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BAI TOAN PONG HQC, PONG LUC HQC VA PHUONG PHAP THIET KE
HINH HQC CHO ROBOT DELTA KIEU BA KHOP QUAY

KINEMATIC AND DYNAMIC SOLUTIONS AND GEOMETRICAL DESIGN METHOD FOR
RUU DELTA ROBOT

Lé Xuan Hoang, L& Hoai Nam
Truwong Pai hoc Bach khoa — Pai hoc Pa Nang; lehoainam@dut.udn.vn

Tom tét - Bai bao dé cap dén cac van dé co ban clia robot Delta nhw
md hinh héa bai toan, bai toan dong hoc, dong lwc hoc. Bén canh dé,
bai bao con phan loai chi tiét viing lam viéc ciing nhw xac dinh dwoc
khéi cau néi tiép bén trong viing lam viéc. Cac cong thire dwoc dua
ra nhw mét tham chiéu cho viéc thiét ké. Két qua cho thay c6 bbn vung
lam viéc phu hop véi thuc tién thiét ké. T d6, nhom tac gia dé xuét
hai phuong an thiét ké robot Delta dL_ra theo vung lam viéc cho trwdrc.
Phuwong an thir nhat thich hop dé thiét ké cac robot c& nhd, con
phuong an tht hai duoc khuyén dung dé thiét ké cac robot c& Ion.
Phan cudi cling sé 1a viéc tng dung cac cong thirc da dwoc xac lap
dé thiét ké mé hinh robot Delta va chon ra céc kich thwéc ti wu.

Tl‘.l’, khg’)a - Robot Delta; dong hoc; dong lwc hoc; vung lam viéc;
thiét ké hinh hoc.

1. Pat vin dé

Robot Delta 14 robot song song ndi tiéng duoc phat
minh vao nhimg nam 1980 béi Reymond Clavel [1]. Loai
robot nay dugc ap dung trong nhiéu linh vuc y hoc, quan
sw, mb phong, san xuat cong nghiép va duge biét dén 1a
robot gép - tha c¢6 téc do rt nhanh.

C6 rét nhiéu cong trinh nghién ctru vé loai robot nay.
Nghién ctru ctia Williams [2] da dung phép giai tich vécto
dé giai bai toan dong hoc. Két qua cho ra hé 3 phuong trinh
dong hoc va co thé giai bai toan dong hoc nguoc bang phép
phan tich giai tich. Tuy nhién, cach giai yéu cau chon mot
nghiém tir bo 8 nghiém. Ngoai ra, ta ciing c6 thé giai bai
toan dong hoc nguoc béng cach str dung 12 toa d6 suy rong
[3]. Mot cach don gian, ta c6 thé két hop hai phuong phéap
trén bang cach sir dung phuong trinh dong hoc cua [2] véi
6 toa suy rong va dung phuong phap sé Newton-Raphson
[4] dé chon mot nghiém phu hop nhat. Cach giai nay khién
bai toan dong hoc tré nén don gian nhung nd sé gigi han
viéc md ta bai toan dong luc hoc. biéu kién ap dung sé
dugc dé cap trong bai bao. Bén canh d6, mudi ving phan
loai ving l1am viéc da duoc néu ra chi tiét trong [5]. Tuy
vay, cac thong s6 dic trung cua vung lam viéc chua duogc
néu rd. Bai bao nay s& 1am rd cac thong s cua vang lam
viéc bang cach xét tiét dién ciia chiing va phan loai ving
lam viéc theo tiét dién. Tiép dén, hai phuong an thiét ké
hinh hoc s€ dugc dua ra dya theo cac thong s6 cho trude.

2. Pong hoc, dong luc hoc, vung lam viée
2.1. M6 hinh héa
pé thuan tién cho cac phﬁn sau, tac gia s€ su dung lai
mO hinh héa da dugc xay dung boi Williams [2] (Hinh 1).
Robot Delta gdm 3 canh tay duoc lién két véi nhau nham
duy tri chuyén dong tinh tién cua tam dé di dong so voi tam

Abstract - This article presents fundamental issues of the Delta
robot such as problem modelling, kinematic and dynamic solutions.
Besides, the article also demonstrates a meticulous classification
of workspaces as well as identification of inscribed spheres inside
the workspaces. Formulae have been put forward as parameters
for the designing. Results show that there are four workspaces
suitable for designing reality. Therefore, the authors propose two
alternatives for designing the Delta robot based on a given
workspace. The first one is suitable for designing small-sized
robots and the second one is recommended for designing big-sized
robots. Finally, the formulae established are applied to build up a
Delta robot and select optimum dimensions.

