Tap chi CO HOC, tap XV, 1893, 38 1 (28 ~ 36)

DAO DONG NGAU NHIEN PHI TUYEN CUA TOA XE

KIEU THE BUC

1. MO DAU

Tir trwée dén nay, viéc nghién citu ddng luc hoc toa xe chi dwa trédn cdc gid ¢hift 14 kich dong
mit duwdrng 1én toa xe 13 hinh sin vi cdc théng s8 cda toa xe ld tuyén tinh. Gin diy bai todn dao
d6ng ngiu nhidn cia toa xe dwoe gii bing phwong phip phd nhwng ciing v&i gid thidt cdc théng
8 cla toa xe 13 tuy&n tinh (1] thi du nhw 1> xo dan hdi tuyén tinh hay luc cdn nhét tuyén tinh.
Tuy nhién do sw phat trién cda cdc vit 1i8u méi, ngudi ta dua vio st dung nhitng loai thidt bi
hién dai hon nhw 1& xo cao su ¢é dic trung phi tuyén hay lwc cdn nhét phi tuyén trong cic hg
gidm chin. VI viy ndy sinh nhu cBu cin phii xét trye ti€p tic dung clda kich d3ng ngiu nhién lén
céc md hinh ¢é chiva nhitng v&u t8 phi tuyén. Bai bio niy nhim muc dich xét trwémg hop toa xe
hai bic trr do ¢4 1d xo phi tuyén vi cdn nhét phi tuyén.

2. DAO DONG CUA TOA XE €O LO X0 PHI TUYEN

Xét mé hinh toa xe dang don gidn 14 cé hai bic tw do. Trong thwe t&, mé hinh niy c6 thé ip
dung cho mét gid chuyén hwéng. Hai tham s& xdc dinh vi trf 12 toa dd 2z cila trong tim toa xe vi
goc @ 14 géc quay “git gi” cida thin toa xe (hinh 1).

Hink 1

Luc dian hsi phi tuyén Py, P, dwoc tinh theo cdng thic
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PI = c(z =+ Elp —‘yl) +E'7(z +£§0 —¥n )31
Py =clz — Lo — y2) +ev(z — b — y2)°.

(2.1)

Céc chl 85 1 va 2 13 chi cjp bdnh trirdc va cdp binh sau cia toa xe, ¢ 12 hé 58 cimg tuyén
tinh, € - tham &3 bé, ~ - hé s3 phi tuyén. ,
Céc lwc cdn nhét twong dng dwec tinh theo ¢dng thic

Fy = eP(i—tp— i),

. .. 2.2
Fy =eP(2—Lp— ). 2:2)

P 13 hé 38 cén nhét tuyén tinh.
Trong cdc cdng thire trén y; vi yo 13 cdc 46 dod cda bdnh trwée va binh sau so v&i dudng
chndn O. Chiing dwgc xem nhw cdc kich dong 18n toa xe. '

yi = Hsinwt + /& uft),

y2 = Hsinw(t + T) + v/ u(t + T}, (2.3)

. 2¢ . A s on .
véi T = 7 2£ 13 khodng cich gifra hai bdnh, v 1i vin tdc cda toa xe. Dal lwong /¢ u(t) 1a thinh
phin kich dong ngiu nhién vi thudng bi bé qua trong cic tinh todn ¢d didn. Theo (2] thi u(t) 12
qué trinh ngiu nhién ¢6 mit 46 phd S, (w) li:

2]

S0 = Ty

(2.4)

& diy o 12 hing 8. Ta bi€t ring khi d6 u(t) c6 thé xem nhw 13 diu ra cia mét bd loc ma diu vio
13 qua trinh “6n tring® &
Llu] =4+ [« & 2.5
. =4u U= — 4 -
- Lfu U= g {2.5)
Quié trinh “6n tring® {;"'cé Sé =1. _
Duwa vio nguyén Iy D’alamber, ta cé thé lip dwoc phrong trich chuyén dong cda toa xe 13

mé=—F; — P, — F} — Py,
Jo=—L(Fy + P) +£(F; + Py),

trong 46 m la khé&i lirong toa xe, J 13 mé men quan tinh cda né dai véi khai tdm C.
Thay cic bidu thirc cda F va P tir (2.1}, (2.2) vio phwong trinh chuyén déng (2.6) ta cé:

c
z +ufz = ;;;(yl +y2) + eFy,

- ) (2.7)
- n [
B+vze=F{n —y)+eli
2¢ 2cf?
trong d6 vZ = —E, 1E = "~ cic him Fy, F; cé bifu thic Ia:
m .
1 .. .
Fy=——[PQ@i = — ) +1(z+ o~ )tz o — )],
(2.8)

