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MO PAU

Vao nhirng ndm gan day, tay may song song kiéu Stewart-Gough Platform da dugc
nghién clru varng dung da dang trong nhiéu ITnh viec khac nhau nhu: gia cdng co khi chinh
x&c, gidi phau trong y hoc, thién van hoc, mé phong chuyén dong, ... Tay may song song
kiéu Stewart-Gough Platform cé nhirng wu diém vuot trdi so voi tay mdy noi tiép nhuw: do
clrng virng cao, kha nang chiu tai trong I&n, khd nang thay déi vi tri va dinh hudng linh
hoat, do chinh x&c, 6n dinh cao,... Tuy nhién, tay mdy song song kiéu Stewart-Gough
Platform cling ton tai nhirng nhuroc diém nhéat dinh nhu: khdng gian lam viéc bi gi¢i han,
thiét ké ché tao phirc tap, gia thanh cao, bai toan dong hoc thuan phtic tap va dac biét ton
tai cac diém ky di (singularities) trong khong gian lam viéc [3], [19], [26], [41]. Nhdm han
ché cac nhuwoc diém néu trén, viéc nghién clru vé tdi wu hoa thiét ké va diéu khién duoc
quan tam dac biét trong qua trinh thiét ké ché tao va van hanh tay méay song song kiéu
Stewart-Gough Platform. Qua trinh nay bao gdm cac buwéc: md hinh hda; danh gia kha
nang hoat dong ctlatay may véi céc rang budc; toi wu hoa thiét ké theo da tiéu chi; toi wu
héa bd diéu khién phan cép trén co s cac cau hinh tdi vu hda thiét ké.

Hién nay tay méy song song kiéu Stewart-Gough Platform van dang 14 d& tai nghién
clru cla nhiéu tredng dai hoc trén thé gidi, la dé tai cia nhiéu luan van thac sy vatién sy
davadang duoc trién khai & khap noi trén thé gigi trong do co Viét Nam [9], [67], [86].

O Viét Nam, viéc nghién ctru tay may song song da dugc cha y tir ndm 2002. Nhiéu
treong dai hoc, vién nghién clru, co s& san xuét da trién khai cac nghién ctru, ché tao tay
méay song song.

Qua tim hiéu céc cong trinh da cong bo trong nuwdc, tac gia nhan thdy viéc nghién
ctru thuong thuc hién mot cach riéng biét vé thiét ké, ché tao hé thong co khi [17], [113],
[114],[116], [119], [120] hodc hé diéu khién [24], [123], [124], m6 phdng hoat ddng [105],
[112], [117], [121], gii bai toan ddng hoc [57], [106], [107], phan tich d6 cling virng [36],
dé xuat (rng dung [122],... cliatay mdy song song kiéu Stewart-Gough Platform theo tirng
van dé khac nhau. Cac nghién clru nay chl yéu giai quyét cac van dé hoc thuat vacan duoc
tiép tuc phéat trién dé co thé &p dung vao thuc tién cho qua trinh thiét k&, ché tao vavan
hanh tay may song song kiéu Stewart—-Gough Platform. Vi vay, mdt nghién clru c6 tinh
toan thé, c6 kha nang ap dung véi cac tham s6 khac nhau vé cau hinh co khi, khong gian
khao sat, dic tinh dieu khién,... nham phuc vu viéc thiét ké, ché tao va van hanh tay may

song song kiéu Stewart-Gough Platform cé y nghia khoa hoc vathuec tién.



Luan an nay dat ra cac van dé nghién ctru nhu sau:

Muc tiéu nghién clru: Xay dwng nhitng co s& khoa hoc vé tdi wu hda 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 théng (rng dung cu thé.

Pai twong nghién clru: Tay may song song kiéu Stewart-Gough Platform (cac
phan trinh bay vé tay méy song song trong luan an duoc hiéu latay may song song
kiéu Stewart-Gough Platform).

Pham vi nghién clru: Toi wu hoa thiét ké va diéu khién tay méy song song kiéu
Stewart—-Gough Platform trén md hinh méay tinh va thuc nghiém.

Gidi han ctaluan an:

- Ve tdi wvu hod thiét ké cau hinh, luan an gi¢i han & viéc 4p dung mot s6 |y thuyét
va gidi thuat nhu ly thuyét Vit xac dinh cau hinh suy bién, diém ky di va vung
lan can cliatay may song song; cac gidi phap téi wu hda st dung giai thuat di
truyén (GA), thuat toan PSI, thuat toan GA-PSI.

- Viéc tdi vu hoa thiét ké cau hinh duoc gidi han gom 3 tiéu chi: sd diém lam viéc,
sO cdu hinh l[am viéc, do clirng viing cliatay may.

- M6 hinh thyc nghiém dwoc xay dwng véi muc tiéu kiém tra, so sanh cac giai
thuat toi wu hod thiét ké va diéu khién, khong doi héi téc do I¢n va do chinh xéac
cao (sl dung céc chan dan dong dung vit me va dong co DC servo).

- Luan an cling gi¢i han thwc nghiém khao sat 2 giai thuat diéu khién: PID va
Fuzzy-PID.

Phuong phap nghién ctru: Nghién ctru ly thuyét dva trén cac phuong phap mo
hinh héa, str dung cong cu dién t& - phan mém may tinh thic hién téi vu hoa thiét
ké va diéu khién. Tién hanh thwc nghiém trén md hinh duoc thiét ké ché tao.

NOi dung nghién ctru:

- Xé&y dwng bd cong cu mé hinh hda, khdo sét va danh gia khd nang hoat dong cla
tay may song song.

- Xay dung gidi phdp nham t8i vu hoa thiét ké tay may song song kiéu Stewart—
Gough Platform theo da tiéu chi (s0 di€ém lam viéc, s cau hinh lam viéc, do
clrng virng cliatay may).

- Xé&y dwng md hinh thuc nghiém vathuc hién toi wu héa cau hinh thiét keé.
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- Deé xuét thiét ké giai thuat t6i vu hda cho bd diéu khién tay may trén co so s

dung céc thuat toan diéu khién kinh dién vahién dai.
Bong gbép chinh va y nghia khoa hoc ctia luan an:

- Xaéy dung co s& toan hoc cho t6i wu hoa thiét ké, xay dwng bd cong cu nghién
clbu duing dé€ mo hinh héa, dong thoi danh gia céac tiéu chi anh hwdng dén kha
nang lam viéc cliatay may song song kiéu Stewart-Gough Platform.

- Deé xuat cac giai phap téi wu hoa, xdy dung cac chwong trinh téi wu hoa thiét ké
theo da tiéu chi cho tay may song song kiéu Stewart-Gough Platform theo giai
thuat di truyén, thuat toan PSI, phuong phap két hop gilra gidi thuat di truyén va
thuat toan PSI (thuat todn GA-PSI). Dac biét, thuat todn GA-PSI ¢c6 kha nang
giam thiéu thoi gian toi vu héa véi cau hinh ban dau duoc xac dinh phu hop theo
khéng gian khao sét.

- Xé&y dwng mo hinh vat ly tay may song song c6 kha nang tai cdu hinh vatinh
md, cho phép kiém chirng céc thuat todn toi wu hda thiét ké va diéu khién tay
may song song.

- D8 xuat giai phap toi vu hoa diéu khién tay may song song trén co s& ap dung
thuat toan diéu khién théng minh (Fuzzy) va phuong phéap két hop (Fuzzy-PID).

Y nghfa thuc tién clia Luan an:

- Trén co s& céc két qua nghién ciru clialuan an, véi méi (rng dung thuc tién clia
tay méy song song kiéu Stewart-Gough Platform, ta cé thé Ivachon vaxac dinh
cau hinh thiét ké t6i wu véi cac tiéu chi phan anh kha nang lam viéc nhu: ving
lam viéc, cau hinh suy bién, do clrng vitng, ... theo cac yéu cau clia nhathiét ké.

- Ung dung céc giai thuat diéu khién t8i wu da hop cho tay méy song song kiéu
Stewart-Gough Platform.

- Tl céc két qua thu duoc, luan an dé xuat mot quy trinh s dung dé t6i wu hoa
thiét ké va diéu khién cho tay may song song theo yéu cau thuc tién dé ra

Cau truc cla luan an: Luan an gobm phan mé dau, 5 chwong noi dung va phan két

[uan.
Phan mé& dau trinh bay |y do chon dé tai, muc dich, d6i twgng, pham vi, gi¢i han,

phwong phap, ndi dung nghién ctru, y nghiia khoa hoc vathuc tién ctia luan an.
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Chuong 1 trinh bay tong quan vé céc van dé can nghién ctru, cac co s¢ todn hoc lam

nén tang cho cac nghién ctru trong luan an (cac bai toan vé dong hoc, cac gi¢i han vé dong

hoc, dong Iwc hoc, cau hinh suy bién, diém ky di valan can, do clirng virng clia tay may).

Cac dong gop chinh ctaluan an duoc trinh bay trong chwong 2, 3, 4 vas.

Chuong 2 trinh bay viéc (rng dung céc co s& todn hoc néu trong chwong 1 dé xay
dung bd cong cu nghién ctru ding cho mé hinh héa, dong thoi danh gia cac tiéu chi anh
hudng dén kha nang lam viéc ctiatay mdy song song kiéu Stewart-Gough Platform. Cong
cu cho phép: 1) Khao sa vung lam viéc va danh gia cac yéu té anh huwéng dén vang lam
viéc; 2) Khao sét ciu hinh 1am viéc cliatay may véi goc hudng tdm khau thay déi; 3) Ap
dung ly thuyét Vit xac dinh cau hinh suy bién (Singularity), diém ky di va vung lan cin
clia tay may song song; 4) B0 clrng virng clia cac cdu hinh thiét ké.

Chuong 3 trinh bay céc két qua nghién clru clia tac gia vé tdi wu hda thiét ké tay
may song song. Cac giai phap t6i wu hoa thiét ké nhw giai thuat di truyén, thuat toan PSI,
thuat toan két hop GA-PSI dugc 4p dung dé tim kiém cau hinh thiét ké ti wu tay may song
song theo mot va da tiéu chi. Cac két qud t6i vu dwgc tim kiém, phan tich va danh gia voi
cuing khéng gian tham s6 dau vao cho tat ca cac truong hop téi wu.

Chuong 4 trinh bay két qua thiét ké va ché tao md hinh thirc nghiém dé kiém chirng
céc két qua nghién ciru. U'ng dung giai phap t8i wu hoa thiét ké & chuong 3 dé xac dinh va
x&c 1ap cdu hinh thic nghiém vé t6i wu héa thiét ké vadiéu khién cho tay méy song song.

Chuong 5 trinh bay céc két qua nghién clru vé toi ru hda bo diéu khién cho tay may
song song. Trén co s& cau hinh t6i wu hda thiét ké & chuong 4, luan an dé xuat vamo phéng
trén may tinh céc giai phap toi wu héa bd diéu khién diing céc thuat toan diéu khién kinh
dién va hién dai: PID, Fuzzy, Fuzzy-PID. Tién hanh thyc nghiém kiém chirng, so sanh,
danh gia két qua va chat lvgng céc bo diéu khién (PID, Fuzzy-PID) trén md hinh thuc
nghiém tay may song song.

Phan két luan tong hop lai nhitng két qua clia luan an, hwdng phét trién nghién ctru

tiép theo.
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CHUONG 1: TAY MAY SONG SONG KIEU STEWART-GOUGH

PLATFORM VA CAC CO SO TOAN HOC.
Chuong nay trinh bay nhirng van dé chinh nhu sau:
Gidi thiéu tom tat vé tay may song song kiéu Stewart-Gough Platform;
Nhi*rng nghién ctru vé t6i wu hoda va diéu khién tay médy song song kiéu Stewart—
Gough Platform;
Dé xuat ndi dung nghién ctru va phwong phap tién hanh luan an;

Xéc dinh cac co sé toan hoc lam nén tang cho céac két qua nghién clru clia luan an.

1.1 Tongquan Ve t6i wu hoa thiét ké va diéu khién tay may song song ki€u Stewart—

Gough Platform.

1.1.1 Gi6i thiéu vé tay may song song

Tay méy song song kiéu Stewart-Gough Platform [19] ¢c6 6 bac tv do duoc cau tao

béi mdt mit phang nén (base platform), tdm chuyén dong (payload platform) va 6 chan

dan dong. Céc chan dan dong nay co kha nang thay déi chiéu dai va két néi voi hai mit

phang théng qua cac khdp ndi (khdp cau hodc khdp céc dang) tai cac dau cubi. Cac khop

ndi gilta c&c chan voi méat phdng nén vatdm chuyén dong dwoc bd tri nhu hinh 1.1.

Chan dan dong
(link + actuator)

Tam chuyén dong
(payload platform) @

Khép noi
(SU joints)

Hinh 1.1. C4u tao tay may song song.
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Theo [32], s0 bac tv do ctia tay may song song dwoc tinh nhu sau:

F:I(I-j-1)+§fi-ld (1.1
i=1
Trong d6:  A: sO bac tw do cliavung lam viéc;
|: sb khau cla co cay;
j: s0 khép cla co cau;
fi: S0 bac tw do clia khép thi i;
l4: SO bac ty do thira clia co cau;
Trong truong hop ca hai dau moi mdt khau duoc gan vai khop cau (spherical joint),
tlr cong thirc (1.1), ta co:
F=6(n+1+1-2n-1)+2n3=6-n (1.2
Trong trwong hop dung khép cac dang (universal joint) vakhép lang tru (prismatic
joint) doc trén mdi khau, cong thirc (1.1) s& duoc tinh:
F=6(2n+1+1-3n-1)+2n2+nl=6-n (1.3)
TU phuwong trinh (1.2), (1.3), ching ta thdy co cau s8 duoc dinh vi mot cach virng
chac néu co n = 6 khau, khi do bac tu do clia tdm dich chuyén s& |a zero. Néu co thé dieu
khién thay d6i chiu dai cac chan dan dong thi ta & c6 s bac tw do cliatay may song song
F = 6. Nhu vay, kha nang diéu khién vi tri cilatay méy song song 6 bac tv do kiéu Stewart—

Gough Platform s& phu thudc vao viéc diéu khién chidu dai cac chan dan dong nay.

1.1.2 Tinh hinh nghién clru vé tay mdy song song kiéu Stewart-Gough Platform
% Tinh hinh nghién ctu trén thé gi¢i trong Iinh vic nay nhu sau:

TU nam 1947, tai Birmingham, Anh qudc, tién si Eric Gough da cho ra doi cau
hinh dau tién vé tay may song song. Thiét ké nay duoc Eric Gough hoan thién va
ché tao vao nam 1954 tai hang Dunlop Rubber véi muc dich st dung dé nang
chuyén céc tai trong nang (hinh 1.2).
Nam 1965, tai IMechE, Anh Quéc, Tién si Stewart, D. cong bd cong trinh md t4
mot (rng dung tdm chuyén dong (platform) 6 bac tw do diing dé md phdng va huan
luyén bay [19]. Ban thiét ké nay da gay tac dong rat In dén viéc hinh thanh cac
dang tay may song song sau nay (hinh 1.3).
Nam 1980: Giao su Reymond Clavel thiét ké ra Deltarobot [37], sau nay tré thanh
mot trong nhi*rng tay mdy song song ndi tiéng nhat (hinh 1.4).



.
Nam 1985: Tay may song phang ra doi dua trén cac co cdu phang 3 bac tw do dung
khép tru vatinh tién.

Nam 1987: May dong hoc theo co cau song song ra doi.

Nam 2002: Hoi nghi khoa hoc vé tay méy song song duoc td chirc tai Dai hoc
Laval, Quebec, Canada dva ra nhitng dinh hwéng phét trién quan trong vé (ng
dung cho tay may song song.

Hang nam nhirng hdi nghi khoa hoc quéc té do IFToMM, ASME, IFAC, |EEE,

ICRA, IROS, ... déu cdng bb cac cong trinh nghién clru maéi vé tay may song song.

Hinh 1.2. Tay may song song clia haing Hinh 1.3. Thiét bi md phéng bay cla D.
Dunlop Rubber [19] Stewart [ 19]

Hinh 1.4. Delta robot [37] Hinh 1.5. Thiét bi gia cong Hexapod - Du
ancliaNIST [3]

Nhiéu diy an & cac nwdc nhue CHLB DBirc, Thuy ST, Hoa Ky da duoc trién khai trén
co s& (rng dung tay may song song — Hexapod nhu:
Duv &n NIST (M¥) (hinh 1.5) véi muc tiéu la do dac vamd rong kha nang ctia may
dia trén nguyén ly Stewart-Gough Platform - Hexapod duoc trién khai tir nam
1998 dén nam 2001.
Du én Cubic Hexapod hop téc gitra Bai hoc Washington va Tap doan cdng nghé
Hood kéo dai 6 nam tir ndm 1998 dén nam 2004. Dy an nay duoc phét trién tir tay
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méy Stewart-Gough Platform dé loai trir nhiéu trong céc hé théng chinh xéc (hinh
1.6), diéu khién vi tri vi do chinh xac 1 nandmét.
Du an Hexaglide duoc trién khai & Vién robot ctia Thuy sy bat dau tir nam 1996.
Tay méay la hé cau trac song song 6 bac tv do, st dung may phay téc do cao voi
khong gian lam viéc 700" 600" 500 mm, st dung hé diéu khién VME-Bus va hé
thong thoi gian thirc. Uu diém clia nd la cd thé thue hién cac chuyén dong nhanh

vGi d6 clirng virng va do chinh xéc cao (hinh 1.7).

Hinh 1.6. Tay may Sewart-Gough - Hinh 1.7. May phay v6i hé cdu tric song
Duv &n Cubic Hexapod [ 20] song - Dy &n Hexaglide [ 3]

Cong ty Elekta (Thuy Dién), mot cong ty chuyén vé céc trang thiét bi y t€ da dung
robot Delta dé lam thiét bi Surgiscope nang gitr kinh hién vi cé khdi lvgng 20 kg
duing trong giai phau (hinh 1.8).

M6t dy an clia chau Au ché tao robot CRIGOS (Compact Robot for Image Guided
Orthopedic Surgery) sir dung co' cdu Gough-Stewart nham cung cip cho céc béac s

phau thuat mdt céng cu hiéu sut cao cho phau thuat xwong (hinh 1.9).

Hinh 1.8. Thiét bi SurgiScope [37] Hinh 1.9. Robot CRIGOS[31]
Hang Symetrie (Phap, chuyén thiét ké va ché tao tay may song song) tham gia cac

dv an nhu:
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o Kinh vién vong khong gian James Webb dwoc thiét ké voi hai hé théng dinh
vi cdm bién CCD va ngubn sang duing hai tay mdy song song kiéu Hexapod
(tay mdy SONORA vaBREVA) (hinh 1.10).
0 Hé thdng thir nghiém dong co PSA cho hang 6 td Peugeot-Citroén (hinh 1.11)

Hinh 1.10. Hé thdng dinh vi kinh viénvong  Hinh 1.11. Hé théng thir nghiém dong
James Webb [ 84] co PSA [84]

% Tong hop cac nghién clru trong nwéc vé tay may song:

KE tlr hoi nghi toan qudc lan thir nhat vé co dién tr vao nam 2002, cac tac gia da
bwéc dau nghién clru, khao sat cac cau tric, cac bai toan dong hoc va dong lwc hoc vé tay
may song song théng qua phuong phap md phdong [104], [107], [112], [123].

Tai hoi nghi toan qudc lan 1l vé co dién tr nam 2004, céc tac gid Pham Van Bach
Ngoc, Vi Thanh Quang, D6 Tran Thang va Pham Anh Tuin tai Phong Co Dién ti, Vién
Co hoc dalwa chon md hinh, mé phong dong Iwc hoc vatinh toan thiét ké dé ché tao mot
robot co cau song song cu thé (Hexapod) (rng dung trong gia cong co khi [121]. Nhém téc
gia trén cling da ché tao thanh cong thiét bi nay vathiét bi hién dang duoc trung bay tai
Vién Co hoc. M6t s0 téac gia khac cling cong bd cac két qua thiét ké, phan tich lyc vabién
dang méy cét got kim loai vahé chan hexapod diing phan mém Matlab [106], [117].

Cac bai toan co ban vé tay may song song tiép tuc duoc cong bb trong nhirng nam
tiép theo nhu: tim mién lam viéc cla ho robot song phang [105], nghién ciru xay dung tay
mdy song song [113], [114], [119], bai toan diéu khién cho co cdu song song [47], [124],
(rng dung tay may song song [122]. Céc van dé dwgc dé cap clia céc tac gia dén tlr Bai hoc
Hannover, CHLB B¢ & cac cong trinh [11], [12], [34] cb gia tri hoc thuat cao dé tham

khao cho nghién ctru trién khai thurc té.



10
CO thé thdy rang, trong giai doan ndy tay may song song — Hexapod d& dugc nhiéu

nha khoa hoc trong nwéc quan tam nghién ctru. Nhirng két qua nghién cru n6i trén da phan

mang tinh co ban, phu hop véi cac md hinh thuc nghiém va mé phdng. Qua khao sét cac

cong trinh cong bo trong nwéc chwra thay cac nghién clru tong hop vé tdi wu hoa thiét ké va

diéu khién tay may song song kiéu Stewart—Gough Platform.

% Tonghop cac nghién ctru cd lién quan veé tdi wu hoa hé thong tay may song song

kiéu Stewart-Gough Platform.
Cac nghién clru ctia V.A.Glazunov va nhom tac gia [62], [63], [66], [90], [94] da
dé cap sau hon vé phwong phap t6i wu hoa thiét ké tay may song song c6 cac chan
dan dong tuyén tinh (hinh 1.12). Trong dd, co xét dén céc tiéu chi vé khéng gian
lam viéc, cac diémky di ... bang phuong phéap digu chinh do dai cac chan dan dong
tuyén tinh. Céc nghién clru ndy cd tinh ly thuyét, chra dwoc kiém chirng bang thuc
nghiém, phuong phap t6i wu hoa thiét ké str dung thuat toan tim kiém PS| dung tap
hop t6i wu Pareto. Ngoai ra, doi twgng nghién ctru la tay méay song song cé chan
dan dong phu ndm ngoai viing khéng gian 1am viéc (co cdu dic biét). Tuy nhién,
cac van dé néu trong cac cong trinh trén da dat ra nhirng hwéng nghién ctru méi
cho IThh vire toi wu hoa thiét ké tay méy song song. Luan an nay dugc phét trién

theo huédng nghién clru tong thé toi wu hda thiét ké va diéu khién cho déi twong tay

may song song kiéu Stewart-Gough duogc tac gia cong bd trong cac cong trinh
[CTTG-1]-[CTTG-6].

Hinh 1.12. Tay may song song Vi cac dan déng tuyén tinh [62]
Céc nghién ctru clia Sergiu-Dan Stan va nhom téc gia [81], [82], [83] dé cap dén
phuong phéap dung giai thuat di truyén dé t6i wu hoa tay may song phang ding
trong y t€ (hinh 1.13) vatay méy song song v&i chan dan dong tuyén tinh.
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Hinh 1.13. Tay may song phang duing trong y té [81]
Céc cdng trinh nay duogc thuc hién cing thoi gian véi cac nghién clru clia luan an,
gitp cho luan an khang dinh sy ding dan trong viéc lua chon giai phap sir dung
giai thuat di truyén dé t6i wu hoa thiét ké tay may song song. Céc két qua nghién
clru trong luan an da dwa ra giai phép t6i vu hda thiét ké cho tay may song song
bang cach sir dung giai thuét di truyén két hgp véi thuat toan tim kiém PSI vatap
hop téi wu Pareto. Gidi phap nay dugc thec hién makhdng co sy trung Idp véi cac
cong trinh cong bo trén thé gioi.
Céac nghién clru cia nhom tac gid Rahmath Ulla Baig va S. Pugazhenthi (Pai hoc
SASTRA - An D0) [75], [76] dé cap dén phrong phap dung gii thuat di truyén va
thuat toan no ron dé t6i wu hda hé thong co lap dao dong tich cuc (AVI — Active
Vibration Isolation) trén co sé diéu chinh khodng cach gilra cac khép ndi trén mat
phang nén vatdm chuyén dong (B;, By, Py, P;) cliatay may song song kiéu Stewart
Platorm (hinh 1.14). Hé thdng nay dwoc van hanh véi thuat toan diéu khién PID.
1L iy | -

Hinh 1.14. Tay may song song Stewart Platform - Dai hoc SASTRA [ 75]
Céc cong trinh ndy duoc thire hién cling thoi diém voi cac nghién clru clialuan an.

Céc téc gia tap trung thuc hién t6i wvu héa theo tiéu chi gidam dao dong tich cuc va
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diéu khién tay may theo gidi thuat diéu khién kinh dién PID. Céc ndi dung nghién
clru ma luan an dé xuét co tinh tong quat hon cac cong trinh néu trén vé cac tiéu
chi t0i wu hda thiét ké va nghién clru sdu hon vé giai thuat diéu khién théng minh
diing bd diéu khién mo (Fuzzy) vabo diéu khién tw chinh dinh PID-Fuzzy.

Luan an tién si cla Boyin Ding nam 2014 [9] trinh bay (ng dung tay may song
song kiéu Stewat-Gough Platform trong hé thong kiém dinh co sinh hoc. Hé thong
nay (hinh 1.15) c6 kha nang do va xac dinh do clrng virng cliatay may véi do chinh

X&C cao VOi céac thuat toan digu khién PID cho céc chan dan dong.

Mounting
Cup

Polymer
Specimen

Mounting
Cup

Hinh 1.15. Hé théng kiém dinh co sinh hoc [9].

Cong trinh nay quan tam dén van dé kiém dinh va do dac do cirng vitng clia tay
may song song bang thic nghiém. Két qua ctia cong trinh ndy 1a co s¢ so sanh gia
tri tham sb do clrng virng duwoc trinh bay trong chiong 2 va chuong 4 ctaluan an.
Nam 2011, dé tai thudc chrong trinh KHCN K C.03 vé nghién clru, phét trién, ing
dung cong nghé tw dong hda: “Nghién clru, thiét ké vaché tao tay may song song (Stewart—
Gough Platform) sl dung trong hé thong thiét bi tao chuyén dong phirc hop, hinh thanh
trung tdm gia cong ché tao 5 truc 40” do PGS.TS. Lé Hoai Qudc lam chi nhiém da duoc
thuc hién thanh céng. San phdm dé tai 1amdt hé théng gia cdng cat got, xay dwng trén co
s mot tay may song song Stewart—-Gough Platform, cé kha nang tao hinh twong duong
mot may phay CNC 5 truc ¢& nhd. Ban may (mang phoi) dwgc van hanh va diéu khién bdi
6 chan (Hexapod), dan dong bang cac dong co tuyén tinh [110] (hinh 1.16). Hé théng trén
dwoc diéu khién tich hop may tinh véi phan mém diéu khién hoat dong gia cong tao hinh

theo chuén IEA (G&M code) trong thich vai cac phan mém CAD/CAM chuan.



Hinh 1.16. Hé thong gia cong 5 truc 4o CNC+ Hexapod [ 110]

Qua cac cong trinh cong bo néu trén, cd thé thdy cac nghién clru Ve t6i wu hoa tay
may song song kiéu Stewart-Gough Platform chi dirng & t0i vu hoa co hé hoac tdi vu hoa
diéu khién ma chua cé cac nghién clru c6 tinh tong hop, day dl vaxuyén sudt dé co thé &p
dung v&o thuc tién cho toan bd qua trinh thiét ké, ché tao va van hanh tay méy song song
kiéu Stewart-Gough Platform. Vi vay, cac nghién clru vé van dé nay co y nghia khoa hoc
vathuc tién trong viéc thiét ké va ché tao tay may song song.

Nam 2012, Phan vién Nghién ctru Dién tl, Tin hoc va Ty dong hoéa da thuc hién
(giai doan 1) d@ tai nghién clru vé tay may song song voi chan dan dong phu phuc vu tng
dung cong nghiép [111]. Luan an da phét trién cac co cdu co khi va mach diéu khién cta
dé tai nay dé xay dwng md hinh thwc nghiém toi vu héa bd diéu khién tay mdy song song
kiéu Stewart-Gough Platform (muc 4.1).

Cong trinh [110] vé thiét ké, ché tao hé thdng gia cong 5 truc 4o CNC+Hexapod
cling dé xuat nhu cau nghién clru vé ti hoa dé xac dinh cac thong sd ban dau (khong gian,

géc nghiéng) cho rng dung thuc tién clia tay méy song song.

