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Nghién ctru thiét ké chan vit tau thay tich hop thuat toan di truyén

Pham Ha Vinh Phiic'2, Nguyén Duy Anh'?, Lé Tat Hién-2"

Bl
" A =
;q:%,\\\—Eii
ST
Use your smartphone to scan this

QR code and download this article

TOM TAT

Nghién ctu lua chon chan vit phu hgp véi may chinh va hinh dang than vé tau dong vai tro quan
trong trong cong tac thiét ké phuong tién thly, dac biét la tau van tai hoat dong & day van téc
thap. Trong giai doan thiét ké so bo, cadc mau chan vit thuc nghiém Wageningen (nhom B) duagc
lya chon do phi hop véi cac phuong tién van tai thiy va co dit liéu do dac thuc nghiém luc ddy
va momen xodn dang tin cay. Cac budc lua chon chan vit theo thuc nghiém thudng dua trén cac
dé xudt clia do thj va di liéu do, ki su thiét ké bi gidi han phuong an lua chon cac thong sé hinh
hoc chan vit. D&i vai chan vit tau thiy, dac tinh lyc ddy va dac tinh momen xodn déng vai trod quan
trong dam bao van téc theo nhiém vu thu thiét ké va hiéu suét kinh té trong qua trinh khai thac
phuang tién van tai thy. Trong nghién ctu nay, hé sé luc ddy va hé s6 momen xoédn dugc tich hop
vdi tinh todn t6i uu thong qua thuat todn di truyén, trén ca sd dé nghién cliu xay dung thanh cong
giai thuat dé xudt thong s6 hinh hoc ddc trung clia chan vit cé xét dén anh hudng clia méy chinh
va hinh dang than vé tau. Két qud tinh toan cho thay hé sé luc ddy va hé sé momen xodn dugc
tinh todn théa man cac déc trung thiét ké va cai thién hiéu suét hoat dong téng thé clia chan vit
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GIGI THIEU

V6i sy phat trién cua cong nghé mady tinh, thiét ké
chan vit tau thuy da cé sy phat trién nhanh choéng
trong ca linh vuc nghién ctiu hoc thuét va thuc té san
xudt. Hién nay trong nudc c6 ba cach tiép cdn d€ nang
cao hiéu sudt chan vit: tu ly thuyét hinh hoc canh
chén vit, ti cac d6 thi thuc nghiém va tii md phong
s0. Hudng tiép cén ti ly thuyét hinh hoc ctia canh
chan vit chi ¢6 thé thyc hién véi nhiing mau chan
vit ¢6 hinh hoc don gidn va thudng chi diing trong
modi trudng hoc thuat trong khi cach ti€p can theo mo
phong s6 hién nay chua phé bién trong thuc té ché tao
san xuét trong nudc, hudng tiép cin tit cic mau chan
vit dugc thtt mo hinh van thé hién gid tri va dugc st
dung rong rai trong thiét ké chén vit trong nudc.
Trong nhom chan vit thuc nghiém dugc cong bé nhu
Gawn, Newton-Rader, KCA, AU thi chan vit nhém B-
Wageningen dugc lya chon phé bién nhit cho tau vin
tai hoat dong & day van téc thdp !. Qud trinh tinh todn
céc chén vit theo mau thudng phiic tap va c6 thé lip
lai nhiéu 14n d€ dua ra két qua phu hgp do hinh hoc
chan vit thiét k&€ chua phtt hgp v6i vo va mdy chinh.
Bai bao nay xay dung chuong trinh tu dong thiét ké
chan vit nhém B-Wageningen thong qua quy trinh t6i
vu di truyén thoa mén céc yéu cdu vé lyc ddy va cong
sudt mdy chinh cho trudc, trong khi vin dam béo thoa
man rang budc thiét ké.

