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MO HINH DONG LUC HOC CUA THIET BI RUNG DIEN - THUY LUC

DYNAMIC MODELING OF THE ELECTRO-HYDRAULIC VIBRATION EQUIPMENT
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TOM TAT

Thiét bi rung dién - thiy luc dugc sir dung rong rdi trong cac thi nghiém
md phdng méi trutng rung dong do cong suat dau ra, do dich chuyén va luc
ddy 16n ctia né ciing nhu kha nang thich ting tai t6t va cac thong so ¢ thé diéu
khién dugc. Bai bao trinh bay md hinh ddng luc hoc ctia thiét bi gay rung dién
- thiy luc thiét ké dé st dung cho thit nghiém gay rung coc thép trong nén san
ho. Trén ca s& md hinh toan cla thiét bi gy rung dién - thiy luc, bai bao da
tién hanh khao sdt va xdy dung cic dudng déc tinh dé danh gia do 6n dinh cla
hé théng, chdt lugng cla qué trinh chuyén tiép, ciing nhu cac thong s6 bién
d0, tan s6. Két qua nghién cdu la co s6 khoa hoc cho tinh toan thiét ké thiét bi
gay rung dién - thiy luc cho thit nghiém gdy rung coc thép trong nén san ho.

Tir khod: Mdy kich thic dao ddng, thiét bi rung dién thiy luc, mé hinh dng luc
ho, tdn so.

ABSTRACT

Electro-hydraulic vibration equipment is widely used in vibration
environment simulation tests, due to its large output power, displacement
and thrust, as well as good workload adaptation and multi-controllable
parameters. This paper presents a mathematical model of an electro-
hydraulic vibratory exciter used for vibration testing of steel piles on coral
reefs. Based on this model of electro-hydraulic vibrator, we have built
characteristic curves to evaluate the stability of the system, the quality of the
transition process, as well as parameters - amplitude, frequency. The research
results are the scientific basis for design of electro-hydraulic vibratory exciter
for vibration testing of steel piles in the coral foundation.

Keywords: Vibration exciter, electro-hydraulic vibration equipment,
dynamic modelling, frequency.
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Lé Van Duéng'”,
Nguyén Duy Dat’, Nghiém Van Long?

1.MGPAU

Cac thiét bi gay rung dugc st dung réng rai trong cac
linh vuc xdy dung, san xuat vat liéu xay dung, ché tao
mady, cing nhu trong cac thir nghiém mo phong moi
trudng rung déng,... Theo dac diém két cau clia nguén
gay rung, thiét bi rung gém thiét bi rung ca khi, rung
dién tur va rung dién - thay luc [2]. Thiét bi rung co khi
tao ra luc kich d6ng do khéi léch tam quay quanh mét
truc, luc nay cé qui luat tuan hoan theo chu ky [3]. Thiét
bi rung dién tir thuc hién dao dong ty Ié véi dong dién
chay trén cdu tric chuyén déng clia tir trudng dugc hinh
thanh do dong dién di qua cac cudn day trong than co
dinh [4, 5]. Thiét bi rung dién - thay luc tao ra luc kich
déng do hé théng thuy luc dugc diéu khién bang dién.
Su diéu khién dién theo qui luat chon trugc da lam thay
déi gia tri clia luc kich déng, dan dén vat bi rung dong.
So vai rung co khi, thiét bi rung dién-thay luc c6 mét sé
uu diém: Kich thudc nhé gon; Hé s cudng luc 16n theo
céng suat; Do bén, dé tin cay cao; Thuan tién cho diéu
khién ti xa bang cac tin hiéu dién; Dé dang lién két vai
cac thiét bi diéu khién nhé gon da dugc 1ap trinh; Kha
nang thich ng khéi lugng cong viéc tot va cac théng sé
c6 thé kiém soat dugc [2, 6-10].