1.2 Céac co sd toan hoc vé tay may song song kiéu Stewart-Gough Platform

C6 hai phurong phap chinh dwoc diing dé mo hinh héa tay may song song: phuong
phép hinh hoc va phrong phéap dai s8. Phwong phéap hinh hoc dwa trén nguyén tic phan
tich hinh hoc céac vecto trong khong gian cla cac khép néi va chan dan dong clatay méay

song song. Trong khi dd, phuong phéap dai so dwa trén cac phuong trinh toan hoc phirc tap,
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kho tiép can hon. Trén co s& (rng dung céc giai phap dung cac vecto khéng gian nhu ly
thuyét Vit, phwong phap xac dinh d6 clrng vitng trong luan an, tac gia chon lva phuong

phép phan tich hinh hoc dé mo hinh héatay méy song song.

1.2.1 Phan tich hinh hoc tay may song song kiéu Stewart-Gough Platform

Céc vector biéu dién chuyén dong clia cac chan dan dong va cac mat phang duoc
trinh bay theo hinh 1.17. Trén mdi mat phang, mot hé toa do s& duoc xac dinh. Hai hé toa
do {B} trén mat phdng nén va hé toa do {P} dat trén tdm chuyén dong s& xac dinh cac
vector vi tri clia cac khdp ndi Bi, Pi cling nhu goc hop thanh gilra cac chan dan dong va hai
mét phang.

Hinh 1.17. Gian d6 vector cta tay may song song Sewart-Gough Platform

Tay may Stewart-Gough Platform dang d6i xing co vi tri cac khdp n6i nam trén
méat phéng nén hodc tdm chuyén dong duoc sip xép tirng cip d6i xting nhau va cling nam
trén mdt vong tron. Nhe thé, viéc biéu dién hinh hoc clia mét phang nén va tdm chuyén

doéng co thé biéu dién don gian bang 4 bién sau (hinh 1.18):
ro:  Ban kinh vong tron tao bdi cac khdp néi trén mat phang nén.
ro.  Bankinhvong tron tao bdi céc khép noi trén tdm chuyén dong.
op:  GOc tao bdi cidp khdp néi d6i xding trén mit phang nén.

ap:  Goc tao bdi cap khdp ndi ddi xirng trén tdm chuyén dong.
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Hinh 1.18. B6 tri khop n6i Bi trén mat phang nén (a) va P; trén tdm chuyén dong (b)

1.2.2 M®& hinh toan cila tay may song song kiéu Stewart-Gough Platform

Trudc khi khdo sat md hinh toan [109] cliatay méy song song kiéu Stewart-Gough
Platform ta can phai lam ré mot so van dé vé dong hoc. Khac véi tay may noi tiép, viéc
giai bai toan dong hoc nguoc (xac dinh toa do Cartesian vai vi tri clia cac chan dan dong
cho trwdc) cho tay méy song song la khdng qué phtre tap [8], [43], [46], [56]. Trong khi
do, viéc giadi quyét bai toan dong hoc thuan (xac dinh vi tri clia cac chan dan dong tir hé toa
dd Cartesian cho trwéc) s8 gap rat nhiéu khé khan do ton tai cac phuong trinh phi tuyén va
khong gidi tich duoc [22], [49], [68], [70], [101].

1.2.2.1 Bong hoc ngugc
Hé toa dd chan dan dong clia tay méy song song la tap hop céc bién vé chiéu dai.

Viét duéi dang véc to, ta co:
L=T[lal2l3lal516]" (1.4)

Toa do dau cudi, thong thuong la hé toa do Cartesian cliatay may, & bao gom toa

do6 trong khéng gian va cac goc Euler:
X=[xyzooy]" (1.5)

DE thé hién bai toan dong hoc nguoc, mot anh xa G dwoc biéu dién nhw sau:
G: X b L.Bai toan nay c6 nhiém vu tim véc to chiéu dai L; tir toa do dau cudi X cho truéc.
Déi voi tay méy song song, hé toa dd cilamat phdng nén { B} vahé toa do cliatdm chuyén
dong {P} s& duoc dat tai tAm clia mat phang nén va tdm chuyén dong. Véc to toa do cla

céc khop trén mat phang nén {B} duoc biéu dién:
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Véc to toa do clia cac khdp ndi trén tdm chuyén dong { P} dwoc xéc dinh:

=U

x

é, COS(] Ju
Y (1.7)

)
11
MmD> D> (D> D
=V
[eoxY Y e Y a2
@D D> D>
-
e}
(728
>
[y
L/
e

o
(e ox)

=
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Néu vi tri mong doi cliatdm chuyén dong so vai toa dd géc duoc xac dinh bang véc
to BP = [xa ya Zi] T thi chiing ta s& c6 véc to biéu dién chiéu dai clia cac chan dan dong nhu

sau:
Li = P + BP - B; (1.8)
Khai trién (1.8) theo { B} chuing tasé ¢c6 |0i giai clia bai toan dong nguoc:
°L = SR°P+°P- °B (1.9
Trong dé BRr lamatran chuyén déi Euler 3-2-1:

e o rlgu échog cgsashb - cagg sasg+caogsbu
"R =R @R OR@)=y 1, Iy~ ahy cacg+suashsyy casbsyy- agsayy (1.10)
@31 r32 33H 6 Sb Cb9 me H

V@i ca = cos(a) vasa = sin(a)

Chiu dai ctia cac chan dan dong s& dwoc xac dinh tir (1.9):

I =|Li|=\/|-ix+|-iy+|-iz (1.11)

1.2.2.2 Bong hoc thuéan
O bai toan dong hoc thuan, nh xa F biéu dién viéc xac dinh véc to vi tri theo toa

dd Cartesian v6i chiéu dai xac dinh cho trudc clia cac chan dan dong: F: L => X.

Anh xa F c0 tinh chat khéng xéac dinh va s& co nhiéu 10i giai cho matran X twong

ing v&i mot giatri cu thé ciia L. Néu anh xa clia bai toan dong hoc thuan chi laviéc nghich
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dao anh xa G (¢ bai toan dong hoc nguoc), thi viéc xac dinh anh xa F chi can xac dinh
nguoc lai quy trinh (1.9) hodc (1.11) mot cach tuan tw déi véi tit ca 6 chan dan dong. Do
chi ¢o |; dwgc xac dinh, trong khi dé Li chua ré nén chi co (1.11) s8 duoc ap dung. Tuy
nhién, viéc xac dinh nguoc theo (1.11) kha phtrc tap, khi can giai quyét dong thoi céc
phuong trinh phi tuyén véi cac bién chua ré trong matran X. Theo phvong phap Newton-
Raphson, dé giai quyét bai toan dong hoc thuan, can phai dinh nghia mot véc to biéu dién

sai |éch gilra chiéu dai tinh toan va thuc té (do dwoc) clia cac chan dan dong:
f(X)=L"L - | (1.12)
Trong d6 |L,|.° 1achigu dai thyc té do duoc cliacac chan dan dong. Thay vao (1.9)
ta co:
f(X)=(ER°P+°P- ®B) (ER°R+°P- °B)-|L|,] (1.13)
Khai trién dao ham theo céc thanh phéan trong X = (X, Y, z, @, 9, V):
+*RR,+'RR,+ P R,- "B )
2(y+"RRy* "R R, * R R,- °B, )

x
i (X)
0%

T = o(z+R R+ "R R+ "R Ry~ 78

ﬂf,ﬂEX) 2( x- )(PR R13+ PF?ZRiz)-l_Z(Y' BBIY)(PRYR23+PRZR22)\
+2(y- °8,)("R Ry + "R Ry)
T(X) _ ( . )ge "R sing cosy +PP sinj cosq cosy 9
§+7R cosj cosq cosy 5

TF(X) _ (
(

@ "R singsiny +PP sinj cosq siny o

g+ "R cosj cosqsiny ;ﬂ

-2(2-®B )(Pp cosq + °P, sinj cosq + "R cosj S'”Q)
L: P "P "P
W 2(x- )( PR, + RR,+ P|ZR23) (1.14)
+2(y- °B )("RR.+"RR,+ "AR,)

Trong d6 R;j lacac thanh phan ctia (1.10). Matran X 8 dwgc viét lai dudi dang:
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Cac budc tién hanh giai bai toan dong hoc thuan:
Buoc 1: Do chiéu dai thuc té cac chan dan dong.
Buwdc 2: Udc luong vi tri va goc hwdng cliatdm chuyén dong.
Budc 3: Tinh (1.10), (1.13) va(1.14) cho moi chan dan dong.
Budc 4: Thyc hién (1.15) cho dén khi Xn+1 — Xn dat h6i tu mong mudn véi
sal s cho phép.

Can phai xéac dinh rd labai toan dong hoc thuan khong thé duwoc thirc hién theo thoi
gian thyc (rea-time). Vi phuong phap Newton-Raphson la mot ky thuét [ap, nén sy hoi tu
clia(1.15) st can rat nhiéu budc Idp. Do d6, tanén chon sai s0 vira phdi, dong thoi can gidi
han sO bwéc 1ap dé cd thé dat dwgce X voi do chinh xac twong doi cé thé chap nhan duoc.

1.2.2.3 Bdngluc hoc
Trong tredng hop tong quat, phwong trinh dong lwc hoc clia co hé Stewart-Gough
Platform [85], [97], [101] duoc viét nhu sau:

H(@§+C(q,q)g+t ,(a) =J't (1.16)
Trong do: H(qg) lamatran moment quan tinh (nxn), déi xrng va xac dinh duong voi
moi qi R®; C(q,q) la vecto thé hién céc lvc quan tinh ly tdm va Coriolis, 14(q) la vecto
(nx1) thé hién moment xo&n tao ra bdi trong lwong clia co hé vat 1a vecto (nx1) thé hién
moment xoan tai diém thudc khau tac dong cudi (tao boi luc tac ddng); g = [Xp, Yo, Zp, Px,
by, 04"
Céc thdng sb trong phuong trinh dong luc hoc duoc xac dinh:

Ma tran moment quan tinh H(q):
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H(Q)=¢ 00 H H nu (1.17)
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trong d6:  H, =1,CiCZ+1,CiS +1,S;H,s =Hg, =(1,- 1,)C,C,S;;

Hy =Hg = 1,5 He = LS +1,CE Hgs = 1 ;

Matran Coriolis hwéng tam dugc tinh nhu sau:
€ 0 0 0 0 0 U
& U
H 00 0 0 0 G
€ 0 0 0 0 0 U

C=ea o . Co . -Q (1.18)

@0 0 0 -Kb-Kg -Ka-Kpb+Kg -Ka+Kby
@ 0 0 Ka+Kg K.g -Ka - KU
e . . u
0 0 0 Ka-K,b -Ka - K¢b 0 g

trongdé:  K,=C,S,(CA,+S,- 1,);K, =CZC,S, (I, - 1,);K, =C,5,5,(1,- 1,)

1
K, =§Cb(Cg - SNC +S)(- 1)K =G, S (1, - 1)
Ngoai ra, matran Jacobian [55] dwoc xac dinh nhu sau:

. WRR™ WRR™ uRPU
4 WRPS URPY URFP
SRR GRE R .
T T PP T PP T PPL,'I (1'1 )
4 U4R1 4 U4R2 4 U4R3 4 l;l
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trong do: u=—
\&WR+T B\

R =S()Rg: R =R S())RR;: R =R R, S(K)R;;

§O 0 Og eO 0 1y gO
Voi: Si)=g0 0 -13:S(j)=g0 0 ou S(k) = g1
g0 1 0¢ gl 0 OH g0
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R.u, = R R R, lanhirng matran quay.

1.2.2.4 Céc gi¢i han vé dong hoc

Cac gi¢i han vé ddng hoc duwgc dac biét quan tam doi voi tay may song song do két
cdu dac thu clia cac chan dan dong cling nhw nhitng rang budc vé cac chuyén dong co khi.
Tay médy song song kiéu Stewart—Gough Platform ¢cé 3 gi¢i han dong hoc chinh anh hwdng
dén kha nang hoat dong clia tay may:

GiGi han chiéu dai chan dan dong (limin < |i < limax)
Gidi han géc chuyén dong cac khdp nodi.

Gi6i han khéng gian gilra cac chan dan dong.

Cac gi6i han néu trén s anh hudng rat nhiéu dén kha nang hoat déng cltia tay may
song song. Khi tién hanh mé hinh héa va t6i wu thiét ké can phai xem xét dén cac anh
hwéng ndy.

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

Ly thuyét Vit dvoc phét trién bdi Robert Stawell Ball [71] dé &p dung trong dong
hoc vatinh hoc clia cac co cdu (co hoc vat ran). D6 1a mot cach dé thé hién chuyén vi, van
téc, cac lvc va moment xodn trong khong gian ba chiéu, két hop ca hai phan quay vatinh
tién.

Cé nhiéu dinh ly co ban clialy thuyét Vit bao gdm: dinh Iy clia Poinsot va dinh ly
clia Chasles. M6t so dinh ly khac bao gom J. Plicker [38], W.K. Clifford [96], A.T. Yang
[7], FM Dimentberg [28], K.H. Hunt [49], ...

Viéc &p dung ly thuyét Vit dé giai cac bai toan trong ITnh vuc tay may da dugc siv
dung tir kha lau [6], [72], [95], [100]. V6i s phét trién, ly thuyét Vit dwoc sir dung nhu
mot cdng cu quan trong trong co hoc robot, thiét ké co khi, hinh hoc tinh toan va dong luc
hoc da vat thé (multi body). Tuy nhién, trong nhitng nam gan day ly thuyét Vit méi duoc
&p dung vao nhirng bai toan cu thé vé tay may song song [55], [62], [66], [90], [91], [93],
[115]. Ly thuyét Vit thuong dwoc dp dung dé tim kiém cac cdu hinh suy bién cliatay méay

song song. Tai cac cdu hinh nay, tay may S8 roi vao trang thai bat dinh va mat kha nang
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didu khién. Vi vay, ly thuyét Vit duvgc xem lamdt phuong phap hd tre quan trong dé nghién

clru vé tay may song song.

Céc cau hinh suy bién dwgc xac dinh nhu sau: &p dung ly thuyét Vit dé xac dinh céc
toa do Pliicker theo truc cac chan dan dong tuyén tinh cliatay may. Tl cac toadd Pliicker
nay, ta can thiét 1ap cac matran dé xéac dinh cac giatri chuan sd hoat dong clia co' cau tay
may song song. Cau hinh suy bién s& duoc tim thdy néu tat ca cac vécto trén truc clia cac
chan dan dong la phu thudc tuyén tinh.

Tai cac cau hinh suy bién, s6 bac tv do cliatay may song song s& gidm di. Khi do,
qué trinh diéu khién clatay mdy song song s& khéng con pht hgp véi md hinh toan ban
dau. Khi diéu khién quatrinh di chuyén cliatdm chuyén dong, can chi y dén quy dao dich
chuyén va cau hinh lam viéc tinh clia tay mdy. Can phai thiét lap trudc céec quy dao dich
chuyén va céc cu hinh lam viéc clia tay may song song sao cho tay may khong roi vao cac
cau hinh suy bién da duoc tim thdy. Do do, dé diéu khién tay may song song, dau tién ta
can phai xac dinh truvéc vung lam viéc, cac gidi han vé dong hoc va cac cau hinh suy bién
[16], [21], [65], [89], [92], [94], [115].

X ét tay mdy song song kiéu Stewart—-Gough Platform (hinh 1.17) v¢i toa do cliacéc
khép néi trén mit phang nén vatam chuyén dong (Bi, Pi). Céc vit luc duoc dinh vi doc truc
trén céc chan dan dong dwoc xéac dinh bai céc toa do Pliicker Ei:

Ei=e+Aed; (i=1,..,6) (1.20)

Voi:  A: hé s Clifford, (A2 = 0)

&: toa do clia véc to (e = 0)
Céc toa do clia véc to e duoc thé hién thong quatoa do clia cac diém:
- Xg Yo~ Ya 2" % 0
SL LT

vOI: PRV A (01 dd cua diém P;, Xg s Vg o Zs - 102 dd cua diém B;

Tir céc toa do Plicker clia cac vit don vi B, tacan xac dinh matran T nhu sau:

0 0 0
gExl e, € € ¢, € 9

0 0 o -
(;exz ey2 €o € ey2 ezZ -
¢ . -

(T)=¢ * (1.21)

¢ - -
¢ . . N

0 0 0 +
éeXB eyG ezG ex6 ey6 ezG %]



22
z,,

Trong dé. eXi = XBi - XAi 1ey| = yBi _ yPi ,ezi :_ZBi - i

» L L

€ = Vo€ - Z€i € = 28 - Xpi€;1€; = X8y - Vel
C4u hinh ctia co cdu song song la dac biét khi dinh thirc clamatran T tién dén zero,
nghia l& det(T) = 0. C4u hinh suy bién s& dwoc tim thdy néu tat ca cac vécto trén truc clia

céc dan dong |a phu thudc tuyén tinh.

1.2.2.6 D06 clrng virng clia tay may song song

Do clirng virng la dac tinh quan trong trong cac théng sb k¥ thuat clia cac co cau
song song. Theo [CTDT-1], giatri thé hién “dd clrng virng” cla tay may song song duoc
xem lagiatri trung binh céc dinh thirc det(T) twong (ng véi moi ciu hinh thiét ké. Néu gia
tri nay cang Ién thi tay may song song cang giam dwgc cac cau hinh suy bién va nang cao
d6 clirng vitng trong qua trinh hoat déng. Tai mbi cdu hinh thiét ké, do clrng vitng (stiffness)
dwoc xac dinh nhu sau:

d dd&d &g

aaaaaaldem)]

x=1 y=1 Z=1.J '=1 gq=ly =1 (1.22)
i.j.kl.mn

stiffness =

VOi i, j, k, I, m, nla cac buéc khao sat trong khéng gian lam viéc theo vi tri dich
chuyén (X, y, 2) vagoc chuyén dong (¢, 8, ) cliatam khau. D06 clrng virng la mot tiéu chi
dung dé toi wu hoa thiét ké tay may song song sé duwoc trinh bay trong chrong 3 ctialuan
an.

1.3 KEét luan chuwong 1

Chuong 1 dagi¢i thiéu tom tit tng quan tinh hinh nghién ciru trong va ngoai nuéc
vé tay may song song kiéu Stewart-Gough Platform. Trong dé tac gia datap trung vao cac
cong trinh nghién ctru hién nay vé toi wu hoa thiét ké va diéu khién cho tay méy nay. Tir
d6 luan an da dé xuat nhiém vu nghién clru tong thé veé t6i wu hoa thiét ké va diéu khién
cho tay méy song song kiéu Stewart-Gough Platform.

Chuwong 1 ciing xac dinh nhitng cac co s& toan hoc lién quan dén luan an nhu:
phuong phap phén tich hinh hoc, cac bai toan ddéng hoc (ddng hoc ngugc, dong hoc thuan),
bai toan dong Iwc hoc, cac gidi han vé dong hoc, phirong phap ap dung ly thuyét Vit dé xéc
dinh cau hinh suy bién va phwong phap xac dinh do cirng vitng clia cdu hinh tay may. Cac
co s& toan hoc va cac phuong phap nay sé duoc s dung lam nén tang dé thuc hién cac

nghién ctru trong luan an.
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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 (ing dung céc co sé toan hoc va cac khéi niém co ban
da néu trong chwong 1 dé xay dwng bd cong cu nghién ciru ding cho mé hinh héa, dong
thoi danh gia cac tiéu chi anh huéng dén kha nang lam viéc clia tay méy song song kiéu
Stewart-Gough Platform. Két qua rng dung cong cu duwgc trinh bay bao gdm: Khao sat
diém lam viéc vadanh gia cac yéu td anh hudng dén ving lam viéc; Khao sét cdu hinh lam
viéc cliatay méy vai goc hudng tam khau thay déi; Ap dung ly thuyét Vit xac dinh c&c cdu
hinh suy bién (singularity), diém ky di va ving 1an can; Xac dinh do cirng virng clia cau
hinh thiét ké tay may. B6 cong cu nay sé duoc str dung cho cac nghién ctru vé t6i vu héa
thiét ké & cac chuong sau.

M6 hinh héa khdéng gian lam viéc ciatay may song song [5], [78], [88] laquatrinh
tim kiém khong gian hoat dong clia tdm khau (vi tri tam ctiatdm chuyén dong). Quatrinh
nay can xem xét dén cac gi¢i han vé dong hoc tay may song song. Cac gi¢i han vé dong
hoc va céc théng sb clia tay may nhw: gi6i han chiéu dai chan dan dong, gi¢i han vé goc
khép nbi, ban kinh dwong tron tao bai cac khdp ndi,... sé lan lwgt duoc khao sat va danh

giaanh huéng clia chiing dén kha nang lam viéc clia tay may song song.

2.1 Xaydwngcong cu mo hinh héatay may song song ki€éu Stewar t—-Gough Platform

Cong trinh [110] da xay dwng mot cdng cu tinh toan va md phong cho phép mo ta
bang hinh &nh chuyén dong clia co cdu song song, ¢d kha nang woc lwong chidu dai cac
chan dan dong, khao sat bai toan dong luvc hoc va md phong chuyén dong clia co ciu tir
diém hién tai dén diém dich cho trwdc, cho phép tim ragiai phép tdi vu hoa kha thi valva
chon trén co sé& tap hop tdi wu Pareto. Tuy nhién, véi nhu cau (rng dung nhiéu thuat toan
khac nhau nhv gidi thuat di truyén, phwong phap PSI, thuat toan két hop GA-PSI, tac gia
nhan thdy can phai xay dung mot bd cong cu méi c6 kha nang thuwc hién viéc mé hinh héa
tay méy vatoi uu hoa thiét ké theo yéu ciu tong quat da dat ra ctialuan an.

B6 cong cu duoc xdy dwng c6 khd nang khao sat vung lam viéc véi cac cdu hinh
thiét ké khac nhau cling nhv danh gia cac tiéu chi anh hwdng dén kha nang hoat dong cla
tay may song song. Tap tham s6 khao sat gom: thong sb tay may, vung khéng gian khao

sét, sO budc khao sét, cac gigi han dong hoc ma chiing s& dwoc digu chinh dé dang théng
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quagiao dién cliabd cong cu. B cong cu nay s& duoc (rng dung dé thwc hién cac phép tinh
co s& cho quatrinh tdi wu hoa véi cac thuat toan téi wu khac nhau & chuong sau.
Lwu do thuat toan thuc hién qua trinh mé hinh héa tay may song song clia b6 céng

cu duoc thé hién & hinh 2.1.

Nhap thong s6

v

Xac dinh budc dich chuyén

v

Vi tri khdo sat ban dau

<&
<

\4
Giai bai toan dong hoc

Kiém tra céc rang budc

v
Xac dinh cau hinh suy bién
Ghi di¥ liéu, thay doi vi tri
khao sat

S6 budc nhay da ?

Tinh do ctirng virng

v

Dung hinh 3D

Hinh 2.1. Lru d6 thuat toan md hinh hda tay may song song
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Bd cong cu duoc viét dudi dang ngbn nglr C tao thanh cac M-file trén phan mém
Matlab dé giai cac bai toan co ban bao gom:
Bai toan dong hoc
Bai toan dong lyc hoc
Xac dinh tap hop cac diém lam viéc, ving lam viéc, ciu hinh lam viéc cliatay may
Xéc dinh céc cau hinh suy bién, diém ky di vaving lan can
Tinh d6 cling vitng clia cau hinh tay may
Hién thi tay may theo céc ciu hinh tiy chon.
Pau tién, tap tham sb khdo sat gém: thong sb cta tay may, vung khéng gian khao
sét, sB bwdc khao sét, cac gidi han vé dong hoc nhu chigu dai chan dan dong, gi¢i han géc
khép duoc xac dinh. Tl sO bwdc khdo sat vaviung khong gian khao sat cho truéc, chwong

trinh sé tinh budc dich chuyén can thiét theo céc truc (x, y, Z) vacéc géc Euler (o, 6, V).

Tai vi tri khdo sat dau tién, mot chwong trinh con duwoc thie thi dé giai bai toan dong
hoc nhdm xac dinh toa dd cac khop trén mét phang nén (cong thirc 1.6) va tdm chuyén
dong (cong thirc 1.7), tir d6 xac dinh chiéu dai cac chan dan dong (cong thirc 1.11) thong
qua céc veto chan dan dong (cong thirc 1.8) vacac matran quay (cong thirc 1.10). Céc rang
budc vé chiéu dai chan dan dong, gidi han goc khop (muc 1.2.2.4) s duoc kiém tra dé xac
dinh cac cau hinh lam viéc clia tay mdy song song. K€ ti€ép, mot chwong trinh con duoc

thuwc thi dé xac dinh cac cau hinh suy bién, diém ky di vavung lan can (muc 1.2.2.5).

Qua trinh khdo sét duoc lap lai véi tat ca céac vi tri trong khong gian khao séat. Sau
khi két thuic vong ldp, do clrng virng clia cau hinh thiét ké tay may s& dwgc xac dinh. Cuoi
cung, mot chuong trinh con dvgc dung dé dwng hinh 3D tir tap hop cac diém lam viéc cla
tay may cling nhu cac cau hinh lam viéc theo tly chon clia nguoi dung.

B& cong cu duoc xay dwng nhu trén cho phép thuc thi cac nhiém vu:

Tinh toan vathé hién cac két qua md hinh héa vé kha nang lam viéc clia tay may
song song (sd diém lam viéc, sd cau hinh lam viéc véi goc hudng thay doi, do clring
v{rng) voi tap tham s6 khao s&. Trén co s¢ do, ta co thé phan tich vadanh gia cac
tiéu chi anh hudng dén kha nang lam viéc cliatay may song song (gi¢i han khong
gian khao sét, chiéu dai chan dan dong, ban kinh mat phang nén, gi¢i han géc khép,

cdu hinh suy bién, ...) nhu muc 2.2.
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Thuc hién céc tinh toan co s, xac dinh cac tiéu chi tdi vu trong qua trinh t6i wu
hda thiét ké tay may song song. Tai moi chu ky clia qua trinh t8i wu hoa thiét ké,
bd cong cu duoc sir dung dé khao sat va danh gia cac két qua vé ving lam viéc,
céc tiéu chi can t6i wu theo thir tw wu tién dé gilp cac gidi thuat cd co s& chon lya
cac giai phap thiét ké tiép theo.
Thé hién hinh dang 3D céc cdu hinh thiét ké tay mdy song song véi tty chon vi tri
khao sat va goc hudng ctia tam khau. Xac dinh vi tri khép ndi clia cac cdu hinh
thiét ké.
B& cong cu md hinh hda tay may song song dugc xay dyng vaoi mot giao dién (hinh
2.2) cho phép nhap cac tham s khdo sat nhu: thdng sb tay méy, vung khéng gian khao sat,
cac gi¢i han vé dong hoc, s6 buéc khdo sat theo vi tri va goc hudng & cot bén trai. Khi tién
hanh khao sét (check workspace), may tinh s& thic hién chwong trinh mé hinh héa (hinh
2.1) cho céc két qua nhu: sd diém lam viéc, so cau hinh, ving lam viéc, thoi gian khao sét
st duoc thé hién tryc quan & gitra giao dién. Cac cau hinh lam viéc dat dugc cliatay méy
s& dugc biéu dién trong khong gian 3D. Céc cdu hinh ndy c6 kha nang thay déi theo tly

chon vé vi tri va géc huwéng khao sét trong cac 6 twong (rng bén phai giao dién.

= Stewart-Gough Platform Toolkit ==
Interface N
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Hinh 2.2. Giao dién cong cu mé hinh hda tay mdy song song
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Phan ti€p theo s trinh bay céc két qua (rng dung bd cong cu da thiét ké dé md hinh
héa tay mdy song song kiéu Stewart-Gough Platform, khao sé kha nang lam viéc clia tay
may voi cac tiéu chi khac nhau, cac anh huéng tlr cac thong s, cac gi¢i han vé dong hoc,
xac dinh cau hinh suy bién ...
2.2 MO& hinh héatay may song song kiéu Stewart—Gough Platform sir dung b cong

cu dathiét ké.

2.2.1 Diém lam viéc clia tay may vai goc hudng tam khau 1a hang so

Ving |am viéc clia tay may song song duoc xac dinh bang tap hop cac diém lam
viéc dat duoc ciiatam khau trong mét gi¢i han khéng gian khdo sat [1]. Vung khéng gian
khao sét & dwoc chia lwdi theo cac truc x, y, zthanh tap hop cac diém cin khao sét cliatam
khau. Trong bai toan nay, mot diém lam viéc dat dvoc clia tay may dwoc xac dinh khi tam
khau co thé viron toi dwoc mot diém khao sét voi goc hudng lahang s8. Khi dé diém khao
sét clia tay may duoc xem lathdaman gidi han chiéu dai cliacéc chan dan dong. Pay duoc
xem latiéu chi thé hién duoc ving lam viéc clia tay may, quy dinh kha nang hoat dong clia
tay may song song.

