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Abstract. This paper addresses the modeling of working space of the parallel manipulators. In-
fluences of parameters on working space are considered. To achieve an increase in functionalities
of parallel manipulators, a method of optimization the maximum of working volume by proposed
Genetic Algorithms (GA) is given.

Tém tit. Bai bdo trinh bay phirong phap mo hinh héa khong gian lam viée clia tay méy song song.
Phan tich cac yéu t6 dnh hwdng dén ving lam viéc trong qué trinh mé hinh héa da dwoc xem xét.
Véi muc dich nham lam tang chirc ning cia tay mdy song song véi tiéu chi t6i wu héa thé tich viing
lam viéc 14 16n nhat bang viéc dé xudt thuit toan di truyen.

1. PAT VAN PE

Tay méy song song diroc phét trién manh nhd cé nhing wu diém virot troi nhw do cing
virng cao, kha nang chiu tai trong 16m, kha ning thay doi vi tri va dinh hwéng linh hoat, do
chinh xdc va 6n dinh cao, téc do tdc dong nhanh, Iwe quan tinh nhé. Vi gia téc va toc do
lam viéc 1ém, tién loi trong qué trinh di chuyén, lap dat tay mdy song song ngay cang dwoc
quan tam vi g dung rong rai trong nhiéu linh vire khac nhau nhw: 1ap rép trong san xuét,
y hoc, thién van hoc, trac dia, cic may cong cu, co khi chinh xdc, Mac du da cé nhieu cong
trinh cong bé [1 — 5] ciia cde nha khoa hoc trén thé gidi, nhung tiém nang cia linh vue nay
rat 16m, hwéng nghién ciru 1a hwéng mdé cho linh vie tay may song song. Tuy nhién, tay mdy
song song ciing ton tai nhitng nhwge diém nhat dinh nhw khong gian lam viéc bi gi¢i han,
thiét ké ché tao phitc tap, bai todn dong hoc thuan phitc tap va dic biét ton tai cc diem ky
di (singularities), dwgc nghién citu bdi [9-12]. Viéc xem xét vi tri dac biét 1a rat quan trong
nham xem chiing &nh hwédng nhwr thé ndo dén dac trung clia ving lam viéc. Ngoai ra, t6i wu
héa tay mdy song song ciing dwoc cdc tac gia quan tam [6 — 8,13 — 15].

Mot s6 van deé lién quan dén bai toan dong hoc ngwoc, dong hoc thuan, mé hinh héa va
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t6i ru hda thiét ké cia mot loai tay méy song song sé dwoc dé cap dén & phan sau.

2. PONG HQOC TAY MAY SONG SONG

Ta ti€n hanh nghién citu tay mdy song song kiéu 6-SPS (Hinh 1), ching dwroc ciu tao bai
mot mat phang nén (base platform) va tdm chuyén dong phang (payload platform). Hai mat
phang nay dwgc ndi véi nhau bédi 6 chan lién két (prismatic joints). Céc chan lién két nay c6
kha nang thay doi chiéu dai va két ndi véi hai mit phang théng qua céc khép néi (spherical
joints) tai cdc ddu cudi cia ching. P& mé hinh héa khong gian lam viéc cia tay méy ching

ta can phan tich bai todn dong hoc thuan va dong hoc nguoc.
2.1. Bong hoc ngwoc tay may song song

Hé toa dd chan lién két cia tay mdy song song l1a tap hop cdc bién vé chiéu dai cia céc

chan lién két (hinh 1). Viét dudi dang véc to, ta ¢é

L=[lyly15141516)7". (1)

Hinh 1. Cau tric véc to tay mdy song song

Hé toa do dau cudi, thong thiromg 1a hé toa do Cartesian cia tay mdy, sé bao gom toa do

trong khong gian va cdc géc Euler (Roll-Pitch-Yaw)
X=[zyzo0y" (2)

DE theé hién bai todn dong hoc ngrge, mot anh xa G dwge biéu dién G : X = L. Bai todn
1a di tim véc to chiéu dai L; tir toa Ao dau cudi X cho trude.