Nghién ctu xac dinh hé s6 ma sat gitta coc thép va nén
san ho dudi tac dong cua diéu kién bén ngoai nhu gid,
séng bién 1a mot van dé quan trong va cap thiét nham
dua ra cac giadi phap va phuong an gia c6 coc thép trong
nén san ho khi xay dung cac cong trinh nha gian DKI [1].
Tuy nhién, viéc thuc hién cac thi nghiém nghién ctu tai
khu vuc thi cong la hét stic khé khan va tén kém. Viéc lay
mau san ho tai khu vuc thi cdng dé xac dinh cac tinh chat
¢ hoc, ly hoc ctia né cling nhu thuc hién cac thi nghiém
tuong tadc nham xac dinh ma sat gilta coc thép va san ho
c6y nghia hét stic quan trong va thiét thuc. D€ thuc hién
dugc céc thi nghiém nay bao dam tinh chinh xac thi can
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6 thiét bi rung véi tan sé rung cé thé diéu khién nham
tao ra cac rung déng dac trung cho tac dong clia séng,
gio tadc dung vao coc thép.

Hién tai, Viét Nam dang st dung cac thiét bi rung dién
- thay luc do D, Italia, My,..., nghién ctu va ché tao.
Trong nudc chua c6 nhiéu tai liéu, cac cong trinh nghién
cUru vé thiét bi rung dién - thuy luc, cling nhu chua thiét
ké, ché tao thiét bi nay. Vi vay, néi dung bai bao tap trung
vao xay dung mé hinh toan cla thiét bi, xay dung cac dac
tinh dong luc hoc, tinh toan cac dac tinh tan s6, lam co s&
khoa hoc dé tinh toan, thiét k& ché tao thiét bi rung dién
- thay luc dé€ phuc vu thi nghiém mé phdng rung cdia coc
thép trong nén san ho.
2. THIET BI RUNG DE XUAT

Trén hinh 1 la hinh dnh trong phong thi nghiém (a) va
s d6 nguyén ly (b) cda thiét bi rung dién - thay luc dé
xuat. Bo kich thich rung dién - thuay luc cda thiét bi bao
gém van phan phoi dién - thay luc va xy lanh thay luc.
Badng cach cung cap mét dong dién lan lugt cho cac cudn
dién (cd1,cd2), con trugt ctia van phan phéi (7) dugc kich
thich thanh mét chuyén déng tinh tién theo chu ky lam
thay déi dong chat 16ng dén cac khoang ctia xy lanh (3).
Diéu nay dan dén mot rung déng dugc tao ra béi pit tong
cda xy lanh va két néi vai tai.

Hinh 1. Thiét bi rung dién - thy luc

a) Thiét bi rung dién - thay lyc trong phong thi nghiém;

b) So d6 nguyén Iy cla hé théng thiy luc dan ddng thiét bi rung.

1. Ngudn thay Iyc va céc bo phan diéu khién; 2. Coc thép thit nghiém trong
nén san ho; 3. Xy lanh cong tac (xy lanh gay rung); 4. Bom thy luc; 5. Binh tich
ap; 6. Tiét luu; 7. Van phén phdi dién thiy luc; 8. Cong tac hanh trinh; 9. Cong
tac ap sudt; 10.Van an toan; 11. Bau loc.

Ngoai viéc tao ra tai dao dong tuan hoan theo chu ky
khong dai, thiét bi co thé tao ra cac tai tang dan tuyén
tinh dén mot gia tri I6n nhat theo yéu cau dé tién hanh
th nghiém rung déng. D& tao tai tang dan tuyén tinh
theo gia tri luc I6n nhat dat ra, thiét bi sir dung mach kin
va dung role ap suat lay tin hiéu ap suat trong xylanh
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thay luc lam tin hiéu phan héi vé bd diéu khién l6gic
PLC. D€ tao tai tuan hoan, thiét bi s dung mach h& va
mach kin. Vi mach hdg, tinh chat tuan hoan cuia tai trong
dugc thiét 1ap bang ham thdi gian trong bd diéu khién
|6gic PLC va lan lugt cap dién cho 02 cudén dién cla van
phan phdi dién thay luc. V&i mach kin, thiét bi s dung
02 céng tac hanh trinh Iay tin hiéu phan hoi vé bo diéu
khién légic PLC.