Két qua khao sat dugc thuc hién theo cac vi tri cliatam khau (X4, Yd, Zd) trong vung
khdng gian khao sét dwgc gioi han: Xmin< Xd < Xmax; Ymin< Yd < Ymax; Zmin< Zd < Zmax VOi gOC
huéng Euler cliatam khau (¢, 8, ) lahdng s8. Théng s6 tay méy va gidi han khong gian
khao sat dwgc thé hién & bang 2.1. Cau hinh tay méy song song duoc khao st thé hién theo
hinh 2.3 vai vi tri tdm khéu Xd = ya = 0, z4 =3,5m.

Bang 2.1. Thong sb tay may va gi¢i han khéng gian khao sat

Thong sd tay may | Giatri Gi6i han khao sat Giatri
(o} /3 rad Xmin -35m

Op n/3rad Xmax 35m

Io 25m Ymin -35m

rp 1m Yimax 35m

lirmin 1m Znin 0,7m

limax 52m Zmax 4,7m

0,8, ¥ 0 rad Xdstep, Ydstep, Zastep | 30 buéc




Hinh 2.3. Cau hinh khao sat diém lam viéc ctia tam khau
Két qua khao sat diém lam viéc cliatay mdy song song véi géc hwdng tam khau la

hang sO dugc thé hién & bang 2.2 va hinh 2.4.

Bang 2.2. Két qua khao sat diém lam viéc clia tam khau

S6 diém khao sét trong khong gian 29.791
SO diém lam viéc dat duoc 12.984
Ty |é dat duoc (%) 43,6
Thoi gian khao sét (9) 62

(Ghi cht: Céac két qua khao sat thu duoc trong luan an nay dwgc thic hién trén cdu
hinh méay tinh: Intel Core 2 Duo E7200, 2.53 GHz, 2GB Ram; phan mém Matlab R2009b)

Hinh 2.4. Tap hop diémlam viéc v&i goc hwdng tam khau 1a hang s6



29
Ta co thé nhan xét rang khéng phai tat ca cac diém khao sat déu cé thé thda man
cac diéu kién rang budc vé gi¢i han chiéu dai clia cac chan dan dong. Vi vay, néu thay doi
vung khong gian khao sét, tasé cd cac phan bd diém lam viéc khéac nhau cliatay méy song
song. hinh 2.4 thé hién tap hop cac diém lam viéc clia tam khau théa mén diéu kién rang

budc vé chiéu dai chan dan dong véi khdng gian khao sét & bang 2.2.

Dé co thé xem xét rd hon ving lam viéc clia tay may song song, tir phan bd diém
lam viéc dat dwoc trong khong gian, tasé xac dinh duong bao bén ngoai (tap hop cac diém
nam ngoai cing) cla phan bé diém lam viéc nay. Néu xem viing khéng gian [an can gitra
nhitng diém |am viéc déu thdéa man rang budc vé chiéu dai céc chan dan dong thi tap hop
toan bd cac khéng gian 1an can nay dwgc goi la vung lam viéc cla tay mdy song song.
Vung lam viéc ctia tay may (hinh 2.5) dwgc thé hién voi goc nhin khac dé quan sét ving

|6m tao ra do rang budc vé lién két chuyén dong gilra cac chan dan dong.

Hinh 2.5. Vung lam viéc v6i goc hudng tam khau [a hang s6

Nhu vay, co thé nhan xét rang, ving lam viéc khi géc huéng tam khau |a hang sb
phu thudc vao gidi han vé chiu dai cac chan dan dong, khong gian khao sét va cac rang
budc vé lién két chuyén dong gilra cac chan dan dong clia tay may song song.

2.2.2 Cacyéu to anh hwdng dén vung lam viéc
2.2.2.1 Anh hwdng bdi gigi han goc khép

Ngoai gi¢i han vé chiéu dai clia céc chan dan dong, gi¢i han géc chuyén dong clia
céc khép néi tai mdt phang nén (angle basemn, angle_basem) va tdm chuyén dong

(angle_topimin, angle_topimax) lamdt yéu té anh huwdng dén kha nang lam viéc cliatay may
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song song. Céc géc ndy hinh thanh tir co cdu co khi, vi tri clia cac khép néi trén mit phang
nén vatam chuyén dong clia tay may.
Tién hanh khao sét vung lam viéc cliatay mdy song song theo tap tham sb nhu bang
2.1, thém vao do 1a cac gidi han vé gdc khép trén mat phang nén va tdm chuyén dong:
angle_basemin = 0,2618 rad; angle_basemax =2,8798 rad. Két qua khao sat dugc trinh bay
& bang 2.3, hinh 2.6 va hinh 2.7.

Bang 2.3. K&t qua khao sat diém lam viéc khi xét gidi han géc khdp

S6 diém khao sét trong khong gian 29.791
SO diém lam viéc dat duoc 7.516
Ty |€ dat duoc (%) 25,2

5 v %
Hinh 2.6. Tap hop diém lam viéc khi xét Hinh 2.7. Ving lam viéc khi xét gi¢i han
gi¢i han géc khép goéc khép

So sanh két qua & bang 2.2 vabang 2.3, so diém lam viéc clatam khau dat duoc tir
12.984 diém da giam xubng con 7.516 diém (giam 42,1 %). Nhw vay, co thé nhan xét rang:
gi¢i han goc khép 1am suy giam sd diém lam viéc cling nhw thu nhé ving lam viéc clatay
may song song (hinh 2.4, hinh 2.5, hinh 2.6 va hinh 2.7).

2.2.2.2 Anh hwdng bdi ban kinh mat phang nén

MOt trong nhiing thong s6 anh huéng dén vung lam viéc clatay may song song la
ban kinh dwdng tron tao bdi vi tri cliacéc khop ndi trén mét phang nén vatdm chuyén dong
(rb, rp). D€ xem xét anh hudng clia thong s6 nay, ta tién hanh khao sét vung lam viéc clia
tay méy song song (theo bang 2.1) vé6i ban kinh r, dwgc thay doi: ro, = 4 m. Két qua khao
sat dwoc biéu dién theo bang 2.4, hinh 2.8 vahinh 2.9.
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Bang 2.4. Két qua khao sat diém |am viéc khi thay d6i ban kinh méat phing nén

S6 diém khao sét trong khong gian 29.791
SO diém lam viéc dat duoc 3.494
Ty |é dat duoc (%) 11,7

So sanh két qua tai bang 2.2 va bang 2.4, so di€ém lam viéc gidm tlr 12.984 diém
Xuong con 3.494 diém (giam 73%). Bén canh do, vung lam viéc bi thu nho va kéo thap
xubng do céc khép cau tai mét phang nén duoc dich raxa (ban kinh rp tang), trong khi gi6i
han vé chiéu dai cac chan dan dong khong thay ddi (hinh 2.4, hinh 2.5, hinh 2.8 va hinh
2.9).

RN e [ AN Ay [,

Hinh 2.8. Biémlamviéc clia tam khau khi  Hinh 2.9. Vling lam viéc clia tam khau khi
tang ban kinh mat phang nén tang ban kinh mat phang nén
2.2.2.3 Két luan vé cac &nh huéng tac dong dén vang lam viéc
Nhu vay, khi tién hanh xem xé mot so anh huéng tac dong dén vung lam viéc clia

tay mdy song song kiéu Stewart-Gough Platform, c6 thé nhan xét nhu sau:

Chiéu dai ctiacac chan dan dong cang |¢n thi vang lam viéc cliatay méy song song
sé cang lén va nguoc lai.

Gac khop cang 16n thi ving lam viéc cliatay méy song song (s6 diém khao sat dat
duoc trong khoéng gian) s& cang Ién va nguoc lai.

Khi gi¢i han vé chiéu dai cac chan dan dong vagidi han goc khop khdng thay déi,
ban kinh dudng tron trén mat phdng nén cang nhé thi viing 1am viéc cliatay may

song song sé cang I&n va nguoc lai.
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Céc két luan néu trén co thé dé dang nhan thdy, nhwng viéc tao ra cac giai phép toan
hoc va chirng minh chiing bang két qua dinh lvong |a can thiét dé phét trién cac nghién ctru

tiép theo.

2.2.3 Cau hinh lam viéc clia tay may song song v&i goc huéng tam khau thay doi

O muc 2.2.1, ving |am viéc clia tay méy song song kiéu Stewart-Gough Platform
duoc xéac dinh khi goc hudng clia tam khau |a hang s8 khong déi. Trén thuc té, tay may
song song ¢6 nhiéu cdu hinh 1am viéc khéac nhau tai méi mét diém khao sét trong khong
gian. Tai moi diém khao sét, khi tdm chuyén dong 1an luot thay déi theo cac goc hudng
Euler (¢, 8, g) s& tao thanh cac cau hinh khéc nhau cliatay may song song (hinh 2.10). Ung
vGi moi ciu hinh khéc nhau ndy, ta s& phai tinh dén céc rang budc vé chiéu dai céc chan
dan dong. Néu thdéa man céc rang budc ndy, ta co thé xem day la cdu hinh lam viéc dat

duoc cliatay may.

Hinh 2.10. Vi du V& cau hinh khac nhau tai diém khao sat (X¢=-1,4; yo=-0,7; z&=1,1).

Trong bai todn nay, mot diém khao sat duoc xem la diém lam viéc dat duoc néu tay
méy thda man céc rang budc (do dai chan dan dong, gi¢i han goc khép ...) cho tét ca cac
cau hinh khao sat khi géc hwéng thay doi tai diém khao sat d6. Nhu vay, khi tién hanh khao
sat theo gdc hwdng thay doi, ngoai két qua vé sd diém lam viéc dat dwoc trong khdng gian
ta can phai xem xét dén tong sd cau hinh dat dwgc cliatay mdy song song cho du tai mot
vi tri khdo sat nao d6 khong théa man hét tat cd cac cau hinh khdo sat. Bén canh tiéu chi
vé sO diém lam viéc dat duoc, tiéu chi vé sO cdu hinh lam viéc cling anh hwdng dén kha
nang hoat déng cliatay may song song. Cac két qua nay st latién dé cho cac bai toan téi
wu theo da tiéu chi s& dwgc nghién clru trong chuong 3.

Tién hanh khdo sat cau hinh lam viéc clia tay may theo bang 2.1 v6i cac goc hudng

thay doi trong gii han: @min < @d < Pmax; Omin < Bd < Bmax; Ymin < Pd < Ymax.



33
Trong d6 @min = Bmin = Ymin = -0,2618 rad; Qmax = OBmax = Ymax = 0,2618 rad.
S6 budc khao sat theo goc hudng: Qastep = Bdstep = Yastep = 5 burdc
Két qua khao sét céc cau hinh lam viéc clia tdm khau véi sy thay doi vé céc géc
huéng dwoc biéu dién theo bang 2.5, hinh 2.11 va hinh 2.12.

Bang 2.5. K&t qua khao sat diémlam viéc vi goc hwdng tam khau thay doi.

S6 diém khao sét 29.791 | | SO cau hinh khao sét 6.434.856
SO diém lam viéc dat duwoc 10.450 | | SO ciu hinh dat duoc 2.996.056
Ty Ié dat duoc (%) 35,1 | | Ty Ié dat duoc (%) 46,6

Hinh 2.11. Biém lam viéc clia tam khau khi  Hinh 2.12. Viing lam viéc clia tay may khi
goc hwdng thay doi géc hudng tdm khau thay doi

SO diém lam viéc so vai muc 2.2.1 dagiam tir 12.984 diém xudng con 10.450 diém
v0i 2.996.056 cau hinh lam viéc. Trong vung lam viéc (hinh 2.12) tay mdy song song s&
c6 thé hoat dong véi tat ca cac cau hinh trong gidi han goc hudng cho treéc. Ngoai ra, s&
ton tai mot s6 ciu hinh tay méy nam ngoai ving lam viéc. Viéc st dung céc ciu hinh nay
can duoc can nhic khi tinh toan diéu khién chuyén dong cho tay méy song song.

Khi tién hanh xem xét cac gi¢i han vé goc khop tai mét phang nén va tdm chuyén
dong, ban kinh mat phéng nén,... co thé két luan rang sb diém lam viéc, 5 ciu hinh l1am
viéc clia tdm khéau <& bi anh huéng twong tu nhe cac bai todn @ muc 2.2.1 va muc 2.2.2.
Céc cau hinh thiét ké s& dong vai tro quyét dinh dén kha nang hoat dong cliatay may song
song. Cac gi¢i han vé chiéu dai chan dan dong, gi¢i han géc khép nbi, cac yéu td khac nhu
ban kinh mat nén anh hudng dang ké dén vung lam viéc cliatay may song song.

Céc két qua khao sét ving lam viéc 8 la co s& xac dinh pham vi chuyén dong cho
bai toan diéu khién cliatay may trinh bay trong chvong 4 va chwong 5.

Céc két qua trén da dwgc cong bd & cong trinh s [CTTG-1] cliatac gia.
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2.2.4 Ap dungly thuyét Vit xac dinh cdu hinh suy bién, diém ky di va ving lan can

clia tay may song song

Phan nay <& trinh bay phuong phap (ng dung ly thuyét Vit [63], [64] (muc 1.2.2.5)
dé tim ki€m céc cau hinh suy bién vatlr d6 xem xét cac anh hudng ctia céc cdu hinh suy
bién dén ving lam viéc va qua trinh diéu khién chuyén dong cla tay mdy song song.
Phuong phép cling sé xac dinh cac diém ky di va vung |an can clia chiing theo giatri clia
chuan s det(T). D€ danh gia tinh hiéu qua, phuong phap nay dwoc thyc hién véi hai cau
hinh thiét ké khac nhau cliatay may song song trong cung khéng gian khao sat. Cau hinh
thiét ké duoc khao sat dau tién la cau hinh kiéu Stewart-Gough Platform voi céc vi tri B
ddi xt¢ng (hinh 2.13). C4u hinh thiét ké thr hai [amot bién thé clia tay may song song duoc
trinh bay & hinh 2.17.

2.2.4.1 Cau hinh kiéu Stewart-Gough Platform d6i x(rng
Tap tham s6 khao s& cliatay mdy song song ki€éu Stewart—-Gough Platform cé cau
hinh thiét ké nhu hinh 2.13 va céc thdng sb & bang 2.6.

Bang 2.6. Thong sb tay may va gi¢i han khéng gian khao sat

Thong so tay may | Giatri Gi6i han khao sét Giatri
Ob m/2 rad Xmin -1,1m
Op /3 rad Xmax 1,1m
o 2,4 m Yrin -1,1m
rp 09m Ymex 11m
limin 1m Znin 0,5m
limax 3,7m Zmax 2,8m
Qdstep, Odstep, Yastep 5 budc Xdstep, Ydstep, Zdstep 10 buéc

Tai mbi mdt vi tri tam khau khao sat, cac goc hwdong s thay déi voi gidi han cac
goc khép: 0 < angle_base, angle_topi < m rad.

Tién hanh tim kiém céac cau hinh suy bién dvatheo cac giatri det(T) (muc 1.2.2.5).
Két qua khdo sat duoc trinh bay tai bdng 2.7, hinh 2.14 va hinh 2.15.



Hinh 2.13. Cau hinh Sewart-Gough Platform doi xirng — xac dinh cau hinh suy bién

Bang 2.7. Két qua khao sat diémky di voi cau hinh Sewart-Gough Platform déi xirng

S0 diém khao sét 1.331 | | SO cau hinh khao st 287.496
SO diém lam viéc dat dwoc 1.263 | | SO cau hinh dat duvoc 113.866
S6 diém ky di 4| | S6 cdu hinh suy bién 4

Két qua cho thdy xuat hién 04 cau hinh suy bién tai 04 diém lam viéc cliatam khau.

Céc diém nay duoc xem la diém ky di (singularity) cliatay méy song song duoc khao sit.
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Hinh 2.14. Tap hop diémlamviéc Hinh 2.15. Phan bd diém ky di

Céc diém ky di (hinh 2.15) dwoc xac dinh voi toa do:
- S (x1=0,66,y1=0,44,z1=0,5);

- S (x=0,66,y,= 0,66, 2= 0,73);

- S (x3=0, y3=0,88, z3= 0,96);

- S (xu=-0,44,ys=-0,44, z2=1,19)



Ay Y A

Hinh 2.16. Két qua vé cau hinh suy bién tai vi tri S (xa = -0,44, y4 = -0,44, zz = 1,19).
Cau hinh suy bhién nay c6 cac théng sb nhu sau:
Vi tri c&c khép néi trén mat phang nén (B):
éXBi u §'2,3182 2,3182 -0,6211 -1,697 -1,697 -0,6211y

_é, u_¢ G
B =aYe=g06211 06211 23182 1,697 -1697 -23182;

&zH & O 0 0 0 0 0 {

Vi tri cac khdp ndi trén tdm chuyén dong (Pi):
X0 €0,010 -0,890 -1,340 -0,890 0,010 0,460
P=8Vn;=&0339 0339 -0440 -1219 -1219 -0,440;
gz, €1190 1190 1190 1190 1,190 1,190 §

D

(D!
N

Chiéu dai c&c chan dan dong: L, =[2,768 3,433 3,088 3251 2135 2,472
Matran cla Plucker (Matran T) theo (1.21)

¢0,8336 03469 04298 -0,2670 -0,9963 0,28640
2-0,9344 -0,0821 0,3466 0,2153 -0,8035 0,39023
80,2327 -0,8930 03853 0,8931 0,2393 1,00420

T=
£0,2482 -0,8969 0,3660 0,6211 06211 11009
€0,7996 0,2237 0,5574 -0,9459 0,9459 0,9772U
e u
50,4373 07597 0,4813 -11158 0,2090 0,5419
=> det(T) =0

Dinh thirc clamatran T c6 giatri det(T) = 0. Két qua nay cho thdy, tai cau hinh
khao sét, tat ca cac vécto trén truc cla céc chan dan dong la phu thudc tuyén tinh. Theo ly
thuyét Vit, cdu hinh dang dwoc khao sat dwgc xem la mot cau hinh suy bién. Bong thoi,

diém khao sét cling dwgc xem la diém ky di clia tay mdy song song. hinh 2.16 cho thay,
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cau hinh tay méy <& roi vao tinh trang bat dinh va mat kiém soét. NGi céach khéc, trong
treong hop nay tay may song song sé mat kha nang diéu khién va khong thé khoi phuc lai
cac cau hinh trwde do. Vi vay, déi voi bai toan diéu khién tay may song song, can phai xac
dinh trwéc tat ca cac cdu hinh suy bién trong khong gian 1am viéc, sau d6 can diéu chinh
thuat toan diéu khién tranh hodc vuot qua nhirng cdu hinh suy bién nay trong qua trinh
chuyén dong clia tam khau.
2.2.4.2 C4u hinh bién thé

Tién hanh khao sat vung lam viéc cliatay may song song voi tap thong s6 dau vao
cho trwéc trong tw nh muc 2.2.4.1 voi cau hinh bién thé nhw hinh 2.17. Cau hinh bién thé
c0 Vi tri cac khop ndi trén mét phdng nén (B; ) vatdm chuyén dong (Pi) nhw sau:

60 07794 07794 -0,7794 -0,7794 0 y
P=g09 045 045 045 045 -09;

g05 05 05 0,5 05 05§
0785 20785 0 0 -2,0785 -2,07850
B=g-12 -12 24 24 -12 -2 ¢
g 0 0 0 0 0 0 §

y X
Hinh 2.17. Cau hinh bién thé — xac dinh cau hinh suy bién.
Taco két qua khao sat dwoc thé hién nhr bang 2.8.
Bang 2.8. Két qua khao sat diém ky di v&i cau hinh bién thé

S6 tém khau khao sét 1.331 | | S6 cdu hinh khao sat 287.496

S6 diém lam viéc dat duoc 479 | | SO cAu hinh dat dwoc 170.674

SO diém ky di 0| | SO cau hinh suy bién 0
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Theo két qua khao sét, so diém lam viéc cla tam khau va sd cdu hinh dat duoc it
hon so véi két qua khao sét & cau hinh chuan kiéu Stewart-Gough Platform (muc 2.2.4.1).
Trong vung lam viéc clia tay mdy khong xuat hién cac cau hinh suy bién cling nhu diém
ky di. Tuy nhién, két qua khao sét lai cho thdy ton tai nhirng cdu hinh c6 giatri det(T) rat
nhd. Nhitng diém lam viéc chira cac ciu hinh nay cd thé dugc xem lalan can clia nhirng
diém ky di. Néu xem xét vai céc giatri det(T) > 0, ta & xac dinh dwoc vung 1an can cla
cac diém ky di cliatay may song song. Viéc diéu khién tranh cac ving |an can diém ky di
S8 nang cao do an toan cho tay méy song song trong qué trinh chuyén dong.

Tién hanh khao sét theo nhitng giatri chuan so khéc nhau clia det(T) ta thu dwoc két

qua theo bang 2.9, hinh 2.18 =+ hinh 2.21.

Bang 2.9. Két qua khao sat diém ky di va viing lan can theo chuan sb det(T)

det(T) < 0 | 10%| 10% | 102 | 10?
S8 diém ky di 0 1| 23| 60| 113
S6 cau hinh suy bién 0 4 42| 414| 4.3A4
od 0 05’800:(?(38 6’0808
0 1 ] 0 1 ’ 1 - 0 1
Hinh 2.18. Lan can diémky di véi Hinh 2.19. Lan can diémky di véi
det(T)<10* det(T)< 103

061 g§

ol o?ﬁ]%g 0555%9%,88 ol

0
0
1 9 1 — 9
2 2 g
v y

Hinh 2.20. Lan can diémky di voi Hinh 2.21. Lan can diémky di voi
det(T)< 1072 det(T)< 10
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Céc két qua thu duoc cho thay ton tai cac diém ky di trong vung lam viéc clia tay
may song song. Cac diém ky di nay ¢ cac vung lan can can tranh khi diéu khién tay may
song song. Céc giatri ctia chuan so det(T) s& anh hwdng dén ving lam viéc clia tay may
song song: khi giatri chuan so cliadet(T) cang tang, vung lam viéc cliatay mdy cang giam
va nguoc lai. Viéc xac dinh c&c gidi han clia chuan so det(T) gilp cho viéc diéu khién tay
may song song dam bao mot mirc do an toan can thiét trong qua trinh diéu khién.

Céc két qua trén da dwoc cong bd & cong trinh s [CTTG-3] cliatac gia.

2.2.5 DO clrng virng cliatay may
Nhu datrinh bay & muc 1.2.2.6, d6 ctrng virng la dac tinh quan trong trong céc théng
sb k¥ thuat cla cac co cau song song. St dung bd cong cu, tién hanh xac dinh do clirng

vitng cliatay may song song theo cac cau hinh khac nhau.
Tinh theo cong thirc 1.22 va bang 2.1, ta co:

- C4u hinh tay médy dang ddi xirng kiéu Stewart-Gough Platform nhu hinh 2.3 ¢6
do clrng virng stiffness= 1,92.1018.

- C4u hinh tay médy dang bién thé nhv hinh 2.17 c¢6 do cling virng stiffness =
0,012724.

CO thé nhan thdy rang, cdu hinh tay méy dang bién thé (hinh 2.17) c6 dd cirng vitng
cao hon so véi cau hinh tay may ddi xirng kiéu Stewart-Gough Platform (hinh 2.3). Trong
quatrinh thiét k&, do clrng virng clia cac cau hinh quyét dinh dén kha nang ding virng va
kha nang chiu tai trong qua trinh hoat dong clia tay may song song, dac biét la d6i voi cac
(rng dung trong gia céng co khi va may cdng cu. Ngoai ra, do clrng virng s& giup xac dinh
tinh kha thi ctia cdu hinh thiét ké trong viéc bd tri valap dit mo hinh co khi cho tay may
song song.

Tiéu chi vé dd cling vitng s& dugc xem xét trong qua trinh tdi wu hoa thiét ké cho
tay mdy song song kiéu Stewart-Gough Platform trong chuong 3.

Céc két qua trén dugc danh gia la phu hgp véi cong trinh [9], [10], [33], [52],
[CTDT-1].

2.3 KEét luan chuwong 2
Trong chuong nay tac gia datrinh bay giai phdp xéy dwng bd cong cu dé md hinh

héa tay méy song song kiéu Stewart-Gough Platform. Bo cong cu dwgc xay dung c6 kha
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nang khao sét vung lam viéc cling nhw danh gia cac tiéu chi anh hudng dén kha nang hoat
dong cliatay may song song. Diém dac biét labd cong cu cho phép (rng dung dé thic hién
cac giai thuat toi wu hoa thiét ké va hién thi twong minh céc cau hinh tdi vu hda tir cac dir
liéu 0.

Bo cdng cu dadugc ting dung dé md hinh héaving lam viéc cliatay mdy song song
gom: khao sat diém lam viéc, cau hinh lam viéc voi goc hudng tam khau thay doi; cac anh
hudng tac dong dén viing lam viéc: gi¢i han chiéu dai chan dan dong, gi¢i han khop ndi,
ban kinh dwong tron trén mit phéng nén; xéac dinh ciu hinh suy bién, diém ky di vaving
lan can; do cirng virtng clia tay may véi cac cau hinh thiét ké. Bo cong cu cling duoc tring
dung dé thé hién truc quan cau hinh tay may song song theo cac diém lam viéc vacau hinh

tuy chon.

Céc két qua (rng dung bd cong cu trong chuong nay cling cho thdy khoéng gian lam
viéc cliatay mdy song song kiéu Stewart-Gough Platform chiu anh hwdng bdi nhiéu yéu
t6 khac nhau. Khi xem xét cang nhiéu cac yéu t6 rang budc, kha nang lam viéc clatay may
cang bi gi¢i han. BE nang cao kha nang lam viéc cliatay mdy song song, can thiét phai xay
dung mot giai phap nham tim kiém ciu hinh thiét ké t6i vu clatay may sao cho cac tiéu
chi khéac nhau clia tay may nhu: s6 diém lam viéc, sd cau hinh, do clrng viing,... dat duvoc
lalén nhat. Bay chinh la bai toan t6i wu hoa thiét ké can phai gidi quyét.

Céc két qua trng dung bd cdng cu thuc hién viéc khdo sat cac tham sb cliatay may
song song nhu trén cho thay bo cong cu duoc thiét ké lahop ly, dap ing duoc cac yéu cau
nghién ctru. BO cong cu nay sé dwgc sir dung cho cac nghién ctru vé t6i wu héa thiét ké &

chuwong 3 va 4.
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CHUONG 3. GIAI PHAP VA KET QUA NGHIEN CUU VE TOI UU HOA
THIET KE TAY MAY SONG SONG KIEU STEWART-GOUGH
PLATFORM
Toi wu hoa thiét ké tay may song song kiéu Stewart—Gough Platform labai toan tim
ki€m, xac dinh cdu hinh t6i vu ctatay may theo céc tiéu chi va muc tiéu khéac nhau. Tai
cac cau hinh t6i vu nay, tay may sé c6 kha nang hoat dong t6t nhat theo céac diéu kién va

tiéu chi dadat ratrong quatrinh téi wu hoa.

Trén co s& sir dung bd cdng cu (chuong 2), chwong nay dé xuat cac gidi phap va
trinh bay cac két qua thuc hién téi vu hda thiét ké theo da tiéu chi cho tay may song song
kiéu Stewart-Gough Platform véi céc gidi phdp t6i wu hda khac nhau bao gom: giai thuat
di truyén, thuat toan PSI, phuong phap két hop gitra gidi thuat di truyén va thuat toan PSI
(thuat toan GA-PSI). Cac két qua khdo sat 8 duwgc phan tich va danh gia theo cac tiéu chi:
sO diém lam viéc, s6 cau hinh dat duoc, do clrng virng clia tay méy song song. Viéc chon
lva thl tw wu tién céc tiéu chi sé anh hudng dén qua trinh va két qua t6i vu héa. Cac giai
phap t6i vu hda thiét ké co két qua tdi wu twong dong va dugc 4p dung phu hop theo tirng
bai toan cu thé. Céc két qua thu duoc cho phép két luan kha nang lam viéc cla tay may

song song sau khi tién hanh t6i vu héa thiét ke.
3.1 Cacthuat toan toi vu va phurong phap t6i wu hoa thiét ké tay may song song

3.1.1 Céacthuat toan téi wu

Céc thuat toan tdi wu co thé chiathanh 3 nhdm: cac thuat toan tim kiém kiéu liét ké,
céc thuat toan tim kiém toan hoc, va céc thuat toan tim kiém ngau nhién [27], [77], [79],
[87].

