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PNG DUNG TOI U HOA CAU TRUC LIEN KET TREN ANSYS
WORKBENCH TRONG THIET KE GIAM THIEU KHOI LUONG
KHAU DUNG CU CHO ROBOT CONG NGHIEP

THE APPLICATION OF TOPOLOGY OPTIMIZATION IN LIGHTWEIGHT DESIGN
FOR END EFFECTORS IN INDUSTRIAL ROBOTS
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TOM TAT

Gidm thiéu khoi lwong khdu dung cu c¢é y nghia quan trong véi robot céng nghiép, dic biét
la cdc robot van chuyén. Bdi bdo ndy trinh bay mot truong hop thiét ké giam thiéu khéi hrong bé
kep cho robot phu tro trong ddy chuyén gia cong lazang 6 té tir dong, ting dung phwong phéap SIMP
trong Ansys Workbench. B kep sau khi t6i wu giam 29,3% so véi thiét ké ban dau. Hinh dang phiec
tap sau khi t6i wu 6 thé lam tang thoi gian va chi phi ché tao, nhwng da gidi quyét hiéu qua cdc
van dé vé tai trong ciia robot cong nghiép. Kha ndang ché tao bang cac phieong phdp san xudt théng

thuwong ciing dwoc xem xét dé phit hop véi cdc g dung trong méi truong cong nghiép.

Tir khéa: Ansys Workbench; Khiu dung cu robot céng nghiép, Thiét ké gidm khoi lwong;

T6i wu héa cdu tric lién két.
ABSTRACT

Minimizing the weight of end effectors has significant for industrial robots, especially for
transportation robots. This paper presents a case study of lightweight design for gripper of auxiliary
robots in automatic car rim machining cells, applying the SIMP method in Ansys Workbench. The
optimized gripper is reduced by 29.3% compared to the original design. Complex shapes after
optimization can increase manufacturing time and cost but effectively solves load problems of
industrial robots. The possibility of fabrication using conventional manufacturing methods is also

considered for applications in industrial environments.

Keywords: Ansys Workbench; Industrial robotic end effectors; Lightweight design;

Topology optimization. &
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1. PAT VAN DE

Robot hién 1a mot phan quan trong
trong nhiéu linh vuc san xuét [1]. Tuy nhién,
nhin chung mot s6 nhuge diém cua robot
cong nghiép thuong dugc st dung bao gom
tiéu thu dién 16n, ti 1€ tai trong so vdi trong
luong ban than thap, cu trac cong kénh va
hé thdng phu tro phirc tap [2]. Viéc thay thé
cic phan cung bang nhitng cdu tric nhe hon
la mgt trong nhitng giai phap hiéu qua duogc
néu ra trong [3] nhim giam trong lugng
va quan tinh ma robot phdi chiu trong qua
trinh 1am viéc. Mo-men diéu khién dong co
¢ thé dugce giam xudng, robot can sir dung
it nang lwong hon ciing nhu diéu khién dé
dang hon [3], nho d6 cai thién do chinh xéac
va tudi tho ctia chiing. Giai phap nay dic biét
quan trong ddi voi cac robot co vai trd van
chuyén do anh huong truc tiép cua cac két
cu khéu thao tac dén khong gian thao tac va
tai trong cua chung. Van dé tuong tu ciing
dé thay vai robot phu trg trong cac hé thong
gia cong lazang ty dong, noi ching dong vai
tro trung chuyén phoi liéu giita cac tram gia
cong ciing nhu dau vao, ra cua hé thng. Do
vay can thiét dé nghién ciru, thiét ké nham
giam thiéu khoi luong cho cac bd kep, déng
thoi van dam bao tinh ning va hiéu suit lam
viéc cua hé théng.

Ti wu hoa cau trac lién két (Topology
Optimization) 14 hinh thic thong dung nhét
trong toi wu hoa cau trac, trong d6 Vat liéu
ran dang hudng voi hé sé hinh phat (SIMP —
Solid Isotropic Material with Penalization) la
mot trong nhitng phuong phap toan hoc phd
bién nhat [4]. Do vdy, bai bdo nay s& trinh
bay mdt truong hgp tng dung phuong phap
SIMP, duogc tich hop trén Ansys Workbench
trong thiét ké giam thiéu khéi luong cho bd

kep robot phuc vu trong ddy chuyén gia cong
lazang tu dong.

