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Tém tit
Bai bao trinh bay két qua nghién ctru vé mé hinh hoa dong Iyc hoc 16 bdt song song 3RRR. Trén
co s& phén tich, tong hop két qua tir cac nghién ctru trong va ngoai nude, bai bao dua ra bai toan
phén tich mé hinh co hoc, mé hinh toan hoc mé ta chuyén dong cua rd bdt song song 3RRR lam
co so dé phén tich dong hoc va dong luc hoc. Qua trinh tinh toan, phén tich dugc thuc hién trén
Maple cho két qua tryc quan, twong minh va mé ta cac dai luong bang do thi mé phong sinh dong.
Tir két qua do, nghién ctru phat trién thiét ké mo hinh trén phan mém SolidWorks cling véi sy trg
gitip ctia cong cu Simscape Multibody trong MATLAB d tién hanh md phong chuyén dong ciia
16 bdt theo cac quy dao xac dinh. Do d6, nghién ciru thu dwoc do thi tin hiéu mé men tai cac khop
chii dong theo hai phwong phéap gidng nhau chimng minh két qua phan tich, tinh toan 1a dung.
Nghién ctru con phat trién thiét ké, ché tao mo hinh ré bét thuc va thuc hién diéu khién mé hinh
theo cac quy dao cho trudc. Cac két qua nghién ctru nay s& lam céng cu tham khao hiru ich cho

{ng dung cho tinh toan, thiét k& mé hinh 6 bét song song 3RRR trong cac trudng hop thuc té.

Tir khéa: Simscape multibody; déng lic hoc; ré bot song song 3RRR.

1. Mé dau

R6 bdt song song 3RRR 12 loai r6 bdt song song c6 mot tim di dong hinh tam gidc
déu duogc két ndi v6i bé ¢b dinh thong qua 3 chudi dong hoc str dung cac khép quay theo
cip dong hoc nhu hinh 1. Véi cau tric nay, giitra cac khau lién két v6i nhau bang khop
quay, ta théy réng mot tim dich chuyén lién két véi bé c¢b dinh bai ba chudi dong hoc co
chuyén dong doc 1ap trong d6 mdi chudi c6 mot khép chi dong va mot khép thu dong.
C6 rat nhiéu hudng ung dung ro bdt song song 3RRR, tiéu biéu 1a kha ning chon va dat
cac co ciu thao tac trén mot bé mat mat phfmg va dé di dong dé cai thién hiéu suit nhu
khong gian 1am viéc, d cimg vimng va sy khéo 1éo ctia co cau song song c6 thé thao tac
trong khong gian lam viéc phang.

Céc két qua phan tich trong cac nghién ctru trudc ddy [1-4] da dat duoc nhimng két
qua nhét dinh trong viéc phan tich dong hoc, dong luc hoc cta co cAu o bét. Cuy thé: Trong

nghién ctru [1] da chi ra dugc qué trinh nghién ctru mo6 hinh co hoc, phan tich dong hoc,
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dong luc hoc ciia co cau voi cac tham s6 dau vao 1y tuong nhung chua tién hanh xay dung
md hinh mé phong, kiém nghiém thuc té dé kiém chimg thuét toan dua ra. Bai bao [2] d4
tiép can theo phuong phap hinh hoc véi sy trg gitip cia mot ki thuat giai quyét tir ma tran
Jacobian chi ra mdi quan hé giira do dai va goc lién két dé giai quyét bai toan dong hoc.
Bai bao [3] 4p dung phuong trinh Lagrange dé x4y dung duoc mo hinh vi phan chuyén
dong ciia co cdu ro bdt, tir d6 1am co s thiét ké bo diéu khién. Tuy nhién, phuong phap
nay lai han ché trong viéc khao sat dong hoc, dong luc hoc cua ro bdt, cu thé vé van tdc,
gia toc, quan tinh cua cac khau, cac khép. Bai bao [4] da tién hanh thiét ké va cung cap
cong cu mo phong co cdu 1o bot song song 3RRR nhung chua phan tich ki dong hoc,
dong luc hoc cua co cAu, chi dung lai ¢ viéc da tich hop dugc két qua dong hoc thuan,

ddng hoc nguoc vao tng dung md phong vi tri thuc té mong mudn.

