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Air suspension systems are becoming increasingly popular on heavy
duty vehicles to improve driving comfort and road holding. This study
focuses on evaluating the ability to reduce dynamic loads at the axles of
semi-trailers using air suspension systems compared to semi-trailers
using spring suspension systems. Firstly, a vertical dynamic model is
proposed for semi-trailers with two types of leaf spring suspension
systems and air suspension systems for the two axles of the semi-
trailer, the middle and rear axles of the tractor, while the front axle of
the tractor uses a leaf spring suspension system. The air suspension
system is built based on the GENSYS model, while the remaining
structural parameters are considered the same. The system of
differential equations describing the entire mechanical system is
established based on D'Alembert's principle combined with the
principle of multiple body mechanical systems. Matlab/Simulink is
used for simulation and evaluation calculations. Simulation results
show that semi-trailers using air suspension systems are significantly
improved compared to semi-trailers using spring suspension systems.
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Xe tai hang nang
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Hé¢ thdng treo khi nén
Hé thdng treo dang nhip
Tai trong dong

Hé thong treo khi nén ngay cang trd nén phd bién trén cac phuong tién
van tai hang nang dé cai thién sy thoai mai khi 1ai xe va kha ning bam
duong. Nghién ctru nay tap trung danh gia kha nang giam tai trong dong
tai cac truc clia xe somi ro moéc sir dung hé thong treo khi nén so véi
xe somi romodc su dung hé thong treo dang nhip. Pau tién, md hinh
dong luc hoc thing dimng dwoc dé xuat cho xe somi romodc v6i hai loai
he thong treo dang nhip, va dang khi nén cho hai truc tai somi romoodc,
Cau giira va cau sau cia dau kéo, trong khi truc trudc cua dau kéo sir
dung hé thong treo dang nhip. Hé thdng treo khi nén duoc xay dung dua
trén mo hinh GENSYS, trong khi d6, cac thong sb két cau con lai dugc
coi 1a nhu nhau. Hé phuong trinh vi phin mé ta toan co hé duoc thiét
lap dira vao nguyén ly D'Alembert's két hop nguyén 1y co hé nhiéu vat.
Matlab/Simulink dugc sir dung dé mé phong va tinh toan danh gia. Két
qua md phong cho thiy xe somi romodc sir dung hé thdng treo khi nén
duoc cai thién dang ké so véi xe somi ro modc sir dung hé thong treo
dang nhip.

DOI: https://doi.org/10.34238/tnu-jst.9821

" Corresponding author. Email: Idlich@dut.udn.vn

http://jst.tnu.edu.vn

142 Email: jst@tnu.edu.vn


https://doi.org/10.34238/tnu-jst.9821

TNU Journal of Science and Technology 229(10): 142 - 149

1. Gioi thigu

Xe somi romooc 1a mét phuong tién quan trong trong viéc van chuyen hang hoa trén toan thé
gioi. Phuong tién nay da dong gop dang ké vao sy phat trién kinh té-xa hoi va phat trién nganh
van tai, nhung do tinh chét van chuyén hang hoéa ning cia nhiing phuong tién nay, duong phai
dugc bao vé mot cach nghiém tic.

Yéu té chinh gay hu hong duong la ap luc mat dudng tai ving tiép xtc voi 16p xe. C6 hai gial
phap co ban dé giam tai trong cuia 1p tac dung xuong duong, do 1a (1) tang dién tich bé mit tiép
xuc ctia banh xe va/hodc (2) giam tai trong cua 16p bao gom ca tai trong tinh va tai trong dong.
Tai trong tinh clia cac phuong tién tuan theo quy dinh cia tung quoc gia, do d6 viéc giam tai
trong dong cia cac banh xe trong qua trinh di chuyén s& nham muc tiéu giam tai trong ctia banh
xe tac dung xudng nén duong. Tac gia Cebon va cong sy [1] da dua ra cac giai phap giam ap luc
1én duong, bao gorn: (1) str dung tryc doi, truc ba; (2) lop doi, cac loai xe hang ning déu da ung
dung nhirng gidi phap nay.

