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MO DAU

Tay may song song kiéu Stewart—Gough Platform hién nay da dwoc nghién
ctru va tng dung trong nhiéu Iinh vire khac nhau nhu: gia céng co khi chinh
Xéc, giai phau trong y hoc, thién van hoc, md phong chuyén dong, ... D6 la
do no co nhitng wu diém vurgt troi so vai tay may ndi tiép nhu: do cirng virng
cao, kha nang chiu tai trong 16n, kha nang thay doi vi tri va dinh hudng linh
hoat, d6 chinh xac, on dinh cao, ... Tuy nhién, tay mdy song song kiéu
Stewart-Gough Platform cling ton tai nhitng nhwoc diém nhat dinh nhu:
khodng gian lam viéc bi gi¢i han, thiét ké ché tao phuic tap, gia thanh cao, bai
toan dong hoc thuan phirc tap va dac biét ton tai cac diém ky di (singularities)
trong khong gian |am viéc. Nham han ché cac nhwoc diém néu trén, viéc
nghién clru Ve tdi wu hodthiét ké va diéu khién duoc quan tam dac biét trong
quatrinh ché tao vavan hanh tay méy. Quatrinh thiét ké bao gém cac buéc:
md hinh hda; danh gia kha nang hoat dong clia tay may véi cac rang budc;
t0i wu hoa thiét ké theo da tiéu chi; t6i vu hoa bod diéu khién phan cap trén co
s cac cau hinh t6i wu hoa thiét ké.

Qua tim hiéu cac cong trinh da cong bé, tac gia nhan thay cac cong trinh
nghién ctru phan nhiéu thic hién mdt cach riéng biét vé hé thdng co khi hoac
hé diéu khién, md phong hoat dong, gidi bai toan dong hoc,... clia tay may
song song kiéu Stewart-Gough Platform theo tirng van dé khac nhau. Vi vay,
mot nghién clru ¢ tinh tong thé vé tdi wu hoa ca thiét ké cdu hinh co khi va
hé diéu khién cho tay mdy song song kiéu Stewart-Gough Platform cé y nghia
khoa hoc vathyec tién.

Muc tiéu clia luan an: Xay dyng nhirtng co s& khoa hoc vé t6i wu héa thiét
ké va diéu khién tay may song song kiéu Stewart—Gough Platform, gop phan
tao ra cong cu dé thiét ké, ché tao cac hé thong tng dung cu thé.

Pham vi nghién clru: T6i wu hoa thiét ké va diéu khién tay may song song

kiéu Stewart—Gough Platform trén md hinh mdy tinh vathyc nghiém.

Gi@i han cta luan an:

- Apdung cac giai phap t6i wu hoa sir dung giai thuat di truyén (GA), thuat
toan PSI, thudt toan GA-PSI. Ap dung ly thuyét Vit xac dinh cdu hinh
suy bién, diém ky di vaving 1an can diém ky di clia tay may song song.



M6 hinh thie nghiém dwoc xay dung véi muc tiéu kiém tra, so sanh céc
giai thuat toi wu hoa thiét ké va diéu khién, khong doi hoi téc do Ion va
dd chinh xac cao.

Thuc nghiém khao sat vai 2 giai thuat diéu khién: PID va Fuzzy-PID.

Phuong phap nghién cru: Nghién cru ly thuyét dua trén cac phwong phéap
m6 hinh héa, str dung cdng cu dién tlr - phan mém may tinh thyc hién téi wu
héathiét ké va diéu khién. Tién hanh kiém chirng trén mé hinh thic nghiém.

N6i dung nghién ctru:

Xay dwng bb céng cu mo hinh hda, khdo sat va danh gia kha nang hoat
dbng cua tay may song song.

Xé&y dwng giai phap nham t6i vu hda thiét ké tay may song song kiéu
Stewart-Gough Platform theo da tiéu chi (s6 diém lam viéc, s6 cau hinh
lam viéc, do clirng vitng cla tay may).

Xéay dwng mé hinh thyc nghiém vathuc hién téi vu hoa cau hinh nay.
D@ xuét thiét ké giai thuat toi wu hoa cho bo diéu khién tay may trén co
s st dung cac thuat toan diéu khién kinh dién va hién dai.

Cau tric ctia luan an: Luan an duoc trinh bay trong 133 trang khd A4 bao
gom: phan mé dau, 5 chuong trinh bay cac ndi dung luan an, két luan, danh
muc cac cong trinh clia téc gid, 121 tai liéu tham khao va 6 phu luc.

Ddéng gdp chinh va y nghia khoa hoc ctia luan an:

Xéy dung co s& toan hoc cho t6i wu hoa thiét ké, xay dung bd cong cu
nghién ctru dung dé md hinh héa, dong thoi danh gia céac tiéu chi anh
hudng dén khad nang lam viéc clia tay may song song kiéu Stewart—
Gough Platform.

Dé xuat cac giai phap tdi wu hoa, xay dung cac chwong trinh téi wu hda
thiét ké theo da tiéu chi cho tay mdy song song kiéu Stewart-Gough
Platform theo gidi thuét di truyén GA, thuat toan PSI, phuong phap két
hop gilta gidi thuat di truyén vathuat toan PSI (GA-PSI). Bac biét, thuat
todn GA-PSI c6 kha nang giam thiéu thoi gian t6i wu héa véi cdu hinh
ban dau dugc xac dinh phu hgp theo khdng gian khao sat.



- Xay dwng mo hinh vat ly tay may song song cé kha nang tai cau hinh va
6 tinh md, cho phép kiém chiing céac thuat toan t6i wu hoa thiét ké va
diéu khién tay may song song.

