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ANH HUONG CUA TRONG SO LUAT MO BEN HIEU QUA BPIEU KHIEN
KET CAU CHIU TAI PONG DAT

Bui Hai L&', Nguyén Tién Duy?
YWién Co khi - Trirong Pai hoc Bach Khoa Ha Ngi,
2Tyuong Pai hoc K3 thudt Cong nghiép - PH Thdi Nguyén

TOM TAT

Diéu khién m¢ (Fuzzy control — FC), dua trén 1y thuyét tip md ctia Zadeh, ¢6 nhiéu uu diém nhu
don gian vi khong cAn mé hinh toan hoc cua di tugng trong qua trinh thiét ké bo diéu khién, tan
dung kinh nghiém chuyén gia thong qua hé luat diéu khién dinh tinh,... Tuy nhién, h¢ luat mo
thuong co dang chung cho nhiu 16p ddi tugng duoc diéu khién khac nhau nén c6 thé khong phu
hop hoan toan véi mot ddi twong dwoc diéu khién cu thé. Vi vay, trong bai bao ndy cac tic gia
khao sat anh huong cia trong s6 luat mo dén hiéu qua diéu khién dao dong cua két cAu nhiéu bac
tu do chiu tai trong dong dét. Tur do, bai bao dwa ra mirc do quan trong cua cac luat trong hé ludt
mo ciing nhu d& xuat hé luat diéu khién pht hop hon d6i véi dbi twong khao sat nay. Cac két qua
mod phong s6 cho thay hé luat méi lam ting hiéu qua diéu khién va giam thoi gian tinh toan cua bo
diéu khién.

Twr khéa: Dao dong két cdu;; dong dat; diéu khién mo; diéu chinh hé ludt; trong 56 ludt.
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INFLUENCE OF WEIGHT OF FUZZY RULE ON CONTROL
PERFORMANCE OF STRUCTURE SUBJECTED TO EARTHQUAKE
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ABSTRACT

Fuzzy control, FC, based on the fuzzy set theory of Zadeh, has many advantages: easy because the
mathematical model of the controlled object is not necessary when designing the controller, the
expert’s knowleadge is used in terms of the qualitative control rule, ... However, the fuzzy rule
bases are often used in the same form for different controlled object classes, hence, they can be not
entirely appropriate for a specific controlled object. Therefore, in the present work, the influence
of weight of fuzzy rules on control performance of a multi-degree of freedom structure subjected
to earthquake. Then, important level of each control rule is investigated as well as a new rule base
which is more appropriate for the studied model is proposed. The numerical simulation results
indicate that the new rule base improves the performance and descreases the computational time of
the controller.
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1. Gi6i thiéu

Ly thuyét tap mo duoc phat minh boi Zadeh
nam 1965 [1] da dua ra mét cOng cu toan hoc
hiru ich ¢&& md hinh héa cac dir liéu khong
chic chan, khong rd rang va di dugc ung
dung nhiéu trong thyc té.

Diéu khién mo dua trén 1y thuyét tap mo, co
nhiéu vu diém nhu: don gian vi st dung suy
luan dinh tinh thay cho bién di toan hoc; tan
dung duogc kinh nghiém, suy luin dinh tinh
cia con nguoi khi thiét 1ap co so ludt didu
khién; tinh kha thi cao ngay ca dbi véi hé
phirc tap, phi tuyén, chiu lyc ngiu nhién va
kho ¢6 161 giai tuong minh; khong phu thude
hoan toan vao cac tham s cua hé nén co thé
sir dung lai khi hé thay ddi [2].

Vi véy, diéu khién mo dugc ung dung rong
rdi trong diéu khién qua trinh néi chung va
trong diéu khién dao dong cua cac két cu
chiu tai trong dong noéi riéng [3].

