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Tém tit

Bai bao nay trinh bay viéc xay dung mo hinh dong
luc hoc va tinh todan dao dong cua xe lu rung hai
banh thép trong qud trinh vin hanh. Pdu tién, mot
mo hinh dao dong cua xe lu rung da dwoc dua ra,
dwa trén mo hinh dao dong nay, mot hé cac
phirong trinh vi phdn da dwoc thiét lap. Viéc tim
nghiém ciia hé phwong trinh vi phan dwoc thiét
ldp & trén bang phwong phdp sé, cho ta cdc do thi
mo ta dao dong cua xe lu va sy rung dong cua
nguoi khi van hanh xe lu rung.

Twr khéa: Xe lu rung, dao dong, dong luc hoc.
Abstract

This paper presents the construction of dynamic
modeling and oscillation calculation of steel
two-wheel vibratory rollers during operation.
Firstly, a vibration model of the vibrating roller
was proposed, based on which, a system of
differential equations was established. Finding the
solution of the above system of differential
equations by numerical method gives us graphs
describing the oscillation of the roller and the
vibration of the operator while operating the
vibrating roller.

Keywords: Steel Two Wheel Vibratory Roller,
vibration, dynamic.

1. Mé dau

Céc xe lu chu yéu duoc sir dung cho cdc nhiém
vu dim nén trong cong trinh dat va xay dung dudng.
Do hiéu suét nén chit bé mit vuot troi cia qua trinh
dam nén dong da khién cac xe lu rung thudng dugc
dung cho thi cong cac dudng c6 yéu cim hé sb dim
nén cao. Hiéu suét ciia cac xe lu rung phu thugc vao
céc tinh ning va thong s6 ky thut cua chung, cling
nhu cac tinh chat cua vat ligu xdy dung va cac diéu
kién trong qua trinh xay dung.

C6 thé tang hiéu suét cta xe lu bang cach ty dong
héa qua trinh dAm nén, c6 nghia la ty dong diéu
chinh cac thong sd ciia may nhu tan sd va bién do

luc kich thich, tc do 1an va sb 1an lan theo cac diéu
kién nhét dinh tai cong truong xay dung.

Bén canh cac uu diém néu trén, nhuge diém cua
cac xe lu rung 1a gy ra cac dao dong co hoc cho céc
bd phén trén xe, tir d6 truyén dén ghé ngdi lam anh
hudng khong tot dén sirc khoe ciia nguoi van hanh.
Do d6, mot vin d& ciing can duoc giai quyét la
nghién ctru lam giam cac dao dong truyén dén ghé
ngdi ciia ngudi van hanh xe lu rung.

Dé giai quyét cac van dé vé ting hiéu suit hoat
dong, dong thoi giam dao dong truyén dén ghé ngdi,
can phai c6 mo ta toan hoc vé mdi quan hé giita cac
trang thai hoat dong cua xe lu vdi trang thai nén chat
cuia vat liéu xdy dung va mdi quan hé giira cac trang
thai hoat dong cuia xe lu v6i dao dong cta ghé ngdi.
Vi muyc dich nay, can c6 mot mé hinh tinh toan dé
mé phong moi trang thai hoat dong cua hé théng xe
lu rung. M6 hinh nay 13 nén tang cho nghién ciru cac
anh huong cta cac thong s6 ky thuat cia xe dén tién
trinh nén chat cia vt liéu xay dung, cling nhu anh
huong dén ngudi van hanh xe.

Viéc xay dung mé hinh dong lyc hoc ciing nhu
nghién ctru cac anh hudng ctia dao dong co hoc 1én
ngudi ngdi trén cac phuong tién giao thong hay trén
cic may xdy dung di dwoc dé cap trong nhiéu cong
bd [2-7]. Tuy nhién, véi cac xe lu rung hai banh thép
chua thy c6 nghién ctru nao dwoc dé cap dén.

Trong nghién cuu nay tap trung xay dung mod
hinh dong luc hoc va tinh toan dao dong cho xe lu
rung hai banh thép, cac két qua tinh toan dugc ding
dé phan tich cac mirc do rung cia ghé va anh huéng
ctia n6 1én co thé ngudi van hanh thiét bi.

