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Xay dung hé phuong trinh dong luc hoc hée
tay may c6 khau dan hoi

Duong Xuéan Bién?, Chu Anh My, Phan Bui Khdi?

Tém tit— Bai bao nay trinh bay viéc nghién ciru
mé hinh tng quat va xiy dung hé phuong trinh
dong lyc hoc cia h¢ tay mdy hai khéu chuyén dong
trong mit phing nam ngang c6 ké dén anh huong
cua chuyen vi dan h01 M4 hinh dong luc hoc duge
xem xét sat voi thue té bang viéc thém vao cac yeu to
nhwr tii trong, ma sat dan hoi, khéi lwong va mdé men
quin tinh cta cic dong co din dong,...H¢ phuong
trinh dong luc hoc dwge xay dung bang phwong phap
phan tir hiru han trén co sé cach tlep can Lagrange.
Ung xir dong lwc hoc ctia hé khi cé tai dwgec xem xét
dén véi mot vi du mé phéng cu thé. Két qua bai bao
¢6 thé duge siv dung 1am co sé dé nghién ciru hé diéu
khién nhim néing cao dd chinh xac dinh vi cia tay
may dwéi dnh hwéng cia yéu t6 dan hdi trong cac
khau.

Tir khéa— ddng lwe hoc tay may, khau dan hdi,
phan tir hitu han.

1 PAT VAN BE

rong ky thuat robot truyén thdng, bai toan

dong luc hoc tay may thuong dugc tiép cén
theo huéng co hé nhiéu vat, trong d6 cac khau
dugc coi 1a cng viing tuyét ddi, bé qua bién dang
dan hdi. Cac khau thuong c6 kich thude 16n nén
cong kénh, nang né, phan tmg chdm, ton ning
lrong. Xu hudng st dung tay may cé cac khau dan
héi (flexible links) xuét hién trong vai thap ky gan
day gitp khic phuc cac nhugc diém trén, nhung lai
nay sinh cac van dé vé 6n dinh, chinh xac vi trf va
van toc...Dé giai quyét t6t cac van dé nay can phai
xay dyng dugc md hinh dong lyc hoc cang sat voi
thuc té cang tot. D6i voi hé tay may c6 hai khau
dan hdi, da c6 nhiu cong trinh cong bd véi cac
cach tiép can nghién ctru khac nhau nhu phuong
phap gia dinh trang thai (AMM-Assumed Modes
Method) [1], phuong phép phan tir hitu han (Finite
Element Method-FEM) [2, 3] hay Newton-Euler
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2 Phan BUii Khoi — Dai hoc Bach Khoa Ha Noi

[4]. Tuy nhién, m6 hinh toan hoc trong cac cong
trinh van chua day du, chua téng quat héa do tinh
chat phtic tap ciia hé thong. Hau hét chua ké dén
anh huéng ctia ma sat do bién dang dan hoi, tinh
chat can tré ciia moi trudng, mé men quan tinh cia
dong co ... Do @6, ung xur dong luc hoc cia hé¢
théng chua thé hién rd dugc ban chat. Bai bao nay
tap trung giai quyét cac han ché néu trén véi viéc
su dung phuong phap phan tir hitu han két hop voi
céch tiép can Langrange dé xay dung mo hinh va
hé phuong trinh dong luc hoc tong quat cho tay
méy c6 hai khau dan hoi.

2 NOI DUNG NGHIEN CUU

2.1 MO0 hinh toan hoc
Xét md hinh tay méay c6 hai khiau dan hoi
chuyén dong trong mat phang ngang nhu hinh 1.
v N
* myJ,

T = - i) 1 2j+2
"o-o; X

Hinh 1. M5 hinh tay may hai khau c6 ké dén chuyén vi dan hdi
Trong do:
XOY : hé quy chiéu cb dinh; X.QY; : hé quy

7i:q;
déng va gbéc khép tai khop the i

chiéu gin v6i khau tha i; md men truyén

Fi Gy 1 2 véc to
dugc xac dinh tir gbc khau i dén phan tir thi
j,kva dén diém cudi khau i ; I, : véc to dugc xac
dinh tr gbc O dén diém cudi cua khau i;
(kg /m®);E,(N/m?);1,(m*) : khéi lugng riéng,
md dun dan hdi vi mé men quan tinh mat cit

