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i
LOI CAM POAN

T6i 1a LUU MINH HALI, tac gia luan &n tién si “Nghién citu gidm sdt dao dong
trén ddng co tua bin khi tau thuy”. Toi xin cam doan bang danh duw ciia minh, ¢éng trinh
khoa hoc nay 1a do ban than téi thuc hién, khéng sao chép mét cach bat hop phap bat ky
noi dung nao tir cac két qua nghién ctru cua tac gia khac.

Két qua nghién ciu, ngudn sé liéu trich dan, tai liéu duoc dung cho dé tai luan &n

nay la trung thuc, chinh xac.

Khanh Hoa, ngay thang 10 nam 2021
Tac gia

Lwu Minh Hai



i
LOI CAM ON

Trong qué trinh nghién ctru va viét luan &n tién si ndy, tac gia da nhan dugc su gidp
d5, tao nhiéu diéu kién thuan loi tir cac co s& dao tao va Quan chung Hai quan. Téc gia
xin ch&n thanh cam on Truong Pai hoc Nha Trang (Ban Gidm hiéu, Khoa Ky thuat giao
thong, Khoa Sau dai hoc, Bo mon Bong luc); Truong Pai hoc Hang hai Viét Nam (Vién
Nghién cttu KH & CN Hang hai, Ban chu nhiém Dé tai cip quéc gia ma s6: PTDL.CN
14/15); Quan chung Hai quéan (Khoa Co dién-Hoc vién Hai quan, Lir doan 162, Phong
K¥ thuat Vung 4 Hai quan).

Trong sudt qué trinh nghién ciu hoan thanh luan an, tac gia da duoc cac Thay:
PGS TSKH D6 buc Luu va TS Phiing Minh Loc huéng dan tan tinh. Nghién ctu sinh
xin thé hién sy biét on sau sic va 1ong kinh trong t6i hai Thay.

Tac gia chan thanh cam on sy dong vién, ung ho, chia sé tir nguoi than va gia dinh,
cac dong chi, ddng ddi va dong nghiép.

Noi dung ciia ban luan an nay da hoan thanh, tuy nhién s& con nhitng thiéu st do
kinh nghiém, kién thtic, cling nhu thoi gian ciia nghién ciu sinh con han ché. Nghién cau
sinh xin cam on sy dong gop cua Quy thay, cd, cac nha khoa hoc va dong nghiép dé ban
luan an nay dugc hoan chinh hon.

T&c gia luan éan
NCS. Lwu Minh Hai
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DANH MUC KY HIEU VA CAC CHU VIET TAT

Chir viét tat
ABS
ADC

BD
CPDb
CSCN
CSKH
DAQ, cDAQ
DCTBK
DBD
DDN
DbX
DNV-GL
EU

FFT

FP
GSDD
HS

MDE
MMQTKL
MN
MNCA
MNTA
MP
MSVMM

NCS

NI

NK

Peak to Peak
QCVN
REF

RMR

Giai thich
Ping kiém cua Hoa Ky
B6 chuyén dbi twong ty sang sd
Budng dt
Chén doan bing tin hiéu dao dong
Co so cong nghé
Co s¢ khoa hoc
Bo thu gop dit liéu, khung (chasis) cia DAQ
Dong co Tua bin khi
Dao dong doc
Dao dong ngang
Dao dong xoan
Quy pham Pang kiém DNV-GL [57, 58]
Pon vi k¥ thuat, Engineering unit
Phén tich nhanh Fourie
Front panel, giao dién chinh (code trong Labview)
Giam sat dao dong
Hop sb
Marine Diesel Engine — Dong co diesel tau bién
M6 men quén tinh khdi lugng
May nén
May nén cao ap
May nén thap ap
M6 phong (tiéng Anh: Simulation)

Multi-Channel System for Measurement and Vibro-Monitoring —

Hé thong da kénh do va GSDD dao dong
Nghién ctru sinh

National Instruments (Tén hadng ché tao thiét bi NI caa Hoa Ky)

Ping kiém Nhat Ban

Khoang cach tir cuc dai trén dén cuc dai dudi.
Quy chuan Viét Nam

Tham chiéu (viét tat cua tir Reference)

Ding kiém Hang hai Nga



RMS
RT
SVMD

SVT

B
TBCA
TBCV
TBTA
TCVN
THDD
TTDD
TTKT
Vi
VR

Vil

Cin binh phuong trung binh (viét tit cuia Root-Mean-Square)

Thai gian thuc (viét tat tir Real — Time)

Phan mém giam sat va chan doan dao dong (Software for vibration
monitoring and diagnostics)

Phan mém ng dung caa hang NI dung cho xu Iy &m thanh va dao
dong (Viét tat tir: Sound — Vibration —Toolkit)

Tua bin

Tua bin cao ap

Tua bin chan vit

Tua bin thap ap

Tiéu chuan Viét Nam

Tin hiéu dao dong

Trang thai dao dong

Trang thai ky thuat

Mo dun, thiét bi mé phong, ao (viét tat tir: Visual Instruments)
Ping kiém Viét Nam (Vietnam Register)
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MO DAU

1. Tinh cép thiét caa luan an

Pong co tua bin khi (BCTBK) véi wu diém vuot troi vé mat céng suat va kich
thuéc, trong luong nho nén duoc ding rong réi trén tau thuy cao tde diac chung véi yéu
cau cong suat hé dong luc 16n. Db tugng nghién ciru két hop véi may cdng tac tao thanh
mot co hé may rd to 1am viéc trong diéu kién dic tha: tée do 1am viéc rat 16n (thuong
trén 10.000 vong/phut), DPCTBK réat nhay cam véi dao dong ngang® (DPN) do mét can
bang (MCB). Thuc té di chi ra: nhiéu su ¢6 hu hong nghiém trong cua PCTBK thuong
gan lién voi DPN qua lén trén ddi tuong. Trong cé4c tai liéu huéng dan khai thac van
hanh BDCTBK [31, 32] ¢6 dua ra cac yéu cau cac bién phap han ché dao dong cua dong
co, nhung trén thuc té viée do dac, danh gia mirc d6 dao dong cho DCTBK trén tau thuy
Viét Nam chua dugce quan tim dau tu thich dang. Ngoai ra, co hé cia DPCTBK khi 1am
viéc ciing dong thoi chiu tac dong cua céac luc doc truc va mé men xoin do DCTBK tao
ra cling nhu tir may cong tac, nén co hé cua té hop thuc hiéc cac dao dong doc (DPD)
va dao dong xoin (DDX).

Giam sat dao dong (GSDP) trén PCTBK tau thuy nham: phét hién va ngin ngira
sém nhimg nguy co gy hu hong cho dong co do dao dong qua mirc cho phép; tiét kiém
chi phi trong duy tu bao dudng; ting thoi gian khai thac. Tir d6 nang cao hiéu qua kinh té,
tang cudng an toan cho hé thdng ning luong ding BPCTBK tau thuy, cling nhu cho thuyén
vién trén tau. Két qua GSDD duoc dung cho du béo su ¢b trong khai thac PCTBK tau
thuy, gan lién vai sy can thiét va ¥ nghia thuc tién cua vin dé nghién cu.

Mot s6 hdng nuéc ngodi: B&K (Pan Mach), Rion (Nhat Ban), Fluke (M¥)... da ché
tao va dua ra thi truong cac thiét bi ding dé do céc tin hiéu dao dong (THDP) va GSDP.
Theo thong tin gigi thiéu, san pham cua cac hang trén cha yéu 12 loai do cam tay, mot dén
hai kénh cling dang dao dong — duing ciing loai cam bién [96, 97]. Cac thiét bj trén c6 thé
lip dat b dinh hoic théo roi di dong (xach tay) trén méay can giam sat. Viéc ap dung dé
trién khai GSDD cho mét s6 dang may 16 to nhu hop 6, gdi d&, can chinh duong tam truc...

duoc mot s6 hang xay dung co so dir liéu tham chiéu cho chan doan. Tuy nhién, c4c thiét

! Dao dong dugc chia thanh dao dong thing (Linear vibration) va dao dong goc (angle vibration). Dao ddng nam
trong mat phang nam ngang, vuéng géc véi truc quay dong co nén ta goi la dao dong ngang.
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bi ndy khong thuc s phi hop d¢é GSDD trén DCTBK tau thuy va can ¢ cac nghién ciu
chuy@n sau bd sung, hoan thién viéc GSDD cho d6i twong phirc tap ndy. Chi phi nhap khau
cac hé thdng, thiét bi GSDD c6 san trén thi truong thé gidi rat dit va khéng phu hop dé
nghién ctu 1am chia cdng nghé. Ly do bai cac hang ché tao giir bi mat cong nghé, dic diém
GSDP trén BCTBK tau thuy rat phic tap.

Bén canh d6, GSDD trén DCTBK tau thuy 12 van dé c6 thé noi 1a khd méi & nuée
ta. Hién nay, hau nhu chua tim thay cong trinh nghién ctu day du vé GSDP cho doi
tuong may chuyén biét ndy. Nhu vay, luan &n véi tiéu dé “Nghién ctru gidm séat dao
dong trén dong co tua bin khi tau thuy” 6 tinh thyc tién cao, nham lam chi cong nghé,
huéng t6i thiét ké hé thong, xay dung phan mém dé cé thé giam sat, chan doan va lam
chu trang thiét bi dac biét 1a cac thiét bi quan su.

2. Muc tiéu nghién ciru

2.1. Muc tiéu chung

Giam sat dugc dang dao dong dac trung trén dong co tua bin khi trong Khai thac
k¥ thuat cia may tai Viét Nam. Muyc tiéu d6 chinh 1a xay dung dugc co sé Iy thuyét va
thue nghiém dé giam sat mae d6 dao dong trén BCTBK tau thuy tai Viét Nam cho hai
bai toan giam sat dao dong ngang co ban: Bai toan 1 - Giam sét can bang dong ro to caa
DCTBK (trong bao dudng, stra chira); Bai toan 2 - Giam sat dao do6ng ngang cua tai cac
bé dd BDCTBK trong khi DPCTBK hoat dong trén tau thuc.

2.2. Muc tiéu thanh phan

- M6 hinh héa (MHH) cac dang DDN, DPD va DP.X trén BCTBK tau thuy;

- Tong hop co sé Iy thuyét cho GSDP ngang, tap trung vao nguyén nhan MCB ma
cac quy pham, tiéu chuan, hoic cac hdng ché tao dua ra. Co so d6 gdom: toan hoc, va
thuat giai cho GSDD; mé hinh hoa (MHH), mé phong cac tin hiéu, muc gidi han, bién
d6i tin hiéu va ra quyét dinh GSDD.

- Xay dieng thiét bj da kénh d@é do, GSDP c¢6 cong nghé tién tién, phll hop Véi cac
tiéu chuan do, GSDD trén BDCTBK tau thuy, bao gdm mét s6 ndi dung co ban: Thiét ké
nguyén ly thiét bi GSRP; thiét ké chi tiét cau hinh phu hop theo nguyén Iy da dé xuét;
xay dung thuat toan, chuwong trinh phan mém dé do, GSDD (bang LabView, MatLab).

- Kiém tra, khang dinh tinh diing ddn cia Iy thuyét da nghién ctru bang thuc nghiém

trén tau thuec.



3. Péi twong, pham vi nghién cieu
3.1. Péi twgng
- Béi tugng: thiét bi do, giam sat dao dong trén DCTBK tau thuy.
- Cac dang dao dong trén BCTBK tau thuy:

+ DbX trén truc BPCTBK tau thuy.

+ DDBD trén truc BCTBK tau thuy.

+ DPN ¢6 phuong thiang, vudng goc véi duong truc.
3.2. Pham vi cia nghién ceru:
- B6i tugng vat ly: PCTBK dang dung trén cac tau thuy quan sy Viét Nam.
- Ly thuyét: M6 hinh hda ba dang DBX, DPD va DPN; Co sé cho can bang dong

cac ro to; Giam sat DbN trén BCTBK tau thuy.
- M6 phong (MP) va thuc nghiém:
+ V¢é dao dong ngang: thi nghiém s va thyc nghiém.
+ V& dao dong xoin, dao dong doc: khdng thi nghiém.
4. N9i dung nghién ctru
- Tong quan vé GSDP trén PCTBK tau thuy. Pat van dé nghién cuu.
- Co so ly thuyét GSDP PCTBK tau thuy.
- Thi nghiém s6 DPN trén BPCTBK tau thuy lai chan vit tau Hai quan.
- M6 phong sé6 GSDD (dang DPN) trén BCTBK tau thuy.
- Thyc nghiém trén BCTBK tau Hai quén.
5. Phwong phap nghién cau
- bong thoi két hop MHH, mé phong sé va thir nghiém trén tau Hai quan.
- Ap dung ly thuyét vé: dong luc hoc, giai tich ma tran, théng ké toén hoc ...
6. Y nghia khoa hoc va thuc tién cia luan an
6.1. Y nghia khoa hoc va cong nghé
- Tong hop duge co s¢ khoa hoc va cong nghé dé do va GSDD cho PCTBK tau
thuy, bao gom:

+ Lua chon Quy pham phu hop dé trién khai GSDD cua PCTBK tau thuy;
+ Lwa chon dugc phan cang can thiét cho thiét ké hé thong GSDP cho ddi tuong;

+ Tong hop co so ly thuyét dé xay dung thuat toan va phan mém GSDD;
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- Bé xuat duoc ban thiét ké nguyén ly, yéu cau dbi voi thiét bi da kénh cho GSDD
c6 cdng nghé tién tién. P& xuat cau hinh caa phan ctng va viét mot sé chuong trinh can
thiét cho GSDD trén BCTBK tau thuy.

- Pua ra mo hinh toan, phuong phap mé phong sé tich hop véi xay dung cac mo
hinh héi quy trong qua trinh xtr Iy két qua mé phong dé hiéu chinh, hoan thién mé hinh
can bang dong. Két qua dat duoc ¢ ¥ nghia khoa hoc vé phuwong phép luan trong nghién
ctru md hinh héa dao dong (do mat can bang) va can bang dong cho thiét bi quay.

- Nghién ctru thuc nghiém dé kiém chang co so 1y thuyét va mé phong.
6.2. Y nghia thuc tién

- M6 phéng dao dong, can bang dong va giam sat dao dong cia DPCTBK gdp phan
giai quyét nhitng khé khan vé thir nghiém (ton kém, kho thuc hién dac biét dbi vai thiét
bi quan su, quéc phong). M6 phong can bang dong 16 to dong co TBK trén may cin
bang dong co thé dugc dao tao, huan luyén tai cac co sd lién quan cia Quan chang
Hai quan.

- Két qua caa deé tai c6 thé duoc nghién ciu chuyén giao cho cac don vi trong Quan
chang Hai quan cé hiéu qua, giam chi phi va dic biét 1a 1am cha céng nghé dé duy tri
hoat dong hé théng lién tuc hay cai hoan, thay thé cac hé thong ci.

- Pua ra can ctr can thiét dé lya chon, thiét ké, bé tri thiét bi do, GSDD trén TBK

tau thuy phu hop véi diéu kién thyc té tai Viét Nam.
7. Nhirng két qua dat duogc va déng gop méi cia luan an

7.1. Nhiing két qud dat dwoc

- Tong hop va dé xuat co sé ly thuyét cho GSDP trén BCTBK tau thuy.

- Mb hinh héa va lap trinh xay dung mtc dao dong cho phép dé GSDD trén
DCTBK tau thuy.

- Bé xuat duoc ban thiét ké nguyén ly, yéu cau dbi voi thiét bi da kénh cho GSDD
c6 cdng nghé tién tién. Lua chon, tich hgp phan ciing phi hop va lap trinh cac mé dun
co ban can thiét cho GSDD trén DCTBK tau thuy.

- Pua ra mo hinh toan, phuong phap mé phong sé tich hop véi thuc nghiém dé

hiéu chinh, hoan thién md hinh (cho can bang dong).
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- Két qua thi nghiém (mé phong sé va thir nghiém) khing dinh sy ding din cua
cac mo hinh todn duoc xay dyng, do tin cay va kha ning trién khai thyc trén thuc té coa

phuong phap va thiét bi GSDD duoc lva chon st dung cua luan an.
7.2. Nhitng dong gép mdai

- Két qua nghién ctu ap dung truc tiép cho gidm sat mat can bang BCTBK tau
thuy, 1a dbi twong dic thu duoc trién khai lan dau tai Viét Nam.

- C4c md hinh hdi quy thu duoc tir xt Iy két qua md phong mat can bang r6 to dt
trén may can bang dong cho phép hoan thién mé hinh toan va phan mém can bang dong
da duoc xay dung.

- Hé thong thiét bi giam séat da kénh (phan ctang, phan mém) dugc dua ra, st dung
phU hop trong giam sat dao dong ngang dong co TBK duogc xay dyng lan dau tai Viét

Nam trén co s& ¢Ong nghé dién tu, truyén tin hién dai, 14ap trinh trén nén tang LabView.
8. Cau truc caa luan an

Noi dung chinh cua d¢ tai luan an tién si cia NCS dugc trinh bay trong 4 chuong,
107 trang A4, gom co:

Chwong 1. Téng quan vé giam sat dao déng trén déng co tua bin khi tau thuy.

Churong 2. Co s6 Iy thuyét cho giam séat dao déng trén déng co tua bin khi tau thuy.

Chuong 3. M6 phong giam dao dong ngang trén dong co tua bin khi tau thuy DR76.

Chuong 4. Thuc nghiém giam sat dao dong trén dong co tua bin khi tau thuy.
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CHUONG 1. TONG QUAN VE GIAM SAT DAO PONG
TREN PONG CO TUA BIN KHi TAU THUY

1.1. Tong quan vé giam sat dao déng

1.1.1. Thudt nga@ va khai nié¢m co ban

Dao dgng caa mot phan ta, hoic mot vat thé [1a su chuyén dong cua né quanh mot
vi tri can bang. Dao dong dugc dién ta theo cac hinh thuc chuyén vi, van toc hoic gia
téc [29, 33].

Trong linh vyc k¥ thuat, & Viét Nam thuong dung hai khai ni¢m rung dong va dao
dong, con trong tiéng Anh c6 thuat ngi "vibrations", "oscillations", trong tiéng Nga diing
thuat ngit "vibrasii" hay "komeGamue". Cac khai niém "oscillations" - tiéng Anh hay
"xonmeGanue" - tiéng Nga chi khai niém “"dao dong” trong tiéng Viét, con khai niém
"vibrations", hay twong trng "vibrasii" duoc hiéu sat nghia hon 13 "rung dong". Tuy nhién,
trong mot so tir dién song ngir Anh — Viét, "vibrations" c6 nghia dong thoi 1a rung dong,
dao dong.

Trong cé4c tai lieu ki thuat va tieu chuan ky thuat quéc té [37+80], khai niém
“vibration” duoc dung nhiéu hon “oscillation”. Trong mét s6 tai liéu vé tiéu chuan ky
thuat Viét Nam [4+8, 28+30, 33] hoan toan chi dung tir “dao dong”. Tuy nhién, viéc su
dung “dao dong” hay “rung dong” con phu thuoc vao quan niém, théi quen cua cac nha
khoa hoc. O Viét Nam, chung ta thuong dung “dao dong ki thuat”, “dao dong tu do, dao
dong cudng birc, dao dong diéu hoa, dao dong da hai (da diéu hoa),...” chi it khi ding
dén tir “rung dong” trong cac trudng hop trén.

Nhu vay, "rung dong” bao ham nghia chung nhat khi néi vé dao dong, con "dao
dong" thuong dung chi dang cu thé nhu cic dang dao dong xoan, doc, ngang (DPX,
DDD, DBN)... Trong GSDD may tau thuy, thuat ngir “rung dong” hay “dao dong” co
thé duoc hiéu vai y nghia twong duong.

Trong dé tai luan an tién si nay, cu thé 1a vin d¢& GSDD cua PCTBK tau thuy,
nghién cttu sinh (NCS) chon diing khéi niém dao dong va GSDD dé dé cap téi ban chat

dao dong cua mot dang, 1a cac dao dong co hoc cu thé.
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Giam sat ky thuat (GSKT) la viéc thu thap va phan tich thong tin trang thai ky thuat
(TTKT) mét céch lién tuc (hoic dinh ky) dé danh gia dbi twong duoc giam sét nao do, &
day 1a may rd to. GSKT duwa ra thdng tin vé TTKT cua may dé canh bao sém cac tryc tric,
hu hong va giup nguoi van hanh duy tri hoat dong an toan cho may théng qua cac théng
s6 duoc theo ddi. Nho do, ta ¢ thé téi wu hoa hiéu suat cua may, giam chi phi. Bong thoi,
gitip ngudi khai thac thiét bi chu dong dura ra bién phép diéu khién, phuc hdi chirc ning
cong tac ciing nhu ké hoach khai thac ky thuat téi wu cua may.

Muc dich xa hon cia GSKT la chan doan k¥ thuat (CPKT). CPKT bang tin hiéu
dao dong (vibro-diagnostics) duoc hiéu 1a do, thu thap va phan tich cac dic trung cua cac
tin hiéu dao dong thu duoc trong qua trinh GSDP dé: xac dinh trang thai ki thuat dang
dugc giam sat, tim kiém hu hong hoic du béo trang thai ki thuat dua trén cac tin hiéu dao
dong duoc giam sat. Nhiém vy caa CDKT c6 thé 1a: chan doan TTKT trong quéa khir hoic
trong hién tai (tim kiém nguyén nhan hu hong; danh gia trang thai ky thuat hién hanh),
cling c6 thé 1a du bao hu hong, su ¢d trong twong lai d6i véi ddi tuong duoc giam sat.

Giam sat va CPKT may la mét linh vuc rat rong vai nhiéu théng sé giam sat, nhicu
ki thuat chan doan duoc dung. Dé giam sat va chan doan ki thuat may cé thé két hop
dong thoi mot sé phuong phap nham tang d6 tin cay cua két qua chan doan. Trong pham
vi dé tai luan &n chi tap trung vao giam sat dao dong cia PCTBK tau thuy.

GSDPD may duoc thuc hién qua cac busc: Po, luu trix, Xt 1y, chuyén doi cac THDD
thu dugc, so sanh vai ngudng dao dong cho phép cho ddi twong duoc giam sat dé dua
ra cac két qua mac dao dong tai thoi diém giam sét (trang thai dao dong, TTDD).

Ngoai ra, GSDP c6 thé du bao TTDD ciia ddi tuong trong twong lai. GSDD khoéng
dua ra cu thé nguyén nhan caa cac su ¢, hu hong (d6 1a nhiém vu cua chan doan), ma
nd dua ra TTDD do duoc trén may dang & ngudng nao (co an toan hay khong), déng
thoi canh bao, bao vé may dua vao TTDPD thu duoc va tiéu chuan duoc lra chon dé so
sénh. Trong GSDP, dbi twong duoc nghién ctru 1a dao dong, cac tin hiéu dao dong ciing
nhu cac dic tinh caa ching phi hop theo tiéu chuan twong tng. Nguoc lai, trong chan
doan k¥ thuat, dbi twong & day chinh 13 cac trang thai ki thuat, con tin hiéu dao dong va
céc dac tinh cia ching chi 1a cdng cu, phuong phap dé thuc hién nhiém vu chuan doan.
Chan doan bang dao dong dugc viét tit CBDD.
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Dao dong va GSDD néi chung dugc quan tam va ngay cang dugc tng dung cho
khai thac ky thuat may va thiét bi co khi trong subt cac chu ky tudi tho ctia may. Tur gitta
thé ky XX, trén thé gioi da dit ra van dé do, phan tich dao dong va can bang dong (CBD)
cho cac may rd to. C4c nim sau do, van dé do, GSDD trén cac may co khi ngay duoc
quan tam, dac biét dbi vai may ro to. Gan day, van dé GSDP may noi chung va thiét bi
trén tau bién néi riéng 1a mot yéu cau méi cua Hiép hoi cac T6 chic Dang kiém quéc té
(IACS) va duoc luat héa bang Quy pham cuaa cac thanh vién ting quéc gia, vi du: Pang
kiém Viét Nam (VR) [1+3], Pang kiém My (ABS) [39, 40], Bang kiém Nhat (ClassNK)
[54], Pang kiém Nauy (DNV-GL) [57, 58], Pang kiém Anh (Lloyds) [84], Pang kiém
Hang hai Nga (RMR) [90].... Theo d6, GSDD may va thiét bi tau bién 12 mot yéu cau

méi theo quy pham cua nhiéu nudc, trong d6 c6 Viét Nam.

Giam sat dao dong cua may c6 thé dugc thuc hién theo phuong thuc truc tuyén

(on-line) hozc ngoai tuyén (off-line).
Thiét bi GSDD thudng c6 cac loai nhu sau:

- Loai cam tay: tho so, do tin cay thap. Khong dung cho GSDP trén BCTBK
tau thuy.

- Loai di dong: thiét bi hién dai, c6 thé ap dung cho GSDD trén cic may b to,
tham chiéu theo ISO 10816. Tuy nhién, ¢ GSDP trén PCTBK tau thuy can c6 cac
nghién ciu chuyén sau tich hop gitta thiét bj do hién dai voi ddi tuong PCTBK tau

thuy phuc tap.

- Heé théng giam sat lap dit cb dinh trén dbi tuong can giam sat: thiét bi hién dai,
c6 thé &p dung cho GSDP trén cic may co khi. Cac cam bién duoc lap dat ¢b dinh tai
c4c Vi tri, trén cac bo phan phl hop ddi vai ting loai may cong tac, dir liéu duoc dua
qua bo thu thap va dugc xir Iy bang cac phan mém tich hop trong bo xir Iy trung tam
(may tinh).

Noi dung ciia GSDP va chan doan dao dong rat rong, pham vi ciia LATS nay chi
di sau vao nghién ciru GSDD trén DCTBK tau thuy ¢ thoi diém hién tai nham dénh gia

mtic 46 dao dong hién tai cua thiét bi theo cac tidu chuan da xac dinh.
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1.1.2. Cac cong trinh khoa hoc trong nwéc va quéc té lién quan dé tai lugn an

a. C&c cdng bé trén thé gisi

Trén thé gidi da co cac hing chuyén nghién ctru ché tao thiét bi va cung cp cac hé
thdng gidm sat nhu Benlty Nevada [49], Extech [96], Fluke [97]... va nhiéu nha khoa hoc
V6i cac hudng nghién ciu vé dao dong, CBD, GSDP va CPKT bang dao dong nhu
Adams [37], Barcov [47,48], Charchalis [51+53], Grzadziela [63+66], McBrien [86],
Shinkawa [91], Sinha [93], Zargar [94, 95]...

Minchev va cong su ciia minh d3 dit ra cac bai toan dao dong va CDKT bang dao
d6ng tir nhitng ndm 1980. Céng trinh nghién ctu vé chan doan dao dong may ro to va
may piston dugc thé hién trong sach chuyén khao [62]. Céc tac gia da dé cap dén mo
hinh hoa toan — co cac dang hu hong chinh cua céc cap chi tiét quan trong trong may rd
to: cip banh rang; khép néi hai truc,... va xay dung cac mé hinh DBX, dao dong chung
cling nhu dao dong lién két xoin — chung cua co hé may rd to, trong d6 co tua bin khi.

