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TOM TAT

Thiét ké phuong tién thiy trong giai doan so b la qua trinh phan tich, tinh toan phu hop dam bao
su tuong quan chat ché gitta than vo, mdy tau va thiét bj ddy. Theo d6, tinh toan, chon lua thiét b
ddy phu hop dong vai tro két néi gitia than tau va may chinh, ddm bao luc ddy tau can thiét clng
nhu momen xodn hoat déng hiéu qua véi dong co may chinh nham dat hiéu suat téi uu. Theo
cach tiép can truyén théng, phuong phép thiét ké chan vit dua trén dé thi thuc nghiém nhém B -
Wageningen gilp xac dinh dudng kinh va théng sé hinh hoc pht hgp. Bai bao trinh bay phuong
phap tich hop giai thuat neural network trong giai doan thiét ké so bd nham hé trg cong tac lua
chon ti1é mat dia chan vit phu hap thay vi st dung cac cong thic thuc nghiém vé han ché sti bot.
Nguyén tac ctia ANN la phan tich gid tri tham khao tir tap hop co sa di liéu chan vit mau, dua ra
gid tri ti 16 mat dia co xac xudt gan nhat trong nhém dir liéu. Trong nghién cdu nay, ching toi su
dung b6 ca s& di liéu gébm 21 mau chudn vé thiét k& chan vit theo nhém B-Wagenningen dugc
tinh toan, kiém ching va tng dung tét trong thuc té. Trén ca s& dé, hé s6 luc ddy va momen xodn
dé xudt dugc ndi suy va tinh todn ti tap hop co s& di liéu mau. Két qua dua trén dé xudt tir gidi
thuat neural network dugc tinh toan kiém ching bang phan mém mo phong s6 chuyén dung.
Tirkhoa: D6 thi thuc nghiém, mang neural network, ti lé mat dia, hé sé luc ddy, hé s6 momen xodn
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TONG QUAN PHAN TiCH, TiNH
TOAN CHAN VIT

Thiét ké chan vit tau thuy nhom B - Wageningen duoc
tinh todn dya trén cdc d6 thi thuc nghiém theo t8
hgp v6 - mdy chinh - chén vit, dugc trinh bay trong.
Phuong 4n thiét ké truyén thong dua trén d6 thi thuc
nghiém nay dugc stt dung phd bién va c6 dé tin cay
cao!73, dua trén hai dang d6 thi phé bién 1a d6 thi
duing dé€ thiét k€ chan vit dat dugc duong kinh t6i uu
ti cong sudt mdy, s6 vong quay, hodc d6 thi dung dé
thiét ké chan vit chin vit thoa mén yéu cau vé luc déy.
Bén canh d6, chin vit sau khi thiét k& phai kiém tra
tinh sti bot theo tiéu chuin Burrill va do bén canh
chén vit theo quy pham hién hanh. Hé s6 mat dia dé
xudt theo cdc do thi thuc nghiém cin dat yéu cdu vé
luc ddy cta chan vit ddm vén t6c clia tau theo nhiém
vu thu thiét ké4-6.

Hién nay, mang nghién ctiu v€ tri tué nhan tao dugc
phat trién va ing dung ngay cang rong rai trong linh
vic ky thuat, ddc biét trong giai doan thiét ké. Nam
1943, v6i muc dich thiét 1ap mo6 hinh tinh todn mo
phong cach lam viéc ctia no ron than kinh, moé hinh
tinh todn neural network da duoc dé xuit bsi Mc Cul-
loch & Pitts”. Cu th&hon, mang than kinh neural net-
work (ANN) gitip tiép cin hiéu qua nhiing bai toan
chon lua va dé xuét phuong an pht hgp trén mot tap

hgp co s6 di liéu dau vao da c6. Trong nghién ctiu
nay, v6i sy ho trg dé xudt tit cdc giai thuat tri tué nhan
tao, quy trinh tinh todn thiét k& chan vit sé dang tin
céy hon do c6 co s& tham khdo ti cac tip tau mau
thiét k€ (Hinh 1). Trén co s& chén vit dé€ xuét, tinh
todn mo phong s6 bang phdn mém chuyén dung dya
trén sy hé trg ctia mdy tinh (CFD) dugc dp dung dé
kiém ching tinh hiéu qué ctia giai thuét tri tué nhan
tao.

