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bing dong B20 (ciia IRD Hoa ky) theo tiéu chudn mat cin bang du ISO
1940/1. Két qua kiém thir mé phong cin bang dong trén may cin bang dong
c6 do tin cdy dat 99% theo ti€u chuén Schi.

Hoan thién cin bang dong r6 to trén may cin bang dong qua nghién
ctru, xay dung mo hinh hdi quy cho hiéu chinh chi bio mirc d6 mat cAn bang
do thiét bi (phan mém) dua ra. Két qua do6 ciing c6 thé ding dé phat trién
phan mém CBD 16 to trén MCBD thuc té néu dugc xdy dung sau nay.

Két qua mb phong GSDPD trén DPCTBK da kiém chung 1y thuyét cho
xdy dung phin mém GSDD trén PCTBK. Két qua tir thi nghiém s6 GSDD
tai chuong 3 da chirng minh: Dé xuat todn hoc va thuat todn tot (c6 do tin cay
cao), vi md dun mém trong LabView, MatLab, dic biét 1a cong cu FFT va
1/3-Octave dugc tich hop trong xdy dung phdn mém giim sat trong chuwong
4. Ngoai ra, két qua mo phong dat duoc cho qua trinh GSDP tir 6 liéu do
thuc té trén DCTBK gitip cho viéc kiém thir tinh kha thi, tinh san sang dé
trién khai mot thiét bj do, GSDD hién dai.

Cong trinh ¢ md hinh héa, 1ap trinh mot s thiét bi 4o cho GSDD trén
DCTBK tau thuy nhu: xtt ly THDD cho GSDD; tinh cdc muic dao dong cho
phép (mirc A, B) cho DPN; ra quyét dinh GSDP.

Thir nghiém trén DPCTBK ciing tau thuc va két qua thu dugce vé GSDD
trén d6i twong nghién ciru da chimg minh tinh ding dan ciia phuong phap
nghién ciru, tinh kha thi cta thiét bi duoc nghién ciru giai ma cong nghé.
Thuc nghiém trén dong co DR76 (méi thay, lép dat va can chinh dong co
Tua bin khi) tau 375 tai Cam Ranh, Khanh Hoa da dwa ra nhan dinh réng:
mirc gia toc duoc theo doi déu dudi ngudng cho phép mirc A.

Khuyén Nghi

Hudng tiép can méi nén phit trién tiép vé dy béo va chan doan bang dao
dong cho DCTBK trong khai thic cac co hé sit dung PCTBK lai chan vit.

1
MO PAU

1. Tinh cép thiét cia ludn dn

Pong co tua bin khi (PCTBK) dugc dung nhiéu trén tau thuy cao tdc
dic ching véi yéu cau cong sut 16n. Tuy nhién, véi tdc do lam viée rat 16n
(thuong trén 10.000 vong/phiit), PCTBK rit nhay cam véi dao dong ngang
(DBN) do mat cin bang (MCB). Theo tai liéu huéng dan khai thic PCTBK
6 yéu cau han ché dao dong ciia dong co, nhung trén cic tau thuy Viét Nam
co ban chua c6 thiét bi do, ddnh gia muc do dao dong cho dong co tua bin
khi tau thuy.

Cic thiét bj giam sat dao dong (GSDP) nhap khiu rat dit va khong
phit hop dé nghién ctru 1am chu cong nghé. GSDP trén DCTBK tau thuy 1a
vén dé kha méi ¢ nudc ta.

Tir nhitng 1y do trén, luén 4n véi tiéu d& “Nghién ctru gidm sat dao
dong trén dong co tua bin khi tau thuy” c6 tinh quan trong, nhim lam chi
cong nghé, hudng toi thiét ké hé thong, xdy dung phan mém dé c6 thé gidm
sat, chan dodn, va 1am chu trang thiét bi dic biét 1a cac thiét bi quan su.

2. Muc tiéu nghién ciru

- Mb hinh héa (MHH) cac dang dao dong ngang (DPN), dao dong doc
(DPD) va dao dong X0dn (DbX) trén bCTBK;

- Téng hop co so 1y thuyét cho gidm sat LVs, tp trung vao nguyén
nhan MCB gdm: co sé toan hoc va thuat gidi cho GSDP; mé hinh hoé
(MHH), m6 phong (MP) cdc tin hiéu, mutc gi6i han, bién ddi tin hiéu va ra
quyét dinh GSDP (QD-GSDP).

- Thiét ké nguyén 1y thiét bi GSRD; Thiét ké chi tiét cdu hinh phi hop
theo nguyén ly da dé¢ xuat; Viét mot s6 md dun dé do, GSDD quan trong
(dung LabView, MatLab).

- Kiém tra, khing dinh tinh diing d4n cta ly thuyét da nghién ctru bang
thuc nghiém trén tau thyc.

3. Dbi twong va pham vi nghién ciru

3.1. Poi twong nghién civu

- Dbi tugng: thiét bi do, giam sat dao dong trén DPCTBK tau thuy.



- Céc dang dao dong trén DPCTBK tau thuy: DDX (trén cac truc quay),
DBD (phuong doc truc), DDN (phuong thing, vudng géc véi dudng truc)
cua PCTBK tau thuy.

3.2. Pham vi nghién ciru

- Co s 1y thuyét: nghién ciru MHH c4 ba dang dao dong: xoin, doc va
ngang; cin bang dong cic rd to va gidm sit DDN trén DCTBK.

- Kiém chimg: thi nghiém sb va thyc nghiém DPN; khong thi nghiém
vé DDX.

4. Noi dung ciia nghién ciru

- Téng quan vé GSDD trén ddi twong. Dit van dé nghién ctru.

- Co s6 1y thuyét cho GSDP trén dbi tuong.

- Thi nghiém s6 DDN trén DPCTBK lai chén vit tau Hai quén.

- M6 phong s6 GSDP (dang DPN) trén PCTBK.

- Thuc nghiém trén tau Hai quan.

5. Phwong phap nghién ciru

Luan an st dung phuong phap nghién ctru 1y thuyét va thyc nghiém.

