NGHIEN CUU LY THUYfT TAO HiNH VA XAY DUNG PHUONG TRINH
BE MAT RANG BANH RANG HYPOIT

Ngb Xuan Quang*

Tom tat: Hién nay nhu cau vé sira chira va thay thé bo truyén banh ring hypoit ngay cang ting
cUNg Vi sue phdt trién ciia thiét bi, mdy méc, déc biét [a trong nganh, may xay dung va vdn tdi duong
bg. Cdc c6 s6 ché tao bé truyén banh rang hypoit ¢ Viét Nam van con han ché va ndng sudt chwa cao.

Trong bai b&o nay, tac gid gidi thiéu vé nguyén Iy gia cong, ly thuyér tao hinh bé mdt banh rang
hypoit, phirong phdp xay dung phwong trinh bé mdt rang ciia banh rang hypoit va phirong trinh bé
Mt rdng banh rdang hypoit. Phirong trinh bé mdt rdng xdy dung dwoc 1a mét co sé quan trong dé
tiép tuc phat trién nghién ciru phirong phdp gia céng b truyén banh rang hypoit trén may cong cu

CNC dat néng sudt cao.

Tir khéa:Banh rang hypoit, 1y thuyét tao hinh banh rang hypoit

I. Pit van dé

Hién nay, cling véi sy phat trién ciia nén kinh
té thi trueong thi cac loai thiét bi, may mdc caa
cac nuoc phat trién duoc nhap vao nudc ta ngay
cang nhiéu. Pac biét trong nganh may xay dung
va van tai duong bo, cac loai xe 6 t6 va may xay
dung cia cac nudc Nhat Ban, Han Quéc, My,
CHLB brc,... da va dang dugc st dung rong réi.
Pic diém chung nhit cua céc loai xe nay 1a bo
banh ring truyén dong chinh (cum cau sau) da sb
thudc loai banh rang con cong hypoit h¢ Gleason.

Sau mot thoi gian dai st dung cac bd truyén
banh ring bi mon hoic v& giy ra tiéng on va
truyén chuyén dong khong con chinh xac nita
nén ludn ludn can thay thé, do d6 nhu cau vé bd
banh rang hypoit dat ra 1a rat 16m.

Viéc nghién ctu, xay dung phuong trinh bé
mat rang cua banh riang cén cong hypoit 1a mot co
S quan trong trong viéc gia cong ché tao ning
cao nang sudt tai Viét Nam trong thoi gian toi.

I1. Nguyén ly tao hinh bé mit ring

2.1. Nguyén ly gia cong banh ring céon cong
hypoit hé Gleason

Viéc gia cong banh rang con cong hypoit hé
Gleason dua theo nguyén ly an khép cudng birc
giita banh ring det sinh tudng tuong (do chuyén
dong cua dao tao nén) va phdi banh ring gia
cong (Hinh 2.1). Khi cat rang dau dao mang
ludi cat s& thyc hién hai chuyén dong tao hinh:

L Truong Pai hoc Thuy loi
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Banh det sinh tuong tuong

Phoi banh rang gia céng

Cum Phan do

Hinh 2.1 Nguyén Iy cat rang hé Gleason

- Chuyén dong quay quanh tryc qua tdm gia
lic (theo chiéu Sy);

- Chuyén dong quay quanh truc dau dao véi
van toc cat V [m/phat] (theo chiéu S;). Chuyén
dong S 1a chuyén dong tao hinh don gian tao ra
chiéu dai rang.

Ngoai ra phdi con chuyén dong quay Ss
quanh tryc ciia n6. é tao profin ring thi banh
det sinh (gia lic Iu) va phoi dugc cat c6 mdi lién
hé dong hoc v&i nhau thong qua xich bao hinh.
Néu béanh det sinh chuyén dong véi van tée goc
@9 va banh rang dugc cit o thi méi quan hé
dong hoc gitra chung duoc viét :

. Ct)d Zd .

=" =-" (k=12);
w k

trong do :

Zq- s6 rang cua banh det sinh;
Zy - s6 rang cua banh rang 1 hodc 2 (chu

dong, bi dong); ludi cat;
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iy, - ti 86 truyén chung cta xich bao hinh.

Trong qué trinh bao hinh, banh det sinh thyc
hién chuyén dong quay khong toan phan quanh
truc gia lic.