£ . . .
= 7 [P(—205+ 91 — g2) +1(z — L — v2)® — (2 + fp — n)?].

Thay thé bidu thirc cda y, va y; (2.3) vio (2.7) tacd
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F+viz= CH[smwt+smw(t+Tﬂ mf[u(t)+u(t+T ] + ey,
m
Strvip= cl;H [smwt - smw(t +T)] + E‘}/_[ (£} + ult + T)] + eFo.
Dung phep thay bién:

z=2 + A[sinwt+sinw(t +‘T)},
= —i—B[sinwt—sinw(t—f—T)],

viri
4= cH - cHE
—m(vf-—uz)’ - J(v2 —w?)’

Phwong trinh (2.8) véi cdc 4n z; vi @) s& 1a:
5+ iz = eFy + e i [t:(t) +uft+ 1),
P1 Vi) = eFy + /€ E}E{u(t} + u{t + T)]
Tée dung todn t;i‘ loc (2.5) vao hai v cla hé (2.12) ta cé |

Z1 4+ ad +vin + aule = cL[F] + Ve al(él + éz),
D1+ opy + VI + avgpr = el Fy) + /= oa(€y — £2).

R E ; ; 3 .
:%\/mfﬂl Gzz(.:_f-\/g’ §1=¢(t), &=+ 7).

& day ky hitu

(2.9)

(2.10)

(2.11)

(2.12)

(2.13)

Hé {2.13) 6 dang hai phwong trinh bic ba. Vi viy ta sé s\t dung phwong phép bién d5i twong

ty nhw & trong [3]
Ding phép déi bién:

21 1 0 1 u; o1 It o 1 v

21 = 0 1l —o Uy va 5.01 = 0 1l o Up
2 ~vi 0 af us o1 -z 0 o? Us

Ta dwa hé (2.13} v& hé:

B 1][“1]+%[‘1J+“—-mﬁ“l‘m’ [‘1]’

iy | —~v2 0 |up vi+ta? | a v+ a2 o

o _ o 1l |wn T eL[F,] \/5_‘02 51 -

Uy -vi 0] vz vi+a? v + az a |’
Tuong tu trong [3], ta bd qua cdc in ujz vi v3 vi chiing din d&n 0 khi t — co.
Tiép tuc ding phép thay bifn:

Up = a1 CO8Y1, vy = agCosthp, uUp = —ay¥sSintyy, vp = —aglssindsg,

voi Py =t 4+ 0y, s = pot + by
Ta dwa hé (2.15) v& hé phuong trinh vi phin Ité.
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(2.14)

{2.15)

(2.16)
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day = a1di + f11dfy + Piad€z, dag = asdt -+ fa1d€y + Pazdéy,

2.17
dgl = azdt =+ ,821 df}_ + ﬁgzd&g, dﬁg = m;dt + ﬁ4‘1d€1 + ﬁ42d52: ( )
7 trong dé biéu thic cda céc hé 8 fi; 1
Ve Hi(vi costp; + asin Y1)
Bi1=frz=— ’
V1
V& Hy(acos g1 — vy sin 1)
Pa1 == Pag = — i ’
i
2.18
V€ Ha(vz cos o + asin ;) ( )
Bar = ~flaz = — )
. L]
Ve Hy(acos iy — vy sin ;)
Bar=—Paz=— .
azlg
Cac hing s8 Hy vi H, sé bing:
ay c [ 4
H, = = JE
1 vita? mpite?)V o’
oy A a
Hy = = - .
2 vi+a?r Jpi+oBVaw
Can c4c hé s8 a; dwge tinh qua By
_ {esing; +vcos Y1) E[Fi) a
ar=E Vl(Vf + a?) aban
acos ) — vy sin g ) LIF 2
ap = _6( —— 21) L — 11z,
Glb’l(l/i + 8] J (23] (2 19)

