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Mé& dau

Viéc xéc dinh hu hong, khuyét tat hay bit ky sy thay déi ndo
cita k&t cdu cong trinh dang st dung duge goi la chéin doan ky
thuat ¢ong trinh. D4y 14 van dé c6 tinh thdi sy trong cd nhiing
nghién citu 1y thuyét ciing nhu thye t€ st dung khai thac cong
trinh. M6t trong nhiing phudng phép hitu hidu dé gidi quyét bai
toan nay 1a dua trén sy bién ddi cha cac d4c tinh cd hoc cha két ciu
do céc tham s vi trf cling nhu mitc 4§ hu hong giy nén. Su bign d6i
niy mb ta bing khai niém d¢ nhay cam ctia cac dic trung &6 d6i véi
cac tham s& hu héng. TS hop d nhay cadm nay tao thanh mét cd sd
dit liéu quan trong dé chén doan hu héng. Muc dich ciia luan an
nay la xay dung mét cd sd dit liéu gébm dé nhay cam cta céc diic
trung déng luc hoc d&i vdi mét s6 hu hong dién hinh cta két ciu
phue vu viéc chdn doédn cbng trinh dang khung va phat trién
phudng phap do nhay cdm trong chén doan hu hong céng trinh.

Nhiing van dé dudc dit ra trong ludn 4n nhu sau

1. Phat trién phudng phap phén tit hitu han ¢é mé phéng két cdu
cé hut hong (khéng nguyén ven) dang suy yéu lién két véi nén,
lién k&t m&i néi hay phén tit bj nitt d& xay dung mé hinh tham
s0 clia két cdu & dang: {M(p) X(p)}-

2. Xay dung thudt todn va chudng trinh tinh d6 nhay cam ctia céc
dic trung dong luc hoc (t4n s6 riéng, dang riéng...) d6i vdi cac
tham s hu héng, cho két cdu dang ddm va khung khéng gian

3. Phat trién phuong phap 46 nhay cam, xiy dung thuat toan va
ap dung thi nghiém vio bai todn chdn doan hu hdng trén dim

va diédu chinh mé hinh khung khéng gian bing cac vi du cu thé.



Phudng phdp nghién citu

Phuong phdp phdn ti hitu han la cong cy chinh duge 4p dung trong
nghién citu nay. O dﬁy cic ham dang 12 18i giai cta bai toan bién
dang, c6 tinh dén nhiing thay d6i clia céc dgc trung hinh hoe, céc
diéu kién lién két... Bing céch d6 ta ¢6 thd dua céc tham s§ mé ta
chc hu hong viio clic ma trdn cta hé.

Phén tich d§ nhay cdm cla céc diic trung d6ng luc hoe két clu thuc
chét 1a tinh cic dao ham cla cée diic trung dé d6i véi cic tham s§
md& hinh, d& duge xay dyng trong chudng 2

Phat trién phuwong phdp bink phuong téi thiéu cho bai toan phi
tuyén diing thuit toan lip va bai todn quy hoach todn phuong dé
rthén dang hu héng s dung 46 nhay cam.

Néi dung cita ludn dn

Luén an nay dudc trinh bay trong 4 chuong va phu lyc, gbm
Chudng 1. Téng quan cic két qua nghién citu trong va ngoai nude
Chudng 2 trinh bay co sd cia phudng phap PTHH. Thiét lap ham
dang, ma trén 49 cing K va ma trén khoi lugng M cho céc phin ti
ddm cai bién ¢6 k& dén cac tham 8 md ta hu héng. Xdy dung mé
hinh tham g6 ctia k&t cfu khong nguyén ven.

Phudng phap tinh todn d6 nhay cam cua céc diic trung ddng luc hoc
két cfu 12 ndi dung chi yéu ciia Chudng 3. Mét chudng trinh
chuyén dung dua trén SAP4 dugc phat trién dé phan tich do nhay
cam cua cic dic trung déng luc hoc theo cac tham s6 mé hinh da
dua ra trong Chudng 2. Cac két qua phén tich d6 nhay cdm cta tén
86 riéng va dang riéng ddi véi cac tham s§ nhu tiét dién ngang,
didu kién lién két tai nut, lién két nén, tham s8 v&t nit va d§ cing
tudng duong duge trinh bay dudi dang db thi cho ba vi du cu thé.
Chudng 4 trinh bay phuong phap chin doan hu hong ap dung 46



nhay cdm. D& xudt thuat toan Iip dé nhan dang hu hong dya trén
cd sd phudng phap binh phudng t8i thiéu phi tuyén va thuft toan
dya trén bai toin quy hoach todn phuong. Ap dung thi nghiém
chdn doan hu hdng trén mét ddm don gidn va nhan dang tham s&
lian k&t gilta coc va nén cha mdt gian trén bién dang khung.

Cudi ciing la céc két luan. Phén phu luc goém cac dong iénh clia

chudng trinh da viét va cac két qua sd.

