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GIAI THUAT VA CHU'ONG TRINH TiNH BPONG LU'C HOC
ROBOT SONG SONG

PHAN BUI KHOI

1. GIOI THIEU

Trén hinh 1 chi ra mot vai mé hinh robot song song. C4u triic chung cua robot song song
thuong gdm mot khau dong (ban may di dong) duoc ndi véi gia ¢b dinh boi mot sé mach dong
hoc kin (thuong goi 14 chan). Ban may dong thudng 1a bo phan mang ddi twong cong nghé hoic
dung cu gia cong. Ban may dong duoc dan dong boi dong co dit tai cac khop trén cac chan cia
robot, thudng 1a tai khép lién két giira chan va gia c6 dinh. Trén hinh 1.a, dong co dan dong
truyén chuyén dong quay tir truc dong co sang cac khau cua robot, hinh 1.b, viéc truyén dong c
thé duoc thuc hién b.'?mg dong co, hoac truyén dong thuy lyc, khi nén lam thay ddi chiéu dai cac
chan.

Hinh la Hinh 1b

Bai toan dong hoc xac 1ap mdi quan hé giira cac dai luong dic trung cho chuyén dong cua
ban may va cac dai lwong dic trung cho sy thay ddi ctia cac bién khop (goc quay hodc do dai
chan va cac dao ham cia chiing). Dé nhan dugc chuyén dong cua ban may dong theo quy luat
mong mudn, can xac dinh duoc quy luat thay ddi cua cac bién khop, ddy con duoc goi la bai
toan dong hoc nguoc. Bai toan dong hoc thudn xac dinh trang thai ciia ban may dong Gng vdi
cac gia tri cua cac bién khép.

Bai toan dong luc hoc xac dinh mbi quan h¢ giira chuyén dong va lyc tac dung 1én cac khau
ctia robot tir cac dong co dan dong, cac luc cong nghé, trong luc,... tao tién dé cho viéc didu
khién chuyén dong cua robot.
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Do céu trac mach kin phtre tap cua robot song song, viéc khao sat, tinh toan dong hoc, dong
Iyc hoc 1a kha kho khan. Bai bao nay trinh bay phuong phap khao sat dya trén sy khai thac cong
cu phan mém va céac kha nang cua may tinh dé thuc hién khoi lugng tinh toan 16n.

2. PONG HQC ROBOT SONG SONG

M hinh robot song song dugc chi ra trén hinh 2 ¢6 sdu chén, sau bac ty do. Vi tri cac chan
duoc bd tri dbi xtmg va déu cing ban kinh trén ban may dong va trén gia ¢b dinh. Ciu tric nay
1a phd bién ddi véi robot song song vi lam ting tinh ctg viing, tdi wu cac dic tinh dong lyc.
Tuy nhién cac giai thudt va chuong trinh dwoc trinh bay & ddy cho phép tinh toan déi voi ciu
trac ban may tiy y va su phan b bét ky ciia cac chan ciia robot. Vi du, trén hinh 1.b 1a mé hinh
robot phan bd vi tri chan tuy y.

Hinh 2.

2.1. Thiét 1ap phwong trinh ddng hoc

Trén hinh 2 chi ra phuong phap xay dung céc'hé toa d6 khau. Gan vao ’b?an dong rorbot hé
toa do dong O,x,y,z,sa0 cho z, 1a truc phap tuyén. H¢ toa d§ Oyx,y,z, gan vao gia co dinh,
2, - truc phap tuyén, x,, Yo nam trong mit phang ban may ¢6 dinh. Ki hidu cac khép ndi chan
robot v6i gia ¢ dinh 1a 01,02,..0i,.., v6i ban may dong 1a P1, P2,..Pi,... Dé thiét 1ap phuong
trinh rang budc dong hoc ta xét day chuyén dong hoc trén timg chan. Gin vao cac khau i/, i2 cia
chan thir i cc hé toa do lan luot 13 O,x,y,z,, Px,y,,2, tai cc khép 0i va Pi. Goi khoang
cach tir cac khop 0i, Pi dén tdm ban may tuong tng la Toi» Tp; - Phép dich chuyén hé toa do
0,%, Y2, dén vi tri khop Pi nhu sau:
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Hinh 3. Phép dich chuyén cdc hé toa do

(1) Quay hé¢ toa d9 co s6 Oyx,y,2, quanh truc z, mot géc ¢, tinh tién theo truc X,; mot khoang 7, .

