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Tém tit

Robot cong nghiép c6 uu diém vé tinh linh hoat, ving 1am viéc 16n va chi phi du tu thp, nén ngay cang dugc quan tim
cho cdc nguyén cong gia cong vit lidu c6 hinh dang phiic tap. Tuy nhién, do ciing két ciu va do ciing dong luc hoc cia tay
robot thudng thip hon dang ké so véi mdy cong cu chuyén dung, 1am cho diu dung cu dé phit sinh dao déng trong qua trinh
phay. Bai bdo nay trinh bay mot khung nghién ciiu theo huéng d& xuét bo hip thu dao dong tir bién st dung vat lidu dan
hoi tir bién d€ giam bién dd dao dong tai dau dung cu khi phay robot. Noi dung bai bao dudc t6 chiic theo logic nghién ctiu
gdm: xic dinh vin dé dao dong trong phay robot, thiét 1ap mé hinh dong luc hoc tuong duong ctia hé robot-dung cu-bd hip
thu, md ta dic tinh diéu chinh dudc ctia phan tit tit bién, dé xuit quy trinh md phdng va thi nghiém, ddng thdi xdy dung cic
chi tiéu danh gid hiéu qua giam dao dong. Két qua ky vong ctia nghién ctiu 1a giam bién dé dao dong tai tin s6 cong hudng
chi phdi, cai thién ddp ting tAn sb va tao co sd d€ nang cao chét lugng bé miit gia cong.

Tir khod: bd hip thu tif bién; vat liéu dan hoi tir bién; phay robot; gizm dao déng; do ciing dong Iuc hoc.

VIBRATION SUPPRESSION OF THE TOOL TIP IN ROBOTIC MILLING USING A MAGNETORHEO-
LOGICAL ABSORBER

Abstract

Industrial robots offer advantages such as high flexibility, a large workspace, and low investment costs, leading to their
increasing adoption for machining operations on complex geometric components. However, the structural and dynamic
stiffness of robot arms is significantly lower than that of dedicated machine tools, making the tool tip highly susceptible to
forced vibration and chatter during the milling process. This paper presents a research framework that proposes a magne-
torheological vibration absorber utilizing magnetorheological elastomers to attenuate tool-tip vibration in robotic milling.
The manuscript is structured logically, namely: identification of the vibration problem, establishment of an equivalent
dynamic model of the robot-tool-absorber system, description of the field-dependent mechanical properties of the mag-
netorheological element, proposal of numerical and experimental procedures, and development of performance indices for
vibration suppression. The expected outcomes of this research are the reduction of vibration amplitude around the dominant
resonance frequency, improvement of the system’s frequency response, and establishment of a foundation for enhancing
machined surface quality.

Keywords: magnetorheological absorber; magnetorheological elastomer; robotic milling; vibration suppression; dynamic
stiffness.
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1. Gidi thiéu

Gia cong phay bang robot 1a mot hudng tiép can c¢é nhiéu tiém ning trong san xudt linh hoat, dic
biét ddi véi céc chi tiét c6 kich thudc 16n, bé mit hinh hoc phiic tap hodc yéu cau thay ddi nhanh
chuong trinh gia cong. So véi trung tam gia cong CNC, robot cong nghiép c¢6 uu diém vé ving 1am
viéc rong, kha ning tiép can chi tiét theo nhiéu tu thé va chi phi dau tu tuong dbi thip. Tuy nhién, han
ché chi yéu ciia robot khi thuc hién cic nguyén cong cat got 1a do ciing két ciu thip, bién ddi theo
tu thé va kha ning chéng dao dong con han ché. Dudi tac dung ctia luc cit bién thién theo thdi gian,
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hé robot c6 thé xuat hién dao dong cudng biic hoic dao dong tu kich thich, 1am sai léch quy dao dau
dung cu, ting dd nham bé mit va giam tudi tho ctia dung cu cat [1-4].

Trong qua trinh phay bang robot, dic tinh dao dong khong chi phu thudc vao ché do cit ma con
chiu anh hudng ctia ciu hinh hinh hoc, dd cting khép, do cting hé truyén dong, khdi lugng cum truc
chinh va tuong tdc giita robot véi chi tiét va dd gd. Cic nghién cdu vé md hinh héa do ciing va dic
tinh dong luc hoc ctia robot cho thiy tan sb riéng, dang dao dong va huéng c6 do ciing thap ctia hé c6
thé thay ddi ddng ké khi robot di chuyén trong khong gian lam viéc [5-7]. Vi vay, giai phdp giam dao
dong can c6 kha ning thich nghi véi su thay ddi ctia tn sb dao dong troi hodic phai dudc diéu chinh
phil hop véi tiing ciu hinh va trang thdi 1am viéc cu thé ctia robot.

