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NGHIEN CUU GIAI PHAP TOI UU HOA TRONG LUQNG TAU
THUY NQI PIA DUA TREN PHAN TiCH KET CAU BANG
PHUONG PHAP PHAN TU HUU HAN

RESEARCH SOLUTIONS OPTIMIZING WEIGHT OF
INLANDWATERWAY VESSELS BASED ON STRUCTURAL ANALYSIS USING
FINITE ELEMENT METHOD

Vii Ngoc Bich, D6 Hing Chién, Nguyén Thi Ngoc Hoa,
Lé Dirc Canh, Nguyén Vian Cong, Nguyén Thi Hdi Vin
Pai hoc Giao théng van tai Thanh pho Ho Chi Minh

Tém tit: Viéc giam chi phi khai thac trong suot vong doi cua tau ciing nhw ap lic giam lwong phat
tai khi CO; theo yéu cau ciia cdc t6 chire quoc té va quoc gia dd tao ra sic ép lon cho cdc nha déng
tau, chii tau ciing nhir cdc nha thiét ké tau. Phwong phdp phan tir hitu han (PTHH) da dwoe cdc nha
thiét ké tau trién khai tir nhiéu nam truée dday nham hé tro viéc phan tich, t6i wu hod thiét ké. Hiéu qud
tir viée dp dung phwong phap PTHH da lam né tré thanh mét cong cu chung cho thiét ké tau, ddc biét
la trong linh viee phdn tich két cdu nham t6i wu hod kich thiede ciing nhw giam trong lwong cia két cdu.
Bai viét nay trinh bay ngdn gon mé hinh phdn tich két cau tau thuy néi dia bang phirong phdp PTHH,
tdp trung vao phan tich mé hinh ba két cau khoang tau ché hang long chay thuy néi dia lam tién dé cho
cdc nghién ciru tiép theo ciia nhém trong linh viee ndy.

Tir khod: Phuong phap PTHH, thiét ké t6i wu tau thuy, két cdu tau thuy.

Chi sé phan logi: 2.1

Abstract: Reduced operating costs throughout the life of the vessel as well as the pressure to reduce
the amount of CO» emissions required by international and national organizations have created great
pressure for shipbuilders as well as ship owners, and also pressure on ship designers. The finite element
method (FEM) has been implemented by ship designers for many years to support analysis and design
optimization. The efficiency from the application of the FEM method has made it a common tool for ship
design, especially in the field of structural analysis to optimize the size and reduce the weight of the
structure. This article briefly presents an analysis model of the inland ship structure by the FEM method,
focusing on analyzing the 3 structure model of tankers on the inland waterway as a premise for the
research. Next study of the group in this area.

Keywords: FEM, optimal design of ships, ship structure.

Classification number: 2.1

1. Gigi thiéu bao sé& dat gan 90 tri¢u tin CO2 vao nim 2030

Tiét kiém chi phi khai théc (CPKT) trong ~ ({ang trung binh 6 - 7% moi nam), trong d6
sudt vong doi cua tau va han ché luong khi d“?'}lg tl})uy noi dia (DTND) va ven bién
thai CO2 tir tau 1a mét théch thirc 16n hién nay  cPiem 10% [3]. ,
phai ddi mit cua cac chi tau va toan xa hdi. .Tiét ki¢m QPKT h?Y han ch@ luong khl

Céng wc khung ctia Lién Hop Quéc vé thé} C(?z co thf: thl;l’C hlén (;Iu:(_yc .bén’g czllc giai
bién déi khi hau (UNFCCC) [1] va céc chi thé PP cong nght hodc che d6 khai thac dong co
nhu EU, dang gay ap luc 1én cac nganh cong tau hay tiéu chuar} nhién liv, ...[4]. .
nghiép, bao gébm ca nganh vén tai, nham giam _ Trong bai viét ndy, nhom nghién ctru dé
luong khi thai CO2 [2]. Theo bao cdo phan Xuat gidi phap toi uu hod két cau (TUKC) cho
tich vé nganh Giao thong van tai Viét Nam do doi tau thuy néi dia (TTND) nham giam trong
chinh phu DPuc, quy tai tro tin thic NDC lugng cling nhu chi phi khac trong su6t vong
Partnership va chuong trinh Déi tac chién d0i cua tau, va nhu vy han che lugng phat
lugc Australia - Ngan hang Thé gidi tai Viét thai lfhi COz, thl, hop theo khuyén cdo cua
Nam tai trg cho biét lugng phat thai duoc du cac to chue quoc t€ [5].
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2. Co sé toi wu hoa két cAu tau thuy