Dai v6i tay may song song, hé toa do ciia mit phang nén {B} va hé toa do cia tAm
chuyén dong {P} sé& duwoc dat tai tam cliia mat phang nén va tdm chuyén dong. Vi tri cia
céc khép néi trén mat nén va tdAm chuyén dong sé lan lwot dwoc bidu dién théng qua ma
tran {B} va {P}.

Véc to toa do clia cac khép trén mat phang nén {B} dwge biéu dién
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75 cos(;) B,

B; = |rycos(¢;) | = | Biy| , (3)
0 B;,
V6i ¢y = %T - % (i=1,3,5) v ¢ = i1 + o, i = (2,4,6).
Twrong tir, ta c6 vée to toa do cla cic khép néi trén tam chuyén dong { P} dwoge xéc dinh:
(7 cos(¢;) | [P,
P= | rpeos(én)| = | P . (1)
0 P;
V6i i = % - % (i=1,3,5) vi ¢; = i1 + ap, i = (2,4,6).

. ’ ~ ~ 7. ~ 7 . N 7
Néu vi trf mong mudn cia tam chuyén dong so véi toa do goc dugc xdc dinh bang véc to

BP = [x4 yq 24)7 thi ta sé c6 véc to bieu dién chieu dai cia cdc chan lién két nhwr sau
L;=P,+%P-B,. (5)
Khai trién (5) theo {B} ta sé c6 loi gidi mong muén cia bai todn dong ngugc
Br, =B RPP,+8 P P B, (6)
trong dé BR 1a ma tran chuyén doi Euler 3-2-1 (Yaw-Pitch-Roll)

[r11 T2 713

PR=|ra1 12 7

731 T32 733

[cosarcos 3 cosasin3siny — sinacosy cosasin 3cosy + sin asin vy

= |sinasinf sinasinfsiny 4+ cosacosy sinasinfcosy —cosasiny|. (7)
—sin 3 cos 3 sin~y cos 3 cosy

Chiéu dai cia cdc chan lién két sé duge xde dinh tir (6)

l, = |LZ| = \/Lm-f—LZ'y-i—Liz. (8)

2.2. DBong hoc thuan tay may song song

! N ’ A A ‘ o .x  a . . , . ; A
O bai toan dong hoc thuan, anh xa F' bieu dien viéc xdc dinh véc to vi tri theo toa do
&1 chign A3 vde dinh
1

agian v 3 L. T
cSiail VU1 Ciileu Gal Xal Gliii

Anh xa F ¢6 tinh chdt khong xdc dinh va sé c6 nhieu 1 gidi cho ma tran X twong tng
véi mot gid tri cu thé cda L. Néu dnh xa cta bai todn dong hoc thuan chi 1a viéc nghich dao
danh xa G (& bai todn dong hoc ngwoc), thi viéc xac dinh dnh xa F' chi can xdc dinh ngwoc
lai quy trinh (6) hodc (8) mot cdch tuan tu ddi véi tat cd 6 chan lién két. Do chi ¢6 I; dwge
xéc dinh, trong khi d6 L; chwa r6 nén chi ¢é (8) sé dwoce d4p dung. Tuy nhién, viéc xéc dinh
ngwoc (8) khé phitc tap, bai todn niy cin gidi quyét dong thoi cdc phwrong trinh phi tuyén

véi cée bién chira 16 trong ma tran X. Theo phwong phap Newton-Raphson, dé gidi quyét
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N K ’ A . . ~ A , N o X . A .~ BN N
bai todn dong hoc nguoc, can phai dinh nghia mot véc to biéu dién sai léch gitra chiéu dai

tinh toan va thue té (do dugce) cia cde chan lién két
fi(X) = LT Li = | L3, (9)
trong d6 |L;|2 1a chieu dai thyre t& do durge ctia cdc chan lién két. Thay vao (6) ching ta c6
fi(X)=EBRP+2 P -2 B)T(BR P+ P P B)) — |L;|%. (10)