(2) Quay O,x,,y,,Z; quanh cac truc x,,, y,; cac goc cardan @,, ;.

(3) Tinh tién 0.x,,y,12;; doc truc z,; mét khoang theo biét khép d;.

(4) Thuc hién 3 phép quay co ban theo 3 goc cardan va 3 phép tinh tién co ban theo 3 truc toa do dbi véi
hé toa d6 co s6 Oyx, Y2, -

(5) Quay hé toa d6 0pxp Vo2, quanh tryc z, mot goc S, tinh tién theo z p mot khodng 4, béng khoang

cach theo chiéu truc z p gitra tdm ban may dong va khop Pi, tinh tién theo truc Xp; mot khoang 7, .

Ddi véi robot céu trac chudi, mach d(f)qg hoc tao thanh béi cac khau ndi véi nhau boi cac
khép trugt va quay, thi cac phép dich chuyén hé toa dd dugc thyc hién theo quy tac Denavit-
Hartenberg. Nho vay, viéc 1ap trinh tinh toan ty dong thuan loi.

Vi robot song song, do cac khdp ¢ cau trac phirc tap hon nén cac phép chuyén hé toa do
(1), (2),... nhu trén duge thuc hién boi cac phép quay theo cac goc cardan, hodc cac goc euler,..
va cac phep tinh tién co ban. Trong tong quét, cb tat ca 6 phép dich chuyén dé dua mot hé toa do
vé vi tri ciia hé toa do khac. Khi d6 cin c6 phuong phap biéu dién cac phép bién ddi toa do, giup
cho viéc 1ap trinh tinh toan ty dong.

Trong [1] dd dan ra phuong phap vector toa do suy rong gdm 12 phén tir, biéu dién nhu
sau:

i_lRiz[x, y, z, rotx, roty, rotz, 1, 2, 4, 6, 3, 5] (D)

& day ki hiéu 'R, mo ta phép chuyén hé toa do tir vi tri i vé& vi tri i-/. Sau phan tir dau trong
vector (1) - gia tri cac phép dich chuyén, c6 thé nhan gia tri khong. Sau phan tir tiép theo nhan
cac gia tri 1, 2,...6 xac dinh mot cach twong tng thir tu thyc hién cac phép chuyén toa do nodi
trén. Qua trinh xay dung chuong trinh, gia tri cac phan tir cua cac vector dang (1) sé duoc ma
hoa.
Theo mach dong hoc thu nhét, ma tran xac dinh trang thai cta cac hé toa d§ Px,,,2;,,
PXxp;yp;zp; trong hé co s& O, x,y,z, co dang:
G G2 Gz A
0 04 0iy il Ciot G Gz Vi
Ay = Ay A A=

C31 Gz Czz i
0 0 0 1

2)
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Theo mach dong hoc thir hai:
Cpiit Cpiiz Cpiuz  Xpi
Cp; Cp;: Cp: .
OAPi _ OAP PAPi _|Cpizt Cpina Cpizs Vi ‘ 3)
Cpizi Cpiza Cpizz  Zpi
0 0 0 1
Céc biéu thic (2), (3) biéu dién dang ma trén truyén mé ta vi tri va huéng ciia mot khau
trong hé toa do co so.
Tir hinh 3 cho thdy trén vong dong hoc ctia mdi chan thir i cd sy trung nhau cta gbc cac hé
toa d0 PX;, V2% V& PXpVpiZp- Nhu vy so sénh hai ma tran °A,, °A,, tir (2), (3) ta nhan
duogc cac phuong trinh rang budc tir sy ddng nhat vé vi tri:

i = xp—xy =0
fo = Yo—ym = 0. 4)
fi = -z = 0

Nhu vay, tng voi mdi vong dong hoc ciia mot chan robot song song, c6 thé rut ra 3 phuong
trinh rang budc dang (4). Cac bién khép trong mdi vong dong hoc 1a @.,v,.d;, i=1+6. Robot
hinh 2 ¢6 séu chén, do vy c6 18 phuong trinh dong hoc nhan dugc tmg voi 18 bién khép va 6
tham so v€ trang thai ban may dong:

f(x)=0 (5)
f=lh f o fis] (6)
X =[dy s @pyees @ Wy s oes W, X, ¥, 2, TOLX, FOLY, TOIZ | (7)

