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CALCULATE THE COORDINATES OF THE POINTS BELONGING TO THAT
DEVELOPED SHAPE, APPLIED IN MECHANICAL MACHINING

Nguyén Thi Thu Nga
Truong Co khi, Pai hoc Bach Khoa Ha Noi
Email: nga.nguyenthithu@hust.edu.vn

TOM TAT

Bai bao trinh bay cach khai trién hai tru giao nhau va xdc dinh toa do cac diém thudc dwong
bao hinh khai trién dwa trén phwong phdp gidi tich, hinh hoc hoa hinh két hop ldp trinh tinh todn.
Cdc két qua tinh todn dwoc Igp trinh bang ngoén ngi Autolisp thue hién chire ndng xdc dinh toa do
cdc diém thudc giao tuyén va hinh khai trién, tir 36 tw dong xdy dwng hinh khai trién hai tru giao
nhau, 1ng dung trong gia cong co khi nhir ché tao cdc éng dan céng nghiép c6 dang hinh tru tir tam
kim loai phang, tw dong han, gia céng bién dang déo... gitip ndng cao hiéu qua va tiét kiém nguyén
vat liéu.

Tir khéa: Giao hai tru; Khai trién tru; Khai trién hai tru giao nhau; Khai trién mat béc hai.
ABSTRACT

The paper presents methods for developing the surface of two intersecting cylinders and
determining the coordinates of points on contour of that developed shape, based on the method of
analysis, graphic geometry combined with computational programming. The calculation results
are programmed in the Autolisp language to determine the coordinates of points on the developed
shape, thereby automatically constructing the development of two intersecting cylinders. It can be
applied in teaching and mechanical processing such as the fabrication of cylindrical industrial
pipes from flat metal sheets, automatic cutting of shapes and welding which improve efficiency and
save materials.

Keywords: Intersection of cylinders;, Development of quadratic surface; Development of
cylinders.
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1. GIOI THIEU

Trong gia cong co khi, nhiéu chi tiét nhu
cac duong 6ng, bon chta, vo may, cac khudn
duc... c6 hinh dang lang try, nén, try... dugc ché
tao tir cac tAm kim loai phing. Dé ché tao cac
chi tiét 3D tir tam kim loai phang can khai trién
cac chi tiét d6 duéi dang mat phing. Khai trién
mot khdi vat thé 1a trai cac bé mat cta khoi vat
thé 1én mot mat phang sao cho khong c6 hién
tuong rach va gap nép, roi dung nd 1am mau cit
cho tdm kim loai phang.

Trén thé gidi, viéc tmg dung cong nghé
thong tin vao ty dong hoa gia cong co khi nhu
cat hinh trong gia cong bién dang déo, han tu
dong giao ctia cac phoi thép... da phat trién
0 muc d§ cao. Tai Viét Nam, mdc du nganh
co khi da c6 nhiing tién bod vuot bac, nhung
& nhiéu noi, trang thiét bi van con lac hau va
khong phu hop véi cong nghé hién dai. Dé nhap
khau cong nghé, chung ta phai chi rat nhiéu tién
ma chua chic da phu hop véi diéu kién kinh té
va trang thiét bi may moc cua Viét Nam. Do do,
viéc tao ra phan mém ty dong héa chi phi thap
trong gia cong co khi phii hop véi diéu kién &
Viét Nam 14 rat can thiét. Hién nay c6 mot sb
phén mém co thé tu dong khai trién cac bé mat
nhu AutoCAD, SolidWorks, Inventor... nhung
chung khong dap ung duogc hodc chi dap ung
dugc mot phan nhu cau tw dong héa trong gia
cong co khi. SolidWorks, Inventor 1a cac phan
mém phd bién nhat trong viéc khai trién cac
bé mit nho tinh ning Sheet Metal dé tao hinh
khai trién cho cac dang uon dap... Nhung véi
cac bé mat khong kha trién, ching chi c6 thé
xap xi bang phu(yng phap chia ludi, chia nho
cac bé mat. Cac phan mém nay s& bién doi be
mit cong phirc tap thanh cac manh phang gan
gidng nhau dé gia cong. AutoCAD co thé sir
dung tinh nang Flatten hoac cac Iénh dung hinh
co ban dé khai trién cac khdi nén, tru, chop
don gian nhung véi khéi phic tap, AutoCAD

thuong phai st dung thém cac tng dung bén
thir ba nhu Lisp hodc Plugin chuyén dung. Dé
khai trién chinh xac, nguoi ta thudng ding cac
phin mém chuyén dung nhu CAMduct hodc
cac modul nang cao. Tuy nhién, cac phan mém
nay phai mua voi gia cao va khong lam chu
duoc co so dir liéu.