Bén canh c4c nghién cifu vé vat liéu va thiét bi tit bién, Chen va Zhao [8] nghién ctfu bo gidm chin
dong dién xody nham giam dao dong trong qua trinh phay bang robot. Mic dut bo giam chin dong
dién xody va bo hip thu tir bién 1am viéc theo cdc nguyén ly vat ly khic nhau, két qua thuc nghiém
trong nghién ctiu [8] van cung cip mdt s6 thdng sd co hoc ¢6 gia tri tham khao, nhu khéi lugng tuong
duong, do ciing, hé s6 can va diéu kién kich thich ctia hé robot—dung cu. C4c thong sb nay c6 thé dugc
st dung d€ xay dung trudng hop khao sat va dbi chiéu hiéu qua giam dao dong cia giai phap dudc dé
xuét. Tuy nhién, cc thong s6 dic trung ctia vat liéu tir bién, co cu tao tlf trudng, do cting va hé sb
can ctia bo hép thu tir bién can dugc xdc dinh riéng, khong thé ké thira truc tiép tir bd gidm chin dong
dién xody.

Muc tiéu ctia bai bdo 13 dé xuat mot khung nghién ciiu giam dao dong dau dung cu trong qud trinh
phay bing robot biang bd hp thu dao dong tir bién, ky hiéu 1a MRE-VA. Trén cd s& mo hinh bo hip
thu dao dong c& dién [9], nghién ciu xay dung phuong phép ly thuyét cho phép xic dinh cdc tham
s6 tdi uu ctia bd hap thu, qua d6 hd trg viéc lua chon cic thong sd vat ly trong giai doan thiét ké va
thuc nghiém. Céc thong s6 co hoc clia hé robot—-dung cu dudc tham khao c6 chon loc tif nghién cifu
thuc nghi€m nhu trong cac nghién cttu ciia Chen va Zhao, trong khi mo hinh va dic tinh cia MRE-VA
dugc xay dung trén co s cac nghién ciu vé vat liéu dan hoi tir bién nhu dugce dé cip trong cic nghién
ctiu [10-16].

Noi dung nghién ctiu tip trung vao ba vin dé chinh: thi nhét, thiét 1ap md hinh dong luc hoc
tuong duong ciia hé robot—dung cu-MRE-VA; thid hai, md ta anh hudng cia dic tinh tit bién dén do
cling va hé s6 can tuong duong ctia bd hip thu; thif ba, xay dung quy trinh xac dinh tham s6 va danh
gi4 hidu qua giam dao dong thong qua ddp ting trong mién tan sb va mién thdi gian. Két qua nghién
clfu 12 co s8 1y thuyét cho viéc thiét ké, ché tao va danh gia thuc nghiém bo hip thu tir bién ing dung
trong gia cong phay bing robot.

2. Co s6 Iy thuyét va mé hinh giam dao dong trong phay robot
2.1. Dao déng trong qud trinh phay bdng robot

Trong qud trinh phay, luc cit thay ddi tuan hoan theo sb ring dao, tbc do quay truc chinh, chiéu
sau cat, lugng chay dao va trang thai tiép xiic gitta dao véi phoi. Dbi véi robot cong nghiép, do ciing
hitu han ctia khdp va thanh ndi 1am cho luc cat gy ra chuyén vi tuong dbi gitta dung cu va phoi. Néu
tan sb kich thich gan tan s6 riéng clia hé robot-truc chinh-dung cu, bién d6 dao dong c6 thé ting manh
va gy mit 6n dinh gia cong (Hinh 1).

VE béan chit, dao dong phay c6 thé dudc chia thanh dao dong cudng biic do luc cit tuan hoan va
dao dong tu kich thich do co ché tdi sinh phoi. Dao dong cudng biic thudng biéu hién 6 tai tan sb ring
dao hoic boi s6 clia tan sb quay, trong khi dao dong tu kich thich lién quan dén su bién thién chiéu
day phoi theo vét dao & lugt cit trude. Trong pham vi nay, bai bdo c6 thé bat dau tit md hinh dao dong
tuyén tinh tuong duong, sau d6 md rong sang md hinh c6 tré néu cn phan tich &n dinh phay chi tiét.
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Dao phay