Khai trién dao ham theo cdc thanh phan trong X = (9, 2, ¢, 0,%) ta sé c6

ofi(X
% =2(z+" P, Ru +" P, Ris+" P, _Ri3-" B;,),
ofi(X
% =2(y+" Pi,Ro1 +” P, Rya +" P,,Ros -7 B;),
ofi(X
! 8(2 )= 9z 47 PR+ Py Ryt PRy P BL),
ofi(X
fﬁ(qﬁ ) =2(x -7 B;,)(" PyRi3 +" P.R12) +2(y =7 By, ) (Y PyRos +F P Roo)
+2(y =" B;,)("PyRss +" Pi.Rs),
ofi(X) B o\ [—FPi,sinfcosy +F P, sin¢cosfcos)

o N
00 A= 5@)& +P P;_ cos ¢ cos @ cos i)

P . . P . .
—"P;, sinfsiny +° P; sin¢cosfsiny
_B p lx ty
+20y =" By) ( +PP;, cos ¢ cos fsinp

—2(z =B B, ) (P, cos O +F P;, sin ¢ cos 0 +P Py cos psin @),

afi(X)

~5g = 2o~ Bi)("P Rt Py Roxt" Pi, Ra) +2(y—"Bi, ) (" Pi Rt P, Raa 7 Py, Raa),
(11)
trong d6 R;; 14 cdc thanh phan cia (7). Ma tran X sé dwge viét lai duéi dang
o] o] |28 0y s 96 96 00|
o o YL
or 0Oy
z _ |7 _ f3 (12)
s s . . . . . : 1
0 0 ) ) ) . ) ) 1.
], Ll afs L fel,,
5 ) ) ) .

Cédc bude tién hanh giai bai todn dong hoc thuan:

Budce 1: Po chiéu dai thue té cdc chan lién két.
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Buée 2: Ude lwong vi tri va géc hirdng ciia tAm chuyén dong.

Buéce 3: Tinh (7), (10) va (11) cho moi chéan lién két.

Buée 4: Thye hién (12) cho dén khi X, 11 — X, dat hdi tu mong muén véi sai s6 cho
phép.

Can phai xdc dinh 16 1a bai toan dong hoc thuan khong thé dwge thire hién theo thoi gian
thie (real-time). Vi phwong phédp Newton-Raphson 1a mot ky thuat lap, nén sy hoi tu cua
(12) s& can rat nhiéu buée lap. Do d6 nén chon sai s6 vira phai, dong thoi can gigi han s6

bwéce lip dé ching ta c¢é thé dat dwoc X véi do chinh xéc tirong déi ¢ thé chap nhan dwoc.
2.3. Céc gidi han vé dong hoc

Céc gid¢i han vé dong hoc duge dac biét quan tam doi véi tay mdy song song do két ciu
dic thl cla cdc chan lién két ciing nhwr nhitng rang budc vé céc chuyén dong co khi. Tay
mdy song song kicu 6-SPS c¢6 3 giéi han dong hoc chinh dnh hwdng dén tam hoat dong cia
tay may:

+ Gidi han chiéu dai chan lién két: 0 < (Imax — lmin) < lmax-

+ Gi6i han géc chuyén dong cac khép néi.

+ Giéi han khong gian cdc chéan lién két.

Céc giGi han néu trén sé anh hwdng rat nhiéu dén kha nang hoat dong cia tay mdy song

song. Khi tién hanh moé hinh héa va toi wu thiét ké can phai xem xét dén cac dnh hwdng nay.

3. MO HINH HOA KHONG GIAN LAM VIEC TAY MAY SONG SONG

M&b hinh héa khong gian lam viéc cia tay mdy song song 1a qué trinh tim kiém khong gian
hoat dong cia tam khau ra (vi trf tAm mit phang chuyén déng). Qua trinh nay cin xem xét
dén cdc gidi han vé dong hoc tay mdy song song. Céc gidi han vé dong hoc va céc thong so
clia tay mdy nhu: gié¢i han chiéu dai chan lién két, gidi han vé géc khép, ban kinh duwong
tron tao bdi cac khép lien két, géc hwéng thay doi, khéng gian khao sét,... sé lan lwot dwroc
khdo sét va déanh gid dnh hudng cia ching dén ving lam viéc cia tay méy song song. Céc
khép noi cia tay mdy song song dwge bd tri nam trén mat phing nén hodc tdm chuyén dong
dwoc sdp xép ting cap déi xitng nhau va ciing nam trén mot vong tron. Tham s6 thiét ké
cla tay may song song c6 thé biéu dién theo 4 bién:

rp : bén kinh mat phang nén.

