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Bai bao trinh bay két qua nghién ciru, thiét ké xe lan dién c6 kha nang
leo cau thang. Nghién clru tp trung vao viéc cai tién, phat trién cum
truyén dong co khi cua co cau leo cau thang, déy la thanh phén chinh
clia xe lin dién leo cau thang ding cho ngudi khuyét tat. Khao sat
dong hoc, dong lyc hoc va mo phong hoat dong cua xe dugc thuc
hién béing cac ph?m mém chuyén nghiép. Viéc ché tao dugc thue hién
tai Truong Dai hoc Su pham K¥ thuat Vinh Long, nhoém nghién ctu
dang thuc hién cac thir nghiém dé hoan thién thiét ké va ché tao.
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The objective of this article is to report the results of studying, designing
electric-powered wheelchair that can climb stairs. The study focuses on
innovating and developing mechanical transmission assemblies of the
stair-climbing mechanism, they are the main components of stair-
climbing wheelchairs used by the disabled. Observing kinetics,
dynamics and simulating the wheelchair motion are done by
professional softwares. Manufacturing and testing were implemented at
Vinh Long University of Technology Education, the research group is
carrying out experiments to finish the design and manufacture.
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1. PAT VAN PE

Cac loai xe lan dién phd bién trén thé gioi hién nay déu chwa co kha ning leo Ién céc bac cau
thang. O Viét Nam, viéc thiét ké va ché tao xe lan dién tu hanh cling moi chi ¢ giai doan nghién cuu,
chua c6 nghién ciru vé xe lin dién leo cau thang. Nghién ciru, phét trién va ché tao céc xe lin c¢6 kha
ning leo cau thang s& gilip cai thién va nang cao chat lugng cudc sdng ctia hang triéu ngudi khuyét
tat, ddc biét 1a nguoi khuyét tat sdng cac do thi.

Trong cac nghién ciru trude day (phién ban VLUTE-CWC 1.0, VLUTE-CWC 1.1, VLUTE-
CWC 1.2 va VLUTE-CWC 1.3) [3,4], tac gia cung nhom nghién ctru da xay dung mot s6 md hinh
nguyén 1y va tién hanh thiét k&, ché tao, thir nghiém xe lin dién leo ciu thang, hinh 1.
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Qua thir nghiém, xe lin dién leo ciu thang phién ban VLUTE-CWC 1.0 hoat dong t6t trén
duong bang phing, gb ghé, ciing nhu trén dudng ¢ goc nghiéng dudi 15°, nhung khi leo cau thang
xe hoat dong chwa 6n dinh. Tac gia va cac cong sy da tiép tuc cai tién co cdu leo cau thang & cac
phién ban VLUTE-CWC 1.1, VLUTE-CWC 1.2. Téi phién ban VLUTE-CWC 1.3, hinh 1b, xe lan
dién leo cau thang khong nhimg thay dbi co cdu leo ciu thang ma con thay doi cac két cau khac ctia
xe cho phil hop. V&i phién ban nay, hoat dong leo cau thang ciia xe da 6n dinh hon nhung van con
mot s6 han ché can tiép tuc nghién ctru phat trién.

a) b)

Hinh 1. Mo hinh xe lan dién leo cau thang
a) Phién ban VLUTE-CWC 1.0 b) Phién ban cai tién VLUTE-CWC 1.3

2. CAI TIEN, PHAT TRIEN CO CAU LEO CAU THANG

Mb hinh xe lin dién leo cau thang céi tién dugc trinh bay trong bai béo ndy (phién ban
VLUTE-CWC 2.0), hinh 2, nham khac phyc hién tuong xe khong dam bao di thang khi Ién cac
bac cau va bi giat khi qua bac thang cudi cung... nhu ¢ phién ban VLUTE-CWC 1.3.

