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Linh vwc kj thuat dwoc dé cap

Sang ché dé cap dén thiét bi moé phdng dé tinh toan dao déng xoan hé truc
chinh diezen lai chan vit tau bién.
Tinh trang ky thuat cta sang ché

Dao déng xoan hé tryc déi v&i cac tau bién dong méi hodc cé hoan cai
dwdng truc bat budc phai dwoc tinh toan va trinh Dang kiém theo théng nhét cia
Hiép hoi cac té chirc Dang kiém qubc té (IACS) cling nhw Dang kiém Viét Nam
hodc Dang kiém québc té (Bang kiém Hang hai Nga, Dang kiém Nhat Ban, Dang
kiém Hoa ky...). Trong Quy chudn Viét Nam (QCVN 21:2010/ BGTVT) ciing nhw
tai Quy pham phan cép va dong tau bién vd thép cla Lién bang Nga, Nhat
Ban,... d&u cd rieng mot chuwong quy dinh cu thé va chi tiét vé tinh dao déng
xoan, do thwe nghiém dao déng xodn khi thir tau dé kiém tra két qua clia bang
tinh dao dong xodn. Chinh vi vay, tinh dao déng xoan la van dé& quan trong trong
dong tau va khai thac hé déng Iwc chinh diezen tau bién.

Thuwe trang hién nay vé cac thiét bi, phwong phéap tinh dao déng xoan dwoc
thé hién dwdi day:

Hé truc chinh diezen tau bién dwoc nghién clru va mé hinh hda b&i mé hinh
doéng lwe, gdbm cac khdi lwong roi rac, tap trung. Cac khdi lwgng tap trung dé
duoc dic trung bédi mdémen quan tinh khéi lwong, lién két dan hoi véi nhau béi 16
X0 x0an (c6 dd crng xodn xac dinh). Cac mémen quan tinh khdi lwgng thwong
mo hinh hoéa b&i mdmen quan tinh khéi lwong clia banh da; cum chi tiét pit téng-
bién — truc khuyu cla tirng xi lanh; mémen quén tinh khéi lwong cla céac truc
trung gian; truc chan vit; khép néi; hop sb (d6i v&i hé truc dung diezen may chinh
(DME) bén ky) quy ddi va mémen quan tinh khdi lwong cla ban than chan vit.
M®é hinh toan co dwgc xay dwng, duoc viét dwéi dang ma tran, vecto:

O ago:J =diag(J,,J,,....,J.) - Ma tran dwong chéo mémen quéan tinh khéi
lwong (MMQTKL) hé truc; Jii=(1+n)- mémen quan tinh khéi lwong cha khbi
lwong thiv i;

B - Ma tran hé sé can xoan;

C- Ma tran hé sb cirng xoén (HSCX);
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¢=[0,,0,,....0,1'- Vecto trang thai dao dong xoan;
M=[M,, M,, ... .M, ]" - Vecto mémen xoan cwdng birc.

Tinh dao ddng xodn bao gdm cac bai toan tinh dao déng xoan tw do (Free
TV, FTV); tinh mémen cuwdng birc (Excited Torsional moment, ETM); tinh (rng
suéat xoan cho phép (Permit Torsional Pressures, PTP) cuia cac doan truc va tinh
dao déng xoan cwdng birc clia co hé (Exited Torsional Vibrations, ETV).

Bai toan tinh dao ddng xodn tw do thwc chét la trién khai giai hé phwong trinh
vi phan (1) khi v& phai bang 0. Trong thwc t&, hé truc diezen lai chan vit tau bién
nhidu xi lanh lai chan vit dwgc mo hinh héa thanh n khéi lwong tap trung, véin
kha I&n (théng thwong n >10) do vay viéc tinh nghiém clua phwong trinh dac
trwng trong qua trinh gidi JL—C=0,L=w>gdp nhiéu kh6 khan, néu khéng dung
chwong trinh tinh chuyén dung. Trong k¥ thuat thwong chi quan tdm dén 2 hoac
3 tan sb rieng dau tién, do vay cac thiét bi tinh truyén théng thudng thi cong,
mat nhiéu thoi gian (cé thé trién khai trén bang tinh Excel) theo phwong phap
gan dung Holtzer. Trong cac bang tinh trinh Dang kiém cia nhiéu céng ty nwéc
ngoai, cac két qua dua ra la hai hodc ba tan sb riéng oy, ©g; hodc wg; va twong
g voi tirng tan sb riéng trén 1a vecto dang cla chang. D& kiém chirng cho
nghiém tim duoc thwdng méat thém thoi gian kiém tra dang thire can bang gitra
déng nang va co nang cua co hé.

Gia tri bién d6 cac diéu hoa cila mémen cuéng blrc theo nhu phwong phap
truyén théng déu tra clru tir cac bang hodc tir hinh vé bién dd va pha cla cac
diéu hoa mémen. Cac bang hodc hinh vé dé hién nay khong phu hgp niva,vi thé
hé dong co hién nay khac nhiéu so v&i cac dong co tau thiy trwde day, dai ap
suét cé ich binh quan clia cac déng co tau bién hién dai (khoang 20 bar, cé khi
t&i 30 bar) I&n hon rat nhiéu so véi cac gia tri twong (ng trong cac tai liéu tra
clru tredc day (khodng 10 bar). Mdt sb hang ché tao déng co c6 thé cung céap
bang gia tri bién do va pha cia cac diéu hoa cho déng co diezen may chinh, thé
hé md&i, tuy nhién khoéng day du, dac biét khi mot trong cac xi lanh khéng chay.

Bai toan tinh (rng suét xodn cho phép dwoc trién khai trén co s& cac tiéu
chuan bé&n méi cta vat liéu ché tao cac doan truc. Cac gia tri gi¢i han cho phép
(PTP) dwoc cac co quan Ding kiém vé phan cap va déng tau bién vé thép dua
ra, cac gi¢i han nay phu thudc vao vong quay khai thac twong déi cda truc
(A=n/n,o;, N- vong quay cla truc [vong/phdt], nn, - vong quay dinh mirc
[vong/phut]). Viéc tinh va xay dwng cac dac tinh khéng khoé khan, phu thudc vao
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thiét bi tinh dao dong xoan duoc xay dwng nhu thé nao dé Iap trinh cho (rng suét
xo0&n cho phép phu hop.

