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ABSTRACT

In this paper, the control method for the vibrations suppression of a
mechanical system is presented. By changing the input signal of the
system, the controller controls the load to the desired position in
which the vibration is suppressed at the end of the motion. To verify
the effectiveness of the method, the model of a flexible system is
used. Vibration of the system has been significantly reduced under
control action. The experimental results of the control method are
provided to show the efficiency of the control method.

TOM TAT

Trong bai bdo nay, cic phirong phdp diéu khién lam giam dao dong
cua mot hé co hoc dugc trinh bay. Bang cach thay doi tin hiéu vao
ciia hé thong, bé diéu khién sé diéu khzen tai dén vi tri .mong muon
Vi dao déng dwoc triét tiéu vao cudi hanh trinh. Nham déanh gid
tinh hiéu qua cua phwong phdp, mo hinh dao dong cua hé thanh
manh dwogc si dyng. Dao dong cia hé thong giam di ding ké
dudi tac dong diéu khién. Két qua thic nghiém cia mé hinh diéu
khién dwoc trinh bay dé thdy dwoc tinh hiéu qua cia phwong phdp
diéu khién.

1 GIOI THIEU

Trong co hoc, dao dong la chuyén dong co

the bi bién dang, cong, nit, gdy... Dao dong
trong h¢ chi giam di khi d6 ctng cua hé thong
phai v cung 16n hodc chuyén dong cua cac chi

gidi han trong khong gian, lap di 1ap lai nhiéu
lan quanh vi tri can bang. Dao dong co hoc 1a
mot bién thién lién tuc giita dong ning va thé
ning. Trong cac chuyén dong tuong ddi giira
cac chi tiét trong hé co khi ludn ton tai dao
dong. Khi chi tiét chuyén dong cang nhanh s&
tao ra gia téc cang 1n, phat sinh moment quan
tinh cang lon lam tang bién d¢ dao dong.

Dao dong trong céc chi tiét lam giam tuol
tho cic cong trinh xdy dung nhu cau, cbng,
duong ciing nhu céc thiét bi trong hé théng co
khi. Vi bién do dao dong 16n, cac chi tiét c6
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tiét trong hé phai rat cham. Do d6 viéc giam
dao dong cua hé co hoc theo cac yéu cau dit ra
bang cac bién phap co khi la khong hiéu qua
trong mot s truong hop va viéc ton tai cua
dao dong lam anh huéng dén su chinh xac cua
chuyén dong co khi nén can phai ap dung cac
bién phap diéu khién dé kiém soat, khong ché
dao dong.

C6 rat nhiéu phuong phap dé diéu khién
dao dong nhung thuong dugc chia lam hai
nhém phuong phap chinh: diéu khién vong ho
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va diéu khién héi tiép. Trong nhém phuong
phap didu khién hoi tiép, dao dong cua ddi
tuong duoc do luong bang cam bién do dao
dong (gia téc ké) va thiét bi diéu khién tinh
toan, triét tiéu dao dong bang cac phan tir tich
cuc (damper). Khi viéc do luong cac dao dong
1a kho khan hodc khong thé thuc hién duge thi
nhom phuong phap diéu khién vong ho dugc
4p dung. Phuong phéap nay lam thay d6i hinh
dang tin hiéu dau vao cho hé co hoc (input
shaping) dwa vao dic tinh tan sb riéng cua hé.
Phuong phép thay d6i hinh dang tin hiéu vao
khong doi hoi co ché phan hdi cua b diédu
khién vong kin. Viéc triét tiéu dao dong dugc
thuc hién voi mot tin hiéu tham chiéu duogc du
bao dao dong trude khi no6 dugc xdy ra hon la
viéc ¢b gang diéu chinh dua hé thdng vé trang
thai mong mudn. Viéc thyuc hién theo phwong
phap nay 1a mot giai phap dé dang hon trong
viéc giam dao dong so véi bo diéu khién phan
hdi (feedback controller). Trong bai bao nay,
tac gia giGi thiéu cac phuong phap diéu khién
vong hé trong viéc giam dao dong dong thoi
gidi thigu viéc ap dung vao mot hé théng cu
thé. Bai bao dugc trinh bay nhu sau: phan gioi
thiéu trinh bay vé dao dong va y tuong ve VIeC
lam giam dao dong. Phan hai la gioi thiéu vé
phuong phap thay doi tin hiéu vao. Phan ba
trinh bay viéc ap dung phuong phap thay doi
tin hiéu vao cho hé co hoc dang thanh manh va
céc két qua. Cudi cung 1a két luan va dé xuat.

