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Tém tat - Robot Delta néi riéng va robot céng nghiép néi chung
dwoc st dung ngay cang nhiéu trong cac nha may, day chuyén
san xuét tw dong dé thay thé con nguwoi. Ching dwoc dung cho
cac (rng dung gap tha tbc do cao nhw lap rap, phan loai san
phdm... V&i nhu cau tiét kiém vat liéu va chi phi trong qua trinh
thiét ké va ché tao nhwng van dam bao dwoc cac kha nang lam
viéc clia robot nhw dd ctrng va do bén, viéc str dung phuo'ng phap
t6i wu hoa hinh hoc trong thiét ké la mét giai phap co thé giai quyét
vén dé trén. Bai bao trinh bay vé qua trinh nghién ctru, ung dung
phuwong phap t6i wu héa hinh hoc dé tai thiét ké mot phan clia canh
tay robot Delta. San ph&m dwoc thiét ké lai cé khdi lwong nhe hon,
tdn it vat liéu hon nhwng van dam bao dwoc dic tinh co khi va kha
nang lam viéc nhw yéu cau.

Tir khéa - T6i wu hoa hinh hoc; robot Delta; tai thiét ké

1. Gi6i thi¢u

Ngay nay, Robot Delta dang dwoc ép dung rong rai
trong nhiéu linh vuc y hoc, ‘quan sy, md phong, san Xudt
cong nghiép va dugce biét dén 1a robot gip - tha co toc do
rat nhanh. Py 1a loai robot song song dugc phat minh boi
Reymond Clavel [1] véi nhidu wu diém vuot troi so véi cac
loai robot dang chudi truyén thdng nhu: Po cing vimg 16n,
kha nang chiu tai cao.

Phuong phép t6i uru hoa hinh hoc 14 phuong phap toan hoc
dé t6i uu hoa vat liéu trong khong gian thiét ké véi tai trong
cho trudre, didu kién bién va rang budc. Uu diém cua phuong
phép nay la chung ta c6 thé thiét ké bat ky hinh dang ndo trong
khong gian thiét ké, thay vi xtr Iy cac cau hinh dugc x4c dinh
trude. Vi viée sir dung phuong phap t6i wu héa hinh hoc,
chiing ta co thé tao ra dugc cac chi tiét co khoi luong nhe hon
do da cat giam duoc lugng vat lidu sir dung. Nho do, co thé
tiét kiém duoc chi phi vé vt liéu trong qua trinh ché tao. Hon
nira, viéc sir dung it vat liéu hon s& gop phﬁn giam thiéu 6
nhiém mdi truong do lugng cacbon tiéu thu giam trong bbi
canh dit nuéc huéng téi mot nén san xuét xanh.

Di c6 nhiéu nghién ciru vé phuong phap t6i wu hoa hinh
hoc [2-4] cling nhu ing dung phuong phap nay cho cac bai
toan thyc té, nhu thiét ké lai hinh dang cua cac chi tiét trong
nganh hang khong [5], [6] hodc céc chi tiét ky thuat hang
ngay nhu chiée co-18 [7]. Déi vai thiét ké robot, phuong
phap t6i wu hoa hinh hoc dd dwoc sir dung trong thiét ké
cac robot c6 hinh déng con nguoi [8], [9]. Tuy nhién, hién
nay chua c6 nhidu nghién cuu su dung phuong phap t6i uru
hoéa hinh hoc trén robot Delta.

V6i mong mubn tao ra mot mé hinh robot Delta mai
phuc vy trong giang day va nghién ctu cung cac uu diém

Abstract - Robots in general and Delta robot in particular are used
more and more in factories and automatic production lines. Delta
robot is a kind of parallel robot with many advantages: fast-moving
speed, great productivity. The time requirements for product design
and manufacturing must be reduced and shortened in the context
of global economic integration. In particular, the quality and price
of products are two important factors that determine the success of
a product designed on the market. Therefore, product designers
always seek to design products using as few materials as possible,
but the durability and mechanical properties of the products are
guaranteed. Therefore, using topology optimization method in
design is an approach that can support designers. An application
of topology optimization method to redesign a part of the Delta
robot arm is presented in this paper. The redesigned part is lighter,
consumes less material but still ensures its mechanical properties.
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nbi bat ctia phuong phap t6i wu hoa hinh hoc trong thiét ké
bai bao nay trinh bay qua trinh g dung phwong phap t6i
wu hoa hinh hoc dé tai thiét ke mot phan canh tay robot
Delta hién dang dugc phat trién tai Khoa Co khi — Trudng
Dai hoc Bach khoa — Pai hoc Pa Nang [10], [11].