6. Y nghia khoa hoc va thue tién cia luin 4n

6.1. Y nghia khoa hoc va cong nghé

- Téng hop duoc co sé KH va CN dé do va GSDP trén PCTBK tau
thuy: lwa chon Quy pham phit hop va phan cing can thiét cho GSDPD trén
MGTE; x4y dung mét s6 phan mém cho GSDD trén MGTE.

- Pua ra m6 hinh todn, phuong phidp mo phong sd tich hgp véi thuc
nghiém 1y thuyét dé hiéu chinh, hoan thién mé hinh (cho cin bing dong).

6.2. Y nghia thuc tién

- Nghién ctru img dung vao d6i tugng ding trén tau quan suy.

- MP can bﬁng dong c6 thé phuc vu dao tao, huén luyén.

7. CAu tric caa luin 4n

Luan 4n duoc trinh bay trong 4 chwong, phan m& dau, két luan, cac

cong trinh nghién ctru da cong bo cula tac gia, tai liéu tham khao va phu luc.

23

4.3. Phan tich két qua

- Thiét bi do dugc kiém tra, hiéu chinh va c6 chimg chi xac nhan chat
luwgng tir hai co quan chttc nang cua Viét Nam.

- PCTBK véi vén téc quay da nhap tir ban phim, phan mém xac dinh
duoc sb lan lap khi trich mau theo van tbc quay va tan so trich mau da dat
céu hinh. Vi du trén cho ta s6 chu ky duoc trich mau 1a 28 (chu ky) — tai giao
dién tinh FFT.

- Két qua GSDP chi ra rang: tai vong quay thir nghiém (13500 rpm),
DCTBK DR76 trai déu c6 mirc DDN nidm trong viing may méi bao dudng,
stra chita (dudi ngudng cho phép A).

4.4. Két luan chwong 4

Chuong 4 da lya chon, lip dit hé thong GSRD da kénh ding do
DCTBK. H¢ thong c6 thé dong thoi giam sét cac dang DDN, DPD (gia tdc)
tai cac bé do dong co, duoc déng bd bai mot kénh do pha. Két qua thu dugc
tir thir nghiém minh chung rang: thiét bi GSDD hoat dong tdt, c6 cac tinh
ning théa man cc quy dinh vé tiéu chuin dao dong ddi véi PCTBK. Cac két
qua do, phan tich, gidm sat dao dong trén cic dong co tua bin khi DR76 trén
c4c tau thuy Viét Nam phan 4nh ding quy luat va tinh trang thyc thé ctia dong
co thong qua muc do rung dong do duoc. Gilra cac ddng co cii va méi cb su
khéac biét 6 nét tuy réng DCTBK sau dai tu (¢ nudc ngoai) cé muc dao dong

nam trong ving tuong tmg (dudi mirc A) theo cac tidu chuin da xét.
KET LUAN VA KHUYEN NGHI

Két Luén

Luan an da thyc hién thanh cdng muc ti€u dat ra cia dé tai:

Xay dyng dugc cic md hinh cho ba dang dao dong cua may. Dé tai dt
ra nhiém vu giam sat dang dao déng quan trong va nguy hiém nhat thuong
x4y ra trong khai thac k¥ thudt dong co tua bin khi tir ba dang trén, d6 1a gidm
sat dao dong ngang ctia may.

Mo phong gidm sat MCB cuia cdc chi tiét r6 to khi bao dudng sira chita

chiing. Thyc hién mo phong cin bang dong cac rd to cia DR76 trén may can
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4.2.2. GSDD ngogi tuyén trong thir nghiém trén tau 375
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THDD dugc luu lai trong thtr nghiém dudi dang *.tdms, nén cAu hinh
VI doc ciing can twong tmg (trong LabView). Cic dao dong gia tdc (tir 6 cam
bién) c6 céc tham sd quan trong khéc nhau.

Mot s6 két qua giam sat ngoai tuyén thé hién trén hinh 4.9.

3

CHUONG 1. TONG QUAN VE GIAM SAT DAO PONG TREN
PONG CO TUA BIN KHI TAU THUY

1.1. Téng quan vé giam sat dao dong

1.1.1. Thudt ngir va khdi niém co bdn

1.1.2. Cdc cong trinh nghién civu cé lién quan dé tai lugn dn

Trén thé gidi: Cic hang chuyén vé giam sit dao dong nhu Benlty
Nevada, Extech, Fluke... va nhiéu nha khoa hoc véi cdc huéng nghién ciru
vé dao dong, cin biang dong, giam sat dao dong va chan doan k¥ thuat bang
dao dong nhu Adams M.L., Barcov A. B., Charchalis A., Grzadziela A.,
McBrien G. M., Shinkawa, Sinha (2002), Zargar O. A.,... Cic cdng trinh
KHCN quéc té néu trén da dua ra ly thuyét GSDD ngang trén DCTBK:
ngudng gidi han cho mot loai DCTBK cu thé trén tau (mirc dao dong chuyén
vi); so d0 bb tri thiét bi GSDD; phwong phap phan tir hitu han. Tuy nhién, &
d6 khong néu duoc diy du céc thong tin vé: hé théng gidm sat, théng s6 mo
hinh cta ddi tugng duoc giam sat, phuong phép xir 1y tin hiéu do dwoc, thuat
toan gidm sét... D6 chinh 12 nhitng van dé k¥ thuat ct 16i khi nghién ciru
GSDDb ctua BCTBK tau thuy.

