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Tém tit. Bai toan xac dinh trang thai ndi lyc trong cac thanh dong 1a mét trong cac bai toan kho,
n6 thudc bai toan nguoc, thudng dugc xac dinh sau khi xac dinh trang thai chuyén dong (trang thai
gia tc ctia thanh) va dé xac dinh ching thuong sir dung nguyén 1y Palambe (Phuong phap Tinh
hinh hoc-Déng lyc). Trong bai bdo nay céc tac gia di sir dung phwong phap ma tran truyén cho bai
toan dat ra va da xay dung mt 19 trinh xur 1y bai toan c6 hiéu qua, co thé mo rong ap dung cho cac
hé phtc tap nho viéce trg gitp céac phan meém tin hoc chuyén dung vi du nhu Maple, Matlab...Bai
béo sir dung phuong phap ma tran truyén va mot dang phuong trinh dé xuit dé xir ly bai toan cho
riéng ré ting trudng hop. Day la co so cho viée giai quyét trang thai ndi luc cho cac truong hop phic
tap: chudi nhiéu khéau (phang va khong gian) va diéu quan trong 1a cho kha nang xac dinh trang thai
ndi lyc dbi voi chudi nira dong nira mé, chudi cac khau dong, .. 1a nhitng chudi bi rang budc bai cac
phuong trinh lién két do khong chon dugc cac toa d6 doc 1ap.

Tur khoa: Noi luc mit cit, Phuong phap Tinh hinh hoc-Pong lyc, Phuong trinh dé xuét

1. M& dau

Viée xac dinh trang thai ndi luc trong cac khau dong ngay cang dugc quan tdm khi toc do may
ngay cang ting va khoi | lugng cac khau ngay cang dugc giam theo tiéu chi giam trong luong toan may.
Trong céac cong trinh cb dién ddy duoc xem la bai toan thudn, tirc phai xac dinh trang thai chuyén dong
trudc (trang thai gia toc) va trén co so d6 xac dinh cac lyc nho Nguyén ly Dalambe (phuong phap Tinh
hinh hoc - Pong luc) [1]. Vén dé nay duoc quan tam tir quan diém giai tich, xac dinh dong thoi chuyen
dong valuc [2,3,4,5]. A. L. Lurie da dé xuat mot phuong phap xac dinh phan lyc ndi lyc mat cit cia
mdt khau quay phing [2]. Co s6 1y thuyét ciia phuong phap dé xuét 1a mit cit s& phan thanh khao sat
thanh hai thanh va dwa vao cac toa do xac dinh vi tri cia phﬁn thanh bi tach roi. Bé thanh duoc ghép lai
nhu luc chua cét can dat cac diéu kién 1a céc toa d6 duoc dua vao phai béng khong. Cac diéu kién nay
dugc xem 1a cac phuong trinh 1ién két va cac phan luc cia cac lién két nay 1 cac thanh phan noi luc mat
cit. Pé xac dinh chiing cac tac gia da st dung phuong phap nhan tir Lagrange [1]. Trong [3, 4, 5, 6, 7,
8, 9] cac tac gia da sir dung phuong phap ma tran truyén va mot dang phuong trinh dwoc dé xuét trong
[6]. Phuong phap nhu vay co loi thé 1a tranh viéc sir dung cac nhan tir Lagrange va diéu quan trong la
c6 thé str dung cic phan mém tinh toan. Viéc st dung cac phuong phap néu trén c6 co s6 ly thuyét 1a
dua trén phuong phap xu ly chuyen dong co hé chiu lién két va co vu diém 1a xac dinh ddng thoi trang
thai chuyén dong va tat ca cac yéu t6 noi luc mat cat. Tuy nhién cac phuong phap nay gap khong it phirc
tap, dac biét khi xir 1y cac co cau may nhu cac chu01 nhiéu khau, cic chudi nira hé nira kin, cac chu01
kin....Hon nita trong nhidu truong hop khong can xac dinh toan bg cic thanh phan mit cit ma chi can
xac dinh mot trong cac thanh phan do.

