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Tém tit

Xe lan 1a mot thiét bi y té quan trong hd trg cho nhimng ngudi gip kho khan khi di chuyén trong sinh hoat cudc séng hang
ngay. Cac thiét ké vé xe lan ngay cang duoc cai tién dé mang dén nhiéu tién ich hon cho ngudi ding va xe lan ding 1a
mot dong xe lan tidu biéu. Xe lan dung gitp nguoi sir dung di chuyén & tu thé thang dung, gitp ich nhiéu trong sinh hoat
ca nhan va cong viéc, ngoai ra con hd tro ngudi bi suy giam chirc nang di chuyén hdi phuc nhanh hon, b6t di cam giac tu
ti dé hoa nhap véi cong dong.

Nhom nghién ciru da tinh toan va thiét ké co khi duoc kiéu xe lan dién dimg véi kich thudce dai x rong x cao 14 95 x 50 x
1450cm, niang 50kg, c6 co ciu nang dugc trong luong 100kg, di chuyén trén dia hinh bang phing va d6 dbc 16n nhit 13
69, tbc d6 di chuyén 16n nhéat Skm/h. Nguoi str dung c6 thé van hanh xe & 2 tu thé ngdi va dimg. Xe lan duoc thiét ké phu
hop thé trang nguoi Viét Nam, c6 thé didu chinh d6 cao ban dap chan dé sir dung cho nhiéu nguoi véi chiéu cao khac
nhau. Xe lin c6 thé duoc st dung tai cac bénh vién, trung tdm phuc hdi chuc nang, vién dudng 3o hay tai nha. Bai bao
trinh bay thiét ké co khi xe ldn va cac tinh toan nhu cong suat dong co, luc dy can thiét ciia xilanh, d6 ddc an toan dé xe
lan khong bj 14t khi 1én xudng déc.

Tir khéa: xe lan; ngudi gap kho khin di chuyén; xe lan dién dimg.
Abstract

A wheelchair is an important medical device that provides support for individuals facing mobility challenges, both in
terms of movement and various activities. Wheelchair designs have been continually improved to offer more convenience
to users, and standing wheelchairs are a prominent type. Standing wheelchairs enable users to move in an upright position,
which greatly assists in personal activities and work. Additionally, it can help individuals with reduced mobility function
in recovering more quickly and reducing feelings of self-consciousness, facilitating their integration into the community.

The research team has calculated and designed a standing electric wheelchair with dimensions of 95 x 50 x 1450 cm
(length x width x height), weighing 50kg, can lift a weight of 100kg, move on flat terrain, and even slopes up to 6° degrees
with maximum speed of 5 km/h. The research team has calculated and designed a mechanical structure for an electric
standing wheelchair that can lift a weight of 100kg, move on flat terrain, and even slopes up to 6° degrees. Users can

“Tac gia lién hé: V& Minh Long
Email: longvo91@gmail.com



D.Ngoc Sy, V.Minh Long,... | Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tan 6(61) (2023) 20-25 21

operate the wheelchair in both sitting and standing positions. The wheelchair is designed to be suitable for the physique
of Vietnamese individuals, with height-adjustable footrest to accommodate people of varying heights. This wheelchair
can be used in hospitals, rehabilitation centers, nursing homes, or at home. The report presents the mechanical design of
the wheelchair and some results of calculation such as motor power, required cylinder thrust, and the safe slope angle to

prevent tipping when going up or down inclines.

Keywords: wheelchair; individuals facing mobility challenges; electric standing wheelchair.

1. Giéi thi¢u
1.1 Tim hiéu vé xe lin dién

Bing ching chiéc xe lian dau tién trén thé gisi
dugc tim thidy & Trung Qudc, trén buc tranh
duoc v& vao nam 525. Pén nam 1933, 2 ky su co
khi Harry C. Jennings Sr. va Herbert Everest da
sang ché ra nguyén ban ciia nhing chiéc xe lan
ngay nay [1].