Céc nha khoa hoc Nga di ¢6 nhiéu thanh céng trong nghién ciru dao dong va chan
doan bang dao dong.

Barcov cling cac cong su da thuc hién nhiéu du &n chan doan dao dong trén tau,
dic biét 1a tau quan sy tai thanh phé Saint-Petecbuarg. Trong céc tai liéu chuyén khao
[47, 48], cac tAc gia dad dua ra vai tro, tam quan trong caa GSDBD, mot s6 bai toan co ban
ciia GSDD va CPDKT bing dao dong. Tuy nhién nhitng dic thd cho giam sat va chan
doan dao dong cho PCTBK khong dugc dé cap dén.

Grzadziela (Hoc vién Hai quan Ba lan) va cong su da cé cac nghién ctru vé dao
dong cua PCTBK tau thuy [63+66]. Trong d6, dd phan tich cac thong s dao dong
trong qua trinh khai dong va hoat dong cua céc ro to. So sanh két qua caa mé hinh caa
tai trong dong sir dung phuong phap phan tir hitu han (Finite Elements Methods) va s6
do trén cac ddi twong thuc dé dua ra quyét dinh chinh xé4c va cung cap cho cac chan
doan ding tinh trang k¥ thuat caa DPCTBK. Cac nghién ctru di ¢ng dung cho mot sb
DCTBK st dung trén tau Hai quan Ba lan qua d6 da danh gia duoc cac gia tri bién do
dao dong gidi han cho BCTBK.

Charchalis (Hoc vién Hang hai Gdynia — Ba Lan) va cong su da c6 cac nghién ctru
vé viéc chan doan cac thanh phan cua hé dong luc DCTBK céc tau Hai quan Ba Lan

bang do dao dong [51+53], trong d6 da dua ra co so Iy thuyét va md hinh chan doan cac
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DCTBK tau thuy bang do dao dong; viéc phan tich dao dong duoc tién hanh khi thir
nghiém BDCTBK sudt qua trinh di bién theo hai phuong phap do khac nhau (do theo thoi
gian thuc va do theo dinh ky), thiét bi do FFT-2148 analyser va phan mém PULSE V9.0
cta hing Bruel & Kjaer duoc sir dung thé thu thap va xu ly cac dit liéu do dac duoc.
Nhom nghién ciu sir dung phuong phéap phan tich phan tir hitu han (Finite Element
Analysis) va dong luc rd to két hop véi phan tich dao dong dé phét hién, danh gia su
mat can bang va léch truc, tuy nhién van con thiéu céc thong tin két cau can thiét cho
viéc tao ra md hinh phan tich phan tir hitu han cia PCTBK tau thuy. Nghién ciru dé xdc
dinh céc gia tri gidi han cac thdng sé dao déng cua hai logi PCTBK chuyén dung diroc
st dung trén tau cua Hai quan Ba Lan (mot so loai duogc st dung trén tau Hai quan Viét
Nam). Pay la co so quan trong cho viéc giam sat mat can bang, cling nhu xdy dung hé
théng giam sat DPCTBK tau thuy dic thu.

McBrien va cong su lam viéc cho quan doi My da cong bd phat minh vé hé thong
GSDP cho cac PCTBK dung trén may bay [86]. Trong d6, hé théng diéu khién may
bay duoc tich hop thém hé théng giam sat dao dong theo thoi gian thue cho phép danh
gia, chan doan va dy bao tinh trang k¥ thuat caa cac DPCTBK. Phat minh ndy dua ra mot
phuong phap giam sat dao dong hoan chinh bao gom céc budc co ban nhu do tham s6
cua cac thanh phan quay bang cam bién dao dong, chon 6 d& can giam sat, diéu ché va
chuyén d6i THDD trong thoi gian thuc thanh dit liéu pho, so sanh vai bo dit liéu chuan
dé dua ra cac danh gia, chan doan hay du bao phu hop.

Ogbonnayay va cong su ¢ nghién ciu vé GSDP cua PCTBK tau thuy [87 + 89].
Trong d6 di phan tich vé viéc giam sat TTKT caa DPCTBK tau thuy mot cach chii dong
thong qua phan tich dao dong cua truc rd to tua bin khi két hop st dung chuong trinh
may tinh dé md phong phan tich cac bién duoc yéu cau...

Zargar (Pai hoc cdng nghé Nehru - An d6) ciing ¢ cac nghién ciru vé dao dong
cta dong co tua bin [94, 95]. Trong d6 trinh bay nguyén ly co ban cua viéc phéan tich
dao dong cua tua bin, may nén va danh gia sy dich chuyén cua ré to PCTBK biang
phuong phap giam sat tim truc; giGi thiéu cong nghé duoc sir dung dé giam sét tinh
trang hay CBD céc ro to.

Céc cong trinh nghién cttu KHCN quéc té néu trén da cung cap nhiing nén tang

khoa hoc cho viéc GSDbD trén BCTBK tau thuy nhu: dao dgng ngang, ngudng gidi han
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cho mét loai DPCTBK cu thé trén tau thuy (mac dao dong chuyén vi), so db bé tri thiét
bi GSDP, phuong phap phan ti hitu han... nhung khong cung cap day di cac théng tin
vé hé thng giam sat, théng sé md hinh cua ddi tuong duoc nghién ciru va thir nghiém,
phuong phap xir ly tin hiéu do dwoc, thuat toan giam sat... ma day lai 1a nhitng véan dé
k§ thuat cot 16i khi nghién cau GSDD cua DPCTBK tau thuy.

b. Céc cong bé trong nuréc

Trong nudc c6 thé ké dén cac nha nghién ctu co cac cong trinh lién quan: B Bic
Luu - Truong DH Hang hai Viat Nam [10+18, 24], Nguy@n Hai Ha - Vién NC co khi,
Bo Cong Nghiép [27], Nguyén Hai - Truong DPHBK. TP. H6 Chi Minh [28], Nguyén
Vin Khang - Truong DPHBK Ha Noi [29], Tran Vian Luong - Truong DPHBK. HN [35],
Hoang Van Si- Truong DH Hang hai Viét Nam [21], Lai Huy Thién - Truong PH Hang
hai Viét Nam [22] ...

Céc cong trinh nghién ciu [12, 14, 15, 16] dé cap dén van ¢¢ CBD may 6 to bao
gom nén tang toan hoc va cdng nghé, thiét bi cho CBD rd to ctng dat trén may CBP;
phét trién phuong phép giai tich véc to, CBP trén mot va hai mat phang cé sir dung cam
bién do pha véi phuong phap ma tran céc hé s6 anh huong cho CBD; phét trién phuong
phap xur Iy thong ké da chiéu cho bai toan nhan dang va tng dung trong CBD may rd
to; MP dao dong trén gdi d& cia may CBD nam ngang va xay dung thanh cong tng
dung MP CBD.

Céc cong trinh nghién cuu [10, 11, 17, 18] chl trong vao viéc mo hinh hoa co hé
dao dong tuabin khi xa lai may nén khi cho GSDD va CbDD, xay dyng mé hinh GSDb
may ro to, thi nghiém sé tinh dao dong may ro to va dua ra co s& ung dung lap trinh
trong MatLab, LabView va cong nghé NI (National Instruments, Hoa Ky) dé xay dung
thiét bi do da kénh, giam séat dao dong (MSVMM, viét tat tir tiéng Anh: Multi-channel
System for Vibration Measurement and Monitoring) may r6 to hién dai.

Cong trinh nghién ctru caa Nguyén Hai Ha va cong su [27] da dua ra co so ly
thuyét giam sat va phan tich dao dong may két hop phan tich chat luong dau boi tron va
nhiét do; xay dung cac mod hinh thuc nghiém phuc vu giam sat va phan tich dao dong
may, chat lugng dau boi tron va nhiét do; xay dung cac hé thong chuan danh gia tinh

trang cua hé théng may mac thiét bi khi 4p dung k¥ thuat giam sat va phan tich dao dong
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may, chat lwvong dau boi tron va nhiét d6 trong day chuyén san xuat; trién khai hé théng
giam sat va chan doan cho cac thiét bi may méc cu thé.

Trong tai liéu [35], tac gia do, danh gia TTDD cua cac may ré to tai hién truong.
Két qua thu duoc cua luan an trén cé thé duoc van dung vao viéc danh gia MCB 16 to
cua TBK tau thuy nhu 1a mot hé rd to mém dan hoi.

Trong nghién ctu [36], tac gia tng dung phwong phap phan tich phd va phuong
phép phan tich phé loga dé nhan dang (chin doan) hu hong cua hé truyén dong co khi
bang cac phuong phap phan tich dao dong.

Trong nghién ciru ciia Hoang Vian Si [21] va Lai Huy Thién [22], dbi tuong dé cap
dén: DBX, DPD, DPN trén dong co diesel tau thay (Marine Diesel Engine, MDE). Nhém
tac gia da ché tao hé thong do, bién doi tin hiéu [21, 22] va GSDP [22], ¢4 ndm bit duoc
cdng nghé, va ché tao duoc hé théng bang céng nghé NI (phan ciing va phan mém
LabView).

Trong luan &n tién si [21], Hoang Van Si da dé xuét co so ly thuyét, dua ra so do
khdi cho xay dung thiét bi va ché tao thir nghiém thanh cong thiét bi do va bién d6i DBX
bang phuwong phap tem bién dang, truyén tin Wi-Fi (Céng nghé DAQ — NI) ciing vai kénh
do vong quay (phuong phap quang). Van toc ctia dong co va hé truc cong tac thong thuong
& vong quay dudi 2.000 vong/phdt nén st dung cong nghé DAQ — NI vai tée do 1y mau
51.200 mau/s/kénh 1a phu hop véi MDE véi cac loai thap toc, trung toc va cao toc. Tuy
nhién, trong PCTBK tau thuy khéng cé vi tri dé lap cam bién va DAQ.

Trong luan &n tién si [22], Lai Huy Thién da dé xuét co so Iy thuyét, dua ra so do
nguyén ly va xay dung thanh cong MSVMM trén dong co diesel tau bién. Hé thong c6
thé do dao dong gia toc ti 16 kénh véi bo DAQ-NI 9234, toc do xtr Iy 51.200 mau/s/kénh
do. Phan mém duoc 1ap trinh trén LabView.

Céc nghién ctru trong nude trén di dua ra co s6 1y thuyét dé chan doan TTKT cua
thiét bi ro to bang cac phuong phap phan tich dao dong cua thiét bi. Viéc nghién cau
méi dirng lai & mot sé thiét bi, cum thiét bi nho, két ciu don gian, 1am viéc trong mét sé
diéu kién cu thé va tuong ddi 6n dinh.

Céc cong trinh khoa hoc cia Hoang Van Si va Lai Huy Thién vé phuong phép luan
cling nhu co s& 1y thuyét c6 thé ddng hanh duoc sir dung va phét trién trong luan an tién

s nay cua tac gia, dac biét I luan an tién si cua tac gia Lai Huy Thién. Vé d6i tuong
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nghién ciru trong luan an tién si cua Lai Huy Thién 1a dong co diesel tau bién, khac so
Vvé6i dbi twong nghién ciru cua luan an tién si cua tac gia 1a dong co tua bin khi tau thuy.
Diém khac biét chinh 1a diéu kién cong tac, két cau va nguyén ly hoat dong cua cac doi
tuong khac nhau, nén cac dic diém vé dao dong trén chung ciing khac nhau. Diéu d6
dan dén noi dung nghién ctru va két qua nghién ctru dat dugc cua tac gia ciing khac so
véi nhitng gi ctiia cong trinh [22]. Tuy nhién, nhém nghién ciu (B4 Puc Luu, Lai Huy
Thién va Luu Minh Hai) da c6 mot sb két qua lién quan, s& duoc str dung vao ndi dung
cua luan &n nay. Vé diéu do, tac gia xin chan thanh cam on thiy D Pirc Luu va cong
su Lai Huy Thién.

Nhdn xét chung:

Hién nay ¢ nudc ngoai cling nhu trong nudc chua cé tai liéu cu thé, chi tiét vé he
théng do va GSDD cho DCTBK tau thuy. Chinh vi vay, can thiét phai nghién cau lam
rd cac van dé lién quan t6i dic diém dong luc hoc cia PCTBK tau thuy, co sé do va
bién ddi tin hiéu do, ham hoa cac tiéu chuan duoc &p dung cho GSDD va thuit toan,
phuong phép tién hanh thi nghiém, mé phong dé xay dung thiét bi do, GSDD cho
DCTBK tau thuy theo Quy pham (phu hop nhit 1a RMR, 2016).

Viéc nghién ctru GSDP trén PCTBK tau thuy 14 can thiét theo Quy pham, dong
thoi tang cudong kha nang san sang chién dau, bao vé chii quyén bién, dao cua céc tau
Hai quan trang bi DPCTBK. Viéc nghién ciu phat trién hé thong GSDD gop phan: b
sung, cai hoan thiét bi nham kiém soét tinh an toan, nang cao hiéu qua sir dung PCTBK
tau thuy; ting cuong kha ning lam cha va hudng téi chuyén giao cong nghé GSDD
DCTBK tau thuy pht hop véi diéu kién tai Viét Nam.

1.2. Giam sat dao dong trén dong co tua bin khi tau thuy

1.2.1. Nguyén nhan gay ra dao dgng trén dong co tua bin khi tau thuy

Theo céc tai liéu vé chan doan dao dong may va thiét bi tua bin khi [30, 31, 32],
dao dong cua DPCTBK tau thuy thuong co lién quan dén céc yéu té sau:

- Mat can bang rd to (nguyén nhan chinh), trong dé c6 hu hong cénh tua bin;

- Léch truc BCTBK tau thuy;

- Mon cac vong bi hudng truc va hudng tam;

- C4c dac tinh dan hoi va can cua roto va cac bo phan caa né khong ddi xung;

- Su bt thudng trong cac luc cua dong khi.
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1.2.2. Quy dinh vé GSDP trén PCTBK tau thuy ciia cdc co quan chive ning

IACS, t6 chuc tiéu chuan thé gigi (1ISO), cac nha may ché tao dong co, cac nha
may dong tau... dd dua ra tiéu chuan vé dao dong, GSDD cho cac may néi chung va cho
may rd to noi riéng (trong d6 c6 BCTBK tau thuy). Céc tiéu chuan, quy pham trén ap
dung cho céc tau dugc dong mai hay cai hoan yéu cau do, kiém tra: DPX, DPD, DPN
theo Quy pham.

Qua trinh khai thac k¥ thuat BPCTBK tau thuy, mic dao dong cua BPCTBK thuong
ting 1én theo thoi gian khai thac, do d6 can phai c6 thiét bi GSDD. Trong qué trinh bao
tri, stra chita DPCTBK tau thuy can phai GSDD cac dang dao dong trén.

Trong Bang 1 — Phy luc 1 tong hop cac tiéu chuan vé dao dong va GSDPD theo Quy
pham cua ABS, DNV, NK, RMR, VR...

Céc tiéu chuan cho GSDD cua TBK tau thuy duoc RMR (2016) [90] dua ra day du
nhat vé sb luong, Vi tri cac diém do, tinh chat chinh cua dao dong vé dai tan s6 do ciing nhur
c4c gidi han cho phép. Chi tiét duoc trinh bay cu thé trong Hinh 1, Bang 2 - Phu luc 1.

1.2.3. Gidam sat dao dpng trén dong co tua bin khi tau thuy tgi Viét Nam

O mét s6 linh vuc nhu hang khong, dién luc, cac DCTBK sir dung trén may bay,
trong cac nha may nhiét dién da duoc trang bi hé thong giam sat dao dong, nhung hau
hét déu 1a nhap tir nudc ngoai, gia thanh cao, khé khan trong bao tri, khai thac.

Trén cac tau thuy Viét Nam hién nay, cac DPCTBK lai chan vit phan 16n chua duoc
trang bi hé théng GSDPD. Viéc theo ddi, danh gia mirc do dao dong cia DCTBK trén tau
chu yéu duoc thuc hién bang cam quan cua van hanh (mang tinh kinh nghiém, thiéu
chinh xac). Cac PCTBK khi lap dat xudng tau thudng da dugc can chinh, chu yéu thyc
hién chinh d6 dong tam truc cua dong co vai cac thiét bi khac nhu hop giam tdc, truc
chan vit. Hién nay, & Viét Nam van chua co6 co s& ki thuat nao thuc hién viéc bao tri,
sua chira, CBD va GSDD cho cac BCTBK tau thuy.

Gan day, c4 biét trén tau thuy caa Viét Nam do nudc ngoai vién tro (sir dung hé
dong luc tua bin khi), cac BPCTBK duoc trang bi mé dul giam sat rung dong trong hé
thdng diéu khién giam sat hé dong luc tau. Tuy nhién, hién tai cac hé théng nay bi hu
hong, khdng hoat dong. Viéc sira chira, cai hoan hé thdng GSDD cho PCTBK gap nhiéu
kho khan dic biét 1a yéu té cong nghé.
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Cac nghién ciru vé dao dong cua DCTBK tau thuy va xay dung hé théng GSDD
cho PCTBK tau thuy van con la van dé méi meé can duoc chl trong dau tu thich dang.

Thuce té dat ra: can nghién ciu GSDD cho cac DCTBK tau thuy tai Viét Nam dé
lam chu cong nghé, hoén cai cac hé thdng cii, xay dung hé théng giam sat méi hién dai,
Vvéi chi phi thap, dap tng véi thuc té tai Viét Nam dé nang cao hiéu qua, do tin cay, tinh
kinh té trong bao dudng, van hanh cac PCTBK tau thuy, dap tng véi muc tiéu va nhiém

vu cua trang thiét bi k§ thuat dat ra (dic biét véi nhiém vu qudc phong).

1.3. Xay dwng bai toan cho nghién ctru
Trén Hinh 1.1 thé hién c4c chirc nang qua trinh GSDD trén DCTBK tau thuy.

TBK, dao d6ng ciia TBK Tiéu chuin, Quy pham DP
.. L Mikc gi61 han dao déng
(Do1 tugng giam sat) Cho DCTBK ( REF.)

Po THDD
Mo phéng _ Mo hinh hoa
(Dang tin hiéu, A
THDD . dic tinh chuan
cam bién, vi tri,
(m hinh ton) o GSDD
sémau...)

Xit Iy THDD
(Bién d6, tin s6, FFT, bé loc)
h A

l ..

Ra quyét dinh GSDD
(Béo an toan, canh bio nguy hiém, bio vé)

Hién thi két qua GSDD

Hinh 1.1. So @6 khdi qua trinh GSDP trén PCTBK tau thuy
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CAac noi dung co ban dit ra cho qua trinh GSDD trén DCTBK tau thuy bao gém:
Do, thu thap cac THDD can giam sat; mé phong cac dang THDD; xir 1y cac THDD do
duogc; xac dinh cac dai luong, xay dung cac tham chiéu (Ref.) cho GSDD; ra quyét dinh
GSDD - nhan dinh vé muac d6 dao dong (danh gia kha ning cho phép DPCTBK lam viéc
theo cac mirc dao dong; Panh gia mirc do can bang cua cac rd to cia PCTBK khi can
bang dong - CBD trén xudng); bicu thi két qua GSDD.

Dé giam sat dao dong cua thiét bi ta can do dac dwoc cac tin hiéu dao dong cua dbi
tugng, phan tich duoc cac dic trung cua tin hiéu do duoc dé danh gia trang thai dao
dong cua dbi tuong theo cac tiéu chuan tuong wng. Cong viée nay doi hoi phai tién thanh
thue nghiém trén thiét bi cu thé, day 1a van dé twong d6i kho khin ca vé mit to chic
thue nghiém, kinh phi cao, nguy co hu hong thiét bi, dic biét 1a d6i véi thiét bi quan
su... Chinh vi vay viéc nghién citu md phong tin hiéu dao dong cua ddi tuong la can
thiét dé han ché sé 1an thuc nghiém do, chi dong tao 1ap cac thong sb yéu cau dé thir
nghiém gidm sat (viéc nay doi khi trong thuc nghiém khong dat dugc). Tuy nhién viéc
md phong tin hiéu can phai phi hop véi dic diém cau tao, diéu kién 1am viéc caa doi
tuong va phai sat véi thuc té, dya trén co sd cac dic trung cia tin hiéu dao dong do duoc
trén d6i twong. M6 phong tin hiéu dao dong cho phép thir nghiém, hiéu chinh va hoan
thién céc chirc niang cua phan mém giam sat dao dong trén dbi tuong dugc nghién cuu.

Véi cac noi dung xac dinh nhu trén, cac nhiém vu dat ra cho luan &n can giai quyét
bao gom:

- M6 hinh hoa va m6 phong céc dang dao dong cua TBK tau thuy;

- M@ hinh héa va md phéong can bang dong ré to cia PCTBK trén may CBD (giam
sat mat can bing dong cua céc rd to TBK trong lap rap, sira chita);

- Xay dung thuat toan va phan mém giam sat dao dong PCTBK trén may thyc,
bao gom:

+ Phan tich ddc diém cua d6i twong giam sat va cé4c tidu chuan, quy pham... dé lya
chon vi tri, phwong phép, thiét bi do dao dong cua PCTBK tau thuy;

+ M6 hinh hoa va mé dun tiéu chuan - mic d6 dao dong cho phép;

+ M0 hinh va mé phong: phén tich, xua 1y THDD cua BCTBK tau thuy;

+ Thir nghiém (trén tau thuc) kiém ching.
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1.4. Két luan chwong 1

Chuong 1 1am rd muc dich y nghia cia GSDD, tim quan trong va su can thiét caa
luan &n GSDD trén DCTBK tau thuy tai Viét Nam; tong hop va phan tich cac nghién
clru trong va ngoai nudc vé dao dong va GSDP cho DCTBK tau thuy; xac dinh duoc
gidi han va xay dung noi dung nghién ctiru cho dé tai luan an.

Dé xuit nghién ctu tap trung vé dang dao dong thing, ngang vudng goc véi truc
quay cua ro to, dac biét 1a do ngudn luc sinh ra tir mat can bang r6 to, day 1a ngudn kich
thich chinh tao ra dao dong trén BCTBK tau thuy.

Dé xuét nghién ciru giam sat hai bai toan co ban dugc @ng dung trong thuc té khai
thac k¥ thuat DPCTBK tau thily: (a) can bang dong ro to trong bao dudng, sta chita; (b) —
giam sat mic do dao dong thang cua may TBK khi hoat dong theo tiéu chuan, Quy pham
phan cap tau.

Dé xuat giam sat dao dong ro to khi can bang dong trén may can bang dong dugc
thue hién qua mé hinh hda va mé phong sb.

Pé xuat thuc hién bai toan md phong giam sat dao dong trén PCTBK bang mo
hinh hda, mé phong va thuc nghiém. Trén co so cdc md hinh toan dé xuat, dé tai s& xay
dung phan mém duoc viét trén nén tang LabView (thuan tién dé tich hop véi thiét bi do)

cho giam sat khi may hoat dong thuc té trén tau.
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CHUONG 2. COSO LY THUYET GIAM SAT DAO PONG
TREN PONG CO TUA BIN KHi TAU THUY

2.1. M6 hinh dng luc hoc dao dong ciia dong co tua bin khi tau thuy

2.1.1. Mé hinh dgpng hoc ciia PCTBK tau thuy

Dong co tua bin khi tau thuy thuong su dung loai 2 hoac 3 truc, trong d6 cac may
nén duoc dan dong béi cc tua bin théng qua truc may nén — tua bin, tua bin cong suat
hay con goi la tua bin chan vit thuong cé truc ty do (khong lai may nén) truyén dong
qua cac thiét bi hop giam téc, ly hop dé dan dong truc chan vit tau thuy. Cac truc nay

dugc dat trén cac 6 d& va 6 chan.

m ] T Khi ra

Khi vao
& BD — A
y Ry v v
T
z M T _ |B| T
N B C 1 CcvV
SRR RO
SIS 1/ \/W T \ /////l % O
\ 'f )\ Y /; J
MO hinh 1 MO hinh 2

Hinh 2.1. M6 hinh dong hoc dgng co tua bin khi tau thuy
BD- Buéng dot; CV — Chan vit; HS — Hép so; MN — May nén; TB — Tua bin;
TBCV — Tua bin chéan vit;
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Mo hinh dong hoc cta dong co tua bin khi tau thuy duoc gidi thiéu trén Hinh 2.1

la m6 hinh dong co tua bin 2 truc (truc may nén- tua bin va truc tua bin chan vit). Bay

13 co s& dé xay dung cac mé hinh dao dong cua tua bin khi tau thuy.

Phan tich dong luc hoc cia BPCTBK tau thuy thanh 02 co hé doc lap: May nén -Tua
bin (Hinh 2.2, md hinh 1); Tua bin — Chén vit (Hinh 2.3, mé hinh 2).

Fram

N

Mzwmw
Fzam [ S

Fi-m8

/

TB

Hinh 2.2. S @6 dong luc hoc phan may nén — tua bin

Fr1m

rd

Fz1B

Fzev

|.r_
NI

ol

Hinh 2.3. So' @6 d@dng lwc hoc phan tua bin — chan vit
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Cac luc tac dung Ién céac thanh phan cua cac mé hinh trén cac Hinh 2.2, Hinh 2.3:

- Fie : Luc ly thm (N) do mét can bang, gia sir ton tai va du Ion;

- Fz : Lyc doc truc (N) theo hudng tir phia ap suat cao sang phia ap suat thap;

- Mz : M6 men xoin (N.m).

2.1.2. Dang dao dgng co ban ciia dong co tua bin khi tau thuy

Qua phén tich mé hinh d6ng hoc, cé thé chi ra cac dang dao dong chinh déi véi
GTE do céc luc tac dung trén gay ra:

- Dao déng ngang (truc y thiang diing / truc x nam ngang, DPN) trén mat phing
vubng goc Véi z -truc dong co quay, dudi tic dong caa lvc MCB quy doi tuong duong
vé céc goi do theo cac phuong y hoac X.

- Dao dong doc (truc z, DPD) theo phuong doc theo truc cta dong co (truc ro ro),
dudi tac dong cuaa luc sinh ra tir profile cdnh may cong tac (MN, TB, CV).

- Dao déng xoan (DPX) trén cac truc dudi tac dong cua cac mé men xoan duoc
tao ra tir dong co (TBK tau thuy) va may cong tac (chan vit).

2.2. M6 hinh dao d9ng ciia dong co tua bin khi tau thuy

2.2.1. M6 hinh dae déng ngang

My Mrp
T y(x)
CG
(2) (2) (2) (2)
Cy(xj ////f{y(xj Ey(x ////;Ky(x)
FL M F
| ' Rl M,
v v
(1) T g™ (1) T (1)
Cy I—IJ ¥ (x) Cy I_|J Ky
M, M,
(2) (2) (2) (2)
Cy () Ky (x) C, (x) K, (x)

Hinh 2.4. M6 hinh DN ciia cac goi d& trong co hé may nén — tua bin

Gia thiét rang cac rd to cung tuyét ddi, duoc lap cac canh may nén va tua bin, mo

hinh dao déng ngang theo phuong thang (phuong x, y) duoc xay dung nhu Hinh 2.4.
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M1 - khoi liong ciia ¥ rd to va khoi lirong cua 6 dé ¢ mai dau, Kg;

(myy + mrp)
M, = 5 ms as

Mz - Khéi lirong phdn bé d& thuc hién dao déng ciia goi so véi bé may, kg;

@ L,
Cyoor Ky

@ L@
Cyoo Ky

- D¢ cing va can cua mang dau / vong bi cua goi do;
- D¢ cirng va can cua bé do.