Chuong 1. Téng quan

Sy phdt trién v 1ing dung Iy thuyét d¢ nhay cdm. Nim 1963 tac
gia Tomovic R. viét vé d9 nhay cadm ctia cac hé déng hyc. Cac nghién
citu (ing dung d6 nhay cam trong quy hoach toan hoc cha
Radomovic L. (1966), trong Iy thuyé&t didu khién t8i uu Brayton R.
K. va Spence R. (1980), déc biét trong thi&t ké t5i wu clia Haug E.J.
& Arora J.S. (1979) va mét s6 tac gia. Van dé diéu chinh mé hinh
trén sé lidu do dac céng trinh thye duge cac tac gia Mottershead J.
E., Friswell M.1. (1993), Shao W. (1993), Brandon J.A. (1996), Natke
H.G., Schulze H. (1981) v.v. giai quyét sit dung 1y thuy&t dé nhay cam.
Ly thuyét d6 nhay cdém va bai todn chén dodn k¥ thudt cong trinh.
Bai toan chdn doan k§ thuit thuc chét 1a tim tham s§ md hinh
{P1,-.., pm} it 80 lidu do cla cac dic trung 2, gidi phudng trinh:
Q(Pn"-’ Pm )= Q°,

ta thay ngay sy déng dang véi bai toan diéu chinh mé hinh.

Viéc mé hinh hod cac hu hdng, khuyét tat cua két ciAu sd dung
phudng phap PTHH dugc céc tac gia Haisty B.C. (1986), Engels R.
C. (1992), Lin R. M., Lim M. K. (1997) v.v khdi xuéng nghién cltu.
Mot s& két qua ban diu phét trién phuong phap PTHH da dudc
cong bd bii Mottershead J. E. (1998), Lam H. F., Ko J. M., Wong C.



W. (1998) v.v. Nhu cfiu cai tién phudng phap PTHH dé mé ta cac
dang hu hong 1a rt cdn thist. Cac nghién citu chung vé d§ nhay
cam cha cac dic trung dong lye hoc ¢6 thé tim thdy (Fox R. L. &
Kapoor M. P. (1968), Nelson R. B. (1976), El-Kady M. A. & Al-Chaly A. A.
(1997), Jensen H. A. & Sepulveda A. E. (1998) v.v.)

Phuong phdp rung déng trong chén dodn ky thudt. Nim 1978,
1979, Adams R. D,, Cawlay P., Pye C. J., Stone B. J. 4 cong bd két
qua nghién citu vé viée si dung dang dao déng dé phat hién hu
hdong cua két cAu, Nhilng ndm 1980-1990 nhém tac gia Chondros J.
G. & Dimarogonas A. D., Gounaris T. G., Yao J. ¢dng bd cac nghién citu
mdi v& chén doén hu hong k&t ciu. Nhilng ném gin diy cac nghién
citu vé linh vyc nay di dugc tong quat hoa va tip trung vio phat
trién céc phuong phap nhan dang hu hdng (Hassiotis S. & Jeong G. D.
(1993), William E. J., Contursi T, & Messina A, v.v.)

Phuong phdp dé nhay cdm trong chén dodn hi hong két cdu. N,
Stubbs (1987) cling cac cong sy cong bd viée ing dung do nhay cam
trong chén doan cho mjt ddm. N&m 1995, cac tac gia S. Hassiotis,
G. D. Jeong, Messina A. va Williams E. [, da Gng dung bii toian quy
hoach to&n hoc trong bai toan chéin doan,

Tai Viét Nam nhitng nim ghn day cac nhém tac gid Nguyén Xudn
Hing, Nguyén Cao Ménh, Nguyén Tién Khiém da cong b cac

nghién ctiu vé chén doan hu héng ciia cdng trinh.

Chuong 2. M6 hinh phan ti hitu han ctia két cdu
khong nguyén ven
2.1, Phuong phap phén tit hitu han

Dé&i vdi phén tit dAm khong gian, chuyén vi tai cac nit bao gbm:
Uf = {U:,...,U,;}= {“wvlswl’el’w;!”;-uz'uzswzvez:w;’v;}' (2.3)



Trudng chuyén vi UT = {u(x),0(x), v(x), w(x)} biéu difn qua céc
chuyén vi niit nhd cac ham ndt suy (ham dang)

Ul = H(x)U, (2.4)
trong d6 H(x) 12 ma trin ndi_suy chuyén vi
p, 0 0 0 0 G p, 0 0 0 0 O
¢ 0 0 p, 0 0 0 0 0 p, 0 |,2.5

<

H(x)=
0 p, 0 0 0 p 0 pp 0 0 0O p,
0 0 p, 0 p, 0 0 0 p 0 p, O
trong d6 ham p;(x), j = 1,...,12 12 ham dang F’J-(x)= ¥ Cyxt - (2.6)

Ma tran clng vd ma trin khéi lugng nhén duge tir tich phén sau

L L
K, = J’Hf(x)[EIET(x)dx , M, = [HT(x)[m Hxydx, @7
0 [}

trong dé
p,
PO 0 0 0 0 b0 0 0 0 0)p\= ;xf
- 00 0 p,0 0 0 0 0 p, 0 0 [ ;
Ho=| ., b0 : %,
0 p2 0 0 0 pg 0 pp 0 0 0 pj p; = 3
0 0 p5 0 p; 0 0 0 pj 0 p} O O

vd  [m]=diaglpF,pF,oF,pF); [E]= diaglEF,GJ,,EJ, EJ ).

p 1a khéi hugng riéng, F - dién tich mé4t cdt, E - modun dan héi, G -
médun trugt va J, - moment quan tinh chéng xodn, J,, J, - cic
moment quan tinh chéng udn trong mit phing xz va xy tuong dng.
2.2. Phan tit dam cai bién

Muc nay trinh bay viéc thiét lap cAc ma tran phén ti cho cic phén
tlt ddm cai bién, dugde tng dung dé mé ta cac hu hong dién hinh. Ta
bét ddu tit phin tit dim b dién

