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MO HINH HOA VA MO PHONG PONG LUC HOC HE GIAM CHAN
CUA MAY bAM LAN VA RUNG

MODELING AND SIMULATION OF DYNAMIC DAMPING SYSTEM OF
IMPACTION ROLLER AND VIBRATION COMPACTOR
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TOM TAT

MG hinh todn ciia hé gidm chdn dwoc thanh ldp trén co sé phén tich két cau va cdc thong sé
lam viéc ciia may dam va rung truc lan. Cde mé hinh mé phéng dweoe tao ra bao gom chuyén dong
ciia xe kéo, khung mdy va trong lan rung. Sir dung phan mém MATLAB Simulink dé mé phéng dong
lire hoc ciia co hé trong nhiéu méi trwong lam viée khdc nhau. Két qua mé phong dwege so sanh voi
di liéu thwe nghiém @é diéu chinh mé hinh mé phéng phit hop véi thuc té hon. Két qua mé phong
ciing chi ra rang cdc thong sé lam viéc cia trong lu rung dnh hwéng nhw thé ndo dén bo phdn kéo.
Két qua cho thdy mé hinh ddng lwc hoc va mé hinh mé phong cé thé mé phong diéu kién lam viéc
ciia trong lu rung va gitip cdc nha thiét ké c6 thé toi wu héa cdc théng sé lam cia may dam rung

truc lan.
T khéa: Trong lu rung; Pam lin; Mé phong déng liee hoc; Rung va.
ABSTRACT

The mathematical model of the damping system is established on the basis of structural
analysis and working parameters of the roller vibration compactor. The simulation models created
include the motion of the tractor, machine frame, and vibrating roller. Use MATLAB Simulink
software to simulate the dynamics of the mechanical system in many different working environments.
The simulation results are compared with experimental data to adjust the simulation model to better
match reality. The simulation results also show how the working parameters of the vibrating roller
affect the traction. The results show that the dynamic model and simulation model can simulate the
working conditions of the vibrating roller and help designers optimize the working parameters of

the roller vibrating machine.

Keywords: Vibrating roller; Roller compactor, Dynamic simulation.
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1. TONG QUAN

Pam va rung truc lin 1 mot dang dam
bé tong khac véi dam lan tinh truyén thong va
nén rung. Phuong phap nay ap dung dong thoi
k¥ thuat nén rung va va rung, do dé6 n6 mang
lai hi¢u qua dam nén tdt hon. Tuy nhién, do tac
dong cua cac lyc va nén thiét bi nay thuong gay
ra rung dong va tiéng On trong qua trinh lam
vigce.

Ap dung k¥ thuat mé phong va 1y thuyét
dong luc hoc co hé nhiéu bac tu do, viéc mod
phoéng dong luc hoc duge thuc hién trén toan
bd md hinh may dim va rung tréng lin bang
phan mém mé phong MATLAB Simulink. Cac
quy luat dong lyc hoc ctia hé giam chan di cho
thdy sy anh huong dén thong sé lam viéc cia
bo phan kéo va trong lu, tir nhitng két qua do
gitip cho nha thiét ké cit giam bdt vong 1ap
trong thiét ké va thir nghiém.

2. NGUYEN TAC LAM VIEC CUA MAY
PAM LU VA RUNG

May dam lan va rung chu yeu bao gom
may kéo, trong lan, khung, co cau giam chan
va nang, co cau di chuyén... [1]. May kéo 1a
may Ui, may xuic hodc loai phuong tién ky thuat
khac co thé dap ung cac yéu cau cda nhi¢ém vy
kéo. Hinh dang ctia trng lan 1a khong tron déu,
bién dang thong thuong 1a tam canh, tir giac
hodc ngii gidc, bién dang cia cac canh da giac
la cac cung tron.

