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ANALYZING THE BIFURCATION OF PERIODIC VIBRATIONS OF PIECEWISE-
LINEAR SYSTEMS USING THE SINGLE SHOOTING METHOD
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76m tat
Trong bai bdo nay, da dp dung phurong phdp ban don trong viéc tinh todn dao dong tuan
hoan cia hé dao dong cudng burc chiu kich dong diéu hoa. Sw khéng doi xung cia hé
khdo sét dan dén cg dp cung va do can nhot 1a céc ham tuyén tinh ting khuc. Viée phén
tich 6n dinh va ré nhénh cia hé dao dong phi tuyén da duoc tién hanh béng phuong
phap tinh toén sb. Tur cdc phén tich cho thdy réng, trong hé khdo sét xuét hién céc ré
nhénh nhén déi chu ky va suw ton tai dong thoi cua nhiéu tdp hut tuén hoan.
Abstract
This article analyses the periodic vibration of harmonically exclfed systems using the
single shooting method. Both stiffness and viscous damping are pilecewise-linear
functions aue fo non-symmelry of system. Analyzing the stability and bifurcation of
nonlinear systems are carried out by numerical method. The analysis results show the
existence of period-doubling bifurcation and mulfiple periodic altractors.
Key words: Nonlinear vibration, shooting method, Bifurcation.

1. M& dau

Trong cac hé dao dong may nhw cac banh rang chiju tai trong nhe, cac hé rotor, cac hé dao
doéng dan hoi, cac hé cam-can cam, cac khop lién két cac thanh phan robotic, ... tinh chét tuyén
tinh hodc phi tuyén tirng khic ton tai vi khe hé g|wa cac thanh phan. Céac he tuyen tinh tirng khic
la cac hé phi tuyén manh, dé tinh toan dao déng ctia cac hé nay ta co thé si dung phwong phap
can bang diéu hoa gia lwong [2, 3, 4, 6]. thng dé dat dwoc dd chinh xac cao, phwong phap nay
doi hdi s6 cac thanh phan diéu hoa trong biéu thirc nghiém phai Ion, didu nay dan dén ta phai giai
mot hé nhiéu phwong trinh dai sb phi tuyén, day la van dé rat kno khan. Bé khac phuc han ché
nay, phuong phap ban don [1] 6 ra co wu thé hon, vi trong phuo’ng phap nay s6 phwong trinh cla
hé dai so phi tuyen chi twong &ng v&i sé chiéu cltia hé, do d6 sé& gidm khdi lweng tinh toan va ting
dd chinh xac clia nghiém thu dworc.

Trong bai bao nay, d& xay dwng thuat toan khao sat sy 4n dinh va ré nhanh cla nghiém
tudn hoan trong cac hé phi tuyen khong 6toném, dwa trén phwong phap b&n don. So sanh cac két
qua tinh todn vé&i cac két qua tinh bang phwong phap can béng dleu hoa gia lwgng [6], cho thay
cac két qua hoan toan twong tw. Viéc dwa ra thuat toan tinh toan sé trong bai bao nay co thé dé
dang dwoc ap dung dé& phan tich cac (rng st dong lwc hoc phirc tap nhw ré nhanh va dao dong
hén don cua cac hé k¥ thuat trong thyc té.
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2. Phwong phap ban don tim nghiém tuan hoan cta cac hé khéng 6toném

Cho hé phwong trinh vi phan khéng 6téném (thém dau : )

x=f(x,7p) (1)

Trong d6 xell”, fell”, ula cac tham so, f(x,4p) 1a ham tudn hoan chu ky 7. Bai toan dat
ra la, ta phai di tim nghiém tuan hoan chu ky 7 caa hé (1), nghia la ta phai di tim nghiém cta hé (1)
sao cho thoa man dieu kién x(0) = x(7). Ta da biet, doi voi cac hé khéng 6t6ném, chu ky 7 cia
nghiém tuan hogém can tim la mQt bdi s6 hiru ty clia 7, va la mot sé da biét. Do d6, dé thwc hién
phwong phap ban tim nghiém tuan hoan chu ky 7'clia hé (1), trwdce tién, ta xét bai toan (thém :)

K =f(x,4p) vOi didu kien dau x(0)=n, 2)
sau do, ta phai di tim diéu kién dau m sao cho nghiém x(#n) clia bai toan (2) thod man diéu
kién (thém dau : )
X(Z)=x(0)=n < x(Zm)—-n=0 3)