- D@ xuét giai phap toi vu hoa diéu khién tay may song song trén co s& ap
dung thuat toan diéu khién thong minh (Fuzzy) va phuong phap két hop
(Fuzzy-PID).

Y nghfa thuec tién ctia Luan an:

- Trén co so cac két qua nghién ciru cla luan an, véi moi ing dung thuc
tién clia tay may song song kiéu Stewart-Gough Platform, ta co thé xac
dinh cau hinh thiét ké t6i uu v&i cac tiéu chi phan anh kha nang lam viéc
nhu: ving lam viéc, cau hinh suy bién, d6 cling virng,... theo cac yéu cau
clia nhathiét ké.

- Ung dung céc giai thuat diéu khién t6i wu da hgp cho tay may song song
kiéu Stewart—Gough Platform.

- K@t qua luan an duoc xay dung thanh quy trinh, ¢ thé ap dung cho toi
wu hod thiét ké va diéu khién cho tay may song song.

CHUONG 1: TAY MAY SONG SONG KIEU STEWART-GOUGH
PLATFORM VA CAC cO SO TOAN HOC

Ndi dung chinh: Tong quan vé cac van dé can nghién ctru, cac co s& toan hoc
lam nén tang cho cac nghién ctru trong luan an: cac bai toan vé dong hoc, cac
gi6i han vé dong hoc, dong luc hoc, cdu hinh suy bién, diém ky di vaving
lan can, dd cirng vitng cla tay may.

1.1 Téng quan Ve tdi wu hoa thiét ké va diéu khién tay may song song
kiéu Stewart-Gough.

1.1.1 Giéi thiéu vé tay may song song

Tay mdy song song kiéu Stewart-Gough Platform c6 6 bac ty do dugc cdu
tao bdi mdt mit phang nén, tdim chuyén dong va 6 chan dan dong, c6 kha
nang thay ddi chiéu dai va két ndi véi hai méat phang thdng qua cac khép néi
tai cac dau cudi. Do tay may song song la tap hop chudi nhiéu khau khép kin
cho nén khong gian lam viéc hét strc da dang va qua trinh diéu khién rat phirc



tap, doi hoi tac dong diéu khién cho cac khau phai phdi hop véi nhau mot
cach nhip nhang va chinh xac.
1.1.2 Tinh hinh nghién ctru vé tay may song song kiéu Stewart-Gough
Platform
Qua nghién ctiu céc tai liéu cong b6, tac gid nhan thay cac két qua chi dirng
& tOi wu hoa co hé hoac t6i wu hoa diéu khién, chwra cé tinh tong thé dé c6 thé
&p dung vao thuc tién cho toan bd qua trinh thiét ké, ché tao vavan hanh tay
may song song kiéu Stewart-Gough Platform.
1.2 Céc co s& toan hoc vé tay may song song kiéu Stewart-Gough
Platform
Trén co s& (ng dung cac giai phap dung cac véc to khong gian nhu ly thuyét
Vit, phuvong phap xac dinh dé clng vitng trong luan an, tac gia chon lua
phuong phap phan tich hinh hoc (tir hai phwong phap hinh hoc va dai s6) dé
md hinh hdatay may song song.
1.2.1 Phan tich hinh hoc tay may song song kiéu Stewart-Gough
Platform
Hai hé toa do {B} trén mat phang nén va hé toa do {P} dat trén tim chuyén
dong sé xac dinh céc véc to vi tri clia cac khép ndi Bi, P; cling nhu goc hop
thanh giita cac chan dan dong va hai mat phang.
1.2.2 M6 hinh toan cuia tay may song song kiéu Stewart-Gough Platform
Dai voi tay may song song, gidi bai todn dong hoc nguoc khdng qua phic
tap. Nguoc lai, viéc gidi bai toan dong hoc thuan sé gap rat nhiéu khé khan
do ton tai cac phuong trinh phi tuyén vakhong giai tich duwoc.
1.2.2.1 Bdng hoc nguoc
Véc to biéu dién chiéu dai clia cac chan dan dong nhu sau:

L=P+ Bp - Bi (1.8)

Chiéu dai clia cac chan dan dong s8 duoc xac dinh:

li = |Li| =L+ Ly + L, (111



1.2.2.2 Bdng hoc thuan

Theo phwong phap Newton-Raphson, dé giai quyét bai toan déng hoc véc to
biéu dién sai léch giita chiéu dai tinh toan va thuc té (do dwoc) clia cac chan
dan dong:

f(X)=L"L-|L|.” (112)

I
Vi |L, |a2 la chiéu dai thuc té do dwoc clia cac chan dan dong.

Bai toan dong hoc thuan dugc gidi theo cac budc tir do chiéu dai thyc té cac
chan dan dong; Udc lugng vi tri va goc hudng clia tim chuyén dong; Tinh
matran chuyén doi Euler, fi(X) va dfi(X)/dt; Thyc hién budc Idp cho dén khi
Xn+1— X dat hdi tu mong mudn véi sai s cho phép.

