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PHUONG PHAP GAN DUNG XAC DINH THAM SO |
HE DAO DONG RUT GON | |

PHAN NGUYEN DI

DAT VAN DE

Xic dinh cic tham s8 cda mdt hd dao déng phit hop véi cdc dic trung d3ng hyc hoé nhung
véiyéu ciu md hinh don gidn, {t bic tw do I3 mdt bii todn quan trong cla ddng lwe hoc may:
Né&u chi quan tim d&n tin s riéng cda h§ {tham s8 chi gdm céc khdi lwong tip trung hojc mé
men quin tinh vi khiu nsi dan héi), Rivin [1] 3 dwa ra phwong phip chia hodic ghép cic khéi
lergng canh nhau. M3i buéc ti€n hinh theo cich niy s3 bic ty do cia hé rit di mdt, hé méi nhin
dwoe ¢6 n — 1 t3n 88, theo thé tw xdp x1 bing n — 1 tin s hé ban d3u.. Phit trién theo hwéng
niy, Baran {2] thém mét tham s8 méi 14 hd s8 cdn twong 48i & trong cdc khiu din hBi.

Trong [3] t4c gik 44 xét ké ci trudmg hop ¢ lyc ngoii tdc dung vi lyc ma s4t tuyét ddi nhung
véi gid thidt lwe cdn tuygs d6i t§ 18 bic nhit véi vgn t8c va luc kich dong ngoii 13 nhiing ham
didu hoa holdc tuln hodn. Dwéi diy sé xét trwdmg hop lwc tic dung la thy ¥, ¢é vi dy minh hoa.

51. CO sG LY THUYET

Chia hé dao &ong tha.nh hai loai hé con co bi’m nhw mé hinh 1a vi 1b. Céc tham s8 dwoc thé
hién trén mé hinh gdm: khéi lwgng tip trung (hofc mé men quin tmh) my; cdc 46 céng cla pha.n‘
td& dan hdi Ck, lwe cén twong d&i trong cdc khau din héi véi hé 88 cn P; e tédc dung ngoal gom
Fy va hrc cdn tuyét d6i tf 18 véi vin tde, hé s cdn pi. D? phin blet cAc tham s& trén mé hinh
logi a hay b s€ dung cdc chi 3 a hojc b trén cdc tham 83 iy.

Hinh 1
Phvong trinh dao déng cda mé hinh 1a 1




myEg + Cho {2k — k) + Ay (35 — 37, )+
+ Cilzk — 2ker) + PR (3% — 3k41) + pidk = FE(t)
bp-1 = Croylzhoy = =) + s (2h-y — 35)
L o é;_+1 = Ci(ai — ziya) + porldf — Eks1)
Phwong trinh dao ¢dng cia md hinh 1b 1i:
bub . by b _ .
mpzl + Co(zh — 5h41) + ph(3} — h4y) + wkdl = ¢4 + FL(2)
b o=b Cell,, — 22 brb  _ ab b b _ _ b Fo
Mip1Bep1 + CrlTins — 28) + PR (Eeqy — B} + deg1ders = ~ g1 + Feqa ()

Trong céc phwong trinh (1.1), (1.2} Fi{t),+ = k — 1, k, k + 1 13 nhimg ham tdy ¥.
Diing phép bién d8i Laplace [4] ‘

(==
a(s) = LIF(8)} = f e F (1) dt
0
& 33y chon s = tw, w 13 tan 58 riéng cla hé.

Ngoai ra ding cdc k¥ hi€u san:

L{z:} = o
L{¢:} = B
t=k-1,k k+1.