Truc r6 to dt trén hai gbi d trai va phai, cac gbi do nay duoc dit trén hai bé d5. Goi
dd va bé d& déu duge mo hinh héa thanh cac ciu trac dan hoi — can, véi cac hé sb dan hdi C
(N/m) va hé sb can K (Ns/m) [10, 16, 17].

Luc cudng birc do cac canh cong tac ciia may nén ciing nhu tua bin sinh ra bién doi
tuan hoan theo chu ky may lam viéc, tan s 1a boi s6 cua sb canh cua ro to duoc xét. Cac
thanh phan cia lyc cudng birc chiéu Ién truc thang dimg P, (¢) hodc truc nam ngang
P () duge xac dinh theo cac phuong trinh (2.1) va (2.2) [17]:

Pféz)(t) = P13(])(20) sin((o.Zl(z)t + 91(2)) (2.1)
f(z)(t) = P1xo(20) cos(co.Zl(z)t + 01(2)) (2.2)

Trong d6: w (rad/s) la vong quay cua truc ré to;

Z1(2), Pf(’)(éz)) Va 6,y la s6 canh cong tac cua ro to, bién dg va pha cua
luee curong bire (tai mdt cat 1 hodc 2).

Luc ly tdm o mat can bang tai mot mit phing nao d6 trén rd to (goi tat 1a luc mat
can bang) c6 do 16n ti 1¢ thuan véi mirc do mat can bang U = m.e va binh phuong van
toc quay o? (m, e la khdi lugng mat can bang va khoang cach tgi tam quay caa no).
Véc to mét can bing (U, a) dugc xac dinh theo vj tri géc léch pha a so vai truc x.

Nhu vay, mat can bang quy doi tai mat phang 1 (hoic 2), biéu dién qua lyc mat
can bang:

Fly(z) (t) = Fio20) sin(w. t+ 0(1(2)) (2.3)
Fi (@) = Fw(zo)cos(m. t+ al(z)) (2.4)
Trong d6: Fjo20)Va @1(2) 12 bién d6 va pha cua luc mét can bang quy doi tai mat

phang 1 (hoic 2).
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L, L,

(I
L, YP 1, L, YF' 1,

A A
YyY
A A
YyvY

Hinh 2.5. Biéu dién luc tac dong quy ddi vé cac goi do
Trén hinh 2.5a 1a so d6 phan bd lyc tac dong tir 6 to c6 khdi lwong tap trung tai mot
mit phang nam giira hai gdi d& trai (A) va va phai (B), cac luc ndy duoc x4c dinh theo
phuong trinh (2.5):

{FA +Fz=F {FA = FLy/L (2.5)

F,.L=F.L, Fg =FL{/L

Tuong tu hinh 2.5b 13 so d6 phan b luc tac dong tir rd to c6 hai khdi luong tap

trung trén hai mit phiang song song nam giira hai gdi d& trai (A) va va phai (B), cac huc
nay dugc xac dinh theo phuong trinh (2.6):

Fy = [F®PLyy + FUDLy,]/L

{FB = [FPLyy + FUDLy,] /L 29

Cac thanh phan lyuc tac dong quy dbi vé céc nhanh gbi da trai (A) va gbi d& phai

(B) la cé4c thanh phan diéu hoa c6 tan sb cudng buc trong tng 12 ©, ©Z1 va ©Z, dugc
md hinh hoa nhu (2.7) va (2.8) (chi s6 “u” ky hiéu cho luc mat can bang):

FAy(B)(t) = 1«“303)1 sin(w. Z,t + 6,) + Fj’(B)_z

sin(w. Z,t + 6,)
+ FX(B)M sin(w.t + a) (2.7
FX(B)(t) = Fj‘(B)_l cos(w.Z;t + 6,) + Fj‘(B)_z cos(w. Z,t + 6,)
+ Fipyycos(a.t + a) (2.8)
M hinh toan dao dong thang theo truc ngang x cho gbi d& bén trai (A) va goi dd phai
(B) duoc xéc dinh theo phuong phap Dalamber hoic phuong trinh Lagrange loai Il nhu thé
hién trong cac hé phuong trinh (2.9) va (2.10) (cac luc cudng bic F, 4, va F, 5 duogc xac dinh

bai cong thirc (2.8), chi sb “1° biéu thi khdi lwong quy ddi vé vi tri cua gbi da).
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Mya¥ig + Cr(x14 — Xp4) + k(X140 — %24) = F4(0) (2.9)
MoaXaq — C1(x14 — X34) —k1 (X1 — X34) + CoxputkyXp5 =0
myp¥yp + C(X1p — X25) + ky (K15 — X2p) = F5(t) (2.10)

MypXap — C1(X1p — X25) —k1(X1p — X2p) + Coxap+kydXp =0

Day la cac hé tuyén tinh, duoc giai doc 1ap nhau. Gia thiét da biét ngoai hre cudng
birc F1a(t) hoic Fig(t) chling ta giai duoc nghiém dao dong tai nhanh géi d& A (gbi d& va
bé): Xa = [X1a, X2a]", ciing nhu nhanh gbi d& B: Xs = [Xis, X28]". Véc to trang thai duoc
viét dudi dang chung 1a: X = [x1, x2]".

Phuong trinh (2.11) 1a m6 hinh chung viét dudi dang ma tran cho hé (2.9) va (2.10):

MX + CX + DX = F(t) (2.11)
Trong d6: M, C, D - ma tran khéi luwong, hé so cieng va hé sé can;
F(t) - véc to luc cuong burc.
V= [mlA(B) 0 ] ; C = C, —C, ];
O mZA(B) _Cl CZ + Cl
_[F —kq ] . _ [FlA(B)(t)]
b= —ky ki + k)’ FO) = 0

* Gidl nghiém cho hé dao dong twr do:
Khi hé dao dong tu do, phuong trinh (2.11) c6 dang:
MX+CX=0

Nghiém ty do cua hé c6 dang X = X,.e/*t. Trong d6: X, 1a bién d6 phu thuoc vao
trang thai ban dau cta co hé; A 12 tan s riéng va la nghiém cua phuong trinh —MA? +
C = 0. Véc to nghiém A2 dugc biéu dién qua phép tinh: A2 = M~1C.

Str dung MatLab sé cho nghiém tu do qua 2 cau Iénh: p= poly(inv(M)*C));
r=roots(p).

* Gidi nghiém dao dong cuong birc:

Phuong trinh (2.11) 1a tuyén tinh, sir dung nguyén ly xép chong dé tim nghiém
dudi tac dong cua ting thanh phan cudng birc diéu hoa riéng biét. Nghiém cubi ciing s&

la tong cac nghiém thanh phan diéu hoa.
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- Xét diéu hoa bac k (k=1, Z1 hoic Zy):
Luc Ffy(t) =Fy cos(kot + ¢, ) duoc bién doi vé dang s6 phuc basi cong thic Oiler.
Bang phép dit:
Ok = wit + @y Wy = kw; Fij = Fiy, =%=f1k-
Ta co:
F(t) = [Fl“b(t)]: FelOkt + Fre=Jokt = [f(l)"].ef"kt + [fa"].e‘f"kf
Hé (2.11) duoc viét dudi dang:
MX + CX + DX = Y} FfelOkt + Fre 0kt (2.12)
Theo nguyén ly xép chong, nghiém cua (2.12) duge tim dudi dang:
X =YX, X = X;f eIkt + X270kt (2.13)
Thay (2.13) véo (2.12) va dong nhat cac hé so twong Gng e/fxt va e /0t
(C— wiM + jowr D) Xif = Ff (2.14)
(C — wiM —jw,D) X; = F; (2.15)
Dit ma tran mau so (Ty,) va ma tran mau sé bu T;:
Ty =C — wiM + jwyD; Ti=C — wiM — jw,D,
Ta thu dugc: X& =T ) F; Xi = [Ty] F. (2.16)
Goi aj , b; 1a cac cap véc to phan thuc va phan o caa nghiém X,
aj , by 1a phan thyc va phan ao cia nghiém X .
Nghiém X, cua hé¢ duoc xac dinh tai phuong trinh (2.16):
X =Ry +J Lk (2.17)
O day:

Ry = (af + ai)cosO, — (bf — by )sin®y = A,cos(0, + i)

= = bie —by,
Ay =@t +a )2+ (b — b))% e = actan#.
k%K
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2.2.2. M6 hinh DPD cia PCTBK tau thuy

I
] \é/
= N Bl ™ E|
F Farg
dAMN I ~
\r
C; CZ (o
-~
2
K, K7 K;

Hinh 2.6. So @6 d@ong luc hoc DPD co hé MN —TB — O chin
O day:
m1, M2, m3 — khdi luong qui doi cia may nén, tua bin va 6 chan.
Meryc MN-TB

2

_ Miryc MN-TB
my; = Mmrp 2 + mtruc chan

m1 =mMN+

M3 = Mpe 45 chin

Cz(l) — Do cing kéo - nén (doc truc) cho doan truc gitta MN — TB.

Xéc dinh cac hé s6 ciia mé hinh duoc thuc hién nhu sau. Cong thirc xac dinh bién

dang dan hoi (theo cong thic sau) ta suy ra hé sb ciing twong duong.

F=cal Al=tosc=FA
I CEA T T
M® hinh toan 3 bac tu do (2.18) c¢6 dang sau:
myiy + C (g — x) + ky (% — %) =F(1)

myX, — C1(x1 - xz) —k; (% — %) + Cz(xz - x3)+k2(952 - 953) = F(t) (2.18)
Maxz — Cy(xy — Xx3) =k, (X; — X3) + C3xz+ksx; =0
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Trén doan truc c6 cac doan truc ndi tiép nhau, déng truc va ciing chiu tac dong cua
lyc kéo (nén) F. Khi d6, d6 bién dang tong Al sé& 1 tong cua céc bién dang thanh phan.
Tir d6 ta c6 cong thire tinh do cimg quy ddi trong duong:

1_21 o _EAN
C_ Cl', L li ’[m]

()

Gia thiét d6 cting kéo — nén cuaa doan truc giita tua bin va 6 chan la C.-., con do
, ” N A - R « - - A 2 N N L= o A L
cirng cua mang dau tai 6 chan ky hi¢u chal)l- DPoan truc nay va goi chan dugc mé hinh

hoa vé mot khéi lugng tham gia dao dong véi mot bac tu do. Po cling tuong duong

duoc ky hiéu: CZ(Z) = Cz(i)d , ta co:
1 _ 1 4 1
@ @ (2)
Cz+d Ctruc Cd‘éu

Néu coi doan truc rd to tuyét déi ciang theo phuong doc (C rét Ion), khi d6 ta thu
duoc md hinh mét bac tu do véi khéi luong twong duong 12 :
Mer = My + Mrg + Mypye MN-TB T Meruc chin
Hé co hoc thyc hién dao dong vai mot bac tu do, viét bai phuong trinh quen thudc (2.19):
Mgre + Coxp + koio = E,(t) (2.19)

2.2.3. M6 hinh daoe d¢ng xodn trén h¢ truc PCTBK tau thuy

4 ha
KHS/CV

RE NN

C, K
M;(t) <‘ ‘> M (t)

Hinh 2.7. M6 hinh DPX ciaa co h¢ MN -TB va TBCV-CV

<O wW-H
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Cac cong thire tinh md men quéan tinh khdi lwong (MMQTKL) J, (kg.m?) ciing nhu
hé sé ciing xo0an C (N/rad) duoc dua ra trong nhiéu tai lidu ky thuat nhu sirc bén vat liéu,
co k¥ thuat. Trong luan &n, tac gia khong dwa ra chi tiét cac cong thirc ndy, va gia thiét
d3 x4c dinh duoc MMQTKL cua khéi lwong tap trung tai hai du 1a Ji va Jz, doan truc
gitta ching c6 do cang xoin quy doi C. Tai MMQTKL Ji chiu tac dong caa md men
cudng buac Mi(t), tai MMQTKL Jz chiu mé men cudng bic Ma(t). Hé sé can xoén tuong
d6i caa doan tryc ky hiéu K (Ns/m).

Khi d6, mé hinh dao dong xo0in 2 bac ty do dugc viét bai hé phuong trinh (2.20):

J191 + C(p1 — @) + K(¢1 — @) = My (t) (2.20)
2§92 — C(@1 — @2) — K(@1 — @) = M,(t) .

Trir tirng Vé hai phuong trinh trén cho nhau sau khi chia tirng phan tir cho J1 va J

tuong @ng véi cac phuong trinh, ta thu dugc phuong trinh dao dong twong déi tuong

duong sau:
O+cop+kp=M,(t) (2.21)
O day:
0= @1 — @y = C(]l+i)’ k = K(l+l)’ Me(t) — M4 (t) + M;(¢) :
1 )2 i )2 J1

Loi giai cua (2.21) cling chinh 1a 161 giai cua (2.20).

Ta nhan biét co hé tuyén tinh, nén ap dung nguyén ly xép chong dé tinh nghiém
khi ngoai luc cudng buc dugc tach thanh tong cua cac luc cudng buc thanh phan. Véi
cach 1ap luan trén, luc (M6 men) quy doi Fe(t) tai (2.19) va Me(t), tai (2.21) dugc phan
tich thanh téng cac luc (mo6 men) diéu hoa, co tan sb 1, wz,..., Op,...

Gia thiét biéu dién cac luc (mé men) cudng buc diéu hoa bac k, ok =k véi bién
d6 Rk va pha 6k (rad) duéi dang s6 phac Zs = ar +i.br , & d6 ar = Rcos(wkt+6x), con by =
Rsin(wkt+6k), hodc dudi dang Zg, = Rye@kt+00),

Khi d6 nghiém cta phuong trinh chung nhat:

X + CX + DX = Zg (t) = Ry e' k0% (2.22)

Pugc tim dudi dang:

Z = Re!(@kt+0) (2.23)

Trong d6 bién d6 R va 8 sé dugc xac dinh sau nay.
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Thay (2.23) vao (2.22), sau vai phép bién doi don gian ta thu dwgc nghiém:
H(wk).Re® = R, e (2.24)
O dé:  H(wk) =c —(wk)*m +id (k).
Dit X; = Re®® - ancantim; Zs= Re® - d3 biét. Nghiém duoc xac dinh:
X, = [H(ok)]™. Zt (2.25)

Tim nghiém theo (2.25), ta x4c dinh bién d6 va pha cua nghiém can tim.

2.2.4. M6 hinh dao dong bé may ciua dong co tua bin khi tau thuy

O cac mo hinh trén, NCS da phan tich va mé hinh hoa cac dang dao dong cua cac
thanh phan quay caa DPCTBK tau thuy. Cac dao dong xay ra cho tirng phan ti néi riéng
va cling tac dong tong hop Ién than caa dong co tua bin khi. Dao dong tong hop truyén

cho bé do chung cta dong co, chi ra nhu Hinh 2.8.

MNTA MNCA TBCA TBTA TBCV
R P
T/ Tgr/ ThanBCTBK T ™~ T T\ T
S1 J S2 Ss3 Sa Ss Se J S7

P, T Than tau , T

Hinh 2.8. Mé hinh dao dong trén bé dé cia dgng co tua bin khi tau thuy
MNTA - May nén thdp ap; MNCA - May nén cao ap; TBTA - Tua bin thap ap;
TBCA - Tua bin cao &p; TBCV - Tua bin chan vjt (tua bin cong sudt);

S1, ..., S7-Bé da 1,...,7 trén cac truc cua dong co tua bin khi;

P1, P2 - Cac bé may cia dong co tua bin khi.

Trong Hinh 2.8, cac cum rd to cta dong co tua bin khi (MNTA — TBTA, MNCA
—TBCA, TBCV) quay Véi cac toc dd khac nhau lan luot 12 o1, @2, ws. C4c luc tac dong
lén cac gbi d& cua tirng rd to (cum r6 to) duoc xac dinh theo cac mé hinh todn trong muc
2.2.1 va cac phuong trinh (2.5), (2.6).
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O day dé xay dung md hinh cho dao dong trén bé may cua DPCTBK tau thuy ta can
xéc dinh cac lyc qui doi vé cac bé d& cua dong co.
Goi: i (i=1 + 7) 1a khoang cach tir bé may P1 t6i cac 6 d& Si, Se..., S7;
L la khoang cach gitra 2 bé may P va P-.
Luc cudng b tAc dung 1én cac bé may 1a tong hop cua cac diéu hoa véi céc tan
s6 w1, Zio1, W2, Ziwz, s, Zios (Zi — SO canh cua ting i cua rd td).

Taco
Fpy =7 (Z(FL) = Z(Fil) (2.26)

Fpp = 7 (Z(Fil)) (2.27)

Khi xac dinh duoc luc qui doi vé bé may ta cd mé hinh toan hé dao dong cua
DCTBK tau thuy trén bé may tuong ty nhu ¢ trén.
2.3. Co sé do va bién d@oi tin hiéu dao dong

2.3.1. Tin hiéu dao dong cia may

Hinh 2.9. Biéu dién dao ddng theo thoi gian (1) va tan sb (2) [79]

Hau nhu, tit ca cac phép do dao dong déu thu dwoc bing cach sir dung cac b cam
bién dé tao ra tin hiéu dién tuwong tu ty 1& Vi gid tri tic thoi cua dao dong theo dang
chuyén vi, dang gia téc, hoac dang van téc. Ching ta c6 thé dugc ghi lai dao dong trén
may do dé phan tich sau hozc dé hién thi. Bé c6 duoc dao dong (van téc) thuc té, dién
ap dau ra duoc nhan véi hé s hiéu chuan theo d6 nhay cam bién va murc ting cua bo
khuéch dai va dau ghi. Hau hét phan tich dao dong duoc thuc hién trong mién tan sd,

nhung ciing c6 thé thuc hién trong mién thoi gian [79].
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Dao dong c6 chu ky goi 1a dao dong tuan hoan va nguoc lai. Thuong gap nhat 13
dao dong c6 chu ky. Ngoai ra, c6 thé phan chia thanh tin hiéu c6 quy luat (xac dinh
duoc) va ngau nhién (cé nhiéu, khong chinh xac,...).

Dao dong do dugc bing cac cam bién do dao dong dit trén DPCTBK tau thuy la
téng cuia cac tin hidu hinh sin, c6 thé duoc mo ta nhu phuong trinh (2.28):

V=V, + Yo Visin (kwt + yy) (2.28)

O day mdi tin higu diéu hoa (hinh sin) c6 bién do V2, tan s6 @, =k va goc léch
pha ban dau 7y -

Tin hiéu dao dong don hai (a) va da hai (b) duoc biéu dién nhu trén Hinh 2.10.

0.15 : . . T r
ms = 0.707pk (a)
% 0.1F N 7 I 7\
g oost/ 1/ \ / \ pk / \ 1
XY 0 pk-pk !
< !
S -00s5+ g
S \]/ § \/
0.1} ?
a) 0 0.01 0.02 0.03 0.04 0.05 0.06
Thoi gian, s.
0.2
(b)
< .
E o1r
S /T\__\ /\ i /\__\
g Pk=pk pk-pk
\8 0
=
G
= 04f J. -
b) -02, 0.01 0.02 0.03 0.04 0.05 0.06
Theoi gian, s.

Hinh 2.10. Cac dang song thoi gian dwge danh dau véi bién do pk, pk-pk va RMS
cua dao dong [93]
O day: + pk (peak) — la gia tri tai dinh;
+ pk-pk — la d@¢ lon gita dinh trén — dinh duor;
+ rms — la gia tri can binh phuong trung binh bién do dinh.

T N Ag laAG , . 2k LA Je k R
Trong d6 cac tin hiéu mot hai dugc xac dinh boi tan so (f, = ﬁ) hay kw, va bién

do V0 nhu phuong trinh (2.29).
V = Vsin (kwt + ;) (2.29)
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Trong thuc té THDD thuong kém theo nhiéu, phé bién 1a dang nhiéu tring. Tin
hiéu nhiéu hai kém theo nhiéu duoc biéu dién nhu phuong trinh (2.30).
V=V, +Xm, Vsin(kwt +y,) + 1(t) (2.30)

O day: n(t) — thanh phan nhiéu.

2.3.2. Do va lwu tri¥ cac tin hiéu dao dong

Tin hiéu dao dong cho nghién ciru GSDP cua PCTBK tau thuy thu duoc cd thé co
mét trong ba dang sau: chuyén vi, van tc va gia toc, phu thudc vao cam bién duoc st
dung trong hé thdng, va tir d6 s& twong tng Vvai tin hiéu duoc mé phong bang cac mo
hinh toan da xay dung ¢ muc 2.2.1.

Trong thyc thé, THDD can do phai phi hop véi téc do 1am viéc cua ddi tuong can
gidm sat nham dam bao d6 chinh xac va luong thng tin can thiét, ching ta can tinh toan
cu thé vé s6 lugng mau, tan sb trich mau. Cac huéng dan va qui dinh cu thé vé van dé
nay dugc trinh bay trong cac tiéu chuan, quy pham vé giam sat dao dong may ro to (Tiéu
chuan 1SO 13373-2) [79].

Tin hiéu twong tu tir cAc cam bién cd thé duoc xtr ly bang hé théng twong tu hoic
ky thuat s6. Thong thudng, cac hé théng twong tu duoc sir dung bao gom cac bo loc, bo
khuéch dai, bo ghi, b tich hop va cac thanh phan khac lam thay d6i tin hiéu, nhung khong
thay d6i ddc diém tuong tu ciia nd. Ngay nay, nhirng loi thé cua viéc sé hoa cac tin hiéu
12 hién nhién. Bo chuyén doi tin hiéu twong tu sang s6 (Analog to Digital convector, ADC)
chuyén d6i mau tin hiéu twong tur sang gia tri s6 véi toe d6 16n, vi du bd DAQ NI 9234 ¢6
tan s6 trich mau va chuyén d6i ADC téi 51200 mau/1s/1 kénh. Cac chuong trinh toén hoc
trén may tinh sau d6 c6 thé duogc sir dung dé loc, tich hop, tim phd, phéat trién cac biéu do
hoic 1am bat ci diéu gi duoc yéu cau. Tin hiéu sé hoa ciing ¢ thé duoc vé nhu 13 mot
ham cua thoi gian. Tin hiéu tuong tu, ciing nhu tin hiéu s6 hoa, chira thong tin twong tu
trén cac tién dé cua mot hra chon thich hop vé tan sé ldy mau. Khi sir dung phwong phap
tuong tu hodc phuong phap ky thuat sb, diéu quan trong Ia phai biét do nhay cua tin hiéu
can do. Do nhay la ty 1é cua gié tri dién ap dau ra thuc té cua tin hiéu so véi cuong do thuc
cua thong sb do duge. Dé co duoc tin hidu day di, va co ¥ nghia, thi tin hiéu quan tam
phai I6n hon dang ké so véi mic nhidu, nhung khong 16n dén muc tin hiéu bi méo (vi du:

dé cac dinh caa tin hiéu bi cat).
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Cac thong s quan trong nhit trong qua trinh sé hoa 1 téc do lay mau va do phan
giai. Y&u cau tan s6 lay mau can I6n hon hai 1an tan sé quan tdm cao nhat can do. Céc
bo loc dugc str dung dé loai bé nhidu tan sé bac cao hoic cac thanh phan tan sb cao khac
I6n hon mét nira tan sb 1ay mau.

C4c tai liéu tiéu chuan va hudng dan bién ddi tin hiéu [78, 83] yéu cau tan sé lay
mau tiéu chuan fscho cac THDD duoc xét phu thudc vao tan sb bac cao nhét f can giam
sat cua thiét bi theo biéu thuc:

fs = 2fis fu =k.f, (Hz) (2.31)

Vi du: Téc d6 1am viéc cua ré to PCTBK 1a n = 15.000 rpm hay =250 Hz, bac tan
s6 cao can xem xét k = 10, khi d6 tan s6 ldy mau khi do THDD can lay Ia fs = 2*10*250
= 5000 Hz.

Dai tan s6 do ciing khac nhau khi str dung céc loai cam bién dao dong khac nhau.
Theo 1SO 133173, dai tan s6 khi do dao dong bang cam bién chuyén vi giéi han la
10kHz, vai cam bién van téc 1a 1Hz + 2kHz, va véi cam bién gia toc 1a 0,1Hz + 30 kHz.
Theo cac tiéu chuan ISO vé danh gia dao dong cua PCTBK dai tan sé khi do dao dong
chuyén vi cia DPCTBK 14 5 + 500 Hz, khi do dao dong van téc 1a 10 + 2000 Hz (yéu cau
I6n hon 6 1an tan s cua truc dong co) [72, 74]. Theo Quy pham Hang hai Nga (RMR-
2016) quy dinh dai tan s6 giam sat dao dong cho PCTBK tau thuy 1a 1 + 8000 Hz [90].

2.3.3. Mgt 6 vin dé chinh cho xa Iy tin hi¢u dao dgng

Tin hiéu do duoc tir cam bién dao dong thudng yéu cau mot sé bién doi ban dau
(trude khi ching duoc ghi lai) dé co dugc muce dién ap phu hop dé ghi hodc dé loai bo
nhiéu hoic céc thanh phan khdng mong mudn khéac.

Pé GSDPD trén BCTBK tau thuy, theo cac tiéu chuan [78, 79], tin hiéu do duoc
can duoc bién d6i vé cac dang phl hop theo thoi gian hay tan s, theo gié tri Peak —
Peak, hoic RMS. Tiép d6 can phai ¢ cac bo loc dé loai bo nhidu va cac dao dong tan
s6 cao.

2.3.3.1. Loc va bién déi THDP theo thoi gian

a. Cac bo loc THDDP

- Loc trung binh:

GiasaV = [V, V, .. V,]" latin hiéu sb thu duoc trong mot chu ky.
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Tin hiéu do lip trong k chu ky duoc viét dudi dang ma tran (2.32):

V11 ann Vln
V=|.. . . (2.32)
Vit o Vin
V(t) Velt)
— Bo loc —
Hinh 2.11. So @6 khéi loc THDD theo thoi gian
Tin hiéu da loc qua bo loc trung binh
V= [Vel Vez - Ven]T
Vom = ~Y* Vi im=12,..,n (2.33)

k
- Loc truot trung binh:
Véc to tin hiéu roi rac duoc viét duéi dang:
V=V, .. V] (2.34)

Theo (2.34), ta ma rong tir hai phia voi 2p mau:

Ver () = [V o Vi Vo Vi oV Vs o V] (2.35)
Loc truot trung binh ¢é diéu khién tham sé p:
V() = 5 sl VG £7) (2.36)
Hay
() =5 5 Er VG £ 7)) = 12,0m (2.37)

b. Tinh chdt cza tin hiéu c6 ich theo thoi gian
Tai thoi gian thuc, tin hiéu biéu dién su bién thién, va ding giam sat thong thuong

theo murc d6 dao dong trung binh cac binh phuong.

