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biéu khién chii dgng dao ddng ciaa két cau vurgt nhip lén bang hinh thirc dieu
khiéen lwe cang cap
Active control of vibration of large span structures by controlling force in tendon
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Abstract

Along with the development of the current construction science and technology, as the construction structures are built higher and higher, the
spans is larger and larger, the problem of controlling the vibration of those structures will become more urgent during the calculation process.
Within the scope of the article, the author will mention the method of active vibration control for the large span beam by controlling tendon
(form of cable force transmission mechanism), arranged outside the beam’s cross section, to adjust the vibration of beam. The author applied
the Simulink-Matlab 2017b program to simulate the vibration control diagram of the large span beam by adjusting tension force in the tendon
and compared this vibration control method using this form with the vibration control by using the spring (form of spring-like force trans-
mission mechanism), thereby showing the excellence advantage in vibration control efficiency as well as the feasibility of actively controlling

the vibration of the large span structures by controlling tendon.

Keywords: active control of vibration, large span structure, tendon force, spring, Simulink-Matlab 2017b.

K hiéu
Kyhiéu DPonvi Mota
w rad/s Tan sb vong, tan sb riéng
M; kg Khéi lwong suy rong
Ki N/m b6 cung suy rong
A m Bién d6 dao dong
I cm* M6-men quén tinh tiét dién
W om? M6-men chéng udn tiét dign
L m Nhip dam
E MPa Mb-dun dan hoi thép
f MPa Cuodng d6 tinh toén thép
[A/L] Do vong twong d6i cua dam

Cic tir viét tit

DMF Dynamic Magnification Factor

SDOF Hé mot bac tu do

ATMD Giam cham chu dong bang khéi lugng

Tendon Co cAu truyén lyc bang day cap

Spring Co céu truyén lyc tuong ty 10 X0
Tém tit

Cung véi sy phat trién cua nganh khoa hoc ki thuat xay dung hién
nay, cac cong trinh xay dung ngay cang cao hon, nhip ngay cang lén
hon, vén dé didu khién dao dong nhitng cong trinh nhu vay s& tré nén
cép thiét hon trong qu4 trinh tinh toan. Trong pham vi bai bao nay,
tAc gia s& d& cap dén phwong phép diéu khién chii dong dao dong cho
dam nhip 16n bang hinh thirc diéu khién co ciu tendon (phwong 4n
ding co cu truyén lyc bang day cép), duoc bé tri ngoai tiét di¢n
dam, dé didu chinh dao dong cua dim. T4c gia ng dung chuong
trinh Simulink-Matlab 2017b d¢é md phong so dd diéu khién dao
dong caa dam nhip 16n bang cach diéu chinh luc cang trong tendon
va so sénh hinh thirc diéu khién dao dong bang phuong an nay voi

hinh thirc didu khién dao dong dim bing co ciu spring (co cau truyén
luc twong tu 10 x0), tir d6 cho thiy cac uu diém ndi troi vé hiéu qua
diéu khién dao dong ciing nhu tinh kha thi cia phwong phéap diéu
khién chu dong dao dong cua két cau nhip Ion bang hinh thirc diéu
khién co c4u tendon.

1. Pitvan dé

Sy phat trién manh mé caa nganh xay dung da tao diéu
kién k¥ thuat dé cho ra doi hang loat cac cong trinh xay dung
ngay cang c¢6 quy md to Ién hon. Tuy nhién, su phat trién cac
cong trinh xay dung nhu vay cling détra ngay cang nhiéu van
dé ky thuat can phai giai quyet Dleu khlen dao dong cua cac
két ciu vuot nhip I6n nhu két cau cau, két cdu mai nha thi dau,
s&n van dong,... 1a bai toan ma nguoi Ky su xay dung thuong
gap phai [1],[2],[3]. Pap (tng dao dong cua cac cdng trinh nhip
I6n nay thuong ¢ chu ky dao dong bi kéo dai, bién do chuyén
Vi I6n, va nhu vay, viée dép ing yéu cau tién nghi cua cong
trinh s& kho khan hon. pé giai quyét bai toan diéu khién dao
dong két cdu, nguoi ta c6 thé sir dung co ché diéu khién bj
dong hoac chu dong.

Mic di giai phap diéu khién bi dong c6 wu diém nhu
khéng sir dung ngudn nang lugng bén ngoai, hé thong diéu
khién don gian, tinh 6n dinh cao, song giai phap chi c6 tac
dung trong mot pham vi tan s6 hep, hiéu qua diéu khién dao
dong han ché [4],[5], [6]. Trong truong hop can thiét phai diéu
khién dao dong & nhiéu mode khac nhau cua h¢, hay phai nang
cao hiéu qua giam chan, ta can phai chuyén sang st dung giai
phap diéu khién chu dong [7],[8],[9].

