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Tém tit :

Hé thdng chuyén dong robot 1a mot hé thdng co tinh
phi tuyén manh va rang budc cao, cic tham sé dong
luc hoc nhu md men quén tinh, khdi luong tai thuong
bién ddi va khong dugc xac dinh chinh xac. Cac hé
thdng diéu khién kinh dién kho thoa man yéu cau do
chinh x4c chuyén dong cua co céu tay robot khi tham
s6 dong luc hoc thay ddi. Bai bao trinh bay thuat toan
don gian wdc lugng md men can tong biéu thi sy rang
budc phi tuyén giita cac khép. Trén co s& mé hinh
toan hoc doc 1ap cho mot khép, s& xay dung hé thong
diéu khién vi tri khop voi hai mach vong : mach vong
diéu khién dong dién dong co va mach vong diéu
khién vi tri khép robot. Tin hiéu bu mé men can dugc
tinh toan va dwoc bd xung vao tin hiéu dit mach vong
dong dién. Hé thong dicu khién dugc ap dung cho
diéu khién qui dao tay may 2 bac tu do trong mat
phang. Hiéu qua cta hé thong diéu khién duoc ching
minh bang mot sb két qua mo phong qui dao cia 2
khop quay 1, 2 ctia co cdu SCARA cho thay do chinh
xac diéu khién vi tri khong phu thudc vao su rang
budc cac khdp ciing nhu khong phu thue vao sy thay
dbi cia md men quén tinh co cau.

Tir khéa : Robot, rang budc phi tuyén, mé men can
téng, mé hinh doc 1ap khop.

Abstract: The motion system of robot manipulator is
nonlinear and coupling system with variable and
uncertain dynamic parameters such as moment of
inertia and load mass. In this robot mechanism, the
classical controller can not meet fully to the required
trajectory accuracy due to mechanical parameter
variation. The paper presents a simple estimation
algorithm of the robot total load momen expressing
nonlinear couple between joints. The position control
system with two loops including a motor current
control loop and a joint position control one is built
for the decoupling model of a robot joint drive. The
calculated compensation signal for load momen is
added to the setpoint signal of current loop. The
proposed control system is applied for first and
second joints of robot SCARA . The effectiveness of
the proposed control system is demonstrated by some
simulation results of the first and second joints
trajectories of robot SCARA with the variation of
moment of inertia

Keywords : Robot, nonlinear coupling, total load
momen, decoupling model of a robot joint.

VCCA-2015

Ki hiéu

Ki hiéu Pon vi Y nghia

M Nm véc to md men khép,

q véc to vi tri khép

H(@) ma tran hé s6 quan tinh

C@,q)q ma tran nhGt va hudng tm

G(Q) ma tran trong luc

Hoii thanh phan H(i,1) phu thude
hang s6 khop i

Upi \Y dién 4p dong co i

ipi, Ipi A dong dién : dai luong tiric
thoi va hiéu dung

Roi Q dién tré phan tmg dong co

Lp; H dién cam phan tmg dong co

Tpi S hﬁng s6 thoi gian dién tr
dong co

Upi rad/s toc do goc dong co

Jpi kgm? mo men quan tinh dong co i

Jsi kgm? md men quan tinh tong khopi

Jso kgm? mo men quan tinh dinh muec.

Aly; kgm? gia s6 md men quan tinh

Kqi ti s6 truyén khop i

Mg Nm md men can dong co khdp i

Mi Nm mé men ton hao hop truyén i

M Nm mo men can téng

Kei V/irad/s  hé sb strc dién dong dong co.

Ko Nm/A  hé sé md men dinh murc

Kg hé s6 khuéch dai bo bién ddi

K, VIA hé sb phan hoi dong dién

Tor S hang s6 thoi gian nho cua
mach vong dong dién..

Kp, Kg hé s6 khuéch dai ti 18, hé sb

khuéch dai dao ham cta bo diéu chinh vi tri

K, hé s6 phan hi vi tri khop.

