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UNG DUNG MANG NORON NHAN TAO VA GIAI THUAT
PHONG TU NHIEN TRONG TOI UU HOA KET CAU KHUNG
MAY IN 3D BE TONG KiCH THUOC LON DANG CONG TRUC
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'Khoa Hang khéng vii tru, Truong Pai hoc Ky thudt Lé Quy Doén

Tém tit

Bai bdo trinh bay viéc ing mang noron nhén tao (ANN) trong tinh toan va tdi wu hoa két
c4u khung mdy in 3D bé tong. Mang ANN theo ciu tric 6-30-4 dugc xay dung dé du doan
cac gia tri chuyén Vi Ux, Uy, Uz va tan sb dao dong riéng th nhat f; ciia cum truc di dong
theo 6 tham bién kich thuéc ddu vao. Khao sat cho thiy mang ¢ hiéu nang du doan tdt, véi
sai s du doan ux, uy nhoé hon 3%, va sai b cua Uz, f1 nhod hon 5%. M6 hinh ANN nay
dd dwoc mg dung trong qué trinh t6i wu hoa két cAu khung may in sir dung giai thuét
di truyén (GA). Két qua so sanh cho thdy, viéc sir dung GA truc tiép tuong tac v6i chuong
trinh ty dong tinh toan Ansys APDL-Matlab c6 thoi gian tim kiém khoang
240 + 300 phut, trong khi d6 viéc két hop ANN-GA da giup giam thoi gian tim kiém
phuong an ti wu con 77 gidy. Piac biét, viéc tdi vu hoa da duoc thuc hién trén mién khong
gian roi rac theo kich thude ctia thép hop tiéu chudn, thoa man yéu cau cong nghé ché tao
nén nd ¢o thé st dung tryc tiép trong viéc hoan thién thiét ké co khi may in 3D bé tong.

Tir khéa: My in 3D bé tong; 161 wu héa két cau; ANN; gidi thudt phong tw nhién; gidi thudt di truyén.

1. Pit van dé

Nhing nim gan day, sy phét trién ciia may in 3D bé tong da mang lai hiéu qua
tich cuc cho nganh xay dung & nhiéu nudc phat trién [1]. Trong s cac cau hinh may in
3D bé tong dugc st dung nhu dang cong truc, canh tay rd bét cong nghiép, dang lai
gitta rd bét véi xe tu hanh va dang rd bét Delta song song, thi cau hinh cong truc thuong
dugc nhiéu hang cong nghé lya chon hon ca. Mot sb dic diém ndi bat caa ciu hinh may
in nay la két cdu don gian, dé& ché tao va diéu khién, khong gian lam viéc 16n va c6 kha
nang ma rong dé in cac két cau co kich thude khac nhau [2].

Véi diac diém caa méy in 3D bé tong kich thuéc 16n 1a két cau co khi kich thuéc
I6n, khéi lugng 16n, €6 céc truc chuyén dong trong qué trinh 1am viéc, thi viéc tinh toén,
t6i wru hoa thiét ké két cdu co khi khung may 1a mot bai toan quan trong [3, 4]. Nhiém
vu dat ra 1a giam thiéu khéi luong phan dich chuyén dau in ma van dam bao d6 chinh
xéc cua hé thong.
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Dé thyc hién téi wu hoa thiét ké khung may in, nhom tac gia da dé xuat mot cach
tiép can duoc trinh bay trong cong trinh [5]. Pau tién, mé dun ty dong tinh toan cac tiéu
chi va rang budc cua két ciu duoc xay dung trén co s& 1ap trinh phét trién cac phan
mém CAE. Tiép do, giai thuat téi vu dwoc ap dung nhim tim ra bo tham sé thiét ké téi
vu. Uu diém caa cach tiép can nay 1a c6 thé giai quyét dugc bai toan tdi vu hoa thiét ké
d6i vai két cdu phic tap trong thuc té ma viéc xay dung mo hinh toan giai tich 1a bat
kha thi. Tuy nhién, di vé&i cac két cau kich thudc 16n, phic tap, can p dung nhiéu kiéu
phan tich khéc nhau, viéc tuong tac tryc tiép giai thuat tdi wu hoa véi cac mé dun tinh
todn tu dong & timg budce tinh toén tdi wvu dan dén thoi gian tim kiém co thé 1én dén vai
ngay, hoic 1au hon, tham chi 12 khong kha thi trong thuc té.