7p ¢ ban kinh tdm chuyén dong.

ap : géc tao bdi cap khép d6i xitng trén mit phang neén.

ap @ géc tao boi ciap khép déi ximg trén tam chuyén dong.
3.1. X4c dinh viung lam viéc cda tay may song song

N N PN ’ ’ . N A ’ o N PN N
Ving lam viée cia tay may song song duge xéc dinh bang tap hop cde diém lam viéc ma
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tam khau ra c6 thé viron t&i dwoc khi tay may dich chuyén trong khong gian. O day ching
ta tién hanh xét dén géc hwéng cia tam khau 1a hiang s6 ¢, 0,1 = const khi vi tri tAm khau
(24, Ya, 2q) thay doi trong gi¢i han sau
Zmin < Td < Tmax, Ymin < Yd < Ymax, Zmin < 24 < Zmax-
Ving lam viéc véi tap thong s6 dau vao cho trirée nhu sau.

Bdng 1. Thong s6 dau vao

Thong s6 | Gia tri | Pon vi Théong sé | Gia tri Pon vi
o, /3 (rad) Xd min -3.5 (m)
a, /3 (rad) X d max 3.5 (m)
I 2.5 (m) Y min -3.5 (m)
" 1 (m) Y max 3.5 (m)
i 1 (m) Zdmin 0.7 (m)
Lima 52 (m) 2 g max 4.7 (m)

Bdng 2. Két qua khdo sat

S6 tam khau khao st 29,791
S6 tam khau dat dugc 12,984
Ty 1¢ dat dugc (%) 43.583
Thoi gian khéo sét (gidy) 62.492

(Thoi gian khao sét thye hién trén may tinh cau hinh: Intel Core 2 Duo E7200, 2.53 GHz,
2GB of Ram).

Hinh 2. Viung lam viéc cia tay mdy song song

3.2. Cac yéu t6 dnh hudng dén vung lam viéc
a) Gidi han vé géc chuyén dong cia cdc khép

Bdng 3. K&t qua khao sat

S6 tam khau khao sat 29,791
S tam khau dat dwoc 7,516
Ty 18 dat dugc (%) 25.229
Thoi gian khao sat (gidy) 77.822

\ . . /. S BN \ e ’ A N < 7. ’ ~ A z 7
Ngoai gidi han vé chiéu dai cia cdc chan lién két, gigi han géc chuyén dong cia cdc khép
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ndi la mot yéu t6 anh hwdng dén kha nang lam viéc cia tay may song song. Gidi han nay
hinh thanh tir cau tao co khi clia céc khép cau va géc tao bdi cée khép cau va hai mat phang.
Tién hanh khdo sat viing lam viéc cia tay mdy song song theo tap thong sé dau vao nhw
& trueomg hop dau tién. Thém vao do 1a cdce gigi han vé géc khép trén mat phang nén va tAm
chuyén dong:
0,2618 < angle_top, angle_base; < 2,8798 (rad).

Hinh 3. Vung lam viéc cia tay may khi xét giGi han géc khép

So sénh két qua & Bang 2 va Bang 3, s6 tam khau dat dugce tir 12,984 da gidm xudng con
7,516 (giam 42.11%). Nhu vay, ving lam viéc cla tay mdy song song da gidm di nhiéu khi
xem xét dén rang buoc vé gigi han géc khép.

b) Gidi han vé vi tri cia cde khdp

Mot trong nhirng théng s6 dnh hwdng dén ving lam viéc cia tay mdy song song la ban
kinh dwomg tron tao bdi vi tri clila cdc khép néi trén hai mit phang. Pé dénh gid dnh hwdng,
chiing ta tién hanh khao sit viing lam viéc cia tay may mot Ian nira véi tap thong sé da cho
véi ban kinh dwong tron trén mat phing nén dwoc thay doi r, = 4m.

