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PHAN TiCH HIEU QUA HE THONG TREO CABIN XE PAU KEO
PEN PQ EM DIU VOI PHAN TU PAN HOI KHi VA LO XO

Bui Vin Cuong”, Canh Chi Huén, Lé Vin Quynh, Hodng Anh Tan

Tom tit: Pé dinh gia hiéu qua cua hai hé théng treo cabin xe dau kéo, mét mé hinh
déng liwc hoc dau kéo gom ghé ngoi diéu khién, cabin, khung dau kéo va cdc cau xe dirgc
thiét lgp dwdi kich thich dao déng map mé mdt dwong ngau nhién. Hai ddc tinh cia hé
théng treo khi va hé théng treo 16 xo cuia cabin lan luot khéo sdt va so sanh hiéu qua cua
chung dén asé ém diu dua vao tiéu chudn ISO 2631-1. Phan mém Matlab/Simulink dwoc sir
dung dé mé phong déng hec hoc va danh gia hiéu qua cia hai hé thong treo dén dé ém
diu. Cdc két qua nghién ciru lhay rang hé thong treo khi cabin dd ndng cao déng ké do ém
diu cua cabln So vdi hé thong treo 1o xo. Ngodi ra, cdc két qua nghién ciru la co s6 Iy
thuyét d@é téi wu thiét ké cho hé thong treo cabin theo hirdng ning cao dé ém diu.

Tir khéa: Xe kéo modc; Dau kéo; Hé théng khi nén; Hé théng treo 10 x0; M0 hinh dong luc hoc; Do ém diu.
1. GIOI THIEU

Nganh van tai hang hoa dong mot vai tro quan trong trong viée thuc day nén kinh té cta m6i
quoc gia phat trién. Chinh vi vay, chat lugng k¥ thuat cua cac phuong tién giao thong 1a mét mit
xich then chdt trong viéc ning cao tinh canh tranh gitra nha san xuit xe. Ngay nay, thi truong xe
dau kéo khong chi canh tranh vé hiéu suit van chuyén hang hoa, ma con canh tranh vé tinh an
toan chuyén dong cua xe dau kéo. Hé thdng treo ctia xe va hé thdng treo cabin ludén duge quan
tAm, nghién ctru hoan thién boi cac nha thiét ké va nha khoa hoc trén thé gisi. Nghién ciru anh
hudng ciia cac thong sb thiét ké hé thong treo dén d6 ém diu chuyén dong va sy than thién voi
mit dudng da duoc phén tich va danh gia dwa vao md hinh 12 bac ty do cua xe dau kéo [1]. Anh
huong cua cac diéu kién khai thac khac nhau dén do ém diu chuyén dong cua xe dau kéo duoc
danh gia boéi mo hinh dong luc hoc toan xe [2] va mo hinh dong luc hoc Y2 xe [4]. Nghién ciru
anh huong ciia dao dong dén hang hoa dugc dé xuat va danh gia dua vao mé hinh % xe [3]. Danh
gia hiéu qua hé théng treo khi nén dén do ém diu va kha nang than thién voi mat duong duogc dé
xudt boi tai liéu nghién ciru [5, 6]. Phén tich thyc nghiém dugc tién hanh do va danh gia hiéu qua
hé théng treo cabin dén d6 ém diu cua xe dau kéo khi xe hoat dong trén cac diéu kién mat duong
va tai khac nhau [7, 8]. Phén tich hiéu qua ém diu cta hé thong treo thuy khi ciia cabin may kéo
ndng nghiép dugc dé xuat dé so sanh hé thdng treo cabin ban chu dong khi may hoat dong duéi
cac diéu kién khai thac khac nhau [9]. Thong qua céc cong trinh nghién ctru, viéc danh gia hiéu
qua ém diu cua h¢ thdng treo khi cabin so v6i hé thong treo 16 xo tmyen thdng cabin xe dau kéo
voi kich thich ngau nhién chua dugc nghién ctru nhiéu. Do vay, ndi dung chinh ctia nghién ciru
nay tap trung chii yéu vao viéc xdy dung mo hinh dong lyc hoc V2 dau kéo cuia xe kéo modc dudi
kich thich dao dong ngau nhién mat duong va phan tich, danh gia hiéu qua ém diu ciia hé thong
treo khi cabin so véi hé thdng treo 10 xo truyén thdng cabin xe dau kéo.