NGHIEN CUU MO HiNH TOAN
NEURAL NETWORK VA PHUONG
PHAP THIET KE CHAN VIT

Quy trinh thiét ké theo mau chan vit nhém
B-Wageningen

Trinh ty tinh todn duoc thuc hién theo Bp — 6 déxdac
dinh chan vit ti vu® (Hinh 2)

Va=Vs;(1—w)[hl/h] (1)

By = ; v6in [rpm], Pp [HP] (2)

4 r}l)D/Vu
Tim gié tri t6i uu Sppr = f (Bp, 30,”) ;
Xac dinh 6 = (0.96+1) 6, (3)
DPudng kinh chan vit D = 611,/” s [ft] (4)
Xéc dinh ti 1é mit dia Ae/Ao (5)

Trén d6 thi doc gid tri cia P/D

Trich dan bai bao nay: Hién L T, Anh N D, Hai T, Chi N V, Phtc P H V. Phan tich, lua chon chan vit tau
thuy B - Wageningen tich hop giai thuat Neural Network. Sci. Tech. Dev. J. - Eng. Tech.; 3(S12):SI11-SI12.
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THIET KE CHAN VIT
THEO SERIES-B

F

THU'C NGHIEM
e B -5 Thiét
S keé chan vit

kinh tbi wu tir
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thoa min yéu

TINH TOAN SO

CFD: tinh
todn thuy
déng lwc hoc
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FEM: tinh
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canh chan vit

29 cau vé luc day
s0 vong quay . ‘

Hinh 1: Phan loai tinh toan thiét ké chan vit tau thay

Trén d6 thi doc gid tri cianp = f (B,,, 5);
Tinh lyc dy ctia chan vit:
T,=T.(1—1t)=Krpn’D*(1—1) (6)

Giai thuat neural network hé trg dé xuat
Ae/Ao phu hop

Trong nghién ctiu nay, nhém tham khao két qua tinh
todn t6i uu ti d€ xudt ctia hang Victoria Propeller
(Canada) cho tau mau ctia tap dii liéu dau vao (Hinh 3
va 4). Thong qua tinh todn nay, chung ta sé tién hanh
phén tich anh hudng ctia s6 canh, t6c d6 vong quay
rpm, va duong kinh chén vit D.

Qua céc gid tri tinh todn so bd, budc xodn va duong
kinh thay déi rét it khi thay d6i s6 canh chan vit. Do
do, trong nghién ctiu nay, gia tri ti 1é mit dia Ae / Ao
12 két qua dé xudt ti gidi thudt ANN.

Tich hop gidi thuat ANN trong giai doan xac dinh A,
/ A, 6 cdng thiic (5), mbi no ron thi i sé nhan tin hiéu
thong s6 dau vao x; véi trong s6 tuong ting @y, theo
do:

Thong tin dau vao la: s; =Y | @;;.x; (7)

Thong tin d4u ra la:

vj=1(s;) = (EiLy @ijxj +b)) (8)

V6i f 12 ham kich hoat d6ng vai tro chuyén ddi thong
tin tt thong s6 ddu vao thanh tin hiéu dau ra.

Trong bai bdo nay, mang ANN truyén thing (feedfor-
ward network) dugc ap dung, véi nguyén tac diu ra
ctia nut la ddu vao ctia nat khac trén cung 16p v6i noé
hodc 16p trude (Hinh 5).