Bdng /4. Két qua khao sat

S6 tam khau khao sat 29,791
S6 tam khau dat duoc 3,494
Ty 18 dat dugc (%) 11.7284
Thoi gian khao sat (gidy) | 38.8314

m
MW e o @

Hinh 4. Ving lam viéc clia tay mdy khi thay déi vi tri cac khép
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So sénh Bang 1 va Béang 4, s6 diém dat dwgc gidm tir 12,984 xudng con 3,494 (gidm
73,09%). Vimg lam viéc bi thu nhé va kéo thap xudng do cdc khép cau tai mat phang nén
dwge dich ra xa (ban kinh 7, tang tir 2m 1én 4m) trong khi giéi han vé chiéu dai céc chan
lien két khong thay doi.
¢) Gidi han vé géc hwdng thay doi

Anh hwdng ctia viée géc hiréng thay doi dwoce dat ra khi chiing ta xem xét tai moi mot vi
trf tam khau ra, céc géc hudng ¢, 0, ¢ lan lwgt thay doi theo toa do Euler tao thanh cdc cau
hinh khéc nhau. Ung véi mdi cdu hinh khéc nhau nay, ching ta sé phai tinh dén céc rang
buoc vé chiéu dai cdc chan lién két.

Tién hanh khéo sat khi géc hudng thay doi, tai moéi mot vi trf tam khau khao sét, cac goc

hwéng sé thay doi theo
¢min < ¢d < ¢max; emin < 9d < 9max; wmin < wd < wmax

vGi (bmina 9min7 wmin = _07 26187 ¢ma)(7 emaxa wmax = 07 2618 (rad), Tdsteps Ydstep, Zdstep =
307 ¢dstep7 9d8tep7 wdstep = 5.
Bdng 5. K&t qua khao sat

S6 tam khau khao sat 29,791
S6 tam khau dat dugc 10,450
Ty 18 dat duoc (%) 35.077
S chu hinh khao sét trong khong gian 6,434,856
S6 céu hinh dat dugc 2,996,056
Ty 18 dat duoc (%) 46.559
Thoi gian khao sét (gidy) 5,028.983

Hinh 5. Ving lam viéc cla tay may véi géc hiréng thay doi

Mot diém khéo sit cia tam khau dwoc xem la dat dwoc khi thda méan céc rang budc cho
tat cd cac cau hinh khdo sat tai dieém dé. Khi tién hanh khdo sét géc hwéng thay déi, can

liru ¥ rang, ngoai két qua vé s6 tam khau dat dwoc trong khong gian chiing ta can phai xem
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xét dén s6 cau hinh dat dwoc ciia tay may song song cho du tai vi tri tAm khau dwoc khao

sat khong thoa man hét tat ca cidc cau hinh.

Céc két qua trong céc truwomg hop trén cho thdy rang, trén thuc té, két cdu thiét ké sé
déng vai tro quyét dinh ving lam viéc trong khong gian cia tay mdy song song. Néu giGi
han vé chiéu dai cac chan lién két hodc gidi han vé cdc géc khép cang chat ché thi ving lam
viéc cia tay mdy song song cang bi gidm xudng. Ngoai ra cdc yéu t6 khac nhw ban kinh mat
nén va viéc khao sit géc huwdng thay doi ciing anh hwdng dang ké dén ving lam viée cia tay

may song song.

4. TOI UU HOA TAY MAY SONG SONG DUNG
THUAT TOAN DI TRUYEN

DE t6i wru héa thiét ké clia tay mdy song song, chiing ta c6 thé tdi wu theo nhiéu tiéu chi
khac nhau (s6 tAm khau, s6 cau hinh, thé tich ving lam viéc, do citng virng cia tay mdy,...).
Trong phan nay, tay may song song sé dwgc thiét ké t6i wu theo mot tiéu chi (s6 tam khau

16n nhét).

Hinh 6. Vi tri khép ndi trén mét phang nén

Phirong 4n t6i wu hoéa thiét ké cda tay may song song dwoc dua trén sy thay doi vi tr
cla cac géc khép lien két cac chan trén mit phang nén. Thit tir va cdc vi trf cia cdc khép
néi cling nam trén dwong tron nhw Hinh 6. Viéc t6i wu héa thiét ké 1a tim kiém vi trf cdc

N N A A~ N ’ 2 A~
diém B; sao cho s6 diem dat dirge tam khau ra 14 1ém nhat cé the.

