:

(3.43)

CR,tau that — Croo0o + hléu chinh. (344)
trong &6 hiéu chinh tinh bang quan hé %
L=200'

Theo khuyén cao ctia ITTC-57 hé s sfe ding trong trudng hop nay cé dang:

ws Y L\ 0,29L 2,771 1,22L3
sfc:(vmj(wj 0,0196 + e e = (3.45)

Ap dung cac cong thirc trén tinh hé s6 Telfer cho tau ca c6 kich thude dudi déy:
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L=180’; L/B=5,4; B/T=2,53; Cu=0,909; Cp=0,60; LCB=4,31%; '2¢&=15° Tinh
cho truomg hop VAL = 1,0.

Cr200st = 14,1 theo cong thirc hoi qui.
Cr.isot = Crooort + hi€u chinh.
152,5sfc 1525
N AT19°
152,5%0,012

Sau khi tinh sfc = 0,012, hiéu chinh s€ la 7 =0,153.

2

hiéu chinh =

c

CR,lgoﬁ = CR,ZOOft + hléu chinh = 14,10 + 0,153 = 14,253

Pé gitp ban doc chua c6 dip tiép xtic va xur 1y cong thirc Telfer trong hé théng do Anh_ My,
doan ngan trich tir listing chuong trinh tinh sirc can theo phuong phap Doust s& néu 16 thir ty thuc
hién céc phép tinh chuyén Cra00, tinh strc can béng Ib hodc kG, cong suét hitu hiéu EHP. Tai day
ngudi viét xin phép dua vao mot ngoai 18, ngdn ngir dung viét chuong trinh 1a Pascal chuén, thay vi C
ANSI thong 1€.

Procedure Doust;
(************* dung ChO tau ca, PP Doust **************)
Const
a: array[l..4,0..29] of real=((-0.6641,0.1273,0.0652,0.0584,-0.0857,-0.0113,
0.0405,0.1973,0.0152,-0.0701,0.1402,0.0702,0.1363,-0.2305,-0.1762,0.4469,
-0.1416,-0.1003,0.2584,0.1767,0.0385,-0.1886,-0.0261,-0.0318,0.1375,0.1304,
0.1029,-0.0027,0.17,0.0975), (-0.5496,0.0901,0.0328,-0.0263,-0.1009,
0.1011,0.0641,0.212,-0.014,-0.1118,0.1933,0.1329,0.0232,-0.2643,-0.3374,
0.7199,-0.2178,-0.0851,0.0601,-0.022,0.0299,-0.2085,-0.0843,-0.1187,
0.0655,-0.001,-0.0407,0.1408,0.0649,-0.0015), (-0.1053,0.1795,0.1752,
-0.2771,-0.1268,0.5299,0.1988,0.3129,-0.1068,-0.1873,0.3603,0.3203,
-0.1599,-0.5207,-0.4600,1.472,-0.6562,-0.3545,0.1542,-0.1283,0.0506,
-0.3192,-0.311,-0.1835,0.0175,-0.3088,-0.6904,0.0928,0.2781,0.1457),
(0.1783,0.3259,0.3883,-0.2881,0.1321,0.4943,0.4091,0.128,-0.2769,
-0.004,0.5311,0.5239,-0.4904,0.0608,0.1516,-0.3782,-0.8533,0.1506,
-0.4252,0.1145,-0.093,-0.2343,-0.2299,-0.6057,-0.0804,-0.3055,
-0.8458,-0.2882,-0.0532,0.2367)) ;

Ostandard:array[l..4] of real =(0.09668,0.08708,0.08266,0.07989) ;
Linft: array[l..4] of real = (50.0,100.,150.,200.0);
U:array[l..4] of real = (0.8,0.9,1.0,1.1);

Var
CR200,DELTA1l,R1b,RkG, SD23 :real;
SFC,BTS,LBS,CMS,CPs,LCBS,ALPHAES :real;

k,m :integer;
vdL,Vs,Sum :real;
aa,bb,cc,Cycl,Delta,Deltal,Delta200: real;

Begin

Assign(Printer, 'C:\R_tauca.out');
rewrite (Printer) ;

Clrscr;

writeln;

writeln;
Writeln('Suc can tau ca theo pp Doust');
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writeln;
write (' Cho biet ten tau : '),

ReadLn( ship) ;
writeln (Printer, ship);
writeln;
writelLn(' Enter :Lpp, B/T, L/B, LCB, CP, CM, Alpha');

writeLn(' Giai thich: Lm - chieu dai,[m]; B/T, L/B - ti le kich thuoc');
writeln(' L/B = 4,4 ~ 5,8; B/T=2 ~2,6; CP=0,6 ~0,7");

writeln(' LCB= XB/Lpp, tinh bang %, trong do XB mang dau - ! neu');
writeln(' XB nam truoc mat giua tau, con mang dau + neu sau mat giua tau.');
writeln(' LCB = +0 ~ +6% ') ;

writeln(' CP- he so day lang tru; CM- he so day mat giua tau = 0,81
~0,91");
writelLn(' Alpha- 1/2 goc vao mui tau [do], Alpha = 10 ~ 30 do ');
writeln;
writeln;

write(' Nhap Lpp [m] = '), readLn (Lm) ;
write(' Nhap B/T ="); readLn (BTS) ;
write(' Nhap L/B ="); readLn (LBS) ;
write(' Nhap LCB [%] = ') readLn (LCBS) ;
write (' Nhap CP [ 1 ="); readLn (CPS) ;
write (' Nhap CM [ 1 ="); readLn (CMS) ;
write (' Nhap Alpha [o]= '), readLn (ALPHAES) ;
Lft:=Lm/Foot;

Writeln (Printer, 'Resistance by Doust');
writeln (Printer) ;

writeln (Printer,' Lpp =',Im:6:2,' m',"' B/T=',BTS:6:3,' L/B=',LBS:6:3);

writeln (Printer,' LCB =',6LCBS:6:2,'SLpp Cp=',CPS:6:3,' CM=',CMS:6:3,
' 1/2 Alphae =',6Alphaes:6:2,' degrees');
writeln (Printer) ;

LB:= LBS-5.0; BT:= 100.0/64.0* (BTS-2.5) ;
CM:= 10.0*(CMS-0.875) ; CP:= 16.0*(CPS-0.64) ;
LCB:= 0.25* (LCBS-2.0) ; Alphae:=10.0/128.0* (Alphaes-20.0) ;

Deltal:= Lft* (Lft/LBS) * (Lft/LBS/BTS) *CPS*CMS/35.0;
Delta200:=200*(200.0/LBS) *(200.0/LBS/BTS) *CPS*CMS/35.0;
Delta:=deltalL*1.016;
SD23:=3.223+4+0.5402* (Lm/Power (delta,0.33333333)) ;

j:=0;
repeat
j:=j+1;

until (Lft < Linft[j]) or (j > 4);

if j=1 then

begin

aa:=50.0-Lft; bb:= 100.0-Lft;
cc:=(0.09668*bb-0.08708%*aa) /50.0;

end;

if (j>1) and (j<=4) then

begin

aa:=Linft[j]-Lft;

bb:= aa/50.0* (Ostandard[j]-Ostandard[j-1]) ;
cc:= Ostandard[]j]-bb;

end;

for i:=1 to 4 do

begin

vdL:= U[i]; Vs:= VdL* sqrt(Lft);
CycL:=1.055*VdL; Cycl:= Power (Cycl,-0.175);
(* writeln(' Ship velocity =',Vs:6:2,' kn'); *)
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sum:= a[i,0]+a[i,1]*BT+ a[i,2]*BT*BT+a[i,3]*LCB+a[i, 4] *LCB*LCB+

a[i,5]*CP+a[i, 6] *CP*CP+a[i,7]*LB+a[i,8]*LB*LB+a[i, 9] *CM+a[i,10] *ALPHAE+
a[i,11]*ALPHAE*ALPHAE+ a[i,12]*CP*LCB+a[i,13]*CP*LCB*LCB+
a[i,14]*CP*CP*LCB+a[i,15] *CP*CP*LCB*LCB+ a[i,16] *CP*ALPHAE+a[i,17]*
CP*ALPHAE*ALPHAE+a[i, 18] *CP*CP*ALPHAE+a[i,19] *CP*CP*ALPHAE*ALPHAE+
a[i,20]*CP*LB+a[i,21]*CP*LB*LB+ a[i,22] *CP*CP*LB+ a[i,23] *CP*CP*LB*LB+
a[i,24] *LB*ALPHAE+a[i,25] *LB*ALPHAE*ALPHAE+a[i,26] *LB*LB*ALPHAE+
a[i,27]*LB*LB*ALPHAE*ALPHAE+a[i, 28] *CP*BT+a[i,29] *CP*BT*BT;
CR200:=10.0*Sum+16.0;
SFC:=(cc -0.07989) *Sd23*CycL;
Deltal:= 152.5*Sfc/Power (Delta200,0.3333333) ;
CR:=Cr200+Deltal;
Rlb:=Cr*Deltal*sqr (vs) /Lft;
RkG:= 0.4536*R1b;
EHP:= Rlb*vs/325.7;
writeln (Printer) ;
writeln (Printer, ' U Vs R EHP') ;
writeln (Printer, ' - [HL/h] [kG] [HP] ') ;
writeln (Printer) ;
writeln(Printer, U[i]:14:2, Vs:6:2, Rkg:12:2, EHP:10:3);
end;
Close (Printer) ;
end;

3.3.3 Sirc can tau chay trén mién nwéc can

Strc can vo tau rat nhay cdm véi chi€u sau vung nudc hoat dong. Tai nhitng vung nudc can

sirc can tang 1én mot cach dang dé y. Nguyén nhan cua sy thay ddi 6 thé tim trong sy khac nhau cua
cac ham thé dong bao quanh thén tau khi tau ¢ trén nudc sau va khi ¢ nude can. Biéu hién ra ngoai
ching ta c6 thé quan sat bang mat thuong Khi chay trén vung nudc sau tau tao hé thong séng ngang
va séng xién dé tong hop lai thanh hé thong song cit ngang tau ¢ goc c¢b dinh, giita 19 va 20°, néi cu
thé hon goc nay theo tinh toan ctia nhiéu nha nghién ctru 1a 19°28°.

Tur 1y thuyét song nudc ching ta ciing biét rang van tc séng trén mat nudc phu thudc vio

chiéu sau vung nuéce h :

L
gzﬂ 1gh 22? h (3.46)

w

V2

trong d6 L., - chiéu dai song do tir dinh dén dinh ké tiép.

Khi h/L,, ting, tgh(2nh/Ly) tién dén 1, do vy trén viing nude sau van toc song trd thanh:
gL,
2

V2= (3.47)

Nguoc lai khi h giam, ty 18 h/L,, nho, ham tgh(2th/Ly) tién dén 2rth/Ly, va trén nudc can van

tdc song tro thanh:

song

= gh (3.48)

Tir cong thire cudi ¢6 thé nhan thiy, song nudc sé thay d6i mang tinh dot xuat khi van tdc

v, =4gh, gbc cat cua song voi tau 16n dén mirc gan vudng goc voi hudng tién cua tau. SO
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Froude lién quan dén van toc tau trén vung nude can gio day co thé viet Fn,, = Quan hé gitra s6

.
Vo
Fng va Fn thong thuong Fn = . dugc biéu dién dudi dang:

JelL
V L
" Teh ﬁh (3.49)

Trong thuc té tir Fny xap xi 0,4 + 0,5 goc cdt song da bat dau ting, chiéu cao séng do tau tao
ra cao dan. Khi s6 nay gan béng 1 hé théng song tir mili tau va duéi tau gan nhu nam ngang, tao goc
gan 90° so v&i than tau, chiéu cao song dat gia tri hét stuc 16n néu h nho. Gia tri nay, ~ (0,85 +
0,95)./gh dugc goi la van téc gidi han. Tai van toc cao hon vén toc gidi han goc cit song giam dan

va sau do tro lai trang thai gin nhu song trén nude siu.

Ste can tau trén nude can tang giam theo mo hinh tao song vira néu. Trong gidi han tau chay
khong nhanh, Fny khoang 0,4 - 0,5, anh hudng cta chiéu siu ving nuoc dén sirc can khong dang ké.
Khi tang Fny 1€n trén mién 0,5 strc can tau tang 1én rd rét. Khi van toc tau dat dén véan tdc gio1 han
strc can tau dat gia tri lon nhat. Sau mién van toc g101 han, strc can tau giam va tai mién van téc cao
nhat dinh sirc can tau trén ving nudc can nho hon gia tri twong tng tinh trén ving nudc sau. Trén dd
thi tai hinh H.3.4 dudi day gidi thiéu cac dudong stc cdn v tau trén vung nudce can, phu thudc vao

h h h

ty 1€ h/T, trong d6 cac duong I, IL, III v€ twong tng cho truong hop (?) < (?] < (?) . Tai d0
1 17 i

thi trén day con c6 duong stc can tau twong duong tinh cho trudng hop nudc vo cung sau.

Mot trong nhiing phuong phdp kinh nghiém tinh stc can tau chay trén viung nudc can nhu
sau. Stre can toan by dugc coi 1a tong cua suc can ma sat va suc can du. Trong d6 strc can ma sat
phu thudc vao van toc V¢ con stc can du phu thudc vao van toc V..

R=1 pV;.S+ 1 pV:.S (3.50)
27 2
Trong cong thirc trén ddy van tdc Vi va V, tinh bang cong thirc kinh nghié¢m:

V. =

, (3.51)

Vo=

I

r
(04
”
- 3.52
; (3.52)

trong do : V - van tdc tau trén vung nudc do sau h, hé s6 a, B phu thudc vao ti 1¢ H/T va s6 Froude
FI‘H.
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Chuong 4

THIET KE CHAN VIT TAU THUY

4.1 PAC TINH HINH HQC CHAN VIT

Chén vit tau thuy gdm ¢6 ¢l va cac canh gin 1én nd. Canh chan vit la vat thé do hai mit xodn
b¢ gidi han. Mat xodn 6c chan vit xay dung trén co s& cact dwong xodn dc.

Mot diém A cach tryc doan r, quay quanh truc 0X v6i van toc c6 thé khong d01 dong thoi
chuyén dong tinh tién theo huong doc truc 0X v& nén duong xo0én 6c. Tuy thude van toc tinh tlen co
dinh hay thay d6i, duong xodn bc s& c6 budc ¢b dinh hodc bude thay doi. Khai trién duong xoan b¢
budc ¢b dinh c6 dang nhu tai H.5.1b, dudng voi bude thay doi dang (H.4.1c).

T

| Al

l—; 2nr ——| -— 2nr

b)

Hinh 4.1 Puong xoan oc va goc xoan

Buée xodn (Pitch), ky hiéu P hodc H, 13 quing dudng song song véi truc quay ma diém A (H.5.1) dat
duoc sau mgt vong quay.

Géc xodn: tgo= A (4.1)
2n.r

Tam giac tai (H.4.1 b, ¢) goi la tam giac buoc.

Mot doan cung bat ky, vi du cung AB trén H.4.2, vira quay quanh truc 0X vira chuyén dong
tinh tién doc truc s& v& nén mdt xodn oc trong long 6ng try. Poan AB duoc goi la duong sinh cua mat
xodn 6¢. Puong sinh c6 thé 1a doan thang, cung hai chiéu hodc cung ba chiéu. Pudng sinh c6 thé
vudng goc voi truc quay va cling co thé nghiéng dudi goc bat ky so véi truc. Tinh da dang ciia duong
sinh tao ra da dang ctia mat xoan do no sinh ra.

M A A
S 24

L—an—>| I——an——l I——ang—l

Hinh 4.2 Mat xoan oc va goc xoan
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M3di canh chan vit 1a do hai mit xoén ¢ chung dudng giao hay 1a duong bao canh tao nén. Pudng
bao 1a mép canh chan vit. Mép cénh lam nhiém vy chém vao nudc luc tau tién vé trude goi la mép
dan (leading edge - LE) con mép kia, nam & phia ngugc lai goi 1a mép thoat (¢railing edge - TE).

Trong hai mit xodn, mit ndm vé phia di toi cta tau goi 1a mdit hit. Thong thudng mat hit co budc
thay doi theo hai hudng, 1a mat 3D c6 cau hinh phirc tap. Mat nguoc co6 tén goi la mat dap.

Dién tich mat xoan 6c boc canh goi la dién tich canh chdn vit. Dién tich tAt ca cac canh ctia mot chan
vit, 1a dién tich khai trién cia cac canh, ky hiéu Ad (Ap ). Dién tich nay trai ra trén mat phang chuan
goi dién tich mat trai, ky hiéu Ae (Ag).

Hinh chiéu duong bao canh 1én mit phang YOZ vudng goc véi truc quay 0X goi 1a hinh chiéu bao
canh. Dién tich hinh nay c6 tén goi dién tich hinh chiéu canh. Tong dién tich hinh chiéu canh cua tat
cd cac canh goi l1a dién tich hinh chiéu cénh, ky hi¢u Ap hodc Ac.

Dién tich vong tron duong kinh D: A = n.P/4 ¢otén goi dién tich mat dia.

Cong thuc gin dung xac dinh quan hé gitra Ap, Ap, chan vit seri B-Wageningen nhu sau:

Ap = Ap , trong d6 P - budc chan vit. 4.2)
(1,067 - 0,229 P/ D)
Tilg mit dia: a,=2-44P, , _Ad_ddd . _de_ 4‘49} 4.3)
4 nl? 4 nD 4 oD
DPic trung hinh hgc cung ky hi¢u
Puong kinh chan vit D =2R;
Puong kinh cu chan vitd,, = (0,16 + 0,18 ).D ~— e
Ban kinh céc mit ct tru r ! A <° h I
SO canh Z 7! 1
Budce chan vit P hodac H p
Dién tich mat dia Ay | 2nr —'I
Chiéu rong canh tai mat ct rb Hinh 4.3
Chiéu réng canh 16n nhét Binax
Chiéu diy canh e hoac't
Chiéu dy twdng tuong cia canh tai tim ci: ey, to
Do nghiéng dau canh m ty K
Goc nghiéng canh Y X I~
Cac ti 1€ hinh hoc: ¢
Ti 1€ budce H/D hodc P/D dp, %
Ti 1€ mat dia ag h_l_ft“og
Ti 1¢ duong kinh cu d,/D
Ti 18 chidu rong canh b/D Hinh 4.4 Cdac ddc trung hinh hoc chan vit

Ti 18 chiéu réng canh 16n nhét by, / D

Ti 1& chidu diy canh to/D
Véi chan vit B-Wageningen ti 1€ byax/ D nam trong pham vi:
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Ap
QHZ;X = 4 = (4.4)
(0,530 - 0,484.11)’j.Z

Kich thu6c cu chén vit ndm trong gioi han:

Puong kinh ci d, = (0,16 + 0,18)D

Puong kinh dduca  d; = (0,18 + 0,204) D

Puodng kinh phia nhé d, = (0,13 +0,14) D

Chiéu dai cu 1,=(0,20+0,27) D

Chiéu dai mi daucu 1, ~ dy,

D0 con trong: Z 1:15 + 1:10.

Ban kinh lugn cénh véi cti: R = 0,03D phia nho, 0,035D phia 16n.

4.2 VE CHAN ViT
Céch vé dugc dung phé bién khi v& chan vit 1a khai trién ellipse. Thir tur v€ chan vit nhu sau:

- V& cac profil mat trai theo kich thude da tinh toan. Kich thudce profil chan vit seri B Wageningen
ban doc xem chi tiét tai bang 5.7 va 5.8 sach “Ly thuy¢t tau thuy”, tap 2, NXB Dai hoc Quéc gia Tp
HO Chi Minh, 2004.

’ -Oﬂ'*~ t Pagh W . [ \ .
N N R A\ AW 1S
/ \ \ . | N\ '\
} !'//-‘q—ﬂ\ P '
\X\ | -—5\ \ 08Ri  IW t !
E. C “'z !‘/"_*t‘\\lr .
E-" \\\F\n E\\ 3y \‘ 06R = '
i \_\,//i HI .
TN ] e &)
RN\ /
=T ! LY
\‘ \\ 1 0.2R ¥
R T W Lt
! —f to b !
{a) {b) (c)

Hinh 4.5 Vé chan vit theo phwong phdp khai trién ellipse
- Theo phuong phap khai trién ellipse v& hinh chiéu canh tai mat bang.

- V& hinh chiéu canh.

Khai trién ellipse ap dung cho mgt mat cit tai ban kinh r dugc minh hoa tai H.4.5. Bﬁng cach tuong
tu c6 thé tién hanh v€ duong bao di qua tat ca mat cat.
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Gia sir ring mat cat truc ban hinh r cho phép nhan duoc profil mit cit dang cung. Sau dudi co thé xac
dinh budc tai ban kinh nay P. Néu chon AB doan thang dai Z2x , doan BCD xuat phat tir B duoc
nbi, goc xoan chan vit tai ban kinh r 1a géc ACB, ky hi¢u ¢. Hinh chiéu ctia EF s& 1a E,CF,.

Tir tim A v& cung tron ban kinh r, xac dinh hinh chiéu ctia mit cat trén cung nhd phép do CE' = CE,

va CF' = CF,. Piém E' va F' ndm trén dudng bao mit chiéu canh.

Hinh chiéu duong bao mit khai trién dugc xac dinh trén cung “ellipse”, thuc té 14 trén cung tron ban

kinh CG= 1/ cos?¢.

Xac dinh vi tri cac diém E, , F, trén hinh chiéu canh theo cach lam tuong tu.

Bén v& chan vit tiéu biéu c6 dang nhu tai hinh

f_ ! .ﬂtﬂtﬁ.&} :mJ_q:m‘?"m 248
. . s P
|_#; ‘5_' y L} m_-} e(?’ 3 :wp 241
. Y — 4 _"‘f S {:?:
T === 4 [
- ! Ot 0t 048l wiq s g miehen
- b \\ o B ! ) o {mﬂ
% . = mﬁ' FL1 T E a‘ _“:"ﬁ_fgﬂy
s T --T-\_ N = - ol 519 < i
i CZL I L - LA i § g E 5 .
) \ § 4 7 3 % L]
o ET7) 318 — 537 SIS s
§ B =1 B
g . ' b L et /' =
\ f 9 S b e S
;J' i Z /9 22 drea
- 2 o ] — 317 - B H a0
.. e ¥ - * /h /: ; 3 Berag
- = o § il - 76 “i.r_—s-'{ﬂ' S I
///' N L J
5 Sl @\ ) |
_ .!. : oA — Aty 1 _
! ‘\._ T :
NS
Hinh 4.6 Bdn vé chan vit
4.3 DAC TINH THUY DQNG LUC
Quang duong h 1a budc tién that ctia chan vit tau. Toc do tinh tién that s€ la:
V,=hn. 4.5)
Ti s0 gitra luong trugt hinh hoc H-h va budc xoan 1a hé so truot:
H-h Hn- hn v
H Hn Hn
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T H
|

| 2nr | 2nrn

Hinh 4.7 Tam gidc budc va tam gidc toc do.

Ti 1¢ giira budc tién that va duong kinh chan vit 1 hé s6 tién, ky hiéu J.

222& 0O; Szl_hzl_i
D nD Hn HID

hodc dudi dang: J = E.(l -5

4.7

(4.8)

May day tau dang cac canh quat st dung momen quay tir may chinh cua tau, quay trong nudc, tac
dong truc tiép dén nude ‘chay qua mat dia cong tac ciia may day. Hinh anh dong chay trudc va sau

mit cong tac cua may dy thong dung duoc minh hoa trén hinh 5.8

—

Hinh 4.8 Puong dong qua chan vit.

