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Pé thiét ké va diéu khién canh tay robot, bai toan dong hoc va dong lyc hoc rat quan trong . Bong
hoc robot nghién ciru chuyén dong cdc khdu ciia robot vé phwong dién hinh hoc, nham phuc vu tinh todn
va thiét ké canh tay robot. Dong liec hoc nghién ciru cdc lwe va moment gdy ra chuyén déng, nham phuc vu
diéu khién canh tay robot. Tuy nhién, viéc tinh todan cdc tham 56 dong hoc va dong luc hoc cua robot b&ng
tay phire tap, gdp rat nhiéu khé khan va dé gay nham lan. Bai bdo nay dé cdp dén img dung Toolbox trong

Matlab dé gidi quyét hai bai todn mét cach dé dang, chinh xdc.
Tir khoa: Bong hoc canh tay robot, Pong luc hoc canh tay robot, Thiét ké canh tay robot.

1. Pit véin dé

Bai toan dong hoc robot dé nghién ctu
chuyén dong cac khiu cua robot vé phwong dién
hinh hoc nham phuc vu tinh toan va thiét ké canh
tay robot. Nhi¢m vu chinh cua bai todn dong hoc
thuén 1a xac dinh vi tri va hudng cta ban kep dudi
dang ham cua cac bién khép. Cac phuong phap ma
tran 4x4 hay dugc str dung trong phan tich dong hoc
robot. Trong bai bdo nay trinh bay phuong phap ma
tran Denavit-Hartenberg xac dinh vi tri, van tdc cla
ban kep céanh tay robot [1].

Bai toan dong luc hoc dé nghién cuu cac
luc va moment gy ra chuyén dong nhim phuc vu
diéu khién canh tay robot. Nhiém vu chinh cua bai
toan dong luc hoc 1a xay dung mo hinh toan hoc cua
canh tay robot. Trong bai b4o nay trinh bay phuong
phéap Lagrange xay dung md hinh toan hoc canh tay
robot [1].

Trong thuc té cho théy viéc thuc hién hai
bai toan nay bang tay rat phuc tap, gip nhiéu kho
khin va dé gay nham 1an. Bai bao dwa ra tmg dung
Toolbox trong Matlab d¢ giai hai bai toan dong hoc
thuan va dong lyc hoc nhdm mé phong va xay dung
mo hinh todn hoc mot cach dé dang va chinh xéc.

2. Co s& Iy thuyét
2.1. M6 hinh robot RRR

Chuyén dong ctia robot gdm 3 khép.

- Khép 1: Chuyen dong quay quanh truc z,.

- Khép 2: Chuyen dong quay quanh truc z .

- Khép 3: Chuyén dong quay quanh truc z,.

- q,, 9, 9, 1a cac goc quay cua khop 1, kh(’yp
2 va khop 3.

-a,a,a,] la d6 dai ctia cac thanh ndi 1, thanh

ndi 2 va thanh ndi 3.
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Hinh 1. Canh tay robot RRR

2.2. Giai bai toan dong hoc thuin va mo phéng
canh tay robot

2.2.1. Thiét 1ap hé phuwong trinh dong hoc
2.2.1.1. Lip bing théng sé DH[1]

Bang 1.1. Bang tham sé déng hoc ciia canh tay

robot RRR
Khép d 0, a Q.
1 0 0, a, /2
2 0 0, a, 0
0 0, a, 0
Voi:
-d.:dich chuyen tinh tién doc theo truc z, de
gbc toa do 0. chuyen dén O’,, giao diém cua truc
X, vatruc z_

-a: dlCh chuyen tinh tién doc theo truc X, dé
diém o chuyen dén diém 0.
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-0 goc quay quanh tryc x, sao cho truc z’,
(z’/z) chuyen dén truc z,.

-Gi géc quay quanh truc z |
chuyén dén truc X (X 1 x).

de truc x,

2.2.1.2. Xdc dinh cdic ma trgn Ai theo théng sé DH
[1]

- Ta co:
COi —SBiCoi SBiSoi  aiCOi
| S8 COiCai —CBiSai aiSOi
0 Soui Cai di
0 0 0 1
Suy ra:
- Ma tran D-H cta khau 1:
¢ 0 S qC
4= S 0 —C a8
01 o0 0
0 0 O 1
- Ma tran D-H ctia khau 2:
C2 _S2 O 02 C2
2 O 0 1 o0
0 0 0 1
- Ma tran D-H cua khau 3:
C, =S, 0 aC
4 = Sy Cy 0 ay8;
s o o0 1 O
0 0 0 1
Béang 1.2. Bang ky hiéu
Ky hi¢u Giai thich
C Cos(0,)
C Cos(0, + Gj)
S, Sin(0,)
S Sin(0, + Oj)

