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Tom tit

Trong bai bao nay trinh bay viéc tinh toan dao
déng tugn hoan va phan tich ré nhanh cua nghiém
tuan todn doi Voi co hé gom dong co dang piston
mét i lanh dat trén nén dan hoi. Trudc tién, viéc
Xay dung mé hinh dao dong ciia dong co trén dém
dan hoi da dwot thuc hién, ¢ o c6 ké dén khe ho
giiza Vo dong co va nén mong. Tiép theo, phirong
trinh déng luc hoc cua hé da duwoc thiét ldp bang
ap dung phuong phap Lagrange, ta dwoc mgt hé
phirong trinh vi phdn phi tuyén. Viéc tinh toan dao
ddng tuan hoan va phan tich ré nhdnh dwoc thuc
hién bang phiong phdp tinh todn sé, dua trén
thudt toan ban don. Két qua thu dwoc 1a biéu do
ré nhanh cia dao déng khi cac tham sé cia hé
thay déi va cdc dao déng tuan hoan tai mét sé
trang thai chuyén déng cua hé.

T khoa: Dao dgng phi tuyén, phuong phdp ban,
mé phdng so, tuyen tinh teng khic, én dinh
Floquet.

Abstract

In this paper, the periodic vibration calculation
and branching analysis of the periodic root are
presented for a motor model located on an elastic
base. Firstly, the vibrated model on the elastic
base was proposed which includes the clearance
between the motor housing and the base. Next, the
dynamic equation of the system has been
established by applying Lagrange method and we
obtained a system of nonlinear differential
equations. All the calculation was performed by
numerical method based on the single shot
algorithm. The results acquired are the branching
figures of vibration according to the changes in
the system parameters and periodic vibrations at
some steady state of the system.

Keywords: Nonlinear vibration, shooting

method, numerical simulation, piecewise -linear
system, Floguet stability.

1. Mé dau

Véi cac hé dao dong ky thuat, trong thuc té thuong
la céc hé thdng phi tuyén. Dic biét véi cac may va
thiét bi, khi c6 ké dén cac khe hé tai cac chd tiép xdc,
s& cho ta mot hé dao dong phi tuyén manh. Céc hé
thdng nhu vay c6 cac dap tmg dong luc hoc rat phirc
tap, nhu sy ré nhanh trong dao dong hay su dao dong
hdn don [1]. D4 c6 nhiéu cong trinh di dugc cong bd
vé tinh toan dao dong tuan hoan va phan tich ré nhanh
ddi vai cac hé co khe ho. Shaw va Holmes [7] da tim
thdy chuyén dong diéu hoa, song da hai va dao dong
hén don cua hé dao dong phi tuyén mot bac tu do, c6
xét dén 10 xo phi tuyén. Natsiavas [8] di trinh bay
dong luc hoc cua hé dao dong phi tuyén manh voi
giam chan kiéu van der Pol. Ponce va cong su [9] da
nghién ctru Sy nhan d6i chu ky cua mot I6p dao dong
tuyén tinh tirng khic bang phuong phép dai s6. Bang
thuc nghiém, Wiercigroch et al. [10] da do dao dong
hdn loan cua hé dao dong tuyén tinh ting khic. Két
qua thi nghiém duoc so sanh vai mé phong sé. Casini
va Vestroni [11] d4 phan tich cac dap ung cua tuyén
tinh tirng khic 2 bac ty do. Phén tich dao dong phi
tuyén manh cua hé théng bing phuong phap THB da
duoc trinh bay trong mot s6 bai béo [2-6]. Dya trén
phuong phap IHB, Xu et al. [5, 6] da tinh toan céc
nghiém tuan hoan cua hé dao dong chiu kich dong
diéu hoa, trong d6 sy tuyén tinh ting khic cua 16 xo
va can nhét da duoc dé cap, phan tich sw nhan déi chu
ky va hdn don duoc thuc hién bang thuat toan IHB.

Tur c&c phén tich & trén, bai béo nay tap trung vao
tinh toan va phan tich r& nhanh ddi voi dao dong tuan
hoan cta dong co trén dém dan hoi, khi c6 ké dén khe
hé giira vo dong co va gia d& bang phuong phép tinh
toan sb dya trén thuat toan bin don.

