NGHIEN CUU KHOA HQC

XAY DUNG MAT XOAN BANG MAY TiNH BIEN TU BE TIEN AP DUNG
TRONG THIET KE VA DAY HOC MON HINH HOC HOA HINH
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Tom tat

Do ¢6 su trg giup cta mdy tinh dién ta (MTDT), viéc su
dung cac mat phuc tap nhu mat xoan trd nén phé bién va
chinh xac hon trong thiét ké va ché tao. Tuy nhién viéc xay
dung mé hinh hay biéu dién cac mat xoan la phiic tap va
khé khan, c6 thé khéng biéu dién dugc. Bai bao dua ra mét
phuong phap tao mat xoan mai, d6 la su két hop ctia hinh
hoa, hinh hoc giai tich va phan mém lap trinh nham di xay
dung thuat toan thiét Iap mé hinh mat xoan trong MTDT.
Phuong phap nay giai quyét nhanh va don gian van dé tao
mat xoan, vi thé viéc st dung mat xoan tré nén don gian
hon, va tén it thoi gian cling nhu cong stic ciia ngudi lam
thiét ké.

DAT VAN BE

ong boi canh cong nghé thong tin

phat trién, viec strdung may tinh dién ti

(MTDT) tr& nén phdé bién. MTBT la cong

cu lao déng trong moi nganh nghé nhu

nghién ctu, gidng day, thiét ké, ché tao...
MTBT cling dugc strdung nhu la cac phuong tién
clia cude song moi ngusi, MTET dugc dung lam
phuong tién giao tiép, trao d6i théng tin, phuong
tién gidi tri...

Sirdung MTET dé biéu dién cac mat sé gitip ngudi
nghién ctu biéu dién cac mat nhanh chong, c6
thé biéu dién dugc cac mdt phiic tap ma biéu
dién bang tay sé gap nhiéu kho khan hay c6 thé
khong biéu dién dugc. Vi vy viéc tao ra cac mo
hinh cdc mat xodn theo yéu cau ngudi st dung
trén MTDT la mot van dé rat can dugc quan tam.

Déi véi cac mat xodn trong hinh hoc hoa hinh,
viéc biéu dién da phc tap, vé giao clia cac mat
nay v6i mat phang, mat cong thi con tén nhiéu
cong stic va nhiéu khi tré nén khé khan.

Nhu vay viéc nghién cliu xdy dung mdt xodn
bang MTBT, biéu dién cac mat xodn va mot so
Ung dungla can thiét cho cong tac gidng day, cho
viéc thiét 1ap cac hinh dang kién tric trong nganh
xdy dung, cho viéc gia cong cac chi tiét c6 hinh
dang phtic tap trong nganh ca khi. ..

hoa hinh

X0dn va mat xoan.
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NOI DUNG NGHIEN CUU

Khdi niém vé mdt xodn trong hinh hoc

Trong phan nay bai viét sé dua ra mot s6
dinh nghia va khai niém mdi vé dusng

Abstract

With the help of computers, the use of complex surfaces
items as torsion surfaces has become more common
and exactly in design and manufacturing. Else, model
building or representation torsion faces is complicated
and difficult, and cannot be represented. The article
presents a new method of creating a torsion surface,
which is a combination of graphics, analytic geometry
and programming software to build an algorithm to set
up torsion surfaces in an computer. This method quickly
and simply solves the problem of creating torsion faces,
so the use of helix faces becomes simpler, and takes less
time and effort of the designer.

Khdi niém vé duong xodn

buong xodn la quy tich céc vi tri cla
mot diém chuyén dong déu trén mot
duong, trong khi duong nay chuyén
dong déu tao nén mot madt cong
(mdt cong nay goi la mdt gid mang
dudong xoén).



Mt xodn 6¢ tru: Quy tich nhimg vi tri ctia mot diém
chuyén dong déu trén mot duong théng | trong
khi | chuyén dong quay déu dé tao thanh mot mat
tru. Buong xodn 6c tru la dusng cong ghénh ndm
trén mot mat tru téng quat.

Buong xodn 6¢ nén la quy tich cla mot diém
chuyén dong trén mét duong thang |, déng thoi
dudng thang nay tham gia chuyén déng va di qua
mot diém 6 dinh (Hinh 1).

Buong xodn éc cau: Quy tich cia mot diém M
chuyén dong déu trén mét nita dudng tron, trong
khi cung tron nay chuyén déng quay déu quanh
duong kinh clia né. Budng xodn 6c cau la dudng
cong ghénh nam trén mdt cau (mat gid mang)
(Hinh 2).