Bai toan dao dong xoan cwéng birc 1a phirc tap nhét, doi hdi nhiéu céng strc
va mét nhidu thdi gian cho 1ap trinh tinh. Sy phirc tap, chi phi thoi gian tinh toan
phu thudc vao sw hién dai va hoan thién ctia phwong phap giai.

Nhi&u bang tinh chi coi trong cac ché dd cong hudng va gan céng hwdng, vi
& do6 bién do dao dong xoan 1a I&n nhét, va cac dao déng cong hudng tai tan sb
cong hwdng dé clia cac khdi lwong trong hé 1a déng pha. Cong huwéng tai tan s6
rieng dau tién 1a 1&n nhat, thwdng néu nguy hiém thi & d6 la nguy hiém nhéat, do
vay nhiéu bang tinh dao déng xoan chi xac dinh médt s6 ché dd xung quanh tan
s6 riéng dau tién. Tai cdng huwdng va gan cong hwdng, md hinh n khéi lwgng roi
rac duoc quy ddi twong dwong vé co hé c6 1 bac tw do theo sw can bang cac
thanh phan nang lwong clia co hé ban dau va co hé quy dbi.

Tom lai thuc trang clia cac phwong phap va thiét bi tinh dao dong xoan hé
truc chinh diezen lai chan vit c6 mirc d6 tw dong chwa cao, chwa bao phu duoc
cac ché do hé truc lam viéc, tir d6 cé thé dan dén viéc tinh toan dao déng xoéan
hé truc chinh diezen lai chan vit tau bién khéng séat vai thwe té.

Ban chat ki thuat ciia sang ché

Muc dich clia sang ché 1a xay dwng thiét bi mé phdng dé tinh toan tw déng
dao dong xodn hé truc chinh diezen lai chan vit tau bién & nhiéu ché dd l1am viéc
khac nhau duoc thé hién & cac khia canh:

tw dong tinh dao déng xoén ty do bang phwong phap ma tran, st dung
cong nghé lap trinh trong MatLab m.file va chuyén sang lap trinh LabView
(MathScript);

hoan thién co s& toan hoc va thuat giai dé tw déng tinh mémen cwéng blrc
qua viéc tinh cdng chi thi clia dong co, trén co s& hd so ky thuat clia nha ché tao
dong co dwa ra;

hoan thién co s& toan hoc va thuat giai dé tw déng xay dwng dac tinh rng
suat xoan cho phép cho thiét bi do dwoc trién khai;

hoan thién co sé& toan hoc va thuat giai dé tw dong tinh dao déng xoan
cwdng blrc theo phwong phap hé toa dd chinh - la phwong phap téng quat
chung cho bai toan dao dong cé can.

Pé dat dwoc muc dich néu trén, thiét bi mé phéng tinh dao déng xoan hé truc
chinh diezen lai chan vit tau bién theo d& xuét cla sang ché bao gdm cac khoi
chirc nang chinh:
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mddun (M-FTV) dung dé& xac dinh dao déng xoan tw do cla co hé co n
momen quan tinh khéi lwong tap trung théng qua viéc xac dinh cac théng sbé
nghiém thé hién & phwong trinh J?TBe+Co=M®) i J = diag(J ,,J,,....J,) Ia
ma tran dwdng chéo mdémen quan tinh khéi lwong hé truc; Ji,i=(1+n) 1a mémen
quan tinh khéi lwong cda khdi lwgng thi i; B 1a ma tran hé s6 can xoan; C la ma
tran hé sb6 clirng Xx0an,¢=[g.0,....0 '1a véc to trang thai dao dong xoan;

M=[M,, M,, ... .M, ]"la vecto mébmen xoén cuéng birc;

moddun (M-ETM) duing dé& xac dinh mémen xoan cwdng blrc théng qua viéc
xac dinh mémen xoan do lwc khi chay va lwc quan tinh sinh ra, dwgc mé hinh
hoa tai diém tac dong la vi tri cla pit tong; lwc tdng tai pit tong P dwoc chuyén
ddi thanh mémen xo&n quay truc khuyu déng co T theo md hinh ham truyén TF;
hé sb chay Cy, khi xi lanh hoat ddng binh thudng gia tri nay la 1, ngwoc lai khi
khong chay co gia tri bang 0: Iwc sinh ra tir 4p suét khi chay tai budng @bt xi lanh
p(p) md phoéng theo hai thanh phan Iwc tham chiéu: pem, 1& duwong ap suét nén

va dudng ap suit chay py duoc bidu didn dusi dangP® = Pen (PFCep, (@),
moémen xo&n tai xi lanh dwoc xac dinh théng qua dang M (®) =P(9).TF(9).

mddun (M-PTP) dung dé xac dinh (rng suét xoan cho phép théng qua cac
doan truc thwdng dwoc tinh: truc trung gian, truc chan vit, truc khuyu déng co;
dwdng dac tinh (ng suat xoén cho phép (n) v&i n la vong quay dugc tinh dao
ddéng xoan tir vong quay nhd nhat dén vong quay 1&n nhét trong dai vong quay
khai thac cla hé truc;

modun (M-ETV) dung dé xac dinh dao déng xoén cudng blrc; trong do giai
phap dé xuat phwong phap tu dong tinh dao déng xoan cwéng blrc theo dé xuét
cla sang ché duoc thé hién & cac phuong phap duoc két hop dong thoi, bao
gdm: phwong phap xép chdng déi voi hé dao dong tuyén tinh J¢+Be+Ce=M()
: phwong phap can bang diéu hoa, dung sé phirc; va phwong phap hé truc
chinh;

médun chung (M-CTV) dung dé tich hop cac mddun thanh phan; va

modun (M-TVM) dung dé hién thi két qua chung tinh dao déng xoan hé
truc chinh diezen lai chan vit tau bién va truyén cac sé lieu da xac dinh duoc vé
cac thiét bi kiém tra giam sat:;

Mo ta van tit hinh vé



34311

Hinh 1: 1a hinh vé so d6 cu tric thiét bi mé phéng tinh dao déng xoan hé
truc chinh diezen lai chan vit tau biéntheo d& xuét clia sang ché;

Hinh 2: a hinh vé so dd dong théng tin trong thiét bi mé phéng tinh dao dong
x04n trén hé truc chinh diezen tau bién:

Hinh 3: la hinh vé mo ta quan hé lwc tac ddng tai pit tong xi lanh va mémen
xoan quy dbi tai truc khuyu cla xi lanh ddng co’;

Hinh 4: la hinh vé mé ta qua trinh cdng tac cla xi lanh qua hai dudng dac
tinh &p suét nén (pemp()) va duwdng cong chay (ps(9)) va qua hé s6 chay cf.