£ hé s6 suy giam

™n rad/s tan s6 dao dong riéng

Ks 1/s hé s6 khuéch dai tich phan

1. Mé dau
H¢ théng chuyén dong robot 1a mot hé théng ¢6 tinh
phi tuyén manh va rang budc cao. Di c6 nhiéu bai bao
trinh bay cac két qua nghién ctru thuat toan didu khién
vi tri robot dam bao chit lwong chinh x4c cao nhu
(I3, [4], [6]....). Céc thuat toan diéu khién da dam bao
d6 chinh xac cao cua vi tri robor trong trudong hop céac
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tham s robot bién ddi. Tuy nhién cac thut toan do
¢6 do phuc tap cao, khdi luong tinh toan 1on va sé
phirc tap cho thuc hién trong thyc té.

V6i su phén tich ¢ ([1] va [2]), & cac robot co ti s6
truyén bo truyén 16n, anh huong rang bude gitra cac
khdp va tinh phi tuyén cta hé thong chuyén dong rat
nho. Diéu d6 cho phép tach doc 1ap mo hinh cac khop
robot. Thanh phan md men biéu thi sy rang budc phi
tuyén ctia hé thong chuyén dong co thé coi 1a tin hi¢u
nhidu can d6i v6i hé thdng truyén dong khop. Hé
thong diéu khién s& don gian va dé& thyc hién trong
thuc t& do cac bo diéu khién chuyén dong cua khép
nhu b diéu khién PID, PD c6 thé duoc thiét ké doc
1ap, khong phu thudce vao tham sé cac khép 1an can.
Trong qua trinh lam viéc, cac tham sb dong luc hoc
nhu moé men quan tinh, khdi luong tai thuong bién
d6i va khong dugc xac dinh chinh xdc. Véi cac bd
diéu khién kinh dién khé dam bao d6 chinh xac
chuyén dong cao.

Bai béo trinh bay thuét toan don gian cho phép wéc
lugng md men can tong biéu thi sy rang budc phi
tuyén gitta cac khép. Dua trén md hinh toan hoc doc
1ap cua mot khép, s& xay dung hé thdng diéu khién vi
tri khop gdm hai mach vong diéu khién : mach vong
dong dién dong co voi bo diéu khién cdu triic PI va
mach vong diéu khién vi tri khop robot véi cau triic
bd diéu khién 1a PD. Tham s bd diéu khién dong
dién duoc tong hop theo tiéu chuan t6i wu md dun. Bo
diéu khién vi tri duoc tong hop theo chi tiéu qué trinh
qué do yéu cau dua theo dic tinh khau bac 2. Tin hiéu
bl mé men can dugc tinh toan va duoc bd xung vao
tin hiéu dat mach vong dong dién dong dién. Vi hé
thong d& xuét, o chinh xac vi tri khop sé& khong phu
thudc va sy md men gdy ra boi su rang bude phi tuyén
cac khép va sy thay déi cia cac tham so co hoc.
Phuong phap diéu khién dé xuit dugc ap dung 2 khép
quay trong mat phing cua robot SCARA. Céc két qua
moé phong hé thong diéu khién vi tri dé xudt da chimg
minh tinh ding dén ctia hé thong diéu khién.

Bai bao gdm 3 muc : Mo dau; Noi dung chinh va két
luan. N6i dung chinh gom 6 muc : mo hinh toan hoc
co cau khép robot; Hé thong diéu khién doc 1ap khép;
thuat toan wdc luong mé men can; hé théng diéu
khién vi tri v6i bu mé men can; hé théng diéu khién
robot 2 thanh ndi va két qua mé phong.

2. N§i dung chinh
2.1. M hinh toan hoc hé truyén déng khép robot
Phuong trinh dong lyc hoc cua co cAu robot duoc
viét & dang tong quat nhu sau ([1]) :

M =H(@)J+C(q.9)q +G(a) ©)
M6 hinh dong luc hoc robot (1) la hé phuong trinh c6
tinh phi tuyen manh va biéu thi sy rang budc giita cac
khép. Hé thong diéu khién xay dung trén co s& mod
hinh (1) s& rat khé khan cho thuc hién trong thuc té do
thuat toan phi tuyén phtrc tap, khdi lugng tinh toan
16n va kho bu chinh xac dugc sy thay ddi cac tham sb
cua robot.

