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TOI YU HOA CO CAU AN DAO CHINH XAC 2 BAC TV DO SU
DUNG THUAT TOAN NSGA-II VA ANN

OPTIMIZATION OF 2 DOF FOR HIGH PRECISION FEED DRIVE USING NSGA-II
AND ANN ALGORITHM

Nguyén Vin Khién, Ping Vin Hai
Trudng Pai hoc Cong Thuong Thanh phd H6 Chi Minh

TOM TAT

Bai bdo gioi thleu thiét ké t6i wu co cau dan hoi 2 bdc tw do méi g dung cho gia cong
chinh xdc. Trong co cau dan hoi, két hop khép dan hoi dang ban nguyet va cac thanh dan hoi két
hop véi cdc thanh cimg dé tao ra chuyén vi mong muon. Thiét ké nay dwoc t0i wu héa da muc
tiéu bang két hop giita RSM (Response surface methodology), ANN (Artificial Neural Network),
NSGA-II (non-dominated sorting genetic algorithm-11), TOPSIS (Technique for Order Preference
by Similarity to Ideal Solution). M6 hinh todn xdp xi cia thiét ké dwoc xdy dung bang RSM-ANN
va sau dé dwoc t6i vu héa bcing thudt toan NSGA-II, két qua 16i wu dwoc chon dua trén phan tich
TOPSIS. Két qua t6i wu héa va mé phéng bang ANSYS cho thdy co cdu tao dwoc chuyén vi dau ra
80,29 um, tan sé ti nhién dau tién la 617,06 Hz. Ung sudt 16m nhat cia co cdu 62,968 MPa. Phirong
phdp dé xudt cé thé dwoc dp dung cho cdc thiét ké phic tap véi cdc loai khép dan héi khdc nhau,
nhiéu bién thiét ké va nhiéu ham muc tiéu. Trong twong lai thiét ké t6i vu dwoc chon, dwgc ché tao
bang phwong phdp cat ddy va iing dung gia cong chinh xdc trén mdy tién truyén thong ciing nhuw
may tien CNC.

Tir khoa: Co cdu dan hoi; Thudt todn di truyén; Pdp img bé mat; Mang ANN; Phwong
phap TOPSIS.

ABSTRACT

This article introduces the optimal design of a new 2-degree-of-freedom compliant mechanism
applied to precision machining. This paper proposes a new design of a compliant mechanism using
semicircular hinges and leaf springs combined with rigid bars to create the desired displacement.
This design is optimized for multiple goals by combining RSM (Response surface methodology),
ANN (Artificial Neural Network), NSGA-II (non-dominated sorting genetic algorithm-II), and
TOPSIS (Technique for Order Preference by Similarity). The equivalent mathematical model of
the design is built using RSM-ANN and then optimized using the NSGA-II algorithm, the optimal
result is selected based on TOPSIS analysis. Optimization and simulation results using ANSYS show
that the mechanism creates an output displacement of 80.29 um, and the first natural frequency is
617.06 Hz. The maximum stress of the compliant mechanism is 62.968 MPa. The proposed method
can be applied to complex designs with different types of flexural hinges, multiple design variables,
and multiple objective functions. In the future, the optimal design will be selected, manufactured
by wire cutting method, and applied to precision machining on traditional lathes as well as CNC
lathes.

Keywords: Compliant mechanism; NSGA-II; RSM; ANN; TOPSIS.
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1. PAT VAN PE

Co céu dan hdi ngay cang duoc tmg
dung rong rai va dong vai trd quan trong trong
cac linh vuc k¥ thuat nhu: gia cong co khi tién
chinh xac [1], gia cong hd tro rung dong bang
phuong phép phay [2], co cdu dinh vi chinh x4c
[3], co cAu can chinh chinh xac [4], co ciu kep
vat va co cAu gap vat siéu nho [5, 6]. Ngoai ra,
co cau dan hoi con dugc tng dung trong linh
vuc y sinh [7], diéu khién dong chay chat long
[8], thu nang lugng [9].

