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4. Két luan

Bai bao tng dung ly thuyet nhan dang va chan doan trang thai ki thuat vao giai bai toan xac
dinh trang thai méat can bang clia may roto dat trén may can béng dong. Co s& ly thuyét xay dung
trong bai bao sé dwoc trién khai dé nghién ciru thwc nghiém trén may can bang dong Balancing
B20 tai Trung tam Nghién ctru hé dong Iwc tau thay (Vién Nghién ctru Phat trién — Dai hoc Hang
hai Viét Nam) va xay dwng phdn mém can bang dong theo phwong phap mai, tw d6 sé ap dung
vao hoan thién phwong phap va xay dwng phan mém can bang déng ro to tai Viét Nam.
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76m tat
Gidm sét dao déng cho (6 hop diesel — mady phat dién tau thdy lé nhiém vu quan trong
dam bdo cho t6 hop dat duroc chét luong khi 18p rép déng mdi hodc duy tu bdo dudng
cing nhu dinh ky trong khai thac ky thudt trang thiét b tuong tng theo Quy pham mdi
(2074) cia Dang kiém Nga vé phén cép va dong tau bién v thép. Bé thurc hién nhiém vu
dst ra, ching ta cén co hé thong do, kiém tra va gigm sét dao dong da kénh tuong ung
Vé tinh hién dai, moi vé céng nghé va déc biét quan trong /a ching ta sé xay dung hé
théng tai Viét Nam. Bai bdo xdy dung céc yéu céu co ban cadn dap ung cia hé théng
gidm sat: xdy dung so doé ngquyén ly va céc dic diém co ban sé trién khai x8y dung hé
théng & Viét Nam. M6 hinh hé théng gigm sét dao dong dura ra lé mot hé théng do, phén
tich dao dong da kénh hién dai, phén cing gém hé thong céc dau caém bién dao déng gia
téc chudn céng nghiép, két néi voi bé gop DAQ cua héng National Instruments (NI, Hoa
ky) va két néi véi may tinh céng nghiép. Phén mém duroc xdy dung trén hé didu hanh
Windows (Win 7, 8) va phan mém nén LabView ctia NI. Phin mém xdy dung nham nhén
dang tr dong thiét bi ngoar vi cua hé théng, lueu triv vé xuv Iy tin hiéu dao dong da kénh
trong mién thoi gian va mién tan sé, dong bao dong khi mue do dao dong vt qua
nguwong cho ,ohe,o, xXéy aung duong phat trién (TREND) mure dé dao dong chung ctng
nhw dao dong cua timg tan sé déc trung dé diw béo hur hong cho céc co cu chinh trong
6 hop D-G.
Abstract

Vibration Moniforing the Diese/ —Generafor Sets (D-G) is very important for quaniity
control affer the assemble works of the new shijp-building, or of the D-G repairing, or in
the technical operation according fo the Russian Maritime Register of Shipping - new
20174 rules for Classification and Construction of Sea- going Ships. For this duty, we need
make a modern multi-channel vibration analyzer in Viet Narn, using the hight technologies
in the electronics and informatic communication. In the article /s drawn out the principle
construction mode/ of the Vibraton Moniforing Systemn (VMS) for D-G, consists of the set
of the industry standard sensors, connecting with the DAQ of the National Instruments
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(NI, USA) and the industry computer. The software of the VMS will be made in the
LabView (N)) and Win 8 for the: aufornatic indentifying the VMS's sensors, memoring
measured vibrations signals and their paramelers, vibration - data processing, monitoring
the vibrations of the D-G (displaying results, alarming in the vibration condlifion events
with the higher levels than the permitted A, B or C ones, making the TREND fo forecase
the vibration conditions of the D-G and their main (construction) sets.

Key word's: Vibration monitoring, multi-channel vibration moniforing system
1. Pat van dé

T4 hop diesel — may phat dién (D-G, Diesel —Generator) can dwoc kiém tra chat lwong trong
tirng cong doan ché tao, 1ap rap, khai thac ky thuat (vAn hanh, bdo dwéng sira chira) qua cac
théng sb k§ thuat, kinh té va méi trwong. Cac déc tinh cla cac tin hiéu dao déng do dwoc trén td
hop D-G la céac thong sb ky thuat quan trong phan anh chét lvgng san phém T can bang co khi
gitra cac chi tiét chuyén dong (sau ché tao, I&p rap va can bang doéng), dén sy dong truc (sau Iap
rap va can chinh duong truc D-G) cung nhw chét lwong riéng cda tirng chi tiét trong co' cAu truyén
dong (hop sb, ly hop, ...). Nhiéu té chirc chat lwong ciing nhw cac co quan chuyén mén (Pang
kiém) trén thé gi¢i da xay dwng hé thdng tiéu chuin dao déng cho cac chi tiét riéng ciing nhw
chung cho t& hop D-G tau thay, vi du Dang kiém Nga [4].

