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Tém tit

Tai Viét Nam dd c6 nhiéu nghién curu vé danh
huong ciia qud trinh phanh dén dao déng 6 t6, tuy
nhién cdc nghién civu ndy chii yéu dp dung cho cdc
phuong tién hang nhe hodc o to du lich. Doi véi
xe tdi hang ning nhuw KAMAZ-43253 vin con
thiéu cdc nghién cieu chuyén sau. Cac phwong tién
nay c6 tdi trong va khoi heong lom, lam cho qud
trinh phanh va dao dong tro nén phirc tap hon va
6 bién dg 1om hon. Piéu nay lam giam tinh 6n
dinh chuyén dong va dnh hwong dén an toan ciia
nguoi va hang hoa trén xe. Trén co so do, bai bao
xdy dung mé hinh va thiét lap hé phicong trinh vi
phan, sit dung phwong phap khong gian trang thdi
va phan mém MATLAB @é tinh todn va mé phéng
dao dong cua 6 t6 trong qua trinh phanh, lam tai
liéu tham khao cho cdc nghién ciru tiép theo.

Tu khoa: A"nh' hwong qud trinh phanh, dao dong
ldc doc, hé thong treo.

Abstract

In Vietnam, numerous studies have investigated
the effects of braking on vehicle vibrations;
however, these studies have primarily focused on
light vehicles or passenger cars. In-depth studies
on heavy trucks such as the KAMAZ-43253 are
still limited. These vehicles have large mass and
payload, making the braking process and
vibration response more complex and resulting in
larger vibration amplitudes. This reduces vehicle
stability and affects the safety of occupants and
cargo. Based on this, the paper develops a
dynamic model and establishes a system of
differential equations, using state-space methods
and MATLAB software to simulate vehicle
vibrations during braking, providing a reference
for future studies.

Keywords: Braking process impact, axle system,
Pitching motion, Suspension system.

1. it van dé

Trong qua trinh khai thac 6 t6, hé théng phanh gitt
vai trd dac bi¢t quan trong trong vi¢c giam tde do, bao
dam an toan chuyén dong va duy tri tinh 6n dinh ctia
xe. Tuy nhién, khi phanh, dac biét trong truong hop
phanh gip hodc phanh véi gia téc 16n, lyc quan tinh
xuét hién tai trong tim xe s& gy ra hién twong chuyén
tai trong dong gitra cic cau xe, lam thay d6i phan luc
phap tuyén tic dung 1én banh xe va gdy ra dao dong
than xe theo phuong thiang dung ciing nhu dao dong
lic doc. Pdi véi xe tai hang nang, hién tuong nay dién
ra phtrc tap hon do khéi lugng va tai trong 16n, tir do
anh hudng dang ké dén do 6n dinh chuyén dong, do
ém diu va an toan khai thac cta xe [7, 8, 11, 17].

Trong nhimg nim gan day, anh hudng cia qua
trinh phanh dén dao dong va dac tinh dong luc hoc cua
6 to da dugc nhiéu nha nghién ciru quan tim. Nghién
ctru [7] st dung mo hinh dao dong 5 bac tu do dé phan
tich hién tuong chii diu xe khi phanh va su thay d6i
tai trong dong gitra cac cau xe. Két qua cho thiy gia
tbc phanh c6 anh hudng truc tiép dén dao dong than
xe va do 6n dinh chuyén dong. Tuy nhién, nghién ctru
chii yéu tap trung vao mé hinh khdi lwong tap trung
va chwa xem xét kha nang cai thién dao dong bang hé
thdng treo ban tich cyc.

Nghién ctru [9] khao sat anh hudng ctia dao dong
lic doc dén dao dong tai trong banh xe bing phuwong
phap mé phong dong luc hoc nhiéu vat. Két qua cho
thdy dao dong lic doc co anh huong dang ké dén su
phan b tai trong dong va kha nang bam dudng cia
phuong tién. Tuy nhién, d6i tugng nghién ciru chi yéu
1a xe du lich nén chwa phan anh ddy du dic tinh dao
dong cua xe tai hang nang.

