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TGM TAT

Nghién ctu xay dung ma hinh tdi vu hoa tim kigm sira (Jellyfish
Search, JS) dugc tich hyp vai phuong phép phén tir hitu han (Finite
element method, FEM) thanh ma hinh JS-FEM. Ma hink JS-FEM 4p
dung gidi quy&t ba bai toan tdi wu hda trong legng cho gian 37
thanh, gian 72 thanh va vom gian 600 thanh vai rang buc tén sd
dao dong rieng. K&t qua sd tr JS-FEM duge so sénh vai ket qua da
cong b trudc day minh ching cho sy higu qué coa ma hinh nay
trong bai todn tdi wu hoa két cdu co rang budc tan sd dao ding
rigng vai ket qué trong lrgng va sd an lap coa budc phan tich ket
céu ciing nhd hon so vai mot sd cang bd da duge trich dan gan day.

Tir khaa: Trinh tdi vu hda tim kiém sira; phuang phép phén tir hitu
han; tdi vu haa; tan sd dao dang riéng.

ABSTRACT

This study aims to intergate Jellyfish search (JS) optimizer with
the finite element method (FEM) to optimize structural weight
under multiple natural frequency constraints. The proposed model
(JS-FEM) is applied to to solve three weight optimization
problems, including a 37-bar truss, 72-bar truss, and 600-bar
single layer dome truss. Results obtained by JS-FEM are
validated by literatures, and indicate that JS-FEM not only can find
better results but also use fewer number of structural analysis
(NSA). Therefore, JS-FEM is an effective tool to optimize
structural weight under multiple natural frequency constraints.
Keywords: Jellyfish search optimizer, finite element method,
metaheuristic optimization, natural frequency constraints.

1. GIOI THIEU

Cac dac tinh déng luc hoc clia két cdu co thé dugc cai thién
dang ké bang cach kiém soat tan sé riéng, day la théng s6 quan
trong nhat anh huéng dén thanh phan déng ctia két cau khi chiu
rung déng tu do [1-3]. Bang cach phan tich cac tiét dién cla két
cdu vGi diéu kién tan s6 dao ddng riéng cé thé thuc hién viéc cai
ti€n cac dac trung déng cla két cau. T6i uu hoa két cau duéi cac
rang budc vé tan sé cho phép kiém soat cac dac tinh dong clia két
cau [4].

Cac bai toan t6i uu hda vai rang budc tan sé dao déng riéng la
bai toan phi tuyén, khéng 16i va da phuong ddi véi cac bién thiét
ké [5]. Viéc thay d6i cac tan s6 dao déng do thay déi kich thudc va
hinh dang dan dén khé khan trong viéc giai cac bai toan t6i uu hoa
vGi rang budc nay, ching cé thé gay ra nhiéu khé khan vé hoi tu
cla I6i gidi [1]. Do d6, cac phucng phap t6i uu hda c6 dién phu
thudc vao théng tin vé d6 déc ctia tan sé doi véi cac bién thiét ké
c6 thé rat it hiéu quad [6]. Vi vay, cac thuat toan t6i uu hoda
Metaheuristic dugc lua chon nhu cac giadi phap thay thé.

Trong vai thap ky gan day, mot trong nhing linh vuc nghién
ctu ndi tréi nhat trong ky thuat téi uu hdéa gan dung la cac thuat
toan t6i uu hda Metaheuristic [7-13]. Dua trén cac ky thuat nay, cac
bai toan t6i uu khé va tham chi ca cac bai toan Nondeterministic
Polynomial Time (NP) dugc tim thay nhiing I5i giai t6i uu hoac gan
t6i uu [12, 14-16]. Metaheuristic dugc si dung nhiéu trong ky thuat
ung dung bai cac ly do sau: (1) dé thiét ké va thuc hién; (2) khéng
str dung théng tin d6 d6c trong qua trinh t6i uu héda; va (3) c6 thé
ap dung réng rai cho nhiéu bai toan t6i uu héa [7, 16-19].

Do d6, cac thuat toan metaheuristic dung dé thiét ké cac két
cdu véi rang budc tan s6 dao déng riéng da dugc nhiéu nha
nghién ctu st dung trong nhiing nam gan day. Gomes (2011) da
kiém tra viéc t8i uu hoa hinh dang va kich thudc cta gian véi diéu
kién tan s6 dao déng riéng bang cach st dung thuat toan téi uu
hoa bay dan (Particle Swarm Optimization-PSO). K& qua cua
Gomes cho thay PSO hoat déng tuong tu nhu cac phuong phap
khac va tham chi con t6t hon trong mét s6 trudng hop so sanh
[20]. Thém vao do, Linh Van va céng su (2005) da t6i uu hoa hinh
dang va kich thudc cla gian véi cac rang budc tan s6 bai dé xuat
thuat toan di truyén lai thich hgp (Niche Hybrid Genetic Algorithm-
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NHGA) [6]. Kaveh va Zolghadr (2012) da dé xuat su két hgp gilia
Charged System Search va Big Bang-Big Crunch (CSS-BBBC) véi kha
ndng nhan dang bay va st dung né dé gidm trong lugng clia két
cdu vai diéu kién tan s6 dao dong riéng [21].