Key words - Delta robot; kinematics; dynamics; workspace;
geometrical design.

dé ¢ dinh; mdi canh tay gdm mot khop quay (Revolute
joint) 1a khép dan dong (dit tai cac diém B; véi i = 1,2,3)
va hai khép céc - dang (Universal joint) 1a hai khop gan vai
co cau hinh binh hanh (dat tai cac diém A; va P; Voi
i=1,2 3) hé toa do {B} gin véi tim dé cd dlnh va hé {P}
gan véi tim dé di dong; cac bién khop 12 8 = {6,,6,,05}";
toa do diém P trong hé toa do {B} la 5P, =[xy z]".
Y nghia clia cac thong s6 dugc tom tit trong Bang 1.

Tam dé cd dinh
Ps e, P,

Tam dé di dong

Hinh 1. Céc théng sé hinh hoc ciia robot Delta [2]
Béng 1. Y nghia cdc théng sé hinh hoc ciia robot Delta

Ki hi¢u

Y nghia

diém néi giita canh tay hinh binh hanh va tim dé di
dong (i = 1,2,3)

Sp chidu dai canh tam gidc déu tdm dé cb dinh

P;

wg khoang cach tir tam O dén canh cua tdm dé cé dinh

ug khoang cach tir tim O dén dinh cta tdm dé ¢b dinh

Sp chidu dai canh tam gidc déu tim dé di dong
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wp | khoang cach tir tim P dén canh ciia tim dé di dong
" khong céch tir tam P dén dinh P; (i = 1,2,3) clia tim
de di dong
L chidu dai canh tay B;4; (i = 1,2,3)
l chidu dai cia mdi canh tay hinh binh hanh
h chiéu réng ciia mdi canh tay hinh binh hanh

2.2. Dong hoc
Trong [21, 3 phuong trinh dong hoc dugc xac dinh va
duoc biéu dién nhu trong (1):
fi = 2L(y + a) cos 8, + 2zL sin 6, + x* + y?
+2z2+a?+ L%+ 2ya—I?
=0
fo=—L(V3(x+b)+y+c)cosb,
+ 2zLsin 0, + x? + y? + 22 )
+b%+ c?+ L% + 2xb + 2yc
—12=0
fs = L(¥3(x —b) =y — ¢) cos 65 + 2zL sin 6,
+x*+y*+z22+b*+ 2+ 12
—2xb+2yc—12=0
Trong d6:
s, 3 1
b :%’_7‘4;3 c =Wp—EWB

Céc phuong trinh dong hoc dugc biéu dién dudi dang
vécto chira cac toa do suy rong:

o ol

Trong d6:
s |4 vécto chura cac toa do suy rong ddy du;

a= W — Up

X
y] 2)

q la vécto chira cac toa do suy rong doc 1ap tdi thiéu;

x la vécto chira cac toa do thao tac.

Ba phuong trinh lién két £, f5, f3 v61 6 toa d suy rong

trong do6 co 3 toa d6 doc 1ap dugc viet dudi dang vécto:

f)=f(qx)=0f€ER’ qER’ xER’ ®3)

Pao ham phuong trinh (3) theo thoi gian:

f=]qq+]xx=0 (4)
Trong d6 J 4, ] 1a cac ma tran Jacobian.

Tiép tuc dao ham bac hai:
f=Jaq+]gd+Jx+] =0 (5)

Ph}ro*ng trinh ddng hoc ngugc c6 thé duoc giai bang cach
dua vé dang E;cos6; + F;sin0; + G; =0 vsii=1,2,3
[2]. Tuy nhién, cach giai cho ra 8 nghiém hop 1¢ nhung chi
¢6 mdt nghiém duoc chon. bé giai quyét van dé nay, [4] da
dé xuét str dung phuong phap s6 Newton-Raphson.