2. PHUONG PHAP THUC HIEN
2.1. Téng quan vé phwong phap SIMP

SIMP thuong dugc sir dung trong giai
doan dau cua qua trinh thiét ké, nham tim ra su
phan b vat lidu t6i uu dya trén cac diéu kién va
rang budc dat trude, dugc tinh toan dua trén mo
hinh phén tir hiru han va cac phép phan tich do
nhay. Bai toan c6 thé dugc biéu dién dudi dang
toan hoc nhu sau [2]:

= (xl,xz,...,xnjr
MinC(x)= FTU =UTKU
v (1)
F=KU
O0<xpm=x;=1(x=12,..,n)

Diéu kién

Trong do: x 1a bién thiét ké, dic trung
cho mat do twong ddi ctia phan tir, ndm trong
khoang gia tri [x . 1];n la s0 luong bién thiét
ké; C(x) 1a ham muc ti€u, ddc trung cho dap
g cua chi tiét dudi diéu kién tai trong; K 1a
ma tran dJ cing; F 1a vector lyc tdc dung; U la
vector chuyén vi; V va V* 1a thé tich chi tiét sau
va trude khi toi wu hoa.

Ngoai ra, cac bién thiét ké phai dap tng
mot so diéu kién rang budc khac: Ung suat cuc
bo, chuyén vi t6i da, hinh dang hinh hoc,...

2.2. Quy trinh thyc hién

Trong nghién ctu nay, cadc phéan tich va mo
phong t6i uu hoa duoc thuc hién trén Ansys
Workbench 2021R1. Bg gidi SIMP dugc cung
cap trén mo dun Topology Optimization. Quy
trinh thuc hién dugc dé xuat nhu sau:
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Hinh 1. Quy trinh t6i wu héa

Céc quy trinh twong duong dugc néu ra
trong [2], [5], [6] déu chimg minh dugc hiéu
qué ctia t6i uu héa céu triic lién két trong cac
truong hop khac nhau. Tuy nhién, ddi tugng
trong nghién ctru 1a bg kep lazang, do d6 muc
tiéu nhom tac gia hudng téi la mot quy trinh
pht hop v6i nhitng san phim dugc san xuét
don chiéc (hodc loat nho), nham giam thoi gian
va chi phi trong ché tao thuc té. Cac cong viéc
cu thé duoc trién khai nhu sau:

¢ Yéu cau dau vao:
- Dir liéu thiéet ke ban dau:

+ Khéi lugng: 51,46kg;

+ Bao gdm két cau khung thép hinh, bd kep
khi nén tiéu chuan (Zimmer GPH82100N-
00-A) va cac chi tiét gia cong nho khéc;

+ B0 kep mang tdi da 2 lazang cung luc;

+ Gia toc di chuyén tdi da 13 0,5g.

Hinh 2. Thiét ké b¢ kep ban ddu
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- Yéu cau san pham:

+ Pam bao tinh c6 thé ché tao bang cac hinh
thirc san xuat thong thudng;

+ Dép ing dugc dd chinh x4c tai vi tri dat phoi
va do bén két cAu tai trang thai lam viéc bat
loi nhét (truong hop robot di chuyén véi gia
toc tbi da), ¢ day liy gi6i han chay déi véi
thép két cAu théng thuong 1a 235 MPa.

* Xac dinh tham s6 t6i wu:

- Khoi lwong: Toi thiéu hoa khoi luong, ¢ day
lay 35% so v&i ban dau.

- Sai léch vi tri: Xét tai vi tri lam viéc cuia bo
kep 1a vi tri dat phoéi vao may, sai s khuyén
nghi 1a < 0,2mm.

* Tién xir ly mé hinh:

- Phan viing vat liéu t6i wu: Logi bo cac chi tiét
nho, chiém trong luong khong dang ké trong bd
kep; Xéc dinh mién vat li¢u toi uu.

- Tao bé phdn thay thé: BO kep khi nén tiéu
chuan dugc thay thé bang mot khéi don gidn,
vo1 thong s6 vat liéu duoc diéu chinh nham
khong thay doi co tinh va khéi lugng cua bo
kep. Thiét bi niy ciing bi loai bo khoi ving
vat lidu tdi wu nén sy thay thé nay khong anh
huong dén két qua mo phong.

- Chia lwoi: Kich thudc luéi 1a 10mm. M6 hinh
bao gom 75973 phan tir va 171409 nut (Hinh 3).

Hinh 3. Mo hinh b kep sau khi chia luoi

&
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« Thiét lap tdi wu hoa:

- Bai toan tinh hoc:

Céc lyc tac dong xét ¢ vi tri dat phoi:
Trong luong ban than; Trong lugng lazang
(7kg cho mdi lazang); Luc kep tac dong lén
mdi ngén tay kep (147N). Sai léch tai vi tri dat
phoi 1a 0,190mm (Hinh 4).