Hinh 2. M6 hinh xe lan dién leo ciu thang VLUTE-CWC 2.0
a) Khi xe di trén duong bang  b)Khi xe leo cau thang c¢) Pong co dién dang piston - xy lanh
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Khi xe di chuyen trén dudng bing phing hay gd ghe voi goc nghiéng khong qua 15°, cac
banh xe nhan chuyén dong tir dong co, qua hop giam toc va bd truyén dong xich tdi truc banh
sau, hinh 2a. Banh trudc c6 thé xoay dugc moi hudng, lam tang kha nang diéu khién cua xe.

Truong hop xe 1én cau thang, khi nguoi sir dung Iui xe dé hai banh sau cham vao béc cau
thang dau tién va nhan nit diéu khién, lic d6 hai banh sau duoc dong co dang piston - xy lanh
(hinh 2c) kéo Ién dong thoi cap dong co piston - xy lanh khac nang than xe, lam cho hai day dai
rang co két cau dac biét tiép xuc voi mat duong. Bong co cia co cau leo cau thang qua hop giam
tbe (hay hop cau chu dong) truyén t6i cac truc banh dai chi dong lam xe 1én ciu thang nhung
ghé ngdi van nam ngang nhim dam bao an toan cho ngudi sir dung, hinh 2b.

2.1. Cum cau chi dong cua co cau leo cau thang

O ché d6 lam viéc binh thuong, Vg.l’l sir dung dong co va hop giam tdc nhu phién ban
VLUTE-CWC 1.0 (hinh 3a), qua bd truyén dong xich toi truc banh sau, hinh 2a, lam xe di
chuyén véi toc do can thiét.

a) b)
Hinh 3. Ban v& 3D hop giam tdc
a) Hop giam toc khi xe 1am viéc binh thuong
b) Hop gidm tdc co ciu leo cau thang & phién ban VLUTE-CWC 2.0

Khi xe 1én cau thang, dong co gan trén cla co cau s€ truyén chuyén dong tdi hop giam toc

(truc vit - banh vit, by vi sai), tur day chuyén dong duoc truyén to1 truc chiu lwe chinh cua hai
banh dai chu dong, hinh 2b, hinh 3b.

2.2. Co céu leo ciu thang

Khac voi xe lan leo cau thang phién ban VLUTE-CWC 1.3, co céu leo ciu thang cua xe
lan cai tién VLUTE-CWC 2.0 1a mot don nguyén dat dudi khung xe va chi hoat dong khi nut an
diéu khién dong co DC 24V duoc bat, hinh 4.

Hinh 4. Két c4u co khi cum truyén dong co cau leo cau thang
a) Co cau leo cau thang b) Khung chiu lyc chinh ¢) Khung phu
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3. TINH TOAN CO CAU LEO CAU THANG
3.1. Tinh toan ddng hoc, ddng luc hoc Kkhi xe leo ciu thang

Tinh toan dong hoc va dong Iyc hoc khi xe chuyén dong trén duong bing phiang (hodc 1én
déc v6i goc nghiéng dudi 15°) dd duoc tac gia thuc hién [4]. Trong do, tai trong (bao gdm trong
luong nguoi, tu trong xe) la 2000N, m6i dam trén khung s& chiu tai 1000N; ngudn dong luc tir
dong co DC 24V ¢6 cong suat 500W, sb vong quay 120 rpm.

Khi xe t6i cac bac cau thang, co cau leo cau thang s hoat dong. Duong truyén dong bit
dau tir truc dong co qua hop giam tdc truc vit (Worm) - banh vit (Worm gear) va bd vi sai
(Differential gear) lam quay banh dai chu dong (Pulley 1). Co céu leo cau thang su dung bd
truyén dai voi banh day dai ring dic biét (Belt) dé thuc hién chirc ning leo cau thang. Pay ciing
chinh 13 trudng hop khi xe xudng cac bac ciu thang, hinh 5.

Trong ca hai truong hop, ngoai viée tinh toan theo cc cong thirc kinh dién, tac gia da siur
dung cong cu phan tich tinh toan tich hop trong phan mém Inventor dé kiém nghiém. Ca hai cach
tinh déu cho két qua gan nhu tring khop.

