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TOM TAT

Heé théng day tau thuy dang lai bao gébm nguon luc ddy co va dién trén cting maét hé théng truyén
dong. Do do, hiéu sudt ddy dugc t6i uu hoa va dép Ung nhu cau nang lugng thay déi moét cach
nhanh chéng va linh hoat c& vé nang lugng co hoc dugc cung cap bdi dong co diesel va / hodc
nang luang dién thong qua déng ca dién co tée dd thay déi dugc. Su két hop nay dan dén su van
hanh hé théng déng luc tau linh hoat hon, giip cung cap chinh xac cong sudt va moé-men xodn
can thiét trong tét ca cac ché do hoat dong clia tau va véi cac ché do hoat dong khac nhau. Hién
nay, c6 it nghién ctu vé dao dong clia hé théng ddy dang lai trong hé théng déng luc cla tau
déng mdi. Dua trén do ludng thuc nghiém, bai bao nham dén viéc trinh bay mot quy trinh chung
vé do dao dong, xr ly dir liéu, phan tich va danh gia dao dong clia may phat dién dong truc PTO
(Power Take Off generator) trong mot ché dé hoat dong clia hé théng day lai nhu vay khi tién hanh
thir nghiém tau trén bién. Mot nghién clu dién hinh cho mét tau duge mo ta chi tiét dé kiém tra
quy trinh dé xuat. Cac phan tich tan sé dugc thuc hién trong pham vi tlr 2 dén 100 Hz va so sanh
vdi céc tiéu chuén lién quan cla Hiép hoi Dang kiém Na Uy va Buc (DNV - GL, Det Norske Veritas -
Germanischer Lloyd) va ca tiéu chudn ISO 10816-3 dé danh gia kha nang chdp nhan muc do dao
dong trong cac thir nghiém tau trén bién. K&t qua tir nghién ctu nay cling cung cdp mot quy trinh
tin cay dé kiém tra va danh gia do dao déng clia may phét dién déng truc tim thdy trong bat ky hé
théng ddy tau dang lai nao.

Tur khoa: May phat dién déng truc, hé théng déy tau dang lai, ISO10816-3, Fast Fourier Transform

(FFT)

GIGI THIEU

Céc hé thong dédy tau dang lai da ngay cang phd bién
hon khi cac hé théng dién va thiét bi cung cdp dién
dugc tich hgp nhiéu hon vao van tai hang hai trong
vai thip ky qua. Loi ich ma ching mang lai bao gébm
cdi thién viéc tudn tht cic quy dinh qudc té vé tiéu thy
nhién liéu tau va phat thai khi nha kinh, ting cudng
tinh linh hoat va d9 tin cdy ciing nhu gidm chi phi vdn
hanh va bao tri 2.

Tuy nhién, vin con mot s6 lo ngai vé sy an toan va én
dinh ctia cac hé thong lai da nang lugng trang bi cho
cac tau. Dic biét, hé thong dong co tau dang lai, dugc
sti dung rong rai & giai doan hién nay, c6 ciu tric phiic
tap hon v6i hop s6, nhiéu khép néi dan hoi va nhiéu
truc truyén dong c6 nhiéu chi nhanh truyén tai. Véi
tiéu chudn lugng khi théi tau déng méi v6i ngudng
han ché cho tiéng 6n va dao dong tau, nganh vén tai
bién di dua ra yéu ciu cao hon vé tiét kiém nang lugng
va giam phat théi cling, dic biét v6i hé thong dong luc
6 muic tiéng 6n va dao dong thip>. Dao dong ctia hé
théng ddy tau anh hudng tryc tiép dén hiéu suét va
do an toan cua tau. So véi hé thdng ddy tau truyén
thong, hé théng ddy dang lai ¢é nhiéu b phén hon