Nguyén tic clia c&c thuat todn tim kiém kiéu liét ké kha don gian. Trong mot khdng
gian tim kiém hiru han, hodc roi rac, thuat toan s& wéc lwgng giatri ciia ham muc tiéu tai
tat ca cac diém ton tai trong vung khao sat. Cac thuat toan tim kiém kiéu liét ké pht hop
cho céc quatrinh thyc hién don gian. Tuy nhién, khi khao sét véi khdng gian tham s6 16,
cac thuat toan nay lai co mat han ché vakhéng hiéu qua do can nhiéu thoi gian xt ly.

Céc thuat toan tim kiém toan hoc duatrén cac khai trién toan hoc cac ham muc tiéu
va cac gradient cliand. Cac thuat toan nay doi hdi cac khai trién clia cac ham muc tiéu phai
la ham tuong minh, déi khi phai 1a ham lién tuc va kha vi. Ngoai ra, cac thuat toan tim
kiém nay chi c6 kha nang tim kiém toi wu cuc bd. T8i wu toan cuc chi cé thé xac dinh khi

diém tim kiém ban dau clia thuat toan nam trong viing 1an can clia diém t6i wu toan cuc.
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Céc thuat toan tim kiém ngau nhién dua trén s tién trién clia qua trinh xi 1y. Céc
thuat toan nay thuwong duoc phat minh dua theo sy sao chép clia cac hién twong, quy luat
tw nhién. Co thé liét ké mot s thuat toan co ban: giai thuat mé phong luyén kim (simulated
annealing), giai thuat leo doi (hill climbing), giadi thuat tim kiém tabu (tabu search), thuat
toan dan kién (ant colony agorithm) [39], [53], [58], gidi thuat di truyén (genetic
algorithm) [30], [81], [82], [83], [108], [118]...

Bai toan t6i wu hoa tay may song song c6 khdng gian tim kiém rat 16n va cac ham
muc tiéu khong thé xéac dinh bang céc biéu thirc toan hoc twdng minh. Vi vay, céc thuat
toan tim kiém kiéu liét ké va cac thuat toan tim kiém toan hoc la khdng phu hop dé toi wu
hoé tay méy song song.

Gidi thuat di truyén lagiai thuat tién hdéa dva theo co ché cliachon loc ty nhién va
céc hiéu biét vé di truyén hoc [108]. Phiong phap chl yéu clia giai thuat di truyén latim
kiém 10 gidi t6i wu tlr qua trinh tién hda clia quan thé. O mbi thé hé tién hda, cac ca thé
mang |01 gidi kém <& bi loai bd va thay vao do6 la céc cathé méi cé |0i gidi tot hon. Sau
moi thé hé, quan thé khao sat s& ¢ dwoc tap hop céc 10 gidi t6t hon. Qua trinh ndy s& 1ap
lai cho dén khi dat duoc 161 gidi tot nhét (hinh 3.1).

Giai thuat di truyén, cling nhu céc giai thuat tién héa noéi chung dua trén quan diém
cho rang qua trinh tién hoa clia tw nhién [a quatrinh hoan hao nhat, hop ly nhat vaty né da
mang tinh t6i vu. Quatrinh tién hda thé hién tinh t6i wu & chd, thé hé sau bao gid cling tt
hon (phat trién hon, hoan thién hon) thé hé tredc. Tién héa tw nhién dwoc duy tri nho' hai
quatrinh co ban: sinh sin va chon loc tw nhién. Cac thé hé maéi ludn duwoc san sinh ra dé bo
sung, thay thé thé hé cli. Ca thé nao phét trién hon, thich (ng hon véi moi truong s& ¢d
nhiéu kha nang ton tai va phét trién, cathé nao khong thich (ng duoc véi moi trvong sE bi
dao thai. Cac cathé méi sinh ratrong qua trinh tién hdéa nho s lai ghép & thé hé cha-me.
MOt ca thé moi cd thé mang nhitng tinh trang clia cha-me (di truyén), cling c6 thé mang
nhirng tinh trang hoan toan méi (d6t bi€n). Di truyén va dot bién la hai co ché co vai tro
quan trong nhw nhau trong tién trinh tién hoa, di rang hién twong dot bién dién ra véi xéc
sudt nhd hon nhiéu so voi di truyén. Giai thuat di truyén n6i riéng va cac gidi thuat tién héa
ndi chung tuy c6 diém khéc biét nhing déu md phdng ba quéa trinh co ban clatién héa tw

nhién: chon loc ty nhién, lai ghép (sinh san) va dot bién.



A 4

Khéi dong
\4
banh gia
V‘
. Sa
Hoi tu ?
v
Mahoéa
Bung l
Chon loc
v
Sinh san
\ 4
Dot bién
\ 4
Giai ma
A\ 4

Két thuc

Hinh 3.1. So do giai thuat di truyén
Vé mét hinh thirc, GA duoc dinh nghiia lamét tap: GA=(1,Y ,W;s,t,m| ) voi:
| =B': Khong gian tim kiém |0i gidi cla bai toan.
Y 11 ® R: Ky hiéu clia ham thich nghi (Fitness function).

Q: Ky hiéu cho tap céac phép toan di truyén.
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s:1™ ® I™ ky hiéu cho thao tac chon; gilt lai p cathé.
t:1"® {True False} |atiéu chudn ding.
ml 1an lwot lasd cathé trong thé hé cha me vathé hé con chau.
V&i nhitng khai niém va dinh nghia trén ching ta cé thé hinh thirc héa giai thuat di
truyén tong quat dung dé giai quyét mot bai toan bao gdm nam thanh phan chinh sau:
- CAutric di liéu | biéu dién cho khdng gian tim kiém ctia bai toan.
- Phuwong phap khéi tao quan thé ban dau P(0).
- Ham thich nghi xac dinh do thich nghi clia cac cathé trong quan thé.
- Céc phuwong thic tién héa cta giai thuat di truyén nhw lai ghép va dot bién.
- Céc tham s can thiét cho giai thuat nhu kich thudc quan thé, xéc suat lai, xéc suat
dot bién, so thé hé tién hoa,....
Giai thuat di truyén tong quat dugc viét nhu sau:
Begin
t:=0;
Khdi tao P(0) ={a,(0),a,(0),-+,a,(0)} T I"
Tinh do thich nghi cho céc ca thé thudc P(0)
P(0) ={Y (&(0)),Y (2,(0).-, Y (a,(0)};
While (chwa théa diéu kién dirng) do
t=t+1;
Ta sinh P’(t) tir P(t);
Lai Q(t) tr P(t — 1);
Dot bién R(t) tir P(t — 1);
P(t):=P(t- D E Q(t) E R(t);
béanh gia
P(t) ={Y (a,(1), Y (2 (1), Y (ay(0),- Y (8, (t))} ;
Return;
End
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Thuat toan diéu tra khong gian tham s (PSI) cho phép hinh thanh va dua ra giai
phap cho bai toan xac dinh tap hop cac giai phap kha thi. Méi dau, viéc sir dung thuat toan
PSI phai dwatrén cac cudc déi thoai gitra may tinh va nhathiét ké. Sau do, thuat toan
PSI duoc sir dung nhiy mot co s& cho s phét trién cac phwong phap tim ra giai phap
c6 tinh kha thi vatap hop téi wu Pareto, xac dinh tiéu chuan, phan chia vatong hop
céc hé thong quy mo 1on, wéc lvgng dd nhay clia cac tiéu chuan doi voi viéc thay doi
cac bién.
So d6 thuat toan PSI dwgc tién hanh theo 3 budc (hinh 3.2):
- Buwéc 1: Xay dung cac bang tra
- Buwéc 2: Lyachon cac rang bubc clia céc tiéu chi
- Budc 3: Kiém tra va xac dinh céc giai phap pht hop
MOt sb ddc diém lién quan dén phuong phap téi wu hoa thiét ké dung PSI:
- Céc bai toan vé co ban cé nhiéu tiéu chi.
- Xem xét dong thoi tat cd cac tiéu chi co ban theo cac thir tv wu tién.
- Xéc dinh tap hop céc giai phép kha thi lamét buéc quan trong trong viéc hinh thanh
vagiai quyét cac bai toan.
- Viéchinh thanh vagiai quyét bai toan lamdt quatrinh théng nhét va dugc giai quyét

theo phuong thic twong ho.

- Céc tham sb ctia m6t md hinh ¢6 tinh lién tuc, cé rat nhiéu cac rang budc khac nhau
gilta cac tham sb va bién thiét keé.
- Cé&c nhathiét ké thwong gap nhitng khoé khan 16n trong viéc phan tich cac gidi phap

kha thi vacéc tap hop t6i vu cling nhu trong viéc lwa chon gidi phap toi wu nhat.

Thuat toan va chuong trinh s8 xac dinh cac nghiém cho phép va cac nghiém tdi wu
hoa trén tap hop Pareto khi lva chon cac tham s6 co cdu song song véi nhiéu tiéu chi khac
nhau. Tap hop toi wu Pareto sé dwoc tim thdy trén bién thay ddi cla nhirng khoang céc

tham s0.



46

‘| Lwachon mot diém Tao chubi phan b6
" thr dong dang

v

M6 hinh toan

i

A

Budc 1 Tinh toan cac tiéu chi
hiéu qua hoat déng

v

Xéay dwng
céc bang tra
Y- - Loi khuyén clia nguoi
BUGC 2 » Lvachonrangbubc e thiét ké / Hé chuyén gia
clia cac tiéu chi t6i wu hoa thiét Ke.
v
Xéc dinh rang budc <
céc tiéu chi
Buéc 3 - JLA — Loi khuyén clia ngudi
Tao va phfa_n tIC,h tap thiét ké / Hé chuyén gia
hop CéC gidi phap_ kha | t6i wu hoa thiét ké
thi vatap hop téi wu (dwoc tich hop trong
Pareto chwong trinh may tinh).
v
Xac dinh giai phap |
hop ly

Hinh 3.2. So do thuat toan PS

Luan an nay sé lan luot str dung cac giai thuat di truyén, thuat toan PSI vathuat toan
két hop GA-PSI dé tién hanh t6i wu hda thiét ké tay méy song song. Tham sd clia cac tiéu
chi t6i wu trong luan an dugc xem xét gom: so diém lam viéc, sd cdu hinh lam viéc khi géc
hwdng thay d6i vado clrng virng cliatay may.
3.1.2 Phuong phap t6i wu hda thiét ké tay may song song

C6 nhiéu phuong phéap dé ti wu héa thiét ké mot tay méy song song ki€u Stewart—
Gough Platform bang cach thay déi céc tham s8 clia tay may nhw: géc b, 0p, ban kinh rp,

rp, gidi han chuyén dong theo chiéu dai clia cac chan dan dong (limin, limax) hodc giGi han
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chuyén dong goc cla khop ndi (angle basemn, angle basemx, angle topimin,
angle_topimax) clla tay may. Tuy nhién, khi chon lya cac phuong phéap téi wu hoéa thiét ké
khac nhau, can xem xét kha nang ap dung kha di cac két qua nghién ctru trong viéc ché tao
hé thong co khi va diéu khién cliatay may.

CO thé nhan thay rang viéc thay déi cac tham s nhw gidi han chuyén déng cliachiéu
dai chan dan dong, gi¢i han chuyén dong géc cliakhdp ndi, ban kinh ry, rp cliatay méy gap
nhiéu khé khan va han ché do phu thudc nhiéu vao cdu tao co khi. Trong khi d6 cac goc
Ob, Op lai cO thé thay d6i dé dang ma khéng anh hwdng dén co ciu clia tay médy néu céc
khdp Bi, Pi dwoc b tri theo céc dudng tron trén mat phdng nén hodc tdm chuyén dong.

Luan an nay sk dung phuong phap toi vu hoa thiét ké cho tay may song song kiéu
Stewart-Gough Platform bang céch thay déi céc vi tri khép Bi = (B, By, ..., Bs) trén mot
dwong tron ¢ ban kinh co dinh rp véi thi tw gitra cie khdp khong thay doi. N6i cach khéc,
céc thuét toan t6i wu sé tim kiém cac goc a; = (01, a2, ..., 0e) > 0 sao cho tay may dat dugc
céc tiéu chi (so diém lam viéc, so cau hinh lam viéc, do clrng virng) lalén nhat (hinh 3.3).
Phuwong phap nay c6 tinh kha thi cao trong viéc thi cong md hinh vat ly vakhao sét cac cau

hinh t6i wu hda thiét ké vé sau.

Hinh 3.3. Phuong phép t6i vu hoa tay may song song (thay ddi géc ai>0)

Luan an sé lan lwot 8p dung cac giai phap toi vu hda khac nhau cho cac bai toan toi
wu thiét ké tay may song song theo da tiéu chi. Cac két qua toi wu sé dugc khao séat va danh
giavoi cung mot tap tham sd khéi tao bao gom céac thdng sb clia tay may va vung khéng
gian khao sét gia thiét cho trudc thé hién & bang 3.1. O tirng bai todn cu thé, cac thdng 8

lién quan khéc s& dwoc bo sung vao quatrinh toi wu hoa.
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Céc tham sb xac lap cho bai toan t6i wu hoa thiét ké:

Bang 3.1. Tap tham s khéi tao - Qua trinh tdi wu hoa thiét ké

Thong sb tay may Ky hiéu Giatri
Béan kinh duwong tron tao bai khép noi B; b 2m
Ban kinh duwong tron tao bai khép ndi P; o 1m
< limin Im
Gi6i han chiéu dai chan dan dong
limax 3m
] angle_bas&min 0,2618 rad
Gidi han goc khop ndi trén mat phang nén
angle_baseimax 2,8798 rad
, angle_topimin 0,1745 rad
Gi6i han géc khép ndi trén tdm chuyén dong
angle_topimax 2,9670 rad
Khéng gian khao sat
Xmin '1,5 m
Gi¢i han khao sat theo truc x
Xmax -0,7m
ymin 1,2 m
Gi@¢i han khao sat theo truc y
Ymax 1,8 m
Zmin 0,9 m
Gi¢i han khao sat theo truc z
Zmax 25m
Omin, Bmin, Ymin -0,1745 rad
Gi@¢i han khao sat theo goc huéng @, 8, Y
Omax, Omax, Wmax 0,1745 rad
S6 buéc khao sat theo vi tri Xdstep, Ydstep, Zdstep 5 buéc
S6 budc khao sét theo goc hudng Qdstep, Odsten, Wdstep 5 buéc

Chon céu hinh ban dau truéc khi t6i wu cé vi tri cac khép B va P; duoc b tri déu
v0i ap = ap = /3 rad (hinh 3.4, bang 3.3). T& cdu hinh ban dau nay, cac giai phap toi uu
héa s lan luot duoc dp dung dé tdi wu hoa thiét ké tay may lan lvgt theo céc trwvong hop:

- T6i wu hoa theo 1 tiéu chi: SO diém lam viéc clia tam khau véi goc hudng la

hang s6 @ =0 = = 0 rad (muc 3.2).
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- Toi wu héa theo da tiéu chi:

o0 Bai toan 2 tiéu chi: S8 diém lam viéc cliatdm khau; sd cau hinh lam viéc
cliatay mdy vai goc hudng thay doi trong gidi han khao sat (muc 3.3).

o Bai toan 3tiéu chi: S8 diém lam viéc cliatam khau; sd ciu hinh lam viéc
cliatay may véi goc hudng thay doi; do clrng vitng clia tay may. Trong
bai toan nay, thi* ty wu tién cla céc tiéu chi s& duoc xem xét va danh gia
trong hai trwvéng hop khac nhau (muc 3.3.3).

Céc két quad t6i wu hda thiét ké trong luan an (chuong 3, chwong 4) duoc thuc hién
trén co sé sir dung bd cong cu (churong 2) dé khao sét cac cdu hinh thiét ké cliatay may tai
cac chu ky/thé hé t6i uu.

S6 cau hinh khao sét tai mot chu ky/thé hé tdi vu sé quyét dinh dén thoi gian téi uu
hoa. Néu sb budc khao sat (step) qua nhd, két qua khao sat s& khong bao quat duoc hét
vung khong gian khao sét cling nhw cac cdu hinh clia tay may. Trong trvdng hop chon s6
buéc khao séat 1én, s6 cau hinh khao sét <8 rat 1on, qua trinh t6i wu héa khdng mang tinh
kha thi vé mat thoi gian (bang 3.2). Bén canh d6 cac cau hinh khao sat dwgc chon lya qua
gan nhau s c6 céc két qua twong tw, khéng ho tro' nhiéu trong viéc danh gia kha nang lam
viéc cliatay may. Vi vay, sb budc khao sét theo vi tri va goc hudng can dugc can nhic va
chon lvatrudc khi tién hanh quatrinh t6i wu hoa thiét ké tay may song song.

Bang 3.2. Anh huéng clia s buéc khdo sét tai tirng chu ky/thé hé t6i wu

S6 buéc khao sét (step) theo vi tri va géc huéng | 3 5 7 10
S6 diém khao sét = (step)® 9 125 343 1.000
S6 cau hinh khao sét = (step)® 81| 15.625| 117,649 | 1.000.000

Théng qua qua trinh thir nghiém va diéu chinh cac thuat toan t6i wu hoa thiét ké
trong luan an, sb buéc khao sat theo vi tri (Xdsep, Ydsep, Zdstep) VA g0C hdng (Qdstep, Odstep,
Pasiep) S& dwrge Iva chon phi hop theo thé tich ving khéng gian khao sét va gi¢i han géc
hwdng cha tdm chuyén dong. Viéc lwa chon nay dwoc thue hién theo nguyén tac dam bao
tinh toan ven clia vung khéng gian khao sét vathoi gian khao sat kha thi. Céac két qua toi
wu hoa trong luan an cho thdy cac giatri nay laphu hop cho viéc xac dinh ving khéng gian
lam viéc vai thoi gian t6i wu hoa khdng qua I6n trong khi van dam bao dugc tinh khéc biét

va da dang clia cac giai phdp tdi vu hoa thiét ké. Cac két qua tdi wu hda thiét ké duoc xem
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xét loai bd céc cau hinh suy bién, diém di biét va ving lan can cliaching. Vi vay, sd buéc
khao sét (chia lw6i) s khdng anh hwdng dén viéc xac dinh cau hinh t6i vu hoa.
Céc cau hinh thiét ké clia tay may trong chuong 3 s& dwgc thé hién véi vi tri tam
khau: x¢ =-0,7; ya = 1,56; zg = 1,22 m.

Cau hinh ban dau truéc khi téi wu hoa thiét ké:

\

/

Hinh 3.4. Cau hinh ban dau cla tay may tru¢c khi tdi wu hda thiét ké

Bang 3.3. Vi tri clia cac khdp tai mét phdng nén trudc khi t6i wu hoa thiét ké

Vitri Bi (m) 1 2 3 4 5 6
B, 1,73205 | 1,73205 | O -1,73205 | -1,73205 0
B -1 1 2 1 -1 -2

Vi gidi thuat di truyén, cac tiéu chi téi vu sé xac dinh ham thich nghi clia céac ca
thé. O’ thé hé dau tién, cdu hinh thiét ké cliatay may s dwoc chon lvangau nhién. Céc ciu
hinh thiét ké c6 ham thich nghi t6t nhat s dwgc chon loc va lvu lai cho quatrinh tién hoa
& thé hé tiép theo. Trong thuét toan diéu tra khong gian tham s3 PSI, sau moi chu ky t6i
tru, cau hinh thiét ké cé so diém lam viéc nhiéu nhat & duoc lva chon theo 101 khuyén clia
nha thiét ké hoac tlr hé chuyén gia téi vu héa dwgc tich hop trong chwong trinh may tinh
(hinh 3.2). Cau hinh thiét ké duoc lvachon nay 8 1a co sé cho chu ky toi wu ké tiép. Thuat
toan GA-PSI sir dung giai thuat di truyén dé tim ki€ém cau hinh ban dau phu hop cho thuat
toan PSI dé giam thiéu thoi gian toi wu hda. Thuat todn nay cé kha nang gilp nha thiét ké
xac dinh duoc cac cdu hinh ban dau pht hop véi s thay doi vé khong gian khao sét va

thong sb tay may.
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Da&i v6i cac giai phép néu trén, tai mdi chu ky hodc thé hé t6i wu, bd cong cu mé
hinh hoa (hinh 2.2) s& thuc hién viéc khao sat va danh gia vung lam viéc clia cac ciu hinh
thiét ké. K€t thic quatrinh tdi wu hoa, thiét ké t6i vu cla cac giai phap sé duoc danh gia
va so sanh véi cau hinh thiét ké ban dau (hinh 3.4).
3.2 To6i wu héa thiét ké tay may song song theo mot tiéu chi

Tién hanh khao sét cau hinh ban dau cliatay méy (hinh 3.4) theo bang 3.1, so diém
lam viéc ctia tam khau véi goc hwdng lahang sb @ = 8 = = 0 (rad) dwoc thé hién theo
hinh 3.5, hinh 3.6 va bang 3.4.

Bang 3.4. Két qua khao sat viing lam viéc theo 1 tiéu chi

S6 diém khao sét trong gi¢i han khong gian 216
SO diém lam viéc dat duoc 47
Ty I€ dat duoc (%) 21,7%

Hinh 3.5. Tap hop diémlam viéc trudc khi Hinh 3.6. VUng lam viéc cla tay may
tdi wu theo 1 tiéu chi trede khi toi wu theo 1 tiéu chi

Trong phan nay, tac gia tién hanh tdi vu hda thiét ké 1an lwot theo cac giai phap sau:
- Giai thuat di truyén (GA).
- Thuat toan diéu trakhong gian tham sb (PSI).

Ap dung giai thuat di truyén (hinh 3.1) v6i céc théng s nhv bang 3.5 va ham
thich nghi:

Fitness= S0 diém lam viéc dat duoc (3.1



52
Bang 3.5. Thong sb cla gidi thuat di truyén - T6i vu hda theo 1 tiéu chi

S6 cathé trong quan thé 50| | Xé&c xudt dot bién 0,01
S nhiém sic thé trong ca thé 6| | Xéc xudt lai ghép 0,89
S6 gen trong nhiém sac thé 4| | SGthé hé t6i da 2.000

K&t qua t6i wu hda thiét ké theo mot tiéu chi dung gidi thuat di truyén dwoc trinh

bay theo bang 3.6.

Bang 3.6. K&t qua toi vu hda thiét ké theo 1 tiéu chi — Gidi thuat di truyén

Ban dau Thé hé toi wu
Thong s6
1 5 47 247
SO diém lam viéc dat duoc 47 57 125 179 179
Ty 18 t6i wu (%) 0/ 212| 1659 280,8| 280,8
Thoi gian ti wu () 0,8 41| 393| 2065

Duavao bang két qua sau khi t8i wu, ta cd thé nhan thdy rang, sd diém lam viéc dat
duwgc tang tir 47 [én 125 vi tri chi sau bon thé hé dau clia gidi thuat di truyén (tang 165,9%).
Tai thé hé cubi, tacod sd diém lam viéc dat dwoc sau khi toi wu la 179 diém. Nhu vay, khi
két thuc qua trinh tdi wu, s6 diém lam viéc dat dwoc da tang Ién 280,8% so véi cdu hinh
khao sat ban dau (tlr 47 diém 1én 179 diém).

Quatrinh téi wu hda chi tiét theo mot tiéu chi clia giai thuat di truyén duoc thé hién

trong hinh 3.7, hinh 3.8, hinh 3.9 véi toa dd vi tri khép Bi cllatay may thé hién & bang 3.9.

Ap dung thuat toan PSI (hinh 3.2), ta co két qua t6i wu hoa thiét ké theo mot tiéu
chi dugc trinh bay theo bang 3.7.

Bang 3.7. Két qua t6i wu hoa thiét ké theo mbt tiéu chi - Phuong phap PSI

Chu ky téi vu

Thong sb Ban dau
1 2 7 100
SO diém lam viéc dat duoc 47 68 93 180 180
TV 18 t6i wu (%) 0 446| 978| 2829 2829
Thoi gian t8i wu () 0,56 16 33 116 | 1.662




53

Duwa vao bang 3.7, chiing ta cé thé nhan thay so tam khau dat dwoc tang tir 47 [én
68 diém lam viéc chi sau chu ky t6i wu dau tién (tdng 44,6%). T chu Ky t6i wu thir bay
dén chu ky cudi (chu ky 100), s6 tam khéau ra dat dwoc sau khi t6i wu la 180 vi tri (tang
282,9%) so v6i cau hinh ban dau (hinh 3.4).

T chu ky t6i vu thir bdy dén chu ky tdi wu cudi, giatri téi wu theo tiéu chi thir nhét
la nhv nhau. Biéu nay cho thdy kha nang ton tai cac cdu hinh thiét ké khac nhau c6 ciing
sO tdm khau ra dat giatri I&n nhat trong vung khao sat. Trong trwong hop nay, bai toan téi
wu sé cO nhiéu loi gidi khac nhau duatrén cac thong sb rang budc cliatay may song song.

So sanh két qua tdi wu cla hai gidi phap:

DE c6 thé danh gia hiéu qua clia céc giai phap tdi vu hda thiét ké theo mat tiéu chi,
cac két qua tong hop, qua trinh toi wu hda chi tiét clia gidi thuat di truyén va phwong phap
PSI 8 duwoc trinh bay va so sanh theo bang 3.8, hinh 3.7, hinh 3.8, hinh 3.9. Toa d6 vi tri
khép néi Bi cliatay may sau khi tdi wu dugc trinh bay & bang 3.9.

Bang 3.8. Két qua t6i wu hoa theo mot tiéu chi

o Trude khi Két qua tbi wu
Thong sb t6i wu h
OruuNoa | Thuat toan GA | Thuat toan PSI
S6 diém lam viéc dat duoc 47 179 180
TV 18 t6i wu (%) 0 280,9 282,9
Thé hé/chu ky dat t6i wu 47 7
Thoi gian téi wu (s) 206 1.662
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b) Thuat toan PS
Hinh 3.10. Cau hinh clia tay may sau khi t6i uvu hoa theo 1 tiéu chi

a) Giai thuat di truyén

Vi tri clia céc khop tai mat phang nén B; = (By, By, ..., Be) sau khi t6i vu duoc thé

hién & bang 3.9.

Bang 3.9. Vi tri khép ndi tai phang nén sau khi t8i wu theo 1 tiéu chi

Thuat 1 ivigimy| 1 2 3 4 5 6
toan
B, 1,6483 | 0,7135| -0,4771| -1,5565 -1,8818| -1,8818
Di truyén
B 1,1328 | 1,8684 1,9423 1,2559| -0,6775 -0,6775
B, 1,5321| 0,3473 -1,0000| -1,7321| -1,7321 -1,9696
PS|
B 1,2856| 1,9696| 1,7321| 1,0000| -1,0000 -0,3473

Cau hinh thiét ké t6i wu theo hai gidi phap duoc miéu ta trong hinh 3.10 véi céac
khdp néi Bi o vi tri dich chuyén lai gan véi ving khéng gian khao sat hon so véi cdu hinh
thiét ké ban dau (hinh 3.4 va hinh 3.10). Céc khop ndi ndy co thi ty b tri trén méat phang
nén va theo dudng tron phu hop véi phuong phap t6i héathiét ké datrinh bay & muc 3.1.2.

CO thé két luan rang, véi sb diém lam viéc dat duoc cia tam khau (goc hudng 1a
hang s8), viing lam viéc clia tay may song song da dugc md rong hon sau khi tién hanh t6i
wu hda thiét ké (hinh 3.6 va hinh 3.9) véi ca hai gidi phdp. Két qua tdi vu vé so diém lam
viéc thuat toan PSI t6t hon giai thuat di truyén (180 diém so véi 179 diém lam viéc). Tuy
nhién, thdi gian t6i wu hda clathuat toan PSI [6n hon so véi gidi thuat GA (1.662 gidy so
V@i 206 giay).

Céac két qua trén daduoc cong bo & cong trinh [CTTG-1] va[CTTG-2] clatac gia.
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3.3 Toi wu hoéa thiét ké tay may song song theo hai tiéu chi

Phan nay trinh bay két qua &p dung gidi thuat di truyén va thuat toan PSI dé t6i vu
héa thiét ké tay méy song song theo hai tiéu chi: sd diém lam viéc va sd cau hinh dat
duwoc. Tiép do la phwong phap két hop gidi thuat di truyén va PSI dé giam thiéu thoi gian
toi wu hda va nang cao tinh linh hoat trong viéc chon lva cau hinh ban dau trwéc khi toi vu.

