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Xay dwng hé thong thu thap va canh bao sw c6 cia dong co’
trén tau thuy dwa trén tin hiéu d6 rung

Developing a System for Collecting and Alerting Incidents
of Ship Engine Failures Based on Vibration Signals

Nguyén Birc Thanh", Tran Hoai Linh2, Nguyén Céng Phwong?,

Tom tat

D6 Van Dinh3, Pham Van Nam*
*Tac gia lién hé: thanhnd@vlute.edu.vn

"Trwong Dai hoc Sw pham Ky thuat Vinh Long
2Trwong Dién - Dién t&r, Dai hoc Bach khoa Ha Noi
3Trwdng Dai hoc Sao Do

“Trwong Dai hoc Cong Nghiép Ha Noi

Ngay nhan bai: 15/02/2024

Ngay nhan bai slra sau phan bién: 26/3/2024
Ngay ché&p nhan dang: 29/3/2024

Bai bao trinh bay vé viéc (ng dung cdng nghé loT (Internet of Things - Internet van vét) dé xay dwng hé théng
giam sat va canh bao sy cb cho dong co tau thdy dwa trén tin hiéu do rung. Véi sw phat trién ctia cong nghé,
viéc st dung tin hiéu dd rung dé du doan va phat hién su cb tré thanh mot phwong phap hiéu qua va tiét kiém
chi phi. Bai bao tap trung vao viéc thu thap di liéu do rung tir cdm bién dat trén dong co, sau d6 sir dung cac k¥
thuat phan tich tin hiéu dé& xac dinh d4u hiéu cla sw cb. Két qua thir nghiém cho thay rang hé thdng giam sat va
canh b&o nay cé thé gilp nang cao hiéu suét va an toan clia dong co tau thily bang cach phat hién s&m cac van
dé tiém an hoéc sw cb trong hoat déng ctia dong co.

Twr khéa: Céng nghé loT; Vi diéu khién; ESP32; Wifi; giao thirc MQTT.

Abstract

The article discusses the application of 10T (Internet of Things) technology to build a monitoring and alert system
for ship engines based on vibration signals. With the advancement of technology, using vibration signals to predict
and detect malfunctions has become an effective and cost-saving method. The article focuses on collecting

vibration data from sensors placed on the engine, then using signal analysis techniques to identify signs of
malfunctions. Experimental results show that this monitoring and alert system can enhance the performance and

safety of ship engines by early detection of potential issues or malfunctions in engine operations.
Keywords: loT Technology; Microcontrollers; ESP32; Wifi; MQTT Protocol.

1. DAT VAN BE

Dong co la mdt trong nhirng déi twong chinh dwoc st
dung trong céc hé théng, day chuyén, thiét bi. Vi vay,
do tin cay, do 4n dinh van hanh cla dong co la mét
trong nhirng tiéu chi ky thuat quan trong, doi héi phai
dam bao. T do cac quy trinh ky thuat trong van hanh,
duy tri bdo dwdng va theo doi tinh trang ky thuat va
van hanh cla cac déng co cling phai dwoc dam bao
dé co6 nhirtng quyét dinh x& ly kip thei nham dadm bao
hoat dong binh thwdng clia déng co ndi riéng va cla
toan hé théng truyén ddng noi chung. Dac biét véi tau
thdy, do diéu kién van hanh trén bién, cé nhirng trwong
hop di bién dai ngay, viéc x& ly cac sy cb dong co sé
phirc tap hon nhiéu 14n so véi truéng hop cac dong co

Nguw&i phan bién: 1. GS.TSKH. Than Ngoc Hoan
2. TS. Pang Thuy Hang

hoat dong trén dat lién. Ngoai ra, hoat dong cta dong
co trén tau thdy con chiu anh hwéng clia cac dao dong
do twong tac gitra tau va maéi trwd'ng nwdc xung quanh
gay ra.

