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TINH TOAN THIET KE ROBOT LEO DAY

SU DUNG CO CAU BON KHAU BAN LE

TOM TAT

Ping Anh Tuan, Dwong Pham Twong Minh
Truong Pai hoc Ky thudt Cong nghiép — PDH Thai Nguyén

Bai bao dé xuét phuong phép tinh toan va phan tich dong hoc cho robot di chuyén trén day sir
dung co cdu bon khau ban 1&. Bang phuong phap giai tich, m6 hinh dong hoc cua robot dugc dua
vao khao sat cac thong sb nhu do nghiéng than, van toc di chuyén trung binh, vi tri va quy dao
chan ciia robot. Dya vao két qua di tinh toan, cac théng s kich thudc phu hop duge dwa nhim
dam bao kha ning di chuyén 6n dinh va can bé‘mg co cAu. Cong sudt can thiét cho dong co ciing
dugc xac dinh sir dung phuong phép di chuyén kha di dam bao diéu kién di chuyén déu cia robot.
Két qua tinh toan tmg dung thiét ké mo hinh thuc dé dénh gia kha ning lam viéc.

Tir khéa:Co cau bon khdu,; phirong phép gidi tich; dong hoc; déng luc hoc; Matlab

GIOI THIEU

Co cau bdn khau 1a mét trong nhimng co ciu
nguyén 1y may dau tién duoc thiét ké va su
dung. Do két cdu don gian va tinh chét
chuyén dong da dang, ta c6 thé tim thay hinh
anh cua cac co cau bon khau trong hau hét
cac linh vuyc trong cudc séng, ké ca trong sinh
hoc (cu thé 1a cic chuyén dong phong sinh
hoc) hay cac két cau k¥ thuat [1]). Co ciu bdn
khau ban 1& dugc mg dung rong rii trong
thiét ké cac bo phan may, bién chuyén dong
ciia quay khau din thanh cac chuyén dong
phirc tap ctia khau dau ra (Hinh 1).

Hinh 1. Cdc dang co cdu 4 khdu ban 1é
Mot sd bién thé cua co ciu bon khau ban 18
duoc phan tich, nghién ctru va dugc xem nhu
1a cAc mo hinh co s¢ dé xdy dung nén cac bo
phan may st dung phd bién trong cudc sdng
(bd phan giam chan banh xe tau hoa, khung
xe dap, dau nghién da, tay kep robot...[3]).
Mot s6 co céu robot di chuyén trén nén phang
duoc dé xuit va thiét ké chay thir nhu co cAu
Jansen, Klann,... da dugc nghién ctru vé dong
hoc [4], hay co ciu Jansen di duoc phan tich
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danh gia cac thong sd dé dua ra nhan xét vé
chuyén dong, ma sat v6i nén dé xac dinh cong
sudt dong co... [5] trén co sO cac co ciu ndy,
Amanda Ghassaei dé xuit két cAu va ché tao
thir nghiém co cdu di chuyén méi va so sanh
mo hinh thu dwgc véi md hinh Theo Jansen
vé kich thuéc mé hinh, quy dao chuyén dong
chan, vi tri khdi tim céc khéu [6] ... Nhing co

cAu nay déu co dic diém chung la trong mot
khoang chu ky chuyén dong cua khau dén,
quy dao ctia mot diém trén co cau thyuc hién
chuyén dong chay ngang déng vai tro diém ty
trén mat dat dé ca co cdu di chuyén vé phia
trude (Hinh 2).

Hinh 2. Cac dang co cau di chuyén (tr trai sang
phai): Co cau ansen; Co cau Klann,
Co cau Ghassaei
Co céu di chuyén dang treo nguoc c6 quy dao
clia diém chan va phan than nam vé hai phia
khac nhau ctia phan chuyén dong thing, cho
phép co céu co thé chuyén dong khi treo
ngugc nho cac chan bam tya trén mot thanh
hodc day treo ¢d dinh. Du chuyén dong khong
dung banh xe nhung co cduco thé di chuyén
nhe nhang va cho phép treo tai véi khdi luong
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16n. C6 khé nhiéu mé hinh thiét ké dya theo
nguyén 1y chuyén dong co céu dang nay,
nhung chua c6 nghién ctu nao tap trung vao
qué trinh tinh toan cy thé cho cac trudng hop
chiu tai ciing nhu dénh gid d6 on dinh trong
qua trinh leo ddy ciia co cau.