P

Fr m.g.cos(x
200
. 115 P
et
a) b)
Hinh 5. Hoat dong cua chu co leo cau thang
a) Kich thudce cau thang b) Cac thanh phan luc tac dong

Quy dao chuyén dong cua diém gin trén cac truc chinh va truc phu co cdu leo ciu thang
khi st dung Inventor mo phong chuyén ddng cua xe 1én cac bac cau thang xac dinh nhu hinh 6.

Qu¥ dao truc chinh

Qu¥ dao truc phu

Hinh 6. Quy dao chuyén dong cua truc chinh va tryc phu

Kiém nghie::m tinh toan dong hoc va dong lyc hoc khi xe chuyén dong 1én céac bac cAu
thang voi mat phang nghiéng 30° dugc xac dinh nhu cac hinh 7, 8 va 9.
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ﬁ Desian ff‘, Calculation
Method of Strength Calculation

Legacy ANSI
Loads

Driving Part (®) Worm () worm gear
Power p | 0.167 kw » | 0.097 kw
Speed n | 650.00 rpm » | 26.00 rpm
Torque T |24535Nm 35.537Nm
[] Effidency n | 0.579ul
Material Values

Worm [ |User material

\Waorm gear |:| |Llser material

Bending Fatigue Strength S, | 165.0MPa
Contact Fatigue Strength (48 0.6 MPa
Modulus of Elasticity E | 206700 MPa » | 206000 MPa
Poisson's Ratio po|0.270ul » | 0.300ul
Worm Material Coeffident Kmet | 1.000ul >

Required Life Ly | 10000 hr

Factors Accuracy

¥ dEa
Results &
Fe 346.691M
Fn 1470.565 M
Vi 0.955 mps
Worm
Fy 164.660 M
Fa 1421.495M
Worm gear
Fy 1421.9495M
= 164.660 M
Fd 1711.600 M
Fw 544.138 M
Fs 1819.453 M
#

Hinh 7. Truyén dong truc vit - banh vit ctia hop giam tdc

O day, lay cac thong sb dong co lam cac thong sb vao cua truc vit (chuyén dong cua truc
dong co dugc truyén truc tiep dén truc vit qua khdp noi cung, coi nhu hi€u suat truyén n = 1).

&P Design  J& Caluiation w HE A
Method of Strength Caloulation Results *
150 6335: 199 Fy FT4150 N
Fo B23.83IN
Loads
Gear 1 Gear 2 ) 0.125 mps
n 23205.827 rom
Fower P | 0097 kW » | 0.095kW 2
= — Gear 1
Speed m | AT 2 | P 252021 N
Targue T | 17.813INm 34.514Hm Fa 252,021 N
Efficency n | 0,980 u 3 Fai 126,010
= 136,010 M
Material Values s )
A _ Bay 1,469 ul
e [ e SF 3.092
Gear 2 User materia S L2254
Berding Fatigue Limit Beim 600 MFa » 500 MPa SEm 6.271u
Contact Fatigue Limit Gy | 11400 MPR »  1190.0MPa Gear 2
F. 126,010 N
Medulus of Bastidty E |206000MPa > | 206000 MPs r .
Fa 126,010 N
i = T
Paisson's Ratio o [0.300u > | 0.300u Fit 263,021 M
Heat Treatment 2ul » 2u Fa 252,021 N
Sy 1.64 U
5 3,269
Required Life Ly | 10000 he o i
St L8z u
Factors Accuracy Sra e .
" ¥
Caloulate oK Cancel »>

