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TOM TAT: Nghién ctu nay tap trung phan tich ting xir dong
luc hoc cCia tdm Mindlin dt trén nén Pasternak, dac biét duéi
tac dong clia hé khdi lugng — 10 xo — can chuyén dong véi
van tdc bién thién. Ap dung mé hinh Reissner — Mindlin cling
vai phuong phéap phan ti chuyén déng (Moving Element
Method — MEM), tdm dugc chia nhé thanh cac phan tir dang
tham s6 t gidc 9 ndt, cho phép mé phdng chinh xac han co
ché lam viéc phuic tap cda két cau.

Mét chuong trinh tinh toan chuyén biét da dugc phat trién
trén Matlab d& mé phong chi tiét Gng xt dong luc hoc clia
tam Mindlin dudi tac dong clia hé tai trong chuyén dong. Do
chinh xéc ctia chuong trinh dugc kiém chiing théng qua déi
chiéu két qua vai cac nghién ctu da cong bé, khang dinh do
tin cdy va hiéu qua clia phuong phap dé xuat. Bén canh do,
nghién ctru con ma rong khao sat tac dong ctia cac tham sé
quan trong nhu khéi lugng, d6 cling 1o xo, hé s6 can, van toc
clia hé tai trong, cuing véi cac ddc tinh nén nhu chiéu day, do
cling nén,... d&n dong hoc ctia tdm Mindlin.

Nhiing két qué thu dugc khong chi lam séng to co ché (ing
xU dong clia tdm ma con cung cdp ca sé khoa hoc vitng chac
cho thiét ké va t6i uu hoa két cau chiu tai trong dong. Ngoai
ra, nghién ctu da di sau phan tich vai tro clia cac yéu t6 dac
tht nhu bién do va budc séng gé ghé bé mat, gitp hiéu rd
hon anh huéng ctia ching dén su 6n dinh va kha nang chiu
tai clia tam Mindlin.

Tirkhoa: Ung xtr dong luc hoc, Tam Mindlin, Nén Pasternak,
Phuong phap phan tir chuyén dong

1. Gi6i thiéu

Trong bdi canh phat trién kinh t€ - xa hoi, nhu
cau xay dung cac tuyén dudng giao thong va mé
rong san bay ngay cang gia tang, doi hoi su bén
viing va tinh thdm my cao trong cic cdng trinh.
biéu nay dan dén yéu cau cép thiét vé viéc nghién
ctiu chuyén sau ting xt ctia cdu tric mat duong
nham dap ting cac tiéu chudn ky thuat va t6i uu hoa
do bén.

ABSTRACT: This study focuses on analyzing the dynamic
behavior of Mindlin plates on a Pasternak foundation,
particularly under the influence of a moving mass-spring-
damper system with variable velocity. By applying the
Reissner-Mindlin model in conjunction with the Moving
Element Method (MEM), the plate is discretized into nine-
node isoparametric quadrilateral elements, enabling a more
accurate simulation of the complex working mechanisms of
the structure.

A specialized computational program was developed in
Matlab to simulate in detail the dynamic response of the
Mindlin plate under the effects of the moving load system. The
accuracy of the program was verified by comparing the results
with published studies, affirming the reliability and efficiency
of the proposed method. Additionally, the study extends to
investigate the effects of key parameters such as mass, spring
stiffness, damping coefficient, velocity of the moving load
system, as well as foundation characteristics like thickness and
stiffness, on the dynamic behavior of the Mindlin plate.

The findings not only elucidate the dynamic response
mechanism of the plate but also provide a robust scientific
foundation for the design and optimization of structures
subjected to dynamicloads. Furthermore, the research delves
into the roles of specific factors such as surface roughness
amplitude and wavelength, offering deeper insights into
theirimpact on the stability and load-bearing capacity of the
Mindlin plate.