1.2.2.3 Bong lwc hoc

Phuong trinh dong lwc hoc cla co hé Stewart-Gough Platform:
H(@)d+C(a, )G+t 4(q) ="t (1.16)

Trong d6: H(q) la matran mémen quan tinh (n x n), vala matran déi xing
va xac dinh duong véi moi g e R®; C(q,d) lavéc to thé hién céc lyc quéan
tinh ly tam va Coriolis; 14(q) 1avéc to (nx1) thé hién mémen xo&n tao ra bdi
trong luong clia co hé va T la véc to (nx1) thé hién mémen xoén tai diém
thudc khau tac dong cudi, o = [Xp, Vo, Zp, Fx, Ty, F2 7

1.2.2.4 Céc gid¢i han vé déng hoc

C6 3 gi¢i han dong hoc chinh anh hwéng dén hoat dong clia tay may: Gidi
han chiéu dai chan dan dong; Gidi han goc chuyén dong cac khop néi; Gioi
han khong gian gitta cac chan dan dong.

1.2.2.5 Ly thuyét Vit (Screw theory) va cau hinh suy bién (Singularity)

Céc cu hinh suy bién dwoc xac dinh bang viéc ap dung ly thuyét Vit dé xac
dinh cac toa do Pliicker theo truc dan dong tuyén tinh clia tay may. Tl cac
toa do Pliicker nay, thiét 1ap cac ma tran dé xac dinh cac gia tri chuan s6 hoat
dodng cla co cau tay may song song. Cau hinh suy bién sé dwoc tim thdy néu
t4t ca cac véc to trén truc clia cac dan dong la phu thudc tuyén tinh. Cac vit



lwc dugc dinh vi doc truc trén cac chudi dong tuyén tinh tac dong 1én khau ra
duwoc xac dinh béi cac toa do Plicker E;:

E=a+Aeq; (i=1,.,6) (2.20)
V6i:  A: hé s6 Clifford, (A2 = 0); a: toa do cla véc to (e = 0)
TU cac toa do Pliicker clia cac vit don vi E;, tacan xac dinh ma tran T nhuw
sau:
€ &1 © € e, €,

(o]
€ €, €, €, €, €,

M= o (1.21)

Xoi = X Yo — Yo o _ %G~ %
] ] ]
eXI yPIeZ| ZPleyl eyl - ZP|e><| Xpi e2| d e2| = XB|eyi ~ Yui e><i

Cau hinh ctia co cdu song song la dac biét khi dinh thirc clia ma tran T tién
dén zero, nghia la: det(T) = 0.

Trong do: €; =

1.2.2.6 D6 clrng virng cua tay may song song

Khé niém “dd clring vitng” clia tay may song song duoc xem lagiatri trung
binh céc dinh thirc det(T) twong tng véi moi cdu hinh thiét ké. Néu gia tri
nay cang I&n thi tay may song song cang giam duoc cac cau hinh suy bién va
nang cao do cirng vitng trong qua trinh hoat dong. B6 clng virng (stiffness)
duwoc xac dinh nhu sau:

DBDDAL U]

stiffness = 2=yt =ity = (1.22)
I.j.kl.mn




VGi i, j, k I, m n lacac buéc khdo sat trong khéng gian lam viéc theo vi tri
dich chuyén va goc chuyén dong clia tam khau ra.

1.3 Két luan chuong 1

Chuong 1 datrinh bay tinh hinh nghién clru va tap trung khao sat vé t6i uu
hoatay méy song song kiéu Stewart-Gough Platform. Tir d6, luan an xac dinh
ndi dung nghién ctru. Téc gia cling trinh bay cac co s toan hoc va cac khai
niém co ban lam nén tang dé thwc hién cac nghién ciru trong luan an.

CHUONG 2: XAY DUNG CONG CU MO HiNH HOA, KHAO SAT
KHA NANG HOAT BONG CUA TAY MAY SONG SONG KIEU
STEWART-GOUGH PLATFORM

Chuong nay trinh bay két qua (ng dung céc co s& toan hoc va cac kha niém
co ban da néu trong chuong 1 nham xay dung bd cong cu nghién ctru ding
dé mé hinh hoa, ddng thoi, sl dung bd cong cu dé danh gia céc tiéu chi anh
hudng dén kha nang lam viéc clia tay may song song ki€u Stewart—Gough
Platform. B cong cu nay s& dwgc st dung cho cac nghién clru vé t6i vu héa
thiét ké & cac chuong sau.

2.1 Xay dwng cdng cu md hinh héa tay may song song kiéu Stewart-
Gough Platform

B0 cong cu md hinh hod, dugc luan an xay dung, dé giai cac bai toan co ban
nhu khdo sat vung lam viéc, cac cdu hinh lam viéc, cau hinh suy bién, do
cling vitng clia tay may, ciing nhuv danh gia cac tiéu chi &nh huéng dén kha
nang hoat déng ctia tay may song song. B6 cong cu duoc viét dudi dang ngdn
ngl C tao thanh cac M-file trén phan mém Matlab. Lwu d6 gom cac budc:
Nhap thdng s6 -> Xac dinh budc dich chuyén -> Vi tri khao sat ban dau ->
Giai bai toan dong hoc (chuvong 1) -> Kiém tra cac rang budc -> Xac dinh
cau hinh suy bién (ly thuyét Vit) -> Ghi di liéu, thay ddi vi tri khao sat ->
Tinh dd citng vitng -> Dung hinh 3D, biéu dién trén giao dién.