Trén thé gidi da cé6 mot sé hang co truyén théng xay dwng thiét bi do, phan tich dao déng
nhw Bruel and Kjaer (Danmark), IRD (Hoa ky) [5,6], VAST (Lién bang Nga),... Thiét bj Vibration
Analyzer (Type 2515 va 3517) cla Bruel & Kjaer [5] dong th&i siv dung vao do, phan tich dao déng
va can béng dong. Thiét bj Vibration Analyzer Type 2515 dung giam sat dao déng hang ngay va rét
tién ich cho can bang dong tai hién trwong (Fiel balancing). Thiét bi Vibration Analyzer/Balancer
(Model 216 D) cta IRD [6] cling déng thdi thwc hién do dao dong va can bang dong (tai hién
trwdng va trén xwdng). Trén quan dién xay dwng hé théng do va phan tich dao déng, déng thoi
thwc hién can bang dong (Vibration Analyzer / Balancer (BHHHVN)), PGS. TSKH. D6 Blrc Lwu da
trién khai xay dwng ma&i trong qua trinh svra chivra, nang cdp may can bang dong IRD Balancing
B20 tai trwong Pai hoc Hang hai Viét Nam, thay thé hé théng do va can bang dong ci, lac hau da
héng, (nd&m 2013). Thiét bi ma&i la may do dao dong / can bang déng 3 kénh [1], gdm 02 kénh do
dao déng gia téc dung dé cam tng tr, 01 kénh do pha. Céc tin hiéu do t&» 03 sensors trén dwoc
két néi v&i bd gop DAQ clia hang National Instruments (Hoa ky). Phan mém duoc xay dwng trén
co s& LabView, trén hé diéu hanh Win 7. Hién nay, thiét bi Vibration Analyzer / Balancer
(PHHHVN) dwoc st dung rét tién ich trong qua trinh do, phan tich dao dong va can béng déng,
d&c biét 14 cong cu quan trong trong viéc kiém tra, danh gia chat lwong may can bang dong méi,
dang dwoc ché tao tai trwong DPHHHVN.

Dbi véi cac yéu cau, tiéu chudn do va giam sat dao dong dbi véi té hop D-G, chung toi dat
ra bai toan nghlen ctru, xay dung hé théng tw déng do va giam sat dao .dong cho t6 hop, sao cho
dap wng tat ca cac yéu cau cGa Quy pham (TCVN, Quy pham Nga), déng thdi phu hop véi muc
tiéu nghién clru phat trién trong phong thi nghiém cho hé dong Iwc diesel tau thiy ciing nhw cac
may rd to tau thdy. Hé théng sé dwoc trién khai xay dung trong diéu kién Viét Nam, dap tng tinh
hién dai, hdi nhap cla cdng nghé dién —dién t&, cong nghé thong tin va truyén théng, trén co sé&
dam bao toan hoc, thuat toan.

2. Nghién clru xay dwng mé hinh hé théng
giam sat dao dong cho té6 hop D-G.

Diém lwu y trong do va phan tich dao
dong dwoc nhiéu hang trén thé gidi quan tam
Iwa chon Ia loai tin hiéu dao ddng nao sé duogc
st dung dé& do: Dao ddng chuyén vi, van téc
hay gia t6c?. V& goc do toan hoc, khi ching ta
do dwoc moét dang dao dong nao do, nhé phép
bién dbi tich phan hodc vi phan, ching ta sé ) s ) .

. . ae 1o s . Hinh 1. Vi tri cdc diém do dao déng trén t6 hop
thu dwoce hai dai lwong vat ly con lai. Tuy D-G
nhién, tin hiéu do dwgc thwong chiva nhidu va
sai s0, nén két qua cla cac phép bién dbi toan hoc sé cho cac két qua khac nhau phu thudc vao
phwong phap va thuat toan x ly, tham chi cé khi dwa ra két qua tinh vé&i sai s6 rat I6n, khong
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chép nhan dugc. Kinh nghiém trong x(& ly tin hiéu do c6 chira nhiéu va sai sb da dwa ra nhan dinh
vé tinh hdi tu tét ciia phép tich phan, con phép vi phan trong nhiéu trwéng hop dan téi phan ky. T
do, trong viéc lwa chon tin hiéu do, nén dung cac cdm bién dao ddng dang gia tbc hodc van téc
cung vai viéc st dung cac thuat toan loc nhiéu.