Trong nghién ctru [10], cac tac gia da phan tich dao
dong 6 to trong giai doan sau phanh dua trén hé thong
phanh diéu khién dién tir va mé hinh diéu khién hién
dai. Két qua nghién ctru cho thay hé thong diéu khién
dién tir c6 kha nang cai thién do ém diu chuyén dong
va giam dao dong than xe trong giai doan sau phanh.
Tuy nhién, nghién ctru chua danh gid cu thé anh
huéng caa luc quan tinh khi phanh ddi véi dao dong
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clia xe tai hang nang trong diéu kién khai thac thyc té.

Bén canh d6, nhiéu nghién ctru da tap trung vao
viéc cai thién dao dong 6 t6 bang hé thng treo ban
tich cuc va thuét toan diéu khién Skyhook. Nghién
clru [13] da d& xudt nguyén 1y diéu khién giam chan
ban tich cyc st dung luc diéu khién twong dwong voi
bd giam chan Iy tuong gan vi mot diém cb dinh trong
khong gian. Trén co s& d6, nghién ctru [14] da tong
hop va danh gia cac phuong phap diéu khién hién dai
cho hé thong treo 6 6, cho thdy hé thong treo ban tich
cuc c6 kha nang nang cao do 6n dinh va cai thién chat
lugng dao dong cia xe so voi hé treo bi dong truyén
théng. Céc nghién ctru gan day [19, 20, 23] tiép tuc
khing dinh thuét toan diéu khién Skyhook c6 hiéu qua
cao trong viéc giam dao dong than xe, cai thién do €ém
diu chuyén dong va tang d¢ on dinh ddi véi cac hé dao
dong nhiéu bac tu do ciing nhu xe tai hang ning.

O trong nudc, cac nghién ctru vé dao dong 6 t6 khi
phanh chu yéu tap trung vao xe du lich hodc xe tai
thong thudng [1,4,5]. Cac nghién ctru nay chu yéu st
dung mé hinh dao dong tuyén tinh va phuong phap
mo phong MATLAB dé khao sat dao dong than xe
trong qua trinh phanh. Tuy nhién, hién nay van con
thiéu cac nghién ctru chuyén sau ddi véi xe tai quan
su hang nang nhu KAMAZ-43253, dac biét la cac
nghién ctru két hop giita mé hinh dao dong, sy phan
bb lai tai trong dong khi phanh va kha nang cai thién
dao dong bang h¢ thng treo ban tich cuec.

Tur viéc phan tich cic nghién ctru trong va ngoai
nude co thé nhan thiy ring hién nay chwa c6 nhidu
cong trinh nghién ctru xay dung moé hinh dao dong cua
Xe tai hang ning trong qua trinh phanh két hop voi
khao sat anh huong cua gia tbc phanh dén dao dong
thang dimg, dao dong lic doc va sy phan bb tai trong
dong giita cac cau xe. Pong thoi, viéc danh gia kha
ning cai thién dao dong bang hé thong treo ban tich
cuc st dung thuat toan diéu khién Skyhook déi voi xe
tai hang ning van con han ché. Pay chinh 1a khoang
trong nghién ctru ma bai bao hudng t6i giai quyét.

Trén co s d6, bai bao tién hanh xay dung mé hinh
dao dong phing 1/2 doc xe cia 6 t6 KAMAZ-43253
trong qué trinh phanh, thiét 1ap hé phuong trinh vi
phan chuyén dong bang phuong phap Lagrange loai IT
va giai bang phuong phéap khong gian trang thai trong
MATLAB. Bong thoi, bai bao khao sat anh huong cta
gia tc phanh dén dao dong than xe trong cac truong
hop day tai va khong tai, tir &6 dé xudt phuong 4n cai
tién hé thong treo bi dong thanh hé thng treo ban tich
cuc st dung thudt toan diéu khién Skyhook nham
nang cao kha nang dép tit dao dong va cai thién do 6n
dinh chuyén dong cua xe.

