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Tém tat

Bai bao trinh bay viéc tinh toan va tbi wu hoa két ciu khung méy in 3D bé tong dang cong
truc kich thudc I6n tng dung trong nganh xay dung. M6 hinh phan tir hitu han cua khung
may Véi cac diéu kién 1am viéc khac nhau dwoc xay dung trong méi truong NX Nastran va
Ansys APDL dé khao sat sy anh huong cua cac tham sb thiét ké dén ung xur cia khung
may. Dé ty dong tinh toén, phan tich két cu cum truc di dong cua may, chuong trinh tinh
toan chuyén vi va tan s dao dong riéng cua hé duoc xay dyng dua trén ngdn ngir Matlab
két ndi voi Ansys APDL. M6 hinh toan tbi wu ciia cum truc di dong may in dugc xay dung
véi tiéu chi khéi lwong cua cum di dong nho nhat, bén diéu kién rang budc va sau bién - 1a
céc tham sé thiét ké. Bai toan duoc giai nho giai thuat di truyén. Can cir vao bo tham sé toi
wu va bang kich thuéc thép hop tiéu chuin, phuong an thiét ké hop Iy (gan véi phuong an
t6i wu) da duoc lya chon, cho phép giam khéi lugng két cau 70,6 % so véi phuong an thiét
ké theo kinh nghiém ban dau.

Tirkhoa: May in 3D bé tong; chuwong trinh tir dong tinh toan; t6i wu héa két cau; gidi thut di truyen.

1. Gidi thi€u

Céc hé thdng may moc trong nganh xay dung, thiét bi van chuyén néi chung c6 dic
diém 1a kich thudc 16n, cong kénh va khéi luong 16n. Do dé, viéc giam khéi luong hé
thdng 13 mot yéu cau quan trong, nham giam chi phi vat liéu, chi phi di chuyén va lap dat
hé théng... Do d6, nhiéu nghién ciru da duoc thuc hién nham t6i wu hoa két cau cac hé
thong nay theo tiéu chi khéi lugng nho nhét. Vi du, Goran dé xuat phuong phép t6i uu
hoéa kich thudc mat cat dim cta cau truc theo tiéu chi khoi lugng nhé nhét, dya trén cac
rang budc vé ng suit ti han, o bat 6n dinh cuc bd va chuyén vi ciia dim nhd Matlab
Optimization Toolbox [1]. Xu [2] d& xuét phuong phap t6i wu hoa kich thudc mat cat dam
cau truc theo tiéu chi khéi lugng nho nhét véi cac rang budc vé ung suit t6i han va
chuyén Vi cua dam nho thuit toan tién hoa. Viéc tdi wu hoa két cdu theo tiéu chi khoi
luong nho nhét ciing dugc cac tac gia Liu [3], Zhao [4] va Besharati [5] thuc hién cho
méy cong cu dang cong truc kich thude 16n. Song song véi d6, o chinh xéc vi tri cia
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khau cong tac ciing duoc coi 1a mot trong nhimg tiéu chi quan trong cua cac hé thong kich
thude 16n nay. Do chinh xac vi tri ciia khiu cong tac thuong c6 lién quan tryc tiép dén
bién dang dan hdi, dap ung dong lyc hoc cia két cAu. Do do, nhiéu cong trinh cling tap
trung vao viéc nghién ciru, danh gia bién dang dan hdi ciing nhu dap tmg dong luc hoc
ctia céac két cAu kich thudce 1on. Vi dy, Yildirim [6] phan tich dong luc hoc cua dam cau
truc kich thu6c 16n dudi tac dung cia tai trong di chuyén nhd phwong phap phan tir hiru
han (FEM); Chen [7] nghién ctru d6 vong ciia dim cdu truc dudi tac dung cua tai trong di
dong nho phuong phap giai tich, hay Zrni¢ [8] sir dung phwong phap FEM két hop véi
giai tich dé danh gia dap img dong luc hoc ciia dam cau tryc kich thudc 1on.

Nhimng nim gan day, cac hing cong nghé 16n trén thé gidi da va dang phat trién
mot loai may méi 1a may in 3D bé tong, c6 tiém ning Gng dung rat 16n trong linh vuc
xay dung [9]. Do tinh méi mé cia ddi tuong, cac cong trinh dd cong bd hau hét tap
trung vao viéc phat trién va hoan thién cong nghé in 3D bé tong [10, 11]. Cac cdng trinh
vé tinh toan két cau va téi wu hoa thiét ké co khi h¢ théng nay con rat han ché. Ciing
gidng nhu cic may moc kich thudce 16n khac, khdi lugng cta hé thdng in 3D bé tong 1a
mot trong nhitng tiéu chi quan trong can dugc quan tdm trong qua trinh thiét ké may.
Pic biét, viéc giam khdi luong ciia cac cum di dong cta hé thong s& co thé 1am giam
duogc cong sudt dong co sir dung (nho d6 giam chi phi mua dong co) va giam cac van dé
rung lic cua hé thdng do luc quan tinh giy ra. Song song véi d6, do chinh xéc ciing
duogc coi 1a mot trong nhiing tiéu chi quan trong cta hé théng in 3D. Sai s vi tri cia
dau in anh hudng truc tiép dén kha ning in va chét luong cua san pham duogc in. Sai s6
ctia dau in khong chi phu thudc vao cac thanh phan nhu dung sai ché tao, lip rap ma con
phu thudc vao sai s6 do bién dang dan hoi cta két cdu. Tiép do, sai s6 do bién dang dan
hoi ciia két cau lai phy thudc vao cac tham s khac nhu kich thude thiét dién céc truc,
ngoai lyc, ché d6 1am viée, ngudn rung,... Pic biét, ddi véi cac hé théng may in 3D
kich thudc 16n st dung két cdu thanh mong thi sai s do bién dang dan hoi cua két cdu
1a dang ké, khong thé bo qua.