- RMS duogc xac dinh:

RMS = |=¥™_ V,(j) (2.38)

n<j=1"e
- Peak-to-Peak duoc xac dinh:

Peck —to — Peak = max(V) — min (V) (2.39)
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- Tin hiéu mot hai co:

Vig = Asin(2nft) (2.40)
RMS = 0,74 (2.41)
Peck —to — Peak = 1,4A (2.42)

2.3.3.2. Bién doi tinh hiéu trong mién tan sé

Theo RMR (2016), THDD duoc xt ly (bién doi) thong qua phép toan FFT va loc
1/3 octave theo gia tri RMS cua tin hiéu [90].

a. FFT va phan tich bédc diéeu hoa (Order Analysis)

Phép xtr ly nhanh Furie dugc ding trong xir ly tin hiéu duoc phét trién thanh cac mo
dun hoan thién cho cac wng dung (MatLab, LabView) [55, 68, 83].

Theo d6, dit liéu roi rac duoc viét dudi dang:
x ={x(1),..,x(N)} (2.43)
Str dung FFT két hop bo loc s6 dua dir liéu THDD vé dang phd tan. Két qua thu
duogc 1a cac duong dic tinh (bién do, cong suat, pha) cia dao dong theo tan s sé duoc
sir dung theo cé&c yéu cau cu thé cua bai toan VM.
* Xu ly FFT cho day sé rai rac:
- FFT thuan:
. 2TC
Y(k) = Xre ox(m). Wyk™; Wy =e'N;k=0,1,..,N—1 (2.44)
- FFT nguoc:
x(n) =~ TS, Y (kW™ 5 n=0,1,..,N — 1 (2.45)
Thuat toan FFT dung cho day s6 c6 kich thugc 1a N = 2,
b. Phép bién doi FFT sir dung bing théng 1/3 octave
Octave 14 cdng cu toan hoc manh dugc ding phd bién trong bién d6i tin hiéu am
thanh va dao dong. Céc tiéu chuan IEC 1260:1995 va ANSI S1.11-2004 cho ta biét tan
s6 trung tam fc cling véi cac tan sé can dudi va trén fL, fu (Hz) ddi véi bo loc 1/3 octave
dugc danh gia theo biéu thuc (2.46):

fi = fe.2” Y0 = 0,891.f;; fy = fo.2Y° = 1,122.f; (2.46)
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Duya vao tiéu chuan trén, cc tan sé d6 duoc dua ra theo bang, tinh trung binh cho

1/3 octave: [0.891, 1.122]fc, dung noi suy tuyén tinh nhu trong bang 2.1.

Bang 2.1. Mikc dao ddng theo ndi suy tuyén tinh

STT f (Hz) Gia tri tiéu chuin quy doi

1 | FUi) < F<Fuli) | Lsoo(f) = LSy,

2 | Fu(i) < T <FUi+1) | Lspo() = LSy, + 8.a/b

3 | Fu(i+1) < f <Fc(i) | Lspo(f) = Lg&l))

Trong d6: X — ki hiéu muc A, B hodc C;
i — chi sé cua tan sé trung binh;

S — chudn (standard);

o = f-fu(i);
— g (@i+1) @ .
a= Loyy = Lgxy

b = Fu(i+1) - Fu(i).

2.3.4. Quan h¢ gia chuyén vj, gia toc va vdn téc dao déng

Dao dong do dugc cd thé & mot trong 3 dang THDD chuyén vi, véan téc hoic gia
téc. Cac dang THDD xac dinh (khdng nhiéu, duoc viét chinh xac boi mot phuong trinh
toan hoc nao d6) co6 thé duoc bién doi vé dang nao d6 bang phép toan twong tng (Vi
phan, tich phan). THDD khong cac dinh (ngau nhién) khi diing cac phép toan trén s&
cho két qua voi do chinh xac khong cao. Khi do, ta nén bién d6i THDD qua FFT va sir
dung cac phép toan thich hop rat don gian cho cac ham lugng giac cosine cua sine.

Vi du V@ tin hicu nhidu hai kém nhidu duoc viét béi phuong trinh (2.30):
V=V, + Y, V2sin(kwt + y,) + n(t)

O day, THDD c¢6 nhiu ngudn c6 dang van tdc, tuan hoan, nhiéu hai (méc nhiéu
Ar =0,5+5%). Ta hoan toan c6 thé bién d6i THDD trén vé dang chuyén vi /gia téc theo
phuong phap da trinh bay & trén.
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a. Cdc dai luvong dac trung cia THDD

Cac dang tin hiéu con lai dugc tinh tir van téc theo dinh nghia hoic dung bién doi
FFT (x4c dinh hé s6 chuyén d6i cho bién do va pha twrong tng. Van tc sém pha so voi
chuyén vi mét goc 1a /2, va cham pha so véi gia téc mot goc 1a n/2). Theo tiéu chuan
1SO, API tin hiéu danh gia dao dong theo van téc va gia téc thuong lay gia tri Vrvs, arms
con THDD chuyén vi l4y theo gia tri I6n nhat spk_pk [71, 73].

Tin hiéu dao dong do dac duoc & dang gia tri RMS van téc trong mién thoi gian
thue, xac dinh theo biéu thuc (2.47).

Vams = /% [) vA(t)dt (2.47)

Trong d6: v(t) — Vdn téc trong mién thoi gian;
Vrwms — RMS cuia vdn toc;
T — Thei gian lay mau.
Néu xac dinh dugc céc gia tri cia THDD bing phan tich pho tan duoc ghi lai, gia tri
RMS ciia dao dong van toc tinh theo biéu thuc (2.48).

VrMms :\/U12+U22+"'+17,21

=710 [ + (o) 4 (5,7 (2.48)

_ 103 (ﬂ)z (2)2 (ﬂ)z
T2\ \f +fz + +fn

O day: + a; - gia tac, tinh theo RMS ¢ tan sé fj, m/s?;

+Vj - vdn tac, tinh theo RMS ¢ tan sé fj, mm/s;
+ sj— chuyén vi Ién nhat peak — peak ¢ tan sé fj, um.
Gia tri 1on nhat caa dao dong chuyén vi (Spk-pk) theo ting tan sé duoc xac dinh theo
biéu thuc (2.49):
__ 450v;

S; = - , um (2.49)




37
b. Bién doi THDP dang vdn toc sang dang gia toc
Phwong phdp 1. Dung FFT dé c6 duoc cac tinh chat quan trong va khtr nhidu qua
cit bo di cac thanh phan cé tan sé dugc xem la gan véi nhidu (bac cao), dung cong
thirc (2.50).
1 T 0 10 0 .0 :
An(t) = [Vn(t) + nmse] - {[Vn1: VnZ: ]; [yvnl’ Yon2s - ]} — noise
Ta co:
A, () = X3 _ k.wV?, cos(kwt + y2..)
= Yi=1Ang sin(kot + Vo) (2.50)
Oday: A, =[A%,A4%, A%] = [wV2, 20V, 3wV 2%];
Yan = (Va1 Yanz Vansl = Vont + /2, Yoz + 70/2,Vins + 7/2];

Phuwong phap 2. Dung cong thtrc tinh dao ham:

An(t) = V(8] = 2=l sy = 5 (2.51)

Phuong phap thir hai thudng cho sai sé 16n do d6 khéng nén sir dung.
2.4, Co so giam sat dao dong trén dong co tua bin khi tau thuy
2.4.1. Co sé ly thuyét vé GSDP trén PCTBK tau thuy

_\_\__‘_-J Mire aguy bicms (1)

21 7111 O S .

Al cx0 (2D
o1 1/

100

20

=

Hinh 2.12. Giam sat mirc dao dong may
Giam sat dao dong trén DCTBK tau thuy nham khai thac hop ly va dam bao an
toan cho BCTBK tau thuy nhu trén Hinh 2.12.
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Ddng thoi, giam sat dao dong c6 thé du bao vé chiéu huéng mirc THDD thay doi
cua thiét bi nhu trén Hinh 2.13.

L dB
7 1]
N g gie1 han cao cho phe
EUVBE 197 1an €20 ChC L% |
-
o
120 AR R T T T TR . o
’
Db dur trir 4
100; ....... T TP TP PRSI NRIP R RS TR ESRRSPPPRSSTOTOPt. Spre R TG
Cia tri chue nghiem Thei diem Tyde bidn
7 co z
LTI e At i e R LR e el L L aenl
Chieu huwong thay doy
GO I e s dagnpde i .‘ .......................................................
L .
. -
A

Hinh 2.13. Dw b&o xu hwéng dao dgng cia may
Cac THDD (dang cu thé cua dao dong) trén DCTBK tau thuy can dugc xac dinh cu

thé vé sb luong, vi tri do giam sat dé dua ra yéu cau thiét ké thiét bi do twong tng. VM can

duoc thuc hién theo yéu cau dua ra boi c4c to chuc tiéu chuan vé dao dong caa qudc té

(I1SO, API), cac quy pham, quy chuan cua timg nudc, cling nhu cua Viét Nam.

Bang 2.2. C4c van dé vé khoa hoc can giai quyét cho GSDP

trén dong co tua bin khi tau thuy

STT Vin deé lién quan Ghi chu
1 | Chu ky lay mau Xac dinh thoi gian chu ky lam viéc
2 | Vi tri do, cac dac tinh vé& ché | Theo cac tiéu chuan, quy pham duoc &p dung
do do cho ddi tuong
3 | Dang tin hiéu chuyén d6i Vin téc - Gia téc (hodc Chuyén vi)
4 | Pon vi do theo tiéu chuan EU (don vi ky thuat) hoac dB
5 | Xu ly tin hiéu FFT, RMS
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STT Vén deé lién quan

Ghi chua

6 | Loc tin hiéu Cac bo loc trong mién thoi gian, mién tan so;
Loc theo dai tan sé trung binh (1/3 Octave)

cho phép

7 | M6 hinh hoa dic tinh dao d6ng | Cho céc dang dao dong (ngang, doc, Xoin)

8 | Ra quyét dinh mic dao dong | So sanh giita cac ngudng voi mirc dao dong

duoc giam sat dang giam sat

Bang 2.3. C4c van dé vé cong nghé can giai quyét cho GSDD

trén dong co tua bin khi tau thuy

STT Vén deé lién quan

Nhiém vu

1 | Cam bién: kiéu loai, s6 luong, dic diém

Thiét ké nhiém vu do va GSDP

2 | Thu thap dir liéu va déng bo hoa

Thiét ké xay dung cac kénh do

3 | Nhan dang tu dong, thiét lap cau hinh
thiét bi do

Thiét ké xay dyung phan mém

4 | Do va luu trir dir liéu

Thiét ké xay dung phan mém

5 | boc va xir ly tin hiéu dao dong off-line
cho GSDb

Thiét ké xay dung phan mém (code
trén Labview, SVT)

6 | Luu trir két qua xir ly; Ra quyét dinh

giam sat; Bao céo két qua giam sét

Thiét ké xay dung phan mém (code

trén Labview)

Nhu vdy, cac THDD do dugc nhu thé nao, bang thiét bi gi, duoc xu Iy ra sao can

duoc tra 161 twong minh trén co s& khoa hoc (CSKH: cac md hinh toan hoc, phuong

phép giai, thuat todn xu 1y,...) cling nhu co s& cong nghé (CSCN: cdng nghé dién tir -

truyén thdng cho thiét ké phan ciing, cong nghé phan mém). Cac noi dung va nhiém vy

cho xay dung CSKH va CSCN dé giam sat dao dong trén DPCTBK tau thuy duoc tong

hop va trinh bay tai Bang 2.2 va Bang 2.3.
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2.4.2. Co sé phap quy (tiéu chudn) cho GSDP ciia PCTBK tau thuy

2.4.2.1. C4c quy dinh vé dao déng va GSDD cho DCTBK tau thuy

Trong linh vuc phan tich va GSDD méy mét loat céc tiéu chuan da duoc phat trién
va ban hanh bai ISO (duoc théng ké trong [80]). Tir d6, nhiéu nudc ciing c6 riéng cac tiéu
chuan vé dao dong va GSDP, trong d6 c6 Viét Nam. Dudi ddy trinh bay mot so tiéu
chuan, quy pham quan trong lién quan t6i phan tich, GSDD cua PCTBK tau thuy.

a. CAc tiéu chudn qudc té ding dé danh gid mirc dao déng

- Bg tiéu chudn 1SO 7919 - Ddnh gid dao dong may bang cdch do trén cdc truc quay
(phan 1- Hudng dan chung; phan 4- Thiét bi tua bin khi) [71, 72].

Tiéu chuan nay cung cap cac mo ta vé cac yéu cau chung cho viéc danh gia, do
dac dao dong may bang phuong phap do dao dong cua truc dong co tua bin khi. Cac
huéng dan duge dua ra cho viéc ap dung cac tiéu chi cho d dao dong cua truc duoc do
gan véi vong bi caa tuabin khi cdng nghiép trong diéu kién hoat dong binh thuong. Theo
d6, cac ving gidi han nguy hiém theo mutc dao dong cua dong co tua bin khi dugc chia
thanh 4 ving sau:

Vung A: Vung dao dong cua may méi dugce dua vao hoat dong thuong.

Ving B: Ving dao dong cho phép may hoat dong 1au dai khong bi han ché.

Vung C: Vung dao dong khéng cho phép may hoat dong lién tuc trong thoi gian
dai. May c6 thé dugc van hanh trong mét thoi gian gisi han, phai ting cudng theo doi
va khi ¢6 co hoi thich hop can khac phuc.

Ving D: Dao dong may trong ving nay thuong duogc coi 1a di nghiém trong dé
gdy hu hong cho may.

Ranh gidi gitta cac ving duoc xac dinh thong qua gié tri dao dong chuyén vi dinh
— dinh (Sp-p) phu thudc vao toc do n (rpm):

+Duong A/B: S,_, = 480/vn ,um

+Duong B/C: S,_, =900/Vn ,um

+Puong C/D: S,_, = 1320/vn ,um

Céc gigi han dao dong cho céc ranh gidi giita cac ving cung cap cac hudng dan

dé tranh cac thiéu sot co ban hoic cac yéu cau khong thuc té.
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Gid tri mac canh bao "ALARM" duogc khuyén nam trong ving 16n hon 25% gidi
han mic B va nho hon gigi han mac C. Gia tri mac nguy hiém "TRIP" can giam hoic
dirng DCTBK c6 thé nam trong ving C hoic D.

Gia tri 16n nhat cho phép cua chuyén vi twong dbi cua truc dong co tua bin khi theo

téc d6 quay duoc thé hién trén Hinh 2.14.
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Hinh 2.14. Gia tri khuyén céo cho chuyén vi I¢n nhat cia truc 1a ham sé theo tan
so quay cia dong co tua bin khi [72].

- B tiéu chudn 1SO 10816 - Pdnh gid dao déng may bang cdch do trén cdc phan khong
quay (phan 1- Hudng dan chung; phan 4 - Tuabin khi dit trén 6 d& boi tron bang mang
chat long - 6 do truot) [73, 74].

Tiéu chuan nay cung cap cac md ta vé cac yéu cau chung va cac tiéu chi cu thé cho
viéc danh gia dao dong ciia méay bang phuong phap do dao dong trén vo hoic bé do cia
dong co tua bin khi. Theo d6, viéc danh gia cac dao dong dua trén cac nguyén tic sau:

- Po van téc sir dung phan tich bang thong rong;

- So sanh Vi céc tiéu chi cho phép tly thudc vao loai va cong suat may;

- So sanh v&i su thay d6i van toc dao dong theo tiéu chi cho phép.
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Trong hau hét cac truong hop, tbe do dao dong 1a du dé md ta mirc 6 nghiém trong
cta dao dong trén mot pham vi rong cua tée do van hanh may. Tuy nhién, viéc sir dung
mét gia tri gidi han duy nhit cho dao dong van téc, khong quan tdm dén tan sd, c6 thé dan
dén sy nguy hiém & cac may hoic bo phan may co tée do thip va cao do dao dong chuyén
vi hoic gia téc vuot gidi han cho phép trong khi gia tri van téc van dam bao. Do d6, chuan

cho phép theo dao dong van téc s& ¢ dang chung cua Hinh 2.15.

1 2 3
o Viung D
E
E
Bl
=
) Ving C
[=T+]
=
=
(=]
']
P Ving B
<ro-
-
“
£
&= viang A
fi i fr fu
Tan sb. Hz

Hinh 2.15. Cic viing dao dng
O day:
+ fyva fi - gidi han trén va dudi cia ddi tan sé giam sat;
+ Khodng xdc dinh (1) cia tan so i + f, chuyén vi cho phép 1a khéng doi theo timg viing;
+ Khodng xdc dinh (2) cia tan sé fx = fy, vdn toc cho phép la khéng doi theo timg vang;
+ Khodng xdc dinh (3) cia tan sé fy = fu, gia toc cho phép la khéng doi theo timg ving.

Phuong trinh tong quét cho ranh giéi giira cac ving A, B, Cva D :

Vo =V,.G (jf—)k . (If—vyv)m (2.52)

Trong do6:

Vims — Gi& tri RMS dao dgng vén téc cho phép;

Va— Hang sé RMS dao déng van téc cho phép ¢ ranh gidi ving A-B;
G — Hé s6 phu thugc vao dwong bao cia céac ving A,B,C,D.

k, m — cac hé sé phyu thugc kiéu logi may.

f —tan sé cia THDD duoc do;

f,=fy=f khi f> 1, hoac f <f,; f,=f; fu=f, khi i< f< f,
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Ranh gii gitra cac ving duoc xac dinh théng qua gié tri RMS dao dong van téc
trong khoang tan s6 10 Hz + 500 Hz (hoic 16n hon 6 1an tan sé 16n nhat caa truc dong
co) nhu sau:

+buong A/B: v, = 4,5 , mm/s

+ buong B/C: v, =9,3 , mm/s

+ buong C/D: v,,s = 14,7 , mm/s

b. Tiéu chuan SO vé can bang déng may ro to

Tiéu chudn 1SO 1940- Dao déng co hoc - Yéu cau chdt lirong can bang cho roto
& trang thdi khéng doi (cung) [76, 77].
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Hinh 2.16. Biéu do x4c dinh eper theo toc dd 1am viéc n va mire cin bang G [76].
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Bo tiéu chuan nay cung cap cac huéng dan cu thé dé xac dinh lwong mat can bang
du cho phép trong thuc hién can bang cac ro to caa PCTBK (Phan 1- Pic diém ky thuat
va xac dinh dung sai can bang; Phan 2- L3i can bang).

Theo d6 lwgng mét can bang du riéng cho phép eper phu thudc vao tde do 1am viéc
va mirc chat lugng can bang caa ting loai may quay nhu Hinh 2.16. Mic can bang sir
dung cho cac dong co tua bin khi la G2.5.

c. Tiéu chudn 1SO dung cho hé théng do va gidm sdt dao dong

- Tiéu chudn 1SO 10817- H¢ thong do dao déng truc quay (Phan 1: Cam bién
tuong d6i va tuyét doi cua dao dong hudng tam) [75];

- Tiéu chudn 1SO 13373: Giam sét tinh trang va chdn dodn tinh trang dao déng
cua thiét bj (Phan 1: Quy trinh chung; Phan 2: Xir ly, phan tich va trinh bay dit liéu dao
d6ng; Phan 3: Ky thuat chuan doan) [78, 79].

Bo tiéu chuan nay cung cap cac hudng dan chung vé chac nang do ludng va thu
thap dit liéu can thiét dé danh gia giam sat va chan doan tinh trang dao dong ctia may
moc; cac ki thuat thu thap dit liéu, cac vi tri lap dat cac loai cam bién, cac nguy@n nhan
phd bién nhat gay ra cac su cb may lién quan dén dao dong; cac hudng dan xu ly dir liéu
dao dong theo thoi gian va tan s6, chuyén doi, loc tin hién, phan tich THDD, hién thi di
licu va ap dung két qua phan tich dé chan doan.

d. Tiéu chuan API lién quan téi giam sat dao dgng

Tiéu chuan API Std 616 - Gas Turbines for the Petroleum, Chemical, and Gas
Industry Services (4.7-Dynamic) [46].

Tiéu chuan nay huéng dan muac dao dong va CBD cho PCTBK tau thuy. Cac tiéu
chi danh gia co ban dua trén c4c tiéu chuan qudc té da trinh bay & trén.

e. B4 tiéu chudn Viét Nam vé dao déng may [4-8]

- TCVN 6371:1998: Dao dong co hoc cua cac may quay 16n c6 tée do tir 10 dén
200 vong/giay — Do va danh gia cuong d6 dao dong tai vi tri lam viéc;

- TCVN 6372:1998: Dao dong co hoc cia may quay va may chuyén dong tinh tién
— Y&u cau cho thiét bi do cuong d6 dao ;

- TCVN 6373:1998 (tuong duong ISO 1940-1): Dao dong co hoc — Yéu cau vé
chat luong can bang roto — Xac dinh luong mat can bang du cho phép;

- TCVN 9224:2012: Dao dong va va dap co hoc - Ga lap dau do gia tic;
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- TCVN 9229:2012 (tuwong duong 1SO 18016-3): Dao dong co hoc - danh gia dao
dong ciia may bang cach do trén cac bd phan khong quay (Phan 1: hudng dan chung;
Phan 3: may cong nghiép cong suat danh nghia trén 15 kw va téc do danh nghia gitta
120 r/min va 15000 r/min khi do tai hién truong;

Cac tiéu chuan cua Viét Nam co ban duoc xay dung tir cac bo tiéu chuan qudc té
da trinh bay ¢ trén.

2.4.2.2. Y&u cdu vé GSDP cho ACTBK tau thuy cua co guan Pang kiém

C6 nhiéu co quan chuyén mén vé ding kiém tau bién dua ra cac quy pham cho
dao dong va giam sat dao dong nhu ABS (M) [39, 40], NNK (Nhat Ban) [54], DNV-
GL (Nauy) [57, 58], Lloys (Anh) [84] va RMR (Nga) [90]....

Cac yéu cau vé giam sét trong cac quy pham cua timg co quan co ban bam theo
c4c tiéu chi cua b tiéu chuan 1SO. Tuy nhién, khi nghién ciru cho ddi tuong 1a cac dong
co tua bin khi trang bi trén tau thuy Viét Nam (co ban 1a cac dong co cua cac nudc trong
khdi Lién X6 cii) nén luan &n sé& lya chon quy pham ding kiém ciia Nga RMR dé 1am
co s& phan tich, mé phong va xay dung hé thong GSDP.

a. C4c thong sé dao dgng tiéu chuan

Céc thong sb dao dong tiéu chuan gom:

- Gi4 tri can bac hai trung binh (RMS) cua dao dong van toc duge do va xir Iy qua
1/3-octave 1a théng sé dao dong co ban. Ngoai ra, c6 thé sir dung gié tri RMS dao dong
gia toc dé do va giam sat.

- Biéu dién dao dong theo don vi ki thuat (EU, mm/s, m/s) hoac dB, theo cac gia tri
gi6i han van téc hoac gia toc (van toc gisi han chuan, veo = 5.10"° mm/s hoic gia téc chuan,
Vao = 3.10* m/s?), theo cong thuc (2.53):

L =20ln2% (2.53)

Veo

b. Gidi han cac mic (ving) dao déng doi Véi dong co tua bin khi

Ba vung gidi han dao dong cho dong co tua bin khi tau thuy [90] Ia:

A — TTKT cua may va thiét bi sau ché tao hoic sira chira;

B — TTKT cua may va thiét bi trong khai thac binh thuong;

C — TTKT caa may va thiét bi khi khai thac c6 thé xay ra hu hong, su cé.
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Déi v6i DPCTBK tau thuy, c&c mic gigi han theo gia tri RMS cua dao dong dang
van téc va gia tc cho phép theo RMR (2016) [90] duoc tong hop trong Phu luc 1 (Bang
2, va Hinh 1).

Vi tri cac diém do dao dong cho dong co tua bin khi tau thuy dugc chi ra theo RMR
[90] nhu trén Hinh 2.17.

B!
—-I_‘ e
\ |

LI |
Hinh 2.17. Cac diém do dao dong doi véi dong co tua bin khi [90]
2.4.3. Co sé cOng nghé va truyén tin cho gidm sdt dao déng trén PCTBK

tau thuy
2.4.3.1. He thé'ng tw dong giam sdt dao dong cho dong co tua bin khi
Hé thong tu dong GSDP cho PCTBK tau thuy dugc dé xuat trén co sé cdng nghé

dién tir —truyén tin hién dai, cac khdi chinh nhu da thé hién trén Hinh 2.18.

> - Monitor
» DAQ L e pn
> Da kénh ~] - Xur I}:tln t-m_zu (n]2]
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(déng k& héa)
(VDMS)
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Hinh 2.18. So' @6 hé théng tw dong GSDD cho PCTBK tau thuy
S1, S2,...,Sm - Cam bién dao dong do tai goi do ddt ré to ciia PCTBK gidm sat;
Sp - Cam bién téc d@é, do vdn téc quay cua truc rd to; DAQ - Bé thu thdp, chuyén dai,
dong bg hod diz liéu; CPU - B¢ xi# ly trung tam (Central Processing Unit);

VDMS - Phan mém giam sét, chdan dodn dao dong
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Cac khdi dugc xay dung theo mé dun, chuan céng nghiép dap wng cho nhiém
vu: ty dong do, truyén tin, xu Iy thong tin theo thuat toan, dua ra két qua giam sét va
chian doan TTKT cua DCTBK, bao dong néu déi twong c6 micc dao dong vuot qué
ngudng cho phép.

Thiét bi duoc lap dat tinh tai trén PCTBK hoic c6 thé 1a hé théng di dong (xéach
tay), do nguoi van hanh chuyén tir noi nay dén noi khac tiy thuéc vao muc dich cua bai
toan giam sét, chan doan dit ra.

Dong thong tin trong GSDD trén DCTBK tau thuy (Hinh 2.19) ¢6 cac diém duoc
“danh dau” 1,2....,5 1a cac mdc thay d6i dang tin hiéu.
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Hinh 2.19. Nguyén ly dong théng tin trong GSDD trén PCTBKTT [15]



48

2.4.3.2. Pdc diém cau hinh hé thong tw dong GSDD trén BCTBK tau thuy

Trén co sd c4c yéu cau vé do, xit Iy tin hiéu, cdu hinh ctia hé théng GSDD cho PCTBK
tau thuy can duoc xay dung sao cho tbi wu nhat vé mit sé lwong va chang loai caa cac dau
cam bién dao dong, cuia bd DAQ, cau hinh ciia CPU va tong thé hé thdng truyén thong.

Céc dao dong do bang cam bién dat tai phan c6 dinh, trén bé mat caa PCTBK tau
thuy nén d& dang trién khai va c6 nhiéu phuong an lwa chon. Néu lip dat cé dinh trén
may, ta c6 thé dung phuong 4n vit dé cb dinh cac dau cam bién, hoic dung d¢é nam cham
cho tién loi.

