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Tom tit

Xdc dinh vj tri tau bang phwong vi va khoang céch
dong thoi téi mét muc tiéu dia van la phirong phdp
don gian, c6 dé chinh xdc cao va thuong dwgC ap
dung khi ddn tau ven bo. Trong thién van, viéc do
phirong vi t6i thién thé firong doi phirc tap va kém
chinh xac. Chi ¢é phirong vi mat troi 1a c6 thé do
dac don Qidn va ¢6 dé chinh x4c cao. Hi¢n nay,
phuong phdp thién van xac dinh vi tri tau vao ban
ngay chu yéu la quan trdc khéng dong thoi dé cao
mat troi. Phwong phdp khéng dong thoi nay cé do
chinh xac kém, can phdi tinh todn quan trac vao
thoi diém mat troi qua kinh tuyén nguwoi quan sat
va khodng thoi gian giiza hai lan do phirong vi
I6n. Bai bao nghién citu dé xudt phirong phap xdc
dinh vi tri tau bang quan trdc dong thoi dé cao va
phuwong vi mat troi. Bdy la phwong phap thién van
xde dinh vi tri tau méi, khdc phuc dwoc cac han
ché ciia phuwong phdp quan trdc khéng dong thoi
mat troi, ¢6 thé xdc dinh nhanh chéng vao ban
ngay va it phu thugc vao sai so cua vi tri dir dodn.
Tur khoa: Vi tri dw dodn, cuc chiéu sang, thién
dz”r]h, pinh minh va hoang hén hang hai, quan
trac dong thoi.

Abstract

Determining ship’s position by simultaneous
distance and azimuth observation to a terrestrial
object is a simple method with high accuracy and
applied in coastal navigation. In celestial
navigation, azimuth observation to a body is quite
complicated but not very precise. Only the
azimuth to a sun can be simply measured with
higher accuracy. Nowadays, the celestial method
for ships position determination in daytime is
non-simultaneous observation of sun's altitudes.
The result of this method is poorly accurate and it
can only be done when the sun across the
observer s meridian and the time interval between
azimuth measurements is also big. This paper
suggests a new celestial method of simultaneous
observation of sun's altitude and azimuth. The

SO 66 (04-2021)

proposed method can overcome the disadvantages
of sun non-simultaneous observation method and
determine the ship's position in a short time in
daytime as well as not much depends on the error
of predicted position.

Keywords: Dead reckoning, sub-stellar, zenith,
nautical twilight, simultaneous oservation.

1. Pat van dé

Quan tric thién thé xac dinh dinh vi tri tau 1a mot
phuong phap truyén thong, ¢6 wu diém la tin cay, doc
lap va chi phi thip. Tir khi hé thong dinh vi vé tinh
toan cu ra doi, véi nhidu uu thé vuot troi vé do chinh
xac va tinh lién tuc nén da tr¢ thanh phuong phap xac
dinh vi tri tau chinh khi hang hai xa bo. Tuy nhién vi
tri thién van van la phuong phap du phong trong cac
truong hop sy ¢ bat thuong. Hoi nghi caa T chirc
Hang hai qudc té ndam 2010 tai Manila, Philipine da
ban hanh sira d6i Cong uéc Qudc té vé cac tiéu chuan
huan luyén, cap chiing chi va truc ca thuyén vién
(STCW 78/2010). Trong d6, diéu 19 phan B-11/1,
chuong II ciia Cong wdc da bd sung yéu cau vé huin
luyén kha ning hang hai thién van ddi véi thuyén
truong va si quan van hanh [1]. Véi chuc nang la
phuong phap dy phong nén yéu cau vé do chinh xéac
cua vi tri thi€n van khong qua cao, chu trong hon yéu
cAu V& viéc xac dinh nhanh chéng va dé thuc hién.
Phuong xac dinh vi tri tu bang quan tric khong dong
thoi mat troi dang ap dung thuc té hién nay don gian,
c6 thé thyc hién ban ngay nhung thoi gian xac dinh vi
tri 1au va sai sb qui vé cang thoi diém 16n. Nham khac
phuc han ché néu trén, bai bao dé xuat phuong phap
xac dinh vi tri tau bang quan tric dong thoi d¢ cao va
phuong vi mat troi. Pay 1a phuong phdp moéi, dap (ng
yéu cau cua phuong phap du phong va phi hop véi
tiu chuan dan duong an toan trong diéu kién hang hai
hién dai ngay nay.

2. Xac dinh vi tri tau bang quan tric mit troi
khong dong thoi

2.1. Co sé Iy thuyét

Diéu kién dé do do cao la phai quan sat duoc ddng
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thoi thién thé va duong chan troi nhin thiy. Vi vay,
can tién hanh xac dinh vi tri tau bang phuong phap
thién van vao ltc binh minh va hoang hon hang hai.
Ban ngay, trén tau chi quan sat dwgc mdt troi nén
thuong ap dung phuong phap khong dong thoi. Mat
khac, do chuyén dong hang ngay nén mit troi lién tuc
thay doi vi tri so vai kinh tuyén va thién dinh nguoi
quan sat. Vi vay, dé giam sai s6 hinh hoc can tinh toan
thoi diém quan tric dé khoang thoi gian giira hai lan
do phuong vi mat troi bién thién 4 A > 30°.

Gia st, do d6 cao mat troi lan tha nhat duoc hy,
vong dang cao c6 tam la cyc chiéu sang Sy, ban kinh
1a dinh cy z1 = 90° — hy, dwong vi tri nhan duoc la I-1
(Hinh 1). Phuong vi va d cao mit troi thay doi, cuc
chiéu sang di chuyén theo cung S;S; t6i diém S,. Tién
hanh do d6 cao mit troi 1an thir hai duoc hy, duong vi
tri twong tng nhan duoc 1a 11-11. Gia st tau khéng di
chuyén (neo hoic budc cau) thi vi tri cua n6 s& la giao
diém Mo ctia hai duong vitri My =1—1n01 —1II

Hinh 1. Trwong hop tau ding yén

Khi hanh trinh, khoang thai gian giita hai lan quan
tric tau s& di chuyén trén bé mat trai dat mot khoang
cach MciMc2 =S (Hinh 2). Tuvi tri Mci, do dugce 3o
cao hy, duong vi tri I-I duoc dung trén co sé thién dinh
ctia Mc1 VA vi tri mat troi Sy (V6i cac yéu t cia tam
giéc vi tri du doan @c1, Aci, 81, t1). Tuong tu, tir vi tri
Mcz, do dugce dd cao hy, dudng vi tri 11-1I dugc dyng
trén co s& thién dinh ctia Mc2 va vi tri mat troi S (voi
cac yéu tb cua tam giac vi tri du doan ¢cz, Acz, 82, to).

Dé xac dinh vi tri tau, can quy cac duong I-1 va ll-
11 vé cing mot thoi diém. Viéc quy vé ciing mot thoi
diém c6 thé thyc hién bang phuong phap d6 thi. Giita
hai lan do d6 cao, tu chuyén dong dwoc mot khoang
cach S theo hudng Si Sy, twong ing duong vi tri I-1 s&
dich chuyén tai vi tri I’-I’. Hinh 3 cho thdy, ta c6 thé

v& duong I’-I” tir vi tri thir hai Mc, vai cac yéu t (Ahy
= hs1 - her va A(;l). Két qua nhan duogc vi tri tau vao
thoi diém thir hai s& 1a giao cua duong I1-11 va dudng
vitritinhtién '-I' (M, = II = 11 0 1" = T').

Hinh 3. Quy dp cao vé citng thién dinh

2.2. Xdc dinh vj tri tau bang quan trdc khong
dong thoi mdt troi

Chon thei diém quan trdc:

Bién thién phuong vi cua thién thé trong chuyén
dong nhin thiy hang ngay duoc tinh toan theo cong
thuc sau [2]:

A A= (cosAcos ptanh—sin ¢) At @

Phuong vi thay d6i I6n nhat khi dat gia tri A = 0°
hozc 180°, chinh 1 khi thién thé qua kinh tuyén nguoi
quan sét. Vi vay, thoi diém thich hgp nhat dé quan trac
xac dinh vj tri tau la truedc hodc sau khi mat troi qua
kinh tuyén thuong tir 2"00™ = 2"30™ & vi do trung
binh va tir 40™ + 1"30™ & vi d6 thép.

Quan tric lan the nhit tor vi tri du doan
Mci(oci,Aci), do d6 cao mit troi, ghi gior thoi ké, chi
s6 tbe d6 ké, hudng di, ap suit, nhiét do va do cao mat
ngudi quan sat.
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Hiéu chinh do cao do [3]:
hg; =0Ciq, +i+s—d+Ah+AR o (2)

Tur gio thé gisi Ty, tra lich thién vin xac dinh
duge xich vi 62 va géc gio thé gici t& cua mat
troi. Tinh toan géc gio dia phuwong cua mat troi theo
cbng thuc:

t=ta iy ®)

Vé6i cac ddi 6 (@cr, 62,t2), tra bang todn
chuy&n mén hoic tinh tryc tiép theo cdng thuc chung,
xac dinh dugc do cao va phuong vi cia mat
troi (he, A).

Tuong ty, tién hanh quan trac lan thir hai tir vi tri
du doan M, (¢cz, Acz) khi phuong vi thay ddi duoc
tir 300 = 45°, tuy didu kién thuc té [4].

Thao tac trén hai d6 voi cac yéu td vé duong vi tri
thién vin nhu sau (Hinh 4):

buong I-I: vi tri du doan Mg (@¢q, Act, phuong
vitinh Ag; vahiéudd cao Ah, = hg; — h¢q,

buong H-11: vi tri du doan M, (@2, Ac2), phuong
vitinh Ag, Vahiéudd cao Ah, = hgy — hey

Hinh 4. Thao téc xdc dinh vi tri tau khéng dong thoi

3. Xdc dinh vi tri tau bing cac quan tric ddng
thoi d§ cao va phwong vi mat troi

Vi tri tau xac dinh bang quan tric khong dong thoi
mit troi c6 nhidu han ché nhu: can tién hanh vao thoi
diém mat troi qua kinh tuyén nguoi quan sét, chiu anh
huéng cua sai s6 vi tri du doan va dic biét 12 sai s6
tinh tién dwong vi tri. Nhdm khic phuc cac han ché
trén, bai bao gidi thiéu phuong phap xac dinh vi tri tau
bang quan tric dong thoi do cao va phuong vi mit troi,
bao gom cac budc sau:

Buwéc 1: Xac dinh mién tim kiém

Muc dich cta budc 1 1a xac dinh khu vuc 1an can

vi tri du doan co xéac suét chia vi tri that caa tau lon
hon 95% theo tiéu chuan vé d¢ chinh xéac dinh vi [5]:
Mién tim kiém x4c dinh nhu sau:

Vido gidi han: @pin = @max (9161 han phia Nam
Po = Pmin va glé'l hi.in phia BéC Yo = ¢max)

Kinh @6 gidi han: A, + A (9i6i han phia Tay
Ao = Amin V@ gidi han phia Bong 1, = Aax)

Vai:

Pmin = @c — 14@cl, Pmax = @c + [A9pcl, Apc
sai s6 cua vi d6 du doan ¢,

. Amin = A¢ = [A2¢c], Amax = A¢ +14¢], A4¢ sai
s0 cua kinh d6 du dodn A,

Sai s6 du doan (4@, AM;) duoc xac dinh dua
trén sai s6 binh phwong trung binh (R) cua vi tri tau
(I1A@c| = kR, |A;| = R, trong d6 (k) 1 hé sb tang ty
¢ xich doc theo kinh tuyén hay d6 ting vi do tién trén
hai d6 mercator) [6]. Gia tri ban kinh (R) dwgc tinh
toan va lua chon sao cho xac suat vi tri that cua tau
nam trong mién tim kiém 16n hon 95%.

Trong thuc té dan tau, ban kinh sai s6 binh phuong
trung binh (R) duogc tinh toan theo hai truong hop co
ban sau:

Truong hop 1: Khoéng xac dinh duoc vi tri tau, sai
s6 binh phuong trung binh cua vi tri dy doan tinh theo
cong thuc [7]:

R= \/(STK gL)z + (STKgTK)z (4)
Vai:
Srx: Quing duong tau chay,
g, Sai s6 trong sb hiéu chinh la ban,
eri: Sai 6 trong s6 hiéu chinh toc d6 ké.
Gia str tau chay dwoc quing dudng theo tde do ké
1a 100 hai ly, sai sé trong sb hiéu chinh toc do ké 1a
0,6%, sai sb trong sb hiéu chinh la ban 0°5 . Tinh toan
ban kinh sai s6 binh phuwong trung binh (R):

2 2
R =\/(100 0.5 J +(100%j =1.06nm
57°3 100

Dé tinh toan sai s6 du doan, ban kinh sai sé duoc
xéc dinh 12 3R = 3,18 hai I (99,7%).

Truong hop 2: Xac dinh dugc vi tri tdu bing muc
tiéu dia van. Xét truong hop xac dinh vi tri tau bang
hai duong vi tri dia vin dong thoi, danh gia d6 chinh
X&c cua Vi tri xac dinh bang hinh tron xéac suat, ban
kinh tinh theo cbng thc [8]:

R =/(An,)” +(n, )’ ®)
Véi:

R: Ban kinh sai s6 binh phuong trung binh,
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An,: Khoang dich chuyén binh phwong trung binh
ctia dudng vi tri thir nhét,

An,: Khoang dich chuyén binh phuong trung binh
cua duong vi tri tha hai.

Gia sir xac dinh vi tri tau bang hai khoang céch
ddng thoi t6i hai muc tiéu. Ban kinh sai s6 binh
phuong trung binh ctia vi tri xac dinh theo c6ng thuc:

R= i_ie«/(Anl)z +(An,)2

Sin

1 a0y (a0 Y (6)
S N TR
walse) (2

Vai:

0 :goc kep gitra hai duong vi tri, trong treong hop
nay 6 =60°,

9p1 = 9p2 = gp: 96c Kep gitra hai duong vi tri,
trong truong hop nay 0 =60°,

£p1 = €pp ~ €p: Sai SO binh phuong trung binh
ctia viée do khoang cach bang radar. Si quan hang hai
c6 thé tu xac dinh trén tau hoac st dung gia tri théng
ké trung binh trong tai liéu chuyén nganh, truong hop
nay lay e, =0,05nm [9],

Vi cac s6 lidu trén, tinh toan ban kinh sai s6 (R):

R=t L )+ (e =42 ()2 o

"~ sinb

V2 2
-+ = m
+ 2 so(0.05)7 =0.08n

Pé tinh toan sai s6 du doan, ban kinh sai sé dugc
xéc dinh 12 3R = 0,25 hai 1y (99.7%).

Buwéc 2: Thiét 1ap tap hop vi tri tau gia dinh trong
mién tim kiém

Xay dung mang kinh vi tao thanh tap hop diém
A={M,, (¢, 1)}, v6i:

x={12,....b} vay={12,...,a}.

Vido giéi han phiaNam ¢y = @i, va vi do gidi
han phia Bic ¢, = @

Kinh d6 gi6i han phia Tdy A, = Ay, va kinh d6
gioi han phia Pong 1, = 1.,

Khoang gian cach dam bao: @i, — @; =
09000001 va A;,; — 4; = 0°000001

Trén tau tién hanh do d6 cao va phuong vi mat troi
dong thoi, sau khi hiéu chinh dugc (hg A7). Thao téc
xéc dinh vi trf tau trén hai d6 mercator: Vong ding cao
c6 tam 1a cuc chiéu sang S(¢s, As), ban kinh Ia
khoang cach that (hs), giao véi phuong vi do (Ar) cho
vi tri tau la F. Tuy nhién, vi tri that F chi la gia dinh vi
khong thé vé duoc duong vi tri (hg, h%) trén hai do
do khoang cach hg quélon.
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a

P

A A4

Hinh 5. Tdp hep diém trong mién tim kiém
Tinh toan khoang cach tir diém batky M, € {A}
t6i F, do khoang cach FS rit I6n nén coi gan ding:

~

EF ~ EF va EF 1 M,,S (8)

Hinh 6. Xdc dinh vj tri x4c sudt nhat

Xeét tam giac vudng M, EF, ta co:

(]V[xyF)2 = (MxyE)2 + (EF)2 (9)
Trong do:
M, F : Sai sb ciia vi tri gia dinh Myy,

EF ~ EF=FSxa=hg*a
a=Ar—K
My F? = (M E)? + (EF)?
K la huéng tr  M,,, — S trén hai d6 Mercator,
tinh theo cong thac [10]:

K =tan™ (M) =
HD

Véi:
Vi do tién cua
D, =alntg [

Vi do tién cua

A=A
s Ty (10)
D¢s_D‘ﬂx
Px-
l-esing, )2
7L P & (11)
4 2 )| 1l+esing,

Ps:
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1-esi 2
D_=alntg Zy 9 ﬂ (12)
‘”5 4 2 )\ 1+esing

Trong do:
a: ban truc I6n cua elip kinh tuyén trai dat,
e: d6 léch tam cua elip kinh tuyén trai dat.
M, E =SM, —SE=h —h, (13)
Voi:

- - -
h,, =sin"[sing, sino "
+C0S ¢, COS 5 COS(tg + Ay ]

Vi tri tau xac sut nhat (M ) théa man diéu kign:
(M, F)* =min{(M,F)’} (15)

4. Két luan

Bai bao da trinh bay phuong phéap xac dinh vi tri
tau bang quan tric mat troi khdng dong thoi truyén
thong. Phan tich, danh gia uu nhugce diém theo tiéu
chuan vé do chinh xéc dan duong va dic diém cua
phuong phép du phong theo yéu cau cua Cong wdc
STCW. Nghién ctu méi dé& xuit phuong phap xac
dinh vj tri tau bang quan tric ddng thoi d6 cao va
phuong vi mat troi. Vi tri tau dugc xac dinh trén co so
phuong phap binh phuong nhé nhat. Pay 1a phuong
phap méi, thuc hién don gian nhanh chéng vao thoi
diém bét ky vao ban ngay, hau nhu khong phu thudc
vao vi tri du doan. Trén co s& todn hoc da trinh bay,
trong cac nghién cuu tiép theo tac gia s& xay dung
chuong trinh tinh toan tw dong, hoan toan c6 thé trién
khai &p dung trén tau bién.
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NGHIEN CUU VE SU DUNG PHUONG TRINH ANH HUONG
PE PANH GIA HE SO PAM VA GIUA CAC TAU
A STUDY ON USING INFLUENCE FUNCTION
TO ASSESS COLLISION RISK INDEX BETWEEN SHIPS
LUONG TU NAM*, MAI XUAN HUONG
Khoa Hang hdi, Truong Dai hoc Hang hai Viét Nam
*Email lién h¢é: luongtunam@vimaru.edu.vn

Tom tat

Ngay nay, mdc dU dwoc sw ho tro cua cac hé
thong cong nghé hién dai, tai nan dam va tau bién
van tiép tuc xay ra. Vi vdy, viéc han ché nguy co
ddm va 1a rat cap thiét. Hé sé nguy co dam va giir
vai tro quan trong trong viéc danh gia nguy co
ddm va cua tau bién va né cing la mgt trong
nhiing chi d@é nghién ciru tranh va phé bién. T
gia tri cua hé sé nguy co dim va thu dwoc tir
thong sé cua tau va tinh huéng cu thé, si quan
hang hai c6 thé ra quyét dinh diéu dong tranh va
chinh xé&c. Trong bai béo nay, hé sé nguy co dim
va mdéi, goi la Hé sé nguy co tiém dn, dya trén
phirong trinh dnh hiong dwoc xay ding. Chiéu
dai tau, van toc tau ciing dwoc xem xét dén. Hé sé
méi nay c6 kha ndng biéu thi mire dg nguy hiém
cua tinh hudng, dinh gid dwoc nguy co dim va
theo thoi gian thuc. Do dé, hé s6 nay rat co trién
vong trong viéc dam bado an toan hang hai.

Tur khoa: Hé s nguy co tiem an, tranh va, hé sé
nguy cajddm va, phuwong trinh anh huwong, mic do
nguy hiém.

Abstract

Nowadays, despite all advantageous
technological support systems in marine traffic,
ship collision accidents continue to occur. Thus, it
is essential to minimize collision risk. Collision
risk index plays an important role in assessing
ship collision risk and is one of the attractive
issues in the research field of ship collision
avoidance. With accurate collision risk index
obtained through ship characteristics, movement
parameters and encounter situation, the navigator
can make correct decisions of avoidance action.
In this article, a new approach of collision risk
index model, named Potential Risk Index, based
on influence function is proposed. The length and
speed of the ship have been fully considered. This
index can express the degree of risk level of

situation and show the ability to evaluate collision
risk in real time. Therefore, the index proposed in
this paper has promising application in the field
of safe marine navigation.

Keywords: Potential Risk Index, collision

avoidance, collision risk index, influence function,
risk level.

1. Mé dau

Trong nhitng nghién ciru vé& dam bao an toan
hang hai, sém xac dinh su ton tai nguy co ddm va dé
c6 hanh dong tranh va hop ly 13 mot van dé quan
trong can giai quyét. Bidéu 7 Cong udc vé cac qui
dinh quéc té vé phong ngira dam va trén bién
(COLREGS) quy dinh riang, mdi tau thuyén phai ap
dung tat ca céc bién phap hiéu qua sin c6 thich hop
v6i hoan canh va diéu kién thyc té dé phan doan c6
ton tai nguy co dam va hay khong [1].

MGt trong nhiing chi s co ban dé danh gia nguy
co ddm va nay 1a hé sé nguy co dam va (Collision
Risk Index - CRI). Trén thyuc té, hé s6 nay bi anh
huéng boi nhidu yéu t6, chiang han nhu diém tiép can
gan nhat (CPA), phuong vi t6i tau muc tiéu, van toc
twong ddi gitta hai tau ciing nhu tam nhin xa. Do do,
céch tinh hé sb nguy co dam va theo chuyén dong cua
tau va vi tri twong quan gitra cac tau la mot nhiém vu
day thir thach.

Hé s6 nguy co dam va la mot gia tri phan anh
nguy co dam va cua tau chi véi tau muc tiéu. Thdng
thuong, khi gid tri ndy cang l6n, nguy co xay ra tai
nan dam va cang cao.

Hé s nguy co dam va da dwgc nghién cuu dya
theo COLREGs tir nim 1972, bao gdbm mot s6
phuong phap chu yéu nhu sau: danh gia dua trén
khoang cach tiép can gan nhat (DCPA) va thoi gian
tiép can gan nhat (TCPA) caa muc tiéu; danh gia dua
trén cac thuat todn Logic Mo (Fuzzy Logic); danh
gid dung Mang Noron nhén tao (Artificial Neural
Network- ANN).

Dua trén tinh todn DCPA va TCPA két hop véi
c4c tham s, Kearon da gidi thiéu mot phuong phap
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tinh hé s6 nguy co dam va theo kinh nghiém thuc té
vé tranh va trén bién [2]. Ciing dua trén DCPA va
TCPA, Kim di tinh toan thém mot sé yéu té nhu
khoang cach t&i tau muc tiéu, vi tri, van tc tuong
dbi dé xay dung thuat toan tinh hé s6 nguy co dam
va bang Logic Mo. Tuy nhién, cac yéu té nhu thong
s6 tau, khu vuc hang hai van chua dugc dé cap dén
[3]. Bang dit liéu Radar tir tram VTS, Bukhari thé
hién mtc do nguy hiém giita hai tau trong khoang
gid trj tir -1,0 dén 1,0 [4]. Simsir dung ANN d¢ cho
ra két qua nguy co dam va c6 ton tai hay khong [5].
Mot phuong phap khac nghién ciru vé hé sé nguy co
dam va do 1a bang khao st vai cac sy quan hang hai,
chuyén gia. Dya vao kinh nghiém thuc té caa ho trén
nhitng truong hop cu thé, hé sé nguy co dam va da
dugc xay dung [6]. Cac phuong phép trén d c6 thé
danh gia dugc tinh hudng. Tuy nhién, cac hé thdng
d6 chwa t6i vu vé mat hiéu qua trong thoi gian thuc
cling nhu chua tinh dén kich thudc cua tau. Trong
nghién ciru ndy hai van dé duogc giai quyét:

- Hé s6 nguy co dam va moéi, dugc goi 1a Hé s6
nguy co tiém an, duoc xay dung bang phwong trinh
anh huong dya trén chiéu dai va van téc cua tau;

- Hé sb nguy co tiém an dua ra danh gia canh bao
trong thoi gian thuc. Khi hai tau diéu dong tranh va,
hé s6 nguy hiém thay doi theo tinh trang twong tng.

Hé s6 nguy co dam va c6 thé danh gia nguy hiém
trén thoi gian thuc bang gia tri thuc tir 0 d&én 1. Gia
tri cia hé sb nay duoc chia ra cac khoang dé thé hién
muac do nguy hiém cua tinh hudng, qua dé wu viét
hon so v&i cac phuong phap hién tai, gilp sy quan
hang hai c6 thé dua ra quyét dinh nhanh chéng va
chinh xac hon khi diéu dong tranh va.

2. Phwong trinh anh hwéng

Trong mét tap hop diém, bat ky mot diém nao do
s& chiu anh huong bai cac diém khac bao quanh né.
Sy anh huéng nay cé thé duoc tinh toan dua trén mot
ham toan hoc, dugc goi la phuong trinh anh huéng
[7]. Phuong trinh anh hudng mo ta tac dong cua mot
diém Ién khu vuc xung quanh né va tit ca cac diém
khéc trong viing nay déu s& bi anh huong.

Gia sir c6 2 diém x va y thuoc khong gian F. Su
anh huong cua diém x 1én diém y dugc thé hién theo
biéu thirc:

fg(x) = fB(l’, y) 1)

Tuy theo khoang cdch ma sy anh hudng gitra cac
diém nay ciing khac nhau. Goi khoang cach tir diém
x1 dén y 13 d(x1, y) va khoang cach tir diém x, dén'y
12 d(x2, y). Néu d(x1, y) < d(x2, y) thi:

fi (@) = f3(x,) @
Phuong trinh anh huéng Gauss duoc tinh nhu sau:

_d(zy)’

fGauss (‘T; y) =e 252 (3)

Hinh 1 md ta sy anh huéng giira cac diém voi
nhau dya trén phuong trinh anh huéng Gauss. Gid tri
ctia sy anh huong bién thién trong khoang [0,1]. Cac
diém cang gan nhau thi sy tac dong qua lai giia
ching cang 16n. Tinh chat nay phu hop véi yéu cau
xay dung hé sd nguy co dam va giira cac tau (cang
gan nhau thi mic d6 nguy hiém cang lén).

Hinh 1. Vi du vé &p dung phwong trinh dnh hwéng
Gauss lén tdp hgp diém
3. Xay dwng hé sé nguy co tiém an (PRI)

Khi tau hanh trinh, né s& tac dong lén tat ca cac
diém xung quanh. Coi mdi diém lan can quanh tau
chu nay 1a mot tau ao tinh. Tau 4o s& chiu anh hudng
do tau chu tac dong Ién nd. Su anh hudng nay cang
I6n khi tau 40 ndy cang gan tau cha va nho dan khi xa
tau chi. Moi tau 40 s& nhan gid tri anh hudng tir tau
chii khéc nhau, dugc goi 1a hé sb nguy co tiém an.

Gia sir vi tri cta tau chu 1a S(xs, ys), tau 4o la P(xp,
Yp). Tau chu c6 chiéu dai L, van téc v va hudng di ¢.
Khoang cach tir tau cha dén tau ao P 1a D,. Tur diém P
ké duong vudng goc véi hudng di cua tau tai diém A.
Khi tau chu di dén diém A, AP chinh 1a khoang cach
gan nhit giira tau chu va tau 4o P (Hinh 2).

Dé c6 thé &p dung phuong trinh anh huéng Gauss
vao viéc xay dung hé sb nguy co tiém an, trudce tién
phai c6 dugc ham khoang cach R. Goi khoang cach
dén diém tiép can gan nhat gitra tu chii va tau ao P
Ia DCP va thoi gian dé tau chii hanh trinh dén diém
tiép can gan nhat 1a TCP. Ta c6 dai lugng khong thi
nguyén ctia DCP va TCP dugc tinh nhu sau:

DCP = (D, xsing )/ L
= (J(@, — 2" + (9, —y,)* xsing) / L

(4)
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D xsing
TCP = *2——1~ 7 =
\/(ac -z )21:-( —y.) xsin ©
— P S y[) yS ¢p
Lo
Trong do6 @p 12 gdc man gitta tau cha va tau 4o P.
T — T
@, =arctan———=— ¢ (6)
Y, = Ys
% 1
A .
\' > Y P
9 i D,
Ys
S
0 Xg X, X

Hinh 2. Vi tri twong quan giira tau chi va tau do

Ham khoang cach R giira tau chu va tau ao co
thé duoc tinh toan bing DCP va TCP duwa trén
phwong phap cua Kearon theo cdng thic (7). C6 thé
thiy rang, DCP la dai lugng khong c6 thir nguyén,
tuy nhién TCP van con thi nguyén. Vi vay, trong sé
A duoc thém vao trude TCP dé khir tha nguyén, phu
hgp cho viéc tinh toan.

R = NATCP? + DCP* )

Ap dung ham nguy co vao phuong trinh anh
huong Gauss, ta c6 hé sé nguy co tiém an (PRI) giita
tau chu va tau 4o P bét ky.

B

PRI =¢ 2® (8)

Gié tri cua PRI dugc ding dé thé hién nguy co
dam va tiém 4n giira tau chu va tau 4o, ¢6 gia tri tir 0
dén 1. Trén Hinh 3, gia tri cua PRI dwoc biéu hién
bing nhimng duong ddng muc tir 0,1 (ngoai cung)
dén 0,9 (trong cung). Tau 4o trén cing mot dudng
dong muc sé nhan gia tri PRI tir tau chii nhu nhau.
Khi tau a0 cang gan vai tau chu, gi tri PRI ting dan.

Hé s6 PRI dugc tinh toan dua trén TCP va DCP
trong thoi gian thuc, nghia 1a PRI s€ dugc tinh toén
lién tuc voi khoang thoi gian gidn cach rat nho.

Gia str tau 40 1a tau muc tiéu P di chuyén, tai 1
thoi diém nhit dinh rat nhanh, c6 thé coi tau muc
tiéu nay chinh 12 mot diém. Khi tau muc tiéu di
chuyén thi vi tri s& thay d6i, khi d6 PRI tir tu chu S

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

dén tu muc tiéu P s& lai tiép tuc tinh toan dua trén
su thay d6i nay. Nhu vay c6 thé coi su thay doi vj tri
nay bao ham ca su dich chuyén cua tau myc tiéu P.

Mt khéc, khi d6 ciing c¢6 thé coi tau muc tiéu P
la 1 tau cha véi van toc, chiéu dai va huong di da
biét, quan sét toi tau muc tiéu (1a tau chi S), hé sé
PRI tir tau P dén tau S ciing s& duoc tinh toan
tlIO’Ilg tl}'.

Hé s nguy co tiém an PRI phu thugc vao chiéu
dai va van tc cua tau. Vi cing mot gia tri cua PRI,
Gia st hai tau c6 chiéu dai va van téc cua tau khac
nhau, khoang céch tir tau dén duong dong muc cia
cling mot gia tri PRI ciing khac nhau, cu thé chiéu
dai hodc van téc cang 16n, tim anh huong cua tau ra
mdi trudng xung quanh cling cang rong nén khoang
cach nay cling cang 16n (Hinh 4).

Hinh 3. Gia trj PRI xung quanh tau chax

Hinh 4. Cling gia tri PRI véi 2 tau c6 van toc khac nhau
Khi thay tau 4o bang tau muc tiéu that, PRI thé
hién muc d6 cua nguy co dam va, PRI cang 16n, kha
nang xay ra ddm va cang cao. PRI dat gié tri lon nhat
bang 1 khi vi tri tau muc tiéu tring véi vi tri cta tau
chii (tai nan dam va xay ra) va tién dan dén 0 khi
cang ra xa tau cha (an toan).
4. M6 phéng va danh gia két qua
Dé xac thuc hiéu qua cua hé s nguy co tiém an
méi trong diéu dong tranh va, mot md phong sb cua
mot tai nan ddm va tai ving bién Han Quéc duoc
thuc hién trén phan mém MATLAB. Vi tri cua tai
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Bdng 1. Thong sé ciia hai tau trong tai ngn diam va

ts) Khoang cach ,
(nm) Van toc (kn)

0 0,76 12,8
60 0,66 12,7
120 0,56 12,9
180 0,44 12,8
240 0,34 12,8
300 0,23 12,7
360 0,19 12,5
420 0,16 12,3
480 0,19 12,2
540 0,18 12,6
600 0,17 12,2
660 0,11 11,6
720 0,06 115
780 0 10,3

i
O .
34367°N [ Wasdlo
, SI\EPA
: —Sl;ip B

34.334°N

126.050°E 126.101°E

Hinh 5. Tai ngn dém va tai ving bién Han Quéc
nan 34,35°N, 126,09°E, dugc danh dau bang chdm
do6 trén Hinh 5. Vét di chuyén cua 2 tau ciing duoc
thé hién lai dya trén di liéu AIS thu dugc tir 2 tau.
Day 1a khu vuc c¢6 mat do tau thuyén qua lai cao
va rat nhiéu dao nho, khoang céch giita cac tau ciing
nho hon so v&i ngoai dai duong. Vi vay, phuong phap
dd giai tranh va truyén thng ARPA dura trén DCPA va
TCPA khong hiéu qua. Cac théng so vé van toc va
hudéng di cia 2 tau, khoang cach giira 2 tau tai moi
thoi diém trong tai nan dam va dwoc néu ra trong
Bang 1. Chon méc thoi gian bit dau quan sat 13 0. PRI
quan sat duoc tir 2 tau dwoc thé hién trén Hinh 6, véi
duong mau xanh 1a PRI cua tau A quan sat dugc tir tau
B, duong mau do la PRI cua tau B quan sat duoc tur
tau A.
Trong khoang thoi gian tir 0 dén 240, chi s6 PRI
cta 2 tau van chura thay doi. Khi khoang céch giira hai
tau tir thoi diém 240s dén thoi diém 420s, chi s6 PRI
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Tau A

Tau B
Huéngdi  Van téc (kn) Hudng di
105,6 12,5 88,6
104,2 12,3 87,7
102,7 12,6 89,5
101,5 12,6 89,7
98,1 12,4 90,4
93,1 125 92,6
95,2 12,7 94,6
92,3 125 97,5
89,2 12,2 95,0
86,1 121 85,1
88,4 12,0 75.4
94,3 11,9 758
91,5 11,8 75,7
85,1 11,7 74,7

|| . " N . " N " "
0 60 120 180 240 300 360 420 480 540 600 660 720 780
t(s)

Hinh 6. PRI cza hai tau trong hanh trinh

clia 2 tau ting nhanh, thé hién nguy co dam va ting
1én (PRI cta tau A tang tir 0 1én 0,35 con tau B tang tir
0 1én 0,45). C6 su chénh léch nay la do chi s6 PRI phu
thudc vao kich thudc va van téc cua ting tau nén PRI
ctia mdi tau khi quan sét tir tau kia ciing khac nhau.

Trong truong hop nay, tau B la tau dugc nhuong
duong. Theo Piéu 17 COLREGs 72, vi mét ly do
nao do6, khi tau thuyén c6 trach nhiém giir nguyén
huéng di va toc do nhan thdy dang o rat gan tau
thuyén kia va khong thé tranh khoi nguy co dam va
néu chi dwa vao sy didu dong cua tau thuyén kia, thi
tau thuyén dwoc nhuong dwong ciing phai c¢6 bién
phép tét nhat dé diéu dong tau minh tranh sy dam va.
Nhan thay tau A khong c6 hanh dong tranh va hop 1y,
tau B da chuyén huéng sang phai, khoang cach giira
2 tau tang lén. Cung voi do, chi s6 PRI cua hai tau
cling giam xudng 0,2, nguy co dam va ciing giam.
Tuy nhién, nhu di dé cap & trén, tai khu vuc nay cé
mot s6 dao nho nén tau B khong thé tiép tuc duy tri
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hudng di nay va doi huéng sang trai. Tir thoi diém
480s dén 600s, PRI cua hai tau tang 1én 0,3, nguy co
xay ra tai nan dam va ciing tang 1én. Tir thoi diém
600s, khi khoang cach cua hai tau giam r6 rét tr 0,17
dén 0,06nm, hai tau ciing khong c6 hanh dong tranh
va thich hop thi PRI cua hai tau ting 1én mot cach
dang ké tir 0,3 d&én 0,9. Liic nay, nguy co dam va da
rat ro rét. Khi PRI cua hai tau 1én dén 1, tai nan dam
va da xay ra.

Qua md phong trén, ta co thé thiy sy hiéu qua
cua chi s6 PRI trong viéc thé hién muc do nguy hiém
hay nguy co ddm va tiém an trong hang hai. Chi s6
nay tinh toan duya trén ca chiéu dai va van tc tau,
huéng di. Do d6 nd c6 thé thay do6i theo thoi gian
thuc, tir d6 dwa ra dugc hanh déng tranh va nhanh
chéng. Piéu dong tranh va 1a hanh dong nén duoc
thuc hién boi ca hai tau dé hai tau khong tién dén
cling mét vi tri [8]. Tir chi s6 PRI, sy quan hang hai
ciing c6 thé biét dwoc tau minh c6 gay ra nguy hiém
cho tau muc tiéu hay khong va nguoc lai. Qua d6 cé
thé c6 phdi hop hanh dong hop Iy giita hai tau.

5. Két luan

Bai bao da tim hiéu anh huong cua tau dén khu
vuc xung quanh tau khi hanh trinh, tir @6 ap dung
chiéu dai va van téc cia tau vao phuong trinh anh
huong dé xay dung hé s nguy hiém mai, c6 kha
nang danh gia nguy hiém giira hai tau. Hé s6 nguy co
tiém 4an duoc phat trién dé canh bao nguy hiém gitra
c4c tau trong thoi gian thuc dya trén chiéu dai va van
tdc clia cac tau va dua ra danh gia canh béo, thé hién
s anh huong cua tau chia dén céc tau trong khu vuc
lan can. D6 giai tranh va ARPA dya trén DCPA va
TCPA 1a phuong phép truyén théng va phé bién dé
xac dinh nguy co ¢am va. Tuy nhién tai mot s6 ving
nu6e hep hoic ludng hang hai c6 mat dé tau thuyén
qua lai cao, phuong phap nay co thé khéng &p dung
dugc. Hé sd nguy co dam va co thé danh gid nguy
hiém trén thoi gian thuc bang gié tri thuc tir 0 dén 1,
qua d6 wu viét hon so vé&i cac phuong phap hién tai,
gilp sy quan hang hai cé thé dua ra quyét dinh nhanh
chéng. Tinh kha dung cua hé sé nay dugc kiém
ching bang tinh hudng cu thé mé phong bang
MATLAB. Trong tuong lai, cac md phong trén cac
loai tau c6 chiéu dai khac nhau bang MATLAB ciing
nhu trén phong thuc hanh dé chitng minh hé sé nguy
co tiém an c6 thé &p dung cho céc loai tau phé bién
hién nay. Sau khi duoc kiém ching, phan mém hé sé
nguy hiém c6 thé duoc xay dung, két ndi véi hé
thong AIS, lay dir liéu giita cac tau, dua ra két qua
danh gia trong thoi gian thuc.
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Xs, Ys Vi tri tau chu
Xp, Yo Vitri diém P (tau 40)
L Chiéu dai tau chi
v Van téc tau chu
(0] Huéng di tau cha
op GAc man gitra tau chu va tau ao
R Ham khoang céach
Khoang cich dén diém tiép can gan
DCP PN A,
nhat gitra tau chu va tau ao P
TP Thoi gian dé gau chi hanh trinh dén
diém tiép can gan nhat
PRI Hé sé nguy co tiém an
A Trong sé khir thir nguyén TCP
Loi cam on
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XAC PINH HE SO PO LECH B VA C CUA LABAN TU HANG
HAI KHI TAU HANH TRINH

FINDING THE DEVIATION COEFFICINTS B AND C OF MAGNETIC
COMPASS WHEN THE VESSEL SAILS IN HER ROUTE

NGUYEN VAN SUONG
Khoa Hang hdi, Truong Dai hoc Hang hai Viét Nam
Email lién h¢: nguyenvansuong@vimaru.edu.vn

Tom tat

La ban tir Hang hdi la mét thiét bj quan trong
duoc sir dung dé chi bdo huong di cia tau. Pé
dam bdo cac yéu cau vé an toan hang hdi, la ban
tir Hang hdi can duoc hiéu chinh dé léch va ldp
bdng do 1éch con lai trudc khi tau vao khai théac.
Theo ly thuyét, khi tau thay déi vi d¢ ding ké so
Voi vi do noi la ban tir dwoc hiéu chinh, hogc van
chuyén qudng thép thi luc gdy ra dé léch thay doi
lam cho la ban tir ¢ thé bj léch dang ké so véi la
ban dién. Khi tau hanh trinh thay doi vi dé hogt
dong, c&c lwc ban vong (B, va C) thay déi nhiéu
hon so véi céc luc A, D, va E. Pé gidi quyét van
dé nay, cac dg léch la ban tir do cac luc ban vong
(B, va C) gay ra duoc hiéu chinh va ldp lai bang
dé léch la ban véi cac hé so (B, va C) mdi Véi
dong thoi gi nguyén cac hé sé (A, D, va E).
Nghién citu ndy d@é xuat mét phuong phdp don
gidn dé xdc dinh hé sé la ban tir (B, va C) khi tau
dang hanh trinh. Phirong phdp nay c6 thé coi nhu
m¢t tham khao cho ly thuyét la ban tir Hang hai.
Tu khoa: La ban tr Hang hdi, bdng dé léch la
ban, hé sé dg léch ban vong, tau dang hanh trinh.
Abstract

Marine magnetic compass is an important
equipment which is used to indicate the ships
course. To ensure the requirerments of maritime
safety, magnetic compass needs to be corrected to
compensate the deviation between magnetic
compass and Gyro compass and then the magnetic
compass deviation table is also made before
operating the ship. Theorically, when the latitude
of ship are significantly different with those in a
port where magnetic compass is corrected to
compensate the deviation or when the ship carries
the iron, then deflected forces have a tendency to
change and cause the deviation in magnetic
compass compared to gyro compass. When the
ship sails in her route, forces (B, and C) change
significantly compared to others (A, D, and E). To

overcome this problem, the magnetic compass
deviation caused by semicircle forces (B, and C)
can be corrected, then making the new deviation
table with new coefficients (B, and C) and keeping
former ones (A, D, and E). In this study, a simple
means to determine the compass coefficints (B,
and C) when the ship are sailing her route. This
method can be seen as a simple refference for the
theory of marine magnetic compass.

Keywords: Marine magnetic compass, compass
deviation table, semicircle deviation coefficient,
ship underway.

1. Pat van dé

La ban tr Hang hai l1a mot thiét bj quan trong
dugc sir dung dé chi bao huéng di cua tau, cing véi
la ban con quay thiét bi nay dugc yéu cau lap dat trén
c4c tau bién theo quy dinh cua Té chirc Hang hai Thé
giéi dé dam bao an toan hang hai. Mac du do chinh
khong cao nhu la ban dién, nhung la ban tir hoat
dong dua trén nguyén ly tir truong trai dat, nén la
ban tir Hang hai luén duoc coi 1a thiét bi du phong
khi la ban dién gap su ¢b mat dién khdng hoat dong
duogc. Thong thuong, la ban tir dugc khur do 1éch va
lap bang d6 léch con lai trudce khi tau duoc dua vao
khai thac. Dé 1ap bang do léch la ban tir Hang hai thi
tau can phai dugc diéu dong quay trén 8 huéng chinh
(N, S, E, W, NE, NW, SE va SW) khac nhau va ghi
lai d6 1éch cua la ban tir véi la ban dién trén 8 hudng
dac biét @6 [2]. Tuy nhién, khi tau dang hanh hai trén
bién, viéc didu dong con tau quay du 8 huéng chinh
dé xac dinh do léch cua la ban tir vé6i la ban dién doi
khi c6 thé bi han ché. Dé khic phuc viéc can thiét
phai quan sat do léch la ban trén 8 hudng chinh,
trong nghién cuu [3] da dé xuat phuong phép tinh
toan sir dung k§ thuat binh phuong nho nhit dé tinh
toan hé s do léch la ban tir ma khéng can quan sat
d6 léch la ban trén cic hudng chinh do.

Tuy nhién, trong Hang hai nhiéu khi quan sat
thdy d6 léch la ban tir véi la ban dién c6 thé 16n dén
ca chuc do khi tau thay déi vi do hoat dong dang ké
S0 véi noi la ban tir duoc khir do léch hoac van
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chuyén quing thép [2]. Thuc té cho thiy, khi dia tir
truong noi tau hoat dong thay ddi so véi dia tir
trudng noi ma tau dugc hiéu chinh la ban lan gan
nhat, hoac khi thay d6i vi d6 tir lam cho phan lyc dia
tir truong theo huéng thang dung (Z) thay doi lam
cho céc lyc ban vong (B, va C) thay d6i nhiéu hon so
véi cac lyc ¢b dinh hoic luc phan tu vong (A, D, va
E). Trong truong hop d6, thuyén vién trén tau cé thé
khir cac do léch la ban tir do cac luc ban vong (B, va
C) gay ra va lap lai bang d6 léch mai véi viéc gitr
nguyén cac hé s do léch ¢ dinh va do léch phan tu
vong (A, D, va E). Cac van dé nay da duoc dé cap
trong cac nghién ctu [4, 5]. Trong cic nghién ctu
nay, C4c tac gia dé xuit cac phuong phap dé xac dinh
hé s6 do léch B, va C chi can quan st trén mot
huéng bat ky. Tuy nhién, ly thuyét cia cic phuong
phap nay yéu cau phai sir dung may do tir lyc, do d6
phtic tap vé mat nguyén Iy va rat kho cd thé thyc
hién boi thuyén vién trén tau.

Trong nghién ciru nay, tac gia d& xuat mot céach
thirc don gian dé xac dinh hé s do léch la ban tir (B
va C) khi tau dang hanh trinh, phuong phap nay cé
thé coi nhu phuong phap tham khao gidp cho thuyén
vién tinh todn hé sé do léch la ban tir trong nhitng
truong hop dac biét.

2. Hé sé dp léch la ban tir va cac phwong
phap xac dinh trong Hang hai

IR REERRRRARERRELACRE RN E RN

Hinh 1. Bdng d¢ léch la ban tir

Sau khi higu chinh xong la ban tir, cong viéc tiép
theo 1a cac thuc hién cac bude dé lap bang do léch
con lai (Hinh 1). Bang nay dua ra chi tiét céc théng

KHOA HOC - CONG NGHE

tin lién quan dén viéc hiéu chinh la ban nhu: s6 thanh
nam cham ciing nhu vi tri cia né dé khir cac do léch
ban vong, sb 14 thép trong céc hop st non, thanh st
Flinder, cac hé s6 do léch (A, B, C, D, va E), va
duong cong biéu dién do léch la ban tir trén tat ca cac
hudéng sau khi da hiéu chinh 12 ban tir.

Dé xéac dinh céc hé s6 d6 léch cua la ban tir, cong
thie @6 léch co ban trong [2] dugc sir dung, cdng
thire do 1éch la ban tir duoc viét duéi dang sau:
6= A+ BsinHL + CcosHL + Dsin2HL + Ecos2HL (1)

Pé c6 thé xac dinh duoc do léch la ban tir trén
moi hudng khac nhau, truéc tién can quan sat va ghi
lai @6 1éch la ban tir trén 8 hudéng chinh sau d6 thay
vao phuong trinh (1) dé tinh cac hé sé do léch la ban
(A, B, C, D, va E).

