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LOI CAM DOAN

Tén t6i la LAl HUY THIEN, téc gia cua luan an tién s “Nghién ciu giam
sdt rung dong trén dong co diesel tau bién”. Bang danh du cua minh, tdi Xin
cam doan day 1a cong trinh nghién ctu cua riéng toi, khéng cé phan noi dung
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khac.

Két qua nghién cau, nguon sé liéu trich dan, tai liu tham khao néu trong
luan an hoan toan chinh xac va trung thuc.

Hdi Phong, ngay 10 thang 03 nam 2020
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MO DAU

1. Tinh cap thiét cia dé tai

DPong tau bién vo thép can dat yéu cau chuan vé rung dong di duoc céc to
chtrc chuyén mon trong nudc va qudc té dua ra cac yéu cau nghiém ngit voi cac
bo tiéu chudn (vé& phan cép va dong tau bién vo thép), cu thé nhu: Quy pham
phan cip va dong tau bién vo thép cua Vit Nam (QCVN 21:2015/ BGTVT) [1];
Quy pham Ping kiém Hang hai Lién bang Nga (RMR, phién ban 2014) [27];
Piang kiém Hoa Ky (ABS, phién ban 2015) [28]; Piang kiém Nhat Ban (NKK,
phién ban 2015) [29]; Pang kiém Puc (DNV, phién ban 2011) [30],[31]; Pang
kiém Anh (Lloyd’s, phién ban 2014) [32]...

Nghién ctu gidm sat rung dong (GSRD) trén dong co diesel tau bién
(Marine Diesel Engine, MDE) la mét ngi dung quan trong trong danh gia trang
thai ky thuat va khai thac MDE. Rung dong trén tau bién c6 thé gay hu hong,
giam d6 an toan va giam hiéu qua khai thac dong co ciing nhur hé dong huec, dong
thoi vieec GSRD giup ngan ngua nhimg rung dong Ion, giam chi phi bao dudng,
tang tudi tho cua may moc va thiét bi, mang lai hiéu qua kinh té cao, ting cuong
an toan cho hé dong luc diesel, cho s§ quan thuyén vién [am viéc trén tau bién.
Hiéu qua kinh té phat trién tang 20% so vdi viéc duy tu, bao dudng, tranh dugc
cac hu hong, sy cb, tiét kiém duoc thoi gian stra chira, xay dung duoc ké hoach
khai thac ti uu (dan theo [8]).

Két qua GSRP dung dé chan doan va du bao hu hong c6 thé xay ra trong
khai thac hién tai va tuong lai d6 1a viéc [am hét stc can thiét, co ¥ nghia.

Trén thé gi6i, thiét bi do rung dong va GSRD di duoc ché tao va ban kha
rong rai trén thi truong, nhu thiét bi do rung déng cam tay cua hdng truyén
thong Brilel & Kjer (Pan Mach), hing Rion (Nhat Ban), va gan day nhu hing
Extech, Fluke (My), hang Lutron (Pai Loan)... Cac hdng trén dua ra quang céo
thwong mai voi dic diém chung Ia cac thiét bi nay dung cho do, xir ly tin hiéu tir
mot dén bdn kénh va dau vao ciing mot dang tin hiéu thu dugc tir mot loai cam

bién (sensor) cung loai. Mot sé thiét bi da kénh do cho mét dang tin hiéu,
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thuong 1a dao dong ngang da dugc ché tao [48],[49]. Thiét bi trén co thé dudi
dang di dong (xach tay) hoic duoc lap dit tinh tai trén may can giam sat.

Pé lam cha duoc cong nghé, ching ta gap nhiéu kho khin vi cac hing déu
gitt cac bi quyét cong nghé. Ngoai ra, viéc nghién cau GSRP trén dong co
diesel tu bién doi hoi cac thiét bi can cd sé luong cac kénh do rat Ién, cac dang
tin hiéu nghién ctru da dang, phic tap hon. Thuc té thiét bi nhap khau c6 sén rat
dat, chi phi tdn kém va nhiéu khi khdng phtl hop cho nghién ciu phét trién.

Bén canh d6, GSRD trén MDE la van ¢é méi ¢ Viét Nam, dén thoi diém
hién tai rat it va hau nhu chua c6 cong trinh nghién ctru hoan thién. Xuét phat tir
yéu cau trén, dé tai “Nghién ctru giam sat rung dong trén dong co diesel tau
bién” 1a can thiét dé gop phan giai ma cdng nghé, nghién ciu ché tao thiét b,
noi dia hda san pham phuc vy nganh cong nghiép dong tau tai Viét Nam.

2. Muc dich nghién cwu

Muc dich chung

Nghién ctru, ché tao hé thong do va giam sat ¢ong thoi cac dang dao dong
x04n, doc va ngang trén dong co diesel tau bién.

Muc tiéu cu thé

- Nghién cizu co s¢ ly thuyét rung déng tai cac vi tri ma Quy pham dwa ra
gom ¢6: co sd todn hoc va thuat toan cho GSRP; co sé cdng nghé cho xay dung
thiét bi do, GSRD.

- Xay dung dwoc hé théng do, phan tich rung dong hién dai, da kénh, dap
ing theo Quy pham dang kiém vé phan cap va dong tau bién vo thép ding cho
giam sat va chan doan rung dong trén dong co diesel tau bién (Quy pham Ping
kiém Hang hai Lién bang Nga, phién ban 2014 va Quy pham phan cip va déng
tau bién vo thép cua Vit Nam (QCVN 21:2015/ BGTVT)) gom: Pua ra so db
nguyén ly hé thong GSRP hién dai, da kénh; Iua chon cau hinh phi hop theo
nguyén ly hé thong dé xuat; xay dung mot sé6 moé dun phan mém co ban cho
thiét bi trén ngdn ngix lap trinh hién dai (LabView).

- Ther nghiém trén déi twong thyee (M hinh vat ly, phong thi nghiém, tau
thuc) dé kiém tra, hiéu chinh thiét bi va kiém chimg co sé khoa hoc, cong nghé
da nghién ctru thuc hién.



3. Pdi twong va pham vi nghién ciu

* Doi twong nghién civu

- Thiét bi do, GSRD trén dong co diesel tau bién. Day la mot hé théng do,
GSRD da kénh hién dai, di dong (Multi-chanel Measurement and Monitor
Vibration System, MMMVS).

- Giam sét cac dang dao dong trén dong co diesel tau bién:

+ Dang dao dong xoan (goc) trén hé truc diesel lai chan vit;

+ Dang dao dong doc truc trén hé truc diesel lai chan vit;

+ Dang dao dong ngang c6 phuong thang, vubng goc véi dudng truc.

* Phgm vi nghién cru

- Pham vi cta ddi tuong nghién ciu: dong co diesel may chinh va hé truc
chinh (diesel lai chén vit).

Vé Iy thuyét: Thuc hién cho ca ba dang dao dong: xoan, doc va ngang.

Giam sét tai cac ché do hoat dong cua dong co diesel tau bién:

+ O ché do vong quay khai thac khi khong tai va co tai;

+ Khi dong co lam viéc binh thuong “Normal” va khi ddng co cd6 mot xy
lanh khong chay “Misfire”.

Vé thi nghiém:

Dao dgng xodn va ngang: Thuc hién thi nghiém trén md hinh sé (mé phong
s6) va thuc nghiém trén d6i twong thuc.

Dao déng doc: Nghién ctu co sé ly thuyét va md phong giam sat dao dong
doc cua dong co hai ky lai chan vit tau bién, thuc nghiém trén md hinh vat Iy 2
tai phong thi nghiém dé xay dung thiét bi, khéng trién khai thi nghiém cho giém
sat dao dong trén hé dong luc chinh dong co diesel bon ky lai chan vit vi phuong
phap do bang tem bién dang trén truc trung gian phan anh dao dong doc cua
chén vit chir khdng phai tir phia dong co.

* Ngi dung nghién crru

- Tong quan chung vé van dé giam sat rung dong trén doi tuong.

- Co s6 Iy thuyét: co so khoa hoc va cdng nghé cho GSRD trén di tuong.
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- Mb phong sb cho hai dang dao dong xoan va ngang trén hé truc chinh tau
Kiém Ngu 375 duoc dong tai Cong ty TNHH Mot thanh vién dong tau Hong
Ha, B6 Qudc Phong.

- Xay dung thiét bi do va GSRP trén dong co diesel tau bién.

- Thuc nghiém trén m6 hinh vat ly (MHVL-1, MHVL-2) va trén tau thyc.

4. Phuong phap nghién ctiu

- Phwong phép phén tich, danh gia va tong hop cac van dé theo noi dung
nghién cuu.

- Két hop phuong phap mo hinh hoa, mé phong sb, ché tao thiét bi do, thir
nghiém trén md hinh vat Iy va ddi tuong thuyc.

- Nghién ctu, van dung Iy thuyét co hoc, dao dong ky thuat, xir Iy tin hiéu
sb, diéu khién tu dong, thiét bi do, thir nghiém, toan hoc théng ké, ...

5. Y nghia khoa hoc va thuc tién ciaa luan an
* Y nghia khoa hoc va cong nghé

- Nghién ctru co s ly thuyét vé do, GSRD. Lam cha dugc khoa hoc va
cdng nghé cho ché tao thiét bi do, GSRP trén doi tugng dong co diesel tau bién
nghién cuu tai Viét Nam.

- Tong hop duoc co sd khoa hoc va cdng nghé dé giam sat dugc rung dong
trén dong co diesel tau bién, bao gom:

+ Phan tich, tong hop 1a hra chon tiéu chuan Quy pham Pang kiém, tiéu
chuan 1SO, Quy pham phan cép va dong tau bién vo thép cua Viét Nam cho xay
dung hé thbng GSRD may;

+ Lya chon diém do, phuong phap do, tir d6 Iya chon duoc thiét bi can
thiét cho GSRD may;

+ Xay dung dugc co sé todn hoc va thuat toan cho xay dung phan mém
thiét bi do, phan tich va xtr ly bo dit liéu céc tin hiéu rung dong dé gidm sat.

- Pua ra dugc so d6 nguyén ly hé thong giam sat rung dong da kénh hién
dai. Lua chon phan cing pht hop, X8y dung cac moé dun phan mém co ban.

- Nghién ctu thi nghiém dé kiém chang phan co sé ly thuyét.
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* Y nghia thuc tién

- Xay dung thanh cdng thiét bi do GSRD trén ddi tuong thuc té trong
nganh may tau bién.

- Thiét bi s& dugc tng dung vao khai thac cling nhu nghién ctiu phét trién
dé giup cho ngudi khai thac c6 thé biét dugc tinh trang ki thuat cua may, xu
hudéng hu hong cé thé xay ra trong khai thac, nang cao hiéu qua khai thac va an
toan cho tau bién (ca trong dong méi, hodn cai).

- Hoan thién phuong phép, giai ma cong nghé thiét ké, ché tao thiét bi
GSRD trén MDE mang tinh thoi sy, khoa hoc va thuc tién.

6. Nhitng két qua dat dwoc va déng gop méi cia luan an

* Nhitng két qua dat dwoc

- Nghién ctu, phan tich va lea chon dugc yéu cau co ban ciia Quy pham vé
phan cép va dong tau bién vo thép, ap dung truc tiép cho GSRD trén MDE.

- Xay dung duoc co so Iy thuyét (vi tri va sb lugng céc tin hiéu rung dong
can do va gidm sét; co s& toan hoc va thuat todn cho GSRP; co s¢ cong nghé
cho xay dung thiét bi GSRD).

- Pua ra duoc so dd nguyén Iy hé théng GSRD hién dai, da kénh ap dung
cho cac dang tin hiéu dao dong can thyc hién trong luan an.

- Lya chon duoc cau hinh phan cang phi hop va xay dung mot sé mé - dun
phan mém co ban cho ché tao MMMVS trén MDE. Thiét bi da duogc hiéu chuan
bai hai co quan chire ning ¢ uy tin nhat cua Viét Nam.

- Két qua nghién cau mé phong sé minh ching cho sy dung din, do tin cay
ctia co so Iy thuyét dung trong GSRP trén MDE.

- Xay dung MHVL-1 va hoan thién MHVL-2 cho thi nghiém GSRD trén
MDE tai phong thi nghiém.

- Két qua nghién cau thi nghiém trén MHVL-1 va MHVL-2 ciing nhu trén
d6i tugng thuc 13 minh ching cho tinh kha thi va ung dung cua thiét bi do,
GSRPD dugc ché tao.



* Nhitng dong gop maoi

- Pua ra duoc co sd ly thuyét vé GSRD trén dong co diesel tau bién [a nén
tang cho viéc nghién ctu giam sat ciing nhu ché tao thiét bi.

- Pa xay dung dugc phan mém md phong sé va cac md hinh vat Iy dé
nghién ctu vé rung dong hé dong luc diesel tau bién.

- Puara sodd nguyén ly, hra chon dwoc phan ctng va xay dung mot sé6 md
dun phan mém co ban cho ché tao thanh céng thiét bi do, giam st rung trén
dong co diesel tau bién. Thiét bi dang di dong phu hop cho c&c nhiém vu GSRD
trén tau cling nhu nghién ctu phat trién.
7.Bocuc luan an

Luan &n bao gém phan mg dau va 4 chuong trinh bay nhitng van dé nghién
ctu, phan két luan. Cac cong trinh nghién ctu da cong bd cua tac gia, tai lisu
tham khao va phu luc. Nbi dung nhitng van dé nghién cau cua luan an dugc cu
trac nhu sau:

Chuwong 1. Tong quan vé giam sat rung déng trén dong co diesel tau bién.

Chuwong 2. Co sé Iy thuyét gidm sdt rung dong trén déng co diesel tau bién.

Chwong 3. M0 phong giam sat dao déng trén dong co diesel tau bién.

Churong 4. Nghién cizu ché tao va thi nghiém hé thong gidm sdt rung déng

trén dong co diesel tau bién.



Chuong 1. TONG QUAN VE GIAM SAT RUNG PONG TREN PONG CO
DIESEL TAU BIEN

1.1. Tong quan vé giam sat rung dong

1.1.1. Cac khdi niém co bdn

1.1.1.1 Gidam sat rung dong trén cac may co khi

Giam sat rung dong may la qua trinh do, thu thap tin hiéu, xur ly tin hiéu thu
dugc va dua ra cac két qua danh gia trang thai rung dong ciia may tai thoi diém
gidm sat hoac du bao trong tuong lai.

Giam sat rung dong may quan trong vi né cung cap céc thong tin vé tinh
trang k§ thuat cua may. St dung céc thong tin nay dé phét hién cac dau hieu
canh b&o som va s€ giip nguoi van hanh, khai thac dam bao an toan cho may
hoat dong, t6i wu hoa hiéu suat caa may, tranh khoi rat nhiéu thiét hai vé thiét bi,
thoi gian, kinh té, dua ra bién phép bao tri phd hop, phuc hdi ning luc lam viec
ctia may va lap duoc ké hoach bao tri, bao dudng ph hop. Trén Hinh 1.1, dua ra
vi du céc dau hiéu canh bao tinh trang ki thuat cua may khi bi 16i.

A Rung d()ng
. 0
. n
- Trang thai
' bat dau
=
£ Khoi
|_
Dimg
khan cap
10p —»le— Thoigian
. —> |—
3 thang

Hinh 1.1. Céc dau hiéu canh béo tinh trang ky thuat cua may [50]
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Hai nhiém vu co ban cua giam sat rung dong:

- Ra quyét dinh danh gia mac d6 rung dong ctia may dugce gidm sat dé tir
d6 khai thac hop ly nhat va an toan cho déi twong. Phu thudc vao ché do lam
viéc, trang thai ky thuat cua may ¢ mic nao tng vai do rung dong cua may &
cac mic 1, 2 hoac 3 [12], thé hién trén Hinh 1.2.

- Theo ddi sy thay d6i mirc d6 rung dong, xay dung quy luat thay ddi muac
d6 rung dong (vibration trend) dé ra quyét dinh du bdo mic d6 rung trong tuong
lai, du béo thoi diém mic rung dat ngudng mitc cao hon mac cho phép (muc 2)

hoac mac nguy hiém (muc 3).

Mitc nguy hiém (3)
120dB =
100
80
- _
0

Hinh 1.2. Mic rung dong ddi voi may ro to [12]

Trong khai thac may, nha ché tao dong co va thiét bi, nha may dong tau
hay Hiép hoi céc to chirc chuyén mon d3 dua ra tiéu chuan (mic) rung dong dé
dam bao rang may hoat dong trong pham vi rung dong cho phép, twong tng véi
ting dang rung dong nguy hiém nhit cho céc déi twong méay khac nhau. Vi du
nhu: dao dong xoén; dao dong doc truc cho hé truc chinh diesel tau bién; dao
dong thang theo cac phuong ding va nam ngang vudng goc véi duong truc dong
co - dao dong ngang d6i voi bé may, than may va mot sé chi tiét khac cia dong

co diesel, may nén khi, bom, dong co di¢n...
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Doi véi cac may cong nghiép, trong d6 ¢ may tau bién thuong ap dung
tiu chuan rung dong theo tiéu chuan cua t6 chuc tiéu chuan quéc té ISO
[36],[37],[38] hoac twong duong vé&i cac tiéu chuan, Quy pham cua Hiép hoi
Ping kiém hang hai qudc té (IACS) [39], trong d6 c6: Quy pham phan cip va
dong tau bién vo thép cua Viét Nam [1],[17],[18]; Tiéu chuan Viét Nam
[19],[20]; Pang kiém Hang hai Lién bang Nga (RMR) [27]; Pang kiém Nhat
Ban (NKK) [29],[33]; Ping kiém Hoa Ky (ABS) [28],[34]; Ping kiém Buc (GL
- DNV) [30],[31],[35],[40]; Pang kiém Anh (Lloyd) [32],...

Céc khai niém vé rung déng va dao déng:

Rung d6ng: 1a mot hién tugng pho bién trong tu nhién va trong ky thuat, Ia
mot qua trinh trong d6 dai lwong vat ly dic trung thay doi theo thoi gian va lap
dilap lai quanh mot trang thai nao do.

Dao dong: duoc mo ta la sy chuyén dong cua mot phan ti, hoac mot vat
thé, quanh mot vi tri can bang, hay con goi 1 vi tri quy chiéu. Dao dong thuong
duoc dién ta bang nhiéu cach thirc khac nhau nhu chuyén vi, van toc hoic gia
téc [25].

Rung dong 1a khai niém chung, con thuong ding dao dong dé chi dang dao
dong cu the, vi du: dao dong xoan, dao dong doc, dao dong ngang. ..

Trong tiéng Anh van sir dung mot thuat ngix chi chung: Vibrations, ciing
nhu chi c&c dang nhu: Torsional vibration, Axial vibration, Laterial vibration...

Giam sat va chdn dodn rung déng

Gi1am sat rung dong nhu dinh nghia trén chi ra trang thai rung dong nhung
khéng chi ra nguyén nhén hong hoéc may, tuy nhién n6 c6 danh gia trang thai k§
thuat may nam trong mic do ndo cho phép (Muc LA - Level A, LB - Level B,
hoac LC - Level C).

Chan doan rung dong (CPRP) ¢6 nhiém vu xac dinh (chan doan, danh gid)
trang thai may bang phuong phap rung dong (do, phan tich tin hiéu rung dong,
ra quyét dinh chan doan). Pich cudi cling ctia chan doan rung dong 1a dua ra két
luan trang thai k§ thuat may nam ¢ dau: co6 hu hong hay khong, vi tri hu hong,

nguyén nhan hu hong, bién phap khic phuc va du bao hu hong.
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Vé thiét bi do c6 thé cung dung véi hai myc dich gidgm sat rung dong va
chan doan rung dong. Tuy nhién, dé thuc hién cac nhiém vu khac nhau can c6
phuong phép va phan mém phu hop.

Ngi dung ciia GSRP va CPRD cé phamvi rdt réng, do vdy lugn an chi tap
trung nghién cuu GSRP trén dong co diesel tau bién ¢ thoi diém hién tai.

Giam sat rung dong thuong co6 ba loai nhu sau:

+ Giam sat cdm tay: Str dung but do hodc may do rung dong cam tay,
thuong c6 tir 1 dén 4 kénh sir dung do cung mét loai tin hiéu dau vao gia toc
hoac van tdc, viéc phan tich rung dong thuong do cac ki thuat vién st dung
phan tich. Hé thong nay don gian, khdng can dau tu nhiéu vé tai chinh va nhéan
cdng. Nhuoc diém chinh cua thiét bi giam sat loai nay 1a do tin cay khong cao,
mat thoi gian cho viéc ghi chép dit liéu thi cong, khong do duoc cac khu vuc,
mdi treong nguy hiém.

+ Hé théng giam sat di déng: La hé théng st dung nhiing thiét bi xach tay,
c6 kha niang do va phén tich rung dong, dé xac dinh tinh trang cua hé thong, &p
dung cho do, GSRD dinh ky. Vi dy: hé théng Smart systems international CM-
X8 Vibration Monitor - héng Bretech [51]; CTConline - hang CTC (My) [52];
PCE-VMS-504 - hang PCE (Anh) [53]...

Pay 1a cac thiét bi da kénh (c6 thé toi 16 kénh), chu yéu do dao dong
ngang. Trong d6 phan mém do va xtr ly cac tin hiéu rung dong déu co chirc ning
FFT, RMS... nhung khong c6 cong cu loc 1/3-octave. Cac ngudng ddi voi dao
dong ngang déu tuan tha theo tiéu chuan ISO 10816 dé tham chiéu.

+ Hé théng giam sat dat tinh tai trén may can giam sat: Boi twong cho
dang may co khi, nhung tap trung cho dang may rd to. C4c sensor dugc gan truc
tiép tai may cong tac, dir lisu duoc truyén vé may tinh qua bo thu thap dir licu
(DAQ, Data Acquisistion) va duoc xur ly qua phan mém chuyén dung. Uu diém
cta loai ndy thiét bi dat duoc trong moi truong khic nghiét, co thé giam sat duoc
tu dong va tir xa. Dang dao dong duoc giam sét chi yéu la dao ¢ong ngang, do

mat cn bang.
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1.1.1.2 Gidm sdt rung déng trén dong co diesel tau bién

Cac dang dao dong can do va giam sat theo Quy pham, quy chuan dua ra
cO cac dang dao dong nhu sau:

Dao déng xodn: day la dang dao dong quan trong nhat, tat ca cac Quy
pham ctia cac nudc trén thé gisi va Viét Nam déu dua ra.

Dao déng doc: céc nha nghién ctu trén thé gisi (khdi cac nudc chau Au:
Lién Bang Nga, Bulgaria, Ba Lan,... ciing nhu Canada va Hoa ky) da nghién
ctru tir nhitng ndm 70 - 80 cua thé ky XX, va chi ra rang dao dong doc nguy
hiém can dugc gidm sat cho hé truc chinh tau bién c6 cdng suat I6n, tuy nhién
Hiép hoi Pang kiém hang hai quoc té (IACS) chua théng nhat va gan day mot s6
t6 chirc Pang kiém I6n da nhan thiy sy can thiét phai luat hoa va dua ra yéu cau
phai giam sat dao dong doc trén MDE. P6 1a dao dong doc tac dong qua goi
chan, va sinh ra dao dong vo tau.

Dao dgng ngang: do trén bé mat céc chi tiét tinh ctua dong co diesel tau
bién, c6 phuong vudng goc voi duong truc (truc quay cua dong co). Cac tiéu
chuan mirc @6 cho phép ddi véi dang dao dong ngang cé thé ké ¢én Quy pham
RMR, phién ban 2014; ABS, phién ban 2015; DNV, phién ban 2011...

Giam sat rung dong co cac ndi dung co ban sau:

(@) Do va thu thap céc tin hiéu dao dong;

(b) Xt ly céc tin hiéu dao dong thu dugc cho GSRD;

(c) Xay dung mirc dao déng cho phép (dung tham chiéu, REF.);

(d) Ra quyét dinh GSRD;

(e) Hién thi két qua GSRD.

Mot qua trinh hay cau tric may thudng phac tap va duoc triru tuong hoa
thanh cic md hinh twong duong dé nghién ctru don gian hon, d& tiép can hon,
qua trinh d6 dugc hiéu 13 mé hinh hda. Két qua san pham twong duong vai san
pham ban dau duoc goi Ia md hinh voi cac dang md hinh khéc nhau. Trong
nghién ctu tinh dao dong trén MDE cling nhu hé dong luc dung dong co may
chinh diesel, thuong dung cac dang mé hinh: mé hinh dong luc, mé hinh dong

luc hoc, md hinh toan co, md hinh lién két nhan qua, md hinh hdi quy... Trong
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nghién ciru, xay dung, ciing nhu ché tao, thir nghiém thiét bi c6 thé sir dung céc
md hinh khéi - nguyén Iy ciu tao thiét bi, mé hinh chiic ning hoat dong cua thiét
bi, md hinh vat ly...

Co hé phuc tap thuc hién dao dong duoc don gian hoa thanh cac khoi
lugng tap trung, lién két véi nhau qua phan tir ¢an hoi va phan tar can vai cac hé
sb tuong tng va cac chi tiét ndy khdng khdi ugng. Céc hé sé ciia md hinh dong
luc hoc néu trén dugc xac dinh day du, ching phu thudc vao kich thudc, hinh
dang ciing nhu tinh chat vat liéu, moi truong hoat dong.

M5 hinh dong luc hoc cua co hé thuc hién dao dong s& day di hon mé hinh
dong luc boi dugc bo sung cac thanh phan lec (md men) tac dong.

M®& hinh toén viét boi cac phuong trinh, mdi quan hé toan hoc giita cac
thong sé dau vao (hé s), cac ngoai luc tac dong dé thu dugce dau ra la cac trang
thai dong (dao dong) ciia co hé. Hé cac phuong trinh viét 1én dao dong (tua theo
ban chét vat Iy cta cac qua trinh trong co hé) duoc goi [a md hinh toén - co.

M& hinh lién két nhan qua thé hién su phu thuoc (hé qua) cta mot dai
lugng vao mot trang thai sinh ra (géc). Mo hinh thudng dugc st dung dé xac
dinh (mang tinh dinh huéng) cac tinh chat, cac dai lwgng can nghién ctu, can
xem xét (hé qua) khi co tic nhan tac dong (nguon goc). Dang md hinh nay
thuong ré nhanh: A sinh ra B (A — B), va thuong tao thanh md hinh céy (Tree
Model). Str dung mé hinh lién két nhan - qua cé thé xay dung dugc so d6 chic
ning (mo hinh chtic ning) cua thiét bi do, vi du: A: Khéi tham chiéu (REF.) —
B: Khéi do tin hiéu dao dong (xac dinh dang dao dong can do, diém do, phuong
do,...); A: Khéi tham chiéu (REF.) — C: Xu ly tin hiéu dao dong (can xac dinh
dang dao dong can chuyén dbi; thong sé dic trung (vi du RMS); dang xir ly
FFT,...); A: Khéi tham chiéu (REF.) — D: Khéi ra quyét dinh GSRD (cho mot
gia tri hay mot tap cac thdng so - dic tinh),... M6 hinh nay s& duoc dé cap chi
tiét trong noi dung caa luan an.

M® hinh hdi quy: M6 hinh toan thu dwoc trong qua trinh xt Iy thong ké cac
dix liéu thi nghiém (thi nghiém s hay thir nghiém trén ddi legng thuc) theo mot
dang md hinh toan lya chon. C6 thé thu dugc cac mé hinh hdi quy (Regressive
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model, RM) tuyén tinh, phi tuyén, mot bién, da bién, dang da thirc bac 1, bac 2
hoic bac cao hon, c6 thé 1a mé hinh md, ...

Véi khai niém mé hinh tua theo mot déi tugng nghién ciu, ching ta co thé
c6 md hinh vat ly phong theo ddi twong thuc can nghién ciu. Do 1a cac khdi
thiét bi (vat chat cu thé, hién hitu c6 kich thuéc) phong theo sy hoat dong cua
dbi teong nghién ctu. Vi du mot co hé thyc hién dao dong xodn, hé phuong
trinh to4n - co (mo hinh toan - co) dugc giai, thay bang mot thiét bi dién - dién
tr twong tw. Ké& qua dao dong cua co hé duoc gidm sét va thé hién trén man
hinh &ng véi tin hiéu dién. Thiét bi vat ly nay chinh I3 MHVL dang tuong tu
cho GSRD, dao dong xoan cia co hé dugc nghién ctu. V&i khai niém vé
MHVL, trong luan &n nay sé xay dung va st dung hai md hinh vat ly: MHVL-1
va MHVL-2, va duoc dé cap ¢ cac ndi dung cua luan an.

Déi tuong nghién ciru thye 13 dong co diesel tau bién va hé truc lién quan
dang dao dong duoc nghién ctu. Trong luan an thuc hién trén doi tuong Ia hé
dong luc chinh tau Kiém Ngu KN 375 dung dong co diesel 6EY26W cua
Yanmar lam dong co may chinh (ME: Main Engine) lai chan vit.

Céc thuat ngir thuong duoc st dung trong luan an d6 la mé phong, mé
phong so, thi nghiém va thar nghiém.

M6 phong la qué trinh dung lai (giai) mot qua trinh phong (tua) theo quéa
trinh ban dau. V&i khéi niém mang tinh phuwong phap luan ndy, cac qua trinh
nghién ctru dao dong trén mo hinh dé thu duoc két qua tua theo qua trinh gbc
(orginal) déu 1a qué trinh md phong. Tuy nhién, ¢é phan biét cu thé hon va tranh
tring lip qué nhiéu dén md phong, luan &n sir dung md phong vaéi nghia giai mo
hinh toan cho qua trinh nghién cau (dao dong), va d6 1d mod phong sé trén may
tinh dugc su tro gilp cua phan mém mé phong duoc xay dung hoic sir dung
phan mém chuyén dung.

Thi nghiém dé nghién ctru dao dong duoc thyuc hién trén doi tuong tua doi
tuong thuc (thuc té trén mo hinh), d6 cé thé md phong sé hoic trén doi tugng
vat ly. Thi nghiém trén mé hinh vat Iy ciing 13 mé phong, song trén ddi tugng

vat ly, khong giai bang phuong phap so.
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Tha nghiém 1 thi nghiém trén d4i tuong thuc (tau thuc, hé dong hee thuc).
Trong thuc té tau bién, c6 mot sé dang thar nghiém dic biét nhu thir nghiém
duong dai, ther nghiém budc tau tai bén, céc thir nghiém nghién cau...

Giam sét rung dong c6 hai phuong thirc: truc tuyén va ngoai tuyén.

GSRD truc tuyén (on-line): 1a qua trinh do, thu thap, xir ly thdng tin va so
sénh voi cac ngudng tiéu chuan va chi béo cac thdng sé ky thuat cua may qua
man hinh hién thi, am thanh, dén bao hodc in 4n bdo céo truc tiép ngay trong
thoi diém do dac, giam sét.

GSRD ngoai tuyén (off-line): [a qua trinh do, thu thap va luu trix dir liéu,
cac chuyén gia hodc k§ thuat vién luu trir dir liéu (trong may tinh hoac thiét bi
do nhd cac thé tir). Sau thi nghiém, doc lai dit liéu da dugc ghi va kiém tra, phan
tich, xt Iy di lisu bang cac phan mém chuyén dung dé chi ra trang thai ky thuat
cua may xem trang thai rung déng cta may thudoc vung nao dugc chi ra trén
Hinh 1.2.

1.1.2. Gidm sdt rung djng trén déng co diesel tau bién

Khi tau duoc dong méi hoac hoan cai, can phai trinh Dang kiém bang tinh
dao d6ng xoin hé truc chinh diesel tau bién lai chan vit. Trong thar nghiém
duong dai, can tién hanh do, xu ly tin hiéu dao dong xoan dé kiém tra do tin cay
ctia bang tinh va khang dinh: trong pham vi hoat dong cua hé dong luc chinh
(dai vong quay tir thap nhat dén cuc dai), khdng xuat hién cong huong nguy
hiém ca khi MDE hoat ¢ong ¢ trang thai binh thuong (Normal, tat ca cac xy lanh
déu hoat dong), ciing nhu trong trudong hop su cé (Misfire, chi mot trong cac xy
lanh khong chay, nhung qua trinh nén trong xy lanh d6 van binh thuong). Néu
c6 cong hueng nguy hiém, can khang dinh mac d6 ung suit xoin & viing cong
huéng ndm trong pham vi cho phép duoc chuyén nhanh qua ving nay. Khi do,
can dua ra ving vong quay cam khai thac lau dai.

Doi voi tau dong mdi hodc hoéan cai, can tién hanh do, kiém tra cac dang
dao dong doc va ngang tuong ung theo Pang kiém lya chon. Trong sé cac Ping
kiém d3 dua ra cac tiéu chuan, vé mic do day du nhat 1 tiéu chuan dao dong
theo Pang kiém RMR, phién ban 2014.
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Trong khai thac ky thuat hé dong luc chinh tau bién, ¢ nhiéu nguyén nhan
dan dén thay d6i mirc d6 dao dong cua hai dang dao dong doc va ngang. Do vay,
trong cac lan stra chita lon dong co cling nhu hé truc, chan vit, can tién hanh do,
kiém tra GSRD cac dang dao dong nay.

Theo Piang kiém RMR, phién ban 2014 [27], DNV, phién ban 2011 [31]
chi ra vi tri cac diém do, sb lwong céc vi tri do, cac dic tinh co ban cua tin hidu
dao dong va diéu kién bién ciing nhu céc gidi han cho phép dbi véi timg dang
dao dong. Chi tiét dugc chi ra trong phu luc PL1, Hinh PL 1.1.

Trong phu luc PL1 ciing dwa ra mot sb tiéu chuan co ban vé dao dong theo
Quy pham Ping kiém RMR, DNV, ABS, NKK, VR ciing nhu khuyén céo veé
muc d6 dao dong doc cho phép ddi véi cac dong co cua hing MAN B&W.

Nhue vy, lugn an can xay dung thiét bi do va GSRP da kénh, tich hop dong
b cho cac dang dao déng trén déng co diesel tau bién.

1.2. Tinh hinh nghién cttu trén thé gi¢i va trong nuwéc
1.2.1. Tinh hinh nghién civu trén thé gici

Thiét bi do gia tbc dau tién trén thé gisi dang 4301 (Type 4301) cua Briiel
& Kjer [54], duwoc ra mit nam 1943. Hién nay, c6 nhiéu hang ché tao may do
rung dong, thuong phéan chia ra lam hai loai chinh:

- Loai may do rung dong di dong: Loai may nay thuong co tir 1 dén 4 kénh
do, cac cam bién di cung véi thiét bi do. Phan mém do va phan tich céc tin hiéu
dao dong duoc cai dit truc tiép trén may tinh xach tay. Viéc lap dat cac cam
bién do truc tiép nguoi do thuc hién. Mac d6 tu dong cua loai nay chua cao,
thuong st dung cho do mot dang dao dong ngang, vi du cac thiét bi cua hang:
Extech [49], Fluke [48], Briel & Kjeer [54], Rion [53], Lutron [55], SKF [24] ...
Pay la cac may do rung dong di dong vaéi chirc nang phan tich don gian, nhanh,
tien loi, gia thanh thap.

Mot s6 hang da ché tao thiét bi do rung dong xach tay hién dai, s6 kénh cé
thé nang 1én nhiéu kénh: Smart systems international CM-X8 Vibrationmonitor -
hang Bretech [51]; CTConline - hang CTC (My) [52]; PCE-VMS-504 - héng
PCE (Anh) [53]... str dung cac phan mém phan tich hién dai, sir dung céng cu
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to4n hoc manh dé phan tich dao dong, giam sat va chan doan. Cac tin hiéu thu
duoc tir cac sensors qua b gop DAQ dua vé may tinh va sir dung phan mém
chuyén dung ctia hiang dé phan tich va sur dung tiéu chuan ISO 10816 dé tham
chiéu so sanh véi ngudng.

Tét ca céc thiét bi do rung dong trén cta cac hiang thuong sir dung phép
phan tich FFT (Fast Fourier Transformation, bién d6i Fourier nhanh) cho céc tin
hiéu van téc dao dong do duoc theo thoi gian, tinh gi4 tri can bac hai binh
phuong trung binh (Vgus).

- Loai thiét bi do, GSRD ldp dit tinh tai trén may, thuc hién nhiém vu
GSRP on-line. Muc d6 ty dong cua thiét bi cao, tu dong do va luu tri dit liéu,
xir ly nhanh va ra quyét dinh trang thai rung dong ¢ thoi diém giam séat. Béo
dong khi mic d6 dao dong vuot ngudng cho phép. Phan mém GSRP c6 thé
duoc xa@y dung va cai dat cho giam sat du bao trén co s& duong xu hudng phat
trien mic d6 rung dong TREND.

Loai GSRD on-line phu thugc vao mac d6 quan trong ctia may can giam
sét s& dugc dau tu xay dung dac biét véi gia thanh va chi phi rét cao.

Vé céc cong trinh nghién ctru: d& c6 c&c cdng trinh nghién ctu va cung cap
giai phap tong thé vé giam sét, bao vé tua bin va may phat dién trong céc nha
may dién Benlty Nevada [44] nghién ctru giam sat rung dong tua bin khi xa; hé
thong chan doan ddi véi dong co tua bin cua Adam Charchalis [45]; cong ty
cung cap dich vu ky thuat trong giam sat tinh trang thiét bi, chan doéan 15i va xu
Iy su cb, giai phap thiét ké Bretech [51].

Nhiéu nha khoa hoc tai Bulgaria (Minchev D.N, NheDev A...), Lién bang
Nga (Alecsiev A, Baliski Ia, Barcov A., Genkin...) dd c6 cac két qua nghién cau
giam séat va chan doan rung dong, 4p dung chi yéu ddi véi cac may rd to cong
nghiép, dong co tua bin vi du trén cac quat gid cong nghié¢p cta nha may san
Xuat phan bén Devnhia (Bulgaria) hay trén cac tu quan sy tai Lién bang Nga.

Luan an tién si cua Jyoti K. Sinha [41] trong nghién cau thi nghiém sir
dung md hinh vat Iy cho ddi twong rd to can do, co xét dén 6 d& str dung chat

long boi tron va bé d& dan hoi. Thiét bi do gdm cam bién do vong quay va hai
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kénh do gia toc, b gop dir licu DAQ ciia NI, tham chiéu céc tiéu chuan cia ISO
3945 va ISO 108616 - phan 2. Phuong phap nghién ctru diing md hinh héa phan
tr hiru han va xem xét dén viéc mat can bang cua rd to. Luan an caa Andris
Unbedahts [42] phét trién phuong phap chuan doan k¥ thuat dong co diesel tau
bién bang dao dong &m thanh, trong nghién ciru d3 xét dén yéu cau cua cac dang
kiém va chi ra rang Bang kiém Hang hai Lién bang Nga yéu cau ciing nhu ciing
gidng nhu yéu cau cua cic thanh vién khac trong Hiép hoi Dang kiém hang hai
qudc té. Trong nghién ciu st dung thiét bi do dao dong &m thanh hai kénh c6
sén, két hop may hién séng.
1.2.2. Tinh hinh nghién ciru tai Viét Nam

Tai Viét Nam c6 thé ké dén cac nha khoa hoc c6 uy tin trong finh vuc dao
dong nhu: [GS.TSKH. Nguyén Cao Ménh|, Nguyén Tién Khiém - Vién Co hoc
Viét Nam [7]; GS.TSKH. Nguyén Vin Khang - Trudng Pai hoc Bach khoa Ha
Noi [9]; PGS.TSKH D6 buc Luu - Truong Pai hoc Hang hai Viét Nam
[6],[8],[10],[11],[13], TS. Nguyén Hai - Truong Pai hoc Bach khoa Thanh phd
Ho Chi Minh [25],...

Trén cac tau van tai bién hau nhu chua dugc trang bi thiét bi do, GSRD cho

dong co diesel. Tuy nhién, tai hai tu dich vu cta Cong ty c6 phan Dich vu khai
thac dau khi PTSC, trén t6 hop dong co dién lai may nén khi piston - tau FPSO
Ruby I [14], va to hop dong co dién lai may nén khi ly tam - tau FPSO PTSC
Lam Son [15], d3 duoc lp dit tinh tai thiét bi do, phan tich, gidm sat dao dong
ngang va dao dong doc. Trén nhitng hé dong luc nay, cac chuyén gia Dac lp
dit thiét bi do va giam sat rung dong. Cac tin hiéu dao dong duoc do, truyén vé
CPU tai tau, hién thi cac gia tri do (da duogc xir ly) & ché do giam sét thuc tai va
so sanh Vv&i gia tri ngudng cho phép, cac phan tich sau hon vé rung dong thu
duoc chua duoc trien khai tai cong ty ndy. Viéc phan tich, danh gia ty dong
trang thai rung ¢ong hién hanh, dy bdo TREND dbi véi MDE theo quy dinh cia
cac to chirc chuyén mén chua dugce dua ra. Tuy thiét bi do, GSRD trén cac tau
dich vu cua cong ty trén co doi tuong khac voi dong co diesel tau bién, song voi
cau hinh hién c6 cua thiét bi s& 1 tai licu tham khao quy gia tir thuc tién cua
nganh hang hai tai Viét Nam trong viéc tng dung cong nghé GSRD.
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Trong nhiing nim gan day tai Viét Nam c6 luan an tién si chuyén nganh k§
thuat: “Nghién ciru dé on - rung hdp sé 6 6 tai duwoc thiét ké va ché tao tai Viét
Nam ”[16]; “Nghién ciru dao déng va can bang tai ché hé ré to dan hoi 6 nha
may dién” [21]; “Nghién cuu ché tgo thir nghiém thiét bi do mé men xodn va
phdn tich dao déng xodn déng co diesel lai chan vit” [22]; cbng trinh nghién
ctu “Kiém sodt dao dong than tau khi the tau theo tiéu chi dap iimg dao dong”
[23]...lién quan dén do hodc gidm sat dao dong.

Trong céng trinh [16], tc gia Cao Hung Phi d xay dung hé thdng, thiét bi
do 6n - rung theo TCVN 4922-89, ISO 8575, do va kiém chang véi gia tri tinh
toan ly thuyét, st dung phan mém DASYLAB 7.0 véi chiic ning thu thap, hién
thi, luu trir, xir Iy s liéu. Phan cang st dung thiét bi do c6 san DEWEBOOK 4
kénh trong d6 c¢6 3 kénh do rung va 1 kénh do am thanh.

Trong cdng trinh [21], tac gia Tran Van Luong do dac, danh gia trang thai
rung cua cac thiét bi quay duoc st dung trong cac nha may dién tai Viét Nam &
vi tri gbi d& trén co s& céc tiéu chuan cua cac nudc cong nghiép phat trién, tidu
chuan 1SO 2372, va ciing d3 nghién ctu céc tiéu chuan theo Quy pham cua Lién
bang Nga va tiéu chuan cua Hoa Ky.

Céac cong trinh [16] va [21], d6i tugng nghién ctu khac so véi doi tuong
nghién ctru cua luan an 13 dong co diesel tau bién. Céc dang nghién ciu hau nhu
khac biét. Tuy nhién, vé phuong phap nghién ctu, mot sé két qua vé dao dong
va can bang tai hién truong hé ro to dan hdi trong [21], [41] c6 thé duoc nghién
ctu, van dung vao truong hop nghién ciu mat can bang cua dong co diesel lai
may phat dien.

Cong trinh nghién ctu [22], tac gia Hoang Van Si tap trung vao dao dong
x0an hé truc diesle tu bién: ché tao thiét bi do md men xodn bang tem bién
dang, dan trén bé mat truc chiu xoan; xt Iy tin hiéu mé men xoin thu duoc va so
sanh v&i ngudng quy dinh theo quy pham hang hai vé dang dao dong lién quan.
Pong gop va diém méi cia cong trinh [22]: da ché tao thanh céng thiét bi do,
phan tich dao dong xoan hai kénh tai Viét Nam, mot kénh do va xt Iy tin hiéu

dao dong xoan, mot kénh do pha (danh dau thoi diém dau va cudi cua trich
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mau); dua ra két luan vé sy can thiét phai bo sung kénh do pha dé dam bao su
chinh xac cua két qua do dugc.

Phuong phap nghién ciu va két qua dat dugc trong céng trinh [22] 1a phu
hop va s& duoc nghién ctu phét trién trong luan &n. Vé phuong phap luan,
GSRPD trén MDE sé& duoc nghién ctu theo goc do quy pham, tiéu chuan quy
dinh, tir 6 trién khai nghién ctru co s¢ khoa hoc, co s¢ cong nghé cho ché tao
thiét bi va xay dung phuong phap GSRD. Hé théng do s& duoc phét trién vé sb
kénh do (tir 02 kénh do 1én d¢én 10 hoic nhiéu hon) véi céc dang tin hiéu dao
dong khac nhau. Viéc déng bo hda dit lisu do, tuy c6 ting vé sb Iuong kénh do
(phtic tap hon), song vé nguyén tac van giong nhau. Piém han ché duy nhat
trong thiét bi do, xir ly md men xodn/ dao dong xoan cua cdng trinh [22] 1a hé
thdng chwra dugc hoan thién trong kénh dao dong xoin dé tu dong ra quyét dinh
giam sat dao dong xoan & ché do do kiém.

Cong trinh [23], Lé Pinh Tu4n va cong sy dua ra mot sé két qua do va xir
Iy cac s6 liéu, phan tich dao dong khi thir tu hang roi 6.800 tan. Tuy nhién, van
d& nghién ctru dua ra tir viéc phan tich sé liéu do dao dong duoc cong ty Sai
Gon Shipmarine thuc hién, tap trung vao viéc khao sat mirc do rung dong theo
tiéu chuan cho doi ngii thuyén vién cha khong khao sét chi tiét cho MDE.

Piém han ché cua [23]: Trong so d6 tong quat danh gid dao dong tau thiy
cling nhu ap dung cho ting dang dao dong cu thé ¢ giai doan thiét ké ban dau
chua lam rd dau vao 1a gi, dau ra nhu thé ndo. Trong giai doan thiét ké khong
thé tién hanh phan tich dao dong, vi chua c6 cac tin hiéu dao dong, do vay can
phai c6 md hinh hoa va tinh nghiém (md phong sd) trong cac diéu kién bién cu
thé. Ngoai ra, phan tich dao dong co s& cua tiéu chuan rung dong dé phan tich
tin hiéu theo mién thoi gian hay tan sé chua duge dé cap.

Ve thiét bi do, trong [23] dua ra thong tin thoi gian can hiéu chuan thiét bi
(2 ndm), d6 1a yéu cau chung cta cac don vi cd chuc niang kiém dinh va hiéu
chuan thiét bi do, theo chuan qudc gia va qudc té. Trong nghién ctru, don vi do
dung céc kénh do gia tdc, sau d6 bién doi vé cac tin hiéu van toc. Tuy nhién, cac

cdng viéc nay déu do may thyc hién va trén may da cé cai dat phan mém xu ly.
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Co s toan hoc cho bién d6i hoan toan khong ré rang. Ngoai ra, cac tac gia cling
khong phan biét rd tin hiéu do dugc 1a dai lwong nao: dai luong vat ly gia toc
thoi gian thuc hay da xir Iy tan s6? O day can hiéu 16 co sé chuyén doi dang
thong tin trong do va xur ly tin hiéu dao dong do duoc.

Ra quyét dinh giam sat dao dong dugc khao st cho than tau chi tap trung
vao mot tan s nhat dinh, trong khi d6 khi giam sat dao dong cho diesel tau bién
phai khao sét cho tat ca céc tan sé f lién quan dén ché do cdng tac cua dong co,
hon nita néu theo Ping kiém RMR, phién ban 2014, s& ding bo loc 1/3-octave.
D6 chinh 1a diém khac biét 16n nhat gitta giam sat dao dong trén MDE so véi
giam sat dao dong tai cac khoang, céc vi tri than tau khi kiém tra tau dong moi.

Cong trinh [26] ctia Nguyén Thi Diéu Linh va céng sy di nghién ctu, thiét
ké thiét bi do rung dong cho cac may cong nghiép, trong d6 xay dung dugc so
dd dong thong tin, dung vi diéu khién dé thu thap va phan tich, xt Iy di liéu,
phan mém dé lap trinh vd md phong phan tich dir liéu sir dung phan mém
MatLab. Cong trinh [24] nghién ciu vé rung dong nhung d6i tuong 1a may cong
cu CNC, sir dung thiét bi do va phan tich rung d6ng CMX-Ad4 cua hang SKF.
Déi twong nghién ctu cua [24],[26] khac voi dbi tugng cua luan an nghién ciu.