Duya vao nhan xét la cac toa d6 dugc dua thém vao doc lap d6i v6i nhau, nén c6 the x4y dung mo
hinh riéng r& twong mg vdi timg yéu t6 noi Iy can xac dinh. Trong bao cdo giai quyét bai toan bang
cach xay dung mo6 hinh cho cac toa do twong rng vo6i cac ngi luc can xac dinh va xac dinh chung dya
trén y tuong xu Iy bai toan diéu khién chuyén dong chuong trinh [11, 12], xem céac ndi lyc 1a cac diéu
khién can x4c dinh dé cho mé hinh bi cit tré lai trang thai cii (khong bi cit). Trong béo cdo dd minh hoa
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truong hop xac dinh mé men udn trong thanh tay nim cta co cau phing tay may boc xép gdm hai khau
quay.
2. M6 hinh khao sat con lic don

Bai toan Lurie [2]: trong bai toan nay da khao sat trang thai ndi luc ciia mdt thanh quay quanh
mot truc ¢ dinh khi sit dung mo hinh véi 4 toa d6 suy rong (@,u,v,6) voi diéu kién rang budc (
u=0,v=0, #=0). Bai toan dugc xem la co hé chiu rang budc bdi 3 phuong trinh lién Két:

fizu=0; f,=v=0;f;=0=0; (D

Céc phan lyc twong tng voi cac lién két nay chinh Ia cac ndi lyc mat cit (luc kéo nén, luc cit,
momen uon). Tur nhan xét cac toa do (u,v,0) la ddc 1ap, co theé xay dung mo hinh riéng ré. Vi du:

Dé xac dinh lyc kéo- nén N xay dung mo hinh hai toa d6 (¢,u) (hinh 1a) v6i phwong trinh lién két:

Si=u=0 2)
V&i mé hinh hai toa d6 (¢,v) (hinh 1b) va phuong trinh lién két:
fi=v=0 3)

thi phan luc lién két chinh 13 lyc cit O tai mat cit. Con md hinh véi hai toa d6 (¢,0) (hinh 1c) voi
phuong trinh lién két:

f:=60=0 @)

thi phan lyc lién két 12 m6é men udn M tai mat cat.

y y
b) v ¢)

Hinh 1. Cac m6 hinh ndi luc ctia con lac

Viéc thiét 1ap cac mo hinh trén c6 thé dua trén Nguyén ly diéu khién chuyén dong chuong trinh: xem
cac phuong trinh lién két 13 cac chuong trinh (can thuc hién) ma dé thyc hién chiing can phai c6 cac luc
diéu khién dé thyc hién chung. Nhiing lyc diéu khién 1a cac dong luc tir khau 1 tac dung Ién khau 2 véi
muc dich dé cac lién két duogc thuc hién. Cac luc diéu khién chinh 1a nhiing ndi lyc mat cit can tinh.

3. M hinh khio st con lic kép

Dua trén ¥ tudng néu trén, khao sat tay may hai khau quay gdom OA va AB. Bai toan dat ra la
xac dinh m6 men uon tai ti€t dién cach truc quay A mét khoang u. B¢ xtr 1y bai toan dé ra ta ¢6 thé mé
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rong md hinh cua bai toan Lurie theo so dd cho trén hinh 2. Trong trudng hop nay hé ¢ 5 toa do suy
rong (hinh 2).

Hinh 2. M6 hinh khao sat tay may hai khau

Vi nguyén trang ciia bai toan 1a tay may boc xép c6 hai bac tu do, nén cac diéu kién dit ra ung
voi ba di€u kién rang budc: cac toa dd ¢;, q., gs lay gia tri bang khong. Pi€u nay sé dugc thuc hién khi
dit diéu kién thoa méan 3 phuong trinh lién két dang:

Si=q:=0; fi=q,=0; fi=¢5=0 (%)

Theo phuong phap d& xuat trong [3, 4, 5], bai toan duoc giai quyét theo 16 trinh sau:

Goi dong nang cua tay may 1a T(q;,q;); (j = I,_5) va cac lyc suy rong ung voi cac toa do suy

rongla Q;(j= 1,_5) . Phuong trinh chuyén dong clia tay may s& co dang:
i&_‘T_ﬁ_T:QH_Rj ; j=L5 (6)
dt 0q; 0q;

J

Trong d6 R; 1a phan luc cua cac lién két tic dung 1én co h¢, theo Nguyén 1y Phii hop ching phai

thoa min cac phuong trinh lién két (5). Céc lién két dugc gia thiét 1a 1y tuong nén cac phan lyc lién két
phai thoa man h¢ thuc sau:

DR=0 (7

trong d6 R 1a ma tran ¢& 3x1 cia cac phan lyc lién két, con D’ 1a ma tran c& 3x2 cla cac hé sb trong
biéu thurc cua gia toc qua 2 gia toc doc 1ap. Tu diy cac ma tran va cac vec to dugc dong nhat véi ma trin
cOt dugce viét bang nét dam. Trong bai toan khao sat, khi chon cac gia toc doc 1ap 1a cac dai luong ¢, 4,

po[l 00 g
o1 0 ®

Tur hé thire ( 7 ) ta nhan dugc R, =0, R, =0, tic phan lyc Gng vdi toa d¢ doc lap béng khong,

, ma tran D c6 dang:

con Ry phan lyc ung vdi toa 36 ¢; khac khong, n6 co thé duoc xem 1a lyc diéu khién dé thyuc hién lién
két chuong trinh ¢, =0 va chinh 13 ndi lyc tai mat cit (mé men udn).

H¢ phuong trinh (6) duoc phan thanh hai nhém
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Nhom thir nhét : gém 2 phuong trinh, trng voi toa d6 doc 1ap khong chira cac phan lyc lién Kkét
suy rong va do dé co6 thé xac dinh chuyén dong ctia co hé qua tap cac toa do suy rong doc lap (véi dicu
kié€n dau cho trudce, chiung la cac ham theo thoi gian)

Nhém thi hai : gém 3 phuong trinh chira cac phan lyc lién két ung voi cac toa do phu thude va
c6 the tinh 1a ham theo thoi gian nho cac toa doc 1ap 1a ham theo thoi gian tinh tu nhém phuong trinh
thir nhat. Di€u quan trong la d€ dang chirng minh cac phan lyc nay chinh 1a cac ndi luc tai mat cat 2, 3,
12].

Vi céc toa d¢ dugc dua vao (g¢;,9.,9s) 1a khong phu thudc vao nhau, nén co thé xay dung mo
hinh cho timg truong hop riéng 1& va nhd d6 ¢ thé 1an luot xac dinh timg ndi luc va quan trong la cho
phép chi tinh ndi lyc ma ta can quan tam.

Vi du khi chi can xac dinh md men uén tai mot tiét dién cia khau AB ta xay dung mo hinh
dang co cau phang 3 khau nhu hinh 3

Vo4

Hinh 3. M6 hinh khao sat mé men uén
cuia tay may hai khau

Voi 3 toa do suy rong (9.9-,95) chiu rang budc dang:

f=q=0; ©)

Gia thiét khau OA c6 chiéu dai /, va c6 khéi tam tai O (duoc can b'fmg tinh), m6 men quan tinh
khéi dbi voi truc O bang J,, khau AB c6 chiéu dai /, khdi luong m, . Xac dinh mé men uén tai mit cat
cach tryc quay A mot khoang Al =u. Mo hinh dugc khao sat gdm 3 khau: khau OA, khau Al c6 chiéu
dai 121 = yu khau IB c6 chiéu dai 122 (121+122=lz). Khoi lu'qng cac khau tucmg l'mg 1a ma1,ma2
(my, +my, =m,) . Khdi tAm cia cac phﬁn thanh bj cit cach cac diém A va | tuong Gng béng Cy,Cyy MO
men quan tinh (khéi) cua cécﬂphﬁr'l nay déi v6i khéi tam 1an lugt 13 Joy,Jo. VAt can di chuyén c6 khdi
luong m, dugc xem la chat diém gan tai dau mut B.

DAG=DQ +DQ% (10)

Trong d6: A- ma tran quan tinh, Q-ma tran cua cac luc suy rdng, Q7 -ma tran cua cac luc quan
tinh, dugc xac dinh dua vao ma tran quan tinh A [11, 12]. Chu y r(:ing phuong trinh (10) duoc thiét 1ap
khi phuong trinh 1i€n két dugc thuc hién va kéo theo cac dao ham cua chung triét tiéu, tic:

q;=0,9;=0,¢;=0 (11)
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Phuong trinh (10) cing véi phuong trinh lién két (9) mé ta chuyén dong hé va phan lyc lién két
chinh la mé men tir phﬁn bi cit AM tac dung 1én phﬁn BM dé lién két (9) dugc thuc hién (md men udn
tai mat cat.

