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DIE‘Sq KHIEN CAC DAY CHUYE N SAN XUAT

LINH HOAT

NGUYEN VAN CHAU

Abstract. In the maner of system theory the manufacturing systems will be seen
as a complezity of lechnological process with some more or less flexible control stgate-
gies. In this paper a general concept for achieving the flexibility of the siructure as
well as the control of a complezily of technological process is considered. Some basic

configurations and adjustement possibilities of flexible manufacturing systems are also
provid.

I. DAT VAN DE

Trong thdi ki hién dai cling vé6i sy phat trién cong nghiép héa va chuyén dich dau
tu tién dén gan thi truong tiéu thy, khi ma chi tiéu tap trung héa sdn xuat cao do
khéng con ¢ y nghia kinh t& hang dau niva thi su phat trién cdc tién bd cong nghé
c6 thé duge phan loai theo ba hudng sau:

a. Khai théc ¢ hiéu qia nhit ngudn tai nguyén thién nhién, nhan lyc va da dang
héa sdn pham véi chat lwgng cao nhim thda man nhu ciu tiéu dung xa héi ngay
cang tdng cling nhu tao thém nhu cau méi cho tiéu diing xa hdi véi chi phi dau tu
co ban va chi phi sdn xuét lwu théng thip nhat.

b. Gidi quyét hop li cdc van dé tich hop va phan tin, chuyén ding va van ning.
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2 Nguyén Vin Chau

c. gidi quyét hop I quan hé NGUOI - MAY déng thdi v6i viéc nang cao ti trong
va chat luong tu déng héa. :

Céc huéng néi trén thuong dwoce phdi hop va gidi quyét cu thé & tirng nganh kinh
té quoc dan ciing nhu ddi véi tirng truong hop. Viéc ra ddi cic day chuyén sin
xuat linh hoat (Flexible Manufacturing Systems) 13 mét trong céc giai phap tong
hop vé t8 chirc sdn xuat va vé cong nghé ¢ nhiéu trién vong va 1a buéce chuyén vé
chit cla nén sdn xuit hién dai. Dau tién tir cdc nganh ché tao 6 t6, co khi ché tao
may va céng nghé dién ti xuit hién & cic diy chuyén sdn xuit linh hoat cé tng
dung k¥ thudt tay may va robot (chd yéu trong cic diy chuyén lip rap - Assemply
Line) cho phép trén cing mét hé théng cac thiét bi cong nghé c6 thé gia cong nhiéu
chi tiét may khéac nhau vé6i chat lugng cao d€ thuc hién mét vai sdn phadm nhat
dinh. Thanh c6ng niy m& dudng cho viéc xay dung cic day chuyén sdn xuét linh
hoat trong nhiéu nganh kinh t€ qudc dan khic. Vé nguyén li nhirng hé thdng nhu
thé cho phép vuot xa nhirng kha ning cia cic mdy cong nghé van ning vé mac
d¢ da dang sin pham ma vin ddm bdo chat lugng can thiét. N6 cho phép gidm
d4ng k& chi phi diu tw co ban trén mdi dau sin pham, nang cao hiéu qua td chirc
va quan li sdn xuit, thuc hién chi phi lru thong phan phéi va kho tang bdo quin &
mtc thap nhit. Trén thuc té nhirng DCSXLH nhu thé da hoat déng trong mot s6
nganh kink t& qudc dan (vi du trong cdng nghiép gidy da, may mic [5], cong nghiép
thuc phadm, mét s6 diy chuyén sdn xuat héa dau va cong nghé ning lugng (tudc
bin déi ép cung cip dién va hoi cic loai...) ciing 6 thé xem nhw nhitng DCSXLH).

