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PHU'ONG PHAP GIA CONG BANH RANG CON RANG
THANG BANG KY THUAT CAD/CAM

METHODS OF MANUFACTURING BEVEL GEAR BY USING CAD/CAM
TECHNOLOGY
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Khoa Co — bi¢n, Truong Pai hoc M6 — Dia chat

TOM TAT

Trén co so ciia cong nghé CAD/CAM va cdc phép bién doi phép todn hoc, bai bdo da trinh
bay phirong phap xdy dung mé hinh todan hoc bé mdt banh rang cén rang thang. Tir co sé do, viéc
thiét lgp dwong chay dao, mé phong qud trinh gia céng banh ring cén dwge hé tro tir cde phan mém
CAD/CAM. Két qua thuc nghiém khi gia céng banh rdang cén trén mday CNC cho thdy d chinh xdc
dat dege cap 5 theo TCVN va sai léch bién dang rang ciing nhuw bude rang nam trong giéi han cho
phép.

Tw khoa: Banh rang con;, CAD; CAE.
ABSTRACT

On the basis of CAD/CAM technology and mathematical transformations, this paper
presents a method to build a mathematical model of bevel gear. From that basis, the toolpath is
generated. The simulation of the bevel gear machining process is supported by CAD/CAM software.
Experimental results when machining bevel gears on CNC machines show that the accuracy is
achieved at level 5 according to TCVN and the deviation of tooth profile as well as tooth pitch is

within the allowable limit.

Keywords: Bevel gear; CAD; CAM.

1. MO PAU

Viéc gia cong banh rang chung ta phai
dau tu may moc va thiét bi chuyén dung nén
néu khong st dung hét cong suit s& giy ra
lang phi, dan toi gia thanh san pham cao. Do
d6, ngudi ta chi dau tu ching dé gia cong cac
banh ring phd bién, tirc 1 banh ring c6 modul
nho va trung binh. Déi véi cac banh riang phi
tiéu chudn, banh ring 16n, hodc banh ring ding

trong cac thiét bi dic biét thi viéc thiét ké, ché
tao gap nhidu kho khin do thiéu vé trang bi
may méc chuyén dung trong khi thyc té 1a da
phan cac phan xudng déu dugc trang bj may
CNC (Computer Numercial Control). Van dé
1a 1am thé nao dé tan dung dugc may CNC dé
c6 thé dap timg duoc yéu cau ché tao banh ring.
Mot s6 nghién ctru di dua ra dugc cac phuong
phap khac nhau khi gia cong banh rang con trén
cac may CNC. Nhom tac gid [1] d@ m6 phong
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gia cong banh rang con trén may tinh, sau do
tién hanh gia cong thyc nghiém trén may phay
CNC 3 tryc. Nhom tac gia Lé Cung, Bui Minh
Hién [2] d4 dwa ra phuong phép thiét 1ap dudng
chay dao khi gia cong banh rang trén may phay
CNC. Nhom tac gid Lé Cung, Lé Phudc Hoang
[3] dua ra két qua qua trinh tao phoi banh ring
con bang phuong phap dap thé tich, 4p dung
trong gia cong banh rang con. Trong nghién
ctru nay, nhom tac gia tdp trung thiét 1ap mo
hinh toan hoc dé xay dung bé mit banh riang
con rang thang, tir d6 tién hanh xay dung duong
chay dao khi gia cong trén may phay CNC. Bay
la budc quan trong trong viéc gia cong banh
rang con trén may phay CNC.