Keywords: Dynamic behavior, Mindlin plate, Pasternak
foundation, Moving Element Method - MEM

Hién nay, nhiéu nghién ctu da tép trung vao
phan tich ting x{ cla cac cdu truc tdm dudi cac
dang tai trong chuyén dong, bao gbm tai trong tap
trung, tai trong phan bg, va tai trong diéu hoa. Tuy
nhién, moét s6 céng trinh van gip phai hu hong
nghiém trong chi sau mot thoi gian ngén st dung,
dat ra vin dé vé do chinh xac ctia mo hinh nghién
ctu ciing nhu cac diéu kién thi cong thuc té.

Bang phuong phédp gidi tich, Kim va Reosset
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(1998) [1] da khao sat ting xUi ctia tdm trén nén dan
hoi dudi tac dung cua tai trong la hang s6 va tai
trong diéu hoa di chuyén. Huang va Thambiratnam
(2002) [2] da khdo sat ting xt tinh va dong ctia tim
trén nén dan hoi chju tai trong tinh, tai trong chuyén
dong déu va chuyén dong c6 gia téc. Kim (2004) [3]
da phan tich ting xti ctia tdm trén nén dan hoi va
nén hai thong s6 dudi tac dung dong thoi cua tai
trong nén va tai trong di dong. Sun (2005) [4] da
xay dung loi gidi giai tich cho bao toan tim mong
Kirchhoft trén nén dan nhét dudi tac dung cua tai
trong tap trung diéu hoa va tai trong dang duong
diéu hoa di chuyén.

Tuy phuong phap gidi tich c6 uu diém vé do
chinh xdc cao khi giai phuong trinh vi phan chuyén
dong ctia tdim, nhung véi cac bai toan phtic tap nhu
hé nhiéu bac tu do hoac tai trong c6 gia toc, phuong
phap nay tré nén kho khéin va khong kha thi.

Dé giai quyét cac nhugc diém ctia phuong phap
giai tich cho bai toan tdm chiu tai trong di dong,
phuong phap MEM da dugc ap dung rong rai trong
cac nghién ctiu, ddc biét 1a véi cac bai toan lién
quan dén tam Mindlin. Cao va cong su (2015) [5]
da phan tich ting xt cua tim day Mindlin trén nén
Pastenak chiu tac dung ctia tai trong di chuyén. Cao
va cong su (2016) [6] da phén tich ting xti dong tAim
Mindlin trén nén dan nhét chiu tai trong diéu hoa
di dong st dung phuong phap phén ti chuyén dong.
Luong va cong su (2018) [7] da phan tich ting xt
tinh va dong ctia tdim Mindlin trén nén dan nhét st
dung phuong phap MEM. Luong va cdng su (2020)
[8] da phan tich ting xti dong cuia tim bién ddi chiic
niang FGM trén nén Pasternak chiu tai trong diéu
hoa di chuyén. Tran va cdng su (2023) [9] da phan
tich tng xt dong ctia tdm Mindlin chiu tac dung
cua hé khéi lugng - 10 xo - can di chuyén st dung
phuong phap phan ttt chuyén dong - MEM.

Tuy nhién, cac nghién ctu trén tap trung cho
bai todn ting xu cua tdm chiu tai di dong véi van
t6c 1a hing s6. Vi vdy, nghién ctu nay phan tich
ung xt dong ctia tdm Mindlin chiu tac dung ctia hé
khéi lugng - 10 xo — can chuyén ddong véi van toc
bién thién. Cac giai doan tang tdc, giam tdc va cac
thong s6 nhu khdi lugng, do cting 16 xo, do cling
nén, khang cat nén,... dugc khio sat nham cung
cap cai nhin toan dién hon vé ting xti ddng ctia tim
chiju tai di dong.

