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LOI CAM DOAN

To6i xin cam doan ludn an nay la cong trinh nghién ctru cia riéng toi.
Nhitng nd1 dung, so li¢u va két qua trinh bay trong ludn an la hoan toan

trung thuc va chua cé tac gia ndo cong b trong bat ky cong trinh nao khac.

Tac gia

Nguyén Viét Ha
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LOI CAM ON

T6i xin bay to long biét on chan thanh va sau sic dén tap thé thay
huéng dan: PGS.TS Pham Tién Pat va TS Lé Truong Son di tan tinh
huéng dan, giup d& va cho nhiéu chi dan khoa hoc cé gia tri, nhiéu 10i
khuyén b6 ich, gitip cho toi hoan thanh luan an nay.

T6i cling Xin bay to long biét on chan thanh nhat dén cac thay, cac
Nha khoa hoc d3 cho nhiéu ¥ kién déng gép quy bau, cac kién thic khoa
hoc hién dai, giup toi nhin nhin c4c vin dé mot cach thau dao.

T6i xin chan thanh cam on tap thé cac thiy B6 mon Co hoc vat ran -
Khoa Co khi, Phong Sau dai hoc, Phong thi nghiém Stc bén vat licu,
phong thi nghiém Co hoc may — Hoc vién K¥ thuat quan sy, Phong vat li¢u
— Vién cong nghé, da tao moi diéu kién thuan loi gitp dd t6i trong qua
trinh thuc hién luan an.

To1 xin chan thanh cam on Pang uy - BGH Truong S§ quan Ky thuat
quén su, cac co quan chirc nang cua Nha truong, 1anh dao va chi huy Khoa
K¥ thuat co sé cung toan thé gido vién trong khoa da tao moi diéu kién,
gitp do dong vién t61 hoan thanh dugc cong trinh nghién ctru ctia minh.

T6i ciing xin bay to 1ong biét on sau sic téi gia dinh, ngudi than va
ban b¢, dong nghiép da lubn dong vién, khich 18, chia sé, gitp d& toi trong

sudt qua trinh thyuc hién luan an.

Tac gia luan an
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* (1)
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2. Danh muc céc chir viét tat

CPMP_2019 - COMPOSITE_PIPE_MOVING_PRESSURE_2019
PTHH — Phan t& hitu han
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MO PAU

Ly do chon dé tai:

Cung v&i su phat trién ctia nén kinh té - xa hoi, két ciu dang 6ng ngay
cang duogc st dung nhiéu trong céac linh vuc k¥ thuat, trong d6 cac 6ng dan
chiu tac dung cua tai trong di dong nhu: ap suéat di dong, khoi luong di
dong, h¢ dao dong di dong, ...da va s¢€ Ung dung nhiéu trong thuc té. Mot
trong nhiing minh chimg rd nhat cua loai két cdu 6ng chiu tac dung cua tai
trong dang ap suét di dong 13 éng dan khi (chét 1ong) voi nhu cau st dung
ngay cang cao. Pé ting hiéu qua st dung khai thac va tudi tho cua két cau,
mot trong nhitng vin dé can phai dé cip dén 1a giai phap thiét ké va thi
cong, trong d6 viéc nghién ciru, tinh toan dng véi nhitng anh hudng cua cac
thong s6 nhu: tai trong, két cau, vat liéu va diéu kién 1am viéc khac nhau 1a
van dé& quan trong, can quan tdm nghién ctru. Thuc té cho thay, trong cac
su ¢ vé duong éng gay thiét hai 16n vé kinh té, 1am giam long tin cta
ngudi str dung gan ddy, CAC sai sot trong tinh toan (hodc chua duoc tinh
toan dﬁy du), vat liéu sur dung va dia chit nén 1a nhirng nguyén nhan chinh.
Trudc tinh hinh do, tac gia luan an mong mudn van dung kién thuc di duoc
trang bi dé di sdu nghién ctru linh vuc nay, gop phan nang cao hiéu qua sir
dung cho cac loai két cdu dng tru chiu tac dung cua ap suét di dong. Day 1a
ly do cua viéc lua chon van dé “Nghién civu tinh todn 6ng tru composite
chiu tic dung ciia dp sudt di dpng” 1am chi dé nghién ctru cta luan an.
Muc dich cua luan an:

- Xay dung thuat toan phan tir hitu han (PTHH) va chuong trinh may
tinh nham phan tich phi tuyén dong luc hoc 6ng try composite trong nén

dan hoi chiu tic dung cua ap suét di dong mo phong tac dung ciia chat khi



(long) di dong trong 6ng khi hé 1am viéc, dac biét 13 qua trinh bom vao ong
bat dau — day la giai doan dé gay nguy hiém cho 6ng dan.

- Dé xuét, kién nghi cac giai phap hop 1y cho dng trén co s¢ két qua
khao sat sd voi cac 16p bai toan khac nhau, trong d6 thong sb vé két cau, tai
trong, vat liéu, diéu kién lién két, diéu kién nén thay doi.

Poi twong nghién ciru ciia luin an:

Vé két cau: Ong tru bang vat liéu composite 16p dit trong nén dan hoi
1 hé s6 theo mo hinh nén Winkler va dit trén céc lién két thong thuong;

Vé tdi trong: Tai trong |4 4p suat di dong doc trong dng composite véi
van toc khong doi hoic thay doi;

Phwong phap nghién ciru:

Nghién ciu 1y thuyét két hop voi tinh toan khiao sat sd va thuc
nghiém. V& 1y thuyét, ap dung 1y thuyét thuin nhat hoa két cdu composite
16p va phuong phap PTHH dé xay dung phwong trinh vi phan phi tuyén
dong luc hoc ciia ng composite; Xay dung thuat toan va chuong trinh may
tinh dé khao sat s6 véi cac 10p bai toan khac nhau. Vé thuc nghiém, thiét
ké ché tao mo hinh, thiét lap va trién khai thi nghi¢m trén mo hinh tai
phong thi nghiém vai céac thiét bi do dac hién dai.

Ciu tric ciia lun an:

Lu4n an bao gdm phan mé dau, 4 chuong, phan két luan - kién nghi,
tai li€u tham khao.

Mé dau: Trinh bay 1y do lya chon dé tai ludn an va dé xuat bé cuc
luan an

Chuwong 1: Téng quan van dé nghién ciu cua luan an

Trinh bay tong quan vé vat liéu composite, tai trong dang &p suét di
dong, cac két qua nghién cau cua két cAu chiu tai trong di dong & trong
nudc Va nudc ngoai, rat ra nhitng két qua dat dwgc va cac van dé can tiép



tuc nghién ciru. Trén co so nhitng van dé can tiép tuc nghién ctu, dé xuat
muc tiéu, néi dung va phuong phap nghién ctru cta luan an.

Chuong 2: Phan tich phi tuyén dong luc hoc éng tru composite trong
nén dan hoi chiu ap suat di dong

Xay dung cac quan hé tng xir co hoc caa phan tir vo cong bang vat
liéu composite trong nén dan héi, chiu tdc dung cua &p suat di déng, lam co
s¢ xa@y dung thuat toan PTHH va chuong trinh may tinh phén tich phi
tuyén dong luc hoc dng tru composite chiu tdc dung cua 4p suat di dong
véi hai loai lién két: 6ng trong nén dan hoi va trén cac lién két thong
thuong.

Chwong 3: Khao sat anh huong cua mot sé yéu tb dén dap ung phi
tuyén dong luc hoc cua 6ng tru composite chiu &p suat di dong

Tién hanh khao séat s6 xem xét anh huong cua céc théng sb: tai trong,
hinh hoc, vat liéu, lién két, ... dén dap ung phi tuyén dong luc hoc cua éng
try composite trong nén dan hoi va trén céac lién két thong thuong, dua ra
cac nhan xét, khuyén céo ky thuat dinh huéng tng dung trong thuc tién.

Chuwong 4: Nghién ciru thuc nghiém

Trén co sé nghién cau ly thuyét thuc nghiém, thiét ké, ché tao md hinh
thi nghiém, st dung cac thiét bi do dong da kénh hién dai, tién hanh nghién
ctu thuc nghiém xac dinh dap tng bién dang, chuyén vi cua ng tru
composite dat trén cac lién két dan hoi va goi cing tuyét dbi chiu tac dung
cua ap suat di dong theo phuong phap bom chat long. Tir d6 kiém ching
do tin cay cia chuong trinh tinh.

Két luan chung: Trinh bay cac két qua chinh, nhiing dong gop mdi
ctia ludn 4n va cac kién nghi.

Tai liéu tham khao



CHUONG 1
TONG QUAN VAN PE NGHIEN CUU

1.1. Vit liéu composite, cac tng dung va phwong phap tinh toan
1.1.1. Tong quan vé vit liéu composite, cdc ieng dung

Vit li¢u composite 1a loai vat li¢u dugc tao thanh tir hai hoac nhiéu
thanh phan vat liéu co tinh chat co 1y khac nhau va co dic tinh co hoc noi
tro1 hon dac tinh co hoc cua tung vat liéu thanh phén. Vat li€u composite
thuong gdm mot hodc nhiéu pha gian doan phan b trong mot pha lién tuc.
Pha gian doan dugc goi la cdt, con pha lién tuc duoc goi la nén. Vé mit co
hoc, vat liéu cbt va vat liéu nén duge coi 1a nhirng vat li¢u déng chét déng
hudng. Vat licu ot gitp cho vat liéu composite ¢c6 kha nang chiu udn kéo
cao hon, vat liéu nén dong vai tro lién két vat liéu cdt voi nhau va truyén
lyc co hoc to1 chung, cling nhu bao v¢ vat liéu cdt trude tac dong cua nén
xung quanh. Mot trong nhitng uu diém noi bat cta vat liéu composte 13 c6
d6 bén riéng va mo dun dan hoi riéng cao, kha ning chéng mai mon tdt, d&
dang dap tng cac yéu cau cua ngudi st dung bang cach thiét ké va diéu
chinh cong ngh¢ san xuét, bd tri va lién két vat liéu cot va nén dé tao ra vat
liéu c6 chat lugng mong mudn, phu hop véi yéu cau sir dung va c¢o hiéu
qua kinh té cao. Tuy nhién, qua trinh st dung cho thiy vat liéu ndy ciing
tdn tai mot sd nhuoc diém, nhu d6 bén cua vit lidu phu thudc vao cong
ngh¢ ché tao, nhay cam véi do am va nhiét do cta nén nhiéu hon céac loai
vat li€u khac.

Vit liéu composite dugc phan loai theo hinh dang cua vat li¢u tang
cuong (soi, hat hay manh) hodc theo tinh chit cta vat liéu nén (polimer,

kim loai, gom, cacbon).



Composite cbt hat chira cac hat nhé do d6 duge xem nhu dang hudng
vi hat duoc phan bd ngiu nhién trong vat liéu nén, phd bién nhu hop kim,
gbm nham ting cuong do bén, ting kha ning chiu nhiét va chiu oxi hoa,...

Composite cbt manh chtra cac manh nho cua vat lidu ting cuong phan
bd trong vat licu nén. Vit liéu manh nho thuong la thuy tinh, mica, nhom,
bac...Composite c6t manh c6 do bén, do cimg uon cao, gia thanh ha, tuy
nhién cac manh nhoé kho sép xép va chi ¢6 sb luong han ché céc vat lidu
dugc st dung.

Composite cbt sgi co vat liéu ting cudng 1a cac soi ngan hodc soi dai,
nhu soi thily tinh, cdc bon, aramid.Vat liéu nén c6 thé 1a nhua (epoxy,
polimer), kim loai, gém. Do do, vat liéu composite ¢t soi 1a vat liéu di
hudng.

Da sb vat liéu composite 1a vat liéu nén polimer (epoxy, polyester,
urethane) vi ching c6 gia thanh ha, do bén cao va dé gia cong.

Do nhiéu uvu diém ndi trdi nén hién tai va trong tuong lai vat li¢u
composite duoc tng dung ngdy cang rong rii trong hau hét cac linh vuc
nhu: x4y dung, giao thong, thuy loi, ché tao may, dong tau, hang khong vii
tru, ...

Véi cac két cau éng composite duoc st dung nhiéu trong cac linh vuc
thuy nong, chuyén tai nuoc, nhién li¢u,... Bac bi¢t trong linh vuc quan sy,
vat liéu composite cling dugc rng dung rat nhiéu trong cac chi tiét vii khi,
6ng phong tén lira,...Dudi day 1a cac vi du vé ung dung ctia composite
trong linh vuc nay.

Vii khi chong ting:



- Norinco type 70-162mm cta Trung Qudc va Tiép khic 1a vii khi
chéng ting ma 6ng phong cta nd lam bang vat liéu composite soi thiy
tinh.

- Giat Industries Apilas: Vii khi chong ting cia Phap - Puc co loa
phut bang composite polimer soi aramid, con 6ng phong 14 ong nhém ting
bén bang soi.

- An Do ciing phat trién loai vii khi chong ting loai nhe RPG -22
NETO, 16p ngoai éng phong 1am bang composite, bén trong bang nhom.

- Tén la vac vai kolomna ( SA -18 Grouse), 1a loai tén ltra dat doi
khong tam thap, dng phong 1am bang vat liéu composite c6 do dai 1,708m.

Loa phut tén lva:

Hai cudong qudc Nga, My d3 Gmg dung vt liéu composite dé ché tao
loa phut cua cac tén ltra dan dao, tén lua chién lugc mang dau dan hat
nhan. Nga da ché tao dong co tén ltra 160 ma lyc, nang 160 kg béng vat
liéu cacbon ¢6 tAm bin 2000 km, dong co nay cé thé 1am viéc lién tuc &
nhiét do 1.700°C trong 20 gid' ma khong can lam ngudi. Co quan hang
khong vii tru NASA da san xuét cac loai loa phut tén Itra chién lugc hoan
toan bang vat liéu composite cacbon.

Buéng dot déng co tén lra: V&i cong nghé composite polimer soi
cudn tién tién da duoc ung dung thanh cong vao viéc ché tao cac vo dong
co rocket bang soi thily tinh. Hién nay composite sgi cac bon htra hen co
nhiing vu viét hon nira, dugc ng dung trong cac linh vuc k¥ thuat cong
nghé cao. Phong thi nghiém phan luc cua Truong dai hoc tong hop
Caliphonia da nghién ctru ché tao mot sb v dong co rocket bé"mg vat liéu
composite polimer sgi cacbon/epoxy. Chuong trinh nghién ctru nay da
khéng dinh kha nang thuc té clia viéc sur dung vat liéu composite trong linh

vuc cong nghé tén lura.



Hién nay ¢ nudc ta budc dau ciing di tng dung vat liéu composite
trong viéc san xuat thir nghiém loat nho cac phéi dng phong Igla, cac nong
stung ban phao hoa, éng phong loat lyu dan, éng phong rai min sat thuong

va cac loai 6ng dan nudc,...

1.1.2. Phwong phdp tinh todn két cdu éng composite

Pé tinh toan cac két cau 6ng lam bang vat liéu composite, phuong
phéap thuan nhat hoa dugc st dung phd bién, ndi dung ctia phuong phap
nay la cac két cdu khong thuan nhat dugc mo hinh héa thanh mot két cau
c6 vat lidu thuan nhét twong duong va cac két cau dugc tinh toan trén nén
thuan nhat twong duong nay.

Phuong phap thuan nhat héa co thé duge thuc hién theo hai loai mod
hinh: M6 hinh co hoc vi m6 va moé hinh co hoc vi mo.

- M5 hinh co hoc vi md: véi ¥ tuong 1a thuan nhat hoa ddi véi cac pha
cua vat liéu, tirc 1a cac dac trung co hoc ctia phan tb trong 16p s€ duoc xac
dinh thong qua cac dac trung co hoc cua cac pha vat liéu thanh phf?m. Hién

da c6 mot s6 cong trinh nghién ciru vé van dé nay va da dua ra cac phuong



phap tinh toan d6i véi cac vat liéu composite hai pha, nhd d6 cac hang sd
dan hoi 16p va d6 bén gidi han c6 thé duoc dy doan qua cac dic tinh co ban
cua vat liéu va yéu t6 hinh hoc cta pha (su sdp xép soi trong nén ciing nhu
thé tich cua vat liéu ct).

- M6 hinh co hoc vi mé: viée tinh toan duoc thuc hién cho céc loai két
cu composite 16p, qua trinh thuan nhit duoc tién hanh dbi véi cac 16p cua
két cAu. Cac dic trung co hoc cua két cau tuong duong duge xac dinh
thong qua cac dic trung co hoc cua cac 16p trong két cdu do. Viéc xay
dung va giai mot sd lugng 16n cac hé phuong trinh d6i véi timg 16p duoc
thay bang giai mot hé phuong trinh cta két cau thuan nhét twong duong.
Huéng tiép can ndy cho phép tinh toan cac két cau composite c6 cau tric
phtrc tap.

1.2. Tong quan vé tai trong di dong va cac md hinh ong tru chiju tai
trong dang ap suit di dong

Tt l4u tai trong di dong d3 duoc quan tim trong viée tinh toan, thiét
ké cac cong trinh giao thong, xay dung, v.v. Do tinh phirc tap ctia no trong
ung xtir co hoc va tinh toan, nén tai trong di dong dua vao mo hinh tinh
thuong duoc mod ta 1a dang tai trong dong co chu ky, voi diém dat khong
ddi. Pay 1a mo6 hinh tai trong phan anh khong that chinh xac sy lam viéc
thuc cua hé, song do tinh don gian trong tinh toan, nén ngay nay mé hinh
ndy van duoc sir dung trong mot ) truong hop. Thuc té da chi ra réng, anh
huong cta su di chuyén tai trong téi phan tng dong cua két cau 1a rat dang

ké, c6 thé phat sinh nhitng hién twong khong mong mudn, nhu lam ting cac



gia tri chuyén vi, ndi lyc va c6 thé 1am két cau bi pha huy. Do ¢6 y nghia
thuc tién va quan trong nén hon 150 nim trude, van dé nghién ctu dao
dong cua két cAu chiju tai trong di dong da thu hut sy chu y ctua nhiéu nha
khoa hoc trén thé gidi. Ngay nay, véi sy phét trién cia phuong phap va
cong cu tinh toan, nén cac nha khoa hoc trong nudc va nude ngoai da va
dang xem xét két cu chiu tai trong di dong voi1 viée xét dén ca qua trinh va
tinh chét di chuyén cua tai trong, diéu d6 da tiép can dan sat v4i su lam
viéc thuc té ctia hé hon. Theo hudng nay, tai trong di dong dugc xét c6 thé
la mQt trong ba dang nhu sau:

Dang thir nhdt: Luc c6 diém dat di chuyén trén két cau;

Dang thir hai: Tai trong mang khoi lugng ciing véi luc tac dung vao nd
di chuyén trén két cau;

Dang thir ba: Hé dao dong di chuyén trén két ciu, gitta h¢ di dong va
két cau c6 céc lién két dan hoi hogc lién két dan hdi va can nhot.

Theo hudng nghién ctru cua luan an, tai trong di dong 1a tai trong cé
diém dit di chuyén trong két cau dng. Tai trong tac dung 1én két ciu 1a tai
trong dang ap suét di dong di chuyén bén trong két ciu dng composite véi
van toc v nao ddy. Tai trong dang ap suat di dong hay gip trong thuc t& 12
tai trong dang ap suat ctia chat 1ong hodc chat khi trong cac duong dng dan,
trong xylanh thuay lyc; trong cac binh nén khi va trong cac nong sing
phao,...

Theo cac nghién ctru trén thé gidi thi mo hinh tai trong dang ap suat di

dong c6 cac dang sau:
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Mo hinh thtr nhat 13 mé hinh vo6 try composite chiu ap suat di dong
ciia J T Tzeng [43] nhu trén hinh 1.2. Phuong trinh chuyén dong ciia md
hinh nay v6i mit ap suét di dong ( moving internal pressure front) dugc
biéu thi dudi dang ham budc Heaviside:

Y

S
A N

Nt bé mat chung/(
‘ X, U >

Uén cuc bd Khéng bién dang

Ap suat mit trude
Hinh 1.2. M6 hinh bién dang va hé truc toa d6 ctia vo tru dudi tac dung ap
suat di dong

o°w D o'w 120 vy i)

m atZ X 8X2 h2R2

Dow = p(1- H(x-vt)) (1.1)

trong d6: w 1a chuyén vi huéng kinh, phu thudc thoi gian t va toa do x; m
1a khoi lugng, voi m = ph, p 1la mat do vat liéu vo try, h 1a chiéu day vé
tru, p la ap suét bén trong, v 1a tde do mat trude ap suét, co gia tri hé“mg 30,
D, va Dy tuong tng 1a do cing udn hudng truc va do cing udn hudng
kinh.

Ham tai p(1 — H(X - vt)) trong phuong trinh (1.2) thé hién mit ap suit

di dong doc truc véi van tdc v. H(X - vt) 1a ham budc Heaviside, theo do:
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0, x>wt

p(l—H(X—Vt))z{1 <\t (1.2)

Mo hinh thir hai 12 mé hinh ctia Majid Mirzaei [52] duoc thé hién trén

hinh 1.3, trong d6 ap suét di dong bén trong dang nd khi ga va xung no.

DI B ] [ ; (a)
* ‘ * i * i v v v v v v v v v v . P v v * v v v v

X
>

e P: > (b)
= , x

>

lllllliiiiiiiiiii""v*‘v'
Hinh 1.3. M6 hinh 4p suét di dong bén trong (a) N6 khi ga, (b) Xung nd.
Ham ap suat do n6 khi ga dugc cho boi bicu thire sau:

P O<t<ty

p(t) = —(t-t) (1.3)

P + (P2~ P3) exp( T ) tiSt<oo

trong d6: p; 14 4p suat ban dau ctia hon hop khi, p; 12 ap suét cuc dai, ps la
ap suat cudi cing, t 1a thoi gian, T 1a hé s6 phan ra theo cp s6 nhan va tg =
XV (V¢ 1a van tdc Chapman- Jouguet) 1a thoi gian can thiét cho viéc mat
nd phia trude di chuyén t6i vi tri x.

