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MOT PHUONG PHAP GIA CONG BANH RANG TRU THAN KHAI
BANG KY THUAT CAD/CAM/EDM

ONE METHOD OF MANUFACTURING CYLINDE INVOLUTE GEAR BY USING
CAD/CAM/EDM TECHNOLOGY
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TOM TAT

Ngi dung bai bdo trinh bay mét phwong phép g dung cong nghé CAD/CAM/EDM dé thiét
ké va ché tao banh rang tru than khai. Bang viéc ting dung kj thudt CAD/CAM va cdc phwong trinh
todn hoc, bai bdo da dwa ra dwoc phwong trinh bé mdt banh rang than khai, tir dé xdy dung dwoc
dwong chay dao gia cong banh rang bang phwong phdp cat day (EDM). Két qua gia cong cho thdy
sai léch profile ciia banh rang gia cong theo phirong phdp nay ¢é dung sai nhé hon 0,01 mm. Sai s6
nay phit hop véi yéu cau ky thudt cia banh rang dang g dung trong thue té.

Tw khoa: CAD; CAM; EDM; Banh rang than khai.
ABSTRACT

The content of the article presents a method of applying CAD/CAM/EDM technology to
design and manufacture gears. By applying CAD/CAM techniques and mathematical equations, the
article has given the equation of the involute gear surface. Thereby building the toolpath program
for gear machining by wire cutting method (EDM). The machining results show that the profile
deviation of the gears machined by this method has a tolerance of less than 0.01 mm. This tolerance
is consistent with the technical requirements of the gears.

Keywords: CAD; CAM; EDM; Involute gear

1. PAT VAN DPE

Gia cong ché tao may, truyén dong banh
rang chiém mot vi tri rt quan trong, chung 1a
nhirmg co cdu dong vai trd cha yéu trong hau
hét cac may. Co rat nhidu cac loai banh riang
khac nhau, trong doé banh rang tru than khai la
loai phé bién nhét [5]. Cac banh ring chi yéu
duoc gia cong trén cac may cit ring chuyén
dung. Trong thuc té, nhiéu khi chung ta gip

phai cac banh ring phi tidu chuan, viéc dau tu
cac mdy moc cling nhu dung cy chuyén dung
dé gia cong cac banh ring nay s& gy lang phi.
O nudc ta hién nay, cong nghé CAD/CAM/
EDM dang duoc str dung kha rong rai. Mot van
dé duoc dat ra d6 1a néu tmg dung duoc cong
nghé CAD/CAM/EDM trong viéc thiét ké va
ché tao banh riang thi s& dem lai rat nhiéu loi ich

[6]:
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- Str dung céc loai dung cu van nang r¢ tién.

- Co thé gia cong duogc cac banh rang phi
tiéu chuan ma khong can dau tr may moc cling
nhu cac dung cu gia cong rang chuyén dung.

- Khong c6 hién tuong cit lem chan
rang. Co thé to1 wu hoa goéc lugn chan rang dé
tang do bén.

Bai bao nay trinh bay mot phuong phap
gia cong banh rang try than khai bang tng dung
cong ngh¢ CAD/CAM/EDM, ttir d6 dua ra danh
gi4 vé hiéu qua ciia phuong phép.

2. XAY DUNG MO HINH TOAN CHO BE
MAT BANH RANG

2.1. M6 hinh toan bé mit banh ring tru than
khai

Pé thiét 1ap phuong trinh, ta dung hai hé
truc toa do: Hé truc toa do Oxyz la hé truc toa
do cd d,inh; H¢ tryc O x,y,z, 1a h¢ truc chuyéf:n
dong gan voi duong than khai (Hinh 1) ma bieu
dién su chuyén dong X04an vit cd quan hé voi h¢
¢d dinh.

Gia str rang mit phing cong L duogc biéu
dién trong hé toa do O,(x,,yv,z,) bang phuong
trinh (Hinh 2): x, =x,(0); y, = y,(0); z, = 0; 0 <
0<0,.

