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TOM TAT

My dam c6c la thiét bi dam len nhé c6 tinh co ddng, dugc st dung phé bién trong nganh xay dung, gitip tang do chat va 6n dinh nén méng. Trong qua trinh
thi cdng hiéu qua cta qua trinh dam phu thudc vao tinh chét o Iy clia dat. Bai bao trinh bay md hinh dong luc hoc clia may dam cc thi cong trong diéu kién Viét
Nam. M0 hinh ddng luc hoc c6 xét dén hé s6 do dan hoi, giam chan cta dat va 10 xo mdy dam. Trén co s6 md hinh ddng luc hoc, bai bao st dung dinh lugt hai
Newton d€ xay dung hé phuang trinh vi phan mé ta chuyén dong cta co hé. Dong thai, bai bdo tién hanh khao st dnh hudng ctia toc do vong quay tdi qua trinh
lam viéc cia may dam c6c. Két qud bai béo la co & d€ danh gid hiéu qua lam viéc va [a luan cit dé dé tién hanh cai tién két cu va lua chon ché do lam viéc hap
Iy ctia mdy dam céc nham nang cao chat lugng dam len trong diéu kién thi cong tai Viét Nam.

Tirkhéa: Mdy ddm cdc, dong luc hoc, thong s6 két cdu, diéu kién Viét Nam.

ABSTRACT

The tamping rammer is a compact and mobile compaction device widely used in the construction industry to enhance soil density and foundation stability.
During operation, the effectiveness of the compaction process depends on the geotechnical properties of the soil. This paper presents a dynamic model of the
tamping rammer under construction conditions in Vietnam. The dynamic model takes into account the elasticity and damping characteristics of both the soil
and the machine’s spring system. Based on this model, the Newton's second law is applied to formulate a system of differential equations that describe the
motion of the mechanical system. Furthermore, the study investigates the influence of the rotational speed on the operational behavior. The results provide a
basis for evaluating the operational efficiency of the tamping rammer and constitute an argument for structural improvements and the selection of appropriate
operating modes to enhance compaction quality under construction conditions in Vietnam.

Keywords: Tamping rammer, dynamics, structural parameters, Vietnamese conditions.
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1. GIGI THIEU

May dam céc thudc nhom may dam lén chuyén dung
dugc strdung tuong déi phé bién dé tang do chat cla dat,
dac biét may rat hiéu qua & nhimng khu vuc co dién tich
nhd hep hodc noi cé dia hinh phtic tap nhu cac khu vuc
bién gigi. May hoat déng dua trén nguyén ly rung dong
theo phuong thang ding, tao ra luc dap manh xuéng mat
dat, giup lén chat nén dat. Hiéu qua ctia qua trinh dam lén
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phu thudc vao diéu kién thi cong trong dé co hai yéu té
dac trung la dac tinh nén dat va ché dé lam viéc. Pa c6
nhiéu cong trinh nghién ctu dong luc hoc may dam léen
ndi chung va may dam coc noi riéng.

Trong [1], cac tdc gid da nghién ctu xay dung mo hinh
may dam coc tur dé xay dung hé phuong trinh vi phan mé
ta qua trinh lam viéc. Bai bao da dua ra két qua luc dam
Ung vdi cac loai may dam khac nhau, tir d6 danh gia hiéu
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qua dam cla tung loai mdy. Cong trinh [2] da nghién cdu
kha nang lam viéc ctia ba loai may dam coc khac nhau dua
trén do dich chuyén ctia ban dam, khung may va luc dam.
Nén dat dugc mo hinh héa bang mé hinh Kelvin-Voigt,
két hgp tinh chat dan héi va nhét, phu hop dé mé ta
tuong tac gitta may va dat trong qua trinh dam lén. Trong
[3], cac tac gid da nghién ctu qua trinh lam viéc cdla may
dam coc thong qua mé hinh dong luc hoc ba bac tu do.
Dac biét, nghién ctu tap trung vao viéc mo hinh hoa
tuong tac gitra thiét bi dam va mo hinh nén dat dang phi
tuyén bao gém bén thanh phan co ban: phan ti dan hoi,
b6 gidm chan nhaét, phan tirdéo va luc ma sat kho. Nghién
cdu [4] tap trung vao viéc xay dung mé hinh déng luc hoc
mo ta su tuong tac gilra may dam coc va nén dat trong
qua trinh thi cong. Cac tac gid da s&r dung mé hinh tuong
déi don gian gém khéi lugng - 16 xo - can dé biéu dién hé
co hoc clia may, tur dé thiét 1ap hé phuong trinh vi phan
mé ta chuyén déng dao déng va luc dam tac dung lén
nén dat. Co thé thay cac cong trinh [1 - 4] da tap trung
nghién ctu déng luc hoc may dam coc tuy nhién chua
nghién ctu khi st dung trong diéu kién Viét Nam ciing
nhu chua tap trung khao sat anh hudng téc dé vong quay
t6i hiéu qua lam viéc déi véi mét loai may cu thé.

