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NGHIEN CU’U GIA CONG BANH RANG KHONG TRON BANG
PHUONG PHAP CAT DAY

REVIEW ON TECHNOLOGICAL MEASURES IN MANUFACTURING NON-
CIRCULAR GEAR USING WIRE ELECTRICAL DISCHARGE METHOD

Hoang Dirc Quan
Trung tam HJ tro viéc lam va Hop tac doanh nghiép, Trudng Cao dang nghé Cong nghiép Ha Noi

TOM TAT

Bdnh rang khéng tron cé ty sé truyén chinh xdc va tinh ndng déng tot nén dwoc sir dung
trong nhiéu mdy méc quan trong. Tuy nhién, ché tao banh rang khéng tron la mét trong nhitng van
dé khé khan nhdt dinh trong cong nghé ché tao. Do kha ning céng nghé han ché ciia mdy méc va
céng truyén thong, cdc phwong phdp san xudt trde ddy khong thé tinh todn dwoce hinh dang gid
dinh cia dwong rang va bién dang ciia né. Gia céng cat day (WEDM) la phwong phdp hiéu qud dé
ché tao hdu hét cac loai banh rang khéng tron. Bai bdo trinh bay khia canh cong nghé ciia phirong

phap cat day img dung trong ché tao banh rang khéng tron.

Tir khoa: Bdinh rdang khéng tron; Phwong phdp cdt day,; Gia céng banh ring; Cdt banh

rang khong tron.
ABSTRACT

Non-circular gears have the characteristics of gear ratio accuracy and good dynamic
performance, so they are used in many important machines. However, the construction and
manufacture of non-circular gears is one of the most difficult issues in machine technology. Due to
the limited technological capabilities of traditional machines and tools, past manufacturing methods
were unable to calculate the assumed shape of the tooth line and its profile. Wire electrical discharge
machining (WEDM) can process almost all kinds of non-circular gear. This article presents the
technological aspects of wire electrical discharge machining (WEDM) applied to manufacturing

non-circular gears.

Keywords: Non-round gears; Wire cutting methods, Gear machining, Cutting non-round

gears.
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1. GIOI THIEU

Y tuong vé banh riang khong tron c6
tr lich sir ban dau cua k¥ thuat. Leonardo Da
Vinci phac thao mot sé phién ban khong gian
ctia banh rang khong tron. Vao thé ky 18, cac
banh rang khong tron dugc str dung trong may
bom, dé)ng hd, hop nhac, dd choi va cac thiét
bi khéc. Céc banh rang dugc san xudt vao thoi
diém d6 c6 hinh dang don gian, dan dén diéu
kién an khép khong phu hgp. Hién nay, banh
rang khong tron va cam rang dugc st dung
trong may dét, bo truyén dong chiét ap phi
tuyén tinh, hop sé bién thién lién tuc, thiét bi
chi s6 Geneva va cac co cau khac. Mic du céac
may diéu khién sé (CNC) hién dai cho phép
ché tao cac hinh dang phtc tap, nhung cic
phuong phap thiét ké banh rang khong tron
thich hop lai khong san c6 va thuong sir dung
céc banh rang hinh elip don gian nhat.

Nhiéu hoc gia trén thé giéi quan tim
dén banh rang khong tron. Du vdy, su phat
trién trong linh vyuc nay van con cham do tinh
chét phtic tap cta cac phuong trinh mé ta banh
rang khong tron [1, 2]. Sy phuc tap nay da lam
cho viéc phan tich cac banh rang khong tron
hau nhu khong thé thuc hién dugc néu khong
cO sy tro gitp cua cong nghé may tinh [3, 4].

So véi cac banh rang tiéu chuén, viéc
thiét ké va ché tao cac banh rang khong tron
c6 tryc song song con c6 thém mot sé van dé
nhu: Tinh toan duong lan cho ca hai banh rang
phéi hop tt v6i nhau, tic 1a 1an khong trugt
[5], tinh toan cac dang rang ma truc an khép
va duong lan cua gia tham chiéu thay d6i vi tri
cua chung theo thoi gian. Ngoai ra, & cac banh
ring khong tron, mdi sudn cla ring c6 mot
duong co s& doc lap. Cac phuong phédp san
xuat hién dai cho phép tao ra cic banh ring
con khong tron c6 bién dang rang dang tu do
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va rang cong theo hudng doc cua ching.