Theo [1], khi co cdu robot c6 ti s6 truyén ciia hop sb
16m : toc dd dong co rit 16n so véi toe do khop (K rat
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nho ), cho phép tach roi doc 1ap cac khdp robot. M6
hinh robot s€ dugc phéan ly thanh cac mo hinh dong
luc hoc ddc lap biéu thi boi phuong trinh mé men
dong co truyén dong khop :

M Kml IDI Ziqu + Mci (2)

- M it Kgldl(qldi q)

dong co truyén dong khop i.
4,(@.0.8)= D Hyd, +aH,q +ZC.JQ,+G

i516)

Jsi=Jdpi + KgiHoii
khép.
Ky = G - Ti s6 truyén tir khép vé dong co.

I qDI
Dong dién dong co truyén dong khép duoc xac dinh
bdi biéu thirc sau :
_Uni(p)—K.da(P) ©)
Di —
o Roi (1+TDi‘p)

So @6 cau truc mo ta hé truyeén dong khép nhu H1.

r K, .
Up vO IDi NIDi 1 J‘ Ky q;

Ng WELH K. 1 e

Toip +1 I IsiP

VOl : M, - M0 men can doi voi

- mdé men quéan tinh tong mot

H1. So dé cdu triic hé truyén dong khép

2.2. H¢ thong diéu khién vi tri khép

Trén co so mo hinh toan hoc cua khdp robot nhu hinh
1, xay dung dugc hé théng didu khién vi tri khop
robot véi hai mach vong diéu khién : mach vong diéu
chinh dong dién ddng co va vi tri khdp robot dugc
trinh bay 6 H2. B9 diéu chinh dong dién co céu tric
PI véi ham truyén :

RI (p) = KRI 1+-Ir;RI P 4)

Bo 7diéq chinh dong dién dwoc téng hop theo tiéu
chuan t6i vu mo dun véi hé so6 khuéch dai va hang so
tich phan dugc xac dinh theo biéu thirc sau :

Ky=—"0 VAT, =T, )

2K KT,
B0 diéu chinh vi tri c6 cAu tric ti 16-dao ham & dang :
R(IO)—K +Kqp (6)

Céc tham s bo diéu khién vi tri (Kp, Kg) duoc xac
dinh dya trén phan tich dic dong hoc ctia hé thdng
kin.
Ham truyén kin cta hé théng didu khién vi tri khép
v6i gia thiét bo qua hing s thoi gian mach vong dong
dién dugc xéac dinh theo biéu thirc :

q (K, KK, +K KK, p) @
We(P)= 5= K KKK, K,K.K.K

q 90m g Ra y e e R

‘]EKI ‘]ZKI

Phuong trinh dic tinh (7) ¢6 dang bac 2. Cac tham sd
bo diéu khién vi tri khop duge xac dinh theo chi tiéu
chat luong ctia qua trinh qua d6 yéu cau (d6 qua diéu
chinh va thoi gian qua d9).

2




o
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H2. Hé thdng diéu khién vi tri khép

Hé s0 khuéch dai va hé s6 dao ham duogc xac dinh
nhu sau :

2
Ky =2, = 20 (®)
trong do : Co KaKgKq
KI

Hé sb £, ®,, dugc lva chon theo chi tiéu chét luong
qué trinh qua do yéu cau. Khi yéu cau do qua di‘éu
chinh nhé hon 20 %, h¢ so suy gidm nén chon nam
trong khoang 0,5-0,7. Quan h¢ hé s6 suy giam (&) va
tan s6 dao dong (m,) va thoi gian qua do tqe duoc
biéu thi theo biéu thirc sau :

4
o, =— 9)
tqd
2.3. Nhin dang md men can dong co truyén dong

khop.
Tir (2) va so d0 cau trac hinh 1, phuong trinh chuyén
dong cuia hé thong truyén dong mot khép robot ¢ thé
duoc viét & dang :

M Di Mci = ‘]Ziqu (10)
Trong (10), thanh phan Mg |a thanh phéan phi tuyén va
biéu thi sy rang budc gitra cac khép, 1a dai luong bién
thién trong qua trinh lam viéc, khé tinh toan va anh
hudng dén chat lwong diédu khién vi tri khdp nhu minh
hoa bang cac két qua méd phong & muc 6. Trong muc
nay s& dé xuét thuét toan wéc luong thanh phan Mg; .
Mo men dong co co thé duoc viét :