Hinh 5: 1a hinh vé th& hién nguyén tac co ban trong I4p trinh trén LabView
(gom 1ap trinh giao dién —Front Panel va |ap trinh code —Block Diagram) qua mot
ng dung cu thé - xay dwng thiét bi mé phdng theo dé xuét clia sang ché;

Hinh 6: [a hinh vé thé hién so dd cau trac thiét bi trong 1ap trinh code - Block
Diagram,;

Hinh 7: 1 hinh vé thé& hién giao dién chinh cua thiét bi mé phéng theo dé
xuét clia sang ché tinh dao déng xoan trén hé truc tau MV.HR.34000 DWT;

Hinh 8: Ia hinh vé giao dién chinh cla thiét bi mé phéng theo dé xuét cla
sang ché tinh dao déng xoén tw do trén hé truc tau MV.HR34000 DWT;

Hinh 9: la hinh vé& giao dién chinh cda thiét bi mé phéng theo dé xuét cia
sang ché tinh mémen cudng blrc trén hé truc tau MV.HR34000 DWT, tinh
momen xoan ra khdi déng co (Total Torsional Engine Moment);

Hinh 10: 1a hinh vé giao di&n chinh cla thiét bi mé phéng theo dé& xuét cla
sang ché tinh mémen xoén cwéng blrc do chan vit sinh ra, ap dung cho tau
MV.HR34000 DWT, chan vit 4 canh, tai vong quay 68 vong/phut (rpm), ché do
dong co NORMAL,;

Hinh 11: 1a hinh vé& giao dién chinh cla thiét bi mé phéng theo dé xuét cla
sang ché tinh dao ddng xoan ((rng suét xodn cda truc trung gian) tai ché d vong
quay 63 rpm, ché dd déng co NORMAL;

Hinh 12: 12 hinh vé giao dién chinh cla thiét bi mé phéng theo dé xuét cla
sang ché tinh dao ddng xoan ((rng suét xoén clia truc trung gian) tai ché dé vong
quay 105 rpm, ché dd déng co NORMAL;

Hinh 13: 1a hinh vé giao dién chinh cla thiét bi mé phéng theo dé xuét cla
sang ché tinh dao déng xoén (l&ng suat xodn cla truc trung gian) tai toan dai
vong quay [55 - 155] rpm, ché d6 déng co NORMAL;
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Hinh 14: 1a hinh vé& giao dién chinh cla thiét bi mé phéng theo dé xuét cla
sang ché tinh dao déng xodn (rng suét xoén cla truc trung gian) tai toan dai
vong quay [55 - 155] rpm, ché d6 dong co xi lanh sb 2 khéng chay (MFy);

Hinh 15: 1a hinh vé& giao dién chinh cda thiét bi mé phéng theo dé xuét cua
sang ché tinh dao déng xodn (rng suét xodn cla truc trung gian) tai toan dai
vong quay [55 - 155] rpm, ché d6 déng co xi lanh s6 6 khong chay (MFg).

M6 ta chi tiét sang ché

Theo nhw dwoc thé hién trén Hinh 1, thiét bi mé phdng tinh dao déng xoan
hé truc chinh diezen lai chan vit tau bién theo dé& xuét cla sang ché gom cac
khdi chirc ndng chinh: M-FTV la médun tinh dao dong xoan ty do (Freedom
Torsional Vibrations); M-ETM la médun tinh mémen xoan cuwéng blrc (Excited
Torsional Moments); M-PTP [a médun tinh (rng suét xoan cho phép (Permited
Torsional Pressure); M-ETV la mddun giai bai toan dao déng xoén cuéng blrc
(Excited TV); M-CTV la médun chung, tich hgp cac moddun thanh phan
(Common TV) va M-TVM médun hién thi k&t qua chung tinh dao déng xoan hé
truc chinh diezen lai chan vit tau bién va truy&n cac sbé lieu da xac dinh duwoc vé
céac thiét bi kiém tra giam sat.

Méi quan hé gitra cac médun chinh néu trén la quan hé cla cac dong thong
tin dwoc xt ly trong qua trinh tinh dao déng xoén dwoc thé hién trén Hinh 2.

Chi tiét phwong phap tinh trong tirng médun cu thé theo dé xuét cia sang
ché dwoc thé hién nhw sau:

Médun tinh dao déng xoén tw do (M-FTV):

Trong giai phap trinh bay cho médun M-FTV, tac gid d& xuat phuong phap,
thuat toan va 1ap trinh code cho tw dong tinh, hién thi két qua tinh dao dong xoan
tw do. Dao dong ty do cia co hé c6 n mémen quan tinh khéi lwong tap trung
dwoc viét tai phwong trinh (1) khi v& phai bang 0 va bd qua ma tran hé s can
(B=0):

Jip+ Co =0 2

Tim nghiém dao dong xoan tw do dwéi dang nghiém phrc, viét dudi dang
vecto:

0, = o] exp(ior) (3)

O d6: ¢°,w - Bién @6 va tan sb riéng. Phuong trinh d&c trung dam bao vecto

bién d6 khac vecto khong, khi bé qua hé sb can:
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—Ja)2+C=O;C1=J_1C;ﬂ,:a)2;lﬂ—Cl (4)

Trong MathScript cla LabView ta viét cau 1&nh (gidng trong mfile cua
MathLab):

p=poly(C1); r=roots(p) (5)

Ta thu dwoc (n-1) nghiém phtrc: r(1), r(2),...,r(n-1). Nghiém r(n)=0 khéng xét
dén. Tinh gié tri thwe A(k) cta r(k), k=1,2,..., ta tinh (k) =sqrt(A(k)) - tinh can bac
hai cta gia tri A(k).

