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NGHIEN CUU KHOA HOC

Nghién ciru t6i wu héa cau trac chi tiét may theo phwong phap
thiét ké sinh hoc

Optimization study of machine part structures using the
generative design

Mac Vian Giang, Ta Héng Phong, Mac Thi Nguyén, Trinh Van Cwéong
*Tac gia lién hé: macvgiang@gmail.com
Trwdng Dai hoc Sao Do
Ngay nhan bai: 04/9/2024
Ngay nhan bai stra sau phan bién: 27/11/2024
Ngay chéap nhan dang: 29/11/2024
Tém tat

Bai bao nay nghién ctru tdi wu héa cau tric chi tiét may theo phwong phap thiét ké sinh hoc (Generative Design
- GD), mét phwong phap thiét ké tw dong str dung cac thuat toan may tinh va tri tué nhan tao dé tao ra nhiéu giai
phap thiét ké t6i wu vé cu tric va khéi lwong. Qua trinh nay dwoc thwe hién théng qua viéc tich hop tri tué nhan
tao vao hé thédng CAD (Computer - Aided Design) trén phan mém Autodesk Fusion. Nghién ctru tap trung vao
viéc tdi wu hdéa ciu truc cla chi tiét tay don trén robot béc xép, tir qua trinh nghién ctvu co sé toan hoc dén lya
chon giai phap tbi wu. Két qua cho thay viéc 4p dung Generative Design d gitp gidm khéi lwgng dang ké trong

khi vn dam bao d6 bén can thiét cho chi tiét may.

Ttr khéa: Téi wu héa céu truc; thiét ké sinh hoc; tri tué nhéan tao; chi tiét may; khoi lvong; (rng suét.

Abstract

This paper investigates the structural optimization of machine components using the Generative Design (GD)
approach, an automated design method that leverages computer algorithms and artificial intelligence to generate
multiple optimal solutions for structure and weight. This process is carried out by integrating artificial intelligence
into the CAD (Computer-Aided Design) system using Autodesk Fusion software. The study focuses on optimizing
the structure of a robotic arm lever used in a palletizing robot, covering the entire process from researching the
mathematical foundations to selecting the optimal solution. The results show that applying Generative Design
significantly reduced the component’s weight while still ensuring the required strength.

Keywords: Structural optimization; generative design (GD); Artificial intelligence (Al); machine component;
mass; stress.

1. DAT VAN BE an toan va tiét kiém vat liéu, dac biét trong cac khu vuc

1.1. Cac rng dung cua t6i wu héa cau truc de xay ra thién tai.

Téi wu héa chu tric dwoc rng dung réng rai trong
nhiéu linh vwc cla ky thuat va thiét ké, véi muc tiéu
chinh 1a cai thién hiéu suét, dd bén, hiéu qua chi phi
va tinh an toan cta cac hé thdng va cau truc. Dwéi day
la mot sb tng dung cu thé cla téi wu hoéa cau trac [1].

- Thiét ké co khi: Giup tao ra cac bd phan nhe hon, bén
hon va hiéu suét cao hon, ddng thoi gidm chi phi sén
xuét va van hanh. Trén Hinh 1 thé hién két qua téi wu
héa cAu trac khung may in 3D.

- Xay dung va kién trac: Téi wu héa giup thiét ké cac
c6ng trinh nhw tda nha, ciu, véi kha nang chiu luc tét,

Hinh 1. Téi wu héa céu tric khung may in 3D

- Hang khoéng va vii tru: Giup phat trién cac phwong

tién bay va vé tinh nhe hon, bén hon, chiu lwc tét, tir d6

Nguwoi phan bién: 1. TS. Nguyén Van Hinh :
grot phan bien St hdidatbind tang hiéu suat va giam tiéu hao nang lwvong.

2. PGS. TS. Ng6 Hiru Manh
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- Nganh céng nghiép 6 t6: Téi wu hoa gidp thiét ké cac
phan xe nhw khung, gadm va than xe nhe hon, an toan
hon va tiét kiém nhién liéu.

