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Tém tat Kho khan ctia nguoi tan tat hodc ngudi cao tudi trong trong qua trinh str dung xe lan la di chuyén
lén xuong cau thang bd. Vi vy, viéc ché tao thiét bi hd trg xe lan di chuyen trén cau thang la mét linh vyuc
cap thiét. Vi Iy do do, bai bao nay trinh bay tinh toan thiét ké co cdu truyén dong cia thiét bi hd tro xe lin
di chuyén trén cau thang. Thiét bi hd trg xe lin 1én xubng cau thang ¢ co cau tach roi voi xe lan, nho gon,
d& thao lip, khi sir dung chi cAn mot ngudi tro giup.

Tir khéa: Xe lan, cau thang bd, co cAu truyén dong, leo cau thang.

1. GIOI THIEU

Theo sb liéu thdng ké cua Lién hop qudc, trén toan thé giéi c6 khoang gan 10% dan sb la
ngudi khuyét tat [1], con tai Viét Nam Theo Bo Lao dong - Thuong binh va Xa hoi, ca nuéc hién co6 hon
6,2 triéu ngudi khuyét tat tir 2 tuoi tro 18n, bang hon 7% tong dan b, trong d6 ¢ gan 3 triéu ngudi ¢ gidy
chung nhan 1a ngudi khuyét tat. Dang tat chiém sb lugng cao nhét la khuyét tat van dong than dudi
(3.566.854 nguoi); tiép do 1a khuyét tat nhan thirc (2.622.578 ngudi); khuyét tat van dong than trén la
2.158.988 nguoi; than kinh, tm than 13 1.097.629 ngudi va 836.247 ngudi bi khuyét tat vé giao tiép. Két
qua ciing cho thdy 6 t6i 1.219.233 nguoi gap kho khin vé tu chiam soc ban than. Tur céc s6 liéu trén day
cho thdy ngudi tan tat vé co quan vin dong than dudi (3.566.854 nguoi) thi cudc séng cua ho vé& moi mit
gap vo van kho khan trong di lai ciing nhu hoa nhap véi x& hoi, chi khi nao giai quyét duoc van dé nay thi
ngudi tan tat maéi thyuc sy hoa nhap duoc véi cong ddng cling nhu xa hoi. Bé nhitng nguoi khdng may man
nay hoa nhap vai cong dong thi nhiém vu cia cong dong xa hoi phai tao cac diéu kién thuan lgi nhat dé ho
cam thay cudc séng ndy c6 nhiéu y nghia hon, khong con ty ti mac cam vé ban than minh. Tir chinh nhiing
kho khin thach thic nay, xe lan danh cho ngudi tan tat da dugc phéat minh tir rat 1au va van dang lién tuc
duogc nghién ciiu cai tién nham tao diéu kién thuan loi nhit cho nguoi sir dung.

Ngay nay, mot xe ty hanh duoc cai tién voi muc dich dé st dung cho ngudi tan tat va ngudi gia yéu hinh
1. Phat minh vé sau bao gom maot ghé thang bang tu dong nham giir cho ngudi st dung trong mot vi tri ngoi
ngang bat ké khung xe dang & vi tri bi nghiéng, do do6 gop phan tao ra sy 6n dinh cuia xe va su an toan cho
ngudi sir dung. Mot dai ring duoc lip vao dé dam bao sy bam chat gitra cac bac thang veoi xe. Cac bo dai
kéo phu phia trudc va phia sau diéu chinh d6 nghiéng cua cac dai kéo chinh nham dé can chinh voi goc do
cua cau thang [3].