Ham ap suat do n6 xung dugc cho bdi bicu thic sau:

p,, O<t<ty,
p(t) ={ } (1.4)

p,, 1ty <t<oo,

trong d0: tg, 13 thoi gian séng xung kich dén vi tri ¢6 dinh x.
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M6 hinh thir ba 1a md hinh ong tru chiu 4p suat di dong cia
Saranjam, B., Bakhshandeh, K., & Kadivar, M. H. [25] va Bakhshandeh,
K., & Saranjam, B. [45]. M6 hinh duoc thé hién trén hinh 1.4, tai trong
dang 4p suét di dong doc trong dng voi van téc khong doi v. Ap suét phan
bd tai mdi diém trén mat cat vudng gbc truc 6ng duoc cho bot:

p(z,t) = pou(t - z/v) (1.5)
trong d6: po 1a bién do ap suat, u 1a ham bude, v 12 van toc di dong doc éng

cua ap suat.

X‘ Z
g h
, k,
] > A
EEEXEEL] p ittty ‘
. D
{ | 1) T — —e
< L > —P ¢
Z/v Liv

Hinh 1.4. M6 hinh ong tru tron chiu ap suat di dong
Pay 12 mo hinh tac gia chon dé nghién ctru trong luin 4n, khi éng tru
duoc thay bang dng tru composite dugc dit trong nén dan hdi hodc trén cac
gbi ctng chiu tac dung cua tai trong dang ap suat di dong.
Phuong phép tinh 4p dung cho két cdu dng tru composite chiu tac
dung ctia ap suit di dong 1a phuong phap dong khong twong tac, trong do
tai trong phu thudc thoi gian, tai trong khong c6 khdi luong va két cdu co

khéi lugng.
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Phuong phap tinh
Tinh Bong
Khongi Tuong tic
tuong tic
Téi trong tinh Tai trgl]g phu Tai trc.n}g phl_l Hé dao dong

thudc thoi gian, thudc thoi glan, ) di dc“)n'
khéng khéi luong ¢6 khéi luong g

Ket C'IU khong Két cdu khéng Két ciu 6

khot luong khéi luong khéi luong

Hinh 1.5. Phan loai phuong phép tinh két cAu éng chiu tai trong di dong
1.3. Tinh hinh nghién ctru trong va ngoai nwéec.

Vi cac két cu composite dang dam, tim chiu tac dung cua tai trong
di dong dén nay cling da thu hat sy quan tim nghién ctru cta nhiéu nha
khoa hoc trong nuéc ciing nhu nudc ngoai, két qua da dat duoc nhiing két
qua kha quan va ¢ nhiéu tmg dung trong k¥ thuat va doi séng.

Véi két cdu vo hay dng chiu tai trong di dong noi chung 1a vin dé
kha phuc tap, dén nay van con it cong bd. Eldalil, K. M. S., Baz, A. M., &
Tawfik, M. [47] tap trung phan tich dao dong va 6n dinh cta két cau vo
try chiu tai trong di dong lam co sé cho viéc diéu khién dao dong cua hé
bang phuong phép tang cting vat lidu boi hoa chét, budc dau da dat duoc

mot sd két qua dang ké. Nghién ciru dong luc hoc cua dng dan bang vat
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liéu dang hudng chiu tai trong dang ap suat di dong da dugc cac tac gia
Saranjam, B., Bakhshandeh, K., & Kadivar, M. H. [25], Bakhshandeh, K.,
& Saranjam, B. [45], Pecinka, L. and Krasny, I. [50] tap trung giai
quyét. Cac tac gia da phan tich anh hudng cua cic tham s chiéu dai,
chiéu day va duodng kinh dén dap Gmg dong luc hoc cua 6ng. Sili, 1. Y.
[36] tinh toan sé va co6 dugc mot sd két qua vé trudng Gmg suit, bién
dang tai mit cit bat ky khi nghién ctru tng xir ctia dng composite chiu ap

suat tinh tac dung déu 1én mait trong 6ng.

Hinh 1.6. Ong composite 16p

Casamichele, P., Maugeri, M. and Motta, E. [61] st dung phuong
phap giai tich thiét 1ap cac quan hé tng xir phi tuyén cua 6ng dan trong
nén dan hoi chiu ap luc tinh phan bd phia ngoai éng, trong d6 nén dugc
thay thé bai hé 10 xo. Zhang, Y. L., Gorman, D. G., & Reese, J. M. [73]
nghién cau dao dong cua 6ng chiu tac dung cua &p suat di dong, trong do
st dung md hinh phan tir ddm mit cat vanh khan, mdi nat 2 bac tu do dé

thiét 1ap cac quan hé tng xu cua ng.
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Yo(1) I

a) M6 hinh éng chju tdi trong di dong va lién két

m @ Pin m

ith element W.

i thnode j+1 th node

b) M6 hinh phdn tiz dam mé phdng éng
Hinh 1.7. Ong chiu tai trong di d6ng va mé hinh PTHH
Acharya, S. [67] st dung phuong phap PTHH tinh toan va moé

phong s6 qua trinh chay cta chat 1ong trong 6ng. Trong nghién ciru, tac
gia d3 xem xét anh hudng cua téc d6 dong chay, kich thuée dng, tinh
chét can, ... dén Gmg xur co hoc cuia ong. Lee, H. [35] nghién ctru ung
xtr ciia dng dan trong nén chiu tac dung cua tai trong trén bé mit nén,
trong d6 cac quan hé tng xtr dugc thiét 1ap trén mé hinh 3D va tinh sé
v6i cac kich thudc dng din khac nhau bang phan mém ABAQUS. Ciing
stt dyng mo hinh tinh 3D va phan mém ABAQUS, nhom tac gia Neya,
B.N., Ardeshir, M.A., Delavar, A.A., Bakhsh, M.Z.R. [24] 43 mo
phong thanh coéng bai toan 6ng din trong nén dan hoi chiu tac dung cia

tai trong di dong trén bé mit nén mo ta phuong tién giao thong di
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chuyén. Trong nghién ciru, cac tac gia di c6 dugc mot sé két qua so thé
hién sy phu thudc cta cac gia trj tng suat 16n nhat trong 6ng véi hudng
di chuyén va toc do cia tai trong di dong. Str dung phuong phap ban
giai tich voi mé hinh chuyén vi bac nhat, Ghannad, M., & Nejad, M. Z.
[55] phén tich tng xtr dan hoi cho bai toan ong chiu ap luc trong va
ngoai, trong céc tinh toan sb cac tac gia da so sanh két qua gitta phuong
phap giai tich v&i phwong phap PTHH dé danh gia wu diém cua tung
phuong phap ap dung. Azarpazhoo, S. A., & Kazemi, S. R. [68] su
dung 1y thuyét chuyén vi bac 3 va phuong phap PTHH dé thiét l1ap cac
phuong trinh nham phan tich dong luc hoc 6ng dan vat liéu di hudng,
chiu tac dung cua ap suét tinh di dong trong dng. Két qua cé duge cac
dap tmg chuyén vi hudng kinh cua éng theo thdi gian va chung dugc so
sanh gilra cac phuong phap PTHH, phuong phép giai tich v&i cac md
hinh chuyén vi: bac nhét va bac ba.

M.Xia , H. Takayanagi ,K. Kemmochi [58] phan tich dong hoc cua
6ng composite nhiéu 16p dudi tac dung ap suat bén trong. A.H.Sofiyev [19]
dua trén 1y thuyét vo try, phan tich dap tmg dong luc hoc cua vo tru FGM
dudi tac dung cua tai trong di dong, trong nghién ctru da xét anh huong cua
hé sb dong hoc, ti s6 ban kinh va chiéu day vo try va van tde toi han dén
dap ung dong vo tru dudi tac dung tai trong di dong. A.R. de Faria [22] su
dung phuong phap phan tr hitu han phén tich dap tng dong luc hoc cua

panel tru dudi tac dung tai trong di dong, cac tac gia da khao sat anh hudng
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ctia do cong panel tru, van téc di chuyén va khéi luong cua tai trong dén
dap tng dong cua vo.

G.G. Sheng, X. Wang [33] dua trén 1y thuyét bién dang cat bac ba,
nghién ctru ing xu dong luc hoc cua vo tru FGM vaéi cac 16p PZT dudi tac
dung tai trong di dong. Nghién ctru di ¢ duoc phuong trinh xap xi thé
hién quan hé gitta van tdc t¢i han va tan s dao dong riéng, quan h¢ gitra
chuyén vi va dép tmg cam bién cta vo try, tir d6 gilp ich trong viéc tng
dung va thiét ké cic cdu tric cam bién thong minh (Smart sensory
structures).

M. Bouhafs, Z. Sereir, A. Chateauneuf [54] phan tich xac suat cua dap
tmg dong luc hoc cua dng tru day dudi tic dung ap suat bén trong. Trong
d6 phuong phap Monte Carlo dd dugc sir dung dé phan tich bai toan, két
qua nghién ctru cho thiy d6 day va sy thay doi ap sudt bén trong dng 1a cac
yéu t6 chinh 1am anh hudng dén trudng ng suit va bién dang cia éng.

Péi véi cac cong trinh trong nudc, viéc nghién ctru vé tai trong di
dong va tinh toan két cau chiu tai trong di dong dugc bit dau cham hon. Tur
nhitng ndm 1980 trd lai day, ddc bict tor khi cong nghé may tinh dién tir
phat trién, cac nha khoa hoc Viét Nam da chu v dén van dé nay. Theo
huéng nghién ctru nay, tac gia Pd Xuan Tho [11] di nghién ctru, tinh toan
két cAu dam chiu tai trong di dong, v41 quan ni¢m vat thé di dong la vat ran
tuyét dbi, lién két voi dam thong qua phan tir dan hoi va phan tir can nhét

mac song song, tac gid dua ra 2 mo hinh, mo hinh thtr nhat cling gdm mot
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dam lién tuc twa trén cac gbi d& dan hoi tuyén tinh, mé hinh tha 2 1a dam
tua trén cac gdi dd phi tuyén dang Duffing.

Viéc tmg dung phuong phap PTHH ddi véi két cau hé thanh chiu tac
dung cia mot ) dang tai trong di dong khac nhau dugc cac tac gia & Hoc
vién K§ thuat quan sy: Hoang Xuan Luong, D6 Anh Cuong, Nguyén Thai
Chung va Ta Hiru Vinh [4], [5], [17] tap trung nghién ctru, trong d6 da xay
dung thuat toan PTHH va cdc chuong trinh mé phdéng dao dong cua hé
thanh dam chiu tac dung ctia cic dang tai trong di dong, nhu: khdi luong di
dong, hé dao dong di dong, tac dung déng tho1 cua tai trong di dong va luc
khi dong, tai trong di dong va dong dat.

Lé Ngoc Ly [8] da xay dung thuat toan PTHH va chuong trinh may
tinh phan tich dong luc hoc két cau tAm mong trén cac lién két cung tuyét
d6i va lién két dan hoi tuyén tinh chiu tic dung cta hai mé hinh tai trong di
dong: khdi luong di dong va hé dao dong di dong. Khao sat anh hudng cua
mot sb yéu td nhu: vat liéu két cau, tinh chét cua tai trong, thong s6 hinh
hoc cua két ciu, tinh chét cua lién két, v.v dén dic trung dao dong cua tAm.

Bui Tién Cudng [6] da xay dung bai toan 6n dinh cua tim, vo tru
composite 16p c6 tinh dén yéu t6 phi tuyén hinh hoc dudi tac dung cua tai
trong dong dugc mé ta bang phwong trinh vi phan chuyén dong phi tuyén phu
thudc thoi gian. Tac gia di ung dung phuong phap phan tir hitu han dé xay
dung cic ma trin phan tir tim phang composite st dung tinh cho vé tru thoai,

thiét 1ap thuat toan va chuong trinh giai bai toan on dinh tinh, 6n dinh dong
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cua vo tru thoai composite 16p vaoi cac dang tai trong khac nhau. Khao sat anh
huong ciia mot $6 yéu td hinh hoc va vat liéu caa vo composite 16p, anh
huong cua bién dd tai trong, tan sb tai trong, hé sb can va 15 khoét dén kha
nang 6n dinh cta vo tru composite 1p.

Nguyén Chién Ham [7] d4 nghién cru anh huéng cia tai trong xung
nhiét dén do bén ctia ng phong composite cot soi sir dung trong cac td hop
phong loat, tic gia di giai quyét dugc bai toan nhiét dan hoi tuyén tinh tng
dung cho két cAu dic trung dang 6ng tru bé‘mg vat li¢u khong thuan nhét,
bat dang hudng va chiu tai xung, nhiét dong thoi.

Lé Tan [9] da st dung phuong phap phan tir hitu han dé nghién ctru sy
tuong tac gitta két cAu dng din va nén san ho dudi tic dung dong thoi cua
cac dang ap luc trong éng va séng xung kich do nd gay ra. Tac gia khao sat
cac yéu td hinh hoc, tai trong, vat Iy cta éng din va nén dén su lam viéc
ctia 6ng dan trong nén san ho.

Nhin chung, bai toan éng dan chiu tac dung cia tai trong dang ap sudt
di dong 1a kha pho bién va két qua nghién ctiru vé né dén nay con han ché,
mot sd nghién ctru chi yéu tap trung vao 2 dang bai toan: ap suét tinh va &p
sudt co gia tri khong doi di chuyén doc 6ng hodc di chuyén trén bé mit nén
bao quanh dng. Bén canh d6, md hinh tinh don gian hodc sir dung phan
mém dé mé phong dang dugc sir dung phd bién, cho nén két qua nghién
ctru c6 dugc hodc la chua that chinh xac (do m6 hinh tinh don gian) hoac la

c6 két qua da dang nhung khong c6 thuat toan tuong minh va ciing khé lam
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cht phuong phép tinh (sitr dung phan mém dé mo phong sd). Do d6, nghién
ctru bai toan 6ng dan chiu tac dung cia tai trong dang ap suat di dong voi
cac diéu kién tai trong, lién két, vat liéu khac nhau 1a van dé rat c6 Vv nghia
hién nay nd phuc vu cho ca phat trién kinh té xa hoi va quc phong - an
ninh.

1.4. Két qua nghién ciru dat dwoc tir cic cong trinh di cong bd

Qua nghién ctru, phan tich cic cong trinh dd cong bd cua cac tac gia
trong nudc va nudc ngoai, co thé nhan thiy cac két qua chinh ma cac cong
trinh nghién ctru trén da dat duoc la:

- Bai toan tinh va dong luc hoc ctia 6ng dan chiu tic dung cua tai
trong khong thay doi vi tri da dugec mot sd tac gia trong nudc va nudc
ngoai tap trung nghién ctru, phuong phap sir dung chu yéu 1a phuwong phap
PTHH, diéu kién lién két 13 lién két cing va 6ng nam trong nén dan hoi.

- Céc két cau vo tru kin, dudng 6ng chiu tic dung cua ap suat di dong
budc dau di dugc cht ¥y nghién ctru, song mo hinh tinh, diéu kién lién két
con don gian, vat liéu chil yéu 1a dang hudng va két qua dat dugc chua
nhiéu, thuat toan va chuong trinh tinh van 1a nhiing 4n s6. Bdi voi 6ng dan
lam bang vat liéu composite nam trong nén dan hdi chiu tac dung cia ap
sudt di dong, trong d6 str dung mé hinh phan tir vo cong dé mé phong hinh
hoc ctia dng va cudng do ap suit thay dbi theo thoi gian 14 nhitng van dé
dén nay con rat it nghién ctru. Ngoai ra, két qua nghién ctru thuyc nghiém

doi voi bai toan dang nay con rat han che, chu yéu 1la mot so6 két qua thi
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nghiém tinh ddi voi éng chiu ap suat trong hodc 4p suat phan bd trén thanh
ong.
1.5. Cac van dé can tiép tuc nghién ciru

- Nghién ctru xdy dung mé hinh, phuong phap tinh todn dé phan tich
dong luc hoc két cau 6ng tru lam b::ing cac loai vat liéu khac nhau (déng
huéng, di hudng, FGM, composite ap dién) trong cac diéu kién lién két
kh&c nhau (twa ctng, tua dan hoi, ndm trong nén bién dang) chiu tac dung
cua tai trong di dong nhu khoi luong di dong, h¢ dao dong di dong, ap sut
di dong tac dung truc tiép 1én dng hodc trén bé mat nén bao quanh ong.

- Tinh toan 6ng tru trong nén dan hoi phi tuyén, dan nhdt chiu tac
dung cta ap suat di dong theo mo hinh 3D, trong d6 c6 xét dén tinh twong
tac gilta 6ng va nén.

- Nghién ctru thuc nghiém trén két cdu 6ng tru 1am bang vat lidu dang
huéng, composite, co tinh bién thién véi cac diéu kién lién két khac nhau
(lién két cung, dan hoi, trong méi trudng dan hoi, trong mdi truong nude,

vV) chiu tac dung cua tai trong nhu: khoi luong, ap sut di dong.
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Két luén chwong 1

Tinh toan két cau ong tru chiu tic dung ctia ap suét di dong c6 nhu
cau cao va ngay cang duoc tng dung nhiéu trong cac linh vuc k¥ thuat,
song két qua dat dugc van con han ché, viée nghién ctru thyc nghiém
dbi v6i cac két cau dng chiu tic dung cua ap suit di dong con it két
qua.

Vi vy, van dé “Nghién ciru tinh todn éng tru composite chiu tac
dung ciia dp sudt di dpng” dugc tac gia chon 1am ndi dung nghién ctru cia
luan 4n, trong d6 tap trung giai quyét cic ndi dung chinh sau:

- Trinh bay tong quan vé vat liéu composite, tmg dung ctia nd trong
thue tién. Tong quan vé ap suit di dong, cac mo hinh tai trong dang ap suét
di dong, 1am co s& cho viéc lva chon ndi dung, phuong phép giai quyét van
dé cta luan an dit ra.

- Xay dung thuat toan PTHH va chuong trinh may tinh phéan tich phi
tuyén dong luc hoc 6ng tru composite dit trong nén dan hdéi mot hé sb theo
mo hinh nén Winkler chiu tac dung cua éap suét di dong, trong d6 cuong do
clia ap suat khong doi hodc thay doi theo thoi gian.

- Nghién ciru mo phong s6 xem xét anh hudng cua cac yéu to: vat lidu
két cAu, tinh chét cta tai trong, thong s6 hinh hoc ctia két ciu, tinh chat cua
lién két,... dén dap ung dong luc hoc phi tuyén cua dng tru composite.

- Nghién ctru thyc nghiém xac dinh dép ting bién dang, gia toc cua két
cau 6ng tru composite dat trén cac lién két dan hoi va lién két cimg chiu tac
dung cua ap sudt di dong. Két qua thi nghiém la mdt trong céc co sd cho viéc
kiém tra d tin cdy cta chuong trinh tinh do tac gia xay dung trong chuong 2

cua luan an.
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CHUONG 2
PHAN TiCH PHI TUYEN PONG LUC HQC ONG TRU

COMPOSITE CHIU TAC DUNG CUA AP SUAT DI PONG
2.1. Pit van dé

Tu cac nd1 dung va muc ti€u dat ra trong chuong 1, & chuong nay tac
gia xay dung thuat toan phan tir hitu han (PTHH), chuong trinh may tinh
nham phan tich phi tuyén dong luc hoc dng tru composite 16p dit trong nén
dan hoi mot hé sb, chiu tac dung cua ap suét di dong doc theo truc 6ng. Voi
thuat toan, chuong trinh tinh 1ap duogc co thé giai bai toan vdi cac loai lién
két khac (ctmg, dan hoi) mot cach thuan loi va dam bao do tin cdy.
2.2. it bai toan, cac gia thiét

Ong tru composite chiéu dai L, duong kinh ngodi D, chiéu day h. Ti sb
L/D > 3 thi éng duoc xem 1a 6ng dai [ 25], [45]. Ong dit trong nén dan hoi
v6i mo hinh Winkler ¢6 hé s6 nén ko, chiu ap suét p(t) phan bd déu theo chu
vi & bén trong 6ng va di chuyén doc truc éng véi vén toc v (Hinh 2.1). Ong
tru dugc mo hinh hoé béi cac phan tir vo cong.

Mo hinh bai toan duge xay dung trén co sé cac gia thiét:

- Ong tru composite 16p vai vat lidu cac 10p dan hoi tuyén tinh, cac 16p

dong phuong va bam dinh 1y tudng voi nhau;
- Tai mdi thoi diém, ap suat p(t) phan bd déu va lién tuc dén mot
mat cat ngang trong 6ng;

- Kich thudc chiéu day 6ng thoa man 1y thuyét Reissner - Mindlin.
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b. [ Nén dan héi f)ng Composite
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Hinh 2.1. M6 hinh éng tru composite 16p dit trong nén dan hdi chiu tac dung
ap suét di dong
2.3. Quan hé wng xir co hoc ciia phan tir vé cong md phéng ong
composite 1op
Xét dng tru composite gdm n 16p, cac 16p composite dong phuong, dit
trong h¢ truc toa do téng thé (x,y,z), dugc roi rac hda boi hitu han cac phf?m

tr vo cong 4 diém nat, mdi nut c6 6 bac tu do (uj, Vi, Wi, O, 0,5 0:)

nam trong hé toa do cuc bd (£1,6,,8), trong d6 mat (£,E,) tring voi mat

trung binh cua phan tr - Hinh 2.2.