Hinh 1. M hinh 6 bét song song 3RRR.

Trén co s& phan tich va tong hop nhiing két qua dat duoc tir cac nghién ciru trong
va ngoai nudc, dua trén hudng phan tich trong nghién ctru [1], nhém tac gid nghién ctru
mo hinh co hoc, mé hinh toan hoc mé ta chuyén dong cua rd bot song song 3RRR 1am co
s& dé phat trién cac mé hinh ro bt song song phirc tap hon. Két qua ctia cic cong trinh
nghién ctru trude [1-4] da giai quyét dugc bai toan dong hoc va dong luc hoc nhung chua
tién hanh mo phong co cdu rd bét trén mot moi trudng nhét dinh nao d6 dé kiém chimg
nhirng két qua tinh toan duoc da chinh xac chua. Trong bai bao nay, cac tac gia trinh bay
nghién ctru chi tiét qua trinh phan tich, tinh todn dong hoc, dong luc hoc, tién hanh kiém
chimg va mo phong chuyén dong ciia r6 bot trén phan mém Matlab-Simulink theo cac
quy dao cho trudc dé chirng minh tinh dung dén ctia phuong phap va két qua nghién ctru.
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Sau do, tién hanh thiét ké, ché tao mé hinh thuc dé kiém ching cac két qua da tinh toan,
mo phong.

2. M0 hinh nghién ctru

2.1. Mé hinh vit ly - todn hoc ré bét song song 3RRR

Hinh 2. H¢ toa dé dat trén ré bot song song 3RRR.

R6 bt song song 3RRR trong nghién ciru ndy c6 tim di dong lién két véi bé c¢b dinh
bang ba chudi dong hoc doc 1ap. Cac ky hiéu q; va p; 1an luot 1a cac goc quay cha dong va
bi dong twong tmg cia ba chudi dong hoc ddc lap (i = 1, 2, 3). Cac do dai khau va goc xoay
dinh hudng cua tam di dong dugc ky hiéu 1a i1 va ¢ . Cac diém B..B,,B; va M;,M,, M,
lan luot 1a cac ky hi€u hinh hoc ctia bé ¢d dinh va tim di dong nhu hinh 2. Cac hé toa do

(Xois Yoir Zoi) V& (Xyis Yaai Zwi ) 18n luot dugce gén vao cée chan bé ¢b dinh va tim di dong
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clia cac tay may tuong tng. O va Mi lan luot 13 cac gdc toa do clia cac hé toa do (XOi Yoir Zoi )
VA (Xyi» Yy Zy; ) twong tmg. Diém P(Xe, yp) VA ¢ 13 vi tri va goc xoay dinh huéng ciia khau
chip hanh cudi di chuyén dwa theo toa do (x, y).
2.2. Pong hoc ré bét song song 3RRR

Str dung phuong phap ma tran Denavit - Hartenberg - Craig giai bai toan dong hoc

cho mé hinh 6 bt song song 3RRR vdi tap hop cac thong sé (o 0,,d;) dé mo ta

@
sy thay d6i vi tri cua hai khau lién tiép nhau trong ba chan cia co ciu rd bdt song song
phiang 3RRR [1-4]. Thiét 1ap cac hé truc toa do khép dia phuong gin véi mdi khau cua
cac chan bat ky trén ro bdt song song phiang 3RRR theo phuong phap Denavit -
Hartenberg - Craig chuyén tir géc ¢ dinh Oj dén M thong qua khép Bi va Ci (Hinh 3):