Bén canh cac giai phap néu trén, viéc giam tai trong dong cta xe somi ro modc ciing rat can
thiét, co thé thuc hién bang hai phuong an d6 1a: sir dung hé thdng treo didu khién [2] — [4] va sit
dung hé théng treo phan tir dan hoi phi tuyén tinh, chang han nhu 10 xo khi nén [5] — [7]. Hé
thdng treo diéu khién bao gdm diéu khién ban tich cuc va diéu khién tich cuc, trong d6 hé thong
treo diéu khién ban tich cuc c6 do cimg thay ddi da duoc 4p dung nhu trong [8] — [10], tac gia sir
dung giam chn dién tir thay cho giam chan bi dong théng thuong. Khi c6 tin hi€u dong dién
cung cap o1 cac ban cyc bén trong giam chan, tir trudng s& xuat hién xung quanh cac ban cyc va
lam thay d6i trat tu sap xép cua cac hat mat sat bén trong. Ket qua la dan dén thay d6i do clng
cua giam chin. Bén canh d6, hé thong treo chu dong véi co cAu chap hanh thuy lyc dugc dé cap
trong [11], [12], loai hé thdng treo nay vin c6 day du cac thanh phan nhu ciia mot hé théng treo
bi dong thong thudng nhung duge tich hop thém mét co cau chap hanh thiy luc riéng biét tai mdi
vi tri cia hé thong treo. Luc tac dong dugc sinh ra tir co cAu chép hanh ¢6 thé giap dam bao su on
dinh cua xe trong sudt qua trinh dao dong. Tuy nhién, hé thong treo c6 diéu khién khong hiéu qua
vé mit chi phi d6i v6i loai phuwong tién vén tai hang ning nay do chi phi san xuét cao va muc tiéu
thu ning luong cao ciia hé thong diéu khién. Phuong 4n kha thi duoc nghién ctru d6 1a sir dung hé
thong treo khi nén c6 thé thay thé cho h¢ thong treo dang nhip thong thuong, tirc 1a str dung 10 xo
khi nén thay cho 10 xo kim loai truyen thong [13] — [15]. Do clmg ctia 16 xo khi nén dugc thay doi
mdt cach linh hoat dua trén sy cung cap khi nén vao cac khoang ctia 16 xo0. Qué trinh cap khi dugc
thyc hién hoan toan ty dong dya trén viéc dong — md cdc van solenoid. Vi véy, day con dugce goi la
hé thdng treo khi nén. Pé 1am co s danh gia muc do giam tai trong dong cua h¢ thong treo khi nén
d6i voi hé thong treo dang nhip, didu quan trong 1a phai thiét 14p mé hinh dong hoc thang dimg
hoan chinh cta ddi tuong nghién ctru st dung ca hai hé thong treo néu trén, dé xac dinh cac dic
tinh cua phan tir dan hoi, voi didu kién cac thong sb két cAu khac cua xe khong dbi.

Muc dich cta bai bao 1a danh gia kha nang giam tai trong dong clia somi ro mooc bang cach
sir dung hé thong treo khi nén (101 voi hé thong treo sir dung nhip. Nhiing dong gop cua bai viét
nay dugc liét ké nhu sau: 1) Dé xudt md hinh dong luc hoc theo phuong thing dimg cua somi
romodc 5 tryc trang bi hé thong treo dang nhip va dang khi nén. H¢ thong treo nhip dugc st dung
cho cau trudc cua dau kéo va hé thong treo khi nén dugc trang bi cho 2 cau giita, cau sau cta dau
kéo va cho somi romoéc. Hai hé thdng treo nay dugc trinh bay du6i dang hai mé hinh, trong dé
hé thdng treo khi nén dua trén mé hinh GENSYS va duoc tich hop vao mé hinh xe. 2) M6 phong
va danh gia wu diém cua hai hé thong treo nay.