(3) la hé n phuong trinh dai sb phi tuyén v&i n an s6 1a ny (k =1, 2, ..., n). Dé gidi hé
phwong trinh dai s6 nay ta cé thé sir dung cac phwong phap lap, nhv phwong phap Newton-
Raphson dwgc trinh bay duwdi day:

Ban d3u ta cho mét sy wéc chivng didu kién dau n'® va mong muén tim dwoc m, sao cho sai
lach 5n =1 — n® thoa man diéu kién |5y < & v&i la mot sé nhé cho trwdc, d& ma (thém dau : )

(7@ +5m) -+ ~0 (4)

Khai trién Taylor dbi v&i (4) va chi gitr lai cac sb hang tuyén tinh déi véi o, ta dwoc (thém :)
{gx 7))~ E} sn=1"-x(Z;n") (5)
n

trong d6 E 1a ma tran don vi cap nxn, x(7n'?) 1a véc to c6 n phan t& va dwoc xac dinh bing
céach gidi bai toan diéu kién dau (2) trong khoang thoi gian #=[0, 7]. Con dx/on 1a ma tran cép nxn
céac thanh phan ctia ma tran nay tai (7',n(°)) dugc xac dinh nhw sau: Pao ham hai vé phwong trinh
(1) theo n, ta dwoc (thém dau : )

[ ox ox

—| = |=DOf(x,/,p)— 6

a,f[ anJ f(x,2p) on (6)
Ngoai ra dao ham cula diéu kién dau x(0) = n dbi v&in, ta dwoc (thém dau : )

ox

~ (0)=E (7)

on

(6) 1a phwong trinh vi phan ddi véi 6x/on, tich phan phwong trinh (6) véi didu kién dau (7)
trong khoang thdi gian £= [0, 7], ta dwoc ox/on tai (n', 7). Khi ma tran ox/on dwoc xac dinh thi hé
(5) tr& thanh hé n phwong trinh dai sb tuyén tinh v&i cac an sb 1a sn. Sau khi giai hé (5), ta kiém
tra tiéu chuan hdi tu ||6n| < & Néu tiéu chuén hoi tu khong dwoc thod man, ta cap nhat lai diéu kién
dau n®=n? + & va quay lai cac bwdc & trén cho dén khi cac tiéu chudn hoi tu dwoc thoa man.
Két thuc thi tuc ta tim dwoc diéu kién dau n twong &ng véi nghiém tuan hoan chu ky 7°cla hé (1).
3. Khao sat ré nhanh ctia cac hé phi tuyén biang phwong phap sé

* Buwdc 1: Chon gia tri diu p = po. Bang phwong phap ban, ta tim diéu kién dau 7, va chu ky
75 (ng v&i nghiém tudn hoan (x(# no, 7o), M) cla hé (1), gid s& nghiém nay 4n dinh.

* Bwdc 2: Chon sb gia Ap thich hop, 1dy p = po + Ap

* Budc 3: LAy (no, 7o) 1am gia tri khéi dau cho phuong phap ban, tim diéu kién diu n va chu
ky 7 ctia nghiém tuan hoan x(Z£ m, 7) cGa hé (1) tai p = po + Ap.

* Buwdc 4: Tich phan sb phwong trinh (1) véi didu kién dau n, ta dwoc nghiém tudn hoan x(#
n, 7). Kiém tra cac nhan t& Floquet (rng voi nghiém nay. Néu tt ca cac nhan t& Floquet déu nam
trong vong tron don vi clla mat phang phtrc thi nghiém nay la dn dinh, ta cap nhat lai cac gia tri
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khéi dau po = p, no =1, 7 = 7va ta quay lai tv budc 2. Néu co nhan tir Floguet nam trén vong
tron don vi ciia mat phang phtrc va nhan t&r nay dang cé xu hwong di ra khoi vong tron don vi, thi
ta co gia tri ré nhanh p va tiép tuc to budc 5.

* Bwdc 5: Kiém tra hwdng cta nhan t& Floquet doi khéi vong tron don vi clia mét phang
phtrc

+ Néu nhan & Floguet la s6 thuc, doi vong tron don vi theo hwéng -1, ta ¢6 ré nhanh nha
déi chu ky (thém dau . )

+ Nég nhan t&r Floquet la sb thyec, ddi vong tron don vi theo huwdng +1, ta co mét trong cac
ré nhanh: nép gap-chu trinh, ré nhanh chuyén qua gi&i han, ré nhanh pha huy tinh doéi xrng.

