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TOM TAT

RO-bot Delta 14 ro-bdt dang song song ¢6 thé cung cép chinh xéc vi tri ciia dau lam viéc
cudi vi vay né duoc str dung rong rai trong cac ing dung gap-tha san pham trong cong nghiép
va dat biét n6 duoc tmg dung rong réi trong cac day chuyén dong goi san phdm. Xac dinh mot
bd tham s6 thiét ké t6i uu cho ro-bdt Delta dé c6 duoce ving khong gian hoat dong phu hop
voi khong gian lam viée biét trudc cla day chuyen dong goi san pham cong nghiép 1a nhiém
vu thiét ké quan trong trudc khi san xuat, ché tao r6-bot. Bai bao nay mo ta phuong phép xac
dinh cac kich thudc ciia r6-bot Delta dua trén khong gian 1am viée cho trude cua ro-bot. Giai
thuat tinh toan dong hoc thuan va cac rang budc gitta cac kich thude co ban cta cac canh tay
16 bt duge dé xuat. Thuat toan t6i vu nham gidi han mién thong sé cac kich thudc cua cac
canh tay cua ro bt cling duoc dé xuét trong bai bao.

Tir khéa: Dong hoc ro-bdt, ro-bét Delta, khong gian 1am viée ro-bbt, mé phong.

1. MO PAU

RO-bdt cong nghiép ngay cang dugc ung dung rong rai trong cac nha may san Xuit va
r6-bot Delta 13 su Iwa chon t6t vi nd cung cdp du sy linh hoat va dat do tin ciy cao. Ro- bot
Delta 1a ro-bét song song c6 3 bac tu do hoat dong dua trén co ché hinh binh hanh. N6 ciu
trac nhod gon, dd climg cao va sai sb tich lily ciia cac khép ndi rat thap. Hon nira, r6-bot Delta
c6 chi phi ré so v6i kha niang lam viéc véi tbe d6 kha cao nén n6 rat phu hop véi hoat dong
clia cc hé théng dong goi san pham. Vi vay, ro-bot Delta 1a mot trong nhiing loai r6-bdt duoc
sir dung rong rdi cho cac linh vuc céng nghiép nay. San pham cong nghiép phit hop véi hoat
dong va tinh nang cia r6-bdt Delta rat da dang, tir cac loai thyuc phém can dong goi khac nhau
cho dén céc chi tiét, phu ting thiét bi dién tir, co khi.

R6-bbt Delta dugc ciu tric bai mot bé d& ¢b dinh lién két véi bé 1am viéc di dong nho
céac lién két song song. Nho cdu tric lién két nay nén bé di dong 1am viéc ludn song song véi
bé ¢ dinh. Ving khong gian hoat dong ctia rd-bdt phu thudce nhidu vao thong s 1am viée cia
r6-bot. Ving khong gian 1am viée rong thi kha ning hoat dong cua ro-bdt duge nang cao nhung
s& lam tang kich thudc cia r6-bdt va ting chi phi ché tao. Vi vdy, viéc xac dinh tbi wu cac
thong s6 cia ro-bdt dé dam bao ving khong gian hoat dong mong mudn 14 viéc 1am cén thiét.
Viéc mé rong vé khong gian 1am viée ctia ro-bdt da duge thue hién trong cac cong bd gém day
[1, 2]. Trong céc nghién clru nay, cac canh tay cua ro- -bét song song dugc thay thé bang cac

soi cap mém dé mo rong ving khong gian lam viéc ciia bé 1am viéc di dong ctia ro-bdt, sy linh
hoat ciia khong gian 1am viéc tiy thudc vao chidu dai ctia cac soi day cap. Dé dat duge ving
khong gian 1am viéc ma khéng c6 diém ky di bang cach xem xét ma tran Jacobian [1] va toi
wu hoa phan 16i ctia khong gian 1am viée [2]. Ving khong gian lam viée ctia ro-bét Delta tuyén
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tinh ciing da dugc nghién ctru trong cdc nghién ctru [5-7]. Nguyen binh Ding, da su dung
dong luc hoc nguoc dé diéu khién vi tri cta ddu 1am viée cudi cia r6-bdt Delta trong mién
khong gian hoat dong [8]. Tuy nhién, viéc thiét ké cac canh tay ro-b6t dé thoa man ving khong
gian hoat dong cho trude ciling nhu cac rang budc kich thudc thiét ké chua dugc cac nghién
ctru true ddy dé cap. Bai bao nay trinh bay mot nghién ctru nham tbi wu cac thong s cua ro-
bt Delta dang quay dé c6 dugc ving khong gian 1am viéc nhuw mong mudn nho viée xay dung
va phan tich dong hoc ctia r6-bdt. Trong nghién ctru ndy, cac rang budc kich thudc cia cac
Cénh’ tay ro-bot duoc xac lap trong diéu kién dam bao ving khong gian lam viéc cho trude cta
ro-bot Delta.

