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Tom tat

Bai bao trinh bayphungphap xdy dung co so dit
liéu dao dgng xodn cho chdn dodn ky thudt tong
thé chay / khong chay trong cac xy lanh déng co
diesel may chinh tau bién (MDE) si dung may
hoc (machine learning, ML) trén LabView. Tdp
trang thai ky thugt gém R 16p Dk twong ing Véi:
Do- khi tat ca cac xylanh 1am viéc tét; D, - khi
c6 mét xylanh khéng chdy, z - s xylanh cua
MDE. CSDL duroc thiét ké cho chdn dodn phi hep
dé &p dung LabView - AML toolkit. B¢ co s dir
lieu dwoc xdy dung trén co sé ké hoagch thi
nghiém (DoE) gom R thi nghiém co sé, méi thi
nghiém co s¢ duwoc lgp N lan, trong dé: (i) m lan
Igp do nhiéu tir vong quay chdn dodn trung binh
cua MDE, nar (v/phat) voi mirc on=+5%; (ii)Ns
lan IGp do nhiéu trang thai chay/khong chéay cua
cac xylanh véi mic SCH(i)=+5%. Cu thé la voi
Cf(i)=[0,95-1,05] khi xylanh thiz i hoat déng binh
thuong va Cf=[0-0,05] - khi khéng chay. Dao
dgng xoan (TVs) duoc tinh bang phan mém ty
dong tinh TVs (SATVC) da duwoc xay dung tai
Truong Pai hoc Hang hdi Viét Nam. Bg co s dur
licu két qua duwoc kiém thir cho phan I6p - may
hoc (CML) trén MDE 6S46MCC7 tau
MV.HR34000DWT: z=6; R=7; tai nar =73v/phlt,
dai vong quay dwoc chon nam trong khodng
[69-77] (viph(t) théa man cdc diéu kién: xa vung
vong quay céng hwong va nhiéu 5n +5%; Ké
hoach thi nghiém dirgc xdy dung gom N=7.26 . 9
=4032 thi nghi¢m.

Tw khéa: D liéu phan lép - hoc méy, phén lop
va machine learning, Chan dodn déng co diesel
tau bién.

Abstract

This paper proposed a method to build the
database for diagnosing the common technical
states by the torsional vibrations of the main
diesel engine (MDE) using machine-learning
toolkit of LabVIEW. The set of technical states
includes R classes D corresponding with: Do- All
of cylinders are working normally; Di , - One of

cylinders is misfiring. The database was
constructed to easily apply the analysis machine
learning (AML) toolkit for classification and
diagnosing. The database was created based on
the Design of Experiment (DoE) containing R
fundamental experiments. Each basic experiment
was totally executed N times including: (i) m
repeat times for the noises of diagnosing speed
regimes of MDE navwr(rpm) with on=%5%; (ii)Ns
repeat times for the noises of firing/misfiring
states with Cf(i)=+5%. Specifically, Cf(i)=[0.95 -
1.05] when i"- cylinder is working normally, and
Cf(i)=[0-0.05] when this cylinder is misfiring. In
the verified case study for MDE 6S46MCC7
installed on MV.HR34000DWT: at nawr=73(rpm),
the selected working speed range is [69-77]
(rpm). These speed values satisfy the conditions:
far from resonant speed regimes and oh=+5%.
The made DoE had N=7.2°.9=4032 experiments.
The Torsional Vibration signal (TVs) was
calculated using Software for Automatic Torsional
Vibration Calculation (SATVC), which was made
in VietNam Maritime University. The result
database was used for illustrating Classification
conditional states by Machine Learning (CML)
method for this verified object.

Keywords: Database for classification and
machine learning; Classification and machine
learning, Diagnosing marine diesel engine.

1. Pat vin dé

Thuc té khai thac MDE, hau hét thoi gian dong
co lam viéc ¢ trang thai ky thuat binh thuong tuong
(g Vvéi tt ca cac xylanh déu lam viéc tét. Hién
tugng mot xy lanh khdng chay c6 xac suét rat nho.
Khi xay ra sy ¢ nay, vong quay khai thac dong co
dugc diéu chinh giam di dé dam bao an toan cho
dong co cho dén khi xy lanh truc tric dwoc sira chita
hu hong. Do dé, trong thuc té cac truong hop co
nhiéu hon mot xylanh khéng lam viéc gan nhu
khong thé xay ra.