Ky thuat va Cong nghé Hang hai

2. M6 hinh nghién ciru
2.1. Gid thiét

Tac gia dua ra cac gia thiét nham don gian hoa bai
toan nhung van danh gia dugc cac thong sé dao dong
can thiét nhu sau:

- M6 hinh déng luc hoc biéu thi dao dong lién két
6 t6 hai cdu & dang mé hinh phéng, c6 nghia 14 6 to
duoc gia thiét 1a d6i ximg ddi vai truc doc xe va xem
d6 mép moé cua bién dang duong & dudi cac banh xe
bén phai va bén trai ciia mot cau la nhu nhau.

- Khéi luong treo duge quy dan vé trong tdm phin
treo biéu thi qua gia tri khbi lwong M va mé men quéan
tinh khéi lwong phan treo d6i vai truc ngang di qua
trong tam phan treo Jy. Khdi lugng M duoc lién két
v6i khdi luong khong treo qua phan tir dan hdi cua
treo va giam chin (hé s6 dan hoi cua treo C1, C2; hé
s6 can giam chin K1, K2).

- Khéi lugng phan khong treo tuong mg & cau
trude va ciu sau 1a m1, m2, duge lién hé véi duong
qua céc 10 xo (c6 hé sé dan hodi CL1, CL2) va giam
chan (c6 hé s6 can giam chén KL1, KL2). Cac thong
s6 nay dic trung cho d6 dan hoi cua 16p va sy dap tit
dao dong cua 16p.

- O t6 chuyén dong thang, tiép xtic banh xe v6i mat
duodng 14 tiép xtc diém. Dao dong cua hé 1a dao dong
nho, tuyén tinh, xung quanh vi tri can bang tinh. Bo
qua anh hudng cuia gio, luc can mooe kéo.

- Vi tri trong tAm xe 14 ¢6 dinh, hang hoa khong bi
xé dich trong ca qua trinh di chuyén. Khio sat dao
d6ng cua xe khi lyc phanh da dat toi da va sau khi qua
trinh phanh két thuc.

2.2. M6 hinh khdo sat

Trong qué trinh chuyén dong khi c6 lyc phanh tac
dong xuét hién lyc quan tinh dt tai trong tam xe:

G
Pj :;‘S'Jp :M.5.Jp; (1)

| T LTV
ST RN T T RN S

™

Hinh 1. So dé lyc tic dung Ién 6 té 2 cau khi phanh

Dé xac dinh tai trong thing dimg khi phanh (hay
la phan lyc phap tuyén cua duong) chung ta lap
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phuong trinh can bang mé men vdi cac diém ti€p xtic
cua banh xe véi dudng ta c6 (bd qua luc can lan, luc
can khong khi, mé men quan tinh banh xe):

RyL-M.Jphg ~Gb=0;

_o 2
RyL+M.Jphg -Ga=0;

Tt cac biéu thie (2) ta xac dinh duogc gia tri phan
luc phap tuyén tai cac truc nhu sau:

Gb MJpy.h
R1:7+#;

L L

Ga M.Joh ©)
R, =32 pg .
2* - )

L L

Hinh 2. M6 hinh phing hé dao dpng % doc xe

Nhu vy, trong qua trinh chuyén dong khi c¢6 luc
phanh tac dong xuét hién luc quan tinh dat tai trong
tam xe dan dén sy phéan b lai tai trong phan bd 1én
cau, lic nay phan treo cau trudc va phan treo cau sau
thém bét 1 luong theo cong thirc sau:

M.J,.h
—pg. 4)

L

AP =

Trong dé:

mj, my - Khéi lugng phin khong treo phia trudc,
phia sau [kg];