PHAN TICH PONG HQC CO CAU

Trén co s& md hinh co ciu duoc dé xuit nhu
Hinh 3, qua trinh phan tich dong hoc co cAu
v6i cac gia tri dau vao 1a kich thude cac khau
dugc thyuc hién véi cac ndi dung gdm: Phan
tich vi tri co cdu xac dinh cac thong sb dong
hoc co cau (van tdc, gia tdc...):

& P W
P
& (-

Hinh 3. Két cau robot treo dqng 2D (a) ,3D (b) va
lwoc do co cau (c)

X4y dung phuong trinh chudi dong cho nhanh
trudc (nhom khéu 1, 2, 3, 4) va su dung
phuong phéap sb phuc dé bién doi vé hé
phuong trinh: | + | + I I

& IleJCh + IzeJQQ + |31ejq3 — |4eJCI4 (1)

ii l,sing,- I;sing,= I sing, + 1,sinq,

il,cosq,- 1, cosq,= I, cosq,+ I, cosq,

Trong d6, |;1a vector xac dinh khau va 6;la
goc tao boi |; v&i chiéu duong tryc x.

Giai hé phuong trinh (2) ta xac dinh dugc gia
tri 03, 0,theo goc quay cua khau dan 0,.

Tiép tuc tinh toan cho nhém co ciu bdn khau
7,2,5, 6 va ap dung cong thirc Euleur dé bién

dbi vé hé phuong trinh: 1, + I, + I, = 1

= |7elq7 + Izequ + |51eJQ5 — Ieel% (3)
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ilgsingg -l sing; = I,sing, + 1,sinq,

(4)
I, cosq, + I, cosq,

% I, cosqs -1, cosq, =
Tiép tuc giai hé phuong trinh ndy ta xac dinh
duoc gia tri 05, B¢ theo goc khau dan 0,.

Véi co cau duoge khao sat co 1,=1,=30; 1,=10;
|31=|51=|32:|52:|4=|5=40 va 91=97=0°, ta thu
duoc dd thi bién ddi cua van toc goc cac khau
(m3,04,05,0), gia tri cua cac thong $6 nay ti
1¢ thuan véi van téc goc khau dan (), va ta
c¢6 thé biéu dién do thi bién d6i ti sd truyén
Iko=m /0, dugec mod ta nhu Hinh 4.

0.4

-0.6 B2 i — 052 —i62
Hinh 4. D6 thi thay d6i ti s6 truyén (i) gifta cdc
kh&u ax va @, theo goc quay ciia khdu dan 6,
Vi tri cac diém C (bén trai) va E (bén phai)
dugc xac dinh theo cac vector thanh phan:
Re=1,+ E"' E, Re= 1L+ I+ 1, voi quy dao
chuyén dong dugce mo ta trong Hinh 5.
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Hinh 5. Quy dao cdc diém C (tréi) va E (phdai)
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Hinh 6. Tung do cdc chdn va quy dao di chuyén
theo phwong y cua co cau
Bai toan vé chuyén dong ciia co cau lién quan
dén trang thai di chuyén cua co cdu tai thoi
diém cac chan (cu thé 1a 2 chan trude va 2
chén sau cua co cdu) ty 1én day treo, trong d6
vi tri tyddy mdi phia dwoc xac dinh theo mbi
quan hé: Yiuse= MiN(Yeusi ; Yophai) Va Ysa= MiN
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(Vewsi ; Yepha)- TUr d6, dd nhap nho cia than
robot (quy dao di chuyén phuong y) duoc xac
dinh theo Hinh 6.