Nhiéu cbng trinh nghién cGu cua céc tac gia trong nuéc khac
[2],[31,[14],[15],[16],[21],[22]... tap trung chii yéu vé tua bin - may phét va ro
to tau thuy, trong d6 rat it cong trinh nghién cau vé dao dong va GSRD cho
dong co diesel va hé dong luc diesel tau bién [13],[20].

Nhdén xét chung:

Hién nay trén thé gi6i va tai Viét Nam chua c6 thong tin chi tiét vé ché tao
thiét bi do va GSRD da kénh thuc hién dong thoi do, giam sat cac dao dong goc
va dao dong thang khac nhau cho MDE. Chinh vi ly do trén, can phai c6 thiét bi
dé do va GSRD theo Quy dinh cua diang kiém dwa ra ma quy dinh day du nhat
phai ké dén d6 1a Quy dinh cia Pang kiém Hang hai Lién bang Nga (RMR,
phién ban 2014).

Viéc trién khai nghién ctru GSRP trén MDE [a can thiét khong chi theo

luat dinh, ma con gan lién véi hoat ¢ong kinh doanh cua cac doi tau van tai bién,
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cac cong ty dong tau Viét Nam, ciing nhu viéc nghién cau phét trién, noi dia hoa
san pham va cung céap dich vu khoa hoc k¥ thuat cho cac doi tau cua Viét Nam,
Pay 1a van dé mai khdng chi d6i véi nganh hang hai, ma con méi dbi vai cac
nganh co khi ché tao ¢ Viét Nam.

Muc dich cua trién khai nghién ctiru GSRP trén MDE 1a dap tng tiéu chuan
chat Iuvong rung dong cho tau va hé dong luc diesel tu bién trong déng méi,
hoan cai ciling nhu trong khai thac k¥ thuat doi tau. Ngoai ra, muc dich s¢ dat
duoc nham nang cao tinh an toan, hiéu qua khai thac, kinh doanh céc doi tu van
tai bién. Cudi cung, d6 1a muc tiéu ndi dia hda san pham khoa hoc cong nghé cé

ham luwong chat xam cao.
1.3. Dat bai toan nghién ciu

Trén Hinh 1.3, chiing ta thy rd céc nhiém vu co ban can thuc hién cho mot
qua trinh GSRP trén ddi tuong dong co diesel tau bién duoc gidm sat:

; |
! |
! Xir ly céc |
| Do tin higu »  tinhigu > I
| dao dong dao déng Ra :
i 5 quyet | ol pignthj | |
! dinh N
' | Péi twong Mirc gigi han | | GSRD i
! MDE (Tiéu chuan > ,
! DD, Ref) !
| |
! |

Hinh 1.3. So dd chiic ning nhiém vy qua trinh GSRP trén MDE

Viéc xac dinh, danh gia, phan 16p trang thai ki thuat caa may theo tin hiéu
rung dong thuc hién trén co s giam sat may dé xac dinh kha nang lam viéc cua
may - bai toan GSRD, tiép sau 1a xac dinh trang thai may tét hay c6 hu hong, dia
chi hoa hu hong - bai todn do tim, phat hién hu hong - bai toan CBDRD. Trén co
s& gidm séat mac do rung dong may, xay dung duong TREND - huéng phét trién
muc d6 rung dong (lién quan dén hu hong do rung dong) dé giai quyét bai toan
du bao hu hong may. Nhu vay, GSRD 1a bai toan co s¢ dé phét trien chan doan
bing rung dong ¢ hién tai hoac quéa khar hodc dy bao tuwong lai Hinh 1.4,
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Bai toan chan doan Chan doan rung dong may

T

Bai todn giam sat Giam séat rung dong may

T

Do, phan tich rung dong may

T

May, thiét bi co khi tau bién hoat dong

Tin hi¢u vat ly dung cho
giam sat va chan doan

Hinh 1.4. Giam sét, chan doan rung dong may va thiét bi co khi

Trén Hinh 1.4 chi ra mbi quan hé giita hai bai toan GSRP may va CDRD
may. Ca hai déu str dung tin hiéu do rung dong dé giam sét hoic chan doan.
Thuc té bai toan chan doan duoc ké thira va phaét trién tir bai toan giam sat. Hon
nita, trong nhimg nam gan day xuét hién bai toan ang dung giam sat va chan
doan rung dong dé diéu khién trang thai rung cua may, tir d6 tdi wu hoa, khai
thac hop ly hé dong luc.

So @b nguyén ly nhiém vu GSRP theo ddi tuong dong co diesel tau bién
duoc chi ra trén Hinh 1.5.

TC P

Pr

Diesel tau bién

MDE

Hinh 1.5. So dd nguyén Iy nhiém vu GSRD theo ddi twong

MDE - Marine Diesel Engine: déng co diesel tau bién;
TC - Turbocharger: tua bin may nén; P - Pumps: cac bom do dong co ME
lai; G - Generator: may phat dién; Pr - Propeller: chan vit.

MDE la loai may piston; TC, P, G, Pr la cac may cong tac dang may ro to,
cac may ro to khi mit can bang déu anh huéng dén rung dong tai MDE. Tuy
nhién do thoi gian cé han, luan &n sé khong di sau vao nghién ctu cac anh

huong néu trén.
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Nhu vay, noi dung lugn an sé gioi han giam sat rung dong trén dong co
diesel may chinh tau bién.

1.3.1. Po, thu thdp cdc tin hiéu dao dong

Céc bai toan do, thu thap céc tin hiéu dao dong can duoc nghién ctu, thuc
hién gdm co:

- Xac dinh dang tin hiéu can do, s6 lwong céc kénh tin hiéu theo yéu cau
cua Quy pham.

Tin hiéu dao dong doc trén hé truc chinh dung dong co cdng suat I6n
thuong do tai gbi d& chan theo Diang kiém RMR, phién ban 2014 [27], hoic trén
dinh chir A theo Pang kiém DNV, phién ban 2011 [31].

Céc tin hiéu dao dong ngang trén dong co diesel may chinh theo Ping
kiém RMR duoc do tai 13 diém do véi 25 kénh do dao dong thang, theo RMR
(Hinh PL 1.1). Theo DNV [31], dbi véi dong co MDE thap tdc, hai ky (vong
quay n < 200 vong/phut), vi tri do tai dinh chit A, theo phuong ngang.

Trong Bang 1.1 va Bang 1.2, luan 4n dua ra két qua thong ké va phan tich
dang tin hiéu do, vi tri va sé luong cac kénh do dugc dua ra boi Dang kiém
Hang hai Lién bang Nga (RMR), Pang kiém Dtac (DNV), Ping kiém Hoa Ky
(ABS), Pang kiém Viét Nam (VR) va Dang kiém Nhat Ban (NKK).

Qua phan tich noi dung co ban lién quan dén dang tin hiéu, sé luong céc tin
hiéu do theo Quy pham cuia co quan Pang kiém: RMR, DNV, ABS, VR, NKK,
ta nhan thiy viéc GSRD can duoc xay dung va hoan thién theo goc do cua quy
dinh cua Pang kiém RMR, phién ban 2014 vi céc quy dinh cia Dang kiém RMR
dua ra day du, c6 huéng dan chi tiét hon so voi cac ding kiém khéc.

- Téc d6 trich mau, sé lwong mau theo [27] va ly thuyét trich mau;

- M6 phéng tin hiéu do cho xay dung thiét bi: do, luu trit va hién thi;

- Xay dung thiét bi do: Phan ctng, phan mém;

- Thi nghiém trén MHVL-1 vd MHVL-2 cho xay dung thiét bi: hiéu chinh
thiét bi;

- Thir nghiém trén tau thuec.
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Bang 1.1. Vi tri do cac dao dong cho GSRP theo cac Quy pham Pang kiém
RMR, DNV, ABS, VR, NKK [1],[27],[28].[31].[33].

Yéu cau RMR, 2014 DNV, 2011 | ABS, 2015 VR, NKK
TVs X X X X
Vi tri do Truc trung gian |  Truc trung TTG hoac TTG hoac
TVs gian dau truc ty do | dau tryc ty do
Vi tri do Goi do chan; Po trén dinh
AVs do trén dinh|cht A phia - -
chit A phia| cudi dong co
cubi dong co
Vi tri do binh, bé d5 (2 | Binh, bé do (2
LVs bén) vubng goc | bén)  vubng - -
truc goc truc

Bdng 1.2. S6 lwong kénh do va diém do dao dong ngang theo RMR va DNV

STT RMR, phién ban 2014 DNV, phién ban 2011
Dong co diesel - 3 kénh do
thap toc< 200 | - 24 kénh do - 1 diém do
rpm - 12 diém do
Pongcodiesel | - Po trén bé mat phia - 24 kénh do
thap trung va cao | ngoai dong co. - 12 diém do

téc > 200 rpm

- Po trén dinh va bé 46 dong co.

1.3.2. Xar ly cdc tin hiéu dao dong cho giam sdat rung dong

Céc bai toan xu Iy tin hiéu dao dong cho GSRD gom:

- Boc dir liéu do da dugc huu trir: Dung GSRD off-line;

- M6 phong doc dit liéu d3 luu trit: Cho xay dung thiét bi;
- Loc tin hiéu trong mién thoi gian (Real Time, RT): Xay dung phan mém,

thiét bi ao VI;

- M6 phong loc tin hiéu trong miém thoi gian: Cho xay dung thiét bi;
- Xt ly tin hiéu, xac dinh céc thuoc tinh: peak-to-peak cho gidm sat dao
dong xoan: Phan mém xay dung trén co sé tham chiéu REF;

- Chuyén dbi dang (gia toc — van toc): giam sat dao dong ngang, doc;

- Chuyén dbi tin hiéu (gia tbc — chuyén vi): giam sat dao dong doc tai dau

tu do;
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- Xu ly tin hiéu, xac dinh cac thuc tinh: FFT va 1/3-octave: Phan mém xay
dung trén co sé tham chiéu REF danh cho gidm sat dao d¢éng ngang, doc;

- M0 phong xt ly tin hiéu, xac dinh cac thugc tinh: FFT va 1/3-octave: Cho
xay dung thiét bi.

1.3.3. Xay dung cdc dai lwong va dic tinh gioi han dao dong

Bai toan xay dung céc dic tinh dao dong cho phép gom:

Xay dung (md phong) dic tinh giéi han dao dong: xoin, doc, ngang.

Mire do dao ddng xoin

\ v ;
: I - Tinh DbX
I A 4 \ 4 A 4 \ 4 \ 4 :_’ _ DO thﬁ, nghlém
: RMR DNV ABS NKK VR : duong dai
! 2014 2011 2015 2015 2015 |,
|

Hinh 1.6. Céc to chirc dang kiém quy dinh tinh DBX hé truc lai chan vit

Vé dao dong xoan, cac té chie dang kiém qudc té déu dua ra quy dinh tinh
dao d¢ong xoan hé truc may chinh lai chan vit, trong d6 c¢6 Quy pham phan cap
va dong tau bién vo thép (goi tat [ Quy pham) cua Pang kiém Hang hai Viét
Nam - VR (Quy pham cuia Viét Nam - QCVN 21:2015/ BGTVT), ban chat Quy
pham VR xay dung dua trén Quy pham Ping kiém NKK cua Nhat Ban. Trong
quéa trinh nghién ctu gidm sat DBX, luan an sé ap dung theo Quy pham cua
dang kiém Viét Nam, Hinh 1.6.

Veé dao dong doc va ngang, cac tiéu chuan dugc xét theo Quy pham Ping
kiém Hang hai Lién bang Nga RMR, phién ban 2014 [27], Pang kiém ABS
[28], Pang kiém DNV [31], va quy dinh cua hing ché tao dong co MAN-B&W
dua ra d6i véi mot s6 dong co cua hdng [43]. Qua thdng ké cac quy dinh cua
Quy pham Ping kiém néu trén thi Quy pham RMR, phién ban 2014 ¢y du nhat

do vdy, luan an s& str dung Quy pham nay dé nghién cau, Hinh 1.7.
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Mirc dao dong doc,
dao dong ngang

N

RMR, 2014 ABS, 2015 DNV, 2011 MAN B&W

Hinh 1.7. Céc té chtic yéu cau xac dinh mirc d6 DPD, DDN hé truc MDE

1.3.4. Bai todan ra quyét dinh giam sdt rung dong

Bai toan ra quyét dinh giam séat rung dong ding giam sét tat ca cac dang
dao dong dugc giam sat.

Bai toan md phong ra quyét dinh giam sat rung dong ding cho xay dung
thiét bi ao.
1.3.5. Ngi dung co ban can gidi quyét trong dé tai ludn dn

1.3.5.1 Co so ly thuyét

Xay dung co so khoa hoc va cong nghé cho giam sat rung dong trén déng
co diesel tau bién. Co s& khoa hoc can dugc tong hop, phan tich va mé hinh hoa
cho céc bai toan cu thé, bao gdbm:

- Pua ra dang dao dong, phuong do, vi tri do,...(trén co s& noi dung Quy
pham ctia Ding kiém RMR, DNV, ABS, NKK, VR):

- Trich mau (du cho 1 chu ky cong tac): yéu cau tham chiéu theo Quy pham
RMR [27];

- Pua ra md hinh hdi quy cac dic tinh gioi han: yéu cau tham chiéu theo
Quy pham RMR [27];

- M® hinhtin hiéu dau vao (dao dong da hai) cho cac bai toan mé phong xu
Iy tin hiéu. M6 hinh hdéa xir Iy dao dong trong mién thoi gian thuc, trong mién
tan s6 (FFT, 1/3-octave), phi hop theo yéu cau Quy pham;

- M0 hinh ra quyét dinh GSRP.
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Céac noi dung trén can trién khai cho timng dang dao dong can giam sét: dao
dong xoan cho hé truc dong co may chinh lai chan vit (ME-Pr: Main engine -
Propeller); dao dong doc hé truc dong co may chinh lai chan vit; dao dong
ngang cua dong co diesel.

Co s cOng nghé duoc phan tich, lya chon cho céc bai toan bao gém: Phan
tich lya chon cam bién cho hé thong giam sat rung dong duya trén céc yéu cau
REF. RMR [27]; twong tu, phan tich lua chon b thu thap dir lieu DAQ; lua
chon CPU va hién thi cho hé théng giam sat rung dong. Ngoai ra, can xay dung
phan mém quan ly thiét bi ngoai vi trong gidm sat rung dong: do va xu Iy tin
hiéu, ra quyét dinh va hién thi giam sat rung dong.

1.3.5.2 M0 phéng gidm sdt rung déng trén déng co diesel tau bién

Cac bai toan mo phong: mod phéng tin hiéu do da hai; loc va xt ly tin hiéu
trong mién thoi gian thyc va trong mién tan so; xay dung dac tinh gisi han (dao
dong ngang; dao dong doc), va kiém thir cho giam sat dao déng xoan hé truc
chinh tau KN 375,

1.3.5.3 Ché tgo thiét bj do, thir nghiém va hiéu chinh

Bai toan ché tqo thiét bi gidm sdt rung déng trén dong co diesel tau bién,
gom: Xay dung so d6 nguyén ly hé théng do, GSRD da kénh trén MDE (lya
chon céng nghé DAQ-NI, sensors hién dai, phtl hop): xay dung mot sé thiét bi
40 co ban cho xay dung phan mém cua hé théng (MMMVS); tich hop phan
ctng, phan mém va hiéu chinh MMMVS trén mé hinh vat ly va kiém the trén he
dong luc tau thuc (tau KN 375).

Kiém tra, hiéu chinh hé théng trén MHVL: Kiém tra, hiéu chinh thiét bi do
tai phong thi nghiém: dao dong xoén, dao dong doc, dao dong ngang va pha;
kiém tra, hiéu chinh hé thdng.

Trién khai thuc nghiémtrén hé dong luc tau KN 375 cho GSRB, bao gém:
Xay dung ké hoach do va thir nghiém giam sat rung dong: kiém tra, hiéu chinh
hé théng; do va thir nghiém giam sat rung dong; doc va xt Iy cac tin hiéu dao

dong; bao cdo két qua thir nghiém gidm sat rung dong.
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1.4. Két luan chwong 1

- Chuong 1 di phan tich dwoc su can thiét phai nghién ciu gidm sét rung
dong trén dong co diesel tau bién tai Viét Nam.

- Lam rd muc dich, y nghia ctua giam sat rung dong trén dong co diesel tau
bién. Phan tich cac Quy pham ding kiém va céc tiéu chuan vé rung dong trén
dong co diesel tau bién, tir d6 lya chon Quy pham &p dung cho ting loai dang
dao dong nghién ctru va giam sét.

- Phan tich, danh gia cac cong trinh nghién cau trén thé gisi va trong nudc
va dua ra duoc hudng nghién ciu, xay dung ché tao hé thong do, giam sét rung
dong da kénh trén dong co diesel tau bién.

- bit ra muyc tiéu, giéi han va noi dung can nghién ctu cta dé tai luan an
tién si chuyén nganh.

Trén co s& muc tiéu, ndi dung cua dé tai luan an duogc chi ra, cac van dé ly
thuyét co s cho gidm rung dong sé dugc dé cap dén trong chuong 2 vai muc
dich dua ra co s& nén khoa hoc va cdng nghé lién quan dén nhiém vu dat ra. Cac
mod hinh toan, co s& va phuong phap gidm sat rung dong s& duoc kiém ching
trong chwong 3 - trién khai thi nghiém sé (thar nghiém trén md hinh s6, mo
phong). Véi ddc trung riéng biét cua dé tai luan an ndy, két qua ciia md phong sé
s& bao gom mot s6 md dun phan mém cho xu Iy tin hiéu dao dong phuc vu
nhiém vu gidm sét, chling s& dung vao viéc tich hop, xay dung phan mém chung
cho thiét bi do va xir Iy tin hiéu dao dong véi muc dich cudi clng 1a gidm sat cac
dang dao dong twong tng. Tir 6 chwong 3 s& lam nhiém vu chuan bi cho nhiém

vu ctia chuong 4 - xay dyng thiét bi, thir nghiém gidm st rung dong.
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Chuwong 2. CO SO LY THUYET GIAM SAT RUNG PONG TREN
PONG CO DIESEL TAU BIEN

Co s6 Iy thuyét (co s¢ khoa hoc va co so cong nghé, CSKH va CSCN) dap
ung 5 nhiém vu co ban cta qué trinh giam sat rung dong trén dong co diesel tau
bién nhu da phén tich trong Chuong 1: Po (md phong) cac tin hiéu dao dong
cho giam sat rung dong trén dong co diesel tau bién; xu Iy cac tin hiéu dao dong
duoc gidm sat; xay dung cac dac tinh giéi han dao dong; ra quyét dinh va hién
thi két qua gidm sat rung dong. Vi muc dich hoan thién mé hinh, luan &n sé&
khao sét cu thé hon mdi quan hé nhan qua trong md hinh chic ning chung dugc
nghién cau trong chuong nay.

Quan hé nhan qua gitra nhiém vu cua khéi mac gigi han (tham chiéu,
REF.) trén co s& Quy pham Pang kiém Hang hai Lién bang Nga (RMR, phién
ban 2014) va cac khdi chic niang khac, dwoc phén tich qua Hinh 2.1.

Céc nodi dung cua tirng nhiém vu dugc xay dung va thuc hién trén co sé
phan tich, tong hop nhitng yéu cau co ban d6i voi cac dang dao dong dugce dé
cap tai cac noi dung vé dao dong va tiéu chuan dao dong theo Dang kiém RMR,
phién ban 2014 [27]. Phan tinh toan dao dong xoan do tai Viét Nam da c6 quy
dinh twong ng nén luan an sé ap dung theo Quy pham cua Viét Nam - QCVN
21:2015/BGTVT [1] (Quy pham phan cip va dong tau bién vo thép cua Viét
Nam).

2.1. So dd nguyén ly cho giam sat rung dong trén MDE

Trén co s& nghién ciau Quy pham Piang kiém Hang hai Lién bang Nga [27],
cac dang dao dong co ban can dugc gidm st trén dong co diesel tau bién va hé
truc chinh dong co diesel lai chan vit: dao dong xoin (Tosional Vibrations,
TVs), dao dong doc (Axial Vibrations, AVs) va dao dong ngang (Lateral
Vibrations, LVs). Tiy theo ting dang dao dong can xur Iy dé thu duoc céac dic
tinh can thiét, biéu dién trong mién thoi gian hay mién tan s6. Nhiém vy dua ra
két qua giam sat (ra quyét dinh gidm sét) trén co s& thuat toan va phan mém tu

dong so sanh céc tap dit liéu chuan tham chiéu véi tap cac dac tinh hién hanh.
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M@d hinh chtic ning gidm sat rung dong trén dong co diesel tau bien the
hién trén Hinh 2.1.

- M6 hinh héa
QUéEF@m » (Dao dong
( ) cho phép)
/ \ !
Tin hiéu Xir ly tin hiéu ,| Ra quyét dinh
GSRD dao déng GSRD
A
c T 2
1 1
) 4 1 \ 4 \ 4 1
1 | \4
I TVs AVs, LVs ! -
1 1 \©
I I 2
v ) 4 | | % o
| \ 4 | 5) \&J
= 1| Peak-to-peak Dao dong | > o
= % 1
3 o0 ! N Van toc | {é- £
= S o |1 Loc nhieu ! )
p g =) I : I S 5
= = = 1 Y | = £
(@)] 9-452' | I - Ls
E £ | RMS, FFT, | | 5 3
N : 1/3-octave ! &
1 I

Hinh 2.1. M0 hinh chirc nang giam sat rung dong trén MDE

Theo d6, d6i voi dao dong xoan, can dé trinh bang tinh dao dong xoan
(Torsional Vibration Calculation, TVC) téi co quan Pang kiém dé phé duysét.
Sau khi xem xét bang tinh dao dong xoan, co quan ding kiém cé thé yéu cau do
thuc nghiém dé kiém chung két qua cua bang tinh dao dong xoan dbi véi tau
d6ng moi hoac hoan cai, cho tung loai (seri) tau. Trong mot sb truong hop, theo
két qua bang tinh dao dong xoan: khdng xuat hién dao dong cong hudng nguy
hiém, co quan ding kiém xem xét va quyét dinh khéng can thir nghiém dudng
dai @é kiém chung.

Phuong phap va thiét bi do dao dong xoan hién nay thuong dung tem bién
dang dan trén truc trung gian hodc trén truc chan vit. Ung suat xoan bé mét truc
ti & thuan vi md men xoan tac dong trén doan truc. Do vay, tin hiéu dao dong
xoan do dugc s& 1a dai lwong dién, biéu dién wng suat xoan t(t), hay md men

x0an M(t) ciing nhu d6 léch goc Ag (dao dong xoan tuwong ddi gitra hai mat cat
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ctia doan truc duoc do). Ngoai phuong phap do dung tem dan bién dang, mot s6
dang kiem qubc té cho phép str dung phuong phéap va thiét bi do dao dong xoan
(dao dong goc) ¢ dau tu do dong co dé giam sat dao dong xoan cong huaong
nguy hiém, vi du Dang kiém ABS [28].

Tin hiéu dao dong doc trén hé truc chinh dung dong co cong suét I6n
thuong do tai goi d& chan theo Pang kiém RMR [27].

Céc tin hiéu dao d@ong ngang trén dong co diesel may chinh DME (Diesel
Main Engine) theo Ping kiém RMR duoc do tai 13 diém do v6i 24 kénh do dao
dong thang (phu luc PL1, Hinh PL 1.1).

Céc tin hiéu dao dong dugc giam sat dugc thé hién:

(a) - Tin hiéu dao dong xoan hé truc, do bang phuong phap tem bién dang,
vi tri do tal truc trung gian hoac truc chén vit.

(b) - Tin hiéu dao dong doc hé truc chinh lai chan vit, (4p dung cho hé dong
luc tau bién c& I6n, thuong dung dong co hai ky, thap téc c6 gdi d& chin), do
dao dong theo phuong doc truc tai gbi d& chan.

(c) - Tin hiéu dao dong ngang do trén bé mit dong co, do theo cac phuong
thang vudng goc Véi truc dong co, trén dinh va bé may, tai 13 diém do, theo 24
kénh do.

(d) - Tin hiéu dao dong doc, song song Vvéi truc dong co, do trén dinh chir
A, dau ty do cua dong co.

Sensors va b gop DAQ duoc lya chon va tich hop trong hé théng do phu
thudc vao dang tin hiéu do, toc do trich mau, sé kénh can do dong thoi cing mot
thoi diém, muc dich thuc hién GSRD (nghién ctu hay trién khai 4p dung trong
khai thac) duoc trién khai theo két qua nghién cau (a)+(d) néu trén.

Ngoai sb lwong cac kénh do, dang tin hiéu do duoc thdng ké trén, dé dam
bao qua trinh GSRP dugc chinh xac, trong hé théng can c6 1 kénh do pha, danh

dau vi tri bat dau va két thdc trich mau tuong ung véi chu ky lam viéc cia MDE.

2.1.1. So do chirc ning nhiém vu GSRP trén déng co diesel tau bién
Hé thong gidam sat rung dong duoc xay dung phai 1a thiét bi da kénh, duoc
thé hién trén Hinh 2.2.

-31-



DAQ 1

DAQ 2

Chan vit

Hinh 2.2. So dd nguyén Iy hé théng GSRD da kénh trén MDE

Bo sensors accelemeters gom m dau do dao dong ngang,
S, - dau do dao dong doc tai gdi chan (accelemeter), S, - dau do pha
(quang), S, - dau do dao dong xoan (strain gauge)

Vé dao déng xoan: (Torsional Vibrations, TVs). Tin hiéu dao dong xoan
duoc nghién ciu cudi cing 1a ung suat xoan t(t), xu ly theo peak-to-peak, do
chinh a mot nira cua hiéu gitra gid tri cuc dai va cuc tiéu cua tin hiéu nay biéu
dién trong mién thoi gian thuc (Real Time, RT).

Vé dao déng doc: (Axial Vibrations, AVs) va dao dong ngang (Laterial
Vibrations, LVs). Tin hiéu dao dong dugc xur Iy trong mién tan sb (frequency
domain) qua phép bién d6i: FFT, loc 1/3-octave, tin hiéu RMS.

Mirc gi6i han

dao dong
n A M6 hinh héa fi
|_,| Dao dong ngang o Mic B | LALY R Software
(tréndiesel) C LBLV REF
Dao djng doc A Mb hinh héa
e’ [t 8 [ A [
A P MHH
Dao dong xoan | PTVCRs J REF-sw
(hé truc) PTV.IMS

Hinh 2.3.  So db nguyén ly xay dung phan mém xac dinh gia tri dao dong cho
phép theo RMR, phién ban 2014 [27]
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Trén co so phan tich cac dang dao dong dugc gidm sat, luan an xay dung
mo hinh chac ning cho xay dung phan mém xac dinh cac dic tinh gigi han cho
phép. M6 hinh dugc thé hién trén Hinh 2.3 = Hinh 2.6, cac ky hiéu mic d6 cho
phép mic A va mic B (LA, LB) cho dao dong ngang va doc (-LV, -AV) ddi véi
cac ky tu trong tir viét tat: LALV, LBLV, LAAV va LBAV. Ky hiéu miac DDX
cho phép ap dung cho truc khuyu (PTV.CR) va truc trung gian (PTV.IMS).

M®& hinh ra quyét dinh GSRD dugc thé hién trén Hinh 2.4 theo Quy pham
Ping kiém RMR.

Ra quyét dinh GSRD

i i | - Theo muc RMR phu thudc vao f(Hz)
I ! | - Trung binh loc 1/3 octave. ,
: RMR 1| - Tin hi¢u dao dong ngang/doc: van toc
— > mm/s hoac dB.
! AVs, LVs ! | - Ham phu thudc vao f, Hz.
1
1
|
i RMR ! | - Theo muc ang suat xoin cho phép:
I > 0.5(peak-to-peak).
! Vs | - Pon vi MPa, N/mm?®,
1
|

- Ham phu thuoc vao vong quay truc
dong co A=n/n,,.

Hinh 2.4. So dd ra quyét dinh GSRP theo RMR, phién ban 2014

M6 hinh ra quyét dinh giam sat dao dong doc duogc thé hién trén Hinh 2.5
trén co s6 RMR, phién ban 2014.

- - Tin hi¢u dao dgng tai
Ra quyét dinh . | gbi d& chan.
giam sat DPD " RMR, 2014 | - RMS, 1/3-octave
- f (tan so).

Hinh 2.5. Ra quyét dinh dao dong doc theo Pang kiem RMR

Trén Hinh 2.6, dua ramd hinh hién thi két qua giam sat rung dong cho ting
dang tin hiéu dao dong dugc giam sat.
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. - Dat ngudng cho phép, LED: Xanh
Hién thi (Pat yéu cau)
ket qua -
giam sat '| - Trén ngudng cho phép, LED: Pé
dao dong (Khong dat yéu cau)

Hinh 2.6. Hién thi két qua giam sat rung dong

Giam sét rung dong duogc thyc hién cho thoi diém hién tai hodc cho tuong
lai - giam sat dy bao. Trén Hinh 2.7 va Hinh 2.8 thé hién nguyén Iy giam sat du
béo rung dong. Tuy nhién, trong luan an s& gidi han khong xét dén vi diéu kien

thoi gian khéng cho phep.

Do tin hi¢u Xir [V tin
A , w
dao dong tuc hidu | TREND
thoi : >
?
o] RaQb Hién
RT’F du bao N thi

Po tin hiéu Xir I)’/tl'n

dao dong hiéu —>

qua khir )

Hinh 2.7. So d6 nguyén ly giam séat du bao rung dong trén MDE

Pic tinh caa MHH Dw bao
tin hiéu dao dong > quy luat ”|  thoi diém dat
tai to, ty...¢, Bac 1, bac 2(t) ngudéng

A
TREND
REF

Hinh 2.8. So @b nguyén ly xay dung quy luat TREND va ra quyét dinh du
béo rung dong

2.1.2. So dé chirc niing mé phong GSRD trén déng co diesel tau bién

biém khéc biét vé nguyén Iy duoc thé hién trén cac Hinh 2.7 va Hinh 2.9:
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M6 phéng Xir ly tin higu
tin hi¢u rung dong dao dong cho

Y.

! :
! |
! :
! |
1
' | do trén dbi tugng GSRD :
1
! |
I A N L
! 1(}3 k?é]?) L, Hién !
I —{ Y thi !
|
! ~ Mo phéng :
I doi twgng dong co | Tham !
: diesel va hé truc chiéu !
: chinh - chan vit REE. !
! |

Hinh 2.9. So dd nguyén Iy md phong GSRD trén dong co diesel va MPP

Trén Hinh 2.7, tin hiéu dau vao cho xir ly tin hiéu [a cac tin hiéu dao dong
x0an, dao dong doc, dao dong ngang do dugc tir thiét bi do trén déi tuong do
thuec.

Trén Hinh 2.9, cac dang tin hiéu dung cho xir Iy duwgc mé phong tua theo
cac tin hiéu thyc.

Déi twong nghién ctu: Trén Hinh 2.7 1a d6i tugng thuc con trén Hinh 2.9 -
mod phong ddi twong thuc, d6 1a md hinh dong co diesel va hé truc chinh cho xéac
dinh cac tin hiéu dao dong.

Céc khéi con lai gibng nhau.
2.2. MO hinh toan cac dac tinh gi¢i han dao dong dwgc giam sat

Déi tuong: Pong co diesel tau bién - dao dong ngang, dao dong doc cuc bo
trén dong co (theo Quy pham RMR, phién ban 2014).
2.2.1. Gidl han dao dong doc

Tiéu chuan rung dong cho goéi d& chian duoc chi ra trong Quy pham
Ping kiém RMR, phién ban 2014 [27], duoc dua ra trong phu luc PL1.

Tir d6, ta tao véc to dau vao (dugc thé hién theo tha tuc trong tng véi cau
lénh trong MatLab / LabView, xem PL1), luan &n m6 hinh héa theo phuong
trinh toan hoi quy twong (ng duong cong gidi han micc A hay B déu duoc bicu

dién qua 3 doan thanh phan, dugc thé hién:
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9,(f), 16<f <125
Yiamar =9 Yo =const, 125<f <40 (2.1)
g,(f), 40< f <100

Ham s6 g,(f) va g,(f) dugc md hinh hoa bang phuong phéap hoi quy [4] theo
sb liéu ghi trong cac bang gi tri twong ty nhu Bang 2.1 va Bang 2.2 dudi day ap
dung cho mirc rung dong gigi han A (mm/s) LAAV', ap dung cho gbi d& chan,
trich tir ddy sé lieu dudi day.

Bdng 2.1. Sé liéu dau vao dé xac dinh ham hoi quy g.(f)

f(Hz) | 16 ] 2 | 25| 32| 4 | 5 | 63| 8] 10 | 125

g(f) | 15| 19 | 24 3 37| 46 | 5.7 | 7 | 838 11

Trong phu lyc PL2, Hinh PL 2.1 dién giai chi tiét qua trinh md hinh hoa
cac dac tinh gigi han néu trén LAAV va LBAV.
Bdng 2.2. Sb licu dau vao dé xac dinh ham hdi quy g,(f)

f(Hz) 40 50 63 80 100
02(f) 11 8.8 7 5.7 4.6
%o 11

2.2.2. Giol han dao dong ngang

Tuong tu, theo Quy pham Piang kiém RMR [27], c4c dic tinh gigi han dao
dong trén bé mat dong co (dao dong theo chidu vubng goc véi truc quay, dao
dong ngang) duoc thé hién nhu trong trudng hop dao dong doc tai goi d& chan.
Co s6 dir liéu (dau vao) cho mé hinh hda phu thuéc vao hanh trinh piston S,
(cm) cua dong co diesel nghién ciu.

Co so dir liéu cho x&y dung mo hinh cac dac tinh gigi han dao dong ngang
duoc Viét dang cac véc to dudi dang code trong MatLab [4], duoc thé hién trong
phu luc PL1.

Viéc xay dung cac md hinh héi quy duoc tién hanh twong tu nhu trong noi
dung trén, lya chon cac ham thanh phan twong tng cac mac A va B, theo bién
diéu khién dau vao S, cm. M6 hinh dugc tim dudi dang hé phuong trinh (2.2)

cho timg doan duoc Xét.

LLA(B)AV - Level A(B) Axial Vibration: Mc gisi han A(B) cua dao dong doc
-36-



h(f),  16<f<125
Yia@)Lvas) =9 Np =const, 12.5< f <40 (2.2)
h(f),  40<f <100

& d6, hy = const, hai ham sé con lai dugc tim duéi dang da thirc bac 2.
2.2.3. Gidi han dao déng xodn

Ung suat xoan cho phép trén truc trung gian, truc chan vit va truc khuyu
ctia MDE tinh theo A = n/nyy,, trong d6 A: vong quay khai thac twong ddi, n -
vong quay thuc té (vong/pht), n.. (vong/phlt) - vong quay dinh muc.

Cac dac tinh trén duoc dua ra tai QCVN 21:2015/BGTVT, Bang PL 1.5
trong phu luc PL 1.

2.3. Co s6 toan hoc cho do va xir ly tin hiéu dao dong
2.3.1. Co sé khoa hec vé trich mdu do

Cé4c tin hiéu dao dong do trén MDE can ding cho chu ky lam viéc cua
dong co diesel dugc nghién ciu. Doi véi dong co 2 ky can trich mau ding 1 chu
ky bang 1 vong quay cua truc khuyu. D6i véi dong co 4 ky can trich mau dung 1
chu ky bang 2 vong quay cia truc khuyu. Tirdé can c6 céc tin hiéu pha xac dinh
thoi diém dau va cudi cho trich mau.

Thiét bi do co6 bo phat tin hiéu gdm: tan sé trich mau Fs, mau/gidy/kénh. Tur
d6 can xac dinh thoi gian trich mau Ts, hay tong s6 mau can trich #S ding cho
chu ky cdng tac cia dong co.

Gia thiét tién hanh do mét tin hiéu rung dong nao dé (dao dong xoan, dao
dong doc hoidc dao déng ngang) tai cac ché d¢o6 vong quay cta dong co ng
(vong/phat), bién thién twong @ng véi cac ché @6 thir nghiém cua hé dong hec.
Mot vong quay cua truc do sé& can trich lwgng mau bang hodc gan bang vai 2%,
v6i k 1a mot sb tu nhién, dé thuc hién bién ddi Fourier nhanh FFT dugc chinh
x4c nhat. Tuy nhién, ding FFT trong xu ly tin hiéu, trong MatLab ciing nhu
trong LabView, néu luong mau nhé hon 2, ta dién thém dua nhitng sé 0 dé thu
dugc day c6 sé mau bang 2"

Trong céng trinh nghién cau [5], [22] céc tac gia da chi ra su can thiét can
trich du tin hiéu trong mot chu ky cong tac ctia dong co. Néu c6 sai sé trich mau
trong chu ky ndy, s& dan dén sai sé trong xt ly tin hiéu sau nay.
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Trong do va hién thi nhanh két qua do trén man hinh, can cé théng tin
chinh x&c chu ky céng tc ctua dong co. Tin hiéu vong quay ma dong co dugc
trang bi chua that chinh xac nén chi c6 gia tri tham khao. Trong hé thong do can
c6 mot kénh dé xac dinh chinh xac vong quay trung binh ctia dong co, thoi diém
bat dau va két thlic mot chu ky cong tac ciia dong co (dong co 2 ky tuong tng
vé6i 1 vong quay truc khuyu, con MDE 4 ky - véi 2 vong quay truc khuyu). Biéu
d6 rat quan trong khong chi cho ta quan sat duoc céc tin hidu dao dong thé hién
trong chu ky cong tac cua dong co, ma diéu quan trong hon dé ta luu lai 6
lwgng mau can thiét cho xu Iy tin hiéu sau ndy. Trong Iap trinh, luan &n chon hé
sb an toan dé trich mau Ia 2 chu ky cong tac dong co s& duoc trich mau yu vao
b nhé dir liéu do.

Hién nay, cong nghé NI - DAQ NI 9234 (hang NI) cho phép téc do lay mau
ctia DAQ Ién t6i 51.2 kHz/kénh do; NI - DAQ NI 9191 (do bién dang, SG) cho
phép toc do lay mau cyc dai toi 50.0 kHz/kénh do. Vi céc thdng tin ndy, ching
ta thiét [ap cau hinh phd hop cho do va luu trir dit liéu do duoc.

Tin hiéu do trong mién thoi gian thuc lubn chira nhidu:

V(O)=V, (), (1); V=[V,,V,,..V,]' (2.3)

Trong do: V(t), Ve(®), n(t) - tin hiéu dao dong do dugc, tin hiéu dao dong co

ich va nhiéu theo thoi gian do t.
2.3.2. M0 hinh xa ly tin hi¢u dao dgng

Muc dich loc tin hiéu trong mién thoi gian thuc Real time (RT).

Dung mot trong hai b loc 1am viéc trong mién thoi gian thuc dé loai bo

nhiéu: B loc trung binh hoic b loc truot trung binh.

V(D) Ve(t)

—  Bjlec [(—

Hinh 2.10. Nguyén Iy loc tin hiéu dao dong trong mién thoi gian thuc
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2.3.2.1 B¢ loc trung binh
V=[V,V,,...V,] - Lavéc to tin hieu do dwoc cho mot chu ky.

Tai k chu ky, ta c6 ma tran di liéu do cua tin hiéu V
V, V,

11 1n

V=l e (2.4)
V, V,

k1 kn

Tin hiéu c6 ich dugc danh gia qua bd loc trung binh

k
V,=[V, V, .« V[ Ve:%ZVim;m:l,Z,...n (2.5)
i=1
2.3.2.2 B9 loc trung binh trurot
Tin hiéu do duoc thé hién theo véc to
V,=[V, V, .. V] (2.6)
Dé xac dinh theo (2.7) ta xdy dung véc to vao md rong hai phia p mau:
ViV | @.7)
Bo loc trung binh trugt c6 tham sé diéu khién p, ¢ d6:
. 1 & i
V. ()= V(jr 2.8
() 2p+1; (k9 (2.8)
Hay
VAN (o) L e A VAN () R e A VAR (£ o) I
Ve(.l) — ex(J p) ex(J) ex(J p) ,J=(p+1)(n—p) (29)

2p+1

2.3.2.3 Xdc dinh dactinh cia tin higu c6 ich trong mién thoi gian thyc

RMS = /%ivjx(j) (2.10)

Peak-to-peak: Hiéu giira gid tri bién do (gia tri cao nhat va thap nhat)

Peak- to- peak = max(V) —min(V) (2.11)
D4i véi tin hiéu mot diéu hoa
V,, =Asin(2xft) (2.12)
RMS=0,70.A (2.13)
Peak-to-peak=1,4A (2.14)
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2.3.2.4 Xdc dinh ddc tinh cua tin hiéu dao déng trong mién tan sé
- Phép bién d6i FFT thuan (fft(v))

+00 . 2n

Y(K) = > x(n).WEm W, =e N (2.15)
k=0,1, ., N-1
- Phép bién ddi FFT nguoc (ifft(v))
+¥
X()=— 3" Y (k). WE? (2.16)
N =
n=0,1,...,N-1

Véi diy dau vao theo thoi gian x(n) va dau ra theo tan sé Y(k), kich thuéc
N. Thuat toan FET dugc 4p dung cho N = 2,
- Két hop véi FFT vai bo loc 1/3-octave
Phén tich Octave la mot cong cu manh duogc st dung trong xa ly tin hiéu
dao dong va am thanh. Theo IEC 1260:1995 va ANSI S1.11-2004 tiéu chuan
qudc té xac dinh tan sb trung tim f. va tan s6 gi6i han dudi va trén f, f,
(Hz) d6i véi loc bang thong 1/3-octave, xac dinh theo cong thic sau [61]:
f = f.27°~0.891f,; f, = f..2"° ~1.122f, (2.17)
Vi tiéu chuan dao dong dua ra theo bang, tinh trung binh cho dai bang
théng 1/3-octave: [0.891, 1.122] f. tai tan sé trung binh f., ta tinh dwgc mirc do
dao dong tiéu chuan quy d6i cho ca doan tan sé tr f. (i) dén f. (i+1) theo phép
bién d6i tuyén tinh Bang 2.3.
Bdng 2.3. Tiéu chuan dao dong quy doi tuyén tinh tai tan sé f, Hz.

T f(Hz) Gia tri tiéuﬁchuﬁn Ghi cht
T quy doi
1] fl)<f< f,() Ls (A= Lg‘l()X) X - ki hiéu mirc A, B hoac C

i,i+1 - chi sdcua f trung binh;

2 [ T ()<f<f Lspo (= LY v
H L s9 () s - chuan (standard); 8= f - f,

S(X)

(i+1) +8.a/b ()

3L D<T< T | Ly (h= LS a=L03D LD, b= (i+1)- T,
_ S(x SX)
(i) (i)
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2.3.3. Co'sé toan hoc ra quyét dinh gidam sdatdao dgng trén MDE
2.3.3.1Raquyét dinh dao déng ngang trén MDE theo Quy pham RMR [27]
Tai ting tan s6 trung binh f: f €[ f_, f,,] (Hz)
Néu bién d6 dao dong tai tan s6 f : A(f) < LALV(f) — A: Pat yéu cau, B:
Pat yéu cau.
Nguoc lai néu A(H>LALV(f) — A: Khong dat yéu cau.
va A(f) < LBLV(f) — B: Pat yéu cau.
Nguoc lai A: Khdng dat yéu cau; B: Khéng dat yéu cau.
2.3.3.2 Raquyétdinh dao dong xoan trén MDE theo Quy pham RMR [27]
Tai tat ca vong quay khai thac
A=1/n, g, =[ A Ao |

Vi Néu < [r(j)] — Khong c6 dao dong xoan nguy hiém.

Nguoc lai néu 15 <2]1;) | (2.18)

— Cho phép chuyén nhanh qua cong huang nguy hiém.

Nguoc lai » ¢ dao dong xoan nguy hiém can cé bién phép khac phyc.

2.3.3.3 Ra quyét dinh dao déng doc tai goi dé chan theo RMR [27]

Tai tng tan s6 trung binh f: f e [ f,, f,] (Hz), néu bién d6 dao dong tai
tins f:A(f) <LAAV(f) — A: Pat yéu cau, B: Pat yéu cau.

Nguoc lai néu A(f) > LAAV(f) — A: Khong dat yéu cau.

va A(f) < LBAV(f) — B: Pat yéu cau.

Nguoc lai: A: Khong dat yéu cau; B: Khong dat yéu cau.
2.3.4. Co sé toan hec chuyén déi dgngtin hiéu

2.3.4.1 Tin hiéu da hai khéng nhiéu

Gia thiét tin hiéu xac dinh 1a dang tuan hoan, da hai, khong nhiéu, do that
“chinh xac” va viét dudi dang toan hoc V (t) =V, (t), d6 Ia tin hiéu dang van téc.
Ta can tim tin hiéu gia toc ciing nhu tin hiéu chuyén vi tir dang tin hiéu do dugc.

Tin hiéu gia tc va chuyén vi dugc xac dinh theo dinh nghia xac dinh
chung. Chung ta dung hai phuong phap tinh cac dai lugng d6 va so sanh sy
twong dong (tring nhau) giira hai phuong phép.
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- Bién déi cac dang dao dong van toc da hai xdc dinh, khéng co nhiéu sang
dao ddng gia tac
AM)=[V([O]=0V; cos(otty,,)
+20V,cos2ot+y, , ) 3w Vicos(3nt+y,,) (2.19)
=Asin(wt+y,, ) FAjcosRotty,, ) +AssinGot+y,,)
trong do:
A=[A A A =[oV? 20V0 30Vi];
Yo=lVa Yo Yol =[vat®2 yotn2 yqin2] .

A(ti):[\/(ti)]':w;i:1,2,... (2.20)

- Bién déi cac dang dao déng véin toc da hai xdc dinh, khéng cé nhiéu sang
dao déng chuyén vi
D(t)= j V(t)dt
=0V, cos(ot+y, ) H2wm) Vicos2otty , ) +H3wm) *V,cosBot+y,,) (2.21)
=DfSin(cot+y dl)—i—Dgcos(th-i-ydz)+Dgsin(3(ot+yd3);
trong d6
D=[D} D) DIJ=[w’V} (w)'Vi (o)'V]:

T

Yo=[Va Yo Yol =[Ya2 1,12 y,m2]
D(t.,)=D(t)+V(t)dti=12,..N (2.22)
2.3.4.2 Tin hiéu da hai cé nhiéu

Gia thiét tin hiéu khdng xac dinh c6 dang: tuan hoan, da hai, c6 nhidu. Pay
la dang tin hiéu do duoc trong thuc té vi ludn ludn xay ra hién tuong c6 sai sd
trong két qua do. Tin hiéu dang van téc do dugc cd nhidu, véi mic nhiéu Ar =
1.5 nhu da xét tai vi du trén. Ta can tim tin hiéu gia toc ciing nhu tin hiéu
chuyén vi tir dang tin hiéu do duoc cé nhiéu ngau nhién trén.

Tinh gia téc va chuyén vi theo dinh nghia todn hoc xac dinh ching. Ngoai
ra luan an sir dung phuong phap can bang diéu hoa sau khi bién déi tin hiéu do
vé dang cac ham diéu hoa (qua FFT). Tiép d6, xét dén tinh twong dong (tring
nhau) gitra hai phuong phap.
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- Bién déi cac dang dao dong vin toc da hai xac dinh, c6 nhiéu trang sang
dao ddng gia tdc

Phurong phdp 1. Ding FFT bién doi va bo tan sé bac cao.

A O=[V,OT=[V({)+noise] —={[V.2 VS,..]i[¥yisYims---] } -NOISE

(oancos((otwLyvnl)+20)V,?2cos(203t+yvn2)+3mV,?3cos(3(ot+ynV3)

_ (2.23)
:Agls In ((‘OH—Yanl )+A22COS(2 O)t+Yan2 )+Agssin(3 mtﬂan3 )9

A, :[An;J Agz A23:|T =|:O)Vr?1 2(’JVr?z 3(’)Vr?3:|T;
Yan - [Yanl Yanz Yan3 ]T :[Yvn1+n/2 ’Yan +7I/2 Yvn3+n/2]T .
Phuong phap 2. Dung dinh nghia
A, @)=Y, @)1=l o) i 5 |
dt (2.24)
Sir dung phuong phap bién doi trong mién tan sb, dung FFT dé thu dugc

cac dac tinh cua tin hiéu va loai trir nhidu bang cach bo cac tan sb bac cao, chon
ban dau M, tan sé nhat dinh va sir dung phuong phap da néu (2.23).

