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1. MO PAU

Trong tinh toan thiét k& dwa trén cic yéu cau cong nghé, khau gia cong (khau thao tac) can
thyc hién mdt chuyén dong da cho. Néi mot cach khac, phai giai quyét bai toan xac dinh chuyén
dong cua cac khau vao theo chuyén dong cua déu ra. Bai toan nhu vay dugc goi 1a bai toan nguoc.
Bai toan nhu vy cén thiét khong nhing ddi voi tinh toan thiét ké méay ma con 1a co s¢ ciia phuong
phép diéu khién dong hoc. De giai quyet bai toan nay thuong phai giai mot phuong trinh dai s6 xac
lap quan hé giita cac thong s6 cta dau ra va dau vao. Bai toan dan den gidi hé phu:(mg trinh dai so.
Trong khong it truong hop hé phuong trinh nay hodc 1a phi tuyén hodc 1a siéu viét. Trong cac
trudng hop phirc tap phai sir dung phuong phéap tach cau triic hodc sir dung phuong phap Dalembert
- Lagrange hodc str dung phuong phap Lagrange dang nhan tir [1].

Trong bao cao su dung phuong trinh chuyen dong dang ma tran dugc xay dung theo Nguyén
Iy Phu hop [2] va phuong phap ma tran truyén dé xur 1y bai toan dat ra [3-8] va nhd do xac dinh
duoc thong sé dong hoc dau vao va dong luc (md men hoic lic) tac dung 1én khau dan theo yéu cau
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dat ra, dya vao do tinh cong suat tuong mg [4]. Phuong phap dé xuit ciing 1a co s cho bai toan
diéu khién chuyén dong theo phuong phap dong hoc [3].

2.COSO LY THUYET MO HINH KHAO SAT
2.1. Phuwong phap nghién ciru

Khao sat h¢ co hoc ctia n bac tyr do véi céce toa do suy rong du la ¢; (i =1,_n). Biéu thirc dong
nang cua co hé co dang:

1 »
T:— i“i" 1
2%61/6161, (1)

Trong d6: A= ay |, =i 14 ma tran c& (nxn) d6i xtng va khong suy bién. O day va tiép sau

ma tran dugc ky hi€u qua chit nét dam. Pua vao céc dai lugng sau:

i=[¢ ¢ . 4. ]T — ma trin ¢& (nx1), ma trdn van toc suy rong, T goc phai bén trén ky
hiéu phép tinh chuyén vi ma tran. Biéu thirc dong ning duogc viét trong dang sau:
T=d"Aq 2)

Ma tran cac lyc suy rong cua cac luc tac dung gém cac lyc dat vao (applied forces), cac luc
c6 thé, cac Iuc can (ca can nhdt va can kho), duge ky hiéu qua Q© — ma trén ¢& (nx1). Phuong
trinh chuyén dong cua co h¢ duogc viét trong dang sau [4, 5, 6, 7]:

4j=Q" +0" G)

Trong do:

q= [ql g, - qn]— ma tran cd (nx1): ma tran cla céc gia tde suy rong, Q@ —ma tran c&
(nx1): ma tran cta cac lyc quan tinh. Luc suy rdng cua cac luc quéan tinh dugc tinh theo cong
thirc sau: Q% =Q' - Q**

Dé tinh cac Q',0* ta tinh cac dai luong sau [4,6]:
_86111 oay, oa,, ]

oq, 0q. = 0Oq

G4 !
Ooa,, Oa,, oa,, .. "
. (i) q929; 1 2 11 . , t N (D)
0,A=| oq. oq, ~ 0q, | 4= 10" =T 0" =0.50,A¢: 08 =3 0,447 (4)
i=1

. . . . o )
Oa,, Oa,, oa,, qn9i (04
oq, oq, ' oq, )

Truong hop co hé bi rang budc boi cac lién két phuong trinh chuyén dong cia hé co dang
[4.6]:

AG=0"+0" +R ©)

Trong do, R - luc suy rong cua cac luc lién Kkét, luc nay s€ dugc xac dinh theo tinh ch;éit
cua lién ket (ly tuwong hay khong 1y tuong) [7]. Khi lién két 1a 1y tuong, phuong trinh chuyén
dong cua co h¢ c6 dang [4, 6]
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DAG=DQ" + DQ* (6)

Trong d6, D 13 ma tran cac hé s6 khi biéu dién cac gia tbc qua cac gia toe doc lap nho cac
phuong trinh lién két

Nhu da chimg minh [8] khi cac lién két 1a 1y tudng thi c6 thé xem chiing 1 cac tich phan
dau cua co hé duoc khao sat. Bang cach nhu vay ciing c6 thé xem céc tich phan dau thudc 16p
lién két dic biét, 1a truong hop riéng cua 16p lién két ma phan lyc lién két thé hién twong tac cac
lién két 1én co hé bang khong. Dic biét khi c6 mot hé tich phan ddu dy du (doc 1ap) thi ching
duoc xem 1a hé phuong trinh mé ta chuyén dong co hé.