Béanh rang khong tron c6 dac tinh
chinh xac vé ty s6 truyén va tinh ning dong tot
nhung kho ché tao. Gia cong cit day — Wire
electrical discharge machining (WEDM) c6
thé xir Iy hau hét cac loai banh ring khong
tron. Dé ché tao banh rang khong tron dap ung
yéu cau bé mit, cAn nghién ctru cac khia canh
cong nghé trong qua trinh ché tao. Nghién ctru
nay nham muc dich khao sat dic trung cong
ngh¢ khi tinh toan chi tiét phuong phap cong
nghé¢ gia cong banh rang khong tron su dung
phuong phap cit diy WEDM.,

2. CAC PHUONG PHAP CHE TAO BANH
RANG KHONG TRON

Cac phuong phap ché tao banh ring
khéng tron co ban bao gdm: phay lin, phay
lan chéo, xoc va cit day WEDM. Pa c6 mot
sd nghién ctru md ta quy trinh gia cong banh
ring khong tron bang phuong phap phay lin
chéo [6, 7]. Khi phay cac banh ring xoin
khong tron, c6 mot s6 van dé anh hudng dén
rang cua dao phay nhu tai trong tac dung lén
ring dao khong déu va do mon cua dao. Dé
giai quyét nhing van dé nay, mo hinh phay
lan sau truc déng thoi da dugc phat trién dua
trén phuong phap phay lan chéo. Két qua thyuc
nghiém cho thay, phay lin chéo c6 mét s6 wu
diém so v6i phay lan khong chéo. Banh ring
khong tron ciing dugc ché tao bang phuong
phap xoc. Phuong phap xoc dugc st dung
trong cac truong hop ma cic phuong phap
khac khong cho phép gia cong bién dang 1om.
Phuong phap cit ddy WEDM c6 wu diém 1a
¢6 thé ché tao hau hét duge cac loai banh rang
khéng tron. Tuy nhién, dé ché tao banh riang
khong tron dap mg yéu cau bé mit ciing 1a
mot kho khan trong qua trinh gia cong.
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3. PAC PIEM CONG NGHE KHI GIA
CONG BANH RANG KHONG TRON SU
DUNG PHUONG PHAPCATDAY (WEDM)

Banh ring khong tron dugc biéu dién
dudi dang hai duong lan P, va P, v6i tim quay
lan luot & cac diém O, va O,. Nhitng duong do
an khép v6i nhau, 1an khong truot.

Hinh P, dugc mo ta bang phuong trinh
theo toa do cyc la ham cua ban kinh r (). Ty
sd truyén duoc mo ta bai ham sb:

_olp) n(a)
v(m_wz(col)_ n(o) 0

Trong do, o, (¢,) va o, (¢,) lan luot 1a
cac ham van tdc goc cua banh rang thi nhit va
thtr hai.

Khoang cach truc A khong doi:

A=r1(¢)+r, ()= const (2)

Céc duong lan lam viéc phdi hop voi
nhau ma khong truot:

n(o)
d 3
rz((”l) 1 4

do, =

Két hop phuong trinh (1) va (3) va tién
hanh tich phan:

IR,
®, _£W¢l 4)

Hing s6 tich phan dugc tim thay tir diéu
kién sau: néu ¢, =0thig,=0.

Hinh 1. Cdc dwong lan biéu dién banh ring khéng
tron: P, P, - DPuong lan; 01, 02 — Tam xoay.

L

ol
Hinh 2. Duong lan dwoc chia thanh cac doan.

Dé truyén chuyén dong lién tuc thi ham
ty s truyén phai tuan hoan va chu ky T cua
banh rang phai li€n hé¢ v6i chu ky T va T, cua
banh rang 1 va 2 twong ing nhu sau:

T=—_L=-2= (5)
Trong d6n, van, lacac sO ty nhién.

Trong truong hop trén Hinh 1, chuky T
ctia ham ty sb truyén vp)=mn, T =2, vaT,=
3n; do d6, khi @, = thi ¢,=2/37. Diéu nay lam

cho:
’”1 (01
6
IA n(o) ©)

Gia tri ctia tham sd A c6 thé duoc tinh
tlr cdng thtrc (6). P,=r1,(¢,) c6 thé duogc tinh tir
cong thue (2) va (3).

Chung ta gia sir ¢6 dudong lan P, ma tai
d6 can tim dudng hop tac P, dap ing cac yéu
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cau duoc mo ta & trén. Buong P, da dugc chia
thanh i doan 1 .sao cho moi doan do c6 thé duoc
biéu dién dlIO‘l dang duong xoan 6¢ Archimedes
v61 do chinh xac phu hgp (Hinh 2).