Cic thanh phén téc dd trén canh

Tai mit cit canh theo mat tru ban kinh r tdc do doc truc cua dong nudc dén chan vit 1a Vp, con
toc do vong la 2nrn. Cac thanh phan nay sinh trong khi chén vit lam viéc gém Vi trung voi hudng
ctia Vp, téc do vong vy trung vdi chiéu quay chan vit, va do vdy ngugc voi tbc d6 vong dong chay
bao chén vit. Téng cac thanh phan goi 1a toc do tuong ddi ciia nudc dén phan tir canh vi. Do 16n tdc

d6 nay phu thudc vao hinh dang profil canh va 13 ham cta gbc tn a.

Cénh dung trong chan vit tau dugc NACA nghién clru tr nhitng ndm ba muoi. Nhitng dai luong

hinh hoc dic trung cho canh gom:

Chiéu rong sai ¢ kéo tur diém LE dén TE cta phan tu, trong d6 LE - mép dan, TE - mép thoat.
Chiéu day t do tir mat mat hut dén mat dap tai vi tri day nhat ky hi€u ty.x. Chiéu day t = t;+ t,. Chiéu
day trung binh ty, = (t;+t2)/2. Ti 1€ dédc trung cia canh la t/c, dugc dung lam ky hi€u cho cac m6 hinh

canh. Canh 4p dung vao chén vit tau c6 ty 18 t/c ndm trong pham vi 0,02 dén 0,06.
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Hudng ti€n cla tau

Hinh 4.9 Cdc thanh phan téc dé va thanh phan lc trén canh

Dic trung dong luc hoc cua canh duge xac dinh bang céac h¢ so:

- Hé sb lyc nang: Cp = é’
p.?’.A
-Hé s6 luc can: Cp= 12)
QiiA
- Ti 1¢ gitra Iyc can D valuyc nang L: ¢ = £L): %IL)

trong do L - luc nang trén canh, D - lyc can.

Céc h¢ so luc nang va lyc can cua mot dang canh 1a ham cua goc tan. Goc tan ma tai d6 Cp = 0 duoc

(4.9)

(4.10)

(4.11)

goi 1a goc cua Iyc nang 0, ky hiéu bang a,. Trong tinh toan, sir dung gbc tin o tinh tir hudng tac

dong cia dong chay vdi van toc vi dén duong luc nang L = 0, theo cong thirc:

o = o+ .
. . T
H¢ s0 luc da Kr=—5—-
Y b2 I
¢ v
Hé so tién J=—L£
nD
Sb Reynolds Rn= p-nD"
n
. —-e
Sé siii bot oo =2
' 0 : p. 2 [P
Hé s6 momen quay Ko = ?
p.” IP
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Cong suit can thiét, tinh bang metric HP, d¢ quay chan vit:

_ Qo KQp.H2D52n.H _2n

P = == KpnilDP. 4.18
75 75 75 &P (4.18)
Hiéu sult 1m viéc ciia chan vit: 1, = 22 < (4.19)
KQ 27'5

Ky

10Kg|

"p

0,6 X\KQ np

/

N
y \K><><
NN

0,2 pa N\
, h :\\
0 Vp

0,2 0,4 0,6 0,8 1,0 1,2 nD

Hinh 4.11 Hé s6 lwc ddy, momen quay cia chdn vit.

-
Vp
I ®
N oy>0 | <
. o I
¥
dK | ¢
] ro
rd
[ a)
l
Z,
(9
c| <
o Iz
dK 0
1 ro
Y
S dT b)
l
/
04<0 c
\ 1 [ Y
O Iz
I(P

i y Lo
: ! c)

Hinh 4.10



Céc hé s6 Kr, Ko, ufs biéu dién dudi dang cac dudng cong phu thudc vao hé sb tién J.
A en 0o .1 £ A LA K oy 1AL e aX 13 \ Vp
Trong dicu ki¢n thir tau tai bén, van tdc tién cia tau va chan vit déu bang 0, va J = . 0
n

Truong hop thir nhat gia tri Kr, Kq dat l6n nhét tai thoi dlem nay. Khi ting vén tdc tuong d6i J, goc
Bi ting va hau qua 1a 1am cho a; giam, dan dén giam hé s6 luc nang Cy, tir d6 giam cac hé s6 Kr, Ko.

D‘en mot gidi hz_}n nhat dinh cia J = J & Xay ra hién tuong Kr = 0 trong khi Kq # 0, dan dén hiéu suit
bang 0 va lyc day khong con, khi d6 momen quay con 16n hon 0.

Truong hop thir hai co thé xuét hién 1a, khi o; = 0, tai phén tir canh khong xuét hién luc nang dL.
Chan vit trong truong hop nay lam viéc ¢ ché do khong tao luc nang.

Truong hop thir ba c6 thé xy ra khi J dat gia trj J, nhat dinh, hé s6 Kq =0 con Kr < 0. Géc a; < 0
lam cho lyc nang dL < 0. Qua khoi gi6i han J, hé s6 Kq <0 va do vay gia tri cia dQ < 0.

Trong pham vi 0 <J <J; chan vit tau lam nhiém vu ctia may déy tau, tao luc déy 16n hon 0, dua tau
Ién phia trude. Khi vuot qua J, chén vit tau s& lam viéc nhu tua bin tao momen quay. Con trong pham
vi J; <J <J, chén vit khong dong vai tro may day va cling khong phai tua bin.

4.4 PO THI THIET KE CHAN VIT

Tir d6 thi chan vit seri B cia Wageningen xay dung cac do thi dung rong rai:
1- Do thi bé thir Taylor Bp - § dugc dung tai hau hét cac nudc,

2- D6 thi Papmiel, dugc 1ap ra va dung chinh thirc tai Russia,

3-Po thi dang ¢ - p - o tién lgi cho cong viéc danh gia tinh ning chén vit.

1. D6 thi bé thir Taylor
Céc hé s trong d6 thi Taylor bao gom:

(DHPY2 N
Bp=-—"r
Va*
hodc viét cach khic By :%. 5 419y vas-NP (4.20)

A A Va

trong d6 DHP hoic Pp - cong suit ddn dén truc chan vit, tinh bang ma luc (HP) theo hé théng do
Imperial (Anh-My).

N - vong quay truc chan vit trong mot phut; Va - Tbc d6 tién, do béng HL/h (kn),

D - Puodng kinh chén vit, do bang feet ( ft).

Ciing trén dd thi Bp - 9, tai truc ding co thé doc cac gia tri ti 1¢ bude H/D cua chan vit, img vai Bp.
Puong kinh chan vit tinh tir quan h¢ rang budc trong dd thi, D =8.Va/N.
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H/D 5,

NUA Y
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QLW
Y.

5,
X /
NS A v/
— / ™ '/‘-\

Hinh 4.12 D6 thi Bp - 8.

/N

D6 thi Bp-8 ap dung cho truong hop Va > 0. Pudng kinh t6i wu can duoc hiéu chinh cho
truong khong diéu hoa. Su khéc biét vé kich thude t6i vu cia dudng kinh nam trong pham vi tir 0 +
8% cho chan vit tau mot chan vit va tir 0 + 4% cho tau hai chan vit.

Db thi nhém vo gdm céc thong sb sau:

1/2
By, = (TH;%V , hodic viét cach khac By, = M NGEE A; D (4.21)
a a a
Hai nhém cong thirc c6 mdi quan hé rang budc: By, = Bp\np (4.22)
Ban than Bp, B, lién quan dén cac hé s6 trong d6 thi nguyén thuy nhu sau.
K,
Bp =33,09, /7Q (4.23); B;=13,20 % (4.24); &= # (4.25)

Tir 1975 tai USA sir dung d6 thi Taylor cai bién. Do thi dang nay trinh bay 1o va 1/J trong hé
toa d 0,1739 /B, — P/D. Trong hé toa d§ nay ./ Bp tinh theo cong thirc:

4K,

0,1739,/B, =¥ 2 (4.26)
VS

Véi hé toa (jé cai bién, khong thur nguyén nay nguoi st dung UK, USA co thé sir dung cac don vi
thudc h¢ thong do Imperial hodc hé thong do SI trong tinh.

A\l/KQ PDNz QM
= = 4.27
47 ez \p¥? -
A . , . \4[ KQ
Do thi thir hai By: 1,75,/ B;; = F (4.28)
V& Fp @n
= = 4.29
A i/anDz 124 4i/pD2 14 (4.29)

He s6 tién & thay bang quan hé 1/J.

Ky hi¢u dang dung chi Bp va By con c6 dang: Bp; = Bp, con Bp, = By.

Do thi /B, — 1/Jva \/B, — 1/J (con ky hiéu \/Bp, va \/Bp, ) cia chan vit seri B trinh bay tai céc
hinh cudi chuong nay.
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2. P6 thi Papmiel

Db thi do Papmiel E.E. dé xuéng xay dung trén co so dir liéu cta cac d6 thi Ky - J - np va do thi Ko -
J - np. Co s6 dit lidu dé Papmiel xay dung d6 thi ciia minh 1a két qua do ctia nhoém mé hinh chéan vit
gidng nhu chan vit seri B Wageningen thudc Netherlands.

~

olT

Hinh 4.13 Cach lap do thi Papmiel ho Kr—J
Puong t6i wu trong do thi Papmiel c6 dang dic biét. Puong cong xac dinh dudng kinh chén vit toi wu

Ky dugc lap cho truong hop khi da 6 n - vong quay chén vit. Nguoc lai khi duong kinh dé xac dinh,
c6 the sir dung duong toi uu Ky dé€ tim vong quay thich hgp nhat.

: J _Vp,p - /p
K =—=—-4— 446); va K,=DVp.,|— 4.30
n ‘\L/FT \/; T ( ) d P. T ( )

Ho duong cong t6i wu trén d6 thi ho “may tau” theo cach 1am cta Papmiel c6 dang:

K, =P e-VP_, 75.J° 5.31)
3
K, = DVp PP _ |57 (4.32)

3.Pothidangg-p-o

Do thi ¢ - 1 - o trinh bay quan hé gitra J véi cac h¢ s6 Kr, Kqovatilé 21)2 (h¢ s6 luc déy), hinh

5.20.

Céc hé s6 dung trong db thi nhu sau:

D J
o Tp PP T (4.33)
Q K,
1

e 1 (4,34)

CRN

p=n
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oo TD Ky
_2n.Q_2n.KQ

(4.35)

trong d6: D - duong kinh chan vit, (m); Q - Momen quay, (kG.m);
p - Mat do nudc, (kg.m™.s%);  n - vong quay chan vit, ( vong/ gidy);
Vp - Van tdc tién coa tau, (m/s);

Hé théng dudng vén toc tién twong dbi ¢ = const dugc 1ap cho pham vi rong tir 0 (khi Vp = 0)
dén gia tri 16n c6 thé, vi du @mex = 14. Trong ché do thir tau tai bén bang bién phap ui bén, budc coc,
khi van toc tau Vp — 0 ngudi ding co quyén st dung dudng ¢ = 0 dé xem xét va tinh toan luc day
chan vit. Trong truong hop thir & ché do budc tau, luc kéo chan vit dat gia tri 16n nhat. Véi chan vit
c6 ti 1& budc khong doi, tir diém gip nhau gitta hai hé duong H/D = const va ¢ = 0 trén d0 thi dang ¢
- 1 - o s& nhanh chéng x4c dinh vong quay truc chan vit va theo d6, thong qua ti sd truyén ctia hop
s6, néu co, vong quay ma may chinh c6 thé phat huy duoc trong diéu kién thir tau tai bén.

Hoan ddi cac hé sb
Cong thirc trong hé metric

P .
Ko = 2,4669.10* D ) , dung cho nudc bién. (4.36)
p-Kg 30,896.Va 101,33
B,=23,77,—= (4.54); J=— = ’ 4.37
n= L 6,3668.107°. ND , ding cho nudc bién. (4.38)
|K, P
Q D
o=—L gy @57y o=te et Kr (439)
trong d6: Pp - Cong sudt din dén dau truc chan vit, (PS);

Q - Momen quay, (kGm); T - Luc day cta chan vit, ( kG);

N - vong quay chan vit trong mét phut, ( v/ph);

n - vong quay chan vit trong mot giay, (v/gy);

D - Puodng kinh chén vit, (m); Vp - Tdc do tién, (m/s); Va - Tdc do tién, ( HL/h);

p - mat d6 nudce, (kg.m™.s?). ( 104,48 cho nude bién ; 101,94 cho nude ngot)

Trong hé thong do Imperial tai UK, USA
P .
Ko=9,5013.10° [ D j, dung cho nudc bién. 4.40
Q N3D§ g ( )
Je 101,33.Va _ 101,33 (4.41)
N.D 5

n= L 3,2442.107. ND , ding cho nuéc bién. (4.42)

e %
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@:L:J_u (4‘62);6271_;;:%_-“_& (4.43)

A/ KQ J (p B zﬂ.KQ
trong do: Pp - Cong suat dn dén truc chan vit, (HP); Q - Momen quay, (Ibf.ft);
T - Luc déay cua chan vit, (Ibf); N - vong quay chén vit trong mo phuat, (v/ph);

n - vong quay chan vit trong mot gidy, (v/gy); D - Puong kinh chan vit, (ft);
Vp - Téc d6 tién, ( ft/s); Va - Téc d6 tién, (HL/h);

p - mat do nudc, (slug/ft3). (1,99 cho nudc bién; 1,94 cho nuéde ngot).

4.5 TINH HE SO DONG THEO VA HE SO LUC HUT

H¢é s6 dong theo tau di bién

Cong thirc Taylor

Tau mét chan vit: w = 0,5Cg - 0,5;

Tau hai chan vit: w = 0,55Cg -0,2. (4.44)

Cong thire Gill.

Tau mot chan vit: w=Cg/1,5 - 0,15;

Tau hai chan vit: w = Cg/1,5 - 0,27. (4.45)
N . 2 IV

Cong thirc Papmiel: w=0,156.C% - Aw (4.46)

trong d6 n - sb chan vit trén tau, D - dudng kinh chén vit, (m),
Aw = 0,1(F; - 0,2) ap dung cho truong hop F,, > 0,2,

V - thé tich chiém nudc cia tau, (m?).
Cong thirc Schoenherr

o010+ 45 CrCABID) 1. E D

T C)es 1scy  talr 5 Y (4.47)

T B
trong d6: L - chiéu dai tau, B - chiéu rong tau, T - chiéu chim trung binh,
D - dudng kinh chén vit, E - chiéu cao tinh tir mat day tau dén truc chén vit,
Cy - hé 6 dﬁy lang try dimg, C, - hé $6 déy lang try,
1 - goc nghiéng chan vit vé sau, tinh bang rad.,
k - hé s, = 0,3 cho sdng lai thong thuong, = 0,5 +0,6 cho sbng 14i bi thay d6i hinh dang dot
ngot.
Cong thirc Harvald
Cong thure thich hop cho tu dong hoa tinh todn, &p dung cho céc kiéu tau hién dai va ca tau truyén
théng, chuan myc dugc Harvald tong hop c6 dang:
w=w;tw; +Ww; (4.48)
t=t, +t,+ts (4.48)
trong cong thuc (4.73) va (4.74) wy, t; 1a ham cua B/L va Cb; w,, t; 1a ham cua hinh dang vé tau; ws,
t3 1a cac hi€u chinh theo duong hinh chan vit.
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0,3
w //
0.5 B/T=02 V/// 0,2 /////
“ 079 ////// ' /N@RP‘
0,18 /// // —— AN
> RNNTZ ZZ 01 —
! o A )
0,3 /7 é(/
’%"/éé 044 %050 0,60 0,70 0,80
T i ’ ’ 3 ) 8 ’
%Z/ 0,13
012 { 0 12 "N " N N . n .
’ Hé sb dong theo tau hai chéan vit
0,1 t T
B/L=0,18 _
0.3 0,17 T~
0L — 0,16 —
, , 0,70 5 0,80 =
’ 02 = 0,15
i U \N0/14
—_ 0,13
0 Vvl | 0,1
-0,1
0,50 0,60 0,70 $ 0,80 0
01< 0,50 0,60 0,70 s 0,80
wo | N Hé s6 Iyc hat
0 t T
\\ 0,2 —
-0,1 — L—]
002 0,03 0,04 0,05 006 0,075 0,08 ——F
0,1
0
0,50 0,60 0,70 5 0,80
Hé s6 t cho tau hai chan vit
Hinh.4.14 Hé¢ so dong theo trong cong thirc Harvald
Ham phuc vu cong viéc tu dong thiét ké:
& k1 Byi1
m = Z A]V(]'—1)+j(OB) - (—)1_ (449)
— = L
=1 k=1
trong d6 M =3; N =4,
Caché s6 Ap, m=1.2,..., 12 mang gia tri tai bang 4.20:
Bang 4.20
m An m An
1 -17,5871 7 1978,4545
2 91,8462 8 -1080,2286
3 -155,5795 9 -725,1457
4 85,8663 10 3744,6861
5 228,2286 11 -6300,7771
6 -725,1457 12 3452,9702

wy =-0,06474 + 0,1524Cp 4p dung cho tau suon chit U
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wy =-0,06656 + 0,1559Cp ap dung cho tau suon chit V

va ws=0,4645 - 20,7626(D/L) + 288,1399(D/L)* - 1448,7956(D/L)’
Cong thirc do Holtrop va Manen dé nghi.

Tau mét chan vit.

[(1+Kk)Cp +C,]

(4.50)

w = Cy(1+0,015C, )1+ K)Cp +Cp -] 0,050776 + 0,93405C; ;
Ty (1,315

B
(1,315 -1,45Cp + 0,0225 LCB)

+0,27915(1 +0,015C}) \/ + Cy(1+0,015C;)

Tau hai chan vit

~1,45Cp + 0,0225LCB)J

D
w = 0,3095Cs + 10Cg[(1+k)Cr + Ca] —0,23 NPT (4.51)
trong d6: Co = Cy ( Cs < 28) = 32 - 16/( Cg -24) ( Cs > 28) ;
Cs=BS/(LDT4 ) (B/Ta <5)=S(7B/Txa -25)/(LD(B/T4 -3)) ( B/TA > 5);
Ci1=Ta/D(Ta/D<2)=0,083333(Ts/D)+ 1,3333 (TA /D >2)
Ci19=0,12997/( 0,95 - Cg) - 0,11056/(0,95 - Cp) (Cp <0,7)
=0,18567/(1,3571 - Cv) -0,71276 + 0,38648Cp ( Cp > 0,7)
Suontau | chiV ‘ thong ‘ chit U
thuong
C ‘ -10 ‘ 0 ‘ +10
H¢ s6 dong theo cho tau ndi dia
Cong thurc Papmiel dung cho tau ndi dia:
3
w=0,11+ 0,16 (Cp)", /ﬂ —Aw (4.52)
n D
H# 56 lwe hiit cho tau di bién
t=Kw (4.53)
trong d6 K = 0,5 + 0,7 cho tau ¢6 banh lai dang thoat nudc.
Cong thirc tinh hé s Iyc hut t theo Harvald:
3 4 1 B -1
t= C (i-1)+,CB’' | = 4.54
;Z ' (i-1)+(CB) (Lj (4.54)
=1 j=1
v61 Cy, mang gid tri sau, bang 4.21.
Bang 4.21
TT Cn TT Cn TT Cu TT Cn
1 1,6074 7 -243,9802 4 -7,6262 10 -438,7333
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‘ 2 -8,2659 ‘ 8 138,2275 5 -25,6256 ‘ 11 } 746,3948

3 13,9601 9 84,4206 6 141,1943 12 -414,5098
Cong thurc tinh t do Holtrop phan tich va duc két c6 dang nhu sau.

Tau mot chan vit.

;. 0.25014(B/ D" (/BT| D** | 0.00150, (4.55)
(1- Cp+0,0225 LCB)*01762

Tau hai chan vit: £=0,325Cj - 0,18885% (4.56)
H¢ s lwe hiit cho tau ndi dia:

Tau mot chan vit: t = 0,6w(1 + 0,67w)

Tau hai chan vit: t = 0,8w(1 + 0,25w) (4.57)
Tau mot chan vit dudi transom: w=0,3Cg + 10CyCg—-0,1; t=0,1 (4.58)

B6 tri chén vit & vom dudi tau
Nguyén tic chung bd tri chan vit 1a dat duong truc cang sau cang t6t, néu didu kién cho phép. CH
gang dé trong moi truong hop chi€u chim cua truc Hg 16n hon duong kinh D chan vit.

a) Tau mot chan vit b) Tau hai chan vit.
Hinh.4.15 Bé6 tri chén vit sau vom dudi
Vi tri twong ddi gitra cac canh chan vit va vom dudi tau duoc dinh cu thé cho mdi dang tau. H.4.35 trinh
bay céach bd tri chan vit trén tau mot chan vit va tau hai chén vit.

Khoang cach tuong doi, so voi D, nhu sau:

b d

=0.1; — ;D
D D

=0,15;

: S =0,1; = =0,04;
D

-2 —02: 2 =012,
D

a b
D > D

4.6 XAM THUC CHAN VIT TAU
Xam thue canh va ct chan vit gay ra nhiéu hau qua khong loi cho hoat dong chén vit va ngay ca

an toan cua chan vit.
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Sti bot profil

Hién tuong sui bot ¢6 thé xay ra ngay trén profil canh néu tai dong chay bao canh xuat hién ving
ap suat thap hon hoi bdo hoa. Hinh 5.36 trinh bay dong chay bao profil ngdm trong nudc & do sau Hs.
Phuong trinh Bernoulli &p dung cho trudng hop nay c6 dang:

v, P, Vo Po
/
/’X’__’
%W/MA—
p
/a
_—1
——// /
—// —/’—
—
Oy > Oy -2,0
/T\
GZ y: \
~> -1,0
PP, a1>//\\‘
o 7
// -
/,/ 0
<= +
+10
Hinh 4.16
2 2
p- 1o A4
+ =p +
Ty m AT,

trong d6: Vo - van tc dong dén céanh,

Po - &p suat tinh tai mirc nudc Hg, trong dong, xa trudc canh,

Vi, p1 - van toc va 4p suat tai di€m trén canh,

b =1 - 0,5p.(VE - 12)

(4.59)

(4.60)

Tach vé phai ctia phuong trinh dé khio ctru, c6 thé nhan thdy rang, khi thanh phan

0,5p.(VZ - I/{)z) tang, ap suat cuc bo tai diém p; bi giam. Gia str Vo = const trong qua trinh khao ctru,

V| ting s& lam cho thanh phan nay ting, va la ting theo ham béac hai. Néu V, 16n dén mirc du, thanh
phan nay s& vuot qua gidi han po, ddn dén kha ning gia dinh p; < po, hodc dén mirc ap suit tai diém
P, dang xét giam dén gia tri dudi 0. Trong chat 1ong khong thé kéo dai tinh trang giam &p suét, va
cling khong c6 hién tuong ap suat am, boi vay khi ap sudt giam dén gii han nhat dinh, cac phan tir
nude sat mit canh tach khoi mit canh 1am xuat hién cac ving chan khong. Gi6i han ap suit dé xay ra

sui bot khong khac xa ap suat hoi bao hoa cia nudc.

bicu kién sui bot nhu sau:

p=n-050.(V - 12)< p,

2
Po~Pd " 1
0,50. \ %
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Ky hiéu sd sti bot bange ti 1¢ giita 4p suat tinh va 4p suit dong, tir cong thirc c6 thé viét:

o= "Pd 1., goi la s sui bot,
0,5p. 1§
v 2
va K= (—1} —1, goi la s lodng, (4.63)
|4

diéu kién sui bot duoc viét:
c<K (4.64)

SO sui bot phu thudc vao ap suat tinh ¢ tir s6 va ap suat dong & mau so. Néu ap suat tinh
khong doi, khi van toc dong cuc bd ting dan dén ap suat cuc by giam, dong thoi so sui bot gidm
nhanh, kha nang sui bot xay ra sé lon.

