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PHAN TiCH PONG HOC NGU'QOC RO BOT DELTA 3 BAC TU DO VA
VUNG KHONG GIAN LAM VIEC

INVERSE POSITION KINEMATICS OF ROBOT DELTA 3-DOF AND WORKSPACE
ANALYSIS

Lé Thé Truyén, H6 Thi My Nir, Nguyén Tan Ken
Khoa Cong nghé Co khi, Trudng Dai hoc Cong nghiép Thuc pham Thanh phé H6 Chi Minh

TOM TAT

R6 bot Delta la ré bot dang song song c6 thé cung cdp chinh xdc vi tri cia dau cudi lam
viée, vi vy né dwoc sik dung rong rdi trong cdc tng dung gap/tha san pham trong cdc déy chuyén
san xudt cong nghiép. T hiét ldp dong hoc cua ro bot Delta dé lam co s6 diéu khién chinh xdc vi tri
ciia dau lam viéc ré bot la cong viéc quan trong. Bai bdo trinh bay phwong phdp xdc dinh déng hoc
nguege cia ré bot Delta va cdc rang budc trong thiét ké. Ving khéng gian lam viée ciia ré bét dwoc
tinh todn va mé phong. Két qua nghién civu ciia bai bdo cho thdy rang, tdp cdc diém trong khéng
gian 3D ma dau lam viéc ciia ré bot ¢é thé dat dén phu thudc vao cdc rang budc gitta cdc thong sé

hinh hoc cia cdc canh tay ré bot.
Tir khéa: Ré bét Delta; Péng hoc nguwoe; Ving khéng gian lam viée; M6 phong.
ABSTRACT

Robot Delta is a parallel robot which can provide precise positions of working head, so it is
widely used in pick up or drop products in industrial production lines. This paper presents a method
to determine the inverse kinematics of robot Delta and its workspace analysis. The simulation
results show that the set of points in 3D space that the robot's working head can reach depends on

the proposed constraints between the geometric parameters of the robot arms.
Keywords: Robot Delta;, Workspace, Simulation; Inverse position kinematics.
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1. GIOI THIEU

Thi truong san xuat hién nay co tinh
canh tranh rat cao vi vay cac quy trinh san xuat
can cai tién dé ning cao hiéu qua san xuit.
Thyc té cong nghiép da ching t6 riang hoat
dong ciia 16 bt mang lai nhitng loi ich vo cliing
to 16n cho cac quy trinh san xuat cong nghiép.
Do d6, rd bét cong nghiép ngay cang duoc tng
dung rong rii trong cic nha may san xuat cong
nghiép va rd bdt Delta 1a mot su lua chon tt vi
n6 cung cap du sy linh hoat va dat do tin cay
cao. Hién nay, 16 bdt Delta véi cac kich thude
khac nhau duoc sir dung rong rii va phd bién
trong cic nha may ché bién thuc pham, duoc
pham va cac nha may lap rap linh kién dién tir
[1,2].RO bdt Delta dugc ciu tao boi mot bé dd
¢ dinh lién két voi bé 1am viée di dong nho
cac lién két song song nhu duge trinh bay trong
hinh 1 [3]. Nho c4u tric lién két nay nén bé 1am
viéc di dong ludn song song vdi bé ¢ dinh. RO
bt Delta c¢6 chi phi ré so véi kha nang lam viéc
v6i toe do kha cao nén né rat phu hop véi hoat
dong ciia cac hé thong dong goi san pham [4].
Thiét 1ap dong hoc cuia ré bot Delta 1a viée can
thiét va quan trong trong viéc diéu khién vi tri
ctia dau lam viéc ctia ro bot. Bai bio nay trinh
bay dong hoc nguoc cua ro bét Delta va giai
thuat tinh toan dong hoc nguoc. Diéu kién rang
budc nham bao dam diéu kién van hanh cua ro
bt trong ving khong gian cho trudc ciing duoc
thiét lap. Trén co s¢ dong hoc cua rd bot da
duoc xay dung, vung khong gian hoat dong cia
10 bot duge phén tich va mé phong.

2. PONG HQC CUA RO BOT DELTA

So dd nguyén 1y cua ro bét Delta duoc
trinh bay nhu trong hinh 1 [5-7]. Cac khop quay
dugc truyén dong boi cac dong co quay duoc
gan ¢ dinh trén bé cb dinh. Céac thong sb diéu
khién dau vao cua ro bt 1a cac goc quay 0,1=

1, 2, 3. Trong md hinh nay thi 0, dugc do theo
chiéu quay phai va n6 gia tri bang 0 khi thanh
quay nam tring véi mat phang nam ngang. Cac
co céu 4 khau ban 1& cua ba lién két phia dudi
dam bao chi xay ra chuyén dong tinh tién theo 3
phuong Ox, Oy va Oz cua bé 1am viéc di dong.