Theo dong thdi gian, viéc dung cac thuat toan két hgp dé tdi
uu héa két ciu ciing trd nén phé bién. D€ t6i uu hoa hinh dang va
kich thudc ctia gian véi diéu kién tan s6 dao dong riéng, cac thuat
toan the orthogonal multi-gravitational search algorithm
(OMGSA), multi-Gravitational Search Algorithm (multi-GSA) va
Orthogonal Crossover (OC) da dugc két hogp bai Khatibnia va
Naseralavi (2014) [22]. Mat khac, Kaveh va lichi Ghazaan (2016) da
chira rang t6i uu héa cac két cau mai vom quy mo I6n vai cac diéu
kién tan s6 dao dong riéng té ra hiéu qua khi ap dung phuong
phap dé t6i uu hoa cac vat thé va cham do chinh ho dé xuat [23].

Nham giai quyét cac van dé téi uu hda hinh dang va kich thudc
cho cau truc gian vaéi diéu kién tan s6 dao doéng riéng, mot phién
ban méi cla thuat toan tién hoa vi phan dugc goi la ReDE dugc
phét trién béi Ho Huu (2018) la vugt trdi hon nhiéu phuong phap
t6i uu dugc so sanh [24]. Kaveh va Zolghadr (2018) da chi ra rang
thuat toan Cyclical parthenogenesis algorithm (CPA) vuot trdi so
V@i cac thuat toan téi uu Democratic Particle Swarm Optimization
(DPSO), Big Bang-Big Crunch (BB-BC), Harmony Search (HS),
Enhanced Colliding Bodies Optimization (ECBO), and ECBO-
Cascade trong viéc gidi quyét bai toan gidm thiéu trong lugng cla
gian khéng gian déi xing theo chu ky véi diéu kién tan s6 dao
doéng riéng [25].

Tiép theo, Kaveh va cong su (2021) da dé xuat mét phién ban
lam giau cua thuat toan Forensic-Based Investigation (FBI) dugc
goi la Enhanced Forensic-Based Investigation (EFBI) bdng cach
bién ddi cong thic ban dau cla thuat toan FBI [9]. TU két qua ma
tdc gid da st dung EFBI dé gidam trong lugng mai vom vdi rang
budc tan s6 dao dong riéng cho thdy rdng EFBI da thé hién su vuot
trdi hon so vai thuat toan FBI tiéu chuén, ngoai ra né con co hiéu
sudt hon hodc tuong tu metaheuristic khac trong viéc giai quyét
cac bai toan két cau tuong tu. G truong hop khac, thuat toan lai
Adaptive Hybrid Evolutionary Firefly Algorithm (AHEFA) la su két
hgp gilia thuat toan tién héa vi phan (DE) va thuat toan dom dém
(FFA) dugc dé xudt béi Lieu va cong su (2018), dung dé t6i uu héa
hinh dang va kich thudc clia gian véi diéu kién tan s6 dao dong
riéng. K&t qua chi ra rang su hoi tu ctia AHEFA nhanh hon déng ké
so vGi DE, FFA va nhiéu phuong phap tiép can trong tai liéu, va do
chinh xéac ctia n6 t6t hon so véi nhiéu phuong phap [26].

Thém vao do, Vanshaj va cong su (2023) da ap dung thuat toan
Jellyfish Search (JS) nham giai quyét bai toan t6i uu héa bo giam
chan (TMD) cla két ciu cao tang chiu tac dong clia dong dat. Tu
két qua clia tac gia c6 thé thay JS té ra rat hiéu qua dé thiét ké thiét
bi TMD va thé hién su vugt trdéi hon cac thuat toan Shepherd
Optimization Algorithm (SSO) va thuat toan Genetic Algorithm
(GA) [27]. Pac biét, thuat toan JS la mot thuat toan dua trén tri
théng minh bdy dan c6 uu diém hon céc thuat toan khac va cé thé
xU ly da phuong thuc dua trén nghién ctu ctia Chou va Truong
(2021) [7, 28]. JS vuat trdi han cac thuat toan dugc so sanh vai téc
dd hoi tu va thai gian tinh toan [7], nén JS rat thuan tién cho cac
Ung dung khac nhau. Do d6, JS dugc nghién ctu tich hop véi
phucng phéap phan ti hitu han dé t6i uu trong lugng két cau vai
diéu kién tan s6 dao déng riéng trong nghién ctru nay.