2.2. Mo hinh bai toan

Bai toan duogc xay dung nhu sau: Gid sir h¢ co hoc cua n bac ty do, vdi cac toa do suy rong
g va luc suy rong cua cac lyc tac dung Q©, phuong trinh chuyén dong ctia nd duge mé ta boi
hé phuong trinh (3), (5), (6). Mot yéu ciu dit ra 1a xac dinh dong luc tic dung 1én khau dan dé
khau thao tac cia co hé phai thuc hién yéu cau cho trudc dudi dang:

Xy =f1(0) 5 ym=L0) 5 zy = f0) (7)

Trong d6, M la diém xéc dinh cta khéu thao tic (vi du trong tdm hay diém tiép xuc). Toa
d6 trong tdm khau thao tdc dugc biéu dién qua céc toa do suy rong cia co hé, nén ta co:

g =Xy (q) = fi(1)=0; g =yy(q) - f2() =08 =2)(q) - () =0; i=1,n ®)
Céc h¢ thuc duge xem la céc tich phan cua hé phuong trinh [9]. Do d6 nghi¢m cua hé phuong
trinh nay cting la nghiém cua hé phuong trinh co h¢. Gid sir nghiém cua h¢ phuong trinh (8)
duogc tim trong dang:

q=4q(1) s 4=4q(t) ; §=4(1) ©)

nod cling 1a nghiém cua h¢ phuong trinh chuyén dong cua co hé, tirc hé phuong trinh (3) hoac (6).
Do d6 khi thay chiung vao h¢ phuong trinh (6) ta tinh dugc cac dong luc tac dung 1én khau dan.
Tur hé nghi¢ém nay cling cho phép xay dung thuat todn diéu khién dong hoc.

3. KHAO SAT PONG LUC HQC NGUQC CUA TAY MAY BOC DO

Khéo sit tay may bc do co so dd nhur trén hinh 1, gdm khau quay OA va khau tinh tién BC.
Khau OA quay khong ma sat quanh truc O duéi tac dung ngiu lyc c6 md men M, khau BC
chuyén dong truot khong ma sat trong xi lanh dwoc gan cling voi thanh OA nghiéng véi dudng
truc ctia khdu OA mdt goc « = const dudi tac dung cua lyc ddy F tir dong co thuy lyc. Tay may
mang vat M co khéi luong m duogc kep chat trén dau mat coa thanh BC va duge xem 1a chét
diém. Chon cac toa do suy rong la ¢ va x, trong d6 ¢ 1a goc quay cua khau OA ké tir vi tri
ngang, x - d6 dich chuyén cua pit tdng BC so véi xi lanh. Lo xo lién két giita thanh OA va BC c6
dd cting ¢ va c¢6 do dai khong bi bién dang 1a /,. Thanh OA va thanh BC la nhitng thanh manh,
déng chét, co khdi luong tuong ung 1a m;, my Thanh OA c6 chiéu dai /,, trong tam tai 0, thanh
BC c6 chiéu dai twong tmg 1a ,, trong tdm tai C,(BC, =c,).
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Hinh 1. M5 hinh tay may bdc d& ¢6 rang budc quy dao diém cubi

Yéu ciu tinh mdé men M va lyc F dé di chuyén vat D véi van toc khong dbi v, doc theo
duong thang c¢6 phuong trinh:
i ==V3xy +443 (10)
Bai toan duogc xtr 1y theo hai budc
Buoc 1: Giai bai toan dong hoc.
Déu tién can thyc hai yéu cau dong hoc doi voi tay may. V6i muc dich nay ta sir dung
phuong phép ma tran truyen. Thiét 1ap cadc ma tran sau [4, 6].

cosp —sing 0 cosa —sina 1 0 —x
t,=|sing cosp O]|;t,=sine cosa O0|;t;=|0 1 0 |;
0 0 1 0 0 1 0 0 1
- (11)
—singp —cosep 0 0 0 -1 c, [,
thw=| cosp —singp 0| ;t;={0 0 O |;n=0];r=[0];
0 0 0 0 0 O 1| 1

Toa d9, van tdc va gia toc cta diém D duoc tinh theo cac biéu thirc [4, 6]

Xy cos(p+a)l, —x)+1cose | | vy
yM =t1t2t3l’ = Sln(@‘i_a)(lz —)C)-l-ll SIHQJ ; VMy = t11t2t3r¢+tlt2t31rx;
1 1 0

Vi | | [(x=1)sin(@+ &)~ singlp —sin(¢ + o) X
Vi |=| [(lL—x)cos(@+a)+[ cosplp—sin(p+a)X |;
0 0

