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Kiém tra thiét bj do va gidm sat rung déng da kénh
tai Phong Thi nghiém Vién Nghién ctu khoa hoc
va Cong nghé Hang hai - Trudng Dai hoc Hang hai Viét Nam

B ThS. NCS. LAl HUY THIEN; PGS. TSKH. DO BUC LUU - Triéing ai hoc Héng héi Viét Nom

TOM TAT: Thiét bi do, giam sat rung dong da
kénh (MMMVS, Multi-channel Measurement and
Monitering Vibration System) duoc ché tao tai
Trudng Dai hoc Hang hdi Vigt Nam ding dé do,
xU ly déng thdn cac tin hidu dao déng xoén, dao
déng doc trén truc truyén bdng phuong phap tem
dan bién dang va cac kénh do dac déng gia téc
trén bé mat déng co diesel tau thdy. Vi dic thu
cUa thi nghiém dudng dai thu thoy, yéu cdu kiém
tra MMMVS tai phong thi nghiém (PTN) truéce khi
chuyén xuéng tau s dung

B4 bdo trinh bay cdc mo hinh vat ly (MHVL) ducc
nhém tac gid xdy dung el PTN clia Vién Nghian
ciu Khoa hoc va Cong nghé Hang hat (Vien
NCKH&CNHH) thude Trudng Bai hoe Hang hai Viét
Nam va thi tuc kiém tra hoat déng chic nang cta
MMMVS. Thiét b| duoc kiém tra nhan dang thiét by
ngoai vi, déng bé héa cac fin higu do dao déng, tan
$6 va $8 luong méu trich do tuong Ung vé chu ky
cdng tac cia déng co diesel, luu tra 40 héu do. K&t
qud thu duoc ddm bdo cho su hoat déng sdn sang
clia MMMVS cho thi nghiém dudng dai tau bién
theo cac yéu chu cla co quan dang kidm hang hi

TU KHOA: Kiém tra thiét b do rung déng, do,
gi5m sat rung dong tau bién

| ABSTRACT: Multi-channel Measurement and

Maonitoring Vibrahon Systemn (MMMVS) 15 made
In Vietnam Marntime Unwersity, using to measure
and process the receved vibrations with different
physical types together, such as torsional, axial ones
on the shaft-line by strain gauges and accelerations
on no-mowving parts of the marine diesel According
to the sea trail parhculars, the functional features of
the MMMVS have to test well befere this system s
used In the sea-traill expeniments

This article demonstrates the physical models
made by authors in the Lab of Mantma Rasearch
Institute  of Vietnam Manhme Unwversity and
procedure for funchtiona! testing the MMMVS:
interface dewvice 1dentification; vibration signals
synchronization; frequency and sampla tracking
relatively the diasel working cycle and the measured
data saving The recewved results in the paper
prove the readiness of the MMMVS to use for the
sea trall experiments according to requirements of
the marifime shipping registers

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

1. DAT VAN BE

Trong thi nghiém dudng dai tu bién cé sy tham
gia cUa cac t6 chdc dang kiém, chi tau, nha mdy déng
tau va cac té chuc chuyén mén duoc mai do, gidm sat
cac tin hiéu quan trong nhu dao dong xoan, dao doéng
doc, dao dong thdng (gia t8c) cling nhu do tiéng dn trén
tau Trudc day, thong thudng chi tién hanh do dao ddng
x03n trén tryc trung gian ctia hé truc chinh diesel tau
bién lai chan vit, con cac dang dao d6ng khac va tiéng
8n it dugc quan tam. Trong maét vai ndm gén day, trén
thé gidi ciing nhu & Viét Nam da dat ra do, gidm sat tiéng
6n va dao d6ng cla tau {than tau), can ddi véi may tau
lai chua dat ra, mac dii trang Quy pham Hang hai mot s6
nuace ¢ yéu cau (DNV (2011) (4]; RMR{2015) (4]),

Dé tnén khai nghién clu phat trién thiét bi do rung
aéng hién dai tai Truong Pai hoc Hang hai Viét Nam,
nhém nghién ciu da xdy dung thanh cong hé théng do
va gidm sét rung dong da kénh tren o s& nén tdng cong
nghé NI (National instruments, Hoa Ky) va da trién khai
do, hiéu chinh tai PTN va do trén tau thuc. Mot 6 két qua
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da duac trinh bay tai Hoi nghi Cac trugng Bai hoc Hang
hai quéc té ndm 2017, té chuc tai Vacna (Bulgari) [3).