Giao dién cong cu mo ta trén hinh 2.2, cho phép nhap cac tham s khao sat
nhu: thong s6 tay may, vung khéng gian khao sat, cac gi¢i han vé dong hoc,
sb budc khao sat theo vi tri va goc hwéng & cot bén tréi. Khi tién hanh khdo
séat (check workspace), may tinh s& thic hién md hinh héa cho cac két qua
nhu: sd diém lam viéc, s6 cau hinh, ving lam viéc, thoi gian khao sat sé duoc
thé hién tric quan & gitra giao dién, dung hinh 3D,...
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Hinh 2.2. Giao dién cong cu md hinh hda tay may song song

2.2 M6 hinh héa tay may song song kiéu Stewart-Gough Platform sl
dung bd cong cu da thiét ké

2.2.1 Diém lam viéc cla tay may véi goc hudng tam khau 1a hang s6

Tay may song song dugc khao st nhu hinh 2.3

Hinh 2.3. Cau hinh khao sat Hinh 2.5. Ving lam viéc



Két qua vung lam viéc dugc xac dinh bang tap hop cac diém lam viéc ma
tam khau ra cé thé vuon t6i dugc khi tay may dich chuyén trong khong gian
vGi goc hwdng clia tdm chuyén dong la hang s6, phu thudc vao chiéu dai cac
chan dan dong va khong gian khao sét (hinh 2.5)

2.2.2 Cac yéu té anh hudng dén vung lam viéc
2.2.2.1 Anh huéng béi gi¢i han goc khép

Gigi han gdc chuyén dong clia cac khép néi (hinh thanh tlr cau tao co khi clia
céc khop cau va goc tao béi cac khép cau va hai mat phang) 1am giam s6
diém lam viéc vathu nho ving lam viéc (hinh 2.7)

Hinh 2.7. Vang lamviéc khi xé&  Hinh 2.9. Vung lam viéc cla tam khau
gi¢i han goc khép khi tang ban kinh mat phang nén

2.2.2.2 Anh hwéng bdi ban kinh mét phang nén

Bén kinh dudng tron (tao bdi vi tri clia cac khép ndi trén mat phang nén va
tdm chuyén dong) cé anh hudng lam giam ving lam viéc clia tay may song
song. Két qua trinh bay trén hinh 2.9.

2.2.2.3 KEt luan vé cac &nh huéng tac dong dén vuang lam viéc

Sk dung bd cong cu dé khao sat anh hwdng tac dong dén vung lam viéc cla
tay may song song kiéu Stewart-Gough Platform cho thdy: Chiéu dai clia cac
chan dan dong cang |6n vagoc khap cang 1¢n thi vang lam viéc clia tay may
song song s& cang 1¢n va nguoc lai; Khi chiéu dai cac chan dan dong va goc
khép khdng thay ddi, ban kinh dudng tron trén mat phang nén cang nho thi
vung lam viéc clia tay may song song sé 1én hon va nguoc lai.
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2.2.3 C4u hinh lam viéc voi goc hwdng tam khau thay doi

Tai m6i mot diém Iam viéc (tam khau) dwoc khao sét trong khéng gian, cac
g6c huwdng tam khau @, 6, P 1an lwot thay doi s tao thanh cac cau hinh khéc
nhau clia tay may song song. U'ng véi moi cdu hinh khéac nhau ndy, tasé phai
tinh dén cac rang budc vé chiéu dai cac chan dan dong. Néu thoa cac rang
budc nay, thi cdu hinh nay la ciu hinh lam viéc dat duoc cla tay may.

Mot diém khao sat clia tam khau trong khong gian xem la dat duoc khi tay
méy thda man céc rang budc vé do dai chan dan dong, gi¢i han goc khop, ...
cho tat ca cac cdu hinh khao sat (khi thay d6i goc hwdng clia tam khau) tai
diém khao sat d6. Nhu vay, khi khao sat theo gdc huwdng thay doi, ngoai két
qua veé so tam khau dat duoc trong khong gian ta can phai xét dén tong so cau
hinh dat duoc cla tay may cho du tai mét vi tri tdm khau duoc khao sat nao
do6 khong thda man hét tat cd cac cau hinh khao sat.

Hinh 2.11. Diém lamviéc cla tdm  Hinh 2.12. Viing |am viéc clia tay

khau khi géc hwéng thay doi may vGi goc hudng thay doi

Két qua khao sat cho thdy s6 diém vavung lam viéc clia tay may giam khi

g6c hwdng tdm khau thay déi (hinh 2.11 va 2.12). Céc két qua nay st latién

dé cho bai toan téi wu hoa da tiéu chi dwgc nghién clru & chuong sau.

2.2.4 Ap dung ly thuyét Vit xac dinh cdu hinh suy bién (Singularity),

diém ky di va vuing |an can cuia tay may song song

Luan an khdo sat vatim kiém céac cdu hinh suy bién cho hai thiét ké khac

nhau clia tay may song song v&i cung mot vung khdng gian khao sat

2.2.4.1 Cau hinh kiéu Stewart Gough Platform ddi x(rng
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K ét qua khao sat cho cdu hinh ddi xing (hinh 2.3) xuat hién cac cau hinh suy
bién tai cac diém ky di (hinh 2.14: 2.16):

I
I

e e e A

i
|
i
I
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I
I
b
I
I
i
I

Hinh 2.14.Tap hop diém lamviéc Hinh 2.15. Phan bo diém ky di

— | ~. — I~

Hinh 2.16. Mot cdu hinh suy bién Hinh 2.17. Cau hinh bién thé
2.2.4.2 Cau hinh bién thé (hinh 2.17)

D0i vai cdu hinh bién thé khong thdy xudt hién cac cau hinh déc biét cling
nhu diém ky di (hinh 2.18, 2.19).

y

Hinh 2.18. Lan can diém ky dj vei ~ HInh 2.19. Lan can diém ky di
det(T)<10* Vvoi det(T)<10°
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Tuy nhién, két qua khao sat cho thdy ton tai nhitng cau hinh gan véi cau hinh
suy bién véi nhitng gia tri det(T) rat nhd. Cac gidi han cta chuan s6 det(T)
tai cac cdu hinh anh huwdng dang ké dén vung lam viéc clia tay may song
song. Khi giatri chuan so ctia det(T) cang tang, s diém lam viéc clia tay may
cang giam. Tuy nhién, khi d6 d6 6n dinh clia tay may song song sé duoc nang
cao hon do loai bo dugc cac ving 1an can clia diém ky di.