Dé 1am 15 cac dic trung vé két cau, dong luc hoc ctua hé théng co khi, 1a co sé cho
viéc Iya chon phuong an thiét ké hop 1y cho méy in 3D bé tong, bai bao tap trung vao ba
van dé chinh. Mot 1a xdy dyng mo hinh tinh toan két cdu khung may in 3D. Hai 1a xay
dung chuong trinh tyr dong tinh todn két cdu cum truc may in va khao sat sy anh hudng
clia cac tham s6 dén sai s6 vi tri ctia dau in. Ba 1 dé xuét phuong phap lya chon tham s
thiét ké tdi wu cua cum truc may in voi tiéu chi khéi luong nhé nhét.

2. Tinh toan két cAu khung may in 3D bé tong kich thwéc 16n

Trong s6 cac cAu hinh may in 3D bé téng phd bién, cau hinh cong truc thuong duoc

nhiéu hing cong nghé lya chon nhd nhimg uu diém nhu két cau don gian, dé ché tao,
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khong gian 1am viéc 16n, c6 kha ning mé rong két cau theo cac chiéu va hé diéu khién
don gian. Do d6, cong trinh ndy tap trung vao mdy in dang cdng truc khung xa (Hinh 1).
2.1. M6 td vé két céu mdy in

Kich thudc vung tao hinh cia may phdi ddm bdo bao phu dugc kich thudc mot
ngoi nha co ban. Tur do, kich thude vung tao hinh duge xac dinh 1a dai x rong x cao:
6000 mm x 4000 mm x 3500 mm.

Tdc dd 16n nhat cua dau in duoc lya chon dya trén co sd cac tiéu chi: phu hop véi
cong nghé dun vat lidu in (phu hop vé6i toe d6 dun vat lidu, kha ning két dinh cua vat
lidu khi dun ra...), ddm bao ning sudt lam viéc ciia may in (toc do cang cao cang in
nhanh), va ddm bao hé théng khong bi rung séc. Theo yéu cau dit ra, van toc di chuyén
t6i da cta dau in can dat V = 20 m/phit.

Pé dam bao do chinh xac, thAm my va do bén cua san phém duoc in, sai sb vi tri
clia ddu in cdn nam trong khoang +5 mm theo phuong X, Y va +2 mm theo phuong Z.

Khung may dugc ché tao tir thép hop tidu chuan. Cac chan may duge ¢ dinh truc
tiép xudng nén cong trinh, dam bao cimg viing trong qua trinh 1am viéc. Hanh trinh 16n
nhét cua céc truc X, Y, Z twong tng 1a 4000 mm, 6000 mm va 3500 mm.

3500

Hinh 1. M& hinh may in 3D bé tong.

Dé bién chuyén dong quay cta dong co thanh chuyén dong tinh tién cuia cac truc
truyén dong, phuong an bd truyén banh ring thanh ring duogc lua chon cho tat ca cac

tryc truyén dong X, Y, Z. Hé thong truyén dong truc X bao gébm 02 thanh din huéng
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vudng, 01 bd banh riang thanh ring, 01 hop giam tdc va 01 dong co servo (Hinh 2a). Hé
théng truyén dong truc Y dugc lya chon gérn hai hé dan dong hai bén giéng nhau,
chuyén dong song song va dong thoi. Mdi bén cta truyén dong bao gom 02 thanh din
hudng vudng, 01 bd banh ring thanh rang, 01 hop giam tdc va 01 dong co servo (Hinh 2b).
Két cdu truc Z bao gébm 01 dong co servo, 01 hop giam tdc, 01 bd truyén banh ring
thanh rang va 02 thanh din hudng (Hinh 2c). Ngoai ra, dau cong tac cia truc Z mang
dau in v6i khdi lugng mo. Tinh toan so bd cho thidy khéi lwong déu in chira
bé tong vao khoang mo= 30 Kkg.

Can cu vao hoat dong thuc té, két cAu may in 3D dugc chia thanh hai cum la cum
¢ dinh (truc Y va cac chian may) va cum di dong (truc X va truc Z). Yéu cau chu yéu
ctia cum c6 dinh 1a do cing virng 16n va d¢ vong nho. Viéc tdng cing hodac stir dung cac
két cdu co thiét dién 16n dé dam bao hé cung vimng 13 hoan toan kha thi dé giéi han do
vOng cua cac dam cb dinh. Trong khi do, trong qua trinh 1am viéc, cum di dong khong chi
chiu tadc dung cua trong luc ma con cua luc quén tinh, nén ngoai cac yéu cu vé dam bao
d6 bén, do chinh xac thi viéc giam khdi luong ctia cum di dong ciing 1a yéu cau cap thiét.
Vi vay, khéi luong ctia cum di dong nho nhét s& 1a muc tiéu ctia bai toan tdi wu hoa két
c4u trong muc 3.