S6 lodng chi phu thude vao ti 1¢ gitra van tdc cuc bd va vén toc (dong, tirc 1a phy thude vao hinh
dang profil va goc tan cua profil tai thoi diém d6. Sui bot xay ra dau tién quanh dlem ap suét thap
nhat, tirc 1a norl van toc 16n nhat. Vi cac profil thuong gap, khi goc tan duong (+) sb lodng 16n nhat
tai mat hat, gan mép dan. Cac bong bong khi xuat hién dau tién tai vang nay. Truong hop a = 0 si
bot xéy ra dau tién tai mat hat gén mép thoat, con voi a < 0 sui bot dau tién s& xuat hién tai vung gén
mép dan, song & mat day.

Sii bot chén vit

Chan vit gdbm cu va cac canh, bdi vay trong khi lam viéc trong nudc ca canh va cu déu c6 kha
nang bi xam thyc. Chan vit tiép tuc quay, cac bot khi theo dudi nhau tach khéi mat dau canh va lo
lung trong nudc mdt thoi gian ngan. Khi chan vit quay véi van téc gioi han nhat dinh hién tugng sti
bot c6 thé bao trim cd mat hut cua canh va cac bot khi tir day thoat ra lién tuc. Néu van toc quay va
van toc tién cua chan vit tdng nita, hién tuong sui bot ¢6 kha nang 1y sang ca mat day.
Dé ngan ngura sui bot va cac hau qua xau cua n6 co6 thé s dung cac bi¢n phap can thiét.

1- Dung profil canh v6i phan b ap luc thay dong déu, tranh cac dinh ap suat. Loai profil hinh cong
nhu ludi liém, 16m & mat ddy co kha ning chdng sui bot tét hon loai profil canh may bay.

2- Bé dam bao lyc ddy du 16n trong moi truong hop can thiét phai ting dién tich mit canh bﬁng cach
tang chidu rong canh, cung v6i bién phap giam chidu day canh. Cach 1am nay trong thyc té 1a bién
phap giam goc tan va 1am cho phan b ap suit trén mat hat diéu hoa hon. Phuong phéap nay cé thé
dan dén viéc ting sirc can canh, 1am thap hiéu suat chan vit.

3- Khi ti 1€ di¢n tich mat dia khong ddi, néu giam sb canh, chiéu rong canh s€ 16n hon, ti 1€ t/b s€ nho
hon, va nhu vay phan bd ap luc & mat hat s€ déu hon.

4- Tang chiéu chim truc chan vit 1am cho gia tri ap suét tinh trén tir sd cua s sui bot 16n 1én, sb sui
bot 16n theo, di€u kién lam viéc ctia chan vit dugc day ra xa hon gidi han cua sui bot.

Tiéu chuin tranh sii bot khi thiét ké chan vit
Pst
pdyn

S6 sii bot =

trong d6 py - dugc hiéu chung 1a ap suét tinh, do tai vi tri tham chiéu vi du truc chan vit, tai ban kinh r chan
vit dang ndm trong nudc, con Pdyn - 4p sudt dong do tai vi tri tham chiéu trong dong chét 16ng.
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Po— Py

S4 sui bot tinh theo van tdc dong ty do: 6 = 5
0,5p. V4

trong do: py - 4p suét hoi bdo hoa,

V4 - van toc tién cua chén vit bang van toc dong tai vi tri xa trudc chan vit.

S sui bot tinh theo vén tdc vong: o = pO;p"z (4.65)
0,5p.(n.r.nD)

trong d6 D - dudng kinh chan vit.

Sé siii bot trung binh: & = C I (4.66)
0,5p.[ V4 + (n.r.nD)*]

Tiéu chuén tranh sii bot ciia bé thir Wageningen 1 = f(o)

o - Hgy -
trong do: so sui sot dang tinh theo dong tu do: ¢ = P =Py _ Pt SV~ Py (4.67)

0,5p.V%  0,5p.13

P - 4p suat khi quyén, tinh tai mat thoang nude, (10330 kG/m?),
Hs - chiéu chim dén tryc chan vit, do bang (m), y - trong lugng riéng cua nudc (p.g), (kG/m?),

Py - 4p suét hoi bao hoa, (kG/m?) doc tai bang 5.47.

Hé s tai trong: T= ﬂcz (4.68)
0,5.p.V4
Tir d6 thi ctia bé thir Wageningen mo phong duong han ché theo tiéu chudn tranh sui bot dudi dang:
Al =1,84( g + Hgy — p,)*'* Vi* (4.69)
c

trong cong thirc nay T tinh bang (kG), Ac tinh bang (m?), con V, bang (m/s).
Mt khac dién tich mit chiéu ctia chan vit nhém B-Wageningen dugc tinh xép X1
P, Aen.I*

Ay =(1,067-0,229. ) 2°
DA 4

Tiéu chuén sii bot Burrill
Tiéu chuén tranh sui bot dugc Burrill théng ké, &p dung cho céc loai tau khac nhau. Burrill st dung
sO sui bot trung binh, theo cach sau:

o= Po— Py P, t Hgy— b,

= = (4.70)
0,5p.[ V% + (m.r.nD)?]  0,5p.[V2 +(0,7.7.0nD)*]
Heé s6 luc déy 1 tinh theo cong thic:
r (4.71)

YRR 4 2
0, SPAC %,7

D6 thi dugce trinh bay dudi dang:
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T/ A,

C
t= L0 gy = A= tde 4.72)
0,50V {

0,5 — = =seEssEaEEsrageisd] = :
O 4 L A. - Exp- aree =(1,067-0,229s) == =,= + .--: =: 1T X3 !
a = laco pich ailso » i ¢ 3 : q'm Js ‘ e
03 j i Gcs:
T AD:DHF«?.ALFV’ZZOII’ \"22 111 %' 'l“*\ {
P e : I S SBSeel s
H - c8t nudc trén tru chan vit 3 o
r—” 0,2 AT _ % Hll “AWM&,
— - - L O\B“
% Y ara g ;- S B \&b:ﬂ"\.\‘:’“w
N BEED R 1. o O
= == 1AL &S r'c\& gl i |-
< / A o o o -
[oN / \s@ 8 ﬁu
S e i |
= & %
0.1 s Al :
i 57 H -
P 4 -%9"9 ¥ a8 O 2%% 5% 10% 20% 30%
14 0 H c I
= A fiis f\}\&h( \M@“ _
-‘elg\'b N 3.:.‘ 2 2 3 3
: REAERE AR AN R
. BuEEE 1 1 i I
0,05 0,1 0,2 0,4 0,5 0,60,70,80,91,0 15 2,0
0.78= G4, = 'E;—r‘g
Hinh 4.17 D6 thi Burrill
Tién hanh kiém tra tranh sui bot trén do6 thi Burrill theo thir tu sau:
1- Xéc dinh so sui bot trung binh, po—pzv
0,5p. %7
, re A e \ e Tl A
2- Tuong ng voi sO sui bot trung binh chon gia tri cia T = —,
0,5p. 1y 7
3- Kiém tra dién tich to1 thi€u cua Ac nham tranh sui bot:
T
Ac> (4.73)
o Tl Ap
0,5p. V)7 x| ——%—
%771 0,5p. 12
»9P- V0.7

Vidu 4.1: Kiém tra dién tich canh chan vit tau kéo theo tiéu chuén tranh sui bot cua Burrill. Kich
thudce tau kéo: L = 23,9m; B = 6,4m; H =3,1m; mén nudc lai )
Tl =2,82m, lugng chiém nudc 225T. May chinh cta tau cong suat 800 PS; N = 250 v/ph.

Chan vit duoc thiét ké cho ché d¢ kéo, Vr =5 HL/h.

Chiéu chim dén truc chan vit Hs = 2,0m.

Chan vit thuoc nhom B4.55, D = 2,39m; P/D = 0,53.

Heé s6 dong theo w = 0,13. Ap suét hoi bdo hoa doc tir bang 5.47 py = 240 kG/m”.

113



Tai V=5 HL/h Iyc day T ctia chan vit 8850 kG. Van tdc tinh toan V7 tinh theo cong thic: Vo7 =

2
V2 +(2R'Nx£x Dj
p 60 2

trong d6 V, = 0,514V r(1- 0,13) = 2,24 m/s, Vo7 = /485,42

S6 s bot trung binh:
Pyt Hgy—p, _10330+2,0x1024 — 240
0,5p.[V2 +(0,7.n.0D)?]  0,5x104,5x 485,42
T/ A,
0,5p. V37

=0,48

Go,7 =

Can ctr dd thi Burrill c6 thé doc gia trj hé sb luc twong Gng: T = =0,18.

Dién tich tdi thiéu cta dién tich chiéu chan vit phai la:

Ac> T 8850 1 94pp
T | 25363,2x0,18

AC’

0,5p. V3

Trong khi d6 dién tich that cua mat chiéu chan vit 1a:

P AenD2

A-=(1,067-0,229.— > =234 m’.

Chan vit thiét ké dam béo tranh sui bot khi khai thac.
4.7 PQ BEN CANH CHAN VIT

Cénh chan vit chiu tac dong dong thot lyc thiy dong thay d6i cuong @6, hudng trong mdi vong quay
va luc ly tam phu thudc phan bd kh01 luong va tan suat quay chan vit. Dudi tac dong luc trong cu va
cac canh xuét hién trang thai ing suét phtre tap, bao gdm tmg suat do ubn, do kéo, nén, xoan. Chan
vit lam viéc trong truong toc do khong diéu hoa nén ngoai luc tic dong 1én no thay d6i ngay trong
mdi vong quay chan vit, gia tri ngoai luc thay ddi tiry thudc vi tri chan vit.

Mo hinh Taylor: cé}nh chan vit nhu dAm conson, ngam tz;li cu. Luc déy cﬁa} ch@n vit dugc phan bd theo
qui luat do ly thuyét dong xody dinh. Dang gian don nhat qui luat phan bd viét nhu sau:

r\” rY’ ?
v=&lL] |1-[Z (4.74)
R R
trong do K khong ddi cho mdi loai chan vit, cac sb mii con lai ¢6 thé 1a: m =2; n=1; p=0,5.
Luec tiép tuyén phan bd déu cho mat cit.

Thu tuc tinh Gng sut trong canh ap dung cho timg mat cat. Trong mé hinh tinh dim conson
mit cit bién hinh sang mit cat ngang dam, cach gdc toa do r.

Tai mit cit r momen udn dugce tinh theo cong thuc:
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R

do lyc doc truc gy ra: Mr = J.(%j(z; - )dr
r
R
do luc tiép tuyén gy ra: Mg = j(f{—lfj( r—n)dr
r

I

trong do ry = ban kinh ct chan vit.

(4.75)

(4.76)

Nhu di néu trong gia thiét vé canh, tai r mat ct canh dang profil, chiéu day t nho hon nhiéu
khi so v6i chicu rong b, do vay cé thé coi mot truc chinh cua tiét di€n song song véi duong sinh mat

cat, con truc kia vudng goc.

Hinh4.18 Luc thiiy déng trén phan tir canh

Momen tong cong: M = MZT + M?K
Hinh chiéu momen M trén cac truc 0x va Oy:

M, = Mp.cosp+ Mg.sing

M, = Myp.sing— Mg.cos¢

M., =(Mp+ M,).sin¢— My.cos ¢
Kiém tra dd bén theo cong thirc Taylor

Dién tich va momdun chong udn ctia mat cat:

4
A:J.ta’c
0
2_[[3y(y+ D+ tz]ta’c._[tdc .
W=-2 . 0 —%J.(Zy+ Dtdc
3j(zy+ dtde 0
0

trong do t - chiéu dﬁy mit cét, y - toa d§ mat dap.
Trong tinh toan thuc té c6 thé dung cac cong thirc gan ding:

4 1
Wy =—.16: Wi, =— B,
X =350 Y=15" ¢

trong do / = 0,45(A/Ag).D vae=0,715.tg.D
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Luc ly tdm trong céac cong thirc cua Taylor nhan ¢ dang:

oG @ran? G

4 I g
trong d6 G - trong lugng phan canh nim ngoai mit cat dang tinh, n - vong quay chan vit trong mot
gidy, 1, - ban kinh trong tdm phan cdnh ndm ngoai mat tinh toan, tinh bang biéu thic:

An?n? I (4.84)

,=0,3(R-1)+1 (4.85)
Ung suat kéo do lyc ly tAm gy ra: o 5 = 2 (4.86)
Dién tich mit cat A nhan bang A = 0,7.b.e cho truong hop profil canh.
Tai cac chén vit thuong gip (mg suét 16n nhat xuat hién & mat cat gan cu.
Tinh cho diém A.
Mx My
- + + 4.87
N T i ° &7
Tinh cho diém B.
Mx My
_ N N 4.88
P wxB weB (459
Cong thirc tinh ap dung cho hai diém C va D.
Mx Mx
= i Gg Op= —— 4.89
"0 OE " D ° )

Mo hinh tinh s& gian don hon nita néu coi dT/dr ting tuyén tinh véi r, con dK/dr 1a gia tri khong doi.
Mb hinh xody ctia dong dugc chuyén vé dang I' = const doc canh. Theo nhing d6i thay d6 cong thirc
Taylor gio day c6 dang:

T M
2(R% + Ry + 17) R+z;1
t do: = — 4.134); = 491
rong do6 P ST R ) ( ); qr Y (4.91)

Kiém tra d9 bén theo cong thirc Romson

Phuong phap Romson tinh dén anh huong cong suét may chinh, tan suat quay chan vit trong
nudc, hiéu suat chan vit va tdc do tién cua chan vit trong moi truong thyc té. Ung suét trong mdi mit
cit canh duoc coi la tong dai sb ung suit do momen ubn o; va ung suit o, do lyc ly tam: 6 = o} + o».

Cong thirc tinh (mg suit 6; do momen udn gy.

Ung suét kéo: Gl’K:%(CBjan'@J'X (4.92)
ag.be.Z.
, : C,.P 101,3
Ung suat nén: o :#.(C + .—’).X 493
s WV b @ Z N BT T (393)

Cong thirc tinh tmg suat o, do luc ly tim gdy.
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2
Ung suét kéo: Oy g = M(£+ soj (4.94)

10t | ag
2
Ung suét nén: Co N = M. AcC €0 (4.95)
’ 10 ay

trong d6: Pp - cong suét dan dén truc chan vit, tinh béng (PS),
b - chiéu rong canh tai r, (m); e - chiéu dﬁy canh tair, (m),

ag va ay - hé s6 mo dun mit cit, doc theo bang sau; g, - hé sb, doc tir bang 5.23.

Bang 4.23: Cac hé s6 diung trong cong thirc Romson

Hé sb Miit cit Ghi chu
0,2R 0,6R
ax 0,096 0,100 ding khi kéo
ay 0,086 0,800 dung khi nén
£ +0,580 +0,345 + khi kéo, - khi nén

N - vong quay chan vit trong mot phut; 1, - hiéu sudt chan vit, ] = Vp/(n.D) - hé s6 tién ctia chén vit,
D - duong kinh chéan vit, (m), Z - s6 canh chan vit.

Céc hé s6 Ca, Cp, X mi@u ta ddc trung phan bd }uc déy, luc vong trén canh duogc trinh bay tai dd thi
trén hinh 4.39. Cac hé so0 A, C dac trung cho diém dat lyc ly tam, doc tai hinh 4.39.

20 15 10 5 0 X
- 1,00
//,
P C
1
X 0,8
A 1,05
/] 0 6T
Ca Cg ' ~
104 0.4 1]
e 711,10 06 08 10 12 14 Hp
9 Wy ;
JTTTINC P
° NI c,, 2RI
7 A 1.4
] N p
610,1C5(0,2R) A i2 a
V. // d
5 < 1,0 eﬁA"O' 7T
4 //, \\ 0’8 \9) > /3,5////
/ 7 r3 0; >
3 0,6 L~ ’ p - Lt
S £2,5 =
2 014 P LA L1 ,2,0‘ ”’
1 lzZZz 1 L 1,07
1 0,2 ZZ=2 ]
0,6 0,8 1,0 1,2 1,4 0 4 8 12 16 20

H/D

Hinh 4.19
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4.8 THIET KE CHAN ViT TAU THUY CANH CO PiNH

Thiét ké chan vit canh ¢ dinh tién hanh theo hai cach.

Cich thir nhét, hinh 4.20, chan vit dugc thiét ké cho tau lam viée trong dicu kién 1y tudng: vo tau
khéng nham, sirc can tau nho nhat trong ché dg khai thac, moéi truong nudce ly tuong. Trong khai thac
chan vit tau phai lam viéc ¢ cheé do thyc “nang” hon so vdi ngay dau. Qua trinh nay di tr “nhe” dén
“nang”.

Ty (KG) R thuc t& T} (kG) R ban d4u

R ban dau R thyc té

O H
V si dung / s V (Kn) o
"V thiét ké V thist k& / :V sti dung V (Kn)

Hinh 4.20. Thiét ké theo cdc
diéu kién Iy tudng

Hinh 4.21. Thiét ké chén vit theo
mdy diesel

Cich thir hai, hinh 4.21, khi thiét ké may day giit lai mot lugng du trit lyc day dé phong nhiing truong
hop tau phai lam viée trong nhiing diéu kién nang hon thoéng thuong. Pé lam theo hudng nay can xac
dinh day du cac yéu té méi trudng anh hudng dén sirc can vo tau va tau ndi chung trong cac diéu kién
lam viéc. Strc can ngoai gia tri da tinh cho than tau trong diéu kién 1y tudong dua vao duong cong siic
can ngay trong giai doan thiét ké may day. Két qua thong ké cho biét, sirc can gan thém theo dang
nay phai dat 20 + 30%R. Nhu viy, khi thiét ké chan vit canh ¢ dinh, chan vit nay phai lam viéc
trong nhimg diéu kién “ning” hon nhiéu so véi diéu kién thyc ma né phai chiu trong nhiing chuyén
thr dau tién.

Quan hé gitra may chinh - vé6 tau- chan vit

Trong h¢ toa do tAn suAt quay 7 va cong suat may P, do 16n cac duong cong suat phu thudc vao
gia tri momen quay tai ch¢ d¢ dang lam viéc cua may. Mat khac dé quay dugc trong nude véi tan
suat n, chan vit can momen quay Q tinh theo cong thurc:

Q=Kq. pn°D’ (4.96)

Cong suat may chinh P, ham ciia Q, Ko H/D, vio hé s6 toc d¢ tién J = Vp/(nD) va cac yéu t6 khéc.
Véi truong hgp J = const, khi H/D tdng P tang. V&1 chan vit ¢ ti 1€ budc xoan khong do1 H/D =
const, tai van toc tién Jo- 0, P dat gia tri 1on nhat, sau do khi J tdng (H.5.42), h¢ sO momen quay giam
dan dén 0.
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P P P
(PS) (PS) (PS)
Q
& Q
iy N 5
S
I
n (v/s) n (v/s) n (v/s)
0 0
a) b) Hy>H,>H, c)d,>Jd,>J,

Hinh 4.22. May chinh phy thuéc vao H/D va J chan vit.
Cong suit can thiét dé chan vit quay duoc trong nudc:

2
pE@r D o Kool
716,2 11,93

Do thi tai hinh 5.43 dudng I - dudng dic tinh ngoai, hay

1a cong suat dugc phép sir dung cia may chinh. Thong thuong

trén cac may diesel duong dac tinh ngoai cao hon dudng cong B

suat v& cho ché d6 Q = const = momen dinh muc. Puong II 1a C

han ché duéi cta tan suit quay, mdi may chi co thé 1am viéc on

dinh & tan suat quay cao hon n tdi thiéu. Puong III - duong dic

tinh gidi han dudi cua may. Buong IV - duong hdm lam nhiém
vu diéu khién khong cho phép may qua tai tan suat quay.

1 (4.97)

Pﬂ A

; I\

I III

Trong diéu kién tiéu chuan, tau dat van téc ¥, nhat dinh, hé

sO tién J dat gia tri tiéu chuan, chan vit c6 dudng kmh D va budec ¢
k‘hong’dm H/D'— const doi ‘11701 duoc f:ap cong sua‘g P dinh muc & Hinh 4.23 Quan hé lam viéc
tan suat quay dinh mtrc n, diém lam viéc cua hé thong may - chin
vit - vo tau 1a A. Tai day cong suat may dat 100% dinh murc, tai
100% n dinh muac. Khi tau lam viéc trong nhiing diéu kién thuan loi hon duy tinh, vi du chay xudi
dong nudc, tau chd nhe vv..., chan vit chi doi hoi cong suit nho hon cong suat dinh mirc cia may dé
dua tau vao hoat dong binh thuong. Piém lam viéc tot nhét cia truong hop nay 1a C. Theo ché do
ning tai, diém lam viéc gi6i han cia truong hop nay 1a B, nam trén duong momen quay dinh mirc
song tai n nho hon gia tri dinh muec.

gitia mdy - chdn vit.

Chin vit theo ché d9 chay tu do

Theo ché d6 chay ti do chan vit 1am viéc tai momen quay ¢ ché do dinh muc, vong quay may dinh
murc, tao luc déy 16n nhat, thing sirc can vo tau, dua tau tién v6i van téc nhanh nhat. Trong pham vi
tbc do tau tir 0 dén tdc d6 khai thac cong suat ma may chinh cé the cép cho chan vit doc trén duong
dic tinh ngoai ctia may. Sau khi dat cac gid tri dinh mutc cong suit may phuc ting dudong diéu khién,
theo d6 vong quay khong vuot qui gidi han cho phép, chan vit lam viéc theo ché do
n = const, trong khi cong suit dugc cip nhod hon cong suat dinh mirc.

Chan vit thiét ké theo ché d¢ kéo

Tau lam nhiém vu kéo hoac déy doi1 héi ste kéo trén moc 16n khi kéo (déy) thuong & tdc do kéo kha
nho. Tau kéo trén song thuong khai thac & pham vi Vr= 7 + 8 km/h, tau kéo chay bién thuong kéo &
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van toc 5 + 7 HL/h, tau kéo ludi trong nghé ca thudng kéo ludi cing cé tai van téc 3 + 5 HL/h. Thiét
ke chan vit theo ché¢ do kéo nham tao ra sttc day 16n nhat ma chan vit c6 thé phat huy tai Vr cho
trudc. Trong giai dgan van toc tau nho hon V1, may chinh lam viéc theo ché d momen quay Q dinh
muc, chan vit tao lyc day 16n nhat.

Cac chan vit thwong gap

Céc hinh néu tiép gidi thidu bang anh va hinh cac kiéu chan vit gip trong thyc té.

b)
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h)

g)

THIET KE CHAN VIT CANH CO PINH DUA VAO KET QUA THU MO HiNH
Truong hop 1. Thiét ké chan vit theo ché d¢ chay tu do, dwong kinh chin vit khong han ché
Chudn bi di liéu vé mdy tau, vo tau.

- Buong cong stic can v tau R = f(Vs), tinh theo cadc phuong phap du do tin cdy,

- Thong tin vé may chinh: cong suat dinh mic BHP, tin suit quay tmg voi trudng hop cong suit lién
tuc, 16n nhat ciia may,

- Thong tin vé hé truc tau: kiéu hop s, ti sO truyén,

- Céc hé s6 lién quan dén tac dong qua lai giira vo tau va chan vit.
Théng s6 can gidi:

- Thong s6 hinh hoc chén vit: D, H/D, a., Np-

- Téc @6 tau 16n nhét.