Trwéc tién, giai thuat di truyén va thuat toan PSI duoc 4p dung cho viéc tim kiém
khong gian lam viéc clia tay may song song véi hai tiéu chi nhu sau: s6 tam khau va cau
hinh 1am viéc khi goc huéng thay déi. Tai moi mot vi tri tam khau duoc khao sét, cac goc
hudng (@, 8, ) 1an lwgt thay doi tao thanh céc cau hinh khéc nhau. Trong luan én nay, mot
diém lam viéc duoc xac dinh khi tay may c6 kha nang hoat dong & tat ca cac cdu hinh khac
nhau khi goc hwdng thay doi tai diém khao sat dd. Khi tién hanh khao sét voi goc hwdng
thay d6i, can luu y rang, ngodi két qua vé sd diém lam viéc dat duoc (tiéu chi thir nhét)
trong khong gian chiing ta can phai xem xét dén so cau hinh dat dwoc clia tay may song
song cho du tai vi tri tam khau dwoc khdo sat khdng thda man hét tat ca cac cau hinh. Bay
latiéu chi thir hai quyét dinh dén kha nang hoat dong cliatay may song song.

Tién hanh khdo sét cau hinh ban dau truéc khi t6i wu (hinh 3.4) v6i tap tham sb &
bang 3.1. Két qua khao sét trudc khi ti€n hanh tdi vu hoa cho thiy tay mdy song song véi
gi¢i han goc khdp c6 s6 diém lam viéc dat dwoc 1 vi tri va’5.829 cdu hinh (hinh 3.11). C6
thé nhan thiy rang, khi xem xét thém rang budc vé cac ciu hinh tai mbi diém lam viéc va
gi¢i han clia céc khdp ndi, sd diém lam viéc dat dvoc clia tay may da giam xudng rat nhiéu.
DEé md rong vung lam viéc cliatay may, quatrinh tdi wu hoa thiét ké theo hai tiéu chi trong
luan &n s& dua trén nguyén tac wu tién cai thién tiéu chi thie nhét (sd diém lam viéc) trudc

so V@i tiéu chi thr hai (s6 cu hinh lam viéc).

\

1
AN Y

v
[YARE
A

Hinh 3.11. Phan b6 diém lam viéc trwdce khi téi wu theo 2 tiéu chi



57
3.3.1 Toiwu hoathiét ké theo hai tiéu chi dung gidi thuat di truyén vathuat toan PSI
Ap dung giai thuat di truyén (hinh 3.1) v6i cac tham s8 nhw bang 3.10 v&i ham

thich nghi dwoc dinh nghia nhu sau:
Fitness= S0 diém lamviéc dat duoc * 10' + S5 cau hinh dat dugc. (3.2)
V6i i >log(S6 cau hinh khdo sét); (iT z;i3 0)
Bang 3.10. Thong s6 gidi thuat di truyén toi wu héa thiét ké theo hai tiéu chi

SO cathé trong quan thé 50| | X&c xudt dot bién 0,05
S6 nhiém sac thé trong ca thé 6| | Xé&c xudt lai ghép 0,89
S6 gen trong nhiém sac thé 4| | SGthé hé t6i da 500

K&t qua tdi u hoa thiét ké theo hai tiéu chi diing giai thuat di truyén thé hién & bang
3.11. Quatrinh t0i wu hoa theo hai tiéu chi clia giai thuat di truyén duogc thé hién tlr hinh
3.12 dén hinh 3.14 v6i toa d vi tri khop Bi cliatay may thé hién & hinh 3.15 vabang 3.14.

Bang 3.11. K&t qua toi wu hoa thiét ké theo hai tiéu chi - Giai thuat di truyén

Ban Thé hé toi wu
Thong sb dau

1 6 89 131 181
S6 diém lam viéc dat duoc 1 39 68 160 169 169
Ty 1€ t6i uu (%) 3.900 6.800| 16.000, 16.900| 16.900
S6 cau hinh dat duvoc 5.829| 37.389 | 41.967| 44.407| 44.407| 44.407
Ty 1é t6i uu (%) 641,4 7200 761,8, 761,84 7618
Thoi gian t6i wu (s) 234 | 1.407| 20.884| 30.739| 42.471

Két qua tdi wu hoa theo hai tiéu chi cho thay, & thé hé thir 131 gidi thuat di truyén
dadat toi két qua tim kiém tot nhat vai sd diém lam viéc dat dwoc [a 169 diém, sd cau hinh
lam viéc dat duoc 1a44.407 cau hinh. Thoi gian téi vu héa cliagidi thuat di truyénla42.471
s=11,8 gio.

Ap dung thuat toan PSI dé tién hanh hoa thiét ké theo hai tiéu chi cho tay may
song song. Két qua toi wu hda thiét ké theo hai tiéu chi dung thuat toan PSI dwoc trinh bay
theo bang 3.12.
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Bang 3.12. Két qua t6i vu hda thiét ké theo hai tiéu chi - Thuat toan PS

o Ban Chu ky t6i wu
Thong sb 43
au 1 12 25 40
S0 tam khau dat dwoc 1 28 28 169 169
Ty 18 t8i wu (%) 2.800 | 2.800| 16.900| 16.900
S0 cau hinh dat duoc 5.829 | 10.877| 10.877| 44.601| 44.601
TY 18 t6i wu (%) 186,6 | 186,6| 7652| 7652
Thoi gian téi wu () 3492 | 4192| 87.293|139.670

Thuat toan PSI cho két qua toi wu tir chu ky 25 véi 169 diém lam viéc dat dugc va
44.601 cau hinh. Trong chu ky t0i wu dau tién, sd diém lam viéc va sd ciu hinh lam viéc
dat dugc tang nhanh so véi cau hinh ban dau. Trong 11 chu ky t6i wu ké tiép, cac tiéu chi
khong duoc cai thién. Tt chu ky 12 tré di, cac tiéu chi khao sat tang nhanh va dat t6i vu
tai chu ky 25. Quatrinh tdi wu hoa thiét ké theo hai tiéu chi két thic tai chu ky 40. Thoi
gian t6i wvu hoda la 139.670 s= 38,8 gi0.

So sanh cac két qud tdi wu héa theo hai tiéu chi: Cac két qua duoc trinh bay &
bang 3.13, tir hinh 3.12 dén hinh 3.14 véi toa do vi tri khdp Bi cliatay méy thé hién & hinh
3.15 vabang 3.14.

Bang 3.13. Két qua tdi wu theo hai tiéu chi dung giai thuat di truyén va thuat toan PS

Thongs6 gu,u@ucrll?; _— T(é‘t qué t6i wu -

Giai thuat di truyén | Thuat toan PSI
S6 diém lam viéc dat duoc 1 169 169
Ty 18 t8i vu (%) 16.900 16.900
S0 cau hinh dat duoc 5.829 44.407 44.601
Ty 18 t6i wu (%) 761,8 765,2
Thé hé /chu ky dat t6i wu 131 25
Thoi gian tdi wu (s) 42.471 139.670

K&t qua cho thay, sau khi t6i wu héa tay mdy cé sv cai thién rat Ion vé sb diém lam

viéc cling nhu sd cau hinh lam viéc dat dwgc. Hai giai phép tdi wu hda cé cung tap hop
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diém lam viéc vavung lam viéc sau khi t6i wu (169 diém). Thuat toan PSI ¢6 sd cau hinh
lam viéc dat dwgc nhiéu hon 3,4% so voi gidi thuat di truyén (44.601 so v6i 44.407 cau
hinh). Hai cdu hinh tdi wu hoa thiét ké (hinh 3.15) ¢ vi tri khdp n6i sai 1éch < 1.10 m.
Thoi gian tién hanh t6i wu hoa cta thuat toan PSI I6n hon so voi gidi thuat di truyén (38,8

gi0 so véi 11,8 gio) (bang 3.14).

Trong 80 thé hé dau tién cla giai thuat di truyén, céc tiéu chi toi wu thay doi theo
hwéng tang nhung khong theo quy luat do anh hwdng bdi tinh dot bién valai ghép ciagiai
thuat di truyén. Tl thé hé 80 tré di, ham thich nghi bat dau héi tu va dat t6i vu tai thé hé
131. B6i véi thuat toan PSI, trong khodng 12 chu ky t6i wu dau tién, cac tiéu chi khéng
dugc cai thién (hinh 3.12 b, d). Trong khodng thoi gian nay, quatrinh téi vu hoa dugc xem
la khdng hiéu qua do cau hinh ban dau ctia thuat toan PSI khéng phu hop véi vang khong
gian khdo sét. Tinh hiéu qua ban dau vathoi gian toi wu héa Ién ciiathuat toan PSI s£ duoc
xem xét va giai quyét & phan sau.

180 T T T T T T T T T 180

160 160

fg' 140 (8_ 140}
% 120 S 120
; 100 E 100
"fg & '<<|E.> 8
:(% 60 S 60}
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Chu ky téi wu Chu ky téi wu
a) Giai thuat di truyén (tiéu chi 1) b) Thuat toan PS (tiéu chi 1)
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c) Gidi thuat di truyén (tiéu chi 2) d) Thuat toan PS (tiéu chi 2)

Hinh 3.12. Qua trinh t6i wu hda theo hai tiéu chi.
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Bang 3.14. Vi tri khép néi trén mit phang nén sau khi tdi wu 2 tiéu chi.

Thuat | igrigm) | 1 2 3 4 5 6
toan
B, -1,5343| 0,8325 0,0942| -0,7297| -1,1492| -1,2281
Di truyén
B, 12828| 1,8184 1,9977| 1,8621 1,6368 15785
B, -1,5343| 0,8326 0,0942| -0,7298| -1,1493  -1,2281
PS
B, 12829 18185 1,0978| 1,8621 1,6368 1,5785

Nhu vay c6 thé nhan xét rang, giai thuat di truyén vathuat toan PSI da duoc tac gia
&p dung thanh cong trong viéc t6i wu hda thiét ké tay may song song kiéu Stewart—Gough
Platform theo hai tiéu chi. Cau hinh ban dau ctia tay méy song song kiéu Stewart-Gough
Platform c6 sb diém lam viéc cling nhu s6 cau hinh lam viéc ban dau thap. Khi dp dung
gidi thuat di truyén vathuat toan PSI, cau hinh téi wu hoa thiét ké co cac tiéu chi hoat dong
dwoc nang cao hon nhiéu lan so véi cau hinh ban dau (tang tir 1 1én 169 diém lam viéc doi
voi tiéu chi 1, tir 5.829 1én 44.601 cdu hinh lam viéc doi voi tiéu chi 2).

Céc két qua trén chua xét dén yéu t6 vé do clirng virng. Y éu to nay st duoc khao sat
va danh gia & phan sau.

Céc két qua trén da dugc cong bd & cong trinh [CTTG-1] va[CTTG-2] clatéc gia.

3.3.2 Toi wu hda thiét ké theo hai tiéu chi dung thuat toan GA-PSI

V&i két qua khao sét tir muc 3.2 va 3.3.1, c6 thé két luan rang thuét toan PSI co két
qua t8i wu t6t hon so vai giai thuat di truyén. Tuy nhién thuat toan ndy van con diém han
ché vé hiéu qua tdi vu ban dau (hinh 3.12 b, d) vathoi gian t6i wu hdalén (bang 3.8, bang
3.13) do viéc chon lyacdu hinh ban dau chua that si phu hop véi khong gian khdo sat. Cau
hinh thiét ké ban dau nay thwong dwoc chon theo ciu hinh chuan (d6i xirng) vaco sb diém
lam viéc ban dau twong doi thap. Do cac chu ky ti wu cla thuat toan PSI c6 thoi gian xu
ly 16n va ké thira két qua tir cac chu ky téi wu trwde do. Vi vay, viéc chon lya ciu hinh ban
dau phu hop cé vai tro quyét dinh trong viéc giam thiéu thoi gian toi vu hdéa clia thuat todn
PSI, dac biét lavéi toi wu héa da tiéu chi véi vang khéng gian khao sat khac nhau. Bai toan
chon lrra cdu hinh ban dau sao cho pht hop véi ving khao sét bat ky dwoc dit ranham muc

dich giam thiéu thoi gian tinh toan cho quatrinh tdi wu hoa.
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Luan &n dé xuét dang giai thuat di truy@n nham tim kiém ciu hinh ban dau cho quéa
trinh t6i wu hoa ding thuat toan PSI (goi tat |a thuat toan GA-PSI) theo 3 budc:

- Budc 1: Ap dung giai thuat di truyén cé thoi gian t6i vu hda ngan dé tim kiém
cdu hinh ban dau phu hgp cho quatrinh téi wu héa dung thuat toan PSI véi ving
khéng gian khao sat bat ky.

- Bubdc 2: Trén co s& cau hinh ban dau duoc xac dinh tir giai thuat di truyén, thuat
toan PSI duoc 4p dung dé xac dinh cu hinh t6i wu hda thiét ké véi cac tham sb
nhu phan 3.3.1.

- Buéc 3: Phantich, danh gia va so sanh két qua t6i wu hoa thiét ké cliathuat toan
GA-PSl v6i cac két qua dathyc hién & muc 3.3.1.

Budc 1: Ap dung giai thuat di truy@n tim kiém ciu hinh ban dau cho thuét toan PS

Vi muc dich khéng phai la xac dinh giatri toi vu toan cuc vagiam thoi gian xt ly,
giai thuat di truyén co sd ca thé khdng qua lon va so thé hé khao sat sé duoc gidi han so
véi muc 3.2 vamuc 3.3.1.

Ap dung giai thuat di truyén voi cac tham s6 nhuw bang 3.15 va ham thich nghi nhw
codng thirc 3.2. Qua trinh va két qua tim kiém cau hinh ban dau dung giai thuat di truyén
duoc thé hién & bang 3.16, hinh 3.16, hinh 3.17, hinh 3.18. Vi tri cac khép ndi Bi duoc
trinh bay theo bang 3.17.

Bang 3.15. Théng sb gidi thuat di truyén — Thuat toan GA-PS

SO cathé trong quan thé 20 | X&c xuat dot bién | 0,01

S6 nhiém sic thé trong ca thé 6 | Xéc xudt lai ghép | 0,89

S6 gen trong nhiém sic thé 4 | S thé hé t6i da 1.000

Bang 3.16. K&t qua tim kiém cau hinh ban dau dung giai thuat di truyén GA

Thé hé khao sat

Thoéng sb
1 2 3 36 137
S6 diém lam viéc dat duoc 0 1 13 94 66
S6 cau hinh dat duogc 1.824| 2717| 7.474| 29.429| 20.629
Thoi gian khdo sat s 95 191 287 3.447| 13.118
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Chu ky t6i vu Chu ky t6i wu
a) Giai thuat di truyén (tiéu chi 1). b) Giai thuat di truyén (tiéu chi 2).

Hinh 3.16. Qua trinh tim kiém cau hinh ban dau dung gidi thuat di truyén.

Két qua tim kiém t6t nhat clia giai thuat di truyén dat dwoc tir thé hé thir 36 voi sb
tam khéu 1a 94 vi tri, s6 cdu hinh lam viéc dat dwoc la 29.429 cau hinh (hinh 3.16, hinh
3.17). Két qua nay sé duoc xem lathong s6 khéi tao cho quatrinh t6i wu hoa tiép theo dung
thuat toan PSI. Toa dd vi tri khop néi trén mét phdng nén Bi = (B1, Ba,..., Be) clia cdu hinh
duwoc lwa chon thé hién & bang 3.17 va hinh 3.18.
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-
|

Hinh 3.17 Phan bd diém lam viéc — Vung lam viéc ctia cau hinh ban dau.
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Hinh 3.18. Cau hinh ban dau - Phwong phap GA-PS

Bang 3.17. Vi tri khép ndi clia cAu hinh ban dau

VitriBi(m) | 1 2 3 4 5 6
B, -1,3918 | 1,5454 |0,9604 |0,1603 | -0,3154 |-0,4118
B, 1,4362 | 1,2694 | 1,7542 | 1,9935 | 1,9749 | 1,9571

Buéc 2: Trén co sd cau hinh ban dau duoc xac dinh tlr giai thuat di truyén, &p dung
thuat todn PSI tim kiém cau hinh t6i wu hda thiét ké.
Tién hanh t6i wu theo hai tiéu chi véi ciu hinh ban dau (hinh 3.18) dung thuéat toan

PSl, ta thu dwoc két qua nhu bang 3.18 voi quatrinh tdi wu hda dwoc thé hién tai hinh 3.19.
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a) Thuat toan PSl - Tiéu chi 1. b) Thuat toan PS! - Tiéu chi 2.

Hinh 3.19. Qua trinh t6i wvu héa theo hai tiéu chi dung thuat toan PS
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Bang 3.18. K&t qua sau khi t6i wu hai tiéu chi dung thuat toan GA-PS

Thong s5 T6i vu Chu ky t6i vu PSI
GA 1 2 12 17 32
S6 diém lam viéc dat duoc 94 141 146 169 169 169
S6 cdu hinh dat duoc 29.429| 36.726|37.266|42.122 |46.601| 46.601
Thoi gian ti wu () 13.118| 16.369|19.620|52.133|68.389 | 117.159

Buéc 3: Banh gia va so sanh két qua thuat toan GA-PSI

Theo két qua dat dwgc, & chu ky t6i wu thir nhat dung thuat toan PSI, s6 tam khau
tang tir 94 1én 141 vi tri (ty Ié t6i wu dat 150%), dong thoi cau hinh [am viéc clatay may
song song tang tlr 29.429 Ién 36.726 cdu hinh (ty I€ t6i vu dat 124,8%). Thuat toan GA-
PSI c6 két qua t6i wu hda tai chu Ky t6i wu thir 17 voi sd diém lam viéc dat dwoc la 169
diém va so cau hinh dat dwoc 1a44.601 cau hinh. Tap hop diém lam viéc, vung lam viéc
vatoa dd vi tri khép néi trén mit phdng nén Bi = (Bu, Bz,..., Be) tring voi két qua téi wu
hoa theo hai tiéu chi clia thuat toan PSI thé hién & hinh 3.13, hinh 3.14. C4u hinh thiét ké
t6i vu cliatay mdy song song thé hién & hinh 3.15 véi toa dd vi tri khdp Bi & bang 3.14.

Quatrinh tdi wu hoa thiét ké theo hai tiéu chi voi thuat toan GA-PSI (hinh 3.16, hinh
3.19) cho thay co si cai thién lién tuc theo hai tiéu chi. Khodng thoi gian kém hiéu qua do
viéc chon lya cau hinh khéng phu hop khi 4p dung thuat toan PSI thuan tdy (muc 3.3.1) da
duoc loai trir.
So sanh két qua t6i wu theo trvdng hop dung thuat toan PSI thuan tly va phuong
phép két hop GA-PSI ching ta cd thé dwa ra mot s nhan xét nhu sau:
KEt qua toi wu cla hai thuat toan nay theo hai tiéu chi la tuong dong.
Cau hinh thiét ké tay may sau khi ti wu trong hai truong hop (toa doé vi tri khép
ndi trén mat phéng nén Bi) c6 sai s8 < 1.10“m.
Thoi gian t6i vu dung phwong phap két hgp GA-PSI it hon so voi thuat toan PSI
vatap hop toi wu Pareto thuan tly:
+ Thoi gian tdi wu hda dung thuat toan GA-PSI:
teaps = 117.159 s = 32,5 (gio)
+ Thoi gian t6i wu héa dung thuat toan PSI:
tpg = 139.670 s = 38,8 (gi)
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Viéc két hop thuat toan GA-PSI dé giai quyét bai todn tdi wu hoa tay may song song
theo hai tiéu chi cho két qua khéng khac biét so véi truong hop dung thuat toan PSI. Uu
diém cla thuat toan GA-PSI |a cho phép loai bd thoi gian toi wu kém hiéu qua ban dau doi
voi thuat toan PSI (cai thién > 16% thoi gian khdo sat) nho vao viéc xac dinh dwgc cau
hinh ban dau phu hop véi ving khong gian khao sat. Khi t6i wu héa thiét ké theo da tiéu
chi véi sd budc khao sét 16n, thoi gian tinh toan co thé méat dén hang tram gio. Khi do,
phuong phap két hop GA-PSI ¢é thé giam thiéu mot khoang thoi gian tinh toan dang ké
cho cac nhathiét ké. Bén canh do, thuat toan GA-PSI con giup nhathiét ké trong viéc chon
lva cdu hinh ban dau phu hop khi tién hanh t6i wu héa thiét ké trong ving khong gian khao
séat bat ky.

Céac két qua nghién clru trong phan nay chuwa xét dén dd clrng virng clia tay may
song song. Bay la mot tiéu chi quan trong quyét dinh dén kha nang hoat dong clia tay may
song song trén thyc té. Tiéu chi nay s& dwgc xem xét va danh gia trong qua trinh téi wu hda
& phan tiép theo.

Céac két qua trén da duoc cong bd & cong trinh s6 [CTTG-1] va[CTTG-2] cliatac
gid.

3.3.3 Toi uwu hda thiét ké tay may song song theo ba tiéu chi

Viéc 4p dung cac gidi phap t6i wu hoa theo hai tiéu chi dung gidi thuat di truyén,
thuat toan PSI, thuat toan GA-PSI da cho két qua cai thién ro rét vé so diém lam viéc vaso
cau hinh lam viéc cliatay may song song. Cac cau hinh t6i wu nay c6 vi tri cac khép ndi B;
trén mit phang nén tap trung gan viing khdng gian khao sét dé dat dwoc s5 diém lam viéc
vaso cdu hinh lamviéc lalén nhat. Trén thuc té€, cac cau hinh téi vu héa & hinh 3.15 khong
dam bao dwgc do clirng vitng dé hoat dong va khong co tinh kha thi trong viéc xay dung
md hinh thirc nghiém cliatay may (muc 1.2.2.6). Vi vay, nhat thiét can phai xem xét dén

tiéu chi vé do cling vitng clia c&c cau hinh thiét ké trong qua trinh t6i wu hda.

Phan nay trinh bay két qua ap dung thuat toan PSI t6i wu hoa thiét ké tay may song
song theo 3 tiéu chi: (1) S6 diém lam viéc; (2) S6 cau hinh lam viéc; (3) D06 clrng virng
clia cac cau hinh thiét ké. Qua trinh t6i vu hda sé dwoc khao sat va danh gia theo hai
truong hop véi thir ty wu tién déi voi cac tiéu chi lan luot 1a (1)-(2)-(3) va (3)-(1)-(2) theo
bang 3.1 voi cac thong sO dugc diéu chinh: angle basenin = angle topimin = O rad;

angle basemax= angle topimex= T rad; Xdsep, Ydstep, Zdstep = 10 buwéc.
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Két qua khao sat trugc khi tién hanh t6i wu hda véi gidi han cac géc hudng va so
buéc khdo sat nhu trén cho thdy tay may song song (hinh 3.4) dat dwgc 50 vi tri va41.383
cau hinh (hinh 3.20), d6 clrng virng (stiffness) dat giatri 1,92.1028,
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Hinh 3.20. Tap hop diém lamviéc (a) — Vung lamviéc (b) trwdc khi tdi wu theo 3 tiéu chi.
Ap dung thuat toan PSI, tién hanh t6i wu hoa tay may song song theo 3 tiéu chi.
Quatrinh tdi wu hda duoc thé hién theo hinh 3.21 vabang 3.19. Tap hop diém lam viéc va

cau hinh t6i wu hda trong hai trivong hop degc thé hién & hinh 3.22-hinh 3.24 va bang 3.20.
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Hinh 3.21. Qua trinh t6i vu theo 3 tiéu chi dung thuat toan PSI theo hai truong hop

Bang 3.19. K&t qua t6i wu theo 3 tiéu chi dung thuat toan PS

40

Tiéu chi t6i wu Ban dau Thir tv wu tién | Th tv wu tién
(1)-(2-B) (3-(1)-(2)
(1) SO diém lam viéc dat duoc 50 159 84
(2) S6 cau hinh dat duoc 41.383 65.387 62.018
(3) Bo cirng virng 1,92.10°18 0,0133 0,0292
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Bang 3.19 cho thdy thuat toan PSI da nang cao dugc khd nang hoat dong clia tay
mdy song song (hinh 3.24) theo céc tiéu chi vé so diém lam viéc, sd cau hinh lam viéc va
dod clrng virng cliatay may. Trong cd hai trwong hop, cac tiéu chi déu dwoc cai thién dang
ké so véi cdu hinh ban dau (hinh 3.4). Trwong hop (1)-(2)-(3) ¢ s6 diém lam viéc vacau
hinh dat dugc 16n hon so vai treong hep (3)-(1)-(2). Khi &p dung tht tv vu tién (3)-(1)-
(2), tay méy song song c6 dé ctrng virng 1on hon so vai treeng hop (1)-(2)-(3).
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a) Tht ty wu tién (1)-(2)-(3) b) Tht tv wu tién (3)-(1)-(2)

Hinh 3.22. Tap hop diémlam viéc sau khi t6i wu hda theo 3 tiéu chi

z

a) Tht ty uu tién (1)-(2)-(3) b) Tht tv wu tién (3)-(1)-(2)

Hinh 3.23. Vung lam viéc sau khi t6i vu hoa theo 3 tiéu chi
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a) The tw vu tién (1)-(2)-(3) b) Thet tw vu tién (3)-(1)-(2)

Hinh 3.24. Cau hinh t6i wu hoa theo 3 tiéu chi dung thuat toan PS

Bang 3.20. Vi tri khép nbi sau khi t6i wu hda theo 3 tiéu chi dung thuat toan PS

Tb_u’ tw VitriBi 1 > 3 4 5 6
toi wu (m)
B 1,9126 | 1,4627 |0,2437 |-1,9126|-1,6773 |-0,2437
(1)-(2)-(3)
5’.y -0,5847 | 1,3639 | 1,985 |0,5847 |-1,0892 | -1,985
B 1,891 | 1,8671 |-0,3816|-1,5542|-1,5094 |-0,3128
(3)-(1)-(2
B.y -0,6511 | 0,7167 |1,9632 |1,2586 |-1,3121 |-1,9753

Khi xét dén do clrng virng, két qua toi wu hda cd sd diém lam viéc va sd ciu hinh
dat duoc it hon so véi tredng hop téi wu theo hai tiéu chi (muc 3.3). Két qua téi wu hoa khi
xét dén tiéu chi do clrng virng da gilp cho tay may ddm bao dwgc kha nang hoat dong cling
nhu kha nang chiu tai trén thyc t€. Cau hinh téi wu héa theo 3 tiéu chi (hinh 3.24) c6 phan
b vi tri cac khép n6i Bi khong tap trung vé ving khao sat nhu muc 3.3. Cac khép nay duoc
phan bd rong véi kha nang chira dwgc trong tam clia tdm chuyén dong tét hon so véi hinh
3.15 dbng thoi van cai thién dugce ving lam viéc cliatay may so voi ciu hinh ban dau.

CO thé két luan rang, thuat toan PSI da duoc &p dung thanh cong trong viéc t6i uu
hoa theo 3 tiéu chi. Kha nang hoat dong ctia tay may song song duoc nang cao voi cac tiéu
chi khéc nhau vé so diém lam viéc, sd cau hinh lam viéc, do clrng vitng cliatay may. Viéc
chon thr tw wu tién dé t6i wu sé anh hwdng dén qua trinh va két qua tdi vu hoa. Day la mot
chon Iya cho nha thiét ké trong quatrinh téi wvu hda tay may song song theo da tiéu chi.

Céc két qua trén dadugc cong bd & cong trinh s6 [CTTG-5], [CTTG-6] cliatac gia.
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3.4 Nhan xét va két luan chuvong 3

Trong chuong nay, tac gia datrinh bay cac giai phap toi wu hoa thiét ké theo da tiéu
chi cho tay may song song kiéu Stewart—Gough Platform, st dung giai thuat di truyén GA,
thuat toan PSI, thuat toan GA-PSI.

Khi t6i wu hod 1 tiéu chi (s8 diém lam viéc cliatdm khau véi goc hudng 1a hiang so)
két qua toi wu vé sd diém lam viéc clia gidi thuat GA va thuat toan PSI nhan duoc gan
gidng nhau. SO tdm khau datang 1én 380,9% khi ap dung GA va 382,9% khi &p dung PSI.
Tuy nhién, thoi gian t6i wu hda cia PSI (1.662 gidy) 16n hon so véi gidi thuat GA (206
giay).

Khi t6i vu hod 2 tiéu chi (theo sd diém lam viéc va sd cau hinh lam viéc), két qua
toi vu hoa clia gidi thuat GA va thuat toan PSI cling cho két qua twong dong vé tap hop
diém lam viéc va khong gian lam viéc sau khi toi vu (169 diém), cé twong dwong sO ciu
hinh lam viéc (PSI: 44.601 ; GA: 44.407 cau hinh), c6 vi tri khép ndi sai 1éch < 1.10 m.
Thoi gian tién hanh t6i wu hda clia thuat toan PSI (38,8 gi®) 16n hon so véi gidi thuat di
truyén (11,8 gio).