Vi su phat trién cta linh vuc dién tu, nhiing
chiéc xe lan duoc trang bi dong co dién va pin ra
doi. Nguoi str dung c6 thé diéu khién xe tién t6i
ma khong can dung stc ddy cia tay. Nam 2014,
chiéc xe lan dién diéu khién bang giong néi cua
2 nha khoa hoc dén tir Pai hoc MIT 1a Matt
Walter va Sachi Hemachandra duoc xem 1a su
phat trién vuot bac trong tién trinh cai tién xe ldn
dién. Nguoi str dung c6 thé cai dit hé thong ban
dd va cac cau 1énh, xe lan sé hiéu duoc va di
chuyén t6i vi tri ma ho mong mudn. Cing véi sy
phat trién ciia cong nghé Al, nhiing nghién ctru
gan day hudng toi két ndi xe lan v6i smartphone,
ngudi ding c6 thé diéu khién tryc tiép trén dién
thoai, hay qua giong noi, cur chi, hoi th va ca
bang s6ng nio.

Trén thi trudng, nhitng chiée xe lin ngay nay
khong nhitng duoc cai tién nhidu vé cong nghé,
ma tinh thAm m¥ cling duoc chu trong, gitip cho
nguoi su dung dugce thoai mai, khong c6 cam giac
tur ti. Chiéc xe lan dién Model C2 cua hang Whill,
xe ¢o trong lwong khoang 55kg, toc do tdi da
8km/h, c6 thé di duoc trén dudng déc 10°, diéu
khién chuyén dong bang niim xoay (Hinh 1). Hay
chiéc xe lan dién H3S cua hing Airwheel: xe co
trong luong nhe chi khoang 30kg, tdc do t6i da
la 6km/h va c6 thé leo 1én déc 9°, duge diéu

khién chuyén dong va gip gon tir xa bang
smartphone.

Hinh 1. Xe lan dién Whill Model C2 [2]

Ngudi 16n tudi, nguoi sau khi bi tai nan, dot
quy hay sau cudc phau thuat 16n s& c6 nhiing han
ché vé van dong. Dé thuén tién trong sinh hoat,
ho thuong st dung xe lin dé trg giup qué trinh
di chuyén. Tuy nhién viéc ngdi trén xe lin mot
thoi gian dai c6 thé gay ra viém bang quang, luu
thong méu khong tt va cic bénh vé xuong co.
Xe lan dién dimg gitip han ché nhimng vén dé sirc
khoe trén va ciing hd trg bénh nhan trong qua
trinh tap luyén phuc hdi kha nang van dong [3].

Xe lan dién ding gdm cac bd phan chinh nhu
sau: dé, khung chinh, ghé ngdi, dong co, pin va
bd didu khién. Dé duoc lip 4 banh xe, 2 banh
chu dong lap dat dong co va 2 banh da hudng.
Khung chinh ni lién voi dé tao ra mot két cau
can bang khi di chuyén. Ghé ngdi duoc gan trén
khung chinh c6 thé diéu chinh gip. Cac dong co
dién hd trg chuyén dong cta 2 banh trude va gap
1én xudng ctia ghé ngdi thong qua bd diéu khién
duoc gan trén xe lan.

1.2. Muc tiéu nghién ciru

Tinh toan va thiét ké san pham xe lin dién dung
cho nguoi bi suy giam chire nang di chuyén. San
pham dap ung dugc céc ti€u chi nhu sau:
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e An toan trong qua trinh st dung: khong
bi nghiéng, 1at khi di chuyén trén dia hinh
bang phing va d6 doc 16n nhit 1a 6°,
dugc trang bi day deo an toan.

e Tdc do di chuyén tbi da la Skm/h.

e Tbng trong luong xe khoang 50kg.

e Phu hop v6i chiéu cao va khdi lugng
nguoi Viét Nam.

e Chiu dugc trong luong nguodi tdi da
100kg.

e (6 gia thanh phu hop véi diéu kién kinh
té & Viét Nam.