L, (m); by (m):b, (m); A (m*):

ngang ctia khau thtr i ;
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chiéu dai, bé day, bé rong va dién tich mat cét
ngang cua khau tht i; I, (kg.m*),m,,(kg): md
men quan tinh va khdi lugng dong co thi i;
2. Z. \ A ;

m, (kg),J, (kg.m~): khoi luong va md men quan
tinh cua tai gin ¢ ddu khau 2; w; (X, 1); W (%, 1)
tong chuyén vi dan hoi tai phan tr thir j,k co toa
do (x;,Y;); (X, Y, )theo h¢ toa do X,Q)Y;, X,0,Y,
gan trén khau 1 va khau 2 so v6i khi chua tinh dén
chuyén vi; ¢ (X;);¢ (%) : ham dang theo 1y thuyét
phan tir hiru han ctua cac phan tor tht jk;
Ny (X;), Qg (X}, 1), Ny (%), Qi (X, 1) : vée to ham
dang va véc to chuyén vi cua cic phan tor j,k ;
N,; (%), Ny (%) : véc to ham dang suy rong cua
chc phan tir j,k; 1 (m): chiéu dai cua phan tir
thit j,K ;U .Uy Uy, Uy, chuyén vi dai,
chuyén vi géc & dau va cubi phan tir ther j:
Vay 10V s Vor1s Vo, o - Chuyén vi dai, chuyén vi géc
& dau va cudi phan tir thir k ; n (i =1,2) : s6 phan
tir cua khau i; uy,u,: chuyén vi dai va chuyén vi
goc & dau khau 15 Uy, ;,Uy, o0 chuyén vi dai va
chuyén vi goc ¢ cudi khau 1; VY, chuyén vi dai
va chuyén vi géc & dau khau 2; V,, Vo, ,:
chuyén vi dai va chuyén vi goc & cudi khau 2.
Qi, T, B My, Ky bién suy rong, dong ning
dan hdi, thé nang dan hdi, ma tran khéi luong, ma
tran do cung cia phan tir tha j trén khau 1;
Q(x;),Q(x,) 1a véc to chuyén vi ctia phan tir thu
J.K; Q1 Q, 18 céc véc to chuyén vi cua khau 1,
2; T.,M,,K,,D,,Q,(t) la dong ning, ma tran khdi
lwrong, ma tran d6 clirng, ma tran can, véc to bién
suy rong khau i; T, T, : dong ning dan hoi,
dong  ning truyén dong khau i;
T T Qu (1), Q, (1), Q(t) :  dong néng do khoi
luong dong co 2 dit & diém cudi khau 1, dong
nang cua tai dat & dau khau 2, véc to bién suy rong
cia khdu 1, khdu 2 wva toan hé;
QT Py M, K, : bién suy rong, dong ning
dan hi, thé nang dan hdi, ma tran khéi lugng, ma
tran do ctng ctia phan tir thir k trén khau 2;

Xét khau 1 ¢6 chiéu dai 1a L, chia khau lam
n, phan tr, mdi phan tr j co chiéu dai bang nhau

va bang |; ; khau 2 ¢ chiéu dai la L,, chia lam
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n, phan tir, mdi phén tir k c6 chidu dai bang nhau
va bang I, . Coi tiét dién mit cdt ngang trén toan
bd chiéu dai cac khau 1a khong ddi va gia thiét cac
khau c6 tinh ddng nhét“ vé vat liéu.Theo phuong
phap phan tir hiru han, tong chuyén vi dan hdi cua
phan tir thir j ing voi bién qi trén khau 1 theo hé
toa do X,Q)Y, [3]:
W (X, 1) = Ny (%;).Qy; (1) @)
Trong do:
T
Nlj :[Xj N(Xj)];Qlj :[ql Q(X]):'
NG =[40) &) 40) 40601 @
Q(Xj) = |:u2j—1 Up; Uy u21+2:|
Téng chuyén vi dan hdi cia phan tir thir k tmg
v6i bién khdp qo trén khéu 2:
Wy (Xk 1) = N, (Xk)'Q 2k (Xk 1) 3)
Trong d6 :