Trong nhitng diéu kién hoat dong nhuw vay viéc theo
déi ndm dworc tinh trang cla ddng co ciing nhw dy bao
dwoc nhivng héng héc cé thé xay ra théng qua viéc
do dac va xt ly cac tham sb hodc cac nhém tham sb
dé dwa ra nhirng két luan 1a hét strc can thiét, chinh
vi vay chan doan ky thuat 1a bai toan luén duoc dat
ra v&i cac hé thdng va thiét bi nham phat hién sé&m
cac sy cb va dam bao tinh tin cay, lién tuc, dap ng
yéu cau khét khe cla nganh dudng sét. V&i dong co
néi chung, da cé nhidéu nghién clru va phat trién dwoc
nhiéu gidi phap dé chan doan tinh trang cta dong co,
tuy nhién sb lwong cac cong trinh nghién ctu vé dong
co trén tau thdy cé xét t¢i cac anh hwdng cia twong
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tac gitra tau va mai trworng nwéc (vi du nhw séng bién)
thi chwa c6 nhidu. Bao bao nay dé xuét phat trién thém
gidi phap m&i nhdm hé tro' viéc phat hién va nhan dang
dwoc chinh xac hon mét sé tinh trang sw c¢b chinh
trong déng co trén cac tau thay.

Giam sat tinh trang déng co’ la mét trong nhirng nhiém
vu k¥ thuat quan trong. D4 cé rat nhiéu cac cong trinh
nghién cru va gidi phap dwoc dé xuét lién quan téi Ilinh
vire nay. Trong sb nhirng sw c6 phd bién cta dong co,
céc tac gia thwong tap trung téi cac 16i nhw [23]:

- Cong truc rotor;

- NGt/vé vong bi, hop sb;

- Mon/nit banh rang;

- Khe h& mach tir khéng déu;
- Méi 13p ghép bi I6ng.

Cac sw cb nay co thé gay ra mot trong sb6 cac hién
twong nhw sau:

- Mlrc d6 dao déng md-men tang;
- Tén that cong suét tang;

- Phat nhiét cao;

- Rung dong bat thuwong;

Dé c6 thé phat hién dwoc sw ¢ va phan loai dwoc,
ta dwa trén cac cam bién dé do va phat hién cac hién
twong twong rng. Phuwong phap str dung dong dién
dwoc dung nhiéu hon va ta c6 thé ké t¢i phwong phap
giam sat dong dién clia dong co MCSA (Motor Current
Signature Analysis) [14], trong dé phd Fourrier vé tan
sb clia dong dién sé& thay ddi khi c6 sw cb trong dong
co. Mirc d6 hodc dang thay déi sé phu thudc vao dang
s cb clia dong co [26]. Ngoai phé Fourrier, cac nhém
tac gid con s dung cac phwong phap phan tich phd
khac nhu bién dbi Gabor, bién déi wavelet (séng nhd)
[13]. Tuy nhién, phwong phap nay cling da dwoc chi
ra la bi anh huwéng béi cac nhiéu sinh ra trong trwdng
hop tai dong, gay bién thién mo-men, tir d6 ciing dan
t&i bién thién trong dong dién ctia déng co [11,12]. Mot
sb cong trinh [21] xem xét t&i qua trinh qua d6 cla tin
hiéu dong dién khi xay ra hién twong s cb6 dé phat
hién cac sw cb nay. Trong [4], viéc phan tich qué trinh
qué dé da cho phép phat hién dwoc 16i nirt vong bi cla
dong co cam ng.

Bén canh tin hiéu dién (dong, ap, cong suét, tan sb,...),
céc tin hiéu am thanh va rung déng ciing la moét nguédn
théng tin quan trong va hiru ich dé phat hién sy cb.
Vi du nhuw trong [26], cac tin hiéu rung déng da dwoc
phan tich d& xac dinh dwoc nhiéu dang sw cb bén
trong dong co'.