2.2. Khao sat cac bai toan dong hoc
Tir hé phuong trinh dong hoc (5) dan ra viéc khao sat cac bai toan dong hoc thuan va nguge
cta robot song song.

Bai toan thudn dong hoc: Quy luat chuyén dong cuia cac chan robot da xac dinh,
d,,d,,dy,d,,ds,d,- 1a ham theo ¢ da biét. Khi d6 cac phuong trinh (5) duoc viét trong dang:

£ (p.q)=0 (8)
p Z[(/’la---a%,l//l,...,;l/ﬁ,x, Y, Z,Fotx, roty, rotz] 9)
g=ld,, d,, dy, d,, ds, d]. (10)

Viéc giai hé 18 phuong trinh dai s6 phi tuyén (8) vdi 18 4n sé (9) dwoc thuc hién nho
chuong trinh duoc xay dung bang ngon ngir 1ap trinh trong MAPLE.

Bai todn nguoc dong hoc: Can dam bao chuyén dong cua ban may dong theo quy luat xac
dinh. Khi d6 can diéu khién chuyén dong cta cic khép dan dong dit tai cac chan robot song
song. Nhan thdy rang cic h¢ phuong trinh dang (4) gdm 3 phuong trinh véi 3 an s6 @,,,d,1a
doc 1ap. Do vay bai toan nguoc dong hoc robot song song dugc thuc hién kha thuan 1gi boi lan
luot gidi 6 hé 3 phuong trinh doc lap.
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2.3. Bai toan vin toc, gia toc

Bai todn thudn vé van toc: Dao ham cac phuong trinh (8) theo thoi gian ta dwoc:

18 a 6 -
Zaf Z , a=1,18. (11)
i=1 OD; =0
Viét (11) dang sau:
J,p = J,4 (12)
o % o] O O
dp;  Ip, 9P dgq, g, 9P
J, = |dp Ip, ops |, J, = |9q 9q, 9q, (13)
L 9p, 9Pis | | 99, g, 9 |
Bai toan thudn vé gia toc: Pao ham (11) theo thoi gian:
i 18 18 52 Zﬁ“z 26: Qf
D= 616] Gy » (14)
i= 8 8 i=1 OP; o = 9g,0 o k=1 3(15 ‘
a=1,18
Hé thirc (14) viét lai trong dang ma trén:
J,p = g (15)
g = l&n & - - &gl (16)
88 g2 p 6 & 3f 6 o
=- —24.q, ,a=118 (17
ga Z za a plpj kZ:I: ;aqkaq[ k kz a 2 Qk ( )

Céac van téc p, gia tbc p khi giai bai toan thuan duoc tinh theo (12), (15).

Bai toan nguwoc vé vdn toc, gia t6c: Puoc thuc hién tuong ty nhu khi gidi bai toan thuin
song don gian hon bdi cac hé chi 3 phuong trinh djc lap.

3. KHAO SAT PONG LUC HQC ROBOT SONG SONG

Khao sat dong Iyc hoc robot song song cé cAu tric nhu hinh 2. Cac toa do suy rong dugc
khao sat trong bai toan dong luc hoc gom 18 bién khép ¢.,w,.d,, i=1,6 ; 6 tham s trang théi
ban may dong x, y, z, rotx, roty, rotz va cac dao ham céip 1, céip 2 cua ching.

3.1. Hé phuwong trinh dfng luc hoc ciia robot song song

Ap dung nguyén i phu hop, trang thai dong luc hoc cﬁg co hé duoc biéu dién boi hé
phuong trinh lién két dang (5) va cac phuong trinh vi phan chuyén dong:
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w(X.X)+0+U" +U
0

f(X)
O day X,X la dao ham bac nhét va bac hai theo thoi gian cua X (7).

