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LOI CAM DOAN

T6i 1a Nguyén Thi Hong xin cam doan day 1a cong trinh nghién ctru
ctia riéng t0i. Cac sd lidu, két qua trong luan an 13 trung thuc va chua ting

duoc cong bd trong bt ky cong trinh nao.

Tac gia

Nguyén Thi Héng



il

LOI CAM ON

Tdc gid ludn dn xin bay té long biét on chan thanh déi véi GS.TS
Nguyén Thdi Chung di tén tinh hwéng dén, givip dé va cho nhiéu chi
din khoa hoc c6 gid tri givp cho tic gid hoan thanh ludn dn nay. Pong
thoi, tic gid trdn trong sw dong vién, khuyén khich va nhitng kién thirc
khoa hoc ciing nhw chuyén mén ma Thiy huéng din di chia sé cho tic
gid trong nhiéu nam qua, givp cho tic gii nang cao nang luc khoa hoc,
phwong phdp nghién ciru va long yéu nghé.

Tdc gid trin trong cim on tdp thé B¢ mén Co hoc vit rin, Phong
thi nghiém Co hoc may, Khoa Co Khi, Phong Sau dai hoc — Hoc vién Ky
thudt Quén sw da tao moi diéu ki¢n thudn lgi cho tic gid hoc tap, nghién
cuu. Tac gia xin trdan trong cam on GS.TSKH.NGND Dao Huy Bich —
Dai hoc Quoc gia Ha Nji, GS.TS.NGND Hodang Xuin Lwong — Hoc vién
Ky thudt Quan sw, GS.TSKH Nguyén Tién Khiém — Vién Co hoc di cung
cdp cho tic gid nhiéu tai liéu quy bdu, cdc kién thirc khoa hoc hi¢n dai
va nhiéu 16i khuyén bé ich, chi din khoa hoc c6 gid tri dé NCS hoan
thanh ludn an nay.

Téc gid xin bay té long biét on déi véi nhitng ngwoi thin trong gia
dinh, cdc dong nghiép ¢ trwong Pai hoc Thily Loi di thong cim, dong
vién va chia sé nhitng khé khan véi tic gid trong sudt thoi gian nghién
ciru, hoan thanh ludn dn.

Tac gia
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DANH MUC CAC KY HIEU, CAC CHU VIET TAT

1. Danh muc cac ky hi¢u
1.1. Cdc ky hiéu bang chii La tinh
A — dién tich vét nirt
A — dién tich ctia phan tir tAm
[B] — ma tran bién doi hé lyc nit
[B]1 , [B]2 — c4c ma trin dao ham riéng
[C°] — ma tran 40 mém cua phan tir tim khong c6 vét nit
[C!] — ma trin d6 mém bo sung cua phan tir tAm co vét nirt
[C]Z —ma tran can phan tir b sung
[D] — ma trin cac hé sd dan hdi
E —md dun dan hdi vat lidu tim

f(@.) —ham hiéu chinh c6 xét dén kich thuéc hitu han ciia tim

{f}:, {f}z, {f}z — cac véc to luc khéi, véc to luc tap trung, véc to
luc bé mat phﬁn tr

{f }e — véc to Iy nut cta phan tir

{F} — véc to lyc nit doc 14p ctia phan tir

[G] — ma tran phu thudc vao hinh dang, kich thuéc cta phan tir

He — ham tac dung Hamilton

[I] — ma tran don vi cép 3

{Kx} —véctodd cong udn va xodn

Ki, Ki — hé s6 cuong do tmg suit ing v6i hai truong hop cua vét nirt

K{ — cac hé s6 cuong do tmg sut theo 1y thuyét Mindlin ddi véi tm

co kich thudc hiru han
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K., —hé sd cuong do g suat theo 1y thuyét Mindlin

K. —hé s6 cudng do tmg suat theo 1y thuyét Kirchhoff - Love
[K]. — ma tréin d§ ctmg phén tir

[K, ]e — ma tran d6 cimg phan tir do cét tim

[K2 ]e — ma tran d6 cimg phan tir do udn tim

[K]: — ma tran d6 cimg cta phan tir c¢6 vét nit

p A A A 5 A
[K] — ma tran d§ cung phan tir bo sung
. :
My, My, Mxy — m6 men udn quanh truc y, X va moé men xoan

[M]e— ma tran khéi luong phan tir

[M]Z — ma tran khéi lwong phan tir b6 sung

[N] — ma tran ham dang

p(X,y,t) — luc phan b6 quy doi tir R(x,y,t) thong qua ham Delta-Dirac
{P}e — véc to tai trong phan tir bd sung

Qx. Qy— cac thanh phan lyuc cét phan bd theo chiéu dai

Q(t) — tai trong tac dung 1én khdi lwong di dong

{q} . — Vec to chuyén vi nat cta phan tir
{Q} . — véc to van toc nit ctia phan tir

{(l} . — Véc to gia téc nat ciia phan tir

R(x,y,t) — luc tac dung cua tai trong di dong 1én phan tir tai vi tri (x,y)
{S} — véc to luc nit phu thudc cua phan tir

[T]e — ma trin chuyén di hé tryc toa do

Te — dong ning clia phan tir

Ve — thé tich cta phan tir tim

v — van tdc cta tai trong

{u} — truong chuyén vi
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U. — thé nang bién dang dan hdi cta phan tir
W, — cong gay ra bdi ngoai luc
Wp — chiéu rong cua tAm
u, v va w trong ung 1a chuyén vi dai doc theo céc truc x, y va z
(X, y, z) — ky hi¢u tén cac truc toa dg trong hé toa do chung
1.2. Cdc ky hiéu bang chiv Hy Lap
0tr, Pr — hé sd can Rayleigh
®,,0,— Cac tan sb dao dong riéng ctuia hé
8(-) —ham Delta-Dirac
€x, €y — cac thanh phan bién dang
{ &} — véc to bién dang
€, N —hoanh d¢ va tung d¢ trong hé toa do tu nhién
(v} —véc to bién dang cét
Yxy, Yxz, Vyz — ¢ac thanh phan bién dang
Bx, Oy — 14n luot 14 goc xoay clia phap tuyén tim quanh céc tryc x va 'y
v —hé s Poatxong
p — khéi lugng riéng vat liéu tim
Txy, Txz, Tyz — CAc thanh phan tng suat tiép
A —hé sb hiéu chinh cit
{o} —vécto ung suét tai mot diém
@ —ham hiéu chinh, phy thudc chiéu day tim va kich thudc vét nit
At — budc thoi gian
2. Danh muc cac chir viét tit
CRACKED_PLATE_MOVING_2019 (CPM_2019) — chuong trinh phan
tich dong h¢ tdm c6 vét nit chiu tac dung cua tai trong di dong;

PTHH — phan tir hitu han.
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MO DAU

Két cau dang tdm chiu tac dung cta tai trong di dong thudng gip trong
cac linh vuc giao thong van tai, xay dung, cong nghi€p, cong nghiép quéc
phong, trong d6 ¢ thé ké dén cic tAm mit cau, dudng chiu tic dung cua
xe, cac dai vét chong lay trang bi cho nganh cong binh, mit cau phao chiu
tac dung cua xe banh 16p hoic xe banh xich di chuyén, mit duong bing
chiu tdc dung cia may bay khi cit, ha canh, vv. Thyc té cho théy, dudi tac
dung cua cac loai tai trong khai thac, trén cac tAm thuong xuat hién cac vét
nut, gdy & mic do khac nhau, lam giam strc chiu lyc dang ké cua tim, do
d6 ching 1a nhirng d6i twong can duoc xem xét véi muc tiéu khuyén co k§
thuat, duy tri sy 1am viéc ctia hé va xa hon nita 13 dé xuat cac giai phap gia
cudng, khic phuc dé ning cao hiéu qua lam viéc cho két cau. Ddi véi cac
két cau tAm khong c6 vét nirt chiu tac dung cia tai trong di dong nhu: khoi
luong di dong, hé dao dong di dong dén nay di c6 khé nhiéu cong trinh ctia
cac tac gia trong nudc va nudc ngoai cong bd, trong do ngoai két qua
nghién ctru 1y thuyét con co mot sd két qua dat dugc tir nghién ctru thuc
nghi¢m. Con ddi voi két cau tim co vét nit chiu tac dung tai trong dong,
dic biét 1a tai trong di dong dén nay 1a van dé con it cong trinh cong bd,
chiang han khi xét day du qua trinh va tinh chat tac dung cia tai trong di
dong 1én két ciu. Vi vay, tac gia luan an chon van d& “Phdn tich djng luc
hoc tim cé vét niet chiu tdi trong di déng” 1am ndi dung nghién ctru, voi
mong mudn gép phan 1am phong pha thém két qua nghién ctru trong linh
Vuc nay.

Noi dung cia luan an:

- Xay dung thuét toan phan tir hitu han (PTHH) va chwong trinh may
tinh phan tich dong luc hoc tdm c6 vét nat, chiu tac dung cua tai trong di
d6ng voi hai mo hinh: khéi lugng di dong va hé dao dong mot bac tu do di

dong, trong d6 van toc va quy dao chuyén dong cua tai trong 1a bat ky.



- Khéo sat sb, xem xét anh hudéng cua mdt ) thong s6 vé két clu, vét
nut, tai trong di dong, vat li¢u, diéu kién lién két dén cac dic trung dong
Iuc hoc cua tim nham dua ra cac khuyén céo ky thuat dinh hudng nghién
ctru va tmg dung trong thuc tién.

- Nghién ctru thyc nghi€ém trén mo hinh tAm c6 vét nit chiu tac dung
cua khéi lugng di dong, xem xét truc quan phan tmg dong cia tim va gop
phan kiém tra d0 tin cdy cua chuong trinh tinh duoc thiét 1ap theo ndi dung
nghién ctru Iy thuyét cua ludn an.

Péi twong nghién ctru cia luin an:

Vé két cau: Tam co vét nit thung, khong lan truyén, chiu udn voi cac
lién két climg tuyét doi;

Vé tii trong: Khoi luong di dong va hé dao dong mot bac tu do di
chuyén véi van tdc khong d6i hodc thay do6i, quy dao di chuyén bat ky.
Phwong phap nghién ciru:

Nghién ctru bang 1y thuyét két hop vé6i thuc nghiém trén mé hinh. Vé

1y thuyét, 4p dung phuong phap PTHH dé thiét 1ap thuat toan, chuong trinh
tinh; vé thuc nghi¢m, tién hanh thi nghi¢m tryc tiép trén mo hinh trong
phong thi nghi¢m vdi cac thiét bi thi nghiém hién dai.
Céu tric cia ludn 4n: Luin an bao gdm 146 trang thuyét minh, trong d6
co 14 bang, 67 dd thi, hinh v&, 79 tai liéu tham khao, 24 trang phu luc,
dugc ciu tric boi phan md dau, 4 chuong, phan két luan va kién nghi, tai
liéu tham khao va phan phu luc.

Mé dau: Trinh bay tinh cép thiét cua dé tai luan 4n va bd cuc luan an

Chuwong 1: Tong quan van dé nghién ctru

Trinh bay cac két qua cua cac cong trinh nghién ctru trong nudc va
nudc ngodi vé tai trong di dong, tinh toan két cAu dim, tAm chiu tai trong di
dong dé c6 dugc bire tranh vé tinh toan két ciu chiu tai trong di dong — 1a

van dé gan vdoi nd1 dung ludn an. Trén co s¢ nhitng van dé can ti€p tuc



nghién ctru, dé xuit muc tiéu, ndi dung va phuong phap nghién ciru cho
luan an.

Chuwong 2: Thuit toan phan tir hiru han phan tich dong luc hoc cua
tAm c6 vét nirt chiu tac dung cua tai trong di dong

Xay dung thuat toan phan tir hitu han (PTHH) va chuong trinh may
tinh nhim phan tich phan tng dong cia tAm c6 vét nit chiu tac dung cua
tai trong di dong dang khoi luong di dong va hé dao dong di dong. Noi
dung chinh dugc thé hién trong cac cong trinh khoa hoc da duogc tac gia
cong bd [171, [2], [3].

Chuwong 3: Anh hudng ctia mot sd yéu té dén dap tng dong luc hoc
clia tAim co vét nit chiu tac dung cua tai trong di dong

Trén co s& giai nhiéu 16p bai toan voi cac thong sb tai trong, hinh hoc,
vét nit, vat liéu, lién két, xem xét anh hudéng cua ching dén céc dac trung
dong luc hoc cua tam c6 vét nit va dua ra cac nhan xét, khuyén cao k¥
thuat dinh huéng nghién ctru va tmg dung thyc tién. Noi dung chinh dugc
thé hién trong cac cong trinh khoa hoc [2], [3] do tac gia d cong bo.

Chuwong 4: Xac dinh phan Gng dong cua tAm c6 vét nirt chiu tac dung
cta khdi lwong di dong bang thuc nghiém

St dung 1y thuyét thuc nghiém, thiét ké, ché tao mo hinh thi nghiém,
v6i cac thiét bi, hé thdng do dong da kénh hién dai, tac gia tién hanh nghién
cuu thyc nghiém véi tdm chit nhat khong c6 vét nlt va co céc vét nit & cac
vi tri khac nhau, chiu tic dung ctia khéi lwong di dong. Noi dung chinh cua
phﬁn nay dugc thé hién trong cong trinh [4] da duoc tac gia cong bd.

Két luan chung: Trinh bay cac két qua chinh, nhitng dong gop méi
cua luan 4n va céc kién nghi.

Tai liéu tham khao

Phu luc



CHUONG 1
TONG QUAN VAN PE NGHIEN CUU

1.1. Tong quan vé tii trong di dong va phwong phap tinh két cau
chiu tii trong di dong

Tur 1au tai trong di dong da dugc quan tam khi tinh todn, thiét ké cac
cong trinh giao thong, xay dung, vv. Do tinh phtrc tap clia nd vé mit ing xur
co hoc va tinh toan, nén tai trong di dong trong cdc mod hinh tinh thuong
dugce md ta 1a dang tai trong dong c6 chu ky, voi diém dat khong d6i, day 1a
mo hinh tai trong kha don gidn cho tinh toan, phan &nh khong sat sy lam
viéc cua hé thuc, ngdy nay mo hinh ndy van duoc st dung trong mot sd
truong hop van téc di chuyén cia tai trong rat cham. Thuc té di cho thay,
anh hudng do sy di chuyén cia tai trong toi phan Gmg dong cua két ciu 1a rat
dang ké, co thé phat sinh nhitng hién twong khéng mong mudn, nhu lam
ting cac gia tri chuyén vi, noi luc va ¢ thé 1am két cau bi pha huy. Do ¥
nghia thyc tién quan trong nén da tir lau, cach ddy khoang 150 nim van dé
nghién ctru dao dong cua két cAu chiju tai trong di dong da thu hat dugc sy
cht y ctia nhiéu nha khoa hoc trén thé giéi. Ngay nay, voi su phat trién caa
phuong phap va cong cu tinh, cac nha khoa hoc trong nudc va nudc ngoai
d3 va dang nghién ctru cac két cdu chiu tai trong di dong voi viée xét dén ca
qua trinh va tinh chat di chuyén cua tai trong, diéu d6 da tiép can dan sat hon
vO1 su lam viéc thuc té cua hé. Theo hudng nay, tai trong di dong duoc xét
c6 thé 13 mot trong ba dang nhur sau [30]:

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

Dang thir hai: Vit mang khéi luong ciing véi luc tac dung vao no di
chuyén trén két cau;

Dang thir ba: Hé dao dong di chuyén trén két cau, giira hé di dong va

két cau co cac lién két dan hoi hoac lién két dan hoi va can nhot.



Dé phu hop v6i cac mé hinh tinh thi phuong phap tinh két cau chiu tai
trong di dong ciing dugc thay d6i. Trén hinh 1.1 1a cac phuong phap tinh

két cau chiu tai trong di dong thudng dugc stir dung phd bién dén nay.

khoi lugng

khoi hugng

khoéi lrgng

Phuong phap
Tai trong tinh Tai trong dong
Khéng p
J— fwong tac Twong tac
Tai trong phu Tai trong phu 15 dao dd
thudc thoi gian thudc thoi gian € di a;h e
khong khéi lrong| | | c6 khoi lugng HORRE
Két cau khong Két cau khong Két cau c6

!

Hinh 1.1. M6t s6 phuong phap tinh két cau chiu tai trong di dong

Trong mot sO truong hop, dé don gian va thuan tién cho viéc tinh
toan, hiéu tng quan tinh do tai trong dong gay ra duogc tinh toan thong
qua hé s6 dong, thong thudng bang ty sd giita phan tng dong voi phan
g tinh cua két cau. Trong trudng hop tai trong di chuyén véi toc d6 nho
thi ¢6 thé tinh toan twong ty nhu truong hop tai tinh & cac vi tri lién tiép
nhau. Khi tai trong di chuyén véi tbe do cao, két cdu s& dao dong va luc
nay hiéu tng dong khong thé bo qua va phuwong phap tinh twong duong tai
tinh nhu trén 12 khong phu hop. Qua nghién ciru cho thay cac yéu té chinh
anh huong dén phan tng dong cua két cdu gom:

- Thong s6 hinh hoc, khdi lugng, dd cung, can cua ban than két cAu;



- PBac tinh cta ban than h¢ di dong, nhu: khoi lugng, hé dao dong di
dong, sb luong va sy phan bd cac tai trong di dong, v.v;

- Thong s6 cua hé di dong, su di chuyén cua tai trong: tdc do cua tai
trong di dong (nhanh dan, chdm dan, déu hay thay d6i dot ngot), quy dao di
chuyén cua tai trong (thang hodc cong).

- Diéu kién tiép xuc giira tai trong va két cAu: bé mit ma trén do tai
trong di dong 1a phang hodc gbd ghé (bién do déu, ngiu nhién), tiép xuc
giita tai trong va két cau 1a lién tuc hay khong lién tuc;

- Piéu kién ban dau khi tai trong bat dau tiép xtc véi két ciu: co gia

tdc hay khong c6 gia tdc.

Déi voi két cau tAm chiu tai trong di dong ndi chung dén nay c6 kha
nhiéu tng dung trong k¥ thuat, dic biét trong nganh cau, duong, vi du:
cc tim dai vét chong 1ay trang bi trong luc luong cong binh, mit dudng
giao thong, tim ghi san bay, mit duong bang trén tau san bay, cic tAm

ban mit cau, v.v (Hinh 1.2, Hinh 1.3).
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Hinh 1.2. Lap ghép cac tAm ban mit cau



Hinh 1.3. Thi cong lap ghép cac tAm lat mat duong
1.2. Tong quan veé tinh toan két cau chiu tai trong di déng va két cAu
c6 vét nirt

Vét nirt 1a mot trong nhimg nguyén nhan lam giam yéu két cau, trong
nhirng diéu kién cu thé, vét nit s& giy ra nhitng su cd nguy hiém dbi voi
chi tiét may hodc cong trinh. Pbi v6i vét nirt té vi, kha nang phd hay cong
trinh dién ra cham hon 14 nhitng vét niit nhin thay, co kich thuéc twong ddi
16n. Trong pham vi cta luan an chi dé cap dén vét nat nhin thiy, do d6
phan nay ciing chi d& cap mot cach tong quan cac két ciu dam, tim khong
c6 va ¢o vét nit chiu tac dung cua tai trong tinh, dong va di dong dé 1am co
s& cho viée giai quyét bai toan luan an dit ra.

1.2.1. Dam chiu tic dung ciia tii trong di dong va dam cé vét nirt

Do nhu ciu cua thuc tién, két cAu ddm chiu tai trong di dong duoc

nghién ctru kha sém, trong d6 co thé ké dén cong trinh nghién ctu tir

nhiing nam 1849 cua Stokes va Willis. Nam 2011, Javid F. [41] da tinh



toan dap Gmg chuyén vi ciia dam thang va dam cong chiu tac dung cua luc
di chuyén. Gbadeyan J.A. va cac cong su [32] di nghién ctru phan tng
dong ctia hé dam do6i véi cac lién két giam chin Rayleigh theo phuong
thang ding ndi gitra dim trén va dam dudi, chiu tac dung cua luc tap trung
di dong. Phat trién cac nghién ciru trude d6, Nguyen Xuan Toan, Van Duc
Tran [60] d3 phén tich dap ung dong luc hoc cia dim trén nén dan hoi chiu
tai trong di dong 1a luc hodc khéi luong di chuyén, trong d6 phuong phap
PTHH d4 duoc st dung. Trong céc nghién ciru ndy, anh hudng cua tinh chat
tai trong, kich thudc hinh hoc ctia két cdu va diéu kién lién két cling nhu tinh
phi tuyén hinh hoc di dwgc dé cap. St dung phuong phap sb, chu yéu 1a
phuong phap PTHH dé nghién ctru phan tng dong cua két cdu cdu va cau
day vang nhu 1a hé lién hop dam - déy - cot chiu tai trong di dong di duoc
Nguyén Thi CAm Nhung [8], Chen Tsung - Chien [26], Liu M.F. va cac
cong su [52], Nguyén Thai Chung, Lé Pham Binh [59] tip trung giai quyét,
budc dau di dat dugc nhitng két qua dang ké thé hién dap tng dong luc
hoc cua hé. Khiém N.T. va cac cOng su [45] da ing dung cach tiép can phé
dé nghién ctru bai todn dam chiu tai trong di dong.

D6i v6i dam co vét nat, ddy 1a nhitng két cau hodc chi tiét phd bién
trong thuc té, viéc tinh toan tinh va dong ddi véi cac ddi twong nay dén nay
d3 c6 kha nhiéu cong bd. Theo d6, Dundar C., Kara LF. [29] 4p dung
phuong phap PTHH véi loai phan tir thanh 3D mé phong tng xir ctia khung
c6 vét nit chiu tai trong tinh, mat s6 két qua vé quan hé chuyén Vi - tai
trong cua khung da dugc chi ra. Nguyen Thai Chung va céc cong su [58]
str dung phuong phap PTHH dé tinh toan sb, xem xét anh huéng cia céac
yéu td hinh hoc, vat liéu, vét nut va tai trong dén dap ung dong luc hoc cua

nha cao ting duwoc mé hinh hoa bai hé khung khong gian - tim - nén lam



viéc dé)ng thoi, trong d6 co cac vét nuit tai cac cot chiu tac dung cua dong
dat. Phi Thi Hang [6] d3 ap dung céch tiép can nay dé nghién ctru dap tng
tan s cua dim co vét nit chiu tai trong di dong. Khiem N.T., Hang P.T.
[43], [44] d3 giai bai toan chan doan vét nit bang dap ung tan s6 cua dam
chiu tai trong di dong. Ngo Trong Puc va cac cong su [5] sir dung phuong
phap phéan tich Wavelet dimg cua dang dao dong riéng c6 ké dén anh
huong cua nhidu tring Gausian dé phan tich dao dong riéng va xac dinh vi
tri ctia cac vét nit trong dam lam bang vét liéu FGM, trong d6 cac dang
dao dong riéng duoc cic tac gia xac dinh tir mo hinh phan t ddm FGM
chiu kéo, nén va ubn cé nhiéu vét nirt md phong bai cac 10 xo theo phuong
phap do cung dong luc (DSM). Abhijit N., Pawan S. [12], Ashish S.A.,
Nitin N.M. [18] va Prabhakar M.S. [63] di st dung phuong phap PTHH
phan tich dao dong ctua dam c6 vét nit lam bang vat liéu ddng hudng va
vat liéu composite, trong d6 cac tac gia da dé cap anh huong cua vét nut
nhu d0 su, vi tri dén tan sd va bién d6 dao dong ctia dam. Maurya S.K. va
cac cong su [55] gidi thidu phuong phap phan tich dao dong ctia dam cong
x6n ¢6 vét nit va da chi ra nhiing tién ich cua phan mém ANSYS st dung
tinh todn bai toan dang nay. Mazaheri H. va cic cong su [56],
Ramachandran C., Ponnudurai R. [66] sit dung phuong phap PTHH phan
tich tinh va dao dong riéng két ciu dam bé tong va dam composite lién két
twa don, két qua tinh toan s6 duoc so sanh véi két qua nghién ctru thuc
nghi¢m do chinh céc tac gia thuc hién. Long H. va cac cong su [54] md
hinh hoa ddm c6 vét nit chiu tic dung cia tai trong dong, trong d6 phuong
phap PTHH da duoc céc tac gia st dung, két qua khao sat sd cho thiy anh

hudng cua dd sau vét nut dén tan so riéng cua dam la dang ké. Bén canh
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do, cac tac gia da thuc hién thi nghiém truc tiép trén mo hinh dam cong
x6n ¢ vét nirt dé so sanh tin s riéng v4i tinh toan 1y thuyét.

Lal G., Johny A. [49] str dung cac tim PZT dé diéu khién dao dong
tw do ctia dAm c6 nhiéu vét nut, anh hudng cua do sau, vi tri, ) luong
vét nut va anh huong cta cac tim PZT dén dic trung dao dong riéng cua
dam di duoc cac tac gia dé cap. Shirazizadeh M.R. va cac cong su [71]
st dung phuong phap giai tich dé phan tich dao dong riéng va 6n dinh
tinh cua dam cé vét nut, trong d6 vét nut duoc mod phong bang 10 xo
chéng udn.

Nghién ctru v6i ddi twong dim cé vét nit chiu tac dung cia tai trong
di dong 1a vin dé phirc tap hon so véi tac dung cua cac loai tai trong tinh
va dong c6 diém dat khong d6i, nhung 1a mé hinh tinh phan anh sat voi su
lam vi¢c cua céac cong trinh thuc té nhu cau, duong, vii khi, khi tai quan sy
khi chiu tai trong khai thac. Theo hudng ndy, dén nay ciing c6 kha nhiéu
cong bd cua cac tac gia trong nudc va qudc té. Kurt P. va cc cong su [48]
str dung phuong phap PTHH dé phan tich d6 vong cua dam twa don chiu
tac dung cua luc di dong. Ozturk H. va cac cong su [61] da co6 mdt s6 két
qua xem xét quan hé do vong ctia dam - thoi gian - vi tri vét ntt khi phan
tich bai toan dam c6 vét nut dit trén cac lién két dan hdi chiu luc di dong
vé6i cac toc do khac nhau. Nguyen Thai Chung, Le Pham Binh [59] d4 phan
tich phi tuyén hinh hoc d6i véi dam c6 vét nirt ddt trén nén dan hdi chiju tac
dung cta khdi luong di dong, trong d6 md hinh nén Winkler va phuong
phap PTHH véi phan tir ddm chtra vét nit dugc cac tic gia sit dung.
Alebrahim R. va cac cong su [16] md hinh vét nit trén dam chiu ubn béng
t6 hop 10 xo chdng ubn va chong cat mic song song dé phan tich dao dong

ctia dam nhiéu vét nut bang phuong phap giai tich, két qua co duoc dap
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g d6 vong ctia dam theo thoi gian. Chouiyakh H. va cac cong su [28] ap
dung phuong phap giai tich da thiét 1ap phuong trinh mé ta dao dong phi
tuyén ctia dam c6 nhiéu vét nat, chiu udn phang duéi tac dung cta luc diéu
hoa di dong.
1.2.2. Tam chiu tic dung ciia tdi trong di déng va tém cé vét nirt

Do tinh chét hinh hoc, ciu tao (bai toan 2D hay 3D), nén ddi véi tAm cd
hay khong c6 vét nut, viéc phan tich ing xtr co hoc cia chiing khé hon so
v6i két cdu dam ké ca truong hop chiu tai trong c¢b dinh hay tai trong di
dong. Asghari M. va cac cong su [17] d phan tich dao dong cua tdm chir
nhat khong c6 vét nit chiu tic dung cua tai trong di dong dang hé dao dong
di dong don gian 1a khdi lwong tap trung lién két v6i 1o xo dan hoi. Idowu
A.S, Xu W.T va cac cong su [39], [77] da st dung phuong phap PTHH phan
tich, xem xét anh huéng cua phd mit dudng dén dao dong cua tam khong c6
vét nirt trén nén dan hoi chiu tic dung cua tai trong do xe di dong. Ciing
bang phwong phap PTHH, Ahmad M. va cic cong su [13] phan tich dép tmg
phi tuyén dong luc hoc tAm chit nhat khong co vét nut chiu tac dung cua
khéi lwong di dong véi cac van tde khac nhau. Kim T., Lee U. [46] phan tich
dao dong cudng birc ciia tim khong co vét nit chiu tac dung cta lyc di dong
bang phuong phap phd tan sb. Nguyén Thai Chung, Lé Ngoc Ly [3], [7] da
str dung phuong phap PTHH phan tich tuyén tinh va phi tuyén dong luc hoc
ctia tAim khong co vét nit chiju tac dung cua cac dang tai trong di dong, nhu:
khoi luong di dong, h¢ dao dong mo phdong than xe 4 bac ty do di dong.
Nghién ctru méi chi tap trung vao ddi twong 13 tim chir nhat, song két qua
nghién ctru cho thdy anh hudng cua tai trong di dong, tinh chat lién két,
thong s6 hinh hoc dén dap tmg dong luc hoc cua tdm, 1am co s& cho viéc

nghién ctru do1 vdi cac tam cé hinh dang bat ky. Cac tac gia Do Kién Quoc,



12

Khéng Trong Toan [9] dd st dung phwong phap PTHH phan tich dao dong
ctia tam khong c6 vét nit trén nén dan hoi chiu tai trong di dong dang don
gian.