N2k=[L1+Xk 1 X X N(Xk)]

Qu=[00 Upu U GO W]y

N =[A(x) 4(X) &) ¢(x)]

Q(x,) = [V2k71 Vo Vo V2k+2]

Céc ham dang N(X;),N(x,) duoc xac dinh theo
[3]. Toa d6 ciia phan tir j theo hé toa do X,0Y;:

=Dl +x 5

n, = W% .0) ®)
] i’

Ma tran chuyén d6i toa do tr X,0Y, sang

XOY :
cos —sin

Té{ o ql} ©)

sing, cosq,

Toa d6 cua phan tir thir j va diém cubi khau 1
theo hé toa 36 XOY :

Mo =T;r1j Mot =T3r1 (7)
Toa dd cua ph?ln tu theo hé toa do X,0,Y,:
k-1l +x
My = |:( ) ‘ k:| (8)
w, (X, ,t)

Ma tran chuyén doi toa do tr X,0,Y, sang
X,0Y;:
T2 = C?S(% +u2nl+2) —sin(q, +u2n1+2) )
Sm(qz +u2n1+2) COS(Qz +u2n1+2)

Toa do cua phan tir thar k va diém cudi khau 2
theo hé toa @6 XOY :

Took = Té |:r1 +T12r2k :I Ty = T; [rl +T12I’2:' (10)

1
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2.2 X&y dung hé phuong trinh déng luc hoc
2.2.1D¢ong nang cua khdu 1
T =T + Tia +Tp1
bong nang dan hoi C}‘ia cac phan tu khau 1
Ta c6, dong nang phan tir the j la:

:_I 1A{ 01‘} dx,

Cac phﬁn ttr ctia ma tran khéi lugng M,; duge

1)

1. .
:EQIlelej (12)

xac dinh theo [3]. Pong dong ning dan hdi cia
n, phan ti:

n 1. .
lehau = Zle :EQI (t)Mlkhaqu(t)
i=1

(13)
.
Ql (t) = [ql (t) Qlcv ]
Véi
Qu = [ul Up - o Uppy u2nl+2:| (14
Dong ning truyén dong ciia dong co 1
1 . 1. -
T =5 Ity (1) = EQI (M Qu (1) (15)
Pong ning sinh ra do khdi lwong ctia dong co 2
1. .
T TlpT +TlpJ = EQI (t)M plQ1 (t) (16)
Tipr » Ty la dong nang tinh tién va quay:

1
TlpT :E

1 A
|: . (Ll t):| 1pd :E‘Jdcz (ql +u2r11+2)2
17
Muhas s Mger» My €6 €5 (2, +3) (20, +3).

Nhur véy, tir (11) ta c6 tong dong nang khau 1:
1. .
= EQI (t)MlQl(t)' Ml = Mlkhau + Mdcl +M pl
(18)
* Dong nang khau 2
TZ :T2khau +Tdt:2 +T,

tai

(19)
Dong ning dan hdi cua cac phan tir trén khau 2
Ta c6, dong ning cua phan tir thir k :

I 0 - .
:_I ZAZ{ rm} dx, :%QZKMZkQZk (20)

Ma tran khéi lugng ctia phan tir k 1a M, dugc
xac dinh nhu trong [2]. Téng dong ning dan
hdi ctia n, phén tir:

n 1. .
TZkhau = ZTZk ZEQ; (t)MZkhauQZ ®
k=1
Qe =|:V1 v, Van, 1 V2n2+2:'

T
Qz(t):[ql Uppsa Uzniz @2 Qch:|

1)

Dong ning truyén dong ciia dong co 2:

1 . . . 1. -
Tdcz = E Iz (q1 +0; + u2nl+2)2(t) = EQ; (t)MdczQz ®

(22)
Pong nang do tai trong gin ¢ dau khau 2:
Tai =T, pr T T, P T Qz ®) MtalQZ ® (23)

Pong nang do chuyen ddng tinh tién va quay:

Ty =m [ ®w, t)}

2" (24)

1
Ty = Jp(Q1+u2n,+2 +0, JrV2n +2)

2
Vay, theo (18), dong nang khau 2:

1. .
= EQ; (t)MzQz (t);

M, =My +M
MZkhau ! MdCZ ' M
* Pong nang toan hé

T=T,+T, =2 Q (OMQ)

(25)
+ Mtai

co cO (2n, +6)

dc2
x(2n, 4-6) .

tai

(26)
QW =[a(t) Qu &) Qul

Ma tran khdi lwong M c6 ¢& mxm véi
m =4n, +4n, +2. Céac phan tir trong ma trén
duogc ghép nbi theo 1y thuyét PTHH.