Trong thiét ké co cdu dan hoi, dé dat
duoc thiét ké mong muén, cac nha thiét ké
thudng str dung mot sé phuong phap nhu: xay
dung mé hinh toan, phan tich va t6i vu hoa
[10], t6i wu hoa thiét ké bang phuong phap
tryc tiép st dung giai thudt di truyén (genetic
algorithm — GA) [1], thuat gidi khac biét
(differential evolution — DE) [11], giai thuat
bay dan (particle swarm optimization — PSO)
[12], hodc t6i uu hoa bang phwong phap gian
tiép dua trén thiét ké thuc nghiém két hop véi
cac phuong phép t6i wu hda nhu Taguchi-RSM
[13], RSM-GA [14] & tim ra thiét k& mong

4

muon.

Bai bao nay dé& xuit mot thiét ké méi
cho co cau an dao chinh xéac 2 bac tu do. Viéc
xay dyng mo hinh hoa cho co cdu in dao 2 bac
tu do méi két hop véi phan tich phan tir hitu
han ding ngdén ngit ADPL trong ANSYS dé
xay dung md hinh co cdu dan hoi. Tiép theo t6i
wu hoa da muc tiéu co cdu an dao 2 bac tu do
bang thuat todan NSGA-II két hop véi ANN dé
t6i wu hoa ham muc tiéu mong mudn. Két qua
t6i wu dugce phan tich trong sb Entropy bang
phuong phap TOPSIS Iya chon 16i giai tot wu
t6t nhat. Phuong phap dé xuét c6 thé duogc ap
dung cho cac thiét ké phuc tap vé6i cac loai
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khop dan hoi khac nhau, nhidu bién thiét ké va
nhiéu ham muc tiéu. Phuong phép thiét ké két
hop trén duogc 4p dung thiét ké co cdu an dao 2
bac tu do c6 do phan giai micron.

Trong tuwong lai, thiét ké t6i wu dugc
chon va duoc ché tao bang phuong phép cat
day. Co ciu nay s& dugc thuc nghiém va diéu
khién vong kin vé chuyén vi ¢iu ra mong mubn
clia co cau dé gia cong trén may cong cu truyén
thdng ciing nhu may CNC.

2. THIET KE
2.1. Nguyén ly hoat dong

Hinh 1 va hinh 2 13 co céu an dao tao
2 chuyén dong theo hai phuong x va y (coi
phuong z va y 1a tuong duong nhu nhau) doc
1ap v6i ngudn kich dong 1a 2 PZT. Tao chuyén
vi theo phuong y 1a sir dung mot PZT véi tao
dich chuyén dau vao la y,» nho co ciu cach tay
don lam khuéch dai chuyén vi dau ra, & dau ra
clia co cdu theo phuong y ¢ co ciu bdn khau,
nham muc dich tang d6 cing va triét ti€u hoan
toan chuyén dong khong mong muén theo
phuong x. Pé tao chuyén dong theo phuwong x
ddc lap cua co cAu an dao, dung mot PZT thu
hai v6i chuyén vi dau vao la x. va tao chuyén
vi dau ra la X, Mho co cAu bon khau duoc bd
tri tao chuyeén vi theo phuong x nham muc dich
ting do cung va triét tiéu hoan toan chuyén
dong khong mong mudn theo phuong y. Pic
biét cua thiét ké 1a cac chuyén dong cua cac
phuong x va y dugc tach ro1 hoan toan, do dac
tinh cua thiét ké tach biét, theo hai phuong
chuyén dong khong phu thudc vao nhau nhu
hinh 2.
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Hinh 2. Co cau an dao chinh xdc hai bdc tw do
dung co cau dan hoi