Phdn t& ddm ¢6 dién

Trudng hgp phén ti ddm ¢d dién ham dang 14 cac ham Hermit. Khi

d6 ma tran K c6 dang
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Phén tit ddm lién két mém

Gia thiét lién k&t 1a mém, duge xét nhu céc 16 xo néi hai ddu phin
tlt vdi cac nit trén ludi phin tit hitu han. D§ cing cla cac 10 xo sé
mé ta mitc 46 mém cia lién két, bao gdm céc 16 xo: 2 doc truc c6 d§
clng k7, kP*; 2 xofn -v", v™* :va 4 ubn - vy, v;”’ , v, vP  cac chi s§
r ya P . Gng v6i mit bén trai va niat bén phai. D4t céc tham &8

khong thé nguyén sau:

a —EIL‘ B —_.Ei' O, = GJ" . [3 J
IR TR BTy TIOR (g
Ed, Ed, EJ, EJ, EdJ,
%= Lv) o B Ly’ ® =T P, = Lv?’
¥ z z
Tim chuyén vi duéi dang: u(x)=ax+b,

x)=c, +ex+ec,x? +e,x° wx)=d, +d,x+d,x? +d,x’,
thod mén céc didu kién tudng thich vé chuyén vi va ndi luc tai nit

ta c6 phén tut ky; » 0 nhu sau

GJ
ku=k77= k = hr( u’Bu) k«—kww 4|o— Ll h({(aeiﬁs)’



b = b =k = 22 bl (@,,8,)s ks =BG, ,):
by, =Ry =—kyy = 12?1, Bl (@ ,,B,) kg = i’f’ hi(a,,B,)
s =5—E}:—J’-h,’ (©,8,)+ gy = 2 h{ (0,8,
by, = kg = 6EJ a,,B,): k,,——k,,:—%’—h[(a,,ﬁ,),
k;u:-k,,,,:ﬁi‘ﬁ Ria,,B,)» by = k,,,=—6i:,’ R (a,,B,):

2EJ

EJ
kc,lz '_‘Ti'hér(auﬁ,)! kj.“ =—*I~:Lh£(ay,ﬁy)- (2.34)
Cacham h!(a,p), 6 dang

1 1+ 200+ 2B + d4a? —4of + 4p?

hi(o,B) = m' B (o) = (1+4a +4p +120p)

Mo e Mo e

=t W =
hl(a,B)= i 4;; j;(ﬁzaﬁ)’ ' =

Phdén tit diam c6 vét nit
Xét dAm vdi vat nit tai vi tri x’€(0,L), ta coi nhu tai vi tri cé vét
nit x* 46 cing cla didm bj suy gidm, sy suy giam nay biéu dién qua
dé cling eia cac 19 xo (doc tryc k, xoén v, vd uén v,, v,}, néi hai phin
cia phén td ddm vdi nhau. Ta c6 thém 5 tham s& khéng thu
nguyén méi mé ta vét nit

x° EF GJ EdJ, EJ

=— = — = X = = 2, (238)
a L n Lk BB LVX By Bx

Tim chuyén vi dudi dang



! ( < .

u(x) = a'x+b O<x<x , 8(x) ¢6 dang tuong ty u(x),
a(x-L)+b" x"<xsL

co+cixreixt+eix’, Osx<x’

vx) =

ef+ej(x-Ly+ej{x-L)Y +cj(x~LY, 2" <x<L
w(x) cé6 dang tuong ty v(x),

thoa méan cac didu kién tuong thich vé chuyén vi va ndi lyc tai vi tri

vét nit va tai hai ddu nit, cie phén tit &, # 0 c6 dang

ky =k, =k, =§£h5(a,[}“),k“ kg = ki = GJ* he(@B,)
by, = by =k = IZEJm (B, ) By = by =~y = sz"r’ B (0,B,):
B, - 4EJJ he(0uB,)> by EJ'h “(0,B,)
ko = 4""; L@ B,) oy =i"i—'h;(a,|3,),
ks = kg = e pea,p,), k,,=-k,,=--‘liihf(a,ﬂ,),
kz’,z = —km =E§-.‘,—J-'—h;(a,ﬂ')vk3'” k,,, =L EJ’ kg (a,B }s

2EJ
P by by = R (@59

ks.u = T 6

Céc ham h:(a,B)cb dang
. I . 1+2p+4p7 —12ap? +12a°p?
hy(o,p) = ~—————s h'(a,P)= ’
° Li+py {1 +4p—120p +12a°p)
2 Ini In2 4n?
h;(a,B)zHﬁa B+12a*B* —36a"B +236a B ,
(1+4p - 120 +1207B)
. 14 6B —120B + 6’ B +12P* - 60ap’ +1200?p* — 108c B + 360 *p?
hilo,p) = 13\
(1+4p-120p+12a2p)
2 2 n?
he () = 1+ 40 + 8P’ ~ 24a’p +2240! B,
(1+4p—12ap +120.7p)




_ : 2 In? _ It
h;(a,ﬁ)=l+4ﬁ 4af +8p° ~32ap +482(1£5 240°B”
(1+4p—12ap + 120°0)
h(a B)_HIZ{:B 12023 + 240’ - 96a.2B? +144a’p? - 72 *p? {2.55)
* (1 +4p—12ap +1207)