Giai phap diéu khién chi dong dao dong tuy phai ding
ngudn ning lwong bén ngoai, gia thanh cao hon, ciing nhur can
cha y tai tinh 6n dinh, song ¢6 hiéu qua cao, hon nira hé diéu
khién c6 kha ning diéu chinh cac dic trung dong hoc cua hé
dé thich nghi véi cac tac dong bén ngoai, pham vi diéu khién
mé rong (vi du: c6 thé didu khién dao dong & nhiéu mode khéc
nhau cua hé) [3],[10].
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Giai phap diéu khién dao chu dong dam cé thé cé rat
nhiéu phuong an [11],[12],[13]. Chang han, c6 thé sir dung
cac giam chan chia dong ATMD (Active Tuned Mass Damper)
treo gitra cac dam dé lam dao dong cua dam léch pha so véi
ngoai luc, nén bién d6 dao dong cua dam s& giam, nhung s&
lam giam tinh tién nghi va thim my cuia cong trinh (vi du nhw
tam nhin ciia khan gia), gia tang thém tai trong Ién dam, Hinh
L.a, Hinh 1.a, hogc c6 thé dung phuong 4n co cau tendon véi
cac day cap dat bén dudi dam va diéu khién lyc cing trong
cap, Hinh 1.b va 1.c, hoic co thé dung phuong 4n co cau
spring, b tri bén dudi dam va diéu khién luc kéo hoic day
trong co cau spring, Hinh 1.d, [1] [3]

R = T T
HE m N HE N

a. biéu khién bang khéi luong phu trg

A EE—

b. Biéu khién bing cap dé tao mo-men trong dam

N — To@ 3

c. Didu khién bing cap dé tao luc diy nguoc trong dam

d. Biéu khién bing 16 xo d& tao mé-men trong dam

Hinh 1. Mot s giai phap diéu khién chu dong dao dong dam nhip lon.

Viéc str dung phuong an spring (c6 thé tao ra luc kéo hoac
nén trong dam) sé tao ra kha ning diéu khién dao dong phong
pht hon. Tuy nhién, khi co cdu spring chiu nén, kha ning mat
on dinh cua cau kién truyén lec s& xay ra. V6i cac dam vuot
nhip 16n, viéc dam bao 6n dinh cho cac ciu kién truyén luc
cua spring khi chiu nén thi phuc tap, gy chi phi Ion. Nham
khic phuc nhugc diém nay, cac tac gia s& xem xét kha nang
diéu khién dao dong dam bang phuong an tendon (chi tao ra
luc kéo). Dudi day, cac tac gia s€ trinh bay loi giai cia mét
bai toan diéu khién dao dong cua mot dam don gian, chiu mot
tai trong thay dbi, tir 10i giai nay, va théng qua mét vi du bang
s6, viéc diéu khién dao dong dim bang phuong 4n spring va
phuong 4n tendon s& dugc md phong bang chwong trinh Sim-
ulink-Mathlab 2017b, tir d6 dua ra cac nhan xét, danh gia va
s0 sanh vé hai phuong 4n diéu khién nay va cho thay wu diém
ndi troi cua tendon.

2. So luge 1y thuyét diéu khién chit dong dao
dong cia ket cau

2.1. Giai thujt diéu khién dao dong Pulse - Control dbi
voi hé mot bac tw do chiu dieu khién cha dong

Ta xem xét hé s6 dong luc DMF (Dynamic Magnification
Factor) cua hé SDOF [6],[14] bang ty so cua bién do dao dong
thuong truc khi hé chiu tai diéu hoa va chuyén vi tinh cua hé:

1

DMF = — = ————— 1
p/k C JA-pD(2Ep)2 @)
trong d6: B = = — ti s6 tan s6, @ — tan sb dao dong cua tai

trong, w — tin s6 dao dong riéng cua hg, & = ﬁ —tisb can
nhat, p — bién d dao dong thuong truc, p/k — d9 vong tinh.