Phan con lai cia nghién clu nay dugc té chiic nhu sau. Phan 2
trinh bay co s& Iy thuyét, bao gom thuat toan JS, phuong phap
phan t&r hitu han, ham phat va mé hinh tich hgp JS véi phuong
phap phan ti hitu han (FEM). Phan 3 trinh bay céc ap dung cta JS-
FEM d€ t6i uu hoa bai toan gian va két luan & phan 4 cla bai bao.
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2. COSGLY THUYET

2.1 Thuat toan Jellyfish Search

Chou va Truong da phat trién thuat toan t6i uu ldy cdm hung
tir hanh vi chuyén déng cla con stia trong dai duong dugc dat tén
la Jellyfish Search [7, 29]. Chuyén déng cua sta trong dai ducng
bao gém su di chuyén theo dong hai luu va di chuyén bén trong
dan sua. Viéc di chuyén theo dong hai luu dugc mé phéng la giai
doan kham pha, chuyén dong trong dan sita dugc xem la giai doan
khai thac va hé théng kiém soét thai gian chuyén d6i gilia cac hai
giai doan nay [7, 29]. Trong giai doan dau, xac suat kham pha vugt
qua xac suat khai thac va hé théng kiém soat thdi gian kich hoat
thuat todn tim cac khu vuc cé kha ndng chita cac vi tri ti uu trién
vong. Theo thdi gian, xac suat khai thac trd nén I6n han nhiéu so
VGi xac suat tham do va stra xac dinh vi tri tot nhat bén trong cac
khu vuc da xac dinh. Vao cuéi vong lap, sta tu lai thanh stra hoa.

2.1.1 Dong hai luu

Sta bi thu hut bgi dong hai luu, noi chia lugng I6n chat dinh
duéng, (M)) la hudng clia dong hai luu. Dong hai luu dugc mo
ta bai (1).

trend = X* — B x rand(0,1) X M)

trong do: B > 0 1a hé s6 phan phéi, Chou va Truong (2020) da
chira B = 3 cho két qua tét nhat trong cac thi nghiém sé. Do do, vi
tri mai ctla moéi con stra dugc dua ra boi

X;(t + 1) = X;(©) + rand(0,1) x trend 2

2.1.2 Bay suta

Stra n& hoa la mot khi sta I6n trong d6 ching di chuyén xung
quanh vi tri cGia chiing (chuyén dong thu déng, loai A) hodc vi tri
ctia mot con khac (chuyén dong cha déng, loai B) [30, 31]. Hau hét
stia biéu hién chuyén déng loai A khi dan vita dugc hinh thanh,
theo thdi gian chung ngay cang thé hién chuyén déng loai B. Loai
A 13 chuyén dong clia stia xung quanh vi tri clia ching va vi tri cap
nhat tuang Ung ctia mébi con stia duoc thé hién bai (3)

X;(t+ 1) = X;(®) + y x rand(0,1) x (Ub — Lb) (3)

trong dé: Ub va Lb lan lugt |a bién trén va bién dudi cda khéng
gian tim kiém; va y > 0 la hé s6 chuyén déng, Chou va Truong chi
ray = 0.1 dya trén két qua phan tich trong céc thi nghiém.

Tiép theo, phuong trinh (6) va (7) mé phéng huéng chuyén
déng va vi tri cap nhat clia con stia trong chuyén dong loai B,

Step = X;(t+ 1) — X; (D) (4)
trong dé: Step = rand(0,1) X Direction (5)

X;(0) — X () if f(X;) = £(X;)
X; (D) — X;(0) if f(X;) < £(X;)

Do d6, X;(t + 1) = X;(t) + Step @)

Co ché kiém soat thdi gian dé xac dinh loai chuyén déng theo
thai gian. N6 khéng chi kiém soat cac chuyén déng loai A va loai B
trong mot bay ma con kiém soat ca chuyén déng cla sda déi véi
dong hai luu.

2.1.3 Co ché kiém soat thoi gian

Sua bi thu hit béi lugng thic an dugc chita trong dong hai luu
[32]. Theo thdi gian, bay stia dugc tao thanh béi nhiéu con sua tap
hgp lai véi nhau. Stta trong bdy di chuyén sang dong hai luu khéc
va bay sta khac khi dong hai luu bi thay d8i bai nhiét d6 hoac gid.
Chuyén déng cuta stia bén trong bay dugc goi la loai A (chuyén
déng thu dong) va loai B (chuyén dong chl déng). Ngay ti dau
loai A dugc ua chudng; thoi gian troi qua, loai B ngay cang dugc ua
chuéng.

Ham diéu khién thgi gian dugc hinh thanh bai phuong trinh
(8). Khi gid tri ctia né vugt qué C,, con sua di theo dong hai luu. Khi
gia tri clia n6 nhé hon C,, ching di chuyén vao bén trong bay dan.
C,, dugc dat thanh 0,5, la gid tri trung binh cia O va 1.