Bai bao duoc sip xép ciu trac nhu sau: Sau phan giéi thiu, phan 2 trinh bay dong luc hoc cua
somi romodc bao gém x4y dung mé hinh dao dong, dong luc hoc cia nhip va khi nén, phan 3
trinh bay két qua mo phong dé dénh gia hai loai hé thng treo trén, va phan cubi cing 1a két luan.
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2. Pong luc hgc ciia xe somi romodce
2.1. Xdy dwng mé hinh dao dong

Mo hinh dong lyc cua 6 t0 trong mat phang doc dugc xay dung dua trén mot s6 gia thiét vat
ly: khung cua xe la mét vat rin tuyét ddi; bo qua cac bién dang udn, xodn cua khung xe; duong
tam truc cua cac cau xe chuyén dong trong cac mat phing vudng goc voi mit phang dbi xtmg doc
xe; bo qua mé men quan tinh cia cdc cau xe d6i VOl truc quay cua banh xe; bo qua dao dong
ngang cua xe, su tiép xtic cua banh xe voi duong la tiép xuc diém; bo qua dao dong cua dong co,
hé théng truyén lic va coi map mo cua mit dudng 1a ngudn kich thich dao dong duy nhat.

Vi nhing gia thiét, so dd mo hinh dao dong ctia xe somi romodc trong mit phang doc dugc
mo t4 nhu trong hinh 1.

Z
@
I; m;
K, Ca E
My :.
Ky C, i
9 !
N

Hinh 1. M6 hinh dao déng ciia doan xe somi romodc trong mdt phing doc

Trong do6 : q,, 0,, 05, 0,, 05 - bién dang mdt duong;

K Kizr Kigi Kigy Kisy G, G Cts, C.,,C,, - tuong Umg la do cimg va hé so can gidm chan cua
1op dan hoi cau trudc dau kéo, cau gitra dau kéo, cau sau dau kéo, ciu trude somi romode, cu
sau somi romooc; Cy,C,,,C;,C,,,C, - tuong tmg 1a hé¢ so can giam chan cta h¢ thong treo cau
trudc dau kéo, cau gitra dau kéo, cau sau dau kéo, cau trude somi romooc, cau sau somi romooc;
K.,,C, - twong ung 1a d§ cing va h¢ so can giam chan cua yén ngwa; m,,m,,, My Myg Mys -
tuong tmg 1a khéi lugng khong dugce treo cua cau trude dau kéo, cau gitta dau kéo, cau sau dau
kéo, cau trude dau kéo, cau sau somi romodc; m,,m, - tuong tng 1a khoi luong dugce treo cua

I, - trong g 1a m6 men quén tinh ddi vai truc di qua trong tim khi

dau kéo, somi romooc; I, 1
lugng dugc treo cta dau kéo, somi romooc; Z ,Z,, - tuong Ung la chuyén vi theo phuong thang
dung khoi luong dugc treo cta dau kéo, somi romodc; @, @, - tuong tng la goc lac khoi luong
duoc treo cua dau kéo, somi romoée; K, F,, s,
xuong duong cau trude dau kéo, cau gitra dau kéo, cau sau dau kéo, cAu trude somi romode, cau

F 4 Fs - twong tng 1a luc tdc dung cta banh xe
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sau somi romooc; K, K, KS3, K., K- trong g 1a do cling cua phan tir dan hdi cau trudc,
cau giita, cau sau dau kéo va cau trudc, ciu sau somi romooc Z,,,Z,,, Zus,Zu 4 L5 - tuong Ung la
chuyén vi theo phuorng théng dung khoi lugng khéng dugc treo clia cau trude dau kéo, cau giﬁa
dau kéo, cau sau dau kéo, cau trudc somi romode, cau sau somi romoéc; Z,Z,, ZS3,ZS4, Z,
tuong mg 1a chuyén vi theo phuong thang dung ciia khéi lugng dugc treo tai vi tri cau trude dau
kéo, cau gilia dau kéo, ciu sau dau kéo, ciu trude somi romodc, cau sau somi romooc; Z Z,
tuong tng 13 chuyén vi theo phuong thang dung cua khéi lwong duoc treo cua dau kéo va somi
romodc tai vi tri yén ngua, tirc 1a diém lién két gitta dau kéo va somi romodc.