Tir phwong trinh lién két (9) xac dinh duoc ma tran D 14 ma trin ¢ (2x3) dang

po[l 00 1
1o 1 0 (12)

Cacmatran A,Q dugc xac dinh nhé phuong phap ma tran tmyén [ 11,12], con ma tran cua cac luc
quan tinh Q7 =Q°-Q"; Q°,Q" dugc xac dinh tir ma tran quén tinh A. Sau day s& dung ky hiéu °( )
dé xac nhan biéu thirc trong diu ngodc cic dai lugng thda mén diéu kién (5). Pé tinh ma tran quén tinh,
ta tinh cac ma tran truyén, chung c6 céc biéu thirc:

cosq,; -—sing, O cosq, -—sing, I cosq; —sing; Iy Ly,
t, =|sing, cosq, O];t,=|sing, <cosq, O/[;t;=|sing; cosq; O [;r=|0
0 0 1 0 0 1 0 0 1
[—sing, —cosq, 0 —sing, —cosq, 0 —sing; —cosg; O
t,; =| cosq, -—sing, O0]|;t,, =| cosq, -—sing, O0]|;t;;=| cosqg; —sing; O |; (13)
|0 0 0 0 0 0 0 0 0
_021 Cxn
ry=| 0 [i;rp=|0
|1 1

Tt day ky hi€u T ¢ goc phai cao nhit cua ma trén dugc ky hi€u 1a phép tinh chuyén vi
Céc h¢ s0 quan tinh s€ dugc tinh theo cac biu thure sau:
a, = 1y, 1y, t;rtlTlthZrZI + Myt tt ttan, +mr' Gt tht,tr) +J, + J,, + J,,
a, = Myt 6t + Myttt thtar, + mr G 6, tt ttr +J,,
) = My Tyt byt 0y + Myttt tr + mr ettt tr + 5, + T, (14)
a, = Myt thttttar, +mr ottt tr +J,,
a, = My Ittt t s, +mr 3ttt ity tr + J,,
33 = My Coy +mly, +
Ma tran quén tinh s€ c6 dang la
ay A 4
A=|a, ay ay (15)

Qi3 dy  ds;

Duya vao ma trin quan tinh s€ tinh dugc ma tran ctia cac luc quan tinh. Pau tién ta tinh:
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Oa;, Oa, Oay Oa;, Oa, Oa Oa;, Oa, Oay ]
¢ Oq oq oq, 0q, Oq, dq;  O0q;  Ogs
0,A = Oa, Oay  Oa; L 0,A = Oa;, 0Oay,, Oday 0A= Oa,, Oay Ody
¢ Oq oq oq, 0q, Oq, dq;  0q;  Oqs (16)
Oa;; Oay; Oasy Oa;; Oay; Oay Oa;; Oay; Oasy
| Oq  Oqv  Oq, | L 0g, 0Oq>  Og, | Oq;  Oq;  0gs |

q= [‘11 4> qs],qf = q%aq; = qanq; =q9;
Luyc suy rong clia cac lyc quan tinh s& dugc tinh theo biéu thirc:
Q" =Q"-Q (17)
Trong d6:
0.59"0,Aq o
Q’==[0.5q4"0,Aq |=| O)
0.5q4"0;Aq 0;

Q =0/Aq +0,Aq +0;Aq’ (18)
* * * * T
Q=[0 o 0]
T
o=| %7 _o7 _5_”}
oq, 0q, 0qs

7 — thé nang clia co hé, M;, M, 1 cac mémen tac dung 1én khau OA va khau AB tuong tmg:
7 =myg(lysing, + ¢y 8ing, +q,)) + mpg(l + b sin(g; + q,) + ¢ sin(g; + ¢, +q3))
+mg(lsing, + 1, sin(q, +q,) + ¢y sin(g, + ¢, +¢3))

(19)
Theo Nguyén Iy ph hop [7, 11, 12] chuyén dong hé Gmg v&i lién két phai dugc théa mén cac lién
Kkét:
q;=0;¢,=0,4,=0 (20)

Do d6 dé thuc hién diéu kién cia bai toan dit ra ta thay diéu kién (20) vao phuong trinh (10) va

chung duoc ky hidu béi " & goc trai cua dai lugng. Bing cach d6 ta nhan duoc:
Oan =y, (I7 +¢3) + 2L1¢y, €08 gy ) + Moy (IF + (L + ¢30)* + 2 (I + ¢5,) €05 q5)
Oalz =y, (31 + €l €08 Gy ) + My [ (L + ) + (L +e55)cos gy 1+ m[l5 +1(1y+ ¢, )c0s g, ]
+J,+J
0 21 2 2 2 2 1)
Ay =My Cyy + My (b + )" +mly + Ty, + Ty,