Hinh 3. Hé truc toa dé khép vng véi moi khdu ré bot song song phang 3RRR.
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Sir dung dong nhét hinh hoc OB, + BC, +C,M, =OP + PM, tir hinh 3 thu duoc hé
phuong trinh:
X2+ Y2+ X Y AU+ L, AL — 2y Y = 2% X +
+2Y,V, €0S(4)+ 2 Ypu; sin(¢)— 21,y sin (¢ ) + 2 XU, cos (¢ ) 2u,; cos(¢) -
—2V,Y, €0s (@) — 2%V, sin (@) —2u;y; sin(¢)+2v,x; sin(¢)— 21, X, cos(q; ) +
+21,,y;sin(q;)+ 21, cos(q; ) — 21, ,u;, cos(p—q; ) + 2I2i_1vi sin(¢—q,)=0

@)

voi U =N, cosy,,V, =N siny, vi n,y khong thay doi theo thdi gian.
Nghiém tong quét ctia phuong trinh (1) c6 dang:
g (t)=arctan2( A, B ) Farctan Z(Jm Ri) 2
trong do:
A =21, ,(cos(#)V; +sin(g)u; +y, —V;)
B =-2l,, (cos(¢) U; —sin(@)V; + X, — X, )

R =-2Y,cos(4)V, -2y, sin(g)u, —2cos(¢) XU, +2c0s(g)u;x +
+2c0s(P)V,y; +2sin (@) XV, +2sin(@)u;y; —2sin () v,x; —

_(yp)2 +2YpY; _(XP)2 +2XpX; JrIzi2 —lyiy _Ui2 —Vi2 —Xi2 _Yi2

Thay (2) vao (1) thu dugc biéu thirc goc quay p, (t) ctia khép bi dong Ci:

cos(#)u; —sin(¢)v, —cos(g; )Ly, +Xp =X, J

I2i

(3)

p, =—q + arccos(
Lay dao ham phuong trinh (1) theo thoi gian thu duge mo hinh dong hoc vi phan mo
ta chuyén dong ctia 6 bt song song 3RRR ¢6 dang J,q=J:

dlooql a1b1Cle
dz 0 q2:a2 bz C, YP

0
0 0 dy 6] [a b ¢ ¢

voi a =2(cos(g)u, +sin(@)Vv; +cos(q; )1, —X, + xi)

(
b, =2( cos(¢)V; —sin (4)u; +sin(q ) s — Yo + Vi)
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C, :2(sin(qi)cos(qﬁ)uiIZifl—sin(qi)sin(¢5)v,|2I ,—cos(g)cos(q; )Vl —
—sin(¢)cos(q; )ul,, — Y cOS(#)u; +C0s (@) XV, +cos(g)u,y; —
—cos(@)V;X; + Yo Sin(@)V, +5sin(¢) XU, —sin (@) u,x; —sin(¢)v, y,)
d =2, 1(sm( )cos(@)u; —sin(q;)sin(¢)v; —cos(g)cos(q; )V, -
—sin(¢)cos(q, )ui +sm(qi)xp —sin(q; )X — Y, cos(q; ) +cos(q; )yi)
Tir ddy thu dugce ma tran Jacobian téng hop c6 dang:
q=Jx (4)
véi = [)’(P A ¢]T vaqgq=[¢, d, G, ]T la c&c vecto van tdc trong hé toa do khop va
hé toa do géc ¢ dinh tuong ing:
J=3,1, ©)
Nhu véy, sau khi tién hanh phan tich dong hoc nguoc ciia 16 bt song song phing
3RRR, xuét phat tir mo hinh ciu tric song song phang 3RRR, dya trén phuwong phap ma
tran Denavit - Hartenberg - Craig va str dung dong nhat hinh hoc, ta thiét 1ap duoc hé toa
d6 khép cho timg chan cia 16 bdt, xay dung phuong trinh lién hé giita khau chap hanh cubi
trén tam di dong 1a P(xe, Yp) VA ¢ vGi vecto goc chi dong va vecto goc bi dong cua tay may
r6 bdt lan lugt 14 = [0,,0,,0] , P = [Py, Ppr P ] - Tir d0, ta tim duoc g, p bién ddi theo
thot gian t.
2.3. Pong lie hoc ré bot song song 3RRR
LAy vi phan phuong trinh (4), ta c6 méi quan hé giita gia toc trong hé toa do khop va
gia tdc trong h¢ toa do cong tac:
G=d%+J7% (6)
Can ctr ma trén Craig chuyén tir Oj dén Ci x4c dinh dugc vecto vi tri cua diém Ci;
R. - li, cOS(C;) + X,
: i, sin(g;) + Y,