Tin hiéu dao dong xoin (TVs) ma cu thé la cac
cuc tri (gia tri cuc dai va gia tri cyc tiéu) da duoc
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ching minh mang nhiéu théng tin c6 ich trong trang
thai k¥ thuat tong thé diesel méay chinh tau thay [1],
[2]. Trong [2], [6] da tinh dao dong xoén, tinh cac gia
tri cuc dai VA va gia tri cuc tiéu VB dya trén phuong
phap l1ap ké hoach DoE 2"k, Di liéu sau d6 duogc sir
dung dé xay dung co so dit liéu tir d6 xac dinh md
hinh hdi quy phuc vu chan doan trang thai cia ddi
twong MDE. Qua trinh tinh TVs trong céac codng trinh
trén sir dung tham sé dau vao la hé sb chay

x(1)=2.Cf(i) - 1, i=1...z, v6i z 1a s6 xy lanh cua MDE.

Hé s chay cho xylanh thi i: Cf(i) = [0, 1]. Trong do,
gia tri x(i) = -1 khi xylanh khéng chay Cf(i) =0 va
x(i)=+1 khi xylanh chay binh thuong Cf(i)=1.

Vién dé chua duoc quan tdm: qué trinh chay thuc
té cua xylanh c6 thé dién ra khdng tuyét dbi on dinh
& teng muac O hodc 1, nén tai nghién cau nay sé
nghién ctru dén dau vao 1a nhidu trang théi chay cho
xay dung CSDL chin doan.

Trong khai thac thuc té MDE, cac trudng hop co
nhiéu hon 1 xylanh khong chay chiém ti I¢ rat nho.
Cac truong hgp tr 2 xylanh khéng chay tro 1én,
trong [6] da dung vao ké hoach thi nghiém (Design
of Experiments, DoE) dang 2™ dé xay dung mé hinh
chan doan hoi quy.

Phuong phap mé phong phén l6p trang thai k§
thuat cua R I6p duoc trinh bay tai [1], [3]. Cong trinh
[3] da xét dén nhidu tai s6 liéu do cudi cung (TVs) tir
d6 dung m 1an lap (m=10) bang md phong nhiéu
trang véi bién do +5%.

Cong trinh [5] da dua ra phuong phap méi biéu
dién tryc quan cac I6p trang thai ky thuat trong
khong gian hai chiéu Dé-cac (x,y) vécto dau hiéu
chuan doan mai NV(x,y). Tai ddy, nhidu vong quay
dugc nghién ciru, md phong £5% va dua vao dé tinh
TVs. Nhiéu trang thai chay chua dugc xét dén.

Trong nghién ctu nay, cic tac gia dua ra ké
hoach thi nghiém (DoE) cho thiét 1ap co sé di liéu
chan doan trang thai tong thé MDE trong d6: (a) thay
dbi cac hé sé chay cua xylanh vai sai khac +5% mirc
d6 chay; (b) vong quay chan doan la mot doan ¢ gia
tri trung binh naw va do léch tuong ddi tir gia tri
trung binh 8=%5%.

TVs dugc mb phong dua trén phuong phap tinh
va phan mém ty dong tinh dao dong xoén (SATVC)
[4] dd duoc PGS.TSKH. B4 Bic Luu cung cac cong
su xay dung ¢ Truong Pai hoc Hang hai Viét Nam.
Dé xac dinh ving vong quay chan doan véi nhiéu
8=45%: np= [1-8, 1+8]Nawr, ching ta can sir dung
két qua tinh cac tin sé dao dong tu do, sao cho D
khong chira cac vong quay twong ing vai mot trong

LIOURNAL OF MARINE SIENCE AND TECHNOLOGY—

hai tan sb dao dong riéng nho nhét. Ly giai cho viéc
lya chon viing vong quay chan doan [69, 77] da duoc
trinh bay tai [6]. Phan mém duoc phat trién cho xay
dung co so dir liéu viét trén LabView véi module
may hoc ciing ¢6 ciu tric phu hop véi cac yéu cau
dau vao cua module.

2. Phwong phap nghién ciu

Dé xay dung co so dir liéu cho phan 16p - may
hoc (CML - Classification and Machine Learning)
trén MDE voi gia thuyét: R=z+1 I6p trang thai k¥
thuat, trong dé z la s6 xylanh cua dong co; dic tinh
chan doan twong ung Vi cac ma tran VA va VB
(9om N hang, z cot) dic trung cho tin hiéu dao dong
x03n trong mién thoi gian. So do thuat toan chung
duoc thé hién trén Hinh 1 .