2. Qua trinh tai thiét ké

Trinh tu tai thiét ké chi tiét sr dung phuong phép tdi uu
héa hinh hoc dugc thé hién & Hinh 1.

Thiét ké ban diu
Cic didu kién
Phién tich cac yéu cé'lu ve 46 bén
tac dung 1&n chi nét
Xac dinh khéng gian Ve lai chi tiét trén
thiét ké phin mém CAD
S
4
Chaw thit trén phin i: Th1:ét D e
mém t61 wu hod
L |

Hinh 1. Trinh t tdi thiét ké mot chi tiét sir dung phuong phdp
toi uu héa hinh hoc

o T file thiét ké ban dau cua chi tiét, ching ta phan tich
c4c yéu cau tac dung 1én chi tiét: Cac bé mat chtre nang cia
chi tiét, luc tac dung 1én chi tiét.

e Xac dinh viing khong gian thiét ké: Day 1a noi chiing
ta s€ giam tdi da sy phan bd vat liéu nhung van dam bao
yéu cdu vé co tinh cua chi tiét.

* Sau khi tim dugc cac gla tri luc thiét yéu tac dung len
chi tiét, chung ta s& chay két qua tdi wu hoa trén phan mém
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sir dung phuong phép phan tir hitu han véi rang budc theo
yéu cau thiét ké.

o Tir két qua td1 wu hoa, chung ta s¢€ kiém tra lai cac
rang budc vé ung suét, do chuyén vi, kha nang chiu lyc...
cta chi tiét méi. Néu két qua dam bao cac diéu kién theo
yéu cau thi v& lai chi tiét bang phan mém CAD vi bé mat
chi tiét cua két qua thu dugc twong d6i go ghé do qua trinh
r0i rac hoa ciia phuong phap phan tir hitu han.

e Sau khi thiét ké lai, ta s& c¢6 chi tiét méi voi hinh déang
hinh hoc dugc t6i wu nhung van dam bao dwoc kha ning
lam viéc nhu chi tiét ban dau.

3. Tai thiét ké canh tay trén ciia robot Delta

Dé minh hoa cho phuong phép trén, phan nay trinh bay
viéc tmg dung phuong phap t6i uu hoa hinh hoc dé giam
Iugng vat li¢u st dung trong qua trinh ché tao canh tay trén
ctia robot Delta. M6 hinh dong hoc ciing nhu thiét ké 3D
ctia robot duoc biéu dién ¢ Hinh 2 [10], [11]. Y nghia cac
thong s6 hinh hoc dugc tom tit trong Bang 1.

Tém dé di dong

Tam dé cd dinh

Canh tay dudi
Tim dé di dong
(b)

Hinh 2. M6 hinh déng hoc (8) va thiét ké 3D (b) robot Delta
Bing 1. Y nghia cic théng sé hinh hoc ciia robot Delta
Ki
hi¢u

P; |diém néi giira khau bi dan va tim dé di dong (i = 1,2, 3)

Y nghia

sp |chidu dai canh tam giac déu tAm dé ¢ dinh

wg |khoang cach tir tim O dén canh cia tim dé ¢ dinh

up |khoang céch tir tim O dén dinh cta tim dé ¢6 dinh

sp |chidu dai canh tam gidc déu tAm dé di dong

wp |khoang cach tir tim P dén canh cia tm dé di dong

khoang céach tir tim P dén dinh P; (i = 1,2,3) cta tAm

Up |dé di dong

L |chiéu dai canh tay B;A; (i = 1,2,3)

[ |chiu dai cia mdi khau bi din

h  |chidu rong ctia mdi khau bi din

Chi tiét dung dé tai thiét ké 1a khau phat dong (canh tay
trén), noi gitra tam de ¢ dinh va khau bi dan (canh tay
dudi). Hinh dang cta chi tiét dugce thé hién ¢ Hinh 3.

Hinh 3. Hinh dang ban dau ciia chi tiét

3.1. Phan tich lwc tdc dung Ién chi tiét

) O phéan nay, nhom tac gia sir dung phuong phép tach vat
dé tien hanh giai phong cac lién ket gitra cac khau trong robot
Delta. Ttr do, xac dinh duoc luc tac dung 1én chi tiet dang xét.
Vi viéc phan tich dong luc hoc cua robot Delta trong khong
gian ba chiéu rat phirc tap nén dé don gian hoa, nhém tac gia
st dung mé hinh robot Delta trong mét phang nhu Hinh 4.