Duéi ddy 1a biéu d6 quan hé giira hé s dong luc DMF cua hé
va ti s6 tan s6 B (hinh 2). Khi thay d6i do can cua hé, bién do
dap tng cua hé thay doi, ty 1 nghich vai ty sé can &. Trong
mét hé dong luc hoc, chi ¢é thanh phan luc can 1a thanh phan
lyc khéng bao toan duy nhat, niang luong dao dong tiéu hao
tirc thoi ciia hé bang c. v(t)? [14]. Nham diéu khién dao dong
cua hé, ta s& ting cuong thanh phan luc can cua hé.
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Hinh 2. Biéu d6 quan hé he sé dong luc DMF ciia h¢ dao dong — ty sé tan sb
khi d6 can cua hé thay doi.

Trong bai bao nay, tac gia sé dua vao hé dong hoc thanh
phan lyc diéu khién dong vai tro luc can, dugc xac dinh theo
giai thuat diéu khién Pulse Control [10] nhu sau: mdi khi dao
dong cua dam cat qua vi tri can bang tinh, hé thong didu khién
s& phat ra cac xung c6 gia tri N(t), cé chiéu nguoc véi vec-to
van toc. Cuong do xung didu khién c6 thé 1a hing sb, hoic ty
& tuyén tinh véi van tdc, hodc 1a mot ham nao d6 cua van téc,
theo quan hé dudi day:

N(@) = —z.sign[v(6)]. [v(D]" (2)
V6i z - hé s6. Tuy theo s6 mii n caa van toc, khin = 0, cuong
d6 xung diéu khién 1a hang s, twong tw nhu mét lyc ma sat
Coulomb. Véin = 1, xung dugc md phong nhu mét luc can
nhat, trong khi véin > 1, ta m6 phong xung diéu khién nhu
mét lyc can phi tuyén.

2.2. Loi giai chung bai toan diéu khién chi dong bing
phwong an spring va phwong an tendon

Ta xem xét mot dam don gian, géi khép tai hai dau, cé
nhip L, nhu Hinh 3. Dam chiu mét lyc tap trung, thay di theo
thoi gian £(t), dat tai mot diém cach gdi mot khoang 1a x,.
Dudi tc dung cua tai trong thay ddi f£(t), dam dao dong. Ta
s& xem xét dam nhu mot hé dao dong c6 khdi lwong phén tan
déu m doc theo chiéu dai dim, va c6 do cing khong ddi EI

[1][14].

Hinh 3. So db tinh toan dao dong cua dam dusi tac dung cia luc tap trung

bién dbi.

Phuong trinh dao dong & mode thir j c6 dang nhu sau [6]:
M;q;(t) + K;q;(t) = F;(t) 3)

véi M; 1a khéi lugng suy rong cua mode j:
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= fOL @7 (x) m(x)dx = f (smﬂ) mdx =
=M (4)

jAm*EI
— ()

va K; 1a d¢ cang suy rong ciia mode j: K; =

va w; |2 tan s6 vong cua mode j: w? =
va F;(t) la luc suy rong tai mode j:
F(6) = f; @;()f () 8(x — xo)dx =
f sin J”xf(t) 5(x —xy)dx = f(t)sm]”xo )
Phuong trinh vi phan ddi véi mode thi j:
M;ij;(6) + Mw?q;(t) = F(8) = f(O)sin=2 (8)

Dé khdng ché dao dong cua dam, ta bd tri mot he; thong diéu
khién chu dong bao gom mot spring hogc tendon bén ngoai
tiét dién dam, nam cach trong tdm dam maot khoang 14 a, ¢6
kha niang tao ra mot luc kéo hodc day N c6 gié tri duoc diédu
chinh theo tinh toan theo giai thuat néu trén, Hinh 4. O day ta
chon diém gitra dam 1a diém tham chiéu dao dong cua dam
can dugc diéu khién.

*o
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Hinh 4. So d6 dim chiu tai, sir dung spring hogc tendon dé diéu khién chu
dong dao dong cua dam.

Khao sat mode 1, Hinh 5, phuong trinh vi phan cua hé c6 ké
dén luc diéu khién tré thanh:

Mg, () + Mwiq(t) =
2N(t)[ ] cos (M“) C))

Cén cu phuong trinh (9), ta ¢6 thé nhan Xét, vi tr| dat dau neo
cua cau kién truyén luc diéu khién cang gan gdi thi hiéu qua
diéu khién cang cao, tuy nhién khi d6 sé& kéo theo van dé vé
chiéu dai tinh toan ctia doan dam chiu nén s tang 1én.