2.2.2 Tong thé ning toan hé
Thé ning toan hé 1a tong thé ning cia ting
khau. Thé nang timg khau 1 tong thé nang do
chuyén vi dan hdi va thé ning trong trudng.
Tuy nhién, VO’l hé tay may chuyen dong trong
mit phing nim ngang va khdi lugng khau 1a
nho nén trong trudng hop nay cé thé gia thiét
b6 qua thé ning trong truong.
* Thé nang khdu 1
Xét thé nang dan hdi cua phan tir thu j:

2

1. o°w,; (x.,t) 1
=5 Elll{# dx; :_QI' OK;Q,; (1)

2l ox? PR

(27)

Trong d6, ma trén do cing K,; cua phén tor
thr j dwoc xac dinh theo [3]. Tong thé ning
dan hoi khau 1:



TAP CHI PHAT TRIEN KH&CN, TAP 20, SO K1-2017

M
R =R, = Ql OKQ.0 (28)

* Thé ndng khdu 2
Xét thé niang dan hoi cua phan tir thr k cua
khéu 2:

sz = lj‘lk

3 EIFW—M} o, = QL 0K, Qu )

2

(29)
Ma tran K,, xac dinh theo [3]. Tong thé nang
dan hoi khéu 2:

P3P =2 QOKQO (30
* Thé nang toan hé
P=P+P, =2 Q" (OKQW @

Ma tran d6 cung toan h¢ K ¢6 ¢ nhu M .

2.2.3 Xac dinh ma trdn can dac trung
Ma tran can dac trung cho tinh chat can tro
chuyén dong khi k& dén anh hudng clia ma sat
trong (do chuyén vi dan hoi) va ma sat ngoai
(can tro cua moi truong) [3]:

D, =M, + K;D, =a,M, + BK,  (32)
Trong d6,D,,D,la cic ma trdn can trén cic
khau. M, K; 12 cdc ma trdn cho khau i theo
[3]. Ma tran D Céc thong
$6:a,,8 a,, B, 1an luot 12 hé s ti 1é ung voi ma

1M1

cOmxm.

tran khéi luong va ma trdn do cing cia cac
khau va dugc xac dinh bang phuong phap thuc
nghiém [3].

2.2.4. Hé phirong trinh dong luc hoc
Xét hé phuong trinh Lagrange [3]:
L L
L=T- P;E(a—.)—a— =F(t)
dt 0Q" dQ
H¢ phuong trinh dong lyc hoc mo ta chuyén
déng cua hé tay may khi ké dén ma sat:
M.Q(t) + DQ(t) + KQ(t) = F(t) (34)
Trong d6, véc to bién khép, chuyén vi tong
quat va véc to luc tac dong c6 ¢ mx1:

Ft)=[z(t) O oL o .
QW =[a(t) Qu ©HEO Quul

2.3 M6 phong va danh gia

(33)

(35)

Xét hé tay may co hai khau dan hoi, coi mdi
khau la mot phan tur. Tuc la:
j=Lk=Ln=n,=1. Lic nay, cic ma tran
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My Mg M1 M K D, ¢80 5x5 va cédc ma
M, My, M, K, D, c& 8x8. Cac
ma trin M,K,D ¢& 10x10. Véc to bién suy rong
Q,(t) c6 co 5x1, véc to Q,(t)cd la 8xlva
Q(t) c& 10x1. Gia thiét diém dau ctia cac khau gan
chit voi cac dong co truyén dong nén c6 thé cho
rang, chuyén vi dan hoi tai goc O,,0, & moi thoi

pL’

tran M

2khau ? dc271 tai ?