B din hwéng

/ Pong co gan
Cap banh ring hop giam tbc
thanh ring

a) b) c)

Hinh 2. Két cau b truyén cdc truc
a) Truc X; b) Truc Y; ¢) Truc Z.

2.2. Tinh todn két ciu khung mdy in

Pé tinh toan két cau khung may in, phuong phap FEM sé& dugc st dung. Khung
méy duoc mo hinh hoa béi cac phan tir dang dam trong méi truong NX Nastran (Hinh 3).
Khung méy dugc mo hinh hoa boi céc dam A, B, C, D, E, trong do A, B, C tuong ing
véi két cAu true X, Y, Z. O budce thiét ké so b, cac tham sb kich thuée s& duge lua chon
theo tiéu chuin coa thép hop dua vao kinh nghiém (phuong é&n Vo)
nhu thé hién trén bang 1. M6 dun dan hoi ctia thép E = 210 x 109 MPa, hé sé Poisson
=03
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Badng 1. Kich thudc mat cat dam dwoc lua chon theo thép hop tiéu chuanb x h x t (mm)

Dai gia tri kich thwéc ciia mit cat thép hp tiéu chuin (mm)

Dai do rong: b = [100; 125; 150; 175; 200; 250; 300]
Dai d¢ cao: h = [100; 125; 150; 175; 200; 250; 300]
Dai d6 day: t=1[2; 2,5; 2,8; 3,0; 3,2; 4; 4.5; 5; 6; 9; 12]

t

i

/- A'/;‘

b

Kich thuéc mit cit dim dwoge hra chon (phuwong 4n thiét ké so bd Vo)

Dim A
(bax ha X ta)

Dim B

DAm C
(bc X he x to)

Dim D

Dim E

200 x 200 x 12

300 x 300 x 12

200 x 200 x 12

300 x 300 x 12

150 x 150 x 12

Theo yéu ciu cua thiét ké, tdc d6 chuyén dong téi da cua dau in theo phuong
ngang can dat 12 Vimax = 20 m/phit = 0,333 m/s. Gia sir sau At = 0,1 s dau in ¢6 thé dat
duoc van tde Vimax = 0,333 mis, gia toc tdi da cna dau in sé 12 amax = 3,33 m/s%.

=mm
ant - Nodal Magnilude

a) b)
Hinh 3. Tink todn so bé két cau khu may in
a) M6 hinh FEM mdy in 3D; b) Gid tri chuyén vi (mm).
Trong mé hinh tinh toan, ching ta s& xét mot trudng hop dién hinh 1a cum truc di
dong di chuyén theo phuong Y, khi dé cac lyc quan tinh tac dung vao cum di dong sé
duoc tinh xap xi theo gi4 tri gia toc 16n nhat amax = 3,33 m/s? nhu sau:

Fo = Mo.@max (1)
FA= ma.amax (2)
Fc = mc.amax (3)

véi me = 30 kg, ma = 296,7 kg, mc = 261,4 kg va Fo = 99,9 N, Fa= 979,1 N,
Fc = 862,6 N tuong tng la khéi luong cua dau in, dam A, dam C va luc quén tinh tac
dung 18n ching. Ngoai ra, hé con chiu luc tdc dung cua gia tdc trong trudng g.
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Tinh toan so bd ciia khung may in véi cac diéu kién tai trong mo ta & trén cho
thdy, (mg suit 16n nhét trén khung dam theo thuyét Von-miss nhé hon 10 MPa, gia tri
nay nhé hon nhiéu so véi giéi han bén cua thép (khoang 400 + 500 MPa). Tuy nhién,
chuyén vi cua cac vi tri trén khung may 13 dang ké so voi gia tri sai s6 yéu cau cua dau
in (Hinh 3b). Bic biét, chuyén vi cua cac diém trén cum tryc X va Z (dam A va C) lén
hon nhiéu chuyén vi trén cac vi tri con lai. Ngoai ra, cac dam con lai 1a khung ¢ dinh
ciia may in, khong tham gia vao qué trinh tao chuyén dong dau in nén chung co thé
duoc bd sung thanh phin ting cing dé giam gia tri chuyén vi. Do d6, & phan tiép theo,
viéc tinh toan va tdi wu hoa cac tham s két ciu s& duoc tap trung thyc hién cho cum
tryc X va Z (cum di dong). Cac diéu kién dua vao mo hinh toan tbi vu ciing 1 cac rang
budc vé chuyén vi chir khong sir dung cac rang budc vé do bén.

2.3. Xay dung chwong trinh tw dong tinh todn két cdu cum truc X va Z (cum di dpng)

Pé tinh toan két cAu cum di dong, phuong phap FEM sé& dugc str dung. Cum di dong
duoc mo hinh hoa boi cac phan tir ddm BEAMI189 trong mdi trudng ANSYS APDL [12].
Cum dugc mé hinh hoa béi cac dim A, C, tuong Ung véi két cAu truc X, Z. M6 hinh duge
xdy dung tuong mg vdi trang théi tai trong nguy hiém nhét khi dong co truc X ¢ giita
hanh trinh va dau in trén truc Z & diém thap nhat. Pay 1a vi tri ma sai s vi tri ctia dau in
do bién dang dan hoi ctia cac dam A va C c6 thé dat gia tri 16n nhat.