Quan sat do léch con lai khdng thé khir hét trén 8
huéng: Sn, Sne, Sk, Sse, s, Ssw, dw VA Snw. Thay vao
cbng thuc do léch co ban tuong (tng vai 8 hudng nhu
sau:

HL=00=>
O=A + Bsin0® + Ccos0® + Dsin0° + Ecos0°
HL = 45° =>

e = A + Bsind5° + Ccos45° + Dsin90° + Ecos90°
HL = 90° =>
& =A+ Bsin90° + Ccos90° + Dsin180° +
Ecos180° 2
HL = 135% =>
e = A + Bsin135% + Ccos135° + Dsin270° +
Ecos270°
Hd = 180° =>
& = A+ Bsin180° + Ccos180° + Dsin360° +
Ecos360°
HL = 2250 =>
Sw = A + Bsin225° + Cco0s225° + Dsin450° +
Ecos450°
HL = 2700 =>
Sw = A+ Bsin270° + Ccos270° + Dsin540° +
Ecos540°
HL =315%=>
Sw = A + Bsin315° + Ccos315° + Dsin630° +
Ecos630°

Tinh céc gia tri ham lwong gi4c va sap xép lai 8
phuong trinh trén, ta c6 8 phuong trinh sau:
on=A+C+E
Sne = A+ B Sind5° + C Sing5% + D
dk=A+B-E
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8se= A+ B Sin45°- C Sin45° - D

8s=A-C+E 3)
Ssw=A- B Sind5° - C Sind5% D
Sw=A-B-E

Snw =A- B Sin45% + C Sind5°— D

Trong hé phuong trinh (3), ¢6 5 4n sb va 8
phuong trinh. Bé xac dinh cac hé s6 d¢ léch (A, B, C,
D, E), sir dung chung mét quy tic nhu sau: tai cac
phuong trinh chira h¢ s can tim, nhan véi hé s6 (va
dau) ding trude no rdi sau do6 cong 2 vé cua tat ca
phuong trinh d6 véi nhau s€ tinh toan dugc gié tri
cua tirng hé sé can tim. Hé thtrc xac dinh tirng hé sé
d6 Iéch la ban tir duoc chi nhu hé thie (4):

A:§N +§NE+§E+§SE+§S+§SW+§W+§NW
8

O — 0, ONE — O Ocg — 0
B—_E y W+{ NE4 SW | “SE y NWJsin450

Sy =S [ Sy — S Sep =0, (4)
c- N4 s{ NE4 SW _°SE 4NW]sin450

b °NE "9w %sE FONw
4 4
_ONTs e tOw
4 4

E

Hé thic (4) 1a hé thie dung dé xac dinh d6 léch
la ban tir va thiét 1ap bang do léch con lai.

Pé xac dinh hé s do léch la ban tir hang hai,
phuong phap thong dung va chinh xac nhat hién nay
trén thé gioi 1a phuong phap duogc trinh bay nhu hé
thirc (4). Tuy nhién, dé xac dinh theo phuong phap
nay, can thiét phai quan sat duoc d6 léch la ban tir so
Vi la ban dién trén 8 hudng chinh, nhung trong thuc
té nhidu khi kho c6 thé thuc hién duoc.

Do d6, trong nghién ctru [3], céc tac gia da dé xuat
maot phuong phap sur dung thuét toan binh phuong nho
nhit dé tinh toan cac hé s6 do léch ap dung khi quan sat
d6 léch la ban tir vé6i la ban dién trén cac hudng bt ky.
Trong nghién ciru ndy, tac gia hudng dén viéc tinh toan
céc hé sb do léch trong truong hop viéc quan sat do
Iéch trén cac hudéng chinh gap khd khan nhu khi tau bi
dao miii nhanh trén cac hudng chinh do séng gié ma
khong kip ghi lai do léch giita cac la ban. Bé tim hiéu
Vvé phuong phap xac dinh ndy, cd thé tham khao chi tiét
trong tai liéu [3].

3. Xac dinh hé so d léch B va C cia la ban
tir Hang hai khi tau dang hanh trinh

Khi tau dang hanh trinh trén bién, nhidu khi viéc
quay tro trén cac hudng khac nhau la khd thuc hién
vi quay tré trén nhiéu huéng khac nhau c6 thé lam

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

cham thoi gian tau dén cang so véi ké hoach du kién
(Hinh 2).

WPT,

WPT3

WPT:

WPT: Tau gii hudng trén

tuyén dwong da Igp

Hinh 2. Tau hanh trinh trén bién

Theo ly thuyét la ban tir [2], luc ¢6 dinh A duoc
khtr khi dit la ban dung mat phang truc doc tau, con
lyc phan tu E 1a rit nho nén c6 thé bo qua. Luc phan
tu vong D phu thugc vao hé sb sat non va thanh phan
dia tu truong ngang (H), con céc luc ban vong (B va
C) phu thudc vao hé sé sit non, hé sb sét gia, va
thanh phan dia tir truong trai dat theo chiéu thing
dang (2).

Khi tau hanh trinh thay d6i vi do tir lién tuc, dic
biét 1a khi tau chay 1én cac ving vi d6 cao, vi do tir
tang lam thanh phan (H) giam trong khi thanh phan
dia tir truong thang dung (Z) tang. Piéu nay lam cho
c4c luc ban vong B va C thay d6i dang ké hon so Véi
lyc phan tu vong D [4, 5]. Do d6, trong nhiing
truong hop ndy bang d6 léch la ban tir ¢ thé duoc
thiét 1ap lai bang cach gir lai cac hé s do lech A, D,
va E va di xac dinh cac hé s do léch B, va C [4].
Cong thuc (1) c6 thé viét lai dudi dang sau:

BsinHL + CcosHL =6 -A - Dsin2HL - Ecos2HL (5)

Pé xac dinh dugc hé sé B va C theo phuong trinh
(5), ¢6 hai trudng hop: 1 khi tau chi dugc thay doi
huéng di mot goc nho, va khi xét dén viéc bé lai
nguoc lai dé tau tré vé dudng di cil.

3.1. Tinh toan h¢ sé B va C khi hwéng tau chi
dwoc thay doi goc nhé

Trong trudng hop tau chi duge phép thay dbi mot
géc nho dé tau khong bi chéch khoi duong di dang
hanh trinh qué 16n, can thiét phai quan sat dugc do
[&ch trén 2 hudng khéc nhau. Do d6, bén canh hudng
tau dang chay theo tuyén duong da 1ap WPTWPT,
thuyén vién c6 thé thay ddi hudng tau thém 5° dén
10° sang mot man bt ky so véi hudng di dang chay
trong mot khoang thoi gian ngin, diéu nay d¢am bao
diéu kién dé quan sat do léch trén 2 hudéng khac nhau
(Hinh 3) va tau khong bi mét qué nhiéu thoi gian lam
anh huong dén thoi gian du kién dén cang.
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WPT;

WPT;

WP Quan sdt dp léch la bén
trén 2 hwong (lureng di
trén  tuyén  diong
WPT;WPT,, va mét
hudng  cach  heong
WPT,WPT; khodng 5°
dén 10°).

Hinh 3. Thay déi hwéng tau mét goc nhé

WPT:

Nhu vay, trén 2 huéng di do, c6 thé quan sat
dugc d6 léch twong tng, khi d6 ta c6 hé phuong
trinh dudi day:

BsinHL, + CcosHL, = (51 - A-Dsin2HL, - EcosZHLl)

BsinHL, +CcosHL, = (5, - A - Dsin2HL, —EcosZHLz)(G)

Trong hé phuong trinh (6), HL1, HL; 1a hudng
tau chay theo tuyén duong da 1ap, va huéng tau thay
d6i khoang 5° dén 10° trong khoang thoi gian ngan;
01 & 1a @6 léch cua la ban tir so véi la ban dién quan
sat duoc trén hai hudng twong Gng; cac hé sé A, D, E
la cac hé sé do léch la ban tir dwoc ldy trong bang do
léch la ban tir trén budng l4i.

Hé phuong trinh (6) 1 hé phuong trinh bac nhit hai
an, dé dang cd thé giai duoc bang may tinh cam tay. Pat:

A1:(51—A - Dsin2HL, - Ecos2HL, )
A, :(52 ~ A - Dsin2HL, - EcosZHLz) 0
Ta c6 hé phuong trinh:

{BsinHL1 + C(:osHL1 = Al

. (8)
BsmHL2 + CcosHL2 = A2

Theo d6, cac hé s6 do léch B va C duoc xéac dinh
bai cong thirc:

Ay sinHL~ - Ao sinHL.
c= 1 2772 1

(cosHLlsinHL2 -cosHLzsinHLl)
4 (aySinHL - dysintLy ) 9)

B= ;
sinHL, (cosHLlsinHLz-cosHLzsinHLl).tgHLl

3.2. Tinh toan hé sé B va C xét dén viéc bé lai
dé dwa tau tré \gi dwong di di dinh

Trong trudng hop xét dén viéc bé lai dé dua tau
quay tro lai duong di dang hanh trinh (Hinh 4), thi c6
thé quan sat duoc d6 léch la ban trén nhiéu huéng
hon, khi d6 c6 thé &4p dung thuat toan binh phuong
nho nhat dé x4c dinh hé s B va C.
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WPT3

WPT: Quan sat dé léch la ban
trén nhiéu huong (khi
thay déi huong tau mét
goec  cach  huong
WPT,;WPT, khodng 5°
dén 10° va bé lai quay
tro lgi duong di dang
hanh trinh).

WPIT:

50-10°

Hinh 4. Thay déi hweng tau va bé ldi dwa tau tré lgi
dwong di hanh trinh

Khi tau thay d6i huéng di sang mot man mot goc
nhoé trong thoi gian ngén dé quan sat d6 léch, sau dé
bé tau quay tro lai dé dua tau vé duong di da dinh
chiing ta cling quan sat dugc d6 léch trén cac hudng
do, do vay c6 hé phuong trinh (10):

BsinHL,; + CcosHL; = A4
BsinHL, + CcosHL, = A, (10)

BsinHL +CcosHL, = Apy

Theo tai liéu [1], thuat toan binh phuong nho
nhat duoc &p dung dé tim hé s6 B va C thoa man
diéu kién cuc tiéu hé thuc sau:

n 2
S= izl(di - BsinHL; - CcosHL; ) (11)
S dat cuc tiéu khi:

oS 0
B (12)
9% _g
oC
Bién ddi va khai trién ta duoc:
n -
El[—z cos HL; (Aj ~ BcosHL; ~Csin HL;) | =0
n
El[Zsin HL; (Aj -~ Bcos HLj —Csin HL;) | =0 (13)
no n o n
B_Zlcos HL +C_le|n HL; cos HL; = _ZlAi cos HL;
I= I= 1=
n n oo n )
B2 sin HLj cos HL; +C X sin™ HL; = X A; sin HL;
i=1 i=1 i=1 (14)

Hé phuong trinh (14) lai c6 dang nhu hé phuong
trinh (8) la hé phuong trinh bac nhat 2 an. C6 thé dé
dang giai hé phuong trinh nay dé thu dugc cac hé sb
B va C nhu trong hé thuc (9).

Nhu vay ca hai truong hop khi: tau thay doi mot
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g6c nho, va khi tinh dén quay tro dé quan sat do léch,
ta déu co thé giai cac hé phuong trinh bac nhat 2 an
dé tim cac hé sé do léch B va C. Cu thé:

Khi tau thay d6i mot goc nho, ta c6 hé gom 2
phuong trinh bac nhat 2 an s B va C (hé phuong
trinh 8), 1oi giai cta hé nay dugc thuc hién theo hé
phuong trinh (9).

Trong trudng hop xét dén viéc bé lai sang mot
man va bé 1ai nguoc tré lai dé dua tau vé dudng di ban
dau da dinh thi khi d6 s& quan sat dwoc nhiéu gia tri
d6 léch la ban, va thu dugc hé phuong trinh (10) véi
cac nghiém B va C. Dé giai hé nay, thuat toan binh
phuong nho nhit dwoc ap dung, trién khai hé (10)
thanh hé phuong trinh (14) dé thu dwoc nghiém cudi
cung BvaC.

4. Két luan

Trong nghién ctru nay, bai bao dé xuit mot
phuong phép 1y thuyét tham khao dé xac dinh hé sé
d6 léch la ban tir B va C. Trong thyc té, thuyén vién
rat hay gap hién tugng do léch giita la ban tir va la
ban dién chénh léch nhau dang ké khi tau thay doi vi
do tir hodc khi tau cho quang thép. Do do, thuyén
vién trén tau c6 thé thao tac hiéu chinh do léch la ban
tir do céc luc ban vong B va C sinh ra. Sau khi hiéu
chinh xong, bang d6 léch la ban tir ¢6 thé dwoc lap
sau d6 vai cac hé s6 do léch mai cua B va C, con lai
giir nguyén céc hé s do léch c¢d dinh va phan tu
vong (A, D, va E).

Trong phuong phap dé xuét, tc gia co tinh dén
cac diéu kién nhu: tau can gitr huéng di dé dam bao
tau ludn chay trén tuyén duong da 1ap theo ké hoach,
c6 thé thay d6i huéng mii tau (khoang 5° dén 10°)
trong khoang thoi gian ngan dé quan sat duogc do
chénh léch cua la ban tir so véi la ban dién, va xét
dén viéc quay tro lai duong di dang hanh trinh.

Vi c6 thé thao tac mot cach don gian, nhanh
chéng bang may tinh cam tay thay vi phai sir dung
cac thiét bi may do tir lyc nén phwong phap co thé
phu hop Vvéi thuyén vién trong viéc xac dinh nhanh
cac hé s6 do léch cua la ban tir Hang hai. Trong céc
nghién cuu tiép theo, tac gia s& tinh dén cac van dé
khac nhu: sir dung GPS dé xac dinh hé s do léch la
ban tir, phat trién phuong phap xac dinh hé sé do
léch la ban tir khi khir @6 Iéch la ban trong nha may
dong tau theo phuong phap COLONGA.
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GIAM SAT NANG LUQNG TIEU THU CUA MAY NEN KHI TREN TAU
BIEN THEO THOI GIAN THU'C BE TOI UU HOA HIEU QUA NANG
LUQNG CUA MAY NEN KHI

MONITOR ENERGY COMSUMPTION OF MARINE AIR COMPRESSOR IN
REAL TIME TO OPTIMIZE ENERGY EFFICIENCY

TRAN HONG HAY, NGUYEN KIM ANH?
'Khoa May tau bién, Truong Pai hoc Hang hdi Viét Nam
2Khoa Cong nghé Théng tin, Trirong Pai hoc Hang hai Viét Nam
*Email lién h¢é: tranhongha@vimaru.edu.vn

Tom tat

Trong thei gian gan ddy Té chirc Hang hai Quac
té IMO dd ban hanh cdc qui dinh méi vé giam phat
thai khi CO; ciing nhw c6 cdc nghién ciru va séng
kién vé van tdi bién xanh ddn téi viéc né luc cdi
thién hiéu sudt cac hé thong ning hrong trén tau
dwoc wu tién cao. Bai bao tdp trung nghién cizu
viéc gidm sat nang lwong tiéu thy cua hé thong
may nén khi trén tau bién dé danh gia hiéu qua st
dung nang hrong cia may nén khi va chudn dodn
MGt $6 Sur Co thurong Xdy ra doi véi may nén khi
trén tau bién. Cong suat tiéu thy cua may nén khi
duge do lién tc theo thoi gian thuc va truyen diz
liu vé may tinh giam sat tgi trung tam bang cong
nghé loT. Ngoai ra &p sudat va nhiér dé cua khi nén
ciing dwoc giam sat. Cac két qua thu dwoc dioc
so sanh vdi cac thong so khi may nén hoat dong
binh thwong va canh bdo cho nguwoi khai thac khi
céc thong sé co bién doi bdt thwong do may nén
gdp Sw €6 nhie bi ro lot hogc nhiét dé lam mat khi
nén qua cao. Mé hinh du dodn dua vao tri tué
nhén tqo da duoc s dung nhu mét cdng cu danh
gid dé cai thién hiéu qua sir dung ndng heong cuia
may nén khi trong qua trinh hoat déng.

Tir khoa: Néing lirong, may nén khi, tau bién.
Abstract

The IMO International Maritime Organization
has recently issued new regulations on reducing
CO; emissions as well as research and initiatives
on green marine transportation leading to efforts
to improve efficiency of systems. Monitor energy
systems are given high priority. The article
focuses on monitoring the energy consumption of
air compressor systems on ships to evaluate the
energy efficiency of air compressors and diagnose
some common problems with air compressors on
a ship. The power consumption of the air cleaner

is continuously measured in real time and
transmitted data to the monitoring computer at the
center using loT technology. In addition, the
pressure and temperature of the compressed air
are also monitored. The results obtained are
compared with the parameters when the
compressor is running normally and alert the
operator when the parameters have abnormal
changes due to the compressor problem such as
leaks or the compressed air cooling temperature
is too high. The Al-based prediction model has
been used as an evaluation tool to improve the
energy efficiency of air compressors during
operation.

Keywords: Energy, air compressor, ship.

1. Mé& dau

Nam 2011, IMO da dua ra cac bién phéap ky thuat
va khai thac bit bugc déi véi tau bién dé nang cao hiéu
qua vé nang lugng nham giam luong khi thai CO, tir
hoat dong cua tau bién. Céc bién phép bat budc nay
(EEDI/ SEEMP) ¢6 hiéu luc tir ngay 01/01/2013 [1].
IMO ciing da dua ra cac huéng dan quan trong nham
hd tro thuc hién céc bién phéap bét budc dé ting hiéu
qua str dung nang luong va giam phét thai khi nha kinh,
tao tién dé cho cac quy dinh vé EEDI va SEEMP duoc
cac Co quan quan ly va nganh cong nghiép van tai
bién thuc hién subn sé. Sy ting truong du kién cua
thwong mai thé giéi tao ra mot thach thuc I6n d6i véi
viéc dap tng muc tiéu tuong lai vé lugng khi thai can
thiét dé dat duoc sy 6n dinh vé nhiét do toan cau va vi
vay, IMO d3 bt ddu xem xét cac bién phap k¥ thuat
va van hanh ti uu hon nira dé nang cao hiéu qua ning
lugng cua tau.

Nghién ctru trong bai bao dé cap dén viéc tbi vu
hoéa viéc sir dung niang lwong cua hé théng may nén
khi trén tau bién. DPay 1a mot trong nhitng hé thong
k¥ thuat tiéu thu nang lugng tuong d6i Ion trén tau.
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Hién tai, da s6 cac tau bién tai Viét Nam déu khong
c6 hé théng giam sat nang luong lién tuc, do vay dé
danh gid dugc tinh hiéu qua ciing nhu tinh trang lam
viéc cua may nén khi la viéc khé khan dbi voi nguoi
van hanh, vi thé viéc nghién ctru h¢ thong do va giam
sat lién tuc nang luong tiéu thy cia may nén khi theo
thoi gian thuc tir d6 du bao dugc tinh trang lam viéc
ctia may nén khi I viéc rat can thiét giup cho nguoi
khai thac c6 thé ngan ngira dugc cac hu hong c6 thé
Xay ra va co cac hién phap bao dudng, stra chira kip
thoi nham nang cao hiéu qua str dung niang lugng cua
may nén.

2. Thiét ké va ché tao hé théng giam sat ning
lwgng sir dung 10T

Telecontrol server with
application
"TELECONTROL
SERVER BASIC"

B Industrial Ethernet

$7-1200 with
Station CP 1242-7 Station

$7-200 with
MD720-3 Station

$§7-1200 with
CP 1242-7

Hinh 1. Sir dung IoT dé truyén dir liéu

Hé thdng giam sét va quan ly nang luong tmg dung
cong nghé ToT dugc thiét ké va ché tao tai Truong Dai
hoc Hang hai Viét Nam, hé théng bao gdm: khéi do
va phét dir liéu, khdi thu va phan tich di liéu, phan
mém giam sat va phan tich nang lugng tiéu thu cia hé
thdng khi nén ¢ céc ché do tai khac nhau. Trong do,
hai khéi do va phat, thu va phan tich dit liéu st dung
PLC S7-1200 két hop voi GPRS (General Packet
Radio Service) nhu Hinh 1 dé truyén dir liéu qua
Internet vé may chu. Bo dir liéu gdm cong sut tiéu
thu, 4p suat va nhiét do khi nén duogc thu thap tir cac
hé thdng k§ thuat s& dugc dong goi lai dudi dang cac
g6i tin va duoc truyén di qua mang internet véi tbc do
144 kbps. So db ludng dir liéu cho bo thu va phét dit
liéu dugc mo ta nhu Hinh 2. Bo phét dir liéu bét dau
bang viéc ciu hinh cho md-dun Al (Analog Input) dé
nhan dir liéu tir cac cam bién. Dién ap st dung c6 dai
do 0+10V do vay chling ta can cai dit dai do cho mé-
dun Al la 0+10V, sit dung 6 kénh vao AIO dén Al5
tuong (g cho 6 kénh vao cua cam bién. Sau khi da
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c4u hinh cho module A, chuwong trinh s& can phai ciu
hinh cho md- dun GPRS dé két ndi vao mang va két
ndi dén tram PLC nhan. Viéc cau hinh nay duoc thyc
hién trén phan mém TIA portal.

Sau khi d4 cau hinh xong, chuong trinh s& budc
vao mot vong lap vo han, trong d6 chuong trinh sé doc
c4c gia tri dién &p tai dau vao cua md-dun Al sau do
guri dit liéu dén mo- dun GPRS, mo-dun GPRS s& thuc
hién viéc dong géi dit liéu va giri dén tram nhan. Néu
qua trinh giri khong thanh cong, chuong trinh s& tién
hanh guri lai khdi dit liéu méi. Qua trinh do va thu thap,
cap nhat dit liéu s& duoc dién ra theo chu ky cach mi
5 giay.

- T
{ Bdrdin )
. -
Cai hinh ddi do va —
dia chi module A [ Cait hinh cho
i modile GPRS

T
Cdit hinh cho "_{-'
maodule GPRS e S
I Sai " —
T Codiligudén
P T -
Boc gid ] ddu vae .
T g ne Diing
- Boc diglidu
Tinh rodn gid i
ctla edc cdm bi &t +
G dit lidu 16i mdy
Gl dit ligu 1o tmh gidm sdr
module GFRS +
A
/,5 a'mgxx s
(;h chueng winh ,-:;cj
nirg Ry :
Biing
— .
Két tuic )
— ey

Hinh 2. So d@é luéng diz ligu ciia bg phét va thu

Bo thu dit liéu bit dau bang viéc cau hinh cho md
-dun GPRS dé két néi vao mang va két nbi dén tram
PLC phét. Viéc ciu hinh nay duoc thuc hién trén phan
mém TIA portal. Sau khi dd cdu hinh xong, chuong
trinh s& doi dir liéu duoc gui dén mo-dun GPRS. Khi
¢6 dir liéu dén, chuwong trinh s& thuc hién viéc giai ma
g6i dir liéu va tach Iy dir ligu tir cac cam bién da dugc
giri dén. Néu qué trinh nhan thanh cong, chuong trinh
s& tién hanh gui dit liéu do t6i may tinh qua cong
truyén thong PROFINET, sau d6 quay vé qua trinh doi
g6i dir ligu mgi. Néu c6 Iénh ding chuong trinh thi
chuong trinh s& két thuc, trong trudng hop nguoc lai
mot vong lap méi lai duoc bét dau.

3. Thuc nghiém do céc thong s6 cia may nén khi

Hé théng may nén khi tai trung tm nghién ctu
hé dong luc thuoc Khoa May tau bién, Trudng Dai hoc
Hang hai Viét Nam dugc sir dung trong thi nghiém dé

SO 66 (4-2021)




TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

KHOA HOC - CONG NGHE

-JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

do céc thdng sb 1am viéc cia may nén khi & cac ché
d6 1am viéc khéc nhau, bao gém cong suit tiéu thy, 4p
suit va nhiét do caa may nén khi. Thong sé k¥ thuat
cta may nén khi dugc cho nhu trong Bang 1.

Bdng 1. C4c théng sé ciia may nén khi

Tham sé Gia tri DPon vi
Nha san xuét Toshiba
Cong suat 1 kw
Luu lugng 3600 m3/h
Vong Quay 1450 viph

Hé théng may nén khi gom c6 hai méay nén khi.
Hai méy nén khi c6 hai ché @6 diéu khién Ia tu dong
va bang tay. Trong qué trinh thi ngiém may nén nap
khi vao chai gi6. Hé théng truyén dir liéu tng dung
cdng nghé ToT duoc st dung dé gui dir liéu 1am viéc
ctia may nén khi vé trung tdm giam sét theo thoi gian
thuc nhu trong Hinh 3.

-

Mzasure ana
_ | trersmission
i
1
1
[ |
i
— ¥
[ Chal gl
1
'
'

MEy nén khi

Hinh 3. So db do cdc théng sé 1am viéc ciia may nén khi

1

May nén khi dugc do ¢ ba ché do: 1. Lam viéc
binh thuong; 2. Bi ro lot khi nén; 3. Nhiét d6 nuédc lam
mat khi nén ting cao. Khi lam viéc & céc ché do, may
nén khi déu nén khi nén trong chai gié tir 0 bar dén 15
bar. Sb 1an do dugc thuc hién 5 1an & mdi ché do 1am
Viéc cua may nén.

Hé théng do va giam sat bao gdm céc sensor do
dong, &p suit va nhiét d6 cua khi nén, hé thong bién
d6i tin higu do (Hinh 4), bo xir ly tin hi¢u va giri dén
PLC sau d6 qua GPRS dé déng goi tin hidu. Dir liéu
dugc truyén qua intenet va giri toi bo nhan tai trung
tam giam sat. Trong Hinh 5 12 m6-dun gdm c6 céc cam
bién do lwong cac théng s6 1am viéc cua may nén khi
va chuyén tin hiéu do thanh tin hiéu 4p. Céc thanh
phan chinh ciia md-dun bao gom:

Hinh 4. H¢ théng giam sat may nén khi trong phong
thi nghiém caa trung tam nghién cizu hé dgng luc

0-10vV
0-10V/
0-10vV
0-10vV
0-10V
0-10V

ARM
STM32F103C6T8

Hinh 5. So' db céu tao hé théng do va chuyén déi tin higu

- PS1 (Pressure sensor): Cam bién &p suat khi nén,
dau ra 4-20mA.

- PS2 (Pressure sensor): Cam bién &p suat khi nén,
dau ra 4-20mA.

- PT100: Cam in do nhiét d¢ khi nén.

- CT (Current transformer): Bién dong, phuc vu do
cong suat nhém thiét bi tiéu thu niang luong dién.

- FM1, FM2: (Fuel metter) cam bién do luong
nhién liéu tiéu thu, dau ra cam bién 13 s6 tan sd.

- 1/V (Converter): Mach chuyén déi dong thanh ap
phuc vu do luong.

- R/U: Mach cuyén d6i gia tri dién tré cia cam
bién nhiét PT100 thanh dién &p.

- CU: Mach chuyén d6i gié tri dong dién tir bién
dong thanh dién &p mot chiéu dé phuc vy thuat toan
do dong.

- PU1, PU2: B9 bién d6i dau ra xung ctia cam bién
luu lugng thanh dién &p.

- ARM STM32F103C8T6: Bo vi diéu khién xtr ly
trung tdm cia module vao ra.

- DAC (Digital Analog Converter): Bo bién ddi
thanh tuong tw 0-10V duwa téi PLC (Programable
Logic Controller) thu.
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Trong Hinh 6, cng suat cia may nén khi duoc
tinh toan va hién thi trén man hinh giam st theo thoi
gian thyc. Thong sé duoc do 1a cudng do dong dién
cua nguon cap cho may nén khi. Cam bién do dong
AC 100A/100mA DLXQ20 dugc sir dung dé do dong
dién cua may nén khi.

©

POWER (KW)
_\l [e¢]
~ U010 O1© U1 O

4
5
6
7
9
0
1

131

144

157

TIME

Hinh 6. Cong sudt tiéu thy ciia may nén khf theo thoi
gian thuc

Ngoai cdng suit, thdng sb ap suat va nhiét do cua
khi nén ciing dugce do va giam sat ¢ cac ché do lam
viéc cua may nén khi. Hinh 7 la man hinh giam séat
nhiét do tiéu thu cia may nén khi theo thoi gian thuc.
Céac cam bién do nhiét do theo nguyén ly dién tro
PT100 va do ap suét duoc sir dung dé do nhiét do va
&p suit khi nén & duong dng day cia may nén khi.

3005

S 30

§29.95

2 29.9

= 29.85

w

& 298

E N O N N~ 3 N OO MmN - wn
w A N < N N0 00 9 NS N
- — = - -
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Hinh 7. Nhiét d¢ khi nén theo thei gian thuc

4. Huan luyén mang ANN va két qua dw bao
4.1. Thu thdp va x Iy sé ligu thec nghigm

May nén khi dwoc chay & ba ché do: chay binh
thuong, ché do co do ro khi nho luu lugng nap con
3400m3/h, ché d6 c6 do6 ro khi 16n Tuu luong nap con
2800m?3/h. Céc thong s6 dau vao la cong suét tiéu thu
cia dong co, ap sudt khi nén va nhiét do khi nén.
Thong sé dau ra la trang thai lam viéc cia may nén
khi: binh thuong, ro khi nho, rd khi 16n va thiéu nude
lam mat. Sau khi thu thap dit liéu s& dugc chia thanh
hai bo dir liéu:

Bo dir liéu tha nhat gdm c6 200 sé liéu dau vao

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

duoc nap vao cong cu ANN cua Matlab dé huan luyén
mang. Phan mém lai chia s6 dit liéu nay thanh ba
nhém: nhém 1 dung dé luyén mang c6 sé dir liu
chiém 70% tuong ng véi 187 dir lidu, cac dir liéu nay
duoc sir dung lién tuc trong qua trinh hoc va chinh stra
sai s6 cua mang. Nhom 2 chiém 15% dit liéu twong
ng véi 40 dir liéu dé kiém tra xem c6 bi qua khép
hay khéng. Nhoém 3 chiém 15% dir ligu twrong ng 40
dir liéu dé kiém tra lai mang trugc va sau khi hun
luyén mang.

Bo dit ligu thir hai gdbm c6 40 dit liéu duoc dung
dé kiém tra d¢ tin cay ciia mang sau khi dugc huan
luyén va du bao cac trang thai cia may nén khi ¢ cac
ché @6 1am viéc khac nhau.

4.2. Xay dwng mang tri tu¢ nhan tao

Mang tri tué¢ nhan tao dwoc xay dung dé du béo
tinh trang caa may nén khi, vi vay Iép dau vao la cac
s6 liéu vé thong sb 1am viéc caa may nén khi sau khi
thyuc nghiém thu thap duoc. Khi xay dung mang nhom
nghién cau chon mang tri tué nhén tao gE‘)m hai l6p an,
mdi 16p an ¢ 10 no-ron, thdng s6 dau vao gom ba
thong sé (cong sut, 4p suit va nhiét do khi nén),
thong s6 dau ra gom mot théng s (trang thai cua may
nén khi).

Hidden Layer Output Layer
Input I n Output
; b} ) :
10 1

Hinh 8. M6 hinh mang tri tué nhan tao

4.3. Hudn luyén mang tri tug¢ nhan teo

Mang dwoc huan luyén lap di 1ap lai cho dén khi
két qua va sai s6 dat duoc theo yéu cau. Qua trinh nay
chinh 14 qua trinh diéu chinh céc trong s lién két gitra
cac no ron thdng qua cac thuat toan duoc cai dat san
trong Matlab. Mang dugc kiém tra bang sai s6 toan
phuong trung binh va hé s6 twong quan R. Sai sb toan
phuong duoc tinh theo céng thuc sau [2]:

MSE = z:i=1(Zi_yi*) (1)

Trong d6: yi: Gid tri du bao;
y*i: Gia tri thuc;
n: sb lwong di liéu.
Mang sau khi huan luyén dugc xac thuc va kiém
tra chéo dé danh gia vé hiéu suat cua mang. Hinh 9
cho thay hiéu suit tét nhét cia qué trinh luyén mang
dat 0,097772 tai vong l3p 155.
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4 Neural Network Training Perfarmance (plotperform), Epoch 161, Validatin, ~ — ] x

File Edit View Insert Tools Desktop Window Help -

Best Validation Performance is 0.097772 at epoch 155
10!

Train
Validation
Test
Best

Mean Squared Error (mse)

o 20 40 60 80 100 120 140 160
161 Epochs

Hinh 9. Pé thj sai sé tean phwong MSE

4.4. Sir dung mang tri tug nhan tae dé du béo
Sau khi huin luyén, mang tri tué nhan tao duoc
ding dé du béo trang thai 1am viéc caa may nén khi.
Bo dir liéu thir hai dugc st dung dé kiém tra higu qua
du béo caa mang cho thay sai s6 MSE = 147,76.107 va
hé s6 hdi quy R = 0,946. Biéu d6 cho thdy mang tri tué
nhén tao co kha nang du bao chinh xac tinh trang lam
viéc cua méay nén khi khi cé du céc thong sé dau vao
gom cong suét tiéu thy, &p suat va nhiét do khi nén.

Training: R=0.94767

Validation: R=0,9426

Mang tri tué nhan tao c6 thé duoc sir dung dé du
bao trang thai ciia may nén khi dua vao cac thong sé
dau vao duoc gidm sét lién tuc theo thoi gian thuc. Két
gua dy béo cta mang c6 do chinh xac cao giup nguoi
khai thac biét duoc tinh trang 1am viéc caa may nén
khi va c6 bién phéap bao dudng hodc ngin ngira sy ¢d
mot cach kip thoi trong qua trinh khai thac.
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Hinh 10. Két qud du b4o cria mang

5. Két luan

Két qua nghién ctru hé théng giam sét hoat dong
cuia may nén khi theo thai gian thuc cho thay:

Viéc tng dung cdng nghé ToT dé giam sét ning
lwong tiéu thu, &p suat, nhiét do cua hé théng méay nén
khi theo thoi gian thuc (cach 5s mot) cho phép nguoi
khai thac tau c6 thé theo ddi trang thai cua may nén
khi tir d6 1ap ké hoach bao dudng, sira chita va cai
thién higu suat bén viing ciia hé thong, gidp giam tiéu
thy dién nang, tiét kiém chi phi ning luong.
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THIET KE VA MO PHONG HE THONG BAO PQNG VA BAO VE AP SUAT
DAU BOI TRON CHO PQNG CO DIESEL DAIHATSU 8GK-20
TAI TRUNG TAM THU'C HANH THIi NGHIEM MAY TAU

DESIGNING AND SIMULATING THE LUBRICATION OIL PRESSURE
SAFETY AND ALARM SYSTEM OF DIESEL ENGINES DAIHATSU 8GK-20 AT
MARINE ENGINE PRACTICAL AND EXPERIMENTAL CENTER

TRUONG VAN PAO”, TO TRONG HIEN
Khoa May tau bién, Truong Pai hoc Hang hai Viét Nam
*Email lién h¢: truongvandao@vimaru.ed.vn

Tom tat

Hé thong bdo déng va bao vé dp sudt dau béi tron
cho dong co diesel tau thuy c6 vai tro quan trong
trong viéc dam bdo dong co hoat déng an toan va
tin cdy. Vi vy, viéc thiéu hiéu biét ciia ngueoi khai
théc vé hé thong nay sé dan dén nhing thiét hai
vé kinh té va nhitng sw cé nghiém trong trong qud
trinh khai thac déng co. Nham ndng cao sw hiéu
biét va hiéu qua trong ddo tao thuyén vién, trong
bai bdo dai s6 Boolean va phan mém mé phong
Automation studio 5.0 da dwoc su dung dé thiét ké
va mé phéng hé thong nay cho déng co diesel
Daihatsu 8GK-20 tai Trung tdm Thuc hanh thi
nghiém May tau, Khoa May tau bién, Trwong Pai
hoc Hang hdi Viér Nam. Két qua cho thdy, hé
théng dd mé phong dwoc day di cdc chire ndng
cia mot hé théng thuc 1é mot cach truc quan va
sinh ddng. Bén canh dé, hé thong mé phong ciing
cho phép nguoi su dung thyc hién duoc cdc thao
tac dé kiém tra cdc chirc ndng ciia hé thong.

Tir khéa: Ap suat dau béi tron, hé thong bio
dong va bao vé, diesel Daihatsu 8§GK-20, dai so
Boolean.

Abstract

The lubrication oil pressure safety and alarm
system of marine diesel engines plays an
important role in ensuring safe and reliable
engine operation. Therefore, the operator's lack of
understanding of this system will lead to economic
losses and serious troubles in the engine
operation. In order to improve crew training
efficiency and understanding, in this article,
Boolean algebra and simulation software
Automation studio 5.0 were used to design and
simulate this system for Daihatsu 8GK-20 diesel
engine at Center Experimental Practice - Faculty
of Marine Machinery, Vietnam Maritime

University. The results show that the simulation
system has fully simulated all functions of the real
system visually and vividly. In addition, the
simulation system also allows the user to perform
operations to test the system's functions.

Keywords: Lubrication oil pressure, alarm and

safety systems, Daihatsu 8GK-20 diesel, Boolean
algebra.

1. Pat van dé

Heé thong dau boi tron 1a mot trong nhing hé thong
quan trong dé dam bao sy lam viéc an toan va tin cay
ctia dong co ddt trong. Sy ¢b lién quan dén diu boi
tron va hé thong dau bbi tron 1a mot trong nhiing sy
c¢b nguy hiém nhat gdy ra sy pha huy dong co. Tir nim
2010 dén 2014, mot nhém nghién ctru ngudi Thuy
Dién chi ra nhitng sy ¢6 lién quan dén dau boi tron va
hé thong dau bdi tron da gay thiét hai khoang 1,9 trigu
USD. Tuy nhién, trong giai doan tir 2015 - 2017, con
s6 thiét hai nay 1a khoang 1,7 triéu USD [1].

Mot trong nhirng nhiém vu quan trong cuta hé
thdng boi tron cho dong co dbt trong 14 tao diéu kién
t6i wu cho sy hinh thanh mang dau ¢ tat ca cac cap bé
mit ma sat, ching han nhu nhém piston-xylanh, 6 d&
bac bién va bac truc chinh,... [2]. Mang dau duoc tao
nén giita cac bé mat ma sat dé giam thiéu mai mon cho
céc cap chi tiét chuyén dong. Tuy nhién, sy hinh thanh
mang dau phu thuéc vao nhiéu yéu t5. Mot trong
nhiing yéu té quan trong 1a gia tri p suit dau trong hé
thong boi tron [3]. Chinh vi vdy, dé tranh nhiing hu
hong va su ¢ trong qua trinh khai thac dong co diesel
tau thity lién quan dén ap suat dau boi tron, quy pham
dong tau vo thép cua cac td chire Dang kiém déu quy
dinh phai trang bi hé thong bao dong va bao vé ap suit
dau bdi tron cho ddng co [4].

Tuy nhién, qua cong tc phong vén, dao tao va
huén luyén thyc té cho thiy, cac s quan may tau bién
Viét Nam con nhiéu han ché vé ky nang ciing nhu kién
thirc chuyén mdn thuc té. Khé nhiéu cac si quan may
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con bd ngd chwa hiéu hét vai trd va chirc ning cia hé
thdng bao dong va bao vé dong co noi chung va hé
thdng bao dong va bao vé ap sudt dau boi tron dong
co ndi riéng, dan téi khi dam nhan céac chirc danh trén
tau da bi co quan chinh quyén cang (Port State
Control - PSC) kiém tra bat 16i. Hon thé, nhiéu si quan
chwa biét quy trinh thir &é kiém tra cac chiic nang cta
hé théng dan dén céc sy cd may dang tiéc da xay ra,
gay thiét hai nang né vé tinh mang va tai san cho cac
chu tau.

Xuét phat tr nhu cAu thyuc té nhu vay, nhoém nghién
ciru mubn xay dung mot gido cu truc quan, thuc té
nham phuc vu cho cong tac dao tao huan luyén ky
ning, nghiép vu cho thuyén vién dat hiéu qua hon. Vi
vay, trong bai bao nay ching toi da thiét ké va mo
phong hé thong bao dong bao vé ap suat dau boi tron
cho dong co diesel Daihatsu 8GK-20 tai Trung tdm
Thuc hanh thi nghiém Méay tau, Khoa May tau bién,
Truong Pai hoc Hang hai Viét Nam.

2. Co s 1y thuyét dé thiét ké va mé phéng
hé thong

Viéc thiét ké hé thdng bao gdm thiét ké mach logic,
tinh chon thiét bi, moé phong hé thong. Tuy nhién,
trong khudén kho bai bao nay chi trinh bay thiét ké
mach logic va mé phong hé théng cho ddi tuong la
dong co diesel Daihatsu 8GK-20. Bong co nay co 8
xylanh véi dudng kinh xylanh 1a 200 mm, cong suat
ra 12 1.280 kW. Gia tri 4p sudt dau boi tron trong hé
thdng & mirc bao dong va bao vé lan lugt 13 3,0 va 2,5
bar [7].

Céc mach logic diéu khién dugc thiét ké dya trén
dai s6 Boolean. Dai s6 Boolean 1a cac phép toan va
quy tic lam viéc vai tap {0,1}. Cac ham duoc su
dung phd bién 1a ham PAO, VA , HOAC, duoc két
hop voi mot s6 dinh luat: hoan vi, nhom,... [5]. Mach
logic bao dong va bao vé ap suat dau boi tron dugc
xdy dung theo quy trinh sau: Chirc ning hé théng >
mé ta chirc nang bang 151 > so d6 thuat toan > bang
gi4 tri that > dang chinh tic 2 dang t6i thiéu > so
d6 mach logic. Quy trinh nay 1a mot trong nhiing quy
trinh phd bién dugc st dung dé thiét ké mach logic
diéu khién [6].

Viéc md phong nguyén ly lam viéc cua hé thong
s& gilp giam thiéu dwgc cac sai sot trong khau thiét ké
hé thong, ddng thoi tiét kiém dwoc thoi gian ciing nhu
chi phi cho qué trinh ché tao thir nghiém. Hién nay, c6
rat nhiéu ngdn ngit va phan mém chuyén biét dé mo
phong nguyén ly 1am viéc cua hé théng truyén dong
thiy lyc - khi nén. Tuy nhién, trong bai bao nay phan
mém Automation Studio 5.0 dugc lya chon dé mo

phong nguyén 1y lam viéc cua hé théng. Automation
Studio la phan mém tng dung c6 thé tinh toan thiét ké
va md phong mot céch truc quan cac hé théng thuy
lyc, khi nén va qua trinh dong hoc cua tirng phan tir
trong hé thong.

3. Thiét ké va mé phéng hé thong

3.1. Xay dung so dé thugt toan chirc ning bdo
déng va bdo vé ap sudt dau béi tron

Hé thong béo dong va bao vé 4p suat dau boi tron
cho dong co duoc md ta cy thé bang so db thuét toan
Hinh 1. H¢ théng ndy c6 hai chiic nang, d6 la: chuc
nang tu dong bao dong va chirc nang dirng dong co tu
dong khi ap suat dau boi tron giam t6i gia tri cai dat.

Tu ddng bao dong: Trong qua trinh khai thac dong
co, vi mot 1y do niao d6 lam cho 4p suat dau bdi tron
trong hé thong giam dén mot gia tri (duwoc goi la dp
sudt bdo déng) c6 thé gay nguy hiém cho dong co.
Khi d6, hé théng s& dua ra tin hiéu bang &m thanh va
dén hiéu canh bao cho ngudi khai thac biét dé co
phuong an xir Iy kip thoi nhim dem lai su hoat dong
an toan cho dong co.

Ty dong dung dong co: Sau khi tin hiéu bao dong
dugc kich hoat, néu ap suit dau boi tron van tiép tuc
giam téi murc nguy hiém (dwoc goi la dp sudt bao vé),
thi hé théng s& dua ra tin hiéu dé dung dong co tu dong
nhiam bao vé dong co, ddng thdi canh bao cho ngudi
khai thac biét bang tin hiéu dén va coi bao dong.

3.2. Xay dung mach logic bdo dgng &p sudt dau
béi tron thip

« C4c tin hiéu vao:

X1: Tin hiéu dong co dang hoat d6ng (Ndc > nia);

X2: Tin hiéu &p suat LO & mirc bao dong;

x3: Tin hiéu khang dinh sy cd;

X4: Tin hiéu bao dong trude do.

« C4c tin hiéu ra:

Z1: Tin hiéu lam cho dén bao mét &p suit dau LO
sang d6 nhap nhay va chubng kéu;

Z2: Tin hiéu lam cho dén bao mét &p suit dau LO
sang do binh thudng.

Tur bang gié tri that (Bangl) ta c6 cac ham logic
sau:

Z1=x1%3(xz + X4) (1)
Z2 = X1X2 (2)

Mach logic bio dong ap suit LO - Hinh 2 dwoc
xdy dung tur phuong trinh logic (1) va (2).

« Bang gia tri that thé hién trén Bang 1.
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Nhap théng s6: Ap suat LO &

muc bao dong; Ap sudt LO mirc bao vé

Sai

Dong co ¢ trang thai hoat don

(Nae>Nia)

Diling

Peén bao sy cb tit va

Pén bio su ¢ tit va
coi bao dong khdng kéu

W

Sai Ap suét diu LO giam

t6i muc bao vé

bung

| Keéo thanh rang nhién liéu vé khong |

| Pen bio su o sing do va coi kéu |

Nhén nit Reset

bung

coi bao dong khong kéu

Ap suét diu LO giam
§i mic bao dong

Duing

[ Chubng kéu va dén bao dgng sang do nhap nhay

Sai

hén nit khing dinh sy ¢4

Diing

Pen bao dong sang do khong nhap
nhay va coi bao dong ngung kéu

Su cb da duoc khic phuc a

‘ Dong co tro lai trang thai binh thudng

Dung

Dén bao dong tat

LO: ddu béi tron (Lubricanting Oil); na.:
Hinh 1. So d6 thudt todn bdo dgng

Bdang 1. Bang mo ta chirc niang bao dong

Vong quay déng co; mg: Vong quay khai déng

va bdo v¢ ap suat ddu boi tron thip

4 du boi i Z, = xqx

ap lwe dau béi tron thap Tin hiéu dong co dang " 2 = X1Xp
Xt | X2 | X3 | Xa | Z1 | Z2 hoat ddng (ng. = nyg) T_
L1901 910419109 Tin hiéu khéng
tjojojprprjo dinh su cd i
| L 0100 T Z1=X, Xz (X5 + X

Tin hidu dp sudt LO | X, 1=X X (X, +Xy)
tjojtprjogeo & mirc bdo dong
Ty e Tin hiéu ba
nhiéubdo | x,

N S N dong trusc o —— |
1 1 1 0 0 1
1111 11011 Hinh 2. Mach logic bdo djng &p sudt ddu LO

3.3. Xay dwng mgch logic ding dong co' khi ap
suat dau boi tron thap

« Tin hiéu vao:

x1: Tin hiéu dong co dang hoat ddng (Ndc > nya);

xs: Tin hiéu &p suat LO & muc dung su ¢
“Shutdown”;

xe: Tin hiéu dirng su ¢6 trude do;

x7: Tin hiéu hoan nguyén h¢ thong “Reset”.

e Tin hiéu ra:

Z3: Tin hiéu dung su cb dong co, dén bao su )
sang do6 va coi kéu.

« Bang gia tri that dwoc thé hién trén Bang 2.
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Bdng 2. Bang mo td chikc nang dieng
déng co khi dp sudt dau béi tron thap

X6

Zy = X(Xyxg + xyx57%g)

3.4. Chen phdn ti thaec hién phép toan logic

Tur mach logic bao dong & Hinh 2 va mach logic
bao vé ¢ Hinh 3, mach diéu khién c6 thé duoc xay
dung theo nhiéu phuong thtrc khac nhau nhu co - khi
nén, dién - khi nén, hay tham chi la dién - dién ti. Tuy
nhién, trong bai bao nay hé théng didu khién duoc lya
chon 1a hé théng dién - khi nén. Do d6, cac tin hiéu
dau vao can duoc lwa chon loai tin hiéu cho phu hop
(Bang 3).
3.5. M6 phéng hé thong

Sau khi phan loai bién logic, mach logic duoc tach
thanh mach dién va mach truyén dong khi nén sau d6
dugc md phong trén phian mém Automation Studio
5.0. Cac mach mo phong duoc thé hién trén Hinh 4 va
Hinh 5. Trong khudn khé bai bao tac gia gioi thiéu

X1 X5 X6 X7 Z3

0 0 0 0 0

0 0 0 ! 0 Ap suat LO &

0 0 1 0 1 mirc dirng sur co

0 0 1 1 0

0 1 0 0 0 Tin hiéu dong co

0 1 0 1 0 dang hoat dong

0 L ! 0 ! Tin hiéu hoan nguyén
0 1 1 1 0 hé thdng (Reset)
1 0 0 0 0

1 0 0 1 0

1 0 1 0 -

1 0 1 1 0

1 1 0 0 1

1 1 0 1 0

1 1 1 0 -

1 1 1 1 -

Hinh 3. Mach logic bdo vé dong co

Tur bang gia tri that ta cé cac ham logic sau:

Z3= X7 (X1Xg + X1X5X6) ®)

Mach logic cua hé thdng Hinh 3 duoc xay dung tir phuong trinh (3).

tom tat cac chirc nang ma hé thong mo phong da thuc
hién nhu sau:

Khoi dong dong co diesel

Bat ngudn dién cho hé théng > dén ngudn
(Source) sang xanh; cip ngudn khi khoi dong dong co
- ddng hd ap suat khi khoi dong hién thi 25 bar; cip
ngudn khi diéu khién > dong hd &p suat khi diéu
khién hién thi 8 bar. An nat (ON) khai dong bom dau
nhon béi tron > ddng ho &p suat LO hién thi 1,5 bar
(Mot trong nhitng diéu kién bit budc dé khoi dong
dugc dong co 1a ap sudt dau boi tron trong hé thong
phai dat dugc ap suét tbi thiéu cho phép. Vi dong co
diesel Daihatsu 8GK-20, ap suat nay la 1 bar) [5].
Piéu kién khoi dong dong co da du, tiép theo an nat
(Start) khoi dong dong co > ddng hd chi béo vong

Bdng 3. Lwa chgn logi tin higu

TT |Tin hiéuvao Chirc niing Chen tin hiéu Ghi chi
1 X1 Tin hiéu dong co dang hoat dong (Ngc > Nia) bién Cam bién vong quay
2 X2 Tin hiéu &p luc LO & mire bao dong bién Cam bién &p suét
3 X3 Tin hiéu khang dinh sy ¢ Co NGt nhan
4 X4 Tin hiéu bdo dong trude do bién
5 Xs Tin hiéu &p suat LO ¢ mirc “Shutdown” Dién Cam bién &p suét
6 Xe Tin hiéu dung su ¢ trude d6 pién
7 X7 Tin hiéu hoan nguyén hé théng “Reset” Co NGt nhan
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quay dong co hién thi 900 RPM (V/P) = ddng hd chi
bao ap suit LO ting 1én 4,5 bar - dong co khai dong
thanh cong.