Hinh 1. Xe lan ty hanh do Jack M. Feliz phat minh

Franz Bihler va cc cong s [4] da thiét ké mdi thiét bj di chuyén xe lan trén céc bac thang hinh 2, n6 gom
€6 mot bé da thich hgp dé an khdp bén dudi cua xe lan trong trang thai xe 1an ¢ vi tri thang ding. Thuong
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¢6 hai hay nhiéu banh xich trén bé d& dé di chuyén trén bac thang, do ¢6 nhd c6 banh xich ma xe lin c6 thé
di chuyén dé& dang trén dia hinh khong bang phing hozc 1én hay xuéng céac bac thang. Mot thiét bi an toan
ndi dén chét khoa dé dam bao khi cac xich bi nghiéng hon goc cho phép so véi phuong ngang thi khoé
chét. Do vay, xe lin khong thé truot ra khoi bé d& khi di chuyén trén mat nghiéng.

Hinh 2. Thiét bi do Franz Bihler va Anton Abele phéat minh.

Bén canh cic phat minh sang ché, cac cong trinh nghién ciru lién quan dén thiét bi leo cau thang cling da
dugc dang trén cdc tap chi. Ngoai ra, Murray J Lawn va cac cong sy [5] da phat trién méi mot co cdu hd
trg xe lan leo cAu thang hinh 3(a) hodc xe lin duoc tich hop thiét bi leo cau thang nhu trong hinh 3(b) duoc
nghién ctru boi Juanxiu Liu va cac cong su [6].

Hinh 3. Xe lan leo cau thang duoc thiét ké boi: (a) Murray J Lawn [5]; (b) Juanxiu Liu [6]

1
Hinh 4. Xe lin leo cau thang duoc thiét ké boi G. Quaglia [8]

Z. Shaikh va cac cong su [7] da nghién ctru phan tich va thiét ké moi mot co cAu phuc vu hd tro leo cau
thang cho nguoi tan tat. Két cau don gian dé ché tao va chi phi thap dac biét 1a dé dang bao tri bao dudng.
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G. Quaglia [8] da dé xuat mai mot co ciu xe lan leo cAu thang nhu hinh 4, trong thiét ké nay xe tu leo duoc
nho thong qua hai cum goém ba banh xe dong thdi mot co cau cam duoc thiét ké dé ty gii xe & trang thai
can bang gidp cho xe khdng bi lat. Cho muc dich phuc vu cho ngudi tan tat, hién nay ¢ nhiéu nghién ctu
da dé xuat phuong an leo cau thang cho xe lan ciing da duoc thuc hién bai nhidu nha khoa hoc [9,10].

Do d6, dé lam chii cong nghé, gop phan vao viéc phét trién cac thiét bi phuc vu cho nguoi tan tat 1a nhu cau
cap thiét hién nay. Bai béo nay s& phan tich tinh toan co cau truyén dong cho thiét bi hd tro xe lan leo cau
thang. Tong khéi lugng nang (gom thiét bi, xe lan va ngudi sir dung): 140 kg. Téc do di chuyén trén cau
thang: 6 — 18 bac thang/ phut. Chiéu cao t6i da cuia bac thang c6 thé leo dugc: 190 mm. Chiéu rong ti thiéu
cuia bac thang: 200 mm. Loai co ciu hd trg: Pay 1a mot loai co cau hd tro xe lan vuot cau thang c6 ngudi
tro gidp.

2. THIET KE CO CAU TRUYEN PONG
2.1 Yéu cau thiét ké

Tong khoi lugong néng (gorn thiét bi, xe lan va nguoi sir dung):140kg

Téc @6 di chuyen trén cau thang: 6 — 18 bac thang/phut

Chiéu cao tdi da cua bac thang co thé leo duge :190mm

Loai co cdu hd tro: Pay 1a mot loai co cau hd tro xe 1an vuot ciu thang co ngudi tro giup.

g

k-

18 2a 3a da 4b3b2b1b

a. Mo hinh 3D b. M6 hinh 2D

Hinh 5. Thiét bi hd tro xe lin leo cau thang

2.2 So dd va nguyén ly hoat dong ciia co ciu:

So d6 co cAu duge thé hién ¢ hinh 5, co ciu st dung 2 cé@p banh xe, mdt cdp banh xe trong va mdt cap banh
xe ngoai. Pugc thé hién nhu hinh v& bén dudi:

1a,1b: Cac ma phanh banh xe ngoai.

