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Bai bao khao sat dao dong toan xe cua xe 6 t0 di¢n HaUI-EV2 vai hé
thong treo cau trudc dang doc 1ap - Mc.Pherson va hé thong treo cau sau
dang phu thudc st dung nhip 1a. Dé mo ta dao dong cua toan xe, nhom tac
gia st dung phuong phap D.Alambe dé xay dung hé phuong trinh gom 7
phuong trinh vi phan, mo ta 7 bac ty do cua xe. Sir dung phan mém
Mathlab-Simulink dé giai hé phuong trinh vi phan véi cac kich dong khac
nhau tir mit duong 1én than xe. Tir 6 dua ra cac thong sé danh gia tinh
chét dao dong ciia toan xe: bién do dao dong, goc lac, van tdc, gia tde va
cac luc tac dung 1én khung xe... Thong qua céc tidu chuan danh gia mirc
d6 ém diu dao dong cua xe, dua ra cac thiét ké phui hgp nhat cho hé thong
treo cta xe dién HaUI-EV2 nham nang cao tdi da d6 on dinh cua than xe
va do ém diu chuyén dong.

Abstract

Keywords:
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Differential equations; Mathlab-
Simulink; HaUI-EV2Electric
vehicle.

This paper studies on the vibration of the HaUI-EV2 electric vehicle
withMc Pherson front suspension system and dependent leaf-spring rear
suspension system. To demonstrate the vibration of the vehicle, the
D.Alambe method was used to create the seven differential equations that
describes the wvehicle’s seven degrees of freedom. Mathlab-Simulink
software was used to solve these differential equations with hard driving
conditions and road. Thereafter, the oscillation factors were determined such
as: the maximum deformation, angle of rotations, velocity, acceleration and
forces affecting the vehicle’s frame... Throughout the qualities of vibration
consonant level of the commercial vehicle, the most appropriate
improvement designs of vehicle’s suspensions will be cproposed to enhance
the maximum vehicle stability and the vibration refinement.
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1. GIOI THIEU

Khi 6 t6 chuyén dong, xe luén nhan cac kich dong tir mat duong qua banh xe. Kich dong
nay lam gidm tinh tién nghi cho nguoi trén xe va anh hudng to1 do bén két cau 6 t6 [1]. HE thong
treo gilip gidm céc tac dong trén lén xe trong qua trinh di chuyén, nd 1a lién két mém gilra banh
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xe va khung xe. Dong thoi truyén luc tir banh xe 1én than xe va nguoc lai dé xe ¢6 thé di chuyén
cung banh xe.

Pé danh gia chét lugng cua hé¢ théng treo vé mit dao dong, nhom nghién clru tién hanh
danh gia cac chi s6: bién d6 dao dong, tan s dao dong, gia toc dao dong, hé s6 ém diu cua
chuyén dong - K.

bé danh gia chat luong dao dong cua xe, nhdm nghién ciru s dung thong sO tan s dao
dong, gia toc dao dong va hé s6 ém diju chuyén dong - K dé danh gia chét luong dao dong cia
xe [2].

Tan s6 dao dong: n = 60 + 90 (lan/phut).
Binh phuong trung binh ciia cac cic gia tdc theo cac phuong X, Y, Z 1a [3]:

X'C<1,0(’%2)
Y;<O,7(’%2)
ZC<2,5(%2)

Hé s6 ém diu chuyén dong dugc xéac dinh theo tri sb6 cta bién do gia tdc Z hodc binh
phuong trung binh Z [3]:

12,5 - 18 5
«/1+001a) «/1+O,01.a)2 ‘

Hé s K cang nho thi d6 ém diu cia 6 t6 cang cao. Cac gi4 tri cho phép cia hé sb K:
+ Khi di lau: K =10 + 25
+ Khi di ngan: K =25 + 63
Do dic thu cta xe dién bd tri 4c quy & gdm xe, nén trong tim cua xe duoc ha thip, cai
thién kha ning dong hoc cua xe. Xe 6 t dién HaUI-EV2 dugc thiét ke dan dong cau sau, cau
truée chi c6 nhiém vu din hudng. Dé dam bao hé thong treo dap tmg tot Ve dao dong, d6 cung
virng va khong gian khoang lai ta sir dung hé thong treo Mc.Pherson cho cau trude. Cau sau co
tai trong 16n hon, nén yéu cau hé thong treo clg virng hon, dé dap tng yéu cau d6 chung ta st
dung hé thdng treo phu thudc sir dung nhip cho cau sau.
Bai bao nay s& khdo sat dao dong cua xe 6 t6 di¢n HaUI-EV2 theo md hinh h¢ khong gian
7 bac tu do, déng thoi dua ra cai tién dé hoan thién hé théng treo cua xe.