Thit m6 phong céc chire ning cria hé thong

@ @? ®
ésmm
LO_Light
Confirm -
. RLA1 RS CF _Aarm
S O ¥ oo
cF Cofn| gLz
= -
LO-Alarm RLA f}‘L‘SD LO_Shut_dow]
= il ®_
RLA1 CF  DE FL Source
H & Q
DE R.f]:‘ ;R'L“ DE RS RLS
RLAM CF g 2| aeeo &
3 B sD
RLSD
iz FH —— ]
Reset
—-'L oE RS 9__" QFF LO_pump
LO-shD RL1 [Lo_pdme
o _|
Confirm Reset Stlaﬂ LO-Start RLsp Engihe_start
LO Pump Start Engink. Start
L

ON
i

Pt LO Pressure  DE
OFF
-l

0.00 Bar ‘ 0.00 RI’MI

Hinh 4. So dé mach dién diéu khién hé théng

2 3

1

hos

T O 8

1. Ngudn khi nén diéu khién; 2. Van trwot diéu khién 3/2;
3. Xylanh Iyc didu khién thanh rang nhién ligu

Hinh 5. So @6 mach khi nén dirng su cé

Chtre ning cua hé thdng dugc thir nhu sau:

Diéu chinh &p suit ddu boi tron dong co giam dan
dén gi4 tri 4p suit bao dong 3 bar, luc nay dén bao
dong &p suat dau boi tron “LO_Alarm” s& sang nhép
nhay mau d6 va coi kéu. Khi d6, ngudi khai thac can
nhén nat “Confirm” trén bang diéu khién dé khang
dinh sy ¢6 > dén bao dong ap sut ddu boi tron s&
sang d6 binh thuong (khong nhép nhay) va coi bao
dong s& nging kéu. Néu ting 4p sudt diu bdi tron
trong hé thong 16n hon 4p suat bao dong > dén bao
dong s& tit. Néu tiép tuc giam ap sudt dau boi tron
trong hé thong toi mirc bao vé 2,5 bar, luc nay s& co
tin hiéu dién cip dén van dién tir 2 - Hinh 5 dé cap khi
nén t6i xylanh lyc 3 diy thanh rang nhién liéu vé 0 dé
dimg sy ¢b dong co. Pdng thoi dén chi bao dimg sy
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¢b dong co do ap sudt dau boi tron (LO_Shut_down)
trén bang diéu khién (Hinh 4) s& sang nhip nhay mau
d6. Dé dua dong co tir trang thai dimng sy ¢d sang trang
thai ding binh thudng dé chuan bj cho lan khoi dong
tiép theo, ngudi khai thac cin nhdn nut “Reset” trén
bang diéu khién dé hoan nguyén hé thong.

4. Két luan

Bai béo di xdy dyung so do thuat toan, mach logic
va lya chon céc phan tir thuc hién phép toan logic tur
d6 mo phong thanh cong chirc nang ty dong bao déng
va bao vé ap suit dau boi tron thap cho dong co diesel
lai may phat dién trén tau thay bang phan mém
Automation Studio 5.0. Pay la gido cu truc quan gilp
cho cong tac dao tao huan luyén thuyén vién, Si quan
May tau bién Viét Nam s& duoc nang cao hon vé ky
ning ciing nhu kién thire chuyén mén thyc té.
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PHUONG PHAP PIEU KHIEN THICH NGHI KHONG CO MO HINH CHO
RO BOT DAY SONG SONG

MODEL-FREE ADAPTIVE CONTROL APPROACH FOR CABLE-DRIVEN
PARALLEL ROBOT
PHAM PINH BAY, PHAM XUAN DUONG?
Wién Co khi, Truong Dai hoc Hang hdi Viét Nam
2Triwong Dai hoc Hang hai Viét Nam
*Email lién h¢é: bapd.vck@vimaru.edu.vn

Tom tit

Khi md hinh toan hoc khéng c6 sdn va cdc diéu
kién cu thé cua hé théng dwoc cung cdp, phirong
phdp diéu khién thich nghi khong c6 md hinh
(MFAC) duwgc dé xuat dua trén ki thugt tuyén tinh
héa dong véi dao ham riéng cho hé thang roi rac
nhiéu dau vao va nhiéu dau ra. Y tuwong diéu khién
chinh 1a thiét Idp céc théng so hé thong thoi gian
thuee dai dién cho c4c bién cua hé thong dieoc thuc
hién bang céach chi siz dung cdc dau vao va dau
ra. Sau dé, bé diéu khién dé xudt dwoc thurc hién
thanh céng cho mét robot song song diéu khién
bang day (CDPR) dé diéu khién vj tri cua robot
(EE). MFAC nay da dwoc ap dung va ching minh
hiéu sudt dat yéu cau trén nén tang CDPR thyc té.
Tir khoa: Piéu khién khdng md hinh, dieu khién
thich nghi, robot song song.

Abstract

When a mathematical model is not available and
system-specific conditions are fulfilled, a model-
free adaptive control (MFAC) approach is
proposed based on a new dynamic linearization
technique with a pseudo-partial derivative for a
class of general multiple-input and multiple-
output nonlinear discrete-time cable robot system.
The key control ideal is that an estimation of real-
time system parameters that represent system
dynamic variations is realized by using only
inputs and outputs. Then the proposed controller
is successfully implemented in a cable-driven
parallel robot (CDPR) to control the position of
the end-effector (EE). This MFAC was applied
and demonstrated satisfactory performance on an
actual CDPR platform.

Keywords: Model-free control, adaptive control,
parallel robot.

1. Giéi thiéu chung

CDPRs la mot robot ma chuyén vi (bao gom vij tri
va hudng) cua EE duoc diéu chinh bai cac day doc lap
v6i mot dau ndi véi EE va dau con lai ndi véi khung
[1, 2]. EE dugc diéu khién dén vi tri va huéng mong
mudn bang viéc thay d6i chiéu dai ciia cac day. Nhiing
vu diém chinh cua CDPRs bao gdm khéng gian lam
viéc 16n [3], toc do cao [4, 5], va co kha ning chiu tai
16n [6].

Gan day, c4c thuat toan didu khién cho CDPR da
gy duoc su chu y dang ké. Luat diéu khién phan hoi
PD [4] va PID [7] trong khéng gian khop dugc khai
thac dé kiém soat chuyén vi cua EE. Mot bo diéu
khién bén vitng PID [8] duoc thiét ké cho CDPR véi
su khong chéc chén vé ciu tric cua hé thdng. Phuong
phap diéu khién phan cip [6] duoc phat trién dé dap
g diéu khién vi tri. Mot b diéu khién md men xoin
tinh toan (CTC) [5] dugc d& xuit cho mot robot song
song. Hé thong diéu khién tao thanh mot phan chuyén
tiép dong nghich dao va mot vong phan hdi. Mot tiép
can diéu khién trong [2] dya trén CTC véi hoi tiép
tuyén tinh dwoc gidi thiéu dé didu khién CDPR véi
nhitng day c6 tinh dan hoi lén. Mot bo didu khién
dong bo hoa [9] dwoc st dung dé nhan ra chuyén dong
ddng bo hoa gitra cac day va vi tri diéu khién chinh
xéac cua EE. Cac ké hoach diéu khién khac ciing da
duoc &p dung cho CDPR, ching han nhu b diéu
khién truot (SMC) [10-12], SMC giam [13], hoic diéu
khién thu dong [14]. Hon nita, bo diéu khién mang
noron thich nghi [15] ciing dugc st dung cho CDPR
V6i d6 bio hoa dau vao dé bu lai sy khdng chinh xac
ciia md hinh hé théng.

Diéu khién thich nghi khéng mé hinh lan dau tién
duoc gioi thiéu bai Hou [16, 17] cho cac hé thong phi
tuyén roi rac. Thuat toan diéu khién nay duoc st dung
rong réi trong nhiéu linh vyc. Dya trén Iy thuyét
MFAC, vén dé& kiém soat huéng di cua cac thiét bi mat
nudc [18] véi sy khdng chéc chan duoc didu tra. Mot
thuat todn MFAC mai [19] dua trén phwong phap
chiéu kép lién tiép duoc dé xut cho cac bai toan diéu
khién xe 6 to tu lai. Yaoyao [20] phét trién mot
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phuong phap diéu khién bén viing khéng mé hinh dya
trén phuong phap diéu khién trugt va phuong phap
diéu khién khdng mé hinh cho robot song song. Raul-
Cristian [21] két hop MFAC vai thanh phan mo bang
cach diéu chinh phan hdi tham chiéu ao cho cac hé
théng can cau thap. Két qua thuat toan dugc minh
chimng thong qua vi tri goc canh tay robot ciia can cau
thép trang bi trong phong thi nghiém.

Trong nghién ctru nay, diéu khién khéng mé hinh
(MFAC) duoc thiét ké dua trén nhiing Iy thuyét duoc
trinh bay trong [17, 18, 22] dé diéu khién vi tri cua
CDPR. Bo diéu khién dé xuét 1a dua trén md hinh
dong luc hoc tuyén tinh va dao ham riéng cua hé thong
roi rac phi tuyén nhiéu tin hiéu vao nhiéu tin hiéu ra
(MIMO).

2. Véan dé vé diéu khién khong mé hinh

Mb hinh dau vao/dau ra (1/0) cua mot hé thong roi

rac phi tuyén MIMO [17] dwoc md ta nhu sau

y(k+2)=F(y(K),-..y(k=n,),u(k),..u(k-n,)), (@)

Trong d6: y(k)eR” va u(k)eR® tuongung la
céc 1/0, ny, ny la bac ty do, p, g la cac sb nguyén, va
f(+) € RP 1a ham phi tuyén.

Dang tuyén tinh dong cua hé thng roi rac (1)
duoc xay dung duya trén céc gia thiét sau:

Gid thiét 1: Dao ham ting phan cua f(+) déi véi
dau vao u(k)Ia lién tuc.

Gid thiét 2:|ay(k+1)| <bfau(k)| va |au(k)[=0
cho mdi k véi  Ay(k+1)= y(k+1)-y(k)
Au(k)=u(k)-u(k-1), va b la mot hiang s6 duong.

Nhu thao luan trong [17], hé thdng phi tuyén roi
rac (1) c6 thé chuyén d6i thanh mot md hinh dix ligu

Ay(k+1) = ®(k)Au(k) , @)

Trong d6: @(k) 1a ma tran gia Jacobi (PIM),

q)ll(k) q)12(k) q)lCl(k)
(D(k) — (Dll:(k) (D12:(k) q)lq:(k)
@y (k) (k) - Dy (k)

pxq
va |@(k)|<b

3. Thiét ké bd diéu khién MFAC

Trong nghién ciu nay, muc tiéu chinh l1a diéu
khién hé théng MIMO khi khdng biét mo hinh toén
trong diéu kién cu thé, chi s dung di liéu do dac 1/0
cta hé théng diéu khién vong kin. Quan tam dén ham
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t01 wu sau:

u(k-3, ®

Trong d6: y,(k+1) latin hi¢u ra mong mudn va
A 1a mot hang trong s.
Tir (2), cdng thirc ¢6 thé duoc viét lai nhu sau:

uk-1]. (4

3 =[yq (k+2) =y (k+2)[ + 2]u(k) -

y(k+1)=y(k)+®(k)[u(k)-
Thé (4) vao (3) chingtaco
Hyd k+1)- (K)[u(k)
- (k—l)H

Khi hé théng 6n dinh, ham téi uu J, tién téi khong.
Do vay, dao ham cua (5) theo u(k), va cho né bang
khong, J, tiép can toi gia tri tdi wu xung quanh gia tri
khong.

(k - 1):|H2 (5)

+Au(k)

u(k)=u(k - +& 1) -
R G RICIC

Trong thuc té, J, c6 thé khong hoi tu. Van dé nay
6 thé duoc khic phuc bang cach dé& xuat tham sé
pe(0+1] dé giam kich thudce budc 13p. Sau do, cong
thirc (6) c6 thé dugc viét lai nhu sau:

u(k)=u(k-1)+ p— 0 Ty, (k

ﬂ+H<I> i

(K)]. @

Dé thiét 1ap @ (k), mot ham téi uu khéc dua ra
trong [22] cho ®(k) duoc su dung trong nghién ciru
nay.

Ay ()~ d (k) au(k ~1)

Jp = , 8
-tk

Trong d6: x>0 latrong so.
Ay(k)

o Bo thiét lap Sai s6 thiét lap

Au(k-1)

Sai s thiét lap
Yi(kt1) 4 y(k)
MFAC l__.| CDPR |——>

ll(k-l) ,_ll ll(k)
L

L

Hinh 1. So' dé diéu khién ciia MFAC [17]
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Khicho 6J,, /o®(k)=0, ching ta thu dugc:

%A k-1
a0 # P o) )
1 _—
mAy(k)Au (k-1)

Dé dam bao tinh hoi tu cia @(k), thong sé
ne(0+1] duge dé xuat dé giam kich thuéc budc Iap.

%A K_1
SN PR -y . (0)
T AVOALT (K
e pugeoyp YA Y
v6i (1) la gid trj khoi tao ciia PIM.
PJM [18] khai dong lai khi:
(k) <=
o(k)=d(1) if ||au(k-1)|<e , (11)
sign((i)(k));tsign((i)(l))

Trong d6: sign(+) 1a ham sign va & 1a mot s duong
bé tily .

Trong ké hoach diéu khién ciia MFAC, dit liéu 1/0
cua hé théng diéu khién dugc sir dung dé thiét lap
thong sé thay ddi theo thoi gian @(k). Gia tri thiét
lap (k) va tdi uu hoa sai s6 duoc gidi thiéu trong
ké hoach diéu khién, tin higu diéu khién méi u(k)la
dat duoc. Dya trén tin hi¢u diéu khién u(k)va dau ra
y(k), PIM méi duoc thiét 1ap thong qua @ (k +1).
Toan b qua trinh diéu khién dugc md ta nhu trong
Hinh 1.

4. Nghién ciru trwong hop cho CDPR

Trong phan nay, cac thi nghiém tap trung vao kiém
soat vi tri cua EE trong khéng gian khop cua CDPR.
CDPR la mot hé théng MIMO trong d6 tin hiéu ra

y(k)=[L(k) L(k) -
cia day the i (i = 1 + 8) va tin hiéu vao
u(k)z[rl(k) 'rz(k)

diéu khién cua day thu i trong khdng gian khap.

(k)] & do Ii la chiéu dai

la m6 men

rs(k)] Véi T,

Pong hoc nguoc [23] dugc sir dung dé chuyén doi
chuyén vi caa EE thanh chiéu dai cua cac day:

I :"ai —Zb, _P" s (12)

Trong d6: a, 14 véc to vi tri cua du day tha i ndi
véi khung, b, 1a véc to vi tri clia dau day thu i ndi
VG EE, p=[x y z| lavécto vitri cua trong tam

cua EE,va E la mot ma tran chuyén.
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Hinh 2. Mé hinh CDPR trong phong thi nghiégm

cpcy saspcy—casy caspcy+sasy
E=|cfsy saspsy+cacy caspsy-—-sacy |,

-sp sacp cacf

Trong d6: ¢, B, va ytuong tng la c&c géc nghiéng
cua EE theo batruc x,y,vaz, ca=cosa, Sa=Sina,
cB=cospB, sp=sinfB, cy=cosy,va Sy=siny.

M® hinh trong phong thi nghiém ciia CDPR duoc
thé hién trong Hinh 2. Phan cimg bao gém may tinh
HP (Intel® Core™ i-7 CPU 3.4GHz), dugc sir dung
dé tinh toan tin hiéu diéu khién va diéu khién 08 mo
to (Delta, ECMA-C10604ES) théng qua mach D/A
(TEXAS INSTRUMENTS LUANCHXL-F280049C
and TMS320F28379D). Chiéu dai cua mdi day dugc
xac dinh théng qua cac encoder (gin trén cac mo to)
va hdi tiép thong chuan giao tiép CAN-Bus t6i may
tinh. Phan mém diéu khién dugc thuc hién vai
Simulink/Matlab.

Céc thong sé ciia CDPR duoc st dung trong thi
nghiém la: m = 1,91kg; g = 9,81m/s?; I, = 0,059kgm?;
I, = 0,59 kgm?; va I, = 0,002kgm?.

Diéu kién khoi tao va céc thdng sb cua bo diéu
khién 1a: 5(0) = 0, 11(0) = 12(0) = I3(0) = 14(0) = 1,048m;
I5(0) = ls(0) = 1(0) = lg(0) = 1,08m; @(1) =
diag(0,1;0,1;0,1;0,1;0,1;0,1;0,1;0,1); A = 0,38; p =
0,003; x=0,095; 1 =0,0095; va ¢ =0,008.

Thi nghiém duoc dwa ra dé hoan thanh hai nhiém
vu di chuyén doc theo truc x va truc y.

Thi nghiém dau tién diéu tra dac tinh di chuyén
cua CDPR doc theo truc x. Trong thi nghiém nay, EE
di chuyén tir diém nay (x, y) = (0, 0) t&i diém muc tiéu
(x, y) = (30cm, Ocm). Pép tng diéu khién duoc thé
hién trong Hinh 3. Vi tri cua EE dugc md ta trong
Hinh 3(a), trong khi hudng cua EE duy tri quanh gia




tri khong trong sudt qua trinh di chuyén (Hinh 3(b)).
351 7

Vi tri (cm)

Géc (d0)
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> Thoi gian (s)
(a) Vi tri cua EE.

0 5 10 15
Thoi gian (s)
(b) Huéng cua EE.

Hinh 3. Thi nghiém di chuyén doc theo truc x

X (cm)

-
o
-
-

Thai gian (s)

(b) Huéng cua EE.
Hinh 4. Thi nghiém di chuyén dec theo trucy
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Thi nghiém tht hai dam bao sy di chuyén cua EE
doc theo truc y tir goc toa d6 dén vi tri y = -30cm. Hinh
4 thé hién dap ng ciia CDPR. Trong Hinh 4(a), EE
duoc yéu cau di chuyén tir goc toa do toi diém muyc
tiéu (x, y) = (0 cm, -30cm) trong khoang thoi gian 9s.
Hudéng cua EE dugc thé hién trong Hinh 4(b).

Dua trén nhirng két qua thi nghiém néu trén, chiing
da thé hién rang bo diéu khién dé xuat 1a phi hop dé
kiém soat ca vj tri va huéng cua CDPR.

5. Két luan

Trong nghién ctu nay, tiép can diéu khién MFAC
duoc dé xuit va tng dung cho hé théng CDPR phi
tuyén MIMO khi khong biét mé minh toan hoc. Pong
g6p caa nghién ciu nay cé thé duoc tong hop nhu &
dudi day:

(i) Gisi thiéu bo diéu khién MFAC dé kiém soét
cac dau ra cua nhirng hé théng MIMO.

(ii) Sau do, bo diéu khién dé& xuat nay duoc ng
dung trén mé hinh CDPR chi dya trén viéc do
dac dix liéu 1/0O cua CDPR.

(iii) Nhirng thi nghiém thé hién rang bo diéu khién
MFAC pht hop véi CDPR dé kiém soét vi tri
va hudng cua EE.
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SU DUNG THUAT TOAN TOI UU HOA BAY PAN PSO PE TOI UU HOA
CAC THONG SO CUA BQ PIEU KHIEN PID SU DUNG CHO ROBOT
DAY SONG SONG
USING PARTICLE SWARM OPTIMIZATION ALGORITHM TO TUNE GAINS
OF PID CONTROLLER FOR CABLE-DRIVEN PARALLEL ROBOT
PHAM DPINH BAY", NGUYEN PiNH KHIEM?, MAI HUNG TUAN?
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Khoa May tau bién, Trirong Cao dang nghé Bach nghé, Hai Phong
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Tom tit

Trong bai bao nay, mér phuong phép thiét lap céc
thong sé bé diéu khién PID cho robot day song
song (CDPR) diza vao két qud tim kiém cua thudt
to&n toi wu héa bay dan (PSO) duwoe dé xudt. Uu
diém chinh cia thugt toan PSO l1a kha ndng te tim
kiém trong ving khd dung cho triréc; khong yéu
cau md ta todn hoc chi tiét cia doi frong ma chi
sir dung mét ham muc tiéu dé téi wu héa. Thugt
toan PSO dwoc xdy dung trén phan mem
Matlab/Simulink ¢ thiét Idp cac théng sé cua bg
diéu khién PID cho mgt CDPR véi tam day.

Tur khoa: Thugt toan toi wu héa‘bd‘y dan PSO,
robot day song song CDPR, bé diéu khién PID.
Abstract

In this paper, a method to tune PID controller
parameters for cable-driven parallel robots
(CDPR) based on the optimal search result of
particle swarm optimization (PSO) algorithm is
proposed. The main advantage of the PSO
algorithm is the ability to manually search within
a given available area; does not require a detailed
mathematical description of the object, but only
uses a cost function for optimization. The PSO
algorithm is built on Matlab/Simulink to tune the
parameters of a PID controller for a CDPR with
eight cables.

Particle  swarm
cable-driven parallel

Keywords:
algorithm,
controller.

optimization
robot, PID

1. Giéi thiéu chung

Robot day song song (CDPR) la mot loai robot
song song, trong do vi tri va hudng cla robot dugc
diéu khién biang cac day ndi tir robot t&i mot khung cb
dinh. Cac day duoc thay thé cac thanh ctng truyén
thong dé tao ra tinh linh hoat cho robot song song.

Nhirng wu diém cia CDPR la khong gian lam viéc
rong [1], khdi lugng nho, toe do cao [2, 3], va co kha
nang mang tai I6n [4]. Tuy nhién, CDPR nay ciling ¢6
nhitng nhuoc diém nhu do chinh xac thap va kha nhay.

Do c4u tric don gian, chirc nang rd rang, va dé
thuc hién, bo diéu khién PID thong thuong hoic cac
bién thé cua bo diéu khién nay, ching han nhu bo didu
khién PI1, hay PD, duoc sir dung rong réi trong cong
nghiép ciing nhu cac hé thong diéu khién cho CDPR.
Bo diéu khién PD [2] va PID [5] duoc khai thac dé
kiém soat vi tri va hudng cua CDPR trong khéng gian
khau khop. Két qua thi nghiém thé hién ring CDPR
c6 thé tiép can duoc téi vi tri va huéng muc tiéu. Bo
diéu khién PID bén viing [6] duoc thiét k& cho mot
CDPR dé d6i pho véi tinh khong chéc chin cua cac
thong sé vat |y caa hé thong nay. Meunior [7] dé xuat
mot cau trac diéu khién ting dé kiém soét vi tri cua
CDPR. Trong nghién ctru nay, bo diéu khién vong
ngoai la bo diéu khién PID dwoc st dung dé kiém soét
vi tri, trong khi d6 bo diéu khién vong trong sir dung
tin hiéu tir cac encoder dé gui tin hiéu diéu khién toi
vong lap diéu khién vi tri goc cua toi. Céc tac gia trong
[8] ciing phat trién mot bo diéu khién hai vong lap dé
diéu khién luc/vi tri cho mot CDPR. bo diéu khién nay
bao gdm mét bo diéu khién PID vong trong va mot bo
diéu khién PID vong ngoai. Jun [9] khai thac mét bo
diéu khién két hop dé diéu khién vi tri va luc cho mot
CDPR. Ca hai bo diéu khién vi tri va luc déu la bo
diéu khién PID. Trong nghién ctiu [10], bo diéu khién
PID duoc két hop vai luat diéu khién mo duge dé xuat
dé kiém soét vi tri caa CDPR. Tuy nhién, c4c hé s6
ctia cAc bo diéu khién PI, PD, va PID trong cAc nghién
ctru néu trén déu 1a hang s, vi vay bo diéu khién PID
tuyén tinh nay khong nhiing tén thoi gian dé thiét lap
céc thong sé ma con khong dam bao hiéu qua kiém
soat. Bén canh do6, PID tuyén tinh kho xac dinh mirc
tang PID thich hop trong truong hop cho cac ddi
tuong diéu khién phi tuyén va khong xac dinh.

Céc nghién ctru [11-13] cho thay rang cac thi tuc
t6i wu hoa dua trén thuat toan tién hoa (Heuristic) da

SO 66 (4-2021)



TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

KHOA HOC - CONG NGHE

-JOURNAL OF MARINE SIENCE AND TECHNOLOGY-

ndi 1én nhu mot céng cu manh mé dé tim ra giai phap
cho nhiéu van dé ky thuat diéu khién. Céc thuat toan
tién hoa duoc sir dung rong rai trong diéu khién qua
trinh vi tinh don gian vé cau trdc, kha nang t5i vu hoa
t6t va tbc do phan hdi. Cac thuat toan tién hoa cd thé
hoat dong hiéu qua cho céc bai toan téi wu hoa chiéu
sau hon so v&i cac thu tuc ti wu hoéa cd dién hién coé.
Do tinh linh hoat ciia chdng, ching cé thé d& dang
thich ng véi cac quy trinh thiét ké bo didu khién co
dién hién c6 nhu PID. Chung c6 thé duoc sir dung nhur
mot cong cu quan trong dé thiét ké cac bo diéu khién
c6 cau tric cb dién va sira ddi cho mot loai mé hinh
khong on dinh. Céc nha nghién ctru dé cap dén tinh
nang toi uu hoa bay dan PSO nham diéu chinh cac by
diéu khién cb dién.

Trong bai bao nay, cac thong sé bo diéu khién PID
duoc thiét 1ap dua trén két qua tim kiém cua thuat toan
PSO. Uu diém chinh cua thuat toan PSO chinh 1a kha
nang ty tim kiém trong ving kha dung cho trudc.
Thuat toan PSO khong yéu cau md ta toan hoc chi tiét
va tim ra gi4 tri t6t nhat c6 thé, bang viéc téi uvu hoa
mot ham muc tiéu. Noi dung chi tiét cua thuat toan
PSO ciing duoc trinh bay.

2. M6 hinh dgng hec cia CDPR véi tdm day

Trudc khi dua ra m6 hinh dong hoc cia CDPR véi
tam day, mot hé thong hé truc toa do bao gom hai hé
truc toa d9. H¢ truc toa do quan tinh {O,} duoc dat tai
day cua khung nhu thé hién trong Hinh 1; hé toa do
dia phuong {O} trén co cau di chuyén (EE). Tir Hinh 1,
thiét lap duoc méi quan hé hinh hoc cho day thi i [8]

p+a-b,-1,=0, i=1.8, (8]

Trong d6:p=0,0=[x y z]"la véc to cua diém
O trong {0y}, | Eﬁ mo ta véc to cua doan AB;,
va a,=0A, b =0B tuong img la cic véc to cua
cac diém Aj va B; trong {0} va {O,} .

Chiéu dai cua day thu i 1a:

I =\/[Raip+p—bf’]T [Ral+p-by], (2

Trong d6: R 1a ma tran chuyén.

C.C; —C,S, S,
R=| $S,C,+CS, -S8,5,+CC, -SGC,|.
—CS,C,+8,S, CS,5,+SC, CC,

Véi: Ci = cosg, Si = sing, (1=1,2,3) va @1, ¢,
va s la cac gdc quay cta EE quanh cac truc Ox, Oy,
va Oz.

Phuong trinh (2) 1a m6 hinh d¢ng hoc nghich cua
robot, n6 cho phép xac dinh chiéu dai cua méi day khi

biét vi tri va hudng cua EE. Pay 1a co so dé thiét ké
bam quy dao trong khdng gian khau khop.

Hinh 1. Mé hinh robot song song véi tdm day cung véi
hé théng cac hé truc toa dp

3. B diéu khién PID cho CDPR véi tam day

Bo diéu khién PID bao gém ba thanh phan, do 1,
b6 diéu khién ti 18, bo didu khién tich phan, va bo didu
khién vi phan duoc thiét ké cho CDPR véi tam day
[8]. Trong trudng hop nay, bo diéu khién PID bao gom
tin hiéu vao, ya = [lia loa ... lsd]", vatin hiéura, y = [l
I ... 1g], va sai s, e(t) = ya(t) — y(t) trong hé théng
didu khién vong kin dé yéu cau y(t), tiém can véi gia
tri tham khao yq(t). Méi quan hé giira tin hiéu vao va
tin hiéu ra cua bo diéu khién dwgc md ta dudi dang
thoi gian lién tuc:

u(t) =K e(t)+ K (t)+K.e, (1), (3)

Trong d6: Kp = [Kpt, Kpz, ..., Kpe] 12 hé s6 ti 18, K
= [Kiy, Kiz, ..., Kig] " hé s tich phan, Kg = [Kaz, Kea, ...,
de(t)

t
Keg]" hé s6 vi phan, e, = [e(r)dr va e, -
0

Vi bo diéu khién PID la bo diéu khién tuyén tinh
va chi dwa vao bién sé do dugc cua dbi tuong diéu
khién va cac thong sb diéu khién khong doi, nén n6
khong cé hiéu qua hop Iy trong mot loat cac diéu kién
hoat dong. Hiéu qua cua hé thng diéu khién, ching
han nhu thoi gian diéu khién (ts), lwong qua diéu chinh
(mp) hoic sai so tinh (ess) ¢6 thé dugc cai thign phan
I6n bang cach diéu chinh gia tri ctia cac thong sé diéu
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khién Ko, Ki, va Kq. Sau do, Ky, Ki, va Kq coi 1a mot
ham cua thoi gian t va sai s6 e(t). So d6 khdi cua bo
diéu khién PID duogc diéu chinh bai PSO mé ta trong
Hinh 2, va ndi dung nay dugc trinh bay trong phan
tiép sau day.

4. Thiét 1ap cac théng sé caa b diéu khién
bang cach sir dung thuit toan toi wu héa bay
dan PSO

Muc dich chinh caa phan nay la tim gia tri toi vu
cuia thong s6 bo diéu khién Ky, Ki, va Ka.

Thuat toan t6i uu hoa bay dan PSO [14, 15] 1a mot
phuong phép t6i wu hoa dua trén tap hop, trong d6 hé
thdng duoc khoi tao voi tap hop cac phan tir ngau
nhién va thuat toan tim kiém ti wu bang cach cap nhat
cac thé hé. Gia st rang khdng gian tim kiém dugc thyc
hién trong khong gian d-chiéu, va sau d6 phan tir thir
i ciia bay cé thé dugc biéu dién bang mot véc to d-
chiéu, véi bo diéu khién PID nhu mé ta trong phuong
trinh (3) thi véc to nay cé dang

Xi _[X|1'X|27 de

%]
:[Kpl’ ’KpB*Km Kigi Kgpre - Kyg

(4)

Tbc d6 cua by dan nay c6 thé duoc biéu thi bang
mot vecto d-chiéu khéac

Y; —[ i Vigr- "'vid]' )

Tinh pht hop caa mdi phan tir ¢6 thé duoc danh
gi4 boi ham chi phi. Ham nay 1a téng sai s6 binh
phuong cua sai s6 didu khién e [13] va muc tiéu thy
nang luong u nhu sau:

k
s=2[¢ (De()+u"(1u(i)]- (6)

=
Vi tri t6t nhat da tiép can trudc day cua phan tir
th i dwoc ghi nhan 14 vi tri tot nhat riéng ¢ cua né x;*
= [xit", Xi2",..., Xia']. Vi tri cua ca thé tét nhat trong ca
bay dugc biéu thi la vi tri tot nhat toan cuc g* = [gir",
gi2",..., gid’]. O mdi budc, tc d6 cua phan tir va vi tri

mai dugc xac dinh tuong (g nhu sau [15]

v =ov +ag (g -x )+ e (X -x), (7)

X!<+1 — X +Dk+1 (8)

Trong d6: 01 hé sb va c6 gia tri khoang tir 0 dén
1, thong thuong chon 8 € [0,5 + 0,9], &1 va & la cac
hé s6 liy ngau nhién tir 0 dén 1; « va 4 1a céc hé s6
hoc. Luu do giai thuat cua thuat toan ti uu hoa bay
dan PSO dugc mo ta nhu trong Hinh 3.

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

5. Két qua va dap ng caa hé thong diéu khién

Trong phan tinh todn md phong két qua nay, ching
toi str dung m6 hinh cia CDPR trong nghién ctu [8].

5.1. Thiét Igp céc thong sé ciia bg diéu khién
PID béng phap téi wu héa bdy dan PSO cho
CDPR

Ham muyc tiéu dé thuat toan PSO tdi uru hoa 1a tong
binh phuong sai sé diéu khién, va mirc tiéu thy ning
luong:

i[{ydu) YO i) y(] | g
K e(§)+ K [§]+Kqe, J]:‘
1 x[Ke(§)+ K [i]+ Kqes [1]]
Khong gian tim kiém cua céc hé s6 diéu khién:
K,, €[0,00%; 3]
K, <[0,0001; 1]
K, €[0,001; 1.5]

,N=1+8. (10)

Gia tri khoi tao
1 Gl

Thust toan PSO e~ Ham muc tiéu

() Mo i | 0 T o

A I\/{o hinh N Bg dicu CDPR

ya(t) | dong hoe e(t) khien PID | u(t) T
I

Hinh 2. So d@é khéi bg diéu khién P1D dua trén PSO

Thuat todn PSO (Hinh 3) dugc xdy dung trén
phan mfile cua Matlab [16], trong khi d6 hé thong
diéu khién vong kin véi bo diéu khién PID dugc xay
dyng trén Simulink (Hinh 5) dé thu thap tin hiéu sai
s6 va tin hiéu diéu khién cho viéc thiét lap ham chi
phi cho thuat toan PSO t6i wu no.

Céc thong sb caa bo diéu khién PID Kp, Ki, va Kq
dat dugc khi ham chi phi dat gia tri nho nhat. Tur két
qua trén Hinh 4 cho thdy ham chi phi dat gié tri nho
nhét (gan nhu bang khéng) sau khoang 550 lan lap
didu chinh. Két qua nay duoc thé hién nhu trong Hinh
4. Khi ham muc tiéu dat gia tri tiém can véi gia tri
khong. Co nghia 1a e(t) s& bang khong, trong truong
hop nay y(t) = ya(t).
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Khéi tao tham sé thuat toan va vi
tri bay dan

Tinh toan ham t&i wu
Tim vi tri riéng tot nhat
va vi tri toan cuc

Cép nhét vi tri va tdc do

Tiéu chuén dimg ham

t01 uu Sai

/ Luu gié tri t6i wu /

Hinh. 3. Luu dé gidgi thugt cia thudt toan PSO

P

Function value

r

e

ol
0 100 200 300 400 500
Iteration

Hinh 4. Su thay déi ciia ham téi tr véi s6 lan lgp diéu
chinh si¢ dung thugt todn PSO
Két qua tinh toan cac thong sé diéu khién tdi uu
cua bo diéu khién PID dugc thé hién trong Bang 1.

Bdng 1. Thong sé diéu khién téi wu

Théng sb diéu khién

K, =1[0,850,751,21 1,18 0,79 0,82 0,87 0,76]",
Ki=10%1,50,871,61,92,7192339],
K, =1[0,20 0,33 0,52 0,31 0,09 0,61 0,78 0,16]",

Béng 2. So sanh ddp g ciia bg diéu khién

Bo diéu khién mp (%) Ts (s) ess(%)
PSO-PID (truc x) 8 2 1
PSO-PID (trucy) 14 2 0,8
PID tuyén tinh [11] 41 75 08
Cohen Coon PID [17] 38 5 0,9
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Hinh 5. So dé hé théng diéu khién trong
Matlab/Simulink

0 1 2 3 4
t[s]

Hinh 6. Chuyén vi ciia EE theo phwong truc x

1

0.8

0.6

=

0.4

0.2

t[s]

Hinh 7. Chuyén vi ciia EE theo phwong trucy

5.2. Pdp ing cia bg diéu khién téi wu P1D cho
CDPR

Phan nay trinh bay mot md phong sé dugc thuc
hién trén Simulink/Matlab dé danh gia dap (g cua hé
thdng diéu khién cho CDPR. So d6 diéu khién vong
kin dugc mo ta nhu trong Hinh 5. Két qua md phong
duoc thé hién trong Hinh 6 va 7.

Trong md phong nay, EE dugc yéu cau di chuyén
trong mat phang xy tir vi tri goc toa do ban dau dén vi
tri mai voi (X4, Ya) = (0,25m; 0,7m) va hudng cua
CDPR bing khong. Hinh 6 va 7 thé hién riang EE ¢6
thé tiép can duoc vi tri mong doi. Trong Hinh 6 lugng
qué diéu chinh bang 8% va thoi gian qué trinh diéu
chinh bang 2s trong khi d6 lugng qua diéu chinh, nhu
thé hién trong Hinh 7, m, = 14% va thoi gian qua trinh
diéu chinh, ts = 2s. Sai sb tinh theo phuong x va y duoc
thé hién trong Bang 2. Bang 2 ciing thé hién so sanh
vé chét luong cua bo didu khién PID duya trén PSO so
v6i bo diéu khién PID tuyén tinh [11] va bo diéu khién
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PID duya trén thuat toan Cohen Coon [17]. Két qua trén
minh chiing cho kha nang ciia bo diéu khién téi wu
PID c6 thé &p dung dé kiém soat vi tri cia CDPR.

6. Két luan

Nghién ctru nay da dé xuat mot phuong phéap dé xac
dinh cac thdng s cua bo diéu khién PID tuyén tinh dua
trén giai thuat bay dan PSO. Cac noi dung chinh cia
nghién ctru nay c6 thé dugc tong két nhu sau:

(i) X&y dung mo6 hinh dong hoc cia CDPR.

(ii) Gigi thiéu va ng dung thuat toan PSO dé thiét
lap cac hé s6 Ky, Kg, va K; cia bo diéu khién PID.

(iii) Pap ung cua hé thdng vong kin véi bo diéu
khién PID dua trén PSO ciing dugc mo phong sé trén
Matlab/Simulink.

(iv) Md phong sé duoc thyc hién bo didu khién
trén CDPR d¢é kiém soat vi tri cua EE, ngoai ra mot sy
so sanh chét lugng cua bo diéu khién duoc dua ra dé
minh ching tinh hiéu qua cua b didu khién PID dwa
trén PSO.
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NGHIEN CUU DAO PONG CUA PUONG RAY XE LUA
TREN NEN PAN HOI KHI CO POAN TAU CHAY
STUDYING THE RAILROAD TRACK’S OSCILLATION ON ELASTIC
FOUNDATION WHEN THE TRAIN IS RUNNING
NGUYEN HU'U DINH, VU THI PHUONG THAO, PHAM THI THUY
Khoa Co so co ban, Truong Dai hoc Hang hai Viét Nam
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Tom tit

Dao dgng ciia diong ray xe lira trén nén dan hoi khi
€0 doan tau chay duwot tac gia xay dung bai todn
bang md hinh nghién cizu dao dgng ciia dam Euler -
Bernoulli trén nén dan héi chiu tac dung cua luc Fo
= const di dong Vi van toc v. Bai bdo di thiét lap
dirge phirong trinh dao dong cua dam s dung
nguyén Iy D’alembert. Xac dinh dwoc dé vong cua
dam va tan sé dao dgng riéng cia dam. Siz dung
phan mém matlab tinh toan va mé phong so.

Tir khéa: Dao déng cia dam, dao déng cua dam
trén nén dan hoi.

Abstract

Oscillation of train tracks on elastic foundation
when the train is running, the author constructs
the problem by studying the Euler-Bernoulli beam
on elastic foundation under the effect of force Fo
= const moved with velocity v. The article sets up
the beam oscillation equation using the
D’alembert principle. Determine the deflection of
the beam and the specific frequency of the beam
oscillation. Using matlab software to calculate
and simulate numbers.

Keywords: Vibration of the beam, Vibration of the
beam on elastic foundation.

1. Mé dau

Duong ray 1a mot yéu té co ban trong van tai dwong
sat, giup dinh hudng cho tau hoa chay ma khéng can
quan tdm nhiéu dén viéc bé 1ai nhu cac phuong tién
giao thdng khac. Khi mot doan tau chay qua, duong ray
s& chiu mot &p huc rat 1on vi cac doan tau c6 thé c6 tong
khéi lwong 1én dén hang chuc ngan tin. Néu duong ray
dao dong manh véi ap luc cia doan tau chay trén rat
I6n ¢6 thé lam dudng ray cong vénh hozc bién dang lam
mat an toan cho hanh khéch ciing nhu hang hoa trén tau,
tham chi c6 thé lam tau bj lat. Dao dong cua dudng ray
cling gy ra tiéng on 16n ciing nhu lyc ma sat cua tau
I6n. Do vay nham dam bao an toan cho doan tau ciing
nhu hanh khach va hang hoa trén tau thi viéc nghién

ctru dao dong cua duong ray 1a rat can thiét. Trong noi
dung bai bao nay, tac gia coi dao dong cuia duong ray
xe lira khi c6 doan tau chay duoc dua vé xay dung mod
hinh dao dong caia dam trén nén dan hoi khi cé tai trong
di dong véi van toc khong doi.
2. Phuong phap nghién cau

Str dung nguyén ly D’alembert dé thiét lap phuong
trinh dao dong cua dam trén nén dan hoi khi c6 tai
trong di dong khéc vé6i cac phuong phap trude day co
nhiéu tac gia nghién ciu sir dung phan tir hitu han[8].
Tir phuong trinh dao dong cua dim tinh toan duoc
nghiém giai tich v& do vng cuia dam va tan sé dao
dong. Str dung phan mém Matlab tinh toén sé.

3. Xay dung md hinh dao dgng cia dwong ray
xe lia

3.1. Nghién cizu dao déng tw do cia dam trén
nén dan héi voi hé sé cing phéan bo k
a. Thiét ldp phuwong trinh dao déng

Pé thiét 1ap phuong trinh vi phan dao dong udn
ciia dam, tuong tuong tach mot phan té nho caa dam
c6 chiéu dai dx (Hinh 1). Ap dung nguyén ly
d’ Alembert. Tir diéu kién can bang luc theo phwong z
ta co.
otw

—dm.
at?

+Q+2dx—Q—kwdx=0 (1)

Trong d6 dm = u(x)dx, véi u(x) lakhdi lugng mot
don vi dai coa dam:

CAC))
Q(X,T) ' ot?
N Mix,t) 71 4 T | \ M(X'Q*'BM;:Q i
TN
aQ(x,t)
Q(X, t) + de
x de X

Y

A
Y
A

Z

Hinh 1. Luc tac dung trén mgt phan té ciia ddm
Tir diéu kién can bing moémen cac luc, ta nhan
duogc phuong trinh:

oM dx aQ ax _
M+Tdx-M-QZ-(Q+2ax)E=0 (2

SO 64 (4-2021)



KHOA HQC - CONG NGHE

TAP CHI ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

Tu phuong trinh (2) ta thu dugc:
oM
Q—5,=0 ©))
Trong bai toan coi duong ray la dam Euler-
Bernoulli, do bo qua lec quén tinh quay va bién dang
truot cua truc dam ta co:

(p=Z—V:; M= —EI(x )"“’ aQ -Z [EI( )a 2] ()

Thé (4) vao phuong trinh (1) ta dwoc phuong trinh
dao dong cua dam:

()

DPbi v6i dam dong chét, thiét dién khong doi
phuong trinh dao dong tw do cua dam trén nén dan hoi
thu duoc la:

,u(x) Py Y+ kW +

a’w | EId*W | k
Sz T T =0 ©)
b. Nghiém téng quét ciia phuwong trinh dao djpng

Ap dung phuong phap Bernoulli, tim nghiém cua
phuong trinh (6) duéi dang:
W(x, t) = X2, Xi(x)q; (t) ()
Thé (7) vao phuong trinh (6) ta cé:
. av
_ @) _ EIX ™) |k — )2
qi®) X + U @ ®)

G(t) + w?q(t) =0 9

XM (x) — (w ——) X(x) =0 (10)

Vi At = (wz - E) £* Phuong trinh (10) dugc

viét lai:
4
XM - (2) X =0 (1)
Nghiém cta phuong trinh (11) dugc tim dudi dang

X(x) = Cycos (/ﬁ) + C,sin (zf) +

+Cscosh (lf) + C,sinh (l’l—c) (12)
Trong d6 Ci, Ca, Cs, C4 durge xéc dinh tir didu kién
bién. Nghiém cua phuong trinh (9) tim dudi dang:
q(t) = Acoswt + Bsinwt (13)
Trong d6 A, B 1a cac hing sb dugc xac dinh tir didu
kién dau.
C. Xét dao déng uon tu do ciza dam trén nén dan
héi hai dau tya ban lé
Dbi voi bai toan dao dong ubn ty do cua dam hai

dau twa ban 1& cac diéu kién bién 1a d6 véng va moémen
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udn déu triét tiéu o hai bien x = 0, x = 1.
X(0)=0; X()=0; X" (0) =0; X'(1) =0 (14)
Tur didu kién trén ta cd C; = C3 =C4 = 0, mit khéc
dé C, # 0. Ta c6 phuong trinh dic trung;
sini=0=>A=nnw véin=1,2,3... (15
Ham riéng bay gi¢ dugc viét dugi dang X = Czsinﬂ%

Wi =2 () (16)

Hinh 2. Dao dgng tw do cia dam trén nén dan hoi

3.2. Nghién citu dao déng uén cia dim dong
chdt tiét dign khéng déi dat trén nén din hoi
tuyén tinh véi hé sé cieng phan bé k, chiu tac
dung ciia luc phan b p(x,t)

Hinh 3. Dam chju luc phan bé trén nén dan hoi

Phuong trinh dao dong cua dam cé dang:

o%w | EI d*w k 1

et taw =) an
Gia sir bai toan nay cho luc phan bd p(xt) =

FocosQt, nghiém binh 6n cua phwong trinh trén duwoc

tim dudi dang w(x, t) = F, cos Qt. Thé vao phuong

trinh (17) ta thu dugc:

Fo

XV —&x=—

EIl

5—“/;‘,( - (18)

Nghi¢m ctia phuong trinh (18) c¢6 dang:

Vi

X(x) = Cy cos & + C, sin & + C5coshéx
. Fo
+ Cysinhéx — —
w2 =2
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Tir cac diéu kién bién X(0) = X”(0) = X(1) = X”(1)= 0.
Ta xac dinh duoc:

_ _ Fo
G=6= 2u(02 1)
C=r5 1 (£2)
2u(Q? ——
u( M)
_ Fo !
. tgh (&:) (19)

Vay nghiém binh 6n cta phuong trinh trén 1a:

Fo {cos 5(%—:() n

u(Q? —E) 2 cos(f%)

cosh s‘(él’;) _ 1} cos Qt (20)

2 cosh >

3.3. Mt toa xe chay déu trén dwong ray thing
dwpt md hinh héa 1a mgt luc Fo = const chuyén
dgng Véi van toc v khéng doi doc theo mgt dam
dong chat trén nén dan héi tuyén tinh véi hé sé k

A

WY

Hinh 4. Ddm chju tdi trong di dgng trén nén dan héi

Tuong ty ta cling thu dugc phuong trinh dao dong
cua dam. Sir dung ham Delta-Dirac, tai trong p(x,t) trong
bai todn nay c6 dang p(x,t) = Fyé(x — vt).

0%w | EI 0*w E

=h -
e T o Th —Hé(x vt) (21)

Ap dung phuong phap Bernoulli, tim nghiém cua
phuong trinh (21) dudi dang:

W(x,t) = X2, Xi(x)q; () (22)
Thé (22) vao phuong trinh (21) ta co:
EIX )(
52 i + (2124 5 0| 1 =
Iod(x — vt) (23)

Phuong trinh (23) suy ra:
24[:(6) + 07 q (D1 X, () = 260 —vt)  (24)

Nhan ca hai vé cia phuong trinh nay véi ham riéng
Xn(X) roi ly tich phan doc theo chiéu dai cua dam.