Bo gidm chén s
dong dién xoay ' Robot COMAU Truc chinh

RO-bbt

Mt cat A-A

(a) Phuong phap giam rung cho robot gia cong (b) M6 hinh héa hé co hoc robot
Hinh 1. S6 dd hé phay robot c6 1ap b hép thu dao dong tit bién

2.2. M6 hinh déng luc hoc tuong duong ciia hé robot-dung cu

Trong mot tu thé gia cong xic dinh, hé robot-
truc chinh-dung cu c6 thé dugc quy ddi vé mot
mo hinh nhiéu bic tu do hoic modt md hinh mot
bac ty do theo phudng dao dong chi phdi (Hinh 2).
Véi mé hinh nhiéu bac tu do, phuong trinh chuyén
dong tdng quat c6 thé viét dudi dang ma tran nhu

i BO gidm chdn
tlr bién

At

sau: Truc chinh :
Mi+Ci+Kx=F (1)
trong d6 M, C va K 1an lugt 1a ma tran khéi lugng, Ro:bit : ix3
can va do cing tudng duong cua hé; x la véc to
chuyén vi tong quat; F 1a luc cat trong qua trinh ‘ 2

phay; Khi chi xét phuong dao dong chi phdi tai
dau dung cu, md hinh c6 thé rit gon thanh mo
hinh khéi lugng tap trung bdn bac tu do nhu sau:

Hinh 2. Mb hinh khéi lugng tap trung md ta hé
giam chén tif bién gin trén robot

mi¥) +c1 (X1 — x2) + ki (x1 — x2) = F (2)
maiy + c1 (X2 — X1) + ki (x2 — x1) + ¢ (b — X3) + ko (x2 — x3)
+c4 (X —X4) + kg (x2—x4) =0 (2)

m3Xs + cp (k3 — Xp) + ko (x3 — xp) + c3x3 + kgx3 =0

myiq + c4 (X4 —X2) + ka (x4 —x2) =0

trong d6 my, my, m3, my 1an ludt 13 khéi luong cta dung cu gia cong, khdi lugng ctia phan truc chinh,
khéi lugng clia robot va khéi lugng clia bd giam chén tit bién; kq, k2, k3, k4 12 d6 cting ctia 1o xo tuong
ting v6i cac khéi luong; c1, ca, c3, c4 12 hé s6 can tuong ting vé6i cac khdi luong. F(¢) 1a luc kich dong
ngoai tic dung 1én dung cu cit, thong thudng 1a luc cit do qua trinh gia cong sinh ra, mot cach gan
dung:

F.(t) = Fycoswt 3)
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P4y 12 mo hinh co sé dé kho st anh hudng ctia ty sb khéi lugng, ty sb tan sb va can hip thu dbi
v6i dap Ung dao dong. Dat:

kl my ms my kz k3 k4
WIS [ Fa = s B3 = O e O 00 = g @ = s @y = g T ol (4)

mi nty ’ nt kl ’ kl k1
X . 2. clwi
up = —; X1 =xowiiy; X = xowjil;; Y1 = (5
X0 kl
X2 S 2. &10])
up = —; Jdp = Xowiln; Xy = xowjila; Y2 = (6)
X0 kl
_ X3, . L 2.. . _ 3w
uz = —; A3 = Xowiiz; X3 = xowjilz; Y3 = (7
X0 kl
_ X4 . L. 2.. . _ 4w
Uy = —; X4 = Xowiity; X4 = Xowiils; Y4 = (8)
X0 kl
Luc kich dong dugc dua vé dang khong thit nguyén véi:
F, ()
fo)=— )]
k1xo

thay (4)—(9) vao (2) ta thu dudc hé phuong trinh khong thi nguyén:

ity +y1 (g — i) + (uy —up) = f(7)
poity +y1 (it — ity) + (up — uy) + y2 (i — it3)

+ap (up —u3) +ya (i — itg) + g (U —ug) =0 (10)
p3itz +y2 (i3 — in) + @2 (u3 — u2) + y3i3 + azuz = 0

