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Kiem tra thiet bj do va giam sat rung dpng da kenh 
tai Phong Thf nghiem Vien Nghien cuiJ khoa hoc 
va Cong nghe Hang hai - Truong Dai hoc Hang hai Viet Nam 

• ThS. NCS. LAI HUY THI|N; PGS. TSKH. DO OOC Ll/U - TrUdng Dai hoc Hdng hdi Viit Nam 

TOM TAT: Thiet bi do, giam sat rung dong da 
kenh (MMMVS, Multi-channel Measurement and 
Monitoring Vibration System) duoc che tao tai 
TruPng Dai hgc Hang hai Viet Nam dung de do, 
xP ly dong thoi cac tin hieu dao dong xo3n, dao 
dong doc tren true truyen bang phuang phap tem 
dan bien dgng va cac kenh do dao dong gia toe 
tren be mat dong co diesel tau thOy. Vi dac thu 
cua thP nghiem duong dai t l u thuy, yeu cau kiem 
tra MMMVS tai phong thi nghiem (PTN) truac khi 
chuyen xuong tau sP dung 

Bai bao trinh bay cac mo liinh vat ly (UHVL) Puqc 
nhom tac gi^ xay dung tgi PTN cua Vien Nghien 
cuu Khoa hoc va Cong nghe Hang hai (Vien 
NCKH&CNHH) thuoc TruPng Dai hpc Hang hii Viet 
Nam va thu tuc kiem tra hoat dong chPc nang cua 
MMMVS, Thiet bi duoc kiem tra nhan dgng thiet bj 
ngoai VI, dong bg hoa cac tin hi?u do dao Pong, tan 
so va so luong mau trich do tuong ung voi chu ky 
cong tac cua dgng co diesel, luu trO du lieu do. Ket 
qua thu duoc dim b io cho su hoat dong sin sang 
ci!ia MMMVS cho thP nghiem duong dai tau bien 
theo cac yeu cau cua co quan dSng kiem hang hl i 

T O KHOA: Kiem tra thiet b| do rung dong, do, 
giam sat rung dong tau bien 

ABSTRACT: Multi-channel Measurement and 
Monitoring Vibration System (MMMVS) is made 
in Vietnam Maritime Universily, using to measure 
and process the received vibrations with different 
physical types together, such as torsional, axial ones 
on the shaft-line by strain gauges and accelerations 
on no-moving parts of the marine diesel According 
to the sea trail particulars, the functional features of 
the MMMVS have to test well before this system is 
used in the sea-trail experiments 

This article demonstrates the physical models 
made by authors in the Lab of Maritime Research 
Institute of Vietnam Maritime University and 
procedure for functional testing the MMMVS' 
interface device identification; vibration signals 
synchronization; frequency and sample tracking 
relatively tlie diesel working cycle and the measured 
data saving The received results in the paper 
prove the readiness of the MMMVS to use for the 
sea trail experiments according to requirements of 
the maritime shipping registers 

KEYWORDS: Testing Vibration Measurement 
System, Measurement and Monitoring Vibration 
System. 

I .DATVANDE 
Trong thCf nghiem dUdng dai tau bien eo sU tham 

gia eua cae to ehufc dang kiem, chu tau, nha may dong 
tau va cae to ehCfe ehuyen mon duoe mdi do, giam sat 
cae tin hi&u quan trpng nhU dao dong xoan, dao dpng 
doc, dao dong thang (gia toe) cung nhu do tieng on tren 
tau Trude day, thong thudng ehi tien hanh do dao dong 
xoan tren true trung gian cua he true chinh diesel tau 
bien lai chan vjt, eon cae dang dao dong khac va tieng 
on it duoc quan tam. Trong m6t vai nam gan day, tren 
thegidicungnhUdViet Nam da dat ra do, giam sat tieng 
on va dao dong eua tau (than tau), con doi vdi may tau 
lai ehUa dat ra, mac du trong Quy pham Hang hai mot so 
nude CO yeu cau (DNV (2011) [4]; RMR(2015) [4]). 