M, M, M; - Khéi luong phan treo quy dan vé treo
trude, sau va trong tam [kg];

2o Zor - Map md mit duong tuong ung 16p trude,
sau [m];

215, z1r- Dich chuyén thing dung cua khdi luong
treo trudce, sau [m];

Zsp; 22~ Dich chuyén thing dung cua khdi luong
khong treo trude, sau [m];

¢ - Goc lac doc cua 6 t6 [rad];

K11, K12 - Hé s6 can giam chin cua 16p trude va
cac 10op sau [Ns/m];

Cr1, Cr2 - Hé s6 dan hoi cua 16p trudce va cac 10p
sau [N/m];

K, K> - HE s0 can giam chan cua treo trudc va cac

184
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treo sau [Ns/m];

C;, C;-Hé s6 dan hdi treo trudce va treo sau [N/m];

L - Chiéu dai co s& cta 6 to [m];

a, b - Khoang cach tir trong tim 6 t6 dén cau trudc,
sau [m];

P,1, P,> - Luc phanh twong tmg & cic banh xe cau
trudc, cau sau [N];

P; - Lyc quan tinh khi phanh [N];

P,, - Luc can khong khi [N];

G - Trong lugng 6 t6 [N];

Ry, Riz - Phan Iyc phap tuyén cia duong va luc
can lan Py, Py tuong ung dat tai vi tri tiép xuc gitta
cac banh xe cau trudc, cau sau 1én duong [N];

My, My - MO men can lan tuong ting & cac banh
xe cau trude, cau sau [Nm];

hyg - Chiéu cao trong tim xe [m];

hy, - Chiéu cao diém dat lyc can khong khi [m];

& - Hé s xét dén anh huong khéi luong quay.

tar

Hinh 3. M6 hinh dao dpng 6 16 2 cdu trong qud trinh
phanh

2.3. H¢ phwong trinh vi phin chuyén djng

Dua trén mo hinh khao sat da phan tich, tac gia
nhan the"iy hé dao dong cé 4 bac ty do (Z, ¢, z2r, z2r).
Dung phuong trinh Lagrange loai 2 dé thiét lap hé
phuong trinh vi phan:
M.Z+(Ky +Kp)Z +(Cy+Cp)Z +
+@.Ky -bKy)g+(aCy -bCy)p-
Kty -Cryp - Kyy -Cpp =0
Jyg+(@Ky - bKy)Z +(aCy -bCy)Z +
Hal Ky +b2 K ) +(a? b2l

5

-aKpz ¢ -alpy s +bKy g +0Cy7y =0 ®)
m2¢ - K Z-CpZ -aKpg-aCp+
= (K Kk yg +(C+Crpay ¢ =Kpg g +Cy 75

My.2 ~KyZ =Cp.Z +bKyp+bCop+

Ky + K p) 2y +(Cy +Cpp)2gp = Ky 92, +Cpp 20y
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Chung ta c¢6 thé mo ta chuyén dong cta hé theo
cac toa do suy rong: Zyg . Zpp g0y

Céac toa d6 nay co lién hé vdi cac toa do qua cac
bi€u thirc sau:

,_far®trp P Zor —Zaf
= P = )
L L (6)

Zy¢ :Z—(p.a;ZZr =Z —@b;

Ta nhan duoc phuong trinh vi phdn moé ta chuyén
dong cua co hé dbi véi cac toa do suy rong: zss; zir, 22y,
Zop.

M2y + KZps —216) +Colzpf —74)+
+ M3.'z'2r =0
My.Zop +KoZpr =24 ) + Coulzpp —7y) +
, . . ™)
maZyg +Kp(fgg - 2p8) T Kpp(fgg — o)+
+Cp(zf ~2p¢)+ Crpzgg —2p¢) =0

Mo Zyp + Ko (g = 2pp) + K o (g = 29 ) +

+Cozgy — 2y )+ C o7y — 29,) =0
Céc ky hiéu M;, Ms, M; 1a cac khdi luong quy dan
duoc xéc dinh tir 3 diéu kién sau day:

* Piéu kién bao toan khdi luong treo M:

M1+M2 + M3 = M;M1>0;M2 >0;M3 >0,<0,=0.