Dé co6 duoc cu hinh hé théng do va giam sat dao dong (Vibration Monitoring, (VM) cho té
hop D-G), ching ta can phan tich, lwa chon cac loai tin hiéu dao dong can do, sb lwong téi thidu
va kha nang st dung déng thoi. Trén co s& do, sb kénh déng thdi do cac tin hiéu dao dong sé
quyét dinh lwa chon cau hinh ciia bo gop DAQ.

Cac déc tinh co ban cda cac tin hiéu dao déng can phan tich sé& la yéu ciu ban dau dé
ching ta phan tich, thiét k& hé thdng phan mém do va x{& ly tin hiéu dao dong. Céac dac tinh riéng
biét ctia tirng tin hiéu dao dong thweng dwoc phan tich trong mién thdi gian va mién tan sé, duwoc
loc nh& cac bo loc sb (phadn mém, thuat toan). Cac tin hiéu dao déng ddng thdi trén méot may cling
nhw trén cac may gan nhau can duwoc nghién ciru sw anh hwéng qua lai l&n nhau nhd cac thuat
toan va chwong trinh phan tich twong quan gitra cac tin hiéu.

2.1. Sor dé nguyén ly hé théng gidm sét dao déng t6 hop D-G tau thiy

Theo y&u cau cia Quy pham
phan cép va doéng tau bién vé thép Nga,
phién ban 2014 [4], do gidam sat dao
dong cho truc x, y, z tai 11 diém do
dwoc thé hién nhw hinh 1. Tuy nhién, \m.;@

do tinh chéat déi xirng, thuc té can tién

hanh do 19 diém (cac diém do:1-6, 8 va L
9 s& do thém 8 didm & phia d6i dién). ﬁ_
S tin hiéu dao doéng tai 19 diém can do 86 tha tndg ol 6y

sé la: 35. PR
(D14:6x2x2+D7:1x1+Dg: 1x2x2+Dg: 1x1x2
+D4:1x3+D11:1x1=24+1+4+2+3+1=35).

Thong thuwong ta dung mat tin v
hiéu do diém chét trén (DCT) cla xy Hinh 2. So’ dé nguyén Iy hé thong giim sat
lanh th(r nh4t d& nghién clru cac qua dao dong da kénh

trinh lién quan dén qua trinh chay cla
doéng co, nén sé nang tdng sb tin hiéu 1&én 36.

Trén thi trwéng cung cap cac dau do gia tbc theo 1 truc hodc 3 truc. Gia dau do gia téc 3
truc dat gap nhiéu lan mét dau do gia tdc moét truc. Do vay, khi thiét ké ciu hinh hé théng do, giam
sat dao dong da kénh chang ta cé thé lwa chon 03 dau do gia tdc riéng biét thay cho 01 dau do gia
tbc 03 truc. Trong phién ban dau tién, ching ta sé& xay dwng hé théng do dao dong 20 kénh, trong
do6 01 dau do BCT, 19 dau do gia tbc.

Bo gép multi-channel DAQ Iam nhiém vu cla bd bién déi twong tw - sb da kénh (multi-
channel ADC), khuyéch dai ban d3u. Ching ta sé lwa chon cAu hinh NI-DAQ 9234, mbi DAQ c6 04
kénh. S& lwong 05 NI-DAQ 9234 dét trong khung (chasis 8 khe, con 3 khe dé duw tri).

Trung tdm x& ly tin hiéu dao ddng (CPU), man hinh hién thj cung v&i cac thiét bi ngoai vi
nhw may in, loa c6 thé Iya chon tir cac bd may tinh ¢6 cAu hinh cao véi cac (ing dung phu hop.

Hé théng phan mém dwoc xay dwng trén co s& phan mém LabView 2013 va hé diéu hanh
Win 7 hoac Win 8 hién hanh.