2.2.5 B0 clrng virng cua tay may

D0 clring vitng sé cho thay tinh kha thi cla viéc thiét k€ md hinh va quyét
dinh dén kha nang chiu tai trong qua trinh lam viéc cla tay may song song,
dac biét la d6i véi cac (ing dung trong gia cong co khi va may cong cu. Trong
luan &n nay, dd ctng vitng la mot tiéu chi quan trong trong qua trinh t6i wu
héathiét ké va diéu khién cho tay may khao sat.

2.3 Két luan chuong 2

B0 cong cu daduoc xay dung dé giai quyét cac bai toan co ban vé dong hoc,
céc gidi han vé dong hoc, cdu hinh suy bién,.. clia tay may song song kiéu
Stewart-Gough Platform. Bo cong cu daduoc (rng dung dé mé hinh héaviing
lam viéc clia tay may song song gom: khao sat diém lam viéc, cau hinh lam
viéc vGi goc hwdng tam khau thay di; phan tich cac thong sé anh hwang dén
vung lam viéc, 4p dung ly thuyét Vit dé xac dinh cdu hinh suy bién, diém ky
di vavung lan can, tinh toan do cling virng clia tay may véi cac cau hinh thiét
Ké.

CHUONG 3. GIAI PHAP VA KET QUA NGHIEN clU VE TOI UU
HOA THIET KETAY MAY SONG SONG KIEU STEWART-GOUGH
PLATFORM

Chuwong 3 nghién clru cac giai phap vé téi wu hoa thiét ké voi st dung cac
giai phap: giai thuat di truyén GA, PSI, két hgp GA-PSI dé tim kiém cdu hinh
thiét ké t6i wu theo mot va da tiéu chi cho cung khéng gian tham sb dau vao
cho tét ca cac truong hop.

3.1 Céc thuat toan t6i wu, phuvong phép téi vu hoa thiét ké
3.1.1 Céc thuat toan toi wu

Luan &n st dung céc thuat toan tim kiém ngau nhién pht hop cho bai todn
khdng gian tham sb |on. Tac gid dé xudt st dung gidi thuat di truyén (GA),
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thuat toan diéu tra khong gian tham sd (PSI), thuat toan két hgp GA-PSI cho
quatrinh téi wu hoa thiét ké tay may song song.

3.1.2 Phuong phéap t6i wu hda thiét ké tay may song song

Phuong phéap t6i vu hoa thiét ké cho tay may duoc st dung theo céch thay
ddi cac vi tri khép Bi trén mdt duong tron cd ban kinh ¢d dinh r, voi thi tw
gitra cac khép khong thay doi dé tim kiém cau hinh tay mdy dat duoc cac tiéu
chi theo tht tv wu tién nhiéu nhat co thé.

3.2 T6i wu hda thiét ké tay may song song theo mot tiéu chi

Trong bai toan nay, cac thuat toan tdi wu hda dugc thiét ké c6 nhiém vu tim
ki€ém cac cau hinh thiét ké tir cu hinh ban dau (hinh 3.4, 3.6) sao0 cho tay
may dat duoc s diém lam viéc nhiéu nhat (1 tiéu chi) trong ving khong
gian khao sét véi goc hwdng clia thm khau |a hang s6.

o T -
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354 7 /J" //T\\T“J \‘\\\1
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Hinh 3.6. Vung lam viéc truéc toi wu

Trén hinh 3.10 la két qua ting dung bd cong cu trinh bay & chwong 2 dé t6i
wu hod theo 1 tiéu chi (s6 diém 1am viéc) bang thuat toan GA vaPSl.

[

A N S N N W W MY
L N N N U O N VA

Cé&u hinh téi vu hoa Vung lam viéc sau khi t6i wu
Giai thuat di truyén
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Giai thuat di truyén va phuong phap PSI daduoc tac gid ap dung thanh cong
trong viéc t6i wu hoa thiét ké tay may song song kiéu Stewart-Gough Platform
theo hai tiéu chi (hinh 3.15).

3.3.2 T6i wu hoa thiét ké theo hai tiéu chi dung thuat toan GA-PSI

Luan an dé xudt dung giai thuat di truyén dé kiém cau hinh thiét ké ban dau
cho quatrinh t6i wu héa dung phuwong phap PSI. Két qud toi wu theo hai tiéu
toi wu dung phuong phap két hop GA-PSI nhd hon so véi thuat toan PSI.
Phuong phap GA-PSI gilp giam thoi gian thiét ké vachon Iva mot cau hinh
thiét ké ban dau phu hop khi 4p dung thuéat toan PSI trong ving khong gian
khdo sat bat ky.