+ Néu nhan t&r Floquet 1a sé phirc ddi vong tron don vi, ta c¢é ré nhanh Hopf loai 2.
4. Tinh toan dao déng tuan hoan va khao sat ré nhanh cta hé tuyén tinh tirng khuc
4.1. M6 hinh déng lirc hoc cda tuyén tinh tung khic

Cho m6 hinh dao dong nhuw hinh 1, trong do khi
lwong m dwoc ndi véi 10 xo A va can nhot ¢, 10 x0 A ‘ ‘

va can nhét ¢y dwoc dé tw do. Gia thiét rang khi khong

¢6 khoi lwong 7, hai 16 xo tw do cham nhau, khi c6 khoi F 1]
lwong /7, tai vi tri can bang tinh cac 16 xo v&i cac db 4

cwng twong u’r]g ko, 41 bi nén mét doan twong rng la o

va d. Cho khéi lwgng 7 chiu tac dung cla lwc kich VAV VA

dong diéu hoa £sinf Goi x 1a dich chuyén cla canh

bén phai khéi lwong 77 d6i voi vi tri clia canh bén phai Hinh 1. M6 hinh dao dong cda hé
cla khdi lwong tai vi tri can bang tinh. tuyen tinh tirng khic
Phwong trinh vi phan dao déng clia hé nay cé dang (thém dau : )
7i+ G+ At ¢ D) + Gl =/ sin Qs (8)
trong do (thém d4u : )
. axi g, xr>-d £, xr>-d
H() = ; A=
g, x<—-d —£a, xr<—d

Béang cach dét x; = x, x, = dx/0f, tir (8) ta c6 (thém déu : )
e ©)
iy = [~ —Ax — ()~ An) + fsin Q7] ) mr

trong do (thém dau : )

G516,  m>=d
0, 5<-d’

A5, x>—d

o ={—/r0do, n<-d

f/(ffg)={

4.2. Cédc két qua tinh todn sé

Sau day ta di khao sat ré nhanh ctua nghiém tuan hoan trong hé (9) bang phwong phap s6.
Dé tinh toan s0, ta chon tham sb thay déi la /( k.10, cac tham so khac nhw sau: £ = 7,8.10%(N),
m= 04 10*(kg), 4o = A10%(N/m), 4 = 0,9.10%N/m), ¢ = 0,05.10°(Ns/m), ¢; = 0,5.10%(Ns/m), o =
5.10°%m), 2= 34,56(rad/s).

016

U14|_

a|m]

Hinh 2. Biéu dé ré nhanh cia hé (9).
(a) trng vor cdc nghiém 2T, 4T, 67 (b) trng vor cac nghiém 37, 6T
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1— ——[——————: ————————
H | - = - ——-
?_.'J pitl = |‘— k1
= ke lT £ [
i : ' . 14 L
4 I 7o o= A T 3 1 z G

Hinh 3. Biéu dé nhén t¥ Floquet cia hé (9)
(a) voi cdc nghiém 2T, 47, 8T, (b) trng vor cdc nghiém 3T, 6T

Cho 4 bién thién trong khoang [2; 20], khi d6 ta c6 biéu d6 ré nhanh cla hé dwoc cho trén
cac hinh 2. T hinh vé ta thay, tai 4= 20 (ng v&i diém A, trén hinh 2a, ta tim dwoc mét nghiém 2-
chu ky 6n dinh. Cho 4 giam dan, nghiém 2-chu ky nay van 6n dinh, khi 4 gidam dén diém B, (ng v&i
k = 5,66, tai day c6 mot nhan t&r Floquet di ra khéi vong tron don vi theo hwéng -1 (xem hinh 3a)
nén xuét hién ré nhanh nhan déi chu ky, khi di qua gia tri nay xuét hién mot nghiém 4-chu ky 6n
dinh. Tiép tuc cho 4 gidm xuéng nghiém 4-chu ky van én dinh, khi 4 gidm dén diém C, (r‘ng v&i 4 =
3,18, tai day lai c6 moét nhan t&r Floquet di ra khoi vong tron don vi theo hwéng -1 (xem hinh 3a),
do d6 lai xuat hién mot ré nhanh nhan déi chu ky, khi di qua gia tri nay xuét hién mot nghiém 8-chu
ky 6n dinh. Nghiém 8-chu ky nay tén tai cho dén gia tri 4= 2,865. Mat khac ta thay, tai diém A, trén
hinh 2b (rng v&i 4 = 7,5 xuét hién mot nghiém 3-chu ky song song ton tai v&i nghiém 2-chu ky.
Nghiém ba chu ky nay tén tai cho dén diém B, (rng v&i 4 = 2,3, tai day c6 mot nhan t&r Floquet di ra
khéi vong tron don vi theo hwéng -1 (xem hinh 3b), nén xuét hién mét ré nhanh nhan déi chu ky,
khi di qua gia tri nay nghiém 6-chu ky xuét hién, nghiém 6-chu ky nay tén tai 6n dinh cho dén 4= 2.
Céc nghiém 2-chu ky, 4-chu ky, 8-chu ky, 3-chu ky va 6-chu ky cia hé (9), tai mot sé gia tri cta k
dworc cho trong cac hinh 4 — 8.

