KHOA HOC & CONG NGHE

PHUONG PHAP TOA PO VOTKY THUAT KHAI TRIEN HINH
TREN VAT LIEU DANG TAM MONG

COORDINATE METHOD WITH SHAPE IMPLEMENTATION TECHNIQUE
ON THIN SHELL MATERIAL

Tran Ngoc Hai
Khoa Co khi, Trueong Pai hoc Kinh té - Ky thugt Céng nghiép
Dén Toa soan ngay 05/03/2023, chap nhan ding ngay 30/06/2023

Tom tat: Bai bao trinh bay phwong phép toa dd véi k§ thuat khai trién hinh trén vat liéu dang tdm
méng Theo d4 sau khi v& giao tuyén cac phan két cdu clia vat thé, tac gia thanh lap cong
thire tinh toa do cac diém Mi(x,y;) thudc hinh da khai trién, viét chwong trinh tinh, vé bién
dang hinh. Tuy vao kinh thuéc két cu can khai trién, ting sb diém M(i) dé dat 6 chinh xac
yéu cau. Viéc tinh giéa tri toa dé cac diém Mi(x:,y;), vé bién dang hinh khai trién dworc thuc
hién béng phan mém toan hoc MAPLE, rat nhanh va thuan tién. Két qua tinh 1a tin cay, cé
thé ap dung vao san xuat cong nghiép cho nhitng két cdu can khai trién c6 hinh dang
twong ng.

Tir khéa: Giao tuyén vat thé, khai trién hinh, chwong trinh tinh.

Abstract: The newspaper present coordinate method with shape implementation technique on thin
shell material. Accordingly, after drew intersections of object structural parts, the author
establishes calculation method for M;(x;y;) point coordinates belong to shape that be
implemented, writes calculation program and draw shape boundary. Depending on size of
structural that need to be implemented, we increase the number of M(i) to meet technical
request about accuracy boundary. To calculate value of M;(x;y;) point coordinates, drawing
shape boundary are implemented by MAPLE software, it is very fast and convenient
for users.

Keywords: Object intersection, shape implementation, calculation program.

1. DAT VAN BE

Hé thong thdng gié cong nghiép, hé théng hat,
thai khi doc truc tiép gan vai thiét bi cong
nghé (hinh 1) la dac biét quan trong trong cac
nganh san xuét: may mac, dét vai, nhuém, hoa
cong nghiép... Hinh 2 1a mot sé két cau kho,
thuong gap trong hé théng thdng gio, hat, thai
khi doc.

Viéc khai trién cac két cdu (hinh 2c, 2d...) dé
ché tao méi hay phuc hdi, sira chira khi bao tri
hé thng hat thai khi doc 1a mot cdng viéc kho
thuc hién do cac giao tuyén co tinh dic trung .
va phc tap. Hinh 1. Hé théng hat, thai khi may say, hap vai

10 TAP CHi KHOA HOC & CONG NGHE . SO 41- 2023



KHOA HOC & CONG NGHE

d)
Hinh 2. Mét sé két cAu ca hé théng ht, thai khi

Theo céch khai trién hinh truyén théng, cac
bai todn dung hinh phac tap dugc thuc hién
ngay trén vat liéu dang tam, day 1a mot viéc
kho, niang sut thip, yéu cau thg bac cao. Do
d6 can ap dung phuong phap tinh toan nhanh
va ty dong duoc toa do cac diém trén giao
tuyén dé thuan loi trong khai trién trén mat
phang. Hién nay, viéc tng dung céc phan
mém hd tro thiét ké CAD: Solidworks,
Inventor... d gitp ting toc do V& giao tuyén
nhung kha ning trich xuét toa d6 va khai trién
thanh mat phang con nhiéu khé khin, can
thong qua nhiéu budc thuc hién.