Pé don gian qua trinh phan tich, mo hinh tuong dwong cta hé & trang thai tinh s&
duoc su dung. Hai dau mat cua dam A coi nhu duoc ngam c¢d dinh. Chuyén dong cua
cum di dong duoc thay thé bang cac trudng gia toc ax va ay. Pau in duoc mé hinh hoa
boi vat nang khdi lugng mo & vi tri ddu mut dudi ciia dam C.

Qué trinh tinh toan thiét ké trén cdc phan mém FEM néi chung thudong dugc phan
ra thanh ba giai doan chinh 1a tién xir Iy, xt 1y va hau xur Iy. Dé rat ngan thoi gian cua
giai doan tién xtr Iy va hau xtr Iy, cdc mo dun tinh toan ty dong & dang tép Script dé tinh
toan chuyén vi va tan sé dao dong riéng cia két cau di duogc thiét 1ap trén ngdn ngir
Ansys APDL tich hgp véi ngdén nglt Matlab (Hinh 5). Nho vay, qua trinh tinh toan,
phéan tich Kkét qua da dugc thuc hién nhanh chong va hoan toan ty dong. O giai doan tién
xt 1y, tép Script dugc thiét 1ap cho phép tham s6 hoa mé hinh ctia cum di dong va mo ta
day dii cac dic trung cia mo hinh FEM nhu dang phan tir, kich thudc, thong sb vt lidu,
diéu kién bién, luc tac dung va kiéu phan tich. O giai doan hau xur 1y, tép Script s€ dugc
lap trinh dé ty dong doc két qua, sip xép va ghi két qua ra & dang bang va d6 thi. Cac
chuong trinh tu dong dugc xay dung khong chi giup giam thoi gian va cong suc tinh
toan - phan tich két qua (giam céc thao tac té nhat lap lai), ma con 1a tién dé cho viéc lya
chon bd tham sb thiét ké t6i uu cho két cau.
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Céc tham s kich thuge

Script code 1 Script code 1

ANSYS APDL

CAc gia tri Tan s6 dao
chuyén vi dong riéng

Hinh 4. M6 hinh tinh toan cum di dong. Hinh 5. CAc m0 dun tinh toan tw dong
trén Matlab-Ansys APDL.
2.4. Khdo sat dnh huéng ciia cdac tham s6 két cdu dén dé chinh xdc vi tri ciia dau in
Trén thuc té, c6 rat nhiéu yéu t6 anh hudng dén d6 chinh x4c cua dau in, tuy nhién
bai bao nay sé& gi6i han nghién ctru vé anh huéng cia cac tham sd két cau dén sai s6 cua
dau in. Cac tham sb két cau dugc xem xét trong muc nay 1a kich thuéc mat cat ctia dam,
van toc di chuyén cta dau in, khoi lugng dau in va rung dong sinh ra tai du in.
a) Anh hurong ciia van toc in dén chuyén vi cia dau in
Kich thudc cia cum di dong (dam A va C) duoc sir dung theo phuong an thiét ké
so bo (Bang 1). Khao sat duoc tién hanh voi khoang gia tri van téc cua dau in 1a trong
khoang V = 6 = 30 m/phlt. Gia sir thoi gian dé dau in dat dén van toc 16n nhat 1a
At = 0,1 s, khi d6 gia téc tac dung 1én cum di dong theo hai phuong X va Y (ax, av) c6
khoang gia tri 12 1 + 5 m/s?. Dé don gian qua trinh phan tich, gia tri caa gia toc theo hai
phuong duoc chon bang nhau (ax = av). Két qua khao séat duoc thé hién trén hinh 6.

0 5 -
(I T Ty v | [ R LR | AR R RE L RN T ol = - n
\\‘
.0.5-x. ~ -0.5
., . =
£ % T~ E
£ —~ <
z 15 ey c-15
g %, $ R, "
2 Y. | S—ALLLLLLT "TNSR
o 2 —— '..'X S} ™ Renaan,,, ®
seeXen= Uy . o5l | T uy
25/ mapmnn uz 7% ! -y
s [ ] % 3 |
- 0 30 40 50 60
5 10 15 20 25 30 f
Van toc (m/ph) Khoi luong (kg)
Hinh 6. Anh huong cia véin toc V Hinh 7. Anh huong cua khoi lwong dau in mo
den chuyén vi dau in. den chuyén vi dau in.
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Két qua khao sat chi ra rang, van toc cang 16n thi chuyén vi cia dau in theo hai
phuong X, Y cang ting. Ngoai ra, chuyén vi theo phuwong Y ¢6 gia tri 16n hon ca. Két
qua nay chi ra rang, dé giam sai s vi tri ciia dau in thi viéc ting do cimg xodn cua dam
A céan dugc chu trong.