2. Thiét 1ap phwong trinh ddng hrc hoc ciia
xe lu rung hai banh thép

2.1. Xdy dung mé hinh dao dong

Trén Hinh 1 13 hinh dnh ctia mdt dang xe lu rung
hai banh thép. Tt hinh anh nay, mdt mé hinh dao
dong cua xe lu rung hai banh thép trong qua trinh
van hanh trén duong thang dugc xay dung nhu Hinh
2, trong d6, than xe dugc mo hinh hoa boi mot vt
ran c6 khi lugng m, mé men quan tinh ddi voi khoi
tam G la J. Hai banh lu dugc mo hinh hoéa béi hai
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khdi lwong m; cho banh trude va m; cho banh sau.
Sy tiép xtic dan hoi giita cac banh xe va mat duong,
dugc md hinh hoéa bai cac 16 xo va giam chén, tai
banh trudc 1a ki, by tai banh sau 1a k2, b>. Nguoi van
hanh ciing ghé ngdi dugc mé hinh héa bai vat ning
c6 khoi lugng ms, lién két véi than xe béi 10 xo ks va
giam chén bs.

Hinh 2. M6 hinh dao djng ciia xe lu rung hai banh thép

2.2. Thiét lip phwong trinh vi phin chuyén
dong

Bo qua su dich chuyén theo phwong ngang cua
than xe, tr Hinh 2 ta théy hé ¢6 3 bac tu do, ta chon hé
toa d6 suy rong du la: g; = 51, g2 = 52, g3 = 53, trong d6
s1 1a dich chuyén theo phuong thing dimg cia truc
banh trudc so véi vi tri can bé“lng tinh, s> 1a dich
chuyén theo phuong thing dimg cua truc banh sau so
Vv6i vi tri can bang tinh, s3 1a dich chuyén theo phwong
vudng goc véi than xe ciia ghé va ngudi so véi vi tri
can bang tinh. Khi d6 dong nang 7, thé ning /7 va
ham hao tan @ cta hé duoc xac dinh nhu sau:

Pong nang cua hé c6 dang:

T=(ms>+m,s; +ms2)/2

+[(m+m,)$* +J¢” + m (h+s,)°p°]/ 2

+(my/2)(a, -a))" " —my(a, —a,)8,p (1)
+m,$s; cosp —m, (h+5s;)S@sinp
—my(a, —&;)spcos ¢

Trong do:
5= &5 tas, . — S —S ()
a+a, a+a,
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Thé nang ciia hé c6 dang:

IT=11, +I1, +I1,

3
+m,g.s, +m,g.s, + Mg.s+m,g.y, )
Trong dé:
Lk =6y s <o
le 2 1 17 s1 1 (4)
0; S =0,
1k (s,-38,)% s, <0
H2= 2 2\72 2/ 2 2 (5)
0; S, 20,
1 2
I1; = E ky(S; —63) (6)
Ys =s+(h+s;)cosp—(a, —ay)sing (7
Ham hao tan c6 dang:
O=0, +D, +D, ()
Trong dé:
1 .
—bs; s <4
ch: 2blsl 1 1 (9)
0; S, 20,
1bzs'ﬁ; s, <6,
D,=<2 (10)
0; S, 20,
1 .
D, = b (11)

Thay dong nang 7, thé nang /7va ham hao tan @
vao phuong trinh Lagrange II [1], ta dugc hé phuong
trinh vi phan c6 dang nhu sau:

M(a)g +C(a.g) + G(q) = U(t) (12)

Trong do:

a=[s s, s (13)
my; M, My

M(@)=|my My My (14)
My Mg Mgy

Can=[a ¢ cf (15)

G@=[g 9, o (16)
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un=[R F 0] (17)

Céc thanh phan ctia ma tran M(q) c6 dang:
J (m+m,)a’
(a+3,)" (a+a,)’
im, (al—as)z om, (h+c13)22
(a,+a,) (a,+a,)
,_2ma, ((ai—as)cowj
(8, +a,)’ | +(h+q,)sing
_alaz(m+m3)_ J
To@+a)  (a+a)
_ m3(a1_a3)2 _ ms(h+q3)2
(& +3,)"  (a+a,)°
. m3(a1—a2)((a1—a3)005¢ J
(a,+a,)* (+(h+q,)sing

m, =m, +

m, =m3[al_as +LCOS¢7J
a+a, a+a,

J +af(m+m3)
(a,+a3,)" (3+3,)
LMy -a)°  my(h+g,)’