Mot bo didu khién mo (FC) gdom 4 thanh
phén: cac luat mo, mo hoa, suy ludn mo va
giai mo. Thanh phan quan trong nhét trong
FC 1a co so luat dé chuyén dbi tir dau vao
sang dau ra dua trén 1y thuyét cac tap mo.
Viéc lwa chon cac luat didu khién 1a bai toan
co ban trong thiét ké cac FC. Hiéu biét va
kinh nghiém ciia nguoi thiét ké thuong duoc
sir dung dé thu duoc mot tap hop cia cac luat
diéu khién mo [4]. Vi vdy, cac luat thu dugc
phu thudc chu yéu vao cic quan diém chu
quan cua nguoi thiét ké.

Vi mdi 16p bai toan trong cac ing dung thuc
té, cac hé luat mo thuong dugc st dung 6
dang giéng nhau.

Vi du, cac hé ludt mo trong bai toan didu
khién dao dong két ciu c6 dang gidng nhau
nhu trong cac cong trinh nghién ctu [5-9].
Nhu vay, hé luat md chung co thé khong phu
hop hoan toan v&i mot dbi tuong cu thé duoc
diéu khién. Vi vay, viéc diéu chinh co s¢ luat
md cho mdi md hinh cu thé 1a can thiét dé
tang hiéu qua didu khién cua cac FC, xem
[10-15]. Trong do, cac tac gia da dung cac

thuat toan khac nhau dé sinh ludt va diéu
chinh hé luat diéu khién phu hop véi dbi
tuong dugc diéu khién.

Mb dun Fuzzy trong phan mém Matlab ciing
cung cép tinh ning diéu chinh hé luat mo
thong qua trong s cuia cac lut.

Vi nhiing i do trén, trong bai bdo nay céc tac
gia tién hanh khao sat anh hudng cta trong sd
luat mo dén hiéu qua diéu khién véi ddi twong
khéo sat 1a mot hé nhiéu bac tu do chiu tai
trong dong dét, tir d6 dua ra muc do quan
trong cua cac ludt trong h¢ luat mo dbi voi dbi
tuong khao sat nay ciling nhu l1a dua ra cac hé
ludt md méi phit hop hon véi d6i tugng khao
sat so v6i hé luat mo ban dau.

2. Poi twgng khio sat

Xét md hinh két cau nha 3 tang v6i may kich
dong ABS (Active Bracing System) gin &
tang 1, chiu Iuc kich thich dong dat X, nhu
Hinh 1 [16, 17].

X

[ m; —
k3 % IJW C3

| %
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Hinh 1. Két cdu nha 3 tang véi ABS

Gia tbc kich dong X, lay tir s liéu cua cac
trdn dong dét El Centro 1940, duoc nhan voi
mot ti 16 dé gia tdc cuc dai bang 0,112g. Céc
thong b két ciu bao gém: m; =1000 kg, ¢; =
1.407 kNs/m, and k; = 980 kN/m, trong d6 i =
1 + 3 [16, 17]. Hé phuong trinh chuyén dong
ctia két cau duoc viét dudi dang ma tran nhu
sau [18]:

[MI[X]+[C]X]+ [K][X] =[B]sat(u) ~[6]%, (1)

Trong do, [X]=[x % x]'; [5]=[mm,m]
va [B]=[100] . Ma trén khoi luong [M],
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ma tran can[C] va ma trdn d0 cimg[K] co
kich thude n x n (n = 3) nhu sau:

m 0 O
[M]={0 m, O (2)
0 0 m
C+C, I=]#n
C, i=]j=
Ci=y ¢ i-j=1 3
_C|+l j_i_l
0 Khéc
ki+k., i=j=#n
K, i=j=n
Ki=1 -k i—j=1 4)
_ki+l J_I =1
0 Khéc

Luyc diéu khién u v6i giéi han ciia may kich
dong Umax = 700N nhu sau:

U KhI U=U,,
sat(uy=< u  khi -u, <u<u, (5
—U,a  KhI U<—U,,

Muc dich ctia bai toan 1a tim quy luit cta u dé
giam dép ung dong luc cua hé, trong do, u
dugc xac dinh tir by diéu khién FC, dugc
trinh bay trong muc 3.
3. Thiét ké bp diéu khién
Trong muc ndy, cic budc thiét ké bo didu
khién mo dugc trinh bay. So dd diéu khién
ciia hé, gdbm hai bién trang thai dau vao va
mét bién diéu khién dau ra, dugc thé hién trén
Hinh 2.
Khoang xac dinh cua céc bién dugc lya chon
theo kinh nghiém (bang phuong phap thir -
sai) nhu sau:
x, €[-a,a]=[-4.6,4.6] mm
e[-b,b]=[-50,50]mm/s (6)
ue[-c,c]=[-1500,1500]N
So dd mo hoa cac bién trang thai va bién diéu
khién dugc thé hién trén Hinh 3.

%, |BO PIEU KHIEN
— FC

A\ 4
Hinh 2. So' d6 diéu khién ciia hé
Ne LNe

1 Z LPo Po

X1

VNe VPo

Hinh 3. So' 6 mo héa cdc bién
Trong d6, Ne, Po, L va V lan luot 1a ky hiéu
cua Negative, Positive, Little va Very.
Co s6 luat dién hinh gom 15 luat cua FC cho
bai toan didu khién dao dong két ciu duogc
cho trén Bang 1 [18]. Trong d6, chi sé trong
ngoac don thé hién sd tht ty cta luat.

Bang 1. Co s6 ludt ciia b diéu khién FC

« X LNe 4 LPo
1

Ne VNe (1) Ne (2) LNe (3)
LNe Ne (4) LNe (5) Z (6)

z LNe (7) Z(8) LPo (9)
LPo Z(10) LPo (11) Po (12)

Po LPo (13) Po (14) VPo (15)

Suy ludn mo dung phuong phap Mamdani
Max — Min va budc gidi mo st dung phuong
phép trong tam.
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Trong truong hop trong sb cia cac luat déu
bang 1, mat luat cua hé luat trén bang 1 thé
hién trén hinh 4.

Khi thay d6i gia tri cac trong sd nay trong
khoang tur 0 dén 1, hinh dang ctia mat luat s€
c6 su thay doi dang ké.

005 “

Input2 nputt
Hinh 4. Mat ludt khi trong $6 ciia cdc ludt déu
bang 1
4. M6 phéng sb

Trong phan nay, phdn mé phong s cho bai
toan diéu khién dao dong két ciu nha 3 tang
chiu tai dong dit, nhu duoc trinh bay trong
muc 2, dugc thuc hién cho céc truong hop:

- Trong s6 ciia cac ludt déu bang 1.

- Khao sat anh huong cua trong sé luat dén
hiéu qua diéu khién dao dong két ciu trén.
Céc chi tiéu quan trong trong bai toan diéu
khién dao dong két cau bao gom:

- Chuyén vi twong d6i cuc dai, lién quan dén
an toan cua két cau, thudng xay ra ¢ tang 1:

n(80)

d

max

- Gia toc tuyét doi cuc dai ctua két cau, lién
quan dén kha nang chiu dung cia con nguoi,
thuong xay ra & tang dinh:

ST

ti | X

amax

Trong d6, di(t) va X, (t) 1a chuyén vi twong ddi
va gia tbc tuyét ddi cua tang thir i trong trudng
hop duoc didu khién; Qg VA X, 12 chuyén vi
trong d6i va gia toc tuyét dbi cuia ting thir i
trong truong hop khong dugc diéu khién.

Cac két qua mo phong sb cho truong hop
trong sb ctia cac luat déu bang 1 bao gom:

- Gia tri cua céc chi tiéu F; va F, dugc thé
hién trén bang 2, trong do, cac két qua thu
duoc tir cac phuong phép ciing dugc bao gdm
dé so sanh.