L{z;} = sL{z:} ~ ;(0)
L{I‘} = SzL{:I:;:} - 83!;(0) - i,' (0]

cho nédn néu chon didu kién ban diu 13 hé démg yén s& nhin dwerc:
L{z} = spi;  L{&} ="

St dung phép bién 48i Laplace cho {1.1) vi djt

3 -G
g _ Hyot Hy
Wap =

V%
i khk o ta dwa (1:1) v dang |
ane Ly Tpep 1 w2
= (e ) (- ) e
H  +HE o2 g
+ (1’ — “-"“)P?zﬂ - -g—:'_
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Do phép bién d38i Laplace 13 phép bifn ddi tuyén tinh vi c6 phép bién d8i ngwyc nén khi trd
lai ham gdc cic ding thic (1.8) dia dén

i 1, WP alk
Ty (Hf - +-}g‘,.;;) (1 wzk)¢k+1+
o Hi L +HE 4 ) a B
T Tk ——k 1.9
+ (1 H]‘:__l WilWag / iyl Hg_]_ ( )
H +H w? o
$hoy = (1 === 5 ) bayy — Wiz, — F¢
k=1 ( Ha wgk) k+1 +1
Hoin toan twong tw, ding phép bién 43 Laplace trén céc phwong trmh {1. 2) st dung ky
higu (1.8) va dit

60 + 62,
wi, = 7 ' o (L10)
, k+1
sau phép bién d6i ngwoc ta dwoc:
zb=(1_82+52+1_£) +¢k+1 B
* 8w/t T ED T HD
' 8 + 08 w? w?
S = (1 - e_bj-—l ) T)¢’k+1 - (0 + Oes1) ( 2 )zﬁ_,,l—— (111)
- k+1 Yok Yok

02 +60,, W
—(1—3,,—“'0 )Fk+1 F
k+1

Né&u xic dinh dwoc trang thii ddng lwc hoc tai bit ky mét mit cit nio cda h§ (& diy trang
thdi d3ng lwe hoc 13 (z, ¢) thl xem nhw hé dao déng dwgc x4¢ dinh. Ding thie (1.9) 13 bidu difn
trang thii cda h¢ tai trang thdi k — 1 qua trang th4i m3t cit £ + 1 cda md hinh loai a, cdn ding
thirc (1.11) 13 trang théi tai m3t cdt & bleu di¥n qua trang thai tai m3t cit k + 1 cda mé hinh
" loat b.

- Vin d& 13 cin chgn cdc tham s8 thich hop d@ thay thé m3 hinh logu a bing md hinh loai b.
Chon

HG
b __ k—1 . ge
h=mras %
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K- T HE L (1.12)
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H

o=,

Thay {1.12) vio {1.10) ta nhin dwoc (1.7), nghia Ia “t3in s8 riéng” cda hai ké con tring nhau.
~Ciing viy, dwa (1.12} vio {1.11) ahin dwoc:

oo = (L ) do+ (14 Byt Hy w2y .0 _ _Ff
k Hu. k+1 He w? Tyl — He :
k-1 k ) k=1 (1 13)
HE .+ H* 2 : w? w? A
e _ k=1 k 2 .
4= (1--*"&;—';5;)#'11 -t (1= et - (1- )

10



So sdnh {1.9) vi (1.13) ta thiy néu

2
§= <1 (1.14)
ak
thi trang thii & mit cit bidu di€n qua nhau 13 gidng nhau, nghia 13 md hinh loai a ¢b thé thay
bing md hinh loai b, néi mét céch khic, ta chia mé hinh loai a ghép vio cic khéi lwong bén canh,
céc tham sd méi diwpe xdc dinh tir (1.12).
Thay (1.6} vio (1.7) nhin dwgc