Khi may dam lin va rung chuyén dong
thi dat s& bi nén theo chu ky thong qua su ting
giam ciia tm cia truc tréng lin do bién dang
bén ngoai cua tréng khong tron. N6 co thé sir
dung su bién d6i tudn hoan cua ning luong
& dang dong ning va thé ning cua trong lin
dé tac dung lyc tdc dong vdi bién do 16n va
tan sb thap t6i dat, ngay 1ap tic s& co su giai

phong nang luong va cham 16n dé tao ra gia
toc chuyen dong cho céc hat vat li¢u va do dich
chuyen 16n [am tang mat do cua vat li¢u dé dat
dugc muyc tiéu nén [2]. Tai trong tac dong theo
chu ky va do go ghé cua mit duong s& gy ra
cac luc nén ngang va rung dong trong cac bd
phan cua may, vi du: khung xe, banh xe lan, xe
kéo va nguoi lai.

3. MO HINH MO PHONG VA MO HINH

PONG LUC HQC CUA HE GIAM CHAN
MAY DAM LAN VA RUNG

3.1. M6 hinh 3D ciia may dam lin va rung
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Hinh 1. M6 hinh 3D cia mdy dam trong ldn va rung

Céu tao ciia may dam trong lan va rung
dugc xay dung nhu hinh 1, né bao gdm cac
phan chinh nhu sau: tréng lan c6 bién dang 13
cac mat cung tron ghép lai, khung kéo duoc
lién két véi tréng lan qua tryc ctia trong va may
kéo qua truc kéo ¢6 10 xo giam chén.

Hé théng giam chin 14 thanh phan quan
trong dé cach ly dao dong tir trong lan tac dong
lén khung may va may kéo. Hé thong giam
chan nay duoc thiét ké dé 1am viéc ¢ hai mirc
cép do. Cép do mot chi xem xét truc kéo, khung
kéo va cac bd phéan 10 xo giam chan; Cép do
hai dugc hinh thanh boi truc banh xe lan, banh
xe 1an, khdi cao su dém duogc lép gilia truc cua
trong lan va tréng lan.
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3.2. M6 hinh ddng luc hoc ciia may dam lin
va rung

H¢ phuong trinh dong luc hoc cua hé
giam chin cho may dam va rung tryc lan 1a mo
hinh toan cua hé thong cach ly rung dong. Cac
d6i twong can phai dugc cach ly rung dong do
su tac dong cua tréng lin 1 xe kéo, khung va
tai xé. Gia sir may dam lan va rung lam viéc
trén bé mit twong ddi bang phang va nhén luc
kéo ngang tir may kéo. Hinh 1 thé hién so d6
phéc thao ctia hé giam chin ba bac ty do dugc
mo hinh hé thdng bao gdm may kéo, khung va
banh xe lan.
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Hinh 2. M6 hinh dong luc hoc cua hé giam chan
ciia mdy dam tréng lan va rung

Céc dai lugng dugc hién thi trong hinh
2:m,, m,, m, lan luot 1a khoi lugng xe kéo, khdi
luong khung xe, khoi luong trong lan; k, k, 1a
dd ctmg cua co h¢; ¢, ¢, 1a h¢ s6 giam chan cua
co h¢; F 1a lyc kéo phat dong tir xe kéo va f(t)
1a luc tic dong theo phuong tiép tuyén voi mat
duong dugce sinh ra boi chuyén dong quay cua
trong lan khong d6i xtng.

Gia thuyét rang xe kéo chuyén dong vé
phia trude véi van tée déu va hé thong giam
chan ciia may dam va rung tréng lan ¢ trang
thai can bang dudi tac dung cta ngoai luc.
Theo Dinh luét I Newton, phuong trinh dong
Iuc hoc cua hé la:
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mx, +c (X, —%,) +k (x, —x,)=0
myX, +c, (X, —x,) + &, (x, —x) + ¢, (X, —11) + &, (x, —u)=0(1)
myii+ ¢, (i = %,) + k,(u—x,) = f(?)