Két qua thu dugc trén dd thi twong ung véi
cac goc khau dan 0, 1a 91° va 271° (Iéch pha
180°). Duya vao két qua trén do thi va kiém
nghiém chuyén dong moé hinh, ta c6 bang
tong hop cac thoi diém lam viéc cua mdi
chan:

Bang 1. Trang thai ty ddy cua cdc chan

0, 0°491° 91°+271° 271°+360°
Chér} trude Crrai Cohai Crrai
'Chan sau Ephai Etrai Ephai
Sé chanty day 2 2 2

Khi co cdu di chuyén lu6n chi ¢6 2 chan tiép
xuc voi day. Can cu vi tri cia cac chan, do
nghiéng cia than dugc xac dinh va mo ta theo
goc léch dang biéu thirc: tang = AY/AX (v6i
AY=1Y iruse=Ysaul Vé— Ax‘zlxzmdc'xsaul)- Két qua
khao sat cho thay ¢ nam trong khoang gié tri
[-0,0014°; 0,0014°] anh huong khong dang ké
dén chuyén dong cua toan co ciu.

Pao ham cac phuong trinh (1) va (3), ta dugc
phuong trinh van toc:

O IR I O (5)
2 2) _ 2
l,,€ +l,0, =l0e
l,w,siné,, +1,m,sin6,, =1,m,sin6,,
= (6)
l,w,c086,, +1,w,c086,, =1,0,c0s6,,
O IR C R (7)
2 2/ _ 2
l,,e +l,0.8 =l,oe
l,w,sin8,, + 1,0, sin 6, = .o, Sin 6, 8
l,w, c0s b, +1;,0, cos b, = |, cosb;, (8)

T
Véi 6, =6, *+7 la phuong cua cua vector van
tdc vami 1a van tde goc khau tuong tmeg.
Giai cac hé (6) va (8) xac dinh duoc van toc
g6c cac khau 3, 4, 5, 6. Khi do, van tdc cac
diém C va E tuong ung sé€ la:
{ Ve, = L@,cos 8, + {13, + ln) @,C0s A,

Ve = L@, sinb+ [13|+ 132)“’39“183

(9)
{ vg, = L@, cos b, + (L, + L, ), cos b,

Vg, = Lo, sinb, + (151 + 152) @; sinf; (10)

Co céu chuyén dong trén day treo ngang nén
ta chi khao sat cac gia tri vy Va Vgy, tai thoi
diém cac chan ty day (van tdc co cdu s& xac
dinh theo van tdc cac diém nay). Két hop véi
sb liéu trong Hinh 6, ta c6 dd thi van toc cua
céc chan di chuyén nhu Hinh 7:

180 0 g tas ™ %0 150 0 g (e

o
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20

5 5
10 -10
r—— Immfs)

0 90 180 270 02 (dd)

0

20 4
(mm/s)

Hinh 7. Bé thi vdn toc theo phirong x cua cdac
chan va vdn toc trung binh cua co cau

St dung phuwong phap dbi gid, thay vi khao
sat van toc cac chan voi gia ¢6 dinh, ta c6 cac
chan ty trén day ¢ dinh, va co ciu s& bi déy
vé phia trudc voi van téc ding bang van toc
trung binh cdng cua van tdc cac chan C, E véi
Veocar=(VirseFVsau)/2. Mt khéc, s& xudt hién sy
truot do chénh léch van tdc tinh tién cua 2
chan ty day, vOi Viue=|Viuse-Vsau| (g1 tri do
duoc 1a 103w, (rdt nho so voi van tde di
chuyén cta co cdu v=(8,2+17,3)m, nén c6 thé
bo qua hién tugng trugt nay.

PHAN TICH PONG LUC HOC CO CAU

Qua trinh tinh toan dong luc hoc co cau cho
phép xac dinh tai trong tic dung lén ting
khau, khop trong co ciu, tir d6 dua ra két cu
khau phu hop va thong s6 dong co can thiét
dé hé lam viéc duge. Trén co sé6 md hinh
duoc d& xuét, tai trong dugc xac dinh boi
khéi luong co cdu (Py) dat 1én day s& phan bd
qua cac chan dé tac dung xudng day. Ap dung
phuong phap di chuyén kha di dé xac dinh
cong suat trén khau dan theo biéu thuc:

PeVe + PoVe + GV + Py Vs + My, = Py (11)

Véi: Ree = TZ 1a phan lyc tir day tac dung lai

1én co céu, x4c dinh theo tong tai trong Py tac
dung trén day va so chén ty day i=2. Do cac
diém tyday khao sat c6 v » v.» V nén co

thé coi ZE\E =PV (12)
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G, =—m,g1a trong lugng khau.