M6t diém mai trong chwong nay la dé xuat giai thuat két hop GA-PSI, trong dé
diing giai thuat di truyén dé tim kiém cau hinh ban dau cho quatrinh t6i wu hoéa dung thuéat
todn PSl. Viéc két hop hai thuat toan GA-PSI dé giai quyét bai todn t6i vu hda tay may
song song theo hai tiéu chi khdng lam thay di két qua ciiaPSI. U'u diém clagiai phap cho
phép loai bd thoi gian tdi wu kém hiéu qua ban dau cha thuat toan PSI (cai thién hon 16%
thoi gian khao sat). Biéu nay cé y nghia thuc té, cho phép giam thoi gian tdi wu hoa thiét

ké theo da tiéu chi khi c6 thay doi vé khong gian khao sét va sd budc khao sét 16n.

Khi ti vu hoda 3 tiéu chi: (1) so di€ém lam viéc, (2) s6 cau hinh lam viéc, (3) do clrng
virng clia cac cdu hinh thiét ké, két qua tdi wu hoa clia giai thuat PSI cho thay sb diém lam
viéc, s6 cau hinh lam viéc va do clrng virng clia tay may duoc nang cao. S6 cau hinh, sb
diém lam viéc va do clrng virng s phu thudc vao thir tw wu tién cla céc tiéu chi. Trwong
hop wu tién theo thi tv (1)-(2)-(3) c6 s6 diém lam viéc va cdu hinh dat dwgc 16n hon so véi
trvong hop (3)-(1)-(2). Khi dp dung thir tv wu tién (3)-(1)-(2), tay may song song c6 dé
cling virng [6n hon so véi treong hop (1)-(2)-(3).

Céc két qua thu duoc néi trén cho phép két luan : sau khi tién hanh t6i vu hoa thiét

ké voi cac gidi phap dé xudt, kha nang lam viéc clia tay may song song da dugc nang cao.
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Phu thudc vao bai toan cu thé, cac giai phap toi wu tvong (rng & duoc [ra chon phu
hop dé tim kiém cau hinh toi vu héa. Thuat toan PSI c6 thé duoc 4p dung trong treong hop
cau hinh thiét ké ban dau cliatay may dugc xac dinh la can bién véi khong gian lam viéc
cho trwdc. Giai thuat di truyén GA c6 thé duoc sl dung dé khao sé nhanh céc cdu hinh gan
toi wu v6i pham vi khao sét |én. Thuat toan GA-PSI cho phép xac dinh ciu hinh thiét ké
tdi wu trong treong hop ving khéng gian khao sét |a cac bién sb thay doi.

Thi tv wu tién céc tiéu chi cho bai toan t6i wu hoa sé dwgc chon lyatheo yéu cau cu
thé clia nhiém vu thiét ké. Bai voi cac (’ng dung trong y hoc (hinh 1.8, hinh 1.9), tay méy
song song s& can nhiéu vung khong gian lam viéc (s6 diém lam viéc, sd cdu hinh lam viéc).
DE tang dd linh hoat va do phan giai chuyén dong clia géc hwdng, ta cd thé chon thir ty la
(1)-(2)-(3). Bdi voi cac rng dung gia cong co khi, may céng cu (hinh 1.5, hinh 1.7, hinh
1.16), thi tiéu chi vé do clrng virng cliatay may song song sé dugc chu trong, chon thi tw
la (3)-(1)-(2). Trong san xuat, cac tay mdy song song kiéu Delta robot (hinh 1.4) thic hién
céc tac vu gap va dit (pick and place) lai chu trong nhigu dén kha nang dap (ng nhanh va
huwdng dich chuyén trong khong gian rong, co thé chon thi tv toi wu hoa la (2)-(1)-(3).

Nhu vay, co thé két luan rang, viéc (ing dung céc giai phép téi vu hoa dé xuét trong
chuong nay ¢ y nghiia thie tién, cho phép nhathiét ké co kha niang xac dinh cdu hinh can
thiét trong qua trinh thiét ké va ché tao tay may song song theo nhiém vu dat ra. Cac giai
phdp toi vu hoa nay cling c6 thé &p dung véi céc tiéu chi toi wu khac nhu: téc do dich
chuyén, kha nang tai trong, giatéc chuyén dong,... Van dé nay can duoc tiép tuc nghién
clru vé saul.

Céac két qua tdi wu hoa thiét ké theo da tiéu chi trong chvong nay & dwoc (rng dung
dé tim ki€ém mot cdu hinh thiét ké toi wu theo 3 tiéu chi cho md hinh thirc nghiém duoc xay

dung trong chuong 4.
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CHUONG 4. XAY DUNG MO HINH THUC NGHIEM VOI NG DUNG GI Al
PHAP TOI VU HOA THIET KE

Phan dau ctia chrong nay trinh bay céc két qua thiét ké, ché tao mdt md hinh dé &p
dung cac thuat toan t6i wu hda va digu khién cho tay méy song song kiéu Stewart-Gough
Platform. M6 hinh tay médy c6 tinh mé, duoc thiét ké voi kha nang thay do6i cac cdu hinh
lam viéc va dp dung céc thuat toan diéu khién khéac nhau. M6 hinh dwoc xay dung gom hai
phan: Thiét ké, ché tao hé thdng co khi phu hgp véi pham vi nghién clru clialuan an; Ché
tao, lap trinh hé théng diéu khién chuyén déng cho tay may song song.

Phan tiép theo ctia chuvong trinh bay két qua (rng dung giai phap téi wu hoa thiét ké
trong chwong 3 dé xéc 1ap mot cau hinh thirc nghiém cho tay méy song song kiéu Stewart—
Gough Platform. Trén co s& tap thong sb va khéng gian khao sa ctia mé hinh tay may,
thuat todn PSI dwgc 4p dung dé xac dinh cac cau hinh t6i wu hda thiét ké da tiéu chi voi
thi ti wu tién khac nhau. Cau hinh t6i vu héa dwoc chon dé xay dwng thanh cau hinh thic
nghiém phuc vu cho viéc khao sat quatrinh t6i wu bd diéu khién chuyén dong cliatay may

nhuw sé trinh bay trong chuong 5.

4.1 Xay dwng md hinh thyc nghiém

Tai Viét Nam, mot sb két qua nghién clru cho thay tay may song song datirng buéc
duoc (ng dung vao céc Iinh vuc nhw gia cong co khi, irng dung céng nghiép [110], [113],
[119], [122], [124]. Nam 2012, Phan vién Nghién ctru Dién tr, Tin hoc, Tu dong héa
TP.HCM dathwc hién thanh cong dé tai tay may song song c6 hai chan dan dong phu nam
ngoai khdng gian lam viéc véi mach diéu khién hé thong c6 kha nang ap dung céc thuat

toan diéu khién vagiao ti€ép may tinh [111].

04 chan dan dong
trong vung khéng gian
lam viéc

Chan dan déng phu 2
Chan dan dong phu 1

Hinh 4.1. Tay may song song v&i chan dan dong phu ngoai khéng gian lam viéc [111]
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Trén co s tay may song song véi chan dan déng phu (hinh 4.1) [111], téc gia luan
an daxay dwng modt md hinh tay méy song song kiéu Stewart-Gough Platform bang viéc

tai co cau, bd sung, diéu chinh cac chi tiét, thanh phan co khi va mach diéu khién hé thdng.

4.1.1 Thiét k€, ché tao hé thdng co khi
M6 hinh thyc nghiém tay mdy song song kiéu Stewart-Gough Platform dugc thiét
ké c6 co cdu bao gdbm méat phang nén vatdm chuyén dong gan voi sau chan dan dong théng

qua cac khép cac dang duoc bo tri trén cac ranh trugt tron nhw hinh 4.2,

Thong thuong, cac tay méy song song rng dung dé gia cong co khi chinh xac st
dung chan dan dong ladong co tuyén tinh [110]. Tuy nhién, véi muc tiéu xay dwng mot hé
thong phuc vu viéc nghién clru, khao sét k§ thuat diéu khién, khong doi hdi téc do va do

chinh xé&c cao, tac gia sir dung cac chan dan dong sir dung vitme-dong co DC.

Tam chuyén dong Khép céc dang
(Payload platform) (Universal joints)

Chan dan déng

(Vitme-DC motor)
Ranh trwot

(Slide circle)

A

Mt phéng nén Khép cac dang
(Base platform) (Universal joints)

Hinh 4.2. Thiét ké co khi m6 hinh thyc nghiém tay may.

DEé cd thé thay ddi va khao sét céc cdu hinh khéc nhau clia tay mdy, tdm chuyén
dong va mat phang nén duoc thiét ké cd ranh truot theo duong tron. Nho vay, cac khop
cac dang co thé duoc b tri trén ranh trwot tron clla médt phang nén va tdm chuyén dong.
Thiét ké nay cho phép xay dung cac ciu hinh tay may khac nhau phu hgp véi ndi dung
nghién clru va phuong phap toi vu héa thiét ké tay mdy clia luan an da trinh bay trong

chuong 3.

Chan dan dong la co cdu vitme-dong co DC c¢6 cam bién gi¢i han khoang céch

chuyén déng. Chiéu dai thyc té clia chan dan dong duoc xac dinh bang tin hiéu encoder
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gan véi dong co DC. M6 hinh co khi sau khi hoan chinh ¢ co cdu nhu hinh 4.3. M6 hinh
nay c6 kha nang thay déi vi tri cac chan dan dong trén mat phang nén vatam chuyén dong.
Céc thong sb ky thuat cia mé hinh co khi dugc trinh bay & bang 4.1. Cac ciu tao chi tiét

co khi cGia hé théng thuc nghiém (khép cac dang, tim chuyén dong, mét phéng nén, chan

dan dong, ...) dwoc trinh bay trong phu luc 2.

Hinh 4.3. M6 hinh co khi tay may song song kiéu Sewart-Gough Platform

Bang 4.1. Thong s6 k§ thuat mé hinh co khi

Thong so k¥ thuat Giatri
Ban kinh ranh truot mat phang nén rn=0,2m
Ban kinh ranh trigt tdm chuyén dong rp=0,15m

Gi¢i han ciia chan dan dong

0,32m<1;<0,52m

Téc do dich chuyén t6i da ctia chan dan dong Vimax = 16 mm/s
Dbién &p dinh mirc déng co U=24VvDC
S6 xung/vong quay clia encoder 100 ppr
Budc ren cliavitme 2,52 mm

Gidi han chuyén dong cliatam khau

X/Y/Z: 300/300/200 mm
@/6/y: £ 0,43 rad

Trong luong

5kg
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4.1.2 Thiét k€, 1ap trinh hé théng diéu khién

Do tay may song song c6 nhiéu chan dan dong véi cac rang budc |an nhau cho nén
khong gian lam viéc hét sirc da dang va qua trinh diéu khién réat phtrc tap [32], [103]. Dé
thwe hién mot tac dong diéu khién cho khau dong hoc cudi, cac khau dong hoc phai dugc
diéu khién dong thoi, phéi hop voi nhau mot cach nhip nhang va chinh xac. D6i vai tay
méy song song, viéc &p dung cac giai thuat diéu khién cho céc chan dan dong can thic hién
qua trinh phéi hop chuyén dong gilra cac khdp. Thong thwong, hé thdng diéu khién duoc
thiét ké c6 bd diéu khién trung tam dé phdi hop cac bd diéu khién chuyén dong clia cac
chan dan dong. Ngoai ra, dé cé thé danh gia vacai thién cac thuat toan diéu khién, hé théng
diéu khién can cé tinh m&, dé dang &p dung céc thuat toan diéu khién khac nhau véi chirc
nang giam sat, thu nhap sb liéu theo thoi gian thuc. Bay la nhirng yéu cau co ban can phai

gidi quyét khi thiét ké vaxay dung hé thong diéu khién cho mo hinh tay méy song song.

Trong luan &n nay, cdu tric hé théng diéu khién duoc dé xudt nhw hinh 4.4. Céc

nhiém vu diéu khién dugc phan cap cu thé nhu sau:

- Méy tinh (PC) thic hién céc tinh toan vé dong hoc, dong Ivc hoc cla tay may;
gidm sdt, hién thi va lwu trir cac dir liéu thyc nghiém theo thoi gian thuc; giao
ti€p vai b dieu khién trung tam (Master); tao giao dién ngudi dung.

- B0 diéu khién trung tam (Master) thirc hién nhiém vu két ndi gitra méy tinh va
céc bd diéu khién truc tiép (Slave); tinh toan va phdi hop toc do chuyén dong
cla cac khop.

- Céc bo diéu khién truc ti€p (Slave 1, .., Salve 6) két ndi véi Master thong qua
bus ndi tiép SPI, thurc hién nhiém vu digu khién chuyén dong clia chan dan dong
bam theo vi tri vatdc do dat thong qua mach cong suat va encoder. Cac thuat
toan diéu khién duoc tich hop va lva chon thuc thi thong qua giao dién nguoi

dung tlr méy tinh.



77

A g 4 F A 9
Q
o 5 o] |l wn] e
X — L= L e [ . —
A T BT HE
LIRS il : o | I | R | e | |

// H \ Power supply

Hinh 4.4. Cau truc hé théng diéu khién tay may song song kiéu Stewart—Gough Platform

Dé dam bao qua trinh xtr ly dir liéu clia hé thdng dwoc lién tuc cling nhu dam bao
do tin cay trong qua trinh diéu khién, bo diéu khién Master, cac bd diéu khién Slave va

may tinh PC dwoc dong bd hdavéi thoi gian 18y mau Ts= 1 ms.

Dé so sanh két quéa voi md phdng bang Matlab, tac gia xay dung mdt chwong trinh
diéu khién trén nén Simulink-Matlab sir dung céng cu Realtime Windows Target (hinh
4.5). Trong qua trinh diéu khién, may tinh sé tinh toan céc vi tri chuyén dong can thiét I,
vanhan vé vj tri thyc t€ | cla cac chan dan dong. Cac dir liéu vé vi tri, tdc do clia cac
chan dan dong duoc thu thap, giam sat va diéu khién trong suét qua trinh van hanh tay may
theo thoi gian thuc. Céc thuat toan diéu khién tich hop sin trong céc bd diéu khién Slave
st duwoc lwa chon thire thi (control mode) théng qua giao dién clia chwong trinh diéu khién
trén may tinh. Céac dir liéu dwoc lwu lai, hién thi dwdi dang biéu do dé danh gia chat lvong

cliabd diéu khién théng qua viéc xem xét cac tiéu chuan chét lvgng ctia hé thdng.

E

€ Legs

Packat |realpossition
Input
6 Legs Scope
Trajectory R5232 Packet Cutput R5232 Packet Input
to Master Controller from Master Controller
p Store_data
To Waorkspace
0. Stop
1.PID Stewart Platform
2. PID-Fuzzy Realtime Control System
3. Fuzzy

4.
Hinh 4.5. M6 hinh diéu khién tay may song song trén phan mém Matlab
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B0 diéu khién Master dong vai tro quan trong trong viéc giam sét, thu thap dif liéu
va chuyén dong dong b clia hé thdng (hinh 4.6). B0 diéu khién Master s& truyén cac tin
hiéu diéu khién vadir liéu do dac gitra mdy tinh vabd diéu khién Slave thdng qua céc giao
thirc truyén thong khac nhau (hinh 4.9). Trong qua trinh diéu khién, bd diéu khién Master

st tinh toan va dura ra téc do chuyén déng mong mudn (v, ) pht hop cho céc chan dan dong.
Céc giatri téc d6 nay s& duoc tinh dyavao cac sai O vi tri () vatoc do thuc té (v, ) cla

cé&c chan dan dong. Nho do, hé thdng s& dugc dam bao chuyén dong nhip nhang gitta cac

chan dan dong cliatay may song song.

<&
<

v

Buing
K&t ndi ?

\ 4

Truyén nhan Master - PC

A 4

Tin hiéu diéu khién (I, control mode)

A 4

Tinh téc do diéu khién v,

\4

Truyén nhan Master - Slave

v

Két thic

Hinh 4.6. Lru d6 bd diéu khién Master
Céc bd diéu khién Slave c6 nhiém vu diéu khién chuyén dong clia chan dan dong
(co cdu vitme-dong co DC) bam theo vi tri dat (1, ) vatéc do dat (v, ) thong qua mot mach
cong sudt vatin hiéu hoi tiép tir encoder (hinh 4.7). Céc thuat toan diéu khién nhu PID,

Fuzzy-PID duwgc xéy dyng vatich hgp thanh cac chwong trinh con véi ngbn ngtt 1&p trinh
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ANSI C. Céc thuat toan nay c6 thé dé dang diéu chinh, phét trién theo yéu cau nghién ctru
vaduoc goi thie thi thdng qua giao dién tir may tinh. Biéu nay cho phép chon Ivatic thoi
cac thuat toan diéu khién khac nhau trong quatrinh diéu khién. Tin hiéu diéu khién (PWM)
théng qua mach céng suét sé diéu chinh vi tri vatdc do clia chan dan dong theo so do diéu
khién hai vong kin nhi hinh 4.8.

Y

Home

A

Bung

Két ndi ?
\ 4

Truyén nhan Slave - Master

Sai v
Chon thuat toan diéu khién

\ 4

Poc encoder

A 4

Thuét toan diéu khién 2 vong
kin (vi tri vatéc do)
(hinh 4.8)

Xuédt PWM

v

Két thac

Hinh 4.7. Lru d6 bd diéu khién Save




ri(t) a(t) | Bo diéu
—* khién
thi |
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Nhiéu

bi(t) o tht i

l Chan dan dong

ci(t)

Vmi(t)

A\ 4

dci/dt

A

Hinh 4.8. So dd bd diéu khién hai vong kin (vi tri va téc do) chan dan dong.

Phurong thirc giao tiép gitta may tinh va bd diéu khién Master dwgc xay dwng théng
gua giao thirc truyén théng RS-232 c6 téc dd 115.2 kps. Giao thirc SPI (Serial Peripheral

Interface) duoc sir dung lam giao thirc truyén théng gitra bo diéu khién Master va cac bd

diéu khién Slave. Céc dinh dang géi dit liéu clia hé théng diéu khién duoc trinh bay & hinh

4.9
Header byte I L, Control mode || Checksum byte | End byte
a) Tr PC dén Master
Header byte S — iy Checksum byte End byte
b) Tir Master dén PC
Header byte I, v, Checksum byte End byte
c) T Master dén Save
Header byte b Checksum byte End byte

d) T&r Slave dén Master

Hinh 4.9. Dinh dang cac gdi dir liéu clia hé théng diéu khién

B0 diéu khién thuc té sau khi ché tao dugc trinh bay & hinh 4.10 véi cac théng s6

ky thuat thé hién & bang 4.2 vaso do mach nguyén ly chi tiét trinh bay tai phu luc 2.



Nguoén DC

Mach cong suat
(PWM)

B0 diéu khién

M aster

Céc bo diéu

khién Slave

Hinh 4.10. B diéu khién tay may song song da thiét ké
Bang 4.2. Thong sb ky thuat bo diéu khién tay may song song

Vi diéu khién Master PIC18F4550

Vi diéu khién Slave DSPIC30F4011

Két nbi PC - Master RS232 115.2 kps

Két n6i Master - Slave SPI 1IMbps

Mach cong suat (PWM) LM 18200 20 khz

Thuat toan diéu khién 2 vong kin (toc do, vi tri) PID, Fuzzy-PID

Chu ky 18y mau (Ts) 1ms

Phan mém méy tinh Simulink - .M atlab 2014a, Redltime
Windows Targets

Ngbn ngi 14p trinh vi diéu khién (PIC, DSPIC) | N9ON ”gféﬁﬁ;ir I"thvﬁf\l'i? (CSSC

4.2 Xa&c dinh thiét ké t6i wu cho mo hinh thwc nghiém.
Phan nay s trinh bay két qua rng dung gidi phap t6i wu héa thiét ké (chwong 3) cho
mo hinh thic nghiém tay médy song song kiéu Stewart-Gough Platform da ciu tao trong

muc 4.1. Trén co s& cac thong sb k¥ thuat co khi (bang 4.1) clia mo hinh thyc nghiém,
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khéng gian khdo sa& cla mé hinh thuc nghiém duwgc xac dinh trong khoang
X/Y/Z=300/300/200 mm véi gi¢i han géc khép ¢/6/y = + 0,43 rad.

Tién hanh khdo sét trén may tinh mdt cau hinh ban dau c6 vi tri cac chan B; va P;
dwgc bo tri nhu bang 4.3 voi cac tham sb khao sat nhv muc 3.3. S dung bd cong cu mo
hinh héa (hinh 2.2), két qua khao sét (hinh 4.12 &) cho thay tay may c6 52 diém lam viéc
va 24.525 cau hinh lam viéc dat duoc vai do clrng virng co giatri stiffness=2,2.108. Vung

lam viéc cliatay may voi cdu hinh ban dau trudc khi téi wu dwoc thé hién & hinh 4.12 b.
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Hinh 4.11. Cau hinh tay may trwéc khi téi wu - M6 hinh thic nghiém
Bang 4.3. Vi tri khop ndi trudce khi t6i wu - M6 hinh thic nghiém

Vi tri Bi, Pi (m) 1 2 3 4 5 6
B, 01732 | 04732 | 0,00 |-0,1732 | -0,1732 | 0,00
B, -0,100 | 0,100 | 0,200 | 0,100 | -0,100 | -0,200
P 0,0928 | 0,0555 |-0,1484 | -0,1484 | 0,0555 | 0,0928
1 0,1177 | 0,1393 | 0,0215 | -0,0215 | -0,1393 | 0,1177
P 003 | 003 | 003 | 003 | 003 | 003
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€Y (b)
Hinh 4.12. Tap hop diémlamviéc (a), vang lam viéc (b) cla tay may trwéc khi toi vu.

Ap dung thuat toan PSI két hop voi tap hop t6i vu Pareto, tién hanh t6i wu hoa thiét
ké cho m6 hinh thic nghiém véi céc tiéu chi toi wu nhu sau: sd diém lam viéc, sO cau hinh
lam viéc, do clrng virng ctia cdu hinh tay may. Quatrinh toi wu héa thiét ké dwoc thic hién
voi thi ty t6i wu cac tiéu chi 1an lvot 1a (1)-(2)-(3) va (3)-(1)-(2) nhu datrinh bay & muc
3.3.3. Két qua, quatrinh tdi wu hoa thiét ké chi tiét trén md hinh thirc nghiém dugc thé hién
& bang 4.4 va hinh 4.13. Vung lam viéc va ciu hinh tay may sau khi t6i wu héa thiét ké
dwoc trinh bay & hinh 4.14, hinh 4.15 v6i vi tri cac khdp ndi thé hién & bang 4.5.

Bang 4.4. Két qua tdi wu hoa thiét ké theo da tiéu chi dung PSI - M6 hinh thic nghiém

Chu ky tdi vu PSI - Th tu t6i wu (1)-(2)-(3)
Thoéng sb
1 3 4 5 6 25
SO diém lam viéc dat duoc 52 55 56 57 57 57
S6 cau hinh dat dugc 24.525| 23.809| 24.034| 24.144| 24.537| 24.537
B0 clrng viing 2,2.108| 0,00156, 0,0012|0,00122 |0,00156 | 0,00156
Chu ky t6i wu PSI - Th ty t6i vu (3)-(21)-(2)
Thoéng sb
1 3 4 17 18 25
SO diém lam viéc dat duoc 52 44 44 44 42 42
S0 cau hinh dat duoc 24525 18.327| 18.046| 17.915| 17.592| 17.598
Do clrng vitng 2,2.1018| 0,00011|0,00025| 0,0211| 0,0423| 0,0423




Chu ky t6i vu
a) Tiéu chi 1 - Thi tv (1)-(2)-(3)

x 10*

25

A

am viéc

u hinh|

NN

SO ca

N

w N
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w
<

5 m 15 2
Chu ky t6i wu
c) Tiéu chi 2 - Thi tv (1)-(2)-(3)

x 10°

25

1'0 1'5 2'0
Chu ky t6i wu
e) Tiéu chi 3 - Tht tv (21)-(2)-(3)

25

60

'S N [} o
o o =) 3]
T T T

S6 diém lam viéc

[
[
T

30 : : : :
5 10 15 20 25

Chu ky t6i wu
b) Tiéu chi 1 - Tht tv (3)-(1)-(2)

x 10°

4

SO cau hinh lam viéc

é 1'0 1'5 2'0 25
Chu ky tdi vu
d) Tiéu chi 2-Tht tv (3)-(1)-(2)

0.045

5 1'0 1'5 2'0 25
Chu ky t6i wu
f) Tiéu chi 3-Tht tv (3)-(1)-(2)

Hinh 4.13. Qua trinh téi vu hda da tiéu chi dung thuat toan PS — M6 hinh thyc nghiém
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b) Tht tw (3)-(1)-(2)
Hinh 4.15. Cau hinh t6i wu héa - M6 hinh thyc nghiém

a) Thir tv (1)-(2)-(3)
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Bang 4.5. Vi tri khép ndi sau khi t6i wu hda thiét ké - M6 hinh thyc nghiém

Th ol g my) | 1 2 3 4 5 6
wu

B, 0,1902 |0,14862 | 0,0278 | -0,1902 | -0,1854 |-0,0278
D-2-3)

B, -0,0618 |0,13382 | 0,1980 | 0,0618 | -0,0749 |-0,1980

B, 0,1952 | 0,1952 |-0,0601 | -0,1315 | -0,1315 |-0,0601
3)-(1)-(2

B, .0,0432 | 0,0432 | 0,1907 | 0,1475 | -0,1475 |-0,1907

So sanh két qua va qua trinh ti vu hoa (bang 4.4, hinh 4.13 va hinh 4.14), cé thé
nhan thdy rang trong trudng hop (1)-(2)-(3) ving |am viéc va ciu hinh [am viéc dat duoc
l&n hon so vai treong hop (3)-(1)-(2). Tuy nhién, do6i véi trvong hop (3)-(1)-(2), tay may
song song & ¢6 do cirng virng [6n hon treong hop (1)-(2)-(3). Cau hinh sau khi t6i wu (3)-
(1)-(2) cb vi tri cac khdp nbi dwgce bo tri gan nhau theo tirng cap (hinh 4.15 b). Két qua nay
phu hgp véi cac nghién clru da trinh bay trong chwong 3 va cac cong trinh [9], [10], [33],
[52].

Dé dam bao do clrng virng cho qua trinh diéu khién chuyén dong clia tay may, ciu
hinh c6 d6 cirng virng 16n nhat sau khi t6i wu theo thi ty t6i wu (3)-(1)-(2) (hinh 4.15 b) <&
duoc xay dung vabg tri trén mo hinh thyc nghiém nham kiém chirng céc giai phép t6i vu
héa bd digu khién. Mo hinh thirc nghiém tay mady song song kiéu Stewart-Gough Platform

v6i cdu hinh t6i vu hoa thiét ké dugc xay dwng hoan chinh nhu hinh 4.16.

Trén co s6 cau hinh thwc nghiém, chrong 5 sé trinh bay cac két qua nghién clru vé
t0i vu héa bo diéu khién. Céac két qua nay s& c6 gidi han ving khdng gian lam viéc ciamd
hinh thuc nghiém dwoc xac dinh theo hinh 4.15 d va tap thdng so k¥ thuat dugc trinh bay
tai bang 4.1 vabang 4.2.
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BONG BONG win Cikiy DAN B0G FHY

Hinh 4.16. M6 hinh thic nghiém tay may song song kiéu Stewart—Gough Platform
Céc két qua trén dadugc cong bd & cong trinh s6 [CTTG-5], [CTTG-6] cliatac gia.

4.3 Két luan chuong 4

Trong chuong 4, tac gia datrinh bay cac két qua thiét ké vaxay dwng mot mé hinh
thwe nghiém tay méy song song kiéu Stewart—Gough Platform. M6 hinh thwc nghiém duoc
xay dwng gom hai bwéc: Thiét ké, ché tao hé thdng co khi phu hgp véi pham vi nghién clru

clialuan an; Ché tao, 1ap trinh hé thdng diéu khién chuyén dong cho tay méy song song.
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C4u hinh co khi st dung chan dan dong dang vit me vadan dong bang dong co DC
servo. C4u trdic dan déng nay tuy khong dam bao téc dd va do chinh xéc cao nhung phi

hop cho céc nghién clru vé kY thuat digu khién.

M® hinh nay dap ng duoc cac yéu cau nghién ctru. M6 hinh thyc nghiém co tinh
mé, c6 kha nang thay doi cac cdu hinh va dp dung céc thuat toan diéu khién mot cach linh
hoat. Hé théng diéu khién duoc phan cip voi kha nang phdi hop dong bd cac chan dan
dong trong qua trinh hoat dong. Cac dit liéu clia hé thong duoc thu thap, giam sat va diéu

khién theo thoi gian thuc.