0013: MyyCo (L + €y +1,€08q,) + m(13, + Iyl +1,155c05q,) + J 5,
OaB =MyCyy (b +Cpp )+ mbylyy +J 5

0o, _ 2 2
Q33 = MyCy +mly +J

Chu ¥ rang md men M, chi tac dung 1én khau AM. Dua vao cic cong thirc (18) ta tinh:
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0Q1qt = 2[myicyy +myy(ly + cpp) +Fm(ly+o,)1sing 4,4, +Hmy o +my (hy +¢5)

+m(ly +1y)1l,sing,q3

08" =[my ey +myy (e + L) tm(ly, +1,)sing, 4} (22)
Q" = —(myycyy +mlyy)l; sin gyt

Luc suy rong cua cac luc hoat dong sé& cd dang:

orn
O =M, - a —(my; +my, +m)glicosq, -[my e, +my (L, +cyn) +m(ly, +1y)]geos(q, +q,);
1
or
O =M, - a =M, —[my,c5; +my (L + ) +m(ly +15,)geos(q, +q); (23)
2
orn
O =M, - a =—(my,c,, +mly;)geos(q, +q,);
3

Phu hop véi phuong trinh lién két (9) ma tran D ¢& (2x3) c6 dang:

D—IOO 24
o1 0 @4

Cangy + ‘andg, — O = "0,

Cangy + *ani, - 0, - 0.
H¢ phuong trinh nay mo ta chuyén dong cua h¢ thuc hién lién Kkét, tirc hé g(‘im hai khau ndi v&i nhau
boi khép quay (con lic kép). Hé hai phwong trinh cung véi cac didu kién dau x4c dinh chuyén dong cua
hé , tirc tinh dugc ¢,(¢), ¢, (¢) . Dé tinh phan lyuc lién két, tic md men udn tai tiét dién mat cat, ta sir dung
phuong trinh:

H¢ phuong trinh (10) c6 dang:

(25)

0“13&1(1)"" 0“23"]'2 = OQI -° gt + Ry (26)

Trong d6 R; 1a phan Iyc lién két ing vdi toa d6 g3, con céc gia tde suy rong ¢ (1), , (¢) duge tinh
tir hé phwong trinh (25). R, chinh 1a mé men udn tai mat cit.
Trong dang trién khai ta nhan dugc phuong trinh xac dinh chuyén dong cua tay may (voi diéu
kién dau voi diéu kién dau cho) :
PTL: [J, +Jy +Jp +my (I + 3, + 211¢5,¢05q,) + myp [} + (L +¢0)* + 20 (L + ¢3y)c05q; ]
+m(l7 + 1) + 241, €08 ), +[my, (3, + il €08 Gy ) + My (b +€55)* +1 (L + )08 q5)
+m(l; + 1,1, cos gy + T + T, 1G, = M, + g[(my + m)l sing, + (my,c,,
+(my (b + ¢) + mly)sin(qy + q,)]+ 2(my¢op +myy (L, + €30) + mby)l sin g1 g 27)
+ (M (L + Cy0) +mly +myly)g3 =0
PT2: [Li(myy;+myp (L + c5) +mly)cosqygy + myc3y + my (b +¢5,)* 1Gy
[y, ¢35+ gy (L + c0) +ml3 + T, 1G5 — M, — gsin(q, + q,)[my e +myy (L +¢3)]

—[my (L +cyp) + my iy + mhy )g1g, =0
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Phuong trinh xac dinh m6 men ndi lyc: (R, =M,,)

M" =[myCy (Coy + Ly ) +ml3, + 1 (MyyCy +mly, ) c08(qs (1)) + misy (1, +1) +J 5, 1, (2)
Himy (€2 + 1)+ mbyy (L, + 1)+ J 5,165 (1) + (my5¢5, +miy, ) sing, (1)gi (1) (28)
+(m,,c,, +ml,, )geos(q, +q, )

Két qua tinh toan: s6 liéu dung tinh todn moé phong cho vi tru trén dugc lay nhu sau:

M;=0.5sin(2rt) Nm, g = 10 m/s*; J; = 0.1 kgm?, Jo; = 0.1 kgm?, J»» = 0.12 kgm?, J, = 0.22 kgm?, u = 0.4
m, l,=0.6m,,=1.0m; 1, =1.25 m, my; :=0.06 kg, mp =0.04 kg, c21 =0.2m, ¢ =0.3m,,=1m;
m =10 kg, M, =0.2 Nm.