Bai bao nay di sau nghién ctru thiét ké va xay dwng bo
Thu thap di liéu va truyén théng wifi [&n Web Server.
Du6i day la so dd khdi ctia hé théng:

Tap chi Nghién ciru khoa hoc, Trudng Dai hoc Sao Do, S6 1 (84) 2024

Cac by Cam LN Mach xir Iy M Két ndi
bién théng dfr lidu mang/
minh j Internet
Ung dung L Co so dit
gidm sét va ligu
quan ly tir xa Database

Hinh 1. So db khéi mé ta phuwong thirc két néi céac
cadm bién théng minh

So dd khdi trén cho thdy cach cac module cam bién
théng minh két néi v&i co s& lwu trir div liéu théng qua
mang/Internet, cho phép nguw&i quan ly giam sat va quan
ly dong co mot cach hiéu qua trong moi trrdng nwérce.

2. XAY DUNG HE THONG
2.1. Téng quan vé hé théng

Internet of Things (IoT) [1, 2, 3, 4] hay con dugc goi
v&i cai tén Internet van vat la mot mang luéi cac thiét
bi két néi bang internet, c6 khd nang thu thap, xt ly
va truyén tai théng tin qua lai v&i nhau théng qua mot
mang duy nhét.

WEB/APP

Thiét bi N User

Dong co
1 thu thap1 N

Dong co Thiét bj

.l S~
2 thu thap 2 _-v
~
. - Wifi/3G/4G/
wifi - - W Ethernet

‘
Phan mém

quan ly

=

Thiét b
thu thap N

Pong co
N

May chi  Database

RS485/Wifi
TCP/IP

Phong diéu khién va

gidm sat trung tAm

Hinh 2. So db céng nghé hé théng IOT giam séat
hoat dong cua déng co tir xa

Thiét

Do do bi thu

e ihap > WIFI
dit lidu

Hinh 3. So dé nguyén ly thu thap dir liéu

Bo6 thu thap dw liéu: Thiét bi cé chirc nang do do
rung theo 3 truc X, Y, Z cla dong co va két ndi voi bod
Database qua chuan chuan khéng day Wifi. Thiét bj c6
cac tinh nang chinh nhw sau:

- Thiét bi nhé gon cé thé do di dong va gan dwoc trén
dbng co;

- Lwu d@ liéu nay vao thé nhé SD, th&i gian lwu lién tuc
trong 30 ngay;
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- Thiét bi chay pin;
- Truyén di¥ liéu theo chuan wifi.
Phan mém quan ly tai trung tam: May tinh cha dat

tai phong giam sat trung tam, véi cac gidi phap phan
mém tich hop:

- Quan ly Co s& di liéu (SQL Server hodc MySQL) dé
lwu trir tAt ca trang thai nhan duoc tir hé théng thiét bi
giam sat may.

- Theo dbi trang thai va thoi gian van hanh, canh bao
s ¢b clia dong co.

2.2. Thiét ké phan ctrng
2.2.1. So' d6 khéi

Dwa trén cAu tric va cac yéu cau cong nghé va chirc
nang cla bd thu thap di lieu. Tlr d6, xay dwng so dod
khéi nhw hinh sau.

Man hinh
LCD
¢ 12C Bus
2 Chuén dbi A . R UART
Cam PR Vi diéu khién | _
bién - chuanuhoatln | ESP32 < » RS485
hiéu
T | SPI Bus
Khoi nguon Thé nhé

(pin) Phim nhan sSD

Hinh 4. So dé khéi cua thiét bj

Thiét bi bao gdm cac khéi chinh sau:

- Cam bién: Lwa chon cam bién do do rung (gia tbc
ADXL335 GY-61).

- Khéi diéu khién trung tam: St dung ESP32 c6 chirc
nhwng twong tac véi nén tang loT.

- Khéi RS485: Thiét bi co tich hop thém cbng truyén
RS485, truyén div liéu di xa, téc dd cao [3].

- Thé nhé& SD: Thiét bi s& sir dung cac thé nhé dung
lwong 8G dé lwu gitr dwoc di¥ liéu tr cdm bién do do
rung (cé thé lwu lién tuc trong 30 ngay).

- Khéi pin: Lwa chon s dung 04 qua pin 18650 sac lai
duoc, loai 3.7V 2000 mAh.