2. MO HINH VA PHUONG PHAP
2.1. M6 hinh ddng luc hoc theo phwong dirng ciia dau kéo
'Dé danh gia hiéu qua ém diu cua hé théng treo khi nén ca‘pin so voi hé théng treo 10 xo truyén
thong cﬁ? cabin xe dau kéo, mot moé hinh dong luc hoc ¥ dau kéo xe kéo mooc véi 8 bac ty do
duoc thiét 1ap nhu hinh 1.
Giai thich ky hiéu hinh 1: z; 1an luot la chuyén vi theo phuong thang dung ciia cac cau xe; z,
Zc va z¢ 1an luot 12 chuyen vi clia ghe ngdi, cabin va than dau kéo, cabin; @c, ¢rr lan luot 1a goc lac

doc cua cabin va thén dau kéo. mj 1an luot 1a cac khdi lugng cc cau xe; ms, M va my 1a khéi
lugong cua ghe ng01, cabin, khung dau kéo; ks, ken, ki, ki VA Cs, Cen, Ci, Cii 1an luot 1a d cing va hé
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sd can cua hé thong treo dau kéo, cabin va 16p xe; Ij va r 1an luot 12 céc khoang cach; i 1an luot
la cac map moé mat duong (i=1+3, n=1+2; j=1+7).

Hinh 1. M6 hinh dong luc hoc % dau kg"o cuia xe keo mooc voi hai mé hinh hé théng treo phdn t
dan hoi khi va lo xo cua cabin.
2.2. Thiét 1ap hé phwong trinh vi phin mé ta dong luc co hé
Dua vao mé hinh dao dong hinh 1 cac phwong trinh vi phan dugc thiét 1ap mo ta dong luc hoc
cta co hé. Trong nghién ciru nay, tac gia sir dung nguyén 1y D’Alambe két hop co so ly thuyét
h¢ nhicu vét dé thiet 1ap hé phuong trinh vi phan mo td dong luc hoc cua dau kéo. Fs, Fen, Fi va Fi
lan lugt 1a cac luc theo phuong thang ding cia hé thong treo gh€ ngdi, cabin va than dau kéo va
cac 16p xe, va n6 duogc xac dinh theo cac cong thirc (1). H¢ phuong trinh vi phan mé ta dong luc
hoc ctia co hé hinh la dugc xac dinh theo hé phuong trinh vi phéan bac 2 (2).
F; = [ks (Zs - ch) + Cs (Zs - Z.CS )]
F, =k, (ch T i ) e, (ch - Z/’rci)
F =k (Zfrbi —z)+¢ (Z‘frbi—z‘i)

F,

1)

i kli(zi _q1)+ Cli(zi =q,)
Trong do, Zes, Zci, Zirci VA Ziwi 1an lugt 1a cac chuyén vi cac dau nat va no c6 quan hé chuyén vi
tai trong tdm cua cabin va than dau kéo.
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2.3. Xic phan lyc theo phwong thing dirng ciia cac h¢ théng treo cabin

He¢ thong treo 16 xo cabin: Mot m6 hinh dong lyc hoc hé thong treo 10 xo cabin gdém phan tir
dan hoi 1a 16 xo va phan tir giam chén la giam chan thuy luc duge thé hién hinh 1b. Lyc theo
phuong thang ding ctia hé thong treo khi nén cabin dugc xac dinh theo cong thirc:

F, =k, (ch T L ) Ty (ZL-I = 2 ) 3)

Heé théng treo khi nén: Mo hinh dong luc hoc hé thépg treo khi nén cabin cl}o xe dau kéo
dugc str dung gom phan tir dan hoi la balon khi nén va phan tr gidm chan duoc the hién hinh 1c.
Luc theo phuong thang dung ctia h¢ thong treo khi nén cabin dugc x4c dinh theo cong thirc:

F, =k, (ch T L ) Ty (Zc-l ~ 2 ) 4

Trong d6, kar 13 do cing cua bd phan dan hoi balon khi nén [10], c6 thé dugc xac bang
phuong phap thuc nghiém hodc xac dinh béng nhiét dong luc hoc. Trong bai bao nay, do climg
Kair dugc xac dinh theo phuong trinh nhiét dong lyc hoc va no phu thudc vao thé tich, tiét dién va
thong s6 hinh hoc ciia phan tir ¢an hoi khi. Trén hinh 1c , do cimg cua phan tir dan hdi khi dugc
dinh nghia lyc dao ham cta lyc dan hdi bién dang theo phuong dung z=zp-za va dugc xac dinh
theo cong thic (5).

d(pA, dA 14V,
kair = ( ) = e - e (pO ) (5)
dz dz V. dz
Hiéu qua cua thé tich va dién tich duoc dinh nghia theo cong thtrc:
Ve = Vo -0z
(6)
A=A ta,z