Trong bai b&o nay, mot phuong phap xac dinh
toa do, tinh, v& hinh khai trién trén vat liéu
dang tdim mong c6 sy hd trg caa phan mém
tinh toan Maple duoc trinh bay. Khi (tng dung,
ngudi str dung tir két cdu can khai trién co
hinh dang twong tng. Chon bai todn mau,
nhap sb liéu: dai, rong, cao..., vao chuong
trinh Maple cua bai todn. Chay chuong trinh
tinh va nhan dugc gia tri toa do M;i(X;,Y)),
hinh vé& bién dang khai trién.

Diém tich cyuc nhit ciia phuong phéap 1a khac
VGi céch lam truyén thong, két qua phuong
phap khai trién duoc ghi lai dudi dang chuong
trinh may tinh, thuan lgi trong st dung, khong
yéu cau tho bac cao.

2. NOI DUNG NGHIEN CclU

Sau khi v& giao tuyén cac phan két ciu cua vat
thé (bang cac phwong phap xac dinh hinh
chiéu truyén théng hoic thong qua cac phan
mém hd trg CAD), cac cong thic tinh toa do
cac diém M;(X;,Y;) thudc bién dang hinh da
khai trién duoc thanh lap, déng thoi duoc sir
dung dé viét chuwong trinh Maple tinh, v& bién
dang hinh khai trién.

Noi dung chinh cua phuong phap dugc minh
hoa thdng qua mot s trudng hop dién hinh
sau:

Truong hep 1: Khai trién két ciu bng tru
chiéu bang va&i mat cau (hinh 3).

cauR

N/ N

Hinh 3. Két cau éng tru vé&i cau (loai 1)
= Khai trién 6ng tru: Cac buéc thuc hién
a. Vé giao tuyén try chiéu bang véi mdt cau

Hinh chiéu bang giao tuyén tring voi hinh
chiéu bang suy bién cua tru.

V& hinh chiéu dung giao tuyén: Chia déu
duong tron dng tru boi cac diém 1p, 25, 3;...
(phai c6 diém chia di qua cac diém dic biét:
diém cao nhat,thap nhat, gisi han thay khuat)
cua giao.

V& diém Mi(x;,y;) thudc giao tuyén.

Qua diém i, (vi du 1,), dung mit phang phu
tro 1a mat phiang mit y, y cit cau theo giao
tuyén 1a duong tron, giao cua duong sinh try
qua 1, véi duong tron 1a diém M(i) cua giao
tuyén. Tang sé diém M(i) toi khi giao tuyén
c6 do chinh xac dat yéu cau ky thuat.
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Hinh 4. Hinh vé so dé tinh

7\

b. Thanh Idp cong thirc toa dé diem Mi(xi,y;)
Trong A vudng ADB, c6: CD? = AC.CB
— CD? =(R+ e + 1.cosg;)(2R- R - e - .c0s;)
hay CD? = (R+ e + 1.cos@;)(R - € - .cOS®))

= CE = r.sing,. Theo cach dung,

cori=CD - vyi=,/r?—x2=

\/(R+e+ rc03(pi)(R—e—rc05¢)i) —(rsing)?

+ Thanh Iap cbng thic toa d6 Mi(X;,Y;) thudc
hinh khai trién éng try, ta c6: X, _zdi.
n

H -\j(R+e+I‘COS(&I)(R—G—I‘COS(pI)—(I’Sin(pl)z

¢. Viét chuong trinh Maple vé khai trién try
restart: Digits = 5 :
with(plots) : with(plottools) :
R := 375; e == 200; r :== 150; H := 450; n == 12;
for i from _Tn to %du
ofil - [ 121
a[i] = evalf (sqrt((R + e + r*cos(o[i])) * (R-e-r* cos(@[i]))));
b[i] == evalf(r* Shl(¢[i]l);
i) = evar| 2221,
Y[i] = evall(~(H — sqrt(a[i]"2-b[i]"2)));
od;

print["Tua do cac diem M(X, Y), M1(X, Y)"»
M == curve”seq[[x[l] Y[i]], 1—77[' %,“
o o <2 e b 2ol -2

display( (M ),(M1), color = red, thickness = 2|

d. Thuc hanh khai trién hinh

Chon két ciu c6 hinh dang twong ung.

Mé chuong trinh Maple (phan c) nhap sé liu:
R =375,e =200, r =150, H=450, n = 12.