Amraei A., Fallah N. [15] str dung 1y thuyét Mindlin-Reissner phan tich
ubn tinh cua tdm chit nhat c6 vét nut chinh giita, song song voi canh tam.
Gawande P.R., Bharule A. [31] gi6i thiéu mot sb két qua nghién ctu tmg
suét trong tdm c6 vét nit, chiu kéo. Song C.M. va cac cong su [73] su dung
phuong phap phan tir bién dé thiét 1ap phuong trinh giai bai toan tim di
huéng c6 vét nit, chiu tac dung cua luc trong mit phang trung binh tim.
Biang phuong phap phan tir bién cai tién, Li C. va cac cong su [50] nghién
ctru bién thién ing suit va dién tich trong tAm composite c6 vét nirt chiu luc
trong mit phang trung binh cta tam, trong d6 ¢ sy tham gia cta vat liéu ap
dién. Huang C.S. va céac cong su [36] phan tich bai todn dao dong riéng cua
tam FGM c6 vét nirt va mot s6 két qua xem xét anh huong cua vét nit, kich
thudc hinh hoc dén tan sb riéng cua tdm da duoc trinh bay trong cong trinh
cong bd. Wang Hai-Tao va cic cong su [76] st dung phuong phap giai tich
dé tinh toan tam thép vai 2 vét nirt ddi xtng, co gia cudng boi 2 tAm vat liéu
polime ddi xtrng v&1 mat trung binh tdm, chiu luc kéo tinh tac dung vao tam
thép, két qua tinh toan s6 ¢o dugc con han ché. Ahn J.S. va cac cong su
[14], Krawczuk M., Ostachowicz W.M. [47] sit dung phuong phap PTHH
thiét 1ap phuong trinh mo ta dao dong riéng ctia tim chit nhat c6 vét nut.
Huang C.S. va cac cong su [37] sit dung phuwong phép Ritz dé phén tich tan
s6 riéng ctia tim chir nhat c6 vét niit theo phuong bét ky, trong d6 1y thuyét
tam Mindlin-Reissner da dugc cac tac gia str dung. Két qua khao sat s6 co
duoc khi cac tac gia tap trung vao viéc xem xét anh hudng cua kich thude,

phuong cua vét nit dén tan so6 riéng cua tam. Loc V. Tran va céc cong su
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[53] str dung 1y thuyét bién dang cat bac cao phan tich dao dong riéng cia
tdm chir nhat va tim hinh vanh khan c6 vét nit. Kago E., Lellep J. [42] thiét
1ap phuong trinh dao dong riéng d6i véi tim co vét nit, chiéu day thay doi
nhay bac, dat trén nén dan hdi theo mé hinh nén Winkler. Két qua khao sat
s6 da chi ra anh hudng cia kich thudce vét nit dén tan s dao dong riéng cua
tAm v6i cac hé sb nén khac nhau. Brighenti R. [24], Sadek S.C. [69] sir dung
phuong phap giai tich nghién ctru 6n dinh tinh ctia tim moéng co vét nut,
chiu tac dung cua luc nén trong mit phing tim. Nghién ctru méi chi dua ra
dugc phuong trinh xac dinh (g suat t6i han cua tdm, chwa c6 duoc két qua
tinh toan sb cu thé. Gan ddy, mot sé phuong phap phd bién nhu phan tir hitu
han (FEM), phan tir hitu han lu6i min (XFEM) [34], [35], dang hinh hoc
(IGA) va mé hinh Phase field di duoc phat trién dé nghién ctru két cau c6
vét nut. Ciing st dung sy két hop nay, Phuc Pham Minh va cac cong su [62]
xem xét 6n dinh cua tam chit nhat, cac két qua sd cho thay chiéu dai vét nit
anh huong dang ké dén d6 6n dinh cua tm, trong khi d6 tic dong cta goc
nghiéng 1a it hon. Vu Hoai Nam va cac cong su [75] tinh toan on dinh tim
FGM c6 vét nut st dung 1y thuyét cat bac nhat két hop véi moé hinh Phase
field. Yao W.A., Hu X.F. [78] d4 phat trién phuwong phap PTHH dé tinh
toan tam c6 vét nirt giao thoa va dua ra cac vi du minh hoa dé chtng minh
tinh dung dan cua phuong phap. Israr A., Zulfigar S. [40] st dung phuong
phap nhiu loan bac cao dé giai phuong trinh dao dong phi tuyén cua tim
chit nhat dang hudng c6 vét nit & chinh giita, song song véi canh cla tim.
Chen C.H., Wang C.L. [25], Saleh N.A.H. [70] nghién ctru hé s6 cudong do
rng suét thtr hai ciia tAm c6 vét nut, trong d6 phuong vét nut 1a bat ky, tim
chiu kéo hodc nén, mot sd két qua anh hudéng ctia phuong vét ntt dén hé sb

cuong do ung suat da dugc cac tac gia chi ra trong cong trinh nghién cuu
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ctia minh. Liu C.Y. va cac cong su [51] st dung 1y thuyét tim ctia Mindlin-
Reissner thiét 1ap cac quan hé tung xtr dao dong riéng cua tim chit nhat c6
vét nat chinh giira va song song v4i canh cia tAm, trong d6 mot sé két qua
tan sd va dang dao dong riéng da duogc cac tac gia chi ra. Baiz P.M. va cic
cong sy [20] st dung phuong phdp PTHH ludi min va mo rdng phan tich
bai toan 6n dinh tinh tuyén tinh cta tdm dang hudng, hinh chit nhat co vét
nut chinh gitra, song song canh tAm chiu luc nén phan bd, két qua cé dugc
cac gid tri luc t6i han va tuong tmg 1a cac mode mét 6n dinh tinh cua tim.
Cheung M.M.S., Song Z.B. [27] str dung phuong phap dai phan tir dé xay
dung moé hinh va thuat toan phan tich bai toan tAm c6 vét nut thung, kich
thude 16n dé dinh huéng tng dung tinh toan cac tim lat mit cau. Behzad
V.F. va cac cOng sy [22] sit dung phuong phap giai tich, thuc nghiém trén
mo hinh va mé phéng sb nghién ctru, xac dinh trudng phan bd tng suét
quanh vét nut khi tim chit nhat, c6 vét nut, chiu tac dung kéo trong mat
phang trung binh va d dua ra khai niém vé ving ung suat chét quanh mili
vét nit. Moradi S., Makvandi H. [57] d4 phan tich dao dong riéng va on
dinh phi tuyén cta tim c6 vét ntt bang phuong phéap giai tich, tién hanh
thuc nghiém va dua ra dugc anh huong cua kich thudce vét nit dén dao
dong riéng cta tAm. Azam M.S. va cac cong sy [19] tinh toan dao dong
riéng cua tdm hinh thoi v&i vét nit chinh gitta bang phuong phap PTHH
dua trén 1y thuyét tim Mindlin-Reissner voi phuong vét nirt va diéu kién
bién khac nhau. Tinh Quoc Bui [74] phat trién phuong phap IGA dé khao
sat tinh va dong tim composite ap dién c6 vét nut, tac gia ciing trinh bay
mot sd két qua cua su lan truyén vét nit trong vat liéu ap dién. Rwayda
K.S. va cac cong su [68] sir dung phuong phap XFEM dé xem xét tim bé

tong co vet nut, cac két qua so6 lam co s& cho chan dodn vét nit va trong
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thiét ké két cau bé tong. Ghaffari D. va cac cong sy [33] nghién ctru truong
g suat, bién dang cua tam thiy tinh ¢6 vét niit bang cach str dung phuong
phap XFEM, céc tac gia cling tién hanh thyc nghiém dé kiém chtng do tin
cay cua thuat toan va chuong trinh tinh.

1.3. Két qua nghién ciru dat dworc tir cic cong trinh da cong bd

Ttr tong quan tinh hinh nghién ctru trong nude va trén thé gisi vé van
dé luan an nghién ctru, c¢6 thé thay rang cac két qua chinh duoc thé hién
thong qua cac cong trinh nghién ctru di cong bd dén thoi diém nay cha yéu
la:

- Xay duyng md hinh, thiét 1ap cic phuong trinh va dé& xuat phuong
phap tinh toan cac dang két ciu dam, khung c6 hodc khéng c6 vét niit chiu
tac dung cua tai trong ¢ dinh hodc tai trong di dong la khdi lugng di dong
hoic hé dao dong di dong. Nhin chung cac két qua dat duoc phong phu,
day du.

- Dao dong cua tAm khong c6 vét nit, chiu tac dung cua tai trong
di dong da duoc tap trung nghién ctru, c6 nhiéu két qua dugc cong bo,
song c4 tai trong, hinh dang két cdu, lién két con don gian. Mot sb
nghién cru da dé cap dén bai toan tAm chiu tac dung ctia hé dao dong di
dong 4 bac tu do md phong than xe di dong, budc dau da tiép can duoc
mo hinh thuc cua phuong tién di dong tac dung 1én hé. Nghién ctru thuc
nghiém xac dinh phan tmg dong cua tdm chiu tac dung cua tai trong di
dong, mic du da c6 mot sé cong bd, song cac nghién ciru méi chi ding
lai v6i muc dich kiém chtng cho nghién ctru 1y thuyét, vi vAy mé hinh
va tai trong tdc dung con don gian.

- TAm c6 vét nut 1a dbi tuong dugc quan tam, dic biét trong vong

khoang 10 nam tré lai day. Cac nghién ctru chu yéu méi tdp trung xem
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xét tng xu udn, kéo (nén) tinh va dong cua tim, trong d6 tai trong cé
diém dat khong d6i. Qua cac cong bd nhan thiy con nhiéu van dé& can
tiép tuc nghién ctru cho dbi tuong nay, dic biét tAm cé vét nit chiu tac
dung cua tai trong di dong, hé tai trong di dong, ... Thuc té cling cho
thiy, d6i véi trudng hop tdm c6 vét nut chiu tac dung cua tai trong di
dong dén nay con it két qua duoc cong bb.

1.4. Céc véan dé cén tiép tuc nghién ciru

- Nghién ctru, thiét 1ap thuat giai va chuong trinh mdy tinh dé phan
tich tinh, dong va on dinh doi véi két cAu tim c6 vét nit chiu tac dung cua
luc co diém dat khong doi, trong d6 dang tai trong va lién két phurc tap va
sat thuc té 1am viéc cta hé hon.

- Nghién ctu xay dyng moé hinh, phuong phép va chuong trinh tinh
nham phan tich dong luc hoc két cau tAm co vét nut chiu tac dung cua tai
trong di dong nhu khoi luong di dong, h¢ dao dong di dong, doan tai trong
di dong, trong d6 vén toc di chuyén cua tai trong khong doi hodc thay doi;
quy dao cua tai trong phuc tap; lién két cia két cau bat ky hodc trén nén
dan hoi, dan nhot.

- Tiép tuc nghién ctru, ap dung cac vat liéu méi (composite cuong do
cao, vat lidu ap dién, FGM, ...) gia cudng cac tAm c6 vét nit, nang cao kha
nang chiu lyc cho két céu, trong do doi tuong tai trong la ¢6 dinh hodc di
dong.

- Nghién ctru thuc nghiém trén céc két cAu tim, tAm gia cuong,
tdm lam bang vit lidu c6 co tinh bién thién cé vét nut, véi cac lién két
khac nhau chiu tadc dung cua tai trong di dong: khéi luong, hé dao dong,

xung luc, ...
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1.5. Két luin chwong 1

e Tinh toan két cau dim, dim lién hop c6 va khong co vét nit chiu tac
dung cua tai trong di dong, tic dung dong thoi cua tai trong di dong va
dong dat, cua tai trong di dong va luc khi dong dugce cac tac gia trong nudc
va ngoai nudc day cong nghién ctru, két qua dat dugc 13 phong phi, trong
d6 chu yéu sir dung phuong phap giai tich va phwong phap sé dé giai quyét
van dé.

e Phan tich dong luc dam, tAm trén nén dan hoi, dan nhét chiu tac
dung cua tai trong di dong da duogc cac céc tac gid trong nudc va ngoai
nudc quan tAm nghién ciru, trong d6 ca bai toan tuyén tinh va phi tuyén da
duoc dé cap. Mot sd nghién ctru gan day da giai quyét kha tron ven bai
toan dam c6 vét nit dat trén nén dan hoi chiu tac dung cua luc hoac khéi
luong di dong.

e Tinh toan két cdu tdm khong co vét nut chiu tac dung cua tai
trong di dong ciing dugc tp trung giai quyét, trong d6 tai trong 1a khoi
lurong, hé dao dong di dong va dbi tuong két ciu chi yéu 1a tdm chir
nhat. Pong thoi mot sb két qua nghién ctu thuc nghiém déi véi dang
két cdu va tai trong nay ciing da dugc cong bo.

e Di v6i tam co vét nit, dén nay hau hét cac nghién ctru méi tap
trung phén tich tinh, dao dong va on dinh, trong d6 tai trong c6 diém
dat khong doi. Con voi tim co vét nit, chiu tac dung cua tai trong di
dong dén nay co it cong trinh duoc cong bd, co ching chi méi tap trung
nghién clru v4i loai tai trong don gidn nhu lyc di dong.

Vi vy, van dé “Phdn tich dpng lwc hoc tdm cé vét nit chiu tdi trong
di dong” duoc tac gia lya chon lam ndi dung nghién ctru ctia luan an va s¢€

tap trung giai quyét cac ndi dung chinh sau:
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- Nghién ctru téng quan vé tai trong di dong va tinh todn két cau chiu
tai trong di dong lam co s& cho viée lya chon ndi dung, phuong phap giai
quyét van dé cua luan an.

- Xay dung thuat toan PTHH va chuong trinh may tinh phan tich dong
luc hoc két cau tAm co vét nit trén cac lién két cung tuyét ddi chiu tac
dung cua hai mo hinh tai trong di dong: khéi luong di dong va hé dao dong
mot bac ty do di dong.

- Khao sat, xem xét anh hudng ctia mot sé yéu td dén dap tng dong
luc hoc ctia tAm va dua ra cac nhan xét, khuyén cdo ky thuat, trong dé tap
trung xem x€t anh hudng cua: vat licu két cu, vét nit, tinh chét cua tai
trong, thong sd hinh hoc cua két cu, vv.

- Nghién ctru thue nghiém xac dinh dap ing dong cua tim khéng co
vét nirt va co vét nut chiu tac dung cua khéi luong di dong. So sanh, danh

gia su tuong thich két qua nghién ctu gitra 1y thuyét va thuc nghiém.
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CHUONG 2
THUAT TOAN PHAN TU HU'U HAN PHAN TiCH PONG LUC HQC
CUA TAM CO VET NUT CHIU TAI TRONG DI PONG

2.1. Pat van dé

Tai trong di dong tac dung 1én két cau tdm noi chung va tim co vét
nGt ndi riéng thudng gip trong thuc té gébm 2 dang chu yéu, d6 1a: khoi
luong di dong (md phdng cac phuong ti¢n di dong, trong dé6 muc do dao
dong cua phuong tién 1a nho, gay ra hiéu ung khong dang ké d6i voi két
cau, dién hinh v6i dang ndy 1a may bay chay trén duong biang, may bay
hoat dong trén cac tau san bay, xe banh xich chay trén duong, trén cau, V.V)
va h¢ dao dong di dong (mo6 phong cac phuong ti¢n di dong, trong d6 murc
d6 dao dong cua phuong tién dén hiéu tmg dong cua tim 1a dang ké, dién
hinh voi dang nay 1 xe banh 16p chay trén cac ban mit cau, trén dudng,
v.v). Vi vay trong chuong ndy tac gia thiét 1ap thuat toan PTHH va chuong
trinh tinh dé phan tich 2 16p bai toan:

Lop bai toan thir nhit: Pong luc hoc cua tdm c6 vét nit chiu tac
dung cua khéi lugng xem nhu chat diém di dong;

Lop bai toan thw hai: Dong luc hoc cua tim c6 vét nit chiu tac dung
cua h¢ dao dong di dong.
2.2. Quan hé &ng xir co hoc ciia tim khong c6 vét nirt
2.2.1. Quan hé bién dang - chuyén vi

Do ddi twong tai trong tac dung 1én két cAu trong ludn an 13 tai trong di
dong, c6 phuong vudng goc véi bé mat tim, thuc té cho thy lic nay luc
tac dung trong mit phang tdm 1a bé, do vy c6 thé bé qua bién dang trong
mit phang trung binh tAm (uo = 0, vo = 0). Ltic nay, st dung 1y thuyét tim
c6 ké dén bién dang truot bac nhat ctia Mindlin, chuyén vi tai mot diém

thudc tAm khong phai vi tri vét nitt, ¢o toa do (x,y,z) nhu sau [67]:
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u(x,y,zt)= 26, (x,y.t),

V(X,y,z,t)z—zﬁx(x,y,t), (2.1)

W(X,y,z,t) =W, (X,y,t),
trong do: u, v va w tuong ung 1a chuyén vi dai doc theo cdc truc x, y va z
tai diém thudc tAm c6 toa do (x,y,z); Ox, Oy lan luot 13 goc xoay cla phap
tuyén tAm quanh céc truc x va y.

Viét lai trudng chuyén vi (2.1) duoi dang ma tran nhu sau:

u 0 0 z||w,
vi=0-z 06, ;. (2.2)
w| |1 0 0]|6,
Hay: {u} =[L]{d} 2.3)
0 0 z
trong do: {u} ={u v w}", [L]=|0 —z 0| {a}={w,0,0,} .
1 00

Céc thanh phan cua véc to bién dang quan hé voi trudng chuyén vi

(2.1) theo cong thuec:

ou 00
g =—=z—2=7K_,
*0x ox X
ov 00

(2.4)
ou  ov 90, o0,
Y. = —+—|=z| ———L |=2zx__,
¥ o\ody 0x oy Ox x
du ow Ow, ov  ow _Oow,
= JE— + , = =
¥ 0z OXx Ox y

yz P _ex’
¥ 0z 0Oy Oy

Hodac viét dudi dang véc to:
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: 2,
ox 0
LS 0 K,
00, 0
g, 0 - dy Ky
{8}: Ty (= ow,  (+z =1 0 byzlx b=
- 0+ 0 aex aey o —=
Vxz ox 7 % ov | |1 0
X Oy .
yyz %_OX ___(_)____ sz 0
% 0
trong do:
00 00
{K}Z{KX K, K, }Tz y O 0, By
o ox oy oy  0Ox
ow,

£ o T |[ow
x0an, {YO}:{YXZ Ygz} :{ aXO -

y

2.2.2. Quan hé teng sudt - bién dang

oy

(2.5)

T
} la véc to do cong udn va

T
- GX} - véc to bién dang cat.

Str dung dinh luat Hooke, ung suét tai diém thudc tAm duoc xac dinh:

1
X \Y%
Gy
{G} ) Xy (T 1—v2
T 0
XZ
ryz
0

trong do:

v 0
1 0
0 1—v
2
0 0
0 0

0
0 €y
€
0 y
Txy
0 |7y
1—v yyz
2

(2.6)

2.7)
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lv 0 0 0
vi 0 0 0
1-v
g |00 == 0 01 I[D] [0]
Pl v Lo (o)
00 0 — 0 s
2
00 0 o =V
L 2
14 ma tran cac hé s6 dan hdi:
. 1 v 0
[D]bzl_V2 v 1 10 : (2.8)
00 v
L 2
E [10
D| = ) 2.9
[Pl 2(1+v){0 1} (&)

X 0
Thay (2.5) vao (2.7) dan dén: {c} = [D]{{‘{‘o}}} + z[D]{{—%} (2.10)
Y
2.2.3. Céc thanh phén ngi luc
Duéi tdc dung cua tai trong, trong tAm xudt hién luc mang,
momen ubén, mémen xodn va cac thanh phﬁn lue cit, chung dugc xac
dinh nhu sau [10], [79]:

2.2.3.1. M6 men uon va xoan:

M h/2 |O 3
X X h [D]
M(x,y,D)} =< M, ;= I zi 0, rdz= = b fi}, (2.11)
M “hi2 | ¢
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voi: Mx, My va Myy trong tmg 1a m6 men uén va mdé men xodn phan bo
theo chiéu dai.
2.2.3.2. Luc cat:

csoi-{g}- [zl i) et e

—h/2

trong d6 Qx, Qy 12 cac thanh phan lyc cat phan bé theo chiéu dai.
Mindlin d3 dé xuét bd sung hé sb hiéu chinh cat A dé ké dén su phan
b6 béc 2 cua bién dang trugt, lic nay biéu thuc luc cat (2.12) tré thanh:

{Qx,y,0)} = 25TV)E) ?HZZ}%[DL v}, (2.13)

Thong thudng chon A = 5/6 va luan an ciing 14y gia tri ndy dé tinh toan.
2.3. Gi6i thiéu bai toan tdm c6 vét nirt chju tai trong di dong va
cac gia thiét

Xét tim chit nhat co vét nit, lién két bat ky, chiu tac dung cia tai
trong di dong (khéi lugng hoac h¢ dao dong di dong) theo mot quy dao cho

trudce (thang hodc cong) voi van tdc v. M6 hinh bai toan nhu trén hinh 2.1.

Lp 7

A4 \

Tai trong tac dung  Quy dao di chuyén cua tai trong

Hinh 2.1. TAm c6 vét nit chiu khéi lugng di dong
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Phuong trinh mé ta img xur co hoc va thuat toan duoc xay dung dua
trén céac gia thiét sau:

- Vat liéu tAm dang hudng, quan hé Gmg suat - bién dang 1a tuyén tinh;

- Bién dang va chuyén vi cua tAm 13 bé;

- Vét nart thing, hé va khong lan truyén trong qua trinh tdm chiu lyc;

- Trong qua trinh h¢ lam vié€c, tai trong khong tach khoi bé mat tAm.
Kich thudc bé rong cua vét nirt xem 1a rat bé so véi kich thudc tAm nén co
thé xem 1a khong anh huéng dén sy di chuyén cua tai trong.

2.4. Thiét 1ap cac quan hé Ung xir ciia phan tir tAm c6 vét nirt chiu
tai trong di dong
2.4.1. Phén tie tém c6 vét nirt chiu tdi trong dong

Ung xtr cua phan tir tAm c6 vét nat dugc thiét 1ap trén co so phan tir
tam khong c6 vét nat, trong d6 anh huong cua vét nut s& dugc xem xét.
Theo do, xét phén tu tir gidc 4 diém nut déng tham sd, mdi nut ¢6 3 bac tu

do wi, Oix, Oiy, v6ii= 1+ 4 1a th& tu cac nht phan tr (Hinh 2.2).

Ay 3(Xx, 4l
U ey b s
x4, %)
~a " E
1(x, 1) 1(-1,-1) 2(1,-1)
- X
0
a, Hé toa do cuc bo b, Hé toa do tu nhién

Hinh 2.2. Anh xa toa do gilra hé toa do cuc bo va h¢ toa do tu nhién
Toa do (x,y) cua diém thudc phﬁn tir duoc ndi suy tur toa do (xi,yi) cua

cac nut va cac ham dang N; [4], [10], [21 ]:
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X:ZNixi, y:iNiyi, (2.14)
i i=1

trong d6: N; =i(1+§§i)(l+nni), voii=1,23,4va (&,n,) la toa do cua
nut 1 trong hé toa do tu nhién (0&n), cu thé &,n) =(1-1),
(S2,M2) =(1,=1), (&3,m3) = (L1) va (&4,my) = (=LD).

Céc dai luong chuyén vi doc 1ap cua phan tir duge ndi suy theo cac

chuyén vi nit nhu sau:

4
i=1
>
ex = Nieix9
i=1 (2.15)

0, = iNieiy.
i=1

Hay viét dudi dang ma tran:

{ﬁ(x,y)}e =m& (2.16)

3x1 3x12  12x1
Ttr (2.3) va (2.16), truong chuyén vi cua tim duoc biéu dién theo

ham dang va chuyén vi nlt ciia phan tor nhu sau:

tuj, =[L]iu}, =[L][N}aj, , (2.17)
trong do, véc to' chuyén vi nat {q}_ctia phan tir gom 12 thanh phén:
T
{af,={w 6, 6, .. w, 6, 6,}. (2.18)
[N] 12 ma tran ham dang, dugc xac dinh boi [1], [10]:
[IN]=| N, [1] N,[I] N[I] N,[1]|, (2.19)

vé6i [I] 12 ma tran don vi cap 3.
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Tu (2.5), ta co:

3 +6, x 0 1||w,
X X
=95 = 0, +=[B] [N]{a}.. (2.20)
0
-0, — -1 0}|9
ay ay
Blt I |
¥ 0 0 i
ox OX | (w
{x}= 9, =10 2 0 90 =[B],[N]{a}.. (2.21)
ay ay ex 2 e
20, 00, o 0 Y
S SR A O —— —
oy ox | [ 0y x|
trong do:
_ .
o 0 —
ai 0 1 ; ox
X
B| = , |Bl,=|0 — 0
SRV LS L
Y o .2 9o
| 9y 0x]

la cdc ma tran dao ham riéng.
Véc to bién dang tai mét diém thudc phan tor duoc biéu dién qua

chuyén vi nut:

O] fee] Jo o J[HoH] o [BLINT][ {0}
@{{VO}}JFZ{{O}}{O [B]l[N]H{q}e}—F{O . H{q}e} (2.22)
Luc nay, thay (2.22) vao (2.7) dan dén:

L P T A a1

5x1
Dudi tac dung cua tai trong dong, phuong trinh mé t4 dao dong cua

phé“ln tir dugce thiét 1ap trén co s& nguyén Iy Hamilton [30], [38]:
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t
SH, :6J(Te -U,+ W, )dt=0, (2.24)
to

trong do: He=Te—Ue+We=He({q} {Q}e,t) la ham tic dung

e 2
Hamilton, T. 12 dong nang cta phan tir, Ue 1 thé ning bién dang dan hoi
ctia phan tir, We 13 cong gy ra boi ngoai luc.