Cac cong trinh [5 - 7] cing dé cap dén doi tugng
nghién cu la may dam coc. Trong nghién ctu [5] da dé
xudt mot phuong phap do luc dam clia may dam coc
trong qua trinh dam lén. Phuong phap nay tap trung vao
viéc xac dinh thoi diém tiép xuc gita ban dam va vat liéu
nén, do khoang cach va thai gian di chuyén ti vi tri bat
dau ti€p xdc dén diém thdp nhat bang cach s dung
camera t6c do cao va thuéc do. Trong [6, 7], cac tac gia da
trinh bay phuong phap téi uu hoa thiét ké cum 16 xo trong
may dam coc v6i muc tiéu cai thién hiéu suat lam viéc va
do tin cay clia thiét bi. Nhém tac gia da xay dung mo hinh
thiét ké t6i uu stir dung thuat toan di truyén, véi ham muc
tiéu la téi thiéu hoa khdi luong ctia cum 16 xo, déng thai
dam bao cac diéu kién rang budc nhu ting suat cho phép,
dé voéng, dao dong riéng, dd bén mai va én dinh doc truc.
Tuy vay, d6i tugng thi cong la nén dat tai Viét Nam chua
dugc xét dén do dé chua thé danh gia dugc hiéu quéa qua
trinh lam viéc cla may dam céc khi thi cong tai Viét Nam.

Qua trinh lam viéc clla may dam cdc, ta thay c6 dac
diém gan giéng vai qua trinh lam viéc cia may lu rung.
Cac cong trinh [8 - 10] da nghién cltiu déng luc hoc cla
may lu rung thi céng trong diéu kién nén dudng tuan tra
bién gidi tai Viét Nam. Cac céng trinh da tap trung khao
sat dua ra cac théng s6 dong luc hoc déng thai khao sat
anh huéng mot s6 théng sé két cau téi hiéu qua dam.
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Nhu vay, c6 thé thay hién nay chua c6 cong trinh
nghién ctu nao xét moé hinh dong luc hoc may dam coc
thi cong trong diéu kién Viét Nam. Trong bai bao nay, cac
tac gia xdy dung mé hinh dong luc hoc dua trén két cau
clia may dam céc Mikasa MTX-60 khi thi coéng trén nén
dudng tuan tra bién gidi tai Viét Nam. Trén cd s6 mo6 hinh
khao sat, cac tac gia dua ra két qua bién do chuyén vi, van
téc chuyén vi, gia téc chuyén vi clia cac khau va xét dnh
hudng ché d6 lam viéc (t6c d6 vong quay) téi luc dam clia
may.

2. MO HiNH DONG LUC HOC MAY DAM COC

Céc gia thiét khi xay dung mé hinh: M6 hinh déng
lyc hoc (hinh 2) dugc xdy dung dua trén cdu tao thuc té
clia may dam coc Mikasa MTX-60 (hinh 1). Mot s6 gia thiét
sau dugc chap nhan: Xem xét cac chuyén déng clia may
trong qua trinh lam viéc theo phuong thdng ding; Khoi
lugng clia khung may, dong co va hép giam téc dugc quy
dan vé khoi lugng la my; Khéi luong clia cum piston,
thanh truyén va cac 16 xo dugc quy dan vé khéi lugng la
my; Khéi lugng ctia chan dam la ms; Cac khéi lugng tap
trung chi xét dao dong theo phuong thdng diing; Toan
b6 cac bd phan két cau (khung may, thanh truyén, piston,
chan dam...) déu dugc coi la vat ran tuyét déi, khong bién
dang trong qua trinh lam viéc; Dong co truyén dong va
cac bé phan lién két dugc mé hinh hdéa nhu moét dia quay;
Ma sét gitra cac bé mat ti€p xuc (gitta ban dam va dat hoac
gilta cac bo phan bén trong may) dugc coi la khdng dang
ké; D6 cling va gidm chan cla khéi lugng dat dam dugc
quy d8i thanh mét 16 xo dan hoi va gidm chan. Cac gia
thiét dé xay dung mo hinh dé don gian trong qua trinh
tinh toan, déng thai dua trén két cau that cia may dam

c6c Mikasa MTX-60.
])on co : W;
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5 C Hé thong momen
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Hinh 1. My dam c6c Mikasa MTX-60: a) Hinh anh thuc té; b) Cau tao médy
dam cdc

