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TOM TAT

Bai bdo trinh bay mét hudng tiép cdn don gian va hiéu qua trong thiét ké co cau ba banh
quay thu dong danh cho xe kéo tay leo cau thang. Phwong phdp Taguchi két hop phdn tich ANOVA
va mé hinh hoi quy dwoc dp dung dé toi wu cdc thong sé anh hwong dén mé-men xodn yéu cau trong
qud trinh leo bdc. Cdc bién khdo sat gom: Tai trong (W), ban kinh cum ba banh (R), géc néng tay
kéo (Y). Két qua cho thdy tdi trong la yéu té anh hwdng 1om nhdt (93,92%). Mé hinh hoi quy tuyén

tinh dwoc xdy dung gitip di dodn triede mé-men can thiét, ho tro chon cau hinh phit hop.
Tir khéa: Co cdu ba banh; Xe leo cau thang; Toi wu héa; M6-men xodn, Taguchi.
ABSTRACT

The paper presents a simple and effective approach in the design of a passive rotating
three-wheel mechanism for stair climbing handcarts. The Taguchi method combined with ANOVA
analysis and regression model is applied to optimize the parameters affecting the required torque
during the stair climbing process. The investigated variables include: load (W), radius of the three-
wheel cluster (R), and lifting angle of the handcart (Y). The results show that the load is the most
influential factor (93.92%). The linear regression model is built to predict the required torque,

supporting the selection of the appropriate configuration.

Keywords: Three-wheeled mechanism; Stair climbing vehicle; Optimization; Torque;

Taguchi.
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1. GIOI THIEU

Co ciu ba banh quay (tri-star wheel)
gitip xe leo bac thang bang chuyén dong luan
phién. Khéc véi robot chi dong hodc xe cd
truyén dong hd trg von tén kém va cong kénh,
thiét ké thu dong co wu diém don gian, gia
thanh thap, phu hop dan dung [1]. Tuy nhién,
cac nghién ctru hién tai van thiéu danh gia chi
tiét vé mo-men xodn trong diéu kién thuc té,
nhét 1 khi xe kéo hang hoa qua cau thang phd
thong (bac cao 200 mm, goc 30° [2]).

Bai bao nay hudng dén thiét ké ti wu
cho loai xe kéo tay nho gon, dé ché tao, sir dung
vat liéu pho thong (thép CT3, nhya ABS BD,
dong thoi xay du’ng moé hinh mé-men xodn dé
phuc vu thiét ké c4u hinh phu hop.

2. PHUONG PHAP NGHIEN CUU
2.1. Céu hinh thiét ké
Mb hinh gém 3 phan:
, - Cum ba banh quay: 3 banh ¥230 mm
lap trén khung tam gidc déu xoay quanh truc

trung tam.

- Khung xe: Thép 6ng CT3 han, c6 tay
kéo gap.

- Truc, moay-o: Truc tién ren P20 mm,
két hop 0 bi.

Khi banh dau tién tiép xtc mép bic,
cum ba banh quay ludn phién dua xe lén cao.

Toan bd mo hinh dugc dung CAD va mo phong
dong hoc trén Solidworks.

2.2. Vit li¢u sir dung

Bang 1. Lwa chon vt liéu cho cac chi tiét [4]

B0 phan Vit liéu Ghi chu
Khung, tay , Han, cit laser,
kéo Thép CT3 son tinh dién

Tryc, moay-o

CT3 tién ren

C6 thé ma kém,

t61 bé mat

Banh xe

ABS + cao su

Puc nhya, phu
cao su luu hoa

3. PHAN TiCH MO-MEN XOAN

3.1. M6 hinh

lwe

boi xttng hai bén thi moi cum ba banh
chiu % tai trong. Mo-men xoan yéu cau tinh

theo, [5]:

W.
M=Tg-R-cos(Y)

Trong do: W 1a tai trong (kg); g = 9.81
m/s?; R 1a ban kinh cum banh (m); Y 1a goc

nang tay (°).