Bang 2. Gid tri cua cdc chi tiéu Fyva F,

Phuong phap F, F,
LQOR [17] 0,657 0,584
MBBC [17] 0,381 0,548
SSMC [17] 0,388 0,560
Lim va cong su [17] 0,396 0,543
Du va cong su [16] 0,41 0,53
FC 0,4645 0,5619

- Chuyén vi twong d6i cuc dai va gia tc tuyét
doi cuc dai ctua cac tang dugc thé hién trén
cac Hinh 5 va 6.

3 ~
~
~
& 2 {—* Khong e
diég N\
khién N
. |=&=FC N
0 0.005 0.01 0.015

Chuyén vi tuong dbi cyc dai (m)

Hinh 5. Chuyén vi twong doi cuwc dai ciia cdc tang

— &= Khong P 4
dicu p
2 khién
= -
& 2 EC ) R4
7
7
1 T <
(] 2 4 6

Gia té¢ tuyét di cuc dai (m/s?)

Hinh 6. Gia téc tuyét déi cuee dai cia cac tcing
Dap tmg theo thoi gian cia chuyén vi tuong
doi cua tang 1, gia toc tuyét doi tai tang 3 va
luc diéu khién dugc thé hién trén cac Hinh 7,
8vao.

= 0.015 — - - Khong diéu khién
= o0.01 nida e
= 01 A fadgn! \
e v lluln:u:",nl'.'ll‘lln'q,\.
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Hinh 7. Chuyén vi twong doi cia ting 1
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Gia tbe tuyét ddi cia ting 3 (m's?)

Time (s)

Hinh 8. Gia toc tuyét doi cia tang 3
1000

z —FC

& 500 -

=)

B

= -500

=3

3 -1000 T T 1
0 3 6_. 9 12 15

Time (s)

Hinh 9. Luc diéu khién
Nhu vay, c6 thé thdy rang:
- B6 diéu khién FC duoc thiét ké da dap ung
muc tiéu diéu khién, nghia 13, giam chuyén vi
tuong ddi cuc dai va gia tde tuyét ddi cuc dai
ctia két cau. Diéu nay gop phan lam ting do
an toan cho két cdu ciing nhu giam nhiing anh
huéng xau dén stc khoe con ngudi.
- Hiéu qua diéu khién cta FC tuong ddi t6t so
v6i két qua thu duoc tir nhitng phuong phap
khac vai ca 2 chi tiéu F; va F,.
Phan tiép theo, cac tac gia tién hanh khao sat
anh hudng cta trong s6 luat dén hiéu qua diéu
khién dao dong két cau trén dé dua ra mic do
quan trong cia cac ludt cling nhu dé tim ra hé
luat diéu khién phu hop hon d6i vé6i dbi tuong
cu thé nay.
Hinh 10 va 11 dua ra sy thay doi (%) cla cac
chi tidu F; va F, khi 1an luot thay di trong sd
clia cac luat bang 0,5 va 0, trong do, khi thay
doi trong sb6 cua mot luat nao d6 thi cac luat
con lai ¢o trong s6 déu bang 1.