Ngay nay cung vdi nhirng tién bo khoa hoc cong nghé trong cac linh vire sdn xuét
cling nhu trong linh vie diéu khién, tu déng héa, vi xit Ii va vi tinh van dé thiét
ké hé thong diéu khién tu déng héa la bd phan khong thé thiéu trong viéc t& chic
cac day chuyén san xuat linh hdat. Céc day chuyén san xuat linh hoat ¢ thé khéng
mang lai hiéu qida dang k& tham chi ¢6 thé din hé théng dén mit diéu khién hoic
khéng dat dwgce trang thai mong muén néu nhu cic van dé diéu khién va tu dong
héa déi vdi ching chwa duge xem xét-dén nhur 1 mdt van dé téng hop va hé thong.

II. NGUYEN TAC CHUNG TRONG THIET KE HE THONG DKDCSXLH

2.1. Linh hoat vé t8 chirc san xuat

Nhirng day chuyén sdn xuat linh hoat c6 3 dic diém co ban sau:

a. Tinh hé thdng, tinh da dang d8i véi sdn phidm vA tinh déng bd ddi véi cong
nghe.
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Nguyén tic ndy ciing cé thé thé hién qua djc trung: céc chi phi ddu tu co ban
trén méi dau sdn pham v chi phi cho sdn xuit lwu théng cho mbi don vi sdn pham
13 thap nhat.

b. Cé 4 da dang cong nghé cao.

Su khéc biét giira viéc xid dung mét t6 hop mdy van ning va diy chuyén sin
xuat linh hoat d€ lam ra nhiéu loai sdn pham la & chd trong day chuyén sin xuit
: lmh hoat d6 da dang cong nghé cda tu‘ng khau thiét bi cong nghé van ning khong
pha1 la dac trtrng Cac thanh phan chd yéu & day 1a cic thiét bi cong nghé chuyén
dung c6 pham vi thong s6 lam viéc bién d3i rong, c6 kha ning thich nghi cao do
dé cho phép dat dwge ddng thoi ning xuit va chat lwgng cao. Cic khau dich vu:
phéan loai va kiém tra, van chuyén, déng gdi c6 mot ¥ nghia quan trong trong viéc
ddm bdo dong bd cia toan bo hé thong cong nghé. Trén cing moét hé thong cong
nghé ¢ thé san xuit nhiéu loai sdn pham khéc nhau.

c. Tir hai dic diém co ban néi trén chothay DCSXLH la mét t6 chire sdn xuit

da céng nghé va da san phdm. DCSXLH la hé thdng phic tap ¢ ciu hinh cong

nghé phttc hop, linh hoat va diéu khién duwgc hoin toan. Sau day ta goi hé théng
la phirc hgp cong nghé linh hoat (PHCNLH).

2.2. Quy mé va mitc d6 phirc tgj) cia hé thong

Dleu dé phu ho’p vai thi tru‘o‘ng cung ung nguyén liéu, nang llro'ng, nhan lyc va
tiéu thu sdn pham véi chi ph] dau tu co ban 13 horp Ii ¢6 tinh dén kha nang phat
trién trong mot tuwong lai nhat dinh. Theo d3c diém cda né hé PHCNLH la hé c6
phan cap va ¢ thé 13 thanh phfip trong cic hé phéan cap lém hon. -

2.3. Ung dung ki thuat tu dong héa cao va c¢é sy hd trg cia mdy tinh

Nhirng diy chuyén sdn xuat linh hoat dwgc xay dung thanh céng khéng thé khong -
‘gdn lién véi viée tng dung cdc ki thuat diéu khién va tu dng hdéa cao. Viéc tmg
dung céc thanh tiu mdi khoa hoc diéu khién hoc ciing nhu céc tién bd ki thuat
robot, vi xit 1y va vi tinh trong diéu khién tu déng cho phép thuc hién nhirng budc
tién dang ké trong viéc xay dung céc diy chuyén sin 'xuélt linh hoat trong nhiéu
nganh kinh té qu6c dan khéc nhau. Méi diy chuyeén sdn xuat linh hoat cé mot
hé thong diéu khién tu‘o’ng trng véi ti trong tu dong héa thich hgp. Mdi hé: thong
san xuat linh hoat cé thé c6 trong thanh phan cia minh céc diy chuyén sdn xuat
linh hoat tu dong héa. Cac lién hé gitra ching vdi nhau cung nhu gitra ching véi
hé thdng céc cap phan cip (hierarchical structure) c6 thé dwgc tw dong héa tirng
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phan hodc toan phan.