2.Co's6 Iy thuyét

2.1. Ung suat va bién dang clia tam

Truong bién dang cua mot di€ém bat ky trong
tdm theo ly thuyét tim Mindlin dugc xac dinh nhu
sau:

o, .
e Oox ox
g v, aﬂy
19 [ e )
) o, o |op, L%,
dy Ox dy  Ox
uO,x ﬂx,x
= Vo +z ,[)’y!y (1)
uO,y + vo,x ﬁx,y + ﬂy,x
E=¢, +zK
ow,
+ —_—
}/ _ 7/xz _ ﬂx a.x _ ﬂx + w(),x
7yz ’3 +% 'By + WO,y
y ay
trong do:

¢ - la triong bién dang mang ctia tim

K —1a d6 cong ctia tim
Méi quan hé gitia cac thanh phan ting suat va bién
dang trong tdm Mindlin tuan theo dinh luat Hooke:
0, O O, 0 ||e
0 =40, = 0, 0, 0 g,
T, 0 0 Ou]l|Vy

(2)
= sz _|:Q55 O :| 7xz
Tyz 0 Q44 }/yz
trong do:
Cac hang s6 vat liéu dugc xac dinh theo cong thiic:
E vE
0,=0n= 1-.72 On = -2
E (3)
O, =055 =04 = m

E - module dan hoi cta vat liéu;
v —hé s6 poisson
2.2. Mé hinh nén dan nhét Pasternak

L
P ~ Mt trung hoa # Lip khing
|

f ciit ksf

-
‘} % e
. — (P
— (%2
| 1A i ’(.r’
‘;’.‘_r ’C:.Lf‘—:‘.#-._(i Cy "—-'.*-.,"('_f tlr“k'-,'

//('/ L ‘e G
” ypv Yow

Py

Hinh 1. Tam Mindlin chiu tai trong chuyén ddng dat trén nén
Pasternak
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M6 hinh Pasternak (m6 hinh nén hai thong s6)
dugc xay dung biang cich bd sung thém mot 16p
khang cat lién két gitia cac dinh ctia cac 1o xo trong
mo hinh nén Winkler. Nh dé, nén Pasternak da
khic phuc dugc han ché ctia nén Winkler. Phéan luc
cta nén Pasternak tac dung lén két cdu tdm dugc
biéu dién dudi dang toan hoc nhu da dugc trinh
bay trong cic nghién ctu trudc day (Atmane va
cong su [9], Zenkour va Radwan [10]):

p= kwfw—kst2w+cfw ()

trong do:
V? - dao ham cdp 2 theo phuong x va phuong y
dugc xac dinh theo cong thic:

v=[o/a @19 ] (5)

k . - thong s6 nén thd nhat (d6 cting theo
phuong ding nén Winkler);

k .- thong s6 nén thi hai (d9 cting 16p khang cit
ctia nén Pasternak);

¢, — hé s6 can ctia nén;

w - chuyén vi theo phuong diing ctia tim;

w — vén t6c ctia chuyén vi theo phuong diing
cua tam.

2.3.Tam Mindlin trén nén dan nhdt Pasternak

Dua trén nguyén ly cong ao, phuong trinh
chuyén dong cta tim dugc thiét 1ap: “Néu mot vat
thé § trang thai can bang thi tong cong ndi do bing
tong cong ngoai ao ddi véi bat ky chuyén vi kha di”

D, D, 0lle,
[{(ea,)" (ax) (67/)T}{Dmb D, oHK}dm
¢ 0 0 D]y

+[(ou) mitdQ+ [ow' k, waQ~ [ow' k, ViwdQ+  (6)
Q Q Q

+[ow e a0 = [(ou) bae
Q Q

2.4. Phuang phap phan t& chuyén dong (MEM)

Khai niém phén tt ddng tham s6 dugc xay dung
dua trén viéc st dung phép bién ddi tii mot phan
tt chuén (master element) trong hé toa d¢ tu nhién
O&n sang phan tt thuc ¢6 hinh dang bat ky trong
hé toa do Descartes Oxy. Trong nghién ctiu nay,

vt & Ly -1 I” 3.1
W -
Ry

L ] + -5
&f=1.00 LT &l o=

& = +
3 If-1.-1} So-1) il -1}
(a) (b)