- T6i wu héa nang lwong: Puoc ap dung trong thiét ké
cac hé théng nhu turbine gié, bang ndng lwong mét
troi va cac hé théng truyén tai ndng lvong dé dat hiéu
qué va bén virng.

- Coéng nghé sinh hoc va y té: Sir dung trong thiét ké
thiét bi y t& nhw nep, ghép xwong va thiét bi hd tro
co thé.

Ti wu héa cau tric 1a mét cong cu quan trong gilp cac
ky sw va nha thiét ké tao ra cac san pham va cau tric
tbt hon, an toan hon va tiét kiém hon, qua dé dap rng
nhu ciu ngay cang cao vé hiéu suat va bén virng trong
nhiéu Iinh vuc.

1.2. Phwong phap t6i wu héa cau tric nho tich hop
Al vé&i hé théng CAD

Phwong phap téi wu héa céu truc nho tich hop Al
(Artificial Intelligence - tri tué nhan tao) trén hé théng
CAD la mét huéng tiép can hién dai trong linh vuc thiét
ké k¥ thuat. Cach tiép can nay tan dung strc manh cla
Al dé ty dong hoéa va téi wu héa qua trinh thiét ké cau
trdc, gilp tao ra cac giai phap téi wu vé mét ky thuat
va kinh t&. C6 hai phwong phap ti wu héa ciu tric st
dung Al tich hop trén hé théng CAD |a phuong phap
t6i wu hoa hda cAu truc topo (Topology optimization) va
thiét ké sinh hoc GD (Generative Design).

Hién nay da cé mot sb tai liéu cong trinh nghién ctru
dén lién quan dén t6i wu hoa cu trac: Tai liéu [2] d4 chi
rd co s& toan hoc trong téi wu hoa cAu tric co khi va
xay dwng duwgc chwong trinh Laplab véi 99 dong I1énh
cho viéc tdi wu hoa cau trdc dam tinh dinh chju uén st
dung trén hé théng CAD, co s& tinh toan va két qua toi
wu dwoc trinh bay trén Hinh 2.

. |

Hinh 2. Téi wu héa cau tric cda dam theo GA [3]
a. Mién thiét kéldéy da; b. Mjén thiét ké mot niva voi
diéu kién bién doi xtng; c. Két qua chay mé phdng toi
wu hoa cau truc dam chju uén trén phan mém maplab.

Tai liéu [3] trinh bay viéc ap dung céach tiép can thiét

LIEN NGANH CO KHI - BONG LUC

ké sinh hoc (Generative Design Approach - GDA)
trong phat trién sadn pham, tap trung vao thiét ké gia
d& guitar. St dung phdn mém Autodesk Fusion, cac
tac gia da téi wu hoa thiét k& vé hinh dang, chi phi
va do bén, dong thoi tich hop tri tué nhan tao va hoc
sau trong quy trinh. Bai bao cling xem xét cac phwong
phap san xuét khac nhau nham tim ra giai phap t6i wu
cho san xuat hang loat.

Tai liéu [4] trinh bay phwong phap thiét ké sinh hoc
(Generative Design - GD) va &ng dung cla né trong
thiét ké co khi, dac biét cho tdi wu hoa cu trac. Nghién
ctu phan tich céong cu trén phan mém Autodesk
Fusion, tap trung vao kha nang tao ra cac két ciu co
thé san xuét. Két qua cho thdy GD 1a mét phwong
phap day htra hen, tan dung cac cong cu tinh toan tién
tién nhwng van can sy kinh nghiém ctia ngudi thiét ké,
vi Al khé mé phdng hoan toan quyét dinh sang tao cua
con nguwoi. GD hivu ich khi ki nang thiét ké chua da dé
xac dinh hinh dang téi wu ngay tir dau hodc khi can téi
wu hiéu suét véi nhidu rang budc.