f(t)sin % +

Xo

‘ flo
A %c B

Hinh 5. So d6 tinh toan diéu khién mode thir nhat caa dam.
Bay gio, ta xét t&i mode thi hai twong tng véi j = 2, ¢6 so dd
tinh toan nhu trén Hinh 6. P4y 1a mode dao dong c6 dang dao
dong phan xtmg, trong khi co ché diéu khién dang xét dya trén
mo6 men udn d6i xung, cho nén s& khong co tac dung. Vay
nén, mode dao dong nay khdng thé diéu khién dugc, va suy
rong ra, ta khong thé diéu khién cac mode dao dong phan xung
{ng véi j chdn, ma chi ¢ thé diéu khién cac mode dao dong
dbi xang tng véi j 1é voi gidi phap nay. Dé diéu khién céc dao
dong phan xung, ta s& can b tri spring hoic tendon sao cho

tao ra md men phan xing trong dam, van dé nay s& duoc trinh
bay trong mot bai bao khac.

Xo

Yy

Hinh 6. So d6 tinh toan diéu khién mode the hai cua dam.
3. Mo phéng bai toan, loi giai va nhan xét

Tatién hanh khao sat vi du bang sé mot dam thép tiét dién
chir 1 t6 hop (700 x 300 x 13 X 24), c¢6 so d6 la mot dam
don gian, nhip L, tua Ién hai géi khop tai 2 dau, trén dam c6
mot khéi lwong phan bd déu m, va tai giita nhip c6 dat mot luc
tap trung dao dong diéu hoa f(t) = Fsin(at). Dam s& chiu
mo men udn Mgy, do thanh phan tai trong tinh m.g gy ra va
mo men udn Masng do thanh phan tai trong dong £ (t) gay ra.
Céc thdng sb cua dam khao sét trong Bang 1.

Bang 1: Thong sb ciia ddm 1-700 x 300 x 13 x 24 t hop

I (cm*) 201000 W (cm®) 5760
E(MPa) | 2x10° f (MPa) 340
m (kg/m) | 1000 [AL] 1/400
F (N) 5x10* @ (rad/s) 10

L (m) 30 Xy (M) 15

biém gitra dam, tai x, = 15m, cling dugc chon 1a diém
tham chiéu dé danh gia dao dong cua dam. Sau khi phan tich
dao dong dam trén, ta c6 cac tan s vong cua cac mode dao
dong [1] duoc néu trong Bang 2
Bang 2: Tan sb vong cua cac mode dao dong dam

Mode Tan s6 vong w? Tan s6 vong w
Pon vi : (rad/s)? Pon vi : rad/s
1 L UmEL_ w, = 7.125

T oomir T

2 L _TWE_ | 0= 28499
2T omlr )

3 L, 3'mEl s = 64122

w3 = = 4111.676
mL*

Bién d6 dao dong & mode 1 cua dam & giai doan dao dong
thuong truc (b6 qua giai doan qua do) co thé tinh theo cac dac
trung dong hoc & mode 1 nhu sau [1]:

Khoi lugng suy rong M; = M = 15000 kg,
o cing suy rong K; = Myw? = 7614215
@) = Fsm( )sm(a)ft) =5x
10 sm( )sm(wft) =5 x 10*sin (wst) (N)
Do vong tinh §; = — = 59999 _ 0.0657 m
K1 761421. 5

s 1A $A A _ Wy Oy _ _
Ty létan so B; = o1 (= wl) —7 oy 1.4035
Thay &, va ; vao cong thie tinh dép ung dao dong chiu tai
diéu hoa [1]

Tai  suy  rong

1

ql = 612—
J(l—ﬁ%) +(2.£.81)?

[sin(a)f t) — By sin(w, )]
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Bién d6 dao dong tai mode 1: A; = 0.0657 x 1.0309 X
24035 = 0.1627 m

Doi véi mode 2, cling nhu cdc mode chan q; = 0,4; =
0, nén ta khoéng xét tGi (do trong bai toan dang xét chi ¢ hyc
dat tai nut dao dong cua mode 2, nén lyc suy rong trong nat 2
bang 0).

Déi voi mode 3: khédi lwong suy rong M = M = mTL =
15000 kg, @6 cting suy rong K; = M3w§ = 6.1675 X
107 =, tai suy rong f5(t) = Fsm( )sm(wft) =
5 X 1O4sm( )sm(wft) = —5 % 10*sin (wst) (N) , d6
vong tinh §; = 0.000811m, ty I¢ tan s6 5 = 0.1559, bién
d6 dao dong chiju tai diéu hoa & mode 3: q; =
O3 2; [sin(wft) - [)’3.sin(w3t)]; Az =
J(1-B3)"+(2.£.83)?
0.000811 x 1.0249 x (1.1559) = 0.00096 m

Ta ¢6 nhan xét bién do dao dong caa dam trong mer 3
la rat nhé so véi mode 1 (khoang 1/170), hoan toan co the bo
qua khong can xét toi. Nhu vay, bai toan cua ta co the rt gon
chi can xét téi mode dao dong dau tién cua dam.