v6i ddc tinh dao ddng, ngudn kich thich dao dong va
co ché dao dong ctia hé théng phiic tap hon. Do do,
viéc nghién ctiu co ché dao dong va phuong phap tinh
toan ctia hé thong dong co lai dién c6 y nghia rat I6n.
Nghién ctiu nay trinh bay mot cai nhin chi tiét trong
viéc tri€n khai do va phan tich dao dong may phat dién
dong truc PTO tich hgp trong mot hé théng déy dang
lai cho tau d6ng mdi khi thit dudng dai. Két qua do
dao dong, phan tich va danh gid nhim dén yéu cdu
vé kiém soat dao dong tau thay do hé théng dong luc
tau thuy gy ra. Bai bdo nay dé cép chinh dén mdy
phét dién dong truc (Hinh 1) dugc kiém sodt dao dong
theo tiéu chudn ISO10816-3* trén co s& st dung quy
chuén ky thuét kiém tra boi Hiép hoi Piang kiém Na
Uy va btic (DNV - GL) theo Phan 4, Chuong 4, Muc
8.2.1°. Méy phat dién déng truc nay khi phéi hgp véi
dong co chinh va mdy phat dién phu tao nén nhiéu
ché d6 hoat dong: dong co chinh lai cd chén vit va
may phat dién dong truc, may phat dién phu lai déng
co dién délai chan vit, dong co chinh lai chan vit cing
v6i dong co dién dugc lai bang may phat dién phu (ché
d9 ting cuong),...°

Trich dan bai bdo nay: Tuan L D, Duy N T, Hai T. Phan tich dao ddng may phat dién déng truc PTO
trong hé théng day tau thay dang lai. Sci. Tech. Dev. J. - Eng. Tech. 2024, 6(SI2): 23-33.
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Hinh 1: M3y phét dién dong truc khi hé théng day tau & ché do ting cudng

DO VA PHAN TiCH DAO PONG

Tiéu chuan déanh gia dao dong

Trong céc yéu cdu vé kiém soat dao dong tau thuy do
hé théng dong lyc tau thiy giy ra’ (dong co, may
phat dién...), tiéu chudn ISO 10816-34 quy dinh r6
muc van t6c dao dong cho phép. Tiéu chudn hudng
dan nay danh gid mic d6 dao dong trong may méc
hoat dong trong pham vi tdn s6 10 dén 200Hz (tuong
duong 600 dén 12.000 RPM) nhd vao mdt biéu d6 gisi
han van t6c theo cdp mdy (theo cong sudt) két hop véi
cac yéu t6 khac (d9 cling viing ciia d€ mdy) dé€ danh gid
muc d§ dao dong tdng thé ciia mdy. Pon cti, mot may
phét dién dugc kiém sodt dao dong theo tiéu chudn
nay trén co s st dung quy chuén ky thuét kiém tra
DNV GL Pt.4 Ch.4 Sec.8.2.1° (Ping kiém Na Uy -
Duic), chi tiét hon:

Po dao dong trén mdy phat dién trich lyc ti truc
chinh ctia méy chinh thong qua hop s6 dugc tién hanh
tai cac cép t6c do tuong duong 90%, 100% va (tdi
thiéu) 105% so v6i may phat khong tai va do khi tau &
trang thai 6n dinh. Viéc do dao dong dugc thuc hién
gin cd hai § d6 dau cudi theo phuong ding, ngang
va doc truc. Tan s6 phén tich dugc khao sit trong
khoang 2 dén 100 Hz°.

Trit khi c6 huéng dan khac bdi nha san xuat va dugc
chép nhén béi cdc co quan kiém dinh, cidc muc van
toc dao dong khong dugc vugt qua cic gia tri sau’:

- Déi v6i ché do chay lién tuc lau dai, tic & 90% va
100% téc dd mdy phat:

o 4.5mm/s RMS (can quan phuong) tai méi thanh
phén tan s6 d6i véi dao ddng gay ra boi cac
ngudn ndi tai;

o 7.1 mm/s RMS tai méi thanh phan tin s6 déi véi
dao dong géy ra bdi cac ngudn bén ngoai (hoat
dong ciu hang, thong gié...).

- D6i v6i ché do chay gidi han, tic 6 105% t6c d may
phat:

7.1 mm/s RMS tai méi thanh phan tan s6 d6i véi
dao dong gay ra bdi cac ngudn bén ngoai.

- Dao dong gay ra bdi cac ngudn noi tai la cdc ngudn
dao dong tlii may phat dién, khép noéi truc gitta may
phét v6i hop s6. Diéu d6 c6 nghia la véi cac tan s6 bac
nhét va bac hai ctia tdn s6 quay may phat ciing nhu cac
dao dong tuong téc cong hudng véi dao dong xodn va
dao dong doc truc.