Chuong 4 cling datrinh bay viéc dp dung thanh cong két qua nghién clru vé t6i uu
héa thiét ké theo da tiéu chi cho tay may song song (chwong 3) dé xac dinh cdu hinh thiét
ké t0i wu trén md hinh thyc nghiém. Thuat toan PSI duoc &p dung dé tdi wu hoa thiét ké
tay may theo céc tiéu chi vé do clrng virng, so diém lam viéc va cau hinh lam viéc. C4u
hinh t6i wu hoa theo th tv (3)-(1)-(2) duoc &p dung cho cau hinh thiyc nghiém dé lam co
s& cho cac nghién ctiu tiép theo trong chuong 5. K&t qua nay da chirng té dwgc kha nang
&p dung trén thc té€ clia cac giai phap toi wu hoa thiét ké tay may song song kiéu Stewart—
Gough Platform ma tac gia da nghién ctru, trinh bay trong luan an va cac cong trinh da

cong bo.
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CHUONG 5. PIEU KHIEN TAY MAY SONG SONG KIEU STEWART-
GOUGH PLATFORM TREN CO SO TOI WU HOA THIET KE VA BIEU KHIEN

Phan dau chuong nay trinh bay két qua khdo sat trén may tinh céc thuat toan diéu
khién va phuong phap cai tién cac bo diéu khién cho tay médy song song kiéu Stewart—
Gough Platform théng qua qua trinh mé phéng. Trén co s& cdu hinh téi vu héathiét ké va
thong sb ctia hé thong thirc nghiém (chuong 4), cac thuat todn toan diéu khién kinh dién va
thuat toan diéu khién théng minh dwgc &p dung trong viéc tim ki€ém b diéu khién thich
hop cho tay may song song. D€ cai tién bd diéu khién, tac gia dp dung cac phwrong phap
két hop nham cai tién céc tiéu chudn chét lugng clia hé théng.

Trong phan tiép theo, phirong phap diéu khién kinh dién (PID) va phuong phap diéu
khién két hop (Fuzzy-PID) st dwoc &p dung trén md hinh thyc nghiém dé kiém chirng va
danh gia cac két qua tir qua trinh md phéng.

M6t quy trinh dp dung cac két qua toi wu hoa thiét ké va diéu khién cho tay may

song song duoc dé xuat trong phan cudi chvong 5.

5.1 Khao sat bang mod phong cac thuat toan diéu khién tay may song song kiéu
Stewart—-Gough Platform

Cau hinh thuc nghiém (hinh 4.15 b) véi vung khdng gian lam viéc va tap théng sé
ky thuat (hinh 4.14 b, bang 4.1) dwgc md hinh héa trén phan mém Simmulink - Matlab
(hinh 5.1) v6i m6 hinh toan cac thanh phan va mé hinh gidi bai toan dong hoc nguoc clia
tay may duoc trinh bay chi tiét tai phu luc 1. Trén co s& cau hinh nay, cac thuat toan diéu
khién va phwong phap cai tién s& dwoc khao sét, danh giathdng qua két qua moé phong va
phan tich chat lvgng b diéu khién trong quatrinh chuyén dong [4], [13], [15], [54], [59],
[60]. Céc tiéu chuan chéat lvgng clia hé thdng sé dwgc phan tich trén co sé dap (ng quéa do

clatdm chuyén dong va qua trinh phéi hop clia céc chan dan dong.
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Errors]
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Scope
Hinh 5.1. M6 hinh tay may song song trén nén Smulink — Matlab

Céc thdng s cliamo hinh [61] duoc xac dinh theo bang 4.1 véi:

op = 0,2182 rad; ap = 0,288 rad; r, = 0,2 m; rp = 0,15 m;

limin = 0,32 M; limax = 0,52 M; MasSower_leg = 0,27 Kg; masSupper_1eg = 0,23 kg

Ix lower leg = ly 1ower_leg = 0,1953 KQ.N?; |2 jower 1eg = 0,3894 kg.m?

Ix_upper leg = ly upper leg = 0,0619 kg.m?; 1 upper 1eg = 0,1232 kg.m?

Chuyén dong tham chiéu theo vi tri va géc hwéng clia tam khau &p dung cho cac
thuat toan diéu khién nhu sau:

Xang = -0,02sin(0,1nt) rad/s;

Yang = Zang = 0,02sin(0,11t) rad/s;

Xpos = Ypos = 0,02sin(0,1mt) m; (5.1)
Zpos = 0,383 + 0,02sin(0,1mt) m;

Céc két qua khao sét s& dugc phan tich va danh gia theo dap (rng chuyén dong (vi
tri va goc hudng) clia tdm khau va qué trinh phéi hop gitta céc chan dan dong. Céac tiéu
chuan chat lvgng ctia hé thong duoc danh gia bao gom: do vot 16 (POT), sai sO xé&c lap
(&), thoi gian 1én (tise), thoi gian xac 1ap (ta) theo dap (ng chuyén dong vé vi tri va géc
huéng cliatam khau [11], [13]. Bang tong hop két qua nghién clru mé phdng céc tiéu chuan
chat lvgng clia cac bd diéu khién trong luan an dwoc trinh bay chi tiét tai phu luc 5. Trén
co s& so sanh céc tiéu chudn chat lvgng clia bd diéu khién, ta cé thé chon bd diéu khién
pht hop véi cac muc tiéu diéu khién khéc nhau. Véan dé nay sé duoc trinh bay ré hon &

phan két luan clia chuong 5.
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Tl chuyén dong tham chiéu clia tam khau, mo hinh bai toan dong hoc nguoc duoc

thiét ké dé xac dinh chiéu dai mong mudn clia cac chan dan dong. Tai cac chan dan dong,

cac thuat toan diéu khién cling nhr phuong phap cai tién sé duoc &p dung cho céc bd diéu

khién thanh phan theo ciing mét so d6 nhw hinh 5.2.

ri(t) a(t)

»| B0 diéu

Nhiéu

L,

+ I khién i

u(t)

Chéan dan dong
thir i

ci(t)

Hinh 5.2. So do diéu khién cac chan dan dong.

Trong do:

ri(t): chiéu dai mong mudn clia chan dan dong thir i.

e(t): sai sd chuyén dong clia chan dan dong thi i.

ui(t): lwc diéu khién ctia chan dan dong tht i.

ci(t): chiu dai thirc té clia chan dan dong thi i.

Tinh 6n dinh va kha nang thich nghi clia cac bd digu khién s dugc kiém tra bang

mot tin hiéu nhiéu voi cong sut nhiéu: Noise_power = 0,2.

Trong luan an, véi cac bd diéu khién khac nhau, cac dap rng quéa do clia cac chan

dan dong s& duoc xem xét dong thdi dé danh gia qua trinh phéi hop gilra cac chan dan

dong. Qua trinh phéi hop nay s& anh hwdng dén do an toan va kha nang diéu khién bam

cliatay médy song song. Cac dap (ng qua do thanh phan clia cac chan dan dong vai cac bd

diéu khién khéc nhau dugc trinh bay chi tiét trong phu luc 4.

5.1.1 BO diéu khién PID

Thuat toan diéu khién dau tién dwoc &p dung cho céc bd digu khién chan dan dong
lathuat toan diéu khién vi tich phan ty Ié PID (Proportional Integral Derivative) [42], [45],
[48], [80], [98], [99] v&i luc dieu khién duoc tinh theo cong thirc:

u(t) = K.e(t) + K, % +K, cpt)t

(5.2)



92
Nhiéu

ri(t) a(t)

.| B0 diéu .| Chan dan dong

ci(t)
e [ khién PID: | u(t) thiv | g

Hinh 5.3. So' d0 diéu khién dung thuat toan PID

Bo DK PID
Plant1
wf—& | PD _ Foros
— A& a Fos f— _>|§|
Leg Khau bao hoa i
Reference Scope
Trajectory
Mhigu A
S Body Position Sensort

Hinh 5.4. Chrong trinh md phong bd diéu khién PID trén Smulink - Matlab

Theo phwong phép Ziegler-Nichols thyc hién trong cong trinh [23], [40] va phwong
phép auto-tuning [2] trong qua trinh mo6 phdng, bo thong so diéu khién khau PID dwoc tac
gia chon véi: Kp = 5.10% K| = 8.10% Kp = 2.10%.

Tién hanh khao sét bd diéu khién PID v6i dap (rng chuyén dong ctiatam khau duoc
thé hién & hinh 5.5 va hinh 5.6. Cac sai sO chuyén dong clia tam khau theo vi tri va goc
hwéng cling véi dap (ing clia céc chan dan déng duoc trinh bay tir hinh 5.7 dén hinh 5.10.

0.45
0.4
0.35
0.3
0.25

0.2

XYZ (m)

10 15 20 25 30 35 40 45
time (s)

Hinh 5.5. Bap (*ng theo vi tri clia tm khau — M6 phdng bd diéu khién PID
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Hinh 5.10. Déap (*ng clia cac chan dan dong — M6 phong bd diéu khién PID

K ét qua khao sét cho thdy bd diéu khién PID c6 tinh 6n dinh, chuyén dong ctiatam
khau bam theo tin hiéu tham chiéu t6t, anh hudng bdi nhiéu khong dang ké véi thoi gian
xac 1ap ngan. Céc tiéu chudn chét lugng clia bd dieu khién PID (bang 5.5) cho thay dap
rng theo truc Z cé vot 16 kha lén (POT=10,57%). Sai s0 xac lap (eq) ciiatam khau co gia
tri 1.10°m theo vi tri va 1,1.103rad theo goc hudng. Thoi gian xé&c 1ap cla dap ng ta =
4,5 sv6i thoi gian l1én trise = 0,17 s cho thay téc do bién thién (dui/dt) clia céc lwc diéu khién

ui larat Ién trong khoang thoi gian qua do.

CO thé thay rang bd diéu khién PID vai cac hé s Kp, Ki, Ko maluan an d&chon co
tinh 6n dinh, cac tiéu chudn chét lvong clia hé thdng chdp nhan dugc nhung van can phai
cdi thién tot hon.

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

Theo két qua duoc trinh bay & muc 5.1.1, do vot |6 (POT) va sai sO xac 1ap (ex)
duoc xem lahai tiéu chudn quan trong quyét dinh dén chét lvong cliabd digu khién. Nham
cai thién céc tiéu chuan POT vaeq so voi bd diéu khién PID, tac gia dé xuat s dung bd
diéu khién mo truc tiép (Direct Fuzzy-PD) cho tay méy song song kiéu Stewart-Gough
Platform [18], [29], [35], [44], [51], [69], [73], [74], [103]. DBay la bd diéu khién mo véi
tin hiéu diéu khién u(t) dwoc tinh theo sai s6 (t) (khau P) va dao ham cliasai s6 Ae(t) (khau
D) nhuv hinh 5.11.
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Hinh 5.11. B diéu khién mo truc tiép (Direct Fuzzy-PD)
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Hinh 5.12. Chwong trinh md phong bd diéu khién mo tryc tiép (Direct Fuzzy-PD)

B0 diéu khién mo trén nén Simulink—Matlab (hinh 5.12) véi cac luat hop thanh mo

duoc xay dwng nham giam thiu do vot 16 vasai s6 xac 1ap clia hé théng theo sir bién thién
clae(t) vaAe(t) (bang 5.1, hinh 5.13). Cac ham lién thudc cla e(t), Ae(t) va u(t) duoc xéy

dung theo dang ham tam giéc voi cac bién ngdbn nglr nam trong khoang [-1,1]. Cac ham

lién thudc nay ctiabd diéu khién mo trwc tiép dwoc thé hién chi tiét trong phu luc 3.

Bang 5.1. Luat hop thanh mo u(t) - Bd diéu khién mo truc tiép (Direct Fuzzy-PD)

Ae(t) /ety NB |[NM | NS | NT | ZE | PT | PS |PM | PB
NB | NB|NB|NB NB|NM|NS|NT| ZE| PT
NM | NB|NB|NB NM|NS|NT| ZE|PT|PS
NS |NB|NB NM|NS|NT|ZE|PT|PS|PM
ZE | NB|NM|NS|NT|ZE | PT|PS|PM|PB
PS |NM|NS|NT|ZE|PT | PS|PM|PB|PB
PM NS |NT | ZE| PT | PS PV | PB|PB | PB
PB NT | ZE | PT | PS | PM |PB | PB | PB | PB
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u(t)

&(t)

Hinh 5.13. Mat diéu khién md - B diéu khién mo truc tiép (Direct Fuzzy-PD)

Tién hanh khao sét bd diéu khién, dap (rng chuyén dong ctiatam khau theo vi tri va
géc hudng dwoc thé hién & hinh 5.14 vahinh 5.15 da bam t6t theo chuyén dong tham chiéu.
Céc sai sd chuyén dong clia tam khau dwoc trinh bay tlr hinh 5.16 dén hinh 5.18. Bap rng
clia cac chan dan dong thanh phan duoc thé hién & hinh 5.19. Céc tiéu chudn chéat luong

cliabd diéu khién duoc trinh bay chi tiét tai bang 5.5.
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Hinh 5.14. Chuyén dong vi tri ciia tam khau — M6 phong bd diéu khién Direct Fuzzy-PD
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Hinh 5.19. Bap (rng clia cac chan dan dong — M6 phong bd diéu khién Direct Fuzzy-PD

Dua theo két qua khao sét, c6 thé nhan thay rang do vot 16 (POT) da giam xudng
dang ké so v6i truong hop dung bd diéu khién PID (tir 10,57% giam xudng 1,37%). Sai s0
x&c 1ap theo vi tri clia tdm khau gidm tir 1.103 m xudng con 0,84.10° m. Sai sd x&c 1ap
theo goc hwdng giam tir 1,1.103 rad xudng con 0,5.10° rad. Bén canh cac cdi thién ro rét
vé do vot |6 vasai s xac 1ap, bo diéu khién mo truc tiép co khoang thoi gian 1én (tis) va
thoi gian xac 1ap (tq) 1én hon trong tredng hop dung bd diéu khién PID. Thoi gian xac 1ap
tang tir 4,5 slén 6,3 svathdi gian I1én tang tir 0,17 s1én 0,45 s. Biéu nay gay rahan ché vé

toc do dap tng clia hé théng trong quatrinh qua do.

Nhu vay, ¢ thé nhan thdy rang, bd didu khién mo tric tiép da cai thién céc tiéu
chuan chat lwgng vé do vot 10 vasai sd xac 1ap tot hon so voi bd diéu khién PID trudce do.
Tuy nhién, bd diéu khién mo lai lam cham qua trinh dap (rng clia hé thong do ¢ thoi gian
|én vathoi gian xac 1ap tang cao. Han ché nay sé dwgc xem xét trong phan tiép theo véi bo
diéu khién két hgp Fuzzy-PID.

Dai v6i cac bai toan c6 yéu cau wu tién vé do vot 16 va do chinh xé&c (sai sd xac 1ap)
va khong phu thudc nhiéu dén thoi gian xéc 1ap thi bd diéu khién mo trirc ti€p nhuw trén

dwgc xem la phu hop vacé tinh téi wvu hon so véi bo diéu khién PID.
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5.1.3 B0 diéu khién tw chinh dinh Fuzzy-PID

Theo két qua khao sat & muc 5.1.1 va muc 5.1.2, bd diéu khién PID cé dap (rng
nhanh v&i do bién thién ctalwc diéu khién ui(t) I6n. Bén canh do, bd diéu khién mo truc
tiép (Direct Fuzzy-PD) lai c6 wu diém vé do vot |6 vasai sd xac |ap nhd. DE co thé cai thién
céc tiéu chuan chét lvong clia hé thdng mot cach chung nhat, tac gia dé xudt sir dung bd
diéu khién ty chinh dinh Fuzzy-PID dyatrén s két hop wu diém cliabd diéu khién mo va
bo diéu khién PID [14], [25], [29], [50], [102]. M6t trong nhitng han ché clia khau PID |a
céc hé s6 Kp, K, Kp khong thay ddi trong qua trinh diéu khién. Vi vay, dap ng clia hé
thong thuong khong cho két qua toi wu véi sy bién thién lién tuc cliasai s0. BO diéu khién
ti chinh dinh Fuzzy-PID dé xuat (hinh 5.20) c6 kha nang thay doi cac hé sd Kp, K|, Kp clia
khau PID trong qua trinh diéu khién dwa theo cac luat chinh dinh mo va su thay déi clia
cac thong sO e(t) va Ae(t).

e(t)
Ny :}*JXXLT
Nhiéu

Fuzzy Logic
Controller
r(t ] l . c(t)
O »X) »| B0 diéu khién »| Khop dan >
A PID; u(t) | dong thir i
I -

Hinh 5.20. B0 diéu khién tw chinh dinh Fuzzy — PID

Saturation1

¥
=
&
]
£
)
é

Derivativel

Saturation2

—
Fuzzy Logic
K i Integrator
Saturation2 % L
Dierivative |z 5%_»% Sooped g
e EE l & §- slpha Ki
alpha

Product?
Saturationd

Hinh 5.21. M6 hinh b diéu khién Fuzzy-PID trén Smulink - Matlab
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Theo [25], [50], [102], c&c hé s6 Kp, Kp nam trong khoang [Kemin Kemas] Va [Komin

KDmax]
Trong do: Kpmin = 0,5.Kp; Kpmax = 1,5.Kp; Kpmin = 0,5.Kd; Kpmax = 1,5.Kg;
vbi Kp = 5.10% K = 8.10%; Kq = 2.10° dwgc chon nhv muc 5.1.1.

Tuyén tinh héa cac hé sb Kp, Ki, Ko cho bd digu khién ty chinh dinh (Fuzzy-PID)
theo [25], [50], [102], ta co:

KP = (KPmax - KPmin)'Kl‘D + KPmin
KD = (KDmax - KDmin)'KI'D + KDmin
K, =KZ2/(bK,)

Trong d6 K,,K, dugc xac dinh tir 49 luat chinh dinh mo va cé giatri chuan héa
trong khoang [0,1], b =T, /T, 1 [1,1000] s& dugc xac dinh dyavao viéc chinh dinh tham 0
Kp, Kp. Céc ham lién thudc cla e(t), Ae(t), Kp, Ko vap dugc xac dinh c6 dang tam giéc va
céc bién ngdn nglr trong khodng [-1, 1]. Cac ham lién thudc nay clia bd diéu khién ty chinh
dinh mo duoc thé hién chi tiét trong phu luc 3 clialuan an. Luat hop thanh m vamat chinh
dinh mo céc hé s Kp, Kp va B clia bd diéu khién PID duoc thé hién tir bang 5.2 dén bang

5.4 vattr hinh 5.22 dén hinh 5.24.

Bang 5.2. Luat hop thanh mo hé sd Ke” - BO diéu khién ty chinh dinh Fuzzy-PID.

Ae(t) / e(t) | NB |NM | NS | ZE | PS |PM | PB
NB |PM| PS|PT|ZE|PT|PS|PM
NM | PB|PM|PS|PT|PS|PM|PB
NS |PB|PB|PM| PS|PM|PB|PB
ZE |PB|PB|PB|PM PB| PB| PB
PS |PB|PB PM| PS PM | PB| PB
PM | PB | PM|PS|PT | PS|PM|PB
PB |PM| PS|PT|ZE | PT | PS|PM




Ly,
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4.0

Kp’

oz 38

a0 )

Hinh 5.22. Mat diéu khién md chinh dinh hé sb Kp'
Bang 5.3. Luat hop thanh mo hé sd Kp’ - BO diéu khién ty chinh dinh Fuzzy-PID.

Ae(t)/et) | NB | NM | NS | ZE | PS | PM | PB
NB PT | PS |PM | PB | PM | PS | PT
NM ZE| PT | PS| PV | PS| PT | ZE
NS ZE | ZE | PT | PS | PT | ZE | ZE

ZE ZE | ZE | ZE | PT | ZE | ZE | ZE
PS ZE | ZE | PT | PS | PT | ZE | ZE
PM ZE| PT | PS|PM | PS | PT | ZE
PB PT | PS |PM | PB | PM | PS | PT

Kp’

e(t) ' Ae(t)

Hinh 5.23. Mat diéu khién mo chinh dinh hé sd Kp'
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Bang 5.4. Luat hop thanh mo hé so B - BO diéu khién tw chinh dinh Fuzzy-PID.

Ae(t)/et) | NB | NM | NS | ZE | PS | PM | PB
NB PT | PS|PM | PB | PM | PS | PT
NM ZE| PT | PS|PM | PS| PT | ZE
NS ZE | ZE | PT | PS | PT | ZE | ZE

ZE ZE | ZE | ZE | PT | ZE | ZE | ZE
PS ZE | ZE | PT | PS | PT | ZE | ZE
PM ZE| PT | PS|PM | PS | PT | ZE
PB PT | PS |PM | PB | PM | PS | PT

Hinh 5.24. Mat diéu khién mo chinh dinh hé so B

Tién hanh khao sét hé thong véi bd diéu khién tw chinh dinh Fuzzy-PID voéi cling
diéu kién vathéng sb khao sat nhu trvdng hop 5.1.1. KéEt qua cho thdy cac dap tng, sai O
chuyén dong cliatam khau (hinh 5.25-hinh 5.30) va céc tiéu chuan chét lvong clia bd diéu
khién (bang 5.5) duoc cai thién dang ké mot cach chung nhét so vai trvong hop chi ding

bd diéu khién PID kinh dién hodc bd diéu khién mo truc tiép.
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Bang 5.5. Tiéu chuan chat lvgng hé théng — M6 phang bd diéu khién

A o x Direct
Tiéu chuan chat lvgng PID Fuzzy-PID
Fuzzy-PD

Do vot 16 (POT) (%) 10,57 0 5

Sai sb xé&c 1ap (ex) theo vi tri (m) 1.103 0,84.10°% 0,84.10°
Sai s6 xé&c 1ap (eq) theo goc huéng (rad) 1,1.10° 0,5.10°3 0,32.10°3
Thoi gian xac 18p (tq) () 4,5 6,5 3,9
Thoi gian [én (trise) (S) 0,17 0,45 0,41

So v6i bo diéu khién PID, do vot 6 cliabd diéu khién Fuzzy-PID dagiamtir 10,57%
xudng con 5%. Khoang sai sd x&c 1ap theo vi tri gidm tir 1.10 m xudng con 0,84.10° m.
Giatri nay co két qua twong dwong so véi truong hop ding bo diéu khién mo tryc tiép.
Ngoai ra, chuyén dong theo géc hudng co khodng sai sb |anhd nhat so véi hai treong hop

diing bo diéu khién PID vabo diéu khién mo truc tiép.

Khi xem xét dén toc do dap (rng ctia hé thong, thoi gian xéac 1ap clia bd diéu khién
Fuzzy-PID c6 giatri ty = 3,9 s. Giatri nay cho thdy bd diéu khién Fuzzy-PID c6 kha nang
x&c |ap nhanh hon so véi by diéu khién PID (tq = 4,5 s) vabd diéu khién mo truc ti€p (t«
= 6,5 ). Bén canh do, thoi gian 1én dwoc cai thién dang ké so véi truong hop dung bd diéu

khién mo trirc tiép (trise gidm tlr 0,45 s xudng con 0,41 s).

Co thé thy rang céc tiéu chudn chat lvong clia hé théng da duoc cai tién tét hon
thong qua viéc dung céc luat diéu khién mo dé chinh dinh cac hé s6 Kp, Ki, Kp cliabd diéu
khién PID kinh dién theo sy bién thién clia e(t) va Ae(t). Tat ca céc chi tiéu chat lwong clia
hé thdng dwoc nang cao mdt cach dong thoi trong qué trinh diéu khién chuyén dong clia

tay médy song song kiéu Stewart Platform.

5.1.4 Nhan xé vé cac bo diéu khién.

Qua két qua mo phong, cé thé thiy rang bd digu khién PID vai céac hé sd Kp, Ki, Kp
da chon c6 tinh 6n dinh, céac tiéu chuan chat lvong clia hé thong chidp nhan dwoc nhung
van can phai cai thién tdt hon. Budc dau co thé khang dinh rdng bd digu khién PID phu

hop cho quatrinh chuyén dong ctiatay may song song kiéu Stewart Platform.

B0 diéu khién mo truc tiép (Direct Fuzzy-PD) véi luat diéu khién mo da chon ¢

kha nang cai thién t6t hon so vgi diéu khién PID vé céc tiéu chuan nhw do vot 10, sai sd xéc
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lap. Tuy nhién bo diéu khién mo truc tiép lai co han ché vé thoi gian dap (ng clia hé thong.
Dai voi cac bai toan yéu cau uu tién vé do vot 16 va dd chinh xéac (sai sb xac 1ap) vakhong
phu thudc nhiéu dén thoi gian xéc 1ap thi bd diéu khién mo truc ti€p dwoc xem la phu hop

vaco tinh linh hoat hon so véi bo diéu khién PID.

D0oi voi bd diéu khién ty chinh dinh Fuzzy-PID, két qua cho thdy céc tiéu chuan
chét lvgng clia hé théng dwoc cai thién dong thoi va dat giatri t6i wu hon so véi bd diéu
khién PID vabd diéu khién mo tryc tiép. BO diéu khién Fuzzy-PID ¢ tinh on dinh va dap
(rng nhanh dong thoi c¢d do vot 16 vasai sd xac [ap nho trong qua trinh diéu khién chuyén
dong clia tay mdy song song kiéu Stewart Platform. Day chinh la diém tdi wu hda ctia bd

diéu khién Fuzzy-PID so véi bd diéu khién PID vabd diéu khién mo truc tiép.

Céc két qua nghién clru md phong &p dung cac phuong phap va giai thuat diéu khién
cho mé hinh tay mdy song song kiéu Stewart-Gough Platform c6 y nghia quan trong trong
viéc dinh huwéng lva chon va(rng dung céc giai thuat t6i wu cho hé théng thic nghiém.

Céc két qua trén da dwgc cong bd & cong trinh s [CTTG-4] cliatac gia.

Céc két qua khao sét vacai tién b digu khién s duoc kiém chirng bang thure nghiém
trén mo hinh vat ly & phan tiép theo.
5.2 Diéu khién tay may song song trén co sé toi u hoa thiét ké tay may song song

kiéu Stewart—Gough Platform

Phan nay trinh bay két qua thirc nghiém trén mé hinh vat |y nham muc dich kiém
chirng cac két qua khao st vacai tién bd diéu khién tir muc 5.1. Thuat toan diéu khién PID
vathuat toan diéu khién tw chinh dinh Fuzzy-PID s duoc lan lvot 4p dung cho céc b diéu
khién truc tiép (Slave) clia cac chan dan dong. Cac thuat toan nay s& dwoc ép dung véi ciu
hinh thirc nghiém (hinh 4.15 b), chuyén dong tham chiéu va céc théng s6 diéu khién nhu
muc 5.2.1 va5.2.2. Céc chuyén dong tham chiéu dugc gi¢i han trong pham vi thong s6 k¥
thuat ciamod hinh co khi (bdng 4.1) vavung lam viéc ctia cau hinh thuc nghiém (hinh 4.14
d).

Céc tiéu chi chét lvgng clia bd diéu khién st duoc danh gia theo céac dap (rng qua
d0, sai s6 chuyén dong cliatam khau vaquatrinh phdi hop chuyén dong giira cac chan dan
dong thanh phan cliatay méy song song. Céc dap (ing qua do, sai sd chuyén dong clia tam
khau dwoc ndi suy bang cach giai bai toan dong hoc thuan (muc 1.2.2.2) tir giatri chidu dai

thuc té do duoc cla cac chan dan dong. Bang téng hop két qua nghién ctru thuc nghiém
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cac tiéu chuan chat lwgng doi vai cac bo diéu khién khac nhau trong luan an duoc trinh bay
chi tiét tai phu luc 5. K&t qua thuc nghiém cac dap (ng qua dd thanh phan cta cac chan
dan dong vai céc bd diéu khién khac nhau duoc trinh bay chi tiét trong phu luc 6 ctialuan
an.
5.2.1 B0 diéu khién PID

Ap dung thuat toan PID cho md hinh thyc nghiém (hinh 4.16) véi so do diéu khién
céc chan dan dong nhu hinh 4.8. Theo phuong phap Ziegler-Nichols [23], [40] va phuong
phép auto-tuning [2] trong quatrinh thwc nghiém, cac thong s clia bd diéu khién PID cho
md hinh thic nghiém duoc téc gid chon voi: Ke= 8,5, K| = 0,005, Kp = 0,02.

Trong quéatrinh diéu khién theo thoi gian thuc, chiéu dai thuc té cac chan dan dong
do tir c&c encoder duoc thiét bi ghi nhan vabiéu dién & hinh 5.35. K&t qua ndi suy véi dap
rng qua do va sai sd chuyén déng clia tdm khau dugc thé hién tlr hinh 5.31 dén hinh 5.34.