Trong nudc: GSDD méi chi duge quan tim it nim gan day. C6 thé ké
dén mot s6 nha khoa hoc c¢6 céc cong trinh lién quan nhu b6 Ptc Luu (2012-
2017) véi céc nghién ciru vé giam sat rung dong, cAn bang dong ro to; Nguyén
Hai Ha (2004) voi dé tai vé qui trinh kiém soat, danh gid trang thdi ky thuat
ctia may méc, thiét bi bang phuong phap phan tich dao dong; Nguyén Hai
(2002) va Nguyén Van Khang (2005) véi céc tai li¢u vé phan tich dao dong
may va dao dong k¥ thuat; LATS ctia Cao Hung Phi (2012) da xay dung h¢
thong, thiét bi do 6n — rung; LATS ciia Tran Vian Luong (2000) do dac, ddnh
gid trang thai rung cua céc thiét bi quay duogc sir dung trong cic nha may dién
tai Viét Nam; LATS cuia Lai Huy Thién (2020) giam sat rung dong cua dong
co diesel tau bién... Cac nghién ctru trong nudc trén da dua ra co so 1y thuyét
dé chan doan dao dong cho méy va thiét bi 16 to. Viéc nghién ctru méi dimg
lai & mot sb thiét bi, cum thiét bi nho, két cu don gian, 1am viéc trong mot sd

diéu kién cy thé va twong d6i 6n dinh. Trong luan 4n cta TS. Lai Huy Thién
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(5-2020, PHHHVN), d6i tugng nghién ctru 1a dong co diesel tau bién, khéc so
v6i di tugng nghién cru ciia ludn 4n nay 1a dong co tua bin khi tau thuy.

Nhan xét chung: Hién nay ¢ nudc ngoai cling nhu trong nudc chua cd
tai liéu cu thé, chi tiét vé hé thong do va GSDP cho DCTBK. Do d6, can thiét
phai nghién ctru 1am rd céc van d lién quan téi dic diém dong luc hoc ciia
DCTBK, co s& do va bién dbi tin hiéu do, ham ho4 céc tiéu chudn duoc dp
dung cho GSDP va thuét toan, phuong phap tién hanh thi nghiém, mé phong
dé xay dung thiét bi do, GSDP cho PCTBK theo Quy pham (phit hop nhét
1a RMR, 2016). Viéc nghién ciru GSDPD trén DCTBK Ia cén thiét theo Quy
pham, dong thoi ting cudng kha ning sin sang chién diu, bao vé chi quyén
bién, d4o clia cic tau Hai quan trang bi DCTBK.

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

Nguyén nhén chinh giy ra dao dong ciia PCTBK d6 1a mét can bang
céc 16 to. Tiéu chuan cho GSDP ciia PCTBK duoc RMR (2016) dua ra d;‘iy
da nhét vé s6 luong, vi tri céc diém do, tinh chét chinh ctia dao dong vé dai
tan s6 do cling nhu cic gidi han cho phép. Trén céc tau thuy Viét Nam hién
nay, cic PCTBK lai chdn vit phan 16n chua duoc trang bi hé thong giam sat
dao dong. Cac nghién ciru vé dao dong cia DPCTBK va xdy dung hé thong
GSDD cho DCTBK van con la van dé moi.

1.3. X4y dung bai toan cho nghién ciru

Céc bai toan dit ra cho luan 4n can giai quyét bao gom:

- Xay dung mo6 hinh cic dang dao dong cia PCTBK; md hinh cac r6
to cua DPCTBK dét trén may CBD;

- Phan tich dic diém ciia DPCTBK va cic tiéu chuan, quy pham... gidm
sat cho ddi tuong;

- Tao (thi nghiém sé), phan tich, xit Iy THDD cua BPCTBK;

- Bé xu4t md hinh cho cdc dai luwgng va déc tinh cua cac THDD theo
tiéu chuin dugc 4p dung;

- Xay dung thuat toan gidm st va phan mém giam sat;

- Thir nghiém kiém chumng.
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4.2. Két qua thwc nghiém do, GSDP trén PCTBK
4.2.1. Két qud do va lwu triv div liéu dao dpng trong thir nghigm
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Dir liéu tai cac 1an do duogc tac gid luu trir vao 6 cung cua PC véi dang
dir liéu *.tdms. Ché dd do dugc theo doi va luu dir liéu tw dong dé dap tng
Vi cac yéu cau nghiém ngit khi thir tau dudng dai. Mot trong cic két qua do

va hién thi nhanh cdc kénh do dugc chi ra trén hinh 4.5.
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CHUONG 4. NGHIEN CUU THU NGHIEM GIAM SAT DAO PONG
TREN PONG CO TUA BIN KHI TAU THUY

4.1. Hé thong do, giam sét dao dong trén PCTBK

4.1.1. Yéu cau ky thugt

Thuc nghiém chi ¢6 thé tién hanh trong cic diéu kién, ché 46 may cho
phép hoat ddng an toan va tin cay.

4.1.2. Ké hoach thir nghiém

Ké hoach thu nghiém trén tau thyc dugc xay dung dé thuc nghiém
duoc tién hanh dugc thanh cong.

4.1.3. So’ d6 khoi hé thong da kénh do, GSDD cho PCTBK

4.1.4. Cdc chi tiét chinh trong hé thong GSDP trén MGTE

Trong ludn an, NCS str dung sensor gia tde loai IMI Series 640 (M¥).
Bo thu thap dit liéu sir dung 02 DAQ-NI 9234 gip trong khung cDAQ 9184
6 toe do léy mau (Sample Rate) 1a 51,2 kS/s/channel (kénh) d4p ting duogc
yéu cdu ky thuat dat ra cho thiét bi GSDP cia DCTBK. M4y tinh, bo xir ly
trung tim (CPU) -mdy tinh xach tay, cau hinh dii manh cho thyc hién cic
chirc nang dit ra. Phan mém Labview - NI va cac VI do, xir 1y két qua va ra

quyét dinh.

bC TBK DR76
i &

B mEll

« X L Lk '
iy, DAQ 9234

!,/ \~!

Laptop 7 4
(CPU+ = "Vl‘*»z,c,DAleszi # Nguén cap dién
VDMS) b - . P

Hinh 4.4. So d6 b tri hé thong do va GSDD trén DPCTBK DR76

1.4. Két luan chwong 1

Chuong 1 lam 18 su can thiét GSDD trén PCTBK tai Viét Nam; bé
Xut nghién ciru mat cin bang rd to, dy 1a nguén kich thich chinh tao ra dao
dong trén BCTBK.