Bang 3.17. K&t qua sau khi t6i wu hai tiéu chi dung thuat todn GA-PS

T6i wu Chu ky t6i wu PSI

Thoéng sO
g GA 1 2 12 17 32

S6 diém lam viéc dat

94 141 146 169 169 169
duoc

SO cdu hinh dat dugc | 29.429 |36.726 | 37.266 |42.122 |46.601 | 46.601

Thoi gian t6i vu (s) 13.118 |16.369 | 19.620 | 52.133 | 68.389 | 117.159

3.3.3 T6i wu hoa thiét ké tay may song song theo ba tiéu chi

Ap dung thuat toan PSI dé tién hanh t6i vu hoa thiét ké tay may song song
theo 3 tiéu chi: (1) sb diém lam viéc, (2) so cdu hinh lam viéc, (3) dd cling
vitng clia tay may theo hai trvdng hop wu tién: (1)-(2)-(3) va (3)-(2)-(2).

1
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Vung lamviéc trudc toi wu
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Hinh 3.24. Cau hinh t6i vu héa theo 3 tiéu chi dung thuat toan PSI
So sanh két qua (hinh 3.24), c6 thé nhan thdy rang trong tredng hop thi ty
wu tién (1)-(2)-(3) sd diém lam viéc va cdu hinh dat dwgc Ién hon so véi
truong hop (3)-(1)-(2). B6i vai treong hop thi tu vu tién (3)-(21)-(2), tay may
song song sé ¢6 do cing vitng Ién hon trong vung khéng gian khao sat.

3

3.4 Nhan xét va két luan chuong 3

Ung dung céng cu md hinh hod, luan an datién hanh t6i wu hoa theo cac giai
phdp dung giai thuat di truyén GA, thuat toan PSI, thuat toan két hop GA-
PSI. Céc két qud thu duwoc cho thdy kha nang lam viéc cla tay may song song
da duoc cai thién hon. Khi t6i wu hod 1 tiéu chi, s tdm khau da tang Ién
282,9%. Khi tdi wu hoa 2 tiéu chi, s6 diém lam viéc tang 16.900% va sb cau
hinh lam viéc tang 765,2%. Khi két hgp GA-PSI cho phép gidm thoi gian toi
wu hoé 16%.

CHUONG 4. XAY DUNG MO HINH THUC NGHIEM VOI UNG
DUNG GIAI PHAP TOI VU HOA THIET KE

Chuong 4 trinh bay két qua thiét ké, ché tao md hinh va 4p dung tdi wu hoa
dé xé&c dinh cdu hinh thuc nghiém nham kiém chitng cac két qua nghién ciu.
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4.1 Xay dung md hinh thyc nghiém
4.1.1 Thiét ké, ché tao hé théng co khi

M6 hinh tay may song song kiéu Stewart-Gough Platform duoc thiét ké c
co ciu bao gdm mét phang nén va tdm chuyén dong duoc gén voi sdu chan
dan déng (dong co DC-Vitme) thong qua cac khop ndi (hinh 4.3).

T&m chuyén ddng va mit phang nén duoc thiét k& co ranh truot theo duwong
tron. Nho' vay c6 thé thay d6i va cd dinh vi tri cac khép ndi trén cac mat
phéng nén va tdm chuyén dong. Cac khap néi cd dé gan cd dinh trén ranh
truot clia mat phang nén vatdm chuyén dong.

4.1.2 Thiét ké, 1ap trinh hé thong diéu khién

e
-

+
«+

Mater
Slaver 1
Slaver 2
Slaver3 |+—»
Slaver 4
Slaver 5
Slavere [+ %

Power supply
M®& hinh hé thong diéu khién Bo diéu khién
Hinh 4.4. Hé thong diéu khién tay may song song
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Hé théng diéu khién duoc phan cép cu thé nhw sau: May tinh thic hién cac
tinh todn vé dong hoc, dong luc hoc cuia tay may, giam sat, hién thi va lwu trir
cac dir lidu thuc nghiém theo thoi gian thuc, tao giao dién véi nguoi dung,
giao tiép voi bo diéu khién trung tam (Master). Trong qua trinh diéu khién
chuyén ddng clia tay may, may tinh sé tinh toan cac vi tri chuyén dong can
thiét vanhan vé vi tri thuc té clia cac chan dan dong. Céc dir liéu ndy st dwoc
ghi lai phuc vu cho viéc phan tich va danh gia chat lvong clia bo diéu khién.
Luan an daxay dung phan mém dé diéu khién tay may nay.

4.2 Xac dinh thiét ké tdi wu trén md hinh thuc nghiém

Ap dung thuat toan PSI tién hanh t6i vu hoa thiét ké theo da tiéu chi trén mo
hinh thic nghiém véi hai truong hop wu tién: (1)-(2)-(3) va (3)-(1)-(2). Cau
hinh thiét ké t6i wu hda theo thi tv (3)-(1)-(2) s8 dugc xay dwng vabo tri trén
mo hinh thyc nghiém dé kiém chiing cac giai phap toi wu hoa bd diéu khién
(hinh 4.15f).
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€) Thi ty wu tién (3)-(1)-(2) f) Thi tw wu tién (3)-(1)-(2)
Hinh 4.15. Két qua t6i wu hda thiét ké trén mo hinh thuc nghiém

4.3 Két luan chuong 4

Téc gia dathiét ké va xay dung hé thong thuc nghiém cé tinh mé, c6 kha
nang thay ddi cac cdu hinh va ap dung céc thuat toan diéu khién mét cach
linh hoat. Tac gi& da 4p dung thanh cong két qua nghién ctru vé t6i uwu héa
thiét ké theo da tiéu chi cho tay may song song (thuét toan PSI) dé xac dinh
vabd tri cau hinh thiét ké t6i wu trén moé hinh thuc nghiém.