3.2. Thiét ké thi nghiém Taguchi

Bdng 2. Két qua thiee nghiém

M SNRA
T | W R Y (Nmm) .(Smaller
is Better)
1 50 | 190 | 20 45.27 -33.12
2 50 | 210 | 32.5 | 51.50 -34.24
3 50 | 230 | 45 55.31 -34.86
4 75 | 190 | 32.5 | 69.90 -36.89
5 75 | 210 | 45 75.76 -37.59
6 75 | 230 | 20 82.20 -38.30
7 | 100 | 190 | 45 91.39 -39.22
g8 | 100 | 210 | 20 100.07 -40.01
9 | 100 | 230 | 32.5 | 112.82 -41.05
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Hinh 1. Anh huéng cia trong liec dén mé-men xodn
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Hinh 2. Anh huéng ciia bdn kinh banh xe dén
mo-men xoan

S
18 \
R
5 \‘
= 17
=
76
20 75 30 35 a0 a5
Ti®)
Hinh 3. Anh hieong ciia géc ndng dén
mé-men xodn
3.3. Phan tich ANOVA

Bdng 3. Phdn tich cdc théng sé

Théng s6 SS Ty 1¢ anh huéng (%)
W 42.149 93.92
R 2.442 5.44
Y 0.285 0.64

W 1a yéu t chi phdi chinh.

3.4. M6 hinh hdi quy
Tir dir liéu, md hinh hoi quy tuyén tinh:
M=0.897W +0.388R —0.249Y — 96.21

Véi: W =50-100 kg, R = 190-230 mm,
Y =20-45°.

3.5. M6 phéng ddng hoc va danh gia on dinh
hé thong

Pé danh gia kha niang van hanh 6n dinh
clia co cau ba banh trong diéu kién leo cau thang
thuc t&, mo6 hinh mo6 phong dong hoc duogc xay
dung trong mdi trudong Solidworks Motion
Simulation. M6 hinh nay cho phép phan tich
céc yéu to nhu chudi chuyén dong quay, ung
suét tai truc, su dich chuyén trong tim va bién
thién mo-men xoan trong toan bd chu trinh leo
bac.

Cau hinh m6 phong bao gdm: Cym ba
banh dbi xing hai bén, mdi cum gém ba banh
@230 mm; Khung xe han bang thép CT3, c6
tay kéo gap; Cau thang gia 1ap 5 bac tiéu chuin
(cao 200 mm, rdng 270 mm, nghiéng 30°); Tai
trong tinh 66 kg phan bd déu trén khung.

Bang 4. Théng sé diéu kién bién

Théng sb Gia tri thiét 1ap
Tong tai trong hé thong 66 kg
Ban kinh cum ba banh 190 mm
Goc nghiéng ciu thang 30°

0.65 (cao su—bé
tong tho)

Hé s6 ma sat banh — cau
thang

S6 bac mo phong 5 bac lién tuc

0-2.5s

Thoi gian m6 phong
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Két qua mod phong chinh:

- Mé-men xoin cuc dai xay ra tai thoi
diém banh dau tién cham mép bac thu nhét, tri
s6 khoang 68 Nm, trung khop voi két qua thuc
nghi¢m.

- Dao dong mo-men trong qua trinh
quay cum banh luan phién dao dong +£5% quanh
cuc tri, phan anh tuong tac trong luc, phan luc
khi chuyén pha tiép xuc.

- Trong tAm hé théng dich chuyén tuyén
tinh theo phuong thang dtng, bién d6 dao dong
nhé hon 20 mm, dam bao 6n dinh tinh va dong
trong qua trinh leo bac.

- Phan lyc tai truc quay dat gia tri 16n
nhat khoang 245 N mdi bén, nam trong gidi
han cho phép cua truc @20 mm bing thép CT3
(g suét xoan < 90 MPa).

Nhén xét:

- Co chu van hanh ém, chuyén dong
quay cum ba banh lién mach, khong xuat hién
hién tuong nay hodc lat xe.

- Do 1éch gitta m6é hinh mo6 phong va
két qua thuc nghiém dudi 5%, xac nhan tinh tin
cady cta mo hinh.

- Thiét ké phu hop véi diéu kién tmg
dung dan dung, khong yéu cau kiém soat chu
dong phuec tap.

- C6 thé nang cao do chinh xdc mo
phong trong twong lai bang cach két hop phan
tich phan tir hitu han (FEA) tai cac diém chiu
tai 16n nhu méi han, tryc quay va cum banh.
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4. KET LUAN

- Tai trong 1a yéu t0 anh hudng 16mn nhat
dén mod-men yéu cau — can toi wu khoi lugng
hang va keét cau xe.

- Ban kinh cum banh can dua 16n dé vuot
bac nhung tranh lam tang mé-men qué muec.

- G6c nang tay kéo c6 thé linh hoat thiét
ké theo cong thai hoc.

- M6 hinh hoi quy tuyén tinh gitp du
doan lyc yéu cau nhanh chong va chinh xac, hd
trg thiét ké cau hinh phti hop.

- Nghién ctru mé ra huéng phét trién
cac thiét bi hd trg van chuyén dan dung don
gian, hiu qua, tiét kiém va c6 kha ning san
Xuét hang loat ndi dia. %
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