Hinh 2.2. M6 hinh phan tt hitu han ctia éng tru composite va phan tir vé cong
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2.3.1. Quan hé bién dang va chuyén vi

Su dung ly thuyét bién dang truot bac nhét, chuyén vi tai mot diém co
toa d0 (£1,E,,E) thudc phan tir vo, ¢ thoi diém t duge biéu dién nhu sau
[12], [63]:

U(&,&2,8t)=Ug (&, &2, t) +E6., (&1,Ex:1),
V(EEp 8 L) = Vo(§17§2’t)—§6’g1 (&1:&ait), (2.1)
(él’izl‘i’t) =Wo(§1,§2,t),
trong d6: u, v va w twong tmg 1a chuyén vi dai doc theo céc truc &;, &, va &;
Uo, Vo VA W tuong Gmg 1 chuyén vi dai doc theo cac truc &, &, & cua diém
trén mat trung binh (§ = 0); 6z, 0z 1an luot 14 goc xoay cua phap tuyén mit
cit ctia vo theo cdc truc &; VA &5 .
Quan hé giita cac thanh phan vecto bién dang véi cac thanh phan

chuyén vi (2.1) tuan theo biéu thuc [12], [26], [64]:

au 1(6w}2 ou, 9. 1[6W0J2 au, 1(6W0]2
g, =—+— = +& —| —= +Ek, +=| — | ,
5 oe, 2o ) og Cee 2| o aal 57 2| o,

ov 1ow) ov, .90, w, 1fow,)
€ =—+ﬂ+—( ]: U °+—( 0]

% oe, R 2\og,| o€, "o, R o€,
2
:%4_&](& +%+E(%) ’ (223)
g, = R 2|,
, :(au+avj oW ow Lauuavo]+§ 0, 0. aw, ow,
w2 o, o) og g, |0, o &, o ) o o,

(8% ov, J | oW, ow,
= Ex —0 9
o€, O&, G o€, OE,
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&'’

Y
g o, ok,

&'

(2.2b)

voi: d& = dx, d&, =dy/cosa,, d& = dz, a; - goc hop béi tiép tuyén truc &, va

trucy.

Hodc viét lai (2.2a) dudi dang ma tran:

23
&g,

Yee,

Hay:

VOI:

9 5 0o 2
08, 0007,

0 i{“0}+ool 0bre-—L o
3, | Lvo R (], o€,
R 00 0™ 1 o o

| 08 0 | 98
Mo
0&
_|_1 0 %
2 o8,
Wo oWy
08, 0 |
_ N e 0 _ r N 3
g &g Ke, 23
_ 0 N
1€, =1 &g, >+ &4 Kz, b+ 3 €, (1
0 N
Vag ) |Vee, ) Mat) (Ve |

(2.3)

(2.4)
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0 : i
e | | % 2 i 00 (1) 0
e, t=| 0 — [ °t+|0 0 = [0 ={e),
2 0%, || Vo R W
(0]
Yee, G 00 0t°
| 0E, O&; |
.
- {K o }T: 0, 00, (_ae§1+ae§2) |
R A og,  oE, 0, 0
ow i
e €, 0
=20 Mo |y o)
N 0%, || 0
Vag ow, o, |08,
og, 0 |
bat
o O_ . ] .
o€, OF, 0 0 0]
0 0 1
[Ds]: 0 a_gz y [DK]:(E’ —E O ’[DR]: O O E y
2
S NS 00 0]
_8§2 agl_ L 5&1 agz_
ow : i
3, 2
oW 0&,
A(w)|=| 0 =2 {D,!=
ow, - oW, 0z
| 08, 0g |

Do d6, codng thire (2.3) duoc viét lai:
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€ 0
1 u el 1
[Ds]{v°}+[DR]{ 0 } [DK]{J }+§[A<w>J{DN}wo -
0 w %2 (2.5)
Yﬁliz 0
={g°}+§{K}+{8N}={8k';}+{8N}={8b}.
Va cong thire (2.2b) ciing dugc viét lai:
v _ai 0 1_ W, W,
{%} - 0. t=[{D} -ILI]{0, +={c} (26)
Vet i -1 0||g 0
_8&2 i & &

trong do:
.
0 0 0 -1
{DN}_{G_él 8_§2} ’[Is]_|:1 0}'
Tt (2.5) va (2.6) ta c6 quan hé bién dang - chuyén vi:
1 _

{eo}={es}+{e"} =[ [D5]+~| D" (w)]j{u}, (27)

{&.}=[D; Hu}, (2.8)
trong do: {SIQ } 2{80} + Q{K} la vecto bién dang tuyén tinh,

{e"} la vecto bién dang phi tuyén,

[Dy1=[[D.] {D:} [D.]]. [DN(W)]{[O] [A(w)]{Dy} [01},

3x2

{DR}:{O : o} ,[DSJ{[OJ D —[ls]},

2x2

{G}:{u0 Vo Wy 6 eéz}T.
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H¢ thire (2.2) duoc viét lai nhu sau:

’ e, X
&, L N
_fl_a_%_ (e} (e ] (2.9)
€28
[ Vet |

2.3.2. Quan hé vrng sudt va bién dang
Theo dinh luit Hook, gia thiét bo qua tng suét phap theo phuong truc
€ (oz=0). Quan h¢ ung suat - bién dang cua 16p thir k trong h¢ toa dd cuc

bd duogc xac dinh nhu sau [6], [14], [15]:

K = — — (k) (k)
O, 911 912 916 23
O, = 912 922 926 €, : (2.10a)
Tege, QlG Q26 Q66 Teg,

) = = qK (k)
et :{944 945} {y‘“ﬁ@} , (2.10b)
Télé Q45 Q55 y§1§

Biéu thirc (2.10) c6 thé viét lai:
——(k

(o} =[Q]" (e}, (2.11)

trong do:

] [
o [0

: ma tran h¢ s6 d¢ cirng udn cua lop k.

Q]
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= & & W
Qu Qi Qu

[Qb](k) =/Q, Q, Q, | :matrdnhé s6 d6 ctrng mang cua 16p k;

QlG (_926 (_966

®)
—~ (k) A A~ A A /4 z 9 r /4
[QS} = {944 945} : ma tran hé so do ciig cat cua 16p thu k.

Q45 Q55

=Q,; c0s* y +2(Qy, +2Qq )sin® ycos® y +Q,, sin vy,

=(Qu; +Q,, — Qg )sin® yeos® y+Q,, (sin4 v + cos* \|/),

2 = Qusin® y+2(Q,, +2Qg )sin® ycos® y + Q,, cos* v,

=(Qu — Q- 2Q66)5in\lf0053 Y +(Q12 —Qy + 2Q66)Sin3 Y COS vy,

(
( —Qq, - ZQee)Sin3 \VCOS\IH‘(le -Q,, + 2Q66)Sin\|fC033 v,
o =

Qu +Qp —2Q;, — 2Qq )sin® ycos” y + Qg (sin4 v + cos* \p),
1 ) — 1 )
;(sz C,;)sin® y + Cq; cOS° ;

(2.12)

vé6i: Q;j va Cj 1a cac hang s6 do cimg ciia vat liéu composite 16p sgi dong

phuong, dugc xac dinh tir mé dun k¥ thuat theo cac biéu thire sau:

Q= _ B Q, = VB, ValBy
1=vipvy 1=vpvy  1=vivy
E
Qp =7—"— Qg =Gy,
1=vipvy (2.13)
_1-vigvy '

Vos + V.V
. 23 21V13 . _
22— ’Czs -7 — = . C44 st'Css _613’

E.E,A E,E,A
A= 1= Vi5Vp1 = VpsVap = VigVay — 2V VgVig
E,E,E;
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& day: y - goc léch phuong cbt va truc &;; E;, Gjj va vjj 1a cac mé dun k§

thuat vat liéu.

\
¢
h,
. % _ 4%“, _
1' 1 h, h,
\

Hinh 2.3. So d6 phan tir vo composite 16p

2.3.3. Cdc thanh phan néi lyc

Trén mat cét phﬁn ttr tOn tai luc mang, luc cit, md men ubn va xoin,
chung duoc xac dinh nhu sau [14],[15], [63]:
a. Luc mang:

Luc mang dugc xac dinh theo cong thure sau:

N (k)
& n M | Oy
(N =i N (=D [{o, b a
k=1
N§1§2 Mo \TéléZ
. . - \(k) (214)

no Nk Q11 Q12 Q16 23

= I Qi Qn Qu €, dg,

'HL Q16 Qze Q66 \yéléz )
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voi: N, ,N, ,N, . lan luot 1 cac thanh phan lyc mang phan b theo phuong

€1, & va mit phang &,&,.
b. M6 men uén va xodn:

M6 men udn va xoan duoc xac dinh theo cong thirc:

(k) (k)

M, a h | O
Mi=im, b = [ oy |
k=1
Mélﬁtaz = T§1§2

" (2.15)

n k Q11 (:312 (:216 &g,
Q1 922 (_226 €, gde,
k=1 hk 1|[ Qs Qzx Qs Ve,

voi: M, , M, Va M, tuong ung la cac thanh phan mé men udn va md

men xoan phan bo theo chiu dai.
c. Luc cat:

Luc cit duoge xac dinh theo cong thirc:

Q10 @ Mg ¥
Qf= i = ks i dg
{ } {le } kzll h-k..l {T§1§ }

n hk = = Y (k)
- Yk, J’ {{944 945}{ éziH dz
=R Qs Qss Ve

v6i: ks 1a hé s6 hiéu chinh Gng suit cat; Q:,, Q;, la cdc thanh phan luc cat

(2.16)

phan bb theo chiéu dai.
Trong tinh toan, dé c6 cac thanh ph::in ung suét cat dat do chinh xac

cao so v6i 1oi giai cua 1y thuyét dan hoi, ngudi ta phai sir dung thém hé sb
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hi¢u chinh trng suét cat ke, ching phu thudc vao tirng loai vat liu va tung
quan diém, trong luan 4n tac gia chon ks = 5/6 dé tinh toan [14], [59].
Truong ndi luc trong vo composite duoc xac dinh boi cong thire [14]:
(N} [[A] [B] [O] |[{z}

Mjr=|[B] [D] [O]] ik} (2.17)
Qi) Lol [o] [H]]lte

trong do:
All AlZ AlG Bll BlZ BlG
[Al=| A, A, Ay |[B]=[By, B, Byl (2.18)
A16 A26 A66 Bl6 BZG 866
D,,
Dy, 16 Hy Hie
[D] D, D, Dy i [H]= ; (2.19)
H45 H55
Dig Dy Dg

& day: {N} 1a vecto luc mang; {M} 1a vecto moé men ubn — xoan; {Q} la
vecto luc cat; [A] 12 ma tran do cing mang; [D] 12 ma tran d6 ctng udn;
[B] 14 ma tran twong tic mang — udn — xodn; [H] 1a ma tran d6 cimg cit.

Cac phan tir cua ching dugc xac dinh nhu sau:

[Qb]k (hk_ hk—l);il J :112’6

ZF
I
M=

k=1
1o~ Gk .
B, =>2[ Qs | (h-hi.)iij=126
“ (2.20)
1 n - _k 3 3 Lo
Dij:_Z[Qb (hk_hk—l)’le:112’6
ia- -
53 -~ .
Hij:ng[Qs_ (h—=he )i j=4.5
=1

T . _A ‘
{e,} = {8&1 € 8%2} la vecto bién dang mang.
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T n . , . £
{x}= {Kgl Ke, Kalaz} la vecto @0 cong ctia vo chiu uon.

T 14 r
{e.}=1¢ € la vecto bién dang cat cua mat trung binh.
s gy e, g g

2.4. Thiét 1ap phwong trinh vi phan dao dong phi tuyén ciia phan ti
v6 trong nén dan hoi chiu ap suat di dong

Dé thiét 1ap phuong trinh dao dong cua phan tir vo trong nén dan hoi
chiu ap suét di dong, trudc hét ta thiét 1ap phuong trinh dao dong ciia phan
tir vo chiu tac dung cta tai trong dong, tiép do xay dung vecto tai trong nut
ctia phan tir vo trong nén dan hoi chiu ap suat di dong. Cac yéu to ciia nén
dan hoi, ap suat di dong sé tham gia vao phuong trinh chung ctia phan tir tir
dai luogng nay.

2.4.1. Phwong trinh vi phan dao ddng phi tuyén ciia phan tir vé

Xét két chu 6ng tru composite dugc md hinh hoa bdi hitu han cac
phan tir vo cong tir giac ddng tham sé 4 diém ndt, mdi ndt c¢6 6 bac ty do

(ui, vi, w;, %i , 6§2i , Gai) nhu hinh 2.2. Phan tir nay do Kanok- Nukulchai

dé xuat, dugc xdy dung tir phan tir khoi co sir dung 1y thuyét Kirchhoff-
Love va gia thiét Mindlin. Tinh chat cong ctia phan tir duogc thé hién qua
tham s ban kinh vo cong R, goc md phan tir © va ma tran cosin chi
phuong ctia cac phan tir.

Ky higu (xyz) 14 hé toa d9 tong thé vai cac vecto don vi €,8&,,8,, con
(£1,€2,) 1a hé toa do cuc bd véi cac vecto don vi T, ], K.
2.4.1.1. Ham dang N;

Ham dang N; ctia phan tir vo cong tir giac dong tham sé 4 n{t trong hé

toa dd tu nhién (1,s) c6 dang [1]:
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N, :%(1+r.ri)(1+s.si) (2.21)

trong do: (rj, i) 1a gia tri toa do tu nhién tai nut i, i =1+4: nat 1 1a (-1, -1);
nat2 la (1, -1); nat 31a (1, 1); nat 4 la (-1, 1).
Thay cac gia tri toa do ntt (rj, Sj) tai cac nut i trong hé toa do tu nhién
vao (2.21) ta duwoc Ham dang N; c6 dang:
1 1
N;==(1-r)(1-s), Ny ==(1+r)(1-5s),
i f (2.22)
N, :Z(1+ r)(1+s), N, :Z(l_ r)(1+s),
Dao ham cua cac ham dang theo cac bién ty nhién (r,s) duogc biéu dién
thong qua cac dao ham theo céc bién &;, & nhu sau:

N Tog, ag][aN)  [aN
o o |lo 0
or _ or or E.>1 [J] &1

(2.23)

oN [T ag ag, ||oN, N,

0s L 0s  0s 1| 0E, 0g,

%5 %
véi: [3]= or o :F” J“}- ma tran Jacobi

%G 5| a Jp
os 0s

N,

86Nr - dao ham riéng ham dang theo (T, S).

o

Tt day ta nhan duoc:
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N (e, N,
IR B R B (224)
% a& J21 J22 %
| 08, oS oS

2.4.1.2. Chuyén vi cia 1 diém trong phan tir:
Vecto chuyén vi ciia 1 diém bat ky trong phan tu:

{up={u v w}T (2.25)
Vecto chuyén vi va goc xoay tai diém bat ky trén mat trung binh:
. T
{u} = {uo Vo W, O eéz} (2.26)

Tur (2.1) ta c6 quan hé 2 vecto chuyén vi {u} va {U}:

100 0 ¢
{uf=[0 1 0 -&¢ of{a}=[L,]{a} (2.27)
001 00

voi: Lg 1a ma tran ¢ (3x6) trong (2.27).
Khi chua ké dén bac tu do xodn 0, , vecto chuyén vi tai n(t thir i cua
phan ttr 1a;
T o .
{a}, = {Um Vo Wy 6, eaﬂ} voii=1+4 (2.28)
Vecto chuyén vi ctia phan tir ¢6 kich thude 20x1:

{0} = {0} {0} {a} o))" (2.29)

Suy ra chuyén vi ctia mot diém bat ky trén mat trung binh thudc phan

tor dugc bi€u dién theo ham dang va vecto chuyén vi ntt nhu sau:
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{a}=[Ny]{a%}, (2.30)
trong do: [N, ] 12 cac ma trdn ham dang va c6 cau tric nhu sau:

[Ny ]=[Ny[Is] Ny[1s] Na[Is5] Ng[ls]], (2.31)
véi: [Is] 1a ma tran don vi kich thudc 5x5.
2.4.1.3. Toa d¢ ciia diém bat ky trong phan ti:
Trong hé¢ toa do cuc by, toa do (&1, &y, &) tai diém bat ky trong phén t
c6 thé biéu dién thong qua ham dang N; , toa do cc niit ciia phan tir trong

hé toa do (E4i, &, &) va chiéu day vo tai cac nut i, voi i = 1+4 [1], [38]:

2;1 4 &1i 1 I3i
&= Nii1&y +§t.hi my, (2.32)
g i=1 ai n3i

trong do: h; 1a chiéu day ph::in tir tai nuat i; ls;, Ms;, N3j 1a cosin chi phuong
cua vecto phap tuyén don vi Kk tai nat i trong hé toa do cuc bo.
2.4.1.4. Ma trdn ma trgn cosin chi phwong ciia phan ti:

Ma tran cosin chi phuong giita hé toa d¢ tong thé (&,€,,8,) va hé toa

e
I

do cuc bo (1, J,K) ¢6 dang:

, 1, cos(€,, i) Cos(,,i) cos(E,, i)
[L]: ml m2 m3 = COS(él,]) COS(§2’]) COS(é3,]) (233)

N, N, Ny |cos(e,k) cos(E, k) cos(E,K)

Céc cosin chi phuong tai diém bat ky trén mit trung binh cta phan tir

theo cac bién trong h¢ toa do ty nhién (r,s) dugc xac dinh nhu sau:
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Cosin chi phuong cia vecto phap tuyén g,tai diém bat ky co toa do

(r,s) duge xac dinh bang cong thirc:

& &
or oS
or 0S
| ot ot
, v vs
g=im,y = o 1B ey (2.34)

0 P e I
(rs) or s
or oS
a8 a8

or (rs) oS (rs)

e
I

Viét du6i dang dinh thirc ma trdn voi cac vecto don vi i, j,K trong hé

toa do cuc bo:

i j k
% & %:(&%_%%)TJr(%%_%%)]_F(%%_%%)R

é =
S“lor or or| “oros or os or és  or s o os  or 05
& 05 48
os o0s OS
=a,i + b, +CK (2.35)

Céc thanh phan cua vecto €; hay cac cosin chi phuong cta n6 trong hé
toa do cuc bo dugc xac dinh bang cong thic:

ds . b,

_ C3

\Jas + b5 +c JaZ+b+c a3 +b3 +c3

(2.36)
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Cosin chi phuong ctia vecto phap tuyén g, dugc xac dinh bang tich co

hudng cua vec to €;va vec to dao ham theo bién r tai tAm phan ti (r = s = 0):

%) |
|2 |3 or
6, =im, | = L m,l % (2.37)
) r
N2 rs) % Nslesy | o
' |3 or ' _E-»
m, X a(;t’z L or (r,s)J
r
Nslie | e
L or (0.0)

Viét duéi dang dinh thircc ma trin véi cac vec to don vi i, j,K trong hé
toa do cuc bo:

i j k
éZ: |3 m3 r]3 :(m3%_n3%)7+(nsﬁ_|36_)]+(|3%_m3%)R
or or or or or or
9 05, 05
or or or

=a,i +b,]+C,k (2.38)
Cac thanh phan cua vecto €, hay céac cosin chi phuong ctua n6 trong hé

toa do cuc bd dugc xac dinh bang cong thirc:

d,

b c
l, = 2 2 2 My = 2 22 2 N2 = 2 22 2 (2.39)
«/a2+b2+cz a/a2+b2+c2 a,+bs+c5

Cosin chi phuong cua vecto phap tuyén &, dugc xac dinh bang tich c6

hudng cua vec to €, va vec to €;:
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€ =1m, =4m, X< M, (2.40)
My M2y Mgy
I

Viét duéi dang dinh thirc ma tran véi cac vec to don vi i, j,K trong hé

toa do cuc bo:

T T
g =, m, n, :(mzﬂe,—nzm?,)T—i-(nzla_|2n3)]+(|2m3_mzl?’)l2 (2.41)
l; m; n, |

—a,i +b,j+ck
Cac thanh phan cta vecto €, hay cac cosin chi phuong cua no6 trong hé
toa do cuc bo duoc xac dinh bﬁng cong thirc:

= 4 m, = by N, = “ (2.42)

L = _ _
1 ’ 1 ' 1
Q/af+b12+cf JaZ + b2 +¢? «/af+b12+cf

Céc cosin chi phuong (2.36), (2.39), (2.42) phu thudc bién r va s trong

hé toa do tu nhién. Khi tinh cosin chi phuong tai nut i l1ay gié tri r; Va s tai nat
i cia phan tur,
2.4.1.5. Phwong trinh vi phédn dao dong phi tuyén ciia phan tir vo:

Ap dung nguyén 1y Hamilton cho phan tir [26] ta co:

t
SI(Te —U®+ We)dt -0 (2.43)
to
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trong d6: T°—U*+W°® =H, ({qe},{qe},t) 1a ham tac dung Hamilton, T°
va U® 1a dong ning va thé nang bién dang cua phan tir, W® 1 céng ngoai luc
tac dong 1én phan ti, {qe} la vecto van téc nat phan tir.

Truong hop khong ké dén luc can, phuong trinh (2.43) dan dén:

_d ] oH, | oH,
o |ofe'] ol

] =1{0}, (2.44)

Pong ning cua phan tir duoc xac dinh theo biéu thue [1], [12]:

T =%j{u}T pluldV (2.45)
VE
trong do:
i Uy +EO,
{0} =3V =4V, —E0, :[Lé]{ﬁ} : van toc clia chat diém;
W W,

p - khoi lugng riéng vat li¢u tai vi tri ciia chat diém.

