Nghién ciru khoa hoc cong nghé
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Tém tit: Dao dong cabin c6 anh hwong Ion sirc khée ciing nhw lam giam hiéu
qua cong viéc ciia nguoi ldi xe trong qud trinh lam viéc. Pé danh gid anh hwong
cua hé théng treo cabin dén dé ém diu nguoi lai xe, mot mé hinh dong luc hoc 3D
ciia xe tdi hang ning véi 15 bdc tw do dwoc thiét lgp dé mé phong va phan tich dnh
hwéng. Hé phwong trinh déng liee hoc ciia xe dwoc thiét ldp dia trén phwong phdp
Iy thuyét hé nhiéu vt va nguyén Iy D’Alenbert va phan mém Matlab/Simulink dwoc
sir dung dé mé phong. Anh hudng cia thong sé hé thong treo cabin dén d¢ ém diu
ngueoi ldi dege phan tich theo tiéu chudn 1SO2631-1(1997-E). Két qud nghién ciru
khéng nhitng chi ra dwoc dnh hieong ciia dg ciing va hé so can ciia hé théng treo
cabin dén @6 ém diu cia ghé ngoi nguwoi ldi, ma con dwa ra dwoc ving gid tri toi wu
cua do cung va hé s6 can cua hé thé'ng treo cabin xe tai hang ndng dudi cac diéu
diéu khai thac khac nhau.

Tir khéa: Xe tai hang nang; Hé théng treo cabin; D9 ém diu; Péanh gid anh hudng.
1. PAT VAN BE

Heé thdng treo 6 vai tro quan trong nhim nang cao d6 ém diu chuyén dong, dong thoi
lam gidm cac tac dong x4u dén mat duong. DPdi v6i xe tai d6 ém diu cta cabin c¢6 anh
huong truc tiép dén hiéu qua lam viéc va stc khoe ctia ngudi 1ai, khi xe chuyén dong cac
ngudn dao dong dugc truyén tir mit duong va dong co 1én ghé ngdi ngudi 1ai thong qua hé
thdng treo cua cabin va ghé ngdi. Hién nay, cic nghién ctru anh huéng cua hé thdng treo
cabin xe tai hang ning dén d6 ém diu da va dang dugc cac nha khoa hoc rat quan tam
nghién ctru. Céc thong sé két ciu xe tai hang ning nhu d6 cimg va hé s can cua hé thong
treo, 16p xe, cabin va ghé ngdi 1an lugt dugc phan tich dénh gia cac anh hudng cta ching
dén do ém diu chuyén dong cua xe[1-3, 13]. pé nang cao do ém diu cling nhu giam cac tac
dong xdu dén mit duong, cac phuong phap didu khién hé thng treo dugc ap dung trong
cac tai liéu nghién ctu[4-7, 8, 10]. Céac thong sb hé théng treo bi dong lan luot dugc trinh
bay trong cac nghién ctru[8, 14, 15, 18].

Muc tiéu cta nghién ciru nay, mot mé hinh dong luc phi tuyén khong gian ctia xe tai
hang ning OFF-Road dugc thiét 1ap dé phan tich anh hudng ciia cic théng so hé thong
treo cabin dén do ém diu nguoi diéu khién. Cac gia toc binh phuong trung binh ciia ghé
ngdi ngudi diéu khién theo phuong thang dimg, goc lic doc va lic ngang cia cabin dugc
chon 13 ham muc tiéu dua vao tiéu chudn ISO2631-1(1997) [11] va céac thong sb thiét ké
hé thdng treo cabin 1an luot dugc phan tich anh huéng.

2. MO HiNH DAO PONG
2.1. Xay dung m6 hinh dao djng

Dé danh gia anh hudng cia cac thong sé hé thdng treo cabin dén d6 ém dju cua ghé
ngdi ngudi lai, mo hinh dong lyc khong gian theo phuong thing dimg cta xe tai hang ning
“Off-road” véi 15 bac ty do dugc thiét 1ap thiét 1ap dudi diéu kién kich thich ngiu nhién
ctia mat duong [18] va thé hién trén hinh 1.
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Hinh 1. M6 hinh dao déng ciia 6 t6 tai hang ndng 3 cau [18].