Thuan tién hon c nén dung d6 thi Taylor Bp-8 hodic do thi Papmiel Ko-J dé xéc dinh chan vit t6i .
Thtr tu tién hanh theo phuong phap thir lan lugt nhu sau.
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Gia sir v6i méy chinh d chon, vdi ¢& tau da co, khi ldp chan vit voi s6 canh d dinh, tau c6 thé khai

théc t;li van toc V| nao d6. Gia tri V| khong nh@t thiét phai sat thuc té trong lﬁnqchon dau tién. Tu V;

bat dau tinh gid tri cta Bp, vi du trong h¢ thong do Imperial Anh-My c6 thé sir dung cong thuic:
N B

P~ VHQ . V;

trong d6 V, thay vao vi tri Va khi tinh.

Khi st dung dd thi Papmiel cac don vi do déu dung theo hé metric, K, tinh theo cong thirc:
' Vp

K, - f

Véi van toc da chon tién hanh tinh cac dic trung hinh hoc theo thtr tu:

Trong hé thong Bp- 8 (H.5.44).

, V| thay vao vi tri Vp khi bat dau tinh.

- Tim gié trj toi wu cua & trén dudng tdi wu Sop = fBp)
- Tir biéu thitc 5 = N.D/'V, xac dinh duong kinh chan vit D
- Trén db thi doc gié tri ctia H/D = fiBp, ) van, = F(Bp, 0)
- Tinh luc day cua chan vit.
THIET KE THEO CHE PO CHAY TU DO

ERR\VAS.

Ky Kq,

a) Sir dung do thi Bp-S b) @6 thi Papmiel

Hinh 4.24

Trong hé théng d6 thi Papmiel (H.5.44b).

- Tim gi4 trj toi vu cta J trén duong tdi vu Jopt = f(Kn);

- Tur biéu thuc J = Vp/n. D xac dinh duong kinh chan vit D

- Trén db thi doc gié tri cia H/D = f(Kn,J) va n, = F(Kn,J)

- Tinh luc déy cua chan vit.

So sanh luc déy T tir két qua tinh véi stre can vo tau tai van tbe Vi:

AT = Lyc day ciia chén vit - Sicc can R = (V).

Néu gia tri tuyé€t ddi cua AT da nhé, c6 thé coi di chon duoc chan vit thoa man yéu cau. Truong hop
AT con mang gia tri l6n ve phia &m hay duong, can ti€p tuc phép thir bang cach tdng hoac giam toc
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d6 mot lugng AV dé chuyén tir V, sang vi tri V,. Cac phép tinh tiép tuc cho Vs, va néu can tiép tuc
V3, V4 vv... dén khi dat tiéu chuan vé sai so da de ra.

So db thiét ké dua vao db thi (H.5.44).

Bang 5.25: Thiét ké chan vit theo ché dj chay tw do

a) Dura vao db thi Taylor b) Dya vao db thi Papmiel
Ky hiéu & cong thirc Pon vi Ky hiéu & cong thirc Pon vi
Vs HL/h Vs HL/h
Va=Vs(1-w) HL/h Vp=0,5144Vs(1 - w) m/s
P - -
Bp 800 [P on_ Vo VP
Va Va \/E PD
Sope = f1 ( Bp) - Jopt = £1(K”n) -
8=1(0,94 +0,96).84 1 -
J= ——————Jopt
(0,94 +0,96)
b 0.305V8 m D= VP m
60n Jn
H - 11,936.P, -
— =1£(Bp, d =
D 2( P ) p.n3D5
M, =1f(Bp, d) - H -
P = =61, Ko)
D
75Pon, kG My =), Ko) :
0,515.V,
Te=T(1-1) kG T 75Ppm, kG
\
Te=T(1-t) kG

Thiét ké chan vit theo ché dd kéo

Chudn bi dit liéu vé mdy tau, vé tau.

- Van tdc khai thac cta tau trong ché do kéo,

- Théng tin can thié‘g vé may chinh: cong suat dinh mic BHP, tin suit quay tmg véi truong hop cong
suat lién tuc, 16n nhat cua may,

- Thong tin vé hé truc tau: kiéu hop s, ti sO truyén,

- Céc hé sb lien quan dén tac dong qua lai gitra vé tau va chan vit,

Théng sé can gidi:

- Thong s6 hinh hoc chan vit: a., H/D, Mp-

Céc phép tinh trong phan chuan bi.

- Cong sudt dan dén truc chan vit sau khi tinh dén anh hudng diéu kién moi truong, hiéu suét hop 30,
hiéu suat duong truc Pp = Cp.nns Nar. BHP. Trong tai li€u nay h¢ so anh huong ctia méi truong chi
nam trong pham vi Cy = 1 + 0,8.

- Tan suat quay chén vit trong nudc dugc ting hodc giam +2%, theo hudng dan chung.
- Téc db tién that cia chan vit tinh theo cong thirc:

V, = Vr (1 - w), tinh bang ( HL/h);
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V, = 0,5144V,, tinh bang (m/s).

60n [P, , . .V, |V
- Hé s6 Bp hoic K, Bp=—-. |- hoic K,=—~4-2F
72\ Jn'\ B
Céc phép tinh ti€p theo thyc hién theo bang 5.30.
Béang 5.30: Thiét ké theo ché d kéo
a) Dwa vao dd thi Taylor b) Dua vao db thi Papmiel
Ky hiéu & cong thirc Pon vi Ky hiéu & cong thire Pon vi
8= 1f,( Bp) - J=1f, (K’n)
_ 0,3055V, m p- VP "
N Jn
H - H
= =1fy(Bp, 8 — =f(K™n,J
D 2( Bp, 8) D 2(K’n, J)
n, =1(Bp, §) - M, =£(K"n, J)
_ 5P, kG ~ 75Pym, kG
0,515.V, 0,515.V,
Te=T(1-t) kG Te=T(1-1) kG
Zo="Te-R(Vr) kG Zy="Te - R(Vr) kG

Truong hop dudng kinh chan vit bi han ché so do tinh s& gian don nhu sau.
Trén d6 thi Taylor thuc hi¢n cac budce tinh:

6011 P VA S = 101,3.n.D

V, V.

a a P
2- Poc tir d6 thi cac gia tri: H/D = f;(Bp, 8) va Mp = £2( Bp, 9).
Khi sir dung dd thi Papmiel thuc hi¢n hai budc tinh:
Vp

ﬁ%@ = const val] = —D = const.

2- Poc tir d6 thi cac gia tri: H/D = fi(Kq,J) va np = £r( Ko, J).

XAY DUNG PAC TiNH VAN HANH CHAN VIT TAU

Puong lam viéc ctuia chan vit duoc lap trong hé toa do “luc day chan V1t & stic can vo tau - toc do
tau” tuong Ung voi d6 thi trong hé toa do ‘cong suat - vong quay may”. Do thi “lyc day chén vit &

strc can vo tau - tde do tau” ludn cd do thi dong hanh v€ trong hé toa do *“ cong suét - toc do tau”,
trong d6 miéu ta cong suat ma chan vit doi dugc cap phat trong moi ché do khai thac.

1- Tinh Bp =

1- Xac dinh Kq =

Puong lam viéc cua chan vit dugc 1ap cho cac ché do lam viéc cua may chinh:
1- ché d6 momen quay khong doi,
2- ché do tan suat quay ctia may chinh khong doi.

Hinh 4nh néu quan h¢ gifra cong viéc may chinh va chan vit gidi thiéu tai hinh 5.47.
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TAU THfJY

BHP

.

n = const

Hinh 4.25. Quan hé giita cac dwong lam viéc cua mdy chinh va chdn vit tau

Lap dwdng lam viéc cho ché d) momen khong ddi Q = const

Lap duong lam viéc ndy co tinh bit budc khi thiét ké chan vit tau van tai néi riéng va tau cing
chan vit theo ché d6 chay ty do noéi chung. Trong moi trudng hop lam viéc cua may diesel khong
dugc phép qua tai, nghia la cong suat khong thé cap nhiéu hon gia tri da cho trén duong ddc tinh
ngoai. Thuc té dudng dic tinh ngoai khong cach xa duong miéu ta cong suét cho truong hgp momen
quay bang momen dinh mic. Tir duong dic tinh 1am viéc voi Q = const, ngudi dung dé dang nhan
biét sirc kéo 16n nhat ciia chan vit va yéu cau vé cong suat cia chan vit trong nhiing trudng hop thay
doi diéu kién khai thac.
a. Nhitng théng sé da xac dinh.
Duong kinh chan vit D =...; Ti I¢ budc H/D =...; Momen quay: Q = 716,2.P,/60n

b. Thit tu tinh theo bang 5.39.

Bang 5.39: Xéc dinh duong dic tinh cho ché d6 Q = const.

TT Ky hiéu & cong thirc Pon vi Két qua TT Ky hiéu & cong thirc Ponvi | Két
qua
1 - 0 0,05 6 v/ph
I= E,chotruéo N= 60. 4'! ’
nD p.D>Kq
2 Kr=fi(H/D,J) - 7 n=N/60 v/gy
3 My =H(H/D,J) 8 v JnD HL/h
g= —
0,515.(1-w)
4 2nKr. - 9 3p3 PS
J 11,936
5 kG 10 PS
Te= K—T.M.(Ft) Pp= Pr
Kq D Ndt"hs

2. X4c dinh dwong lam viée cho ché d9 n = const
Chuan bj dit lidu:

C1 H—D Cz—pl]2D4(1 t) C3_pﬂ ﬁ C4: %
0,515(1-w)’ 11,936 NaMhs

Tir cac hé sb trén c6 thé viét: Vs = C,J, (HL/h); Te = C, Kr, (kG)
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NdMhas

p.n" P

Thtr ty tinh thuc hién theo bang 5.40.

©'11,936m M.

= C4KQ, (PS)

Béng 5.40: Lap duong lam viéc theo ché 6 n = const

TT Ky hi¢u & cong thirc Pon vi Két qua TT Ky higu & cong DPon vi Két qua
thie
1 J, cho trudce 5 Vs=C,J HL/h
2 KQ:f|(H/D,J) 6 TCZCQKT kG
3 Kr =f,( H/D, ) 7 Pe=C, Kq PS
4 Kt 2n
M=

4.9 LAP CHUONG TRINH THIET KE CHAN VIT TAU

Chuong trinh thiét ké chan vit nham ty dong héa xir 1y dit liéu cac md hinh da qua thir nghiém

va tim chon chan vit phtt hop nhat cho cong viéc da dinh. Trong phan nay trinh bay thuét toan thiét ké
chan vit tau van tai va tau kéo dua vao mo hinh chan vit seri B, Wageningen. Thuat toan dang d¢ cap
con dugc dung khi thiét ké chan vit theo mau SSPA.

H¢ s dong theo va luc hut

Hé sb dong theo w tinh theo cong thirc Harvald

W = W] tW, tW; (4.98)
trong d6 w; - phu thudc vao ti 1€ B/L va hé sb Cg,
w3 - hé s6 phu thudc vao hinh dang vom dudi,
w3 - hé s6 phu thudc vao ti 1€ D/L cua tau.
3 4 ] B -1
W, = C,(i-D)+i(CB | = 4.99
=1 j=1
Cp, tra tai bang 5.45.
Bing 5.45.
m Cn m Cn m Cn m Cn
1 -17,5871 7 19784545 4 85,8663 10 3744,6861
2 91,8462 8 -1080,2286 5 228,4687 11 -6300,7771
3 -155,5795 9 -725,1457 6 -1176,9195 12 3455,9702
Heé s6 w, ap dung cho tau véi vom dudi hinh chir U:
wy = 0,1524Cg - 0,06474 (4.100)
Hé s6 w, ap dung cho tau véi vom dudi hinh chir V:
W, = 0,1559C5 + 0,0656 (4.101)

HE s6 ws:
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2 3
w3 = 0,4645 - 20,7626 (%j +288,1399 (%j —1448,7956 (%} (4.102)

Céc hé sb trén dugc tinh cho pham vi sau.
Cg=0,5+0,75;B/L=0,13 =+ 0,18; D/L = 0,025 + 0,075
Cong thirc tinh hé s6 lyc hat t:

&, o g1 BY
t=z A, (i-1)+;CB)/ (Zj (4.103)

=1 j=1

vO1 A, mang gia tri bang 4.46.

Bang 4.46
m Cm m Cn m Cn m Cn
1 1,6074 4 -7,6262 7 -243,9802 10 -438,7333
2 -8,2659 5 -25,6256 8 138,2275 11 746,3948
3 13,9601 6 141,1943 9 84,4206 12 -414,5098
Cong thurc Schoenherr:
CgCp B
Cy L Hs D
w=0,10+4,5 o +0,5[75—§—1;sj (4.104)
(7-6-—-5)(2,8-18Cp)
Cw
trong d6: L,B, T - chiéu dai, chiéu rong, chiéu chim tau, Cg, Cp, Cy - hé s6 déy than tau;
Hs - chiéu chim dén truc chan vit
k = 0,3 dung cho tau v6i vom lai thong thuong
k=0,5+ 0,6 dung cho tau voi1 vom lai hinh cong nhu cai thia.
Cong thue tinh hé s6 luc hat Schoenherr ¢6 dang:
t=Cw; (4.105)

. R SN tAm phang, , I
dang banh lai tau ‘ thiy dong ‘ canh vat chéo ’ banh 1ai phang
C ‘ 0,5+0,7 ‘ 0,7+0,9 ‘ 0,9+1

Xdc dinh so by duwong kinh chén vit tau

Kich thude hinh hoc chan vit bi han ché béi vom dudi tau, trong d6 duong kinh chan vit tau
bién khong 16n hon 0,7 + 0,75 chiéu chim tau.

Vi tau dugc trang bi may chinh cong suat dan dén truc chan vit Pp, vong quay chan vit n,
van toc dong chay dén chén vit V,, c6 thé tinh duong kinh chan vit theo cong thirc kinh nghiém:

1,359 . Py
Jn \p.Y,
trong d6: Pp do bang stc ngua (PS); vong quay # tinh bang (v/gy);

D

(4.106)
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vén tdc V, tinh bang (m/s).
Van toc tau lugng chiém nudc A(t), trang bi may chinh cong suat Pp(PS), tinh gan diing nhu sau:

V, = (K - 4CB) (1,36Pp)"* (0,102A)"”, tinh bang (HL/h) (4.107)
trong d6 K = 7,65 &p dung cho tau 1 chan vit, K= 7,1 cho tau 2 chan vit.
Ti I¢ dién tich mat dia can thieét
Pé tranh hién tuong sui bot, xam thuc canh, ti 16 mat dia bé nhat nam trong han dinh:
Ade (1,3+0,32)T

- —(Po .y +C (4.108)

trong d6: C = 0,2 cho tau 1 chan vit; Z - sb canh; T - luc déy, (kG)
Cong thte tinh ap suat tinh:

Po = pa + Hs.y, (kG/m’) (4.109)
trong do: p, - 4p suat khi quyén, do tai mit thoang ving nuéce, (kG/m?),
Hs - chiéu chim dén truc chan vit, (), y - trong luong riéng ciia nudc, (kG/m’).

Ap suét hoi bao hoa doc tir bang 4.47:

Bang 4.47: Ap suét hoi bao hoa p,

¢ Py Pv %) t Py Pv 5 (%)
(C) (kG/m?) Po (°C) (kG/m?) Po

5 89 0,9 40 752 73

10 125 12 50 1258 12,2
15 174 1,5 60 2031 19,7
20 238 23 100 10330 100
30 433 42

Do thi Kr - 1, - Jva Ky - , - J chén vit seri B

Céc hé sb thuy dong luc trong hé théng Kr - Np - J va Ky - np - J duoe biéu dién duéi dang da
thire, thuan lgi cho lap trinh. Cac hé $b KT, KQ duoc xét nhu ham cua hé sb tién J, ti 1€ buoc H/D, ti 1€
dién tich mit dia ae, s6 canh Z, ti 1& chiéu day canh t/D va thoa man tung phan diéu kién dong luc hoc
Reynolds.

_ bV, +(0,150D7
u

trong do: b - chiéu rong canh tai r = 0,75R; V, - van tdc tién cua chan vit,

(4.110)

1 - hé s6 nhét dong hoc ctiia nude.

Trong pham vi Rn = 2x10°, cac hé s6 Kr, Kq ctia chén vit nhom B dugc biéu dién bﬁng cong thuec:

] m
k H Ae n
> Chmn? (—Dj {EJ Z (4.111)

k1 mn
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] m
k H Ae n
> Kymnd (5) (EJ z (4.112)

kI mn
Céc h¢ s0 Cimn va Ky doc tir bang Ava bang B, ghi cudi chuong nay.

Puong t6i wu cta & tim trén d6 thi Bp-8 theo cong thirc ctia van Gunsteren:

0,2
Bg ’ 2
0.9365+£—(2’101 , j Ap
Z Z A

5, =100 L
trong d6 B, tinh theo hé théng do Anh-My, HP, v/ph, HL/h.

(4.113)

w (155,3+75,11BL/% + 36,76 B,)

Chon mady tau . o . )

Trong nhi€u truong hop nguoi thiét ké can dua ra nhitng dé nghi chon may tau du cong suat
va vong quay tryc chan vit hgp ly nhat cho van dé dang dugc giai quyét. Thuat toan chon may tau
nhu sau:

1. Xac dinh vén toc tau V, = 0,515V (1-w),

2. Xac dinh D bang cong thiic gan ding: D) = 1,359 4 b .
Jn \p.Y,
3. Xc dinh \/ Kr_ | RV
Jo A\ pA-9V2D?
29T T=——mm | Tk _._&m
07 NS 57 '0a7 :'\'\\'\_ : :
N —— .44 NN o 24
06 e+ *\%\ =3 1 Nt 7 5 8
N .
05 SN G—AF 04 A\ G —
SHE RN N\
04 N 4 4 WY ' 6
3 NS 3¢ " I
g' 5 S y
02—t - 20— 14
— \ | 7 7
10 Nt 0 o . 2
gL _ ‘ \i
08| al L 7 R N 1
: S B
o8 e 06
v

4 - .
02 0305 1 7 3495 Wﬁ\gw

S
E
=)
S
ro
>
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N FE
/4 5
whib— Jt ;Y& 4
™ | £ 393
N\ .
AN 2
. " g
Ll f
e 0
u : 04kl :
a2 030405 o 2 a2 30405 o 2 345 0 -2

=

Hinh 4.26 Chon may tau

nD
=—vamn,

p

R(V)0,515

1-¢ ’
75— G psMafo k

4. X4c dinh cac hé sb 1
J
Vs

5. Tinh Pg =

v
6. n= 1% ,

J D

Chon may tau kéo theo thur tu sau:

1. Xac dinh \/7
\/ 2 "D Vp

2. Xéc dinh cac hé s6 — va Dopt

J
, TV,0,515
3. Tinh Pg - £
75 CoMNasNalr
v
4) n=-L2r
J D

Do thi giup chon may khi thiét ké chan vit B4 va B5 trinh bay tai hinh 4.26
Thiét ké chan vit theo ché d¢ chay tu do

Trong ché do chay tu do chan vit dua tau tién voi van tde nhanh nhat khi st dung 100% cong
suat dinh mtrc cuia may chinh, tai ché do momen quay khong doi.
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Thiét ké chén vit theo ché do chay tu do dwa vé giai phuong trinh:

T(Vy) Vi =R(V)V, (4.114)
Trong hé toa dj luc - vin téc bai todn trén cé dang:

f(X) = o(X) (4.115)
voi f(X) = Te(Vs) va o(X) = R(Vy)
Gidi thudt xuw ly f(X) = o(X)
1-‘Tim gid tri thtr cia Vi, vi du Vi = (Viin + Vimax) /2; trong do6 cac gia tri Viin, Vmax dugc chon tuy
di€u kién khai thac cua tau.
2- X4c dinh luc day cua chan vit T, = f;(V), theo so d tai hinh 5.51
3- Xac dinh R = f; (V) bang cac phuong phép tinh sirc can tau,
4- Xéc dinh céach biét gitta R va Te: AR = Te(V) - R(V),

5- Thuc hién phép thir: |25 < &2

(kG)

VS

, ) Hinh4.27. Thiét ké chan vit theo ché do ghgy tw do )
Néu pheép thir dua lai két qua ding, dimg cac phép tinh va thong bao két qua. Nguoc lai, ti€p tuc tinh
dé tim nghiém.

So do6 giai phuong trinh:
Start
Y
A
y
V= (Viin + Vmax)/ 2 Viin =V Vmax =V
A
y ’
Xac dinh T, = f(V) Bung
Y
To(V) - R(V) ~<R/R<T > Bing =©

Hinh 4.28 . So do gidi phuong trinh f(V) = (V).
Xdc dinh luc diy T,(V).
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1- Vy = Vy(1-w); 2-Bp= — =7

A A
3- 8opt fl(Bp> 8opt) 4-0= (0,96 - 1) Sopt;
s.j_ 1013 6.D— szo,515tg;
S nd nJ
7- Co= 223800 8- H/D = £ (H/D, I, Co, Ad/Ao, Z);
p.n°. P
9- Ky = f (H/D, J, Co, Ad/Ao, Z); 10- Te = T(1-t) = Kr.pn°D* (1-t).

Giai phuong trinh H/D = f, (H/D, J, Cq, Ae/Ao, Z ) doi hoi phai xac dinh (H/D)o bang d6 thi trude khi
tinh H/D. Str dung hé toa do Kq - H/D dé tim gia tri H/D = f(Kq) theo cach lam tai hinh 5.52 va 5.53.

kA
c
v
HINH 4.29 . HINH 4.30
Xac dinh H/D trén do thi K, - n, -J, cho J = const bo thi K, - h/d véi K, = const
Heé s6 C = const xac dinh theo cong thc:
11,936 A,
c=—=2""72L (4.116)
p.n°. P
Xdc dinh budc chén vit.
1- P = (Pmin + Pmax)/2; 2- Ko =1i(H/D, J, Ae/Ay, Z);
A
3-A=C-Kg; 4-‘2“§8?
5-A>07? 6- Néu (5) dung Py, = P;

7- Nguoc lai Pyax = P;

Thiét ké chan vit theo ché dp kéo

Yéu cau cua trudng hop nay 1a phai tao ra lyc keo trén moc 16n nhit khi tau kéo tai van toc
kéo Vr cho trudc. Vi van tdc tau Vs < Vr chan vit lam viéc theo ché dd momen quay dinh mtrc. Stuc
kéo trén moc tai thoi diém nay tinh bang cong thirc:

Zo="Te(Vr) - R(V1), v61 Vs> V1 chan vit lam vi¢c 6 ché d0 n = const.

132



Thuét toan thiét ké chan vit theo ché d6 kéo:

I- Va=V(1-w); 2-Bp=— |==; 3- 6 =fi( Bp, Ae/Ay);

4-D=03048 5Va/N; 5- H/D = fy( Bp, Ae/A);  6- Nopt = F3( Bp, Ae/Ao);
75,

7-Te= ———;
0,515Va

8-Zy=Te(Vr) - R(V1);

Miéu ta chwong trinh may tinh hién hanh

Chuong trinh nguyén thﬁy duoc viét bang ngdn ngit FORTRAN 1V, ap dung cho thiét ké chan vit
seri B, Wageningen, s canh tir 3 + 5, danh riéng cho thiét ké chan vit theo ché do chay tu do va ché
d6 kéo. Tuy thudc y mudn nguoi ding, chuong trinh con dugc lua chon dé tinh chan vit dung hoa.

Trong chuong trinh dé ngoé kha ning chon lya duong kinh t6i wu hodc duong kinh han ché cho ngudi
dung.

Chuong trinh gdm cac mé dun chinh:

- Tinh céc hé s6 Kr, Kq 14 ham cta H/D, AJ/Aq, Z, J,

- Giai phuong trinh f(X) = ¢(X),

- Thiét ké chan vit theo ché d¢ chay tu do,

- Thiét ké chan vit theo ché d6 kéo,

- Kiém tra chan vit hién hiru va trinh bay bién phap cai tién,

- Xac lap céc dac trung hinh hoc va 1ap duong dac tinh chan vit.