Céc phuong trinh (4) va (5) cho ra van toc va gia tc
khop suy rong.

q = _];llxx
q= _]z;l(]qq + X + ] %)

Trong [4], cac budc ap dung phuong phap Newton-

(6)

Raphson d dugc trinh bay chi tiét.
2.3. Pong luc hoc

Hé gdm p = 7 vat ran, sé bac ty do f = 3, sb toa do
suy rong du m = 6, r = 3 phuong trinh lién két vai
G=1,..r):

fjz.f(s:t)zf(qlqul'"!qmlt)zo (7)

Phuong trinh Lagrange dang nhan tu:

M(s)$ + C(s,9)5 + g(s) +Ji ()2 = Q™ (8)
Trong do:

M(s) 1a ma tran khoi lugng suy rong 6x6;

C(s, $) la ma trdn quan tinh va Coriolis 6x6;

dM(s) 1/3(M(s)3) ’ ©)
2

C(s,8) = dt ds

g(s) 1a ma trén do trong trudng giy ra 6x1;
(s) = (BH)T
9% = s

J 12 ma tran Jacobian cia toa d6 suy rong diy du 3x6;

(10)

A 1a vécto cac nhan tir Lagrange 3x1;

Q™ 1a vécto chira lyc suy rong ciia cac luc khong thé 6x1.

Céc hé toa d6 cb dinh {Bi} = Bix;y:z; Vi =123
dugc xdc dinh bang cach bién doi hé toa do gbc qua hai
phép: tinh tién gdc O vé B; va xoay quanh truc zz mot goc
a; (voi a; = —90°, a, = 30°, a; = 150°) (Hinh 2). Ma
tran cosin chi hudng cta {B;} so vdi {B} la A, («;).

X1

Hinh 2. Thiét ldp cdc hé toa dé

Goi Cy; 1a khéi thm cua khau B;A;. Hé toa do dong
{C1i} = Cyix1;y1:21; duge gén cimg vao khau B;A; sao cho
B;A; ludn nam trén truc x;;. {Cy;} duoc xdc dmh bang cach
blen dbi hé {B;} bang 2 phép: tinh tién vé gbc C;; va quay
quanh truc y; mot goc ;.

Toa do cac vécto BCy; voii = 1,2,3:

BC; = PBy + Az(a)”'Cy; (11)

Vi khéi lugng céc thanh hinh binh hanh thudng nhé hon
cac khau con lai, nén dé don gian hoa qué trinh tinh toan, khdi
lwong khau bi dong A; P; duoc quy vé hai ddu khép, khdi luong
s€ tap trung tai Cpq; = A;, Cop; = Pp. VO vige quy khéi luong
vé hai dau khop, vén tde goc va tenxo quan tinh cua khau bi
dong duge bo qua khién bai toan don gian hon rat nhidu.

Toa dd cac vécto BC,y; va BC,p; VoI i = 1,2, 3:
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BCrqi = BBy + Az ()P Crqy (12)

BCZbi = BP + PPL' (13)

a. Ma tran khéi lwong M(s)
3
M(s) = z (mdgu-]Tli
i=1 1
+ Emz (lgzai]Tczai + ]gzbi]szi) (14)
I 10, 1)

+mpJ ;P] Tp

V(’Ii’]Tu., Jr,0 J1,p0 J7p 18 ma trdn Jacobian t1nh tién
cua khoi tdm céac khau chu dong, bi dong, khau chap hanh
cudi trong hé qui chiéu cd dinh. J ;" 1a ma tran Jacobian
xoay cia cac khau chu dong khi chiéu vécto van tdc goc
@,; 18n hé qui chiéu {Cy;}. m;, m,, mp 1a khoi lugng khau
chu dong, bi dong va khau chip hanh cudi. Tenxo quan tinh
ctia khau chii dong so vai khdi tim ciia n6 (15).

L, 0 0
I, =[0I, 0 (15)

0 0 I,
Tinh cac ma tran J7 ;, Jr,,;0 Ty J1p ]Eell? va thay

vao (14), ta dwoc mot ma tran chi c6 cac phan tir trén duong
chéo nhu trong cac phuong trinh (16) va (17), cac phan tir
con lai bang 0:

2

m11 = mzz = m33 = Iy + Z(ml + zmz) (16)
3
Mag = Mss = Mee = 5 My +mp an
b. Ma tran quén tinh va Coriolis C(s, $)
dM(s) 1[0(M(s)$)\"
C(s,$) = - = =0 18
&8 ="3""3 ( ds (18)
c. Ma trian do trong truong gay ra g(s)
Thé ning robot Delta:
=1 1
I = —Z [EmlgLsinHi + EngLsinGi]
i=1 5 (19)
+ (mp + Emz)gz
Két qua:
- 1 -
—3 (mgL + m,gL)cosf,
1
—3 (mygL + mygL)cos0,
om" 1
g(s) = (g) = —E(ngL + m,gL)cosO; (20)
0
0
3
o)

d. Ma trén cac lwc khong thé suy rong Q™

Céac moémen din dong dit tai cac khop chi dong 7, 75, T5:

(0@, 0@,)[]
|54, 7, 1%

Q" = | s - ||| (21)
lawl 6pr| 0 |

Q¥ =[t; 7, 73 0 0 0] (22)

Bai toan dong luc hoc nguoc co thé duoc giai tryc tiép
hodc bang cach bien doi ve cac toa d suy rong doc lap.
2.4. Vang lam viéc

Véi mbi gia tri 6;, ta xac dinh dugc mot mat ciu
s;({PA},D) véi i=1,2,3. M&i diém trén mat cu
si({BAé}, 1) thé hién vi tri c6 the c6 clia diem P;. Néu 6;
thay doi tir [0,27], tdm A; s& thay d6i theo va di chuyén
trén duong tron ¢; ({8B;}, L) véi i = 1,2,3 (Hinh 3).

Hinh 3. Céc thdng s6 hinh hoc ciia mét canh tay
Khi 4; di chuyén trén c¢; miat cau s; ciing s& thay ddi
theo va “quét” trong khong gian mot vung c6 hinh xuyén,
ki hiéu 1a t;. Néu L > [ hinh xuyén c6 dang ring torus;
L = [ cddang horn torus; L < [ ¢6 dang spindle torus chira

phan 16 bén trong (Hinh 4).
@
(c) Spindle torus

N Q
(a) Ring torus (b) Horn torus
Hinh 4. Ba dang hinh xuyén
Bang cach tinh tién ving khong gian cac diém P; theo
vector PP thi s& tim dugc viing khdng gian cua diém P.
Giao diém ba vung khéng gian nhu vy & moi canh tay
chinh la ving lam viéc cuia robot.

Phuong trinh dong hoc c6 thé duoc viét dudi dang:
(c=x)?+ @ -y)*+(zp—z)* =1 (23)
Véi x;, i, z; 12 toa d6 cua diém ao Ay, duoc dé cap
trong [2]. Phuong trinh (23) 1a phuong trinh ctia 3 mét cau
tdm A, va ban kinh 13 L.
Vi tim mit cu ndi tiép nam trén zz nén phuong trinh
(23) dugc viét lai:

)2+ )2 +@z-2z)=1Pvii=123  (24)
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Néu z, = Z; = 73 = Zint thi ba mat cau s& giao nhau

tai mot mat cdu ndi tiép. Piéu kién dé x; = y; = 0 voi
i=1273la
_R3
cosB; = cos0, = cosf; = - (25)

V6iR; = wp — up. Cac phuong trinh (25) c6 nghiém néu:
L = |Rs] (26)

Khi d6 z;,; = —/L? — R2.

Nhu vdy, ton tai mot mat cau ndi tiép trong ving lam
viéc co tim 1a A’ int (0,0, Zint) va ban kinh I néu thoa méan
diéu kién (24) Vi ton tai duy nhat 1 mit cau ndi tiép, nén
day 1a mat cau ndi tiép 16n nhét bén trong ving lam viéc.

Muoi ving lam viéce la, 1b, lla, llb, llc, 11d, lie, 1If, Illa,
IIb d3 dugc phéan loai béi Liu va cac cong su [5]. Tuy vay,
khong c6 su phan biét rd rang giita cac ving nay. Tac gia da
ding phan mém SolidWorks 2013 v& lai cac diém thudc
duong bién la giao nhau gilta cac ving va phan loai ching
Vao cac vung cy thé. Tur do, tac gia xac dinh dugc cac hé bét
phuong trinh (27) phan biét mot cach chi tiét cac ving.

1,5ST1<3
0<r,<075 L5<m <3
Ia 0<|rsl <1,5 p] OS2 < L5
3 ’ 0<|r;l <075

>l >n

T >r 2|
r2:|T3|:0,75,' T1:1,5 1 2 |3|

0<r <t (075<7m <15
0<7’2<1
0,75<Tz<1,5
lla IIb{ 1<l <15
1<yl < 1,5
3] > 1y > l sl 2m 27
3 2 ! rn=r=|rl=1
0o<nrn<1 1<nn <15
I 1<r,<1,5 d 0<nrn<l1
“10,75 < Irs] < 1,5 0,75 < |r5] < 1,5
rp21r>n >l =21
0,75<nr <15 1<nn <15
1<nr,<15 0,75<r,<1,5
Ile 0<Insl <1 1Hf 0<Insl <1
T, > 1 2 |13 =21 > |15

trl [r3] =0,75; r, = 1,5 krl—r2—15|r3|—0

0<7’1<0,75 0<7’1<15
1 15<rn,<3 1Ib <r<3
NNo<lrl<15 O<|r3|<075
>l >n T, > 1 2> |13
(27)
Trong d6:
L l R4 L+1+|Rs|
T =—= = — T = — e —
1“p ™2Tp 57D 3

Bon vung Ib, Ile, IIf, 111b co thé tich 1am viéc 16n nhét
$0 Vi cac ving con lai [5]. Bai toan thiét ké s& sir dung cac
hé bat phuong trinh (27) va dya vao mit cau néi tiép dé
quyét dinh cac thong sb thiét ké.