{M(X)X’

X =[dyseoes s Byes G Yoo W 5 3, 2, 131, TSy, 1 |

my My, .. Mgy
m m e m
2.1 2.2 224 |qs R o
M(X) = 1a ma tran quan tinh.
Mygy Mpyp oo Myyoy

Céc phan tir y; la ham cua céc toa do va vén toc suy rong X, X :

N S oIl 1 amk, aml, om
== D) kL)X X ——, (kL)j)== P
Vi “Z:l( XX, oX, (ko1 7) 2[ ox, 9x, ax,

[1- thé ning cua co hé.

1a vector 1x24 ma cac phé‘m tr 1a cac luc diéu khién tir cac dan dong tai cac chan robot.

U =[U,,U,,..U;,0,0,0....,0,0,0],

Q=[Ql’Qz’Q3---7Q22’Q23’Q24] )

véi O, - 1a lyc suy rong cua cac luc khong bao toan.

U =[U}.U;.U5..U% Us Us,

1a vector 1x24 ma cac phan tir 1a cac lyc suy rong cta céc lyc lién két.

3.2. Tinh cac dai lwgng dong lwe

(18)

(19)

(20)

21

(22)

(23)

(24)

Viéc giai hé phuong trinh dong lyc hoc dugc thyc hién khi tinh dugc cac dai lvong dong
luc trong hé (18).

Tinh ma trgn quan tinh M (X ) : Ma tran quan tinh M (X ) dugc xéac dinh tir viée tinh dong

nang cua co hé. Biéu dién tong quat ciia ma tran quan tinh dudi dang sau:

M(X)= il:JTTimi‘]Ti + ‘]Izili/‘]Ri] ’
i1

v6i n - 0 khau dong cua robot, m; - khoi lwgng khau thir i.

38

[or, o, or, | 00, dw, 0,
X, oXx, = X, oX, 9X, = 0X,
5 - o, o, 9 - 0w, Jw, 0®,
"Tlox, ax, Toax, | M| ax, ox, T aX,,
o, On, o, 90, 00, 90,
10X, 9X, = 09X, | OX, 0X, = X, |

Ma tran ten xo quan tinh ctia khau i

(25)

(26)



I
I =|1 e I, 1. |- d6i v6i hé toa d6 dong gin vao khau nay. 27)
1

izy izz

0 -0 o

iz iy
®,(g.9)=C/C.=| @, 0 -aw,|. (28)
-0, @, 0

o day, Cl.,Cl.T,CI. - 1an luwot twong ung 1a ma tran cosin chi hudéng ctia khau i, ma tran chuyén vi
va dao ham cua no.

Ma tran ten xo quan tinh (27) co thé xac dinh duogc tir ph?m mém thiét ké. Cac ma tran
Jacobi (26), van tdc goc khau (28) dwoc x4c dinh tir bai toan dong hoc. Tir cic ma tran truyén
mo ta trang thai cla cac khau co thé xac dinh duoc cic ma tran cosin chi hudéng ctiia nd va vi tri
khéi tam cua cac khau trong hé toa do co sé.

3.3. Céac bai toan djng luc hoc robot song song

Sau khi tinh xong biéu thuc cua cac dai lugng dong luc, hé phuong trinh dong luc hoc (18)
tré nén xdc dinh. Cac bai toan dong luc hoc thuén, nguge s€ duge gidi tuy thudc vao cic yéu cau
diéu khién robot.

Bai toan dong lie hoc thudn: Trén hinh 2, robot song song sau chan vdi cac dan dong dat
tai cac chan dé 1am thay d6i chidu dai chan. Bai toan dong lyc hoc thudn dwoc giai khi biét cac
lyc dan dong U dit tai cac khop truot cua cac chan. Khi do can xac dinh chuyén dong cia robot
song song: Vi tri, van tdc, gia tdc goc cac khau. Dic biét can xac dinh vi tri tim ban may dong va
huéng cuano, ...