Két cdu chan vit dam bao tiéu chuan bén theo phuong phap Romson. Diéu kién tranh sui bot, xam
thuc canh va cu theo cach lam cta bé thr Wageningen, Netherlands.

Chuong trinh duge “dich” tr FORTRAN sang ngén ngir C ~ ANSI, chay trong moéi truong
DOS may tinh ca nhan PC. Chuong trinh chi doi hoi may tinh ¢6 céu hinh don gian tir AT 386 tr¢
1én. Sau d6 chuong trinh trén day da dugc chuyén sang ngon ngir visual C++ chay trong moi truong
Windows.

Dudi day gidi thiu trich doan ham chinh cta chuong trinh 1am tai li¢u tham khao.
void main ()

{

char ch;

time t loctime;

struct tm *currtime;

struct date currdate;

textbackground( BLUE ) ;

textcolor ( WHITE) ;

outfile = fopen("a:\\trl.out","w+");

if ( outfile == NULL )

printf ("\n\tKhéng thé m& file TR1.0UT\n");
else

printf ("\n\tFile TR1.0OUT di dugc md.\n");
clrscr() ;

getdate (&currdate) ;

gotoxy (60,1) ;

RIS A W= O

ek ke \D
N H W=
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16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59

printf("\t %d\ %d\ %d", currdate.da_day,
currdate.da_mon, currdate.da year);
loctime = time (NULL) ;

currtime = localtime( &loctime) ;

gotoxy (50,2) ;

printf ("%$s\n", asctime( currtime ) );

gotoxy (10,12) ;

printf ("\n\tTén tau : "); scanf ("%$s", &ship);
textcolor ( GREEN) ;

printf ("\n\tChay séng hay bién ? Xin tra loi <S/B> : ");
ch = getche();

ch = toupper( ch );

if (ch == 'S"'" ) c=1.0;
else c¢=1.025;

gamma =1000*c;
rho=102.0%*c;

vmin= 2.0; vmax=25.0;

fprintf (outfile,"\nStarted : %s\n", asctime( currtime) );
fprintf (outfile,"\nTen tau: $%s\n ",ship);

textcolor ( LIGHTRED) ;

condition = ' ';

while ( condition !'= '0' ) {

clrscr() ;

gotoxy (10,5) ;

printf ("\n\tTHIET KE CHAN VIT TAU - B-WAGENINGEN\n") ;
printf ("\n\tl- CHAY TU DO\n");

printf ("\n\t2- CHE PO KEO\n");

printf ("\n\t3- KIEM TRA CHAN VIT C6 SAN\n");

printf ("\n\t0- THOAT RA NGOAI\n");

textcolor ( YELLOW ) ;

printf ("\n\n\n\tPé& nghi chon sé : (1) (2) (3) (0) : ");

condition = getche();
switch ( toupper( condition ) ) {
case 'l': FreeRunning();
break;
case '2': Towingcondition() ;
break;
case '3': checkOfScrew() ;
break;
case '0': printf("\n\n\t\tGood bye") ;
exit(0);
}
}
}

~ Du6i day trinh bay két qua tinh chan vit cho tau van tai ven bién strc chd 600dwt, khai thac &
van toc xap xi 9,3 HL/h.
Tau duoc ldp may chinh cong sudt 400 PS, vong quay may & ché‘ dd dinh muc 750 v/ph. Vong
quay chan yit }60 v/ph. Céc hé so d(‘)l}g theo va lyc hat dugc tinh bang w = 0,322 va t = 0,186.
Modun thiét ké chan vit t61 vu dua ra két qua :
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Puong kinh D =1,564m,;

Ti 18 bude xodn H/D = 0,676;

Ti 1€ dién tich mat dia ae = 0,427,

S6 canh Z=4.

Tbc d6 tau Vs =9,297 Hl/h.

Hinh 4.31
4.10 VE CHAN VIT TREN MAY CA NHAN PC

Trong giai doan thiét ké chuong trinh tao ra loat dir liéu lién quan hinh hoc chan vit. Di liéu
nay duoc nhd sau dé dung cho vi¢e ty dong hoa cong doan v€ chan vit. Cong vi¢c thuc hién trong
pham vi chuong trinh v€ chan vit.

Thuéat toan vé dwong bao canh chan vit

Phuong phép khai trién elip d trinh bay tai phan dau tai liéu duoc dung vao viéc vé duong
bao céanh tai cic mit chiéu. Phuong phép cai bién cho chuong trinh v& c6 dang nhu trén hinh. Trén
hinh, phén (c) 1a mat khai trién cua canh, vé qua cac mat cat tru, duoc xac dinh trong qua trinh thiét
ké chan vit. Tir (c) tién hanh khai trién, xac dinh cac doan thang 1,, 1, d;, d, do qua cung CB, cach
tadm cu ban kinh r, da duoc trién khai thanh doan CB nhu trén hinh. Chiéu dai cung 1, I, dugc dat
vao hinh chiéu béng khi x4c dinh chiéu dai doan thing tir duong chuan dén mép dan va mép thoat
trén hinh chiéu bang Cung d; va d, dugc dat vao hinh chiéu canh theo thir ty twong ing. Khoang
cach tu duong chuan dén B trén hinh chiéu canh duogc coi bang chiéu dai cung d;, co chiéu dai cung
d, dung dé x4c dinh vj tri C trén hinh chiéu canh.

Cach v& nay duoc ap dung cho tit ca cac mit cat, tinh tir dudng bao ca dén r = R.

Hinh 4.32 Vé chan vit

Dua vao giai thuat trén c6 thé tién hanh v& chan vit theo tht tu sau.
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- V& dudng bao mit trai can cr vao dit liéu do chuong trinh thiét ké cip.
- V& hinh chiéu bing

- V& hinh chiéu canh

- Déng kich thudce

Tir cach v& trén ddy co thé viét chuong trinh vé chan vit trong 3D ding dé mé hinh ho4 cac
qua trinh chiu tai trong dong nudc di sau tau, trong diéu kién chén vit quay theo y muén. Chan vit v&
trong 3D c6 thé gifip ich cho nhiing ngudi nghién ciru @6 bén chan vit khi mo hinh hoa ching trong
khoéng gian. Ban vé 3D di gitip nhitng k¥ su trong nganh thiét ké qui trinh cong nghé gia cong canh
chan vit trén may CNC.

Chuong trinh viét bang ngdn ngit LISP v& chan vit seri B Wageningen trinh bay cudi chuong
nay. Mot trong nhitng vi du v€ chan vit 4 canh, B-4-55 trinh bay tiép theo.
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Hinh 4.33 Chan vit 4 canh vé trong khong gian 3D

Bang A Hé s6 Kym, chan vit B4 va B5.

=

L m n

(H/D) (Ae/dy) (2)
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Cklmn
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NS
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W
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14 -0,133698 0 3 0 0
15 +0,00638407 0 6 0 0
16 -0,00132718 2 6 0 0
17 +0,168496 3 0 1 0
18 -0,0507214 0 0 2 0
19 +0,0854559 2 0 2 0
20 -0,0504475 3 0 2 0
21 +0,010465 1 6 2 0
22 -0,00648272 2 6 2 0
23 -0,00841728 0 3 0 1
24 +0,0168424 1 3 0 1
25 -0,00102296 3 3 0 1
26 -0,0317791 0 3 1 1
27 +0,018604 1 02 2 1
28 -0,00410798 0 2 2 1
29 -0,000606848 0 0 0 2
30 -0,0049819 1 0 0 2
31 +0,0025983 2 0 0 2
32 -0,000560528 3 0 0 2
33 -0,00163652 1 2 0 2
34 -0,000328787 1 6 0 2
35 +0,000116502 2 6 0 2
36 +0,000690904 0 0 1 2
37 +0,00421749 0 3 1 2
38 +0,0000565229 3 6 1 2
39 -0,00146564 0 3 2 2
Bing B Hé s6 Kymn B4 va B 5 seri B.
TT Kiimn k 1 m n
) (H/D) (Ae/Ay) )
1 +0,00379368 0 0 0 0
2 +0,00886523 2 0 0 0
3 -0,032241 1 1 0 0
4 +0,00344778 0 2 0 4
5 -0,0408811 0 1 1 0
6 -0,108009 1 1 1 0
7 -0,0885381 2 1 1 0
8 +0,188561 0 2 1 0
9 -0,00370871 1 0 0 1
10 +0,00513696 0 1 0 1
11 +0,0209449 1 1 0 1
12 +0,00474319 2 1 0 1
13 -0,00723408 2 0 1 1
14 +0,00438388 1 1 1 1
15 -0,0269403 0 2 1 1
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16 +0,0558082 3 0 1 0
17 +0,0161886 0 3 1 0
18 +0,00318086 1 3 1 0
19 +0,015896 0 0 2 0
20 +0,0471729 1 0 2 0
21 +0,0196283 3 0 2 0
22 -0,0502782 0 1 2 0
23 -0,030055 3 1 2 0
24 +0,0417122 2 2 2 0
25 -0,0397722 0 3 2 0
26 -0,00350024 0 6 2 0
27 -0,0106854 3 0 0 1
28 +0,00110903 3 3 0 1
29 -0,000313912 0 6 0 1
30 +0,0035985 3 0 1 1
31 -0,00142121 0 6 1 1
32 -0,00383637 1 0 2 1
33 +0,0126803 0 2 2 1
34 -0,00318278 2 3 2 1
35 +0,00334268 0 6 2 1
36 -0,00183491 1 1 0 2
37 +0,000112451 3 2 0 2
38 -0,0000297228 3 6 0 2
39 +0,000269551 1 0 1 2
40 +0,00083265 2 0 1 2
41 +0,00155334 0 2 1 2
42 +0,000302683 0 6 1 2
43 -0,0001843 0 0 2 2
44 -0,000425399 0 3 2 2
45 +0,0000869243 3 3 2 2
46 -0,0004659 0 6 2 2
47 +0,000055419 1 6 2 2

138




Chuong trinh vé chan vit tau thiy trong 3D
3Dmesh with array
Quay phai cv3dp.lsp

defun gduser ( / Ae)
(initget (+ 1 2 4))
(setq D (getreal "\nDuong Kinh Chan Vit < tinh bang m>: "))
(initget (+ 1 2 4))
(setq Ae (getreal "\nTi Le Mat Dia < tu 0.4 den 1.1>: "))
(initget (+ 1 2 4))
(setq HD (getreal "\nTi Le Buoc < tu 0.5 den 1>: "))
(initget 6)
(setq NBLADE (getint "\nSo canh <3-4-5> : "))
(setqg H (* HD D))
(setq bm (* 0.72 Ae D))
(setq Hd2pi ( / H (* 2 pi))
(setq D2 (/ D 2.0))
(setq cmde (getvar "CMDECHOQ"))
;;;(command "UNDO" "GROUP")
(setq ucsf (getvar "UCSFOLLOW" ))
(setq stabl (getvar "SURFTAB1"))
(setq stab2 (GETVAR "SURFTAB2"))
(setq Listr (mapcar '(lambda (x) (* x D2))

0.2 0.30.40.50.60.70.80.9 1.0)))
(setq Listem (mapcar '(lambda (x) (* x D))

'(0.0406 0.0359 0.0312 0.0265 0.0218 0.0171 0.0124 0.0077 0.0045)))
(setq Listb (mapcar '(lambda (x) (* x bm))

'(0.7473 0.8341 0.9153 0.9705 1.0 0.9919 0.9285 0.7577 0.451)))
(setq Listbp (mapcar '(lambda (x) (* x bm))

'(0.4605 0.5124 0.5491 0.5652 0.5582 0.5222 0.4463 0.3031 0.1487)))
(setq Listb1 (mapcar '(lambda (x y) (* x y)) Listb

'(0.35 0.35 0.35 0.355 0.389 0.442 0.478 0.5 0.5)))

(setq Phi (atan Hd2pi D2))

(setq CosPhi (cos Phi))

(setgm (* 0.1487 bm) gamma (/ m D2))

(setq Al (list (* D2 (sin gamma) -1.0) (* D2 (cos gamma) )

(* (* m CosPhi) (sin Phi) -1.0) ))

(defun dsize ( / LowLC UpRC)
(setq LowLC (list 0.0 0.0))

(setq UpRC (list (* 5 bm) (* 0.8 D)))
(command "LIMITS" "OFF")
(command "LIMITS" LowLC UpRC)
(command "ZOOM" "A")

)

; array

(defun dprofilO1( / xx r m em b b1l bp Listx Listz gamma Phi CosPhi)
(setq em (nth O Listem) b (nth O Listb) bl (nth O Listb1)
bp (nth O Listbp))
(setq m (- bp bl))
(setq Listx (mapcar '(lambda (x) (+ m (* x bl)))
'0.00.20.40.60.80.90.951.00.950.90.80.6 0.4 0.2 0.0)))
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(setq Listz (mapcar '(lambda (%) (* x em))
(0.0 0.0 0.023 0.059 0.1345 0.203 0.262 0.400 0.569 0.6435 0.744
0.870 0.9450 0.986 1.0)))
(setqr (* 0.18 D2))
(setq Phi (atan (* Hd2pi 0.80) 1))
(setq CosPhi (cos Phi))
(setq xx (mapcar '(lambda (x) (* x CosPhi) ) Listx ))
(setq gamma (mapcar '(lambda (x) (/ x 1)) xx))
(setq Rightl (mapcar '(lambda (x y z) ( list (* r (sin x))
(“r (cos x)) (+ (*y (sin Phi))2)))
gamma Listx Listz))
(command "COLOR" 1)
(command "3DPOLY"
(nth O Rightl) (nth 1 Rightl) (nth 2 Rightl) (nth 3 Rightl) (nth 4 Rightl)
(nth 5 Rightl) (nth 6 Rightl) (nth 7 Rightl) (nth 8 Rightl) (nth 9 Rightl)
(nth 10 Rightl) (nth 11 Rightl) (nth 12 Rightl) (nth 13 Rightl) (nth 14 Rightl)

;(setq AO (nth O Rightl) BO (nth 7 Rightl) AAO (nth 14 Rightl))

(setq Listx (mapcar '(lambda (x) (- (* x (- b b1)) m))
'0.20.40.60.81.00.80.60.40.2))
(setq Listz (mapcar '(lambda (x) (* x em))
'(0.9645 0.869 0.7265 0.5335 0.3 0.182 0.109 0.0545 0.015)))
(setq xx (mapcar '(lambda (x) (* x CosPhi) ) Listx ))
(setq gamma (mapcar '(lambda (x) (/ x 1)) xx))
(setq Leftl (mapcar '(lambda (xy z) (list (* r (sin x) -1)
(“r (cos x)) (+ (*y (sin Phi)-1)2)))
gamma Listx Listz))
(command "3DPOLY"
(nth 8 Leftl) (nth 7 Leftl) (nth 6 Leftl) (nth S Leftl) (nth 4 Leftl)
(nth 3 Leftl) (nth 2 Leftl) (nth 1 Leftl) (nth O Leftl)

lll|)
;(setq CO (nth 4 Leftl))

(setq Listx (mapcar '(lambda (x) (+ m (* x b1)))
'0.00.20.40.60.80.90.951.00.950.90.80.6 0.4 0.2 0.0)))
(setq Listz (mapcar '(lambda (x) (* x em))
(0.0 0.0 0.023 0.059 0.1345 0.203 0.262 0.400 0.569 0.6435 0.744
0.870 0.9450 0.986 1.0)))
(setqr (* 0.2 D2))
(setq Phi (atan (* Hd2pi 0.82) 1))
(setq CosPhi (cos Phi))
(setq xx (mapcar '(lambda (x) (* x CosPhi) ) Listx ))
(setq gamma (mapcar '(lambda (x) (/ x 1)) xx))
(setq Right2 (mapcar '(lambda (x y z) ( list (* r (sin x))
(* r (cos x)) (+ (*y (sin Phi)) z) ))
gamma Listx Listz))
;(setq A2 (nth O Right2) B2 (nth 7 Right2) AA2 (nth 14 Right2))

(setq Listx (mapcar '(lambda (x) (- (* x (- b b1)) m))
'0.20.40.60.81.00.80.60.40.2)))
(setq Listz (mapcar '(lambda (x) (* x em))
'(0.9645 0.869 0.7265 0.5335 0.3 0.182 0.109 0.0545 0.015)))
(setq xx (mapcar '(lambda (%) (* x CosPhi) ) Listx ))
(setq gamma (mapcar '(lambda (x) (/ x 1)) xx))
(setq Left2 (mapcar '(lambda (x y z) ( list (* r (sin x) -1 )
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(* r (cos x)) (+ (*y (sin Phi) -1) 2)))
gamma Listx Listz))
;(setq C2 (nth 4 Left2))
(setq em (nth 1 Listem) b (nth 1 Listb) b1 (nth 1 Listb1) bp (nth 1 Listbp))
(setqg m (- bp b1))
(setq Listx (mapcar '(lambda (x) (+ m (* x b1)))
'0.00.20.40.60.80.90.951.00.950.90.80.6 0.4 0.2 0.0)))
(setq Listz (mapcar '(lambda (x) (* x em))
'(0.0 0.0045 0.013 0.046 0.1085 0.1655 0.222 0.3755 0.549 0.6265 0.725
0.858 0.9400 0.984 1.0)))
(setq r (nth 1 Listr))
(setq Phi (atan (* Hd2pi 0.88) 1))
(setq CosPhi (cos Phi))
(setq xx (mapcar '(lambda (x) (* x CosPhi) ) Listx ))
(setq gamma (mapcar '(lambda (x) (/ x 1)) xx))
(setq Right3 (mapcar '(lambda (x y 2z) ( list (* r (sin x))
(* r (cos x)) (+ (*y (sin Phi)) z) ))
gamma Listx Listz))
;(setq A3 (nth O Right3) B3 (nth 7 Right3) AA3 (nth 14 Right3))

(setq Listx (mapcar '(lambda (x) (- (* x (- b b1)) m))
'0.20.40.60.81.00.80.60.40.2))
(setq Listz (mapcar '(lambda (x) (* x em))
'(0.968 0.868 0.7160 0.5095 0.2535 0.122 0.058 0.017 0.0)))
(setq xx (mapcar '(lambda (x) (* x CosPhi) ) Listx ))
(setq gamma (mapcar '(lambda (x) (/ x 1)) xxX))
(setq Left3 (mapcar '(lambda (x y z) ( list (* r (sin x) -1 )
(* r (cos x)) (+ (*y (sin Phi) -1) 2)))
gamma Listx Listz))
;(setq C3 (nth 4 Left3))
(setq em (nth 2 Listem) b (nth 2 Listb) bl (nth 2 Listb1) bp (nth 2 Listbp))
(setq m (- bp b1))
(setq Listx (mapcar '(lambda (x) (+ (* x b1l) m))
'0.00.20.40.60.80.90.951.00.950.90.80.6 0.4 0.2 0.0)))
(setq Listz (mapcar '(lambda (x) (* x em))
(0.0 0.0 0.003 0.0265 0.078 0.125 0.179 0.345 0.522 0.6015 0.704
0.843 0.9325 0.982 1.0)))
(setq r ( nth 2 Listr))
(setq Phi (atan (* Hd2pi 0.95) 1))
(setq CosPhi (cos Phi))
(setq xx (mapcar '(lambda (x) (* x CosPhi) ) Listx ))
(setq gamma (mapcar '(lambda (x) (/ x 1)) xx))
(setq Right4 (mapcar '(lambda (x y 2z) ( list (* r (sin x))
(*r (cos x)) (+ (*y (sin Phi)) z) ))
gamma Listx Listz))
;(setq A4 (nth O Right4) B4 (nth 7 Right4) AA4 (nth 14 Right4))

(setq Listx (mapcar '(lambda (x) (- (* x (- b b1)) m))
'0.20.40.60.81.00.80.60.40.2)))
(setq Listz (mapcar '(lambda (x) (* x em))
'(0.97 0.8655 0.7025 0.477 0.1785 0.062 0.015 0.0 0.0)))
(setq xx (mapcar '(lambda (x) (* x CosPhi) ) Listx ))
(setq gamma (mapcar '(lambda (x) (/ x 1)) xxX))
(setq Left4 (mapcar '(lambda (xy z) ( list (* r (sin x) -1 )
(* r (cos x)) (+ (*y (sin Phi) -1) 2)))
gamma Listx Listz))
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;(setq C4 (nth 4 Left4))
(setq em (nth 3 Listem) b (nth 3 Listb) b1 (nth 3 Listb1) bp (nth 3 Listbp))
(setq m (- bp b1))
(setq Listx (mapcar '(lambda (x) (+ (* x b1) m))
'(0.00.20.40.60.80.90.951.00.950.90.80.6 0.4 0.2 0.0)))
(setq Listz (mapcar '(lambda (x) (* x em))
'(0.0 0.0 0.0 0.007 0.043 0.0845 0.133 0.304 0.486 0.568 0.677 0.823 0.924 0.981 1.0)))
(setq r ( nth 3 Listr))
(setq Phi (atan (* Hd2pi 0.99) 1))
(setq CosPhi (cos Phi))
(setq xx (mapcar '(lambda (x) (* x CosPhi) ) Listx ))
(setq gamma (mapcar '(lambda (x) (/ x 1)) xx))
(setq Right5 (mapcar '(lambda (x y z) ( list (* r (sin x))
(* r (cos x)) (+ (*y (sin Phi)) 2)))
gamma Listx Listz))

(setq Listx (mapcar '(lambda (x) (- (* x (- b b1)) m))

'(0.20.40.60.81.00.80.60.40.2))

(setq Listz (mapcar '(lambda (x) (* x em))

'(0.9695 0.861 0.684 0.434 0.097 0.0175 0.0 0.0 0.0)))

(setq xx (mapcar '(lambda (x) (* x CosPhi) ) Listx ))

(setq gamma (mapcar '(lambda (x) (/ x 1)) xx))

(setq LeftS (mapcar '(lambda (x y z) (list (* r (sin x) -1)
(“r (cos x)) (+ (*y (sin Phi)-1)2)))
gamma Listx Listz))

;(setq AS (nth O Right5) B5 (nth 7 Right5) AAS (nth 14 Right5))

;(setq CS (nth 4 LeftS))

(setq em (nth 4 Listem) b (nth 4 Listb) b1 (nth 4 Listb1) bp (nth 4 Listbp))
(setqg m (- bp b1))
(setq Listx (mapcar '(lambda (x) (+ (* x b1) m))
'(0.00.20.40.60.80.90.951.00.950.90.8 0.6 0.4 0.2 0.0)))
(setq Listz (mapcar '(lambda (x) (* x em))
'(0.0 0.0 0.0 0.0 0.008 0.0445 0.084 0.245 0.4335 0.522 0.636
0.7935 0.9125 0.981 1.0)))
(setq r ( nth 4 Listr))
(setq Phi (atan Hd2pi 1))
(setq CosPhi (cos Phi))
(setq xx (mapcar '(lambda (%) (* x CosPhi) ) Listx ))
(setq gamma (mapcar '(lambda (x) (/ x 1)) xxX))
(setq Right6 (mapcar '(lambda (x y z) ( list (* r (sin x))
(* r (cos x)) (+ (*y (sin Phi)) z)))
gamma Listx Listz))
(setq Listx (mapcar '(lambda (x) (- (* x (- b b1)) m))
'(0.20.40.60.81.00.80.60.40.2))
(setq Listz (mapcar '(lambda (x) (* x em))
'(0.968 0.854 0.6715 0.402 0.051 0.0 0.0 0.0 0.0)))
(setq xx (mapcar '(lambda (x) (* x CosPhi) ) Listx ))
(setq gamma (mapcar '(lambda (x) (/ x 1)) xx))
(setq Lefté (mapcar '(lambda (xy z) (list (* r (sin x) -1)
(“r (cos x)) (+ (*y (sin Phi)-1)2)))
gamma Listx Listz))
;;(setq A6 (nth O Right) B6 (nth 7 Right) AA6 (nth 14 Right))
;;(setq C6 (nth 4 Left))
(setq em (nth 5 Listem) b (nth 5 Listb) b1 (nth 5 Listb1) bp (nth 5 Listbp))
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(setqm (- bp bl) r (* 0.7 D2))
(setq Listx (mapcar '(lambda (x) (+ (* x bl) m))
'(0.00.20.40.60.80.90.951.00.950.90.80.6 0.4 0.2 0.0)))
(setq Listz (mapcar '(lambda (x) (* x em))
'(0.0 0.0 0.0 0.0 0.008 0.0445 0.084 0.245 0.4335 0.522 0.636
0.7935 0.9125 0.981 1.0)))
(setq Phi (atan Hd2pi 1))
(setq CosPhi (cos Phi))
(setq xx (mapcar '(lambda (x) (* x CosPhi) ) Listx ))
(setq gamma (mapcar '(lambda (x) (/ x 1)) xx))
(setq Right7 (mapcar '(lambda (x y z) ( list (* r (sin x))
(“r (cosx)) (+ (*y (sin Phi)z)))
gamma Listx Listz))