-

Phén tit coc nén
Dua 16 xo phan bd doc theo cge theo cac phuong doc (x) 1a K, hai
phudng ngang (y,z} - K,, K, va xoin (quay quanh x) - Kz Dat cac

bign khéng thit nguyén mé ta hé sé nén nhu sau

x—\[;x-\/__ ‘FJ__ —L‘/—F(259)

Khi d6 cac thanh phdn k; ¢ia ma tran d§ CLIng K c6 dang

EF .
ky =ky = "E“‘Pl(lu)’ ki =k, =‘E'“(P2(;\‘u)
GJ, G .
by =k =—> L [PI(A' ) koo =FRiga :qu’z(}"e)’
EJ 4 .
kij =—* chi,icl,jq’ll(lz) J=26812
L kel ix)
44
ky = L’I Y CuCrouh,) j=35911 (2.75)
Fyeirn

trong dé cac ham ¢ ¢6 dang
0,5M(A +0,58inh 2A 0,54(sinh A + A cosh A
a(0)= 22 2, p,(0)- - 2Heimh AL heosh ),

sinh? A ATy
(1) = A 4 2> 0D 212+ sin2A _,, K,(24) ; K, (20
@)=t 42 sinh2A -sin2A 3 K,(2)) : K,(2)) ’
0u(h)= At + 22 80D 212— sin2h ., K,(20) : K,
Pu() =1t 40 S0 2 +2sinh 2 K00 : K M)

3 cosh2h . K.\ + K,(20) ,
4

1
0, (A) = ‘le +



1]

1 cos2i K,20)- K (2))
'y =__l3 _?\-1 —A.'! 4 | '
onlt)= 5 2
K, (20~ K, (2,
o) = DERE) ),
3 cas2A K,(20)- K. (2))
W)= _23 3 a1 By 1 ,
L "
(p”(?\,): ---:'3-1,3 + ?"3 COShZK + l} Kl (2&):K4 (2}.) , (2.76)
4 2
trong d6 K,(z)=coszcoshz, K,(z) = coszsinhz,

K,(z)=sinzcoshz, K,(z)=sinzsinhz.

2.3. Mo hinh tham s6 caa ké&t cAu khéng nguyén ven
M6 hinh cia mét hé co hoc, xét trong khéng gian cac bién thiét ké
§=1{38,, .., S,}, dudc goi 1a mé hinh tham s8 ctia hé Z(S). Cac bién S
md ta hinh déng, kich thudce, vat liéu, lién két, v.v dude goi 14 tham
s6 mé hinh. M6 hinh cha mét déi tugng dang lam vigc ¢6 thé bj
thay d6i do tic dung ctia nhiéu y&u t8 khéc nhau. D& nghién citu va
phat hién sy thay d6i c6 thé dua vao mét s§ tham s5, tam goi 12
tham s& hu hong, k¥ hiéu la d={d,,..., d.). Ta c6 md hinh tham s&
cia két cu khéng nguyén ven trong khéng gian cac tham sé hu
héng Z(d). Mbi mét trang thai k¥ thuat cia két cdu ing vdi mot tap
gia tri xac dinh cia cac tham s6 d. Danh gia d tit mét s6 cac dac
trung cia két clu goi la bai toan danh gi4 trang thai k§ thuét cta
két cau.
Cac ma trin M, K, C clia hé duge xdy dung bang cAc thuit toan cla
phudng phap PTHH 1a ham cta cic tham s6 S va d:

‘ M = M(d); C = C(d); K=K(d) 2.77
Viéc mé phong thuc trang két cdu khéng nguyén ven bing PTHH
chinh 14 xay dyng céic quan hé (2.77).



Mé hinh hod mét 56" hu héng dién hinh

- Anmon, gi, ha bém M = M(F}K = K(F), F- dién tich mat cit

- Géy thanh: M(d), K(d) - ma tran cua két cAu khéng cé phin ti
thi d. .

- Suy gidm d¢ cing lién két gitta két cdu va nén méng. Mo hinh
thit nhat, ML), K{IL), L - 46 dai lam viéc chia phan td dudi
cung. Truéng hop 2, M(d), K(d), d:{l/cl clfC ) 0d<d, - do
mém 15 xo

- Phdn t& bi mép M = M(J), K = K(J), J -Mé men quan tinh.

- Phén tit d@m bi nut va su suy gidm d6 cing lién két & méi néi.
Céc tham s§ hu hong 14 vi tri v&t mit va d6 mém cda cac 16 xo

theo cad 3 loai bi€n dang: udn, xoén va doc tryc.

M =Mlx,8,.8..8,.8,) K=Klxp,.8,.8,.5,)

Chuong 3. D6 nhay cam cla cac dic trung déng
lue hoe

3.1. Cac dic trung dong lyc hoc cua két cau
Cac d#c trung ddng luc hoc clia hé bao gbm:

- tdn 88 riéng o, v dang dao ddng riéng tuong tng
(7)) = {©, (i} @, ()}, 7=1,....N 12 nghiém clia bai toan dao
dong riéng

(K-o'M)-®=0 (3.1)

— h;- hé s8 can cha dang tudng tng, j=1,..., N.

Tap hop{o,, ®Gk,ej =1l N} goi 1a mé hinh dao dong cia hé
dang xét (modal model), va ¢é nhiing tinh chat rat quan trong sau:
a) Thay d8i khi két cilu c6 thay ddi, khong phu thude vao cac yéu

td bén ngoal.
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b) D3c trung cho k&t ciu mdt cach tong thd va vide xac dinh
chiing cho m{t két c&u cu thé khéng phu thude vao vi tri do
dac trén két cAu.