2.1. Vai nét vé doi TTND Viét Nam

Hién nay, nudc ta co 61 tuyén DTND
qudc gia véi trén 7.000 km [6], dap ung téi
90% khéi lugng luan chuyén bang DPTND [7].
Ngoai ra con hon 19.000 km DTND do céc dia
phuong quan ly, dap tng khéi lugng luan
chuyen hang hoa con lai. Vé TTND, sb liéu
dén nam 2017, nuac ta co trén 170.000 chiéc,
trong do chu yeu la tau hang (bang 1). Nhém
nghién ctru da tiép can sb liéu TTND do Chi
cuc dang kiém 6 quan 1y, dén thang 11/2019,
s6 liéu phan tich duoc trinh bay tai bang 2.

Biang 1. Bgi tau thuy noi dia (2017) [3].

S6 Téng ATong £
2 2q cong suat
Tong lwgng trong tai may
tau DWT
- OWD | (Hp)
Iﬁg hang | 16) 865 | 14.501.035 | 8.595.407
Tau dau 2.363 558.158 415.102
Tau 1.038 1.215.096 481.668
container
Tau khac 1.134 78.082 134.288
Tong 167.400 | 16.443.371 | 9.626.465
Bdng 2. Dgi tau ,thu)} noi dia khu vuc
Thénh phé Ho Chi Minh.
S6 lugng (theo vit lidu déng tau)
3 29 Hop
Logitau | pper | kim | G5 | FRP | Khac
nhom
Tau
hang kho 2801 -1 75 2 -
Tau dau 359 -| 26 - 7
Tau 333 - -] -
container
Tau chd
hang khéc 122 ] 3 i j
Tau khach 85 24 | 88| 312 29
Tau
kéo diy 569 1| 603 - -
Téng 4269 25 | 795 | 314 36

Nguon: Chi cuc dang kiém 6- VR6
Tir cac sd liéu trong bang 1 va 2, nhan
thdy, TTND nudc ta noi chung va khu vuc
Thanh phd HO Chi Minh kha da dang vé ching
loai va vat liéu ché tao vo. Trong do, vat liéu
ché tao vo cling kha da dang, bao g(‘A)m ca loai
vat liéu truyén thong (gd), lan loai vat liéu
dang dan pho bién & nudc ta (hop kim nhom),
nhung pho b1en nhit van 1a thép, chiém t&i
78,49% tong s6 phuong tién dugc thong ké.

Viéc phat trién doi TTND hién nay van
duoc phat trién theo cach lam truyén thong, do
la tau duoc thiét ké va dong theo cac quy pham
dong tau tuong tmg [8 — 12], két hop voi tham
khao cac mdu tot da duge dong va khai thac
trong nhirng nam gan day. Cach 1am nay, vira
ké thira dugc nhing wu dlem cua doi tau hién
thoi, vira pht hop véi yéu cau phéan cip tau.
Tuy nhién, n6 van con chtra dung mot nhuogc
diém c6 hitu, d6 1 chua xem xét dén viée bd
tri mot cach hop 1y nhat vé kich thudc va chiéu
day két cau. Diéu nay lam tang khdi luong két
cAu tau (KCT), din dén ting gia thanh dong
méi cling nhu CPKT tau subt doi. TUKC
huong toé1 viée khéc phuc nhuoc diém nay,
mot mét n6 dua ra chiéu day két ciu phu hop,
mit khac dé xuét hinh dang két cdu mot cach
hop ly. Trén co s¢ do, cho phep giam khoi
luong két cau mot cach dang ké.

Trong nhiing nim gan day, nganh Giao
thong van tai nudc ta dd nd luc nghién ctu,
trién khai cac phuong an k¥ thuat giam phat
thai khi CO2 d6i véi d6i TTND va tau bién
[13], [14]. Nhu vay giai phap TUKC nham
giam khdi lugng KCT cang trd 1én ¢6 ¥ nghia
trong phat trién doi tau hién nay & nudc ta.