(setq Listx (mapcar '(lambda (x) (- (* x (- b b1)) m))
'(0.20.40.60.81.00.80.60.40.2))
(setq Listz (mapcar '(lambda (x) (* x em))
'(0.968 0.854 0.6715 0.402 0.051 0.0 0.0 0.0 0.0)))
(setq xx (mapcar '(lambda (x) (* x CosPhi) ) Listx ))
(setq gamma (mapcar '(lambda (x) (/ x 1)) xx))
(setq Left7 (mapcar '(lambda (xy z) ( list (* r (sin x) -1 )
(1 (cos x)) (+ (*y (sin Phi)-1)2)))
gamma Listx Listz))
;(setq A7 (nth O Right) B7 (nth 7 Right) AA7 (nth 14 Right))
;(setq C7 (nth 4 Left))
(setq em (nth 6 Listem) b (nth 6 Listb) bl (nth 6 Listb1) bp (nth 6 Listbp))
(setgq m (- bp bl))
(setq r (* 0.8 D2))
(setq Phi (atan Hd2pi 1))
(setq CosPhi (cos Phi))
(setq Listx (mapcar '(lambda (x) (+ (* x b1) m))
'(0.00.20.40.60.80.90.951.00.950.90.80.6 0.4 0.2 0.0)))
(setq Listz (mapcar '(lambda (x) (* x em))
'(0.0 0.0 0.0 0.0 0.008 0.0445 0.084 0.245 0.4335 0.522 0.636
0.7935 0.9125 0.981 1.0)))
(setq xx (mapcar '(lambda (x) (* x CosPhi) ) Listx ))
(setq gamma (mapcar '(lambda (x) (/ x 1)) xx))
(setq Right8 (mapcar '(lambda (x y z) ( list (* r (sin x))
(* r (cos x)) (+ (*y (sin Phi)) z) ))
gamma Listx Listz))
(setq Listx (mapcar '(lambda (%) (- (* x (- b b1)) m))
'(0.20.40.60.81.00.80.60.40.2))
(setq Listz (mapcar '(lambda (x) (* x em))
'(0.968 0.854 0.6715 0.402 0.051 0.0 0.0 0.0 0.0)))
(setq xx (mapcar '(lambda (x) (* x CosPhi) ) Listx ))
(setq gamma (mapcar '(lambda (x) (/ x 1)) xx))
(setq Left8 (mapcar '(lambda (x y z) (list (* r (sin x) -1)
(1 (cos x)) (+ (*y (sin Phi)-1)2)))
gamma Listx Listz))
;(setq A8 (nth O Right) B8 (nth 7 Right) AA8 (nth 14 Right))
;(setq C8 (nth 4 Left))
(setq em (nth 7 Listem) b (nth 7 Listb) b1 (nth 7 Listb1) bp (nth 7 Listbp))
(setq m (- bp b1))
(setq r (* 0.9 D2))
(setq Phi (atan Hd2pi 1))
(setq CosPhi (cos Phi))
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(setq Listx (mapcar '(lambda (x) (+ (* x bl) m))
'(0.00.20.40.60.80.90.951.00.950.90.80.60.4 0.2 0.0))
(setq Listz (mapcar '(lambda (x) (* x em))
'(0.0 0.0 0.0 0.0 0.008 0.0445 0.084 0.245 0.4335 0.522 0.636
0.7935 0.9125 0.981 1.0)))
(setq xx (mapcar '(lambda (x) (* x CosPhi) ) Listx ))
(setq gamma (mapcar '(lambda (x) (/ x 1)) xx))
(setq Right9 (mapcar '(lambda (x y z) ( list (* r (sin x))
(“r(cosx)) (+ (*y (sin Phi)z)))
gamma Listx Listz))
(s<(3t(()12Li§tx (()rn6a8c§1r '(cl)a(r)ngda (®) (- (*x (- b bl)) m))
'0.20.40.60.81.00.80.60.40.2))
setq Listz (mapcar '(lambda (x) (* x em
) ( )
'(0.968 0.854 0.6715 0.402 0.051 0.0 0.0 0.0 0.0)))
(setq xx (mapcar '(lambda (x) (* x CosPhi) ) Listx ))
(setq gamma (mapcar '(lambda (x) (/ x 1)) xx))
(setq Left9 (mapcar '(lambda (xy z) ( list (* r (sin x) -1 )
(*r (cos x)) (+ (*y (sin Phi) -1) z)))
gamma Listx Listz))
;Esetq ég ((ntll'l1 0 Ri%l;)t) B9 (nth 7 Right) AA9 (nth 14 Right))
;(setq nth 4 Left
(setq em (nth 8 Listem) b (nth 8 Listb) bl (nth 8 Listb1))
(setqm (* 0.142 bm -1.0))
;;(setq m (- bp b1))
(setq r (* 0.98 D2))
(setq Phi (atan Hd2pi 1))
(setq CosPhi (cos Phi))
(setq Listx (mapcar '(lambda (x) (+ (* x b1) m))
'(0.00.20.40.60.80.90.951.00.950.90.80.60.40.20.0)))
(setq Listz (mapcar '(lambda (x) (* x em))
'(0.0 0.0 0.0 0.0 0.008 0.0445 0.084 0.245 0.4335 0.522 0.636
0.7935 0.9125 0.981 1.0)))
(setq xx (mapcar '(lambda (x) (* x CosPhi) ) Listx ))
(setq gamma (mapcar '(lambda (x) (/ x 1)) xx))
(setq Right98 (mapcar '(lambda (xy z) ( list (* r (sin x))
(“r(cosx)) (+(*y (sin Phi)z)))
gamma Listx Listz))
00 0ena 100806080y e
'(0.20.40.60.81.00.80.60.40.2))
setq Listz (mapcar '(lambda (x) (* x em
) ( )
'(0.968 0.854 0.6715 0.402 0.051 0.0 0.0 0.0 0.0)))
(setq xx (mapcar '(lambda (x) (* x CosPhi) ) Listx ))
(setq gamma (mapcar '(lambda (x) (/ x 1)) xx))
(setq Left98 (mapcar '(lambda (x y z) ( list (* r (sin x) -1)
(*r (cos x)) (+ (*y (sin Phi)-1) z)))
gamma Listx Listz))
;(setq A98 (nth O Right) B98 (nth 7 Right) AA98 (nth 14 Right))
;(setq C98 (nth 4 Left))
(command "COLOR" 2)
(command "3DMESH" 25 11
(nth O Rightl) (nth O Right2) (nth O Right3) (nth O Right4) (nth O Right5)
(nth O Right6) (nth O Right7) (nth O Right8) (nth O Right9) (nth O Right98)
Al
(nth 1 Rightl) (nth 1 Right2) (nth 1 Right3) (nth 1 Right4) (nth 1 Right5)
(nth 1 Right6) (nth 1 Right7) (nth 1 Right8) (nth 1 Right9) (nth 1 Right98)
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Al

(nth 2 Rightl)
(nth 2 Righto6)
Al

(nth 3 Rightl)
(nth 3 Right6)
Al

(nth 4 Rightl)
(nth 4 Right6)
Al

(nth 5 Rightl)
(nth 5 Right6)
Al

(nth 6 Right1)
(nth 6 Right6)
Al

(nth 7 Rightl)
(nth 7 Right6)
Al

(nth 8 Rightl)
(nth 8 Right6)
Al

(nth 9 Rightl)
(nth 9 Right6)
Al

(nth 10 Right1)
(nth 10 Right6)
Al

(nth 11 Rightl)
(nth 11 Right6)
Al

(nth 12 Rightl)
(nth 12 Right6)
Al

(nth 13 Right1)
(nth 13 Right6)
Al

(nth 14 Rightl)
(nth 14 Right6)

(nth 2 Right2) (nth 2 Right3)
(nth 2 Right7) (nth 2 Right8)

(nth 3 Right2) (nth 3 Right3)
(nth 3 Right7) (nth 3 Right8)

(nth 4 Right2) (nth 4 Right3)
(nth 4 Right7) (nth 4 Right8)

(nth 5 Right2) (nth 5 Right3)
(nth 5 Right7) (nth 5 Right8)

(nth 6 Right2) (nth 6 Right3)
(nth 6 Right7) (nth 6 Right8)

(nth 7 Right2) (nth 7 Right3)
(nth 7 Right7) (nth 7 Right8)

(nth 8 Right2) (nth 8 Right3)
(nth 8 Right7) (nth 8 Right8)

(nth 9 Right2) (nth 9 Right3)
(nth 9 Right7) (nth 9 Right8)

(nth 2 Right4) (nth 2 Right35)
(nth 2 Right9) (nth 2 Right98)

(nth 3 Right4) (nth 3 Right5)
(nth 3 Right9) (nth 3 Right98)

(nth 4 Right4) (nth 4 Right5)
(nth 4 Right9) (nth 4 Right98)

(nth 5 Right4) (nth 5 Right5)
(nth 5 Right9) (nth 5 Right98)

(nth 6 Right4) (nth 6 Right5)
(nth 6 Right9) (nth 6 Right98)

(nth 7 Right4) (nth 7 Right5)
(nth 7 Right9) (nth 7 Right98)

(nth 8 Right4) (nth 8 Right5)
(nth 8 Right9) (nth 8 Right98)

(nth 9 Right4) (nth 9 Right5)
(nth 9 Right9) (nth 9 Right98)

(nth 10 Right2) (nth 10 Right3)
(nth 10 Right7) (nth 10 Right8)

(nth 11 Right2) (nth 11 Right3)
(nth 11 Right7) (nth 11 Right8)

(nth 12 Right2) (nth 12 Right3)
(nth 12 Right7) (nth 12 Right8)

(nth 13 Right2) (nth 13 Right3)
(nth 13 Right7) (nth 13 Right8)

(nth 14 Right2) (nth 14 Right3)
(nth 14 Right7) (nth 14 Right8)

(nth 10 Right4) (nth 10 Right5)
(nth 10 Right9) (nth 10 Right98)

(nth 11 Right4) (nth 11 Right5)
(nth 11 Right9) (nth 11 Right98)

(nth 12 Right4) (nth 12 Right5)
(nth 12 Right9) (nth 12 Right98)

(nth 13 Right4) (nth 13 Right5)
(nth 13 Right9) (nth 13 Right98)

(nth 14 Right4) (nth 14 Right5)
(nth 14 Right9) (nth 14 Right98)

(nth O Left1)
(nth O Left6)
Al
(nth 1 Leftl)
(nth 1 Left6)
Al
(nth 2 Leftl)
(nth 2 Left6)
Al
(nth 3 Leftl)
(nth 3 Left6)
Al
(nth 4 Leftl)
(nth 4 Lefto)
Al

(nth O Left2) (nth O Left3)
(nth O Left7) (nth O Left8)

(nth 1 Left2) (nth 1 Left3)
(nth 1 Left7) (nth 1 Left8)

(nth 2 Left2) (nth 2 Left3)
(nth 2 Left7) (nth 2 Left8)

(nth 3 Left2) (nth 3 Left3)
(nth 3 Left7) (nth 3 Left8)

(nth 4 Left2) (nth 4 Left3)
(nth 4 Left7) (nth 4 Left8)

(nth O Left4) (nth O Left5)
(nth O Left9) (nth O Left98)

(nth 1 Left4) (nth 1 Left5)
(nth 1 Left9) (nth 1 Left98)

(nth 2 Left4) (nth 2 Left5)
(nth 2 Left9) (nth 2 Left98)

(nth 3 Left4) (nth 3 Left5)
(nth 3 Left9) (nth 3 Left98)

(nth 4 Left4) (nth 4 Left5)
(nth 4 Left9) (nth 4 Left98)
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(nth 5 Leftl) (nth 5 Left2) (nth 5 Left3)
(nth S Left6) (nth 5 Left7) (nth 5 Left8)
Al
(nth 6 Leftl) (nth 6 Left2) (nth 6 Left3)
(nth 6 Left6) (nth 6 Left7) (nth 6 Left8)
Al
(nth 7 Leftl) (nth 7 Left2) (nth 7 Left3)
(nth 7 Left6) (nth 7 Left7) (nth 7 Left8)
Al
(nth 8 Leftl) (nth 8 Left2) (nth 8 Left3)
(nth 8 Left6) (nth 8 Left7) (nth 8 Left8)
Al

299

(nth 5 Left4) (nth 5 Left5)
(nth 5 Left9) (nth 5 Left98)

(nth 6 Left4) (nth 6 LeftS)
(nth 6 Left9) (nth 6 Left98)

(nth 7 Left4) (nth 7 Left5)
(nth 7 Left9) (nth 7 Left98)

(nth 8 Left4) (nth 8 Left5)
(nth 8 Left9) (nth 8 Leftos)

(nth O Rightl) (nth O Right2) (nth O Right3) (nth O Right4) (nth O Right5)
(nth O Right6) (nth O Right7) (nth O Right8) (nth O Right9) (nth O Right98)

Al

)
)
s;array
(defun array()
(setqp0'(00) p2'(02) pl'(22)
)

;3 (princ "\nChan vit quay phai")
(setq ss1 (ssget "C" pO pl))

(command "MIRROR" ss1 "" pO p2 "Y")

(setq ss (ssget "C" pO pl))

(command "ARRAY" ss "" "P" pO NBLADE "" "")

(setvar "UCSFOLLOW" 1)
(command "UCS" "O" p0 )
(command "ucsicon" "OR" )
(command "UCS" "X" "-90" )
(setq LL (* D2 0.45)

L2 (/ LL 2.0)

D1 (* D2 0.395)

D12 (/ D1 2.0)

LLM (- O (* L2 1.4))

)
(setq

pll (LIST D12 LLM) pl0 (LIST D12 0) P101 (LIST D12 (* L2 0.7))
P3 (LIST O (* L2 2.0)) P2 (LIST O (* L2 1.2))

P7 (LIST (* D12 0.8) (* L2 1.2))
P8 (LIST (* D12 0.4) LLM)

P4 (list (* D12 0.9) (* L2 1.2))
)

(setvar "surftabl" 40)
(setvar "surftab2" 30)

(command "PLINE" p11 p10 p101 "A" "Second" P4 p3 "Line" p2 p7 p8 "C")

(setq el (entlast))
(command "line" p0O p3 "")
(setq e2 (entlast ))

(command "REVSURF" (list el p11) (list e2 pO) " ")

(entdel el)
(entdel e2)
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(command "UCS" "P")
(setvar "CMDECHO" cmde)
(setvar "UCSFOLLOW" ucsf)
(setvar "surftabl" stabl)
(setvar "surftab2" stab2)
(setgqp3'(-2-2) O '(00) p2 '(2 2)
fr-5 nq 5
)

(setq ss2 (ssget "C" p3 p2))
;;(setq ss2 (ssget "A" "))

(repeat nq

(command "rotate" ss2 "" O fr)

)

;;(command "UCS" "P")

)
gduser)

(
(dsize)
(dprofil01)
(array)
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Chuong 5

THIET KE TOI UU TAU THUY

5.1 PANH GIA CAC CHI TIEU KINH TE - KY THUAT CUA TAU

Tau dan dung duoc thiét ké nhim thoa man yéu cau st dung cua chu, va dich cudi cing cua
viéc st dung do 1a hi¢u qua kinh té. Tau chd hang nhu tau chd dau, tau chd hang thung, tau chd hang
kho, tau cho hang roi vv... nham dén dich thu dugc nhi€u lgi nhuén tir nhimg chuyén ché hang. Tau
dich vu ludén dugc yéu cau thyc hién céc dich vu bat ké kho, dé, mién thu dugc loi nhuan cao. Tau
thé thao, du lich can rat ngan thoi gian hoan von dén mirc ngan nhat. Hi¢u qua kinh t€ cua tau
duogc hiéu theo nhirng chi ti€u cu the, phu hop vai dicu kién khai thac, sir dung cu the.

Piém hoa von

Trong cac luan chung kinh té ky thuat _ngay nay nguoi ta yéu cau phai l1am rd diém hoa von
ctia cac du 4n dau tu. Phan tich diém hoa vén 14 chi rd diém ma tai d6 tong cong chi phi bo ra
bang toan bo thu nhap. Noi dung cong viée doi hoi tinh toan dinh phi, bién phi va thu nhap. Theo
quan diém phan 16n cac nha nghién ctru, dinh phi dé dau tu dong tau gébm khau hao tai san co
dinh, thué , ng, va cac khoan chi phi tuong tu. Bién phi gom nhi€u thanh phan, trong d6 lao dong
va vat tu la thanh phan chinh.

Néu ky hiéu BEP — diém hoa von, viét tat tir tiéng muon Break-even point, dinh phi 1a F,
bién phi 1a V va Q — toan b thu nhap tir khai thac , c6 thé xac 1ap quan h¢ gitra cac dai luong nhu
sau.

Toan b chiphi C=F + V.

Tai diém hoa von phai thoa man diéu kién:

Q =C vado vy diém hoa vén sé la:

F F

BEP = I= (5.1)
-V 1-V/I

trong do I - gia tau.

Pay s& 1a diém khaoi dau cho du 4n. Truong hop diém BEP tinh toan nho hon gia trj vira tinh,
cong trinh dau tu sé bi 10.

Loi nhuéan tinh theo cach trén c6 dang:
LoinhuanP=Q-C =(P-V)-F. (5.2)

Hiéu qua kinh té cta tau van tai co thé hiéu theo cach thirc hoat dong cua tau. Chi phi cho
viéc hinh thanh con tau gdm chi phi ché tao tau, thiét ké, va cac bién phi. Trong trudng hop cu thé V
duoc coi la chi phi lao dong, vat tu phuc vu khai thac tinh cho thoi gian dinh muc, vi du cho 1 nam,
nhu chi phi nhién liéu, chi phi bao tri, bao dudng vv... Hiéu qua kinh té co thé danh gia qua chi tiéu
thu nhap tir khai thac tau hién hitu. Néu tong thu nhap hing nam tir khai thac tau 1a Q, loi nhuan
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tinh bang s tién con lai sau khi da trir chi phi V s& 1a (Q — V). Chi tiéu chung dé so sanh thudng
dung trong céc nudc theo dinh hudng xa hoi chu nghia c6 dang:

_9o-V
s (5.3)

Trong d6 I — dau tu déng tau, tir phia chii tu, S — gid tri tan dung cta cong trinh, theo cach
tinh hi¢n hanh trong nganh tau, gia tri nay thuong tinh bang 0.

Heé sb 1/E tinh tir cong thirc trén chinh 1a thoi gian hoan von, theo cach goi ban dau, véi gia
thiét S khong nhat thiét khac khong.

1
_—Q—V

Tiéu chuan dé danh gia tinh kinh té cta tau trong truong hop nay 1a :

(5.4)

(1) E phai dat maximum, hoac
(2) © dat minimum.

Mot cach tinh khac dugc dung khi tinh hi¢u qua kinh té tau van tai nhu sau. Néu ky hi¢u I -
von dau tu hinh thanh con tau , P — loi nhudgn hang nam, theo gia thuyét P = const. Ty 1¢ P/I mang
tén goi h¢ so hoan von (Capital Recovery Factor). Ty 1€ nay c6 thé tinh theo cong thurc:

CRF = ?, (5.5)

Xac dinh P va I trong thuc t& khong phai lic nao ciing dé& dang. Trong nhiéu trudng hop
nguoi thiét ké khong thé tin hoan toan vao kha ning tinh P va I dung. Bai toan can dugc phat biéu
theo cach khac, theo chiéu huéng giam thiéu dén mtc thdp nhat chi phi sir dung cta tau, 1am cho
thanh phan lgi nhuan trong bai toan tong hop dat gia tri 16n nhat.

Vidy tim gia tri 16n nhat ciia CRF, theo nghia tim 101 giai t6i ru, co thé thay qua phép tinh
cho truong hop don gian sau. So db tinh dudi ddy gan tring voi so d6 thiét ké dua vao phép bién
phan, trinh bay tai chwong dau.

Xac dinh gia tri t6i uu ciia chidu dai tuong d6i [ = L/B tau van tai hang roi (bulkcarrier),
stc chd nam van tn sau ddy. Tau duogc thiét ké theo mau duong hinh Todd 60 véi cac thong 50
chinh : Dy = 61930t, Ly/By = 6,5, Bo/To =3, CB, = 0,80. Tau s& duoc trang bi mdy chinh cong suét
15200PS, du tinh dat van téc 15,65 HL/h.

So b xac di‘nh trong luqng VQ tau WH = 13190t; trong lugng buéng may Wy = 810t. Theo
thoi gia luc ky hop dong ché tao, von dau tu dé dong tau duoc 1ap nhu bang sau, trong d6 don vi tinh
bang 1000 USD.

Thén tau Iy = 7660
Trang thiét bi toan tau Igo = 6580
Budng may Iv = 3260
Céc phan khac 610
Cong I =18110
Chi phi khai thac mi nam dy tinh bang K =1500;
Doanh thu mdi nam dy tinh bang Q=3817.
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Nhing gia thiét dit ra cho bai toan khi thay doi / = L/B nhu sau:

(1) Vén dau tu cho tau van tai ty 1& thuan véi trong luong con tau. Trong lugng nay dugc thé
hién bang quan h¢ véi kich thudc chinh va cac h¢ s6 cia than tau, voi thlet bi may moc trén tau.
Theo théng ké va cac phép tinh khéc, trong luong tinh toan nay ty 18 véi I°%. Néu coi gia tri chuin
I, =L/B=6,5,hé sb chuan a dé xac dinh trong lugng vo va theo do, von dau tu: phén vo béng don vi,
khi 1 thay doi, hé s6 s& nhu sau.

Béang 5. 1
/= L/B 5,5 6,0 6,5 7,0 7,5
a 0,932 0,967 1 1,029 1,060
Lwu(1=L/B) 7150 7410 7660 7860 8110

(2) Vén dau tu cho buong may, trang thlet bi ty 1é v6i cong sudt may chinh. Mat khac, cong
sudt nay 1a cong suat can dé kéo tau, dat van téc da dinh. Theo cach tinh tuong tu von dau tu cho
budng may va chi phi st dung budng may mdi nam 14 ham caa L/B, tinh dugc nhu sau.