Truong hop khong ké dén luc can, tur (2.24) dan dén phuong trinh:

dfon, | om,
EA Rl 229

Pong ning Te clia phan tir duoc xac dinh bi:

1= [l fu).av =S a)! [J oIN]'[L] [L][N]dv]{q}e,

VC

T, =%{q}f[f p[N]Th[N]dV]{cl}e =5{Q}Z[M]e{qh (2.26)

VC
trong do: [h] = [L]'[L].
Thé nang bién dang dan hdi cia phén tor dugc xac dinh boi:

V=5 [ (o)av =§{q}:[1 [B]] [N [D][2], [N]dvj{q}e+

VC

| BT DALY

Ac
(2.27)

U= %{q}f (K] +[K:] )b (228)

Cong gay ra boi ngoai luc duge xac dinh theo cong thirc sau:

W, ={q}f[ JINT (£} av + I [N]T{f}idsﬂf}i} (2.29)

VC
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v6i p 1a khéi luong riéng cua vat liéu phan tir, Ve, A. tuong tng 1a thé tich
A s A .o b , ‘, A: _x _z
va dién tich phan tu, {f }e , {f }Z tuong Ung 1a véc to lyc khoi va véc to luc

bé mat phan ti, {f }: 1a véc to luc tap trung ctia phan tr.
Thay (2.26), (2.28) va (2.29) vao biéu thirc ham tac dung Haminton, ta co:

H, = {a)! M), {a), — o) (K )+ (KL el +al {71 @30)
Do do:
%{j{ﬁ;e}[we{q}e, 231
o (LD al ) 232)
trong do:

[pIN]'[n][N]dV,  (233)

VC

- Ma tran khéi luong ph?ln tur: [M]e

- Ma trgn d9 ctmg phan ti: [K] =[K,] +[K,] , (2.34)

[§] [§]

vOi [K1] = _[ [B]IT [N]T [D][B]1 [N]dV la ma tran d6 cung phﬁn tr do cét

c
Ve

h3

E[BE [N]T [D][B]2 [N]dV 12 ma tran do ctng phan tir do

tém, [Kz]e = J

e

ubn tAm.
- Véc to luc nut phan tir:
(7], = JINFARL dv+ JINT{£) ds+{f};. (2.39)
v, Ae
Thay (2.31), (2.32) vao (2.25), ta ¢6 phuong trinh mo td dao dong

khong can ctia phan tir tAm chiu tai trong dong:

[M], {d}, +[K] {a}, =1/}, (2.36)
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Truong hop tdm ¢ vét niit, phuong trinh mo ta dao dong cua phan tir
chtra vét nit chiu tai trong dong dugc xuit phat tir phuong trinh (2.36),
trong d6 vé nguyén tic co su khac biét gitra ma tran d6 cimg va ma tran
khéi lrgng cua phan tir do anh huéng cia vét nit, song do thé tich vét nut
rat bé so voi thé tich phan tir tAim nén ¢ ddy chi xem xét sy khac biét vé ma
tran do clirng cua phﬁn tir, con ma tran khéi luong coi nhu khong ddi. Chinh
vi vy, tac gia sé tap trung mo ta viéc xdy dung ma tran do cing ctia phan
tr tim c6 vét nut, sau d6 phuong trinh dao dong cta phan tir ndy s& c6
dugc nho phuong trinh (2.36) ¢ trén.

C6 nhiéu phuong phap dé moé ta vét nat, tir d6 xay dung ma tran do
ctmg cho phan tir tim c6 vét nit. Ludn an chi tap trung tinh toan d6i véi
vét nirt xuyén thung tim, trong d6 ma tran do cimg ctia phan tir tim co6 vét
ntt s& dugc b sung mot thanh phan do anh hudng cua vét nut, theo
nguyén 1y ning luong cua Castigliano va s& dugc trinh bay cy thé nhu &
phan dudi. Py 1a mé hinh don gian, cong thuc tinh tric tiép cho phan tu
¢ vét nit, khong can bod sung ludi chia xung quanh dau vét nut, vi vy s&
giam thoi gian tinh toan rit nhiéu so véi cac md hinh vét nut khac. Theo
do, xét phﬁn tr tAm chit nhat 4 diém nit ¢ cc canh song song voi cac truc
toa do cuc bd trong mit phang tdm, vét niit ndm gitra phan tir va song song
véi 2 canh d6i dién cua phﬁn tr. Diéu nay hoan toan thyuc hién dugc khi st
dung phan tir chit nhat 4 diém nut két hop v6i phan tir tr giac 4 diém nat
dang tham s6 nhu trén cho du phuong cia vét nit 1a bat ky, trong d6 chi
can luu y k¥ thuat chia luéi : ludi duoc phat sinh tir phan tir chira vét nit.

Hinh 2.3 m6 ta vi du ludi PTHH cho tim c6 vét nirt v6i phuong bat ky.
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4y

X
o ——

Hinh 2.3. Cach chia phan tir d6i voi tAm c6 vét nirt v6i phuong bat ky
Va lic nay, khong mat tinh téng quat, xét phan tir tim chir nhét (axb) 4
diém nat, co vét nit dai 2a. song song voi canh phan tir va nam chinh gitra
phan tir 2a. < b - v6i vét niit song song oy va 2a. < a - v6i vét niit song song

0x). M6i ntit ctia phﬁn tr c6 3 lyc nut phu thude thé hién nhu trén hinh 2.4.

Hinh 2.4. Phan tir tAm c6 vét nt va hé luc nit phu thude
Do c6 vét nit, nén phan tor mat di mot luong do cing, hay tuong

duong vi¢c duoc bo sung mot luong do mém. Theo d6, ma trin do cing
[K]. cita phan tir c6 vét nit duge xac dinh [47], [72]:
c -1
K] =[B]' ([’ ]+[c']) [B]. (237)

trong do: [B] 1a ma tran bién d6i hé luc nut phu thudc S1 + Si2 sang hé luc

nut doc lap g6m 9 thanh phén F1 + Fo, [C°] 1a ma trin biéu thi 6 mém cua
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phan tir tim khong c6 vét nit, [C!'] 1 ma tran biéu thi 46 mém bd sung cla
phan tir tim do vét niit gy ra. Cac ma tran ndy dugc xac dinh cu thé nhu
sau:

- Ma tran bién d6i hé lyc nat [B]:

Dbi voi tAm phang chiu udn, bién dang bé, cac thanh phan bién dang
ubn thuan tay va ubn trong mat phiang tim duoc xem 1a doc 1ap véi nhau, do
d6 cac thanh phan luc gay ra trong ung ciing dugc xem 13 doc 1ap. Theo do,
vOi phﬁn t&r tAm chiu udn 4 nat, c6 12 luc nat phén to phu thuodc 1a Si, So, ...,
Si1, S12 (Hinh 2.4). Mudi hai lyc nit nay quan hé tuyén tinh véi 9 lyc nit
doc 1ap Fi, F2, ..., Fo, hé luc ntt doc 1ap va phan bd ung suét trén mat trung
binh cta phan tir dugc chi ra nhu trong Phuy lyc 1. Luc ndy phuong trinh

quan h¢ gitra hé lyc nit phu thudc va h¢ lyc nat ddc 1ap nhu sau [64]:

0o 2 0 0 0 0 0 -2 -
b a
S, 1 1 0 0 0 0 0
S o0 0 0 0 0 -1 1 0|
g 1
o | |0 20 2 0 0 0 0 1]
4 b a F
S| |-1 1.0 0 0 0 0 0 0 F3
S| [0 0 -1 -1 0 0 0 0 0 F“
= 5 .
5100 0 0 =20 2 0 0o - E,
Sg a b
s,| [0 0 0 0 -1 -1 0 0o ofb
s,/ [0 01 =10 0 0o o offf
g 2 2 K
1 o o o0 o0 0 — 0 =1
Slz b a
0O 0 0 0 I -1 0 0 0 (2.38)
00 0 0 0 0 1 1 0

Va duoc viét gon dudi dang:
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{8} =[B] {F}, (2.39)

12x1 12x9  9x1
trong d6: a, b twong tng 1a chiéu dai va chiéu rong ctia phan tir; {S} 1a véc
to luc nut phu thude va {F} 1a véc to lyc nit doc 1ap cua phﬁn tu; [B] 1a ma

tran bién do6i h¢ luc, cu thé nhu sau:

{S}:{Sl S, S3 Sy S5 S¢S, S5 Sy S Sy S12}T»(2-40)

T
{F} = {F1 EE K FE K FE E K F9} , (2.41)
0 % O o0 o0 o0 o —z -1
b a
1 1 0 O 0O O
o o o o o o0 -1 1 o0
0 —g 0 2 O o0 o0 o0 1
b a
-1 1 0 O 0 0
T o o0 -1 -1 0 0 O 0 O
[B] = 5 )
o o0 0 — 0 = 0 0 -1
a b
o o o o -1 -1 0o o0 O
o o 1 -1 0 0 O 0 O
O o0 o0 o0 o —z 0 2 1
b a
o o o o 1 -1 0o 0 O (2.42)
0 0 0 0 0 O 1 0]

- Ma tran biéu thi d6 mém va do mém bd sung cua phan tir tim:

Cac phﬁn tir c;cua ma tran biéu thi 0 mém [C°] cua phf?m tr tAm
khong c6 vét nirt va ma tran biéu thi dd mém bo sung [C'] ctia phan tir tim
do vét nit gy ra duoc xac dinh theo nguyén 1y Castigliano [23], [64]:

. orun

Cij b}
OFF,

i=1,9,j=1,9,n=0,1, (2.43)

trong d6: Fi, Fj 1a cac lyc nat doc 1ap ciia phan tir, U" 13 thé niang bién dang

dan hoi cta phan tir, n = 0 Gng v6i trudng hop phan tir tim khong co vét
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nGt va n = 1 Gng véi truong hop phan tr tim co vét nat. VE ban chét, thé
ning bién dang dan hoi trong (2.43) va trong (2.27) 12 nhu nhau, chi khac
nhau & cach tinh theo hé luc nut doc 1ap hay phu thudc cua phan ti.
Vado do, véin=0:
2 2
U= e ”(M +M2-2vM M, +2(1+ V)M Xy)dxdy, (2.44)
Quan hé giita cac thanh phdn md men Mx, My va Myy voi cac dai

lugng hinh hoc va luc ntat doc 1ap cua phﬁn tir nhu sau [64]:

]
M, =2 b b a b

+EK|2-——|| -1+—

Thay (2.45) vao (2.44), két qua dua vao tinh toan theo biéu thuc
(2.43), ta ¢6 ma tran biéu thi 6 mém [C°]:

[ 4b/a
0 4b/3a
-V v 4da/b sym

-V % 0 4a/3b
[cﬂ:% ~2b/a 0 —v v 4b/a
0 2b/3a -v \ 0 4b/3a
-v —v -=2a/b 0 -v v 4da/b
% \ 0 2a3b -v v 0 4a/3b
0 0 0 0 0 0 0 0 2(l+v)ab]
(2.46)

Vé6i n = 1, gia thiét rang thé ning bién dang dan hdi chi do tmg suat

phang gy nén, ta co [47], [72]:
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U :% J(K7+Kf)daA, (2.47)

A
trong d6: A = 2a.xz (0 < z < h) 1 dién tich vét nit, v6i truong hop vét nit
thing ta c6 A = 2acxh; Ki va Ku 13 hé sb cuong d6 ung suat ing véi hai
truong hop cua vét nut.
DPdi voi tam c6 kich thude vo han, hé sb cuong do ung suat dugc xac
dinh nhu sau [65], [72]:

- Trudng hop vét nit song song véi truc ox ctia phan tir (Hinh 2.5a):

¢ 1 (2.48)
-1 ¢ b\ a, +x |2
K, = T X,— || == dx,
o fna, _'[ Xy( 2j(ac—xJ

- Trudng hop vét nit song song véi truc oy ctia phan tir (Hinh 2.5b):

(2.49)

2 Jod [/ Y b2/
b
- S

a, Vét nitt song song truc ox b, Vét nitt song song truc oy

Hinh 2.5. Phan tr tam c6 vét nit song song vdi cac tryc ox, oy
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Céc thanh phan tng suit trong cac biéu thic (2.48), (2.49) duoc biéu

dién qua cac luc nit doc 1ap cua ph?m tur va cac dai lugng hinh hoc khac [64]:

b) 24z[ 3x 3x b) 12z
Gy (X,Ej:g_Fl(z—?)'i‘Fs(—l'i‘?j}, Txy(X,Ej:?P;, (250)

a) 24z| 3y 3y a) 12z
o |y,—=|===|E| -1+ |+E|2-=2 ||, 1| y,= |=—F,. (2.51
(52)- 2 102 om 2-2]] 5, (2] -2m. 30

Thay (2.50) vao (2.48) va (2.51) vao (2.49), dan dén:

- Trudng hop vét nit song song véi truc ox:

K, =222 F1(2—3a°j—1:5(1—3a°j na,,
ah 2a 2a (2.52)
12z
KH = —FF9«/TcaC )

- Trudng hop vét nit song song véi truc oy:

K, =222 F3(—1+3a°j+F7(2—3a°j na,,
bh 2b 2b (2.53)

12z
KII = —FE) Tcac .

Cac quan hé (2.52) va (2.53) duoc thiét 1ap trén co so 1y thuyét
Kirchhoff - Love, con dé phu hop véi 1y thuyét Mindlin ngudi ta dua vao
cac ham hi¢u chinh ®;, chiing dugc xac dinh [47], [72]:

K,=0K,, i=LI, j=12, (2.54)
v6i Kir 1a hé sb cuong do tng sudt theo 1y thuyét Mindlin, K; 1a hé sd
cudng d6 ung suat theo 1y thuyét Kirchhoff - Love; ®@; 1a cac ham hiéu
chinh, phu thudc vao chiéu day tam va kich thuéc vét nit (Phy luc 1).

Véi tAm thoa man 1y thuyét Mindlin va ¢ kich thudc hitu han, can
phai b6 sung thém ham hiéu chinh, lic nay cudng d6 Gng suit (2.54) duogc

x4c dinh theo biéu thirc:
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K{ =K, f(a), i=LIL

trong d6: K

(2.55)
1a cac hé sd cuong do ung suat dbi voi tim théa man 1y
thuyét Mindlin va c6 kich thuéc hitu han, 1 (@,)1a ham hiéu chinh c6 xét

dén kich thude hitu han cua tdm, cu thé nhu sau [72]:

f(a,)=1,0+0,01876a, +0,1825a_ +2,024a; —2,4316a,, (2.56)

v6i: @, =2a, /akhi vét niit song song véi truc ox va @, = 2a_/b khi vét nat

song song voi1 truc oy cua phan tu.

Str dung cac biéu thirc (2.47), (2.52), (2.53), (2.54) va (2.55) thay vao
(2.43), ta c6 cac phan tir trong ma tran biéu thi 46 mém bd sung [C'] Gng
V01 cac truong hop:

- Vét nit song song véi truc ox:

E
o’U'  288nd b N
¢ = P E;; J.szz_[ a,(2-0,75a,) 22 (a,)da, =

h
2

2 3
- 2‘;’;?1 [ 3.(2-0,75,)" f(a.)da

co

o*U'  144nd> } ,. % _ _ _ e
¢s = élzaFlan - E}’;l jh 2dzja a,(2-0,753,)(~1+0,753,) /(a, ) da, =
o :
127®;

S [a.(2-0,758,)(-1+0,753,) f* (@,)da,,

C

h
) 3,
Cis = 66U 2887c jzzdzja -1+0,75a ) 1’ (a,)da, =
FS % =
_ 2407 “

S jac(—1+o,7sac) f(a,)da,,

C

C
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|

Coo = o - a,.f’(a,)da, = Eh3 Iacfz(ﬁc)dﬁc.

o]

e —a

h
2711 2.2 2 . 2.2 4
1_5U :727'CCD2 J‘sz — 675(1)
“h
2

1 1 a0 1 10 1
Cp =€y =0,¢3=¢3=0,¢,=c4,=0,c4=¢4 =0,¢,=¢c7,=0,

TN RS SN PN PR SPARS IR PN SN, B
Cig =Cg; = 0,¢19 =€y =0, €5, =0, ¢33,=0, )y =0, ¢6 =0, €5, =0, cgg = 0.

Do vay:
. _
0 0
0 0 0 sym
. 0 0 0 O
[cl]:ﬁ ¢, 00 0 o : (2.57)
0 0 0 0 O 0
0 0 0 0 O 0 O
0 000 O O 00O
0 0 0 0 0 0 0 0 cy]
trong do:

¢, = 4nd> j (2-0,753,) f*(a,)da,,

C

o =2nd 2-0,753.)(-1+0,75a,) £ (a.)da.,
2[ o (- )7 (@)

C C

o

: (2.58)
Css = 4D’ j a,(-1+0,753,)’ f*(a,)da,,

- Vét nit song song v4i truc oy, tinh toan twong tu nhu trén, ta co:
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0
0 0
0 0 cy sym
00 00
C'|=— :
[ ] —5(0 0 0 00 , (2.59)
00 0 00 0
0 0 cy 00 O cpy
00 0 00 0 0 0
00 0 00 0 0 0 cy]
trong do:
¢, = 4n®? | a,(-1+0,752,)" f*(a,)da,,
¢,y = 2102 [ @, (~1+0,752,)(2-0,75a,) /*(a,)da.,
(2.60)
¢,y =4n®? [ @, (2-0,752,) f*(a.)da,,
Coo = TTH° D3 C a.f’(a,)da,.

|
Sl
I

Thay (2.42), (2.46) va (2.57) hoac (2.42), (2.46) va (2.59) vao (2.37)
ta c6 dugc ma tran do cimg cta phan tir tAm c6 vét nit song song vdi truc
ox hodc oy. Luc nay, xuit phat tir (2.36), phuong trinh mo ta dao dong

khong can cua phan tir tim c6 vét nit nhu sau:

(M {d}, +[K] {a}. ={/3.., (261)
2.4.2. Phén tir tém c6 vét nirt chiu tdi trong di dong

Phuong trinh m6 ta dao dong cua phan tir tim c6 vét nit chiu tai trong
di dong dugc thiét 1ap trén co s& phuong trinh dao déng cua phan tir tim co

vét nut chiu tai trong dong dugc mo ta bd1 phuong trinh (2.61), trong do
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véc to tai trong {f}. 1a véc to tai trong nut clia phan tir tim c6 vét nit do tai
trong di dong gy ra. Do d6, trong phan nay tc gia tap trung xay dung véc
to tai trong nut ctia phan tir do tai trong di dong gay nén.
2.4.2.1. Phan tir tam cé vét nirt chiu tac dung cua khoi luwong di dong:
Khong mat tinh tong quat, xét tai trong di dong bao gém: khdi lugng m
xem nhu chat diém di chuyén trén phan tr tim véi quy dao cho trude 14 ham
ctia thoi gian: x = x(t), y = y(t), luc Q(t)phu thudc thoi gian tac dung 1én khoi
lwong di dong, theo phuong vudng goc voi mat phing phan tir (Hinh 2.6).

—

Hinh 2.6. Phan tir tim chiu tac dung cua khdi luong di dong
Goi w(x,y,t) 1a do vong clia phan tir duéi tic dung cla tai trong di
dong, lic nay luc cua tai trong di dong tac dung 1én phﬁn tor tai vi tri

(x=&y=m) 1a[30]:

d’ t
R(x,y,t)=|Q(t) —m%—mg} (2.62)
o
: . d*w(x,y,t . ‘.
voi: g la gia toc trong truong, % 1a gia toc tuyét do1 theo phuong

phap tuyén véi miat phing cia tAm tai vi tri tai trong di dong tac dung:
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ow., 0w., Ow 0w .. ..0OwW _. 0OW
5 Xt —y +—5+2 Xy +2x +2y +
d'w | ox oy ot OX0y Oxot oyot
e ow (2.63)
+X—+y—
ox "0y

Luyc tép trung (2.62) dugc bicu dién thanh lyc phan b6 p(x,y,t) dudi
dang sau [21], [30]:

p(x,y,t):8(X—§)6(y—n)R(x,y,t) (2.64)
trong do: &, n tuong ung la hoanh dd va tung dd trong h¢ toa d cuc b cua
phén tir; 3(-) 1a ham Delta-Dirac.

Véc to lyc nit cua phan tir duge xac dinh tir luc phan bd p(x,y,t) tac

dung lén phan tir [4], [10], [21]:

{7}, = JJIN] p(x.y,t)dxdy =

o'—.cr

(2.65)

Ot T O ——

JIN] 8(y-m)R(x,y,t)dxdy
0

Do vong cta phan tir duge biéu dién thong qua véc to chuyén vi nit va

ham dang:

W (x.) = [N{a}, =[N][G] " {a}.. (2.66)

2 3

vO1: [N] :[1 X y X Xy y x Xy xy y Xy Xyﬂ (2.67)
va [G] 1a ma tran phu thudc vao hinh dang va kich thudc cua phén ta [21],
[38]. V6i phan tir tAim chit nhat chiu uén nhu di chon ¢ trén, ma tran [G]
xac dinh nhu trong Phu luc 1.

Thay (2.66) vao (2.63), dan dén:



41

N R CREL G RTIN ( C
(:t\;/: +2Xyajgx[;][ ] (a). +2Xag§][ ] {a} + ,(2.68)
2y 6] )+ D] al, +5Dip ),
trong do:

ai[N]Z[NX]Z[O 10 2x y 03 2xy y° 0 37y y']
X

(2.69)
2
%[N]:[Nd:[o 00200 6x 2y 00 6xy 0](2.70)
X
2
a68}/[N]=[N J=[000 001 00 2x 2y 0 3x 3y]
X
(2.71)
0

OIN=[NJ=[0 0 10 x 2y 0 % 2xy 3y X 3xy?]
2.72)

;;—ZZ[N]z[NW}:[O 0000200 2x 6y 0 6xy](2.73)

Thay cac biéu thire (2.69) dén (2.73) vao (2.68), dan dén:
[NJIG] % {a} + [N, JIG] 97 {a*} +[N][G] {a°} +
=| 429N, ][G] " {a*} + 21[N,][G] {4 } (274)

25N, 6] {ae}+ %[N J[6] o} + 9N, ][6]  {a)

d*w
dt?

bat:
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[N ]=[NJlG] " [N J=[N, (6T

[Ny ]=[N 6T [N, ]=[N, Jl6T (2.75)
[Ng, ]=[N, 6T [N ] =[N][GT

Ta co:

i LU LS BT 1

+(x2[N§X]+yZ[N;y]Jrzxy[Niy]+x[N§]+y[N;]){qe}
Thay (2.76) vao (2.62), ta co:
R(x,y,t) = Q(t) - m[Ne}{&je} + Zm(X[Ni} + y[Nﬂ){qe} +

wm(& [N [+ 97 N5, [+ 259 [N ]+ [N ]+ 9] N ]){a)
(2.77)
Thay (2.77) vao (2.64), luc phan bd quy doi duge xac dinh:

p(x,y,t):Q(t)S(x—i)S(y—n)—m[Ne}S(x—&)S(y—n){qe}+
+2m(x[ NS ]+ 9N )3(x—€)8(y—m){a°} +
em(%7[ NG ]+ 72 NG, ]+ 259 Ng o+ [N ]+ 9 N )3 (x - €)8(y -m){a°}
(2.78)
Tir day ta co véc to luc nut cua phan tir chiu tac dung ctia khéi luong

di dong:
{/}.= IEES(X ~£)3(y—m)[N°] Q(t)dxdy -

ba o X2 NG [+ VNG, |+
-t TG TR e

(2.79)
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-

(P~ [Jotx-g)aty-nxT Qo)esay =[x (@] Q). @0
[ ol -€)aty-m T [ Josay @s1)
[z amfatx-2atr-m{N T (<N 5 N oy 252
(NG9 ]+

+2xy[N§y]+x[N§]+y[N;]
(2.83)

ba
[Kg]zm”es(x—a)s(y—n)[w] dxdy
00
Biéu thirc (2.79) trd thanh:

{1 =P} - IMIca), [Tl - [K ] Aal (2.84)

St dung tinh chat cua ham Delta-Dirac d6i voi cac biéu thirc (2.80)
dén (2.83), cac hé sb trong (2.84) trg thanh:

(P}, =[N (&m)] Q(v). (2.85)
[M] =m[Ne(&n)] [N (&m)], (2.86)
[CT =2m[N*(&m)] (X[ Ne () ]+ en))) (2.87)

%[N (Em) ]+ [ (Z; n)]+
+255[NG, (&) ]+ X[N: (5 ) ]+ 9[Ns (&) ]

(2.88)
Thay (2.84) vao (2.61), ta nhan dugc phuong trinh mé ta dao dong cua

(K], =m[N*(&m)]

phan tir tim ¢ vét nirt, chiu tac dung cua khéi luong di dong nhu sau:

[M].{d}, +[K]{a}, = {P}, - [M]:{d}, -[C]{a, - [K] {al.
(2.89)
Hay:
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([M], +[MT [}, + [T {ab, + (KT +[KT Jab, = (P}, 2.90)

trong do: [M]Z : [C]S : [K]Z , {P}, twong tmg 1a ma tran khdi luong, ma tran
can, ma tran do cing va véc to tai trong phan tir b sung do tai trong di
dong gay nén, cac thanh phan trong cac ma trdn nay 1a ham phu thudc thoi
gian va vi tri cua tai trong di dong trén phan tir tm.

Déi véi phﬁn tr tAm khong co vét nit, hoan toan tuong tu, thay (2.84)

vao (2.36) ta c6 phuong trinh m6 ta dao dong cua phan tir:

([, + (M )+ [CT e+ (K + KT o), = () @91)
2.4.2.2. Phan tir tam cé vét nist chiu tdc dung cua hé dao dong di dong:

Xét tAm chiu tac dung cua hé dao dong di dong gém khéi lvong m tiép
xtc v6i tim thong qua 10 xo v6i dd cing k mic song song véi phan tir can
c6 hé s6 can c. Xét phan tir i tai thoi diém chiu tic dung cta hé dao dong di
dong dugc mo ta nhu hinh 2.7.

Hinh 2.7. Phan tr tAm chju tac dung cua hé dao dong di dong

Luc tac dung 1én phﬁn t0r tAm tai thoi diém t do hé dao dong gay ra:

dzw(x,y,t)

R(t):(—mlT—mzﬁ—(ml+m2)g+Q(t)j , (2.92)

x=5
y=n
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trong d6: m; 1a khéi luong tiép xtc véi tim, mo 14 khéi luong tac dung 1én
tam thong qua 10 xo va phan tir can, iila gia tbc chuyén dich theo phuong
thang dimg ctia khdi luong m.

Tuong tu nhu muc 2.4.2.1, ta c6 véc to luc nit cua phﬁn tir do hé dao

dong gay ra:

{7}, ={P}, -IM fa), - [M[2 i [ el - [K {al» (2.93)

trong do:

(P(1)} =[Ne(em)] (Q—(m, +m,)e), (2.94)

[MP™ =m, [Ne(&m)] [N (&) ], (2.95)

[M]7™ =m, [N (&.m)] . (2.96)

(€] =2m [N (&) | (X[N: () |+ 5[ Ns (&) ), (2.97)
[N () &2+ N5 (am) J37 +

(K] =m [ Ne(gm)] | +259 N¢, (e.m) ]+ . (2.98)

[ N2 () ]+ 9] N2 (&) |

Thay (2.93) vao (2.61) ta c6 phuong trinh mé ta dao dong ctia phan tir

tAm c6 vét nut, chiu tac dung cua h¢ dao dong di dong:

(], +[MI™ ) fa, + [T i+ [CT {al, K +[KT ), ={P,.
(2.99)
Xét can bang dong ctia hé mz - k - ¢, ta c6 phuong trinh mé ta dao dong
ctia khéi lwong mo nhu sau:

m, i +cu + ku —c[N]{q}, —k[N]{q} =Q(t), (2.100)



46

Két hop (2.99) va (2.100), ta c6 hé phuong trinh mo ta dao dong cua hé

phan tir tim - hé dao dong:
([, -+ [MI™ ), + M i+ [CT {al, (KT +[KT ), ={P)..
m,ii+cu+ku - c[N]{q}e — k[N]{q}e = Q(t).
Viét dudi dang ma tran:

PWﬁWFWW?HW+1WEWwW++

O] m u —C[N] c |

ngﬁﬁ@}@+{§§_

Pbi voi phan tir tim khong co vét niit, phuong trinh dao dong ctia phan

(2.101)

? (2.102)

tir ciing duoc thé hién nhu (2.102), song ma trdn do clng [K] duoc thay
bang ma tran d6 cimg [K]..
2.5. Phuwong trinh mé ta dao dong ciia tdm c6 vét nirt chiu tai trong
di dong va thuat giai
2.5.1. Phuong trinh mé td dao dong ciia tim c6 vét nirt chiu tdi trong di dong
2.5.1.1. Ghép néi cdc ma trdn phan tir vao ma trdn chung cia toan hé:

Str dung ma tran chuyén doi hé truc toa do cuc bd xyz sang hé truc toa
d6 tong thé XYZ, cac ma tran va véc to trong cac phuong trinh mo ta dao

dong cua phﬁn tir dugc biéu dién nhu sau [10], [11], [21]:

], =[] M, 1], [ = (1] (M [T, 2,103
™ = [P . [ = [ M [, @.104)
[T =[] [T [T, (P}, =[7]" P} [1].. 2,105
(K, =[] KL [T (KT =[] [KE[T]. (2.106)
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trong do: [T]e 1a ma tran chuyén doi hé truc toa do.