Maiig +y4 (g — i) + aq (ug —uz) = 0

2.3. Ddc tinh diéu chinh ciia bo hdp thu tir bién

Bo hip thu dao dong tir bién dudc gia thiét gdm khoi luong phu, phan ti dan hoi ché tao tir vt
liéu dan hoi tir bién, két cAu din hudng va ga lap, cing cum tao tif truong gdm cudn day dién tir va
mach dan tir. Vat lidu dan hdi ti bién 1a vat liéu composite ¢ cac hat sat tif phan b6 trong nén polymer
dan hoi; khi chiu tdc dung ctia tli trudng ngoai, su tuong tic gitta cac hat tit lam thay déi dic tinh co
hoc ctia vt liéu, dic biét 1A md dun dan hdi v hé s6 t&n hao [8, 11, 15]. Do d6, khi thay d6i dong
dién cip cho cuodn diy, cudng d tir trudng tac dung 1én 16p vat liéu tir bién thay ddi, kéo theo su bién
thién ctia do cing va hé s6 can tuong duong ctia bd hip thu. Ngoai ra, su tii cAu tric vi mo cia cic
hat tir duéi tac dung ctia tif trudng ciing ¢6 anh hudng dang ké dén dic tinh dan hoi cta vat liéu. Kha
ning diéu chinh do ciing nay cho phép dich chuyén tan sb riéng ctia bo hip thu dén gan tan s6 dao
dong troi cia hé robot—dung cu, trong khi su thay ddi ctia hé s6 tdn hao gép phan ting kha ning tiéu
tdn ning luong dao dong. Nguyén ly nay da dudc ting dung trong cic bd hip thu dao dong diéu chinh
va hé cach ly sit dung vat liéu dan hoi tir bién, cho thiy hiéu qua trong viéc thay ddi dic tinh dong luc
hoc clia hé theo muic kich tit. Vi véy, bang cach diéu chinh dong dién kich tit phut hop véi titng céu
hinh va trang thai 1am viéc ctia robot, bd hap thu c6 thé duy tri diéu kién 1am viéc gan trang thai diéu
chinh t6i uu, qua d6 han ché bién dd dao dong clia dau dung cu trong qud trinh phay.Trong giai doan
mo hinh héa s6 bo, c6 thé bidu dién do ciing va hé s6 can tuong ducng clia phan ti tif bién bing quan
hé thuc nghiém theo mat do tit cdm B hodc dong dién kich tir 1. Dang biéu thic don gian thudng dudc
dung trong buéc khio sat tham s6 1a:

ka(B) = k() + a/Bz; Ca(B) = €0 +,BB (11)
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trong d6 ko 1a do cting; co 12 hé s6 can khi khong kich tir; & va 8 12 hé sb nhan dang tir thi nghiém vat
liéu hodc tir mo phong phan tir hitu han c6 xét tii trudng; B 1a dai luong dai dién cho mic tif trudng.
Céc hé s nay c6 thé dugc xem 1a tham s khao st d€ danh gid xu huéng dnh hudng ctia mtc kich tir
dén hiéu qua giam dao dong.

Tan s6 riéng ctia bo hip thu c6 thé dudc uée luong theo biéu thiic:

1 ka( B)

fa) = 27\ e

(12)

Khi f,(p) tién gan tan s6 dao dong riéng clia hé chinh, ning lugng dao dong c6 xu hudng chuyén
tir dau dung cu sang khdi hip thu. Tuy nhién, néu cén ¢,y qua nhd, dap tng c6 thé xuét hién hai dinh
cong hudng 16n; néu cén c,p) qua 16n, bd hip thy mit khé ning tich ning lugng dao dong hiéu qué.
Vi vdy, nghién ctiu can trinh bay rd cdch chon c,(p) hodc miic kich tit nhdm dat sy can bing gitta gidm
dinh cong hudng va duy tri dai lam viéc hitu ich theo cac nghién ciu trude day [9, 12, 13].

3. Phuong phap xac dinh cac tham s6 t6i wu cho hé
3.1. Gidi hé phuong trinh bang phwong phdp bién do phiic
Luc kich dong va céc chuyén vi dugc viét dudi dang bién do phic:

fo) = foe = 10 (13)

kixo
up(t) = U™ iy = iQU ™5 iy = —Q* U™
w(t) = Une™™;  ip = iQU»e™™; ity = —Q2U»e™
uz(1) = Use™™; i3 = iQU3e™; i3 = —Q2Use™”
us(t) = Uae™™; g = iQU4™; ity = Q2 U4
thay (13) vao (10) ta thu dugc hé phuong trinh:
(1-Q+mQU -1 +iy Q) U, =1
(L + QU +[1+ay+ g — Q> +iQ (71 + 72 + ya)| Ua
— (2 +iy2 Q) Us — (a4 +iysQ) Uy = 0 (14)
— (a2 + Q) Us + [0/2 +a3+iQ(y2+7y3) —/1392] Us=0