Kiém tra cuong do va d¢ cting dam khi chiu tac dung cua
Cég loai téi‘trong khi chua duoc diéu khién dao déng.
Kiém tra vé cuong do:

M= (mg” +E.Ld,
Moy = (’"9“ +E.14. (% ) sin (2 =
1125000 + 753189.33 = 1878189.32 Nm
Vay o= 2= B2 _ 37607 = 326.07MPa <
w 5760 cm
f = 340MPa

Kiém tra vé do cing cua dam:

A1_01627 1898 H_[
L - 350

Nhu vay, dam v6i tiét dién néu trén du kha nang vé cuong
d6, nhung khong du do cung khi chiu tai dong f(t). Do vay,

mém MathLab, véi cling mét giai thuat diéu khién ap dung
cho céc phuong an truyén lyc diéu khién khac nhau, nhu sau:
- Truong hop diéu khién dao dong bang hé lyc hai dau dbi
xung. Ta c6 thé ap dung truong hop nay khi st dung co cau
spring, 1a hé c6 thé tiép nhan ca luc nén va lyc kéo.

- Truong hop diéu khién dao dong bang hé luc hai dau khéng
dbi xtng. Trudng hop nay ciing c¢6 thé ap dung cho co cau
spring.

- Trudng hop diéu khién dao dong bang hé luc mot du. Ta co
thé ap dung trudng hop nay cho co cau tendon véi lyc diéu
khién ludn luédn 1a lrc kéo.

Céc ddc diém cia mdi truong hop diéu khién s& dugc phan
tich cy thé khi mé phong.

3.1. Truong hop lwe diéu khién hai dau (kéo va nén) ddi
Xwng

Ta xem xét bai toan diéu khién dao dong cua dam bang
phuong an spring. Gia su, ta chon a = 1.2m, x, = 5m , Hinh
4, phuong trinh vi phan cho mode 1 tir (9):

150004, (t) + 761421.5g,(t) = 5 x 10*sin(21t) —
0.023687N(t)

Toan bd hé dam dao dong va hé théng diéu khién duoc
m6 phong bang phan mém Simulink-Mathlab 2017b nhu trén
Hinh 7.

Phan déng khung bang duong dat nét trong hinh 1a md
phong hé thong khi khong duoc didu khién dé lay két qua so
sanh véi két qua dap ung cua hé duoc didu khién. Bo phat
xung diéu khién cé dau vao 1a van toc dao dong tai diém dai
dién (diém gitra dam) tuy theo thuat toan ta chon sé tinh toan
gia tri xung diéu khién. Céc gia tri nay s& dwoc két hop voi
mot khau pulse generator dé tao xung nhip va mét khau con-
stant dé didu chinh bién d6 (trén hinh, hién tai lay gia tri hé s6
khuéch dai ¢ = 1000000), théng qua mot khau product dé két
hop lai véi nhau.

Két qua dao dong caa dam khi chay mé phong trén Sim-
ulink dugc thé hién trén Hinh 8. Ta c6 d6 thi dao dong cua hé

B6 thu thap dit
liéu & phat
xung dieu khiéen

AN

- B6 do dac nang

=
=

lwong dao dong

5o ]

Hé dam duoc

] § diéu khién

]

Hé dam khéng
I duwoc diéu khién

Hinh 7. So d6 md phong hé dim dao dong véi thiét bi tao luc diéu khién déi xing trong Simulink-Mathlab 2017b — Ngudn: tac

can dua vao giai phap diéu khién dao dong cua dam dé diéu
chinh bién do dao dong dam V& giGi han cho phép.

Dudi day, tac gia s& lan luot trinh bay két qua mo phong
diéu khién dao dong cua dam dang khao sat, dua trén phan

dugc diéu khién trén Hinh 8.a, vai luc diéu khién p(t) co thé
mang hai dau ddi xtimg dugc phat sinh theo quy luat thé hién
& Hinh 9. Ta thdy & khoang 15 gidy dau tién, lyc diéu khién
chua phat sinh, bién d6 dao dong dat t6i khoang hon 16 cm.