(a+3,)" (a+a,)
_2mga pa—%nme

(& +az)2 +(h+qy)sing

m,, =m, +

My, = —m, (ﬂ % cos (0]
a+a, a-+a,

my, =m,
My, =My, My =Myg, My, =My,

Bing 1. Gid tri cdc tham sé ciia mé hinh dao dpng

Tham Pon | Tham Gia DPon
‘ Gia tri .

) ) vi 0 tri vi
mi 3800 kg ks 39200 N/m
m2 3800 kg ai 1.67 m
m3 80 kg az 1.67 m
m 1400 kg as 1.4 m
b 15 Ns/m h 1.735 m
b2 8 Ns/m (e 967 rad/s
b3 25 Ns/m O 967 rad/s
ki 8.0¥10°  N/m Al 78 kN
k2 8.9¥10°  N/m A2 78 kN
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Cac thanh phan cua véc to C(q,q) c6 dang:
(8 +8,)°
+M[(al —ag)sing J

(& "‘az)3 —(h+0q;)cose

C=H;+2 (h+9g;+a,sing)

(
(al + az)
_M((M%)COS@ j
(a1+az)3 —(ay —ag)sing

c,=H,-2 h+0; —a,sing)

ms(h+Q3)(Q1—QZ)2
(ay +az)2

C3 =hy8; -

Céc thanh phén cia véc to G(q) ¢ dang:

g, =H +mg+ (nza-: T—ga)?)az
m,g (m+%nm¢ J
(a, +a,) +(a, —a;)cosp
92=H2+ng+(n:;Tizg)al
myg ((mqs)simp ]
(a +a,)\+(a —a;)cosp

g; =k;(s; — ;) + m,gcos

Vi cac ham H,, H,, H3, Hs c6 dang:

ki(s,—8); s <0,

le l(sl 1) 1 1 (18)
0; s, >0,
k,(s,-0,); s, <0

HZZ{ 2( 2 2) 2 2 (19)
0; S, 20,
§; S, <0,

H3:{b11 1 1 (20)
0, 8§29
bs,; s, <o

H4= 22 2< 2 (21)
0; S, >0,

Céc lyc kich dong Fi, F> c6 dugce boi cac bd tao
rung bén trong cac banh lu khi van hanh gay ra, cac
luc nay cé dang nhu sau:

{Fl = Asin(Qt+a,)

F, = A sin(Q,t+a,) (22)
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Dé phan tich cac dao dong cta xe lu rung hai banh
thép, ta can phai giai hé phuong trinh vi phan (12).

3. Két qua tinh toan va phan tich

Dé giai hé phuong trinh vi phan (12) di duoc
thiét 1ap & trén, mot chuong trinh tinh toan s da
duoc xay dung dua trén phuong phap Newmark [1].
Pé tinh toan sb, cac tham sb cua hé duge léy nhu
trong Bang 1. Trong d6, gia tri cac tham sé vé khdi
luong, kich thudc, tan s6 va bién do luc kich dong,
dugc ldy dua trén cac thong sé k¥ thuat cia xe lu
rung hai banh thép Dynapac - CC2200. Gia tri do
clng tiép xuc gitta cac banh lu va mat duong duoc
xé4c dinh dya trén do lin cua mat duong sau mdi luot
lu va do bién dang cta banh lu.

Vi céce s6 lidu nhu trén, sau khi tinh toan béng
phuong phap sd, ta dugec mot sé két qua cho trong
cac Hinh 3 - 7. Tir cac hinh v& ta thdy, ngudi ngdi
trén xe, ngoai chiu dao dong 1én xudng con chiu dao
dong lac do than xe truyén dén.