Ap dung giai hé phuong trinh (6) tinh toan lyc quan tinh va mé men cua cac khau

)

va tAm di dong ddi v6i khoi tim ctia md hinh 16 bét song song 3RRR, véi my, ,,m,,, m,

VA C,;,C,,Cp 1an luogt 12 khéi lugng va khdi tim cia cac khau 1,1, va tdm di dong

i
ling vé6i cac chan i = 1, 2, 3. Luc va md men tac dung 1én cic khau 1, , c6 khdi lugng
m,, , dugc xac dinh theo cong thirc [5-7]:
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s (003(a)(6) +(6)sin(a,))
s (~sin(a)(6,)° +(d)cos(a)

.
d ..
M, = {qu 2i-1z m2i1'£d_q rcqu "8p, J == - Ly,

voi (; 1a gia toc goc cua truc quay Bi, 1, ; 14 m6 men quan tinh cta khau |, , , vi truc Bj chi

Fya=—My, (aCZH -9)= —My; -

®)

quay theo truc Oz nén 1, , =1,, .., a, la gia toc dai ciia cac diém Bi.

Lyc va md men cua cac khau |, c6 khoi lugng m,, dugc xac dinh theo cong thic:

F rnZl(a'c2I - )

_COS(é} )(5. )2 r2i _Sin(é‘i)<5i)r2i _Cos(qi)(qi )2 I2i—1 _Sin(qi )(qi)lzi—l

_sin(b‘i )(5. )2 Lai +C05(5i)(5i)r2i _Sin(qi)(Qi )2 lyi s "'COS(Qi )(qi)IZi—l

T
MZl (é‘l I2|z+mZ| (dirc-j 'aC|J
qi 2i
)

==& Ly Myl ity -(sin(8,-,)(6,) +cos (8 —,)(d,))

=—My, -

(9)

voi |,, 14 m6é men quan tinh cua khau |,;, vi Ci chi quay theo truyc Oz nén 1, =1,,, a_ la
gia toc dai cua cac diém Ci.
Luc va md men cia tim di dong co khéi lugng M, dugc x4c dinh theo cong thire:

F=-m(a, —9)

—cos(¢)( ) u —sm(¢)(¢)u +sm(¢5)(¢'§)2v3—cos(gé)(¢'5')v3+5<'P
—cos(¢)( ) A —S|n(¢)(¢) sin(¢)(¢)2 ua+cos(¢)(g}5)u3+yP

MP=[(}5-IP+mP-(irM J -a, J
dg, ™ ’ (10)

=—¢-1,,+m, ~(—5<’P (cos(¢)v; +sin(g)u; )+ Vs (cos(¢)u, —sin (¢)v3))

voi |, 1a mé men quén tinh cua tam dich chuyén, vi truc Mz chi quay theo truc Oz nén

:—mP-

=1, ac, la gia toc dai cua diem Cp.
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Trén co s& phan tich, tinh todn cac yéu tb dong hoc (van tde, gia toc cua cac khau),
yéu t6 dong luc hoc (luc quan tinh va mé men ctia cac khau va tim dich chuyén) va cac théng
s6 hinh hoc ctia 6 bdt (kich thude, khdi luong,...) co thé xac dinh trén SolidWorks [8-10],
dong luc hoc nguoc cua r6 bdt song song 3RRR dya trén nguyén 1y cong ao duoc cho bai

phuong trinh:
J'-t+Q=0 (11)

trong d6: J" 13 ma tran Jacobi chuyén vi duoc 1y tir (4),

o-3(bke ety [Jrg(in |y ol o)y ]

1=, 7, 7 ]T la mo men dan dong ctia 16 bét song song 3RRR.

Cong thire (11) duge xay dung tir két qua ciia phuong trinh dong liuc hoc mé ta chuyén
dong ciia co hé theo phuong phap Newton - Euler, gitip thuan tién hon dbi véi mé hinh dang
xdy dung.

