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TOM TAT

Bai bdo xdy dung mé hinh déng lec hoc (PLH) cum tréng lan thiét bi cong tdc mat dwong
bé tong xi mang (BTXM) c6 ké dén mé phong dong thoi co khi — thity liec. Sir dung dang thirc ma
trdn cia phirong trinh Lagrange logi 2 dé thiét ldp phwong trinh chuyén déng cho cum trong lin
thiét bi cong tdc thi cong mat dwong BTXM. Hé phuong trinh vi phdn cap 1 cho hé théng thity liec
dan déng quay trong lan va di chuyén xe con da dwoc thiét Idp. Diea trén phwong phdp tach ciu
triic thiét lgp phirong trinh cho timg hé cum trong lan va hé thiy lye, bai bdo da bién doi vé dwge
hé phwong trinh vi phan co sw twong tac giita hé co khi va thuy luc.

T khéa: Trong lan; Déng luc hoc trong lan; M6 phong dong thoi co — thiy lic.
ABSTRACT

This article builds a dynamic model (DM) of the rolling drum assembly of cement concrete
pavement (CC) equipment, including simultaneous mechanical and hydraulic simulation. Use the
matrix form of the Lagrange equation type 2 to establish the equation of motion for the drum
assembly of cement concrete pavement construction equipment. The system of first-order differential
equations for the hydraulic system that drives the rolling drum and moves the trolley has been
established. Based on the structural separation method of establishing equations for each roller
drum system and hydraulic system, the article has transformed into a system of differential equations
with interaction between mechanical and hydraulic systems.

Keywords: Rolling drum; Displacements of the boom,; Dynamic of rolling drum,; Mechanical-
hydraulic co-simulation.
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1. PAT VAN PE

Cum tréng lan thiét bi thi cong mit
duong BTXM 1a cum thiét bi quan trong nhét
dam bao chat luong ctia bé miat BTXM vé
d6 phang, 6 nhin va do bén mat duong. Hé
truyén dong din dong di chuyén xe con va quay
hai trong l4n 13 hé truyén dong thuy luc két hop
v6i bo truyén xich, [2].

Nghién ctru DLH ciia cum trong lin
thiét bi thi cong mat duong 13 mot van dé phirc
tap va dd c6 mot s6 cong bd nghién ciru vé PLH
cua cum tréng lan thiét bi thi cong bé mat bé
tong xi mang. Tuy nhién, cac nghién ctru nay
chi xét dén hé théng co khi, chua xét dén su két
hop gitta hé thong co khi va hé thong thuy luc
trong qua trinh mé phdéng. Trong bai bao nay,
tac gia tién hanh xay dyng mé hinh PLH cua
cum tréng lan c6 xét dén két hop giita hé thong
co khi — thuy luc.

2. XAY DUNG MO HINH
2.1. M6 hinh dong lyc hoc hé thong co khi
Céc gia thiét khi xdy duyng mo hinh:

Dé xay dung mé hinh PLH cum tréng
1an thiét bi thi cong mat duong BTXM, mét )
gia thiét sau duoc chap nhan: Nhanh xich cing
duoc quy dan thanh mot 16 xo [5]; D6 cimg va
hé sb can giam chan cua xich kéo xe con & bén
bang nhau; D6 cimg va hé sé can giam chén cia
xich dan dong quay hai tréng lin bang nhau;
Xét trong truong hop géc nghiéng san f = 0;
Khong xét dén do doc ciia duong, luc can gio
va ma sat & cac 0 truc cia cac trong lin va dia
xich; Coi truc cac dong co, dia xich, truc tréng
lan, tang tréng lan va truc vit san 1a ctg tuyét
d6i; Cac tréng lan ludn tiép xac voi hon hop
bé tong trong qua trinh thi cong; Co ciu quay

dam dui va co cdu di chuyén doc cua t hop
khong 1am viéc; Khi di chuyén khong xét dén
su xién léch d6i v6i cac dudng ray trong mat
phang nam ngang; Khong xét dén dao dong cua
khung gian t6 hop may; Coi bé tong 1a mot moi
truong dan hdi ¢6 hé sb dap tat dao dong ty 1€
voi toe do; Heé sd dap tat dao dong va dg cung
ctia bé tong khong phu thudc vao thoi gian dam
l1én (do thoi gian tdc dong cua may 1€n bé tong
ngin); Khéi luong cta bé tong dinh vao qua
dam va dao dong cung véi né trong qua trinh
dam 1én c6 tri s6 khong ddi (m = const); Vi tri
lam viéc clia may 1a nén dat ctig bang phang,
dat khong bi bién dang trong qua trinh san va
lam phang.