2.2. Tong quan vé toi wu hoa thiét ké
tau

Qua trinh thiét ké tau thuong dugc thuc
hanh thong qua so do xoan 6¢ nhu md ta tai
hinh 1. Thong qua cac budc nay, dé dang xac
dinh dugc cac kich thudc chinh; hinh déng
than tau; bd tri chung; két cAu than tau; bd tri
hé dong luc; dung tich, 6n dinh tau; gia thanh
dong tau; ...[15]. Nhimng nhiém vy nay cé thé
tuan ty hodc dong thoi dat duoc. Trong do
kich thuéc chinh x4c dinh nhiéu dic diém cua
tau nhu on dinh, sirc cho, cong suat may, va
quan trong hon 13 hiéu qua kinh té cta né.

Yéu cau cua chu tau

Kich thwée chi yéu,
cong suat so bo U'éc tinh gia thanh

Dudmg hinh déng Tén thét 6n dinh

Dung tich tau, cin bang
doc, on dinh

Duromg cong
Bonjean, thuy hec

Ul tinh khdi
heong tau khdng

Chiéu dai phén khoang,
man khé

Bé i chung Céng sudt hé dong hec

Két cdu than taun

Hinh 1. So d6 thiét ké xodn éc.
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Céc yéu cau cta chi tau thdng thudng co
thé dat duoc qua viéc két hop cac kich thudc
khac nhau. Cach 1am dé c6 thé cho phép dat
dugc mot thiét ké toi wu vé mat kinh té néu
khong bi rang budc boi nhitng gidi han cia
kich thudc tuyén ludng nhu chiéu rong, ban
kinh cong, chiéu cao tinh khong ctia ciu va
nhét 1a do sdu cta nudc.

Dua vao s liéu thong ké va so sanh véi
céc tau hién c6 1a cach thiét ké pho bién hién
nay. Cac nha thiét ké nhin nhan, cach lam
truyén théng nay |4 tot nhat dé dap tng cac doi
hoi ctia chu tau. Tuy nhién, con c6 giai phap
t6t hon cho cac nha déng tau ciing nhu chu
tau, do l1a phuong phép phan tich va ky thuat
t6i wu hoa [16].

T6i wu hod thiét ké tau la nhiém vu tu
nhién ma nha thiét ké can phai thyc hién trén
cac vong khac nhau cua so do thiét ké, va la
mot qua trinh tdi wu toan cuc (TUTC). Tuy
nhién, day 1a mot cong viéc c6 khdi luong d6
0 ma kho mot nha thiét ké nao c6 thé tron ven
giai quyét. Trong khoang 20 - 25 nam trd lai
day, cac nha thiét ké da di theo huéng tdi uu
cuc bd (TUCB), d6 12 & mdi budc thiét ké, tdi
uu hoa tré thanh TUCB. Bing cach TUCB,
nha thiét ké co thé giai quyét mot van dé cu
thé duy nhat (kich thudc tau, hinh déng tau,
lIuc déy; két ciu; an toan;...), CON nhirng van
dé khac thi dong bang lai. V& mit toan hoc, o
rang TUCB tuan tu khong thé dan dén TUTC.
Tuy nhién, trong thuc tién hién nay, day la
cach c6 thé chap nhan dugc va ciing 1a giai
phap ma nhom nghién ciru dé xuat trong bai
viét.

3. T6i wu ho4 két cau tau

3.1. Co s& toi wu hoa két cu tau

Trong thiét ké so bd, cac nha dong tau can
danh gia chi phi déng méi, so sanh trinh ty ché
tao va tim khoang cach khung hay do cting tot
nhat va cac mat cit phu hop nhat dé giam chi
phi dong tau ciing nhu CPKT trong sudt vong
doi cua tau. Pidu nay co thé dat duoc bing
cach thuc hién TUKC va lién quan dén ap
dung t8i wu hoa toan hoc véi su hd tro caa may
tinh. Nhiém vu cta qua trinh t6i wu hoa toan
hoc 1a tim ra diém ti wu, tir bat ky diém bat
dau nao cang it tinh toan cang tot [17], [18].
Mot s6 luong nhét dinh cua céc bién thiét ké

