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TOM TAT 

De ddm bdo tinh kinh te vd ky thuat cua hop gidm toe, cdn phdi dieu chinh phii hgp cac 

thong so sao cho toi uu nhdt. Trong phgm vi bdi bdo, cdc thong so cua hop gidm tdc ban ddu duac 

tinh todn theo yeu cduky thugt cho tru&c. Sau do, bdng viec thiet lap mQt mo hinh todn hoc bao gom 

mot phuang trinh tong qudt la khodng cdch giiia cdc true vol cdc dieu kien bien vdsit dung cong cu 

MatLab optimization toolbox de phdn tich xdc dinh ket qud toi uu cda cdc thong so bdnh rdng va 

long khodng cdch true Id nho nhdt Ket qud cho thdy, viec toi uuhoa thiet ke cho phep che tgo hop 

gidm tdc toi mi hon cd ve mat kinh te vd ky thudt. 

Tir khoa: Bdnh rdng; Hop gidm tdc; MatLab optimization toolbox; Toi uu hoa; Dieu ki^n bim. 

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 mathematical 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 results show that the optimization gives us a more optimal gearbox in terms of both 

economic and technical concerns. 

Keywords: Gears, Gearboxes, MatLab optimization toolbox, Optimization, Constraint 
Conditions. 
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1. Gl6l THIEU 

Hop giam tde ddng vai trd quan trpng 
trong cac nganh cdng nghiep hien dai. Vdi Ipi 
the fruyen tai Ion, hieu suit eao, kdt ciu don gian 
hop giam tdc duac sd dung rit rdng rai trong 
nhidu nganh cdng nghiep nhu: ChS tao may bay, 
d td, may cdng eu w. . . 

Vdi phuang phap tinh toan, thidt kd 
thdng thudng cho ra kdt qua ed nhidu han chd 
ca vd mat kinh td lin ky thuat nhu thd tich, khdi 
lupng ldn, lang phi vat lieu, chi phi ch8 tao cao 
w... Chinh vi vay, vi?c tdi uu hda thidt kd dd 
tim ra cae thdng sd tdi uu nhat nham giam chi 
phi san xuat, tang tinh ky thuat cang trd nen 
quan trpng. 

Trong bai bao nay, dua vao phuang phap 
tdi uu hda trong dd su dung md hmh toan hpc va 
cac dieu kien bien dupe trinh bay trong [3], Diu 
tien theo dir lieu diu vao tinh toan cac thdng sd 
cua cac cap banh rang theo [1] va [2] ddng thdi 
xay dung md hinh toan hpc, bao gdm phuang 
trinh tdng khoang each true vdi cac dieu kien 
bien. Sau do su dung Optimization toolbox [4] 
nh^p phuang trinh toan hpc va cac dieu kien. 
Ket qua cudi cung duac so sanh vdi ket qua ban 
ban dau. 

r±::A I //\\ 

Pi.n, 

J' 
I. J/\\ 

ffin/i I. Sado dong hoc hop gidm tdc hai cdp 

Hinh 2 Hop gidm toe hai cdp 

Hinh 1, cho thay cac vi tri lam viec cua 
cac banh rang 1, 2, 3, 4 va cac Ichoang each true 

2. DAT VAN DE ThiSt ke ban dau: 

Hop giam t6e hai cip (hinh 1) vai cac - Tir cac thong so dau vao ta tinh toan 
thong s6 lam viec ciia bp giam toe nay dirge cho duge cac thong so hinh hoe va duge th6 hien 
nhu sau: Cong suit dSu vao P, = lOKW, tac do trong bang 1. [1-2]. 
quay true I (diu vao) n, = 2250 vong/phut, tSe 
do quay true III (diu ra) n, = 187.5 vong/phiit va 
tang ty s6 truyfa u2 = 12. Vat lieu cap banh rang 
1-2 la 40X, cap banh rang 3-4 la €45. Muc dich 
thiat kS - hop s6 co thS tich nho nhit ma vin 
dam bao cac yeu ciu ky thuat. 
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Banh rang 1 

Gia tri 

Banh rang 2 

Gia tri 

Zl 

26 

z3 

32 

Bdng 1: Cdc thong so hinh hQc 

h 
130 

z4 

78 

m, 

3 

""2 

4.5 

cua bdnh rdng 

P,0 
12.8385 

P2O 
13.93 

Kl 
80 

K 
120 

a, (mm) 

240 

aj(mm) 

255 

3. XAY DV*NG MO HINH TOAN HOC 

3.1. XSy dung ham muc tieu 

Miie tieu tdi uu hda cd the la th6 tich. 

3.2. Cac dieu ki^n bien 
Cac dieu kien bien bao gdm [1-5]: Dilu 

kien ve gidi han ben tiep xiic {3, 3'), gidi han 
ben udn (4,4') , dieu kien ve kich thude (5), dilu 
kien bdi tran (6-8), cac han che sd rang cua banh 

tdng khdi lupng hoac tdng khoang cdch cac true rang {9-12), md dun cua cae banh rang (13-16), 

la nhd nhat [5]. dieu kien ve gdc nghieng (17-20). 