Viéc 1ap ghép cac ma tran, véc to tai trong phan tir dé tao thanh ma
tran, véc to tai trong téng thé ctia hé duoc tac gia thyc hién bf?mg phuong
phap d6 cimg truc tiép [1], [10], [21], trong d6 mang lwu trit dia chi nat va
so d6 Skyline dugc str dung.
2.5.1.2. Phuong trinh mo ta dao dong cua hé:

Str dung phuong phap ghép ndi cac ma tran, véc to phan tir thanh céc
ma tran va véc to téng thé cua hé, ta ¢ duoc phuong trinh mo ta dao dong
téng thé cua hé trong hé toa do téng thé nhu sau:

a) TAm c6 vét nit chiu tac dung cua khéi lwong di dong:

Xuét phat tir phuong trinh (2.90) va (2.91), ta c6 phuong trinh dao

dong cua tam trong hé toa do téng thé nhu sau:
([T M )} +[CT (@) +([KT+[KT +[KT Ja} =P} @107
trong do:
M= YW [T = ST
[T = ZICT- KT = IKT.
K=K, [KT =X [KT. (2109
Ne Nll’l
(KT =2 [KT AP} =2 {PL..
N Ne
Ne 14 sb phan tir tam khong nirt, Ne 13 s6 phén tir tAm bi nit, Nim 13 6
phﬁn tr tAm tiép xUc truc tiép v6i khoi luong m.
b) TAm c6 vét nirt chiu tac dung cua h¢ dao dong di dong:

Xuéat phat tir phwong trinh (2.102), phuong trinh tong thé mo ta dao

dong cua hé tam c6 vét nuat - hé dao dong di dong:
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{[M’]+[M’]p“" [M']p‘“z} {{q’}H[cr [O]J {{q'}}+
o o ’ C_C[N]p i u’ - (2.109)
{[K’H_IE[]N [ [fﬂ fi7]. { ({;t})},

trong do: [M']" = 2 [MT™, [MT™ = > [M]7™, (2.110)
Nm2

le
N1, Nm2 tuong tmg 13 s6 phan tir tim tiép xtc truc tiép véi khdi luong my
va hinh chiéu dung cta khéi luong mo. Vi md hinh hé di dong da xét, ta
¢6 Nin1 = Nim2.
2.5.2. Piéu kién bién
Vé6i tim duogc khao sat va chon hé truc toa do nhu Hinh 2.1 thi céc
canh cta tam duoc biéu dién boi phuong trinh:
x=0,x=L,,
y=0,y=W,. (2.111)
Khi d6 diéu kién bién la:

2.5.2.1. Lién két twa ban lé:

eTaix=0,x=Lp: w=0,My=0, (2.112)
eTaiy=0,y=W,:w=0, Mx=0. (2.113)
2.5.2.2. Lién két ngam:
e Taix=0,x=Ly w=0, 2 =0, 2.114)
OX
e Taiy=0,y=Wyw=0 %0, (2.115)

Piéu nay theo phuong phap PTHH chung duoc xem xét trén co s tinh
cht bac tu do tai mdi nat trén canh tAm chiu lién két, theo d6 [1],[21], [38]:
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- Budc 1: Xac dinh tht tu bac tu do thudc lién két béng khong, gia su
bac ty do thu "i", qi = 0.

- Budc 2: Thuc hién khi bién béng cach xoa hang i, cot 1 trong
phuong trinh can bang hodc phuwong trinh vi phan chuyén dong dudi dang
ma tran cua hé.

2.5.3. Thudgt todn gidi phwong trinh tong thé mé ti dao dong ciia hé

Sau khi thuc hién khtr bién, cac phuong trinh (2.107) va (2.109) duogc

xé4c dinh va viét lai duéi dang tong quat sau:

e TAm c6 vét nirt chiu khoi luong di dong:

[M] {G} +[C,] {G}m +[K] (0} =(R} . (2.116)

m

trong do:
(], =[M]+[MT.[€], =[]
[R], =[R]+[RT +[RT (R}, =(7),..(0), {3}
e Tam c6 vét nit chiu hé dao dong di dong:

(1], {8}, +[S,1. {6}, +[K), (0}, ~(RI,. 2119

0s

(2.117)

e o 511
%] - [[K’H_IE'[J; '[€ [ﬁ]}{f‘}m { éf’('t})},{ﬁ}os i {{i}}_@'l "

Céc ma tran c6 chi sd “p” trong cac phuong trinh (2.116) va (2.118) 1a
cic ma tran sinh ra do khdi lugng di dong hoac h¢ dao dong di dong hay
con goi 1a cac ma tran bo sung do tai trong di dong gdy nén. Mit khac, do

phu thudc vao vi tri cua khoi luong hay hé dao dong tac dung lén tAm, nén
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ching phu thudc vao thoi gian t. Vi vay, cd 2 phuong trinh (2.116) va
(2.118) & trén déu 1a cac phuong trinh mé ta dao dong dang vi phan cap 2
tuyén tinh c¢6 hé sé phu thudc vao thoi gian. Chung sé& duoc giai bang
phuong phap tich phéan truc tiép ciia Newmark. Dé thuan tién trong viéc
trinh bay thuat toan giai cac phuong trinh trén, tac gia viét gon (2.116) va

(2.118) dudi dang sau:

[M]{G} +[6p]{6} +[K]{0) = (R}, (2.120)
trong do:

[M]=[M],.[S, ]=[c], [K]=[K],.{R]

v6i tAm chiu khéi lugng di dong;

I1l
—~
ol
N——
2
~—
]
N——
1l
—~
cl
——
=
[
(@)
—

v6i tim chiu hé dao dong di dong.

Trudng hop xét dén can cua két ciu tAm, véi gia thiét luc can ty 16 thuan

v6i véc to van toc dich chuyén ({ f } . —[(_ZR ] {U}) , thay vao phuong trinh
(2.120) ta c6 phuong trinh mo6 td dao dong c6 can cua hé:

[M]{0}+([C ]+ [T, ){T}+[K]{T} = (R}, (2.121)
Vo1 [CR] - ma trin can ctia tam.

Thong thuong, ddi voi hé nhidu bac ty do, viéc xac dinh ma trdn can
tong thé cua két cdu dudi dang to hop clia cac ma trén can phan tir 1a khong
thé vi rat kho xac dinh duogc ti sb can phan tir, lic ndy phuong phap can
Rayleigh thuong dugc str dung. Theo d6, ma tran can tong thé cua két cau 1a
t6 hop tuyén tinh ctia ma tran khdi luong [1\7[] va ma trn do cimg [K]

thong qua hé sb can Rayleigh axr, Br [30]:
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[Cr |=ag [M]+Be[K], (2.122)
trong d6 cac hang sé can Rayleigh ar, Pr thong thudng dugc xac dinh
thong qua ty s6 can Er va hai tin s6 dao dong riéng dau tién o,, w,ctia hé:

B =—E a1, =0, = B0y, (2.123)

R
0, + 0, 0, + 0,

Phuong trinh (2.121) duoc viét gon dudi dang:

[M]{0}+[C]{U}+[K]{0}={R}, (2.124)
voi: [C]=([C, ]+[C, ])-

Pay 1a hé phuong trinh tuyén tinh c6 hé sd phu thudc thoi gian. Theo
phuong phép tich phan truc tiép Newmark, cic bude tich phan duge thuc
hi¢n trén khodng thoi gian At, vdi1 ndi dung cu thé nhu sau [21], [30], [38]:

Gan diéu kién dau:

(0} =o; {U} ) (2.125)
[A]=[M]+yAt+B(At) [K], (2.126)
v6i At 13 budc thoi gian, con cac hang s6 sai phan chon: B = %;y = %
Gia tdc tai budc (n+1):
.. (R-C({01, - 1ol )
{0} =[a]” L (2.127)
_[K]({U}n -anfO) +(§—Bj(m) Y j

Van tdc tai bude (n+1):

{ﬁ}n+1 - {U} +(1—y)At{i‘j}n +yAt{i‘j} (2.128)

n+l
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Chuyén vi tai budc (n+1):

(0, ={0}, +at{U} +(a) G—Bj{ﬁ} +(a)BlU} (@129

Tom tat thuat toan gdm céac bude chinh sau:

1. Lap cac ma tran [Mo], [Co], [Ko], [Kc] ctia ban than két cAu.

2. Gan diéu kién dau theo (2.125).

3. Thuc hién chu trinh theo budc tich phan, tai mdi thoi diém:

3.1. Xdc dinh s6 hiéu phcfn tr e va tog do tw nhién & n ma tai do dat

tai trong di dong.

3.2. Tinh cac ma trdn [M]S [K]i [C]S cho phan tir e.
3.3. Tinh vécto tdi trong it cho phan tir e.
3.4. B sung cac ma trgn phcfn tw e vao cac ma tran toan hé:

3.5. Tinh ma trgn [A] theo (2.126)

3.6. Tinh vécto gia toc theo (2.127)
3.7. Tinh vécto vin toc theo (2.128)
3.8. Tinh vécto chuyén vi theo (2.129).

So dd khéi cta thuét toan trén duoc thé hién nhu trén hinh 2.8.
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_/Nhap s6 licu /
1
Tinh todn so bo ban dau
[MO]’ [C()], [KU]’ [Kc], At! Y, B
{Uﬁ}s {UO}! {UO}’I = tcal/At
Y

Bai todn dao dong riéng
Dang riéng, [C]

Xac dinh
& [Mp] [Cp] [Kp] {R}
Tap hop [My], [Co] [Kp] [A]

i
Tinh {U},,,= [A]' (R}
Y
Tinh {U}yi= {U}, + (1-9AH U}, + YA U},
I
Tinh {U},.,= {U}, + At{U}, +(At)(0,5-B){U},
i

Tinh {6}[1+1’ {€}n+l

Sai

Hinh 2.8. So dd thuat toan giai bai toan tam c6 vét nit chiu tai trong di dong



54

2.6. Chwong trinh tinh va kiém tra d¢ tin cy ciia chwong trinh tinh
2.6.1. Giodi thiéu chwong trinh tinh

Trén co so thudt toan da trinh bay, tdc gia 1ap trinh tinh trong moi
truong Matlab. Chuong trinh do tac gia xay dung trén co s& phuong phap
PTHH, c6 tén CRACKED PLATE MOVING 2019 (CPM _2019) c6 kha
ning phan tich dong d6i v6i tim chiu tac dung cua tai trong di dong theo
hai mo hinh tai trong da trinh bay. Chuong trinh CPM_2019 chay trén may
tinh voi hé diéu hanh Window xp. Cau tric ctia chuong trinh gdm 4 mé
dun chinh nhu sau:

- M6 dun nhap s6 liéu (Nhap_so_lieu.m)

- M6 dun phan tich dao dong riéng (Free Vibration analysis.m)

- M6 dun phan tich dong (Dynamic _analysis.m)

- M6 dun xuit va in két qua (Results_print.m)

Viéc chia ludi phﬁn tr htru han duoc thuc hién truc tiép nho phﬁn
mém ANSYS 13.5.

Chuong trinh CPM_2019 phu hop véi vi¢c phan tich dong luc hoc cua
tdm c6 hodc khong c6 vét nut chiu tai trong di dong voi ca hai mo hinh:
khéi luong di dong va hé dao dong di dong.

2.6.2. Kiém tra d¢ tin cdy ciia chwong trinh tinh

Dé kiém tra mirc do tin cdy cua chuong trinh CPM 2019 da lap, tac gia
tinh todn, so sanh voi két qua trong 2 cong trinh céng bd véi truong hop: TAm
c6 vét niit chiu tai trong tinh phan bd déu va tim khong co vét nit chiu tac
dung cua h¢ dao dong 1 bac tu do di dong.
2.6.2.1. Tam véi vét mirt chinh giita chiu luc phdn bé déu: St dung chuong
trinh tinh CPM_ 2019 d3 1ap, tinh toan bai toan nhu trong cong trinh cong bd
ciia Amraei A., Fallah N. [15(2017)], trong d6 tAm hinh vudng canh L, =



55

W, = 20cm, chiéu day h = lem c6 vét nit dai 2ac = 8cm & chinh giita va
song song voi canh cua tam. Vat lieu tim v6i M6 dun dan hoi E =
1x10°N/cm?, hé s6 Poisson v = 0,3. TAm duoc lién két twa khdp theo chu vi
va chiu tac dung ctia luc phan bd déu véi cudong do q = 1x102N/cm? (Hinh

2.9).

Hinh 2.9. M6 hinh cta bai toan [15]

St dung ludi chia: Tong s6 15 phan tir, trong d6 10 phan tr kich thudc
S5cmx4cm bd tri thanh hai ddy song song ox, ddi xtng vé hai phia cta vét
nGt, 5 phan tr kich thude 10cmx4cm & chinh gitra tim. Két qua so sanh
chuyén vi tai diém chinh giita tim thé hién nhu trong bang 2.1.

Bang 2.1. Két qua so sanh chuyén vi tai diém gifta tim

Phwong phap Sai

Pai luo 0
WS Amraei A., Fallah N. [15] CPM 2019 (f,}:)
Winax[mm] 0,01182 0,01194 1,02

2.6.2.2. Tam chiu téc dung cua hé dao dong di dong: Tinh todn vd1 mo
hinh bai toan va cac thong sé nhu trong cong trinh cia Asghari M. va cic
cong sy [17(2009)], trong do cac tadc gia st dung phuong phap ban gidi

tich. M6 hinh bai toan nhu hinh 2.10, tim hinh chir nhat c6 chiéu dai a =
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60m, chiéu rong b = 30m, chiéu day h = 15.10?m, d6 cung chéng udn cua

Eh’

— — _=7,1.10°Nm, vat liéu c6 khdi luong riéng p =
12(1-v?)

tim D =

7750kg/m?. TAm lién két ban 18 4 canh, chiu tac dung cua h¢ dao dong di
dong, gém: 10 xo cb do cimg kéo, nén k = 10°N/m mang khéi luong m =
10°kg, chuyén dong theo duong thing y = ¢ = b/2 = 15m, v6i van tdc

khong déi v = 20m/s. Diéu kién ddu cia bai toén: z(o)z%,

W (x,y,0) AL Y Pay 1a cong trinh duoc cic tac gia nghién ctru bang
t=0

phuong phép giai tich.
Dao dong di dong
a _ X
0 a
- -
X
m
y=C
&
A\ b
\ ¥ '
i ‘ vy
a, M6 hinh khéng gian tong qudt b, M6 hinh phang

Hinh 2.10. M6 hinh cua bai toan [17]
Giai bai toan bang bo chuong trinh di 1ap, két qua so sanh vé chuyén
vi 16n nhit Winax [mm] ctia diém giira tAm, cu thé nhu bang 2.2.

Bang 2.2. Két qua so sanh kiém tra d6 tin cAy chuong trinh tinh
(Truong hop tai trong di dong la hé dao dong di dong don gian)

Phwong phap ]
Dal Asohari M.. Ghah . Sai s0
lwgn sghart M., Ghahremani o,

i A.R., Ghafoori E. [17] CPM_2019 (“o)

Wnax 17,68 18,12 1,86
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Nhén xét: Vi hai bai toan kiém ching da thuc hién & trén cho thay sai
sO vé chuyén vi 16n nhét ca hai truong hop déu nhé hon 1,9%, diéu nay co thé
nhan dinh chuong trinh tinh CPM_ 2019 do tac gia lap c6 co s dé tin cay.

2.7. Két luan chwong 2

Két qua chinh trong chuong nay:

- Ung dung biéu thirc tong quat xac dinh ma tran d6 cimg phan tir tim
c6 vét nuit, dd xac dinh dugc ma tran biéu thi d6 mém bo sung cua phén tir
tam do vét nat gdy nén trén co so thuc hién thanh cong cac phép tinh xac
dinh cac phﬁn tir cia ma tran nay. Chinh vi diéu nay, da xac dinh dugc ma
tran do cimg cta phan tir tim c6 vét nit 1am co s¢ thiét 1ap phuong trinh
dao dong cua phan tir va clia tAm ¢ vét nut chiu tai trong di dong.

- Trén co s& phan tich, xdy dung cic ma tran phan tr ctia tim c6 va
khong co vét nut, dic biét 1a phan tir tim co vét nit va cac thanh phan bd
sung vao ma tran khoi lugng, ma tran can, ma tran do cing cua phﬁn tir do
tai trong di dong gay nén, da thiét lap phuong trinh vi phan dao dong cua
phan tir tAm ¢ vét nit chiu tic dung cua tai trong di dong 1a khdi luong di
dong hoac hé dao dong 1 bac tu do di dong, trong d6 van tde tai trong thay
d6i, quy dao di chuyén cua tai trong 1a bat ky. Tur d6, da thiét 1ap duoc
phuong trinh mé ta dao dong ciia tAm c6 vét nit chiu tac dung cua 2 md
hinh tai trong di dong néu trén.

- Xay dung thuat todn PTHH va chuong trinh tinh CPM_2019 trong
moi trudng Matlab phan tich dong luc hoc cta tAm c6 vét nit chiu tac dung
cua tai trong di dong vdi hai mo hinh tai trong: khdi luong di dong va hé
dao dong di dong. Chuong trinh tinh CPM_2019 di duogc kiém chimg cho

thay c6 co sé tin cay.
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CHUONG 3
ANH HUONG CUA MOT SO YEU TO PEN PAP UNG
PONG LUC HQC CUA TAM CO VET NUT CHIU TAC DUNG
CUA TAI TRONG DI PONG

3.1. Pit van dé

Trong chuong 2 da xay dung dugc thuat toan va chuong trinh tinh cho
bai toan tdm c6 va khong cé vét nit chiu tai trong di dong (khéi luong di
dong hodc hé dao dong di dong). Trong chuong nay, dé khrfmg dinh sy linh
hoat, kha ning ctia chwong trinh tinh va cho thay burc tranh rd nét vé su lam
vi¢c, ing xur co hoc cua két cAu tAm c6 vét nit chiu tac dung cua tai trong
di dong, dua ra cac khuyén cdo k¥ thuat nham nang cao hiéu qua sir dung,
khai thac cac loai két cAu dang ndy, tac gia tinh toan sd voi cac thong sb
ctia bai toan thay doi, trong do tap trung xem xét anh huong cua cac yéu tb
phd bién: tai trong, vét nurt, kich thudce hinh hoc, vat liéu, diéu kién lién két
dén dap ung dong luc hoc ciia tim dudi tic dung ctia khdi lugng di dong va
hé dao dong di dong dén dap tmg dong luc hoc cua tim. Két qua tinh toan
kém theo cac khuyén cdo ky thuat ¢ thé 1a tham khao cho tinh toan, thiét
ké, gia cuong cac két cdu tAm chiu tai trong di dong.
3.2. TAm cé vét nirt chiu tac dung ciia khoi lwong di dong
3.2.1. Bdi todn xudt phdt

Thong s6 két cAu: TAm chit nhat, vat liéu thép, chiéu dai L, = 3m,
chiéu rong Wy = 2,0m, chiéu day h = 0,025m, mot (01) vét nut gitra tAm
v6i chiéu dai 2ac = 0,3m c6 phuong song song voi canh ngan cua tim. TAm
6 cac dic trung vat liéu: M6 dun dan hoi E = 2,1.10''N/m?, hé s6 Poisson
v =0,28, khdi luong riéng p = 7800kg/m’.

Thong sb tai trong: Mot khdi lugng m = 5.10%kg chuyén dong trén tAm
theo quy dao duong thing y = W,/2, voi van toc v = 10m/s (Hinh 3.1).
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Hinh 3.1. M6 hinh bai toan
Piéu kién bién: TAm lién két géi tura doc 2 canh ngén, 2 canh dai tu do.

Diéu kién dau cua bai toan: {U}O =0; {U} =0, v(0)=v =10m/s.
0
Tam dugc 10i rac hoa bai 75 phan tir, twong Gng v4i 96 nut va 2 nit

mé ta vét nirt, md hinh PTHH cua bai toan thé hién nhu trén hinh 3.2.

Hinh 3.2. M6 hinh PTHH cua bai toan
Str dung chuong trinh CRACKED PLATE MOVING 2019 da lap ¢

chuong 2, tinh toan dao dong riéng va dao dong cudng buc cua bai toan
v6i budc tich phan At = 0,005s, thoi gian tinh tea = 0,3s (bang thoi gian tir

lac khéi lwong vira vao tdm dén khi khéi luong vira ra khoi tam).
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Bai todn dao dong riéng: Giai bai toan dao dong riéng, tac gid nhin
duoc cac tan sb riéng va dang dao dong riéng, trong d6 bon (04) tan sb
riéng dau tién [Hz]: fi = 6,6367; f> = 15,1910, f; = 26,8678; f1 = 38,6807,

tuong Gmg véi bdn dang dao dong riéng nhu hinh 3.3.

5UB =1
FREQ=6.63671
DME =.043554

a, Dang dao ddng riéng thir nhat (f; = 6,6367Hz)

REQ=15.1491
{ =.070579

b, Dang dao dong riéng thir hai (f> = 15,1910Hz)
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FREQ=26.8678

[ME =.044851

¢, Dang dao dong riéng thir ba (f; = 26,8678Hz)

FREQ=38.6807
DMX =.068612

d, Dang dao dong riéng thu tw (f; = 38,6807 Hz)
Hinh 3.3. Bén dang dao dong riéng dau tién cua hé
Bai todn dao dpng cwéng birc: Giai bai toan cho 2 truong hop tdm
khong ¢ vét niit va tim co vét niit véi cac thong sb nhu da néu ¢ trén. Diém
xuat két qua 1a diém giita tAm (Piém A) va diém dau vét nat (Piém B) -
Hinh 3.1. Két qua dap tmg d6 vong, gia téc theo phuong dung va Gng suat
oy (tai A), o (tai B) tai cac diém tinh thé hién nhu trén hinh 3.4, 3.5, 3.6.
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Hinh 3.6. B4p ing img s

uat o, tai diém A va o, tai B theo thoi gian

Bang 3.1 1a tom tat cac gia tri 16n nhat vé chuyén vi, gia toc va Gng
suat tai cac diém tinh thudc tam.

Bang 3.1. Chuyén vi, gia toc va tng suat 16n nhat ctia cac diém tinh
. Gia tri
TruomgheP |y mosfom] | W s | om (N/m?] | om [N/
C6 vét nut 0,837 15,293 4,237x107 | 12,240x10’
Khong c6 vét nut 0,764 3,726 3,939x107 | 2,599x107
Chénh léch | Tang9,6% | d’;fj’l Ting 7,0% | T d’;fj’ /
Nhan xét: Ung suit tai dau

vét nit 1a 16n, cé tng xr co hoc khéc biét

gitra tam c6 veét nit va khong c6 vét nut, trong do su thay doi dot bién cua

ung suat dau veét nut la van dé can thiét phai quan tdm (tdng 4,7 lan so voi

khong c6 vét nut). Doi voi do vong, co su sai khac twong dbi 10n giira tAm
6 vét nit va khong co vét nit (9,6%), do d6 cac phan tiép theo ciia chuong

nay tic gia tap trung xem xét hai yéu t6 trén 1a cha yéu.
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3.2.2. Anh hwéng ciia mot sé yéu té dén sw lam viéc ciia hé
3.2.2.1. Anh huéng ciia chiéu dai vét nirt:

Giai bai toan véi chiéu dai 2a. cta vét nut thay d6i tir 0,0m dén 0,4m.
Két qué sy phu thudc cac gia tri 16n nhét vé chuyén vi, van téc, gia tdc va
ung suét tai diém tinh thudc tAm theo chiéu dai vét nit thé hién nhu trong
bang 3.2 va dd thi cac hinh 3.7, 3.8 va 3.9.

Bang 3.2. Su phu thudc céc dai lugng 16n nhét cta chuyén vi, gia tbe
va tng suat theo chiéu dai vét nut

2a.fm] 0,0 0,1 0,2 0,3 0,4
W, [cm] 0,764 | 0,772 | 0,785 | 08370 | 0,951
W [m/s?] 3,726 | 5214 | 8807 | 15292 | 23912

o 107[N/m?] | 3,939 4,012 4,106 4,237 6,562

max

oo 107 [N/m?] | 2,599 3,821 7,218 12,240 18,428

max

2
w0

=
o

2
-
T - T
| |

=
=)

Do vong 1én nhat W, [cm]
© o o o
1% (] E =N R

=
- 9

=]

0 005 01 015 02 025 03 035 04
Chiéu dai vét mrt 2a_[m]

Hinh 3.7. Quan h¢ W__ tai diém A va chiéu dai 2a. ctia vét nirt
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Hinh 3.8. Quan hé¢ W__ tai diém A va chiéu dai 2a, ctia vét niit

Hinh 3.9. Quan h¢ o™, o™ trong tmg tai A, B va chiéu dai 2a. clia vét nit
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Nhan xét: Chiéu dai ctia vét nit (2ac) anh hudng kha 16n dén dap ung
chuyén vi, gia toc va tng suét cta diém giita tim va diém dau vét nit (cac
diém tinh). Cu thé, khi 2ac tang thi tat ca cac dai luong & trén déu tang,
nhung v&i mirec do tang 1a khac nhau tuy theo tung dai luong, trong dé thay
d6i nhiéu nhét phai ké dén mg suat phap tuyén theo phuong truc x tai diém
B: tang 7 lan khi 2a. ting tir 0 dén 0,4m, véi kich thudc vét nit nho thi su
thay doi nay 1a bé (47% khi 2a. tang tir 0 dén 0,1m), trong khi dai luong
nay ting 4.8 1an khi 2a. ting tir 0,1 dén 0,4m. Piéu nay cho thiy tng suat
phap tai dau vét nat dic biét nhay cam véi chidu dai cua vét nit, toc do
tang cua né cang 16n khi chidu dai vét nit cang 16n. Bén canh d6, tng suat
tai diém giita canh vét nirt ¢ tang khi chiéu dai vét nit ting, nhung téc do
taing khong 16n: ting 7,6% khi 2a. ting tir 0 dén 0,3m va 54,9% chi khi
kich thudc nay ting tir 0,3m dén 0,4m.
3.2.2.2. Anh huéng ciia s6 lwong vét nist:

Giai bai toan cho ba truong hop tuong tmg voi sb lugng vét nut khac
nhau:

- Trudng hop 1 (TH 1): Tam c6 01 vét ntt ¢ chinh gitta (x = Lp/2 - bai
toan xuat phat);

- Truong hop 2 (TH 2): Tam c6 02 vét nut kich thuéc gidng nhau,
song song voi nhau va song song véi canh ngin cua tAm, trong d6 01 vét
nut chinh gitra, 01 vét nut tai x = Lp/4;

- Trudng hop 3 (TH 3): TAm c6 03 vét nit kich thudc gidng nhau,
song song voi nhau va song song vé6i canh ngin cua tAm, trong d6 01 vét
nGt chinh gitra, 02 vét nit d6i xang v6i vét nirt chinh gitra vé 2 phia tai x =
Lp/4 va x = 3Lp/4.