Theo céc tiéu chuan tai cac 6 d& hoic bé d& bang céc bo cam bién khac nhau nhu
cam bién chuyén vi, cam bién van toc hay cam bién gia téc. Viéc lua chon loai cam bién
can can ctr vao theo loai tin hiéu duoc gidm sét theo céc tiéu chuan, dai tan sb do, do
nhay, cac diéu kién méi trudng lam viéc (vi du: nhiét d6) phu thudc vi tri b tri cam
bién... Véi tée do 1am viéc Ién téi hang chuc nghin vong/phit cia DCTBK tau thuy, cac
cam bién gia toc hién dai c6 nhiéu wu thé hon trong viéc sir dung dé do dac va giam sat
dao dong cua BCTBK.

Vi tri bé tri cac cam bién do dao dong cé thé dit tai ting 6 d& cua cac rd to cua
dong co tua bin khi hodc ciing c6 thé dit tai vi tri cac bé d& cua dong co [86, 90]. Véi
phuong 4n bd tri cam bién ¢ ting 6 d& c6 wu diém 12 mo hinh toan don gian (d& mo
phong sé cho THDD do dugc), viéc xu ly tin hiéu don gian va c¢6 d6 chinh xéc cao,
thuan loi cho phan tich chan doan tuy nhién ciing ¢6 khé khan dé 1a sb lugng cam bién
I6n, kho bé tri, trién khai trong thuc té, mot sb vi tri c6 nhiét do cao, doi hoi loai cam
bién dat tién... Con phuong 4n bb tri cam bién trén bé do ciia dong co cho phép don gian
hod cdu hinh hé thng, giam duoc chi phi, d& dang lap dat trién khai trén thuc té (dic
biét phii hop cho céc hé théng giam sat di dong), tuy nhién mé hinh toan THDD, md
phong, 1ap trinh phirc tap, viéc phan tich, xir ly tin hiéu kho khin hon phwong an dau.
MJi cach b tri cam bién c6 nhitng uu, nhuogc diém riéng, khi xay dung thiét ké hé théng
can can nhac tinh toan cho phu hop véi myc dich va mac d6 yéu cau cua viéc giam sat
dao dong cia DPCTBK. Theo quy pham ding kiém Nga, vi tri dit cac cam bién do dao
dong cung véi tiéu chuan kém theo 14 tai cac bé d& cua dong co va cac 6 do cua bo
truyén dong (Hinh 2.17).
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Cam bién do van tc goc cua truc rd to ding quang hoic dién - tir. Néu diéu kién
khong cho phép lap dat cam bién riéng trén DCTBK, ¢ thé lay tin hiéu do tdc do quay tir
cac dong hé hién thi tbe do trén hé thong diéu khién gidm sat chung cua dong co.

B6 thu thap tin hiéu DAQ can dam bao c6 du s6 kénh dé két ndi cac cam bién. Tan
s6 trich mau cua DAQ phai ¢am bao theo yéu cau dai tan s duoc giam sat cho PCTBK
theo c4c tiéu chuan, quy pham di néu ciing nhu bao dam do chinh xéc tir FFT cac tin
hiéu cua dao dong.

Vi du: Tan sb trich mau cua DAQ-NI 9234 dat 51,2 kHz cho 1 kénh. Vi cau hinh
trén caa bo thu thap dit lidu, ta cd thé dwa ra tin hiéu do va phan tich FFT, véi tan s6 caa
tin hiéu 25,6 kHz, trong khi d6 pho tan cao nhat theo tiéu chuan dao dong da dugc phan
tich & trén ma Quy pham tau bién Nga (RMR-2016) [90] dua ra 1a 8 kHz.

Gia thiét DCTBK tau thuy lam viéc véi vong quay 12000 vong/phut, twong wng f
= 200 Hz. Téc do trich mau néu dat Fs = 20 kHz, thoi gian quay mét chu ky (1 vong,
360°) T =1/200 (s) = 5 mms, s& trich dwgc s6 lwgng mau:

#S =T¢/d: =Fs/f:=20000/200=100 (mau, samples).

Do chinh xac cao ¢é thé dat dugc khi bién doi FFT va cho ta diéu hoa cao nhét bac
#S/2 = 50, trong ang Vi tan s6 50 x 200 = 10000 Hz = 10 kHz.

Néu chon DAQ 9234 dé thu thap tin hiéu cho hé thdng giam sét, ching ta cé thé
ap dung cho cac dbi tuong PCTBK tbc do cao (khoang 30000 + 40000 vong/phit).

Pé xay dyng phan mém giam séat va chan doan dao dong (SVDM, Software for
vibration monitoring and diagnostics), can trién khai xay dung thuat toan va phan tich
thiét ké phan mém dua trén ly thuyét thong ké, xir ly THDD, két hop FFT véi loc
1/3—Octave.

Phan mém ung dung LabView c6 nhiéu chirc ning tién ich cho ché tao may do,
giam sét cac qué trinh vat 1y thuc ciing nhu cac thiét bi a0 (m6 phong) [99].

Phan mém MatLab 1a cdng cu lap trinh toan hoc manh. Két qua lap trinh Code
trong Matlab 1a cac m.file c6 thé duoc dua sang phan mém LabView véi mo dun
MathScript trong LabView.

C6 thé néi viéc lya chon cau hinh DAQ-NI 9234 va str dung nén tang LabView
dé xay dung SVDM rat phi hop véi su phét trién, tng dung cong nghé cao cho ché tao
thiét bi hién dai (thuc hoic ao) dé do, giam sat, chan doan PCTBK tau thuy bang dao


file:///E:/6-NCS/6-%20Tong%20hop%20tai%20lieu/2-%20Tieu%20chuan%20-%20qui%20pham/2-%20Rules/TC%20NGA/RMR/RMR-Part%20vii-Machinery%20isntalnation-edit2016.pdf
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dong. Cong nghé NI da duoc B6 Ptrc Luu va cac cong sy nghién cau, xay dung thanh
cbng may do va phan tich dao dong trén co so cong nghé DAQ va lap trinh code trén
LabView caa NI (National Instruments, Hoa Ky) [11, 13, 15, 24]. Trong d& tai luan &n
tién si nay, NCS tiép tuc ké thira hé théng do dao dong gia téc da kénh trén, s& tiép tuc
phét trién thuat toan va lap trinh code (trén LabView) dé xay dung mot s6 mé dun (VI)
cho xu ly tin hiéu dao dong, xay dung dit liéu mic dao dong cho phép di voi dong co
TBK, ra quyét dinh giam sat dao dong.

Nhu vay, véi sy phat trién cuaa thiét bi cdng nghé hién nay (cam bién hién dai, bo
thu thap tin hiéu téc do cao, cac phan mém tién ich manh hd tro lap trinh code thuan tién)
cho phép ta chu dong thiét ké, xay dung hé thong thiét bi va phan mém dé do, xt ly, phan
tich, GSDP dap ung cac yéu cau, nhiém vu cu thé da xac dinh cho PCTBK tau thuy.

2.4.4. M6 hinh todan cdc dac tinh gidgi han dao dong cho PCTBK tau thuy

2.4.4.1. M0 hinh 16p trgng thai cho GSDP cua DCTBK tau thuy

- Lép D1 1a TTKT cua to hop khi TTKT cua DCTBK tét (dong co mai hoic dang
khai théac tot, mirc d6 dao dong nam dudi ngudng B);

- L6p D2 1a TTKT caa té hop PCTBK xau, MCB du vuot mic cho phép (theo 1SO
1940-1) [76] hoac mirc dao dong vuot qua ngudng cho phép B va dudi ngudng C (theo
RMR) [90]. Tai viing nay, c6 thé may 1am viéc, nhung su ¢b co thé xay ra.

- Lép D3 12 TTKT cua to hop DPCTBK qua Xau, dao dong ngang vuot qua ngudng
cho phép nguy hiém C. Su ¢ khong ludong trude duoc.

DPong co tua bin khi tau thuy 1a thiét bi quay véi tée do Ion (trén 10.000 v/ph), nén
giam séat mirc 46 dao dong la rat quan trong, can duy tri & trang théi luén tot, (I6p TTKT
D1). Do vay trong khai thac, ching ta can quan tdm hai 16p TTKT D1 va D2, & d6 dudng
phén tach gitra hai 16p chinh 1a duong gidi han mirc B. Con viéc phén chia I6p trang thai
D: thanh hai I6p con D11 va D12 khi may méi / may hoat dong binh thuong lau dai
khong hu hong ¢ ¥ nghia 1y thuyét nhiéu hon. Twong ty, 16p TTKT D2 (c6 thé xay ra
hu hong) dugc phan tach thanh hai I6p con D21 va D22 véi duong phén tach gitra hai
I6p nay la duong dac tinh mac dao dong giagi han C. Trong khai thac - bao dudng cac
tau quan sy, ludn duy tri trang thai san sang chién dau, tiéu chuan k§ thuat phai dam bao
muc dao dong nam ¢ 16p TTKT D1. Tir d6, dudi quan diém ly thuyét phan Iép TTKT
cho duy tu bao dudng PCTBK tau thuy, ddi tugng nay dugc phan Iép nhu sau.
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Tap 16p TTKT cua BPCTBK duoc giam sat bang dao dong:
D ={D1, D2} (2.54)
Trong gidm sét, chan doan, theo mirc dao dong cho ting 16p D1, D2 ching ta c6
thé phan 16p cu thé hon, chi tiét hon theo muc A, B, hoic C.

Khi d6, ta viét tap hop cac 16p TTKT cia DPCTBK duoc giam sat dao dong:
D ={D1{ D1.1, D1.2}, D2{D21, D22}} = {D1.1, D1.2, D22, D22} (2.55)

Puong ranh gidi mic A, B va C duoc dua ra duéi dang bang sé lidu di chi trong
Phu luc 1 (Bang 2). Tuy nhién, trong thuc té, véi ting tin hiéu s& c6 do chinh xac khac
nhau, va méi dudng mirc gigi han s& dua vao mot khoang “dung sai, A” twong ung.

Vi du md hinh véi phwong trinh hinh thirc (2.55) ta can c6 3 dudng dic tinh chuan
cho ting diém do (Hinh 2.17).

Pic tinh chuan cia cac duong chuan (gigi han) nay dugc thé hién:
Ci(f) 24i = [Ci(f) - 4i , Ci(f) + A ]; 4i = mi.oi (2.56)

O day:  mi-hé sé phan tan, m =1.8 +3;
i - chi s¢ tin hiéu dao déng (diém do);
oi — phurong sai khi xdc dinh thdng so giam sat Vi.
Nhu vy, dic tinh chuan dung trong gidm sat, chan doan bang dao dong sé& 1a cac
vung ranh giéi, dac trung bai duong céac gid tri trung binh ranh gidi va pham vi dung sai

cua ching cé dang:

Djj+1 = C(D;,Dj+1) ={Cj(f) , 4} ={Ci(f) , oi} (2.57)
2.4.4.2. M6 hinh hod ddc tinh chudn dao déng thang trén TBK tau thuy
Céc vi tri do dao dong thang (DPN) trén DCTBK tau thuy dugc chi ra nhu trén
Hinh 2.17 (RMR, 2016) [90]. Theo d6, d6i v6i BPCTBK dong vai trd may chinh trén tau
thuy, c4c vi tri do dao dong thang duoc chi ra déu nam trén céc chi tiét tinh cia DPCTBK
tau thuy.
Diém quan tim chinh di véi cac THDD do trén DCTBK tau thuy tai vi tri 1, 2, 3,

4,5 1a mac cho phép duoc dwa ra bai Quy pham, tir d6 chung ta can trién khai bién doi
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THDD vé cac dai lwong phi hop rdi so sanh chiing véi mic cho phép. Két qua so séanh s&
cho ta biét TTDP nam trong viing nao tuong ng Voi cac mic A hoic B.

Ngudng gisi han cho TTDD do bang cac cam bién gia toc dugc NCS xay dung tir
ngudng do van tdc dao dong tai tirng tan sé f(Hz) vai co sé toan hoc dugc xay dung tir
ban chat vat 1y cua tin hiéu hinh sin c6 tan sé f (Hz) hay o=2xf (rad/s).

Qui pham RMR [90] dua ra cac ngudng cho phép khi do DBN va DD ¢ dang
THDP van téc duoc bién doi FFT va sir dung bang théng 1/3-octave (Bang 1-Phu luc
1). Tuy nhién, khi ding cam bién do gia toc (m/s?), ta can xac dinh mc cho phép tng
Véi cac ngudng A va B khi tin hiéu dugc phan tich FFT, dung loc 1/3-octave. Tai tung
tan s f trung tdm theo bing thong 1/3 Octave, ta c6 thé chuyén doi bién d6 dao dong
van toc (Av) sang bién do dao dong gia téc (Aa) theo cdng thuc (2.58):

A, = A, * 2mf, m/s? (2.58)

Trong cong thizc (2.58) Ay do bang m/s, con khi Ay do bang mm/s theo ngudng
dua ra tir RMR [90] ta st dung cong thic (2.59):

A, = A, *2mf = 1073, m/s? (2.59)

Két qua chuyén doi muc giéi han sé duoc tong hop vao Bang 2.4 (chi tiét xem
Bang 3 - Phu luc 2).

Bang 2.4. Chuyén d@6i mirc dao dong cho phép d6i véi PCTBK tau thuy

TSTB [Vgnu(f)] [Vgha(f)]
STT | 1/3-octave | A _Level B — Level A — Level B — Level
f-m(HZ2) mm/s mm/s m/s2 m/s2
1 1,6 1,6 2,9 0,016 0,029
2 2,0 1,8 3,5 0,023 0,044
3 2,5 2,2 43 0,035 0,068

Pic tinh chuan cua lop TTKT DCTBK duoc dic trung boi gia tri giéi han dua ra
theo Phu luc 1 (Hinh 1, Bang 2). Buong gidi han d6 duoc md hinh héa bang ham toan
hoc, biéu dién dudi dang hinh thic nhu biéu thic (2.60):

Ci (A= 9()

0} day: t - tan sé trung binh duwoc xet, Hz ;

(2.60)

Ci - mizc do dao dong gioi han (muc A hoac B), dB.
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Hai duong cong gay khac (Hinh 1- Phu luc 1) dugc md hinh hoa theo ting doan

g (), khi 1.6 < £ < 10 H,;
Cy=| 16.5khi10 < f <500 Hy; (2.61)
| 924 (), khi 500 < f < 4000 H,

[ g15(f), khi 1.6 < f <10 Hy;
Cg=| 110,khi10 < f <500 Hy; (2.62)
| 925(f), khi 500 < f < 8000 H,

O day, cac ham sb giae)(f) va g2ae)(f) thu duoc bang giai tich hoi quy theo céc dir
liéu dua ra (trong Bang 2 - Phu luc 1).
MBS hinh ho4 dic tinh chuan giam sat theo dao dong gia tc cling dugc thuc hién

tuong tu nhu trén theo dao dong gia téc (cho céc két qua tinh duoc trong Bang 2.4).

2.4.5. M6 hinh thugt toAn mé pheng GSDD trén DCTBK tau thuy

Bai toan ra quyét dinh TTDD hién hanh duoc thuc hién theo thuat toan gém 4 budc:

Buéc 1. Tao vée to tan sd dao dong trung binh giam sat cho BPCTBK tau thuy (theo
RMR [90]). Tan sb nay duoc viét dudi dang véc to (2.63):

Fop = [Fof (1), Ff (2), ..., Fop(N)]; N = max (size(F,y)) (2.63)

Buoc 2. Xac dinh muc dao dong cho phép A va B (PVLA va PVLB) tuong tng
Vvéi tiring tan sb theo céc dac tinh chuan da dwgc md hinh hoa thanh cac ham sé nhu da
trinh bay ¢ muc 2.4.4.

Burgc 3. So sénh mae dao dong hién tai trén BDCTBK tau thuy (do hoac md phong,
cé xu ly FFT, loc 1/3 octave) véi ngudng PVLA va PVLB (da xac dinh ¢ budc 2) va
dua ra két qua mirc dao dong chung cho DCTBK tau thuy tai tat ca cac tan sb F;(k),
k =1+ N (da xac dinh ¢ budc 1).

Buéc 4. Hién thi (thdng bao) két qua giam sat.

2.4.6. M6 hinh hoa dao dgng va CBP rd to PCTBK tau thuy dat nam ngang trén
MCBD

M6t yéu cau quan trong trong khai thac bao dudng va stra chita PCTBK tau thuy
la CBD 16 to cling nhu cac thanh phan cua rd to trén may CBD dat nam ngang.

C4c tai lidu chuyén sau vé hudng dan ki thuat cho can bang dong ré to PCTBK

[9, 25, 56] chi ra rang cac nhiém vu can bang déu thuc hién ddi véi rd to c6 cau hinh
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can bang trén hai mat phang. Trong qué trinh can bang, phwong phap can bang c6 thé
thém vao khdi luong (han dap) hoic lay bét (mai bt) mot khéi luong nhat dinh ma qua
trinh tinh toan chi dan.

Co s6 toan hoc di dugc DS Buc Luu nghién ciu va cong bd trong mot sé cong
trinh ciia 6ng va cac cong sy [12, 14, 15, 16]. Noi dung co ban vé mé hinh héa dao déng,
CBD cho r6 to cing dit ndm ngang duoc nghién ciru sinh tim hiéu va phat trién cho xay

dung mo phong CBD rd to.

2.4.6.1. Co sé toan hoc cho can bang déng may ro to

a. Xac dinh lwong mdt can bang duw cho phép

Tiéu chuan 1SO 1940-1 cho phép xac dinh lwong mat can bang du cho phép U, ddi
Vi 16 to ciing nhu ddi véi tirng mat phang can bang UZSI) , UZSH) [76].

Céc thdng tin can xac dinh cho tinh toan U, do la:

- Muc (cap) can bing (Grade, Guxx), theo d6 ta c6 G = "xxx";

- Toc d6 khai thac dinh muc caa rd to (n), rpm;

- Khéi lugng r6 to (M), kg.

M6 hinh hinh thiic mat can bang du cho phép chung cho rd to dugc biéu dién:

ep=ep(G,n) [g.mm/kg tr.lugng ro to]

Mbi quan hé: G = ep.o = const. Ung véi mdi loai may r6 to s& ¢d chat lugng mat
can bang du cho trudc (vi du: dbi véi dong co tua bin khi ta sir dung muac G2.5) [76].

Dé khic phuc phai tra ciru d6 thi phirc tap va khong chinh xéac, ching ta xac dinh
ep theo biéu thirc (2.64):

G _ 306G

ep = ; = E (2.64)

Ngoai ra: Uy = e, M (2.65)
Tir do: Up= "M ~9.554%= (2.66)

Phan bd tuong ddi gitta cac mit phing can bang va céc vi tri do dao dong trong

qua trinh can bang dong duoc chi ra trén Hinh 2.20 [9].
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Thong thudng ta can nhap cac kich thuéc A, B, C cho méi twong quan giira cac
mat phang can bang tinh tir cac gbi d&, noi do dao dong. Piém gdc dugc tinh tir goi do
trai khi do cac kich thudéc hinh hoc.

P4i véi mdi cAu hinh trén Hinh 2.20, vic xéc dinh US” , US™, cn duogc thém cac

hé sé hiéu chinh thich hop [12] va cin kiém tra thém didu kién kinh nghiém [76].

r r

=
gm0

B
c
1 =y
Ry R: T g Ky Rz

Ja)

Hinh 2.20. Cau hinh can bang dong ro to trén may can bang dong [9]

b. Chon céc khai lirong thir trén cac mdt phang can bang

Xac dinh khéi lugng thi trong can bang dong sao cho thich hop, néu chon quéa nho
s& khoéng nhan biét duoc su thay d6i dao dong va khong xac dinh dugc cac tham sb can
thiét, con néu qua 16n s& gay dao dong qua manh c6 thé 1am hu hong may. Khéi lugng
thir c6 thé duogc xéac dinh theo [12]:

- Khi rd to nhé, chon khéi lwong thir m; theo cong thic:
m; = 5.U,/r (2.67)

O day: r- khodng cach tir tm truc quay dén vi tri dat tam khoi heong thu.

- Khi rd to 16n ta c6 thé diéu chinh theo hé sé k:

m, =5.kU,/r; voil<k <t (2.68)

Ncb
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2.4.6.2. Qui trinh CBD ré to dat trén may CBP trén co sé phan mém can bang
dong ré to

Xay dyng mé hinh dao dong va CBD rd to cia DPCTBK tau thuy c6 thé dugc dién
giai sau day (San pham la ngi ham nam trong phan mém md phang):

Buwéc 1. Xay dung mé hinh co hé rd to cia DPCTBK tau thuy dit nam ngang trén
may CBD. Hé cac phuong trinh duoc viét twong ty nhu hé phuong trinh (2.9), (2.10)
va (2.11).

Buéc 2. Xay dung md hinh tinh lyc mat can bang quy d6i tir cac khdi lwgng MCB
trén mot hodc hai mit phang can bang téi hai géi da trai va phai.

Buéc 3. Giai nghiém (thuc nghiém s6) hé phuong trinh (2.11) dudi tac dong cua
lyc MCB di xét tai budc 2 bang phwong phap di néu trén.

Buéc 4. M6 hinh tinh luc / khdi luong thir tao mat can bang trong 02 Ian thir nghiém
Véi trong lwong thi. Mo hinh toan dugc str dung nhu trong qua trinh can bang.

Bugc 5. Phén tich nghiém dao dong (mé phong) tai bude 3 don gian hon trong
thuc té do va bién doi tin hiéu. Trong thi nghiém s, vi ta giai nghiém phirc, nén khong
can bién d6i FFT dé thu duoc bién d6 va pha cua dao dong co ban (tan sb bang tan s6
quay cua truc).

Buéc 6. Xac dinh luong mat can bang du theo ma tran anh huong — nhu thuat toan
va co s& toan hoc trong can bang dong [12].

Buéc 7. Pua ra quyét dinh can bang (khéi luong can diéu chinh trong qué trinh
can bang va vi tri dat chung). Co sd todn hoc hoan toan gidng nhu qua trinh thyc.

Buéc 8. Kiém tra mat can bang du sau khi tién hanh can bang. Khau nay trong mo
phong c6 thé bo qua.

Thi nghiém s6 dao dong va CBD rd to PCTBK tau thuy dat trén may CBP s& duoc
trién khai & chwong sau trong phan mém mé phong CBP véi chirc ning gidm sat mac
d6 can bang cua 16 to truéc va sau khi trién khai can bang dong theo quy dinh.

2.5. Panh gia d tin cdy ciia dir liéu do (md phéng) va xdy dung md hinh hdi quy

2.5.1. Danh gia dj tin cdy caa tin higu

Sai s6 cua tin hiéu md phong cé thé xuat hién do nhiéu nguyén nhan nhu sai s6 mo
hinh, sai s6 thuat toan giai nghiém, sai sé bién d6i tin hiéu... Hoan thién mé hinh, t6i wu

hoa thuat toan,... cho phép giam sai sé cua viéc mé phong.
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Phuong phap nghién ctru danh gid sai s6 dua trén co sé ly thuyét théng ké. Ta dua
vao céc thi nghiém c6 dau vao cho ro to can bang véi cac muc do sai sé khac nhau, c6
tinh dén sai s6 ngau nhién. Thuc hién md phong can bing va xi 1y cac s liéu thu duoc
tir phan mém mé phong can bang dong (Simulation Software for Dynamic Balancing,
DBSS) khi phan mém dua ra két qua danh gia mét can bang du (dau ra cua bai toan
nguoc). Vi s6 liéu dau vao (mé phong mét can bang du) va dau ra (tinh nguoc lai chinh
dai luong mat can bang du d6) cho phép thuc hién danh gia thong ké d6 chum (su tap
trung) va phuong sai (su phdn tan), dua ra d6 tin cy cua phan mém theo tiéu chuan
théng ké Schi () [24].

Co s& dit liéu thu duoc qua n 1an thir 1ap (m6 phong c6 sai s6 dau vao mi(k)=m +
dm (v6i dm 14 sai s6 gia dinh do nhiéu tring), sau d6 ta moé phong dugc qua trinh xéac
dinh bai toan nguoc, danh gia lugng mat can bang me(K), k=1,2,...,n (gia thiét ban kinh
r xac dinh, khong doi).

Gia tri trung binh mét can bang uéc luong:

Me = =Yp=1Me(k);  SE =Xk 1[m.(k) —m,]? (2.69)

Tong binh phu:()’ng sai s& SE ¢6 bac ty do v = n-1 (bang sé lan thi nghiém lap trir

1 do 1 phuong trinh lién két tinh gié tri trung binh). Tiéu chuan Schi duoc sir dung cho
kiém tra do tin cay (46 chum) dit liéu dau ra.

Y2(9) = SE/(n — 1) (2.70)

Kiém tra gid tri tinh (2.70) vi gia tri tiéu chuan theo Iy thuyét thong ké x5 (v) dat

B = (1-a) d6 tin cay (a - sai s6), néu xay ra:

2(9) < 75(9) @7y
Khi d6, tin hiéu ndm trong doan:
[m, — ko, m, + kol; 0% = SE/n (2.72)

Trong ly thuyét théng ké, thong thuong chon d6 tin cay p=95%, hay sai s6 a=5%,
néu dit liéu thoa mén diéu kién (2.71), khi d6 k=2. Néu p=99%, k=2.8+ 3.

2.5.2. Tong hop mo hinh hoi quy va ddanh gid dg tin cdy ciia mo hinh

Dé nang cao d6 chinh xac va hiéu qua cua qua trinh can bang dong, giam sai s6
qua trinh mod phong, Luan &n thyc hién viéc xac dinh mé hinh héi quy va danh gia do

tin cay cua mo hinh.
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M hinh hdi quy can dugc xay dung dugc thé hién theo so d6 hop den (Hinh 2.21),
va hé phuong trinh (2.73):

y1= ap ta1x; +azx;

5;2 = bo + b1x1 + bzXz (273)
Nhiéu
(vi tri MCB)

McB X %) | peto—MCBB (ssDB)| Y- VY2 ( ?{ClB o

Input > Calculate

(Input) HOP DEN

m= [mjp, mMag]
F -
{ e =g tax tax

Vy=by+bx +bhx

Hinh 2.21. So @ md hinh hdi quy chan doin mit can bing

Trén Hinh 2.21 va hé phuong trinh (2.73), nhan té X1, X2 dic trung cho dau vao
cua thi nghiém, cd gia tri +1, twong tng véi gia tri MCB dau vao my va m; tai gia trj 16n
nhat va nho nhat trén MF | va I, Xi2) = [-1,1]; m1 = [M1o-Amz, Mao+Ama]; Mz = [Mao-
Amgz, Mao+Am2], cOn CAc gid tri quan sat duoc (tinh dugc tir phan mém can bang dong)
la gia tri MCB y1 va y2 dua ra.