PHUGONG PHAP NGHIEN CU'U THIET

KE CHAN VIT TiCH HOP THUAT
TOAN DI TRUYEN

Trong ba thap ky trd lai day, thiét k€ chin vit 13 bai
toan t6i uu hdéa da muc tiéu, da cé rat nhiéu nghién
ctiu xoay quanh chti d€ t6i uu hoa thiét ké chan vit, véi
nhiéu cich ti€p cin khac nhau. Giai thuét di truyén
(Genetic Algorithm) 1a mét phan nhénh cua giai thuat
tién hoa (Evolutionary Algorithm) - mét nganh ctia
khoa hoc may tinh. Griffin?, Le va cong su> phat trién
giai thuat t6i uu hoa phi tuyén tinh, tri tué nhan tao,
stt dung diéu kién rang buc vé stii bot canh chén vit.
Benini? phat trién giai thuat t6i uu hoa da muc tiéu
cho chén vit nhém B-Wageningen dya trén giai thuét
t6i uu hoa. Han va cong su’ st dung giai thuét t6i
uu hoa leo d6i (Hill Climbing), ham muc tiéu 13 su
két hop gitia hiéu suit chin vit va sy bién d6i trudng
&p sudt. Berger® dé xudt st dung hai giai doan t6i uu
hoa thiét ké chan vit, giai doan dau tién Gng dung giai
thuat t6i vu tién héa d€ dua ra phuong 4n thiét ké chan
vit phtt hgp sau d6 xem xét méi lién hé gitia chan vit
v6i thin tau & giai doan thi hai. Bai bdo nay dua ra
cach tiép can thiét ké Iya chon théng s6 hinh hoc chin
vit don gian hon, va tip trung vao xem xét cic ham
muc tiéu chinh nhu sau:

« Hiéu suit chan vit cao nhat

Trich dan bai bao nay: Phic P HV, Anh N D, Hién L T. Nghién cttu thi€t ké chan vit tau thay tich hop
thuat toan di truyén. Sci. Tech. Dev. J. - Eng. Tech.; 4(4):1212-1218.
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« Diéu kién luc ddy chan vit ddm bao 16n hon stic
can tai van tOc thiét ké

« Cong sudt cdp tdi truc chan vit nho nhat, tuong
ung v6i momen xodn cta chan vit phai nho
nhit.

Piéu kién rang buéc

Puong kinh chan vit 1a yéu t6 quyét dinh 16n nhat dén
hiéu sudt ctia chén vit (1,). Diéu kién rang budc vé
duong kinh chan vit ¢6 thé tdng hgp tii bang vé bé tri
chung bang cach st dung céc tinh todn kinh nghiém
dugcnéuradHinh 17,

a/D=0.1; b/D=0.15;
¢/D=0.1; d/D = 0.04

b

I

Hinh 1: Giéi han dudng kinh chan vit

Theo nghién ctu ctia Benini?, Gaafary va cong su®
rang buc diéu kién sti bot ¢ thé duge st dung dé
thiét lap gia tri ti s6 mat dia Ae / Ao.

(1.3+0.32).T
D%.(po+pgh—pv)

Ap/Ap > 1+ (1)
Trong thuc té, s6 vong quay chan vit dugc lua chon
6 dinh dua trén ty s6 truyén ctia hop s6 may chinh>.
Trong nghién cttu nay, s6 vong quay ctia chan vit dugc
khao sit trong mét day vong quay phd bién nham da
dang hoéa giai phap va phit hgp véi nhiéu ty s6 truyén
ctia hop s6.

Ngoai ra, s6 canh chan vit d6i véi tau hang thap toc
dugc rang budc trong khodng tii 3 - 5 canh.
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Ham muc tiéu
Luc ddy yéu ciu ctia chan vit dugc tinh theo cong thic
sau:

Rr

T=—
1—t

(kN) (2)
Luc déy sinh ra béi chan vit dugc tinh bing cong
thic®:
T; = p.n3;.Dp, Kri (kN) 3)

Theo®, hé s6 luc ddy va hé s6 moment dugc tinh todn
nhu sau.