My, = Kl (11)

m| Di
Trong trudng horp tong quat, xét su bién thién cua mod
men quan tinh tong do cic tham s dong luc hoc khép
robot thay dbi, ta ¢ :
Jyi = Js T Ay (12)
Thay céc biéu thirc (11) va (12) vao phuong trinh
(10) va dat dai lugng md men can tong cua dong co
khép i duge viét ¢ dang :
Mni = Mci +A‘]Ziqu (13)

M6 men can tong (13) gdm hai thanh phén : Thanh
phdn mé men can gy ra boi sy rang budc giira cac
khép (M) va thanh phin gy ra boi su thay déi mo
men quan tinh cac khop.
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Két hop (10) va (13), nhén dugc thuét toan xdc dinh
md men can tong cia dong co truyén dong khép cod
dang :

I\/Ini = Kml Di 2|qD| (14)
Phuong trinh (14) cho thdy, dé tinh toan m6 men can
tong dong co truyén dong khép, can thiét phai do
dong dién dong co va gia téc dong co. Viée do chinh
xac gia toc khop 1a twong d6i kho khan va gia thanh
dit. Mot phuong phéap tinh toan gin dung gia tbc
thong qua téc do dugc trinh bay ¢ so d6 H3 va biéu
thirc tinh toan (15) véi chon K da 16n.

Up;i Ui
—O» 1 > K
)
Ky
p
H3. So d6 tinh toan gia téc dong co
o Gyp (15)
Ooi = 17'
—p+l
K, P

Thuat todn nhan dang m6 men can téng dong co
truyén dong khop robot véi khau tinh toén gia tbc
dong co dugc thé hién trén so d6 H4.

Io; Mni
_Di | — K, -)——

Tinh M6 men can

H4. So d6 udc lugng md men can

2.4. H¢ thong diéu khién vi tri véi bu anh hwéng
cia md men can.

Dua trén ciu trac hé thong diéu khién (H2) va thuat
toan udc lugng md men can (H4), hé thong diéu khién
v6i bi mé men nhidu khép robot duge dé xuat nhu
H5. Tin hiéu bu m6 men can dugc tinh tir khau bu ¢co
ham truyén Wg(p) véi tin hiéu vao md men can tdng
(14) da dugc udc lugng cong thém vao tin hi€u dat
dong dién.
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I(p) TBp+1 Tup+1_‘ Km (_) ‘]Zp p
K, M.
T,p+1
Tinh [«
W, (p) < M6 men
can -t
H5. Hé thong diéu khién vi tri khdp véi b mo men can

Dé xac dinh ham truyén khau bu, bién d6i so dd ciu
trdc (H5) voi tin hiéu vao 1a mé men can, nhan duge M [Hy H, 0 H,]|8 | [hy,06,+h,02] [0
ham truyén nhu sau : M,| |H, H, 0 H,|d, . h,,,02 . 0

K El]o o Hy ofd 0
. [1_ KmOW |(p)W (p)] ¥ s 2 9
_Aq Iy p’ “ ¢ (16) M [Hie H, 0 H,]8, 0 0
Wc ( p) - -
AMe K W pR : (19)
+ 7 Ko Wi (P)Re (P) Céac thanh phan cta cac ma tran cta (19) dugc trinh

>0
Tir (16) thay rang dé khir anh huong ctia md men can
dong co truyén dong dén do chinh xac vi tri, ham
truyén bi mé men can duoc xac dinh bang gan tir sb
bang 0. Do d6 ham truyén bu mdé men can dong co
nhan dugc ¢ dang :
1

We(P) =T
. ° KmOWKi ( p)
Ham truyén kin mach vong dong dién W i(p) c6 dang

(18) :
1(p) 1/K,
W.. = =
Kl(p) Ur(p) 1+ 2Tol p+2T02I p2

a7

(18)