Pé xur ly van dé néu trén, trong bai bao nay, mot céach tiép can méi duoc nhom tac
gia phat trién. Theo d6, mé hinh ANN [6-11] s& dugc xay dung (dong vai trd nhu mo
hinh twong duwong) dé tinh toan xap xi cac tiéu chi, rang budc thay cho viéc st dung truc
tiép cac mo dun tinh toan ty dong FEA. Sau khi huan luyén, cac mo hinh ANN c6 thé
dua ra két qua tinh todn voi do chinh xac chap nhan dugc va nhanh hon nhiéu so véi
viéc tinh toan thong qua cac mo dun tinh toan tu dong trén phan mém CAE. Trén co s&
mo hinh twong dwong nay, giai thuat mé phong tu nhién s& duoc 4p dung dé tim kiém
phuong 4n t6i wu cho cum tryc di dong cua may in. Thuat toan dién hinh trong s6 do
dugc lua chon 12 giai thuat vé phong sinh hoc GA [4]. Cach tiép can méi duoc dé xuat

.....

O céc phan tiép theo cuia bai bao, md hinh toan cua cum truc di dong khung may s&
duoc trinh bay tai Muc 2, quéa trinh xay dung mang ANN duoc trinh bay & Muc 3 va qué
trinh tim kiém phuong an thiét ké ti vu cho may in s& dugc trinh bay cu thé ¢ Muc 4.

2. M6 ta bai toan t6i wu hoa két cAu khung may

Trong s cac cau hinh may in 3D bé tong phd bién, ciu hinh cong truc thuong duoc
nhiéu hang cong nghé lya chon nho nhitng uu diém nhu két cdu don gian, dé ché tao,
khong gian 1am viéc 16n, cd kha ning mé rong két cau theo cac chiéu va hé diéu khién
don gian. Do d6, cong trinh nay tap trung vao khung may in dang cong truc (Hinh 1).

2.1. M6 ti két cdu khung mdy in 3D

Mot s6 yéu cau ki thuat co ban cia may in 3D bé tong kich thudc In duoc xac
dinh nhu sau [5]:

- Kich thuéc ving tao hinh 12 6000 x 4000 x 3500 mm?,
- Van téc chuyén dong cua dau in V trong khoang 0 + 20 m/phdt.
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- Sai s6 cua dau in can dam bao trong khoang =5 mm theo phuong X, Y va
+2 mm theo phuong Z.

Két cau khung may in duoc lya chon 1a dang cong truc, duoc ché tao tir thép hop
tiéu chuan, ghép véi nhau bang phuong phap han. Hanh trinh 16n nhat cua céc truc X,
Y, Z twong tng 13 4000 mm, 6000 mm va 3500 mm. Cac chan may duoc ¢ dinh truc
tiép xudng nén cong trinh, dam bao cung viing trong qué trinh 1am viéc. May in st dung
bo truyén banh rang thanh rang cho tAt ca cac truc truyén dong X, Y, Z. Gia thiét réng
trong tim cac dong co dan dong nam trén dudng trung hoa cua cac dam. Truc Z mang
dau in véi khéi lugng mo ~ 30 kg.

3500

Hinh 2. M6 hinh tinh toan khung may.

Hinh 1. Cdu hinh ciia khung may in 3D.

Phuong phéap phan tir hitu han s& duoc sir dung dé tinh toan két ciu khung may
in (Hinh 2). Khung méay dwoc md hinh héa boi cac dam A, B, C, D, E, trong d6 A, B, C
tuong (ng vai cac truc X, Y, Z. O budc thiét ké so bo, cac tham sé kich thuéc s& dugc
lyra chon theo tiéu chuan cua thép hop dwa vao kinh nghiém (phuong an Vo) nhu thé hién
trén Bang 1. M6 dun dan hdi cua thép E = 210 x 10° MPa, hé s6 Poisson v =0,3.

Bdng 1. Kich thuoc mat cat dam dwoc lwa chon theo thép hop tiéu chudn b x h x t (mm)

Dii gia tri kich thwéc ciia mit cit thép hdp tiéu chuin (mm)
t
Dai do rong: b = {60; 75; 80; 90; 100; 125; 150; 175; 200; 250; 300} i
Dai dg cao: h = {60; 75; 80; 90 ; 100; 125; 150; 175; 200; 250; 300} 7/ I o
Dai d6 day: t = {1,8; 2,0; 2,5; 2,8; 3,0; 3,2; 3,5; 3,8; 4,0; 4,5; 5; 6; 9; 12} Za '

' |
Az

b

Kich thwée mit cit dAm dworc lwa chon (phwong an thiét ké so b Vo)

Dim A
(bax hax ta)

Dim B
(b % hg x tg)

Dim C
(bc % he x tc)