Céc théng sé trén mé hinh: x;: dich chuyén cla cua
khung mdy, déng co va hop gidm téc, (m); x2: dich chuyén
clia cum piston, thanh truyén, (m); xs: dich chuyén cua
ban dam, (m); mi:khéi lugng clia khung may, déng co va
hop giam toc, (kg); m,: khoi lugng clia cum piston, thanh
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truyén va cac 1o xo, (kg); ms: khéi lugng cta chan dam,
(kg); kix: hé s6 d6 ciing cda |6 xo lién két khung may va ban
dam, (N/m); cx: hé s6 can nhét cla gidm chan lién két
khung may va ban dam, (Ns/m); ko:: hé sé bién dang dan
héi clia nén dat, (N/m); ks: hé s6 d6 clng cla nén dat,
(N/m); cs: hé s6 can nhét cia nén dat, (Ns/m); M6 men
truyén tir dong co qua giam téc dén co cau khuyu truc
thanh truyén tuong Ung véi goc quay a (rad) la To, (Nm);
B la géc tao véi thanh truyén so vai phuong thang dung,
(rad); Cac thong sé két cau clia may dam cocr, b, a, d (hinh
2), (m).

Toa dd suyréng: q=[q] = [x, x3]T

(i=1+2)

1X]

Hinh 2. M6 hinh ddng luc hoc mdy dam cdc Mikasa MTX-60
Ma&i quan hé hinh hoc:
b

r . r.
a=wt;——=——=sinf=—sina
sina  sinf b

(.
=>B= arcsm(gsmaj

Trong d6: w= 271—Onvc'$i nlatoéc d6 vong quay dan dong

tur dong co qua hop giam téc tai truc khuyu (vong/phat).
Tu (1) suy ra:

" weosa
b _rwcosa
P, bcosp
1—b—25|n a Q)
(—rw2sinq)(bcosB)—(rwcosa)(—stinB)
=>B=

b*cos’B
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A o 2 o
e rbicosqswlB rzw bsinacosf3
b” cos“ 3
_ bp?sinB—rw’sina
bcosf
Do thanh truyén la cling tuyét doi:

X, =X, —(rcosa+bcosB +a) 3)

Ap dung dinh luat hai Newton xac dinh chuyén déng
cla cac khéi lugng m;, m; va ms:
- Phuong trinh chuyén dong cta vat m;:
m,X, =m,g—T,sina+Tcosf @
=TcosB=mX,—m,g+T;sina
- Phuong trinh chuyén déng clia vat m;:
m, X, :—ng+TcosB—(kleI+clei) (5)
Trong do, Al la bién dang cua |6 xo:

=X, —X; —rcosa—bcosp—-a—|,

(6)

Al=I-l, =x, —x; -1,
= Al=Xx, —X, +rwsina+bfsinB

TU (4) va (6) ta co:

mz%(x1 ~rcosa—bcosp—a)=-m,g+Tcosp—k,Al-c,Al

2
:>m2a(x1 —rcosa—bcosp—a)
=-m,g+TcosP—k, (x, —x;, —rcosa—bcosB—a—l,) (7)
—C, ()'(1 —X, +rwsina+stinB)

Ta lai c6:
2 d . .
E(X1 —rcosa—bcosp—a) :a(x1 +wrsma+stmB)

=m,X, +rw’cosa +bfsinB +bB2cosp

Do d6 phuong trinh (7) tr& thanh:

m, (5(1 +w?rcosa+bPsinp + bﬁzcosB) =-m,g
+TcosP—k, (x,—x; —rcosa—bcosp—a—l,) (8)
—c,x(k1 —X, +rwsina+stinB)

TU (5) va (8) ta c6 phuong trinh chuyén déng cua vat
m;:

m, (5&1 +w’rcosa+bPsinB +b[32cos(3) =-m,g

-m,X, —m,g+T, sina

—ky (X, —X; —rcosa—bcosB—-a-1,)

—C, (>'<1 —X, +rwsina+ stinB)
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= (m, +m, )%, =—(m, +m,)g+T,sina doéng, van téc cac khau chua theo mét quy luat nhat dinh
c6 xu hudng tang dan; sau moét khoang thai gian rat ngan

-k, (X, —x, —rcosa—bcosp—a-I
(=%, o) (9) duditacdung giam chan cdia 16 xo va nén dat nén co hé