2.5. H¢ thong diéu khién 2 Kkhép cia Robot
SCARA

Robot SCARA gdm 3 khép quay va 1 khép tinh tién
nhu H6 véi thong s6 KT & phu luc, duge mé ta boi hé
phuong trinh dong Iyc hoc dang tong quat nhu (19).

l(.ﬂ
A
< > I——-‘
‘—..{ X0 Xy X3
8, 8, I ds
l; | | J x
= 3
e ” o,
z3 Xy
——

L8

H6. Cau hinh co cau robot SCARA
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bay ¢ [2] :

Hy = mlz:34|12 + mzs4|22 +Jpp +2my,1,C2
Hp = mzs4|22
Hy=H,

_ 2
H22 - m234|2 + ‘]24

+J,, +my,l1,C2

H33 =My, (20)
H14 = H41 = H24 = H42
hy, =2my,l1,S2

R, =My, L1,S2

Ry =My, 1,52

g3 =My,9 -

Trong khudén kho bai bao gidi han nghién ctru hé
thong di€u khi€n chuyen dong cho hai khép quay 1 va
2 trong mat phang cua robot SCARA ¢6 cau hinh nhu
H7.

H44 ‘]4

-+,

\(
C

H7. Cau hinh 2 khép quay robot SCARA.
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Mo men can

(& ]

H8. So @6 hé thone diéu khién vi tri

Tir (19) va (20), cac thanh phan ciia Hyyy VA Hgpp €O
dang :

Ho = rn:l.llz +Jp5 Hop = (M, +mt)|22 +J,
So d6 céu tric hé thong truyén dong cua khép robot
¢6 dang tong quat nhu H1 v6i mdé men quén tinh tong
qui ddi vé truc dong co khép 1 va 2 c6 dang :

‘]21 = ‘]Dl + Kngoll ; ‘]22 = ‘]D2 + K922H022
St dung (14), (17), hé théng didu khién doc lap cho
hai khdp cta robot SCARA véi khau uéce lugng va
bl md men nhidu dugc trinh bay trén H8. Cac khép
robot dwoc truyén dong boi mot hé thong truyén dong
dong co mot chidu cdp dién tir bo bién d6i xung ap
mot chiéu, c6 tham s trinh bay ¢ phan phu luc. Mbi
hé thong truyén dong ctia khép c6 mot hé thong diéu
khién doc lap gdm 2 mach vong diéu khién dong dién
va vi tri. Cac tham sd bo diéu khién duoc téng hop
mot cach doc 1ap theo (4),(5) va (6),(8) chi phu thudc
vao tham sé ctia khop.
M6 men can tong biéu thi sy rang budc giita cac khép
dugc udce luong theo (14) va so dd thuat toan H4. Tin
hiéu bu sy anh hudng cua mé men can dugc xac dinh
theo (17) va cong thém vao tin hiéu dat dong dién.

2.6. Két qua méd phong

Co céu 2 khdp cua robot SCARA duoc md phong khi
¢b tay di chuyén tir diém dau (0,4;0) m dén diém cudi
(0;0,3) m. Vi tri goc quay diat ban dau cua hai khép 1a
[0;0] rad va vi tri goc quay dat cudi ciia hai khop 1a
[0,5655; 2,3367] rad.

Céc két qua mo phong trinh bay trén H9, H10, H11 va
H12. H9 la db thi md phong goc quay khop 1 va 2 khi
bo qua anh hudng ciia md men can (duong 2); Khi xét
anh hudéng ciia mé men can (dudng 3) va & hé théng
¢6 b md men can (dudng 4), H10 13 dd thi md phong
sai 1éch goc quay khop 1 va 2 khi bé qua anh huong
cua m6 men can (duong 1); Khi xét anh hudng cua
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mé men can (dudng 2) va & hé théng c6 bl mé men
can (duong 3). Két qua mo phong cho thiy, do anh
hudng ciia mé men can, sai 1éch goc quay s€ 16n. Hé
thong diéu khién c6 bu mdé men can s& dam bao do
chinh xac vi tri nhu khi khéng ¢é anh hudéng ctia mod
men can.