Vay dong nang cua phan tir vo c6 thé bicu dieén nhu sau:

Te=%{qe}T IP[NuJT['—a]T[Nu]['—aJdVe {qe} (2.46)

Ve

Thé ning bién dang toan phan cua phan tir [12],[26]:
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:%I {optdV+= j T{GS}dV
\1’ Ve ) - (2.47)
:Ej{ } [Qb]{gb}dv+2\!'{ s} [Qs]{ss}dv
Thay {e,}.{cs} tir (2.7 ) va (2.8) vao (2.47) ta co:
o3 1 o130} (@] ke 30V fov-
Ve (2.48)
o [y RN apev
Thay biéu thirc (2.30) vao (2.48) dan dén:
ool 3o Tadfien-de o o
(o] | 1o om0 )
trong do:
(85 ]-[o5 JIn=[[5 ] [Bh] [B%] [B5]] @50
[Blt;i]:[[Bsi] {Bri} [BKi]]’ (2.51)
[Bai]:[Dai][INi]’{BRi}:{DRi}[INi]’
CAECR AT —
[ - D][N] [[le] s2 [Bs3 [Bs4]] (2.53)

[Bsi]:[[o] = —Ni[lsﬂ,{WBi}:{DN}Ni, (2.54)
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oo -] ][] [ e
Cong ngoai luc do tai trong ngoai tac dong [26]:
wes o itcfavo Jorf {efoa o} 11 ese

e

trong do: Ae, Ve tuong tmg 1a dién tich va thé tich phan ti, {fb } - vecto luc

khoi, {fse} - vecto lyc bé mat phﬁn tu, {fce } - vecto luc tap trung phén tur.

Thay (2.46), (2.49), (2.56) vao (2.44) dan dén phuong trinh vi phin mo

ta dao dong khong can cua phﬁn tor vo trong hé toa dd cuc bo:
(M farf ke Jfor) ={fe) (257)
trong do: {qe} la vecto gia toc nut phan tir, [Me] £ 1a ma tran khoi luong

ctia phan tir, [Ke:l £ 12 ma tran do ctng ctia phan ti; {f e} e la vecto Iuc nit

cua phﬁn tor trong hé¢ toa do cuc bd do tai trong dong gay ra, chung duoc
xac dinh nhu sau:

- Ma tran khéi lugng ciia phan i

[Me:lE - J‘p[NU]T[LéT[NU][Lé]dVe’ (2.58)

pat: 1], :pl[Lé]T[Lé]da

Khido: | M° ] = [[N,]'[l,][N,]dA
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iy [, = JINGT v, s

trong do: ||J|| la dinh thirc ctia ma tran Jacobi dugc xac dinh theo (2.24).

VvO1l:

- Ma tran do cing cua phf?m tu:

K=kt [k LT

- Vecto lyc nat cia phan tir:

{fe}E=j{f;}d\/+j{f;}dA+{f;},

Ve Ae

+ Ma tran do ctng udn tuyén tinh:
; 11
€ —
[kt .= [[B5] [@u][ebJav= [[eb] [A] B Jilres
V, ~1-1
+ Ma tran do cung cit:
j [B][HI[Bs] av = j j B ][H][Bs]" |olords
-1-1

+ Ma tran do ctng udn phi tuyén:

T [Bg][B][BN]{BN]T[B][Bg]+ N
- V[H[BNT[DHB“J H

[B51[8][ 8" ]+[B" ] [B][BL1+
H{B Bl (=" Tele }Jdrds
ihel [D] "]

(2.59)

(2.60)

(2.61)

(2.62)

(2.63)



45

Khi ké dén bac ty do xodn 0. (i = 1+4), vecto chuyén vi nat ctia phan
tor c6 dang:

.

_e p— I

{q }— {Ul Vi Wy O 0, Uy vy Wy B0 0, By 0, O 9&4}
LGc ndy, ma tran khoi lugng, ma tran do cing va vecto tai trong nut

cua phan tr vo cong moi nut ¢6 6 bac tu do nhu sau:

e | (<)L ekalii] 101 T o6

24x24E [0] [Krd E’

) :_[[I\cf]] BH ’ {f}z={{f}e {0}} , (2.65)

24x24 - x20 x4 JE
trong d6: Ky - hé sd phi tuyén, nhan gia tri 1 khi tién hanh giai bai toan phi
tuyén va nhan gia tri 0 khi giai bai toan tuyén tinh. Cac thanh phan do cing

xodn quanh truc & ctia ma tran [K.:] nhan gia trj rat nho, khi xét trong tong
thé ciia ma tran (([KE] +[KQ])+ Ky [KK,])E, chiing nhdn gia tri vao

khoang 1/1000 so v&i gid tri phan tir 16n nhat trong ma tran trén. Diéu nay

co nghia 1a Kygy(i,)) = 10°xmax(K(m.n)), v6i k(mn) 13 cac phan tir ciia ma tran

([ Je[ke])knliR )

Luc nay phuong trinh dao dong cuia phan tir vo:

(] () (KT oy = {7 e
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Do ma trin d6 ctng cta phan ti | K ® tron huong trinh (2.66) chira
g p g rong p

vecto chuyén vi nat [KTE :[R({q}e)}e' nén (2.66) la phuong trinh vi
E

phan mo ta dao dong phi tuyén cta phan tur.

2.4.2. Phdn tir vé trong nén dan hoi chiu tdc dung cia dp sudt di dong
Do 6ng tru composite dugc bao boc bdi nén dan hoi, nén xét trén

phuong dién phan tir thi mdi phan tr duge xem 1a dit trong nén dan hoi.
Xét phin tir vo nim trong nén dan hdi véi mo hinh nén Winkler, chiu

tac dung cua ap suat phan bd déu di chuyén trén phan tir v6i van toe déu v,

theo chiéu truc &; (Hinh 2.4).

Phén t&t vo

Phan t nén

Hinh 2.4. M6 hinh phan tir v cong trong nén dan hdi chiu ap suét di dong
Xét phan tir bat ky tai thoi diém t. Trong trudng hop tong quét, trén
phan tir ton tai hai vang dién tich A; va A, voi A, 1a dién tich chiu 4p suit
phan bb déu theo cudng do p(t), con A, 1a dién tich ma trén d6 ap suit bang

0 (do moi chat chua di chuyén dén). Céac dién tich A;, A, xac dinh boi:
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R _[ _[ £ dode,; A, =R f _[ £ dode, (2.67)

0
Néu phan tir hoan toan nam trong ving chiu &p suat thi A,= 0. Con néu phan
tir hoan toan nam trong ving khong chiu ap suat thi A;= 0.

Tir d6 ta tinh vecto luc nat [12]:

fr) = J[N " p(t)dA - j[N " pedA

I[N " p(t)dA - _[ [N, ] kow (t)dA (2.68)
0 &

R”[N p(t)dedz, - R”[N I ko [N, ]dedz, |(g}°,

trong do:
pr = Kow(t) - phan lyc nén; ko - hé sb nén; w(t) — chuyén vi huéng
kinh; 0 - goc mo cua phan tir; R — ban kinh ng try composite.

Ta dat:
" p(t)dedz,, [K, ] _R”[N " ko [N, d6de,

0
jo=r] v
0

va thay (2.68) vao (2.66) ta co phuong trinh md ta dao dong phi tuyén cua

phan tir vo trong nén dan hdi chiu tac dung cua ap suit di dong:
— —e (=:)€ — e — 1€\ /_~e — e
(MT {6 (KL +[RT)a =) oo
Céc ma tran khéi luong, ma tran do cing va vecto tai trong phan tir

trong (2.69) dugc chuyén vé hé toa do tong thé Oxyz théng qua ma tran
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chuyén hé toa d6 [T¢], thong qua cac cong thac sau [1], [12], [14]:
(V] =[] ML) [KE =[] [RR[T])
(fuls =[] )

~ 7€ €

trong do [I\?I}Z, [K}G : {fm}G tuong tng 1a ma tran khoi luong, ma tran do

(2.70)

cling VA vecto tai trong ndt ctia phan tir trong hé toa do tong thé.

Ma tran chuyén hé toa d6 [T¢] dugc xac dinh:

[T] = L] (2.71)

(0] - (L)

vOl: [L] l1a ma tran cosin chi phuong gitta cac truc toa d cua hé truc toa
do cuc bo cua phﬁn tir va hé toa do téng thé, duoc xac dinh béi (2.33).
Do d6, phuong trinh vi phan mé ta dao dong ctia phan tir vo trong nén dan
hdi chiu 4p suét di dong (2.69) viét trong hé toa do tong thé nhu sau:

(MIE) (KT +[& ) oy =), em

2.5. Thuat toan giai phwong trinh vi phian dao dong phi tuyén ciia
ong tru trong nén dan hoi chiu ap suat di dong
2.5.1. Phwong trinh vi phin dao dgng phi tuyén ciia éng tru trong nén
dan héi chiu dp sudt di dpng

Phuong trinh téng thé mo ta dao dong cua hé dugc XUt phat tur

phuong trinh mé ta dao dong cta phan tir (2.72) bang cach tap hop cac ma
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trdn va vecto tai trong phan tir theo phuong phap do ctng truc tiép, trong
d6 4p dung nguyén tac ma trin chi s6 va so d6 Skyline, ddy 1a phuong phap
pho bién trong 1y thuyét PTHH. Theo phuong phap nay, ma tran do cliing
va ma tran khoi lugng cua h¢ dugc hinh thanh theo cac budce sau:

- Tao ma tran rong kich thudc myxng;

- Khoi tao ma tran chi s, xac dinh vi tri nat cta phﬁn t, tuong Ung
véi chi s6 bac tu do;

- Tai vi tri nit chung, theo tinh chét bac tu do cua cac phﬁn tir chung
nut, phﬁn tor c6 chung tac dung ctia cung mdt loai bac tu do dugc gop vao
ma tran chung cia hé bang phuwong phap cong truc tiép, nguoc lai chung
dugc cong gia tri 0.

Tap hop ma tran, vecto téng thé tir ma tran, vecto ph::in tur:

:ﬂ g g[K]é + g[Kf I (2.73)
(i, - z[f]

trong d6: N — s6 phan tor vo md phong éng, Nem — s6 phan tir vo chiu ap

suat di dong tac dung.

So d6 phuong phap mo ta cac cong thirc (2.73) duoc thé hién nhu sau:
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[K]' (K]

[K]= (KT

K] | | [K]"

Sau khi tdp hop cac ma tran va vecto tai trong tong thé, ta c6 phuong
trinh vi phan dao dong phi tuyén khong can cua dng tru composite trong

nén dan hoéi chiu tac dung cua ap suat di dong:

[W{é}{q{a} :{Fm} (2.74)

Khi xét dén can, gia thiét luc can cua hé ty 1€ vdi van tée chuyén vi:

{fd} = —|:(~::| {CI} , thay vao (2.74) ta c¢6 phuong trinh vi phan dao dong cua

hé nhu sau:

[MJ{Q} +[5J{5}+[f<}{ﬁ} ={%m}' (2.75)

vOl. [C} - ma tran can cua hé.

Thong thuong, ddi véi hé nhiéu bac tu do, viée xac dinh ma tran can
téng thé cua hé theo ma tran can phan tu 1a khong thé, do khé xac dinh

duoc ti sb can phan tir. LUc ndy, phuong phap can Rayleigh thuong dugc

st dung. Theo do, ma trin can [C} dugc tinh thong qua ma tran khoi

lugng [M} va ma tran do cung F(} :
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trong d6 or, Pr | cac hang so can Rayleigh duoc xac dinh thong qua ty sd
can &g va hai tan s dao dong riéng dau tién ®,, ®,cua hé:

28, o = 28
o +®, o+,

0, = BrM,0,. (2.77)

Br =

Truong hop 6ng chiu ap suat di dong, diém khac biét so voi dng chiu
tai trong thong thuong c6 diém dit luc khong doi 1a:

- Tai mdi thoi diém chi c6 mot sé phan tir cung voi mot phan cua céac
phan tir chiu tc dung cua ap suét, cac phan tir con lai va mot phan cta cac
phan tir trudc d6 khong chiu ap suat tac dung. Hinh 2.5 thé hién dng co
chiéu dai L duoc chia ra thanh n phﬁn tir hiru han.

- Trong tinh toan, tai mdi thoi diém can phai xac dinh phan tir chiu ap
sudt tic dung va phan dién tich ctia phan tir chiu 4p suat dé xac dinh vecto
tai trong vé phai ciia phwong trinh (2.75). Qua trinh nay dugc lip theo budc
thoi gian cho dén khi toan bo éng déu chiu ap suit tac dung, do giai lap
theo budc thdi gian nén cho phép giai bai toan véi cac trudng hop ap suit

p(t) 1a hang sb hodc 13 ham phu thudc thoi gian.
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Hinh 2.5. Ap suét tac dung vao 6ng tai thoi diém t
2.5.2. Diéu ki¢n bién va phwong trinh dao dong ciia hé sau khi khir bién
Vi bai toan dng tru composite dat trong nén dan hdi twa hai diu chiu
ap suat di dong nhu trong luan an, diéu kién bién duoc xac dinh:
w(0,t)=w(L,t)=0,

(2.78)
M(0,t)=M(L,t)=0.

trong d6: w(x,t) - chuyén vi huéng kinh tai diém x va thoi gian t,
M(x,t) - m6 men udn tai diém x va thoi gian t.

Véi Ong tru composite dat trén gdi cimg (lién két twa): chuyén vi
huéng kinh tai cac nut chira lién két tua bang 0.

Piéu kién bién dugc cu thé hoéa trong phuong phap PTHH theo
phuong phap khir bién, noi dung cu thé duoc thuc hién véi tinh chét cia
bac tu do trén bién. Theo do, tuy theo cac loai lién két s& biét duoc tinh
chét cua cac bac tu do tai bién (vi du: tai ngam, tat ca cac bac tu do E]i =0
va theo d6 hang thir i, ¢t thi i trong hé phuong trinh (2.75) bi x0a va do

d6 s6 phuong trinh va sd an s6 trong hé phuong trinh (2.75) sau khi khtr
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bién s€ bé hon khi chua khir bién. Gia st trude khi khir bién, hé (2.75) co
MnxNg phuong trinh va myxng 4n sd, hé ¢ bién ngam chira tat ca m nat,
mdi nit ¢6 n bac tu do, din dén c6 mxn bic tu do béng 0, vi vay hé (2.75)
sau khi khir bién con (myxng - mxn) phuong trinh va (m,xng - mxn) an sé.

Sau khi khir bién nhu trén, ta ¢c6 phuong trinh vi phan dao dong cua
éng tru composite trong nén dan hoi chiu ap suat di dong duogc biéu dién
bang phuong trinh:

[M]{@; +[Cliay +[K]ia) = {fa}- (2.79)

2.5.3. Thudt toan PTHH gidi phwong trinh dao dong cua hé

a) Bai toan dao dong riéng tuyén tinh, dugc moé ta bai phuwong trinh:
[M]{a}+ K" | {a} =0}, (2.80)
trong do: [KLJ - ma tran do cung tuyén tinh cta hé 6ng - nén.
Tt phuong trinh (2.80) cac tan sé riéng cua hé duoc xac dinh boi
phuong trinh:
[k ]-o?[M] =0 (2.81)
v6i: o 14 tan so riéng cua hé.
Cac dao dong riéng {q;j} cia hé duoc xac dinh theo cac vecto riéng
{Qi} bdi phuong trinh:

([K-]-of[MI){Qi} = {0} (2.82)

b) Bai toan dao dong cudng birc phi tuyén:
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Nhiém vu ¢ day la xac dinh dap tng phi tuyén dong lyc hoc cua he,
bang cach giai hé phuong trinh phi tuyén (2.7). Trong truong hop nay
phuong phap tich phan truc tiép Newmark két hop voi phuong phap lip
Newton-Raphson duoc tac gia ap dung. Theo do, nghiém cua phuong trinh
(2.79) tai budc lip thir i, ¢ thoi diém tinh t + At duoc xac dinh boi phuong
trinh [1]:

[M]{qt+m}(i) +[Ct+At](i) {qt+At}(i) +[Kt+At ](i) {qt+At}(i) :{fm}gm (2.83)
Piéu kién ban dau cho mdi cap tai trong duoc xac dinh nhu sau:
Vv(0) = vo, p(0) = po.
1Geeac (0)f ={ac i {fm (O)}HN ={fi}; {Kirat (0)} = {K¢}- (2.84)

Ma tran d6 ctmg tiép tuyén hiéu qua duoc xac dinh:

* (i) i i
[K t+At:| =[Kiyat ]( )4 ag[M]+a;[Cy, ¢ ]( ) (2.85)

Ma tran vecto tai trong hiéu qua dugc tinh theo cong thirc sau:

« () i- P . . ) -~
{fm}t+At:{fm}g"'i)t-l-[M](ao{qHAt}( 1)+a2{qt+At}( 1)+a3{qt+At}( 1))+

+ [Ct+At][a1{qt+At}(i_l) +ay {qt+At }(H) +ag {qt+At}(i_l)J (2-86)

(i) 2 £
trong do: [Kt N At} - ma tran do cing tiép tuyén,

0) , 2.
{fm }Hm - Vecto lyc nat quy doi.

Chuyén vi, van toc va gia tde nut tai thoi diém t + At caa bude 1ap thar i 1a:

[Kiose] 100} ={80) (2.87)
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(i-1)

{Gtsat }‘(i) ={Agsat)  +ap{briat }(i_l) +a7 {tg,at }(i) (2.88)

{tht }(i) =4dp ({qt+At }(i) - {qt+At }(i_l) ) —ay {qt+At }(i_l) —aj {qt+At }(i_l)

VvO1l;

1 0 1 1
8.0:—2; a]_:—; a2=—; a3:——1;
aAt aAt aAt 20 (2.89)
3 At O

ay=—-1 ag=—(—-2); ag=At(1-9); a;=3At
o 2 o
cac tham s6 & va o duoc chon theo [1].

v6i 8=0,5; a.=0,25, diéu kién 6n dinh nghiém c6 dang: % <oo. Nhu vay

n
diéu kién 6n dinh nghiém luon théa man véi moi gia tri caa At. Tuy nhién
dé dam bao do chinh xac, gid tri At phai di nho, thong thudng

At = (% + %j T,, v6i Ty 1a chu ky dao dong dau tién cia hé.

Tiéu chuan dung cua phép lap 1a sy hdi tu cia chuyén vi nit, duge xac

dinh boi di€u kién: g, <eg,

Jiaa)]

{Qt+At}(i) —{Qt}H

v6i: g - d6 chinh xéc theo chuyén vi, thuong duoc chon 10 + 107,

q

Hay: €q = H <eg, (2.90)

Tém tét thir tu cac bude cta thudt toan nhu sau:
1. Khai béo cac thong sb ban dau cua bai toan. Tinh cac ma tran [M],

[K], giai bai toan dao dong riéng, xac dinh ma tran can [C].
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2. Cho tong thoi gian tinh t, chon budc thoi gian At, cac tham sb o, 8;
tinh cac hé sb ag, aj, a,, as, a,, as, ag, a,. Gan gia tri dau tai thoi diém
t=0 cho chuyén vi va van tdc.

3. Thyc hién vong 13p tich phéan theo thoi gian: j =1, 2, ..., n tuong
mg voi cac thoi diém At, 2At,... nAt véi n=t/At. Tai mdi thoi diém t +
At xac dinh vi tri ctia ap suét (cic phan ttr chiu ap sudt va phan dién tich
cac phan ttr con lai chiu 4p suét tac dung), tinh vecto tai trong nut.

4. Gan diéu kién dau cho mdi cép tai trong, thuc hién budc lap thur 1.

5. Cap nhat ma tran do ctrng, ma tran khoi lugng, ma tran can va vecto
tai trong tai budce lap (i-1), xac dinh ma tran do cung hi¢u qua tai budce lap
(i-1), vecto tai trong hiéu qua tai budc lap tha (i-1).

6. Xac dinh vecto chuyén vi, vecto van toc va gia tbc nht tai bude lap
thir 1.

7. Kiém tra diéu kién (2.90):

Néu dang, xudt két qua; Néu sai, 1ap lai tir budce S.

So do thuat toan thé hién trén hinh 2.6 sau day.
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Nhap cac s liéu dau vao:
L, D, h,v,, p,, K, t, At, n...

Y

Tinh toan ban dau

[M], [K], [C] T}, {a}, 1a30, {00

A

> t+ At
— Giai lap i
\

Tinh [K:+At ](i) , {fr: E?At

:

Tinh chuyén vi, van toc, gia toc

{qt+At}(i) ! {qt+At}(i) 1 {qt+At}(i)

!

Tinh toan bién dang, img suat

{8t+At}(l) ' {Gt+At}(l)

Newton-Rapson

Sai

Sai: j<n

/ Két qua /

Hinh 2.6. So d6 thuét toan
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2.6. Gi6i thi¢u va kiém tra dd tin ciy ciia chwong trinh tinh
2.6.1. Gidi thiéu chwong trinh tinh

Chuong trinh tinh cta tac gia thiét 1ap c6 tén CPMP_2019 duogc viét
trong nén Matlab va sir dung phan mém Ansys dé chia ludi phan tir cla
6ng composite. Chuong trinh c6 kha nang phan tich cac 16p bai toan khéc
nhau nhu: bai toan phi tuyén tinh, bai toan phi tuyén dong luc hoc dng tru
composite trong nén dan hoi hodc trén lién két cung chiu tdc dung cua ap
suat di dong, trong d6 cudng do ap suat khong doi hodc thay doi theo thoi
gian.

Chuong trinh tinh CPMP_2019 bao gém 4 mé dun chinh sau:

- M6 dun nhap s6 liéu.

- M6 dun phan tich dao dong riéng.

- M6 dun phan tich phi tuyén dong luc hoc.