Hé phuong trinh (1) c6 thé biéu dién
dudi dang ma tran nhu sau:

MX+CX+KX =F (2)
m 0 o q ¢ 0
M=0 m O0|C=|¢ c¢+c, —c,
0 0 m, 0 -c c,
ko -k 0 0 X,
K=|-k k+k -k, |F=| 0 | X=|x| O
0 -k K 1) X,

Trong do: M, C, K tuong tng 1a ma tran
khoi lugng, ma tran giam chan, ma tran dg cting;
F 1a vector tai trong; X 1a vector chuyén vi.

Gia str rang f(t) chi gdy anh huong dén
cac bo phan cia hé thong may dam va nguoi
lai khi trong lan tac dong lén duong, chuyén
vi ban dau cta khung va may kéo bang xem
nhu khong déng ké va thoi gian va cham thi rat
ngan, nhu vy tong xung luc tuong tac chi duoc
xem xét ¢ giai doan trong ln va cham v&i mat
dat [3]. Téng xung, J, dugc xac dinh béi:

J = j f(o)dt 4)

Trong d6, T tong thoi gian trong lin va
cham voi mat dat, J 1a téng xung luc tac dung
1én cac bd phan may dam. Nhu vay van tde
chuyén dong ciia khung may dugc xac dinh
nhu sau:

(5)F
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Thay céc gia tri ban dau vao hé phuong
trinh (1), ta co:

3(0)=x,(0) =u(0) =0
5(0) = %,(0) =0 (©6)
i(0)=v,

4. MO PHONG PONG LUC HQC HE
GIAM CHAN CUA MAY PAM LAN VA
RUNG

4.1. M6 hinh mé phéng hé gizm chin cia
may dim lin va rung

M6 hinh bao gdm cac chuyén dong
tuong ddi cua cac khoi luong m1, m2, va m3
duoc xac dinh ro rang, thong qua céc chi tiét
giam chin nhu 16 xo, dém cao su. Cac chuyén
dong nay dugc xéac dinh boi cac ham chuyén Vi
theo thoi gian.

4.2. Xac dinh cac diéu kién bién cho cic
chuyén dong

Tam phing hinh chit nhat dugc mo
phong mat duong tiép xac voi banh xe lan.
Tam dugc két ndi ndi dat bang mbi ndi ¢ dinh.
Céc khop quay dugc xac dinh twong ung gura
tréng 1an va tryc tréng lan, khung va tryc trong
lan, truc may kéo va luc kéo, dan dong banh xe
va truc. Méi ndi rang budc giira khung va truc
kéo duoc dinh nghia 1a khop tinh tién.

4.3. Xac dinh cac luc tac dung
a) Luc lo xo
Luc 10 xo ndi truc kéo v6i khung mo

phong hé thong giam chin dau tién. D9 cling 16
x0 dém duoc tinh toan la 282 N/mm.

b) L ép dng 16t

Giai doan thtr hai ciia h¢ thong gidam
chan bao gom céc khoi cao su va 16p xe. N6 co
thé lam giam rung dong xuyén tam va ngang.

¢) Luc kéo

Su twong tac giira tréng 1an va mat dat
dugc xem nhu la bai todn va cham gitta hai
khéi lugng va sinh ra lyc va duge mo phong
nhu sau:

e {Max(O,k(x1 —x)* —step(x,x, —d,c,,. ,X,0)xX) 1 x<x, (7)
0:x>x

Trong d6: step 1a ham bac thang; k 1a
ctmg tiép xuc nd phu thudc vao tinh chét cia
vat liéu va hinh dang hinh hoc cua céc vat thé
va cham; x la khoang cach thuc té gitra hai vat
thé va cham; e 1a gia tri thuc duong biéu thi chi
s6 phi tuyén c__lahé sb giam chan; d 1a d¢ sau
xuyén thau; X, la g1a tri thuc khong d6i; x 1a toc
do xuyén thau tai diém tiép xc.