3. MO HiNH TOAN CUA THIET BI GAY RUNG

Hinh 2. Thiét bi rung dién - thiy luc

a) M0 hinh toan cta thiét bi; b) M6 hinh van dién tu.

1. Con trugt van phén phdi; 2. Than van; 3. Xy lanh thiy luc cong tac;
4. Pittong cla xy lanh thay Iyc cong tac; 5. Cudn phan cuc; 6. Cudn diéu khién;
7. Khung; 8. Giam chan.

p1 - Ap sudt khoang xy lanh (khoang 1); p; - Ap sudt khoang can pit tong
(khoang 2); x - Dich chuyén cla con trugt van phan phdi; y - Dich chuyén clia
xy lanh tai; M - Ngoai luc kich thich (khdi lugng quy dan cla tai);
m - Khéi lugng céc bo phan chuyén dong ctia van phan phoi.

DE xay dung dugc mé hinh toan mé ta qua trinh lam
viéc cla thiét bi gay rung, gia thiét rang: nguon dién cung
cap cho thiét bila n dinh; bd qua ro ri va luc can dau thay
lyc clia hé théng; bo qua yéu té hinh hoc clia dudng 6ng
thay luc. Ngoai ra, xét trudng hgp thiét bi gay rung dién
thay luc khéng c6 phan hoi, tuc 1a vong ldap mé. Viéc diéu
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khién dugc thuc hién bang viéc lap chuong trinh diéu
khién trén PLC.

Khi xay dung mo hinh toan cda thiét bi, quy udc phan
chia thiét bi gay rung dién thay luc thanh 2 khau: co -
thay luc va co khi. Khi d6, phuang trinh biéu dién cla
khau co - thay luc chinh la cdc phuong trinh luu lugng,
va phuong trinh biéu dién ctia khau co khi la cac phuang
trinh tai trong.

3.1. Mé hinh toan phan co-thuy luc
Phuong trinh can bang luu lugng déi véi mbi khoang
cong tac (khoang 1 va khoang 2):

Qin::,i _QZut,i :Q,:av,i’ i:1’2 (1)

trong d6: Q" - Luu lugng khoi vao khoang cao ap;

in,i

M
Qout,i

- Luu lugng khéi ra khoang hoi; Q"

cav,i

- Luu lugng
khoi clia viing lam viéc.
Luu lugng khéi clia vung lam viéc Q" dugc xac dinh

cav,i

nhu sau:
dM.  d(p. V. dv. dp.
Qz‘avi: - = (pl |):pi_l Vli (2)
o dt dt dt dt

& day: V; - Thé tich ctia dong dau cong tac clia khoang
i, Vi=F(lo + y); F - Dién tich tiét dién cta khoang cong tac;
lo - Chiéu dai ctia khoang & vi tri trung gian cla pit tong;
M; - Khéi lugng ctia dong dau céng tac; pi - Khéi lugng
riéng ctia dau.

Khéi lugng riéng cia dau phu thudc vao ap suat dau
va dugc xac dinh:

P =p(p;) 3)
Vi phan theo thai gian phuong trinh (3):
dp, dp, dp,
a6 _9p: 9p: (4)
dt dp, dt
Hé sé chiu nén cla chat léong cong téc
B = _ 9 s M6 dun  dan hé
" Vdp,  pdp,
1 p.dp, . N TR
E, =E(p,)= B_:T , do d6 phuong trinh (4) tré thanh:
com,i pi
dpo p dp.
ap; _pi 9P (5)
dt E dt

Thé cac phuaong trinh (3), (5) vao phuong trinh (2), ta
co:

Q’:a‘/'i :iple_i/—‘rpI%%
g ‘ g (6)
y P
=p;| tF=—=+K_...— [=0. Qe
pl[ dt com,i dt j pl cav,i
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Suy ra: Qcav,i = i(lh + Qcom,i (7)
trong dé: Q,,; - luu lugng thé tich clia vung lam viéc;

K

com,i

=E—'- Hé s6 chiu nén cda chat long céng tac;