Budng xodn 6c Hypecbol: Quy tich cia mot diém M
chuyén déng déu trén mot cung hypecbol, trong
khi cung hypecbol nay chuyén déng quay quanh
truc t clia hypecbol. Budng xodn 6¢ hypecholloit
la ducng cong ghénh nam trén mét hypecbolloit
(mdt gid mang). Tuy theo su chuyén dong clia cung
hypecbol dé tao ra mat gid mang hypecbolloit mét
tang hay hypecboloit hai tang (Hinh 3).

Khdi niém vé mdt xodn

Trong phan nay bai bdo dua ra dinh nghia vé mdt
x0dn ndi chung va mot sé mat xodn thuong gdp
trong hinh hoc.

Mdit xodn la quy tich cac vi tri mét dusng (duong
sinh) chuyén dong ludn tua trén mot dudng xodn
(dudng chuan).

- Nhu vay mat xodn c6 thé la cac mat hinh hoc don
gidn hodc la cac mdt cong phic tap trong tu nhién.

- Cac trudng hop cu thé can co thém mat s6 diéu
kién nira dé co dugc mat xodn cu thé.

- Budng sinh ¢6 thé 1a dudng thang ciing co thé
la mét dudng cong va ban kinh cong clia dudng
cong nay cling c6 thé thay déi trong khi chuyén
dong theo mét dudng xodn, (36 cong p=1/R,R1a
ban kinh cong).

M6t sO Vi du vé cac xodn thusng gdp nhung cach
xay dung theo dinh nghia clia mat xodn:

- Mt Elicoit la quy tich cac vi trf cla mét dudng
thdng chuyén dong luon tua trén mot dudng xodn
Oc try va truc clia dudng xodn oOc try, tao véi truc
clia dudng xodn 6c try mot goc & Khi gdc o
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\DLONG THAN KHAI

bang 900 thi co mét Elicoit thang, con lai
la Elicoit xién. Mdt Elicoit la dang mdt ké
khong kha trién (Hinh 4).

- Mdt ¢c6 canh lui la quy tich cac vi trf cla
mét duong thdng chuyén dong ludn tua
trén mot dudng xodn &¢ tru (dudng chuén),
luén la tiép tuyén clia duong chudn va ludn
hop vai mat phang vuong géc véi truc clia
dudng chudn moét goc ¢é dinh (Hinh 5).

- Mdit xodn &c tru la quy tich cac vi trf clia
mot cung tron (elip) hay toan bd vong
tron (elip) chuyén déng ludn tua trén mot
dudng xodn Oc tru (dudng chuan), va mat
phang chta dudng sinh luén qua truc cta
dudng chuan. Mat xodn 6c¢ tru 1a mdt cong
khong ké va khong kha trién (Hinh 6).

- Mgt v 6c¢ la quy tich cac vi trf dudng cong
c6 d6 cong thay d6i déu chuyén dong déu
sao cho ludn di qua hai dau clia dusng sinh
clia mdt mdt c6 canh [ui. La mat khong ké,
khong kha trién (Hinh 7).

Nghién ciru mdt xodn trong hinh hoc
gidi tich

Khéc véi cac phuong phép biéu dién mat
cong va dudng cong bdi cac cong thic
toan hoc tusng minh, & déay bai béo sé dé

Hinh 7

DUONG SINH CO
3]

Hinh 6

cap dén cac cong cu cho phép chira cac
dudng va mat khac nhau dua trén cac d
liéu, cac diém quan ly fitpoint clia dudng
hodc mat. Hon niia cac cong cu nay cé thé
mo ta dugc dudng hay mat bat ky, va cé
kha nang tu thay déi hinh dang khi 6 1
diém clia dudng hodc mat thay déi vi tri.

Nghién ciu duong cong Bezier dé xdy
dung dudng xodn trong MTDT

Vi mot dudng cong bét ky cho truéc ma
ta chua xac dinh dugc cong thic toan hoc
tudng minh clia no, lam thé nao dé cé thé
nam bat dugc dang clia duong cong do
mot cach tuong doi chinh xac, qua viéc
st dung mot tap hop nho cac diém PO, P1
cung v6i mot phuong phap néi suy nao
dé tir tap hop diém nay dé tao ra dudng
cong mong muon véi do chinh xac theo
yéu cau, thi cac thuat todn sau sé gidi
quyét dugc van dé nay.