SI2

Cac thuit toan trong tip hgp hudn luyén dong vai tro
rat quan trong d6i véi bai toan ANN vi né danh huéng
truc tiép dén tinh hoi tu cta gidi phdp. DE cai tién téc
d06 hoi ty, hau hét cac thuat toan déu sti dung cac trong
6 theo phuong phap gradient hodc tuong tu (Lazaro,
2003 va Mao, 2005). Ngoai ra, hudn luyén theo cach
tiép cén tli phan tich xac xult va xac dinh trong s6
ciing rit phé bién vi phuong phdp nay phat huy hiéu
qua trong cac bai todn c6 co s& dii liéu d4u vao han
ché. B&stt dung ANN trong bai toén thiét ké chan vit,
tap co s6 dit liéu dau vao la thong s6 hinh hoc chin
vit dugc ldy tii cac ho so thiét ké tau. Theo Michael
A. Arbib®, thong ké Bayesian gitip hun luyén céc gi4
tri dau vao mot cach nhanh chong ma khong cén qué
nhiéu di liéu. Va ky thuat nay hoan toan phu hgp
trong bai toan lya chon chén vit dugc dat ra vi bd
dit liéu d4u vao han ché, cu thé 1a thong s6 tau va
hinh hoc chén vit mau. Thém vao do, nguyén tic cta
phén tich xac xuft Bayesian gin v6i kha néing ty hoc
trong thuyét tién hoa va ANN. Vi thé nén nhom sé st
dung thuit toan hudn luyén theo phan tich xac xuat
Bayesian d€ giai quyét vin dé dit ra.

Dinh ly Bayesian:

P(clx) = P(xle) P (c) /P (x) )

Theo nguyén tic nay, bai todn thiét ké sé tim théng s6
ky thuat c trong tap hgp thong s6 ky thuét x sao cho
xdc xudt P(c|x) 16n nhit. Bayesian giai quyét vin dé
nay theo céch chuyén thanh tim xdc xuit P(x|c). P(c)
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TIEP CAN TRUYEN THONG HO TRQ TU TRI TUE NHAN TAO
« Tiéu chuin sti bot, * Phan tich ANN tir co s@
« Ly thuyet canh chan vit di liéu tau mau

'y

Ti lé mat dia Ae / Ao
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Xac dinh Dopginu (8, Va, N) —
P/D — hiéu suat chan vit

Lire day T (P,
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Hinh 2: Thiét ké chan vit theo ti€p can truyén théng va hé trg tir ANN
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Hinh 3: Anh hudng s6 canh chan vit trong quan hé rom - D
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Hinh 5: C4u tric gidi thuat ANN
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16n nhdt, trong d6, xac xudt P(x) bing nhau cho tit ca
cac 16p dn trong ANN. Qua trinh ty hoc nay 6 thuan
lgi la khong cin tap hop di liéu vé thong s6 ky thuat
16n.
B¢ thong s6 d4u vao dugc phan thanh tdp hgp huin
luyén, tap hgp xac thuc va tdp hgp kiém tra. Tap hgp
huén luyén gém nhiing thong s6 ky thuat dau vao
dugc dung d€ xéc dinh A./A,. Tap hop hudn luyén
dugc xtt Iy va hoc tip d€ dua ra mo hinh toan phu
hgp. Tiép dén, mo hinh toan va két qua trong qua
trinh xt 1y va hoc tap dugc so sanh, déi chiéu véi tip
xdc thuc dé kiém tra d¢ tin cay két qua dau ra A./A,.
Tép hop kiém tra bao gébm cac thong s6 ky thuit dau
vao 1a chiéu dai tau, lugng chiém nudc, vén tdc tau,
s canh chan vit, s6 vong quay chén vit va dau ra la ti
1é A./A, d€ danh gid d6 chinh xdc cia mo hinh toan
(Hinh 6).
Phuong phdp mé phong s§ d€ tinh todn hé s6 luc
ddy chén vit c6 uu diém & kha ning d€ tim kiém giai
phép nhanh tit hinh hoc bat ky ciia mau can khao sét.
sti dung mo hinh thu nho trong cac kénh thu tuin
hoan. Kha ning phén tich trusng dong chay, duéi
dang gia tri cta dp sudt tinh va ting sudt tiép trén bé
mat chén vit, cho phép danh gid cac thanh phan luc
hodc nang lugng tiéu hao trong tinh todn lyc ddy chan
vit. Cac gia thuyét khong chic chan lién quan dén
thuc nghiém dugc thay thé bdi gia thuyét lién quan
dén ky thuit mo6 phong s6. Céc gia thuyét nay, do
do, c6 khéc biét so véi vat ly thuc nghiém nhung gan
lién v&i cdc md hinh todn hoc. Dong chay bao quanh
chan vit dugc diéu chinh bdi céc dinh luét béo toan
vé khéi lugng, dong lugng va ning lugng, goi chung
1 cic phuong trinh Navier-Stokes. Phuong trinh lién
tuc chi ra rang ti 1 thay d6i khéi lugng trong mot thé
tich kiém sodt nho vo6 han bang vdéi ti 1é thay déi cta
dong khéi lugng thong qua bé mét bao quanh né.

