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ABSTRACT

In this paper, we base on the concept of “metis finite element”, which is proposed by
Professor Nguyen Dang Hung, to model the cracked beam. Then we apply a breathing cracked beam
vibration theory to determine the effect of the breathing crack on the lowest natural frequencies. The
results are used for comparison with analytical results and experimental results [1].

1. GIOI THIEU

Van dé tinh toan dao dong cua dam co
vét nut da duoc dé cap dén tir rat lau, tuy nhién
hau hét cac gia thuyét tinh toéan déu cho ring:
Vét m’rt trén cac bg phan cla két cAu 1a vét nut

6" (open) va n6 s& ludén mé trong sudt qua
trmh dao dong. Gia thuyet nay da lgai bo thudc
tinh phi tuyén cta Vet nat. Boi vi trong mot
chu ky dao dong, vét nut khong phai luc nao
cling md, sy dong md vét nit theo thoi gian
phu thudc vao diéu kién tai trong va bién do
dao dong.

Anh huong cua vét nut "thd" (the
breathing crack) 1én dao dong cua két ciu da
timg dwoc ghi nhan tir rt lau. Nam 1944,
Kirmsher [1] qua cac thi nghiém nhan thay
rang néu vét nut trong dam bétdng dugc lap
day boi tap chat hodc cac vat liéu kim loai, hay
hai mép vét nirt du gan dé xuat hién sy tiép xuc
giita chung thi s anh huéng cia vét nirt trong
truong hop nay tuong ty nhu khi chiéu sau vét
nit giam di. Nhimg ghi nhan nay di dat nén
tang cho su phat trién mot cach hé thong hon
anh huong cua sy dong mo vét nit 1én dao
dong cua két cau.

2.CO SO LI THUYET

2.1. Li thuyét dao dpng ciia dim cé vét nirt
tho

2.1.1. Phwong trinh dao dpng ciia dim cé vét
nit mo 6 canh

Xét dam Euler-Bernoulli lién két twa
don & hai dau, c6 chiéu dai L,, mat cit ngang
tiét dién hinh chit nhat chiéu cao h, chiéu rong
b, ¢6 vét nitt m& trén bé mit dim nhu hinh 1.
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Hinh 1: Dam tua don ¢ vét nirt canh

Ta c¢6 phuong trinh dao dong téng quat [1][2]:

el w) ]+ 1, w=0 1-1)

Trong do:
ce =EI/(pA) : hang sb vat li¢u
I : moment quén tinh cua tiét dién.
E : modun dan hoi Young

p : khdi lwong riéng cia vt liéu
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A: dién tich tiét dién ngang dam
I, =[(1+f)dA
A

f =—6n(1-v*)h*®,(a)(x —L)*/
[zLy(L,> +vh?/4)]

@, (o) = 0.62720” —1.04533a.’
+4.59480.* —9.97360.°
+20.29480.° —33.0351a.’
+47.1063a.® - 40.75560.°
+19.60."

o =a/h.

w(x,t): ham chuyén vi
Néu vét nut bién mit khoi dim thi phuong
trinh dao dong trén dugc viét lai nhu sau:
84w(z§,t) 4 Ap 82W(2x,t) _

Ox ot

EI 0 (1-2)

2.1.2. Tan sé tw nhién ciia dam cé vét nist mé
0 canh
Cho dam dang xét o trén dao dong tu

do. Néu gia thuyét ring, moi diém trén dam
déu dao dong didu hoa vé6i tin sb vong w va
bién d6 dao dong la W(x) thi 161 giai tong quat
ctia phuong trinh (1-1) ¢6 thé viét dudi dang:

w(x,t) = W(x) T(t) 1-3)
Voi: T(t) 1a ham thoi gian.
Thay (1-3) vao (1-1) ta dugc:

L (x)W(x) o’T
03{5{%}}“%[17(X)W(X)]?

=0 (1-4)

Hodc c6 thé tach phuong trinh (1-4)
thanh hai phuong trinh riéng biét:
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[1, COW()]" + (‘”" ] [1, ()W (x)]=0
0
1-53)
T+ T=0 (1-6)

Trong do:
* *2 oA X T .
®, =c,f, :1atan so ty nhién cua dam co
vét nirt
[3: : 101 giai chinh x4c cua tan sd tu nhién,
duogc xéac dinh truc tiép bang cach giai phuong
trinh:

1,(Ly) /1, (Ly)cos(BiLy)
—sin(B; L,)coth(B;L,)]
+B, sin(B,Le)=0  (1-7)

2.1.3. Li thuyét tinh téan vét nit thé

Trong giéi han nghién ctru nay, vét nut
tho dugc gia thuyét chi c6 hai trang thai: hoic
dong hoan toan hodc md hoan tdan va tan sb
khong phu thude vao bién d6 dao dong. Béng
thoi sy chuyén ddi tir nira chu ky mo sang
dong va nguoc lai chi xuat hién tai thoi diém
dam tré vé dang khong bién dang.

