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Uén tinh cia dam quay quanh truc c6 dinh va
tua mot phan trén nén dan hoi

Static bending response of rotating beams with partially resting on an elastic foundation

> TS NGUYEN CHi THO', TS LE TRUONG SON', KS TRAN VAN THUONG?, THS LE HONG HAI'

"Hoc vién Ky thuat Quan sy
2B6 Tham muu - Quan khu 3

TGM TAT

Dura trén |y thuygt bign dang cét bac cao céi tign, bai bao tign hanh
nghién ctu dap ¢ng udn tinh cia ddm quay quanh mat truc cf
dinh, trong da dam chi twa mat phan trén nén dan hdi. Cac cong
thirc dugc thigt |ap dya trén phuong phéap phén tir hitu han, trong
da khang can dén bt ky he sd higu chinh cét nao, diéu nay veé ly
thuyét tinh toan thé hign tinh wu vigt hon so vai Iy thuygt bign
dang cét bac nhat cia Mindlin. Thang qua viéc kiém chimg dd tin
cdy, bai bao tign hanh khao sat anh huéng cia mat sd tham sd cu
thé. dén dap ng udn tinh cia dam nay, dac bigt |a chiéu dai nén,
tdc da quay va khoang cach tir ddm dén truc quay. Cac nhéan xét
dura ra ca nhiéu y nghia khoa hoc va thyc tién ddi vai cac ket céu
dang dam quay.

Tir khda: Dam quay; phuong phép phan tir hitu han; udn tinh.

ABSTRACT

Rased on a new theory of high-order shear strain, this paper
examines the static bending response of a beam rotating about
a fixed axis and resting only partially on an elastic base. The
formulations are established using the finite element method,
which eliminates the need for a shear correction factor. This
demonstrates that computational theory is preferable to
Mindlin's first-order shear strain theory. The article
investigates the effect of certain specific parameters on the
static bending response of this beam, particularly the
foundation length, rotational speed, and distance from the
beam to the axis of rotation, by establishing the beam's
reliability. There are numerous scientific and practical
implications of the findings for rotating beam structures.
Keywords: Rotating beam; finite element method; static bending.

1.DAT VAN DE

Trong thuc t&, nhiéu két cdu c6 thé dugc mé hinh nhu dam c6
chuyén déng quay quanh truc ¢6 dinh. Viéc nghién ctu dap ting co
hoc ctia ching cling thu hat sy quan tdm cta nhiéu nha khoa hoc
[11-[4], [5]. Ngoai ra, d6i vai cac két cau lam bang vat liéu cé khuyét
tat dang 16 réng, két cau tua trén nén dan hoéi, va cd xét t6i anh
hudng clia nhiét d6 cling dugc cac nha khoa hoc dé cap dén. Jalaei
va Civalek [6] da st dung giai phap ctia Navier va cach ti€p can cla
Bolotin dé nghién ctru sy mat &n dinh déng clia dam c6 ca tinh bién
d6i tua trén nén dan nhét-Pasternak. Demir va Civalek [7] da nghién
cliu dap Uing udn cta dam dudi tai trong tap trung va phan bé dua
trén ly thuyét dam c8 dién Euler Bernoulli. Akgoz va Civalek [8] trinh
bay 16i gidi chinh xac d6i véi bai toan udn tinh ctia dam c6 hai dau
chiu lién két tua don tua trén nén dan hoi. Loi gidi gidi tich dugc
Hanten va céc céng su [9] st dung d& phan tich dao déng riéng cla
dam gém nhiéu I6p vat liéu. Viéc nghién ctiu ting x{r co hoc clia cac
két cdu dam, tam tua trén cac dang nén dan hoi khac nhau da duoc
cac nha khoa hoc quan tam nghién cuu, dién hinh nhu trong cac
cong trinh [10]-[19]. Trong cac céng trinh [20]-[26], [27], cac tac gia lai
dua ra dap Uing co hoc ctia dam, tam c6 xét dén anh hudng cda nhiét
dé véi nhiéu ly thuyét tinh toan khac nhau.