Chay chuong trinh, nhan dugc gia tri toa do
M(i), (M1), bién dang hinh khai trién (h.5a).

_400 -3 -300 -loo O

Hinh 5a. V& m6 phoéng khai trién hinh tru
Trich cac gia tri toa d6 M;(X,Y;), (M1);
M= -471.24, —78.36], [ -392.70, —89.32],
M1 :=CURVES([[471.24, -7836], [471.24,0.],
Lap bang ghi toa do cua M(i),(M1).

Trén tam vat liéu phang, lay dau va néi cac
diém M(i), (M1) theo (Xi,Y;) duoc hinh khai
trién (hinh 5b).

1.0=942.48
Xi=rd.i/n

+6(-471.24,-78.36) 6(471.24,-78.36)

0(0,-315.37)

Hinh 5b. Vé khai trién hinh tru
» Khai trién hinh nira ciu:

Hinh chiéu dung: Dung cac mat phing chiéu
dung di qua tdm cau chia déu cau thanh ny
mai, thay mdi mui cau bang mot phan mit try
ngoai tiép mli cau do, goc giita hai mat phang
a=2.

nl
Hinh chiéu bang: Chia duong tron (02) thanh
n phan bang nhau.
T 15, 25...tim duoc 14, 2;... twong ung, 46 1a
nhitng diém thudc bién dang mot mai nira cau
can khai trién.
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b. Thanh Igp cong thic toa dé diem Mi(X;,Y:)
thugc hinh khai trién mgt mai niza cau

Taco: X, :”Z—RI Yi = Rsing;.tan(a/2)
n
27 2r

oday: o =—, a=—
n

T~
A VAR IS S
w2 1y U— 10,/29*—&’
1 | — 0o
01! o T e—
— —| XI
A [ ] nR/2
,p |
Oz
32
oL, 22
12
02

Hinh 6. Hinh vé so dé tinh

c. Viét chwong trinh Maple vé khai trién cau

restart : Digits == 5 :
with(plots) :
R=37%;,n:=12;nl == 12 ;
for i from 0 to n/4 do

[i] == Z-n-i_a__ 1-@
PLHe n ~  nl'’
2-Rm-i )
X[i] = eva]f[$ ;
n /
a\\
Y[i] == ew]f[R*sin(q)[i]]*tan[? E
A4

od;

print("Toa dj cac diém Mix,y), (M1L)");

M == [seq([X[i], Y[i][,i=0.n/4)];

M1 == [seq([X[i], - (¥[i])],i=0.n/4)];
plot( {M, M1}, color = red, thickness =2);

d. Thuc hanh khai trién hinh

M& chuong trinh Maple (phan c), nhap sé
ligu: R=375, n =12, n1=12. Chay chuong trinh,
nhan duoc gia tri cac toa d6 M(i), (M1), bién
dang hinh khai trién (hinh 7a).

100
Sl

0
=30
-100

Hinh 7a. M& phéng khai trién mui niva cau
Trich céc gia tri toa d6 M(i),...
M:=[[0,0.], [196.35, 50.241],

Lap bang ghi gia tri toa d6 caa M(i), (M1).

Trén tdm vat liéu phing, ldy diu va ndi cac
diém M(i), (M1) duoc hinh khai trién (h.7b).

(196.35,50.24) 3,

0o 1o o

589.05

Hinh 7b. Vé khai trién mét mai nira cau
Do n1=12, nén dung 12 mui cho nira cau.

Truong hop 2: Khai trién két ciu bng tru
chiéu bang v&i mit cau (hinh 8).

|
d|
|

A4

Hinh 8. Két cAu 6ng tru, mat cau (loai 2)

= Khai trién ong tru
a. Vé giao tuyén ang tru chiéu bang véi cau

Thuc hién nhu bai 1. Khi chia déu duong tron
(0,), can dic biét cha ¥ dé tranh diém chia bo
qua:F, F, (1a diém 6ng tru cat duong kinh 16n
nhat mat cau).

Cach lam khi chia: do géc Bl,F,.

