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1. Giéi thigu

Thiét bi tu di chuyén, con goi la thiét bi ty hanh (autogenous mobile systems hozc locomotion
systems) la loai thiét bi c6 thé di chuyén chi nho luc tac dong twong tac giira than thiét bi véi
chuyén dong tuan hoan caa mot khéi lwong bén trong hé thong Ngay nay, thiét bi tu di chuyén
dugc su dung rong rai trong cong nghiép nham d4p tmg yéu cau hoat dong trong méi truong kho
khin cho viéc can thiép tryc tiép cta con nguoi, hoac trong cac d1eu kién khic nghiét, chang han
trong cong tac cau ho, kiém tra ham 10, chan doan cac duong 6ng ngam...[1], [2]. Trong coy sinh
(Biomechanics), cac hé thong tu di chuyen hira hen cai thién kha nang diéu khién vién nang noi soi
(capsule endoscopy) dap tng yéu cau di chuyén, tién/ lui hay tranh ket trong mao mach [3]. Hai
nguyén tic hoat dong chinh cua thiét bi tu di chuyén di va dang nhan dwoc nhiéu quan tdm nghién
ctru cua cac nha khoa hoc, d6 Ia ty di chuyén nhd rung dong va nho rung dong - va dap.

M0 hinh thiét bi tu di chuyén dya trén nguyén tic rung dong két hop va dap lan dau tién dugc
dé xuat bai Pavlovskaia va cong su [4]. Nhiéu nghién ctu thuc nghiém va Iy thuyét da duoc trién
khai theo hudéng nay. Chang han, cac nghién cau ly thuyét phat trién mé hinh thiét bi ty di
chuyen nho trung dong - va dap va phan tich dac tinh dong luc hoc [5], [6]. Cac nghién cuu phat
trién mé hinh Iy thuyet dong thoi kiém chang bang thuc nghiém, trong d6 ¢ phat trién vé co ché
tao rung dong cho khéi luong quan tinh nhu sir dung mach céng huong RLC [7],[8], sir dung
dong co tuyén tinh [9], sir dung bo tao rung chuyén dung dién dong luc hoc [10]... Trong qua
trinh thiét bi hoat dong, viéc danh gia tinh 6n dinh vé& dong luc hoc theo thoi gian thuc dong vai
tro rt quan trong. Thong thuong, tinh 6n dinh dong luc hoc dugc phén tich dua trén cac ky thuat
nhu phan tich Fast Fourier Transform (FET), d6 thi pha va lat cat Poincaré, do thi r& nhanh [11].
Bén canh do, tinh 6n dinh cua hé théng dong luc hoc trong cac diéu kién dau vao khac nhau ciing
dugc danh gia bang phuong phap tap hat (basin of attraction) va quy dao hut (attractor) [12]-[14].
Gan day, tinh 6n dinh cua hé thdng tu di chuyén nho rung dong két hop va dap ciing da duoc
khao sat dua trén ky thuat phan tich tap hat [15]. Tuy vay, uu viét ciia phuong phap nay trong
viéc danh gia tinh 6n dinh cua hé ty di Chuyén S0 Véi cac phuong phap khac chua dugc phan tich
sau, dac biét khi yéu td dau vao thay d6i ngau nhién. Do vay, bai bao nay trinh bay nguyén tic
thuc hién, két qua phan tich so sanh két qua phan tich chi tiét tinh 6n dinh cua co hé ty di chuyén
nho rung dong va va dap, qua d6 nhan manh cac wu viét cua ky thuat phan tich tap hat khi cac
yéu t6 dau vao thay d6i ngau nhién (ngau nhién tién dinh).

2. Co s6 phwong phap nghién ciru
2.1. M6 hinh thiét b tw di chuyén nhe rung dgng-va dip

Mb hinh vat Iy caa thiét bi tu di chuyén nh rung dong - va dap duoc thé hién nhu trén hinh
1a [15]. Lo xo duoc sir dung dé lién két hai khéi lugng my va mz c6 do cing k. Hé s6 giam chan ¢
dic trung cho ton that ning lwong dao dong cua hai khdi lwong. Khéi luong quan tinh m; duoc
kich thich tuan hoan bai luc kich thich dang ham s sin, c6 bién d6 1a A va tin s kich thich e
(trong d0, fee = Y277 V6i 12 tin s6 Q2tinh theo rad/s).