Phuong trinh (2.24) 1a phuong phap xac dinh dao ham theo dinh nghia.
Phuong phap nay s& khéng sir dung vi c6 sai sé lon.

Ta can dong bo don vi do cua tin hiéu do (gia toc, van toc hay chuyén vi),
va tin hiéu tham chiéu theo RMR. C6 hai quan diém: (a). Bién ddi tin hiéu do
duoc vé dang tin hiéu tham chiéu; (b). Bién doi cac dic tinh tham chiéu vé cuing
dang tin hiéu dao dong do.

Dé han ché cong doan xu Iy tin hiéu do, luan &n chon phuong an (b).

24. Co sé toan hoc cho md phéng giam sat dao dong xoan hé truc diesel
may chinh lai chan vit tau bién &p dung cho hé truc tau KN 375
2.4.1. So dé nguyén ly mo phéng giam sat DPX hé truc tau KN 375

Trén co s& md hinh chirc nang m6 phong GSRD chi ra trén Hinh 2.11, luan
an trién khai xay dung co s toan hoc cho md phong GSDP xoan, ap dung cho
tau KN 375 dong tai Cong ty TNHH MTV do6ng tau Hong Ha (B6 Québc Phong).
Dbi véi mot co hé c6 céac thdng sé dau vao cho tinh TVs, thay cho viéc mo
phong céc tin hiéu TVs do, hoac md phong bang md hinh tin hiéu da hai nhu da
néu tai myuc 2.3.5.1. Phan mém tu dong tinh TVs cho tau MV.HR.34000 DWT
do PGS.TSKH. B Puc Luu xy dung trén LabView, luan an di phat trién phan
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mém trén cho tu dong tinh TVs trén tau KN 375 va mot s6 mo dun phan mém
duoc phét trien, 4p dung cho xay dung thiét bi do, GSDD xoan Hinh 2.12.

P o e o e e e e mm mm mm mm mm Em mm mm e mm e mm mm e Em m mm e e mm e Em e o e o e =

M6 phéng tin hiéu R Xir ly

| |

' :

1

; DPX-USX hé truc tin hiéu DPX !

| 7'y g |

I Ra ! . R .
: quyé't — Hien thi
! - dinh | |

1| Doi twong tau KN 375 Muc giéi " '

1 , X A ~ > > |

I Cac che do mé phéng han (Ref) !

1

1 1

Hinh 2.11. So db nguyén ly chung md phong GS DPX hé truc tau KN 375

2.4.2. Co sé |y thuyét
Thuat toan chung nhat cho mé phong sé gidam sat DDX hé tryc chinh tau
bién duoc thé hién trén Hinh 2.12.

\ 4
- Nhap ché do vong quay khai thac
A =n/n,, = Nn/750
- Nhap che d¢ trang thai xy lanh (s)

1 Normal/Misfire (i)?
I
y A\ 4
Mb phéng tin hi¢u DDX (U'SX) Mo phéng
cua doan truc can giam sat "  REF[(MV)]
3 (A S, 1) 2 [tM)]en
< I
)
X ly tin hiéu > X s
L(_))c/: nhidu | T Ra quyét dinh Hién thi
| Xécdinhpp [ <[tep (). [x]> két qua
4 <TPPO%S)J [T]c.n> 6

Két thuc <

Hinh 2.12. So @6 thuat toan giam sat DDX trén MPP tau KN 375
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Theo Quy pham phan cap va dong tau bién vo thép cua Viét Nam (QCVN
21:2015/ BGTVT) [1] can giam sat DPX ¢ bat ky ché do vong quay khai théc
NAO0 I Nimin - Nmaxe @ Ché d0 trang thai dong co ¢6 tat ca xy lanh lam viéc binh
thuong, ciing nhu khi c6 mot xy lanh khéng chay. Két qua can chi ra xem co hé
c6 roi vao truong hop chiu xoan nguy hiém: Ung suat xoin vuot qué gia tri cho
phép hay khdng? Nguy hiém thudng xay ra & ving vong quay cong huong. Néu
xuat hién cong huong (gan cong huong nguy hiém, t<[t], xét thém kha ning
vuot nhanh qua vong quay nay duoc khong néu t<[tla vuet nhanh)-

2.4.2.1 Lya chon ché dg vong quay dé mod phong

Khdi 1 - chon nhap ché d6 vong quay A = n/ 750 va ché do s ctia dong co
(Normal / Misfire tai xy lanh i ndo d6). Thong thuong A = [0,4 ... 1,2]. Ché do A
can khao sat gan véi ché do cong husong cua node 1, node 2, dya theo két qua
tinh dao dong tu do (FTV) cuia co hé

Ché @6 vong quay md phong n (vong/phat, rpm) chon sao cho k.n = ng;,
hodc k.n = ngy, & d6 ng, Ng, 12 vONg quay cong hudng thap nhat ny; hoac vong
quay cong hudng tha hai ng,.

Hai vong quay ndy duoc xac dinh theo bang tinh dao dong xoan ty do cua
cac hé truc chinh MDE tau bién lai chan vit. Vi du d6i véi tau KN 375, hai gia
tri nay duoc thé hién trén bao céo tinh dao dong xoan, phu luc PL6, [22]. ny; =
495 vong/phut; ng, = 1318 vong/phut

- Ché do cac xy lanh lam viéc binh thuong: k = z - tong s6 cac xy lanh.

- Ché @6 mot xy lanh khdng chéay: k = z - 1.

Ngoai ra, ta co thé xét dén cac kha ning xay ra cong huong tai diéu hoa thir
cap k # z hodc k # z -1.

2.4.2.2 Md phong #ng sudt xoan cho phép trong mé phéng GSDD xodn

Khdi 2 - Tai ché 6 vong quay A can xay dyung dic tinh PTP(L), hay [t(M)].
va [t(M)], dbi véi truc trung gian (IMS, Intermediate shaft) hoic truc khuyu
MDE 4 ky, theo Quy pham RMR. Do DDX tai truc trung gian, do vay tai khdi 2
ta tap trung cho md phong dac tinh PTP(A) cua truc trung gian.
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2.4.2.3 M6 phéng tin hiéu #ng sudt xodn trén doan truc diwroc gidm sat
Khéi 3 - Tai mot doan truc k duoc xét, ing suat xoan t(t) - phu thuoc theo
thoti gian t, hay goc quay truc khuyu ¢ = ot, ® = 2f = 2z2n/60 xac dinh theo md
men xoan tac dong:
M, (t
M, (t):Ck,k+1 [(Pk (t)'(Pk+1(t)]; T, (D)= WL()

k

(2.25)

O d6: C, .- la hé s6 cting xoén (N.m/rad), con W, - M6 men cang chéng
x0an (m°). Hai hé sé nay phu thudc vao vat liéu va kich thuéc hinh hoc cua doan
truc [6].

@, ®,.,- Trang thai dao dong xoan (goc, rad) ciia hai dau doan tryc.

-Nhap céac thdng sé kich thuéc
che d§ cong tac cua dong co
-\Vong quay giam sat n, rpm

- Xay dung dac tinh cong chi thi

P =Piq(o)
- Tinh lwc quéan tinh caa piston

Pat(®)

A 4

- Tinh m6 men xoin
M(¢) = P(9).TF(9)

A 4

Két thic

Hinh 2.13. Thuat toan tinh md men xoin cudng buc tai tirng xy lanh cua
dong co diesel
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Céc trang théi dao dong ¢=[¢, @, .. ¢,] duoc xac dinh qua giai

nghiém ctia md hinh toén viét cho DPX co hé, viét dudi dang ma tran [12].
Ji+ B¢ +Co=M(t) (2.26)

Cac ma tran C, B, J duogc xac dinh va gia thuyét da biét tir co hé duoc xét,
d6 1a cac ma tran hé s cang xoan, hé s can chong xoan, va md men quan tinh
khéi Iugng.

Véc to md men xoan cudng bic (vé phai) duoc md phong cho md men
X04n tai ting khdi lwong tap trung (tai z xy lanh dong co va tai chan vit My(t).

M® men xoan timg xy lanh dugc thuc hién theo so d6 thuat toan, chi ra trén
Hinh 2.13.

Véc to mé men md phong trong mién thoi gian, dugc bién d6i FET dé thu

duoc két qua trong mién tan s6 (dudi dang sé phuc).

M(®) —FT—[YMy, YM(D),...,YM(Mh),...] (2.27)
YM, =[YM, (1),YM, (2),...YM, (n),..] (2.28)

YM,- véc to céac gia tri trung binh

YM,, k=1.2,..., - véc to phd tan (phic) cho tan sé thu k.

Ta can chon M, diéu hoa dau tién.

Doi véi dong co 2 ky, M, = 12; d6i véi dong co 4 ky, M, = 25.

YM, (p)=Re(YM, (p))+i.Im(YM, (p)) (2.29)
p=1,2,3,...,n; Re va Im 4 phan thuc, phan 4o caa sé phac YM(p).

i - s phuc, ¥ = -1.

Giai nghiém phc cua phuong trinh (2.26) theo phuong phap can bang diéu
hoa phtic, nguyén ly xép chong [8]. Tuy nhién, trong md phong giam sat DPX,
tac gia [6] s dung phuong phap hai 1an md phong twong duong & ché d6 cong
huéng va gan cong hudng.

Lan 1: M6 hinh hoa. Hé dong hec chinh diesel lai chan vit.

Hé dao dong xoan c6 n bac tu do va hé phuong trinh (2) gom:

I, 3o, ... Jn - M men quan tinh khéi lwong ctia n khdi lwong.

Cow, Ci2, ...,Ch1n - Hé s6 cung xoan.
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dy, d,, ...,d, - Hé sb can xoan (trong) cua cac khoi lugng.

M, (1), My(t), ...,My(t) - MO men xoan cudng bic tai cac khoi luong.

Lan 2: Tai cong hudng va gan cong huong tan sé wy;, cac khdi lugng thuc
hién dao dong dong pha @ = oy @y, k= 1,2, ..., n.

o - dang dao dong tu do cua khéi Iugng K tai ®o;

ag = AlAy - ty s6 bién do dao dong tu do cua khdi lwong thir k va thi
nhat.

Hé n bac tu do mé hinh hoa thanh hé 1 bac ty do, voi thong sé quy doi
[10], [12]:

JojPej e TCei P =M, (2.30)

Céc hé s6 J;,C,,d, M, duoc xéc dinh:

3472 3107agiCy=D Ciy(0-0)’;
i=1 i=1

dy :;djwj“ﬁ;Mej.k:;Mi.k“i.j (2.31)

Sau khi giai nghiém tai ché d6 cong huong va gan cong hudng, ta thu dugc
(Plj:(pej(t) va P70 Py;
T do: My, 7C, e (045 -0g )9y (2.32)

2.4.2.4 M0 phong xi ly tin hiéu dao déng xodn trén truc trung gian

Gia thiét chung ta do dugc (ng suat xoan trén doan truc k # 0 duoc (vi du
trén doan tryc trung gian), tin hiéu do nay t4, €6 nhiéu:

Tgo (D= (OM(D) (2.33)

O d6 tin hidu z,(t), 7(t) 12 thanh phan tin hiéu c6 ich ciing nhu thanh phan
nhiéu. Khi chiing ta mé phong tin hiéu dao doéng xoin, ngoai thanh phan xéac
dinh theo (2.32) ta cong thém nhiéu dé c6 tin hiéu gia do duoc (2.33).

Dé thu duogc két qua gidm sat, can tién hanh loc nhidu trong mién thoi gian

thuc, qua bo loc trugt trung binh.
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Tgo (D) ﬂ)TdO.F (t)

Xir Iy tiép tin hiéu da loc dé xac dinh gia tri: Tp=%(rmax “Trin)

7,- Gia tri tin hiéu da xur ly, bang mot nira ciia bién d6 peak-to-peak (hiéu
hai gi& tri cuc dai va cuc tiéu).

2.4.2.5 M6 phong ra quyét dinh trong GSDD xodn trén truc trung gian

Khéi 5 - Tai ché d¢o vong quay A = [0,4 ...1,2], tng vai ché do s dugc chon,
sau khi tinh dugc cac dic tinh hay ©()), can so sénh véi hai dac tinh cho phép:

a = [t(A\)]: va b = [t(1)], theo Pang kiém RMR.

2.4.2.6 Hién thj két qua GSDP xodn trén truc trung gian

Khéi 6 - Hién thi cac do thi dac tinh gidm sét dao dong xoin mot cach truc

giao dudi dang do thi va bang dir liéu.
2.4.3. Panh gia d¢ tin cdy cua dir ligu vao [47]

Tap dir liéu thu dugc trong mot ché do gidm séat can kiém tra do tap trung
ctia nd xem trong qué trinh thu thap c6 sai sb thd nao khong. Vi & mot ché do
giam sat nén sai khac qua cac lan gidm sat chi do tac dong ngau nhién (nhiéu)
bén ngoai hoac tir sai s6 nho, ngau nhién cua qua trinh 1am tron sé khi tinh toan
(md phong tin hiéu vao) hoac tir thiét bi do.

Tap dau vao duoc Kiém tra ¢ tap trung (¢6 dong nhat) dir liéu theo mot
trong cac phuong phép thong ké nhu: tiéu chuan student (t-conterk), tiéu chuan
schi (* - criteria). Trong luan &n s& tién hanh theo thdng ké schi.

Tap dit liéu gia st qua m Ian lip, mdi lan tin hiéu dao dong trich dung N =
2k mau, k = 8, 9 hoic 10 twong ung voi 1 chu ky céng tic cta dong co diesel.
Do dai N cua mot tin hiéu s& chi phdi thoi gian kiém tra d6 tap trung cho N
diém, vi viéc kiém tra tién hanh tai ting thoi diém trich mau.

% kiém tra do tap trung tin hiéu theo N diém trich mau.

fork = 1:N

% kiém tra do tap trung tai timg diém k;

end
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Tai timg diém trich mau k, k = 1-N, xéc dinh gia tri trung binh

1 m
Vm.k - § ,V(i,k);
N5

va tong binh phuong céc sai s6 SE véibac ty don, =m-1

SE = Z (V(i,k) _Vm.k)z;
i=1

kiém tra gia thiét thong ké schi, a = 1%, hay a = 5%

H,: SE/n, <H/_(n)

H, . nguoc lai.
25. Co sé toan hoc cho md phéng giam sat dao dong doc hé truc diesel
may chinh lai chan vit
2.5.1. Nguyén ly md phéng gidm sdt dao déng doc hé truc diesel tau bién ¢
trang thdi rung déng tai thoi diém giam sat

Nguyén Iy mé phong giam sat dao dong doc hé truc diesel tau bién & trang
thai rung dong tai thoi diém gidm sat chi ra trén Hinh 2.14.

Xay dwng giatri, dac tinh gioi han
DDD hé truc chinh: Pong co may chinh lai
chan vit (REFERENCE AX.VIBR)

A 4

M6 phéng tin hig¢u
DBD hé truc chinh:
DPong co may chinh lai R * it v
4 i a quye o R R
chan vit dinh Hién thi
danh gia k_ét qua
v v dao déng giam sat
Xir 1y tin hiéu dao dng (doc dao dong
doc da mé phéng » hiéntai doc

Hinh 2.14. So @6 nguyén ly cau triic chirc nang chinh cta nhiém vu mé phong

giam sat DPD hé¢ truc chinh dong co may chinh lai chén vit
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2.5.2. Co sé khoa hgc cho md phéng gidm sdt dao déng doc tai goi dé chin
2.5.2.1 Yéu cau phap quy

Quy pham Vé phan cip va dong tau bién vo thép cta Pang kiém Hang hai
Nga (RMR, phién ban 2014) [27] quy dinh mic d6 dao dong doc tai gbi d&
chan, xac dinh theo van téc (Vibration rate, mm/s hoac dB) qua loc tan s trung
binh 1/3-octave, tinh vé dai lwgng cin bac gi tri binh phuong trung binh RMS
(Root-Mean-Square).

Quy pham dua ra quy dinh d4i véi dao dong cua dong co diesel may chinh
theo phuong doc (Axial vibrations) khong dugc vuot qua ngudng LAxy <
[PALV] ddi vai dong co diesel 2 ky.

2.5.2.2 Mé hinh todn xdac dinh tin hiéu dao déng doc

Theo RMR [27], tin hiéu do DPD tai gdi d& chan, dang tin hiéu van tdc,
don vi do mm/s hoac dB qua loc 1/3-octave, RMS. Ttr @6 ta ¢6 nhan dinh sau:

Tin hiéu dao dong doc mé phong duoc xac dinh tir mo hinh toan co viét
cho co hé dong luc chinh diesel lai chén vit, dudi dang ma tran:

MX + DX +CX = F(t) (2.34)

O d6: ma tran khéi lugng tap trung M, ma tran do ctiing C, ma tran hé s
can D va véc to F dugc xac dinh hoac duoc md phong. Cac ma tran hé sé M, C,
D duge xac dinh theo cac dic tinh khéi lwong, kich thude ciing nhu tinh chét cua
vat liéu ché tao céc chi tiét cua hé dong luec ME-Pr.

Véc to luc cudng buc F(t) dugc md hinh hoa theo cac hrc doc truc do cac
Xy lanh ctua ME ciing nhu chan vit sinh ra.

Giai (2.34) theo phuong phép hé toa ¢ chinh cin bang diéu hoa, sb phic,
nguyén ly xép chong (surperposition) [8].

Dau tién giai bai toan dao dong ty do dé xac dinh 3 tan s riéng ey, We,
Moz, (rad/s) hoac nyy, Ny, N3, (VONG/phut)

No=30w/m, j= 1, 2, 3 cling nhu véc to dang twong ung

o = [1, o}, ..., Gnjl; 0k = Axi/Ayj - bién do dang trong d6i ctia dao dong tu
do khéi lwong k so véi khéi lwong dau trén tai tan s6 riéng j.

Giai bai toan dao dong tu do dé tim nghiém cua:
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MX+CX=0 (2.35)

Theo phuong phip ma trdn. Ding phian mém MatLab (m.file) hoac
LabView (Mathscript).
Bai toan xay dung mé hinh toan dao d¢ong doc chuyén vé hé truc chinh cua
cac dao dong twong (NG Vi tan o riéng wgy, Mg, Va wes VOi phép bién doi:
X;= X, J=1,2,3 va

2.36
k=2,3,...,n ( )

O ché do vong quay md phong o (c6 thé gan hoac xa vong quay cong
hudng o) ta tim nghiém dudi dang:
X ® Yoo,y T0o Y, T3, (2.37)
y; - hé toa d¢ chinh.
Hé phuong trinh (2.35) ¢6 n phuong trinh (n khé lon) duoc quy doi tuong
duong vé hé 4 phuong trinh viét cho 4 toa do chinh y;;

meoyo +d eOOyO +d e01yl+de02y2 +de03y3 =Fe0 (2 38)
3

mejyj+Cejyj+Zdekjyk:Fej ’J = 1’ 2’ 3 (239)
k=1

Cac hé sb cua phuong trinh (2.38) va (2.39) duoc xac dinh tir phép thé
(2.35) vao hé (2.34) [10].

n n

- . _ 2 .

meo_zmi ’mej_zmia ij>
i=1 i=1

C, =2Ci,i+l(aij-ai+1,j)2;C01:O (2.40)

i=0

n
_ 2 _
dejk —Zdimj 004 =d g
i=1

Fo=> FiFy=> Fay (2.41)
i=1 i=1
3
F,()=>_F,&xp*",j=0,1,2,3 (2.42)
k=0
F,« - biéndd (phic) dieu hoa bac k cua phép bién doi FFT cho F,(t)

-52-



Giai nghiém (2.39) theo phuong phép can bang diéu hoa phuac cho hé

phuong trinh (2.43) viét tuong duong co hé (2.39):

3 Mh .
mej'yj+cej'yj+Zdekj'yk=ZFej.keXp(lwt)
k=0 k=1
j=0,1,2,3
Giai (2.43) theo nguyén ly xép chong, diéu hoa phtc.

(2.43)

Nghiém (2.43) dugc tim dudi dang tong céc nghiém thanh phan theo ting

diéu hoak =1, 2,...Mh.

Mh
Y=>Y4

k=1

Yk = [y0k Yik Ya Y ]T ,

Y, =(H.H) HF,

. T
Vol Fk:|:|:ejk1 Fejkz Fejkn:|;
H={H(p,q)};
p,g=1,...,n
— 2 . .
H (®.p) _Cep "0 Mg, Jrlmj‘delolo ’
H,_ . =iw.d

(p.a) j"%epg>
Nghiém dao d¢ong doc cua hé (2.34) duoc viét dudi dang:
X=[x0 %0 .. x,©] hay

Z=[z,() zZ,@® .. z,0] .=12,...M,...
Z=fft(x) - Bién do6i FFT cho n kénh tin hiéu X(t)

Mh
Hay Zm:Zka’ka :amk+ibmk

k=1
m - chi s6, vi tri cua gdi d& chan trong md hinh.
Do X (0=Yo (O+0,y, (O 0, Y, (DF0,,,y5()
Nén Xml(t)=if'ft(me (f))

me = [O’ Zm.lzm.2 1ty Zm.Mh ! O]’
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(2.45)

(2.46)

(2.47)

(2.48)

(2.49)



Kich thudc véc to = 512
xm(t)=real(iff(z )

Lok =Yook T Yo F0 o Yo T0L5Y g
Z K = [1amlam20“m3 ] 'Yk

m

(2.50)

2.5.2.3 M6 hinh todn xdac dinh dac tinh theo Quy pham RMR [27]

Xir Iy tin hiéu dao dong doc theo Quy pham Ping kiém RMR, 2014 [27],
tin hiéu dao dong doc tai gdi d& chin duoc roi rac hda 512 diém, ding cho 1 chu
ky dong co lam viéc.

Xon = Xgpeg = [ X (1) X (2),-... % (N) [;N=512 (2.51)

Xm(MM) - chuyén vi.

Chuyén doi, xtr ly tin hiéu X, sang tin hiéu van téc Vd (mm/s) bang phép
dao ham, sur dung ham diff () trong MatLab va LabView.

V,=[V,(1) V4@ .. V4(N)]:N=512 (2.52)

X (k+1)-x_(K) _ Axm(k)
tk+1)t(k) At
60 T

T=—;At=—;
n B

Vi (k)=

Xac dinh gia tri FFT ¢6 bo loc 1/3-octave cho tin hi¢u Vd(t), str dung cong
cu trong c6 LabView qua g6i phan mém chuyén xir Iy tin hiéu dao dong va am
thanh (Sound and Vibration Toolkit, SVT) [56]. Ta thu duogc:

V, =V, (D). Vy (N VRa =[ VR, (1) VR, (M)] (2.53)

1/3-octave
VR, - Bién d6 cua diéu hoa trung binh qua bé loc 1/3-octave

Day s61,2,3...M la s6 th tu cuia c4c tan s6 trung binh twong tmg dugc chi
ra ¢ bang sau, tinh theo RMR [27]:

STT 1 2 3 4 5

fr.1/30ctave: HZ
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2.5.2.4 M6 hinh xac dinh mirc dé dao dong doc cho phép theo RMR [27]

Murc d6 dao dong doc cho phép (Permit Axial Vibrations, PAV) chi ra cho
dao dong van téc gbi d& chan, gia tri RMS, tinh trung binh theo cac tan sé loc
1/3-octave (RMR) [27] duoc chi ra trong phu luc PL1.

Dé thuan tién cho viéc ty dong xac dinh cac gia tri mic dao dong doc cho
phép tai tirng tan s6 fy, nhu trén, luan &4n xay dung md hinh hdi quy bac 2 (twong
tu nhu trong muc cho dao doéng xo0in) va kiém tra do tin cdy cua mo hinh dat
muc 95% hoac 99%.

2.5.2.5 M6 hinh toan ra quyét dinh trang thai dao dong doc duwoc giam sat

Tai ting tan s6 trung binh fu, 1z0cave ViEt gon fip, VA thuc hién kiém tra bién
do cua diéu hoa:

VR(f,) <LAV(f,) (2.54)

Néu dung, LAV? - Dat yéu cau, LBV - Pat y&u cau.

Nguoc lai, kiém tra tiép

VR(f,) < LBV(f,) (2.55)

Néu ding, LAV - Khong dat yéu cu, LBV® - Dat yéu cau.

Nguoc lai, LAV - Khong dat yéu cau, LBV - Khong dat yéu cau.

2.6. Md hinh dic tinh dao déng gi¢i han quy doi tir van téc sang gia toc

Theo Quy pham RMR [27], dac tinh dao dong gidi han dugc dua ra dudi
dang dao dong van tdc, xét cho ting tan s6 trung binh f (dao dong doc, dao dong
ngang), trong khi d6 tin hiéu do dugc thuong ding céc cam bién gia téc. Tir do,
dé tién loi cho qua trinh gidm sét va giam thiéu qua trinh tinh, xi ly tin hiéu dao
dong phuc tap, chia nhidu, luan 4n da nghién ctu Xay dung co sé ton cho bién
dbi cac dac tinh gigi han tir dang van téc sang dang gia toc.

Tin hiéu dao dong cho phép (mirc A va B) déu duoc dua ra dudi dang bang
theo tung tan sé f, Hz (trung binh qua loc 1/3-octave), don vi bién do RMS
mm/s. M6 hinh toan cho timg diéu hoa dugc viét dudi dang sau:

LAV(f)=A,;cos(2rft);LBV()=B,,cos(2nft); (2.56)

2LAV: Level Axial Vibration - Muc d¢ dao dongdoc A (cho phép), dong co moi xuat xuong.
$LBV: Level Axial Vibration - Mirc do dao dong doc B (cho phép), con an toan, song can theo ddi.
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Theo dinh nghia: dao ham van toc cho gia trj gia toc. Ta co:
LAA(f)=2nfA  ;cos(2nft-n/2);LBA(f)=2nfB, ;cos(2nft-n/2);
LAA(f)=A,cos(2nft-n/2);LBA(f)=B,;cos(2nft-n/2),

/\af::ZRﬁAvf;Bafzzznmef 0157)

Trén co s& mo6 hinh trén, ching ta xay dung thuat toan tu dong tinh bién do
va pha ctia cac diéu hoa wng voi tirng tan sb diéu hoa f (Hz) hay o (rad/s). Thuat
toan trén dé dang duoc trién khai cho lap trinh ty dong xay dung cac dic tinh
gioi han tai hai mic A va B cho cac dang dao dong ngang va dao dong doc
tuong tng trong LabView.

2.7. Co sé cong nghé cho giam sat dao dong trén dong co diesel tau bién

So dd nguyén ly thiét bi giam sat dao dong trén dong co diesel tau bién da
duoc dua ra tai Hinh 2.2, gdm khdi cac dau do, khdi DAQ, CPU va man hinh
hién thi, loa tich hop.

Vé nguyén ly cau tao hé thong do, GSRD gom khdi cam bién - sensors (S),
chia 1a 02 loai cam bién: do rung dong trén bé mat chi tiét tinh (khong chuyén
dong) va loai tha hai ding tem bién dang do bién dang trén bé mat truc quay.
Ngoai ra, can 01 sensor danh dau pha: diém chét trén, diém chét dudi, cling nhu
néu c6 thé xac dinh van toc quay truc khuyu dé dam bao qué trinh trich mau du
va chinh xac.

Khéi thir hai - bo chuyén dbi twong tu - s6 (Analog Digital Convertor,
ADC) nhiéu kénh. Cong nghé dién tir hién dai da tich hop thanh cac bo thu thap
dit lieu DAQ (Data Acquisition) da kénh. Nhu vdy, ta can xac dinh s6 kénh can
do ddng thoi dé phan tich, xay dung hé thong véi cac bd DAQ tuong tng.

Véi céc dang tin hiéu do dao dong thang c6 thé gop thanh mot nhdm, sir
dung chung mot cDAQ (Chasis DAQ, khung DAQ, hop chira DAQ). Nhdm tin
hiéu bién dang can thiét ké mot cDAQ khéc, pht hop véi dang tin hiéu bién
dang, micro.

2.7.1. So dé nguyén |y bién déi thong tin GSRDP trén dong co diesel tau bién

Trén Hinh 2.15 thé hién nguyén ly dong théng tin trong giam sét chan doan

rung dong MDE, ta thdy cac diém “mdc” dang tin hiéu sau day:
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Mdc 1 - Tin hiéu trang théi rung vat ly cta dbi tuong do. Tai diém do c6
thé 1a dao dong gia téc, van téc, chuyén vi hay pha danh dau thoi diém do, van
téc quay cua truc. Tin hiéu nay duoc cac cam bién cam nhan trang thai cua dbi

tuong va chuyén doi thanh tin hiéu dién theo nguyén Iy hoat dong cia cam bién.

SO PO NGUYEN LY 5C PO NGUYENLY
CAU TRUC THIET Bl CAU TRUC THIET BI
(Quan diém phin cimg) : (Quan diém dong théng tin)

(rung djng, vong quay, ... )

SENSORS
m —ACCELEMETRS

01 -Phase S.; 02 -SG

l C:b Tin hiéu twrong ty co khi. sO
|
|
|

Tin hiéu twone tr dd cim bién:

I
I
@ <:F> u(t) / i(t); chira nhiéu; dwgc

khuyéch daiban dau

I
|
DAQ I
(Data Acquisition)

I
I
|
I
I
I
|
I
I
I
I
I
I
- — |
Tin hiéu sd: n kénh;cd chika nhiéu |
I
I
|
I
I
I
I
I
I
|
I
I
I
|

l CPU-Xit i bang chwong trinh:
CPU Filter; FFT; Real time;

Gia tbc <>vin toce> chu}'én vi;
Tac DHCD (GS) =RA QD GS & DB

LAPTOP/PC/
INDUST. COMPUTER

~

l @ ¢——= -Realtime; FFT rung dong;
-DHCP (GS) == KQ GS & DB

Interface Drivers
MONITER
PRINTER, DISK u

Thong tin MNikc 46 RD / Ngwing
@ — Trang thii RD HH/ DB
I Load: Save: Print

Hinh 2.15. So @6 nguyén Iy bién d6i dong thong tin trong giam sat rung dong
Méc 2 - Pau ra ctia cam bién dua vao bo thu thap dir licu DAQ. Théng
thuong cac tin hiéu dang dién 1a tin hiéu twong tu, dugc “bam” theo nguyén Iy
hoat dong cua bo bién doi twong tu - s, dugc tich hop vé mat két cau trong bo
DAQ. Trong DAQ c¢6 thé diing mot s bo loc ban dau, tin hiéu duogc khuyéch dai
ban dau dé dau ra 1 tin hiéu dién c6 dai lam viéc bién thién trong mot pham vi
phu hop.
Mdéc 3 - Tin hiéu ra tir DAQ tuong tng, c6 dang tin hiéu sé, phd hop véi
tin hiéu vao may tinh, duoc dua tdi bo xir ly trung tam trong may tinh (CPU).
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Tai day, tin hiéu dao dong tir dang s, c6 chira nhidu duogc loc nhiu, dugc bién
doi vé céc dang tin hiéu c6 ich khac, dugc goi la dau hiéu chan doan (DHCD,
DS - diagnostic sign). Dang tin hiéu s& c6 dang cudi ctng phu hop theo muc tiéu
cua bai toan GSRD .

Mdc 4 - Dang tin hiéu da dugc xa Iy va c6 dang phi hop voi két qua ra
quyét dinh giam sat. Tin hiéu duoc biéu dién dudi dang d6 thi, dudi dang dén
béo dong, dudi dang sb chi bao, hay dudi dang dong thong tin (dong Ky tu) vé
trang thai rung dong da duoc ra quyét dinh sau cing trong GSRD.

Méc 5 - Dang tin hiéu dua ra dudi dang béo céo ky thuat (REPORT) hay in
4n (PRINT). Tin hiéu duoc hru lai dui dang file co s& dit licu phit hop (excel
pdf, tdms, Iv,...).

2.7.2. Co sé cong nghé lua chen bg cam bién

- Sensor (cam bién) dao déng ngang: Hién nay trén
thi trudng co rat nhiéu dang sensor: Sensor gia téc, sensor
chuyén vi, sensor van tdc cua céc hang noi tiéng trén thé
gi6i nhu: Sensor cia hang MMF (Bc), sensor ACC768A
Omega (Hoa Ky) [57], sensor IMI cta hdng NI (Hoa Ky)
[50], Showa (Nhat Ban) [58], Omron (Nhat Ban) [59], _"
Kyowa (Nhat Ban) [60]... Trong cong trinh nghién ctu

cta luan an, dé phu hop voi bo bo gop dir liéu va loai tin hiéu vat Iy thu duoc
nham tién hanh xt Iy tin hiéu, luan an lya chon cam bién do rung dong gia téc
Accelerators IMI cua hing NI (Hoa Ky). Cac dic tinh cua loai cam bién IMI
duoc chi ra trong phu luc PL5.

- Strain gauge (SG) tem bién dang: Viéc hra chon

kiéu loai tem bién dang cho pht hop véi cau hinh chung

ctia hé théng 1a mot 1a cong viéc phuc tap nhu lya chon
loai cau 1/4 (1/4 bridge); cau 1/2 (1/2 bridge) hay full
bridge, dién trg, bl nhiét, vat liéu... Trén thi truong c6 nhiéu loai SG: Kyowa

[60], Showa [58] - Nhat Ban...Trong nghién cutu, luan an lya chon SG héang
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Showa - Nhat Ban, do bién dang xoan bé mit theo cau 1/2, con bién dang doc

(kéo nén) - diing cau 1/4. Céc tinh chat co ban duoc chi ra trong phu luc PL5.

- Sensor pha: luan an lua chon sensor pha dang quang hdng Omron (Nhat
Ban) [59]. Cac dac tinh cua thé hién trong phu luc PL5.

2.7.3. Co so cong nghé lua chen bg gop da ligu DAQ

DAQ va cDAQ cho tem bién dang cong nghé cia NI (Hoa Ky).

Lua chon DAQ 9237 - dung do bién dang,
loai DSUB 4 kénh, 24 bit, 50k S/s/ch, nhiét do l
hoat dong - 40 dén 70 °C; c6 bu nhiét va kha Fa =

: P,

nang tuong thich véi tem dan loai: cau 1/2, 1/4
cling nhu day da (full bridge). DAQ nay dit
trong khung cDAQ 9191 hinh bén, la thiét bi
khong day, Wi-Fi, c6 thé dung dé lap ghép vai nhiéu bo do khac nhau va cé
chitc ning thu phét nhiéu loai tin hiéu/cam bién vao/ra dang sé hoic twong tur
khac nhau.

DAQ va cDAQ ciia NI cho cdc sensors dao dong thang va pha.

Lua chon DAQ 9234 - B thu thap cac tin hiéu

am thanh va dao dong 4 kénh, toc d6 lay mau 51,2 kS ——-M-"ej
/s,, dién ap +£5 V, NI - 9234 ¢6 thé do t’in hiéu tr cam E"
bién &p dién tich hop (IEPE) va cam bién khong IEPE lj
nhu gia téc ké, may do tbc 6 va khoang cach dau do. t’j

NI - 9234 dit trong khung cDAQ9184 [12]. Chi tiét ﬁh——
trong phu luc PL5.
2.7.4. Co sé cong nghé lua chen CPU va thiét bi ngogi vi

CPU: 1a bo xtr Iy trung tdm, c6 thé 1a mot PC hodc mot Laptop, hodc mot
may tinh céng nghiép, c6 cau hinh du manh dé thuc hién do, hién thi nhanh két
qua do, dir liéu do, hién thi két qua xtr 1y rung dong cho GSRD, Iuu trir va hién
thi két qua GSRP da xir ly cudi cung, luu trir két qua giam sét, bao céo va in an,

c6 tinh ning nhan wifi 802.11. C4u hinh may cang manh thi kha ning xt ly di
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liéu cang nhanh va hru trir dugc dung lugng lon tao thuan lgi trong qua trinh thu
thap, xa ly va phan tich dir liu.
Pé thuc hién diéu ndy, cac may tinh xach tay hién nay cling véi cac thiét bi

do kém nhu may in, loa déu thoa min dugc yéu cau cau hinh can thiét.

Cong trinh luan &n lra chon céu hinh cho CPU va céc thiét bi ngoai vi
trong t6 hop MMMVS trén MDE nhu sau: Méy tinh xach tay Laptop; May in
(printer); Loa (Speaker).

2.75. Co sé cdng nghé l@p trinh trén phan mém LabView va MatLab

LabView (Laboratory Virtual Instrumentation Engineering Workbench) la
mot phan mém may tinh duoc phét trién boi cong ty National Instruments, Hoa
ky. LabView con duoc biét dén nhu 1a mot ngdn ngir lap trinh voi khai niém
hoan toan khac so véi cac ngdn ngir lap trinh truyén thong nhu ngdn ngir
C, Pascal. Bing cach dién dat ct phap théng qua cac hinh anh tryc quan trong
mdi truong soan thao, LabView con duoc goi vai tén khéc 1a Iap trinh G (viét tat

ctia Graphical, nghia 1 d6 hoa).

LabView dugc dung nhiéu trong cac phong thi nghiém, inh vuc khoa hoc
ky thuat nhu tu dong hoa, diéu khién, dién tir, co dién tir, hang khdng, ... Hién
tai ngoai phién ban LabView cho céc hé diéu hanh Windows, Linux, Hang NI da
phét trién cac md dun LabView cho méay hd tro c& nhan (PDA). Céc chirc ning

chinh cua LabView cé thé tom tit nhu sau:

Thu thap tin hiéu tir c&c thiét bi ngoai vi nhu cam bién nhiét @, hinh anh
tir webcam, van téc cua dong co....

Giao tiép voi céc thiét bi ngoai vi théng qua nhiéu chuan giao tiép qua céac
cong giao tiép: RS232, RS485, USB, PCI, Ethernet. Po va xtr ly cac tin hiéu thu
nhan dugc dé phuc vu cac muc dich nghién ctiru hay muc dich cua hé théng ma
nguoi lap trinh mong mudn. Xay dung céc giao dién nguoi ding mot céch
nhanh chéng va thiam my hon nhiéu so véi cac ngdn ngir khac nhu Visual Basic,
MatLab,..
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Phan mém nén LabView duoc tich hop véi cac md dun xu ly tin hiéu dao
dong va am thanh (Sound and Vibration Toolkit, SVT), mé dun xir ly bdo céo
(Report toolkit) cing véi nhiéu thiét bi ao (Virtual Instruments, V1) cta chinh
ban than LabView.

MatLab [a phan mém c6é kha ning xt Iy todn hoc manh, duoc lap trinh
trong m.file. Nhitng két qua ndy c6 thé duoc chuyén thé nhanh va hau nhu
khong thay d6i cau tric lénh sang LabView voi md dun Matscript twong Gng
trong LabView.

2.8. Kétluin chwong 2

Chuong 2 d3 giai quyét duoc cac van dé chinh sau:

- Dua ra dugc mo6 hinh chirc nang GSRD trén MDE, m6 hinh chirc nang
mob phong cac dac tinh gidi han dao dong dugc giam sat.

- P& xuat md hinh giéi han dang dao dong ngang va dao dong doc twong
duong trén co s& cé4c tiéu chuan Quy pham RMR trong mién tan sé, 1/3-octave,
RMS véi dao dong gia toc (Muc 2.6). Pay la mo hinh xac dinh nén do tin cay
cao, giébng nhu do tin cay dua ra tir cac tiéu chuan gbc, va rat thuan tién cho qué
trinh ra quyét dinh giam séat dao déng. Tir d6 qua trinh gidm sat dao dong doc va
ngang bét duge cac budc trung gian chuyén doi tir dao dong gia toc sang van
téc. Do vay, thuat toan trien khai giam sat rung dong dua trén co so phuong
phap cai tién ndy sé& nhanh va c6 d6 chinh xéac, do tin cdy cao hon so v4i phuong
phap néu trong muc 2.5.

- Pua ra dugc co so toan hoc cho do va xur ly tin hiéu dao dong, cho mo
phong gidm sat dao dong xoan hé truc diesel may chinh lai chan vit tu bién ap
dung cho tau KN 375, cho m6 phong giam sat dao dong doc hé truc diesel may
chinh lai chan vit tau bién.

- Pua ra co sé hra chon cdng nghé phan ctng va phan mém cho giam sat

rung dong trén dong co diesel tau bién.
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Chuwong 3. MO PHONG GIAM SAT DAO PONG TREN PONG CO
DIESEL TAU BIEN

Nhu d3 phan tich tai chuong 1 tong quan vé giam sat rung dong ciing nhu
chuong 2 d3 xdy dung co s ly thuyét cho gidm séat rung dong, ta nhan thay bai
to4n tng dung gidm sat dao dong can tu dong do, xir Iy tin hiéu va ra quyét dinh
vé trang thai dao dong cua ddi tugng trén co s& dit liéu tham chiéu ting dang
dao dong dugc xét. Giam sat rung dong dugc xét cy thé cho ting dang dao dong
twong ung va chi ¢ két qua khi co thiét bi do va giam sat dang dao dong do.

Muc dich xuyén sudt cua luan an [a xay dung thiét bi do hién dai, da kénh;
do, gidm sat ba dang dao dong ddng thoi trén dong co diesel tau bién. Thiét bi
can xay dung bao géom phan ciing, phan mém, tich hop (cé hiéu chinh, hiéu
chuan) gitra chding, va kiém nghiém thuc té.

Trong chuong ndy, luan &n s& trién khai xdy dung mot sé6 mdé dun phan
mém hay thiét bi 40 co ban (trong LabView, duoc goi la VI, Vitual Instrument)
thuc hién cac chirc ning quan trong trong phan mém cua thiét bi do, giam sat
rung dong. Thuc té cua viéc xay dung cac md dun phan mém chinh la mé phong
cac qua trinh bién doi thong tin (xtr ly thong tin) theo md hinh toén, thuat toan
da trinh bay trong chuong 2. Cudi cung, khi di xay dyng thanh céng cac phan
mém con (md dun doc Iap - Sub.VI1) s& phuc vu cho viéc xay dung tich hop VI
chung, tong hop cho GSRD duoc nhanh chéng, thuan tién.

Noi dung chuong nay duoc trién khai theo cac md dun Sub.VI sau day:

- M6 phéng tin hiéu dao déng xoén, dao dong doc, dao dong ngang;

- M6 phong dic tinh gisi han cho phép d6i voi cac dang dao dong xoan,
dao dong doc, dao dong ngang;

- M6 phong xu Iy tin hiéu dao dong xoan, dao déng doc, dao dong ngang;

- M6 phéng ra quyét dinh gidm sat cac dang dao dong.

3.1. Md phéng tin hiéu dao dong do trén dong co diesel tau bién va hé

truc chinh diesel tau bién lai chan vit
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3.1.1. Tin hiéu dao dong xodin do trén truc trung gian hé truc chinh déng co

diesel lai chan vit

Tryc trung gian hé truc chinh (MPP, Main Propultion Plant) trén tau bién
dung dong co diesel hai ky, thap tdc, vong quay truc trung gian (nyms) bang vong
quay cua dong co (ng), Nws = Ne (VONg/phat). Viée giam sat dao ddng xoan trén
hé truc chinh thuong trién khai theo vi tri thiét bi do duogc lap dit trén hé truc.
Hién nay trén thé gi6i thuong dung thiét bi do dao dong xoin bing tem bién
dang (SG, strain gauge) dan trén bé mat truc trung gian, tin hiéu do dugc 1 dai
lugng bién dang (strain), c6 gia tri rat nho (mic micro strain, ky hiéu pe hay 10
%) duoc xir Iy dé dua ra tng sut xoan trén truc do 7 (MPa, MPa = 10° N/m?)
theo thoi gian thuc ciing nhur trong mién tan sé (theo bac diéu hoa).

Theo méi quan hé giira tng suit xoan z(t) va md men xoin M(t) ciing nhu
dao dong xoan tai hai dau doan truc do A=g, (t) — @, (t) dua ra cho ta phuong
phap md phong tin hiéu dao dong xoan theo:

a) M6 hinh todn md phong (tinh) dao dong xoan hé truc

Tin hiéu dao dong xoin do dugc trén hé truc tau thuc, trong diéu kién do
thuc té.

b) Tin hiéu dao dong xoan xay dung theo md hinh chuyén gia

Vi tin hiéu dao dong xoan xay dung theo phwong phap (a) 1a két qua giai
bai toan tinh dao dong xo4n trén co sO Xay dung mo hinh toan cho co hé hé truc
chinh. Pay 14 bai toan phic tap da duoc PGS.TSKH P4 Purc Luu phét trién, xay
dyng phan mém ty dong tinh dao ddéng xoan hé truc, 4p dung cho tau chd hang
tong hop tai trong 34.000 DWT [13]. Phan mém trén dugc hoan thién va diéu
chinh dé tinh dao dong xoan trén hé truc chinh tau bién sir dung dong co diesel 4
ky. Theo yéu cau cua Pang kiém RMR [27], tin hiéu dao d¢ong xoan can do va
dua ra gia tri tng suat trong mién thoi gian va mién tan sb. Trong mién thoi
gian, xac dinh gia tri cuc tri 1/2 peak-to-peak. Trong mién tan sé can xac dinh
M, phd cho hé truc, M, = 12 d6i véi dong co 2 ky va M, = 25 véi dong co 4 ky.

Tin hiéu dao dong xoin theo phuong phap (b) - dung tir két qua do dao
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dong xoan trén mot tau thuc, trong diéu kién cy thé. Néu ding mot tin hiéu cu
thé do duogc nay, ta cling xac dinh cuc tri 1/2 peak-to-peak trong mién thoi gian,
va céc pho tan can thiét cua tin hiéu nay.

Tin hiéu dao dong xoin theo phuong phap (c) dugc xay dung tir mé hinh
toan chuyén gia, c6 chira thong tin tr mé hinh toan co thu dugc tir (a) cling nhu
mang dic diém cua tin hiéu do thuc (b). Dang tin hiéu md phong nay c6 wu diém
chung nhat 1a linh hoat, mém déo diéu khién dugc theo gia dinh xéac lap diéu
kién bién.

Qua phan tich theo yu cau cua Quy pham phan cap va dong tau bién vo
thép, ciing nhu thuc té do cac tin hiéu dao dong xoan trén tau thue dwoc mo hinh
héa theo phuong trinh sau day:

My
7(t)= Z A_ cos(kotty,) (3.1)
k=1

O d6: A, - bién d6 dao dong xoan (U'SX) tai diéu hoa bac k.

v.- pha ban dau ung véi diéu hoa k, rad N/m’

Ta dua phuong trinh trén vé dang phuong trinh c6 cac hé s6 tuong doi

T(t) A;k
(t) = k=1..M,
[f] (7],

7], - gid tri ngudng cho phép, N/,
_ Mp _
Ta thu dugc: ()= A, cos(kotty,) (3.2)

Tin hiéu md phong tir phuong trinh (3.2) rat thuan tién cho bai toan md
phong tin hiéu do dao dong xoan duoc thyc hién trén MatLab (m.file) ciing nhu
trén LabView (Mathscript).

Tin hiéu md phong theo (c) c6 chua nhiéu

T (1) = 7. (1) +77(1)
7, (t) = Zh:ArkCOS(koatm) +1(t) (3.3)
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v

Nhap [t]o; Mp; A=[a(1)...a(My)];
gamma=[gamma(1l)...gamma(My);

Xac dinh t(t) theo (3.2)

Xac dinh 1,,(t) theo (3.4)

A 4

Hién thi két qua Ty (t)

Két thic

Hinh 3.1. Luu dit lieu dd mé phong vao file TP,.lvm gdom cac dit liéu:
7,,(t); A, gamma, hai véc to

Thiét bi a0 md phong dang tin hiéu dao dong xoan theo md hinh (3.2) va
(3.5) duoc lap trinh didu khién trén giao dién chinh (Front Panel), code viét
trong giao dién Iap trinh Block Diagram. Tin hiéu nhiéu duoc sir dung cau lénh
rand trong Mathscript. Két qua dugc thé hién trén Hinh 3.2 cho tin hiéu 12 diéu
hoa, con Hinh 3.3 cho tin hiéu 25 diéu hoa.
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Hinh 3.2. VI m6 phong dang tin hiéu dao dong xoan cho dong co 2 ky
MoHar A== Phase(deg)=
Arand |Ar =0 ~ ndicator Harm. Features
b ,%‘ 'ﬂ| VersEen 98 | i hicy 25 dieu hoa (DME 4 5T) NoHarm| f(Hz) |Ampl(-) [Phase(deg)
2 . 15.0
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0.000 0.0 i 0 15 375.0 0.00 0.00
15 | 0.000 0.0 £ 16 | 4000 | D0.00 0.00
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i O "V v oo | 0w | oe
= ’W ’Wl '6_| | | | | | | | | | | | < I I : >
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Hinh 3.3. VI md phong dang tin hiéu dao dong xoan cho dong co 4 ky
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Trén Hinh 3.4, Hinh 3.5 (FP va BD) cua VI danh gia d6 chinh xac cua cong
cu lap trinh va bién d6i FFT trong LabView. Két qua trén Hinh 3.4 (bang bén
phai) cho thay do chinh xac rat cao (khong cé sai khac) gitta véc to bién do vao
va véc to bién do thu dugc sau phép bién d6i FFT tin hiéu tir mién thoi gian sang
mién tan sé trong LabView (Mathscripts) d6i voi véc to 25 hai, khong ¢ nhiéu
dic trung cho tin hiéu dao dong xoan trén hé truc chinh dung MDE bén ky. Két

qua ciing twong tu cho véc to pha. Khi cd nhiéu, s& xét tiép & muc xt ly tin hiéu.