Dua vao dinh luat nhiét dong luc hoc, néu qué trinh nén hodc qua trinh tra cia phén tir khi 1a
da 16n, qua trinh ndy dugc xem la qua trinh doan nhiét. Do do, trang thai khi ctia phan tir dan hoi
khi ¢6 thé dugc dinh nghia sau:

(P, +p, )V =(py+p,)Vy (7)

Trong do: Ve, Ae va z 1an luot 12 hiéu qua thé tich, dién tich va bién dang theo phuong thing
dung cua phén tir dan hoi khi; Vo va Ao 1an lugt 13 hiéu qua ban dau thé tich va dién tich; a1 va o7,
lan luot hé sb thay d01 hiéu qua the tich va dién tich theo bién dang z; Po va pe lan luot 13 ap sut
trang thai dau va cubi pa 1a ap suét khi quyén tiéu chuén, n 14 hé sé doan nhiét. Thay cong thic
(6) va (7) vao (5), ta c6 cong thirc tinh do cliing kair. Thay cong thitc (5), (6) vao (4), ching ta xac
dinh duoc gia tri d6 cing cia ph?m ttr dan hdi khi nén.

2.4. Nguén kich thich dao dong mip mé mit dwong ngiu nhién

Hién nay, map md mit dudng dugc miéu ta bang nhidu phuong phap nhu ham toan hoc don
gian (ham sin, ham xung vudng, tam gidc,...), ngau nhién. Trong nghién ctru nay, tiéu chuan
8068(1995) [11], mip mé cia mit duong c6 mat do phd Sq(no) va duoc dinh nghia bing cong
thirc thyc nghiém:

s n)=s, ) 2] ®

ny

Trong do: n la tan sb song ctia mat duong (chu ky/m); no 14 tan sé mau (chu ky/m); Sq(n) la
mat do phd chiéu cao ciia map moé mat dudng (m%chu ky); Sg(no) 1a mat do pho tai no (m*chu
ky) (phan loai tur map md mat duong rat t6t ISO loai A dén map mo mit dudng rat xau ISO loai
H); o 12 hé sb tan s6 duoc miéu ta tAn sb mat do phd cia mit duong (thuong ®=2). Him map méd
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mit duong ngau nhién duoc gia dinh 1a qua trinh ngau nhién Gauss va né duoc tao ra théng qua
bién ngau nhién Fourier nguoc:

v /2 s,
OEDY vnf ( )Af cos(2nf,, 1+, 9)
1 _ T

Trong do, f,,,=f + 2i-

3. CHI TIEU PANH GIA PQ £M DIU

Hién nay, dé danh gia dao dong cd nhleu phu'ong phap nhu danh g1a nhu phuong phap trén
mién thoi gian, phuong phap trén mlen tan $0,. Trong nghién cru nay, cac tic gia st dung
phuong phap phan tich gia tri gia tbc theo mlen thm gian. Pé danh gia anh huong cua dao dong
dén co thé nguoi, hiép hoi tiéu chuan qudc té da dua ra tiéu chuan ISO 2631-1(1997) vé danh gia
anh huong dao dong dén con nguol [12]. Theo tiéu chuan nay tan s6 dao dong kich thich tir
nguon phat kinh thich dén cac vi tri khao sat nim trong khoang tir 0.5 dén 80 Hz. Dé danh gia do
ém dju ghé ng01 nguoi 14i, cac tac gia chon chi ti€u danh gia theo tiéu chuan ISO 2631-1(1997)
va thong qua gia toc binh phwong trung binh dugc xac dinh theo:

a, = G [ (t)dt}z (10)

0

Trong d6: aw, 12 gia tbc binh phuwong trung binh; a,(t) 1 gia tdc theo thoi gian (m/s?); T 1a thoi
gian khao sat (S).

Piéu kién chu quan dénh gia d6 ém diu 6 t6 theo gia tbc binh phwong trung binh dya vao
bang 1.