Diam D
(bp x hp X tp)

Dim E
(be x he x tg)

200 x 200 x 12

300 x 300 x 12

200 x 200 x 12

300 % 300 x 12

150 x 150 x 12
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Theo yéu cau thiét ké, toc do chuyén dong tdi da cua dau in theo phuong ngang
can dat 12 Vimax = 20 m/phit = 0,333 m/s. Gia st sau At = 0,1 s dau in chuyén dong bién doi
déu va dat duoc van toc Vmax = 0,333 m/s, khi do, gia téc tdi da cua dau in s& 1a
amax = 3,33 m/s?. Trong md hinh tinh toan, chlng ta s& xét mot truong hop dién hinh 1a
cum truc di dong di chuyén theo phuong Y, khi dé céc luc quén tinh tac dung vao cum
di dong s& duoc tinh x4p xi theo gia trj gia téc 16n nhat amax nhu sau:

o = Mo@max (l)
FA = Maamax (2)
Fc = Mcamax (3)

véi mg = 30 kg, ma = 296,7 kg, mc = 261,4 kg thi Fo = 99,9 N, Fa= 979,1 N,
Fc=862,6 N. Ngoai ra, hé con chiu luc tac dung cta luc trong truong.

Tinh toan so b cua khung may in véi cac diéu kién tai trong md ta & trén cho
thay, ang suat 16n nhat trén khung dam nho hon nhiéu so véi gii han bén cuaa thép [5],
tuy nhién, chuyén vi cia cé4c vi tri trén khung may 1a dang ké so véi gié trj sai s6 yéu
cau caa dau in. Bac biét, chuyén vi cua cac diém trén cum truc X va Z (dam A va C) 16n
hon nhiéu chuyén vi trén cac vi tri con lai. Do dé, viéc tinh toan, ti uu hoa cac tham sb
két cau s& duoc tap trung thuc hién cho cum truc X va Z (cum di dong) voi cac rang
budc vé chuyén vi cho phép.
2.2. M6 hinh todn t6i wu héa két céu cum truc di dong
a) Phwong phdp tinh todn két cau khung may

Pé tinh toan két ciu cum di dong, phuong phap phan tir hitu han s& duogc st dung.
Cum di dong dugc md hinh hda bai cac phan tir dim BEAMI189 trong mdi trudng
Ansys APDL (Hinh 3a). Cum dugc mé hinh hda boi cac dam A, C, twong ng Véi cac
truc X, Z. M6 hinh dugc xay dyung tuong (ng voi trang thai ma sai s vi tri cia dau in
do bién dang dan hoi cua cac dam A va C ¢ thé dat gia tri 16n nhat, khi dong co truc X
& giira hanh trinh va dau in trén truc Z & diém thap nhat. M6 hinh cum tryuc di dong &
trang thai tinh dudi tac dung caa hé luc quén tinh s& duoc str dung nham don gian qua
trinh tinh toan. Hai ddu mGt ciia ddm A coi nhu duoc ngam cb dinh. Chuyén dong cua
cum di dong duoc thay thé bang cac truong gia toc ax va ay. Pau in dwoc mé hinh hoa
boi vat nang khéi lugng mo 6 vi tri ddu muat dudi cia dam C. Ky hiéu kich thugc mit cat
dam A, C duoc thé hién nhu trén Hinh 3b.
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Hinh 3. M6 hinh tinh todn cum di dong
a) Diéu kién bién va tdi trong; b) Chu thich kich thuoc mat cat.

MATLAB SCRIPT
B tham s6 kich thude B tham s6 kich thuée
s s G 1
P! |Scri t code 1 | Scriptcode 2 | 1 Dit liéu huén luyén
i P P L AN > M6 hinh ANN
| ANSYSAPDL ! I I
1
I S —— R ——— 1
[ cacgiaui Tan s6 dao Cacgidtri | | Tin b dao
chuyén vi dong riéng i chuyén vi dong riéng

Hinh 4. Cdc mé dun tinh toan tu dong trén Matlab-Ansys APDL.