Hinh 2. a) Phan tit Q9 trong hé toa d téng thé (x,y); b) Phan tir Q9
trong hé toa do tu nhién (§,n).

phén ti td gidc 9 nat (Quadrilateral 9-node element
- Q9), thudc loai phén tit ding tham s6, dugc lya
chon d€ mé hinh hoa cac bai todn tim

Cac ham ndi suy Lagrange ctia phan tti Q9 dugc
cho béi cong thic:

N, =%<§ )7 -Dén N, =%(§+l)(77—1)§77

N, =§<§ D+, N, =%<<§—1><n D&y

N, =§(l—§2)(n—l)n, N =%<r§ sa-prg 7

N, :%(1—52)(77 + 1), N, =%(§ -DA-17")¢

1
N, =—(1-&)1-75
9 2( s
Ma tran Jacobi cho phép bién ddi toa dé duge
cho trong dang nhu sau:

O oy | |ON, ON, 0N, |% X
5F oc|_| 0 & TR |m | (g
O | |ON, ON,  ONy |l
on on) |on on  onllx

Dinh thtic ma trén Jacobi trong cong thtc tich
phéan dugc chuyén d6i nhu sau:

j dQ= j [ axdy = j j detddédn 9)

-1-1
Cong thtic (9) dugc tinh biang phuong phap cau
phuong Gauss trong mit phing va c6 dang nhu sau:

jjf En)dédn~Y S ww f(&.n) (10

i=1 i=1

2.5. Bai toan tdm Mindlin trén nén dan nhét

Pasternak chiu tai trong di chuyén

Phuong trinh chuyén dong cua phén ti tdm
Mindlin dit trén nén Pasternak

M©@d© + C9d© + K©Od© = p© (11)

trong do:

M®© - ma tran khéi lugng cta phén ti tim
chuyén dong dugc xac dinh:

M =m j N'NdetJdédn (12)
ol
C - ma trdn can ctia phén ti tdim chuyén dong
dugc xac dinh:

C¥ =—2my j NN, detJd&dn +
o (13)
+c, [ NIN, detddédn
@
K© - ma trdn d6 cling ctia phn tt tim chuyén
dong dugc xac dinh nhu cong thtic (14) duéi day:

}ﬁ

v g

y *ﬂ\%A % "ﬁ},‘ ~
e %

|



A

p, D, 0](B,
K= [{(B,)(B) (B)}|D, D, 0B, detdacdn
o 0 0 DB,
4k, | NIN, detddédn - k,j IN,, +NIN,., )detdazay (14)

ol

+mv? j N'N, detJdEd —ma j N'N, detJd&dn

o Q'
¢, [ NIN,,, detddédn
Q[l‘)
P©@ - véc to tai trong clia phan tl tdm chuyén
dong dugc xac dinh:

P© = j N’b(r,s)detJd&dn (15)

o

Hinh 3. Mé hinh hé khéi lugng — 16 xo — can

2.6. M6 hinh hé khéi lugng — 10 xo — can

Phuong trinh can béing cho khéi lugng m, dp
dung nguyén ly D’Alambert:
—W)+k(u, —w)=—mg (16)

Luc tuong tac gitia h¢ khdi lugng - 10 xo - can
va tdm mindlin dugc xac dinh:

mii, + c(um

F =c(Ww+y,—u,)+k(w+y,—u,) 17)