4a, 4b: Cac ma phanh banh xe trong.

2a, 2b: Cap banh xe ngoai.

3a, 3b: Cép banh xe trong.

Nguyén ly hoat dong cua co c4u thé hién & hinh 6. Tir so dd hoat dong trén cho thay nguyén 1y hoat dong
clia co cdu 1én xudng ciu thang nhu sau:

Hinh a) Xe lan trong trang thai di chuyén trén duong bang, ¢ trang thai nay cac cip banh xe s& dong tim
v6i nhau. Tai vi tri nay, xe ldn c6 thé di chuyén tu do lic nay dong co khong hoat dong va thang ciing khong
kich hoat. Khi xe lan di chuyén t4i cham vao mat trude cua bac dau tién khi do théng s€ kich hoat va dong
co hoat dong dan dong cho xich.

Hinh b) Khi d6 cip banh xe bén trong (3a, 3b) s& di chuyén 1én phia trén cia bac.

Hinh ¢) Xe lan bay gio dugc do trén cac banh xe nay.

Hinh d) Trong khi d6 cip banh xe bén ngoai (2a, 2b) lai tiép tuc chuyén dong quay 1én.

Hinh e) Sau khi tit ca cac banh xe déu da leo 1én dugc bac thang dau tién thi chung s& ddng tim voi nhau,
sau d6 s& di chuyén dén bac ké tiép va lap lai qua trinh twong tu.

Qua4 trinh di chuyén xudng cau thang thi liic ndy cip banh xe bén ngoai (2a, 2b) s& thuc hién qua trinh leo
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xudng, khi thiét bi dugc di chuyén dén mép ctia bac thang thi ltic nay thing dugc kich hoat giit chit banh
xe lai. Lac nay thi qué trinh di chuyén xudng cau thang bat dau. Qua trinh di chuyén xudng cau thang ciling
twong tu nhu qua trinh di chuyén 1én cau thang, tuy nhién s€ dién ra theo chiéu nguoc lai.
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Hinh 6. Nguyén ly hoat dong.

2.3 Thiét ké kich thuéc banh xe

Viéce tinh toan kich thude banh xe phu hop véi kich thuge cac loai cﬁu‘thang 0 nudc ta 1a rét‘quan trong, dé
dam bao kich thudc banh xe nho gon nhung van dap tmg dugc yéu cau leo 1én va xudng cau qthang. Theo
[Nguon: Quy chuan xdy dung Viét Nam ( QCXDVN 05: 2008/BXD], ta s€ c6 céc so liéu cu thé cho ¢ bang
1 bén dudi:

Bang 1: Gi6i han chiéu cao va chiéu rong bac thang

STT | Loai cau thang b Chiéu cao t6i da(mm) Chl?? rong tol
thi€u(mm)

1 Cau thang bo cua cac cong trinh cong cong 180 280

2 Cau thang bo cua nha ¢ 190 250

Tir bang kich thudc cta bac thang thi c6 thé thiy chiéu cao 16n nhét cia bicthang 13 190 mm, chinh vi vay
ma tac gia s€ dua vao kich thude nay dé thiét ké duong kinh banh xe.

B

Hinh 7. Kich thudc banh xe

Nhu minh hoa trong hinh 7 ta thay duoc cac kich thudc co ban ciia banh xe, trong do:
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a : 1a khoang cach tir tim banh dén tam dia xich
R: Ia ban kinh banh xe
Tu hinh v€ trén dé banh xe budc 1én dugc cac bac thang thi dicu kién la:

{ 0,C=R _ { 4a(sinx) < h 1)
0,E<R<0,D ™ 7 [3a(cos x) < R < 4a(cos x)
GOc o nam trong khoang ( 60° — 65°)
o 10— 548 mm
Goc a = 60°<=> { ~ 4sin60® "7 (2)
1,5a < R < 2,29a
190
Goc o = 65°<=> {oc 2 Fsines0 — D24 mm 3)
1,27a <R <1,7a

Viy ta s& chon a =70 mm va R = 95 mm s& déu thoa cac diéu kién (2) va (3) khi goc a = (60° - 65°).