Direction = {
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( BAT DAU )
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Input: Phan tir, m6 dun dan o ovree s s
hdi, Iuc khéi, lién két » Khoi tao cac thong so IS
h
Xac dinh tiét dién timg Khéi tao tiét dién cia timg
phan tir phan tir
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| 5
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PP Phéan tir hiru han
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Tinh tan s6 dao dong
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A A +

Tinh gia tri ham phat Két cau toi wu

'

Tinh gia tri ham muc tiéu —

Y

( KET THUC )

Hinh 1. Luu d6 cta JS-FEM

c(t) = |(1 - Ma;iter) x (2 x rand(0,1) — 1)| )

trong d6: t 1a thai gian, dugc chi dinh ké tur 1an 13p thid t va
Max;cer biéu thisé 1an 13p t8i da, 1a tham s6 khai tao.

Giéng nhu c(t), ham 1-c(t) dung d&€ mé phdng chuyén déng
clia mot con sta trong dan (loai A hodc B). Con sia thé hién
chuyén déng loai A khi rand(0,1) vugt qua (1-c(t)). Con sia thé
hién chuyén déng loai B khi khi rand(0,1) nhé hon (1-c(t)).

2.2 Phuong phap phan ti hitu han

Bai todn t6i uu héa kich thudc cta két cau mai vom dugc xay
dung duéi dang toan hoc nhu sau [22, 37]. Tim {a} = [a1, a2, .., ad]
sao cho

Cyc tiéu héa foslfal)= X4, a; 3
Vi diéu kién rang budc
w; = wj d6i véitan s6 dao dong tw nhién

nm(i)

j=1 Pilj (10)

Wy = wydodi véi tin s8 dao dong tw nhién k (11)
an < q; < a"* i=12,..,d
trong dé: feost({a}) la ham muc tiéu, 1a trong lugng cda két cau; a
la vecto cac bién thiét ké, la tiét dién clia cac cau kién; d l1a s6 lugng
cac bién thiét ké kich thudc; nm la s6 phan tar két cau; a;, pi va Lilan
lugt la dién tich mat cat ngang, khéi lugng riéng vat liéu va chiéu
dai ctia cdu kién thu i; a™™ va a™® Ian lugt la bién dusi va bién
trén cla bién thiét ké thd i; w; va w; 1an lugt la tan s6 dao déng
riéng thar j clia két cau va bién dudi tuong Uing clia nd; wy va wy,
lan luot 1a tan s6 dao dong riéng thi k cta két cdu va bién trén
tuong Uing cla nd.
Giéi phap cho phuaong trinh dai s6 sau day dé xac tan s6 dao

dong riéng clia két cau

ko, = wimo, (12)

trong d6: k va m tuong tng la ma tran d6 ctng va khéi lugng
cla két cdu; w, 1a tan s6 dao dong riéng thi n cla két cau; ¢, la
dang dao dong riéng tha n clia két cau; va n la sé bac ty do cla két
cdu(n=1,2,---N).

2.3 Phuong phap ham phat

Trong s6 cac cach ti€p can khac nhau dé x{ ly cac rang buéc
trong cac bai toan t8i uu héa, mét trong nhiing cach phé bién nhat
la xt phat [17, 38, 39].

Cuc tiéu héa F ({a}) = feost (fa}) X o ({a) (13)

trong d6: F ({a}) la ham muc tiéu bj phat va fp ({a}) Ia ham phat.
Degertekin va cong su da dé xudt mot ham phat fp({a}) dé€ dé rang
budc ham muc tiéu feos: ({a}) [9, 40].

fofah) = (1 + ¢)° (14)
trong d6: ¢ 1a téng céac hinh phat

_ t
e =g (1+ o (15)

Gia tri ban dau g, c6 thé dugc dat trong khoang tir 1,001 dén
10.000 va dugc dat thanh 2 & day [41].

2.4 So dé tich hop JS-FEM

Phuong phap phan ti hitu han dugc dung dé phan tich cac két
cdu trong nghién cdu nay va dé tim ra cac gidi phap téi uu thi
thuat toan JS da dugc ap dung nham gidm thiéu trong luong trong
mdi bai todn két cau. Hinh 1 trinh bay quy trinh t8i uu két cdu theo
tich hgp JS-FEM, va ham phat d€ kiém tra di€u kién rang budc
thanh mé hinh dé€ ing dung trong nghién ctiu nay.

3. KETQUA s6

Phan nay trinh bay d4p dung mé hinh JS-FEM d€ t8i uu trong
lugng két cdu, bao gém gian 37 thanh, 72 thanh va hé vom 600
thanh véi diéu kién rang budc tan sé dao dong riéng.

3.1 Gian phéng 37 thanh

Bai toan thu nhat lién quan dén viéc cuc tiéu héa trong lugng
cUa gian 37 thanh dugc moé ta trong hinh 2. Cac khéi lugng10 kg
dugc thém vao tai mébi nut ca bién dudi. Vat liéu c6 méd dun dan
héi E = 210 GPa va khéi lugng riéng p = 7800 kg/m?3. Bai todn xem
xét cac bién thiét ké la kich thudc va hinh dang va tinh déi xtng
kiém soat bdi truc gitta dudng ndi cac nat 10 va 11. Cac thanh cua
bién dudi (gitia cdc nat 1 va 20) c6 dién tich mat ct khong déi va
dugc xac dinh trudc 1a 0.4 cm?.

