Chwong I1
XAY DUNG MO HINH DAO PONG TUONG PUONG
CUA PONG CO POT TRONG

2.1. Xay dung mo hinh dao dong twong dwong cia dong co

2.1.1. Cac khai niém twong duwong

Otd 1a mét hé dao dong bao gém nhiéu bo phan ndi voi nhau. Mbi bo
phan c6 khdi luong va thong sé dic trung cho néd. Bo phan c6 tac dung giam
cac chan tir mit duong 1én xe 13 hé thong treo.

Dé tinh toan duoc dao dong 6t6 mot cach dé dang ta phai mo ta 6td
bang mot so d6 dao dong twong duong. Trong d6 so dd tuong duong phai co
mit cic thong sb lién quan dén dao dong cua 6to.

Do vy trudc khi 1ap so dd dao dong twong duong can phai chi ra mot
s6 khai niém sau:

2.1.1.1. Khéi lwong duoc treo M

Khéi luong duoc treo M gém nhimg cum chi tiét ma trong lugng cia
chiing tac dung 1én hé thong treo. D6 13 khung, thing, hang hoa va mot sb chi
tiét khac. Gitta ching thyc ra dugc ndi v6i nhau mot cach dan hoi nho cac
dém dan hoi, 6 twa dan hdi bang cao su, da, ni, gidy cong nghiép, ... Hon nita
ban than cic bd phan nay ciing khong phai ctimg hoan toan, cho nén khbi
lugng treo thuc ra 1a mot nhom céc khoi lugng duoc lién két dan hdi thanh
mot hé théng. Tuy so dd bd tri cu thé cua 6td, ma c6 thé chia khoi luong duogc
treo thanh 2 hodc nhiéu khdi lugng, gilra cac khéi luong lién két v6i nhau
bang cac phan tr dan hoi va giam chan. Tuy nhién cac méi dan hoi gitra cac
thanh phan cua khéi luong dugc treo co bién dang rat nhé so véi bién dang
ctia hé théng treo va ndp. Cho nén trong truong hop don gian c6 thé coi rang

khéi lwong duoc treo M 1a mot khéi lwong dong nhat.




2.1.1.2. Khéi lwong khéng dwoc treo m

Khéi luong khong duoc treo gdm nhitng cum ma trong luong cua ching
khong duoc tac dung 18n hé thong treo ma chi tac dung 1én 16p va truyén xubng
mat duong. Do la: Ban truc, dam cau, banh xe, mot ph?m chi tiét cua hé théng
treo, truyén dong lai, nhip, gidm chin, mot phén cua truc cac dang.

Coi khbi luong khong dugc treo 1a mot vat thé déng nhat, cung tuyét
d6i va c6 khdi lugng m tép trung vao tdm banh xe. Banh xe ngoai tac dung 13
hé thong di chuyén va d& toan bd trong luong cua xe con c6 tac dung lam
gidm cac chan dong tir mdt duong Ién xe, tang d0 ém diu cho xe. Banh xe la
hinh anh thu nho cta hé thdng treo, c6 nghia 14 cling bao gdm mot thanh phan
dan hoi va mot thanh phan giam chan.

2.1.1.3. Hé thong treo

Hé thong treo trong 6t c6 nhiém vu ndi phan dugc treo M va phan
khéi lugng khong duoc treo m mot cach dan hoi. Hé thdng treo cung véi 16p
lam giam nhitng chan dong gay nén do sy map mod cia bé mit dudng khi xe
chay. Hé thong treo gdm nhiing thanh phan sau:

- Thanh phan dan hoi: Lo xo, nhip, thanh xo4n, binh khi ... N6 dugc
biéu dién bang mot 16 xo c6 d6 cung C.

- Thanh phﬁn giam chén: c6 nhiém vu dap tit cac chan dong. N6 duogc
dic trung bang hé sb can giam chan K.

Véi cac khai ni€ém va cac mo hinh tuong duong ctia cac bd phan cua
6t ¢6 thé xay duyng mé hinh dao dong twong duong ctia 6t0.

2.1.2. Cac gia thiét

Pé xiy dyng mo hinh dao dong twong duong cua dong co chung ta
phai dua ra cac gia thiét duoi day

- Than xe doi xtig qua truc doc cua xe;




- Vo xe 1a mot tim phang tuyét ddi cung dit tai trong tim T va c6 cdc
mo men quan tinh Jy, Jy, ndi vaoi khéi lugng khong duoc treo thong qua cac hé
théng treo duoc dic trung boi do cung C va hé s6 can K;

- Khéi lugng phan khéng dugce treo phia trude duge chia thanh hai khéi
lwong m;,, my mdi khéi lugng khong duge treo lién két voi duong thong qua
cac 10 xo ¢6 dg cing 1a Cpp; Cp 1 va cac giam chan c6 hé sb can Kpip, Kpit.
Céc thong sb nay duoc dic trung cho do dan hoi cua 16p va dap tit dao dong
cua 16p trude;

- Khéi luong phan khong dugce treo phia sau duoc chia thanh hai khéi
lwgng my,,, my mdi khéi lugng khong duoc treo lién két véi dudng thong qua
cac 10 xo ¢6 dg cting 1a Cp,p; Cror va cac giam chan c6 hé s6 can Kiop: Kior.
Céc thong sb nay duoc dic trung cho do dan hoi cua 16p va dap tit dao dong
cua 16p sau;

- Cau trudc va cau sau co thé coi nhu nhitng thanh phang nhung do day
1a hé thdng treo doc 1ap nén ching ta chi coi chuyén dong tinh tién ctia ciu xe
theo phuong Z ma khéng c6 chuyén dong xoay theo truc X;

- B6 qua cac ngudn kich dong trén xe va coi ngudn kich dong duy nhét
1a su khong bang phang ctia mat duong.

- Otd chuyén dong déu véi van téc V bang hing s6 V = const;

- Bon vi tri bat bu 1ong gitta dong co va vo xe dugc coi 1a dém dan hoi
va duogc dic trung boi 10 xo va cac giam chan.