- Céc gia tri gidi han dao dong xac dinh theo ISO
10816-3:2009 (Hinh 2), theo d6 viéc danh gia dao
dong may dugc thuc hién bing cich do dao dong trén
cdc chi tiét khong quay (vi du: d€ mdy, bé dong co gan
v6i than vo tau...) va so sanh véi cac mic gidi han
dua ra. Tiéu chuén nay chuyén dp dung cho méy méc
cdng nghiép véi cong sudt trén 15 kW véi dai toc do
tit 120 vong/phit dén 15000 vong/phit?. Danh muc
nay bao gém céc dong co cong nghiép phd bién, may
bom, mdy phét dién, mdy nén quay, mdy thdi va quat,
va mot s loai tuabin.

Po dao dong may phat trén truc

Céc thiét 14p hé thong do dao dong va quy trinh thu
nghiém dugc thuc hién lién quan dén may phat dién
dong truc d€ ddnh gia Ging xt dao dong ctia riéng may
phat va ctia cd anh hudng cac may moc lién quan dén
may phat nay (hop gidm t6c, dong co chinh,...). Sau
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Group 1 Group 2
ISO 10816-3 Large machines Medium machines
300 kW < power < 50 MW 15 kKW < power < 300 KW
in/sec | mm/sec Motor Motor
peak ms height >315 mm 160 mm < height < 315 mm
0.61 | 11.0
039 | 71 Damage occurs
025 | 45  Restricted operation |
019 | 35 E—
016 | 28 ]
043 | 23 Unrestricted operation
008 | 14
004 | 07 Newly commissioned machinery
000 | 00
Foundation Flexible

Hinh 2: ISO 10816-3 ap dung theo nhém may va loai bé may

d6 chuyén sang mo ta mic do dao dong véi cac phd
dao dong cuia gia tdc, van toc theo thai gian dugc do
trong sudt thtt nghiém, va sau dé két thuc véi mot
phén tich vé cac quan sat quan trong nhét lién quan
dén tht nghiém thong qua cdc phé tin s6 ctia van téc
dao dong.

Thiét Idp hé théng do dao déng

D¢ danh gid dao dong mdy phat trén truc cin dén
mot loat cac phan cling va phan mém phan tich trong
hé théng do dao dong, nhu minh hoa trong Hinh 3.
Thanh phan chinh ctia hé théng do nay bao gom cac
dau do gia tdc chiu trach nhiém chuyén déi dao dong
co hoc thanh tin hiéu dién, by chuyén déi tin hiéu
tuong ty - s6 voi hé théng thu thap di liéu s6. Ngoai
ra, mot bd phén tich dao déng dudi dang mot phan
mém la can thiét d€ thu thap va xt ly tin hiéu do, phan
tich dao dong.

Vi tri d4u do gia t6c tai vo 6 truc dong co / may phat
vé phia du6i truc (NDE), ttic diém do 1, 2, 3; tai vo
6 truc dong co / may phét vé phia dau truc (DE), tic
diém do 4, 5, 6 va tai cac diém 7, 8, 9, 10 trén bé may
(hodc két ciu da mdy) dugc thé hién trong Hinh 4. Vi
tri diém do 1-6 dugc dé xuit tai Muc 8.2.1° va diém
do tii 7-10 thuong bé tri nhu trén hay theo yéu ciu

clia cdc bén lién quan (t8 chic dang kiém, nha mdy
dong tau).

Thiét bj do dao déng

Viéc thu thap di liéu do dugc thuc hién trén thiét bi
do dao dong chuyén dung véi 4 kénh st dung 3 dau
do gia t6c loai 333B40 va thiét bi thu thép di liéu, hién
thi nhu mo ta trong Bang I.

Do dao dong

bic tinh dao dong ctia chiic nang mdy phat trén truc
cén dugc danh gia d€ hiéu sau hon vé ting xti dao dong
cta nd. Céc déc tinh dao dong clia mdy phat trén
truc dugc kiém tra trong khi hoat dong & diéu kién
khong tai va va do khi tu & trang théi 6n dinh. Thuét
ngii "khong tai” am chi mot thit nghiém trong do6 cac
thong s6 dién ap, dong dién va cong suét ciia may phat
dién dugc do ma khong cé tai. Diéu naylién quan dén
viéc do van tdc dao dong ctia vo & truc trén ca hai dau
truc truyén dong (DE) va khong truyén dong (NDE)
dé déanh gid muc d6 dao dong cia mdy trong cac tinh
hudng khéc nhau vé tai, tdc d6. O phuong phép nay,
dau do gia t6¢ dugc stt dung d€ kiém tra mic do dao
dong theo huéng mong mudn va dugc mo ta trong
Hinh 3. Két n6i cac dau do nay thong qua bd thu thap
dit liéu v6i phdn mém dugc st dung nhu mot chuong
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Hinh 4: Vi tri cGa cac dau do gia téc, a) theo phuong ngang, ding, doc tai vo & dudi truc (NDE) - diém 1, 2, 3, b)
theo phuong ngang, diing, doc tai vé 6 dau truc (DE) - diém 4, 5, 6, ¢) theo phudng diing trén bé mdy - diém 7, 8,