Cac nut cta bién trén c6 toa do cla ching dudi dang cac bién
thiét k& hinh dang theo huéng thing ding. Khong gian tim kiém
cho cac bién thiét ké& kich thudc c6 thé dugc chon tir khoang [1, 10]
cm?, Do dé, c6 téng céng 19 bién thiét ké trong do6 5 bién danh
cho hinh dang va 14 bién danh cho kich thuéc. Cac tan sé dao
dong riéng phai thoa man cac gidi han sau: fi > 20 Hz, f, > 40 Hz va
f3 = 60 Hz. S6 lugng dan sé va s6 lan lap d6i vai JS-FEM dugc thiét
lap tuong Ung la 50 va 480, nhu vay s6 lan phan tich két cau la
24,000. Két qua cho trong bang 1.

2.5

TrucY (m)

0 | 2 3 4 5 6 T £ 9 10
Truc X (m)

Hinh 2. Két cdu tdi uu gian 37 thanh.
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Bang 1: K&t qua t6i uu cho gian 37 thanh. Dién tich mat ct ngang tinh bang (cm?) va toa dé nut tinh bang mét

Bién phan Wanget Lingyun Gomes Kaveh & Kaveh & Kaveh & Kaveh Carvalhoet Carvalho et JS
tich al. et al. (2011)  Javadi Zolghadr Zolghadr et al. al.(2018) al. (2018) (2023)

(2004) (2005) [20] (2014) (2011) [44] (2014) [3] (2015) [46] [46]

[42] [6] PSO [43] Css DPSO [45] PSO CRPSO

ENSM GA HRPSO DEO
AvLAz 3.250 2.893 2,679 2.851 2.908 2,620 2.7 3.8 3.0 2959
Az,Az 1.236 1.120 1.156 1.000 1.021 1.039 1.0 1.0 1.0 1.003
As,Ax 1.000 1.000 2.347 1.834 1.036 1.046 1.0 1.0 1.0 1.000
As,Azs 2.538 1.865 1.718 1.887 3914 2.716 24 2.7 2.6 2,626
As, Az 1.371 1.596 1.275 1.062 1.002 1.025 1.2 1.0 1.0 1.195
Ae, A2 1.368 1.264 1.481 1.802 1.216 1.508 1.2 1.0 1.2 1.213
A7,A2 2429 1.825 4.685 1.933 2714 2.375 2.2 3.7 2.6 2.452
As, Az 1.652 2.009 1.124 1.249 1.266 1.449 1.3 1.5 1.2 1.365
Ao,Arg 1.825 1.952 2121 1.874 1.8006 1.449 1.9 1.9 1.6 1.556
Ato,Aro 2.302 1.970 3.860 1.957 4.027 2.532 2.2 1.9 25 2.506
Arr,Avz 1.310 1.829 2.981 1.244 1.336 1.235 1.3 1.6 1.0 1.192
Az, Ars 1.406 1.235 1.202 1.777 1.054 1.352 1.4 1.0 13 1.314
Az, Ave 2.189 1.404 1.256 1.806 2811 2914 25 20 2.7 2441
A 1.000 1.000 3.327 1.000 1.170 1.008 1.0 1.0 1.0 1.000
Y3,Y19 1.208 1.199 0.963 1.0744 0.872 0.948 1.04 1.281 0.877 0.952
Ys, Y17 1.578 1.655 1.397 1.495 1.212 1.343 1.40 1.862 1.267 1.340
Y7,Y1s 1.671 1.965 1.592 1.732 1.382 1.504 1.64 2.000 1.455 1.531
Yo,Y13 1.770 2.073 1.881 1.894 1.470 1.635 1.74 2.000 1.583 1.652
Y 1.850 2.305 2085  1.969 1.568 1.718 1.84 2.000 1.662 1.727
Tan s6 dao ddng riéng
fi (Hz) 20.085 20.001 20.000  20.000 20.000 20.019 20.033 21.297 20.004 20.000
f2(Hz) 42.074 40.030 40.000 40.016 40.069 40.011 40.346 40.699 40.000 40.000
f3 (Hz) 62.938 60.000 60.000 60.010 60.698 60.000 60.064 61.259 60.043 60.000
W (kg) 366.50 368.84 37720 364.72 362.84 360.40 361.03 370.502 358.007 359.799
NSA - 8000 - 24000 - - 24,000 24,000 24,000 24,000

NSA: S6 lan phan tich két cau (Number of structural analysis)

3.2 Gian khong gian 72 thanh

Bai toan th( hai tuong Ung véi viéc gidm thiéu trong lugng cla
gian 72 thanh dugc mé ta trong hinh 3 va 4. Khéi lugng 2270kg (5000
Ibs) dugc thém vao tai bon nat & trén cung cla gian. Vat liéu cé moé
dun dan héi E = 68.9 GPa va khoi lugng riéng p = 2770 kg/m?. Viéc tim
kiém riéng biét cho cac bién thiét ké kich thudc cé thé dugc chon ti
khoang [0.645, 50] cm?. C4c tan s6 dao dong riéng c6 gidi han fi > 4 Hz
va f3 = 6 Hz. S6 lugng dan s6 va s6 lan lap déi véi JS-FEM dugc thiét lap
tuong tng la 50 va 540, nhu vay s6 lan phan tich két cau la 27,000. Két
qua chi tiét dugc trinh bay & bang 2.