- Khéi luong cua dong co 1a mot tAm tuyét ddi cung dat tai trong tam
T, va c6 cac mo6 men quan tinh Jyex, Jacys ndi véi vo xe thong qua cac dém dan
hoi dic trung do cung Cgy. va hé s6 can Ky

2.1.3. M6 hinh dao dong twong dwong

Véi cac gia thiét trén ta c6 mo hinh dao dong twong duong cua dong co

dudi day:




2.2. Thiét 1ap h¢ phwong trinh vi phin mé ta dao ddng ciia dong co

Pé co thé xac dinh duogc céc thong sb6 dao dong cua xe ta can phai tur
mo hinh co hoc thiét 1ap duoc cac phuong trinh vi phdn mo ta chuyén dong
dao dong cta hé. Co rat nhiéu phuong phap dé c6 thé thiét 1ap phuong trinh vi
phan chuyén dong cta co hé nhu: phuong trinh Lagrange loai II hoic theo
nguyén 1y D’Alambe. Hién nay ngudi ta sit dung nhiéu co s¢ 1y thuyét hé
nhiéu vat dé thiét 1ap hé phuong trinh vi phan mé ta dong luc cia co hé. Pau
tién 1a thiét 1ap hé phuong trinh cin bang cho ting vat cta co hé sau do6 lién
két chiing lai v6i nhau bang quan hé luc va momen.

Theo nguyén Iy D’Alambe: F+F, =0

Trong do:

F:la téng cac ngoai lyc tdc dung lén vat.
F,:la tong cac luc quan tinh tac dung 1én vat.

O day ching ta xdy dung md hinh 13 mot co hé gém 7 vat: than xe, khoi
luong khong duoc treo trude trai( phai), khéi luong khong duoce treo sau trai
(phai), mit duong va dong co, sau d6 ta thiét 1ap hé phuong trinh vi phan dao
dong cho timg vat ctia co hé va nbi chung lai véi nhau (hinh 2.3)

MBS hinh xay dung gom 7 vat:

* Vat 1: Than xe (phan khéi luong dugc treo) coi nhu 1 vat c6 khoi
lugng M dat tai trong tim T va cac momen quan tinh:J ,J . Chuyén dong cia
than xe 14 hop ctia ba chuyén dong:

+ Chuyén dong tinh tién theo phuong Z tng voi toa do suy rong Z;
+ Chuyén dong quay quanh truc Y tuong tng toa do suy rong ;
+ Chuyén dong quay quanh truc X tuong (mg toa d6 suy rong 0.

* Vat 2,3,4,5: Cac khdi luong khong duoc treo trudce trai, phai va

sau bén trai, phai




+ Khoi lugng khong dugce treo trude coi nhu 1a hai vat co khoi luong
bén trai va bén phai 1a m,,,m,, chuyén dong tinh tién theo phuong Z twong
Ung toa do suy rong &,;.,<,,.

+ Khéi lugng khong duoc treo sau coi nhu 1a hai vat co khoi luong bén
trai va bén phai 1a m,,,m,, chuyén dong tinh tién theo phwong Z twong g
toa do suy rong &,,,&,,.

* Vat 6: Mat duong: 13 ngudn kich thich dao dong cta co hé va 1a mét
tap hop cac map mod ngau nhién trén toan bd chiéu dai cia no.

* Vat 7: BPong co coi nhu 1 vat co khoi lugng M, dat tai trong tdm T,

va cac momen quan tinh:J,_,J, . Chuyén dong cua dong co 1a hop cua ba

dey
chuyén dong:

+ Chuyén dong tinh tién theo phuong Z, ing véi toa do suy rong Z;;

+ Chuyén dong quay quanh truc Y, tuong tng toa do suy rong ¢;;

+ Chuyén dong quay quanh truc X, twong tmg toa do suy rong 0.

Vi trong luan van nay chi nghién ctru va mé phong dao dong cua 0 to

v6i hé thong treo ddc 1ap nén cau xe khong cé chuyén dong quay quanh truc
doc cua xe.

Sau khi d3 phan tich xe thanh céc vat riéng biét v6i day du cac dai
luong can thiét s& 1ap phuong trinh vi phan mo ta dao dong cia co hé theo
nguyén 1y D’ Alambe.

2.2.1. Khoi lwgng khong dworc treo trudéc:

Phuwong trinh dao déng cia khoi lwong khéng dwoc treo phia trude

trai:




T

FCL]T FKLlT
Hinh 2.4. So do luc tac dung lén khoi luwong khong duoc treo trudc trai.

Theo phuong chuyén vi &,

Céc luc tac dung:
- Lyc quan tinh:  F,; =-m;.&; (2.1)
- Trong lyc: F,, =-m,.g (2.2)
- Lyc tir dudng truyén 18n cau xe théng qua 16p:
- Luc dan hoi cta banh xe tréi: Fouw=-C,p(&r —qr)
- Luc giam chan ctia banh xe trai: F,,,, = -K,,, (&, —d,p)
- Lyc truyén tir than xe thong qua hé thong treo:

GoiZ,,1a diém bén trai trén cau triroc nbi voi than xe thong qua hé
thdng treo phia trudc bén trai.
+ Luc dan hoi cua treo trudc bén tréi: F.,=C,(Z,;-¢&,)
+ Luyc giam chan cua treo trudc bén trai: F,,, =K, (Z,, — &)

Toa do Z,, c6 quan hé v6i Z, ¢, 0 qua phuong trinh quan hé sau:
z. =Z—a¢—%9 2.3)

Thay quan hé trén vao cac phuong trinh ta cé lyc tir than xe truyén qua

hé théng treo trudc bén trai:

B
Feir :Clr(Z_a(p_TTH_ng)




. B, . .
Fir =K1T(Z_a¢_79_§lT) (24)

Phuong trinh can bang lyc theo phuong &, cua khdi luong khong duogc
treo trudc trai:
=my&yr +[Ferr + Fop |- [Fepr + Fiair ] =0 (2.5)
Phwong trinh dao dong ciia khéi leong khéng dwoc treo trude phdi:

Theo phuong chuyén Vi &,
FCIP FKIP

|

o

I:CLIP FKLIP

Hinh 2.5. So dé luc tic dung 1én khoi lwong khdng deoc treo trirée phdi.