a, . R a1 K . o 2
2 LT _nm | BN /-”-_ _.:I)J‘ oo R
s VS <4 / £nn )
f n l': ) Enna gt ';: ] j;o.oa
RS d1 " uwe- h - TN kN / Hom-
. ~ y o ~ i’
2 —__? . L ) ; e | |
et e U ik notos R o« SR 7R BT F e — o1z 3 45 €7 330
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Hinh 4. Nghiém 2-chu ky cia hé (9) tai k = 6,0 Hinh 5. Nghiém 4-chu kycda hé (9) tai k = 3,2
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Hinh 8. Nghiém 6-chu ky cda hé (9) tai k = 2,0
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5. Két luan

Trong bai bao nay da gi¢i thiéu phwong phap bén don trong tinh toan dao déng tuan hoan
cla cac hé dao dong phi tuyen manh. Ap dung phwong phap dwa, tim nghiém tuan hoan va khao
sat ré nhanh cla nghlem tuan hoan trong hé dao dong véi do clrng va dd can tuyén tinh tirng
khuc. Twr cac két quéd cé dwoc ta thdy, trong hé khdo xuét hién cac ré nhanh nhan déi chu ky va
néu chu ky ctia nghiém tiép tuc dwoc nhan lén thi dén moét lic nao dé dao ddng cta hé tré nén hén
don. Dac biét ta thay xuét hién cac nghiém 3-chu ky va nghiém 6-chu ky song song cuing ton tai v&i
cac nghiém 2-chu ky, 4-chu ky va 8-chu ky. Nghfa Ia, tai mét gia tri ciia cac tham sé, co6 ton tai
nhiéu trang thai dao déng cla hé.
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PHAN TiCH, THIET KE PHAN MEM TU PONG TiNH DAO BONG XOAN
HE TRUC DIESEL TAU THUY
ANALYZING, DESIGNING THE SOFTWERE FOR AUTOMATION CALCULATING
THE TORSIONAL VIBRATIONS ON THE SHAFT LINE WITH THE MARINE DIESEL
ENGINE

PGS.TSKH. O bUC LUV,
Vién NCPT, Truong BDHHH Viét Nam
ThS. CAO PU'C HANH,
Khoa CNTT, Trirong BDHHH Viét Nam
76m tit
Bai bdo phén tich va thiét ké khungphén mém &y dong tinh aao dong xoan (7orsional
Vibrations, TV) he truc diesel tau thiy. P/7a/7 mém dém bdo cédc yéu. cdu cia co quan
Dang kiém Viét Nam ciing nhw quéc 1€ vé TV hé truc desel tau bién.Déu vao /g céc thong
86 hinh hoc, so db dong hoc cling nhir céc théng s ky thudt co ban cia céc thanh phén
chinh hé truc diesel tau bién. Béu ra (kétf qua tinh) duroc (6 chire dudi dang bang tinh, do
thi ddc trung cho dao déng xoén tw do (Freedom TV) va dao dong Xxo&n cuong bue
/EXC/f/ng TV), vung vongquay nguy hiém (néu hé truc cd vung khai théc nguy hiém). Két
qué diroc xuét ra dudi dang file paf in ra may in hodc céc file .doc va .XIs.
Abstract
The paper analyzes and designs the scheme fo build the software for the automation
calculating the forsional vibrations (TV) on the shaftline with the marine diesel engine.
This method satisfies all the requirements of Vietnamsand [InternationalRegister
Organizations for the calculation and measurement of the TV. The inputs for the TV
calculation are the geomelric, kinetic scheme (model) and the basic parameters of the
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