2. MO PHONG DAO PONG
2.1. Cac gia thiét khi xdy dung mé hinh

- B qua céc thay doi hinh hoc ctia hé thdng treo trong qué trinh dao dong.
- Coi khung xe 1a tuyét d6i cting.

- Than xe duoc gia thiét ddi ximg qua truc doc chinh giira ciia xe.

- O t6 chuyén dong déu.

- Trong qué trinh di chuyén banh xe ludn tiép xiic véi mat duong.

2.2. M6 hinh khao sat

Phan duoc treo (14 than xe, ngudi, acqui, dong co....) o thé coi 1a mot vat co khdi luong M
dit tai trong tim xe. Chuyén dong cua phan dugc treo 1 hop cia 3 chuyén dong: chuyén dong
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tinh tién theo phuong Z, chuyén dong quay xung quanh truc ngang Y, chuyén dong quay quanh
xung quanh truc X.

Momen quéan tinh cta khéi lugng phin treo voi truc ngang va truc doc di qua trong tim
phan treo twong ung 1a J pod e Phan dugc treo va phan khong dugc treo lién két voi nhau qua
cac bo phan dan hdi va giam chén cua hé thong treo dic trung boi cac hé sb dan hoi
Cy»C.p,Cyr,C,p vacac hé sb can giam chan la: K ,,K,,,K,,,K,,

Trong d6 cac chi sb:

1 - Dai dién cho phia trudc.
2 - Pai dién cho phia sau.
T - Pai dién cho bén trai.

P - Pai dién cho bén phai.

Phan khong dugc treo trude chia thanh 2 khéi lugng m,,,m,, . Mdi khdi lugng khong dugce
treo trudc lién két véi duong théng qua cac 10 xo ¢6 do cimg 1a C,,,,C,,, va cac giam chin co

hé s6 can K, ;,K - dai dién cho do cirng va d6 dap tat dao dong cua 10p xe trude.

Hinh 1. M6 hinh vat Iy mo6 phéng dao dong toan xe

Phan khéng dugc treo sau dai dién boi khdi co khdi lwong m, — bao gdm ca cau xe, nhip.
Va dugc chia thanh 2 khdi lugng nho m,,,m,,. Mdi khdi lugng khong duge treo trude lién két
voi duong théng qua cac 16 xo c6 do cimg 1a C,,,,C,,, v cac giam chin c6 hé s can
K, ,K,,p. Cécthong sb nay dic trung cho do dan hoi cia 16p Va‘l dap tit dao dong cua I6p sau.

Cau trude - doc 1ap nén chi cé chuyén dong tinh tién cua cau theo phuong Z ma khong co

chuyén quay quanh truc X. Cau sau - phu thudc, nén ngoai chuyén dong tinh tién ciia cau xe theo
phuong Z, con c6 chuyén dong xoay quanh truc X.
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2.3. Thiét 1ap h¢ phwong trinh vi phan

Dé co thé xéc dinh duogc cac thong sé dao dong ciia xe ta can phai tir mo hinh co hoc thiét
1ap dugc cac phuong trinh vi phan mo ta chuyen dong dao dong cua hé.

C6 rat nhidu phuong phap dé c6 thé thiét 1ap phurong trinh vi phan chuyén dong ctia co hé
nhu: phuong trinh Lagrange loai II hodc theo nguyén ly D’ Alambe [3].

Theo nguyén ly D’ Alambe: F+ ﬁqt =0 (1)
Trong do: F:la téng cac ngoai luc tac dung 1én vat.

F, gt - 1a téng cac luc quan tinh tac dung Ién vat.
0 day, chung ta xay dung mo hinh la mét co h¢ gém 5 vat: than xe, khoi lugng khong
dugc treo trudc trai-phai, l§h6i luong khong dugce treo sau va mat duong.
M0 hinh xay dung gém 5 vat:
* Vat 1: Than xe (phan khoi lugng dugc treo) coi nhu 1 vat ¢6 khoi lwong M dit tai trong
tdm G va cac momen quén tinh: J ,J . Chuyén dong cuia than xe 14 hop ciia ba chuyén dong:
+ Chuyef:n dong tinh tién theo phuong Z tng véi toa do suy rong Z.
+ Chuyén dong quay quanh truc Y twong ng toa do suy rong ¢.
+ Chuyén dong quay quanh truc X tuong Uing toa do suy rong .