2116 0) + 0? g (O] ) X: ()X, (X)dx =

=2 fy8(x —v)X,(x)dx  (25)
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Do diéu kién truc giao cua cac ham riéng ta suy ra:

8( ) Xn(x)d
n(0) + @Rgn(6) = LRI o

Jy X3 (oyax
DPbi v6i dam chiu lien két hai dau ban 18
X,(x) = sinnlﬂ Do dé folX,zl(x)dx = % Do tinh
chét cua ham Delta-Dirac ta c6:
0 [ 8G = v Xy (0)dx = [ sin T8 (x -

nnv

. nm
vt)dx = ;sm (— t) = ZsmTvt (27)
Phuong trinh (26) duoc viét lai nhu sau:
G (t) + wiq,(t) = %’sin?vt (28)
Nghiém tong quét ctua phuong trinh (28) 1a:
qn(t) = A, cosw,t + Bysinw,t
+ 2F, . onm .
sin—v
nm
ul(wf = o)

Céc hiang sé A,, va B, duoc xac dinh tir didu kién
dau. Gia st cho diéu kién dau:

W) = W 0) = ) X()q:(0) = 0

i=1

oW (x,0
WD S @ =0

i=1

v (x) =

Do tinh chét truc giao cua cac ham riéng, tir diéu
kién dau ta suy ra: ¢,,(0) = 0,¢,(0) = 0 taxac dinh
duogc Ay, Bn:

2Fo——

An = O' BTl = - (29)

ulwn(wn (m)z)

Viy ta xac dinh dwoc d6 vong cua dam cé dang:
sinﬂvt—ﬂsinwnt
wn

_ 2F) woo . nmx 1 1
= anzlsm—.

L o)

W(x, t) (30)

Vi tan sb dao dong riéng w? = iI(T) +§ va

tan s dao dong cudng buc Q,, = @

4. Ap dung s liéu md phéng sb

Xét duong ray xe hira thang cé chiéu dai L = 100
m, d6 cing udng trung binh EI = 54.10°Nm?, khdi
lugng trén mot don vi dai trung binh p = 750kg/m. Xe
lra duoc coi 1a mot luc F = 4000N chuyén dong véi
van toc v khong ddi doc theo dam ddng chét trén nén
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dan hoi tuyén tinh véi hé s k = 1,5.10°N/m?2. Ta xéac
dinh dwoc tin s dao dong riéng dau tién cua dam tya
khop 1a o1 = 44.7221rad/s.

Chuyén vi giFa ddm véi v =30 km/h Chuyén vi gi@a dam véi v =40 km/h

Chuyén vi gifFa dam véi v =50 km/h Chuyén vi gi@a dam véi v =60 km/h

Chuyén vi gia dam véi v =70 km/h Chuyén vi gi@a dam véi v =80 km/h

Hinh 5. Chuyén vj tai gii¥a ddm véi cac vén téc di
déng khac nhau

Van tc di dong dugc coi la van téc cua tau chay
Vi tbe a6 30km/h, 40km/h, 50km/h, 60km/h, 70 km/h,
80km/h sir dung phan mém matlab cho ta biét dugc
chuyén vi tai gitra cia dam. Qua d6 thi cho ta thiy véi
van téc cang cao thi chuyén vi tai gitra dim cang lén.
Téc gia thay rang két qua chwong trinh dung véi suy
luan thyc té, véi khéi lugng cua tau rat I6n chay trén
dam dan hdi véi tde @6 cao thi chuyén vi, dao dong
ctia dam sé& cang Ién. Dao dong cua dam cé thé xdy ra
hién tugng cong huong khi tan s6 ok = Q.

5. Két luan

Bai bao da nghién ciru dao dong cua dudng ray xe
lra khi 6 tau chay. Trong bai toan nay dua vé nghién
ctru dao dong ctia dam trén nén dan hoi khi ¢ tai trong
di dong vai van toc khong ddi. Tac gia thiét lap duoc
phuong trinh dao dong cua dam trén nén dan hoi véi
tai trong di dong sur dung nguyén ly D’alembert, tinh
toan duoc tin sé dao dong cua dam va chuyén vi cua
dam. Téc gia &p dung sb sir dung phan mém matlab dé
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tinh toan véi cac van toc di dong khac nhau cho két

qua. Néu van tdc chay tau cang nhanh trong cling mot

thoi gian thi chuyén vi tai gitra dam cang lon. Do vay,
van toc chay tau cang 16n thi duong ray dao dong cang
manh.
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XAY DUNG MO HINH TOAN VA THUAT GIAI THIET KE BIEN
DANG PAY CHO CHE TAO BINH AP LUC COMPOSITE
DANG TRU BANG PHUONG PHAP QUAN PHANG
BUILDING A COMPOSITE MODEL AND OPTIMIZABLE SHAPE DESIGN OF
OPTIMUM DOME FROFILE FOR FABRICATING COMPOSITE PRESSURE VESSELS
USING PLANAR WINDING METHOD

TRAN THI THANH VAN
Vién Co khi, Truong Pai hoc Hang hai Viét Nam
Email lién hé: vantt.vck@vimaru.edu.vn

Tom tat

Binh 4p luc Composite duwoc dung rat réng réi
hién nay, viéc ché tao binh ap lyc Composite can
giai quyét moi quan hé “Vat ligu - Két cau - Cong
nghé”. Bai bdo nay trinh bay phuwong phdp Xac
dinh bién dang binh Composite dwoc quan phang,
mét bai toan quan trong trong thiét ké binh
Composite. Két qud dura ra diroc md hinh toan va
so do thugt todn xac dinh bién dang day 16i wu dira
vdo tiéu chi dam bao hinh dang vé can bang va
diéu kién khong truot cua soi.

Tir khoa: Bién dang ddy, quan phang, binh &p luc
ché tqo bang vt liéu composite, cong nghé quan.
Abstract

Composite vessels used widely nowadays.
Fabricating composite vessels needs to solve the
relationship  “Mateirals- Structure- Process”.
This paper shows the method for determining
dome profiles of planar filament wound composite
vessels- A important problem in designing
composite vessels. As a result, the mathematical
model and mathematical algorithm for
determining optimum dome profiles were obtained
based on equilibrium shape conditions and non-
slippage condition of fibers.

Keywords: Dome profile, planar winding,
composite pressure vessels, winding technology.

1. Mé dau

Binh hinh tru chju ap luc trong lam tir composite
cbt soi d6 bén cao/nén polyme theo cong nghé quén la
mot dang két ciu phé bién trong dan dung va quéc
phong. Vai wu diém vuot troi cua vat liéu composite
1a @6 bén riéng va mo dun dan hoi riéng hon han so
véi vat lidu két cdu truyén thong, nén két cau bén, nhe
va nho gon hon [2]. Viéc nghién ctu thiét ké binh hinh
tru chiu &p luc trong lam tir composite da duoc thuc
hién qua nhidu nam va dat duoc nhiéu thanh tuu 16n

SO 66 (4-2021)

song van tiép tuc dugc quan tam nghién ctu va phat
trién. Mot dic diém riéng cua composite 1a “Vat liéu
- Két ciu - Cong nghé” c6 quan hé chat ché va khong
thé tach roi, nghia 1a van d¢ thiét ké két cau gan lién
véi cdng nghé vt liéu va cong nghé san pham.

/
/

1 ;

222%
el _ Hheziz? ]
5 T GEE e [P
o lln i
Quin xoin Quin ngang Quin phing

Hinh 1. Céc so dé auén ché tao binh comnosite dana tru

V& cdng nghé, theo trang théai cua nhwa nén, c6 2
dang cong nghé: (1) quan wdt, & d6, nhya long duoc
tam tryc tiép 1én soi; va (2) quin kho, ¢ do, soi da
duoc tim nhwa va say kho truée khi quan. Con theo
kiéu mau quan, cé 3 dang chinh 1a quin xoin, quén
phing va quan ngang (Hinh 1), & d6, quan xo0in va
quan phang la 2 k¥ thuat chinh tao thanh 16p vo
composite bao kin, con 16p quan ngang c6 tinh chat
gia cudong cho phan try. Cong nghé quan xoin cho
phép rai sgi theo cac quy dao da dang hon, nhung thiét
bi phrc tap, con quéan phing chi cho phép rai soi theo
quy dao phang, nhung thiét bi don gian, chi phi ché
tao thiét b ré hon,...

Trong tinh toan thiét ké vo composite dang truy, bai
toan xac dinh bién dang day vo la bai toan quan trong
nhat nham dam bao cho qua trinh rai soi 1én bé mat
day vo la lién tuc va khong bi trugt.

Viéc nghién cau thiét ké binh &p lec composite
nhan dwoc biang so d6 quin phing da dugc mot sb tc
gia nhu Hartung (1963) [1], Wydrin (1978) [2] va
Bunakov (1982) [3] (trong Vasiliev (2009) [4]) thuc
hién song con chua day di.

Nham xay dung co so cho viéc thiét ké binh ap huc
composite hinh try, trong tdm cua bai bao la xay dung
mo hinh toan va thuat giai dé tim bién dang day binh
theo so do quéan phang.
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2. Xay dwng mo hinh toan

2.1. Mgt sé ddic trung ciia vé tru chiu ap luc
trong dwot quan phang

y 1 Hinh chigu
—= clld sdi trén
. mét phng
‘ vudng goc
! ‘ véi mat
sqi ; phéng quin

Hinh 2. Cac tham sé hinh hgc cia vé tru chju ap luc

Xét mot vo tru vai 16 cuc dong kin, co duong kinh
tuyén 15i va mot soi duoc dat trén vo theo quy dao
phing dwoc mo ta trong hé toa do cuc (z, r, 0) nhu
Hinh 3, véi cac dac trung chinh sau:

- V6 ¢6 ban kinh try 12 R va ban kinh 13 cuc rp;
- Hinh chiéu cua quy dao soi 1én mat phiang vudng
goc tao véi truc z mot goc y va c6 mot khoang céch

léch tam e;

- V6 chiu &p lec p va lec phan bé q tai 15 cuc.

2.2. Can bang ngi luc cia vé tron xoay chiu ap
luc trong theo ly thuyét vé méng

Khi vé chiu &p luc p = 0, trong vo s& xuit hién cac
thanh phan noi luc (trén don vi dai) theo phwong kinh

tuyén, N1 va phuong vi tuyén, N,. Can bang lyc trén
phuong phap tuyén caa vé (Hinh 3), nhan dugc:

Nl NZ
4=
R R, P 1)
Trong do: R: va Rz 1a ban kinh cong ctia cung kinh
tuyén va vi tuyén nam trong mat phang vudng goc voi
duong kinh tuyén duoc xac dinh theo (2) va (3).
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r
R, =

= =ra1+r?
cos &

®)

Tiép sau, xét can bang lyc trén phuong z, ta co:

.
2.7r.Np.cosa =27 [ p.rdr+2.z.r,q

(4)

Thay cosa tir (3) vao (4) tim dugc N; va thay
N1 vao (1) tim dugc Ny:

2.q.r, — pr2
Nl:p.RZ(l‘F qp pr)
2 p.r

2.0.r, — pr2
szp-Rz 2_&1+ qupp
2 R, p.r

Truong hop vo tru ¢6 16 cuc déng kin - twong tng
véi binh ap luc, luc phan bé q tai 1 cuc duoc xac dinh
tir can bang lyuc theo phuong truc z nhu sau:

(®)

(6)

_Ph 7
e ™
Thay g tir (7) vao (5) va (6), ta dugc:
R
N =2 ®)

PR, 2
N, = 2_2 9
’ 2 { Rl} ©

Dbi voi truong hop vé ¢ 18 cuc hd, 1dy luc phan

bb tai 16 cyc q = 0, khi do, ta co:

2

p.R, r
N, =—2(01-2

1 2 ( rz)

2
N, =PRelo Rely To
22 Rl r?

(10)

(11)
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2.3. Can bang luc sei trong vé composite

Gia sir tach ra mot phan té vo composite nam trén
day ma c6 hai bang sgi ¢ chiéu day t va bé rong w,
moi bang s¢i nghiéng goc véi dudng sinh mot goc
quan £ (Hinh 4).

Duéi tc dung cua &p suat p, theo chiéu doc truc
soi, s& xuit hién noi luc F, con theo phuong kinh
tuyén va vi tuyén cé cac thanh phan noi luc F1 va Fa.
Ung suat trung binh trén phuong kinh tuyén va vi
tuyén duoc xac dinh nhu sau:

F; (o)

F2(02)

w/sin 8

Vi tuyén

" Kinh tuyén

Hinh 4. Phén bé soi trén bé mdt vé tru

o= R = 2.F.cos f =o..cos’ 8 (12)
T 2t(w/cosB)  2t(w/cosp) ¢
o = F,.sin 8 _ 2.F.sing —osin?p (13)
272t (w/sinB)  2t(w/sing) ©

Mat khac, cac thanh phan ng suit (o, o, ) ¢ thé
duoc xac dinh theo cac thanh phan noi luc (N1, N2) va
chiéu day h cua vat liéu composite:

N

o= (14)
N

o =22 (15)

Két hop cac cip phuong trinh (12)-(14) va (13)-
(15) va két hop lai, ta dugc:

25 No 16

tan® B =1 (16)

1
2.4. Quan h¢ goc qudn véi cac tham sé hinh hegc

Do quy dao soi nam trong mat phang, nén goc
quéan bi rang budc bai cac tham sb hinh hoc cua vo.
Pé xac dinh quan hé goc quan vai cac tham sé hinh
hoc, ching ta sé dya vao quan hé hinh hoc vi phan.
Xét mot diém A nam trén quy dao soi (Hinh 1), ta co:

tan 8 = r.de _ r.(d@/dz) _ r.(d@/dz) (17)
ds, ds,/dz Jier?
Lai c6: r.sinfd=z.tany+e (18)
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Lay dao ham hai vé cua (14) theo z va thyc hi¢n
phép bién ddi, ta co:

do _tany—r'sing (19)
dz  r.cos@
Thay dé/dz tir (19) vao (17) vasind ratratir (18)
vao (17), nhan dugc:
tan =" tany —r'(z.tany +e) (20)
Vi+r? \/r ztan7+e)

2.5. Phwong trinh bién dgng (kinh tuyén) dday
co' sO cua Vo tru c0 1o cuc dong kin

Thay R; va Rz tir (2) va (3) vao (8) va (9), sau do,
thay N; va N2 vao (16), ta dugc:

r' —(tan p- 2)1+rr

(21)
Thay tang tir (20) vao (21), nhan duoc:

rigy —r'(ztgy +e)

[\/m 0

Pé thuan tién cho viéc khao sét, ta s& chuyén quan
hé (22) vé dang khong thir nguyén bang cach dat
F=r/R, Z=z/RVA g=e/R:

zmy+e

2
2
] 9 1+r 22)
r

2
_ gy —r(Ztgy +€) i 1+_r'2 23)
V172 P2 (ztgy +E) F

Diéu kién bién dé giai cac phuong trinh (23) 1a tai
=0,r(0)=1,r'(0)=0.
2.6. Hign twong uén cong ciia dwong kinh
tuyén day va gidai phap higu chinh
Pé dam bao duong cong bién dang day 1a 11, dao
ham cdp hai 7" phai am. Nhu vay, tir (21), goc quan
S phai thoa mén:

tan B <2 (24)

Diém trén bién dang day ma goc quan S lam cho
dang thirc (24) xay ra s& 1a noi xuit hién diém uén.
Khi nay, géc quan 8= 54,7° (vi khi d6 tang<+2).
Tuy nhién, dé¢ dam bao diéu kién quan lién tuc, goc
quén tai 15 cuc phai bang 90°. Do vay, duong cong
bién dang day luén bi uén cong truéc khi tién vé 15
cuc. Dé khic phuc can phai ¢é giai phap hiéu chinh.

Theo [4], [5], dé hiéu chinh duong cong bién dang
co so day phai sir dung mot duong cong 16i ¢6 ban
kinh ;> F (ban kinh huéng tam tai diém uén 1),
ddng thoi, st dung nip déng kin day vo (Hinh 5).
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Nhu vay, khi d6, Iuc phan bé tai 16 cuc q s& bang
0. Do d6, phwong trinh dudng cong hiéu chinh sé dugc
thiét 1ap tir cac quan hé (10), (11), (16) va (20) c6 dang
nhu sau:

1+7F 2 (25)

e — _
r —(zp.tany+e r

2
Figy -7(Ztgy +€) } ~ 22

VL P2 72— (ztgy +ef
Diéu kién bién dé giai cac phurong trinh (25) 1a:
'(0)=0.

taiz=0, r(0)=r(z )|theo(23) !

Sy
g
NE . Dy Ars F
. Puomg cong 1
N I3 ryo
N .
oy
N o P
\
. I
0 Ry g |E

Hinh 5. Higu chinh dwong cong bién dang ddy
2.7. Piéu kién khong trwot ciia soi

Diéu kién bat budc cho moi qua trinh quéan 6n dinh
1a soi phai khdng bi truot. Theo [6], d& dam bao soi
khong truot:

|1 <[1] (26)
V6i: & 1a hé sb truot gitra soi va khudn quin duoc
xac dinh nhu (27); [4] 12 hé sé truot cho phép.

P <1+ r‘z)(r'.sin L+r.3.cos )

(1+ r‘z)sin2 LB —rr'.cos® g

(27)

3. Thuét toan xac dinh bién dang day

Tu phuong trinh (23) va (25) thay rang, céc
phuong trinh nay déu l1a cic phwong trinh vi phén
khong thuan tay, nén dé giai ching can dung phwong
phép sb. Phuong trinh (23) ¢6 thé giai vai cac tham sb
ban dau € va y cho truéc. Tuy nhién, trong phuong

trinh (25) xuat hi¢gn tham s6 mo Z,,, Ia tham s6

khéng thé cho trudc. Vi vay, dé giai phuong trinh (25)
nham tim dwong cong hiéu chinh dung dan can phai
c6 thii thuat toan hoc riéng. O ddy, nhom tac giai dé
Xuét 1oi giai lap lai nhu sau:

- Cho truéc mét gid tri z8, sau do, tién hanh giai
phuong trinh (25) va tim ra tham s tinh toan z,.

- Lap lai qua trinh trén dén khi sai s6 tuong doi
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t  sc
p~Zp
st
Zp

|z

E=

<[e], & d6, [£] 1a gia tri sai s6 cho phép.

Thém nira, d¢ tim duong cong bién dang d4y hoan
chinh, can phai xac dinh duoc gia tri hé sb truot A va
s0 sanh véi gié tri chon trudc [A]. So dd giai thuat xéac
dinh bién dang day dugc mé ta nhu Hinh 6.

Tham s6 déu vao:
&, 7, s0 budce giai n

!

Giai phuong trinh (23):
- V& duong cong co sd day:
- Tim diém uén ( 7,Z,);

- Chon diém hiéu chinh (7.2,)

!

Giai phwong trinh (25):
- V& duomg cong hiéu chinh;
- Tim toa d6 13 cuc (7,.2,).

| Bién dang ddy vo hoan chinh |

Hinh 6. So d@é gidi thugt xdc dinh bién dang ddy
4. Két qua va ban luan

Tir mé hinh toan x4c dinh bién dang day va so d6
thuat toan da trinh bay ¢ phan nay, 2 két qua tinh toan
cho 2 trudng hop vai cap tham sé ban dau (€ vay) lan
luot I3 (0,1 va 7/20) va (0,3 va 1/10).

Tham s6 z:-ban dau duoc chon 14 0. Sau budc

P - U ST S T sia e 2 o
gidi thir nhat, tir giatri z,-* tim dwoc, giatri z;-* sé
N zttozet s
dugc chon la zg—2=zg—l+%. Qua trinh tinh
toan s& ding lai & budc thr n nhit dinh, khi

st_n_sc_n
|Zp Zp
2t_n

& = <[£]=0,01.

Hinh 7 va Hinh 8 trinh bay két qua xac dinh duong
cong bién dang day va sy phu thudc cua hé sé truot A
Va0 toa do z cho ca hai trudng hop. Nhan thay, tai phan
tiép giap xich dao va phan 15 cuc, hé sb truot I6n hon,
¢6 nghia 1 soi c¢6 xu huéng truot nhidu hon & 2 phan
nay. Theo [7], hé sb truot gidi han cho truong hop
quéan uét 1 [A] = 0,2. Nhu vay, c6 thé thiy:
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- O trudng hop 1, hé sb trugt 1on nhit dat khoang
0,16, tirc 1a nho hon hé s trugt cho phép. Nhu vay,

khi soi rai trén bé mat vo s& khong bi truot.

- O truong hop 2, hé s6 trugt 16n nhat dat khoang
0,37, trc 1a 16n hon hé sb truot cho phép. Trong
trudng hop nay, khi soi rai trén bé mat vo sé bi truot.

Do vay, trong thiét ké bién dang day vo try, truong

hop 2 sé loai bi bo, truong hop 1 s€ dugc chon.

08 0.8
0.667 \ 0.667 /'
0.533 ~ 7 0.533 \
7 A
Z o4 N 0.4 Y
p \
0267 Y| 0267 \
\
\
0.133 0.133 ‘\
\

0 0
0 02 04 06 08 1 -02 -01 0 0.1
T A
a) b)
Hinh 7. Bién dang ddy (a) va hé sé truet A (b) Vi cap
tham sé (€ va ) la (0,1 va 720); Sé lan Igp 8

0.8 0.8

0.667

0533

V4 A z

0.4 A 04
\

0.267 \ 0.267

0.133 0.133

S

0
0 02 04 06 08 1
7 A

a) b)
Hinh 8. Bién dang ddy (a) va hé sé trupt 4 (b) Vi cap
tham sé (€ va y) 1a (0,3 va #/10); s lan lgp 5
5. Két luan

Tu dic diém hinh hoc va tinh chét chiu luc cua
binh composite hinh tru chiu ap lyc trong, v4i cac bai
toan can bang luc trén vo, di dua ra duoc mo hinh
toan xac dinh bién dang co so day va gidi phap hi¢u
chinh do su udn cong cua duong cong bién dang co
s6. Trén co s& diéu kién khong truot cua sgi, da xay
dung so dd giai thudt xac dinh bién dang day vé tru
composite hoan chinh, du diéu kién phuc vu thiét ké.
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ANH HUONG BIEN TiNH VA XU LY NHIET PEN TO CHUC VA CO TiNH
CUATHEP PUC HQP KIM THAP

INFLUENCE OF MODIFICATION AND HEAT TREATMENT ON THE

MICROSTRUCTURE AND MECHANICAL PROPERTIES OF LOW ALLOY
CASTING STEEL

NGUYEN DUONG NAM", LE VAN CUONG, PHAM PUC
Vién Co khi, Truong Pai hoc Hang hai Viét Nam
*Email lién hé: namnd.khcs@vimaru.edu.vn

Tom tat

Bai béo trinh bay nhiing két qua nghién cizu vé anh
huong dong thoi Al va Ti két hop véi qué trinh xii
ly nhiét pht hop dén d@én té chirc va co tinh cia
thép dic hop kim thdp. Khi theec hién bién tinh thép
dong thoi bang Al va Ti két hop véi ché d@o xir ly
nhiét nung mau lén 650°C gi# nhiét trong 02 gio
sau dé tiép tuc nung dén 920°C gii nhiét 03 gio
nQugi nhanh trong nwoc; sau do méu dwoc ram &
250°C trong 06 gio cho gia tri o dai va ddp cao
nhat 1a 57,5J/cm? va gia tri dé citng thu duwoc 1a 50
HRC. Cdu trlc t6 chire duoc chi ra 1a té chuc
Bainite két hop Véi austenite duw; gid tri dg hat tot
nhat la dat @6 hat cdp 4.

Tur khéa: Bainite, bién tinh, xiz Iy nhié, d6 hat.
Abstract

Influence of Al and Ti addition combined heat
treatment on microstructure and mechanical
properties of the low alloy casting steels is
presented in this article. In this research, the
samples were modified by Al and Ti then heat
treatment as follows: heated and held at 650°C for
2 hours, then continued heating to 920°C for 3
hours before quenching in water; after that, they
were tempered at 250°C for 06 hours. The results
indicate that the highest values of impact strength
and hardness were 57.5J/cm? and 50 HRC. The
microstructure of the sample was bainite and
residual austenite with grade 4 of the particle size.

Keywords: Bainite, modification, heat treatment,
grain size.

1. Mé dau

Thép hop kim thap c6 nhiéu tng dung trong thyc té
nhu phan nhom AHSS dé ché tao céc chi tiét duoc bién
dang thi con c6 nhém chuyén dung dé ché tao cac chi
tiét 1am viéc trong diéu kién chiu mai mon bén canh d6
can dam bao d6 dai nhat dinh. Nhitng nhém chi tiét cu
thé trong diéu kién lam viéc o trén Ia chi tiét ring cao

tuyét va mot s loai rang gau xuc than, ...

G. Golaéski va cac tac gia khac [1], [2] da trinh bay
nhitng két qua nghién ciu vé anh huéng cua céc hat
cacbit nhu M3C; M2C, M23Cg, MC, M+C3 dén t6 chirc
cua thép dac L21HMF va L17HMF sau khi xir Iy nhiét.
Céc nghién ctru da chi ra su dich chuyén vé ciu tric
cua thép trudc va sau khi nhiét luyén.

Nghién ctu cia Y. A. Farzin va cong su [3] vé anh
huong cua xir ly nhiét dén té chic va co tinh cua thép
song pha ST52 d chi ra co tinh tt nht dat dwoc khi o
& 770°C trong 105 phat va tbi trong nudc. T chuc
nhian dugc la cac hat peclit nhé min, mét luong
austenite du va gia tri gigi han bén dat t6i 1331MPa
véi gia tri do cuang la 316HV30.

Nghién ctu vé su phéan tan cua céc hat cacbit sau
khi xir ly nhiét va lam viéc trong mot thoi gian dai da
duoc chi ra déi véi thép dic hop kim thip Cr-Mo-V
[1]. [2]. [4]. [5].

Nghién ctru cia R. C. Voigt [6] vé& anh huéng cua
qua trinh xtr ly nhiét d&én t6 chirc va co tinh cua thép
hop kim thap Mn va thép HSLA. Bang nhitng phan tich
ciia nhém nghién ctru da xac dinh té chic cua thép sau
khi xu ly nhiét 1a té chirc ferrit-mactenxit ram. Gia tri
d6 dai va do bén cua thép tang 1én khi thuc hién quy
trinh xt ly nhiét hai buac.

Trong cdng nghé ché tao vat liéu thi anh huong cua
Al va Ti dwoc nghién ctu khé nhiéu trong nhimg nim
tré lai day. Viéc dua cac nguyén td nhu Ti vao trong
thép gop phan dang ké trong viéc tao thép co do hat
nho; hon nira Ti S€ tao nén cac cacbit nhu TiC phén tan
bén trong nén s& lam tang kha ning chéng mai mon cho
thép. Ngoai ra, Al c6 tac dung ngén can sy hinh thanh
cac rd khi [7]-[10].

Chuyén pha trong thép néi chung va thép Mn néi
riéng hién dang 1 van dé dugc quan tam boi 18 xac
dinh chinh xéc cac chuyén bién pha trong cac diéu kién
cu thé s& gop phan nang cao kha nang lam viéc va tudi
tho cua thép nghién ciru. Cac chuyén bién pha nay anh
huong rat nhidu boi qua trinh xir Iy nhiét [11]-[15].
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Bdng 1. Thanh phédn nguyén té hep kim chinh

Mau C Mn Si Mo Ni Al Ti
MO 0,255 0,887 1,631 1,676 0,251 0,040 0,053 -
M1 0,282 0,883 1,433 1,602 0,218 0,369 0,211 -
M2 0,249 0,869 1,479 1,579 0,219 0,365 0,192 0,151

Tuy nhién viéc dua Al va Ti vao trong thép dtc
duoc hop kim héa thém cac nguyén té nhu Mn, Cr; Si,
Mo va qué trinh xir Iy nhiét dé tang duoc lai chua thyc
su dugc quan tam.

Trong c6ng trinh nghién cau nay, chdng toi trinh
bay anh huong cua bién tinh Al va Ti ciing nhu anh
huong cua qua trinh ram dén t6 chiic va co tinh ciia
thép dac hop kim thap. Tir do, xac dinh ché do xur ly
nhiét phi hop véi yéu cau dit ra cua chi tiét dwoc lam
trong diéu kién chiu mai mon véi do cting trén bé mat
ctia mau trong khoang 42 - 52HRC va do dai va dap
dat t6i thiéu 32J/cm? & nhiét d6 phong.

2. Phuwong phap nghién ciru

Céc mac thép duoc tién hanh nau trong 10 trung tan
c6 khdi lwgng mé nau trung binh 1a 250kg véi myc dich
dé cac méac thép nghién ctru dam bao tinh dong déu
thanh phan va 6n dinh. Két qua nay duoc tién hanh tai
Cong ty TNHH Théng Loi. Mau nghién ciru duoc lay
trén san pham 1a rang gau xuat khau cua cong ty. Vi tri
ldy mau dugc lay ¢ vi tri ludi rang gdu xtc noi chi tiét
lam viéc trong diéu kién chiu mai mon va dam bao do
dai nhét dinh.

Thanh phan mdi mé ndu dugc tién hanh phan tich
thanh phan trén thiét bi phan tich nguyén t6 ARL-3460
cua hang Fisons Thuy ST cho két qua nhu trong Bang 1.

Mau sau dtic duoc tién hanh xir ly nhiét theo quy
trinh sau: nung thép dén 650°C giir nhiét trong 02 gid
nung tiép dén 920°C giir nhiét trong 03 gio va nguoi
nhanh trong nuéc. Qua trinh nay nham dam bao khi
thuc hién nung & 920°C t6 chirc cua thép I1a hoan toan
o trang thai austenite; ngudi nhanh trong nudc sé hinh
thanh nén t4 chuc mactenxit va austenite du. Sau do
tién hanh ram ¢ cac nhiét d6 va thoi gian khac nhau véi
mong mudn t6 chirc cudi cung thu dugc 1a bainite véi
austenite du (Bang 2). Qua trinh xir ly nhiét dugc tién
hanh trén thiét bi nhiét luyén CF-1400 tai Trung tam
Thuc hanh thi nghiém, Vién Co khi, Truong DPai hoc
Hang hai Viét Nam.

Céc mAu sau dic va nhiét luyén duoc tién hanh
phan tich té chic té vi trén kinh hién vi quang hoc
Axiovert 25A; VHX va kinh hién vi dién te FESEM

Jeol 7600 - Pai hoc Bach Khoa Ha Noi. Ngoai ra, dé
danh gia thanh phan bang phuong phép phén tich EDS
trén thiét bj FESEM Jeol 7600.

Bdng 2. Cac ché dp xi ly nhigt
Nhiét 4§ ram,
°C
200
200
200
220
220
220
250
250
250

i Thoi gian ram,
Thi tw

=,
=g

O|lo(N[fojO|d|[W|IN|F
oOjlgglwlojlajlwio|lu|w

Dé danh gia co tinh cua hop kim nghién ctru mau
duoc tién hanh do do cung trén thiét bi do do cing
ATKF 1000 cta hang Mitutoyo va do dai va dap trén
may do JBS-300.

3. Két qua va ban luan
3.1. Két qud phan tich vé té chaec té vi

Hop kim sau diic khong bién tinh (MO)

Panh gia t6 chirc té vi cua hop kim sau duc nhan
thdy ngay ca voi do phong dai 50 lan ciing cho thdy do
hat cua hop kim kha 16n; véi ché do phong dai nay
cling khong xac dinh dugc bién gidi hat caa hgp kim
nghién ciru. Phan tich kich thudc hat baing phan mém
Image Pro-Plus tai Dai hoc Bach khoa Ha Noi cho thdy
kich thuéc hat nho nhat sau dtc c6 thé dat duoc la
1,055mm. O bién gidi hat 1a cac hat ferit mau sang da
canh nam doc bién gi6i hat; bén trong hat ¢ trang thai
duc thdy xuit hién nhitng hat mau sang (Hinh 1a).

Céc két qua nghién ciru cho thiy cd sy xuat hién
ctia cac ferit duogc tiét ra tir austenite khi lam nguoi tir
trang thai long (Hinh 1b). Céc hat ferrite nay c6 bién
giGi 18 rang so voi nén Peclit (austenite chuyén bién
thanh). Nhu vay cac hat nay khdng phai duoc tiét ra tir
nén P khi 1am ngugi xubng.
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Phan tich phd nguyén t6 cac ving séang bén trong
hat duoc nghi ngo & phan tich hién vi quang hoc cho
thdy thanh phan héa hoc chu yéu la Fe va mot sb
nguyén té vi luong Cr; Si va Mo. Nhu vay, pha mau
sang & trong hat la cac hat ferit dwoc tiét ra tir trang théi
long khi lam ngudi hay con goi la ferit delta.

b) Phdn tich bang kinh hién vi VHX (x1000)
Hinh 1. Té chc té vi hop kim MO sau diic

Bién tinh hop kim sau diic bang Al (M1)

Phan tich t6 chuc té vi cua hop kim sau bién tinh
bang Al & trang thai duc cho thay:

T4 chirc té vi cua hop kim sau duc 1a nén Peclit véi
cac hat ferit & bién gi6i hat.

Tuong ty V6i phan tich to chirc mau MO; cac hat
mau sang bén trong hat ciia miu sau dtc la cac hat
ferit delta.

Tuy nhién d6i véi hgp kim sau bién tinh bang nhém
cho thay kich thudc hat ¢6 giam so véi mau khong bién
tinh bang Al (kich thudc hat giam xung con 0,65mm).
Tuy nhién ddi véi miu sau duc thi gia tri nay rat In dé
c6 thé thyc hién ché @6 nhiét luyén (Hinh 3).

Bi¢n tinh bang Al két hop véi Titan

Dbi véi hop kim duoc tién hanh bién tinh bing Al
két hop vai Ti cho thay do hat cua hop kim sau duc co
kich thuéc nho min. Véi do phong dai 500 lan nhu &
Hinh 4 cho thay thu dugc hat c6 kich thudc nho. Khéng
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thdy su xut hién cua cac hat ferit delta & trong hat cua
hop kim nghién ctu. Trén bién giéi hat thiy xuat hién
rat it cac ferit dugc hinh thanh.

a) Vung phan tich EDS

Counts

T 1 T i
0.00 1.00 2.00 3.00 4.00 500 6.00 7.00 800 9.00 10.00
kev

b) Phé nguyén té
Hinh 2. Phan tich phé nguyén té

Hinh 3. T4 chikc t8 vi hop kim M1 sau ditc (X500)

Phan tich kich thuéc hat bing phan mém Image
Pro-Plus tai Dai hoc Bach Khoa Ha Noi xac dinh do
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hat trung binh I cap 3,45 theo tiéu chuan ASTM. Nhu
vdy, voi phuong phap bién tinh bang Al két hop véi
Ti cho hiéu qua cao nhét vé do hat ciing nhu kha ning
khtr khi cua hgp kim nghién cau.

b) X500
Hinh 5. Té chikc té vi hep kim M2 sau xi# Iy nhiét

SO 66 (04-2021)

Padnh gid t6 chic té vi sau khi xat ly nhigt

Phan tich té chie té vi sau nhiét luyén ¢ ché d6 2,9
cho thiy:

Sau xir ly nhiét, t6 chac té vi caa hop kim ¢6 cu
trdic dang tAm (vai cAu trdc nay c6 thé 1a cac mactenxit
hoic bainite). Ngoai ra, con c6 mot sé cacbit nho min
phén tan bén trong nén.

Phén tich d6 hat sau khi xu 1y nhiét cho thiy dé hat
sau nhiét luyén c6 thé dat ti cap 4. V6i do hat nay dam
bao yéu cau lam viéc cho chi tiét.

Anh chup SEM (Hinh 6) cho thiy véi d6 phong dai
cao hon cho thay t6 chic 1a céc tim Ferrite song song
v6i nhau. Pay 1a dang td chirc dic trung cua bainite - t&
chire hinh thanh véi toc d6 ngudi cham hon.

X 10,0 10 1 SEM ¥ ymm

Hinh 6. Phan tich SEM hgp kim M2 sau xa ly nhiét

Cac tam Ferrite song song véi nhau & trong cung
mot hat khoang cach giira cac tdm la dao dong tir
0,36 dén 0,56pum.

3.2. Phan tich vé co tinh
Phan tich vé dé dai va dap:

So sénh gia tri do dai va dap cua mau sau cac ché do
xir ly nhiét (Hinh 7) cho thy: gia tri d6 dai va dap dat
I6n nhét 14 57,5)/cm? khi mau duoc nung & 650°C gitr
nhiét trong 02 gi® sau d6 nang tiép 1én 920°C giir nhiét
trong 03 @i va ngudi nhanh trong nudc; sau d6 mau
dugc ram & 250°C trong 06 gid dé dam bao cac chuyén
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bién xay ra hoan toan. Véi ché do trén thu duoc gia tri do
dai va dap 12 I6n nhét trong cac ché do xir ly. Vai t chic
ddc trung 1a bainite xen k€ la austenite du dam bao duoc
gia tri do dai va dap cua mau thép nghién ciu.

60.0
50.0
40.0
30.0
20.0
10.0

0.0

SO &v &b &b &’.\ &?o &

Hinh 7. Phan tich gia tri d¢ dai va ddp

Anh hong dén dg cimg

Phan tich gia tri d6 cing trén bé mat cua mau cho
thay cac ché do M2,4; M2,7 va M2,9 ¢ gia tri do cang
Xap xi nhau va véi gid tri ¢6 cing nay dam bao yéu cau
lam viéc cua chi tiét rang gau. Tuy nhién, két hop vai
gia tri 6 dai va dap cho thiy ché ¢6 M2,9 thoa man
c4c yéu cau dat ra ban dau cua hop kim nghién ctu.
Vi ché do M2,9 dam bao dugc V& td chuc thoa man
céc yéu ciu ban dau.

60 -Jlem? 57.5
50 45

40 35

30 - 30 26.3 27.5

20 A
10 A
o 4

M2.1M2.2M2.3M2.4M2.5M2.6M2.7M2.8M2.9

Hinh 8. Phan tich gid trj dé cibng trén bé mt

5. Két luan

Nhitng két qua nghién ctru cta cong trinh nay da
cho thdy sy anh huéng cua chit bién tinh Al va Ti va
ché do ram dén té chirc va co tinh cia thép Mn thap
g dung trong diéu kién mai mon va dam bao d¢ dai
nhat dinh. Ché do xir Iy cuia thép nghién ctru nhur sau:
sir dung dong thoi hai chat bién tinh 12 Al va Ti két hop
vai quy trinh xt ly nhiét phu hop. Quy trinh xu ly nhiét
cho thép nghién ctru 1a nung dén 650°C giit nhiét trong
02 gid sau d6 nung tiép dén 920°C giir nhiét trong 03
gi va ngudi nhanh trong nudc. Cudi ciing thép dugc
tién hanh ram & 250°C giir nhiét trong 06 gid. Véi qué
trinh xt ly nhiét nhu trén co tinh cua thép dat duoc la:
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gi4 tri d6 dai va dap cao nhét dat 57,5J/cm? va gi4 tri
do ciing trén bé mat 1250,3HRC. T6 chie té vi cua thép
sau bién tinh két hop véi xir Iy nhiét 1a to chuc bainite
két hop Vvéi austenite du. Khoang cach giita cac tam
Ferrite Ia tir 0,36 dén 0,56pum. Gia tri d6 hat hiéu qua
khi xt ly nhiét véi quy trinh trén la cap 4.
Loi cam on

Nghién cuu nay dugc tai tro boi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma s DT20-21.30.
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NGHIEN CUU TiNH TOAN CAC THONG SO THUY PQNG CUA
CHONG CHONG BANG PHUONG PHAP CFD

NUMERICAL PREDICTION PROPELLER PERFORMANCE BY CFD METHOD

TRAN NGOC TU*, LE THANH BINH, NGUYEN THI THU QUYNH
Khoa Pong tau, Truong Dai hoc Hang hai Viét Nam
*Email lién hé: tutn.dt@vimaru.edu.vn

Tom tat

Bai b&o trinh bay két qua mé phaong, tinh toan cac
thong so thuy déng cua chong chong (hé so luc
day Kr, hé s6 md men Kq va hiéu sudt cua chong
chéng o) hoat déng trong diéu kién tir do bang
phirong phdp déng luc hoc chdt hweu (CFD).
Phirong phdp hé toa dé quay diroc sir dung dé md
phong chuyén déng quay cua chong chéng. Anh
hieong ciia kich thuée luéi dén két qua mo phong
drgre dé cap dén trong bai bao. Két qua mo phong
¢6 sur 50 sanh véi két qua thie md hinh trong bé tha
dé khang dinh d¢ tin cdy cua két qud tinh ton.
Ngoai ra bai bao con duwra ra cac hinh dnh vé phan
bé &p sudt trén bé mar canh chong chéng, dwrong
dong bao quanh chong chéng tai cdc budc tién
twong doi khac nhau cia chong chong, phuc vu
cho cac bai toan khéac nhau trong thiét ké chong
chong.

Tir khéa: Chong chéng, CFD, hiéu suat, hé sé luc
day, h¢ s6 md men.

Abstract

This paper presents the results of numerical
prediction of propeller characteristics (thrust
coefficient Kr, toque coefficient Ko, and propeller
efficiency 70) in open water condition by using
CFD method. Moving reference frame method is
used to model propeller rotation. The effect of
mesh density on numerical results are analyzed.
The simulation results are compared with the
experimental results to confirm the reliability of
the calculation results. In addition, the article also
provided the images of the pressure distribution
on the propeller blades surface, the flow around
propeller at different advance coefficient of the
propeller, which will be the sources for solving
different problems in propeller design.

Keywords: Propeller, CFD, performance, thrust
coefficient, Torque coefficient.

1. Mé dau

Trong thiét ké tau, viéc tinh toan chinh xac céac
théng sb thily dong luc hoc cuia tau néi chung va cac
thdng sé thuy dong cua chong chéng néi riéng cé vai
tro dac biét quan trong bai no lién quan dén viéc lya
chon hop ly va chinh xéac hé dong luc cho tau dé tau
dat duoc toc do thiét ké dat ra.

Ngay nay, phuong phap CFD da va dang dugc st
dung rat rong rai trén thé gioi trong viéc giai quyét cac
bai toan thuy dong luc hoc tau thuy néi chung va bai
toan tinh toan cac théng sé thiy dong cia chong
chéng ndi riéng, boi day 1a mot trong nhiing phuong
phép tinh cho két qua tin cay so voi két qua thar mo
hinh trong bé thir [1]. Ngoai ra, so véi phuong phép
thir mo hinh trong bé thir thi phwong phap CFD ¢6 lgi
hon vé mat kinh té do khéng phai ché tao mé hinh vat
ly dé thr, thoi gian cho két qua nhanh hon, viéc xi ly
sau tinh toan CFD con cho phép ngudi thiét ké co thé
quan sat dugc chi tiét duong dong bao quanh chong
chong dé phuc vu cho viéc tdi wu hoa chong chong.
Tuy nhién, CFD chi ra mét cong cu tinh nén do chinh
xé&c cua két qua tinh bang CFD phu thudc rat nhiéu
vao k¥ ndng cta nguoi tinh toan nhu viéc lya chon
kich thugc mién chat long tinh toan, loai luéi, kich
thude ludi, md hinh vat ly, phuong phap méb
phong,...[2, 3].

Viéc ap dung CFD vao trong md phong, tinh toan
céc thong sb thay dong cua chong chong di duoc
nhidu céc tac gia thuc hién [2, 4-7]. Téc gia Judyta
Felicjancik [6] va cac cong su d tién hanh nghién cau
mo phong, tinh toan hiéu suat cua chong chong dudi
dang ty 1 mé hinh bang CFD qua phan mém thuong
mai Star-CCM+. D& mo phong chuyén dong quay cua
chong chéng, nhdm tac gia s dung phuong phap hé
toa d6 quay, loai ludi ma nhom téc gia st dung trong
mo phong 1a luéi da dién. Két qua mé phong ma cac
tac gia thu duoc cho sai s6 tir 2,5 dén 11% so véi két
qua thir md hinh trong bé thir tly thude vao budc
turong ddi cua chong chéng. Nhdm tac gia Nakisa va
cac cong su [5] da tién hanh nghién ctu anh huéng
cta cac mo hinh dong rdi khac nhau dén két qua tinh
toan cac thong sé thiy dong cua chong chéng. Két qua
nghién ciru chi ra rang, viéc sir dung md hinh dong roi
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SST K-omega cung Vvéi viéc st dung luéi truot cho
két qua gan vai két qua thir md hinh trong bé thir nhat.
Sai s6 16n nhét gitra hé s6 md men va hé sé luc day
ctia chong chéng so véi két qua thir md hinh trong bé
thir lan luot 12 9,6% va 7,4%. Téc gia Xiao-Qian Dong
cling cac cong su [7] da st dung CFD dé nghién ciau
anh huong cua ty 1¢ mo hinh dén két qua tinh toan hiéu
suit ctia chong chong hoat dong trong diéu kién tu do.
Két qua nghién ctru chi ra rang, ty 16 md hinh c6 anh

huong dén két qua tinh toan luc day va mé men cua
chong chéng. Nhom tac gia Tu.TN [2] da sir dung
CFD véi sy hd trg cia phan mém Star-CCM+ dé tién
hanh nghién cttu anh hudng cia loai ludi, kich thude
lugi va md hinh dong rbi dén két qua tinh toan cac
thdng s6 thuy dong cuia chong chong & dang ty 1¢ md
hinh. Két qua nghién cau chi ra rang, loai ludi, kich
thude lugi va md hinh dong rbi déu la cac yéu té anh
hudng dén két qua md phong. Trong d6 viéc sir dung
loai ludi luc dién két hop véi mé hinh dong réi SST
K-omega cho két qua tét nhét so véi két qua thir mod
hinh trong bé thu.

Céc nghién ciru di true ké trén dong vai tro quan
trong trong viéc &p dung CFD vao trong tinh toan cac
thdng s thily dong caa chong chong. Tuy nhién, ¢ day
c4c nghién ctru o trén da phan méi chi tap trung vao
nghién ciu md phong, tinh toan cac théng sé thuy
déng cua chong chéng ¢ dang ty I€ md hinh. Bai bao
nay, trén co s& ké thira cac nghién ciru di trudc sé tién
hanh tinh toan, md phong céc thong sé thuy dong cua
chong chéng ¢ dang ty 1¢ thuc hoat dong trong diéu
kién tu do bang phwong phap CFD. M6 hinh chong
chéng dugc st dung trong tinh toan 1a mé hinh chong
chéng Potsdam [8] & dang ty Ié thuc . Cac yéu té anh
huéng dén két qua mod phong gom cach chia ludi, mat
d6 ludi s& dwoc phan tich va tinh ¢én nham nang cao
do tin cay cua két qua md phong thu dugc.

2. Thiét 1ap md phéng
2.1. M6 hinh chong chéng

Hinh 1. Hinh dang chong chéng Potsdam [8]

KHOA HOC - CONG NGHE

M6 hinh chong chong dugc sir dung trong nghién
ctru nay la chong chéng Potsdam [8]. Hinh dang va
céc thdng s6 chu yéu ctia chong chong nay dugc trinh
bay trén Bang 1 va Hinh 1. Két qua tht trong bé thir
ctia chong chdng nay duoc cong bé trén website [8].

Bdng 1. Cac thdng sé ky thudt ciia chong chéng

Potsdam

Cic thong sb Pon vi Gia tri
Puong , kinh D m 3,00
chong chéng
Ty s6 dia Ae/Ao - 0,779
Ty s6 bude Po.7/D - 1,6295
S6 canh z - 5
S6 vong quay n Vong/giay 4,33
P06 nham ks pum 10
Chiéu quay - - Quriy

phai

2.2. Phwong phdp mé phong va mé hinh vt ly

Dé md phong chong chéng bang CFD, hién c6 ba
phuong phap khac nhau gdm [9]: Phuong phép sir
dung hé toa d6 quay, phuong phap toan mién chat long
quay va phuong phéap ludi truot. Trong d6 phuong
phap hé toa d6 quay cho két qua khong khac nhiéu so
Vi hai phuong phap con lai nhung thoi gian tinh toan
nhanh hon. Chinh vi vdy, bai bdo nay s¢ sir dung
phuong phap hé toa d6 quay dé md phong chuyén
dong quay caa chong chéng. M6 hinh vat 1y dugc st
dung trong mod phong 1a md hinh chét long thuc
RANSE (phuong trinh Navier-Stokes trung binh theo
Reynolds) véi dong chay déu do dong chay dén chong
chéng & diéu kién tu do 1a dong chay déu. M6 hinh
dong chay réi dugc sir dung trong md phong la md
hinh dong ri SST K-omega. Day 1a m6 hinh dong réi
cho két qua tin cay hon so voi cac md hinh dong rdi
khac trong mé phong chong chéng [2].

2.3. Thiét Idp kich thwéc mién tinh todn va diéu
kién bién

Kich thudc mién chat long tinh toan va diéu kién
bién 1a mot trong nhitng yéu té anh huong dén két
qua mo phong. Kich thudc mién chat l6ng tinh toan
can phai du I6n d¢é dam bao dong chay dén chong
chéng 1a dong chay déu va dong chay phia sau chong
chéng khong bi doi lai. Theo khuyén nghi caa ITTC
[10], kich thuéc mién tinh toan trong md phong
chong chong hoat dong trong diéu kién tu do c6 dang
hinh liang try voi dwong kinh gap 5 lan duong kinh
chong chéng, bién trudc va bién sau cach chong
chéng mot doan bang 4 lan dwdng kinh chong chéng.
Diéu kién bién duoc &p dung nhu sau: Dong chay
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dén chong chong 1a toc d6 dong dén, dong chay sau
chong chéng la &p suat dong ra, mién chat long bao
quanh chong chéng la mat dbi xung, diéu kién bién
ap dung cho cac phan cua chong chéng (canh, cu,
truc) la tuong khong truot.