Qua danh gia trén, c6 thé thdy rang chua c6 coéng trinh khoa
hoc nao vé dap tng udn tinh ctia dam quay quanh truc c6 dinh va
tua mot phan trén nén dan héi. Do do, bai bao nay nghién ctu gidi
bai toan nay bang cach két hgp phuong phap phan td hiru han va
ly thuyét bién dang cit kiu mdi dang ham sin hyperbolic. Ly
thuyét dugc dé xuat rat don gian va dé dang thiét lap cac moi
quan hé Ging suat va bién dang, khong can thém bat ky hé sé hiéu
chinh cat nao, trong khi cac dap Ung co hoc clia két cdu van dam
bdo dé chinh xac can thiét. Théng qua cac tinh toan, bai bao
muén khdng dinh rang dap tng udn tinh ctia dam c6 chuyén dong
quay va tua mot phan trén nén dan héi mang nhiéu dac diém khac
han véi cdc dam théng thudng da biét, cac két qua nghién ctu nay
la tai liéu tham khédo co6 gia tri khi thiét k&, ché tao va st dung
chung trong thuc té.

2. MO HINH TiNH TOAN VA CONG THUC TiNH TOAN

Xét dam cé mé hinh nhu hinh 1, dam quay quanh truc c6 dinh
V@i van t6c géc w. Khodng cach tir dau dam dén truc quay la r. Dam
tua mét phan trén nén dan hoi véi hai tham sé clia nén dan héi la
kw va ks, chiéu dai phan tua trén nén dan héi la c. Dam c6 chiéu dai
L, mat cat ngang co chiéu cao h va bé rong b.
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Truc quay do chuyén déng quay gay ra déi véi dam [30, 311:
" = 2
b 0
g =L o Q) o
29 Ox

X véilucly tam F, dugc tinh nhu sau [30]:

1
==|| pa&@’| r(L-x)+=( =x*) | |dS (8)
=3[ e-m 2 -2)]
! trong d6 p la mat do cda vat liéu.
Hinh 1. Dam chiu udn quay quanh tryc cGdinh Céng clia ngoai luc phan b déu lén dam @, cé dang sau:
Dam chiu tai trong phan bo déu, dé thiét lap céng thic tinh )
. Ny Ls N , PR < A 2 gs Wl“L:bJ.(WT+WT)Q dx
toan, bai bdo s dung ly thuyét bién dang cdt bac cao cai tién [28, b T s )20 9)
29], theo d6, trudng chuyén vi tai diém bat ky c6 dang: .

DE xéc dinh phuang trinh can béng ctia dam, bai bao st dung
nguyén ly Hamilton:

u(x,z)zuo(x,y)— — )

w(x,z) = w, +w, 5T(W’"C —U“ U —U)dt =0 (10)

trongdd f(z)=z- hsinh(%) + zcosh(%) .

Thanh phan bién dang dai vé cét clia dam dugc xac dinh nhu sau:

Trong bai bdo nay, dam chia thanh cac phan t hai diém nat,

du _ ou, a Wh moi nit chdia bén bac tu do:
“Tx ox - Uy,
ou 0w, zw\, Whi
= a—x" + z[ 6x2h j + f(z)( P ] =g, +z6, + f(2)e,, ) o,
_F@m ¥ Y [%j (a1
""" & & Tl ox )
trong do: (%)
e _% e = _BZWb e = _62 ) B 6WV 3) ox i
o a ) T\ T ) T trong d6 cac thanh phan chuyén vi tai mdi diém trong phan tu

dam dugc xap xi théng qua cac ham néi suy Lagrange va Hermite

Ung suat phap ox lién quan dén bién dang dai, va tng suat cét
N, va H, nhu sau:

7. lién quan bién dang cat c6 cac biéu thic sau:

O :E(Z)gxx U, =iNiu01 =Ny,
E(z) (4) o
TXZ = }/XZ 2 a
(e ) o IR
i= X )i
Nang lugng ctia dam dugc tinh nhu sau: 21 ow

an _ 1 =S{Hw, +H, s lo g

U :E_!(O'u o T )dV= Wy ;{ Mt I+l( ox jl} sqe

g 0w, <& |0H, 6H.][6wh]
0x b Rt + irl | Y H,
=éJ’[{gﬂ'r 28, f(z)g“}TE[ngx } V+ ox ;{ ox T o x ), nle (12)
v f(z)e, %*i 0H, - 0H ., (6wS "
+1j[{af'(z)y } E(2) {6f( ), }]W a Sl T e Vax )T
2V 0z ez (]+V(Z)) sxz (5) azwb _ZZ:{aZH,- . 82[_]‘.4rl (LJ }_H .
e E(2)e,, +&5,2E(2)e,, + £,/ (2)E(2)e, axr Hlar " e Lax ), baxte
éj Sm E(z)ze,, +eLE(2)2%e, + &L E(2)2f (2)e., V+ o*w, _i{azHiW +62Hi+1 (%j}:H q
NE(2) f(2) 60, + ELE(2) o (2) 0 + £LE(2) /7 ()., ot Hlad et La )]
1o (2) E(z) hoac viét gon & dang ma tran nhu sau:
T
- =V AV
+2I[[ p ]2(1+V(2))7x\z7’m]¢ U,
N
Néng lugng ctia nén dan héi dugc dinh ngha la: % HM
2 Wy b
0 +
U=t bj[ W, +w,) [((W”aw))J de ©) u= [awbj =| H, |q,=Hg, (13)
. Wy
Ox H,
VGi kw va ks 1a hai hé s6 ctia nén dan hoi. ow H
Vi dam quay quanh truc ¢é dinh, nang lugng cda luc quén tinh ( axsj )
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va cac thanh phan bién dang dugc tinh theo véc to chuyén vi
nut nhu:

Ou, ON
£ = —t= u =B
0x ax ax qc uq@
ﬁzwb
&, =— =-H =Bgq. ;
bx o p2.e 9. a
o’w,
S =3 T -H,q.=Bg,
_ow, _
SXz ax sx e

Tu d6, thu dugc biéu thiic nang lugng clia phan t&r dam nhu
sau:
BJEB, + B!zEB, + B, f (z)EB,
wn 1 (| BIEzB, + B]E’B, + B/ Ezf (z) B,
2 ! B'Ef(z)B, + B'Ef (z)B, + B'Ef* (z) B,

1ol(aG@Y B
e8] £

BTEB, + B'zEB, + B f () EB, (15)
- éq[[ B/ E:zB, + B/ Ez"B, + B/ Ezf (z) B, Vg, +
' + B! Ezf (z) B, + BIEf*(z) B,
L am
=—q,K."q,

B/Ef(z)B
H H W}Wqﬁ
2

Nang lugng cua luc quén tinh ly tdm va cta nén dan héi dugc
tinh nhu sau:

u

%"5 ,I [(afé(;)jz 2(1E+ W)

pen _ |
U’ =ZqZ[b!(k“(H,)+HS)T(H,)+HS)+kS(H +H,) (H,+H,

bx
1
Uquay —
e 2 qe [

j{Fw(x)(beJrHW)T ( be+st)} dx}qe :% a (16)

L

Cong cla ngoai luc tac dung lén dam dugc tinh toan bang
biéu thuc sau:

7" =u’ [b.J-(Hb + HS)Qodx] =u'F, (17)
L
Thay cac biéu thuc tir (15) - (17) vao phuang trinh (10), phuong
trinh can bang tinh ctia dam quay quanh truc c6 dinh ¢ dang sau:
YK+ K+ K2, = Y F, (18)

Chuyén vi ctia ddm chiu uén sé nhan dugc tur gidi phuang trinh
(18), bang viéc thay d6i cac tham s6 nén, téc d6 quay, khoadng céch
r tit dam téi truc quay, sé anh hudng dén cac ma tran dé cuing
tuong Ung & vé trai clia phuong trinh (18), do dé dap Ung ctia dam
sé khac nhau.