- M6 dun xuét sb liéu.
2.6.2. Kiém tra dp tin cdy ciia chwong trinh

Dé kiém tra do tin ciy cua chuong trinh tinh CPMP_2019, tac gia st
dung chuong trinh da lap, tién hanh tinh toan, so sanh dap ung chuyén Vi
hudng kinh ctia ng bang vat liéu dang hudng, chiu ap suat di dong véi van
tbc v nhu trong coéng trinh cong bd cua Sayyed Ali Azarpazhoo, Sayyed
Roohollah Kazemi [68], trong d6 md hinh bai toan nhu hinh 2.7 va dac
trung vat liéu, thong s tai trong nhu bang 2.1.
Quy ludt p sudt: p(x,t) = {pl +(po — pl)e_(x_w), X—vt<0

0 ., X—=wvt>0

()ng dugc ngam 1 dau va 1 dau con lai tu do.
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Hinh 2.7. M6 hinh bai toan
Bang 2.1. Céc dai lugng tinh
Dai luwgng Ky hi¢u Don vi Gia tri
Chiéu dai L m 4,76
Puong kinh D m 0,2
Chiéu day h m 0,001
Khéi luong riéng P kg/m® 7861
Mo dun dan hoi E GPa 209
Hé sb Poisson v - 0,3
Van tbc v m/s 405,45
. Po MPa 334
Ap suat
P1 MPa 31,72

Céc tac gia trong [68] giai bai todn tuyén tinh bang phuong phap
PTHH voi 1y thuyét chuyén vi bac nhat (FSDT) va bac cao (HSDT). Két

qua so sanh vé chuyén vi hudng kinh tai cac diém thudc 16p gitra, doc theo
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chiéu dai 6ng tai thoi diém t = 0.006s ddi voi truong hop sir dung 1y thuyét

chuyén vi bac nhat duoc thé hién nhu bang 2.2 va d6 thi hinh 2.8.

0.11 |-
=5

E 009 |-

=

=

(=

< 0.07 |-

an

£

< 0.05 |-

>
-8

= 0.03

=

O

0.01
X (m)
Hinh 2.8. Chuyén vi cua cac diém doc theo chiéu dai dng
(tai thoi diém t = 0,0065)
Bang 2.2. Tom tit gia tri 16n nhat

TT Phwong phap Gia tri wy [Mm] | Sai khac [%]

1 Sayyed Ali Azarpazhoo [68] 0,112

3,57
2 | Tac gia Luan an (CPMP_2019) 0,116

Nhin xét: Két qua chuyén vi huéng kinh duoc tinh bang chuong trinh
CPMP_2019 do tac gia lap dong dang véi két qua tinh ciia cac tac gia trong
cong trinh [68]. Sai sd 3,57% trong trudng hop ndy theo tac gia 1a chip
nhan dugc. Do vay, day 1a moét tin hi¢u cho théy thuat toan va chuong trinh

tinh d4 1ap trong chuwong ndy 1a c6 thé tin cdy.
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Két luin chuwong 2

Mot s két qua chinh dat duoc trong chuong nay, do la:

- X4y dung hé phuong trinh vi phan dao dong phi tuyén caa phan tir
vO cong trong nén dan hdi, chiu tac dung cta ap suat di dong, trong do ap
sudt phan bd trén dién tich phan tir vo thay ddi theo thoi gian. Ap dung
thuat toan PTHH tap hop ma trin, vecto tai tong thé tir cAc ma tran va
vecto tai trong phan tir, thiét 1ap dugc phuong trinh vi phan dao dong phi
tuyén ctia Ong try composite trong nén dan hoi chiu tac dung cta ap suét di
dong doc trong ong.

- Thiét 1ap duoc thuat toan va chwong trinh tinh CPMP_2019 cho
phép giai bai toan phi tuyén dong luc hoc 6ng tru composite chiu ap suat di
dong, véi cac diéu kién lién két khac nhau: 6ng dit trong nén dan hoi 1 hé
s6 theo md hinh nén Winkler va éng dit trén lién két cing. Chuong trinh
tinh da duoc kiém ching va c6 co so dé tin cay.

- B6 chuong trinh tinh CPMP_2019 14 cong cu dé tinh toan, khao sat
sO, xem xét anh huong cia cac thong s, tir d6 cho phép lua chon duoc cac
phuong an hop 1y cho két cdu va tai trong st dung, dinh hudng tham khao

d6i voi cac cong trinh éng dan ap dung trong thuc té.
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CHUONG 3
KHAO SAT ANH HUONG CUA MOT SO YEU TO PEN PAP
UNG PHI TUYEN PONG LUC HOC CUA ONG TRU
COMPOSITE CHIU TAC DUNG CUA AP SUAT DI PONG

3.1. Pit van dé

Trén co s& thudt todn va chuong trinh tinh da lap & chuong 2, trong
chuong nay tac gia tién hanh tinh toan sd, xem xét anh huéng cia cac yéu t6
nhu: chiéu day, chiéu dai, goc dit cot, duong kinh 6ng composite, do cling
nén dan hoi, van tdc tai trong di dong, ... dén dap ung phi tuyén dong luc hoc
clia 6ng tru composite dit trong nén dan hoi va trén lién két cimg chiu ap suat
di dong. Voi két qua khdo sat sb va cac nhan xét, khuyén cdo k¥ thuat trong
chuong nay s& gop phan vao dinh hudng tham khao tinh toan, lua chon cac
giai phap hop 1y cho cac cong trinh dang dng composite chiu tac dung ciia ap
suat di dong, nhu: 6ng dan nudce, dan chét dét, dan nhién liéu,... phuc vu quéc
phong va phat trién kinh té - xa hoi.
3.2. Ong composite trong nén dan hoi chiu ap suat di dong
3.2.1. Bai todn xudt phat

Xét dng tru composite gdm 10 16p bd tri theo quy ludt goc dit cot: [45%-
45%10 , mdi 16p 1a vat liéu composite dong phuong, chiéu day cac 16p nhu
nhau. Ong c6 chiéu dai L= 18 m, ban kinh trong R = 0,2 m, tong chiéu day
thanh ng h = 0,01m. Ong dit trong nén dan hoi va lién két tya 2 dau, hé sd
nén ko = 9.10°N/m?®, phia trong 6ng chiu tic dung cua ap suét p = 6.10° N/m’
di chuyén doc theo chiéu dai 6ng véi van toc v = 12m/s (Hinh 3.1). Tinh chat
co 1y caa mdi 16p vat liéu gdbm: M6 dun dan hoi E,= 145.10° N/'m®> E,=
9,77.10° N/m® E3= 9,77.10° N/m* mé dun dan hoi truot Gy,= 4. 10° N/m®
Gys= 3,510° N/m? Gg;= 4.10° N/m* hé sb poisson vi, = 0,25, v = 0,02, vg; =
0,25.
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| X | Nén dan hdi ()ng Composite
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X
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Hinh 3.1. M0 hinh bai toan
Ap suat tai mdi diém thudc éng cho boi quy luat [25], [45]:

0 khi t<X tst
p(t) = pou(t — xv) = v v (3.2)
. X L
P khi —<t<—
V V

Biéu d6 quy luat 4p suét tai mdi diém thudc ong duoc biéu dién nhu trén
hinh 3.2. Theo d6 ap suét di dong doc trong 6ng véi bién do khong doi p va
mit di chuyén cta khéi chat mang ap suit di dén dau s& choan hét nhiing
ving d3 di qua dén d6. Khi khéi chat chua vao 6ng (t<x/v) hodc vuot ra khoi
6ng (t>x/v) thi ap sut bang 0.

A

p

Po p----mcemmmeeg

'

x/v LI/V
Hinh 3.2. M6 hinh quy luat 4p suét
Tac gia tién hanh khao sat s6 véi cac trudng hop chia ludi khac nhau, cho

dén khi chénh léch giira cac két qua lién tiép nho hon 0.5%, khi d6 chuong
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trinh tinh dat t&i hoi tu. Hinh 3.3 thé hién mé hinh PTHH éng composite dugc
str dung trong nghién ctru ndy, véi 1800 phan tir, 1909 nit.
Piém xuat két qua: Piém A 13 diém thudc mat cat ngang giita 6ng va nam &

mMat trung binh.

Hinh 3.3. M6 hinh phan tir hitu han ciia bai toan

Dicu kién ban dau: w(x,0)=w(x,0)=0

Diéu kién bién khi ng tru composite dit trong nén dan hdi tira hai dau:
w(0,t)=w(L,1)=0, o

M(0,t) = M(L,t)=0.

Str dung chuong trinh tinh Composite_pipe_moving_pressure 2019
(CPMP_2019) di 1ap, tién hanh tinh toan ddi voi bai toan dao dong riéng va
dao dong cudng burc cua hé, két qua:

Bai toan dao dong riéng: Hinh 3.4 12 5 dang dao dong riéng tuong tng

voi1 5 tan sO riéng dau tién cia Ong composite.
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a, Dang dao dong riéng thir nhdt (f;= 11.6541 Hz)

b, Dang dao dong riéng thur hai (f,= 13.0037 Hz)

¢, Dang dao dong riéng thir ba (f3= 26.3889 Hz)
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Mode 4

Mode 5

e, Dang dao dong riéng thir nam (fs= 36.3466 Hz)
Hinh 3.4. Nam dang dao dong riéng dau tién ctia dng composite
Bai toan dao dong cwong brc:
Giai bai toan véi thong sd da cho & trén, két qua ta nhan duoc dap ung
cac chuyén vi, gia toc hudng kinh, bién dang doc truc va ung suat phap tai

diém gitra thudc 6ng composite nhu dd thi hinh 3.5 dén 3.9 va bang 3.1.



Gia toc huong kinh {mis?)

r
=]

Chuyen vi huong kinh (m)

67

x10*
2

15

1

i i
05 | il

-1

-15

-2

0 1 2 3 4 5 6
Thoi gian (s)
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Hinh 3.6. Pap tng gia toc hudng kinh W tai diém A theo thoi gian



Bien dang doc truc

Ung suat phap Xicma Y (Nfm?)
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Hinh 3.7. Bap tng bién dang doc truc gy tai diém A theo thoi gian
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Hinh 3.8. Pap tmg tmg sut phap o, tai diém A theo thoi gian
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x10°

Ung suat phap Xicma X (Nlmz)

Thoi gian (s)

Hinh 3.9. Pap ung tng suat phap o, tai diém A theo thoi gian
Gia tri 16n nhét cua cac dai luong ndy duoc cho trong bang 3.1.

Bang 3.1. Gia tri lon nhét cta céc dai luong duoc khao sat

Tham W o gn W e Gy oy
50 (m) (m/s?) (N/m?) (N/m®)
Gia tri 1,86.10* 25.10° 38 4,7.10° 7.1.10°

Nhan xét: V6i két qua & trén, ta thy cac dap tmg chuyén vi, gia tdc,
bién dang va umg suit tai diém A (diém giita ctia 6ng composite) c6 hinh dang
quy luat twong dong, gia tri 16n nhat trong khoang thoi gian tir 0,75 dén 0,8,
day ciing 1a thoi diém mit di chuyén cta khdi chat mang 4p suét vira di qua
mat cat giira 6ng. Sau thoi diém d6 cac khéi chat & ngay phia sau tiép tuc di
chuyén qua mit cit gitra ong va giy ra cac dap tmg dong hoc cho 6ng, tuy

nhién tdc dung cua no 1én két cau ong cé xu hudng gidm dan, nén cé thé thay
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trén cac d6 thi 1a cac dap Gmg co bién d6 giam dan vé thoi gian cudi. Pay 1a
diém khéc biét so v6i cac dang tai trong khac, & d6 bién d6 giam nhanh vé gia
tri 0 khi di qua diém tinh.
3.2.2. Khdo sdt anh hwéng ciia mét sé yéu té dén tan so dao dong riéng ciia
ong tru composite

3.2.2.1. Anh hirong cua sé 16p ong composite:

Khao sat anh huang cua so 16p thay ddi tir 5 16p dén 25 16p, cac thong sb
kh&c van nhu bai toan xuét phét. Cac két qua thé hién trong bang 3.2.

Bing 3.2. Céc tan s6 dao dong riéng dau tién va so 16p

So 16p 5 10 15 20 25

f,(Hz) | 115119 | 11.6128 | 11.6605 | 11.6581 | 11.6668
f,(Hz) | 12.9755 | 12.9936 | 12.9944 | 13.0044 | 13.0004
f;(Hz) | 26.3242 | 26.3289 | 26.3903 | 26.3909 | 26.3927
f,(Hz) | 31.1085 | 31.4886 | 31.6218 | 31.6242 | 31.6507
fs (Hz) | 36.2236 | 36.2714 | 36.3184 | 36.3482 | 36.3368

Nhan xét: Khi s6 16p ting thi tan s6 dao dong riéng tang, tuy nhién su chénh
léch 14 khong dang ké.
3.2.2.2. Anh huwong cua chiéu dai éng composite:

Khao sat bai toan véi chiéu dai éng L thay d6i tir 6m dén 21m. Cac tham

s6 khac van giir nguyén nhu dau dé bai toan. Két qua duoc thé hién trong

bang 3.3.

Bang 3.3. Céc tan s6 dao dong riéng dau tién va chiéu dai 6ng

L (m) 6 9 12 15 18 21
f, (Hz) | 34.4022 | 22.2964 | 16.8801 | 13.7421 | 11.6541 | 10.1448
f,(Hz) | 41.1517 | 26.5244 | 19.6439 | 15.6338 | 13.0037 | 11.1444
f,(Hz) | 74.1437 | 51.3260 | 39.0368 | 31.4978 | 26.3889 | 22.6977
f,(Hz) | 75.7835 | 60.2993 | 45.5583 | 37.1157 | 31.6088 | 27.6779
fs(Hz) | 75.9449 | 72.8718 | 54.8997 | 43.6878 | 36.3466 | 31.1712




71

Nhéan xét: Khi chiéu dai éng composite ting thi tin sé dao dong riéng giam
va sy thay ddi 1a dang ké. Khi chiéu dai 6ng thay ddi tir 6m dén 21m, thi tan
sb riéng tan s riéng dau tién f, giam 3,39 1an; tan s riéng f, giam 3,69 ; tan
s6 riéng fs giam 2,43 . Do vay chiéu dai 6ng composite anh hudng 16n dén tan
sb dao dong riéng cua 6ng composite.
3.2.2.3. Anh hurong ciia géc dat cot:

Giai bai toan voi cac phuong an dit cét khac nhau, khi cac tham sé khéc
ctia bai toan khong d6i. Két qua thé hién trong bang 3.4.

Phuong an 1: 45%- 45°/45°%- 45°/ 45°%- 45°/45°/- 45°/ 45°%/- 45°

Phuong an 2: 45°/0%/-45°/90°/45°/0°/-45° 190%/45°/0°

Phuong an 3: 30°/60°/30°/60°/30%/60%/30%60%30%60°

Bang 3.4. Cac tan s6 dao dong riéng dau tién va goc dat cdt

Tan s6 DPR (Hz) Phuong 4n 1 Phuong 4n 2 Phuong an 3
fy 11.5119 10.1099 10.2443
f, 12.9755 10.6975 11.0523
fs 26.3242 26.7603 26.9773
fs 31.1085 29.1660 28.3115
fs 36.2236 45.0217 32.4590

Nhan xét: Véi cac phuong an duoc khao sat, ta thay tan sé dao dong riéng
thay d6i véi gia tri khong dang ké.
3.2.2.4. Anh huéng cua chiéu day éng composite:

Khao séat anh huong cua chiéu day 6ng composite, cac théng sb vat liéu

nhu bai toan xuét phat. Cac két qua thé hién trong bang 3.5.
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Bang 3.5. Cac tan sb dao dong riéng dau tién va chidu day éng

Chiéu day h (m) 0.005 0.01 0.015 0.02 0.025
1 (Hz) 10.9036 | 11.6541 | 11.9880 | 12.1515 | 12.2407
f, (Hz) 12.8357 | 13.0037 | 13.0750 | 13.1358 | 13.1908
fs (Hz) 26.3533 | 26.3889 | 26.4004 | 26.4059 | 26.4090
f, (Hz) 28.9986 | 31.6088 | 32.9721 | 33.6915 | 34.0961
fs (Hz) 35.8843 | 36.3466 | 36.5942 | 36.8951 | 37.2071

Nhan xét: Khi chiéu day dng composite ting thi tan s6 dao dong riéng ciing
tang. Khi chiéu day ong thay doi tir 0,005m dén 0,025m thi tan so riéng f,
tang 1,12 1an; tan s riéng f, tang 1,027; tan sé riéng fs tang 1,037.
3.2.2.5. Anh hwong cia dé cing nén dan héi:

Khao sat anh huong ciia ¢ ciing nén dan hoi véi hé s6 nén ko bién thién
tir 9.10° N/m® @én 21.10° N/m°. Cac tham sb khéc trong bai toan gitr nguyén.
Két qua thé hién nhu trong bang 3.6.

Bang 3.6. C4c tan so dao dong riéng dau tién va do ctrng nén

Heé s6 nén . 5 5 . .
2 9.10 12.10 15.10 18.10 21.10

(N/m?)

1 (Hz) 11.6541 | 15.9926 | 19.2531 | 21.9543 | 24.3006
f, (Hz) 13.0037 | 18.1502 | 22.0937 | 25.4042 | 28.3067
f3 (Hz) 26.3889 | 32.2763 | 37.1833 | 41.5005 | 45.4037
f, (Hz) 31.6088 | 43.2505 | 52.0277 | 59.3124 | 65.6525
fs (Hz) 36.3466 | 50.6494 | 61.5541 | 70.6622 | 78.6071

Nhan xét: Khi 6 cing nén dan hoi ting thi tan sb dao dong riéng ciing ting.
Khi hé s6 nén thay d6i tir 9.10° N/m? dén 21.10° N/m® thi tan s riéng f, ting
2,085 lan; tan sé riéng f, tang 2,17; tan s riéng fs tang 2,16. Vay do cang nén

dan hoi c6 anh huong lén dén tan sé dao dong riéng ciia 6ng composite.
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3.2.3. Khdo sdt dnh hwéng ciia mot sé yéu to dén dap ieng dpng luc hoc ciia
ong tru composite
3.2.3.1. Anh hiuréng ciia sé 16p ong composite:

Giai bai toan voi sé 16p thay doi tir 5 1op dén 25 16p. Cac tham sd
khac van gitt nguyén nhu dau dé bai toan. Két qua quan hé giira s 16p ong
composite v6i chuyén vi hudng kinh 16n nhat Wy, Va ung suét phap 16n

Max

nhat o,

oV™ tai diém giita thudc ong composite dugc thé hién trong

bang 3.7 va d6 thi hinh 3.10, 3.11, 3.12.

Bing 3.7. Pap tng dong luc hoc 16n nhat va so 16p dng composite

S6 16p 5 10 15 20 25
Wye (m)-10° | 351 | 18 | 072 | 036 | 025
o)™ (wm3)-10° | 552 | 471 | 424 | 406 | 398
o™ nmp)-10° | 832 | 711 | 654 | 625 | 619

x10™

AN

w

N

Chuyen vi huong kinh lon nhat (m)

=

AN

5 10 15 20 25
So lop (lop)

Hinh 3.10. Quan hé chuyén vi huéng kinh w,,, va s6 16p
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10 15 20 25
So lop (lop)

Hinh 3.11. Quan hé {ing suat phap o™ va s6 16p

3.8
5

10 15 20 25
So lop (lop)

Hinh 3.12. Quan hé ting suat phap "™ va s6 16p
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Nhan xét: Khi tang s 1op tir 5 16p dén 15 16p thi chuyén vi huéng
kinh 16n nhat va Gmg suat phap 16n nhit giam nhanh, khi ting s 16p 1én 20,
25 16p thi ta thiy gia tri cua chuyén vi hudng kinh 16n nhat va Gmg suat
phap 16n nhat giam cham lai. Diéu d6 cho thiy sb 16p cua dng compoiste
c6 anh hudng 16n dén dap Gmg dong luc hoc cua két ciu.
3.2.3.2. Anh huong ciia chiéu dai ong:

Khao sat bai toan véi chiéu dai éng L thay d6i tir 6m dén 21m. Cac tham
s6 khac nhu chiéu day, ban kinh 6ng, do cing nén dan hdi, van toc va quy
luat ap sudt... van gitt nguyén nhu dau dé bai toan. Két qua su thay doi
chuyén vi hudng kinh 16n nhét va tng suat phap 16n nhat dugc thé hién trong

bang 3.8 va dd thi cac hinh 3.13, 3.14, 3.15.
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Hinh 3.13. Quan hé w,,,, va chiéu dai 6ng composite



Ung suat phap Xicma Y lon nhat (N/mz)

Ung suat phap Xicma X lon nhat (N/mz)

76

X 105
478

4.76

4.74

472 /

4.7

4.68

4.66

e

ES
D
g

rd

4.62 _~
.—b/

6

8 10 12 14 16 18 20 22
Chieu dai ong composite (m)
Hinh 3.14. Quan hé o™ va chiéu dai ong composite
x10
7.2 b
7.15 /
71
7.0 /
7
I/
6.95
6 8 10 12 14 16 18 20 22

Chieu dai ong composite (m)

Hinh 3.15. Quan hé " va chiéu dai 6ng composite
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Bang 3.8. Pap mg dong luc hoc 10n nhét va chiéu dai ong composite

Chiéu dai éng (m) 6 9 12 15 18 21

Wy, (M).107 0,46 0,88 1,15 | 1,39| 186| 2,71

Max

o™ (nm?)-10° | 460 | 461 | 463 466| 470 475

S (N/m?) 10° 6,97 698 | 7,00| 703 710| 716

Nhan xét: Ta thay khi thay ddi chiéu dai dng composite tir 6m dén 21m,
chuyén vi hudng kinh 16n nhat va Gng sudt phap 16n nhat déu ting phi tuyén,
trong d6 chuyén vi hudéng kinh 16n nhét Wy tang 5,891 lan, ing suat phap

Max
X

Gyax tang 1,315 1an, ing suat phap o™ tang 1,027 lan. Do véy chiéu dai 6ng
composite c6 anh hudng 16n dén dap tng dong luc hoc ctua 6ng composite.
3.2.3.3. Anh hwong cua goc dat cot:

Giai bai toan voi cac phuong an dat c6t khac nhau, khi sé 16p cta ong
composite va cac tham sd khac ctia bai toan khong dbi.