3. Thiét ké hinh robot Delta theo viing 1am viéc cho truée

Ving lam viéc cuia robot Delta duge quy vé mot hinh
tryu ndm bén trong mat cau ndi tiép. Hinh tru déc trung boi
hai thong s6 d6 1a ban kinh dudng tron day 7. va chiéu cao

h. Hinh tru dugc gidi han boi hai mat phé“ing 13 z4, zy V&I
7, > z, (Hinh 5).

B‘l R3

¥ o
-
1
|
o
i
/
y
4

Y ZO

Vung lam viéc
Hinh 5. Xem ving lam viéc nhu mét hinh tru

Bai toan thiét ké: Xac dinh cac kich thuge hinh hoc cua
robot L, I, R; théa man vung lam viéc cho & trén. Tac gia
thiét 1ap dugc bang phan bo cac tham so thiét ké bao gom
cac diém phan bo déu nhau thude cac vung Ib, IIf, Ile, I1Ib.
MOoi diém chira ba tham s0 {ry, 15, |73} va 2 diém gan nhau
nhat thoa man:

Tg =73 +0,1 (28)
Tyi41 =T2; + 0,1 (29)
[73i41] = 73] + 0,1 (30)

Pé xét anh hudng cua phan 161 1én mit cau ndi tiép, can
xac dinh mat phang zp; nhu sau:
L—1

Zine—— d6i véi ving Ib, TIf

(31)

Zp1 = ]
L—1 doi véi vung Ile, I1Ib
3.1. Phwong dn 1
Tam khéi cau noi tiép trung v6i tim hinh try. Cho trude
céc kich thude 7 va h, tim kich thuéc toi wu L, I, R3. Hinh
tru s€ xac dinh duy nhat mot khdi cau ngoai tlep hinh try.
Hinh try s& chiém thé tich 16n nhat bén trong khdi cau.

T—o --------- e Z=0
. ~-0Z4
L\.%;;—--— -@ Zint
Av :
i H =]
P --0Zg

Khéi cau néi tiép

Ving lam viéc
Hinh 6. Phuong dn 1
Sau khi 1ap bang cac tham s6 thiét ké, co thé xac dinh:

, . TR .k n\?2
e  Baén kinh khoi cau néi tiep: [ = (;) + 72
e Banggiadtritrungbinh D: D = L

2
e Lap bang cac kich thugc con lai:
|Rs| =13 %X D

P e h
e Xacdinhz:z, = zjpe + 3

L=mr XD;
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Chon céc kich thude théa man diéu kién z, < Zpy. Kich
thuéc L khong qua 16n gdy anh huong dén truyen dong
Chon z, thich hop dé c6 khong gian cho céc co cau ga.

3.2. Phuwong dn 2

Cho trude 3 thong s0 7, h, z;. Tim kich thuéc toi wu L,
[, R3. Chon mat phang Zpy trung v6i mat phang z,. Hinh
try phai ch1em thé tich 16n nhét trong phén con lai cia khoi
cau ndi tiép gidi han boi mat phang zp,. Chl y rang phuong
4n nay chi ap dung cho vung Ile, 111B (Hinh 7).

o—0----nruane- e Z=0
e it
0Z1=Zpy
e .
Ay A Zint
4 \t\:lt
‘. . eZ,

Khéi cau noi tiép
Ving lam viéc
Hinh 7. Phuong dan 2
Sau khi 1ap bang cac tham s thiét k&, c6 thé xac dinh:
e  Tinhgiatri trung binh D: D = =% = ~ZeL;
T2—T T2—T
e Lap bang cac kich thuéc L =1, X D;l =1, X D;
|[R;| =13 XD
bPé ‘hinh tru chiém thé tich 16n nhat ciia phan con lai cia
khdi cau ndi tiép, hinh try phai ¢6 z, trang voi mat phang
Zp1, dong thoi duo’ng tron day phal tiép xGc véi mat cau
noi tiép 16n nhat, diéu kién [ phai gan vai gia tri I, t6i wu.

ly =12+ (21 — h = zi;)? (32)

Tu bér}g cac kich thuéce ’robot, chon cac kich thudc CQ
gid tri [ gan bang véi l.. Tiép tuc chon s6 gia nho hon dé
tim ra cac kich thudc ¢ gia tri [ gan véi [, nhat.