2. PONG LUC HQC THUAN

Hinh 1. So dd ro-bbt Delta [3]

Cac kh6p quay dugc kich hoat boi cac chuyen dong quay dugc gin cb dinh trén be b
dinh nhu trong Hinh 1. Céc thong s6 diéu khién dau vao cua ro-bot 1a cac goc quay ;i
1; 2; 3. Trong md hinh nay thi 6; dugc do theo chiéu quay phai, voi gid tri bang 0 khi thanh
quay nam tring v6i mit nim ngang. Cac co ché 4 khau ban 1& cua ba lién két bén dudi dam
bao chi xay ra chuyén dong tinh tién ctia bé lam viée di dong va diéu ndy dam bao ring bé
lam viéc luén song song véi bé ¢ dinh. Ro-bét Delta 3 bac tu do c6 kha nang diéu khién
tinh tién XYZ dbi véi bé 1am viéc di dong trong khong gian 1am viée ctia no. Ban phac thao
cAu trac cua ré-bdt Delta song song dwoc moé ta trong Hinh 2. Trong d6, MiM:Mj 14 bé ¢
dinh, N1N2Ns 1a b¢ di dong. Bo truyén dong cho dé di dong dugc xem nhu la canh tay cta
ré-bdt ma trong d6 cac diem M;, i = 1; 2; 3, 1a cac diém bén hong, cac diém Ej, i = 1; 2; 3
1a cac diém gdi va cac diém N;, i = 1; 2; 3 1a cac diém got.

Trong céu tric ré-bdt Delta thi cac khop tai Mi 1a cac khdp quay, con cac khop tai N
va E; 1a cac khdp cau, i = 1; 2; 3. Bong hoc thuan cua ro-bét duge md ta nhu sau: cho trudc
gié tri cac géc quay 0 = [0, 6, 65]" ctia cac khép quay, xac dinh toa do SP = [x y z]” cta
diém dau cudi (tim P cta bé lam viée di dong) trong hé truc toa do. So d6 dong hoc thuin
ctia ro-bot Delta dugc trinh bay nhu trong Hinh 3, trong d6 R 1a khoang cach cac khop quay
dén tam ciia bé ¢d dinh va r 1a khoang cach ciia cac diém ndi dén tim ciia bé lam viéc di
dong.
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Hinh 3. So d6 dong hoc thuan ré-bdt Delta

Xét mot nhém cac thanh ndi trong mit phang Oxz ctia ro-bdt Delta, toa do ba chiéu cia
diém cuoi Ei (X, y, z) ctia thanh noi cta canh tay don chu dong quay co thé cd duoc trinh bay
bdi cong thirc sau [5]:

E;=[R+ Lcos6; 0 Lsing;]” (1)

Nho cac rang budce co khi ma bé di dong ciia ro-bét Delta chi c6 chuyén dong tinh tuyén.
Do d6, diém P dugc xac dinh chinh la giao diém cta 3 hinh cau c6 cac tdm la Oz, O, va Og
nhu dugc trinh bay trong Hinh 3 va cé ban kinh 1a 1. Toa d ctia tim cac hinh cau trong mat
phang Oxz dugc xac dinh nhu sau:

O;=[R—1+ Lcos6; 0 Lsing;]” (2)
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D6i voi hai nhom thanh két ndi con lai, phuong phap twong tu co thé duoc sir dung dé
xac dinh toa d¢ cua 2 hinh cau con lai, chi can nhan vdi phép quay ma trén bién doi R & dang:

cosa —sina 0
R =|sina cosa 0 3
0 0 1

Gid thiét cac goc 1p dit cua ba nhanh hoat dong trén dé ¢6 dinh lan luot 1a o, 02 va a3,
Doi vai ba thanh két ndi, chiung c6 thé dugc viet dua trén phuong trinh hinh cau nhu sau:

((x—[(R—=7)+ LcosB;]cosa;)?>+ (y — [(R—1) + L cos 6,] sina;)?