Nham rat ngan thoi gian tinh toan khao sét, cac mé dun tinh toan tu dong ¢ dang
tép Script dé tinh toan chuyén vi va tan s dao dong riéng cua két cau da duoc thiét lap
trén ngdn ngir Ansys APDL tich hop véi Matlab (Hinh 4), gdm ¢6 mé dun tinh toan
chuyén vi x, y, z & vi tri dau in, va tan s6 dao dong riéng cua hé [5]. Nho vay, cac dic
tinh két ciu nay di duoc tinh toan, khao sat tu dong. Cac thong s6 dau vao thay doi
trong md hinh tinh todn cum di dong 1a kich thuéc cia dam A va dam C. Két qua tinh
toan cua chuong trinh Matlab-Ansys APDL 1a co sd dé tao bo dix liéu huan luyén mang
noron nhan tao (ANN). Sau khi huan luyén, mé hinh ANN sé& duoc sir dung dé thay thé
cho mé hinh tinh toan ban dau, nham ting tdc d6 tinh toan trong qué trinh ti wu hoa.
Qua trinh lya chon va huan luyén mang ANN s& duoc nhém téc gia trinh bay ¢ Muc 3.
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b) M6 hinh toan téi wu héa két cau cum truc di dong

Séu tham s6 thiét ké 1a cac kich thudc mit cat ba, ha, ta, be, he, tc (mm) ciia dam A
va C duoc lya chon 1a cac tham sé cua mo hinh ti uu hoa. Khéi lwong cia dau in duoc

.....

tc 1a cac gia tri roi rac thudc céc tap b, h va t nhu trong Bang 1. Sau qud trinh tinh toan ti
uu hoa, dua trén két qua thu dugc, tham sé thiét ké thyuc té s& dugc hra chon.
ba, bc € b; ha, hc € h; ta, tc e t. 4)
Trong md hinh nay, diéu kién rang budc dugc mé ta & hé (5) va duogc tinh toén
theo cac tham s6 kich thugc mit cit nho mé hinh ANN sau khi da huan luyén,
Uy = ‘gx (bas s ta e et )‘ <2(mm);
Uy =|9y (barhastasbe, et )| < 2 (mm);
U, =|9; (by, et b, e, te )| <1 (mm);
f, =0, (bs,hyta,be he te )26 (Hz);

(%)

Ham muc tiéu 1a tdng khdi lwgng ma va me cua cac dam A, C. Céc tham sb thiét
ké can lya chon theo tiéu chi khéi lwong m = ma + mc nho nhét:

m= [bAhA —(b,—2t,)(h, - 2tA)]IAp +[bchc —(be =2t )(he - Ztc)]lcp —>min (6)

trong d6: 1a =4 m va Ic = 3,7 m twong tng 1a d6 dai cac dam A va C, p = 7800 kg/m® 14
khi lwong riéng cua vat liéu (thép).

3. Xay duwng m6 hinh ANN du doan cac dic tinh két cAu khung may
3.1. Xdy dung moé hinh ANN

Mang noron nhan tao 1a mot cong cu manh dé giai quyét cac bai toan cé tinh phi
tuyén, mdi quan hé gitra cac thong s6 khdng dé thiét 1ap mot cach twdng minh bang mo
hinh vat ly. ANN mé ta mi quan hé giira dir liéu dau vao va dau ra bang céch sir dung
tap hop cac ham phi tuyén. N6 c6 wu diém dang ké trong xur ly dix lidu, toc do giai
nhanh véi do chinh xac dam bao. Tuy nhién, lya chon ciu tric ti wu cho mang noron la
mot bai toan ddy thach thirc. Thuat ngir “cau triic” & day nham am chi sé luong 16p an
trong mang va sb luong noron & mdi 16p 4n. Cho dén nay, budc hra chon nay thuong la
quy trinh thir sai va can phai lap di 1ap nhiéu lan [6-9]. Trong phan nay, nhém téc gia st
dung mang noron FFN (Feed-Forward Network) véi mot 16p an dé tinh toan xap xi dap
tng cua két ciu khung may in 3D bao gdm cac gia tri chuyén vi va tan s dao dong
riéng thay cho chuong trinh Matlab-Ansys APDL nhu dwoc m ta & Muc 2.2.a. Bé huan
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luyén mang, giai thuat lan truyén nguoc (Backpropagation algorithm) da duoc lva
chon. Qué trinh huan luyén mang noron can chuan bi mot tap dir liéu huan luyén (bao
gom dir liu dau vao va dau ra). Cau trdc cua dit liéu va tinh ddng nhit cua tap huan
huyén ciing 13 yéu t6 quan trong anh huéng dén d6 chinh xac caa mang noron [10-11].
Qua trinh huin luyén mang noron 1a qua trinh t6i wu hoa trong sé dé dwa sai s6 MSE
(Mean Square Error) vé gia tri nho nhat. Hinh 5 md ta cau trdc mang FFN vdéi thdng s6
dau vao 12 6 bién: ba, ha, ta, be, he, tc; ké tiép 12 16p an, cudi cung 1a dau ra caia mang ANN
(3 tham sb chuyén vi ux, Uy, Uz va tan sé dao dong riéng f1). Dit liéu huan luyén mang
ANN duoc lay tir chuong trinh tinh toan Matlab-Ansys APDL véi 4% = 4096 bo gia tri. Dé
chuan bi bo dix liéu huan luyén ny, nhom tac gia cin ctr vao gia tri can trén va can dudi
ctia 6 tham sb chon ra trén d6 4 mac gia tri cach déu nhau. Cac muc gid tri nay duogc lya
chon khéng cin ctr vao kich thudc thuc té cua thép tiéu chuan. Bo to hop cac gia trj trén
cua 6 tham sé duoc dua vao chuong trinh Matlab-Ansys APDL tinh toén va cho cac dau
ra mong mudn. Van dé nay duogc giai quyét dua vao chuong trinh tinh vai 6 vong lap. Bo
gid tri nay sau d6 dugc chuan hoa (min-max normalization) dé tranh sy sai khac giira bién
d6 cua cac dau vao ciing nhu dam bao quy md nhat quan cua dix lidu.