Xac dinh 3 tan sb riéng dau tién:0 <mgi<mge<wes. V& dang (mode) clia dao
dong riéng thir 3 thong thwong bé qua. Ung véi tan sb riéng og (j=1,2) ta can tim
vecto dang o = [1, Bj|=[1,0tn1 , V&I ay=1; B=[oy..., 0], thda man:

C, —Jza)f. C, e Gy | | C,
Cy, Cy— J3a)/2' o Gy | | By __ Cp
CnZ Cn3 - Cnn a"j CnZ (6)
bat ma tran:
C,-l,0> C, .. G, C,
H= Csz C33 _J3w5 C3n ‘R=-— C21
CnZ Cn3 - Cnn Cnl (7)

H-[BJ =R (8)
Nghiém tim dwoc:
[B/‘] = (H'H)"HR (9)

Lap trinh trong m.file (MathLab) va MathScript (LabView) ma tran H va vecto
R trong (7). Viét cau Iénh twong tng cho 1oi giai:

w0=w01; % Gia thiét tinh cho w01

for k=2:n

for j=2:n

if ==j
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H(k-1,k-1)=C(k,k)-J(k)*w0"2;

else (10)
H(k-1,j-1)=C(j,k);

end

R(k-1)=C(k,1);

end

Beta=(H™*R)\(H*H).

Anpha=[1;Beta]; - % Xac dinh nghiem Beta va Anpha

Xay dwng bang (hodc dd thi) d& hién thi vong quay khai thac céng hwéng
bac m tai tan sd riéng dau tién we (rad/s) hodc ny; (vong/phiit) ciing nhw tai tan
s6 riéng thr hai g, (hodc nyy), khi diéu kién sau day xay ra:

Nmin = 0.4*Npor< M*N = ©91< Nax = 1.2"Npor (11)

Médun tinh mémen xoan cuéng birc (M-ETM):

Tinh mdmen xoan cuéng blrc tai cac xi lanh (M-ETME)

Trong gidi phap d& xuat phwong phap maéi dé ty déng tinh mémen cwdng
btrc theo hd so ky thuat ma bat ky déng co nao khi xuat xudng déu duoc nha
ché tao cung c&p. Theo quy dinh clia cac co quan Dang kiém hién nay, can tinh
dao ddng xoan khi tat ca cac xi lanh 1am viéc binh thwdng va khi mét trong cac xi
lanh khéng chay.

Ban chat cla viéc tinh médmen cwdng blrc tai tirng xi lanh 1a tbng cla hai
thanh phan mémen xo&n do lwc khi chay va lwc quan tinh sinh ra, dwgc mé hinh
hoa tai diém tac dong la vi tri cla pit tong. Lwc téng tai pit tong P dwgc chuyén
ddi thanh mdmen xoan quay truc khuyu déng co' T theo md hinh ham truyén TF,
dwoc thé hién trén Hinh 3.

S dung hé sb6 chay Cs, khi xi lanh hoat ddng binh thwdng gia tri nay 1a 1,
nguwoc lai khi khong chay cé gia tri bang 0, biéu dién phwong trinh:

P(®) = Por, (P)TCr-p 5, () (12)
Lwe sinh ra tir ap suét khi chay tai budng dét xi lanh p(¢) mé phdng theo hai
thanh phan lyc tham chiéu: py,- dwéng ap suat nén va dwong ap suét chay pg.
Moémen xoan (ky hiéu M, hay T - Torque) tai xi lanh, dwgc xac dinh:
M(p)=P(9).TE(p) (13)
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Nhw dwoc thé hién & Hinh 4, ap suét chay - dan n&d va duong cong nén
trong xi lanh, véi dwong 1- dd thi cong cho xi lanh chay tot; 2- dwong ap suét
nén; 3- ap suét chay cla xi lanh chay tét;

TF(p) = R(singo +isz’n2¢)
2 (14)

& do: R(m)- ban kinh truc khuyu; A=R/L;L - chiéu dai bién (m).

M&men xodn tai tirng xi lanh dwoc phan tich phd tAn qua céng cu toan hoc
FFT, viét dwoi dang sb phirc phli hop véi phuong phap gidi dao dong xoan
cudng burc:

M) —ZESZM(f) : ZM(f) = ZR(f).e"*™" 5

Tinh mémen xodn cuéng burc tai chan vit (M-ETMPr):

Mémen xoan do chan vit sinh ra dwgcxac dinh theo cong thirc thwe nghiém
cla Brems, phu thudc vao cac dac tinh chan vit: mémen trung binh Mc(kNm); sb
canh ciia chan vit z,. Mdmen xoén clia chan vit ¢6 chira cac thanh phan diéu
hoda bac z,, 2z, va 3z,.

z, M, Mo, Ma,

3 0.042 Mc 0.043 Mc¢ 0.027 Mc
4 0.076 Mc 0.026 Mc 0.008 M¢
S) 0.09 Mc 0.015 Mc 0

Médun tinh dao déng xoan cuwéng birc (M.ETV):

Trong gidi phap d& xuat phwong phép tw dong tinh dao dong xoan cudng
blrc theo dé xuat clia sang ché dwoc thé hién nhu sau:

Phwong phap gidi dwoc két hop dong thai:

- Phuwong phap xép chdng dbi véi hé dao dong tuyén tinh (1).

- Phwong phap can bang diéu hoa, dung sb phurc.

- Phurong phap hé truc chinh.

Vi hé (1) Ia tuyén tinh, nén ta dung phwong phap xép chong (superposition)
khi vecto mdmen cwéng blrc tai vé& phai (1) dwgc phan tich thanh téng clia My,
hiru han céac diéu hoa dau tién (M, = 12 do6i v&i ddng co diezen 2 ky va My, =25 -
doi véi dong co diezen 4 ky). Theo nguyén ly xép chong thi nghiém thu dwoc
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chung tir phuong trinh (1) sé& Ia tdng cac két qua tinh ggclia cac trudng hop (ng
v&i tirng diéu hoa k riéng biét.
Phuwong phap hé toa dé chinh dwoc thwe hién qua phép dat:

0, =Y, Ty, TY, (16)

O =00 PP 130, =[L 0ty eyt 175 =0,1,2
Ta dwa vé& hé phwong trinh 3 &n (truc chinh yo,y4 va y,):

JeoVo t €e00Vo T+ $e01V1 T $e02V2 = MeO, (17)
Je1 (1 + ‘U%)ﬁ) + &e10YV0 T Se11V1 T Se12V2 = Moy,
Jeo (F2 + W5Y2) + Ee20V0 + EeaV1 T Ee22Y2 = Moy,

O dé:

J,0= iJ,;Jej = i]ia;;j =1,2;
i=1 i=1

\ (18)
gepq = Zbia'paiq;aio =1;p,g=0,12;
i1
Jeo = ZJi;Jej = ijaiaj =12;
B - (19)
gepq = zbfaipaiq;aiO =Lp,g=0,1,2;
i1
(20)

M,, =Y Ma,;p=0,12
i=1

Giai hé phuong trinh (17) chi ¢6 3 &n sb, sé don gian rat nhiéu so v&i hé ban
dau cé n an sb. Pay la wu diém clia phwong phap hé truc chinh.