Dé xuit nghién ctru hai bai to4n co ban: (a) cin bang dong rd to trong
bao dudng, sira chita; (b) gidm sat mic do dao dong thing ciia may TBK khi
hoat dong. P& xuat gidm sit dao dong rd to khi can bang dong trén may cin
bang dong duoc thyc hién qua md hinh héa va moé phong sb. Dé xuat thuc
hién bai toan m6 phong giam st dao dong trén PCTBK bang m6 hinh héa,
md phéng va thuc nghiém.

Trén co so d6, dé tai s& xdy dung phan mém dugc viét trén nén tang
LabView (thuan tién dé tich hop véi thiét bi do) cho giam sat khi méy hoat
dong thuc té trén tau.

CHUONG 2. CO SO LY THUYET CHO GIAM SAT DAO PONG
TREN PONG CO TUA BIN KHI TAU THUY

2.1. M6 hinh dong lyc hoc dao dong ciia PCTBK

2.1.1. M6 hinh dong hoc cua dong co tua bin khi tau thuy

M5 hinh dong hoc cta dong co tua bin khi tau thuy duogc gidi thiéu
trén Hinh 2.1.

.ﬂ 4 Khira
® e o e o o BTl o
b e .
)  J—) ® o 0] )

¥
M0 hinh 1 M5 hinh 2

Hinh 2.1. M6 hinh dong hoc ddng co tua bin khi tau thuy
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2.1.2. Dang dao dong co bdn ciia DCTBK

DPCTBK c¢6 cac dang dao dong chinh: Dao dong ngang (DDN); Dao
dong doc (DBPD); Dao dong xodn (DDX).

2.2. M6 hinh dao dong ctia djng co tua bin khi tau thuy

2.2.1. M6 hinh dao dong ngang

myn

Hinh 2.4. M6 hinh DDN cua céc gbi d& trong co hé may nén — tua bin
M0 hinh chung nhat viét dudi dang ma trén cho h¢:
MX + CX + DX = F(t) (2.11)
Trong d6 céc ky hiéu M, C, D 12 ma tran khdi luong; hé sé clng va

hé s6 can; F(t) 1a véc to lyc cuang bc.

[ el o vefo-l

1b1 - [ 7712A ’ - _'(:1 (:2 4‘ (:1 l) }Cl }Cl ‘F l(z
2.2.2. Mé hinh DPD ciia PCTBK

6 1 = [0

H f

Hinh 2.6. So db déng Iuc hoc DBD co hé MN -TB — 0 chan.

\\\\\

19
TS TB [Vgha(£)] TS TB [Vgna(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?
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
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

3.4.2. M6 phéng ra quyét dinh GSDP cho DCTBK tai tirng tin so

Giam sdt TTDD ctia DCTBK theo hai mitc A va B theo timg tan sb.
Két qua duoc hién thi bang dén bao (LED) ddi v6i hai mic A va B. Pén mau
XANH - dué6i ngudng cho phép, mau PO - trén ngudng cho phép.

3.4.3. M6 phong GSDD cho DCTBK trén tau thuc

Str dung két qua do dao dong trén PCTBK dé dwa vao phan mém gidm
sat dao dong cho DCTBK.

3.5. Két luan chwong 3

NCS da trién khai m6 phong s6 nghién ctru cac tinh chét quan trong
ctia dao dong da diéu hoa, c6 nhiéu...; M6 phong giam sat MCB r6 to ciia
DCTBK trén co s6 sir dung phan mém mé phong CBP cho 16 to dit trén may
CBD; Lap trinh code trong LabView cho xay dung mo6 dun ciac dudng cong
ngudng cho phép dbi véi DDN duoc giam sét trén DPCTBK theo céc tiéu
chudn dwa ra tir Quy pham RMR, 2016; M6 phong s6 dura ra két qua giam sat
DDN theo cdc ngudng cho phép va mé ta truc quan két qua GSDD. Kiém
thir véi dau vao 12 tin hiéu do thyuc té trén DCTBK tau thuc; Phin mém mo
phong s& dugc phit trién va tich hop cho thiét bi GSDD trén DCTBK, s&
duogc nghién ctru tai chuong 4.
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Két qua tinh cdc hé s6 ctia mé hinh thu dugc nhu hinh 3.15.

SEm I 0.001 I 0.000 l 0.000 ' 0.000 ;I 0.000 l 0000 | nlg 7 N2 F .Statistic Criteria

99% Contidence v Fit| 684

sR| 26 || 14 || 360 || 1440 || 361.0 || 10240

Pt 36814 119324 tnf | inf | ot | Wf | W
RES |t e e e e e 1:2086]§2.49 [fo.07 {f-0.04 [Jo.04 |]-0.01 Jf0.00
-2033)f0.03 {333 J-0.01 [Joo1 [fo.00 [{-0.00

COEFFICIENTS: of A
7.194 fo.401 ||-0.009 fo.026 |-0.049 fo.011 f-0.009 | ) BT TR T I T R
-20.00(§0.00 [f0.00 1J-0.00 [Jo33 ||-0.00 [{0.00

5972 }-0.003 [Jo301 {0.006 ||-0.011 [|-0.003 f0.004
' -20011f0.00 [fo.00 1J-0.00 [Jo.0o [fo21 [fo.00
30.000 {0.000 |J0.000 1500 Jo.000 [fo.000 fo.000 | = it i e & :
-20.00/{0.00 |f-0.00 |f-0.00 Jo.00 [f-0.00 [f0.12
60.000 {0.000 {0.000 §0.000 {3.000 {0.000 J0.000 |
95.050 §-0.000 [{0.000 J0.000 [Jo.000 [f4.750 Jo.000 |
J160.000 {0.000 [f0.000 o.000 o.000 Jo.000 [8.000 |

Hinh 3.15. Két qua tinh hé s va kiém tra do tin cdy cta cdc md hinh
héi quy

3.4. M6 phéng giam dao dong trén PCTBK

3.4.1. M6 phong dao dong cho phép trén DCTBK

Dua vio céc thong sb trong bang 3.8, xiy dung VI tinh va v& dudng
cong giéi han DPN theo ngudng A va B cho PCTBK theo gia toc dao dong.
M6 dun nay duoc tich hop chung trong phan mém mé phong GSDD cho
DCTBK.