= A

:'.:: a .
e
iy

% \‘\} B b

Hinh 5. Cau triic mang FFN Hinh 6. Mang FEN trén
vai 6 dau vao va 4 dau ra. phdn mém Matlab.
3.2. Két qud tinh todn ciia mang noron
Mang FFN duogc khoi tao véi giai thuat lan truyén nguoc trén phan mém Matlab,
ham kich hoat dugc lya chon l1a ham Hyperbolic tangent sigmoid (tansig) va ham Linear
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(purelin). Dir liéu huan luyén mang duoc chia theo ti 18: Tap huan luyén (training set)
chiém 70%, tap kiém dinh (validation set) chiém 15% va tap thir nghiém (test set)
chiém 15%. Qué trinh lya chon s6 noron & 16p 4n 1a qua trinh thir sai, can cir vao gia tri
MSE. MSE dugc tinh theo céng thac (7):

1 &G 2
MSE :(N—QZZ|dn(m)—yn(m)| j (7)

m=1 n=1
trong d6: N - s luong dau ra, Q - sb luong dir liéu huan luyén mang, d - dau ra
mong mudn, y - dau ra cia mang noron.
S6 luwong noron ¢ 16p an duoc lya chon 1a 30 noron (Hinh 6). Hinh 7 cho thay qué

trinh huan luyén, kiém dinh, tinh thir nghiém dat do chinh xac cao véi hé sé twong quan
trén 99%.

Training: R=0.99997 Validation: R=0.99997 'g .0.8
S 100 Daa g 0170 Dpata E
=4 Fit 3 Fit >
2 ot Y=T S 0 Y=T S -1
S = =
+ + =
% 10 % 10 ~®
g ] > 1.2
S 20f & 20 2
x x © o 2
n n o N L
L L 0 & D6 day cua thép (mm)
=1 _—
840 é‘- 40 < £ : . - ™
& —
) ] 3 £ , == APDL result

40 30 20 -0 0 10 40 -30 20 -10 0 10 's - ANN
Tar 3 22t ™ ]
get Target s P
c 24 ¢
~@D i ¥
Test: R=0.99997 All: R=0.99997 > 26 /
N N " T T = e
§ [0 oma S [0 oma o 2 a 6 8 10 12
=1 Fit =3 Fit
S ot Y=T S o0 Y=T
o =] —_—
+ +
g -10r % -10 g 0.14
o ® <
£ 20 £ 20 =N
£ & ‘S .0.16
V30t 1 -30 5
- - o
2ol 20 E
3 3 0'18 L L
° - .. .| 0©° © 2 4 6 8 10 12
40 30 20 -0 0 10 40 30 20 40 0 10 D6 day cia thép (mm)
Target Target B
N A ” A ~ N A 5 ’ e . S
Hinh 7. Két qua hudan luyén mang FFN Hinh 8. Két qua dw dodn chuyén vi bang
6 dau vao va 4 dau ra. chuwong trinh Ansys APDL va ANN.

Pé thiy rd hon hiéu qua cta viéc st dung mang noron trong bai toan dy doan dic
tinh két cau khung may, nhém tac gia tiép tuc sir dung mang ANN di duoc huan luyén
ké trén dy doéan chuyén vi ctia dau in véi dau vao thay ddi duoc lya chon nhu sau:
ba =200 mm, ha = 200 mm, bc = 200 mm, hc = 200 mm, ta = tc Nhan cac gia tri tr 3 mm
dén 12 mm véi bude thay d6i 1a 0,5 mm. Két qua du doan chuyén vi cua dau in duoc
thé hién nhu Hinh 8.
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Hinh 9. Sai sé twong doi giita hai mé hinh Ansys APDL va mang ANN.