- Thudt todn Casteljau: Dé xay dung dudng
cong p(t), ta dya trén mot day cac diém
cho trudc roi tao ra gia tri p(t) Ung véi moi
gid tri t nao do. Viéc thay doi cac diém nay
sé thay d6i dang ctia dudng cong. Phuong
phdp nay tao ra dudng cong dya trén mot
day cac budc ndi suy tuyén tinh hay noi
suy khodng gila.
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Durong cong Bezier bdc 2

Dirong cong Bezier bdc 3

Hinh 8
z
/] P4
Z P9 P3
mﬂ s
P1 5
P2
Po
P7
X Hinh 9

Dang Bernstien clia cac dudng cong Bezier.

- Butng cong Bezier dua trén (L+1) diém kiém
sodt Pi, i=0;L dugc cho bdi cong thuc:

P =3 BB (1)

Trong d6, P(t) la mot diém trong mét phang hay
trong khong gian. BKL(t) duoc goi la da thic
Bernstien, dugc cho bai cong thuc:
7Z)L—ktk

L
A()—i(1

(L —F)! vai L=k

M6i da thiic Bernstien cé bac la L, thdng thutng
ta con goi cac BL(t) la cdc ham tron. Tuong tu,
doi véi mat Bezier ta co phuong trinh sau:

M L
Pu,v) =Y BB )B, ()
i=0 i=0
Trong trudng hop nay khéi da dién kiém soét sé
€6 (M+1).(L+1) dinh. Vi du dudng cong Bezier
bac 2 va dudng cong Bezier bac 3 (Hinh 8).

Bai viét sé st dung dang dudng cong Bezier
dé 1ap mo hinh dudng xodn trong MTDT,
mot duong xodn la ghép ndi nhiéu doan
dudng cong Bezier lai véi diém ghép noi co
chung nhau 1 tiép tuyén cho 2 doan dudng
cong, diéu nay dam bao tinh cong tron cla
dudng xodn téng thé.

DE don gian hda cac phuong trinh gidi tich bai
Viét str dung dang biéu dién ma tran clia duding
Bezier nhu sau:
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a2(i)

DIEM GOC (X0,Y0.20)

R+x,

& -
g ql(())l G20) y=y
N . z, — Regl z=
~ - Q G@/V - \
N {\ RCos(27r /n) +x, [x X,
GI()| y = RSinQ27 I n)+ v, 20y =7,
l =b/n+z, - Rigla) z=bln+z,
if,uk( 0s(2% 27/ n) + X, [x=x,
GI2) y = RSin(2* 27 /m) + 3, 4202)y=7,
[z=2%b/n+ 2, - Rigla) lz=2%bin+z,
(x=RCos(i* 27 /n)+ x, "\:\,
Gy v = RSin(i* 27/ n) + ¥, G20y = v,
|z=i*b/ntz,  Rigl@) 1—:, b0z
R
Hinh10 Bdng 2.1: Danh sdch cdc dinh q1, g2

- D€ thich hop cho viéc xt Iy trén méy tinh, ta
biéu dién hai mang BL(t) va P nhu sau:

B (t)=(B," (1), B, (t),---, B," (t))
P=(PO,P1,...,PL)

Dodé P()=B*(1)P (tichvohudng)
-Hay P(t)=B" ()P (PTladangchuyénvictiaP)
Dudi dang da thiic c6 thé biéu dién BKL(t) nhu sau:
- BkL()=a0+al.2+.+altl=(t0t1,..t1)(a0a1...aL)
Do d6 P(1) c6 thé biéu dién lai nhu sau:

- P(t)=PowL(t).BerLPT v&i PowlL (t)=(t0, t1, ... tL)

- BezL a ma tran biéu dién mang BL() trong do
moi hang i clia ma tran tng véi cac hé so tuong
Ung (a1, a2, .., al) ctia da thiic BIL(t) va tai vi trf (i, )
trong ma tran Bezl co gia tri BezLi(j, j)=(-1)j-.Cniij.
Phuong phdp s6 héa mdt xodn

Trong phan nay bai viét thiét lap phuong phéap
sO hda mdt xodn nhdm xdy dung mdt xodn
trong MTDIT.

Mo hinh WireFrame

M6 hinh WireFrame thé hién hinh dang ctia déi
tuong 3 chiéu bang hai danh sach:

- Danh sach cac dinh: luu toa d6 clia cac dinh;

- Danh séch cac canh: Luu céc cap diém dau va
cudi clia tling canh.

Céc dinh va cac canh dugc danh so tha tu thich
hop (Hinh 9).

C6 nhiéu cach dé luu git mé hinh, c6 thé dung
Cau trdic ban ghi, hay cau trdic méang..

Xdy dung mat xodn trong MTDT

Theo noi dung da dé cap & trén, trong phan nay
bai viét dua ra phuong phép xay dung mat xodn
trong MTDT.