Mat bao quanh
(Symmetry plane)

b
0N
— Pressure

" outlet

dong chay
den (inlet) )
twong khong treot
(No-slip wall)

Hinh 2. Kich thwéc mién tinh todn va diéu kign bién [2]

2.4. Lua chon ludi va chia ludi

Loai luédi, cach chia lugi va kich thudce luéi cling
1a mot trong nhitng yéu t6 diu vao anh huong dén két
gua mé phong. Trong moé phong chong chéng loai luéi
thuong dugc st dung 1a loai ludi hexahedral va loai
lugi prism layer dung dé giai 16p bién bao quanh
chong chong. Dé s6 lwong ludi st dung 12 it nhét trong
khi van dam bao duoc do chinh xac trong mo phong,
ludi s& dugc lam min tai cac vi tri quan trong nhu (khu
vuc gan chong chdong, khu vuc mép cénh). Két qua
chia lué6i dugc trinh bay trén Hinh 3. Trén Hinh 3, ta
¢6 thé quan st thay tai cac khu vuc quan trong thi lugi
déu duoc 1am min, nghia 14 kich thudc ludi tai cac khu
vuc ndy nho hon so véi cac khu vuc khéng quan trong.

grovy=—y Il
i 1 i 5 6 G I
T

Hinh 3. Két qud chia ludi

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

2.5. Thiét ldp diéu kién va trwomg hep tinh
Viéc tinh toan céc thong sé thity dong cua chong
chéng s& dugc thyc hién trong diéu kién gidng nhu
diéu kién trong thir thuc té véi khéi lwong riéng cua
nude p=1,02587t/m?, @6 nhét dong hoc cia nuéc
v=1,188.10°m?/s, ¢6 nham cuta canh 10pm, vong
quay cua chong chéng 4,33 vong/gidy. Viéc tinh toan
s& duoc thyc hién trong dai budc twong ddi cua chong
chéng, J tir 0,80 dén 1,60 véi budc 13 0,2.
3. Két qua md phéng tinh toan
3.1. Nghién cearu s héi tu ciia ludi
Budc dau tién trong tinh toan bang CFD la ta cin
phai nghién ctu su hoi tu cua lugi dé tranh cac sai s6
do viéc chia ludi gay ra. O day, theo khuyén nghi cua
Hiép hoi bé thir quéc té (ITTC) [11], viéc nghién ctu
sy hoi tu cua ludi s& dugc tién hanh véi ba mat do
(kich thuéc) lusi khac nhau véi sy thay doi ty 1¢ do

min ciia ludi 12 r, = /2 . Theo do, 3 mat do ludi dugc

st dung trong nghién ctu sy hoi tu caa ludi gom ludi
thd, ludi ¢& trung va ludi min ang voi sé luong ludi
lan luot 1a 1,8, 3,45 va 6,28 triéu. Viéc nghién cuu
duoc tién hanh tai budc tién tuong d6i d6i J=1,2.

Su thay dbi v& két qua tinh thu duoc khi sir dung
cac ludi co kich thude khac nhau duoc xac dinh theo
biéu thuc:

&, =(5,-5,)/8;;6;,=(5,-5,) /S, 1)

O day: S, S», Ss - 1a két qua tinh toan cac thong sd
thuy déng caa chong chong khi st dung cac kich
thude ludi khac nhau lan luot 14 ludi min, ludi c&
trung va ludi tho.

Sy hoi tu cua két qua md phong dugc danh gia
dua trén biéu thue (2). Ty thudc vao dau va gia tri
cua Ry, s& ¢ 3 trudng hop xay ra gom:

- Hoi tu don diéu 0<Re<1;
- Hoi tu phén ky R<0;

- Khong hoi ty Re>1.
R =22 @
€x

Két qua nghién cau su hoi tu cua ludi tai J=1,2
duoc trinh bay trén Bang 2.

Tir két qua nghién ciru su hoi tu cua ludi trén Bang
2, tathdy rang két qua md phong thu dugc & ca 3 thdng
sb thuy dong cua chong chong 13 hoi tu don diéu va
su thay dbi gié tri cac théng sé thay dong cua chong
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chéng & day 1a rat nho va khong khéc nhiéu so véi két
qua thir md hinh (Kr, 10Kq, no ¢6 gia tri lan luot 1a
0,297, 0,766, 0,740 [8]). Chinh vi vay, ¢ day s& st
dung ludi ¢& trung dé tién hanh tinh toan cac thong sé
thity dong cua chong chdng ¢ cac budc tién twong ddi
khac nhau con lai cua chong choéng tinh toan.

Bdng 2. Két qud nghién ciru sw héi tu ciia lwéi tai J=1,2

Cic Mat d luéi
thong | Luoi .
P Ludéi . Luéi £23 €12 Rk
s0 co
thé min
trung
Kr | 0,283 | 0,287 | 0,290 | 0,014 | 0,010 | 0,74
10Kq | 0,766 | 0,759 | 0,758 |-0.009 |-0,001 | 0,14
mo | 0,706 | 0,722 | 0,731 | 0,023 | 0,012 | 0,50

3.2. Két qua mo phéng

Kr, 10Kq, 10 [-]
1.20

1.00
0.80
0.60
0.40

0.20

0.00

08 1.0 12 14 1.6

Hinh 4. So sanh gisa két qud tinh bang CFD vdi
két qud thiz mo hinh

Két qua tinh toan cac thong s thuy dong cia
chong chong 1am & diéu kién ty do khi so vai két qua
thir mo hinh duoc trinh bay trén Bang 3 va Hinh 4.

Tu Bang 3 va Hinh 4, ta thay rang, két qua tinh
toan mo phong kha sat so vai két qua thir mé hinh, dic
biét 14 tai cac budc tién twong dbi J nho (sai s6 tir 1,2
dén 4,2% d6i voi KT, 0,7 dén 3,1% déi véi KQ; tir 1,0

KHOA HOC - CONG NGHE

Absolute Total Pressure (Pa)

-8.2000e+05 -4.2600e+05 -32000. 3.6200e+05 7.5600e+05 1.1500e+06

Hinh 5. Phan bé ap sudt trén mér dap va mat hat cia

canh chong chdng tei cac J khac nhau

dén 2,9% ddi véi o tai budc tién tuong ddi J tir 0,8
dén 1,4). Sai s6 trong ddi tang 1én khi budc tién twong
dbi tang dac biét 1a tai budc tién J=1,6 (bén kia suon
clia duong cong). Tuy nhién, xét dudi goc do sai s6
tuyét ddi thi murc sai s thu duoc 1a xap xi nhu nhau &
cac J khac nhau.

Bing 3. Bing két qud tinh todn cdc thong soé thiiy dgng ciia chong chong tai cac J khac nhau

Kr 10Kq no

J | Kétqua | Tinhtoan .| Kétqua | Tinhtoan . | Kétqua | Tinhtoan .

. % sai sO . % sai sO . % sai sO

tht [8] | bang CFD thr [8] | bang CFD thi [8] | bang CFD

0,8 0,512 0,505 14 1,168 1,187 -1,6 0,558 0,542 2,9
10 0,401 0,396 1,2 0,965 0,977 -1,2 0,662 0,645 2,6
1,2 0,297 0,287 2,0 0,766 0,759 0,7 0,740 0,722 1,3
14 0,190 0,182 4,2 0,549 0,532 31 0,770 0,762 1,0
16 0,064 0,059 7,8 0,279 0,262 6,1 0,586 0,573 2,1

SO 66 (4-2021)




TAP CHI ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

KHOA HQC - CONG NGHE

Céc hinh anh vé phan b ap suét va toc do dong tai
cac budc tién tuong d6i khac nhau J duoc trinh bay
trén Hinh 5 va 6.

<
o o O 9
Axial Velocity (m/s)
S1.7000  -Z319000  -16.7000 -8.5000 -0.500000 /.5000
e N |

Hinh 6. Phan bé téc d@g dong chdy doc theo phiong
doc truc chong chong tei cac J khac nhau

5. Két luan

Bai bao da thanh céng trong viéc 4p dung CFD vao
trong nghién ctiru md phong cac théng sé thuy dong
cuia chong chéng hoat dong trong diéu kién ty do. Két
qua tinh todn mo phong thu dugc rat gan véi két qua
thir md hinh (Sai s6 ddi véi hé sé luc day dao dong
trong dai tir 1,2 dén 4,2%, ddi véi hé s6 md men sai
s6 nam trong dai tir 0,7 dén 3,1%. Sai sé dbi hiéu suat
cua chong chéng 1a tir 1,0 d&én 2,9%). Ngoai ra, bai
b&o con chi ra sy anh huong cua kich thude ludi dén
két qua md phong va thu duoc. Bén canh dé bai bao
con dua ra mot s hinh anh vé duong dong bao quanh
chong chéng, phan b &p suét trén bé mit canh chong
chéng tai cac budc tién twong ddi khac nhau cua
chong chéng. Pay 1a cac hinh anh rat quan trong trong
viéc phan tich duong dong phuc vu cho céc bai toan
khéc trong thiét ké chong chéng.

Loi cam on
Nghién ciru nay dugc tai trg boi Truong DPai hoc
Hang hai Viét Nam trong dé tai m4 sé DT20-21.20.
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DU BAO LUC CAN GIO CHO TAU CONTAINER CHAY TRONG BAO
BANG CAC PHUONG PHAP GAN DUNG

PREDICTING WIND RESISTANCE OF CONTAINER VESSELS BY
DIFFERENT APPROXIMATED METHODS
PHAM VAN NGOC, PO PUC LUU"
Vién Nghién cizu Khoa hoc & Cong nghé Hang hdi, Truong Dai hoc Hang hai Viét Nam
*Email lién hé: luudd@vimaru.edu.vn

Tom tat

Tau container Fortuner Navigator (CV FN) thugc
cdng ty Vdn tai bién Viet Nam (VOSCO), 1a tau
cho containers, chay tuyén Hai Phong - TP Ho
Chi Minh. Tau hogr déng trén bién trong nam
thuong ¢6 song va gi6é (Beaufort number, BN) tzr
cdp IV dén cap VIII. Trong diéu kién nay xudt hién
hai thanh phan luc can bé sung do séng bién
(Raw) va gié bao (Raaw) lam cho luc can chung
Ciia tau tang Ién rat nhiéu (tly thugc vao cap séng
gi6). Thanh phan Raaw khéc biét nhiéu so véi
thanh phan luc can do gi6 sinh ra (Raa) tinh toan
6 ché dg khai thac binh thuong (song gié duwdi
cap 1) khi thiét ké déng méi tau. Bai bao trinh
bay két qua dir bao Raaw khi ding mét sé phuong
phap gan ding doi véi CV FN trong khai thac trén
bién, nam 2015. Cdc tac gia xay ding md hinh hoi
quy Véi dé tin cdy cao (99% theo tiéu chudn théng
ké Schi va Fisher) cho diz liéu dau vao cia mét so
phiong phdp gan ding dwoc sir dung. Mé dun
phan mém tinh, dir bdo thanh phan Raaw khi tau
FN chay trén séng bao (tir cap IV dén cdp VIII)
dwoC Cac tac gia xay dung trén LabView.

Tir khoa: Luc can gi6 bién Ién tau; Phan mém Dy
bao luc cdn gié khi tau chay trén song; CV
Fortuner Navigator (VOSCO).

Abstract

The container vessel Fortuner Navigator (CV FN)
belongs to the Vietnam Ocean-going Ship
Company (VOSCO). The fleet is container type
and operated voyaces between Hai Phong and Ho
Chi Minh cities (Vietham). Normally, the sea
conditions usually are un-normal for the ship
exploitation and the sea-wave and wind are
scalled from 1V to VIII via Beaufort Number (BN).
In these un-normal conditions, the two hull
resistances components (Raw and Raaw) are
additional and appeared in accordance with the
ship hull working on the heavy sea-wave and wind
conditions. The total hull resistance in accordance
with the BN of the sea-wave is rapid increased
comparing with the one for the newly building
sea-going ship (the designed, calculated in the
normal conditions). The paper presents the

predicted results of the sea-wave wind resistance
Raaw by some aproximation methods for MV FN
exploitation at sea, in 2015. The authords
modeled by the regressive models with 99%-
confidences (in accordance with the statistic
criterions Fisher and Schi) for predicting the
Raaw.The module software coded by authords in
Labview for automatic predicting the Raaw in
accordance with the different selection methods,
rellativelly.

Keywords: Sea-wave wind resistance; Sea-wave
wind resistance prediction; CV  Fortuner
Navigator (VOSCO).

1. Pat van dé

Thuyc té khai thac tau bién dugc dién ra trong hai
nhém trang thai méi truong: didu kién khai théc binh
thuong va dac biét. Biéu kién binh thuong dugc ding
khi tinh todn lyc can vo tau va chan vit trong hé dong
lyc chinh tau bién (main propulsion plant, MPP). Piéu
kién khai thac binh thuong dwoc dinh nghia: song bién
yén lang véi BN tir 11 tré xudng; chidu chim thiét ké;
d6 sau bién khong han ché, va khong chay trong ludng
lach. O diéu kién khai thac binh thuong luc can séng
(Rw, kN) dugc xem nhu 1a thanh phan co ban cua luc
can tau chay trén nude tinh, con lyc can khong khi
(Raa, kN) rit nho so véi luc can tong than tau trén
nudc tinh (R, kN). Ti 18 raa%=RAA/RT dbi véi tau
van tai bién thuong khong qua 4%. Vi du: raa% = 2+4
theo Havald S [1] va theo Voikunski | [5]; raa % = 4
cho container theo Molland A, Turnock S va Hudson
D [3]; Rawson K va Tupper E [4]; raa % = 0,5+1,5
theo Jinkin A [6]. Thanh phan nay thudng bo qua va
sau khi tinh luc can tong s& dugc cong thém mot
lugng % nhét dinh.

Trong s6ng gio6 (diéu kién khai thac dac bigt), van
téc gié tang 1én rat nhiéu theo cp song gié (BN), tir
do thanh phan lyc can b sung tir gio RAAW la dang
ké, tham chi c6 thé lén hon lyc can bd sung do séng
theo Molland A, Turnock S va Hudson D [3].

Do vay can phai nghién ctu lya chon phuong
phap (PP) di va dang duoc sir dung tinh du bao thanh
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phan Raaw Va tir d6 xay dung phan mém cho tu dong
tinh luc can nay.

Hién nay dé xac dinh Raaw thuong st dung cac PP
truyén thong duoc dua ra tir cac nha nghién cuiu, cac
Vién nghién ciu thir nghiém, bé thir tau,... Cac két
qua thu dwoc déu mang tinh dy bao, udc lugng. Cac
PP str dung can duoc nghién ctu, so sénh két qua md
phong sb truge khi ding chang cho te dong du bao
Raaw khi thay d6i BN d6i v6i mot tau nghién cuu.
Déi twgng duoc chon 1a CV FN thuoc VOSCO, chay
chuyén tuyén Hai Phong - TP. H5 Chi Minh, vi day 1a
dbi twgng dic thu tai ving bién khai thac ¢ Viét Nam
ma cac tac gia c6 kha ning tiép can vai co so dir liu
thiét ké ciing nhur trong khai thac.

2. Phuong phap nghién cau

Luc can toan phan khi tau chay trong séng bao:
R = RT + I:\)AW + I:\)AAW (1)

Trong d6, ky tu T, AW, AAW - tuong ung Vai luc
can tau tai trang thai nude tinh (binh thuong), luc can
bd sung do song va lyc can tang thém do tau chay trén
song va c6 gio (d@dng hanh cing véi bao).

Trong bai bao nay, cac téc gia chi dé cap dén thanh
phan lyc can bd sung do gi6 (Raaw), con thanh phan
luc can bo sung do séng Raw da duoc dé cap trong bai
bao khac [9] cling nhu cac tai liéu chuyén nganh lién
quan [3], [5], [6]-

Raaw sinh ra do gié c6 van tc tuong ddi Vew
(relative wind, m/s) sau khi tuong tic véi van toc tau
V., m/s (Hinh 1) tac dong 1én bé mat kién trac thugng
tang (phia trén duong nudc) cua tau véi dién tich mat
tiép xuc vudng goc (theo hudng chuyén dong tau x-x)
Sa, M2,

Trong thuc té khai thac, tau chay theo mot huéng
nhat dinh so véi huéng la ban (cac phuong Bac - Nam
- bong -Tay, véi ky hiéu: N - S - W - E. Vi du: Gid
SE5, va tau chay theo huéng géc av = 205°. Nhu vay:
SE-5 (Tay -Nam, cép 5) tuong duong omw = 225° .
Goc léch gitra gi6 va van toc tau: Brw = arw - av =
225 - 205 = 20°.

Vin téc gid tuyét dbi dugc dua dudi dang bang [5]
tuy nhién van téc nay ciing duoc dua dugi dang ham
theo bién 1a cap gié BN [2]:

V., (BN) = 0,839(BN)** @)

Khi Brw = 0 hodc Brw = 180°, thanh phan lyc can
gi6 1a do van toc gi6 twong d6i Vrw tao nén. Khi Brw
c6 gié tri bat ky s& tao ra thanh phan lyc can gié thay
dbi truc tiép dén van téc tau, Raaw, hinh chiéu cua luc
can song (chung) trén truc x-x.
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Van téc gi6 tuyét dbi duge do tai do cao Hw =10m
S0 V6i muc nudc bién. Tuy nhién, tai do cao khac 10m,
¢6 thé dung cong thuc giai tich dé tinh [2] .

V - Vin tic thin tau, m/s
Vgw - Viin tic gié twong doi, m/s

Vrw - Vin tic gié thue (uyét ddi) theo BN, m/s
(xéc dinh theo BN)

Hinh 1. Quan h¢ gida vdn téc gié va vén téc tau

Vin te gio twong ddi duoc xac dinh:

— —\2
VW: (VTw-V) =

R
o ©))
2 2
[V2, + V2 +2vV, cos(,,,)]
V.
Bew = asin|: v sin(ﬁTW)} 4
VRW
PaVa
R = CanCOSB ey AZRW A, ®)

Trong d6, khdi lugng riéng khong khi pa =
1,226kg/m3; Caa= Cx - hé sb can gi6 theo truc x-x
cua tau; At - dién tich hinh chiéu phan khd than tau
Ién mat phang suon gitra, m?2.

2.1. Gid thuyét h¢ s6 Caa khéng doi [5], [6]

D4i véi tau van tai bién hién dai Caa =0,7, va gia tri
Ar c6 thé theo Archuiskov L (Jinkin A (2010, [6] Tr.
109):

Ar=25L
Trong d6: L - chiéu dai tau, m.
Cong thuc gan dung dau tién duoc thé hién tir (5) :

2o 1,266.10°VZ
R = 0,7.cO8%B,, —————F% 2 51

=1,073.10°.L.cos’B,,. V5, kN

RW?

(6.2)

Phuong phép cai tién dugc viét dudi dang truyén
thong cua luc can theo Havald S (1983, [1] Tr.73) va
Larson L (2010, [2] Tr.98), cong thirc (5) duoc bién
doi vé dang:
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2 2
RAAW = C*AAW MS
=0, 9195.10'3.L.COSZBRW.V§W, kN
*AAW = Cx 2 5.pAVZIzA’T
0,5.p, V'S
N 0,6.1,226.2,5 L

— =1, 794143.E
1025 S S

. (6.b)

2.2. Cong thirc gdn ding luc can gio tir mo
hinh héi quy tinh theo géc gié twong déi tac
dong [4]

Cong thuc tinh luc can khéng khi do cac nha
khoa hoc Nhat Ban dua ra trong tai liéu ctia Rawson
K va Tupper E (2001, [4] Tr.446 -447):

V2
R :CARpATRWX

AAW
X(AcosB,,, + Csin’B
O d6, hé s6 Carduoc xac dinh tir md hinh hdi quy
ddi véi tau cho hang/container:

()

RW)

C, =1,325-0,05c052B,,, - 0,35c0s4p

-0,175cos6B,,, ®
Hé sé dién tich A va C, m? duoc xac dinh:
A = B*(X, -0,004755T);
(X4 ) ©)

C = L*(X, - 0,0006 8T); 5T = (T / T, )100%

Trong d6: T va TeL - chiéu chim thuc té khai théc
va khi tai hang cuc dai, m; B - chiéu rong tau, m.
Déi vai container, Xa = 1,225; X¢ =0,110

2.3. Cong thirc gan ding hé sé can gioé tir mod
hinh héi quy da bién [4], [5]

Phuong trinh hdi quy da bién (MVRM) xac dinh
hé s6 Cx (cong thirc 6.b), dwoc thyc hién qua giai
tich hoi quy trén dir liéu gom 49 tap mau theo tai liéu
cua Rawson K va Tupper E [4], va Voikunski | [5]:

6
Cy=a,+ Zakxk
k=1

O d6, cac hé s6 ag, a1 ... as dua dua ra dudi dang
bang, phu thugc vao gdc Brw; cac bién Xy, k=1...6
cling dwoc dua ra dudi dang bang gdm 11 hang va 6
cot. Cac hang cua bang: 1a dir liéu cho 11 loai tau
duoc nghién cau: Tau khach/tau hoi nudc; tau cho
hang c6 budng may nam ¢ giira/dudi tau va khi tau
toan tai hang/hoac khi chay ballast; tau dau/cha
quang c6 budng may nam ¢ giira/dudi tau va khi tau
toan tai hang/hoac khi chay ballast; tau ca; tau kéo.
Pham vi &p dung cua md hinh hdi quy (10) theo géc

(10)
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gi6 Brw = [0-180] dd, bude thang 10 do, va 11 loai
tau dugc nghién ctu; chidu chim tai hai muc ballast va
toan tai hang. Tai cac ché do khéc, sir dung phép toén
ndi suy gan diing, hoac qua viéc md hinh hda hoi quy.

2.4. Md phéng du b&o luc can gié bé sung cho
tau container FN

Mb dun phan mém dy bao luc can bd sung tir gi6
do cac tac gia xay dung trén LabView, ap dung cho
tau container FN, str dung cac cong thiac da néu tai
muc 2,1 + 2,4 phia trén.

Phin mém nén LabView duoc trang bi c6 ban
quyén do hang NI (National Instruments, Hoa Ky) xay
dung trén co s¢ san phan cua dé tai cap Qudc gia do
Truong Dai hoc Hang hai Viét Nam chu tri, GS Luong
Co6ng Nhé 1am chii nhiém. Do vay, cac san phim duoc
xay dung c6 thé ma rong chuyén giao cong nghé ma
khéng vi pham vao ban quyén.

Tau FN la mot trong 2 tau chuyén dung, cho
container chuyén tuyén cua VOSCO. Cac s6 ligu vé
kich thudc hinh dang than tau la cac hinh vé 2-D dugc
luu trit tai phong Ky thuat cua cong ty [7]. Sé liéu
khai thac lién quan dugc may trudng bao cao dinh ky
hang ngay trén Email (Noon Reports) [8]. Céc tac gia
tiép can véi dir lieu khai thac tau tir nam 2014 &n
2020. Trong bai béo nay, cac két qua nghién ciru tinh
toan mod phong ¢ dit liéu dau vao tir khai théc thyc té,
vi duy trong chuyén hanh trinh tir cang A dén B, thoi
gian, hudng va cap gid, goc chuyén dong cua tau (so
v6i la ban trén tau), van tc tau, chiéu chim tau. Céc
dir liéu khéc lién quan duoc lya chon trén co sd hd so
thiét ké tau, s6 liéu tir sb tay tra ciru ly thuyét tau

Muc dich: trén co so ly thuyét da xay dung, trién
khai xay dyng phan mém lap trinh tuong tmg, dwa ra
két qua tinh du bao, danh gia luc can gi6 bd sung dé
so sanh, kiém chimg tinh twong dong cua cac két qua
theo cac phuong phap khac nhau.

Két qua nghién cau luc can gié Raaw dugc nghién
ctru cho dai van toc tau V gia dinh tir [6-14] knots
tuong ng véi chidu chim (tai hang) khong ddi & mirc
cu thé bt ky theo s liéu khai théc thuc té cua tau.
Pau ra la céc gié tri luc can gi6 tai cap gi6 (BN) tly
chon, phu thudc vao phuong phap st dung (mét trong
4 phuong phap, twong ung Véi cac phuong trinh (6.a),
(6.0), (7) va (10).

Két qua dwoc vé trén Hinh 2 cho mot ché do mo
phong: T=7,75m, gi6 huéng Tay Nam 225 d9, cap VI,
vGi gdc hanh trinh tau 220°, nghia 13 hudng gié va
huéng tau gan nhu dong hanh véi nhau.
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RAAW- Comparation Graph for using methods

32-

DESIGN:T.TM  T{m) 1.75
WW_Input

== HUONG GIO CAP-GIO

T

SE(115 CAP VI =
(225) 3 »-
220 INPUT-COURSE 20—

[0-360 deg)
18-
DANG SONG

DA PHAT TRIEM 16—

14-

1-Cx=07 [~
2-Cx=06 [+~
I-lapaneseRM [~
4C-MVRM [ =

Hinh 2. Mé phéng luc cdn gi6 tau container FN tgi T=7,75 m, gié Tay-Nam, cdp VI, hwéng tau 220°

Bdang 1. Pdnh gid luc can gi6 bién trong thang 2, nam 2015 tiu Container FN (VOSCO)

Thiri gian BN Course SPD ng T Rosw. KN So sanh

DD-M-YY Deg |lmots | RFM | m | pp1| PP2 | PP4 | PP3 | B4y | 3(24) | 8(13) | 839
31-Jan-15 | NE6 | 1670 | 11,8 | 173,36 | 8,10 | 51,8 | 444 | 483 | 1094 | T7.2% | 81% | 52,7% | 126,5%
01.Feb-15 | NE6 | 1610 | 10,5 | 173,32 | 810 | 564 | 483 | 52,5 [ 107,01 | 7.4% | 8,0% | 47.3% | 104,0%
02.Feb-15 | NE7| 2330 | 128 17337 | 805 | 14| 12| 13| 95| T77% | 7.7% | 853% | 630,8%
04-Feb-15 | NE7 530 | 102 | 17361 | 800 | 15| 13| L4 | 105 T.A% | T1% | 857% | 650,0%
05-Feb-15 | NE7 | 352,0 81| 173,71 | 799 | 33,6 | 288 | 31,2 | 745| T.% | 7.,7% [ 549% | 138,8%
06.Feb-15 | NE7 | 341,0 94| 180,39 | 798 | 321 | 275 | 298 | TL2| 7% | 7.,7% | 549% | 1389%
18-Feb-15 | NE4 | 2430 | 126 | 17368 | 555 | 1,3 11| 1,1 | 39| 182% | 0,0% | 667% | 254,5%
19-Feb-15 | NE4 | 2760 | 11,8 | 16685 | 554 | 39| 33| 33| 106 182% | 0,0% | 632% | 221,2%
11-Feb-15 | SES 1610 | 10,3 | 173,36 | 818 | 3,7| 32| 35 76| 57% | 8,6% | 513% | 117.1%
23.Feb-15 | SES| 2330 | 12,0 | 17344 | 817 | 76| 65| 70| 91| 7.0% | 85% | 165% | 282%
17.Feb-15 | NES 530 | 105 (17344 | 695 04| 04| 04| 39| 00% | 0,0% | 89.7% | 875,0%
28.Feb-15 | NES | 3410 | 1209 | 1733 | 694 | 73| 62| 65| 149 123% | 4,6% | 5L,0% | 129,2%

3. Két qua nghién ciru va thao luan

Str dung mé dun phan mém (Virtual Instrument,
V1) ham héa céc thong sé thay lyc theo chiéu chim T,
m. Céc két qua nay ciing duoc sir dung trong tinh dy
bao luc can song bd sung, da dwoc trinh bay trong
[9]. Ngoai ra, mé dun phan mém dugc xay dung mai,
trién khai &4p dung PP4 cho ty dong tinh cac hé s6 A
(k=0, 1...6), tir d6 tinh hé s6 can khdng khi Cx theo
mo hinh hdi quy da bién (cong thirc 10) trén co so:
ham hoa dir liéu tir bang theo goc gid (tir 0-180 do)
bing mo hinh da thic bac hai, theo phuong phap
binh phuong nhé nhat cac sai s6. Cac md hinh hoi
quy déu dat do tin cdy cao 99% theo tiéu chuan
thdng ké (Fisher va Schi) gitra s6 liéu dau vao va gia
tri mo hinh thu dugc. Xay dung VI du béo luc can

gi6 bd sung khi CV FN chay trén bdo Raaw (T, BN,
V) ddng thoi hién thi cac gia tri tinh dwoc theo cac
phuong phap gan ding dugc nghién ciu, 3 bién diéu
khién: chiéu chim trung binh T, m; séng gié BN va
van téc tau V, knots.

Trén Hinh 2 chi ra két qua tinh toan lyc tir céc
PP gan ding néu trén. Két qua tinh tir phwong phap
thir nhat (Cx =0,7) dwa ra c6 gia tri I6n nhat, gan
vé6i két qua dung PP thir 3 (PP Nhat Ban). Pudong
dic tinh cua PP4 (MVRM) nam giita cac dic tinh
cta cac phuong phap con lai. Tuy nhién, sau khi
khao sét cac tinh hudng khai thac khac nhau, két
qua chi ra rang: cac két qua - dac tinh can gié bd
sung tinh tir PP3 va PP4 déu thay ddi va giira bdn
dic tinh trén khong khing dinh duoc dic tinh nao
tuong dong nhat véi dac tinh nao.
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Trong Bang 1 tap hop két qua tinh Raaw cho CV
FN vai s6 liéu khai thac thuc té tau trong thang hai
nam 2015. Phan tich két qua luc can gi6 trong cac
trudng hop tau chay bao (BN cap 4-7) tai Bang 1 cho
thdy & c&c mén nudc, van toc tau, hudng gié va hudng
diéu dong tau, két qua sai khéc tinh tir cac PP1, 2 va 4
nho hon 19%,; gitra PP 1 va 3 thuong nho hon 100%,
va gitta PP3 va 4 thuong I6n hon 100%, tham chi trén
800%.

Ching ta thiy duoc tinh twong dong vé quy luat
bién déi trong cac két qua tinh Raaw cho ca bén
phuong phap: phu thudc vao Brw va van toc gié twong
dbi Vrw (trong quan van toc tau V, van téc gi6 tuyét
déi va goc gid tuyét ddi Brw) theo cong thic (3).

4. Két luan va kién nghi

Két qua nghién ctru da chi ra ring phuong phép
giai tich dir liéu hdi quy dé ham hoa cac dic tinh thuy
lyc va céc dir liéu dang bang (d6 thi) bang cac mo
hinh toan, c6 kiém tra do tin cay cua cac md hinh 1
mét phwong phap hitu ich, kha thi cho ty dong lap
trinh tinh (md phong) thanh phan luc can gié b sung.
Phan mém md phong (VI) dugc xdy dung trén
LabView c6 kha nang tich hop trong phan mém chung
tu dong tinh (du bao) luc can vo tau, chan vit trong
khai th&c khac nhau.

Két qua md phong sb theo 4 phuong phap khac
nhau, trong d6 PP4 1a phuong phap tich hop ly thuyét
va thuc nghiém c6 tinh kiém chang cho 11 dang tau,
da dua ra buc tranh twong dong giita cac PP ddi véi
CV FN: Trong cac truong hgp dugc nghién ctu, PP4
kha phti hop voi PP1 va PP2, c6 nghia 1a hé s6 lyc can
khong khi ¢ thé chon trong pham vi [0,6-0,7]. Trong
truedng hop chung, PP4 s& 1a phuong phap chon hra tot
theo su thay di cuia gié va van tdc tau tac dong toi luc
can gio bé sung.
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UNG DUNG PLC BE THIET KE BQ PIEU KHIEN BAM TiN HIEU

MO PHONG HANG HAI CUA TO HQP DRIVE/PQNG CO SERVO

USING PLC FOR DESIGN THE CONTROLLER TRACKING MARINE
SIMULATOR SIGNAL OF THE DRIVE/SERVO SYSTEM
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Tom tat

Hién nay, hé thong md phéng hang hdi duoc sir
dung réng rai nham hiéu dweoc s trong tac giira
thuyén vién va con tau, cia hanh vi nguwoi diéu
khién tau va trong dao tao thuyén vién. Trong
nghién cizu ndy, san chuyén dgng cua ca bin lai dé
xudt la kiéu truc song song, duot truyén déng boi
ba dong co servo. Tur do, bai bao trinh bay mét bé
diéu khién dua trén PLC va Drive nham tqo ra su
két hop d@éng hoc phi tuyén ciia mé hinh déng hoc
3 bdc tw do Stewart trong thudr todn diéu khién
Feedforward, b0 md men tai va du b4o s6 dé tang
doé trung thuc va khd nang bam cua tin hiéu mo
phong hang hdi. Cac md phong da dwoc thuc hi¢gn
ddy dii, chi sé chat lwong bam ciing dirge xdc dinh
d@é s0 sanh mét cach khach quan két qud cua cac
thugdt toan khac nhau dwoc d@é xudt. Di ligu thu
duoc cho thay chdt heong bam tham chiéu tot hon
Véi sai so goc quay lac ngang va doc thap hon.
Cudi cing, tac dung bé diéu khién bam dia trén
PLC ciing 1am cho cac chuyén dgng cua bé truyén
dong servo murot ma hon.

Tir khoa: Hé thong dieu khién néi tang, diéu khién
vi tri, mé phong hang hai.

Abstract

Nowadays, marine simulator systems are widely
used for understanding sailor—ship interaction,
sailor behavior and in crew training. In this
research, the motion platform deck of cabine
proposed the parallel manipulator is moved by
three servo drives. This paper presents a
controller-based PLC and Drive which
incorporates the nonlinear kinematics of the
3DOF Stewart motion platform within the
Feedforward control, load torque compensation
and digital predict algorithm in order to increase
the cueing fidelity and tracking capabilities of

marine simulator signal. Full simulations were
carried out, tracking performance indicators were
defined to objectively compare the result of the
proposed different algorithm. It is concluded that
a better reference tracking with lower roll, pitch
angle error. Lastly, the effect of the tracking
controller-based PLC was also observed in the
form of smoother servo-actuator movements.

Keywords: Cascade control system, position
control, marine simulation.

1. Pt van dé

Tir két qua c6 dugc tir cong trinh [1], muc tiéu tiép
theo 1 tao ra hé théng mé phong tau thiy c6 chuyén
dong gidng nhu budng lai cua mot con tau. Trong [1],
kich thuéc cua budng lai dugc thiét ké 1a 4x4m va
chiéu cao la 1,75m. Khéi luong du tai cua budng lai
khoang ~1500kg. Budng lai dwoc gan trén mot san
chuyén dong trong ba bac tu do. San chuyén dong
duoc thiét ké trén nguyén tic cua Stewart platform.
Thuc té, ¢é san md phong bam theo 3 chuyén dong
(lic ngang ¢, lac doc @, thang ding z) cua tau dugc
cap tir may tinh chu 3D véi d6 chinh cao la rat khé dat
duogc [2, 4, 7]. Céu trac didu khién vi tri cua servo
drive dang ba mach vong néi tang la loai rat phd bién
hién nay trong cac hé mé phong [3]. Mach vang trong
cung la diéu khién dong (md men) véi tan sb cat lon
ddc trung cho qua trinh dién tir va dién tir véi thoi gian
dap tng rat nhanh khoang 2,5-20ms. Mach vong &
gitta 1a vong téc do dic trung cho qué trinh dién co
vai thoi gian dap tng 20-100ms. Ngoai cung |a mach
vong Vi tri ddc trung cho qué trinh chuyén dong cé
thoi gian dap @ng tir 200ms dén hang gidy, né tly
thudc vao quén tinh cia hé. Bé giam thoi gian dap ung
cia vong diéu khién vi tri da c6 nhiéu céng trinh
nghién ctu xoay quanh kiéu cAu trac tuong tw nay nhu
cac cong trinh [2, 3, 4, 5, 7, 8]. Cac cong trinh nay déu
cho phép tinh todn gan dung goc quay dong co servo
a; trén mot may tinh khac rdi thuc hién didu khién té
hop Drive/Servo motor qua hé théng mang CAN. Tuy
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nhién, téc d mang CAN la khoang 125kbit/s, mdi
khung truyén chi c6 8 byte, qué trinh truyén duoc thuc
hién quét lan luot theo thir ty qua 3 servo, didu nay lai
lam ting thém thoi gian tré [2, 4, 7], thoi gian tré lity
tién theo khao sat khoang 0,75+2,8s dan dén lam giam
tinh trung thuc trong mé phong chuyén dong tau thuy.
Vi vay, nhom téc gia s& tap trung vao viéc phan tich
céc nguyén nhan dan dén lam ting do tré va dé xut
mot s giai phap ang dung bo diéu khién kha trinh
PLC két hop voi mot sb thuat toan diéu khién va
phuong an dy bao dé khic phuc hién tugng do.

2. Md hinh mé phéng chuyén déng tau thiy
ba bac tw do

M6 hinh chuyén dong wng dung cho hé thng md
phong ca bin budng lai tau thiry duoc [1] dé xuat co
dang 3 bac ty do trén co s& cau tric cua Stewart
platform nhw Hinh 1. Trong bai bao nay tac gia nghién
Cliu c4u tric ¢6 didu chinh trong d6 3 truc song song
thay bang 3 tay don duoc ndi khop véi 3 tay quay
truyén dong boi 3 dong co servo. Nhu vy, tin hiéu
diéu khién tryc tiép chuyén dong cua san cabine 1a gia
tri goc cua 3 tay quay: a=[a ay az]”

Hinh 1. M6 hinh mé phéng chuyér dgng 3 béc tue do a)
Mgt san dé gin cabine buéng lai, b) Gid dé khung tam
giac gom 3 dpng co servo truyén dong

Hinh 2. a) So d6 hinh hoc ciza md hinh 3DOF,
b) Tay quay va tay don ciia 1 truc

Céu trGc hinh hoc thé hién ¢ Hinh 2, trong dé
Py, P,, P; 13 ba diém trén san di dong duoc néi khép
Vi canh tay don; By, B,, B; la 3 tdm truc quay cua
hé servo/hop sb trén san cb dinh va A;,4,, A5 12 3
khép ndi gitra tay don b vatay quay a. Hai tam giac
déu P, P, P, va B, B, By c6 kich thudc bang nhau
va d6 dai mdi canh 1a L = 1255mm. O vj tri ban dau
san di dong (P, P, P;) cach mat san ¢ dinh
(B, B, B3) la: h, = 458mm. Cabine budng lai Hinh

la dat cach mat san di déng (P; P, P;) Hinh 1b la
hy ~ 0. Ngoai ra, c6 A;P; = b =500mm; B;A; =
a =200mm; 0,0 = h,.

Truc toa d6 gan cb dinh trén mat san di dong
(P, P, P;) c6 cac tryc x,y,z nhu trén Hinh 2. Vi
mit phang nay tao ra 3 chuyén dong bao gom: chuyén
dong quay quanh truc y 1a ¢ (lic ngang); chuyén
dong quay quanh truc x 1a @ (lic doc) va chuyén
dong truot doc truc thang dung 1a z. Nhu vay, ta c6 3
trang thdi cia san 1a: n = [¢ 6 z]|7. Bé dong bod
trang thai cua mat san di dong theo budng l4i cua tau
mo phong ta phai chuyén doi 3 truc toa do vé hé truc
toa d6 gan trén san cb dinh (B, B, B3) bang cac ma
tran chuyén d6i truc. Theo [1, 8] mé hinh dong hoc
nguoc rat quan trong cho bai toan xac dinh géc quay
ctia mdi truc dong co a; (i = 1,2,3) tur dir liéu do
nghiéng, do lic va do cao twong ddi trong vector 7
cia md hinh md phong 3D con tau. Pat do cao ban
dau cuatdm san (P, P, P;) s0 Véi san ¢ dinh 1 h,,
khi d6 tim O c6 cao d0 la z; = h, +z va toa do
trong mat phang co6 dinh cé dang:

0=[0 0 h,+2z".

Két hop céac phép bién ddi truc ta duoc toa do cac
diém P,,; c6 dang nhu (1) nhu sau:

P123 =

—gcostp—%sinesinqﬁ

V3L

L 3L . .
{ ;cosq) —%smﬂsm(j)
—cosf
6

V3L

—?sinGSind) }
—cosf
6

V3L
—Tcosf)

Esind) + %sinﬂcosq& + 2z —%sind) + %sinf)cosq& + 2z —%sinf)cosd) + 2z
1)
Phuong trinh (1) cho ta toa do cua ba diém trén
mit san di dong két ndi khap vai ba thanh truyén dong,
n6 chinh 1a san cabine budng l4i khi xét tau md phong
dit trong toa do b dinh. Theo [1] tir (1) ta s& tinh dwoc

chinh xac goc a; nhu phuong trinh (2, 3) sau day:
a; =1 — (81 + 62) (2)

Trong dé:

bi=cosTl| —=———=1|; 6, =

2
/a2+zi2+(c— xi2+yi2> —bz\
-1

cos = ;c=00Bi=\/L5
kza( zi2+<c— xl-2+yi2) ))
3
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3. Xay dyng cau tric diéu khién bam tin higu
moé phéng chaa to hop Drive/Servo &ng dung
PLC

Dé diéu khién cac goc quay cua dong co theo
phuong trinh (2, 3) thi ciu trdc vong lap diéu khién
ddng co servo thuong gém 03 mach vong kin ndi tang
nhu Hinh 3. Vong trong cung 1a diéu khién mé men,
& gitra 1a vong diéu khién toc do va ngoai ciing 1a vong
diéu khién vi tri.

—ePp-oPp-o)h-

’ CURRENT LOOP

VELOCITY LOOP

POSITION LOOP

Hinh 3. Cdu tric vong ldp trong diéu khién néi tang
dong co servo

Tiép theo nhom téc gia d& xuat phuong 4n diéu
khién vi tri str dung PLC va Servo Motor nhu Hinh 4.
Trong d6, PLC s& nhan tin hiéu tir may tinh, tién hanh
xtr 1y sau d6 str dung cac dau ra toc do cao YO, Y1
phat xung diéu khién vi tri téi bo Drive/Servo, Bo
Drive/Servo nay lam viéc gidng nhu thiét bj bién tan,
né thuc hién diéu khién cac van IGBT dé cép dién ap
va tin s6 cho dong co servo. Tin hiéu dong va encoder
gan trén dau truc dong co s& thyc hién phan hdi dong
dién, tbc do va vi tri chinh xac dam bao goc quay cua
truc dong co bam theo vi tri yéu ciu voi dap tng
nhanh va chét lugng téi vu. Nhu vay, véi giai phéap
ghép ndi tin hiéu tryc tiép gitra tin hiéu gitra PLC va
Drive da giam duoc thoi gian tré so véi ghép nbi mang
CAN.

Ho PLC cua hang Delta cé loai PLC
DVP28SV11T2 c6 4 cip (8 dau ra) co thé phét xung
téc do cao tir 10+200kHz 1a: YO, Y1, Y2, Y3, Y4, Y5,
Y6 va Y7, vi vay nhém tac gia lua chon loai PLC nay.

Reverse limit

sensor X1

Processing Forward li

device sensor X0
0G
bens

Servo me

Zero point

DOP-Aseries HMI [+
WPLSOft

Y0 pulse output
Y1 forward/ revefse

it
!

Y4 pulse clear

Hinh 4. Céu triic diéu khién siz dung PLC va Servo

Trén co so tai trong cua ca bin budng lai va ty s6
truyén cua hop sé 1a i = 120, tan sé dao dong cua
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san < 0,25Hz ta s& chon 03 Drive/dong co servo 3
pha ASDA-B2 c6 cong suit 1a 1,5kW, téc do dinh
muc 2000 vong/phat, hinh anh PLC Drive/Servo lya
chon va két qua sau khi hoan thanh lap dat hé thong
nhu Hinh 5.

Hinh 5. PLC model DVP28SV11T2 va Drive/Servo
ASDA-B2 cia hang Delta

Tin hiéu chuyén dong lic ngang ¢, lic doc 6
va thang dimng z cua con tau duoc cap tir may tinh
cha 3D théng qua giao thicc Modbus TCP dén PLC.
Trong chuong trinh 1ap trinh cua PLC ta s& su dung
céc lénh Float 32bit dé tinh ra gia tri géc cua 3 tay
quay: a =[@1 az az]T theo cac cong thic (2) va
(3) vai chu ky tinh 12 100ms. Bén canh d6, dé phat
xung diéu khién tir PLC cho Drive ta str dung thuat
toan Hinh 6 véi ciu tric 1énh DRVA nhu sau:

|DRVA [s1|s2| D1 D2 |

Trong do:

S1: S6 lwogng xung can phat ra, chinh 1a gié tri goc
quay «; tinh dwoc & trén, dbi véi dong co servo ma
ta lya chon thi 1 vong c6 160000 xung.

S2: Pit tan sé phét xung, duoc chon la 44kHz.

D1: Pau ra phat xung, tly thudc vao diéu khién
servo nao trong 3 servo ma ta cai dat sao cho phu hop.

D2: Pau ra cho dao chiéu quay cia dong co.

Ba dong co servo sé truyén dong doc lap cho ba
dinh cua gia d& san tam giac (P; P, P;), do d6 mo
mentai M. vamod menquantinh J ddivaihétruyén
dong dién cua mdi dong co s& c6 sy thay dbi ngiu
nhién tly thudc trang thai chuyén dong cua con tau.
Diéu nay dan dén chit luong didu khién vi tri s& bi suy
giam l6n ca vé d6 chinh xac 1an thoi gian dap tung. Dé
cai thién, ta can phai thiét ké bo didu khién PID cua
Drive hoat dong ti wu hon théng qua viée cai dat ché
do ‘AMT - AUTO MODE TUNING’ nham ty dong
tinh todn mé men quan tinh J cuaa hé. Tuy nhién, khi
cho hoat dong thyc té trong ché do nay chat luong cua
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hé ciing khong duoc cai thién nhiéu do J bién thién
lién tuc nhu (4) trong khi thoi gian cap nhat cua ché
d6 AMT 12 5 pht.

2
J=Jpc+ Lz E( COS(%)) (4)
Trong d6: Jpe,J; 1a md men quén tinh ctia dong
co, hop s6; m 14 tai trong cabine; i 1ty s6 truyén;
g la gia téc trong trudng; @; la goc nghiéng cta
dinh tam giac thir j.

M1002: Véng quét dau tién cai dit thong sd tan so
khéi déng, chay va tan sd dimg...: nhan tin hi¢n
g6c quay va chuyén thanh s6 xung cin phat ra

M1011: So sinh xung can phat ra
1 va xung hién tai D1136.

Dimg phét
xung

M1011: So sénh xung can phét ra
§1va xung hién tai D136,

Phit xung tai diu ra
>0 DI va dat D2 vé ON

Phit xung tai dau ra
D1 vadat D2 vé OFF

End

Hinh 6. Thudt fodn diéu khién vi tri bang lénh DRVA

Ngoai ra, trong mach vong diéu khién vi tri ton tai
hai dau vao 1a luong dat (setpoint) tir hé théng may
tinh md phong 3D va nhidu tai M,. Hai dau vao nay
déu 1a cac tin hiéu ngiu nhién do phu thudc vao cac
chuyén dong (roll, pitch, heave) cua con tau va sé
luong ngudi trén ca bin md phong. Theo [7], dé giam
duoc sai s6 diéu chinh do sy bién thién cua lwong dat
gay ra thi cap vo sai cua hé ho phai I6n hon cp vo sai
cua luong dat mot bac.

Tuy nhién, cap vo sai ciia lugng dit ciing bién doi
ngau nhién nén khong d& dé thyuc hién duoc giai phap
nay. Mat khéc, d6i voi bo diéu khién ASDA-B2 cua
Delta ta con c6 phuong an thr hai 1a cai dat cau tric
Feedforward dau vao bang khau vi phan cho hai vong
diéu khién vi tri (P2-02) va téc do (P2-07) nhu Hinh 7.

Tiép theo, dé khu sai léch quy dao do nhidu tai gay
ra céc bo Drive déu cho phép ching ta thuc hién bang
mach bu Feedforward Hinh 8 cé dang:

, .. K
Fepw (s) = F_nz; voi By = Tm.;‘r:—l ®)
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(6)

Trong d6: M, 1a md mem can quy doi; AM la
thanh phan mé men ton that cua co cau; F,, la ham
truyén dat ciia mach vong diéu khién md men, cé thé
xap xi thanh khau qua tinh bac 1.

~ _ mL AM | wd]
Mo =Zreos(p) £ +55

Position Control

Postion Feed Smooth Constant of
Forward Gain Posttion fceae‘: Forward
p2.02
Position ion .