Hinh 3. Gian 72 thanh - md-dun mau
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Bang 2: K&t qua t6i uu cho gian 72 thanh. Dién tich mat cét tinh bang cm?

Bi&n Konzelman Sedaghati (2005)Gomes Kaveh and ZolghadrKaveh et al.Carvalho et al.Carvalho et al.
phan tICh(1986) [47] [48] (2011)[20] (2012) [21] (2015) [45] (2018) [46] (2018) [46] J5(2023)
FM PSO CSS-BBBC DEO PSO CRPSO
Ar-Aq 3.499 3.499 2.987 3.949 3.60 8.800 3.700 3.440
As-Aiz 7.932 7.932 7.749 7.968 8.100 8.000 8.000 7.870
Aiz-Ais 0.645 0.645 0.645 0.645 0.645 0.645 0.645 0.645
Ai-Ais 0.645 0.645 0.645 0.647 0.645 0.645 0.645 0.645
A-A  8.056 8.056 8.765 7.525 8.85 24.000 8.000 7.978
Axs-As  8.011 8.011 8.153 7.863 8.50 7.800 7.900 7.932
Az-Azs 0.645 0.645 0.645 0.645 0.70 0.645 0.645 0.645
Ass-Ass  0.645 0.645 0.645 0.652 0.645 0.645 0.645 0.645
As7-As0  12.812 12.812 13.450 12.966 11.850 14.000 13.100 12.694
An-Ass 8.061 8.061 8.073 8.347 8.10 6.200 7.900 7.967
Ass-Asz  0.645 0.645 0.645 0.645 0.645 2.600 0.645 0.645
Asi-Asa  0.645 0.645 0.645 0.645 0.645 0.645 0.645 0.645
Ass-Ass  17.279 17.279 16.684 17.389 17.60 15.900 16.800 17.090
Aso-Ass  8.088 8.088 8.159 8.006 7.55 12.600 8.300 7.981
Ae7-A70  0.645 0.645 0.645 0.645 0.645 0.645 0.645 0.645
An-A7z 0.645 0.645 0.645 0.645 0.645 0.645 0.645 0.645
Tan s6 dao déng riéng
fi(Hz)  4.000 4.000 4.000 4.000 4.000 4219 4.000 4.000
fs(Hz)  6.000 6.000 6.000 6.000 6.0080 6.034 6.004 6.000
W (kg) 327.605 327.605 328.823 328.589 329.422 391.864 328.215 324.229
NSA — - - — 27,000 27,000 27,000 27,000

NSA: Sé lan phan tich két cau (Number of structural analysis)

3.3 Mai vom 600 thanh

Bai toan cudi cung dugc trinh bay trong Kaveh va Ghazaan [23]
va Hinh 5 va 6 thé hién hinh anh két cdu mai vom 600 thanh. Mai
vom cé dudng kinh 13 mét va cao 7,5 mét. Méi thanh cua két cau
dugc coi la mot bién thiét ké kich thudc dua dén bai toan téi uu véi
25 bién. Mé dun dan héi E=200 GPa va khéi lugng riéng p = 7850
kg/m3 va cac nut & dudi clia méi vom dugc lién két boi cac khép
(toa d6 z = 0). Khéi lugng 100 kg dugc thém vao tai tat ca cac nut
tu do. Khéng gian tim kiém riéng biét cho bai todn nay dugc xac
dinh trong khoang [1, 100] cm?. Céc gidi han d6i tan s6 dao dong
riéng la fi > 5 Hz va f; > 7 Hz. S6 lugng dan s6 va s6 lan lap déi vai
JS-FEM dugc thiét lap tuong tng la 50 va 300, nhu vay sé lan phan
tich két cau la 15,000. Két qua trinh bay & bang 3.