Z1P Z1T
Kipl op Kirl €
2 =
C =5
1PRL1P C|_1p 1TrKL1T CL1T
q q
1P 1T

Hinh 2. M6 hinh dao dong khéi luong khong duge treo trude trai, phai

*Vat 2 va 3: Cac khdi lugng khong duoc treo phia trude bén trai, phai va treo phu thudc
phia sau.

+ Khoi lugng khong duge treo trude coi nhur 1a hai vét c6 khoi lugng bén trai va bén phai
1& m,,,m,, chuyén dong tinh tién theo phuong Z tuong rng toa do suy rong &,,,&,,

Hinh 3. M6 hinh dao dong khéi lugng khong duoc treo sau
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* Vat 4: Khdi lwong khong treo ciu sau - cau xe, nhip va banh xe.

+ Khbi luong khong dugc treo sau coi nhu la mét vat co khéi lugng my, chuyén dong tinh
tién theo phuong Z tuong tng toa do suy rong Z,, chuyén dong quay quanh truc X véi toa do suy
rong f.

+ Pugc chia nho thanh hai vat c6 khdi lugng bén trai va bén phai 1a m,,,m,, chuyén
dong tinh tién theo phuong Z tuwong ting toa do suy rong &,,,&,, .

*Vat 5: Mat duong - 1a ngudn kich thich 6 t6 dao dong va 1a mot tap hop cic map mod
ngiu nhién trén toan bd chiéu dai cia n6. Kich dong mit duong co thé ¢ dang tuyén tinh hoic
ham ngau nhién.

Sau khi dd phén tich xe thanh cac vat riéng biét véi day du cac dai lugng can thiét s& lap
phuong trinh vi phan mo6 ta dao dong cua co hé theo nguyén Iy D’ Alambe.

Nhu vay, sau khi phén tich va xdy dung phwong trinh vi phan cho timg vat da thiét lap
dugc hé phuong trinh vi phan todn hoc gdm 7 phuong trinh vi phdn mé ta dao dong cta co hé.

_MZ_[FC1T+FK1T] [FC1P+FK1P] [C2T+FK2T] [C2P+FK2P] 0 2)

_Jy¢+a[FC1T+F1T]+a[FC1P+FIP]_b[FCZT+FK2T]_b[FC2P+FK2P]=O (3)

B B
-Jy 9"‘ [FC1T+FK1T] T[FCIP+FK1P]+7S[FC2T+FK2T]_7S[FC2P+FK2P]:O (4)

jzﬁzi (-F,, +F,, +F,,~F,,) (5)
mZ, =(Fyy = Fppp)+ (Fyp = Fpsp) (6)
—myp&ip + [Ferp + Feap |+ [Fenp + Franp] =0 (7
-ty 4 Foyy + B [+ [y + Fy |20 (8)

2.4. Ung dung Matlab Simulink mé phéng dao dong

Dua vao h¢ phuong trinh vi phan m6 ta dao dong cta toan xe 6 to, str dung cac khdi chirc
nang trong Matlab - Simulink d& m6 phong mé hinh dao dong khong gian cua 6 t6. Sau do tien
hanh giai h¢ phuong trinh va dua ra dugc cac thong s6 danh gid dao dong cta toan xe [4].

2.4.1. So dé tong thé

So db tong thé mo phong md hinh dao dong khong gian dya trén hé phwong trinh vi phan
dao dong cua co hé nhu hinh 4.

So do tong thé chira cac khdi chirc nang riéng, mdi khdi thé hién cac phﬁn tir dac trung cua
mo hinh. Ban than cac khdi ciing chira trong long né cac khéi chirc ning cu thé dé xir 1y céc tin
hiéu vao va ra. Trong d6 c6 cac khdi xir 1y chinh nhu: Khdi cu trude trai, khdi cdu trude phai,
khéi cau sau, khdi than xe va khdi mat duong. Véi cac didu kién vé kich dong tir mit dudng
khac nhau, khdi mit duong nay s& thay doi tin hiéu dau vao tir d6 thu duoc cac dao dong va kich
thich twong tmg tac dung 1én hé théng treo va toan xe.
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Hinh 4. So 6 tong thé mo phong dao dong toan xe
2.4.2. Khéi “Khung xe”

Bao ham cé 3 phuong trinh vi phan:

+ Chuyén dong tinh tién ctia trong tdm than xe theo phuong Z.

+ Chuyén dong quay cua than xe quanh truc x twong trng toa dj suy rong la 6.

+ Chuyén dong quay quanh tryc y tuong (mg toa do suy rong 1a ¢.