A. Bai todn 1: Tét wu khong xét dén gici han géc khdép

O day ching ta tmg dung thuat ton di truyén dé giai quyét bai toan toi wu. Thuat todn
di truyén cé nhiém vu tim kiém cic géc a; > 0 sao cho tay mdy dat dwoc s6 diém lam viéc
nhiéu nhat trong ving khong gian khao sat. O bai todn nay, céc gigi han vé géc khép khong
dwoc xem xét. Két qud khdo sit sé dwoc ghi nhan, kiém tra va so sanh véi cdu hinh ban

dau.
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Bdng 6. Thong s6 dau vao

Thong s6 | Gid tri | Pon vi Thoéng s6 | Gia tri | Pon vi
ap /3 (rad) Zdmin -1,5 (m)
o /3 (rad) Zdmax -0,5 (m)
b 2 (m> Yd min 1 (m>
Tp 1 (m) Yd max L5 (m)
li min 1 (H’l) Zd min 1 (m)
li max 3 (m) Zd max (m)

~ 7 ~ ’ ’ s N ’ . ~ ’ A A A
Dbé c6 thé so sanh cic két qua, cdc bai todn toi wu sé dwrge khdo sat theo mot tap thong
N VN .. . 2 . ~ N cn ~
s6 dau vao nhu nhau. O tirng bai todn cu thé, cdc thong s6 va giéi han lién quan sé dwgc

dwa thém vao qué trinh khdo sét.

Bdng 7. Céc tham s6 cua thuat toan di truyeén

S6 ¢4 the trong quan thé 10 Xéc xuat dot bién | 0,05
S6 nhiém sac thé trong c4 the | 6 Xac xuat lai ghép | 0,8
S6 gen trong nhiém sic thé 5 S6 thé he toi da | 5,000

~ ’ )] ’
S0 budce khao sat: Tastep, Ydsteps Zdstep = O-

Géc hudng cua tam khau: ¢, 6, ¢ = 0.

Bdng 8. K&t qua sau khi t8i wu hda
Thong s6 Ban dau | Thé hé dau | Thé heé cudi
S6 tam khau khdo sat 216 216 216
S8 tam khau dat duoc 60 73 160
Ty 16 dat dwoc (%) 27,78 33,30 74,07
T T t1 wu dat duoc (%) 121,667 266,667
S5 thé hé khao sat 1,135
Thoi gian khdo sét (gidy) 795,35
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Hinh 8. Ving lam viéc cua tay mdy sau khi t6i wu

Dua viao bang két qua sau khi t6i wu, ching ta ¢ thé nhan thay rang, s6 tam khau dat
duge tang tir 60 1én 73 vi tri chi sau mot thé hé cia thuat todn di truyén (tang 121,667%).
Tai thé hé cudi, chiing ta cé s6 diém lam viéc dat dwoce sau khi t6i wu 1a 160 diém (tang lén
266,667% so vGi cau hinh ban dau).

Bdng 9. Vi tri khép néi sau khi t6i wu

Vi trf khép i 1 2 3 1 5 6
a; (d0) 4871 | 30.737 | 23.369 | 15.1895 | 2.7745 | 1.779
Bi, (m) | -1.0763 | 1.3197 | 0.3663 | -0.4436 | -0.9391 | -1.0235
B;, (m) 1.6857 | 1.5028 | 1.9662 | 1.9502 | 1.7658 | 1.7183
B;. (m) 0 0 0 0 0 0

Hinh 9. Cau hinh truéc va sau khi t6i wu

B. Bai todn 2: Téi wu zét dén gici han gdéc khép
R

a4 A aa woam wat
vall 1LC|4.}/ [e) ATI11L ACTU

(o

En Anh hirdn % A1 han ta3
CIi alir (8] 1

—
4
=

o oia ot a1 cde ode khé
1L6 vua 51U1 lall val vauv 6U\J niiv

(e

1 hw P
lam viéc khi tién hanh viéc t6i wu héa. Nhw da trinh bay & Muc 3, khong gian lam viéc cia
tay mdy sé thay d6i khi xét dén cdc dnh hwdng ve gi¢i han géc khép, ban kinh 7y, 7, géc
hwéng thay doi. Phan nay chi xem xét dén anh hwdng ciia gée khép khi tién hanh t6i wu ma
khong xem xét dén céc rang budc con lai.