Q, :F% - Luu lugng hinh hoc (@am bao chuyén dong

=K dp: Luu lugng nén (khi tinh

ija Ilt tén )’ Qcomi com,i
P J ' " dt
dén tinh chiu nén cla chat Id6ng céng tac).
Tuong tu, ta c6 luu lugng khéi vao khoang cao dp Q'

M
out,i *

va luu lugng khoi ra khoang hoi Q

Qi':,i = piQin,i; qut,i = piQout,i (8)

Thay cac phuong trinh (6), (7) va (8) vao phuong trinh
(1) va bién déi ta dugc:

C2in,i - Qout,i = Qcav,i = i(Qh + Qcom,i (9)

Gia thiét: p, =p[1+%}zp, VGi %<<1. Khi d¢6, tu
phuong trinh (9) ta c6 phuong trinh can bang luu lugng
cho mbi khoang cong tac.

Phuang trinh can bang luu lugng cho khoang 1 (khi
x> 0):

Qsp,1 _QO = Qh + Qcom,1

Suy ra:

2 dy dp
f1%p.—p)=FY ik Pk p -
usp sp p(pp p1) dt com,1 dt 0(p1 pZ)

Phuaong trinh can bang luu lugng cho khoang 2 (khi
x> 0):

QO - Qsp,Z = _Qh + Qcom,z
Suy ra:

(10)

(1)

(12)

dy_K dpz +K0(p1

=2 —2 - 13
dt com,2 dt p2) ( )

2
uspfip B(pz _ph) =F

trong do: s, - Hé s6 luu lugng; s, - Tiét dién thong qua
con trugt; Ko- H& sé ro .

Tiép theo, ti€n hanh lién két 2 phuong trinh can bang
luu lugng d6i vai khoang 1 (11) va khoang 2 (13) dén
thong s6 goc p = p1 - p2. Do pit tdng dugc coi la ly tudng
va doéi xing:

Qsp,1 = Qsp,Z - pp _p1 = pZ _ph

Khi dé ta c6 hé phuang trinh biéu dién ps, pa:

{m+m=m+m

P, =P, =P

(14)

(15)
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Bién ddi phuong trinh (15) va thay gia tri ap suat cap
Pn = Pp — Pn Vao ta nhan dugc:

P.—P P, —P
pp—PFTi P, =P, = > (16)
Khi d6, thé phuong trinh (16) vao cac phuong trinh
(11), (13) va gid thiét E=~E,=E; V,=V,=V;

K

com,2 ~ "‘com

1 dy K. dp
nd,_ x /— —p)=F—L—cm -F K
HipT 9 p(p” P) dt 2 dt oP

G day f,, = mdspx 13 tiét dién thong qua clia con truot;
dsp la dudng kinh clia con truot.

Phuong trinh (17) 1a phuong trinh lién két cac luu
lugng ddi vai dich chuyén duong cla con trugt (x > 0).
Can phai kiém tra tinh thuan nghich.

~
com,1

K :%, nhan dugc phuang trinh:

(17)

Khi x >0 — p; > p> — p > 0 - dich chuyén duang;

Khix <0 — p; < p2 — p <0 - dich chuyén am;

Khi dich chuyén am, cac canh phan cao ap va hoi thay
déi vi tri cho nhau. Tuong tu, ta nhan dugc phuang trinh
lién két luu lugng dan dong dich chuyén am cdia con trugt
(x<0):

1 dy K., dp
nd_x |[—(p,+p)=F—+—"—+K
HipT 9o \/p(p” P) dt 2 dt oP

Phuong trinh (17) va (18) c6 thé két hop lai va viét duéi
dang:

(18)

1 . dy K_.dp
nd_x [—(p, —p-sign(p)) =F—+—=2—+Kp (19)
Holt \/p(p” P-sign(p)) a2 d P
Phuong trinh tai trong nhan dugc ti phuang trinh co
hoc theo dinh luat 2 Newton:

2

d
% <<1; Md_t)zl =Pdr _Pres (20)

Thé P, =F-p,P

res

=P, +G=K,, %+ G, vao phuaong
trinh (21) nhan duogc:
dy
M—-=F-p—-K_ —
L
trong do: Py, - Luc dan déng; Pri - Luc ma sét; Kqi - Hé
s6 ma sat uGt; G - Luc can;
Hé hai phuong trinh (19) va (20) la hé phuong trinh
danh gia qua trinh lam viéc ctia thiét bi gay rung.