Sai s6 tuong d6i ciia hai mé hinh tinh toan dwoc biéu dién nhu trén Hinh 9, gia tri
sai $6 co ban 1a dudi 5%, tham chi sai s6 cia du doan chuyén vi theo truc X va Y nho
hon 3%. Két qua nay cho thay md hinh mang ANN lam viéc hiéu qua va c6 thé thay thé
cho chwong trinh tinh toan trén phan mém Matlab-Ansys APDL. Piéu nay c6 y nghia
rat Ion trong bai todn tdi wu hoéa tham sb kich thudc cta cum di dong khi thoi gian dy
doan caa ANN Ia rat nhanh so vé6i chuong trinh tinh toan bang Matlab-Ansys APDL.

4. Phwong phap lra chon tham s kich thwéc cum di ddng may in 3D

.....

Trong céc bai toan tim kiém loi giai ti uu, cac thuat toan phong ty nhién thuong
dugc lya chon nho nhitng wu diém cia chung. Pién hinh trong sé d6 1a cac giai thuat vé
phong sinh hoc va phong vat Iy - hoa hoc. Cac giai thuat phong sinh hoc pho bién ¢ thé
ké dén nhu thuat todn Cuckoo search, thuat toan bay dan (Particle swarm), giai thuat di
truyén GA.,... [4, 12]. B4i voi céc giai thuat phong vat ly - hoa hoc c6 thé ké dén thuat
toan Harmony search, thuat toAn mo phong luyén kim SA [13],... Trong nghién ciu nay,
giai thuat di truyén GA duogc lya chon dé tim tham sé thiét ké téi wu cho cum tryc di
d6ng ciia may trén mién khong gian rai rac.

4.1. Phwong phdp gidi bai todn téi wu siv dung ANN va gidi thudt di truyén GA
C6 thé thay ring, ¢ bai toan tdi wu hoa thiét ké cum truc di dong may in, nhiéu

phuong an thiét ké khac nhau can dugc khao sat trong mot mién khdng gian roi rac 16n
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cta 6 tham sé thiét ké. Bén canh do, mdi lién hé gitra cac gia tri chuyén vi ux, uy, Uz va
tan s6 dao dong riéng thir nhat 1 (duoc stir dung & diéu kién rang buoc) véi cac tham sé
thiét ké 1a phi tuyén va khé c6 thé tim duoc lién hé giai tich. Dé tim phuong an thiét ké
t6i wu cho cum truc di dong, giai thuat di truyén s& duoc ap dung [12]. Khi sir dung giai
thuat di truyén, céc tham sé duoc danh gia nhu nhau, két qua tim ra dugc I sy phdi hop
ngau nhién gitra cac tham sb dé tim duoc két qua tét nhat. Trong qué trinh tinh toan, rat
nhiéu bo tham sé trén mién khong gian roi rac s& dugc chon mét cach ngau nhién,
nhitng bo tham sé c6 két qua khong tét s& bi loai b, ngugc lai nhitng bo tham sé dat

B tham sb
thiét ke toi wu

duoc két qua tét duoc giir lai dé cai thién két qua dat duoc.

Khéi tao quin
thé ban diu

M6 hinh ANN tinh toan
(Céc chuyénvi, |
Tan so dao dong riéng)

Piéu kién
dimg

Ham muc tiéu
khoi lugng m

Tao qu?m Ap dung cic .
thé méi toan tir di truyén

Hinh 10. So do tim kiém bé tham so thiét ké toi wu sir dung mé hinh ANN va thudt todn GA.