9,10

Bang 1: Théng sé thiét bi do

Thiét bi do

DPéu do dao dong

Thiét bi thu thap di liéu va
hién thi

Tén
DPau do gia t6c ICP
B¢ thu thap dii liéu da kénh

Phan mém phan tich dao
dong

Nha sén xudt

Cong ty PCB - My

Cong ty Measurement
Computing - My

Loai, dic tinh

333B40, do nhay 504, 498,
463 mV/g

DT9837A dé phan giai 24-
bit, tdn 8 14y mau max 52.7
kS/s/ch

QuickDAQ ver. 3.7.0.46
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trinh phan tich d€ do luong. Phé vén t6c dao dong
dugc do trong khoang 2-100 Hz ciing la pham vi dao
dong ctia mdy dugc quan tam.

Céc vi tri do bao gom cac diém nam gan nhit cac
6 45 cua may phat dién (NDE va DE) va & chan dé
ctia dong co (bé mdy) tng voi 4 1an do #1, #2, #3,
#4 trén Hinh 3. S6 14n do phu thuc vao s6 dau do
gia téc dugc trang bi, tinh trang hién tai ctia dong co.
My phat sé dugc do dao dong 3 14n & 3 miic d6 hoat
dong khac nhau tuy theo cong suit lién tuc dinh mic
(NCR) ctia dong co chinh bao gébm: 90% NCR, 100%
NCR, 105% NCR, nghia la sé do & 3 muic toc do vong
quay 1a 90%, 100%, 105% so véi téc do dinh mtic ctia
may phat trén truc trong diéu kién khong tai va khi tau
dang di chuyén véi téc d6 6n dinh va diéu kién hoat
dong binh thusng. G mdi vi tri do NDE, DE hay bé
may can phai thuc hién do theo 3 phuong: phuong
doc tau L (Longitudinal), phuong ngang T (Trans-
verse) va phuong thing ding V (Vertical). Déi véi
c4c vi tri & chan dong co chi do theo phuong thing
diing.

Theo bd tri chung cta hé thong déy tau, cic giai doan
do dugc bd tri nhu sau: thiét bi do dao dong gom cd
3 dau do gia téc dugc danh s6 tii 1 dén 3. Dau do s6
1 sé do theo phuong ngang tau (T), dau do s6 2 do
theo phuong thing dting (V), ddu do s8 3 sé do theo
phuong doc tau (L).

Ba l4n do dao dong theo cong sudt lién tuc dinh mic
(NCR) ctia may chinh, cling c6 nghia khi may phat &
toc do ung véi 90%, 100% va 105% NCR theo 4 bude
l4n lugt (Hinh 3):

#1: Do cic diém 1, 2, 3 (3 kénh dong thoi);

#2: Do cic diém 4, 5, 6 (3 kénh dong thoi);

#3: Do cic diém 7, 8 (2 kénh dong thoi);

#4: Do cic difém 9, 10 (2 kénh dong thoi).

Tht ty do giii cic lan do, diém do c6 thé diéu chinh
tly theo diéu kién khong gian, ché d6 lam viéc cta
mady chinh, méy phat, thdi gian di chuyén va gin céic
dau do gia toc, di day tin hiéu...

Piéu kién do va thiét 1ap théng sé do
Théng sé chinh va diéu kién do

Tht nghiém do dao dong trén mdy phat dong truc
dugc tién hanh trén tau tau danh cd dugc déng
mdi trong nam 2023 (PERSEUS, mang s6 hiéu IMO
9924338). Cac thong s6 chinh va diéu kién do dao
dong ctia tau nay dugc cho trong Bang II.