Céc tiéu chuan chat lvgng clia hé thong duoc trinh bay tai bang 5.6.
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Hinh 5.31. Chuyén dong vi tri ciia tam khau — Thwc nghiém bd diéu khién PID
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Bang 5.6. Tiéu chuan chat lvgng hé thdng — B diéu khién PID

Tiéu chuan chat lvong M6 phéng | Thuc nghiém
Do vot 16 (POT) (%) 10,57 0
Sai s0 x&c 1&p (ex) theo vi tri (m) 1.103 1,7.10°3
Sai s0 x&c lap (eq) theo goc huéng (rad) 1,1.10°3 2.10°3
Thoi gian xac 1ap (tx) () 4,5 57
Thoi gian 18n (tis) () 0,17 3,7

K ét qua thirc nghiém cho thdy, dép (rng chuyén dong theo vi tri clia tdm khau (hinh
5.31) khong c6 do vot 16 (POT = 0 %) so voi két qua md phong (POT = 10,57 %). Sai sb
xé&c lap theo vi tri va géc huwéng cla tam khau kha nhé va twong dong voi két qua mo
phdng. Theo gi¢i han tdc do clia chan dan dong (Vmax = 16 mmy/s), mé hinh tay méy dugc
xem la co dap wng nhanh v@i thoi gian xac 1ap tw = 5,7 s, thoi gian Ién trise = 3,7 S VOI
khoang dich chuyén (75 mm) trong quatrinh qua do. Co thé thdy rang, bd diéu khién PID
vGi cac hé so Kp, K, Kp thirc nghiém da chon c6 tinh én dinh, céc tiéu chuan chat lvgng

cla hé théng chap nhan duoc.

CO6 thé khang dinh bd didu khién PID véi céc thong sb da chon c6 chét lugng didu
khién tot va phu hop cho md hinh thirc nghiém tay may song song. Nhu vay, céac tiéu chuan
chat lvgng cling nhu cac dac trung vé do 6n dinh, téc do dap (rng nhanh va sai sd xéc lap
clabd diéu khién PID daduoc kiém chirng bang céc két qué thurc nghiém trén mé hinh tay

mady song song kiéu Stewart-Gough Platform.

Trén thuc té, do sai sO xéac lap dao dong theo chuyén dong tham chiéu (hinh 5.32,
hinh 5.33, hinh 5.34) nén tay may co hién twong rung lac trong quatrinh diéu khién. Ngoai
ra, khi xem xét qué trinh phdi hop gitta cac chan dan dong (hinh 5.35), ta cd thé thdy rang
quatrinh x&c 1ap clia cac chan dan dong khdng dong nhét. Diéu nay gay rahiéu (ing giang
lrc gitta cac chan dan dong, gay méat an toan cho két ciu co khi va bd diéu khién. Céc han
ché vé sai sO xéc 1ap va kha nang phdi hop chuyén dong gilra cac khép s duoc cai tién
trong phan tiép theo véi b diéu khién ty chinh dinh Fuzzy-PID.
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5.2.2 B0 diéu khién tw chinh dinh Fuzzy-PID

Nhuw datrinh bay & muc 5.1.1 vamuc 5.2.1, mot trong nhirng han ché cliakhau PID
la cac hé s6 Kp, K|, Kp khong thay doi trong qué trinh diéu khién. Vi vay, céc tiéu chuan
chét luong ctia hé thdng (dd vot 16, sai sO xac lap) thuong khong dat két qua tét nhat va
qué trinh phéi hop gilta cac chan dan dong chua dong bd. B diéu khién tw chinh dinh
Fuzzy-PID la mot Iwa chon tot hon dé cai thién cac han ché néu trén dwa theo s két hop
cac wu diém clia bd diéu khién mo va bo diéu khién PID. Céc két qua md phdng trinh bay
& muc 5.1.3 cho thdy, bd diéu khién tw chinh dinh Fuzzy-PID cho két qua cdi thién ro rét
vé dap ('ng qua do. Phan nay sé trinh bay céc két qua thue nghiém bd diéu khién tw chinh

dinh Fuzzy-PID cho tay méy song song kiéu Stewart-Gough Platform.

Tién hanh 4p dung thuat toan tdi wu hda bd diéu khién Fuzzy-PID da khao sit &
muc 5.1.3. Cac thong sb thuc nghiém duwgc xac dinh theo [25], [50], [102] nhv sau:

Kpmin = 3; Kpmax = 15; Kpmin = 0,01; Kpmax = 0,1,
Tuyén tinh héa céc hé sb Kp, K, Kp nhr muc 5.1.3, tacé:

Ke = (KPmax - KPmin)'K};’ +K
Ko = (Ko = Komin)-Kp +K

Pmin?

K, =K2/(b.Kyp),

Drin’
Trong d6 K,,K,dugc xac dinh tir cac luat diéu khién mo (bang 5.2, bang 5.3) va
c6 giatri chuan héatrong khodng [0,1], b =T, /T, T [1,21000] s& dwoc xéac dinh dyavao viéc
chinh dinh tham s0 Kp, Kp (bang 5.4). Ham lién thudc clia Kp, Kp va B duoc xac dinh co
dang tam giéc, cac bién ngbn nglr va mat diéu khién thé hién nhu muc 5.1.3.
Chiéu dai thuc té cac chan dan dong dwoc thé hién & hinh 5.40. Két qua ndi suy véi
dap (ng qua dd vasai sd chuyén dong clia tam khau dugc thé hién tir hinh 5.36 dén hinh

5.39. Céc tiéu chuan chat lvgng thirc nghiém clia hé thong dwgc trinh bay tai bang 5.7.
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Bang 5.7. Tiéu chuan chat lvgng hé théng — Bd diéu khién Fuzzy-PID

Tiéu chuan chét lvong M6 phong | Thuyc nghiém
Do vot 16 (POT) (%) 5 0
Sai sb x&c 1ap (ew) theo vi tri (m) 0,84.103 1,5.10°
Sai s0 xac lap (eq) theo goc huéng (rad) 0,32.103 1,7.10°
Thoi gian xac 1ap (t) () 39 57
Thoi gian 1én (tise) (S) 0,41 37

Két qua thic nghiém cho thdy chuyén dong theo vi tri clia tam khau khdng coé vot
16 (POT = 0%) (hinh 5.36) va sai sd xac lap cla tam khau duoc ci thién dang ké so vai
treong hop dung bd diéu khién PID. Céc sai sd chuyén dong giam tr 1,7.10°° m xudng con
1,5.10°m theo truc Z vatir 1,5.10° m xudng con 1.103m theo truc X, Y (hinh 5.37, hinh
5.38). Khoang sai s xac lap theo géc hudng cling giam tir 2.10°° rad xudng con 1,7.10°3
rad (hinh 5.39) voi thoi gian x&c 1&p va thoi gian 1én co giatri twong duong so voi treong
hop bd diéu khién PID. Nho céc giatri clia sai sd xac lap giam di dang ké nén qua trinh

chuyén dong cliatay may trong thuc té da triét tiéu duoc s rung lac vatiéng én trong qua

trinh van hanh.
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Ngoai ra, co thé nhan thdy rang quatrinh phdi hop chuyén dong gitta cac khop cia
bd diéu khién ty chinh dinh Fuzzy-PID dadwoc cai thién dang ké. Trong quatrinh qua do,
chuyén ddng ctia céc khép dwgc dong bo hda va khdng co vot |6 nhu trong tredng hop st
dung bd diéu khién PID (hinh 5.40). Biéu nay ddm sy phdi hgp nhip nhang va dong b
gitra cac khdp trong qua trinh diéu khién chuyén dong ctiatay may song song (hinh 5.41),

dac biét latrong cac trvong hop cé sy thay doi dot ngdt cliatin hiéu diéu khién.

Hinh 5.41. Qua trinh diéu khién tay may song song - Bo diéu khién Fuzzy-PID

Két qua thirc nghiém & muc 5.2.1 va5.2.2 cho thay b diéu khién kinh dién PID da
dwoc toi wu héa thong qua viéc két hop ly thuyét diéu khién mo dé chinh dinh cac hé so
cliabd diéu khién kinh dién PID. Céc chi tiéu vé chat lvgng clia hé thong da dwgc cai thién
mot cach toan dién cho qua trinh diéu khién chuyén dong clia tay mdy song song kiéu
Stewart—-Gough Platform.

K ét qua cho thdy mdt so diém khéac biét vé dap (rng clia hé thong thwc nghiém (muc
5.2.1, 5.2.2) va két qud mo6 phong (muc 5.1.1, 5.1.3). Céac dap ng ctia hé thong trén mo
hinh thuc nghiém cé do vot |6 (POT) thap hon trong khi thoi gian xac 1ap (tx) 16n hon so
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vGi két qud mo phdng trén may tinh. Diéu nay duoc ly gidi do md hinh tay may thuc té co
cac sai sO V& ché tao vabi gi¢i han vé téc do chuyén dong so vai mo hinh trén may tinh.
Viéc chon lya, 8p dung va so sanh chét lvgng diéu khién tir cac thuat toan khéc
thong qua hé théng thrc nghiém tdi vu héa digu khién tay mdy song song kiéu Stewart—

Gough Platform s8 duoc tac gia ti€p tuc nghién clru vé sau.

Céc két qua khao sét trén mé hinh thuc nghiém (chwong 4 va chrong 5) da kiém
chirng mot cach tin cay, day di va mang tinh hé thong cac két qua nghién clru vé tdi vu
héathiét ké va diéu khién tay may song song kiéu Stewart-Gough Platform trinh bay trong
luan an.

Céc két qua trén dadugc cong bd & cong trinh s0 [CTTG-5], [CTTG-6] cliatac gia.

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

Céc két qua nghién clru & muc 4.2 va 5.2 cho thdy tinh kha thi trong viéc rng dung
cac phwong phép t6i wu héa thiét ké va diéu khién tay may song song kiéu Stewart-Gough
Platform cho cac md hinh thuc té. Cac giai thuat tdi vu hoa néu dugc ap dung theo mot
quy trinh véi cac hudng dan cu thé s& gitp céc nha nghién ctru thwe hién qué trinh thiét ké

va ché tao tay médy song song voi nhiéu chon Ivalinh hoat trong thoi gian ngan.

Téac gia dé xuat mét quy trinh 'ng dung cac két qua nghién clru vé t6i wu hoa thiét
ké va diéu khién cho tay mdy song song kiéu Stewwart-Gough Platform. Quy trinh thuc

hién nhu sau:

Buéc 1: Xac dinh yéu cau thiét ké (vung khéng gian 1am viéc, cac cau hinh lam
viéc voi goc hudng tam khau thay doi, do clrng virng... ). Tiép theo, can xac dinh cac tiéu
chi thiét ké vathir tv wu tién cta chdng. B6i véi cac iing dung trong thién van hoc, y hoc
(hinh 1.8, hinh 1.9 va hinh 1.10), tay may song song thwong s& doi hdi do chinh xac va
khong gian [am viéc |&n hon d6 clrng virng. Trong trvong hop nay thi ty wu tién (1)-(2)-
(3) (muc 3.3.3) st la phuong phap phu hgp cho quatrinh ti wvu héa thiét ké. Trong khi dé,
v(Oi cac (ing dung gia cong co khi, may cong cu, san xuét, dich vu (hinh 1.5, hinh 1.7, hinh
1.11 vahinh 1.16), thi tiéu chi vé do clrng virng vatoc do chuyén dong cliatay may song
song sé dwgc cha trong nhiéu hon.

Buéc 2: Duatrén yéu cau thuc té, tién hanh t6i vu héa thiét ké. Cac thuat toan toi
wu héathiét ké datrinh bay trong luan an nhu thuat toan di truyén GA, thuat toan PSI, thuat
toan két hop GA-PSI cd thé duoc dp dung dé xac dinh cau hinh thiét ké pht hop dam bao
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cac tiéu chi vathdng sd hoat dong da dat ra. Cac giai thuat t6i vu héa da dwgc nghién clru
vatrinh bay trong luan an nay co thé dp dung cho cac phrong phap tdi wu voi céc tiéu chi

t0i wu khac nhu: téc do dich chuyén, kha nang tai trong, giatdc chuyén dong,...

Vi cac cau hinh tay may duoc xac dinh sau qua trinh t6i wu hda thiét ké, cac nha
nghién ctru cé thé (rng dung bd cong cu dé md hinh héa tay méy cling nhw khao sat, danh
giavaphan tich cac rang budc, cac tiéu chi hoat dong cho cau hinh tay may song song trén
may tinh. Diéu nay s& gilp cac nha nghién clru xem xét sy phu hop cling nhu diéu chinh

cac thong sO clia tay may trwdc khi trién khai thue hién xay dwng md hinh vat ly.

Budc 3: T6i wu hoa bd diéu khién bang céch cai tién céc thuat toan. Viéc lva chon
thuat toan diéu khién phai pht hop véi céc yéu cau vé tiéu chuan chat lvgng clia hé thong
nhw do vot 16, thoi gian xac lap, thoi gian I1én, sai s0 x&c 1ap,.... Vi du: d6i voi linh vuc
thién van hoc, y hoc,... thuat toén Dirrect Fuzzy-PD <& |a mot chon lva phu hop véi yéu
cau khong c6 do vot 16, thuat toan Fuzzy-PID sE cho phép cac hé thong c6 dap (rng nhanh,
do vot 16 rat thap phu hop véi cac hé thong gia cong co khi, may cong cu, san xuat, dich

Vu...
Budc 4: Kiém tra bang mé phong va thuc nghiém.

5.4 KEét luan chuong 5

Chuong 5 datrinh bay két qua khéo sat bang md phong céc bd digu khién kinh dién
PID, bd diéu khién mo tryc ti€p vabd diéu khién ty chinh dinh Fuzzy-PID. B6 diéu khién
PID dugc xem la pht hop cho qua trinh chuyén dong ctia tay méy song song voi tinh 6n
dinh, céc tiéu chuan chat lvgng clia hé thong chap nhan duoc va can phai cai thién tot hon.
B0 diéu khién mo truc tiép cd kha nang cai thién tot hon so véi diéu khién PID vé céc tiéu
chuan nhw dd vot 16, sai s x&c 1ap nhung lai han ché vé thoi gian dap (rng clia hé théng.
B0 diéu khién mo truc tiép dwgc xem la pht hop va cd tinh linh hoat hon so véi bo diéu
khién PID d6i véi cac bai toan yéu cau wu tién vé do vot |6 va do chinh xéc. B0 diéu khién
ty chinh dinh Fuzzy-PID c6 céc tiéu chuan chét lvgng clia hé thong duoc toi wu héa mot

cach dong bd so v6i bd diéu khién PID vabo diéu khién mo truc tiép.

Két qua thic nghiém trén cau hinh tdi wu hoa thiét ké cho thdy bo diéu khién PID
voi cac hé sd Kp, Ki, Kp da chon cd tinh 6n dinh, céc tiéu chuan chat lvong clia hé thong
chép nhan dwoc véi pham vi ciamd hinh vat ly. B diéu khién PID co hién twong rung lac

trong quatrinh diéu khién va qué trinh xéc 1ap clia céc chan dan déng khdng dong nhét. Bo
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diéu khién tw chinh dinh Fuzzy-PID cé céc chi tiéu chat lvgng clia hé théng dwoc cai thién
mot cach toan dién va kha ning phéi hop gitta cac chan dan dong t6t hon so voi bd dieu
khién PID.

Céc két qua khao sét trén mé hinh thuc nghiém (chwong 4 va chuong 5) da kiém
chirng mdt cach tin cay, day di va mang tinh hé thong cac két qud nghién ctru vé t6i uu
héathiét ké va diéu khién tay méy song song kiéu Stewart-Gough Platform trinh bay trong
luan an.

Céc két qua toi wu bd diéu khién trong pham vi chrong 5 duoc xac dinh véi mot
cau hinh cu thé. Trong tredng hop tong quéat, mot quy trinh (rng dung cac két qua nghién
clru V& t6i wu hoéa thiét ké va diéu khién cho tay méy song song kiéu Stewart-Gough

Platform d& dwoc xay dung véi cac hwdng dan cu thé.

Cac két qua trén da duoc cong bd & cong trinh s6 [CTTG-4]-[CTTG-6] cliatac gia.
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KET LUAN
Luan &n dat daravan dé nghién ctru vé toi vu hoa ciu hinh co khi va hé théng diéu
khién dién t nhu mot thé théng nhat. Két qua luan an cho thdy bang céac giai phap kY thuat

dién tlr c6 thé ho tro thurc hién qua trinh thiét ké t6i wu cho céac hé thdng co khi.

Dua trén viéc nghién clru vé ti wu hoa thiét ké va diéu khién tay may song song

kiéu Stewart-Gough Platform, luan an da dua ra nhirng két qua nghién ciru chinh nhu sau:

1. Xay dung bd cong cu mé hinh hdatay mady song song kiéu Stewart-Gough Platform.
Ung dung bd cong cu dé phan tich va danh gia téng hop céac rang budc (gi¢i han
chiéu dai chan dan dong, gi¢i han goc khép, ban kinh mat phdng nén); xem xét
nhitng tiéu chi ddc biét anh hwdng dén thé tich clia vung lam viéc; xac dinh céc cau
hinh suy bién, diém ky di va vung lan can, do clrng virng cho tay may song song
kiéu Stewart-Gough Platform.

2. Deé xuat nhirng gidi thuat t6i wu hoa thiét ké theo da tiéu chi: gidi thuat di truyén GA,
thuat toan PSI, thuat toan GA-PSI nham nang cao kha nang hoat dong clia tay méay
song song. Trong do6 thuat toan GA-PSI c6 kha nang gidm thoi gian t6i vu hoa thiét
ké cho tay may song song kiéu Stewart-Gough Platform.

3. Xay dwng md hinh thuyc nghiém linh hoat gdm hé co khi tay may song song kiéu
Stewart-Gough Platform cé kha nang thay do6i cu hinh thiét ké véi hé thong diéu
khién phan cap. Luan an (rng dung giai thuat toi wu héa dé xac dinh mét cdu hinh
thuc nghiém t6i vu trén mo hinh daxay deng. M6 hinh nay duoc sir dung lam cong
cu dé kiém tra céc giai thuat diéu khién khac nhau cho qué trinh chuyén dong clia
tay mdy song song kiéu Stewart—-Gough Platform.

4. DEé xuat céc phuong phap nang cao chat lvong bd diéu khién déi twong dong hoc
tay mdy song song trén co s& két hop céc thuat toan diéu khién kinh dién va diéu
khién hién dai (thuat toan Fuzzy, thuat toén tw chinh dinh Fuzzy-PID). Ap dung
ki€ém chirng céc giai phap tdi wu hoa thiét ké va diéu khién vao md hinh thirc nghiém
tay may song song kiéu Stewart-Gough Platform. Két qua thirc nghiém pht hop véi

cac két qua mo phdng trén may tinh va cac cong trinh da cong bé.
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KIEN NGH| VE NHONG NGHIEN CUU TIEP THEO

Tiép tuc céc nghién clru Ve tdi wu hoa thiét ké va diéu khién tay may song song kiéu
Stewart-Gough Platform bang phwong phap két hop cac thut toan tim kiém ngau
nhién khac va céc thuat toan tim kiém theo bién.

Gidi bai toan t6i vu héathiét ké theo da tiéu chi co tinh dén tai trong.

Nghién clru, ('ng dung céc giai thuat diéu khién khéc trén mé hinh thurc nghiém.
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PHU LUC
Phu luc 1. M6 hinh toan tay may song song trén phan mém Smulink-Matlab
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> R iz the rotation matrix for the top plate
Control error for each leg length: = p is the position vector of the origin of the top plate
= p_tis the leg attachment point vector at the top plate
= p_b is the leg attachment point vector at the base
> |_n ig the nominal or reference distance between the

[I{R*p_t+p)-p_bll-I_n
top and base attachment points

Hinh PL1.2. M6 hinh gidi bai todn déng hoc nguoc tay may song song trén Smulink —
Matlab
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Phu luc 2. Cac chi tiét co khi, mach diéu khién tay may song song

27.32 mm

20.08 mm
6.00 mm

319.79 mm

ben day

| 260.90 mm

20.75 mm

- J

Hinh PL2.1. C4u tao chan dan dong

Hinh PL2.2. Chan dan dong thuc té

(Vitme-dong co DC)
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_INE
10.00 mm A T
U
4,00 mm
10.00 mm
20.19 mm
ﬁ\/
10.00 m
20.00 mm

L

inh PL2.3. é?atﬂf%’é% Et%% cac gang

(20
=

Hinh PL2.4. Khop cac dang thuc té
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368,00 mm
308,00 mm
300,00 mm
292,00 mm

0,00/mm

Hinh PL2.5. Cau tao tam chuyén dong

Hinh PL2.6. Tam chuyén dong thuc té
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468,00 mm
408,00 mm

400,00 mm

O,QO mm

Hinh PL2.7 C4u tao mét phang nén

Hinh PL2.8 M&t phang nén thuc té
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Hinh PL2.9. So do nguyén ly b diéu khién Save
UL
MIR 1 40 P
27| MCLR/VPP/RE3 RB7/KBI3/IPGD [3g P
0—73 RAO/ANO RB6/KBI2/PGC [33
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Hinh PL2.10. So dd nguyén |y bd diéu khién Master



(@)



(b)

Hinh PL2.12. M& hinh thirc nghiém hé thong diéu khién tay may song song kiéu Stewart—
Gough Platform
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Phu luc 3. Ham lién thudc cac bd diéu khién mo

T T T T T T T T
NE NM NS NT ZE PT Ps PM
1
0.5
o EEa 1 1 1 1 1 1 1 1
-1 -0.8 -08 -04 -02 ] 0.2 0.4 06 08

a) Ham lién thudc cla e(t)

T T T T T T T T
NE NM NS ZE PS PM
1
0.5
o ] = ] ] 1 1 ] ] ]
-1 -0.8 -08 -0.4 -0.2 ] 0.2 0.4 0.6 0.8

b) Ham lién thubc cla Ae/dt

T T T T T T T T
P P2 P3 P4 P5 P& P7 P&
1
05
o = ] ] ] 1 ] 1 ] ]
-1 0.8 -0.6 -0.4 -0.2 ] 0.2 0.4 0.6 0.8

¢) Ham lién thudc cla u(t)

Hinh PL3.1. Cac ham lién thudc - Bo diéu khién mo truc tiép (Direct Fuzzy-PD)
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-1 048 -08 -04 -02 0 0.z 0.4 0.6 0.8 1

a) Ham lién thudc cla e(t), Ae/dt

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

b) Ham lién thudc ctia Ke, Kp

5 L M H B

0.5

=t
1

1 1 1 1 1 1 1 1
100 200 300 400 SO0 G600 o0 00 a0t 10040

a) Hamlién thudc clia 8

Hinh PL3.2. Cac ham lién thudc - BO diéu khién Fuzzy-PID
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Mo phong b diéu khién Fuzzy
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Mo phong b diéu khién Fuzzy-PID

<t
S N N B N 0
< 1 1 I I I = S
S | l 1 | l + ..hl
< L L e e (@)
m I I I I I Am. m
I I I I I :
Am. e R SR AR T © um
Lo] 1 1 1 1 1 :m -
= T S S L5
G F-lodool Lo ©
S I I I I I Am P
I I I I I
= R P R R S S s o
v = [l [ | [l 1 D = O [&]
g © I I I I I T D s @©
S © l l I I I £ = £ 3
S it e Kl S S = o
o I I I I I w o
,Am I I I I I @ c
T R S N R P — S
. 1 1 | I I o o
Aﬁ I I I I I nwv N
I I I I I - [n)
(3] it Htie Bt ity Bty Rl iy Sl bl - .
< I I I I I : N~
<t | | | | | % <t
- i e e e e ; <
o I I I I I < 1
c I I I I I = [al}
n 1 13 i3 1 I3 P
= |8 8 8 8 8 8 < =
T L ¥ ¥ ©®© ® o c =
(N) ()Ppn T T
Q i
r r r ﬂ M R T R R > N
! ! ! ! — I I I I I < S
! ! ! ! o 35 Lo I = <
R A A N < FoT T T ST T TR T T o s
1 1 1 1 + | | | | | c (@]
! ! ! ! = I I I I I © Am.
AR S S Rt S I - S S
I I | | o ” ” ” ” ” «© :m
Lo ___J___Jd___J 3 xm R T T T N © S
” ” ” ” S I I I I I Am m
S =R g :
e et A s B B S s i e e i T S} . m
I I I I 2 o , ! ! , , 2 c L
, , , , e O I I I I I 2 D s @©
- © I I I I I E = E S
! ! ! ! S it A IS S A = m = 0O
” ” O I I I I I 5 m
N I I I I I
” ! 3 T B N T P m =]
. I I I I I o
! nﬂ I I I I I o @
! I I I I I =3 Q
N R N R i Ey Rt e M -l 3
~ I I I I I . O
<t I I I I I M <
- it A Bl e S . <
o I I I I I < ]
- I I I I I =l o
n ] ] ] ] ] P h
= g 8 8 8 8 8 < c
T B ¥ ¥ o & « c =
(W) @'e (N @"pn T I




155

Mo phong b diéu khién Fuzzy-PID
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Mo phong b diéu khién Fuzzy-PID
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Phu luc 5. Céc tiéu chuan chat lvgng clia b diéu khién tay may song song

Bang PL5.1. M6 phdng bd diéu khién PID

Tiéu chuan chat lvgng / Truc X Y Z
Vi tri (%) 0 0 10,57
Do vot 16 (POT)
Géc hudng (%) 0 0 0
Vi tri (m) 0,53.10% | 1.10° | 0,57.10°%

Sai S8 x&c 13p (ev)
Goc huong (rad) | 1.10° | 1,1.10° | 0,3.10°8

Vi tri (s) 0 0 4,5
Thoi gian xac 1ap (tx)
Géc huwéng (s) 0 0 0
Vi tri (s) 0 0 0,17
Thoi gian 18n (tiso)
Géc huwédng (s) 0 0 0
Bang PL5.2. M6 phéng b diéu khién Direct Fuzzy-PD
Tiéu chuan chat lvgng / Truc X Y Z
Vi tri (%) 0 0 1,37
Do vot 16 (POT)
Géc hudng (%) 0 0 0
Vi tri (m) 0,1.10% | 0,84.10° | 0,076.103

Sai S5 x4c 14p (&)
Goéc huéng (rad) 0,5.10% | 0,3.10% | 0,24.10°%

Vitri (s) 0 0 6,3
Thoi gian xac 1ap (tx)

Géc huwéng (s) 0 0 0

Vi tri (s) 0 0 0,45
Thoi gian [én (tis)

Goc huwong (s) 0 0 0
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Bang PL5.3. M6 phdng bd diéu khién Fuzzy-PID

Tiéu chuan chat lvong / Truc X Y Z

Vi tri (%) 0 0 5
Do vot 16 (POT)

Goc hudng (%) 0 0 0

Vi tri (m) 0,03.10% | 0,84.10° | 0,5.10%
Sai sb xéac lap (eq)

Goéc huwéng (rad) | 0,32.10° | 0,28.10° | 0,2.103

Vi tri (s) 0 0 3,9
Thoi gian xac 1ap (tx)

Géc huong (s) 0 0 0

Vitri (9 0 0 0,41
Thoi gian 1én (tris)

Goc huwong (s) 0 0 0

Bang PL5.4. Thirc nghiém bd diéu khién PID
Tiéu chuan chat lugng / Truc X Y Z

Vi tri (%) 0 0 0
P vot 16 (POT)

Géc hudng (%) 0 0 0

Vi tri (m) 1.10% | 1,510% | 1,7.108
Sai sb xac lap (eq)

Goc hudng (rad) 1,8.10° 2.10°3 2.10°3

Vi tri (s) 0 0 57
Thoi gian xac 1ap (tx)

Géc huwdng (s) 0 0 0

Vi tri (s) 0 0 3,7
Thoi gian 1én (tris)

Goc huwong (s) 0 0 0
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Bang PL5.5. Thic nghiém bd diéu khién Fuzzy-PID

Tiéu chuan chat lvong / Truc X Y Z
Vi tri (%) 0 0 0
Do vot 16 (POT)
Goc hudng (%) 0 0 0
Vi tri (m) 1.10° 1.10° 1,5.10°8

Sai sb xéac lap (eq)
Goéc hwéng (rad) 1,7.10° 1,6.10° 1,6.10°

Vi tri (s) 0 0 57
Thoi gian xac 1ap (tx)

Géc huong (s) 0 0 0

Vi tri (s) 0 0 3,7
Thoi gian 1én (tris)

Goc huwong (s) 0 0 0
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Phu luc 6. Két qua thuc nghiém - B
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