Tir d6 suy ra ma tran tran thuan nht T:
Ny Oy 4y P

N, O, 4; P,

0 0 o0 1

L=44,4,=

2.2.1.3. Thiét lip cic phwong trinh dong hoc co

bdn [3]
Céc thanh phan ctia ma tran chi hudng:
C23C1’ C23SI’ Nz = Sz3;
O Szch Oy 52351’ 0z=C,
Ax=S;Ay=-C;Az=

56 Khoa hoc & Cong nghé - S5 10/Thang 6 - 2016

Toa do diém thao tc:

Px=C(a, + a3 5 TaC);
Py=S (a +a,C,,+aC);
Pz=a, S +asS,

2.2.2. Tinh toan djng hoc thuin Robot
2.2.2.1. Vi tri diém thao tic cudi E

Py Ci(ata;Cyta,Cy)
B (=8 (a+a;C3+a, )
P, asSy; T ay S,

rp =

2.2.2.2. Vin téc diém thao tic cuéi E

Trong dé:

Py =—,C (a8 + @,S,) — ¢S, (@ + a;Cyy + a,C,)
— q3 asSy; Cy

Py = q,Cy(ay+ aySos + a,Cy) — 455, (a3So + ,S))
— 30,5535,

P, = q2((13C23+a2C2)+q3a3C23.

2.2.3. M6 phéng canh tay robot
Chon quy dao chuyén dong bat ky nhu sau:
q,=3tq,=2t;q,=t;
Thay cac thong $6: a, =5 a,=3;a,=2;
Str dung Symbolic Math Toolbox va
Robotics Toolbox ta dugc quy dao cua canh tay
robot trong khoang t nhu sau:

Hinh 2. Quy dao tic dong cudi trong bai todn thudn
voit=0-a/l6
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- Van téc dai diém trong tam thanh ndi2

. 1 . 1 .
—aSiq _ja2C2S1Q1 _jazqsz%

. 1 . 1 .
h=| aSiq—5a:00Cq~5a554q,
L

5 a,Cyqy
- Van téc dai diém trong tam thanh ndi 3
Va
Vi=\V,
Vis

Vi ==a 8¢ — a8 Coqy — a, €S, 99

1 . 1 . .
_70351 Cuaq— 243 CiSy3 (612 + %)

Hinh 3. Quy dao tdc déng cudi trong bai todn thudn
voit=0-m

1/52 =—q C1‘]1 - ClQCl C2q1 - a2S1S2q2 +

1 . 1 . .
+5a G Cyqi— 50381523 (42 + ‘]3)

1 . . .
Vis = 243 Cys (‘h + %) +a,Cq,

2.3.3. Vén tdc goc ciia cac khép

- Van téc goc khop 1: w, = 0

e T Ut
e i

- Van tdc goc khop 2: w,=| 0

Hinh 4. Quy dao tac dong cudi trong bai todn thudn 92

voit=0-2n 0

- Van toc goc khop 3: wy=|0

2.3. X4y dung mé6 hinh toan hgc ciia robot cong .

nghiép q3

2.3.1. Toa d9 cac diém trong tAm ciia thanh ndi
trén hé toa d§ O(x,y,z)

2.3.4. Dong ning cia cac khau
%@ CGC+aC - Bong nang cua khau thir 1

_1 2 P
n= %a?gl Gtas, k=3 (mai =+ 45 )gi

1 - Pong nang cua khau thir 2
Ea252 , K, =Lm an.?-l-Lm a,a,C. éz+1—a2C q'2+
- Toa do trong tdm thanh noi 3 27REUIL D g TRER AL g T
%a3C1C23+a2C1C2+a1C1 +1§m2a§q'§+%12q‘§
ry= %G3S1C23+GQS1 C,+aS, - Bong nang khau tha 3
a5, +%a3S23 Ky = %Iség +%a12m3q.12 +%a§m3qg +%a§m3q.12 +

PV SR A . 1 o1 o, 1 S| )
2.3.2. Van toc dai tai cac diém trong tim cia cac +§a§ myq; + §a§ myq; + zdg myqsqy+ jag myC*qyq1
thanh néi

- Van téc dai diém trong tdm thanh ndi 1 +11—6a§ myC(2q,+2¢5)g; + %al aym; Copqi +
1 .
—5a, S 1 ) )
12 ! 1'(]1 +Za2a3m3C(2q2 + Q3)‘I12 ""’10‘27’736‘2‘]12 +
n= jalcﬂl 1 9 1 I -
0 +Za2a3m3c3q1 +7a2a3m3c3q2 +7a2a3m3c3q2q3
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- Tong dong nang cua cac khau