3.3. Vidu ap dung

Gia sir robot Delta dugc st dung cho viéc han céc bo
mach dién tir ¢ kich thudc vang lam viéc bang khé gidy
Ad: ax b =210 x 297mm?2. D6 cao vung lam viéc l1a
h = 150mm. Twr d6, ban kinh dudng tron day cua hinh try:

=./(a/2)? + (b/2)? = 181,87mm

Lap bang theo cac phuong an:
Bdng 2. Phuong an 1 ving lle

T, T3 T3 D L l R, Zint Zy Zpy
1,1 1 08 | 179 | 179 | 197 | 143 | -107 | -32 | -18
12111107 | 164 | 180 | 197 | 115 | -139 | -64 | -16
13111 |06 | 151 | 166 | 197 | 91 | -140 | -65 | -30
14 112 |04 | 141 | 169 | 197 | 56 | -159 | -84 | -28

Bdng 3. Phuong dn 1 vung 1llb

) el T3 D L l R, Zint A Zp1
1511401 | 131 | 184 | 197 | 13 | -183 | -108 | -13
16 114] 0 123 | 172 1 197 | 0 | -172 -97 -25
17113 0 116 | 150 | 197 | 0 | -150 -75 -46
18112 0 109 | 131 | 197 | 0 | -131 -56 -66

Bing 4. Phuong dan I viing 1b

T, T T3 D L l R, Zint z,
1,6 1 0,4 197 | 315 | 197 | 79 -305 -230
1,7 0,9 0,4 219 | 372 197 | 87 -361 -286
1,8 0,8 0,4 246 | 443 | 197 | 98 -432 -357
19 0,8 0,3 246 | 467 197 | 74 -461 -386
Bidng 5. Phuong dan I ving |If
15 T T3 D L l R, Zint Z;
11 1 0,9 197 216 197 177 | -124 -49
1.2 14 | 04 141 169 197 56 -159 -84
13 ] 12 |05 164 213 197 82 -197 | -122
1,3 13 | 04 151 197 197 61 -187 | -112
14 |1 11 | 05 179 250 197 89 -234 | -159
15 13 | 02 151 227 197 30 -225 | -150
Bdng 6. Phuong an 2 ving lle
Ty e T3 D L l Rs | Zipt l;
1,1 095 | 0,95 | 1000 | 950 | 1100 | 950 | -900 | 918
12| 09 0,9 500 | 450 | 600 | 450 | -450 | 485
131085 ] 0,85 | 333 | 283 | 433 | 283 | -155 | 239
141 08 0,8 250 | 200 | 350 | 200 | -170 | 249
Bdng 7. Phuong an 2 vung I11b
i T 3 D L l Rs Zint L,
16 |08 | 06 | 188 | 150 | 300 | 113 -99 271
11,7108 |05 | 167 | 133 | 283 83 -104 267
18108 | 04 | 150 | 120 | 270 60 -104 267
19109 |02 | 150 | 135 | 285 30 -132 248
Chon cac kich thuéc L = 227mm, [ = 197mm,
R; = 30mm, z; = —150mm vung IIf phuong an 1 14 t6i uu.

4. Két luan

Trong bai béo, tac gia di giai quyét vin dé da nghiém
ctia bai toan dong hoc nguoc bang cach ap dung phuwong
phap s6 Newton-Raphson. Viéc quy khdi lwong khau hinh
binh hanh vé hai diu khép gitp don gian hoa bai toan dong
luc hoc. Tuy vay, day chi 1a cach giai gin dang, can duoc
nghién ctru thém. Hai phuong an thiét k& hinh hoc duoc
dua ra co thé duoc ap dung trong thuc tién. Tuy vy, viéc
can nhéc céc thong s6 thiét ké con phu thude vao thuc té
clia nguoi thiét ké. Viéc thiét ké hinh hoc cho robot Delta
1a tién dé ctia viéc thiét ké chi tiét sau nay cho cac ing dung
cu thé trong cong nghiép cua robot Delta nhu han mach,
gap-tha...
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