Vé nguyén ly cau tao, thiét bi do va gidm sat rung dong
da kénh trén (MMMVS) gom céc kénh do dao dong trén
tryc quay (thuéng I3 truc trung gian): Dao dong x0én hoac
dao dong doc bng tem bién dang, dén trén bé mat tryc va
cac dao dong thing (thudng |3 dao dong gia t&c) cba cac
diém do trén bé mat dng co tai cac vi tri khong chuyén
d6ng. Truyén tin hiéu do tis thiét bi cdm bién dat trén truc
quay (SG, tem bién dang) 1¢i CPU thyc hién béng wifi, con
cac tin hiéu do dao déng trén bé mét (khang chuyén dong)
cba dong co truyén téi CPU c6 thé thuc hién bang day dan,
cing c6 thé bang wifi. Tuy nhién, MMMVS duoc chia thanh
hai hé thdng con thuc hién chifc nang do {Sensors) va thu
thap (DAQ) theo hai dang cac tin hiéu néu trén Hinh 1.1,

=G o ol
i) Bose

CPU & Monrtonng devices
Diesel & shaftlne

Hinh 1.1: So d6 nguyén Iy MMMVS
trén hé déng luc chinh diesel tau bién

8S - Khdi cdm bién rung déng va pha (Khéi cac cdm
bién gia té¢ va pha: G6m BA - Block accelerators khai cac
cam bién (sensors) gia td¢; BSG - Block strain gauges khéi
tem bién dang).

8-DAQ-Khai thu thap va déng bo héa dirliéu cac kénh
do (DAQ NI 9234 hang NI, gom khung (chasis) cDAQ 9184
¢6 4 khe cdm, chifa 02 DAQ 9234 (8 kénh); DAQ 9237 - do
bién dang loai DSUB 4 kénh, gém khung CDAQ 9191 phiat
s6ng wifi, c4m 01 DAQ NI 9237(DSUB) - tin hiéu bién dang).

Modem - d6ng bd hoa tin hiéu rung déng: CPU -
Trung tam xUf ly; Monitoring - Hién thi.

Trong thif nghiém duéng dai, véi thén gian dugc ién ké
hoach cu thé va chinh xac cho cac ch€ d6 thirnghiém theo
ting ché dé van téc quay, tai tac dong 16i déi tuong do
(dong co diesel va duong truc), ¢6 sy tham gia cUa cac dai
dién: Dang kiém, chu tau, nha may dong tau, ekip thuyén
vién diéu dong van hanh tau va may mac thiét bi, dac biét
la chi phi cho dot thif tau lan, do vay khéng cho phép doi
ngu chuyén gia do rung d6ng ¢é sai sét trong qué trinh
van hanh MMMVS cing nhu khong thu dugc va khéng luu
dugc chinh xac s6 liéu da tin cdy cho x ly ching sau nay,
Mot trong céc bién phap quan trong va can thiét la kiém
tra thiét bi do dé chac chn réng MMMVS lubn & trang tha
161, sdn sang hoat @ong do, hién thi nhanh, chinh x4c két
qua do va luu lai cac tin hiéu do rung ddng chinh xac va du
théng tin can thiét cho timg ché 86 do kiém.