RUN > 25 Mh
N“‘:' T;W| P"'::;’g' Arand| Ar=0.12 v cicatorarm: Features
: - Vot TyPS Tin hiew 25 dieu hoa (DME 4 5T) No.Harm| f(Hz) | A-inputl(-) [A-FFT() |Tinput(d) | TFFT(d) [~
2 o010 150 N N | 0 [20] o 0100 | 20000 | 20.000
5 Jooso| [s00 157 e 1500 MDERPW »»  Yi=sum(ElCcos(nitepld +Arand) LA\ 2 | 500] 0010 | 0010 | 15000 | 15000
LS 0.100 45.0 y2=sum(ak* cos(lowt+pk)) [~ 3 750 0.050 0.050 | 30000 | 30.000
s, Jo0| [Teoo | 6 ye=Real(sum(ak*exp(1j"phak)]) [~ 4 [1000] o010 0100 | 45000 | 45.000
[so00| [ 00 | 5[50 oam 0100 | 60000 | 60.000
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8 02200 750 4 8 [2000] 0200 0200 | 75000 | 75.000
9 0.300 60.0 3 9 225.0 0.300 0.300 60.000 60.000
10 0.005 | | 600 | ) 10 [250.0 0.005 0.005 | 60.000 | 60.000
w Joow| [ oo | 2 IEIETT 0010 | 0000 | 0000
w [amo] [ oo | l ’ ‘ ’ \ l 12 [3000] 0050 0050 | 0000 | 0000
o 1 13 |3250| 0032 0.032 | 0.000 0.000
= fons 1) T ’ \ ' l 74 [3500| 0005 | 0005 | 0000 | -0.000
] 0005 0.0 vf‘ 15 [3750] 0006 0.006 | 0.000 0.000
15 0.006 0.0 g ’ ‘ \ ' 16 400.0 0.007 0.007 0.000 0.000
1% 0007 | | o0 | - l \ ’ l ’ 17 | 4250 0.005 0.005 0.000 0.000
v Joos| oo | 5 18 [4500| 0006 0006 | 0000 | 0000
w Jo00s| oo | l I ‘ , \ \ , 19 4750 0006 0.006 | 0.000 0.000
3 20 |5000| 0005 0.005 | 0.000 0.000
= jane] § oo l \ I \ l \ l \ l 71 |5250] 0002 | 0002 | 0000 | 0000
ZUj oo 0.0 -4 22 [5500] 0020 0.020 | 0.000 0.000
2 0.002 0.0 23 575.0 0.003 0.003 0.000 0.000
2 | 0020 0.0 3 24 | 600D | 0002 0002 | 0000 | 0000
s [ooos| [ oo | o ENEEEE 0003 | 0.000 0.000 |w
2 [ o0 0.0 0 s 100 B0 200 280 2300 30 40 450 00 ss0 | L€ ks
2 0.003 0.0 Time

Hinh 3.4. Front panel VI md phong so sanh dic tinh cua tin hiéu 25 diéu hoa

Mh
=Alk) exp(1j*Pha(k));

i
7
Y=zeros(1,N); m=1+Mh;
i
i
¥¢

p
20 end
MR T st s 2l
o N T 2«
or,

NumRows

[EH— HumCols

P ColHers(]

or k=
(k= abs(Vf{ler 1) 2/N;
TIK)=angle(Vi(ks 1));

W ¥ TD0R=TIR ey
i 2 end

Hli/pir 120,00}

p*180.
radians to degrees

Hinh 3.5. Code VI md phong so sanh cac dic tinh cua tin hiéu 25 diéu hoa
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RUN > 25 Mh

1
:
g
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w000 60.0 \ I \ \ 0 |2500] D005 0.005 | 60.000 | 60.000
1w Joow| [ oo | 2 1 |2730] 0010 0010 | 0.000 | -0.000
e [oos0] [0 ] l \ l 12 |3000] 0030 0050 | 0000 | 0000
w1 13 |3250| 0032 0032 | 0000 | -0.000
B | = 0o E \ \ T4 [300] 0005 0005 | 0000 | -0.000
" | 0005 00 @0 15 |3750| 0.008 0.006 | 0.000 | -0.000
15 | 0.006 0.0 i l \ 16 | 4000 0007 0007 | 0000 | 0000
o007 0.0 - 17 |4250] 0005 0.005 | 0000 | -0.000
v Jooos| | o0 | 5 \ l 18 |4500| 0006 0006 | 0000 | 0.000
w Joos] | oo l I l , \ 19 |4750] 0006 0.006 | 0000 | -0.000
3 20 |5000] 0.005 0.005 | 0000 | -0.000
D | E o \ , ‘ ‘ \ l l 27 5250 0002 | 0002 | 0000 | 0000
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Hinh 3.6. VI md phong dang tin hiéu dao dong xoan cho dong co 4 ky
3.1.2. M6 phong cdc tin hiéu dang dao dong doc, dao dong ngang

Phuc vu cho muyc dich phan tich tin hiéu sau ndy do xay dung phan mém
md phong giam sat dao dong doc va dao dong ngang, vé co ban ta c6 thé xay
dung céc tin hiéu da hai, ngau nhién (c6 nhiéu) theo phuong phap (c) cua muyc
trén. Dé kiém tra cac thuat toan, ta c6 thé st dung md hinh da hai (phwong trinh
(3.3)) viét cho dao dong doc va dao dong ngang, song sé lugng diéu hoa dua vao

nghién ctu s& khac véi s6 twong My, da chon cho dao dong xoan.

— Ma —_—
Xa=> A,sin(kot+y,) (3.6)
k=1

M
X (=2 A,sin(kot+y,) +n(t) (3.7)
k=1
& dé: A, V4, k= 1,...M, - bién do va pha ban diu cho md phéng dao
dong doc diéu hoa k.

Ar, 7. , k=1,...M, - bién do va pha ban diu cho md phong dao
dong ngang diéu hoa k.

Chi s6 a - axial, | - lateral (doc, ngang).
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Céc VI md phong tin hiéu dao dong doc hodc ngang duoc xay dung tuong
tu nhu VI md phong tin hiéu dao dong xoan.

Trong qué trinh nghién ciu md phong, c6 thé sir dung cac tin hiéu do dugc,
theo phwong an (b) dé xay dung céc VI xu Iy tin hiéu cho muc dich mé phong.
3.2. M0 phéng cac dic tinh giéi han, dic tinh cho phép ddi véi dao dong
xoin, dao dong doc va dao ddng ngang
3.2.1. Pic tinh dao dpng xodn cho phép

3.2.1.1Md phdng sé trén LabView ing sudt xoian cho phép trén truc trung
gian, truc chan vit va truc day cia hé truc tau KN 375

Trong phan nay, luan n tién hanh md phong sé trén LabView dé xac dinh
cac dac tinh ¢mg suat xoan cho phép [t]=f (1) cho truc trung gian, truc chan vit
va truc day cua hé truc tau KN 375 theo Quy pham phan cip va dong tau bién vo
thép cua Viét Nam.

Thiét bi a0 dugc xay dung trén LabView di gigi thiéu trong chuong 2 gom
lap trinh trén giao dién chinh (Front Panel, FP) va viét code trén giao dién lap
trinh (Block Diagram, BD).

Dé xay dung dic tinh[t]=f(1), ta tién hanh xay dung thiét bi ao con
(Sub.VI) md phong xac dinh gid tri ang suat xoan cho phép & tai mot gia tri A
dugc xét, A=n/n_, =n/750. Trén Hinh 3.7 - két qua thiét bi a0 con tinh va hién
thi USXCP trén cac doan truc trung gian, truc chan vit va truc day (IMS, PrS,
and Thrust Shaft) cua hé truc tau KN 375. Phan A bén tréi la giao dién chinh
duoc thiét ké d¢é nhap va hién thi cac théng tin can thiét trong qué trinh tinh, con

phan B - thdng tin gidm sat va két qua tinh.
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PTP_IMS_And_PPS_mfile.vi Front Pane £ PTP_IMS_And_PPS_miilei Block Diagram - O X
File Edit View Project Operate Tools Window Help . File Edit View Project Operate Tools Window Help |ﬁ
OE‘ 12pt Application Fant |~ Hgm' o™ ”g" ‘ *| Search { m OE . ‘ 14pt Application Font |~ ||3,;.v a” ‘ |@ﬁv Hi*ﬁ| +| Search .\ H @”\_
A nnor{RPM) n(RPM) “FRONT PANEL " for Intermediate, ‘ Duan. truc
el i pecien il can tinh 14 "Truc trung gian", Default 't
129 120 Ef
n(RPM) | ina:
" Doan truc nput Ck for sellected shaft piece following:
True trung gian S 120 387362 [PTP(MPa)] 1, For Intermediate Shaft
+ flange coupling 10
Input Material Featers + key way, tapered connection 0.8; i
[ Indicator . + key way, cylindrical connection 0.43; ndicator
IFQ Input Material Festers ~ LSELECT VALUEwi @ + Transverse hole 0.5 b
. G _ d [mm]>> + Longitudinal slot: 0.3 %‘I
' 225 > IMS -diameter INTERMEDIATE SHAFT 1 225 el
DVL(0,1,2
Notes for Ck Values m d.mm 01 String
Input Ck for sellected shaft piece following: INTERMEDIATE SHAFT
Thep ren gi (Thep Cachon) Dang 1. For Intermediate Shaft
vat lieu + flange coupling 10
+ key way, tapered connection 0.6; 1 T=(Ts+160)/18
+ key way, cylindrical connection 0.45; Ts 2 Cd=035+083/d"0.2;
+ Transverse hole 0.5 3 T=T*Cd*Ck
+ Longitudinal slot: 0.3 4 ntd=n/nnor;
Ts, MPa Ck - Reference from form | 3 ifntd <08
600 1 { 6 Tauc =T*(3-2*ntd 2);
L:|- 7 else
] Tauc=1.36°T;
! 5 9 % Loaithep cac bon
n(RPM) 10 end
nnor(RPM) @ [PTP{MPa]]
g 4
B nnor
nnor .
.
n(RPM)
i FDBL]
£ < >

Hinh 3.7. Lap trinh VI ty dong tinh PTP trén truc trung gian, chan vit va truc day
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Trong lap trinh, thiét bi a0 dam bao: chon vong quay dinh Mic Nu
(vong/phit) ciing nhu vong quay ¢ ché do can tinh Gng suat xoan cho phép n
(vong/phat) bang viéc nhap cac gia tri twong Gng; chon doan truc can tinh, d6 1
mot trong 3 doan truc: tryc trung gian, truc chan vit va truc day. Khi da lya chon
doan truc, ta can nhap duong kinh tryc d (mm), dang vt liéu ché tao truc (thép
cac bon / thép khdng gi loai 1/ thép khdng gi loai 2). Ung suat chay cho phép T,
(MPa) ciing nhu dic diém hinh dang truc qua hé s Cy.

Phan B trén giao dién chinh hién thi cac théng tin tham chiéu dé nhap di
liu dau vao cho phl hop. Két qua tinh gia tri tng suat xoan cho phép theo gia
tri dd nhap n (vong/phut) dugc hién thi dudi dang s6. Code Iap trinh (BD) trén
Hinh 3.7 ¢6 cac phan tuong tmg cho diéu khién cac thong sé nhap bén ngoai
vong lap Case va ban than vong lap Case.

Vong lip Case duoc ding cho lya chon vai bién “Doan truc can tinh” theo
3 truong hop twong GNg: truc trung gian, truc chan vit va truc day. Trong moi
truong hop déu xay dung code Iap trinh duéi dang MathScript, twong Gng véi
lap trinh m.file trong MatLab.

3.2.1.2 M6 phong sé trén LabView ing sudtxoan cho phép trén truc khuyu

déng co diesel tau bién

Tuong ty nhur md phong tinh USXCP trén truc khuy, két qua md phong sé
trén LabView xac dinh ung suat xoan cho phép trén truc khuyu dong co 2 ky va

4 ky nhu Error! Reference source not found. va Hinh 3.9 duéi day.

Trén Hinh 3.9 - Lap trinh code (Block Diagram) trong LabView xady dung
dic tinh @ng suat xoan cho phép ddi véi truc khuyu dong co diesel may chinh 2
ky va 4 ky. Trén giao dién chinh (Iap trinh giao dién, Front Panel) c6 vi tri dé
lra chon loai MDE 2 ky hoic 4 ky cling véi dac tinh vat liéu chiu xoan cua truc
khuyu. Két qua hién thi 6 thi dac tinh ung suat xoan cho phép cua truc khuyu

MDE dugc md phong theo dai vong quay khai thac (twong dbi A).
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CRANKSHAFT MATERIAL

T e A

4" Compar v

(DL f §
INPUT DIESELTYPE | 3 ;

Lamda=(41:115)/100;
N=max(size(Lamda));
fori=1:N
Ntd=Lamda(i);
%if DT==
% ap dung cho loai loai DT=1;
Tau =45 -24*"Ntd* 2%
if Ntd <= 0.8
Tau_1=2"Tau;
elseif Ntd >=1
Tau_1=21+237*(Ntd-0.8)*sqrt(Ntd- 1);
else
Tau_1=Tay;
end

CO ~J O W B I N -

Tauf1(i)=Tau_1;

end
fori=1:N

Ntd=Lamda(i);
% Ap dung cho DT=2
Tau =45 -29*Ntd* 2
if Ntd <= 0.8
Tau_2=2"Tay;
elseif Ntd >=1
Tau_2=21+237%(Ntd-0.8)*sqrt(Ntd-1);
else
Tau_2=Tau;
end
Tauf2(i)=Tau_2

Tab Control
(KD

i 1 "Compareration" M

[COMPARE 2 DIESEL Types

Hinh 3.8. Giao dién lap trinh VI tinh PTP trén truc khuyu ME 2 ky va 4 ky
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Xay dung Code cho VI tinh PTP cua cac doan truc khuyu trong LabView
khong gap kho khian, vi co so toan hoc dwa ra tir Quy pham rat cy thé, thuat toan

trién khai trén LabView c6 sir dung MathScript dé& dang va nhanh chéng.

4 STROKE-1 ROW, OR V(45,60 degree) | 2 STOKE OR V(othes types)  Compareration

COMPARE 2 DIESEL Types

PTP for CRANK-SHAFT [MPa]
L
CRANKSHAFT MATERIAL

STRENGTH PERMIT (MPa or N/mm2)
Ts

15 ' 0 ' ' ' ' ' ‘ ' ' ‘ ' ' ' '
041 045 05 0.55 06 0.65 07 o7s 08 0.85 0.9 0.95 1 1.05 1.1 1.15
Relative Revolution

Hinh 3.9. Giao dién chinh VI so sanh PTP trén truc khuyu ME 2 ky va 4 ky

3.2.2. Pic tinh dao dgng doc cho phép tai géi dé chan

M6 phong sé dao déng doc cho phép theo Quy pham Hang hdi Lién bang
Nga RMR, phién badn 2014

Dao dong doc truyén qua gbi chan va la mot trong nhitng thanh phan dao
dong sinh ra dao dong vo tau. Bang cach d6 sinh ra dao dong doc cua vo tau ma
tan sd cua ching cé thé tring voi tan s ciia dong co. Ngoai luc truyén qua gbi
chan, d6i voi duong truc trung gian cua tau sinh ra md men ubn thay doi, tir d6
sinh ra dao dong ngang vo tau. Nhu vay, trang thai dao dong vo tau phu thuoc
nhiéu vao dao dong doc hé truc tau. Néu dao dong doc hé truc 16n, chling c6 thé
pha v& bé d& cua gbi chan va lam dut bu 16ng vit cua gbi d& chan.

Quy pham RMR [27] phan VII, Chuong 9 - Dao dong may va thiét bi chi
ra: Y8u cau do dao dong tai gdi d& chin, thong sé dao dong do va xu ly: gid tri
binh phwong trung binh 1/3-octave cua van toc dao dong, don vi do de-xi-bel
(dB) hoidc don vi tuyét d6i (mm/s). Nhu vay, trong xir ly tin hiéu dao dong do

duoc can tién hanh loc 1/3-octave.
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Dao dong thoi gian thuc (RT) dugc xi ly theo cuc tri: Bién do (Amplitude,
A) va Peak-to-peak (hiéu giita cuc dai va cuc tiéu) cling nhu can bac hai gia tri
binh phuong trung binh (RMS, Root Mean Square).

Pdc tinh gidi han mirc A va B theo tiéu chudn Ddang kiém RMR:

Truc tiép lap trinh trén MatLab dé xay dung cac dudng gigi han mic A, B,
biéu dién trén thang mm/s hoac dB cho mtc do rung gidi han ddi voi gbi dd
chan va truc hoanh 1a gia tri tan s trung binh 1/3-octave, duoc thé hién trong
phu luc PL2.

M6 hinh todn cho céc gidi han dugc thé hién (da xét trong Chuong 2). Him
s gu(f) va gu(f) dugc md hinh héa bang phuong phap hoi quy theo sé lidu ghi
dua ra tr Quy pham [27], ap dung cho mirc dao dong gidi han A (mm/s), LVA,
&p dung cho gbi d& chin, thu duoc: g =11, va

g, (f)=-0.0014 £2+0.8802. f +0.1686
g, (f)=0.0016f2-0.3280.f+ 21.3829

Véi d6 tin cay ctia mé hinh g, (f) va g, (f) déu dat 99%, vi:

Ft, = 1.3462e+03 >> Ft (0.99; n;=3; n,=6) = 9.78,

Ft,=506.6 > Ft (0.95; 3; 1) =161.2,

Cac dac tinh gi6i han mic B trong thang mm/s ciling nhu mirc A va B trong
thang dB déu thu duoc theo mo hinh tuong tu. Trong ndi dung ndy, luan an
khong di sau phan tich két qua cta cac md hinh thu duoc, vi ching déu c6 chung
mot dang.

3.2.3. Dac tinh dao dong ngang cho phép theo Quy phgm RMR

Ding kiém RMR [27] dua ra bang gia tri cho phép dbi véi dao dong ngang
do trén bé mit (phan tinh) cta dong co, dang van toc, (mm/s) va bién doi trong
mién tan sé, sir dung bo loc trung binh 1/3-octave. Tiéu chuan dao dong cho
dong co @bt trong thé hién dudi dang bang ciing nhu db thi, dwoc chi ra trong
phu luc PL1.

Khi ta ding sensors do gia tc (m/s?), giita cac dai luong do (da xu ly) va

tham chiéu (REF.) can dua chung vé mdt don vi do nhat dinh.
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Tai tan so f (gia tri trung binh) c6 bién dd van toc A, tin hiéu dao dong
diéu hoa c6 dang: X, (t) = Asin(2rft), con tin hiéu gia toc véi bién do A, co
dang: X, (t) = A,cos(2nft), gita A,va A, c6 moi quan hé (theo md hinh myc
3.6):

A, (f) = oA, =2nfA,

Xay dung bang mirc d6 dao dong gia téc cho phép dbi véi dong co dbt
trong theo cOng thirc trén va lam co s& tham chiéu so sénh véi tin hiéu do dugc,
tir d6 ra quyét dinh trang thai ki thuat cua may.

Dé xé4c dinh tu dong mic dd cho phép khi nhap thong tin dong co chi theo
hanh trinh piston S (cm), chuong trinh 1ap trinh s€ V€ ra cho ta dac tinh tuwong
ng Véi tan s trung binh f 1a mic do dao dong thang gia tbc cho phép mic A

(PVL-A) ciing nhu mac B (PVL-B).

£ GIATRI_PVLAB_RMR_2014_ICEvi — [m] x | B
File Edit View Project Operate Tools Window Help 7F|Ie Edit View Project Operate Tools Window Help
L0 d LI CIMIElE
1/3-Octave Acc Vibr LevelA&B (m/s2) ~
Slem)>>
e o 1 % REF - PERMITED ACCELERATION VIBRATION
2 9% TINH GIA TRI THEO HAM S0 MUC DAO DOM
g 5] 3 %F - mean frequency vector; Ak, Bk - Vector of
04 E . 4 o
50 ;§ N LA [ - 5 FR=D(1); N=max(size(FR));
08 Ve [ 5 6 PVLA=FRPVLB=FR;
50 7 switch IndexS ]
8 casel
I 9 hsA=4.998; hsB=7.016; I
10 vtA=[-0.2110.107]; viB=[-0.426 0.146];
case 2
J[Hz]g 12 hsA=4.998; hsB=5.576; |
13 wvtA=[-0.3110.107]; vtB=[-0.388 0.153];
4 casel ‘:“
15 hsA=3.161; hsB=4434;
16 vtA=[-0.2610.116]; vtB=[-0.353 0.161]; | e
case 4 B
o e ]

Hinh 3.10. VI x&y dung dac tinh PLLA, PVLB c6 EU N/m?, MDE:
S=26 cm

3.3.M0 phéng xir ly tin hiéu cho giam sat dao dong trén MDE
3.3.1. Xa ly tin hiéu dao déng xodn
3.3.1.1. Yéu cqu ky thugt

- Tin hiéu dao dong xoin dugc phan tich trong mién thoi gian thuc dé xéac

dinh gia tri TP (A) = 1 (L) = 1/2(peak-to-peak) ¢ vong quay giam sat A = n/n,,.
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- Tin hiéu c6 nhiéu dugc loc trong mién thoi gian thuc.

- Tin hiéu dao dong xoan (USX) duoc phan tich bac diéu hoa (order
analysis) qua FFT.

3.3.1.2. VI xit Iy tin hiéu dao dgng xodn trong mién thoi gian thuc

Pé xac dinh dugc TP (L) = T (A) trong mién thoi gian thuc, tin hiéu dao

dong xoan c6 nhidu phai loc qua b loc trung binh hoidc bé loc truot trung binh.
a) Bo loc trung binh.
b) Bo loc truot trung binh.
¢) VI xur Iy dao dong xoan trong mién thoi gian thuyc.

d) Panh gia d¢ tin cay céc b loc tin hiéu trong mién thoi gian thuc.

Arand| Ar=025 v 00 0  MDERPM) »> VierstenTi® Tin hieu 25 diew hoa (DME 4 5T) Path ] GAD-LUUTRU-SW-LV-ML\THIEN-SIM-DA HANSIM_DATA
RADOM 10-REPEATATION DATA VIA AR MEAN FILTERED 10-RADOM SIGANALS MS-FILTERD 10-RADOM SIGNALS
7~ 6 6~
6-| 5 5|
54|
4 i 47 PMSF
2
3 ] 5.7197 3 [5.6356
. o [5.1306 | . [5.7304
[5r111 ] [5.0002
1- = 1 [5.777a
3 o 57108 | & 2
2 2 2 5.8507
g 0 3 0 57141 | G 0 £
3 3 g 55275
i i [ren] < B
R 4
o [5.5703 | [5.6356
2 2|
5.7472 [5:5190
] |5 5779
-3 5.6808 -3 =
-a-| |
[5.5035 | [5.5048
3 “1 ] [5.5790 |
55435
5-| -5-| 5-
74 I I I I I I I i i i [l -6 I i i i i i i i i I i -6 I I I I I i i i i i [l
O 50 100 150 200 250 300 350 400 450 500 550 0 50 100 150 200 250 300 350 400 450 500 550 0 50 100 150 200 250 300 350 400 430 500 550
Time Time Time

Hinh 3.11. Két qua xir Iy tin hiéu thoi gian da hai qua loc véi AR=25%

Trong quéa trinh mé phong xi ly tin hiéu 25 hai, cé nhiéu véi cac mac AR
= 0%:; 0.5%; 5%; 15% va 25%, nghién cixu sinh st dung bd loc trung binh 10 Ian
lap cho tin hiéu co chu ky cong tac 720 do géc quay truc khuyu, tuong tng cho
MDE 4 ky. Véi 10 tin hiéu c6 nhidu trong thoi gian thuc, tién hanh loc nho bo
loc truot trung binh 2p+1 = 3, 5, va 7. Mot sb két qua nghién cuau loc tin hiéu 25
hai, c6 nhidu trong mién thoi gian thue dugc thé hién trén cac hinh tir Hinh 3.11
dén Hinh 3.14.
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Hinh bén trai m6é phong 10 tin hiéu chira nhiéu mic do6 AR = 25%, tin hiéu
gia dinh cho dong co 4 ky hoat dong & vong quay n = 1500 vong/phit. Hinh &
gitra hién thi 10 tin hiéu & clng ché do trén, mdi tin hiéu kp 10 lan. Mai tin hiéu
duoc xu ly dé tinh gid tri 0.5*peak-to-peak. Tin hiéu tha 11 14 tin hiéu gbc
(khéng chtra nhidu dé chiang ta dbi chiéu). Hinh bén phai thé hién két qua loc
truot cho 10 tin hiéu nhidu va cho 1 tin hiéu gdc. Hai cot (véc to) gdbm 11 sb
hang thé hién céc gia tri 0.5*peak-to-peak cua céc tin hiéu duoc loc theo 2

phuong phap da néu.

Khi dung thiét bi do hién dai, trong thuc té nhidu do thiét bi gy ra thuong
c6 muc sai s6 0.5%...1%. C4c sai s6 khac tac dong cho phép sai sb tong dén 5%.
Trén céc Hinh 3.12 + Hinh 3.14 thé hién két qua loc tin hiéu véi sai s6 nho 0%,

0.5%, va 5% .

2 Fhaseldeg>t and| Ar=005 - 00 RS o MDERPM) »> VErEEen TR i hiew 25 dieu hoa (DME 4 ST) Path  fi G:\0-LUUTRU-SW-LV-ML\THIEN-SIM-DA HARSIM_DATA
0100 | [ 200
0.000 15.0 RADOM 10-REPEATATION DATAVIA AR MEAN FILTERED 10-RADOM SIGANALS MS-FILTERD 10-RADOM SIGNALS
0.050 30.0 6 6 &
4 Joao| [as0
0.100 60.0 5-| 5-| 5-
5000 | | 900
a- 4 a-
0100 | |00 e Pse
0.200 |
75.0 3 3] 5128 3 55016
0300 | |00
H - 5.5417 2] 5.4978
0000 | | 600 2 2 5.5294
o010| | 00 55391 :
L 1 by 5.5324
0.050 00 g g 55554 .
0.005 00 2 o £ o [55553] £ o- 55207
E E E
0.003 0. 1 5. Ssr] % 5.5333
0.003 0.0 - -
0.002 0.0 == 25209
2 -2 2
0.001 0.0 55639 =2
0.003 -3+ -3 5.5690 -3+ 55304
0.002 0.0 a a 5.5536 ol 5.4990
20 0.001 0.0 5.5435 5.5116
0.002 00 5| 5 5
2 [oon| [oo
0.001 00 6o | | ' . ' | ' i ' ' ' ] . . . . ' . . . ' . i -6 ' | ' ' ' ' ' ' ' I '
n 0,005 o 50 100 150 200 250 300 350 400 450 500 550 0 50 100 150 200 250 300 350 400 450 500 550 0 50 100 150 200 250 300 350 400 450 500 550
Y 00 Time Time Time
0.002 00

Hinh 3.12. Két qua xu Iy tin hiéu thoi gian da hai qua loc voi AR = 5%

Phaselde™1  prand | Ar=0005 ~ 0.0 W 0 MDERPM) >> Werton TIPS Tin hiew 25 diew hoa (DME 4 ST) Path ] G:\0-LUUTRU- SW-LV-ML\THIEN- SIM-DA HANSIM_DATA
000 | | 200
0.000 150 RADOM 10-REPEATATION DATA VIA AR MEAN FILTERED 10-RADOM SIGANALS MS-FILTERD 10-RADOM SIGNALS
0050 | | 300 > 6 5
0100 | [as0
0100 | 600 5- 5- 5-
s.000 | [ %00
000 | | 00 1 + =r “1 v
0200 | | 750 3 3 e 3 55111
0300 | | 600 55146
. d 55456 .
0.000 60.0 2 2 2 l—
oo | |00 . , [5.5446 5 3D
0050 | | 00 3 ¥ [5561] ¢ 5.5158
0.005 00 £ o- £ o- o5 £ o 55120
E
0.003 [ £ , E , Coas| < 55113
0.003 00 ™ <k -
— = S0 55148
X . . | 2
0.001 00 : : 5.5473 B
0.003 [ 3- 3- [s521] - 55151
0.002 00 55438 55124
»  [oo01 1 1 1 55129
- = |5 5435 -
0.002 00 - - 54
2 Joow| [oo
0.001 0.0 -6 | ' ! ' ! ' ! ' ' ' ' -6 . I I I ! I I ' ' ' ' A ' I ' ' ' I ' I ' I '
u e 0 50 100 150 200 250 300 350 400 430 500 550 0 50 100 150 200 250 300 350 400 430 500 550 0 SO 100 150 200 250 300 350 400 450 500 550
X [ T Time Time
0.002 [

Hinh 3.13. Két qua xir ly tin hiéu thoi gian da hai qua loc véi AR = 0.5%
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Repeat Mean Filter M =10 (times) [ M NO-sAVE RUN>> = mn

Phasefdeg)>

0o s 0 MDERPM) -~ Vo TIPS Tim hieu 25 dieu hoa (DME 4 5T) Path. ff] G\0-LUUTRU-SW-LV-ML\THIEN-SIM-DA HANSIM_DATA

>
3

RADOM 10-REPEATATION DATA VIA AR MEAN FILTERED 10-RADOM SIGANALS MS-FILTERD 10-RADOM SIGNALS

3Bl

g
Z

8

I3

8

H

S 55119

5.5435

AE

5.5119

BOEG 55119

gls
‘§‘£|E‘
itude
i B N N N R M O N S N |

&
Amplitude
Amplitude
i N N T S R S O S S .
Ampl

5.5119

g

5.5435

g

55119

g

55119

g

5.5435

HEEEHEERHRE,
HEEHHEREREEL

5.5435

¥
g

55119

g

2
5

0 50 0 150 200 250 300 30 40 450 500 50 0 50 100 15 200 250 300 330 40 450 500 550 0 50 100 150 200 250 300 350 40 450 500 550
Time Time Time

H
ls[s

Hinh 3.14. Két qua xi Iy tin hiéu thoi gian da hai qua loc véi AR=0.0%

Bdng 3.1. Két qua md phong xu Iy tin hiéu da hai trong mién thoi gian thuc,
AR = 0%...25%

No.Cycle AR=15% AR= 5% AR= 0.5% AR= 0.0% TH.

] PPMF | PPMSF PPMF PPMSF PPMF PPMSF PPMF PPMSF Goc
1 5.6637 5.545 55774 5.5195 5.5411 5.5138 5.5435 5.5119 5.5435
2 5.6417 | 5.6367 5.5869 5.5679 5.5423 5.5119 5.5435 5.5119 5.5435
3 5.6677 | 5.5779 5.5493 5.5459 5.5439 5.5121 5.5435 5.5119 5.5435
4 5.612 5.5521 5.5707 5.5344 5.5448 5.5145 5.5435 5.5119 5.5435
5 5.5883 | 5.6562 5.5511 5.498 5.5459 5.5136 5.5435 5.5119 5.5435
6 5.6264 | 5.5152 5.5517 5.5363 5.5433 5.5109 5.5435 5.5119 5.5435
7 5.6634 | 5.5452 5.551 5.563 5.544 5.5098 5.5435 5.5119 5.5435
8 5.642 5.5321 5.5623 5.5303 5.541 5.5109 5.5435 5.5119 5.5435
9 55529 | 5.5142 5.544 5.5327 5.5448 5.5113 5.5435 5.5119 5.5435

10 5.6275 | 5.5182 5.5764 5.5236 5.543 5.5118 5.5435 5.5119 5.5435
11 55435 | 5.5173 5.5435 5.5341 5.5435 5.5119 5.5435 5.5119 5.5435

S6 lieu gia tri 0.5* peak-to-peak cho 11 tin hiéu ¢ nhiéu duoc loc trong
mién thoi gian thuc, thé hién tai Bang 3.1.

3.3.1.3. X Iy dao déng xodn trong mién tan so

Trong LabView c6 san cong cu FFT ding dudi dang céu lénh trong
Mathscript hodc biéu twong lap trinh d6i twong. Luan an st dung lap trinh trong
Mathscript.

Kiém tra tinh chinh x4c cua Sub.VI bién d6i FFT cho xu Iy tin hiéu DBX.

Danh gia phép toan FFT trong LabView khi xir Iy tin hiéu c6 nhiéu.

Lap trinh FFT trong Mathscript d4i véi tin hiéu xac dinh (khong nhiu) cho
ta d6 tin cay rat cao (hau nhu khong cé sai s6, muc 3.1.3.1). O day sé& khao sat
xtr Iy trong mién tan s6 FFT véi tin hiéu 25 hai theo thuat toan chi ra trén Hinh
3.15 véi cac mic d6 nhiéu trang duoc diéu khién bién do Ar = 0%, 0.5%; 5%:;
15% va 25%. Phan mém (V1) lap trinh trong LabView, cé giao dién chinh dugc
thé hién trén Hinh 3.16 v&i Ar = 15%, con trén Hinh 3.17 - Ar = 5%.
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Thong thuong thiét bi do hién dai c6 do chinh xac cao (sai s6 thap hon
nhiéu so véi 5%), do d6 vé bién do tan sé sau khi bién d6i FFT trong LabView,
viéc do ri tin hiéu (méo, sai léch) rat nho. i véi tin hiéu c6 mac > 10%, (dat
16.7%) so Vé&i ngudng cuc dai 6.0 s& cho sai s6 khong dang ké (trén Hinh 3.16,
cac cot so sanh bién do).

Tin hiéu vao dugc diéu khién theo bién do (A>>) va pha (Phase (deg) >>),
thé hién trén hai véc to bén trai cua d6 thi Hinh 3.16. Bén phai cua db thi biéu
thi cac véc to bién d6 va pha tuong Gng timg diéu hoa giita cac gia tri dau vao va
gia tri trung binh caa 10 1an kp c6 nhiéu qua phép bién d6i FFT (trich dung M,
= 25 diéu hoa). Trén Bang 3.2 thé hién gia tri cac véc to bién do véi nhidu Ar =
15% khi trich mau 10 lan lap, twong Gng trén cot Arm, ARInp tuong (ng voi
cac véc to tinh trung binh, véc to dau vao bién do cua cac diéu hda va o -
phuong sai cta c4c lan do nhidu so véi gia tri trung binh.

Dé6i vé6i két qua khao st trén Bang 3.2 cho xt Iy tin hiéu khi AR = 25% qua
FFT trong LabView cho ta co s& tin cay vé do chinh xac 99%, vi x2 tinh toan
cho 25 diéu hoa déu nho hon rat nhidu gia tri ly thuyét x> (9; 0.99) = 2.088.

Xo (6)+1 (t)
Axo

FFT (t)
Acw

A 4

So sanh Ay Acw

\ 4

Xo(t)+n(t), m-diéu hoa
[A... Am]
[Yi.. ¥l

FFT
[Aln oo Amn]
[gln gmn]

A 4

Panh gia AA Ag

Hinh 3.15. Thuat toan danh gid 6 chinh xac FFT cho tin hiéu da hai co nhiéu
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14 0.123
15 0.133

0.132
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AR FREE:

o
o
g

k]
s i
gls
5
&
v

S

i

Y
"
=

0.
0.
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0.0
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0.
0.0
0.0
0.0
0.
0.
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a|s

o|a

157.1 wirad/s}

Arand | Ar=0.15 ~

VerstonTi®®  Tin hieu 25 dieu hoa (DME 4 5T)

1500 MDERPM) ==

¥ AN
¥l-r ,K

Armplitude

|
100

| ' | '
150 200 250 300
Time

y2or [ AN
yir [
ya-r [N
v [N
yoor [
¥i-r IK
v [
¥ [N

! | ! | !
350 400 450 500 550

ndicator Harm. Festures

No.Harm| f(Hz) [ A-inputl(-) [Rm-FFT(]Tinput(d) [Tm_FFT(d)
1 250 | 0100 0103 | 20000 | 19344
2[00 | 1200 1204 | 15000 | 14930
3 [ 750 | 0050 0040 | 30000 | 28782
4 [1000] 0100 0104 | 45000 | 43.434
5 [1250| 0400 0102 | 60000 | 62406
6 [1500| 6000 6004 | 90000 | 89972
7 170 0400 0.104 | 0.000 5112
8 [2000| 0200 0201 | 75000 | 74674
5 2250 0300 0298 | 60000 | 59.757
0 [2500] 0210 0210 | 60000 | 60.193
T [2750]  od10 0106 | 0,000 1.500
12 [3000] 0730 0152 | 0000 | -0.125
13 [350] o115 0115 | 0,000 0.702
143500 0423 0121 | 0000 | -0.388
15 (350 003 0132 | 0000 0.330
16 4000 o003 0132 | 0000 0.237
7 450 oan 0116 | 0000 | 1416
18 [2500] 0123 0126 | 0000 0473
19 4750 0012 0.021 | 0.000 5.748

| B [so00| o2t 0023 | 0000 | 4012
21 550 oo 0024 | 0000 | -1.317
22 [5500] 0010 0014 | 0000 | 2997
23 [5750] o000l 0012 | 0000 | -14.188
24 6000 0005 0013 | 0000 | -27.5%
25 650 o002 0015 | 0000 | 47.106

< >

Path ] G:\0-LUUTRU-SW-LV-MLYTHIEN-SIM-DA HANSIM_DATAN0.150.AR1 500.rprm_AR.Rand_1.tdms

Hinh 3.16. Giao dién chinh cua VI so sanh d6 chinh xac FFT cho tin
hiéu 25 hai c6 nhiéu, Ar =15%.
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D 50 100 150 200 250 300 350 400 450 500 530
Time

indicator Harm. Features

No.Haren| f(Hz) | A-inputl(-) |Rm-FFT(] T input(d) [Tm_FET(d)
1 250 0.100 0.099 | 20000 | 20.033
2 | 500 7100 1100 | 15000 | 14995
3 750 0.150 0147 | 30000 | 29213
a2 |1000] o700 0.098 | 45000 | 45.824
5 [1250] o000 0.098 | 60000 | 60535
6 |1500] 6000 6001 | 90000 | 90.006
7 [1750] oA 0113 | 0000 | -1.03
8 |2000] 0200 0200 | 75000 | 74554
9 [2250] 0300 0300 | 60000 | 50.654
10 |2500] 0200 0201 | 60000 | 50843
11 [2750] 0420 0021 | 0.000 5.028
12 [3000] 0050 0040 | 0000 | -0.710
13 [3250] 0015 0015 | 0.000 5.521
14 [3500] 0013 0013 | 0000 1467
15 3750 0013 0013 | 0000 8.555
16 4000 0022 0023 | 0.000 3.653
17 |4250] o021 0020 | 0.000 2.133
12 4500 04023 0023 | 0.000 1,148
19 4750 0022 0021 | 0000 4744
20 |5000] 0010 0012 | 0000 | 6078
21 [5250] 0400 0101 | 0000 | 0428
22 [5500] 0410 0110 | 0.000 0.118
3 [550] ool 0010 | 0000 | -17.87
24 |6000| 0025 0025 | 0000 4280
25 |6250| 04022 0.024 | 0000 | -0.640

£ >

Path E GA\0-LUUTRU-SW-LV-ML\THIEN-5IM-DA HANSIM_DATAND.05300.AR1500.rppm_AR.Rand_1.tdms

Hinh 3.17. Giao dién chinh cua VI so sanh @6 chinh xac FFT cho tin hiéu 25
hai co nhiéu, Ar = 5%.

Khao sét vai tin hiéu c6 nhidu AR = 15%, d6 tin cay cua pha ban dau tat ca

cac diéu hoa dau tién déu dat 95% tro 1én. Hon nira, trir pha cua diéu hoa sb 20

va 23, cac pha cua 23 diéu hoa con lai déu dat 99% do tin cay khi bién d6i FFT.

Tuy nhién, d6 tin cay trén phu thudc vao do I6n cua bién do va pha cua diéu hoa

dau vao so Vvai gia tri cuc dai cua diéu hoa sé 6, AR (6) = 6.0.
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Bang 3.2.  Két qua md phong tinh bién d6 cho céc diéu hoa (FFT) véi
nhidu Ar =15%

N®H | AREElL| ARE2 | ARE3| ARE4| ARE | ARE6 | ARE7 | ARES | ARE9 | ARELO | ARm XZAR ARINnp
1 0.092 0.118 0.089 0.118 0.103 0.095 0.106 0.103 0.094 0.117 | 0.104 | 0.0011 0.100
2 1.208 1.195 1.209 1.225 1.193 1.197 1.208 1.192 1.198 1.215 | 1.204 | 0.0011 1.200
3 0.037 0.076 0.041 0.032 0.054 0.074 0.058 0.066 0.071 0.066 | 0.058 [ 0.0023 0.050
4 0.109 0.119 0.102 0.083 0.084 0.109 0.078 0.084 0.116 0.103 | 0.099 [ 0.0020 0.100
5 0.080 0.131 0.091 0.111 0.103 0.101 0.089 0.110 0.089 0.097 | 0.100 [ 0.0019 0.100
6 6.007 6.011 | 5.992 | 6.016 | 6.012 5994 | 5996 | 5.972 | 5.994 6.008 | 6.000 | 0.0016 6.000
7 0.109 0.109 0.101 0.088 0.086 0.108 0.094 0.105 0.091 0.098 | 0.099 [ 0.0007 0.100
8 0.191 | 0.199 | 0.179 | 0.206 | 0.188 | 0.218 | 0.189 | 0.188 | 0.201 0.211 | 0.197 | 0.0013 0.200
9 0.317 0.300 0.298 0.299 0.278 0.306 0.291 0.314 0.286 0.316 | 0.301 [ 0.0016 0.300
10 0.215 0.212 0.194 0.202 0.215 0.217 0.195 0.208 0.210 0.192 | 0.206 | 0.0008 0.210
11 0.113 0.114 0.109 0.105 0.104 0.125 0.100 0.108 0.087 0.121 | 0.109 | 0.0011 0.110
12 0.151 0.144 0.159 0.155 0.145 0.158 0.151 0.161 0.148 0.142 0.151 | 0.0004 0.150
13 0.127 0.102 0.116 0.114 0.112 0.124 0.105 0.123 0.119 0.099 | 0.114 [ 0.0008 0.115
14 0.108 0.149 0.135 0.108 0.126 0.141 0.133 0.125 0.135 0.115 | 0.127 | 0.0017 0.123
15 0.128 0.139 0.133 0.147 0.128 0.123 0.135 0.126 0.131 0.113 | 0.130 | 0.0008 0.133
16 0.131 0.163 0.135 0.139 0.144 0.115 0.134 0.144 0.126 0.142 | 0.137 [ 0.0015 0.132
17 0.118 0.106 0.113 0.095 0.118 0.121 0.125 0.092 0.125 0.130 | 0.114 | 0.0015 0.111
18 0.121 0.129 0.132 0.122 0.115 0.120 0.130 0.111 0.124 0.134 | 0.124 [ 0.0005 0.123
19 0.004 | 0.028 | 0.007 | 0.024 | 0.003 | 0.014 | 0.022 | 0.002 | 0.028 0.010 | 0.014 | 0.0010 0.012
20 0.023 0.049 0.020 0.015 0.045 0.013 0.028 0.035 0.015 0.031 | 0.027 | 0.0014 0.021
21 0.024 | 0.019 | 0.013 | 0.020 | 0.037 | 0.018 | 0.024 | 0.015 | 0.045 0.017 | 0.023 | 0.0009 0.022
22 0.012 0.033 0.014 0.007 0.016 0.012 0.020 0.010 0.014 0.015 | 0.015 [ 0.0005 0.010
23 0.014 | 0.007 | 0.002 | 0.013 | 0.010 | 0.017 | 0.005 | 0.009 | 0.025 0.023 | 0.012 | 0.0005 0.001
24 0.006 0.024 0.007 0.031 0.030 0.005 0.019 0.012 0.019 0.000 | 0.015 [ 0.0011 0.005
25 0.006 | 0.017 | 0.018 | 0.013 | 0.013 | 0.012 | 0.016 | 0.012 | 0.004 0.021 | 0.013 | 0.0002 0.002

Nhdn xét chung vé x|y tin hiéu dao déng xodn

- Hai b6 loc trung binh va trugt trung binh cho két qua c6 do chinh xac cao,
sé&t vai tin hiéu goc (khdng nhiéu) khi dau vao md phong 1 nhidu tring, mic d6
AR khong vuot qué 5% (xem Bang 3.1). Dung bé loc trung binh s& cho két qua
sé&t véi tin hiéu gdc hon. Khi tin hiéu vao c6 nhidu cao hon (xét cho AR = 15%),
hai bo loc trén déu cho két qua loc tét, song bo loc trugt trung binh s& cho két
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qua gan sét vai tin hiéu khong nhiéu hon so voi két qua tir bo loc truot.

- Phép bién d6i FFT dugc lap trinh trong LabView cho d6 tin cay rat cao
(dat trén 99%) khi xét bién do cua 25 diéu hoa, con xét dén pha: dat 95% véi tin
hi¢u c0 AR=15% (Bang 3.2, Bang 3.3).

Két qua danh gia d6 tin cay tai Bang 3.2, cac bién do déu thu dugc co do
tin cay lén hon 99%, vi y°ar << %2(9,0.99) = 2.088.

