Tap chi CO HOC, tap XIV, 1992, 56 3 (20 — 25)

MOT PHUONG PHAP GIAI BAI TOAN
ON DINH DONG CUA CONG TRINH
DUGC TRINH BAY THEO PHUONG PHAP
PHAN TU HUU HAN

LE VAN MAI

1. MG DAU

Khi gidi cdc bii todn 8n dinh ¢dng trinh, bén canh vin 8 &n dinh tinh cdn cé nhitng bii toin
on dinh ddng. Bai todn ndy da dwoc d8 xndt ti liu va 43 cb nhidu tac gid quan tim gidi quyst.
Vin d8 dwoc d4t 1a 13 xdc dinh mign &n dinh déng vi midn khéng &n dinh ddng cia mdt két cin
dao dong ¢ thong 58, hodc kiém tra trwe tiép trang thai dao ddng cla kgt cau dé xem trang thii
dé cé én dinh hay khéng.

Nhigu tic gid nhue Balétin V V., Goldenblat Y Y., Xnnrnov A F,vv.. [5],[7] 43 timra
nhitng phwong phip thwe hanh 8 xic dinh mién &n d_mh va mién khéng dn dmh cida cée loai k&t
céu khac nhau khi ching dao ddng cé théng s8. Dai véi nhirng hé ¢é 58 bic tw do 16m thi vide x4c
dinh cdc min trén d3i hdi khéi lwgng tinh todn lén.

’I‘rong bai bio niy, tic gild s& di theo hwémg thu‘ Lai, khéng xic dmh cdc midn trén mi xét
xem tng véi trodng hop cu thé két cdu di cho cé n dinh ddng hay khong &n dinh déng. VE ndi
dung, tic gid chl giéi han & tridng hop khong ké dén lue cdn v3 phuorng trmh dao déng dwoc md
ta theo phwong phap phin i hitu han.

2. NOI DUNG PHUONG PHAP

Theo phwong phip phin tid hu han, phwong trinh vi phin cla dao ddng c¢6 théng =8 cda
mét két cin ¢ n bic tw do sé ¢6 dang: :

{Ko+[1+ CH(t)| Ko }alt) + Mi(t) =0, SNC R

trong do: :
Ko - ma trin dan hdi théng thlrmlg cia két ciu da cho;

K, - ma trin ¥mg suit ban d5n cda kdt ciu;

M - ma trin kh8i hrong clia két ciu.

Céc ma trin nay déu ¢éciing kich thuée n X n

g(t) - vecto chuyén vi niit cda hé da cho.

g{t) - vecte gia tdc cda chuyén vi cda hé d3 cho.

Cic vecto nay A8u 13 him oda thi gian t v ¢é n think phin.

#(t) - ham tulin hodn ¢6 chu ky T. D6 13 him bifu thi sw thay ddi cda ngoai hrc theo tho‘l
gian t. 'Ihl ong hop niy ta gid thiét ${t) c6 dang
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#(t) = const (2.2

C - hé s& hing s3 nio dé.
- - 2t a N ~ A - . f . o -
Theo Bélétin V. V. [5], ing véi hé 8 C va thn s w = % nhat dinh cia ngoal lire, két cdu
di cho c6 thé 8n dinh déng ho¥c khéng &n dinh ddng. Khi khéng 8n dinh d6ng, do viéc két ciu
dao dong trong mién. khéng &n dinh ddng nén vectcr chuyén vi g(t) s ¢iing vd han dinh; ngwoc lai,
khi én dinh dong, k&t ciu s€ dao déng trong midn On dinh déng, vecto chuyén vi g{t) 58 dan 41 0.

Trén cac bién clda cic mién néi trén, vecto chuyen vi g(t) 13 mat ham thay déi theo chu k¥ T hodc
2T. Néu trong {2.1) cho C bing 0, thi phuwong trinh vi phin cida dao ddng sé ¢é dang:

(Ko + K,)q(t) + M4{t) = 0. (2.3)

Lie 66, k&t cdu dao ddng & trang thai didw hda véi tin s8 Q.{k = 1,2,...,n), trong dé (L
dwge xdc dinh tir phwong trinh:

|Ky+ Ky — Q7| =0 (2.4)

N&u hé 88 C khéng 16m (C < 1) thi cic misn khéng 6n dinh ddng sé & lan cin gia tri:
2 2. 2 2 ‘ .
L!J-:QQ_;;, Eﬂk, -B—Qk,, an, gﬂk,... U‘C: 152,...,?1} (25)
trong dé mign & lin cin gid tri

w=20, (k=12 n) (2.6)

dwoc got 1 midn khdng On dinh chinh. Mien chinh cé ¥ nghia trong thire € tinh todn 13 midn &
lin cin gid #ri