Journal of Measurement, Control and Automation

73

Trong 15 giay tiép theo, thiét bj diéu khién dugc kich hoat,
bién do dao dong cua hé thong duoc diéu chinh vé khoang 7.2

om (< [‘—‘] L = —-30m = 8.57 cm). Hinh 8.b biéu dién d
thi dao dong Cua he khong dugc diéu khién, dé ddi chiéu voi

dao dong c6 diéu khién.

-0.1 0 0.1 0.2

Bién d6 dao dong mode 1 (m)
-0.2-0.1 0 0.1

(=]

5.0 10.0 15.0
Thoi gian (gidy)

20.0 30.0

Hinh 8. B4 thi biéu din chuyén vi & mode 1, khi c6 va khong c6 lyc diéu
khién déi xung, a. Chuyén vi 6 mode 1, c6 diéu khién tir t =15s dén t =30s,
b. Chuyén vi & mode 1, khi khong duoc didu khién

10

5

]‘ﬂr\ﬂ \f “[ M I('Jf' IJ\
Uw i

0

Luc didu khién (N, x 10%)
-5

-10

0 5.0 10.0 15.0
Thoi gian (giay)

20.0 25.0 30.0

Hinh 9. Biéu dd lyc diéu khién (hai ddu, ddi ximg) dao dong dim & mode 1.
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Hinh 12. Bjéu qf) biéu dién téng nang dao dong cua hé, truong hop luc diéu
khién hai dau do6i xtng.
Ta cling xem xét nang lugng cua hé khi dao dong trong truong
hop c6 diéu khién va truong hop khong co diéu khién thé hién
trén cac Hinh 10, Hinh 11, Hinh 12. Truong hgp dao dong cua
hé c6 diéu khién, khoang thoi gian tir 15 gidy dén 30 gidy,
mic nang lugng dao dong trong hé giam han, con khoang
25% so Vi cac khoang thoi gian khong cé diéu khién, nghia
la anh huong cua ngoai luc gay ra dao dong cho dam ciing
giam rat dang ké.

Qua két qua tinh toan trén day, ta c6 mot s6 nhan xét:
- Viéc sur dung cac bién phap chong dao dong chi dong cho
cong trinh néi chung cé hiéu qua tuong déi cao, nhu ta thiy
trong vi dy, bién d6 dao dong cua dam giam di kha nhiéu.
- Thuat toan diéu khién nhu trinh bay trong bai twong déi don
gian, khéi luong tinh toén truc tuyén khong nhidu, yéu cau sé
liéu do dac du vao twong dbi it, don gian nén vén dau tur thiét
bi tinh toan, ddu tu cac cam bién c6 thé khéng 16n. Chang han,
& day ta st dung md phong luc diéu khién theo mé hinh lyc
can nhét hozc mé hinh phi tuyén, ta can thém cam bién do dac
gia tri van toc.
- Ta con nhan thay mot kha nang bién d6i hé diéu khién, do 1a
c6 thé str dung cac xung diéu khién hai diu khéng ddi xing,
dudi day cac tac gia trinh bay két qua tinh toan didu khién dam
v6i lyc diédu khién hai diu khéng dbi xang.
- Mot nhugc diém khi sir dung luc diéu khién hai dau la tao ra
mot lue nén trong co cau truyén lyc (phuong én spring), dét
ra van dé phdi gidi quyét la giir cho ching 6n dinh trong qué
trinh truyén lec nén.

3.2. Trudng hep lye diéu khién hai dau (kéo va nén) khong
doi xirng

_ Tatiép tuc xem xét t6i bai toan diéu khién dao dong cia
dam, vai luc diéu khién khbéng doi xuang, cing st dung
phuong an spring.
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Hinh 13. So @b m6 phong hé dam dao dong vai thiét bi tao lue didu khién khong déi xing trong Simulink-Mathlab 2017b — Ngudn: tac gia.

Céc thong sb vé dam va luc tac dung ciing twong tw muyc 3.1.
Toan bo hé dim dao dong va hé thong diéu khién dwoc mo
phong bang phan mém Simulink-Mathlab 2017b nhu trén
Hinh 13. Trong so &6 md phong trén Hinh 13, bo phan nhan
tin hiéu va phat xung diéu khién duoc tach thanh hai nhanh
riéng biét, méi nhanh phu trach nhan tin hiéu va phat luc diéu
khién mot dau khéc nhau.