Dua trén nhu cau thuc tién do, bai bao
xdy dung thuat toan dé xac dinh toa do hinh
khai trién giao hai tru dé c6 co so dit lidu tao
ra phan mém tu dong khai trién cac bé mit tru
giao nhau. Tur do ung dung trong gia cong co
khi ché tao cac ch1 tiét nhu 6 ong dan cong nghiép
v6i cac khop ndi, khuyu, bon chia, vo may, bao
bi, c6 dang hinh try tir tadm kim loai phfmg, ung
dung trong tu dong han va gia cong bién dang
déo.

2. TINH TOAN KHAI TRIEN HAI TRU
GIAO NHAU

2.1. Khai trién hai tru giao nhau cé hai truc
ciat nhau theo mdt géc o [1], [2], [3], [4]

a. Hai tru ban kinh bing nhau

Hai try ban kinh bang nhau co giao
tuyén Ia hai elip.

*Khai trién tru thing ding:

Tru thing dung c6 hinh khai trién 1a
hinh chit nhét, chiéu cao 1a H, chiéu rong la
2nR.

[MR.k¢p
180

Khai trién elip AB c6 y, = Riga.sing  (2)

Goc f=90"-a Vi x =

(1

Khai trién elip AC ¢c6 ¥, = Rigfisng  (3)
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*Khai trién tru xién:

R
w=REG g o (4)
180 iga

v, = Rtgasing; y, = Rigf.singp (5)

y1=Rigusing

%

A

':fl.-#

y
"
v2=Rigfising}

]

e

-
:?

H
=
-

" les
Hinh 1. Khai trién hai tru ¢é ban kinh bang nhau
giao nhau.

b. Hai tru ban kinh khong bing nhau

Hai tru c6 ban kinh khong bang nhau
giao nhau giao tuyén 1a dudng cong ghénh bac
bon. Toa d6 diém K cua hinh khai trién duge
tinh toan nhu hinh 2.

*Khai trién tru xién:

Chiéu rong hinh khai trién tru xién la
2nR

1

IR, ko
180

Trén hinh khai trién co: x =

(6)

PatKB=j vaBC =i,

Vay:y =i+t H, (7)

R
Trong d6:1 =BC=H, - ——- oo ;
sina fga

_ (R—\/R2 — R} sin” ko)

sin &

j,=KB
* Khai trién tru thing dirng:

Try thing dimg c6 hinh khai trién 1a
hinh chir nhat chiéu cao H, chiéu rong 2I1R.
Khi chia try nho ra cac goc bang nhau ke thi

trén tru to twong tng c6 goc ky. Mdi lién hé
gitra @ va vy la:

: : . R, .
R, sinkp = Rsinky — sinky = ?lsm ko

MMR.ky
180

®)

Tim gocy tor ¢.x', =

y . = ! [R(1—cosky)cosa + R, (1+cos k)] (9)

sina

' i

. i [~
= f 1
J | ;

K

Hinh 2. Khai trién hai tru c¢é ban kinh khéng bang
nhau giao nhau
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2.2. Khai trién hai tru giao nhau cé hai truc suy ra kP, ta c6 toa do cac diém thudc hinh khai
chéo nhau theo mgt géc y [1] trién cta tru xién.

Hai tru chéo nhau c6 goc gitra hai truc
1a v, khoang géch gitra hai tryc 1a e. Hai tru co K
duong kinh 1an luot 1a D va d. Hinh khai trién
duoc tinh toan theo hinh 3.