b) Anh hwong cia khéi lwong cum dau in dén chuyén vi dau in

Cum dau in gan trén truc Z gom c6 dong co va hé théng day vat liéu bé tong. Khéi
lwong cua cum dau in ciing 13 mét yéu té anh huong dén do chinh xé&c vi tri cua dau in.
Viéc tinh toan duoc tién hanh véi cac gid tri khdi lwong dau in mo khac nhau, kich thudc
két cau cum di dong (dam A va C) nhu thé hién & bang 1 va van téc chuyén dong caa dau
in V = 20 m/pht (trong ting Véi gia toc ax = ay = 3,3 m/s?). Két qua khao séat (Hinh 7) chi
ra rang, khi khéi luong cua dau in tang thi chuyén vi ciia dau in theo cac phuong X, Y
cling tang theo (chuyén vi theo phuong Y 16n hon), con chuyén vi theo phuong Z thi
tang khong dang ké.
¢) Anh hwéng ciia kich thuéce cdc truc dén chuyén vi cia dau in

Khao sat duge tién hanh véi két ciu cum di dong (dﬁm A va dam C) co kich thuoc
chiéu rong b, chiéu cao h theo thong sb trong bang 1. Chiéu day t cta ca 2 dam duoc
thay dbi (ta = tc = t) theo dai gia tri tiéu chuan cua thép hop. Khdi lugng dau in 1a
Mo = 30 kg, van tdc chuyén dong cua dau in V = 20 m/phdt, thoi gian ting tbc dén van
tdc 16n nhat At = 0,1 s (twong Gng véi gia toc ax = ay = 3,3 m/s?).
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Hinh 8. Anh huéng cia chiéu day thép hédp ~ Hinh 9. Anh huéng ciia chiéu day mdt cdt t
két cdu dén chuyén vi dau in. dén tan sé dao ddéng riéng.

Két qua thé hién trén hinh 8 cho thay, khi chiéu day t ciia mit cat tang, chuyén vi
ctia dau in c6 xu hudng giam. So sanh chuyén vi cua dau in theo cac phuong ciing cho
thdy chuyén vi theo phuong Y 13 16n hon ca.

d) Anh hwéng kich thuée mdt cdt dén tan sé dao dong riéng cua cum di dong

Trong muc nay, khao sat dugc thuc hién ddi véi khéi lugng dau in mo= 30 kg. Voi

cum di dong (ddm A va dim C) co thong sb trong nhu trong bang 1 thi dai 5
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gia tri tan sb dao dong riéng nho nhét cua cum 1a f; = 6,88; f, = 10,30; f3 = 33,61;
fs = 42,10; f5 = 64,67 (Hz). C6 thé thiy rang, 2 tan sb dao dong dau tién twong Ung véi
dang dao dong udn cua truc Z trong mit phing YOZ va XOZ c6 gi tri kha nho va gn
nhau, cac tan s con lai ¢o gia tri 16n hon han. Tiép theo, su phu thudc cua tan sé dao
d6ng riéng dau tién f1 vao kich thudc mit cét (b x h x t) s& dwoc phan tich 1am rd.

PAu tién, khao sat duge tién hanh véi két ciu cum di dong (dém A va dam )]
c6 kich thudc chibu rong b va chiéu cao h ctia mit cit nhu bang 1, chiéu day t thay doi
(ta = tc). Két qua khao sat (Hinh 9) cho thdy khi ting chiéu day t thi tin s6 dao dong
riéng sé tang. Diéu nay phu hop véi 1y thuyét, vi khi ting chiéu day t thi hé trd nén
ctng hon.

1 10 ;

=
o
(=}

©

0o

4
r

8.1 0.15

Tan so dao dong rieng (Hz)
o~

Tan so dao dong rieng (Hz)
5\‘”

0.25 0.3 5.1 0.15 0.2 0.25 0.3

0.2 .
Chieu rong b (m) Chieu cao h (m)

Hinh 10. Anh huéng ciia chiéu rong mdt catb - Hinh 11. Anh huéng ciia chiéu cao mdt cat h
dén tan sé dao déng riéng fi dén tan sé dao déng riéng fi

Tiép theo, khao sat dugc thyuc hién véi két cau cum di dong co kich thude h va t
nhu bang 1, chiéu rong b thay d6i (cho ca dim A va dam C gidng nhau). Két qua thu
dugce o hinh 10 cho thay khi d6 rong b ting thi tin sé dao dong riéng ciing ting va
ngugc lai.

Tiép theo, khao sat duoc thuc hién véi két cau cum di dong c6 kich thude b = 0,15 m,
t = 0,005 m, chiéu cao h thay doi (cho ca dim A va dam C giéng nhau). Két qua thu
dugc (Hinh 11) cho thiy khi chiéu cao h tang thi tin s dao dong riéng cua hé ciing ting
va nguoc lai.

e) Anh hwéng ciia rung dong dén bién dé dao dong ciia dau in

Trong muc ndy, gia sir nguoén rung dong coé dang mot lyc didu hoa luc

F = Fusin(2xfit) tac dung vao vi tri dau in theo phuong Y. Ngudn rung c6 thé 1a do dong

co dau in khi bom, ddy vat lidu gay ra. Gia st bién do luc c6 gi tri khong d6i Fy= 10 N.
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Bién d¢ dao dong ciia dau in theo phwong Y (mm) theo thoi gian (S)
(x10%%-4) (x10#*.3)
4 1.2

A

32

‘L L’

)
- N Y

a)f,=5Hz b) f, =6 Hz
c’l::'a) (x10%*-4)
1.6 1 I l |
c)f,=7Hz d) fy =8 Hz

Hinh 12. Anh hieong ciia tan sé nguon rung dén bién dé dao dong cia dau in.