trong do:
m, ¢, klan lugt la khoi lugng, hé s6 can, do cting
16 xo ctia hé;
u,,u,,i, lan lugt 1a chuyén vi, van tdc, gia tdc
chuyén vi dling ctia khéi lugng;
Fc 1a luc tuong tac tai diém tiép xuc gitia hé tai
trong va tam;
W, W lan lugt 1a chuyén vi, van téc diing cta
tdm tai diém tuong tac;
), - chuyén vi phét sinh do do go ghé ctia bé
mat tdm, dugc gia thuyét theo dang nhu sau:
. 2mt
yt:yosn’l? (18)
yo bién d6 go ghe ctia bé mdt tdm ;
ﬂ. - budc song g6 ghé ctia bé mit tdm ;
yt - toc d6 bién thién chuyén vi phat sinh do d¢
g0 ghé ctia bé mat tam.
Phuong trinh chu dao ctua tdim chiu hé khéi
lugng - 16 xo - can di dong vé6i van téc bién thién
Md+Cd+Kd="P (19)
Trong do:
M - ma tran khoi lugng tong thé ctia hé;
C - ma trdn can téng thé cta hé;
K - ma trén d0 cting tong thé ctia hé;

P - véc to tai trong tong thé cta hé;

d - véc to chuyén vi tong thé cta hé;

d - véc to van tc clia chuyén vi téng thé ctia hé;

d - véc to gia t6c clia chuyén vi tdng thé ctia hé.

Phuong trinh trén dugc gidi bang phuong phap
Newmark st dung gia tri y=1/2, B=1/4. Mot chuong
trinh tinh todn Maltab dugc dé xudt dé€ phan tich
ting xti dong ctia tdm Mindlin chiu h¢ khoi lugng -
16 x0 - can chuyén dong thay doi van tdc.

3. Cac bai toan s

3.1. Khao sat su hdi tu va kiém chiing dd tin cay

Céc thong s6 vt liéu, tai trong va nén dugc st
dung bao gébm: module dan hoi E=3.1x10"°N/m?,
hé s6 Poisson v=0.3 va do cting nén k =10"N/m"..
Biéu d6 van toc dugc chia thanh 3 giai doan: ting
toc, van toc khong doi, va giam téc, nham tai hién
day du cac diéu kién tai trong thuc té.

WAN TOC (m's)
]
[ —
0 tl 12 13
- - - - - - -
GLAI BOAN GIAL BOAN AL BOAN THCH GIAN {5)
TANG TOC VAN TOC GRIAM TOC
BHONG B0

Hinh 4. Bi€u d6 van tdc hé tai trong qua cac giai doan

3.1.1. Su hoi tu ctia chuyén vi tdm theo budc Iap thoi

gian At

Dbélya chon budc thoi gian phu hgp cho cac bai
toan trong luan vén, can tién hanh khao sat sy hoi
tu ctia phuong phap dugc ap dung. Cu thé, kiém tra
nghiém ctia bai todn véi luéi phan ti 24x8 va cac
budc thoi gian (At) khac nhau: 0.05s, 0.025s, 0.01s,
0.005s va 0.0025s. Két qua chuyén vi diing tuong
ung véi tling budc thoi gian dugc trinh bay trong
G hinh 5.

1 (% 10 nmn)

LIl il i il iR R iR iRl R i il i
gEgcensrbandnenabangESmn
= B - =0 = oSS oY oW o
eS8 aegeesge"ege agae<vTa
= = = = = = = = = = =

et thiv giam A (5)

Hinh 5. Su hdi tu chuyén vi theo cac budc thdi gian At

Hinh 5 thé hién chénh léch két qua gitia At =
0.005s va At = 0.0025s 1a cuc ky nhd (0.0327%),
minh chiing cho sy hdi tu 6n dinh cta phuong

-
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P , *
phap. Véi kich thudc phan tl 1.25mx1.25m, viéc  Bang3.4: Thong s6 tam Mindlin \
h{a ch?n b,udc t}}m glan At - O'OOS‘S k‘hong, chi da{n Moduledanhéi  Hésd Kichthuéc  Tronglugng
b}zla‘o‘ df? ch}n}}: xéc clia nghiém ma con t6i vu héa 3777 Poissonv tm (m) riéng (kg/m’)
thoi gian tinh toan. 314107 035 ] 2440
TP S B=10
3.1.2. Dd tin cdy cua bai toan tinh h=03