+(z— Lsin8,)% = [2

< (x —[(R—71)+ LcosB,]cosay)? + (y — [(R — 1) + L cos 8] sina;)?
+(z — Lsin6,)? = I?

(x —[(R—7)+ Lcos@s]cosas)? + (y — [(R — 1) + L cos 85] sinaz)?
+(z — Lsinf3)% = [?

Cong thure (4) duoc don gian hoa thanh cong thirc sau:

(4)

(x—x)2+ V—y)*+(@z—2z)=1?
(x=x)° + (W= y2)2 + (2= 2)* = I? )
(x—x3)%+ (W —y3)? +(z2—23)* =17

Trong do (X1, Y1, Z1) 1a toa do cua tdm O, (X2, Y2, Z2) 1a toa do cta tdm Oy, (X3, Y3, Z3) 12
toa do cua tam Os, cac toa dd nay duoc trinh bay chi tiét nhu sau:

1= [(R=7r)+LcosB;]cosa; , ¥y = [(R—r)+ Lcosb,]sina; , z; = Lcosb; ,
Xy = [(R—7)+LcosB,]cosa, , y, = [(R—7r)+ LcosB,]sina, , z, = Lcosb, ,
x3 = [(R—71)+ LcosBsz]cosas,y3 = [(R—r)+ Lcosbs]sinas, zz3 = Lcosbs.

Phuong trinh (5) sau khi khai trién thi nhan duoc:

x2 = 2xx; +x2 +y? = 2yy, + vy + 2% —2zz, + z2 = I?
x% = 2xx, + x2 +y% = 2yy, + v& + 2% — 272z, + z5 = |2 (6)
x2 —2xx3 +x3 +y? = 2yy; + y2 + 22 — 2zz5 + zZ = I?

Trir vé theo vé ctia phuong trinh (1) tir phwong trinh (2) va phwong trinh (3) trong hé
phuong trinh (6) thi nhén dugc hé phuong trinh sau:

{2(351 —x)x + 201 — Y)Yy + 2(zy — 22)z = (x5 + y5 + 25) — (x% + yi + z%) 7
200y —x3)x + 2(y1 —¥3)y + 2(z1 — 23)z = (x5 + y5 + 2z3) — (x{ + y{ + z{)

Hé phuong trinh trén c6 thé dugc trinh bay dudi dang ngén gon hon:

{alx + byy+ cz= d; ®)

ax+ byy+ ¢,z = d,

Trong do,
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a1 =2(xq — x3), @2 =2(x1 — x3), b1 =2(y; —y,), b2 =2(y; —y3), C1 =2(z; — 2), C2 =
20z —2z3), di =(x +yF +25) — (xf +yf +2f), do = (6 +y5 +23) — (xf +yf +

z2).
H¢é phuong trinh (8) c6 thé duoc trinh bay dudi dang ma tran nhu sau:

o Bl = [ 28 ©)

Diéu kién dé hé phuong trinh (9) ¢6 nghiém s6 1a dinh thic A = (a;b, — ayb;) # 0, khi
thoa diéu khién trén thi nghiém ciia hé phuong trinh trén 1a cac gia tri toa d¢ ciia X va y nhan

duoc la:

x=fi+fiz

10

b=+ f (9
Trong do,

f ==l

bic; — bycy
2 =T A
£ - a,d, ; a,d,

_ 001 —a16;
o A
Phuong trinh (10) gitp xac dinh duoc toa do x va y cia diém lam viéc P tir cac thdng s6
dau vao la cac goc quay 0 = [, 0, 85]T. Cac gia tri toa d6 X va y nhan duoc tir phuong trinh
(10) sé dugc su dung dé xac dinh toa do z con lai cta diém P theo phuong trinh nhu sau:
Az?+Bz+C=0 (11)

Trong do,

A
B = _221
C=2zf =P+ (x—x)"+-y)?