2. Thiét lap phwong trinh déng luc hoc cia
dong co trén dém dan hoi

Xét mo hinh dao dong cua dong co mot piston - xi
lanh dt trén nén dan hdi nhu Hinh 1, trong d6 vo may
dugc xem 13 vat rin ddng chat, khdi lugng mo, dich
chuyén theo phuong thing dting. Gia thiét, vo may
duoe dat trén céc 10 xo ¢6 dd ciing ko, ki va cac can
nhét c6 do can by, b, & d6 lién két cua vo may véi 10

SO DAC BIET (10-2021)



TAP cHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

-JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

kg bl

PAAZZA7F7I 777 777777777777 77]

Hinh 1. Mé hinh dao dgng Ciia déng co

Xo ko V@ can by 1a lién tuc con lién két cua vo may véi
10 %o ki va can by la khong lién tuc, ching nhu cac
diém tya. Khi 10 x0 ko chwa bién dang hoic chiu kéo
thi 10 xo ky khdng bién con khi 10 X, ko chiu nén thi 1o
Xo K1 cling chiu nén. Pong co dugc md hinh héa boi
co céu tay quay con truot, gom ¢, tay quay OA = R,
khéi lwong my, md men quén tinh d6i voi khdi tam Cy
1a J;, thanh truyén AB = L, khéi lugng mz, md men
quan tinh d6i véi khdi thm C 12 J,, con trugt B khdi
lwong m3 dwgc xem nhu mot chat diém. Céc khoang
céch OCi1 = e;, AC; = e,. Ta thdy hé c6 2 bac ty do, ta
chon hé toa do suy rong du la g1 = y 1a lugng dich
chuyén cua vé dong co so vai vi tri can bang tinh, gz
=y lagoc quay cua OA so V6i phuong thang ding.
Khi d6, dong ning, thé nang va ham hao tan cua hé
duoc xac dinh nhu sau:

* POng nang cua co hé:

1 . 1 ! . 1. .
T =§moy2+§ml(><é +yél)+§J1w2

()
1 , . 1. ., 1
"'Emz(X(Z:2 +yéz)+5‘]2ﬁ2+§m3yé
Tur hinh V&, ta co:
X, =& siny
)
Y, =Y +0OC +¢ cosy
Xc, =Rsiny —e,sin g 3
Ye, =Y+OC +Rcosy +e, cos @)
Y =Y+0OC+Rcosy +Lcos S 4
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Thay (2), (3) va (4) vao (1), sau khi bién doi, ta duoc:

;1

2 1 21 2 .2
75m0y +Emly +E(mlel +J1)(// —me Yy siny

1 21 2.2 1 2\ 52
+Em2y +Em2R W +§(J2+m2e2)ﬂ —mzRyy/smy/

()

—mzezy/}’sin B- mZRezy}[icoswcosﬁ
. . 1 . 1 L2 .

+m2Re2y/ﬂsmy/smﬁ+Em3y2+Em3R2y/25m2y/

1 2RV Si 1 L2~2.2 1 oLV s
—Em3 yy/smw+§m3 LS sin ﬂ—§m3 ypsin g
+%m32RLu)Bsiny/sinﬂ

Mat khéc, vai A = RIL, cling tir hinh vé ta c6:

sin g = Asiny (6)

T (6), ta suy ra dugc:

cosp = \/1—sin2 L= \/1—/12 siny

U]

5, Aycosy
cospf

®)

Véi A << 1, &p dung khai trién Taylor va bo qua
cac vO cung bé bac cao, ta dugc:

cosfB~1-A’sin’y /2 9)
B~ Ayrcosy (1+ 2% sin’ y / 2) (10)
S? = 22yr*costy + AyrPcosty sin? i (11)

Thay (6), (7), (9), (10) va (11) vao (5), sau khi thuc
hién cac phép bién déi lwong giéc, ta dugc:
T =My?/2+(B,siny + B, sin 2y
+B,sindy)yy + (J + Acosy
+A,cos2y — A,cos3y — A,cosd
+A.coS5y + A,CosBy )y ? | 2
Trong dé:

(12)

M=m,+m +m,+m,

J=[3, +me’ +m,R* + m,R*/ 2+ (J, + m,e;)
(22 12+ 4% 18)—m,Re, (A - A°132)
+m,L2 (A% 18+ 2° /16)]

A = (m,Re, +m;RL)(A° /2+ A" /8)

A =[(J, +me2)A*/2—m,Re,(1+ 1% | 64)
—(M,R?/2+m,1%2° /32)]

A, =—(m,Re, —-m,RL)(A*/2+34" /16)
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A =-[(3,+mel)A*/8+m,Re,A° /32
+m,L2(A* 18+ 2° /16)]

A =(m,Re, +m,RL)A* /16
A, = (Mm,Re, A° /64+m,L°A° / 32)

B =—(me +m,R+m,R)
B, =—(m,e, +m,L)(4*/2+1*/8)

B, =(m,e, +m,L)A* /16
* Thé ning cta co hé:

ko (Y —AY)? 1 2+m, gy +m, gy,

+m +m khi y>A
- ,0Yc, sgysz y > Ay 13)
(ko +k)(y—Ay)" / 2+mygy +m, gy,

+M, gy, +mygys khi y <Ay

Trong do:
Ay:(mo+m1+m2+m3)g (14)
k, +k,
* Ham hao tan cua co hé:
b, y* /2 khi >A
= Y . y =4y (15)
(b, +b)y?/2 khi y<Ay

* C4c luyc suy rong cua lec khi thé:
Q, =0; Q, =R, (Rsiny +LA*sin2y/2) (16)
Ap dung phuong trinh Lagrange loai 11

E[EJ—ﬂz o — i=1,2 (17)
dtiog ) oo g 4G

Gia thiét ¢ trang thai chuyén dong binh 6n, truc
dong co quay déu véi van téc goc 2, khi do ta thu
dugc phuong trinh vi phan mé ta dao dong cua vé
dong co c6 dang nhu sau:

My +byy +koy +H(Y) +G(y) 18)
=—Q%(B, cosQt + 2B, c0s 2Qt + 4B,c0s4Qt)
Trong do:
kAy khi y>Ay
G(y) = . (19)
ky khi y<Ay
. 0 khi y>Ay
H(Y)=1, . . (20)
by khi y<Ay
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3. Tinh toan dao ddng tuan hoan va phan tich
ré nhanh
Xét phuong trinh vi phan (18), bang cach dat:
Y=Y Y=Y
Ta dua (18) vé hé phuong trinh vi phan thudng c6
dang nhu sau:

Yi=Y,
Y, ==/ M)[byy+kyy +H(y,) +G(y,) (21)
+Q?(B, cos Qt + 2B, cos 20t + 4B,cos4Qt)]

Duya trén hé phuong trinh (21), ta di thiét lap
chuong trinh tinh toan s dé tinh toan dao dong tuan
hoan va khao sét ré nhanh cta dao dong ddi véi vo
may dong co. Viéc tinh toan dao dong tuan hoan cua
céc hé phi tuyén dwoc thuc hién duya trén thuat toan
bin don [1], con viéc phan tich r& nhanh dwoc thuc
hién dya trén Iy thuyét r& nhanh ciia nghiém tuan hoan
[1]. D& phan tich r& nhanh, ta chon téc do quay 2cua
ddng co lam tham s6 r& nhanh, con cac tham s6 khéac
duoc xac dinh dua trén mot thiét bi trong phong thi
nghiém, c6 cac gia tri nhu sau: mg = 50(kg), m1 =
3,2(kg), m; = 1,0(kg), ms = 0,5(kg), R = 0,046(m), L
= 0,17235(m), 1 = 0,0346(m), e, = 0,047(m), ki =
7,0%105(N/m), ko = 2.0¥105(N/m), bo = 0,75(N.s/m),
b; =5,0 (N.s/m).