MA4i quan hé giira x1, X2 va khéi luong tuyét déi MCB duoc xac dinh :

my = My, + x,Amy, k=12 (2.74)

M6t phuong trinh trong hé tuyén tinh (2.73) c6 3 an nén néu thiét ké thi nghiém theo
ké hoach day du c6 2 nhan tb s& can: N=22 =4 thi nghiém, khong du sb lan thi nghiém dé
danh gia do tin cay cua két qua. Do d6 can mo rong ké hoach thi nghiém vai s6 1an lap cho
mbi thi nghiém chinh 1a 3. Nhu vay, tong s6 s6 lan thi nghiém la N=12.

Xay dung md hinh héi quy chan doan MCB cho 16 to trén GTE dang (2.74) thuc
hién bang phuong phép binh phurong nhé nhét céc sai so, danh gia do tin cay cia mo
hinh thu dugc theo tiéu chuan théng ké Fisher.

Hé s6 a =[ao, a1, a2] (ciing tuong tu cho b =[bo, b1, b2] ) trong hé phwong trinh
(2.73) duogc xac dinh theo (2.75).

Fp=y »a=F"F)'(F'y) (2.75)

O day, F 1a ma tran théng tin gom 3 cot va 12 hang, trong d6 cot thir nhat 1a véc to

don vi, hai cot sau ¢ gia tri bang cac gia tri cua hai cot X1 va xz.
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2.5.3. Mb hinh héi quy da bién dinh gid két qud ciia md phéng can bang déng

M6 hinh 2.5.2 chi xét dén sai sé ngau nhién cua hai tin hiéu vao khéi lugng mat
can bang gia dinh (M1 va my). Trong thuc té can bang dong can tién hanh can bang & vi
tri goc pha (y1 va y2) cing nhu ban kinh (R1 va Rz) dat hai khéi lugng bl (mét can bang).
Nhu vay xuat hién nhidu (khéng chinh x&c) tir 6 bién dau vao trén do thao tac cia nguoi
can bang c6 sai sot (du d6 1a khach quan, ludn xay ra). Sau bién trén 1a 6 nhan té (factors)
c6 gia tri bién thién Xk = [Xkmin, Xkmax], k=1...6 dugc dua vé bién (nhan t) twong ddi,
bién thién x(k) = [-1, 1].

Phan mém md phong can bang dong dua ra chi bdo vai 6 thong tin: Y=[y1, y2, ...,
ys] cho mét 1an thi nghiém (maot 1an can bang) twong ang X=[X1, Xa, ..., Xe] qua md
hinh toan cua may can bang dong. Néu md hinh tuyét déi 1y tuong, sé c6 Y = X. Tuy
nhién, do 1a mé hinh nén bao gio ciing chi dua ra gié tri gan dang, gi tri udc luong.

Giira dau vao va chi bao (udc lugng) tir mé hinh mé phong c6 mat lién hé (2.76)
du6i day, v6i cac hé s6 Awo, Axi... Aks duoc xac dinh tir giai tich thong ké sé liéu thi
nghiém (mé phong sb).

y\k = AkO + Aklxl + e+ Ak6x6; k=16 (276)

Vi 6 nhan t6 X1 ...e, khi thi nghiém theo ké hoach day du hai mac +1, s& phai to
chic 2% = 64 thi nghiém (Full Factorial Design of Experiment, viét tat Full Factorial
DoE). Theo DoE nay s& mat nhiéu thoi gian. Do vay ta trién khai theo DoE Fractional
Factorial 2", v&i n=6, k=2, nén s thi nghiém chi con N =24=16.

Gia thiét thuc hién ké hoach véi N=16 thi nghiém [60], dau ra yk duoc chi bao voi

Ccac gia tri udc luong Y,, sé dugc md hinh hoéa theo (2.76).
Viét lai mé hinh duéi dang:

Ve =1 Ak + 216'=1 XAy = [1x1...%6]. A; Ap = [Ao Agr - A" (2.77)

:)/}k = Fk'Ak; Fk = [1 xl...xé] (278)

Tu N thi nghiém, thu dugc hé phuong trinh ¢6 16 gia tri udc lwong dai lugng duoc
chi béo yk, dugc viét theo ma tran thong tin F:
Véi Fi(m) = [1 x1(m) x2(m) ... Xe(m)] khong phu thudc vao dau ra thi k, hay Fx(m)

=inv(K), nén ta bo chi sé k.
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Véc to F(m) mang théng tin vé trang thai cia véc to nhéan té diéu khién dau vao.
Tai N thi nghiém déu do véc to trang thai nhan té diéu khién quyét dinh. Lan thi nghiém
tha m, véi véc to nhan t& F(m) =[1 xi(m) X2(m) ... xe(m)] dua ra gia tri w6 luong:
9 (m) = F(m). A, ; m=1...16. Tir d6 ta c6:

Y (1) F(1) V(1)
e = e Ak=FAk;Vk=FAk;Vk= e (279)
Ye(N)1 LF(N) Yie(N)
Ta xéac dinh duoc hé sé caa phuong trinh hdi quy (cho chi béo thi k):
Ay = (FTF)Y L FTV; G =F'F 2 A, =G LFV,k=1..6 (2.80)

Do tin cay cua (2.80) duoc kiém tra theo tiéu chuan thong ké Fisher.

Tir 6 m6 hinh dang (2.80), bai toan ngugc xac dinh trang thai can bang (X):
X = (BTB)™'BT(V —A4y) = H,(V — 4y) = Xo + H,V = H[1V]T;  (2.81)

Trong d6: Ao = [Ao1---A06)™; B={Ap;p,q =1,..,6};
H, = (BTB)™'BT; X, = HyA¢; H = [X, H,]

2.6. Két luan chwong 2

Chuong 2 da thiét 1ap cac md hinh dong hoc dao dong (xoan, doc, ngang) trén
DCTBK tau thuy trén co s so d6 nguyén ly két cau va chirc nang cia DPCTBK. Tong
hop duoc co so Iy thuyét va cong nghé dé trién khai giam sat dao dong khi can bang
dong r6 to cling nhu khi may hoat dong trén tau thyc.

Giam sat dao dong TBK (bai toan b) trén co so: Phan tich, lya chon dugc céc tiéu
chuan mic dao dong cho phép; thu duoc cac dic tinh chuan (Ref.) - ham toan cho céc
duong cong biéu thi cac gisi han dao dong cho cua PCTBK tau thuy theo Quy pham;
dua ra phuong phap va mé hinh toan cho bién dbi tin hiéu do (gia toc) vé dang tin hiéu
chuan (dao dong van tbc) ciing nhu xir ly (loc 1/3 — octave, bién ddi FFT); dua ra thuat
toan ra quyét dinh GSDP.

Giam sat dao dong khi can bang dong ro to trén may can bang dong (bai toan a)
duoc trién khai trén co sé thu thap, xu ly tin hiéu dao dong ngau nhién (md phong) véi
co so toan hoc cho: kiém tra tinh chat dong nhat (d¢ tin cay) cuaa tin hiéu dau vao theo

tiéu chuan thong ké Schi (x2); Thiét 1ap duoc md hinh hoi quy va danh gia do tin cay
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cua nd theo tidu chuan théng ké (Fisher). Day 1a co s& dé mo phong dao dong va GSDD
& chuong 3 va thiét ké hé thong va thir nghiém giam sat trén tau thuc o chuong tiép theo
(chuong 4).

Phan tich va lya chon cong nghé dé Iya chon cau hinh cua thiét bi do dao dong
gom dau cam bién gia téc va bo thu thap dir lisu DAQ-NI 93324 ciing chasis (khung)
tuong thich. Phéan tich dé thiét 1ap cu hinh trich mau khi do, giam sat dao dong theo

vong quay khai thac cua TBK ciing nhu tiéu chuan dao dong lién quan.
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Chuwong 3. MO PHONG GIAM SAT DAO PONG NGANG
TREN PONG CO TUA BIN KHI TAU THUY DR76

O chuong 2, luan 4n d3 phan tich va tong hop co s& ly thuyét cho GSDP va chi ra
viéc can phai thu thap, bién ddi tin hiéu, so sanh va dénh gia dugc trang thai dao dong
cua DCTBK tau thuy véi cac tiéu chuan dwgc tham chiéu cho dang dao dong ngang
duoc xét toi. Giam sat dao dong chi thuc hién dugc khi ¢ céc két qua thu thap dir liu
dao dong va phan mém thyc hién cac chirc ning GSDP twong ung.

O chuong nay, luan an s& xay dung mot sé chwong trinh (VI, thiét bi 40) bang phan
mém LabView (c6 sir dung m.file cua MatLab) dé thuc hién cac chirc ning co ban trong
phan mém cua thiét bi do, GSDD (s& duoc thiét ké ché tao) cia DPCTBK tau thuy ciing
nhu chirc ning cia phan mém can bang dong céc rd to cua PCTBK.

Cac noi dung md phong bao gom:

- Xay dung tin hiéu DDN qua thi nghiém sé (md phong sb);

- Xay dung ngudng cho phép dbi vai DDN (md phong);

- Bién d6i tin hiéu DDN; mé phong gidm sat dao dong cia DPCTBK; mé phong
CBD va danh gia MCB dong.

3.1. M6 phéng dao dong cia PCTBK tau thuy

3.1.1. Thong sé ky thugt PCTBK tau thuy

Nghién cttu md phong dao dong trén DCTBK tau thuy thyuc chat trién khai giai bai
toan dao dong da dugc nghién ctru va dugc mo hinh hoa dudi dang cac hé phuong trinh
toan hoc viét cho co hé tuong ng véi dang dao dong duoc xét (& ddy luan an gigi han
chi xét dén dang dao dong ngang cua tirng té hop may), ap dung cho BCTBK cu thé
dugc md phong. Pdi tuong duoc mod phong c6 thong tin va co so dir lidu day du vé bd
tri dong luc ciing nhu céc thong s dic trung dé xac dinh cac hé s6 caa cac md hinh toan
hoc (khdi luong, dd cang) ciing véi ché d6 khai thac dic trung (dai vong quay khai thac).

Trén cac tau thuy quan sy cia Viét Nam hién nay st dung nhiéu loai BPCTBK khac
nhau. Trong cac diéu kién thuc té, viéc tiép can, nghién ctru cac dong co nay tuong ddi
kho khan. Hién tai, trong Quan chung Hai quan va Hoc vién Hai quan (don vi cong tac

cua NCS) duoc trang bi PCTBK DR76 dé phuc vu huan luyén va chién dau bao vé cha
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quyén bién dao, do d6 NCS chon dong co nay dé lam ddi twong dé md phong va thi
nghiém trong cac noi dung cua luan an.

CAu tao va cac tinh ning k¥ thuat co ban cia PCTBK DR76 [32] dugc gidi thiéu
trong Hinh 3.1, Bang 3.1 va Bang 3.2.

Hinh 3.1. So' @6 ciu tao ddng co tua bin khi DR76 [32]
1- Thiét bj dau vao; 2- Péng co khdi dong; 3-May nén thap ap (MNTA); 4-May nén
cao ap (MNCA); 5- Buong dot; 6- Tua bin cao &p (TBCA); 7- Tua bin thap ap (TBTA);
8- Tua bin chan vit (TBCV); 9- B¢é may sau; 10. Bé mdy truoc.

Bang 3.1. Tinh ning ky thuat DPCTBK DR76

TT Tén thong sb Pong co DR76
1 | Kich thuéc DxRxC, mm 3914x1160x1720
2 | Khéi luong, kg 2300
3 | Cong suat dinh muc, HP 4000 ¢ 15°C; 2850 & 35°C
4 | Suét tiéu hao nhién liéu & 100% cdng suat, g/ml.h 195
5 | Tiéu thu khong khi, kg/s 16
6 Sfo\girjggrpqrga()\lmigypéhgg khong tai caa may nén 13800 + 15800
7 | Ty s6 tang ap suat 14
8 | Nhiét do khi thai 16n nhat ¢ ché do tién, °C Nhé hon 650°C
9 | Tudi tho dai tu (khdng qua 02 lan), nam (gio) 6 nam (2000 gio)
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Bang 3.2. Thong sé k§y thuat cac thanh phan chinh cia PCTBK DR76

- Thong sb Céc ro to cia dong co
Ky thuat MNTA | TBTA | MNCA | TBCA TBCV
1 | Khéi lwong, kg 475 44,5 7642 118,5
2 | buong ,kmh co 85 62 85 70
truc trudc (mm)
3 | buong kinh co 85 85 85 70,5
truc sau (mm)
4 | Chicu dai toan | 444 888 739 533
bo (mm)
5 | Buong kinh 400 485,6 462 692
max, mm
S6 cap canh 8 1 9 1 3
S0 canh Cép 1: 20 Cilp 1:44
Cip 2: 26 Cap 2: 44
e Chp 3: 50 Chp 1: 82
Cap 3: 28 z £
Cio 4- 30 Cap 4:50 Cap 2:78
P 70 | CAp5:55| 96 | Cép 3-tién: 64
Cép 5: 32 ) PN
i Cap 6: 57 Cap 3-lui: 128
Cép 6: 36 .
p Cap 7: 56
Cap 7: 42 :
Cip 8 44 Cép 8: 55
P e Cap 9: 54
8 | Toc do vong
quay tién o - - -
100% cong sudt, < 15500 < 21000 <8600
rpm (v/phat)
9 | Dai toc @6 lam
viéc, rpm 9500 + 14200 13000 + 20000 2800 + 8600
(v/phut)

3.1.2. Thugt todn chung mé phéng daoe dgng cac phan ti chinh ciia déng co tua
bin khi tau thuy

Thuat toan giai nghiém cac dao dong ngang co ban cia DPCTBK tau thuy dugc xay
dung trén co s& cac mo hinh toan da dugc xay dung tai muc 2.2.1, va dugc lap trinh tinh

toan trén Matlab va Labview.
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So d6 thuat toan giai nghiém cac dao dong cia DPCTBK tau thuy dwoc chi ra tai
Hinh 3.2.

( Bit dau )

Y

- Cac théng s6 mo hinh:
M. Ci. C2. K1 K. 1. Q

- Luc cudng birc: F(t). 1. ¢

\ 4
- Tinh toan dao dong tw do:
1o, Mg
- Tinh rung trén gdi do:
XXX 0)

Y
In An:

- Bang két qua
- DO thi

Y

(| Két thic )

Hinh 3.2. So' @6 khdi giai nghiém tinh DPN trén PCTBK tau thuy

M - Khoi liong rd to; Ci1, Cz - Bé cirng goi dd, dg cung bé do;
K1, K2 - Hé s6 can goi do, hé sé can bé da;
n - Toc dé quay (vong/phit - rom); Q - Téc dé goc (rad/s);
F(t), r, ¢ - Luc mdt can bang, ban kinh, pha;
No, wo - toc do, tan so goc dao dong tu do;

X1, X2 - Cac nghiém tinh rung trén géi do

3.1.3. M6 phéng dao dong ngang cua PCTBK tau thuy

3.1.3.1. Md phéng tinh tan sé dao déng ngang cac ro to cia PCTBK tau thuy dat
trén cac goi do

Muc dich md phong tinh toan dao dong ngang tu do, phuong thiang dting 1a dé tim
tan sé dao dong ty do cua cac 16 to tua bin khi. Pay 13 co s& danh gia nguy co xay ra

cong hudng cua cac dao dong trong dai tée do quay 1am viéc cia may ro to.
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M6 dun mo phong tinh dao dong tu do cac rd to caia BPCTBK tau thuy duoc lap trinh
trong LabView nhu trén Hinh 3.3.

[ Ee.aringA
mi (kg) m2 (kg) M : 2 . c :
el J El1s J 02 |o - 120000 |[-120000] | . 180 |[-180
) ‘ 0 15 X+ | |-120000 || 25128+ | | X +| [-180 || 230 =0
C1 (N/m) C2 (N/m) | | L
=1 [120000 J = [25e+7 J
;ﬂ et ;Z(st : LA IREDRER FREEDOM VIBRATIONS A
m m '8
rf: — ] f’f-ﬂ—‘] nl(rpm) Ol (rad/s) Q2(rad/s) n2(rpm)
(160 || |[m22 || 1ossr || |[12374 ||
Bearing B
m1 (kg) m2 (kg) i . |

D C
Elo J o J oz Jo || - [[r20000 [-220000]| . [[120 -8

0 1 X+ | |-120000 || 25128+ | | X +| [-180 || 230 =0
1 (N/m) 2 (N/m) | L L
:f:yg—” :f:yg—” |
‘ ‘ B -MATHMODEL FREEDOM VIBRATIONS B
dl (Ms/m) d2 (Ns/m) r
,:?’0_‘] r;f;yg—‘] i Q1(rad’s) Q2(rad/s)  n2(rpm)
L L (160 || |[m22 || [1oss1 || |[12374 ||

Hinh 3.3. Tinh dao dong tw do cia co hé
Trén giao dién truc quan cia mé dun nay cho phép nhap cac thong s6 dong luc hoc
cta co hé cho cac gdi d&, chuong trinh tinh s& dua ra két qua md hinh viét duéi dang ma
tran cho dao dong tu do cua co hé va két qua tinh tan sb tu do cua co hé cac gbi. Néu co
hé c6 tinh chat d6i xang, chuong trinh chap nhan dix liéu dau vao cho mot nhanh (Mot goi
d5), két qua dao dong tu do duoc hién thi cho hai nhanh nhu nhau.
Két qua mod phong tinh tan sé dao dong tu do cua céac rd to cia DPCTBK tau thuy
duoc tong hop cho ting rd to cua DPCTBK va duoc trinh bay trong Bang 3.3.
Bang 3.3. Tan sé dao ddng tw do cia cac ré to PCTBK DR76

Bb dik liéu diu vao Nghiém tan | Nghiém tan so
A ) ) so twdo 1 tw do 2 Dai toc do
TT| ROtO [my m[cCi [C | ke ka wo1 Noa 02 No2 lam vigc

kg |kg [N/m |N/m [Ns/m|Ns/m|rad/s | rpm |rad/s | rpm (rpm)

MNTA [23,75| 5 8,8E82,2E8| 50 | 80 |15829 [151150| 2551 | 24360 |9500 + 14200

1 23,75| 5 [7/,0E7R,2E8| 50 | 80 |7664,2|73187 |1485,9| 14189 |9500 + 14200

23,75| 5 R,7E7R,2E8| 50 | 80 |7037,5|67203 [1005,0| 9597 |9500 + 14200
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Bb dit liéu diu vao Nghiém tan | Nghiém tan s6
A ’ i so tw do 1 tw do 2 Dai téc d
TT| RO [y Tmy[Ci [Co [k [ ke | wor | Nw | wo No2 lam vigc

kg |kg [N/m |N/m [Ns/m|Ns/m|rad/s | rpm |rad/s | rpm (rpm)

22,25| 5 18,8E8R2,2E8| 50 | 80 |15895 [151790| 2624 | 25060 |9500 + 14200

2 TBTA [22,25| 5 [7/,0E72,2E8| 50 | 80 |7667,6|73220 [1534,5| 14653 | 9500 + 14200

22,25| 5 R,7E7R,2E8| 50 | 80 |7038,2 (67209 [1038,2| 9914 |9500 + 14200

38,00 5 |8,8E82,2E8| 50 | 80 15456 [147600| 2065 [ 19720 |[13000 + 20000

MN-
3 TBCA 38,00| 5 [7/,0E7]2,2E8| 50 | 80 (7645,6|73010 (1177,5| 11245 {13000 + 20000

38,001 5 [2,7E7)2,2E8| 50 | 80 (7034,1|67171 (794,9 | 7591 {13000 + 20000

59,25| 5 B,8E822,2E8| 50 | 80 |15233 [145460| 1678 | 16030 | 2800 + 8600

4 TBCV [59,25| 5 [7,0E7R2,2E8| 50 | 80 (7634,8(72907 |944,4 | 9018 | 2800 + 8600

59,25| 5 2,7E7R,2E8| 50 | 80 |7032,1|67151 |636,8 | 6081 | 2800 + 8600

* Nhan xét:

Qua md phong tinh tan s dao dong tu do ciia cac r6 to PCTBK tau thuy DR76 ta
thay, véi cac do cang cua 6 d& Cy1 = 2,7.107 + 8,8. 108 N/m, c4c tan s6 dao dong ty do cd
thé xuit hién trong ving téc do 1am viéc cua cac 16 to twong Gmg. Pay 1 co so lya chon
6 do cho dong co dé tranh tan ¢ cong hudng nam trong ving tan sé lam viéc caa dong
co, ciing nhu dé xéac dich khoang tan sé lam viéc nguy hiém (cong huong).

3.1.3.2. M6 phong DDN do MCB trén DCTBK tau thuy

a. M6 phong luc MCB quy doi vé géi do trai va phdi cia céc rd to

Gia thiét rd to bi MCB tai hai mit cat 1 va 2 qua viéc nhap khéi lugng mat can bang
mi, ban kinh léch tam quay eui va goc léch pha Phmi (46 goc quay truc). Bang phuong phap
tinh quy doi vé vi tri gbi d& trai va phai, ching ta thu dugc luc quy dbi twong dwong, xac
dinh bai bién d6 va pha twong tng cho goi trai va gbi phai.

Trén co s& cac thdng s két cau, lap dat cua 16 to, dat trén hai gdi d& véi mot trong
9 phuong an xay ra mat can bang (trén mot miat phang hoac hai mat phang), Modul tinh

luc quy doi vé céc gbi do tu dong tinh dé dua ra két qua nhu tai Hinh 3.4,
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ROTOR FORCE CONFIGURATION

RESULT
Parametter - CF1
C
METHOD - FA
A (mm) B (mm) C (mm) B
cr1 |7 = = _ > 238.82
200 500 |° 800 |°
A
Theta L
00 1000 1200 R1 R2
60 '/ 1400 cG 34.6
~ e dm1 (gams) R1 (mm) Thetal (Deg)
100~ | 1600 -~ s = ‘ ® ‘
B i 100 [ 90 [ 30
a0” | 71800 FR
! 20 177.58
N (RPM)
1500 hi hr
dm2 (gams) R2 (mm) Theta2 (Deg) Theta R
STOP 80 ° 100 |° 45 = 40.36
CF1

Hinh 3.4. Mé phéng tinh lwe quy ddi caa ro to trén gbi do
O day ta can chon cau hinh cho thich hop (CF1 + CF9), diang nhap cac khoang
cach A, B, C, c4c gia dinh mat can bang cé khéi luong dma, dmz; Vi tri 1éch tam truc R1,
R2 va goéc léch pha Thetal, Theta2.
Cac két qua vé bién do va pha cua ngoai luc cudng bie diéu hoa bac 1, duoc tinh

toan cho tirng cum ré to dugc va tong hop trong Bang 3.4.

Bang 3.4. Luc mét can bang caa cac ré to PCTBK DR76

B dir li¢u diu vao Luc FL Luc Fr

Nmin-

TT | RO to A B C |mu| et |[Phmi|mu | e |Phm2| FL |Phre | Fr | Phrr

rpom |mm | mm |mm | g | mm |deg | g | mm | deg N deg N deg

13500 37,5 |542,5| 714 | 3,0 | 200 |45,0| 3,0 | 199 | 60,0 |1051,4| 48,0 | 829,6 | 64,7

MNTA
! (CF1)
15500 | 37,5 |542,5| 714 | 3,0 | 200 [450| 3,0 | 199 | 60,0 |1386,0| 48,0 |10937| 64,7
BTA |13500| 769 | 847 | 78 | 50 | 243 45000 | 00 | 00 |158,1 450 (15589 450
2
(CF7)

15500 769 | 847 | 78 | 5,0 | 243 |450| 0,0 | 00 | 0,0 |208,4 | 45,0 |2055,1| 45,0

MN- |13800| 70 | 535 | 612 | 3,0 | 164,5 | 450 | 3,0 | 231 | 60,0 | 969,8 | 47,0 |1179,0| 53,6
3 | TBCA

(CF2) |15800| 70 | 535 | 612 | 3,0 | 164,5 |45,0| 3,0 | 231 | 60,0 {1271,3| 47,0 |1545,5| 53,6

TBCV 5000 |155,0|297,0(374,0| 5,0 | 692,0 | 45,0 | 5,0 {692,0| 60,0 | 561,9 | 48,9 | 930,3 | 40,6

CF1
(CFD) 11000 |155,0(297,0(374,0| 5,0 | 692,0 | 45,0 | 5,0 |692,0| 60,0 |2719,6| 48,9 |4502,9| 40,6
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b. Két qua md phdng dao dong ngang rd to dong co tua bin khi DR76

Khao sat dao dong cua cac rd to chinh trong PCTBK DR76 trén céc gbi da, dudi
tac dung cua luc cudng bic diéu hoa bac 1, trong cac ving toc do 1am viée twong tng
dic biét phan tich ki ving gan tan sé dao dong tu do da ghi nhan & trén (c6 thé cong
hudng). T co s& toan hoc da trinh bay ¢ Chuong 2, luan an da xay dung VI tinh dao
dong cudng buc cua co hé (Hinh 3.5).

RESULTS OF VEROSIM LEFT SIDE

Bearing A
pHGHIAIMONIES VIBRO-AMPLITUDE (Micro-met)
il (kg) m2 (kg) FL- UNBALANCE K2 [} 1
Lo ] (15 J AMPL. () L2 ] e J
1 (N/m) C2 (N/m) 100 | )
= - N | J AMPLITUDEL AMPLITUDE 2 | VIBRO-PHASE
22000 [} [2E-7 | PHASE. (DEGR) O O (
dl (Msf) d2 (Ns/) ) - )
altehy) - cliEh) |1 J PHASE(DEGR)L ~ PHASE(DEGR) 2
180 50 \ J [ 1 l
| J | J 0 0
_ o (o L | T T
Bearing B 0
r 3 L J HIGH HARM. RESULTS OF VBROSIM -RIGHT SIDE
2 (k K2 [}
[nl (kg) QL (kg) . b . = - VIBRO-AMPLITUDE (Micra -met)
|2 e J FR- UNBALANCE e ] (L J
€L (N/m) C2 (N/m)
= S AMPL. (M) AMPLITUDEL AMPLITUDE 2 L
o : 5 - - 3
| J L [o | o | [o | | VIBRO-PHASE
d1 (Ns/m d2 (Ns/m ) ' ) S ) [
L) (/) PHASE. (DEGR) PHASE(DEGR)L  PHASE(DEGR) 2

o j Lo j

0

Hinh 3.5. M6 phéng tinh dao dong cwdng bic cia co hé

Trong VI tinh dao dong cudng bic Hinh 3.5, luc cudng bic tac dong 1én gbi dong
la lyc mat can bang, c6 diéu hoa bac 1, c6 thé bd sung cac diéu hoa bac cao. Cac nguon
lyc cudng buc khac cling duoc md phong. VI md phong nay s& 1a mé dun con (SubVI) dé
sir dung mo dun chung thuc hién nhiém vu tinh dao dong cudng birc co hé. Lap trinh code
giai bai toan dao dong cudng birc dugc trién khai trong MatLab, dudi dang m.file, sau d6
chuyén sang LabView qua toolkit MathScript.