Pao ham hai 1an theo ¢ cac phuong trinh dai s6 phi tuyén trong (18):
M(X)X v(X.X)+Q+U"+U

(29)

G(x)X g(Xx.X)

Gia thiét vé lién két trong d6 cac phan lyc lién két chua biét c6 dang phéap tuyén v6i cac bé
mat tiep xuc. Tur d6 cho phép st dung phuong phap nhan tir d€ biéu dién céac lyc lién két trong
dang:

U = -G'1, (30)
do vay:
M(X)X = y(X.X)+0-G"(X)A+U 1)
G(x)X = g(X.X)
{M(X) GT(X)MX} y(x.X)+Q+U
= _ . (32)
G(X) 0 A g(Xx.X)
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Hé phuong trinh vi phan (32) v6i 42 phuong trinh, cac an sb 1a X - gdm 24 phan tir cing
voi céc dao ham cua ching va A- gdm 18 phén tir. Viée giai hé phuong trinh nay dwgc thyc hién
nho chuong trinh dugce 1ap bang ngoén ngit MAPLE.

Bai toan dong lyc hoc nguoce: Tinh toan dong luc hoc ngugce 1a nhiém vy quan trong bac
nhét trong bai toan dong luc hoc va diéu khién chuyén dong. Truong hop quy luat chuyén dong
cia ban may dong cia robot song song trén hinh 2 da xac dinh, khi d6 cac dai lugng
X, v,2,rotx, roty, rotz , cuing véi cac dao ham cia chung da xac dinh. Bai toan dong hoc ngugc s€
duoc giai cho phép xac dinh céac dai lugng trong X, cung cac dao ham cia ching. Bai toan dong
11,1;’0 hoc duoc khao sat véi cac an sd: cac luc didu khién U (6 4n), cac nhan tir lién két A (18 4n
S0).

Viét lai biéu thirxc U™ = G A, Cac phuong trinh vi phan trong (18) ¢6 dang:
M(X)X-y(X.X)-0 = GT(X)A+U, (33)

nhu thé, hé phuong trinh mo ta trang thai dong luc hoc cua robot co thé dugc viét trong dang
tach roi cac phuong trinh lién két:

M(X)X-y(X.X)-0 = Ay, (34)
f(x) =0 (35)
1 0 0 00O 1
01 00O0OO
001000
000100 . r
A = G|, y=lUu.U,,.U 1,4,.., . 36
00 00O0O0°1
L 0 -

Qua trinh giai bai toan nguoc duoc thyc hién béng viéc giai hé phuong trinh dong hgc
nguoc (35), st dung cac ket qua dé giai hé phuong trinh (34) cho phép xdc dinh céac lyc dicu
khién va cac nhan tir lién keét.

4. CHUONG TRINH VA Vi DU
Thu vién chuong trinh dugc xdy duyng nhim giai cac bai toan dong hoc, dong luc hoc
thuén, ngugc cua robot song song co6 tén goi: PK_RBSS_Lib0206.
- Lénh nap thu vién: dong 1énh >libname:="" PK_RBSS_Lib0206",libname;

- Khai bao str dung cac ham va thu tuc trong thu vién: dong 1énh >with(PK0206);

Duéi day 1a mot vi du tinh toan dong hoc, dong luc hoc cho robot song song cAu trac nhu
hinh 2.

- File luu dit liéu v& céu trac robot: RBSS_DT.sys.

Céc tham s0 cau trac robot:
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- ban kinh twong tmg ban may ¢ dinh, ban may dong: 489 mm, 389 mm.

- chiéu dai twong tmg phéan chan ndi gia cb dinh, ban may dong: 500 mm, 800 mm.

- ban kinh twong tmg phan chan ndi gia ¢d dinh, ban may dong: 50 mm, 40 mm.

- vat liéu dugc cho tat ca déu bang thép, dong chit, khéi luong riéng 7800 kg/m’.

- b6 qua khdi lugng céc bd phan khac

- quy luat chuyén dong ciia ban may dong duogc gia thiét nhu sau:
TraekP:=[0,1*cos(ome*t),0.1*sin(ome*t), 0.94*(1 + 0,01*sin(3*ome*t)),
0,1*cos(ome2*t), 0,1*sin(ome2*t), 0,1*cos(ome2*t)*sin(ome2*t)];

O day, ba phan tir dau cua vector TraekP biéu dién quy luat thay doi vi trf ctia tim ban mdy
dong, ba phan ti tiép theo biu diensu thay doi vé hudng.