Xét tdm Mindlin bon bién lién két ngam c6 cac
thong s6 kich thudc va vat liéu ldy theo bai toan
da dugc céng bo cta Huang va Thambiratnam
(2002) [2] trinh bay bang 3.1. TAm dugc dit trén
nén Pasternak c6 hé s6 do cting nén, hé s6 khang
cat nén va hé s6 can nén dugc trinh bay trong bang
3.2. Cac mdc gia tri thoi gian t =t =t.=0_. D¢ khao
sat su hoi tu ctia bai toan, phan tl tdim dugc roi rac
héa theo phuong x va y lan lugt la 6x2, 12x4, 24x8,
30x10, 36x12 va 42x14.

Bang 3.1: Théng s6 tam Mindlin

Moduledanhéi  Hésé Kichthuéc  Tronglugng
E(N/m?) Poissony tam(m) riéng P (kg/m?®)
1.51x10 0.35 L=30 2440

B=10

h=05

Bang 3.2: Thong s6 nén hai thong s6 Pasternak

Hé s6 d6 ciing kwf

Hésokhangcat  Hésdcannéncf
(N/m®) ksf (N/m) (N.s/m®)

9.5x107 2375107 0

Bang 3.3: Chuyén vi tam tam Mindlin theo Iu6i chia phan ti

Phuongphap Ludi chia

6x2 12x4

MEM (Ludnvan) -1.109 -1799 -2.187 -2.248 -2286 -2314
FEM-9 -1109 -1799  -2187 -2248 -2.286 -2314
VH.Luong va -1109 -1799  -2.187 -2248 -2.286 -2314
ong sy

(2018)[7]

Sai 50 50 Vi - - - 2852 1210  1.000
[u6i 42x14 (%)

Béang 3.3 cho thdy két qua tinh todn bing thuat
toan MEM st dung trong nghién ctiu nay so véi
phuong phap FEM-9 va két qua da cong bo ctia
Luong va cdng su (2018) [7] gan nhu la bang nhau.
Dbong thoi, két qua ciing cho thdy khi luéi chia ctia
phén tt cang chia min thi gia tri ctia chuyén vi tai
tam tdm cang gan nhau va dan tién t6i hoi tu.

3.1.3.D0 tin cdy ctia bai toan dong

Céc thong s6 dau vao cua bai toan dong dugc
trinh bay & bang 3.4, 3.5 va 3.6. Cac mdc gia tri thai
gian t; = Is, t, = 25, t; = 3s.

Bang 3.5: Thong s6 nén hai thong s6 Pasternak

Hé s6 d6 cing kwf

Hésé khang catksf Hé sd can nén cf
(N/m’) (N/m) (N.s/m’)

1.0x107 0 0

Bang 3.6: Thong s hé tai trong

Khdilugngm  Ddcingloxok Hésdcanc  VantécV

(kg) (N/m) (N.s/m) (m/s)
100 - - 20

Bang 3.7 cho thay két qua dé xuat khd trung khép
voi két qua da dugc cong bo ctia Luong va cong su
(2018) [7] va Huang va Thambiratnam (2002) [2].
Nhu vay, két qua so sanh nay cho thdy thuit toan st
dung trong nghién ctiu nay dang tin cay.