Nhin chung céc cong trinh khoa hoc trén chwa dé cap
rd vé co sé& toan hoc clia phwong phap Generative
Design, do d6 ndi dung bai bao nay trinh bay bd sung
céac van dé trén.

2. PHUONG PHAP TOI WU GENERATIVE DESIGN
2.1. Gi&i thiéu vé Generative Design

Thiét ké sinh hoc (Generative Design) la mét phwong
phap thiét k& cach mang, st dung tri tué nhan tao dé
tao ra nhiéu cac gidi phap thiét k& mot cach tw dong.
Thay vi thiét ké tha céng, ki sw chi cAn dat ra cac
yéu cau va giéi han cho san pham nhu trong lwong,
kich thwéc va cac yéu td khac. Sau do, hé thdng
may tinh sé tw déng tao ra hang ngan phuwong an
thiét k& khac nhau, t» d6 chon ra nhitng phwong an
toi wu.

2.2. ’'ng dung cta Generative Design

Generative Design dwoc (rng dung rong rai trong cac
[inh vuc:

- Kién trac: Téi wu thiét ké cho tdoa nha, ciu cang va
cong trinh khac vé khong gian, tai trong va vat liéu.

- Cong nghiép 6 t6 va hang khong: Thiét ké cac bo
phan phtrc tap nhw déng co va khung xe, gilp giam
trong lwong va tdi wu hoa hiéu suat.

- San xuét: Két hop in 3D dé tao ra cac bd phan phirc
tap ma cac phwong phap truyén thdng khong thuc
hién dwoc.

2.3. Tinh nang cua Generative Design

- Téi wu hoa vat liéu: Giam lwong vat liéu nhwng van
dam béo do6 bén va chirc nang.

- Hiéu qua chi phi: Gidm chi phi san xuat va thtr nghiém.
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NGHIEN CUU KHOA HOC

- Sang tao khong gidi han: Cho phép thir nghiém vo sé
phwong an thiét ké ma khéng can vé tha cong.

- Twong quan gia thanh va kha nang tao hinh: D& dang
danh gia chi phi va tac dong ctia véat liéu qua gia cong
CNC ttr 3 dén 5 truc va in 3D.

- Phan hdi nhanh: Linh hoat diéu chinh thiét ké theo
phan héi ma khoéng can lam lai tir dau.

2.4. Co sé tinh toan téi wu

Definition of the
Problem

N
1

Finite Element
Analysis

Sensitivity Analysis

Particle Swarm Optimization - PSO
Deep Learning and Neural Networks

|

Update Design
Variables

Result Converged?

Yes

Result

Hinh 3. Thuét toan téi wu Generative Design [5]

Thuat toan tbi wu hoa trong Generative Design thwdng
st dung cac phuong phap tién tién dé tim kiém khong
gian thiét ké rong Ién va tim ra giai phap téi wu dwa
trén mot loat rang budc va muc tiéu thiét ké. Thuat
toan tbi wu hoa trong Generative Design duwoc trinh
bay trong Hinh 3 [6].

- Definition of the Problem (Dinh nghia van dé): Véan
dé can giai quyét dwoc xac dinh ré rang, bao gdm viéc
xac dinh cac muc tiéu thiét ké (nhw dd cing, trong
lwong nhe, chi phi thép,...) va cac rang budc can tuan
tha (nhw han ché vé thé tich, diéu kién bién va cac yéu
t6 v& phwong phap gia cong).

- Finite Element Analysis (phan tich phan t& hiru han):
S dung phwong phap phan t& hiru han d& mé hinh
héa van dé. Tinh toan dap (rng cla cAu truc dudi cac
tai trong va diéu kién bién da cho.

+ CAu tric ctia mot chi tiét may dwoc chia thanh nhiéu
phan t& nhd. Mbi quan hé gitra vector dich chuyén u
trong mdi phan t& dwoc biéu dién théng qua vector luc
f va ma tran dd crng K nhuv sau:

u=fK (1)

+ Vecto luc f la tbng hop cac lwc bén ngoai tac dong
lén cAu truc, nhw tai trong, lwc nén, lwc kéo hodc cac
loai tai trong khac.