2.2. Phén tich d§ khuéch dai

Trong hinh 2, (x,, X Yip You lan luot
la cac khoang chuyen vi ctia co cau PZT, co ciu
don by va co ciu bon khau song song. Tir so
dd dong hoc nay, mbi quan hé giira cac chuyén
vi ¢6 thé d& dang duoc mo ta boi hé phuong
trinh tuyén tinh thuan nhat (1):

Your — 7 ¥in — 0 (D

Gidi tim nghiém cua h¢ phuong trinh
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3.TOI UU HOA
3.1. T6i wu héa co cAu #n dao

Phén tich d6 nhay cua cac bién thiét ké
cho phép loai bo cac bién it anh hudng dén thiét
ké va mo rong vung hoat dong (g101 han) cua
bién thiét ké anh huong 16n nhat dén ham muc
tiéu mong mudn cua thiét ké. Trong hinh 3 cho
thiy bién thiét ke T, co anh huong 16n nhat dén
ham muyc tiéu tan sd, sau d6 thir tu 1an luot 14
T,R,L,T,. Pbi v6i ham muc tiéu 1a tmg suat
nho nhat cac bién anh hudng 16n nhét téi ham
muc tiéu la T, va L,, sau do thir tu cac bién con
lainhu: T, T, R..
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Hinh 3. D¢ nhay cua cdc bién thiét ké voi cac ham
muc tiéu
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Trong hinh 4 cho thay cac diém dif liéu
déu nam chinh xé4c trén mot duong thang. Pidu
d6 c6 nghia 1a c6 mdi tuong quan rat tot giira
cac dur li¢u giam sat va dir liéu du doan cua
cac md hinh bang cach sir dung phuwong phap
két hop ctia RSM va FEA trong ANSYS. Tuy
nhién, su bién thién hau nhu ton tai trong bat
ky hé théng nao. Vi vdy, cac thi nghiém kiém
ching sau do s& tién hanh danh gia d6 chinh
xéac du doan ctia phuong phap dugc dé xuit.

Hinh 4. Két qua tring khép gitta diF liéu gidm sat
va dir lieu dw doan

Dé dam bao kha ning lam viéc va tmg
dung thuc té trong gia cong clia co cdu in dao.
Tan s dao dong tu nhién cao c6 thé cho phép
tang tde do cét got cua co cAu an dao. Do vay,
trong budc tdi wu hoa co cdu dan hoi, ham muc
tiéu duoc chon 1a tan s6 tu nhién cao va co ciu
ludn thoa diéu kién bén thi cyc tiéu héa ung
suét ctia co cau 1a ham muc tiéu thtr 2. Cac bién
thiét ké chinh dugc thé hién trén hinh 2. Giéi
han cua cac bién thiét ké, diéu kién rang budc,
ham muc tiéu cta bai toan ti uvu hoa nay duoc
thé hién chi tiét nhu bang 1.

N, kb e wlie ek =
oren
ey

Hinh 5. Luu do gidi thudt toi wu

Thuét toan t6i wu héa nhu hinh 5 gém
ba budc chinh:

Budc 1: Xac dinh van dé thiét ké: bién
thiét ké, diéu kién bién, ham muc tiéu cta thiét
ké. Xay dung mé hinh hoa hinh hoc cua thiét ké
bang ADPL Ansys. Kiém tra thiét ké ban dau
(kiém tra diéu kién rang budc, chia ludi, img
suét, ham muc tiéu).

Budc 2: Chon md hinh thiét ké gan
dung, thiét ké thyc nghiém bing mé phong.
Phan tich tinh, dong luc hoc bang phwong phap
FEM, xdy dung md hinh toan xdp xi RSM-
ANN. Kiém tra m6 hinh pht hop, néu mé hinh
khong phu hop thi thuc hi¢n chon lai m6 hinh
toan va sb thi nghiém.