3. Vi DU KIEM CHUNG PO TIN CAY

Phan nay xem xét 2 vi du d€ danh gia dé tin cay cta ly thuyét
va mo hinh co hoc da trinh bay & phan trén, trong do6 két qua tinh
toan s6 cla bai bao dugc so sanh véi cac cdng trinh khac da cong
bé.

Vi du 1: Vi du nay so sanh dap (ing uén clia dam tua don hai dau
(S-S). Céc tham s6 hinh hoc va vét liéu ctia dam la L/h=16, E = 70 Gpa
vav = 0.3. Dam chiu tai trong phan bé déu cuéng dé go, Tham s6

chuyén vi 16n nhat khéng thi nguyén dugc tinh toan va so sanh (véi |

= bh¥/12) [ ip = —omer Bang 1 trinh bay chuyén vi I6n nhat

5q0L7
384E]

khong thi nguyén thu dugc tur bai bdo nay va phuong phép Ritz [32],
trong d6, bai bao nay sit dung |udi chia phan ti ting dan. C6 thé quan
sat thdy rang vai lugi 10 phan ti& dadm bao dé chinh xac can thiét. Do
d6, cac két qua tinh toan & phan dudi day sé sir dung ludi nay.

Bang 1. Chuyén vi khong thi nguyén W clia dam chiu tai trong
phan b6 déu, S-S, L/h=16

Bai bao Phuong
7phan | 9phan | 10phan | 12 phan | 14 phan phap
tu tor tu tor tu Ritz [32]
1.009 1.009 1.009 1.009 1.009 1.009

Vi du 2: Vi du nay kiém chiing chuyén vi 16n nhit clia dam tya trén
nén dan héi hai hé s6. Cac théng s6 hinh hoc va vat liéu cta dam la:
4 2

chiéu dai L, chiéu rong b, bé day h, K, = k—L va & =KL (véi I =
EI EI

bh*/12). Dam chiu tai trong phan bé déu qo. Bang 2 trinh bay so sanh

chuyén vi I6n nhat khong thi nguyén i = ﬂw thu dugc tu bai

4 max
0
bao nay, phuong phap cau phuong vi phan (DQM) [33] va Ioi giai
chinh xéc [33]-[34].
Bang 2. Chuyén vi I6n nhat khéng thd nguyén w= ﬁwm
0
ca dam chiu tai trong phan b6 déu tua trén nén dan héi hai hé s6,
S-S

Hai th‘am s: nén L/h=120
dan hoi

K, K, DQM [33] [33] [34] Bai bdo

0 1.302 1.302 1.303 1.301

0 10 0.644 0.644 0.645 0.644

25 0.366 0.366 0.367 0.366

0 1.180 1.180 1.181 1.180

10 10 0.613 0.613 0.614 0.613

25 0.355 0.355 0.356 0.355

0 0.640 0.640 0.640 0.639

100 10 0.425 0.425 0.426 0.425

25 0.282 0.282 0.283 0.282

4, KHAO SAT MOT sO YEU TGO ANH HUGNG

Pé thuan tién cho qua trinh tinh toan, bai bdo dua ra mot s6
thong s6 khéng thi nguyén nhu sau:
EW . r . kI
L N
O,L D D,

0 0 0

3
o*=Lw /12,? i D, = Eh
Eh 12

a. Anh huéng cia chiéu dai nén dan héi c

Phan nay sé nghién cttu anh hudng cuta chiéu dai mién dan héi
béng cach tang dan gia tri cla c tir 0 dén L/2, két qua tinh todn
dugc vé nhu trén hinh 2 va 3 déi véi hai diéu kién bién khac nhau,
¢4 thé rat ra mot s6 nhan xét nhu sau:

- Déi véi trudng hop dam tua don hai dau, khi téc do quay cta
dam bang khong: néu khéng c6 nén dan hoi (c=0) thi dusng
chuyén vj la d6i xting qua vi tri gitta dam (x/L=0.5), tuy nhién khi ¢
tang dan, thi dudng chuyén vi khdng con déi xing qua vi tri gilta
dam nira, chiéu dai clia nén dan héi cang 16n thi vi tri 6 chuyén vi

w* =100
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I6n nhat cang dich vé phia xa truc quay.

- Khi dam khéng c6 chuyén doéng quay, chuyén vi I6n nhat ctia
dam & hai diéu kién bién déu Ién hon nhiéu so vai trudng hgp dam
¢6 chuyén déng quay, diéu nay ching té luc quan tinh do chuyén
dong quay lam dam c6 kha nang chju uén tét hon.

- V&i dam tua don hai dau, khi dam c6 chuyén dong quay, vi tri
chuyén vi I6n nhat cang xa truc quay, diéu nay c6 dugc la do luc
quan tinh ly tdm gay ra.

T T . - -
| | | | | | | |
1 N ! ! ! 01 Q- - — -+ - -~ — -+ - —
aE A [y
N\ T T 7 | | | |
<+\ o 021 — ——— === =
Lo\ Msgq 1 1 e | | |
2 [ i ¥ 3k - - N -
% [ e, ! ) % I I I |
> L/ % 04 - N |
I W W DO S V4 — — - NI - - - — -
3 | \\L’"’w +F | | 2 |
/L=0 ‘ ‘ ‘ OS5 —en=0 [~ o -
JEP I N R 4 | 3 |
4] - c/L=18 ‘ —=-c/L=1/8
—e—c/L=1/4 ‘ ‘ ‘ 0.6 _o_c/lFm,,‘L,,,‘,,,J‘fff
——c/L=112 j j ——c/L=1/2
-5 -0.7 L L L
0 0.2 04 o 0.6 0.8 1 0 0.2 04 1, 0.6 0.8 1

a. Toc do quay =0, r/L=1 b. Toc d quay = 10, r/L=1
Hinh 2. Sy phu thudc chuyén vi cia ddm vao chiéu dai dam tua trén nén dan hoi, dam
tua don hai déu S-S, K\ =200, K =20

% 1-———1- - - 4 - RN -~ — o
| 7
B - ——m—— T ——— == ‘ ‘ ‘
! 15 om0 [ L g N
40~ enmtgf — L - - = - — - - - -~ c/L=1/8 : : :
——c14| ! : ! ——cirin| | ! !
== enz12 : : : ——c=112 | | |
o 02 04 yL 0.6 0.8 1 0 0.2 04 w1, 0.6 0.8 1

a. Toc d6 quay =0, r/L=1 b. Toc d6 quay =10, r/L=1
Hinh 3. Sy phu thudc chuyén vi cia dam vao chiéu dai nén dan hoi, dam ngam 1 dau,
mot dau tw do CF, K, =200, K =20

b. Anh huéng ctia khodng cdch tir truc quay dén ddm r

Thay d6i khodng cach tu truc quay dén dam r sao cho ty l1é r/L
bién d8i tir 0 dén 2, két qua tinh toan dudng chuyén vi doc theo
dam dugc thé hién nhu trén hinh 4. Qua day, c6 thé thay rang:

- V6i dam tua don hai dau, khi khoadng cach r cang 16n, thi diém
c6 chuyén vi Ién nhat clia dam cang léch ra xa truc quay.