¢, (%, =%, +rwsina+bBsing) 6n dinh dan theo quy luat hinh sin va c6 tinh ddi xdng
—mz(wzrcosa+stinB+b(32cosB) qua VI tri can bang. Tai n = 700 vong/phut, vér) téc dich
chuyén ctia khung may, déng ca va hép giam téc khodng
- Chuyén déng clia vat ms: 2m/s; van téc dich chuyén cia cum piston, thanh truyén
m,%, = -m,g+k, Al+c, Al +F (10)  dich chuyén khoang 5m/s.
Trong d6, F. Ia Iuc ban dam tiép xtc dét va dugc xac o =
dinh:
(k ) ) ( ) 0.78}
+k )X, +cx, (%, <0
FS :{ s pl 3 s™3 3 (.I ,I) ~
0 (%;20) o7}
Do vay, hé phuaong trinh vi phan mé ta chuyén déng )
clia co hé: 0.74F
(m, +m, )X, =—(m, +m, )g+T, sina . | | | | |
—ky (x,—x; —rcosa—bcosB—a—|,) 0 0.5 1 1(-5) 2 25 3
. t(s
—c,x(i(1 — X +rwsina+stinB) (12) 2
—mz(wzrcosa+stinB+b[32cosB) 0,06 s —
. — 7
m,X, =-m,g+k, Al+c Al+F, 00
3.KET QUA
0.02

B6 tham s6 dau vao cho may dam coc Mikasa MTX-60 ~
[1]: my =45 (kg); mz =5 (kg); ms = 25 (kg); r = 0,0275 (m); £l
b =021 (m);d =052 (m); |l =0,13 (m); |, = 0,13 (m); §

M = 15 (Nm); n = 700 (vong/phut); ki = 1,5.10¢ (N/m), 0.02¢
¢ = 500 (Ns/m). Theo [3]: ki = 20000 (N/m). Theo [9]:
ks = 87.108 (N/m, ¢s = 3440 (Ns/m). Giai hé phuong trinh vi
phan (12) bang Matlab ta thu dugc két qua cac théng sé
dong luc hoc nhu hinh (3) - (6). ' £(s)
D6 thi dich chuyén cac khau nhu thé hién trén hinh 3. b)

Quan sét két qua khao sat ta thdy: Ban dau khi co hé Hinh 3. Chuyén vi clia khung may, dong ca va hop gidm toc (a), va khéi
chuyén tif trang thai tinh sang trang thai dong, chuyén vi  ugng ciia cum piston, thanh truyén va céc o xo (b)
cla céac khau dich chuyén véi bién dé 16n. Cu thé: Khung g | | | | |
may, déng co va hop gidm téc dich chuyén véi bién do
khodng 5cm; cum piston, thanh truyén dich chuyén véi ] ‘ I
bién dé khoang 6cm. Sau mot khoang thaoi gian rat ngan 1
duéi tac dung giam chan cua |6 xo, nén dat nén dé dich
chuyén cac khau 6n dinh dan theo quy luat hinh sin va cé
tinh déi xting qua vi tri can bang. Trong d6: Khung may, -1F
déng ca va hép gidam téc dich chuyén vai bién do khoang
1,5cm; cum piston, thanh truyén va cac 16 xo dich chuyén
vGi bién d6 khoang 4cm. '30 0 | 5 5 25 3

D6 thi van toc cac khau nhu thé hién trén hinh 4. Ban t(s)
dau khi co hé chuyén tu trang thai tinh sang trang thai a)
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=

Hinh 4. Van tdc dich chuyén khung mdy, dong co va hdp giam tdc (a), va
khdi lugng cta cum piston, thanh truyén va cac 1o xo (b)

D6 thi gia téc cac khau nhu thé hién trén hinh 5. Quan
sat két qua khao sat ta thay: Ban dau khi co hé chuyén tur
trang thai tinh sang trang thai dong, gia téc cac khau
chua theo mét quy luat nhat dinh va cé xu huéng tang
dan theo thgi gian. Sau mo6t khoang thai gian rat ngan
dudi tac dung gidam chan cuia 16 xo va nén dat nén gia toc
cd hé 6n dinh dan. Tai n = 700 vong/phut gia toc dich
chuyén ctia khung may, déng co va hop giam téc khoang
5m/s? gia téc dich chuyén clia cum piston, thanh truyén
dich chuyén khoang 40m/s?.

6 ; | —

h I
0 0.5 1 1.5 2

[
o

20+

25 (m/s?)