(a) (b)
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Hinh 1. M hinh vgt Iy (a) va md hinh ma sat Coulomb-Stribeck (b)
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Lo xo0 ¢o d6 cung ko dic trung cho d6 cing va dap giira hai khéi lwong. Luc ma sat can tro
chuyén dong, Fr, duoc gia thiét tudn theo md hinh ma sat Coulomb-Stribeck nhu trén hinh 1b. Lo
xo lién két giita hai khéi lwong dugc mé hinh hoa bai mot ham bac ba khuyét, theo dich chuyén
tuong ddi gitra hai khdi luong, twong tu trong [16], [17], nhu sau:

Foor :kl(xl_X2)+k2(xl_X2)3 1)
Phuong trinh téng quat md ta chuyén dong caa co hé da duoc phét trién dudi dang [15]:
m, d” Xl = Asin(Qt)- F,, —c[dxl aX, j Hko(X; — X, —G)
dt dt
d2X, dx, dX, @)
m, 2 =—Asin(Qt)+ Fg,, + c( dtl o j +Hko(X, =X, =G)-F,

trong do, H(.) la ham Heaviside, dugc dinh nghia nhu sau:

H=1X,-X,-G>0

H=0 X;-X,-G<0 @)
M®& hinh ma sat dugc su dung la mé hinh Coulomb-Stribeck [6], [9], c6 dang nhu sau:

dX,| 1
F, :EF [1+e ‘ t Vs Jsgn(ddtzj (4)

trong d6, Fs 1 cudng do luc ma sat tinh khi co cau bat dau chuyén dong, nghia la khi dX,/dt =
0, va Vs la van téc Stribeck.

Nghién ctru dong luc hoc cia co hé duoc thuc hién dudi dang khong thir nguyén dé co thé ap
dung cho nhiéu ¢& kich thuéc khac nhau. Viéc chuyén d6i khdng thir nguyén duoc thyc hién
bang cach doi bién thong qua viéc dat cac dai lwong nhu sau:

k k k Q
7=Q0t; Xlefxl;&:FlXZ;Qo— mll a)—Q—O;
A F k _m Fs ®)
é’—z Sz "o ptel B -—1G —2:f =
m,Q F kl kl kg F m1 Fb

trong do, cudng do Iuc ma sat tinh Fs dugc xem nhu 14 hang sb, Fy 1a gia tri lyc tham chiéu
nham danh gia anh huong cua luc ma sat mot cach doc 1ap. HE phuong trinh khdng thir nguyén
mo ta chuyén dong ctia co hé c6 dang nhu sau:

X =V
v, = 7sin(@r) - (% ~ %) ~ Bl - )—24[‘;‘ dXZ] ho(x —%,~7)
r dr
X5 =V, (6)
, dx, dx dx,
Vy =| = 7Cos@r) + (X — X, ) + A% — Xy)° +2§[ T drj+ho-( -7)- fsgr(dfj]u

M®& hinh toan hoc dugc mo ta trong phuwong trinh (6) sé duoc stir dung trong nghién ciru nay.
2.2. Cac ky thudt co ban trong phén tich dpng luc hgc

NGi chung, viéc phan tich dong luc hoc duoc thuc hién nho sir dung mé hinh toan. Trudc hét,
md hinh toan da phat trién cho co hé (2) duoc kiém chang bang thuc nghiém. Tiép do, cac ky
thuat phan tich dong luc hoc s& duoc ap dung cho md hinh khong thir nguyén (6) duoc bién doi
tr mo hinh (2). Thong thuong, cac co h¢ thuong dugce danh gia dac tinh thay do6i dong luc hoc
thdng qua 2 théng s la chuyén vi va van tc chuyén dong.
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2.2.1. D6 thj thoi gian

C6 thé danh gia ddc tinh thay doi chuyén vi va van toc theo thoi gian (Time history). Tuy
nhién, quan sat do thi theo thoi gian chi c6 the cung cap mot phén tich khai Iugc, phu hop véi cac
co hé co dac tinh bién doi 16n, hodc/ va don gian. Phan sau s€ minh hoa nhan dinh nay.