Bang 3.7: Hoi tu chuyén vi tam tam khi chiéu dai L thay ddi
x10-3mm

Chiéu dai cta tam L (m)

10 20 30 40

MEM (Ludn van) -48291 -47836 -47836 -4.7836

Sai khdc (%) so v6i 09510  0.0000  0.0000  0.0000

Phuong phap

L=40m

V.H.Luong va cdng su 48292 -47837  -47837  -7.7837
(2018)[7]

HuangvaThambiratnam  -4.7837

(2002) [2]

3.2. inh huéng clia cac thong so dén ting xi dong clia

tam Mindlin

Xét tim Mindlin dét trén nén Pasternak chiu tc
dung ctia hé khéi lugng - 10 xo - can di déng doc
theo chiéu dai tdm, 4 canh cta tdm la lién két ngam.
Hé tai trong di chuyén véi van téc V doc theo truc
x. Thong s6 kich thudc tdm, thong s6 nén va thong
s6 hé tai trong lan lugt dugc cho trong bang 3.8, 3.9
Bang 3.8: Théng s6 tam Mindlin

Module  Hésd  Kich Do go ghé
danhoiE  Poisson thudc Bién  Buéc
(N/m?) v tim do séng
(m) (mm)  (m)
1.516x10° 035 L=30 2440 0.5 1.0
B=10
h=05
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Bang 3.9: Thong s6 nén hai théng s6 Pasternak

9.5x107 2.375x107 1.0x106

Bang 3.10: Théng s hé tai trong

(kg) (N/m) (N.s/m) (m/s)
770 1x107 3.7x103 25

va 3.10, cung véi biéu d6 véan t6¢ hinh 6. TAm dugc
rdi rac hoa thanh cac phan tt ¢6 kich thude 1,25m
x 1,25m.

VAR IICm t1=3.125s
v »5 12=5.125s
M 13=8.25s
0 il 12 13
- - - - -
GIAI BOAN GIAI DOAN GIAI DOAN THO GIAN (5)

TANG TOC VAN TOC GIAM TOC
KHONG BOL

Hinh 6. Biéu @6 van t6c hé khoi lugng

3.2.1 Anh huéng clia bién @6 g6 ghé clia bé mét tam

Xét sy anh hudng bién do gé ghé ctia bé mit
tdm dén ting xt dong luc hoc cta hé tai trong dugc
thuc hién théng qua khao sat hé s6 dong (Dynamic
Amplification Factor - DAF) ctia bé mét tdim. Budc
song gb ghé c6 dinh 1a 0.5m.

Hinh 7 thé hién sy thay d6i ciia DAF theo bién
do go ghé. Khi bé mit tdm gan nhu nhan (bién d6
go ghéy, =0.0lmm), hé s6 dong DAF gan nhu xap
xi bang 1. Khi bién d¢ go ghé ctia bé mit tdm ting
ti 0.2mm dén 1.4mm, DAF dugc ghi nhan ting
dan va sau d6 ting dang ké trong cac giai doan ting
toc/giam toc.

B Gim doan ting |l(:K )
20 <o~ Giai dogn viin toc khang doi

18 =& =Giai dogn gidm tée : N g
¥
16 o
14 ™
S e
g .
10 .
§ Lot
6 »-’.""
o
4 o
& - —e
2 e ———— T |
0
00 02 04 06 0.8 1o 12 14

Bién A gd ghé eiia tim y, (mm)
Hinh 7. Anh huéng bién 6 g6 ghé clia tam dén DAF

3.2.2. Anh huéng clia khéi lugng m
Hinh 8 thé hién sy thay d6i chuyén vi tai tim

tdm theo khoi lugng trong giai doan ting va giam
toc. Chuyén vi tai tim tdm tang gdn nhu tuyén tinh
voi khoi lugng cta hé tai trong. Diéu nay phu hop
v6i tinh chat vat ly vi khoi lugng tai trong 16n hon
sé tao ra luc 16n hon, dan dén chuyén vi cta tdm
16n hon.