Ta gidi (17) theo phwong phap xép chéng, diéu hoa, trong mién sb phirc.
Trudc tién ba vecto mémen cudng birc (20) dwoc viét dwdi dang sb phic:

M, n
MeP = ZZMRkaip exp(_]a)kt)yp = O, 1, 2 (21)

k=1 i=1
V& phai cua (17) biéu dién dwéi dang:

MR,,
M, exp(jwk) =| MR,, |.exp(jokr)
MR,,
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Tai tan s6 o= o.k, nghiém cla (17) cé dang:

R

Yol (22)
v, =| YR, exp(jwkt)

YR,
[-J(wk)’ + jB(wk)+Cly, =ZR, (23)
H,y, =ZR;H, =[-J(wk)’ + jB(wk)+C] (24)
Hey, =ZR;; 7 (25)
¥, =[H;H,]" H; ZR, (26)

Trong cac cdng thirc trén ky higu: j - sb phtrcdon vi, j*= -1; Chi sb mi T -
chuyén vi clia ma tran.

Nghiém (26) cho diéu hoa k duoc biéu dién dwéi dang sb phire, chung ta can
tim cac dac trung, do la bién d6 Ryyva phaTTy, cua dao déng tai didu hoa nay.
Trong m.file cia MatLab va MathScript cta LabView déu co cau lénh xac dinh
bién d6 va pha twong tng:

Ry, () = abs(y,(.)); TTy, () = angle(y,(.)) (27)

Trién khai (27) dwoc thwe hién mach 13p for... end (trong LabView hodc trong
MatLab) cho cac khdi lwong i =1,2,...,n theo thi tw phan ti cla vecto yi.

Nghiém chung cta (17) trong mién tan s6, s6 phuc:

YO M, (28)
Y=Y |= Zy .
Y k=1

1

Nghiém chung dao dong xoén cda hé truc duoc biéu dién qua phép bién ddi
da néu trong (16) cho tat ca cac diéu hoa k =1, 2,..., My, cho vecto bién d6 Ry va
pha TTy:

Raz[Ral,Raz,...,RaMh];k =12,.,M,: 20)
Rak() :abs(yO(-)+a1,ky1(')+azlkYz(-)); (
TTa=[TTa,TTa,,..,TTa,, ;k=12,..M,: (30)
TTa,(.) = angle(y,(.) +a,,y,()+a,,y,())

Két qua (29), (30) cho phép bidu di&n db thi Bién d6 -Tan sb hosc Pha - Tan
sb tai tAt ca cac diéu hoa k=1, 2,..., M, dwoc khdo sat cho cac truc toa dd ban
Jau @1, @1 ... on. Trong (29), (30) ky tw a biéu thi géc clia dao ddng xoan (angle)
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Trong nghién clru dao ddng xodn ta xét dén dd Iéch goc xoan gitra hai khoi
lvong tap trung Ay =0k - @ks1, CUNg twrong (rng 1a (ng suét xoan trén tai doan
truc do:

Ck,k+1 A, 40 (31)

I/VI(JH»l

Thgt1 = (N/m?)
O d6 Wi,ke1 , (M?)- mdmen chdng xoan, phu thudc vaokich thwdc doan truc.
Cire1 » (N.m/rad)- hé sb clrng xoan, phu thudc vao médun dan hoi treot

G(N/m?, phu thudc vao dang vat liéu dwgc dung ché tao doan truc) cling nhw

kich thwéc hinh hoc cua doan truc.

Do léch xoan clia doan truc Agyx.q dwoc xac dinh theo vi tri quay cla truc
khuyu, trc 1a theo thoi gian thwe chinh 1a hiéu cua hai dao dong xoan cla hai
dau doan truc d6 dwoc biéu dién trong thoi gian thwe. Cac dao dong xoan theo
thoi gian thwe dwoc xac dinh theo phép bién dbi Furrier ngworc (ifft trong MatLab
va trong LabView).

Ya, 0,
Ya=| ... ———| ... (32)

Ya 0,

n

Phép bién ddi FFT ngwoc trong (32) 1a phép bién d6i FFT ngwoc da chiéu co
trong MatLab va LabView. Trién khai thuat toan c6 thé dé& dang st dung cau 1énh
ifft theo dac thu clia n kénh hoadc st dung mach lap for ... end.

Médun tinh (g suét xodn cho phép (M-PTP):

Trén dwdng truc chinh dong co diezen may chinh lai chan vit, cac doan truc
thwdng dwoc tinh: truc trung gian, truc chan vit, truc khuyu déng co,... Buwdng
dac tinh (ng suat xoan cho phép (n) v&i n - vong quay dugc tinh dao déng xoan:
tlr vong quay nhé nhat dén vong quay I&n nhét trong dai vong quay khai thac
clia hé truc. Pudng (’ng suét xodn cho phép (n) dwoc dua ra tr Quy pham phan
c&p va dong tau bién vo thép cta co quan Dang kiém. T d6 can xay dung md
hinh toan va 1ap trinh tw dong dua ra d&c tinh (rng suét xoén cho phép (n) dé
sau khi tinh dwgc dao déng x0an va rng suat xoén t(n) clia cac doan truc sé
hién thi 18n man hinh dong thdi cac duwdng déc tinh (’ng suét xoén cho phép (n)
va 1 (n).

Mbédun chung tich hop cac bai toan tinh dao dong xoan (M-CTV):
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Tinh dao ddng xoan hé truc can thwe hién & ché do: NORMAL - khi tat ca cac
xi lanh hoat déng binh thwdng va MISFIRE (k) - khi xi lanh k khéng chay,
k=1,2,...,z. Ngoai ra, & mdi mdt ché do trang thai hoat déng néu trén can khao
sat tinh tt ca cac vong quay tir vong quay nhé nhat dén vong quay 1&n nhét
2=[0.4 1.2]: A=n/Nnor.