{osin 93 + v cos Yo} L Faj
+
va(v3 + o)
{acos s — vasin ) L] Fy)
agua (v + o)

2
a3 = —¢& 02ﬁ411

2
Qg = —¢& — —fa1 -
]
Cdc hé s8 cia phwong trink FPK dwoc tinh bing cich 18y trung binh cdc bidu thire oy va §;;

ff‘- = Atﬂa;], f{,’j = }tt’f[ﬁilﬂjl + ﬂi?ﬁj.’!]' 7 (2'20)

1,7=1,2,3,4.
Trwde tifn ta tinh cfc hé 8 Ky

. CHREL? 4 a? 52
Kis = M2 + 5L, = 2M[Al]* =« l(12 )zs T pp
¢ t vy vi(vi +of)
) p ‘ P . - (2.21)
Kpp=e—s—st  Kenme—so2—— Kyy=e—s—ms—"t——e
P e T T T ) T T T T (] + o)

G =0veiiAs 4 =14
Dé tinh K; ta chi ¥ trong phép thay bién (2.18) thi
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Z1 A Y4y = gy cosyy,

21 Uy = —aglny S.ll'l.i,bl,
P1 & UL = apco8 iy,
i & vz = —agia sinyg,

vl '{i)l = 1t + 91, 1/)2 = Vzt + 92
Tir 46 suy ra bidu théc cda Ky, Kx sau khi liy trung binh 13

_ I RLT T 2 2 2 ] K1,
Kiler—o 2 | — =t
e m(vf-l—az)[z(%g + H*) + Pla” +4) +2a1 :
0222
T +a?)
Phwong trinh FPK dirng cho him mit do dirng W la:

Ky =

Jx, 2 2 2,2 Kz
[2 (GI%H }+ Pla +V1)]+2a2 .

9K W) , O(KsW) _ 1

1 w 62W) _
6(11 } 3&2 2

32
(g + Kooz
Phwong trinh niy s gidi dwoc néu hai phwong trinh sau théa min [4]

K W) Ky _ a*w - O(KsW) EE’EBZW
8a; 2 da? '’ da; 2 da? )

Suy ra didu kién d¢ gidi dwoc (2.24) 13 ‘
6 Kl 8 Kg v 82(111W)
| =} = — =2 icing b —_.
dag (Kll)— da; (K33) (V cung bang da;dag )
Sau khi thay biéu thirc (2.28) vi (2.21} vio va tinh todn ta thiy {2.26) tré thinh:

1 1 .
mKu(uf + 052) - J-K33(V§ + 012}

Sau khi tinh todn ta thiy mdi vd bing:

2

cC

Do v3y phuong trinh (2.24) ludn gidi dwroc.
Dwa vao phwong trinh diu cda (2.25) ta tim dwoc.

InW = ——Ia";[zzg-(agﬂz + Hz) + P(ctc2 -+ uf]} + Ina; + ©(az)

2go ham theo as ta dwoc

dnW -
A ~lajagyal® + ' (ag)
602
e LY . - a . o - & ZKS
Theo phwong trinh thé hai cia (2.25) thi dai lwong trén cing bing: .
: ' . 33

Do dé: -
@ (az) = j}fﬁ + I’yaﬂzafagv
T dé tinh dwoc

' 1
¢'(az) = - ax 2 I[H?qo + 2P(a® 4 13)]
2
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(2.23)

(2.24)

(2.25)

(2.26)
(2.27)

(2.28)

(z.zé)




Suy ra
af 212 z
plaz) = lnag — H{Iﬂ [H oy + 2P (a® + vzz)] {2.30)
Thay vao (2.29) r8i tinh tiép ta dwgc:

W = Cayaz exp [ — I(Aa} + BaZf® + Dajal)] {2.31)

o} diy ta dung k¥ higu

2 HE .
A= per i), B=E2T . pariud), DY - (232)

2 2 2
Hé s& C.tim tir ditu kién chuin cia ham mit 46 W.