dp  dpu;

W—i_ 8x,~

=0 i,j=1,273 (10)
v6i u; la trudng vector van toc¢

Phuong trinh dong lugng chi ra ring ti 1é thay d6i ctia
dong lugng trong mot thé tich kiém sodat nho vo han
béng vdi ti 1é ctia dong lugng vao hodc ra qua bé mit
ctia thé tich kiém sodt, cdng véi téng cc luc tac dung
lén chinh thé tich do.

P (%I;l> =p (”f g;j) + E?body + E?surface

i O O
=p ”J‘STI:;) + Jev pgdV + Jesoijs  (11)
WdA,i, j=1,2,3

Cac phuong trinh Navier-Stokes chi c¢6 thé dugc giai
quyét theo cach giai tich cho mét vai trudng hgp don
gian 1%, Trong thyc té, d€ tiép cin gan ding thyc t&

ti hé phuong trinh nay, moé hinh réi phai dugc gidi
thiéu c6 kha nang thé€ hién sy tuong tic gitia cic Ging
sudt Reynold va dong trung binh. Trong bai bdo nay,
mo hinh tat ca cac eddies stt dung m6 hinh réi phu
hop. Su dao ddng ngiu nhién va anh hudng ctia nd
dugc udc tinh béng cach giai phuong trinh RANS
(Hinh 7).

KET QUA VA THAO LUAN

Xay dung co s& dir liéu dau vao

Trong nghién ctiu nay, ching toi st dung bo co so dit
liéu ddu vao gébm 21 mau chudn vé thiét ké chan vit
theo nhém B- Wagenningen dugc tinh toan va ting
dung t6t trong thyc té!!. Pham vi thong s6 chinh ctia
tap dii liéu thé hién qua Bang 1 va 2 céc thong s6 ky
thuat khac dugc dé cép trong tai liéu tham khao.

Két qua tinh toan theo dé xuit ANN

Trong nghién ctu nay, miu tau dich vu hdu cin vo
thép khu vic Pong Nam B¢ dugc dp dung theo ANN,
so sanh véi thiét ké chan vit mau theo ho so thiét ké
(Hinh 8 va 9).

Theo phuong phép Bp-delta 1213, trong giai doan nay,
ti 1é budc xodn P/D tdi uu sé dugc tinh todn 1a 0.68,
hiéu suit cia 2 mau chan vit dugc tinh toan kiém
chiing va so sanh trong Bang 3, 4 va 5.

Dua vao Bang 3, 4 va 5, gia tri Ae / Ao dugc dé xuat
gan nhu tuong dong véi ho so thiét ké vé hé s6 luc day,
hé s6 momen xoan theo cac thong s6 ddc trung hinh
hoc chéan vit. Ap dung cac ham s6 héa céc di liéu thuc
nghiém dugc tham khao trong tai liéu®, c6 thé nhan
xét vé mit lyc ddy va momen xodn, chan vit d€ xuit
tit ANN thép hon tinh todn thiét ké trong h6 s¢ mau
x4p xi 17%, nhung han ché rti ro stii bot cao hon 10.7
%.