Khdi “Khung xe” chira 3 khdi chirc ning la: Khdi “Z”, khdi “phi” va khdi « teta” tuwong
ung voi cac dao dong cua than xe, hinh 5.
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Hinh 5. So dd mé ta khéi khung xe
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Céac khdi chuc nang khac nhu khéi cau trude trai, phai; khéi ciu sau va khdi mat duong
ciing duge so 6 hoa bang Simulink dé mo phong cac thong sé trong hé thong treo xe dién
HaUI-EV2. Sau khi xdy dung so d6 mé phong trong moi truong Simulink, ta nhap cac théng sb
ctia xe (bang 1) va thu dugc két qua mo phong ¢ phan sau.

Bang 1. Thong s khao sat dao dong ciia xe 6 to dién HaUI-EV2

Théng s Ky hiéu | Gia tri Théng s Ky hiéu | Gia tri

Khoang cach tir toa do trong H¢ sb can cua giam chin _
tam xe dén cau trudc (m) a 1.087 trude bén trai va phai (N.s/m) Kir=Ku 74
Khoang cach tir toa do trong H¢ sb can cua giam chén sau _
tam xe dén cau sau (m) b 0.773 bén trai va phéi (N.s/m) Kor=Kor 3000
Khoéng cach vét hai banh xe B 1335 H¢ sb can giam chan cua lép Kiir= 20
cau truge (m) ! : trudc bén trai va phai (N.s/m) Kpip
Khoang cach vét hai banh xe H¢ sb can giam chan cua 16p Kior=

) B 1.345 ; . 20
cau sau (m) s ' sau bén trai va phai (N.s/m) Kiop
Do cliing cia treo trudc bén _ Khéi lwong khong duoc treo _
tr4i va bén phai (N/m Crr=Cir | 18000 1 e iri va bén phai (ke) mir=me |10

P
Do cling cua treo sau bén trai _ Khdi lugng khong duoc treo
va bén phai (N/m) Cor=Cor | 28271 | () (ke) m; 60
Do cung cua cac 16p trude bén Cuir= M6 men quan tinh theo truc
rai va phai (N/m) Cop | 0900 X (kgm?) h 0
b0 cung cua cac 16p sau bén Cior= Mo men quan tinh theo truc
tr4i va phai (N/m) Coe | 149990 | v (kg md) L 1051
Khdi lugng toan bo xe (kg) M 1165

3. KET QUA MO PHONG VA THAO LUAN
3.1. Panh gia dao djng cia xe

Céc thong s kich dong dau vao ctia mat dudng duoc cho nhu dudi day:

- Trudng hgp ham kich dong dang STEP

- D6 cao cua xung H = 42 (mm)

- Van toc cua xe la V = 5(m/s). )

Ham xung kich dong dang step dugc str dung trong bai todn nay dugc gia thiét la cung tac
dong 1€n hai banh xe trai va phai tai cuing mot thoi diém.

DAO BONG THEO PHUONG THANG PUNG

0.08
=== Dutmg
—_ | —z |
£ 0.06
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o U.04 : /
o :
8 ¥
0.02 - | .
|
i
D L 1 1 1 1
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Time (s)
Hinh 6. Dao dong khung xe - Z
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GIA TOC THEO PHUONG Z
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Hinh 7. Gia toc dao dong theo phuwong Z

Tir cac dd thi trén co thé théy, giai doan qua do thé hién rat rd voi bién do dao dong va gia
tbe dao dong lon, va mirc d§ dao dong 16n hon rat nhiéu so véi truong hop 2. Sau d6, dao dong
dang tat dan, sau 5(s) gan nhu khong con hién tugng dao dong, hinh 6 va 7.

Diéu trén 13 phu hop vei ly thuyet dao dong [1], do trong truong hop nay kich dong tur
mdt duong dang xung nén tbe do thay d6i 16n, din dén hé dao dong chiu mot Iyc kich thich dao
dong rét 16n trong thoi gian ngan

O day, chiing da d4nh gia hé s6 ém diu chuyén dong thong qua 2 trang thai:

+ Trang thai c6 gia tc dao dong 16n nhat.

+ Trang thai sau giai doan qué dd trang thai 6n dinh.