Gia thiét ddng co st dung ¢6 6 xi lanh, can tinh 7 ché d6 trang thai dong co.
Trong dai vong quay khai thac can tinh ta cho buwdc tinh AA=0.1, khi d6 ta c6 9
Ian tinh cho 9 ché dd vong quay. Nhu vay ta can thuwc hién tdng sb 7x9 =63 Ian
tinh. Cac két qua dwoc thiét bi tinh Iwu trir, hién thi két qua va bao cao két qua
tinh @& trinh Dang kiém sau nay. Vé&i khdi lwong tinh 1én nhw vay, can tb chirc
cAu trac thiét bi sao cho phii hop dé thiét bi tw déng tinh va thwc hién dwoc cac
nhiém vu lién quan khac. v

Cac modun chirc ndng can thwc hién theo mét thi tw pht hop nhw sau:

a-(M-FTV: M-ETM) — M-ETM

b-(M-ETV; M-TPP) -»Ra quyét dinh trang thai (cho phép/khéng cho phép) TV

c- (M-FTV; M-ETM; M-ETV; M-PTP)— M-TVM.

Modun hién thi két qua chung tinh dao déng xoan (M -TVM):

Theo yéu ciu bao cdo két qua tinh dao dong xoan ma cac co quan Déng
kiém yéu cau, thiét bi mé phéng tinh dao déng xoén hé truc chinh diezen lai chan
vit tau bién theo d& xuét clia sang ché can hién thi dwoc két qua can thiét dudi
dang tric quan (bang, d6 thi) trén man hinh may tinh va hé tro mot cach tich cuc
nhat cho nguwdi khai thac 1ap bao céo trinh Dang kiém dé phé duyét. Giai phap
d& xuét tai mdédun tich hop két qua tinh nay dé thiét bi c6 da kha nang hién thj tat
ca cac két qua tinh can thiét trong tirng modun qua lwa chon ché dé hién thi phu
hop, ciing nhw xay dwng modun 1ap bang béo céo tw ddng dua ra két qua va xay
dwng hd so bao cao két quéa tinh theo dinh dang mau trong Excel hodc Word
theo dat hang cla ngudi st dung.

CAu tric chung ctia cac modun trong thiét bi md phéng tinh dao déng xoan
hé truc chinh diezen lai chan vit tau bién theo dé xuét clia sang ché:

Thiét bi md phéng tinh dao déng xoén hé truc chinh diezen lai chan vit tau
bién theo d& xudt clia sang ché dwoc xay dung theo quan diém gid dinh mot
thiét bi vat Iy nao dé dé thwc hién mét chirc nang hodc mot nhom cac chire nang
dat ra. Xay dwng thiét bi md phdng dwoc thwe hién trong LabView véi hai nhiém
vu: Thiét ké, xay dwng giao dién chinh (Front Panel) dé c6 su twong tac gitra
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ngwdi khai thac van hanh vé&i may tinh va nhiém vu lap trinh code (xay dwng
Block Diagram).

Vi du thwc hién tinh dao dong xodn trén hé truc chinh MV.HR.34000T theo
dé xuét chia sang ché:

Vé phwong phap: vi du nay duoc tap trung vao cai tién, hoan thién phuwong
phap va thuat toan cho tw déng tinh dao déng xoan.

Vé ché tao thiét bi: xay dung thiét bi mé phéng trén co s& toan hoc va thuat
toan cai tién, hoan thién dwoc xay dwng. Xay dung thiét bi mé phéng bang céng
nghé LabView, dac biét s& dung géi phan mém rung déng va am thanh (Sound
and Vibration Toolkit) c6 ban quyén ctia hang National Instruments (NI, Hoa Ky).

V& phwong phap va chuyén giao céng nghé LabView trong ché tao thiét bi
clia gidi phap hiru ich nay da xay dung thanh céng cac thiét bi mé phéng thanh
phan (SubVI), tich hgp phuong phap (mé hinh toan, thuat giai) va trién khai xay
dwng cac VI trén LabView cho cac bai toan thanh phan trong bai toan chung tinh
dao ddng xoan trén hé truc chinh diezen lai chan vit tau bién, d6 1a cac bai toan
tinh: dao ddng xoin tw do, mdmen cwdng birc, (’ng suét xodn cho phép, dao
ddng xodn cudng birc véi mdt cau tric phi hop cho thiét ké, xay dung cAu tric
téng thé (Hinh 1, Hinh 2).

St dung phwong phap giai tich ma tran: tim nghiém riéng, vecto riéng theo
c4u tric cau 1énh trong MathScript: poly(); roots() cling nhw code lap trinh giai hé
phwong trinh dai s tuyén tinh bang phwong phap ma trén A X=B, theo cau Iénh
X=[ATA]".ATB. Phwong phap gidi theo cau Iénh trén trién khai trong MatLab
(dang m.file) cling nhw LabView (trong MathScript) rat thuat tién va lam tang doé
chinh xac cla két qua tinh, d3c biét trong trrdng hop ma tran A c6 cac hé sb
khong duoc xac dinh that chuan xac. Didu nay thwc té xay ra trong xac dinh dau
vao clia cac hé s mémen quan tinh khdi lwong va hé sé cling xoén clia cac
thanh phan trong co hé, vi chiing dwoc xac dinh theo cac cong thirc tinh gan
ding va véi cac gia thuyét 1am don gidn hon cho qué trinh mé hinh hoéa.

Thiét bi con tinh dao dong xoan tw do M-FTV dwoc xay dwng ddc lap, cé dau
vao bd tri di¥ liéu dang vecto J cho cac thanh phan la mémen quén tinh khoi
lwong cla cac khéi lvong tap trung (xem gidi thich trong PT(1)) va vecto Co-
vecto hé sb cling xoan gitra cac khéi lvong dé tao ma tran dd cing C. Tinh dao
dong tw do dé xac dinh nghiém A=’ theo I1-C,. Trong MathScript, cau lénh sé
la: p=poly(C1); r=roots(p). Sau khi ta nhan dwoc hai nghiém thap nhat khac
khong, wg1 va g, trién khai xac dinh vecto dang (form1 va form2) theo co s&
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toan hoc da néu trén. Chwong trinh con (Sub2_Dmodel_MainAxes.vi) dwgc thue
hién trong SubVI, Hinh 6.