Duia trén két qua tinh toan Hinh 10, 11, 12 va 13, tap
dii liéu thong s6 dau vao cang nhiéu va chinh xac thi
kha nang hoc tap, d6i chiéu va do tin cdy cia ANN
cang cao. Trong nghién ctiu nay, do gi6i han tap di
liéu khdo st la 21 mau nén két qua khé c6 kha ning
phén loai phtt hgp theo nhiéu nhém cong suit may
khdc nhau. Ngoai ra, hé s6 momen xodn chan vit ting
6 thé anh hudéng dén sy phtt hgp v6i may chinh.

KET LUAN

V6i cac két qua nghién ctiu vé ANN va cong cu tinh
toan mo phong s6, phuong phap tich hgp giai thuat
neural network trong giai doan thiét ké so b c6 kha
nang hé trg cdng tic lya chon chan vit nhém B - Wa-
geningen theo tap dii liéu tham khéo. Tilé mat dia ctia
chén vit dugc dé xudt tu giai thudt ANN gin tuong
do6ng véi chén vit theo ho so thiét ké. Diém khac biét
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SR

Tép hop dir liéu ki thudt ddu vao (100%)

U

Tap hop xac
thue (30%)

Tép hop kiém
tra (20%)

Tap hop‘lfian luyén Tip hop huén
Tép hop xac thue luyén (50%)
Vs.
Tép hop kiém tra
Tép gia tri xac thuc dé
\ // tranh viéc mo hinh todn
la cuc bo

Tap kiém tra dé danh gia
do chinh xdac mod hinh
toan

Hinh 6: C4u tric thuat hudn luyén Bayesian trong ANN

Xdc dinh
Reynolds

RANS : k-epsilon, |,
k-omega

Bang 1: Pham vi tap dir liéu dau vao

Dong chay khang kiém
soat duge nhiéu loan (do
ung sudt tiép tai trong)

Céc xody rdi 1én
duoc hinh thanh

¥

Xéc dinh mé hinh rdi ph
hop dé mo ta duge cac |+
x04y roi

Cac xody réi di chuyén tu
do, chia nho va tao thanh
cac ung suat bo sung

Hinh 7: M6 hinh RANS

Chiéu dai tau

Lugng chiém nudc
Van t6c tau

S6 céanh chén vit

S6 vong quay chén vit

Tilé Ae/ Ao

24 -30.8

97 - 262

9.8 -11.5

3-4

344 - 644

0.42-0.7

Slé
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Bang 2: Thong s6 co ban mau tau can tinh toan

Chiéu dai tau L m 27.22
Chiéu rong tau B m 7
Lugng chiém nu6c tan 261.53
Van t6c tau knot 10
S8 canh chan vit canh 3
S6 vong quay chén vit rpm 453
Tilé Ae/ Ao 0.5
N -
Expanded
TE LE
B3_45 WAGENINGEN

Hinh 8: Chan vit nhém B 3.50 theo ho so thiét ké

la ti 1¢ mat dia dé€ xuét tit ANN c6 kha nang khong
trting khép hoan toan véi cac ti 1é mit dia thong dung
trén thi truong do gidi quyét bai todn ANN hoan toan
dua trén mo hinh toan. Cac hudng nghién ctu tiép
theo sé dugc trién khai lam r6 cdc diéu kién rang budc
ky thuat vé hé so6 sti bot, d bén canh. Trong pham
vi bai bdo nay, thong qua, giai thuat ANN budc dau
gilp xdc dinh nhanh ti 1¢ mit dia Ae / Ao phu hgp.

LOI CAM ON
Nghién ctiu nay dugc tai trg bdi dai hoc quéc gia

Thanh phd H6 Chi Minh (PHQG - HCM) trong
khuoén khé dé tai ma s C2018-20-06.

XUNG POT LO1iCH

Nhom tac gia xdc nhin khéng c6 xung d6t 1¢i ich lién
quan dén cong trinh nghién ctu.

PONG GOP CUA TAC GIA

Nhom téc gia thuc hién nghién ctiu dya trén viéc phan
tich dit liéu va tinh todn m6 phong s6. Céc thanh vién
déu c6 déng g6p nhu nhau trong nghién ctiu nay.