CG_I__CG'_ . a+u R
2 _ "k k;_l_zw_Pk Pr—1

Wagk = (1.15)
mi—t- Ewﬁ mi—1- %‘-
Trong thuwe &, cdc hé s8 cin thwdng nhd vi théda min
' ph < wmj
.o (1.18)
« — .
P @
V&i nhitng gid thiét ndy, tir (1.8) vi cdng thirc thi nhit cda (1.12) ta cé
B _Ceoy (m - L‘i)
e T G o T
vi nhin dwgc
b Ci_y a b k-1 4 7
Y1, = e . T, ; T —————a 1.1
k= Crroe e BT Eaios M (1.17)
Twong tw, tir cong thirc thi hai cda (1.12)
- - b Ci-1 b k-1 '
Mgy, = "—a"_-‘,,—"- - mi; Pry1 = ""a_""— < (1'18)
Ce+Ciy Ce+ G,y
Ngoai lye dwge phin theo
Fb _f_gJ“ Fe. F? __..g.g_..__. Fo 1.19
Trp1 = Ca-l-C:l k> kt+1 = ca_t_c;:l' k | ( )

Do cfrng cda phin té din héi vi hé &8 cin twong d8i dwoe tinh tir ding thic thé ba cla
(1.12)

.Caca pa . caca. 2 h
Cb = EVYk-1 | b _ Pk k-1 ) ke k-1 )
FEopro, [(o“)2+(cz_1)2] el (1.20)

Cic tham 8 khéi hrong, hé s cdn tuyét d4i cling nhu lwe ngodi dwoe ghep v&n phin &k bén
canh. Truwémg hop mot diu bi ngam (Id xo bi gin chit mdt d%u), phin tham 88 gin cho nd du'orc
bd qua.

- ;‘_'f§2 vi Dy

 Xét hé dao dong xoin hai bic ty do, véi cé.c tham s3 cho nhyr hinh 2.
J1 = 3,6 Kpems?; J, = 0,2 Kpems?; Cy = C — 2 = 10* Kpem
Luc téc dung

. _{o véi t<0 {o véi t<0
1= . . —
Flo véi t>0 2"V P v t20
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o Hinh 2
D& dang tim dwee tin s8 ridng cda hé
fi =5095Hz; f, =50,71Ha. (wy =37,39; - w, = 318,65)

Chia khdi lwong J; ra hai bén, thay A d6 ctmg cda 2 phin ti dan hi, cic tham s8 nixy dwoc '
tinh theo (1.17), (1.18), (1.19), (1. 20) ta nhin dwgc hé mét bic tw do véi céc tham s8 cho theo
hinh 3. '

b e e
RN P S— §E2S
— o / a\ . 1t
B ) 2 .
f’—(? PZ) 72 ' JJ

;;ﬂ CJ""Ca - Wlﬂz
. Hinh 3
Phwong trinh dao déng cﬁa. mb hinh hzu bic ty do Ja:”

Ty +pilr —#2) + Cilpr —pa) = Fio " (2.1)
J2@2 + p22 + pap2 + Caipz — pi(91 — 2) ~ Cilp1 ~ ‘Pz) er )
Dit - '
+pr=02; T = -g!- t; -{% =
#2 PZ"_2J 1= JI 1 J_l._p
ﬁ B
'Jg a2
{22 _¢: 2D, 2Dy =
c, o T \/_01 ARV A A
Ji
Dwa dwge (2.1) vE dang
" ' L ' —_ 1o
w1 +2D1p; + 1 — 2Dy — o2 = oA
) | : " (2.2)
uwf.f +(2D1 + 2peDa)py + (1 + pie? ) — 2Dy — o1 = 0—110
Theo Weigant {5] nghiém P {r) cia (2.2} s 13
R & e — 1 F * [t T |
©1 (T]_‘)‘-.= _C}l" : Z Ak P — 20 Z Bk ’ (2‘3}
R Ryt k= : :
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& 33y My 1i nghi@m cda phuong trinh dic trung

AX) = (A + 2014+ 1){p* + 2(13: +ueba)A + 1+ us“} (1+2D12)* =0

va

k() _ 1 i Ay

BN T AN

b)) _ 1 <~ B
O Z—A "‘

hi(A) = ,u,\2 + 2(D1 + peDa)A + 1+ pe?

ha()) = 1+42D;)

Phwong trinh dao déng hé mdt bic tw do trén hinh 3 14" -
0" +2Dp' + o= Fro+ Fy

v

Nghiém céa (2.5) sé Ia
Fio+ Fio

o) = 20272 {(1- m)