H11 trinh bay d6 thi md men quan tinh tong khop 1
va 2 nhan dang dugc va gia tri mé men quan tinh thuc
cho thay két qua nhan dang mé men can rét chinh xac.
H12 1 d6 thi m6 phong géc quay khop 1 va 2 khi mo
men quan tinh tong thay d6i. Nhan thdy rang, hé
thdng diéu khién c6 bl md men can da dam bao do
chinh xac vi tri khong phu thudc vao sy thay ddi cua
mo men quan tinh ctia hé thdng.

0 0s 5

Thoi g (s)

H9. Do thi goc quay khép 1 va 2 tmg véi J5dm
Puong 1 : Goc quay dat cua khop
Puong 2 : Khong xét anh hudng cua moé men can.
Puong 3 : Co6 xét anh hudng cila moé men can
DPuong 4 : Hé thong c6 bi md men can
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22 i)

gac b

H10. Do thi sai 1éch goc quay khép 1 va 2
Puong 1 : Khong xét anh huong ciia mo men can.
Puong 2 : C6 xét anh hudng cuia mé men can
Puong 3 : Hé thdng c6 bu mé men can

J.‘l T T T
|

el can 1 (Ne

Ma

0 i i i I i i i i
0 r: 1 15 ) 25 3 5 : 45
Thoe gan (g

G guay khiop 1 irad)

Thai gian is]
= T T T T
E ; +
= i i
E : :
T T —— L 4
i : '
Fl ' ' = guang 1
= B T e B fuang 2
R H H — duang 3
3 1 1 1 1 T
o 1 2 3 Ll 5 B
Thei gear i)

H12. Db thi goc quay khép 1 va 2 khi Js thay doi
Puong 1 : Goc quay dat cua khop

Puodng 2 : Hé thong c6 bi mé men can (Js = 2J5y4m)-
Puodng 3 : Hé thdng c6 bu mé men can s = Jsam)-

3. Két luan
Hé¢ théng diéu khién doc 1ap khép véi 2 mach vong
diéu khién cho timg khép véi khau ude lugng va bu
md men nhidu can s& tao cho robot c6 dod chinh xac
chuyén dong cao khong phu thudc vao sy rang budc
va sy phi tuyén cua co ciu chuyén dong ciing nhu sy
thay déi ciia md men quéan tinh do tai trong robot thay
d6i. He¢ thdng diéu khién dugc d& xuat don gian,
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khéi lugng tinh todn nho va dé thyc hién bang cac vi
diéu khién thyc té.
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Phu luc
Bang 1 :Tham s6 co khi ciia robot ([TL5])
Truc | a(m) | m(kg) | k(Kgm?) | K, =1/i
1 025 |19 0,098 1/90
2 015 |0.93 |0,0115 1/220
Béng 2 :Tham s0 dng co truyeén dong khop
Khé’p UD RD LD Km:Ke ‘JD
M [ (@ | (H) (Kgm?)
1 12 |35 |[0,0013 | 0,047 | 203.10"
2 12 |35 |[0,0013 | 0,047 | 203.10"
Bang 3 :Tham so6 B di€u chinh
Khép | B BK dong dién Bo DK i tri
Kri Tri Kp Kg
1 8,57.10" | 3,7.10" | 7,0486 | 3,5243
2 8,57.107 | 3,7.10" | 37,744 | 18.87
Nguyén Manh Tién sinh nim
~ = 1955. Anh nhan bang dai hoc

nganh Pién khi hoa tai truong
PHBK Ha ndi nam 1973; Bang
thac s§ K¥ thuat dién tai trudng
DHTH Sydney - Uc nam 1997
va Bing Tién si Ky thuat dién
cua truong Pai hoc Bach khoa
Ha Noi (HUST) nam 2000. Tu

nam 1979 dén nay anh Ia giang vién cua B6 mon Ty
dong hoa cong nghi¢p, Vién Pién -DHBK Ha ndi.
Hudng nghién ctru chinh 1a diédu khién phi tuyén dong
co khong dong bo; didu khién vecto dong co khong
ddng bd khong dung cam bién tdc do; diéu khién
Robot dua trén tin hidu anh; diéu khién chuyén dong
robot bén vitng voi sy thay ddi tham sb co hoc.