Kt :fT J, g7 %7Z,R€, %) 5

Ko=fo (/545 Z.Re, )
Diém s6 cuia lyc ddy chén vit sé tuong tng véi diém
s6 v€ cong sudt truyén téi truc.
2T — f(T); =

1
Ti<T‘>f(T)i:E ®

T

T;
fT)i=5—
Cong sudt ctia may chinh truyén téi truc dugc tinh
nhu sau:
Pp =0.8 XxMCR x ng (6)

Theo® cong suit yéu cdu dugc truyén t6i truc ctia mot
chén vit dugc tinh theo cdng thiic sau:

Pp; =21 x ”1391' X P X D?,i x Koi (7)
Dbiém s6 tuong ting ctia cong sudt mdy truyén dén truc
chan vit:
f(P) PDi_> PD1<PD_>f(PD)l:1P
PPy Ppi > Fp = f(Fp); = 5~

Diém s6 vé hiéu sudt chan vit, ta Iya chon chan vit cé
hiéu suét cao nhit cho diéu kién nay do d6 diém s6
béng chinh hiéu sudt chan vit:

f(no)i =no 9

Tong s6 diém dat dugc ti ba ham muc tiéu
f(T);, f(Pp);, f(Mo); dugc dung 1am diém s6 d€ xem
xét lua chon chan vit phtt hgp cho ham da muc tiéu
trong bai todn tdi uu thiét ké.

yi=f(T);+f(Pp);+f(Mo); (10)

Nghién ctiu trong bai bao khong uu tién cho muyc tiéu
vé luc ddy khi 7; > T cang nhu khong ting diém cua
muc tiéu vé cong sudt truyén khi Pp, < Pp vi diéu do
sé lam cho 161 gidi hoi tu cuc bd vé mot hodc ca 2 ham
muc tiéu riéng 1é, ma khong dat dugc gid tri hai hoa
téng thé ctia ham da muc tiéu. So d6 tinh todn véi
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Suhd tro ciia giai thudt di truyén
trong qua trinh thiét ke chin vit

Mau chan it
trong thire té

Miu chin vit ban diu

Man cl‘z:in Wit
tao ngan nhién

-Bé théng 56 co ban cua

céc miu chin vit (thé bé
thé bé i =1)

Vin toc tau: v

Tipbop /
Gia tri cia him mue tiéu

Min chin wit Min chin vit
ot ot

-B5 théng 55 co ban cia cie |
miu chin vit (thé b1+ 1) |

Hé 56 déng theo: w
Hé 56 dong har : t

He s::? hre day: ; K,
Hé 50 moment xodn: K

Boso
Lare d.l) chinwvit : I.
Céng suit can thiét : P
Hiéu suit chin vit : 7)

y=RL) = (B)+ 8 7)

Siec can taw: T>=R_
Céng suat :P<=F,

Hinh 2: So d6 giai thuat

su hd trg cua giai thuét t6i vu hoa di truyén dugc thé
hién 6 Hinh 2.

Theo '° véi tap hop khoéang 100 - 200 cé thé trong
quan thé, giai thuat di truyén hoat dong hiéu qua vdi
phuong phép giam dén ti 1é dot bién, do d6 nghién
ctiu nay chon ti1é dot bién ban dau 1a 95% sau d6 giam
dén qua céc thé hé, va vé dén 0% & thé hé cudi cung.

KET QUA TiNH TOAN VA THAO LUAN

V6i céc rang budc vé thiét ké dugc trinh bay, cac ca
thé trong bai toan thiét ké chan vit dugc thiét lap theo
Béang 1. Mbi cé thé bao gdm nim gen dugc lua chon
ngau nhién trong khoang giéi han ctia cac diéu kién
rang budc, dai dién cho cac thong s6 hinh hoc chan
vit sau day:

o tis6 mitdiaAg /Ao,

o tisd budc P/D,

e 6 canh chan vit Z,

« duongkinh chanvitD),,

« s6 vong quay clia chan vit n.