Béng 3.8. Mtic cho phép ddi vai dao dong trén DCTBK theo dang gia
toc [m/s2]

TS TB [Vena(f)] TS TB [Vena(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 | 82938

O day: m;, my, m3 1a khéi lugng qui d6i cia méay nén, tua bin va 6
chan; Cz(l) 12 B§ cting kéo - nén cho doan truc gitta MN-TB.
M0 hinh toédn 3 béc tu do c6 dang (2.18).

myfis + G — xp) + k(g — %) = F(t)
myi, — Cy (g — x3) —ky (% — %) + Co(xy — x3)+ky (X — X3) = F(t) (2.18)
ma¥Xy — C(xy — x3) —ky (¥ — %3) + C3x3+k3¥; =0

Néu coi doan truc r6 to tuyét ddi cting theo phuong doc C rét 16n, khi
d6 co hé thyuc hién dao dong voi mot bac ty do.
MerXe + CoXp + koX, = F,(t) (2.19)
2.2.3. M6 hinh DDX trén hé truc DCTBK

J] J:

C.K
M;(t) <‘ ‘> Mz (t)

Hinh 2.7. M6 hinh DBX cta co hé MN -TB va TBCV-CV
MO hinh dao dong x0én 2 bac ty do duge viét nhu (2.20):

]1‘?.5'1 +C(p1—@2) + K(Q:% - ‘Pz) =M, (1) (2.20)
J292 — C(@1 — @2) — K(@1 — ¢2) = My(8)

O day: J; va I, 1a md men quan tinh khdi luong; C, K 12 do cling xodn
quy ddi va hé sb can xoin tuong ddi cua doan truc; My(t), Ma(t) 12 md men
cudng birc.

2.2.4. M6 hinh dao dong bé mdy ciia DCTBK

Trong hinh 2.8 chi ra so 6 nguyén ly dao dong tong hop truyén cho
bé d& chung cia DPCTBK, gdm: cic cum r6 to (MNTA — TBTA, MNCA —
TBCA, TBCV) quay véi cic toc d¢ khac nhau lan lugt 13 o1, ©2, ©3. Cic
luc tac dung 1én cac géi dd cuia tung ro to (cum ro to) dugc xac dinh theo cac

mo hinh toan néu trén.
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MNTA MNCA TBCA TBTA TBCV Két qua truéc can bing dong
N dm, dm, MCB dw (g.mm) KQ tinh MCB
Gurdi | G.phai | SO | me SE, mez SE,
—{ (g — ey — phép | (9 (®
: - —{ 7 | 829 | 60 | 75560 | 597.31 | 143 | 8,08 | 0.034225 | 597 | 0.007569
8 | 816 | 60 | 75506 | 59731 | 143 | 7.95 | 0.003025 | 597 | 0.007569
Than MGTE
9 | 826 | 60 | 76457 | 59722 | 143 | 8,05 | 0.024025 | 597 | 0.007569
S1 Sz 53 Sa S5 Ss S7 10 | 807 | 60 | 788.14 | 59696 | 143 | 7.86 | 0.001225 | 597 | 0.007569
p, ST Thén tiu P =
= TB | 8.108 | 6.083 |  Trung binh, )(f (v) 7.895 | 0.017383 | 6.057 | 0.011223

Hinh 2.8. M6 hinh dao dong trén bé d& cua BPCTBK
MNTA - Mdy nén thép dp; MNCA - Mdy nén cao dp; TBTA - Tua bin thap
dp; TBCA - Tua bin cao dp; TBCV - Tua bin chan vit (tua bin cong sudt);

3.3.4. M6 phéng chin dodn MCB bang mé hinh héi quy

Tir N=16 thi nghiém s, ta thu duoc 16 cip gia tri Y= [y1, y2] qua sir
) dung phan mém mo phong can bang nhu trong bang 3.7.
St ., S7-0d0 1,...,7 trén cdc truc cua dong co tua bin khi; Bang 3.7. Két qua m6 phong tinh MCB diing DBSS

Py, P> - Cdc bé do cua dong co tua bin khi. Vi V2 Vi | Va | Vs | Vg
X1 | X2 | X3 | X4 | X5 | X

Dé xiy dung mé hinh cho dao dong trén bé may ciia PCTBK ta can gam | gam | deg | deg | mm | mm

Z
S

1 1 | 818 | 627 | 31.5| 63 |99.8 | 168

xac dinh cac lyc qui dbi vé céc bé dd cua dong co. 111 1 732 1628 13151 63 1903 | 168

Goi: I; (i=1 + 7) 1a khoang cach tir b¢ may P; tdi cac 6d5 S, Sa..., S7;

1
1

1 ]-1]1 1 |-1]-11] 818 | 566 |315| 63 |90.3| 150
1

L 14 khoang cach gitra 2 bé may P; va P.. -1 | -1 ] 810 | 625 | 285 | 63 |90.3 | 150

Luc cudng birc tic dung 1én cic bé may 1a tdng hop ciia cac diéu hoa 8.27 | 628 | 315 | 57 | 998 | 150

-1 -1 ] 1 1 1 | -1 | 740 | 566 |31.5| 63 |99.8 | 150

véi cac tan sb W1, Zi01, M2, Zi02, O3, Zi®3 (Z; — $6 canh cua tf?mg 1 cda ro td) TR T 111733 1625 12851 63 19981 150

du’qcxécdinhtheocécbiéutht’rc (2.26) va (2.27). 11 1 | -1]-1|-11]746 629 |315| 57 |90.3]| 150

N3 RN RN o ) RUY I N RSN )
—_
—_
—_
—
—_
—

Fpy = %(Z(Fi L) — X(FL)) (2.26) 1] -1 ] -1]1]1 813 | 5.65 | 285 | 63 | 99.8 | 168
1 10 | 1|11 |1] 826 | 5.69 | 315 | 57 | 903 | 168

Fp, == (O(Fl, 2.27
p2 = Q(FL)) (2.27) 1 |1 |1 |11 819 | 628 | 285 | 57 | 903 | 168

M0 hinh todn cua PCTBK trén bé may tuong tw nhu muc 2.2.1. 730 | 5.67 | 285 | 63 | 903 | 168