Budc 3: Xy dung bai toan tdi wu hoa
da myc tiéu. Giai bai toan bang NSGA-II hudéng
tiép can tap nghiém Pareto. Lya chon thiét ké
t6i wu dung phuong phap TOPSIS: Sir dung
thuat toan NSGA-II hudng tiép can tap nghiém
Pareto, tiép theo str dung phuong phap TOPSIS
dé lya chon 10 giai tdi wu nhat tir tip nghiém
Pareto. TOPSIS 1a phuong phap dé danh gia xép
hang ddi tugng duoc gidi thiéu boi tai lidu [15].

Badng 1. Bai todn toi wu héa da muc tiéu co cau an
dao chinh xac

1. Ham muc tiéu:
f, = Max(f)) €)

f,= Min(o, ) “4)
2. Bién thiétké: T, R, L, T, T,
3. biéu kién bién:

(i) Gi6i han bién thiét ké (mm)

4<R <10 (5)
15<T,T,<6 (©6)
18<L,<42 (7)
3<T,<6 (8)

(if) H¢ s0 khuéch dai chuyénvi A, >1.5 (9)
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Vit lidu cua co cau dan hoi 1a hop kim
nhom (7075 - T6) véi cac thong sb cua vt lidu
nhu sau: modul dan hdi E = 71,7 (GPa), h¢ $6
Poisson 14 0,33, gi¢i han dan hoi 1a 503 (MPa)
va khéi luong riéng p = 2810 (kg/m?). Tong sd
phan tir duge chia ludi trong FEM cho thiét ké
clia bai toan 1a 17360 phan tir. Trong qua trinh
t6i wu hoa, s lwong thé hé duoc thiét lap 1a 50
thé h¢ va dan sb ctia mdi thé hé 1a 20. Céc thiét
ké t6i vu cua co cAu dan hoi 14 cac bién thiét
ké, sb luong bién thiét ké dugc st dung trong
co cAu nay la 5 bién. Thtt tu cta cac bién duoc
thé hién cu thé qua bang 1.

(-]
8
i

f, (Ungsudt ioninhit) Mpa
™
C o
o

f, (Tan so tw nhién dau tién) Hz

Hinh 6. Pé thi Pareto t6i wu

Hinh 6 biéu dién d6 thi Pareto tdi uu.
Muc tiéu cua bai toan la cuc dai hoa ham f| (tan
s tu nhlen) va dong thoi cyc tiéu ham f, (ung
suét nho nhat). Tuy nhién, trén hinh 6, khl tang
tan s6 tu nhién thi ing sudt 16n nhat cta co ciu
chua thé x4c dinh 1a ting hay giam. Nhu vay co
thé xdy ra sy xung dot giita hai ham muyc tiéu
nay, do vay khong ton tai mot nghiém 1y tuong
vira cuc dai tan s tu nhién, vira déng thoi cyu
tiéu gi4 tri img suat cta co cau. Co rat nhiéu su
lua chon céc diém thiét ké tdi wu ndm trén tap
nghiém Pareto front nhu trong hinh 6. Vi Véy,
o day su dung phuong phap TOPSIS dé hd tro
viéc ra quyet dinh chon d1em nao 1a nghiém tbi
wu tot nhat. Cac trong sb (Weight factors) dugc
tinh toan bang phuong phap Entropy dua trén
gia tri cua cac ham muc tiéu. Trong nghién ctru

nay, trong sd va cac uu tién cua hai ham muc
tiéu cua thiét ké duoc diéu chinh dya trén tam
quan trong ctia mdi muc tiéu mong mudn cua
nha thiét ké. Sau khi phan tich tinh toan, mot
s6 tmg vién tiém ning duoc tao ra. Cac ing ctr
vién dugc so sanh va udc tinh tim ra ing cu
vién tot nhat cta bai toan nhu trong bang 2.

