NGHIEN CUU LY THUYET'TAO’ HINH VA XAY DUNG PHAN MEM
TU DONG THIET KE BANH RANG HYPOIT

Phan Binh Nguyén'

Tém tit: Hién nay nhu cdu thiét ké va ché tao méi cac bé truyén banh ring hypoit dé thay thé
trong nganh mdy xdy dung, vdn tdi ngay cang Ién. Viéc vmg dung mdy tinh vao hé tro thiét ké va
gia cong con han ché dan dén hiéu qud va chat lwong chwa cao.

Trong pham vi bai bdo nay, tic gia gidi thiéu vé 1y thuyét tao hinh ciia banh rang hypoit, cing
Véi cdc bude xdy dung phan mém tw ddng tinh todn thiét ké bé truyén banh rdang hypoit. Phan mém
nay la co sé quan trong dé ndng cao nang sudt, chdt lwong thiét ké ciing nhw dé dwa ra cdc théng
s6 cho phép diéu khién mdy mdy céng cu CNC gia cong banh ring.

Tir khéa: banh ring hypoit, Iy thuyét tao hinh cta banh rang hypoit, VBA.

I. D3t vin dé

Hién nay, vdi sy phat trién manh m& cta nén
kinh té thi cac thiét bi van tai va may xay dung
duogc sir dung ngay cang nhiéu. Hé thong truyén
dong cua cac loai 6t0, may xay dung da phan
déu st dung banh ring con ring cong hypoit hé
Gleason & cum cau sau.

Trai qua qua trinh sir dung thi nhu cau thay
thé d6i voi bo truyén nay 1a rit 16n, vi vay thiét
ké va ché tao cac bod truyén méi 13 hét stc can
thiét. Viéc di sdu nghién ctru Iy thuyét an khép
ctia banh rang hypoit, xdy dung phan mém h
tro thiét ké s& giup nang cao hiéu qua, chat
luong trong thiét ké va ché tao b truyén.

II. Co sé 1y thuyét va cic nguyén ly tao
hinh bé mit ring

2.1. Nguyén ly gia cong banh rang con rang
cong hypoit hé Gleason

Nguyén 1y gia cong banh rang con rang cong
hypoit h¢ Gleason dua theo nguyén ly an khép
cudng buc gitra banh det sinh tudéng tuong va
phoi banh rang. Phoi banh rang dugc dinh vi
trén may sao cho khi nd lan trén bé mat cua
banh det sinh thi bé mat cua rang s€¢ duoc bao
boi bé mit clia banh det sinh.

Hinh 2.1 minh hoa banh det sinh. Hinh 2.2
chi ra cac by phan chinh cia may gia cong banh
rang con rang cong hypoit.

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

2.2.1. Tao hinh bé mat rang theo nguyén Iy
bao hinh

Su tao hinh bé mit rang banh rang boi bé mat
dung cu cat dua trén thuyét bao hinh cta ho bé
mat (hodac bao hinh cua ho duong voi khong
gian 2 chiéu trong truong hop banh ring phing).
Chung ta str dung ki hi¢u X; va Z, lan luot cho
bé mat tao hinh (bé mat dung cu) va bé mat
duoc tao hinh (bé mat banh rang). HE toa do S,
S,, S¢ 1an luot duoc gén cung voi X, X, va may
gia cong (trén may cd truc quay cua X; va X, —
truc mang dung cuy, truc mang phdi banh rang).

¥, duge biéu dién boi:

O 0O

m(u,0) € C. X020, (wb) e E (21)

Trong d6 C' thé hién ;1 c6 dao ham riéng
N dr_ On i pa
lién tuc it nhat la theo u. a—rlxi # (0 thé hién

u

¥ 1a mot bé mat chinh qui.

Banh det sinh

Banh rang

Dung cuy cat
Gia lac I

Hinh 2.1 Banh det sinh
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Duyng oy cit

Hinh 2.2 Céc thiét ldp co ban ciia mdy gia cong

Str dung phép chuyén hé toa do tir S; sang S,
chung ta c6 phuong trinh ho bé mit ¥, biéu dién
trong S, la:

ro(10,0,8) = [xa(1,0.8), (1,0.8), zo(u.0,9)] (2.2)

Trong d6 ¢ 13 tham s cua chuyén dong tao
hinh. Khi ¢ khong ddi, phuong trinh trén la
phuong trinh cta bé mit =, biéu dién trong hé
toa do S,.