Phuong an 1: 45%- 45°/45°%- 45°/ 45°%- 45°/45°/- 45°/ 45°%- 45°

Phuong an 2: 45°/0%/-45%/90%45°/0°/-45° /90°/45°/0°

Phuong an 3: 30°/60°/30°/60°/30%/60°/30%60%30%60°
Két qua dap tmg dong luc hoc ctia chuyén vi va Gmg suat phép tai diém tinh cua

6ng composite thé hién trong bang 3.9 va db thi hinh 3.16, 3.17, 3.18.

Bing 3.9. Pap tng dong luc hoc 16n nhat theo phuong an dat cot

Phuong an Phuong an 1 Phuong an 2 Phuong an 3
Wy (M).107 1,86 2,40 2,15
Max 5
Gy (N/mZ) .10 4,70 6,14 4,87

o™ (Njm?) -10° 7,11 7,42 7,83
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Hinh 3.17. Dap tmg tmg suat phap o, theo thoi gian
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Hinh 3.18. Dap tng g suat phap o, theo thoi gian

Nhén xét: Goc dit cbt co anh huong dén chuyén vi huéng kinh va tmg
sudt phap ctia dng composite. Ta thay so v6i cac phuong an dat cét, thi phuong
an 2 c¢6 chuyén vi hudng kinh va tng suat phap 16n nhét va phuwong an 1 c6
chuyén vi va tng suat phap nho nhét. So sanh phuong an 2 v6i phuong an 1
thi chuyén vi cao gép 1,29 1an, ing suit phap oylal,3 1an, o, 14 1,04 lan.
3.2.3.4. Anh huong ciia @ citng nén dan hoi:

Khéo sat anh huong cta d6 cing méi truong (nén) dan hoi dén dép tng
dong luc hoc cua éng composite, trong d6 h¢ s6 nén kg bién thién tir 1.10°
N/m® @én 10.10° N/m®. Cac tham s6 khac trong bai toan giit nguyén. Két qua
su thay doi gia tri chuyén vi hudng kinh 16n nhét va Gmg suét phap 16n nhat
tai diém tinh cia dng composite thé hién nhu trong bang 3.10 va cac do thi
hinh 3.19, 3.20, 3.21.
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Hinh 3.21. Quan hé 6" va d¢ ctimg nén dan hoi

Bing 3.10. Pap ung dong luc hoc 16n nhat va do ctng nén

Hésénén
1.10° | 3.10° | 5.10° | 7.10° | 9.10° | 11.10°

(N/m®)
W, (M).10™ 4,40 3,45 2,82 2.30 1,86 | 1,75
oy (N,mz).105 4,21 4,50 4,57 463 | 470 | 4,95
™ (nim?) 107 | 5,9 6,1 6,4 68 | 7,10 | 7.4

Nhan xét: Phan tich do thi cho thdy khi hé s6 nén ting 1én tir 1.10° N/m’

dén 10.10°N/m®, thi dap Gmg dong luc hoc trong dng thay ddi phi tuyén, cu

thé chuyén vi trong két cdu giam, con ung sudt phap trong két ciu ting lén.
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Khi hé sé nén ting 1én tir 1.10° N/m® dén 7.10°N/m® thi chuyén vi trong két
cAu giam dang ké ( giam 1,91 1an), hé s6 nén (d ctimg cua nén) tiép tuc ting
Ién thi chuyén vi ctia 6ng giam cham lai. Piéu nay hoan toan phu hop véi quy
luat co hoc. Véi ung suat phap thi nguoc lai, no ti 1€ thuan véi hé sb6 nén dan
hdi, khi d6 ctmg cta nén nho thi tng suit phap cta 6ng nho, khi ting do ctng
nén 1én cao ta thay ung suat phép ciling ting 1én. Do vay c6 thé thiy rang, do
climg nén c6 anh huong 16n dén dap ung dong luc hoc cua dng compoiste.
3.2.3.5. Anh huong téc dé di chuyén cia tdi trong:

Giai bai toan véi su thay ddi van tdc v ctia ap suét di dong thay ddi: 12m/s,
18m/s va 24m/s. Cac tham sb khac cua bai toan khong doi. Két qua sy thay doi

cac dai luong tinh thé hién trong bang 3.11 va do thi hinh 3.22, 3.23, 3.24.

4 T T T [
== \1=12m/s
— V2=18m/s

== V3=24m/s

Chuyen vi huong kinh (m)

Thoi gian (s)

Hinh 3.22. Pap ung chuyén vi hudng kinh w theo thoi gian
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Hinh 3.24. Pap ung ung suat phap o, theo thoi gian
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Bang 3.11. Pap ung dong luc hoc 16n nhat va sy thay d6i van tdc tai trong

Van toc (mv/s) 12 18 24
W (M).107 1,86 2,54 3,32
o)™ (N/m?) .10° 4,70 5,17 5,61
oM™ (N/m% .10° 7,11 8,12 8,89

Nhan xét: Khi ting van téc cta ap suat di dong, ta thdy bién do chuyén
vi va ung suat phap ciing tang 18n, cu thé khi van tdc tang tir 12m/s dén 24m/s
thi chuyén vi w tang 1,79 lan, ung suat phap oy tang 1,19 lan va Gng suét
phap o, ting 1,25 1an; con vi tri bién d6 ciia chuyén vi va Gmg suét phap ciing
thay doi voi su thay d6i ctia van toc, khi van tde ting tir 12m/s dén 24m/s thi
vi tri chuyén vi va tng suat phap lan luot dat gia tri 16n nhat tai thoi diém
0,75s, 0,65s va 0,55s.
3.2.3.6. Anh hiréng ciia tdi trong:

Trweong hop 1: Ap sudt la ham diéu hoa

Xem xét bai toan nhu trén, véi truong hop khi 4p suét trong dng thay doi
theo chu ky c6 dang p(t) = psin2xft, v6i f= 50 Hz va p = 6.10°N/m?.

Két qua hinh 3.25, 3.26, 3.27 1a dap Gng chuyén vi w va tng suat phap
Gy, Oy tai diém tinh thuoc 6ng.

Bang 3.12. Pap ung dong luc hoc 16n nhat va tai trong

Tai trong Wy, (M) Gyax (N/mz) Gyax (N/mz)
p 1,86.10™ 4,70.10° 7,10.10°
p(t) = psin2xft 2,23.10™ 5,40.10° 7,95.10°
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Thoi gian (s)

Hinh 3.25. Pap ung chuyén vi huéng kinh w theo thoi gian

(w) yuy Buony 1a uaAnyo

x10°

6E+5 (NIm?)
= psin2pift (Nim?)

I
p=

mmzzzo=———ZoS

3
Thoi gian (s)

(uiN) A eworx deyd jens Bun

Hinh 3.26. Dap ting tmg suét phép oy theo thdi gian
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I
. : . = p=6E+5 (Nim?)
______________________ e = i) = psin2pift (NMP) ||

o B iaf il el ol el e A T

Ung suat phap Xicma X (Nimz)
(=]

Thoi gian (s)

Hinh 3.27. Pap ung tng suit phap o, theo thoi gian

Nhan xét: Ta thdy quy luat bién thién ctia dap ung dong luc hoc cia 2
truong hop ap sut 1a ham diéu hoa va 4p suat khong doi p 1a tuwong dong, vé
mit gia tri thi chuyén vi 16n nhat Wy CUA bng composite trong trudng hop ap
sudt 13 ham diéu hoa 16n hon trudng hop ap suat khong d6i 1a 1,2 lan, tng
sudt phap 16n nhat 16n hon 1,15 1an (oy™) va 1,12 1an (o}™). Gid trj 16n hon
trong truong hop ap suat 1a ham diéu hoa c6 thé 1a do hién tuong cong huong
xay ra khi tan s6 dao dong riéng tring voi tan sd ctia ham ap suét diéu hoa.

Trweong hop 2: Ap sudt di dong la hang s6

Xét sy thay doi ap sut p tir 2.10° N/m* dén 12.10° N/m®, két qua cua
chuyén vi 16n nhat w,, va tmg suat phap 16n nhat G;\,/Iax, o™ tai diém tinh
thudc 6ng composite thé hién trong bang 3.13 va do thi hinh vé& 3.28, 3.29,
3.30.



Chuyen vi huong kinh lon nhat (m)

Ung suat phap Xicma Y lon nhat (N/m2)
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Tai trong (Nlmz)

Hinh 3.28. Quan h¢ w,,,, va tai trong
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Tai trong (N/mz)

Hinh 3.29. Quan hé o™ va tai trong
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Hinh 3.30. Quan hé c)™va tai trong
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Taitrong (N/mz)
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Bang 3.13. Pap ung dong luc hoc 16n nhat va sy thay doi tai trong

p (N/m?. 10° 2 4 6 8 10 12
Wy (M).20*% | 087 | 1,27 | 186 | 269 | 335 | 491
o)™ (N/m?) .10° | 3,83 | 4,10 | 470 | 520 | 640 | 7,95
oV (N/m?).10° | 5,94 | 6,41 | 7,10 7,72 | 890 | 10,2

Nhin xét: Khi tang tai trong tir 2.10° dén 12.10° N/m* chuyén vi huéng

kinh va mg suit phap ting phi tuyén: chuyén vi huéng kinh W)y tang 5,64

lan, ung suat phap o,

Max

ting 2,07 lan va ung sudt phap o™ ting 1,72 lan.

Nhu vay ta thay rang, tai trong c6 anh huéng 16n dén dap ung dong luc hoc

cuia Ong composite.
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3.3. Ong tru composite trén gdi cirng chiu tac dung ap suit di dong

Trong phan nay, dé khang dinh tinh linh hoat ctia chwong trinh tinh ciing
nhu dinh hudng tham khao trong tinh toan, thiét ké cac cong trinh 6ng dan 16
thién thuong gip trong thuc té, tac gia tinh toan sd doi voi bai toan éng tru
composite dit trén 4 gbi cimg tuyét dbi, bd tri cach déu nhau, chiu ap suit di
dong, trong do6 cac thong s6 két cau, tai trong nhu muc 3.2. Lac nay hé s6 nén
trong phuong trinh (2.58) ko = 0 va diéu kién bién véi éng tru composite dat
trén cac gbi cing (lién két tya) 1a chuyén vi hudng kinh tai cac nut chira lién
két tua bang 0.
3.3.1. Anh hwéng ciia sé lép éng composite

Khao sat éng tru composite véi s6 16p thay doi tir 5 16p dén 25 16p.
Goc dit cot [45/-45]10. Két qua ta duoc quan hé gitta s6 16p éng composite
Max

v6i chuyén vi huéng kinh 16n nhat wy,,, va tmg sut phap 16n nhét o)

o™ tai diém giita cia 6ng composite dugc thé hién trong bang 3.14 va d6
thi hinh 3.31, 3.32, 3.33.

4
10
6X

T
== Ong trong nen DH, kg = 9.105(Nim®)
=P— Ong tren goi cung

=y

%)

Chuyen vihuong kinh lon nhat {m)
o

Solop (lop)

Hinh 3.31. Quan hé w,,, va s6 16p
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= = Ong trong nen DH, kg = 9.10°(Nim®)
=—P— Onyg tren goi cung

R e L e e e e e P T L L P TETEEEE ;— """""""""""""""""""""""""""""""""" = ---'--i-b
35 | | |
5 10 15 20 25
So lop (lop)
Hinh 3.32. Quan hé o™ va so 16p
g_5x10“

@
()]

co

75

=P = Ong trong nen DH, kg = 9.108(N/m?)
=—Pp— Ong tren goi cung

________________________________________________________________________________

69 .--—""—- I ------- r
T
=g
6
5 10 15 20 25

Solop (lop)

Hinh 3.33. Quan hé )™ va s6 16p
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Bang 3.14. Dap tng dong luc hoc 16n nhat va sb 16p dng composite

S6 16p 5 10 15 20 25
w,,, (m).10* 5,60 3,22 2,08 1,25 1,12
oy (N/m?) 10° | 6,32 4,81 4,76 4,73 4,70
o™ (/m?) 10° | 8,01 7,38 6,90 6,62 6,40

Nhan xét: Khi tang s 10p tir 5 16p dén 15 16p thi chuyén vi huéng
kinh 16n nhat va ung suat phap 16n nhat giam nhanh, con khi s6 16p tir 20
dén 25 thi gia tri cua chuyén vi hudng kinh va (g suit phap giam véi toc
do cham.

3.3.2. Anh hwéng ciia chiéu dai ong

Khao sat voi bai toan voi chidu dai cua dng thay doi tir 6m dén 21m, két

Max __Max

oM™ tai diém tinh duge

qua dap tmg chuyén vi Wy VA UNg suat phap Gy, Oy

thé hién nhu trong bang 3.15 va dd thi hinh 3.34, 3.35, 3.36.

Bang 3.15. Pap ting dong luc hoc 16n nhat va chiéu dai 6ng composite

Chiéu dai ong
6 9 12 15 18 21
(m)
Wy, (M).10*% | 140 | 1,71 | 2,05 | 248 | 322 | 397
o™ (nm?) 107 | 47 | 471 | 474 | 477 | 481 | 487
o™ nme)10° | 76 | 719 | 724 | 731 | 738 | 7.49
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Chuyen vi huong kinh lon nhat {(m})
(&3]

# ; ‘ - .
- i | =P = ong trong nen DH, ko = 9.10°(Nim°)
: P :
P ; i i i | == 0ng tren goi cung
0 | | | | f \ |
6 8 10 12 14 16 18 20 22

Chieu dai ong composite (m)

Hinh 3.34. Quan hé w,,,, va chiéu dai 6ng composite
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Ung suatphap Xicma Y lon nhat (Nr’mz]
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Hinh 3.35. Quan h¢ o™ va chiéu dai dng composite
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Chieu dai ong composite (m)
Hinh 3.36. Quan hé "™ va chiéu dai dng composite

Nhan xét: Truong hop ng composite dat trén cac gbi cimg, khi ting
chiéu dai ng composite thi chuyén vi hudng kinh 16n nhéat va tng suat phap
16n nhét ciing ting 1én, cu thé khi thay doi chiéu dai ng composite tir 6m dén
21m, ta thay chuyén vi hudng kinh 16n nhat W, tAng 5,26 lan, tmg suat phap
G;\,Aax tang 1,04 1an, g suat phap o™ tang 1,05 lan. So sanh véi truong hop
6ng composite dit trong nén dan hoi (hé s6 nén ko = 9.10° N/m?®), thi dap tng
dong luc hoc trong trudng hop dng dit trén gbi ctng 13 16n hon.
3.3.3. Anh hwong ciia géc dit cot

Xét bai toan véi 3 phuong an dit cot:

Phuong an 1: 45%- 45°/45°%- 45°/ 45°%- 45°/45°/- 45°/ 45°%/- 45°

Phuong an 2: 45°/0%/-45°/90°/45°/0°/-45° 190%/45°/0°

Phuong an 3: 30°/60°/30°/60°/30%/60%/30%60%30%60°

Két qua dap tmg chuyén vi, (mg suét tai diém tinh thé hién nhu trong bang
3.16 va dd thi hinh 3.37,3.38, 3.39.
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——Phuong an 1

===Phuong an 3

== Phuongan2 |
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T|||l

Hinh 3.37. Pap ung chuyén vi huéng kinh w v6i 3 phuong an dit cot

x10°

Thoi gian (s)

= Phuong an 1
= = Phuong an 2
=== Phyong an 3
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Thoi gian (s)

Hinh 3.38. Dap ting g sut phap o, véi 3 phuong an dit cot
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——Phuong an 1
== Phuongan2 | |
=== Phuong an 3
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Ung suat phap Xiecma X (mez)
. =]

Thoi gian (s)
Hinh 3.39. Pap tmg mg suit phap o, voi 3 phuong an dit cot
Bang 3.16. Péap tmg dong luc hoc 16n nhét theo phwong an dat cot

Phuong an Phuong 4n 1 Phuong 4n 2 Phuong an 3
W, (M).107 3,22 4,17 3,61
o)™ (N/m?) -10° 481 5,95 5,42
o™ (N/md) 10° 7,38 7,94 7,51

Nhan xét: Goc dit cot co anh hudong dén chuyén vi va ting suat ctia ong
composite, trong 3 phuong an trén, phuong an 2 c6 chuyén vi va ing suat phap
16n nhat va phuong an 1 c6 chuyén vi va ting suat phap nho nhat, day 1a co s

cho viéc lia chon giai phap dit ¢t hop 1y cho cac 16p composite ctia dng.
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3.3.4. Anh hwong sé lwong goi ciing

Khao sat bai toan véi sy thay doi s6 lugng gdi ctng tir 4 dén 14 gbi, bd
tri cach déu nhau trén chiéu dai L=18m. Diéu kién bién véi dng dit trén gdi
ctng (lién két ngam): tt ca cac bac tu do tai cac nit chira lién két ngam bang
0 ((:]I =0). Phuong trinh dong luc hoc sau khi khir bién dugc néu réo ¢ muc

2.5.2. Két qua dap tmg dong luc hoc cua éng dugc thé hién trén bang 3.17 va
d6 thi hinh 3.40, 3.41, 3.42.

Bing 3.17. Pap tng dong luc hoc 16n nhat va gdi cling

Gbi cung (gbi) 4 6 8 10 12 14
Wy (M).10* | 322 | 286 | 268 | 252 | 242 | 237

o™ (nim?)-10°| 481 | 487 | 495 | 506 | 517 | 533

Sk (N/m?) 10°| 738 | 671 | 704 | 748 | 7,81 | 810
3.4)”07

Chuyen vi huong kinh lon nhat { m)

22 i
4

Gbi cimg (g6i)

Hinh 3.40. Quan hé w,,, va gdi cling

13 14




Ung suat phap Xicma X lon nhat (mez)
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54

Ung suat phap Xicma Y lon nhat (Nimz)

Gbi citng (gbi)

Hinh 3.41. Quan hé G;\,Aax va gbi cimg

7.7

765

—~
@

7.55

7.5

7.45

Géi cimg (gbi)

Hinh 3.42. Quan hé ¢\ va gdi cling
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Nhan xét:

Khi sb luong gbi cung ting 1én, dong nghia véi d6 ctng viing ctua két
cAu ciing ting 1én, nén khi d6 ta thdy chuyén vi ctia 6ng composite giam va
g sut phap cta két ciu 6ng thi ting 1én. Piéu nay ciing hoan toan phu hop
v6i quy luat co hoc. Pay 1a co s¢ dé liwa chon sd luong gbi cho éng composite
mot cach hop ly.

3.3.5. Anh hwong toc do di chuyén cua tdi trong

Khéo sat bai toan véi sy thay doi van téc ciia ap suat di dong thay doi:
9m/s, 12m/s, 18m/s va 24m/s. Két qua dép timg dong luc hoc cua 6ng duoc
thé hién trén bang 3.18 va db thi hinh 3.43, 3.44, 3.45.

== \1=12mls
—V2=18mls
== V3i=24mls |

Chuyen vi huong Kinh (m)
.

'
ro

Thoigian (s)

Hinh 3.43. Pap ung chuyén vi hudng kinh w véi su thay doi clia van tdc
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Hinh 3.45. Pap ung tmg suit phap o, v6i su thay ddi cta van toc
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Bang 3.18. Pap ung dong luc hoc 16n nhat va van tdc tai trong

Van tdc (m/s) 12 18 24
W, (M).10" 3,22 4,39 6,25
o)™ (N/m?) .10° 4,81 5,51 6,35
oM™ (N/m%) .10° 7,38 8,62 9,96

Nhan xét:

Khi van toc cua 4p suat di dong tdng 1€n, chuyén vi va ung suat phap

cling tang. Khi van tdc tang tir 12m/s dén 24m/s thi chuyén vi w tang 1én 1,94

lan, ing suat phap oy tang 1,32 lan va tng suat phap o, tang 1,35 1an va vi tri

bién d cua chuyén vi va irng suat phap cling thay doi voi su thay doi cia van

toc, khi van toc ting tir 12m/s dén 24m/s thi vi tri chuyén vi va tmg suat phap

lan luot dat gia tri 16n nhét tai thoi diém 0,75s, 0,65s va 0,55s.

3.3.6. Anh hwéng ciia tdi trong

Truwong hop 1: Tai trong la ham diéu hoa

Tinh toan véi truong hop: ap sudt p(t) = psin2nft, véi f = 50Hz va p =

6.10° N/m®. Két qua hinh 3.46, 3.47, 3.48 1a dap mg chuyén vi w va tng sut

phép o, oy tai tinh thudc 6ng.

Bang 3.19. Bap ung dong luc hoc 16n nhét va tai trong diéu hoa

Ap suit W (M) o, (N/m?) o™ (N/m?)
p 3,22.10™ 4,81.10° 7,38.10°
p(t) = psin2xft 3,93.10" 5,46.10° 8,32.10°
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Thoi gian (s)

Hinh 3.47. Dap ting tmg suét phap o, theo thoi gian
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8 ! I I I ]

= D =6E+5 (Nim?)
oft) = psin2pift (Nm?) | |

Ung suat phap Xicma X (Nimz)

Thoi gian (s)

Hinh 3.48. Pap ung tng suit phap o, theo thoi gian

Nhan xét:

Ta thay quy lut bién thién cua dap Gng dong lyc hoc cta 2 trudng hop
ap sut 13 ham diéu hoa va 4p suit khéng dbi p 1a twong dong, vé mit gia tri
thi chuyén vi 16n nhat W . CU 6ng composite trong trudng hop 4p suat 1a
ham diéu hoa 16n hon trudng hop ap suat khong doi 1a 1,22 1an, Gng suat phap
16n nhat 16n hon 1,135 lan (o)™) va 1,127 lan (™). Gia tri 16n hon trong
treong hop ap sudt 1 ham diéu hoa co thé 1a do hién tuwong cong hudng xay ra
khi tin s6 dao dong riéng triung véi tan sb ctia ham ap suat diéu hoa.