-G (21)

3.2. Mé hinh toan phan van dién
Van dién thay lyc (hinh 2b) la mot hé thong co dién tu,
bai vay khi mo ta toan hoc can cac phuong trinh vi phan
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cho mach dién (cudn day diéu khién) va hé théng co khi
(phan con trugt chuyén déng cla van). Gia thiét rang:
khéng c6 hién tugng tré trong cudn dién tu, dich chuyén
cla con trugt la nhd, khong tinh dén cac luc ma sat kho.
Phuong trinh chuyén déng clia con truot van dién tu
c6 dang:
d’x,,
dt?
trong d6: m - Khéi lugng cla phan chuyén dong;
Far = Bulyiy = Kuiiy - Luc dan dong clia van; K, - Hé s6 luc

F (22)

Ti sus

m =F, —F

Xsp

< d <
dan déng cta van dién; K, =h, o Luc ma sat quy dan

trong van; he- Hé s6 clia ma séat udt; Fsus= cXsp - LUC tac
dung ctia phan t gidam chan trong van dién tl; ¢« - DO
cling clia giam chan.

Phuaong trinh vi phan mach dién clia cuén day diéu
khién:

U, =U +U; +e, (23)

di
trong do: U, :Ld_ty - Bién ap cdm ung rai trén cudn

day diéu khién; Ug = Ri, - Dién ap rai trén cudn day diéu
khién; R - Dién tr& cla cudn day diéu khién;
e = BI% =K, , % - Stic dién dong xuat hién khi con trugt
chuyén doéng trong tir trudng; Ky - Hé s can dién dong
cla van dién.

Hé s6 can suic dién dong bang hé s6 luc dan dong, tic
la: Kx,u = Kx,i.

Két hop cac phuong trinh (22) va (23), ta c6 hé phuong
trinh vi phan chuyén déng cda van dién ti nhu sau:

d*x dx
m—>+h —+c x_ =K_i 24
dt2 xdt xNsp X,i'y ( )
dy ) dxSp
LR, =U, =K, — (25)

Nhu vay, trén co s& cac phuaong trinh (19), (20) va (24),
(25) c6 thé tién hanh phan tich déng luc hoc qua trinh lam
viéc cla thiét bi gay rung dién - thay luc dé xuat.

4. KET QUA TiNH TOAN

Trén co s& mo hinh todn da xdy dung & trén (muc 3),
tién hanh khao sat cac théng s6 déng luc hoc cua thiét bi
gdy rung dién-thay luc bang phan mém AMESim véi cac
thong s6 dau vao nhu sau: Budng kinh pit tong clia xy
lanh D = 50mm; dudng kinh can pit tong d = 35mm; d6
dich chuyén cla pit téng lp = 0,25m; hé s& ma sat nhét
Kei = 10°N/(m/s); d6 nhét dong luc hoc psp = 0,65; dudng
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kinh con trugt van ds, = 5mm; luu lugng bom Qmax = 51/ph;
ap sudt pmax = 200bar; hiéu dién thé trén van dién U, = 24V.

Khi do, ta c6 so d6 khai giai mé hinh khi st dung phan
mém AMESim cUa thiét bi trong hai trudng hgp c6 tai va
khong tai thé hién trén hinh 3 va 4, tuong Uing.