D¢ tim bién cda mien khéng en dinh chinh thi nhit, ta be khai tridn vecto chuyén vi ¢(f)
duéi dang chudi Fourder:

L hwt kot
gle) = k—z . (ak sin e + by cos _2—> (2.8)

rong d6 ax vA bx 12 nhimng vecto gdm a thinh phin. Ti phuong trinh (2.1) vi bidu thire (2.8),
ta nhin dwoce 2 hé phuwong trinh dai s8 tuyén tinh thuin nhis cda cde dn o8 a; va by,

C 2 C
[KU+ (1 - E)KU - %“M]Gl + *é”KgG.g =0
2 C .
(K!)+Kg*_ i M)(lk—l— “"Kq-(akgz-i-ak.,.g):{) (k=13,87..}
. {2.9)
[K{)+( ) ]51+CK bgA—O
2
(Klj+K”—kw M)bk"""ar{ (bk 2+5k+o)=0 [k=3,5,7,_.}

Diga kién 48 2 hé (2.9) ¢6 nghiém khéng tim thlrﬁmg 4 cdc dinh thic cda ching phai bing
khéng, tivc Ia
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C w? C
- i _ M —K, Q
Ko+ (1% 2)K(,7 4 2

C 9, ¢

5 Ka Ko+ Ko — il M 2 Ko =0 (2.10)

N . 2
%k,  Eo+Ee-Zm
3

Bién cda mién chinh tai lan cin gid trj w = 20} dwge xdc dinh mét cich gin ddng tir hai

plwrong trinh:

2
%Ko+(1+§)K,—%Mi=O (a)

¢
2

. (2.11)
wZ
'K(, s -9k, - TM' -0 ()

Tir (2.11) ta s tim dwge 2 gid tr] Wy nin V3 W_min twong Gug véi gid tri C di cho. Cho C
thay ddi, ta s& tim dwgc nhitng gid tri Wmpin V3 0_min twong &ng. Trén hinh 2.1 cho ta bigt midn
khéng 6n dinh chinh tai in cn gid tri w = 22, (midn gach chéo)

Nhw viy, néu tin 58 cda ngoai hre théda min digu kién.

Wi < @ < Wepnin {2.12)

thi k&t ciu 33 cho khéng n dinh dong. .
Vige thiét 1dp mitn frén dol héi mot khdl lwong tinh todn 16n, dic bidt d6i véi hd 58 cd 8o

bac tw do iém.

V1 “%a, KK kxdd

Hinh 2.1

Vily do trém, ta nén chuyén sang cich kidm tra tryc £i€p xem k&t ciu d3 cho ¢ &n dinh dong

hay khéng. Muén viy ta goi:

o 2
Kt =Ky +(1+ 2K, ~ =M ()
2 4 ’ .
B 2 (2.13)
K~ :K{H—(IWE)KG#TM (b)

Trong (2.13), mdi mat phin tik cda K+ vi K~ ¢6 dang:
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c 2
By =+ (R =T (a)
o 2 (2.14)
_ [T
ki = k?,' +(1- -—)kj.’. - (6)

Thay gid tri t3n s6 w cda ngoai lwe vio trong (2.13) hofc (2.14}, sau dé dp dung tiéu chuén
ning lwong cida bai todn dao ddng riéng cho trudng hop niy (6], ta s& ¢é:

1 - Néu
W < Wymin < Womin {2.15)
thi Kt va K~ wde dinh drong.
2 . Néu
. W > Womin = Wimin (2.16)
thi K+ vai K~ khong xic dinb dwong
3 - Néu
Wirmnin < w < w;anin ) (217)

thi K+ khéng xic dinh dwong vid K~ xic dinh dvong.

Tir d6 ta di dén két luin: Urng véi gid tri cda hé 58 C vi cla tin s8 w, néu K+ khong xic
dinh dwong ¢dn K~ xic dinh dwomng thi két c3u da cho khéng on dinh déng; con néu K+ va K~
cing xdc dinh dwong hoic cing khéng xdc dinh dwomg thi két cfu di cho 8n dinh déug.