Tim wdc sé chung I6n nhat (USCLN) sé do
/Bt,F, va ~180°% dung lénh (iged: tim
USCLN cua Maple)vi du: £Bt,F, =115°,
ding (>igcd(180,115);) két qua = 5, chon sb
diém chia: n =360/5 =72.
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b. Thanh ldp cong thirc toa dé diem Mi(xi,y;)
Trong A vudng ADB, c6: CD? = AC.CB

— CD?= (R+ e + r.cosg)(2R- R - e - 1.cosg;)
hay CD? = (R+ e + r.cosgi)(R - € - .cos®;)
Xj= CE =r.sing,.

Theo c&ch dung, cér,=CD —» vy, = r — X2

i
\/(R+e+rCOS(pi)(R—e—rCOS(Di)—(I’Sin(Di)Z

ti__ﬂ\

/O_Gl

F
(5]
r .
(pl
C Y
B =D

Hinh 9. Hinh vé so dé tinh

= Thanh Iap cong thic toa do diém Mi(X;,Y;)
thugc hinh khai trién ong tru.
Taco: X, :Lm; Y=

H-vyi=
n

H - \/(R+e+rcosQ)(R—e—rcos(pl)—(rsin(/>|)2

c. Chwong trinh Maple tinh,vé khai trién tru
restart : Digits == 5:
with(plots) : with(plottools) :
R = 500; e == 150; r == 350; H == 550; n == 72;

n,n
for i from - — to —-d
or i from 7 0 ) o

. 2w
ot - 221
a[i] = evalf (sqrt((R + e + r*cos(g[i])) * (R-e-r* cos(o[i])]));
h[i] = evalf(r* sin{o[i]));
[ 2-r- i \|.
Y

i) = evalf
V[i] == eval(- (H — sqrt(ali] 2-b{i]"2)));
od;

print["Tua do cac diem M(X, Y), M1(X, Y)");

M= cme[[seq[[}([l] Y[i]l, 1__Tn %|

12221 2]
1)

display( (M), {M1), color = red ﬂ’lll:kIIESS

d. Thuc hanh khai trién hinh

M¢ chuong trinh Maple(phan ¢) nhap sb liéu
R=500, e =150, r =350, H = 550, n =72.

Chay chuong trinh, nhan duoc gia tri toa do
M(i), (M1), bién dang hinh khai trién(h.10a).

-500

-100
-300

Hinh 10a. V& m6 phéng khai trién hinh tru
Trich bang tinh céc gia tri toa do M(i),(M1).
M= [[-1099.6, -91.74], [ -1069.0, -92.18],

M1 = CURVES([[1099.6, -91.74], [1099.6, 0.],

Lap bang ghi gia tri toa do6 M(i),(M1).Trén
tam vat liéu phang, liy dau va ndi cac diém
M(i),(M1) dugc hinh khai trién(h.10b).

2199,12
Xi
G10996.91.74) F702.49, -163.50)
00,-550)

Hinh 10b. V& khai trién hinh tru
Khi khai trién cd thé lay sé diem M <(n=72).

= Khai trién hinh nta cau. Cac budc: a. Xac
dinh giao tuyén cau try, b. Thanh lap cong
thic tinh toa do diém M;(X;,Y;) thudc cau sir
dung cong thac da c6 cua bai 1.

c. Viét chuwong trinh Maple vé khai trién cau
restart : Digits == 5 : with(plots) :
R:=500;n:= 24; nl == 12 ;
forifrom 0 ton/4 do

[i] 2-m-i 2- 1
i] == ;o E= ;
* n nl
2-R-m-i)
X[i] == eva]f[# |;
n J

Y[i] = eva].f[R* sin(o[i]) *ta.n[ %f }|;
od;

print("Toa 46 cac difm Mx,y), (M1Y");

M == [seq([X[i], Y[i]].i=0.n/s/4)];

M1 == [seq([X[i], —(Y[i])],i=0.n/4])];
plot( {M, M1}, color = red, thickness = 2);
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d. Thuc hanh khai trién hinh

M¢ chuong trinh Maple (phan c), nhap sé
liéu: R=500, n = 24, n;=12.