Khao sat s& dugc thuc hién véi cac gia tri tan s ciia ngudn rung gan voi gia tri cia
hai tan s6 dao dong dau tién ciia cum di dong (f1 = 6,88) 1a fy = [5 6 7 8] Hz (Hinh 12).
C6 thé thdy rang, khi tin sé rung fy gan voi tan s6 dao dong riéng cua hé thi hién tugng
cong huong dao dong di xay ra. Bién do dao dong ctia dau in theo phuong Y co thé ting
1én dang ké (c& vai mm). Trong khi do, khi tan s6 rung xa cac gia tri tan s6 dao dong
riéng (f1) thi dao dong ciia du in 14 khong dang ké (dudi 1 mm). Vi vay, dé dam bao do
chinh xé4c cua dau in thi cac tham sb thiét ké can duoc lua chon dé tranh céc vung cong
huong dao dong nay.
3. Phwong phap lwa chon tham s kich thwéc cum di dong may in 3D
3.1. M6 hinh todn t6i wu héa két ciu

Sau tham s6 thiét ké 1a cac kich thudc mit cit ba, ha, ta b, he, tc (mm) ciia dam
A va C duoc lya chon 1a cac tham sb cua mé hinh tdi vu hoa. Khdi luong cua dau in

.....
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duogc coi 1a lién tuc, voi diéu kién bién nhu thé hién & hé bit phuong trinh (4). Sau qua
trinh tinh toan t6i uvu hoda, dua trén két qua thu dugc, tham so thiét ké thyc t€ s€ dugc lya
chon gan nhat véi kich thude cua thép hop ti€u chuan (Bang 1) dé€ thoa man diéu kién
ché tao va lap rap.

100 <ba<300

100 <ha<300

3<tas<12 4)

100 < bc <300

100 <hc<300

3<tc<12

Trong md hinh ndy, diéu kién rang budc 1a gidi han gia tri sai s6 16n nhét do bién

dang dan héi cua két cdu u,, u,, U, (mm) gy ra va giéi han tan sé dao dong riéng thir
nhit f; ciia hé (fi > 6 Hz). Céc rang budc nay la cac “ham an”, nhu dugc mo ta ¢ hé (5),
va dugc tinh toan theo cac tham so kich thudc mat cat nhd mo dun tinh toan ty dong
trén Matlab-Ansys APDL (Hinh 5).

uX = gX (bAthltAabC|hC,tC)S 2,
UY =gY (bA'hA’tAibCthltC SZ, (5)
uZ = gZ (bA! hA1tA!bC ’ hC ’tC ) Sl,
fl = gf (bA’hA!tAabC|hC,tC)Z 6,
Trong qua trinh tdi wu hoa, gia tri khoi lugng cua dau in mo 1a héng sb (mo = 30 kg).
Ham muyc tiéu 13 tong khéi lugng ma va me ctia cac ddm A, C. Cac tham s thiét ké can
lurra chon theo ti€u chi khoi lwgng m = ma + mc nho nhat:
m=[b, N, =0, =2:t,)- (= 2-t)] 1 p+[be he = (0 ~2-t) - (e =2-1)]- ke - p>min (6)

trong do, Ia=4 m va Ic = 3,7 m tuwong tng 1 d6 dai cac dam A va C; p = 7800 kg/m°® la
khoi lwong riéng ctia vat liéu (thép).
3.2. Phwong phdp gidi bai todn toi wu

C6 thé thdy rang, ¢ bai toan t6i wu hoa thiét ké cum truc di dong may in, nhiéu
phuong an thiét ké khac nhau can dugc khao sat trong mot khong gian tim kiém 16n véi
6 tham sb thiét ké. Bén canh d6, méi lién hé gita cic gia trj chuyén vi u,, u,, u, va
tan s6 dao dong riéng thir nhét f, (duoc sir dung & didu kién rang budc) vao cac tham sb
thiét ké 1a phi tuyén va kho c6 thé tim duoc lién hé giai tich. Dé tim phwong an thiét ké
t6i wu cho cum truc di dong, giai thuat di truyén s& duoc ap dung [13]. Khi st dung giai
thuat toan di truyén, cac tham sb duoc danh gia nhu nhau, két qua tim ra dugc la sy phéi
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hop ngau nhién giita cac tham sé dé tim dugc két qua t6t nhat. Trong qué trinh tinh
toan, rat nhiéu bo tham sb s& duoc thar mot cach ngﬁu nhién, nhitng b tham s6 c6 két
qua khong tdt s& bi loai bo, nguoc lai nhitng bo tham s6 dat duoc két qua tdt duoc gitr
lai dé cai thién két qua dat duoc.