2.2.2. Phan tich Fourier

Theo Fourier, bt ky mét tin hiéu phtc tap nao ciing ¢ thé phan tich thanh téng cac tin hiéu
sin, cosin. Phan tich Fourier cung cap mot goc nhin khac vé chuyén dong cua co hé trong mién
tan sb. Phép phan tich Fourier 1a mot cong cu hiru ich dé xem xét tmg xur cua co hé ¢6 thé 1 t6
hop nhitng dang dao dong nado, cd quy luat tuan hoan (Periodic) hay chuyen dong hon
don(Chaotic). Hinh anh quan h¢ gitra cuong do tin hiéu tng véi tung gia tri tan s duoc biéu dién
trong mién tan sb thuong duoc goi 1a pho (Spectrum). Mot trong nhung uu diém quan trong cua
mién tan sé 1a n6 cho phép biéu dlen rat rd rang cac thanh phan co tan s khac nhau cung dong
thoi ton tai trong mot dao dong géc.

2.2.3. Do thi pha

Trong phén tich dong luc hoc, mat phang pha (Phase Plane) chia toa do Deé-cac c6 2 truc
(chuyen vi, van téc) thuong dugc goi la mit phang trang thai (State space). Mbi diém cua mit
phang ddc trung cho mot trang thai (vi tri va van toc) cua chuyén dong duoc xét. Tai mot thoi
diém t bt ky, ton tai mot diém P(x(t), y(t)) biéu din trang thai cua chuyén dong tai thoi diém do.
Khi thoi gian t thay doi, diém P thay doi tao nén mot quy dzo pha (Phase trajectoy).

2.2.4. Lat cat Poincaré

Phuwong phép "lat cat Poincaré" (Poincaré section) mang tén nha bac hoc Jules Henri Poincaré,
ngudi di phat minh ra nd. Vi cac co hé duoc kich thich bang mét luc bién di tuan hoan véi tan
s6 goc w, tién hanh lay mau cac gia tri chuyén vi x va van téc v tai cac thoi diém cach nhau mot
khoang bing chu ky cua luc kich thich. Cac gié tri nay duoc vé chdng 1én db thi pha, tao thanh
ban d6 Poincaré (Poincaré map) dé khao sat tinh on dinh cta co hé. Két qua thu dugc c6 thé dugc
phan tich dya trén cac nguyén tic sau [11]:

- Néu chuyén dong dang xét 1a chuyén dong tuan hoan vai thoi gian chu ky bang thoi gian
chu ky cua luc kich thich, ban do Poincaré s& chi c6 mot diém cham duy nhét;

- Theo céc tai liéu tiéng Anh, mot chuyén dong dugc goi 1a "period-n motion™ la chuyén
dong lap lai chinh nd mot cach chinh xac sau mdi n chu ky cua luc kich thich. Ban db Poincaré s&
c6 n diém roi nhau. Chuyén dong dang nay thuong duoc goi 13 thir diéu hoa 1/n. Mét chuyén
dong thtr diéu hoa 1/3 thi ¢t sau ba chu ky cuaa luc kich thich, chuyén dong mai lai lap lai chinh
xé4c nhu cii. Khi nay, ban dd Poincaré c6 ba diém roi nhau.

- Néu chuyén dong thudc dang chuyén dong hdn don (chaos) thi ban d6 Poincaré s& c6 day
dic cac diém, tao thanh mot dam may hon don hodc xép chong I18n nhau tao thanh cac hinh rat
dic biét, chang han hinh canh budém véi md hinh Lorentz [18].