III. PHCNLH - CAU TRUC CO BAN

DCSXLH la hé théng cong nghé (thiét bi va cong nghé) d€ ddm bdo thuc hién
cic PHCNLH. Diéu khién DCSXLH do d6 13 diéu khién qué trinh PHCNLH.

K1 hiéu z; 13 céng nghé k dic trung cho tip nhat dinh céc thong s6 cong nghé
can dat t&i duge trong qud trinh, =, C X, z; ¢6 mién xdx dinh dd rong, X la khong
gian trang thai cda PHCNLH, « = z(t) 14 véc to trang thai cia PHCNLH.

Téng quat mé hinh PHCNLH c¢6 d@n'g

- k i P
x—(kQKx)U(igIm),zCX,:cxx CX. (1)

Céc cong nghé i, k c6 thé 1 rong (bdi vi {0} C 2). (kEﬂK:c’“), _glz" cac giao va hgp suy
réng cla cdc cong nghé i, k. Bdi vi 1, K ¢ N d€ cho gon sau niy ta ki hiéu twong
ung la nz*, Uzt

Trong khong gian trang thai PHCNLH ¢6 thé duge mo td bdi cac ham trang théi
va ham quan sat

z(t) = G(zo(t), u(t), to, t,€), " (2)
y(1) = C(=z(1),u(t), t,€), G

& diy G va C la cdc anh xa =

G: XxUxTxT—-X, (4)
C: XxUxT-=Y, (5)

wWEV CU, (to, ) €T, to < t,V - la tap cic diéu khién chidp nhan dugc.

Vé ban chat cic hé thong 16n va phirc tap nhu cic hé PHCNLH la phi tuyén.
Phuong phép c6 hiéu qida nghién ciru cdc hé phi tuyén la phan tich hé thanh t8 hop
céc ham 16m va 16i vén c¢é nhirng tinh chit dic biét gidp cho viéc khdo sit céc hé
duge thuin loi. Tuy nhién d&i v6i nhirng hé théng 16n ¢6 dé phirc tap cao va da
muc tieu nhu cac hé PHCNLH thi khéi lugng cong viéc do6 sé vo cung 1én va phic
tap dén mirc c6 thé lam gidm dang ké hidu qda cda phép phén tich. Viéc chap nhan
gid thiét tuyén tinh hda sé cho ta nhiéu thuan lgi hon trong viéc khdo sat hé.
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Tinh linh hoat cia hé PHCNLH dwgc thé hién & chd mién xac dinh chip nhén
dwogc cda trang thai X va diéu khién v di réng va da muc tiéu. Viéc khdo sat
c‘ac hé nhu thé trudce hét cin nghién ciru khi khd ning diéu khién cda hé. trong
truong hop don gidn nhat, gid sd mé hinh 14 tuyén tinh, phan ra dugc ra cic hé
con (subsystem) 13 diéu khién dugc thi diéu dé chwa dd ddm bdo cho hé la diéu
khién dugc hoan toan (completely controlable). C6 thé thay ro 1a viéc ton tai cac
quan hé tuong tac gitra cac hé con cé thé dan dén lam mat diéu khién hodc lam
gidm kha ning diéu khién cia hé (diéu khién khong hoan toan). Diéu dé ciing hoan
toan phit hgp véi truomg hop cic hé con ciing 13 cac qua trinh cong nghé va chap
nhan vé tién dé tén tai [4]. Do vay phan tich cac PIICNLH, viéc xét kha ning diéu
khién dwgc va tinh hoan toan diéu khién dwgce cé y nghia quan trong. Vé kha ning
diéu khién dwoc cla hé thi ¢6 lién quan dén khai niém dat t&i dugc (reachable).