2 PHUONG PHAP THAY DPOI HINH
DANG TiN HIEU VAO

Xet hé thong dao dong bac hai c6 ham
truyén nhu sau:

X(s)_ o

() s? +2§a)ns+a)n ’

trong d6,F(s) 1a ngd vao hé théng, X(s) 1a ngd
ra cia hé, ¢ 1a hé s giam chan (hé sé suy
giam), @, 1a tan s6 dao dong tu nhién (dao
dong riéng) cua hé.

H(s)= (1)

Pap ung xung (impulse response), F(s)=1,
cua hé (1) dugc xac dinh nhu sau:
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2
),
X(s) = L
% + 2(w,5 + w°
o )
= X(t) = ——1—e~“n' sin wyt,

=g
trong d6, @y = wn1-¢2 .

2.1 Zero Vibration (ZV)

ZV 1a phuong phap xur 1y 1énh diéu khién
nham triét tiéu moment quan tinh khi chi tiét
chuyén dong tao ra dao dong nhu phwong trinh
(2) (thanh phan Sin@yt). Bang cich tao ra
moment quén tinh tht cip c6 chiéu nguoc lai
s0 Voi moment quén tinh so cép, ching s& triét
tiéu 14n nhau.Khi d6 chi tiét s& chuyén dong
ma khong con dao dong. Nhung néu chi tiét
dang chuyén dong 6n dinh rdi ding dot ngot,
moment quéan tinh lai phat sinh 1am chi tiét bi
dao dong. Vi thé khi ding chuyen dong van
can tao moment quan tinh thtr cap nham trit
tiéu moment quan tinh so cap. Hinh 1 md ta
dap tng dao dong cua hé bac hai (1) dudi tac
dong cua lyc so cdp va thir cap. Hinh 2 mo ta
dao dong con lai dudi tic dong cua hai xung
tac dong.Bién do va thoi gian tac dong cua luc
so cap va tht cap phu thudc vao dic tinh cua
hé dao dong. Dao dong con lai cua hé thdng
sau khi bi tac dong mot chudi cac xung luc
dugc xac dinh nhu sau (Singhose et al., 2000;
Sorensen & Singhose, 2008; Sorensen et al.,
2007; Sung & Singhose, 2009):

= JC% (@0, )+ S%(@n,C), 3

V(wn,¢)

trong do,

Clan,¢)= X Ae 5" cosayt;
i=1

S(Cl)n,é/): ZAie_Cwnti sin Cl)dti ,
i=1
A va tj 1a bién do xung va thoi gian tac dong.
Phuong phap ZV st dung hai xung tac
dong lién tiep nhau nham triét tiéu dao dong
con lai cua hé¢ thong. Do do, ‘dao dong con lai
cua hé thong trong (3) phai bang 0. Khi do6 céac
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thanh phan trong phuong trinh (3) duoc viét lai
nhu sau:
0=A + Ae *“'2 cosegyt,, (4)

)

Nghiém cta phuong trinh (5) dugce xac dinh:

0= Ae 2" sin ayt, .

nx
a)dt2 =n7Z':>t2 :a)_.
d

(6)

Viéc chuan hoa bién do cac xung tac dong
dugc rang budc bai diéu kién sau:

£a-

Vi vay, phuong trinh (4) duoc viét lai:

(7)

¢

0=(1-A)+Ag “
__¢n
e“’"‘ﬁ?

S

1re e

= A= (8)

e
Pt K=e @< khi do:

Al L K
¢ [T K 16K
i 0 t)

©)

Trong thuc té, hé thong khong thé thyc hién
viéc giam dao dong bang cach tic dong cac
xung lién tiép. Vi vay, tin hiéu vao s& duoc
phdi hop véi cac xung nhip dé dam bao ring
dao dong con lai s& dugc triét tiéu. Viéc phdi
hop gifra tin hiéu xung va tin hiéu bude dau
vao dugc mo ta trong Hinh 3. Tin hi¢u budc s€
dugc thay ddi (convolute) boi cac tin hiéu
xung roi dua vao hé thong.