Tir phuong trinh (11) ta thu dugc két qua:

=—(1")"Q (12)

Sau khi tién hanh phan tich dong lyc ro bét song song 3RRR, xéc dinh duoc biéu thirc
ctia m6 men dan dong t theo nhu cong thirc (12). Dy la tin hidu dau vao ctia ba dong co

trén bé cd dinh dé didu chinh cac goc khép chit dong g.

2.4. Mé phéng ré bét song song 3RRR
2.4.1. M hinh 6 bot song song 3RRR trén SolidWorks

Str dung phan mém SolidWorks va cong cu Simscape Multibody dé xay dung mé hinh
co khi ciia 16 bt song song 3RRR qua cac budic:

Bueée I: Thiét ké cac thanh phan cia o bot 1a dé, dong co, thanh Iy, thanh Iz, ban 1am
viéc va co cdu chap hanh cudi. Lip ghép cac thanh phan cua ro bdt lai véi nhau thanh mot
md hinh hoan chinh. D& ¢6 co sd khi didu khién cac goc chii dong ctia dong co theo goc quay
twrong g va chinh xac, ta tién hanh dit hé toa do toan cuc cho ca mo hinh tai diém O va hé
toa d6 dia phuong trén cac khau dan cua o bdt theo phuong phap Denavit - Hartenberg -
Craig duoc biéu dién nhu hinh 4.
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c)
Hinh 4. Bat hé toa do trong SolidWorks.

Buée 2: Sir dung tién ich Simscape Multibody dé nhdp mé hinh vao Matlab.

Qua trinh lip ghép hoan tat nhu hinh 5, chiing ta vio muc SimMechanics Link chon
Export, sau d6 chon muc Simscape Multibody. Luc nay phan mém ty dong chuyén mé
hinh 6 bét tir SolidWorks sang Matlab nhu hinh 6. C6 thé thdy mé hinh trong hinh 7
gom céc khbi md phong cac thanh phan cua co cdu rd bdt dugce sip xép mot cach trinh ty

dung theo nguyén tic lap rap va thiét ké trude do [11-13)].

63



Journal of Science and Technique - ISSN 1859-0209

Hinh 5. M hinh 76 bot duoc ldp ghép hoan tat.

J - 1 F3
L F

F

Ban lam viéc P

Cac khau, khép clia robot

Khéi hé toa dd goc

Hinh 6. M hinh 76 bot song song 3RRR tir SolidWorks d tich hop trong Simscape Multibody.

F1
F3

F2
F
Base_1_RIGID

servol_1_RIGID  Revolute?  servo_adapter3_1 RIGID  Motor Am3_1_RIGID Revolute6 Middle_Arm3_1_RIGID Revolute5
F
(P\aﬁamgﬁlcln

F3

&Y F FFi
Fi

Hinh 7. M6 hinh biéu dién dic trung ciia mot chudi dong hoc trong ré bot.

2.4.2. Thiét lap diéu khién va mé phong trén Simscape Multibody
Trong md hinh mo phéng, cac tham sb ctia 16 bét song song phang 3 bac tu do duoc
xéc dinh tir phan mém SolidWorks. Ta mong muén xay dung dugc cac quy dao hinh tron,
hinh s6 8 va hinh canh hoa.
Cho trude quy dao tAm di dong theo cac quy dao hinh tron, hinh sb 8 va hinh canh hoa.
Pé biéu dién quy dao chuyén dong ctia khau chip hanh cubi trong so d6 sir dung thém khdi
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XY Graph trong Library Browser nhu hinh 8. Khéi nay duoc ni toi diém cong tac trong tim
dich chuyén P.

o

Solid

-

ReferenceFrame

Transform

K

World

A E—

F

G;‘*

Hinh 8. Sor dé biéu dién quy dao chuyén dong ciia khdau chép hanh cudi.