TAI LIEU THAM KHAO

1. Saxena A, Sahay B. Computer aided engineering design.
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2. Bernitsas MM, Ray D, Kinley P. Kt, Kq and Efficiency curves for
the Wageningen B-series Propellers. University of Michigan.
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Output
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Best Training Performance is 0.0081761 at epoch 4

Hidden Output
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Hinh 9: D6 thi trinh bay t6c d6 hoi tu cia ANN

Hinh 10: Trudng van t6c dong tuong tng Ae / Ao = 0.50 & 0.55

SI8



Tap chi Phdt trién Khoa hoc va Céng nghé - Ki thudt va Céng nghé, 3(512):S11-S112

Bang 3: Két qua so sanh mau chan vit trong hé so thiét ké va mau dé xuat trong ann

Dai luong Don vi Tham khdo s6 liéu tdu mau Dé xuit theo ANN Chénh léch
Ae /Ao =0.5 Ae/ Ao =0.55
N vong/phit 400
Vs km/h 13
Vs knot 7.019
Va knot 4.608
Vp m/s 2.368
J 0.285
P/D 0.680
D m 1.250
np 0.341 0.351 2.85 %
KT 0.22 0.23 4.35 %
KQ 0.0289 0.0297
Bang 4: Két qua huan luyén va tinh toan tirann
THONG SO PAU VAO THONG SO PAU RA
Chiéu dai dudng nudc thiét ké 37.7 m Ti 1¢ mét dia dé xudt
Luong chiém nudc 460 tan
Van t6c tau 7.02 knot 0.55
S6 canh chan vit 3
Vong quay 40 rpm

Hinh 11: Trudng ap sudt dong tuong ting Ae / Ao = 0.50 & 0.55
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Bang 5: K&t qua so sanh gilta mau chan vit trong hé so thiét ké va chan vit dé xuat theo ANN

Thanh phan Pon vi Ae/Ao=0.5 Ae/ Ao =0.55 Chénh léch %
Ap suét trung binh Pa 109254 109271 +0.015

Van t6c dong trung binh m/s 4.036 4.034 -0.05

Luc ddy chan vit 17690 14728 -16.7

Luc ddy chan vit (phuong doc truc) 17689 14728 -16.7

Han ché sti bot theo Keller Ae / Ao 0.5 0.55 +10.7

> 0.467
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Hinh 12: Ap suat mat ddy chan vit Ae / Ao = 0.50 & 0.55
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Hinh 13: Ap suat mat hat chan vit Ae / Ao = 0.50 & 0.55
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Neural network integration in the analysis, selection of
wageningen’s b-series ship propeller

Le Tat Hien'?", Nguyen Duy Anh"2, Tran Hai"-2, Nguyen Vuong Chi'2, Pham Ha Vinh Phuc'~?

ABSTRACT
In the preliminary stage, ship design analyzes and evaluates the close correlation and interaction
TR fit between the hull, main engine, and propulsion. Therefore, the process of calculation and se-
Use your smartphone to scan this lection of the appropriate propulsion device plays the role of ensuring the necessary propulsion
QR code and download this article to achieve the design speed according to the mission and ensuring the appropriate torque of the

main engine to achieve optimal performance. According to the traditional approach, the propeller
design method is based on series B - Wageningen's experimental graph to determine the suitable
diameter and geometric parameters. This paper presents the method of integrating the neural
network algorithm in the preliminary design stage to support selecting the appropriate blade area
ratio from input parameters, including the ship length, displacement, design speed, and the num-
ber of propeller blades. The neural network principle is to synthesize the reference result from the
propeller database's individuals to give the appropriate blade area ratio with the closest probability
in the database, taking into account cavitation. In this study, the B-Wagenningen series propeller
design database is verified and applied well in practice. On that basis, the propeller geometry pa-
rameters are proposed from the neural network algorithm, and the thrust and torque coefficients
are calculated and verified based on computational analysis from commercial software.

Key words: experimental graph, neural network, blade area ratio, thrust coefficients, torque
coefficients
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