Hinh 1. H¢ truc toa do Oxyz va O xy z,

Tréc:chuyCh Gng 2o vi7

Hinh 2. Mat Helicoid

Trong d6, tham s6 0 1a bién s6 doc lap.
Bé mit biéu dién duoc xac dinh trong hé toa do
Oxyz bang phuong trinh sau [1]: r =M, .r,.

X X, (0)
e |V e O],
Vo1V = Z N I/i - 21(6’) 5
1 1
cosy -siny 0 O
sin cos 0 0
j‘41 — l// l// (1)
0 0 1 py
0 0 0 1

X=X ,(0).cosy -y,(0).siny
r=M r —y=x,(0)siny +y,(0).cosy  (2)
z=py
Phuong trinh ndy biéu dién mot mat
cong Helicoid v6i hai tham s6 6 va vy, do do
mot diém trén bé mat s€ xac dinh bdi gia tri cua
v va 0:

¥or!

a

Hinh 3. So' do tinh préfin banh ring than khai
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V6i: r_ la ban kinh vong co's; 1, 1a ban
kinh vong chia; r_la ban kinh tmg v6i diém M
bat ky trén profin; r_1a ban kinh dinh rang; r, 1a
ban kinh chan rang.

Xét mot diém M(x,y) trén profin than
khai phia phai ctia banh rang ¢6 ban kinhr . Toa
d6 diém M duogc xac dinh théng qua phuong
trinh tham s6 nhu sau [2], [3], [6]:

xM :}"x,Siné‘x :rx'Sin(50+€x) (3)

Yy =15-€080, =7,.c08(5, +0,)

Trong d6: 0 = invo,

r
r=—=° —> o _=arcos(r/r) (4)
cosa,
S, mm
8o = & — InvoL ¢ 2r, 22r,

Tu do, ta co:
x=r,.[sin(6, +J,).cosy —cos(6, +J,).siny]
y=r.[sin(0, +9;).siny +cos(6, +0,).cosy ]
x=r,.[sin(0, +5,—-y)] 6)
y=r.[eos(0,+3,~)]

Phuong trinh téng quéat ciia bién dang
than khai phia phai c6 dang:

x=r,.sin{(tg(arccos :—0)) —(arccos :—0) +0,-V}

y =r,.cos{(tg(arccos :—0)) —(arccos :—0) +0,~wi(7)

z=py

Phuong trinh mat x04n vit phu thudc 2
thamso y var :

0<WY=wWnax:10 <1 <1 (8)

Bing cach twong tu, ta xay dung dugc
phuong trinh cua bién dang than khai phia tréi
c6 dang nhu sau:

x= —rx.sin{(tg(arccos:—o)) - (arccos:—o) +0 Y}

X X

y=r..cos{(tg(arccos :—0)) - (arccos:—o) +0,+y} (9)

I=py

2.2. Chuong trinh xac dinh banh rang tru
than khai

Tir cac phuong trinh (7), (9) va diéu
kién (8), ta xac dinh duoc so do thuat toan.

Béanh rdng mau can v€ c6 cac thong so
nhu sau: M6 dun m = 10; s6 rang Z = 17; goc
ap luc trén vong chia a = 20°.
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Chuong trinh AUTLOLIST vé banh rang
(defun grinfo()
(setq m (getreal "\nMo dun phap mn: "))

(setq gak (getreal "\nGoc ap luc : "))
(setq bta (getreal "\n Goc nghieng cua rang: "))

(command "circle" '(0 0 0) re)
(command "zoom" "e"))

Mo hinh banh rang tru than khai duwgc xay
dung qua cac budc sau:

Bude 1: Tai chuong trinh vao modi
truong Autocad.

Budc 2: Tao bién dang 2D.
Budc 3: Tao bién dang 3D.

Két qua banh rang nhu hinh 4.