Khix > Xl‘thi hai vat chua tiép xtc nhau
va luc va cham bang khong. Khi x <X, khi do
su va cham da xay ra véi cac tham so dugc chi
dinh tuong tmg 1a: hé s6 d6 cung k 1a 1,0x10°
N/mm; hé s6 phi tuyén e 14 1.6; hé s6 giam chan
¢ thuong 1a 120 N.s/mm; do sau xuyén thau d
13 0.2 mm; hé s6 ma sat tinh giira dat va thép 1a
0,75; hé s6 ma sét dong 1a 0,57.

4.4. X4c dinh mé-men truyén dong tir xe kéo
cho trong lan

Mo-men dan dong giita banh xe va truc
may kéo la dugc dinh nghia trong MATLAB
Simulink, diéu khién may kéo chuyén dong
phia trugc. Dé giit thiang bang chuyén dong, tat
ca cac banh xe mo-men truyén dong duoc thém
vao mo hinh mé phdng.
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5.PHAN TiCH MO PHONG VA BAN LUAN
5.1. Piéu ki¢n mé phong

Tat ca cac mo-men dan dong banh xe
dugc cung cap bai ham bac thang, né dugc mo
phong trong Matlab Simulink. Theo cac khao
sat thir nghiém, gia tri trung binh cta toc do xe
lu 1a 14,4 km/h trong diéu kién 1am viéc binh
thuong. Bon vi do trong MATLAB 1a hé don
vi quéc té SI. Theo sb liéu thuc nghiém, cac
thong sd két cau cua hé théng cach ly rung cé
thé duoc xac dinh nhu sau: do c&ng 16 xo k, }é
282 N/mm va k, 1a 300 N/mm; h¢ s6 giam chan
¢,1a 50 N-S/mm va c, 14 800 N-S/mm.

5.2. Két qua mé phéng va nhin xét

Trong Matlab Simulink, hiéu suat cta
hé thong duoc md phong va dinh ludt tai trong
va dap theo phuong ngang tac dung l1én may
kéo mé phong twong tmg. Hinh 3 cho thdy mo
phong va kiém tra duong cong tai trong ngang
trong diéu kién may dam tréng lin va rung dang
lam viéc ¢ vén tdc trung binh 1a 14.4 km/gio.
Truc tung biéu dién tai trong ngang tic dong
1én may kéo doc theo phuong x va truc hoanh
biéu dién thoi gian mé phong. Hinh 4 biéu dién
duong cong tai trong tac dong mo6 phong trong
qué trinh may dam lan gia toc tir 0 1én 22 km/h.

Trong hinh 3 xuét hién hai dinh tai lién
ké trén duong cong trong qua trinh thi nghiém
khi mdi canh cta tréng lian dap xudng dat.
Nguyén nhén 1a do cam bién lyc cing c6 thém
tai nén tai thyc té chi nén c6 mot dinh. Bang
cach so sanh duong cong mod phong va kiém
tra, luat bién thién cua lyc tac dong ngang dugc
hién thi trong hinh 3 vé& co ban phu hop véi tai
trong ctia duong cong thir nghiém, tan s tac
dong va pham vi cla gia tri tai. Sai sd ctia nd
nam trong gi6i han cho phép. Do d6, két qua
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mo phong xac nhén tinh dung dan ciia mé hinh
dong lyc hoc.