Thiét ldp théng sé do
Viéc cai dat thong s6 do dugc cho trén Hinh 5 véi cac
thong tin chinh sau:

« Tén s6 ldy mau:

« Thoi gian do: 10 s (hay s6 diém do
« Don vi do: m/s
o D¢ nhay: 514, 50.8,47.2 mV/m/s

PHUONG PHAP DO VA XU LY TiN
HIEU

DéE c6 dugce gid tri van tdc dao dong tai cac diém do
da chi ra (10 diém) ti d6 danh gia theo cic ngudng
theo quy chudn ky thuét kiém tra cia DNV-GL (Pt.4
Ch.4 Sec.8.2.1)° xac dinh tit ISO 10816-3 (Muc 2.1),
nghién ctiu nay thuc hién:

- Cai dit thong s6 do (Muc 2.3.2);

- Tién hanh do gia t6¢ theo thoi gian (phd thoi gian
clia gia t6c) & tai tit cd cac diém va & cac ché do tai
khac nhau (90%, 100% va 105% NCR);

- Phé thoi gian ctia van t6c dao dong dugce tinh tit phd
gia t6c bing tich phan s6;

- Phé tin s6 ctia van t6c dao dong thu dugc bang phan
tich FFT (Fast Fourier Transform);

- O mdi phd tdn s8 clia van t6c dao dong, gia tri
van t6c 16n nhdt V., tai tin s6 tuong tng sé dugc
xdc dinh cho méi diém do (goi tén 1a NDE1, NDE2,
NDE3, DE4, DE5, DE6, Foundation 7, 8, 9, 10 tuy
theo vi tri § 6 d& hay 6 bé mdy) mo ta trén Hinh 3,
Hinh 4. Cu6i cung gid tri trung binh (cin quéin
phuong) Vgys, gid tri 16n nhét V4, cling dugc tinh
tai cac diém noi trén;

- Cac gid tri nay (tn s6, Viax, Vrus) sé duge tém
tat nhu la cdc miic do dao dong va so sanh véi cac
ngudéng van téc dao dong can cit theo DNV - GL Pt.4
Ch.4 Sec.1.8.2 va ISO 10816-3. Tu d6 viéc danh gid
muic dao dong clia may phat trén truc dugc thuc hién.

X ly nhiéu DC va nhiéu tan sé cao

Nhiéu tin hiéu hay con goi la nhiéu dién lam giam
chét lugng va sai léch tin hiéu do dao dong. Ngudn
gy nhiéu tin hiéu c6 thé bao gém céc thiét bi dién tu
khéc trong mach dién, su nhiéu tif cdc ngudn ngoai
nhu séng vo tuyén, song radio, tin hiéu tit cac thiét bi
dién, cac yéu t6 moi trudng xay ra trong qud trinh thu
thép thong tin di liéu.

Hé théng do luong dién td khi thu nhén tin hiéu
thuong kém theo nhiéu dién va can thiét phai khu
chung. Cé nhiéu phuong phap loc nhu st dung cic
bd loc dién ti, loc s6. B loc thong thdp dugc tich hgp
trong hé théng do dao dong ké trén, bd loc s6 Butter-
worth dugc xac dinh bdi bac ctia bd loc va ngudng tin
s6 cit8. Béloc cac tin hiéu nhiéu DC, cin chi dinh tAn
s cdt ¢ muic thdp, cdc tin s6 dudi 2 Hz (xét dén tdc
do6 vong quay ctia truc chén vit 120 RPM, tuong ting
tan s6 quay 2Hz). Cac tin s6 thdp nay gy nhiéu trong
qué trinh thiét bi do dac nén sé dugc loai bo.
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Bang 2: Théng s chinh va diéu kién do

Kich thudc chinh

Chiéu dai toan bo LOA: 93.0 m
Chiéu dai hai tru LPP: 85.3 m
Bé rong B: 18.0 m

Moén nude D: 6.5 m

Diéu kién do

Doéng co chinh: Roll-Royce
(1 may), 9 xy-lanh

Loai: Bergen B33:45L9P
Cong sudt: 5400 kW

T6c d6 quay: 750 RPM

May phat dién dong truc

Diéu kién thoi tiét

Gi6: 12-14 hai ly/gio
Trang théi bién: 5

Do sau ving nude:11 m
Huéng di ra bién

Tén: ABBRated

Cong sudt: 1200 kW
440 V- 60,6 Hz

Chan vit (s6 lugng: 1)