4. PHAN TiCH KET QUA

4.1 Gian 37 thanh

Két qua t6i uu hoa trong lugng cho gian 37 thanh cda thuat
toan JS-FEM dugc trinh bay & bang 1. Nhin téng thé c6 thé thdy su
phan chia cta 3 nhém két qua khac nhau. Nhém thuat toan cho ra
két qua t6i uu tot nhat trong d6 c6 JS-FEM cho ra két qua vdi trong
lugng gian 359.799kg t6t hon so véi cac nghién clu clia Kaveh va
cdng su [3, 43-45] vGi cac két qua lan luot 360.4kg, 361.03kg,
362.84kg va 364.72kg, chi sau CRPSO v&i 358.007kg cuia Carvalho
va cong su [46] da st dung NSA cao nhat (24,000). JS-FEM to ra
hiéu qua hon cac két qua ctia Wang va cong su [42] va Lingyun va
coéng sy [6] da st dung NSA thap nhat vai trong luong lan luot la
366.5kg va 368.84kg. Va cudi cling, JS-FEM cho thdy uu viét so vdi
PSO cta Carvalho va céng su [46] va cla Gomes [20] vdGi trong
lugng lan lugt 1a 370.502kg va 377.2kg. Vi vay, tu so sanh trén, JS-
FEM t6 ra hiéu qua trong t6i uu trong lugng cho gian 37 thanh véi
rang budc tan s6 dao déng riéng véi NSA cung s6 lan 1ap 1a 24,000.

Hinh 6. Mdt bdng mai vom gian 600 thanh
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Bang 3: K&t qua t6i uu cho ctia mai vom gian 600 thanh. Dién tich mat cat tinh bang cm?

Kaveh & Kaveh & Kaveh &

Bién M. lichi Kaveh M. lichi M. lichi Degertekin et al. Kaveh et al. Kaveh et al. Truong & Chou i
phan tich (2016) [23] (2017) [49] (2017) [50] (2018) [51] (2021) [52] PEIA (2021) [9] (2022) [39] (2023) [53] (2023)
ECBO- DPSO Vs MDV(C- EFBI ISMA FAFBI

(ascade UVPS

a (1-2) 1.0299 1.365 1.3030 1.2575 1.1867 1.0999 1.1035 1.1069 1.1615
az (1-3) 1.3664 1.391 1.3998 1.3466 1.2967 1.4922 1.5801 1.5077 1.3720
as (1-10) 5.1095 5.686 5.1072 4.9738 45771 6.0744 6.2180 5.0709 5.0308
as (1-11) 1.3011 1.511 1.3882 1.4025 1.3356 1.6234 1.0522 1.364 1.3215
as (2-3) 17.0572 17.711 16.9217 17.3802 18.3157 17.4918 17.1566 17.1616 17.1538
a6 (2-11) 34.0764 36.266 38.1432 37.9742 38.5097 37.2118 36.5568 36.5901 36.6623
az (3-4) 13.0985 13.263 11.8319 13.0306 13.5917 12.7873 12.8425 12.8251 12.8320
as (3-11) 15.5882 16.919 16.6149 15.9209 16.8824 14.8239 15.3463 15.3312 15.3304
Ao (3-12) 12.6889 13.333 11.3403 11.9419 13.8766 12.1764 11.9044 11.4916 11.4956
awo (4-5) 10.3314 9.534 9.3865 9.1643 9.5286 9.0163 9.4559 9.4486 9.4473
an (4-12) 8.5313 9.884 8.7692 8.4332 9.4218 8.5044 8.1976 8.2094 8.2741
an (4-13) 9.8308 9.547 9.6682 9.2375 9.7643 8.9951 9.0644 9.0885 9.0583
a3 (5-6) 7.0101 7.866 6.9826 7.2213 7.2431 7.0357 7.6937 7.7166 7.4797
I (5-13) 5.2917 5.529 5.4445 5.2142 5.3913 5.0993 5.1748 5.1446 5.1459
ais (5-14) 6.275 7.007 6.3247 6.7961 6.7468 6.1918 6.7264 6.7092 6.6681
EI (6-7) 5.4305 5.462 5.1349 5.2078 5.1493 49514 4.8059 49019 4.9264
ay (6-14 3.6414 3.853 3.3991 3.4586 3.8342 3.9186 3.6390 3.6468 3.5924
aig (6-15) 7.2827 7432 7.7911 7.6407 8.0665 7.6312 7.7180 7.7133 7.6879
aig (7-8) 44912 4.261 4.4147 4.369 4.2800 4.4271 4.0911 4.1159 4.1349
ao (7-15) 1.9275 2.253 2.2755 2.1237 2.2509 2.3280 2.1339 2.1381 2.1482
ax (7-16) 4.6958 4.337 4.9974 45774 45372 4.8534 44482 44774 46172
ax» (8-9) 3.3595 4.028 4.0145 3.4564 3.5615 3.9632 3.4785 3.4669 3.5875
ax (8-16 1.7067 1.954 1.8388 1.792 1.7744 1.8527 1.8191 1.8279 1.8384
a4 (8-17) 4.8372 4.709 4.7965 4.8264 4.6445 47818 4.8903 4.8835 4.9203
as (9-17) 2.0253 1.41 1.5551 1.7601 1.6141 1.4354 1.7001 1.6876 1.6606
W (Kg) 6,140.51 6,344.55 6,133.02 6,115.10 6,333.251 6,076.35 6,068.34 6,062.85 6,060.28
NSA 17,300 9,000 19,740 17,513 8,590 12,000 20,000 15,000 15,000
Tan s6 dao dong riéng
fi(Hz) 5.001 5.000 5.0000 5.000 5.0011 5.0001 5.0003 5.0000 5.001
fs(Hz) 7.001 7.000 7.0000 7.000 7.0000 7.0000 7.0002 7.0000 7.000