2.2 Zero Vibration & Derivative (ZVD)

ZV la phuong phap diéu khién dao dong
don gian, dg chinh xac cao. Tuy nhién, phuong
phép ZV kha nhay v6i sai s6 md hinh, néu tan
s6 dao dong riéng cua hé thay d6i so voi gia tri
thiét ké, chi tiét s& dao dong tro lai

55

Phdn A: Khoa hoc Tir nhién, Céng nghé va Méi trwong: 26 (2013):53-60

Vimi
— Lue s ciip

Lyc ihir cap = D drmg cila bire wr chp

= Dvip dmng ciia hye thir cip

/\

Thiri glan

rJr T

Hinh 1: Pap @mg dao ddng cua tirng dau vao

Ve
= LipC s chp

= dep

Hinh 2: Pap @ng dao dong cia ca hai dau vao

K<

0 t s

- |

Hinh 3: Hinh dang diu vao cia ky thuat ZV

Bap g thng hop cha hai Iye

L L L

Thiri gian

r)

kN
= A,
E 04 1*- Az
E 1 4
0ty I
—
|
oty r,LTune

Hinh 4: Hinh dang dau vao cia ky thuat ZVD

v6i bién d6 tang nhanh. Vi thé phuong phap
ZVD duoc dua ra nham lam giam d6 nhay sai
sé nay S0 voi ZV. Phuong phap ZVD dua
thém mdt rang budc vao phuong trinh (3),

dV(@n.¢) _ o

i (10)
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Khi d6, phuong phap ZVD can 3 nhip dé triét
tiéu moment quan tinh, dwa chi tiét vé trang
thai chuyén dong on dinh. Trong hinh 5, gia st
tan s6 dao dong riéng cua chi tiét bi sai biét so
véi tan sé duoc thiét ké trong hé thdng diéu
khién (gap 1,1 lan). Véi ZV, dao dong s& xay
ra voi bién do khoang 15% so véi khi khong
ap dung ky thuat diéu khién dao dong. Con voi
ZVD, bién d6 dao dong nay chi khoang 3%.
RO rang ZVD lam cho dao dgng it nhay cam
hon véi sai s6 mo hinh.

2.3 Zero Vibration & Double/Triple

Derivative (ZVDD/zZVDDD/...)

C6 thé lam giam do nhay sai sé mé hinh
thip hon nira so véi ZVD. Bang cach dua 4
nhip véi bién do, thoi diém thich hop dé ting
toc dan, dwa chi tiét vao trang thai on dinh,
phuong phdp ZVDD s€ gitp dao dong duoc
kiém soat tot hon. Néu can thiét, nhip thir 5 ¢o
thé dua vao mé hinh diéu khién (ZVDDD)
nham 1am giam hon nita @6 nhay dao dong véi
sai 6 md hinh, xem hinh 6.
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-+ ZVD
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Hinh 5: Pwong dic tinh vé dd nhay sai sé cia
7V va Z\VD

Y

30

10

Percentage Vibration (PRV)

0.75

1 1.25
Normalizerd Frequency(o / @,,)

Hinh 6: Pwong dic tinh vé d§ nhay sai s6 cia
Z\V,ZVD, ZVvDD & ZVvDDD
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C6 thé thay, ZV, ZVvD, ZVvDD, ZVDDD
déu 1am giam téc d6 tang tdc cua chuyén dong.
Ting toc timg bude, dao dong s& dugc kiém
soat t6t hon. Vi thé, co thé dung phuong phap
tang toc timg budc véi bién d6 mdi budc nho,
tang dan dén toc do cyc dai. Khi d6 dao dong
s& giam dang ké va do nhay véi sai s6 mo hinh
rat thap so véi cac phuong phap khac. Co thé
dung PWM dé thyc hién diéu nay.