De trien khai nghien CLfu phat then thiet bi do rung 
dong hien dai tai Trudng Dai hpe Hang hai Viet Nam, 
nhom nghien eiJu da xay dUng thanh eong he thong do 
va giam sat rung dgng da kenh tren co s6 nen tang eong 
nghe NI (National Instruments, Hoa Ky) va da trien khai 
do, hieu chinh tai PTN va do tren tau thue. Mot so ket qua 
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da daoc trinh bay tai Hpi nghi Cac trudng Dai hpe Hang 
hai qude te nam 2017, to chile tai Vaena (Bulgari) [3], 

Ve nguyen ly cau tao, thiet bi do va giam sat rung dpng 
da kenh tren (MMMVS) gom cac kenh do dao dpng tren 
true quay (thudng la true trung gian): Dao dong xoSn hoae 
dao dong dpc bSng tem bien dang, dan tren be mat true va 
eae dao dong thang (thudng la dao dong gia tde) cilia cac 
diem do tren be mat dong co tai eae vi tri khong chuyen 
dong. Truyen tin hieu do tLf thiet bi cam bien dat tren true 
quay (SG, tem bien dang) tdi CPU thue hien bang w/ifi, eon 
eae tin hieu do dao dong tren be mat (khong ehuyen dpng) 
eua dong eo truyen tdi CPU eo the thue hien bang day dan, 
eung eo the bang w/ifi.Tuy nhien, MMMVS duac ehia thanh 
hai he thong eon thue hien chirc nang do (Sensors) va thu 
thap (DAQ) theo hai dang cac tin hieu neu tren Hinh 1.1. 

Hmh 1.1: Sado nguyen lyMMMVS^ 
tren he ddng luc ehinh diesel tiu bien 

BS - Khoi cam bien rung dpng va pha (Khdi cac cam 
bien gia toe va pha: Gom BA - Block accelerators khdi eae 
cam bien (sensors) gia tdc; BSG - Block strain gauges khoi 
tem bien dang). 

B-DAQ - Khdi thu thap va dong bo hoa dCr lieu cac kenh 
do (DAQ Nl 9234 hang NI, gom khung (chasis) cDAQ 9184 
cd 4 khe cam, ehCra 02 DAQ 9234 (8 kenh); DAQ 9237 - do 
bien dang loai DSUB 4 kenh, gom khung CDAQ 9191 phat 
song w'\f\, cam 01 DAQ NI 9237(DSUB) - tin hieu bien dang). 

Modem - dong bo hda tin hieu rung dpng; CPU -
Trung tam xd ly; Monitoring - Hien thi. 

Trong thCf nghiem dUdng dai, vdi thdi gian dUpc len ke 
hoaeh cu the va chinh xae eho cae che do thCr nghiem theo 
ti/ng ehe do van toe quay, tai tac ddng tdi ddi tupng do 
(dpng CO diesel va dudng true}, cd sU tham gia cua cac dai 
dien: Dang kiem, ehu tau, nha may dong tau, ekip thuyen 
vien dieu ddng van hanh tau va may mdc thiet bi, dac biet 
la chi phi cho dot thCf tau Idn, do vay khong cho phep doi 
ngu chuyen gia do rung ddng co sai sdt trong qua trinh 
van hanh MMMVS cung nhu khdng thu dupe va khdng luu 
dapc chinh xac so lieu du tin cay cho xii ly chung sau nay. 
Mdt trong cae bien phap quan trong va can thiet la kiem 
tra thiet bi do de ch^e chan rang MMMVS ludn d trang thai 
tdt, sin sang boat dpng do, hien thi nhanh, ehinh xac ket 
qua do va lau lai cae tfn hieu do rung dpng chinh xae va du 
thong tin can thiet eho ti/ng ehe dp do kiem. 