(Bitdam)

XD ké hoach thi nghiém va xac
dinh mang CF co ban twong iing R
¥

Xy dung ké hoach thi nghiém ddy dii CF theo
gid tri gi6i han méi: cfi= [0, 0.05] va [0.95, 1.05];
Ns=sf thi nghiém trang thii cho 1 1dp
¥
Nac dinh d3i vong quay chin dodn:

‘ 1= Dpip, . . Oy, M vODE/phuit; ‘

k=1

C}
| VA=zeros(Ns, z:VB=VA): z- s6 x1 |

k=1
ke
Xac dinh DBX trong (ng vai vong quay rpm[vg]
va thi nghiém E[k]- Sir dung: SATVC
¥

‘ Gan VB, VA gia tri mdi ‘

‘ Liru 1ai R ma trfn VB, VA ‘

Hinh 1. So' dé thugt toan chung thu thép, xii Iy di liéu
(VA,VB) cho phéan lép - may hec trén MDE

Hinh 1 dua ra quy trinh ty dong thu thap, xay
dung co so dit liéu cho chan doan. Khéi lugng dit
liéu tinh & day rat lon. Vi du, dbi voi MDE c6 z=6
xylanh, R=7, tai vong quay chan doan trung binh
Navwg=73Vv/p, cO lap van tbc m=9 va lap trang thai
Ns=26=64, s& can t6 chic DOE gom N=m.Ns.R
=9.64.7=4032 lan tinh dao dong xoin (TVC), chia
theo 7 16p. Mdi lan TVC dwa ra mot vécto VA va VB.
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Nhu vay, thuat todn va phan mém can tinh, luu lai 14
ma tran dir ligu: MVA, MVB (7 ma tran cho ting
loai) twong (rng v&i 7 16p trang thai ki thuat.

Tai céc 16p D, k=0...R-1, chlng ta can kiém tra
tinh dong nhét cua tap dir liéu thu dugc cho ting I6p.
Thuat toan c6 thé thuc hién theo phuong phap théng
ké, tiéu chuan Schi (x2), hay t-student [3], [6].

Trong khdng gian z chiéu cua véc to dau hiéu
chan doan: V= [V1,V2 ... V], v6i V ky hiéu cho VA
hodc VB, rat khd biéu dién va thé hién su phan téch
cho R 16p trang thai k§ thuat ngoai tudng tugng theo
I6gic toan hoc. Thay vao d6, PGS.TSKH. D4 bic
Luu va cac cong sy da chuyén ddi vécto z-chiéu vé
vécto hai chiéu NV (New Vector, NV(x, y)) trong
khéng gian hai chidu D&-Cac [5]. Phép chuyén doi
duoc dya trén thong tin vé thir tw chay cua cac xy
lanh, nha ché tao dong co dua ra trong hd so k¥ thuat
dong co [4].

Vi du, dbi véi MDE 6S46MC-C7 hai ky, 6
xylanh, l4p trén MV.HR34000DWT c6 thir tu chay 1a
1-5-3-4-2-6. Tuong ung (VAI, VBI) tir xylanh thir i
léch pha so véi xylanh thi nhit o theo do (degree)
a1=0; as=60° 03=120° as=180°; ap,=240°; as=300°
hay theo radian la ou=0; os=n/3; a3=27/3; o4=x;
OL2:4TC/3; (16:57'6/3.

G6c léch pha chay cua céc xylanh duoc biéu dién
bang mot mang gié tri:

a =[0, az..., o], (radian) €))

Tu do, vécto dau hiéu chan doan méi duoc viét
duéi dang:

VN, =" V(i)eos(a(i)); VN, =3 V(i)sin(a(i) @
i=1 i=1

Trong do: V= [V(1), V(2) ... V(z)], v& V=VA
hoac V=VB.

Phan mém nghién ciru dwoc cac tac gia phat trién
trén nén LabView cua hang NI, ¢6 sir dung SATVC
[4] va xay dung bd sung mot sé module méi cho
nhiém vu thu thap dir liéu (Hinh 1) cling nhu cac
nhiém vu khac lién quan: tao vécto méi hai chiéu
NVA(x,y) va NVB(x.y); kiém tra tinh dong nhét cia
dir liéu trong ting 16p; biéu didn cac 16p trang thai
ky thuat trong khong gian hai chiéu theo NV(x.y)
duoc thiét lap.