Hinh 8. Truyén dong cip banh ring vi sai

O diéu kién binh thuong, hai cdp vi sai ¢6 ciing momen xoan va s6 vong quay nén chi tinh
cho mot cap.
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¢ Design f5 calculation W \ﬁu a7 &
Type of calculation Results ~l|®
Strength Chedk v |V 0.138 mps
fi, 0.181Hz
Load F':| 705.027 N
Power, Speed —= Torgue W Fe (02N
P 846,037 N
Power P | 0.097kW > || Fe 493,524 N
Taorque T| 35626 Mm CpR 1.876ul
T Belt
ee n| 25.000
o L - I 0,182 kW
Service factor cp| 1.200u * | Ve 40,000 mps
Effidency n|0.970ul > Frnzs 50.000 Hz
m 0.234 kg/m
Factors Pulley 1
[[]custom Py 1.000 ul
P 0.097 kw
Teeth in mesh factor k| 1.000 ul
T 35.626 N m
Belt properties n 26,000 rpm
[ custom Dy 101.063 mm
T 10.000 ul
Maximum allowable working tension Ta| 1322.742N
B 133.75 deg
Length correction factor C;| 1.000 ul Fi 346,037 N
Fa 141.010N
Belt tensioning E 943,036 N
Tension factor kl 1,200 ul > F\.‘ 07 752N W o

Hinh 9. Truyén dong banh dai - ddy dai rang khi xe lan dién leo ciu thang
Thong sé dau vao 1a thong sb cia banh vit, cong sudt 97W, sb vong quay 26 rpm.

3.2. Tinh bén mét s6 tiét chinh ciia co ciu leo ciu thang

Bang viéc phan tich lyc tac dung cling nhu cac vi tri dat lyc 1én, véi vat li¢u xac dinh va
su dung analysis trong Inventor ta kiém nghiém bén mdt so ti€t chinh ctia co cau leo cau thang.

3.2.1. Khung chiu lyc chinh ciia co céu léo cdu thang

Khung c6 nhiém vy nang d& trong lwgng cua xe va nguoi sir dung khi leo cau thang. Khi
lam viéc khung chiu lyc tac dung thay dbi nén khi tinh ta tinh khi lyc tac dung 1én khung 1a 16n
nhét. Khung chi nang d& nén chi chiu ing sudt udn va ng suat nén. Tinh luc tac dung tai thoi
diém luc 16n nhét cong thém trong lrong ciia ngudi sir dung 13 650N (Tong 2650N), hinh 10.

Hinh 10. Chon mit cb dinh va dit luc 1én khung chinh
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Bing phuwong phap str dung mé hinh mé phong stress analysis trong Inventor cho két qua
nhu hinh 11.

Tyee Saf ty Factor

Tyne: Vo Mises Stress

Lnt: MPs

6/20/2C18, 2:45:22 PM
61.09 Vax

5/:0/2018, 1:46:46 PM
0.2369 Max

I 0.2055
01541

01022

Uit
5% lU/ U1z 1:4/:50 M

a) b) c)

) Hinh 11. Két qua tinh bén khung chiu lyc chinh.
a) Ung sult trén khung  b) P an toan ciia khung  ¢) Chuyén vi ciia khung

Nhu trong hinh khi chiu tac dung boi tong cac trong lugng khung c6 nguy co vong xudng
nhirng van trong vung c6 ung suat cho phép.
Két luan: diém chju ting suat 16n nhit c6 & = 61,09 MPa < 8 cho phep

3.2.2. Khung phu

Khung phy lam nhiém vu néng do xe khi xe leo cau thang tranh tinh trang ket gitra xe,
tham chi dat day dai khi qua tai. Khung chiu ing sudt nén va ung suat uén do lyc tir mat phang
nghiéng qua cac goc cua nhitng bac cau thang tac dung, trong khi khung chinh chiu lyc do trong
luc nguoi va xe tac dung. Chon vat lién 1a khung 1a thép C45, thoi diém tinh khi khung cham 1
béc cla cau thang, mat ¢6 dinh va mat chiju luc nhu hinh 12.

Hinh 12. Chon mit cb dinh va dit lyc 1én khung phu

Két qua md phong stress analysis trong Inventor nhu hinh 13.