NSA: S6 lan phan tich két cau (Number of structural analysis)

4.2 Gian 72 thanh dung NSA nhu nhau (15,000), JS-FEM ciing thé hién su hiéu qua ciing véi

Bang 2 trinh bay két qua t6i uu cho gian 72 thanh thu dugc béi JS-
FEM cling Vi cac thuat toan khac. TU két qua c6 thé thdy JS-FEM cho
két qua tot vai trong lugng gian la 324.229kg so vdi cac thuat toan con
lai dugc xem xét trong nghién ctiu nay. Ngugc lai véi bai toan trudc, JS-
FEM thé hién dugc su hiéu qua hon so vdi thuat toan CRPSO vai két
qua téi uu trong lugng la 328.215kg cta Carvalho va céng su [46] vdi
cung s6 1an st dung NSA (27,000). Trong khi d6, thuat toan PSO cua
Carvalho va cong su [46] da st dung NSA la 27,000 cho ra két qua trong
lugng van la 391.864kg thé hién su kém hiéu qua han han JS-FEM. Mat
khéac, Gomes [20] v6i trong lugng lan lugt la 328.823kg, Konzelman [47]
vGi 327.605kg, Sedaghati [48] v&i 327.605kg va cac thudt toan cla
Kaveh va cong su [21, 45] vai 328.589 kg va 329.422 kg déu cho ra
chénh léch két qua t6i uu khéng qua I6n. Nhiing két qua nay chira rang
JS-FEM la mét cong cu hiéu qua dé giai quyét bai toan téi uu gian 72
thanh véi diéu kién tan s6 dao déng riéng véi NSA (27,000).

4.3 Mai gian vom 600 thanh

Két qua t6i uu hoa cho mai vom 600 thanh thu dugc tur thuat toan JS-
FEM va céc phuang phdp khac dugc so sanh trong bang 3. JS-FEM cho ra
trong lugng vai 6,060.28kg t6t han so véi cac thuat toan khac. Cling sur
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FAFBI ctia Truong va Chou [53] véi 6,062.85kg cho cac két qua téi uu gan
nhu tuong duong. Thém vao d6, Kaveh va cdng su [39] da stir dung NSA
cao hon (20.000) hay Degertekin va cdng su [52] st dung NSA thap nhat
(8,590) déu cho ra két qua trong lugng méi vom nang han so véi két qua
thu duoc tir JS-FEM vdi Ian luot 1 6,068.34kg va 6,333.521kg. Mat khac,
cac nghién ctu cta Kaveh va lichi Ghazaan dugc thuc hién bang céc
phuong phap khac nhau vao cac nam 2016 [23] st dung NSA (17,300) véi
6,140.51kg, ndm 2017 [50] st dung NSA (19,740) véi 6,133.02kg, nam
2018 [51] strdung NSA (17,513) v6i 6,115.10kg cho ra cac két qua vé trong
luong mai vom 600 thanh cai thién dan qua tling nam, nhung déu nang
hon so véi JS-FEM. Trai ngugc véi cac phuong phap trén thi DPSO cla
Kaveh [49] lai cho trong luong 16n nhat trong cac thuat toan dugc nhac
dén trong bai todn nay vdi trong lugng la 6,344.55kg khi st dung NSA
(9,000). Do d6, két qua xac nhan rang cac rang budc tan sé clia thiét ké toi
uu ma JS-FEM thu dugc c6 thé giai quyét bai toan nay mét cach hiéu qua
véi NSA cling 15,000 lan [3p.

5. KETLUAN
Bai bao nay da tich hgp thuat toan téi uu JS véi phuong phap phan
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t& hitu han FEM thanh mé hinh JS-FEM nham téi uu trong lugng két
c4u v6i rang budc tan s8 dao déng riéng. JS-FEM ap dung dé t6i uu
gian 37 thanh, gian 72 thanh, gian vom 600 thanh. Trong lugng tét
nhat dugc tim kiém bang JS-FEM cla thiét ké gian 37 thanh, gian 72
thanh, gian vom 600 thanh lan lugt la 359.799kg, 324.229%g va
6,060.28kg. Tat ca két qua nay dugc khao sét vai s6 lugng lan phan tich
két cdu nhd hon hodc tuong duong déu tét hon cac két qua tir cac
nghién ctu gan day. Vi vy, JS-FEM la m6 hinh t6t va ¢6 tinh hiéu qua
cao dé gidi quyét cac van dé téi uu hoa trong ky thuat két cau.
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