So db nguyén ly hé théng do, giam sat dao dong cho té hop D-G dworc chi ra trén hinh s6 2.
2.2. Co’s6 toan hoc dam bao cho gidm sét dao déng té hop D-G tau thiy

Tiéu chuén dao déng dwoc phan loai & cac cap dd A, B, C. Cap dd A khi tb hop D-G dwoc
l4p dat méi, cAp do B — khi té hop hoat dong binh thwdng, cip d6 C — khi td hop cé hw héng, phai
bdo duéng, stra chiva [4]. Tiéu chuin dao ddng la cac nguéng (mirc) dao dong cao nhat (A, B, C)
tai cac bang théng cé tan sb trung binh 1/3 Octav.
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Déi voi dong co diesel lai may phat dién sé s dung cac tiéu chuén theo cac bang s ligu
hoac do thi lién quan dén dong co dot trong, tuabin — may nén khi xa va may phat dién dwoc dwa
ra ti cac tiéu chuan Quy pham néu trén.

Cac théng sb dao déng tiéu chudn gém gia tri binh phuwong trung binh dwoc do (tinh) tai tAn
sb trung binh trong bé loc bang théng 1/3 Octav cho dao déng van tdc, dwa vé don vi do de-xi-bel
(dB). Théng sb dao déng duoc do & dai lwong tuyet déi, sau do bién déi vé dai lwong tuong déi so
véi gia tri chuan (tbc d6 gi¢i han chuén, v,,= 5x10™° mm/s hodc gia téc chuén, v,,= 3x10™ m/s? )-

L = 20ig2= ™)
eo0

Trong do: v, la gia tri binh phwong trung binh cla van téc dao dong tai tAn sb trung binh
dang xét.

Phan tich Octav la mdt céng cu manh dwoc s dung trong x ly tin hiéu dao dong va am
thanh. Theo IEC 1260:1995 va ANSI S1.11-2004 tiéu chuan quéc té xac dinh tin sé trung tam fc
va tan sé gi¢i han dwéi va trén f, fy (Hz) déi véi bo loc bang théng 1/3 Octav dwoc xac dinh theo
cbng thirc sau [7]:

fL = 10.27%20.891 fg; fy = fe.2 "® ~1.122 f¢ (2)

Vi tiéu chuan dao dong dwa ra theo bang, tinh trung binh cho dai béng théng 1/3 Octav:
[0.891, 1.122] f¢ tai tAn sb trung binh fg, ta tinh dwoc mirc d6 dao déng tiéu chudn quy dbi cho ca
doan tan sb tir fc(i) dén fe(i+1) theo phép bién ddi tuyén tinh (bang 1).

Bang 1. Tiéu chuén dao déng quy doi tuyén tinh tai tin sé £, Hz

TT f(Hz) Gia tri tiéu chuan quy déi Ghi chu
fL(i) < f < fiu(i) Lsog (0= LD, X-k1i hié: mg:c A, 3 hoélc C -
, . i,i+1 — chi s6 cla tan so trung binh;
(i) < F<f(i+1) | Loy (= LY, +5.alb ; °
&) s —chuan (standard); 8= f - fu(i);
H H (i+1)
i) <F<feld 1 Logg (0= Ly a=Liy) Lyt b= fu(i*1) - fu(i).

Tin hiéu dao déng dwoc bién dbi trong mién thdi gian dé bidu dién sw bién thién, va dung
giam sat thong thudng theo mire dd dao ddng trung binh cac binh phwong. Trong mién tan sé, cac
tin hiéu dao dong dwoc bién ddi FFT (Fast Furie Transformation) v&i cac d&c tinh: Bién do - Tan
sb; Cong suat tin hiéu — Tan sb; Binh phwong trung binh bién d6 - Tan sé; Binh phwong trung binh
cong suét tin hiéu - Tan sé.

Gia tri binh phwong trung binh mét tin hiéu dao ddéng dwoc xac dinh theo céng thirc:

RMS (V) — Root Mean Square (Vibrations, V), & d6 V dwoc biéu dién trong mién thdi gian.

’f Vz(t)dt ’N 2
RMS (V) tltz o Z |4 (]) (3)

& d6 N —sb diém roi rac cda tin hiéu dao dong theo thoi gian t: V(t(j)).

Tai mot dai bang théng 1/3 Octav véi tan sb trung binh fc, mirc d6 dao dong tinh theo RMS
duwoc thé hién theo cong thic:

N1 27
RMS (V)13 0ctar = /&N—”) (4)

& d6 Ny —sb diém rdi rac cla tin hiéu dao déng trong bang thong 1/3 Octav;
A(j) -bién d6 dao dong trng v&i tn sb thir j trong dai bang thong.