Nghiém ctia phuong trinh (11) la:
, =Bt VBZ-4AC (12)

24

Dbi v6i r6-bét Delta thi dé 1am viée di dong ludén ludn ndm phia dudi bé gbe ¢b dinh,

diéu nay c6 nghia 1a toa do z ludn c6 gia tri am. Nhu vay, dong hoc thuan ciia r6-bdt cé thé

gitip xac dinh duoc vi tri ctia dau cudi 1am viéc ciia ro-bét Delta IB;P =[xy z]" khi cho truéc

céc thong sb dau vao 0 = [0, 0, 05]" cuia cac khép quay. Thuat toan tinh toan dong hoc thuan
ctia r6-bot Delta dwoc trinh bay nhu trong Bang 1.
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Bang 1. Quy trinh thyc hién tinh toan dong hoc thuan 16-bdt Delta

Buoc Noi dung thyc hién
1 Cung cép cac thong s6 hinh hoc cua ro-bdt: L > 0,1 > 0,R > 0,r > 0
2 Cung cap cac goc quay 01, 02, 03
3 | Kiém tra diéu kién A = (a,;b, — ayb;) # 0
4 | NéuA= (a;b, — a,b;) # 0 thyc hién:
x « Cong thic (10)
y < Cong thuce (10)
z « Cong thuc (12)

3. THIET KE CAC KiCH THUOC CUA CANH TAY RO-BOT

Muc dich cta nghién ctru nay 1a thiét lfé cac kich thudc cia canh tay 16-bdt nh?i’m thoa
vung khong gian lam vi€e cho trude. Gia thiét rang vung khong gian 1am viéc cua ro-bot 1a tap
hop cta N di€m trong khong gian. Toa do cua cac diém ma ro-bot vuon dén dugc gia thiét 1a
Pk = (X«, Yk, Z), K =1 dén N. ba thong so kich thuc’gc cua r6—bc}t can dugc thiet ké‘dé la: kich
thudc 1, kich thude L va gia tri p = R - . Gid thiet rang dau cu6i cua r6-bot dang nam tai diém
Pk = (X, Yk, Zk), tir phuong trinh (4) cac bicu thic sau day la thoa man:

(xx — [(R —7) + LcosB;]cosa;)? + (yx — [(R —7) + L cos 8] sina,)?
+(z — Lsin8)2— 12 =0
(xx — [(R —7) + Lcos 8] cos az)? + (yx — [(R — 1) + L cos 0] sin a,)?
+(zx — Lsin@,)2— 1> =0
(xx — [(R=7) + LcosBz]cosaz)® + (yx — [(R — 1) + L cos 03] sinag)?
\ +(zx — Lsin@3)2— 12 =0

(13)

Hé phuong trinh (13) cho thay rang voi cac dai luong di xac dinh nhu Xk, Yk, zc, 65,
0, ,05 va a,, a,, as thi cac kich thwéc cia ro-bét 1a I. L va p 1a xac dinh dwoc. Cong thirc
(13) ciing cho thiy ring c6 thé xac dinh dwoc mét gia tri con lai néu da biét hai gia tri kia,
diéu dé cé nghia la thong sé nay sé la ham s6 cua hai thong so con lai, L = f (I, p). Nhw vy,
cho trwéc diém Py = (X, Yk, zk) trong khong gian thi c6 thé xac dinh duoc mot tap cac thong
s6 kich thudce |, L va p. Tuy nhién, giai thuét nay ton tai nhugc diém 1a ¢6 qua nhiéu phuong
an thiét ké dé thoa man vung lam viéce cua ro- -bdt. Viéc gidi han 50 lugng cac phuong an thiét
ké 1a viéc 1am thyc su can thiét. Phuong trinh (13) c6 thé duoc viét lai dudi dang tong quat
nhu sau:

fx,q) =0 (14)

Trong do, & la vec-to' ctia tham s6 vi tri dau cudi ro-bét (X, y, z) va g la vec-to cia cac
bién so goC quay cua cac khép quay (6,6, ,603). Lay dao ham phuong trinh (14) thi nhan
dugce mbi lién hé gitra van téc goc cna cac khép quay va vi tri dau cudi cia ro-bdt nhw sau:

Jxx =]qq (15)
G =Jg"xx (16)
Trong do:
I=diag (z-21,2-22,2-2) 17)
X=Xy Y= Z2— 2
Jg=|X—"% Y=Y2 Z2—2 (18)

X—X3 Y—Y3 Z—2Z3

129



Lé Thé Truyén, Nguyén Minh Huy, Nguyén Tan Ken, Mai V&n Nam

Ma tran Jacobian cé thé dwoc trinh bay nhw sau:

x—pcosf, y-—psinb,

1
q1 q1
—1; _ |x—pcosb, y-psinb, 1 19
Jite = | - (19)
x—pcosf; y—psinbs 1
q3 q3

Trong d6 q; = —/12 — (x — pcos8;)? — (y — psind)?, (i = 1; 2; 3).