Bao hinh X, sé tiép xtc v&i tt ca cac mat cua
ho Z,. B& miat X, s& 1a nghiém cua hé dudi day
(diéu kién can dé ton tai bao hinh):

r2(1,6,9)
Or»

Ory . Or
ou 06 | o¢
2.2.2. Diéu kién du dé ton tai bao hinh
Piéu kién du dé ton tai bao hinh ciia mot ho
bé mat s& dam bao bao hinh ton tai thue sy, mat
do la mat tiép xUc voi cac bé mat cua ho 2 va la
bé mit chinh qui (khong c6 diém ki di). Nhitng
diéu kién d6 dugc trinh bay boi Zalgaller (1975)
va duoc bd sung boi Litvin (1968, 1994) dé c6
thé émg dung vao ly thuyét an khép [5].
Cho bé mat tao hinh chinh qui ¥, biéu dién

(2.3)

=f(u,49,¢)=0

trong hé toa d§ S; boi:
m(u,0) e A x =L 20, (u,
r1( ‘ ) u o
Ho bé mat ¥, trong S; ki hi¢u la ¥, dugc
ro(1,0,0),a<p<b

Gia su tai diém M(u0,90,¢0) thoa man

nhiing diéu kién sau:

bicu dién boi:
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55) (5] (9

Khi d6 bao hinh cua ho 3, ton tai trong mién

£(1.0.9)

1an can ctia diém M va c6 thé biéu dién bai:
rz(u,@,qﬁ),f(u,@,(ﬁ) =

Viéc di sau vao nghién clru qua trinh tao hinh
bé mat bién dang rang cho phép chung ta hiéu
13 vé cac chuyén dong tao hinh, cach diéu chinh
may dé dat duoc cac chuyen dong d6. Niam
ving duoc cac thong so diéu chinh may, thong
s6 hinh hoc ctia banh ring con ring cong la tién
dé dé tao ra mot chuong trinh ty dong tinh toan
thiét ké bo truyén nay.

1. Xay dyng phin mém ty dong thiét ké
bd truyén banh ring hypoit

Trén thé gidi hién cling da xuat hién nhiéu
phan mém cho phép thiét ké va diéu khién may
phuc vu cho viéc ché tao banh rang con rang
cong, ndi bat nhat phai ké dén 1a HyGears cua
hang Gleason. Tuy nhién nhitng phan mém nay
thuong di kém véi may va gia thanh rét cao.

O nudc ta hién nay khau thiét ké banh ring
con ring cong van phai thuc hién bang
phuong phap tinh todn thu cong va chua co
mot phan mém chuyén dung phuc vu cho cong
tac thiét ké va ché tao. Dé khic phuc tinh
trang nay, ching ta tng dung may vi tinh vao
thiét ké banh ring coén cong hypoit (CAD).
Viéc tng dung CAD s& mo ra huéng dé chung
ta c¢6 thé sir dung gia cong voi su hd tro cua
may tinh (CAM) dé san xuat banh ring con
cong hypoit ¢ trong nudc.

Duéi day 1a 3 bude chinh dé tng dung CAD
trong thiét ké banh rang hypoit hé Gleason.

3.1 Xay dung hé co so dir liéu

Qud trinh thiét ké bo truyén banh rang hypoit
gom nhitng buée sau: (1) Tinh toan cac thong
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s6 hinh hoc — (2) Kiém nghiém diéu kién bén —
(3) Hiéu chinh dé dat yéu cau va tién hanh v&
cap banh rang.

3.2 XAy dung lru do thuat todn va gidi thuit

DPé c6 thé tu dong tinh toan thiét ké mot bo
truyén banh ring hypoit theo hé Gleason can
phai thyc hién theo nhitng ndi dung chinh sau:
(1) Nhap dit liéu ban dau — (2) Tinh toan, xir li
dir liéu — (3) Thé hién két qua bang hinh v&.

V6i nhimg ndi dung chinh néu trén, lwu do thust
todn chuong trinh s€ c6 dang nhu trong hinh 3.1.

3.3 Lap chwong trinh

Chuong trinh s& gdm hai mddun chinh 1a:

(1) Tu dong hoa tinh toan cac théng sd hinh
hoc ciing nhu kiém tra bén bo truyén

Tu dong hoéa qua trinh v€ cac ban v€ banh
rang con rang cong hypoit hé¢ Gleason.

<
<«
A

A

Nhép so liéu dau vao

(H,N, I'c, Y, Da Zy FG; ¢5 Ea hu‘!fng XOén)

v

Kiém tra so6
liéu dau vao

Sai

Tinh toan diéu chinh caic s0 liéu vao
(mg, goc con chia, goc dich, chiéu dai con trung binh ...)