3. M6 phéng kiém chitng
3.1. M6 phédng xay dung co sé dii liéu mai
Xay dung co s¢ dit liéu cho CML déi v6i MDE

trén tau MV.HR.34000 DWT: Dé ty dong thu thap
dir liéu VA va VB cho tung l6p Dk (k=0, 1...6) trang

KHOA HOC - CONG NGHE

thai ky thuat cua céc xylanh, cac tac gia st dung
SATVC véi diéu khién tu dong (Enum control) cho
R=7 thi nghiém co so, tuong (ng véi yéu cau tinh
toan dao dong xoan véi 7 16p trang thai ky thuat.

Tai mot 16p Dy, vécto chay
CF=[Cf(1)...Cf(6)] c6 thé tiép nhan mot trong 2
gia tri ngudng sau:{0,95; 1,05} khi Cf(i)=1 hoac
{0,00; 0,05} khi Cf(i)=0. T hop Ns=64 trudong
hop ap dung cho R=7 16p.

M6 phong lap van téc quay cia MDE +5%, tai
vong quay navr =73v/p, A = 3,65v/p, khi d6 ving md
phong s& tiép nhan [69, 77] v/p 0, s6 lan lap m=9.

Trong lap trinh code (Block Diagram) cua
LabView can diéu chinh vong lap tuong tng véi hai
bién didu khién np=[69...77] va ns=[1...64]. Noi
dung mé phong chi can tinh TVs, nghia 1a khong
dung dén Gng suat xoan cho phép trong SATVC,
song lai can tinh bd sung VA va VB. Tiép theo sé& luu
lai hai ma tran MVA va MVB tuong tng cho 7 16p
trang thai ky thuat, mai ma tran gém 576 hang, 6 cot.

Xay dung hai ma tran dit liéu cac dau hiéu chan
doan méi MNVA(576,2) va MNVB(576,2) véi phin
to dir lieu co so 1a toa do (x,y) twong (tng dwoc tinh
theo cong thic (1) va (2) bén trén cho ting 16p. Moi
I6p trang thai ky thuat Dy ddc trung boi tam pu=[px,
k] VA ma tran hiép phuong sai K. Vi du viét cho
MNVA:

576 . 576 .
my. = iEl MNVA(i1); mAy = iEl MNVA(i,2)
Trong LabVIEW: ©)

mui = mean(MNVA); KA = cov(MNVA);

Dt liéu tur 7 16p trang thai ky thuat duoc doc tu
files luu trir va gop thanh mot ma tran chung (cho
VA hoac VB doc lap), chung cho 7 I6p, mét ma
tran c6 Nc=N.R=4032 hang va hai cot (VAX, VAy)
hoac (VBx, VBY) tuong wng vai dir liéu cuc dai
hoac cuc tiéu.

3.2. Md phéng trén LabView chdn dodn mdy
hoc véi CSDL dwot xay dung

B6 cdng cu LabView - Analytics and Machine
Learning (AML) 12 mét phan mém dang add-on cung
cap cac md hinh huin luyén va hoc tap may hoc [7].
Céc m6 hinh nay c6 thé duoc st dung dé tim cac mau
khac biét trong co so dir liéu I6n vai céc thuat toan
phan 16p, nhan dang. C6 3 md hinh huén luyén chinh
vai thuét todn phén Iop dir liéu d6 1a SVM (Support
Vector Machine), Neural va Logistic Regression.
Module AML ding dé phat trién cac tng dung lién
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quan dén theo ddi, nhan dang va chan doan dit liéu.

Bo co s¢ dir liéu duoc chia thanh hai tap riéng
biét: Tap di liéu huan luyén (training) va tap dir liéu
kiém tra (testing). Trong bai béo nay, cic tac gia
huéng dén viéc str dung phuong phap phan 16p may
hoc c6 huéng dan supervised nén trong co s¢ dit liéu
traning va testing ngoai hai truong thdng tin VA,
VA, (hoic VBy, VB,) thi can thém vao truong thong
tin 16p trang théi ky thuat twong ttng Dx. Tép training
va testing s& gom cac ma tran 1a NVA(VAy, VA, Dy)
va NVB(VBy, VBy, Dy) trong d6 dit liéu duoc chia
V6i ti 16 95/5 trong co so dir liéu ban dau (dir liéu
traning chiém 95%).

4. Két qua va ban luan

Céc dir liéu déu rat I6n, nén khong thé dua ra
duéi dang bang biéu. Trén Hinh 2 va 3 duoc dua ra
duéi dang dd thi mo ta cac mién bién ddi cua 7 16p
trang thai ky thuat trong khong gian 2 chiéu (x,y)
theo vécto trang thai ki thuat méi quy doi.