Bing 1. Bang danh gid chu quan dé ém diu 6 t6 theo 1SO 2631-1[12].

awz (M/s?) Cap ém diu awz (M/s?) Cip ém diu awz Cép ém diu
(m/s?)
<0.315 Thoai mai 05+10 Khé chiu 1.25+25 RAt kho chiu
0.315+0.63 | Mot chut kho chiu | 0.8 + 1.6 | Khong thodi mai >2 Cuc ky kho chiu

4. MO PHONG VA PHAN TiCH
4.1. M6 phéng

Pé mé phong va phan tich hiéu qua ém diu cua h¢ thong treo cabin khi nén so véi hé¢ thong
treo cabin 10 xo, phan mém Matlab/simulink dugc dugc ap dung dé giai hé phuong trinh (1) v6i
bo théng sb tham khao trong tai liéu khi xe chuyen dong trén mat duong ISO loai B v6i van toc
v = 72 km/h. Gia toc theo phuorng thang ding ghé ngoi nguol diéu khién va Gia toc goc lac doc
clia cabin theo mién thoi gian dwoc thé hién trén hinh 2 va hinh 3.

2 2
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Hinh 2. Gia toc theo phwong thang ding Hinh 3. Gia téc goc lic doc cia cabin.

ciia ghé ngoi nguoi dieu khién.
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Tir céc két qua hinh 2 va h‘ln’h 3, ching ta xc dinh dugc cac gia tri gia toc binh phuong trung
binh theo phuong dimg cua ghé ngdi nguoi dieu khien (awz) va goc lac doc cua cabin (awe) th(?O
cong thie (10) cua tiéu chuén 1SO 2631-1. K&t qua cac gid tri aw, va awy khi dau kéo chuyén
dong trén mat duong ISO cap B véi van toc v = 72 km/h dugc the hién trong bang 2.

Bing 2. Két qua cdc gid tri aw, VA aws .
a,(m/s?) | a,(rad/s?)
H¢ thong treo cabin 10 xo 0.5880 0.4933
H¢ thong treo cabin khi nén | 0.4750 0.3896
% Nang cao do ém diu 19.2% 14.4%

Turcac két qua trong bang 2, ching ta thy ring cac gia tri gia tdc binh phuong trung binh ghé
ngdi nguoi diéu khién va goc lic doc ciia cabin véi hé thong treo cabin khi nén déu lan luot giam
giam xudng, diéu d6 chimg t6 d6 ém diu cabin voi hé thong treo cabin khi nén nang cao 19.2%
theo phuong thang dimg ghé ngdi nguoi diéu khién va 14.4% lic doc ctia cabin so voi hé thong
treo cabin 10 xo0. Hiéu qua ém diu cua hé thdng treo cabin khi nén so véi hé thong treo cabin 10
xo s& tiép tuc dwoc phan tich dudi day.

4.2. Phan tich hi¢u qua ém diu ciia h¢ thong treo cabin khi nén

Dé phan tich hiéu qua ém dju cta hé thdng treo khi nén so v6i hé thdng treo cabin 10 xo dudi
cac diéu kién khai thac khac nhau, cac diéu kién mat duong quéc 16 va van téc chuyén dong 0 to
duoc chon cho viéc phéan tich va danh gia.

Piéu kién mat dwong: bbn didu kién mat duong ISO loai A, ISO loai B, ISO loai C, va ISO
loai D dugc chon dé danh gia anh hiéu qua ém diu cia hai loai hé théng treo cabin khi xe chuyén
dong véi van toc v = 72 km/h. Céc gid tri aw, VA awy clia hé thng treo cabin khi nén so véi hé
théng treo cabin 10 xo khi xe hoat dong dudi bdn didu kién mat duong khac nhau dugc thé hién
trén hinh 4. Tir cc két qua hinh 4 thiy ring, Cic gid tri aw, VA aw v6i hé thng treo khi déu giam
so hé thdng treo cabin 10 xo khi xe chuyén dong trén cac mat duong khac nhau. Cc gia tri aw; va
awy vOi hé thong treo cabin khi 1an Iugt giam 18.68% va 14.51% khi xe chuyén dong trén duong
C voi vén toe v = 72 km/h. Hé thong treo cabin khi nén da cai thién déang ké d6 ém diu cua cabin
dau kéo xe kéo mode dudi cac diéu kién mat duong khac nhau.

2 .
i —~ 15 :
— _1_ :E Cagfn :fh?(o ,: - ——HTT cabin lo xo '
2 15 cabin xhi nen ~~1 B /7> HTT cabin khinen
VN ”””” ;:‘9‘
N [ T
g I i § 05 ————————————— iy
————— s+ ====-""
%= 2§
0 ° 0
A B C D A B C D
Cap do duong ISO Cap do duong I1SO
a) Gid tri a, b) Gia tri ay

Hinh 4. Cdc gid tri aw, Va awg ciia hé thong treo cabin khi nén so véi hé thong treo cabin 10 xo
khi xe hoat dong duci bon diéu kién mat dwong khac nhau.