Ay | = it s P+ iyt X + b7 + it X + 20, 0% —>
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ay, =[(x—0L)sin(@p+a)—/ sin@lp—cos(p+a)X

—[(L, =x) cos(@ + a) + 1, cos @]@* + 2sin(p + a ) px (12)

ay, =[(l, —x)cos(p+a)—1 cos p]p
—sin(p+a)X—[(l, —x)sin(@+ a) + 1, sin p]¢* — 2 cos(p + a)px

Khi thay cac biéu thirc cta cac toa do xy, ym duogc tinh theo cac toa d§ suy rong thi diéu
kién dé vat M di chuyén theo dudng thang cé phuong trinh (10) dong nghia vi viée can thuc
hi¢n phuong trinh sau:

fo=(L —x)cos(p+a)+sinp+[(, —x)cos(p+ )+ cos¢+l]\/§ =0, (13)
Tur day ta nhan duogc:
fo = he+hx=0;
h, = \/g[sin((p+ a)x—1L)—=1sin@|+(l, —x)cosp+1 cos p;

hy, = =3 cos(p+ ) —sin(p + a); (14)
- oh oh oh, Oh

=h(p+ i +—@* +—=X> + (—+—2)x¢

So=ho+h 5(/)(/’ o (ax o0 (7

Tur day nhan dugc phuong trinh

PT1=[l(cosp— J3sin o)—(l, - x)(x/§ sin(@p+ ) —cos(p+a)))]p
— [\/5 cos(@+ ) +sin(p+a)lxX -1 (\/5 cos@ +sin@))—(l, — x)(\/g cos(p+ ) (15)
+sin(g+ a)]@? + 2(x/3 sin(p + a) — cos(p + a )i
Diéu kién thir hai yéu cau diém M duoc di chuyén véi van téc v cho trude. Vi diém M di
chuyén theo dudng nghiéng véi goc B, gbc nghiéng cua qui dao ddi véi truc Ox, dé xac dinh gia
thiét van tdc v co dang v = H cosQ¢, nén diéu kién nay duoc viét nhu sau:
X,, = H cos Q¢ (16)
Véi Q=0 thi diém M di chuyén trén qui dao (10) v6i van tdc khong ddi v, = H cos 8 .Vi

Xy =[(x=0L)sin(¢p+a)—1 sin @lp —cos(p +a)x
diéu kién yéu cAu s& duoc viét nhu sau:
[(x=0)sin(p+a)—[ sinp]p—cos(p+a)x—HcosQt =0
Tur day nhan dugc phuong trinh:
PT2=[(x-1)sin(p+a)—11sin p]p—cos(p+a)x (17
H(x-1)cos(p+a)—1, cos p]x @+ 2sin(p+ o) X ¢ — Hsint

Phuong trinh (15) va (17) 1a hé hai phuong trinh vi phan cdp hai d6i v6i hai bién
@(1),x(t). Ky hiéu ¢’ (t),x"(t) 12 nghiém cta hé phuong trinh trén voi didu kién dau xac dinh
thoa man cac yéu cau dat ra d6i voi tay may.
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Buée 2. Xdc dinh cdc yéu td dong liee d@é tay mdy dam bdo cdc yéu cau dat ra.
Nham muyc dich nay ta viét phuong trinh vi phan chuyén dong tay may dang ma tran (3).
Biéu thirc dong ning cia tay may duogc viét trong dang (2), trong d6 [2-7].
a, = myn, tz to tlltlltotzrz +mr tz to tlltlltotzr +J1 +J2 =
m,(c3 +IF +x* —2c,x+ 21, cos ar(c, — x)
+m (F+12+x*-2Lx+2 cosa(l,—x)+J, +J,

(18)

a, =—(my +my)lsina 5 ay,, =—(m +m,)
Thé ning cua co hé:
7 =mg[llsing + (I, — x)sin(@ + &)+ m,g[l, sin ¢ + (c2 — x) sin(p + )]+ 0, 5¢(l, — x)* (19)
Céc luc suy rong cua céc luc tac dung s€ 1a:

o'=M —Z—” =M —(m+m2)g[llcos @+ xcos(p+a)]—(ml, + myc,)cos(p+a)g;
»

(20)
0y = F—g—” =F—-(m+my)gsin(p+a)—c(ly—x)
x
Dé tinh lyc suy rong clia cac luc quan tinh ta tinh cic ma trén sau [4-6]
da dan day Oay
0,A= dp  Op —0; 0. 4= ox ox _9 (m+my)(x =1, cos)—(myc, +mly) 0
Oa,, Oay, Oa,, Oay, 0 0
| Op  Op ox  Ox
B 1qtl
tl __ t1
0" = quﬂ}, "=0,4=0;