Ngoai st dung thuat toan bd loc 1/3 Octav nhw da néu trén, trong nhiéu trwong hop can
dam bao thuat toan cho cac bd loc khac nhau trong mién thdi gian ciing nhw mién tan sé. Trong
mién thoi gian str dung cac bd loc trung binh trot (Moving Average) va trung binh truot tw hdi quy
(ARMA, Auto-Regressive Moving Average) [2]. Trong mién tan sb s& dung FFT cung véi cac bd
loc dai théng co diéu khién cac tan sb dac trung clia bd loc. Cac déc trwng trong xay dung phan
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mém trén LabView dwoc chi ra tai chwong trinh LabView, thuw muc Help trong cac vi du minh hoa
(examples) sé tro gitp cho ching ta rat nhiéu khi xay dwng thuat toan loc va trién khai xay dwng
phan mém x& ly tin hiéu do dwoc.

Nghién ctru sy twong quan giba cac tin hiéu dao dong x(t) va y(t) va sy twong quan cla
ban than tirng tin hiéu qua viéc tinh toan cac dai lwgng twong quan [2, 3].

Dé giam sat du bao sy ¢, ching ta can xay dwng thuat toan ngoai suy dua trén co s& dir
liéu dao déng thu dwoc trwdc day. Ngoai thuat toan ngoai suy, dw bao sy cb dung trong giam sat
dao doéng cé thé xay dwng theo phwong phap tri tué nhan tao: Mang no ron.

76m /ai. Co sé& toan hoc bao ddm cho xay dwng hé théng do, giam sat dao dong da kénh
trén t& hop D-G gébm hé thdng cac phwong trinh toan hoc nham xd Iy tin hiéu riéng biét dé loc
nhiéu, thu dwoc cac dac tinh co ban cla ching trong mién thdi gian va mién tan sé. Ngoai ra, cac
tin hiéu dwoc xi ly déng thoi qua cac thuat toan danh gia su twong quan cla céac tin hiéu dao
dong do tai cac diém do khac nhau. Co s& toan hoc can dam bao viéc tw dong héa xac dinh cac
tiéu chuan A, B, C [4] vé dao ddng cho t& hop. Trén co s& cac dic tinh dao ddng do dwoc hién tai
va cac gia tri tiéu chuén, cac thuat toan sé ra quyét dinh trang thai dao dong hién hanh dé hién thi,
bao dong ho&c ngrng hoat dong (bdo vé sy cb). Co s& toan hoc cd nhiém vu cudi cuing trong bai
toan giam sat la xay dwng dwdng TREND, dw bdo suw sb va dwa ra phwong an xay dwng phan
mém du bao sw cb bing phwong phap chuyén gia dao déng (tw vAn nguyén nhan méat can bang,
hw héng cac co cau banh rang, gbi d&, hop sb,...).

3. Két luan

Trén co s& céac tiéu chudn ciia Quy pham phan cap va dong tau bién vé thép vé dao dong
dbi vai t6 hop D-G, bai bao da phan tich, thiét ké nguyén Iy hé thdng giam sat dao déng da kénh
trén co s& cong nghé NI va LabView. Phan cirng cia hé thédng gdm bd 20 ddu do (19 sensors gia
tbc va 01 do BCT cua xy lanh sb 1), bd gép dir lieu DAQ cla hang NI 9234 va bdé may tinh cong
nghiép c6 cAu hinh manh, cai dat Win 7 hodc Win 8. Phan mém hé théng dwoc xay dung trén
LabView nhdm tw dong héa nhan dang cau hinh do va x{ ly cac tin hiéu do doc 1ap va twong quan
I&n nhau. Phan mém dwoc xay dwng trén co sé toan hoc ddm béo cho x& ly nhiéu, xay dwng cac
d&c tinh chuan gi¢i han A, B, C va cac dic tinh clia dao dong thu dwoc, xay dung cac dwdng dac
tinh dw bao (TREND). Hé théng giam sat dao déng cho t& hop D-G sé thuc hién cac chlérc nang:
hién thi, bao déng trang thai dao dong theo cac nhiém vu gidm sat va chan doan dao dong. Hé
thdng sé dwoc xay dung trong thdi gian téi dé phuc vu mét phan ctia Dé tai Poc 1ap cap Quéc gia
nam 2015 ma trwong Dai hoc Hang hai Viét Nam chd tri.
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