= 040
S
S 035 =
=1
= 030
5 025 n
= .
= |
Zoos @ " A
Tooon & 4 »
1 2 3 4 E] 6 ? 8
Khoi lmgme (kg)

& Gini doam ting 1 & - Cind doan gl toe

Hinh 8. Gia tri tuyét déi chuyén vi tai tam tam khi khéi lugng m thay
doi

3.2.3. Anh hudng d ciing k

Hinh 9 thé€ hién chuyén vi tai tim tdm theo d¢
cting 10 xo cua tai trong. Khi do cting 10 xo k ctia hé
tai trong tang dan thi chuyén vi cta tim cling ting
dan. Diéu nay la phu hgp véi tinh chat vat Iy, khi do
cing tang thi lyc tuong tac tang theo va kéo theo
chuyén vi tai tAm tdm tang.

=0
€8 o
.
= 7
- B a
- 3
g . )
E n pm
5, | S N N -
E e
g 1 Ll
g‘ g ke==="=%
& 2 4 [ 8 10 12 14 16
B cimig 1o xo & (=< 10° Nim)
B Giai dogn tang e == Giai doan gidm 1o¢

Hinh 9. Gia tri tuyét d6i chuyén vi tai tam tdm khi d6 ciing 16 xo k thay
doi

4.Két luan

Nghién ctiu da ting dung phuong phap phan ti
chuyén dong d€ phan tich dong luc hoc ctia két cdu
tdm Mindlin trén nén Pasternak, chiu tac dong ctia
hé khoi lugng - 10 xo0 — can chuyén dong véi van t6c
bién thién. Anh hudng ctia cac thong s6 quan trong
nhu khoi lugng tai trong, do cting 16 xo, bién do go
ghé da dugc khao sat chi tiét.

Phén tich dugc thuc hién bang phuong phap
MEM dam bdo do chinh xdc cao thong qua viéc
kiém chting v6i nghién ctu trude day.

Két qua trong bai khao sat nay giup cai thién
thiét ké nén dudng nham giam lin va bién dang

-
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khong mong mudn. Cac hé s6 diéu chinh mot
cach phu hogp sé gitp ho trg giam hu hong cho nén
duong, gitp nén bén va tudi tho cao.
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khod cong?
- Me may giti cai cong lai mot ti...
toi thdy né ct du dua, sg chét di dugc!
222

Nai héa su tir

Ngay tét, hai ban than gap lai nhau
sau mot thoi gian dai xa cach. Chuyén
tro hoi lau, chgt mot nguoi hoi:

- A méi tinh ctia cAu va con nai
vang bay gid ra sao roi?

- Nguoi kia thoang buén réi dap: -
Hét rdi ciu a! Chéng nhin béng dang
con nai vang dau ca!

- Sao vay?

- Minh da cuéi né roi! Bay gio, nd
da hod ra con su tt!

Biét
Ngay tét, ong Giam déc di ngdm
cong vién. Tinh cg, 6ng thay dia con

nhd ctia nguoi l4i xe. Ong moc thi li xi
cho né réi tuoi cuoi hoi:

- Chau biét chu la ai khong?

- Da biét! Cha Ia ban b6 chau!
Ngay nao b6 chau ciing cho chu di
nho xe, chau thdy hoai.

Say thé nao dugc

bém giao thtia, anh chong vé
mudn kéu c6ng 4m i, chi vg voi ra mé
cong. Thay anh chong loay hoay mai
khong vao dugc chi lién bao:

- Chéc la anh say r6i phai khong?

- Say thé nao dugc! Me may ct noi
vay nguoi ta cuoi cho...

- Sao anh khong vao dé em con

Khéo noi

Anh no “bi nhiém mau dé&” . Chd
vo di choi Tét ma anh ¢t cham cham
nhin vao cac co gai tré. Co6 vg ndi
xung, ndm tai anh ta vdn ngugc ra
sau, ham hdm néi:

- Nhin céi gi ma ghé thé?

Khong ngo, anh ta néi tinh bo:

- A! Anh chi nhin d€ so sanh thoi !

- So sanh thé nao?

- Trong cic co 4y, ching c6 ai
duyén dédng bing em ca !

Nghe thé, tuy chua nguoéi con
gidn, nhung c6 vg cling tu tu buong
tai chang ra.