2.4 Unity Magnitude (UM)

UM 1a mot phuong phap diéu khién dao
dong. Trong d6 bién do6 cua cac nhip déu bang
nhau, xem hinh 7 (Sirr1, 2011). Phuong phap
nay thich hop vai cac hé théng diéu khién don
gian. Bang cach bb tri chiéu cia nhip ung véi
thoi diém thich hop co thé triét tiéu moment
quan tinh cua chi tiét khi chuyén dong. Do
bién do xung tac dong ludn 1a 1 va tong bién
dd cac xung phai thoa méan phuong trinh (7)
nén sé lwong xung nhip khi khoi dong ciing
nhu khi dimg luén 1a mot s6 1é. Thoi diém dat
xung nhip dugc xac dinh bang cach giao do thi
xung tam giac véi d6 thi dao dong hinh sine c6
tan so 1a tan s6 dao dong riéng cua hé thong,
nghiém cua né s& 1a thoi diém dé dat cac nhip
vao. Tan sb xung tam giac duoc thay dbi ngiu
nhién (thong thuong sé chon méc 13 ¥ Tgine va
giam dan dé co it nhat 1a 3 xung nhip), sau d6
tinh toan xem V(a)n N ) ¢6 nho nhat chua, néu
chua thi diéu chinh tan s xung tam giac (ting
tAn s6) va tiép tuc tinh V(m,,¢) dén khi co
V(@,,&) 1a bé nhét. Khi d6 giao dd thi xung
tam giac v6i dd thi dao dong hinh sine cua tan
s6 dao dong riéng, nghiém cia no s& 1a thoi
diém dé dat cac nhip vao. Ngoai ra ciing c¢6 thé
thay d6i bién do cua xung sine va giao voi
xung tam giac nhu phuong phép trén dé tim
gia tri nho nhat cua V(a)n,é). Phuong phap
diéu ché xung UM dugc trinh bay nhu hinh 8-
11. Véi phuong phap UM, thoi gian thyuc hién
chi trong ntra chu ky dao dong riéng cua chi
tiét, vi thé UM giup triét ti€u dao dong nhanh
hon so véi cac phuong phap ZV. Bu lai, UM
nhay véi sai s6 mé hinh hon phuong phap ZV,
xem Hinh 12.
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Hinh 7: Phwong phap diéu ché UM(Sirr, 2011)
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Input shaping for nine-pulse shaper
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Hinh 12: Pwong dic tinh vé d§ nhay sai s6
cia UM

3 THUC NGHIEM
3.1 Mo ta thiét bi thuc nghiém

Mo hinh thi nghiém bao gom mét thanh

thudc nhya déo duoc gén vudng goc vao truc
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xoay cua motor dé tao xung luc bang cach
xoay truc dong co co gin thanh manh. Pau con
lai dugc gén mot vat nang lam tang moment
quan tinh dé chi tiét c6 thé dao dong 16 rang
khi khong 4p dung giai thuat diéu khién dao
déng. Khi @6 hé thanh manh chinh la thanh
thudc gan vudng goc vai truc dong co, nguon
gay ra dao dong la tur viéc phat dong/ dung
motor. M6 hinh thyc nghiém c6 thé mé ta nhu
Hinh 13. Vi thanh manh c6 vat liéu va kich
thude xac dinh thi tan s6 dao dong tu nhién
cia hé thanh manh duoc xac dinh bang cong
thirc sau:

_ [3El
“ e

trong d6, m 1a khdi lwong vat nang gian & dau
thanh manh, E 12 mé6 dun dan hoi cua vat ligu
ché tao thanh manh, | 1a momen quéan tinh
mat cat ngang cua thanh, va | 1a chiéu dai
thanh manh.

Bo diéu khién duoc sir dung trong mo hinh
la vi diéu khién MSP430G2553 cia Texas
Instrument. IC giao tiép voi may tinh thong
qua cong ndi tiép RS232. Phan mém diéukhién
duoc thiét ké thong qua cac thuit toan duoc
trinh bay trong phan 2 va dwoc nhing vao vi
diéu khién MSP430.

Hinh 13: M6 hinh hé thanh manh

UART
-
—

Vi didu khién
(MSP430G2553)

My tinh

(PC, laptop) —)‘ Mach cong suiit ‘—)| Motor |

Hinh 14: So' @6 khéi mé ta thiét bi thuc nghigm
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3.2 Kétqua

Sau khi thuc nghiém véi phuong phap ZV,
khi khoi dong ciing nhu khi dirng, bién d¢ dao
dong giam dang ké. Nhung néu tan sé dao
dong riéng va tan so triét dao dong co su sai
léch nho, dao dong lai xay ra vai bién do ti Ié
véi d6 sai léch.