[u—
w
]
—_
[u—
]
—_
]
—_
—_—

2.3. Co sé' 1y thuyét do dao dong va bién ddi tin hiéu 741 | 628 [ 285 ] 57 [99.8 | 168

—_—
[\
1
—_—
1
—_
1
—_—
—_—
1
—_—
| [ [ = =] —

_.
~
1
—
1
—
—_
1
—
—_

2.3.1. Tin hi¢u dao dong ciia mdy 7.47 | 5.69 | 31.5| 57 |99.8 | 168

[u—
()]
—_
]
—_
]
—_—
]
—_
—_—
]
—_

Trong GSDP, tin hiéu dao dong 1a nhiéu hai kém theo nhidu duogc bidu 8.25 | 5.67 285 57 |99.8 | 150

[
(@)}
1
—_—
1
—_
1
—_—
1
—_
1
—_—
1
—_

7.43 | 5.68 | 285 | 57 |99.8 | 150

dién nhu phuong trinh (2.30):
V=V, + XM, Vsin(kwt + y;) + n(t) (2.30)
O day: n(t) — thanh phan nhiéu.
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Trén hinh 3.7 thé hién giao dién chinh (Front Panel) cia VI m6 phong
tin hiéu da hai dao dong do céc lyc MCB tng véi tan sd quay truc (bac 1) va
céc bac cao tuong tmg voi s6 canh clia céc tang trén TB-MN thép ap.

Trong xr 1y tin hiéu ding FFT c6 sin trong LabView, NCS di kiém
tra do tin cdy cua tin hiéu da hai, c6 nhiéu theo FFT dé kiém chting d6 chinh
xéc clia cong cu toan hoc dugc st dung. Két qua nghién ctru chi ra rang bién
d6 va pha cua tit ca cac diéu hoa thu dugc tir md phong tin hiéu da hai, c6
nhiéu (dang nhiéu tring) déu dat d¢ tin cdy 99% theo tiéu chudn Schi (y?).

3.3. M6 phong CBD ro6 to PCTBK trén may CBD

3.3.1. M6 phéng dao dpng trén cdc géi dé ciia mdy CBD

Dao dong trén cic gdi d& cua may CBD dugc md phong, lap trinh
trong LabView dé dwa vao chuong trinh mé phong CBD.

3.3.2. M6 phéng CBD ro to dit trén mdy cdn bing dong

Céc budc md phong CBP dugc thé hién tryc quan trén giao dién chinh
ctia phin mém nhu trong luan an. NCS tap trung nghién ctru danh gia do tin
cdy cua két qua mo phong CBD ciing nhu xiy dung md hinh hdi quy theo
thuat toan da dua ra 6 chuong 2.

3.3.3. Ddnh gid dp tin cdy ciia phdn mém mé phéng CBP

D6 tin cdy ciia md hinh toan va phin mém md phong CBD 16 to dit
trén may CBD nam ngang dugc danh gia dat 99% theo tiéu chuan thong ké
Schi (x?) ap dung va kiém chiing cho ddi tugng rd to trén dong co tua bin khi.

Béng 3.6. Tong hop két qua danh gid do tin cdy ciia DBSS

Két qua truéc can bing dong

N | dm; | dm, MCB dw (g.mm) KQ tinh MCB
s Cho me; me;

G.trai | G.phai p SE SE

P phép | (g ' ® ’

1 8,0 6,23 | 739,08 | 620.60 143 7,80 | 0.009025 | 6.21 | 0.023409

8,0 6,22 | 739.11 619.6 143 7,78 | 0.013225 | 6,20 | 0.020449

8,0 6,13 | 73941 | 610,53 143 7,78 | 0.013225 | 6,11 | 0.002809

8,0 6,20 | 739,18 | 617,58 143 7,78 | 0.013225 | 6,18 | 0.015129

8,0 6,05 | 739,68 | 602,48 143 7,79 | 0.011025 | 6,02 | 0.001369

AN | B W]

8,30 6,0 750,09 | 597,30 143 8.08 | 0.034225 | 597 | 0.007569

9

2.3.2. Co 56 do va lwu triv cdc tin hi¢u dao dong

Céc huéng dan va qui dinh cu thé vé van dé nay duogc trinh bay trong
c4c tiéu chuan, quy pham vé gidm sat dao dong may 16 to (Tiéu chuan ISO
13373-2).

Yéu cau tan s6 ldy mau tiéu chuan fs cho cic THDD duge xét phuy
thudc vao tan sb bac cao nhét fi cin gidm sat cla thiét bi theo biéu thuc:

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

Theo Quy pham Nga (RMR-2016) quy dinh déi tan sO gidm sat dao
dong cho dong co TBKTT la 1 + 8000 Hz.

2.3.3. Mjt 56 vin d@é chinh cho xir Iy THDD

Dé GSDD trén DCTBK, tin hi¢u do dugc can duge bién doi vé céc
dang phil hop theo thoi gian hay tan s6. Tiép d6 can phai c6 cac bo loc dé
loai bo nhiéu.

2.3.4. Quan hé giita chuyén vi, gia toc va vin toc

Pay 12 mdi quan hé co ban dé xir 1y tin hiéu cho GSDP. Luan 4n tap
trung vao mdi quan hé twong @ng trong mién tan sd.

2.4. Co sé giam sat dao dong trén DPCTBK

2.4.1. Co 56 Iy thuyét vé GSDD trén PCTBK

Céc ndi dung va nhiém vy cho xay dung CSKH va CSCN dé GSDD
trén PCTBK duoc tong hop va trinh bay tai ndi dung nay.