Céng tac kiém tra MMMVS tai PTN ¢6 thé tién hanh
trén @ong ca diesel va trén dudng truc cva té hgp D-G
da duoc hoan cai phu hgp dé nghién ciu cac dang dao

tuang tu nhu trén hé dong lyc chinh diesel tau
03¢ trén MHVL v6i kha nang tao dugc cac dang
ng tuong Ung. Co sd vat chat dau tén tao duge

céc dang dao dong vat ly thuc, gén gidng vai d6i tuong
duac do - hé déng Iuc chinh (HDLC) diesel tau thuy, d6
13 t6 hop D-G, trén d6 dugc lap dat cac sensors do cac
dang dao déng can thiét. Day dugc xem 1a MHVL dang 1
(MHVL-D1) cho kiém tra MMMVS trudc khi st dung cho
thi nghiém duding dai. Dang thir 2 cia MHVL (MHVL-D2)
¢6 chic n3ng tao duac cac tin hiéu dao dong tuong
(ng va c6 thé 13p dat cac sensors diing cho MMMVS,
tuy nhién mé hinh hoat dong nhanh va dan gian han,
chi phi thi gian va tai chinh it hon, khéng gdy tiéng én
1n trong diéu kién PTN can duac ché tao va nghién ciu
dung cho kiém tra MMMVS. Trang bai bao nay sé dé cap
d&n hai MRVL-D1 va MHVL-D2 da dugc nhém tac gid ché
tao va thi nghiém cho cong viéc kiém tra hogt dong clia
MMMVS trudce khi dung do trén tau thuc.

2.CO SGLY THUYET
2.1. Quan hé nhin qua gita MHVL va vi tri l3p a3t
sensors cia MMMVS

MHVL-D1/ MRVL-D2

ngutn 00080 | [ Nguon e abng g tée Chu ky quay o
0 bing SG 0 bing Accolomaters || bdng sensor qum
Bun Bibn Dalren
aong uen | | ong uen I quay
bé mgl bé mat cin
e do thanh VL
UL ehw ive (©am2)
01 [m
-02

Hinh 2.1: 088 quan hé nhén qué glifa MHYL-D1 va MHVL-D2
va vj trf tin higu do dao dong cho kigm tra MMMVS

MHVL can phu hop véi phuong phéap va wi tri dat
céc sensors do dao dong tuang ng véi MMMVS gém 02
SG do bién dang xo0an va bién dang doc tuong Ung, 01 -
sensor do pha va 06 - accelemeters do dac déng gia téc
trén bé mat 61 tugng duoc do.

2.2, Co s& khoa hoc va cong nghé cho kiém tra
MMMVS

Khi 18p dat khéi cam bién (BS) trén MHVL-D1 hoac
MHVL-D2 sao cho MMMVS hoat ddng tin cay & ché do
kiém tra thir nghiém. So 86 nguyén ly cdu 1ao MMMVS da
dugc chiratrén Hinh 1.1

2.2 1. Kiém tra thiét bi ngoai vi (sensors, DAQ Modem)

Phan mém diéu khién (driver) cho MMMVS dugc lap
trinh trén LabView, viéc kiém tra thiét bi ngoai vi (TBNV)
da dugc nhan dang va cai dt cdu hinh phi hop hay chua
& ché do kiém tra Gugc thuc hién qua hai giai doan: Kiém
tra nhan dang TBNV trong MAX va kiém tra, cai d3t cdu
hinh trich mau cho DAQ.

D3i véi modem, kiém tra sy ddng b cta cac tin hiéu
do ti mot thai Giém bat dau do dén thdi diém két thuc
theo thai gian trich do T, Trong MMMVS ¢6 hai hé thang
DAQ con (DAQ1, DAQ2) c6 thé cé tin sd trich mdu F |
# F,, ddn @én 56 mau teich duoc #N = #N_, Tuy nhién,
trong mét than gian do T, cho hé thdng cic tin hiéu dao
dong do dugc déu can chua dd théng tin cho mat sé chu
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ky hoat dong nhat dinh clia d¢ng co dugc nghién clu.

Tin hiéu pha ¢6 y nghia quan trong cho viéc déng bo
héa cac tin hiéu do @ugc. Tin hiéu pha do bing sensor quang
cda hang OMRON, gidy phan quang dugc dan trén bé mat
truc quay. Tin hiéu xung vudng do duge qua XU ly €6 muc
0-1,tuong tng véi muc dién &p 0 va Sv. Trong mot vong quay
truc o xuat hién 01 xung vudng. Théi gian gilfa hai sudn lén
clia hai xung lién tiép, xac dinh theo tan s8 trich mau va sé
mau tuong tng (da Augc xac ap trong MAX va DAQ).