Dira vio tinh chit x4ic dinh dwong vi khéng xdc dinh dwong cda K¥ vi K~ va 2 ¢dug thirc
lp Zeidel zau day: :

‘ nooR
i | if i) g
QULL_}—’ Z J n'{-i_l - Z ﬁ‘ﬁn—l ’ (2'18)
F=i+1 il
. n k_‘v _ )
w=- Z i ,,z-'— 2 (2.19)
_1--1 J=i+1

vl q‘+] vi q ) b4t ky, ta s& di d€n c4c tin hidu v8 8n dinh déng vi khong 8n dinh ddng cia mét
k&t cdu di cho.

1) Néu hai qué trink 1ip (2.18) va (2. 19) ciing hai tu hodc cling phin ki thi két cin 43 cho
én dinh déng.

2) Néu qué trinh 13p (2.18) phin k¥ va (2.19) hdi tu thi két cdu di cho khéng 6n dinh déng.

Khi diing hai qua trinh lip trén, ta chi cin thyue hién cho d&n khi xuft hign cc tin hidu néi
trén dd d€ két ludn k&t cdu 46 c6 on dinh hay khong.

3. THI DU

Kiém tra sw &n dinh déng cda hé cho trén hinh v& 3.1 trong hai trwtrng hop.

4 £ 2EJ ET  zuee (1#EcO5OOF
4 m 277 m T
l ’ A =2m
jr‘ 4 14 T AT
Hinh 8.1 ' :
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1) Trudmg hop thi nhit’ C = 0,2; P=EJ;w= lsec™ !

2
____K_ —

EJ

=7

—-P

K==
15

42m
T 105

6,081429
2,973810
4, 744286

5,810052

6,561429
2,973810
“—4,084286
5,850052

9 3

3 12
-6 =&

6 4

18 0

¢ 8

-9 -1,5
1,5 -1

117 11
i1 12
27 13
—13 -6

2,973810
10, 798096
—5, 810952

" 4,160953

2,973810
11,011429
—5, 850952
4,134286

"Dilng qua trinh ip (2.18) vi {2.19) véi

g =q =[1 2 1 1]

qué trinh 13p trén d8u hdi ty; hé di cho on dinh déng..
2) Truedmg hop thi hai:

-C=0,4

Ung véi tredmg hop nay:

2 ko

EJ

2

K =

ET

T-5 785714

2,068571
—-4,657143
| 5,797143

- 6, 745714
2,968571
—5,117143

| 5,877143

P=EJ; w=1

2, 968571
10, 685714 .
~5, 797143
4,177143

2,968571
11,112381
—5,877143

4,123810

Ap dung céng thirc Jip (2.18) v {2.19) véi

-E,“j =1.
~6 6
-6 4
9 —3
-3 12
-9 1,5
-1,5 -1
18 0
0 8
27 —13
13 -6
117 -1t
-11 12
—4,744286  5,810952
—5,810952  4,160953
| 6,081420 —2,973810
'—2,973810 10, 798096
| —4,984286 . 5,850952
—5,850952  4,134286
6,561420  —2,973810
—2,073810  11,011429
,2/5662; 4E—mj =1
—4,637143 . 5,797143 1
—5,797143  4,177143
5,785714 —2,968571
—2,968571 10,685714 |
—5,117143  5,877143 1
~5,877143  4,123810
6,745714 —2,968571 |
—-2,068571 11,112381 ]

W =¢ =1 2 1 —2f

{3.1)

(3.2)

(8:3)

(3.4)

(3.7)

(3.8)

(3.9)

ta thiy qua trinh (2.18) phin k¥ vi qué trinh (2.19) héi tu. Viy két cfu di cho khéng én dinh

46ng.
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4. KET LUAN -~

Ap dung phuong phap ndy, ¢6 thé d8 dang kiém tra trang thii dao dong 6 thong 8 cda mét
két ciu bit ki dwoc trinh biy theo phwong phip phin ti hiru han, s8 phin ti ¢6 thé lén. Thudt
. toan dwoc ding kha don gidn, rit tién ding trong tinh todn cic cdng trinh thwe té.

Dia chi: .. Nhin ngdy 27/12/1991
Trwong dat hoc Xdy Dung Ha Not
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RESUME

SUR UNE METHODE VERIFIANT LA STABILITE DYNAMIQUE DES SYSTEMES
DE STRUCTURE SUIVANT LA METHODE DES ELEMENTS FINIS

. Dans cet article, 'auteur a présenté une nouvelle méthode pour vérifier rapidement la stabilité dy-
namique d’un systéme de structure se composant d’un grand nombre des éléments finis,
En se basant sur les signes trés simples, on peut savoir exactement Pétat de travail d™un systéme
considéré:
- L7état de stabilité dynamique
- L’état de non-stabilité dynamique.
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