Piéu kién vén téc chuyén dong cua xe: Bén gia tri van tdc v= [40, 50, 60, 70] km/h dugc chon
dé phan tich danh gia hiéu qua ém dju cta hé théng treo cabin khi nén so vé6i hé thdng treo cabin
10 xo khi xe chuyén dong véi mat duong ISO loai B. Cac gia tri aw, Va awy cua hé théng treo
cabin khi nén so voi hé théng treo cabin 10 xo khi xe hoat dong dudi bon diéu kién van tdc khac
nhau khac nhau dugc thé hién trén hinh 5. Tir cac két qua hinh 5 thiy ring, cac gi tri aw; VA awg
v6i hé thong treo khi déu 1an luot giam so hé thong treo cabin 16 xo khi xe chuyén dong trén cac
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van toc khac nhau. Céc gid tri aw, VA awy vOi hé thong treo cabin khi 1an lugt giam 16.95% va
13.32% khi xe chuyén dong trén duong B véi van téc v=60 km/h. Gia tri aw, Va aws voi diéu kién
van téc v = 60 km/h déu lan lugt giam 3.4% va 6.5% so véi diéu kién van toc v = 70 km/h. Hé
thdng treo cabin khi nén da cai thién dang ké do ém diu cua cabin dau kéo xe kéo modc dudi cac
diéu kién van tdc khac nhau.

0.65 . 0.5 :

. ——HTT cabin lo xo ‘f; —HTT cabin lo xo )
% 0.6/~ "HTT cabin khi nen B -#--HTT cabin khi nen —
= =,04 [ *
- e e
S 0.55" ] 8 s 7
2 o 0. pRag
s 05 R H-mmmmmm T2 TR *
po-mmmm g , :
45" : : 0.
049 50 60 70 20 50 60 70
Van toc km/h Van toc km/h
a) Gia tri aw, b) Gid tri awy

Hinh 5. Céc gid tri aw, VA awg ctia hé thong treo cabin khi nén so véi hé thong treo cabin 16 xo
khi xe hoat dong dudi bon diéu kién vin toc khac nhau.

5. KET LUAN

Trong bai bao nay, mot md hinh dong luc theo phuong ding cua dau kéo xe kéo mode dugce
thiét 1ap dé phan tich va danh gia hiéu qua ém diu cia hé théng treo cabin khi nén so véi hé
thdng treo cabin 10 xo dudi diéu kién kich thich dao dong map mé mit dudng ngau nhién. Cudi
cung, hiéu qua ém diu cta hé thong treo cabin khi nén so voi hé thdng treo cabin 16 xo duoc
kiém chimg dudi didu kién khai thac khac nhau. Mot s két luan dugc rit ra dudi day:

(i) Céc gia tri aw; Va awp vOi hé thong treo cabin khi nén déu lan luot giam giam xudng khi dau
kéo chuyén dong trén mat duong ISO cap B voi van téc v = 72 km/h, diéu d6 chimg to do ém diu
cabin voi hé thong treo cabin khi nén nang cao 19.2% theo phuong thang ding ghé ngdi ngudi
diéu khién va 14.4% lic doc cua cabin so v6i hé théng treo cabin 10 xo.

(i) Céc gia tri aw, Va awy voi hé thong treo khi déu 1an luot giam so hé thong treo cabin 10 xo
dudi cac dieu kién khai thac khac nhau. Hé thong treo cabin khi nén da cai thién dang ké do ém
diu cua cabin dau kéo xe kéo modc dudi cac dieu kién khai thac khac nhau.
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ABSTRACT

PERFORMANCE ANALYSIS OF CAB’S SUSPENSION SYSTEMS OF A TRACTOR
ON VEHICLE RIDE COMFOT WITH AIR SPRING AND SPRING ELEMETS

In order to evaluate the performance of two cabin suspension systems of tractor. A
half-vehicle dynamic model including driver's seat, cabin, tractor frame and axles is
established under random road excitations. Two characteristics of the air spring and
spring suspension of cab are respectively surveyed and compared their effect to ride
comfort based on ISO 2631-1. Matlab/Simulink software is used to simulate the vehicle
dynamics and evaluate the ride performance of cab two suspension systems. The study
results show that the air spring suspension system significantly improved ride comfort of
cab comparing with spring suspension system of cab. In addition, the study results are the
theoretical basis to optimize the design parameters of cab suspension system in the
direction of improving ride comfort.

Keywords: Semi-trailer truck; Tractor; Air spring suspension; Spring suspension; Cab; Dymamic model; Ride comfort.
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