Trén co s& md phong quy dao chuyén dong cta tAm di dong P, muc tiéu dit ra 1a xac

dinh duoc tin hiéu mé men can thiét dit vao cac dong co dé dap ung quy dao dau ra. Bé lam

duoc diéu d6, mot dau ra duoc dinh ciu hinh cho khdi quay dé két ndi hé théng gidm sat nhu
hinh 9 bao gdm PS-S Converter, mot khéi khuéch dai dé ddi chiéu tin hiéu va xudt tin hiéu ra

man hinh Scope nhu hinh 10 .

BB F
L]

r:>u|1

Revolute?

Hinh 9. So do khoi xudt tin hiéu mé men cdc dong co.

Cam

t

<P —1
N S L
fen

phif— ) phi

Khéi quf dao dau vao

fen

ql

q2

q3

Racas

inputd

output

inputt *

output1

input2

=

output2

Hinh 10. So do6 mo phong va xuat tin hiéu moé men cac dong co.

Khoi dong hoc nguec

Khdi Hinh hoc

Tin hiéu momen
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3. Két qua mo phéng

Tu viéc phan tich, nghién ctru dong hoc va dong luc hoc ciia mo hinh 16 bot song
song 3RRR két hop voi mo hinh thiét ké trén phan mém SolidWorks, dé tranh cac diém ki
di trong qu4 trinh 1am viéc ctia rd bét [14-16], nhom tac gia da xac dinh duoc tin hiéu goc
quay chu dong can thiét dé diéu khién co cu 16 bét theo qui dao hinh tron (Hinh 11a), hinh
s6 8 (Hinh 11b) va hinh cénh hoa (Hinh 11c) nhu sau:

1
#
4 I =
3 3r
2 i 2
gl _ — S > I e e
© e —— e | «© i r———— =
— 1F | 1
9/q1 9/q1
q/q2 q/q2
0» it 1 q/q3 i1 = 0» + 1 1 q/qa
e T [— RS /‘/_\‘\\//— \\__/’
1 e 1 i
0 1 2 3 4 (s) s 0 1 2 3 4 (s) s
a) b)
L]
4» -
3 .
2r e
= - F . .
g ) = R
1 q9/q1
q/q2
ok | | J
q/q3
//-’-'ﬁ* /-_\‘__‘
1: \-W | g
0 0.5 1 15 2 (s) 25
c)

Hinh 11. Géc khép chii dong cc chan mé hinh ré bot song song 3RRR.
Quy dao chuyén dong cua tim di dong P thu dugc theo két qua hinh tron (Hinh 12a),
hinh s6 8 (Hinh 12b) va hinh canh hoa (Hinh 12c):

y (cm)
y (cm) 7
7
6
6
- 5
4 . 4
7 8 9 10 x (cm) 7 8 9 10 x(cm)
a) b)
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y (cm)
7
77 7
/ \ Y A\
[ % / |
\ \ / /
6 \ \ / f
X /
\\\ \ 3%
5 - i ~
- N
b / ;|
// ,"‘ 5 \
/ ’/' \ \
( / 3 |
4 \ o4 5 )
3 & P
3
7 8 9 10
c)

11 X (cm)

Hinh 12. Quy dao chuyén déng ciia tam di déng P.

Quy dao chuyén dong mo phong hoan toan chinh xac so véi tinh toan. Piéu d6 cho

théy qua trinh phan tich, tinh todn dong hoc trudc do 1a hoan toan chinh xéc. Tt mé hinh thiét

ké trén SolidWorks véi day du cac dir liéu vé kich thudc, hinh dang, khéi lwong, mé men
quén tinh cta timg khau, nhém da tién hanh tinh toan trén phin mém Maple [17, 18] dé tinh

ra moO men dan dong can thiét dat vao cac dong co nhu sau:

0.00006 4

0.00004

0.00002

0.00010+
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Hinh 13. Tin hiéu mé men cdp vao cdc dong co.
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Bén canh d6, sau khi d mé phong duoc quy dao chuyén dong, hé thong thu dugc tin
hiéu mo men can thiét cip vao dong co tai khdp chu dong dé diéu khién tim di dong P nhur
hinh 14 (tin hiéu nay duoc 1dy ra tir qua trinh chuyén dong cua co cAu duoc tich hop sin trong
Matlab-Simulink).
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4l | | | | | | | 1 [4sF } |
0 05 1 15 2 25 3 35 4 45 (s) 0 0.5 1 15 2 25 3 3.5 4 45(s) 5
a) b)