Sau mdi lan gia cong xong mot rénh ring thi
xich bao hinh bi phan giai, gia lic dao chiéu, quay
vé vi tri ban dau, banh rang dugc cit tiép tuc thuc
hién phan d6 va chuan bi chu ky gia cong méi, ctr
nhu thé cho dén khi gia cong hét ring.

2.2. Ly thuyét chung vé tao hinh bé mdt
bién dang rang banh ring

V61 dung cu cho trudc ta xdc dinh dugc
phuong trinh chuyén dong cua ludi cit. Cho
ludi cat ndy thyc hién cac chuyén dong khi gia
cong bé mit banh ring ta sé& nhan duoc mot ho
bé mit bao cua ludi cit, tim mat bao ciia ho mat
bao nay chinh 1a bé mit bién dang ring cia
banh rang gia cong.

Gia str phuong trinh ho mit con cua ludi cat
chuyén dong ¢ dang:

F(X,Y,Z,C)=0

Thi phuong trinh mit bao ctia ho bé mit con

ludi cat [4] 1a:

F(X,Y,Z,c)=0
aF(X,Y,Z,c)_O
oc

I11. Xay dung phwong trinh bé mit bién
dang rang cia banh rang hypoit h¢ Gleason

3.1. Céc chuyén dgng cat va cac hé truc toa dp

Qua trinh gia céng banh rang la qua trinh
ludi cat tac dong vao phdi va cit bo mot phan
vat liéu dé tao ra bé mit bién dang ring. Qua
trinh gia cong banh riang con cong hypoit hé
Gleason bao géom mot so chuyén dong két hop
v6i nhau dé hinh thanh bé mit ring. Chuyén
dong quay mot goc O cua diu dung cu mang
ludi cét quanh truc cua dung cuy, truc dung Cu
tao mot goc nghiéng i S0 Véi truc cua banh det
sinh tuong tuong, dau dao vira quay quanh truc
dao vira quay quanh truc cua banh det sinh
tuong tuong mot goc q. Luc nay ludi cit s& co
lién hé bao hinh véi phoi thong qua xich truyén
dong cta may va phoi s& quay mot goc ¢,

Pé xdy dung phuong trinh bé mit ring ta
phai xac dinh chuyén dong twong dbi gitta ludi
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cit va phdi. Bé mat rang dugc tao bdi mot ho bé
mat ludi cat (mat con). O day ta cho phoi cd
dinh va coi nhu ludi cét s& thuc hién tit ca cic
chuyén dong dé tao ra chuyén dong tuong dbi
gitta ludi cat va phoi dé hinh thanh Ién bién
dang bé mit ring. Nhu vay ta phai xac dinh
duoc toa do cua ludi cit trong h¢ toa do gén Vo1
phoéi (S;). Trudc tién ta tao cac hé toa do qui
chiéu nhu sau [3]:

- Dung cu duoc gin trén gia lic va chuyén
dong quay. Hé toa d6 Su (OuXuYuzuy duoc gin
V61 gia do dung cu.

- Toa d0 ludi cit ry duoc xac dinh thong qua
hai tham sb s va 6.

(1, +s.sin)cosd |
(r, +s.sina )sing (3.1)
—S.CoSa

1

trong d6:  a: goc con cua ludi cat
s: d0 cao ludi cat theo phuong 7y
6 :gbéc quay cua dau dung cu quanh truc zg

Tty

Hinh 3.1: Hé toa d6 Su dwoc gan véi gid do
dung cu

- Hé toa do S; duoc gin véi phoi. Dé xac dinh
toa do ludi cit trong hé S; ta tién hanh xac dinh
toa do ludi cit trong cac hé toa do trung gian
tuong &ng Véi cac chuyén dong khi tao hinh bién
dang rang Sp, Sc, Sm1, Sn, Sg, (hinh 3.2).

+ Hé S 1a hé toa 46 moi cua dung cu cat khi
dau dung cu xoay nghiéng mot goc i quanh truc
Y (Os=O1; Yb = Yu). )

+ Hé S 1a hé toa d6 duoc gan vdi tdm cia
banh det sinh tuwdng tugng, truc dao cach tim
banh det sinh mot khoang Sg, truc dao quay mét
goc laj.

+ HE S ge‘m vo1 banh det sinh khi truc dao
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vira quay quanh noé vura quay quanh tam banh

det sinh mot goc q.