- G ca hai diéu kién bién tya don hai dau va ngam mat dau thi
khoadng céch r cang 16n, chuyén vi I6n nhat cta dam cang giam.
Diéu nay chiing to khodng cach r dnh huéng dang ké dén vi tri cuc
dai cta chuyén vi (d6i v6i dam tua don hai dau), ma con anh
hudng dén gia tri I6n nhat ctia chuyén vi

T T T T
I I I I . | |
2 sk - oy VU B
& I I I -5 N I
N i e il e b ‘
N, ! g N N 9%0gg | ]
oal = D\ ey L TN e £ [R7| E P N oo, ]
- N I ¥ | | [
s | 14 Ly _ . VR
z », z-2 | -+ - S
| N, A | | ) [
0.6 — — — \- — = - == — = LS - - *
| P L 25F — — — = —— T ——— N\ - -~ %
— =0 ! e _ I I |
| ‘ | 3 =0 | ! L -
08 —+=-ri=0.5F \! - - — oA =05 [ i
—o—rll=1 ) | | -3.5) —e—r/L=1 f——:———:————‘———f
P el ‘ j S j j }
0 0.2 04y, 0.6 08 ) 0.2 04y 0.6 0.8 1

a. Dam tua don hai dau

do

b. Dam ngam 1 dau, mot dau ty

Hinh 4. Su phu thudc chuyén vi cila ddm vao khodng cach tir truc quay dén dam, Téc
doquay=10,c/L=1/4 K =200, K =20

c. Anh huéng caa téc dé quay

Tang dan tc d6 quay ctia ddm sao cho gid triclia @ thay ddi
tir 0 dén 10, két qua dap ung dudng dé véng clia dam dugc vé nhu
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trén hinh 5, mét vai két luan dugc rit ra nhu sau:

- Khi t8c d6 quay ting lén, chuyén vi I6n nhat cla dam giam
xuéng, diéu nay ching té anh huéng cua luc quan tinh ly tam déi
vGi dam trong trudng hgp dam quay la dang ké.

- VGi dam co diéu kién bién d6i xting (tua don hai dau va ngam
hai dau), t6c d6 quay khong nhiing &nh hudng t6i hinh dang cla
dudng chuyén vi, ma con anh hudng téi ca gia tri 16n nhat cla
chuyén vi.

05 T T T
N | | | .
s | 5
A5 A\ - e M. ~4 4
] |
.
Lo N oS
N i K
z \ | /' |
15————:————:—%.9:“‘:——‘ -
| | |
— o0
2 camegimg |- NL - - =L — /1
—— =8 ‘ : :
——o*=10
2. I T I
0 0.2 04 o 06 0.8 1

b. Ddm ngam

T T T T
| | | |
. | | ¢

0.2 — —\y ST T T k)
X F/
A d

Adm = ST il i
N 7/
% | 0 YA
| 1 |

B ‘T\‘:—?\ T T
— o | |
—o—g= ‘ ‘ ‘
——o*=10 } } }

) 0.2 04 1, 06 0.8 1

¢. Dam ngam hai dau
Hinh 5. Sy phu thuc chuyén vi cda dam vao tdc do quay, /L =1,dL=1/4 K| =
200, K7 =20

5. KET LUAN

Bai bao da trinh bay phuang phap phan tdr hiru han két hgp véi
ly thuyét bién dang cat ki€u mai d€ nghién cldu dap ing uén tinh
cla dam tua mét phan trén nén dan héi va co chuyén déng quay
quanh truc ¢6 dinh. Ly thuyét tinh toan dugc kiém ching tin cay
bang cach so sanh v&i mot s6 cong trinh da cong bé trudc day.
Dong thai, bai bao ti€én hanh khao sat anh hudng ctia mot s6 tham
s6 nén, téc dé quay, khoang cach tir dam dén truc quay, tu dé rat
ra mot s6 két qua cé y nghia khoa hoc va tuc tién. T cac két qua
clia nghién ctu nay, viéc thiét ké va st dung két cdu dam quay lam
viéc trong moi trudng nhiét dé can phai quan tam dén nhiéu tham
s6, trong do6 dac biét chu y dén téc dd quay ctia dam, khodng cach
tur dau dam dén truc quay.
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