Gi6i han géc chuyén dong cia cac khép

0,2618 < angle_top;, angle_base; < 2,8798 (rad)
Thuat todn di truyén theo Bang 6, Bang 7, ta c¢6 Bang 10 sau.
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Bdng 10. Két qua sau khi t3i wu

Thong s6 Ban dau | Thé hé dau | Thé hé cudi
S6 tam khau khdo sat 261 261 261
S6 tam khau dat dwgc 51 61 141
Ty 16 dat dwoc (%) 19540 | 23.372 54.023
Ty 1¢ ti wu dat dwgce (%) 119.608 276.471
S6 thé hé khdo sat 586
Thoi gian khao sét (giay) 518

Khi xem xét dén gigi han vé géc khép, s tam khau dat dugce tang tir 51 1én 61 vi tri chi
sau mot thé hé cua thuat todn di truyén (tang 119,608%). Tai thé hé cudi, ching ta ¢6 s6

diém lam viéc dat dwoc sau khi t6i wu 1a 141 diém (tang 276,471%) so v6i cau hinh ban dau.

Hinh 10. Viung lam cia tay may sau khi t6i wu xét giéi han géc khép

So sanh gitta két qua thé hién & Hinh 7, Hinh 8 va Hinh 10 c6 thé két luan rang, vimg
lam viéc cia tay mdy song song da dirgc mé rong hon sau khi tién hanh t6i wu héa. Ngoai
ra, viing lam viéc sau khi t6i wu héa ciia bai todn 2 nhé hon ving lam viéc dat dirge theo bai

toan 1.

Bdng 11. Vi tri khép noi sau khi t6i wu

Vi trf khop i 1 2 3 1 5 6
a; (d0) 69,04 | 30,61 | 5,84 | 20,31 | 2,24 | 4,38
B;, (m) | -1,4075 | 0,6860 | -0,3662 | -0,5643 | -1,1953 | -1,3878
B;, (m) 1,4209 | 1,8787 | 1,9662 | 1,9187 | 1,6036 | 1,4401
B;. (m) 0 0 0 0 0 0

Céu hinh ban dau cia tay may song song c6 s6 diém lam viéc ban dau twong déi thap. Khi
ap dung thuat todn di truyén, chi sau mot thé hé, s6 tam khau dat duge tang lén (121,,667%
& bai todn 1 va 119,608% & bai todn 2). Khi két thic qud trinh tim kiém, 11 gidi cudi cling
cho ching ta mot két qua t6t hon nhiéu lan so véi cau hinh ban dau (266,667% & bai toan

1 va 276,471% & bai todn 2). Tir d6 c6 thé két luan rang, thuat todn di truyeén da dwogc dp



TOI UU HOA THIET KE TAY MAY SONG SONG 105

Hinh 11. C&u hinh truwéce va sau khi t8i wu thiet ké

dung thanh cong trong viéc t6i wu héa thiét ké tay mdy song song.

5. KET LUAN

M6 hinh héa khong gian lam viéc va cdc tham s6 anh hwdng dén ving lam viéc cia tay
mdy song song da dwoc xem xét. Ngoai ra, bai todn toi wu hoéa thiét ké tay mdy song song
dwge thue hién bdi thuat toan di truyén véi tiéu chi t6i wu héa la khong gian lam viée. Viéc
Ira chon thuat toan di truyén khong hoan toan ddm bdo dat duwgc mot két qua tdi wu toan
cuc, c6 thé do khong quét hét toan bo khong gian tham sd 1o gidi cla bai todn t6i wu, ma
chi yéu phu thuoc vao tinh dot bién cia thuat todn. Nhung qua két qua dat dwgce & trén,
ching ta thay rang thuat todn di truyén da dwa ra loi gidi “t6t” c6 thé 1 t6i wu hay xap xi
t61 wu. Pong thoi véi viee dé xudt hudng ti€p can nay ciing ¢é thé cai thién thoi gian tinh

cua mady.
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