CHUONG 5. DPIEU KHIEN TAY MAY SONG SONG KIEU
STEWART-GOUGH PLATFORM TREN CO SO TOI vU HOA
THIET KE VADIEU KHIEN

Chuong 5 trinh bay céc két qua nghién clru vé toi vu hda bo diéu khién cho
tay may song song. Trén co s& cau hinh t6i wu hoa thiét ké & chuwong 4, dé
Xudt vamo phong trén mdy tinh céc giai phap t6i wu hda bo diéu khién ding
céc thuat toan diéu khién: PID, Fuzzy, Fuzzy-PID. Tién hanh thyc nghiém
kiém chirng, so sanh, danh gia két qua vachét lugng cac bo diéu khién (PID,
Fuzzy-PID) trén mé hinh thic nghiém tay may song song.

5.1 K hao sat bang md phdng céc thuat toan diéu khién tay may song song
kiéu Stewart-Gough Platform

M6 hinh tay mdy song song kiéu Stewart-Gough Platform duoc chon tir hinh
4.15f theo thit ty wu tién (3)-(1)-(2) va dwgc mo hinh héatrén nén Simmulink
clia phan mém Matlab (hinh 5.1). Cac phéan tich va danh gia sé dugc thyc
hién theo dap (rng qua do cla tdm chuyén dong va qué trinh phdi hop gilra
céc chan dan dong.
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Hinh 5.1. M0 hinh diéu khién tay may song song trén nén Simulink - Matlab
5.1.1 B0 diéu khién PID

Luan an khao sat valdy két qua md phéng vai PID

5.1.2 B0 diéu khién mo truc tiép (Direct Fuzzy-PD)

BO diéu khién mo truc ti€p voi 63 luat chinh dinh mo duoc thiét ké
5.1.3 B9 diéu khién tw chinh dinh Fuzzy-PID

B0 diéu khién tv chinh dinh Fuzzy-PID c6 kha nang thay doi cac hé s6 K,
K., Ko clia khau PID trong qua trinh diéu khién dua theo cac luat chinh dinh
mo va sy thay doi clia cac théng so e(t) vaAe(t).

5.1.4 Nhan xét vé cac bo diéu khién.

K&t qua khao sat bang md phong cho thdy bd digu khién PID voi cac hé s6
Kp, K, Kp d& chon c6 tinh 6n dinh, cac tiéu chuan chat lvong clia hé théng
chap nhan duoc. Bo diéu khién mo truc tiép (Direct Fuzzy-PD) véi luat diéu
khién mo da chon cé kha nang cai thién tét hon so vai diéu khién PID vé cac
tiéu chudn nhu do vot 16, sai s xac 1ap, tuy né cé han ché vé thoi gian dap
trng ctia hé thong. BO diéu khién Fuzzy-PID c6 tinh 6n dinh va dap ('ng nhanh
dong thoi ¢6 do vot 16 vasai 6 xac 1ap nhé trong qua trinh diéu khién. Bay
chinh la diém t6i wu hoa cla bd diéu khién Fuzzy-PID so véi bo diéu khién
PID vabd diéu khién mo truc tiép.

Céc két qua md phong cd y nghta dinh huwdng dé lva chon va rng dung giai
thuat cho md hinh thic nghiém.
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5.2 Biéu khién tay may song song trén co s toi wu hoa thiét ké tay may
song song kiéu Stewart-Gough Platform
Ap dung thu4t toan diéu khién PID va Fuzzy-PID cho bd diéu khién tay may
song song. C4c tiéu chi danh gia vé chét lugng bo diéu khién sé dwoc phan
tich theo dap (rng qua dd clia tdm chuyén déng va qua trinh phdi hop gitra
céc chan dan dong clia tay may song song.

5.2.1 B0 diéu khién PID

Céc thong s cuia bd diéu khién PID dugc chon theo phuong phap Ziegler-
Nicholes va phuong phép auto-tuning trong qué trinh thic nghiém véi: Ke=
8,5, K| = 0,005, Kp = 0,02. Két qud thu duoc: D06 vot 16 (POT) = 0%; Sai O
x&c lap (eq) theo vi tri = 1,7.10°m; Sai sd xac lap (eq) theo géc huwdng 2.10°
3rad. Thoi gian xac 1ap tw =5,7s; Thoi gian Ién tri = 3,7s. Nhw vay, thuat toan
diéu khién PID c6 tinh 0n dinh t6t, khong c6 dd vot 106, sai s6 xac lap theo vi
tri va goc hwéng cta tam khau kha nhé va tvong dong véi két qua mo phéng
(hinh 5.31).
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Hinh 5.31. Chuyén dong vi tri clia tam khau — giai thuét diéu khién PID.

Sai s0 vi tri dao dong theo chuyén dong ctia tam khau gay ra qua trinh rung
|ac tay may trong qua trinh diéu khién. Mt khac, do vot I8 da khién thoi gian
x&c 1ap cla cac chan dan déng bam vao quy dao chuyén dong khong con
dong nhét. Diéu nay gy ra hiéu (rng giang luc gilra cac chan dan dong, gay
mat an toan cho két ciu co khi va bo diéu khién.
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Qua két qua thuc nghiém, c6 thé thady rang bo dieu khién PID voi cac hé sd
da chon c¢6 tinh 6n dinh, kha pht hop véi mo hinh thic nghiém. Céc tiéu
chuan chét lvgng clia hé théng can phai tiép tuc cai thién.