%102 Nim E
3F : : : : —

TA
2 T2 | 1
T:3
1 e VAR N
,_.r \ / \ Vs
0 . / ! N\
Fy ! _.'";. \ ,-":. \\
X (| ) X )
s £
1= 7 R .
"
ol | N
0 05 1 15 2 (s) 2s
c)

Hinh 14. Tin hiéu mé men cdp vao cdc dong co.

So sanh hai biéu d tin hiéu mé men giita hinh 13 va 14, ta c6 thé thiy dang tin hiéu va
d6 16n tin hiéu giira hai phuong phap dé c6 dugc tin hiéu mé men gidng nhau vé hinh dang
d6 thi va do 16n cta tin hiéu. Piéu d6 cho thiy qua trinh phan tich, tinh toan dé tim ra tin hiéu
md men theo hai phuong phép trén 13 hoan toan chinh x4c. Tuy nhién, van con su sai léch
nhat dinh dén tir qué trinh 1iy cac tham s6 dau vao trong Mass propeties clia phan mém
SolidWorks dé tinh toan & Maple chwa hoan toan chinh xac vé diéu kién 1y tudng cua cac
khau, cac khop ma ta da quy udce trong qua trinh tinh toan dong hoc, dong luc hoc cling nhu
thuat toan tich hop san trong phan mém Matlab-Simulink dwoc giai theo phuong phép sb chi
cho két qua gan ding.
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4. Két qua thye nghiém va ban luin

M® hinh 16 bét duoc ché tao tir cac chi tiét nhua in 3D va ldp rap trén mot tim gd, nhu
thé hién trong hinh 15. Cac khoang trdng va bién dang duoc cit tiy ¥ dé giam stc ning ctia
cac chi tiét chuyén dong. Céc chét tiéu chuan va tat ca cac chi tiét déu duoc ché tao bang cach
tao mau nhanh va in 3D. Ba dong co servo dugc gin tai ba khop ndi va diéu khién bang
Arduino Uno. Cac dong co dugc Iip rap v6i dung sai cho phép dé giam va cham giira cac chi
tiét ¢ thé dan dén diém ky di trong cau hinh 16 bot.

Hinh 15. M6 hinh thuc té ré bot song song 3RRR ciing véi b diéu khién Arduino.

Trong bai toan dong luc hoc nguoc diéu khién ro bt song song 3RRR, vi tri thm
di dong cta ro bot (hudng X va y cia tim di dong) dugc 1dy 1am gia tri dau vao ctia chuong
trinh. Bai toan dong hoc nguoc da duge giai dé xac dinh vi tri cac goc khdp. Vi tri va hudng
ctia tAm di dong c6 thé duoc thay doi trong khi chinh stra ma chuong trinh diéu khién. Khéng
gian 1am viéc dugc tinh toan va tim di dong duoc chuyén sang tu thé méi (vi tri va hudng).
Nhém tac gia da thu duoc quy dao chuyén dong mong mudn ciia tim di dong theo quy dao
hinh tron, hinh s6 8 va hinh canh hoa nhu hinh 16.

Nhu vay, két qua thu dugc cho thdy qua trinh phén tich dong luc hoc nguogc 13 hoan
toan chinh xac, quy dao thuc té trong ddi gan ding véi quy dao mong mubn, sai 1éch theo
toa do & ¢y nho hon 2 mm (10 %) so v6i quy dao mong mudn. Céc nét vé trong qui dao
thuc té con xuit hién cac duong rang cua, chua déu va lién tuc. Su sai léch & day dén tir
sai s kich thuéc co khi cta dong co, cua cac khau, vat li¢u ché tao cac khau, khép lién
két duoc 1am bang nhua, ma sat giita cac khép ciing nhu viée sir dung bo diéu khién ho
chwa thé khic phuc dugc sai léch so voi quy dao mong muébn ciing nhu danh gia dinh
lugng chinh xac sai ) quy dao. Viéc xay dung md hinh véi cac trang thiét bi, linh kién
c6 do chinh xéac chua cao do kinh phi thdp nén két qua ctia bo diéu khién ho ¢ trén ciling