2.4 Thiét ké h¢ théng truyén dong
Ta c6 so' d6 din dong nhu hinh 8, trong d6: 1: V6 thiét bi; 2- Dia xich chit dong I1; 3- Dia xich bj dong I;4-
Truc truyén dong I;5- Pia xich bi dong II;- Banh xe; 7- Truc truyén dong II; 8- Pong co; 9- Pia xich chu
dong I
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Hinh 8. So d6 dan dong

a. Tinh toan cdng suit va chon ddng co din dong

Theo khao sat thi trong luong ciia ngudi Viét Nam trung binh vao khoang 70kg, trong luong ciia mot xe
lan 12 70kg nén téng trong lwong cua ngudi va xe lan 1a 140 kg = 1400 N. Vay khi hoat dong thi 2 banh
chiu 1400/2=700 N & mdi banh. Vi vdy, dé cac banh xe leo dugc 1én cac bac thang thi dong co phai c6 mo-
men 16n hon so v&i mA-men ma 2 luc ndy tao ra & 2 banh. Do day 1 2 banh giéng nhau, ddi xtmg véi nhau,
cung chiu luc nhu nhau va cing din dong bai mot dong co nén dé don gian trong tinh toan chon cong suat
dong co, tac gia s€ quy vé& mot banh chiu mét luc P = 1400 N nhu hinh 9.

200

Hinh 9. So 4 tinh khoang cach tryc.

Ta co:

M X
Py, = 9552 (4)

Trong do:
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M: 1a moment do luc P tac dung Ién tryc II, A va dé thiét bi di chuyén 1én xudng cau thang thi.

M=PXAC =P xA0 Xcosa =P xXaXcosa® (5)

O day, ta sé tinh Py theo Mmax, VAY Mmax khi a= 0°
=> Mpar = P XaXcosa =1400 X 55 X cos 0° = 77000 Nmm
n : s6 vong quay ctia banh xe quay quanh tim A, & day ta chon n = 15 vong/phut
Theo (4)cong sudt 1am viée sé la:
p 77000 x 15 1209 (W
v — ’ 9550 - ’ ( )

Ttr hinh ve€ trén, ta s€ xac dinh dugc cong suat trén truc lam viée (truc di qua tam A)
Cong suat trén truc cong tac sé 1a:

P, 1259
P = M ,xne _ 0,99%0,97 1371w ©)

Véino = 0,99 ; Mx= 0,97 ;M w=0,7; Ndairang = 0.95 ’
Qua tim hi€u trén thi trudong, chon loai dong co dién DC 24V 250W MY 1016Z c6 so6 vong quay n = 70
vong/phut

b. Tinh to4n thiét ké by truyén xich
Thong sb ban dau:n; = 24 V/ph ;P = = 121,25 W = 0,12125KW
. Z1=l4rang; Z,=17rang; Z3 = 9 rang
Xéc dinh cac hé so dieu kién str dung K, theo [11], ta co:
 K=Kp XKy X Ko X Kge XKp XKjy =1Xx1,x25x1x1x1x1=125 (7)
Tinh cong suat tinh toan [11]:

242,5

P = W = 0,728 KW (8)
Trong do:
K, = Dol _ 39 _ 2,5 ; 1a hé s6 vong quay.
ngp 20
K, =2 =2 =1923:1a h¢ s6 ring xich
Z, 13

Kx : hé s6 xét dén sb day xich ; Kx=1 do sir dung xich 1 day
Theo bang 5.4 [11], no1=50 v/ph ta chon bude xich p=12,7mm.
Xéc dinh van téc trung binh v:

_ MXZyxXPe _ 24X14X127 _ o 0 cm 9
T 60000 60000 5’ ("/s) 9)
. ., 1000P  1000%0,12
Luc vong coich : F;, = = = 1785 N

v 0,07
Nhu trinh bay trong hinh 9, dé tinh dén khoang cach 1&ch tam cta banh xe, ta chon khoang cach truc a=200
mm
Xac dinh chiéu dai dayxich [11].
m X 57,07 x 138° X 69,12 X 141° m X 37,13 X 60°

180 + 2 X 180 +2X211'81+2X50'13+T: 1040,415 mm
Xac dinh s6 mat xich
L  1040,415 .
= —=————= 81,9 chonX = 82 matxich
Pec 12,7
S6 1an va dap xich trong 1s: i = 220 < [i] = 40 <=> i = =22 = 0,25 < 40
15X 15%60

Trong d6: [i] = 40 tra theo bang (5.6) [11].
Luc tac dung 1én truc:
F. =K, XxF;=1,15%x1785 = 2052 N

Vi Km 1a hé s trong lugng xich, K= 1,15 khi goc nghiéng giita duong ndi tdm 2 truc va phuong nim
ngang < 40°
Puong kinh cac dia

d; = 56,6 mm; d, = 68,72 mm, d; = 36,38 mm

dy; = 61,44 mm,; d,, = 77,61 mm,; d,3 = 45,27
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c. Thiét ké truc I:

Vit liéu: thép C45 toi cai thién; giéi han bén o), = 850 Mpa, gidi han chay o, = 580 Mpa, ung sut cho
phép: [o]= 72 Mpa; tmg suit xoan cho phép [t] = 30 MPa o_, ~ 370,6 Mpa; T_; ~ 214, 948 Mpa.
Céc thong sb da biét la:

P, = 0,24KW ; ny = 24 vg/ph

9,55 x 10° x 0,24
T = >4 = 95500 N/mm

Luc tac dung 1én truc dugc phén tich nhu hinh 10 trong d6 Fr1 = 1570 N, F,»= 2052 N, duong kinh truc:
dB :dc = 32mm,dA = dD =20mm

Két qua cho thiy cac tiét dién nguy hiém trén truc c6 Gmg suat 16n nhat 1a 125,32 MPA van dam bao an

toan vé d6 bén moi nhu trinh bay trong hinh 11.

|
SA v —

Ryn Fo 4 5
Hinh 10. So d6 phan tich luc

Hinh 11. Kiém nghiém do bén bang phin mém NX

d. Thiét ké truc II

z 14,5 ) 14.8

Hinh 12: So db phan tich lyc

Vat liéu cua truc II giéng nhu truc I. Luc tac dung 1€n truc dugc trinh bay nhu trong hinh 12. Trong do:
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E, = E, X cos 10° = 2052 X cos 10° = 2020 N

Fyy = F, X c0s80° = 2052 x cos 80° = 356 N

Mpyax =a X F =55x%x700=38500 Nmm < T
Véi F, = 2052 N
Chon My,qy = T, trong d6: Mua: 2 mo-men do luc F gay ra trén truc Il voi: F = =% = =2 = 700 N
Tinh va chon duong kinh truc Il nhu sau:

) ~dp =25mm, dg = 32mm, d¢c = 30 mm, dp= 28 mm. N

Hinh 13 cho thay cac tiét dién nguy hiém trén truc c6 ung suat lo6n nhat 1a 66,51 MPA van dam bao an toan
ve d§ bén moi.

J"

Hinh 13. Két qua kiém tra d¢ bén truc bang phan mém NX

3. THIET KE CUM PHANH

Yéu ciu: Hé théng phanh 1a mot hé théng an toan ctia co ciu nén dé dam nhan duoc vai tro nay khi thiét
ké cling nhu khi lam viéc hé thong phanh can phai dam bao nhing yéu cau sau:

+ Lam viéc bén virng, tin cay

+ Giit cho xe dung yén khi can thiét trong thoi gian khong han ché.