2.4.2. Co sé phdp quy (tiéu chuén) cho GSDP ciia PCTBK

Céc quy dinh vé dao dong va GSDD cho PCTBK duoc xét téi theo
céc bo ISO lién quan va cac tiéu chuan twong tmg véi bd quy chudn Viét Nam
(VR) vé dao dong may va giam sat dao dong. Pac biét xét dén yéu clu vé
GSDD cho DCTBK ciia co quan Dang kiém. Luan an chon Quy pham Ding
kiém Hang hai Nga (RMR) dé 1am co so phan tich, md phong va xay dung
hé thong GSDP. Ba viing giéi han dao dong cho DCTBK la:

A — TTKT cta may va thiét bi sau ché tao hodc stra chira;

B — TTKT ciia may va thiét bi trong khai théc binh thuong;

C — TTKT ciia may va thiét bi khi khai thac c6 thé xay ra hu hong, su

c0. Can phai bido dudng, stra chira.
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2.4.3. Co s cong nghé va truyén tin cho GSDP ciia PCTBK
Hé théng ty dong GSDD cho DCTBK gdm cic khdi chinh nhu trén
hinh 2.18.

- Monitor
D::éqnh - Xir ly tin hiéu DD
(d8ng b hoa) z0iim s4t OB
(VvDMS)
CPU

Déng co TBK
tau thay
MGTE

Hinh 2.18. So d6 hé théng tw dong GSDP cho PCTBK

Si,..., Sm - Cam bién dao dong; S, - Cam bién toc do; DAQ - Bo thu
thap, chuyén ddi, ddng bo hoa dir liéu; CPU - Bo xtt Iy trung tdm; VDMS -
Phan mém giam sat, chin doan dao dong.

St dung cam bién gia toc dao dong. Cam bién do van tdc gbc clia truc
16 to 6 thé dang quang hodc dién - tir (c6 thé 14y tin hiéu do tc d6 quay tir
hé thong diéu khién gidm st chung cta dong co). Bo DAQ can du sb kénh
dé két ndi cac cam bién. Tan sd trich mau ciia DAQ phai dam bao theo yéu
cau dai tan s6 duoc gidam sat cho PCTBK.

Viéc lya chon cdu hinh DAQ-NI 9234 va sir dung LabView dé xay
dung VDMS rét phit hop v6i sy phat trién, tng dung cong nghé cao cho ché
tao thiét bi hién dai (thuc hodc 40) dé do, gidm sat, chin doan DPCTBK bﬁng
dao dong.

2.4.4. M6 hinh todn dac tinh gioi han dao dong cho DCTBK

Puong ranh gioi mic A, B va C duoc dua ra dudi dang bang s liéu.
bic tinh ctia cac duong chuén (gioi han) nay dugc mo hinh héa (MHH) trong
luén an.

Qui pham RMR dua ra cac ngudng cho phép khi do DPN va DBD &
dang THDD van toc. Ching dugc bién dbi FFT va sir dung bing thong
1/3-Octave. Tai ting tan so f trung tim theo bing thong 1/3-Octave, chuyén

HARMONIC COMPARISON | AMPLITUDE CONVIDENCE | PHASE CONVIDENCE |

—
9}

3.0011/40.0998 | 0.0495§ 0.1506 1§ 0.1095/§ 0.0113/§ 0.0997 § 0.1992{§ 0.3002 § 0.049¢ |

2.9986 0.0999 0.0494; 0.150€§0.1094 4 0.010€ [§ 0.1008 |§0.1999 1§ 0.2994 |§ 0.0487 |

300044 0.099€ 1§ 0.0495  0.1495 1§ 0.1095 § 0.0101 /] 0.0985 1§ 0.2001 § 0.3007 [ 0.0504]

3,000 § 0.099¢ § 0.0502/§ 0.1501}§ 0.110¢ § 0.0094/§ 0.0987 | 0.200¢  0.2995 1 0.0494

30002/ 0.0995 § 0.0502 /] 0.1495§ 0.1105§ 0.0094§ 0.099¢ § 0.201¢ § 0.2995 [ 0.0497]

300074 0.1001 § 0.049€ [ 0.1508  0.110¢ § 0.0111/] 0.0985 1§ 0.1995 § 0.3007 | 0.0494

2.9995 4 0.1004 1§ 0.0482  0.151¢ § 0.1092 § 0.010¢ [§ 0.0995 [ 0.200¢ [§ 0.3005§ 0.0502

29993/ 0.0992 [ 0.0495 4 0.1502/§ 0.1095 }§ 0.0097 § 0.1005/§ 0.2001 f 0.2995/{ 0.0500 |
2.9987 4 0.1002§ 0.050 1§ 0.1503 1§ 0.1098 § 0.009€ 1§ 0.1005§ 0.2004 § 0.2994 § 0.0484

3.00041§0.101040.0503§0.1492/40.1105 0.010?; 0.1003| 0.1999} 0.2995/40.0494]
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ddi bién do dao dong van tbc (A, [mm/s]) sang bién d¢ dao dong gia tdc (Aq
[m?/s]) theo cong thitc (2.59):
Ay = Ay, x2nf * 1073, [m/s?] (2.59)

Dic tinh chuén ctia 16p TTKT DCTBK dugc dic trung boi gia tri gidi
han dua ra dudi dang bang. Nghién ctru sinh mé hinh héa chiing bang ham
toan hoc dé thuén tién cho 1ap trinh giam sat trén LabView.

2.4.5. M6 hinh thudt todn mé phong GSDD trén DCTBK

Bai toanra quyét dinh TTDD hién hanh dugc thyc hién theo thuat toan
gdm 4 budc: Tao véc to tan s6 dao dong trung binh giam sit cho PCTBK
(theo RMR); Xéc dinh muc dao dong cho phép A va B (PVLA va PVLB)
tuong ung véi timg tan s6 theo cdc dic tinh chuin; So sanh muc dao dong
hién tai trén MGTE (do hodc m6 phong, c¢6 xu 1y FFT, loc 1/3-Octave) voi
ngudng PVLA va PVLB (d4 xac dinh ¢ budc 2) va dua ra két qua mirc dao
dong chung cho DPCTBK tai tt ca céc tan sd f.r; Hién thi (thong bao) két qua
giam sat.

2.4.6. Mé hinh héa dao déng va CBP ré to PCTBK dit nam ngang
trén MCBD

Co s6 toan hoc CBD 16 to dit trén may CBP trén co sé phin mém cén
bang dong rd to tai xuong, duwoc nghién ciru va ap dung cho mo phong s tai
chuong sau.