Bdng 3.3.  Két qua md phong pha ban dau (rad)cho céc dieu hoa (FFT)
véi nhieu Ar =15%

NH | TTEL | TT.E2 | TT.B3 | TT.B4 | TT.B5 | TT.B6 | TT.E/ TT.ES | TT.E® TTELO TTm xirr o(rad)

1 0.345 | 0.438 | 0.357 [ 0.302 | 0.287 | 0.355 | 0.337 [ 0.361 | 0.338 | 0.376 | 0.350 | 0.0152 | 0.041

2 0.260 | 0.263 | 0.262 | 0.262 | 0.262 | 0.265 | 0.260 | 0.265 | 0.260 0.259 0.262 | 0.0000 | 0.002

3 0.545 | 0.502 | 0.506 | 0.497 | 0.506 | 0.491 | 0.519 [ 0.518 | 0.465 | 0.550 | 0.510 | 0.0056 | 0.025

4 0.805 | 0.821 | 0.813 | 0.795 | 0.794 | 0.777 | 0.815 | 0.794 | 0.813 0.769 0.800 | 0.0026 | 0.017

5 1.073 | 1.062 | 1.090 | 1.049 | 1.103 | 0.983 | 1.014 | 1.061 | 1.039 1.090 1.057 | 0.0123 | 0.037

6 1570 [ 1.571 | 1.570 | 1.570 | 1.571 | 1571 | 1571 | 1.571 [ 1571 1.571 1.571 | 0.0000 | 0.000

7 0.041 | -0.023 | -0.036 | -0.013 | 0.005 | -0.042 | -0.078 | -0.029 | -0.078 | 0.072 | -0.018 | 0.0205 | 0.048

8 1.318 | 1.340 | 1.311 | 1.278 | 1.318 | 1.283 | 1.287 | 1.308 [ 1.261 1.308 1.301 | 0.0050 | 0.024

9 1.036 | 1.031 | 1.049 | 1.033 | 1.031 | 1.052 | 1.018 | 1.053 | 1.044 1.065 1.041 | 0.0018 | 0.014

10 1.053 | 1.029 | 1.033 | 1.074 | 1.033 | 1.063 | 1.048 | 1.046 | 1.068 1.014 1.046 | 0.0033 | 0.019

11 0.140 | 0.281 | 0.059 | -0.028 | 0.028 | 0.233 | 0.187 | -0.009 | -0.060 | 0.048 0.088 | 0.1215 | 0.116

12 | -0.021 | 0.004 | 0.018 | -0.070 | -0.032 [ -0.070 | -0.098 | 0.089 | 0.052 | 0.003 | -0.012 | 0.0303 | 0.058

13 0.104 | -0.149 | -0.133 | 0.204 | 0.298 | 0.232 | 0.624 [ -0.263 | 0.187 | -0.140 | 0.096 | 0.6548 | 0.270

14 0.270 | 0.125 | -0.043 | 0.514 | -0.214 | -0.470 | -0.095 | -0.568 | 0.551 0.186 0.026 | 1.2849 | 0.378

15 0.660 | -0.115| 0.124 | 0.360 | -0.321 | 0.111 | 0.248 | 0.085 | 0.377 | -0.036 | 0.149 | 0.6989 [ 0.279

16 | 0.020 | 0.089 | 0.206 | 0.219 | -0.138 ( -0.090 | -0.217 | 0.062 | 0.050 | 0.436 | 0.064 | 0.3293 | 0.191

17 0.251 | 0.076 | 0.379 [ -0.045| 0.192 | 0.000 | -0.192 [ -0.228 | 0.030 | -0.090 | 0.037 | 0.3359 | 0.193

18 0.144 | 0.062 | -0.036 | 0.243 | 0.051 | -0.039 | -0.020 | -0.218 | 0.170 | -0.156 | 0.020 | 0.1865 | 0.144

19 0.262 | 0.113 | 0.089 [ 0.042 | 0.209 | 0.153 | -0.116 | 0.033 | 0.137 | -0.094 | 0.083 | 0.1320 | 0.121

20 0.532 | -0.205 | 0.008 | -1.070 [ 0.389 | 0.130 | 0.347 | -0.702 | -0.599 | 0.110 | -0.106 | 2.5112 | 0.528

21 | -0.024 | 0.033 | 0.007 | 0.033 [ 0.023 | 0.020 | -0.005 | -0.074 [ -0.030 [ -0.069 [ -0.009 | 0.0140 [ 0.039

22 0.044 | 0.052 | 0.037 | -0.120 ( 0.012 | -0.019 | 0.035 | -0.019 | -0.019 | 0.017 0.002 | 0.0232 | 0.051

23 | -1.536 | -0.024 | 0.068 | 0.085 [ -0.536 | -0.130 | -0.231 | -0.493 [ -0.306 [ -0.017 [ -0.312 | 2.0934 | 0.482

24 0.085 | 0.128 | 0.219 | 0.204 | -0.001 | -0.083 | 0.196 | -0.048 | 0.137 | -0.089 | 0.075 | 0.1315 | 0.121

25 | 0.095 | 0.181 | 0.283 | -0.040 [ -0.023 | -0.092 | -0.049 | -0.055 [ -0.155 ( -0.257 [ -0.011 | 0.2271 | 0.159

v2(9,0.99)= 2.088 x? (9,0.95)= 3.325 %2(9,0.90)= 4.168
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3.3.2. M6 phong xr ly tin hiéu dao déong ngang va doc trén dong co diesel va

hé truc chinh tau bién

3.3.2.1 Bién doi dang tin hiéu
Dao dong do dugc c6 thé dang gia tc, van téc hodc chuyén vi. Tin hiéu
xac dinh dugc chuyén doi tir dang do duoc sang dang twong duong theo phép
to4n tich phan hoic vi phan. Tuy nhién, d6i vai tin hiéu ngau nhién (khong xac
dinh chinh xac, c6 nhiéu), phép vi phan sé& dua két qua khdng that chinh xac.
Trong trudng hop d6, ta xir ly tin hiéu trong mién tan sé rdi dung cac thuat toan
bién d6i dao ham hoic tich phan giira cac ham luong giac cua sin hoac cosin.
* Poi Voi tin hiéu da hai khéng nhiéu
Gia thiét tin hiéu md phong la tuan hoan, da hai, khong nhiéu (do that
“chinh x4c™), viét dugi dang V(t)=V (t) , c6 dang van téc. Ta tim tin hiéu gia toc
cling nhu tin hiéu chuyén vi tir dang tin hiéu do trén hoan toan phi hop véi do
tin cay cao, vi sai s6 chi phu thudc vao sai s [am tron sé.
* Péi Véi tin hiéu da hai co nhiéu
O day, ching ta dung hai phuong phap tinh cac dai lwong d6 va so sanh su
turong ddng (tring nhau) giita hai phuong phap. Co sé toan hoc cho hai phuong
phap nay duoc viét lai dudi day.
Bién doi cac dang dao dong vdn toc da hai xdc dinh, c6 nhiéu tréng sang
dao ddng gia tac
Phuong phdp 1. Ding FFT bién d6i va bo tan s bac cao
A (O=[V., O1=[V(t)+noise] —L>{[V.2 V..l [YursVinp»--- ]} -OISE
oaancos((oHyvnl)+20)szcos(20)t+yvn2)+303stcos(3cot+yw3)
=A sin(ot+y, ) FAY,cosQotty, , FA sin(3ot+y, ,);

T

A=[AD AL AL] [0V 20V) 30Vi]
Yan:[Yanl Yanz YanS]T:[anl—}_ﬂ/2 ’Yvnz—’_Tc/2 Yvn3+n/2]T‘

Phuwong phap 2. Dung dinh nghia

A=V, (= G e 5
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Sir dung phuong phap bién doi trong mién tan so, dung FFT dé thu dugc
cac dac tinh cua tin hiéu va loai trir nhidu bang cach bo cac tan sb bac cao, chon
ban dau M, tan s6 nhat dinh va sir dung phuong phap 1. Phuong phap xac dinh
dao ham theo dinh nghia s& khong st dung vi ¢é sai sb Ion khi ding tin hiéu c6
nhiéu.

Két qud nghién cizu mo phong trén MatLab.

Acc Wibro-signal Calculated by 2 methods
400 T T T T

AA(3 )
AV (3 5)

200

200

Alm/sZ]

100

-100

-200
u]

Time (=)

Hinh 3.18. M8 phong trong MatLab xac dinh tin hiéu gia toc tir van toc
da hai, xac dinh, khong nhiéu theo hai phuong phap

difference of Acc. “Vibro-signals Calculated byw 2 methods

del AN =A% -AN2

Time (s)

Hinh 3.19. Sy sai léch tin hiéu gia toc tir van toc da hai, xéc dinh, khdng
nhieu theo hai phuong phap
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Lap trinh trong MatLab cho bién doi cac dang dao déng vén toc da hai

xdc dinh, khéng c6 nhiéu sang dao ddng gia toc, sir dung dau vao la tin hiéu co

3 diéu hoa, ta thu duoc do thi tinh gia toc tir hai phuong phap, dugc thé hién trén

Hinh 3.18.

Do sai khac trong truong hop nay khdng nhiéu, hai duong hau nhu tring

nhau. Trén Hinh 3.19 thé hién su sai léch giira hai két qua tinh gia toc theo hai

phuong phap da néu trén.

Bién doi cac dang vdn toc, da hai xdc dinh, khéng nhiéu sang chuyén vi

Tuong ty V&i s6 liéu dau vao nhu trén, ta 1ap trinh trong MatLab va thu

duogc két qua md phong cho hai phuong phap. Két qua duoc thé hién trén Hinh
3.20. Sai léch gitra hai phuong phap tinh Hinh 3.21.

]

0B

04

0.z

-0z

Dim]

-04

0.6

-0.8

Displ. Yibro-signal Calculated by 2 methods

; : ; DV (3 6)
................... D'VIQI[S?:I

i i 1
0 o oz 03 0.4 05

Time (5]

Hinh 3.20. M6 phong trong MatLab xac dinh tin hiéu chuyén vi tir van

téc da hai, xac dinh, khdng nhidu theo hai phuong phap

Do sai khac trong trudng hop ndy rat nhd, hai dudng hau nhu tring nhau.

Trén Hinh 3.21 thé hién su sai léch giira hai két qua tinh gia toc theo hai phuong

phap da néu trén.
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w10 difference of Displ. Wikbro-signals Calculated by 2 methods
10 T

delar =DV 1-DwW2

a0

- i i i
o] 1 0.z 0.3 0.1 0.5
Time (s)

Hinh 3.21. Su sai léch tin higu chuyén vi tir van toc da hai, xac dinh,
khong nhieu theo hai phuong phap

Ddnh gid so sanh:

- Khi hai tin hiéu (dao dong) gia toc va chuyén vi duoc xac dinh theo tin
hiéu van toc bang phép toan vi phan va tich phan, néu tin hiéu dao dong van téc
la dang xac dinh, khéng nhidu thi két qua tinh hai dang tin hiéu dao dong con lai
cd dd chinh xac cao, su khac biét caa phép tinh trong mién thoi gian so véi phép
tinh trong mién tan s (ham sé xac dinh chinh xac) thé hién tinh quy luat cua hai
phép toan dao ham (sai s6 16n) va tich phan (hoi ty, sai sé nho).

- Muc sai s6 cho phép tinh chuyén vi tir van téc (theo phép tich phan) rat
nho, dat 1.18% (khoang 8E-3 m, cho tin hiéu Dya = 0.676 m), con sai sé tinh
gia téc (theo phép vi phan) dat mic 1.11%, khoang + 4 (m/s) cho tin hiéu Aps
= 358.5 m/s’.

* Doi Vi tin hiéu da hai, c6 nhiéu:

Tin hiéu da hai, c6 nhiéu 1 truong hop dic trung, dai dién cho céc tin hiéu
dao dong do thyc té. Theo kinh nghiém cua cac chuyén gia xu Iy tin hiéu, cling
nhu xét vé& ban chat cua phép tich phan s& cho két qua hoi tu (cong trung binh
cac nhiéu). Con khi dp dung phép vi phan, sai s6 ¢ thé rat I6n, nhiéu truong hop
khong thé chap nhan duogc két qua.

Trong xir ly tin hiéu da hai, c6 nhidu, luan an thuc hién trong mién tan sé

(Frequency domain) sau khi bién di tin hiéu do qua coéng cu toan FFT. Sai s
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lubn ton tai, song chi & muac tan s6 cao (sai so khi phan tich day tin hiéu vé day
Taylor, ciing nhu day Fourier). Thuc té cho phép ta st dung mot sé hitu han
(M) diéu hoa dau tién. Phép bién d6i dang tin hiéu chuyén vi - van toc - gia tbc
thuc hién theo giai tich lwong giac don gian.

3.3.2.2 Loc tin hiéu dao déng ngang, doc trong mién thoi gian thuc

Dung b loc trung binh tr m lan Igp

Phuong phap loc tin hiéu trong thoi gian thuc qua bd loc trung binh da
duoc xét tai muc xi ly tin hiéu dao dong xodn & trén. Po m lan lap (m chu ky),
va 1 chu ky do trich N, mau. Xac dinh véc to trung binh cho 1 chu ky véi N,
mau. Ky hiéu A - gia toc, S - bién dang (Strain) theo mo hinh ciing nhu thuat
toan da néu 6 muc 3.1.

Acc.a = [Acc.a (1)'Acc.a (2) """ Acc.a (Na)] ,
o l i .
Acc.a (J)_ m ;Acc.m (k’l)’

St.a = [St.a (1)’St.a (2)""1St,a (Nst)]1
. .
St,a (J)_E;Stm (k,])

A, — tin hiéu dao dong gia toc trong mién thoi gian, m/s®

S, — tin hiéu bién dang (xoén / doc) trong mién thoi gian.

Trong Hinh 3.22 gém c6:

Ftav-Acc.VI: Bo loc trung binh (ao) cho tin hiéu dao dong gia toc
Ftav-St.VI: Bo loc trung binh (40) cho tin hiéu dao d¢éng bién dang
Acci: Tin hiéu gia téc dau vao i; Acc.a: Tin hiéu gia tc da dugc loc.
Sti: Tin hiéu bién dang dau vao; St.a: Tin hiéu bién dang ¢4 duoc loc.

Ftav-Acci.VI Ftav-St.VI

Acc.i Acc.a Sta
— Ftav-Acc.Vl |—> — Ftavstvi L,

St.i

Hinh 3.22. So @6 cau tric bo loc trung binh cac tin hiéu dao dong cho GSRP
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Dung bé loc trurot trung binh (Slide-mean filter) cia mét véc to tin hiéu
Tin higu dau vao 1a: V =[V(1),...,V(N)]

Tin higu dau ra sau bo loc: V; = [ V;(1),...,V; (N)] theo p=1, ta c6

Vi = V(l);vm)=§(V(1)+V(2)+V(3»;

Y (k):%(V(k-1)+V(k)+V(k+1));...

Ta c6 céc VI loc trung binh truot:
Ftsav-Acc.VI Ftsav-St.VI

AccC.i Acc.sa St.sa
—» Ftsav-Acc.VI |, — Ftsav-StVl +——

St.i

Hinh 3.23. So @ céu tric VI loc trung binh truot cho tin hiéu rung dong

Trong Hinh 3.23 gom co:
Ftsav-Acc.VI: B loc truot trung binh (40) cho tin hiéu dao déng gia tc.
Ftsav-St.VI: Bo loc truot trung binh (40) cho tin hiéu dao dong bién dang.
Acc.i: Tin hiéu gia toc dau vao i; Acc.sa: Tin hiéu gia téc da duoc loc.
St.i: Tin hiéu bién dang dau vao; St.sa: Tin hiéu bién dang da duoc loc.
M6 phong loc nhiéu trong mién thoi gian thuc
Cong cu cho lap trinh md phong trén LabView rat tién ich. Hién thi do
trong mién thoi gian duoc thé hién trén d6 hoa Graph - Real time. Tin hiéu rung
do duoc (md phong) co nhidu va da loc nhiéu qua bd loc (loc trung binh hoic
loc truot trung binh). Gia tri rung dong theo RMS, peak - peak; dang tin hiéu gia
téc / van toc/ chuyén vi. ..
Tin hiéu dugc loc truot trung binh theo thuat toan sau day (p=1):
yy(1) = y(1)
yy(2) = (y(1) +y(2) + y(3))/3
yy(3) = (y(2) +y(3) + y(4)/3
yy(4) = (y(3) + y(4) + y(5))/3
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Sau khi ta loc tin hiéu dugc trich mau, can xir Iy tin hiéu c6 ich véi muc
dich xac dinh gia tri trung binh cua tin hiéu trong mot chu ky trich mau, tuong
g voi chu ky congtac cia dong co, d6 léch I6n nhat cac dao dong ctia mo men
xoan (peak-to-peak) ciling nhu gid tri khai can binh quan phuong sai RMS cua
tin hiéu trich mau trong ca chu ky.

Xir ly tin hiéu trong mién thoi gian cho ta biét mac do trung binh binh
phuong cua tin hiéu. Tuy nhién gia tri ndy khong cé ¥ nghia nhiéu néu Quy
pham (tiéu chuan) khong doi hoi.

Dé6i vai tin hiéu dao dong ngang do trén bé mit dong co ciing nhur dao dong
doc do tai g6i & chan, tin hiéu can bién d6ivé RMS va tinh FFT, loc 1/3-octave
theo tiéu chuan dwa ra tir RMR, phién ban 2014 [27].

3.3.2.3 M6 phong xur ly tin hiéu dao dong FFT va 1/3-octave

* FFT va Order Analysis (Bién ddi Fourier nhanh va phan tich bdc diéu
hoa)

Tin hiéu dugc trich mau cé dang:

X:[x(l), x(2),. v X(NS)]

duoc bién d6i FFT vé dang phd tan, ¢d st dung b loc sb. Két qua caa phép
bién d6i FFT cho ta cac dac tinh cua tin hiéu rung dong vé:

(a) Bién d6 - tan sé;

(b) Cong suét - tan sé;

(c) Pha - tan s6.

Theo yéu cau caa Quy pham khi nghién ctru dao dong xoan, can dua ra 12
bac diéu hoa dau tién khi dong co may chinh Ia diesel 2 ky (bac 1; 2;...,12), con
d6i voi diesel 4 ky, can dua ra 25 bac diéu hoa dau tién (bac, 1; 2;...; 25).
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Phu thuoc vao muc dich nghién ctiru phét trién sau ndy, ching ta c6 thé trien
khai phan tichva hién thi ba chirc nang (a) + (c) ¢4 néu trén, hoic c6 thé bo sung
thém mat s6 tinh chat khac theo thuat toan phtl hop sé& xay dung.

Phép bién d6i Fourier nhanh duoc dé cap dén trong nhiéu tai lieu xu ly tin
hiéu ciing nhu trong phan mém ang dung, vi du nhu: MatLab, LabView. Trong
LabView, phan mém mé phong da tng dung FFT va xay dung VI tng dung nhu
da chi trong muc 3.3.1.

* EFT va 1/3-octave (Bién doi FFT va loc 1/3-octave trong mién tan so)

Trong g6i phan mém ung dung xi Iy tin hiéu dao dong va am thanh (SVT,
Sound and Vibration Toolkit) cta hang National Instrument, NI) tich hop vai
LabView di xay dung sian mé dun xir Iy octave. Viéc st dung SVT vao muc
dich xu ly tin hiéu dao dong doc va ngang dé thu dugc cac dic tinh 1/3-octave
can thiét theo RMR, phién ban 2014 1 thuan tién, song c6 mot sé diém can luu
y. Dé 1am rd nhitng diém hru ¥ ndy, ching ta tim hiéu cac dic diém, kha ning
lam viéc cua mé dun xur ly 1/3-octave da duoc xay dung.

Biéu tugng (Icon) cua thiét bi a0 VI -1/3 octave analysis dugc thé hién trén
Hinh 3.24.

scaled signal (EU) octave spectra
Hiéu chudn tin hiéu SoundVib_Octave.Iviib:SVT Third-octave Analysis.vi Phé octave

vao [EU] scaled signals [EU)] szl ; octave spectra units lebels
frequency range f’eq”E;‘;YO':f}%e “‘5: . . %‘:'Dfli;'E::'dS e Hién thi don vj
Dai tan s6 errorin (no errar]ﬂnj R :mmngﬂmoctaveinfop total band powers

errar out

J— v [ ——

exp avg settings

p——— Téng cdng sudt
dB On\ (T) equal confidence level [dB] : p_sveraging type s filter settled b3 & " g
Chu ky (T) rectart a\reraging (3] ang tan
. averaging type .
error in (no error) octave info
Sai s& d3u vao F'erfnrmsathird-octavea.nalysis on sc.?led signal [EU] in.accnrdancewith.thelEC .1260 Théng tin octave
standard. You can use this polymorphic VI to perform third-octave analysis on a single

. channel or on N channels. The data type you wire to the scaled signal [EU] input error out
exp lan settings determines the polymerphic instance to use. R
Thiét lap ham mi Sais6daura
trung binh filter settled
equal confidence Cai datbo loc

level [dB]
Mtrc tin sé [dB]

restart averaging
Khéi tao tinh trung
binh (F)

averaging type
Kiéu tinh trung binh

Hinh 3.24. Biéu tugng VI phan tich 1/3-octave cua SVT
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Tin hiéu vao dugc tich hop don vi ky thuat twong ung (Scaled signals, EU -

Engineering Unit) theo tiéu chuan 1EC 1260. Tin hiéu vao xay dung don kénh

hoac N kénh.

VI 1/3-octave duoc tich hop trong Code lap trinh (BD) phan tich tin hiéu

dao dong ngang, duoc thé hién trén Hinh 3.25 dudi day:

SVL scale Votage to EU.vi
SVL hiéu chuin dién 4p cho donvi do.vi

channel info

(T
L

frequengy range

channel info
Thong tin kénh do

frequency range
Dai tdn sé

SVL Scalg Voltage to EU.vi

L .
Bl 3:; hg.»
Y+EY T

EFRETE

»

(OCTAME

v r v v -

restart averaging = S\L-EL:'?
Kh&i tao tinh trung binh Analysis.vi

. RT INPUT SIGNAL
Averaging Type

Kiéu tinh trung binh

exponential averaging settings

averaging type

Averaging Type |l 4¥

Thiét 14p ham mii trung binh

EI‘IE:
|exponentia| averaging settings Iﬁ
|equa| confidence level [dE]|

equal confidence level [dB]
Mcrc tin s6 [dB]

Hinh 3.25. Xay dung Code VI phan tich 1/3-octave cua SVT

Giao dién lap trinh cua VI SVT Third-octave Analysis (phan tich 1/3-

octave) duoc thé hién dudi Hinh 3.26.

e No Exror YRl

(4| Default "t
+IEC 1260 ~| :filter settled
+1/3 octave ¥
reset filter (F) = samples to settle
restart averaging (F) ctave spectra
lscaled signals [EU] unit labels|
[~ ! i Fabe]
frequency range K | ctave info
=05 i E i ferrrrr §20 1]
error in (no N e B | “ros rror out]
onex..... o scla e =
M_ll | i otal band powers|
_D JBL |
Hinh 3.26. Cau trac cua Code VI phan tich 1/3-octave
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Trong do:
reset filter (F)
restart averaging (F)

scaled signal (EU)

frequency range
error in (no error)

averaging type
exp avg settings

equal  confidence
level [dB]
dB On (T)

Pit lai b6 loc (F)
Khoi tao tinh trung
binh (F)

Hiéu chuan tin hiéu
(EV)

Dai tan s

Sai s6 dau vao

Kiéu tinh trung binh
Thiét lap ham mi
trung binh

Mirc tan s [dB]

Chu ky (T)

filter settled?
# samples to

settle

octave spectra

units lebels
octave info
error out

total
powers

band

Cai dat bo loc
+Trich mau

Phé octave

Pon vi do

Thoéng tin octave
Sai 56 dau ra
Tong cdng suat
bang tan

Thiét bi a0 thanh phan: kiém tra tin hiéu vao c6 cau tric tin hiéu vao/ ra

nhu dudi Hinh 3.27.

1/n Octave settings

Cai dat cau hinh 1/n octave
reset filter (F)

Pat lai bo loc (F)

restart averaging (F)

Khéi tao tinh trung binh (F)
Scaled signal (s)

Hiéu chuan tin hiéu (s)
frequency range (1/1)

Dai tan sé (1/1)

Dai tan s& (Hz)

Dai tAn sé (1/3)

Errorin (no error)

Sai s6 dau vao

bandwidth

PO rong bang thong
averaging type

Ki€u tinh trung binh

exp avg settings

Thiét 13p ham mii trung binh

equal confidence [dB]
Mirc tan sd [dB]

SoundVib_Octave.lvlib:sv_Check Data Valid (N Ch) [Octave].nvi

1/n Octave settings
reset filter (F) -
restart averaging (F) -

Scaled signal(s)

frequency range (1/1) o
frequency range [Hz]
frequency range (1/3)

error in (no error)
bandwidth

averaging type

exp avg settings

equal confidence level [dB]

dup Scaled signal(s)
| 3

band number

error out

Restart averaging
- Reset Filter

Dup Scaled signal(s)
Hiéu chinh tin hiéu
kép (s)

Band number

S6 bang théng
Restart averaging
Khéi tao tinh trung
binh

Reset Filter

Datlai bd loc

Error out
Sai s6 daura

Hinh 3.27. Bau vao/ra cta VI thanh phan kiém tra tin hiéu vao

Thiét bi a0 thanh phan: xir ly tin hiéu vao dang 1/3 - Fractional Octave c6

cAu trdc tin hiéu vao/ ra nhu Hinh 3.28.
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1/n Octave settings
Cai dat cau hinh
1/n octave

Scaled signal (s)
Hiéu chuén tin hiéu
(s)

band number

S6 bang théng

restart averaging
(F)

Khéi tao tinh trung
binh (F)

reset Filter (F)
batlai bo loc (F)
error in (no error)
Sai s6 dau vao
averaging type
Kiéu tinh trung
binh

exp avg settings

Cai datgia tri trung
binh
Mrc tan sé [dB]

SoundVib_Octave.lvlib:sv_Fractional-octave Analysis (N Ch).vi Settled?

settled? Cai dat
* Octave measurements
# samples to settle

= pctave info

error out

1/n octave settings

Scaled signal(s)

band number

restart averaging (F)

reset filter (F)

error in (no error)
averaging type

exp avg settings

equal confidence level [dB]

Octave measurements
DPiém do Octave

# samples to settle
£Trich mau

octave info
Thong tin octave

Performs a fractional-octave analysis on the input signal.

The fractional-ectave filters are designed in accordance with one of the following
standards:

ANSI 51.11-1986, Order 3, Type 1-D, optional range;

Fractional-octave-band filters, class 1, IEC 1260:1595.

For both standards, the sampling frequency must be at least 3 times the highest
midband frequency for octave analysis and at least 2.5 times the highest midband
frequency for 1/3, 1/6, 1/12, or 1/24 octave analysis. Available bandwidths are 1/1, 1/3,
1/6,1/12, and 1/24 octave.

The frequency range is based on the low and high bands specified in the band number
cluster. A value of 0 corresponds to the reference frequency of the audio-frequency
range 1 kHz. Each successive value corresponds to the next fractional-octave band.
Positive values cover the range above 1 kHz, and negative values cover the range below
1kHz

Available averaging types are Linear, Exponential (default), Equal confidence, and Peak.
Based on the selected averaging type, this VI uses the additional settings in averaging
parameters.

This VI returns the power in each fracticnal-octave band.

Te ensure a continuous filtering operation call this VI the first time with filter init/cont
set to FALSE and then call it with filter init/cont set to TRUE.

error out
Sai s6 daura

Tan s6 trich mau phai |&n hon it nhat 2.5 1an tan s6 trung
binh I&n nhat cla diéu hoa 1/3-octave (theo tiéu chudn ANSIS
1.11 -1986; Fractional-octave-band filter, class 1, IEC 1260;
1995).

Hinh 3.28. Cau tric vao /ra ctia VI xi Iy tin hiéu vé dang 1/3-Fractional

Octave

VI phan tich tin hiéu octave mot hoic N kénh nay cé thé xtr Iy tin hiéu

phan tich FFT va loc tan sé dai bang thdng octave, 1/2, 1/3 ...1/24-octave.

Trong ky thuat dao dong (Quy pham RMR, phién ban 2014) ta quan tam dén

thiét 1ap cau hinh cho 1/3-octave.

VI thanh phan: Log View Octave, dau vao/ vao c6 cau nhu Hinh 3.29

Octave
measurements
Piém do Octave

Octave info
Thong tin octave

Errorin (no error)
Sai s8 dau vao
dB On (T)

Chu ky (T)

Octave spectra
Phé octave

nits lebels
SoundVib_Octave.lviib:sv_Log View for Band Power (N Ch).vi Units _ebe
Pon vi do
Octave measurements haE octave spectra .
. WiEW ; Octave info
octave info e mEm unit labels N :
errorin (no error) = E octave info Thong tin octave
dB On (T) error out Error out

total band power(s) [dB EU] Sai s& d3u ra

Total band powers

(dB, EU)

Téng cbng suat
bang tan (s) [dB,
EU]

Hinh 3.29. Bau vao/ra cta VI thanh phan hién thi
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3.4. M0 phéng ra quyét dinh giam satrung dong hé truc diesel lai chan vit
3.4.1. M0 phdng ra quyét dinh gidm sdt dao déng xoin tai ché d¢ giam sat
3.4.1.1 DBatvdn dé bai toan ra quyét dinh trang thdi dao déng xodn

Trién khai do dao dong xoan trén truc trung gian (TTG, IMS) tai céc ché do
vong quay khac nhau va so sanh vai gia tri tng suat xoin cho phép tai ting ché
d6 khai thac d6, néu ng sut xoan thu duogc tai thoi diém do twong tng véi ché

dd vong quay cua truc A = n/ny,.

V6i cach dit van dé nhu trén, trén man hinh hién thi két qua giam sét dao

dong xoan can hién thi cac thong sé sau day:
- Vong quay khai thac n (vong/phut), n,, (vong/phat);
- Vong quay khai thac tuong di A,
- Gi4 tri (ng suét ctia doan truc do (TTG), TP (MPa);
- Gi4 tri (g suét cho phép dbi véi TTG, (PTP, MPa) twong (ng Vai:
+ Puong kinh ngoai, duong kinh trong (mm) cua truc;
+ M6 dun dan hoi E(N/mm?);
+ Heé s6 Patxong (v);
+ Hé s6 hinh dang truc Ck.
Thong tin danh gia TP c6 dudi mac cho phép hay khong?
3.4.1.2 Thiét bj do ra quyét dinh trang thai dao déng xodn
- Pau vao cho quyét dinh trang thai dao dong xoan duoc giam sat:
+ Trang thai (gia tri) TP hién hanh (TP, L) theo 0.5*gia tri peak-to-peak;
+ Gid tri (g suat xoan cua doan truc do (PTP, A, k, d, E,v).

- Pau ra: Théng bao bang dong chir; dén LED (XANH - dudi ngudng cho
phép; PO - trén ngudng cho phép).

3.4.1.3 Vi du demo thiét bj do ra quyét dinh trang thdi dao déng xodn
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Trén Hinh 3.30 va Error! Reference source not found. thé hién giao dién
chinh (Front Panel) va giao dién lap trinh (Block Diagram) cua VI xt ly tin hiéu
do dao d6ng xoin bang tem bién dang va ra quyét dinh gidm sat mac d6 dao
dong xoan.

g GATHINGHIEM-DO-TAU-THUC\DATA_2018\PTN_100318\N15001100A\ACC_N15001100A96.tdms

Path*
. -DO- T Path
PhaseAnalysis  TV-Analyzer 8 G\THINGHIEM-DO-TAU-THUC\DATA_2018\PTN_100318\N15001100A\STRAIN_N15001100A96.tdms
RT-strain (microstrain) [ 300 1 14-Feb-19 10:26:10 PM
RMS [microstrain)
Fs (Hn) 001 g 2007 fi )
50000 £N g 100- ( 121.69 J
Nsbd™ 739 4121 Nskt* A Peak-Peak [microstrain}
g o - -
STOP E L 431.37 J
-100-
Nsbd Nskt
-200- ' i ' i ' ' ' | i 720 4721
nnor(RPM) 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Doan truc #samples n(RPM
1500 Truc trung gian = L J (RPM) 1298 J
J TORS.STRESS
Indi ORDER  TORS.MOMENTS

RMS (MPa) | 183580 343103 1/2*Peak-Peak MPal  (pyp (npay) | 454738

INTERMEDIATE SHAFT 1 50 Magnitude-Results (MPa)
RIT-T.PR.[MPa]

Harmonic__| Value ~

€k d,mm

Notes for Ck Values 0 0 0.0
Input Ck for sellected shaft piece following: & 1 99
1, For Intermediate Shaft = 50- 2 21.9
+ flange coupling 1.0 a 3 10.1

+ key way, tapered connection 0.6 ; - 7 EE}

+ key way, cylindrical connection 0.45; FN0 < o=

= Transverse hole 0.5 E -

+ Longitudinal slot : 0.3 E -20- 6 7.9

5 7 03

-0- | ' | ! | ! ' ! ' 8 07

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 3 31

#samples | ) 08

1 08

Dout{mm) E (N/mm2) Magnitude [T.STRESS) 12 0.6

13 05

50

. 206800 25 12 0.2

' Dint{mm) Poisson Ratio 15 0.7
0 0.3 £ 20- 16 04

F 17 02

I w15 18 0.4

we (mm3) 4544 39 Kt(mstrain) K] 19 04
210 20 02

1.59E-4 Ks{stress) g 21 0.2

T 5o 2 02

T paea) 23 03

_ 16000.T. Do (1+-1) o-+ . L) R e % FE

Torque Strain, s = — 0 5 10 15 20 25 25 02

"'(D,) D]‘) B Mumber of Harmonic i

Hinh 3.30. Giao dién chinh cua VI xur Iy off-line tin hiéu DBX trén doan truc
trung gian hé truc D-G tai PTN va ra quyét dinh gidm sat mie do6 DDX tai vong
quay thir nghiém

Ddi v6i dao dong xoan, ra quyét dinh gidm sét trang thai (g suat xoén tai
ché d6 khai thac vong quay so V&i gia tri ngudng cho phép, duoc dua ra bai Quy
pham hang hai twong (g vé dao dong xoan [1],[27],[31].
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Tai ché d6 vong quay khai thac duogc tinh tir két qua thir nghiém n = 1488
vong/phut, doan truc trung gian dugc hoén cai tai Phong thi nghiém cua Vién
nghién cau Khoa hoc & Cong nghé Hang hai ¢6 duong kinh 50 mm, vat liéu
thép cac bon, c6 ung suat xoin cho phép PTP = 45.17 MPa, trong khi d6 tng
suat xoan trén doan truc do thuc chiu tac dong TP = 34.31 MPa.

Dao d6ng xoan nam trong pham vi cho phép, dén bao dat yéu cau (mau
XANH).
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PERMITED TORSIONAL PRESSURE
]

E_ |¥ET]|Indicator

3 z| | [FVPIMPa)
Doan truc cz| | i e papa
Y] o

Dang vat lieu

- Reference from form = Input Materi

[RPM)

Torsional Strain [microstrain]

forks1:H H'TORSSTRESS' 'H

Waveform -Light Sensar

if y{kj>=2 oot [ —— [ —— Magnitude (T.STRESS)
:ﬂl“!'fr - YScale.UnitLabel. Text YScale UnitLabel. Text Magnitude (T.STRESS)
dse _ [T —
n 7 ¥Scale.NameLbl.Text
f.'.‘i'& RI-TORSMOMENT Flstrain mctostrain) i A _YScaIe.Nan‘elbl.Ten
....... Tab Control »
end RT-strain imicrostrai
suoni=0; suon2=(; Phase -proccessed = ‘ r’“
Ptezerce() 2 pr 1 Ns=Nskt-Nsbd: : =]
Fh2=Ph1; 1= ik
A 3 t=NsbaNskt RT-ORS.MGHENT 1 Lemaxsizel; NFFT»2* nextpowzIL)
i fand tyik)==C,yfk+ 1) R 4 yimmeyltid; I 2 Y=fftly NFFTUL
suonl=suont=l; [P0 ——tto0t] suont 5 ks sktiwg 3 Mh=hz-hy;
Phyisuonijsk: 8 plg=yimmivg St = < [Mh- 1]
end T stress=phgtied; 5 fork=1:h2
if fand tyik)= =5,ylk= 1) 8 % [MPa= Nimm2] ? Aﬂgl'-'-"absn‘lklh TTd{k)= anglef¥iij)* 1 50/pi
suon2=suons1; e o
@ Pr2isuond)=k oL . § Ay

end —suon2 N from) §

Read From end Sl = 206500; % i

e dPhT=PH1{2)PhI(TE G| E_ 2 ;C:" for sl_!ll‘!{ mmz. n
= ni=.3; % Poison = 0.3 for ste
Signals  + i s LA [in alp=difdg;
anas 7 dri=dt*dn1; dT2=gt =2 pm) we=pit(1-alpt4)(d0* 3
NT=round(50/dT1); m We=We 16
N2=round{&/dT2; p Wbl | Nsp 1+
Nsp=Ph1[Z]-Ph1[1); ) 2:&:3}0 =r'“Fu'-INmm| > =
b= Phii(1); Nicts P ftibd) 51 Nod i it i v S Ty
Tod=Hbde dt: % [kt= Nm/microsctrain]= >kt 20 =
K=kt 1E-5; wie (mm3)
[NV EE N I D R He R
TOTOOOOOOOT HIIL]|RMS (microstrain) Magnitude-Resuits (MPa
_Peu.?gak [mbcrostraing
DBL]
= Magnitude-Results (MPa)
. a PltemNames

P RowHdrs(]
B NumCols

7

Harmonic

RT-strain |microstrain}

l ’ Hsbd®
1 sbd=round(Tbd/d, |
M2 Nskt=roundmsatfisool Hsbd L)
SO0 3 for kehsbd:Nskt.1 Graph Tab Control
I 4 yitr_xfk-Nsbd =)=y
"1 5 end ey
6 ym=meanyste_x; _ "

y1=ystr_x-ym;
HNssp=hisic.b

B e

Hinh 3.31. Giao dién Iap trinh ctia VI xt ly tin hiéu bién dang xoén trén doan truc trung gian cua to hop D-G
tai Vién Nghién ctru Khoa hoc va cong nghé Hang hai
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3.4.2. Xay dung mé dun phdan mém ra quyét dinh trang thdi dao déng gia téc

trén dong co dot trong

Mirc dao dong gia toc cho phép d6i vai dong co dét trong ICE da duoc xét
tai Chuong 2.

Tai chuong nay, luan &n tap trung xay dung phan mém ty dong dua ra gia
tri cho phép theo ngudng A va B (Level A va B) khi khai béo loai dong co dugc
str dung (cu thé nhap hanh trinh piston S(cm)). Nhu vay ta d3 c¢6 ngudng PVL-A
va PVL-B tai tung tan sé dugc phén tich, ma theo Quy pham Ping kiém RMR
[27], tan sb duogc xét 1a gia tri tan sé trung binh caa bo loc 1/3-octave.

Xay dung mé dun phan mém ra quyét dinh trang thai dao déng gia toc trén
déng co dét trong

Trong do va xur Iy rung dong chung ta dd xac dinh dugc hai véc to: tan s
va bién do trung binh 1/3-octave ¢ ché do do hién tai (giam sat). VEc to tan sb
nay thuong cé dai tan khac so véi véc to tan sé trung binh cho phép tham chiéu
(Reference) da duoc xét ¢ trén theo Quy pham Ping kiém RMR [27]. Ta can
xay dung thuat toan dé trien khai xay dyung thiét bi 40 ra quyét dinh cudi cling
hién thi mic 6 dao dong hién hanh va bao dong khi vuot qua ngudng cho phép.

Thir ty thuc hién nhu sau:

Buéc 1. Nhip cac véc to tan sé trung binh & trang thai hién tai dang giam
sat cho dong co diesel duoc dung cho phan tich 1/3-octave. Gia thiét véc to tan

sb nay duoc viét dudi dang:

Fe=[Fi (1), . R (N)]s N = max(size(F, )
Xac dinh mac dao dong cho phép ngudng A va B theo md hinh toan ciing
nhu phan mém di xay dung twong ung, xac dinh bién d6 ngudng A va B tai
tirng tan s6 Fe; (K):

v Ucf

PVLA=W, (S, F; ()); PVLB=W, (S, F, ());

& d6 S 13 hanh trinh piston, F(.) - bién tan sé dua vao dé xac dinh ngudng
cho phép A vaB.
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m Test_Alarm.vi Front Panel — O X ﬂ

FiIeView Project Operate Tools Window I-B File Edit View Project Operate Tools Window Help
o | -
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Hinh 3.32. VI con kiém tra mic d6 rung dong theo hai ngudng A va B

Budc 2. Gi tri dao dong ¢ trang thai hién hanh, tai timng bac tan sb k, so
sénh voi cac ngudng twong Gng vira Xét & budc 1. Két qua so sanh (chung) tai
mac A ky hiéu RA. Gia tri RA = 1 hoac 0. Tuong tu cho két qua RB, ddi voi
murc dao dong B.

Budc 3. Panh gia két qua cudi cing RA va RB.

Néu RA = 1 thi trang thai rung dong cua may tét, dudi ngudng A. Néu RA
= 0va RB =1, trang thai rung dong & mirc cho phép, khai thac an toan.

Nguoc lai, néu RB = 0 trang thai dao dong vuot qua ngudng cho phép B,
can chi y khai thac va c6 bién phap khac phuc nguyén nhan gay ra rung dong.
Su ¢d ¢6 thé xay ra bat ky lic no.

Trén phan mém con gém giao dién chinh (FP) va lap trinh code (BD) cho
ra quyét dinh (kiém tra) mtc dao dong hién hanh (& ché do giam sét) so véi hai
ngudng cho phép A va B d3 duoc x4c dinh tir md dun mém tidu chuan. Trén FP
chi can dua vao hai véc to mac PL1, PL2 cho phép A va B twong Gng véi N tan
sb trong véc to trang thai dao dong hién tai x. Phép d¢dng bo hda tan sé ching ta
khong can ban tam dén, vi phan mém trong SVT di dua ra cu thé cac tan s
trung binh cua phép bién d6i 1/3-octave.

Hinh 3.33 thiét bi 40 tu dong dua ra két qua giam sat dao dong ngang ¢ ché

d6 duogc kiém tra, giam sat dudi dang bang, d6 thi va dén LED.
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Hinh 3.33. Thiét bj a0 dua ra két qua danh gia trang thai rung dong hién hanh

Két qua giam sat dao dong ngang cho thiy mic dao dong do dugc dat tiéu
chuan cho phép, dén LED chi b4o mau xanh.

35. Kétluin chwong 3

Chuong 3, luin 4an dd mo phong trén co s trién khai lap trinh cac mé hinh
to4n va thuat giai twong @ng trén phan mém nén LabView (st dung MathScript)
hoac trén MatLab (trong m.file) cho xay dung tin hiéu da hai (¢au vao) cé nhiéu
gia tin hiéu do thyuc té. Xay dung céc VI tao tin hiéu gom 12 diéu hoa tuong ung
cho tin hiéu dao ddéng xoin trén dong co diesel hai ky, va tin hiéu 25 diéu hoa
cho m6 phong tin hiéu dao ddng xoan trén dong co diesel 4 ky.

Trién khai md phong: xay dung cac dic tinh gigi han cho phép ddi véi céc
dang dao dong co ban dugc gidm sat trén MDE va hé truc chinh diesel lai chan
vit (do trén truc trung gian, truc chan vit, truc day) nhu: dao dong xoan, dao
dong doc va dao dong chung trén bé mit dong co.

M6 phong xt ly tin hiéu dao dong theo muc tiéu giam sat trén co s& Cac
dac tinh gigi han.
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Xay dung cac md dun mém (V1) xu ly tin hiéu dao dong xoan trong mién
thoi gian thuc qua bo loc trung binh va truot trung binh. Céc két qua chi ra chat
lugng bo loc trung binh phi hop cho tin hiéu c6 mic d6 nhidu (46 sai s6) nho
hon AR = 5%. Khi ¢ nhiéu lén hon, str dung bo loc truot trung binh sé& ting
hiéu qua xt ly nhiéu hon b loc trung binh.

Xay dung cic md dun mém xir ly cac tin hiéu dao dong da hai cé nhidu,
trong mién tan s (qua bd FFT) cho két qua tin cay cao (trén 99%) véi mac do
nhiéu nho hon AR = 15% ddi véi bién do céac diéu hoa thu duoc, con déi véi pha
tuong tng - do tin cay trén 95%.

Xay dung mo phong xir ly tin hiéu FFT va loc 1/3-octave ddi véi céc tin
hiéu dao dong ngang va doc. Cac mé dun mém duoc xay dung trén co s& goi
phan mém chuyén dung xir Iy tin hiéu dao dong va &m thanh (SVT) cua hang
NI. Phan mém c6 ban quyén, duoc cung cap tir Dé tai Boc lap cap qubc gia [13].
Xay dung mé dun ra quyét dinh gidm st trang thai dao dong trén co so tiéu
chuan. Viéc ra quyét dinh kha phic tap vi trién khai so sénh tai tit ca cac tan so,
va trude d6 can noi suy gia tri cho phép (tidu chuan) tai tn s tuong Gng duoc
giam sét, phu thudc vao ché do vong quay dong co dang hoat dong.

M®& phong ra quyét dinh va tich hop voi cac dic tinh gigi han dé hién thi
két qua giam sat dao dong twong tng ting dang dao dong va ting diém do theo
huéng dan cua tiéu chuan dua ra.
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Chwong 4. NGHIEN CUU CHE TAO VA THU NGHIEM HE THONG
GIAM SAT RUNG PONG TREN PONG CO DIESEL TAU BIEN

Trong chuong nady, luan &n tap trung nghién ciu ché tao hé théng do, giam
sat rung dong da kénh di dong ding cho dong co diesel tau bién va tién hanh
thuc nghiém dé kiém chuang céc thuat toan xu ly tin hiéu dao dong, cho méd
phong, cho thiét bi do, giam sat rung dong da ché tao. Cac két qua thuc nghiém
trong phong thi nghiém va trén tau thuc nham kiém tra, hiéu chinh thiét bi, ciing
nhu chimg minh tinh ding d4n cia co s& Iy thuyét, co s& khoa hoc va cong nghé

da trinh bay trong cac chuong trudc cua luan an.
4.1. Ché tao hé théng giam sat rung dong trén dong co diesel tau bién
4.1.1. Yéu cau ky thugt

Pé do, giam sat rung trén dong co diesel tau bién, ta can co thiét bi do, luu
trir dit liéu, hién thi nhanh két qua do, doc dir liéu da ghi dé xu ly tin hiéu cho
giam sat dao dong (GSRD off-line). Thiét bi do, dam bao chirc ning trén 1 hé
thong do da kénh, da chirc ning, gdm kénh do dao dong xoan trén truc quay, dao
dong doc hé truc va cac dao dong thang trén bé mat cac chi tiét tinh (khong
quay) ctia dong co. Yéu cau GSRD cho may dang lam viéc, dic biét 1a MDE can
c6 kénh do vi tri (pha) cua ting xy lanh dé danh gia tinh trang hoat dong, tinh
trang k¥ thuat cua cac xy lanh. Nhu vay, thiét bi do, giam sat dao dong ti thiéu

can co:
- Kénh do pha 01 kénh
- Kénh do dao dong xoan 01 kénh
- Kénh do dao dong doc 01 kénh

- Kénh do dao dong thang 06 kénh
(b& dong co, than xy lanh, than tuabin,...)

DPé dap ung cho nghién ctu thuc nghiém, GSRD trén MDE va hé truc, s
dung thiét bi do dao dong hién dai da kénh trén co sé cdng nghé phan cang cua

hang NI (National Instruments, Hoa Ky), phan mém xay dung trén co so
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LabView va goi phan mém dao dong am thanh (Sound and Vibration Toolkit -
SVT) cua hang NI dé phéat trién va mo rong, tich hop sau nay. So ¢d nguyén Iy
hé théng do, GSRP trong thi nghiém dugc chi ra trong Hinh 4.1.

. DAQ - Hién thi
}  Pakémh > GX“’ ly,‘:g})
(ddng bp hoa) - >lam sat
(Phan mem)

S1|S2 Sn | / CPU \
Sp Sn+2

Pong co diesel
tau bien Sn+1
MDE

Hinh 4.1. So db nguyén Iy hé thong do, giam sat rung dong MDE
4.1.2. So dé céu tric hé théng do, giam sdt da kénh ding cho MDE

4.1.2.1 Sor dé khéi cdu tric cia phan cing

So d6 khéi cac thanh phan cua hé thong do, GSRD MMMVS 10 kénh
duoc chi ra Hinh 4.2 gdm cé ba thanh phan chinh:

- Khéi cam bién do dao dong va pha (BS), trong d6: BS - Block sensor
(Khéi cac cam bién gia tc va pha), BA - Block accelerators (Khéi cac cam bién
gia toc), BGS - Block strain gauges (Khéi cac cam bién bién dang gdm 2 tem
bién dang cau Bridge-Stone).

- Khéi tich hop dit lidu cac kénh do Block DAQ (B-DAQ), trong d6: DAQ
9234 - B¢ thu thap dir lisu DAQ NI 9234 cua hang NI, gom khung (chasis)
cDAQ 9184 c6 04 slot, chira 02 DAQ 9234 (8 kénh). DAQ 9237 - B thu thap
dit licu do bién dang loai DSUB 4 kénh, gdm khung CDAQ 9191 phét song
wifi, cam 01 slot DAQ NI 9237(DSUB) - tin hiéu vao bién dang. Modem - Tich
hop tin hiéu dao dong (Analog tir CDAQ 9184) qua duong LAN va tin hiéu bién
dang dang séng wifi tir CDAQ 9191.

- CPU va thiét bi ngoai vi: CPU duoc nhan tin hiéu do duge theo dudng
LAN tir Modem va c6 chirc nang xtr ly tin higu.
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Hinh 4.2. So db khdi cac thanh phan cta hé thing GSRD 10 kénh

4.1.2.2 Phdn mém thu thdp va xit Iy tin hiéu do

Phan mém do, xir ly tin hiéu, giam sat rung dong trén MDE duoc viét trén
ngon ngir 1ap trinh LabView cua National Instruments.

Hé théng phan mém duoc chia thanh 04 modules, bao gom: modul SWMy,
c6 chire ning do, xir ly nhanh va hién thi két qua dao dong do dugc trong giam
sat dao dong hién tai trén MDE; modul SWMg, ¢ chirc nang doc va xir ly rung
cho giam sat dao dong (offline) trén MDE; modul SWMy; ¢6 chirc nang Iuu trit
két qua do, xir Iy tin hiéu, tao bao céo, in 4n, modul SWMy, luu trit co s& dit lidu
tham chiéu. Noi dung chi tiét cua cac modul duoc trinh bay trong phu luc PL2.