Thiét bi con tinh do thi cdng clia cac xi lanh dwoc thé hién trén Hinh 6 v&i
SubVI: 3_Sub_ETM_ID.new.vi trén co s& bai toan tinh nhiét cho chu trinh cong
tac clia dong co dbt trong va md hinh da néu trén. Do thi két qua tinh duoc thé
hién theo goc quay truc khuyu hodc theo thé tich budng chay tai tirng thoi diém
géc quay truc khuyu.

Thiét bi con tinh mémen cwdng birc tirng xi lanh va cla chan vit duwoc thé
hién trén Hinh 6 v&i SubVi: 3_Sub ETM_1(New27.12.18).vi. DPau vao ctia SubVI
nay 1a két qua tinh md phdng qua trinh cong tac clia dong co véi hé sé diéu
khién chay Cf. DAu ra 1a cac vecto, ma tran két qua tinh mémen (theo thoi gian
cling nhu da bién dbi FFT) cla tirng xi lanh, chung ca dong co va cla chan vit.
Cac momen dwoc viét dwdi dang sb phirc ZC (cho dong co) va ZP (cho chan vit)
dé dwa t6i SubVI tinh dao déng xoén & bwdc tiép dwdi day.

Thiét bi con tinh dao déng xoan cwéng blrc tirng vi tri tAp trung clia cac
MMQTKKL duoc thé hién véi SubVI: 3_Sub_CTV_EqSolve(18.8.17).vi trén Hinh
6. Co s& toan hoc da trinh bay trén tir cong thirc (23) dén (32). Két qua duwa ra la
trng suét xodn (Torsional Pressure, TP) cla cac doan truc can tinh,

Thiét bi con tinh (rng suat xoan cho phép tirng truc ma ta khdo sat duoc thé
hién trén Hinh 6 v&i SubVIl: 3_Sub_PTP_IMS_Main_V1.vi.

Trén Hinh 7 c6 cac diéu khién lwa chon gia tri hé s can xoan, diéu khién ché
dd tinh dao ddng xoén theo trang thai cia déng co NORMAL hay MISFIRE &
mot xi lanh bét ky. Sau khi lwa chon ché do, hién thi Ién vecto hé sb chay Cf cua
6 xi lanh (trwd'ng hop vi du tinh cho tau MV.HR.34000 DWT). Phan dwéi bén trai
thé hién khu vuc hién thi két qua cla cac dac tinh do thi cong.

Hai dd thi gi¢i thiéu dac diém co ban cla dac tinh (rng suét xoan tinh trén
cac doan truc vé&i cac tan sbé cong hudng chinh va céng hwdng phu. Nhirng hinh
anh nay mang tinh gi¢i thidu nguyén Iy két qua clia bang tinh dao déng xoan.

Phan trén cua thiét bi do co hién thi ddng hd vong quay, ndt lwa chon dang
chan vit (4 hodc 5 canh). Ngoai ra con cé cac nut diéu khién ché d6 mod phong
(save/ run/report/print/exit).

Trén Hinh 8, man hinh bén phai hién thi két qua duwdi dang bang va do thi
tinh dao ddng xoén tw do trén tau ché hang téng hop, tai trong 34 000 DWT. Dbi
vOi tan sb riéng wes, thu dwoc dwdng tam truc bién dang c6 1 tam (node) ndm
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gitra khdi lwong 11 va 12 (truc trung gian), con ddi va&i tn sb riéng wgy, €6 2 tam
(tam 1- ndm gitra khdi lwong 5-8 va tam the 2 - gan chan vit, s6 13).

Trén Hinh 9, phan man hinh bén phai thé hién két qua tinh mémen cuéng
blrc téng tr 6 mdmen cwdng birc khi ddng co lam viéc binh thwdng, vong quay
103 vong/phut. Cac cuwe tri clia d&c tinh mémen téng theo thdi gian & mirc kha
bang nhau, trong khi d6 bién dé cac diéu hoan tap trung tai cac diéu hoa bac
chinh (bac 6, 12 va 8).

Trén Hinh 10, phdn man hinh bén phai thé hién két qua tinh mémen xoén
cudng birc tai chan vit 4 canh & ché dd vong quay 68 rpm. Dac diém la gia tri
trung binh bang gia tri trung binh clia médmen téng t&¥ 6 xi lanh ddng co, con cac
diéu hoa dwoc md hinh héa tir sb liéu thwe nghiém sé, phu thudc vao sb canh
cla chan vit.

Trén Hinh 11, phdn man hinh bén phai thé hién két qua mé phdng rng suét
xoan (Torsional Pressure, TP (MPa)) tai truc trung gian (IMS) tai ché d6 vong
quay n=63 rpm. K&t qua hién thi trén dd thi trong thei gian thuc va bién dd -tan
s6. Ngoai ra con dwa ra bang két qua cla 20 diéu hoa dau tién. Két qua hién thj
twong &ng v&i ché do diéu khién trong md phdng, thuc hién tai khu vire bén trai
nhw da phan tich bén trén.

Twong tw trén Hinh 12 dwoc trich ra d6 thi va bang cac két qua tinh TP tai
IMS. & ché do vong quay n=105 rpm. D thi cla Dao déng xoan trén IMS dwoc
biéu dién trong th&i gian thuwe va bién dé - tan sb.

Trén Hinh 13, phan man hinh bén phai thé hién két qua mé phéng TP (MPa)
tai truc trung gian (IMS) trén toan dai vong quay,ttr n=[55 -155] rpm, ché dd
NORMAL (tat ca cac xi lanh 1am viéc binh thwdng. Trén d6 thi dong thdi hién thi
hai dwdng dac tinh TP(n) va PTP(n) khi Cf=[1,1,1,1,1,1].

Cac thong sb duoc lwa chon cho ché dd md phéng hé s can xoan tai: banh
da dau truc bs;= 280 Nms/rad; 6 xi lanh b,=208.4 Nms/rad; chan vit b;=9573
Nms/rad., va hé s6 Cf da néu trén.

Két qua cho thdy xuét hién vong quay cong hwéng nguy hiém & ché do
NORMAL tai n=56 rpm, v&i TP=121.50 MPa, trong khi PTP =72 MPa. Ta cé:

TP(56) >> PTP(56), va TP(56) < 2.PTP(56)

Tt d6 xuét hién vung cdm khai thac 1an can vong quay cong hwéng n=56
rpm, song van cho phép chuyén nhanh téc d6 quay qua ving cdm nay.