Puong xodn ¢ Archimedes droc mo t boi:

r=kx (7)

K’ 2’%; k:rz;rl; dl = \J(dr)’ +(rda)" ; dr = d(ka)=kda
CiS \/(‘kdOf)2 +(rda)’ = \/(kda')2 +(kada)’ = N1+ aida

Jar=Eafe 1 (e 1)
lzzfdl%[%\/ﬁﬂn(az+\/m)_“l\/ﬁ‘ln(a‘ +WH(8)

Néu cac duong P, va P, lan khong truot
1én nhau va duong P, duoc chla thanh i phan
1, twong (g v6i P, th1 dua vao cong thuce (3),
chung ta co: 1, = 12i 9)

Phuong trinh cua duong P, duoc ude
luong tir phuong trinh (2) dén (9).

Budc tiép theo 1a tinh todn cic dang
rang. Puodng lan cua banh rang khong tron
dugc mo ta boi L = r(). C6 thanh tham chiéu
dan huéng S lin trén dudng lin ma khong bi
truot. Bién dang chir T cta gid tham chiéu duge
lién két v6i duong S (Hinh 3). Toa d6 tiép diém
P ciia cac dudng thang la:

(10)

Hinh 3. Thanh ddn tham chiéu trén dwong lan cia
banh rang.
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Hinh 4. Uéc lvong dang rang

Goc giita ban kinh r(¢) va thanh dan
huong S cua gia dugc tinh tir cong thuec:

Q:arctan(r((p)/(dr/d(p)) (11)
Nén: p=¢—0 (12)

Néu ¢ = 0 thi P, = p,- Vi thanh dan
huong S dang lan trén duong L ma khong trugt
tir diém P, dén diém P, nén d6 dai doan I cua
duong thang L giita cac diém P,vaP bang do
dai cua vecto s giita cac diém p,va P cua duong
thang S.

Neu duong L bao gom 1 cac doan L,
theo yéu cau liét ké o trén thi diém P tuong u'ng
voi L dong thoi tim dugce d6 dai I, va he¢ so k.
cho m01 doan L, tir cOng thirc (8), th1

dr L
2 = habl=24, (13)

Hinh 4 thé hién cac vi tri lién tiép cua
duong lan S] dén S, va bién dang cua gia tri
tham chiéu T, dén T

Dé tim céc diém c6 dang rang banh rang
khong tron, cac du’O’ng thing u, dén u_da duogc
dua vao. Cac diém giao nhau cua cac mat cit T,
dén T, v6i cac dudng thiang u, dén u duoc tlnh
todn bang hinh hoc giai tich. Cac dlem nam trén
bién dang rang banh rang khong tron duoc loc

ra khoi tit ca cac diém tim dugc. Quy trinh nay &
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duoc lap lai cho tat ca cac mat cua banh rang
khong tron. Modun cua banh rang khong tron
duogc tinh bang:

>,
m:ﬂzﬂ (14)

nz nZz

Trong do, z 1a s0 rdng cuia banh ring.

M5 hinh s6 nay dugc st dung dé tao ra
cac chuong trinh san xuit cho may cit day dugc
diéu khién bang CNC. Cac banh riang dugc so
sanh voi mo hinh k¥ thuat s6 bang may do toa
do (CMM - Cordinate Measuring Machine).

Két qua cua viée gia cong cac banh ring
khong tron trén bé mit cua ching s& hinh thanh
cac nhip nho trén bé mit. Chung c6 thé duoc
loai bo bang dau cha soi gbm [8].

6. KET LUAN

- Pi mb ta ddc diém cong nghé cua cac
phuong phap cat diy (WEDM) dé ché tao banh
ring khong tron 1a cong nghé duy nhét hién co
cho phép ché tao mot banh ring khong tron
thich hop hon ca. Pdng thoi thyc hién cac hinh
dang tuy chinh cho cic phin & chan ring va
céc phan do ¢ thé khac nhau d6i véi mdi suon
rang.

- Chi ra nhugc diém cuia phuong phap

x0c la can c6 cac loai may méc chuyén dung va
hinh dang hinh hoc cua dao phuc tap.

- Cac két qua nay duoc dit 1am nén

tang cho viéc nghién ctru sdu hon vé céac tinh
chat cu thé cua banh rang khong tron nhu dong

hoc, cling nhu céc van dé lién quan dén do bén,
dong luc hoc va ma sat. «
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