Bang 2. Phan tich TOPSIS

No f, (Hz) (Mfi’a) Score | Ranking
73 617,060 @ 62,968 1,0 1
50 611,279 | 63,721 | 0,9811 2
56 583,350 | 64,939 | 0,9504 3

Két qua g véi diém c6 s6 73 (diém co
duong doc va dudng ngang trén hinh 6 va dong
dau tién ¢ bang 2) 12 nghiém tét nhat. Bang xép
hang cta cic Gmg vién c6 diém sb cao duoc
trinh bay o trong bang 2. Sau khi giai bai toan
t6i wu, tan so tu nhlen dau tién ting 38% va
g suit cta co cAu giam 23% so voi gia tri cac
thong s6 thiét ké dugc lua chon ngéu nhién ban
dau. Piéu nady mot lan nita chimg t6 t6i uu hoa
¢6 nhiéu loi ich vé mat kinh té va k¥ thuat.

Bdng 3. Két qua t6i wu héa

Bién ) Giatri | Ham muc Gia tri
thiet ke (mm) tiéu :
T, 1,60 f, 617,06 Hz
R, 9,23 f, 61%/1%28
T, 3,25 o 80,249 um
L, 39,65
T, 4,72
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3.2. Panh gia thiét ké tdi uvu

Su dung phan mém ANSYS dé mo
phong chuyén vi, ing suat cua co cdu. Thong
qua két qua mé phong, ta ¢ thé klem tra va
danh gia kha ning 1am viéc cua co cdu. Thiét
ké t6i uvu dugc tim ra trong bang 3 duoc dung
lai mé hinh 3D bang phin mém INVENTOR
va dugc mo phong lai trén phan mém ANSYS
Worbench. Muc dich ciia budc nay 1a kiém tra
lai két qua ctia ung suit, chuyén vi va tan sb
cho thiét ké t6i wu. Cac két qua mo phong duoc
thé hién qua hinh 7.

Qua hinh 7 ta thdy, véi chuyén vi dau
vao cua co cau D, =40 pm thi chuyén vi dau
ra clia co cu D, 80 ,29 um tuong u’ng V01
d6 khuéch dai cua co cau la A =2 Tan sb ty
nhién dau tién c6 g1a tri la 617 06 Hz. Ung suit
16n nhit cua co ciu c = 62,968 MPa thoa
man diéu kién rang budc vé do bén vat liéu cta
co cau.

L

e - -
— =
a =

(©)
Hinh 7. Két qua mé phong: (a) chuyén vi, (b) imng
sudt, (c) tan sé

4. KET LUAN

Trong nghién ctru nay, tic gia dé xuat
mot thiét k& méi str dung cac thanh dan hoi
va khop ban nguyét dé tao ra mot thiét ké 2
DOF ung dung cho gia cong tién chinh xac cao.
Thiét ké nay duoc t6i wu hoa da muc tiéu bang
két hop giita RSM-ANN, NSGA-II, TOPSIS,
két qua t6i vu thu dugc nhu trong bang 3. Dé
dam bao d tin cdy ctia phuong phap dé xuat,
két qua toi vu da duoc md phong bang phuong
phap phan tir hitu han trong ANSYS. Két qua
cho théy co cAu ¢6 thé tao duoc chuyén vi dau
raD = 80,29 pm, tan sd tu nhién déu tién la
617, 06 Hz. Ung suét 16n nhét cua co cau 62,968
MPa thoa man diéu kién rang budc vé d6 bén
vat liéu ctia co cdu. Nghién ciru ndy hira hen sé
mang lai hitu ich khi tmg dung thuc té dé gia
cong tién chinh xac cao trong tuong lai. Cac
thuc nghiém duoc tiép tuc di sau nghién ctru dé
danh gia vé nhiét do cit, luc cat trén may ti¢n
CNC ciing nhu may tién truyén thong va dugc
béo cao & bai viét tiép theo. %

Ngay nhan bai: 23/4/2024
Ngay phan bién: 20/5/2024
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