2.5. Danh gia dj tin ciy cua dir li¢u do (md phéng) va xay dung mo
hinh hoi quy

Dianh gia do tin cdy cua tin hiéu mo6 phong trén co s 1y thuyét thong
ké (tiéu chuan thng ké Schi ().

X4y dung md hinh hdi quy chan doan MCB cho 16 to trén PCTBK
thuc hién bang phwong phap binh phuong nhé nhat cic sai sb, danh gia do
tin cay cia mo hinh thu dugc theo tiéu chuén théng ké Fisher.

2.6. Két luan chwong 2

Chuong 2 da thiét lap cac mo hinh ddng hoc dao dong (xodn, doc,
ngang) trén DCTBK tau thuy trén co s& so do nguyén 1y két cau va chirc ning
ciia PCTBK. Tong hop dugc co sd 1y thuyét va cong nghé dé trién khai giam
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sat dao dong khi can biang dong 16 to ciing nhu khi may hoat dong trén tau
thuc. Phéan tich va lya chon cdng nghé dé Ira chon cAu hinh cua thiét bi do
dao dong gdm dau cam bién gia toc va bo thu thap dir liéu DAQ-NI 9234
ciing khung twong thich. Phan tich dé thiét 1ap cu hinh trich mau khi do,
gidm st dao dong theo vong quay khai thac cia TBK ciing nhu tiéu chuan

dao dong lién quan.

CHUONG 3. MO PHONG GIAM SAT DAO PONG TREN PONG CO
TUA BIN KHI TAU THUY DR76

3.1. M6 phong dao dong cia PCTBK

Céu tao va céc tinh ning k§ thuat co ban ciia PCTBK DR76 dugc gidi
thiéu nhu 1 ¢iu vao cho mo hinh nghién ciru.

Ciac md dun mo6é phong dao

dong ngang cia PCTBK duogc lap

trinh trong LabView véi cic thong s6

dAu vao cia PCTBK DR76. - Cac thong 0 md hinh
, 2. n L M, G, Co, K1, Ko, 1, Q
Modul tinh lyc quy doi vé céc -Lyc cudng birc: F(t), 1, ¢
gbi d5 ty dong tinh dé dwa ra két qua I
tai phan mém mo phong CBD. - Tinh todn dao ddng tw do:
2 e 2 Aea A s Tg, 0o
Cac ket qua veé bién do va pha - Tinh rung trén g6 do:
cua ngoai lyc cudng birc dicu hoa bac XXX, 0)
1, duoc tinh toan cho tirng cum r6 to l
N LA A £ Inén
duoc va ton% hQ’P trong luan an. i Béng‘két i
Mot so két qua md phong dao -Dothi

ddng ngang cua céc rd to cua PCTBK

duoc téng hop trong bang 3.3. Két thic

Hinh 3.2. So d6 khéi giai nghiém tinh
DBN, DBD va DPX trén PCTBK
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Béng 3.3. Tan s6 dao dong tu do ciia cic ré to DCTBK DR76

N mpanigainnae | NG N | ean
T to my |my | C C; ki k2 o o1 W02 o2 lam vige
kg |kg |N/m |N/m |Ns/m |Ns/m | rad/s | rpm | rad/s |rpm (rpm)
23,75 |5 [B,8E8 [2,2E8 | 50 80 [15829 (151150 | 2551 4360|9500 + 14200
1 |MNTA|23,75|5 [7,0E7 2,2E8 | 50 80 [7664,2 | 73187 |1485,9 |14189|9500 + 14200
23,75 |5 [2,7E7 2,2E8 | 50 80 [7037,5 | 67203 |1005,0 |9597 | 9500 + 14200
2225 |5 [B,8E8 [2,2E8 | 50 80 [15895 (151790 | 2624 P5060 | 9500 + 14200
2 | TBTA |22,25|5 [7,0E7 2,2E8 | 50 80 [7667,6 | 73220 |1534,5 |14653|9500 + 14200
2225 |5 [R,7E7 2,2E8 | 50 80 [7038,2 | 67209 |1038,2 |9914 | 9500 + 14200
38,00 | 5 [8,8E8 [2,2E8 | 50 80 [15456 (147600 | 2065 [19720 (13000 + 20000
3 MN- 38,00 | 5 [7,0E7 2,2E8 | 50 80 [7645,6 | 73010 |1177,5 |11245(13000 + 20000
TBCA 38,00 | 5 [,7E7 [2,2E8 | 50 80 [7034,1 | 67171 | 794,9 |7591 {13000 + 20000
59,25 |5 [8,8E8 2,2E8 | 50 80 [15233 (145460 | 1678 [16030| 2800 + 8600
4 |TBCV |59.25 |5 [7,0E7 2,2E8 | 50 80 [7634,8 | 72907 | 944,4 |9018 | 2800 + 8600
59,25 |5 [2,7E7 R2,2E8 | 50 80 [7032,1 | 67151 | 636,8 |6081 | 2800 + 8600

* Nhan xét vé két qua mo phong:

Céc két qua mo6 phong cho thdy, mic do dao dong 16n ctia cac cum rd
to c6 thé xuét hién trong viing pham vi tc d6 1am viéc clia ching.

- MNTA: Xinax = 4,3 (3,2) mm 6 toc @ n = 15400 rpm,

- TBTA: Xmax = 6,1 mm & téc d6 n = 15900 rpm;

- MN-TBCA: Xinax = 2,8 (3,4) mm & toc d6 n = 12200 rpm;

-TBCV: Xumax = 8,7, (14,5) mm & tdc d6 n = 9800 rpm;

Diéu nay cho thiy kha ning mat an toan ddi voi PCTBK trong viing
toc do lam viéc khi MCB xay ra dbi véi céc rd to cia DCTBK.

3.2. M6 phéng DPN da diéu hoa trén PCTBK

Mo phéng dao dong ngang da hai c6 nhiéu trén PCTBK dugc 1ap trinh
trong Labview cho PCTBK DR76. Mot s6 két qua md phong cho cum may
nén thép ap (MNTA) (9 téng canh) c6 10 diéu hoa duogc trinh bay nhu trén
cac hinh 3.7, va Hinh 3.8.