Tén: Kongsberg 111A1/4 E-B/P/N

Cong sudt: 6000 kW
Dudng kinh 4200 mm, 4 canh, quay cung chiéu

kim doéng ho
Chiéu chim Mii: 4.91 m Lai: 7.0 m
biéu kién tai, nu6e din Thti tau dudng dai
Miy chinh (NCR%) 90%, 100%, 105% (truc may phat & téc do 1080,
1200 va 1260 RPM)
- Curmrent Engineering EU
_ Enable | Channel Name Range Coupling Promilat Unit (EU) mV/EU | e
DT9837-A(00)-0 Ain 0 -Vto 1V viDC v [ ] m/s"2 ~ 51.400.. 0.0020...
DTS9837-A(00)-1 Ain 1 -Vto 1V v IDC e d m/s"2 v 150.799... | 0.0099...
DT9837-A(00)-2 Ain 2 -WWto 1V viDC v O m/s"2 v |47.200... [0.0099...
DT9837-A1003| [ | An3 -1Vto 1V v |DC N | m/s"2 V11 0

Hinh 5: Cai dat thong s6 do dao dong cho 3 kénh dau tién

C6 thé st dung ham “butter” trong Matlab d€ xtt ly
nhiéu dé cap8. Cu thé cic hé s6 loc a, b dugc tinh
theo:

[b, a] = butter (n,W,, low') (1)
cho thiét ké b loc Butterworth thong thdp (low’),
thong cao (‘high’) bac n v6i tin s6 cit chudn hoa W,.

W, = Je )

/2

trong do:

fe—tan s6 cit (f. = 2 Hz cho thiét ké bo loc thong cao
hay f. = 100 Hz cho thiét ké bd loc thong thip);

fs - tan s6 lay mau (fsamp = 2000 Hz).

Khi gop hai b loc nhiéu thong thip va thong cao, viéc
két hgp ca hai b loc thanh mét bo loc duy nhatla can

thiét, tdc:

[b, a] = butter (4,]0.002,0.1]) (3)

cho phép loc bo céc tin hiéu c6 tin s6 ndm ngoai
khodng tii 2 Hz dén 100 Hz cta tin hiéu dau vao
(Hinh 6).

Phan tich Fourier

Bién ddi Fourier cho tin hiéu rdi rac (DFT) dugc phd
bién rong rai & hiu hét cic phan mém ting dung®.
Cho xy, k=1,2,... Nladay N s6 (s6 phtic trong trudng
hop téng quét). Ham lién tuc x(¢) dugc biéu dién boi
N diém nay cho phép mo ta rdi rac sau day vé chudi
Fourier hiitu han:

N/2 2npk . ([ 2mpk
Xy = a0+2p:1 {apcos (T) + bpsin (T
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Hinh 6: Tin hiéu gia téc trudc va sau khi dung bo loc Butterworth

trong do céc hé s6:

1N
ap = N};xk (5)
1 ¥ 2mpk
ap = Nk;XkCOS <T) (6)
1Y [2mpk
bp: Nk;xksm <T) (7)

Bién d6i Fourier rdi rac (Discrete Fourier Transform
hay DFT) dugc xéc dinh bai:

2nnk
-1
X(m)=Xlime N (k=12,..

SN

Bién d6i ngugc (Inverse Discrete Fourier Transform
hay IDFT) sé 1a:

2nnk
X(K) =YVN1X(n)e N
( )—Zn:o (n)e

(k=1,2,.. ©)
Chuy:

- DFT la phuong phap phan tich dugc stii dung rong
rai nhét trong thiét bi thu thap di liéu hién dai (dac
biét la v6i bd phan tich phé ki thuit s6).

- DFT duya trén gia thuyét ham do x(t) 14 ham c6 chu
ky.

- DFT chi c¢6 gia tri d6i vé6i cac gid tri cu thé x; (x(¢)
tai t = t;) dugc st dung cho mo ta s& ctia x(t)).

Viéc danh gia truc tiép cac chudi (8) va (9) doi hoi
mot s6 lugng 16n céc tinh todn (ty 1¢ thuan véi N2).
Trong thuc té, thuat todn Bién d6i Fourier nhanh (Fast
Fourier Transform hay FFT) thudng dugc st dung dé
danh gia DFT. N6 bao gom mét nhom céc tinh todn
cu thé dé giam s6 lugng tinh toan can thiét®.