Biy gi ta tim cic bidn 49 dirng a1y vA agq ng v4l xdc suit lém nhit téc 13 didm cyce dai
cda ham Was, ag).

Ta biét ring theo diu kifn cwe tri cda ham hai bién thl a4 vi ayg phidi thda min cac ditu
kien saw:

aw

r
=0

a) Ba]
aw

b’) —— =10 .
Baz '

N OW BW B s + (2.33)

= . — 3

<) da? 1 9al (6a1 Bag)
FW '

dy — =<0
day

Tir {2.33) suy ra cdc didu kién a’); b’); ) trd thinh:

a} Kl = 0
) oK, 3K, 0K, 9K (284)
g A= 1 0Ky i 5.0
day  dag daz Jday
T a) v3 b} ta suy ra phwong trinh xdc dinh ayg va azql:
afaDaZ 8 + Al = g;:*
o in (2.35)
a5q8 [Dajy + B = i :
trong d6 bidu thie cda D, 4, B 15y tir (2.32). Ta k¥ hiéu
e
B=2 2,
o {2.386)

Khi 36 bidu thitc cia af, vi a3, &8 L

o2, =2 (711/1+4ED 1)
4= 5h -
20D
AB : (2.37)
“2¢= 5pe \V T 4B
D¢ x:em cic nghiém nay 6 &n dinh khéng, ta chimg mink céc bit ding thic ¢} va d)
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Thue viy ta tinh dwgc ngay:

1672 2,2 16w DaZalf?

A= KiuKao[ 55 (D3 + A)(Dalf? + B) - =542 ] >0
Va

PFPW

Bal

_2W[ “(Da 2£2+A)——1—]<0

ac a?

Vi & ddy cic hé =8 A, B, o v ¢ dsu dwong.

Ta xet thém mdt val trwdmg hop riéng. Xét hai phuong trinh (2- 35) khi & = 0 t1dc 13 bd qua
yé&u 18 ngiu nhién khi mé hinh héa bii todn. Khi d6 theo bidu thirc (2.32) ta thiy D = 0 do d¢
tinh dwge a14 = azg = 0. Nhr vy néu chi xét bai todn trong pham vi tién dinh, ta & khong phat
hién dwge cic dac ddng niy.

Con trong trudng hop ~ = 0 tite 13 khéng cé sy tham gia cla yéu t3 phi tuyén thi D =0 va
ta tinh dwoc:

e ‘
81d = /T T3
4rP(a? + vi)
2 o (2.38)
24 drP{a? + vZ}E2
Céc bign 46 dao déng ady t§ 18 nghich v&i hé 88 cdn nhét tuyén tinh P.
~ kd 2 b] # ~
3. DAO DONG CUA TOA XE CO LUC CAN NIOT PHI TUYEN
Ta ciing xét bai todn trén nhung biy gi 15 xo 13 tuyén tinh:
Py =clz + o — 1),
L=clz+ o —u) (3.1)
Py=cls —fp - u).
Con hre cAn nhét phu thude vio vin t8c theo cdng thive:
F =[Pz + Lo — i) + Bz + 26 - 0)°], (5.2
Fy =¢[P{i ~ tp ~ i) + Blz — £ — 1)}
Tinh todn hoin toan twong tw nhiwr trong §2, ta c¢é cdc két qud sau:
a2 a3
K1 = L Koo = 1 , Knn = 272 2
BT e T e e ebarel),
_ o2 .. 2 Cla s  c2lPa
Hiq = _—_G»%Ug(vg el véioj = o=, oy = (3.3)
ey [3f et ( 3,6H"’)] K,
K= m[?( 2 +Zu2a2)+ P 2 +2a1’
£ay 138 alu2i® SﬁHz K
= =2 [ (bt 55=) + ( =52
3 7 5 ajry + 2 P+ + "

Ciing nhir & [4] didu kién gii déng phuong trinh FPK 1:

i(ﬂ):i(ﬁ) (3.4)

das VK13 da; \Kas
Sau khi thay biéu thic (3.3) vao (3.4) rdi tinh todn ta cd:
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J = mf® {3.5)
Diu kién gidi dwoe (3.5) din déu
vi=1Z =17 {3.6)