2.2.2. Thiét ké bo mach cho thiét bj do

2.2.2.1. Khéi cadm bién

Baibao lwa chon cam bién GY-61 Analog Accelerometer
ADXL335 do db rung:

ADXI335 c6 thé do gia tbc trén 3 truc X, Y, Z tao thanh
hé truc toa d6 3D. ADXL335 cé kha ndng do gia toc tr
-3g dén +3g trén méi truc, tin hiéu ra & dang Analog.
ADXL335 c6 d6 chinh xac cao trong do gia téc, dé rung.

L L

om0 |
e ¢ 1@

Hinh 5. Cam bién gia téc ADXL335 GY-61

2.2.2.2. Vi diéu khién ESP32

ESP32 1a mot hé thdng vi diéu khién trén chip (SoC)
ctia Espressif Systems, nha phat trién cia ESP8266
SoC. N9 la sy ké thira clla SoC ESP8266 va co ca hai
bién thé 16i don va 16i kép ctia bd vi xir ly 32-bit Xtensa
LX6 cla Tensilica v&i WiFi va Bluetooth tich hop, co
cong suat thdp. N6 dwoc phat trién vi sy thiéu bao
mat trong ESP2866. Ca 2 loai nay déu cé chlrc néng
twong tac véi cac nén tang loT khac va dwoc st dung
rat rong rai hién nay.

Hinh 6. So d6 nguyén ly ctia khéi vi diéu khién ESP32

2.2.2.3. Thé nhé SD

Thiét bi sé str dung loai thé nhé dung lwong cao dé luu
gitr dwoc div liéu tlr cdm bién do d6 rung.

3K3 - 0808

MosI

J—

S¢
2
a
o

<-,,|”_

a
]

SD CARD

Hinh 7. So' d6 nguyén Iy cia khéi thé nhé
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2.2.2.4. Khéi nguén cung cép

Thiét bi st dung 04 qua pin 3.7V, phdi hop méc két

ho ndi tiép va song song dé tao du ra la 7.2V qua bd
ha ap 3.3V (st dung IC AMS1117-3V3), cung cép cho
mach do.

ADCT: 3238
ADC2 0, 2,4, 1218, 2827

2w
o EP_GND
1 GND i) ok
o 3 J.Vi
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Hinh 8. Thiét ké so d6 nguyén ly téng cua thiét bi do

2.3. Phan mém quan ly tai trung tam

Bai bao nay, chung t6i da tich hgp mét co s& dir liéu
vao hé théng dé lwu trir dir liéu thu thap tir cac thiét b,
phuc vu cho viéc xt ly va hién thj di liéu vé sau.

2.3.1. Pdc diém cia MQTT

La mot giao thirc truyén théong diép (message) dwoc
thiét k& dwa trén mé hinh publish/subscribe, dac biét
phlu hop cho cac thiét bi loT v&i yéu cau bang théng
thap va do tin cay cao. Giao thirc nay hoat dong trén
co s& cla giao thirc TCP/IP, cho phép cac ban tin
duwoc chuyén tiép dén dang dbi twong can gri mot
cach chinh xac va dang tin cay.

2.3.2. Cor ché hoat déng

MQTT hoat doéng theo co ché client/server, trong doé
mdi thiét bi cdm bién hoat ddng nhw mot client va két
nbi dén mot may chu (server), con duwoc goi la broker,
thdng qua giao thirc TCP. Broker c6 nhiém vy diéu
phdi va quan ly tat ca cac thong diép tir phia gtvi dén
dung phia nhan. Mdi théng diép dwoc gl tir client sé
dwoc publish 1&n broker théng qua moét cha dé (topic)
cu thé. Chu dé c6 thé dwoc coi la mot kénh thong tin,
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noi ma thong diép sé dwoc gli va nhan. D& nhan
thong diép, client phia nhan sé phai subscribe vao ch
dé twong &ng. Piéu d&c biét cia MQTT Ia publisher
va subscriber khdng can phai biét dia chi IP va port
ctia nhau. Thay vao doé, chung chi can biét vé cha dé
(topic) dé cé thé gvi va nhan thong diép. Diéu nay giup
cho viéc quan ly va mé rong hé thdng tré nén don gian
hon. Ngoai ra, méot diém manh khac ctia MQTT 1a kha
nang xt& ly ban tin tdy thudéc vao mirc dé cia QoS. Voi
QoS cao hon, broker sé& c6 trach nhiém lwu tri va diéu
phdi théng diép dén cac client can nhan, dam bao rang
thong diép sé dwoc glri va nhan mot cach dang tin cay
va chinh xac.