Trong nghién ctiu nay, hiéu qua cua giai thuit dugc
phén tich, so sanh véi phuong phép truyén thdong J-
Kr7-Ko dua trén thong s6 co ban trong nhiém vu thu
thiét ké ctia than vo tau mau trinh bay theo Bang 2.

Trong Hinh 3 - Hinh 7, két qua tinh toan dugc mo ta,
ham muc tiéu la téng hop tii gia trj luc ddy ctia chan

Bang 1: Diéu kién rang buéc téi uu

Thong s6 ky thuét Ki hiéu Pham vi
Ti 1é mit dia Ag/Ao - 0.5-1.05
Ti 1é budc P/D - 0.5-1.4
S6 céanh chén vit Z - 3-5
Dbuodng kinh chanvit  Dp m 1.6-1.8

S6 vong quay chin  7p rps 45-55

vit

Bang 2: Théng sé dau vao

Thong s6 dau vao Kihiéu DPonvi  Gidtri
Van téc tau Vy m/s 5.14
Hé s6 dong theo w - 0.2037
Hé s6 dong hut t - 0.17
Chiéu chim truc h m 3.15
chan vit

Stic can cta tau Ry kN 45.19

vit, cong sudt yéu cdu truyén t6i truc chan vit va hiéu
sudt chan vit. Theo d6, gia tri ham muc tiéu bat dau
xac 1ap gid trj t thé hé thi 50. Hiéu qua cta giai thuét
t6i uu di truyén con thé hién § gid tri trung binh cta
ham muc tiéu khi phd dao dong ctia gid tri trung binh

1214



Tap chi Phdt trién Khoa hoc va Céng nghé - Ki thudt va Céng nghé, 4(4):1212-1218

hep va hoi tu dan vé gia tri tét nhit ctia ham muc tiéu
qua tling thé hé. Bai toan xdc 1ap diéu kién diing & thé
hé thi 300 khi sy thay d6i gid tri ham muc tiéu sau
tling thé hé nhd hon 1079,

Thong qua két qua tinh todn mo phong dugc trinh
bay, cac thong s6 hinh hoc chan vit gom D), P/D,
Ae/Ao, np, Z da dugc t6i uu theo ham muc tiéu duge
x4y dung trong bai bao nay.

26
2.55 p™
2 Giatritot nhat
g 25
=
51
S 245 v b
é‘ Gia tri trung binh
24
=1
=
X
235
23
225 - - . . !
0 50 100 150 200 250 300

So the he

Hinh 3: Gia tri ham muc tiéu chan vit qua tiing thé
hé

Gia tri tot nhat

\\_Gia tri trung binh

1.75F ,

1731,

172

0 50 100 150 200 250 300
Sothe he

Hinh 4: D6 thj dudng kinh tét nhat va trung binh
qua cac thé hé

Hinh 8 trinh bay két qua déc tinh chén vit tu giai thuat
di truyén c6 hiéu sudt cao hon 1,3%, hé s6 luc ddy thip
hon 20,96% nhung van dam bao 16n hon rang budc
stic can, va hé s6 moment xodn thdp hon 23,01% so
v6i chan vit theo phuong phép thiét ké truyén thdng.
V6i két qua nay, c6 thé noi ring chan vit dugc thiét ké
véi sy ho trg clia gidi thuat t6i vu théa man céc dic
trung thiét ké va cai thién hiéu suit hoat dong téng
thé ctia chén vit tau thay.

Thong qua viéc gidm hé s6 momen xodn, cong suit
dugc truyén dén truc chan vit nho hon cing la mot
yéu t6 ndi troi trong gidi thuét di truyén. Thuc té, khi
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076
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Hinh 5: D6 thi ti |é mat dia t6t nhat va trung binh
qua cac thé hé