+ Pam bao tinh 6n dinh va diéu khién khi phanh
Mudn vy can phai phan bd luc phanh ra cac banh xe phai hop 1y, cu thé phai dam bao mot sd yéu cau
chinh nhu sau:

+ Khong c6 hién tuong khoa cting hay truot cac banh xe khi phanh vi: Néu cac banh bi trugt s& lam
cho xe ldn khong thé 1én xudng cau thang

+ Khong c6 hién tugng tu phanh khi banh xe quay vong.

+ Hé sb ma sat gitta ma phanh va trong phanh phai cao dé co ciu phanh dugc nho gon.
Hinh 14 trinh bay so d6 nguyén 1y lam viéc ctia phanh, trong d6 ban kinh lam viéc ctia ma ctia dia phanh
dugc chon: Ry, = 75 (mm)

a. Mo hinh 3D b. So dd nguyén Iy

Hinh 14. Co cau phanh
Dé tao ra dwoc mb-men phanh yéu cau Mpt cn phai tao ra md-men ma sat trén bé mat dia phanh dé thuc

hién qua trinh phanh.
Mips = Fns X Tep X Ziys (10)
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Ma E,s = P X m.

Suy ra luc ép 1én dia phanh dugc x4c dinh nhu sau:
p=—lms _ 22090 _ 3733y (11)

UXRepXZms  1,5X75x1

Trong do:

Mums=42000 (Nm): Md-men ma sat sinh ra & co cAu phanh

@+ Hé s6 ma sét giira banh xe va mé& phanh cao su, véi u tir (1 dén 2) ta chon u = 1,5.
I'y : Ban kinh trung binh cua dia phanh, ry =95 (mm).

Znms: SO lugng d6i bé mét ma sat, Zms = 1

Dién tich bé mat 1am viéc ciia ma phanh:

Dién tich bé mat lam viéc ctia méa phanh duoc xac dinh boi ap suét cho phép.

Ap suat trung binh trén bé mat mé phanhla: p = %z < [p]

Trong d6: Py Luc ép can thiét, Py = 373 (N). Fx: Tdng dién tich bé mit lam viéc ciia ma phanh. [p]: Ap suét
cho phép=2 MPA [11]

Taco F, =— p_ 373
[p] 2x10°

=0.00018 m?; Vay dién tich ma phanh tiép xtic ti thiéu Ia 1,8 mm?

4. KET LUAN

Co céu truyén dong duoc phat trién dya theo thiét ké do Ulrich Alber phat minh c6 ké thira mot sb phuwong
phép thiét ké hién dai ddng thoi dugc cai tién phi hop v6i diéu kién thyc t€ tai Viét Nam. Cy thé:

Phén tich va tinh toan dugc cac yéu ciu vé két cau dé thiét ke Lua chon dugc nguyén tic va phuong phap
dleu khién hoat dong cho co cau Phan tich va thiét ké co cdu thing. Co ciu nay co thé leo dugc chiéu cao
tdi da cua bac thang190mm, tbe do di chuyen 16 — 24 bac thang/pht va tai tdi da 140 kg.
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DESIGN A TRANSMISSION MECHANISM OF ASSISTANT DEVICE FOR STAIR-
CLIMBING WHEELCHAIR

VO NGOC YEN PHUONG", VO TAN TAI
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Abstract. As known, it is difficult for the disability and the elders to operate the wheelchair moving up and
down stairs. Therefore, design and manufacture a transmission mechanism of the assistant device for stair-
climbing wheelchair is necessary. In this paper, the work will present a method how to do this task. The
transmission mechanism is designed to separate from the wheelchair, which is compact as well as easy to
remove, only needing one person to support. e stress of the material. An experimental system is presented
to determine the operability of the device.

Keywords: Wheelchair, stairs, transmission mechanism, climbing stairs.
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