Céc luc tac dung:
- Lyc quan tinh:  F,,, =-m,,.&,, (2.6)
- Trong lyc: F,p=-m,.g (2.7)
- Lyc tir dudng truyén 18n cau xe théng qua 16p:
+ Luc dan hdi cua banh xe phai: ~ F.,,, =—C, (£ —q,p)
+ Luyc giam chan cta banh xe phai: F,,, = —K,,,(&p —d,p)
- Lyc truyén tir than xe thong qua hé thong treo:
GoiZ,, 1a diém bén phai trén cu triroc ndi voi than xe thong qua hé
thdng treo phia trudc phai.

- Luc dan hoi cta treo trude bén phai:  F., =C,(Z,, — &)




- Luc giam chén cua treo trude bén phai: F,,, =K,,(Z,, — &)
Toa dd Z,, c6 quan h¢ vdoi Z, ¢, 6 qua phuong trinh quan h¢ sau:
ZlP:Z—ag0+%9 (2.8)
Thay quan hé trén vao cac phuong trinh ta cé lyc tir than xe truyén qua
hé thong treo trudc bén phai:

B
Feopp = CIP(Z_G¢+7T9_§1P)

. B, . .
Fip = Klp(Z_a(ﬂ+79_§1p) (2.9)

Phuong trinh cin bang luc theo phuong &, cua khdi luong khong
duogc treo trudce phai:
=mp&ip + [Ferp + Fyop = [Fepip + Fraip]= 0 (2.10)
2.2.2. Khoi lrong khong dworc treo sau:
Hoan toan twong ty nhu khi thiét 1ap phuong trinh dao dong ctia khéi
luong khong dugce treo trude c6 thé mo ta dao dong cua khdi luong khong
duoc treo sau.

Phwong trinh dao ddng ciia khoi leong khong dwege treo sau trdi:

FC2T FKZT

g
"

FCL2T FKLZT

Hinh 2.6. So do luc tdc dung cua khéi luong khong duoc treo sau trdi.
Theo phuong chuyén vi &,,

Céc luc tac dung:




- Lyc quan tinh: ~ F,,, =-m,; .5, (2.11)
- Trong lyc: Fyp ==my,.g (2.12)
- Luc tir duong truyén 1én cau xe thong qua 16p:
+ Luc dan hdi ciia banh xe trai: For =—Cor (& —qor)
+ Luyc giam chan cta banh xe trai: F,,,, =—K,,, (&, —dyy)
- Lyc truyén tir than xe thong qua hé théng treo:
Goi Z,,1a diém bén trai trén cau tritoc ndi véi than xe thong qua hé
thdng treo phia trudc bén trai.
+ Luc dan hdi cua treo trudc bén trai:
Foor = Cor(Zyr = &or)
+ Luc giam chén cua treo trude bén trai:
Fear = Kor (Zor = &x1)

Toadd Z,, c6 quan hé voi Z, ¢, 0 qua phuong trinh quan h¢ sau:
B
Z, =Z+b¢>—7549 (2.13)

Thay quan hé trén vao cac phuong trinh ta c6 luc tir than xe truyén qua

hé thong treo trudc bén tréi:

B
Feor = C2T(Z+b(ﬂ_7se_§2r)

. B.. .
Fior :Kzr(Z+b¢_7S‘9_§zr) (2-14)

Phuong trinh c4n bang luc theo phuong &,, ctia khéi lugng khong duoc
treo sau trai:

_mZTé:.ZT+[FC2T+FK2T]_[FCL2T+FKL2T]=O (215)




Phuwong trinh dao déng ciia “1/4” cdu sau phdi:

FC2P FKZP

|

-

FCL2P FKL2P
Hinh 2.7. Sor d6 lye tac dung ciia khoi lwong khéng dwoc treo sau phdi.
Céc luc tac dung:
- Lyc quan tinh:  F,,, =-m,,.£,, (2.16)
- Trong luc: F,p=-m,,.g (2.17)
- Lyc tir duong truyén 18n cau xe théng qua 16p:
+ Luc dan hoi caa banh xe phai: Fepp ==Crop(Esp —qop)
+ Luc giam chin cta banh xe phai: F,,,, = —-K,,, (&) —dap)
- Luc truyén tir than xe thong qua hé thong treo:
GoiZ,, 1a diém bén phai trén ciu triroc ndi v4i than xe thong qua hé
thdng treo phia trudc phai.
- Lyc dan hoi cua treo trude bén phai:  F.,, =C,,(Z,p —&,p)
- Lyc giam chan cia treo trude bén phai: F,,, =K,,(Z,, - &,,)

Toa dd Z,, c6 quan h¢ vdi Z,p,0 qua phuong trinh quan hé sau:
BS
ZzP=Z+b(p+79 (2.18)

Thay quan hé trén vao cac phuong trinh ta ¢ luc tir than xe truyén qua

hé thong treo trudc bén phai:

B
Feop = C2P(Z+b¢+7se_§2p)




FK2P=K2P(Z.+b¢+%9_§2P) (219)

Phuong trinh cén bang luc theo phuong &, cia khdi luong khong
duoc treo sau phai:

_mzpégzP + [FczP +FK2P]_ [FCLzP +FKL2P]= 0 (2-20)

2.2.3. Khoi lwong dugc treo (than xe):

KIP F

Hinh 2.8. So do luc va mé men tdc dung lén than xe.
a. Phwong trinh cdn bang theo phwong Z:
Céc luc tac dung:
-Trong luc: F,, =—-Mg (2.21)
=-MZ (2.22)

- Luc quan tinh: F,,

- Luc truyén tir hé théng treo trudc trai:

B
For = CIT(Z_a¢_7T9_§1T)

Far =Ky (2 -ap="L0-&,) (2.23)

- Lyc truyén tir hé thong treo trudc phai:




B
Feip = CIP(Z_a¢+7T0_§1P)
. B. . .
Feip :Klp(Z_a¢’+7T9_‘f1p) (2.24)
- Luc truyén tir hé thong treo sau tréi:
BS
Feyr = Czr(2+b§0—76’_§2r)
. B. . .
Fyor =K2T(2+bg0—7st9—§”) (2.25)
- Luc truyén tir hé thong treo sau phai:
BS
Feyp = C2P(2+b¢+70_§2P)