Dinh nghia 1. -
Céng nghé k goi 1a dat t&i dugc néu
(Vzg) (Vto € T) — [3g* : ¢* (28, t0,u(t) = 25(t), t 2 o, tET], (6)
& day «k trang thai ban dau cla cong nghék.
Dinh nghia 2.
Céng nghé k goi 1a dat t&i dugce hoan toan néu ton tai ¢* 1a d4nh xa tran nh:
(Vz) (Vto € T) — [3g* : g¥(zh, to, u(t)) = 2*(¢), Va* C X, t > to, €T}, (7)
Dinh nghia 3.

~ [EREY N . A oA ) A
Hé goi la hoan toan dieu khién duwoc té1 zF néu

e (Vzk) (Vo € T) — [BV C U, v* € V) ¢F(z§,to,u(t)) = =5(¢),
} veF C X, t>t,, teT], (8)
V¢ du: Hé tuyén tinh
z(k + 1) = Az(k) + Bu(k), k€ N, A, B— ma tran CAp nxn VA n xm, (9)
u(0)
k-1 ) u(1) .
z(k) = A¥zo + Y A* 7" Bu(k) = A¥zo + (A*7'B, .., AB, B) : (10)
i=0 . .
u(k — 1)
Dit
) 20=0, Q= (Ar_1B,..,AB,B). (11)
Tt dinh nghia 1 hé (9) la hoan toan dat t&i dugc Vo ¢ X khi ,
Q: R = R" = rank Q =n. (12)

Tir DN 2 d& dang thay rang hé (9) 1a diéu khién dugc hoan toan khi thda man (12)
va .
det (A)#£0 & det (AB)# 0. (13)
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Ménh de 1.

PHCNLH & C X la hodn toan diéu khién duwoc = dat tdi duge, nhung nguoc lai
tht khong dung.

¢ ld hodn toan diéu khién dwge = = dat t6i dwoc (14)

X dat téi dwoc =~ (z hodn todin dat téi dwoc = =z hoan toan diéu khién duoc).
Chitng minh. Cho rang z diéu khién dugc hoan toan = [(Ig € G), (Fu € V)] — z*
Vz* € z.

Ngwogce lai vi PHCNLH la dat t6i duge khong hoan toan nén tiur (6) = 3z € = :
~[(3g € G) (ueV)—a~] = ~ (x: dat dwoc hodn toan = z: diéu khién dwge hoan
toan).

Ménh dé 2. ' b
Cho ving cic PHCNLH 2i 1o diéu khién dwgc hoan todn thi PHCNLH » = nai
cung dat toi dugce hoan toan va ngwoc lat 7 dat dwoc hoan toan.
o — diéu khién dwuge hoan toan = x - la da tdi dwge hoan toan. (15)
e —la da téi duwoce hoan toan = ¢! — la da toi dwgc hoan toan
- Chaing minh. 27 diéu khién dwge hoan woan = [(3¢ € ¢), (G € V)] — 27, j e K. Béi

vite = Ned ta cd ({327 Al(z” €2)A(zm € 0)], i#j)e (¢ Ver € 2)]} = z: dat toi
“mure hoan toan.

Ngwge lai gia st 2 : dat 161 dwge hoan toan = (Ja* : z* € 2%, 2* €&/, Vi,j: i #
- s v N \ﬁ
J) = ¢ dat tdt duge hoan toan.

Ménh dé 3.

Cho rdng cde PHCNLH v la dat dwge hoan toan thi PHONLH v = Ui cing dat
dwge hoan toan v nguwoe lai ¢6 it nhdt 33 khéng dat 161 dwoe hoan lodan.

¥
o dat 167 dwoe hoan toan =z dal (¢ dwoc hoan lodn (16)
¢ dat toi dwge hoan toan = ~ (3f . dal tdi dwgc hoan toan

Chitng minh. 17 : dat duoc hoan toan = {{[Fz*: V[(z* € 2*) V(z* € 27)], i # j)} & (2* :
Va* € 2)]} = ¢ : dat duge hoan toan.