Hinh 1. So dé ré bot Delta

So d6 dong hoc cua r6 bot Delta duoc
mo ta trong hinh 2. Trong do, MMM, 1a b¢
c6 dinh, N NN, la b¢ di dong. Bo truyé€n dong
cho b¢ di dong dugc xem nhu 1a chan r6 bot ma
trong do cac diém M,i=1,2,31acac diém bén
hong, cac diém E, i= 1,2, 3 1a cac diém gdi va
cac diem N, i= 1,2, 3 1 cc diém got.

Hinh 2. Céu tric ciia ré bot Delta
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Trong ciu trac rd bét Delta thi cac khép
tai M. la cac khép quay, con cac khép tai N, va
E. la cac khép cau,i=1,2,3. Trong so dd dong
hoc ciia 16 bét Delta duge trinh bay nhur trong
hinh 2, R 13 khoang cach cac khép quay dén
tam cua bé cb dinh var la khoang céach cua cac
diém ndi dén tam cua bé lam viée di dong. Xét
mot nhom céc canh tay trong mat phang Oxz
ctia ro bt Delta, toa dd ba chiéu cua diém cudi
E. cua thanh ndi ctia canh tay don chi dong co
thé c6 dugc biéu dién boi cong thic sau:

E;=[R+ Lcosfd, 0 Lsing,]" (1)

Nho cac rang budc co khi ma b¢ di dong
ctia 16 b6t Delta chi c6 chuyén dong tinh tuyén.
Do d6, diém P duoc xéac dinh 14 giao diém cta
3 hinh ciu ¢6 cac tam la 0,,0,va0,, vacoban
kinh 1a I nhu dugc trinh bay trong hinh 2. Tam
cac hinh ciu trong mat phang Oxz dugc xic
dinh nhu sau:

0;,=[R—r+ Lcos6; 0 Lsing,]” (2)

D6i v6i hai nhom lién két con lai,
phuong phap tuong ty ¢ thé dugc sir dung dé
x4c dinh toa do cta tim 2 hinh cau con lai, chi
can nhan véi phép quay v6i ma tran bién d6i R
¢ dang:

cose —sina 0
R =|sina cosa 0 3)
0 0 1

Gia thiét cac goc lap dat cua ba chudi
canh tay trén dé ¢ dinh lan luot 1’2‘1 a, o, va
a,, phuong trinh dong hoc cua ré bot Delta dat
duoc nhu sau:

(x—[(R—7) + Lcos8;]cosay)* + (v — [(R—7) + L cos 8, ]sina,)?
+(z— Lsing,)? = 1?
(x—[(R—7) + Lcosd,]cosa,)? + (y — [(R—7) + L cos§,]sin a,)? 4
+(z—Lsing,)? = I? ( )
(x—[(R—7)+ Lcoséy]cosaz)?+ (y — [(R—71) + L coséy]sina;)?
+(z— Lsing;)? = 12
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Cong thtc (4) dugc don gian hoa thanh cong
thire sau:

(x—x)%+ y—y)+(z—z)* =17
(x—2x.)2+ (v—w)2+(z—2,)?=1% (5)
(x—x3)%+ (v—v3)2 +(z—z3)? =12

Trong do:
x,= [p + L cosO Jcosa,, y, = [p + L cos0 ]sina.,
z="L cosO, x,= [p + L cosO,Jcosa,, y,= [p + L
cos0, Jsina,, z, = L cos0,, x,= [p + L cosb,]cosa.,

y,=[p + L cos,]sina,, z,= L cosO,,p=R - r.
3. PONG HQC NGUQC

bong hoc nguoc cua ro bdt Delta
dugc mo ta nhu sau: cho trude gia tri toa do
5P = [xyz]"cta diém dau cudi (tAm P cia bé
lam viéc di dong) trong hé truc toa do ba chiéu
Oxyz, x4c dinh cac goc quay 6 = [0, 0, 931T
cua cac khop quay. BPong hoc nguoc cua rd bot
duoc xay dung nham diéu khién chinh xac vi
tri ciia dau 1am viéc cua ro bdt thong qua cac
bién sb dau vao. So do diéu khién vi tri cua rd
bot theo dong hoc ngugc co thé duoc trinh bay
nhu trong hinh 3. Dé diéu khién dau cudi cua ro
b6t Delta theo quy dao mong mudn thi toa do
(X, y, z) ctia vi tri dau cudi duoc sir dung nhu 1a
céc bién sb dau vao cua dong hoc nguoc dé tinh
toan c;ic gia 7tri dau ra 1a cac g(}C quay 0,6,,0..
B diéu khién c¢6 nhiém vu diéu khién cac goc
quay cua cac khop dé dat gia tri mong mudn.
Dé thiét 1ap cac phuong trinh dong hoc nguoc
ctia 1o bdt, cac cong thire (5) duoc khai trién va
dua n6 vé dudi dang [8, 9]:

l.cos.+m. sinf .= n, (6)

(61, 65, 83) (61, 65, 65)

Xy, 2) — PR - y,2)
Quidao Bong hoc ity khién Céc khép Dgngnhoc
nguoc quay thuan

Hinh 3. So do diéu khién vi tri ré bot Delta
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Trong do:

1=2rL - 2Lxcosa. - 2Lsino, m. = 2Lz,
n=2rxcosa, - 2rysino. + x>+ y*+ z*+ L*- I’ + p?,
i=1,2,3.