Gia tri can quan phuong

Gid tri vin t6c dao dong dugc tinh trung binh theo gid
tri can quan phuong (RMS). Véi mét tap gdm n gid tri
rdi rac {vy, v2,..., vn}, gid tri RMS dugc cho bai:

VRMS = (10)

KET QUA PO VA PHAN TiCH

Thir nghiém trén may phat trén truc

Dé dénh gid tinh hiéu qua ctia quy trinh do dao dong,
xu ly va phuong phép phan tich dao dong, mot may
phét dong truc cta hé thong déy tau dang lai cia tau
PERSEUS (mang s6 hiéu IMO: 9924338, d6ng méi
2023) dugc stt dung d€ thuc nghiém (Hinh 7).

Hé thong do dao dong st dung 3 ddu do gia tdc
PCB loai 333B40, thiét bi thu thap di liéu va hién thi
DT9837A vé6i phan mém QuickDAQ (Béng I).

Quy trinh thuc nghiém véi 2 1an do dao dong theo
cdng sudt lién tuc dinh mic (NCR) ctia méy chinh,
tiic 90%, 100% NCR ting v6i khi may phét & téc do
tuong ting theo hai miic NCR nay qua 4 budc lan lugt
tuy theo diém do NDE 1, 2, 3; DE 4, 5, 6; Foundation
7, 8; Foundation 9, 10 (Muc 2.2.3).

Cac budc thiét 14p thong s6 do, do, xti ly dit liéu, phin
tich dao dong va lap bang két qua téng két dugc thuc
hién theo mo ta & Muc 3.

Két qua do, xtt ly va phan tich dao déng
Két qua do gia t6c dao dong da qua khii nhiéu, van
t6c dao dong tii tich phén gia t6c dao dong va phan
tich FFT (theo mién tin s8) ctia van t0c dugc minh
hoa tai diém do v6i mic NCR xac dinh (Hinh 8).

29



Tap chi Phat trién Khoa hoc va Céng nghé - Engineering and Technology 2024, 6(SI2): 23-33

Hinh 7: BG tri thuc t€ cla may phat ABB 1200 kW (a, ¢) trén tau PERSEUS (b)
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Hinh 8: Phé gia téc va van téc dao déng va phé tan s6 clia van toc tai diém NDE 2 & mic 90% NCR
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Két qua do va phan tich dao dong cta diém NDE 2
cho:

Vinax = 1.27 mm/s tai tidn s6 2 Hz

Virms = 1.65 mm/s

Két qua phén tich dao dong ctia diém NDE 1, 2, 3 cho
trén Hinh 9:

Vimax =1.09,0.73, 0.56 mm/s tuong ting tai tan so 2,
81,3 Hz.

Tong hop két qua

Céc két qua phén tich (tan s6, Viax, Vrys) dugc téng
két trong Bang III cho tit ca cic diém do véi 2 ché
d6 chay may phat ting v6i 90% va 100% NCR. Gia tri
ngudng van téc dao dong theo quy chudn (Muc 2.1)
cing dugc dua ra trong bang nay nhim danh gid muc
do6 dap ting dao dong ctia may phat tai tiing diém do.

Théo luan

Két qua phén tich dao dong trén Bang III cho thdy
khong c6 dao ddng nao tai cic diém do c6 tan s6 dao
dong truing véi tin s6 quay clia truc mdy phat & t6c do
1080, 1200 RPM (tuong ting 18 Hz va 20 Hz). Miic
van téc dao déng dugc ghi nhén cao nhit tim thay
tai diém do NDE 1 & ché dd 90% NCR (V ;0 = 2.11
mm/s, Vgys = 3.13 mm/s) thip hon ngudng vén téc
do Hiép héi Ding kiém Na Uy va btic (DNV - GL) dé
xudt (Vi = 4.5 mm/s).

Nhin chung, dya trén két qua do va phan tich dao
dong ctia cdc diém khao sat v6i cac ché do van hanh
khéc nhau, d6i v6i hoat dong lién tuc 6n dinh trong
thoi gian dai ctia dong co, dic biét & toc do may phat
90% va 100% NCR, vin toc dao dong tai tt ca cic vi
tri do khong vuot qua cac gia tri giéi han dugc quy
dinh b&i DNV - GL Pt.4 Sec.1.8.2 va tiéu chudn ISO
10816-3. Diéu nay dong nghia 1a hé théng may phat /
dong co hoat ddong 6n dinh va an toan trong qué trinh
van hanh, mét yéu t6 quan trong dé ddm béo hiéu suit
va d¢ tin cdy cta hé thong déy tau dang lai trong qué
trinh hoat dong lién tuc va lau dai.