Quy trinh téi wu héa cum truc di dong nho thuat toan di truyén nhu thé hién
trén Hinh 10. M6 hinh ANN d3 duoc huan luyén dé tinh toan chuyén vi va tan sb
dao dong riéng duoc két ndi véi chuong trinh tim kiém t6i wu. Pau tién, mot quan
thé (mot bo cac phuong an thiét ké khac nhau) s& dugc khoi tao ngau nhién. Qua
trinh khoi tao ngau nhién quan thé thyc chat I1a qua trinh khoi tao ngau nhién bo chi
s6 (céac chi s6 nhan gia tri ngau tir 1 dén N véi N 12 s6 lugng phan tir coa tap b, hvat
nhu trong Bang 1), sau d6, cac chi s6 ngau nhién s& tro dén mot phan tir c6 vi tri
twong ¢ng trong tap tham sé. Trong nghién ctu nay, sb lugng ca thé trong quan thé
duoc lva chon 12 50. Tiép d6, cac gia tri chuyén vi ux, Uy, Uz, tin sé dao dong riéng f,
s& duoc xac dinh nhd mé hinh ANN duoc huén luyén. Vai cac bo tham sé (ba, ha, ta,
be, he, tc) twong tng Véi cac gid tri chuyén vi uyx, Uy, uz va tan sé dao dong riéng f,
thoa man véi diéu kién rang budc (5), thi ham muc tiéu khéi luong m s& duoc tinh
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toan theo cong thic (6), nguoc lai thi gan cho m mét gié tri du Ién nham loai bo bo
tham sé nay. Sau dé, cac buéc chon loc, lai tao va dot bién s& duoc thuc hién dé tao
ra quan thé moi dé co thé dua ra gia tri ham muc tiéu m tt hon. Tiép theo, qua trinh
tinh toan, danh gia lai duoc thuc hién ddi véi quan thé méi duoc tao ra. Qua trinh
duoc lap lai nhu vay cho dén khi chuong trinh dap Gng diéu kién dung. Diéu kién
ding cua giai thuat GA dat duoc can cir vao sy thay doi caa ham muc tiéu sau mdi
thé hé, néu thay déi ndy nho hon mot sai sé xac dinh thi giai thuat két thic. Hoac khi
giai thuat dat dén sb vong lap téi da tic 1a dat duoc sb thé hé cuc dai, chuong trinh
s& dung tinh toan va dua ra két qua. Trong nghién ctu nay, nhém tac gia lya chon
sai s6 cho sy thay d6i ciia ham muc tiéu 12 107 va sb thé hé cuc dai 1a 100.

4.2. Két qud va thdo ludn

Qué trinh tim kiém t6i wu st dung md hinh ANN va thuat toan GA dugc thé
hién trén Hinh 11. Két qua dugc hoi tu sau khoang 10 thé hé, va dung lai khi dat dén
thé hé 96. Ham muc tiéu m (Fitness Value) dat gia tri tét nhat (Best) la 140,578 kg,
véi bo tham sb t6i wu (Current Best Individual - phuong an tdi wu theo tinh toan
(V1 _annca)) thu duge bo chi sé {1; 5; 1; 6; 6; 1} twong GNng gia tri ba X ha x ta 12
200 x 100 x 3 (mm) va bc x hc X tc 1a 250 x 250 x 3 (mm) (Bang 1). Viéc tinh toan
kiém nghiém dugc thyc hién ddi v6i phuong an tdi wu tinh toan Vi1 annca trén moi
truong Ansys APDL, két qua tinh toan dugc minh hoa ¢ Bang 2. Theo cong trinh [5]
ctia nhom tac gia da cong bd, két qua tdi vu dugce tim ra nhd GA két hop truc tiép
v6i chuong trinh tinh todn Matlab-Ansys APDL (phuong an Vi, Bang 2) véi thoi
gian tim kiém 1a 240 + 300 phdt (trén may tinh tram c6 cau hinh Intel® Core™
i7-12700,12 nhan 20 ludng). Trong khi d6, phuong an tdi wu theo tinh toan tim ra
V1_ANNGA €O cdc gia tri chuyén vi, tan s6 dao dong riéng thoa man cac diéu kién rang
budc (5) va ham muc tiéu khéi luong tuong ung lan luot 1a 140,578 (tim kiém sau
77 s). Phuong an V1, V1_annca c6 khéi lugng so v6i khdi lugng & phuong an thiét ké
so bd ban dau Vo giam tuong tng la 73,03%, 74,81% . Két qua tinh toan, so sanh &
Bang 2 di chung té hiéu qua rd rét caa cach tiép can maéi duge dé& xuit, dac biét 1a
vé viéc rat ngin thoi gian tim kiém. Nghiém téi vu duoc tim kiém trén mién khong
gian roi rac cho két qua chinh xé4c, do d6 khong can phai so sanh lwa chon lai véi
bang thép hop tiéu chuan nhu trong [5].
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Penalty value

Best: 140.578 Mean: 1497.82

2000 -
. Best penalty value
. Mean penalty value
1500 [, . BEEREES
1000 +
500 -
. JJ........tl';....I.l ...... J
0 10 20 30 40 50 60 70 80 90 100
Generation

Current best individual

Current Best Individual

Number of variables (6)

Hinh 11. Két qua t6i wu héa tham sé thiét ké nho mé hinh ANN va GA.