Chay chuong trinh,nhan dugc gié tri cac toa
d6 M(i), (M1), bién dang hinh khai trién (hinh
11).

100
0
0 T T

_s0 00 400 500 600 00
~100

Hinh 11. M6 phéng khai trién mai nira cau
Trich céc gia tri toa do M(i), (M1).
M=[]0.,0.], [130.90, 34.676],
M1:=[]0., -0.], [130.90, -34.676],

Lap bang ghi gia tri toa d6 cua M(i), (M1).
Trén tam vat liéu phang, lay dau va néi cac
diém M(i), (M1) dugc hinh khai trién.

Do lay n1=12, can khai trién 12 mui nira cau.

Truong hop 3: Khai trién dng tru vai xuyén
(hinh 12).

Hinh 12. Két cau 6ng tru dirng véi xuyén
= Khai trién ong tru chiéu bang
Céc hinh chiéu ciia giao nhu (hinh 13).
DPé v& diém M(i), vi du (i=1) cua giao, qua
(1) dung mat phang mat y, y cit xuyén theo

duong tron, giao cua duong sinh tru qua (1)
v6i dudng tron 1a diém M(1) cua giao.

b. Thanh ldp cong thirc toa dé diém Mi(x.,y;)
thugc giao tuyén

> 31 I -

I |
_e X N\Ri
1
TN\ |
al 3f|ei Yo
/ Y|
_ o— 12 |
r rl/

Hinh 13. Hinh vé so dd tinh

Ta cd: Rj =R+ r.cosa, ¢ day: r.sina = r1.Sing;

2
. n . . L.
—>S|na=?.S|n(pi, cosa =,(1- ?smgﬂl
Xi = R —e + ricoso.

Theo cach dung c6: y, =R’ —x* —

Y, :\/(R+r.cosa)2—(R—e+ r,.cos @ )?
= Thanh lap cbng thic tinh toa do M;(X,Y;)
thuoc hinh khai trién 6ng tru.

Tacé:Xi:Lm;Yi:H—yi:
n

H-y. = \/(R +r.cosa)’ —(R—e+1.cos )’

c. Viét chwong trinh Maple tinh,vé khai trién

restart : Digits == 5:
with(plots) : with(plottools) :
R = 500; e := 300; r == 150; rl :== 125; H == 700; n = 12;
for i from _Tntn % do
2-mi “
noy

oli]= [

cfi] = eva]f[sqrt[l - [%*SN(CPUD]AZ]]?

ali] = evalf (R + r*c[i]);

h[i] :== evalf (R — e + r1* cos(g[i]));

X[i] = eva]f[% |

Y[i] = evalf(~(H — sqrt(a[i]"2-b[i]"2]));
d;

porint("Tua do cac diem M(X,Y), (M1)");

M == curve[[seq[[X[i], Y[i]].i= —z_n%:‘ :|’
M1==curve[[X%,Y% s g,ﬂ]’{x[’%]’"]’{x 7%’1]7% :‘;

displayi (M), (M1}, color = red, thickness =2);
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d. Thuc hanh khai trién hinh

M¢ chwong trinh Maple (phan c), nhap sé liéu
R=500, e=300, r=150, r1=125, H=700, n=12.

Chay chuong trinh, nhan dugc gia tri toa do

M(i), (M1), bién dang hinh khai trién (hinh
14a).

-300 -300 5] 0o 200 300

Hinh 14a. M6 phéng khai trién hinh tru
Trich bang tinh céc gia tri toa d6 M(i), (M1).

M =[[-392.70, -54.34], [ -327.26, -70.29],
M1 =CURVES([[392.70, -534.34], [392.70, 0.],

Lap bang ghi toa d6 (X, Y;) cua M(i), (M1).

Trén tam vat liéu phang, ldy dau va néi cac
diém M(i),(M1) duoc hinh khai trién (h.14b).

785.4

- .