Py Py P3
Hinh 4. M6 hinh cdc canh tay robot Delta trong mdt phing
Trong d6:

B; B,: Khoang cach gitra tdm khép quay B; va B,;

L, = L, = Ly = L = 0,2m: Chiéu dai c&c khau phat dong;

l, =1, = I3 = = 0,28m: Chiéu dai c&c khau bi dan;

sg = 0,1/3m: Chiéu dai tim dé cb dinh;

sp = 0,05+/3m: Chiéu dai tim dé di dong;

my, =my, =my, =m=0,5kg: Khéi lugng khau bi
dan.

Tung canh tay cua robot s&€ dugc tach riéng 1& dé thuc
hién phan tich lyc. Timg khau ¢ moi canh tay s& dugc tach
thanh cac vat riéng biét. Lyc tic dung 1én ting khau gan
v6i canh tay: Tam d€ di dong, khau bi dan, khau phat dong
duogc thé hién trong Hinh 5.

Ya

Pp

(@) Tam dé di déng ~ (b) Khdu bi dan  (c) Khdu phdt déng
Hinh 5. Luec tdc dung lén cdc khdu ciia canh tay sé 1
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Ap dung phuong trinh can bang Iyc cho timg khau ta
duogc cac hé phuong trinh (1), (2).

(e, )
YPl = PP
YA1 = Pll + YPl
P
_ (P, +Yp, ) cosa; — P C052a1 _ % +Y, @
AT sin a; " tanay

V6i khau phat dong, dé thuan loi cho viée dat luc trong
phﬁn mém tbi vu hoéa, nhdm tac gia tién hanh doi truc toa
d6 dé dua vé bai toan dim mot dau ngam (diém B,), mot
dau tu do (diém A,) dugc thé hién trong Hinh 6.

Hinh 6. Chuyén hé toa do cac lyc tac dung lén khdu phat dong
Trong d6:
X_’Al, E’ 13 lyc ban dau tac dung 1én khau phat dong;
X, Y 1a luc sau khi chuyén hé toa d6 tac dung 1én khau
phat dong.
Khi d6, ta c6 gia trj cua X, ¥ la:
(

i+Y
le P11+YP1_ 2 Py
2\ sin6, tan a; cos 6,
3
n, (3)
yoL(PutYe - 1Y,
2\ cos6, tan a; sin 6;

Tir cac hé phuong trinh (1), (2), (3), ta can tim cac goc
0, va a, dé |)? |, |17| 16n nhat. Bang phwong phép vector, ta
thu dugc hé phuong trinh (4).

! +Lcosf +2-2
cos a; cosfy +— - = @)
Isina; + Lsinf; =0

Bai toan trd thanh bai toan tdi wu hoa cuc dai véi ham

muc tiéu (5).

( 1y

P
+YP1_ 7+YP1

1(P
max f (0., 1) = :in 6, tana, cosb,
5
(P +Y ST 7
max f (61, @) = 2\ cos6, " tana,siné,
Két qué cua bai toan t6i wu hoa nay 1a 6, = —15° va

a, = 75°. Tai vi tri nay thi luc tadc dung 1én khau phat dong
14 16n nhét.
3.2. Téi wu héa hinh hoc chi tiét

Chi tiét ban ddu dugc mo hinh hoa dudi dang khdi rén,

dé tién hanh t6i wu hoa can phai tach riéng ra hai phan riéng
biét 1 ving khong gian thiét ké (ving khong gian can t6i
uu hoa vat ligu) va ving khong gian khong thiét ké. Ving
khong gian thiét ké 1a viing ma chung ta c6 thé can thiép dé
thiét ké lai ma khong lam anh huong dén kha niang lam viéc
clia canh tay. Ngoai ra, con c6 cac bé mat chirc nang la cac
bé mat dung dé lap rap va bat vit véi truc dong co, duge
thé hién trong Hinh 7.

| Céc bé mit chire nang

Ving khéng gian thiét ké |

Ving khong gian khong thiétké |

Hinh 7. Cdc bé mdt chirc ndng, viing khong gian thiét ké va
khong thiét ke

Muc tiéu dugce détra la khéi lugng cua chi tiét phai duogc
giam thleu t6i da nhung van dam bao chiu duoc tai trong lam
viée néu sir dung riéng 1€ timg canh tay dé gip tha 1a 2 kg.
Ngoai ra, con c6 diéu kién rang budc vé ving lam viée cua
robot (gia tri ctia hai goc aq va 01). Gia str ¢ cap gia tri ctia
hai goc dat dugc kha nang t6i wu vat liéu tot nhat, tuy nhién
hai gia tri nay lai khong nam trong ving lam viéc ctia robot
thi nhom tac gia s& chon cap gia tri cho kha nang t6i uu t6t
thip hon nhung ndm trong viing lam viéc ctia robot.