Ta c6 bang tinh toan cac thong s6 nhu sau (bang 2):

Bang 2. Bang xac dinh cac tiéu chi danh gi4 dao dong xe chua cai tién

Dai lrgng Lén nhit Panh gia On dinh Panh gia
Tén s dao dong (dd/phut) 76,92 Dat 85,67 Dat
Gia téc lac doc (rad/s?) 9,64 Chua dat 0,94 Pat
Gia toc thang dimg (m/s”) 7,99 Chua dat 0,97 DPat
Hés6 K 175,51 Chua dat 18,06 Pat

Cac chi ti€u danh gia trong truong hop cuc dai déu khong dat yéu cau, tuy nhién do thoi
gian dién ra rat ngan chi 0,39 (s), cho nén két qua trén 1a chdp nhan dugc. Tuy nhién, cn cai
thién lai cac thong sb cuia hé thdng dé co thé han ché cac gia tri qua mirc cho phép trén.

3.2. Trudong hop thay dbi d§ cirng nhip

Dé giam gia tdc trong qua trinh dao dong, chung ta cé thé giam do can nhdt ciia giam chan,
giam d6 ctmg cuia 10 xo hodc thay ddi thong s6 hinh hoc cua hé thng treo (chiéu rong co so,
chiéu dai co's,...) [5].

Tuy nhién, dé thay d6i mang lai hiéu qua t6t nhéat voi dicu kién it anh huong dén két cau
cua xe va thoi gian thuc hién nhanh chong nhét, thi chung ta nén lya chon cach thay ddi do cing
cua bo phan dan hoi trong h¢ théng treo.

Tur két qua kiém bén, nhip van con thira bén nén viéc giam do cling cua nh1p s€ khong anh
huong nhidu dén do bén cua hé thong treo. Do d6, nhém nghién ciru tién hanh giam bé rong cua
ctia nhip tir b = 55 mm xubng con b = 50 mm. Két qua tinh toan 1 c6 bd nhip méi co6 do clng
C =25700 (N/m).
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Sau khi mo phong dao dong, cac chi tiéu danh gia cua xe sau thay ddi két cdu va so sanh
két qua do véi khi chua c6 thay doi. Viéc so sanh dugc thuc hién bang x4c dinh ty 1€ cua tri s6
cac chi tiéu cua xe sau thay doi, chia cho xe trudc khi thay do1 ¢ trang thai 6n dinh (bang 3).

Biang 3. Bang xac dinh cac tiéu chi danh gi dao dong ciia xe sau khi thay ddi thong s6 két cau

Dai lwgng Lén nhit So sinh véi xe chwa thay d6i (%)
Tan s6 dao dong (dd/phut) 77,92 95,07
Gia téc lic doc (rad/s?) -9,64 89,66
Gia toc thang dimg (m/s’) 7,99 88,80
Hés6 K 174,57 68,26

Tir bang trén co thé thiy, hé sé K ciia trudng hop sau cai tién c6 gia tri thap hon ban dau
nhiéu va co ty 1é thay ddi % I6n nhét twong tng véi 68,26%. Dudi ddy 1a db thi so sanh dao dong
ctia xe trudc khi thay doi véi do ctig C = 28271 N/m va sau v6i do ctg C = 25700 N/m trong
truong hop chiu kich dong dang Step tur mat duong, hinh 8 va 9.

SO SANH DAO PONG THAN XE
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Hinh 8. So sanh dao dong than xe thep phuong Z

Tir d6 thi trén ta thiy, xe sau khi cai tién c6 bién do dao dong thap hon so voi khi chua cai
tién, va thoi gian dap tat dao dong ciing nhanh hon.

GIA TOC DAO PONG THAN XE THEO PHUONG Z
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Hinh 9. So sanh gia toc dao dong theo phuong Z
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Tir d6 thi trén ta thiy, gia toc dao dong ciia truong hop sau khi cai tién c6 bién d6 thap hon
khi chua cai tién. Nhu vay, s& _giam dugce tac dong co hai dén hanh khéch; ting d6 ém ai cho xe
va giam tac dong dén khung gan cua xe.

4. KET LUAN

Bai bao da xay dung dugc md hinh dao dong khdng gian, 7 béc tu do cua 6 t6 dién HaUI-
EV2, v6i hé thdng treo ciu trudc dang Mc.Pherson va treo ciu sau dang phu thudc st dung nhip.
St dung ham kich dong Step dé xac dinh, danh gia mic d6 dao dong cua hé thong treo. Thong
qua phan mém Mathlab-Simulink, dwa ra dwoc cac thong sb danh gid cho dao dong ciia xe nhu
tan s6 dao dong, bién do, gia téc dao dong. Pong thoi danh gia qua “h¢ s6 d6 ém diu chuyén
dong”, qua do dua ra dé xuat thay ddi do climg cua bod phén dan hoi dé ting do ém diu cho hé
thdng treo nhung van dam bao d6 bén, climg virng cua hé thong.
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