¢) Hoan toan xac dinh hé rdi rac, khi biét cac dic trung dong luc
hoc chia hé.

Vi vAy cac dic trung ndy duge chon la chi tidu (indicator) chink

trong Iy thuyét nhan dang két cdu va phudng phap chén doén.

3.2. D) nhay ¢dm cia cac diic trung ddng lue hoc

D§ nhay cam ciia gid tri riéng

Tit phuong trinh K&(j)-0?Md(j)=0 cla nghiém (u)j,(b(;))
14y dao ham theo d, sau mét s8 bhifn ddi c6 ké dén tinh truc giao
cha dang dao ddng riéng ta cé

5_0’23; _ ‘DTT(j}SK‘D(J) o7 (i )5M¢(J) z 5, 3.9
ol SR o (Mafj) T &
a,; 1a d9 nhay cam cua gié tri riéng thit j ddi voi tham s§ hu héng d,

L) m(;)“'LT( {—0IM: )L, o)) (3.10)
7" o} od, f‘D(J)TMCD()

D¢ nhay cdm ciia dang riéng

bé tinh dao ham clia dang riéng theo d,,, ta giai phlfdng trinh

(K ~w2M) a;p(,) ( L }D(] chb(;) (3.11)

d

I‘

Tit tinh chit déc 14p, truc giao ctia cic dang riéng ta c6 khai trién

= 21y Ol
trong 46 *
(S 2h0)
Yie = _'Z‘(D(l')r E'd""r'q’(l) Yior = (’ Py y P#]

Néu biéu dién bién phan clia dang riéng § dang
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SP() =D 4,58, .

Khi dé véc to nhay cam cia dang riéng thitj duge tinh bang

4y - e Wel)-uier 05 e 0ot
7\ ’ (3.14)
_5{¢fo>ggf ‘)}wo)

Quy trinh tinh dé nhay cam cdc ddc trung déng luc
Budc 1: Lap md hinh k&t cfu vdi cic théng s& hinh hoc cu thé
Bude 2. Tinh cic ma tran phén ti, ghép ndi ma tran téng thé
Bude 3. Giai bai toan tri riéng tim cae dic trung ddng luc hoc
Budc 4: Tinh toan dé nhay cam cha cac dic trung nay theo cac
tham s8 thiét k& ma ta chon
3.3. Chudng trinh chuyén dung tinh toan 4§ nhay cam
Dya trén quy trinh thuit toin trén, mdt chuong trinh chuyén dung
da dude phat trién dé tinh toan d6 nhay cam cta cac dic trung
déng Iyc hoc. Cac md hinh phén ti1 dim cai bién x4y dung trong
chudng 2 43 duge dua vio trong chuong trinh nay. Da &p dung
chuong trinh nay dé phan tich dj nhay cam clia cac dic trung dong
Ite hoc trong ba vi du cu thé dude trinh bay trong cac muc sau,
3.4. D) nhay cam cia tin s6 riéng va dang riéng cia dam

Vi du 13 mdt ddm thép tiét dién hinh chil nhat véi hai dau
ngam (hinh 3.2) vdi mé dun dan héi E = 2,0x10" N/m?% mat d¢ khéi
p = 7500 kg/m®* hé sd Poatson v = 0,3 ; chidu dai L = 1 m; kich
thudc eta tiét dién: 0,27m x 0,09m.

iy

4 2 3 4 5 5 7 8 9 10 1

1 1 T 1 7
®© @ @ 0 ©® & @ ©® @ ®

Hinh 3.2. M6 hinh tinh toan dim dan héi
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Két kudn chung vé d6 nhay cdm ctia ede tdn s6'va dang riéng

- Hu héng d bién 1a nguyén nhéan giy nén nhitng thay ddi 16n.

- Nhiing diém mit cda céc dang riéng ddng thoi ciing 13 nhing
diém khéng nhay cim ctia_chc tin sd riéng.

- Nhiing diém dinh clia cac dang riéng 1a nhitng diém nhay cam
nhAt ciia cac tdn 50 riéng.

- Cac dang riéng nhay cam nhdt vdi cac vi tri hu héng.

- D6 nhay cam cia cac dic trung déng luc hoe ciing cé tinh d6i
xiing giéng nhu diéu kién bién.

Hu héng d nhitng vi tri riéng biét giy ra sy thay d8i tdn s6 va dang

riéng ciing ré rét hon so véi nhiing hu hdng mang tinh téng thé cha

ca phén tu.

3.5. Phan tlch do nhay cam cho m6 hinh khung khéng gian

¢ Xét md hinh cia khung nay dude mé

ta trong hinh bén, gdm 61 nit, 132

phin tit v 3 loai ti€t dién trén. D&

nghién citu d6 nhay cam ctia céc tln
s6 riéng ddi véi cic dang hu hong
khac nhau tién hanh phan tich 46
nhay cam ciia céc dic trung dfng hoc

51 vdi cic bi€n hu héng cua ting

.- ‘ phén ti.
Nghién ctiu cac két qua s ¢6 thé rit ra nhiing nhan xét nhu sau:
Su gdy hoan todn phdn ti. 5 tdn sé ddu tién rit nhay cam véi sy
ving mit cha cac phan tit ndm trén cft chinh. Phan t cang d gan
v nén thi anh hudng cang 16n, dac biét tAn s6 thi nhat c6 thé
thay d6i tdi 30% néu phin td dudi cing bi ghy. Cac tin s8 cao thi

nhay cam vdi cac phén ti trén cao hon
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Suy gidm dé ciing lién két nut. Chi db cing kéo nén cua cac thanh
gifing ngang va chéo gy anh hudng dén cac tdn s& riéng. Ngudc lai
dé cling udn cha céc lidn két niit trén cot, dic biét 14 cac phén ti
ndm sat nén giy dnh hudng nhidu. Dy 1a sy minh ching cho tinh
diing ddn va pht hgp vdi thuc tién cta mb hinh.