I
|
I
|
i
|
|
]
L 1
Command | +
I
I
|
I
I
|
I
|
i
|
I
I
I

Swiching Rate of
Position Leop
Gain ]
p201 Gai Swilching A
P21

Speed
Command

(s';'c;;ﬂ

(
N

Hinh 7. Cdu tric vong ldp vi tri (a) va téc dé (b)

trong ché d¢ c6 Feedforward diu vao

Fer | ,
Bo DK V. F, )é S
REES SR SHE

Hinh 8. So' @6 mach bu nhiéu tdi Feedforward

Tir sau b
BK vj tri

Viéc tinh toan M, rat kho khan do sy bién thién
cua tai trong theo s6 lugng ngau nhién cua hoc vién
trong cabine. Tuy nhién, két hop vai cac thong sb guri
dén tir may tinh chu 3D ta c6 thé wéc lugng gan dung
(6) trong chwong trinh PLC va sau d6 chuyén gi4 tri
M, cho Drive théng qua céng RS485/Modbus RTU
dé bu sai sb.

Dé kiém chung cai dat cho cac thuat toan diéu
khién trén ta cho hé thdng hoat dong va thu thap di
liéu tr PLC vé may tinh bang cong cu OPC toolbox
trong Matlab/Simulink véi  OPC  server |a
KEPServerEX 6. Tau md phong la loai TT400 co
chiéu dai 55m, chiéu rong 9,2m, mén nuéc 2,6m va
tai trong la 429 tan. Két qua c6 duoc ¢ Hinh 9, trong
do gia tri tir may tinh cha 3D do duoc 1a duong nét
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dut bao gdm géc quay lic ngang (roll_f) hinh trén va
lic doc (pitch_f) hinh dudi; gié tri goc quay bam theo
cta san cabine 1a roll_model va pitch_model 1a dudng
nét dam.

Qua két qua trén, két hop vai nhiéu lan khao sat va
do dac ta nhan thiy dap ung chuyén dong cua san
cabine ludn ¢o do tré tir 500+1500ms; bién d6 max
bam theo cua san c6 sai s6 khoang 12%. Diéu nay c6
thé giai thich duoc Ia do cac khau Feedforward chinh
x&c rat khé dé thuc hién nén déu xap xi ching dudi
dang khau vi phan (Hinh 7), luén ton tai mot khoang
thoi gian tré truyén thdng tin higu tir méay tinh chu toi
PLC va ddng thoi viéc tinh todn md men can M., md
men quén tinh J déu 1a gan ding. Cac nguyén nhan
nay rat kho khic phuc néu ta khong ding mot phuong
phap mai khéac.

Pitch (d0)

Thoi gian(s)

Hinh 9. Ddc tinh ddp irng bam theo cac géc quay con tau
cua san cabine

4. Cai thién chat lwong diéu khién vi tri bang
thuat toan du bao so trén co sé¢ PLC

Tir két qua va phan tich nguyén nhan & muc 3 ta
thiy day l1a cac han ché phé bién trong cac hé thong
m6 phong chuyén dong (motion) hién nay [5]. Dé cai
thién dugc diéu do trong muc nay nhom tac gia dé
Xuét str dung cac thuat toan du bao don gian. Viéc tng
dung cac thuat toan du bao hién dai nhu MPC [7] hay
mang noron hhan tao sé dugc nhdm tac gia nghién cuu
trong bai béo khac. Trong khudn khé bai bao ung
dung PLC dé thiét ké bo diéu khién bam ta s& sir dung
thuat toan du bao don gian trén co so diéu khién sb
cho PLC nhung van dem lai hiéu qua.

Theo [6] ta c6 phuong trinh dong hoc tau thuy 6
bac tu do (DOF) cé dang:

N = Ji(m)vy (7
iz = J2(n2)v, 8
Trong do:

m=x vy 2" n=[¢ 6 P|"

v=f v whin=p ¢ 1T

J1(n1) va J,(n,) 1a cac ma tran chuyén dbi truc

Tur (7) va (8) ta c6 phuong trinh déng hoc tau thuy
viét cho 3 bién trang thdi ¢, 0,z nhu sau:
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ol = qeos(8) — rsin(¢)
2 —usin(0) + veos(@)sin(¢) + weos(F)cos(¢) )

Tur (9) do Vé trai 1a cac dao ham nén ta co thé thiét
ké céc thuat toan dy bao dé 1ap trinh cho PLC gom hai
budc nhu sau:

- Buéc 1: Cap nhat cac gié tri ¢ chu ky hién tai tu
may tinh chu thdng qua mang Modbus TCP:

p(k), q(k), r(k), u(k), v(k), w(k), ¢ (k), 8 (k), z(k)

- Budc 2: Dy béo céc trang théi lic ngang, lic doc,
truot doc ¢(k +1),6(k +1),z(k + 1) theo cdng
thuc (10) nhu sau:

(k) + T, (p0) + g(0sin(p ) tan(0(8)) + ) tan(pGh) )t (04)) )

Pk +1)
Bk +1)| = 80k + 7 (g(k)cos (8(K)) - r(k)sin(¢ (1))
e+ 1) 2(k) =T, (u(k)sm(b‘[k}) - v(k)ws(b‘[k))sin(q)(k)) - w(k)cas(b‘(k))ms(q)(k)))
(10)
Roll (dé)
Pitch (dd)
Paa T e =i
d \\ //,, . 4

- -
‘V""Tﬁn gian(s)

Hinh 10. Ddp 1ing bam theo cac géc quay con tau
cua san cabine khi siz dung dw bdo véi T; = 500ms

Thoi gian cat mau T, cho chu ky tinh toan duoc
chon nam trong dai 500+1500ms. Sau khi lap trinh,
cai dat vao hé thdng va thu thap dir liéu ta dugc céc
4 thi nhu Hinh 10.

Két qua trén cho thay cac g6c quay cua san cabine
dd bam t6t hon so v&i Hinh 9. Tuy nhién, khong duoc
nhiéu cai thién vé sai sb va do tré. Ngoai ra, trong ca
hai két qua Hinh 9 va 10 cac duong dic tinh dap @ng
déu c6 dao dong it hon, chuyén dong muot hon S0 Vi
lwong dit do da dwoc loc théng qua vong lap diéu
khién vi tri thyc té 1a khau qué tinh bac mat.

5. Két luan

Bai bao da nghién cau va xay dung thanh cdng bo
diéu khién bam tin hiéu chuyén dong ¢, 0,z cua con
tau md phong 3D ung dung thiét bi PLC. Trong do,
nhém tac gia da dé xuat cac phuong an ghép ndi giira
PLC va Drive, phuong phép thiét ké thuat toan diéu
khién trén PLC va Drive dé nang cao chat luong diéu
khién bam tin hiéu mé phong. Tuy nhién, do tinh chat
thay d6i ngau nhién cua luong dat va nhidu tai nén cac
phuong phap nhu Feedforward dau vao, bu nhiéu tai,
du béo s6 ma nhom téc gia da thyc hién chi cai thién
mot phan chét luong bam tin hiéu tham chiéu. Vi vay,
hudng phat trién trong twong lai s& 1a st dung cac
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phuong phap diéu khién du béo hién dai dé khic phuc
céc nhuoc diém con ton tai.

TAI LIEU THAM KHAO

[1] Pinh Anh Tuan, Truong Coéng My, Poan Hitu
Khénh, Xay ding md hinh tin hiéu diéu khién cho
thiét ké chuyén dong 3 truc ciia hé thang mé phong
hang hdi, Tap chi Giao théng van tai, 2020.

[2] Cleij, D. Venrooij, J. Pretto, Comparison between
filter-and optimization-based motion cueing
algorithms for driving simulation, Transp. Res.
Part Traffic Psychol, Behav, 2019.

[3] Derek K. Brecht, A 3-DOF Stewart Platform for
Trenchless Pipeline Rehabilitation, Electronic
Thesis and Dissertation, The University of
Western Ontario, 2015.

[4] Jun Tajima, Kouhei Maruyama, Driving Task
Adaptive Motion-Cueing Algorithm for Driving
Simulators. DSC Asia/Pacific 2006 - Tsubuka,
2006.

KHOA HOC - CONG NGHE

[5] M. Br'unger-Koch, Motion Parameter Tuning and
Evaluation for the DLR Automotive Simulator,
Driving Simulator Conference 2005, North
America, 2005.

[6] Thor I. Fossen, Marine control systems - Guidance
and Control of Ship, Rigs, Underwater Vehicles,
Marine Cybernetics, Trondheim, Norway, 2002.

[7] Van der Ploeg, Sensitivity Analysis of an MPC-
based Motion Cueing Algorithm for a Curve
Driving Scenario, Proceedings of the 19th Driving
Simulation and Virtual Reality Conference,
France, 2020.

[8] Webjarn Rekdalshakken, Design and Application
of a Motion Platform for a High-Speed Craft
Simulator, IEEE Xplore, 2015.

Ngay nhan bai: 02/3/2021
Ngay nhan ban sta: 12/3/2021
Ngay duyét dang: 18/3/2021

SO 66 (4-2021)



TAP CHI ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

KHOA HQC - CONG NGHE

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

SU'DUNG BQ PIEU KHIEN PLC VA PHAN MEM UNITY 3D TRONG
THIET KE HE THONG MO PHONG RADAR HANG HAl

USING PLC CONTROLLER AND UNITY 3D SOFTWARE IN DESIGNING
MARITIME RADAR SIMULATION SYSTEM
NGUYEN THANH VAN*, PINH ANH TUAN, NGUYEN VAN HUNG
Khoa Pién - bién tu, Truong Dai hoc Hang hai Viét Nam
*Email lién hé: vanntb.ddt@vimaru.edu.vn

Tom tat

Bai bao nay trinh bay gidgi phap si dung bg diéu
khién PLC va phan mém Unity 3D trong thiét ké
hé thong mé phong radar hang hdi trong ds, qud
trinh truyén va nhgn di liéu giza phan cing va
phan mém ciing dwoc tich hop trong hé théng md
phong nhw toa dg, toc do, heong cua tau chi va
tau muc tiéu. Ngoai ra, phat trién va iing dung diz
ligu bién Viéet Nam khi xay dwng cac kich ban hudn
luyén. Hé thang nay 1a mét té hop cac thiét bj aé
huan luyén va dao tao vé an toan cia thuyen vién
trén bien. N6 khong chi gitp hoc vién thao tac trén
thiét bj truc quan, sinh déng véi céc tinh huong
huan luyén quen thugc ma con trang bi cho hoc
vién nhiing ki ndng can thiét treéc khi thao tac,
vdn hanh trén thiét b thuc té, nang cao hiéu qua
hugn luyén hang hdi tai Viét Nam.

Tur khoa: Hé thong md phong radar hang hdi,
phan mém mé phang radar, man hinh radar.
Abstract

This article presents a solution using the PLC
controller and Unity 3D software in designing
Radar simulation system. Besides, the process of
transmitting and receiving data between
hardware and software is also integrated into the
simulation system such as the coordinate, speed
and heading of ownership and target ship.
Additionally, developing and creating specificity
for the system when building training scenarios
using data of Vietnam's Sea. This system is a
device for effective education concerning safety in
ship navigation. It will help not only students
manipulate visual equipment, vividly with familiar
training situations, but also equipping the
trainees with necessary skills before manipulating
and operating on real equipment, improving the
efficiency of maritime training in Vietham.
Keywords: Marine Radar simulation system,
radar simulator software, radar screens.

1. Pit van dé

Trén thé gisi hién nay c6 mot sé cong trinh nghién
ctru vé hé théng md phong radar hang hai, ciing nhu
thiét ké, ché tao thanh cong hé thng, dién hinh mot
s6 hang nhu Transas [1], Furuno [2]. V&i cong nghé
mo phong tién tién, nhung khi may chu bi sy ¢ toan
bo hé thdng s& khdng hoat dong dwoc, quan trong hon
nira 1a kinh phi bao dudng, bao tri 16n va phu thuoc
hoan toan vao céng nghé nuéc ngoai.

O trong nuéc, cac cong trinh nghién ciu vé hé
thng con han ché, chi cd bai bao nghién ciru xay dung
phan mém mo phong radar [3], trong dé cac tac gia
trinh bay céch xay dung phan mém mé phong radar
dua trén Visual Studio véi giao dién don gian, chua
sat véi hinh anh cua radar trén thyc té. Do d6, ngudi
van hanh khé cé thé nim bit duoc hét thong sb ciing
nhu quy trinh thuyc hanh dan dén khé khan khi van
hanh vai radar thuc. Tuy cac phuong phap xay dung
hé thdng md phong radar n6i trén ¢ nhitng wu nhuoc
diém riéng nhung d6 chinh xac giéng véi radar that
chua dat duoc yéu cau huin luyén [3]. C6 nhiing
truong hop chinh xac dat dén 90% nhung xét vé mat
kinh té va ky thuat khong duoc téi wu nhat [1], [2].
Trong bai b4o nay, nhom tac gia dé xuat xay dung
cdng nghé md phong hé théng radar dwa trén phan
mém Unity 3D va bo diéu khién PLC véi nhitng cu
trdc truyén va nhan di liéu sau do hién thi trén man
hinh radar dé dap ung duoc yéu cau trong cong tac
dao tao va huin luyén tai Viét Nam ciing nhu kha ning
&p dung trén thyc té.

Noi dung chinh cta bai bao dugc sip xép theo thir
tu nhu sau: Muc 2 xay dung cAu tric cho hé théng mo
phong radar. Muc 3 dé xuét thuat toan truyén va nhan
dir liéu gitra may tinh chi va may tinh radar. Muc 4 1a
thuc hién mé phong hoat dong cua hé thong radar va
phan cudi cung la két luan.

2. Xay dung cau trac cho hé théng mé phéng radar

“Radar” 1a viét tit cua “Radio Dectection And
Ranging” 14 hé thong xac dinh vi tri cia muc tiéu bang
viéc do cu ly va phuong vi nho nguyén ly séng phan
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xa. Radar hoat dong & tan sé vo tuyén siéu cao c6 budc
s6ng siéu ngin, dudi dang xung va duoc phat theo 1
tan s6 lap xung nhat dinh [4]. Hé thdng mé phong
radar 1a t6 hop hé thong phan cang va phan mém dé
mo phong lai nguyén Ii hoat dong ciing nhu céc thao
tac van hanh caa mot thiét bi radar thuc.

Trén Hinh 1 1a cau triic chung ctia hé thdng md phong
radar hang hai do nhém téc gia xay dung:

May tinh
radar
(RADAR
computer)
3

Thiét bj mang
(Ethernet
Switch)

Nhéan 2
dix liéu

May chu Gui dir lieu

(Workstation)
1

Gui va nhan
dix lieu

Bo diéu khién
kha trinh PLC

(PLC
controller)
4

Hinh 1. Céu tric hg théng mé phéng

Khéi 1: May chi m6 phong (Workstation) déy 1a
may tinh c6 chirc ning mé phong 3D hé théng hang
hai nhu tau cha, tau muyc tiéu, thoi tiét va xay dung
duoc dia hinh, dia vat tdy vao tirng khu vuc cang nhit
dinh. O khéi nay, dir liéu cua tau cha va tau muc tiéu
duoc thiét 1ap sao cho gidng véi thuc té nhit.

Khdi 2: Thiét bi mang (Ethernet Switch) khéi nay
¢6 chirc nang tao ra duong dan thdng tin gitra cac may
tinh vé6i nhau gidp cho ching c6 thé giao tiép gui va
nhan dix liéu duoc.

Khéi 3: May tinh md phong Radar hang hai (Radar
Computer) day la may tinh c6 chtrc nang nhan dir liéu
tir may chi guri sang sau d6 giai ma dix liéu. Tiép theo,
dir liéu nay s& duoc tinh toan, xu Ii pha hop dé hién
thi 1én man hinh. Ngoai ra, dit liéu & may tinh moé
phong radar duoc mé héa va gui sang may tinh hai dd
dién tir (ECDIS) dé hién thi théng s6 nhan dang tu
dong (AIS) cua tau chi va tau muc tiéu.

Khéi 4: Bo diéu khién kha trinh PLC, thyc hién
nhan va xir ly dir liéu tir céc thiét bi khac chuyén toi
nhur v lang, tay trang diéu khién, la ban, ... sau d6 s&
giri sang may tinh chu thdng qua mang ethernet. Pdng
thoi cing nhan dir liéu tir may chi dé hién thi 1én man
hinh trong ban diéu khién.

3. Xay dung thuit todn truyén va nhan dir ligu
trong hé théng mé phéng radar

Hién nay, c6 rat nhiéu giao thirc truyén dit liéu nhu
TCP/IP, UDP, HTTP, FTP,... ma trong d6, mai giao
thirc déu c6 wu nhuge diém nhét dinh. Tly vao ting

bai toén cu thé ma cé thé sir dung cac giao thuc khac
nhau. Trong nghién cttu nay nhém tac gia da su dung
giao thuc UDP (User Datagram Protocol). Pay la
mot trong nhirng giao thuc cdt 16i IP/Ethernet. Khi
stir dung giao thuc UDP gilp chwong trinh trén may
tinh c6 thé gui nhitng dir liéu ngian duoc goi la
datagram toi may khéc. Day 1a giao thirc ¢d toc do
truyén nhanh va truyén céc gai dit liéu lién tyc.
3.1. Thudt toan truyén di ligu tir may cha dén
may tinh radar

Thuat toan xay dung quy trinh truyén dit liéu dugc
trinh bay nhu Hinh 2.

Sai

l Bing

5 " Sai
Kiém tra diéu
kién mé cong

Bing

Béng goi dir lidu theo Thﬁn_g
format RADAR 1 bao 161

l

G i ligu

I

Két thie

—

Hinh 2. Thugt toan truyén di ligu ciia may chii

Truéc tién, nhom tac gia xay dung giao dién md
phong hang hai trén may tinh cha dwa trén phan mém
Unity 3D véi ngdn ngir lap trinh C#. Cac théng s6
chinh giri cho radar c6 thé ké dén nhu toa do, toc do,
hudng,... tau chu va tau muc tiéu.

Budc 1: Thuc hién thiét lap cac dia chi IP tinh cho
méy chi: 192.168.0.140, céng port: 8001 va IP may
radar: 192.168.0.150, cong port: 8999. Sau do tién
hanh khai tao giao thirc va tao ra socket UDP, bo dém
thoi gian tao ra vong quét 500ms dé gui di ligu.

Budc 2: Kiém tra diéu kién dia chi socket UDP va
thong bao 13i néu xay ra su cd.

Budc 3: M3i loai thong s6 nhu toa do, toc do,
hudng tau co6 dinh dang khac nhau, dir liéu nay dugc
chuyén vé dang format RADAR 1 truéc khi giri. Cau
trac quy doi dix liéu vé dang byte va sir dung ham
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Buffer.BlockCopy nhu c4u trdc lénh:
Buffer.BlockCopy(info, 0, message, 0, 86);

Buffer.BlockCopy(newfloat[]{ boatEngine.Speed
_Log},0,speed,0,4);
Buffer.BlockCopy(dataSource.Speed_target_p,0,
speed, 4, 4 * 31);

Budc 4: Sau khi quy ddi dit liéu xong may chu s&
giri dit liéu dén dia chi IP may radar théng qua lénh
send. Cudi cuing la két thac thuat toan va quay lai vong
I3p ban dau.

3.2. Thugt toan nhdn di ligu cida may tinh
radar tzr may cha

Hinh 3 trinh bay thuat todn nhan dir liéu caa may
tinh radar tir may tinh chu, sau khi may cha da g goi
dix liéu thi nhiém vu ctia may radar la nhan géi di liéu
d6 va xtr Iy dé hién thi trén man hinh. May chu gui dir
lieu sang véi kiéu dit liéu dang byte quy dinh theo
dang RADAR 1. Do dé, tat ca dit liéu nhan dwoc s&
dugc chuyén sang dang RADAR 2 ¢6 kiéu dinh dang
nhu int, float, ushort.

i
B
£

Tinh todn v2 hién thi
trong chiromg frinh con
|
!

Hinh 3. Thugt todn nhgn dé ligu ciia may tinh radar

Budc 1: May radar s& thiét lap dia chi IP. Sau d6
khai tao socket UDP. Tiép theo 1a kiém tra diéu kién
dia chi IP.
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Bud6c 2: May tinh radar s& tién hanh nhan dit liéu
Dt liéu luc nay dugc quy dinh theo dang format
RADARI va can duoc Kiém tra theo dting dinh dang gri.

Budc 3: Sau khi kiém tra s& tién hanh chuyén dix
liéu da nhan sang dang format RADAR 2 dé tién hanh
thuc hién tinh toan.

Budc 4: Day 1a budc xur ly théng s6 da guri dé tinh
toan va hién thi trén man hinh cia Radar. Chuong
trinh con thuc hién dé tinh toan sau d6 dua ra muc do
canh béo va cham. Cudi cuing 1a két thic thuat toan va
bat dau vong lap.

3.3. Tinh toan théng sé dé hién thi va dwa ra
canh béo

Dé mo phong radar hang hai sat vai thuc té nhat
thi moi thong s6 dugc tinh toan va xir ly trong phan
mém md phong Unity 3D. Trong muc nay trinh bay
hai phuong phap co ban dé quy d6i huéng va khoang
cach cua tau muc tiéu, tinh toan thong sb khoang céach
gan nhat xay ra va cham (CPA), thoi gian ngin nhat
dé dan dén va cham (TCPA).

a. Tinh toan khodang cdach va hwéng tau muc tiéu so
vgi tau chu.

Hinh 4 biéu dién toa d6 tau chu va tau muc tiéu
trén mat phang Oxy [5] sau khi dwoc quy dbi. Toa do
tau chii ¢6 vj tri gitta man hinh va duoc lay tring voi
tam cua man hinh véi toa 46 O(z,, ¥/, ) -

Trong do:

_ Xscreen _ Yscreen 1)

X1 = ) Y1 = )

Hinh 4. Toa d¢ tAu muc tiéu trén mgt phéang

Str dung phwong phap ban tia tir man hinh vao
trong terrain (dia hinh) dé chuyén toa d¢ tir khong gian

cua tau muc tieu A(z,,y,,z,) sang toa do mat
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phang nhe Unity s& c6 duoc  A(),y,):

/I\Vector3screenPos=Cam.WorldToScreenPoint(R_Sh
ips[currentClickTarget].transform.position);//

Sau d6 tinh dugc vector khoang cach:

OA = (:U2 - :vl,gj2 -y,) 2
Tiép theo 14 tinh d¢ 16n vector khoang cach:
‘OA‘ = \/(xQ -z, + (y'2 —y) (3)
Ung véi mdi thang do i khac nhau s& c6 mot hé s6
K, tuong ung.
04,
p=1" (@)
! RG
Trong do:

D. : Hg s6 khoang cach;

K, :Lah¢ s6 quy ddi tir thang do hai ly sang mét;

R: Ban kinh duong tron hién thi thang do;

G: Hé s quy ddi nguoc lai sang hai ly;

Goi g0c gitra vector khoang cach va hudng cua tau
chula o:

T
tana = — (5)

b. Tinh toan thdng so CPA, TCPA

Hinh 5. Khodng céach, vén téc giza tau chs va tau
muc tiéu

Hinh 5 thé hién hudng vector van toc tuong ddi
cling nhu 1a khoang céch gitra cac tau vai nhau. Vector
van toc twong ddi tau cha v, =(X,,,Y,,,Z,,) Va vector

Vo Vo Tvo

van toc tuong dbi tau muc titu v, = (X, .Y,,.Z,,)
trong khong gian [5]. Tiép theo, tinh toan vector van
téc twong ddi dua vao tau chu va tau muc tiéu. Goi

v, la vector van toc tuong doi [6]:

KHOA HOC - CONG NGHE

V,=(X,, - X,.,Y,, =Y, . 2. —Z,) (6)
Vector A'0' 14 vector khoang céch gitra tau chu va
tau muc tiéu trong khong gian.
A0 = (2, ~,,~ 1,2 — ) U]
Tinh toan goc gitra vector khoang céch va vector
tdc do twong ddi sau d6 quy dbi tir do sang radian.

‘7
cosozz—H.i (8)
D 180

Trong dé:

duoc tinh D =|A'0"
Sau d6 tinh dugc CPA khoang cach gan nhét hai tau

va cham:

D: la khoénT cach giira tau chu va tau muc tiéu va

D
X = .sina (MN 9
1852 (MN) ®©)

Tinh todn TCPA Ia thoi gian ngan nhat dé hai tau
c6 thé va cham:

(1852 . COSs O[J
t=2"22%_ 7 (donviphat)  (10)

v.|.60

R

Cudi cung dat gia tri CPA<CPA,, . |
TCPA<TCPA, . trong d6 hai thong sb
CPA,,,,,»TCPA, . c6thé do ngudi van hanh tiy
chinh. Thyc hién hién thi va canh bao thong qua doan
Iénh chuong trinh con:

If(( CPA>0 )&&( CPA<CPA,,.
(TCPA<TCPA,,,,..))

{

// thyc hién chuong trinh canh béo va hién thi/

}
4. M6 phéng hoat dong cia hé théng mod
phéng radar hang hai

)&&

Pé md phong hoat dong cua hé théng, truse hét,
thuc hién truyén va nhan dir liéu giira cac may tinh.
May tinh chu s& giao tiép voi PLC dé nhan dit liéu
thdng qua phan mém Unity 3D. Toan b dit liéu nhu
huéng, toe d6 cua tau cha déu dugc 1ay tir phan cang.
Toa d6 tau chu tai diém c6 vi tri gan dao Bach Long
Vi va ving bién Hai Phong. Diém nay co vi do
20°07°220”N va kinh d6 107°57°754”E. Toa do tau
chu & dung vi tri da chon dugc thé hién ¢ Bang 1.
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Bdng 1. Bang hién thj théng sé tau chii

VN_TT400
LAT 107°57.7441° N
LON 20°0.7223° E
HDG 550 DEG
ROT 0 OMIN
COG 550
SOG 0,45 KN
VHW 0,4° 0
DPT 0 KN

Tiép theo la thir nghiém chirc nang do khoang cach
(RNG) va goc (BRG) cua tau muc tiéu so vai tau cha
duoc biéu dién & Hinh 6 va thong ké trong Bang 2.

Bdng 2. Bing théng sé tau muc tiéu

TARGET READOUT
NAME LCONT CARGO
ID 15 01
AIS AIS AlS
RNG 0,0717 0,1075 NM
BRG 199,6 137,02 DEG
CPA 0,1540176 0,17483 NM
TCPA 1,450326 2,462938 MIN
HDG 50,1° 50,4° DEG
COG 4Q° 60,5° DEG
SOG 5,654 3,876 KN
LAT 20°0.0490° 19959.8630° N
LON | 107959.5684° | 107°59.9302° E

Moi thdng s6 nhu vi d6, kinh d6, huéng tau thyc,
khoang cach cua tau muc tiéu LARGE CONTAINER,
CARGO. Cuing mét thoi gian cho phép hién thi thong
tin hai tau muc tiéu.

Hinh 6. Hién thj théng sé tea dé tau muc tiéu

Tinh nang khoang do céch khi xay ra va cham
ngan nhat va thoi gian xay ra va cham ngén nhét Ia
tinh ning can thiét khi mé phong hé théng radar. Khi
van hanh hé théng radar, ngudi van hanh c6 thé thiét

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

lap hai théng sb khoang cach xay ra va cham nho nhat
(CPAIlimit) va thoi gian ngén nhat dé dan dén va cham
(TCPAIimit). Khi c6 canh bao radar théng bao cho
ngudi van hanh biét dé phong ngira ¢am va.

Khi tau muc tiéu vi pham cac diéu kién canh bao,
moi thdng sé canh céo, tén tau muc tiéu s& duoc luu
lai 12 hién thi trong hop bao dong. Nguoi van hanh s&
quan sat va dua ra nhitng giai phap pht hop dé xir ly
tinh huéng trong Hinh 7.

cea [ 2

' CPATTCPA

About

CPA/TCPA:LCONTAINER

Hinh 7. Hién thj canh bdo CPAva TCPA

Trong Hinh 7, hai théng sb ban dau dé thiét lap cho
CPAL|M|T,TCPA|_|M|T la 4.6984MN va thﬁng Sé
5.1844MIN. Sau khi tinh toan tir radar d6i véi mdi tau
muc tiéu néu tau nao c6 gia tri CPA va TCPA nho hon
gia tri dat thi sé phat tin hiéu canh bao.

Hinh 9. Hién thj vét tau di chuyén

Diéu kién thoi tiét 12 yéu t6 anh huong dén yéu t6
nhiu trong radar. Nhém tac gia di mé phong yéu té
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nhidu mua v6i mac 5 thé hién trong Hinh 8.

Trong mét sé tinh hudng nguy hiém dan dén dam
tau thi chire nang truy vét tau (trail) 1a mot yéu té can
thiét cho viéc tim kiém ctu nan. Nhom ciing mo
phong chirc ning nay véi nhitng théng sé theo quy
chuan ddi véi radar hang hai nhu Hinh 9.

Cubi cung, nhém tac gia thuc hién xay dung mot
sb kich ban huan luyén hé théng radar hang hai, thu
nghiém va danh gia, so sanh véi mot sé hé thong mod
phong ciia hang I6n nhu Transas, Kongsberg duoc lap
dat tai Truong Dai hoc Hang hai Viét Nam.

Mot trong nhiing kich ban d6 1a cho tau chu xuét
phét tir cang Nam Pinh Vi véi huéng 320° diéu khién
tau bang vo liang, huéng bic that N up, van téc
6,754kts va gap hai tau muyc tiéu di chay theo chiéu
nguoc lai, muc tiéu cd phuong vi 70,8°, khoang cach
0.1179NM. Thoi gian mé phong la 8 gio 10 phat. Yéu
cau cua radar do khoang cach tur tau chu dén hai tau
muc tiéu véi ting thang do cu thé va ding vong cu ly
dong, toc d6 cua tau muc tiéu nhu Hinh 10.

Hinh 10. Hién thi VRM, EBL

Hinh 10 thé hién duong phuong vi (EBL) va vong
cu ly (VRM) dugc do thi cdng cua tau muc tiéu Cargo
ship, gia tri do duoc hién thi trén man hinh radar. Bén
canh phuong phap xac dinh tha cong, hé théng md
phong radar nay con cho phép tu ddng tinh toan
khoang cach va phuong vi muc tiéu.

Qua qué trinh thir nghiém mét sé tinh ning cua
radar va so sanh voi hé théng mé phong radar cua
Transas két qua thu duoc cho thay hé thong radar nay
dap ung du dwoc yéu cu co ban trong huan luyén
radar hang hai.

5. Két luan

Trong bai béo nay da dé xuit giai phap va thiét ké
ché tao thanh cong hé thong md phong radar hang hai
dua trén thiét bi phan ciing PLC va phin mém Unity
3D. Pic biét, md phong gan chinh xac co ban chic

KHOA HOC - CONG NGHE

nang radar thyc ciing nhu cac hé thong radar hang hai
cta nhiéu hang trén thé gigi. Voi nhiéu tinh nang nhu
tao nhiéu cho radar, quét muc tiéu, diing cac vong cu ly
dong, truy vét tau khi tim kiém cau nan. Hé théng md
phong radar hang hai nay da dap ung dugc 85% so véi
nhitng hé thdng radar hang hai cuaa mot sé hang I6n trén
thé gidi. Bac biét, nhém tac gia con lam chii hoan toan
cdng nghé va ndi dia hoa san pham. Huéng phat trién
ctia bai bao trong tuwong lai s& thir nghiém nhiéu thuat
toén trong radar va xay dung duoc hé md phong radar
cho céc loai thiét bi radar hang hai khac nhau.
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KHAO SAT PAC TiNH VA TINH TOAN SO LUQGNG PHAN TU CHO
ANTEN KHE SU DUNG TRONG RADAR HANG HAl

INVESTIGATION OF CHARACTERISTICS AND DETERMINATION THE
NUMBER OF SLOTS FOR SLOT ANTENNA USED IN MARINE RADAR
NGUYEN MANH CUONG* , POAN NGOC AU, PO CONG DANH
Khoa Dién - Bién tu, Truong Pai hoc Hang hdi Viét Nam
*Email lién h¢: nguyenmanhcuong@vimaru.edu.vn

Tom tit

Cong nghé anten la mét phan rat quan trong trong
cdng nghé dién tir va truyen thong ngay nay, sw
phat trién cua truyén dan khong day ludn gan lién
véi sy phét trién cia anten. Do nhu cdu si dung
ma bang tan cao dang dwroc nghién ciu va sit
dung trong Muc dich théng tin lién lac, truyén dan
va do dac tir xa. Pac biét, trong radar hang hai,
anten khe dang dwoc sir dung phé bién trén céc
béng tan S va X cia dai microwave. Bai b4o nay
sé thiét ké , md phong anten khe va phan tich sau
vé dac diem ve do loi anten, tré khang séng véi
ting ddi tan sir dung cua anten khe dé cé duwoc
danh gid cu thé vé moi lién hé gira sé heong khe,
kich thwoc voi do loi anten. Twr do dwa ra dwoc
thiét ké phu hop véi timg ddi tan duwoc sir dung
cua anten khe trong radar hang hai.

T khoa: Anten khe, Anten dai réng, Anten viba,
Bdang thong réng, dé réng chum tia.

Abstract

Antenna technology is an important part of
today's electronics and communications, the
development of wireless transmission has always
been associated with the development of
antennas. According to usage requirements, high-
frequency bands are being researched and used
for communication, transmission, and telemetry
purposes. In particular, slot antennas are being
used commonly on the S and X bands of
microwave bands in marine radar. This article
will design and simulate the slot antenna and
analyze in-depth antenna gain characteristics,
wave impedance for each frequency band used by
the slot antenna to obtain a specific assessment of
the relationship between the number of slots, size
with antenna gain. Hence, this article proposed an
optimal design suitable for each frequency band
of slot array antennas used in marine radar.

Keywords: Slot antenna, Wide band antenna,
Microwave antenna, Broadband, Beam width.

1. Giéi thiéu
Anten khe str dung trong Radar Hang hai thudng
1a loai anten duoc lam tir dng dan séng tru tron hoic
dng dan séng hinh chir nhat véi thanh ng duoc cat
mot hoac nhiéu khe c6 d6 dai bang nira budc song [1].
Thong thuong, khi st dung éng din séng hinh chir
nhat thi truong co ban lan truyén trong thanh éng 1a
truong Hio con khi sir dung éng dan séng tru tron thi
truong co ban lan truyén 1a truong Hu. Khi song dién
tir dugc kich thich truyén lan trong dng dan séng, mat
trong cua thanh éng xuat hién dong dién mat. Véi
vécto mat d6 cua dong dién mat dugc xac dinh bai
biéu thc:
Js" =1 x H] €y
Trong do:
7i: Vécto vudng goc vai thanh ong;
H: Vécto cudng do tir trudng bé mat ong.
Trong éng dan séng chit nhat, trudng co ban Hio
dugc truyén lan, vécto tir truong bao gom:
H, = Hycos (E) e~ Pz
a 2)
H, = —iAH,sin (E) e~ifz (
z l 0 a
Trong do:
Hy: Giatri I6n nhét cia cudng do tir truong;
A: Hang sb;
B: Hé sb pha cua song c6 giatri 2m/A;
a : Do rong thanh ding ciia dng dan séng.
Theo cdng thuc (1) va (2) thi & mat trong cta thanh
5ng dan song xuét hién 3 thanh phan cua dong dién
mit 1a 2 thanh phan ngang Jx, Jy va mot thanh phan
doc. Trong d6, thanh phan ngang dugc gy ra bai tir
truong doc H,, thanh phan doc duoc gay ra boi tir
truong ngang Hx.
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Hinh 1. Phan bé thanh phén déng dién trén thanh
éng dén séng

Néu khe duoc cit nam trén thanh 6ng din séng va
cit ngang duong sic mat 6 dong dién thi dong dién
dan tai mat trong thanh éng sé bi gian doan tai cac khe
va chuyén thanh dong dién dich, dong dién dich nay
sé& chay vudng géc theo hai mép khe.

Hinh 2. Déng dién dich trén éng dén séng

Nhur vay, tai mat trong thanh dng, véi dong dién
dich da xudt hién s& hinh thanh céc dién truong tuong
&g va phét sinh dién p gitra hai mép khe. Néu khe
dugc cat doc theo duong strc dong dién thi s& khdng
sinh ra dong dién dich chay ngang mép khe, va khe sé&
khéng birc xa nang lwong. Néu cit khe vudng goc voi
duong suc dong dién thi dong dién dich chay ngang
mép khe Ia 16n nhat, khe s& btic xa séng dién tir.

Theo nguyén 1y tuong hd, anten khe c6 thé duoc
su dung dung lam anten phét hoac anten thu. Cuong
d6 buc xa hoac cuong do thu cua khe phu thuoc vao
vi tri cua khe trén thanh éng dan soéng. Dé nhan duoc
d6 thi phuong huéng theo yéu cau can thiét ké anten
gom mét hé thong céc khe cit trén thanh éng dan séng,
céc khe nay dugc bd tri theo kiéu doc, ngang hoac xién
va duoc kich thich ¢ong pha vai nhau.

Trong hé thong radar hang hai véi mot sé nhitng
y&u cau vé goc phuong vi (360°), tinh dinh huéng cao,
dai théng tan dii rong, cac bap song phu Ia tbi thiéu ca
vé bién do Ian sé lwong thi anten khe dép ung tot
nhitng yéu cau trén [2, 3]. Vi vay, anten khe duoc sir
dung phd bién trong radar hang hai, cu thé 13 anten
khe ddng pha.
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bac tinh dinh hudéng cua anten khe phu thugc 1én
vao so lugng cac khe va dai tin cong tac. Dé xac dinh
duogc tinh dinh hudng cta anten khe phu hop vai tirng
dai tan cong tac, trong bai béo nay sé tién hanh khao
sat, thiét ké, md phong h¢ anten khe dong pha trong
dai tan bang S, tir d6 dua ra so sanh vé do loi, tro
khang sbng cua tirng hé anten khe.

2.‘M6 phéng va khio sat dac tinh hé anten khe
dong pha

Gia thiét, anten radar hang hai duoc st dung la loai
dng dan song hinh chir nhat c6 cac khe duogc cét doc
theo thanh éng va phan b so le vé hai phia. Truong
co ban Hyo dugc kich thich tai diém giita phan thanh
rong cua dng. Khoang cach tir tam khe nay téi tam khe
khac lién tiép nhau ¢ cting 1 phia 1a 1. Viéc dit khoang
cach gitra cac khe lién tiép 1a A dé ¢am bao cho céc
khe & cung mét phia so vai thanh éng s& duogc kich
thich dong pha, va khoang cach gitra 2 tam khe lién
tiép nam ¢ 2 phia cua thanh 6ng dan séng la A/2. Vi
thanh phan ngang Jx s& doi chiéu khi chuyén qua 2
thanh 5ng dan séng nén néu cit cac khe & diém céch
tam khe tha nhat mot khoang d = A/2 thi dong dién
mit Jx & ddy s& dong pha véi dong tai cac khe. Dé cac
khe doc duoc kich thich manh nhét thi tam khe can
duoc dat & diém bung cua thanh phan doc H, nghia 1a
khoang céch tir khe dén diém ngian mach dau cudi can
chon bang A/4 hoic [4]:

L=@n+1)in=012.. 3)

Xét trén bang tan S, cu thé 1a tan s6 2,45GHz [3],
vGi cac tham s6 cua anten khe & trén, tién hanh tinh
toan va thiét ké trén phan mém Matlab (Hinh 3).

Xét d6 thi phuong huéng cua hé anten khe dong
pha, gia thiét d6 thi phuong hudng cua hé anten khe
cling giéng nhu d6 thi phuong huéng cua anten chan
t dién nira séng, ta s&€ nhan dugc phuong trinh ham
phuong huéng chuan hoa cua hé anten khe dong pha
trén 6ng dan séng chir nhat véi cac khe duoc cat theo
phuong doc [4]:

F(G) _ E _ lcos(gsine) sin(NdesinB)

Emax N  cos6

)

. kd .
sm(TsmB)

Trong do:

N: Sb khe cit trén thanh 6ng dan séng;

d: Khoang cach ciia hai tam khe lién tiép;

0: Goc gitra phap tuyén cua tdm thanh rong ng
dan song véi husng khao sét.
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Hinh 3. Hé anten khe déng pha véi sé khe 1a 10

Tir ham phuong huéng chuan hoéa trén vé dugc d6
thi phwong hudng trong khéng gian 2 chiéu va 3
chiéu cua hé anten khe dng pha, twong trng (Hinh
4 va Hinh 5).

240 00

Hinh 4. Pé thi phuwong huéng trong khdng gian
2 chiéu ciia hé anten khe dong pha 10 phan ti

Hinh 5. Pé thi phwong hwong trong khong gian
3 chiéu ciia hé anten khe dong pha 10 phén ti

3. Thiét ké, tinh toan sb lwong khe twong ng
Véi cac dai tin sb

Vi vige thiét ké, md phong hé anten khe dong
pha, bai b4o khao sat dugc dic tinh phwong hudng cua
hé anten khe. P& phan tich rd hon vé anh huong cua
sb khe voi do lgi va tro khang song cua anten trén dai
bang tan S, nhém da tién hanh xét sy thay doi cua sb
lwong khe séng N = 4+24 véi tan sé cong tac F =
2,1+2,9GHz. Dya vao sy thay ddi vé do loi va tro
khang song (Bang 1 & 2), nhan thiy rang, tai tan sb
2,5GHz, d6 lgi anten va tré khang song la I6n nhét khi
thay ddi tang s lwong khe I6n hon 12 khe va ¢ tan sb
2,9GHz d9 loi anten va tré khang séng 1a nho nhat.

Bdng 1. Bdng so sanh gida tré khang séng véi sé
lwong khe twong ting trén bdng tan S

N (s khe) Max Min
4 2,4GHz 2,9GHz
8 2,4GHz 2,9GHz
12 2,4GHz 2,9GHz
16 2,5GHz 2,9GHz
20 2,5GHz 2,9GHz
24 2,5GHz 2,9 GHz

* \/¢i Max, Min 1a bang tan cd tré khang séng Ion
nhat va nho nhit;

* \/6i max, min 13 d6 loi cua 16n nhat va nho nhat
trén timg bang tan (don vi: dBi);

Ddng thai, sau khi so sanh vé tro khéng séng, nhan
thay rang khi s6 lugng khe tang tré khang song dugc
giam nho. Hinh 6 md ta tré khang sdng cua hé anten
khe vai s6 lugng khe N = 24,
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Bdng 2. Bing so sanh dp \gi véi sé lwong khe tiwong teng trén bing tin S

F N 4 8 12 16 20 24
Max 7,71 10,4 12,7 13,7 14,8 14,8
21 Min -14,3 -17,8 -22,3 -22,3 -31,1 -22,5
22 Max 5,46 7,82 10 11,7 125 11,8
Min -21,3 -22,9 -24,6 -19,9 -25,3 -19,8
23 Max 5,54 8,87 11,2 13,8 15,6 15,1
Min -211 -22,6 -18,9 -20,2 -28,7 -27,9
24 Max 11,4 13,8 6,48 9,05 13,1 14
Min -25,5 -29,7 -24,3 -22,4 -25,4 -31,8
25 Max 5,97 9,32 12,8 14,8 17 18,1
Min -28,9 -21,5 -37,9 -22,1 -28,5 -24,7
26 Max 6,57 6,53 9,14 11,3 8,59 10,7
Min -21,6 -23,7 -24 -18,5 -25,2 -24
27 Max 6,55 6,46 7,18 7,06 7,92 10,4
Min -18,4 -20,8 -23,9 -28 -27,5 -24,8
duoc t6i 14,8dBi. Khi khao sét s6 lugng ting quéa 24
150 Impedance khe thi d6 lgi s& bi suy giam do bién d6 cuc dai phu
| tang manh theo Iy thuyét anten mang néi chung.
¥ o005 4. Két luan
7 Bai bao di khao sat cac dic tinh, d6 thi phuong
s hudng cua anten khe duoc sir dung trong Radar hang
g 0 hai. Tur d6, md phong thiét ké mot hé anten khe, tinh
. — toan s6 lugng khe phit hop vdi dai tAn twong tng. Vi
¥ -90.2228 cac dac diém dé ché tao, tinh dinh hudng cao, do lgi
100 —N I6n nén anten khe dugc sur dung rat phé bién trong
Reodars radar hang hai.

150 T . . . .
21 22 23 24 25 26 27 2.8 29
Frequency (GHz)

Hinh 6. DPé thi tré khdng séng twong g véi sé khe
N=24 trong ddi tdn 2,1+2,9GHz

Hinh 7. Anten khe ngoai thiec té vdi sé khe 1 16

Vi yéu cau cua anten radar Hang hai, do loi trung
binh nam trong khoang 15+17dBi [2, 5], dya theo
Bang 2, lva chon sé khe N=20+24 khe & dai tan
2.4+2.5GHz dé anten c6 thé nhan dugc do loi tur
15+17dBi va c6 tr¢ khang séng giam nho.

Hinh 7 12 hinh anh anten khe ngoai thuc té véi s6
khe 12 N=16, tai 46 d6 loi anten trén bang tan S dat

SO 66 (04-2021)

Trén bang tan S, thong qua viéc khao sat dac tinh
cua hé anten khe va so sanh gitra tro khang song, do
lgi va s khe véi nhau, bai bao di tinh toan duoc s6
khe véi giai tin sb turong tng, phu hop. S6 khe cu thé
[a N = 20424 & dai tan 2.4+2,5GHz, véi duge do loi
anten tir 15+17dBi va tré khang sdng giam nho.

Dbi véi mdi dai tan khac nhau s& cé s6 lwong khe
phu hop tuong tng d& dam bao dugc do loi I6n nhat
va tré khang séng nho. Nhin chung theo tiéu chi vé do
lgi, d6 rong bup séng va tré khang séng cua Anten
Radar hang hai thi s6 lugng khe 20+24 Ia phi hop.
Loi cdm on
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PHAT HIEN NGUOI PEO KHAU TRANG TRONG THOI GIAN THUC
REAL TIME FACE MASK DETECTION
PO THI CHANG!, NGUYEN KHAC KHIEM?, TRAN SINH BIEN"
Khoa Dién - Pién tir, Truong Pai hoc Hang hdi Viét Nam
2Trwong Pai hoc Hang hai Viét Nam
“Email lién hé: transinhbien@vimaru.edu.vn

Toém tit Keywords: Covid 19, face mask detection,
convolutional neural network, CNN, Python,

Viéc deo khau trang noi céng céng di gép phan
Tensorflow, Keras.

han ché duoc su 1ay lan cua dich bénh Covid 19
trén toan cdu. Gidm sdt ngueoi dan thuc hién diing
chu truong, chinh sdch cua Nha nuoc trong viéc
deo khdu trang noi céng cong hoan toan cé thé
dwoc thyec hién mét céch ty déng. Bang viéc ing
dung cdng nghé may hoc va xiz ly anh, bai bdo da
xay dung chwong trinh phat hién nguwoi ddn cé deo
khdu trang hay khéng va nhdac nhg nhitng nguoi
khéng deo khdu trang bang giong néi. Trong dé,
nhom tac gia da thuc hién thu thap diz lidu dé xay

1. Pat van dé

Ngay 11 thang 3 ndm 2020, T chtc Y té Thé giéi
(WHO) ra tuyén b6 goi "COVID-19" 1 "Dai dich toan
cau" [1]. Pé ngan chan tinh trang 1ay lan nhanh chong
cua dai dich, bén canh khuyén nghi ma WHO dua ra
vé viéc deo khau trang & noi dong ngudi, Chinh phu
Viét Nam ciing dd yéu cau ngudi dan phai deo khau
trang noi cong cong dé han ché sy lay lan cua dich
bénh. Tuy nhién, dé giam sat nguoi dan thyc hién theo

dung mé hinh dao tqo dya trén mang noron tich ding chi dao cua Chinh phii véi nhitng hinh thic cii
chdp (CNN). Chuong trinh trien khai trén ngon | |3 kha kho khan va tén kém vi thiéu ngudn luc. Nhim
ngir Python va sur dung mot so thur vien ma nguon hd trg va nang cao cong tac giam sat va nhic nho
mé nhu OpenCV, Tensorflow, Keras,... M0 hinh nguoi dan, nhém tac gia da xay dung chuong trinh
dugc ddo tgo dat dp chinh xac 98,28% khi tién phat hién ngudi khong deo khau trang trong thai gian
hanh phat hién nguoi deo khdu trang trén tap dit thuc mot cach tu dong.

ligu thar nghiém. V6i su phéat trién nhanh chéng cua hoc sau, dac biét
Tir khoa: Covid 19, phat hi¢n nguoi deo khdu la mang no-ron tich chap (CNN), thi gidc may tinh da
trang, mang noron tich chdp, CNN, Python, dat duoc nhirng tién bo dang ké trong nhitng nam gan
Tensorflow, Keras. day vé nhan dang va phat hién ddi tugng [2][3]. Mot
Abstract trong nhirng rng dung ctia mang no ron tich chap trong

tinh hinh dich bénh dang di&n bién hét strc phuc tap trén
toan thé gioi do 1a viéc xay dung nhitng hé théng nham
gidm sét viéc deo khau trang caa moi nguoi. Viéc phat
hién ngudi deo khau trang bang ky thuat hoc sau da
duoc cong bé rat nhiéu trong thoi gian gan day. Mot
nghién ciru vé& viéc phét hién nguoi deo khau trang
nham han ché dai dich Covid 19 trong mang ludi thanh
phd thong minh di duoc cong bd gan day [4]. Nhom

Wearing face masks in public has contributed to
reducing the global spread of Covid 19. And the
supervision of people in accordance with the
Government's guidelines and policies in wearing
face masks in public can be done automatically.
By using machine learning and image processing,
we have developed a program to detect whether

someone is wearing a face mask or not and remind tac gia Mohammad Marufur Rahman va Md. Motaleb
people who are not wearing face masks by the Hossen Manik d4 dé cap mot hé théng phat hién nguoi
voice. In particular, the authors collected data to khong deo khau trang mot cach ty dong va thdng béo
build up a training model based on the cho co quan c6 thim quyén twong ing trong mang
convolutional neural network model (CNN). The thanh phd théng minh. Hé thdng sir dung camera
program is implemented in Python language and CCTV cua thanh phé dé trich xuét hinh anh khuén mat
uses some open source libraries such as OpenCV, va nhitng hinh anh nay duoc st dung dé xac dinh mat
Tensorflow, Keras,... The trsained model achieved na trén khudn mat. Sau do, mang noron tich chap
98,28% accuracy when detecting the face mask on (CNN) dugc st dung dé trich xuat cac tinh nang tir cac
the test data set. hinh anh d6 va dua ra du doan xem ngudi d6 co deo

khau trang hay khong, néu ngudi d6 khong deo khau
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trang, hé thong s& tur dong gui tin nhan t6i céc co quan
c6 tham quyén dé giai quyét.