Cdng tae kiem tra MMMVS tai PTN ed the tien hanh 
tren dpng co diesel va tren dudng true eua to hop D-G 
da duac hoan cai phij hpp de nghien edu cae dang dao 

^^ fc t tUOng tu nhu tren he ddng luc chinh diesel tau 
^ ^ ^ ^ n s a c tren MHVL vdi kha nang tao dUOc cae dang 

^ ^ ^ ^ ^ n g taong dng. Co sd vat ehat dau tien tao duoc 

cac dang dao dpng vat ly thiic, gan gidng vdi doi tuong 
duoc do - he ddng lac chfnh (HDLC) diesel tau thuy, dd 
la to hop D-G, tren do dUOe l i p dat cae sensors do eae 
dang dao ddng can thiet. Day dUOc xem la MHVL dang 1 
(MHVL-D1) eho kiem tra MMMVS trUde khi sii dyng cho 
thilr nghiem dadng dai. Dang th iJ I eua MHVL (MHVL-D2) 
ed chile nang tao daoc cac tin hieu dao dong taong 
dng va co the lap dat cac sensors dung cho MMMVS, 
tuy nhien mo hinh hoat dong nhanh va don gi^n hon, 
chi phi thdi gian va tai chinh it hon, khdng gay tieng on 
Idn trong dieu kien PTN can duoe che tao va nghien eiJu 
dung eho kiem tra MMMVS. Trong bai bao nay se de cap 
den hai MHVL-D1 va MHVL-D2 da dUac nhdm tac giS ehe 
tao va thCf nghiem eho edng viee kiem tra hoat dong eila 
MMMVS trade khi dung do tren tau thac. 

2.C0SdLyTHUYET 
2.1. Quan he nhan quS giuTa MHVL va vj t r i l^p dat 

sensors cua MIVIMVS 
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Hinh 2.1: Sa do quan he nhan qua giua MHVL-D1 va MHVL-D2 
va vi tri tin hieu do dao ddng cho kiem tra MMMVS 

MHVL can phii hpp vdi phaong phap va vt tri dat 
cae sensors do dao ddng tUOng dng vdi MMMVS gom 02 
SG do bien dang xoan va bien dang dpc taong dng, 01 -
sensor do pha va 06 - aecelemeters do dao dpng gia tdc 
tren be mat doi taong dUOc do. 

2.2. Cd sd khoa hoc va cong nghe cho Idem tra 
MMMVS 

Khi lap dat khdi cam bien (BS) tren MHVL-D1 hoae 
MHVL-D2 sao eho MMMVS boat dpng tin cay d che dp 
kiem tra thd nghiem. So do nguyen ly eau tao MMMVS da 
dupc chi ra tren Hin/i 1.1. 

2.2 1. Kiem tra thiet bi ngoai vi (sensors, DAQ, Modem) 
Phan mem dieu khien (driver) eho MMMVS dUpc lap 

trinh tren LabView/, viee kiem tra thiet bi ngoai vi (TBNV) 
da dape nhan dang va cai dat cau hinh phu hop hay chua 
d che dd kiem tra daoc thUe hien qua hai giai doan: Kiem 
tra nhan dang TBNV trong MAX va kiem tra, cai dat cau 
hinh trich mau cho DAQ. 

Doi vdi modem, kiem tra sii dong bp cua cae tin hieu 
do td mpt thdi diem bat dau do den thdi diem ket thue 
theo thdi gian trich do T̂  Trong MMMVS ed hai he thdng 
DAQ con (DAQ1, DAQ2) eo the ed tan sd trich mau F̂ , 
/ F̂ j dan den so mau trich daoc #N^, ̂  #N^ .̂ Tuy nhien, 
trong mdt thdi gian do T cho he thdng cae tin hieu dao 
dong do dapc deu can ehda du thdng tin cho mpt so chu 
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ky hoat ddng nhat dmh cua ddng cO duoc nghien edu. 
Tin hieu pha cd y nghia quan trong eho viec dong bp 

hda cac tin hieu do dupe.Tin hieu pha do bang sensor quang 
eua hang OMRON, giay phan quang dape dan tren be mat 
true quay Tin hieu xung vudng do dupe qua xd ly cd mdc 
0-1,taong dng vdi mde dien apO va 5v.Trong mdtvong quay 
true do xuat hien 01 xung vudng.Thdi gian gida hai sadn len 
eua hai xung hen tiep, xae dmh theo tan sd trich mSu va sd 
mau taong dng (da dape xac lap trong MAX va DAQ}. 