Hinh 2 biéu dién 7 16p trang théi ky thuat theo co
s¢ dir liu dugc md phong trong khdng gian hai
chiéu NVA(x,y). Tam cua cac 16p duge xac dinh theo
gia tri trung binh pw=[pkx, W], va sy phén tan
(khéng tap trung) dugc danh gia theo ma tran hiép
phuong sai Ka. Tuong ty Hinh 3 m6 ta phan 16p theo
co s¢ dit liéu dugc mo phong trén 7 16p trang thai ky
thuat trong khong gian hai chiéu NVB(x,y) vai tam
cua céc 16p - pk =[x, Biy], Va ma tran hiép phuong
sai Kg.

Hinh 2 chi ra: hai 16p Do va D4 tdch nhau khéng
t6t, c6 mién giao thoa twong ddi I6n. Piéu nay d&
phan biét truc quan duoc bang phuong phap méi nay,
sir dung vécto dau hiéu chan doan trong khong gian
hai chiéu. Két qua cd thé kiém chiing giai tich bang
ly thuyét phan I6p nhan dang [1, 3].
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Hinh 3 chi rd cac lop trang thai ky thuat tirng cap
déu duogc tach roi. Didu do khing dinh NVB(X,y)
dugc xay dung twong ung véi co s dir lidu rat tét,
du diéu kién dé sir dung lam co so dir liéu cho may
hoc - phan 16p (chan doan) trang thai k¥ thuat cua
MDE duoc nghién ctru.

Trén hai Hinh 2 va 3 déu dugc hién thi mién bién
thién Dy va tdm tuong tng My, k=0, 1...6.

NVB Graph - Tung lop
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Hinh 3. Biéu dién co sé dir ligu NVB(x,y) cho ting lép
trgng thai ky thudt Dy, k=0...6

Chdn dodn mdy hoc. Sau huan luyén va ghi lai
cac mo hinh hoc tap theo ba thuat toan SVM, Neural
network va Logistic Regression v&i co sd dir liéu gia
tri cuc dai, cuc tiéu lan luot 13 NVA, NVB. Két qua
d6 chinh x&c cua CML duoc chi ra trén Bang 1.
Béang 1 chi ra: V6i bd co so dir liéu da xay dung thi
phuong phap huin luyén SVM cho d6 chinh xac cao
hon hai phuong phap con lai. Ngoai ra, trong hai co
so dir liu NVA va NVB ta thiy NVB cho gia tri
thong tin cao hon so véi NVA.

Bdang 1. Pg chinh xac phan lép di liéu véi cac phwong
phap hudn luyén may hec

TT | CSDL | Ph. phap huin luyén | P chinh xac
SVM 0,975198
1 VA Neural network 0,959821
Logistic Regression 0,931548
SVM 0,998016
2 VB Neural network 0,960813
Logistic Regression 0,982143

Két qua trén day ciing tuong dong véi nhiing két
luan da thu duoc qua cac nghién ciru do tin ciy caa
dau hiéu chan doan VA va VB & mot sb mién vong
quay khéc véi mién vong quay duoc xét trong
nghién cuu nay, ciing nhu trang thai chay duoc md
phong ¢ 2 mirc bién (+5%) khéac voi diéu kién da
nghién cau tai cdng trinh [6].
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5. Két luan

Bai bao da dua ra phuong phap xdy dung co sé
dir liéu bang dao dong xoén pht hop cho phan 16p,
chan doan trang thai k¥ thuat tong thé dong co diesel
may chinh tau bién st dung céng cu machine -
learning. Phuong phap dé xuat c6 tinh dén mic do
khong 6n dinh trong qué trinh chay cua céc xylanh

va mirc nhiéu vong quay chan doan véi ngudng +5%.

Kiém thir cho MDE 6S46MCC7, trén MV.HR.34000
DWT, v¢i dai vong quay: [69, 77] (v/phat) xa cac
ving cong hudng va dam bao dugc théng s6 nhidu
vong quay khai thac +5%. Phan mém mé phong
CML trén LabView cho thiy phwong phap huin
luyén may hoc SVM dat d6 chinh xac cao nhét va
véc to CAC gié tri cuc tiéu VB cho do tin cay chan
doén cao hon ma véc to gié tri cuc dai VA cung cap.
Loi cam on

Nghién ctru nay dugc tai trg béi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma sé: DT20-21.58.
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