diém la bang 0. Bo qua khe ho giira cac khép gin
dong co. Tuc la: u, =0;u, =0;v, =0;v, =0; Theo
1y thuyét PTHH, c6 thé loai hang va c6t 2,3, 7,8 &
cac ma tran M,D,K . Nhu vay, cac ma tran mdi
hinh thanh 1a M*,K",D" ¢& 6x6 va cac véc to
tong quat suy rong:
* T
Q (t) = [ql(t) u, u, qz(t) Vg V4]
Ft)=[nt) 0 0 7@ 0 o]
H¢ phuong trinh ddng luc hoc ctia h¢ hai khau
dan héi duogc viét lai:
MQ(1)+D'Q (1) +K'Q (t)=F(t)
Xét cac thong s6 ding cho mé hinh:
L, =0,9(m);L, =1,1(m); A = A, =6,4.10°(m?)
E, =E, =7,11.10°(kg / m*); p ,= p, = 2710(kg / m*)
I, =1,=546.10"(m*);1, = I,, =5,86.10*(kg.m?)
My, = 0,155(kg); I, = 4,18.107 (kg.m?);
m, =0,05(kg); J, =0,02(kg.m?);

(36)

@37)

s =

Gia tri mo men khau 1 (Nm)

nikhau 2 (Nm)

15
Time (seconcs)

Hinh 2. Quy luat truyén mé men khép 1 va 2

Quy luat truyén dong vao cac khop nhu hinh 2.
Hinh 3, 4 thé hién vi tri diém thao tac cua hé tay
méay va gia tri bién khop ¢ hai khau dan hoi. D&
thiy, ing véi quy luat truyén dong & hinh 2, trong
thoi gian chiu tdc dong ctia mo men thi diém thao
tac cudi chuyén dong dén vi tri ¢ toa do
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XE =1.85(m); yYE=0.6(m)tng  v&i  gid  tri
g, =0.058(rad); g, =0.47(rad) va dao dong xung
quanh vi tri nay trong khoang 8(s) thi bat dau 6n
dinh. O thoi diém 1(s) sau khi bt dau, mé men tac
dong 1én cac khép da khong con, hé dao dong véi
bién d6 giam dan. Gia tri nhan dugc & cac hinh 3,
4 va 5 sau 1(s) thé hién tng xtr cia h¢ mang tinh
chat phi tuyén, phi hop véi quy luat truyén mo
men cho cac khép va tinh chit quan tinh cua cac
khau. Chiéu dai 2 khau khac nhau nén gia tri
chuyén vi dan hoi tai diém cudi ciia cac khau la
khac nhau, bién d6 dao dong ciling khac nhau.

Gia tri diem thao tac cuoi thea truc OX (m)

s |

Gia Iri diem thao tac cuoi theo truc OY (m)

6 T8 9 1

0 1 2z 3 4 5
Thoi gian(s)

Hinh 3. Toa d6 diém thao tac cudi theo cac truc

Tuong tng nhu vay, do thi van toc bién khop &
hinh 5 cho thiy téc do thay ddi cua gia tri bién
khép & hai khau trong 3(s) 1a rat 16n, sau d6 giam
dan va 6n dinh sau t=5(s) voi khau 1, t=8(s) véi
khau 2.

i

Gia tr blen khop (rad)

Gia vl bien khop (rad)

ol
o 1 2 3 a4 s & 1 8 8 1
Thai gian(s)

Hinh 4. Gia trj bién khop cia 2 khau

Gia tri van toc bien khop (rad/s)
T
!

T2 s 4 5 s 1 8 8 n
Thol gian(s)
3
E—]
2l
<[l
:
g
el
8
g
<
£ ol e ]
2 ¥ N
3 f
< i
§
2
®
(<
af
-3
[] 1 2 3 4 5 6 T B 9 10
Thoi gian(s)