4

Hinh 10. Trong s6 ludt bang 0,5

OoFl @F2

*

8 9101112131415

Hinh 11. Trong s6 ludt bang 0
Tir cac Hinh 10 va 11 ¢6 thé thiy rang:
Viéc diéu chinh trong s6 cua tung ludt co6 anh
huong dén hiéu qua diéu khién (cac chi tiéu
F1va F,) ¢ cac mirc do khac nhau.
Cac luat 4, 5, 6, 12 va 14 ¢6 anh huong 16n
dén hiéu qua diéu khién cua FC.
Céc luat 1 va 15 hoan toan khong anh hudng
dén hiéu qua diéu khién. Diéu nay ciing phu
hop v6i quy ludt vat Iy ctia mo hinh két cdu
dao dong. Co thé giai thich vé diéu nay nhu
sau: ddi voi két cdu dao dong, khong thé co
truong hop gia tri tuyét ddi cia chuyén vi va
van tdc cung dat cuc dai déng thoi nén cac
luat 1 va 15 khong hoat dong trong qua trinh
diéu khién.
Dbi voi cac luat 3 va 13, khi giam trong sd
dan vé 0, hiéu qua diéu khién tét hon so voi
truong hop trong s cua cac lut nay bang 1.
Nhu vdy, su c6 mét cta cac luat 3 va 13 gay
anh huong x4u dén hiéu qua diéu khién.
Dbi voi cac luat 8 va 9, khi giam trong s6 vé
0.5, hiéu qua diéu khién t6t hon so véi trudng
hop trong sb cua cac luat nay bang 1 d6i voi
ca hai chi tiéu F; va F.
Pbi voi cac luat con lai, khi giam trong 30,
hidu qua diéu khién ciing giam & mot trong
hai hodc ca hai chi tiéu F; va F.
Tir cac phén tich trén, cac tac gia dé xuét co s&
luédt méi nhu trén Bang 3, trong do, gia tri trong
ngoic kép 1a trong s6 twong tmg véi ludt.
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Bang 3. Co 56 ludt méi ciia bé diéu khién FC

X LNe i LPo
X1
Ne Ne “1”
LNe Ne “1” LNe “1” Z“1”
Z LNe “1” Z“0.5” LPo “0.5”
LPo Z“1” LPo “1” Po “1”
Po Po “1”

Nhu vay, so voi hé luat ban dau trong Bang 1,
hé luat méi duge dé xudt trén Bang 3 co cac
thay doi sau:

- Cacluat 1, 3, 13 va 15 bi loai bo.

- Trong s6 cua cac luat 8 va 9 diéu chinh
thanh 0,5.

Hiéu qua diéu khién va thoi gian tinh toan
(CPU time) khi str dung hé luat méi duge dé
xudt trén Bang 3 dugc thé hién trén bang 4.

Bang 4. Hiéu qud diéu khién va CPU time khi sir
dung hé ludt moi

H¢ luit Bing1 Biang3 Thay dbi, %
Fi 0,4645 0,4446 -4,3
F, 0,5619  0,5360 -4,6
CPUtime,s 168 153 -8,8

Nhu véy, khi sir dung hé luat méi duge dé
xuit trén bang 3 dé didu khién dao dong két
cAu nha, da trinh bay trong muc 2, hi€u qua
diéu khién tang va CPU time giam (do c6 it
luat hon din dén giam thoi gian suy luan cia
bo diéu khién). Piéu nay ciing c6 nghia 1a hé
luat méi trén bang 3 phu hop hon véi dbi
tugng diéu khién cu thé nay. CPU time trén
Bang 4 dugce do trén may tinh co céu hinh:
core i7-2640M, RAM 8GB, h¢ diéu hanh
Windows 10.

5. Két luan

Trong bai bao nay, bai toan khao sat anh
hudng cua trong sb luat mo dén hiéu qua didu
khién dao dong cua két cau nhiéu bac tu do
chiu tai trong dong dat dugc nghién ctru. Cac
két qua chinh dwoc tom tit nhu sau:

- B9 diéu khién FC cho hi¢u qua tuong dbi tot
khi giam cac dap ung dong luc cia két cdu
chiju tai trong dong dat.

- Mirc d6 quan trong ctia cac luat dbi véi hiéu
qué diéu khién da dugc khao sat va phan tich.

- H¢ luat mé6i duge dé xuat phu hop hon voi
d6i tuong diéu khién, lam tang hiéu qua dicu
khién ciing nhu lam giam CPU time cta bd
diéu khién.

Céc tiép can trong bai bao c6 thé duge mé rong
dé diéu chinh (tuning) va t6i wu hé luat diéu
khién md nham thu duoc hé luat phu hop nhat
cho ting dbi tuong cu thé dugc diéu khién.

Lo&i cam on

Nghién ctru nay dugc tai trg boi Quy phat
trién khoa hoc va cong nghé qudc gia
(NAFOSTED) trong dé tai ma sd “107.01-
2017.306”.
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