3. KET QUA
3.1. Phan cing

Bai bao sé thwc hién xay dwng mét mo hinh thir nghiém
dé kiém tra kha nang l4y mau cta thiét bi clia chung toi,
dbi twong la dong co. Thiét bi thu thap di liéu d6 rung
lwu vao thé nhé SD va truyén théng theo chuan WIFI,
di¥ liéu nay sé dwoc sir dung cho viéc huén luyén moé
hinh Al, tAn sb ldy mau 2 KHz. Thiét 1ap thi nghiém
duwoc trinh bay trong Hinh 3 v&i muc tiéu la thtr nghiém
thu thap di liéu trong qua trinh van hanh ctia doéng co.
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Hinh 9. Hinh anh thiét bj sau khi dong hop
3.2. Phdn mém

Trong qua trinh thtr nghiém, nhom tac gia da phat trién
méi triérng bao gdm ba loai 16i phd bién:

- Trwdong hep binh thuwong (N).

- Léch truc xay ra khi truc khéng n&m trong truc dung
hodc khong ding trong mat phéng. Léch truc cé thé
tao ra mé-men xoén khéng déu va gay rung dong (E1).

- Sw ¢ 16ng bu-l6ng ga dong co (E2).
- Vong bibi khuyét ranh bén trong/ngoai (E3).

N {Binh thuong)- = el
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Hinh 10. Biéu dién tin hiéu theo mién thoi gian
(Fs=2000 Hz)

T Hinh 10, chung ta cé thé d& dang nhan thay sy
khac biét ré rang cda tin hiéu do. Cu thé, db thi thé hién
trang thai hoat déng binh thwéng va trang thai 16i co
bién do thap, khéng xuét hién cac diém co bién do dot
ngot tang 1én gia tri cao. Ngworc lai, dd thi clia trang thai
16i thwdng c6 bién dd trung binh cao hon. Tl nhirng
quan sat nay, ching ta cé thé rd rang nhan thay rang,
ké ca khi str dung mat thuwéng hodc khéng qua béat ky
bd loc hodc bién dbi di¥ liéu ndo, chung ta van cé kha
nang phan biét mét cach dé dang gitra cac trwong hop
khac nhau.

Website c6 thé hién thi di¥ liéu thu thap & mién thoi
gian va mién tan sb trén phut theo thoi gian thuc, theo
doi tinh trang clia dong co tir xa.

Hinh 11. Hién thj tin hiéu trén website sir dung
giao thtre MQTT

4. KET LUAN

Tw cac cong trinh nghién ctu trong va ngoai nwéc cho
thdy cac phwong phap nghién ctru chan doan sw cb
tiém an cla Dong co trong qua trinh van hanh dang la
moét linh vwng nhan dwoc sw quan tam rat Ién. Ngoai
ra dé tang do tin cay can phai xac dinh dwoc cung luc
nhiéu tin hiéu trang thai ctia dong co nhuw tin hiéu dién,
co (rung dong). Vi vay, dé lay duoc ca tin hiéu dién va
rung dong co khi lam co s& nhan dang trang thai lam
viéc clia Bong co. Bai bao da xay dwng va thiét ké mot
thiét bi d& do va giam sat trong qua trinh van hanh. Cac
két qua trong bai bao da minh hoa su tin cay va chinh
xac cua thiét bi trong viéc do lwong tin hiéu dé rung tw
mo hinh th& nghiém. Trong twong lai, nhém tac gia dy
kién tich hop cac thuat toan hoc sau, mang lai nhiéu loi
ich cho chan doan 16 may méc va mé ra nhirng trién
vong dang ké trong linh vwc nay.
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