+ Ma trédn dd cirng K dwgc xac dinh cach thi'c ma
céu tric phan &ng lai v&i cac dich chuyén, méi phan
tlr trong cAu trdc cé ma tran dod cieng riéng, dwoc tinh
dwa trén d&c tinh vat liéu va hinh dang cla phan to.
Ma tran dd cirng K 13 téng hop cla toan bod cau tric
duoc tao thanh ti viéc két hop ma tran d6 clrng cua
tirng phan te.

K=/ ,B'DBdQ )

Cong thirc (2) trén thé hién déng gop cuia tat ca cac diém
trong mién Q vao ma tran do cirng téng thé, trong do:

+ B la ma tran dao ham bién dang (strain gradient
matrix), la ma tran chira cac dao ham clia ham dang
hinh (shape functions) lién quan dén bién dang trong
phan tr.

+ D la ma trén vat liéu (material matrix), thwong chlra
céac thong sé dan hoi cta vat liéu, nhw modul Young va
ty s6 Poisson trong trwdng hop vat liéu dan hdi tuyén
tinh isotropic.

+ Q biéu thi mién tich phan, trc 1a khu vuc hay thé tich
clia phan t& dang xét.

+dQ 1a phan t&r dién tich hodc thé tich nhé, tuy thudc
vao khéng gian mét chiéu, hai chiéu hay ba chiéu ma
tich phan dwoc thwe hién.

+ Trong khudn khé clGa phan tich phan t& hiru han,
(ng suét o trong mot cau tric dwoc tinh tir bién dang
co hoc théng qua quan hé dinh luat Hooke cho vat liéu
dan hoi tuyén tinh. Dinh luat Hooke néi rang &ng suét
ti 1& thuan véi bién dang (strain) va méi quan hé nay
thworng dwoc biéu dién dwdi dang ma tran trong khéng
gian ba chiéu. Céng thirc co ban dé tinh toan (ng suét
dwa trén bién dang la:

o=D.g (3)
Trong do:
+ o la tensor (ng suét.

+ D la mé dun dan hdi, bao gédm céac hang sé dic trung
cua vat liéu nhw Modul Young va ty 1é Poisson cho vat
liéu dan héi tuyén tinh.

+ ¢ 14 tensor bién dang, dwoc tinh tir gradient cta dich
chuyén u.

+ Trong phan tich phan tt& hiru han, (rng suéat trong méi
phan t& dwoc tinh dwa trén gia tri cta bién dang va mé
dun dan hdi cho tirng loai vat liéu, bién dang € thudng
dwoc tinh tir vector dich chuyén u theo (4) nhw sau:

€ = 0,5[Vu+(Vv)T] (4)
- Sensitivity Analysis (phan tich dé nhay): Banh gia
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anh hwéng cla thay ddi nhé trong cac bién thiét ké ddi
v6i ham muc tiéu. Diéu nay gitp xac dinh nhirng thay
ddi nao trong thiét ké sé& dan dén cai thién I&n nhéat
trong muc tiéu téi wu.

+ Ham muc tiéu dwoc ky hiéu la ® va do nhay ctia ham
muc tiéu nay déi voi bién thiét ké p, duwoc biéu dién
dw¢i dang dao ham riéng od/dp..

+ D06 nhay la moét chi sb dinh lwgng nham danh gia thay
déi trong thiét ké sé lam tang hay gidm gia tri ctia ham
muc tiéu, gitp nguoi thiét ké hiéu dwoc cac khu vwc
man cam cua thiét ké& va lam thé nao dé téi wu ching,
phan tich d6 nhay thwdng duoc st dung dé hwéng
dan cac budc didu chinh thiét k& va 1a mét phan cla
quy trinh 1&p di 13p lai trong téi wu héa, noi ma ban lién
tuc cap nhat thiét ké dé cai thién muc tiéu thiét ké dwa
trén thong tin d6 nhay thu dwoc.