Gia thiét d6i vai DAQ NI 9234, tan s6 trich mau F, =
51.2 kHz/1 kénh do, gida hai tin hiéu cac suon Ién cla
xung vuong dém duac sé mau N, = 25.6 kS (25600 m3u,
hay 25600 samples). Nhu vay, thai gian trich mau cho 1
vong quay la:

T,=Ndi=N,/F,=256/51,2=0,5().

T @6, ta tinh dugc s6 vong quay trong mot phut:
n,(rpm) = 60(s)/0,5 = 120.

Tuang tu, chuing ta cé thé xac dinh vong quay trung
binh clia truc theo sudn xudng. Cong thuc tinh vong
quay truc do duac thé hién:

n,=60xF /N hodcn =60xF /N,

Trong cong thic trén, F 13 tan s6 trich mau cia DAQ
NI'9234, con N, (va N,) - Tuong ung 13 56 mau dém duoc
giUa hai suan lén (va xudng) cua hai xung lién tiép cho
mot vong quay do.

2.2.2. Kiém tra d§ tin cdy cua cdc tin hiéu dao déng
do dugc

Sau khi chéc chdn céc tin hiéu dao dong do duac
da c6 mat day au trén giao dién chinh clia phdn mém do
trong MMMVS, can kiém tra cac tinh chat sau cla tin hiéu
dao déng:

- Muc d6 tuong dong cua cac tin hiéu dao dong
ciing dang & ché d6 khong tai {nhiéu).

- D6 nhay cla cc tin hiéu dao déng khi cé tai.

Viéc kiém tra thuc hién nhanh b&ng mt thuang trén
céc @6 thi thé hién dao dong trong mién thai gian thuc.

2.2.3. Kiém tra luu tri dir liéu do duoc

Céc doan trich mau cho hai nhém tin hiéu thu duoc
tir hai bo6 DAQ NI 9234 va DAQ NI 9191 dugc luu vao 02
files c6 tén khac nhau, sao cho dé phén biét véi dac thu
cba dang di liéu, ché @6 thir nghiém va vi tri luu tri. Phan
mém lyu di liéu do dugc da duac xdy dung va tich hop
trong mé-dun phan mém do dao dong, ngudi khai thac
chiviéc nhan nut “SAVE” 13 dif liéu tu ong ghi lai. Sau khi
ghi xong, ching ta phai m& dir liéu ra dé kiém tra lai xem
cac két qua do, luu trr duac ¢6 dung dinh dang khong,
md ra c6 day U thong tin can thiét cho mét sé chu ky
cong tac clra dong o hay khong.

2.3. Két qua dat duoc

2.3.1. MHVL dgng | (MHVL-D1)

MHVL-D1 $a MHVL dac trung cho hé @ong Juc chinh
diesel Jai chan vit, duoc x3y dung t t6 hop D-G 110 kw
vdi doan truc trung gian bé sung gida dong co diesel va
may phét véi muc dich tao vi tri nhu truc trung gian @&
13p cac bién dang do dao dong xoan va dao dong doc
trén bé mat truc trung gian (Hinh 2.2). Viéc trién khai l3p
dat cac sensors bién dang va sensor quang do pha trén
MHVL-D1 dugc thé hién trén Hinh 2.3.

1 - Bg mdy; 2.3~ Lo so {nhun) dét diesel: 2.b - Lo so 03t mdy phat 2.
- 661 d6 truc trung gian; 3.3 - Than diesel: 3.b - Than r6 to (may phat);
4.3 - True khuyu diesel, 4.b - Truc 16 to (mdy phét); 5 a, 5.b - Bich
cung; 6.3, 6.b - Gié dG c3m bién dign 1y 7.3, 7.b - Cém bién dign tir
83,8 - Vanh dis rdng tao xung; 9 - Dogn tryc trung gian, 10 - Tem
bién dang (dan trén m¥t tryc)