* Pidu kién bao toan vi tri trong tm khoi luong treo:
Mia—-Myb=0;

* Pieu kién bdo toan md men quén tinh khoi lugng
treo J,:

Jy = M.p§ = Ml.a2 + M2.b2;

py - Ban kinh quéan tinh quy dan cta khdi lugng
treo M ddi véi truc Y di qua trong tim khdi lwong phan
treo.

Tir 3 didu kién trén chung ta xac dinh tri sb ctia cac
khéi lugng quy dan M, M>, M;nhu sau:

2 2 2
Mp=M oMy =M Mg =M 1= (8)
al b.L ab

Két hop (7) va (4) ta nhan dugc hé phuong trinh
vi phan mo ta dao dong cua hé trong qua trinh phanh
nhu sau:
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MyZyg +KoZpg —25) +Colzp —7g¢) +

M.h

i g
+Mq.ig, =—1J
3°2r L p
My.Zpr + Kou(Zpp = 23,) +Couzpr —7) +
M h
+Mg.Zy¢ = L Jp ©)

Mz Ky~ )+ K (g — 20+
Ot~ 2+ Cralngg ~29) =0

My.Zyy + Ko (g = 2pp) + K o2y, — 29) +

+ CZ'(er - ZZr)+ CLZ'(er - ZOr) =0

Giai hé phuong trinh (9) bang phuong phap khong

gian trang thai:
X=AX+Bu
y=Cx+Du

x - Bién trang thai;
u - Bién diéu khién hay kich thich dau vao;

Trong do:

y - Thong sb ra;

A - Ma tran trang thai;

B - Ma trén quan h¢ thong s6 vao voi trang thai;

C - Ma trén quan hé thong s ra véi trang thai;

D - Ma tran truyén tin hiéu diéu khién;

Tt phuong trinh vi phan dao dong cia co hé, xac
dinh duoc:

- Bién trang thai:

T
XZI:ZZf7221’ZZr’ZZr’Zlf’Zlf’er’zlr]

- Kich thich dau vao:

.
“{Jplzorz’o]‘ ’ZOr’ZOr}

- Ma tran quan hé thong sb vao véi bién trang thai:

0 0 0 0 0
(My + M3).M.hg
(MM, — M32).L

0 0 0 0 0
~(Mg +M3)M.hg

5 0 0 0 0
B_| MMy ML
0 0 0 0 0
c K
0 n faoo o
mm
0 0 0 0 0
c K
o o 0 L2 K2
L my M
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- Thong s6 ra:

T
y=[22f ,ZZrYZyZyZ,(ﬂ]

- Ma tran truyén tin hiéu diéu khién:
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0 0000
0 0000
D= 0 0000 L L
(g - f)-M.hg
——————— > 0000
(MM —M3).L
| 0 000 0]
- Ma trén bién trang thai:
[ o 1 0 0 0 0 0 o |
-C;M, -Ky:My CyMyq KoM cM, KyMy -CyMjy Ky Mg
2 2 2 2 2 2 2 2
M{My-M3 MyMy-M3 MiMy-Mg MMy-Mg MMy-Mg MyMy-Mg MyM,-Mg MM, -Mg
0 0 0 1 0 0 0 0
;Mg KyMg -CyMy KoMy -C;-Myq -K; Mg CyMy Ky-My
MMy —MZ MMy =MZ MMy —MZ M My =M2 M M, —MZ M My ~M2 MM, M2 M M,-M2
ao| MMz =Mz MpMp =Mz MMy =Mz MpMp =Mg MMy =Mz MMy =Mz Mp-Mp -Mg Mp-Mp = M3
0 0 0 0 0 1 0 0
C K C,+C K, +K
Y K 0 0 Gt Ktk 0 0
™ ™ ™ ™
0 0 0 0 0 0 0 1
C K C,+C K, +K
0 0 & K2 0 0 G+l KK
L m M m m
- Ma tran quan hé thong s ra véi bién trang thai:
o 0 0 0 0 0 0 o ]
0 0 1 0 0 0 0 0
b a
- 0 = 0 0 0 0 0
L L
b a
c-= 0 - 0 - 0 0 0 0
L L
C.f Ky f Cy.9 Ky.g -C.f Ky f -Cy.9 -Ko.g
2 2 2 2
MyMy M3 MpMy—Mg MM, —Mg MMy —Mg MMy -Mg MiMy-M3 M{My-M3 M M,-M3
-1 1
— 0 - 0 0 0 0 0
L L L J