P =—M;ag; 1a lyc quan tinhcta khau.

M, =—Jsi& la momen quan tinh cuia khau.
Py, 14 gia tri cong suat can bang trén khau dan
(dong co) dé can bang véi cac thanh phan tac
dung ctia ngoai luc.

Do kich thude cac khau tuong ddi nho, ma tai
trong dat trén co cau kha 16n so voi cac thanh
phan lyc do khau sinh ra (moémen quan tinh,
trong luc, lyc quén tinh..) nén co thé bo qua
cac thanh phan lyc nay. Liic nay phuong trinh
(11) o thé rat gon vé dang: P, = P..vg (12)
Ta c6 d6 thi gia tri Pytheo goc khau dan 0, va
ti 1& thuan véi toc do ciia dong co w, va tai
trong cua ngoai lyc Py (Hinh 8).

Po/(2.Px)

02 4d)

180 270 360
05 4

Hinh 8. Bé thi cong sudt dong co cdn bang co cau

o

Khi d0, cong sudt dong co can thiét dé robot
¢6 thé van hanh khi chiu tai trong Py:

P, =max(P,)=16.0,.P, (W) (13)

Pdng thoi ta ciing c6 thé xac dinh tai trong
gidi han tur thong so0 dau vao cia dong co. Vi
du: voi dong co cd cong suat 20W, sO vong
quay n=30 vong/phut, co cau voi kich thude
mod hinh da cho s€ di chuyén trén day véi
- 17,3.30.2 A
Vinax = Tp: 54,35(mm/s) va tai trong nang
giéi han (ké ca khdi luong co cdu) co thé 1én
P, _ 20

=—=3, 98(N)
1626w, 167

KET LUAN

Bai bao dé xudt phuwong phap tinh toan va
phan tich dong hoc cho co cau robot treo dang

tOi P, e =
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bdn khau ban 18, co cdu thu duoc co kha nang
dich chuyén trén day treo v6i d6 on dinh cao.
Khac véi viée giai bang phuong phap hoa do
(phuong phap lugng giac), viéc xay dung mo
hinh dang s phitc giup qua trinh tinh toan
duoc thuc hién chinh xac va c6 thé tich hop
voi phan mém tinh toan nhu Excel, Matlab,
C, ... s& cho két qua nhanh chéng. Can cir vao
qué trinh phan tich dong hoc qué trinh di
chuyén cac chan robot, viée xac dinh céc diéu
kién 1am viéc (van toc di chuyén, d6 dao mat
san, vi tri chiu tai trong...) dugc thuc hién
trong d6i don gian. Tir két qua tinh toan thu
dugc, cd md rong tinh toan vdi cac co cAu robot
ddng dang, gitp xac dinh cac thong sb tong quat
nhu cong suit dong co, tai trong tic dung, vin
toc di chuyén hay do 6n dinh cua san.
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SUMMARY
DESIGN ROPE CLIMBING ROBOT USING FOUR BAR MECHANISM

Dang Anh Tuan”, Duong Pham Tuong Minh
Thai Nguyen University of Technology

The paper proposes a kinematic calculating and analyzing method for robots moving on a wire
using a four-bar mechanism. By using analytical methods, the kinematic model of robot is
included to examine parameters such as leg tilt, average moving velocity, position and trajectory
of robot’s leg. Based on the calculated results, suitable size parameters are proposed to ensure the
stable and balanced movement of the structure. The power required for the engine is also
determined by using a principle of virtual displacement that ensures a uniform movement of the
robot. Calculation results are used to design the actual model to evaluate the robot's ability to
work.

Keywords: Four-bar mechanism, Analysis, Kinematic, Dynamic, Matlab
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