Viee tinh toan, xay dung ham muc tieu 
theo khoang each cae true banh rang trong hop 
giam tdc thi: 

Cac he sd chieu rdng vanh rang dupe coi 
la hang sd theo nhu cau thiet ke, cac sd rang la 
cac bien so nguyen trong khi do md-dun la cac 
bien rdi r ac .De giai quyet van de tdi uu theo 
phuang phap lap trinh phi tuy§n tdng quat, ca sd 
rang va cae md-dun dupe coi la bidn lien tuc. 

- Vi vay, dua tren cac vin dS fren, thigt 
ke bien dupe dinh nghia nhu sau: z, - Sd rang 
banh rang 1 d cip tdc dp cao, md-dun m,, p, gde 
xoin, ty so truySn u^ ẑ  - So rang banh rang 3 
cap tdc dp thap, md-dun m^ va gdc xoin p -̂ Bay 
bign thidt kg dupe hidn thi trong (1). 

Ham muc tieu dupe thanh lap nhu sau: 

/ ( - ) = ^,H 
2cos{jr3) 2 005(^:7) 

Trong dd: û  la tdng ty sd truydn. 

= 162663,22 -1200<0 

o - ^ = 4 6 2 I , 1 0 p ^ 1-600 <0 

0-, =7920,521 ^H!4L I _ 600 <0 

2cos(i3) 

(3) 

cr„ = 3 1 9 0 3 , 4 3 ^ 2 ^ , l + ^ - ^ 1 2 0 0 < 0 (3.) 
- - '̂ 12 ^ ' 

(4) 

2cos(jC7 
-+.S,<0 (5) 

-Trong do: 
+ S, la khoang each giira vanh ngo î 

banh rang 2 va duong kinh true diu ra III. 
(2) + Ira* la he sd ehi6u eao diu rang. 

« , = ( l . 2 ~ 1 . 4 ) a , (6) 

g,(X) = l.2u^ -xl<0 (I) 
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g5W = ̂ 4-l-4»j. <0 

g6(X) = j c , - 4 0 < 0 

g.,{X) = 2A-x,<0 

g,{X) = -iO-x,<G 

g,„(X) = 2 , 5 - x , < 0 

g„(Jr) = ;c,-3<0 

g„{^) = 2,5-;c.<0 

g,3(X) = x , - 3 < 0 

(8) 

(5) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(hmh 3): 

Hinh 3. Nhdp hdm so vd cdc dieu kien bien 

- Ket qua nhan dugc sau khi tinh toan 
bang Optimization Toolbox (hinh 4): 

4. iTNG DVNG MATLAB OPTIMIZATION 
TOOLBOX 

Optimization Toolbox la thanh cong cu 
tinh toan tim toi mi trong MatLab. 

^ 

Nhap ham sd va eac dieu kien bien 

Hinh 4. Kit qud nhdn duac sau khi tinh todn I 
Optimization Toolbox 

5. K£T QUA VA THAO LUAN 

TIT cae kdt qua tren ta thay cac thdng sd da dupe tdi uu va dupe the hien trong bang 2; 

Bdng 2: Kit qud tru&c vd sau toi uu 

Ten bien 

Trudc tdi uu 

Sau tdi uu 

Xj 

26 

24 

^1 

(m,) 

3 

2,5 

^ 3 

(P,)rad 

0,224 

0,349 

x̂  

5 

4 

(^3) 

32 

30 

^ 6 

4,5 

2,5 

" 7 

(P,)rad 

0,243 

0,349 

f(X) 
(la) (mm) 

495 

363,789 
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Banh rang 1 

Gia tri 

Banh rang 2 

Gia tri 

Z| 

26 

z3 

32 

Bdng I: Cdc thong so hinh hoc 

z. 

130 

z4 

78 

m^ 

3 

m, 

4.5 

aid bdnh rdng 

P,0 
12.8385 

P,0 
13.93 

Kl 
80 

K 
120 

a, (mm) 

240 

aj(mm) 

255 

3.1. Xay dung ham muc tieu 

3. XAY DlTNG M 6 HINH TOAN HOC 3.2. Cac di^u kidn bidn 

Cae dieu kien bien bao gdm [1-5]: DiSu 
kien vd gidi ban ben tiep xiic (3, 3'), gidi han 
ben udn (4,4') , dieu kien ve kich thude (5), difiu 

Mue tieu tdi uu hda ed thi la thd tich, kien bdi tron (6-8), cac han che sd rang ciia banh 
tdng khdi lupng hoac tdng khoang each cac true rang (9-12), md dun cua cac banh rang (13-16), 
la nhd nhit [5]. dieu kien ve gdc nghieng (17-20). 