- (a4 + iy4Q) Uy + [(14 + i’)/4Q —/1492] Us=0
Giai hé phuong trinh (14), ta thu dudc nghiém cua Uy :

B +iB,
U= vim 15
! Fi1+iF; (15)
Bién do thuc ctia chuyén vi U la:
B+ B3
Uil = P (16)
trong do:
By = A+ A + A0 + A6Q% By = Q(Co + 20 + Q") (17)

F| = Do + D2Q% + DyQ* + DQ° + DgQ8; Fy = EgQ + E2Q° + E4Q° + E¢Q’
Cic hé s6 dugc trong cong thic (17) trén dudc tham khio & phan phu luc A.
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Bang 1. Thong s6 vat Iy ctia md hinh [8]

STT Ky hiéu Gia tri Pon vi
1 m 0,2 kg
2 c1 15 N-s/m
3 ki 2% 10° N/m
4 m 6 kg
5 ) 180 N-s/m
6 ko 1x107 N/m
7 ms 10 kg
8 c3 30 N-s/m
9 k3 1x10° N/m
10 ma 0,6 kg
11 4 165,6 N-s/m
12 ks 5,76 x 10° N/m

Hinh 3 12 d0 thi thé hién ddp tng bién do

chuyén vi ctia milling tool theo tin s6 khong thi

~ w . N ~ .

nguyén Q@ = — trong hai trudng hop: khong cé
w1

MRE-VA va ¢c6 MRE-VA. C6 thé thiy hé khong
c6 MRE-VA xuét hién hai viing cong hudng rd rét,
ddc biét la dinh cong hudng phu quanh Q = 0,7 va
dinh cong hudng chinh gan Q = 1,3. Khi bd sung
MRE-VA, bién d6 dao dong tai ving cdng hudng
phu gidm manh, cho thAy MRE-VA c6 khé ning
hip thu va phan tin ning lugng dao dong hiéu
qué & dai tan thap hon. O viing cong hudng chinh,
duong cong c6 MRE-VA ciing cho bién d6 nho hon
so voi truong hop khong c6 MRE-VA, mdc du muc
giam khong 16n bing ving cong hudng phu. Nhin
chung, viéc tich hgp MRE-VA giuip lam giam bién
dd dao dong cuc dai ctia milling tool, dong thoi
lam d4p ting tan sb tré nén &n dinh hon trong mién

© Pap g tan s6 cua milling tool khi c6 va khéng cé ECDs

——Khéng c6 MRE-VA
—C6 MRE-VA

Bién @ chuyén vi milling tool U,

08

) 1 1 12
Tén sb khong thir nguyén Q = w/

0

13

Hinh 3. D thi dép ting bién do chuyén vi

cta dao phay

khdo sit. Diéu nay chiing td6 MRE-VA c6 tic dung tich cuc trong viéc han ché dao dong truyén tit
spindle dén milling tool, qua d6 c6 thé ci thién do &n dinh dong luc hoc ctia hé Dao phay — truc

chinh — robot (Hinh 3).
3.2. Tinh todn toi wu dé’tim ty s6 cdn

D& tbi uu trén toan mién tan so,

AU
o

0;

trong do:

U

0
0y4

(18)

(19)
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Tir day ta c6 cong thiic t6i wu clia ty sb cin y4 trong mién tan sb:

| —C1 + [C? =400

_ 1 20
Y4,0pt Q ) C2 ( )

Cy = axby —a1by;  Cy = 2(axby — apby);  Co = arby — apby (21)
—2Im (BQB_]); a = |Bf

2
ap = |B1l;  a

bo = |Fi*; by

~2Im(F2F); by = |Faf?

Gia tri Yaop biéu thi hé s can tdi vu ctia nhanh hﬁp thu dao dong, dugc lya chon sao cho bién
dd dao dong ctia hé chinh U, dat gia tri nho nhét. V& ban chit, y4 quyét dinh kh4 ning tiéu tin ning
luong dao dong truyén tir hé chinh sang bo hap thu. Khi y,4 qua nhd, bo hip thu c6 thé dao dong tuong
ddi 16n nhung niing lugng khong dudc tiéu tan hiéu qua, lam cho dao dong ctia hé chinh van con cao.
Ngudc lai, khi y4 qud 16n, chuyén dong tuong dbi giita khbi phu va hé chinh bi han ché, khién bd hip
thu mat kha ning thu nhan ning lugng dao dong. Vi vay, Y. 12 gid tri can bing giita kha ning hap
thu va kha niing tiéu tin ning lugng, gitip hé phu 1am viéc hiéu qua nhét trong viéc gidm dao dong
ctia Uy. Trong bai todn t6i uu theo tan sb, gid tri ndy c6 y nghia dic biét quan trong vi né cho phép
x4c dinh mtc cin phit hgp dé€ gidm dinh cong hudng va cai thién do 6n dinh dong luc hoc clia toan
hé.