2.2.6. Tap hat va quy dao hat

Viéc nghién ciru cac co hé phirc tap dugc thuc hién dya trén Iy thuyét hdn don (chaos theory)
[19]. Theo do, dac tinh bién dong cua ung xtr dong lec hoc thuong duoc phan anh qua ban do
Poincaré md ta trang thai cua h¢. Cac diém cua ban do Poincaré tng voi mot tap diéu kién nhét
dinh cta co hé hinh thanh nén mot tap hat (attracting set) gom diém hat va quy dao hat
(attractor). Mot tap hop cac diéu kién ban dau dan dén mot tap hat nhat dinh dugc goi la ving
hut, d6i khi goi 1 thung liing hut (basin of attraction). C6 thé xép ung xir dong luc hoc cua cac co
hé vao 3 loai quy dao hut (attractor): diém hat (m6 ta trang thai can bang-equilibrium), quy dao
hat gi¢i han (M6 ta dao dong), va quy dao hat la (mo ta hon don). K§ thuat phan tich tap hat va
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quy dao hat rat phi hop dé danh gia ang xir cia co hé khi diéu kién dau (Initial Condition) thay
d6i ngau nhién trong mot pham vi can khao sét.

Céc k¥ thuat phan tich trén day s& duoc 4p dung cho co hé tu di chuyén nho rung dong va va
dap, da dugc mo ta trong phuong trinh (6).

3. Tinh 6n dinh ddng luc hoc

Hai thdng sé dic trung cua co hé, bao gém dai lwong chuyén vi twong dbi khong thir nguyén
giira hai khdi lugng, X = X1 - X2, VA van téc chuyén dong twong ddi v = vi - v, dugc chon dai dién
cho ung xtr dong lyc hoc dé danh gia. Lan luot cac ki thuat phan tich d6 thi thoi gian, FFT,
Poincaré section, tap hut va quy dao huat sé dugc ap dung cho hé phuong trinh (6) va so sanh danh
gia chi tiét. Cac gia tri = 3.586; £=0.119; = 3.11376816; o= 657.74; =0.95; y = 1.5; 0 =
1; f, = 1.8 duoc giir nguyén trong cac phan tich. Phuong phap d6 thi ré nhanh da duoc phan tich
kh& k¥ trong nhiéu cong b [5], [13], [15], [16] nén khong trinh bay thém ¢ diy. Phan mém
Dynamics [20] duoc sir dung dé xac dinh 15i giai s6 va phan tich dong luc hoc cho co hé.

3.1. Phan tich dé thi théi gian

_Hinh 2 mo ta su bién thién cua chuyén vi cia co h¢ theo hé phuong trinh (6) véi 2 bg gid tri
dieu kién ban dau (IC = Initial Condition) khac nhau. Cac gia tri chuyén vi dugc biéu dien bang
duong nét lién mau den.

(@) (b)
0.0 4 | 00
-0.5 4 05
= =
10 -10
T T T T T T T T T T
0 10 20 30 40 50 0 10 20 30 40 50
T T

Hinh 2. (Xem hinh c6 mau trén phién ban tryc tuyén) Do thi chuyén v theo thoi gian (nét lién mau den) va
ban do Poincaré (cham tron mau do) Véi dieu Kién ban dau thir nhat (a)
va diéu Kién ban ddu thit hai (b)

Trén hinh 2a, diéu kién ban dau thir nhat IC1 dwoc Xac lap nhu sau: Xo = - 0.25; Vo = 0.5. D6
thi trén hinh 2b c6 thong sb diéu kién ban dau tht hai IC2 véi xo = 0.25; Vo = 0.75. Nhan thay db
thi trén hinh 2a c6 tinh 6n dinh tét hon d6 thi hinh 2b. Cu thé, gia tri cuc tiéu cua cac chu ky dao
dong chinh trén hinh 2a c6 gia tri gan nhu nhau, trong khi cac gi tri nay thay ddi 1én xudng trén
hinh 2b. Trong mdi chu ky dao dong chinh ting véi IC1, ¢ 4 chu ky va dap (4 dinh con trén hinh
2a), trong khi gia tri ndy chi 1a 3 lan va dap (hinh 2b). Qua diy c6 thé thy, quan sat db thij thoi
gian ciling ¢ thé cho phép nhan dinh so bd dic tinh dong hoc cua co hé. Tuy nhién, c6 thé tim
thay rat it théng tin khéc nho ki thuat phan tich nay.