Xay dung mo hinh tinh dong luc hoc:

Tir cac gia thiét néu trén, ta xdy dung
duoc mo6 hinh BLH cum tréng l3n thiét bi thi
cong miat dudng BTXM duogc thé hién trén hinh
1. Céc hé truc toa do: Oxy, — HE truc toa do c,:é
dinh; ‘O]xly] — H¢ truc toa d¢ dia phuong gan
vao dam dui.

Hinh 1. M6 hinh BDLH cum tréng lan thiét bi thi
cong mat duwong BTXM
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Céc thong s6 cia md hinh: Ji*,J™- M-
men quéan tinh khéi lugng cua chi tiét quay truc
dong co va truc ciia pu-ly dan dong tréng lin
trude, trong lan sau; J, - M6-men quan tinh
khéi lugng quy dan cua trong lan + vit san; .
Mo-men quéan tinh khdi lugng ciia chi tiét quay
truc dong co va truc cua dia xich dan dong xe
con; m_ - Khoi luong cua than xe con mang
trong lan m, - Khéi lugng cua tréng lan; c.-bo
cung quy dan cia nhanh xich cing dan dong
tréng lan; ¢ i - DO clng cua cac mit xich thudc
nhéanh xich cing dan dong Xe con mang trong
lan (i= 1+N); N - S6 mit xich thudc nhanh xich
cing dan dong xe con; ¢ - Do cung quy dan
ctia nhanh xich dan dong xe con; S - D9 ctling
dan hoi ciia bé tong; K - Hé s6 dap tat dao dong
cua bé tong; b - HE s6 glam chén quy dan cua
nhanh xich cing dan dong tréng lan; b_-H¢ 5O
giam chén cua cic mit xich thudc nhinh xich
cang dan dong xe con mang tréng lin; b _-H¢
s6 giam chan quy dan ctia nhanh xich dan dong
Xe con mang trong lan; M - Mo6-men xoan
trén truc mo- -to dan dong trong lan trudc; M Lo
- Mb-men x0én trén truc rno -to dan dong trong
lan sau; M, - Mo6-men X0an trén tryc mo-to
dan dong xe con mang trong lan; M, - Tong
mo-men can trén truc trong lan-vit san trudc;
M, - Téng mo-men can trén truc tréng lan-vit
san sau; L - Khoang céach glua hai tdm trong
lan; mr, - Moé-men cta khdi lugng 1éch tam;
m, - Tong khdi lugng dao dong, kg; O, - Trong
tam ctra ddu dam; O’ - Piém dit cua luc kich
dong.

Céc toa dg suy rong: (01 - Goc quay cfla
truc dong co dan dong cac trong lan trudc; (pl
Géc quay cua truc dong co dan dong cac trong
lan sau; @, - Goc quay cua truc trong lan trudc;
@, - Goc quay cua truc trong lan sau; @, - Goc
quay cua truc dong co dan dong xe con; P, - ‘
Goc lac ciia dam dui so voi hé quy chiéu dong;
X, - Toa d6 cua trong tim dam dui trong hé quy

chiéu dong, y, - Toa do cua goc hé quy chiéu
dong gin vao dam dui; x - Chuyén dich cia xe
con mang tréng lan.

Dong nang cua co hé:
T=T _+T+T, (1)

Trong dé: T_ - Dong nang cua xe con
va dia xich dan dong xe; T, - Bong nang cua hai
tréng lan, vit san va pu- ly dan dong tréng lan;
T, - bong nang cua dam dui.

T, =%mx +2[%J;¢fj )

12 0 o 300 (@) 20 (0 3)
T, :%mvéd +%6’,32 (4)

Vi tr1 khéi tim S, cua dam dui trong hé
quy chiéu cb dinh:

Xg =x+L,—x,;sina—y, sin}/—hcosa(s)

Vs, =—Y,c08y +x,cosa —hsina

Pao ham hai vé phuong trinh (5) theo
thoi gian, ta duoc van toc cta khdi tim Sy
vy, = X° = 2%%, sine - 24y, siny + X; - 2%, 3, cos(a +7) + ¥;(6)

Khi do, ta c6 dong nang cua co h¢:

T :%(mm +m+2m,) i +[1J2¢§j+(lngbjj +1(2J;¢§)—rm'oed sina
o )

_mxydsmy+;mxd+ i mxdydcos(a+;/)+;myd+zj (¢1)2+5Ji‘x(¢l‘)

Chon cac toa do suy rong cho co hé la:
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12 ST X
=[x 0, o 0 x B v, 0 o] eR"®)