Hinh 4 trinh bay két qua so sanh ddp ting ctia ba cAu hinh duya trén céc thong sb trong Bang 1. Hé
khong c6 bod hap thu dat bién do cuc dai 37,35. Cau hinh ECD theo Chen va Zhao [8] ¢6 bién d6 gidm
xubng 18,48 va sau téi uu theo tiéu chuin H,,, bd MRE-VA dat 13,85 da cho thiy dnh hudng ctia hé
s6 can y4 khi dugc Iva chon mot cach t6i uu, gitp hiéu qua giam dao dong ting 1én trong mién tan sb
rong hon so v6i cac nghién ctiu trude day.

So sanh dap ng tan sé ciia hé khong hap thu, ECD tham khao va MRE t6i wu H -

40

T T T T T T T

T T
Khéng ¢ bd r‘wép thu —_—
~ = ‘ECD tham khdo Chen va Zhao
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Hinh 4. So sanh d4p ting tin s6 ctia hé
Déi v6i bd hap thu tir bién, két qua tdi uu 4 khong phai 13 mot tham sb doc 14p ma phéi dudc hién
thuc héa thong qua muic kich tir. Tur dinh nghia y4 va quan hé ¢4 = c4 (B) hodc ¢4 = ¢4 (I), c6 thé xéc
dinh ngugc miic tli trudng hoic dong dién can thiét d€ dat cidn muc tiéu. Tuong tu, k4 = k4 (B) hoiic
ks = ks (I) quyét dinh tin s6 riéng ctia nhanh hip thu va phai dugc diéu chinh dong thai d€ duy tri
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diéu kién gan cong hudng vdi tan sé dao dong trdi. Nhu vay, quy trinh thiét ké hop ly gdm hai budc:
xéc dinh ciip tham sé co hoc muc tiéu (c4, k4) tif md hinh dong luc hoc, sau d6 4nh xa cac tham sb
nay sang muic kich tif dva trén dif liéu nhan dang ctia phan ti tif bién. Vé y nghia ing dung, kha ning
thay d6i (c4, k4) 12 vu diém chinh clia by hip thu tir bién khi robot thay ddi tu thé hodc ché do cit. Tuy
nhién, hiéu qua thuc t& con phu thudc vao dai diéu chinh ctia vat lidu, do tré ctia mach kich ti, nhiét
do, gi6i han hanh trinh ctia khéi lugng phy va khdi lugng bd sung tai dau robot. Cc yéu tb nay chua
dugc dua vao md hinh tuyén tinh hién tai va cin dudc xem xét trong budc thiét ké nguyén mau.

4. Két luan

Bai bdo da trinh bay mdt mo hinh dong luc hoc riit gon bon bac tu do cho hé diu dung cu-truc
chinh-robot c6 gan bo hip thu dao dong tir bién. Hé phuong trinh dudc dua vé dang khong thit nguyén
trén cd sd st dung cing mot thang chuyén vi cho cic toa do, qua dé bao toan tinh nhat quan ctia cic
thanh phan lién két tuong dbi.

Phuong phdp bién do phifc cho phép thiét 1ap ham ddp tng ctia diu dung cu trong mién tan s6. Tir
ham dép dng ndy, diéu kién tbi uu ctia hé sd can y4 dugc xay dung duéi dang nghiém giai tich theo
tiing tan 6 kich dong. Bai bdo ciing 1am rd ring cong thic v, khong dong nhét véi nghiém tbi uu
H.,, trén toan mién tan s6; bai toan H,, can két hgp thém diéu kién can bang dinh cong hudng hoic
t6i uu sb trén dai tan khio sat.

Két qua md phéng minh hoa cho thiy viéc b6 sung bo hip thu tir bién c6 thé 1am gidm bién do
cong hudng ctia dau dung cu va cai thién dap ting dong luc hoc ctia hé phay robot. Huéng nghién citu
tiép theo 1a nhan dang thuc nghiém kiém chiing mo6 hinh bang thi nghiém phay va mé rong mo hinh
sang bai todn 6n dinh c6 tré clia qua trinh phay.
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