Trén Hinh 14, phan man hinh bén phai thé hién két qua mé phéng TP (MPa)
tai IMS trén toan dai vong quay,t n=[55 -155] rpm, ché d& MF, (Xi lanh sb 2
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khong chay. Trén d6 thi déng th&i hién thi hai dwdng dac tinh TP(n) va PTP(n)
khi Cf=[1,0,1,1,1,1].

Cac thong s6 duoc lwa chon cho ché dd mé phdng hé sb can xoan tai: banh
da dau truc by = 280 Nms/rad; 6 xi lanh b,=208.4 Nms/rad; chan vit b;=9573
Nms/rad., va hé sé Cf da néu trén.

Ké&t qua cho thdy xuét hién vong quay cong hwéng nguy hiém & ché do cong
hwéng chinh n=56 rpm, v&i TP=115.81 MPa, trong khi PTP =72 MPa. Ta c¢:

TP(56) >> PTP(56), va TP(56) < 2.PTP(56)

T d6 xuét hién vung cdm khai thac 1an cén vong quay cdng hudng n=56
rpm, song van cho phép chuyén nhanh téc d6 quay qua viing cdm nay.

Vung cong hwéng thir hai tai vong quay va lan can vong quay n=112 rpm, tai
ché dd MF,. Xuét hién cong hwéng nguy hiém xay ra trong vung khai thac, do
TP(112)=69.58MPa; PTP(112) = 40MPa. Tuwong tw TP(112) >> PTP(112), va
TP(112) < 2.PTP(112).

Trén Hinh 15, phdn man hinh bén phai thé hién két qua mé phéng TP (MPa)
tai IMS trén toan dai vong quay,tr n=[55 -155] rpm, ché d6 MFg (Xi lanh sb 6
khéng chéy). Trén d6 thi ddng thdi hién thi hai dwong dac tinh TP(n) va PTP(n)
khi Cf=[1,1,1,1,1,0].

Hé sb can xodn duoc lwa chon tai: banh da dau truc b, = 280 Nms/rad; 6 xi
lanh b,=208.4 Nms/rad; chan vit b;=9573 Nms/rad va hé sb Cf da néu trén.

Két qua cho thdy xuat hién vong quay cong hwéng nguy hiém & ché do cong
hwéng chinh n=56 rpm, vé&i TP=116.87 MPa, trong khi PTP =72 MPa. Ta c6:

TP(56) >> PTP(56), va TP(56) < 2.PTP(56)

T d6 xuét hién vung cdm khai thac 1an can vong quay cong hwédng n=56
rpm, song van cho phép chuyén nhanh tbc d6 quay qua ving cdm nay.

Vung cdng hwdng thr hai tai vong quay va lan can vong quay n=112 rpm, tai
ché do MFs. Xuét hién cong hwdng nguy hiém xay ra trong vung khai thac, do
TP(112)=53.8MPa; PTP(112) = 40MPa. Twong tw TP(112) >> PTP(112), va
TP(112) < 2.PTP(112).

Phan md ta trén day duoc thwc hién dé chuyén gia cé trinh dd trung binh
trong Iinh vuc co6 thé hidu dwoc sang ché. Rat nhiéu bién thé va thay ddi c6 thé
dwoc thwe hién ddi véi cac phwong an cia sang ché va déu khéng nam ngoai
pham vi clia sang ché.
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YEU CAU BAO HO
1. Thiét bi md phéng tinh dao déng xoan hé truc chinh diezen lai chan vit tau
bién bao gébm cac khdi chirc nang chinh:

moédun (M-FTV) dung dé& xac dinh dao déng xoan tw do clia co hé c6 n
modmen quan tinh khdi lwong tap trung théng qua viéc xac dinh cac thoéng sb
nghiém thé hién & phwong trinh J® TBO+Co=M© i J = diag(J ,,J,,...,J,) 1a
ma tran dwdng chéo mdédmen quan tinh khoi lwong hé truc; J;i=(1+n) 1a mémen
quan tinh khdi lwong clia khbi lwong th i; B 1a ma tran hé sé can xoan; C la ma
tran hé sb cling x08n,¢=[p.0.....p,I'la Vvéc to trang thai dao dong xoan;

M=[M,, M,, ... .M, " la vecto médmen xoan cuéng birc;

modun (M-ETM) dung dé xac dinh mémen xoan cuwéng blrc théng qua viéc
xac dinh moémen xoan do lwc khi chay va lyc quan tinh sinh ra, dwgc md hinh
hoa tai diém tac dong la vi tri cla pit tong; lwc téng tai pit tong P dwoc chuyén
ddi thanh mémen xodn quay truc khuyu déng co T theo md hinh ham truyén TF;
hé sb chay C;, khi xi lanh hoat ddng binh thweong gia tri nay la 1, ngwoc lai khi
khong chay cé gia tri bang 0; lwc sinh ra tir 4p suét khi chay tai budng dét xi lanh
p(¢) md phéng theo hai thanh phan lwc tham chiéu: pem, 1a dudng ap suét nén

va dwong ap suat chay ps dwoc biéu dién dwéi dang p((P)zpCmp((P)+Cf‘pﬁz-((P);
moémen xoan tai xi lanh dwoc xac dinh théng qua dang M(p)=P(p). TF(p) .

modun (M-PTP) duing dé xac dinh (rng suét xoan cho phép théng qua cac
doan truc thwdng dwoec tinh: truc trung gian, truc chan vit, truc khuyu déng co;
dudng dac tinh (ng suat xoan cho phép (n) véi n la vong quay dwgc tinh dao
déng xoan tlr vong quay nhé nhat dén vong quay I6n nhét trong dai vong quay
khai thac cta hé truc;

moédun (M-ETV) ding dé xac dinh dao déng xoé&n cwéng blrc; trong dé giai

phap dé xuat phwong phap tw ddng tinh dao déng xoan cuwéng birc theo dé xuét

clia sang ché duoc thé hién & cac phwong phap dwoc két hop dong thoi, bao

gdm: phuong phap x&p chdng ddi v6i hé dao dong tuyén tinh J@+Be+Ce =M();

phwong phap can bang diéu hoa, dung sbé phlrc; va phwong phap hé truc
chinh;

moédun chung (M-CTV) dung dé tich hop cac médun thanh phan; va
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modun (M-TVM) dung d& hién thi két qua chung tinh dao déng xoan hé
truc chinh diezen lai chan vit tau bién va truyén cac sé liéu da xac dinh dwoc vé
cac thiét bj kiém tra giam sat;
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