Open cryck Open crack
At¥ 24 t*
20 t b |6} |7} t:

Closed crack
2atk

t

Hinh 2: Sy thay d6i trang thai vét nit cia dam
tua don c6 vét nirt canh tai gitra nhip (Mode
dao dong thir nhat)



Chu ki dao dong cua dam co vét nit

thd :
T =2(At" + At) (1-8)
Tén sé dao dong:
oy =2t 2T 1-9)
T 2(At +At)
hoac:
O _,y L*w] (1-10)
®, l1+o, /o
Trong do:

W : tin s§ dao dong khi ddm c6 vét nut the

w; : tan s6 dao dong khi dam khong co vét
nut ( tic 13 twong tng v6i nira chu ki vét nut
dong lai)

* A A © 1A s A ’ 5
o, :tan so khi dam c6 vét nirt mé

2.2. Phwong phdp phin tiv chuyén vi Metis

Ham dinh nghia phan tir chuyén vi
Metis [3][4]:

H(oe,uk)%ﬁ(oe)—(ciukn<E,uk)

(2-1)
Trong do:

B(c*) = [B(c§)dV

(c%,u*) = fnjcfju:‘ds

(E,uk) = fnjcijui‘dSG

B(cj) : ham mét do nang lugng bién dang
bu

c°: trudng Ging suat can bang

u* : trudng chuyén vi kha di dong
2.2.1.Mb hinh phén tir chuyén vi ding tham
s0 Metis

Cong thirc bién phan ciia phan tir Metis [3][4]:
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Mz

M, = B(c; )MV - [ o,&;dV + [Fu,dV}

m m

(2-2)

t
Vm

N | —

1

=]
I

Ta c6 thé viét lai dudi dang ma tran nhu sau :

M, = i{j %GTBGdV— [o'edV + [FudV}

m= 1 Vl‘ﬂ Vm Vm

(2-3)

hoéc:

k n
Myp = ZH%[D + znim (2-4)
m=1

m=k+1
Trong do :
k: 14 s6 phan tir regular trong két cdu

1

HII\{/ID nglTHlbl _b1TL1q+FTq3 (2-5)

ham nang lyong regular
1
2
~bjL,q-b,L,q+F'q

3 :%belb1 +=byH,b, +b/H,b,

:(2-6)

ham nang lugng singular
H, = [8]BS,dV  H, =[S/BS,dV
v v
Hy, = [S/BS,dV L, =[S{GdV
v v

L, = [S]GdV
\%

1 -v 0
B:l -v 1 0
E
0 0 2(1+v)

GT—|ON N N N
ox oy oy oOx



Ni: cac ham dang cua phan tir ddng tham

sb 8 niit
n;(n, —Hx""y"?
[S;]=]... (m;—n;)(m; —n; _I)menfzyn
n;(n; _mi)xm_n_lyn_l

:ham ung suat regular

0 50 .0 .
3cos—+cos— —7sin——sin—
2 2 2 2

[Sz]=L SCosg—cosﬁ —sing+sin?

.0 . 50 0 56
—sin—+sin—  3cos—+cos—
L 2 2 2 2
: ham ung sudt singular

F=-Mq: lyc quan tinh

2.2.2. Ma trgn dp cieng va ma trgn khoi lwong
ciia phan tir Metis

* Ma tran do cliing ph?m to [3][4]:

. K Kj
[K]{ } 27
K12 KZ
* Ma tran khdi luong phén tir [12]:
M =p[NIN 4V (2-8)
\%
Véi:

Ke=L"H'L, - phén regular ciia ma
tran do cimg phan tu.

Ki*=L,  -L,"H,"H, : phén coupling
clia ma tran d6 ctng phan tir.

K>* = Hp' Hy' Hp; -H,
ctiia ma trén do cung phan tu.