Véi cac thong sé dau vao duoc lay tir Bang 3.2, Bang 3.3 va Bang 3.4, két qua mo
phong dao dong tai ting gdi d& bén trai (Left) va phai (Right) duoc téng hop lan luot
trong cac Bang 1 + 8 - Phu luc 3.

* Nhan xét vé két qua md phong:

Céc két qua md phong cho thay, mic do dao dong Ion caa cac cum rd to cd thé
Xut hién trong viing pham vi tbc do 1am viéc cua ching, cu thé:

- Méy nén thap ap: Xmax = 4,3 (3,2) mm & téc d6 n = 15400 rpm,

- Tua bin thap &p: Xmax= 6,1 mm & téc do n = 15900 rpm;
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- May nén - tua bin cao &p: Xmax = 2,8 (3,4) mm & toc d6 n = 12200 rpm;

- Tua bin chan vit: Xmax = 8,7, (14,5) mm & téc do n = 9800 rpm;

Diéu nay cho thay kha ning mat an toan d6i véi PCTBK trong vung téc d6 1am
viéc khi su mat can bang xay ra ddi véi cac ro to caa DCTBK.

Véi cac két qua mé phong (tinh) dao dong thu duoc trén (gom bién d6 va pha dao
dong) hoan toan c6 thé md phong DPN trén DCTBK tau thuy, cu thé 12 DR67.

3.2. M6 phéng DPN da diéu hoa trén PCTBK tau thuy

Tin hiéu dao dong trén BCTBK tau thuy 1a dang tin hiéu da hai (da diéu hoa,
nhiéu thanh phan diéu hoa) s& duogc sir dung vao muc dich giam sat MCB (di véi tan
s6 co so cua chung), ciing nhu danh gia chung vé mutc 46 dao dong dé bao vé PCTBK
khi khai thac (theo cac ngudong gidi han).

Viéc xay dung md phong nay cho phép ta nghién ctu cac phép bién doi FFT dé
danh gia d6 tin cay (do chinh xac cta céng cu todn hoc) dugc stir dung. Sau nay cac mé
dun (VI) nay duoc st dung vao viéc chung xay dung phan mém giam sat.

Thuc té dao dong cua cé4c rd to ciia dong co tuabin khi do tac dung cua nhiéu luc
kich thich vai cac tan sb khac nhau va cac nhidu. Cac tan sé nay ti 1& véi tan sé 1am viéc
cua tirng cum rd to va ti 1é véi s6 canh ting cap ro to.

Phuong phap dé mé phong DPN cua DPCTBK tau thuy c6 thé lua chon theo:

() - M6 hinh toan tinh DDN trén céc géi d& cua PCTBK;

(b) - Tin hiéu DBN do duoc trén bé d& cia DCTBK lap trén tau thuc, trong diéu
kién khai thac thuc té;

(c) - Tin hiéu DBN xay dung theo mé hinh chuyén gia.

Tin hiéu DDN xay dung theo phuong phép (a) 1a két qua giai bai toan tinh DDN
trén co s MO hinh toan cho co hé cua cac ro to BPCTBK (da trinh bay trong chuong 1
va md phong & phan trén).

Tin hiéu DBPN xay dung theo phuong phap (b) 1dy cac két qua do DDN trén
DCTBK lap trén tau thuc khi khai thac trong diéu kién thuc té. Tin hiéu thuc té do
duoc ndy cho ta c4c gia tri bién d6 dao dong theo thoi gian va cac pho tan twong ung.

Tin hiéu DBN xay dung theo phuong phap (¢) duwoc xay dung tir md hinh toan
chuyén gia, chtra thdng tin tir mé hinh toan thu duoc tir (a), mang dic diém cua tin hiéu
do thyc (b).
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Trong luan an nay dé mé phong THDD ngang ctia DCTBK tau thuy, NCS chon
phuong phap (c) boi THDD dugc md phong theo (c) linh hoat va mém déo hon trong
viéc thay ddi cac diéu kién bién.

Qua phan tich cac quy pham ciing nhu thyuc té do dac cac tin hiéu dao dong cua
DCTBK tau thuy, phuong trinh THDD ngang ciia PCTBK tau thuy c6 dang:

A=Ay + Y Absin(kw;t +v) + n(t)
O day:
wi - tan sé goc ciia cdc ré to déng co tua bin khi, (i=1,2,3).
k - s6 canh trén céc tang canh cia cdc ré to PCTBK tau thuy.

Code Iap trinh VI - md phong Labview THDD trén 6 d& cua tirng cum rd to va trén
cac bé d& cuia DPCTBK DR76 nhu trén Hinh 3.6. Céc thdng sé két cdu va khai thac cua
DCTBK DR76 dua vao 1ap trinh lay tir Bang 3.2.

Tin hiéu DPN c6 nhiéu, cong nhiéu hai cia cum may nén thap 4p (MNTA) (9 tang
canh) c¢6 10 diéu hoa vai cac bién do va pha dugc nhap vao VI tinh THDD duoc trinh
bay nhu trén Hinh 3.7

Két qua mé phong THDD cho cac cum chi tiét khac cia DPCTBK DR76 dugc tong
hop trong Phu luc 3.

Hinh 3.8, va Hinh 3.9 chi ra két qua danh gia do chinh xéac cua thuat toan va bién
d6i FFT trong LabView cho thay do chinh xac rat cao (khdng co sai khac) gitra véc to
bién do vao va véc to bién do thu duoc sau phép bién doi FFT tin hiéu theo thoi gian sang
tan sé trong LabView (Mathscripts) d6i véi véc to 10 hai, c6 nhidu dic trung cho THDD
ngang trén rd to cua PCTBK tau thuy. Két qua cling twong tu cho véc to pha.
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3.3. M6 phéng CBD r6 to DPCTBK tau thuy trén may CBD

Can bang dong thuc chat 13 qua trinh giam sat, diéu chinh lugng MCB du cua chi
tiét (rd to) nam trong viing cho phép. Tiéu chuan mot rd to 1am viéc véi yéu cau nghiém
ngat vé mat can bang duoc dua ra theo ISO 1940-1 [76, 77]. Van d& md phong can bang
dong trén xuong (Shop Balancing) hay dat ro to trén may can bang dong (MCBPD) ¢o ¥
nghia thyc té rat cao, gan lién vai qué trinh bao dudng, sira chita DCTBK.

Can bang dong cac ro t6 duoc thuc hién trén MCBBD. Thiét bi nay c6 co cau dan
d6ng rd to quay & cac toc do theo yéu cau (dugc gidm sat bai cam bién téc do quay cua
truc rd to), cac cam bién do dao dong trén hai géi d& cua may. Tin hiéu dao dong duoc
thu thap tong hop qua b bién ddi tin hiéu (DAQ) va dugc dua vao phan mém dé phan
tich va chan doan sy MCB cua 16 to, qua dé thuc hién qua trinh can bang theo cac gia
tri khuyén cao dé ro to dat duoc sy can bang dong trong cc gisi han cho phép theo cac
tiéu chuan ky thuat [9, 25, 76].

Qua trinh can bang c6 thé thuc hién trén mot hoic 2 miat phang. Thong thudng
can bang dong trén MCBBD thuong st dung phuong phap can bang trén 02 mat phang
[9, 25, 76].

M6 phong can bang dong cac rd to nham muc dich 1am cha qui trinh, phuong phap
can bang dong bang do dao dong va danh gia chat lugng can bang dong trong thyc té
gidm sét can bang dong cho dong co tua bin khi khi sira chita trén xuéng.

3.3.1. M6 phéng dao déng trén cac géi dé ciia may can bang dgng

Giao dién cua md dul VI mé phong dao dong trén céc gbi d& cia may can bang
dong duogc thiét ké, 1ap trinh trong LabView thé hién trén Hinh 3.10.

Cac chire nang cua phan mém thuc hién md phong dao dong tu do, dao dong cudng
birc ciing nhu ché d6 tinh va hién thi dao dong theo thoi gian va tan s6, mic dao dong
(Level). Céc dir liéu can nhap cho hai nhanh géi d& trai va gbi phai. Ving hién thi két
qua twong ng cho khu vue d6 thi va viing chi bao mirc dao dong cho diéu hoa bac nhat

(do mat can bang).
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3.3.2. Md phéng CBD ré to diit trén may can bang déng

Hinh 3.11. C4u tao ro to may nén thap 4p ciia dong co tua bin khi DR76

M6 phong can bing dong trén MCBD, cho cum rd to may nén thap 4p cia dong

- IR \I e et
I\ ol T H H H e—
RW nng B N
L ; kL
Nl -y
2 — — —
4 il 3
A L~ L= L= L ,E/I _,?/ ]
=
B
- C -

co TBK tau thuy Hinh 3.11 véi cac thong s6 co ban duoc cho trong Bang 3.5.

Déi vai dong co tua bin khi cap chinh xac cho can bang dong co 1a G2.5 [76]. Gia

dinh luong mat can bang du 16 to m1 = 8 (g), m2 = 6 (g) tai 2 mat phang hiéu chinh cach

g6i d& trai mot khoang lan Iuot 1a A va B, tai céc ban kinh Ry, Ra.

Bang 3.5. Thong s6 rd to may nén thap ap caa PCTBK DR76

TT | Thong so diu vao Ponvi | MNTA Ghi chu
1 | Téc @6 khai thac rpm 10000
2 | Khéi luong 16 to kg 47,5
3 | Tiéu chuan can bang G2.5 Theo 1SO 1940-1
4 | M hinh CF1
5 | Téc do can bang rpm 900
6 |A mm 75
7 | B mm 565
8 |C mm 740
9 | R1 (ban kinh can bang) mm 95
10 | Rz (ban kinh can bang) mm 160
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(UTILITY |

Rotor mass (kg) Cormrecting radius (mm)  Operation speed (rpm)

TRAIL MASS
COMPERSATION | 1600 | 9000

e
Trail weight (g) recommendation

mtl-mt2 = 19,7 . (gams)

STOP

Hinh 3.12. Modul tinh toan khdi lwong thir

Phan mém mé phong can bang dong (DBSS, Dynamic Balancing Simulation
Software) 16 to dat trén MCBPD duoc thuc hién trong dé tai cip nha nuedc ma NCS tham
gia [24].

Khéi luong thir duoc xac dinh sao cho khi may 1am viéc, mat can bang khéng gay
nguy hai dén céc gdi da.

DBSS dua ra yéu cau vé khéi lwong thir tai cac mat phing hiéu chinh caa rd ro la
mt; < 32,2 (g), mt> < 19,7 (g) qua viéc lya chon nat 1énh UTILITY.

Trén céc hinh 3.13, 3.14 thé hién giao dién chinh (FP, Front panel) trong qua trinh
trién khai CBD.

Hinh 3.13 thé hién giao dién chinh thu dwoc qua 3 lan thir danh gia mirc do mat
can bang du thuc té theo phuong phap can bang dong tai hai mait phang can bang, ap
dung cho CBP may nén thp &p (tau Hai quan duoc md phong).

Chuong trinh tw dong tinh toan xac dinh luong mat can bang du.

O day ta thdy lwong mat can bang du qui d6i vé 2 gbi d& trai (746,51 g.mm), phai
(597.38 g.mm) déu 16n hon muc cho phép (143 g.mm). Pong thoi chuong trinh ciing
xac dinh khéi luong tai cdc mat phang hiéu chinh da chon dé tham khao va thuc hién

can bang dong (thém/ bét cac khéi lwong tai cac vi tri da xac dinh).
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Sau 3 lan tién hanh can bing bing cach thém, bét cac khéi luong tai cac vi tri duoc
khuyén céo trén cac mat phang can bang. Két qua sau CBD duoc dua ra trén Hinh 3.14.

Nhan thdy mét can bang du quy doi vé 2 gbi d& trai, phai da ¢ ving an toan. Nhu
vy qué trinh CBD cho 16 to ¢6 thé chap nhan duoc (hinh 3.14).

3.3.3. Pdnh gid dé tin cdy ciia phan mém mo phéng can bang déng

Bang 3.6. Tong hop két qua danh gia dd tin ciy cia DBSS

Két qua truéc cin bing dong
N | dm: | dm; MCB dw (g.mm) KQ tinh MCB
G.trdi | G.phai | Cho phép | me:1 (g) SE; mez (g) SE;

1| 80 | 6,23 | 739,08 | 620.60 143 7,80 |0.009025 | 6.21 | 0.023409
2 | 80 | 6,22 | 739.11 | 619.6 143 7,78 |0.013225 | 6,20 | 0.020449
3 8,0 6,13 | 739,41 | 610,53 143 7,78 0.013225 6,11 0.002809
4 | 80 | 6,20 | 739,18 | 617,58 143 7,78 |0.013225| 6,18 | 0.015129
5| 80 | 605 | 739,68 | 602,48 143 7,79 |0.011025 | 6,02 | 0.001369
6 | 830 | 60 | 750,09 | 597,30 143 8.08 | 0.034225 | 5,97 | 0.007569
7 1829 | 60 |75560|597,.31 143 8,08 |0.034225| 5,97 | 0.007569
8 | 816 | 6,0 | 755,06 | 597,31 143 7.95 |0.003025 | 5,97 |0.007569
9 8,26 6,0 | 764.57 | 597,22 143 8,05 0.024025 5,97 0.007569
10 | 8,07 | 6,0 | 788,14 | 596,96 143 7.86 |0.001225 | 5,97 |0.007569
TB | 8.108 | 6.083 Trung binh, yZ(v) 7.895 | 0.017383 | 6.057 | 0.011223

Pé danh gia do tin cay cua phan mém ta lan luot tién hanh thay d6i cac khéi luong
gia dinh dmjz, dma va xac dinh do léch trung binh, phuong sai dé danh gia d6 tin ciy cua
phan mém theo tiéu chuan Schi.

Khi thay d6i lwong dmy, dm, theo muc nhiéu trang vai 5 1an lap, bién d6 nhidu 5%
so véi dmz va dma.

Do tin cay caa md hinh toan va phan mém mé phong CBP 16 to dit trén may CBD
nam ngang dugc danh gia dat 99% theo tiéu chuan thong ké Schi (x2) &p dung va kiém
chimg cho dbi twong 16 to trén dong co tua bin khi. Piéu d6 chimg minh tinh twong dong
cao cua két qua tinh, mé phong sé vai nhiéu tai dau vao cao, hay tuong duong véi viéc
chimg minh mé hinh toén, phuong phap giai tét, tinh hoi tu cao, sai so tinh toan da nho.

Két qua md phong thé hién sy hoi tu tét khi ngudi van hanh can bang dong thao

tac 6 sai sb (theo quy luat ngau nhién), mic sai s6 khi can khéi luong can bang + 2.5%.
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Trong thyc té thao tac can bang dong cho thiét bi chinh x4c cao, doi hoi thiét bi dién tir
can khéi lwong can bang bl s& c6 do chinh xac cao, sai $6 s& nho hon + 2.5%. Ngoai ra,
trong nghién ciru mod phong da duoc trién khai [26], d6 tin ciy caa md phong ciing dat
99% theo tiéu chuan Schi khi xét sai s6 ngau nhién cia ngudi van hanh khi déng thoi
can khéi lugng can bang va vi tri dat khdi luong nay.

3.3.4. Md phéng chén dodn MCB bang md hinh hai quy [60]

Phan mém xir ly théng ké xay dung mé hinh hdi quy tuyén tinh dang (2.76) dugc
xay dung trong LabView v&i cac thdng s6 dau vao cua PCTBK nhu muc 3.3.2, trén co
s& ly thuyét da chi ra tai chuong 2, muc (2.5.3).

Gia thiét MCB dau vao mo= [m1o, M20]= [8, 6] (gams) la céc gia tri trung binh, sai
s6 md phong + 2.5% cua gia tri trung binh nay, hay Am= [Ami, Amz]= [0.2, 0.15] (gam).
Nhiéu vi tri dat mat can bang R12w= 2.5% tir gid tri trung binh R = [R1, R2], v&i Ro = [95,
160](mm). Nhiéu vi tri theo goc dit mat can bang y12w = 2.5% tir gid tri trung binh yo =
[v1, v2], voi yo = [30,60] (d0).

Tur N=16 thi nghiém sé theo ké hoach thi nghiém dang: DoE 282 (Fractional
factorial design), ta thu duoc 16 cap gia tri Y= [y1, y2] la cac gié tri chi bdo mét can bang
tai hai mat phang can bang MF1 va MF2, qua st dung phan mém mé phong can bang
dong, dugc chi ra trong bang 3.7. Dudi day, chung ta s€ phén tich tap trung vao hai chi
bao khdi lwong mat can bang. Trén hinh 3.15 thé hién ma tran (H) cac hé sé cua 6
phuong trinh hdi quy cho danh gid, wde luong lai gia tri cua 6 chi bao nhu da thiét 1ap
bai toan can bang dong bén trén.

Bang 3.7. Két qua mo phéng tinh MCB diing DBSS

NeE | X1 | X2 | Xs | Xa | Xs | Xe ngln ngZn (;gz o\lgg n\qlrfq r:l/rﬁn
1 1 1 1 1 1 1 818 |6.27|315| 63 |99.8| 168
2 -1 1 1 1 -1 1 | 734628 |315| 63 |90.3| 168
3 1 -1 1 1 -1 -1 1818|566 |315| 63 |90.3| 150
4 1 1 -1 1 -1 -1 1810(6.25]285| 63 |90.3| 150
5 1 1 1 -1 1 -1 1827628 |315| 57 |99.8 | 150
6 -1 -1 1 1 1 -1 (740|566 |315| 63 |99.8| 150
7 -1 1 -1 1 1 -1 (7331625285 | 63 |99.8| 150




Vi | V2 | Va | Va | Vs | Vs
gam | gam | deg | deg | mm | mm

8 -1 1 1 -1 -1 -1 | 746 |6.29 | 31.5 | 57 |90.3 | 150

8.13 | 565|285 | 63 |99.8 | 168

8.26 | 5.69 | 315 | 57 |90.3 | 168

8.19 | 6.28 | 285 | 57 |90.3 | 168

7.30 | 5.67 | 285 | 63 | 90.3 | 168

7411628 |285| 57 |99.8 | 168

747 | 5.69 | 315 | 57 |99.8 | 168

15 1 -1 -1 -1 1 -1 | 825|567 285 | 57 |99.8| 150

16 -1 -1 -1 -1 -1 -1 | 743 |568|285| 57 |99.8| 150

Véi két qua dau vao duoc chi ra tai Bang 3.7, cac mé hinh hdi quy duoc xir Iy va
thé hién trén FP caa VI, dugc chi ra tai Hinh 3.15.

SEm ["501 || 0000 | 0000 || 0.000 ] 0000 J 0000 | " * 7 2 FistatuticCotena
99% Confidence o it 6.84

SR| 26 | 14 || 360 || 1440 || 361.0 || 1024.0 |

Pt 136814 [119324 tnf | inf | nf | Inf | H

RS e I e I B B L.
-2033140.03 [§3.33 J-0.01 jJo.01 [J0.00 |-0.00
COEFFICIENTS: of A e e e e e
: , -20.00/{-0.00 |f-0.00 Jo.67 |f-0.00 [fo.00 [f-0.00
1794 o401 J-0.009 [J0.026 f-0.049 [J0.011 [f-0.009 | e e e e R e e
— — = - — — sy 1-20.00/§0.00 J0.00 -0.00 ||0.33 1§-0.00 1§0.00
5972 11-0.003 Il0.301 410.006 §-0.011 | -0.003 110.004 S e e e e
30.000 §0.000 {0.000 {1.500 [Jo.000 [fo.000 f0.000
60.000 0.000 {0.000 {0.000 |3.000 {0.000 {0.000
95.050 {-0.000 0.000 f0.000 f0.000 [f4.750 0.000
160.00(]0.000 1{0.000 J0.000 {0.000 [Jo.000 |8.000

2001 fo00_Jfooo [ 000 Yoo Tfoa1 Ifooo

-2000/§0.00 |J-0.00 J-0.00 Jo.0o |f-0.00 [fo.12

Hinh 3.15. Két qua tinh hé s6 va kiém tra dd tin cay caa cac mo hinh hdi quy

Két qua tinh cac hé sé caa hai mé hinh hdi quy ban dau thu duoc 1a:
y, = —20.86 + 2.49V, + 0.07V, — 0.04V, + 0.04V, — 0.01V;;
y, = —20.33 + 0.03V, + 3.33V, — 0.01V, + 0.01V,




85

Céc phuong trinh héi quy dugc danh gia do tin cdy, déu dat 99% vaéi gia tri ly
thuyét Fi = 6.84, trong khi d6 gia trj Ft (tinh toan cho cac mé hinh) déu rat 16n so véi Fit
(3681.4 >> 6.24 va 11932.4 >> 6.24).

3.4. M6 phéng giam sat dao dong trén dong co tua bin khi tau thuy

3.4.1. M0 phdng dao dong cho phép trén dong co tua bin khi tau thay

Theo RMR [90], gid tri cho phép ddi véi DPCTBK tau thuy theo dao dong van téc

(mm/s) va bién d6i FFT, dung loc 1/3-octave dugc dua ra trong Bang 2 — Phu luc 1.

Bang 3.8 thé hien két qua chuyén doi noi suy tinh ngudng dao dong ddi véi BPCTBK

tau thuy theo dao dong gia toc (m/s?) bang phuong phép di trinh bay & chuong 2 (muc 2.4.5)

(chi tiét két qua dugc trinh bay trong Bang 3 — Phu lyc 2).

Bang 3.8. Mirc cho phép ddi véi dao dong trén PCTBK tau thuy

theo dang gia téc (m/s?)

TSTB [Vgha()] TSTB [Vgha(f)]
STT | 1/3-octave | A — Level | B Level | STT | 1/3-octave | A — Level | B — Level

f-m(Hz) m/s? m/s? f-m(Hz) m/s? m/s?
1 1,6 0,0161 0,0292 13 25 1,2566 2,5918
2 2 0,0226 0,0440 14 31,5 1,5834 3,2657
3 2,5 0,0346 0,0675 15 40 2,0106 4,1469
4 3,2 0,0543 0,1066 16 50 2,5133 5,1836
5 4 0,0804 0,1759 17 63 3,1667 6,5314
6 5 0,1257 0,2827 18 80 4,0212 8,2938
7 6,3 0,1979 0,4354 19 100 5,0265 10,3673
8 8 0,3368 0,6535 20 125 6,2832 12,9591
9 10 0,5027 1,0367 21 160 8,0425 16,5876
10 12,5 0,6283 1,2959 22 200 10,0531 | 20,7345
11 16 0,8042 1,6588 23 250 12,5664 | 25,9181
12 20 1,0053 2,0735 24 320 16,0850 | 33,1752

Dua vao céc thdng sb trong bang nay, ta xay dung VI tinh va v& duong cong gioi
han DDN theo ngudng A va B cho BCTBK tau thuy theo gia téc dao dong. Md dun

dugc tich hop chung trong phan mém mé phong GSDD cho BPCTBK tau thuy.
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3.4.2. Md phéng ra quyét dinh GSDP cho PCTBK tgi tirng tan sé

Khi do va bién doi dao dong (FFT) ta thu duoc bo théng s6 [Var Vaz ... Van], [f1 F2
.. fn] V&i Vai 12 bién do tai tan sb trung binh fi twong ung (khi st dung loc 1/3 octave).
Dai tan s6 nay thuong khéc biét véi tan sé trung binh, dugc tham chiéu theo RMR [90].

Theo thuat toan giam sat da trinh bay & chuwong 2 (muc 2.4.5) NCS tién hanh lap
trinh va xay dung mo dun (V1) danh gia mac dao dong hién tai cana BPCTBK tau thuy va
canh bao khi vugt qua ngudng cho phép (Bang 3.8).

Trén Hinh 3.15 thé hién FP va code l1ap trinh (BD) cua Sub V1 giam sat TTDD cua
DCTBK tau thuy theo hai mic A va B theo ting tan sb. Két qua duoc hién thi bang dén
bao (LED) d6i véi hai mirc A va B. Bén mau XANH - duéi ngudng cho phép, mau PO

- trén nguong cho phép.

m Test_Alarm.vi Front Panel — O X B
File @O View Project Operate Tools Window H File Edit View Project Operate Tools Window Help
begsis- |- - -
[>]@] OEH 14ot Aoplication Fort |~ |[$=7 [« [ 2 2 7 & OIE"-'D|'E' +/[ 120t Aoplication Font |~ |[ 3=« |
N A
CWVal
£ 0 cwaiue || 1 N=max(size();
Q : 2 RA=1RB=1;
PVLA Vibration Level Monitor PYLA I ? .for k=N L_
I:I n 4 ifxk)<=PL1(k) —N
J @rn @rus I 5 Y|=1iRA=RA’Yi Tovip
6 else
PVLE
AL 7 y=0RA=RA%y;
I:I & end
9 ifx{kl<=PL2(k)
10 z=1,RB=RB*z;
else
12 z=0,RB=RB*z;
13  end
14 end
15
71|

Hinh 3.15. M6 dun danh gia mirc d9 dao dong theo hai ngwong A va B

3.4.3. M6 phang GSDD cho DCTBK trén tau thuc

Déi twong: DPCTBK tau thuy dang DP76 vai cac thdng sé ky thuat da gigi thiéu
trong muc 3.1.1. Thi nghiém md phong duoc thuc hién véi nhiém vu kiém tra su hoat
dong cua phan mém giam sét theo chirc ning, dugc code trong LabView. Phan mém
duoc xay dung qua mot sé VI di chi o trén: VI bién d6i tin hiéu (FFT); VI- muac
dao dong cho phép; VI — dua ra mtrc dao dong (tai tirng tan so).

Dau vao: Tin hiéu DPN do duoc trén gbi d& cia DPCTBK tau thuy tau thuc & mot

ché do do cu thé. Dix liéu dau vao cho md phong dugc chi ra trong Phy luc 5.
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3.5. Két luan chwong 3

NCS da trién khai thi nghiém s trén co s cac mé hinh toan, thuat toan (di néu &
chuong 2), 1ap trinh code trong LabView (stir dung MathScript, co tich hop véi MatLab
(m.file)). Céc két qua dat duoc:

- Trién khai md phong sb nghién ctu cac tinh chat quan trong cia dao dong da diéu
hoa, c6 nhidu. M6 phong loc tin hiéu va bién d6i THDD theo tan sb. Két qua tinh toan
cho thiy cac co so todn va thuat toan tét, V1 c6 giao dién dep, thiét ké nhanh. Sé liéu thu
duoc co do tin cay, chinh xac cao (sai khac rat rat nho gitra tin hiéu dau vao véi tin hiéu
d4 duoc bién d6i: FFT thuan va FFT nguoc).

- M6 phong giam sat MCB 16 to ctia PCTBK tau thuy trén co s sir dung phan
mém mo phong CBD cho 16 to dat trén may CBD. Két qua nghién ctru dé xuat phuong
phap hoan thién phan mém mé phong CBP dé danh gia lvgng mét can bang duoc chinh
xac hon.

- Lap trinh code trong LabView cho xay dung m6 dun (vi) c&c duong cong ngudng
cho phép doi véi DPN duoc giam sat trén BPCTBK tau thuy theo cac tiéu chuan dua ra
tir Quy pham RMR, 2016.