KET LUAN

Dao dong ctia mdy phat trén tryc trong hé théng ddy
tau dang lai 12 yéu t6 quan trong cdn kiém sodt ngay
tli khi 14p dit va chay thi tau 1an ddu tién. Y nghia
ctia nghién ctiu nay chinh la cung cdp mét quy trinh
do dao dong, xti Iy, phan tich di liéu nhim dua ra
cac gia tri ddc trung vé dao dong clia mdy phat trén
truc va dugc danh gia theo quy chudn ky thuat kiém
tra bi Hiép hoi Ping kiém Na Uy va btc (DNV -
GL) cling véi tiéu chudn 1SO10816-3. Hé thong ddy
dang lai nay dugc thti nghiém dao dong v6i hé thong
do va phan tich dao dong tin cdy. Két qua ctia nghién
ctu budc dau da dugc ap dung trong viéc do, xti ly va

phén tich dao dong may phat dién dong truc trong
hé théng ddy dang lai cho nhiéu tau déng méi khi
thi duong dai gdn day nhu tau PERSEUS (déng méi
2023), tau LUNTOS (déng méi 2021), tau ANTAR-
TICA AURORA (déng méi 2020). Cac két qua danh
gia dao dong cho phép kiém soat chinh xac hon dao
dong tau thuy do hé thong ddy tau dang lai gay ra va
tao ra mot co s& kiém sodt dao dong thuc nghiém tin
cdy khi khai thdc cac hé théng dong luc dang lai khac
tuong tu.

L&i Cam On

Nhoém nghién ctiu xin cdm on Truong Pai hoc Bach
Khoa, PHQG-HCM d4 ho trg thoi gian, phuong tién
va co s& vat chit cho nghién ctiu nay.

DANH MUC TU VIET TAT

PTO: Power Take-Off (trich cong suit)

NCR: Normal Continuous Rating (cdng sudt lién tuc
dinh muic)

DFT: Discrete Fourier Transform

FFT: Fast Fourier Transform

NDE: Non-Drive End (phia du6i truc ddng co / may
phat)

DE: Drive End (phia ddu truc dong co / may phat)
RMS: Root Mean Square (cdn quin phuong)

RPM: Round Per Minute (vong/phut)

XUNG POT LOI iCH

Nhom téc gid xin cam doan rang khong c6 bat ky xung
dot lgi ich nao trong cong bo bai bao.

PONG GOP CUA TAC GIA

Lé binh Tu4n dua ra y tudng viét bai, xay dung quy
trinh do va phan tich di liéu, danh gid két qua theo
tiéu chuén kiém soéat dao dong. Ngo6 Thinh Duy chiu
trach nhiém do dao dong, xi ly di liéu s6 va tao cac
két qua do thi cudi cung. Tran Hai chiu trdch nhiém
kiém tra ndi dung va ho trg y tudng viét bai.
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ABSTRACT

The hybrid propulsion in vessels comprises mechanical and electrical propulsion in the kinematic
drivetrain. Hence, propulsion efficiency is optimised and responding to a variable power demand
quickly and flexibly both in mechanical power delivered by diesel engines and/or electric power
through variable speed electric motors. This combination leads to an extensive operating flexibility,
making it possible to precisely provide the power and torque in all of the vessel's operating modes
with different operating modes. At present, there are few works in literature about the research on
the vibration of the hybrid propulsion system in new ship propulsion plant. Based on experimental
measurements, the paper aims to present a framework of vibration measurement, data processing,
analyses and evaluation for the vibration of Power Take Off (PTO) generators in one operating mode
of such hybrid propulsion system during vessels' sea trials. A case study for a vessel is described
in detail to verify the procedure. The frequency analyses are made in the range of 2 to 100 Hz
and compared to relevant DNV - GL (Det Norske Veritas - Germanischer Lloyd) criteria and also
ISO 10816-3 for assessing the acceptability of the vibration levels during the sea trials. The results
from this study also provide a reliable procedure for testing and evaluating the vibration of shaft
generators founded in any hybrid propulsion shafting.

Key words: PTO generator, hybrid propulsion system, 1ISO10816-3, Fast Fourier Transform (FFT)
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	Thiết bị đo dao động
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