+ S, 1a hé m&i cta Sy sau khi tinh tién lwong

hypoit Em va d6 léch tam AB

+ Sy 1a hé gan trén may, tring véi tam phoi
va cach dinh con cua phoi mét lwong AA

Trong qua trinh tao hinh gié lic véi hé S, thuc
hién chuyén dong quay quanh truc zm VOi van
téc goc o va phdi véi hé S; thuc hién chuyén
dong quay quanh truc X, V&i van toc goc o

Itr

ztr

Ymy

Ye

Tmy

Yo

SR Xy
[4)

J—

Lo

- Lién hé gitra q va ¢;:

q=0c+ ¢ 00 = 0, + dr.2d/21

gia cong;

rang z;.

trong do:
lic (banh det sinh);
Z; la s rang theo thi€t ké ciia banh rang dang

=0c+ ¢1. 21/ 27 + 2, (3.2)

0c 1a goc quay ban dau cua gia

Z, 1 s6 ring ctia banh rang an khép véi banh

Vi tri dao
ban dau

.I‘t,
Vi tri dao i .
cudi b
Yy, Yo \
Zp 2ty
ym[
ol@
Ty
Om,
E‘m, Zmy
Yy
Yn
Yq #1
P
AB/ NV
\-——-‘- X,
AA

2y

Yy
Or, Oa Tg, Ty
]

z’ﬂ.

Zq

Hinh 3.2: Cac hé toa dé chuyén dong ciia dung cu cdt Su , Sb, Se, Sma, Sn, So» S1

- Céc thong sé ga dit khac:
Emi : 12 lugng dich hypoid ctia may,

Ym1 : 1a g6c nghiéng truc banh nhoé so v4i mat mat banh 16n

i : géc nghiéng truc dao
j : goc quay truc dao nghiéng

AB : la khoang cac dinh con dén bé mat gia lac,
AA : khoang cach tir dinh con dén duong tim may,

Sk : 1a ban kinh g4 dat dau dao.
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3.2. Xay dwng phuwong trinh bé mdt ring
Tir phuong trinh ludi cét cia dung cu dé xac
dinh phuong trinh bé mit ring, trudc hét ta thuc
hién cac phép bién doi toa do dé xac dinh toa do
cla ludi cat trong h¢ S;. Pé thyuc hién dugc don
gian ta thyc hién bién doi toa d qua cac hé toa do
trung gian Sp, Sc, Sm1, Sn, Sq nhur trén hinh 3.2.
- Chuyén tir hé Sy sang hé Sp ta co6 phuong
trinh:
X, = X,cosi +Z, sini
Yy =Yy
Z, =—Xsini + Zcosi
Ta c6 thé viét gon nhu sau: 1, = Myu.ly;
trong d6 Mpy 1a ma tran chuyén hé tir Sy sang Sp

cosi 0O sini O
0 1 0 O
Mbtl = .. .
—sini 0 cosi O
0 0O 0 1

- Tuong tu chuyén tir hé S, sang hé S ta co: r.
= Mep.o; Mgy 12 ma tran chuyén hé tir Sy sang Se

- Khi chuyén tir hé S, sang hé Sy ta ¢o: rpy =
Mute.le; Mmae 12 ma tran chuyén hé tir S sang Smy

- Khi chuyén tir hé Smy sang hé Sy, ta co: r, =
Mum.fmz; Mama 18 ma tran chuyén hé tir Spy sang S,

- Khi chuyén tir hé S, sang hé Sq ta co: rq =
Mgn.I'n; Mgn 1a ma tran chuyén hé tir S, sang S,

- Khi chuyén tir hé Sq sang hé S; ta co: r; =
Miq.Iq; Miq 1a ma tran chuyén hé tir Sq sang S

-sinj —cosj 0 S;
cosj -sinj 0 0.
Mcb: !
0 0 1 0
0 0 0 1
cosq sing 0 O
—sing cosq 0 O]
Mmlc_ q q '
0 0 10
0 0 01
100 O
010 E,
|v'nml_ ’
0 01 -AB
000 1
cosy, 0 siny,, -AA
o 1 0 0|
™| —siny, 0 cosy,
0 0 0 1
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1 0 0 0
|0 cosg —sing O
Y10 sing, cosg O
0 O 0 1

ta co:

= Mlq.rq: Mlq.qu.rn: Mlq.qu.Mnml.rmlz
Mlq-qu-Mnml-Mmlc-rc = Mlq-qu-Mnml-Mmlc-
Meb.r'b = M1g.Mgn.Mnm1.Mmic. Mep. M.l

Nhu vay:

r1(8,6,¢p).=|\/llq.|\/lqn.I\/Inml.l\/lmlc.