Céc phuong trinh vi phan dong lyc hoc cia m6 hinh dao dong xe somi romodc dugc xay dung
dua trén nguyén ly D’ Alembert [16], cac phuong trinh dong luc hoc miéu ta nhu sau:

ns’?

m,.Z, =K,.(q, -Z,)+Cy.(¢, - Z,)-F, —Cy.(Z,~ Z,) (1)
m,.Z,, =K., ~Z,,) +C.(¢, = Z,,) —F,, ~C,.(Z,,— Z.,) (2)
mus'zus = Kts-(% - Zu3) + Ct3'(q3 - Zu3) - Fz3 _Cs3'(zu3_ Zss) (3)
m,.Z,=F, +Cy.(Zu—Zxa)+F,, +Cy,.(Zuz—Zs2) + F, @
+C..(Z,s—2)-K,.(Z,-2,)-C,.(Z,- Z,))
.6, =[F, +'csl.(‘z'u1— Za)la—[F,, +C.,.(Zu— Zsz?].b | )
—[F,s + Coy.(Zys— Z.)1.(b+L)+K, (Z, = Z,.) +C,.(Z, - Z,)]C
m,,.Z,, =K (a, —2Z,4) +Ciy(d, —Z,.) —F,, —Cy.(Zyu— Z.,) (6)
Ms.Z s = Kis.(0s — Zy5) + Cig (G — Zys) — Fs = Coso(Zys— Z,s) (7

msr'zsr = Fz4 + Cs4'(zu4_ Z54) + FzS + CsS'(Zus_ Zss) + Kn'(zr - Z ) + Cn'(zr_ an) (8)
sr gosr [K (Z Z )+Cn'(zr_ an)]'ar_[Fz4 + Cs4'(zu4_ Zs4)]'(br - Llr) Fs4'(br + Llr) (9)

Quan h¢ dong hoc gitra cac chuyén vi: Céc thi nghiém thuc té cho thay trong cac dleu kién
chuyén dong thong thudng, cac goc lic ctia than xe va cac cau thuong rat nho nén co thé sir dung
céc cong thire gan dung. Khi d6 chuyén dich ctia than xe tai cac vi tri lip dat hé thong treo & banh
xe tht i ¢6 thé duoc xac dinh:

Z,=7 +algp, ~Z +ag, (10)
Zsz = Zs _btg¢s ~ Zs _b'¢s (11)
s3 :Zs _(L1+b)tg¢s zzs _(L1+b)'¢s (12)
= Zsr - (br - L;r )tg¢sr ~ Zsr - (br - %)'¢sr (13)
2o =2, (0, + 2100, =2, - (0, + )4, (1)
Chuyén vj tai diém lién két giira dau kéo va somi romooc nhu sau:
Zn = Zs _C'tg¢s ~ Zs _C'¢s (15)
an = ZSF + a‘I’ 'tg¢sr ~ ZSF + ar '¢SI’ (16)

2.2. M6 hinh déng luc hoc nhip ciia hé thong treo bi dong

Gia thiét khdi luong ctia hé thong treo dugc chia déu cho phan khéi lugng duoc treo va phan
khoi Iugng khong dugc treo gom truc gitta va truc sau, mo hinh dong lyc hoc ctia hé thong treo
thang bang chi gdm phan tir dan hoi Kg va phan tr giam chan Cs (g0m can giam chan trén truc
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giita, truc sau va can ma sat trong phan tir din hudng quy dan) thé hién trén hinh 2, diém A 1a
diém ndi voi khung xe tai vi tri truc thing bang, diém B 1a diém nbi voi tryc gitra va diém C la
diém ndi véi truc sau. Poan BC duogc coi 1a thanh cimg tuyét ddi khong khéi lugng. M,,;1a tong
mo men can ma st trong phan tir dan huéng va mé men can nhét do cac phan tir giam chén dat
tai cac tryc giira va tryc sau cla dau kéo.