V6i phuong phap ZVDDD..., khi khéi dong
va khi dung, bién d6 dao dong giam ro rét,
nhung thoi gian dat vi tri can thiét kha dai S0
v6i truong hop khong dleu khién. Néu tan sé
dao dong riéng va tan sb trlet dao dong cb sy
sai léch nho, dao dong van xay ra nhung véi
bién d6 rat thap.

Vi phuong phap UM, khi khoi dong va
khi dung, bién d6 dao dong giam. Néu tan sb
dao dong riéng va tan sé triét dao dong co su
sai léch nho, dao dong lai xay ra véi bién do ti
lé voi do sai léch nhu doi véi phuong phép
ZV. Phuong phip UM t6 ra wu thé khi diéu
khién voi mot luong 16n nhip duoc dua vao.
Khi d6 dao dong giam rd rét nhung thoi gian
hoat dong khong thay ddi, chi trong nira chu
ky dao dong riéng cua chi tiét khi khong diéu
khién dao dong.

Input shaping with ZV shaped

15 y H Without input shaping - 82 48% overshoot|
I — With input shaping - 0.37% overshoot
16 peeecly i Input shaped command
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Hinh 15: Két qua mé phéng ZV - bién do dao
dong 0.37%

Hinh 16: Két qua thuc nghiém ZV véi ox/ o ~
1.1 - bién d¢ dao dong 10%



Tap chi Khoa hoc Truong Dai hoc Can Tho

Input shaping with ZVDDD. .. shaped
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Hinh 20: Két qua thuc nghiém UM véi ox/ o ~
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Unity magnitude input shaping with 9-pulse shaper
T —— Without input shaping - 75 5% overshoot
I — With input shaping - 0.2% overshoot
'''''' — Input shaped command
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Hinh 21: Két qua mé phéng UM - 9 nhip - bién
do dao dong 0.2%
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Hinh 22: Két qua thuc nghiém UM véi ox/  ~
1.1 - 9 nhip - bién d9 dao dong 3%

4 KET LUAN

Chung ta dd kham pha cac thuét toan didu
khién dao dong hé co hoc mét bac tw do béng
phuong phap thay ddi dang tin hiéu ngd vao. O
mdi phuong phap déu co nhing uu va khuyét
diém. Céac phwong phap diéu khién dao dong
co hoc déu yéu cau mot khoang thoi gian thuc
hién thay déi hinh dang tin hiéu ngd vao.Ludn
6 twong quan gilra téc d6/do nhay sai s6 mo
hinh, do d6 can lya chon phuong phap diéu
khién thich hop Véi cac yéu cau dat ra.Trong
truong hop moé hinh hé théng chinh xéc, tit ca
cic phuong phéap trén déu co kha ning triét
tiéu nhimg dao dong con du khi chi tiét khi
dang chuyén dong va khi dirng vé 0.

Trong pham vi diéu kién han hep, co s& vat
chat thip, hoic yéu cau diéu khién dao dong
khong qué cao, cac phuwong phap didu khién
vong hé nhu ZV, ZVDDD, UM Ia nhiing
phuong phap phu hop. Véi phuong phap ZV,
chi can 2 nhip 1a du dé dua chi tiét chuyén
dong vé trang thai cin bang. Phuong phap
ZVDDD c6 uu diém vé kha nang t6i thiéu hoa
d6 nhay sai s mo hinh. Phuong phap UM t6
ra don gidn trong viéc diéu khién boi né chi
bao gom cac nhip véi bién do bang nhau.

LOI CAM TA

Cac tac gia chin thanh cdm on Truong Dai
hoc Can Tho dd cdp kinh phi dé thyc hién
nghién ctru nay. Nghién ctu duoc thyc hién
dusi su tai trg tr D& tai nghién ciu cap
Trudng do sinh vién thuc hién nam 2013 (Ma
s6 dé tai: TSV2013-01).
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