4.1.2.3 Tach tin hiéu dao dong cho xu ly

C6 chin tin hiéu can duoc xir Iy, trong d6 c6 tam tin hiéu dao dong va mot
tin hiéu pha. Can phai tach riéng ting tin hiéu dé xu ly phuc vu cho muc dich
giam sat. Noi dung chi tiét duoc trinh bay trong phu luc PL2.

4.1.2.4 Xu¢ Iy tin hiéu trong mién thoi gian

Tin hiéu do duoc nho cé tin hiéu pha ma ta biét do dai doan trich mau s&
gom mot s chu ky trich mau T twong tng véi chu Ky lam viéc cia dong co.
Piém chu y 1a d6i vi MDE hai ky, 1 chu ky lam viéc twong ung véi 1 vong
quay, c6 nghia la twong urng vai khoang thoi gian gitra 2 xung (suon Ién) cua tin

hiéu pha. Nguoc lai, dbi véi MDE 4 ky, dé c6 day du 1 chu ky cong tac cua
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dong co ta can 2 vong quay, c6 nghia la chu ky trich mau T & day phai chon
khoang thoi gian giira 3 suon Ién lién tiép Hinh 4.3.

Mot tin hiéu da luu trit dugce tach ra thanh m doan dir liéu lap, mdi doan
tuong ung cho 1 chu ky lam viéc cua dong co & vong quay nao do (n,
vong/phat).

> »
)l »

Y

T (MDE 2 ky) Ts (MBE 4 ky)

Hinh 4.3. Xac dinh chu ky trich mau cho xir iy GSRD trén MDE

* Luu trif CAc tin hiéu do dwoc: Viéc phan tich, thiét ké thiét bi ao VI cho
tu dong do, Iuu trir dir liéu do duoc vao file c6 dinh dang phu hop véi LabView
dé sau nay dugc doc ciing tir mdi trudng LabView.

* Lyra chon dinh dang cho béo céo [12]: Labview cung cép cho ngudi sir
dung 4 su hra chon vé kiéu b&o biéu, d6 1a Standard, HTML, Word va Excel.
Néu ta mudn in bao biéu, cd thé chon giita cac kiéu Standard, Word hay la
Excel. Néu mudn giri report qua email, ta phai dung kiéu Word hozc Excel.

4.1.3. Céc thanh phan co ban trong hé thong do, GSRP da kénh

4.1.3.1 Phdn cing

Phan cimg duoc hra chon bao gdm: sensors, DAQ, CPU, monitor, printer
va modem déu Ia thiét bi cong nghiép, c6 do chinh xac, tin cay cao, ¢ kha nang
tich hop trong hé thong dé lam nhiém vy GSRD trén MDE.

4.1.3.2 Phdn mém

Phan mém do, xir ly tin hiéu, gidm sat rung dong trén MDE dugc thiét ké
trén Labview (NI), diéu khién céc thiét bi ngoai vi nhu bo cam bién (BS), b thu
thap dir licu (B-DAQ) két hop st dung phan mém MatLab dé tién hanh mé
phong va giai céc bai toan vé mé phong sb.
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Phan mém chung géom cac modul thanh phan vé: tiéu chuan mac d6 rung
dong; do, hién thi nhanh, huu trir tin hiéu do rung dong; doc va xti ly tin hiéu
(trong mién thoi gian, mién tan s - loc nhidu, FFT,1/3-octave, orders); ra quyét
dinh trang thai rung dong; hru trir két qua xu ly, bao céo, in 4n; tich hop chung

cac mo dun cho do, phan tich rung dong.
a. Phan mém nhdn dang thiét bi ngogi vi

Phan mém nhan dang thiét bi ngoai vi NI-MAX ty d¢ong nhan dang thiét bi
ngoai Vi bang cach khai dong phan mém NI-MAX va thiét 1ap ciu hinh twong
ung.

b. Phan mém do, hién thj két qua xi Iy on-line

Thiét bi a0 do dao dong xay dung trong LabView, pht hop véi cau hinh
ctia phan cimg dung do rung dong. Vé nguyén Iy chung, khi thay d6i s6 lugng
dau do, ching ta chi thay d6i khai bao, cai ¢t cau hinh cho hé thong.

Trong qua trinh do, hién thi nhanh ¢dng hanh véi qua trinh do va cac tin
hiéu rung do dugc dé ngudi do nhan biét dugc dang cua tin hidu d6, danh gia
nhanh tin hiéu do c¢6 dam bao chét lwrgng hay khdng, tir d6 s& dwa ra quyét dinh
do tiép (xac dinh s6 MAu can luu trir) hay diéu chinh cai dit, thiét lap cdu hinh

néu c6 16i, sai sot & khau chuan bi.

Kénh do pha can hién thi rd cac dudng xung cho mot sé chu ky quay cua
truc. Phan mém tu dong tinh va dwa ra gia tri vong quay cua truc theo suon Ién
cling nhu sudn xudng cua cac xung lién tiép. Nguoi do s& nhap vao gia tri vong
quay thuc do qua két qua kénh pha dua ra. Khi d6 d6 thi xung thu duogc s& on
dinh (cac xung thu dugc gan nhu dung yén). Nguoi do sé& luu lai dix liéu do cho
ché do da thuc hién.

Céac dir liéu da duoc dong bo hoa va ghi theo cac khéi dit liéu (Block Data)
cho céc kénh do tir DAQ 9234 (pha va cac kénh dao dong gia téc) va cho céc
kénh do bién dang (SG). Céac khdi nay duoc ghi, luu trit vao hai file doc lap, va
c6 tén ghi nhé ngay gio do, ché @6 do,...
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c. Phan mém xit Iy dao dong off-line

DPoc céc files dir liéu da do, luu trix va tién hanh xtr Iy dé dat dugc cac gia
tri can giam sat. Cac VI can nhan dang dung files dir liéu clng cac ché do da
thuc hién do, cic thong s da thiét lap: s6 mau #S, tan s trich mau Fs
(samples/s/channel), vong quay khai thac (da luvu va xac dinh tir tén file).

Xir Iy tin hiéu do tuwong mg, cin ctr vao yéu cau cua tidu chuan dao dong
cho phép dé trien khai xtr Iy. Thong thudng cac tin hiéu dugc xu ly & mién thoi
gian va tan sb. Trong mién tan s6 thuong dung bo loc 1/3-octave (theo Quy
pham Ping kiém RMR, phién ban 2014).

Gié tri cac théng sé quan trong da tinh dugc tir sb lidu do, két hop véi gia
tri chuan (tham chiéu), phan mém off-line c6 md dun ra quyét dinh va hién thi
két qua giam sat dao dong off-line cua dang tin hiéu duoc giam sét.

4.1.4. Ché tgo cdc kénh do

4.1.3.1 Kénh do pha

Ché tao kénh do pha dugc thuc hién qua cac budc: Lwa chon cam bién
quang (Omron); ché tao chi tiét phan quang; ché tao bo ga dat cam bién quang;
kiém tra, hiéu chinh thiét bi. Chi tiét thong sé ky thuat duoc thé hién trong phu
luc PL5.

4.1.3.2 Kénh do gia toc dao déng

Ché tao cac kénh do gia toc bao gdom cac budc: Lwa chon cam bién
(sensor); ché tao cép dir liéu; ché tao dé nam cham ga dat sensors; kiém tra, hiéu
chinh sensors. Chi tiét thong sb k§y thuat duoc thé hién trong phu luc PL5.

4.1.3.3 Cdc kénh do bién dang (xodn, doc)

Ché tao cac kénh do bién dang trén bé mt truc dugc do bao gdm cac budc:
Lua chon cam bién (sensor) va dang cau do; lap dit va dau ndi sensors voi
DAQ; ga budc céc bo phan vao truc quay duge do; kiém tra, hiéu chinh kénh do.
Chi tiét thong sb ky thuat duoc thé hién trong phu luc PLS5.

Viéc hra chon kiéu loai cam bién cho phu hop véi cdu hinh chung cua hé
thong 1a mot 1a cong viéc phic tap nhu Iua chon loai cau 1/4 bridge; 1/2 bridge
hay full bridge, dién tro, bu nhiét, vat liu,... luan an lea chon sensor Showa -
Nhat Ban. Pau ndi dau day dan giita cam bién va DAQ - Theo huéng dan cua
hang NI cung cap DAQ NI-9191 [50].
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4.1.5. Pong bg hda dir ligu va tich hep hé théng

Bo tich hop va dong bo hoa dit liéu cac kénh do dao dong cac kénh do dao
dong tir hai bo gop DAQ 9234 va DAQ 9237 (DSUB) dugc tich hop va ddng bo
hoa theo thoi gian do, duge dua vé Modem. Tin hiéu tr DAQ 9234 truyén vé
Modem qua Ethernet, con tir DAQ 9237 (DSUB) qua wifi. Ttr Modem, tin hiéu
duoc dong bo va dua vao CPU qua dudng LAN.

4.1.6. Higu chinh thiét bj

Hiéu chinh thiét bi rat can thiét dé dam bao rang tin hiéu thu dugc 1 cac tin
hiéu mong muén.

Déi voi sensor do pha: phai hiéu chinh sao cho dam bao mdi vong quay cua
truc dong co ta thu vé duoc 1 xung on dinh.

D6i voi senser do gia tdc trén bé mit dong co: hiu chinh vi tri dat, kiém
tra vé sinh mit tiép gidp véi dong co...

Déi vé6i sensor bién dang: hiéu chinh chét lwong tin hiéu thu dugc, dang
cta tin hiéu, van dé chong nhidu cho sensor, kiém tra dién tro' cua sensor, do
cach dién cua sensor, do chac chan cua day dan tin hiéu...

4.1.7. Hiéu chudn thiét bj

- Thiét bi hiéu chuan bao gém:

Hé théng do rung dong cDAQ-9184; Thiét bi do bién dang va truyén wifi
cDAQ-9191; Thiét bji do pha va toc do cua truc E3FA-DP11; 06 sensors rung
dong chuan coéng nghiép IMI caa NI. Cac thiét bi da duoc Vién do luong Viét
Nam va Cuc Tiéu chuan - Po luong - Chat lugng hiéu chuan va da dugc cap
gidy chtng nhan hiéu chuan.

- Két qua hiéu chuan:

+ Hé thong do rung dong cDAQ-9184: dai tan 0 ¢én 8000Hz, gia tc + 50g
(+ 490m/s”).

+ Thiét bi do bién dang va truyén wifi cDAQ-9191 pham vi do bién dang: -
25mV/V dén 25mV/V.

+ Thiét bi do pha va tbc do cua truc E3FA-DP11: Pham vi do: 0 dén 5000
r/min, tan sé ra trong tmg 0 dén 83,3Hz.
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42. Kétqua thuc nghiém do, giam sat rung dong tai phong thi nghiém
4.2.1.Héthéng do, gidam sat rung déng trong phong thi nghiém

Hé théng do, GSRD da kénh dugc ché tao, dung trong thi nghiém nghién
ctru va hiéu chinh gdm c6: 01 kénh do pha, 06 kénh do gia toc, 01 kénh do mo
men xo4n, 01 kénh do bién dang doc, 02 bo thu thap di licu DAQ; va DAQ,, 01
Modem, 01 may tinh xach tay. So d6 cau tric hé thdng do va giam sat rung dong
da kénh duoc thé hién trén Hinh 4.4,

DAQ9237 I
m=— W Dl e
e cDAQI191
! LAN

cDAQ9184

Hinh4.4. So d6 cau triic hé thong do, GSRD da kénh

4.2.2. Mé hinh doi twong phuc vu thuc nghiém do, giam sat

Luan an xay dung hai mé hinh d6i twong phuc vu do, gidm sat gdom mod
hinh vat Iy 1 (MHVL-1) va mé hinh vat Iy 2 (MHVL-2).

4.2.2.1 M6 hinh vt Iy 1

So @6 mo hinh vat Iy 1 duoc chi ra trong Hinh 4.5, gom céc chi tiét chinh,
thé hién trong Bang 4.1.

MHVL-1 tao tin hiéu gia trong cac kénh vat Iy dé kiém tra hoat dong chic
ning ctia cac kénh do, kiém tra lién két truyén théng giira cac khdi sensors -
DAQ - Modem - CPU. MHVL-1 gdm ddng co dién c6 bién tan thay doi toc do
quay, lai bom dau thay luc c6 thé thay doi tai qua viéc dong mé van dau qua
bom. Truc quay giita dong co va bom c6 cam voi bién dang khong tron dé tao

xung va dap én thanh dam cé dan tem bién dang. Vi két cau phi hop giira cam
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va thanh dam c6 thé tao bién dang xoan va udn trén bé mat thanh. Trén MHVL-

1 ¢6 thé trién khai do cac dao dong gia téc, ciing nhu xoan va uén theo phuong
phép bién dang.

LLLLL L ]'
T-SGH] DAQ;,

- — NI

Bom dau
thuy luc

[

Modem

. \
~ [
B

3 4 -
Hinh 4.6. Hinh anh MHVL-1 dugc st dung trong thi nghiém kiém tra va hiéu
chinh MMMVS

-109-



Nhu vay, trén MHVL-1 cho phép mé phong vat ly cac dang dao dong
ngang, bién dang (uén, xoin), dé lap dat cac sensors ciing nhu nhan dang thiét
bi, cau hinh hé thdng, kiém tra, hiéu chinh thiét bi do trudc khi lp trén tau thyc.

Bdang 4.1.  Céc thanh phan co ban ctia MHVL-1

STT Tén chi tiet Y nghia phuc vu
1 | Bongco dién (EE) Tao nguon rung dong
2 | Boantruc noi gitra EE - HP Tao mat can bang va luc cudng buc
3 | bécan phan quang Do pha
4 | Gia do C6 dinh senser do pha
5 | Tem bién dang Chuyén d6i tin hiéu vat ly sang dién
6 | Thanh tao bién dang Tao nguodn bién dang uon, xoan
7 | Bom dauthuy luc (HP) Tao tai cho dong co
8 | Sensers do gia tocC Chuyén doi tin hiéu vat Iy sang dién
9 | Bo bién tan Thay doi toc do quay EE
10 | DAQ, NI (cDAQ9191) Phat wifi truyan tin hieu
11 | DAQ, NI (cDAQ9184) K&t noi truc tiep voi modem

4.2.2.2 M6 hinh vat Iy 2

M® hinh 1a t6 hop Diesel - May phat dién (D-G: Diesel - Generator) cong
suat 110 kW, dong co diesel tau thuy cua hdng Weicha, 6 xy lanh, vong quay
khai thac dinh mic 1500 rpm. Dong co diesel lai may phat lién két vai bo the tai
bang bé nudc - mudi. Md hinh phuc vu nghién ctru rung dong, dic biét dang dao
dong xoan va dao dong doc, dugc chi ra trén Hinh 4.7. Hé truc ni gitta dong co
va may phét (twong ang Vi chan vit) bang doan truc c6 chiéu dai 1000 mm,
duong kinh 50 mm. Do chiéu dai truc 16n nén truc duoc dit trén mot bé da.

V6i doan truc dugc ndi, ¢ chidu dai va duong kinh ph hop dé trién khai
do dao ddng xoin va dao dong doc doc truc theo phuong phap bién dang trén bé
mat doan truc trung gian (8).

T4t ca céc thi nghiém déu dugc gidm sat dao dong tai cac kénh do nhu
nhau. Cac dao dong trén hé dong luc D-G duoc giam sat theo. Dao dong trén céc
chi tiét tinh gdm dao dong tai: bé may, phia dudi may phéat (Accl); bé d& truc
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trung gian (Acc.2); bé may, phan diesel phia dudi banh da (Acc.3 - FW); bé
may, dudixy lanh s6 1 (Acc.4); trén nap xy lanh sé 1 (Acc.5); trén nap xy lanh
s6 2 (Acc.6); trén nap xy lanh s 6 (Acc.7) va trén nap tua bin khi xa (Acc.8).
Dung bé sung 01 tin hiéu do pha dé danh dau doan trich mau (Phase sensor);
dao dong trén truc trung gian, quay - do bang 02 Strain gauges (tem bién dang).

nNye — /

May phat
diesel

2a 2a 2¢ 1 2b 2b

Hinh 4.7. So dd nguyén Iy hé truc D-G va kha nang lap dit thiét bi do bién
dang trén doan truc dugc hoan cai

1 - Bé may; 2a - Lo xo dat may phéat; 2b - Lo xo (nhan) dat diesel;
2¢ - G6i @4 truc trung gian; 3 - Than diesel; 4 - Than rd to (may phéat);
5a, 5b - Bich cung; 6a, 6b - Pia banh rang; 7 - Tem bién dang; 8 - Poan truc
trung gian; 9 - Cam bién do pha.

Hinh 4.8. Hinh anh MHVL-2 phuc vu cho thuc nghiém tai phong thi nghiém
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MHVL-2 14 t6 hop D - G dugc hoén cai tai phong thi nghiém hé dong huc
diesel thudc Vién Nghién ctru khoa hoc va cong nghé Hang hai (Truong Pai hoc
Hang hai Viét Nam). Trén MHVL-2 c6 thé trién khai hau hét cac lap dat
sensors trén hé truc va MDE nhu trén tau thuc. Thi nghiém kiém tra sy hoat
dong cua hé théng truéc khi trien khai trén tau thuc. Ngoai ra, két qua do kiém
danh gia hoat dong cua phan mém trong hé thbng MMMVS va c6 thé hiéu chinh
phan mém, phuong phap ga dat,...

4.2.3. Két qud thuc nghigm

4.2.3.1 Thinghiém do va luu trir dir liéu do

Theo ké hoach, do ting ché do, hién thi nhanh két qua trén man hinh hién
thi, uu dit liéu dé xu Iy sau nay.

Trén Hinh 4.8 la hinh anh thao tac do dao dong trong phong thi nghiém tai
Vién Nghién cuu khoa hoc va cong nghé Hang hai, Truong Pai hoc Hang hai
Viét Nam. Trén Hinh 4.9 thé hién giao dién chinh tai mot ché do do.

Nghién ctu tai phong thi nghiém, cac ché do do kiém duoc tién hanh ¢ céc
vong quay n (vong/phat) khac nhau (ttr n = 1200 + 1500 vong/phut) va tai dong
dién I =0, 50, 100 A. Trong qua trinh do, hién thi nhanh cac dang dao dong do
duoc. Sau khi doc dir liéu do da ghi lai trong bo nho, két qua GSDP off-line.

| suonl 1
182913_100318 s Jawrs e 210 | suon2
Ne (rpm) NGpm) CTRL  Nirpm)>> Nemean(REM) —

il Invariant 1500 | T1a9817 DR NE ) Path 8 C\Users\Luu Do Duc\Deskiop\DATA_2018\PTN_100318\ACC_N15001L00C217.tdms
== === 149781 1498.54

Phase -proccessed TRAIN(TORSION)

| FstHa) -0.0252
51200
9216

-0.0253

2
9000 s
3
<

5
4
3-

2N-samples
2
1 2N-sp2-Bridge
0

| | | | | | | | | | |
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Time | Rl

| HRuN >> 0.00018-
| 0.00019-|

3
2 I ) 0.0002-
z ! I _.N_O'S‘_WE )| 000021-
2
20 2 0.00022-
E -1 | 2 000023-
-2 | < 000024~
3 0.00025-
4 0.00026-
5 I 1 i 1 i 1 i 1 1 U000271 I 1 I 1 1 1 I ]
0 001 002 003 0.04 005 006 007 0.08 0 0025 005 0075 01 0125 015 0175 02

REGIMES REGIMES_EXAMPLE
N15001100C N1000_1000_A

Hinh 4.9. Giao dién hién thi két qua do rung dong
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4.2.3.2 Poc dir liéu luu triv - X ly tin hiéu do

Doc dit liéu tur file dir liéu da Iuu lai theo dia chi dat trudc trong qua trinh
do. Viéc doc dugc thuc hién boi thiét bi ao (VI doc) phu hop véi dinh dang di
liu da duoc ghi. Trong LabView, dir liéu do dugc Iuu trir trong file dang *.tdms

duéi dang bang gan véi bang tinh Excel.

Trén giao dién thé hién tai Hinh 4.10 dudi day thé hién nguyén tic hra chon

doan trich mau dé cho xu Iy tin hiéu rung can do.

Dit liéu duoc trich mau va ghi lai ¢ chiéu dai hon 2 chu ky 1am viéc cua
dong co. Ta xu Iy tin hiéu dé thu dugc ding 1 chu ky lam viéc (2 vong quay). Ta
nhan thay chu ky duoc trich mau c6 diém bat dau va két thic duoc chi ra trong

hinh dudi, trén co s& do6 ta xac dich dugce dac tinh cia céc tin hiéu rung dong.

S6 lieu xir ly cho thay vong quay khai thac duoc do n = 1498 vong/pht
theo sudn trai, con n = 1499 vong/phut theo sudn phai, diéu d6 chung to thiét bi

va thuat toan xac dinh vong quay rat chinh xac.

SAVE>» PEPORT»» § GATHENGHEIM DO TAU TIAC\DATA_J0LEFTN. 1003 LN TIO0HOGAVACC 3150011 00A% Sm
+RUN> >

£ e B GATHINGISEM DO TAU- THUCDATA_2018\PTN_100315N 1500 00A\STRAIN_ N 13001 500AM. tdms P

Phase Analyzer Torsional Analyzer

Hinh 4.10. Giao dién chinh phan tich pha tin hi€u trong xtr Iy tin hiéu TVs
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CSAVES> REPORT>>

Phase Analyzer  Torsional Analyzer |

E GATHINGHIEM -DO-TAL-THUCUDATA_200EFTH_1003 18M1 50011 00ANACC_ N 150001 00A % dms

i&\mnzu-uo—]m-mmmrmwm1M|m 1500 DOANSTRAIN_ N 15000 100ASE tdms

o :
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1500 True trung gian R
INTERMEDIATE SHAFT 1 50

Ck  dumm

Hotbes for Ck Values

Input Ck for sellected shaft piece following:
1. For intermediste Shaft

+ flange coupling 140

+ key way, tapered connection 06 ;

+ key way, gffindrical connection 0.45;

+ Transverse hole 0.5

+ Longitudinal stof : 0.3

Doutimm) E (M/mm2)
50 - e
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] [ E R
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201 gy 5000 Fsow
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niRPM) | 1498 ‘I\' STATE

A n;u;:r:?ml FETE] 24966 WHD 125 diHD
RT-41aain [mbcrotiain]
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[ 0.00

200- 1 £242
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2 100~ 3 6342
H [ 2086
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3 3 4558
100- 7 e
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500 W00 1500 2000 2500 3000 3500 4000 4500 5000
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5 100 13 254
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% = F 122
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i 5 [ 22 149
o= 1: fircl-rp..-:.....l...‘: 23 1.81
4 H 10 1% p2] 3 £ 1.60
Humber of Harmonic E] 137

W

Hinh 4.11. Giao dién chinh x Iy tin hiéu bién dang xo4n (ug)

ASAVEs>.|  RERORT>».|

Phase Analyzer  Torsional Analyzer |

E GATHINGHIEM-DO-TAL-THUC\DATA_201EVPTN_ 100318\ 15001 100ANACC_N15001100A%6.tdms
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e dmm
Notes for Ckc Values
€ soo-
Input Ck for sellected shaft piece following: £
1. For Intermediate Shaft E
+fiange coupling 10 E 0O
« key way, tapered connection 0.6; =
« key way, cylindrical connection 0.45; F
+ Transwerse hole 0.5 g 500
+ Longitudinal slot : 0.3
A1000- ' i | i | ' i i |
500 1000 1500 2000 2500 3000 3500 4000 4500 5000
samples
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% . wew &0
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2 581
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W

Hinh 4.12. Giao dién chinh x Iy tin hiéu mé men xo4n
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Hinh 4.13. Giao dién chinh xt Iy tin hiéu tng suat xoan
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Hinh 4.14. Giao dién chinh xir Iy tin hiéu bién dang doc (pe)
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Khi do ta da gop (‘bo’) dit li¢u vao thanh file chung, nén khi doc dit li¢u ra,
ta can tach di liéu ra thanh céc tin hiéu doc lap dé xu ly.

Dé doc dit liéu duwoc day du va chinh xac, chiing ta tim hiéu cu thé dit liéu
chira bén trong cac file dir liéu do duoc. Trong lap trinh ghi dir liéu, dir liéu dugc
luu trit trong hai file doc lap nhau, twong ung vai loai tin hiéu (ACC va
STRAIN) ciing nhu cu thé vé sb thir tu cua ching (files dit lisu duoc thé hién
trong phu luc PL3).

Mot s6 két qua do va GSRD tai phong thi nghiém trong phu luc PL3.

43. Kétqua thuc nghiém do, GSRD trén dong co diesel tau bién

Hé thong do, GSRP da duoc trién khai thuc nghiém trén tau bién, theo d6
hé dong hrc chinh dong co diesel lai chan vit trén tau Kiém Ngu KN 375 duogc
lra chon dé thuc hién céc phép do va giam sat.

Mot s6 thdng sé ciia may chinh trén tau KN 375 dugc nha san xuat cung
cap nhu sau [46]:

+ May chinh Yanmar 6EY26W lai chan vit bién budc qua hop sé;

+ Pong co diesel 4 ky, 6 xylanh thang hang, c6 ting ap bang tuabin khi xa,
lam mat gi6 tang ap; Cong suat 1920 KW tai vong quay dinh mac 750 v/ph:

+ Duong kinh xy lanh 260 mm; Hanh trinh piston 385 mm;

+ Ap suat c6 ich binh quan: 1.92 Mpa; Thong s6 hé truc: La loai truyén
dong gian tiép thdng qua hop s, ty so truyén 2.23:1; Buang kinh tryc trung gian
250 mm, truc dac bang thép carbon.

Duya vao két qua tinh DDX tir nha san xuat Yanmar da chi ra rang:

+ Tam dao d¢ong khdng nam trén tryc trung gian.

+ Bién do dao dong I6n nhat (cong huong) tai 2 tam (node 2) thudc bang
tinh tai ché d6 vong quay dong co ng = 495 vong/phtt, tuong duong vai vong
quay tai truc chan vit la n, = 221 vong/phut.

Dé c6 co s& so sanh, danh gid véi cac két qua tinh toan trén, ta tién hanh
do, xur Iy tin hiéu md men xoén trén hé truc tau KN 375 ciing twrong duong véi
ché d6 vong quay nhu trén.

Ngodi ra, trén co s 6 liéu do dugc khi hé truc khai thac ¢ cac vong quay
khac, chung ta cling nghién ctru dao dong trén dong co diesel may chinh theo

mot s6 Vi tri do khac nhau va theo cac phuong khac nhau.
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4.3.1. Hé théng do, giam sat rung dgng trén tau bién

4.3.1.1 So dé khoi cau trac hé thong do

Hé thdng do, gidm séat rung dong bao gém cac kénh do nhu sau: Mot kénh
do pha, mot kénh do dao dong x04n, mot kénh do dao dong doc, tam kénh do
dao dong thang (bé dong co, than xy lanh, than tuabin,...)

So dd nguyén ly hé thdng GSRP trién khai trén tau KN 375 duoc chi ra
trén Hinh 4.15.

DAQ 1
. DAQ 2
Vo
SR
= == = Chéin vit

Hinh 4.15. So d6 nguyén Iy hé thong giam sat rung dong trén MDE

Trong d6: S1, Sy, Sz, Sny Snet - CaC cam bién do dao dong trén dong co
diesel va hé truc chinh diesel lai chan vit; S, - Cam bién quang dung dé do pha;
DAQ;: B0 thu thap dit liéu tin hiéu dao dong ngang; DAQ,: B6 thu thap dir liéu
tin hiéu dao déng xoan va dao dong doc trén truc trung gian; CPU - Trung tam
xir ly tin hiéu (Central Processing Unit); Thiét bi hién thi.

4.3.1.2 Vi tri cdc diém do

Thiét bi do dugc st dung nhu thiét bi do dung trong thi nghiém trén
MHVL-2. C4c cam bién do dao dong xoin va dao d¢ong doc dugc dan trén truc
trung gian, dugc chi ra trén hinh dudi day.

Trén truc trung gian duoc lap thiét bi thu phat dir lisu wifi cDAQ 9191, bo
gop dir lieu DAQ 9237 va cam bién bién dang strain gauge do dao dong xoan va
dao dong doc cling véi thiét bi do pha bang phuong phap quang. Trén Hinh 4.16
chi ra vi tri lap dit céc tem bién dang, cam bién do pha trén doan tryc trung gian
tau KN 375, dong moi tai Nha may déng tau Hong Ha, Bo6 Qudc Phong nim
2017. Hinh 4.17 thé hién hinh anh thuc nghiém do, giam sat rung dong trén tau
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KN 375 trong chuyén thir tau duong dai. Trong thuc nghiém do st dung 08

sensors do gia toc tai CAc Vi tri: bé may, nap xy lanh, tuabin khi xa.

\ J

Hinh 4.17. Thuc nghiém do va giam sat rung dong trén tau KN 375
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Lap dat cac cam bién dao déng gia téc trén bé mat déng co diesel may
chinh

Trong thuc nghiém, hé thong do sir dung 08 cam bién do gia toc dé dong
thoi nghién cau, khao sat dao dong trén bé mit dong co diesel may chinh tau
KN 375.

Dua trén co s& khuyén céo va chi din cia Pang kiem RMR, phién ban
2014, vi tri lap dat thiét bi do dao dong xoan trén truc trung gian; vi tri lap dat
thiét bi do dao dong doc tai géi d& chan theo phuong doc X; vi tri lap dit thiét bi
dao dong ngang theo phuong vuong goc véi duong truc theo hudng doc truc ZX
va hudng ngang truc ZY trén chi
tiét tinh dugc thé hién trén Hinh
4.18, cac sensors gia toc dat tai vi
tri va theo céc hudng thang dung
cling nhu phuong ngang, tai vi tri
bé d5, nap xy lanh, tua bin khi

xa; hai sensors 7 va 8 bd sung

thém so voi chi dan dua ra trong
Ping kiém RMR.

Hinh 4.18. Vi tri va phuong do dao dong ngang trén MDE

Nhu vay cau hinh thiét bi do cac tin hiéu qua bd gop DAQ-NI 9234 ¢6 9
kénh: 01 kénh do pha, 8 kénh do ACC. Trong ¢cDAQ 9184 cam 3 slots dé do 12
kénh (3*4 =12 kénh), song trong thi nghiém chi st dung 9 kénh, 3 kénh khéng
str dung. Trong xay dung phan mém do chi khai bdo thiét lap cau hinh cho 9
kénh trén. Nhu vay dir liéu thu dugc va luu trir s€ chi ¢6 9 kénh do.
4.3.2. Két qud do va luu triv div liéu dao déng trong thiz nghiém dwong dai

Hai dang dao dong: xoin va ngang dugc thuc nghiém trén hé dong hec
chinh tu KN 375. Ché d¢ thir nghiém khi tit ca cac xy lanh 1am viéc binh
thuong, vong quay dong co tir ne = 400 + 750 vong/phlt, phu thudc vao ké
hoach thir nghiém cua Hoi dong ky thuat nghiém thu, thir nghiém duong dai khi
Xuat xudng tau.
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Trong qua trinh do va lwu trir dit lidu, thiét bi a0 VI duoc st dung xir ly
nhanh tin hiéu pha dé xac dinh véan téc cia dong co, dua ra sé lwong mau can
ghi dé dong bo hoa dit liéu do ciing nhu viéc ghi dit liéu duoc an toan. Do dai
trich mau can da I6n (I6n hon 01 chu ky lam viéc cua dong co, hay khoang 03
vong quay cua truc do).

Hinh 4.19 Ia giao dién man hinh hién thi két qua do, xir Iy nhanh dao dong
trong thir nghiém duong dai tau KN 375. Trén hinh thé hién dic tinh pha véi
khoang thoi gian do (4 xung twong tng 4 vong quay do tai truc chan vit). Dé xac
dinh chinh xac sb vong quay cua dong co trong khoang thoi gian d6 ta nhan véi
hé so ti 16 kg = 2.31. Piéu quan trong 1a doan dit liéu do dugc luu lai can du dai,
bao phit mdt sé chu ky cong tac cua MDE. Ta nhan thiy dao dong xoan do dugc
& ché @6 vong quay n = 500 vong/pht kha déu. Giam sat nhanh cung cap nhiing
thdng tin can thiét dé nguoi do biét dugc ché do vong quay, do 16n doan trich

mau cho diéu khién doan trich mau can ghi lai.

Ne (rpm) Nirpm)_CT rprm
4964 Invariant f204)
Phtse oeoccemed 248 3 CAUsersLuu Do DuctDesit 20TKNGT5 28 8421 009 001 hon
s . TRAINT
#Mi-samples o — y
| ” >
& ’ | I m‘vi arid : "V'\ /‘ b ’/\'L ”ﬁ\ / h'L /’\* A’u“ n’l\ "J\' M'\ ,r/ \ '/ﬂ“" /\ ”h“ /\ \
\f Frrliy LW | A B \ Y | 153 A0S O 4
0 ‘,| \ v W oW W \/ ‘:“/ \"r/ \, . o W o\ n', / \
HRUN >>

OS2l A L et DS s e |l Y Y S S ———
Time ofs ofs ogrs 01 odzs ods oifs 02 ods ol o5 o3 ods ol o o4 ods oks 525 035 037
MML-VP-NKL I no-save TRAINGAXIAL
04— cS(m 00003925~
s 0000295 -
% 024 t Ace-b(m/a2) A ]
£ o £ J
o ! ! s lot3 8. ]
02 . " . ’ ) ) s-
o 02 o4 05 03 i 12 Q000K | | d
Time L] 0 02 03 04 05 05
Acc-onLie M-IV 2
015~
) S
e AccHm2 o T T S(m/
3 os- : Aectimia) [~ M ath= = ;,;M“_‘u T Iy
: o Pet2 VRPN W N Y ()
< 005-M Plot3 L 1y \ YIV'Y ||
01 ' ' D 0 ' . Plotd . 1.
o 02 04 05 08 1 12 0 002 3 M [J 006 08 009 0.
''''''' ymples PlotS
v 00| 2

Hinh 4.19. Do, xir Iy nhanh dao dong trong thir nghiém duong dai tau KN 375
4.3.3. Doc, xur ly, giam sat rung dgng trong thiz nghiém trén tau KN 375

Trén Hinh 4.19 thé hién két qua do pha, cac dao dong gia téc dat tai truc
chinh, bé may, nip xy lanh va dao dong xoan, dao dong doc do theo sensors
bién dang. Thtr nghiém duoc do tai vong quay n = 479 vong/phUt cia dong co.
Tan s trich mau duoc thiét lap Fs (DAQ8234) = 2048 Hz.

Céac két qua do, tuu trir dao dong trong thir nghiém dudng dai dwoc thé hién
trong phu luc PL4.
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Do dang dit lieu duoc ghi trong qua trinh do *.lvm, nén trong cai dat, khai
béo VI doc dit lidu ciing can ¢am bao sy twong (ng trong LabView.

Viéc bd tri vitri do céc tin hiéu dao dong gia toc (8 sensors) sé& cé cac dic
tinh, tinh chat dao dong thu duoc khac nhau, do viy ta can xac dinh vi tri dat

sensors tuong ng Véi két qua wu trir dit lisu duoc xt ly.
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Hinh 4.20. Tin hi¢u dao dong Acc-1 tai n = 479 vong/phut (dong co may
chinh) xir Iy bac diéu hoa

Céc tin hiéu trong mot ché @6 do van téc ¢é thé trich mau twong tng theo
mot ché do, tuy nhién vé pha cé thé Iéch nhau néu duogc luu lai ¢ cac ché do van
téc khéc nhau (dU Ia rat nho), song bién d6 dao dong cia cac diéu hoa sé léch
nhau khéng nhiéu (chi khac nhau do nhidu). Vé két qua gidm sat s& clng mot
trang thai dao dong thu duoc & mot ché do thir nghiém. Theo két qua xtr Iy thé
hién trén Hinh 4.20, vi dong co 4 ky, nén 2 vong quay (2 xung) twong ung 1 chu
ky cong tac. Theo tin hiéu pha duoc phan tich, chu ky céng tac cua dong co
duoc trich twong tng. Phd tan dwoc thé hién trén hinh vé& ciing nhu trén bang
tuong ung.
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Viéc giam sat dao dong gia toe do6i voi tin hiu Acc-4 co ¥ nghia néu xac
dinh duoc muc dao dong cd nam trong gia tri ngudng nao? Mudn vay, ta can
dua vao tiéu chuan quy dinh twong tng [27], nhu vay, ta can xir ly tin hiéu dao
dong theo dang ngudng tuong tu 1/3-octave. Trong phan néu trén dd xay dung
phan mém xtr ly tin hiéu, luan an chi gioi thiéu két qua duoc xir Iy trong céc thi
nghiém tuong tmg. Ddi véi trudng hop ndy, két qua xtr Iy tin hiéu duoc thé hién
trén Hinh 4.21 va danh gia mirc d6 dao dong theo dén LED chi bao.
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Hinh 4.21. Két qua xir Iy tin hiéu dao dong gia toc Acc-4 va két qua giam sat
tai n = 479 vong/phat

Trén Hinh 4.21 chi ra két qua giam sat bién d6 gia toc (ACC4), don vi do
dao dong gia tbc va dai lwong tham chiéu REF déu dwa vé EU: m/s®, qua tan sé f
(Hz) dao dong dugc phén tich FFT va 1/3-octave. Mirc dao dong ngang cho
phép PVL1(2) - Bén xanh, chi ra miac d6 dao dong ngang (VL(f)) nhé hon
LLA(f) voi moi tan sé f theo Pang kiém RMR, va VL(f) << LLB(f).

Bang két qua bén phai ctia Hinh 4.21 - két qua xu ly tin hiéu theo 1/3-
octave tai ché do6 n = 479 vong/pht cho tin hiéu Acc-4. Tuong Gng Voi CAc tan
sb trung binh, chi ra mizc dao dong cho phép ngudng A va ngudng B. Két qua
chi ra: trong tat ca cac tan sb trung binh, bién do thu dugc déu nho hon cac gia
tri twong wng mac A, va két qua chi bao: dén mic A va mac B b4o mau xanh.
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Hinh 4.22. Phén tich RT va FFT cua Acc-4 tai n = 479 vong/phat

Tuong tu trong ché do thi nghiém nay, n = 479 vong/phat, két qua xir ly
dao dong va giam sat dao dong cho céac tin hiéu Acc khac d¢éu nam trong gigi
han cho phép Hinh 4.22.

Két qua nghién ctu dé xir ly tin hiéu dao dong gia tbc ¢ vong quay khac
ciing khong kho khin gi, chi viée thay dau vao (file dix liéu Iru trir), ta c6 cac két
qua nghién cau thuc nghiém tai cac ché do vong quay khac, vi du vong quay ma

dong co thuc hién cong hudng dao dong xoan n = 479 vong/phit.

Xur ly tin hiéu dao ¢ong xo4n do trén truc trung gian, ching ta c6 két qua p-

strain, md men xoan ciing nhur (Ng SU4t xoan,

Trén Hinh 4.23 xac dinh bién d6 hai cao nhét ¢ hai diéu hoa k = 10 cua ung
suit xodn do dugc. Ung suit xoin do tai vong quay 215 vong/pht trén truc
trung gian nho hon vng sut xoan cho phép tai vong quay ndy theo bang tinh cuaa
nha san xuat dong co: CTP (215), T = 1.83 MPa << PTP(215) = 78.8 MPa, dén
LED hién thi mau xanh, & ché do vong quay truc trung gian nIMS = 215
vong/phdt (tinh trang dao dong xoan = ché do cho phép).
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Toc d6 vong quay dong co nE = 479.4 (vong/phit) tuong tng véi vong
quay cua truc trung gian nys = 215 (vong/phut), vi n9.IME = 4.5*215 = 968
(vong/phat); n10.IME = 5.0%215 = 1075 (vong/phut). Két qua chi ra hai diéu
hoa thi k = 10 gan nit 2 cua dao dong xoan tu do cua hé truc chinh cua tau KN

375. Bén canh do, chén vit 5 canh véi tha tu vong quay chén vit n5.Pr = 5.215 =

1075 (vong/phut).

Xét md men ¢ng Suat xoan véi chan vit 5 canh, cac hai thir tu 5, 10 hoic

15, d6 1a & vong quay truc rung gian nys = 215 (vong/phat), hai cia mdé men
chan vit co gia tri 5nyys = 1075; 10n,ys = 2150 va 15nys = 3225 (vong/phut).
Do d6 ¢ ché do vong quay nys = 215 (vong/phit) chan vit chi gan cong hudng

& nut ther 2 voi k = 5.

Chi tiét duogc thé hién trong phu luc PLA4.
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Hinh 4.23. Két qua giam sat dao dong X0dn trén truc trung gian tai nyys = 215

va ng = 479 vong/phut.

Xt ly tin hiéu dao dong doc do trén truc trung gian, ching ta c6 két qua thé
hién theo p-strain, luc doc truc ciing nhu @ng suat doc tryc. Tuy nhién, nghién

ctru dao dong doc truc ¢ day khao sat kha ning xac dinh luc day dong trén truc

do, con tng suat thuong nam trong pham vi cho phép. Két qua duoc thé hién

trong phu luc PL4.
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44. Kétluian chuong 4

Chuong 4 d3 tong hop, phén tich chon cong nghé hién dai tién tién trén thé
gioi dé xay dung MMMVS, diing trén MDE: ¢ kha niang d¢ong thoi do, giam sat
dao dong xoén, dao déng doc biang tem bién dang trén bé mit truc quay, dao
dong doc (gia toc) do tai gdi d& chan hoic cac kénh do dao dong gia téc trén bé
mit truc, két hop véi kénh do pha bang tin hiéu quang.

Thuc nghiém do rung dong, xi ly cac tin hiéu do tai phong thi nghiém da
kiém tra, hiéu chinh thiét bi do, kiém chung co s& ly thuyét va thuat toan, phan
mém xay dung duoc trién khai trong dé tai. Thi nghiém tiép tuc duoc trién khai
do va xtr ly cac tin hiéu dao dong do trén tau thuc MDE va hé truc chinh diesel
lai chan vit trén tau KN 375.

Hé théng do da kénh hién dai, xach tay, pht hop cho tich hop do, GSRD
ddng thoi cac dang dao dong xoin, dao dong doc va dao dong ngang. Thiét bi
duoc hiéu chuan va duoc cdp gidy chung nhan hiéu chuan, d6 chinh xac cao
(95%) do cac co quan chirc nang cua Viét Nam thuc hién.

Két qua do dugc, xir ly tin hiéu trong mién thoi gian, mién tan sé (FFT,
Order FFT va 1/3-octave) déu cho két qua c6 do chinh xac cao, ding quy luat
ctia cé4c tin hiéu lién quan dén ting loai dao dong cua hé truc va ban than MDE,
dic biét tai ché @6 gan cong huong, ne=500 rpm hozc n=479 rpm.

Két qua thir nghiém va hd so chitng nhan kiém chuan thiét bi chang minh
va khang dinh su hoat dong tin cdy cua thiét bi theo cac tiéu chuan quy dinh vé

dao dong trén dong co diesel va cac tinh chat can thiét cua thiét bi.
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KET LUAN

Két luan

Luan an d3 phan tich, tong hop thuc trang van ¢ GSRP trén MDE, dé ra
nhiém vu va ndi dung co ban vé xay dung co sd ly thuyét va thi nghiém: thi
nghiém s6, ché tao thiét bi do, thir nghiém trén cac md hinh vat Iy va trén doi
tuong thuc trén tau KN 375.

Luan &n thyc hién day du céc noi dung dit ra, giam sat déng thoi 3 dang
dao dong: gia toc trén bé mit dong co, xodn va doc trén truc hoic céc chi tiét
quan trong trén MDE ciing nhu trén truc trung gian. GSRD dugc thyuc hién trén
co s& do hoac mé phong tin hiéu dao dong, xir ly ching theo muc dich giam sat,
dua trén cac tiéu chuan quy dinh va dua ra quyét dinh GSRD trén MDE.

Luan an da xay dung cdc mé hinh toan cho tu dong lap trinh tinh cac dac
tinh gidi han cua cac dang dao dong duoc giam sat; xay dung mé hinh va thuat
toan tinh chuyén cac dang dao dong van tdc - gia tbc - chuyén vi cho tu dong ra
quyét dinh GSRD; xay dung phan mém cho xay dung thiét bi do, giam sat rung
dong trén LabView. Két qua tir dé tai luan &n da giai ma dugc cdng nghé ché tao
MMMVS trén co sd cong cu todn hoc hién dai va da manh, co s cong nghé tién
tién LabView, MatLab va céng nghé truyén thong hién dai.

MMMVS duoc ché tao, thir nghiém, hiéu chinh va hiéu chuan. D6 1 co s
khoa hoc minh ching san pham khoa hoc céng nghé cua dé tai luan an dat dugc
d6 tin cay can thiét dé st dung vao thuc té giam sat rung dong trén tau bién theo
nhu cau thyc té cta nganh.

MMMVS duoc thiét ké, ché tao va thir nghiém do gdm it nhat 6 cam bién
gia toc, 1 cam bién do pha (c6 thé md rong dén 16 kénh do tuwong tw), 2 tem bién
dang (c6 thé ma rong tGi 4 kénh do bién dang). Viéc dong bo hoa céc kénh tin
hiéu duoc thuc hién qua mé dem truyén thong (Internet). Hé thong Ia thiét bi do
da kénh hién dai, dang di dong.

Thi nghiém hiéu chinh da thuc hién trén hai MHVL-1, MHVL-2. Thuc
nghiém trén tau KN 375 dong moi tai Cong ty TNHH MTV dong tau Hong Ha,

chi ra mirc d6 dao dong dugc giam sat déu nam trong pham vi mac A - ddi voi
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dao dong trén bé mat dong co, dao dong xoan do duoc trén tryc trung gian nam
trong pham vi an toan (rat thap) so vai gigi han cho phép: Tai vong quay n =
479 vong/phat, ang suat xoan TP(479)= 1.83 MPa << [1], = 78.8 MPa.

Vé khoa hoc, luan an d3 dua ra co s& ly thuyét, kiém thtr trén mé hinh sé va
lap trinh md phong (xy dung cac VI cho thiét bi) cac diém cét yéu (key-points)
sau day:

- Phuong phép, md hinh tinh chuyén tin hiéu van téc sang gia toc trong
mién tan so;

- Xay dung dic tinh chuan, tham chiéu cho céc tin hiéu dao dong xoan, dao
dong ngang (c6 thé &p dung cho tin hiéu dao dong doc) theo RMR trén co s&
cong nghé FFT va loc 1/3-octave cung vai cong nghé LabView (stir dung SVT).

Vé bai hoc kinh nghiém thyc tién thu duogc tir giai quyét thanh cong luan an
ctia dé tai tién si ndy, nghién ctu sinh nhan thay:

- Phuong phap luan dé trién khai ché tao thanh cong thiét bi giam sat rung
dong duoc tap trung dau tién vao nghién cau, phan tich, tong hop cac yau cau
ctia Quy pham (tiéu chuan rung dong) lién quan, tir d6 xay dung co sé ly thuyét
(CSKH, CSCN) dé trién khai theo cac noi dung can giai quyét.

- Cac dao @ong trén hé truc (dao dong doc, dao déng xoin) cting nhu dao
dong ngang (thang) trén dong co va hé truc rat khd nhan dang, danh gia va ap
dung vao thuc té khai thac k¥ thuat hé truc tau bién dung dong co diesel, néu
khong ¢ thiét bi do cling nhu phan mém phan tich, xa Iy tin hiéu dao dong cho
muc dich gidm séat chung. Két qua cua dé tai luan an (san pham khoa hoc - cong
nghé) da dugc kiém nghiém trén hé truc tau thuc, cho phép nghién ctu sinh phét
trién, chuyén giao cong nghé cho cac d6i tau tau van tai bién sau nay.

Huéng phat trién cia dé tai

Trong diéu kién cho phép, nghién ctu sinh sé tiép tuc thir nghiém trién khai
do, GSRD trén dong co diesel tau bién hai ky dé co dugc co so dit liéu phong
pht hon cho GSRD (xo0in, doc) trén déi twong ndy; hoan thién hé théng do,
giam sat rung dong da kénh trén dong co diesel tau bién va phét trién phan mém

dé chan doan trang thai ki thuat trén dong co diesel tau bién.
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PHU LUC 1

YEU CAU CUA CAC QUY PHAM TREN THE GIOI VA
TRONG NUOC VE PHAN CAP VA PONG TAU BIEN VO THEP

1. Cac diém do rung dong trén dong co diesel tau bién (MDE) theo Ping
kiém Hang hai Lién bang Nga (RMR, phién ban 2014)

Po dao dong thang trén dong co tai cac vi tri duoc chi ra trong Quy

pham Hang hai Lién bang Nga, theo Quy pham Pang kiém DNV

Hinh PL 1.1. Cac diém do rung dong trén MDE

a) Diesel lai chan vit; b) T6 hop D-G.
X - doc truc khuyu; z - tryc thang dung; y - truc thang, ngang (lat).