4% 107 Dao ddng cua truc banh truwéc
2 =
E
=0
-
w
2t
4 I I |
0 1 2 3 4 5 6
t[s]

Hinh 3. Dao dong ciia truc banh trudc

wngvoi ar=0, a2=10

«10° Dao dong cua truc banh sau

0 : 2 3 4 5 6
t[s]
Hinh 4. Dao djong ciia truc banh sau

ungvoiar=0, a2=10

Vi cac xe lu rung hai banh thép, céc luc rung
duoc kich dong ¢ ca hai banh, do d6, cac thong sb ¢co
thé anh huong dén dao dong cuiia hé thong 13 bién do
va tan s6 cac lyc kich dong, téc do lan cua cac banh
lu, su 1éch pha cua cac lyc kich dong tai hai banh lu.
Trong nghién ctru nay, ching t6i chu yéu tip trung
phan tich anh huong cia sy 1€ch pha cua céac luc kich
dong & hai banh thép dén ngudi van hanh thiét bi.

Hinh 5 cho thiy dao dong truyén dén ghé nguoi
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van hanh khi khong c6 sy 1éch pha cua cac luc kich
dong. Hinh 6, cho thay dao dong truyén dén ngudi
van hanh khi c6 sy 1éch pha cua cac lyc kich dong 1a
/3, trong truong hop nay dao dong lic cua than xe
giam xudng rd rét, dao dong lén xudng cua ghé
ngudi van hanh giam xudng khong nhiéu. Hinh 7
cho thay dao dong truyén dén ngudi van hanh khi c6
su l1éch pha cuia cac luc kich dong 1a &, trong truong
hop nay dao dong lic cua than xe ting 1én rat manh,
trong khi dao dong 1én xubng cia ghé nguoi van
hanh giam xuéng rat manh.

Qua céc két qua tinh toan cho théy, voi mirc d6
léch pha khac nhau cta cac lyc tao rung, sé cho ta
cac dao dong truyén dén ghé ngdi khac nhau. Khi
dao dong 1én xudng ting thi dao dong lic giam va
khi dao dong 1én xudng giam thi dao dong lic lai
tang, viéc tim ra mdt mic do 1éch pha hop ly dé cac
dao dong 1én xudng va lic cung giam 1a kho c6 thé
thuc hién duoc.

19> Daodong cua ghé va ngwdi so voi than xe

2k
E,
o)
W
2t
0 1 2 3 4 5 6
t[s]
103 Dao dong lac cda than xe
4%
- 05}
=
g o
b=
2 o5t
A l
0 1 2 3 4 5 6

t[s]

Hinh 5. Dao dpng inh hwéng dén nguwoi vin
hanh irng voi a1 =0, a2 =10

<1072 Dao ddng clia ghé va ngwéi so véi than xe

2 -
E
- 0
wn
2+
0 1 2 3 4 5 6
t[s]
§ 2 102 Dao ddng lac cOa than xe
w 05 ]
o
k=1
z
Q.05+ 1
A ! ! I ! ]
0 1 2 3 4 5 6
ts]

Hinh 6. Dao dgng dnh hwong dén ngwoi vin hanh
ung voi a1 =0, oz = /3
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«10° Dao ddng clia ghé va ngwéi so véi than xe

3
2F ]
e
- 0
1% _1 - ]
25 ]
3 . . . |
0 1 2 3 4 5 6
t[s]
1 «107% Dao déng lic cua than xe
w 0.5
5
E o0
=
a.05}
-1
0 1 2 3 4 5 6
t[sl]

Hinh 7. Dao dpng dnh hwéng dén ngwoi vin hinh
wngvoiar=0, =1
4. Két luan

Bai b4do nay da nghién ctu xdy dung md hinh
toan cho cic xe lu rung hai banh thép. Tu cac
phuong trinh ¢6 duogce, ta di tinh toan dao dong cla
hé bang phwong phép tinh toan sb. Cac két qua tinh
toan la dao dong cua than xe va dao dong cla nguoi
khi van hanh thiét bj.

Céc phan tich dao dong chu yéu tap trung vao
phan tich anh hudng cia sy 1éch pha cua cac lyc kich
dong tai cac banh lu dén dao dong truyén dén ghé
ngdi clia ngudi van hanh.

Céc két qua nghién ctru ¢6 duoc trong nghién ciru
nay, c6 thé st dung 1am co sé cho viéc nghién ciru
cac phuong phap giam dao dong cho nguoi khi van
hanh cac xe lu rung.
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