Nguoc lai gid su z: dat dwge hoan toan = [(32: 2” €', 2" €29, Vi, j: i £j)=> ~
(Fz? : 27 dat tdi dwyge hoan toan).
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Ménh dé 4.
PHCNEH z zdc dinh bdi mé hinh (1) trong d6 *, % la diéu khién dwgc hodn

todn thi ¢ ld dat dwoc hodn todn, ngwoc lai ¢6 it nhdt 32 khong dat tdi dvoc hodn
toan.

o, 2l 1 diéu khién dvgc hodn toan=z: dat téi dvoc hodn todn (17)

z: dat tdi dwoc hoin toan = ~ (3z%, 29 . &', & dat téi dvoc hoan toan
Chirng minh.

z = (N2') U (Uz?) = U[(Nz') U 27] (18)
¢ = U[ne"71#)]
Dit 23 = ziU2d, 2™ = Nz* ta ¢é z = Uz*. Tir ménlirdé 2, 3 ta cé z¢, z7: diéu khién
dugc hoan toan = z**: dat t&i dugce hoan toan = z : dat t&i dugc hoan toan.

Ngugc lai z : dat téi dugce hoan toan = ~ (2 : dat t&i dugchoan toan) = ~ (37, o7
dat tdi1 duoc hoan toan).

D linh hoat cia PHCNLH duoc xde dinh theo Ashby [4):

Le(x) = loga{[AM ()] V [VMc(2);]}, 7 # J, C(19)
O day
- Me(a)i = (%);, € — € nguong . (20)
‘Ménh deé 5.

D¢ tinh hoat cia PHCNLH cang gidm khi sé thanh phdn cdc cong nghé co sd
cang tdng. - '

Ching minh. Xét trudmg hop thuan lgi nhat (ménh dé 2) va khii # ;. (i.7) € {1,2,3}.
R6 rang kbj do :
loga{Aizj et 2 [Me(2)i A Me(2);]} < loga{ Me(2); A Me(2);}

suy rong

loga{Aigj ijren[Me(z)i A Mc(2);]} <1082{Ai; (i jyemm<nMe(2)i A Mc(2);]}.
s

Do do !
' Le(z,) < Le(2m), n>m. (21)

Nhan xét.
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1. Tir (18) cho ta thiy PHCNLH c6 cau tric phan cap. Cép co & (n=0) la cac
‘cdng nghé co sor zi, Quan hé gitra cac cap phén cap la quan hé phirc horp, giao va
1an lugt d8i d 4u. Hé théng c6 thé cé giao cla nhleu PHCNLH (hé da sin pham)
(cau tric hmh day nux) Mé&i PHCNLH c6 thé ¢6 cap s6 phan cap khéac nhau nhtmg
& cdp phan cip cudi cling 13 quan hé glao Trén hinh 1 gidi thiéu so dd phan cip
cia PHCNLH. .

X n=n
TTTT
[ L1 .
x**! x**2 . ... n=2 (N)V(V)
T 717
x*! 20 0 C e . onsd (VV()
LI
VAN L
1 x? xX n-:=0

inh 1. So dé ciu tric PHCNLH

Twat )

2. Mot PHCNLH phite tap ¢ thé hoat ddng t&t mic dit trong thanh phin c6
chira 1t nhat mét bo phan hodc mét cong nghé c& s& hoat dong kém.

3. Tir md 5 cho thay réng ddi vdi cac san pham cé yéu cau phirc hop sé thanh
phan céng nghé co s& cang it thi do linh hoat cia PHCNLH cang 16n.
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4. Tir cAc md 1-5 cho thiy ring sé khéng khai thic duwgc hét tinh wu viét cda
hé, thim chi cé thé lam cho diéu khién tré nén kém chat lwong néu cic van dé
vé diéu khién hé théng khéng dugc xem xét nhir 1a bé phan khong thé thiéu trong
viéc thiét ké t8 hop cac PHCNLH. '
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