Hinh 2.2: S0 dé nguyén Iy MHVUL-D1 cho kiém tra MMMVS

1 - Gidy phda quang do pha; 2 - Gid 46 @é nam cham) dat can do pha;
3- B9 g6p DAQ NI9191 ciing khung ¢6 dinh trén truc quay (do bién
dang), 4 - Sensor do quang (Omron)

Hinh 2.3: Hinh 4nh 13p d3t tem bién dang v sensor pha trén truc
trung gian MHVL-D1

2.3.2. MHVL dang 2 (MHVL-D2)

D

1 - Dong ca dién, 2 - Truc trung gian, 3 - Gidy phdn quang do pha;
9 - Gid 45 (0€ nam chdm) d§t can do pha: S - Tem bién dang:
6 - Thanh tgo bién dang xodn vé udn; 7 - Bom déu:

8- Sensors do dao déng gia 16c; 9 - 86 bién ddi vong quay cho dbng
co dign, 10 - DAQ NI 9131 cing chasis phat witi truyén tin hidu
Hinh Z.4: Hinh dnh Idp 03t tem bién dang va sensor pha
trén truc trung gian MHVL-D1
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Surkhacbiét cia MRVL-D2 so sécn MHVL-D1: Dung dong
cadién lai bam thay luc thay cho t8 hap D-G. MHVL-D2 gon
han nhiéu so véi MHVL-D1.Déng co dién dung bién tén (s6
9, Hinh 2.4), <6 thé thay 85i véng quay tif rat nho @én vong
quay thuc té cia 8ong ca dign (khoang 1500 rpm). Khi kiém
tra su sdn sang hoat déng, chuan bj sir dung MMMVS cho
thif nghiém trén tau thuc trén MHVL-D2 khéng mét nhiéu
théi gian @€ gin chat DAQ NI 9191 trén truc quay, vi DAQ
nay duoc két ndi véi cac bién dang (5) dén trén thanh (6)
chiu bién dang xodn va udn Ngoai ra, nguén cap cho DAQ
nay c6 thé dung truc tiép dién 220V qua bé bién thé va én
4p chudn cdng nghiép ca hang NI, ma khéng cin dung
nguén pin 12V nhu khi do thyc té trén tryc quay. Thay déi
18¢ 36 quay cuia truc rat nhanh va thuan tién qua viéc xoay
nat diéu chinh (9). Viéc kiém tra dng bo héa di liéu do, luu
trdr dirliéu déu gidng nhau trén cac hé thdng MHVL-D1 va
-D2 tai cac ché dé van téc quay khac nhau.

2.3.3. Mot s6ddc diém trong qud trinh kiém tra MMMVS
trén cdc MHVL

- Xay dung mé-dun ghép néi chudn gido cdc SG va
DAQNI-9191.Trén Hinh 2.4, giifa hai dau day dan tir bién
dang (5) véi DAQ NI 9191 (10) bdng dau ndi cong nghiép
{11) dé l3p MMMVS dugc thuan tién.

- Xay dyng mé-dun diéu chinh téc 36 vong quay trong
MHVL-D2.

Phin cung: Nguén dién 220 V xoay chiéu qua
aptomat tgi thiét bj diéu chinh van t3c quay (INVERT, (9)
trén Hinh 2.4) cGia 86ng cd dién 3 pha (1), Khi xoay nim
diéu khién (trén (9)), van t8c quay truc dong co dién thay
déi. Trén thiét bi (9) ¢6 chi bdo van tdc quay dong ca ducc
diéu chinh, tuy nhién gia trj chi bdo chi la gan dung. Gid
tri chinh xac sé& dugce do bing sensor quang (OMRON), xuf
ly thuat toan va xay dung phan mém tuong Ung.

Phan mém: Viét code trén LabView, ding MathScript.
Dua vao gid tri hién thitrén man hinh vé van tée thuc té trung
binh cla truc quay va cac xung vudng tuong ng thu duoc,
chuing ta nhép lai gia tri vong quay thuc t& do dé chuong
trinh hién thi ding mot s6 chu ky cong tac cua déng ca. Két
qua 13 cdc dudng dac tinh dao dong do duok, hién thi trén
man hinh hdu nhu ddng yén, khdng bi trér va khi @6 ¢é thé
Iuu dirhiéu do dugc véi s6 lugng méu phis hgp.