. B.. .
Firp = sz(Z"'b(o"‘?Sg_é:zp) (2.26)

- Luec vi tri bat bu 16ng thur nhat:

L B
Foc :Cdcl(Zl_%(pl_ zdc 0, —Z+x.0+y,.0)
y, de . Bdc 0 . 0
Fixi =K (Z, _7% - > 0, —Z+x.90+y.0) (2-27)
- Luec vi tri bat bu 16ng thtr hai:
L, B,
Ficr =Cun(Z, + ;L ? — 2‘1 0, -Z+x,0+y,0)
7 de . Bdc ) ; ]
Fuxr =K (Z, "’7(01 - > 0, —Z+x,9+y,0) (2-28)

- Luec vi tri bat bu 16ng thtr ba:

L, B,
Fiucs =Cus(Z, + ;L o+ 5 0, —Z+x;.0+y;.0)
' de . Bdc ) . ]
Fuxs =K (Z, +7¢1 + > 0, —Z+ x50+ y;.0) (2-29)

- Luec vi tri bat bu 16ng thtr tu:

L B
Fucs =Coy(Z, - ch 2 +%6’1 —Z+x,.0+y,.0)




. L, . B, - ) )
Foxs =Kui(Z, _%¢1 +Td‘91 ~Z+x,.0+y,.0) (230)

Phuong trinh can bang lyc cta than xe theo phuong Z:
_MZ _[FCIT +FK1T]_[FC1P +FK1P]_[FC2T +FK2T]_[FC2P +FK2P]+

[ch'Cl +F:10Kl]+[chC2 +chK2]+[chC3 +ch'K3]+[chC4 +chK4] = 0 (2'31)

b. Phwong trinh can bang momen theo toa dé suy rong @:

Céc momen tac dung v&i qui udc dau co chiéu duong cung chiéu voi
chiéu quay cua ¢:

- Momen quan tinh: M, =—/,.¢ (2.32)

- Momen truyén tir hé thong treo trudc trai:

B
My, = aClT(Z—ago—TTH—cflT)

. . B. . .
M y\r :aKlT(Z_a(D_?TH_é:IT) (2.33)
- Momen truyén tir hé thong treo trudc phai:

B
My = aClP(Z_a¢+7T9_§1P)

. B, . .
My p :aKlP(Z_agD-'_?TH_é:IP) (2.34)
- Momen truyén tir hé thng treo sau trai:

B
M cor =—bC2T(Z+b(p—759—§2T)

. B.. .
My :_szr(Z"'b?’_?S‘g_sz) (2.35)
- Momen truyén tir hé théng treo sau phai:

B
Meyp = _bC2P(2+b€9+7S9_§2P)

. B.. .
My,p = _szp(Z"‘b([""?Se_fzp) (236)




- Momen dong co truyén tir vi tri bat bu 16ng thtr nhét:

L, B,
M 01 =x,.Cp (Z, - 2dL O — 5 0, —-Z+x.0+y,.0)
7 de . Bdc 0 . 0
M o =x,.K 1 (Z, _7(01 - ) 0, —Z+x.0+y,.0) (237)

- Momen ddng co truyén tir vi tri bat bu 16ng thir hai:

LC Bc
M ey = %,.Ch0(Z, +Td¢1 - 2d 0 —Z+x,0+y,.0)

. L, . B, . . :
M iy =%, K 40 (Z) + 2dc (e 2[1 0, -Z+x,9+y,0) (238)

- Momen dong co truyén tir vi tri bt bu 16ng tht ba:

L, B,
M ez =%3.Ch5(Z, + 2dc 2y zd 0, —Z+x,.0+y;.0)
, de . Bdc 0 . 0
M oy = %3 K s (Z, + ) o+ 5 0, —Z+x;.0+y;.0) (239)

- Momen dong co truyén tir vi tri bat bu 16ng thir tu:

L, B
M s =%,.Cyos(Z, - Tdﬂ +

2"" 6, —Z+x,.0+y,0)

Bzdc b, —Z+x,9+,0) (2.40)

. L, .
M ks =%, K s (Z, — 2d o+

Phuong trinh can bﬁng momen theo toa dg suy rong [ 1]

=J, @+ alFey + Fep [+ alFeyp + Fop [=0[Feor + Fiop |- blFesp + Feop ]+
X [Fper + Fag 1+ %5 [Fyen + Fraa 1+ [ Fyes + Fras 14 X, [Frees + Fags1=0 - (3.41)

c. Phuwong trinh cdn bang momen theo toa dg suy réng 0

Cac momen tac dung véi quy ude dau cé chiéu duong cung chiéu voi
chiéu quay cua 0.

- Momen quén tinh: M, =—j .0 (2.42)

- Momen truyén tir hé thdng treo trude trai:

B B
My ZTTCW(Z_G(”_?TG_&T)




B, . . B, . .
M y\; =7K1T(Z_a(0_70_§1T) (243)

- Momen truyén tir hé thong treo trudc phai:
B B
My = _TTCW(Z_C’(P‘FTTe_flP)

B, . B . .
My,p = _7K1P(Z_a(ﬂ+79_§1p) (244)

- Momen truyén tir hé thong treo sau trai:
B B
M cyr ZTSCN(Z"'Z’(D__SG_QT)
2
B .  B. . .
My»r ZTSKU(Z*‘[%D_?S@_@T) (245)
-Momen truyén tir hé thong treo sau phai:
B B
Mc,p = _TSCM(Z "’b(P"‘TSG_‘sz)
By . B . .
Myrp :_TKZP(Z_'_[)(D-F?Q_?ZP) (2.46)
- Momen dong co truyén tir vi tri bit bu 16ng tht nhat:
g y g

LC BC
M oy = ,.C i (£, _Td(/)l +Td91 —Z+x,.0+y,.0)

Bz"" 0,—Z+x,.p+y,.0) (2.47)

M ey = Ky (Z, - 5 o+

- Momen ddng co truyén tir vi tri bat bu 16ng thir hai:

L B
M e :yZ‘Cdcz(Zl_‘_%(ol_ ch 0, —-Z+x,9+y,0)
7 de . Bdc 0 . 0
M iy =y, Ky (Z, +7¢’1 - > 0, -Z+x,9+y,0) (2-48)

- Momen dong co truyén tir vi tri bat bu 16ng tht ba:

dc

5 0 -Z+x,.0+y,.0)

L
M 03 =y;.Cu5(Z, +%¢1 +




. L, . B, . :
M s = y3.K 3£, +%(P1 + Tdel —Z+x;.90+ y;.0) (2.49)
- Momen dong co truyén tir vi tri bat bu 16ng thir tu:

LC BC
M ey = Y4-Crn(Z, +Td¢1 _Tdel ~Z+x,.0+y,.0)

. L, . B, . ) .
M iy = Y4K s (Z, +%¢1 - 2d 0 —Z+x,.0+y,0) (250)
Phuong trinh cin bang momen theo toa d suy rong 0:
. B B B B
_JX9+7T [FCIT +FK1T]_7T[FC1P +FK1P]+7S[FC2T +FK2T]_7S[FC2P +FK2P]+

VilFpor t Eii 14 Vo [ Fpecr ¥ Fua 1= Vil Frees + Fuxs 1= Val Freca + Faga1=0 (2-51)
2.2.4. Khdi lwong ciia dong co:

A thdc

chC4

7,

Hinh 2.9. So do luc tac dung lén khoi luwong duoc treo(cua dong co).
a. Phwong trinh cdn bang theo phwong Z,:
Céac luc tac dung:
-Trong lyc: F,=-M,g (2.52)
- Lyc quan tinh: F,, =-M_ 7 (2.53)

qtdc

- Luc vi tri bat bu 16ng thur nhat:




LC' BC’
Foer =Cua(Z, _7d¢1 _Tdel —Z+x.0+y,.0)

de . B

Foxr = chl(Zl - 5 0 - 7:]0 91 —Z+x1.gb+y1.9) (2-54)

- Luec vi tri bat bu 16ng thtr hai:

L B
Foucr =Cun(Z, + ch ® — 2dc 0, -Z+x,0+y,0)
7 de . Bdc 0 . 0
Foxr =K (Z, + 5 ? — 5 0, -Z+x,9+y,0) (2-55)

-Luc vi tri bat bu long thir ba:

dc

L, B
Fres =Cus(Z, +7d€91 + 2

0 -Z+x,.0+y,.0)

Bdc
2

. L. . . ] )
Fuxs =Ky (Z) + 2dc o+ 0, —Z+x5.90+y;.0) (2-56)

- Luec vi tri bat bu 16ng thr tu:

L, B,
chC4:Cdc4(Zl_%¢l+ 2d 0, —Z+x,.9+y,.0)
. L, . B, ' .
Fixs = Kys(Z, _%¢1 + 2d 0 —-Z+x,9+y,0) (2-57)

Phuong trinh can bang luc ciia than xe theo phuong Z:
=M 1 Z,~[Fpeer + Fao 1+ s + Faoa 14 e + Faogs 4 [Fcy + Fga1= 0 (2.58)
b. Phwrong trinh can bang momen theo toa d suy réng @:
Cac momen tac dung v6i qui udc dau co chidu duong cung chiéu voi
chiéu quay cta o:
- Momen quan tinh: M, =—j,. % (2.59)

- Momen dong co truyén tir vi tri bat bu 16ng thtr nhét:

L, B,
M 4, :xl'Cdcl(Zl_%(ol_ 24 0, —Z+x.0+y,.0)
. L, . B, - ) )
M ey = x,.K 4, (Z, _%(/)1 - 2d 0, —Z+x,.9+y,.0) (260)




- Momen dong co truyén tir vi tri bat bu 16ng thi hai:

B
;" 0 -Z+x,0+y,.0)

L,
M ey = %,.Cpy (Z, + ;L O —

. L, . B, - ) )
M iy =x,.K,n (Z, +Td(ﬂ1 _Tdel —Z+x,0+y,.0) (261)

- Momen dong co truyén tir vi tri bt bu 16ng tht ba:

L B
M s :x3'Cdc3(Zl+%¢l+ 2dc 0, —Z+ x50+ y;.0)
, de . Bdc 0 . 0
M iy = %3.K 43 (Z, + ) o+ > 0, —Z+x,.90+y;.0) (2.62)

- Momen dong co truyén tir vi tri bt bu 16ng tht tu:

L B
M ey =%,.Chs(Z, — 2dc o+ 2dc 0 —Z+x,0+y,.0)
' de . Bdc 0 . )
M s =%, K 1y (Z, _7¢1 + 5 0, -Z+x,.0+y,0) (263)

Phuong trinh can bﬁng momen theo toa dg suy rong [ 1]
iy P = X[ g + Fara 145 [Fecn + Fexa 1+ X3 Fgees + Fuers 1= Xa[ Fyeca + Fura 1= 0
(2.64)
c. Phuwong trinh cdn bang momen theo toa dg suy réng 0,
Cac momen tac dung véi quy ude dau cd chiéu duong cung chiéu voi
chiéu quay cua 6,
- Momen quén tinh: M, =—j,..6, (2.65)

- Momen dong co truyén tir vi tri bat bu 16ng tht nhét:

LC BC
Mdca:)’l'cdcl(Zl_Td?l_ 2d 0 —Z+x.0+y.0)

Bzdc b —Z+x.0+7,.0) (2.66)

. L, .
My = 11 K1 (Z, _wal -
- Momen ddng co truyén tir vi tri bat bu 16ng thir hai:

B de

L
M, =v,C (Z +—2%p —
wecr = V2:Cur (£, ) (] )

6, -Z+x,0+y,.0)




. L, . B, - _ :
M iy = 3, K 4r (Z, +%(/)1 _Tdel —Z+x,0+,0) (2.67)
- Momen dong co truyén tir vi tri bat bu 1ong thir ba:

L B
M o5 = 5.Cu5(Z, +%¢1 +%‘91 —Z+x;.0+y,.0)