(vi du: d6 day, hinh dang hodc tiét dién mit
cit ngang cua két cau) phai duoc xac dinh theo
cach ma ham muc tiéu (vi du trong luong tdi
thiéu ciia két cdu) dap ung tét nhat theo cac
bién trang thai (vi du: do bén, do ctng, cong
nghé,...). Tuy thudc vao cac bién thiét ké,
TUKC c6 thé duge phan loai nhu sau: Téi wu
hinh dang; tdi vu chiéu day; lya chon vat liéu;
va téi wu bo phan. Cach lam nay di duoc nhiéu
nha nghién ctru qudc té [17 — 35] va nguoi viét
thuc hién gan day [36 — 39].

Trong nghién ciru vé TUKC tau dich vu
dau khi dai 44m, luong chiém nude 950 tén,
(hinh 3), nhém tac gia Ahmed M.H. Elhewy,
Amany M.A. Hassan, Moussa A. lbrahim da
t6i wu hoa kich thude két ciu cua tau dé giam
121,9 tan trong luong thép, giip tiét kiém
42,4% tong trong luong bang cach giam do
day tdm va mé dun chéng uén xudng tran gia
tri an toan t6i thiéu. Viéc giam trong lugng
khong lam thay doi kich thudc chinh cta két
cau [27]. Trong nghién ctru cua nhém ve két
cAu cau dan cia tau khach hai than hoat dong
ven bién Viét Nam c6 chiéu dai 61,53m; chiéu
rong 14,50m thi két qua phan tich cho thiy,
két cau cau dan hién du bén tir 30% dén 50%,
tham chi ¢ nhitng vung khong chiu tai trong
tac dong, du bén dat t6i 70% [40].

Trong dong tau, vat liéu ché tao vo
thudng duoc chi tau dua ra ngay tir ban dau,
con hinh dang cua két cau, do6i khi nim ngoai
kha nang cua cac don vi cung cAp vat tu dong
tau boi nhiéu yéu t6 nhur gia ca, thoi gian cung
cip,...Vi vay, ddy 1a van dé can can nhic
trong qua trinh tinh toan, phén tich va hoan
toan phu thudc vao quyét dinh ctia ngudi tinh
toan phu hop véi thuc tién.

Theo cach dat vin dé& nhu vay, trinh tu
dugc nhom nghién ctru dé xuat bao gdm bén
budc chinh. Md hinh két cau ctia tau 1a budce
quan trong nhit. N6 1 co s& cho tit ca céc
budc sau. Bude tiép theo 13 xac dinh cac nat
va phan tr cho mdi bd nhé ciia mé hinh tau
cling nhur viéc viéc gan tai va diéu kién bién
dé ap dung phuong phap phan tich. Phan hoi
thu dugc s€ xem xét dé dam bao rang khong
6 bat cap vé két cAu ciia mo hinh. Budc cudi
cung 1a ap dung k¥ thuat t6i wru hoa kich thude
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dé dat duoc trong lugng tdi wu cua két cau.
Cac budc dugce phac thao nhu trén hinh 2.

Tbi wu hoa noi chung dugc dac trung boi
cac yéu tb:

1) Mot 1a mot tap hop cac bién thiét ké “n
da dugc thay dodi X1; X2; ... Xn”. Trong do
bién thiét k& (X) 1a mot vecto n chiéu duoc goi
1a vecto thiét ké va c6 thé thay doi trong qué
trinh t6i uu hoa. N6 dai dién cho hinh dang
hinh hoc cua két cu;

2) Mot tap hop cac ham dugc t6i wu hoa,
f1 (x), f2 (x), ... fm (X), 1& cac ham muc tiéu.
Trong d6 ham muyc tiéu (f) 1a giam thiéu trong
lwong két ciu tau dén muc tdi da.

3) Mot tap hop cac rang budc gi(X),
g2(x), ... gs (X) can duoc thoa man. Trong d6
rang buoc gs(x) la mot ham dai dién cho mét
rang budc ddi v6i qua trinh toi uu.

Hinh 2. Lueu do t6i wu kich thude két cau tau.

Két qua thu nhan duogc tir qua trinh tinh
toan t6i wru 14 mot chudi cac gia tri thoa man
diéu kién rang budc, va nha phan tich s€ la
nguoi quyét dinh mot gia tri cu thé nao do.