*Khai trién tru xién:

D 81 4 g1 2 4 g1
7 cos —E+e — COS —E(:E+e}—>

-"E'Q-_ = ,/Iﬁ'

D d 2 d
—cosf2 =——e =2 cosf2 =—(-—¢e) =02
2 2 D2

Trén hinh khai trién, toa do cac diém K
thudc giao tuyeén dugc tinh nhu sau:

X —Ekﬂf 10
k= g0 (10)

Vie =my + 1

_ Hy _H-L .., D _.
My = = oy VO =3 sin(@ + kfB)
D
H— Esm{ﬁ + kB)
— My = T
siny
d d
n, = (— += cosktr) cotgy N
2 2
d
=5 (1+ coska)cotgy
Goc B phu thudc vao goc 01 nhu sau: FK Ll
d D XR K US V
5 coska = [5 cos(6 + kp) —e] Q THE 1d
Dit (0 + kB) = o, ta co: B “/ \
= E
D d
= cosp =-coska+e = cosp = @ = kf . /
2 2 A
-2 sin(g+kp) kY
yk=mk+nk=H—aWﬁ+g(1+coska)cotgy (11) Q vl b Q
Chia dudng tron ddy tru nho ra thanh n Hinh 3. Khai trién hai tru giao nhau c6 hai truc
phan bang nhau rdi tinh X,, ¥, cho tirg goc ka, chéo nhau &
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* Khai trién tru thang ding:

Theo dudng sinh QQ, tru thang dimg cd
hinh khai trién 1 hinh chit nhat chiéu rong nd.
Tinh tir X, d6 dai cung tron khai trién la:

<R mD61 T nDkp

© 3600 ° 3600

i D € v SinE 2e

= 3600 oL Stnc = D :
iy D 82: QX = X5 =5y D
30005 QX=XS=SV=

Goi toa dd diém K bat ky trén dudng
khai trién giao tuyén la x,, y,.

x, la chiéu dai cung XK= ;—; ka (12)

yi=p1+q1+Lg;

d 1+ sinka
P1=5 siny

NJ = g [sin(90%— €) — sin(61 + kp)]
D
G [cos€ — sin(81 + kp)]
Ta co:

q4 = Njcotgy = g [cos€ — sin(81 + kf)]cotgy

Sy = i{ ;—l(lfi:&a )+ g[coss —sin(61 + kﬁ)]cotgy} +L, (13)

- Tai M: x, 1a chiéu dai khai trién cung XU

d
— =——L
Y1 siny 1

- Tai F: x, 14 chiéu dai khai trién cung XR

- Tai E: x, 1a chiéu dai khai trién cung XV

1 (d D
Yy = %{E-F B [cosE— smﬂ?.]t:otgy} +1L,

-TaiN:x, 1a chiéu dai cung X0U: y1=L1
-TaiK’: x, 1a chiéu dai khai trién cung Xk

Sy = i[ S(lf sinka )}+ g [cos€ —sin(81 + kp)]cotgy + L1(14)

siny

Tinh x, y, cta ting diém voi cac gia tri
kB khac nhau dé dung hinh khai trién.

2.3. Khai trién hai tru nédi tiép [1], [2], [3], [4]

X
¥
|RT
'~ - ] g ] B -
> e )
I 3 N
LT o : y=Rigasin
! Rlga o
I -
I L]
- 3
t

Hinh 4. Khai trién hai tru néi tiép

Hai try ndi tiép voi nhau c6 cing ban
kinh R c6 giao tuyén 1a mot elip dugc khai trién
nhu hinh 4 . Budng bao hinh khai trién cua giao
tuyén 1a mot duong hinh sin c6 d6 dai caa bude
la 2TIR va bién d¢ 1a R.Tgo.