Type: Safety Factor

nie;

6/10/2018, 2:53:32 M
15 Max

€/10/2018, 252:35 PM
2267 Max

26.14
19.61
13.08
555

202Mn

a) ) b) ¢)
) Hinh 13. Két qua tinh bén khung chiu lyc chinh
a) Ung sult trén khung  b) P an toan ciia khung  ¢) Chuyén vi ciia khung

DPiém chiu ung suét 1on nhét trén khung 1a & = 32,67 MPa < 88 cho phep
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3.2.3. Truc chinh

Truc chinh truyén mémen xoén tir hop giam tdc cua co céu leo cau thang t6i cac banh dai
(buly) va chiu trong lugng ciia nguoi va xe khi hoat dong leo cau thanh (d3 xac dinh 1a 2000N).
Nhu véy truc chiu ca md men xodn va md men udn. Vat liéu chon la theép CT45, t61 - ram dam
bao cling bé mit va do déo dai ciia phan thén, duong kinh trong 6 bi 15mm, hinh 14.

Hinh 14. Chon mit ) dinh va dat luc 1én truc

Bing phuwong phap str dung md hinh mé phong stress analysis trong Inventor cho két qua
nhu hinh 15.

Type: Von Mies Stress

Urit: MPa

6/10/2018, 2:29:29 PM
205.6 Max

Type: Safety Factor
<) Urit: ol
6/10/2018, 2:31:24 PM
15 Max

Type:! Displacement

Unit: mm

6/10/2018, 2:30:52 PM
0.01742 Max

164.5 0.01394

1234 0.01045

0.00697

0.00348

A
¥
a) b) ¢)
) Hinh 15. Két qua tinh bén truc chinh
a) Ung suét trén tryc ~ b) Chuyeén vj cua truc ¢) b6 an toan cua truc

Khi ¢6 lye tac dung, thanh sau chi vong xudng nhung Van thudc gidi han cho phép. Vao
nhitng chd vong xuong hay nguy hiém ta lap thém bac 16t khi gan vao khung xe.
Két luan: diém chiju ng suat 16n nhat c6 & = 608.4 MPa < 85 cho phép

3.2.4. Truc phu

Hai truc phu c6 cung kich thudce, vat liéu (Thép CT45), duong kinh trong 6 bila 15mm. Dé
tinh todn, chon truc truc trudc (vung chiu lyc tap tap trung l6n hon), thoi diém tinh khi xe 1€n cau
thang trng voi trong luc xe la 16n nhat (2000N), hinh 16.

Hinh 16. Chon mat ) dinh va dat luc 1én truc
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Két qua md phong stress analysis trong Inventor nhu hinh 17.

Type: Displacement Type: Safety Factor
Unit: mm Urit: ol
6/3/2018, 10:54:53 AM 6/9/2018, 10:55:25 AM
0.01473 Max )] 15 Max
-

Type: Von Mises Stress

it MPa ~ g

5018, 105407 AM
167 3 Max

[\

1338

04 001179 12

SEH) 000884 9
0.00583 3
0.00295

0 Min 0

L

a) b) ©)

Hinh 17. Két qua tinh bén truc phu
a) Ung sut trén truc b) Chuyén Vi cua truc ¢) B9 an toan cua tryc

Két luan: Diém chiu ing sut 16n nhit ¢6 & = 167.3 MPa < 8g cho phep- Két qua cho thay truc
phu voi luc tac dung 1a 2000N nhung van lam viéc véi do an toan cao.

4. KET LUAN

Bai bao trinh bay viéc nghién ciru thiét ké co cau leo cau thang cia xe lin dién. Két qua
thiét ké da dung dwoc mé hinh 3D cua co céu leo cau thang ciing nhu cta cua xe lin dién, dd mo
phong hoat dong cua xe trén cac dia hinh khac nhau, dac biét 1a trudng hop xe leo cau thang. Bai
bao ciing trinh bay két qua phan tich dong hoc va dong luc hoc cua co cau leo cau thang xe lin
dién bang phan mém Inventor. Két qua nghién ctru gitip cho viée phat trién, cai tién thiét ké ché
tao xe dién leo cau thang.

LOI CAM ON

Nhoém tac gid xin cam on sy hd tro cia Truong Pai hoc Su pham K§¥ thuat Vinh Long, Bo
Lao dong - Thuong binh va Xa hoi trong qua trinh nghién ctru.
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