c6 do chinh x4c han ché do sai s tir nhiéu nguyén nhan. Chinh vi vay, trong huéng nghién
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cuu tiép theo, nhom s& dau tu trang thiét bi hién dai, cht lugong tot hon dé han ché cac
sai s6. Ngoai ra, nhom tac gia s& tiép tuc nghién ciru, xay dung céc giai thuat diéu khién
vong kin véi sy hd tro cta cac tin hiéu phan hi tir sensor va encoder dé nang cao do
chinh xac trong qua trinh diéu khién theo quy dao chuyén dong dit ra va danh gia chinh

xac duogc sai sO.

y (cm)
1. ‘ T
AR
4 ‘ |
c)
Hinh 16. Két qué quy dao mong muén (nét tron) va thiec té (nét rang cuwa) ciia tam di dong.
5. Két luan

Bai bao di trinh bay chi tiét dé 1am sang t6 dugc cach thirc, phuong phap phan tich,
tinh toan dong hoc, dong luc hoc 16 bét song song 3RRR tir 1y thuyét dén thuc nghiém
md phong trén Matlab-Simulink va kiém nghiém & mé hinh thyc t&. D6i v6i bai toan dong
hoc nguoc, nhom tac gia da tién hanh thiét ké moé hinh 3D trén phan mém SolidWorks va
tién hanh mé phong quy dao chuyén dong trong Simscape Multibody, Matlab thu dugc
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két qua hoan toan tring khdp véi quy dao mong mudbn. Di v6i bai toan dong luc hoc
1o bét, tin hiéu mo6 men dan dong cAn thiét da duoc xac dinh, day 1a tin hiéu dau vao cua
ba dong co gin trén bé cb dinh dé didu khién cac khop chi dong . Tin hiéu md men nay
tuong ddi chinh xé4c khi so sanh véi tin hiéu md men dugc xuét ra da duoc tich hop san
trén phan mém Matlab-Simulink. Can ctr vao viéc phan tich thong sé mé hinh dong luc
hoc cua rd bt song song 3RRR dé Iya chon linh kién phti hop v6i mé hinh kiém nghiém
thuc t& da duoc thiét ké va cho két qua twong d6i chinh xac vé hinh dang va céc vi tri theo
ba quy dao dién hinh 13 hinh tron, hinh sé 8 va hinh canh hoa. Huéng nghién ciru tiép
theo trong tuong lai cia nhom sé dau tu trang thiét bi v6i chat lugng tot hon va tng dung
bd diéu khién vong kin dé t6i wu d6 chinh xac quy dao cta tim di dong va danh gia dinh
luong chinh x4c duoc sai sd.
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DYNAMIC MODELING PARALLEL ROBOT 3RRR

Abstract: This article studies the dynamic modeling of parallel robot 3RRR. Based on analysis
and synthesis of results from domestic and foreign studies, the article presents the problem of
analyzing the mechanical model, the mathematical model describing the motion of the parallel robot
3RRR as the basis for kinematic and dynamic analysis. The process of calculation and analysis is
performed on Maple for intuitive, explicit results and describes the quantities by vivid simulation
graphs. From that result, research and develop the model design on SolidWorks software using the
Simscape Multibody tool in MATLAB to simulate the robot's movement according to defined
trajectories. Therefore, the study obtained the graph of torque signal at the active joints by the same
two methods, proving that the analysis and calculation results are correct. The research also develops
the design of a real robot model, and performs model control according to the given trajectories.
These research results will serve as a useful reference for the application for the calculation and
design of parallel robot 3RRR models in other practical situations.

Keywords: Simscape multibody; dynamics; parallel robot 3RRR.
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