Trong pham vi nghién cttu cua bai bao, nhém tac
gia s& tién hanh phat hién ngudi khong deo khau trang
ciing dya trén mang no ron tich chép, nhung thay vi gui
théng tin téi co quan gidm sat thi hé théng s& dua ra
canh bao, truc tiép nhic nho nguoi dan thuc hién ding
viéc deo khau trang noi cong cong bang giong noi.

Céu truc chuong trinh gdm 3 budc dugc thé hién
trén Hinh 1.

R £ s Phat hién
Th~11 t.}fap Huéan luyén mé hinh ngudi deo khiu
dir liéu mang noron trang

Hinh 1. Céu tritc chwong trinh

Buéc 1: Thu thap dir liéu: St dung ma nguon mo
OpenCV dé phat hién, Tuu trir 500 btrc anh cia ngudi
deo khau trang va 500 birc anh ciia ngudi khong deo
khau trang.

Buéc 2: Str dung ngudn dir liéu da thu thap duoc
& budc 1 dé huan luyén md hinh dwa trén mé hinh
mang noron tich chap CNN.

Bueéc 3: Phét hién ngudi deo khau trang hay khong.

Budc nay sé tién hanh so sanh dit liéu dugc trich xuat
tir camera (sau khi da duoc xir ly dit liéu dau vao) véi
dir liéu da duoc huin luyén dé trich xuét két qua va
canh béo bang giong noi.

2. Thuat toan caa chwong trinh
2.1. Thugdt toan thu thép da ligu

Dé thu thap dit liéu, thay vi ldy ngudn di liéu trén
mang, nhom tac gia da thuc hién thu thap bang chuong
trinh dugc viét trén ngdn ngit python, sir dung thu vién
ma ngudn mé OpenCV dé phat hién khudn mat nguoi.
Hinh 2 thé hién thuat toan thu thap dit li¢u.

Dix liéu sau khi thu thap duai dang file anh .jpg sé
duoc luu trir ¢ hai file riéng biét: Mét file chira 500
birc anh mo ta khudn mit deo khau trang va file con
lai chira 500 birc anh m6 ta khudn mit khong deo khau
trang. Mdi file dit ligu trén s& dugc chia lam hai phan
chinh nho ham split trong python, bao gom:

e Tap dir liéu phuc vu qué trinh thir nghiém cudi
cling - Testing set (chiém 20%);

e Tap dir liéu phuc vu qué trinh huan luyén (chiém
80%), trong d6 tap dit liéu huin luyén nay sé tiép
tuc dwoc chia thanh 2 thanh phan trai Training set
(chiém 80% cua tap huan luyén) va Validation set
(chiém 20% cua tap huan luyén) dé kiém thir do
chinh xé&c cia mé hinh trong qué trinh huan luyén.
Trong qud trinh thu thap dix liéu, didu kién vé anh

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

sang cua buc anh ciing lam anh huong téi chat lugng
tao md hinh sau nay.

Import thir vien
Open CV va khéi
tao camera

Truy xudt vao file hd
trg nhin dién khuén
mat

count=count+1

Lwu trit anh dwrdi dang
Judt jpg

Chup anh, tach 13y khu
virc khudn mat va vé
hinh chi nhat bao
quanh khudn mit

Hinh 2. Thugt toan thu thgp da ligu
2.2. Thudt toan hudn luyén mé hinh

Xay dung cac
16p cho mo hinh

Y

Import cac thwr vién

can thiét Bién dich md
hinh
L 2
Tao dwong dan téi +

thur muc dit Lidu va Huén luyén

xéac dinh théng sé mo hinh
L v
X 1y tien dir ligu Cho ra du dodn
L 2
Xur Iy di liéu —

Két thuc

Hinh 3. Thugt toan hudn luyén mé hinh
M0 hinh hinh huan luyén dwoc xay dung dua trén
mo6 hinh mang noron tich chdp CNN vdi thuat toan
trén Hinh 3.

2.2.1. Import cdc thu vién can thiét

Nhap céac thu vién can thiét nhu OpenCV, Keras,
Numpy (dé xir ly dit liéu), Os (dé quan ly file),...
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2.2.2. Xir Iy tién diz lieu va xi 1y diz ligu

Viéc tién xtr ly dix liéu nham dua tat ca cac anh vé
cung kich thudc, sau dé cac anh nay s& duoc chuyén
dbi dé phuc vy cho qué trinh xt ly anh & budc sau.

2.2.3. Xay dung céc lép cho mé hinh

Céc 16p dugc xdy dung dua trén mo hinh mang
noron tich chdp CNN (mang noron tich chap dugc
thiét ké dac biét dé xu Iy dit liéu dau vao). Kién tric
cua CNN c6 ba phan chinh:

a) Mot 16p phuac hop trich xuat cac ddc trung tir
mot hinh anh ngudn. Dé trich xuét dac tinh tir anh ban
dau, ta tién hanh tich chap hai ma tran bao gdm ma
tran anh ngudn va bo loc véi kich thuéce 3x3. Gia str,
Ma tran anh dau vao co kich thuéc 1A HL x W1 x D (H
= height, W = width, D = dimension) va bd loc
(kernel) 1a H2 x W2 x D thi ma tran dic diém anh s&
dugc xac dinh theo cdng thic:

(Hl—HSz+2P + 1) y (Wl—M;2+2P + 1) <K (1)

Trong dé: K 1a s6 b loc;

P 1a budc dém;
S 1a buéc nhay caa bé loc.

b) Mat I6p tong hop dé giam kich thuée cia noron
di va tap trung vao céac phan tir quan trong nhat. Trong
phan nay ta sir dung I6p pooling c¢é kich thudc (2x2)
va str dung kiéu max pooling hay lay gia trj 16n nhat.

¢) Mot 16p duoc két ndi day du lam phing cac dbi
tuong dugc xac dinh trong cac 16p trude d6 thanh mot
vecto va du doan xac suat ma hinh anh cé thé thuoc
vé nhin nao do.

> d| — N - ! > car

predicted
class

CNN
Hinh 4. Cdu trac mgng CNN [5]

Ngoai ra, dé kich hoat cho noron hoat déng ta can
phai xac dinh ham kich hoat cho né. Trong chuong
trinh dugc xay dung, nhém tac gia da s dung ca hai
ham kich hoat Ia ReLu [6] va Softmax [7] voi thuét
toan duoc xac dinh:

RelLU:

f(x)=max(0,x) (2)

Softmax:

e%J

a(z)j=wvé’ij= ,...,k (3)

KHOA HOC - CONG NGHE

Bdang 1. Cac lép Layer trong mé hinh

Layer (type) Output Shape Param #
conv2d_1 (Conv2D) (Mone, 3@, 38, 32) 320
conv2d_2 (Conv2D) (None, 28, 28, 32) 9248
max_pooling2d_1 (MaxPooling2 (MNone, 14, 14, 32) 2}
conv2d_3 (Conv2D) (Mone, 12, 12, 64) 18496
convad_4 (Conv2D) (Mone, 1@, 18, 64) 36028
max_pooling2d_2 (MaxPooling2 (MNone, 5, 5, 64) [}
dropout_1 (Dropout) (Mone, 5, 5, 64) 2
flatten_1 (Flatten) (Mone, 16@@) [}
dense_1 (Dense) (None, 64) 102464
dropout_2 (Dropout) (None, 64) [}
dense_2 (Dense) (None, 2) 130

2.2.4. Bién dich md hinh

Thuc hién céc thuat toan téi wu va bién dich
chuong trinh. Dé t6i vu mé hinh, nhém tac gia da sir
dung thuat toan Adam [8] vi yéu cau it bo nhg, cac
tham sb duoc bién thién mot cach hiéu qua va it phai
diéu chinh.
2.3. Thudt toan phat hién nguwoi deo khdu trang
trong thei gian thuc

Import thir vién Open CV
vz khin tao camera

Truy zuét vae file ho tro
nhén dién khuén mat
v
Téi mé hinh 43 hun hryén dudi
dang file dudi .h3
p—
Trich xuat hinh &nh tir camera
va tach lay khu vire mat
vy
Dur doan dit liéu daura
tir nguon dir liéu diu vao

. Khong deo khin trang,
S ‘;" §| nhic nhé bing giong noi

Hinh 5. Thugt toan phat hién nguwoi deo khéiu trang
trong thai gian thec
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Dé phat hién khudn mat, nhém tac gia sir dung
thuat toan phat hién khudn mat Viola-Jones [9] gidng
nhu trong chuong trinh thu thap di liéu.

Sau khi anh duoc cit tir video, né s& duoc dinh
dang lai kich thudc gidng véi kich thudc cua dit lisu
trong md hinh huan luyén. Sau d6, anh nay s& duoc
chuyén ddi thanh nhiing tham sé co dinh danh giéng
mod hinh mau. Khi d6 cac tham sé sinh ra duoc tir tap
dir liéu huan luyén sé duogc sir dung dé tham dinh lai
tinh thich hop cia mé hinh trén tap dir liéu cua hinh
anh vira duoc trich xuit. Dua vao két qua thu duoc ta
tién hanh hién thi 1én man hinh két qua nguoi dan c6
deo khau trang hay khong. Néu ngudi d6 khong deo
khau trang thi s& lap tirc nhic nhé ngudi dé deo khau
trang thdng qua 10i ni tryuc tiép. Viéc nhic nho nay s&
duoc thuc thi nho su hd trg coa thu vién “pyttxs3” -
thu vién hd trg chuyén ddi van ban thanh giong néi
trong python. Thuat toan x&y dung nhu trong Hinh 7.
3. Két qua

Sau 2 lan training mé hinh, d6 chinh xéc
(accuracy) cia mé hinh da dat t6i 98,28%, d6 mat mét
(loss) giam con 5,88%. Hinh 6 va 7 cho thdy dang d6
thi ciia do chinh xac va sw mat mat caa mo hinh.

Model Accuracy

100

0.98

Accuracy

094

092

—— ftrain
test

0.90
10 12 14 16 18 20

Epoch

Hinh 6. Pé thj dg chinh xéc ciia md hinh

Model Loss
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Hinh 7. Dé thi dg mdt méat ciia mo hinh
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Chuong trinh da thyc hién kiém tra trong nhiéu
diéu kién khac nhau, bao gom ca nhiing hinh anh
khuén mat dugc hién thi trén dién thoai thi van cho ra
két qua khé chinh xac nhu Hinh 8 va Hinh 9.

Hinh 8. Két qud khi phat hi¢n khdu trang véi

khudn mdt nguwoi trén dign thogi

Hinh 9. Két qud khi phat hign khéu trang
trong thoi gian thuc

Tuy nhién, khi diéu kién &nh sang kém viéc phat
hién khau trang van chua thyc sy hiéu qua. Chuong
trinh chua phan biét dugc nguoi deo khiu trang hay
khong khi khong phét hién dugc mat cua cha thé.

Dé dam bao tinh khach quan, nhém téc gia ciing
ddng thoi xay dung md hinh huan luyén khac vai tap
di liéu cong cong tir ngudn [10]. Nhém tac gia chi
trich xuat liy luong dir liéu véi s6 Tugng 500 anh
ngudi deo khau trang va 500 anh nguoi khong deo
khau trang tir nguon dit liéu cong cong. Do chinh xac
ciia mo hinh dua trén tap dit liéu trich xuat nay ciing
1&n t6i 94,53%, d6 mat mat giam con 12,39% sau 50
epochs. Két qua nay ciing duoc biéu din trén biéu 46
duong nhu Hinh 10 va 11.

Model Accuracy
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— frain

test

NSV
/"f

08

Accuracy

06

05

0 bt E) 30 e 50
Epochs

Hinh 10. Pg chinh xac ciia md hinh
dwa trén tdp diz ligu cong cdng
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Model Loss
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Hinh 11. B¢ mdt méat cia md hinh
dwa trén tdp dir ligu cong cdng

Mot md hinh phét hién nguoi deo khau trang dya
trén tap di liéu cong cong nay (gdm 4095 hinh anh)
cling da dugc cong bd gan day [11] boi Chandrika Deb
véi d6 chinh xac 1én ti 98% chi sau 20 epochs.

4. Két luan

Bai bao da xay dung thanh cdng chuong trinh phat
hién va nhic nho nguoi khong deo khau trang nham
hd tro cong tc giam sat ngudi dan thuc hién dung quy
dinh cua Chinh phi vé viéc deo khau trang noi cong
cong. Nhat 1a vao thoi diém hién tai, khi toc do truyén
nhiém cua dich bénh chua c6 dau hiéu suy giam.

Chuong trinh dwoc viét bang ngdn ngix Python va
st dung mot s6 thu vién ma ngudn mé nhu OpenCV,
Tensorflow, Keras,... Dya vao nhiing két qua thu duoc,
ta ¢ thé két hop chuong trinh véi céc thiét bi phan
ctg nhu Raspberry[12], Arduino[13],... dé xay dung
hé thong giam sat va nhic nhé nguoi dan deo khau
trang ¢ nhiing noi dong nguoi nhu: trung tim thuong
mai, truong hoc,. ..
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MO PHONG SU' CO TRAN DAU TREN BIEN BANG PHUONG PHAP
CHIEU RENDER TEXTURE LEN MQT BE MAT

SIMULATION AN OIL SPILL AT SEABASED ON RENDER TEXTURE
PROJECTION TECHNIQUE
PO VAN CUONG”, TRAN GIA NINH
Khoa Hang hdi, Truong Dai hoc Hang hdi Viét Nam
*Email lién hé: dovancuong@vimaru.edu.vn

Tom tat

Trong bai bao nay, chung téi da s dung phuwong
phdp lwéi hinh hoc dé md phong song bién va
chiéu Render texture 1én bé mdt séng nham tqo ra
hinh anh vét dau loang trén bé mat bién bang phan
mém Unity3D. Pay la mét phicong phdp méi, hiéu
nang cua chwong trinh md phong cao, khéng yéu
cau cau hinh may tinh cao va cé thé mé phong
dién tich cia vét dau loang trén mét pham vi réng,
rat phi hep cho viéc tich hop vao cdc chuong
trinh md phong dé hudn luyén cho thuyén vién va
sinh vién trén cac buong md phong cua trieong
Pai hoc va Cao ding chuyén nganh lién quan dén
hang hdi va bao vé méi truwong bién.

Tir khoa: Render texture, Unity3D, tran dau, md
phong.

Abstract

In this paper, we used the geometric method to
render waves and projected the Render texture on
the wave surface to simulate the oil film at sea by
the Unity3D game engine. We provided a new
method, very quickly, does not require high
computer configuration and can simulate a large
area of the oil spill over a wide range, very
suitable for integration into the simulator system
to educate and train crews and students in the
simulators of Maritime Universities and Colleges
which related the major in navigation and
environmental protection.

Keywords: Render texture, Unity3D, oil spill,
simulation.

1. Pit van dé

Trong bdi canh nén kinh té toan cau phét trién mot
cach nhanh chéng, viéc van chuyén va khai thac dau
MO ngay cang gia ting ca vé s lugng va quy mo. Theo
thong ké cia Lién doan cac chu tau ché dau quéc té
(ITOPF) tinh tir nam 1970 t&i 2019 da ¢6 5.86 triéu
tan dau bj tran ra bién [1]. Hau qua cua nhiing vy tran
diu xay ra trén bién ddi véi ching ta 1a v cung

nghiém trong va khiing khiép, do vay viéc xay dung
cac chuong trinh mé phong wng phd khan cap cac tinh
hubng tran dau, nang cao ning lyc tng pho khan cap
va giam thiéu thiét hai vé nguoi va tai san trong quan
ly an toan la vo cung quan trong. Mot chuong trinh
mo phong s ¢6 tran dau c6 rat nhidu vu diém: (1) dé
dang kiém tra va dy doan hudng di chuyén va dién
tich cua vét dau, cd thé tuy y thay déi cac didu kién
thoi tiét va moi truong; (2) xac thuc dé tin cay cua ké
hoach du phong trong tng ph6 khan cap; (3) chi ra
nhitng ton tai va khiém khuyét tiém an trong ké hoach
khan cap dé sira d6i va cai thién thém; (4) khong can
t5n kém nhiéu chi phi dé thuc tap, din tap ngoai thuc
dia va khong phu thudc vao cac diéu kién thoi tiét.
Viéc xay dung chuong trinh mé phong tran dau
trén hé théng 2 chiéu da dwoc nhidu nha khoa hoc
guan tm va thuc hién. Vi Duy Vinh [2] d& st dung
mo hinh Delft3D dé md phong qué trinh lan truyén
dau trén séng Bach Dang, tuy nhién do chinh xé4c cua
md hinh phu thugc vao viéc chia luéi va cac dir liéu
hinh hoc dau vao nhu ban dd dia hinh, muc nuéc va
thity van. Du Van Toan, Nguyén Quédc Trinh [3] da st
dung mo hinh sé tri && mo6 phong mot s6 kich ban tran
dau & khu vuc Pong Nam Bo, diém han ché cua
phuong phap 1a chi cung cip céc thdng tin ngan han
(2, 3 ngay) khi c6 sy cb tran dau xay ra. Tran Duy Kiéu
[4] str dung mé hinh MIKE dé xay dung mé hinh nguy
co tran dau cho vuing bién Phi Qudc, ciing giéng nhu
md hinh ctia Vi Duy Vinh, m6 hinh Mike cling bi phu
thugc vao tinh chinh xac cua viéc phan chia ludi va
céc dir ligu dia hinh. Nguyén Qudc Trinh, Nguyén
Quang Vinh [5] st dung phuong phap m6 phong tran
dau nguoc thoi gian trén khu vuc Bién Pong, tuy
nhién dé kiém ching d6 chinh xéac can cé cac két qua
thuc nghiém dé so sanh, han ché ciaa mé hinh 1a su
bién d6i cua vét dau Ion va cin cai thién do chinh xac
dinh luong. Hién nay, dé xay dung mot chuong trinh
mo phong thuc té a0 VR (Virtual Reality) 12 mot linh
ViC mai ¢ trong nudc Va trén thé gici. Reed va cong
su [6] da st dung mé hinh OSCAR cung cip mot cong
cu dé danh gia dinh luong, khach quan vé cac chién
lwoc tng phé su ¢b tran dau. Cong ty TRANSAS da
sir dung md hinh PISCES tich hop trong hé thong mo
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phong NTPRO5000 dé md phong qua trinh tng pho
cac sy 6 tran dau 3D trong khu vuc cang va trén bién,
mo hinh nay &p dung phuong phap dan cac Texture
I&n bé mat bién sau d6 dung Shader dé tao ra cac hiéu
ting chuyén dong cuia dau. Lehr [7] va cong su da sur
dung mé hinh GULKSLIK dé mo phong cac tinh
hubng tran dau ngoai khoi vinh A rap, diém han ché
clia phuong phap 1 van chua du doan dugc su thay
dbi cua ty trong dau trong qué trinh md phong ma thay
bang céc dir liéu thyc nghigm.

Trong linh vuc d6 hoa may tinh, dé mé phong chat
long chlng ta c6 thé chia ra lam hai phwong phéap:
phuong phap hinh hoc va phuong phéap vat ly. Phuong
phap hinh hoc dya trén viéc chia vat thé thanh cac ludi
hinh hoc (tam giac, tir giac), sau d6 s& két xuat hinh
dang cuia chat long ra man hinh. Uu diém ctia phuong
phap nay 1a don gian, nhanh chéng, khéng can doi hoi
cau hinh phan cing may tinh cao. Phuong phap vat ly
dwa vao cac phuong trinh tinh toan ddi vai chit long
khong nén duoc dé giai quyét bai toan tinh chuyén
d6ng cac phan tir cia chat long, dién hinh 1a dva vao
phuong trinh Navier-Stokes. Tuy nhién phuong phap
nay s& lam cham chuong trinh md phong néu sé lugng
phan tir chat 1ong 16n va yéu cau cao hon vé cau hinh
phan cing méy tinh. Trong pham vi bai b4o nay,
ching t6i s& st dung phuong phap hinh hoc dé thé
hién hinh dang cua vét dau, sau d6 dung cong nghé
chiéu Render Texture cua Unity3D dé md phong hinh
anh vét dau trén mat bién. Phuong phap nay cho hiéu
qua cao, thoa man yéu t thoi gian thuc (Real-time),
c6 thé md phong lugng dau tran trén dién tich Ion va
thé hién dwoc qua trinh phan tach mang dau thanh
nhiing vét dau nho hon, didu ma c4c nghién ciru trudc
day chua thyc hién dugc hodac & mic d¢ don gian hon.

2. Mb hinh toan hoc qué trinh dau tran

V& mat toan hoc, sau khi dau tran ra bién né s& trai
qua cac qud trinh lan rong, tréi dat, va sau mot vai
ngay sé la qua trinh phong hda. Qua trinh phong héa
¢6 tinh dén cac qua trinh bay hoi va ling dong. Tuy
nhién, mo hinh tran diu cua ching téi dugc tich hop
trong hé thong mé phong ng phé khan cap tran dau
trén bién nén cac hanh dong tng phé s& ngay lap tic
duoc trién khai, do d6 s& khong tinh dén qué trinh
phong héa ma chi tinh dén hai qué trinh: lan rong va
troi dat. O giai doan dau, ching t6i sir dung quan diém
cua Lehr [8] dé tinh toan hinh dang va dién tich cua
mang dau, vét dau dudi tac dong cua gio s& lan rong
dudi dang hinh elip. Qua trinh trdi dat dudi tac déng
cua gio s& dugce tinh dén dé dy doan huéng di chuyén
ctia mang dau trén bién.

2.1. Qua trinh lan réng

Mang dau s& ngay lap tac lan rong vé dién tich khi
no bi tran ra trén mat nude. Theo thuyét ¢ dién cua
Fay [9] thi su lan tran caa mang dau dugc mé ta dudi
dang hinh tron trén mat nuéce yén tinh, tirc 1a chua xét
t6i anh huong cua cac diéu kién gi6, thuy tricu. Lehr,
trong cac nghién ciru ciia minh da tinh dén yéu té gio,
dong chay va da tinh toan dién tich mang dau dudi
dang hinh elip véi cac ban truc 16n va ban truc nho.
Dién tich cua mang dau c6 thé duoc tinh theo cong
thac sau:

A=(z/4)QR 1)

Dua trén thuc nghiém, bén truc I6n va ban truc nho
c6 thé duoc tinh toan dua vao thé tich, thoi gian, mat
d6 chit long, khi d6 (1) c6 thé viét lai nhu sau:

2 1
V21 LB e
A=2270] 22| v3t2 440l 22| v3w3 )
Ao Ao
3
A, =10°V*4 3)

Trong d6: A la dién tich mang dau (m2); Amax la
dién tich I6n nhat mang dau (m2); V 1a thé tich dau bi
tran (barrel); W 1a toc do gi6 (knot); t 1a thoi gian

(phat): P 1a khéi luong rieng cua diu; 22 1a bién
thién khéi luong riéng nudce bién - dau; Q 13 bén truc
nho; R 1a ban truc I6n;

2.2. Qua trinh troi dat va phan tach

Khi dau bi tran ra bién, qua trinh lan rong va troi
dat s& dién ra dong thoi. Céc yéu tb chinh anh huéng
dén tdc do troi dat va do chinh xéac cua viéc du doan
dudng di cua vét dau 1a gié, séng va dong chay bé mat.
Ngoai ra, dudi tac dong cua cac yéu té nay, mang dau
bi xé ra thanh nhithg manh nho hon. M.Fingas [10]
trong céc nghién ciru ciia minh da khang dinh néu tran
dau xay ra & khu vuc cang hoic ven bo va te do gio
khong quéa 10km/h thi gi6 s& anh hudng khoang 3%
va dong chay la 100% téi toc do troi dat. Hinh 1 thé
hién anh huong caa gioé va dong chay téi huéng tréi
dat ciia diu. Chung t6i da phan chia mang dau thanh
hang ngan hat dau nho co kich thude tily ¥, sau d6 su
dich chuyén ciia mang dau duoc tinh toén dua trén sy
di chuyén cua céc hat dau d6. Van tdc troi dat cua hat
thar i duoc tinh theo cbng thuc sau:

dX,
d_tl =V (%, Vi s 1) + Ve (%, Y1,1) “)

Trong d6: X, (x;,y;) la vitricua hatthiri; Vg la
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téc do phan tan; t Ia thoi gian (s).
Varie 065 ¥i) =V, (%, Vi) +a Ve (%, yi) ()
Trong do6, Vy 1a tbe d6 gio6 tai 10m trén mat nuéc
bién; VcIa toc do dong chay; &, = 0,03 1a h¢ s gio;

a, = 1<0 la h¢ s6 dong chay.
i

Vaitt (Y1) =VgriftRne ©)
Trong d6: R [~1,1] 12 h¢ $6; ap [0, 7] 12 goc Iéch;

Vi 12 toC d0 dat.

Resulting Resulting
movement

3% of
wind
component

movement

3% of
wind
component

Current component

Current component

a) Xudi gio b) Nguoc gio

Hinh 1. Anh hwéng ciia gi6 va dong chay

3. M6 phéng thuc té 40 tran diu bing ky thuat
chiéu Render Texture
3.1. Tinh méi ciia phwong phap

Hién nay cac nghién cau vé tran dau da phan chi
tap trung & cac nghién ciru vé mit toan hoc, tic 1a tinh
toan cac chi s lién quan dén dic tinh 1y hoa cua dau.
Viéc nghién ciru thyuc té a0 3D tran dau s& khong chi
dua ra cac dy doan vé hudng di chuyén cua diu ma né
con cho mét cai nhin tryc quan, sinh ddng vé hinh anh
tran dau trén bién, rat phu hop véi xu thé hién nay.
Phuong phap thuc té 40 chling toi sir dung ¢ day dua
trén phép chiéu Render Texture trong nén tang
Unity3D. Pay la phuong phap chua tung dugc su
dung trong viéc mod phong sy ¢é tran dau & cac nghién
Cclru trudc.

Ky thuat ciia phuong phap nay nhu sau: dau tién
ching t6i s& md phong mang dau dya trén phuong
phép Marching cube va Metaball, sau d6 chiing t6i s¢€
dung phuong phap chiéu khung canh chuyén dong
mang dau 3D nay Ién mat bién, két qua thu dugc mot
chuong trinh mé phong mang dau 3D trén bién.
Ching tdi sir dung Unity 3D Shader dé hién thi mau
sic cua mang dau va sy phan chiéu anh sang. Shader
la mot phuong phép c6 hiéu suét tinh toan cao hon khi
str dung card d6 hoa bing lap trinh song song, mac du
hai phuong phap nay déu thugc kiéu lap trinh trén
GPU (Graphics Processing Unit).

L_JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

3.2. Kj thudt chiéu Render Texture

Hinh 2. Ky thudt chiéu két cdu

Vé co ban, ky thuat Render texture sir dung trong
Unity 3D ciing twong ty nhu nguyén 1y cia mot may
chiéu, xem Hinh 2. Trong qué trinh chiéu két céu,
phan quan trong nht 12 tinh toan toa do két ciu. Viéc
xac dinh toa d6 két ciu phu thudc chu yéu vao yéu tb
hinh hoc va vi tri cua may chiéu. Phép chiéu cé thé
duogc twong ty hda nhu mot méy chiéu, ban do két cau
gidng nhu mot man hinh. Pic biét, ching ta can dat
dung vi tri va goc chiéu cho may chiéu theo man hinh
thich hop, sau d6 nhap két cau hinh chiéu vao may
chiéu sau khi chuyén déi. Quy trinh thyc hién cu thé
nhu sau:

a. Tao mot camera may chiéu dé chiéu; khoi tao
chc cai dat trong wng bao gom hudng chiéu, géc chiéu
va phdi canh. Hudng chiéu phu thudc vao vi tri man
hinh cua ban.

b. Thuc hién bién ddi ma tran khung nhin cho két
ciu dau; co dugc toa do twong ddi cua két ciu trong
hé toa d6 khung nhin cta camera. Khi dau vao dwoc
dat, qua trinh nay c6 thé duoc kich hoat dé chuyén
thanh hé toa d6 cuc bo cua nd tir hé toa do thé givi.

c. Thuc hién bién dbi ma tran hinh chiéu cho két
céu dugc xur ly tir buéc cudi cung; thu duoc toa do
tuong ddi trong hé toa do chiéu camera. Buéc nay lién
quan dén viéc diéu chinh may chiéu theo mirc do va
gdc nhin dé dam bao tao ra hinh anh phu hop cho man
hinh.

d. Chuan héa toa do két cAu tir hai 1an bién déi cudi
cling va tao ra két qua dé hién thi. Viéc chuan hoa
nham dam bao rang thuat toan khdng phu thudc vao
thiét bi.

Nhu dugc md ta bai (7), két ciu thu duge dugc
chuin hoa va dau ra duoc chuyén ddi sang hé toa do
thé gidi.
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Trong d6, Mworiad 12 toa dd két cau trong hé toa do
thé gioi; P 1a toa d6 két cau trong hé toa do dia
phuong; Muorm 1a ma tran chuan hoa; My 1a ma tran
chiéu; Myiew 12 ma tran khung nhin.

4. Thuc hiégn mé phéng thuc té 40 sw ¢ tran
diu trén bién
4.1. Quy trinh thec hign

Biéu db tryc quan su cb tran dau dua trén phép
chiéu két cau duoc thé hién trong Hinh 3. Qué trinh
chiéu duoc thuc hién theo cac budc sau:

a. Xac dinh toa d6 cua tung dinh theo md hinh tran
dau;

b. Tao ra hinh anh chuyén dong 3D cua dau bing
Render texture trong Unity3D;

¢. Thuc hién bién ddi ma tran khung nhin va ma
tran phép chiéu, dua két qua bién d6i vao phép chiéu;

d. Sir dung Shader dé tao mau cho vét diu va qué
trinh phan xa, khic xa anh sang;

e. Xuat ra chuong trinh mé phong 3D mang dau

trén bién.

Tinh toan toa d6 dinh hinh|_
hoc cia mang dau

|

Khéi tao Render Texture
trong Unity3D

|

Mb hinh toan hoc Ma tran bién ddi phép
tran dau chiéu

|

Tao mau, phan xa, khic xa
béng Shader

C4 tiép tuc chuwong trinh

hay khong? Khng

Xuat ra chwong trinh md
phéng mang dau trén bién

Hinh 3. Quy trinh thxc hién mé phéng

KHOA HOC - CONG NGHE

4.2. Két qua mé phéng

Trong qué trinh lan rong va troi dat ban dau, md
hinh Lehr va mé hinh Hoult da duoc &p dung dé tinh
toan dién tich tran dau. Bé md phong va hién thi dic
tinh va hanh vi ciia mang dau trén thiét bi dau ra, mo
hinh dugc thir nghiém trén may tinh dé ban c6 cau
hinh nhu sau:

e  Chipset: Intel(R) Core(TM) i7-6700 CPU
@ 3.40 GHz;

e Card dd hoa: NVIDIA Quadro K620;

e BO nhd RAM: DDR4 8GB;

e CPU: 4 nhan, 8 luong.

Mb hinh su ¢ tran dau ba chiéu dugc thuc hién
bang phan mém Unity 3D, ma ngudn dugc viét bang
ngdn ngit C# tich hop véi nén tang Microsoft Visual
Studio 2013. Bai viét nay di tai hién lai sy ¢ tran dau
xay ra tai khu vuc bién Vinh Béc bo. Thong tin vé vu
tran dau sir dung trong mo hinh dwoc liét ké nhu sau:

e Thoi didm: ngay 04 thang 07 nim 2020
e Vi tri tran dau: khu vuc bién Vinh Bic bo
Thé tich dau tran: 1000 m?
Khéi lugng riéng cua dau: po = 806 kg/m?3
Khéi lwong riéng nuéc bién: pw = 1025 kg/m?
e Tbc do gi6 & do cao 10m so véi mat nuoc
bién: Wy = 0.5 m/s

Dau tién, sy phat trién cua vét dau trong giai
doan Lehr dugc thuc hién, trong giai doan nay, vét
dau chi don gian 1a tang dién tich cua hinh elip, véi
truc chinh va truc nhé c6 thé duoc tinh todn dua trén
phuong trinh (1) va (2). Unity 3D duoc st dung dé
hinh dung mang dau ba chiéu trén bién, mé hinh
chia khoang thai gian thanh lGc méi bét dau tran,
01 gio sau, 03 gid sau va dién tich tran dau dat muc
tdi da, xem Hinh 4.

(a) Bét dau (b) 01 qior sau

(c) 03 gio sau (d) Dién tich téi da

Hinh 4. M6 hinh tran ddu theo Iy thuyét ciia Lehr
Khi mang dau lan rong dén dién tich ti da (duoc
tinh toan theo phuong trinh 3), chiing t6i s€ md phong
qué trinh phan tach mang dau thanh nhitng phan nho
hon. Thuét todn Marching Cube (MC) duoc 4p dung
dé t&i tao lai bé mat dang thé cua ting hat, mdi hat
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duogc coi 1a mot Metaball hién thi dang bé mit ding
thé, xem Hinh 5. Dé tao cc hiéu mg nhu phan xa,
khuc xa, mau sic trung thuc, dat hiéu qua md phong
thoi gian thuc tét nhit, tac gia da st dung Unity3D
Shader dugc viét bang ngon ngir “ShaderLab”, no la
mot dang ngdn ngir 1ap trinh trén GPU thay vi duoc
viét trén CPU nhu thong thuong. Két qua cia chuong
trinh m6 phong duoc téc gia minh hoa trong Hinh 6.

Hinh 5. T4i tgo bé mat ddu bang thugt toan MC

Hinh 6. M6 phéng 3D tran ddu trén bién

Hién nay c6 rat it nghién ciru md phong thyc té a0
trong tran dau trén bién. Ren Hong Xiang [11] da thyuc
hién md hinh 3D truc quan héa su ¢6 tran dau, sir dung
mo hinh hat dau dé mé phong vét dau loang bi chia
thanh cac phan nho hon trén mat nuéc, tuy nhién, Ren
da coi cac hat 1a nhitng hinh tru nho cé cung kich thudc.
Trong md hinh lan rong, Ren str dung phuong trinh Fay
dé tinh toan dién tich tran dau tai mot khoang thai gian,
két qua 1a vét dau dugc biéu dién dusi dang mot vong
tron trén mat nuéc. Mot s6 han ché ciing dugc boc 16
khi str dung cong thirc cua Fay, khién md hinh dy béo
s ¢4 tran dau co do chinh xac thip. Yu Feng [12] ciing
nghién ctiru mé hinh tran dau bang hinh anh 3D trén
bién, sir dung cong thirc cua Fay cho mé hinh lan rong,
nhung hoan toan khong str dung md hinh hat, diéu nay
dan dén viéc mo hinh ciia Yu khong dap tmg duogc viéc
chia vét dau thanh cac phan nho hon.

5. Két luan va trién vong

Bai béo nay da thyc hién md phong thyc té ao hinh
anh tran dau trén bién bang viéc chiéu Render texture
trén mot bé mat khac. Mo hinh toan hoc tran dau dugc
tinh toan dya trén Iy thuyét cia Lehr va Fingas dé tinh
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toan va du doan sy lan rong va troi dat cua mang dau
trén bién, sau d6 sir dung phan mém Unity3D d¢ hién
thi qua trinh dau loang trén bién tai khu vuc Vinh Bic
bd. M6 hinh ¢6 thé mé phong véi hiéu ning cao, dam
bao yéu tb thoi gian thyc (Real-time), c6 thé md phong
quéa trinh phan tach cua vét dau thanh cac manh nho
hon, md phong luong dau tran trén dién tich 1on.

Trong cac nghién ctu tiép theo, tic gia mong
mudn tiép tuc phat trién san pham dé mé hinh dau
loang c6 thé tuong tac véi cac phao quay dau va cac
tau thu gom dau trén bién, c6 nhu vay md hinh cua
chung toi méi co thé ung dung dugc mot cach day du
trong phong md phong hang hai dé thyc hién cac bai
dién tap ng ctru khi c6 su ¢b tran dau trén bién xay
ra dé huan luyén cho sinh vién va thuyén vién cua
Truong Dai hoc Hang hai Viét Nam va cac don vi O
nhu cau.

Loi cam on
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TINH LUONG KHi THAI TU PQI TAU VAN TAI BIEN VIET NAM

CALCULATING THE VOLUME OF EMISSIONS FROM VIETNAMESE
SHIPPING FLEET
PHAN VAN HUNG!, NGUYEN MINH PUC?
'Khoa Hang hdi, Truong Pai hoc Hang hai Viét Nam
2Trirong Pai hoc Hang hai Viét Nam
*Email lién h¢: phanvanhung@vimaru.edu.vn

Tom tit

Vdn tdi bién véi nhing weu thé vurot tréi vé khoi
leong va quing dwong vdn chuyén da va dang
déng vai tro quan trong cuia nen kinh té toan cau.
Véi hon 90.000 tau thirong mai, c6 tong trong tdi
1,86 ty DWT, vdn chuyén hon 80% khéi hrong
hang héa thirong mai t0an cdu. CUng Véi sy phét
trién kinh té ddt nwéc, nganh hang hdi ciing dang
¢6 s chuyén bién manh mé, phét trién dgi tau van
tai bién véi 1.276 tau, tong trong tai dat 8,716
trieu DWT. Hoat déng hang hdi ciing phat thai khi
déc hai gdy ra cdc tic dong tiéu cuc dén moi
trweong va khi hdu toadn cau. Té chirc Hang hdi
quéc té (IMO) da thuc hién nhiéu né luc d@é nham
xay dung khung phap ly va ky thugt trong viéc
kiem soat va giam thiéu phat thai khi doc hai tir
tau bién nhw Phu luc VI MARPOL 73/78, cac
hwéng dan xay dung khung phap ly. Hon nia, Viét
Nam di cam két thuc hién théa thugn Paris
(COP24). Vi vay, tinh todn lwong khi thai déc hai
tir tu bién Viér Nam dang la doi héi cdp thiét.
Trong bai viét nay, phirong phdp tinh sé duwoc
phan tich va lira chon dé tinh liong khi thdi tir tau
bién Viet Nam. Két qua tinh toan cho thdy, trong
nam 2019 dji tau vdn tai bién Viét Nam da phat
thai 4,03 ngan tan CO,, 66,27 tan NOx, 34,47
ngan tan SOx, 5,29 ngan tan PM. Két qua nay la
nén tang dé nghién citu, xay dung g trinh quéc
gia va ké hoach hanh déng dé kiém soét khi thdi
tir d@6i tau bién Vigt Nam.

Tir khoa: Khi thai déc hai, doi tau van tai bién
Viét Nam, CO2, NOy, SOx.

Abstract

Shipping with outstanding advantages in volume
and distance is playing an important role in the
global economy. With more than 90,000
commercial ships, with a total tonnage of 1.86
billion DWT, transport more than 80% of global
commercial cargo. Along with the economic

development of the country, the maritime industry
is also undergoing strong changes, developing a
fleet of shipping ships with 1,276 ships, total
tonnage of 8,716 million DWT. Marine activities
also emit emissions, causing negative impacts on
the global environment and climate-change. The
International Maritime Organization (IMO) has
made many efforts to develop a legal and
technical framework for controlling and reducing
emissions from ships such as Annex VI MARPOL,
Guidelines for building legal framework.
Furthermore, Vietnam has committed to
implementing the Paris Agreement (COP24).
Therefore, calculating emissions from Vietnamese
ships is an urgent requirement. In this article, the
calculation method will be analyzed and selected
to calculate the emissions from Viethnamese ships.
Calculation results show that, in 2019, Vietnam's
shipping fleet has emitted 4.03 thousand tons of
CO,, 66.27 tons of NOx, 34.47 tons of SOx, 5.29
thousand tons of PM. This result is the foundation
for researching and building a national stratergy
and a national action plan to control emissions
from Vietnam s shipping fleet.

Keywords: Ship emissions, Vietnam's Shipping
fleet, CO;, NOy, SOx.

1. Pat van dé

Van chuyén hang héa bing dwong bién 1a mot
trong nhitng hoat dong quan trong ciia nén kinh té
toan cau, véi cac uu thé vuot troi vé khdi luong va
quang duong van chuyén. Theo théng ké (UNCTAD,
2017), v6i hon 90.000 tau thuong mai, ¢ tong trong
tai 1,86 ty DWT, van tai bién 1a phwong thirc van
chuyén hon 80% khdi lwong hang hoa thuong mai
thé gii hang nam.

Cung véi qua trinh d6, hoat dong hang hai ciing
phat thai khi nha kinh va cac loai khi thai doc hai khéc,
gdy ra cac tac dong tiéu cuc dén moi trudng va khi hau
toan cau. Theo cac nghién ciru vé phét thai khi nha
kinh nam 2014, van tai hang hai thai ra khoang 1 ty
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tan CO, mdi nam, chiém 3% lugng khi thai nha kinh
todn cau tir qua trinh dbt chay nhién liéu va du béo,
dén nam 2050, lugng phét thai khi nha kinh tir hoat
dong hang hai cé thé tang tir 50% dén 250%. Ngoai
ra, hoat dong hang hai cling gy ra 12% luong thai khi
oxit Iuu huynh (SOx) va khoang 13% lugng thai khi
nito oxit (NOx) trén pham vi toan cau [1, 2].

Ddi phé voi cac tac dong tidu cuc do khi thai tir
hoat dong hang hai, IMO da thyc hién nhiéu nd luc
nham xay dung khung phép ly va ky thuat trong viéc
kiém soat va giam thiéu phat thai khi thai tir tu bién,
cu thé 1a:

- Théng qua Phu luc VI Céng uéc qudc té vé ngan
ngtra 6 nhidm tir tau (MARPOL) cling cac stra di (c6
hiéu lyc tir ngay 01/01/2013) thiét lap céc gidi han ddi
vé6i khi thai NOx, sir dung nhién liéu Iuu huynh thap
(giam phat thai SOx), va yéu cau thuc hién cac bién
phép k¥ thuat va van hanh bat bugc ddi véi tat ca cac
tau tir 400 GT tro 1én dé tang cuong hiéu qua ning
lugng.

- Théng qua Nghi quyét MEPC.304 (72) nim 2018
vé Chién luoc IMO ban dau cho viéc giam phat thai
khi nha kinh GHG tir tau, véi muc tiéu giam tong phét
thai GHG hang nam it nhat 50% vao nim 2050 so v&i
nam 2008 [2].

Trong nhirg nim qua, ciing véi sy phét trién kinh
té dat nudc, nganh hang hai Viét Nam dang c6 sy hoi
phuc manh mé, véi doi tau bién Viét Nam hién co
1.276 tau va trén 8,716 trieu DWT tai trong. Véi vai
tro va trach nhiém ngay cang ting véi cong ddng quéc
té, Viét Nam dang timg budc tham gia va hién thyc
hoa cac cam két chung vé giam thiéu phat thai khi thai
tir hoat dong hang hai [3, 5].

Thi teéng Chinh phu da ban hanh Quyét dinh phé
duyét ké hoach thuc hién cac Phu luc 111, 1V, V, VI
Cong u6c MARPOL 73/78, trong d6 néu rd cac nhiém
vu ra soét hé thong luat qudc gia, danh gia hién trang
6 nhiém do hoat dong hang hai, nghién ciu céc bién
phép kiém soat, giam phat thai tir tau, ning cao ning
lyc thue thi, ciing cac nhiém vy khac tién t6i 4p dung
day du cac Phu luc Cong w6c MARPOL 73/78.

Sau khi ky két Thoa thuan Paris, theo dong gop do
quédc gia tu quyét dinh (NDC), Viét Nam da cam két
muc tiéu dén 2030 s& giam 9% tong lwong phét thai
GHG so véi kich ban phat trién thong thuong (BAU)
bang nguon luc trong nuéc. Tha twéng Chinh phi da
ban hanh Ké& hoach thuc hién Thoa thuan Paris vé bién
d6i khi hau tai Quyét dinh s6 2053/QD-TTg ngay
28/10/2016.

B Giao thdng van tai da ban hanh K& hoach hanh
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dong ng pho voi bién dbi khi hau va ting truong
xanh giai doan 2016-2020 tai Quyét dinh s6 1456/QD-
BGTVT ngay 11/5/2016, trong d6 xac dinh muc tiéu
phat trién giao thdng van tai theo hudéng bén viing,
than thién v6i moi treong, giam phat thai khi nha kinh,
kiém ké phat thai khi nha kinh tir cac hoat dong giao
théng van tai.

Vi vay, tinh todn hién trang phat thai khi thai tu
hoat d6ng cua doi tau van tai bién Viét Nam 12 yéu cau
cap thiét hién nay. Chi khi c6 di liéu vé luong phét
thai cua doi tau bién Viét Nam 1am co sé thi ching ta
méi 6 thé xay dung chién lugc qudc gia vé giam phat
thai khi thai tir hoat dong cua doi tau bién Viét Nam.
Hién nay, c¢6 nhiéu phuong phap tinh lugng khi thai tir
tau bién. Vi vay, trong bai viét nay tac gia s& di phan
tich cac phuong phap tinh va lya chon phuong phap
phu hop dé tinh lwgng khi thai tau bién Viét Nam.

2. Cac phwong phap tinh

Khi thai tau bién c6 thé duoc tach ra thanh khi thai
tau bién trén ving bién quéc té, ving bién thudc chua
quyén quédc gia ven bién va khi tau trong cang bién.
Céc phuong phap luan khac nhau sau day dé wdc tinh
luong khi thai tr tau bién did dwoc danh gia boi
Gommers va cong su (2007) [4]:

Phirong phdp MEET: Dy &n chau Au vé Phuong
phép luan dé uéce tinh phat thai chat 6 nhidm khong
khi tur giao théng van tai (MEET) md ta mot phuong
phap tinh toan lugng phét thai tir tau bién, trong sé cac
phuong phéap luin cho cac phuong thuc van tai khac
(MEET, 1999).

Phuong phdp ENTEC: ENTEC UK Limited da
thuc hién mot nghién cau thay mit cho Uy ban chau
Au, @ dinh lugng trong sé nhirng thtr khéac ma tau
phat thai khi SO, NOx, CO; va hydrocachon, trong
nam 2000, & Bién Béc, Bién Ailen, Kénh Anh Quéc,
Bién Baltic va Pia Trung Hai. D4i vé6i chat 6 nhiém
dang hat PM, ho méi chi dinh lugng lugng phat thai
trong cang (diéu dong, boc da va gia nhiét).

Phuong phap EMS: Dy an ‘Dang ky va giam sat
khi thai trong van chuyén’ (EMS) (Emisseregistratie
en Monitoring Scheepvaart) dugc thuc hién baéi dich
vu ¢b van Ha Lan vé giao théng va van tai (DVS)
(trude day goi 1a Adviesdienst Verkeer en Vervoer
(AVV) (don vi thuc hién chinh), boi Lénh cua Téng
cuc van tai hang héa. Muc dich cua du an la lap ban
dd cac lwong khi thai khéc nhau tir cac tau bién khi
vén chuyén noi dia cho Ha Lan.

Phwong phap TREMOVE: Transport & Mobility
Leuven di dwa van chuyén hang hai vao mé hinh
van tai TREMOVE cua ho. M6 hinh tinh toan lugng
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khi thai tir tau bién v&i phuong phap luan do
ENTEC thiét lap.