Quy trinh tdi uu hoa cum truc di dong nho thuat toan di truyén nhu thé hién trén
hinh 13. Céc chwong trinh ty dong tinh toan chuyén vi va tan s6 dao dong riéng (dd xay
dung & muc 2.3) duoc két ndi véi chuong trinh tim kiém tdi wu duogc lap trinh trén ngdn
ngit Matlab. Dau tién, mot quan thé (mot bd cac phuong an thiét ké khac nhau) s& duoc
khoi tao ngiu nhién nh giai thuét di truyén. Trong nghién ctru nay, sb luong quan thé
duoc Iva chon 1a 30. Tiép do, cac gia tri chuyén vi Uy, Uy, U, tan sb dao dong riéng fy
va ham muc tiéu 1a khéi luong ctia két cdu m s& duoc xac dinh nho cac mé dun tinh toan
tw dong twong tg. Véi cac bd tham s (Da, ha, ta, b, Ne, tc) twong ting véi cac gi tri
chuyén vi u,,u,,U, VA tin s dao dong riéng fi thoa min véi didu kién rang
budce (5), thi ham muc tiéu khdi luong m s& dugc tinh toén theo cong thirc (6), nguoc lai
thi gan cho m mot gia tri du 1on nham loai bo bd tham sd nay. Sau do, cac bude chon
loc, lai tao va dot bién s& duoc thuc hién dé tao ra quﬁn thé mai dé co thé dua ra gia tri
ham muc tiéu m tot hon. Tiép theo, qua trinh tinh to4n, danh gié lai dugc thuc hién déi

B tham s
thiet ke toi uu

v6i quan thé moi duoc tao ra.

Khéi tao quin Chuyén vi Uy, Uy, U; Ham muc ti¢u
thé ban dau khoi lwgng m

Céac moO-dun tinh toan

Diéu kién
dirng

Tén s6 dao dong f,

Tao qu?ln Ap dung cac .
thé méi toan tir di truyén

Hinh 13. So d6 tim kiém bo tham s6 thiét ké t6i wu.

Qué trinh dugc 1ap lai nhu vay cho dén khi chuong trinh dap tng diéu kién dimg
(Hinh 14). Vi thoi gian tinh toan t6i uu héa theo cach tiép can nay 1a kha 16n, nén didu
kién ding trong chuong trinh duoc thiét 1ap theo sb vong lap t6i da (s6 thé h¢). Sau khi
chay hét s vong 1ap t6i da, chuong trinh s& dimng tinh toan va dua ra két qua tdi uu.

3.3. Két qud va théo lugn

Qua trinh tim kiém t6i vu dwoc thé hién trén hinh 14. Két qua dugc hoi tu sau

khoang 13 vong lap, va dung lai sau 16 vong 1ap. Ham muc ti€éu m (Fitness Value) dat gia
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tri tot nhat (Best) 1a 150,5 kg, twong ing v6i bd tham s6 tdi uu (Current Best Individual -
phuong 4n tdi wu theo tinh toan (V1)) thu duoc: ba x ha x ta 1296 x 116 x 4 (mm) va
bc x he % tc 12 251 x 235 x 3 (mm). Viéc tinh toan kiém nghiém duoc thuc hién dbi véi
phuong 4n t6i wu tinh toan Vi trén méi trudng Ansys APDL, két qua tinh toan duoc
minh hoa & hinh 15 va bang 2. Két qua kiém tra cho thiy, phuong an ti wu theo tinh
toan tim ra (V1) c6 cac gid tri chuyén vi, tn s6 dao dong riéng thoa mén cac diéu kién
rang budc (5) va ham muc tiéu khdi lwong 1a 150,5 kg (trung khép voi két qua tim ra
nhd chuong trinh t6i wu hoa). Két qua so sanh & bang 2 ciing cho thdy, phuong 4n ti uu
theo tinh toén tim ra (V1) c¢6 khéi lugng giam 73,0 % so v6i khéi lugng & phuong an
thiét ké so bo ban dau (Vo). C6 thé thay, tuy rang phuong an Vo c6 chuyén vi uy = 1,90 mm
da 16n gan bang gidi han trén cia diéu kién rang budc (5) 1a uy < 2 mm, nhung sy sai
léch vé khdi lwong gitta cac phuong 4an Vi, V2 so véi phuong an Vo 1a dang ké (khoang
70%). Piéu nay ching to néu khoéng c6 sy nghién ciru, khao sat ki ludng, viéc Iya chon
6 tham s thiét ké ban dau theo kinh nghiém dua trén nguyén tic “thir sai” trong khdng
gian 6 chiéu dé thoa man cac rang budc 12 khong hiéu qua va rat xa v6i phuong an tbi
wu. Két qua thu dugc cling chimg to y nghia ciia viéc xay dung mo hinh tinh toan toan
ty dong, mo hinh tdi wu hoa va tinh hiéu quéa clia chuong trinh tim kiém nho giai thuat
di truyén duoc xay dung.
Best: 150.453 Mean: 544.583

2000
® Best fitness
% 1500 % Mean fitness
g
X x
¢ 1000 S
4}
= x x
iT 500 XXX x ox o,

00000..000.,“.‘

c

0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Generation

0

T T T T T T

Current Best Individual

Current best individual

1 2 3 4 5 6
Number of variables (6)

Hinh 14. Két qua t6i wu héa tham sé thiét ké nho gidi thudt di truyén.

