NGHIEN CUU - TRAO BOI

 TOI U HOA THIET KE HQP GIAM TOC HAI CAP I'NG
DUNG MATLAB OPTIMIZATION TOOLBOX

THE OPTIMIZATION DESIGN OF A TWO STAGE HELICAL GEAR REDUCER
USING MATLAB OPTIMIZATION TOOLBOX

Nguyén Vin Tai
Khoa Co khi, Truéng Dai hoc Thuy loi

TOM TAT

DE dim bdo tinh kink 16 va kf thudt ciia hdp gidm tc, cdn phdi didu chink phi hop ede
thong 56 sao cho t6i wu nhdt. Trong pham vi bai béo, cdc thong 56 cia hip gidm tdc ban ddu duge
tinh todn theo yéu cdu k thudt cho trude. Sau do, bang viéc thiét Igp mét mo hink todn hoc bao gim
mdt phrong trink téng quét 1d khodng cdeh giita cde truc voi cdc didu kién bién va sit dung cong cy
MatLab optimization toolbox dé phén tich xdc dinh két qud 16i wu cia cde théng s banh ring v
tdng khodng cdch truc 16 nhé nhit. Két qua cho thiy, viée 101 1eu hoa thibt ké cho phép ché tao hip
gidm 13c 161 wu hon cé vé mdit kink 18 va kf thugt.

Tir khoa: Banh ring; Hop gidm 16¢; MatLab oprimization toolbox; Téi wu koa; Diéu kién bitn

ABSTRACT

To ensure the economic and technical parameters of gearboxes, We need to use the parameters
that are the most optimal. In this article, the initial parameters of a gearbox are calculated
according to the given requirements. Then by establishing a h ical model including a
general equation - the distance between the axes with the boundary conditions and using MatLab
optimization toolbox, we receive the optimal results of the parameters and the minimum center

distance. The resulis show that the optimization gives us a more optimal gearbox in terms of both
economic and technical concerns.

Keywords: Gears, Gearboxes, MatLab optimization toolbox, Opfimization, Constraint
Conditions.
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1. GIOI THIEU

Hop giim tée dong vai o quan trong
frong cac nganh cong nghiép hign dal Vi lgi
thé truyen tii 16m, hi¢u sudt cao, két ciu don gian
hop gidm téc duge sir dung rit réng rdi trong
nhidu nginh cdng nghiép nhwr: Ché tao may bay,
610, may cong cu vv...

V6i phweng phép tinh toan, thiét ké
théng thuong cho ra két qui cé nhidu han ché
ca vé m3t kinh € 150 k¥ thuat nhur thé tich, khéi
lugng 16m, lang phi vat liu, chi phi ché tao cao

v... Chinh vi viy, viéc t6i uu héa thiét ké dé
tim ra cée thong b t6i wu nhit nhdm giam chi
phi sin xudt, ting tinh k§ thuat cing tré nén
quan trong.

Trong bai bao ndy, dia vao phuong phap
t6i wru hoa trong d6 sit dung mé hinh todn hoc va
céc diéu kién bién dugc trinh bay trong [3]. Pu
tién theo dir liéu du vao tinh toan cic thong s6
ciia céc cip banh ring theo [1] va [2] dbng thoi
xdy dung mé hinh todn hoc, bao gbm phweng
trinh téng khodng cach truc véi cac didu kién
bién, Sau dé st dung Optimization toolbox [4]
nhap phu(mg trinh toan hoc va céc diéu kién.
Két qua cudi cting duge so sanh véi két qua ban
ban déu.

2. DAT VAN PE

Hop giam tbc hai cép (hmh 1) véi cac
théng 50 lam vige ¢ia b gidm téc ndy duge cho
nhur sau: Coug suft ddu vio P, — 10KW, téc do
quay truc I (d4u vio) n, = 2250 vbng/pht, 1ée
46 quay truc III (dAu ra) n,= 187.5 vong/phiit va
tdng ty s truyénu =12, Vét liéw ¢@p banh rang
1-2 12 40X, cip banh réng 3-4 14 C45. Muc dich
thiét ké — hop b 6 thé tich nhé nhat ma vin

dam bao cac yéu ciu k¥ thuit.
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Hinh 1. So d6 dong koc hip giam 6 hai cdp

Hinh 2

Hop gidm toc hai cdp

Hinh 1, cho thiy céc vi tri lam vige cia
cic baoh ring 1, 2, 3, 4 va cac khodng cach truc
4y, d,.

Thiét ké ban dhu:

- Tir cac théng sb dAu vao ta tinh toan
duge céc théng sé hinh hoc va duoc thé hién
trong bang 1. [1-2].
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Bing I1: Cic théng 56 hinh hoc ctia banh rang

Binkh rang 1 z, z, m, () b,
Gid tr 26 130 12.8385 80
Bénh ring 2 73 z4 m, B, b,,
Gia tri 32 78 45 13.93 120

3. XAY DUNG MO HINH TOAN HQC
3.1. Xiy dung ham muyc tidu

Muc tiéu 161 uu hoa cé thé 15 thé tich,
t6ng khi luong hodc tdng khodng cach cdc truc
13 nhé nhét [5].