Khi dinh thtrc ctia cac ma trén Jacobian Jyx hodc Jq bﬁng khong thi s€ xuét hién céac diém
ky di. Khi det(Jx) = 0 thi rd-bdt s& co nhiéu hon céc bac tu do von co, va nguoge lai khi
det(Jg) = 0 thi ro-bSt s& mit sb bac tu do von co. Vi viy, dé tdi wu van dé thiét ké cac kich
thudc cua ro6-bot Delta thi giai thuét tinh toan can loai bo céc gia tri 1am cho cac dinh thirc cua
ma tran Jacobian bang 0.

Theo cong thirc (19) thi dinh thirc cia ma tran Jacobian chi phu thudc hai thong sb thiét
ké1a p =R - r va |. Dinh thirc ctia ma tran Jacobian khac 0 khi p = R - r # 0. Cac dinh thirc
det(J,) = 0 va det(Jq) = 0 khi p = R - r = I. Dya véo cac diéu kién trén, rang budc ciia cac kich
thudc dé ving 1am viée cua ro-bdt Delta khong xuat hién cac diém ky di duoc dé xuit boi
nghién ctru la:

R—r >0R-1r<l (20)
Mit khéc, cac cong thirc trong (5) dwoc khai trién va c6 thé dwa n6 vé dudi dang:
licosO; + m;sinf; =n; (i=1,;2;3) (21)
Trong do:
l; = 2rL — 2Lxcosa; — 2Lsina;,
m; = 2Lz

n; = 2rxcosa; — 2rysina; + x% + y* + z% + L? — |? + p?
p=R-—7r
Theo cong thic (13) thi tap cac diém ma dau lam viée cta ro-bot delta 6 thé vuon t6i
phai thoa diéu kién rang budc:

<1 (22)
li2+mi2

Céc rang budc dugc trinh bay tir cong thirc (17) dén (22) s& duwoc xem xét trong gii thuat
xac dinh vung khong gian lam vié€c cua r6-bot Delta dugc trinh bay trong nghién ctru nay.

4. PHAN TiCH VUNG KHONG GIAN LAM VIEC CUA RO-BOT DELTA

Nham nghién ctiru khuynh huéng thay dbi ciia ving khong gian hoat dong cua ré-bot khi
cac thong sb cua ro-bdt thay ddi, ving khong gian hoat dong dwoc mé phong twong tmg theo
su thay doi cua timg thong sb kich thudc. Trong nghién ciru ndy, cic ban kinh R va r dugc
thiét ké 1a R = 100 mm va r = 50 mm. Géc quay ctia khép quay duge gidi han 14 -35° dén 105°.
Chuong trinh mo6 phdng vung khong gian lam viéc dugc xay dung theo thuat toan trinh bay
trong Bang 1 va cin cir trén cac rang budc duoc trinh bay tir cac cong thire tir (17) dén (21) dé
loai bé cac diém ky di xut hién trong ving lam viéc.
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Céc két qua md phong dugc trinh bay tir Hinh 4 dén Hinh 6. Hinh 4 trinh bay két qua mé
phong khi chi kich thudc | thay doi. Kich thude | khi thay ddi thi chi 1am thay d6i d6 rong ciia
ving khong gian hoat dong ma it 1am thay d6i chiéu cao cta ving lam viéc. Nguogc lai, khi
kich thudc L ting thi lam giam chiéu cao nhung ving lam viéc cua ro-bdt lai duge mo rong
nhu dugc trinh bay trong Hinh 5. Nhu vy, cac kich thudc thiét ké bao gdom | va L cua ro-bét
dé dam bao vung lam viéc cia 16-b6t ¢6 thé duge lya chon dua vao su phan tich ving khong
gian lam viéc.