085

09+,

085 =

Gia tri trung binh

Ti le buoc (P/D

08 F 7 -
— - Gia tri tot nhat //
075}
0.7 A g
0 50 100 150 200 250 300
So the he

Hinh 6: D6 thi ti I& budc t6t nhat va trung binh qua
cacthé hé

53r Gia tri trung binh
| 3 o, M :
.:‘:‘ L AN
*_Gia tri tot nhat

RPM

o 50 100 150 200 250 300
Generation

Hinh 7: D6 thi s6 vong quay tét nhat va trung binh
qua cac thé hé
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Bang 3: So sanh két qua

Ki hiéu Pon vi Chén vit dé xuit
Dp m 1.79

Z - 4

P/D . 0.736
Ag /Ao - 0.5

np Ips 5.11
no - 0.556
Kr - 0.167
Ky - 0.0213
T kN 45.68
Q N.m 10.22

Phuong phap J-K7-Kg Chénh léch
1.66 7.83 %
4 _

0.8 8%
0.45 11.11%
5.33 4.13%
0.543 -

0.211 20.96%
0.028 23.01%
44.05 3.7%
9.11 3.16%

THRUST COEFF (KT) EFFICIENCY

Hinh 8: D6 thi dic tinh clia chan vit t&i uu

van hanh mdy thi cong sudt chay thong thuong chi
khoang 80% cong sudt may chinh, cong sudt truyén
dong dén truc chan vit nho hon dong nghia véi viéc
sudt tiéu hao nhién liéu nho hon do d6 sé lam giam
chi phi van hanh cta tau.

Két qua tinh toan trinh bay tai Bang 3 cho thdy, so véi
phuong phép thiét ké chan vit theo truyén théng J-
Kr-Kop , phuong phap thiét ké chan vit tich hgp giai
thuat di truyén gitp viéc lua chon céc thong s6 hinh
hoc chén vit hiéu qua va nhanh chéng pht hgp véi stic
can tau va may chinh. Ngoai ra, so v6i cac cong thiic
ly thuyét, s6 vong quay chén vit, ti s6 P/D va cac thong
s6 chan vit khac dugc lya chon linh dong gitp ky su
thiét k& da dang hon vé€ phuong an thiét ké. Do do6
phuong an dugc dé xuét ti giai thuat di truyén giup
hai hoa gitia cac tiéu chi thiét ké trong pham vi rang
budc cho phép.

KET LUAN

Trong bai bdo nay, thong s6 hinh hoc chéan vit dugc
tinh todn thiét ké ty dong bing giai thuét di truyén,

hoan toan thda man cac déc trung thiét ké va céi thién
tong thé so v6i phuong phép thiét ké truyén thdng J-
Kr-Kp.

Trong tuong lai, giai thuét tdi uu c6 thé dugc phét
trién tiép bang cach tich hgp thém cac chiic nang tinh
todn kiém nghiém chan vit nhu tinh todn stic bén
canh dé€ hoan thién quy trinh thiét ké chan vit tau
thay.
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Assisting in design of marine propeller using genetic algorithm
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ABSTRACT

Research on selecting marine propellers suitable for the main engine and ship hull form plays an
essential role in designing transportation vessels, especially container ships operating at low-speed
Use your smartphone to scan this range. In the preliminary design stage, the experimental marine propeller Wageningen (B-series)
QR code and download this article were selected because they are suitable for the transportation vessels and have reliable experi-
mental data for thrust and torque coefficient. Experimental propeller selection schemes are often
based on the recommendations of the graph and data; the design engineer's decision is restricted
in the selection of propeller geometrical parameters. For propulsion equipment for transportation
vessels, thrust characteristic and torque characteristic play an essential role in ensuring the speed
according to the design mission and economic efficiency during the marine vehicle operation. In
this study, the thrust coefficient and torque coefficient are integrated with the optimization tech-
nique based on the genetic algorithm, thereby successfully constructing an algorithm to support
the recommendation of specific geometrical parameters of the marine propeller considering the
influence of the main engine and ship hull form. The calculation results show that the calculated
thrust coefficient and torque factor satisfy the design characteristics and improve the overall per-
formance of the propeller and transportation vessels.

Key words: genetic algorithm, thrust coefficient, torque coefficient, efficiency
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