5.2.2 B0 diéu khién tw chinh dinh Fuzzy-PID

Ung dung bd diéu khién Fuzzy-PID cho md hinh thiét ké. Két qua thuc
nghiém cho thdy chuyén dong theo vi tri clia tam khau khong cé vot 16
(POT% = 0%) vasai SO xac lap clia tam khau dwoc cai thién dang ké so véi
treong hop dung bd diéu khién PID. Céc sai s6 chuyén dong giam tir 1,7.10°
3 m xubng con 1,5.103mtheo truc Z vatlr 1,5.10° m xudng con 1.103mtheo
truc X, Y. Khodng sai sd xac lap theo goc huéng ciing giam tir 2.107 rad
xudng con 1,7.10° rad. Thoi gian xac lap va thoi gian 1én cd gia tri twong
duong so voi truong hop bo digu khién PID. Nho céc gia tri clia sai sO Xac
lap gidm di dang ké nén qua trinh chuyén dong clia tay may trong thuc té da
triét tiéu duoc sv rung lac vatiéng on trong qua trinh van hanh.
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Hinh 5.36. Chuyén dong vi tri clia tam khau — bd diéu khién Fuzzy- PID

K&t qua thuc nghiém cho thay bd diéu khién kinh dién PID da duoc t6i uu
hda thong qua viéc két hop ly thuyét diéu khién mo (Fuzzy) dé chinh dinh
céc hé so clia b diéu khién kinh dién PID. Cac két qua thuc nghiém nay da
kiém chiing kha chinh xac cac két luan & bai toan toi uwu hoa thiét ké vamo
phdng diéu khién trong cac cong trinh da cong bo.
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Hinh 5.41. Qua trinh hoat dong tay may song song - B6 BK Fuzzy-PID

5.3 Quy trinh rng dung két qua luan an cho hé théng thuc té

Céc két qua nghién clru & muc 4.2, 5.1 va 5.2 cho thdy tinh kha thi trong viéc
trng dung cac phuong phéap toi wu hoa thiét ké va diéu khién cho tay may
song song kiéu Stewart-Gough Platform. Quy trinh (ng dung bao gom 4
buwéc: Xac dinh yéu cau thiét ké => Tién hanh t6i wu hda thiét ké => Téi vu
hoabd dieu khién => Kiém tra bang mé phong vathuc nghiém.

5.4 Két luan chuong 5

Chuong 5 da trinh bay két qua khao sat bang md phong céac bd digu khién
kinh dién PID, bo diéu khién mo tryc ti€p va bd diéu khién tw chinh dinh
Fuzzy-PID. Céc két qua thuc nghiém cho thdy tay may song song kiéu
Stewart-Gough da hoat dong t6t véi cau hinh tdi vu héa thiét ké trong ving
lam viéc cho trwdc. Viéc toi wu hoa bod diéu khién sir dung bd diéu khién tw
chinh dinh Fuzzy-PID da cho két qua t6i wu hon so véi phwong phap PID
truy@n thong trong qua trinh diéu khién chuyén dong tay may.
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KET LUAN

Dua trén viéc nghién ctru vé tdi wu hoa thiét ké va diéu khién tay may song
song kiéu Stewart—Gough Platform, luan an dadua ra nhirng két qua nghién
ctru chinh nhu sau:

1

Xay dung bd cong cu md hinh hda tay mdy song song kiéu Stewart—
Gough Platform. Ung dung bd cong cu dé phan tich va danh gia téng hop
céc rang budc (gi¢i han chigu dai chan dan dong, gidi han goc khép, ban
kinh mét phang nén); xem xét nhitng tiéu chi dic biét &nh huéng dén thé
tich clia vling lam viéc; xac dinh cac cau hinh suy bién, diém ky di va
vung lan can, do cirng virng cho tay may nay.

Dé xuét nhirng giai thuat t6i wu hda thiét ké theo da tiéu chi: giai thuat di
truyén GA, thuat toan PSI, thuét toan GA-PSI nham nang cao kha nang
hoat dong cula tay may song song. Trong dé thuat toan GA-PSI c6 kha
nang giam thoi gian t6i wu hoa thiét ké cho tay may song song ki€u
Stewart—-Gough Platform.

Xéay diwng mo hinh thiec nghiém linh hoat gdém hé co khi tay may song
song kiéu Stewart—Gough Platform c6 kha nang thay ddi cau hinh thiét ké
vGi hé thong diéu khién phan cép. M6 hinh nay duoc st dung lam cong
cu dé kiém tra cac giai thuat diéu khién khac nhau cho qua trinh chuyén
dong cla tay may song song kiéu Stewart-Gough Platform.

D8 xudt cac phwong phap nang cao chat luvgng bo diéu khién doi twong
dong hoc tay may song song trén co so két hop céc thuat toan diéu khién
kinh dién va diéu khién hién dai (thuat todn Fuzzy, thuat todn tw chinh
dinh Fuzzy-PID). Ap dung kiém ching céc giai phap t8i wu hoa thiét ké
va diéu khién vao m6 hinh thirc nghiém tay may song song ki€u Stewart—
Gough Platform. Két qua thuc nghiém phu hop véi cac két qua mo phéng
trén may tinh va cac cong trinh da cong bo.

NHO'NG NGHIEN CUU TIEP THEO

Tiép tuc cac nghién clru Ve toi wu hda thiét ké va diéu khién tay may song
song kiéu Stewart-Gough Platform véi két hop cac thuat toan tim kiém ngau
nhién va céc thuat toan tim kiém theo bién; Giai bai toan da tiéu chi c6 tinh
dén thong sO tai trong; Nghién clru, ('ng dung cac giai thuat diéu khién khac
trén mé hinh thyc nghiém.