Anh huéng cia vét nizt. V6t nitt md ta sy suy gidm do cing d tai vi
tri bi nit nén sy suy gidm d6 citng udn déng vai tro ndi bat, vét niit
khéng lam thay d6i nhiéu trang thai kéo nén va xoin clia cic phin
tit. Nhilng v&t niit d cac thanh cdt chinh, ndi tiép xiic gita cong
trinh va nén méng, lam thay d6i dang ké 6 tin s6 ddu cha hé.

D6 nhay cdm do6i vdi tiét dién ngang. Trong trudng hgp nay bie
tranh d6 nhay cam cia cac tin s6 riéng khong khac nhiéu so vdi
trudng hop gay hoan toan cic phén td. Do nhay cdm cta céc tdn sf
riéng cao (tit tAn s6 thit 4) c¢6 gia tri 16n hon. Dac biét, dé nhay cam
ddi vdi tiét dién ngang ctia cac thanh giding 16n gép chuc 14n ddi vai
chc thanh c6t chinh. Do viy céc tAn sd riéng cao cho théng tin tin
cay dé chéin doan hu hong cac thanh ging.

3.6. D$ nhay cAm cta gian trén bién véi cac théng s nén

M6 hinh tinh. Md hinh gian trén bién
dang khung dugc gia cd bdng 4 khéi bé
tong (Hinh 3.20). Chén dé& duge md phong
v6i 60 nit va 104 phén tit ddm véi 5 loai

dién tich mit cit. Bén khoi bé téng gia c6

duge mé phdng vdi 64 nit va 192 phén td
ddm. Tudng tac giita coc va nén duge mod

phéng bing cac 16 xo theo mé hinh cia

Venkataramana (1989) [97]. Hinh 3.20
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Céc tham s6 1o xo tinh qua théng s8 etia nén bing cée cong thitc
0,75
2EILE Y - Z
,,(F_] LK, =27 K o T8

E

r

K,=

’l,

015
K = I.GEPI{E'] K, = K, (3.28)

‘T E, “20-v)

P
Tién hanh phan tich tri riéng va phén tich d6 nhay cam cho 15

truong hop vdi E va v khac nhau
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Hinh 3.23 D6 nhay cAm ctia tin s8 riéng udn béc 1 (a), xoén (b), doc
truc (¢) d6i vdi tham s§ K, (bén trai) va Ky, (bén phai)



Chuong 4. Phuong phap dé nhay cam trong bai
toan chin doan ky thuat

4.1. Phuong phap d$ nhay cadm trong chan doan hu héng
Bai toan nhan dang hu hong két cAu bing phudng phap rung déng,
thuc chat 13 danh gia cac tham s6 hu hong d tham gia vao cic ma
tran M(d), K(d) dya trén co so sd liéu do dugc vé tdn s6 va dang dao
dong riéng. Xét trudng hgp khi bit tin s6 riéng o°,...,«" , ta tim d
biét nghiém o} ,..., ], cia phudng trinh tdn s§

det|K(d) - 0*M(d)|= 0.
Cac tac gia P. Cawley & R. D. Adams (1979) xuat phat tit gia thiét
ring sy thay déi tAn s biing mdi quan hé §o =" -0’ = fGK,r),
trong d6 r 1a vi tri v&t nit, 8K - thay d6i &b cing. Khai trién Taylor
ham f theo tham s8 8K ta ¢6 thé bidu didn su thay i tdn s& riéng
qua dd nhay cdm g(r) = 8w/36K cua tin sb riéng. Khi biét 8w;, 50
1a sy thay d6i cGa 2 tdn s8 riéng thi vi trf hu héng xac dinh tit

h" E-—(m—:zmshu(r)
50)1- gj(r)
con tham s§ hu hong 8K duge tinh mét cach don gian bing
dw; S’

T g0

Day 12 két qua Iy thuyét ddu tién cha viéc dng dung d6 nhay cam
trong chin doan hu hong két ciu.
Nhém tac gia Stubbs dya trén phuong trinh [K - AM o =0a=0%
Sh. T s 4 Ty o 5
il /g D (J)SK(D(J) _ D (J)SMq)(J) = Z fj,ﬁk[ _gjismi +O(82)

)LJ‘ KJ‘ M.r'
véi K =@T (DKOU); M =@ (JIMD();
5 1 LOK . 1 oM .
va = TP D) g = — DT () D( )
iR 0} Py (7): & M, () o, ()
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8\,  BA
Ky higu Zz{_f.l_—“} T 70 MR ]

k = {8k, oy 8k, ¥ 38m = {01 guuns B, |
dua v8 F8k —Gdm =Z. C6_thé gidi dé dang d6i véi d = {skom)”.
Tuy nhién phudng phap nay chi gidi han bai toan trong trudng hdp
tuyén tinh. D& cai thién da phat trién thuat toin lip k&t hgp véi
bai toan phi tuyén dé chinh xac hea két qua chén doan hu héng
Léng phudng phap dé nhay cdm néu trén.
4.2. Thuat toan 13p trong bai todn nhin dang hu hong bing
phuong phap d§ nhay cam
Phuong phdp binh phudng t6i thiéu. Gid st d" ={d’,--.d.} 12
80 liéu do dac dugc vé cac diic trung ctia két cAu. S8 Liéu tfnh toan
1a d={d,.d,)=g(x), trong d6 x = {x, . x, } 12 véc to chc tham s&
chén doan, g(x) 12 ham bidu didn sy phu thudc cha cic dic trung
cua két ciu vao cac tham 88 chin doan.
Bai to4n danh gia tham s8 duge phat bidu: tim x dé
e ~d|= [ - g = min .