Hinh 4. Banh rang than khai

Bénh ring sau khi thiét ké hoan thién
trong moi trudng 3D s& duogc st dung vao tiép
trong k¥ thuat CAM mo phong gia cong trudc
khi gia cong trén cac may CNC.

3. THUC NGHIEM VA KIEM TRA

3.1. Tao chwong trinh NC cit diy bién dang
rang va gia cong banh rang

Thoéng s banh rang: M6 dun m = 10; S6
rang Z = 17; Goc éap luc trén vong chia o= 17°.

Chon may cit diy DK7730: Téc d6 gia
cong toi da: 120 (mm%phut); D6 bong bé mait
t6t nhat: Ra = 2.5 (um); Do chinh xac gia cong:
0,015 (mm).

Dién ap danh tia Itra dién U, = 90 (vOn);
b0 keo dai xung t = 0,5 (gidy).

Khoang cach xung t: Chon t = 10
(gidy); Toc d6 cat 110 (mm?/phat).

Dién cuc la day mdlipden dudng kinh
0,18 (mm).

Qua trinh tao chuong trinh NC va gia
cong banh rang duoc thuc hién theo cac budc:

Budc 1: Xuat v& banh ring 2D tir
Autocad sang moi trudng Mastercam.

Budc 2: Thiét 1ap duong dung cu.

Budc 3: Xuit file NC cit day banh ring
try than khai ring thang.

Budc 4: Cai dat phoi trén may.

Budc 5: Nhap chuong trinh gia cong
vao may cat day va gia cong.
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Hinh 6. Do banh rang trén may do toa do

3.2. Kiém tra banh ring tru than khai ring
thing bang may do toa dd

Céc budc qud trinh do va thuat toan
kiém tra:

Budce 1: Chuyén toa do cac diém do tir
géc toa do may (X _,Y )sang géc toa do chi tiét
(Xp,Yp).

Budc 2: Tinh ban kinh r, tai mdi diém

. , 2 | v2 .
do theo cong thucr, =,/X  +¥ vi so

sanh vai r, d€ loai bo nhitng difm mar_<r,.

Budc 3: Vé lai toa do cac diém do trén
phan mém Autocad, v& dudng tron co s¢ ban
kinh r; = r.cosa. Tai moi di€ém do, ta dung hinh

xac dinh géc ham than khai va goc ap luc tai
diémxl1a0 vaa.

Budce 4: Tinh gid tri tgo, — o, va so sanh
voi 0. Piém x nam trén dudng than khai cia
vong tron co s¢ (O, r,) khi toa d0 cta n6 thoa
man phuong trinh cta duong than khai: 0 =
tga —a . Sai s6 goc 0 1a A0 =0 —(tga —a).

Budc 5: Tinh sai s6 tai mdi diém do.

A=t AD

Thuit toan kiém tra

Input

!

Enter co-ordinate
(Xi; Yi)a izl’l’l

No
@ End

Remain m point
m<n

Specify 6;; o,

ABi= B -(tgoy-ay)

!
A=A R
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Sai léch profile banh rang
0.008
0.006
0.004
0.002

-0.002
-0.004
-0.006

Sailéch profile (mm)

-0.008
-0.01

-0.012

Hinh 7. Sai s6 profile ring

Hinh 7 thé hién sai s profile ring cta
banh rang cit day, sai s6 16n nhét dat 0,01 mm.
Sai léch dugc thé hién ca sai sd duong va sai
s6 am. Diéu nay giai thich duogc do sai sb cua
budc cit day. Vi sai sb nay thi chat luong ché
tao bang phuong phap EDM dap tng duoc yéu
cau.

4. KET LUAN

No6i dung bai bao da xay dung duoc
mo hinh toan bé mit banh ring than khai. Tur
do, xay dung dugc chuong trinh Aulolist dé vé
banh rang. Qua trinh thuc nghiém gia cong dua
trén phuong phap cét diy (EDM) cho sai léch

profile bién dang rang khong qué 0,01 mm.
Sai s0 nay dap ung yéu cau ky thuat veé ché tao
banh rang. <
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