Sau khi tinh todn twong ty §2 ta d€n két qud sau:

3 3 D
W = Cajas exp { - I[—s'q( T+ 4a3) + —f—ufagﬂz + E(a? + a%)]} (3.7)
& day ta ding ky hisu: |
12 v* 362
I= mKy,  ITKss' b=P+ (3.8)

C 1a hing 8§ dwge xdc dinh vi diu kién chuin.
Ciling nhw §2. Céc bién 46 dung g4 v asy x4y ra véi x4c suft lén nhit dwge xdc dinh tir 4
ditu kién: '

a) Ki(aig, a2q) =0
b)  Ks{aia a24) =0
oK, 4K, 8K, 9K,
day . Jag B dag . da;
W 2W OK,
827 T Ki Bay

) A= >0 (3.9)

d) <0
Hai phwong trinh d3u clda (3.9) s viét dwéi dang chi tiét a:
via? [%@ (a_%;j + E%"’a%) + D] =1,
vigtak [%ﬁ (afu2 + E%E{i) + D] = Iy,

e
=)
[y
=)

—

véi ky higu

2 2 .
Iy = 2 man =7 JZK” (3.11)

Ditu klén mKll = JK33 dll‘(?’c sy b (35}
Hé phwong trinh {3.10} cho ta nghiém dwong la:

. i0: 4R 2D
vial, = PuVEdd, = A o5 + E,x_;_ Yl (3.12)

DE xét cac didu kién ¢) va d) & (3.9) ta tinh & vAd Wi, Sau vii tinh todn ta cé:
1

£2 2 2 2 9'62 24 4
L= ‘"‘}‘(6,61.’ a + .D} - jf“l Vo,

W1 " (3.13)
"o el 2.2
ai KM[ m(GﬁV 61+D)]'

R& rang cde difu kign A > 0 vi W, < 0 théa man. Nhu viy céc bitn d8 ayy, azq 13 difm
i A

- N ~ n . Y a P . .
cwe dai cda him mit 46 Wa,, az) ¥ng véi cdc bidn dd xay ra véi xde suit 16n nhit.
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Khi o = 0 tirc 1a khéng cé kich ddng ngiu nhién thi K11 = Ksa = 0 do bidu thie {3.3). Khi
d6 ta tinh dwoc a;g = agg = 0 tirc 12 nhitmg dao déng niy khdng ¢6 trong trudmg hop tien dinh.
Khi B = 0 ta tinh dwoc tir {3.10) bidu thic cla ajg v agq 1

cG xc

= o ARy 5.
1 = 4rP(v? + a?)’ #2d drl2{v? + a?) (3.14)

Téc 1a tring véi (2.38). Céc bign 45 nay cling t§ 18 nghich voi b 58 ¢dn tuyén tinh.

4. KET LUAN

1 - Bing phwong phap trung binh k&t hep véi phwong trinh FPK, ta 43 tim dwyc hiun mit
dé va bidn d§ dirng cb xdc sudt 1on nhit cda toa xe trong ci hai trudng hop 1d xo phi tuyén vi
cin nhét phi tuyén.

2 - Céc dao ddng néi trén khéng <b trong trudng hop tien dinh. Bifu thie gidi tich cla cde
bién 48 divng cho thiy mdi lién quan gifta ching vA cde théng s& ciu ta0 toa xe.

Cong trinh ndy dwoc hoan thinh véi sw tii tro cda Chuong trinh Nghién ciu co bin trong
Iink viee Khoa hoc tw nhién

BPia chi: - Nhin ngay 10/11/1992
Trudng PDat hoc Grao théng
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N

SUMMARY

RANDOGM NONLINEAR VIBRATION OF WAGON

In this paper, the random nonlinear vibration of wagon in the model of two degrees of freedom
is exarmined. Two kinds of nonlinear wagon have been considered : wagon with nenlinear spring
and wagon with nonlinear damping force.

The results are obtained by averaging method and FPK equations one.
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