- Particle Swarm Optimization - PSO (t6i wu héa bay
dan hat) - Deep Learning and Neural Networks (hoc
Sau va mang Neural): Thuat toan PSO dwa trén y
twéng vé viec mé phdng hanh vi xa hoi cla cac dong
vat nhw ¢4, chim di chuyén trong khéng gian, noi méi
hat biéu dién mot gidi phap va tim kiém vi tri tbi wu
thdong qua viéc hoc héi tir kinh nghiém cé nhan va tw
nhirng hat khac trong dan.

+ Ap dung PSO dé tim ra mét |oi giai t6i wu cho bai
toan tbi wu héa da dinh ngha.

+ S dung hoc sau va mang Neural d& dw doan va cai
tién t&i wu hoa, dac biét la trong nhivng bai toan phurc tap.

+ Vi tri va van tdc ctia mdi hat trong thuat toan téi wu
héa bay dan (Particle Swarm Optimization - PSO), mét
ky thuat t6i wu héa phd bién trong cac hé théng hoc
sau va mang Neural. Van tbc clGa hat dwoc thé hién
trong (5).

Vnew = wvold + C1 r1 (Pbest_x + C2r2(Gbest_XoId) (5)

)
old
+ Vi tri mé&i cla hat dwoc cap nhat dya trén van téc
m&i dwoc thé hién trong (6).

X W = Xold + Vnew (6)

ne
Trong do:
V., vaV_, lan lwot la van tbc moi va ci cda hat;

ne

X, va X, lan lwot 1a vi tri moi va ci cta hat;

P o128 Vi tri tot nh&t ma hat da trai qua (best position of

the particle);

G,.., 1a vi tri tot nhat ma toan bo dan hat da tim duoc
(best global position);

r, var, la cac s6 ngdu nhién duoc st dung dé dua
thém sw ngau nhién vao qua trinh tim kiém;

c, va ¢, la cac hé sb hoc, thwong duoc goi 1a hé sb
tang cwong ca nhan va hé sé tang cwdng xa hoi, duwoc
st dung dé diéu chinh d6 manh cta anh huwéng tw vi
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tri tot nhat ca nhan va vj tri tét nhat toan cuc dén van
tbc cap nhat;

w la hé s quan tinh, gilp can bang gitra kha nang
kham phéa (global search) va kha nang tan dung
(local search).

- Update Design Variables (cap nhat cac bién thiét ké:
Dwa trén két qua tlr PSO va mang neural, cap nhat cac
bién thiét k&, diéu chinh mé hinh dwa trén d6 nhay va
dw doan clia mang neural. St dung phwong trinh cap
nhat trong t6i wu hoa hinh dang vé&i SIMP va dwoc thé
hién trong céng thurc (7).

0P
Pnew = SIMP(poId, %) (7)

- Result Converged (kiém tra sy hdi tu cta két qua):
Kiém tra xem liéu qua trinh téi wu héa cé dat dén diém
hoi tu khéng, néu khong dat dén diém hoi tu thi quay
tré lai bwéc PSO va tiép tuc qua trinh, qua trinh kiém
tra sw hoi tu dwa vao diéu kién dirng duoc biéu dién
trén céng thic (8) nhw sau:

[lu,.,~U,ll< tolerance (8)

new

Trong do:

+u__, la vecto chuyén dich m&i sau mét bude 1ap;

e

+ u_,la vecto chuyén dich ci tir budre 1ap treae do;

+||'|| biéu thi chuan (norm) clia vecto, 1a chuan Euclide,
dwoc tinh toan nhw khoang céach gitra hai vecto trong
khéng gian vecto;

+ Tolerance la mét gia tri nhé xac dinh trwdec, chi ra
nguwéng ma tai dé sy thay ddi gitra hai lan 13p lién tiép
dwoc coi 1a di nhd dé coi bai toan da hoi tu.