Hinh 5. Van téc ctia cac bién khop

Hinh 6, 7, 8, 9 thé hién gia tri chuyén vi dai,van
tde chuyén vi dai, chuyén vi gbc va van tde chuyén
vi goc tai diém cudi ciia khau 1 va diém thao tac.
Gia tri chuyén vi dai 16n nhat ¢ diém cudi khau 1
khoang 0,25 (m) , chuyén vi goc 1a 0,53 (rad) &
3(s) , & diém thao tic khoang 0,15 (m) va 0,22
(rad) khoang 2(s) sau d6 giam dan vé 0. Hinh dang
clia cac do thi cho thdy, cac diém trén khau dao
dong tit dan v6i bién d6 giam dan, thoi gian xéac
1ap tinh 6n dinh cho hé thng khoang sau 8(s), sau
khi bit dau chuyén dong. Véi chuyén vi goc thi
thoi gian 6n dinh 1au hon (sau 10(s)).
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Gia tri chuyen vi dai (m)
T
1
{
1
|

Thai gian(s)

Gia tri chuyen vi dal (m)

o 1 2 3 4 5 6 T 8 9 10
Thoi gian(s)

Hinh 6. Gié tri chuyén vi dai ¢ diém cubi 2 khau

| e
z
£l |
g
s |
8 os ‘ .
¥ iy
5 i
e o \ -
g M|
€ a5 Il
3 bl
8 - ! l‘
mh |
2
o 2 a 5 T 8 L) 10
Thoi glan(s)
3
—— dv3 (mis)
25f
T 2
Eii'
= )
g
2 05 l
b )
g )
2 e IJ,‘ |
§
;“.‘ i
=
@ -}
15 |
0 1 2 3 4 5 L] 7 8 -] 10

Thai gian(s)

Hinh 7. Van tdc ciia chuyén vi dai ¢ diém cudi 2 khau

3 KET LUAN.

Nhu vay, bai bao da trinh bay mé hinh dong luc
hoc tong quat cho hé tay may c6 hai khau dan hoi.
H¢ phuong trinh ddng luc hoc duoc xay dung trén
co s& phuong phép phan tir hitu han va cach tiép
can Lagrange trong d6 co tinh dén yéu t6 ma sat
dan hdi, md men quén tinh cua cac dong co, tai
trong gitip dua mo6 hinh dong luc hoc sat voi thuc
té. Két qua mo phong thé hién dugc ban chét ung
xir dong luc hoc cua tay may c6 khau dan hi.

s R
3 [t

04
5 ‘I
g
o 02 |
4 |
g on | A T
z i
° V]V
502
° |

04 |

08

o 1 2 a 4 5 & 7 8 9 1w
Thoi gian(s)
25
vd (radis)

i
4
B
2
2
g
&
5
3
o

2

©o 1 2 3 4 5 & 7T 8 9 1

Thai gian(s)

Hinh 8. Chuyén vi goc ¢ diém cubi 2 khau

5
—— aua (radis)
4
=
T2
S 2
s
§ 1
B
o0
£
§-
2
w2
[}
3
<
0o 1 2 3 4 5 & T 8B 9 10
Thoi gian(s)
25
v (radis)
&
=
g
H
8
§
B
©
o
o
o 1 2z 3 4 5 6 1T & % 1

Thoi gian(s)

Hinh 9. Van téc caa chuyén vi goc & diém cubi 2 khau

Két qua bai bio co y nghia quan trong trong
viéc tao co s nghién ciru anh hudng cua chuyén
vi dan hoi téi do chinh xac dinh vi va dua ra duoc
cac gia tri chuyén vi dan hdi cu thé phuc vu viée
thiét ké hé didu khién bu sai s, ndng cao do chinh
xac, giam thoi gian dao dong, thoi gian xac lap ciua
hé théng.
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Building dynamic equations of manipulator

with flexible links

Duong Xuan Bien !, Chu Anh My %, Phan Bui Khoi 2

! Military Technical Academy
2 Hanoi University of Science and Technology

Abstract— This paper presents the research of general model and building dynamic equations of two
flexible links manipulator motion in the horizontal plane. Dynamic modeling is considered with adding
factors which are payload, elastic friction, mass and initial moment of rotors. So it is closed to reality.
Dynamic equations are derived through finite element method based on Lagrange approach. Dynamic
behaviors of the system with payload were simulated like a specific example. The results can be used to
building the control system which increases accuracy position of manipulators under influence of elastic

displacements of links.

Index Terms—dynamic manipulator, flexible link, finite element.