Viée tinh toan, xay dung ham myc tiu
theo khoing cach cac truc bénh ring trong hop
giam 16c thi:

Cac hé s6 chidu rong vanh ring duoc coi
ia héng sb theo nhu ciu thiét ké, cac sé ring la
céc bién sb nguyen trong khi do mo- dun 14 céc
bién réi rac...Dé gidi quyét vin dé i wu theo
phuong phap 1ap trinh phi tuyén tbng quat, ¢4 sb
ring va cdc mé-dun duge coi la bién lién tue.

- Vi vy, dua trén cac van dé trén, thibt
ké bién duoc dmh nghia nhu sau: z, - $6 rang
banh ring l & cap tée d cao, mo-dun m,, B, goc
xoan ty 56 truyen u;z, - S ring bdﬂh rang 3
cap tée d6 thap, mé- L‘Iun 1m, va goc xo0dn B, Bay
bién thiét ké duoc hién thi trong ).

i T
X =[085, 05,5 =lzm. B zm 8] (1)

Ham myc tiéu dwoc thanh [ap nh sau:

1
Tx)=a o, =x, lcos(x )+ 2cos(x } @

Trong do: u;la téng ty sb truyén.
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3.2. Cic didu kign bién

Céc dién kién bién bao gbm [1-5]: Didy
kién vé giéi han bén tiép xiic (3, 3°), gi¢1 han
bén uén (4, 47, diéu kién vé kich thuée (5), diky
kién béi tron (6-8), cdc han ché sb ring cia binh
ring (9- 12) m6 dun clia céc banh ring (13-16),
diéu kién vé géc nghiéng (17-20).

7, =162663,22225 e L _pwoco g

iy x4

o, =31903,43°0%
: )

\/Hﬁ S120060  (3)
12

o, =4621, 10(“’”3] 600<0 )
XXy
=7920, 52(“’S aki ) 600<0 ()
X%
U

. l+l
&(X)- 5+ 2 )—x Xt 1820 (5)

2cos(x,) % 2008(x,)

~Trong d6:

+ 8, 14 khoang cach giita vanh ngodi
bénh ring 2 v& duéng kinh tryc déu ra 1L
+ha* 1a hé sb chidu cao ddu ring.

4, =(1.2~14)u, ®

g4(X):1.2uZ -x'<0 U]
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8 (%) =x{~14uy. <0
g(X)=x—-40<0

g, (X)=24-x <0

g:(X)=x,-40<0

g (X)=30-x<0
gm(X)=2,5—x2 <0

gu(X)=x-320

a(X)=2.5- 5,20
gu(X)=x-3<0

8
g”(X)=—ﬂ—x3 <0

180

®)

®
(10)
an
(12)
(13)
14
as)
(16)

17

4. UNG DUNG MATLAB OPTIMIZATION

TOOLBOX

Opﬁmi;aﬁon Toolbox 13 thanh cong cu
tinh todn tim t61 vu trong MatLab.

- Nhip bam sb va cic didu kién bién

(hinh 3):

5.KET QUA VA THAO LUAN

R R
CAeer, - DRAEE AN ek &
0

Hinh 3. Nhip ham s6 va cac diéu kién bién

- Két qué nhin dugc sau khi tinh ton
bang Optimization Teolbox (hinh 4):

[ 1l
— =

4 B

3

e
‘Chmcin e woh- 383 Wb 30 e
Lo i peveiie Corwiree owlsed

Hinh 4. Két qud nhan dwegc sau khi tink todn bdng

Optimization Toolbox

Tir céc két qué trén ta thiy cic thong sb i duoc tdi uu va duge thé hién trong bang 2

Bing 2: Két qud trwdc va sau 16i wu

ik X, X, X, X, X, X, X, 1(X)
Tenbien | oy | (m) [Byrad | @) | @) | m) | G)rad | (Ta)(mm)
Trudc tbiwu | 26 3 0,224 5 32 45 0,243 495
Sau ti wu 24 | 25| 0349 | 4 30 2,5 0,349 363,789
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Bing 1: Céc théng 56 hinh hoc cila bank ring

.
Bénh ring 1 z, z, m B, b, a, (mmy)
Gid tri 26 130 12.8385 80 240
Bénh réng 2 23 74 m, B,() b, 3, (mm)
Giatri 32 78 45 13.93 120 255

3. XAY DUNG MO HINH TOAN HQOC
3.1. Xiy dung ham muc tiéa

Muc tigu t6i wu héa cé thé 13 thé tich,
tong khéi lrgng hodc tong khoang cach céc truc
1a nhd nhat [5].