Mcb- Mbtl.rtl(S,e) = Mltl- rtl(Sye) (33)
Tinh Mltl:
a4 &, &3 ay
Mm — a21 a22 a23 a24 (34)
Ay Gy 8y 8y
a41 a42 a‘43 a‘44
Trong do:

a11= COSICOSYmSIN(Q-j) - SINISINYm;
a12 = -c0s(Q-J)coSym;
a13 = Sinicosymsin(g-j) + cosisinym;
a14 = SRCOSYCOSYm - ABSINYy - AA;
a1 = COSISINYmSiNd,Sin(g-j)
+C0SIC0S(Q-J) COSdp + SINICOSYMSINGp;
a2 = -C0S(Q-j)sinymsind, + sin(g-j)coso,
a3 = SINISINY,SiNd,Sin(g-j)

+ Sinicos(g-j)cosdp COSISINYmSINp;
24 = -Sr(SINQCOSHy - COSASINYMSiNdp)

+Emcosp+ABCOSYmSingy;
a31 = -COSISINYmCOSOLSIN(Q-])

+ cosicos(g-j)sind, + SiNICOSYmCOShp;
a3z = Sinym COSHpCOS(g-j) + Sin(g-j)sindy;
asz = -sinisinymsin(g-j)cosd, + sinicos(g-j)

Sindp + COSICOSYmCOSPp;
aza = -Sr(singsing, + cosqsinymCosdp)
+Emsindp - ABCOSYmCOSdy;
a1=0; a1=0;a42=0;a13=0; ass = 1.
Tu cac cong thuc (3.1), (3.2), (3.3), (3.4) ta
c6 phuong trinh duong bao cua ho ludi cit:

[(s,0,4,) =My, .1,(8,0)

(3.5)

X, (r, +s.sina)cosd
Y, (r, +s.sina)sin@
z, | - s.sina

1 1
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X1(8,0,0p) = ar1Xu+aroyn+aiZu+ais
= [cosicosymsin(g-j) - sinisinym]
(rc + s.sina)coso - cos(q-j)coSym
(rc + s.Sina)sin® + [sinicosymsin(g-j)
+ cosisinym](-s.cosa) + SrCOSQCOSYm

- ABsinyn - AA

Y1(S,0,0p) = a21Xu a2y +azszy+azs

= [cosisinymsind,sin(g-j) + cosicos(g-j)cosd,

+ sinicosymsindp] (re + S.sina)cosod 3.7)

— [cos(q-)sinymsingy - sin(g-j)cosg,]

(re+ s.sina)sin® + [ sinisinymSingpsin(g-j)

+ Sinicos(g-j)cosdyp - COSISINYmSiNdp)

(-s.cosa) — Sr(Singcosdy - CosgsinymSingy)

+ EmCosdp + ABCOSYmSing,

Z1(5,0,0p) = a31Xu+azzyut+asszZutazs

= [-cosisinymcosdpsin(g-j) + cosicos(g-j)

Sindp, - SINICOSYMCOSdp](rc + S.Sina)cosO

+ [cos(g-j)sinymCosdy + Sind,sin(g-j)]

(re+ s.sina)sin® + [sinisinymcosdpsin(g-j)

+ sinicos(g-j)sind, + COSICOSYmCOShyp)

(-s.cosa) - Sgr(singsing, + cOSQSiNYmCOShp)

+ Emsindp - ABCOSYmCOShy

Nhu vy mudn tim bé mit bién dang ring ta
di tim mit bao cua ho mit con cia ludi cét.
Phuong trinh mat bao c¢6 dang:

(3.6)

(3.8)

oX, _ _ _

—8q = €0sicoSymcos(q - j)(rc + s.sina)
cososin (q - J)coSym(rc + s.sina)
SinBsinicosymcos(q - J)S.cosa - SrSINQCOSYm;

oY,
aq CimrD)sini(a - 092+ 2,* 12
+(g-j)].[(rc + s.sina)coso - s.cosasini]