Truwong hop 2: Ap sudt di dong la hang s6
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Phén tich bai toan voi 4p sudt p bién thién tir 2.10° N/m? dén 12.10°

N/m?, két qua quan hé cua tai trong v6i chuyén vi hudng kinh 16n nhat W 1

va tng suat phap Gyax o™ tai diém tinh thugc dng dugc thé hién trong bang

3.20 va db thi hinh 3.49, 3.50, 3.51.

Bang 3.20. Pap ung dong luc hoc 16n nhat va sy thay doi tai trong

p (N/m. 10° 2 4 6 8 10 12
Wy (M).10" | 1,66 2,33 322 | 475 | 625 | 9,71
o)™ (N/m?) .10° | 415 | 440 | 481 | 561 | 692 | 880
oM™ (N/m?) .10° | 6,76 | 6,70 | 7,38 | 840 | 961 | 11,4

—_

o = S ot
=] ~ =) w

Chuyen vi huong kinh lon nhat {m)
o
(5]

04
03
02}
: i { ;
- =P = Ong trong nen DH, kg = 9.105(N/m*)
01F-_-.'—-—~7! ------------------------------------------------------------------------ ng g + 10 ’ —
| =P— Ong tren goi cung
0 i I I 1 1
5 6 7 8 9 10 11 12
Tai trong (N/m?)

Hinh 3.49. Quan h¢ w,,, va tai trong




Ung suat phap Xicma Y lon nhat (N/m?)

Ung suatphap Xicma X lon nhat (Nr’mz]
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Tai trong [N!mz}
3 A M \ 9 *
Hinh 3.50. Quan h¢ o, va tai trong
x10°

12

o

w

[=2]

=P = Ong trong nen DH, kg = 9.10°(Nim?)
=P— Ong tren goi cung

5 i i i i i .
2 3 4 3 6 7 8 9 10 11
Taitrong (N/im?)

Hinh 3.51. Quan hé¢ & va tai trong
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Nhan xét: Khi ting tai trong tir 2.10° dén 12.10° N/m?, thi chuyén vi huéng

kinh va g suat phép ting phi tuyén. Chuyén vi huéng kinh w,,, ting 5,85
lan; Gng suat phap Gyax tang 2,12 1an; ung suat phap o™ ting 1,68 lan. So

sanh v6i truong hop dng composite dat trong nén dan hoi (hé sé nén ko =
9.10° N/m?), thi d4p ung dong luc hoc ciia dng composite trén gdi cimg 1a 16n
hon. Do vy tai trong c6 anh hudng 16n dén dap tng dong luc hoc cua két cdu
éng composite.
Két luan chwong 3

Mot s6 két qua chinh dat dugc trong chuong nay, dé la:

- Khéo sat s trén nhiéu 16p bai toan dé xem xét sy anh huong vé dap
mg dong luc hoc cua éng try composite trong nén dan hoi va gdi cung chiu
tac dung cta ap suit di dong. Ta nhéan thiy cac théng sb: s6 16p dng, chiéu dai
6ng, goc dat cot, do cing nén, van toc 4p suat di dong va tai trong da anh
huong dang ké dén dap ung chuyén vi, bién dang va tng suit trong ong
composite. So véi truong hop dng composite dit trong nén dan hoi (hé s6 nén
ko = 9.10° N/m®) thi d4p tmg chuyén vi, bién dang va Ung suit cua ong
composite trén goi cung 1a 16n hon.

- Pé ting kha nang on dinh cho 6ng try composite, tity theo muc dich va
yéu cau sir dung ma ta co thé tinh toan, diéu chinh cac thong sb hinh hoc, vat
liéu éng va cac tham sb tai trong dé lwa chon dugc céc phuong an hop 1y ap
dung cho céac cong trinh 6ng dan trong nén va trén cac lién két truyén thong

phuc vu cac linh vuc k¥ thuat thyc tién.
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CHUONG 4
NGHIEN CU'U THUC NGHIEM
4.1. Pit van dé

Trong cac chuong trude tac gid da trinh bay co s& khoa hoc va thuc
hién céc tinh toan s nham xac dinh dap tmg phi tuyén dong luc hoc 6ng try
composite trong nén dan hoi va trén cac lién két cing chiu tac dung cta ap
sudt di dong. Pé kiém chtng sy phu hop cua phuong phap 1y thuyét va
chuong trinh tinh di 1ap, trong chuong ndy tac gia thiét 1ap va trién khai thi
nghiém trén mo hinh dng composite chiu tic dung ctia ap suat chat long di
dong, trong do 6ng duoc dit trén lién két duge xem la cung tuy¢t ddi va trén
lién két dan hoi.

Mic du bai toan chét khi va chét l6ng c6 su khac nhau vé tinh co dan,
tinh chiu nhiét, khoi luong va sy lan truyén ap suat & trong 6ng. Tuy nhién
trong pham vi luan an, véi muc dich thi nghiém la do chuyén vi va bién dang
ctia 6ng, nén so véi bai toan ap suat khi thi bai toan ap suat chat long dé dang
trong viéc diéu khién tao ra cac ap suit khac nhau cua timg 1an do. Hon nira,
v6i diéu kién va trang thiét bi ¢ nudc ta thi dé tim duoc cac may thi nghiém
tao ap suat khi cao va véan toc 10n 1a khong hé dé dang bén canh phai dam bao
an toan tuyét ddi trong qua trinh to chirc thuc nghiém.

Tu nhiing van dé nhu vay, dé dam béo an toan va sy diéu khién sy thay
d6i ap suat dé dang trong qua trinh to chuc thi nghiém, tac gia chon tai trong
tac dung 13 4p sudt chét 16ng dé thi nghiém. Tuy nhién dé c6 sy hop 1y hon
gitta 2 bai toan tai trong ap sudt chit khi va ap suit chit 1ong, tac gia dua ra

cac gia thiét sau:
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- Chat 16ng chay trong dng 1a chat 1ong 1y tuong (Chat 1ong chay 6n dinh,
khong ton tai ndi ma sat trong long chét 16ng, d6 nhét bang 0).
- Bo qua khéi lugng cua chat 1ong chay trong dng.
- Diéu kién thi nghiém & nhiét d6 méi truong binh thuong.
4.2. Muc dich thi nghiém
So sanh, dbi chimg va lam co so danh gia thuat toan va chuong trinh
tinh da duoc xay dung trong chuong 2.
4.3. N¢i dung thi nghiém
Xéc dinh dap ung dong cua dng composite chiu 4p suat chit 1ong di
dong do bom cao ap tao ra, trong do tap trung vao bién dang, chuyén vi va
gia toc ctia diém can do thudc 6ng.
4.4. So @b va thiét bi thi nghiém
4.4.1. M6 hinh va mdu thi nghi¢m
4.4.1.1. M6 hinh thi nghiém
Mo hinh thi nghiém dugc thiét ké, ché tao 1a ng composite gom 4 16p
c6 trat tu xép 10p 45°/-45%/45°%/-45°, vat liéu ché tao 12 cbt soi thuy tinh, nén
nhwa Epoxy; chiéu dai L= 4200mm, duong kinh trong d = 50mm, chiéu
day h =4mm.
Ong dugc dat trén lién két cimg va lién két dan hoi.
- Truong hop lién két cing, 6ng composite duoc lién két chit bang 6p
va dugc han chit voi tAm thép day nham tao lién két cimg.
- Truong hop lién két dan hoi, dng composite dugc lién két voi hé
gém 44 10 xo dan hoi c6 tinh chat giéng nhau, chiéu dai mdi 1o xo 1a
50mm, duong kinh ngoai D = 16mm, budc 10 xo 6mm, duong kinh s¢i 10

X0 1,5mm (Hinh 4.1).



108

%—?—if1 B N W 0 W W . B S .0 BNy

400

Pong hd do p

Hinh 4.1. Mb hinh thi nghiém ng composite dat trén gbi ctg va gbi dan hoi
4.4.1.2. Mau thi nghiém

Viéc xac dinh d6 cing 10 X0 dan hdi duge thuc hién tai Phong thi
nghi¢ém Co hoc - B mén Co hoc vat ran, Hoc vién K¥ thuat Quan su
(Hinh 4.3).

Mau cta 16 xo dan hoi co chiéu dai 1a 50mm, duong kinh ngoai D =

16mm, budc 10 xo 6mm, duong kinh sgi 10 xo 1,5mm ( Hinh 4.2).
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Hinh 4.2. MAu xé4c dinh d6 ctimg 10 xo dan hoi

Thi nghi€ém xac dinh dd cting chiu kéo, nén cua 10 xo dan hdi duoc thuc
hién trén hé théng sinh lyc van nang MTS — 810 Landmark cua My, véi tai
trong 16n nhat 1a 500 kN. Tién hanh thi nghiém kéo 16 xo dé x4c dinh d6 gidn
cia mau ( s 1an thuc hién 1 15 lan), sau d6 tién hanh xir Iy théng ké theo
trinh tu cac budc chung cua phuong phap xir 1y s6 lidu thuc nghiém. Két qua

ta xac dinh dugc do cing cia 16 xo 1a k = 5000 N/mm.

Hinh 4.3. Thi nghiém x4c dinh d6 ctng 10 xo dan hoi
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Cac thanh phan co tinh vat liéu cua ting 1ép composite dugc cho boi
nha cung cép, theo d6 véi vat liéu mau 1a cdt soi thuy tinh, nén nhua
Epoxy, cac gia tri dugc cho trong bang sau:

Bang 4.1. Thanh phan co tinh cta 16p vat liéu composite

E.[N/m?] E,[N/m?] G [N/m’] V1 plkg/m?]

150,17. 10° 11,34. 10° 5,67.10° 0,26 2119,69

4.4.2. Thiét bi thi nghiém
4.4.2.1. Thiét bi gdy tai

Thiét bi gay tai 1a may bom cong nghiép IRCEM cuia Cong ty c6 phan
Thuong mai va dich vu Cuong Thinh Vuong, vo1 cac thong s6 cong suét

1.5KW , luu lugng nude 2m%h, ap lyc 98m nudc.

Hinh 4.4. Thiét bi gay tai (a), cam bién gia toc (b), dau do bién dang (c)
4.4.2.2. Cam bién gia téc, dau do bién dang
Trén két ciu tai cac vi tri cua 6ng da duoc xac dinh trén mo hinh &
hinh v& 4.4, tién hanh gin cac thiét bi cam bién gia téc dé do gia tc dich

chuyén theo phuong hudng kinh cia cac diém can xac dinh.
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Cam bién gia toc dung trong thi nghiém 13 cam bién PV - 90T cua
Nhat voi cac thong so sau:

Khéi luong 2g, d6 nhay: 0,5mV/(m/s%), dai tan sé do: 1 dén 12000
(+10%)Hz, dinh cong huong: 50kHz, vat liéu ché tao: Titanium, sai s6 do:
0,05% hoac nho hon.

Pau do bién dang st dung 12 loai tim dién tré loai KFG - 5 - 120 - C1-
11 cta hang Kyowa Nhat Ban (Hinh 4.5), chuan do Smm, 120.2 + 0.3Q, hé
s6 gage: k = 2.10 + 1.0%. Céc tam dién tro duoc lién két véi bé mat coa
két cau vo tai vi tri do, theo phuong do bang keo dan chuyén dung.
4.4.2.3. May do dao dong da kénh

May do dong sir dung loai LMS cung cip bai hdng LMS cua Bi (Hinh
4.5), day 1a mot hé thong cd thé do, phan tich véi tong sé kénh doc lap, toc
d6 1ay mau téi da 102.4 kHz, chiu duogc diéu kién 1am viéc khac nghiét 18n
dén 55°C va rung xoc.

Hinh 4.5. Hé thong do dong 16 kénh LMS va man hinh lam viéc ciia may
4.5. Phan tich va xir Iy so liéu thi nghiém
Viéc thu thap, tich hop s liéu (dap Gng gia tde, van tdc, chuyén vi va
bién dang tai nhitng diém can do theo thoi gian) ctia mdi 1an thi nghiém

duoc may tinh chuyén dung cua bd thiét bi do LMS thuc hién. Pé ¢ dugc



112

két qua do trung binh, tac gia phai tién hanh do dac nhiéu lan rdi xir 1y
thong ke, trinh tu cac budce nhu sau [ 2], [10], [16], [18]:

Gia st tién hanh do n 1an cac gia tri gia tdc hodc bién dang tai mdi vi
tri can x4c dinh, mdi lan do c6 duge bd s6 licu [t;,N;], véi i 1a budc thoi
gian trich mau thi nghiém cta may do, N; - dai luong do tai budc thoi gian
thir i.

Budc 1: Xuat bo s6 liéu ciia n 1an do tir phan mém may tinh.

Budc 2: Xac dinh trung binh N, ctia mdi gia tri diém do trén ddy s6
ligu(N; ), véi j=1n.

Budc 3: Tap hop bd s6 liéu | t,,Ni |, v& dép tmg theo thoi gian ciia bd s
liu do sau khi xir 1y théng ké.

Budc 4: V& dap mg theo thoi gian, xac dinh gia tri 16n nhit va gia tri
nho nhét Nmax, Nmincta b s6 liéu do.

Budc 5: Lam tuong tu ddi vai dap tng van tde, chuyén vi tai diém do
theo thot gian.

Budc 6: Panh gia, nhan xét két qua.

Hinh 4.6. G&n cam bién do
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4.6. Trinh tw x4c dinh gia toc, bién dang ciia 6ng composite

Pé do gia toc dao dong tai vi tri nao d6 thudc két cau 6ng composite,
tién hanh gin dau do gia téc cb dinh tai diém can do, huéng truc dau do
theo phuong can do (Hinh 4.6). Dudi tAc dung cua tai trong, 6ng dao dong,
va dong nghia dau do gia tbc dao dong theo, tin hiéu dap tng gia toc theo
thoi gian duoc truyén vé may tinh xu ly.

Két qua mdi lan do, twong tng véi mot dau do co duoc bo sé licu thé
hién dap tng gia téc theo thoi gian tai vi tri trén két cau ma tai d6 gan dau
do gia téc. Tur dép Gng gia toc - thoi gian, voi bo xir ly deflection analysic
dugc tich hop trong may tinh, tién hanh phan tich (tich phan sé hai lan) va
két qua 1a co duoc dap tng chuyén vi theo phuong huéng kinh tai diém do
theo thoi gian. Dé do bién dang tai mot diém, tién hanh dan tim dién tro tai
vi tri can do, phuong chiéu dai tam dién tro tring voi phuong can do bién
dang. Dudi tac dung cua tai trong, 6ng bi bién dang 1am cho tam dién tro
bién dang theo, tin hiéu bién dang dwgc may tinh xu Iy va két qua co duoc
dap tng bién dang theo thai gian.

4.7. Thi nghiém va két qua dat dwoc
4.7.1. Ngi dung thi nghiém

Mo hinh thi nghiém dugc g chit twong tng lién két trén gbi cimg va
dan hdi, dam bao mo hinh on dinh vi tri trong qua trinh thi nghiém. Lap dit
thiét bi do gia tdc, do bién dang tai cac diém do tuwong tng trén éng. Viéc
lién két cac dau do voi bo may do thong qua bd cap tin hiéu tiéu chuan

dong bd vo1 may.
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Tién hanh thi nghiém do dap tng dong (do bién dang va gia tc) cia
6ng composite dit trén lién két cimg va lién két dan hoi, véi cac truong
hop é4p luc trong dng khac nhau.

Tai mot diém do, dé xac dinh bo sb liéu dap tng gia téc hodc bién
dang theo thoi gian, tac gia tién hanh do 25 lan (n = 25), chon ra 15 lan do
c6 két qua hoi tu. B so lidu do dugc thu thap, phan tich va xt 1y thong ké,
cudi cung ta s& c6 duoc dap tng bién dang, gia téc, van toc va chuyén vi
theo thdi gian tai cac diém do 1a trung binh cong ctia 15 1an.

+ Truong hop 1: Ap suit 6ng p; = 1 Kg/lcm?.

- Mo van dong mé & dau ra cta dng, bat cong tic cho may bom hoat
dong. Sau khi nudc chay 6n dinh trong 6ng, doc thong sé ap suat trén dong
hd do 4p, ta duge ap suit 6ng p; = 1 Kg/lcm?.

- Po van téc dong chay trong ong, bang cach do luu lugng nuéc Q,

(m®/s) trong thoi gian t1(s) ,tir d6 ta tinh duoc van téc di dong v, theo cong

thirc sau: = —3 (mis). (4.1)
3,14.R

trong d6: R 13 ban kinh trong ciia 6ng composite

- Quan sét trén man hinh két qua dap tmg dong cua éng composite.
Luu két qua dix liéu.

+ Truong hop 2: Ap suit 6ng po.

- Péng dan van dong md ¢ dau ra cua dng (khong dong hét), bat cong
tic cho may bom hoat dong. Sau khi nudc chay 6n dinh trong éng, doc

thong s ap sudt trén dong hd do ap, vi du ap suat dng lac nay 1a p,.
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- Po van téc dong chay trong ong, bang cach do luu lugng nuéc Q,
(m®/s) trong thai gian t,(s), tir d6 ta tinh duoc van te di dong v, theo cong

thirc sau: vy =—22 _ (mis). (4.2)

314.R?

trong d6: R 1a ban kinh trong ctia 6ng composite

- Quan sat trén man hinh két qua dap tmg dong cia 6ng composite.
Luu két qua dit liéu.

Tiép tuc 1am nhu trén véi trudng hop 3 Vai ps, truong hop 4 Véi pa,
trudong hop 5 véi ps. Luu két qua dir liéu vao may tinh.

Dung ddng hd do luu luong nuéc Q (M®/s) véi cac truong hop trén, ta
tinh dugc van téc dong chay trong dng. Két qua cho trong bang 4.2.

Bang 4.2. Gi4 tri luu lugng dong chay Q va van toc dong chay v

Ap luc Luu luong Van tbc
(Kglem?) (m3s) (m/s)
01 1 Q, 0,01312 Vi 6,68
P2 3 Q> 0,01074 V, 5,46
P3 5 Q3 0,01064 V3 5,48
P4 7 Q4 0,01052 V4 5,36
Ps 9 Qs 0,00952 Vs 4,84
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Hinh 4.7. Tién hanh do dac va luu két qua
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4.7.2. Két qud thi nghiém dat dwoc
4.7.2.1. Thir nghiém trén két cau éng composite dat trén goi cirng chiu tdi
trong di dong

Thr nghiém trén két cau dng composite dat trén gdi cimg chiu tai
trong di dong, khi 4p lyc trong ong ps = 5 Kg/em?® , két qua dép ung dong
luc hoc 16n nhét cta két ciu tai cac diém do duge thé hién trong bang 4.3.

Bang 4.3. Dap tng dong luc hoc 16n nhét ctia két ciu dit trén géi cung

) ) Sai s
biém do Thuc nghiém Ly thuyét
[%]
A(m) 1,45.10° 1,12.10° 22,5
Chuyén vi c .
B(m) 2,2.10 1,61.10° 26,6
hudng kinh
C(m) 1,84.10° 1,39.10° 24.2
A(m/s%) 17,53 13,55 22,7
, B (m/s?) 24,20 17,54 27,5
Gia toc
C (m/s?) 19,76 14,58 26,2
A 3,89.10° 2,92.10° 24,9
Bién dang doc s s
B 5,0.10 3,68. 10 26,4
truc
C 4,24.10°® 3,14.10° 25,8

4.7.2.2. Thir nghiém trén két cdau dng composite ddt trén goi dan hoi chiu

tai trong di dong

Thir nghiém trén két cdu dng composite dat trén gbi dan hoi chiu tai
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trong di dong, khi 4p luc trong dng p, = 3 Kglem? , két qua dap tmg dong
luc hoc 16n nhit cua két cu tai cac diém do duoc thé hién trén bang 4.4 va
két qua chuyén vi, gia téc va bién dang theo thoi gian tai cac diém xét,

dugc thé hién trén d6 thi hinh 4.9, 4.10, 4.11.

Bang 4.4. Dap tmg dong luc hoc 16n nhét cua két cau dit trén gbi dan hoi

Diém do Thuc nghiém Ly thuyét Sai s6 [%]
E (m) 1,02.10° 0,77.10° 24,2
Chuyén vi F(m) 1,55.10° 1,12.10° 26,6
huéng kinh G(m) 1,6.10° 1,19.10° 25,6
H(m) 1,34.10° 1,03.10° 22,8
E (m/s?) 16,3 12,61 22,7
, F (m/s%) 16,5 12,54 24,1

Gia toc

G (m/s%) 19,7 14,53 26,2
H (m/s?) 17,6 13,81 21,5
E 5,0.10° 3,68. 107 26,4
Bién dang F 7,1.10° 5,27.10° 25,8
doc tryc G 5,8.10° 4,35.10° 25,0
H 3,8.10° 2,75.10°® 27,6




Gia toc (m/sz)
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Thoi gian (s)
Hinh 4.11. Pap ung bién dang — thoi gian tai diém F cta dng composite
Nhan xét:

Véi két qua thé hién trén bang 4.5 va db thi 4.9, 4.10, 4.11 ta thay dap
mg chuyén vi, gia tdc, bién dang theo thdi gian tai cac diém do tir két qua
thuc nghiém va 1y thuyét 1a kha twong dong vé quy luat, sai sb giita thuc
nghiém va 1y thuyét kha 1én. Nguy@n nhan tht nhat 1a c6 thé 1a trong phan
thuc nghiém thi sy ga lap cua dng trén cac lién két gdi cing va gdi dan hoi
chua dam bao d6 climg viing, trong khi tinh toan 1y thuyét thi moé hinh 6ng
trén cac lién két duoc coi nhu 1y tuéng. Nguyén nhan tht hai 1a do trong
phan 1y thuyét, khi tinh toén tai trong dang 4p suit di dong khong xét dén

khéi lugng tai trong, con trong phan thuc nghiém tai trong 1a 4p suat chat
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long di dong, nén véi khoi lugng cua chat long da lam ting cac gia tri
chuyén vi, gia toc va bién dang cua éng composite.