Thiét ké c6 tinh md dun hoa cao, d& dang bao
tri ciing nhu thay thé linh kién.

2. Phuong phap nghién ciru

- Dya trén viéc thu thap s6 liéu da dugc cong
b, tong hop kich thude sinh tric hoc ciia nguoi
Viét Nam d¢ c6 dit liéu tinh toan va thiét ké.

- Ap dung diéu kién can béng luc, tinh toan,
thiét ké két cau co khi dé xe lan can bang khi di
chuyén trén dudng bang va khi 1én xudng déc.

- Ap dung diéu kién can bang lyc, cong thirc
tinh cong suit va moment dong co, tinh toan, lya
chon ddng co di chuyén va xi lanh dién nang ghé.
3. Két qua nghién ciru
3.1. Sinh tric hoc nguwoi Vigt Nam

Theo két qua Tong diéu tra Dinh dudng Toan
qudc nam 2019-2020, chiéu cao trung binh &
nhém thanh nién nam 18 tudi dat 168.1cm, nir
dat 156.2cm [4]. Dua theo chiéu cao tiéu chuan
ctia to chtrc Y té Thé gidi [5], ta ude tinh chiéu
cao trung binh ctia ngudi Viét & cac nhom tudi
nhu Bang 1:

Bang 1. Chiéu cao trung binh ngudi Viét
Nam theo do tudi

14 156.2 151.6
15 162.5 152.9
16 165.8 155.7
17 167.6 155.7
18 168.1 156.2
19 168.9 156.2

Trong gidi phéu va ngh¢ thuat tao hinh, thi
phan dau (tinh tir dinh dau dén cam) 1 don vi so
sanh ti 1& toan than thong dung nhit [6]. Pan 6ng
va phu nit ¢ tudi truong thanh (trén 18 tudi) toan
than do dugc 7.5 dau, trong d6 chiéu cao tir khép
hong dén got chan 1a 4 dau. Thiéu nién tir 12 dén
17 tudi toan than do dugc 7 dau, trong d6 chiéu
cao tir khop hong dén got chan 1a 3.5 dau (Bang
2). Dua vao chiéu cao nay dé thiét ké chiéu cao
ctia ghé, diém cao nhat ctia ghé khi nguoi dung
ngang bang v&i khdp hong.

Biang 2. Chiéu cao tir khdp hong dén got chan

Tudi Chiéu cao (cm)
Nam Nt
12 70.8 71.2
13 74.4 75
14 78.2 75.8
15 81.2 76.4
16 83 77.8
17 83.8 77.8
18 89.6 83.4
19 90 83.4

Tubi Chiéu cao (cm)
Nam N
12 141.5 142.2
13 148.6 149.9

3.2. Thiét ké co khi
Xe lan dién dung duogc cAu tao tir nhitng bd
phan chinh sau (Hinh 2):
(» Khung xe
2 Cum banh xe chu dong
(3 Banh xe sau
@ Bé dé chan
(® Xilanh dién
® Ghé ngdi, tya
@ Dau xe tich hop bo diéu khién
Ac quy chi
Khung xe (1) duoc lam tir thép, cac chi tiét
khac duogc gan trén do. Khung xe c¢6 kha nang
chiu tai trong nguoi lén dén 100kg. Banh xe chu
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dong (2) ¢6 vanh 1am bang hop kim nhém, boc
vé cao su, dudong kinh 30cm, bé ngang 6cm,
chiu tai trong 70-80kg trén mdt banh. Banh xe
sau @ la banh xe ty lya, chiu duoc tai trong
100kg mdi banh. Bé dé chan (4) duogc thiét ké c6
thé diéu chinh chiéu cao phu hop véi nguoi co
chiéu cao tir Im40 dén 1m80. Xi lanh dién (5)
c6 hanh trinh 16n nhat 1 100mm, hanh trinh khi
xi lanh 1am viéc 13 62mm. Ghé (6) c6 thé
nghiéng mot goc tdi da 1a 4° so véi phuong
ngang dé nguoi ngdi vao mot cach dé dang. Khi
nang 1én, nguoi dung tya vao do, hd tro giam bt
phan trong luong co thé 1én d6i chan. Bo diéu
khién (7) gdm cong tic diéu khién da hudng va
cac n(t chtre nang hd tro. Ac quy chi (8) duoc sir
dung loai dc quy danh cho dong xe may dién co
thong s6 24V-20Ah, gom 2 binh dc quy 12V-
20Ah mic ndi tiép.