3. Thong s6 dau vao va treong hop md phéng
3.1. Thong sé dau vio

Nhom téc gia sir dung phan mém MATLAB [2]
dé mo phong qua trinh dao dong va s dung céac
thong s6 clia xe KAMAZ-43253 [3, 4] nhu thé hién
trén Bang 1.
3.2. Truwong hgp mé phong

Tac gia tién hanh khao sat dao dong 6 to trong qua
trinh phanh trén duong bang phang trong cac truong
hop dugc thé hién trén Bang 2.

186

4. Két qua mé phong va nhén xét
4.1. Két qui mé phong

Truong hop 1 dwoc thé hién trén cac Hinh 3, 4 va
5;

Truong hop 2 dugce thé hién trén cac Hinh 6, 7, 8
va9;

Trudng hop 3 duoc thé hién trén cac Hinh 10, 11
vall;

Trudng hop 4 duoc thé hién trén cac Hinh 12, 13
va 14;
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Bing 1. Cic thong s6 diu vio ciia 6 t6 KAMAZ-

43253
Ki hiéu Gia tri Don vi
M 14.440 kg
m 12190 kg
m 800 kg
my 1450 kg
L 4,2 m
a 2,66 m
b 1,54 m
C 420000 N/m
G 900000 N/m
Ky 20000 Ns/m
K> 45000 Ns/m
Cui 2200000 N/m
Cr2 4400000 N/m
Kui 3000 Ns/m
Kz 6000 Ns/m
hg 1,76 m
Bing 2. Cdc truong hop moé phong
TH Diéu kién van hanh Gia téc phanh
1 Xe day tai J=5,5m/s
2 Xe ddy tai Jo=2m/s
3 Xe khong tai Jp=5,5m/s
4 Xe khong tai Jy=2m/s
* Truong hop 1

Dich chuyen thang dung (m)

0.02} ‘l
0.04 f
0.06/ .‘I‘
0.08 \/—\_J
01—

5 6 7
Thoi gian (s)

‘Chuyen dich cua KLT sau

8 9 10

Hinh 4. Do thi dich chuyén thing dirng KLT trudc,

0.04

14
o
1

)

o
o
~

Goc lac doc (Rad)
o
° 2

s
2

s
°
8

sau

Thoi gian (s)

Hinh 5. Dé thi géc lic doc

—KLT truoc.
KLT sau
0.03 ¢ -
‘\
0025 |
= |
£ oozt
° |
3 |
Soots
@ i
0.01-| |
1A
I\
0.005 ‘V‘
U
" .
0 2 4 6 8 0 12 14 16 18 20

Tan so (Hz)
Hinh 6. Pho bién dp FFT ciia dich chuyén KLT trudc,

* Truong hop 2

0.02

I3
2

°
\
|

&
5

Dich chuyen thang dung (m)
&S
< o

&
4
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4.2. Nhgn xét

+ Khi thyc hién qua trinh phanh, duéi tdc dong
cua lyc quan tinh dat tai trong tam sinh ra mét mo
men quay quanh truc ngang, ép phan dau xe xudng va
nhic phan dudi xe 1én (AP chinh 1a thanh phan tai
trong sinh ra do mé men quay gay ra bédi luc quan
tinh).