6(-392.7,-54.34) 10(0,-137.08)
Hinh 14b. Khai trién hinh tru

= Khai trién hinh xuyén:

Hinh chiéu dung: Dung mat phang B, y di qua
truc xoay t;, chia déu xuyén thanh n; phan.
Dung mot phan mat tru ngoai tiép dé thay thé
phan xuyén do.

Hinh chiéu bang: Chia déu duong tron (d)
thanh n phén. Tu 175, 1,... tim duoc 174, 14...
tuong ng, d6 1a nhimg diém thuoc bién dang
mot madi xuyén can khai trién.

b. Thiét ldp cong thirc toa do diem Mi(Xi,Y;)
thugc hinh khai trién mgt mai xuyén

ta co: x; = r(1-cosy;).
yi = r(1-cose;).tan(a/2)
= Cong thic toa do diém M;(Xi,Y:) thudc

hinh khai trién 6ng tru.

X, = 271 ,Yi = H + r(1-cosg;).tan(a/2)
Y an 27 | 27
6day: o =—; a=—
n n,
[ \
RN R
[ d
Iy a )i > ,
— | [l -
Bt - —
| i [2H
1/;:\\ 32

I ~L ¢
| NP

Hinh 15. Hinh vé phwong phap tinh

c. Viét chirong trinh Maple tinh, vé khai trién

restart : Digits := 5:
with(plots ) : with(plottools );
r:= 150; n := 12; nl1 := 20 ; Rt := 350;

2-
o= n_ln; H = evalf(Rt-tan[%]j;
21w ]
n 9

for i fromO0 to n do

Y[i] = evalf[r- (1 — cos((p[i]))*tan[%)];

od;

print("Toa do cac diém M(x.y), (M1)");

M := curve([seq ([X[i], Y[i]],i=0.n)]);

M1 curve([seq ([X[i],-(2-H + Y[i])],i=0.n)]);
M2 := curve([[0.,0], [0,-(2-H)]]);

(( 2-H) 01D s

2-m-i

@li] = s X[i] = evalf[

M3 := curve([[X [ 1,-(2-H)], [X[n],
display((M), (M1), (M2), (M3), color = red, thickness =2);

d. Thuc hanh khai trién hinh

M& chuong trinh Maple (phan c), nhap sé
liéu: r = 150, n = 12, n; = 20, Rt = 350. Chay
chuong trinh, nhan duoc 12 gia tri toa do M(i),
(M1), bién dang hinh khai trién (hinh 16a).

e

100200 300400500 60070000500
-100

Hinh 16a. M6 phéng mét mai hinh xuyén

16
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Trich bang tinh cac gia tri toa do M(i), (M1).
M= CURVES([[0.,0.], [78.540, 3.1822],

M1 =CURVES([[0., -110.87], [ 78.540, —114.05],
Lap bang ghi toa d6 (Xi,Y;) caa M(i),

(M1).Trén tim vat liéu phang,lay dau,ni cac
diém M(i), (M1) duoc hinh khai trién (hinh
16b).

942.48

0|~ + - o

0(471.24,102.95)
Hinh 16b. Khai trién mét muai hinh xuyén

Do lay n;=20, can khai trién 10 mai xuyén
cho nira vong xuyén.

3. KET LUAN

Bai bao da trinh bay phuong phap toa do voi
k¥ thuat khai trién hinh trén vat liéu dang tam
mong theo trinh tu xay dung co sd céng thac,
tinh toén tu d@ong trén Maple, thuc hanh khai
trién théng qua cac trudng hop giao tuyén
thuc té phuc tap.

Loi thé khi sir dung phuong phap xac dinh
cong thuc va tinh toan trén Maple so vdi
phuong phap xac dinh toa do cac diém cua
giao tuyén trén phan mém la do c6 cong thuc
tinh nén c6 tinh hé théng cao va cé thé ap
dung cho cac truong hop thay doi kich thuéc
cac tham sb (vi du d, r, H...). Két qua xac
dinh giao tuyén khai trién co do tin cay cao,
d6 chinh xac twong Gng voi két qua trién khai
trén cac phan mém thiét ké Inventor,
Solidworks.
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