Vi cac sb lieu duogc cho nhu trén, cho € bién
thién trong khoang [150(rad/s); 314(rad/s)], sau khi
tinh toan, ta duoc mot sé két qua dwoc cho trén cac
Hinh 2 dén Hinh 7.
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Hinh 2. Biéu d6 ré nhanh
Tir biéu db ré nhanh trén Hinh 2, ta thiy, véi Q
=314(rad/s) tng véi diém A, ta tim dwoc mot nghiém
tuan hoan c6 chu ky 242 6n dinh, nghiém nay duoc
goi la nghiém 1 - chu ky, hinh anh cua nghiém 1 - chu
ky tai £2= 280(rad/s), duoc cho trén Hinh 5. Cho Q2
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giam dan nghiém 1 - chu ky nay van ton tai va on dinh
cho dén khi £2 = 232(rad/s), @ng véi diém B trén Hinh
2, tai day c6 nhan tir Floquet ndm trén vong tron don vi
va ¢ xu hudng doi vong tron don vi theo hudng - 1 khi
01iép tuc giam xudng (xem Hinh 3 va Hinh 4a), nén
theo ly thuyét r& nhanh cua nghiém tuan hoan [1], tai
do, s& xuat hién ré nhanh nhan déi chu ky (period -
doubling), c6 nghia la khi £ giam qua gia tri nay,
nghiém 1- chu ky s& mét 6n dinh va xuat hién nghiém
¢6 chu ky 4442 6n dinh, nghiém nay dwoc goi la
nghiém 2 - chu ky, hinh anh vé nghiém 2 - chu ky tai
0= 220(rad/s), dwoc cho trén Hinh 6. Tiép tuc cho 2
giam xudng, nghiém 2 - chu ky nay van 6n dinh, cho
dén khi ©2= 164,5(rad/s), tng véi diém C trén Hinh 2,
tai ddy c6 nhan tir Floquet nim trén vong tron don vi va
¢6 xu huong doi vong tron don theo huéng +1 khi 2
tiép tuc giam xudng (xem Hinh 3 va Hinh 4b), theo ly
thuyét r& nhéanh, tai d6 s& xuét hién ré nhanh chuyén
qua gidi han (transcritical), c6 nghia 1a khi £2giam qua
diém r& nhanh nay, nghiém 2 - chu ky nay s& mit 6n
dinh va dao dong ciia hé s& nhay dén mot nghiém 2 -
chu ky méi on dinh, hinh anh v& nghiém 2 - chu ky méi
nay dugc cho trén Hinh 7 va nghiém 2 - chu ky méi nay
6n dinh cho dén khi ©2= 150(rad/s).
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z
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Hinh 3. Biéu dé nhan ti Floquet
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Hinh 4. Biéu dé nhan ti Floguet trén mdt phéing phiic
(a) Ung véi 2= [232; 314];
(b) Ung véi 2= [165; 232].
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B4 thi pha
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Hinh 5. Nghiém 1 - chu ky tai £2=280(rad/s)
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Hinh 6. Nghiém 2 - chu ky tai £2= 220(rad/s)
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15 DA thi pha
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= 05|
E
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=
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Phd bién do tan s6
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Tén 56 [rad/s]

Hinh 7. Nghiém 2 - chu ky tai 2= 150(rad/s)

5. Két luan

Bai bao nay di ap dung phuong phap ban don
trong tinh toan dao dong tuan hoan cua cac hé dao
dong phi tuyén manh. Ap dung phuong phap dua, tim
nghiém tuan hoan va khao sat ré nhanh di véi dong
co dat trén nén dan hoi, v6i do cimg va do can tuyén
tinh tirng khac. Tur cac két qua co duoc ta thiy, trong
hé khao sat da xuét hién diém ré& nhanh nhan d6i chu
ky va diém r& nhanh chuyén qua gisi han. Khi qua
diém r& nhanh nhan déi chu ky, thi chu ky cua dao
d6ng cua hé s& dugc nhan doi, con khi di qua diém r&
nhanh chuyén qua gigi han, dao dong cua hé s& cé
budc nhay sang nghiém tuan hoan moéi, c6 dic diém
khéc véi nghiém ban dau.
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