3.2. Lét cdt Poincaré

St dung céc lat cat cach déu véi chu ky bang chu ky luc kich thich, cac gia tri chuyén vi
tuong @ng tai cac lat cat nay dugc minh hoa bang cAc cham mau do trén hinh 2. C6 thé thay véi
diéu kién ban du IC1, cAc gié trj tung d6 cua cac chim do 13 nhu nhau (hinh 2a). Tung d6 cac
diém nay bién dong trén hinh 2b ung véi diéu kién ban dau 1C2.
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Tiép tuc khao sat sy bién dong cua van tdc twong d6i v nhu minh hoa trén hinh 3.
(@) (b)

0.5
05

0.0

-054

054

T T
Hinh 3. (Xem hinh c6 mau trén phién ban truc tuyén) Do th van téc theo thoi gian (nét lién mau den) va
ban do Poincaré (cham tron mau do) Véi dieu Kién ban dau thir nhat (a)
va diéu kién ban dau thir hai (b)

Su bién dong cua van tdc twong déi v cling co nhing dic diém twong ty nhu voi chuyén vi.
L&t cit Poincaré cua van toc vai diéu kién IC1 ciing cho ra cac gia tri on dinh hon so véi diéu
kién 1C2. D& nhan thay, sir dung riéng lat cat Poincaré ciing chi cung cap luong thng tin khdng
nhiéu vé ang xir dong luc hoc cua co hé.

3.3. Pé thi pha va bédn dé Poincaré

Hinh 4 lan luot trinh bay dd thi pha (nét lién mau xanh) va ban d6 Poincaré (chim tron mau
d6) cua khong gian trang thai cua co hé ung voi diéu kién ban dau IC1 (hinh 4a) va diéu kién ban
dau I1C2 (hinh 4b). Trén mdi d6 thi c6 300 diém lat cit Poincaré dugc V&, tng vai 300 chu ky cua
luc kich thich.

(a) (b)

1.0

0.2

Hinh 4. (Xem hinh c6 mau trén phién ban tryc tuyén) o thi pha (nét lién mau xanh) va ban do Poincaré
(cham tron mau gid) Voi dieu k!én ban dau thir nhat (a)
va dieu Kién ban dau thu hai (b)

Trén hinh 4, cac diém trang thai (x - v) cua diéu kién dau duoc ky hiéu IC1 va 1C2. Xuat phét
tir mdi diém khai dau nay, do thi trang thai cua co hé bat dau bién thién theo chiéu miii tén nhu
trén hinh v&. D& thay véi diéu kién ban dau thi nhat (hinh 4a), trang théi cia co hé nhanh chéng
tré nén 6n dinh, hinh thanh nén do thi pha duéi dang duong manh — tuc 12 cac quy dao trang thai
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chdng khit 1én nhau. Tréi lai, v6i didu kién dau 1C2, cac quy dao trang thai khdng triing nhau, tao
thanh dai mau kha rong. Dai mau nay cang rong chung to trang thai dong luc hoc cta co hé cang
bién ddi trong pham vi rong. Xét ban d6 Poincaré, tat ca cac diém lat cit Poincaré vai diéu kién
IC1 déu trung nhau, tao thanh mot cham tron duy nhét (hinh 4a). Trai lai, voi diéu kién dau 1C2,
ban d6 Poincaré 1a mot dai dai (hinh 4b), ching t6 co hé 1am viéc & trang thai hdn don.

Nhan thay, st dung do thi pha va ban d6 Poincaré cho ta nhiéu thong tin rd rang hon so véi do
thi thoi gian hay 14t cit Poincaré don thuan.