s3n

Cau sau dau kéo Somil romodc
b)

Hinh 2. Hé thong treo sir dung ld nhip: (a) két cau, (b) so do mé hinh

Phuong trinh dong lyc hoc cta hé théng treo ciu sau dau kéo:

s2n :@_ MSZS ) Fan 2@4_ MSZS (17)
2 L 2 L
, Zion +Zyan uon T z . .
TI'Ol’lg do: FsZS = K523 (ZT 523) C523 (ZT 2523) ) M523 = C523 (Zu3n u2n) Ll
Tuong tu phuong trinh dong luc hoc cua hé théng treo cho somi romodc:
san — E - MS45 ) FsSn = ﬁ + MS45 (18)
2 L, 2 L,
, Zyn+2 Zu .+ Z ;
Trong do: F5 =K (4T Z5)+Cyss (4T 545) M5 =Cys (Zu5n u4n) L
2.3. M6 hinh déng lwc hoc hé thong treo khi nén
F

binh khi phu

Hinh 3. H¢ thong treo khi nén: (a) mé hinh vat Iy, (b) mé hinh GENSYS
Co s toan hoc ctia md hinh hé théng treo khi nén phu thudc vao cac qua trinh dong luc hoc
va nhiét dong hoc phirc tap ctia khi nén bén trong hé thong [17]. P€ nghién ctru dac tinh dong luyc
hoc cua 1o xo khi nén, bai bao nay st dung mo hinh GENSYS [18], [19] dugc gidi thi€u trén hinh
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3. Trong d6: V,,, p, va A - lan luot 14 thé tich, p suat tuyét dbi va tiét dién mat cat ngang ctia
khi nén trong 16 xo khi nén; V., va p,, - 1an luot 14 thé tich va ap sut tuyét dbi cua khi nén trong
binh khi phy; A) va | - 1an luot 1a tiét dién mit cat ngang va chiéu dai duong ong ndi 16 xo khi

nén va binh khi phy; Z, Z;, lan luot 13 bién dang ctia 10 xo khi nén theo phuong thang dimg

than xe va banh xe tuong ung tai cau thi i (i=2, 3, 4, 5); chuyén dong ciia khi nén gitra 10 xo khi
nén va binh khi phu dugc dic trung bang khéi lugng M va bién dang W, ; cac hé s6 K_,, K,
déc trung cho d¢ ctng cta khi nén trong 16 xo khi nén va binh khi phy, C,; ¢6 lién quan dén van
tdc chuyén dong ctia dong khi va tao ra can giam chén; n 1a chi s6 nén da bién.

Tai trong tinh tac dung 1én 10 xo khi nén dugc xac dinh nhu sau:

le =,( pO - pa)A% (19)
Phuong trinh dong lyc hoc cia hé théng treo khi nén nhu sau:
I:si = Kez (Zuin ) +K (Zum - - ) (20)
Mwsi (Zum ) C si SIQn( ) (21)
2
Trong do: K., =p°—A"n, K, = Kezv —IpApp( —0 ) (Ae Vio —0 )3
bo +Vro Vo | A VbO V A, Vi +V

C, =05pk A,

3. Két qua mé phéng

Pé md phong dao dong cua xe somi romodc dua trén co s¢ cac phuong trinh dong luc hoc,
nhom tac gia st dung phan mém Matlab/Simulink va khi tinh toan mé phong cho xe somi
romodc st dung hé thong treo khi nén va hé thong dang nhip voi diéu kién dau vao giong nhau.