Cac lyc tac dung 1én chi tiét va rang budc ngam duoc
thé hién & Hinh 8.

Hinh 8. Vi tri cua cdc luc va rang budc tac dung lén chi tiét
Mot ludi dugce tao nén dé roi rac héa ving khong gian
thiét ké. Phan mém Altair SolidThinking Inspire dugc sir
dung dé giam thiéu t6i da khoi luong cua chi tiét Trong
truong hop nay, khdi lugng cua chi tiét giam xap xi 54%.
Két qua dwoc thé hién & Hinh 9.

Hinh 9. Két qua t6i 1u héa

4. Ban luin

Chi tiét da toi wu héa cua canh tay trén robot Delta dugc
the hién dudi dinh dang CAD. Tuy nhién, chiing ta chua
thé sur dung truc tiép chi tiét nay dé san xuat bdi bé mat lam
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viée rat gd ghé. Vi vay, nhom tac gia da thiét ké lai mot
mau chi tiét mai dua vao két qua téi uu hoa. Sau do, chi
tiét méi duoge phén tich mot lan nira dé kiém tra lai cac dic
diém co khi, duoc thé hién ¢ Hinh 10.

Displacement: Mag v

a) Trude khi t6i wu héa

Displacement: |Mag |v
Max

b) Sau khi duoc vé lai dua vao két quad 16i wu héa

Hinh 10. So sanh dé chuyén vi cua chi tfét trwo'"c khi 16i wu héa
(a) va sau khi dwoc vé lai dwa vao két qua toi wu hoa (b)
Khdéi lwong cua chi tiét sau khi duoc vé& lai 14 0,227 kg

va phﬁn tram lugng vt liéu dugc cét giam so voi trude khi
t6i wu hoa 1a 48,8%. Vi vay, chung ta tiét kiém duoc
0,216 kg cho mdi chi tiét. Ngoai ra, ching ta c6 thé thay
do chuyén vi cta chi tiét sau khi duoc v& lai 16n hon do
chuyén vi cua chi tiét truée khi t6i wu hoa khoang 2,5 lan
nhung gi4 tri nay 1a rat nho (¢ thang do 0,1mm).

Hién nay, & Viét Nam, néu cac phuong phap gia cong
truyén théng nhu CNC duoc str dung dé ché tao chi tiét nay
thi s& rat ton thoi gian dé chuan bi dung cuy va may moc do
hinh déang hinh hoc cua chi tiét sau t6i wu phuc tap hon so
véi chi tiét ban dau. Vi vay, gia thanh ché tao c6 thé cao hon.
Tuy nhién, viéc str dung cong nghé gia cong dip 16p vai cac
cong nghé nhu EBM, SLS, chi phi vé van hanh méay va nhan
cong ciing s& dugc giam di khi ching ta c6 thé ché tao mot
lac nhiéu chi tiét so véi viée ché tao 1an luot ting chi tiét nhu
phuong phap CNC. Ngoai ra, viéc sit dung cong nghé gia
cong dap 16p s& gop phan tiét kiém chi phi vé vat liéu trong
qué trinh ché tao do khong ¢6 san pham thira.

5. Két luan

Bai bao trinh bay qua trinh timg dyng phuong phap thiét
ké str dung t6i wu hoa hinh hoc dé gitip nguoi thiét ké co thé

cai tién san phdm trong qué trinh thiét ké. Phuong phép cho
phép toi uu sy phan bo vat liéu va giam khoi lugng vat liu
str dung nhung van dam bao cac déc tinh co hoc cua chi tiét.

Mot nghién ctru dién hinh 1a canh tay trén cia robot Delta
da dugc trinh bay trong bai bao dé minh hoa cho cho phuong
phép. Chi tiét méi da dugc loai bo nhimg phéan vat liéu khong
can thiét nhung van dam béao céac rang budc thiét ké.

Tom lai, phuong phap thiét ké vai viée tich hop tdi uu
hoéa hinh hoc dang tré thanh hudng tiép can cho cac cong
nghé gia cong tién tién nhu cong nghé gia cong dap 16p.
NG 6 thé gop phan tao ra mot thé hé robot Delta méi co
khdi lugng nhe hon vi giam dwogc quan tinh ctia robot trong
qua trinh di chuyén. Tir do6, gilp robot hoat dong 6n dinh
va chinh xac hon.
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