1
K=K +K,+K, +a1a3m3C23+§a2a3m3C(2q2+q3) +

. 1
%(ml%+4[1)91+§]2‘]z+513% %a%mgqf-*— +a1a2(m2+2m3)C2 2 %M
2(1
), ), ) Hy,=1,+ ?(— + ‘)+‘ C
+%afm5q1 éajmzqf-f'%afmgq;"-%a;m;;qf-i- T TG T T I

| 1 1
H2321a§m3;H32 4a3m3,H33 I+ 4a§m3

1 || A |
tga '3”73‘12 3 gasmq; +Za§m3q2q3 + §a§m2 Cigi+
1 1, -2 Thanh phan tuong hd V
+jazmscz‘]1 16 a3m3C(2q2+2q3)q1 + |4
1 i 1 . V: V
+7ala3m3C23q12+Za2a3m3C(2q2+q3)q12+ V2
3
. o .
T3 aa,m, Coqi + ayaymy Cogi + Zazasmgcs%z + Trong do:
. . 1 . .
+%a2a3m3 Cyqs+ %azagm3 C5q,9; Vi=—a; (Zmz + "73)5(242)‘]1‘12
P 1 . . .
2.3.5. Thé niing ciia cic khau - §a§m3 <2612 + 26]3>S(2612 +2¢5)q,
-Thenangcuakhaul P =0 ( ) .
- Thé ning ctia khau 2 —aazmy\qy+ q3) Sy,
. 1 1 . . .
B= janszQ _702“3”73(2512+CI3>S(2CI2+Q3)%
- Thé nang cta khau 3 S
1 a1 (2m3+m2)%52‘h
Py = gmj a2S2+7a3Sz3 1 . 1 1 .
- Tdng ddng ning cua cac khau Vy =5 a,a;m;S;q,q5+ aj <§m2 + _mg)S(2QQ)6112 +
_1 L
P= 28Ms (a2S2 * 2 S+ a2gm2S2> +3 ; a3m35(2q2 + 2‘]3)‘11 : a1a3m35'23q1

2.3.6. Tinh ham Lagrange ctia cinh tay robot RRR

1 ‘9 (1 ) ‘9
+5a,a,m;S(2q, + +aya,| 5 my + my |S,
- Ham Lagrange: L = K - P [1] 2 Gy A3y (2g2tg3)q: 14\ 3 1y 3 |9241

- Momen dat 1én khop 1 1 SR .
d oL oL Vé=—§a2a3m3S3q2q3+§a3m3S(2q2+2q3)ql+
M =drag, ~og, 1 . .
1 q, 1 2, 1 2
- Momen dt 1én khép 2 Ty aamySyq + gaya;myS(2q, +q3) g
_ddL_aL L1 1
M, =5 g, 9q, [1] +a2a3m3S3(Zq12+§q§+§q2q3)
- Momen dat 1én khép 3 . R .
M= daL _dL [ Thanh phan trong truong G
3 dtoq; 9g 0
M, 1
Véi: M = M; G= zgmz%cz"'gms(alzcs Zasczs)
M; gmy <a2C3+703C23>

Khi d6 ta thiét 1ap phuong trinh dong luc hoc
ctia canh tay robot RRR duoc thiét 1ap co dang sau: 3. Két luén va danh gia

M= H(q)é-# V(q,é)-k G(g9) 1] Bai bao trinh bé}{ téng quan vé ung dung
Toolbox trong Matlab dé xay dung mo hinh toan

Thanh phan quan tinh H e : o .
oo 0 hoc va mo6 phong canh tay robot. Vi két qua thu
e 0“ P duge tir ing dung trén canh tay robot RRR nhan
B 2 thay qué trinh giai hai bai toAn mot cach dé dang,
0 Hyp Hy két qua chinh x4c. Uu diém néi bt cta émg dung
Trong dé:

Toolbox 1a md phong va xay dung mo6 hinh toan hoc
H,=1+a; (%m1 +m,+ mg) + éag my+ canh tay robot mgt cach don gian, chinh xac. ,Diél}
| nay s€ néng cao chat lugng trong qua trinh thiét ke

+a; ( gmt m3>C2 013 myC(2g, +2q5) + va diéu khién canh tay robot.
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APPLY TOOLBOX FOR MATLAB TO SIMULATION
AND MATHEMATICAL MODEL CONSTRUCTION ROBOT ARMS

Abstract:

To design and control the robot arm, problem kinetics and problem dynamics are important.
Kinematic robot research stages of the robot motion in terms of geometry. Kinetics is serving calculation
problem and design the robot arm. Research dynamics and torque forces causing motion. Dynamics is the
problem of serving robot arm control. However, the calculation of the kinetic parameters and dynamics
of complex robotic hand, face many difficult and confusing. This article refers to the Toolbox in Matlab
application to solve two problems with ease and accuracy.

Keywords: Kinematics robot arm, the robot arm dynamics, design robotic arm.
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