Hinh 2. So dd cAu tao xe lan dién dung

Xe lian dugc diéu khién chuyén dong t6i va
lui boi hai dong co ¢ hai banh chu dong. Xe su
dung hé théng din dong banh trude. D6i hudng
chuyén dong bang cach diéu khién chiéu cua hai

d6ng co, thyc hién thong qua cong tic diéu khién
da hudng. Viée tang giam toc d6 do bo bién tro
tich hop trén cong tac thuc hién. Véi tde do di
chuyén cham chi dudi Skm/h, thiét ké phanh
ham bang cach tao ra ma sat vao banh xe chu
dong, diéu nay s& an toan hon ngay ca khi xe bi
mat dién so voi phanh xe bang cach hiam dimg
dong co.

3.3. Tinh todn dong co [7, 8]

Khéi luong ngudi chd duge tbi da 100keg,
khéi luong xe 50kg. Tong khéi lugng tdi da m =
150kg.

Pong co cung cap momen quay cho 2 banh
xe chu dong (trudc) dé cho xe chuyén dong. Qua
trinh chuyén dong nay chiu anh hudng boi trong
lugng trén xe va ma sat gitra banh xe va mat
duong.

mgsiné
FH]S

Y6 mg mgCOSG

Hinh 4. Luc tac dung 1én banh xe
Goi Fr (N) 1a luc kéo, Fms (N) 1a luc ma sat,
Pac (W) 1a cong suat dong co, T (N/m) 1a momen
xodn dong co, 0 (°) 1 goc nghiéng mat dudng, v
(m/s) 1a van tdc cia xe, a (m/s?) 1a gia toc xe, g
(m/s?) 1a gia toc trong trudng, p 1a hé sd ma sat
lan, Ry (m) 1a ban kinh banh xe chu dong, 1 1a ti
sd truyén, n_ 14 hiéu sudt; P’ac (W) 1a cong sudt
mbi dong co, k 13 hé sb vuot tai.
Luc tac dung Ién xe (Hinh 3):
Fr — Fms — mgsin® = ma
Fr = ma+ mgcosOu + mgsin6 (1)
Cong suat ctia dong co [6]:
Pdc = Frv (2

S6 vong quay [6]:
_ 60V
n= 27Ry, (3)
Momen xoén dong co [6]:
_FrRp
T= @
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Bang 3. Cac thong sb dau vao

Dai luong Do 16n Don vi
Mmax 150 kg
R, 0.15 m

0 6 °

u 0.04

g 9.81 m/s?

a 0.25 m/s?
Vmax 1.25 m/s

i 1

n 0.9

Thay cac gia tri trong Bang 3 vao cong thirc
(1), (2), (3), (4), tinh ra cong suat dong co can
thiét Pgc = 312 (W), s6 vong quay dong co lan =
80 (vong/phut), momen xoan T =41.6 (Nm). Xe
stt dung 2 dong co, nén cong suét thiét ké cua
moi dong co:

Pgc, 312

P’dc:Tk:TXl.5:234(W)

Céc thong s yéu cau cho dong co: ngudn DC
24V, cong suit 350 W, 1a loai co hop gidm tde
v6i s6 vong quay t6i thiéu 80 vong/phut.

3.4. Tinh todn xilanh dién

Hinh 4. Lyc day cua xilanh

Goi W; (N) Ia trong luong cia nguoi; F (N)
1a Iyc day xilanh; M; (kg) 1a khéi lvong ngudi;
L1 (mm) la canh tay don ciia W; L> (mm) la canh
tay don cua F; a (°) 1a gbc nghiéng cua ghé so
v6i mat phang ngang; B (°) 1a goc nghiéng cua
xilanh so voi ghé.