+ Can clr vao két qua trén dd thi, ta thiy ¢ truong
hop 1 (J, = 5,5m/s? ing v&i trudng hop phanh cap toc
va xe day tai), trong thoi gian qua trinh phanh dién ra
(Jp tac dong vao co hé), KLT trudc, sau va than xe dao
dong quanh vi tri can bang méi. Sau khi qué trinh
phanh két thuc (J, = 0), dao dong cuia co hé sé tat dan
trong vong 2,5 gidy va dao dong quanh vi tri ban dau.

+ Truong hop 3 (J, = 5,5m/s? tmg véi truong hop
phanh cap tdc va xe khong tai), trong thoi gian quéa
trinh phanh dién ra (Jp tac dong vao co h¢), KLT trude,
sau va than xe dao dong quanh vi tri cin bing mai,
sau d6 gan nhu khong dao dong. Sau khi qué trinh
phanh két thuc (Jp=0), dao dong cta co hé s& tat dan
trong vong 1,5 gidy va dao dong quanh vi tri ban dau.

+ O truong hop 2 va 4 (J, = 2m/s? img voi trudng
hop phanh cham dén), trong thoi gian qua trinh phanh
diénra (Jp tdc dong vao co h¢), KLT trude, sau va than
xe dao dong quanh vi tri can bing mai. Sau khoang
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2,5s do tac dung cua h¢ théng treo, dao dong tat dan
va than xe gan nhu khong dao dong quanh vi tri can
bang. Khi qua trinh phanh két thuc (J, = 0), dao dong
ctia co hé s& tit dan trong vong 3.5 gidy va dao dong
quanh vi tri ban dau.

+ Khi so sanh bién d6 dao dong va goc lic doc cua
cac truong hop 1 va 2, 3 va 4, ta nhan thdy rang cing
diéu kién ban dau khi gia téc phanh tang, lyc quan tinh
tang lam chuyén tai trong gitra cac cau 16n hon, dan
dén bién do dao dong KLT trudce, sau va goc l4c doc
tang. Nguoc lai, vdi gia tde phanh nho hon, hé dao
dong nhe hon va 6n dinh hon. Diéu nay cho thiy gia
tdc phanh 1a yéu t6 anh hudng truc tiép dén muic do
kich thich dao dong ciia hé thong treo.

+ Phan tich phd bién do FFT cho thiy ning luong
dao dong ciia hé thong treo tap trung chi yéu & dai tin
thap, dic biét trong khoang 0-2 Hz, day 1a ving tin sb
dic trung anh huong dén dao dong than xe. O ca bon
trudng hop khao sat, bién do phd giam nhanh khi tin s6
tang, cho thiy hé c6 kha ning triét tiéu dao dong & dai
tan cao. Déng thoi, bién do dao dong cla khéi luong
khoéng treo phia trude ludn 16n hon phia sau, phan anh
anh hudng cta hién tuong chuyén tai trong khi phanh.

4.3. Cii tién hé thong treo bi dpng é t6 KAMAZ-
43253 thanh hé thong treo ban tich cwc sir dung
thudt toan diéu khién Skyhook

Trong linh vuc diéu khién dao dong 6 t0, thuat toan
diéu khién Skyhook 1a mét trong nhimng phuong phap
diéu khién ban tich cuc duoc st dung phé bién nhdm
nang cao kha nang giam chan ciia hé thong treo [13,
14, 19]. Phuong phap nay gia dinh ton tai mot diém
¢b dinh trong khong gian dé tao ra lyc giam chén 1y
tuong tic dong 1én than xe. Dya trén tin hiéu gia tbc
va vén tdc dao dong cua than xe, bo diéu khién sé& diéu
chinh hé s6 giam chin nham dép tit dao dong nhanh
nhét c6 thé. So vai hé thong treo bi dong truyén thong,
diéu khién Skyhook cho phép thich nghi linh hoat hon
v6i diéu kién van hanh thuc té va cai thién dang ké do
6n dinh chuyén dong cua xe [20, 23].