Trong phan tiép theo cia bai viét nay,
nhom nghién ciru tién hanh phan tich két cau
tau vo thép, 1 chung loai chiém ty trong 16n
nhat hién nay (bang 2). Tau dé xuét tau cho
hang 1ong (tau ché dau) chay TND. Ham muc
tiéu 1a khéi lugng két cdu nho nhat, cac rang
budc 1a tng suat twong duong von - Mises nho
hon gi6i han chay 235 Mpa, hé sé an toan
(Safety Factor) > 1.25, cac bién kiém soat 1a
chiéu day ton day, man, boong, vach doc.

3.2. Phan tich tbi wu hoa két cAu tau

Viéc phan tich TUKC 1a dya trén viéc
phan tich d6 bén tau bang phuong phap PTHH

v6i su hd tro cia phan mém phén tich két cdu
Ansys Workbench phién ban 19.1.

Kiéu phan tir ding dé phan tich két cdu
trong phan mém Ansys 1a phan tir tim vo shell
181 kiéu hinh chir nhat. Mdi nat c6 sau bac tu
do UX, UY, UZ va ROTX, ROTY, ROTZ.
Mat do ludi, sd luong phén tr, b lugng nut
tuy thudc vao tirng mo hinh cua tung dan cu
thé. Viéc mo hinh hoa, cling nhu céac diéu kién
bién dugc dua vao tinh toan dua trén Cac yéu
cau [10] va két cdu tau thuc té. Tau thuc té
duoc dua vao tinh toan 13 tau dau chay song,
trong tai 2100 tan (hinh 3), hoat dong phu hop
cip SI, quy cach chu yéu cia tau cho trong
bang 3.

JENC

Hinh 3 Bé tri chung tau dau 2100 tdn, cdp SI.
Bing 3. Kich thuéc chinh cia tau dau 2100 tan.

Tén goi Kich thwéc/Chi tiét

Chiéu dai thiét ké Ltk = 72,49 m
Chiéu rong thiét ké Br=12,00 m
Chiéu cao man D=4,00m

Chiéu chim d=358m

Van toc v = 15 km/gio
Trong tai toan phan P1p = 2100 tan
Lugng chiém nudc A = 25251 tin

Quy cach tdm v6 va co cdu ban dau dugc
trinh bay theo bang 4.
Bing 4. Quy cdch két cdu ciia tau dau 2100 tan.

Quy céach két cau/ Chiéu day
A . (mm)
Ten gol Theo bang Thue té
2A/2.4.1-3[10] :

Toén day 5,75 10
Ton boong 5,75 8
Ton vach 5,81 8
Ton man 5,75 8
Song day, song _ 10
boong, séng véch
Da ngang day - 8
Suon ngang, xa ) 8
boong, nep vach
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Trong tinh toan nay, nhém nghién ctru
chon mo hinh ba khoang (dai 32m, tir suon 35
dén suon 99) dé dwa vao phan tich.

Tau dugc TUKC twong tmg vo&i ba
phuong an tai trong la 100% tai (LOAD1),
50% tai (LOAD2) va 0% tai (LOAD3). M6
hinh &p dat tai (hinh 4), &p lyc thuy tinh (hinh
5) dugc xac dinh Ung vai trang thai toan tai &
chiéu chim 3,58 m (LOAD1). Tai trong boong
duogc tinh véi gid tri ¢t &p 0,5 m, phu hop theo
[10]. Viéc mo hinh hoa ciing nhu diéu kién
bién duoc dwa vao phu hop theo khuyén cao
[41] va hinh dang, két cAu tau thuc té (hinh 6).

Hlnh 6. Chia lum va ap dat diéu kién bién.

Viéc phan tich TUKC duoc thyc hién tudn
tu theo cac budc nhu da chi ra ¢ hinh 5. Trudc
hét nhom nghién ctru tinh toan phuong an ban
dau theo thiét ké. Két qua tinh toan dugc trinh
bay trén bang 5, khéi luong khoang duoc mo
ta trén hinh 7.

Bing 5. Két qua phan tich t6i wu ban dau.