Két qua dap ung d6 vong, gia tbe va Gmg suét tai cac diém tinh thé
hién nhu trén céc hinh 3.10, 3.11 va 3.12.
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Y

it

=

Ung suat Xicma[N/m2]

0.15 0.2 0.25 0.3

Thot gian t[s]

0 0.05 0.1 0.35

Hinh 3.12. Dap tng Gng suét o, tai diém B theo thoi gian
Bang 3.3 1a tom tit cac gia tri 16n nhat vé d6 vong, gia tbc va Gng suat
tai cac diém tinh thudc tam.

Bang 3.3. B) vong, gia toc va img suat 1én nhat cia cac di€m tinh

‘ Gia tri
Truong hop  y, moxfem] | W [mis?] | o™ [N/m2] | o™ [N/m?]
TH 1 0,837 15,293 4,237x107 | 12,240x107
TH2 0,873 51,822 5,875x107 | 12,649x107
TH 3 0,889 51,444 5,878x107 | 12,752x107
Chénh | TH I-TH 2 4,3% 3,39 lan 38,7% 3,3%
léech | TH 1-TH 3 6,2% 3,36 lan 38,7% 4,2%

Nhan xét: S6 luong vét niit c6 anh huong dang ké téi do vong, gia toc
va tmg suat clia tAm, nhin chung theo xu hudng ting, trong dé gia téc va tmg
suit tai diém A (diém giira vét nirt) ting manh khi sb lugng vét nit ting (gan

3,4 lan ddi vé6i gia toc va 38,7% ddi v6i Gmg suat khi s6 luong vét nit ting
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tir 1 dén 3). Véi két qua trén cho thiy tdm s& giam yéu nhanh khi s luong
vét nut ting va bd tri dbi ximg.
3.2.2.3. Anh huéng ciia van toc tdi trong:

Tinh toan véi van téc cia khdi luong di dong trén tdm bién thién tir
6,0m/s (21,6km/h) d&én 14,0mvs (50,4km/h), két qua bién thién cac gia tri 1on
nhét vé do vong W__, gia tbc W__ va tmg sudt c__tai cic diém khao sit cua
tAm thé hién nhu trong bang 3.4 va cac d0 thi hinh 3.13, 3.14, 3.15 va 3.16.

Bang 3.4. Bién thién cac dai lugng 16n nhat vé chuyén vi,
gia toc va g suat theo van toc v cua khoi lugng

v [m/s] W2 [em] W2 [m/s?] | o™ [N'm?] | op™ [N/m?]
6 0,548 4,308 3,916x107 8,366x107
8 0,708 8,621 4,084x107 | 10,394x10’
10 0,837 15,293 4237107 | 12,240x10’
12 0,947 23,906 4,348x107 | 13,941x10’
14 1,013 33,094 4,398x107 | 15,253x10’

12 T

max
o
oo

=
e
T

D6 vong 16n nhat W |cm |

i &l 10

11 12

Vin téc khéi leong v[m/s]

14

Hinh 3.13. Quan hé¢ W2 _tai diém A va van tdc v ciia khéi lugng
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Lt [}
[} [}

[}
[}

max

Gia téc 16n nhat W [m/s2]

I:I 1 1 1 L 1 1 1
3] 7 o gl 10 11 12 13 14

Van toc khéi lrong v[m/s]

Hinh 3.14. Quan hé W/, tai diém A va van toc v ctia khdi lugng

i

16 .

[N/m2]

max

[yt

E 10 =

0 ——icmad

R —ap—icmaB
B_ =

E

g °f |

-

et

% —u

<§ 4 - — = T

P

an

: 2 1 1 1 1 1 1 1

b B 7 a 9 10 11 12 13 14

Van toc khoi lwong v[m/s]

1 A A B . \ N\ A A 5 A
Hinh 3.15. Quan hé o, o tai A va B va van toc v cua khoi lugng
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Hinh 3.16. Bién thién d6 vong W tai diém A theo thoi gian
(v = 6m/s, 8m/s, 10m/s, 12m/s, 14m/s)

Nhén xét: Toc d6 ctia khdi luong di dong c6 anh hudng dang ké dén dap
ung dong luc hoc cua tam c6 vét nit. Cu thé véi bai toan da xét, khi toe do
khéi luong tang tir 6m/s dén 14my/s thi: chuyén vi, van tdc, gia toc va Gmg suat
16n nhét tai cac diém tinh déu ting theo xu huéng phi tuyén (84,9% - chuyén
vi, 12,31% - tmg sut tai diém giira tAm va 82,32% - (mg sudt tai dau vét nut).
Qua d6 cho thay tmg suat tai dau vét nat rat nhay cam véi van toc di chuyén
clia tai trong. Ngoai ra, tir d0 thi dép umg d6 vong tai diém gitta ctia tim cho
ta théy do vong tAm tang dén mot diéu kién nao dé cua van tdc khoi lugng sé
¢6 xu hudng giy mat 6n dinh ddi voi tim do chuyén vi ting dot bién hodc
tAm bi pha huy do tmg suit vuot qua tmg suit cho phép cua vat lidu.
3.2.2.4. Anh hudéng ciia gia téc khoi heong di chuyén:

Khao sat bai toan voi quy dao khdi lwgng di chuyén nhu dd néu & trén,

véi van toc cta khoi luong bién thién theo quy luat bac nhét: v = vy + at,
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trong d6 vo = 10m/s va gia téc a = - [0,0; 2,5; 5,0; 7,5; 10,0]Jm/s2. Két qua
dap Gmg do vong giira tAm theo thoi gian thé hién nhu trén d6 thi hinh 3.17.

1 T T T T T T T
1]
5
I}-\._l
ﬁ -2
8=
=
= -3
=
2 4
o 4t
= , _
ag —a= 0m/s2
SRl | ey la™t
] —a=-2.5m/s2
A a=-5.0m/s2
e a=-7.5m/s2
— a— -10m/s2
-:I' i 1 1 I i
1] 0.05 0.1 015 0.z .24 0.3 .35 0.4

Thot gian t[s]
Hinh 3.17. Bién thién d6 vong W tai A theo thdi gian véi cac gia toe khac nhau
Bang 3.5 thé hién su thay doi gid tri 16n nhat cua do vong tuong tmg véi
céc gid tri gia toc di chuyén ctia khdi luong khac nhau.

Bang 3.5. Gia tri 16n nhat ctia 46 vong tim tmg véi cac gia tri gia toe khac nhau

a [m/s’] 0 2,5 -5,0 -7,5 -10,0

W, [fem] | 0,837 1,740 3,031 4,391 6,076

Nhén xét: Anh huéng cua gia téc khdi lvong chuyén dong dén dap
g dong luc hoc cua tim c6 vét nat 1a dang ké. Vi truong hop cu thé da
xét (twong Ung chuyén dong chdm dan déu): Gia tri gia toc cang 10n,
duong dap tng d6 vong - thoi gian cla tAm cang “gd ghé”, phirc tap va do
“giat” cua dudng cong cang nhiéu. Diéu ndy cho thiy sy nguy hiém ddi

vo1 tam khi thay doi van toc di chuyén cua khoi lugng trén nd vi mat on
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dinh hodc pha hay bén ddi véi tAm co6 thé xay ra. Pong thoi hién tuong
trén cho phép canh bao d6i v6i két ciu dang tdm chiu tai trong di dong 1a
can han ché th.'flp nhét viéc tang, giam dot ngdt van tdc cua phuong tién
khi di chuyén trén két cau.
3.2.2.5. Anh hudng ciia lién két:

Xét bai toan nhu d3 néu & trén, twong Ung voi 3 truong hop lién két
clia tAm:

Trudong hop 1: Tam lién két gbi twa doc 2 canh ngén, 2 canh dai ty do
(SSFF);

Trudng hop 2: Tam lién két gbi twa don 4 canh (SSSS).

Truong hop 3: Tam lién két ngam 2 canh ngén, géi twa don 2 canh
dai (CCSS).

Két qua dap ung do vong, gia toc va tmg sudt tai cac diém tinh cho 3

truong hop trén thé hién nhu trong cac d6 thi hinh 3.18, 3.19, 3.20 va 3.21.
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I 0.0a 0.1 015 0z (0] 2 0.3

Tho gian t[s]
Hinh 3.18. Dap tng d6 vong W tai diém A theo thoi gian
(Vi cdc truong hop lién két khdc nhau)
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Thot gian t[s]
Hinh 3.19. Pap tng gia toc W tai diém A theo thoi gian
(Voi cac truong hop lién két khac nhau)
«107
S5FF
5555
- e
0 005 0.1 015 0.2 0.25 03
Tho1 gian t[s]

Hinh 3.20. Dap tng tng suét oy tai diém A theo thoi gian

(Véi cdc truong hop lién két khdc nhau)
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Thon gian t[s]
Hinh 3.21. Pap tng tng suét o, tai diém B theo thoi gian
(Vi cdc truong hop lién két khdc nhau)

Bang 3.6. Cac gia tri 1on nhat cia do vong, gia tdc va tng suat

Dgi lwong .
B W lem] | W [m/s’] | > [Nm?’] | o> [N/m?]
Lién ket

SSFF (1) 0,8370 15,2923 4,237x107 12,240x107
SSSS (2) 0,7420 17,7385 4,921x107 14,666x107
CCSS (3) 0,5620 21,1032 5,769x107 17,046x10’

Chenh | (D-(2) | 11,35 15,89 16,14 19,82

lech [%] | (1)-(3)| 3286 37.88 36,16 39,27

Nhan xét: Véi 3 truong hop lién két da xét, ta thay sy thay doi vé
chuyén vi, van tdc, gia toc va Ung suét tai cac diém tinh cta tdm phu hop
quy luat co hoc cho mdi trudng hop ca vé mat dinh tinh va dinh luong, diéu
nay mét 1an nita cho thiy chuong trinh tinh do tac gia lap trong chuong 2 st

dung d¢ tinh toédn la c6 co s& tin cay.
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3.2.2.6. Anh huéng ciia chiéu day tam:

Khao sat bai toan véi chidu day h cua tim bién thién tir 0,005m dén
0,03m. Két qua bién thién cac gia tri 1on nhét vé chuyén vi, van tdc, gia tde
va Ung suét tai diém tinh thudc tAm thé hién nhu trong bang 3.7 va db thi cac
hinh 3.22, 3.23, 3.24 v 3.25

Bang 3.7. Bién thién cac dai luong 16n nhit cta chuyén vi, gia toc
va tng suat theo chiéu day tim

hfm] 0,005 | 0,010 | 0,015 | 0020 | 0,025 | 0,03
W_ [em] | 4751 | 2,674 | 1,579 | 1,072 | 08370 | 0,758
W [m/s?] | 3,861 | 8,413 | 11,509 | 13,895 | 15,292 | 16,272

max 9,508 6,893 5,406 4,664 4,237 4,116

et 28,31 21,16 16,83 13,87 12,240 11,42

max
= rJ L o
im (] i (5 i = im
T L] T

Ll
T

Do vong lén nhat cia tim W [cm]

=
iy}

0.005 0.01 0.015 0.0z 0.025 0.03
Chiéu day tam h[m]
Hinh 3.22. Quan h¢ W__ tai diém A va chiéu day ctia tAm
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Hinh 3.23. Quan h¢ W__ tai diém A va chiéu day ctia tim

Hinh 3.24. Quan h¢ o7*, o™ tai diém A, B va chiéu day cta tAm
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~ Thdi gian t[s]
Hinh 3.25. Dap ung do vong tai diém A theo thoi gian véi cac chiéu day khac
nhau (4 = /0,005, 0,010, 0,015, 0,020, 0,025; 0,030]m)

Nhan xét: Truong hop tAm co vét nit chiu khéi luong di dong, cac
dai lugng 16n nhét, nhu: d6 vong, van tdc, gia tde va ung suét tai cac diém
tinh thudc tim khong ty 1& voi chiéu day nhu tam khong co vét nat. Cu thé
v6i truong hop tinh toan & trén cho thay khi chiéu day tim tang tir 0,005m
dén 0,03m thi ca chuyén vi, ing suat va gia toc déu thay dbi 16n (chuyén vi
va ung suét giam: 6,26 lan - chuyén vi, 2,31 lan - ung suét tai A va 2,48 1an
- ing suat tai B; gia toc ting: 4,21 1an). Trong d0, cac gid tri trén thay ddi
(tang, giam) nhanh khi chiéu day tam thay d6i tir 0,005m dén 0,02m, sau
d6 téc do thay d6i cham hon.

3.3. TAm c6 vét nirt chiu tac dung ciia hé dao dong di dong

Xét bai toan vé6i cac thong sd két cau, vat liéu va lién két mé ta nhu

muc 3.2.1, trong do tai trong di dong tac dung 1én tam 1a hé dao dong 1 bac

ty do nhu trén hinh 2.7 (ky hiéu MO), véi: m; = 300kg, m> = 200kg, k =
1,5x10°N/m, ¢ = 4,5x10°Ns/m. Hé dao dong di chuyén voi van toc v = 10
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m/s. Két qua tinh dugc so sanh véi truong hop khéi lugng m = m; + mp =

500kg (ky hiéu MM) di chuyén cung vén toc trén tim. Pap tmg do vong

gitra tam (diém A) va tom tat cac gia tri 16n nhat vé d¢ vong, gia tdc va irng

suit tai cac diém tinh thudc tAm nhu trén hinh 3.26, 3.27, 3.28 va bang 3.8.

Biang 3.8. Cac gia tri 0 vong, gia téc va ing suat 16n nhat tai A va B
(Hé dao dong va khoi lwong di déng tic dung)

Dai luong .
Wiaxlem] | W [m/s?] | o, [Nm?] | o), [N/m’]
Truong hop
MO 0,755 13,217 3,641x107 | 10,536x107
MM 0,837 15,292 4,237x107 | 12,240x107
Sai khac [%] 10,86 15,70 16,37 16,17
0.4 : : : :
0.2
=
E 1.2
—
=
"Bl -0.4
a%b 08
b = .
oy
MR s
—0
1 . . . . i
0 0.05 0.1 0.15 0.2 0.25 0.3
Thot gian t[s]

Hinh 3.26. Pap ung d6 vong tai diém A theo thoi gian
(Hé dao dong va khéi lwong di déng tdc dung)



80

rJ
[

| )
bt 1111

iy
n

Wm/s2]

Oc gitta tam
on =

Giat

A
n

]
=

1] 0.05 0.1 05 0.2 0.25 0.3
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Hinh 3.27. Pap tng gia toc tai diém A theo thoi gian
(Hé dao dong va khéi lwong di déng tdc dung)
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0 0.05 0.1 0.15 0.2 0.25 0.3
Thoi gian t[s]
Hinh 3.28. Dap tng Ung suat o, tai A va o, tai B theo thoi gian
(Hé dao dong va khéi lwong di déng tic dung)
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3.3.1. Anh hwong ciia so lwong vét nirt

Tinh toan véi trudng hop tim c6 1 vét nat, 2 vét nat va 3 vét nut,

trong do cac vét nirt giong nhau va cd vi tri nhu mo ta tai muc 3.2.2.1 néu

trén. Két qua dép tng cua cac dai lugng do vong, gia toc va ung suat tai

cac diém tinh thudc tAm thé hién nhu trong bang 3.9 va dd thi hinh 3.29,
3.30 va 3.31.

Biang 3.9. Cac gia tri 0 vong, gia tdc va ing suit tai A va B

Dai luong .
W lem] | W [m/s?] | o, [N/m?] | ob, [N/m?]
Truong hc
1 vét nirt 0,755 13,217 3,641x107 | 10,536x107
2 vét nirt 0,768 33,814 5,480x107 | 10,177x107
3 vét nirt 0,795 33,821 5,504x107 | 10,265x107
0.4 . .
0.2
o
=
8 o2t
£
FI.I 0.4
=1 ]
ag 0.6
=
o | |
M og 1 vét nirt ]
) vé;t mrt
: 3 vet mEt . { 1
0 0.05 0.1 0.15 0.2 0.25 0.3
Thoit gian t[s]

Hinh 3.29. Pap ung d6 vong tai diém A theo thoi gian

(Vi cdc trwong hop sé lwong vét nirt khdc nhau)
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Tho gian t[s]
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Hinh 3.30. Pap tng gia toc tai diém A theo thoi gian
(Vi cdc trwong hop sé lwong vét nirt khdc nhau)
=107

3 T T T T
1 vet ot

2 vet mrt
3 vet mrt

0 0.05 0.1 [ 0.2 0.25 0.3

Thot gian t[s]

Hinh 3.31. Pap ung ung suat o, tai B theo thoi gian
(Véi cdc trieong hop sé lwong vét nirt khdc nhau)
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Nhan xét: Khi sé luong vét nit ting voi quy lut nhu trén, dap tmg do
vong, gia toc va Gmg suat tai cac diém tinh déu ting, diu nay cho thiy vét
ntt lam giam yéu kha nang chiu lyc cua két cdu va khiang dinh chuong
trinh tinh do tac gia 1ap trong chwong 2 st dung dé tinh toan 1a c6 co s&
dang tin cay.

3.3.2. Anh hwéng dé ciing 1o xo ciia hé dao dpng

Giai bai toan vdi do cung k cua 10 xo cua h¢ dao dong di dong bién
thién tr 1,0x10°N/m dén 9,0x10°N/m, két qua dap tng cua do vong, (mg
suit tai cac diém tinh thudc tAm theo thoi gian va cac gia tri 1on nhit trong
mg véi cac gid tri d6 ctmg k khac nhau thé hién nhu trén dd thi cic hinh
3.32,3.33, 3.34, 3.35, 3.36 va bang 3.10.
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Hinh 3.32. Pap ting d6 vong tai diém A theo thoi gian
(Voi cac truong hop do cung lo xo khac nhau)
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Hinh 3.33. Dap ung tng suét o, tai B theo thoi gian
(Voi cac truong hop do cung lo xo khac nhau)
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Hinh 3.36. Quan hé Gng suét 16n nhét tai A, B va d6 cimg 10 xo
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Bang 3.10. Bién thién cac gia tri 16n nhét theo do cimg 16 xo

bai luong .

W [em] | W [m/s?] | o2 [N/m?] | ob  [N/m?]

kx10°[N/m]

1,0 0,081 8,942 0,813x107 | 0,842x107
1,5 1,012 13,217 1,364x107 | 10,536x107
2,0 1,075 19,415 2,285x107 | 11,284x107
2,5 1,078 23,073 3,150x107 | 11,553x107
3,5 1,033 21,224 4,036x107 | 11,363x107
6,0 0,905 17,740 2,380x107 | 11,213x107
9,0 0,783 12,360 1,554x107 | 8,693x107

Nhan xét: Do cung 10 xo ctia hé dao dong di dong c6 anh hudng dang
ké dén dap ung dong luc hoc cua tdm, voi bai toan khao sat cho théy khi do
ctimg 10 xo tang, dap Gmg d6 vdng cla tim bién thién khong theo quy luét
tang hay giam mot cach don thuan, trong viing bién thién cta do cimg 10 xo
nhu trén ta thy khi k = 1,5x10°N/m va k = 2,5x10°N/m thi dap tmg d6 vong
c6 xu hudng tang theo thoi gian, con cac gia tri khac thi dap tng nay giam.
Bén canh do6, cac gia tri 16n nhat vé do vong, gia tdc va ung suét tai cac diém
tinh bién thién ting tmg voi k € [1,0 - 2,5]x10°N/m va giam tng véi k € [2,5-
9,0]x10°N/m. S& di c¢6 hién twong trén, theo tac gia 1a khi thay d6i do cing 10
xo d4 1am cho tan s6 dao dong cua hé dao dong thay ddi, cung véi tan sé dao
dong cua tam s& anh huong dén dao dong chung cua hé.

3.3.3. Anh hwéng vin toc ciia hé dao dpng

Tinh toan véi truong hop van tée di chuyén ciia hé dao dong thay doi tir
6m/s dén 14nvs, két qua dap tmg do vong va Gmg suét tai diém A thudc tim
theo thoi gian va su thay ddi cac gia tri 16n nhat cua d6 vong, gia téc va tng

suét tai cac diém tinh dugc thé hién nhu trén hinh 3.37, 3.38 va bang 3.11.
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Hinh 3.37. Pap tng do vong tai diém A theo thoi gian

(Voi cac truong hop van toc di chuyén cua

ong khac nhau)
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Bang 3.11. Bién thién cac gia tri 16n nhét theo van toc

bai luong .

W [em] | W [m/s?] | o2 [N/m?] | o°  [N/m?]

v [m/s]

6 1,211 15,429 4,352x107 | 16,323x10’
8 1,210 13,816 2,931x107 | 13,124x10’
10 1,012 13,217 1,364x107 | 10,536x107
12 0,724 10,201 0,970x107 7,718x107
14 0,537 11,897 1,137x107 6,048x107

Nhan xét: Khi toc d6 di chuyén cua hé dao dong tic dung 1én tim
tang tir 6m/s dén 14m/s, do vong va ung sudt tai cac diém tinh cua tim
giam, diém dot bién xuat hién xung quanh thoi diém hé dao dong di qua vét
nut, nhung quy luat khong 1o rang. S¢ di ¢6 hién tugng nay, theo tac gia la
do ¢6 su anh hudng giira tin s6 dao dong riéng cua hé dao dong va tan sb
dao dong cla tAm gy ra, day chinh 13 diém tGng xr co hoc khac nhau cua
tam khi chiu tac dung cua hé dao dong va khdi luong di dong dbi voi ca
tam c6 vét niit va khong co vét nut.

3.3.4. Anh hwéng ciia phwong vét nirt

Xét cac truong hop phuong ciia vét nit 1éch véi truc x mot goc o, bang
viéc stir dung phan ttr tir giac dé mdé phong PTHH d6i voi tam, két qua dap
g d6 vong, gia tdc va ng suét tai cac diém tinh thé hién nhu trén cac hinh

3.39,3.40 va3.41.
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Hinh 3.39. Dap tng d6 vong tai diém A theo thoi gian (o = 0°, 30°, 60°, 90°)
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Hinh 3.40. Dap ung gia toc tai diém A theo thoi gian (a = 0, 30°, 60°, 90°)
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Hinh 3.41. Pap ung tng suat o, tai B theo thoi gian
(a =0 30°, 60° 90°)

Nhan xét: Vi bai toan dang xét, khi goc 1éch cta phuong vét nut so
v6i tryc x tang 1én thi do vong, gia tbc va ung suét tai cac diém tinh déu
tang, trong d6 do vong va gia toc ting nhe, song Ung suit tai dau vét nut
taing manh. Cu thé khi phuong vét niit cang gan tring véi phuong canh
ngén tAm (oo =90°) thi sé& bat lgi vé do bén, do 6n dinh cho tim.

3.4. Két luan chwong 3

Mot s6 két qua chinh trong chuwong nay:

- Giai céc 16p bai toan khac nhau, xem xét tmg xir ciia tAm c6 vét nirt
chiu tac dung ctia 2 mo hinh tai trong thuong gip trong thyuc té: mo hinh
khéi lwong di dong va hé dao dong di dong, trong d6 cac thong sb: két ciu,
tai trong, lién két, tinh chat vét nit thay doi, dong thdi so sanh giita tAm c6

vét nirt va khong c6 vét niit. Cac két qua, nhan xét dinh luong 1a co sé cho
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viéc lya chon cac thong s6 tinh toan, thiét ké méi hodc gia cudng cac két
cAu tAm khong c6 vét nit va c¢6 vét niit nham dinh hudng tmg dung trong
thuc té, nhu: ban mat cau, tim 14t mat duodng, dai vét chéng léy, tAm ghi
san bay, cau treo hodc cau day vang co khau do bé, vv.

- Tur két qua khao sat sd cho thay: M6 hinh tai trong di dong c6 anh
huong dang ké dén dap umg dong luc hoc cia tdm, cy thé v6i md hinh hé
dao dong di dong cho thay cac duong dap tmg (46 vong, gia tdc, tng suat)
phuc tap, gd ghé hon trudng hop khdi luong di dong tac dung. Khi tAm co
vét nit, thudng xuét hién “mii nhon” trén cac do thi dap ung do vong, gia
toc, ung suat, trong d6 rd rét nhat 1 dudng dap ung Ung suét theo thoi gian
ctia diém dau vét nit. Vi két qua tinh toan cho 2 mé hinh tai trong, ¢ thé
khang dinh tim d& mat 6n dinh khi chiu tic dung ctia hé dao dong di dong
hon 13 chiu tac dung cta khéi lwong di dong do d6 vong dé thay dbi dot ngot
hoic ting theo thoi gian, didu nay ciing phu hop voi cac nhan xét trude day
khi nghién ctru d6i voi tim khong co vét nut chiu tic dung cua tai trong di
dong. Phuong ctia vét nit anh huong 16n dén d6 vong, gia toc va tng suat
ctia tm, cy thé: khi phuong ctia vét nit thay do6i theo xu hudng cang gan
tring v6i phuong canh ngin ctia tim chir nhat thi cac gia tri trén déu ting,
trong do sai khac lon nhét 1a 19,3% - do vong va 4,3 lan - ung sut tai dau
vét nut khi phuong vét nut tring v6i phuwong canh ngan tim. Vi vdy, theo
tac gia ddy 1a van dé can dugc chi ¥ trong ki thuat thiét ké, thi cong, gia
cudng hodc canh bao ddi véi cac két ciu tAm co vét nit trong thuc tién.

- Viéc khdo sat anh hudng cua vi tri, kich thude vét nut, lién két, chiéu
day tdm déu cho két qua phu hop véi quy ludt co hoc va vat 1y, diéu nay
mot 14n nita cho thay chuong trinh CRACKED PLATE MOVING 2019 do

tac gid da 1ap co co so tin cay.
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CHUONG 4
XAC PINH PHAN UNG PONG CUA TAM CO VET NUT
CHIU TAC DUNG CUA KHOI LUQNG DI PONG
BANG THUC NGHIEM

4.1. Muc dich thi nghiém

Trong chuong 2 va 3 cia luan an tac gid da trinh bay thut toan PTHH,
chuong trinh tinh va két qua khao sat s6 cho bai toan dap tmg dong luc hoc
ctia tim c6 va khong c6 vét nirt chiu tac dung cua tai trong di dong, trong d6
mo hinh tai trong 1a khdi lugng va hé dao dong di dong da dugc xem xét. bé
¢ co s& danh gia mac d6 phu hop ctia mo hinh 1y thuyét va chuong trinh
tinh da lap, cling nhu gép phan lam phong pht thém két qua nghién ctru thuc
nghiém, trong chuong nay tac gia trinh bdy mo hinh, két qua nghién ctru
thue nghiém xac dinh dap tmg dong ctia tim khong cd vét nirt va co cac vét
nut chiu tac dung cta khéi luong di dong. Muc dich cu thé cia chuong nay
gom:

- Bang thuc nghiém xac dinh dap Gng dong cta tim chit nhat thong
qua céc dic trung gia toc, bién dang cho cac truong hop: tim khong co vét
nat, ¢6 1 vét nat va co 3 vét nat, vaoi lién két ngam 2 canh ngén, chiu tac
dung cua khoi luong di dong chinh gitra, doc theo chiéu dai ctua tam.

- Gop phan kiém tra, danh gid mac d6 phu hop ctia mé hinh 1y thuyét
va chuong trinh tinh CRACKED PLATE MOVING 2019 (CPM_2019) da
1ap trong chuong 2.

Thi nghiém dugc tién hanh tai Phong thi nghiém Co hoc may, co hoc -
Hoc vién K§ thut Quan su, véi cac thiét bi do chuyén dung.