Phuwong phap TRENDS: 1a phuong phép van
chuyén va h¢ thong co sé dir liéu moi truong. Céc tac
gia cia TRENDS di thiét 1ap mot phuong phap luan
dé xac dinh luong khi thai tir bdn phuong thirc van tai
quan trong nhat (van tai duong bo, dudng sat, van tai
bién, hang khéng). Md-dun trong nghién ctru Tiéu thu
nang luong va phat thai chat 6 nhiém khong khi tir van
tai Puong sit va Hang hai dua trén TRENDS. Trong
ARTEMIS, viéc tinh toan luong khi thai tir tau bién
dua trén phuong phap luan TRENDS.

Vi dit ligu vé nam thanh phan khéc nhau ciia doi
tau dwoc thu thap, c6 thé tinh toan hoic wéc tinh mirc
tiéu thu nhién liéu va lugng khi thai cua tau, tuy thuoc
vao tinh sin cé va chat lwong cua dit liéu. Viéc nay
duoc khuyén nghi thuc hién cho ting thanh phan
trong s6 nam thanh phan khac nhau cia déi tau, vi
diéu nay s& giup xac dinh thanh phan nao phu hop véi
qudc gia vé muc tiéu thy nhién liéu va khi thai.

Tuy nhién, cac phuong phap duoc nhiéu chuyén
gia va qudc gia ven bién danh gia cao va ap dung la
ba phuong phép (Bang 1) do IMO dé xuét dé tinh
todn/uéc tinh muc tiéu thu nhién liéu va khi thai cua
tau [1, 2]. Cac phuong phap nay c6 mace do phic tap,
d6 tin cay va kha nang phén tach lugng khi thai khac
nhau va phan bd ching cho cac linh vuc khac nhau
cua doi tau.

Phuong phap A, (Top-down) tir trén xudng - dit
licu/thdng ké ban nhién liéu hang hai.

Phuong phap B (Bottom-up 1), tir duéi I1én 1 - dir
liéu do chu tau/nguoi khai thac bao céo.

Phuong phap C (Bottom-up 2), tir dudi 1én 2 - dix
liéu vé hoat dong van chuyén va cac mé hinh tiéu thy
nang luong. Vi cac wu diém vuot troi va phi hop voi
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co s& dit lidu han ché tai Viét Nam, phuong phép C tir
duéi 1én duoc lya chon dé tinh lwong khi thai tir hoat
dong cua doi tau bién Viet Nam trong nghién ctru nay
(Bang 1).

Khao sat doi tau bién Viét Nam, gan nhu chua co
d6ng thai nao vé viéc thu thap bao cao luong tiéu thu
nhién liéu tau bién truéc 2019. Yéu ciu cua IMO cho
cong tac nay bat dau tir ngay 01/01/2019, do vay da
sb cac chu tau con chua thuc sy quan tam. Ngoai ra,
da s6 cac chu tau déu ¢6 xu huéng chon phuong phap
bao c4o tiéu thy nhién ligu tha cong bang phiéu bién
nhan, 1y do vi chi phi thdp khong ton kém trong viéc
nhap khau céc thiét bi do tir nude ngoai. Trong nghién
cau nay, dit liéu dugc thu thap duge trong nim 2019
dya trén bao cao tir cac chu tau.

3. Tinh lwong khi thai tir ddi tau bién Viét Nam

Theo phuong phap C, cac yéu té phat thai dugc
tinh toan dua trén cac nghién ciu cia IMO (2009 va
2014), cho phép udc tinh lugng khi thai tir luong tiéu
hao nhién liéu (HFO MDOQ) véi ham lugng cac thanh
phan trong tirng loai nhién liéu, két hop vai hé sé phat
thai dwoc diéu chinh theo c6ng suat may. Phuong phap
duoc tién hanh theo cac budc sau:
Buwéc 1: Xdc dinh cac yéu té phat thdi co sé, cong
thezc tinh

Cac yéu t6, thanh phan khi thai duoc tinh dén bao
gom:

« COx (Cacbon Oxit);

« NOx (Nito Oxit);

* SOx (Luu huynh Oxit);

* PM (Bui min);

 CO (Carbon monoxide);

» CH4 (Métan);

* N2O (Dinito monoxit);

Bing 1. So sanh phwong phdp tinh todn lweng khi thdi tau bién va du bao phat thdi

) Kha niing tinh toan
Thanh phan dgi tau
Phwong phap A Phwong phap B Phwong phap C

1. Doi tau ding ky mang c& qudc tich Khéng Khéng Co
. C6 (néu hoat dong thi )
2. Doi tau noi dia Co o Co

cling duogc béo céo)
3. Poi tau dich vu quc gia phuc vu van C6 (do chinh xac C6 (néu hoat dong thi s
. s . 0

tai quoc té thap) ciing dugc bao céo)
4. Poi tau di qua lanh hai quéc gia Khéng Khéng Co
5. Poi tau thude so hitu qubc gia Khéng Khéng Co

Nguon:[ IMO GHG, 2014]
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« NMVOC (céc hop chit d& bay hoi khong metan
- non-methane volatile organic compounds).

Cong thirc tinh va cach tinh hé sé cac yéu tb phat
thai trong nghién ciru nay dugc tham khao to IMO
GHG [1,2] phuong phap “C” nhu sau:

CO2 g/kWh = 3.114 g CO2/g nhién li¢u x SFOC h¢
s6 phét thdi (1)

Téng lugng phat thai khi thai CO, tir tau bién dugc
tinh toan dwa trén lwong tiéu hao nhién liéu va hé sé
dbt chay nhién liéu co ban theo IMO (GHG lan thw 3,
2014): FO la 3.11400g/g nhién liéu va DO la
3.20600g/g nhién liéu.

NOx

- Tiéu chuan NOx IMO Tier 1: n (rpm) trong
khoang:

n < 130: NOx g/kWh = 17,0

n =130 - 1999: NOx g/kWh = 45 x n(-020)

n >2000: NOx g/kWh = 9,8

- Tiéu chuan NOx IMO Tier 2 n (rpm) trong
khoang:

n < 130: NOx g/kWh = 14 4

n =130 - 1999: NOx g/kWh = 45 x nt-%)

n>2000: NOx g/kWh = 7,7

SOx g/kWh = SFOC g nhién ligu/kWh x 2 x 0,97753
X % lwu huynh 2

Trong d6 0,97753 1a hé s6 nhién li¢u ¢ luu huynh
chuyén d6i SOx va 2 la ti 1é cua trong s6 SOx va S.

PM

- Béi véi nhién lieu HFO:

PM g/kWh = 1,35 + SFOC g nhién li¢gu/kWh x 7 x

0,02247 x (hé s6 S - 0,0246) (3)

- Béi vai nhién lieu MDO/MGO:

PM g/kWh = 0,23 + SFOC g nhién ligu/kWh x 7 x

0,02247 x (hé s6 S — 0,024) 4)
CH4 g/kWh = NMVOC EF g/kwWh x 0,02 (5)

KHOA HOC - CONG NGHE

N20 g/kWh = 0,16 x SFOC g nhién liéukWh/1000 (6)
Buwéc 2: Quy doi cac hé sé
Chuyén d6i nang luong - yéu té phat thai co so (g
chat 6 nhidm/kWh) sang nhién ligu - yéu t6 phat thai
EF (g chat 6 nhidm/ g nhién li¢u tiéu thy) [2] st dung
cong thac sau:
EFcs (g chit 6 nhiém/kWh)
~ SFOCcs (g nhién lidu/kWh)
Trong d6: EF s 1a trich dan yéu té phat thai,
SFOCcs la SFOC két hop véi trich dan yéu tb
phat thai.
Buwéc 3: Sir dung FCFs dé ap dung tinh
EF,; = EFcg X FCF ®)
Trong d6: EFy tinh theo g chat & nhiém/g nhién lidu.
Buwéc 4: Xdc dinh hé sé quy doi ciia cac yéu to
Trong nghién ctu ndy, cin cir sé liéu tiéu hao
nhién liéu va dic trung k¥ thuat cua tau bién dugc
cung cap tir Cuc Pang kiém Viét Nam (Bang 2), cac
hé s6 co so cua cac yéu té phat thai dugc tham khao
theo IMO GHG lin 3, 2014 (Bang 3) [5, 6] va phuong
phép tinh néu trén, ta tinh tdng luong khi thai CO, doi
tau bién Viét Nam chay tuyén qudc té phét thai nim
2019 la 2.660,364 tan.

EF s

()

® T khich

T:

W TanRoRo
i
T

Hinh 1. Phat théi CO2 tar tau bién chgy tuyén quéc té
nam 2019

Bdng 2. Sé ligu théng ké lweng tiéu thu nhién ligu ciza tau bién Vigr Nam nim 2019

; . L Lwong tiéu thu nhién
Tong Cong suat may (CV) . ;
L Dung tich . ligu trong nam (tan)
TT Danh muc tau bién trong tai
(1000GT) ) May
(tan) . May phu DO FO
chinh
A | Tau bién chay tuyén quéc té | 3362600,4 | 5185770,7| 2369810,6| 5849898 2299268 617423,0
Téng 3836424,4 | 6015303,2 | 3058663,2 681437,2 2143449 38188,7

Nguén: Cuc Ping kiém Viét Nam, 2020 [5]

SO 66 (4-2021)




KHOA HQC - CONG NGHE

TAP CHI ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

Trong d6 tau chd hang roi chiém 26% tong luong
khi thai tir hoat dong cua doi tau van tai bién Viét Nam
(Hinh 1), theo sau d6 1a lugng khi thai tir tau kéo
chiém 23% tong luong khi thai CO, phat thai tir hoat
dong cua tau bién Viét Nam. Nhom tau chg dau va tau
Container la nhitng nhém tau dang dugc dinh huéng
phét trién trong giai doan hién nay ciing déng gop
lugng khi thai khéng nho, lan luot 12 18% va 10%
lugng CO; phét thai tir tau bién Viét Nam. Doi véi tau
bién chay tuyén noi dia phat thai lugng CO, trong nim
2019 1 1.368,378 tan.

Béng 3. Xdc dinh hé sé quy déi cac yéu to

Hé sb quy HFO MDO/MGO | Tham
déi EF kg/tin NL | kg /tan NL khao
IMO,
CO2 3,114 3,206 GHG
2014
78.46 (SSD) IMO,
NOx 52,09 - GHG
(MSD) 2014
9,76
52.77 (SSD) | (MDO0,5%) | Mass
SOx 52,79(MSD) 2,64 | balance
(MDO 0,15%)
1,82
oM 7,28 (SSD) | (MDO0,5%) | EPA,
6,65 (MSD) 1,24 | 2007
(MDO 0,1%)
2,77 (SSD) EPA,
co 2,51 (MSD) ) 2007
0,06 (SSD) IVL,
CHa4 -
0,05 (MSD) 2004
0,16 (SSD) EPA,
N2O -
0,16 (MSD) 2014
NMVOC 3,08 (SSD) ) ENTEC,
2,33 (MSD) 2002

® Tiu Ro Ro

® Tiu khach

= Tau khac

Hinh 2. Ti 1¢ phat thai CO> theo logi tau bién Vigt Nam
nam 2019
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Téng lugng khi thai CO2 ctia doi tau bién dang ky
mang cd qudc tich Viét Nam nam 2019 13 4.028,742
tan. Hinh 2 thé hién ti 1¢ phat thai CO, giita cac loai
tau trong ndm 2019. Trong d6, tau chd hang tong hop
phét thai CO, I16n nhat, 1.141,830 tan chiém 25% tong
luong phat thai CO, ciia doi tau. Xép thir hai 1a tau
container phét thai 983,311 tan CO, trong nam 2019.

4. Két luan

Pé thuc hién cac cam két cua Chinh phu trong
Thoa thuan Paris (COP24) va nghia vu quéc gia thanh
vién cua Phy luc VI, Cong wéc MARPOL vé 6 nhiém
khi thai tir tau bién, Viét Nam can xay dung chién lugc
qudc gia vé giam thiéu phét thai khi thai quéc gia noi
chung va giam phat thai khi thai tr hoat dong cua tau
bién néi riéng. Vi lugng khi thai phét thai tir tau bién
Viét Nam trong nam 2019 1 hon 4,03 ngan tin CO;,
hon 66,267 tan NOx, hon 34,472 tin SOx,... Két qua
nay dugc ky vong 1a co sé quan trong dé céc nha
hoach dinh chinh sach, cac nha nghién ctu, phét trién
céc chinh sach, chién luoc giam phat khi thai tir tau
bién néi riéng va giam phat thai khi nha kinh noéi
chung dé dam bao cam két cua Chinh phu va nghia vu
qudc gia duoc thuc hién.
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NGHIEN CUU ANH HUONG CUA PIEU KIEN KHI TUQNG
PEN HAM LUQNG PMjo VA PM25 TRONG KHONG KHI
XUNG QUANH CAO TOC PHAP VAN - CAU GIE
RESEARCH ON THE EFFECTS OF METEOROLOGICAL CONDITIONS
TO CONCENTRATION OF PM10 AND PM2.5 IN THE ATMOSPHERE
ON PHAP VAN - CAU GIE HIGHWAY
TRUONG VAN TUAN®, BUI PINH HOAN, NGUYEN XUAN SANG

Vién Méi truong, Truong Dai hoc Hang hdi Vit Nam
*Email lién hé: tuantv.vmt@vimaru.edu.vn

Tom tat

Trong nghién ciu nay, ching téi da nghién ciu
danh hwong cua nhiét dg méi trong, dé am khdng
khi va toc dé gi6 dén ham lwong PMyo va PMys
trong khéng khi véi khu vuc thuc dia la duong
Cao téc Phap Van - Cau Gié. Phan mém SPSS
(Statistical Package for the Social Sciences) ho
tro hoar dgng phan tich thong ké va phan mém
Origin di duwoc sir dung. Két qud cho thdy, c6 moi
twong quan thudn gitta dé am khong khi va ham
lrong PM1g V& PMys Vi hé s6 twong quan lan
lwotlar=0,68var=0,7.

Tirkh6a: Ham lwong PMiova PMzs, dg amkhong
khi, nhi¢t dé méi truong, toc dé gio.

Abstract

In this study, we studied the effects of ambient
temperature, air humidity and wind speed to PM1o
and PM s concentrations in the air with the field
area is Highway Phap Van - Cau Gie. SPSS
(Statistical Package for the Social Sciences)
software supports statistical analysis and Origin
software were used. The results show that there is
a positive correlation between the air humidity
and the PMj; and PMys content with the
correlation coefficients of r = 0.68 and r = 0.7,
respectively.

Keywords: Concentration of PMyoand PMs, air
humidity, ambient temperature, wind speed.

1. Mé dau
O nhiém khéng khi dang PM1o va PM,s da duoc
xac dinh 12 hai trong sb nhitng chat gay 6 nhiém khéng
khi nghiém trong nhat trén toan cau noi chung va khu
vuc Dong Nam A noi riéng, trong d6 c6 Viét Nam [1].
Ti lé co gigi hda cao cua Viét Nam trong thap ky
qua, din dén giao thong dwong bo tré thanh ngudn 6

nhiém mai truong khdng khi ¢ cac khu vuce d6 thi hoa.
Khi két hop khi twong, giao théng va quy hoach d6 thi
khéng phu hop diéu kién trong Thanh phé, 6 nhidém
khong khi vai mirc d6 cao dugc hinh thanh. Trong do6
phan 16n do cac chit 6 nhidm doc hai thai ra cing voi
khi thai cta xe, dac biét la PMiy va PM2s cé anh
huong nghiém trong dén stic khoe con nguoi, tich tu
lau ngay s& lam ting nguy co phat bénh & hé ho hap,
hé tim mach, hé tuan hoan va ca hé sinh san ciia con
nguoi [2].

PMo |a chit dang hat lo lung, ¢ thé ran hoic long,
¢ duong kinh tir 10 micromet tré xudng. Su khac biét
gita PM1g va PM, s chi 1a van dé kich thudce [3].

Trong nhiing thap ky gan day, cic nguyén nhén
dién hinh cua sy gia ting PMio va PM,s di dugc nhiéu
nha khoa hoc nghién ciru. Trong d6 c6 chi ra rang &
nhiém khong khi xung quanh ciing chiu anh huéng
manh mé& cua cac yéu t6 khi tuong. Céc yéu té thoi
tiét/khi hau dong vai trd quan trong khéng chi trong
qua trinh lan truyén vat ly caa chit 6 nhidm trong
khong khi ma con anh hudng dén ca qua trinh bién doi
hoa hoc cua ching, dac biét phu thuc vao nhiét do,
d6 am, buc xa mat troi [4].

Hién nay, c6 hai phuong phép tiép can duoc su
dung rong rai dé xac dinh ham luong va thanh phan
phén tan cua céc hat lo ltng trong khong khi: Phan
tich trong lwgng va phén tich quang hoc. Phuong phap
trong lwong 14 phwong phéap phén tich tuyét di khong
yéu cau xac dinh ham hiéu chuin. Uu diém chinh cua
né la kha niang xac dinh tryc tiép ham luong khoi
lugng cua céc hat lo lirng ma khong bi anh huéng ctua
chc dac tinh vat Iy va héa hoc cta no dén két qua do.
Mot nhugce diém va han ché dang ké ctia phuong phap
trong lwong 13 khdng thé xac dinh ham luong tic thoi
trong ché do do lién tuc [5]. Trong nghién ciu nay,
ham lugng PMio PM,s dugc phén tich bing phuong
phap quang hoc dua trén viéc do cuong d6 anh sang
bi tan xa boi cac hat lo ltng, hay ndi cach khac 1a danh
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gia do trong sudt caa dong khdng khi cé6 mot thé tich
nhat dinh di qua may do.

2. Phwong phap nghién ciru

Qua trinh thyc hién nghién cuau, cac phuong phap
nghién ctru duoc sir dung:

Phuong phap 1dy mau hién truong: Céc s6 ligu vé
ham lugng PM1o PM2s va cac thong sb diéu kién khi
tuong thiy van duge do tai 4 vi tri (Hoang Mai,
Thanh Tri, Thuong Tin, Pha Xuyén) trong tat ca cac
thang ciia nam 2020; thiét bi do khi twong vai cac
théng sb nhiét d, do am, toc do gio, hudng gié bang
may do Lutron LM800OA. Thiét bi dwoc st dung dé
do ham lugng cac hat lo Iing 1a may do DustTrak I1
8530EP (Hang san xuat TSI, USA). Céc thiét bi ghi
dir liéu 2 1an trong 1 gid, mdi lan cach nhau 30 pht.

Phuong phép xir ly s6 liéu: Sir dung Independent
Samples T-Test - 1a mot thir nghiém théng ké kiém
dinh xem ¢ su khac biét c6 y nghia thong ké gitra cac
dbi twgng trong hai nhdm thdng ké.

Trong nghién ciru ¢6 st dung phan mém SPSS
(Statistical Package for the Social Sciences)
hd tro hoat dong phan tich thong ké, ¢é danh gia mdi
tuong quan c¢6 ¥ nghia théng ké gitra ham luong PMio
PMa25 va cac thong s6 diéu kién khi tueong thuy van.

3. Két qua va thao luan

Su phat tan cua cac chat 6 nhidm trong khong khi
phu thudc vao nhidu yéu t, nhung cac théng sé khi
tuong 1a quyét dinh [6]. Di véi hau hét cac ngudn 6
nhiém khong khi, khi sy nghich dao nhiét d6 manh két
hop Vvéi diéu kién gié yéu (<1 — 2m/s) thi gan nhu
khong anh huong nhiédu dén s lan truyén caa cac hat
lo lung [7].

Trong nghién ctru nay, ching t6i da xac dinh céc
diéu kién théng sé khi tugng ¢ anh huong dén két
qua do thyuc dia v& ham lugng c6 PMig va PMs trén
Cao téc Phap Van - Cau Gié&: 1) Cac diéu kién khi
tuong thuan loi (cho su ling c6 PMyova PMys) bao
gdm gi6 yéu - vira, lugng mua 16n, 6 4m cao; 2) Diéu
kién khi twong binh thudng (didu kién thuong xuyén
& Ha Noi) thuan loi (cho su ling PMyova PMzs) bao
gom gi6 yéu - vira, c6 may - mura, d6 am vira - cao; 3)
Céc diéu kién khi tuong bat lgi bao gom gié manh -
trung binh, thoi tiét kho kéo dai, do am thap - trung
binh. Két qua do cho thdy ham lugng cua PMio va
PMgzs trong diéu kién khi twong thuan lgi déi voi
PMas - 33.5 + 19ug/m? va dbi véi PMy - 58.6 +
17,2ug/m?, trong diéu Kién khi tuong binh thuong -
ddi v6i PMzs - 61,8 + 6,3pg/m?, va theo PMy, - 158,4
+ 19,4pg/md, trong diéu kién khi twong bét lgi - theo
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PMzs - 150 + 20,2ug/m® va theo PMy - 180 *
56,5ug/m?. Két qua cho thy, xu huéng bién dong cua
PM1o va PM2s c6 gié tri cao nhat trong cac thang tir
thang 10 dén thang 3, thap hon trong cac thang chuyén
mua gom thang 4 va thang 9, thip nhat trong cac thang
tir thang 5 dén thang 8 (Hinh 1).

Month

Hinh 1. Ham lwong PM1o va PM2s
trén cao téc Phap Van - Cau Gié ndam 2020

Trong qua trinh thyc dia trén Cao toc Phap Van - Cau
Gig, chung t6i ciing nhan thiy, ham lwong cua PMiova
PM2s ciing thay dbi khé I6n trong ngay. Ham luong
PM;0Vva PM2s thudng cao vao c4c gio cao diém vao budi
sang (7-9h) va budi chiéu (18-19h), giam thap nhét vao
bubi trua (12-14h) va ban dém (sau 23h).

Hién tai, Viét Nam dang ap dung QCVN
05:2013/BTNMT - Quy chuan k§y thuat qubc gia vé
chat luong khdng khi xung quanh [8], tuy nhién
trong d6 khong quy dinh gid tri giéi han cho ham
lwgng PMio va PMys trung binh do dwoc trong
khoang thoi gian 1 gio. Vi vay, véi phuong phap
nghién ctu thuc hién trong bai bao nay, ching téi
khong c6 co sé dé danh gia so voi QCVN
05:2013/BTNMT da duoc ban hanh.

Trong nghién ctru nay, chiing téi ciing da str dung
phuong phép phén tich twong quan hdi quy dé danh
gid mdi twong quan cy thé gitra ham luong PMio va
PM2.5 Vi cac thdng sb toc do gi6, nhiét do moi truong
va do am khong khi. Qua trinh thyc hién tir thang 01
dén thang 12/2020 véi tong cong 41 mau. Két qua do
thu dugc ham lugng PMaigva PM2 s trung binh cua cac
lan do 14n luot 12 113 + 48ug/md va 83,3 + 45,6ug/m?,
d6 am trung binh 12 75  13,5%, tdc d6 gio trung binh
1a2,6 +1,2m/s, nhiét do trung binh: 27,9 £ 5,2°C. Biéu
thi két qua danh gia dwoc thé hién trong Hinh 2, Hinh
3 va Hinh 4 dusi day.

Phan tich mdi twong quan cho thay, c6 mbi “twong
quan thuan” gitra ham lugng PM1ova PMs véi do am
khong khi, cac hé s6 tuong quan 1an luot la r = 0.68
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(P - value =2,482E-14) var =0,7 (P - value = 3,452E-
12). Viét Nam c6 dac diém khi hau nhiét dgi gié moa
am, dac biét 1a dbi voi khu vuc phia bic, d6 ciing 1a
diéu kién 1am tang ham lugng PMyo va PM;s trong
khong khi. Két qua phan tich ciing phu hop véi mot
sb nghién ciru vé qua trinh lan truyén cua cac hat lo
ltrng 1o lirng trong khong khi.

207 = PM10
2004 ® PM2.5 .

180

PM (ug/m?®)

160

140

120 4

100

804

60

40

204

T T T T 1
50 60 70 ] 90 100
Air - Humidity (%)

Hinh 2. Méi twong quan giita ham lwong PMio va PM2s
véi dp dm khong khi
Trong khi dé, két qua hé sb twong quan r=-0,5 va
r =-0,7 gitra nhiét d6 mdi truong vai ham lugng PMio
va PM_;s thé hién “mdi twong quan nghich” véi P -
value > 0,05.

220 - = PM10
® PM25
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Hinh 3. Méi twong quan giita ham lwong PMiova PM2s
vdi nhiét dp moi trwong

Lién quan dén nghién ciru nay, nhom tac gia Trinh
Thi Thay va céc cong su thudc Truong Pai hoc Tai
nguyén va Moi truong Ha Noi, nam 2018 ciing da
danh gia anh huong cua hién tuong nghich nhiét dén
ham lugng PM2 5 trong mdi truong khdng khi tai Ha
Noi. Két qua nghién ciru cho thdy, trong nhirng ngay
Xuit hién hién twong nghich nhiét ham lugng PMas
ludn c6 xu hudng cao hon so véi nhitng ngay khong
c6 xuat hién hién tugng ngich nhiét [7]. Tuy nhién,
qua trinh nghich nhiét dugc hinh thanh do hé qua cua

su x40 tron nhiéu yéu té thoi tiét. Vi vay, danh gia mi
tuong quan gitta nhiét do moéi trudng véi ham lugng
PMso va PM25 con ¢6 ¥ nghia quan trong trong viéc
giai thich sy khac nhau vé chat lugng méi truong
khdng khi gitra nhitng ngay nghich nhiét va khong
nghich nhiét.

Két qua nghién ctru ciing cho thay tring vai két
gua nghién ctru cua Irina Tsvetanova va cong su nam
2018 khi nghién cau vé ham lugng PMyo trén ving
Ruse ctia Bulgari [9]. Nhung lai ¢6 két qua nguoc véi
nghién cau cia mot sé nha khoa hoc nhu: Jianhua
Wang va Susumu Ogawa nam 2015 khi nghién cuu
ham lugng PMs tai Nhat Ban [10]; Minjoong J. Kim
nam 2019 khi nghién ciru ham lugng hat lo Limg &
Seoul, Han Quéc [11]. Ham luong céc hat lo lirng chiu
anh huong cua tac dong cong gop cua nhiéu yéu to
mdi trudng. Do dé, véi dic diém cua khi hau khac
nhau giita cac khu vuc nghién cau, thoi diém ldy mau
cac yéu tb thoi tiét khac ciing c6 thé khac nhau. Cling
gia tri yéu t nhiét do, nhung lai khéng gidng nhau vé
d6 am, toc do gid,... thi sy tuong quan gitra cac nhom
nghién ctru tim duoc cd thé khdng gidng nhau. Két
qua nghién cau chi cd thé sir dung cho nhitng khu vuc
dia ly cu thé. Két qua nghién ciru tai cac khu vuc khac
nhau, chi cé thé mang tinh chat tham khao.

220 1
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180

160 4

140 4
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100 4

804

60

404

204
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Hinh 4. Méi twong quan giita ham lwong PMiova PM2s
Véi tée dp gid

Téc @6 gio ciing 1a mot trong cac yéu td ngin can
qué trinh khuyéch tan cta cAc chat trong méi trudng
khong khi. Toc do gi6 thap va theo nhiéu hudng s&
khién cho céc chét 6 nhiém phat tan 1én cao cham va
lan truyén trén dién rong. Két qua phan tich ciing cho
thiy, mdi trong quan giita ham luong PMiova PMas
V6i toe do gi6 1a “mdi twong quan yéu” véi cac hé sb
tuong quan lan luot a r = 0,07 (P - value = 0,08) va
r=0,1 (P - value = 0,02). Nhu vay c6 thé n6i, anh
huong cua gié trong diéu kién nghién cau thyc té
khong anh huéng nhiéu dén sy phan tan va ling cua
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PMjiova PM s trong khu vuc khdng khi xung quanh
duong cao téc. Trong mot nghién ciu cua
N.V.Nikolai thugc Truong Pai hoc Saint Petersburg
Nha nudc Nga, nam 2018 di cho rang ¢ tée do gio Ion
Véi toe dd v> 15m/s, trong diéu kien thoi tiét khd kéo
dai & khu vyc lam hoac stra chita duong, khi d6 qua
trinh phan tan PMyo va PMs trong khong khi dién ra
manh trén khu vuc duong cao téc va vang l1an can.
Dong thoi nghién ciru ciing cho thay, déi vai thoi tiét
co toe d6 gi6 nho (v< 2m/s), c6 sy twong quan véi
ndng do NOx trong khdng khi, diéu nay chang to rang
trong diéu kién cu thé cua khu vuc nghién ciu, toc do
gi6 anh huong dén sy hinh thanh ciia céc sol khi trong
qué trinh thr cap hinh thanh céc hat ran lo ling [12].

4. Két luan

Trong nghién ctu nay, chdng toi tap trung vao 3
thong sb co ban cua thoi tiét 1a nhiét do, toe do gi6 va
d6 4m dé danh gia mdi twong quan giira chdng véi
ham lugng cia PMioVva PM; s trén dudng cao toc Phap
Van - Cau Gié. Két qua cho thay rang, ham luong
PMio va PM2s ¢ mdi twong quan thuan véi do am
khong khi, tuong quan ngich véi yéu té nhiét do va
tuong quan yéu véi toc do gio

Két qua nghién ctru co ¥ nghia trong viéc quy
hoach d6 thi, danh gia tac dong moi truong, va la co
so danh gia chét lwong méi truong khong khi dua vao
thoi tiét.
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PHAN TICH VI THE CANH TRANH CUA HE THONG BEN CANG
CONTAINER TAI HAI PHONG TU 2011-2019, UNG DUNG MA TRAN
BOSTON CONSULTING GROUP

A STRATEGIC POSITIONING ANALYSIS OF CONTAINER TERMINAL
SYSTEM IN HAI PHONG, 2011-2019, AN APPLICATION OF BOSTON
CONSULTING GROUP MATRIX

PHAM THI YEN*, PHAM THI MAI PHUONG
Khoa Kinh té, Truong Pai hoc Hang hdi Viét Nam
Email lién h¢: phamyen@vimaru.edu.vn

Tom tat

Cdng bién 1a ciza ngd quan trong phuc vu xudt
nhdp khau hang hod va tao dong luc phat ving.
Trong dé cang bién Hai Phong gan lién véi ving
kinh té trong diém phia Bdc thyc hién vai tro cang
cira ngd quac té va chire nang trung chuyén. Nhiéu
bén cang container méi va hién dai duoc ra doi
nham phuc vu hrong hang container thdng qua
cang Hdi Phong tang manh. Sy canh tranh
trong hé thong tré nén ngdy cang gay gadt anh
hieong dén vi thé canh tranh cia céc bén cang. Do
do, nghién cuu ap dung Ma trgn Boston
Consulting Group (BCG) nham dénh gid sw dich
chuyén vi thé canh tranh trong khodng thoi gian
nghién cizu tir 2011 d@én 2019 va tir dé thdy dwoc
tiem luec phét trién cua cac bén cang container tai
Hai Phong. Két qua cho thdy vi thé canh tranh cia
cac bén cang thay déi ding ké qua thoi gian
nghién cizu va hién thi rreong bén cang container
Hdi Phong hién duoc ddn dau béi HICT, Téan Vi,
VIP Green Port va mét logt cac bén cang nho
dang chimg kién su sut giam manh vé th; phan va
téc do ting trueong.

Tir khoa: Canh tranh, thi phan, vi thé canh tranh,
bén cang container, Hai Phong.

Abstract

Seaports are an important gateway for import and
export of goods and creating a driving force for
regional development. In which, Hai Phong
seaport associated with the northern key economic
region performs the role of an international
gateway port and transshipment function. Many
new and modern container terminals were
established to accommodate the strong increase in
container throughput of Hai Phong port. The
competition in the system has become fierce.
Therefore, the study to apply the Boston Consulting

Group (BCG) Matrix to evaluate the changes of
competitive position in the research period from
2011 to 2019 and thereby having insights into the
potential development of container terminals in
Hai Phong. The results show that the competitive
position of the terminals has changed significantly
over the time of research and the Hai Phong
container terminal market is currently led by HICT,
Tan Vu, VIP Green Port and a series of small
terminals is witnessing a sharp decline in market
share and growth.

Keywords: Competition, strategic positioning
analysis, container terminal, Hai Phong.

1. Pat vin dé

Cang bién Hai Phong la cang bién 16n nhat khu
vuc mién Bic gop phan gitp thanh phé Hai Phong tré
thanh trung tam logistics cua khu vuc phia Bic va ca
nudéc. Nhidu bén cang container mai va hién dai dwoc
ra d&i nham phuc vu lwong hang container théng qua
cang Hai Phong ting manh, dic biét bén cang
container HICT, bén cang nudc sau dau tién tai khu
vuc phia Bic, duoc khai truong vao nim 2018. Piéu
nay tao ra su canh tranh gay gat, anh hudng manh dén
vi thé canh tranh giita cac bén cang trong hé théng.
Chinh vi vay, nhiéu nghién ctru vé sy canh tranh giira
cac bén cang container tai Hai Phong da duoc thuc
hién. Tiéu biéu nhu, nghién ctu cua hai tac gia
Nguyén Minh Buc va Pham Thi Yén (2019) sir dung
ma tran BCG va phén tich tinh dé danh gia vi tri cua
bén cang trong hé théng tir 2015 dén 2017 cua 13 bén
cang [1]. Gan day, nhém tac gia Pang Cong Xuong va
cong su (2020) di dé xuét bo tiéu chi danh gia xép hang
nang lyc canh tranh cac bén cang container tai Hai
Phong [2].

Tuy nhién, cac nghién ciru hién tai con thiéu danh
gid vé vi thé canh tranh cua hé théng bén cang
container tai Hai Phong véi su tham gia cua bén cang
méi HICT, bén cang c6 nhiéu uu thé hon cac bén cang
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cii, va su dich chuyén vi thé canh tranh cua cac bén
cang trong h¢ thong qua thoi gian. Vi vi thé canh tranh
trong mot khoang thoi gian 1a can thiét dé cho thay r6
su thay doi dé tir 6 dé c6 cai nhin rd nét hon vé sy
canh tranh trong hé thong, tir d6 xay dung dinh huéng
trong twong lai, cac quyét dinh chién lugc nhu 1a phat
huy lgi thé hoac la rat khoi thi truong [3]. Do do,
nghién ctru dugc thuc hién nham danh gia vi thé canh
tranh cua toan bo 15 bén cang container tai Hai Phong
trong giai doan tir nim 2011 dén nam 2019 dya trén
ma tran BCG. Nghién ctru sir dung phwong phap dong
thoi phan tich dong (dynamic analysis) va phén tich
tinh (static analysis) dé ¢ cai nhin 15 hon vé bién
d6ng vi thé canh tranh ctia cac bén cang trén thi truong
$0 V&i cac ddi thu canh tranh qua thoi gian nghién cuu.

2. Ung dung ma tran BCG

Thi phan twong déi

Cao

star Question marks

Téc do tang truéng

Cash cows Dogs

Thép
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Ma tran BCG la cong cu hitu hiéu dé danh gia vi
thé canh tranh cua bén cang container [4] (Hinh 1).
Phuong phép xem xét thi phan va toc do tang truong
ctia mdi doanh nghiép trén thi truong dé tir d6 dwa ra
cac quyét dinh chién luoc. Chi tiéu téc d6 tang truong
do luwong mire d6 thu hat caa nganh dya trén khai niém
chu ky kinh doanh bao gom 4 giai doan giéi thiéu,
tang truong, truong thanh va suy giam dé xay dung
cac ké hoach chién lugc. Bén canh do, dé xac dinh
diém manh cua doanh nghiép trén thi trudng canh
tranh, chi tiéu thi phan twong ddi véi ddi thi canh
tranh can duoc xac dinh dé thdy dugc mdi quan hé
gitra thi phan va kha nang sinh 19i.

Déi voi cang bién, ma tran BCG duoc xay dung
dwa trén thi phan tuong ddi trén thi trudng va mac
tang truong vé san lugng hang hoa thong qua cac bén
cang [5]. Phuong phap phan chia cac bén cang trén thi
trueong thanh 4 nhdm: (1) nhom “Question marks” 1a
nhém bén cang c6 nhiéu tiém ning trong tuong lai vé
tang truong nhung thi phan twong d6i khong 6n dinh;
(2) nhém “Stars” 14 nhom c6 tiém ning trong tuong
lai véi tbc do tang truong va thi phan cao trén thi
truong; (3) nhém “Cash cows” 1a bén cang & giai doan
6n dinh; (4) nhom “Dogs” la bén cang c6 it hoic
khong c6 ky vong cho su phat trién [6].

3. Két qua nghién cteu

S6 lidu xay dung ma tran BCG dugc thu thap tur
Hiép hoi cang bién Viét Nam va Cang vu Hai Phong

Bdng 1. Sin lwgng thdng qua cac bén cdng container tai Hdi Phong, 2011-2019

BPon vi tinh: Nghin TEU

STT Bén cang 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019
1 Nam Hai 313 232 252 201 269 220 167 146 143
2 Doan X34 227 244 238 214 235 121 55 43 35
7 Transvina 127 105 81 80 113 71 63 72 9
3 Green Port 373 396 347 276 301 297 280 324 284
4 Chua Veé 551 446 401 378 315 270 250 260 302
5 128 Tan Cang 75 89 130 135 201 209 243 140 270
6 Hai An 110 183 277 309 323 293 310 256 315
8 189 Tan Cang - - - 110 135 169 200 138 106
9 Pinh Vi 440 456 516 575 629 649 661 657 540
10 | Tan Vi 467 518 639 624 704 788 856 904 992
11 | VIP Green Port - - - - 165 350 520 659 639
12 | PTSC binh Vi 76 155 241 265 238 245 255 315 350
13 | Nam Hai Binh Vii - - - 277 464 526 640 570 445
14 | Nam Binh Vi - - - - - - - 185 329
15 | HICT - - - - - - - 65 419

Téng 2759 | 2824 | 3122 | 3444 | 4092 | 4209 | 4500 | 4736 | 5177

Nguon: Hiép hgi cang bién Viét Nam va Cang vy Hai Phong
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bao gom san lugng thdng qua cua tit ca cac bén cang
container tai Hai Phong tir 2011-2019 (Bang 1).

Bdng 2. Thi phin twong déi ciia cac bén cing
container tgi Hdi Phong

Bén cing Nam Nam Nam

2013 2016 2019

Nam Hai (1) 0,39 0,28 0,14
DPoan Xa (2) 0,37 0,15 0,04
Transvina (3) 0,13 0,09 0,01
Green Port (4) 0,54 0,38 0,29
Chuia V& (5) 0,63 0,34 0,30
128 Tan Cang (6) 0,20 0,27 0,27
Hai An (7) 0,43 0,37 0,32
189 Tan Cang (8) 0,00 0,21 0,11
Dinh Vii (9) 0,81 0,82 0,54
Tan Vi (10) 1,24 1,21 1,55
PTSC Dinh Vi (12) 0,38 0,31 0,35
Nam Hai Dinh Vii (13) 0,00 0,67 0,45

Hinh s6 2 biéu thi vi tri cua cac bén cang container
tai Hai Phong dugc phan dinh vao cac nhém dya trén
thi phan twong ddi (Bang 2) va tc do ting truong
trung binh tir nam 2011 dén ndm 2019. Xét vé thi phan
trén thi truong, bén cang Tan Vii chiém c6 thi phan
I6n nhét, theo sau d6 1a VIP Green Port, Dinh Vi,
Nam Hai Pinh Vii va HICT. Tuy nhién, Tan Vii, VIP

KINH TE - XA HOI

Question
Marks

Stars
15

Cash cows

Hinh 2. Vi thé canh tranh ciia cac bén cing container
tai Hai Phong

Green Port, Dinh Vi, Nam Hai Pinh Vi lai thudc
nhém “Cash cows” - nhém ghi nhan céc bén cang
dang giai doan 6n dinh véi téc d6 tang truong giam
dan. Chi c6 bén cang HICT thudc nhom “Stars” véi
tdc d6 tang truong cao nhat & mic hon 500% do méi
dua vao khai thac va ghi nhan san lugng thdng qua tur
nira cudi 2018. Nam Dinh Vil ciing 14 bén cang ghi
nhan tdc do tang truéng nhanh mac d mai ghi nhan
san luong thdng qua tir 2018, tuy nhién véi thi phan
tuong dbi thip so vai bén cang I6n nén Nam Binh Vi

13

10

Dogs

Hinh 3. S thay déi vi thé canh tranh ciia cac bén cdng container tgi Hdi Phong, 2011-2019
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nam ¢ nhom “Question Marks”. Céac bén cang con lai
nam & nhom “Dogs”.

Nham phan tich su thay ddi vi thé canh tranh cua
cac bén cang qua thoi gian, phan tich dong (dynamic
analysis) dwoc thuc hién dé b6 sung cho phan tich tinh
(static analysis). Do d6, ba khoang thoi gian dugc lua
chon nhu sau: tir 2011 dén 2013, tir 2014 dén 2016, va
tir 2017 dén 2019. Hinh 3 cho thay su dich chuyén vé
vi thé canh tranh cuiia 12 bén cang container qua it nhat
hai khoang thoi gian nghién ctu boi thi phan twong
dbi va téc do tang truong thay doi dang ké qua thoi
gian. Trong ba khoang thoi gian nghién ctiu, bén cang
Tan Vil va Transvian khong ¢ su thay d6i vé nhém
vi thé canh tranh. V& mat thi phan thi truong tuong
dbi, bén cang Tan Vii luén ndm giir vi tri cao nhat
trong khoang thoi gian nghién cau. Tuy nhién, vi thé
canh tranh cia bén cang c6 xu huéng giam dan mic
vi tri ctia bén cang van & nhom “Stars” & ca 3 giai doan
do toc do tang truong c6 xu huéng giam. Nguoc lai
V6i bén cang Tan Vi, bén cang Transvina dugc xép
vao nhém “Dogs” ¢ ca ba thoi ky nghién ciru véi tc
d6 tang truong giam va thi phan twong dbi thap nhat
thi truong.

Véi tée do tang truong giam nhanh, Pinh Vii, Nam
Hai Dinh Vii mat vi thé “Stars” ¢ giai doan dau va giai
doan thtr 2 va chuyén sang nhom “Cash cows” & giai
doan thtr 3. Bén cang Hai An da mét vi thé 12 mot
“Stars” trén thi truong trong gia doan 2011-2013. Do
tbc do tang tredng giam manh va thi phan twong ddi
nho trén thi truang nén vi thé canh tranh cua bén cang
Hai An dich chuyén sang nhém “Cash cows” va cudi
cuing hién dugc xép & nhom “Dogs” véi it tiém ning
phét trién. Nguoc lai, vi thé canh tranh cua bén cang
PTSC da c6 khéi dau 12 & nhom “Stars” sau d6 dich
Chuyén sang nhom “Dogs” do sy sut giam manh vé
tbc do tang truong va thi phan twong di trén thi
truong, nhung hién tai dugc xép vao nhom “Question
marks” voi tdc d6 tang truong duoc hdi phuc nhung
thi phan con chua 6n dinh. Tuong tw V6i bén cang Hai
An, bén cang Chlia V& di c6 su dich chuyén qua 3
nhom trong 3 giai doan tir nhém “Cash cows” qua
nhém “Dogs” va dén nhom “Question Marks” do toc
d6 tang trudng giam 28,5% trong giai doan 2 sau d6
tang 1&n 20,8% & gian doan cudi véi thi phan tuong
dbi giam manh qua thoi gian nghién ciru. Mic du, thi
phan twong d6i cua hai bén cang container 128 Tan
Cang va 189 Tan Cang khdng nhiéu thay d6i nhung
do téc d¢ tang truong giam manh nén hai bén cang
nay da dich chuyén tir nhom “Queston Marks” sang
nhém “Dogs”. Hai bén cang Green Port, Nam Hai
dich chuyén tir nhém “Cash cows” sang nhom “Dogs”
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do sy tc do tang truong va thi phan thi truong twong
dbi thap.
4. Két luan

Cang bién Hai Phong c6 vi tri va y nghia quan
trong ddi voi vang kinh té trong diém phia Béc va ca
nuée. Nghién ciru da danh gia vi thé canh tranh cua
tat ca cac bén cang container tai Hai Phong théng qua
ma tran BCG dua trén toc d¢ tang truong trung binh
va thi phan tuong ddi tir 2011 dén 2019. Theo dé, thi
truong bén cang container Hai Phong hién duoc din
dau boi HICT, Tan Vii, VIP Green Port, Nam Hai
Dinh Vi, Dinh Vii va Nam Dinh Vii. Mot loat cac bén
cang nhé vai han ché vé co so vat chat va vi tri dia ly
nam sau phia thuong nguon séng Cam va phia trong
cau Bach Bang dang chirng kién su sut giam manh vé
thi phan va téc do tang truong trong hé thong.

V6i két qua nay, nghién ciu cho thiy vi thé canh
tranh cua cac bén cang trén thi trudng so voi cac dbi
thi canh tranh. Tir &6 gép phan gilp céc quan ly khai
thac cang va lap chinh sach dua ra cic quyét dinh
chién lugc, chinh sach pha hop s& dwoc hinh thanh
g6p phan viéc phan b cac ngudn lyc mot cach hop 1y,
cai thién toan hé théng. Mac du, nghién ctru da chi ra
vi thé canh tranh cua céc bén cang container tai Hai
Phong théng qua ma tran BCG thdng qua téc do ting
truong trung binh va thi phan twong ddi tuy nhién
nghién ctu con han ché chua chi ra nguyén nhan va
yéu té tac dong dén su thay ddi vi thé canh tranh nén
can duoc thuc hién ¢ cac nghién ciu tiép theo. Ngoai
ra, nghién ctru can lap lai vi hién nay bén sb 5, s6 6
khu bén cang Lach Huyén di duoc phé duyét xay
dung. Khi cac bén cang hién dai nay duoc dua khai
thac chic chic s& co tac dong dén vi thé canh tranh
cta c&c bén cang container hién nay tai Hai Phong.
Loi cam on

Nghién ctru nay duoc tai trg béi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma s DT20-21.76.
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1. Tap chi “Khoa hoc Cong nghé Hang hai” ding cac thong tin, phd bién cac dinh huéng nghién
ctru khoa hoc va dao tao cua Truong Dai hoc Hang hai Viét Nam, cong bo va pho bicn két qua cac
cong trinh nghién ctru khoa hoc va chuyén giao cong ngh¢ thudc cac chuyén nganh dao tao cua Nha
truong, phuc vu cac linh vue thuge nganh Hang hai ma cac thong tin nay chua déng trén bat ky mot an
pham nao.

2. Quy dinh vé hinh thirc trinh bay mot bai bao giri dang trén Tap chi:

Bai gui dang trén Tap chi duge danh mdy vi tinh theo font Unicode (Times New Roman), ¢& chir
Ith trén kho gidy A4 (LE trai: 2,8 cm; Phai: 2,5cm; Trén: 3,0cm; Dudi: 2,59m - dugc chia lam 02 c6t)
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+ Tén bai bao viét bang tiéng Viét va tiéng Anh (Times New Roman in hoa, ddm ¢ chir 12pt);
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duogc phan ro phan, muc, ti€éu muc c¢6 danh so thir tu;

+ Cong thirc dugc viét theo Equation Editor, viét rd theo ki hiéu thong dung va danh sO thi tu cong
thirc vé phia bén phai. Hinh va anh minh hoa 1a hinh den trang, rd nét va can dugc chu thich day du
(font in thudng, dam, nghiéng c& chir 9pt);

+ Danh muc tai li€u tham khao dwoc dat ngay sau phﬁn két luan cua bai bao duoc ghi theo trinh tu:
thr ty tai liéu trong [ ]; Vi tai liéu tham khao la sach thi tén tac gia chr thuong, tén sach chir nghiéng,
nha xudt ban, ndm xuat ban; Véi tai liéu tham khao la Tap chi thi tén tac gia chir thuong, tén bai chir
nghiéng, tén tap chi, so tap chi, ndm xuat ban.

+ Ban thao bai bao khong danh sb trang.

3. Bai gri dang can duoc viét can than, dung van pham (ddc biét la tiéng Anh), danh may d rang va c0
¥ kién cho phép cong bo cua don vi chu quan tryce tiep. Bai bao gui dang s& dugc it nhat 02 phan bién cua
bai bao doc, gop v stra chira va cho y ki€n c6 thé cong bo trén Tap chi “Khoa hoc Cong nghé Hang hai”.

4. Tap chi “Khoa hoc Cong nghé Hang hai” chi dang cac bai dap tng cac yéu cau trén. Bai khong
déng khong tra lai ban thao cho nguoi gui.
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Thu gop ¥ Kién va bai giri ding xin giri theo dia chi:
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Phong KH-CN, Truwong Dai hoc Hang hdi Viét Nam, 484 Lach Tray - Lé Chan - Hdi Phong
Tel: 0225 3829111; Email: jmst@vimaru.edu.vn

Ghi chi: Theo Quyét dinh sé 18/0D-HPGSNN, ky ngay 30/6/2020 ciia Hi dong Gido sw Nha nwéc cé quy dinh
nhitng bai bdo ding trén Tap chi "Khoa hoc Cong ngh¢ Hang hai" ciia Truong Dai hoc Hang hdi Viét Nam, dwgc
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