Ta so sénh nghiém (2. 3) vi (2.6) trong hai trwdng hop d¥c bidt sau:

giny = D

a) Trudmg hop ¢6 cdn vi khi 7 — oo (7,72 — o0}, ta ¢

Lo 5 ()

Fio s~ _ (A
o )

pCi

Fm h1(0}+ Fag - Fig 1+ pe? +@ 1
C]_ ):(0) A(O) 01 p.sz' Ci . ue?
= —"(2F10 + Fao)
F Fi
p(oo) = ______10 750 —'1'(2F1o + Fao)
Hai k&t qui niy tring nhau.
b) Trwimg hop bd qua cin (D; = D; =0)
Tir {2.3), (2.4), (2.5) nhjn dwec .
o ' 1 —cos{fr })

: ' - | C
o=yttt C=C. J=J d =_f _ =1/*.
p=py+p, (8 1+ 0, 2D N Ta "\ 7 t

r.os(v .D2-rg - fy)}

" Fyp
(Pl (fl) 01 ﬁz - az

1 1 — cos(ar:
' ( az(l_— a;j)‘—

F(1- £

Fyo I (1 — cos{ar)

uCy - B2 — a? o 7
plr) = “Fl—ogﬂg(l — ¢o8 73)
& day. ' e e e |
"1+¢’+3-' : 1+;=”+~.1_ '
Q= 5 ] __'\ - T _ g2
l-i-e’:-i-l ﬂ]:;:l_‘
= Z # +'\ 2' B _ o2

1= cos(ﬂ'rl))

)+

(2.4)

(2.5)

(2.6)

(2.7)

(2.8)

(2.9)



fC /
Tinh vé& nhwng gid tri di cho vi 18y cling théi di€m r = n {cht 3’( = = Jl = 1,42)
1

nhin dwoc

©1 (-r} = E-—-(2 004 — 2 cos(l, 0021'} + 0,004 cos(8, 45r)+

+ Fo_z:](o 98'~ 0,98 cos(1, 0027) + 0, 014 cos(8, 457}
)

plr) = 22—

Hai k&€t qui ndy xdp xi nhau. _
Vé&i nhyng gid trj cdn khic nhau vin nhin dwoc cic xdp xi t5t.

§3. KET LUAN

' th:mg phé.p tim tham s8 cda hé dao ddng rit gon du‘qc thwe hién ting bwée trén co s& s0
sdnh c4c tin 88 ridng cda ting hé con (khm lwgng va hé 88 cémg). Néu tal khdi lwong nio 46 tin
g6 riéng cda hé con 16m nhit va & d6 céc dic tru'ng dong luc hoc khéng cin quan tim thi loai bé
bing cich chia khéi lwong sang hai bén va thay ddi hé s3 cing cda phin t& dian hdi

K&t qui cda nhitu vi du cho thiy, n&u § trong ding thic {(1.14) bing 0,1 thi szu 88 dudi 5%.
D& véi hé phin nhénh, 88 nhinh dwoc giit nguyén trong qué trinh mit gon.

Céng trinh ndy dwee hoan thinh véi s tii trer cda chwong trinh nghign cdu co bin trong
linh vye khoa hoc ty nhiéa.

Pia chi: ,  Nhin ngiy 20/12/1994
Hoe Vién Kif thudt Quéin st
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ZUSAMMENFASSUNG

APPROXIMATE TECHNIQUE FOR DETERMINING PARAMETERS OF
THE MINIATURE MECHANICAL SYSTEMS

In der vorliegenden Arbeit wird die Reduktion eines gegebenen diskreten Schwingungsniodells
behandelt, das sich durch ein lineares inhomogenes Differentialgleichungssystem 2. Ordnung mit

konstanten Koeffizienten besch_reiben'lﬁsst. Die Erregungen konnen beliebige deterministische

Funktionen sein.
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