3.4. Phan tich FFT

Db thi FFT cho chuyén dong cua co hé dwoc mo ta trén hinh 5. D& thiy wng vai ca hai diéu
kién dau, dao dong cua co hé déu l1a chuyén dong phuc hop, duoc tao thanh tir cac dao dong Vi
tan sé khac nhau. Tuy nhién, khong nhan thiy su sai khac caa cac tan sb thanh phan gitra hai diéu
kién dau IC1 (hinh 5a) va IC2 (hinh 5h). N6i cach khac, phan tich FFT khéng cung cip dugc
thong tin gitp phan biét duoc tng xir cua co hé voi cac diéu kién dau khac nhau. N6i chung, FFT
khuyén nghi chi dung khi khdng biét tan sé kich thich cua ngoai luc, tic 1a khi khong ap dung
duoc ki thuat lat cat va ban d6 Poincaré (Xem thém [8]).
(@) (b)

0288 | (0.16.028005) | 0.261 4

T
0.16,0.25641)

(0.318, 0.20298)

(0318, 0.19981)
0.192 0.174

(0.478, 0.10748)

(0.478, 0.07123) 0.087 -

Amplitude
Amplitude

0.000

|Il|1 0.000 IJ1| Lolao

1] 1 2 3 4 5 0 1' 2 3 4 5
Frequency Frequency
Hinh 5. (Xem hinh c6 mau trén phién ban truc tuyén) Két qua phéan tich FFT chuyén vi x véi diéu kién ban
dau thir nhat (a) va dieu kién ban dau thir hai (b)

D& thiy, 4p dung céc k¥ thuat phan tich do thi thoi gian, dd thi pha, 1at cit Poincaré hay phan
tich FFT chi cho phép khao sat trang théi (ng xur cua co hé tng véi timg diéu kién ban dau duoc
gan trudc. Vi mdi gid tri didu kién dau, can giai hé phuong trinh (6) va ap dung mot tap cac
phép phén tich trén ddy mot lan. Nhu vy rit mat thoi gian, dong thoi khdng thé quét hét cho cac
gia tri diéu kién ban dau duoc. Ky thuat phan tich tap hat cho phép khic phuc véan dé nay.

3.5. Tap hut va quy daeo hut

Nhu di trinh bay trong phan 2, tap hat (basin of attraction) la tap hop tat ca cac didu kién ban
dau trong khong gian pha ma quy dao cua ching dan dén tap hat 6 [21]. Nhu vay, st dung ky
thuat phan tich tap hut cho phép khao sat mot pham vi rong cac diéu kién dau va ung xtr cua co
hé voi cac didu kién ban dau do. Trudc hét, pham vi khao sat cac didu kién dau xo, Vo duoc 4n
dinh, gia sir ndm trong pham Vi [Xomin, Xomax] V& [Vomin, Vomas]. Tiép d6, ving khong gian trang thai
(X, V) duoc gisi han s& dugc chia thanh cic 6 ludi, bao gdom m 6 theo phwong X va n 6 theo
phwong v. Cac vong lap duoc thuc thi lién tuc dé quét hét cac gid tri diéu kién dau 1a thm caa mdi
6 lu6i duoc chia. Trong mdi vong l3p, véi gid tri dau da duoc gan, chuong trinh s& xac dinh va vé
cac diém Poincaré voi mau xac dinh. Tap cac gia tri dau cung dan dén cling mot dang phan b
cta ban d6 Poincaré s& dugc gan cing mau. Két qua phan tich (ban db Poincaré) twong (ng sé
dugc gan mot mau xac dinh. Ban dd mau séc tap hit (tap hop cac diéu kién ban dau) va quy dao
hut (cac diém Poincaré) dugc ghi chl cu thé. Hinh 6 mé ta két qua phan tich tap hit va quy dao
hut cho co h¢ (6).
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1.00

0.75

0.50

- 025

0.00

-0.25

-0.50

Mau tap hat i .
Mau quy dao/ diem hat Y
Hinh 6. Tdp huit va quy dao hit cua co hé