Luc tac dung 1én ghé (Hinh 4):

W, cosaly — FcospL, =0
_ Mjgcosal,
a cosfBL, (5)

Véi M; = 100kg; a = 4°; B = 4.4° (thong sd
thiét ké); Ly = 540mm; L, = 200mm, tir (5):

F=2650N

Céc thong sd yéu cau cho xilanh dién: ngudn
DC 24V, luc day t6i thiéu 3500N, ¢ hanh trinh
100mm.

3.5. Can bang trén dic

Goi W2 (N) 1a trong luong xe; M (kg) 1a khbi
luong co thé xe; hy (mm) 1a do cao trong tAm co
thé nguoi; hy (mm) 1a d6 cao trong tim xe; 1
(mm) 1a khoang céch trong tim co thé ngudi dén
banh xe sau; l> (mm) 1a khoang cach trong tam
xe dén banh xe sau; a (mm) 1a chiéu cao tir ban
dé chan dén mat duong; y (°) 1a goc nghiéng ctia
déc (khi kiém tra do doc cho phép).

Do cao trong tam co thé bang khoang 56% do
cao cta co thé mot ngudi [9]:

hy = 0.56H, voi H (mm) 1a do cao co thé
nguoi.

Trang thai cAn bang cua xe lan (Hinh 5):

Wisiny (hi+ta) + Woasinyho —Wicosyly —
Wocosylo =0

siny[W1(hi+a) + Waho] = cosy(Wili+Waly)

M1(0.56H+a)+M2h2

) (6)

y = arctan(

Theo thang phan loai cua Hi¢p hoi Dai duong
cac nudce chau A (IDI & WPRO), chi s6 can ning
BMI (Body Mass Index) binh thuong cua nguoi
Viét Nam 1a tir 18.5 dén 22.9 [10]. Lay chi sb
BMI trung binh 1a 20.7, ta tinh dugc khéi luong
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co thé M1 (kg) twong tmg voi chidu cao H (m)
theo cong thire sau:

M; = BMI * H? )

Véi H = 1.650m, M2 = 50kg, 1 = 323mm, I>
=532.5mm, a = 132mm, hz = 438mm, tir (6) va
(7):

y=288">0=6°

Xe lan can bang trén dbc v6i goe nghiéng cia
dbc nho hon 28.8°. Bé dam bao an toan cho
ngudi sir dung xe lan, khuyén céo sir dung xe lin
di chuyén leo doc va xudng doc & noi co do
nghiéng ti da 6°.

Hinh 5. Phan tich lyc trén déc

4. Két luin

Nghién ciru nay da tong hop vé sinh tric hoc
nguoi Viét Nam, két qua cho thay chiéu cao
trung binh ctia nguoi Viét Nam tir d6 tudi 12 dén
19 14 141.5 — 168.9cm, chiéu cao tir khop hong

dén got chan 1a 70.8 — 90 mm. Dua trén két qua
vé sinh tric hoc, d3 lua chon céac thong s6 co ban,
dé xuit nguyén Iy va tinh toan duoc mot s6 bd
phan chinh cta xe lin dién dung. Két qua tinh
toan cho thay cong suat dong co 234W, téc do
dong co 80 vg/ph, luc diy xi lanh dién yéu cau
14 2650N dua trén cac yéu cu nhu tai trong chd
cua xe 100kg, van tdc xe 5km/h, 40 dbéc mit
dudng 13 6°. Thiét ké sir dung nhing chi tiét co
san trén thi truong dé giam gia thanh va dé dang
tim kiém thay thé.

Tuy vay, nghién ctru chi dung lai & viéc tinh
chon mot sb thong s6 chinh cua xe. Can thiét
phai tinh toan két cau, vat liéu va hoan thién mo
hinh co khi, hé thong diéu khién & giai doan tiép
theo.
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