2. Quy pham Ping kiém DNV, phién ban 2011 vé tiéu chuan rung dong
may va do rung dong
Dung dén:
ISO 2041 - “Khai niém rung dong va va dap”
ISO 4867 - “Po, b&o céo dir liéu rung dong cua tau bién”.
ISO 4868 - “DPo, bao c4o dao dong cuc bo cua cau tric tau va thiét bi”.
ISO 10816-1-“Panh gia rung ddng co hoc cua may, do tai cac chi tiét tinh”.
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Dong co diesel:

Bang PL 1.1. Tiéu chuan rung dong may theo Quy pham Piang kiém DNV

A. Goi do dwong truc

Van toc Puoc do theo phuong

Tan sé f: 1-200Hz | ngang hoic thang voi tam
<5 mm/s duong truc

B.Pong co diesel thap toc < 200 rpm

Tan so6 f: 1-200 Hz
Chuyeén vi Van toc
Thang 1 mm 10 mm/s
Doc 1 mm 10 mm/s
Ngang 1.5 mm 25 mm/s

Po trén dinh chir A phia cubi dong co

C. Pong co diesel thap toc > 200 rpm

Tan so6 f; 4 - 200 Hz
Lap dit cang Lap dit trén goi do Puoc do trén dinh va bé
do dong co.

D. Tua bin khi xa

Tan so f: 4 - 200 Hz

Toan b cbng suat tur Van toc Gia toc
nhém xy lanh cho tua

bin khi xa
Duéi 5 MW 45 mm/s 25¢
5-10 MW 50 mm/s 204
Trén 10 MW 55 mm/s 15¢g

Do tai dau ctia may nén. Vuot qua 20% tiéu chuan cho phép khdng tiép tuc chay &
tbc d6 dang khai théc.

E. Diesel lai may phat va mé to day

Tan so f: 4 -200 Hz

Van toc 18 mm/s

Po tai bat ky hudng ndo trén cac goéi dd chan. Ap dung ca trong truong hop goi d&

cing va goi d& dan hoi. Rung dong trén 7 mm/s nén dugc khao sét.

PL/2




Cach do:
- Viéc do duogc cac chuyén gia cd chang chi vé rung dong do dudi sy giam
st cua kiém dinh vién DNV.
- Vj tri do duoc lya chon lién quan dén céc tinh huéng rung dong trén tau.
- Viée do s& dugc sir dung phuong phap phan tich FFT trong mién tan s
(pho tan).
- Tham sé phan tich:
+ Dai tan 1 - 200 Hz (trir céc thiét bi dac biét).
+ T6i thiéu 400 nét phd.
+ Sir dung chirc ning cira s6 dé loc gia tri bién do cua pho tan can thiét.
+ Po & ché dong may 6n dinh, trung binh lay trong khoang thoi gian toi
thiéu 30 giay.
- Dao dong van téc dua ra gia tri RMS. Cac muc do sé& duoc xir ly gioi
han, v& dd thi & mién tan s cho cac vi tri do.
- Mau béo céo: Bang PL 1.2. dwa ra vi du bo céo xir Iy rung dong.

Bang PL 1.2. Bao céo xu ly rung dong

Nhap tén tau:

Hé thong | Vi tri Kiémtra | Gigi han | Do duogc Bién Ghi chu
[mm/s] [mm/s] | d6/Tan s
Max
Mm/s/[Hz]

Diéu kién kiém tra:

- COng suat ra dudng truc > 85% cong suat dinh muc.

- Viéc do phai chi y dén tinh trang mat bién khong duoc anh huong
dén két qua do.

- Pidu kién xép hang hoa hoat dong binh thuong.

- Béo céo viéc do s€ dugc cac thdng tin sau:

+ Vi tri do, gidi han.
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+ biéu kién tai.

+ Piéu kien khai thac may.

+ Thiét bi do duoc sir dung.

- Sau khi do tién hanh bao céo cac thdng tin sau:

+ Thong tin ki thuat vé may va tau.

+ Piéu kién do nhu: cong suét ra, chan vit va tc d6 may, mén nudc, do
sau, gi6 va tinh trang mat bién.

+ Thiét bi do duoc st dung bao géom loai phén tich, chiic ning ctra 6
loc, thoi gian trung binh.,

+ Giai thich mac d6 rung dong.

3. Tiéu chuan mirc @9 dao dong thang trén dong co ddt trong (ICE) theo
hanh trinh piston, Piang kiém Hang hai Lién bang Nga (RMR, 2014)

Bang PL 1.3. Tiéu chuan mic d6 dao dong thing trén dong co dét trong

Tin s Béng cor oo hanh trinh piston, cm

hink hoe 30 dén 70 | 71 dén 140 | 14laén240 | Trén 240

bir::n:ﬁa Gid tri van téc rong dong cho phép

dii bing Mire A Mire B Mire A Mire B Mire A Mire B Mire A Mire B

théng 13 | ppis | dB | mmis | dB | mmis | dB | mmis | dB | mmis | dB | mmis | dB | mmi's | dB | mm's | dB

octave, Hz
1.6 4 98 | 5.6 101 | 4 98 3.6 101 | 4 98 3.6 101 | 4 98 | 5.6 101
2 4 98 | 5.6 101 | 4 98 3.6 101 | 4 98 3.6 101 | 4.5 99 |62 102
2.5 4 98 | 5.6 101 | 4 98 3.6 101 | 4.6 99 6.3 102 | 5.6 101 | 8,0 104
3.2 4 98 | 5.6 101 | 4.3 99 6.3 102 | 56 101 | 80 104 | 7.1 103 | 10 106
4 4 99 |63 102 | 5.6 101 | 8.4 104 | 7.1 103 | 10 106 | 8.9 105 | 12,5 | 108
5 4.5 101 | 8.0 104 | 7.1 103 | 10 106 | 8.9 105 | 12,5 [ 108 |11 147 | 18 114
6.3 3.6 103 | 10 106 | 8,9 105 | 12,5 [ 108 |11 107 | 16 110 | 14 109 | 20 112
g 7.1 105 | 12,5 [ 108 |11 107 | 16 110 | 14 109 |20 112 | 16 110 | 22 113

10 8.9 107 | 16 110 | 14 109 [ 20 112 | 16 110 | 22 113 | 16 110 | 22 113
12.5 11 109 20 112 | 16 110 | 22 113 | 16 110 | 22 113 | 16 110 | 22 113
16 14 110 | 22 113 | 16 110 | 22 113 | 16 110 | 22 113 | 16 110 | 22 113
20 16 110 | 22 113 | 16 110 | 22 113 | 16 110 | 22 113 | 16 110 | 22 113
23 16 110 | 22 113 | 16 110 | 22 113 | 16 110 | 22 113 (12,5 | 108 (18 111
315 16 110 (22 113 [ 16 110 | 22 113 (12,5 | 108 |18 111 | 10 106 | 14 109

40 16 110 | 22 113 | 12,5 | 108 |18 111 | 10 106 | 14 109 | & 104 | 11 107
50 16 108 | 18 111 | 10 106 | 14 109 | 8 104 |11 107 |63 |102|8@ |105
63 12,5 | 106 |14 108 |8 104 |11 107 |63 |102 |88 |105 |3 10|71 |03
B0 10 104 | 11 107 |63 |102 |88 |105 |3 w00 |71 | 103 |4 98 |56 | 101
1o |8 102 |89 |105 |3 w00 |71 | 103 |4 98 |56 | 10132 |96 |45 |99
125 |63 |100|71 1034 98 |56 (10132 |®6 |45 |99 |25 |94 |36 |97
160 |3 98 |56 |1o1|32 |es |45 |e9 |25 |o4 |3 |97 |2 92 |28 |93
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4. Tiéu chuan dao ddng cho tua bin may chinh, géi d& chin, may phat
dién (do diesel hodc tuabin lai), néi hoi va cac thiét bi trao déi nhiét, may

nén khi dang piston (RMR, 2014).

Bang PL 1.4. Tiéu chuan dao dong cho tua bin may chinh, gbi d& chan, may

phat dién, ndi hoi va céc thiét bi trao d6i nhiét, may nén khi dang piston

Tuabin may chinh Nbi hoi

va gdi d& chan vé thiét bj trao d6i nhiét | tuabin lai, cic may do tuabin lai Méy nén khi piston

May phat dién do diesel lai, do

Tén s6 hinh hoc trung
binh cua bang thong

Gid trj dao ddng van toc cho phép

1/3 octav, Hz

Mirc A Mitc B Mizc A Mic B Mirc A Mitc B Mie A Mic B

mm/s | dB |mm/s| dB |mm/s| dB | mm/s

dB |mm/s| dB [mm/s| dB |mm/s| dB |mm/s| dB

1,6 1.5 90 25 94 3,5 97 5.6
2 1.9 92 3,1 96 3.5 97 5.6
2,5 24 94 3.8 98 3.5 97 5.6
32 3 96 48 100 44 99 7.1
37 97 6 102 5.6 101 89
5 4.6 9 7.5 104 7 103 11
6,3 5,7 101 9.3 105 8.8 105 14
8 7 103 11.5 107 10 106 16
10 88 105 14,5 109 10 106 16
12,5 11 107 18 111 10 106 16
16 11 107 18 111 10 106 16
20 11 107 18 111 10 106 16
25 11 107 18 111 10 106 16
315 11 107 18 111 10 106 16
40 11 107 18 111 10 106 16
50 8.8 105 14,5 109 8 104 12,5
63 7 103 11,5 107 6.3 102 10
80 517 101 9.3 105 5.2 100 8
100 4.6 9 7.5 104
125 — —_ —_ — —_ — —
160 — —= = —= — —= —
200
250
320
400
500

101 1 86 1,6 90 2 92 32 96
101 1.3 88 1.9 92 2,5 94 4 98
101 15 90 24 94 3,1 96 5.1 100
103 1.9 92 3 96 4 98 6.4 102
105 23 93 37 97 5 100 38 104

107 29 95 4,6 9 6,2 102 10 106
109 3,6 97 5.7 101 7,9 104 12,5 108
110 4.5 99 7.1 103 10 106 16 110
110 5.6 101 89 105 10 106 16 110

110 7 103 11 107 10 106 16 110
110 7 103 11 107 10 106 16 110
110 Vi 103 11 107 10 106 16 110
110 7 103 11 107 10 106 16 110
110 7 103 11 107 10 106 16 110
110 7 103 11 107 10 106 16 110
108 7 103 11 107 10 106 16 110
106 7 103 11 107 79 104 125 108
104 7 103 11 107 6.2 102 10 106
56 101 89 105 5 100 8 104

— 45 9 7.1 103 4 98 6.4 102
— 3.6 97 5.7 101 3.1 96 5.1 100
29 95 4.6 9 2,5 94 4 98

23 93 37 97 2 92 32 96

1.9 92 3 96 1,6 90 2,5 94

1,3 88 2,1 92

1 86 1.6 90

5. Ung suat xoan giéi han cho phép doi véi truc trung gian, truc day, truc
chan vit trong hé truc chinh diesel lai chan vit (QCVN 21:2015/BGTVT)

Bang PL 1.5. Ung sut xoan gisi han cho phép ddi vai truc trung gian, truc

day, truc chan vit

Loai| (a) Diesel 4 ki thiang hang hodc hinh
chir V, b tri 45° hoic 60°

(b) Diesel 2 ki hoac 4 ki hinh chir
V khic kiéu so voi (a)

A | Vatliéu thep ren (trar thép khong gi).

A1 | Truong hop xylanh chay binh thuong A€ (0.8 = 1.05)

Khi A€(0.8 + 0.9)

Khi A€ (0.9 + 1.05)

~ 7, +160

7 5 CCo3- 24%)

7. +160

7 =138

C..C,

Ghi | 1, - GiGi han bén kéo danh nghia cua vat lidu truc (MPa hay N/mm?).
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Loai | (a) Diesel 4 ki thang hang hoac hinh | (b) Diesel 2 ki hoic 4 ki hinh chir
chir V, b tri 45° hoic 60° V khic kiéu so véi (a)

chd | Tri sé 1, khong duoc 16n hon 800 MPa (600 MPa cho thép cacbon néi
chung) ddi voi truc trung gian, truc day va 600 MPa dbi vai truc chan vit va

truc 6ng bao 1am bang vat liéu chéng an mon hodc céc vat liéu khac khdng
bi an mon béi nudc bién.

Cx: Hé s lién quan dén kiéu, hinh dang cua truc dugc quy dinh trong
QCWN 21:2015/BGTVT, trang 64.

Cq: Hé s lién quan dén kich thudc truc:

C,= 0.35 + 0.93d°2C, =0,35+0,93.d%?

d: Buong kinh truc (mm).

A2 | Truong hop c6 01 vai xy lanh khéng chdy A< 0.8

t,=1,7.1t,/C,

B | Vatliéu thép khéng gi
B.1 | Truong hop xylanh chéy binh thuong A€ (0.8 + 1.05)

Khi % (0.8 +0.9) Khi A (0.9 + 1.05)
(7) T, — A _BAZ T1 — C
Ghi Tén vat liéu A B C
chl ["SUSF 316
40.7 30.6 15.9
SUSF 316 SU
SUSF 316 L
37.6 28.3 14.3
SUSF 316L SU

B.2 | Truong hgp ¢ 01 vai xy lanh khéng chay A< 0.8

T, = 2.315. [1] TTG.1

6. Ung suat xodn gi¢i han cho phép do6i véi truc khuyu DME [t]r«
(QCVN 21:2015/BGTVT)
Bang PL 1.6. Ung suét xoan giéi han cho phép d6i vai truc khuyu DME

(a) Diesel 4 ki thfmg hang hodac | (b) Diesel 2 ki hoac 4 ki chir V khac so voi
chir V, géc nd 45° hoic 60° | kiéu (a)

Khire (08+1);, 1 <1y

(1) | r, =45-24)° 1, = 45-29 2

Khi x<08;t <1
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(a) Diesel 4 ki thang hang hoac | (b) Diesel 2 ki hoac 4 ki chir V khac so voi
chir V, géc nd 45° hoic 60° | kiéu (a)

(2) T,=21,
Khi L€ (1,0=+1,15)1 < 15
()| 73=21+237(4 T, = 16 4+ 237 (1 — 0,8)VA1 — 1)
—~0,8)V2—1)
Khi vat liéu c6 gisi han chay Y > 225 MPa, hay gidi han bén vat liéu T, > 440
MPa, gia tri giéi han 1, 1,, T3 & duogc nhan voi hé 6 £, > 1.
4 A= .. . 2 T — 2 TS . \ A o .
(4) bor vo1 1, 13l f_ :1+§_(T;O_1) fn=1 +§(m-1), con dol VoI T,:
Y X
fn =208 fn = 225

f: Hé s6 hiéu chinh déi véi gigi han cho phép cua tng suat dao dong
X04n cua Vat liéu tryc.
T,: Gi6i han bén kéo danh nghia cua vat liéu truc.
Tri s6 T, < 760 MPa, d6i voi thép rén cacbon, hoic
T, < 1080 MPa, dbi voi thép rén hop kim thap
Y: Gidgi han chay danh nghia cua vat li¢u truc (MPa)
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7. Mikc dao dong doc (peak to peak) ddi véi dong co hang MAN B&W

Bang PL 1.7. Mic dao dong doc ddi véi dong co hing MAN B&W

Loai dong co Normal Arlam (high) Shut Down

L35 MC

4 L35 MC 0.65 0.86 1.08
5L35 MC 0.80 1.06 1.33
6L35 MC 0.96 1.28 1.60
7L35 MC 1.13 1.50 1.88
8L35 MC 1.29 1.72 2.15
9L35 MC 1.44 1.93 241
10L35 MC 1.60 2.14 2.68
11L.35 MC 1.76 2.35 2.94
121.35 MC 1.93 2.57 3.21
S35 MC

4 S35 MC 0.94 1.25 1.56
5S35 MC 1.17 1.56 1.96
6S35 MC 1.40 1.87 2.34
7535 MC 1.64 2.18 2.73
8S35 MC 1.88 2.50 3.13
9S35 MC 2.11 2.81 351
10S35 MC 2.34 3.12 3.90
11S35 MC 2.57 3.43 2.29
12S35 MC 2.81 3.74 4.68
S46 MC-C

7546 MC-C 211 2.82 3.52
8546 MC-C 2.50 3.34 4.17
S50 MC

4S50 MC 1.23 1.64 2.05
5550 MC 1.56 2.06 2.58
6S50 MC 1.85 2.46 3.08
7550 MC 2.16 2.86 3.60
8S50 MC 2.46 3.28 4.10
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8. Tiéu chuan rung déng cho géi d& chin theo Quy pham Ping kiém
Hang hai Lién bang Nga, phién ban 2014

Rate «' VDA 06\ . «‘%/ 2% %(['
AN e AN 52 2
30mm/s 15 dB X/ ’( N A \\\\ 0/ %’6 P NN
PANNE S YPBYUPANN SIS AN
20mm/s 112 4B 4 \ 2 /| N ¢
8 = 2 E 18 S
A % \!"\“«\ 6
% % %, @%g: &
1. N\ G - 12 -
10 mm/s 10648 . %% 7 NA NN B
XS N oA Z X JaNAw 7
SIAAT AF NS s LA
K N K TR I RS SSSQK 7
5mm/s 100 dB /'\ /)5‘ AN S ¢ SO 0 Z
S NCAY 730NN JuN); e
SN NN ; X
N / /\>< NANN o W
2 mmys 92d8 ,{/ /] L % /] \"1} 0
%ot /1 N & /‘ % z
b )
Y& >
Imm/s 86 dB N 5 N ,\ Y \ \
2 4 8 16 a5 63 125 250 500
2,5 5 10 20 40 80 160 Jau
32 6,3 12,5 25 50 100 200 400

Frequency, Kz

Hinh PL.1.2. Tiéu chuan rung dong cho gdi & chan
-------- giéi han mac A, ———  gioi han mac B

Bang PL.1.8. Tiéu chuan rung d¢ong cho gi chan tai tan sé trung binh 1/3-

octave
Tiéu chuin rung ding goi chan | Vibration standards for thrust bearing
Tan 30 treng binh 1/3 Octave Mie A Mge B
Geometric mean frequenciez of Category A Category A
1/3-octave bandsz, Hz s dB s =)
1.6 1.3 o0 2.5 84
2 1.9 82 3.1 06
2.3 24 04 3.2 08
3.2 3 06 4.8 100
3.7 87 & 102
5 46 o9 7.3 104
6.3 5.7 101 0.3 105
g 7 103 115 107
10 8.2 105 145 109
125 11 107 12 111
16 11 107 18 111
20 11 107 18 111
25 11 107 18 111
31,5 11 107 12 111
40 11 107 18 111
50 3.2 105 145 109
63 7 103 115 107
20 5.7 101 0.3 105
100 4.6 o9 7.5 104




PHU LUC 2
MO PHONG XU LY TIN HIEU RUNG PONG

1. Pic tinh Gigi han mirc A va B theo tiéu chuan Quy pham Hang hai
Lién bang Nga RMR, phién ban 2014

Auial Vibration Standards for Thrust Bearing with power from 15000 ta 30000 kW, in [dB]

115 T T

Categoria A

—4+— Categoria B

i \ \ \ \ \ \ \
a0 an a0 i 60 70 a0 90 100
Average 143 octave frequency [Hz|

Hinh PL 2.1. Tiéu chuan rung dong van téc (mm/s) gioi han mac A va mac
B theo tan so trung binh 1/3-octave

Original &odel.LviA, -Thrust Bearing (mm/s)(fj=0.16862+0.88025. 1) + -0.0013865 (f)z,,,,va Gia tri Fisher. 1345.1548
11
T T T T T

Original Data
= Madel

aring [rmmés]

LvA-Thrust Be

f(Hz) -Average 143 -Octave

Hinh PL 2.2. M6 hinh hoi quy tiéu chuan rung dong van toc (mmis) gisi han
muc A theo tan so6 trung binh 1/3-octave cho ham g,(f)
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Onginal &Modal. L'YA, -Thrust Bearing (mm/g)iff=21.3829+0.328.( +0.0016108 (Uz----va Gia tri Figher. 508.6016
T T

= Original Data
=4 tlodel

aring [mmy/s]

LwA-Thrust Be;

1
10 0 L} b il Ll 100
f{Hz) -Average 173 -Octave

Hinh PL 2.3. M8 hinh hi quy tiéu chuan rung dong van toc (mmvs) gioi han
muc A theo tan so6 trung binh 1/3 octave cho ham g,(f)

2. M6 hinh toan cac dic tinh giéi han dao dong ngang

- Véc to tan sd trung binh 1/3-octave:

£f=1[1.6 2 2.5 3.2 45 6.3 810 12.5 16 20 25 31.5

40 50 63 80 100 125 160];

% kich thudéc cua véc to £ la: size(f) = (1, 21);

- Véc to gigi han mac A ta ky hiéu la LA, giéi han mic B: LB. Cac chir s6 1
dén 4 cho cac trudng hop hanh trinh piston ciia dong co twong tng S, cm.

% Khi S < 30 (cm);

$ LALV1= [4 4 4 4 4 4.5 5.6 7.1 8.9 11 14 16 16 16
16 16 12.5 10 8 6.3 5];

LALV1= [4*ones(1,5) 4.5 5.6 7.1 8.9 11 14
l6*ones(1,5) 12.5 10 8 6.3 5];

LBLV1=[5.6*ones (1,5) 6.3 8.0 10 12.5 16 20
22*ones (1,5)]1;

ILBLV1=[LBLV1 18 14 11 8.9 7.1];

$ Khi S ndm trong doan 30 - 70 (cm);

$ LALV2= [4 4 4 4 4 4.5 5.6 7.1 8.9 11 14 16 16 16
16 16 12.5 10 8 6.3 5];
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LALV2= [4*ones (1,5) 4.5 5.6 7.1 8.9 11

l6*ones(1,5) 12.5 10 8 6.3 5];

LBLV2=[5.6*ones (1,4) 6.3 8.0 10 12.5 16

22*ones(1,5)]1;

LBLV2=[LBLV2 18 14 11 8.9 7.1 5.6];
$ Khi S ndm trong doan 71 - 140 (cm);
LATLV3=[ 4 4 4 4.5 5.6 7.1 8.9 11 14 16 16 16 16

12.5 10 8 6.3 5 4 3.2];

LBLV3=[5.6 5.6 5.6 6.3 8.0 10 12.5 16 20 22 22

22 22];

22];

LBLV3=[LBLV3 18 14 11 8.9 7.1 5.6 4.5];
$ Khi S ném trong doan 141 - 240 (cm);

14

20

16

22

LALV4=[ 4 4 4.6 5.6 7.1 8.9 11 14 16 16 16 16 16 ];

LALV4=[LALV4 12.5 10.0 8.0 6.3 5.0 4.0 3.2 2.5];
LBLV4=[5.6 5.6 6.3 8.0 10 12.5 16 20 22 22 22

LBLV4=[LBLV4 18 14 11 8.9 7.1 5.6 4.5 3.6];

% Khi S 16n hon 240 (cm);

LALV5=[4 4.5 5.6 7.1 8.9 11 14 16 16 16 16 16];
LALV5=[LALV5 12.5 10 8 6.3 5 4 3.2 2.5 2];
LBLV5=[5.6 6.3 8.0 10 12.5 16 20 22 22 22 22 22];
LBLV5=[LBLV5 18 14 11 8.9 7.1 5.6 4.5 3.6 1.8];

3. M0 phéng tin hiéu da hai

Poan code viét trong m.file duoc thé hién:

% Doan chuong trinh mo phong tin hieu da hai
A=[10 5 3]; gamma=[0 0 pi/6]; n=120; % rpm;
wO=pi*n/30; w=[1 2 3]*wO;
% Tinh tan so w(rad/s)
T=60/n;N=512; % Chia 1 chu ky thanh 512 mau
t=(1:N)* (T/N) ; V=zeros(1l,N);
for k=1:N

V(k)=0;
for j=1:3

V(k)=V (k) +A (]) *sin(w(]J) *t (k) +gamma (j)) ;
end
end
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vn=V+1l .5*rand (1 ,N) ;

% Ve do thi

plot(t,V,'b',t,Vn,'-r ', 'linewidth',k2) ;grid;

ylabel (' v ")

xlabel ([ 'Time (s) '1);

ylim([-20,20]) ;

legend ('VS', 'VS+Noise') ;ni2=N-3-1;
title(['Vibro-signal and VS with noise:', 'Arand=1.5 '])

4. M6 phéng trong MALAB - lap trinh trong m.file tin hi¢u do rung
nhdp VOk , o, vk

nhdp Mh la s6 cac diéu hoa.

o°  o°

oe

nhdp véc to VO va pha gamma, gamma-radian.
vo = [vO(1), VO(2),..,VvVO(Mh)];

Gamma = [gamma(l), gamma(2),.., gamma(M)];

oP

nhdp @ hay vong quay n;

o

nhdp n, Arand

w = pi*n/30; T = 2*pi/w; N = 258; dt = T/N; t
=(1:N) *dt;

for m = 1:N

for k = 1:M

ok = o*k;
V(k,m)=VO0 (k) *sin(wk*t (m)+gamma (k) ) ;
end

end

Vn=V+Arand*rand (1,N) ;

$Ppd thi tin hiéu Vn;

5. M0 phéng lgc tin hi¢u

%% Vi du 2-1, m.file cho bo loc truot trung binh,
x = 15*rand (150,1) ;
Tin hiéu ngdu nhién: 1 cét 150 phan t&, Ar=15.
y = sin(x) + 0.5*(rand(size(x))-0.5);
$ Tao tin hiéu y ngdu nhién
y(ceil (length (x) *rand(2,1))) = 3;

yyl = smooth(x,y,0.1, 'loess"')

o
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yy2 = smooth(x,y,0.1, 'rloess');
$ V& dé thi tw dir liéu ban dau va dio liéu di duoc

loc

[xx,ind] = sort (x);

subplot(2,1,1); plot(xx,y(ind),'b."',xx,yyl(ind), 'r-")

set (gca, 'YLim', [-1.5 3.5])

legend ('Original Data', 'Smoothed Data Using
'"'"loess''', ...

'Location', 'NW')

subplot(2,1,2); plot(xx,y(ind),'b.',xx,yy2(ind), 'r-")

set (gca, 'YLim', [-1.5 3.5])

legend ('Original Data', 'Smoothed Data Using
'"'rloess''',...

'Location’', 'NW')

%$% Vi du 2-2, m.file loc tin hieu,

Fs = 1000; % Sampling frequency

T = 1/Fs; % Sample time

L = 1000; % Length of signal

t = (0:L-1)*T; % Time vector

% Sum of a 50 Hz sinusoid and a 120 Hz sinusoid

x = 10*sin(2*pi*50*t) + O.l*randn(size(t));

y = x + 2*randn(size(t)):; % Sinusoids plus
noise

yyl = smooth(x,y,0.1, 'loess') ;
yy2 = smooth(x,y,0.1, 'rloess');

$ Vé dé thi tu do liéu ban dau va dit liéu da duoc
loc

tt=t(1:50); x1=x(1,;50); yl=yyl(1:50); y2=yy2(1:50);

plot(tt,x,'b.',tt,yl,'r-"); grid;

legend ('Original Data', 'Smoothed Data Using
'"'loess''', ...

'Location’', 'NW')

plot(tt,x,'b."',tt,y2,'r-")

legend ('Original Data', 'Smoothed Data Using
'"'rloess''',...

'Location', 'NW'); grid.
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6. M6 phéng sb thuc hién trong MatLab, lap trinh dwéi dang m.file dé
giai nghiém co hé dao dong mot bac tw do nhw sau:

oe

Giai nghiem co he dao dong -1 bac tu do

o

Vibration_ lFreedom.m

o

Nhap bien do phuc luc cuong buc Z0; w(rad/s) -
tan so cuong buc
% Z=210%*exp (iwt)+Z20*exp (-iwt) ;
Hl=w0*2-w*2+2*1li*csi*w, H2=w0*2-w*r2-2*1i*csi*w;
Y1=210/H1;Y2=220/H2;
Y=Y1+Y2;
Biendo=abs (Y) ;
tta=angle(Y) ;

%Dua ra nghiem Bien do va pha (A, tt)

7. Tach tin hiéu

* Té4ch 06 tin hiéu dao dong gia toc clng 1 tin hiéu pha.

- Pau vao c6 02 files dit liéu do tir 02 bo DAQ NI 9234 va DAQ NI
9237.

- 06 tin hiéu gia toc va 01 tin hiéu pha duoc luu trit va doc duogc dat
trong file twong tng tir DAQ NI 9234. Gia thiét file nay c6 tén Data-Acc-1.Iv.

VI tach file dao dong gia tbc c6 tén: Separate-Acc.VI.

CAu tric VI nay c6 dang (Icon Input - Output).

L, Accl
Data-Accl —— Separate-Acc.VI —— AcC?2

(tach tin higu AccE
gia toc) — Phase

Hinh PL 2.4. Cau trac VI tach tin hiéu dao dong gia téc
* Tach 02 tin hiéu bién dang
Pau vao la file dix liéu bién dang (strain) da dugc luu va doc dir licu dé
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dua vao xur ly. O day chung ta can tach riéng ra timng tin hiéu bién dang xoan
va bién dang doc. So @b nguyén ly VI tach 2 tin hiéu nay c6 dang:

Separate-strain. VI

TV-Strain :
> (Strainl)
_ Separate-Strain.VI
Data-strainl —— (t4ch tin higu bién .
AV-Strain :
dang) L, (Strain2)

Hinh PL 2.5. Cau trac VI tach tin higu dao dong bién dang trén truc do tir hé¢
dong luc diesel tau bién.

8. So’ dd cau trdc phan mém (Software - SW)
Hé théng phan mém duoc chia thanh 04 gdi (mo dun).
SWMqy, - Po, xtr Iy nhanh va hién thi két qua dao dong do duoc trong
giam sat dao dong hién tai trén DME.
SWMy, - Boc, xir Iy rung cho giam sat dao dong (off-line) trén DME.
SWMg; - Luu trit két qua do, xt Iy tin hiéu. Béo céo. In an (print).
SWM,, - Co s dit liéu tham chiéu.

(D SWMoi- Phin mén do,
xw Iy nhanh rung djng

A

|—

~

—

=

S
| —
~

—

(i8]

S

| —
~

[

LF¥]

S
=S
~e
=

'S

S

Do: 10 kénh do
thue té (n) thiét lap doan mau hru trix

Thiét lap c&u hinh thiét bi do: DAQ
9234, DAQ 9237

Xit Iy nhanh: RT (pha); Accelerators

Strain gauges (1), (2); Vong quay (n)

Luu dit liéu (save); Report & printer
Giam sat rung dong hién tai

Diéu khién ché d6 hru chon vong quay

Hinh PL 2.6. Nguyén Iy SWMy; - M6 dun mém do, xir Iy nhanh rung dong
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(@ SWMos- Phin mén doc dir liéu da dwoc lwu trén
6 dia. Xir Iy tin hiéu cho GSRD (offline). Hién thi két qua

giam sat & dw bao. Lwu lai. Bao cao. In an.

n
ey ley @3y [ed | ey 26 @7
- o0 2 = B = >
@ 5 3 5 > 2 o e =i
= | Szl Ee||e2||H98| ||| BEZ
< a5 5 g < = o= R 3B R
B = ou =S R @ v i ~4 Pl
~ = .5 = = oh = . ==
o g5 5.3 F = g 5 = g = 7
3 Rl nli= = w5 o 5 9
ﬁ% = B = = 3 %.\;34 an — R
W g " O Y

Hinh PL 2.7. Nguyén ly SWMO02 - M6 dun doc, xur Iy rung cho giam sat dao
dong (off-line) trén DME

(4) SWMys- Phin mén co s& dir liéu chuin (tham chiéu)
Cho MMMYVS trén DME

| @D (4.2) 1“3 XY
[=11]

‘,g Q) =

i oY S & =

ol = 'E_’1U.-=1 o = -

g = g = 20 e =

o o] o O <

- S < 5 5

o

g s = R4

A A

Hinh PL 2.8. Nguyén ly SWMO4 - Co s6 dit liéu tham chiéu.
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Monitor

CPU
BS » B-DAQ *  GSRD »  Speaker
. . T_ Printer
(12) (4.2) 2.1y [24)
. (4.3) 2.2 | 2.7 (1.4)
(1) GSonline) A\ (2.6)
(13) (2| (44 G3)
(43) | 147 (3.4)
L d Y "[ . }
Hé théng phin mém diéu khién - Giam sat
(12) 3 (14) CSDL duoc lvu
(3.2)+ (34 rr tren HDD1

(Save)

Lrutrr Baocao

(Feport)

o rén HDD2

|
i
|
:
CSDL duoc lvu | |
:
|
|
|
|
|
|

e e e e e o o e e o m mm mm m mm  m  m m mm mm mm mm m mm m m mm mm — — — — ——

Fef
Tham chign

Hinh PL 2.9. Mbi quan h¢ giita cAc modules mém trong thyc hién chirc ning
do va giam sat dao dong trén DME
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PHU LUC 3

KET QUA THI NGHIEM PO, GIAM SAT RUNG PONG TAI PHONG
THI NGHIEM VIEN NGHIEN CUU KH&CN HANG HAI

1. Ké hoach thuc nghiém tai phong thi nghiém
Bang PL 3.1. Ké hoach thuc nghiém tai PTN dé do va hiéu chinh MMMVS

STT Noi dung Thai gian

Chuan bi va hiéu chinh thiét bi do

Lua chon cau hinh thiét bi do can thiét.

5 ngay

Kiém tra, hiéu chinh module phan mém thu do:
- S6 nguoi: 2
+ Nguoi [ap trinh phan mém
+ Nguoi kiém tra chirc niang phan mém
- Kiém tra giao dién chirc nang cua phan mém.
- Lap trinh hiéu chinh (néu cd).
- Kiém thir phan mém lan 1: Kiém tra chtrc ning thuat
toan va g roi.
- Hé thong hoa, toi uu ciu trac chuong trinh.
- Kiém thar phan mém lan 2: kiém tra va hiéu chinh
hoan thién phan mém ca vé chic ning va giao dién dé
dua vao str dung.

2 ngay

Kiém tra, hiéu chinh module phan mém xu ly di ligu:
- Sb ngudi: 2 + Ngudi lap trinh phan mém
+ Nguoi kiém tra chire nang phan mém
- Chuan bi thuat toan xt ly.
- Thiét ké giao dién chirc niang phan mém.
- Lap trinh.
- Kiém tha phan mém lan 1: Kiém tra chtrc ning thuat
to4n va g& roi.
- Hé théng hoa, tdi uu céu triic chuong trinh.
- Kiém thir phan mém lan 2: kiém tra va hiéu chinh
hoan thién phan mém ca vé chic ning va giao dién dé
dua vao str dung.

2 ngay

4 | Thir nghiém thu do va luu trit dir li€u rung dong tai| 5 ngay
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STT

Noi dung

Thai gian

PTN cua Vién NCKH&CNHH, vai cac ché d6 chay:
- Sb nguoi: 3
+ Nguoi van hanh may chay theo cac ché do.
+ Nguoi van hanh thiét bi do va xt ly.
+ Nguoi van hanh phuy, lip dit.
- Van hanh thu do trong ché d¢ 1.
- Kiém tra, xir ly két qua ché do 1.
+ Két qua tot: tién hanh chay thu do ché do khéc.
+ Két qua xau: hiéu chinh lai module phan mém.

Xt ly dir ligu rung dong do duoc va dua ra két qua
giam sat rung dong (1 nguoi):

- Xtr Iy dao d¢dng xoan.

- Xt ly dao @ong doc.

- Xtr Iy dao dong gia toc.

5 ngay

Bao céo két qua do va GSRD trong thir nghiém rung
dong trén hé dong luc D-G 110 kW (1 nguoi).

5 ngay

2. Két qua do tai phong thi nghiém

Hinh PL 3.1. Hinh anh do dao d¢ng tai PTN cua Vién NCKH&CNHH

PL/20




M < | PTN_100318

Home Share Yiew

« v > This PC > TAILIEU(G) > THINGHIEM-DO-TAU-THUC > DATA_2018 > PTN_100318
Eal
m Desktop ~  Name Date modified
g Documents FIGS 21-Nov-18 10:35 P...
# Downloads N0000I000OT 21-Nov-18 10:35 P..
H Music N1000150A 10-Mar-18 5:43 PM
o Pictures N1000150C 10-Mar-18 5:43 PM
B Videos N1200150A 21-Nov-18 10:35 P..
& Windows (C:) N1200150C 21-Nov-18 10:35 P...
- V- -35 P
 DATA (D) N12001100A 21-Nov-18 10:35 P..
N12001100C 21-Nov-18 10:35 P...
. RECOVERY (E)
N1500150A 21-Nov-18 10:35 P..
. SETUP (F)
N1500150C 21-Nov-18 10:35 P..
~- TAILEU (G) N15001100A 21-Nov-18 10:35 P..
0-DTDLCN14-15 N15001100C 21-Nov-18 10:35 P...
DANG_MRI N15001150A 10-Mar-18 6:32 PM
Detai_GSRD_BGTVT(2018) N15001150C 10-Mar-18 6:32 PM
N12000100A 21-Nov-18 10:35 P...

DETAI_ROBOT-2TAYSS

Hinh PL 3.2. Luu trit dit liéu do dao dong tai PTN cua Vien NCKH&CNHH

A B C
1 Root Name Title Author
2 ACC_N15001100A96.tdms Luu Do Duc
3
4 Group Channels Description
5 Untitled 8
6
7 Untitled
8 Channel Datatype Unit
9 Time DT_DATE s
10 Voltage_0 DT_DOQUBLE Volts
11 Acceleration_1 DT_DOUBLE g
12 Acceleration_2 DT_DOUBLE g
13 Acceleration_3 DT_DOUBLE g
14 Acceleration_4 DT_DOUBLE g
15 Acceleration_5 DT_DOUBLE g
16 Acceleration_6 DT_DOUBLE g
17 Implicit Start Interval
18 Time 0 1.95313E-05
19
H 4 » M ACC_N1500I100A96.tdms (root) .~ Untitled

D

Date/Time 1

wf_xcolumns

9216
9216
9216
9216
9216
9216
9216
9216

Length

9216

Hinh PL 3.3. Cac kénh tin hi¢u va d¢ lon cua dit ligu do

Root Name

STRAIN_N15001100A96.tdms

|Tit|e Author

Type

File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder
File folder

File folder

Date/Time

Luu Do Duc

Group Channels Description wf_xcolumns
Untitled 3 One

Untitled

Channel Datatype Unit Length

Time DT_DATE s 9000
Strain_0 DT_DOUBLE Strain 9000
Strain_1 DT_DOUBLE Strain 9000
Implicit Start Interval Length

Time 0 0.00002 9000
| » | STRAIN_N1500I100A96.tdms (root) .~ Unttled %3
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M 4» )

10-03-2018 06:30:57.002 PM
10-03-2018 06:30:57.002 PM
10-03-2018 06:30:57.002 PM
10-03-2018 06:30:57.002 PM
10-03-2018 06:30:57.002 PM
10-03-2018 06:30:57.002 PM
10-03-2018 06:30:57.002 PM
10-03-2018 06:30:57.002 PM
10-03-2018 06:30:57.002 PM
10-03-2018 06:30:57.002 PM

10-03-2018 06:30:57.002 PM

10-03-2018 06:30:57.002 PM
10-03-2018 06:30:57.002 PM
10-03-2018 06:30:57.002 PM
10-03-2018 06:30:57.002 PM
10-03-2018 06:30:57.002 PM
10-03-2018 06:30:57.002 PM
10-03-2018 06:30:57.002 PM

Time*

ACC_N15001100A96.tdms (root)

B C D
Voltage_0
0 -0.003368085
1.95€-05 -0.003237469
3.91E-05 -0.003248456
5.86E-05 -0.003112957
7.81E-05 -0.003124554
9.77€-05 -0.003166058
0.000117 -0.003201458
0.000137 -0.003286298
0.000156 -0.003286908
0.000176 -0.003299725
0.000195 -0.003318036
0.000215 -0.003251507
0.000234 -0.003234417
0.000254 -0.003116619
0.000273 -0.003061687
0.000293 -0.003059856
0.000312 -0.003115398
0.000332 -0.003093425
Untitled

-0.392023333
-0.360400076
-0.287853717
-0.142983091
0.056199681
0.266466365
0.404682128
0.396315196
0.31141338
0.29524268
0.304718858
0.213534369
0.038581105
-0.166953287
-0.365909695
-0.475043459
-0.447444115
-0.339069372
v

E

Acceleration_1 Acceleration_2 Acceleration_3 Accel
-0.285016743
-0.445713449
-0.397983997
-0.144877298

0.141957301
0.325820609
0.150553963

-0.114504177

0.056369814
0.332020389
0.242912672
0.029146339

-0.067147139
-0.063252053

0.038989673
0.069297469

-0.217122591
-0.525809964

-0.030924164
-0.091921582
-0.226080274
-0.379757383

-0.406014789
-0.345579258
-0.313914678
-0.301416497
-0.272194694
-0.197208049
-0.102403436
-0.020479526

F

H

0.082152465
0.039687568
0.000168157

-0.44415663

0.05248652
0.121236276

0.607855215
0.823729793
0.737822989
0.689086371
0.866257442
1.048512519
0.850682527
0.321286173
-0.106580851
-0.237972073
-0.339749225
-0.609664779
-0.892630032
-1.024082903
-0.959901995
-0.730240358
-0.477769979
-0.26526663

_4 A
-0.656312761
0.071507229
0.310941603
-1.003830325
-0.601058674
0.447788357
-0.027155509
-0.195121853
0.481127899
0.539253643
-0.390731412
-0.206206965
-0.030696569

-1.23051615
-0.806567092
0.673699823
0.371993314
-0.479862638

[]4

leration_5 A

lorati 6

-0.367511392
-0.371425329
-0.134932093

0.159141733

0.27833281
0.269819554

0.37075678
0.560475628
0.573207367
0.392266651

0.23007231[

0.182413578
0.061970138

-0.167199342
-0.361299626
-0.410654418
-0.507371329
-0.707269588

Hinh PL 3.4. Hién thi cac kénh tin hiéu do gia tc va pha

1 [Time lTime*
2 | 10-03-2018 06:30:57.168 PM 0
3 | 10-03-2018 06:30:57.168 PM  0.00002
4 10-03-2018 06:30:57.168 PM  0.00004
S | 10-03-2018 06:30:57.168 PM  0.00006
6 10-03-2018 06:30:57.168 PM  0.00008
7  10-03-2018 06:30:57.168 PM  0.0001
8  10-03-2018 06:30:57.168 PM  0.00012
9  10-03-2018 06:30:57.168 PM  0.00014
10 10-03-2018 06:30:57.168 PM  0.00016
11 10-03-2018 06:30:57.168 PM  0.00018
12 10-03-2018 06:30:57.168 PM  0.0002
13 10-03-2018 06:30:57.168 PM  0.00022
14 10-03-2018 06:30:57.168 PM  0.00024
15 10-03-2018 06:30:57.168 PM  0.00026
16 10-03-2018 06:30:57.168 PM  0.00028
17 10-03-2018 06:30:57.168 PM  0.0003
18 10-03-2018 06:30:57.168 PM  0.00032
19 10-03-2018 06:30:57.168 PM  0.00034
M 4 » M|  STRAIN_N15001100A96.tdms (root)

Strain_0

-0.025251224
-0.025251171
-0.025248387
-0.025250769
-0.025251516
-0.02524851
-0.025247189
-0.0252476
-0.025244908
-0.025245854
-0.02524478
-0.025242185
-0.025240829
-0.025241633
-0.02524177
-0.025240024
-0.025234583
-0.02523682

Strain_1

0.000214414
0.000214057
0.000215081
0.000215123
0.000215355
0.000216714
0.000214712
0.000213949
0.000215308
0.000216118
0.000213348
0.000215099
0.000214932

0.00021442
0.000211328
0.000214164
0.000213717
0.000214277

Untitled %2

Hinh PL 3.5. Hién thi c4c kénh tin hiéu do dao dong bién dang
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PHU LUC 4

MOQT SO KET QUA THU'C NGHIEM PO VA GIAM SAT RUNG
PONG TREN HE PONG LUC CHINH PONG CO DIESEL LAI
CHAN VIT TAU KIEM NGU KN 375

SSAVE>> “REPORT > % G:\0-TN-MV-KN\KN375(29.30).05.17..A00-COMMON DATA\18-N215.1\074814__300517Data_630_001.vm ARUN>>
RT & Order Analysis | 1/3-Octave Analyzer | ACC-1 | Acc- Sellection 01-Sep-19 11:08:09 AM
P’f;e Andree ———i) 367 M pagnitugeResuts 513 NoE

g os- Harmonic | Value ~
2 1 0.0003
@25 2 0.0001
3 25 3 0.0003
H 2 0.0002
g0 i ‘ ‘ ‘ ‘ ‘ ; ‘ ‘ ‘ ‘ ‘ | 5 0,001
300 400 500 600 70D 80D %00 1000 1100 1200 1300 1400 1500 1600 6 0.0001
(Order) 7 0.0004
0 0.0005
ACC -RT (m/s"2) 9 0.0005
10 0.0006
03 1 0.0008
0.2+ 12 0.0006
13 0.0002
-l ) 0.0008
£ o 15 0.0012
E 01 16 0.0008
17 0.0002
02-| 18 0.0004
0.3 ' . . i | ' | ' ' i 19 0.0008
[ 0.025 0.05 0073 01 0425 015 0475 02 0225 025 20 0.0009
Time 21 0.0008
22 0.0005
Magnitude (m/s"2) 23 0.0007
24 0.0014
0005 25 0.0009
<, 0.004-] 2% 0.0006
£ 0.003-| 27 0.0009
2 o.002- 26 0.0001
2o N [ I I I H 25 0.0008
£ 0.001-] 30 0.0004
e i kom0 o L —r
0 5 1 15 20 25 30 35 40 45 SO S5 60 65 IO 75 80 85 S0 95 100 105 32 0.0008
Number of Harmanic 33 0.0012
34 0.0008
35 0.0004

36 0.0011 v

Hinh PL 4.1. Tin hiéu Acc-1 tai N=479 rpm (ME) va va xir ly bac diéu hoa

“SAVE= > “REPORT>> % G:\0-TN-MV-KN\KN375(29.30).05.17...\00-COMMON DATA\18-N215.1\074814__300517Data_630_001.lvm SRUN>>
01-Sep-19 11:08:09 AM

RT & Order Analysis  1/3-Octave Analyzer ACCA | |Ace Sellecti

Vibration Level Monitor

EU (mis*2) (EU - mis+2) @ oLl @
173 Octave Spectralm/s2) STT| Freq(Hz)| PVLA | PVLB | Cval| A
012 I 005 [007 [0.00
- 2 |es 006 [009 [0.00
3 31 0.08 (011 [0.00
(iER) 4 |40 010 [0.16 |o00
e 5 |50 0.4 [025 [o.00
6 6.3 0.22 (040 [0.00
oo S 036 063 |0.00
0.000-| 8 10.0 056 [1.00 [0.00
0008 9 125 0.86 [1.57 [0.00
10 (160 [141 [221 [o.00
0.007-|

11 | 200 201 (276 [0.00
0.006-| 12 | 250 251 [32.45 [0.00
13 | 3135 317 [435 |00t

0.005~| —
14 [400 [402 [553 [001
0002~ 15 [s00  [s02 [s65 [001
0.002-] — 16 | 83.0 485 |554 (001
17 [s00  [502 [s553 Joo1|w
0002~ =
0.001-| H—
i
o S===, ‘
1 100
Frequengy tz]
frequency range sampling info
r 1 Jow band high bang RPMIME]
[>dB »> ow ban igh ban sample rate [Hz] # of samples
; v
s J 20Hz J 20000 Hz 2,05k 513

355 Slem>>  dBOn(
479.45

Hinh PL 4.2. Két qua xtr Iy tin hiéu Acc-1 va két qua giam sat tai N479 rpm
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m m lG:\O-TN-MV-I(N\I(N375(29.30)‘05‘17.‘.\M-COMMON DATA\18-N215.1\074814__300517Data_630_001.lvm