Trudng hgp tuyén tinh ta c6 d = g(x) = Hx 4.1
trong dé H 12 ma tran c&p mxn. Khi d6 ta sé tim x dé

J(x)=e"e=(d" —Hx) (d* - Hx) = min (4.2)
Tir didu kién cuc tiéu ctia ham J(x), dua vae ma trin W xac dinh
dudng ta cé 101 giai

x=(HTWH)'H"Wd' (4.4)
Trudong hop phi tuyén: Gia sd c6 mot gia tri cho trudc cua x 1a x©@,
khi dé ddi vdi x gdn x sao cho nx“" - x“z ¢6 thé bo qua ta cb
d=gx™)+G(x-x") =2 e(x)=d" - g(x) -G, (x - =)
Lai giai Gauss cho trudng hop nay:
x=x"+ [G:GJ‘GOT [d' -~ g(x“”)]
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Nhu vay ta ¢6 dudc cdng thitc 13p dé tim x
= =20 plere, 6Tl - g )] (4.5)
Newton va Rapson dua ra cong thic lip

x(nl =x(n71) +

N 2 "
+ k[G:'—lGn—l - Z [d; - &; (x(n") ]‘% (x(n_"] G:-l [d' - g(x("_” )]

Thudt todn ldp
D61 vdi mé hinh k&t c&u khong nguyén ven vdi cdc ma tran K, M -

14 ham cta céc tham s6 chin dodn x = {x x, }, tén s6 tinh toan

-
d = {m,’,..., Wy }= g(x) 1a ham phi tuyén khéng hién. Dé ap dung
phuong phép binh phuong t5i thiéu, phai tinh duge ma tran nhay
cam G véi G, = dw] [ox, . Khi dé ta 6 19i gidi Gauss 13

£ = x4 klGT,G, "6l i —ae v} (4.9)
Thudng lay *® = 0 dng vdi truong hgp khéng c6 hu hong.
Trudng hgp ma trin M khéng thay d6i va ma trin K cé dang

Ne.
K(x)= K(x +8x) = K, + AK; AK = Y K3, (4.10)
j=t
Tacs p, =D, = or@rioom, Zh0™ @D
Y ox; / " j=1..,Ne
va +" =2 1 kDT D, ]' DT, fir - a0} (4.12)

Chap nhan gia thuy&t hu hong khéng lam ting d6 cing ta c6

Budc 1: Chon céc &8 cho truéc k, g, £, va 2@ = (;

Budc 2: Giai bai toan tri riéng déi voi M =M°=const, K = K, vi
tinh ma trgn nhay cam D, , theo cong thitc (4.11);

Budc 3: Tinh lip theo cong thiic (4.12);

Budc 4: Kiém tra x") > 0 logi phén ti j ra khéi vang bj hu héng.

Budc 5: Kiém tra l

™ —x"‘"’" <g, = ding; néu khong vé budc 2;

Budc 6: Kiém tra |xf,-"’| > ¢, Néu théa min thi phén ti j bi hu héng.
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Thuat todn nay da dude lap trinh ¢ dang moét phdn mém chin
doan. Dudi day sé trinh bay két qua thit nghiém trén mdt ddm.
4.3.Vi du ap dung

Ap dung thuat todn lip néu trén cho mét didm dan hédi hai ddu
khép cé cac théng s6 L=1m, E=2,058-10"'N/m?, F=2,011lcm?
J=1,272¢m* vdi hu hong thuc 6x=0,4 tai vi trf thit 9. Hinh 4.1 va
4.2 trinh bay k&t qué chin doan bdng phuong phap clia tac gid
Stubbs va phudng phap lip. K&t qua cho th&y phuong phap lap

chinh xéc hon.

057 EHuhingthue
[0.41  EIPhrmg phip lip
[O37 O Thult losn Subbs

Hinh 4.1. Nhiing du do4n trong budc lip ddu tién

08
o8

WH g thue
04 I Phng phiy Wp
-0.3 O Thullt ioda Sbba

02
0.1

6 P S S vivt

1 2 3 4 5 L] ’ L] [] 10

Hinh 4.2. K&t qua chéin doan cufi ciing cia hai phudng phap
4.4. Nhin dang tham 58 ding phudng phap quy hoach toan

phudng
Nhu da trinh bay trong muc 4.2 b&i toan nhan dang tham so két
ciu duge dua vé viéc gidi mot hé phudng trinh dai sd tuyén tinh.
Cac tac gia S. Hassiotis va G. D. Jeong (1995) da dua trén bai toan
quy hoach toan phuong dé dua ra thuét toan. Téng quat bai toan
quy hoach toin phudng c6 dang
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min(gr x+%xr Hx] véirangbufc A, x=b; A,x2b,.(4.13)