2. CO SO PHUONG PHAP GIA CONG
BANH RANG CON TREN MAY CNC

2.1. Xdy dung bé mit banh ring cén ring
thang bién dang than khai

Theo [4] thi cho duong thing A lin
khong truot trén duong tron R, diém M trén s&
tao ra duong than khai (Hinh 1). Phuong trinh
duong than khai trong hé toa do cuc:

* cosa, (1)

Hinh 1. Hé toa do duwong than khai

Néu cit banh ring bang mot tiét dién
vudng goc voi dudng ring thi giao tuyén thu
dugc 14 duong than khai. Banh riang con thang
c6 tiét dién thay ddi giam dan tir mat mat 16n
dén mit mat nho, do vy modul banh ring ciing
thay do6i theo céac tiét dién banh riang. Ta ct
banh rang theo mat con phu 16n thi ta dugc mot
banh rang tru tuong duong.

Dé xay dung phuong trinh bé mit than
khai cho banh rang con, ta xay dung phuong
trinh duong than khai cho mot tiét dién j trong
hé toa d vudng géc voi duong rang, sau do st
dung phép quay toa do dé dua phuong trinh vé
hé toa do cua banh rang. Xét trong h¢ toa do
0’x’y’z’ (Hinh 2).

Hinh 2. So' do thiét lap bé mat banh rang

Lay mot diém M bat ky trén duong than

khai, toa do diém M trong hé toa do o’x’y’z’.
N6 dugc xac dinh theo phuong trinh (2).

X' =R 3-c08(6,) = R' . cos(invar, )
Ve =R 58, )= R, s inve, ) (2)

Zy=L-1L,

Trong do: inva_ = tana_— o
X X X

<a

X max *

\ ) < ) < ) re )
vaR' <R’ <R’ Vol a,, <a

Chuyén hé toa do 0’x’y’z’ sang h¢ toa

d6 oxyz bang cach quay hé toa do o’x’y’z
quanh truc oy mot goc ding bang gbéc con o,
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sau do tinh tién mot doan OO’ dé dua géc O’ vé
0. Toa do diém M trong h¢ toa do oxyz la:

X X' g
Vi | = R(9)T(0.0.00)] 3,
Z .Z'J.-Mr
cosgp 0 sing 1 0 0 X oy
= 0 1 0 01 0 |2 (3)
—sing@ 0 cosg 00 oo’ o
Trong do:

_m,(R,~bsing)
7

e

00' cos@+(Re—bsing)tang+bcosg (4)

V6iR 1a ban kinh vong dinh banh rang.
Dé thiét 1ap phuong trinh cho bién dang ring
bén tréi, ta tién hanh quanh hé toa do mot goc
v6i Z 1a s6 rang banh rang can thiét ké. Phuong
trinh bé mat ring bén trai ciia ring banh ring
duoc xac dinh nhu sau:

cosp 0 sing |[1 0 0 Jfcosy —sing O] xy
= 0 1 0 {01 0 |sing cosu 0|y, (5)
00 O !

—sing 0 cosg 0 0 1 ||z

X
Yy
V4

M M
2.2. Xay dung dwong chay dao cho banh
ring con ring thiang bién dang than khai

Khi gia cong banh rang than khai, ta
st dung dudng chay dao bam theo bé mit than
khai, cho dao chay theo bién dang cua duong
than khai (Hinh 3).

Banh rang con dugc coi tuong duong
v6i banh rang tru c6 ban kinh bang chiéu dai con
L [5]. Ta chi banh ring theo cac tiét dién vudng
gdc voi duong rang thi ta s€ c6 cac banh tru rang
thang twong duong c6 ban kinh R. = L. Chon
dung cu gia cong banh ring 1 dao phay dau cau
(ball mill) c6 duong kinh R dé gia cong banh

rang. Phuong trinh chay dao & tiét dién thi j

trong hé toa do 0’x’y’z’ trong tiét dién j (Hinh
4).

Hinh 3. Duong chay dao

X', =R', .cos(imve, )+ R, .sine,

¥y'y=R, sm(inve,)-R, .cosa, (6)

Vi

i
Hinh 4. So' do tinh dwong chay dao

Toa dd diém I trong hé toa d§ oxyz,
cling l1a phuong trinh duong chay dao.