Tuy nhién, xét tinh kha thi cua viéc ché tao thi kich thude tdi wu theo tinh toan
(phuong an V1) thu dugc lai khong phu hop do chung khong tuan theo quy cach cua
thép hop tiéu chuan c6 trén thi trudng. Chinh vi vay, phuong an Vi nay s& duogc sir dung
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1am co s¢ dé Iya chon phuong an thiét ké hop 1y V2 (gan v6i phuong an tdi uu). Phuong
an thiét ké V2 duoc lya chon trén co s¢ bang kich thudc thép hop tiéu chuan, co gi tri
gin nhit voi phuong an t6i wu theo tinh toan dd tim ra. Viéc tinh toan kiém nghiém
lai (Bang 2) ciing cho thiy, phwong an V- ciing ¢ cac gia tri rang budc va tan s dao
dong riéng thoa man diéu kién rang budc va c6 khéi lwong giam 70,6 % so voi phuong
an lwa chon theo kinh nghiém ban dau (V).

NODAL SOLUTICN AN SYS
STER=1 R18.2
SUB =1 FEB 13 2023
TIME=1 21:58:05
UY {AVE)
RSYS=0
DX -.0023 ha=116 mm
SMN =-.0020
SMX =.413E-06
ba=196 mm
Dé lon chuyén vi

Ux =1,10 mm

uy =2,00mm

uz=0,14 mm

hc=235 mm——

T~ be=251 mm

-.001123
-.001346

-.002022 -.001573
-.001737

-.E€78E-03 —.224E-03

~.B38E-03 —.243E-03 _413E-0€

Hinh 15. Kiém tra lai phwong dn téi wu Vi - minh hoa két qua tinh todn chuyén vi.

Bang 2. So sanh cdc thong sé thiét ké trude va sau khi téi wu héa

— Phuong 4n (PA) | PA ban dau PA t6i vu theo PA thiét ké duoc

Thong so (Vo) tinh toan (V1) lwa chon (V)
Mat cat truc X 200x200x12 | 196 x 116 x 4 200 x 125 x 4
(bax hax ta, mm)
Mt cit truc Z

200 x 200 x 12 251 x 235 % 3 250 x 250 x 3
(bc % he % tc, mm)
ux (mm) 0,86 1,10 1,10
Uy (mm) 1,90 2,00 1,90
uz (mm) 0,15 0,14 0,11
f1 (Hz) 6,88 7,2 7,4
Khéi luong (kg) 558,1 150,5 164,0
Khéi luong giam so voi PA
ban dau Vo (%) 0 730 706
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4. Két luan

Trong bai béo nay, viéc tinh toan va t6i wu hoa két cau khung may in 3D bé téng
dang cong truc kich thude 16n tng dung trong nganh xdy dung da duoc trinh bay. Tinh
toan thiét ké so bo chi ra réng anh huong cta cac tham s6 két cAu cum truc di dong dén
d6 chinh x4c cta dau in 12 dang ké nhét. Tiép d6, chuong trinh ty dong tinh toan két cau
cum di dong da duoc xay dung, gitp giam thoi gian, cong stc ciia qua trinh tinh toédn -
phan tich két qua. Duya trén co s& d6, anh hudng cua cac tham sé két cau dén sai s6 cua
dau in da dugc phan tich lam rd. Tiép theo, md hinh toan tdi wu hoa két ciu cum truc di
dong da duoc xay dung voi 6 tham s6 kich thudc mit cit cac truc, 4 rang budc vé do
chinh xac cta cum dau in, 1 rang budc vé gié tri tan sé dao dong riéng va ham muc tiéu
1a tong khdi lugng cia cac truc X va Z. Tiép do, giai thuat di truyén da dugc ap dung dé
tim kiém bo tham sd t6i uu cho cum di dong, cho phép giam 73,0 % khdi luong so véi
thiét ké ban dau. Cudi cling, mot phuong an thiét ké hop 1y theo diéu kién thuc té ché
tao da dugc lya chon dua trén co s& bang kich thudce thép hop tiéu chuin (co gia tri gén
nhat véi phuong 4n t6i uu theo tinh toan). Két qua tinh toan kiém ching cho thdy,
phuong an thiét ké hop 1y dugc lya chon co dic trung két cdu dam bao cac diéu kién
rang budc va c6 khéi luong giam 70,6 % so v6i phuong an thiét ké theo kinh nghiém
ban dau. Két qua nghién ctru 1a co s& cho viée thiét ké, ché tao va thu nghiém hé théng
in 3D bé tong ung dung trong nganh xay dung tai Viét Nam.
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MECHANICAL DESIGN AND STRUCTURAL OPTIMIZATION
OF THE FRAME OF A LARGE-SCALE GANTRY 3D CONCRETE PRINTER

Abstract: This article presents the structural analysis and design optimization of the
frame of a large-scale 3D concrete printer for construction. A finite element model of the frame
of the 3D printer with various operating conditions was established using NX Nastran and
Ansys APDL software. The script code for automated calculation of the deflection and natural
frequency of the structure was built in the integrated Matlab-Ansys APDL language. The
influence of different design parameters on the behavior of the structure is clearly evaluated
with the aid of script code. Then, the optimal mathematical model of the X and Z axis structure
is built with the criteria of the minimum mass, four constraints, and six variables as design
parameters. The problem is solved by the genetic algorithm. Based on the optimal set of
parameters and the standard box steel size table, a reasonable design option was selected, with
the mass reduced by 70.6 % compared to the design option based on early experience.

Keywords: 3D concrete printer; automated calculation program; structural optimization;
genetic algorithm.
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