D4 thi vi tri, van tdc cua hai toa d6 suy rong doc 1ap q; va qo dugc thé hién trén hinh 4 va hinh 5. D6
thi m6é men udn ndi luc trén khau AB cach A mot doan u dugc thé hién trén hinh 6.

rad

5

Hinh 4. Vi tri géc q1 va g2 cta hai khau Hinh 5. Van téc goc dql va dq2 cua hai khau

Hinh 6. Noi lyc mo men udn trén khau AB
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4. Ket luan

Pé xac dinh cac yéu té ndi lyc ctia mit cit cua thanh dong A. . Lurie la nguoi dau tién di dua ra phuong
phap giai phong lién ket dé xac dinh phan lyc lién két voi y tuong dong nhit cac phan luc lién két v6i
cac yéu té ndi luc mit cit. Trong phuong phap dugc néu ra A 1. Lurie d3 sir dung phuong trinh Lagrange
dang nhén tur. Didu nay gap kho khan cho viéc ap dung phuong phap nay vao cac bai toan phire tap nhu
d6i v6i bai toan nhiéu khau, dic biét ddi voi chudi ha, chudi kin, 6 bbt song song,..

Trong bai bao cac tac gia da sir dung dang phuong trinh khong nhan tir cho cac co hé vai cac toa do
khong doc 1ap két hop voi phuong phap ma trin truyén dé khao sat bai toan, dong thoi dua ra ¥ tuong
vé bai toan diéu khién chuyén dong chwong trinh cho giai quyét cac bai toan xac dinh doc lap cho timg
yéu td nodi luc mat cat. Phuong phap dugc dé xuét duoc minh hoa cho bai toan xéac dinh céc yéu td noi
lwe mat cit cho tay may bdc xép gdbm hai khau quay.

Tai liéu tham khao

[1] B4 Sanh, Co hoc ky thudt- tip 2 Gido trinh Déng e hoc, Nha xuét ban Gido duc, (2002).

[2] Lurie A L, Co hoc gidi tich (tiéng Nga), NXB Fizmatgiz., Moskva, (1961).

[3] D6 Ding Khoa Phan Ping Phong, P4 Sanh, Xac dinh noi lyc dong lyc trong cac thanh cua tay may
cong nghiép, Tuyén tdp cong trinh hji nghi khoa hoc toan quéc lan thir 2 vé Co kj thudt va tw déng hoa,

NXB Béach khoa Ha ndi, (2016).

[4] Do Sanh, Do Dang Khoa,The Method of Determining Internal Forces at any Cross Section,Vietnam
Journal of Mechanics, Vol. 26, No 2, pp.110-121, (2004).

[5] B6 Sanh, Vé viée xéc dinh phan lyc lién Kkét (tiéng Nga), Tap chi Toan hoc va Co hoc Ung dung,
Moskva, (1975).

[6] Sanh Do, Phong Dinh Van, Khoa Do Dang, DucTran, A Method For Solving the Motion Equations of
Constrained Systems, 16" Asia Pacific Vibration Conference , Hanoi, Vietnam (2015).

[7] D6 Sanh, Chuyén dong cua cac co hé chiu lién két, Luan an Tién si Khoa hoc, Pai hoc Bach khoa Ha
Noi, (1984).

[8] Do Sanh, Do Dang Khoa, Applying Principle of Compatibility for Determing Reaction Forces of
Constraints, Machine Dynamics Problems, Vol. 31, No. 1, 72-81, (2007)

[9] Do Sanh, Do Dang Khoa, The Method of Transmission Matrix Applying for Investigation of Planar
Mechanisms , Machines Dynamics Reseach, Vol.14, No 4, pp.5-22, (2010).

[10] B Sanh, B3 Bang Khoa, Piéu khién cdc hé dong lrc, NXB Bach khoa, (2014).

[11] B Sanh, B3 Bang Khoa, Béng luc hoc gidi tich, Nha xuat ban Bach khoa-Ha ndi, (2017).

[12] Do Sanh, Dinh Van Phong, Phan Dang Phong, Determining Reaction Forces in Planar Mechanisms,
Vietnam Journal of Mechanics, Vol. 31,No 1, (2009).