Bzdv b —Z+x,¢+,.0) (2.68)

M ;5 = y5.K 5(Z, +%¢1 +

- Momen dong co truyén tir vi tri bat bu 16ng thir tu:

L B
M ey = ¥4-C s (Z, _%(Pl + ch 0 —Z+x,9+y,.0)
. L, . B, , ) .
M iy = V4K i (Z, _7(01 - ) O —Z+x,.9+y,0) (269)

Phuong trinh cin bang momen theo toa d suy rong 0:

_Jchél + e Eui 1+ Vo L ecn + Euxa 1= Vil Fiees + Fags 1= Val Faecs + Faga1 =0 (270)

Trén day da thiét 1ap duoc hé phuong trinh vi phéan toan hoc gém 10
phuong trinh vi phan mo t4 dao dong cua co h¢. Pay chinh 1a hé phuong trinh
vi phin co s¢ dé 4p dung mo phong bing phin mém Matlab-Simukink s&
duogc trinh bay & phan sau.

2.3. Cac yéu t6 phi tuyén cé thé cé trong mo hinh dao dong.

2.3.1. Cac dic tinh phi tuyén.

Phan 2.2 ¢ trén di trinh bay md phong tong thé ctia 6 to hai ciu dang
khong gian trén co s&@ md hinh toan hoc, mo ta qua hé phuong trinh vi phan.
Trong hé thong dao dong cta 6 t6 ndi chung co rat nhiéu yéu tb phi tuyén vat
1y nhu: dac tinh can cua gidam chin, ma sat trong hé théng treo, hién tuong va
dap, hién tuong tach banh ciing nhu cac yéu t6 phi tuyén hinh hoc. Phin nay
s& trinh bay mot sd yéu td phi tuyén thuong gip trong qué trinh nghién ciru

dao dong cua 06 to.




2.3.2. Phi tuyén do dic tinh dong hoc ciia phan tir dan hoi.

- Bbi voi xe du lich va xe tai ¢& nho co sir dung hé théng treo doc 1ap
thi cac phan tir dan héi 1a 16 xo try hodc thanh xoan ciing ¢6 cac dic tinh phi
tuyén riéng ctia no.

- Pbi v6i xe buyt thi phan tr dan hdi dang balon khi hodc phan tir dan
hdi thuy lyc c¢6 didc tinh 1a ham phi tuyén bac cao.

- D6i véi xe tai thi phan tir dan hoi thuong 1a nhip 14, dé cai thién tinh
thich tng cua nhip khi tai thay doi, & hé treo sau nguoi ta thuong lip thém
nhip phu hodc u han ché nén dic tinh dong hoc cua phén tir dan hoi co dang
phi tuyén (dudng dic tinh bi gdy & dudng chuyén tiép).

2.3.3. Phi tuyén do diic tinh dong hoc ciia co ciu din huéng:

Phén co cau din hudng cta hé thong treo thudng 1a don (dbi véi xe con
va xe du lich). Néu ta xem xét trudng hop tong quét thi theo Uspenskii do
ctimg duoc xac dinh bang biéu thuc sau:

2 2 2 2 2 2
Ctd — ])1»( d .2flx + dl)lx | dﬁx + le. d {‘lx + dle | d‘xlx + Ml‘c d 72/ Ix + dM Ix | d}/ Ix
Cdsty df, \ ds, ds“x  dx, \ ds, CdsTk dy, \ ds,

Trong do:

S, : 1a dich chuyén thiang dimg cua khdi luong khong duoc treo.(quy
d6i vé tam banh xe).

P,.f,: tuong tng la luc tac dung l1én 160 xo va bién dang theo phuong
thang dtmg cua 1o xo.

0,.X,: luc ngang tic dong 1én 160 xo va dich chuyén theo phuong
ngang cua lo xo.

M

Y, : tuong tmg la momen udn tac dong 1én 10 xo va goc xoay.

Ix>




Trong truong hop 10 xo chi bi ngdm mot dau (trudong hop b) s& khong
c6 thanh phan momen udn, con khi 10 xo duoc lién két bang khop (trudng hop

¢) trong cong thirc chi con thanh phan chua luc P, .

(a)L.o xo ngam hai ddu
(b)Lo xo ngam mot dau
(c)Lb xo lién két bang khdp
= Plix

Qlx

2 Mix

\l!
;

‘
\ Plx
E -

m N

(a)

Sk2

Hinh 2.10. H¢ treo 2 don ngang.

Nhu vy trong moi trudng hop do ctimg qui d6i cua 10 xo s& khong phai
la mot héng s6 ma 1a mot ham phu thudc vao dich chuyén cia khoi lugng
khong duogc treo.

2.3.4. Pic tinh phi tuyén ciia giam chan thuy hrc.

Trong cac hé thong treo ctia 6 to thi thanh phan can chu yéu la giam
chan thuy luc, trude kia do khong co phuong tién mé phong nén coi dic tinh
can cta giam chan 13 tuyén tinh. Tuy nhién trong giam chan thuy luc 2 chiéu,
hanh trinh lam viéc cta giam chin duogc chia ra lam bdn pha véi hé sd can
khac nhau: nén manh, nén nhe, trd manh, tra nhe. Ta cling c6 quan h¢ cua luc
giam chin va van tdc cua piston giam chén 1a quan h¢ ham béac hai. Do d6 dac

tinh can cia giam chan thuy lyc chinh 14 dic tinh phi tuyén véi ham bac hai.




F=V*k v: 12 van tdc cua dao dong.
k: hé s6 can ctia giam chan.