Gia thiet ddi vdi DAQ Nl 9234, tan sd trich mau F̂ ^̂  
51.2 kHz/I kenh do, gida hai tin hieu eae sUdn len eua 
xung vuong dem duoe so mau N, - 25,6 kS (25600 mau, 
hay 25600 samples). Nhu vay, thdi gian trich mau eho 1 
vdng quay la: 

r; = N^di - ;V, /F^, = 25,6/51,2 = 0,5{s). 

Td dd, ta tinh dapc sd vong quay trong mdt phut: 
n,(rpm) = 60(s)/0,5-120. 

Taong ta, chung ta ed the xae dinh vdng quay trung 
binh cua true theo sadn xudng. Cdng thdc tinh vdng 
quay true do daoc the hien: 

n,= 60 X FJ N̂  hoac n^- 60 x fj N^ 
Trong edng thde tren, F̂ i la tan sd trich mau eua DAQ 

Nl 9234, edn N, (va N̂ ) -TUong dng la sd mau dem dapc 
giOra hai sadn len (va xudng) cua hai xung lien tiep eho 
mdtvong quay do. 

2.2.2. Kiem tra dp tin coy cua cdc tin hieu dao ddng 
do dupc 

Sau khi chac chan cac tin hieu dao ddng do duoc 
da ed mat day du tren giao dien ehinh cua phan mem do 
trong MMMVS, can kiem tra cae tinh chat sau eua tin hieu 
dao ddng; 

- Mdc dp tuang ddng ciia eae tin hieu dao dpng 
cung dang d ehe dd khdng tai (nhieu). 

- Dd nhay eua eae tin hieu dao ddng khi cd tai. 
Viec kiem tra thae hien nhanh bang mat thudng tren 

eae do thi the hien dao ddng trong mien thdi gian thac. 
2.2.3. Kiem tra luu trUddlieu do duoc 
Cac doan trich mau cho hai nhdm tin hieu thu duoc 

td hai bp DAQ Nl 9234 va DAQ Nl 9191 dapc lUu vao 02 
files cd ten khae nhau, sao eho de phan biet vdi dac thu 
eua dang dU lieu, che do thdnghiem va vi tri lUu trd. Phan 
mem lUu dii lieu do duac da dape xay diing va tieh hop 
trong md-dun phan mem do dao ddng, ngadi khai thac 
chi viec nhan nut "SAVE" la dd lieu tu ddng ghi lai. Sau khi 
ghi xong, chung ta phai mddUlieu rade kiem tra lai xem 
cae ket qua do, !Uu trd daoc cd dung djnh dang khdng, 
md ra ed day du thdng tin can thiet eho mpt sd chu ky 
cdng tac cua ddng eo hay khdng. 

2.3. Ket qua dat dU0c 
2.3.1. MHVL dgng 1 (ii^HVL-Dl) 
MHVL-D1 la MHVL dae trUng eho he dpng lue ehinh 

diesel lai chan vit, duoc xay diing td to hpp D-G 110 kW 
vdi doan true trung gian bo sung gida ddng cO diesel va 
may phat vdi mue dieh tao vi tri nhu true trung gian de 
lap cac bien dang do dao dpng xoan va dao dpng dpc 
tren be mat true trung gian (Hinh 2.2). Viec trien khai l ip 
dat eae sensors bien dang va sensor quang do pha tren 
MHVL-D1 dupe the hien tren Hinh 2.3. 

1 - B§ may: 2,3 - Lo so (nhun) d$t diesel; 2.b - Lo so dat miy phat; 2.c 
- COI do true trung gian; 3.a - Than diesel; 3.b - Than ro to (may phat); 

4.a - True khuyu diesel. 4,b - True ro to (may phatj: 5 a, 5.b - Bich 
Cling; 6.3. 6.b - Cia dd cam bien 3i§n tic 7.3, 7.b - Cam bien dien tii: 
8.a.8.b- Vanh ^3 rang tao xung; 9 - Do^n true trung gian. 10- Tem 

bien d^ng (dan tren m0t true) 
Hinh 2.2: Sado nguyen ly MHVL-D1 eho kiem tra MMMVS 