- H¢ treo bi dong c6 uu diém don gian, d¢ tin cdy
cao nhung khong thé thay dbi dic tinh giam chan theo
diéu kién van hanh. Trong va sau qua trinh phanh, dao

dong than xe va goc lac doc van con 16n va tat dan cham.

Vi vy, tic gia dé xuat cai tién hé treo bi dong thanh hé
treo ban tich cuc nham nang cao kha niang dap tit dao
dong va cai thién 6n dinh chuyén dong cua xe.

- Hé treo dugc cai tién theo huéng ban tich cuc
bang cach thay thé giam chén thu dong bang giam
chén co kha ning diéu chinh. Cu thé 1a diéu chinh
theo gia toc phanh va véan téc twong ddi giita than xe

Ky thuat va Cong nghé Hang hai

va banh xe.

Tién hanh mo phong hé thong treo ban tich cuc sir
dung thuét toan Skyhook trong truong hop xe day tai,
J,=15,5m/s?, ta thu dugc cac do thi Hinh 16, 17 va 18.
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So sanh véi trudng hop khao sét 1, ta nhan thay:

+ Dbi vai dich chuyén KLT trude, sau va goc lic
doc truong hop treo ban tich cyc c6 bién d6 dao dong
nhé hon va thoi gian dép tit dao dong ngan hon cho
thdy kha nang giam chin ciia treo ban tich cyc tét hon
va chat lugng dao dong cua hé thong da duoc cai thién
dang ké. Ngoai ra, khi J, = 5.5 m/s? (gia tbc phanh 16n
nhit), dao dong ciia hé dugc dép tit ngay sau khi dat
cuc dai cho théy kha nang kiém soat tai trong va dap
dao dong t6t hon dudi tac dong luc phanh 16n. Didu
nay chimg to c6 kha nang thich nghi t6t hon véi bién
dbi lyc quan tinh, gitip nang cao d6 6n dinh va ém diu
khi phanh gép.

+ Mic du phé FFT cua hé treo ban tich cuc ¢6 bién
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d6 16n hon so vai hé bi dong tai mot s6 dai tan, diéu
nay khong phan anh truc tiép chit luong dao dong.
Nguyén nhén 1a do tin hiéu khao sat mang tinh qua do,
dan dén su khac biét trong phan bd niang lugng. Khi
xét trong mién thoi gian, hé ban tich cyc van cho thiy
kha ning dap dao dong nhanh hon va 6n dinh tét hon.
5. Két ludn

Két luan rit ra tir nghién ctru nhu sau:

- Xay dung dugc mo hinh dong luc hoc dao dong
khi phanh va thiét 1ap hé phuong trinh vi phan mo ta
dao dong cua 0 to trong qua trinh phanh va da khao
sat dbi v6i 4 truong hop di chuyén khac nhau. Giai hé
phuong trinh vi phan dao dong bang phwong phap
khong gian trang thai.

- M6 phong dao dong cua 6 t6 dya theo phuong
phap khong gian trang thai trong MATLAB, tu do
xuét ra cac két qua dang dd thi dé dé dang kiém tra, so
sanh. Két qua nghién ctru giup dénh gid tic dong cia
qué trinh phanh dén dao dong than xe cia KAMAZ-
43253, ¢6 thé duge st dung lam co s cho cac nghién
clru, phat trién sau nay.

- Pé xuét phuong an cai tién hé thong treo bi dong
ctia 6 to6 KAMAZ-43253 thanh hé théng treo ban tich
cue sir dung thuat toan diéu khién Skyhook, mo phong
hé dao dong va tién hanh so sanh.
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