Bang 5.2
= L/B 5,5 6,0 6,5 7,0 7,5
A 1,075 1,027 1 0,982 0,995
Inachine(I=L/B) 3505 3348 3260 3201 3241
Kro(L/B) 414 395 385 378 383

V6i gia thiét don gian trén, nham muc dich nghién ciru, chi phi khai thac thay d6i nhidu hay
it phu thudc vao sy doi thay cua chi phi buong may. Can ctr vao cac phép tinh trén c6 thé tap hop
bang tinh CRF theo bang:

Bang 5.3
/= L/B 5,5 6,0 6,5 7,0 7,5
/ 17840 17950 18110 18260 18550
K(I=L/B)- chi phi su dung 1529 1510 1500 1493 1498
Hiéu s6 (0 —K) 2288 2307 2317 2324 2319
CRF = (Q-K)/I 0,1281 0,1285 0,1282 0,1272 10,1250

Tir dong cudi ciia bang tinh c6 thé tién hanh dung d6 thi trinh bay quan hé gitta CRF va /=
L/B. Tt d6 thi thay ro, gia tri 16n nhat cia CRF nam trong gidi han sauday cua/: 5,92 + 6,2.
5.2 SO PO TiNH HIEU QUA KINH TE TAU

Tir vi du c6 thé thy, cic cong viéc thiét ké tau, ludn bat dau tir cac thong s thuan tay k¥
thudt con két thuc phai tim ¢ cac phép tinh hi¢u qua kinh t€. Khong may khi nguoi thiét ké chi dua
vao tinh ndi, 6n dinh, d¢ bén vv... cla than tau, vao mdt may chinh cu thé dé dua ra phuong an hoan
thién vé con tau sap dong, ma phai dua vao kha nang mang lai lgi nhuan cua con tau ay dé xac dinh
san pham tuong lai. Qud trinh can nhac, chon lya khi thiét ké tau thong thuong c6 dang sau.
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Kich thudc, hinh dang, céc ty 1€ kich thudc
tau dang thiét ké

Gia thanh tau

Céc diéu kién han ché va trang thiét bi

A\ 4
bac tinh khai thac cia tau

A

¢' A 4
Tinh strc chd, (tai Chi phi khai thac
trong)

A 4

A\ 4

Tinh hiéu qué kinh té

AA

Hinh 5.1 So do thiét ké tau theo nghia toi weu.
5.3 TU PONG HOA THIET KE TAU VAN TAI
5.3.1 Xay dung bai toan

Cong tac xay dung cac yéu cau cho thiét ké phu thudc vao y dinh ctia chu phuong tién. Nhitng
y€u cau dat ra khi thiét ké tau van tai phai bao gom:

(1) Chirc ning, nhiém vu tau duogc thiét ké.

Vung hoat dong, tdm xa , yéu cau dic biét vé diéu kién thoi tiét .

(2) Kiéu dang tau.

(3) Han ché vé chiéu dai, chiéu rong, mén nudc.

(4) Yéu cau vé may chinh, van toc tau tdi thiéu, kiéu thiét bi day tau.
(5) Strc cho cua tau.

(6) Dung tich him hang t4i thiéu hodc bang liét ké loai hang can cho.
(7) B6 tri doan thuy thu, diéu kién an &, sinh hoat cua thuy thu.

(8) Yéu cau vé dam bdo an toan sinh mang nguoi trén bién, vé thong tin lién lac, vé cac
phuong tién dam bao hanh hai.

(9) Yéu cau vé phong chay, chéng chay.

VV...
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5.3.2 Cac bwée thwe hanh tinh

1. Xac dinh luong chiém nudc tau khong. Trong thanh phan luong chiém nudce Dy c6 thé co:
trong lugng than tau, trong luong may chinh, trong luong trang thiét bi, cac vat liéu khac tham gia
vao trong luong toan tau ma nguoi dong tau dua vao tau. Mbi thanh phén trong lugng tinh theo cach
riéng, phu thugc vao ban chét cta ching. Trong lugng vo tau 1a ham so cua chiéu dai, chiéu rong,
chiéu cao, cac boong, thuong tang, phu thudc vao cac ty 1¢ kich thudc tau. Trong lugng budng may
phu thu¢c vao cong suét may chinh va cac may phy, thiét bi chuyén nganh. Trong lugng cac nhom
khac tiry vao s luong thiét bi, trong lwong don vi vv... Cong thirc tinh todn cho phan nay tim that tai
phan 1: cac cong thirc 1.2 dén 1.9.

2. Tinh sttc ché deadweight cua tau DWT = D — Dy
Tinh dung tich him hang dung dé chira hang cho toan tau.
Tinh dung tich ding ky GT va NT, theo cong wdc qudc té.

Tinh trong lugng W, trong tdm cac thanh phan tham gia vao D.

AN o

Tién hanh kiém tra cac thong s6 va tinh ning tau theo cac Cong udc qudc té va luat qudc
gia.
6.1 Man kho tau :H-T > Fb theo cong wdc quic té
6.2 On dinh: GMy > GMgmin
GZ30 2 GZ30,min
GZso = GZ60,min
40° > ¢@m = 30° va GZy = GZuin
Tmin < T < Tmax
Hé sd antoan K > 1.

Tét ca bt dang thirc trong phan vua néu dugce chuyén vé dang cong thire cua nhimg bién
khong thir nguyén nhu di trinh bay tai phan 6n dinh va man kho tau, phan thiét ké tau, chuong 1.

7. Tinh di bién, kha nang chiu séng clia tau trong qua trinh hanh trinh trén bién:
Goclic 0 < Oiimi trong do k=123, ... ,6
Gia toc lic §, <8, ;., trongdok=12,..,6

Céch xac dinh céc thong s6 1ién quan dén on dinh, man khd, lac tau trén song vv... dugc thuc
hién trong cac mo dun riéng.

8. Tinh strc can vé tau theo cac phuong phdp gianh cho tau van tdi. Cac phuong phap tinh
nhd két qua phén tich hdi qui duoc ap dung vao giai doan ndy. Giai thuat tinh, chuwong trinh tinh dwoc
trinh bay tai chuong 3 tai liéu. Véi dudng cong stc can vira tim dugc, tién hanh chon may tau du dé
tau thing strc can trong moi diéu kién khai thac. Véi vo tau dang co, véi may tau vira chon, thiét ké
chan vit phi hgp vi ché d6 khai thac: chan vit tdi uu, tan dung day du theo nghia t6t nhat, cong suat
san cta may, dy tau di voi van téc khong nho hon vén téc di dat ra cho khai thac. Néi cach khac,
phai thiét ké chan vit toi wu, theo ché do chay tu do, trong ché do éy chén vit dat hiéu sut cao nht.

9. Tu co so trong luong tau, trang thiét bi, may moc trén tau tién hanh tinh chi phi vat tu
thiét bi, cong lao ddng, chi phi san xuat vv... dé hinh thanh gid sdn pham. Tt stc cho, toc do , bo tri
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lao dong, t6 chirc san xuat tién hanh tinh chi phi khai thac va thu nhap tir qua trinh khai thac. Tong
hop cdc van dé trén trong bai toan tinh kinh t€ cua tau. Trong bai toan nay moi thanh phan xj, j =1,2,
... dong vai tro bién ciia ham muc tiéu f(x).
5.3.3 Giadi bai toan
Giai theo cac phwong phap kinh dién

Céc phuong phép tinh kinh dién dugc 4p dung xir ly bai toan thiét ké thuong gap. Cac phép
tinh cu thé dugc thuc hién theo chuong trinh. Dit li¢u thu nhap tir thong ké dugc gitt lai trong céac
text file, s€ dua vao sfy dung khi chuong trinh goi. Thur tu thuc hién bai toan thiét ké theo cach kinh
dién dugc minh hoa bang vi du dudi day.

Can thiét ké tau van tai hang kho, strc chd 13000dwt, khai thac véi van téc 18 HL/h. Tau
duogc trang bi may diesel lam may chinh.

So b xac dinh lwong chiém nudc

Tur Iy thuyét thiét ké tau, cach xac dinh D nhanh nhat 13 sir dung hé s6 hiéu ning sirc chd, tinh
bang ty 1¢ gitta suc chd va lugng chiém nude npw.

DwWT

D= (5.6)

Mpow
Dit lidu cho m chon bang cong tac thong ké. Vi tau véan tai thuong gap hé so nay khoang 0,7.

13000

D= =18600¢

2
Chiéu dai thiét ké cua tau van tai tuy thudc vao lugng chiém nude va van tdc khai thac. Mot
trong nhitng cong thirc ¢6 do tin cdy cao 1a cong thirc cua Posdiunine, dung cho tau van tai thé hé
nhiing ndm sdu muoi, bady muoi:

L= {L] VD, [m] (5.7)

2+V,

Hé sb ¢ trong truong hop cu thé bang 7,16. Chiéu dai thiét ké tinh tir cong thic s& 1a L =
153,5m (504”).

V 18

N

Van tbc twong ddi (corresponding speed): v = = =~ 0,8.

VL 504

‘ 1V
Hé so béo than tau Cg = 1,06 - ——=

2L

=0,66.

Tyle L/B=2L""=7.
Ty I¢ B/T dugc chon nham dam bao céc yéu cau vé 6n dinh tau, B/T =2,3.
Ty 18 H/T nhdm dam bao doi hoi vé chiéu cao man kho tau: H/T = 1,42.

Trén co s& cac kich thude chinh tién hanh xac dinh trong luong va trong tam tau theo cac
cong thue kinh nghi¢m.

Trong lugng tau:
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D:WHF+ WM + WDW + WR (58)

Trong d6 : Wy — trong luong than tau va trang thiét bi tau, Wy — trong luong budng may,
Wpw — stre chd (hang hoa), Wy — trong lugng du tri.

Y .L.B.T.CB:WHF+ WM + W[)w + WR

Tiép tuc thay thé cac biéu thirc tinh trong lugng vé phai bang cac cong thic kinh nghiém co
thé viét:

vy .L.B.T. Cg = .L.B.H.pur + BHP.p» + (Wpw + Wpg)
Tur do:
y. C.(L/B).B.B.(T/B).B = (L/B).B.B.(T/B).(H/T).B.pur + BHP.pm + (Wpw + Wg).
Thay thé ky hiéu L/B =1; B/T =b; H/T =h vao phuong trinh trén day, co thé viét:
v. Cp. L(I/B).B’ = 1. (I/B).h.B. pur + BHP.py + (Wpw + Wg). (5.9)

Cong suat may chinh trong giai doan thiét ké so bo co thé thay bang cong thic lién quan dén
Dva V..

2/3173

v. Cg. L(I/b).B* = L. (/b).h.B’. pur + - > pm + (Wpw + Wg) (5.10)

Thay biéu thirc cta D bé‘mg biéu thire tir vé phai, sé nhan duogc:

. (y.c,./0).B>f "V
C

v. Cg. L(I/b).B> = L. (/b).h.B>. pur pu + (Wpw + Wg)

hodc:

(7.C,.(1/B).)" V]
C

v. Cg. L(I/b).B> = L. (/b).h. pyr.B* + Py B+ (Wpw + Wy)

va sau do:

y.Cy-(1/b).)" V]

(v.Cs. (I/b) =(I/b).h.pyr ).B° - ( pv.B* - Wpw + WR)=0.  (5.11)

Tir phuong trinh cudi s& tim duoc nghiém B.

Kich thudc chinh con lai xac dinh theo cong thure:

L =(L/B).B;
T = (T/B).B;
H=(H/T).T;

Khi dd co L, B, T, Cg, vv... tién hanh tinh lai D cua tau.

(7.C,.(1/b).) "V}
C

St dung cong thirc (y.CB. (I/b) —(I/b).h.pyr ).B’ - pm BP - (Wpw + Wg)

=0, trong d6 Wg chiém khoang 2% stic chd, tinh bang 260t, tiép tuc tinh phuong trinh trong luong.
Tir théng ké c6 thé nhan dwoc cac gia tri ¢ = 400; pur = 0,1295 t/m’>; pm = 0,077t/HP.

154



2/3
(1,03 1.70,66]
[1,031.0,66.(7/2,3) — (7/2,3).1,42 . 0,1295] B - 4’00 .18,0°
0,077. B* — (13000 + 260) = 0;
Sau rut gon phuong trinh ¢6 dang:
1,512 B> — 1,82B% — 13260 = 0;
Nghiém B =21,1 m.
Tird6: L=147,7m; T=9.2m; H=13,05m.
LBH = 147,7x21,1x13,05 = 40600 m".
D = 19400 t.
Wir = LBH.pyr = 40600x0,1295 = 5260 t.
Sirc can tau
Stre can tau tinh cho truong hop cii thé : L/ V' = 147,7 / 19000'" = 5,5;

B_ YV __ 925
JeL  \J9.81x147,7

WS =2.73.+/D.L = 4600 m>.

) Tir d6 thi sitc can tau van tai, theo phuong phap Harwald’— Gul(}hammer 6 thé doc duge hé
s6 sttc can du Cg = 1,234x107. Sau hiéu chinh theo B/T thuc té hé s6 luc can mang gia tri Cg =
1,21x107.

Strc can ma sat : Cp = 1,49x107. Sau hiéu chinh cho cac phan 16i Cy = 1,54x107 .
Heé sb stre can Cr= (1,21 + 1,54)x107 = 2,75x107 .

Strc can vo tau : Rt = "2p V2 .WS = 57000 kG.

Cong suat kéo can tinh theo cong thirc:

R,V 5700.9,25

=0,243; Cg=10,66; Cv = 0,981; Cp = 0,673.

EPS = = 7030[ HP]

V&i hiéu suét chan vit, theo ché do chay tu do, khoang n., = 0,70, cong suét can thiét dé déy
tau phai la :

BHP = EPS /ncy = 10043 PS.

Vi du trir cong sudt chirng 25%, can thiét chon may 12500 PS.

Trong lugng budng may tinh theo cong thirc :

Wwn = BHP.py = 12500x0,077 = 962 t.

Theo céch tinh nay, trong lugng tau s€ la:

D =5260+962 + 13260 = 19482 t.
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So v6i lugng chiém nuéc tinh toan, trong luong dy trir bi gidm 82 t, diéu d6 co thé chép nhan
duoc khi thiet ké.

Giai theo phwong phap bién phan

Phuong phap nay dugc gido su Nogid dé cap tir nhimg nim nim muoi. Ngdy nay véi cong
nghé tinh toan phat trién, phuong phép nay dé dua vao chuong trinh va tinh tw dong. Thir ty sau dugc
chuong trinh hoéa.

Bang 5.4

CB = CB1 CB = CB2

(5 |5

T

Cong suat may BHP,, xem bang
dudi

P,

P,

Py

>

szDo-ZZQ.dP

D=Dy -dD

D 1/3
(%)
DO

BHP = BHPk’

L:L()k

B:Bo.k

T:T().k

H:H().k

Budc tiép theo tién hanh tinh sirc can tau cho tat ca phuong an, theo mau tuwong ty. Sau khi
c6 strc can, dong tac tiép theo 1a xac dinh cong suat may chinh. Cach lam khong khac cac dong tac
vura néu trong vi du vira trinh bay.

Xéc dinh cong suit may.
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Bang 5.5

VCCOl’l

R, tir bang tinh suc can

w ,hé sb dong theo

t, hé s luc hat

1=t
My I—w
T:—R
1—

t
D., =aT

n="nv Nl
EPS RVCCO” l
75 n

Tinh 6 6n dinh cta tau dugc xac dinh thong qua céac kich thudc va ty 1¢ giira ching. Tir dam bao
6n dinh tién hanh xac dinh cac ty 1¢ kich thudc quan trong ciia phan nay.

Chiéu cao tim nghiéng:

GM L B
= =flC,,=,=,D,..
(B) f’(BBT )

Céac quan hé trén day ciling 1a dbi twong bién phan, c6 thé tim trong cac bang.

Bang 5.6
(L/B) = (L/B), L/B = (L/B),
Csi1 [Cgo Cs3s Cg i Ci2 Cs3
CW = f(Cp)
K1 :f(CW, CB)
K, = f(Cw, Cg)
GM L B
— | =f1C,,—,—,D,...
B 1 f’( BT )
7] el 213
r) "UPUB'T B’
B
?J = f;(Cy,L/B)
i

Xac dinh ty 1€ B/T 1a ham cua Cg, va L/B
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Béang 5.7

(L/B); (L/B),
Csi1 [Cgro Cs3s Cg i Ci2 Cs3

L=.D"

Fn=f(L)

Cp = f(FIl)

Cyw = f(Cp, Fn)

K1 :f(CW, CB)

K, = f(Cw, Cg)

GM L B
e A [ o=y )}
)[ f;( ’ B T j

Giai theo phwong phap t6i wu héa
Bai todn vira xay dung c6 dang:
f(X) > min. (5.12)
trong d6 X ={ Xy, X2, ... ,Xn }
Xac dinh trong mién:
b(x) > g (5.13)
Xiy max = Xi 2 Ximin ;
Kich thuéc chinh cua tau duge so sanh véi han ché cho trude :
Limn < 1li < limax (5.14)
Mot trong nhitng phuong 4n tinh kich thudc chinh tau chd hang kho, stitc chd DWT cho trude cb thé
nhu sau.
a) Chon cac thong sb tham gia trong hAm muc tiéu:
X1 = D - lugng chiém nudéc D= SW;;

X, = Fn=
Ve

—h= L

X3 =h= In
- =2

X4=b = T

e L

T H

x¢= CB (0);

b) Cac kich thudc chinh c6 thé tinh theo phuong 4n sau:
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L:l(sz_ﬁL
g \Fn g x;
B
viT= L D _ | 5
v v
.CB.L—>.T \/”6,_2 x
X2
vl
L g x
& X%
(L/H) X5

c¢) Khi di xac dinh D, L, B, H, T, CB, . . ., cac hé sd day khac, tdm ndi phan chim, goc luon phia
miii, vv... va duong hinh tau, bo tri chung, c6 thé bat tay tinh sttc can vo tau la ham cia van toc, chon
may chinh va thiét ké chan vit tau.

Véi kich thude di c6 bit tay tinh trong luong, trong tdm tau, sttc chd cia tau va dung tich
tau, trong d6 c6 dung tich ham hang. Phuong trinh trong lugng tau 1la ham s6 cua kich thudc chinh,
ty 1€ kich thudce, cac thiet bi , may chinh vv... Cong thirc can thiét cho phan nay dugc trinh bay tai
chuong 1.

Céc may phu va trang bi khac dugc chon tiép trong giai doan thiét ké nay.

Tur cac thong s6 ky thuat dang ¢ bat dau tinh cac phép tinh lién quan dén tai chinh va tinh
kinh té cta tau. Cach lam thong thuong trong giai doan nay bao gom:
Tinh cic thanh phan trong lugng tiu va trong tim cia chung, tham gia trong D = YW,. Trong
cong thirc nay D con duge hiéu D = y.LxBxTxCB.
Tinh gia tau hay tong s6 von dau tu hinh thanh con tau I, gia thanh nay ludn gan lién véi kich
thude tau, chirc ndng, trang thiét bi va cach thirc thi congi.
Tinh lwong hang hoa do tau chuyén ché trong mot nim va tiép d6 doanh thu tir cong viée van tai
nay, tinh bang tién, Q, theo thyc té khai thac.
Tinh chi phi khai thac tau trong ndm theo cac phuong thuc tinh dang 4p dung trong quan ly tai
chinh doanh nghiép V.
Tinh hiéu qua kinh té cua tau van tai tién hanh theo nhiéu tiéu chuéan khac nhau. Hai cach
lam sau day thudc dang gian don nhat, d& sir dung.
1) Hiéu qua kinh t& duoc dénh gia theo quan hé gitra lgi nhuan thuan trong nim véi tong sd von
dau tu hinh thanh tau:

=L % , hiéu qua kinh té phai dat gia tri 16n nhat .

Ty 1& nghich cua E dugc goi 1a thoi gian hoan von 7 = , thoi gian ndy phai la ngan

nhat khi tinh cho nhiéu phuong an.

2) Khéu hao tai san c¢b dinh dugc thuc hién theo cach thirc ma nganh tai chinh dd qui dinh. Thong 18,
trong nganh ché tao tau va khai théac tau, khau hao theo cach thirc chia déu khau hao cho cac nam.
Gia su ty 1¢ khau hao tau la q, tinh bang %, tir tong von dau tu, so tién khau hao dugce gdp chung véi
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chi phi V d¢ hinh thanh tong chi phi khai thac trong nimsé& ky hiéu 1a: Q” =V + qxI. Hiéu qua kinh
té cua tau van tai dugc x€t qua chi tiéu the hién trong moi quan h¢ gitra Q’ va Q.

_Vgl _V 1 5.15)

o o ’0

Trong cac bai toan thiét ké tau van tai, hé sb 1 phai dat gia tri nho nhéat.

Phan tiép theo trinh bay nhimg thu tuc thiét ké tau van tai ven bién strc chd dudi 3000tdw trén
co s 1y thuyét tdi uvu. Noi dung trinh bay tai day dugc chép lai tir bai bio “Thiét ké tau van tai bién
tdi wu”, ciia TCN, trong tap chi “Nghién cut thiét ké may cong nghi¢p”, 10, 1984, Ha noi. Thiét ké
tau van tai theo 1y thuyét t6i uu trong bai bio nay da bit dau tir 1980, sau thoi gian thir nghiém va sira
chira dén 1982 méi 6n dinh. Bai béo gitp ngudi doc 1am quen véi cac thi tuc thiét ké, tuy nhién khi
thiét ké that su ngudi thiét ké can cai bién nhiing cong thirc xuat hién trong d6 cho hop voi diéu kién
lam viéc hién nay.

Trong chuong trinh dau tién nay da st dung phuong phap tim truc tiép (direct search).
Trong s cac giai thuat tot nhat ciia phuong phap gom giai thuat Simplex, Complex, giai thuat
Zangwill va Rosenbrock nguoi viét bai nay ¢ muon tha tuc gianh riéng cho cac phuong phap toan
t6i uu khong sir dung gradient, chon loc tir cac wu viét cua cac phuong phap. Thu tuc dugc viét cho
bai toan khong bi han ché, song pham vi 4p dung mo rong cho céc bai toan ma cac bién cua né bi
han ché. Tét ca moi han ché cta bién duge xét va xir 1y ngay khi tim hudng tién hodc Iui. Thu tuc
cho 101 giai t&i wu nay do vién hat nhan tai bang Ohio (USA) viét tir nhitng nim bay muoi bang
ngodn nglt FORTRAN IV. bé tién su dung trong cac bai toan hién nay, thu tuc dugc dich sang C, chay
song song véi chuong trinh nguyén thily. Vector x trong chwong trinh chi chtra 9 thanh phan dé
chuong trinh dugc gon, nhe.
Két qua tinh thir theo chwrong trinh thiét ké tau vin tai

Chuong trinh dugc str dung vao viéc l1ap phuong an cho thiét ké tau van tai ven bién stc chd
tir 500tdw dén 3000tdw. Thoi bdy gio tau van tai ¢ nho, chay ven bién Viét nam dang 14 nhu cau
can thiét. Ciing tai thoi diém d6 kha ning dong tau 16n nhét cta chung ta khong vuot qua tau
3000tdw, cac hai cang tai cac dia phuong con bi han ché vé do sau lué)ng lach va kha nang tiép nhan
tau 16n. Tir tinh hinh d6 yéu cau cho thiét ké phai 1a, thiét ké tau v6i kich thude khong bi han ché va
thiét ké tau c6 mén nudc han ché trong van tai song-bién.

x; = D - luong chiém nuéc D= Y W;;

v

Xp = Fn=
e

— — 1

X3 =h— I
- = B

X4=b = T

X :i

T H

x¢= Cp (9);

x7= Cu (B);

xg = Xc/L, tinh tur gitta tau,

X9 = Olgoc bo miii

Chuong trinh ap dung vao thiét ké tau van tai hang kho, hang tong hop, sttc ché 1500 tan
theo hai phuong an :
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(1) Tau t6i wu, kich thudc chinh khong bi han ché,
(2) Tau tdi wru, mén nude bi han ché theo yéu cau chu tau.
Két qua tinh trén may IBM 360/40 ndm 1982 nhu sau:

Bang 5.8
Tén goi Ky hiéu & donvi | Tau co T han ché Tau voi T khong han ché
Chiéu dai gitta2truy | Lpp, m 86,88 66,8
Chiéu rong B ,m 10,92 12,15
Mén nuée T, m 3,90 4,34
Chiéu cao H, m 4,94 5,72
Heé s6 day t. tich Cp 0,66 0,655
Van tdc tau v , HL/h 10,0 10,0
Luogng chiém nudc D, t 2510 2387
Trong tai dwt 1565 1562
Tam ndi Xe, %L 1,5 1,4
Khoi lugng
Vo thép t 664 535
Go t 43,4 43,1
Trang thiét bi t 100,7 100,1
Budng may t 59 59
Hé thong tau t 22,5 22.5

Thiét ké tau ché container

Tau ché container dugc thiét ké nhiam chd duge nhiéu container nhét, khai thac thuan loi va
mang lai hiéu qua kinh té cao nhit. Diém dic biét so v4i viée thiét ké cac tau khac 1a kich thudce
chinh ciia tau chon trén nguyén tic chira gon dugc nhiing thing hang tiéu chuan, khong thira phi
khong gian. Thing hang tiéu chuan goi 1a TEU, container dai 20, tiét dién ngang 8°x8’. Thung dai
40’ dugc tinh thanh 2 TEU.