290

-40 L L L L L

=}
=}
1S}
—
—
p Lt
o
o
IS}
9%

Hinh 5. Gia t6c dich chuyén khung mdy, ddng co va hop gidm téc (a), va
khdi lugng cta cum piston, thanh truyén va cac 1o xo (b)
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D6 thi luc ddm nhu thé hién trén hinh 6.

9 x10%

=Fl

Z ]
o
0.5} ]
0 i L L
0.5 1 15 2 2.5
t(s)

3

Hinh 6. Luc dam may dam c6c Mikasa MTX-60

Ban dau khi ca hé chuyén tirtrang thai tinh sang trang
thai dong, do thi luc dam chua theo quy luat nhat dinh.
Trong khoadng thai gian dau do quan tinh luc dam tang
dot ngot (khodng 20kN), sau d6 Iuc dam c6 xu huéng én
dinh dam va nam trong khoang 13kN. Két qua khao sat
thu dugc gan bang véi gia tri luc dam clia may dam cdc
Mikasa MTX-60 (13,7kN) do nha san xuat dua ra [1]. Do d6
c6 thé khdng dinh, mé hinh c6 d6 tin cdy va chap nhan
dugc.

Khi nghién ctu anh hudng clia téc d6 vong quay dén
kha nang lam viéc ctia may dam coc Mikasa MTX-60, dé
danh gia kha nang lam viéc ctia may dam céc thi mét
trong nhiing tiéu chi quan trong d6 la luc dam. Trong bai
bdo nay, tac gia tién hanh khao sat anh hudng téc do truc
khuyu t6i luc dam cla mdy & cac toc dé vong quay
660 vong/phuat, 680 vong/phut, 700 vong/phut,
720 vong/phat, 740 vong/phat va thu dugc két qua nhu
trén hinh 7.

., x10*
3 ot ‘ ‘ —660 vg/ph
_ H 680 vg/ph
2.5 14 —700 vg/ph)
12 —720 vg/ph
_ ' ' IREHIENE N 740 vg/ph
\7:/ 15 11 1.2 3 14 1.5 l‘lh 1.7 |
o
0.5 , \
ol ‘\ 1" I ’ I } ‘l ‘l l { M ‘ Ll L H | }\1
0 0.5 1 1.5 2 2.5 3
t(s)

Hinh 7. Khao st anh hudng tdc d6 vong quay tdi luc dam

TU két qua khao sat, ta c6 thé thay khi gidm téc do
vong quay xudng 660 vong/phut, 680 vong/phut thi luc
dam theo thdi gian khéng c6 su 6n dinh (bién d6 chénh
Iéch I6n), trong d6 sai léch khi & 660 vong/pht I6n hon
khi van hanh & 680 vong/phut. Két qua cho thay nhin
chung luc dam sé giam xuéng tuong Ung la khoang 10kN
va khoang 13kN. Khi tang t6c d6 vong quay lén 720
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vong/phut, nhin chung luc dam sé tang Ién khoang 14kN
gilta cac lan dam, va cling c6 su sai léch khéng dong déu
nhu khi van hanh & téc d6 700 vong/phut. Néu tiép tuc
tang lén 740 vong/phut thi luc dam nhin chung lai ¢ xu
hudng bat dam giam dan. Do dé, trong qua trinh van
hanh may nén diéu chinh téc d6 vong quay trong dai
680 + 720 vong/phut dé bao dam do 6n dinh gilia cac lan
dam cing nhu d6 16n luc dam.
4.KET LUAN

Nhu vay, trong bai bdo nay tac gid da xay dung duoc
mo hinh déng luc hoc may dam céc Mikasa MTX-60 khi
thi céng trong diéu kién Viét Nam. Trén co s& mo hinh
déng luc hoc, tac gia da tién hanh khao sat dé chuyén vi,
van téc dich chuyén va gia téc dich chuyén ctia cac khau
(khung mdy, dong ca va hop gidm toc; cum piston, thanh
truyén, 16 xo va ban dam). Day la cac thong sé dé danh gia
hiéu qua lam viéc khi tién hanh cai tién két cau ctia may
dam céc. Déng thai, bai bao da tién hanh khao sat anh
hudng clia téc d6 vong quay truyén clia truc khuyu tai luc
dam. Két qua khao sat cho thay trong qua trinh lam viéc
nén diéu chinh téc do vong quay trong dai 680 + 720
vong/phut. K&t qua nay la co s& dé lua chon ché do lam
viéc hop ly ciia mdy dam coc Mikasa MTX-60 ndi riéng va
cac loai may dam cé két cau tuong tu noi chung khi thi
coéng trong diéu kién Viét Nam.
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