2.3.5. Mo phong ma sat kho.

Dao dong cua 6 t6 duogc dap tat boi cac dang ma sat khac nhau trong hé
théng treo. Thudng thi trong hé théng treo ma sat xuat hién & cac phan tir
giam chan, phan tir dan hoéi hodc trong cac khép cua don treo, din dong lai va
16p xe. Bén canh lyc can cua giam chan thuy lyc thi trong mot vai truong hop
dic biét ching ta khong thé bo qua gia tri can do ma sat khé trong cac khép
nbi phan tir dan hodi v6i khung vo xe xudt hién trong qué trinh dao dong.
Trong phan 16n cic dang co hoc thi ma sat duge mo hinh hoa dudi dang ma
sat kho. Ciing trong co hoc thi ma sat dugce dic trung bang luc nguoc chiéu
chuyén dong va c6 do 16n bang tich sb cta lyc phap tuyén va hé sé ma sat.
D6i v6i hé dong luc ma sat kho thudng duoc coi 1a bang hang sd ¢o phuong
nguoc chiéu chuyén dong. Ciing giéng nhu ma sat nhét thi né 1a ham cta van
toc,song khac véi ma sat nhot ham dic tinh cia ma sat kho nam ngang.

Trong gidi han luan van thac sy tac gia chi nghién ctru nghién ctru yéu
t6 phi tuyén cua 16p va hé sd can cia hé thng treo:

- Luc can giam chin hé thong treo vao van tdc dao dong duoc mo ta
bang phuong trinh:

K, .V? Khi V <-0.3
K, .V’ Khi -0.3<V <0

F=
K, .V’ Khi 0<V<0.3
K, .V’ Khi V>0.3
(2.71)

Ttr cac phuong trinh cdn bang luc, md men tic (2.5), (2.10), (2.15),
(2.20), (2.31), (2.41), (2.51), (2.58), (2.64), (2.70) va phuong trinh phi tuyén




(2.71) ta c6 hé phuong trinh mé ta dao dong cua dong co dét trong gdm 10
phuong trinh véi 10 hé toa do suy rong.

2.4. Nghién ctru mip mé mit dwong

2.4.1. Cac phwong phap dinh ham kich dong mat dudng

Trong cac bai toan khao sat dao déng cua 6t0, khao sat dao dong ghé
ngéi, tinh toan tai trong dong tdc dong 1én cac cum cua h¢ théng truyén luc
6t0, cac hé thong khac cua 6t6... thi ham kich mit duong c6 thé duoc mo ta
bang 3 phuong phap chinh dudi day:

- M6 ta map md mit dudng bang cac ham diéu hoa: thudng mo ta map
mo bién dang ctia duong bang cac ham diéu hoa 13 cac ham s sin hoic cosin.
Phuong phéap nay di dugc nhiéu tac gia ap dung trong cc bai toan nhu: danh
gia chat lugng ém diu chuyén dong 6to, nghién ciru cac thong s6 két cau cua
6t0, két cAu cua hé théng treo, két cAu cua lép xe... anh huong dén do ém dju
chuyén dong cua 6t6. Tuy nhién phuong phap ndy chua mé ta chinh xac bién
dang mép mo mat duong thuc té do vay két qua cua cac bai toan chua dat do
chinh xéc cao.

- M6 ta map mo mit dudng bang cac ham ndi suy: phuong phap nay
dung cac ham noi suy tuyén tinh, ndi suy bac, ndi suy da thirc Lagrange hoic
Splain bac 2, bac 3. Péi véi phuong nay cac tac gia thuong st dung nodi suy
da thirc Splain bac 3 do n6 cho phép 1am tron bién dang thay thé & cac méc
ndi suy va sai 1éch giita bién dang thay thé va bién dang thuc 1a nho nhat. Tuy
nhién phuong phap phtic tap, nhung chwa mé ta chinh xac bién dang thuc té
do vay hién nay it dung trong cac bai todn dao dong 6t0.

- M6 ta map md mit dudng bang cac ham ngiu nhién: trong thuc té cac
map mo mit duong khong tuan theo quy ludt ndo ca ma chung hoan toan la
cac dai lugng ngau nhién. Dé xac dinh dugc cac ham ngau nhién mép mo mat

duong hién nay nguoi ta sit dung céc thiét bi do map moé mat dudng nhu: thiét




bi tric dia, thiét bi do mip mdé mit dudng theo phuwong phap tham chiéu
tuong d6i cta hing General Motor, thiét bi do map mé mit duong bang banh
xe s0 5, thiét bi do ARRB LASER PROFILER...Céc thiét bi c6 thé tién hanh
do truc tiép hodc gian tiép map mé mit dudng. Phuong phap do truc tiép tién
hanh do va ghi toa d chiéu cao map mé mit dudng theo chiéu dai dudng con
phuong phap do gian tiép ghi cac thong s6 dudi dang mat d6 pho.

Phuong phap mé td mip md mit duong bang ham ngiu nhién mo ta
bién dang dudng sat voi thuc té. Trong ludn an nay ching toi chon ham kich
dong mit dudng 1a ham ngau nhién

2.4.2. Co s6 ly thuyét hAm ngiu nhién

a, Cdc dai rong ddc trung cho ham ngdu nhién

Ham ngiu nhién q(t) 1d mot ham ma gia tri ciia nod thoi diém t hodc
quing duong s; 1a mot mot dai lugng ngdu nhién. C6 thé biéu dién ham ngau
nhién tong quat dudi day:

{— 00 < § < +00
WS g =120 (2.73)
Trong d6: k — chi s6 phép thir th.

Ham ngiu nhién c6 thé dic trung bdi cac dai luong nhu: tung d6 trung
binh cua cac map mé hoic ky vong toan hoc, do léch quin phuong hoic
phuong sai cua tung do, cac ham tuong quan, ham mat do phé.

* Ky vong todn hoc: 1a dac trung quan trong nhét vé vi tri bién ngau nhién va

duoc xéac dinh bang cong thic dudi day:

K
Eq =Y q/P, (2.74)
i=1

Trong d6: Eq- ky vong toan hoc hoac giad tri tung d§ trung binh cua
cac map mod mit dudng.

K- sb lugng céc gia tri do dac.




qi- gia tr1 d§ cao map mo tai diém do thir 1.
P;- xac suat xuat hién do cao map mo thi i.
Trong truong hop nady coi xac suat xuat hién cac map mo la nhu nhau

do vay: P;=P,=....=Px=1/K khi d6 cong thiic (3-106) c6 thé viét lai nhu sau:

1 K
Eq = EZ% (2.75)
i=1

* Phwong sai: 1a vong sb cua binh phuong d6 léch. Phuong sai dic
trung cho do tan mat ciia bién ngau nhién xung quanh vong sd. Phuong sai
cang bé thi gia tri ctia bién ngiu nhién cang quy tu gan vong sb, phuong sai
dugc xac dinh theo cong thirc dudi day:

1 & 2
DY =—3"(q, - Eq) (2.76)
K i=l

Trong d6: DY- phuong sai cac map md.