Su thay d6i d6 cling cia hé dude biéu dién qua sy thay d6i cla titng
phén tit khi khéi lugng khéng ddi

Ne Ne
(K+8K)=3 K:(1+8k)= 8K = > Kbk, (4.15)
i=) i=)
Ne
8h; =Y ®T (K ®(j)sk, hay Dk =84 4.16)

i=1
Khi d6 ta thiét 1ap bai todn d dang quy hoach toan phudng
min(grﬁ - %ak’"HS k) véi riing bude Dok =8\ va 8k <0 (4.17)

L4y tiéu chudn sy thay ddi ctia dd cing nhé, bai toan (4.17) ¢6 dang
min(lﬁkr Sk) véi rang buje D8k =8 va k<0  (4.18)
2

¢day H=1 va g=0. 8it dung chugng trinh con gprog trong b thu
vién IMSL cia FORTRAN dé giai bai toan quy hoach toan phuong.
Quy trinh thudt todn cia bai todn nhin dang tham sé

Budc 1. Tap cac tén sé riéng do duge A

Buéc 2. Giai bai toan tri ridng dude A tinh toan va ma tran D

Budc 3. Tinh &L

Budc 4. Tim 8k giai bai todn quy hoach toan phudng (4.18)

Bude 6. Tinh K méi

Budc 6. Diing khi 8k; <0,1%, néu khong quay vé budc 2

4.5. Ap dung phuong phap quy hoach toan phwong nhin
dang tham s6 lién két ctia hé khung véi nén

Nhén dang tham s6. Dé kiém nghiém thuat toan va chuong trinh
da tién hanh tinh toin cho mé hinh gian trén bién véi cac 16 xo mé
ta lién két coc nén. Tham sé ciAn nhén dang chinh 1a tri s cia 8 16
x0 md ta lién k&t cla coc vdi nén va khdi bé téng vdi nén. Da tién

hanh tinh toan thd nghiém véi 15 trudng hgp hé s§ Eyy, vag khéc
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nhau. Trong bang 4.1 dua ra két qua tinh cho 1 trudng hgp
Bang 4.1. Két qua tinh toan thit nghiém

Bai toan thudn Bai todn ngugc
Thams6 kélcdu TénsGrieng | TAns6do Thams@tinhduge Saisé %

E =410, v=02 | S6 bude 13p 5
3.817E+07 1,55803 1,558 3,766E+07 1,3%
4, 295E£+07 1,55804 1,558 4,228E+07 1.6%
2,202E+08 2,15676 2,157 2,163E+08 1,8%
3,523E+08 3,55784 3,557 3,395E+08 3,6%
1,600E+08 6,85555 6,855 1,638E+08 3.9%
1,800E+08 7,20680 7,207 1,726E+08 41%
3,161E+10 7,36435 7,364 3,018E+10 4,5%
5,058E+10 7,39861 7,399 4 811E+10 4,9%

Két luén
Bét ddu bdng viée x&y dyung md hinh cla k&t cfu c6 hu hong,
1am co sd dé tinh toian dd nhay cam cia cac ddc trung dong lyc hoc
theo cdc tham s& hu hdng va cuéi ciing 13 {ing dung cic md hinh da
xdy dung, 46 nhay cdm d4 tinh vio viée chin doan hu hong cia két
cfiu, ludn an da dat dugc chc két qua chinh sau:

1. Phéat trién phuong phap phdn ti hitu han cho céc két ciu cd hu
hong: Xay dyng md hinh phén t hitu han cho phén ti dim c6
ké dén sy suy giam lién két tai nit, cé v&t nitt, suy gidm lién
két nén nhu cac tham s8 cia md hinh.

2. Xay dung md hinh tham s6 cta ciac k&t cAu dang khung véi
nhitng hu héng dién hinh nhu suy giam lién k&t bién, méai ndi,
bi 4n mon, cé vét nidt.

3. Xay dyng phuong phap, thuat toan tinh todn d nhay cdm cua
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cac tin sd riéng va dang riéng ctia két cfu déi véi cac tham s6
hu héng théng qua cic dac ham ctia ma tran dd ciing theo cac
tham sd nay. .
Xay dung phn mém phéan tich k&t ciu khung khéng gian c6 ké
dén mot s6 hu hong va tinh todn 46 nhay cam ctia cac dic trung
déng Iuc hoc déi véi cac tham s§ md ta hu hong, budc ddu tao
14p co sd dit liéu ding cho chén doan.

. Xay dung thuit toan lip cho phudng phap 49 nhay cam trong
chin do&n hu héng cac két cAu don gian dang ddm va khung
khong gian dya trén cd sd dit lidu vé d¢ nhay cam duge thidt i4p
bing phin mém néu trén. Da ap dung c6 hidu qua vao bai toan
chdn doAn hu héng cia ddm, nhan dang tham s& lién két nén
ctia mdt gian trén bién dang khung.

Luén 4n nay chi la buéc di ddu tién trén con dugng tim kiém

13i giai cho bai toén chén doin k§ thut cong trinh néi trén. Chic

chén luan 4n khéng thé giai quyé&t moi vin dé ca vé khoa hoc lin

{ing dung thyc tién va do d6 sé cé khong {t nhilng bai toan cén phai

nghién ciiu tiép. TAc gia luan 4n sé ¢ géng tiép tuc di tiép trén con

dudng nay.
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