+ (sinym-1)cos[(q - 0c) \/Z,” + 2, 123

+(g-J)].[Sr-(rc + S.5iN0)SiNG]COSYHCOS

[(q - 60) 2, +2,% [z1].[ (rc+ s.sina)cosOsini

+ AB] - (s.cosasinicosym + Em)sin

[@-00)yz" +2," [zi];

oz
T SmerDsinl(@ - 09z + 2
+(0-j)].[Sr-(rc + s.sinct)sin6]

+ (sinym-1)cos[(q - 0c) \/Z,” + 2, 123

+ (0-j)]-[(rc + S.Sina)coso - s.cosasini]

+ Cosymsin[(q - 6c) /2 + 2, 1z1].

[(rc+ s.sina)cosOcosi + s.sinasini+ AB]

+ Emcos[(q - 0c) /2, +2,° 1z1];
oX

F(X,Y,Z,)=0 _
oF (3.9 oq
o 0 Giai h¢ | oy, (3.10)
S oq
T]:I (32) ta Cé: d)p = (1)]_ = (q = 9(;) 212 + 222 /Z]_ oz
. L=0
thay vao (3.6), (3.7), (3.8) va lay dao ham theo ¢ aq
ta duoc:
r. +s.sinar)cosdcosicosj - (1, + S.sinar)singsinj - s.sinasinicosj
Tacd: = atan ( %) - (. . _a) - J “ J (3.11)
Sg- (r, + s.sina)sinfcosj
thay q vao phuong trinh (3.6), (3.7), (3.8) ta c6 phuong trinh bé mit bién dang rang:
X,(s,0) =a,(r, +s.sina)cosf+ a,, (r, +s.sina)sing - a,s.sina+a,,
Y, (s,0) =a,,(r. +s.sina)cosf+ a,, (r, + s.sina)sing - a,.s.sina +a,, (3.12)

Z,(s,0) = a, (., +s.sincr)cosf+ a,, (r, +s.sina)sing - a,s.sina +a,,

V61 cac ajj duge xac dinh theo cong thirc
(3.5)

Tir phuong trinh bé mit bién dang ring (3.12)
ta c6 thé xac dinh duoc mot tap hop toa do x,y,z
cha cac diém thudc bé mat ring khi biét cac thong
s6 dau vao cta qua trinh gia cong. Véi tap hop cac

106

toa d6 ndy ching ta cd thé st dung phan mém v&
ra bé mat banh rang va két hop lap trinh gia cong
tu dong trén may céng cu CNC.

Véi két qua trén ta ciing co thé tiép tuc
nghién ciru dé co thé 1ap trinh gia cong ty dong
trén may CNC thong qua phuong trinh (3.12)
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ma khong phai st dung phin mém dé xac dinh
tap hop toa do céc diém va V& ra bé mat rang.
IV. KET LUAN
Nhu vy ta d@ xdy dung dugc phuong trinh
tong quat ciia bé mat rang banh ring con ring
cong hé Gleason thong qua cac chuyén dong cat
tao hinh va an khép véi tham s 1a tham sb toa

TAI LIEU THAM KHAO

d6 ciia ludi cat. Vi mdi cap banh rang dn khép
cu thé ta c6 mot bd cac thong sé dau vao va tur
d6 xay dung duoc phuong trinh ctia bé mit ring
banh ring d6. Phuong trinh bé mit ring xay
dung duoc 1a co s& quan trong trong viéc nghién
ctru cac phuong phap gia cong banh rang cong
hypoit dam bao chat lrong dat ning suat cao.
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Abstract:
RESEARCH ON THEORY OF FORMING SURFACE HYPOID GEARS AND
FORMULATING EQUATION OF TOOTH SURFACE OF HYPOID GEARS

Currently, demand for repair and replacement transmission gears hypoid increasing with the
development of equipment and machinery, especially in the trucking industry and building
equipment. Manufaturing hypoid gears in Vietnam is still limited and productivity is not high.

In this paper, the author introduces the principles of machining, theory of forming surface
hypoid gear, method of formulating equation of tooth surfaces of hypoid gears and equation of
tooth surfaces of hypoit gears. This is an important foundation for further research to develop

methods of machining on CNC machine tools.

Keywords:Hypoid gears, theory of forming surface hypoid gears.
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