Hinh 3. Duong cong tai trong moé phong va

kiem tra

MARKER 164 WEA_{

Hinh 4. Duong cong tai trong tdac dong lén may
kéo theo phwong ngang khi tang toc
tr 0 lén 22 km/h

Khi thay doi cac tham sb anh huéng dén
ché d6 lam viéc cta hé thong khi mé phong nhu
do cing k1 duoc dat tuong ung vdi cac gia tri
282, 400 va 500 N/mm, dudong cong tai trong
tac dong dén may kéo theo phuong ngang duoc
thé hién nhu sau (hinh 5). Cac dudng cong biéu
thi cho thiy rang khi gia tri k, tang 1€n, tai trong
kéo tang khong manh, dat cuc dai xuét hién
phia trudc, luc kéo lui ting 1én va tai trong vé
co ban 13 khong thay d6i, nhung tréng lan bat
lai tir mat dat ngay cang nhiéu va cac duong

cong tai trong thay d6i khong déu.
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Hinh 5. Duong cong mé phong tai trong tac dong
lén may kéo theo phwong ngang khi thay doi do
cung k,

=

=

Hinh 6. Buong cong moé phong tdi trong tdac dong
lén may kéo theo phwong ngang khi thay doi hé so
gidm chdn ¢ ;

Hinh 6 cho thdy anh huéng cua giam
chin dén hé théng khi hé sb giam chin ¢, dugc
xac dinh la 20, 80 va 130 N-S/mm. Khi gia
trj giam chén ting, tai tac dong theo phuong
ngang 1én xe kéo tang 1én va tréng lan nay 1én
khoi mat dat, anh huong dén tan s6 va dap cua
trong lan t6i mat dat va hiéu qua dam lén giam.

Hinh 7. Buong cong moé phong tdi trong tdac dong
lén may kéo theo phirong ngang khi thay doi hé sé

do curng k,

Forot inesion)

Hinh 8. Duong cong mo phong tdi trong tac dong
lén may kéo theo phwong ngang khi thay doi hé so
giam chan c,

Hinh 7 thé hién sy thay d6i cia dudng
cong tai trong tac dung theo phuong ngang
khi d¢ ctng cap thir hai k, duge chon tang dan
tar 50, 200, 300 va 400N/mm Nhu duoc thiy
trong Hinh 7, tan sb cua tat ca cac dudng cong
vé co ban 1a gidng nhau va tai trong kéo ting
khi tang k,; khi k, 1a 200, 300 va 400, su thay
d6i cua du’O’ng cong giéng nhau Du:orng cong
giai thich khi gia tri cta k, 1én rat nhiéu thi tai
trong tac dung theo phuong ngang giam di. Do
do, bang cach giam k,, tai trong tac dong co
thé giam tuong tng. H1nh 8 hién thi cac duong
cong tai trong tac dong ngang khi & cip do thir
hai hé s6 giam chan ¢, duoc chon 1a 400, 600 va
800 N-S/mm. Nhu trong hinh 8, véi su gia tang
d6 giam chan hé s6 C,, tan s6 va dap ctia trong
lan gitt nguyén khong d6i, bién do tai trong kéo
tang 1én mot chut.

6. KET LUAN

Anh huong cua cac hé s6 do cung, h¢ $6
giam chin va van toc ctia xe kéo dén tai trong
tac dong theo phwong ngang cua miy dam
tréng lan va rung di dwoc nghién ctu thong
qua chuong trinh mé phong dong luc hoc cua
hé giam chan. M6 hinh 16p xe va mat dudng
da duogc dua vao mo hinh dong luc hoc cua co
hé dé mo phong su twong tac cua xe kéo dén
tai trong dam. Két qua mo phong cho thiy tai
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trong kéo nhay cam v&i hé sb giam chin cap
mot va van toc luc kéo, trong diéu kién dam
nén binh thuong, lyc kéo téi da vong 60 ~ 80
kN. Giam d6 cting cap d6 thir hai c6 thé 1am
suy yéu luc tac dong ngang 1én xe kéo. Hé sb
giam chan cip do thu hai it anh huong dén tai
trong kéo. Khi ting toc do ctia xe kéo thi lyc tac
dong theo phuwong ngang ting, tin sb ting 1én
dang ké, d6 sdu nén dat ciing ting. Nhiing két
qua ndy co6 thé giup cac nha thiét ké hop 1y hoa
qué trinh thiét ké may. %
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