Tuy nhién, véi diéu kién céc thiét bi thi nghiém van con han ché, sai
s6 1a khong thé tranh khoi, do vay theo tac gia két qua so sanh thi nghiém
va tinh toan ly thuyét 1 c6 thé chap nhan dugc.

Két luan chwong 4

Mot sd két qua chinh dat duoc trong chuong nay, d6 1a:

- P x4y dung mo hinh thuc nghiém 6ng composite dat trén lién két
ctng va lién két dan hdi chiu tic dung cua tai trong dang ap suét chit 1ong
di dong.

- Tién hanh thi nghiém do dap Gng dong voi cac truong hop ap luc
trong ong khac nhau cho két qua dudong dap tmg dong luc hoc c6 dang
tuong dong véi phuwong phap 1y thuyét. Chtng t6 tién trinh thi nghiém ma
tac gia xay dung va chuong trinh khao sat sé bang phwong phéap 1y thuyét
dam béao do tin cay.

- Két qua so sanh giira thuc nghiém va 1y thuyét co thé sir dung truc
tiép mo hinh thi nghiém ma tac gia xay dung dé dua ra cac két qua ban dau

cho dap ung dong luc hoc cua 6ng tai cac vi tri do khac nhau.
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KET LUAN VA KIEN NGHI

1. Nhirng dong gop mai cia luan an:

- Xay dung hé phuong trinh vi phan dao dong phi tuyén cua phan tir vo
cong trong nén dan hoi, chiu tac dung cua ap suat di dong, trong d6 ap suat
phan bd trén dién tich phan tir v6 thay doi theo thoi gian. Tap hop ma tran,
vecto tai téng thé tir cic ma tran va vecto tai trong phén tu, thiét lap duoc
phuong trinh vi phan dao dong phi tuyén ctia 6ng tru composite trong nén
dan hoi chiu tac dung cua ap suat di dong doc trong 6ng.

- Str dung phuong phap PTHH, xiy dung thuit toan giai va viét
chuong trinh may tinh trén nén Matlab phan tich phi tuyén dong luc hoc
éng tru composite 16p dat trong nén dan hoi va trén lién két cing chiu tac
dung cua ap suit di dong.

- Khéo sat s6 xem xét anh huong cua mot sd yéu td nhu: kich thude
hinh hoc, vat liéu éng, van tde ap suat di dong, tai trong va lién két... dén
dap tng dong luc hoc ctia 6ng try composite 16p. Tir d6 giup cho viée lya
chon giai phap, khuyén cao hop 1y cho éng composite 16p chiu tac dung
cta 4p suat di dong, ung dung trong k¥ thuat nhu: éng dan chét 1ong, chat
khi, nong sing, nong phao,...

- Tién hanh thuc nghiém trén mé hinh dé c6 duoc cac s liéu lam co
s& kiém chimg két qua tinh toan bang phuong phap PTHH. Két qua thi
nghiém do dap ung dong luc hoc c6 dang twong dong v6i phuong phéap 1y
thuyét, sai s6 trong pham vi chép nhan dugc,ching té tién trinh thi nghiém

va chuong trinh khao sat s6 ma tac gia xay dung dam bdo do tin cay.
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2. Nhén xét va kién nghi:

Qua nghién ctru va cac két qua dat duoc trong luan an, tac gia dua ra
mét sd nhan xét va kién nghi sau:

- Anh huong cua kich thude hinh hoc, vat li¢u 6ng composite, thay doi
tai trong, van tde ap suat di dong va viéc st dung nén dan hoi hay géi cung
dén phan tng dong luc hoc cua éng tru composite 13 kha 16n. Vi vay trong
thiét ké ché tao c6 thé lwa chon hop 1y sb 16p, chiéu dai cua éng composite,
phuong an thiét ké nén va géi phu hop nham ting stc khang luc cho 6ng
composite. Trong khai thac, st dung can han ché tdi da su thay ddi tée do
ctia ap suat di dong hay tai trong trong dng composite.

- N6i dung nghién ciru cia luan an c6 thé phat trién theo cac hudng sau:

+ Phan tich dong luc hoc hé éng dan trong nén bién dang chiu tac
dung cua ap sut di dong trong d6 co xét dén tinh twong tac giita hé dng va
nén.

+ Nghién cttu thuc nghiém 6ng vat liéu composite, composite ap di¢n,

FGM chiu tai trong di dong: khoi luong, ap Sut,...



124

DANH MUC CONG TRINH CUA TAC GIA

1. Nguyén Viét Ha, Pham Tién Pat, Lé Trudng Son (2016), “Phan tich dap
g dong hoc ctia dng composite trén nén dan hoi dudi tac dung cla ap suat
di dong”, Tuyén tdp cong trinh Héi nghi khoa hoc toan quéc vé co kj thudt va
tw dong héa lan thir 2, ky niém 60 nam thanh ldgp PHBK Ha Noi, tr.268-273.
2. Nguyén Viét Ha, Pham Tién Pat, Lé Truong Son, Nguyén Gia Thing,
Phan Thanh Phidc (2016), “Phan tich anh huong cua tham sd van tdc toi
chuyén vi cta dng composite dudi tic dung cua ap suat di dong”, Hoi nghi
Khoa hoc va céng nghé toan quoc vé co khi - dong luc, ky niém 60 ndam
thanh lap PHBK Ha Noi, tr.475-480.

3. Nguyén Viét Ha (2017), “Tinh toan 6ng composite 16p trén lién két dan hdi
chiu tac dung cua tai trong di dong”, Hoi nghi Khoa hoc va cong nghé toan
quoc vé co khi - dong lwc, ky niém 60 nim thanh 1ap PHBK Tp HCM,tr
118-124.

4. Nguyén Viét Ha, Pham Tién Dat, Lé Trudng Son, Nguyén Truong Thanh
(2017), « Phan tich anh hudng cua mot s6 yéu té dén dap tng dong hoc cia
6ng composite 16p trén lién két dan hoi chiu tac dung cua tai trong di dong”,
Tap chi nghién ciru khoa hoc va céng nghé qudn sw, s6 55, tr 190-196.

5. Nguyén Viét Ha (2018), “Nghién ctru dong hoc 6ng trén gbi dan hoi chiu
ap suat di dong bang phuong phap phan tir hitu han”, Hgi nghi co hoc toan
quéc lan thir X.

6. Nguyén Viét Ha, Pham Tién Pat, Lé Trudng Son (2019), “Nghién ciru dap
ung dong luc hoc ctua éng composite chiu tac dung cua tai trong di dong béng
phuong phép sb6 va thuc nghiém”, Tap chi khoa hoc céng nghé xdy dung,
Truong dai hoc Xay dung.



125

TAI LIEU THAM KHAO

Tiéng Viét

[1]. Nguyén Thanh Binh va cong su (2016), Ly thuyét va phwong phdp tinh
tdm — vé, Nha xuat ban quan doi nhan dan.

[2]. Nguyén Théi Chung (2013), Thi nghiém co hoc, Hoc vién K thuat quan su.

[3]. Nguyén Thai Chung (2016), Co s¢ phwong phdp phan tir hitu han va ldp
trinh Ansys trong co ky thudt, Nha xuét ban quan doi nhan dan.

[4]. Nguyén Thai Chung, Hoang Xuan Luong (2010), “Phan tich dong luc
hoc dim lién hop chiu tic dung ddng thoi cua tai trong di dong va dong
dat”, T uyén tap Cong trinh khoa hoc Hoi nghi Khoa hoc toan quéc Co hoc
vt ran bién dang lan thir X, Thai Nguyén 12-13/11/2010.

[5]. Pd Anh Cudng, Ta Hitu Vinh (2004), “Tuong tac giita két cau hé thanh
va tai trong di dong c6 lién két dan hoi va can nhét”, Tap chi Khoa hoc kj
thudt- Hoc vién Ky thudt quan sy - S6 106, 1-2004, tr. 27-35.

[6]. Bui Tién Cudng (2012), Nghién citu 6n dinh dan héi cia tam va vo tru
composite 16p chiu tdi trong déng, Luan an tién sy k¥ thuat, Hoc vién K¥
thuat quan su.

[7]. Nguyén Chién Ham (2008), Nghién citu anh hudéng ciia tdi trong xung,
nhiét dén dé bén cia dng phéng composite cot sgi sir dung trong cdc té hop
phong loat, Luan an tién sy k¥ thuat, Hoc vién Ky thuat quan su.

[8]. Lé Ngoc Ly (2013), Phdn tich déng luc hoc két cau tdm mong chiu tdi trong
di dong, Luan an tién sy k¥ thuat, Hoc vién Ky thuat quan su.

[9]. L& Tan (2011), Nghién citu tuwong tic giita 6ng dan va nén san hé dwdi
tdac dung cua tai trong né, Luan 4n tién sy k¥ thuat, Hoc vién K¥ thuat quan

su.



126

[10]. V& Van Thao (2001), Phuong phap khdo sat nghién ciru thuc nghiém
cong trinh, Nha xuat ban khoa hoc k¥ thuat — Ha ndi.

[11]. P& Xuan Tho (1996), Tinh todn dao déng uén cia dam lién tuc chiu tdc
dung cua vat thé di dong, Luan an PTS KHKT, Ha Noi.

[12]. Chu Qudc Théang (1997), Phwong phdp phan tir hitu han, Nha xuat ban
Khoa hoc k¥ thuat, Ha Noi.

[13]. Nguyén Hoa Thinh, Nguyén DPinh Puc (2001), Vit liéu Composite co
hoc va cong ngh¢, Nha xuét ban khoa hoc va ky thuat.

[14]. Tran ich Thinh, Ngo Nhu Khoa ( 2007), Phwong phdp phan tir hitu han,
bai hoc bach khoa Ha Noi.

[15]. Tran Minh TG, Tran ich Thinh ( 2016), Co hoc vit liéu va két cdu
composite, Nha xuat ban xay dung Ha Noi.

[16]. Nguyén Minh Tuyén (2005), Quy hoach thwc nghiém, Nha xuit ban
khoa hoc k¥ thuat — Ha ndi.

[17]. Ta Hiru Vinh (2005), Nghién citu dao dong ciia két cau hé thanh chiu tdi
trong di déng bang phwong phdp so, Luan an Tién si k¥ thuat, Hoc vién
KTQS, Ha Noi.

[18]. Nguyén Manh Yén (1996), Phurong phdp s6 trong co hoc két cau, Nha
xuat ban Khoa hoc va K§ thut.

Tiéng Anh

[19]. Sofiyev, A.H. (2010), “Dynamic response of an FGM cylindrical shell

under moving load”, Composite structures,93, pp. 58-66.

[20]. Ferreira, A.J.M. (2009), Matlab Codes for Finite Element Analysis —
Solids and Structures, Springer.

[21]. Chopra, A.K. (2004), Dynamics of structures theory and applications to
earthquake engineering (Second edition), Pearson education Asia limited

and Tsinghua university press.



127

[22]. De Faria, A.R. (2004), “Finite element analysic of the dynamic response
of cylindrical panels under traversing loads”, Europaen Journal of
Mechanics A/ Solids 23, pp. 677- 687.

[23]. Mehmood, A., Khan, A. A., & Mehdi, H. (2014), “Vibration Analysis
Of Beam Subjected To Moving Loads Using Finite Element Method”,
Journal of Engineering, Vol. 04, Issue 05, V1, pp. 07-17.

[24]. Neya, B.N., Ardeshir, M.A., Delavar, A.A., Bakhsh, M.Z.R. (2017),
“Three-Dimensional Analysis of Buried Steel Pipes under Moving Loads”,
Open Journal of Geology, 7, pp. 1-11.

[25]. Saranjam, B., Bakhshandeh, K., & Kadivar, M. H. (2007), “The
Dynamic Response of a Cylindrical Tube under the Action of a Moving
Pressure”, Journal of Mechanical Engineering, 53, pp. 409-419.

[26]. Bathe, K.J. (1996), Finite element procedures, Prentice Hall
International, Inc.

[27]. Budiansky, B. and Roth, R.S (1962), Axisymmetric dynamic buckling of
clamped shallow spherical shell, In: Collected papers on instability of shell
structures, NASA TN D-1510.

[28]. Bajer, C. I., & Dyniewicz, B. (2012), Numerical Analysis of Vibrations
of Structures under Moving Inertial Load, Springer.

[29]. Nicoara, D. (2011), “Automotive suspension teaching using Matlab”,
Annals of the Oradea University, Fascicle of Management and
Technological Engineering, Volume X (XX), NR1, pp. 133-140.

[30]. Morozov, E.V., Lopatin, A.V., Nesterov, V.A. (2011), “Finite-element
modelling and buckling analysis of anisogrid composite lattice
cylindrical shells”, Composite Structures, 93, pp. 308-323.

[31]. Onate, E. (2013), Structural Analysis with the Finite Element Method.
Linear Statics: Volume 2: Beam, Plates and shells, Springer.



128

[32]. Tornabene, F., Liverani, A., & Caligiana, G. (2012), “Static analysis of
laminated composite curved shells and panels of revolution with a posteriori
shear and normal stress recovery using generalized differential quadrature
method”, International Journal of Mechanical Sciences, 61, pp. 71-87.

[33]. Sheng, G.G., Wang, X. (2009), “Studies on dynamic behavior of
functionally graded cylindrical shells with PZT layers under moving loads”,
Journal of Sound and Vibration, 323, pp. 772—789.

[34]. Hassan and Adil, M. (2014), “Dynamic and static analysices of the oil
and gas pipelines”, Civil Engineering Department Supervisor: Assoc. Prof.
Dr. Yasin Dursun Sart , June 2014, pp. 119.

[35]. Lee, H. (2010), Finite element analysis of a buried pipeline, A
dissertation submitted to The University of Manchester for the degree of
Master of Science by Research In the Faculty of Engineering and Physical
Science.

[36]. Siilu, 1. Y. (2016), “Stress Analysis of Multi-Layered Hybrid Composite
Pipes Subjected to Internal Pressure”, International Journal of Engineering
& Applied Sciences (IJEAS), Vol.8, Issue 4 , pp. 87-98.

[37]. Vinson, J. R. (2006), Plate and panel structures of isotropic, composite
and piezoelectric materials, Including sandwich construction (Vol. 120),
Springer Science & Business Media.

[38]. Ather, J. (2011), Dynamic Stability of delaminated cross ply composite
plates and shells, thesis, National Institute of Technology Rourkela.

[39]. Huang, J., & Wang, X. (2009), “Numerical and experimental
investigations on the axial crushing response of composite tubes”,
Composite Structures, 91(2), pp. 222-228.

[40]. Zhou, J., Deng, Z., Liu, T., & Hou, X. (2009), “Elastic structural

response of prismatic metal sandwich tubes to internal moving pressure



129

loading”, International Journal of Solids and Structures, 46, pp. 2354—
2371.

[41]. Wolf, J. P. (1985), Dynamic soil - structure interaction, Prentice - Hall,
Inc.

[42]. Przemieniecki, J.S. (1968), Theory of Matrix Structural Analysis,
Dover Publications, INC. New York.

[43]. Tzeng, J.T. (1998),“Dynamic response and fracture of composite
cylinders”, Composites Science and Technology, pp.1443-1451

[44]. Bendat, J.S. and Piersol, A.G. (1998), “Analysis and Measuremant

Produres”, Wiley — Interscience New York — London — Sydney - Toronto.

[45]. Bakhshandeh, K., & Saranjam, B. (2009), “Thickness ratio effect on the
dynamic response of a long cylinder tube under moving pressure”, Journal
of Mechanical Engineering, Vol.7, N,.1, pp.1-10.

[46]. Bagchi, K., Gupta, S. K., Kushari, A., & lyengar, N. G. R. (2009),
“Experimental study of pressure fluctuations and flow perturbations
in air flow through vibrating pipes”, Journal of Sound and Vibration, 328,
pp. 441-455.

[47]. Eldalil, K. M. S., Baz, A. M., & Tawfik, M. (2009), « stabitity of
cylindrical shells under moving loads by applying advaced controlling
techniques part | — Using periodic stiffeners”, Hindawi Publishing
Corporation Advances in Acoustics and Vibration, Volume 2009, Article ID
317202, pp.1-17.

[48]. Lam, K. Y., Zong, Z., & Wang, Q. X. (2003), “Dynamic response of a
laminated pipeline on the seabed subjected to underwater shock”,
Composites Part B, 34, pp. 59-66.



130

[49]. Fryba, L. (1999), Vibration of solids and structures under moving loads,
Institute of Theoretical and Applied Mechanics, Academy of Sciences of
the Czech Republic, Prague, Czech Republic, Thomas Telford.

[50]. Pecinka, L. and Krasny, 1. (2003), “Dynamic of piping with moving load”,
Transactions of the 17th International Conference on Structural Mechanics in
Reactor Technology (Smirt 17), Prague, Czech Republic, August 17-22, pp. 1-4.

[51]. Majid Mirzaei (2008), “On amplification of stress waves in cylindrical
tubes under internal dynamic pressures”, International Journal of
Mechanical Sciences, 50, pp. 1292 1303.

[52]. Mirzaei, M. (2010), “Finite Element Analysis of Deformation and
Fracture of Cylindrical Tubes under Internal Moving Pressures”, Finite
Element Analysis, David Moratal (Ed.), ISBN: 978-953-307-123-7, InTech,
Available.

[53]. Mirzaei, M. (2012), “Vibrational response of thin tubes to sequential
moving pressures”, International Journal of Mechanical Sciences,VVolume
59, Issue 1, June 2012, pp. 44-54.

[54]. Bouhafs, M., Sereir, Z., & Chateauneuf, A. (2012), “Probabilistic
analysis of the mechanical response of thick composite pipes under
internal pressure”, International Journal of Pressure Vessels and Piping,
95, pp. 7-15.

[55]. Ghannad, M., & Nejad, M. Z. (2012), “Elastic Analysis of Heterogeneous
Thick Cylinders Subjected to Internal or External Pressure Using Shear
Deformation Theory”, Acta Polytechnica Hungarica, Vol. 9, No. 6, pp.117-136.

[56]. Olsson, M. (1984), “Finite element modal co ordinate analysic of
structure subjected to moving loads”, Journal of Sound and Vibration,
99(1), pp. 1-12.


https://www.sciencedirect.com/science/journal/00207403
https://www.sciencedirect.com/science/journal/00207403/59/1
https://www.sciencedirect.com/science/journal/00207403/59/1

131

[57]. Ruzzene, M. and Baz, A. (2006), “Response of Periodically Stiffened
Shells to a Moving Projectile Propelled by an Internal Pressure Wave”,
Mechanics of Advanced Materials and Structures, 13, pp. 267-284.

[58]. Xia, M., Takayanagi, H., Kemmochi, K. (2001), “Analysic of multi
layerd filament wound composite pipes under internal pressure”, Composite
structures, 53, pp. 483-491.

[59]. Zienkiewicz, O.C. and Taylor, R.L. (2005), The Finite Element Method
for Solid and Structural Mechanics, sixth edition, Published with the
cooperation of CIMNE, the international Centre for Numerical Methods in
Engineering.

[60]. Soykasap, O., Mecitoglu, Z. and Borat, O. (1996), “Dynamic response
of composite cylindrical shells to shocking load”, Mathematical and
Computational Applications, Vol 1, No 1, pp. 85-96.

[61]. Casamichele, P., Maugeri, M. and Motta, E. (2004), “Nonlinear
Analysis of Soil — Pipeline Interaction in Unstable Slopes”, 13" World
Conference on Earthquake Engineering, Vancouver, B.C., Canada, August
1-6, Paper No. 3161.

[62]. Ansari, R., Alisafaei, F., & Ghaedi, P. (2010), “Dynamic analysis of multi-
layered filament-wound composite pipes subjected to cyclic internal pressure
and cyclic temperature”. Composite Structures, 92 (5), pp. 1100-11009.

[63]. Reddy J.N. (2004), Mechanics of Laminated Composite Plates and
shells: Theory and Analysis, CRC Press.

[64]. Reddy J.N. (2005), An Introduction to Nonlinear Finite Element
Analysis, Oxford University Press.

[65]. Release 11.0 Documentation for Ansys.

[66]. Cooper, R., & Barnett, J. (2014), “Pipelines for transporting CO2 in the
UK?”, Science Direct Energy Procedia, 63, pp. 2412 — 2431.



132

[67]. Acharya, S. (2016), Analysis and FEM Simulation of Flow of Fluids in
Pipes, Thesis, Arcada University of Applied Sciences.

[68]. Azarpazhoo, S. A., & Kazemi, S. R. (2017), “Dynamic analysis of long
thick cylindrical shell subjected to dynamic internal pressure using high
order shear deformation theory”, Modares Mechanical Engineering, Vol.
17, No. 9, pp. 427-438.

[69]. Hasheminejad, S. M., & Komeili, M. (2007), “Dynamic response of a
thick functionally graded material tube under a moving load”, Journal of
Mechanical Engineering,Vol 221 Part C.

[70]. Dey, T., Ramachandra, L.S. (2017), “Non-linear vibration analysis of
laminated composite circular cylindrical shells”, Composite Structures, 163,
pp. 89-100.

[71]. Lee, U., & Park, J. (2006), “Spectral element modelling and analysis of
a pipeline conveying internal unsteady fluid”, Journal of Fluids and
Structures, 22 (2), pp. 273-292.

[72]. Beltman, W.M. and Shepherd, J.E. (2002), “Linear Elastic response of
tubes to internal detonation loading”, Journal of Sound and Vibration, 252,
pp. 617-655.

[73]. Zhang, Y. L., Gorman, D. G., & Reese, J. M. (1999), “Analysis of the
vibration of pipes conveying fluid”, Proceedings of the Institution of
Mechanical Engineers, Part C: Journal of Mechanical Engineering
Science, 213(8), pp. 849-859.

[74]. (2006), Advanced Dynamic of structures, NTUST — CT 6006.