Vige tinh todn, xdy dung hdm muc tidu
theo khodng cich cic truc banh ring trong hép
gidm toc thi:

Cac hé s§ chifu r6ng vanh rang dwroc coi
la hﬁng sé theo nhu ciu thift k&, cac s6 ring 1a
céc bién s6 nguyen trong khi do mo-dun 1a cae
bién réi rac..Dé gidi quyét vin d& ti wu theo
phueng phap 18p trinh phi tuyén tdng quat, cd s§
ring va cac md-dun dugc coi 14 bién lién tuc.

- Vi vy, dua trén cic vin dé trén, thibt
ké bién duge dmh nghla nhu saw: z, - S6 ring
banh rang 1 & cap tde 46 cao, mb- dun m, Bl gbc
xoan ty s6 truyen u;z, - $6 ring banh rang 3
cap the dd thap, mo-dun m, va gbc xodn B.- Bay
bién thiét ké dwoc hién thi trong (1).

X=[nxnxoxnn] =[zm fu,z,m A 1)

Ham muc¢ tiéu duoc thanh Iap nhir sau:

,

—LH

Ix)=ase —xx x* lZCDS(Jr) @

el

Trong d6: uy 13 tdng 3 sb truyén,
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3.2. Cic diéu kién bién

Céc diéu kién bién bao gdm [1-5]: Bidy
kién ve gidi han bén tiép xuc (3, 3"), gi6i han
bén ubn (4, 4), diéu kign vé kich  thude (5), dign
kién béi trom (6-8), cic han ché sb tang cna béph
rang (9-12), md dun cia cic banh rang (13-16),
diéu kién vé goc nghiéng (17-20).

o, =162663,22°% 13 1
‘ %,

4

_3190343“’”’} X_pw<o @
e XsXg 12

1200<0 ()

- =4621 lo[°°s"3] 600<0 @
XX
7 =7920,52] 2251 |_600<0 g
xx
i
lﬂ
xz(x, X, +2ha ) 1,
X s +§, 50 (5
&(*)= 2c0s(x;) x5162cus(x,) <00
-Trong do:

+ S, 14 khoéng cich giira vanh ngod
bénh ring 2 va dudng kinh truc dég ra L
+ha* 14 hé sb chidu cao déu ring.
u, =(l.2~l,4)u2 (6)

gX)=12u5 -5 <0 )

4
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®
®

(c,'j(X):xf—lAu2 <0
g:(X)=x,-40=0

g, (X)=24-x <0 (10)
g (X)=x,-40<0 (1
g, (X)=30-x,<0 12
80(X)=25-x,<0 (13)
g, (X)=x,-3<0 (14)
2,(X)-25-x<0 (15)
gs(X)=x-3<0 (16)
2.(X) %—13s0 an

4. UNG DUNG MATLAB OPTIMIZATION
TOOLBOX

Optimization Toolbox I thanh céng cu
tinh todn tim t&i uu trong MatLab.

- Nhap ham sb va cic didu kién bién
(binh 3):

5. KET QUA VA THAQ LUAN

O lee G Cd fa ey Dy mia W

Hink 3. Nhdp him 56 va cde didu kién bién

_Két qua nhdn duoc sau khi tinh toan
bang Optimization Toolbox (hinh 4):

ey =
ot R, ke 1 PRI
L e et G o, -

Hinh 4. Két qud nhdn duge sau kht tink todn bing
Optimization Toolbox

Tir cac két qua trén ta thiy cic thong & da duoe t8i wu va duce thé hién trong bang 2:

Bang 2: Két qua trde vd sau 16 wu

X x, X, X, X, X, X, X, (X)
Ténbien | Gy | ) | Byrad | @y | @) | my | Byrad | (¥a)(mm)
Trudc thiwu | 26 3 0,224 5 32 45 0,243 495
Sau t6i vu 24 | 25 0,349 4 30 2,5 0,349 363,789
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- Khoang céich tryc ban diu tinh theo
céch thong thrromg:

Ya =a+a,=240+255=495(mm)

- Khoang cach tryc sau khi ding MatLab
61 v
Za, = f(X)=363,78%(mm)

» Phin trim khodng céch truc gidm duoc:

_Za-Xa, _
-5

495-363,789
495

%a =26,5%

- Tir kit qua t6i wu cho ta thiy, khoéng
cach truc gidm di mét luong kha lon 26,5% ma
vén dém béa cdc yéu cdu k§ thujt trong qué trinh

Ngy nhin bai: 12/01/2016
Ngay phén bién: 12/02/2016

Tai liéu tham khao:

thiét ké.

- Khodng cich tryc gidm cho thfly kich
thuérc cita hap gidm tbe gon nhe hon do 46 t6i
dugc cic kich thude cia hop gidm the, higu qui
Kinh t cao.

6. KET LUAN

Két qua cho thiy, viéc t5i wu hoa i hig
qui vi chn dp dung vao thuc té trong qus trinh
thiét ké dé gidm chi phi gia céng ché tao, ning
cao hiéu qua kinh t, tiét kiém duec dién tichbé
tri hop giam te.

Phwong phép trén c6 thé duge dp dyng
vao t6i wu héa thiét ké cho hop gidm téc 1 cip,2
cip, 3chpyv... @
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