Khi d6, dong nang cua hé duogc viét
dudi dang toan phuong:

1. .
T=—q'Mq ©))
2
V6i ma tran khéi luong suy rong cod
dang nhu sau: M = ml]J e R™ (10)

Céc thanh phan khac khong ciia ma tran
khoi lugng suy rong:

my=m, +m+2m, | mg=m | ms=my=-msina

my, =J, M =0 | mg; =m,=-mcos(a +7) T
myy =J, My =m | m,=m, =-msiny (1D
my =2J; g =J}" Myy = J}*

Ma tran quan tinh ly tam va Coriolis
dugc xac dinh nho sir dung dao ham ma tran
khéi luong suy rong theo toa do suy rong va
tich Kronecker:

L 1lom (Mg . oM
c(q,q)=2{&:“)(1”®q)+[&(l‘*)(q@;ln)j[ @4 ]

Vi ma tran khdi luong 1a ma tran co
cac phan tir 1a hang s6 nén quan tinh ly tdm va
Coriolis bang 0: C(q,q) =0.

(12)

Thé ning cta co hé:
=TI+ I1_+11 + 1, +TI, (13)

Trong do: 11 - Thé ning ciia trong luc;
IT - Thé ning cta x1ch dan dong xe con; II -
The ning cla xich dan dong trong lan; IT - The
nang ciia cao su dam dui; IT, - Thé ning cta bé
tong 1én dam dui.

! I
M=, = (2, )(x=r,) + 6 (1ol 1)+ (rol o)

R 2 (14)

Tir (14), ta thu dugc cac thanh phan cia
véc-to lyc suy rong co thé:

T
g:[gx 2, % & & % &, & gq\} (15)

= 671;{ =2, (X— V;%);gmz ==l (V,(/J.' - rzgoz);gm ==cl (rl(p]" - rzggj)

oI _oan
g, —;:—2060 5o)ig, =2 =S(x o)+ mecosaig =en(rgl -ros) (16)
%y
orn oIl
& :ﬁ:se(xd +€ﬂ);gv\‘d :O&?:Cd(yd _J’ao)_mgcos}/;g@r :C:rl(rl(/’; _rz(/’z)

Ham hao tan cia co hé:
O=0 +O +D +D (17)

Trong d6: ®_ - Ham hao tan cua xich
dan dong xe con; d) Ham hao tan cua xich
dan dong tréng lan; CD Ham hao tan cua cao
su dam dui; ®, - Ham hao tan cua bé tong 1én
dam dui.

02250 + 3K (i e 3,52 3 - 5 (18)

Ttr (18), ta thu dugc cac thanh phan cta
véc-to Iuc hao tan:

-ld, d, d, 4, 4, d, 4, d

?s (2 Xq Ya o

dwi‘T(l9)

d= ‘Zf 2, (i-10,); d,y ==bp (1l =1 ): dyy ==y (ng 1)

oo o o o0 o
Ao =g = hliorg)sd =7 =Kk reb): dy=2p=Keli, +ef)(20)
d\,:%i:ai’; d =br(ng{-rg.);  d =bri(ré -rp)

Luc suy rong cua céac luc dan dong va
luc can:

Cong suét cua cac luc hoat dong:

W = _Mc/¢2 - Mcx¢3 + Mdﬂm¢4 + (m(]’bw2 o8 wt)(xd t fﬂ) + Md£11¢l[ + Mdcll(plj (2 1 )

Tir (21), ta thu duoc cac thanh phan cua
véc-to luc suy rong:

T
+%S(xd+eﬂ)2+%cd(yd_yd())z_mg(ydc()s]/_xdcosa) Q:[ - O Q‘”* Q. Q’“’ 9 Q/“’ fo’f QK/’J (22) &
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Qx = 0 Q@ = Mdcm de = 0
Qo =~ Mo | 0, =y’ cosat | O =My | (23)
0, =-M, 0, = fmyr,0* cos ot 0, =M,

Tir cac biéu thic (9), (12), (15), (19),
(22), ta c6 phuong trinh chuyén dong cta hé co
dudi dang ma tran:

Mq +Cq+d(q,q)+g(q)=Q(24)
2.2. M6 hinh PLH thiy lwc din djng di
chuyén xe con va quay tréng lin

Trén co sé phan tich so d6 mach thuy
luc va nguyén Iy HTTL din dong di chuyén xe
con va quay trong lan. Sur dung céc gia thiét
theo [1, 4]; hai dong co TL dan dong di chuyén
xe con coi nhu ¢6 cu tao va ché do lam viéc
nhu nhau; BDLH cua van mdt chiéu, van phan
phdi, van can bang khong xem xét, dic tinh cua
chung coi la 1y tuéng. Tur d6, mé hinh BLH
hé truyen dong thiy luc dan dong dong co di
chuyén xe con va quay hai trong lin duoc thé
hién trén hinh 2 va 3.

a3

\/
A
=

ﬂ.