4.2. M6 hinh va thiét bj thi nghiém
4.2.1. M6 hinh thi nghiém
Mo hinh thi nghiém 13 tAim chit nhat lam bang thép. TAm duoc ngam

doc theo 2 canh ngén trén khung thép dinh hinh L20 v&i1 hé bulong vit chat.
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So v6i tAm thi nghiém thi d6 ctng ctia khung 16n hon rat nhiéu cho nén

diéu kién ngam c6 thé duoc xem 1a dam bao (Hinh 4.1).

Tam thép
[ N v
Khung thép cung
o 0]
o o
o Vet nut ol o
; B’u lé{lg off 2
vit chat o)
o o
o O]
1500

Hinh 4.1. So d6 két cau tAm - khung dung cho thi nghiém
Thi nghiém do dap Gmg bién dang, gia téc trong 3 truong hop: tim
khong c6 vét nit, co 1 vét nit chinh giita, 3 vét nit chia déu chiéu dai tam,
trong d6 cac vét nit thung tdm, co kich thude nhu nhau 2ac = 0,1m va song

song voi canh ngan cta tim (Hinh 4.2).

Lién két tu do
/ Cam bién Cam bién
- ._' gia toc bién dang -
W/; » / Liénkét Vet nirt Lién két
ngam ngam
: / Lién két tw do /

B

a, Tam co 1 vét nirt
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Lién két tu do

Lién keét Cam bién Cam bién

WV gia tdc bién dang
?7 ......... /

Vétnit  Vétnut  Vét nut
L/ — et [ /] —rt— [ /] — e eet— ] /4

: / L1en két tw do /

=

Lién két
ngam

b, Tdm cé 3 vét nirt
Hinh 4.2. M6 hinh tim véi cac trudng hop vét niit va vi tri do thi nghiém

Z
Z
_

_

Hinh 4.3. Mau thi nghiém
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4.2.2. Thiét bi thi nghi¢m
4.2.2.1. Céc thiét bi tao tai:

Khéi lwong di dong hinh try, di chuyén doc chiéu dai tdm theo
duong thing chinh giita tim. Van tc di chuyén cua khdi luong dugce tao
ra bang hé day - rong roc - md to diéu chinh téc d6 vo cip. Trong d6 mod
to dung trong thi nghiém la loai WUMA, thong ) k¥ thuat:

- Cong suat 0,18 - 7,5 kW;

- Pham vi diéu chinh tdc do: 200 - 1000 vong/phut;

- Dién ap su dung: 220V.

May kéo, nén van nang MTS-810 Landmark va can dién tr BC-Ohaus
(M5) duoc sir dung dé xac dinh cac tinh chat co 1y cua tim dung trong thi
nghiém. Py 13 cac loai may thi nghiém san xuat tir nim 2010. May MTS-
810 Landmark la hé théng sinh lyc van nang hién dai, may hoat dong theo
nguyén ly két hop dién tir - thuy luc, ¢6 kha ndng thuc hién cac thi nghi¢m:
kéo, nén udn, cit va thir nghiém tir bién dudi tac dung cia tai tinh va dong,
trong diéu kién nhiét do thuong hodc nhiét d§ cao Ién dén 1200°C. Tai
trong 16n nhat may c6 thé dat dugc 1a S00kN. Qua trinh thi nghiém, dap
g bién dang theo tai trong dugc ghi lai thong qua cac dau do bién dang
(extensometer) kiéu co hoc - dién va bo xur 1y tin hiéu duoc tich hop vao
may. Céc thong s k¥ thuat cia hé théng sinh luc MTS-810 Landmark cu thé
nhu sau:

- Téi trong 16n nhat: 500kN;

- Khoang cach t6i da giira 2 dau kep mau: 2108mm;

- b6 rong gitra 2 cot: 762mm,;

- Nhiét d6 thir nghiém 16n nhat: 1200°C;

- Ki€u sinh tai: tinh va dong;
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- Tan s6 dao dong doc 1on nhat khi tao tai trong dong: 12Hz.

- Chuén do cta extensometer: 10mm, 20mm, 50mm.

Sau khi thi nghiém, xac dinh dugc tinh chit co Iy cua tAm: mo6 dun
dan hoi E = 2,08.10"'N/m?, hé sé Poat-xong v = 0,3, khéi lugng riéng p =
7810kg/m>.
4.2.2.2. Cam bién gia téc va cam bién bién dang:

Cam bién gia tbc dung trong thi nghiém 1a loai PCB (Hinh 4.4a), c6
cac thong s6 k¥ thuat nhu sau:

Puong kinh 10mm, trong lugng: 8 gram, d§ nhay: 10mV/g, dai tan sd
do: 1,0Hz + 20kHz, dai dong hoc: + 250g, do phan dai: 40ugHz, tan sd
cong huong: > 35kHz, do tuyén tinh: 0.1%, dai nhiét do hoat dong: -40°C
dén +80°C, pick 16n nhat: 1000g (g - gia téc trong trudng), phuong phap
dinh vi: Bﬁng keo dan.

Cam bién dung trong thi nghiém dé do bién dang 1a loai HBM cua
hing Kyowa Nhat Ban, c¢6 chuan do 2mm (Hinh 4.4b).

a, Cam bién gia to”'-c PCB b, Cam bién bién dang HBM
Hinh 4.4. Cam bién gia tbc, cam bién bién dang
4.2.2.3. Thiét bi do dao dong:

Thiét bi do dao dong dung trong thi nghiém 1a hé théng do rung, on,
bién dang, do hang LMS (Bi) san xuat (Hinh 4.5). May c6 cau triic mé theo
chuan cong nghiép. Trén may c6 16 khe cim twong duong voi 16 kénh do
déng thoi. Theo do, dé do mot dai lugng co hoc nao do, nhu: chuyén vi, gia

toc, luc, ... can c6 mot m6 dun do tuwong irng cam vao madt trong 16 khe
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nay. Bang vi¢c t6 hgp cac mo dun can thi€t cho méi lan do khién viéc do
luong trong cac thi nghi¢ém tré nén don gidn va linh hoat hon cdc mé dun

don.

Hinh 4.5. Hé thng do rung, on, bién dang LMS

Céc thong s ki thuat co ban ciia may do dao dong da ning LMS:

- S6 luong kénh do tdi da: 16 kénh,

- B0 chinh xac: 0,0025%,

- b6 phan giai ADC: 24 bit,

- Tan sb 1€'1y mau: 102,4 kHz,

- Hién thj tai chd, ghi s6 liéu thanh file dé xtr Iy tin hiéu sé.
4.3. Phuwong phap xac dinh dap &ng gia téc, bién dang ciia két cAu

Dé xac dinh dép ung gia téc dao dong tai vi tri ndo d6 thudc tAm trong
qua trinh chiu khéi lwong di dong ta gan cam bién gia toc ¢b dinh tai diém
can do, trong d6 phwong truc cam bién tring véi phuong can do gia téc. Cu
thé trong thi nghiém cta chuong ndy, truc cam bién gia téc vudng goc voi

mit trung binh tAim (Hinh 4.6).
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b) Gan cam bién dién tro

Hinh 4.6. Gin cam bién 1én tAm
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Duéi tac dung cua tai trong, tdm dao dong lam dau do cua cam bién
gia toc dao dong theo dong thoi gay ra bién dang cho cam bién, chung tao
ra tin hiéu va dugc truyén vé may tinh dé xu 1y. Két qua mdi lan do, tng
v6i mot dau do co duge bo sb liéu thé hién dap tng gia tc theo thoi gian
tai vi tri trén két cdu ma tai 46 gan dau do gia toc. Tl dap Gmg gia tdc - thoi
gian, vo1 b xu 1y deflection analysis dugc tich hop trong may tinh, sau khi
phan tich ta c6 dugc dap tng chuyén vi theo phuong vudng goc voi mit
trung binh tm tai diém do theo thoi gian.

bé do bién dang ty ddi tai mot diém theo phuong can do, ta tién hanh
dan cam bién bién dang tai vi tri d6 sao cho phuong ctia cam bién tring véi
phuong can xac dinh bién dang. Dé két qua do dugc chinh xac, cam bién
phai dam bao bam dinh tuyét d6i véi bé mit tim. Pidu nay duoc tac gia
thuc hién béng viéc lam sach bé mat tAim trude khi dan tim dién tro bﬁng
keo dan chuyén dung. Dudi tic dung cua tai trong, tAm bi bién dang lam
cho cam bién bién dang theo. Tin hiéu vé dap tmg bién dang tai diém do
duoc thu thap boéi phan mém chuyén dung cta may do.

Viéc tinh toan sb dé so sanh véi két qua thi nghiém duoc tac gia thuc
hién bdi chuong trinh tinh CRACKED PLATE MOVING 2019, trong do6
mo hinh tinh va tai trong dugc mé phong nhu diéu kién céc thi nghiém.

4.4. Phan tich va xir Iy két qua thi nghi¢m

B0 sb lidu do dugc cac md dun va phan mém tuong ung trong hé
thong thiét bi do dong da kénh luu trir cho mdi 1an thi nghiém, day 13 bo sb
liu “thd”, chua duogc phan tich, xir 1y thong ké. Cac sb liéu ndy can phai
duoc phan tich, xtr 1y theo 1y thuyét thong ké dé co duoc tinh dai dién cho
cac chi tiéu thi nghiém. Trinh tu cac budc xur 1y sb liéu thi nghiém dung

trong thi nghiém cu thé nhu sau [2]:
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Gia sir, tai mdi diém can x4c dinh dap ung gia toc theo thoi gian, ta
tién hanh thuc hién n 1an do, trong d6 moi lan do c6 dugc mot cap s6 lidu
[Ni, ti], v6i i 13 sb hiéu cua budc thoi gian trich mau thi nghiém ctia may
do. Cac budc xir Iy sd liéu gom:

Budce 1. Xuat bo sb lidu do cua n 1an do tir may tinh.

Budc 2. Xéc dinh gi tri trung binh N cuta ting dai luong can do trén

day s lieu (Ny);, voi j=1,n:
_ J !
N==>(N,). 4.1)
n g J

Budc 3. Tap hop s6 litu [Ni,ti} co dugc dap tng cua s6 liéu do sau
khi xir 1y thong ké theo thoi gian.

Budc 4. V& dap tng theo thoi gian va xac dinh gia tri 16n nhat Nmax,

nho nhat N ciia b s0 lidu sau khi da xur ly:
N -max|N|

_ _ (4.2)
N . =min ‘Ni ‘

Budc 5. Panh gia, nhan xét két qua.
4.5. Thi nghiém va két qua thi nghiém

Thi nghiém voi tdm chit nhat, bang vat liéu thép, c6 kich thudc hinh
hoc: chiéu dai Lp = 1,5m, chiéu rong Wp = 0,6m, chiéu day h = 0,005m.
TAm c6 céc vét nit thung, hé giéng nhau, ¢6 chiéu dai 2a. = 0,1m, duogc bd
tri vudng goc voi dudng thang chinh gitta tim (Hinh 4.2). Khéi luong m di
chuyén vé6i van téc v theo quy dao thing y = Wp/2 doc phuong truc Ox.
Thi nghiém voi cac truong hop: tim khong c6 vét nirt (TH1) va tam co vét
nut, trong d6 tim c6 01 vét nirt (TH2) va tdm c6 03 vét nat (TH3) duoce tac
gid su dung dé thi nghi¢m. Vi tri do duoc thé hién nhu trén hinh 4.2. Cac
thong s cu thé cua thi nghiém: Khéi lwong m = 6kg di chuyén véi van tdc
quy d6i v = 0,5m/s. Hinh 4.7 minh hoa mét s hinh anh thi nghiém.
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Hinh 4.7. M6t s6 hinh anh thi nghiém
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Két qua thi nghiém sau khi phan tich c6 dugc dap tng do vong theo

thoi gian tai diém gitra tim thé hién nhu hinh 4.8.

x107
D v T T T | T
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=y R \ :
E A~
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s 4| N - 1
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A
5} 4
o R - - - THI
—p— TH2
=5 | i I 1 ] TH3
0 0.5 1 | [2e] 2 25 3

Thoi gian t[s]
Hinh 4.8. Pap tng do vong theo thoi gian tai diém giira tim

Nhan xét: S6 luong vét nirt anh huong 16n dén ca hinh dang va do 16n
duong cong dap tng d6 vong cua tdm theo thoi gian, cu thé trong thi
nghiém trén: khi tim c6 3 vét nut thi db thi duong cong dap tmg do vong
theo thoi gian c6 do gd ghé 16n hon nhiéu so voi tim khong cé vét nut,
ddng thoi cuong do cling 16n hon kha nhiéu (18% dbi véi tAm c6 3 vét nit
va 7,5% d6i voi thm co 1 vét nut).

Tir két qua dap Gng gia toc theo thoi gian, bang phuong phap bién d6i
Fourier nhanh (phén tich FET) ¢6 duoc dép tng bién do - tin sd cta tam.
Trén hinh 4.9, 4.10 cho thiy két qua phan tich bién do - tin s cua tAm tai
diém do gia tc theo thi nghiém cia cic truong hop tim dung trong thi
nghiém va ké& qua tinh todn 1y thuyét boi chuong trinh tinh
CRACKED PLATE MOVING 2019 da lap ¢ chuong 2.
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Hinh 4.10. Pap (mg bién do - tan sb ctia tim c6 3 vét nit
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Bang 4.1 1a két qua thi nghiém va tinh toan 1y thuyét tan s6 riéng dau
tién ctia cac truong hop tim dung trong thi nghiém.

Bang 4.1. Tan so riéng dau tién cua tam

) Tén sb riéng fi [Hz] Sai khdc
Trwong hgp cia tam . .
Ly thuyét Thuc nghigm [7o]
Khong c6 vét nut (TH1) 12,25 12,75 3,92
C6 1 vét nut (TH2) 10,65 11,15 4,48
C6 3 vét nut (TH3) 9,25 10,05 7,96

Nhan xét: Do thi dap ung bién do - tan sd ciia tim trong céc trudng
hop cho két qua thi nghiém va tinh toan 1y thuyét 1 khd ddng dang, trong
d6 sai s6 giita 2 phwong phap di véi tan sb dao dong riéng dau tién dao
dong tir 3,92% dén 7,96%, diéu nay cung véi cac phan tich trong chuong 2
va chuong 3 cho thdy mo hinh va chwong trinh tinh d3 thiét 1ap trong
chuong 2 cta luén an 13 phu hop va tin cay. Dong thoi, két qua tan s riéng
thu dugc tir tinh todn 1y thuyét bé hon tan sb do dac thyc nghiém. Diéu nay
c6 thé 1y giai nhu sau: mé hinh vét nat thing theo 1y thuyét 1a Iy tudng, con
mo hinh vét nit thing thuc nghiém duoc tao ra bang cua ludi tron nén cé
thé khong thé 1a 1y tuong ma chi 1a gan ding, do d6 tan s6 van cao hon.
Ngoai ra, bién do chuyén vi do dugc (Hinh 4.9 va 4.10) trong thuc nghiém
tai tan s dau tién 16n hon bién d6 dao dong tinh theo 1y thuyét, su sai khac
nay theo tac gia c6 thé 1a do anh hudng cua tiép xuc tai cac bu long lién két
giita tim va khung (ngay ltc tai tac dung c6 sy xé dich, sau d6 xé dich nay
méi duoc khir hét trong qua trinh chiu tai tiép theo) hoac hé sb can tinh

toan 1y thuyét chua pht hop vé6i thuc té cia mé hinh thi nghiém.
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4.6. Két luan chwong 4

Mot sb két qua chinh dat dugc:

- Gop phan nang cao trinh d6, ning luc cho tac gia ludn an trong viéc
td chirc, thuc hién thi nghi¢m xac dinh cac tinh chét co 1y ctua vat li¢u va
g x{r co hoc ctia két cau tAm chiju tai trong dong néi chung va tai trong di
dong noi riéng.

- C6 duogc bo sd licu thi nghiém lam co s& cho viéc kiém tra, d6i
chimg voi két qua tinh toan 1y thuyét bang chwong trinh tinh
CRACKED PLATE MOVING 2019, cho phép danh gia mac do phu hop
cua mo hinh, thuat todn va dd tin cay cua chuong trinh tinh da 1ap. Ngoai
ra, két qua so sanh giita tinh toan 1y thuyét va thuc nghiém cho phép
khuyén céo k¥ thuat trén cho tim c6 vét nut.

- B s6 lidu va két qua thi nghiém gép phan lam phong phi thém cho
linh vyc thyc nghiém x4c dinh dap ung dong luc hoc cua tdm c6 hodc

khong c6 vét nut chiu tac dung cua khéi luong di dong.
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KET LUAN VA KIEN NGHI

1/ Nhirng dong gop méi caa luin an:

1. Trén co so cac cong bd lién quan dén vét nit cia tdm, dd phat
trién va cu thé hoa duoc cac quan hé tmg xtr va cac ma trn ddi voi phan
tir tAm c6 vét nit, chiu udn cung voi viée xay dung cac ma tran bo sung
do khdi luong di dong va hé dao dong di dong gay ra, di thiét 1ap cac
phuong trinh mé ta dao dong cua tim c6 vét nit chiu tac dung cta 2 md
hinh tai trong di dong néu trén, trong d6 1y thuyét chuyén vi bac nhat cua
tAm da duoc st dung.

2. Thiét 1ap thuat toan PTHH va chuong trinh tinh CRACKED
PLATE MOVING 2019 (CPM_2019) dé giai phuong trinh vi phan c6 hé
s6 phu thudc thoi gian, tinh chat vét ntt... mé ta dao dong cia tAm co vét
ntt chiu tic dung cua khéi luong di dong va hé dao dong di dong. Chuong
trinh tinh da duoc kiém ching va cho thiy dam bao tin ciy.

3. Két qua khao sat sd trén nhiéu bai toan véi cac thong sd két cau, vét
nut, tai trong, didu kién lién két thay doi, cho thdy anh hudng cta chung
dén dap tmg dong luc hoc cua tim c6 vét nut chiu tai trong di dong. Trudce
hét, két qua nghién ctru cho thay anh hudng cua vét nit trong img Xt co
hoc cua tim 1a dang ké, khong thé bo qua, tiép theo cac nhan xét, danh gia
va khuyén cdo k¥ thuat véi cac két qua khao sat khac c6 y nghia khoa hoc
va thuc tién trong linh vuc: giao thong van tai, dam bao vuot song, chéng
lay cho xe co gidi.

4. Bo sb licu thuc nghi¢m trén mo6 hinh vai céc truong hop tAm thép
khong co vét nit va co sb luong vét nirt khac nhau cho phép danh gia dap
mg dong cta tAm chiu tac dung cua khdi luong di dong. Két qua thuc
nghiém d3 gop phan kiém tra va cho phép khang dinh sy phu hop ciia méd
hinh, thuat toan va do tin cay cua chuong trinh tinh CPM_ 2019 do tac gia
da 1ap. Ngoai ra, két qua thi nghiém goép phan 1am phong pht thém trong
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nghién ctru thuc nghiém ddi véi két cau tAm co vét nit va khong co vét nit
chiu tac dung cua tai trong di dong.

2/ Nhan xét va kién nghi:

Tu cac két qua dat dugc trong luan an, tac gia c6 mot s6 nhan xét va
kién nghi sau:

1. Mo hinh tai trong di dong c6 anh hudng dang ké dén dap tmg dong
luc hoc cua tdm, cu thé véi mé hinh hé dao dong di dong cho thay céc
duong dap Gng (d0 vong, gia tdc, tng suit) phic tap, gé ghé hon truong
hop khdi luong di dong tac dung. V&i tAm co vét nit, thudng xuit hién
“mili nhon” trén cc d6 thi dép tng nay, trong d6 rd rét nhat 1a dudng dap
g Gmg suét theo thoi gian ctia diém dau vét nit. Véi két qua tinh toan cho
2 md hinh tai trong, c6 thé khang dinh tim d& mat on dinh khi chiu tac
dung cua h¢ dao dong di dong hon la chiu tdc dung ctua khoi luong di dong
do d6 vong dé thay d6i dot ngdt hodc ting theo thoi gian, didu nay ciling
phtt hop vé6i cac nhan xét trude day khi nghién ciru ddi voi tim khéng cé
vét nirt chiu tac dung cua tai trong di dong. Phuong cta vét niit anh hudng
16m dén do6 vong, gia tdc va ung suét ciia tAm, cu thé vdi bai toan khao sat
trong luan an: khi phuong ctia vét nut thay d6i theo xu hudng cang gan
tring v6i phuong canh ngan cua tdm chit nhat (trong khi tai trong di
chuyén doc, song song v&i canh dai) thi cac gia tri trén déu ting, trong d6
sai khac 16n nhat 13 19,3% - do vong va 4,3 1an - ung suat tai dau vét nit.
Vi vay, theo tac gia day 1a van dé can dugc chi ¥ trong k¥ thuat thiét ké,
thi cong, gia cudng hodc canh bao véi cac két cdu tAm c6 vét nit trong
thuc tién.

2. Do ctng 10 xo cua hé dao dong di dong c6 anh huong dang ké dén
dap ung dong luc hoc cia tim, vi bai toan khao sat cho thay khi do cing
10 xo ting, dap ung do vong cia tAm bién thién khong theo quy luat ting

hay giam mét cach don thuan, trong ving bién thién cua do cung 16 xo nhu
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trén ta thay khi k = 1,5x10°N/m va k = 2,5x10°N/m thi dap ung d6 vong c6
xu hudng tang theo thoi gian, con cac gid tri khac thi dap ting nay giam.
Bén canh do, cac gia tr1 16n nhét vé do vong, gia tbc va ung suét tai cac
diém tinh bién thién ting Gng voi k € [1,0 - 2,5]x10°N/m va giam tng véi
k € [2,5- 9,0]x10°N/m. S¢& di ¢6 hién tuong trén, theo tac gia khi thay doi
d6 cung 10 xo di 1am cho tan s6 dao dong ctia hé dao dong thay doi, cing
vé6i tan sb dao dong cuia tAm s& anh huong dén dao dong chung cua hé.

3. Két qua tan s riéng thu duoc tir tinh toan 1y thuyét bé hon thi
nghiém cho thay tinh toan 1y thuyét kém an toan theo diéu kién cing hon
nhung lai an toan vé bén hon thi nghiém.

4. Linh vyuc nghién ctru cta luan an co thé phat trién tiép theo cac
hudng sau:

- Phan tich dong luc hé lién hop tAm - day - cot chiu tac dung dong
tho1t cua tai trong di dong (doan tai trong di dong) va luc khi dong, trong do
c6 ké dén anh huong cua cac vét nit trén tim.

- Mo hinh ho4 tuwong tic xe - mit dudng - nén dudng, trong d6 xe
dugc mo6 hinh bdi hé dao dong, mat duong dugc md hinh hod boi tAm c6
hodc khong c6 vét niit, nén 14 hiru han bdi cac phan tir khdi, dong thoi xét
ca qua trinh di chuyén cua tai trong.

- Nghién ctru thyc nghiém dbi v&i két cAu tAm co vét nat trén cac loai
lién két khac nhau: lién két tap trung hodc tAm trén nén bién dang chiu tac

dung cta cac phuong tién thuc nhu xe banh 16p, banh xich di chuyén.
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PHU LUC 1. Mt s6 biéu thirc
1. So d@6 bd tri hé luc nat doc lap {F} trén phan tir:

Hinh 1.2 PL. Lyc tinh tuong dwong trong phan tir tim chit nhat chiu uén
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Hinh 1.3 PL. Quan hé ham kiém tra véi kich thuéc phan tir [47]
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PHU LUC 2. M3 ngudn chwong trinh CPM_2019
% CRACKED_PLATE_ MOVING_2019.m---=----nen----

clear all;

echo off;
global nNode % So nut cua ket cau
nDof ... % So bac tu do cua ket cau
nDofl
nElem % So phan tu
Coords % Bang toa do nut

Dof ... % Bang danh so bac tu do cua nut (danh so lai
bang cach toi uu bang nay)

Edof ... % Bang danh so bac tu do cua phan tu

b2 ... % Gia tri ban dau

nhist ... % Cac bac tu do khao sat lay so lieu dau ra
nMode % So dang dao dong rieng can phan tich

o

function [Ne,Nex,Ney,Nexx,Neyy,Nexy]=platshape (ex,ey,X,V)

a=ex (3)-ex(1l); b=ey(3)-ey(1l);

N=[1l x y x"2 x*y y"2 x"3 x"2*y x*y*"2 y"3 x"3*y x*y"3];

Nx=[0 1 0 2*x y 0 3*x"2 2*x*y y*2 0 3*x"2*y y"*3];

Nxx=[0 0 0 2 0 0 6*x 2*y 0 0 6*x*y 0],

Nxy=[0 0 0 0 1 0 O 2*x 2*y 0 3*x"2 3*y"2];

Ny=[0 0 1 0 x 2*y 0 x"2 2*x*y 3*y"2 y 3*x*y"2];

Nyy=[0 0 0 0 0 2 0 0 2*x 6*y 1 6*x*Vy];

az=a*aj;a3=a2*a;b2=b*b;b3=b2*b;ab=a*b;

% Ma tran C

C=[ 1 -a -b a2 ab b2 -a3 -a2*b -a*b2 -b3 a3*b a*b3;
0 010 -a -2*b 0 a2 2*ab 3*b2 -a3 -3*a*b2;

-1 0 2%a b 0 -3*%a2 -2*ab -b2 0 3*a2*b b3;

a -b a2z -ab b2 a3 -a2*b a*b2 -b3 -a3*b -a*b3;

01 0 a -2*b 0 a2 -2*ab 3*b2 a3 3*a*b2;

-1 0 -2*a b 0 -3*a2 2*ab -b2 0 3*a2*b b3;

a b a2 ab b2 a3 a2*b a*b2 b3 a3*b a*b3;

01 0 a 2*b 0 a2 2*ab 3*b2 a3 3*a*b2;

O B O O O



128

-1 0 -2%a -b 0 -3*%a2 -2*ab -b2 0 -3*a2*b -b3;
-a b a2 -ab b2 -a3 a2*b -a*b2 b3 -a3*b -a*b3;
010 -a 2*b 0 a2 -2*ab 3*b2 -a3 -3*a*b2;
0 -1 0 2*a -b 0 -3*a2 2*ab -b2 0 -3*a2*b -b3];
Cl=inv (C);
Ne=N*C1l;Nex=Nx*Cl;Ney=Ny*Cl;Nexx=Nxx*Cl;Neyy=Nyy*Cl;Nexy=Nxy*C1l;

o = O

global E A rho nuy h ... % Cac ma tran cung, khoi luong
va can cua ket cau

Surf ... % Index cua cac phan tu be mat tiep xuc
voi tai trong di dong

1

Ex Ey

kmc

ep

i

Elem ... % Index cua Node theo Phan tu

mP cP kP

hs g Qt Pt Kt Ct Mt Jx k1l k2

o

function []=datain (filename)
%Doc so lieu ket cau tu file vao cac bien tong the
khai bao_chung;

%fid = fopen(cat (2,filename,'.dat'),'r'");
fid = fopen(cat(2,filename, '.txt'),'r");
if £id<0
disp('Thieu file so 1lieu, chuong trinh khong the tiep
tuc');
beep;
end;

temp = fscanf (fid, '%d %d %d %f $f %f Sf S£', T);
nkElem = temp(l);

nNode = temp(2);

nDof = temp (3);

E = temp (4);
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nuy=temp (5) ;
rho = temp (6) ;
h = temp(7);
% Mang Dof : Ma bac tu do cua cac nut
for i=1:nNode

for j=1:3

Dof (i,]J)=(1i-1)*3+3;

end;
end;
% Ma bac tu do can ve do thi
nh = fscanf (fid, 'sd', 1);
nhist = fscanf(fid, '%$d', nh);
nhist = nhist';
Coords = fscanf(fid, '$f', [2, nNodel);
Coords = Coords';
Elem fscanf (fid, '%d', [5, nElem]);
Elem = Elem';
Edof = zeros(nElem,13);
for i=l:nElem