Ngudn kich thich tir bién dang mit dudng c6 dang hinh sin: = g,Sinat, trong do
0, =0.07m- Bién d6 mip mo mit duong; w=27f=20rad/s- Tan s6 kich thich;
V =20km/h- Van téc chuyén dong; S, =3.5(m).

Luc dong banh xe anh hudng dén chi tiéu an toan chuyén dong va kha niang pha huy dudng,
bién do lyc dong banh xe cang 16n thi kha ning mit tinh an toan va mirc do pha hily dudng cang
cao. Tir d6 thi luc dong banh xe tac dung xudng nén duong duoc thé hién trén hinh 4, hinh 5,
hinh 6, hinh 7, hinh 8 dé thay 0 to st dung hé thong treo khi nén gitp c6 bién do luc dong cua
banh xe nho hon dang ké so v6i hé thdng treo dang nhip, diéu nay gop phan nang cao an toan
chuyén dong, do bén cho xe, va giam kha nang pha huy duong, nang cao tudi tho  dudng. Gia toc
ctia than xe 13 théng sé quan trong giup danh gia d6 ém diu cua 6 t6 khi di chuyén. Gia toc than
xe thé hién trén hinh 9, hé thong treo khi nén c6 gia toc dich chuyén 16n nhat khoang 3 (m/s?), véi
hé thdng treo dang nhip gia toc dich chuyén 16n nhét khoang 6 (m/s?). Nho vao viée sir dung hé
thdng treo khi nén, do ém diu ciia xe duoc dam bao tt hon, tir 6 thiy rang hé thdng treo khi nén
wu viét hon so voi hé thng treo dang nhip.

Duong

— = —HTTNhipla
HTT Khi nén

155

Ft1 [N]
Ft2 [N]

Time [s] Time [s]
Hinh 4. Lyc dong banh xe tdic dung xuong nén duwong  Hinh 5. Luc dong banh xe tdc dung xuong nén
0 cau trudc dau kéo dwong o cau gitta dau kéo
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= = =HTT Nhip la

; — = —HTTNhipla
08l —te . g HTT Khi nén

Fi3 [N]

Ft4 [N]
S

Time [s] 0 1 2 3 4 5 6 7 8 9 10

Hinh 6. Luyc dong banh xe tac dung xuong nén dwong

T R Hinh 7. Lyc dong banh xe tic dung xuéng nén
0 cau sau dau kéo

dwong ¢ cau trudc somi romooc

x10*

' \ ’ = = =HTTNhipla
HTT Khi nén

= = —HTTNhipla
HTT Khi nén

0 o " T A T T R
'n 1 r 1 T
‘o :l !

1 1
I

Zsdd [m/s?]
b & A b o o & oo ®

Time [s]

Time [s]

Hinh 8. Luc dong banh xe tdc dung Xuong nén duwong Hinh 9. Gia técadl‘ChA chu’yén thang dimg
6 Cau sau somi romodc Cuia dau kéo

4. Két luan

Bai bao trinh bay mot mé hinh dong luc hoc theo phuong thang dimg cho xe somi ro modc.
Mo hinh nay xét mot somi ro modc str dung hai loai hé théng treo gdm nhip 14 va 16 xo khi nén.
Mo hinh hé thong treo khi nén duya trén co s6 mo hinh GENSYS. Két qua danh gia va so sanh
cho thiy xe somi ro modc sir dung hé théng treo khi nén c6 thé giam tai trong dong dang ké so
v6i hé thong treo dang nhip. Két qua nghién ctru da ciing ¢b nhitng wu diém ctia hé thong treo khi
nén trén céac loai xe hang ning nham muyc dich it gdy hu hong mat duong hon.

Huéng nghién ciru trong twong lai ¢ thé bao gdm viée phat trién mé hinh hé thong treo khi
nén dua trén co sé md hinh SIMPAC, VAMPIRE, NISHIMURA cho xe tai hang nang.
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