- M6 phong s6 dua ra két qua giam sat DPN theo cac ngudng cho phép va md ta
truc quan két qua GSDD. Kiém tht véi dau vao 14 tin hiéu do thyc té trén BPCTBK tau
thuy tau thuc. Cac nhiém vu chic ning cua phan mém mé phong da duoc kiém tra va
VI chay tét: (xtr ly THDD, ra quyét dinh, hién thi két qua, luu trir két qua da dugc giam
sat cho ddi tuong).

Céac phan mém (VI) md phong s& dugc phat trién va tich hop vao phan mém va
thiét bi GSDP trén PCTBK tau thuy s& duoc nghién ctu tai chuong 4.
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Chwong 4. NGHIEN CUU THU'C NGHIEM GIAM SAT DAO PONG
TREN PONG CO TUA BIN KHi TAU THUY

Nghién ctru, thir nghiém do, GSDP dé kiém ching kha ning ap dung vao thyc té
cua thiét bi, phwong phap do, co sé ly thuyét GSDD trén DCTBK tau thuy. Uu diém
cta phuong phap mo hinh héa, m6 phong: nhanh chong dua ra dugc giai phap hitu ich
dé dé& xuit phuong an do, trién khai thuat toan xu ly tin hiéu, tham chi trong nhiéu
trudng hop rat kho co thé trién khai @é c6 sé liéu thuc nghiém (vi du cac trudng hop
dac biét, sy c6 may).

Tuy nhién, dé ap dung vao thuc té can cd kiém ching tir do thtr, hiéu chinh thiét
bi va cung cap co so dir liéu dau vao cho cac thir nghiém thyc té sau nay. Viéc thu
nghiém tuy tén kém vé kinh phi, thoi gian, song d6 1a buéc can thiét khong chi ¢ giai
doan trién khai thiét ké, xay dung thiét bi do, GSDD thuc té, ma ciing can thiét trong

nghién ctru ban dau cho xay dyng va hoan thién mé hinh.

4.1. Hé thong do, giam sat dao dong trén PCTBK tau thuy

4.1.1. Yéu cdu ky thudt

Thuc nghiém chi c6 thé tién hanh trong cac diéu kién, ché do6 may cho phép hoat
dong an toan va tin cay. Trong mét sé truong hop cho phép, cd thé dwa vao cac tinh
hudng c6 hu hong nho, song van phai dam bao muac do an toan cho may, thiét bi va
nguoi khai thac van hanh. Nhu vay, thir nghiém chi mang tinh chat kiém chung ciing
nhu néu ding thi nghiém nghién ciru ciing chi tién hanh & céc ché do may thuc hién
churc nang hoat dong an toan cua chdng ma thoi.

Quaé trinh thuc nghiém duoc trién khai theo trinh ty duéi day:

- Xay dung ké hoach thuc nghiém.

- Thyc nghiém do, hién thi nhanh va luu trit di liéu dao dong.

- Xt ly dir liéu, danh gia muc dao dong tai cac vi tri do.

- Phan tich két qua da xu ly.

- (Két luan). Bao cao két qua thuc nghiém.
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4.1.2. Ké hoach thgc nghiém

Mot ban ké hoach chi tiét cho thir nghiém can duoc xay dung, dam bao cho cong
viéc chuan bi, tién hanh thi nghiém, xi Iy két qua va bao cdo thir nghiém dugc hoan
thién. Cong viéc chuan bi ban dau gom:

- Thiét bi do, co sd vat chat: hé théng vat 1y do, hé dong lyc do.

- Vat tu (nhién liéu: dau, m&, nudc,...).

- Nhéan lyc phuc vu thir nghiém.

Thue nghiém do trén tau thuc khdng cho phép ta 13p lai cac thi nghiém néu khadng
dugc sy dong y cua hoi dong thr tau, didu d6 co nghia ta can xay dung mot ké hoach
thir tau nghiém ngat, chinh xac. Uu diém cua thir tau thuc dé 1a ching ta c6 thé kiém tra
thiét bi do trong céc diéu kién tau hoat dong thuc té, cac ché do do hoan toan xac dinh
cu thé. Tur d6, danh gia cu thé thiét bi do sao cho két qua do va xtr Iy phai dam bao tinh

quy luat va co d¢ tin cay, do chinh xac cho phép.
4.1.3. Chudn bi thie nghiém do va GSDD cho PCTBK tau thuy

Trong tat ca cac thir nghiém, yéu cau chuan bi chu dao, hoan chinh dé thir nghiém
dugc hoan thanh va dir liéu dam bao do tin cay. Vi tién hanh thi nghiém rat ton kém,
tham chi rat kho khin dé to chirc duoc mot budi thi nghiém trén tau (hién truong), do
vy cbng viéc chuan bj chi c6 thé hoan tat méi cho ching ta sé liéu thir nghiém tin cay.

Cong tac chuan bi can luu ¥ cac diém sau:

- Lap dat cam bién va hiéu chinh thiét bi do: Cac cam bién can dit dung ky thuat.
Kiém tra cac tin hiéu ¢ trang thai tinh ciia may qua tac dong bd sung cac nhiéu va dap
dé phét hién d6 nhay cua cac cam bién va duong tryén tin hiéu.

- Bam bao ngudn cép.

- Kiém tra, hién thi nhanh trén man hinh giam sat khi do.

- Luu két qua do trong qua trinh kiém tra thiét bj.

- Can thiét kiém tra dudng dan, chét luong di liéu do duoc.

- M file két qua luu trix dé xir ly s liéu tha nghiem.

- Hiéu chinh thiét bi (néu can thiét).
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4.1.3. So do khoi hé thong da kénh do, GSDD cho PCTBK tau thuy

Muyc tiéu dit ra cho do, GSDP trén DCTBK tau thuy, chling ta can c6 thiét bi hién
dai dé do, hién thi nhanh thdng tin can thiét, luu trit dit liéu hay doc dit liéu d ghi truéc
d6 (GSDD off-line). Méay do phai dam bao cac chic ning, yéu cau can thiét: da kénh,
da chtrc nang cho GSDD, tudn theo hudng dan caa RMR, 2016. Yéu cau GSDP cho
DCTBK tau thuy dang lam viéc, dat biét 1a can 01 kénh do phi tri (pha) dé danh gia
TTDD, TTKT may ¢ tirng ché d6 vong quay khai thac.

Hé thong ty dong GSDD cho PCTBK tau thuy dugc xay dung trén co sé cong
nghé dién tir — truyén tin hién dai, gdom cac khéi chinh nhu da thé hién trén Hinh 4.4.
Céc khéi duoc xay dung theo mé dun, chuan cong nghiép va tu dong do, truyén tin, Xt
ly théng tin theo thuat toan, dua ra két qua giam sat va chan doan TTKT cia DPCTBK,

bao dong néu dbi tugng co mirc dé dao vuot qué gid tri cho phép.

CPU, VDMS,
Sal . San Monitor

DPCTBK S DAQ 9234

Hinh 4.1. So @6 khdi hé théng do va GSDP trén PCTBK tau thuy

Sat, ..., San - C&C cdm bién gia téc do dao dong tai cac 6 do (hodc bé do) ciia PCTBK

tau thuy;
St - Cam bién do pha (vi tri) hodc téc dé cua truc DCTBK;
DAQ - Bg thu gom diz ligu (dung logi DAQ —NI 9234, da kénh);
CPU - B¢ xur ly trung tam (Central Processing Unit);

VDMS - Phan mém GSDP va chan dodn;

Monitor - Man hinh hién th; két qua giam sét.
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4.1.4. Lwa chon cdu hinh hg théng GSDP trén PCTBK tau thuy

Theo [86], hé théng GSDD ciia PCTBK hang khong duoc thiét 1ap voi mae do
cao, cac cam bién van téc dao dong duoc bé tri ¢ tit ca cac 6 d& trén dudng truc cua
cac cum rd to cia dong co. Vi thiét ké nay, cho phép gidm sat truc tiép muac do dao
dong trén tirng 6 d& cua PCTBK, va muc d6 tin cay cao. Tuy nhién, véi cac dong co
c6 két cdu da truc, phirc tap nhu DCTBK tau thuy (DR76) hé thdng nay doi hoi sb
lwgng 16n cac cam bién, gia thanh ché tao thiét bi cao. Dai khi viéc lya chon va bé tri
cac cam bién 1a rat kho khin do cac diéu kién vé két cau va khai thac (nhiét d6 cao tai
vi tri 6 d5). Hé théng nay phu hop trién khai cho giam sat, chan doan tinh trang ky
thuat caa BCTBK.

Theo RMR [90] va gi6i han nghién ctru cua luan an chi dirng lai @ mice GSDD, NCS
lya chon phuong an bd tri cac cam bién do dao dong chung cua PCTBK tai cac bé da cia
DCTBK (thuong chi cd tir 2 dén 3 bé d). Bicu nay cho phép giam thiéu tbi da sé luong
cac cam bién, thuan tién cho viéc lap dat, bd tri (khong can thay do6i két cau thiét bi), pho
hop Véi tiéu chuan RMR duoc ap dung. Céc cam bién khdng bi dat ¢ cac vi tri c6 nhiét
d6 cao cho phép lua chon loai cam bién gia thanh thip hon, tudi tho kéo dai hon, tin hiéu
dao dong do duoc ciia cam bién it bi anh huong cua diéu kién khai thac...

Trén co s& giai cac bai toan mod hinh hoa dao dong DCTBK tau thuy, tac gia lya
chon phuong an xay dung cau hinh caa hé théng sao cho tdi wu va don gian nhat vé
mat s6 lugng va chung loai cua cac dau cam bién do dao dong, tiép dén 1a cau hinh
cua DAQ, CPU va tong thé hé thong truyén thong.

Cac chi tiét chinh trong hé thong GSDP trén PCTBK tau thuy bao gom:

* Cdm bién:

Trong h¢ thong giam sat dao dong trén DCTBK tau thuy can hai dang cam bién co
ban d6 12 cam bién do gia toc va cam bién do toc do (pha).

Céc cam bién dung dé do dao dong hién dai dwoc nhiéu hdng ndi tiéng trén thé gisi
ché tao nhu MMF (Pic), Omega (Singapor), IMI (M¥)... Khi lya chon cam bién cho hé
thdng (thiét bi) GSDP cua DPCTBK tau thuy can quan tam téi cac diéu kién 1am viéc va

dic tinh cua PCTBK, dic biét 1a téc do cao va diéu kién 1am viéc phuc tap.
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Trong luan an, NCS sir dung cam bién gia toc loai IMI Series 640 (M¥). Day 1a cam
bién dang Accelerometer chuyén diung d¢ GSDD cua dong co véi kiéu thiét ké dang 2
day, cAp ngudn theo vong loop va dau ra 4+20 mA chuin cong nghiép, pham vi do: 0+10
g rms (0+98.1 m/s? rms), dai tan sé: 180 dén 60000 cpm (3 dén 1 kHz) (+ 10%) va dic
biét n6 da dat dugc cac chung nhan ATEX va CSA, cho phép hoat dong trong nhirng
khu vuc nguy hiém.

Hinh 4.2. Cam bién gia toc loai IMI Series 640
Thiét bi hoat dong véi dién ap ngudn cap tir 12+30 VDC va dau ra cé thé két ndi t6i
c4c hé thong mang thdng dung nhu PLC, DCS va SCADA. Cam bién S640 c6 thiét ké
chac chan, lam tir vat liéu thép chéng ri vai két cau nguyén khoi. Thiét bi da duoc kiém
nghiém vé kha nang chéng dao dong va chdng chay né hét sirc nghiém ngat. Cam bién c6

day dai 3+6 m, ga dat bang dé nam cham vinh ctru thuan tién cho viéc lap dit, bo tri.

* Bg thu thip diF liéu:

Hinh 4.3. Bo thu thap dir ligu DAQ NI 9234

DAQ NI 9234 gém c6: khung cDAQ 9184 véi 4 slot (khe cam). Trong thi nghiém
sir dung 02 khe cam (slot), 1 DAQ 9234 c6 4 kénh lip vao 1 khe cam. Nhu vay, NCS
dung 2 DAQ 9234 (8 kénh).
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DAQ-NI 9234 c6 téc d6 lay mau (Sample Rate) 1a 51,2 kS/s/channel (kénh) dap
g duoc yéu cau k¥ thuat dat ra cho thiét bi GSDP cia PCTBK tau thuy.

* Mdy tinh, bo xwr ly trung tam (CPU):

CPU cua hé thdng do 1a may tinh xach tay, cau hinh du manh cho thuc hién cac chirc
nang dat ra.

* Phan mém do, xir Iy két qua va ra quyét dinh giim sit:

Cac VI chuong trinh phan tich, xir Iy tin hiéu do tuwong ty nhu phan md phong &
chuong 3 cta luan an di trinh bay, duoc xay dung trén nén LabView va toolkit SVT
(Sound and Vivration Toolkit). Piém khéac & day 1a tin hiéu dau vao la tin hiéu thuc,
duoc do truc tiép tir cac bo cam bién qua bo DAQ dugc chuyén sang dang tin hiéu sé
truéc khi dua vao phan mém da duoc xay dung.

4.1.5. Bé tri thiét bi GSDD tai cac b¢ d& PCTBK DR76 trén tau 375

So d6 bd tri thiét bi do va GSDPD (trong thuc nghiém trén tau 375) duogc thé hién

trén Hinh 4.4.
PC TBK DR76 S

N/rj T

N\

=<§ =

&

g ¢

\
Laptop .
(CPU + %AQ 9184

VDMS) g Ngudn cap dién

Hinh 4.4. So @6 b6 tri h¢ thong do va GSDD trén PCTBK DR76

S1,S3,S4,S6 - Sensors gia toc do DPN tai bé dé ciia DPCTBK DR7G;
S2, Ss - Sensor gia téc do DPD truc, do ¢ géi do chan ciia PCTBK;



95

Trén tau 375 duoc tién hanh the nghiém, DPCTBK DR76 dugc dat trén 2 bé do
(phia may nén — bé 1 va phia tua bin chan vit — bé 2). Céc théng s6 ky thuat co ban cua
dong co nay di dugc néu ¢ chuong 3. Tai mdi bé d bd tri 02 cam bién gia téc do dao
dong ngang theo hai phuong thang vudng goc véi truc quay caa DPCTBK tau thuy va 01
cam bién gia toc dé do dao dong doc (téng 1a 6 cam bién gia toc). Cac tin hiéu dugc thu
thap va truyén qua 2 bo gop dit licu NI DAQ-9234 (tong la 8 kénh) va truyén toi may
tinh dé xir Iy bang phan mém giam sat va chan doan rung dong (VDMS).

Trong nghién ctu thuc nghiém, GSDP trén DPCTBK DR76, thiét bi do dao dong
duogc str dung 1a két qua cia Pé tai cdp Nha nudc ma NCS tham gia [24]. Pay 1a thiét bi
hién dai c6 kha ning do da kénh dao dong gia téc, duoc ché tao véi phan cung la cac
mé dun chuyén dung (chuan cong nghiép) caa hang NI. Céc thi nghiém duoc trién khai
trén co so thiét bi da duoc xay dung va hiéu chinh (Phu luc 6).

Ngoai ra, NCS str dung thiét bi chan doan dao dong Fluker 810 cia My véi 01 cam
bién gia toc (c6 kha nang do cung luc theo 3 truc) dé do bd sung, cing véi hé thong da
trinh bay & trén. Thiét bi ndy c6 kha ning do, ty dong phan tich phd tan va dwa ra cac
két qua bang hinh anh, trich xuat ra may tinh qua cong USB bang phan mém quan ly di
liu di kém.

Cac hinh anh bé tri, lap dat thiét bi va qué trinh do dac thuc té trén tau 375 duoc
gidi thiéu tai Phu luc 7.

4.2. Két qua thuc nghiém do, GSDP trén PCTBK tau thuy

4.2.1. Két qud do va lwu trit dit lidu dao dpng trong thaz nghiém

Trong qué trinh do va luu trir dit liéu do dwgc, NCS sir dung VI hién thi nhanh cac
THDD tai cac kénh do trén man hinh may tinh. Dya vao vong quay dong co tua bin khi
duogc doc tir budng diéu khién may, ngudi do nhap chuong trinh qua ban phim n(RPM).
Véi tan sé trich mau da khai bao tir khi thiét 1ap ciu hinh thiét bi (c6 thé thiét lap
Fs=51200 mau/giay/1 kénh), phan mém dua ra khuyén cao lwgng miu can ghi. Két qua
do va hién thi nhanh cac kénh do dugc chi ra trén Hinh 4.5 va Hinh 4.6.

Trén hinh 4.5, cam bién gia téc ACC1 va ACC2 — do tai bé s6 1 theo hai phuong
thang: thang dung va ngang; twong tu cac cam bién ACC4 va ACC5 — do tai bé sb 2,
con cac cam bién ACC3 va ACC6 — do tai hai bé 1, 2 theo phuong doc truc.
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9
A

Dit liéu tai c4c lan do duoc tac gia luu trir vao 6 ciing cia PC véi dang dit lidu
* tdms. Ché d6 do duoc theo doi va luu dit liéu ty dong dé dap ung vai cac yéu cau
nghiém ngat khi tén file
ACC_HMS_100950_ 261018 1009 (10 gid 9 phut 50 gidy ngay 26 thang 10 nam 2018,

thr tau duong dai. Vi du dugc  luu trir:

file trich mau s6 1009).

CSDL luu trir cho cac ngay do, duoc dua ra trén cac Hinh 4.7 va Hinh 4.8.

« v 4 » ThisPC » PERSOMAL (F:) » 0-DAOTAQ_ThS_ TS » O-NCS_MINHHAILNT(Mew) » LABVIEW-SIM » T373_V4HQ
(o) Name Date modified Type Size
5+ Quick access
MEAS-T373-TBK-L 1911:07 PM  File folder
[ Desktop
MEAS-T375-TBK-R 1911:08 PM  File folder
¥ Downloads TEST- 1911:08 PM  File folder
=/ Documents TEST1 1911:09PM  File folder
=/ Pictures TEST-1L 7 1911:08 PM  File folder
LUACHON_MAU TEST-2 7, 1911:09 PM  File folder
71-HTKT-CDCG-SW gﬂ 1.RT_FFT_Octave_analyzer.26.10.18(TOMS) & 241 PM LabVIEW Instrume... 266 KB
&) RecycleBin I!g 1.RT_FFT_Octave_analyzer.29.6.19(5C-GTE) & 9514 PM LabVIEW Instrume... 233 KB
gﬂ. 1.RT_FFT_Octave_analyzer.28.6.19(TDMS) 6/20/2019 4:42 PM LabVIEW Instrume... 263 KB

Chuyende2
hinh-anh-do-chon

Hinh 4.7. Thw muc lwu giir cac THDD do trén bé¢ may cia PCTBK DR76

phia man trai va man phai caa tau 375

PERSOMAL (F:) » 0-DAOTAC_ThS_TS » O-NCS_MINHHAI_NT(Mew) » LABVIEW-S5IM » T375_V4HQ » MEAS-T375-TBK-R » MEAS-SR

~

" Mame Date modified Type Size
$] ACC_HMS_100950_261018_1009_001 TDMS File 226 KB
|| ACC_HMS5_100930_261018_1009_001.tdm... TDMS5_INDEX File 4KB
$] ACC_HMS_100951_261018_1010 TDMS File 226 KB
| | ACC_HMS5_100931_261018_1010.tdms_in... TDMS_INDEX File 4KB
$] ACC_HMS_100051_261018_1011 TDMS File 226 KB
| | ACC_HMS5_100931_261018_1011.tdms_in... TDMS5_INDEX File 4KB
$L] ACC_HMS_100951_261018_1012 TDMS File 226 KB
| | ACC_HMS5_100931_261018_1012.tdms_in... TDMS_INDEX File 4KB
$i] ACC_HMS_100951_261018_1013 TDM5 File 226 KB
|| ACC_HMS5_100931_261018_1013.tdms_in... TDMS_INDEX File 4KBE
$L] ACC_HMS_100951_261018_1014 TDMS File 226 KB
| 1 ACC_HMS5_100931_261018_1014.tdms_in... TDMS_INDEX File 4KB

Hinh 4.8. Thu muc lwu trir cac files tin hiéu gia téc ghi lai dang *.tdms

Trén Hinh 4.7 thé hién vi tri thu muc luu trit dir liéu do tai tirng ngay thir nghiém.
Hinh 4.8 thé hién cac dix liéu duoc ghi lai khi do tirng ché 6 vong quay. Chi tiét két qua
do dac bang hé théng thiét bi da x4y dung ciing nhu bang bo thiét bi do, chan doan rung
dong Fluker 810 dugc tong hop trong Phu luc 5.
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DCTBK DR76 (trai) tau 375 duoc chi ra trén hinh 4.9, hinh 4.10 va hinh 4.11.
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4.3. Phan tich két qua

- Thiét bj do duoc kiém tra, hiéu chinh va cé chitng chi x&c nhan chat luong tir hai
co quan chtrc nang cua Viét Nam (duoc chi ra trong phu luc).

- DCTBK tau thuy véi van téc quay da nhap tir ban phim, phan mém xac dinh duoc
s6 1an Iap khi trich mau theo van téc quay va tan sé trich mau da dat cau hinh. Vi du trén
cho ta sb chu ky duoc trich mau 1a 28 (chu ky) — tai giao dién tinh FFT.

Trén Hinh 4.13 va Hinh 4.14 — dua ra két qua GSDP gia téc so véi cac ngudng
muc A va B (hién thi bing dén LED).

- Két qua GSDP chi ra rang: tai vong quay thir nghiém (13500 rpm), ché do tréng
may, PCTBK DR76 trai déu c6 mic DPN nam trong viing may mai bao dudng, sua

chira (dudi ngudong cho phép A).
4.4. Két luan chwong 4

Xay dung tong thé, lap dat, hiéu chinh hé thong giam sat dao dong da kénh ding
do BCTBK tau thuy cho thi nghiém trén tau thuec.

Thiét bi do dugc kiém tra, hiéu chinh cho phép chiing ta tin tuong vao do chinh
xé&c cho phép cua thiét bi do (sai s6 £5% theo ho so).

THDP do dugc bién doi FFT, Order FFT va 1/3-octave qua phan mém giam sat
duogc 1ap trinh va tich hop vao hé thong do, giam sat dao dong. Két qua bién ddi co do
chinh x&c cao, dung quy luat cuaa THDD tai tirng cum may nén — tua bin, TBCV — Hop
giam toc — Truc chan vit va cho ca BPCTBK khi do trén cac bé dd.

Két qua thu duoc tir tha nghiém minh ching rang: thiét bi GSDP hoat dong tét, c6
cac tinh nang thoa man cac quy dinh vé tiéu chuan dao dong ddi voi BPCTBK tau thuy.

Cac két qua do, phan tich, giam sat dao dong trén cac dong co tua bin khi DR76
trén cac tau thuy Viét Nam phan anh dung quy luat va tinh trang thyuc thé cua dong co
thdng qua mirc d6 rung dong do duogc. Gitra cac dong co cli va méi ¢d su khac biét rd
nét tuy rang PCTBK tau thuy sau dai tu (& nudc ngoai) c6 mac dao dong nam trong

viing twong &g (dudi mic A) theo cac tiéu chuan da xét.
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KET LUAN CHUNG VA KIEN NGHI

KET LUAN CHUNG

Luan an da thuc hién thanh cong muc tiéu dit ra cua dé tai: Giam sat dugc dang
dao dong ngang, d6 1a dang dao dong chinh, quan trong thudng gay ra nguy hiém dén
an toan cua dong co tua bin khi trong khai thac k¥ thuat may, thé hién cu thé trong hai
bai toan giam sat dao dong: Bai toan can bang dong cho rd to cua may dat trén may can
bang dong (tng dung trong bao dudng stra chita may), va bai toan giam sat dao dong
may tai hién truong (may hoat dong theo chirc nang trén tau thyc).

Trong qua trinh thuc hién dé tai, luan 4n da thu duoc nhiing két qua dudi day:

- Xay dung duoc cac mo hinh cho ba dang dao dong cua may. Dé tai dat ra nhiém
vu giam sat dang dao dong quan trong va nguy hiém nhat thuong xay ra trong khai thac
ky thuat dong co tua bin khi tir ba dang trén, d6 la giam sat dao dong ngang cua may.

- Md phong giam sat mat can bang cia cac chi tiét ro to khi bao dudng sira chira
ching. Thuc hién mod phong can bing dong cac rd to cua DR76 trén méy can bang dong
B20 (cuia IRD Hoa ky) theo tiéu chuan mat can bang du ISO 1940/1. Két qua kiém thir md
phong can bang dong trén may can bang dong cd do tin cay dat 99% theo tiéu chuan Schi.

- Hoan thién can bang dong rd to trén may can bang dong qua nghién ctu, xay
dung mé hinh hoi quy cho hiéu chinh chi bao muc dd mat can bang do thiét bi (phan
mém) dua ra. Két qua do ciing c6 thé dung dé phat trién phan mém CBD 16 to trén
MCBBD thyc té néu duoc xay dung sau nay.

- Két qua md phong GSDP trén DCTBK tau thuy di kiém chung ly thuyét (toan
hoc, thuat toan va co sé dix liéu tham chiéu) cho xay dung phan mém GSDP trén PCTBK
tau thuy. Két qua thi nghiém sé GSDD tai chuong 3 di ching minh: Dé xuat toan hoc va
thuat toan tét (c6 do tin ciy cao), va md dun mém trong LabView, dic biét 1a cong cu FFT
va 1/3-Octave (xay dung tir muc dich mé phong) duoc tich hop trong xay dung phan mém
giam sat trong chuong 4. Ngoai ra, két qua md phong dat duoc cho qué trinh GSDD tir s6
liéu do thuc té trén PCTBK tau thuy gitp cho viéc kiém thir tinh kha thi, tinh sin sang dé
trién khai mot thiét bi do, GSDP hién dai.
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Cong trinh di thanh céng m6 hinh héa, 14p trinh mét sé thiét bi a0 (VIs) cho GSDD
trén DCTBK tau thuy nhu: xtr Iy THDD cho GSDD; tinh cac mic dao dong cho phép
(mitrc A, B) cho DPN; ra quyét dinh GSDD.

Thir nghiém trén DCTBK tau thuy cung tau thuc va két qua thu duoc vé GSDD
trén ddi twong nghién ciru da ching minh tinh dung dan cia phuong phap nghién ctu,
tinh kha thi cua thiét bi dwoc nghién ctru da duoc giai ma cong nghé.

Thuc nghiém trén dong co DR76 (méi thay thé, lap dat va can chinh) trén tau 375
tai Cam Ranh, Khanh Hoa d3 dua ra nhan dinh ring: muc gia tbc dao dong duoc giam

sat déu dudi ngudng cho phép muic A.
KIEN NGHI

- Hudng tiép can méi nén phat trién tiép vé du bao va chan doan bang dao dong

cho TBK tau thuy trong khai thac co hé st dung BCTBK tau thuy lai chan vit.
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