Viec tinh toan, xay dung ham muc tieu 
theo khoang each eac true banh rang trong hop 
giam tdc thi: 

Cac he sd chieu rdng vanh rang dupe coi 
la hang sd theo nhu can thiet ke, cac sd rang la 
cac bien sd nguyen trong khi do md-dun la eac 
bien rdi rac...De giai quyet van de tdi uu theo 
phuong phap lap trinh phi tuydn tdng quat, ca sd 
rang va cac md-dun duac coi la bidn lien tuc. 

- Vi vay, dua tren eac vin dh tren, thidt 
ke bien dupe dinh nghia nhu sau: z, - Sd rang 
banh rang 1 d cap tde dp cao, md-dun m,, p, gdc 
xoin, ty sd truygn u,; Zj - Sd rang banh rang 3 
cap toe dp thap, md-dun m^ va gdc xoin p^. Bay 
bidn thidt ke duac hidn thi trong (1). 

Ham muc tieu dupe thanh lap nhu sau: 

H 

2cos(a:^) ^ '2cos(;ir^) 

Trong dd: û . la tdng ty sd truydn. 

(2) 

-162663,22 

= 31903,43 

CT.-4621 

-1200 <0 

-1200 <0 (3') 

1 , 1 0 ^ " 
I x^x 

600 <0 

= 7920,52 -600<0 

iAn-
ij(i|3:,+2Aa'] 

2cos(xj) 

(4') 

2cos(x, 
-+5,<0 (5) 

-Trong do: 

+ S, la khoiing each giira vanh ngoai 
banh rang 2 va duong kinh true diu ra III. 

+ ha* la he so chieu cao dau rang. 

", =(l .2--1.4)w, 

g,(X) = \.2u.^ -xl<0 

(6) 

(7) 
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g!{X) = x^,-1.4u^ <0 

g 6 ( ^ ) = ^ , - 4 0 < 0 

g , ( X ) = 2 4 - x , < 0 

g^{X) = x,-40<0 

g,(X) = 30-x,<0 

g,„(X) = 2 , 5 - x , < 0 

g„(Ar) = x,-3<0 

g„(Z) = 2,5-;c.<0 

g,3(X) = x , - 3 < 0 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

;; W 
:: S-b-

^:±r- " - r_ 

=^ - _ ' 
p ^ ' " _ ~ ^ ~ "^ 

• A 

..W = S-3.0 (17) - Ket qua nhan duoc sau khi tinh toan 
bang Optimization Toolbox (hinh 4): 

4. ITNG D U N G MATLAB OPTIMIZATION 
TOOLBOX 

Optunization Toolbox la thanh cdng cu 
tmh toan tim tdi uu trong MatLab. 

(hinh 3): 
Nhap ham sd va cac dieu kien bien 

Hinh 4. Kit qud nhdn duac sau khi tinh todn bdng 
Optimization Toolbox 

5. KET QUA VA THAO LUAN 

Tir cac kdt qua tren ta thay cac thdng sd da dupe tdi uu va duac the hien trong bang 2: 

Bdng 2: Ket qud tru&c vd sau toi uu 

Ten bi6n 

Trudc tdi uu 

Sau tdi uu 

26 

24 

(m,) 

3 

2,5 

" 3 
(P,)rad 

0,224 

0,349 

" 4 

(u,) 

5 

4 

" 5 

32 

30 

4,5 

2,5 

^ 7 

(|i,)rad 

0,243 

0,349 

f(X) 
(la) (mm) 

495 

363,789 

ISSN 0866 - 7056 
TAP CHf CO KHi VIET NAM, Sd 1 +2 nam 2016 

www.cokhivietnam.vn 



NGHIEN C I K U - T R A O D O I 

S a =a^-\ = 240+255 = 495(mm) 

- Khoang each true ban diu tmh theo thiet ke. 

each thdng thudng: 
- Khoang each true giam eho thiy kich 

thude ciia hop giam tdc gpn nhe hem do dd tdi uu 
dupe cac kich thude ciia hop giam tdc, hi|u qua 

- Khoang each true sau khi dung MatLab ^^^^ ^^ ^^^ 
tdiuu: 

6. KET LUAN 

Ket qua eho thiy, viec tdi uu hda rit hiai 
qua va can ap dung vao thuc te trong qua trinh 
thidt kd de giam chi phi gia cdng ehe tao, nang 

26,5% cao hieu qua kinh te, tiet kiem dupe dien tich bi 
tri hop giam tdc. 

X a ^ = / ( X ) = 363,789(mm) 

• Phan tram khoang each true giam dupe: 

%a„. 
l a - I f l ^ 495-363,789 

la 495 

- Tu ket qua toi uu cho ta thay, khoang Phuang phap tren cd the dugc ap dyng 
each true giam di mdt lupng kha ldn 26,5% ma vao tdi uu hda thiet kd cho hop giam tdc 1 c^ , 2 
vin dam bao cae yen eau ky thuat trong qua trmh cap, 3 cap w . . . *> 
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