A

v

Tinh toan céc thong s6 hinh hoc cta bg truyén

v

Tinh tmg sudt tiép xac S, va ing sut uén S,
Tinh Gng suat cho phép S, va Sy,

v

Sai

v

Y,

Tao tép dit li¢u phuc vu

Tao tép dit lidu cho viéc tao ban v& thiét ké

didu chinh may gia cong

Dir liéu vé

Kiém tra tinh 16gic cta
s0 liéu vé

M¢ méi mét tép AutoCAD

v

Thiét 13p cac ddi twgng vé co ban: 16p, mau va nét v&, kiéu chit, kiéu ghi kich thudc

Céng cu thiét Igp: Ching ta chon
Excel d¢ ho trg tinh toan va lam n

V& b6 truyén banh ring va ghi cac thong sé co ban

2 1ap trinh.
nh toan: Cac

dung phan mém, chon moi truong AutoCAD dé
thé hién ban v& thiét k€. S dung Visual Basic
for Application (VBA) dugc tich hop san trong
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phan so liéu dau vao, tinh toan va diéu chinh,
tinh todn thong s6 hinh hoc, ki€m tra bén duoc
bo tri trong céac sheet khac nhau.
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Thiét ldp phan xudt ban vé tw dong: Stt dung
VBA Automation dé lién két phan tinh toan
trong Excel va phan vé& trong AutoCAD. Hinh
3.2 thé hién mo hinh tham chiéu tr VBA
Automation dén hai ng dung Excel (ExcelApp)
va AutoCAD (AcadApp). Dudi day trich dan
mdt doan code cua chuong trinh.

'Mo mot tép AutoCad

On Error Resume Next

Set AcadApp = GetObject(,
"AutoCAD.Application")

If Err <> 0 Then

Err.Clear

Set AcadApp =
CreateObject("AutoCAD.Application")

End If

AppActivate AcadApp.Caption,
vbMaximizedFocus

AcadApp.Visible = True

'Tao kiéu chir trong Style "Standard"

Set TxtStyleObj =

Workbooks
Wotkbook
Worksheets

VBA Automation

AcadApp.ActiveDocument. TextStyles.Item("St
andard")

TxtStyleObj.SetFont ".VnArial", False,
False, 0, 34

'Tao 16p c6 tén Duongtam dé vé
If Duongtam Is Nothing Then
Set Duongtam =
AcadApp.ActiveDocument.Layers.Add("Duong
tam")
End If
Duongtam.Color = acRed

'Vé doan thang

Set Doanthangl(1) =
AcadApp.ActiveDocument.ModelSpace.AddLi
ne(Diem1P, Diem4P)

Bdo mdat: Bdo mat dong vai tro quan trong,
nham dé tranh ngudi dung co thé sira d6i hoic
st dung nhirng dir liéu quan trong trong chuong
trinh. O ddy st dung dong thoi hai cach 1a: bao
mat bang tinh va bdo mat VBA.

ActiveDocument

N\

Line

Worksheet

Polyline "7| ModelSpace H Hatch |

/

Hinh 3.2 Mé hinh tham chiéu tir VBA dén cdc doi twong trong Excel va AutoCAD

3.4 Chay thir, kiém tra két qui phan mém

Sau khi chay thir ta c6 bang so sanh mot s6 thong sb chinh:

Bdng tom tdt két qua ciia phan mém

£ S Két qua ciaa £ vsn . ax
n ) Két qua cua \ A So liéu da dwge
Thong so chwong trinh (hé STy Ch“"’“il:;‘)“h (h kiém chimg [2]
Chiéu rong vanh ring FP = 46,73579 FP =1,840 FP =1,840
FG = 40,64000 FG =1,600 FG = 1,600
Luong dich hypoit E = 38,10000 E =1,500
Goc an khop » =200 ® =200
Mat 16m banh rang $1=15,498500 $1=15,4980
nho
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106.6723 22.2192

X
QO
S
16.8217390

192.0000

193.7435

Hinh 3.3 Két qua ciia phan mém duéi dang ban vé

IV. Két luin hiéu qua, chat lugng thiét ké bo truyén. Day

Nhu véy ta déd xay dung duoc phan mém ty  ciing 14 co s& dé ta c6 thé phat trién tich hop céac
dong tinh toan thiét k& bo truyén banh ring c6n  thong sb diéu chinh méay gia cong banh ring dan
rang cong hypoit h¢ Gleason vi mirc d§ chinh dén hoan thién qui trinh tir thiét ké dén gia cong
xac dat yéu cau. Phin mém s& gilp nang cao  bo truyén.
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Abstract:

RESEARCHING ON THEORY OF GENERATION AND BUILDING SOFTWARE

TO DESIGN HYPOID GEAR

Currently, in construction industry and transportation industry there is a great need for
designing and machining new hypoid gear to replace gear sets which are out of order. Because
computers are used very little in aided design and manufacturing, the performance and quality are
not high.

In this paper, the author introduces the theory of generation of hypoid gear, and the procedure
of software building to design hypoid gear. This software is the important basic to improve
efficiency and quality of design as well as to expose parameters which are used in set up gear CNC
machine tools.

Keyword: hypoid gear, the theory of generation of hypoid gear, VBA.
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