Trong lugng qui u6c cua container 20" la 20t, cua thung dai 40° la 33t. Khi xép chong,
container tang dudi ndng nhat, trong lugng riéng mdi TEU tang thir hai nhan trung binh 14t; Céc
thing tang trén nhe nhit.
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(1) pOC DU LIEU

L og

(2) XACPINH L,B,H,T,CB,DWT

i

(3) BO TRf CONTAINER, XAC
PINH TRONG LUGNG,TRONG
TAM, CAC CONTAINER

v

(4) TINH CONG SUAT MAY CHINH

TINH L <—K MIN? J—’

(5) TRONG LUGNG,TRONG TAM TAU KHONG

(6) TINH DU TRU,SUC CHG HANG

TINH T 4—<ZW1 -D 2 )
\ 2

TINH B.p 4—@G = MG, ? )7

TINH GIA VAN TAI

\ 4
IN KET QUA

Hinh 5.2
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Qui trinh tinh nhu sau.
Chiéu dai tau:
k(I +26,)+2[, N+L,
1-7,-1,-1,

(5.16)

trong do k — s6 cot, tinh doc tau,

l. - chidu dai container, &, — khe h giita cac container, tinh theo chiéu ngang, 1, - khoang
cach tr vach dén mép mi¢ng ham hang, N — s0 khoang, L, — chiéu dai khoang hang miii, khong
dung dé chtra container.

Tai mau s6 : I, — ty 18 chiéu dai budng may va chiéu dai tau, lop — ty 1€ chiéu dai khoang l4i va
chiéu dai tau, lp, —ty 1€ chiéu dai khoang miii va chiéu dai tau.

Chiéu réng tau
Chiéu rong tau trong lan thir dau :
B = M(b, + 28p) + bgi + 4bgix + 2bgy (5.17)
Trong do:
M — s6 hang theo chiéu cao,
b. - chiéu g(f)ng container, o, — khe ho gif;a cAc container, by — chiéu rong xa doc boong
gitra, bgp - ntra chiéu rong xa doc boong , by, - chiéu rong ton mép boong.
Mon nuoc tau tinh theo cong thir :

B

“ G (5.18)

Chiéu cao man tinh theo dic¢u kién dam bao x&p gon container trong khoang khong han ché
cta chiéu cao ham hang.

H= L.hc+hb-hZ1 (519)
trong d6 L — sb 16p container xép trong ham hang,

h. = chi€u cao container, h, — chiéu cao day tau, h,; - chi€u cao do tir mat san boong dén
mat trén cda container chat trong ham hang.

Luwong nuwéc ballast trong lan thir dau tién nhan bang 0, cac 1an sau mang gia tri bién thién
nhét dinh.

Sap x€p container va tinh trong tam trong lugng cua cac container.
Container dugc bo tri trong cdc ham hanh va ca trén boong tau. Container dugc xép thanh

hang va cot.

kL
S6 container trong cac him hang : Cyy = Z me. (5.20)

i=l j=1
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k
S container trén boong : Cp = L, Zmi, ; (5.21)

i=1
Trong d6 m;; sO container tai 16p j, cot 1.
Trong luong hang chira trong cdc container.

Trong lugng va trong tdm hang chira trong cac container dugc tinh cho ca cac thung chira
trong ham hang va thung trén boong, theo cach sip xép vira néu.

Trong lwong va trong tam tau khong

Khi tinh trong luong tau chd hang thung c6 thé sir dung cach tinh d3 4p dung cho tau chd
hang kho, cung tinh nidng. Trong luong tau chd hang thung sé 16n hon khoang 7 — 8% so v6i tau ché
hang kho cung kich cd, tinh nang.

Trong lwong tau khéng bao gém céc thanh phan: vo thép, thuong tang, trang thiét bi, budng
may, va cac trang thiét bi dac biét.

W =W+ Wy + We+ Wy, + W, (5.22)
Mit khac trong lwong thanh phan tinh theo cac phuong thirc di biét:

Wi = ¢.(CB)"? L¥* B H"? (5.23)
Wiup = Csup- L.B (5.24)
Wi = cs. (L.B.H)*? (5.25)
Wy, = 2 Wy (5.26)
Wi, = cm.(BHP) (5.27)

Trong tam tau khong tinh theo cong thirc :

Sz
2
Tinh trong luong du triv

Wit = Wro + Wrus + Wrw + Werew (5.29)

trong d6 cac thanh phan duoc tinh theo cach sau:

Zo = (5.28)

Nhién liéu Wgo = ctop.BHP.R/V Vi cg, — hé sb du trir, thong thuong nhan 1,15+ 1,175 ;p—
suét tiéu hao nhién liéu, c6 thé nhan 170 + 180 g/PS.h; R — tam hoat dong tinh béng NM, v — van tdc
khai thac cua tau.

Dy trit nhdt Wiy = 0,07.(BHP)/1000 + 0,05 Wro, tinh bang tan; (5.30)

Dy trit nudc ngot Wew, trong lugng doan thuy thu cung luong thyc, thuc phém tinh theo
thong 1€ .

Tinh cdc chi tiéu kinh té — ky thuat
Trong phan nay can thiét xac dinh chi phi khai thac hing nim cua tau, nhu van thuc hién khi
thiét ké cac kiéu tau khac.

Nang luc van chuyén moi nam cua tau, tinh bang tan.km:
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Qn =k .k2.S. n (5.31)

Trong d6 : S — s6 TEU trén tau, k; - hé s6 str dung ham hang, k, - hé s thay ddi mit hang

trén tuyén duong nhét dinh, va n — sé vong quay trong nim.

Doanh thu tir cong tac van chuyén container:

Q=f. Qu , voi f— biéu gia van chuyén dang ap dung. (5.32)

Loi nhuan thu duoc hé‘mg nam:

P=Q-V. (5.33)

Céch tinh chi phi khai thac hing nam khong khéc céc cach tinh cho nhimg tau khéc kiéu.

S6 vong quay trong nim bang quan hé n = Te/ Ty, (5.28) trong d6 Te- thoi gian khai thac,

tinh trung binh cho mdi ndm, T, — thoi gian can cho mdi chuyén di, tinh theo tinh hinh thyc té.

Ti=Tsea Tp (534)

. 2 R
Tsea - thoi gian tau chay trén bién = 2( 24t +1, j,[ngay —dem] (5.35)
v

véi R, — khoang cach van chuyén tinh bang NM, te, — thoi gian can dé vuot qua kénh dao

(néu co) va cac luong lach dac biét;

T, - thoi gian ddu tai cang, tinh cho mot chuyén di.
Chi phi sir dung nhién lidu tinh theo tiéu hao thyc té.
Hiéu qua dau tu.

E- IQ;’I/ (5.36)
+ con

ship

Khac v6i cong thire di ding cho tau khac kiéu, khi thiét ké tau ché hang thung can thiét phai

tinh dén dau tu gianh cho thung (container) dat trén tau Ieon.

Thiét ké tau danh ca

Nhiing dai luong tham gia bang tinh hiéu qua kinh té tau danh ca gdm:
San lwong hang nam Q.

San lwong danh bit hiang nim duoc hiéu theo nghia den, d6i voi tau dénh bét c4 13 lwong ca

bat duge trong mdt nam khai thac. Néu dem sd c4 ban di chu phuong tién s€ thu dugc s6 tién tinh

bang :

Thu hoach trong 1 ndm = Luong cd bdt dwoc x Pon gid cd.

Chi phi sdan xudt hang nam V.

Chi phi ngoai san xuat duoc tinh riéng, sau d6 nhap voi V thanh tong chi phi.
Gia thanh tau 1

Hiéu qua kinh té tau danh ca co thé xét dudi dang:

P 0O-V

(a) Hiéu qua 16n nhat E = T
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trong d6 P — loi nhuan hang nam.

(b) Thoi gian hoan vén ngan nhat: T= é
Nhing cach tinh gia I thong dung khong khac cach lam khi tinh gia thanh san xudt tau van
tai néi chung. Véi tau ca co the st dung nhiing cach lam sau.

+ Trudng hop thiéu co s dit lidu trong viéc tinh gid , c6 thé sir dung cong thic kinh nghiém:

[=Kx(LBH)*® , tinh bang tién. (5.37)

Trong d6 hé s6 K phy thudc vao kiéu tau, phwong phap danh b, trang thiét bi tau vv..., ghi
nhén trén co sé thong ké.

+ Theo cach lam kinh dién, coi gia toan tau 1a tap hop cac gia thanh phan cta than tau, budng
may, trang thiét bi vv...,

[=(WyKy+ Wy Ky + WeKg+Eq) (1 +b) , tinh bang tién. (5.38)

Trong d6 W — chi trong luong cac nhom, K — hé ) gia thanh; H - than tau; M — may moc
thiét bi, F — trang , thiét b trén tau. Eq — thiét bi dién, dién tir, nghi khi hang hai vv...; Hé sb b chi
cac phi lién quan dén viéc hinh thanh tau gém phi thiét ké, phi dang kiém, phi lam dy an, cac loai
thué. Trong rat nhiéu trudong hop hé sé b dat dén 20 — 30%.

Tinh gia tau ludn la cong viéc phuc tap, dai hoi. Gia thanh cta tau phu thudc khong chi vao
kich thudc chinh ma con phu thude rat nhidu vao qui trinh cong nghg, vao t6 chirc dong tau. Nhiing
dir liéu lién quan dén céc hé sd tham gia phuong trinh gid tau c6 thé tham khao theo cic bang sau.
Céc con sb trich tir tai liéu thiét ké cua Nga va Nhat ban.

Bang 5.9
Tén goi Tau ludi kéo Tau luoi ré Tau vay nho Tau cau cé ngu
Cong 30,0 36,2 28,1 35,0
Nhién liéu ,nhét | 10,1 6,2 6,6 12,0
Vit tu nghé ca 8,6 2,0 0,9 -
Ngu cu 53 23,6 14,8 5,0
Bio hiém 1,8 1,8 1,0 0,8
Van chuyén 23,7 1,7 1,5 -
Stra chita 1,6 7.9 16,1 4,0
Khau hao 10,1 12,8 16,2 232
Céc phan khéc 6,6 6,1 10,2 -
Quan ly xi nghié¢p | 1,8 1,7 4,6 10

Tir bang trén co thé thay, chi phi ddc trung cho mdi loai tau khac nhau kha nhiéu. Sy khac
biét 4y thé hién rd nét cho ting nha may, tung dia phuong khac nhau. Khi thiét ké nguoi 1ap du
toan nhat thiét phai thu thap du liéu thong ké sat thyc cho ddi twong dang tim hiéu.

Thiét ké tau danh ca duoc ditra trong nhiing diéu kién cu thé:

Kiéu tau va nghe khai thac : tau luéi kéo, tau danh bang phuong phap vay, tau ludi ré, ludi
can , tau cau cac loai vv...,

Vung bién khai thac va trang thiét bi chuyén nganh, san lugng tdi thiéu hang nam,

May chinh va may phu, thiét bj nghé ca,
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Strc chd cua tau, dung tich khoang cé can thiét,

Thoi gian chuyen bién: thoi gian di ra ngu truong, thoi gian thao tac trén bién, thoi gian tré
vé cang, thoi gian bdc dd, thoi gian nghi gitta hai chuyén bién vv..

Van tdc tau khi kéo ludi,
Stre kéo can thiét trén tang,
S6 nguoi trén tau, dy trtr lwvong thuce, thuc phém cho doan thuy thu,

Bién s dung trong thiét ké tau ca ¢ thé nhu sau (hay con goi cac thong sé tham gia trong
ham muc tiéu):

X15L
XZEB
X3 =T

x4 = F=H-T, chiéu cao man kho

X5 = Whalst - trong lugng ballast cb dinh.

x¢= CB (0);

x7= CM (B);

= Xc/L, tinh tir gitra tau,

X9 = Olgoc bo miii

Han ché kich thudc va cac ty 1€ cua tau ca dugc trinh bay dudi dang nhu da néu cho tau van
tai.

Céc phép tinh phai thuc hién trong qua trinh tinh ti vu tau c4 bao gom:

a. Xac dinh luong chiém nudc tau khong tir co s¢ thong ké hodc tir cac phép lap trude do.
Trong thanh phan Dy, trong lugng vo tau phy thude vao kich thude chinh va ty 1€ gitra ching, trong
luong budng mady phu thudc kiéu may, cong suat , tan suat quay, va cac ylu cau khai théc, trong
luong trang thiét bi phu thudc vao sd lugng, tinh ning trang thiét bi, trong luong trang tri noi that
phu thudc vao doan thuy tha, vao yéu cau chu tau.

b. Surc chd cua tau tinh theo cong thirc:
P = yxCBXLxBXT — Do - Wautru - Werew (5.39)

Trong d6 :»Wdutru — trong lugng du trir nhién li¢u, nudc ; Weew — thuy thu va du trv
lvongthyc, thuc pham.

c. Chiéu cao man kho toi thi€u tinh theo cong udc quoc t& vé dudng nudc chd hang, thoa
man cac diéu kién ghi tai chuong dau tai li¢u.

d. Dé xac dinh cong suat may va tiép d6 thiét ké chan vit, xac dinh tdc d6 chay tu do khi ra
ngu truong va vé cang, tbe do kéo khi dat ludi, tién hanh tinh strc can vo tau danh ca. Phuong phap
tin cdy dugc ap dung cho tau cac kiéu mang tén Doust dugc ap dung cho trudng hop nay. Phuong
phap duoc trinh bay k¥ tai chuong ba tai liéu. Chan vit Wageningen 4p dung vao tau danh c4 mang
lai hi¢u qua tin cdy, dugc ap dung trong thiét ké tdi uu.
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e. Giataul=(WyKy+ Wy Kyu+WrKr+Eq) (1+b) (540) phu thude vao kich thude
clia tau, vao nha may thi cong, vao trang thiét bi va quan 1y. Tién hanh tinh chi phi san xuét, loi
nhuan thu dugc hang ndm tir khai thic tau va tp d6 hiéu qua kinh té tau dang thiét ké. Aup dung
phuong phap téi vu hoa dé xac dinh cac thong sb dang tim.

Vi du: Chon kich thudc t6i wu cho tau danh c4 xa bd, nghé ludi kéo. Tir két qua phan tich so
bo da quyét dinh nhu sau: trong tai tau 800t, dung tich hAm hang 1099m’, dung tich cac két nhién
liéu 331 m’ , dung tich két nude ngot 74m Chon may chinh védi cong suat 500PS. Pay sé 1a tau hai
boong, két ciu bén nhu Qui pham yéu cau. Tinh 6n dinh tau dam bao nhu da dé trong qui pham phan
cap va dong tau bién vo thép, ap dung cho tau hoat dong ving han ché I: tam hoat dong cua tau cich
cang me khong qué 200 hai ly.

Diém khoi ddu cua bai toan ,du(jc chon tu }huc té, trén co s6 théng ké. Chiéu dai thu 69m; ty
1€ L/B = 5,3; Theo phuong phap bién phan, v4i bién phan cta L ching 5%, con cua L/B khoang 0,1,
c6 thé tung budce tinh hiéu qua kinh té cho tau voi L + 5%L, L/B£0,1,. ... Truong hgp don gian
nhat, chi can chon mdt dén hai bién s6 cho ham muc ti€u. Gia st chon x; = L; x, = L/B vdi budc
oL =1; &(L/B) = 0,1. Néu ¢o dinh bai toan tai B/T =2.5, ap dung cac cong thirc xac dinh cac thong
s0 chinh cua tau tai chuong 1 va cac cong thue xac dinh hi€u qua kinh té tai phan dau chuong nay, co
the tim dugc gia tri toi uu cho tau don gian nay.

Céc phép ti uu theo nghia bién phan, tién hanh theo hai budc:

(1) Tim L “tbi uu”, béng cach thay ddi L + 8L, con L/B = const;

(2) Véi két qua ban dau nay, giit L = const va thay doi L/B + 8(L/B).

Gia tri “L t6i wu” va “L/B ti wu” lam cho ham muc tiéu dat cuc trj s& cho phép tiép tuc xac
dinh cac thong so con lai. Cach lam nay dua lai két qua sau.

Chiéu dai L =66m; L/B=15,2; Vatirdoé: chiéurong B = 11,2m; chiéu cao H = 7,75m. Cac
thong so khac s€ 1a : CB = 0,64; CP =0,68.

Téc do tau xac dinh duge 14,28 HL/h;

Cling bai toan tuong tu, néu mé rong pham vi yéu cau, cac tham sé c6 mit trong ham muc
tiéu c6 theé mé rong nhu sau.

= D - lugng chiém nuéc D= Y W;;

x,= L/B

x3 = BHP

X4 = Pes - trong tai san phém

x¢= CB (0);

Cong thure chira cac kich thudce chinh theo thong 1€ van 1a D va Pg,.
« = kiko LBH

D =kLBH + fj(P.s) + f2(BHP) +. . .
D = yxCBxLxBxT
Céc phép tinh tiép theo dugc thuc hién theo cc cach di trinh bay trén.
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TINH L/B

START A

NHAP DU LIEU a| L=const;B/T=const
< A
\ 4 \ 4
> XACPINH L Tinh L,B,H.T,CB,
" i CP,v
Y
L/B=const;
B/T=const p| TINHB
A\ 4
Tinh L,B,H,T, XAC LAP F(X)
CB,CP,D,v
TINH B >
HAM MUC TIEU
f(X) TINH (L/B)opt.;
— F(X) ->?
<_ s a
INKET QUA TOIUU : L, B.H,
T, CB, CP, D, V
Hinh 5.3
Vi du tinh gia thanh tau
Gié thanh tau phu thudc vao vat tu, nhan cong, cong nghé ché tao, noi ché tao vv. . ., dugc

tinh cho mdi tau riéng biét. Cach tinh gi4 thanh tau do nganh tai chinh huéng dan va cac bang gia
duogc cac co quan c6 thAm quyén nganh tai chinh phé duyét. Cac tai liéu tiép theo gidi thiéu cac bang
tinh dang duoc dung tai cac co s& dong tau cua Viét nam. Cac bang tinh sau dy chua phai 1a mau
chuan, tuy nhién can duoc coi 12 tai liéu tham khao hitu ich.

Tong hop gia thanh tau kiém ngu v6 composite
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TEN GOI

Vit tu chinh

Nhua Polyester khong no
Soi thuy tinh céc loai

Gelcoat
chéng dinh
phu gia
polyurethane
g6 dan

g0 xé nhém 4
thép cac loai
thép khong ri

Vit tu khéc
cac két

may chinh + hop sd
( Kiéu may da ke)

may phu

(Héng Kubota hodc Honda )
hé thong Ong toan tau

hé thdng dién
cac bom

Trang bi hang hai & dién tir

la ban lai 9
la ban chuan

cum GPS,plotter
SSB radiophone 150W

Radar
VHF
Cép cac loai

Trang bi ctru sinh

xuong

may OBO Honda, 50 CV
phao be tu thoi, 10 nguoi

phao tron

4o phao
Hé lai
Hé neo
Can ciu xudng
May chup hinh
Camera

O4ang nhom chuyén dung
Cac trang thiét bi khac

- Bang 5.10
SO LUGNG

8,85t
6,5t
0,35t

320 m?
6m’

Cong

Nhat
TQ

Nhat
Nhat
Nhat
Nhat

2 chiéc
6 cai
12 cai

Téng cong

170

THANH TIEN
(tri¢u dong)

124.0
143,0
14
2,8
6,1
12
14,2
30
16,5
16,7
379,3

30
620

30

41,6
41
17

10
20
25
22
42
6,4

26
34,5
40
0,36
0,48
14
26
10

11,5
14,5

20
1488,64

GHI CHU



Bang 5.11 KET TOAN
TT TEN GOI CONG THUC THANH TIEN
(tridu dong )
1 Vit lidu 1488,64
la Khau hao khu6n 60
2 Cong 11.500d/c x 10.000 115
3 BHXH&BHYT 19%(2) 21,85
4 Ning luong 40%(2) 46
5 Khau hao MMTB, khuén tiu 40%(2) 46
6 Chi phi quan 1y phan xudng 35%(2) 40,25
7 Chi phi quan 1y xi nghiép 35%(2) 40,25
A. Gid thanh cong xuong 1857,99
8 Chi phi ngoai san xuét(ké ca kiém tra cta | 3%A 55,74
DK va bdo v€ moi truong)
B. Gid thanh todn bo 1913,73
9 Lii dinh mirc 2%B 38,27
C. Gia ban buon xi nghiép 1952
10 Thué 1%D 21,10
11 Phi thiét ké 4%D 84,41
12 Chi phi chuan bi dy an 2,5%D 52,76
D . Gid tau ( chiéc dau tién) 2110,27
Bang tinh gia thanh tau cao téc, vé hop kim nhém
Bang 5.12
TEN GOI SOLUGNG | THANH TIEN GHI CHU
( triéu dong)
Vit tu chinh
Vit liéu chinh lam tau 1.980,0
Nhién li¢u phuc vu dong tau 29,067
Trang thiét bi dong luc 2.220,5
Vit tu phu ting duong ong 43251
Trang thiét bi dit gia cong 219,002
Thiét bi dién 330,0
Thiét bi hang hai 158,0
Dung cu theo tau 100,00
Vit tu phuc vu san xuat 31,551
Boc d&, van chuyén 40,619
6 6.000,0
ong
Bing 5.13 KET TOAN
TT TEN GOI CONG THUC THANH TIEN
(tridu dong )
Vit liéu, nguyén li€u, trang thiét bi 5.000,0
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2 Cong 280,0
3 BHXH&BHYT 53,2
4 Néng luong 55,0
5 Khau hao MMTB 140
6 Chi phi quan 1y phan xudng 84,0
7 Chi phi quan 1y xi nghiép 84,0
A. Gia thanh cong xuong 3.696,20
8 Chi phi ngoai san xuat(ké ca kiém tra cua 119,0
DK va bdo v€ moi truong)
B. Gid thanh toin bg >-815,2
9 Lai dinh murc 2%B 116,304
C. Gid bén bubn xi nghiép >.931,504
10 Thué doanh thu ( trudc khi c6 VAT) 1%C 59,315
11 Phi thiét ké 3,5%C 207,602
D . Gid tau ( chiéc dau tién) 6.198,421
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