0927
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0.961

0547

QL thay déi d6 dai chan

oo 01 015 02 025 03 035

G1a toc dai

Van toc dai

N

80007

Al

G000

4000

o
TN R S T R N B B

v1 W/ﬁz '

4.b)

Cac luc diéu khien

T T T T T T T T TTT IIIIIIIIII.‘“””””

4 !

Hinh 5
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Bai todn ddng lwc hoc nguoe: Sit dung chuwong trinh néu trén day dé tinh dong hoc nguoc
robot, ta nhan dugc quy ludt thay doi dg dai va cac goc quay cua cac chan cua robot. Cac van toc
dai, van toc goc cling duoc xac dinh. Mot so két qua tinh toan dong hoc chi ra trén hinh 4. Hinh
4,a) quy luat bién d6i do dai chan; 4,b) van toc dai d,,d,,d,,d,,d;,d,; 4,c) gia téc dai
d,.d,,d,.d,.d.d,. Cac két qua clia bai toan dong hoc ngugc duoc sir dung giai bai toan dong
Iyc hoc nguogc. Két qua tinh lyc diéu khién dugc chi ra trén hinh 5.

Bai toan dong luc hoc thudn: bé kiém nghiém d9 tin cdy, tinh chinh xac ctia cac thuit toan
va chuong trinh ta st dung Kkét qua bai toan dong lyc hoc nguogc, gia tri cac lyc diéu khién vira
duoc xac dinh, dé giai bai toan dong luc hoc thuan. St dung phuong phap Runge-Kutta bac 4 dé
giai hé phuong trinh vi phan (32). Cac két qua nhan dugc biéu dién trén hinh 6, 7, 8.

QL CP tam BMP cho trwoc QL CP tim BMD (két qua{ TT)

Hmh 6.a)

Hinh 6. b)

So sanh VT tam BMD theo phg x

2
1 m/s
N
G; L0 00,008,020 08 0
n
2 Hinh 7.a)
So sanh VT tam BMD theo phgy S8 VT tam BMD theo phg z
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So sanh GT theo phg x So sanh GT theo phg y

409 - 409 ~
1m/s2 7N 1
] y \ ]
20 / \ 20
b 0.0s .‘-".D 1 015 02 025 03 035 b 005 01 015 02 02 03 035
20 ' ] b i
1/ \\/ 1N/
a0 \ i “ Y
0 Hmh 8. a) 03 - Hmh 8. b)

So sanh GT theo phg z

A A

i 05 01 0415 02 025 03 035

0]

.30% , ___‘: I‘\J,,«
Hinh 8. ¢)

Céc db thi hinh 6, 7, 8 1a sy so sdnh quy dao chuyén dong, céc gid tri vi tri, van tdc, gia toc

clia tdm ban may dong tir bai toan dong luc hoc thuan va ngugc. Ta thay cic do thi hau nhu

tring nhau. Nhu vay, cac két qua nhén dugc tu viéc gidi bai toan dong luc hoc thuan, nguoc
khang dinh d¢ tin cdy va tinh chinh xac cua thuat toan va chuong trinh.

5. KET LUAN

Céc giai thuat va chwong trinh dugc trinh bay cho phép 4p dung ddi véi mot 16p kha 1én
cac mo hinh robot cau truc song song.

Phuong phap sir dung cac két qua cta bai todn nguoc dé giai bai toan thuan cho phép kiém
tra d6 tin cdy va tinh chinh xac cta céac giai thuét va chuong trinh.

Céc két qua nhan dugc thé hién trén do thi cho do chinh xé4c cao.
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SUMMARY

THE ALGORITHMS AND PROGRAMS OF DYNAMIC CALCULATION OF PARALLEL
ROBOTS

The paper presents algorithms and programs of kinematic and dynamic calculation of
parallel robots. The presented methods are effective and convenient for researching a lot of
models of parallel robots.

Keywords: parallel robot, dynamic, kinematics, algorithm, program.
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