Nhan xét:

Khi hiéu gitra vecto chuyén dich méi va cii nhé hon
dung sai cho trwéc, gidi phap dwoc coi la héi ty, qua
trinh tinh toan dirng lai. Diéu nay xac nhan hé théng
da 6n dinh, giup dam bao cAu tric khéng con thay ddi
dang ké dwéi tac dong luc.

- Result (xuat két qua): Néu két qua da hoi ty, trinh
bay két qua cubi ciing cla thiét ké. Phan tich va danh
gia thiét ké t6i wu dwa trén muc tiéu va rang budc da
dat ra.

Nhan xét:

Noi dung trén trinh bay co s toan hoc dé 4p dung cho
méi phan chira chi tiét cu thé vé cac budc, phuong
phap dwoc ap dung va gidi thich lam thé nao cac cong
nghé nhw PSO, hoc sau va mang neural c6 thé téng
cwong khad nang cla Generative Design, tir d6 m&
rong kha ndng cla né trong viéc gidi quyét cac bai
toan thiét ké phirc tap véi sy tro gitp ctia phdn mém
chuyén dung trén may tinh.
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3. 'NG DUNG GENERATE DESIGN TREN PHAN
MEM AUTODESK FUSION TOI U HOA CAU TRUC
CHI TIET MAY

Robot trong san xuét hién nay déng vai trd quan trong,
dac biét khi két hop véi tri tué nhan tao (Al) va cac
phwong phéap tiét kiém nang lvong. Dwéi day la cac
y nghia chinh cla robot trong san xuét hién dai: Tang
hiéu suat va nang suét, gidm thiéu tiéu hao nang
lwong, céi thién chat lwgng sédn pham, téi wu héa quy
trinh san xuét v&i Al, tng tinh linh hoat va kha nang
tuy chinh, gidm chi phi lao ddng va nang cao an toan.
Nhin chung, sy phat trién ctia Al da giup nang tdm
&ng dung cla robot trong san xuét, khéong chi nang
cao hiéu qua va chat lwong ma con giip doanh nghiép
hwéng t&i md hinh san xuét bén virng va tiét kiém
nang lwong hon. Bé dat dwoc cac muc tiéu trén, can
gidm thiéu khéi lwong cta robot ma van ddm béo diéu
kién bén, hé sé an toan trong qua trinh lam viéc, do do
can t6i wu két cdu cda chi tiét. Pham vi nghién ctru cla
bai bao nay trinh bay vé viéc tdi wu héa két ciu cla
mot chi tiét trén robot bdc xép dwoc phat trién tir robot
5 bac ty do cla hang Fanuc.

3.2.1. M6 hinh robot béc xép
Diéu kién thiét ké c6 5 bac tw do v&i didu kién nang tai
trong Q = 40.000 N, dd xa lam viéc 1.950 mm, dé cao

lam viéc 2.650 mm. Thiét ké robot theo [4] va [5] dwoc
md hinh 3D cla robot béc xép trinh bay trén Hinh 4.

Hinh 4. M6 hinh 3D robot béc xép

Trong ndi dung bai bao nay lwa chon chi tiét tay don dé
tién hanh téi wu héa cau truc theo phwong phap thiét
ké sinh hoc, trén Hinh 4 da thé hién dwoc trén Hinh 4,
két cAu va kich thwéc cta chi tiét cang trong thiét ké so
bé dwoc trinh bay trén Hinh 5.

S

N
NG

300

48

185 195 ~
Hinh 5. Chi tiét cang trong thiét ké so b6

3.2.2. Phan tich phan t& hiru han cho chi tiét tay
don trong thiét ké so bo

Xac dinh khéi lwgng cla chi tiét: Chi tiét tay don duoc
ché tao tir vat lieu hop kim nhém 6082 coé gi¢i han
bén [o] = 276 MPa, tach riéng tr md hinh 3D robot
bdc xép (Hinh 4), st dung phan mém Autodesk Fusion
xac dinh dwoc khdi lwong clha chi tiét tay don la
m, = 31.822 kg.