‘Két qua phan tich
Phuong 4an | Ungsuat | Do véng < X
tai von-Mises | Ién nhit I;fa?]osa:
(PMa) (mm)
LOAD1 55,098 2,9802 4,2651
LOAD2 31,118 1,2989 8,0159
LOAD3 31,300 1,6648 7,9364

] s Wb Wb o TR EREAN A AR
[ it & S Yoo gy e

Hinh 7. Khoi lwong khoang ban dau.

Tir s6 liéu trén bang 5 va hinh 7, thiy
rang, gia tri img suat, von-Mises 16n nhat 12
kha nho, dong thoi hé s6 an toan rt 16n so véi
yéu ciu, dong thoi khdi lu’orng khoang t6i
138,32 tan. Do ) vy, trong c4c lan tinh toan tiép
theo, nhom tlep tuc diéu chinh giam tuan tu
chiéu day tAm ciing nhu quy cach tiét dién co
céu. Qua 171 lan tinh, cho két qua ti wu nhur
mo ta trén hinh 8 trong d6 cac diém mau dam
chinh 12 mién t6i wu ma chuong trinh dé xuét.

¥ 130 0
Eu,n 53 . < 1356‘\“*
140
Ss . < s g

150 6«‘

155“13\2.“L

150 o
@7

Hinh 8. Cdc trieong hop tinh todan t6i weu.
Gid tri chiéu day t6t nhat d& xuit duoc
trinh bay trén hinh 9 twong ung véi timg
phuong an tai.
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Hinh 9. Phirong dn chiéu day toi wu.

Khéi luong khoang sau khi giam 50%
chiéu day tam cling nhu tiét dién co cau duoc
mo ta trén hinh 10.

| == s |

Hlnh 10. Khoz Zu’o’ng khoang sau khi giam 50% chzeu
day tam va tiet dién co cdu.

Hinh 11. Ung sudat von- Mlses (trang thai Loadl) sau
khi giam 50% chiéu day tam va tiét dzen co cau.

Hinh 12. H¢ s6 an todn SF (trang thai Load1) sau khi
gmm 50% chiéu day tam va tiét dién co cdu.

Théy ring, sau khi giam 50% chiéu day
tam cling nhu tiét dién co cau, khdi luong
khoang con 54,793 tan (giam 60,387% so véi
thiét ké ban dau). Mat khac gia trj tinh toan
tmg suat von-Mises (hinh 11) co gia tri
151,58MPa va hé sb an toan 1a 1,6493 (hinh
12) & trang thai tai 16n nhat van nam cach giéi
han cho phép kha xa. Nhu vay, vdi tau da dugc
phan tich, quy cach két cau va chiéu day tim
da chon 1a mét su lang phi rat 16n vé chi phi
dong tau, chi phi khai thac két cdu (bao dudng,
stra chita, ton nang luong dé mang khéi luong

két cdu d6 trong sudt vong doi cua tau). Didu

nay dong nghia véi tang lugng nhién liéu tiéu

hao va tang lugng khi thai CO..

4. Két luan

Phuong phap PTHH dé phan tich cau tric
tau da duoc st dung kha phd bién trong nhimg
nim gan day. Sy gia ting nay 1a do nhiing tién
bo trong nghién cuu, viéc ng dung phuong
phép tinh toan, phan tich két ciu,... Mat khac
la nhitng khuyén khich vé viéc giam trong
lwong két ciu dan dén giam chi phi dong tau
cing nhu nhirng chi phi khac trong sudt vong
doi ciia tau. Ve phuong dién lya chon chiéu
day phu hop thuc té, so sanh cac gia tri néu
trong bang 4 phu hop theo [10] va gia tri chiéu
day t6i wu theo cac phuong an tai trong, nhu
tai phan trén da néu, nguoi thiét ké can phai
chon giai phap thoa hiép gitra thoa man cac
yéu céu t6i thiéu do mdi to chire phan cip quy
dinh, dong thoi co gia tri gan nhat theo cac
phuong an t&i wu da dua ra. Mot diéu ciing can
phai nhéc dén, viéc lua chon quy cach két céu,
chiéu day tim ciing can xem xét dén kha nang
cung cép vat tu dong tau trén thi truong. Trong
bai viét tlep sau, nhom nghién ciru tiép tuc
cong bd két qua phan t61 wu két ciu mot sb
mau TTND dién hinh dang hoat dong ving
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