1=225mm, L =120 mm, R = 100 mm, r = 50 mm
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Hinh 4. Ving khong gian 1am viéc khi chi kich thudc | thay d6i

R6-b6t Delta trong bai bao dugc thiét ké ¢ chidu cao cua ving lam viée 1a h = 200 mm
va do rong cua vung lam viéc 1a D = 450 mm. Cac kich thude R va r dugce chon 1a 100 mm va
50 mm tuong mg va céc kich thudc cia thong sb | duge chon 14 16n hon 50 mm dé dam bao
diéu kién rang budc biéu dién trong cong thirc (20). P rong vung lam viéc chi phu thudc vao
thong s6 kich thude | vy dé d6 rong ving lam viéc 1a D = 450 mm thi kich thudc cta | nim
trong khoang 1a 225 mm < | < 275 mm nhu quan sat thdy trong Hinh 4. Kich thudc | dugc
chon so bo 1a | =235 mm. Thong s6 kich thuéc L anh hudng dén ca chiéu cao va do rong clia
ving lam viée. Kich thudc L ting thi chiéu cao giam, theo quan sat thay trong Hinh 4 va Hinh
5 thi 120 mm < L < 140 mm. Vi vay kich thudc L dugc chon L = 125 mm. Cac thong s kich
thude moi duge kiém tra cac didu kién rang budc va mé phong lai ving khong gian 1am viée
ctia ro-bbt. Két qua mod phong dugc trinh bay nhu trong Hinh 6.
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Theo két qua mé phong dat duoc, v6i cac kich thudce thiét ké | = 235 mm va L = 125 mm
thi d¢ rong cua vung lam vi€c cua ro-bot dat duoc 1a 450 mm va chi€u cao cua vung lam viéc
1a 200 mm thoa di€u kién ban dau.
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Hinh 5. Vang khong gian lam viéc khi chi kich thude L thay ddi
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1=235 mm, L =125 mm, R = 100 mm, r = 50 mm
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Hinh 6. Kich thudc thiét ké cho ving lam viéc c6 chiéu cao h =200 mm va d6 rong D = 450 mm
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Hinh 7. Luu dd xac dinh kich thuéc cua ré-bdt Delta thoa ving 1am viéc
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Hinh 7 trinh bay luu d6 xac dinh kich thudc cta r6-bét delta dugc dé xuat boi bai béo.
bé xac dinh kich thudc cta r6-bot thi dd rong va chi€u cao cua vung lam viéc can dugc xac
dinh trude. Cac kich thudce R va r can lua chon ¢o dinh va thoa diéu kién R —r > 0.

4. KET LUAN

Bai bao nay da trinh bay mot giai phap 1y thuyét dua trén co so dong hoc cua ro-bdt dé
xéc dinh khong gian 1am viéc tdi uu cho r6-bdt Delta dua trén cac rang budc vé cac thong sb
thiét ké dé viing 1am viéc ctia ro-b6t khong xuat hién cac diém ky di. Cac anh hudng ciia chiéu
dai cua canh tay chu dong va canh tay lam viéc, duong kinh lap dit cac khép quay dé dat duoc
kha nang tiép can cuia r6-bdt Delta duoc nghién ctru va phan tich. Nhimg phén tich cua nghién
clru ndy c6 thé duoc sir dung dé xac dinh mot tap hop cac tham sé thiét ké cua ro- bot dé siur
dung trong cac ing dung cong nghiép c6 ving khong gian dinh trudc. Cac thong s6 thiét ké
clia ro-bot cd thé duoc xac dinh chinh xac dé phu hop voi ving khong gian can dat ti cua
ro-bot dé gap hodc tha cac san pham trong cac ddy chuyén san suét, dong goi san pham cong
nghiép.
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ABSTRACT

DESIGN OF THE ROBOT DELTA PARAMETER
BASED ON THE ROBOT WORKSPACE

Le The Truyen, Nguyen Minh Huy,

Nguyen Tan Ken", Mai Van Nam

Ho Chi Minh City University of Food Industry
*Email: kennt@hufi.edu.vn

Delta robot is a parallel robot which can provide precise positions of the working head
so it is widely used in industrial applications to pick-and-drop products in the production
lines. The optimization of parameters of the robot to obtain the desired workspace is an
important task. This paper provides a method to determine the robot parameters based on a
given robot workspace. The algorithm used to calculate the forward kinematics and the
constraints between the basic dimensions of the robot arms are proposed. The optimal
algorithm used to limit the parameter domain to the dimensions of the arms of the robot is
also proposed in the paper.

Keywords: Robot kinematics, Delta robots, robot workspace, simulation.
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