Khai cin bac phuong sai duoc goi 1a do 1éch quan phuong cua bién
ngau nhién.

* Ham phdn bo (ham phdn b xdc sudt): cia mot bién ngiu nhién 13
mot ham dugc dinh nghia nhu sau:

F(q1, 92, - -9k t1, tos- . t)=P{Qi<qiN, ..., N Qx=qi} (2.77)

b, Qud trinh ngdu nhién dirng

Trong thuc té thudng xuat hién cac qua trinh ma theo thoi gian gan nhu
khong ddi va cé cac dang soéng ngau nhién. Cac dic tinh cta séng d6 theo thoi
gian co ban 13 déng nhat. Qua trinh nhu vay duoc goi 1a qua trinh dimg. T
dinh nghia gia tri trung binh, phuong sai va nhitng tinh chit ctia qua trinh
dimg c6 thé nhan thay: gia tri trung binh va phuong sai khong phu thudc vao
tho1 gian. Co nghia la:

Eq=const.
DY=const.




Ham tuong quan 13 mot ham chi duy nhat mot bién t=t,- t,.
R(ty,t,)=R(1) (2.78)

Qua trinh thao man hai tinh chat trén dugc goi 1a qua trinh
ngau nhién dung.

¢, Ham ngdu nhién Ergodic

Ergodic 12 mot tinh chat ctia qua trinh ngau nhién dimg. Tinh chat d6 biéu
hién nhu mét sy 6n dinh cua ting vong s6 dat duge trong nhiéu 1an thir va vong
sO theo thoi gian ctia phép thir nghiém trong qua trinh d6. Tinh chét nay gitp cho
ta c6 kha nang du doan cac dic tinh thong ké tir mot thir nghiém day du.

C6 thé hiéu tinh chat Ergodic theo khai niém l4y trung binh theo tap
hop cac thé hién va lay trung binh theo thdi gian cia mot thé hién. Ta cé E,

gia trj trung binh ctia nhiéu thé hién hoic trung binh theo tip hop.

1 K
E, =Elq)=—-24.(0) (2.79)

Gia tri trung binh theo thdi gian ctia mot thé hién q(t) cua qua trinh

dugc dinh nghia nhu sau:

_ 1 T
E, = j g(t)dt (2.80)
0

T

Néu E=E, thi qua trinh duoc goi la Ergodic.

Két luan: trong thuc té ta chi can xac dinh cac gia tri trung binh theo
thoi gian, khong can thiét phai xac dinh cac gia tri trung binh trong nhiéu lan
thir. Chinh vi 1y do nay ta nhan thay dic tinh ding 1a diéu kién can thiét cua
Ergodic.

2.4.3. Chon ham kich dong ngiu nhién mit duong

Nhu phan phén trén da trinh bay map moé mit duong khong tuan theo

mot quy ludt nao ca, nd la ham ngau nhién. Hién nay c6 rat nhi€u tac gia trong




nudc va thé giéi nghién ctru vé van dé nay. Trong pham vi cta ludn an thac

sy ching toi khong nghién ctru phan mat duong ma chi st dung két qua
nghién ctru ctia mot dé tai cap bd B2003-35-42 cua tac gia Pao Manh Hung.
Trong dé tai nay tac gia sir dung thiét bf ARRB LASER PROFILER. Thiét bj
ARRB 1a thiét bi do map moé mit duong véi toc do cao ma khong phai dinh
chuan do d6 khong mac s6 va rat thuén tién cho nguoi st dung. S6 lidu do dac
duoc luu trir trong cac phﬁn mén hién dai, ngoai ra thiét bi nay con do dugc
lién tuc, dé)ng tho1 do duoc d nham vi mé cua mat duong tai cac vét banh xe.
Thiét bi nay dang c6 tai Vién khoa hoc cong ngh¢ GTVT va no 1a thiét bi do
mép mé hién dai nhét hién nay ¢ nudc ta.

Quy trinh do map mo cua thiét bi ARRB:

- Lap thiét bi.

- Cai dat phan mém hé théng.

- Pinh chuan hé thong.

- Pinh chuan cam bién khoang cach.

- Pinh chuin cam bién laser.

- Pinh chuan cam bién gia tdc.

- Piéu chinh vi tri cam bién laser

- Kiém tra va diéu chinh phan ctmg thu nhan s liéu.

- Kiém tra trang thai tinh va xung (Still and Bounce Test).

- Kiém tra do thtr d6 siu (Rut Measurement Check).

- Tién hanh do dac trén dudng.

- Xem va in dir liéu.

Phan mém st dung cho hé théng: RoadRup “The University of
Michgan Tranportation” s6 liéu nhan duoc:

- Phan ngudn: ghi lai cac gid tri cao do so v&i do cao tiéu chuan véi cu

ly 200 mm.




- Tuy theo muyc dich sir dung cé thé nhan dugc cac gia tr1 IRI hodc
mat do phé bién d6 tan sb bién dang mat duong.

Céu trac cua thiét bi ARRB LASER PROFILER:

Gia toc két Phan cimg xir Iy
C6 bu dich chuyén theo - Chuyén déiva doc di liéu.
phuong thang ding. - Giao dién véi cam bién.

- Diéu khién nguon laser.

- Kiém soat hoat dong ciaa
Cam bién laser . X
cam bieén.

Do khoang cach dén bé mat - Ghi nhgn va didu khién

duong. di li¢u.

- Nguon dién

Thiét bi chuyén d6i

Po téc dd va khoang cach dich

chuyén cua 6to. @

May tinh
- Phin mém hé thong.
- Cai dit hé théng.
- Dix liéu ngudn.
- Xt ly dir li¢u.
- Hién thi két qua.
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Hinh 2.11. Két qud do mdap mé mdt dwong quéc 16 14 (doan 1)
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