0" =05[p i axlm =[(m+m,)(x —I cos @) = (myc, +mb,)1p*
X

1 _ 0 .
Q"= {[(m +m,)(x —1, cosa) —(m,c, + ml,)]@p* } ’

12 =0,4) ¥ |=0:00 =aua| ¥
XQ X

0 = 2{[(% +m)(l, cosa — x) + (m,c, + ml,)]x¢ _]

0
qt
04 =0 + Q" =| < (21)
2
Phuong trinh chuyén dong cua tay may duogc viét trong dang:
, or
a p+ai=00 +0f = M‘%*‘Q

22
o (22)

P+ api=0) +th—F_a_+Q
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Tir nhan xét nghiém ctia hé phuong trinh (15), (16) thoa man cac yéu cau dit ra dbi voi tay
may, nén c¢é thé dp né 1a nghiém cta hé phuong trinh (22). Bai toan c¢6 dic trung bai toan diéu
khién chwong trinh [3] trong d6 cac yéu cau dong hoc ddi véi khau thao tac 1a nhiing lién két
chwong trinh va c6 thé dbi xir nhu nhitng tich phan dau va c6 thé xir dung phwong phap da dé
xudt trong [9]. Nhu viy cac dong luc M va F dugc chon dé nghiém cia hé phuong trinh (22)
thda mén h¢ phuong trinh (15), (17). Do do6 dé giai bai toan dit ra ta tim nghiém ciia hé phuong
trinh (15), (17) thda man diéu kién du dit ra (tirc didu kién dau cua hé phuong trinh (22) duoc

ky hiéu qua ¢ (1), x"(r) , cac dong luc cho dau vao cia tay may s& co biéu thirc sau:

M) =an(r>¢*(r>+au(t>x*(r>+2—”(r>—Q?’(r>
¢ (23)

F(1) = alz(t)(b'*(t)+azz(t)5é*(t)+aa—Z(t)—Q§”(t)

Trong do6 cac thong sb6 cua co hé du:qg tinh d6i vai hé pghiém cua hé phuong trinh (15),
(17), tlric trong céc toa do suy rong va van toc suy rong, gia toc suy rong dugc thay tuong Gng
boi @ (¢),¢" (1), " (1), x"(¢), " (¢), X"(f) Dua vao cac thong sd dong hoc tinh cac thong sé dong
luc: m6 men luc va luc déy F va trén co s do tinh cong suét can thiét cua céc dong co [4]:

W =Mo,(o=¢); W,=Fv,(v=X)

Trong do, @ - van toc goc cua khau quay, v- van tdc cua pit tong.

4. KET QUA MO PHONG SO VA THAO LUAN

Str dung phan mém Maple giai hé phuong trinh (22) v6i cac gia tri tham sb ctia hé nhur sau:
tr=10s, 1;,=02m, L,=08m m =5 kg g = 10m/s’, my=1 kg, c2= 0,4 m, J;= 0,1 kgm’,
J>= 0,05 kgm’,a = /6, ly= 0,4m, ¢ =10 N/m.

Céc diéu kién dau cua hé duoc cho nhu sau: x(0)=0 m,@(0)=0 rad, x(0)=0,05m/s,
¢(0)=0,1 rad / s . Phuong trinh quy dao diém cudi ciia may bdc xép dugc thé hién trén hinh 2.
Cac Iyc diéu khién M va F dé tay may bdc xép thyc hién ding quy dao dugce thé hién trén hinh 3
va 4. Céc do thi cong suét cua dong co tai cac khop cua tay may bdc xép dugce thé hién 1an luot
trén hinh 5 va 6. Cac van tdc goc khau 1 va van tdc khdi tam khau 2 duge thé hién trén hinh 7.

50
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Hinh 2. Quy dao diém cudi ciia may bdc xép Hinh 3. D thi m6 men lyc M
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Hinh 6. D) thi cong suit dong co 2 Hinh 7. D4 thi van téc goc khau 1 va van tdc khau 2
5. KET LUAN

Trong bai bao di dé xuat mot phu:ong phap giai quyet bai toan dong luc hoc ngugce. Thay vi
theo phuong phap pho bién 1a phai giai phuong trinh dai s6 cac tac gia dé nghi chuyén sang giai
phuong trinh vi phan cap hai & d6 cac yéu cau vé dong hoc ciia khau thao tac duoc xem 1a cac lién
két chuong trinh, mot dang mé rong khai niém tich phén dau [2, 3, 9]. Trong bai bao da xu ly cho
hé chiu lién két chuong trinh, Tuy nhién y tuong dugce dé xuét c6 thé ap dung cho cac hé chiu lién
két vat chat voi cac luc lién két khong 1y tuong. Cac két qua khao sat dwoc minh hoa nho sir dung
phian mém Maple dbi v6i chuyén dong ciia tay may bdc dd co hai bac tu do.
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