Trong bai bao nay, cac khép quay dugce
bd tri theo tam giac déu trén bé ¢b dinh, nhu
vay cac goc lap dit ciia canh tay don tac dung
trén dé ¢ dinh 1a a, =0, 0,=2n/3, o, =4n/3,
twong Gmng. Phuong trinh (6) 1. cosd,+ m, sin6. =
n.la phuong trinh rang budc dac tw:ng trong mo
a cac rang budc dong hoc ciia cac dang 16 bot.
Phuong trinh nay dugc gidi theo phuong phéap
Tangent Half-Angle Substitution.

117

L va
l+ti

batt, = tan

2.
L 14e?®

vay cosf; =

sind

Thay cac biéu thuc trén vao phuong
trinh (6) thi nhan dugc:

1-£F 2L
L(G7E) +m(3E) = (7)

Giai phuong trinh (7) s€ tim dugc gia tri
t va gdc quay cua cac khop quay duogc xac dinh
theo t la:

0 =2tan (t),i=1,2,3 (8)

Ba thong s6 kich thudce cua ré bbt can
duoc thiet ké do 1a: kich thudce 1, kich thude L
va gia tri p =R - r. Gia thiét rang dau cudi cta ro
bot dang nam tz_}i diém P, _=(x,,y,, z), tr phuong
trinh (4) céac biéu thure sau day la thoa man:
(% —[(R—7) +Lcos@,]cosa;)* + (y, — [(R—7) + L cos8,]sina;)?
+(z,— Lsing,)?— 12 =0
(xx— [(R—7)+ Lcosd,]cosa,)® + (v, — [(R— r) + Lcos8,]sina,)? (9)
+(z,— Lsing,)*— I =
(x,— [(R—1) + Lcos8;]cosaz)®+ (y, — [(R 7) + L cos83]sina;)?
+(z,— Lsin#;)?— 1=0
Hé phuong trinh (9) cho thay ring véi
cac dai luong da xac dinh nhu x.,y,, 7,0, 0,,

0,vaa, a, a, thi cic kich thudc cua ro bot lal,
L vap la Xac dmh dugc. Viée gi6i han sb luzorng
cac phuong an thiét ké 1a viéc lam thuc sy can
thiét. Phuong trinh (9) c6 thé duoc viét lai dudi
dang tong quat nhu sau:

fxa) =0 (10)

Trong d0, X 1a véc-to ctia tham sd vi tri
dau cu01 10 bt (X, v, z) va q 13 véc-to cta cac
bién s6 goc quay cua cac khdp quay 0,60,,0,).
Lay dao ham phuong trinh (10) thi nhan duqc
mdi lién hé giita van téc goc ciia cac khop quay
va vi tri dau cudi cua r6 bét nhu sau:

J.x = .v'rqq (11)
G=Jg" )% (12)
Trong do:

J =diag(z-z,2-2,,72-z,)

X=X Y= Z—4

i |t B Y - R a2 (13)
X=Xz V=V Z— 23

Ma trdn Jacobian c6 thé duoc trinh bay
nhu sau:

x—pcosd; y-—psind,

1
qy a1
—1; _ |x—peosf; y-psind;
jq _er o dz dz ! ( 1 4)
x—pcosfy, y-—psinf, 1
d3 dg
TI'OIlg d(r),qi =— /12— (x—pcosé,)2— (y—psind;)?, i = 1,2,3.

Khi dinh thtrc cua cac ma tran Jacobian
J hodc J, bang khong thi s& xuat hién cac diém
ky di. Khi det(J ) =0 thi 16 bdt s& c6 nhiéu hon
cac bac tu do von co va ngugc 1a1 khi det(J )=
0 thi r6 bdt s¢ mat sd bac tu do vén co. Vi vay,
dé toi wu van dé thiét ké cac kich thuée cua
16 bt Delta thi giai thuat tinh toan can loai bo
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cac gia tri 1am cho céc dinh thuc ciia ma tran
Jacobian bang 0. Theo cong thirc (14) thi dinh
thirc ciia ma tran Jacobian chi phu thudc hai
thong s6 thiét ké 1a p = R - r va 1. C6 thé nhan
théy réng, dinh thirc ciia ma tran Jacobian khac
0 khi p =R - r #0. Céc dinh thic det(J ) = 0 va
det(J ) = 0 khi p =R - r = 1. Dya vao céc diéu
kién trén, rang budc cua cac kich thudc dé vung
lam viéc cua roé bt Delta khong xuét hién cac
diém ky di duoc dé xuét boi nghién ctru 1a:

R-r > 0,R-r<1 (15)

Giai thuat giai dong hoc ngugc cua 16 bot
Delta c6 the duogc trinh bay nhu trong Bang 1.