I - GiS'y phan quang do pha; 2 - Gia do (denam cham) dat can do pha; 
3 - 86 gop DAQNI9191 ciing khung codmh tren true quay (do bien 

dang) 4 - Sensor do quang (Omron) 
Hinh 2.3: Hinh inh lap dat tem bien dang va sensor pha tren true 

trung gian MHVL-D 1 
2.3.2. MHVL dang 2 (MHVL-D2) 

7 - Dang co dien, 2 - True trung gian. 3 - day phan quang do pha; 
4 - Gia do (denam cham) d0t can do pha; 5 - Tem bien dang; 

6 - Thanh tao bien dgng xoan va uon; 7 - Bam dau; 
8 - Sensors do dao dong gia tac; 9 - Bd bien doi vdng quay cha dpng 

CO dien. W-DAQ Nl 9191 cung chasis phat wiii truyen tinhi^u 
Hinh 2.4: Hinh anh lap dat tem biih dang va sensor pha 

tren true trung gian MHVL-D 1 
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Sukhac biet eua MHVL-D2 so sdi MHVL-D1: Dung ddng 
CO dien lai bOm thuy lae thay eho to hpp D-G. MHVL-D2 gon 
hpn nhieu so vdi MHVL-D1 .Dong co dien di ing bien tan (sd 
9, Hmh 2.4), cd the thay doi vdng quay t d rat nhd den vdng 
quay thae te cua dpng codien (khoang 1500 rpm). Khi kiem 
tra su sSn sang boat ddng, ehuan bi sd dung MMMVS eho 
t h d nghiem tren tau thuc tren MHVL-D2 khdng mat nhieu 
thdi gian de gSn ehat DAQ Nl 9191 tren trye quay, vi DAQ 
nay duac ket ndi vdi cac bien dang (5) dan tren thanh (6) 
ehiu bien dang xoan va uon Ngoai ra, ngudn cap cho DAQ 
nay co the di ing triic tiep dien 220 V qua bd bien the va dn 
ap chuan cdng nghiep eua hang Nl, ma khdng can dung 
ngudn pin 12V nhU khi do thuc te tren true quay. Thay ddi 
tde dp quay cua true rat nhanh va thuan tien qua viec xoay 
nut dieu chinh (9). Viec kiem tra ddng bp hda ddl ieu do, lau 
trCr dCr lieu deu gidng nhau tren eae he thdng MHVL-D1 va 
"D2 tai cac che do van tdc quay khac nhau. 

2.3.3.MptsoddcdiemtrongqudtrinhkiemtraMMMVS 
tren cdc MHVL 

- Xdy dUng md-dun ghep ndi chuan giQa cdc SG vd 
DAQ NI-9191. Tren Hmh 2.4, gida hai dau day d i n t d bien 
dang (5) vdi DAQ Nl 9191 (10) bSng dau ndi edng nghiep 
(11) de lap MMMVS duac thuan tien. 

- Xdy dung md-dun dieu chinh tdc dp vdng quay trong 
MHVL-D2. 

Phan cdng: Ngudn dien 220 V xoay ehieu qua 
aptomat tdi thiet bj dieu chinh van tdc quay (INVERT, (9) 
tren Hinh 2.4) eua ddng eo dien 3 pha (1). Khi xoay num 
dieu khien (tren (9)), van tde quay true ddng co dien thay 
ddi.Tren thiet bj (9) cd chi bao van tdc quay ddng caduac 
dieu chinh, tuy nhien gia tr i chi bao chi la gan dung. Gia 
trj chinh xac se dUOc do bang sensor quang (QMRON), xd 
ly thuat toan va xay dUng phan mem tuong dng. 

Phan mem: Viet code tren LabView, diing MathSeript. 
DUa vao gia tri hien thj tren man hinh ve van tde thUe te trung 
binh cua true quay va cac xung vudng tUong dng thu duoc, 
ehung ta nhap lai gia tri vdng quay thUe te do de ehuong 
trinh hien thi dung mdt sd chu ky edng tae cua ddng co. Ket 
qua la cac dadng dae tinh dao ddng do dUpc, hien thj tren 
man hinh hau nha ddng yen, khdng bi trdi va khi dd cd the 
luu d d lieu do duac vdi sd lapng mau phu hop. 