[l ke e okt ke Y Emerinies
Carsee of Crasty

« [25.3 v it

o (113300 P &

e

2 [T Fat

Hinh 6. X4c dinh khéi luong cua chi tiét tay don trong
thiét ké so bo

Phan tich ap lwc khép dong tac dung 1én chi tiét: Bang
phwong phap phan t&r hiru han 4p dung cho doéng lwc
hoc co cdu may xac dinh dwoc dd Ién va phuong,
chiéu cla ap lwc khép dong tac dung I1én chi tiét & cac
vi tri I&p ghép dwoc trinh bay trén Hinh 7.

JA7Te03 N

16004 N

Hinh 7. Két qué phén tich phan luc lién két

Phan tich ‘ng suat: S dung phwong phap phan t
hiru han kiém tra dd bén cla chi tiét, k&t qua phan tich
dwoc trinh bay trén Hinh 8.
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Max 1 30Byell2 MPa
— 1.36Be+02 MFa
— 1 283402 MPa
= 1.111e+0Z MPa
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= §.942=+01 MPs
— 5.554e+01 MPa
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Mn 205702 MPa

Hinh 8. Phan b6 (rng suét trén chi tiét trong thiét ké
so bd

Nhan xét:

Ung suét lon nhat o' = 138,8 Mpa nhd hon
[o] = 276 Mpa, két cAu thira bén, do dé can tién hanh
t6i wu hoéa két cAu dé giam khéi lwong va chi phi vat
lidu cho chi tiét.

Phan tich hé sb an toan: S dung phwong phap phan
ttr hiru han kiém hé sb an toan cua chi tiét, két qua
phén tich dwoec trinh bay trén Hinh 9.

Nhan xét:

Hé sb an toan (K) cla chi tiét dwoc xac dinh 1 gia tri
nhd nhat tai mot vj tri nao do trén chi tiét, két qua phan
tich cho K=2,0.

3.2.3. T6i wu héa két cau chi tiét tay don

S dung méd hinh 3D trong thiét ké so bo chi tiét tay
don lam théng sé hinh hoc dau vao trong Generative
Design. Theo [8] cac budc tién hanh Generative
Design nhw sau:

- Import md hinh chi tiét vao phan mém Autodesk Fusion.
- D&t ap lwc khép dong tac dung 1én chi tiét.

- Nhap hé sb an toan bang gia tri d& phan tich trong
thiét ké so bo (K = 2), clra sb Objectives and limits
dwoc trinh bay trén Hinh 10.

@ OBJECTWESAND LIMTS

¥ Objectives

Minimize Mass @

Maximize Stiffness @

¥ Limits

Safety Factor 2.00

Modal Frequency @

Displacement D

Buckiing D
[i] oK Cancel

Hinh 10. Ctra sé Objectives and limits
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- D4t chi tiéu tdi wu vé phan bd vat liéu dé do cing
clia chi tiét dat dwoc 1a I&n nhét ti 1& thé tich cda chi
tiét sau khi t6i wu bang 30% thé tich ban dau, twong
&ng v&i khéi lwong chi tiét sau khi tdi wu gidam di 70%
(Hinh 11).

Run Part Opfmizaion iiiiiiiiiisiiiiiniisiiniiiiiniiniiiin X
Name: GIANG_TO! UL CHI TIET TAY DON 2|

Type: Topology »
Chjective: Maximize Stiffness -
Mass Targets: % of Tetal Design Space Volume »

© 5 10 15 20 25[30]35 40 45 50%

&

Hinh 11. Cira s6 Run Part Optimization

- Chi dinh phwong phap gia cong la tao phdi dinh hinh
béng phwong phap dap sau dé s dung may phay
CNC 5 truc gia cong tinh d& dang hinh dang thiét ké,
cac lya chon trén duwgc trinh bay trong Hinh 12, trong
ctra sd Objectives and limits.