Phan mém (Virtual Instruments, V) ty ddng xac dinh
vdng quay thuc té dugc diéu khién trong qua trinh kiém tra
va ty déng luu trirtin hiéu do dudc vdi s6 mau ¢an thiét theo
ché 86 do tuong ung. Giao dién chinh {Front Panel) trong
kiém tra thiét bi MHVL-D2 duoc thé hién trén Hinh 2.5,

Tl 4, e g ol B
A
SEERRE
Hinh 2.5: Gigo dién chinh cua thiét bj 4o cho kiém tra MMMVS
\ trén MHUL-D2
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Mét sd 131, su ¢8 x3y ra trong qua trinh kiém tra
MMMVS (Bang 2.1).
Béng 2.1. Mot s6' l6j hodc bt thuong x3y 7a

trong kiém tra MMMVS
([ — | Nguydnnhan, bidn phi
[1r| vani8i, swes TPhAIhIQn | guy: "k:é(':h";""""’
3 . Ten o khe 4 |
: Tin hiéu pha Khongcdxung | 5, “3,“‘9&"“;’:99‘;”“’:":0";“
1 |khong ding kti | hodc ¢6 xung \ml i hadlniinn I
déng co quay khéng 6n dinh 'g quay

‘ | nhiéu so vén thuc 1é |
| Cactinhiéudao | Duding bién Trén dé th, A1 bién d61 truc
dongbiéndang  dangladuong | tung dat sa hosc diy dntis |
sai-khong thay | thdng song song ' tem bién dang té1 DAQNI |
| dé1theo thingian | vén truc hodnh | 9191 bi diit

|
| Buéng dac déng |
92t khc xa | C6 thé sai khac 1o ban chit ;

[Cotinmbudao | o csc guing | vatly cua tin hiéu (tin hicu
3 98nggiatdckhse | 4, gon vnse | diing) hodc cb thé dosar s
¥ais0 vy chctin a1 | COMGRhSM khy | dubng day dn, hodc saido
fdu gatdeconlat| oo cdang | bén than sensor gia toc
| hoat dong) |
lea Tong bd ahé dém tiong &6 |
4 | Phinmémbsotdr | ien (870009 ose it phin mém v ki
L sz | [donglat

2.4. Phan tich két qua va két luan

MMMVS (3 hé thdng do dao ddng da kénh v
MHVL-D1 va -D2 d3 dap ung duoc chifc nang tao cic tin
hiéu dao déng cho kiém tra cac kénh do: DDX, DPD va
cac dao 4ong gia tdc, két hop véi kénh do pha (Hinh 2.3
va Hinh 2.4). MHVL-D2 véi két cdu gon, don gian va 48
t3n kém trong van hanh thi nghiém, tién ich hon trong
thi nghigm kiém tra thiét bj do dé cé thé trién khai thi
nghiém trén MHVL thyc (MHVL-D1} cing nhu trén hé
dong luc cua tau thue.

Két qué thé hién trén Hinh 2.5 cho ta théng tin vé van
téc do thuc té coa truc quay (N=122.783 rpm), t6c 46 trich
mau (F =1500 Hz) va s6 mau trich do (2195 méu) hién thi
trén man hinh. Néu chiing ta chua nhap sé véng quay
{Chon New trong N(rpm)_CTRL -> nhap sé 123) tuong
Ung vdi vong quay thuc t&, man hinh hién thi pha c6 thé
tréi nhanh, con khi 3 nhap gia tri bAng hodc gan bing
gia tri vong quay thuc, dé thi pha hau nhu ding yén).

Mgt 56 kinh nghiém xU Iy 16i va tinh hudng Gua ra
trong 8ang 2.1 ¢é thé 8ugc sir dung trong qué trinh kidm
tra va hiéu chinh thiét bi do khi trién khai thif nghiém
trén MHVL-D1 cng nhu do tryc tiép trén tau thuc trong
thi nghiém dudng dai.
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