Phan mem (Virtual Instruments, VI) tU dpng xac dinh 
vdng quay thUe te dUpc dieu khien trong qua trinh kiem tra 
va tu ddng lau trUtin hieu do daoc vdi sd mau can thiet theo 
che dp do taong i ^ g . Giao dien chinh (Front Panel) trong 
kiem tra thiet bj MHVL-D2 duoc the hien tren Hinh 2.5. 

iiiiiiiiiiiiiMii 

Hinh 2.5: Clao dien chinh cua thiet bi io cho kiem tra MMMVS 
I tren MHVL-D2 

S8 

Mdt sd loi, sU cd x i y ra t rong qua t r inh kiem tra 
MMMVS (Sdng 2, / j . 

Bang 2.1. Mdt so loi hoac bat thudng xiy ra 
trong kiem tra MMMVS 

I TT T§nl6i,sirca 

' Tin hieu pha 
! I khong dung khi 

I dong CO quay 

Khang cd xung 
hoacCOxung 
khong on dinti 

I dong bien dang 
sai - khong thay 
ddi theo thdi gian 

e6tin hieu dao 
dong gia toe khac 

Budng bien 
dang \i duing 

I th^ng song song 
vdi tru^h0anh 

' Dildng dao dong 
I gia toe khSc xa 
so vdi cac dudng 
dao dpng khic 
cCing nh6m (khi 
dong CO dang 
hoat dong) 

Nguy&n nhdn, bl^n phap 
khSc phuc 

Khong c6 ngudn d p hoac 
vj tri sensor pha sai ho^c 
khai bio vong quay: 
nhiSu so v6i thvc l^ 

l#nh 

nthrthfing 

Tren do thi, dai bi^n ddi true 
tung dat sai hoac diy dan til 
tem bien dang tdi DAQ Nl 
9191 bidiit 

C6 the sai khac la bin chat 
vat ly cCia tin hieu (tin hi€u 
diing) hoac CO the do sai so 
du'dngdaydan, hoSc 
Wnthan sensor gia t i 

do 

Tang bd nhd dem trong do 
hoac t5t phan mem vJ khdi 
dong lai 

2.4. Phan tich ket quS va k^t luan 
MMMVS la he thdng do dao dpng da kenh va 

MHVL-D1 va -D2 da dap dng dUOe ehdc nang tao cac tin 
hieu dao dpng cho kiem tra cac kenh do: DDX, DDD va 
eae dao ddng gia tde, ket hpp vdi kenh do pha (Hinh 2.3 
va Hinh 2.4). MHVL-D2 vdi ket eau gon, don gian va dd 
tdn kem trong van hanh th i nghiem, tien ich hon trong 
t h d nghiem kiem tra thiet bi do de ed the then khai thi 
nghiem tren MHVL thac (MHVL-DI) cung nhU tren he 
dpng lUe eua tau thUc. 

Ket qua the hien tren Hinh 2.5 cho ta thdng tin v^ van 
tde do thae te eua true quay (N-122.783 rpm), tde dp trich 
mau (F^^1500 Hz) va sd mau trich do (2195 mau) hien thj 
tren man hinh. Neu chung ta chua nhap sd vdng quay 
(Chpn New trong N(rpm)_CTRL -> nhap sd 123) tUong 
dng vdi vdng quay thue te, man hinh hien thj pha cd the 
trdi nhanh, edn khi da nhap gia trj bang hoac gan bang 
gia trj vdng quay thue, do thj pha hau nha ddng yen). 

Mdt so kinh nghiem xd ly Idi va t inh huong dda ra 
trong Bdng 2.1 ed the dupe sd dung trong qua trinh kiem 
tra va hieu ehinh thiet bi do khi trien khai t hd nghiem 
tren MHVL-DI cung nha do trUe t iep tren tau thUc trong 
t h d nghiem dudng dai. 
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