Bdng 2. So sanh cdc thong sé thiét ké trude va sau khi toi wu héa

Phuong an (PA) PA tdi wu theo PA t6i uu theo
tinh toan (V1) tinh toan
st dung Ansys (Vi_annga)
o APDL-GA str dung ANN-GA
Thong so
Mait cit truc X
196 x 116 x 4 200 x 100 x 3
(ba X ha x ta, mm)
Mit cét truc Z (mm)
251 x 235 x 3 250 x 250 x 3
(bc x he X tc, mm)
ux (mm) 1,10 1,2
uy (mm) 2,00 1,9
uz (mm) 0,14 0,098
f, (Hz) 7.2 7,37
Khéi luong (kg) 150,5 140,578
Khdi lugng giam so voi
PA Vo (%) 73,03 74,81
Thoi gian tim kiém 240 + 300 phat 77 giay
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5. Két ludn

Trong bai bao nay, viéc tng dung mang noron nhan tao (ANN) trong tinh toan va
t61 wu hoa két cdu khung may in 3D bé téng dang cong kich thudc 16n da duoc trinh
bay. Dau tién, md hinh tinh todn khung may in 3D va md hinh toan téi wu hoa cum truc
di d6ng cua khung may dwoc md ta. Tiép theo, mot chuwong trinh tinh toan chuyén vi va
tan s6 dao dong riéng cua hé duoc xay dung dwa trén ngdn ngit Ansys APDL tich hop
v6i Matlab dé ty dong tinh toan két ciu khung may. Dua trén chuong trinh tw dong tinh
toan nay, bo dir lieu huin luyén mang ANN [a 4096 dit liéu duoc trich xuét. Sau qué
trinh tha sai, mé hinh ANN vai 3 16p theo cau tric 6-30-4 duoc lra chon dé dy doan
cac gia tri chuyén vi ux, Uy, Uz va tan s6 dao dong riéng tha nhat fi cua hé theo
6 tham bién kich thudc dau vao. Khao sat cho thay hiéu qua du doan cua md hinh ANN
|2 tot, véi sai s6 du doan ux, Uy nho hon 3%, va sai sb cta uz, fi nhd hon 5%. Cudi cing,
mo hinh ANN di duoc két hop véi giai thuat di truyén GA dé tim kiém nghiém téi uu
trén mién khong gian roi rac. Két qua cho thay, so véi viéc st dung GA truc tiép voi
chuong trinh ty dong tinh toan thi viéc két hop ANN-GA da gitip giam thoi gian tim
Kiém t6i uu tir 240 + 300 pht xudng con chua ddy 100 gidy vai hidu qua tuong duong
(khdi luong cua hé theo phuong an t6i uu tim duoc nho céch tiép can trén giam khoang
74% s0 v&i phuong an ban dau). Co thé thay céach tiép can duoc dé xuat trong bai bao
nay 1 hiéu qua, co thé ap dung trong viéc tbi wu hoa thiét ké co khi cac két cAu khéc.
Loi cam on

Bai bao nay duogc thuc hién trong khudn khé dé tai cap Nha nudc “Nghién ciu,
thiét ké, ché tao hé thong in 3D bé tong kich thudc 16n tng dung trong nganh xay dung,
ma sb: 36/2021/DTCT-KC-4.0-36/19-25” do Truong Pai hoc Ky thuat Lé Quy Pén
chu tri.
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APPLICATION OF ANN AND NATURE-INSPIRED ALGORITHM
IN DESIGN OPTIMIZATION OF THE FRAME OF A LARGE-SCALE
3D CONCRETE PRINTER

Abstract: This article presents the application of artificial neural networks (ANNS) in
computing and optimizing frame structure in a 3D concrete printer. An ANN (with 6 inputs,
30 neurons in hidden layer and 4 outputs) was developed to predict the system natural
frequency f; and displacement values ux, Uy, Uz of nozzle according to 6 input parameters. The
survey showed that the ANN has good predictive performance with the prediction errors ux, Uy,
prestige less than 3% and the errors of uz, fi less than 5%. This ANN model was embedded into
the genetic algorithm (GA) to optimize the frame structure. The results of searching for an
optimization solution indicate that although utilizing an ANN-GA combination took over
77 seconds, using GA directly interacting with the Ansys APDL-Matlab code took about
240 + 300 minutes. Particularly, the optimization process was performed on a discrete spatial
domain based on the dimensions of the standard steel box, so the optimal design solution can be
used directly in completing the mechanical design of the 3D concrete printer.

Keywords: 3D concrete printer; structural optimization; ANN; nature-inspired
algorithms; genetic algorithm.
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