Hinh 14 biéu dién dap ung caa hé khi chiu lyc diéu khién
khong ddi xung, tir két qua nay ta ¢ thé nhan thiy: viéc sir
dung luc diéu khién voi hai ddu khong ddi xting (dung 16 xo),
Hinh 15, tao ra kha nang diéu khién phong pha hon truong
hop luc diéu khién hai dau ddi xtung, né cho phép ta cé thé
diéu chinh bién d6 dao dong cia dam vé hai phia cé thé khac
nhau, phti hop thuc té 1a c6 thé can khir d6 vong tinh cua dam.
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khién khong déi ximg, a. Chuyén vi & mode 1, c6 diéu khién tir t =15s dén
t =30s, b. Chuyén vi & mode 1, khi khong duorc diéu khién
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Hinh 15. Biéu db luc diu khién (hai ddu, khéng déi ximg) dao dong dam &
mode 1.

Tuy nhién, nhu da néu & trén, vin d& 6n dinh cho cac bo
phan truyén tai cua co cau spring khi chiu nén trong truong
hop dam nhip 16n s& gap van dé veé chi phi va tinh toan va ché
tao phirc tap, nén c6 thé lam cho giai phap chdng dao dong,
bang viéc ding phuong an spring, tré nén khong higu qua. St
dung phuong 4n tendon véi luc diéu khién phan ximg mot dau
c6 thé 1a giai phép tét trong truong hop nay.

3.3. Truong hep ding day cap tao lyc diéu khién phan
x&ng mét dau

So d0 hé dam dao dong vai thiét bi tao lyc diéu khién
phan xing mot dau dwoc mé phong trong Simulink-Mathlab
2017b duoc trinh bay trén Hinh 16 (xem & trang sau). Két qua
tinh toan mo phong mot hé chiu luc diéu khién mot diu bang
co cau tendon nhu vay duoc trinh bay trén Hinh 17 va Hinh
18, gia thiét 1a khong xét t6i d6 gian dai cua cac day cép khi
chiu kéo.Cac thong s vé dam va lyc tac dung ciing tuong tu
muc 3.1.



Journal of Measurement, Control and Automation 75

T=-'Bo xtt Iy tin hiéu va
phat xung mét dau

Bo do
dac nang
lrong

m dao dong

’J 0.023687 E
-]

So db md
phong

dam duoc
didu khién

g 7 | Sor‘dé mo

phong
dim
khong
duoc diéu
khién

H
g
g

I

L.x_IL [ 761421/15000 I

Hinh 16. So d6 mé phong hé ddm dao dong véi thiét bi tao luc didu khién phan xing mot dau trong Simulink-Mathlab 2017b — Ngudn: tac
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Hinh 18. Biéu db lyc (Mot dau) didu khién dao dong dim & mode 1.
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Hinh 21, Biéu d6 biéu dién tong ndng lugng dao dong cua hé, trudng hop lyc
diéu khién mot dau.

Qua céc biéu d nay, ta cé thé thay: Khi hé dao dong trong
khoang thoi gian c6 diéu khien, khoang thoi gian tir 15 gidy
dén 30 glay, thi tong mirc nang luong dao dong cua hé giam
rat nhiéu, chi con xap Xi 27% so voéi cac khoang thoi gian
khong co diéu khién, nhu vay, dan dén két qua 1a dao dong
cua hé dudi tdc dung ngoai luc ciing giam, bién d6 dao dong
cua hé & ca hai ddu ciing giam, mac du luc diéu khién tac dung
vao hé chi mot dau.

Giai phap nay cho phép ta vira c6 thé tao luc téc dung diéu
khién chii dong dao dong cho dam khi chiu tai trong dong, lai
vira khic phuc dwoc nhuge diém co ban khi sir dung luc diéu
khién hai d4u la can xem xét bai toan duy tri 6n dinh cho cac
bo phan truyén tai cua co cau spring khi chiu nén. Nhu vay,
ta ¢ thé nhan xét rang giai phap ding co cau tendon (chi gay
ra luc kéo) hoan toan c6 khd nang thay thé mot céch hiéu qua
cho giai phap dung co ciu spring (c6 thé gay luc kéo hoic

day).
3.4. Vé tinh kha thi ciia giai phap diéu khién bang tendon

Dé danh gia tinh kha thi cua giai phap, ta s& can ctr trén
3 thdng sb can thiét ma hé théng thiét bi phai dap tmg duoc:
- Gia tri lyc diéu khién 16n nhat: ¢ giai phap diéu khién bang
lyc mot ddu, gid tri luc didu khién 16n nhét can dat téi 1631
kN. Téac gia xin don cir tai dia chi https://hulo.vn/product/xi-
lanh-thuy-luc/ ta c6 thé tim dugc xy lanh thuy lyc 180 tin, du
dap tng yéu cau.
- Luu lwgng dau can thiét cho xy lanh thuy lyc trén c6 thé tinh
nhu sau:
Bién d6 chuyén vi tai diém twa xy lanh bang tich goc xoay tdi
da tai A véi a (gia thiét goc xoay khé nho):

d T.X T T.X
6y = E[(ql_sinT).a] = qlL—'.cos LA.a
25X T
= 000 .6055.50 = 0.7835cm

Trong 1 chu ky dao dong, piston chuyén vi trén quang duong
8.8, = 6.2685 cm. Tir d6 luu lugng dau can thiét trong 1
phut bang:

T.d*> w 60 = 62685n 302 7125
4 2 B 27

= 301463 cm3/phut
Tai https://hulo.vn/product/bom-thuy-luc/bom-banh-rang/, ta
c6 thé chon may bom NPGH-150 c6 luu lwong t6i da 374375
cm®/phut, thoa man yéu cau can thiét xac dinh ¢ trén.
- Hanh trinh cua piston theo tinh toan & trén bang 4.6, =
3.1342 cm , trong khi theo tai liéu kém theo xy lanh thay luc

Voit = 8. 8A'

ta chon & trén, hanh trinh théng dung 1a 10 cm, dap tng tot
yéu cau vé hanh trinh cua piston.

Nham nang cao hi¢u qua kinh té, giai phap nay nén dugc
&p dung cho két cu nhip 16n, chiu tac dung ngan han cua tai
trong dong. Mot khi xuat hién cac tai trong dong (chang han,
gi6 bio, dong dat), két ciu co thé dao dong qua mic, lic nay
thiét bi diéu khién s& duoc huy dong tham gia diéu chinh bién
do dao dong cua dam vé mirc cho phép. Khi céc tai trong dong
qua di, thiét bi s& khong can hoat dong nira, do ban than dam
dugc thiét ké da du dap tng cac yéu cau vé cuong do va do
vong.

Théng qua nhirng ly giai ¢ trén, ta co thé thay giai phap
diéu khién da trinh bay hoan toan dam bao tinh kha thi.

Hinh 22 md ta sy bd tri co cau tendon hodc spring va
thiét bi tao luc kéo hodc day dé diéu khién dao dong dam. Bo
xt |y tiép nhan tin hiéu dao dong tir cac cam bién gén 1&n dam,
tinh toan va phat xung diéu khién kich thay luc dé tao lec diéu
khién dao dong.

A
’%ulon hodc spring

a. B4 tri tendon hozc spring lién két vai dam.

Kich thuy luc

Piu
neo

Bé d& kich Tendon
thuy luc hodc spring
b. CAu tao dau neo (day cap hogc thanh truy@n lyc) va b tri thiét bi tao
luc diéu khién cho két ciu truyén lyc.

Hinh 22. Chi tiét bd tri lién két va tao luc diéu khién.
4. Ket luan

Phuong phap diéu khién chu dong dao dong cong trinh
thuc té giao thoa giira nhiéu linh vuc nhu dong luc hoc, dién
tir hoc, tin hoc, co dién tu, co khi,... O day, cac tac gia cb
géng xem xét so sanh hiéu qua cua hal giai phéap sir dung
spring va giai phap st dung tendon, lam tang tinh kha thi cia
giai phap khi chung ta ap dung vao thyc tién xay dung.

Trong viéc diéu khién chi dong, sir dung ~phuong an co
c4u tendon de diéu khién dao dong vira cho két qua dap ung
dugc yéu cau cua thiét ké va sir dung, lai vira don gian trong
thi cong va ché tao, nén cé hiéu qua hon khi 4p dung vao céc
cong trinh trong thuc té.

Viéc sir dung co ciu tendon ciing kinh té hon so véi diing
giai phap spring: ta co thé giam chi phi ché tao, chi phi van
Chuyen chi phl dung lap cung nhu chi phi duy tu bao dudng
hé thong diéu khién (day cép dung trong co cu tendon nhe
hon va cuén lai dugc so vai thanh truyén luc trong c6 cau
spring).

Ngoai ra, giai thuat diéu khién dao dong & day co thé ap
dung cho ca hé dong hoc tuyén tinh ciing nhu phi tuyén, tao
kha nang ap dung rong rai giai phap nay trong thyc té.
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Téc gia xin cam on Trudng Dai hoc Bach khoa - Pai hoc Quéc
gia Thanh phé H6 Chi Minh di tao diéu kién dé tac gia hoan
thanh nghién cau nay.
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