Bang 1. Giai thuat giai dong hoc nguoc

Giai thuat gidi dong hoc ngugc
Théng sb Ky hiéu Ph}l;O'Ilg trinh
lién quan
Théng sé dau vao X,V,Z (6)
Théng sé tinh toan t,t,t 7
Thong s6 dau ra 0,0,0, (®)
4. MO PHONG SO

Pé chimg minh tinh hidu qua cia cac
phuong trinh dong hoc nguoc dat dugc trong bai
béo trong viéc diéu khién quy dao chuyén dong
ctia dau cubi 16 bt Delta, cac mo phong sb vé
diéu khién quy dao duogc thyc hién va két qua
duogc trinh bay nhu trong hinh 4, hinh 5 va hinh 6.

parskienimemi)
100 w300,y 9 M0T0e-14, £ 2743363 . 3 00
o - T W
68 a1 !
T i 00 C
400 gpp N0

a) Mé phéng quy dao cia dau lam viéc ré bot
Delta r = 200 mm
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Do tgarar
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b) Mé phéng quy dao ciia dau lam viéc ré bot
Delta r = 100 mm
Hinh 4. M6 phong dong hoc nguoc ré bot Delta

Hinh 4a trinh bay két qua mo phong
diéu khién quy dao cua dau lam viéc ro bot di
chuyén theo dudng tron xodn 6¢ déu cé ban
kinh r = 200 mm va hinh 4b v6i ban kinh r =
100 mm. Két qua md phong sé cho thay rang
néu quy dao chuyén dong cua dau lam viéc
cta 6 bot thudc mién khong gian c6 thé hoat
dong cua ro bot thi giai thuat tinh toan dong
hoc ngugc duoc dé xuét bai bai bao hoan toan
¢6 thé xac dinh chinh xac dugc cac goc quay
tuong Ung cua cac canh tay ro bot.

Hinh 5 trinh bay quy dao cua cac goc
quay 0, 62,063 dé diéu khién dau cudi cua 1o
bot di chuyén trén duong tron c6 ban kinh r =
20 mm & chiéu cao z = -150 mm c¢6 tdm trong
mit phang Oxy 1a O (50 mm, 50 mm). Tuong
tu, hinh 6 trinh bay két qua mé phong quy dao
cua cdc goc quay 6, 6,, 6, dé diéu khién dau
cudi cua r6 bot di chuyén trén duong tron co
ban kinh 20 mm, tdm duodng tron tai géc toa do
0 (0,0) & chiéu cao z = -150 mm. Két qua tinh
toan dong hoc nguoc cia ré bdt chimg to rang
trong ving lam viéc cta ro bdt, dau cudi cia
n6 c6 thé duge diéu khién chinh xac di chuyén
theo quy dao cho trudc bang viéc diéu khién
cac goc quay cua 3 khdp quay tuong tng.
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e.l
L

4

Hi;’ah 5. Quy dao cc{c goc quay 0= [0,0,0.]" dau

cuoi ro bot di chuyén trén duwong tron co ban kinh

20 mm, tam dwong tron trong mdt phang Oxy la O
(50 mm, 50 mm) va z = -150 mm

Hil:lh 6. Quy dao cdc goc quay 0=1000, HJTdcfu

cudi ré bot di chuyén trén dwong tron co ban kinh

20 mm, tam dwong tron trong mat phang Oxy la O
(0 mm, 0 mm) va z =-150 mm

5. KET LUAN

Bai bao di trinh bay cac rang budc thiét
ké ctia cac canh tay ro bot Delta dya trén phan
tich dong hoc ngugc cua rd bét. Cac phan tich
dong hoc va khong gian lam viéc duoc trinh
bay trong bai bdo nay c6 thé mang lai loi ich
16n cho viée thiét ké, lap ké hoach quy dao va
diéu khién mot r6 b6t Delta. Pic biét, ndi dung
nghién ctru cua bai bdo s€ gitp cac ky su s
dung cac cong cuy tryc quan dé moé hinh hoa va
giai thich cac két qua dap ung cua r6 bdt Delta
dua trén dong hoc cua rod bdt Delta 3 bac tu
do.+
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