@ MANUFACTURING e

@ Unrestricted

v [ Additive

Orientation

Include all directions

Overhang Angle 45.0 deg
Minimum Thickness 3.00 mm
¥ [ Milling
Configuration 1 12 5-axis
+
Winimum Tool Diameter | 10.00 mm
Tool Shoulder Length 40.00 mm
Head Diameter 60.00 mm

» [ 2-axis Cutting

» [ casting

Ejection Direction

o

Kinimum Draft Angle 3.0 deg
Minimum Thicknezs 1.50 mm
(i ] 0K Cancel

Hinh 12. Ctra sé Objectives and limits

Chay chwong trinh phan tich két hop Al va thuat toan
xt ly dam may da tao dwoc 6 md hinh chi tiét t6i wu
duworc trinh bay trén Hinh 13. Trong d6 phuwong an 1
duwoc lwa chon

Tap chi Nghién ctru khoa hoc, Truong Dai hoc Sao Do, S6 4 (87) 2024 | 41



NGHIEN CUU KHOA HOC
'\

a. Phuwong an 1

€.

b. Phwong an 1

a. Phuong an 3 b. Phwong an 4

a. Phuong an 5
Hinh 13. Cac phuong én téi wu

b. Phuwong an 6

Theo [9] chon phwong an 1 la phwong an cé chi tiéu
tbng hop tét nhat vé: Giam khdi lwong, gitr d6 clrng va
thuan loi gia cong. Khéi lwgng cla chi tiét sau khi toi
wu hda ciu truc chi tiét may theo phwong phéap thiét ké
sinh hoc la m, = 11.113 kg dwoc xac dinh trén Hinh 14.

Hinh 14. M6 hinh 3D cua chi tiét tay don sau khi
Generative Design

Nhan xét:

Sau khi phan tich Generative Design khéi lwgng cla
chi tiét giam m,/m, = 2,85 lan.

- Kiém nghiém ng suét va hé sb an toan: Tién hanh
thay thé chi tiét tay don ban dau béng chi tiét da duwoc
t6i wu (Hinh 13a). S dung phwong phap phan ti hiru
han phan tich r’ng suat va hé sb an toan véi cac diéu
kién bién twong tw nhw khi phan tich cho phwong an
thiét ké ban dau. Hinh 15 1a két qua phan tich (rng
suét cla chi tiét tay don sau khi tdi wu héa cu tric
theo phuwong phap thiét k& sinh hoc dwoc gia tri
o’ =158,6 Mpa.

Hinh 15. Phan bé (g suét trén chi tiét sau khi toi vu
Nhan xét:

Sau khi ap dung Generative Design trong thiét k&, khéi
lwong cla chi tiét tay don gidm tr 31.822 kg xudng
11.113 kg so vé&i thiét ké ban dau ng suét tang 1én t
138,8 MPa Ién t¢i 158,6 Mpa nhuwng van dam bao nhé
hon gi¢i han bén cho phép la 276 Mpa.

4. KET LUAN

- Noi dung bai bao da nghién clru vé co s& toan hoc
ctia phwong phap téi wu héa cAu truc chi tiét may theo
phwong phap thiét k& sinh hoc (Generative Design)
nham phat trién san pham thdng qua viéc lam gidm khéi
lwong chi tiét may ma van dam bao diéu kién lam viéc.

- Ung dung Generative Design dé gidm khoi lwong cla
chi tiét tay don trén robot béc xép 2,86 1an tuy nhién chi
tiét tay don van dam bao dd bén dé dat dwoc hiéu suét
lam viéc, gop phan nang cao hiéu qua kinh té kj thuat.

- N6i dung bai bao la tai liéu tham khdo cho viéc téi wu
héa cAu trac chi tiét may trong linh vuc thiét ké.
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