. phan singular

N.: ma trin cadc ham dang

p: khéi lugng riéng cua vat liéu
2.3. Tinh tin s6 tw nhién
Pé x4c dinh tin sd ty nhién cia dam

khong c6 vét nit ciing nhu dam c6 vét nut, ta
giai phuong trinh sau [5]:

50 |

det (K-o'M)=0 (2-9)
Trong do:
K, - Kj
K=| : -+ i |: ma trdin do clng
Ksz K,

toan két cau
M, 0 Y .
M= 0 : ma tran khoi lugng toan

két cau
Sau d6 tinh doi sang tan s6 £ dé tién so sanh
v&i 101 gidi giai tich:

B=| pFL! v (2-10)
El

Tét ca qua trinh tinh toan dugc thuc hién bédi
chuong trinh viét bang ngén ngit Matlab.

3. KET QUA TiNH TOAN

Tién hanh tinh toan v&i cac miu thi
nghiém 13 dam c6 vét nut tai giita nhip, chiéu
sau vét nut thay doi tir 10% dén 50% chiéu cao
mat cit ngang dim [1]. Cac thong sb k¥ thuat
ctia dAm nhu sau:

Boundary condition Support
Material Aluminium
Young's modulus, E 7.2E+10 N/m*
Mass density, p 2800 kg/m’
The Poisson ratio, n 0.3

Beam length, L 235 mm
Beam width, B 23 mm

Beam depth, H 7 mm



So sanh

o1f ‘ ‘ ‘ ‘ 9
008" ) the lowest natural frequency ratio of the
o006k i . open crack , (w*y/wy)
wl | Solution Depth a/H
o002l I g 0 01 | 0.2 | 0.3 | 04 | 05
0 \ 1.000 0.9898]0.9641/0.9210/0.8497|0.7449
002 1 1.000 ]0.9906]0.9637/0.9206/0.8603|0.7811
| | Tolerance
oot (%) |0.000-0.077 0.046 | 0.040 |-1.247|-4.862
-006[ 7
-008 = : ‘ : ‘ =
005 0.1 015 02
the lowest natural frequency ratio of the
Hinh 3: M6 hinh héa dim bing phin tir Metis . breathing crack , (wy/wy)
Solution
Depth a/H
0 01 | 02 | 0.3 | 04 | 05
e 1.000 |0.9946(0.9790/0.9611]0.9329/0.8922
0’06 1.000 |0.9953/0.9815/0.9587/0.9249/0.8771
l Tolerance
(%) 10.0001-0.066|-0.255| 0.252 | 0.857 | 1.692

-004[ VIBRATION OF BEAM WITH BREATHING CRACK
-006 —e—open crack ,
1o—= matlab results
-008[ o] 0\\ ]
y o0 |

. . . . "
0 005 01 « 01 02 o (] —=— breathing crack ,
O matlab results
0.9 4 \
[o) open crack ,

analytical results

o
0.8 4
\’ breathing crack ,

Hinh 4: Dang dao dong thir 1 cua dam (két qua
tir Matlab)

Lowest natural frequency ratio

Két qud tinh téan tiv chwong trinh Matlab () analytical results
07 o open prack,
lowest natural frequency| frequency ratio experimenta
Depth|without| open |breathing| open |breathing e breathing crack,
a/H | crack | crack | crack | crack | crack o expernmentl
W1 w*1 Wi, (w*I/wl) (Wb/Wl) 0 o‘.1 o‘.z 0‘.3 o‘.4 05
913.99(913.99| 913.99 1 1 Crack depth ratio a/H
913.99(905.36| 909.65 |0.99056| 0.99526 , .
913.99[880.77| 897.07 [0.96366] 0.98149 Hinh 5: So sanh cac ket qua giai tich, thi
913.99|841.44| 876.22 |0.92063] 0.95867 nghiém, Matlab
913.99(786.30| 845.35 |0.86029| 0.92490
913.99(713.93| 801.67 |0.78112| 0.87711
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4. NHAN XET, KET LUAN

Su chénh léch giira két qua tinh toan
trong Matlab véi 10i giai giai tich va két qua
thi nghiém 1a khong dang ké. Pong thoi thoi
gian tinh toan bang Matlab dugc rit ngin rat
nhiéu do mot wu diém ndi bat caia md hinh
phan tir Metis 1a nhd vao thudc tinh suy bién
cua phén tr nén cho két qua héi ty nhanh, mirc
dd chinh xac cua 101 giai phu thudc rat it vao
viéc chia ludi. Vi vay viéc su dung phén tor
Metis trong bai toan tinh dao dong cho cac két
céu c6 vét nirt 1 phu hop.
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