Hinh 4. Chuyén Vi t6i da tai vi tri ddt phoi
(0,190mm)

« Panh gia két qua md phéng:

- Mién phén bé vat liéu: Khong c6 cac diém
gian doan dang ké (Hinh 5);

- Cac ham muc tiéu va rang budc: Hoi tu qua
mot s6 vong lap xac dinh (40 vong lap);

- Thoi gian mo phong: 37 phut 3 giay;

- Bo nho dém sur dung: = 5,1 GB;

- M6 phong duwoc thuc hién trén may tinh voi bo
xw Iy Intel core i5-10500U, 32GB Ram.

Hinh 5. Két qua mé phong phdn bo vt liéu

* Hau xir Iy mo hinh:

M5 hinh duoc thiét ké lai dua trén két
qua md phong (Hinh 6). Mot s6 vi tri dugc hidu
chinh lai theo kinh nghiém nham phu hop véi
cac hinh thire gia cong thuc té. Khéi lugng bd
kep méi 14 36,38 kg, giam 29,3% so voi thiét ké
ban dau.

’ = == =
Hinh 6. M6 hinh sau khi thiét ké lai
 Panh gia lai yéu ciu dau vao: Hai thu
nghiém md phdéng danh gid Gmg xu tai céac
truong hop tai.
- Sai léch tai vi tri dat phoi: 0,195mm (Hinh 7);

- Ung sudt véi trang thdi gia toc toi da: 37,56
MPa (Hinh 8).

= Két cau bo kep mdi ddp g dii yéu cau thiét
ké da duwa ra, co thé dwa vao san xuat thuc té.

Hinh 7. Sai 1éch tai vi tri tha sau t6i uu (0,195mm)
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Hinh 8. Ung sudt t6i da khi tang toc (37,56 MPa)

So sanh v6i cac truong hop ap dung phuong phap tuong tu:

Bdng 1. Bang so sanh voi cdc truong hop ap dung phuwong phap twong ty

Tiéu chi [2] [5] [6]
[2]: Mot khau trén robot cong nghiép Bo kep trén robot, bao gdm cé chi tiét
e [5]: Ngon tay kep trén robot cong nghi€p | ti€u chuan va phi tiéu chuan lap rap véi
DO1 tuong AL a1 A A A
o d [6]: Chi tiét ga bo hut chan khong trén | nhau
ap dung robot cong nghiép => Cum chi tiét
=> Chi tiet don 1¢
. Phan tich tai
Phuong pha .
R g p p tinh thong Phan tich tai tinh tai cac vi tri yéu cau do chinh xac hodc vi tri yéu
phan tich tai N A AT z
qua md cau do bén cao nhat
trong phong dong
. Thong R R
Phuong pA’hap san thuong, vat II.IA3D’ vat Ir.lA3D’ vat Thong thuong, vat liéu thép
xuat o N liéu nhya liéu nhya
liéu nhom
Muc tai trong Lon Nho Nho Loén
Thoi gian mo Chua xac Chua xac .\ , "
phong dinh dinh 2 gio 37 phut 3 gidy
A . Altair
Cong cu Abaqus Solidworks . Ansys Workbench
Inspire
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3. KET QUA VA BAN LUAN

Nghién cuu da Gng dung thanh cong
phuong phap SIMP trén Ansys Workbench
trong viéc t6i wu hoa két cau bo kep cho robot
cong nghiép phuc vu trong diy chuyén gia
cong lazang tu dong. B kep da giam 29,3%
khéi luong nhung van dat do chinh xac tai vi tri
lam viéc tuong duong so voi ban dau. M6 hinh
sau khi thiét ké lai sin sang duoc trich xuit va
dua vao san xuit thuc té. Mac du hinh dang
phirc tap c6 thé lam tang thém thoi gian va chi
phi ché tao, tuy nhién n6 di giai quyét dugc van
dé tai trong cho b kep, gitip nang cao hiéu qua
van hanh va d bén cho robot cong nghiép.

Vé mit dong godp, qua viée so sanh voi
cac truong hop tng dung khac, duoc thé hién
trong bang 1, nhom tac gia c6 thé chi ra mot vai
dong gbp sau day:

« Cung cap thém minh chimg khing
dinh hi€u qua cua quy trinh ap dung phuong
phap SIMP nham giam thiéu khdi lugng trong
thiét ké co khi.

* M6 rong thém truong hop ung dung
cua phuong phap da néu khong chi vdi cac chi
tiét don 1€ ma ca cac cum chi tict c6 lap ghép.

« Cung cap mot truong hop tham chiéu
cho céc san pham dugc san xuét theo hinh thtrc
don chiéc (loat nho), yéu cau phuong phap san
xuat don gian, th01 glan tinh toan ngan nhim
giam cac chi phi vé thiét ké, ché tao. Piéu nay
¢6 ¥ nghia thuc té trong nhidu nganh cong
nghi¢p hién nay. <
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