Edof(i,1) = Elem(i,1);

Edof (i,2) = Dof(Elem(i,2),1);
Edof (i,3) = Dof(Elem(i,2),2);
Edof (i, 4) = Dof(Elem(i,2),3);
Edof (i, 5) = Dof(Elem(i,3),1);
Edof (i,06) = Dof(Elem(i,3),2);
Edof (i,7) = Dof(Elem(i,3),3);
Edof (i,8) = Dof(Elem(i,4),1);
Edof (i, 9) = Dof(Elem(i,4),2);
Edof (i,10) = Dof(Elem(i,4),3);
Edof (i, 11) = Dof(Elem(i,5),1);
Edof (i,12) = Dof(Elem(i,5),2);
Edof (i,13) = Dof(Elem(i,5),3);

end

nb = fscanf (fid, '$d', 1);

b2 = fscanf (fid, '%d', [2, nb]l);
b2 = b2';

% Doc so lieu tail trong di dong
temp = fscanf (fid, 'Sf', 1);

mP = temp (1) ;

fclose (fid) ;
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function []=dataout (fname,dt,d0,varargin)
global nhist;

do = do';

[n,m] = size (d0);

fid = fopen (fname, 'wt+'");

for j=1l:length(nhist)
fprintf (fid, "'$s%d\t', 'd',nhist (J));
end
fprintf (fid, "\n");
for i=1:n
fprintf (fid, '$e\t "', (i-1) *dt);
for j=l:length(nhist)
fprintf (fid, "$e\t',d0 (i, nhist (J)));
end
fprintf (fid, "\n"');
end
u = min(d0, [1,1);
fprintf (fid, 'max value:\n")
for i=l:length(nhist)
fprintf (fid, 'd%d=%e\n',nhist (i), u(nhist (i)));
end
clear u;
fclose (£id) ;
function [K]=loxodanhoi (K)
hesolx=12500*8;
nutlx=[15 17 19 21 29 31 33 35 43 45 47 49];
s=size (nutlx);
solx=s(2);
for i=l:solx
nut=nutlx (i) ;
k= (nut-1) *3+1;
K(k, k)=K(k, k) thesolx;
end;
function
[t,0Q,V,W]=MovMassModeFun (nDof, nMode, OmegaZ?, Phi,Edof,Elem, Coor
ds,mP,nElem,Ex,Ey,CO0)
ag=9.81;beta=1/4;gama=1/2;hs=1;
S=4; % Chieu ngang cua tam

v=12; %m/s
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vx=v;vy=10; wx=0;wy=0;
T=S/v; % Tong thoi gian tichs phan

nt=201;
dt=T/ (nt-1);
t=(0:dt:T);
f = zeros(nDof, nt);%f(13,1) = -10*sin(2*pi*l*t);
d0 = zeros (nMode,nt); %started at death status
v0 = zeros (nMode,nt) ;

)

w0
for jl=l:nt-1 % Chu trinh theo buoc thoi gian

zeros (nMode, nt) ;
K=zeros (nDof) ;M=zeros (nDof) ;
%C=CO0;

PO zeros (nDof, 1) ;

tl t(31);

xt=v*tl;

yt=1.75;

Q

% Tim phan tu chua mass

imass=0;je=1;

)

while (imass==

0
x1=Ex(je,1l); % Toa do X nut 1 cua phan tu je
x2=Ex(je,2); % Toa do X nut 2 cua phan tu je
y1=Ey(je,1l); % Toa do Y nut 1 cua phan tu je
y3=Ey(je,3); % Toa do Y nut 3 cua phan tu je
if ((xt>=x1) & (xt<=x2) & (yt>=yl) & (yt<=y3) )

imass=je;
x=xt-x1;
y=yt-yl;
end;
Jje=je+l;
end;
% Cac ham dang phan tu tam chiu uon
[Ne, Nex, Ney, Nexx, Neyy, Nexy]=platshape (Ex (imass, :),Ey(imass, :),x
rY) i
% Tap hop cac ma tran Mt,Kt,Ct,Pt do khoi luong di dong gay ra
Mp=hs*mP*Ne ' *Ne;
Cp=hs*2*mP*Ne'* (vx*Nex+vy*Ney) ;
Kp=hs*mP*Ne'* (vx"2*Nexx+vy"2*Neyy+2*vx*vy*Nexy+wx*Nex+wy*Ney) ;
Pp=Ne'* (-mP*ag) ;%function Pt=mz.g.sin(a.t)attachonthemoving load
[Kt,Pt] = assem(Edof (imass, :),K,Kp, PO, Pp); $Sassemble
[Kt] & [Pt] at the same time
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Mt=assem (Edof (imass, :),M, Mp) ;
Ct=assem (Edof (imass, :),C0,Cp);
% Tao he phuong trinh cap nMode
mI=eye (nMode, nMode) ;Om2=zeros (nMode) ;
for imode=1:nMode
Om2 (imode, imode) =Omega?2 (imode) ;
end;
Ms=mI+Phi'*Mt*Phi;
Cs=Phi'*Ct*Phi; % Con thieu C cuar ket cau, vao sau
Ks=0Om2+Phi'*Kt*Phi;
Ps=Phi'*Pt;
% Tich phan so bang Newmark
At=Ms+tgama*dt*Cs+beta* (dt"2) *Ks;
w0 (:,31+1)=(At*-1)*(Ps-Cs*(v0(:,J1)+(1-
gama) *dt*w0 (:,31))
-Ks*(dO(:,31)+dt*v0(:,j1)+(0.5-
beta) * (dt™2) *w0(:,31)))
vO(:,31+1)=v0(:,31)+ (1~
gama) *dt*w0 (:,J1) +tgama*dt*w0 (:, J1+1) ;
dO(:,3J1+1)=d0(:,31)+dt*v0(:,J1)+dt"2* (0.5~
beta)*w0(:,jl)+dt"2*beta*w0(:,J1+1);
end %of for J1
QO=Phi*d0;V=Phi*v0;W=Phi*w0;
global K M C; %Cac ma tran cung, khoi luong va can cua ket cau
datain?2 ('TestMovMass') ; % Tham so: ten tep du lieu dau vao
K=zeros (nDof) ; f=zeros (nDof, 1) ;
M=zeros (nDof) ;
h=0.020;
ep=[h];ep2=[h rho];gz=-rho*9.81;
D=hooke (1, E,nuy);
[Ex,Ey]=coordxtr (Edof,Coords,Dof, 4);
for i=l:nElem
[Ke, fe]=platre (Ex (i, :),Ey(i,:),ep,D,qz);
[K, f]l=assem (Edof (i, :),K,Ke, £, fe);
Me=platrm(Ex (i, :),Ey(i,:),ep2);
M=assem (Edof (i, :),M,Me) ;
end;
[K]=loxodanhoi (K); % Goi ham mo ta cac lo xo dan hoi
bc=b2;b = b2 (:,1);
sa=solveq (K, £, bc)
figure(l);clf;eldraw2 (Ex,Ey, [1,4,0],Edof(:,1));
hold off; echo off;
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[La,Egv]=eigen (K, M, b) ;
Freg=sqrt (La)/ (2*pi);
nMode=10;
FO=£;
% Tim ma tran tri nMode rieng bang pp Ritz
[Omega2, Phi]=ritz (K,M, FO, nMode, b) ;
C = 0.05*K + 0.0*M;
[t,Q,V,W]=MovMassModeFun (nDof, nMode, Omega2, Phi,Edof,Elem, Coords
,mP,nElem, Ex,Ey,C);
% ————- Plot time history for displacement:s —---—-———---—----———-
if length(nhist)>=2
figure (2),
set (0, 'DefaultAxesColorOrder', [0 O 0], ...
'DefaultAxesLineStyleOrder', '—-|-=]:|-.");
plot (t,Q(nhist(1l),:),t,0(nhist(2),:), 'Linewidth',2);
grid, xlabel('t(s)'), ylabel('Z(m)"');
title('Do vong');
legend ('Nut 32 ', 'Nut 18',2);
else
figure(2), plot(t,Q(nhist(1l),:), 'LinewWidth',2);
grid, xlabel('t(s)'), ylabel('Z(m)");
title('Do vong');

Qmax=max (abs (Q (nhist (1), :)))
echo off
return
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PHU LUC 3. Két qua do thi nghiém

Lan 1 Lan 2 Lan 3

t w [m/s?].1073 t w [m/s?].1073 t w [m/s?].10°
23.64 0.00009 15.5 0.00008 46.2 0.00006
23.6408 0.0001 15.5008 0.0001 46.2008 0.0001
23.6416 0.0278 15.5016 0.0304 46.2016 0.029
23.6424 -0.0043 15.5024 -0.0047 46.2024 -0.0045
23.6432 0.0375 15.5032 0.041 46.2032 0.0392
23.644 0.0003 15.504 0.0003 46.204 0.0003
23.6448 0.0139 15.5048 0.0152 46.2048 0.0145
23.6456 -0.0375 15.5056 -0.041 46.2056 -0.0392
23.6464 0.0182 15.5064 0.0199 46.2064 0.019
23.6472 0.0096 15.5072 0.0105 46.2072 0.01
23.648 0.0182 15.508 0.0199 46.208 0.019
23.6488 -0.0215 15.5088 -0.0235 46.2088 -0.0224
23.6496 0.0278 15.5096 0.0304 46.2096 0.029
23.6504 -0.0153 15.5104 -0.0167 46.2104 -0.016
23.6512 0.0139 15.5112 0.0152 46.2112 0.0145
23.652 -0.0174 15.512 -0.0191 46.212 -0.0182
23.6528 0.0096 15.5128 0.0105 46.2128 0.01
23.6536 -0.0283 15.5136 -0.031 46.2136 -0.0296
23.6544 -0.0096 15.5144 -0.0105 46.2144 -0.01
23.6552 -0.0043 15.5152 -0.0047 46.2152 -0.0045
23.656 -0.0402 15.516 -0.0439 46.216 -0.0419
23.6568 -0.0096 15.5168 -0.0105 46.2168 -0.01
23.6576 -0.052 15.5176 -0.0569 46.2176 -0.0543
23.6584 -0.0278 15.5184 -0.0304 46.2184 -0.029
23.6592 -0.0681 15.5192 -0.0745 46.2192 -0.0711
23.66 -0.0375 15.52 -0.041 46.22 -0.0392
23.6608 -0.0841 15.5208 -0.0919 46.2208 -0.0877
23.6616 -0.0643 15.5216 -0.0703 46.2216 -0.0671
23.6624 -0.0793 15.5224 -0.0867 46.2224 -0.0827
23.6632 -0.1157 15.5232 -0.1266 46.2232 -0.1208
23.664 -0.075 15.524 -0.082 46.224 -0.0782
23.6648 -0.1446 15.5248 -0.1582 46.2248 -0.1509
23.6656 -0.2239 15.5256 -0.2449 46.2256 -0.2337
23.6664 -0.1736 15.5264 -0.1898 46.2264 -0.1811
23.6672 -0.2422 15.5272 -0.2648 46.2272 -0.2527
23.668 -0.1629 15.528 -0.1781 46.228 -0.17
23.6688 -0.1715 15.5288 -0.1875 46.2288 -0.179
23.6696 -0.2497 15.5296 -0.2731 46.2296 -0.2606
23.6704 -0.359 15.5304 -0.3925 46.2304 -0.3746
23.6712 -0.2958 15.5312 -0.3234 46.2312 -0.3086
23.672 -0.3183 15.532 -0.3481 46.232 -0.3322
23.6728 -0.284 15.5328 -0.3106 46.2328 -0.2964
23.6736 -0.3761 15.5336 -0.4113 46.2336 -0.3925
23.6744 -0.4019 15.5344 -0.4395 46.2344 -0.4194
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23.6752 -0.3537 15.5352 -0.3868 46.2352 -0.3691
23.676 -0.4673 15.536 -0.511 46.236 -0.4876
23.6768 -0.4715 15.5368 -0.5156 46.2368 -0.492
23.6776 -0.5305 15.5376 -0.5801 46.2376 -0.5535
23.6784 -0.4747 15.5384 -0.5191 46.2384 -0.4954
23.6792 -0.4072 15.5392 -0.4453 46.2392 -0.4249
23.68 -0.554 15.54 -0.6058 46.24 -0.5781
23.6808 -0.6151 15.5408 -0.6727 46.2408 -0.6419
23.6816 -0.5176 15.5416 -0.566 46.2416 -0.5402
23.6824 -0.6708 15.5424 -0.7335 46.2424 -0.7
23.6832 -0.7073 15.5432 -0.7734 46.2432 -0.738
23.684 -0.6526 15.544 -0.7136 46.244 -0.681
23.6848 -0.7223 15.5448 -0.7898 46.2448 -0.7537
23.6856 -0.7127 15.5456 -0.7793 46.2456 -0.7437
23.6864 -0.7544 15.5464 -0.8249 46.2464 -0.7872
23.6872 -0.704 15.5472 -0.7699 46.2472 -0.7347
23.688 -0.7823 15.548 -0.8555 46.248 -0.8164
23.6888 -0.7459 15.5488 -0.8156 46.2488 -0.7783
23.6896 -0.7876 15.5496 -0.8613 46.2496 -0.8219
23.6904 -0.8112 15.5504 -0.8871 46.2504 -0.8465
23.6912 -0.8252 15.5512 -0.9023 46.2512 -0.8611
23.692 -0.7405 15.552 -0.8097 46.252 -0.7727
23.6928 -0.7726 15.5528 -0.8449 46.2528 -0.8062
23.6936 -0.8252 15.5536 -0.9023 46.2536 -0.8611
23.6944 -0.8015 15.5544 -0.8765 46.2544 -0.8364
23.6952 -0.674 15.5552 -0.7371 46.2552 -0.7034
23.696 -0.689 15.556 -0.7535 46.256 -0.719
23.6968 -0.5455 15.5568 -0.5965 46.2568 -0.5692
23.6976 -0.5969 15.5576 -0.6527 46.2576 -0.6229
23.6984 -0.5326 15.5584 -0.5824 46.2584 -0.5558
23.6992 -0.5733 15.5592 -0.6269 46.2592 -0.5982
23.7 -0.4651 15.56 -0.5086 46.26 -0.4853
23.7008 -0.4844 15.5608 -0.5297 46.2608 -0.5055
23.7016 -0.6612 15.5616 -0.723 46.2616 -0.69
23.7024 -0.5498 15.5624 -0.6012 46.2624 -0.5737
23.7032 -0.4662 15.5632 -0.5098 46.2632 -0.4865
23.704 -0.3215 15.564 -0.3516 46.264 -0.3355
23.7048 -0.2936 15.5648 -0.3211 46.2648 -0.3064
23.7056 -0.4426 15.5656 -0.4839 46.2656 -0.4618
23.7064 -0.2508 15.5664 -0.2742 46.2664 -0.2617
23.7072 -0.2658 15.5672 -0.2906 46.2672 -0.2773
23.708 -0.135 15.568 -0.1477 46.268 -0.1409
23.7088 -0.1939 15.5688 -0.2121 46.2688 -0.2024
23.7096 -0.2186 15.5696 -0.2391 46.2696 -0.2281
23.7104 -0.0857 15.5704 -0.0938 46.2704 -0.0895
23.7112 -0.1436 15.5712 -0.157 46.2712 -0.1498
23.712 -0.1715 15.572 -0.1875 46.272 -0.179
23.7128 -0.0643 15.5728 -0.0703 46.2728 -0.0671
23.7136 -0.1033 15.5736 -0.1129 46.2736 -0.1078
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23.7144 -0.0964 15.5744 -0.1054 46.2744 -0.1006
23.7152 -0.0321 15.5752 -0.0351 46.2752 -0.0335
23.716 -0.0764 15.576 -0.0836 46.276 -0.0798
23.7168 -0.0375 15.5768 -0.041 46.2768 -0.0392
23.7176 -0.0611 15.5776 -0.0668 46.2776 -0.0637
23.7184 -0.0527 15.5784 -0.0577 46.2784 -0.055
23.7192 -0.0932 15.5792 -0.1019 46.2792 -0.0973
23.72 -0.0406 15.58 -0.0444 46.28 -0.0423
23.7208 -0.0096 15.5808 -0.0105 46.2808 -0.01
23.7216 -0.0319 15.5816 -0.0349 46.2816 -0.0333
23.7224 -0.0043 15.5824 -0.0047 46.2824 -0.0045
23.7232 -0.0232 15.5832 -0.0254 46.2832 -0.0242
23.724 -0.0184 15.584 -0.0201 46.284 -0.0192
23.7248 0.0043 15.5848 0.0047 46.2848 0.0045
23.7256 -0.0321 15.5856 -0.0351 46.2856 -0.0335
23.7264 0.0043 15.5864 0.0047 46.2864 0.0045
23.7272 -0.0081 15.5872 -0.0089 46.2872 -0.0085
23.728 -0.0075 15.588 -0.0080 46.288 -0.0084
23.7288 -0.0067 15.5888 -0.0073 46.2888 -0.007
23.7296 0.0139 15.5896 0.0152 46.2896 0.0145
23.7304 -0.0215 15.5904 -0.0235 46.2904 -0.0224
23.7312 -0.0041 15.5912 -0.0045 46.2912 -0.0043
23.732 -0.0182 15.592 -0.0199 46.292 -0.019
23.7328 0.0007 15.5928 0.0008 46.2928 0.0007
23.7336 0.0139 15.5936 0.0152 46.2936 0.0145
23.7344 -0.0011 15.5944 -0.0012 46.2944 -0.0011
23.7352 -0.0043 15.5952 -0.0047 46.2952 -0.0045
23.736 0.0019 15.596 0.002 46.296 0.0019
Lan 4 Lan 5 Lan 6

t W [m/s?].10° t W [m/s?].10° t W [m/s?].10°
23.64 0.00007 15.5 0 46.2 0.00006
23.6408 0.0001 15.5008 0.0001 46.2008 0.0001
23.6416 0.0271 15.5016 0.0288 46.2016 0.0299
23.6424 -0.0042 15.5024 -0.0045 46.2024 -0.0046
23.6432 0.0366 15.5032 0.0389 46.2032 0.0403
23.644 0.0003 15.504 0.0003 46.204 0.0003
23.6448 0.0136 15.5048 0.0144 46.2048 0.0149
23.6456 -0.0366 15.5056 -0.0389 46.2056 -0.0403
23.6464 0.0178 15.5064 0.0189 46.2064 0.0196
23.6472 0.0094 15.5072 0.01 46.2072 0.0103
23.648 0.0178 15.508 0.0189 46.208 0.0196
23.6488 -0.0209 15.5088 -0.0222 46.2088 -0.023
23.6496 0.0271 15.5096 0.0288 46.2096 0.0299
23.6504 -0.0149 15.5104 -0.0158 46.2104 -0.0164
23.6512 0.0136 15.5112 0.0144 46.2112 0.0149
23.652 -0.017 15.512 -0.0181 46.212 -0.0187
23.6528 0.0094 15.5128 0.01 46.2128 0.0103
23.6536 -0.0276 15.5136 -0.0294 46.2136 -0.0304
23.6544 -0.0094 15.5144 -0.01 46.2144 -0.0103
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23.6552 -0.0042 15.5152 -0.0045 46.2152 -0.0046
23.656 -0.0392 15.516 -0.0416 46.216 -0.0431
23.6568 -0.0094 15.5168 -0.01 46.2168 -0.0103
23.6576 -0.0507 15.5176 -0.0539 46.2176 -0.0559
23.6584 -0.0271 15.5184 -0.0288 46.2184 -0.0299
23.6592 -0.0664 15.5192 -0.0706 46.2192 -0.0731
23.66 -0.0366 15.52 -0.0389 46.22 -0.0403
23.6608 -0.082 15.5208 -0.0871 46.2208 -0.0903
23.6616 -0.0627 15.5216 -0.0666 46.2216 -0.069
23.6624 -0.0773 15.5224 -0.0822 46.2224 -0.0851
23.6632 -0.1128 15.5232 -0.1199 46.2232 -0.1242
23.664 -0.0731 15.524 -0.0777 46.224 -0.0805
23.6648 -0.141 15.5248 -0.1499 46.2248 -0.1553
23.6656 -0.2183 15.5256 -0.2321 46.2256 -0.2404
23.6664 -0.1692 15.5264 -0.1799 46.2264 -0.1863
23.6672 -0.2361 15.5272 -0.251 46.2272 -0.26
23.668 -0.1588 15.528 -0.1688 46.228 -0.1748
23.6688 -0.1672 15.5288 -0.1777 46.2288 -0.1841
23.6696 -0.2435 15.5296 -0.2588 46.2296 -0.2681
23.6704 -0.35 15.5304 -0.372 46.2304 -0.3854
23.6712 -0.2884 15.5312 -0.3065 46.2312 -0.3175
23.672 -0.3103 15.532 -0.3299 46.232 -0.3417
23.6728 -0.2769 15.5328 -0.2943 46.2328 -0.3049
23.6736 -0.3667 15.5336 -0.3898 46.2336 -0.4038
23.6744 -0.3919 15.5344 -0.4165 46.2344 -0.4314
23.6752 -0.3448 15.5352 -0.3665 46.2352 -0.3797
23.676 -0.4556 15.536 -0.4842 46.236 -0.5016
23.6768 -0.4597 15.5368 -0.4886 46.2368 -0.5061
23.6776 -0.5172 15.5376 -0.5498 46.2376 -0.5695
23.6784 -0.4628 15.5384 -0.492 46.2384 -0.5096
23.6792 -0.397 15.5392 -0.422 46.2392 -0.4371
23.68 -0.5401 15.54 -0.5741 46.24 -0.5947
23.6808 -0.5998 15.5408 -0.6375 46.2408 -0.6604
23.6816 -0.5047 15.5416 -0.5365 46.2416 -0.5557
23.6824 -0.654 15.5424 -0.6952 46.2424 -0.7201
23.6832 -0.6896 15.5432 -0.733 46.2432 -0.7593
23.684 -0.6363 15.544 -0.6763 46.244 -0.7005
23.6848 -0.7042 15.5448 -0.7485 46.2448 -0.7753
23.6856 -0.6948 15.5456 -0.7386 46.2456 -0.765
23.6864 -0.7355 15.5464 -0.7818 46.2464 -0.8099
23.6872 -0.6864 15.5472 -0.7296 46.2472 -0.7558
23.688 -0.7628 15.548 -0.8108 46.248 -0.8398
23.6888 -0.7272 15.5488 -0.773 46.2488 -0.8007
23.6896 -0.7679 15.5496 -0.8163 46.2496 -0.8455
23.6904 -0.791 15.5504 -0.8407 46.2504 -0.8709
23.6912 -0.8045 15.56512 -0.8552 46.2512 -0.8858
23.692 -0.722 15.552 -0.7674 46.252 -0.7949
23.6928 -0.7533 15.5528 -0.8007 46.2528 -0.8294
23.6936 -0.8045 15.5536 -0.8552 46.2536 -0.8858
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23.6944 -0.7815 15.5544 -0.8307 46.2544 -0.8605
23.6952 -0.6572 15.5552 -0.6985 46.2552 -0.7236
23.696 -0.6718 15.556 -0.7141 46.256 -0.7397
23.6968 -0.5318 15.5568 -0.5653 46.2568 -0.5856
23.6976 -0.582 15.5576 -0.6186 46.2576 -0.6408
23.6984 -0.5193 15.5584 -0.552 46.2584 -0.5718
23.6992 -0.559 15.5592 -0.5941 46.2592 -0.6154
23.7 -0.4535 15.56 -0.482 46.26 -0.4993
23.7008 -0.4723 15.5608 -0.502 46.2608 -0.52
23.7016 -0.6447 15.5616 -0.6852 46.2616 -0.7098
23.7024 -0.536 15.5624 -0.5698 46.2624 -0.5902
23.7032 -0.4545 15.5632 -0.4831 46.2632 -0.5005
23.704 -0.3135 15.564 -0.3332 46.264 -0.3452
23.7048 -0.2863 15.5648 -0.3043 46.2648 -0.3152
23.7056 -0.4315 15.5656 -0.4587 46.2656 -0.4751
23.7064 -0.2445 15.5664 -0.2599 46.2664 -0.2692
23.7072 -0.2591 15.5672 -0.2754 46.2672 -0.2853
23.708 -0.1317 15.568 -0.14 46.268 -0.145
23.7088 -0.1891 15.5688 -0.201 46.2688 -0.2082
23.7096 -0.2132 15.5696 -0.2266 46.2696 -0.2347
23.7104 -0.0836 15.5704 -0.0889 46.2704 -0.0921
23.7112 -0.14 15.5712 -0.1488 46.2712 -0.1541
23.712 -0.1672 15.572 -0.1777 46.272 -0.1841
23.7128 -0.0627 15.5728 -0.0666 46.2728 -0.069
23.7136 -0.1007 15.5736 -0.107 46.2736 -0.1109
23.7144 -0.094 15.5744 -0.0999 46.2744 -0.1035
23.7152 -0.0313 15.5752 -0.0333 46.2752 -0.0345
23.716 -0.0745 15.576 -0.0792 46.276 -0.0821
23.7168 -0.0366 15.5768 -0.0389 46.2768 -0.0403
23.7176 -0.0595 15.5776 -0.0633 46.2776 -0.0655
23.7184 -0.0514 15.5784 -0.0546 46.2784 -0.0566
23.7192 -0.0909 15.5792 -0.0966 46.2792 -0.1
23.72 -0.0396 15.58 -0.042 46.28 -0.0436
23.7208 -0.0094 15.5808 -0.01 46.2808 -0.0103
23.7216 -0.0311 15.5816 -0.0331 46.2816 -0.0343
23.7224 -0.0042 15.5824 -0.0045 46.2824 -0.0046
23.7232 -0.0226 15.5832 -0.0241 46.2832 -0.0249
23.724 -0.018 15.584 -0.0191 46.284 -0.0198
23.7248 0.0042 15.5848 0.0045 46.2848 0.0046
23.7256 -0.0313 15.5856 -0.0333 46.2856 -0.0345
23.7264 0.0042 15.5864 0.0045 46.2864 0.0046
23.7272 -0.0079 15.5872 -0.0084 46.2872 -0.0087
23.728 -0.0069 15.588 -0.0073 46.288 -0.0083
23.7288 -0.0065 15.5888 -0.0069 46.2888 -0.0072
23.7296 0.0136 15.5896 0.0144 46.2896 0.0149
23.7304 -0.0209 15.5904 -0.0222 46.2904 -0.023
23.7312 -0.004 15.5912 -0.0043 46.2912 -0.0044
23.732 -0.0178 15.592 -0.0189 46.292 -0.0196
23.7328 0.0007 15.5928 0.0007 46.2928 0.0007
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23.7336 0.0136 15.5936 0.0144 46.2936 0.0149
23.7344 -0.0011 15.5944 -0.0011 46.2944 -0.0012
23.7352 -0.0042 15.5952 -0.0045 46.2952 -0.0046
23.736 0.0018 15.596 0.0019 46.296 0.002
Lan7 Lan 8 Lan9