B=90°-a; H,=H, —R.tgh (15)

H,=H, +R.tgp (16)

Ta chia duong tron dady tru ra cac goc

y, = L{E.,. D [cosE — sin@l]cotgy} +1, nho bang nhau ke, toa do x, y cta hinh khai
sty L2 2 trién:
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_TRke

; ¥ =Rutgf.sin 17
0 07 gf.sing (17)

3. LAP TRINH TU PONG KHAI TRIEN
HAI TRU GIAO NHAU VA XUAT TQA
PQ CAC PIEM THUQC HINH KHAI
TRIEN [5]

Dua vao két qua tinh toan toa do cac
diém thudc hinh khai trién ctia hai try giao nhau
nhu trén, v4i ngdn ngit 1ap trinh AutoLisp, cac
hinh duoc tu dong khai trién. Chuong trinh
chay trén moi truong AutoCAD. Nguoi dung
khong can dung khdi 3D cia vat thé nhu trén
SolidWorks hodc Inventor, ma chi can goi lénh
v& hinh khai trién, nhép cac thong s6 cua hai tru
giao nhau, hinh khai trién sé& duoc tu dong vé
trén AutoCAD va c6 thé xuit toa do diém thudc
hinh khai trién néu can.

LLE-E-E—L—R-J—F 3§ _ % ]

ELUEFTEELER X 'I'-H.!l.ﬂ.hi:l.ll I-I— =

LTI
(D@ s alinsd £ STa 8 ROhaa @ 6= Dl
= SH N Jaf ST J &

—Fr = =

n;;utul_ e ot o i o o RS
Hinh 6. Tu dong khai trién giao hai tru ban kinh
khong bang nhau cé hai truc cat nhau tir cong

thire (6), (7), (8), (9).

W B = e e e B e R

IR eR@ e «ant @i (RS NER Il @ [ fe=— o

ll-l.'!l-l a.-lﬂ"\'l".'l 'ﬂpil f"'-"'— ‘sll I| S ELEL]
[ T — - = [ | Jr?-—_'n
I
K .
| H
| Bl |
IO o T [
T I L AL W oo Mﬂ-—m
— SELLLE. L LILE e
L i NS NG TLALY N TE MEE Ay DRSS AL BEE S RAS RIS M
-~ Ly R ey pmm nty miem bl iy bem dw e sy e e b o G
L ET L T P 2 ¢ § T QRO 0 BB N puein ey e B
e e— il wr e di
i i m— i~ = N e T
B ol ke L e e W e g i bem ) he e de B g e sem Wiy by sy 1
RS B0 R B 4 B 3 '3 0 B 35 B 0} il i B B Bl BEREE b el s Bgaa By Dol i o
s iy i, g i
G — e s e o i ] e e o g _-l_:-uu-.-\. SRR
Hinh 5. Ty dong khai trién giao hai tru ban kinh B e T —

bang nhau c6 hai truc cdt nhau tir cong thirc (1),

). (3. @), (5

Hinh 7. Ty dong khai trién giao hai tru co hai truc

chéo nhau tir cong thire (10), (11), (12), (13), (14). F
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T @ = = o = ne moes man, mas oy
b G R T e L R N
i B e o) - | - A

X = = T E—— :
L ] [- s | e | s |

.....

e ey il ] e o o
Hinh 8. T déng khai trién giao ndi tiép tir cong
thiee (15), (16), (17).

4. KET LUAN

Bai bao nay trinh bay phuong phap xac
dinh toa do cac diém trén hinh khai trién hai try
giao nhau, sir dung ngdén ngir 1ap trinh Autolisp
dé ty dong tim toa do cac diém thudc hinh khai
trién va v& hinh khai trién. Nho d6 c6 thé lam
chu co so dir liéu lam tién dé dé phat trién, xay
dung cac phan mém diéu khién hé théng gia
cong co khi ty dong nhu cit CMC, han ty dong
cac phoi thép phu hop véi diéu kién thiét bi
cling nhu trinh d¢ chuyén mon ctua nguoi lao
dong Viét Nam.

C6 thé ung dung trong glang day vé
gia cong co khi nhu che tao cac ong dan cong
nghiép véi cac khép ndi, khuyu, bon chira, vo
may, bao bi,... co dang hinh try tir tim kim loai
phing, trong ty dong han va gia cong bién dang
déo, tao hinh phoi... gitp nang cao hi€u qua va
giam thiéu lang phi vat liéu trong gia cong co
Kkhi. <
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