Hinh 2. M6 hinh BPLH hé truyén dong thiy liec
dong co dan dong di chuyén xe con

Hinh 3. M6 hinh PLH hé truyén dong thiy lyc dan
déng déng co quay trong lin

Ap dung dinh luat bao toan nang lugng,
viét cho phuong trinh dong chay lién tuc cua
dau cong tac trong cac duong dng va phuong
trinh can bang luc [4]. Tir d6, ta thu duoc hé
phuong trinh vi phan mo ta hoat dong cua h¢
thong TDTL dan dong cac dong co thiy luc di
chuyén xe con va quay hai trong lan nhu sau:

Kby = %b R )
(25)

q; .

M 2f (04 dcm = 2‘]3(04

27r
k:ih 1t = qOb B ( 1B1 +kt 2)p1 qjtwwlt

qt

= plt - fnt(pll -M,, = Jd”(pl

2w

S .S q s S S Y
kupy = /s — (kg + kg, )0, — 40 P 26)
ZM f dcsl = ‘]dcs¢l

2.3. Xay dung phwong trinh chuyén dong
ciia hé thong co khi-thiy luc

T hé phuong trinh (24), cac phuong
trinh thur (4), thir (8) va thir (9) cia hé chira cac
thanh phan ngiu luc dau vao tir hé thong thay
luc, cu thé nhu sau:

s

Mm@, + d +8, = Q¢4
m88¢1 +d g t _wa
Myo Dy +d¢,]s +g¢,]s :Qq,ls

2J;0,+d, +g, =M

dem

thq)l + d(plt + g(p{ = Mdctl (27)

JUo) +d¢,]s +g¢,]x =M .
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Thé phuong trinh (25), (26) vao (27), ta duoc:

ﬁ44¢4 + J(p4 + g(p4 = Q¢4 (plx),

M| + 67(/,; tE, = Q(/,lt (P);
gy +d  +g, =0 (p)) (28)

Trong do:

iy, = 2 i = J sy = Jid, =d, +2£6,50, :% o 09)

t
7 _ Lot ) _qi t7 ses.y _ v s
dy=dy+ 30, = -piid, =d, + 1,010, =2 p

Céc phuong trinh (25) va (26) viét lai
du6i dang ma tran: p =h(p,q,q) (30)

Trong do, véc-to ap suat:
_ t K x r R3
p=|p.p.p| R

Ham véc-to vé phai ctia phuong trinh vi
phan mo ta h¢ thuy luc:
1 |q,n .
k_,{q(g—og - (kttBl + ktth)plt - q/twﬂt}
dh
1

h(p,q,q) = k_s{q(g—B_(késl +kp,) Py _QM(”l} (31)
dh 0

1 | qo,n;
—< 20 B (kL +k
_k;h{ 60 ( tB1 1B

)2 qL@}

Thé cac phuong trinh (28) va (29) vao
hé phuong trinh (24), ta thu dugc dang thirc ma
tran cua hé co:

M +Cq+d(q.q) +g(q) =Q(t,q.4.p) (32)

Céc phuong trinh (30) va (32) 1a h¢
phuong trinh vi phan mo ta hé hon hop co khi
— thuy luec.

{Mq+cq+d(q,q>+g(q) =Q(.a.4.p) 3,

p=h(p.q.q)

3. KET LUAN

Bai bdo nay tap trung xay dung mo hinh
tinh toan DLH va thiét 1ap phuong trinh vi phan
hé hdn hop co khi — thity lyc ctia cum trong lan
thiét bi thi cong mit duong BTXM. M6 hinh
co khi c6 tinh dén su bién dang dan hi ca cac
bo phan, bao gdm mot sé khdi lwong tap trung
(tréng lan, xe con, dam dui) ndi véi nhau va ndi
v6i khung gian bang cac lién két dan hoi (day
xich, gbi cao su). Két qua nghién ctru thu duoc
hé phuong trinh véi 9 phuong trinh vi phan cap
2 twong Ung voi 9 toa do suy rong va 3 phuong
trinh vi phan cdp 1 ddi voi 4p suit. Pay 1a co
s dé khao sat, danh gia chat luong PLH va
xéc dinh cac thong sb 1am viéc hop 1y cua cum
trong lan thiét bi thi cong mat duong BTXM. <
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