X cos@ 0 sing 1 0 0 x'_,-?
yal=| 0 1 0 01 0 Vi (7)
Z4 —sing@ 0 cos@ ||O0 0O OO Z 4

Tham s6 OO’ tinh nhu phuong trinh (4).

Dé thiét 1ap phuong trinh cho bién dang
rang bén trai, ta tién hanh quanh h¢ toa do mot
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. 2r . v A , o X e
goc i = - v6i Z 1a s0 rang banh rang can thiét

ké. Phuong trinh duong chay dao trai duoc xac
dinh nhu sau:

Ty cos@ 0 sing 0 0 [eosi —siny 0
= 0O 1 0 01 0 ||lsnu cos i ol
7, —sng@ 0 cosg ||0 O OO|0 1] 1

2.3. Mo phéng qua trinh gia cong banh rang
con rang thang

¥,

] ®)

]
Ty

Trong nghién ctu ndy, phan mém
MASTERCAM [6] dé md phong qua trinh gia
cong clia banh rang con riang thang véi thong
sé m = 10, s6 rang Z = 12. Qua trinh md phong
duogc thuc hién qua cac budce:

Bu6e 1: Thiét 1ap phoi, duong kinh
phoi xac dinh dya trén duong kinh ngoai 16n
nhit cua banh ring con cé tinh dén luong du
gia cong.

Budc 2: Chon dung cu cit, néu chung ta
su dung phuong phap gia cong trén may CNC
thi ta st dung con dao phay dau cau (Ball Mill)
dé gia cong banh rang.

Budc 3: Thiét 1ap duong chay dao cho
gia cong tho banh rang.

Budc 4: Chon ché d6 cit dua trén co s&
tinh toan che do cat trén may cat CNC.

Bude 5: Chon cac thong sb khac nhu
mat phang lui dao, mat phang cat, ché do boi
tron,...

3. KET QUA VA THAO LUAN

Qua trinh mo6 phong gia cong dugce thyc
hién tirng bude nhu muc 2.3 va thu file NC.

Két thic qua trinh mé phong, tap NC
gia cong s& dugc hinh thanh va nhdp vao may

CNC théng qua bd doc dit lidu. Ché do cong
nghé gia cong da thiét lap trong tap NC [7].

Hinh 6. Po kiém trén may do toa do CMM
Viéc do kiém bién dang rang duogc tién
hanh do kiém bang phuong phap CMM.

Dit liéu diém sau tir may do toa do va
dugc ki€ém tra bang thuat toan nhu hinh 9.

Hinh 7. Thudt todn kiém tra
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Hinh 8. Két qua sai léch budc rang

Hinh 9. Sai léch bién dang rang

Phan tich sb liéu do duoc trén may
CNC, thi banh rang gia cong trén may phay
CNC dat cap chinh xac 5 theo TCVN. Sai léch
budc rang nho hon 0.2% (Hinh 8) va sai léch
bién dang ring nhé hon 0.1 % (Hinh 9). Két
qua nay cho thiy viéc gia cong banh ring con
trén may phay CNC dép (mg dugc yéu cau cia
thuc té sir dung.

4. KET LUAN

Trén co s& ung dung CAD/CAM,
nghién ctu nay da xdy dung dugc mod hinh
toan hoc bé mit banh ring con ring thang bién
dang than khai dva trén co s¢ cua phuong trinh
hinh hoc va cac phép bién ddi hinh hoc phing
va khong gian. Tir d6, duong chay dao dé gia
cong banh ring con rang thang trén co s mod
hinh toan hoc da duoc thiét lap. Bai bao duara
cac budc mo phong gia cong banh rang thyuc
hién trén phan mém CAM va di thir nghiém

gia cong trén may CNC. Két qua kiém tra bién
dang ring bang phuong phap do toa d6 CMM
cho thay, banh ring gia cong dat cip chinh xac
5 va dap tmg duoc yéu cau ky thuat vé do chinh
xac ché tao ring banh ring. <
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