RT & Order Analysis ‘ 1/3-Octave Analyzer | et
Fhase Analvzer Famal remany 367 NP gnitugeResuts 513 MSE
i: 5- Harmonic | Value P
E 1 0.0006
w25 B 0.0001
EZ‘S 3 D.0002
5 Z 0.0001
£ o e e e e e L T e 5 0,001

300 400 500 600 700  BOD 900 1000 1100 1200 1300 1400 1500 1600 G 0.0001
(Order ) 7 0.0002
B 0.0002
ACC-RT (m/5"2) B 5.0001
10 0.0003
0.3+ 11 0.0003
1z 0.0004
. 13 0.0006
2 o1 iz 0.0004
£ 5 0.0006
E 07 16 0.0003
e 7 0.0003
18 0.0002
0.2 ' ' | ' | ' ' | ' ' 19 0.0004
0 0025 005 0075 01 0125 015 0175 02 0225 025 0 0.0004
Time 21 0.0004
2 0.0004
Magnitude (m/s*2) ii' g:g;:’
o 2005 = 0.0025
S 0.004- 26 0.0009
EO-WS’ 27 0.0008
] 28 0.0005
il ==
£ 0.001- 30 0.0007
- o,lT.mfm.gvaVTme ‘TTTTT I.TT H vﬁﬂ LWTT[ TTT TT.?” I 5 I‘h TmTTm Tﬂ : 5 00015
O 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100 105 32 0.0015
Number of Harmonic 33 0.0001
34 0.0011
35 0.0010

36 0.0021 v

Hinh PL 4.3. Phan tich RT va FFT cta Acc-4 tai N479 rpm

m ml ! GNO-TN-MV-KN\KN375(29.30).05.17..\00-COMMON DATA\18-N215.1\074814__300517Data_630_001.vn M
RY & Order Analysis  1/3-Octave Analyzer ACC4 |~ Acc Seflection 01-Sep-19 11:08:09 AM o
. s
173 Octave Spectratm/s* ) i

o F—f— | STT|Freq{Hz) PVLA | PVLB | C.Vall A
e {7 20 |44as|a736]397
S [2 |25 [e6aa 4935|496
iy = 5[50 [2837]5136]5.3
7 — {2 |40 |5046|5443| 489
fi S == S |50 |S34a 5845|622
i 6 |63 |57.38] 6241|589
o 7 |80 |61.51| 6642|637
bS5 } {5 [100 |6s41]7050|657
i [3 [125 |99 7438645
7 = |70 [160 | 7342|7735 669
5 11 |200 | 7652|7929 692
2 [72 [250[7a46[e122[7.06
5 {73 [315 |s047|8323]742
o8 = = —f— |14 [400 |8254[8531[766
=) —F == 15 [500 | 84.48|8550]730
st 16 [63.0 |8434|8533|742
12+ 17 |800 | 84488531750 | v
o

- :

° 00
Frozan 0
frequency range sampling info
ﬁ tow band highbang RPMIME Fre o e

a5 S>> dBONM § o 8 20000m: 205k 13

Hinh PL 4.4. Két qua GS rung dong: 1/3-octave cta Acc-4 tai N479 rpm
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1. Két qua xir ly tin hiéu dao ddng xoin do trén truc trung gian:

[Lagh RE; GA\O-TN-MV-KN\KN375(29.30).05.17...00-COMMON DATA\18-N215.1\074814_300517Data_630_001.lvm P
ASAVE>> REPORT>> ? Path* ARUN>
. g, G:\0-TN-MV-KN\KN375(29.30).05...\00-COMMON DATA\18-N215.1\074814_300517STRAIN_630_001.tvm Fath :
Phase Analyzer | Torsional Analyzer
Waveform -Light Sensor
5
2]
§s- 01-5ep-19 9:39:16 AM
£
&2
suoni
7 367 933 1510
0=y i 1 i 1 i 1 i 1 i { I { I 1 [l I I I
0 100 200 300 400 500 600 7FOO 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 e
s 379 250 1521
N1 (rpm) N2 (rpm)
215 215
Phase -proccessed
Nbd Nsp(Meas)
5- 367 572
4
gs- L=
Z = NspE=Nsp(M}/kG
256
£
1=
0- I i ] i i [ i [ I [ I I [ [
300 400 500 600 70D 800 SO0 1000 1100 1200 1300 1400 1500 1600
Time

Hinh PL 4.5. Xt Iy tin hiéu pha ding cho dao dong xoan, tai N479 rpm

4SAVE>> (i REPORT>> 1, G\O-TN-MV-KN\KN375(29.30).05.17...\00-COMMON DATA\18-N215.1\074814_300517Data_630_001.lvm —
. L Path* S RUN>>
. 9, G:\0-TN-MV-KN\KN375(29.30).05..\00-COMMON DATA\18-N215.1\074814_300517STRAIN_630_001.vm  Path :
Phase Analyzer ~ Torsional Analyzer
":Nmpm e Doan truc G T REMME 4794 | RPM(MS) [215 TV-ST,
can tinh 9
TORS.MICROSTRAIN  TORS.MOMENTS ~ TORS.STRESS OB T S
Indicator|
\ Peak-Peak [microstrain)
RMS (microstrain) 23 35833 FOHD g dftHz)
INTERMEDIATE SHAFT 1 250 6.16
@ RT-strain (microstrain
d.mm
Motes for Ck Values 20- :‘a""”"“ ‘D’Z‘;‘e ~
Input Ck for sellected shatt piece following: > 05s
1. For Intermediate Shaft £ 10- 3 =
= flange coupling 1.0 & :
< key way, tapered connection 0.6; " 4 11
+ key way, cylindrical connection 0.45; E 0- 5 0.30
= Transverse hole 0.5 E 3 T34
- Longitudinal slot: 0.3 I = ToE
8 051
9 587
-20- 1 i I 1 I [ [ I I I [ I [ I I 10 5.23
¢ 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 -
#samples Al 270
. 1z 161
Dout{mm) E (N/mm2) EE] 055
250 . 206800 14 086
} 5 _ Magnitude (Microstrain) 15 0.28
Dint(mm) Poisson Ratio = ot
10~ -
o 03 T 17 046
/ g & 12 0.1
H 19 0.39
we (mm3) 3067962 486.0 Kt(mstrain) 2 6 0 026
15954 Ksistress) 5 4 5 535
B 2- I FE] 0.06
E T -
<
‘ 16000.T- Do (15 1) D,‘-T?TYTTV s st et s enae, 24 0.8
Torque Straine = —MMM 0 5 10 15 20 25 25 0.18
n(Df-Df)-E Number of Harmonic
v

Hinh PL 4.6. Tai N479 rpm, Micro-StroStrain do dugc va xir Iy RT, FEFT
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ASAVE>> REPORT>> 3 G0 TH-MV-KN\KN3T5(29.30).05.17..\00-COMMON DATA\fS N215.1\074814_300517Data 630 001.m "
® “RUN>>
. 3 G:\O-TN-MV-KN\KN375(29.30).05...\00-COMMON DATAV18-N215.1\074814_300517STRAIN_630_001.vm Path
Phase Analyzer ~ Torsional Analyzer
nnor(RPM) 1252 5000 Fs(H2) RPM(ME) [ 479.4
0 Truc trung gian Doan truc LI RPMOMS) 215 d
<an tinh
TORS.MICROSTRAIN ~ TORSMOMENTS ~ TORS.STRESS 01-Sep-19 10:44:09 AM
Indicator]
[ ] RMS (MPa) | 098 f3l 1/2°Peak-Peak (MPa)  [pTp (mpa)) [ITEE
INTERMEDIATE SHAFT 1 250 Magnituds-Results (MPz)
RT-T.PR[MPa]
& dumm i N Harmonic | value ~
Notes for Ck Values > 1 0.1
Input Ck for sellected shaft piece following: I 2 01
1. For Intermediate Shaft 2 3 01
+ flange coupling 1.0 o 2 02
+ key way, tapered connection 0.6 ; E > 5 00
+ key way, oylindrical connection 0.45; in = =
+ Transverse hole 0.5 £ -
- Longitudinal slot: 0.3 (=51 v 02
g 8 0.1
2= | i | | | ' ' ' ' ' i i | | td 08
800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 0 13
| | #samples T 04
12 03
Dout{mm) E (N/mm2) Magnitude [T.STRESS) 13 0.0
14 0.1
250 06800
’ * & 14 15 00
Dinttmm) Poisson Ratio 12 16 0.0
g 7 01
o . : 16 00
3 X
/ & 03] 19 0.1
we (mm3) 3067962 488.0 Kitmstrain)] & | 20 2.0
208 ] 0.0
1.59E4 Kslstress) 2 04| 2 0.0
< o2 T T 23 0.0
) T T 24 00
_ 16000.T- Do-(14 1) ol * T 1 1 t ! .1 AT e g ont v i aentce > o0
Torque Strain, ¢ = ——m78 ———— 0 5 10 15 20 25
w(Dy- DB Number of Harmonic .

Hinh PL 4.7. Tai N495 rpm, Tosional Pressure duoc Xir ly va gidm sat

2. Két qua xir ly tin hiéu dao dong doc do trén truc trung gian:

AEAVEs> 4 REPORT> > 5, G:\0-TN-MV-KN\KN375(29.30).05.17...\00-COMMON DATA\18-N215.1\074814__300517Data_630_001.lvm =
& & 7RUN> >
GAD-TN-MV-KN\KN375(29.30).05..\00-COMMON DATA\18-N215.1\074814__300517STRAIN_630_001.vm Path
2
Phase Analyzer | Auial Vibration Analyzer
Waveform -Light Sensor
5-
2|
§ 3 01-Sep-19 9:18:20 AM
H
2-]
. suont
7 367 939 1510 0
0~y i i 1 i i 1 i i 1 I I { I I [ [} I (]
O 100 200 300 400 SO0 €00 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 suon2
e 379 950 1521 0
N1 (rpm) N2 (rpm)
215 215
Phase -proccessed (Measured)
5-
Nbd Nsp(Measured)
a
367 572
@
3 3
= KG (2.23) Nsp(DE}= Nsp(M)/kG
5 2= 2.23 256
1-
- | | | | i | ; | | | | i '
300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600
Time

Hinh PL 4.8. X1t Iy tin hiéu pha dung cho dao ddng doc, tai N479 rpm
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4 BAVE> > a/_n"sponb >

Phase Analyzer  Axial Vibration Analyzer

g, G:\0-TN-MV-KN\KN375(29.30).05.1

-\00-COMMON DATA\18-N215.1\074814__300517Data_630_001.lvm
Path*

% RUN> >
4, GAD-TN-MV-KN\KN375(29.30).05..\00-COMMON DATA\18-N215.1\074814_300517STRAIN_630_001.lym Path

nnor(RPM)
750
REM
500
300 400 %10 800 759
200 g 800
<

479.4

Doan truc
Truc b
ruc trung gian et
Dout{mm)
250 E (N/mm2)
206800
Dint(mm) ’ N *
[} 49087
Area(mmz2)
1.02E+10 2.07E+5
Ki(N/strain) Ks(MPa/ strain)
Force F [N

f=——— ==
E.Area E.Area N 2
[} o]

o =Eg;F=eE.Area

1252 gy 5000 Fs(HD)

n(RPM) [215 @ ~v-STATE

AXIALMICROSTRAIN  AX|ALFORCES ~ AXIAL STRESS 01-Sep-19 10:52:47 AM

RMS (microstrain) Peak-Peak (microstrain)

= 13 35833 PHD) g ditHD)
RT-strain (microstrain] '
6 ] Harmonic | Value ~
1 0.57
.
A 2 0.56
m 2= 3 0.14
o 4 017
£, 5 015
S 6 0.04
&4 7 0.06
& 8 0.23
9 0.33
8- I i [ I I [ I I [ I I [ [ I [ 10 0.24
800 S0D 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 -
p i 011
#samples
. 12 0.09
3 0.03
14 0.07
Magnitude (Microstrain) 15 0.01
~ 76 0.08
=08 17 0.0
B 05- 13 0.02
S 04| 19 0.01
Eos- 20 0.04
z 21 0.02
202 22 0.07
2 01- T T I T = 0.05
E
T oe “?T | T?T,TT-.jvTT¢“ 24 0.03
0 H 10 15 20 25 25 0.02
Humber of Harmonic
v

Hinh PL 4.9. Tai N479 rpm, do va xtr ly FFT axial microstrain

A RAVE> 4 REPORT>> 5, G:\O-TN-MV-KN\KN375(29.301.05.17..00-COMMON DATA\18-N215.1\074814__300517Data_630_001.lvm =
LT A 7RUN>>
g GAO-TN-MV-KN\KN375(29.30).05...\00-COMMON DATA\18-N215.1\074814_300517STRAIN_630_001.vm  Path
Phase Analyzer  Axial Vibration Analyzer
1252 5000 Fs(HD)
nnor(RPM) #N -
Era| AV-STATE
0 01-Sep-19 10:52:47 AM e S
- AYIALMICROSTRAIN ~ AXIALFORCES  AXIAL STRESS e
400 500 600 35833 T0HD) g8 df(z)
300 g 700 RT-AXIAL FORCES (kN)
200 ¥ 800 e Magnitude-Results (kN)
- Harmanic | value ~
479.4 _ s 3 572
£ 20- 2 5.66
g o- 3 138
R
Doan truc = 40-
Truc trung gian g = 3 038
-60- 7 058
=80~ I i 1 1 I I 1 [ [ I 1 [} I I 1 8 2.37
500 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1800 2000 2100 2200 3 540
Dout(mm) #samples 10 746
= E (N/mm2) L I 110
206800 12 0.96
’ . * Magnitude (Axial Forces) 13 034
Dint{mm) - 3 067
0 49087 15 .09
Area(mm2) 57 6 086
= 7 035
1.02E+10 2.07E+5 £ 47 5 ORE]
Kf(N/strain) Ks(MPa/ strain) g, iE] 0.07
£ 20 042
E, Fi] 0.71
. g2
_ Force _ F _ [N 22 0.72
E.Area E.Area [ N z]_[mmi] 1- = 0.50
o 1 EEHSRIRIE R E—
o I | i e e/ ERY: i 25 021
o=Eg;FzeE.Area 0 H 10 15 20 s
Number of Harmonic v

Hinh PL 4.10. Tai N479 rpm, do va xt Iy FFT axial forces
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PHU LUC 5

CAC THONG SO KY THUAT CUA THIET BI

1. Cam bién quang caa Hang Omron, loai E3FA - DP11.

Cam bién quang c6 ngudn dién DC doc lap
cap, c6 céc thong sb ky thuat co ban dugc quang
c4o tir nha ché tao nhu sau:

+ Loai: Thu phéat phan xa guong, phan xa
khuéch tan

+ Ngudn: 10 - 30 VDC +10%

+ Khoang cach phat hién: 20 m, 15 m
(Loai thu-phéat); 0,1- 4m, 0 — 500 mm (Phan xa
guong); 300 m,100 m, 1m (Phan xa khuéch tan)

+ Vat phat hién chuan: Vat mo duc

+ Ché do hoat dong: Light On/Dark On

+ Ngb ra: NPN/PNP, dong tai I6n nhat 100 mA

+ Thoi gian dap ung: 0.5ms

+ Piéu chinh do nhay: bang vit chinh

+ Cap bao vé: IP67

+ Tiéu chuan: IEC, CE, CCC
2. B¢ thu thap dit liéu DAQ 9234

- Bo thu thap dit lieu DAQ NI 9234 cua hang NI, gdm khung (chasis)
cDAQ 9184 c6 04 slot, chira 02 DAQ 9234 (8 kénh), 24 bit;

e
Hhi




Bo gop am thanh va rung 4 kénh, tac do lay mau 51,2 kS /s, dién &p 5
V, NI - 9234 c6 thé do tin hiéu tir cam bién ap dién tich hop (IEPE) va cam
bién khong IEPE nhu gia toc ké, may do tbc do va khoang cach dau do.
NI - 9234 ciing tuong thich v&i cac cam bién TEDS thong minh. NI - 9234
mang lai mot dai dong rong va két hop véi bo diéu hop tin hidu I/E c6 thé hya

chon phan mém va diéu khién tin hiéu 1EPE.

3. B§ thu thap dit liéu DAQ 9237

Bo thu thap dit liéu do bién dang loai DSUB 4 kénh, 24 bit, 50k S/s/ch,
nhiét ¢6 hoat dong -40 dén 70 °C; c6 bu nhiét va kha ning tuong thich véi
tem dén loai: Quarter bridge, Half bridge va Full bridge, gdm khung CDAQ
9191 Ia loai thiét bi khong day, Wi-Fi, ¢ thé dung dé lip ghép véi nhiéu bo
do khac nhau va c6 chirc ning thu phat nhiéu loai tin hiéu/cam bién vao/ra
dang s6 hodc tuong ty khac nhau; Giao dién két ndi khoéng day chuan
IEEE802.11b/g (Wi-Fi), md hda dir liéu an toan 128-bit AES va IEEE 802/11i
(WPA2); Kha nang truyén tin hiéu 30m trong nha, 100m khoang khéng; Cong
Ethernet 10/100BASE-T/X; Tuong thich v&i cac loai phan mém nhu
LabView, C/C++, Visual basic...

C3m 01 slot DAQ NI 9237(DSUB) - tin hiéu vao bién dang.

Modem - Tich hgp tin hiéu rung dong (Analog tr CDAQ 9184) qua
duong LAN va tin hiéu bién dang dang song wifi tir CDAQ 9191.

Khung (Chasis) cDAQ9191; b¢ thu tin hiéu DAQ-9237

Khung NI cDAQ-9191 1a loai thiét bi khong day, Wi-Fi, ¢ thé dung dé
lip ghép vai nhidu bo do khac nhau va cé chirc ning thu phat nhiéu loai tin
hiéu/cam bién vao/ra dang s hoic tuong tu khéc nhau.

+ Kha ning truyén tin hiéu 30m trong nha, 100m khoang khdng
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+ Giao dién két ndi knéng day chuan IEEE802.11b/g (Wi-Fi), m& hoa
dir liéu an toan 128 - bit AES va IEEE 802/11i (WPA?2)

+ Céng Ethernet 10/100BASE-T/X

+ Tuong thich véi cac loai phan mém nhu LabView, C/C++, Visual
basic...
4. Cam bién (sensor)

Cam bién do rung dong gia téc Accelerators

« T >

loai IMI (M§).
bay 1a sensor dang Accelerometer chuyén ‘

dung dé giam sat 6 rung ctia dong co. Series 640 c6

kiéu thiét ké dang 2 day, cap ngudn theo vong loop !7 )

va dau ra 4-20mA chuan coéng nghiép, pham vi do: |

0.0 ¢én 10 g rms (0.0 ¢én 98.1 m / s2 rms), dai tan so: a8

(= 10%) 180 dén 60000 cpm (3 dén 1 kHz) va dic F
biét n6 da dat dugc cac chang nhan ATEX va CSA,
cho phép hoat ¢ong trong nhiing khu vuc nguy hiém.

Thiét bi hoat dong véi dién p ngudn céap tir 12-30VDC va dau ra c6 thé
két ndi tai cac hé thong mang théng dung nhu PLC, DCS va SCADA.S640 ¢
thiét ké chac chan, lam tir vat lisu thép chéng ri voi két cau nguyén khbi.
Thiét bi da dwoc kiém nghiém vé kha niang chéng rung va chéng chéy nd hét
strc nghiém ngat. DAy dai 3-6m. Phwong phap ga dit: D& nam chdm vinh curu.
5. Tem bién dang (Strain gauge)

+ Hang Showa - Nhat Ban.

+ Loai Half brigde. Dién tro 350 Q + 0.3 %. Chiéu dai 2mm. Hé s6 GF
=2.05+2%

+ Do nén nhiét trén vat liéu thép 11 ppm/ °C (B6i véi thép khong ri 16
ppmv/ °C, dbi véi nhom 1a 23ppm/ °C)

+ Vat liéu 18i bién dang la hop kim Cu-Ni. Vat liéu nén cam bién Ia
polyimide.

+ Gigi han nhigt ¢6 — 30 dén+ 180
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PHU LUC 6

BANG TiNH DAO PONG XOAN HE TRUC CHINH SERI TAU K3000
SU DUNG DME BON KY YANMAR 6EY26W

MFE LD REHRAEEF

THE CALCULATION SHEET FOR THE TORSIONAL VIBRATION BATE - 6 Movember 2016

L

OWNNER_: VIETHAM COAST GUARD B
T T

DOCK Y ARD ; HONG HA SHIFYARD B
mE 5 % :

SHIF M. . H2ZZ / E3000 SHIF BAME : B
T @ EE Ao

MALN EMG. MODEL ; BEY26E | 1920k¥ . TS50min~ )

Mo oo @O

REVERSE & REDUCTION GEAR MODEL : Scana Volda A 5. ACGHS/B26/PFH00-1

7 el

FROPELER MODEL ; CFF, NIMBER OF ELADES 4, DTAMETER 2000 m

E B OA O W R R
EMG. P.T.0. DRIVEN MODEL

Bt — . Fidal T P (O3 A
RUNNING MODE ﬁi@"f 55 ouF BARRED SPEED RANGE
HE e :;Jmm P.T.0. EiEENEE | AR
CALCULATION SHEET NO. CLUTCH | RANGE (min™) ORLER
BlEEy — B —
SEN_GOING | . MOHIE:
DE-51605-3908 (2,/9~-5,0) o NOTHTRG NTHIRG ORDER
BB (0.1 SR " " - ——
NO.1 CYL. MISS FIRING CONDETION NODE  —
.......... 0 :
Di-51695-3908_(6/9~9/9) ™ NOTAING | NOTHING | oppeg — |
B - -
- L) = = .
NEUTRAL NODE -
F i NOTHIRG
D3-51805-301B (2/4~4/4) o ROTHING ORDER —
[ Rl
[CauTION] L S FEEGEIT ST, G, R R CREE D S A,
AOOORDING TO THE I;“.lLﬂIl ATION OF TORSIONAL VIBRATION, THERE IS NO FROBLEM
FOR THE STRESS AND TORGQUE LN THE NORMAL USING SPEED RANGE.
WEL NPT AN S, T KR,
P RIS MSRE warAMAEE
LI L LARGE PORER PRODUCTS (FE. BUSTNESS
BULE - Lt  DEVELOPMENENT DIV. ENGINEERING DIV., MARINE
J—&— f i
LHET - SEC. MANAGER CHECKED DES TGNED
FORE MO, - R4BE4H01 S Bddi]
[ EmE -
DRAK NO. - D3-51605-3008,/301B . Mﬂ MNiafoima
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B pn = H ENGINE DATA
HBPANES.  ENGINE MODEL 6 EY26W
HERSHS  RATED DUTPUT 1920 W BE RATED SPEED 750 m*
BT FEEFMESN MEAN INDICATED FRESSURE: 2. 837 MR
SfEEE MO OF CYLINDER 6 AAHEFE FIRING ORDER :1— 3 —5— 6 —4 — 2
N SFE CYLINDER BORE: 26. 0O enx Abo—d4 STROKE : 348, & i

s R R RG MODEL

. BSC RATIO

Scana Volda A. 3. ACGGE/625/FFE00-1

3.488

SR TR ELASTIC COUPLING MODEL : RATO-8 G2911-BR2300 (For Propeller)
RATO-R K4925-BR2900 (For Shaft Generator)
Biz-¢ : fifE-F
Colculation Mode ; Hes Going

. fRtEE=1h EiHE o e i =4
H::SE?E. H:Qﬁ:} INERTIA | EQE LENGTH | SHAFT DIa. | REDUC

[kg=cme sl {eml lenl RATID
1—1 | Engine Gears 3467 15.10 2190 100
1—2 |Fan 143.78 19.50 22.00 L0
1—3 |Fam 143.78 1950 22.00 100
1—4 |Fsn 148.78 1950 2200 1
1—5 |Fam 4a.78 1950 22,00 100
1—6 |Fam 143,78 1950 22.00 L0
1—7 |[Fem 143.78 1660 25.00 100
1—8 | Fiywheel + Elstic Cropling 1244.50 306458 50.00 100
1— & | Tdefhet + Flasic Copling 187.83 T 16.00 100
1—10 | Bedution Gear lnput Shaht 212,81 4191 B 100
1—11 |Cud 1L 4751 50.00 100
1—12 [l T 15240 50.00 484
1—1 3 | Reduction Gear Outpoet Flunge + Propeller Shek ) 14148 el R

1—14 |Popsler 118648
2—1 | SiahGenenatr 148 FlAT 1) 149
2— 2 | Flastic Copling i G AT 1] 1453
2—3 | Elestie Crapling Wik il 16.90 1443
2—4 |G Ha4l
DRAW KO, : D3-51695-3%8 (1/9)
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1. MOLZER TABULATION 2. TORSIONAL VIBRATION STRESS DIAGRAM

2 NOOE FREQUENCY 495 C P. M OMEGA SOUARED 2688 AT THE NO. 9 SHAFT
MASS INERTIA  AMPLITUDE INERTIA TOTAL £ TWIST  SHAFT STRESS  SHAFT m ENGINE. SPEED  AMPL ] TUCE STRESS VEC Sn
Mosons2l  Rad)  (Kew ORocnt ‘6&' Red)  km  (Kesem2) Ll Pages:2 o084
, Om S N . - .
-1 %3t 1. 0000 °'%32 " = 1.0 g -. 0156 2 - 0040
2 16278 oot 2008 832 1510 . 0001 21,20 % 1 .8 330 -. 0750 1 . 0219
3 aaive '”“ - 47% 19,50 L0009 22 00 228 2
’ 8057  19.50 L0017 22.00 412 3
4 14378 L9972 3854
S 1o8.78 S 12812 19.50 . 0024 22.00 598 4
¢ i ';:': 263 16357 1980 0032 22.00 "W s
7 1070 '“" pog 20189 19, 80 . 0038 22.00 ges 6
i 7 . 0040 7 7
B 1244, 50 . 8837 32008 0 3,90 i .
56916 3064, 56 1. 7442 50,00 232 8 STRESS
9 187.93 - 7608 ~3842 Kg/on 2
530713 7318 L0388 18, 00 6599 ®
0 212.81 - 1994 ~4573 .
6454¢  41.91 L0271 50,00 263 10 i
112138 -~ 8204 -2686 900 "
2 6608 ey 1087 616¢8  47.81 . 0294 50,00 252 1 3 tor CONTINJOUS AUNNING
13 as? |'°°n 238 SQAS2 253 40 L1818 50.00 246 12 800 | .. ° for PASS THROUGH RAPIDLY
g 50657 1447, 48 . 8635 22 00 2083 13 700 "
14 1186, 03 -1.8TN -59657 +
-0 0.00 0.0000 000 0 W e OPERATING RANGE
= 1. 207 161 ! \
% 5 ‘:: ::z: °‘: 16194 8326 87 1. 0246 S0, 00 €6 30 goo
i e i 56 16308 6320 87 1.0367 50,00 67 22 !
5 A8 ‘nu Py 16044 218 5) L0351 16.90 1683 33 e X
: 114N 0.00 0.0000 0.00 0 3z 200 |
POSITION OF BRANCH ey
MODE: 2 POSITION 1--10 100
e T BT e TR Yoo [ 1
ENGINE SPEED  (REVAMIN
CONTINUOUS RATING SPEED 750 REVAMIN
| ENGINEERING DIVISION

BEY20W
(2510PS/ TEORPN

mm__t%: -
| s£G wovcen | e

.mn____mu_{ THE CALCULATION FOR
REMARKS : IN CASE OF GEARD SYSTEM, TME EFFECT OF GEAR RAT TAKEN ACCOUNT. [oRAw, No | pa. ( THE TORSIONAL VIERATION |
FIRING ORDER MAIN) :1 ~5 -3 -6 -2 -4 ~- e A

TR

comm  |svswwrs)  |woecne |nsesor Bl |
| BULE
NANE
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. HOLZER TABULATION

3 NCOE FREQUENCY

lM'aS INERTIA  ANPLITUDE %S&'é‘
- %0 P8 "B
2 143,78 . 9990 27369
3 14278 . 9924 27188
4 143,78 . 8805 26881
6§ 14278 . 8633 26391
6 1478 . 9410 25179
T 14378 . 9136 25030
8 1244.50 . 8852 210149
9 187.93 ~10. 6174 ~380197
10 212.8! ~10. 6136 -430388
" 121,35 =10, 4506 ~241642
12 8505 -10. 1498 ~164487
13 .87 -8 1392 -13435
14 1188, 03 a sen 806290
2- 1 484 48 1.2022 106403
2 26.21 -5 5297 -27616
3 w82 ~10, 5145 -33268
4 21281 ~10. 8138 -£30388
NOTES.
POSITION OF BRANCH
NCOE: 2 POSITION 1-=10

REMARKS : IN CASE CF

FIRING ORDER MAIN

5 g

-3 -6 -2 -4 -

TOTAL
TOROLUE
(Xg. m
eece
33978
61163
88024
114414
140194
165224
376373
~4025
-380724
-631356

1318 C.P. M OMEGA SQUARED

fen)

15. 10
19. 60
19. 50
19. 50
19.50
19.50
16. 60
064, 58
7.8
41.91
47.61
253. &
1447. 48
Q.00

6326. 87
6326. 87
214 .51

0.00

19064
TWIST

(Rad. )

. 0010
. 00es
.0119
L0172
. 0223
. 0273
L0274
. 503
-. 0038
-. 1633

-2. 0167
=11.7143
Q. 0000

6. 7320
4 9847

. 0994
0. 0000

SYSTEM THE EFFECT OF GEAR RATIO IS TAKEN ACCOUNT,

AT THE NO. 13 SHAFT
N s e g egmg A g, e e
lem  (Xa/cm'2) 1.5 879 -. 0B85 . 1639
2.0 659 -, C087 1 . 0274
21.20 % 1 2.8 527 - 0154 1 . 0891
mow s 2 TS T B I
22.00 025 3 48 203 = 8% 7 -Teas
22. 00 210 4
22. 00 84712 S
22. 00 6705 6
25 00 5385 7
50, 00 1520 o STRESS,
18 00 Lo 9
50. 00 1588 10
so. 00 s n % —————for CONTINUDUS RUNNING
50. 00 3243 12 800 : for PASS THROUGH RAPICLY
22. 00 38708 13 700 | :
Q.00 Ao | OPERATING PANGE _
50, 00 434 31 g \\
50. 00 2 32
16. 80 a0 a3 04
0. 00 0 34 30
200
SR
15'6',“0'% Go 750 peo 556
ENGINE SPEED (REV/MIN
CONTINUCUS RATING SPEED 750 REV/MIN
| ENGINEERTNG DIVISION CUSTOMER
[ORAWN 1S NISHINATSU | WORK No | RABS4801 k.lbl
[DESIGNED | S NISHINATSU | RULE NK__
| G-ECKED s BEYV26W
| SEC. MANAGER pa NANE (2610PS/ TEORPM)
DATE THE CALCULATION FOR
m TrE TORS[ONAL VIBRATION |

2. TORSIONAL VIBRATION STRESS DIAGRAM
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1. HOLZER TABULATION

OMEGA SCUARED
TOTAL Ecu
TORCLE
(K. m) (em)
108563 1610
551388 18, 50
945757 18, 50

1267135 18, 50

1458154 19, 50

1531169 19,50

1469770 16, 60
~12372 3064, 58
-13087 7318

-7234 4.9
-2004  47.6)
488 253 40
811 1447. 48
-1 0. 00

45 6326, 87
~186 6326, 87
281 21865
5853 0. 00

313104

TWIST SHAFY

{Rad. ) (om)
L0164 21.20
L1076 22.00
L1888 2200
L2451 2200
L2843 2200
L2086 22200

25 00

§0. 00

16. 00

£0. 00

£0. 00

0. 00

2.0

0.00

§0.00
§0. 00
16. 90
0.00

THE EFFECT OF GEAR RATIO 1S TAXEN ACCOUNT.

5 NODE FREQUENCY 5343 C.P.M
MASS INERTIA  AVPLITUCE %gmu
LyRegnad  ma) Kpal
2 14378 . 9838 442802
3 1478 . 8761 394401
4 14378 L6917 311378
5 14378 . 4465 201020
6 14378 . 1022 73018
7 1wt - 1384 ~-61399
B 1244 %0 -, 3804 -1482142
9 187.93 - 0012 ~714
10 212. 8 . 0084 5672
1 121,98 .0114 4329
12 8506 0128 2402
13 a7 L0118 213
14 1186. 03 -, 0002 -811
2- 1 464 48 Q. 0000 45
2 2621 -. 0028 -232
3 16.62 . 0090 457
4 212.8 . 0084 §572
NOTES.
POSITION OF
MOOE : ITION 1--10
Enmm'm%:l - W—z -4 -

STRESS ST
(Kg/cm™2)

5802

26371
45236
60129
69744
73235
47907

OO NN -

1627

08 -0 o858
=
«

2. TORSIONAL VIBRATION STRESS DIAGRAM

AT THE NO. € SHAFT

ORDER  ENGINE. SPEED AMPLITLDE STRESS VEC. SWM
NUMBER us\.r‘mn CEGREES ;s/an 2
6.0 1 . 0280 ( 3 0237
65 822 . 0070 55 . 7583
12 76 L0017 14 . 2561
7 71 0108 2. 0790
&0 e68 0011 9 . 2581
[ 629 . 0030 24 . 7583
8.0 £34 . 0087 69 3 0237
85 £52 | 0022 17 . 7583
10, 0 £34 . 0007 6 L2581
10. 5 809 . 0048 38 2. 0790
1.0 456 . 0006 4 . 2561
1.5 465 001§ 12 . 7583
12.0 445 . 0082 & a 0237
STRESS
Ko/em 2
900 |
——————tor CONTINJOUS RUNNING
800 | - “for PASS THROUGH RAPIDLY
700 |
600 |
el | OPERATING RANGE X
m \\
”0 R \ o
g | AN
'w I ’ 7.5 "
I RarTee A RS e RS
ENGINE SPEED  (REVAMIN)
CONTINUOUS RATING SPEED 750 REV/AMIN

PL/35

| EnoINEERING DIVISION CUSTOuER
P PYST I TN P Bl
[cestoen  |s msmwarsy  [mae e

 crecxep SEV2EW

| SEC_MANAGER [{ N (2610P8/ TSORPM)

L) | SE— THE CALCULATION FOR
oo no | 09-51605-3008 ) D TORSIONA VIBRATION




2 NODE FREQUENCY 465 C.P.M  OMEGA SCUARED 2680 AT THE NO. 9 SHAFT
MASS [NERTIA  AMPLITUDE INERTIA TOT, ™I SHAFT STRESS SHAFT ORDER  ENGINE. SPEED AWPLITUDE g VEC SWM
n“lﬂi : “2) c:tu.) : ‘Ex & EET:-o m.:; [Ea:o {Kg/em™2) 3 %m 1050??";!3 .‘5225 : 4926
1= 1 e - oe9 : gaae 15 10 0001 21.20 - 7 I ¥ <+ -Igg 23 iﬁ;
2 14378 9339 3e6S ’ . .0 o b
s 143 78 980 3681 47966 19,50 0008 22.00 29 2
« 14n 78 '“?2 8857 16, 50 L0017 22.00 s 3
s 1AM ‘““ su“ﬂsl 12612 19,50 L0024 22.00 568 4
s 1AM ‘mo oo 16387 19. 80 L0032 22.00 % 5
. 20188 196,50 L0008 22.00 88 8
T 14378 . 8877 ae
24007 16. 60 . 0040 2%.00 w1
B 1244. 50 . 9837 32908
> 1o7.90 - 7008 P 56915 3064, 58 1. 7442 80.00 22 8 gyﬁz .
N %I 8t ooyt Jipvien 53073 1A 18 .0388 16.00 6599 9
' 121 as - aoea ) 64544 41,91 . 0271 50.00 263 10 T
12 'ﬂ‘ﬁ .. 8550 1957 81848 47. 61 ., 0294 S0.00 252 1 900 e or CONT INUOUS  RUNNT NG
3 aer " — i 5QBS2 253 40 . 1618 50.00 244 12 800 | for PASS THROUGH RAPIOLY
16 1180, 08 :‘um y 80887 1447 48 . 8835 22,00 2853 13 300 | _
-0 0. 00 0.0000 0.00 o 14 000 \\( OPERATING RANGE .
=- 1 o ] "
‘ 2 ‘::: ‘::;: “1:; 16194 6326, B7 1. 0246 50.00 € 31 oy
s e ‘ma o 16386 6326, 87 1. 0387 50,00 87 @2 ]
s 21281 _' 04 8T 16044 214 61 . 0351 16,90 663 33 0 ¢
’ 11471 0.00 0.0000 ©.00 0 34 2300 -
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1. HOLZER TASULATION 2. TORSIONAL VIBRATION STRESS DIAGRAM

3 NODE FREQUENCY 1318 C.P.M  ONEGA SOUARED 18054 AT THE NO. 13 SHAFT
NASS INERTIA  AWPLITUDE INERTIA TOTAL £0u. TWIST  SHAFT STRESS SHAFT ORDER  ENGINE. SPEED AWPLITUDE 31755 VEC. SN
koems'd  Ree) K Kow  lom  Red)  lem  Xe/en'd) % S+ R e ? 3458
1-1 3487 1. 0000 " ” 1 abid; #1:80 “ssa : 20 859 - 1298 n Z%
2 14378 . 9990 27969 s ! ; £8 9 1131 43 5. 2802
3 14378 2924 27188 20975 18 80 . 0088 22,00 16256 2 as arr - 0328 a | 2492
: e1163 19.50 ) 2025 3 40 330 - 0278 2 - 5288
4 14378 . 9805 26881 45 293 - 0131 \ . 3455
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1. HOLZER TABULATION 2 TORSIONAL VIBRATION STRESS DIAGRAM
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PHU LUC 7
CAC GIAY CHUNG NHAN VE THIET BI MMMVS

CUC TIEU CHUAN - PO LUONG - CHAT LUONG
(Department for Standard, Metrology and Quality)
TRUNG TAM PO LUONG
(Metrology Center)

(DK 35)

Dia chi (4dd): S6 11 Hoang Sam - Nghia D6 - Cau Gidy - Ha Noi
Dién thoai (Tel): 024.38361108 Fax: 024.37563660

GIAY CHU'NG NHAN HIEU CHUAN

(Calibration Certificate)
S8 (V) 5258
Tén phwong tién do (Objecy). Thiét bi do do bien dang va truyén tin hiéu WiFi

Kiéu (Type):  cDAQ-9191 (P/N: 150227E-312) 8§ (Serial Nv):  1BB14C7

Noi san xuat (Manufacturer): Hang National - Hungary

Dic tinh ky thuat dedhyical pcd 847k 9237 do Tenzo bién dang: 350 Q0.3 %
- Pham vi do bién dang: - 25 mV/V dén 25 mV/V

Co sé sir dung (CusMign-Nghién ctru Khoa hoc va Cong nghé Hang hai, Dai Hoc Hang hai Viét Nam

S6 484 Lach Tray, Thanh phd Hai Phong =
Phwong phap thuc hién (Method of Calibration): A1-01.PP01.05 eés:";’

. Sadsdis 5 i 5
Diéu kién méi trudng (Environmental Conditions): Nhiét do: (25 + 1) °C, D am (60 & 5)

Chuén dworc sir dung (Standards used): : i 5
Hop dién %rér chuan P327; Gidy CNHC s6: 640; Hiéu luc chuan: 10/2019 (TIBL)

Hop dién tré chudn P33; Gidy CNKD s6: 190; Hiéu lye chudn: 02/2020 (TTDL)

Két qua (Results): (Xem trang sau)

Ngay hiéu chuén (Date of Cal): 12 - 06 - 2019 §§ tem hiéu chudn (V* of Cal. Label): 17617
Ngay khuyén nghi hiéu chuén t6i (Recalibration Recommended): 12 - 06 - 2020
Ha Ngi, ngay A3 thang { nam 2049

@ Truwdng phong thi nghiém KTGIAM POC
(Head of Calibration Laboratory) THETE 7

HO

Taos/

-y o1 A ,
Do Quy Ba Pai ta Lé Duy Quy
Trang: 1 Khong dwoc sao chép roi khi gidy chieng nhin cé nhiéu trang néu khong dugc sw dong y bang
(N’ of pages): van ban cua Trung tam Do luwong
(This certificate shall not be reproduced except in full, without the written approval of Metrology Center)
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— ] CUC TIEU CHUAN - DO LUONG - CHAT LUONG
(Department for Standard, Metrology and Quality)
TRUNG TAM DO LUONG
(Metrology Center)
(DK 3%5)

— -
inL%’_ Dia chi (Add): S6 11 Hoing Sim - Nghia D6 - Clu Gidy - Ha Noi
oy

old Dign thogi (Tel): 02438361108 Fax: 02437563660

AEEET | GIAY CHIPNG NHAN HIEU CHUAN
(Calibration Certificate)

Sé (V) 5256

Tén phuong tign do (Object): Thiét bj do pha vi tde 40 quay cia trye

Kiéu (Type): E3FA-DPI1 S6 (Serial X'): 1831411
Noi san xudt (Manwfacturer).

| Bjetokky R Testomcul IO .. g 1 s (0 G 5000) s
Tin $6 ra twong img: (0 dén 83,3) Hz

- Cosorsied (€ )
W8 (€4 nghién ciru Khoa hoe vi Cong nghé Hing Hii-Dyi hoe Hing Hii Viét Nam
DC:S6 484 Lach Tray, TP.Hai Phong
Phuwong phip thye hign /Method of Calibration):
Diéu Kign méi truimg (Environmental cALIATT2.10
Nhiét ) Temperature: 22 °C, DY dm/Humidity: 70 %RH
Chudn duye sir dyng /Standards used):
Miy hi¢n séng MSO-X 2024A; Sai sb cho phép: + 2.5 x 10~
wmmmlu:wdmmzz 1x 10"
the 85 vong quay YT0S-60; Cip chinh xéc: 0,05
Kiét qui Rexults): Thiét bj chudn 4 duoc lién két chuin ti trung tim Do limg
Xem trang sau

Ngay hi¢u chudin (Dare of Cal ) 12-06-2019  Sé tem higu chulin V" of Cal Label): 19739

Ngay khuyvén nghj higu chudn (6 Recalibration Recommended)- 12-06-2020
Ha Noi, ngay A3 thing & nam 2041
{7 Truomg phong thi nghi¢m KT.GIAM bOC
(Head of Caltbration Laboratory)
L
S et
/_,,/’/%_f‘_..
Luyén Thanh Ting Dai ti Lé Duy Quy
Trang: | Khdng durgc swo chép ri Rhi gidy chimg nhin ob nkiéu tramg néw Ahing dwyc sy déng § bing
(N of page) wan ban cvia Trung tdm Do luimg
(This cornificane sball st be reprodiuced excepe in full. withowt the writsen approval of Metrology Conter)
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(Vietnam Metrology Institute)

y Dia chi (Add.): S6 8 buong Hoang Quéc Viét, Phuong Nghia D6,
vm Quan Céu Gidy, Thanh phé Ha NG

bién thoai (Tel.): (84-024) 37914876 ; Fax: (84-024) 37564260

m VIEN PO LUGNG VIET NAM (PK 05)

’ - ~ -~ ~2
GIAY CHUNG NHAN HIEU CHUAN
(Calibration Certificate)
S6 (V): V12.CN5.114.19
Tén ddi twong (Objecy: HE théng do rung dong
Kiéu (7ype): cDAQ-9184 S6 (Serial N): 1BD49BB
Noi san xuat (Manufacturer): Hungary.
Dac trung k¥ thuat do luong (Specification): .
Pham vi do (Measurement Range): Dai tetm (Frequency range): (0 + 8000) Hz ;
Gia toc (Acceleration): = 50g (+ 490 m/s?)
Co so sir dung (Customer): Vién nghién ciru Khoa hoc va Cong nghé Hang Hai.
Truong Pai hoc Hang Hai Viét Nam.
Phuong phép thuc hién (Method of calibration): V09.M-13.13
Chuén dugec sir dung (Standards used): Cam bién gia téc chudn 8305-001, 4371
(V12.TB1.23, 25) B§ khong dam bao do md rong U=0,5% (k=2; 95 % CL);

Conditioner 2647 (V12.TB1.29.01,02); Thiét bj do va phan tich rung dong Pulse
3560C (V12.TB1.30); Thiét bj tao rung 4808 (V12.TB1.32)

Két qua (Results): Xem Kkét qua trang sau (Results of calibration enclosed).

Ngay hiéu chuén dé nghi (Recalibration recommended): 30-06-20

Ngay 12 thang 06 nam 2019

(Date of issue )
Trudng phong thi nghiém YIVIEN TRUONG
(Head of calibration Laboratory) (Director)

VILAS 072

Khong dugc sao chép roi khi giay chung nhan co nhiéu trang néu khong duoc su dong y
bang van ban cua Vién Do luong Viét Nam )
(This certificate shall not be reproduced except in full, without written approval of VMI)

Trang: 4 |
(NQ of pages)

Ngay BH: 01-07-17 F-01a/P5.10

PL/41




CHI CUC TIEU CHUAN CONG HOA XA HQI CHU NGHIA VIET NAM
DOALU'OI\jGCHAjF LU'QNG ) Poc lap - Tw do - Hanh phic
TRUNG TAM KY THUAT TIEU CHUAN

PO LUONG CHAT LUQNG HAI PHO,

S6: 40 19/KL-TTKTTBC | Phong, ngay /v thang 5 nam 2019
Leading Resolution

KET LUAN
THAM PINH KY THUAT CHAT LUQNG SAN PHAM HANG HOA

Can ctr Ludt Chat luong san phiam, hang hoa va Nghi dinh s 132/2008/ND-CP
ngay 31 thang 12 nam 2008 cua Chinh pht quy dinh chi tiét thi hanh mot s diéu cua Luat
Chét lugng san pham, hang hoa;

Can ctr Quyét dinh s6 409/QD-UBND ngay 23 thang 3 nam 2011 ciia Uy ban nhén
dan thanh phd Hai Phong vé viéc thanh lap Trung tam k¥ thudt Tiéu chuén Do luong Chét
lwong trure thude Chi cuc Tiéu chudn Po luong Chét lugng thanh phd Hai Phong;

Cin cir Quyét dinh s6 1765/QD-UBND ngay 12 thang 9 nam 2013 cta Uy ban
nhan dén thanh phé Hai Phong vé viéc phé duyét Bé én dbi mai to chire va hoat dong cuia
Trung tim K§ thudt Tiéu chuan Do luong Chat lwgng Hai Phong;

Can ctr Bién ban thim dinh s6 15/TD/BB-TTK TTDC ngay 17 thang 05 ndm 2019
cta Truomg Pai hoc Hang Hai Viét Nam va Trung tam ky thudt Tiéu chudn Po luong

Chat lugng Hai Phong,
TRUNG TAM
KY THUAT TIEU CHUAN PO LUONG CHAT LUQNG HAI PHONG
KET LUAN:

Can cur két qua kiém tra thuc té tai thoi diém tham dinh xéac dinh duoc:

Thiét bj giam sat rung dong

Phan ciimg:

- Hé thdng phén cimg chuin cong nghiép gom:

- 6 SENSORS rung dong chuan cong nghiép hang IMI (02 chan, 100 mV/g);

- Cap dai 3 m; Dé nam cham vinh ciru.

- 01 DAQ NI9234 va khung c¢cDAQ9184.16 kénh, tbc do trich mau 51
kS/s/kénh;

- 01 DAQ NI9237 va khung c¢cDAQO9191. 04 kénh,tbc do trich mau 50

kS/s/kénh.
- CPU cong nghiép.
Phin mém:
gy MATANE BM — NV —01 —03: Két luan thim dinh
QUACERT G. 5 ) )
/ Ngay ban hanh: 18/4/2018 Trang 1/5

ISO 9001:2015
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Xay dung trén nén LabView, chay doc lap bang file * EXE.

C6 tinh nang do. phan tich rung dong trong mién thoi gian va tan sb (FFT, loc,
octave, orders). Téc do trich migegoc diéu Khién vai f.,. =20 KHz. S lugng diéu
hoa M=25 khi giam sat dao dé:fs.;%é{x.:.gﬂggco diesel 4 ky; M=12 cho diesel 2
ky: tan so dao dong thang (2-8000)Hz.

KT.GIAM DOCE.

,

CAN BO THAM PINH

oy, (AN BM — NV - 01 —03: Két lugn thim dinh
= ' '
. Ngay ban hanh: 18/4/2018 Trang 2/5

IS0 95001:2015
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