&

4
Hinh 4. M6 hinh md phdng thiét bi rung dién thay luc 6 trang thai chiu tai tir
dau cocthép
Vi cac thong s6 dau vao cua thiét bi nhu trén, ching
toi da tién hanh khao sat va thu dugc két qua cac thong
s6 dong luc cda thiét bi rung & ché dé khéng tai (hinh 5)
va ché d6 rung coc thép (hinh 6) tai tan sé 1Hz.

acceleration at port 1 [m/sfs]
— velocity at port 1 [m/s]
— displacement port 1 [m]

[m/s] [m]
0.10 7 0.025 5

0.000 -1

-0.10 - -0.005
0 1

X: Time [s]
Hinh 5. Dich chuyén, van tdc va gia téc cia can pit tong & ché do khong téi
tai tan so 1Hz
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acceleration at port 1 [m/s/s]
— velocity at port 1 [m/s]
— displacement port 1 [m]

0.08 -
0010
0.06 b
0.005
0.04
ooz 0000 ]
0.00 - -0.005 | |
0.02 \ \ |‘ |
-0010 3
-0.04
dofi| “MME
T T T T \ T T ‘ 1
1 2 3 4 5

[m/s] [m]
0.10 7 0.015

-0.08 - -0.020
0
X: Time [s]

Hinh 6. Dich chuyén, van tdc va gia toc ctia cén pit tong & ché do c6 tai tai
tan s 1Hz

Dac tinh bién d6 tan s6 clia may kich thich rung dién -
thay luc dugc thé hién trén hinh 7.

e

20 [ J
E l'.
E
- 14 ""'.
L] 1
=] 1
-] \
= 12[ Yy
[ 4
E \
< 4 b

—
S
t
S
= ™
o
M
e
& F e -
S

4 ey — g

2

0.5 5 z 2.5 3 35 4

Frequency, Hz

Hinh 7. Dac tinh bién do tan s6 cia mdy kich thich rung dién - thay luc

K&t qua thu dugc chira rang:

- Khi gay rung trong diéu kién khong tai xay ra hién
tugng tam dao déng bi dich chuyén ra khai vi tri ban dau,
con khi gay rung coc thép trong nén san hé la moi truong
dan nhét sé xay ra hién tugng dich chuyén tam dao déng
vé vi tri ban dau clia coc thép, diéu nay dap Uing dugc yéu
cau gay rung dat ra (hinh 5, 6). Tuy nhién tam dao dong
van chua hoan toan chinh xac nam & vi tri ban dau cla
coc thép, vi vay dé dat chinh xac tam dao dong nén sur
dung 2 cdm bién tiém can dé dinh vi tdm dao déng tai vi
tri ban dau.

- MUrc d6 dao dong clia gia téc & ca hai truong hgp cé
tai va khong tai la tuong doéi 16n, v6i mic d6 dao déng
nhu vay sé tao ra cac luc quan tinh 16n anh huéng xau dén
hé thong (hinh 5, 6). Vi vay, trong hé thong thay luc clia
thiét bi nay bat budc phai cé dc quy thay luc dé€ hap thu
cac xung dao doéng.
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- Khi luu lugng bom cap la khéng d6i 5 I/min, tan s6
dao déng cang tang thi bién d6 dao déng cang giam. Bé
dam bao gia tri bién d6 luén dugc gilt 8 muic 10mm theo
yéu cau, khi tan s6 dao dong tang Ién, can tang luu lugng
cap clia bom & muc dé can thiét (hinh 7).
5.KET LUAN

Nhu vay, bai bao da dé xuat dugc thiét bi rung phuc
vu thi nghiém dé xac dinh ciing nhu danh gia hé s6 ma
sat gilta coc thép va nén san ho dudi tac déng cla diéu
kién bén ngoai nhu gio, séng bién. TU mé hinh thiét bi dé
xuat, bai bdo da xay dung dugc mé hinh toan mé ta dong
luc qua trinh lam viéc cla thiét bi rung bao gém ca phan
co - thay luc va phan van dién tir. Trén co s6 mo hinh toan
xay dung, st dung phan mém AMESim dé khao sat mét
s6 théng s6 déng luc hoc cla thiét bi trong hai truéng
hgpla khong tai va cé tai coc thép. Phan tich két qua khao
sat cho phép dua ra phuong an hoan thién hé théng thuy
luc dan déng thiét bi, tir d6 lam co s& thiét ké hoan thién
thiét bi rung dé€ phuc vu thi nghiém.
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