- D€ xay dung cac mat xodn trong MTDT
thi bai viét dua ra phuong phap xéay dung
nhu sau:

Budc 1: Thiét 1ap phuong trinh tham s clia mat
theo dinh nghia clia tiing mat cu thé. Phuong
trinh tham s6 clia mat xodn cu thé dua vao cac
dac tinh clia mat do la dudng chuyén dong, quy
ludt chuyén dong ctia duong sinh...

Budic 2: Tinh todn cac diém thudc mat bang cach
chia mat thanh cdc manh mat nhd, d6 chinh xac
clia mdt phu thudc vao d6 min khi chia mdt. Viec
tinh toan do chinh xac dua vao nhu cau thuc té
dé 6 dugc s6 luong cac manh mat trén mot
mat can xay dung.

Budc 3: Phil cac manh mat tr cac diém thudc
madt da duoc tinh toan phia trén.




Budic 4: Sau khi tinh todn thi phéi ldp so do thuét toan xay
dung mat. Sau khi c6 so d6 thudt todn clia cdc mat xoan
thi nguoi dung cé thé sir dung so do thuat nay dé vé mo
hinh mét xodn trong MTDT bdng bét ky ngdn ngi lap
trinh nao.

Budic 5:Vé mat xodn trong MTBT bang ngon ngt 1ép trinh
cuthé

- Sau khi c& mé hinh cdc mat xodn trong MTDT thi viéc
st dung cac mat xodn nay trong thiét ké la str dung duoc
lubn nhu cadc mo hinh kién tric hay mo hinh tinh todn két
Cau. .. hodc dung cac mo hinh nay trong viéc dua ra cac
mat mot cach truc quan tuong duong véi thuc té do dé
day sinh vién vé cdc mat néi chung.

- Phén tiép theo sé dua ra vi du xay dung mat elicoit, cac
mdt khac sé dugc xay dung tuong ty.

(Cdc théng s6 xdc dinh

Mt Elicoit xién dugc xay dung trén dudng xoén éc (duong
chuan Dxoantru) va goc ocr(lé loai mat ké). Trong phan nay
xdy dung Elicoit xién ¢6 tryc thang ding (song song véi
truc 2).

Mt Elicoit thang la mat Elicoit xién véi & =900.

Nhu vay cac thong s6 xac dinh la:

- Diém géc: Diém xac dinh truc clia mat

« Ban kinh 12 la ban kinh mdt tru tron xoay (mat gia mang)
chita dudng chudn

« Budic b: Budic clia dudng chuan

- Hudng xién: Xac dinh géc o -

S6 diém chia trén budc n (n=24) (Hinh 10)
Phuong trinh tham s&

Phuong trinh dudng xodn oc tru:

z=b*t/2/pitz,~a z=t
x=R*Cos(t) +x, 2.1) X=X, (22)
y=R*Sin(t) +y, Y=Y

z=p,*u+Z,
= *
(V6 a=tg(a)'r) x=m Fut X,
y=n,*u+l

Phuong trinh truc:

Céc dudng sinh thudc mat 1 cac doan théng di qua dusng
x0an 6c try va truc clia dudng xodn oc tru. Vi hé sé goc la
hudng xién clia mat, do truc clia mat la song song vai truc
znén néu phuong trinh clia huéng xién la:

7=p,*R*t+Z, 7=¢,*t+Z,, a =X -X
X=X, (23) x=a *1+ X, (24) b, =1-Y,
Y=Yy y=b)+yM ¢,=2y-1

Thi phuong trinh clia dudng sinh thuéc mdt la phuong
tinh di qua diém thudc dudng xodn Oc¢ tru (thod man
phuong trinh 2.1) va di qua diém thudc truc (thod man
phuong trinh (2.2))

Vay ting véi méi gid tri clia t sé ¢6 diém M (thudc dudng
x0an 6c try, phuong trinh 2.1) va diém N (thudc truc clia
duong xodn oc try, phuong trinh 2.3), MN la m6ét doan
dudng sinh thudc mdt Elicoit xién c6 phuong trinh:

Sod6 thudt todn xdy dung

Khi c6 so do thuét toan ching ta 6 thé dung mét ngdn
ng(r lap trinh bét ky dé viét cac chuong trinh con tao mat
trong cac phan mém dé hoa, so d6 2.1, 2.2.
-S0d62.1;2.2:23.