Trén hinh 6, pham vi khao sat cac gia tri diéu kién ban dau dugc thiét 1ap gom: vi tri xo <[-
0.5; 0.2], van téc voe[-0.6; 1.2]. S6 lugng cac 6 ludi dugc chia gdm 240 & theo chiéu tryc x va
200 6 theo chiéu truc v. Nhu c6 thé thay trén hinh 6, tap hop céc gié tri diéu kién dau xo, Vo trong
pham vi khao sét hinh thanh hai tap hat, dan dén hai tap quy dao hat. Tap hdt thie nhat duoc md
ta bing mau tim, quy dao hat tvong tng ¢6 mau vang. Tap hat thir hai c6 mau xanh, quy dao hit
tuong (mg c6 mau d6. Qua hinh V&, ¢6 thé thay thay doi gia tri ban dau s& dan dén trang thai @ng
Xt ctia co hé khéc nhau. Chang han, diéu kién dau xo = 0.25 va vo = 0.5 s& dan dén trang thai on
dinh chu ky don. Luu y 1a tap hai gié tri nay chinh Ia diéu kién ban dau IC1 da khao sat trong cac
phan trén. Trang thai on dinh chu ky don duoc phan nh qua hinh dang ban do Poincaré & mot
cham tron mau vang duy | nhat (ky hiéu d1em 1) trén hinh 6. TAt ca cAc gia tri ban dau, du c6 thay
doi ngau nhién, nhung néu nam trong mién cung mau vai diém nay (cac ving mau tim) s& déu
dan dén trang thai nay. Cac mién nay chinh Ia tap hat. Quy dao hut tuong ng tré thanh mot dlem
hat nhu trén hinh. Cac diém trang thai ban dau bat ky ngau nhién, néu nam trong nhiing mién
cling mau (xanh) véi didu kién xo = 0.25; vo = 0.75 (chinh 1a diéu kién IC2 da khao sét trong céc
phan trén) dan dén quy dao hat 1a mot dai gdy khac (ky hiéu duong 2 trén hinh 6).

Qua phan tich ¢ day, co thé thay viéc ap dung k¥ thuat phan tich tap hat cho phép khao sat
g xtr dong luc hoc cua co hé tng véi hang loat cac gia tri dau vao ngau nhién nam trong mot
ving 16n. Nho vay, cé thé danh gia anh huéng cua diéu kién ban dau thay vi phai khao sét ting
truong hop don 1¢ néu ding céc ky thuat phan tich do thi thoi gian, 14t cat Poincaré hay do thi pha
nhu phan tich trong cac phan trén.

4. Két luan

 Bai bao trinh bay céc két qua phan tich tinh on dinh cua thiét bi tu di chuyén nho rung dong
két hop véi va dap khi thay doi diéu kién ban dau. Nam ky thuat phén tich, bao gom do thi thoi
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gian, lat cat Poincaré, phan tich FET, db thi pha va ban d6 Poincaré, tap hdt va quy dao hat da
dugc ap dung. Mot s6 nhan dinh cd thé rat ra nhu sau:

- Ky thuat phén tich d6 thi thoi gian kha truc quan, nhung khong cung cip duogc thong tin
hiru ich cho viéc danh gia tinh on dinh cua co h¢, déc biét khi ting xtir dong luc hoc la phuc tap;

- Ky thuat FFT c6 thé cung cip cac tan s6 dao dong thanh phan, cho phép danh gia khai
quat mue do tuan hoan cua dao dong, nhung ciing khong cung cap dugc thong tin rd rang nhu lat
cat va ban d6 Poincaré két hop véi d6 thi pha;

- Khi can khao sat anh huong cua didu kién ban dau thay dbi ngau nhién trong mot pham
vi xac dinh, &p dung k¥ thuat phan tich tap hiit cho phép dénh gia nhanh va day du tng xir dong
luc hoc cua co hé.

Két qua nghién ctru cd thé duoc tham khao, ang dung khi phan tich ang xt dong luc hoc cua
céc co hé khac nhau khi diéu Kién dau thay d6i ngau nhién.
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