t w [m/s?].10° t w [m/s?].10° t w [m/s?].10°
23.64 0.00005 15.5 0.00006 46.2 0.00008
23.6408 0.0001 15.5008 0.0001 46.2008 0.0001
23.6416 0.0293 15.5016 0.0274 46.2016 0.0275
23.6424 -0.0045 15.5024 -0.0042 46.2024 -0.0043
23.6432 0.0395 15.5032 0.0369 46.2032 0.0371
23.644 0.0003 15.504 0.0003 46.204 0.0003
23.6448 0.0147 15.5048 0.0137 46.2048 0.0137
23.6456 -0.0395 15.5056 -0.0369 46.2056 -0.0371
23.6464 0.0192 15.5064 0.0179 46.2064 0.018
23.6472 0.0101 15.5072 0.0095 46.2072 0.0095
23.648 0.0192 15.508 0.0179 46.208 0.018
23.6488 -0.0226 15.5088 -0.0211 46.2088 -0.0212
23.6496 0.0293 15.5096 0.0274 46.2096 0.0275
23.6504 -0.0161 15.5104 -0.015 46.2104 -0.0151
23.6512 0.0147 15.5112 0.0137 46.2112 0.0137
23.652 -0.0184 15.512 -0.0172 46.212 -0.0172
23.6528 0.0101 15.5128 0.0095 46.2128 0.0095
23.6536 -0.0298 15.5136 -0.0279 46.2136 -0.028
23.6544 -0.0101 15.5144 -0.0095 46.2144 -0.0095
23.6552 -0.0045 15.5152 -0.0042 46.2152 -0.0043
23.656 -0.0423 15.516 -0.0396 46.216 -0.0397
23.6568 -0.0101 15.5168 -0.0095 46.2168 -0.0095
23.6576 -0.0548 15.5176 -0.0512 46.2176 -0.0514
23.6584 -0.0293 15.5184 -0.0274 46.2184 -0.0275
23.6592 -0.0718 15.5192 -0.067 46.2192 -0.0673
23.66 -0.0395 15.52 -0.0369 46.22 -0.0371
23.6608 -0.0886 15.5208 -0.0828 46.2208 -0.083
23.6616 -0.0677 15.5216 -0.0633 46.2216 -0.0635
23.6624 -0.0835 15.5224 -0.078 46.2224 -0.0783
23.6632 -0.1219 15.5232 -0.1139 46.2232 -0.1143
23.664 -0.079 15.524 -0.0738 46.224 -0.074
23.6648 -0.1524 15.5248 -0.1424 46.2248 -0.1428
23.6656 -0.2359 15.5256 -0.2204 46.2256 -0.2211
23.6664 -0.1828 15.5264 -0.1708 46.2264 -0.1714
23.6672 -0.2551 15.5272 -0.2384 46.2272 -0.2391
23.668 -0.1716 15.528 -0.1603 46.228 -0.1608
23.6688 -0.1807 15.5288 -0.1688 46.2288 -0.1694
23.6696 -0.2631 15.5296 -0.2458 46.2296 -0.2466
23.6704 -0.3782 15.5304 -0.3534 46.2304 -0.3545
23.6712 -0.3116 15.5312 -0.2911 46.2312 -0.2921
23.672 -0.3353 15.532 -0.3133 46.232 -0.3143
23.6728 -0.2992 15.5328 -0.2796 46.2328 -0.2805
23.6736 -0.3962 15.5336 -0.3702 46.2336 -0.3714
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23.6744 -0.4234 15.5344 -0.3956 46.2344 -0.3969
23.6752 -0.3726 15.5352 -0.3481 46.2352 -0.3493
23.676 -0.4923 15.536 -0.46 46.236 -0.4614
23.6768 -0.4967 15.5368 -0.4641 46.2368 -0.4656
23.6776 -0.5589 15.5376 -0.5222 46.2376 -0.5238
23.6784 -0.5001 15.5384 -0.4673 46.2384 -0.4688
23.6792 -0.429 15.5392 -0.4008 46.2392 -0.4021
23.68 -0.5836 15.54 -0.5453 46.24 -0.5471
23.6808 -0.6481 15.5408 -0.6055 46.2408 -0.6075
23.6816 -0.5453 15.5416 -0.5095 46.2416 -0.5112
23.6824 -0.7067 15.5424 -0.6603 46.2424 -0.6624
23.6832 -0.7451 15.5432 -0.6962 46.2432 -0.6984
23.684 -0.6875 15.544 -0.6424 46.244 -0.6444
23.6848 -0.7609 15.5448 -0.711 46.2448 -0.7132
23.6856 -0.7508 15.5456 -0.7015 46.2456 -0.7037
23.6864 -0.7948 15.5464 -0.7426 46.2464 -0.745
23.6872 -0.7417 15.5472 -0.693 46.2472 -0.6952
23.688 -0.8242 15.548 -0.7701 46.248 -0.7726
23.6888 -0.7858 15.5488 -0.7342 46.2488 -0.7366
23.6896 -0.8298 15.5496 -0.7753 46.2496 -0.7778
23.6904 -0.8546 15.5504 -0.7985 46.2504 -0.8011
23.6912 -0.8693 15.5512 -0.8122 46.2512 -0.8148
23.692 -0.7801 15.552 -0.7289 46.252 -0.7312
23.6928 -0.814 15.5528 -0.7605 46.2528 -0.763
23.6936 -0.8693 15.5536 -0.8122 46.2536 -0.8148
23.6944 -0.8444 15.5544 -0.789 46.2544 -0.7915
23.6952 -0.7101 15.56652 -0.6635 46.2552 -0.6656
23.696 -0.7259 15.556 -0.6783 46.256 -0.6804
23.6968 -0.5747 15.5568 -0.5369 46.2568 -0.5386
23.6976 -0.6289 15.5576 -0.5876 46.2576 -0.5895
23.6984 -0.5611 15.5584 -0.5243 46.2584 -0.526
23.6992 -0.604 15.5592 -0.5643 46.2592 -0.5661
23.7 -0.49 15.56 -0.4578 46.26 -0.4593
23.7008 -0.5103 15.5608 -0.4768 46.2608 -0.4784
23.7016 -0.6966 15.5616 -0.6509 46.2616 -0.6529
23.7024 -0.5792 15.5624 -0.5412 46.2624 -0.5429
23.7032 -0.4911 15.5632 -0.4589 46.2632 -0.4604
23.704 -0.3387 15.564 -0.3165 46.264 -0.3175
23.7048 -0.3093 15.5648 -0.289 46.2648 -0.2899
23.7056 -0.4662 15.5656 -0.4356 46.2656 -0.437
23.7064 -0.2642 15.5664 -0.2469 46.2664 -0.2476
23.7072 -0.28 15.5672 -0.2616 46.2672 -0.2625
23.708 -0.1423 15.568 -0.1329 46.268 -0.1334
23.7088 -0.2043 15.5688 -0.1909 46.2688 -0.1915
23.7096 -0.2303 15.5696 -0.2152 46.2696 -0.2159
23.7104 -0.0903 15.5704 -0.0844 46.2704 -0.0847
23.7112 -0.1513 15.5712 -0.1413 46.2712 -0.1418
23.712 -0.1807 15.572 -0.1688 46.272 -0.1694
23.7128 -0.0677 15.5728 -0.0633 46.2728 -0.0635
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23.7136 -0.1088 15.5736 -0.1017 46.2736 -0.102
23.7144 -0.1016 15.5744 -0.0949 46.2744 -0.0952
23.7152 -0.0339 15.5752 -0.0316 46.2752 -0.0317
23.716 -0.0805 15.576 -0.0752 46.276 -0.0755
23.7168 -0.0395 15.5768 -0.0369 46.2768 -0.0371
23.7176 -0.0643 15.5776 -0.0601 46.2776 -0.0603
23.7184 -0.0555 15.5784 -0.0519 46.2784 -0.0521
23.7192 -0.0982 15.5792 -0.0917 46.2792 -0.092
23.72 -0.0427 15.58 -0.0399 46.28 -0.0401
23.7208 -0.0101 15.5808 -0.0095 46.2808 -0.0095
23.7216 -0.0337 15.5816 -0.0314 46.2816 -0.0315
23.7224 -0.0045 15.5824 -0.0042 46.2824 -0.0043
23.7232 -0.0245 15.5832 -0.0229 46.2832 -0.0229
23.724 -0.0194 15.584 -0.0181 46.284 -0.0182
23.7248 0.0045 15.5848 0.0042 46.2848 0.0043
23.7256 -0.0339 15.5856 -0.0316 46.2856 -0.0317
23.7264 0.0045 15.5864 0.0042 46.2864 0.0043
23.7272 -0.0086 15.5872 -0.008 46.2872 -0.008
23.728 -0.0081 15.588 -0.0072 46.288 -0.0069
23.7288 -0.007 15.5888 -0.0066 46.2888 -0.0066
23.7296 0.0147 15.5896 0.0137 46.2896 0.0137
23.7304 -0.0226 15.5904 -0.0211 46.2904 -0.0212
23.7312 -0.0043 15.5912 -0.0041 46.2912 -0.0041
23.732 -0.0192 15.592 -0.0179 46.292 -0.018
23.7328 0.0007 15.5928 0.0007 46.2928 0.0007
23.7336 0.0147 15.5936 0.0137 46.2936 0.0137
23.7344 -0.0011 15.5944 -0.0011 46.2944 -0.0011
23.7352 -0.0045 15.5952 -0.0042 46.2952 -0.0043
23.736 0.002 15.596 0.0018 46.296 0.0018
Lan 10 Lan 11 Lan 12

t w [m/s?].1073 t w [m/s?].1073 t w [m/s?].1073
23.64 0 15.5 0.00006 46.2 0.00005
23.6408 0.0001 15.5008 0.0001 46.2008 0.0001
23.6416 0.03 15.5016 0.0275 46.2016 0.0286
23.6424 -0.0046 15.5024 -0.0043 46.2024 -0.0044
23.6432 0.0404 15.5032 0.0371 46.2032 0.0386
23.644 0.0003 15.504 0.0003 46.204 0.0003
23.6448 0.015 15.5048 0.0137 46.2048 0.0143
23.6456 -0.0404 15.5056 -0.0371 46.2056 -0.0386
23.6464 0.0196 15.5064 0.018 46.2064 0.0188
23.6472 0.0103 15.5072 0.0095 46.2072 0.0099
23.648 0.0196 15.508 0.018 46.208 0.0188
23.6488 -0.0231 15.5088 -0.0212 46.2088 -0.0221
23.6496 0.03 15.5096 0.0275 46.2096 0.0286
23.6504 -0.0165 15.5104 -0.0151 46.2104 -0.0157
23.6512 0.015 15.5112 0.0137 46.2112 0.0143
23.652 -0.0188 15.512 -0.0172 46.212 -0.018
23.6528 0.0103 15.5128 0.0095 46.2128 0.0099
23.6536 -0.0305 15.5136 -0.028 46.2136 -0.0292
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23.6544 -0.0103 15.5144 -0.0095 46.2144 -0.0099
23.6552 -0.0046 15.5152 -0.0043 46.2152 -0.0044
23.656 -0.0432 15.516 -0.0397 46.216 -0.0414
23.6568 -0.0103 15.5168 -0.0095 46.2168 -0.0099
23.6576 -0.056 15.5176 -0.0514 46.2176 -0.0536
23.6584 -0.03 15.5184 -0.0275 46.2184 -0.0286
23.6592 -0.0733 15.5192 -0.0672 46.2192 -0.0701
23.66 -0.0404 15.52 -0.0371 46.22 -0.0386
23.6608 -0.0905 15.5208 -0.083 46.2208 -0.0866
23.6616 -0.0692 15.5216 -0.0635 46.2216 -0.0662
23.6624 -0.0853 15.5224 -0.0783 46.2224 -0.0816
23.6632 -0.1246 15.5232 -0.1143 46.2232 -0.1191
23.664 -0.0807 15.524 -0.074 46.224 -0.0772
23.6648 -0.1557 15.5248 -0.1428 46.2248 -0.1489
23.6656 -0.241 15.5256 -0.2211 46.2256 -0.2305
23.6664 -0.1868 15.5264 -0.1714 46.2264 -0.1787
23.6672 -0.2606 15.5272 -0.2391 46.2272 -0.2493
23.668 -0.1753 15.528 -0.1608 46.228 -0.1677
23.6688 -0.1846 15.5288 -0.1693 46.2288 -0.1765
23.6696 -0.2688 15.5296 -0.2465 46.2296 -0.257
23.6704 -0.3864 15.5304 -0.3544 46.2304 -0.3695
23.6712 -0.3183 15.5312 -0.292 46.2312 -0.3044
23.672 -0.3426 15.532 -0.3143 46.232 -0.3276
23.6728 -0.3057 15.5328 -0.2804 46.2328 -0.2923
23.6736 -0.4048 15.5336 -0.3714 46.2336 -0.3872
23.6744 -0.4326 15.5344 -0.3968 46.2344 -0.4137
23.6752 -0.3807 15.56352 -0.3492 46.2352 -0.3641
23.676 -0.5029 15.536 -0.4614 46.236 -0.481
23.6768 -0.5075 15.5368 -0.4655 46.2368 -0.4853
23.6776 -0.571 15.5376 -0.5238 46.2376 -0.546
23.6784 -0.511 15.5384 -0.4687 46.2384 -0.4886
23.6792 -0.4383 15.5392 -0.402 46.2392 -0.4191
23.68 -0.5963 15.54 -0.547 46.24 -0.5703
23.6808 -0.6621 15.5408 -0.6074 46.2408 -0.6332
23.6816 -0.5572 15.5416 -0.5111 46.2416 -0.5328
23.6824 -0.722 15.5424 -0.6623 46.2424 -0.6905
23.6832 -0.7613 15.5432 -0.6983 46.2432 -0.728
23.684 -0.7024 15.544 -0.6443 46.244 -0.6717
23.6848 -0.7774 15.5448 -0.7131 46.2448 -0.7435
23.6856 -0.7671 15.5456 -0.7036 46.2456 -0.7336
23.6864 -0.812 15.5464 -0.7449 46.2464 -0.7765
23.6872 -0.7578 15.5472 -0.6951 46.2472 -0.7247
23.688 -0.8421 15.548 -0.7724 46.248 -0.8053
23.6888 -0.8028 15.5488 -0.7364 46.2488 -0.7678
23.6896 -0.8478 15.5496 -0.7777 46.2496 -0.8107
23.6904 -0.8732 15.5504 -0.801 46.2504 -0.8351
23.6912 -0.8882 15.56512 -0.8147 46.2512 -0.8494
23.692 -0.797 15.552 -0.7311 46.252 -0.7622
23.6928 -0.8316 15.5528 -0.7629 46.2528 -0.7953
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23.6936 -0.8882 15.5536 -0.8147 46.2536 -0.8494
23.6944 -0.8627 15.5544 -0.7914 46.2544 -0.8251
23.6952 -0.7255 15.5552 -0.6655 46.2552 -0.6938
23.696 -0.7416 15.556 -0.6803 46.256 -0.7093
23.6968 -0.5871 15.5568 -0.5386 46.2568 -0.5615
23.6976 -0.6425 15.5576 -0.5894 46.2576 -0.6144
23.6984 -0.5733 15.5584 -0.5259 46.2584 -0.5483
23.6992 -0.6171 15.5592 -0.566 46.2592 -0.5901
23.7 -0.5006 15.56 -0.4592 46.26 -0.4788
23.7008 -0.5214 15.5608 -0.4783 46.2608 -0.4986
23.7016 -0.7117 15.5616 -0.6528 46.2616 -0.6806
23.7024 -0.5918 15.5624 -0.5428 46.2624 -0.5659
23.7032 -0.5018 15.5632 -0.4603 46.2632 -0.4799
23.704 -0.3461 15.564 -0.3175 46.264 -0.331
23.7048 -0.316 15.5648 -0.2899 46.2648 -0.3022
23.7056 -0.4764 15.5656 -0.437 46.2656 -0.4556
23.7064 -0.2699 15.5664 -0.2476 46.2664 -0.2581
23.7072 -0.2861 15.5672 -0.2624 46.2672 -0.2736
23.708 -0.1454 15.568 -0.1333 46.268 -0.139
23.7088 -0.2087 15.5688 -0.1915 46.2688 -0.1996
23.7096 -0.2353 15.5696 -0.2159 46.2696 -0.2251
23.7104 -0.0923 15.5704 -0.0847 46.2704 -0.0883
23.7112 -0.1545 15.5712 -0.1418 46.2712 -0.1478
23.712 -0.1846 15.572 -0.1693 46.272 -0.1765
23.7128 -0.0692 15.5728 -0.0635 46.2728 -0.0662
23.7136 -0.1112 15.5736 -0.102 46.2736 -0.1063
23.7144 -0.1038 15.5744 -0.0952 46.2744 -0.0993
23.7152 -0.0346 15.5752 -0.0317 46.2752 -0.0331
23.716 -0.0823 15.576 -0.0755 46.276 -0.0787
23.7168 -0.0404 15.5768 -0.0371 46.2768 -0.0386
23.7176 -0.0657 15.5776 -0.0603 46.2776 -0.0628
23.7184 -0.0567 15.5784 -0.0521 46.2784 -0.0543
23.7192 -0.1003 15.5792 -0.092 46.2792 -0.0959
23.72 -0.0437 15.58 -0.0401 46.28 -0.0418
23.7208 -0.0103 15.5808 -0.0095 46.2808 -0.0099
23.7216 -0.0344 15.5816 -0.0315 46.2816 -0.0329
23.7224 -0.0046 15.5824 -0.0043 46.2824 -0.0044
23.7232 -0.025 15.5832 -0.0229 46.2832 -0.0239
23.724 -0.0198 15.584 -0.0182 46.284 -0.019
23.7248 0.0046 15.5848 0.0043 46.2848 0.0044
23.7256 -0.0346 15.5856 -0.0317 46.2856 -0.0331
23.7264 0.0046 15.5864 0.0043 46.2864 0.0044
23.7272 -0.0088 15.5872 -0.008 46.2872 -0.0084
23.728 -0.0081 15.588 -0.0071 46.288 -0.0070
23.7288 -0.0072 15.5888 -0.0066 46.2888 -0.0069
23.7296 0.015 15.5896 0.0137 46.2896 0.0143
23.7304 -0.0231 15.5904 -0.0212 46.2904 -0.0221
23.7312 -0.0044 15.5912 -0.0041 46.2912 -0.0042
23.732 -0.0196 15.592 -0.018 46.292 -0.0188
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23.7328 0.0007 15.5928 0.0007 46.2928 0.0007
23.7336 0.015 15.5936 0.0137 46.2936 0.0143
23.7344 -0.0012 15.5944 -0.0011 46.2944 -0.0011
23.7352 -0.0046 15.5952 -0.0043 46.2952 -0.0044
23.736 0.002 15.596 0.0018 46.296 0.0019
Lan 13 Lan 14 Lan 15

t w [m/s?].1073 t w [m/s?].1073 t w [m/s?].10°
23.64 0.00006 15.5 0.00008 46.2 0
23.6408 0.0001 15.5008 0.0001 46.2008 0.0001
23.6416 0.0296 15.5016 0.0299 46.2016 0.0297
23.6424 -0.0046 15.5024 -0.0046 46.2024 -0.0046
23.6432 0.0399 15.5032 0.0403 46.2032 0.04
23.644 0.0003 15.504 0.0003 46.204 0.0003
23.6448 0.0148 15.5048 0.015 46.2048 0.0148
23.6456 -0.0399 15.5056 -0.0403 46.2056 -0.04
23.6464 0.0194 15.5064 0.0196 46.2064 0.0194
23.6472 0.0102 15.5072 0.0103 46.2072 0.0102
23.648 0.0194 15.508 0.0196 46.208 0.0194
23.6488 -0.0228 15.5088 -0.0231 46.2088 -0.0229
23.6496 0.0296 15.5096 0.0299 46.2096 0.0297
23.6504 -0.0163 15.5104 -0.0164 46.2104 -0.0163
23.6512 0.0148 15.5112 0.015 46.2112 0.0148
23.652 -0.0186 15.512 -0.0188 46.212 -0.0186
23.6528 0.0102 15.5128 0.0103 46.2128 0.0102
23.6536 -0.0301 15.5136 -0.0304 46.2136 -0.0302
23.6544 -0.0102 15.5144 -0.0103 46.2144 -0.0102
23.6552 -0.0046 15.5152 -0.0046 46.2152 -0.0046
23.656 -0.0427 15.516 -0.0432 46.216 -0.0429
23.6568 -0.0102 15.5168 -0.0103 46.2168 -0.0102
23.6576 -0.0553 15.5176 -0.0559 46.2176 -0.0555
23.6584 -0.0296 15.5184 -0.0299 46.2184 -0.0297
23.6592 -0.0724 15.5192 -0.0732 46.2192 -0.0727
23.66 -0.0399 15.52 -0.0403 46.22 -0.04
23.6608 -0.0894 15.5208 -0.0904 46.2208 -0.0897
23.6616 -0.0684 15.5216 -0.0691 46.2216 -0.0686
23.6624 -0.0843 15.5224 -0.0852 46.2224 -0.0846
23.6632 -0.1231 15.5232 -0.1244 46.2232 -0.1235
23.664 -0.0797 15.524 -0.0806 46.224 -0.08
23.6648 -0.1538 15.5248 -0.1555 46.2248 -0.1543
23.6656 -0.2381 15.5256 -0.2407 46.2256 -0.2389
23.6664 -0.1846 15.5264 -0.1866 46.2264 -0.1852
23.6672 -0.2575 15.5272 -0.2603 46.2272 -0.2583
23.668 -0.1732 15.528 -0.1751 46.228 -0.1738
23.6688 -0.1824 15.5288 -0.1844 46.2288 -0.183
23.6696 -0.2656 15.5296 -0.2684 46.2296 -0.2664
23.6704 -0.3818 15.5304 -0.3859 46.2304 -0.383
23.6712 -0.3145 15.5312 -0.3179 46.2312 -0.3155
23.672 -0.3385 15.532 -0.3422 46.232 -0.3396
23.6728 -0.302 15.5328 -0.3053 46.2328 -0.303
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23.6736 -0.4 15.5336 -0.4043 46.2336 -0.4013
23.6744 -0.4274 15.5344 -0.432 46.2344 -0.4288
23.6752 -0.3761 15.5352 -0.3802 46.2352 -0.3773
23.676 -0.4969 15.536 -0.5023 46.236 -0.4985
23.6768 -0.5014 15.5368 -0.5068 46.2368 -0.503
23.6776 -0.5642 15.5376 -0.5703 46.2376 -0.5659
23.6784 -0.5049 15.5384 -0.5103 46.2384 -0.5064
23.6792 -0.433 15.5392 -0.4377 46.2392 -0.4344
23.68 -0.5892 15.54 -0.5955 46.24 -0.591
23.6808 -0.6542 15.5408 -0.6613 46.2408 -0.6563
23.6816 -0.5505 15.5416 -0.5565 46.2416 -0.5522
23.6824 -0.7134 15.5424 -0.7211 46.2424 -0.7157
23.6832 -0.7522 15.5432 -0.7603 46.2432 -0.7545
23.684 -0.694 15.544 -0.7015 46.244 -0.6962
23.6848 -0.7681 15.5448 -0.7764 46.2448 -0.7705
23.6856 -0.7579 15.5456 -0.7661 46.2456 -0.7603
23.6864 -0.8023 15.5464 -0.811 46.2464 -0.8048
23.6872 -0.7487 15.5472 -0.7568 46.2472 -0.7511
23.688 -0.832 15.548 -0.841 46.248 -0.8346
23.6888 -0.7932 15.5488 -0.8018 46.2488 -0.7957
23.6896 -0.8376 15.5496 -0.8467 46.2496 -0.8403
23.6904 -0.8628 15.5504 -0.8721 46.2504 -0.8655
23.6912 -0.8776 15.5512 -0.887 46.2512 -0.8803
23.692 -0.7875 15.552 -0.796 46.252 -0.79
23.6928 -0.8217 15.5528 -0.8306 46.2528 -0.8243
23.6936 -0.8776 15.5536 -0.887 46.2536 -0.8803
23.6944 -0.8524 15.5544 -0.8617 46.2544 -0.8551
23.6952 -0.7168 15.56652 -0.7246 46.2552 -0.7191
23.696 -0.7328 15.556 -0.7407 46.256 -0.7351
23.6968 -0.5801 15.5568 -0.5864 46.2568 -0.5819
23.6976 -0.6348 15.5576 -0.6417 46.2576 -0.6368
23.6984 -0.5665 15.5584 -0.5726 46.2584 -0.5682
23.6992 -0.6097 15.5592 -0.6163 46.2592 -0.6116
23.7 -0.4946 15.56 -0.5 46.26 -0.4962
23.7008 -0.5152 15.5608 -0.5207 46.2608 -0.5168
23.7016 -0.7032 15.5616 -0.7108 46.2616 -0.7054
23.7024 -0.5847 15.5624 -0.591 46.2624 -0.5865
23.7032 -0.4958 15.5632 -0.5011 46.2632 -0.4974
23.704 -0.342 15.564 -0.3457 46.264 -0.343
23.7048 -0.3123 15.5648 -0.3156 46.2648 -0.3132
23.7056 -0.4707 15.5656 -0.4758 46.2656 -0.4722
23.7064 -0.2667 15.5664 -0.2696 46.2664 -0.2675
23.7072 -0.2827 15.5672 -0.2857 46.2672 -0.2835
23.708 -0.1436 15.568 -0.1452 46.268 -0.1441
23.7088 -0.2063 15.5688 -0.2085 46.2688 -0.2069
23.7096 -0.2325 15.5696 -0.235 46.2696 -0.2333
23.7104 -0.0912 15.5704 -0.0922 46.2704 -0.0915
23.7112 -0.1527 15.5712 -0.1543 46.2712 -0.1532
23.712 -0.1824 15.572 -0.1844 46.272 -0.183
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23.7128 -0.0684 15.5728 -0.0691 46.2728 -0.0686
23.7136 -0.1099 15.5736 -0.111 46.2736 -0.1102
23.7144 -0.1026 15.5744 -0.1037 46.2744 -0.1029
23.7152 -0.0342 15.5752 -0.0346 46.2752 -0.0343
23.716 -0.0813 15.576 -0.0822 46.276 -0.0816
23.7168 -0.0399 15.5768 -0.0403 46.2768 -0.04
23.7176 -0.0649 15.5776 -0.0656 46.2776 -0.0651
23.7184 -0.0561 15.5784 -0.0567 46.2784 -0.0562
23.7192 -0.0991 15.5792 -0.1002 46.2792 -0.0994
23.72 -0.0431 15.58 -0.0436 46.28 -0.0433
23.7208 -0.0102 15.5808 -0.0103 46.2808 -0.0102
23.7216 -0.034 15.5816 -0.0343 46.2816 -0.0341
23.7224 -0.0046 15.5824 -0.0046 46.2824 -0.0046
23.7232 -0.0247 15.5832 -0.025 46.2832 -0.0248
23.724 -0.0196 15.584 -0.0198 46.284 -0.0197
23.7248 0.0046 15.5848 0.0046 46.2848 0.0046
23.7256 -0.0342 15.5856 -0.0346 46.2856 -0.0343
23.7264 0.0046 15.5864 0.0046 46.2864 0.0046
23.7272 -0.0087 15.5872 -0.0087 46.2872 -0.0087
23.728 -0.00092 15.588 -0.0074 46.288 -0.0078
23.7288 -0.0071 15.5888 -0.0072 46.2888 -0.0071
23.7296 0.0148 15.5896 0.015 46.2896 0.0148
23.7304 -0.0228 15.5904 -0.0231 46.2904 -0.0229
23.7312 -0.0044 15.5912 -0.0044 46.2912 -0.0044
23.732 -0.0194 15.592 -0.0196 46.292 -0.0194
23.7328 0.0007 15.5928 0.0007 46.2928 0.0007
23.7336 0.0148 15.5936 0.015 46.2936 0.0148
23.7344 -0.0011 15.5944 -0.0012 46.2944 -0.0012
23.7352 -0.0046 15.5952 -0.0046 46.2952 -0.0046
23.736 0.002 15.596 0.002 46.296 0.002




	1 Bìa
	2 ML LA
	3 KH VT
	4 DM CB
	5 HV ĐT
	6 Mo Đau
	7 Ch 1
	8 Ch 2
	9 Ch 3
	10 Ch4
	11 Ket luan chung
	12 DM CTKH đã CB
	13 TLTK
	14 Bìa lót PL
	15 Phụ lục