-Batdau

+ Nhap vao cac thong sé

«1:ban kinh mat try chtia dudng xodn oc try

- b: budc clia dudng xodn o¢ try

« SOVONg: tENg s voNng xodn

- : 56 diém chia trén mot vong xodn

+ Gan sodiem=sovong*n+1, la téng s6 diém chia trén
dudng xodn 6c try la dusng sinh thudc mat.

+ Tinh todn toa do cac diém trén dudng xodn Oc (cac
diém quan ly nay chinh la cac diém chia trén duong
xo0dn 6c can Vvé), gan toa dod cac diém nay cho mot
mang quan ly diém q(i).

+ Gan cac toa do x,y,z clia mang diém q1() sang mang
fitpoint(k), mang fitpoint(k) nay sé luu cac gia tri vé toa
dé clia dudng xodn Oc¢ tru va mang nay st dung dugc
dé vé duong spline ¢ cac diém quan ly 1a cac diém
thudc mang diém (qj).

+Tinh todn diém trén cla truc dudng xodn Oc tru
diém p5.

+ Ve dudng xodn 6c tru bang duong spline, dxoantru.

+ V& doan thang la truc clia dudng xodn 6c¢ try, doan
thang nay cé diém déau la diemgoc va diém cudi la p5.
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+ Ve céc dudng sinh thang thudc mét (cac diém dau
[a cac diém thude dudng chuan q1(7), va cac diém cudi
la céc diém thudc truc (92()) (bang 2.1).

+Tao ludi diém thudc mat, 1udi nay ¢ cac 6 ludi phan
t0 dang 4 nut, va cac nut nay luu dudi dang hai day
diémq1,q2.

+ Gan cac toa do xy,z clia hai day diém g1, g2 sang
mdng point clia Mesh (Iudi manh mat).

+ V& [udi manh mat trén mang di liéu point.
+ Két thuc.
KET LUAN

Trén day da trinh bay ndi dung la nghién clu xdy dung
mét xodn trong MTDT. Phuong phap nay co thé dp dung
trong viéc day hoc hinh hoc hoa hinh trong Truong Bai
hoc Xay Dung. Viec xdy dung mé hinh cdc mét xoan trong
MTBT la diing phucng phép ghép cac ménh mdt phan
trén lugi diém thudc mét can dung. Do chinh xéc clia
mat c thé tlly chon vao s diém chia trén mat.

Viéc xay dung mo hinh cac mét xodn trong cac phan
mém do6 hoa la ding cac so dé thuat toan nay va
két hop véi cac ngdn ng(r 1ap tinh dé tao thanh cac
chuaong trinh con tao mdt hodc cac Uing dung tao mdt
dugc nhiing vao phan mém dé hoa ndi trén. Nhu vay
6 thé str dung céc thuét toan trong bai bdo va dung
Visual Basic trong Autocad (VBA) dé tao cac chuong
trinh con tao cac mdt xodn trong Autocad. Hon niia
phuong phép nay gidi quyét nhanh va don gian van
dé chuyén doi co s¢ dir liéu gidia cac phan mém thiét
ké khac nhau nhu tr Autocad sang phan mém tinh
todn két cau Sap 2000..

Phuong phdp tao mdt nay gitip don gian cac kho
khan gdp phai khi st dung cac mdt phuc tap trong
thiét ké hinh dang kién tric va ché tao cac cong trinh,
vat dung thong thuong. Vi vay viéc st dung cac mat
phuic tap nhu méat xodn trd nén phd bién va chinh xac
hon trong thiét ké. Viéc st dung cac chuong trinh con
trong cac phan mém thiét ké sé tiét kiém thai gian
cing nhu cong stic clia ngudi lam thiét ké./.
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sodiem=sovong*24+1

trunggian(0)= diemgoc(0) +r * Cos(i * 15 * 3.14159 /
180)

trunggian(1) = diemgoc(1) + r * Sin(i * 15 * 3.14159 /
180)

E—

L=Sar(x1*x1+y1*yl+2z1*21)

sofitpoint=sodiem*3
——
———>]

+

k=3"i+j
pS=q1(i)
fitpoint(k)=p5(j)

tyle=z1/L

Spline(fitpoints, startpoint,endpoint)

p5(2)=diemgoc(2)+sovong*buoc

——— (]

!

line(diemgoc,p5)

ty
trunggian = diemgoc
pS = q1(i)
trunggian(2) = p5(2) + r * tyle
q2(i) = trunggian

!

line(q1(7),q2(i))

v

Sodo2.1

(X=R+X0, Y=Y0,.
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Sodo 2.3

k=3%i+j
p5 = q1(i)
points(k) = p5(j)

p5 = q2(i)
points(h) = p5(j)

Mesh(sodiem,2,points)

Sodo22