Giai thich cac k}’l hléu trén hinh 1:: ki: k41, k42, k51, k52, kﬁl, k62, k7, kg lén IUO't la dé
cung déc trung cua lép, hé théng treo va hé théng treo cabin ; ¢;, C41, C42, Cs1, Cs2, Co1, Ce2, C-
4, Cg 12 hé s can dic trung cho 16p xe, hé théng treo, hé théng treo cabin; log, los, 1ao, las,...
la cac khoang cach tuong rng; m;, ms, ms,... 1a cac khéi luong khong dugc treo; I va I, 14,
Is, Li, Lia,.. la cac momen ‘quan tinh twong ing cua kh01 lwong; z,, z11, Z12, 13, Z14,...12 CacC
chuyén vi theo phuong thang dung., q;,q,, qs 1 cac mép mé mit duong.

2.2. Thiét 13p phwong trinh dao dong

Dé thiét lap hé phuong trinh vi phan mé ta dao dong cua cac hé thong trén hinh 1, cac
tac gia da sir dung két hop phuong phap hé nhi€u vat va nguyén ly D’alambe. H¢ phuong
trinh vi phan mo ta dao dong cua xe dugc viet dudi day:

mz =F +F, —-F, —F,
1z, = (F,, = Fy)l, + gy = F)L,
mz, = F,, +F,, —F, - F,
14'2'4 = (B = Ey )+ (Fy = )1,
=5, Fy, — g~
1626 =(Fy,, = Fy ), + (Fy = F)l,
mz, =F, +F,+F, +F,+F, +F;+F,+F,+Fg+F,
12 = (Fyy + Fig + Foy + Fig) Loy = (B + Fop Moy = (Fog + Fog)og = (Fyy + Foo )i
L2, = (Fyp + Fiy = Fy, = F5) 1,
L2 = (Fyy = Fop) Ly + (Fo + Fyy = Fog = Fi) 1,

12, = (Fis = Fip) L,

2y = (Fy —Fy)l,
mz,, = —(Fpe + Fy + Fig + F)
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Zy = (Fy + Fyy = Fog = Fig) 1y
1525 = (Fog + Fog = Fog = Fip) 1
2.3. Miit dwong ngiu nhién

Hién nay, c6 nhiéu phuong phap dé mo ta map mo cia mat duong qudc 16 nhu do truc
tiép hodc theo phuong phap thong ké dé xay dung ham s6 thyc nghiém. Trong nghién clru
nay cdc tac gia dya vao tiéu chuan ISO 8068(1995) vé cach phén loai cac mat duong quoc
16 (Bang 1) dé tién hanh xay dung ham kich thich mat duong ngiu nhién. Theo tiéu chuin
ISO mép mé ciia mit dudng c6 mat do phd S q(ng) va dugc dinh nghia bang cong thirc thuc

nghiém:
5 (n)=5.(n )(ij
q g \""0 n,

trong d6, n 14 tin sé song cua mat dudng (chu ky/m) no 12 tAn sé mau (chu ky/m), Sq(n) la
mat do phd chiéu cao cua map md mat c’[uorng (m /chu ky), S (no) 1a mat do phd tai no
(m’*/chu ky), ® 1a hé sb tan sb duorc miéu ta tan s6 mat do phd cia mat duong (thuong
®=2). Him map mo mat duong ngau nhién dugc gia dinh 14 qua trinh ngiu nhién Gauss va

n6 dugc tao ra thong qua bién ngiu nhién Fourier nguoc:
2vn’S (n,)

q(1) = Z L

' Af.cos(Z/g‘mUt + ¢,)

trong do, £

nid i ﬁ

Can cu sO lidu bang 1 céc loai duorng duogc phan cap theo tiéu chuan ISO véi
v=16.7m.s™ fl 0.5Hz; f2—30HZ ne=0.1m™ cac tac gia da tién hanh 1ap chuong trinh toan
bang phan mém Matlab 7. 04 aé md phong cac ham méap mod ngau nhién cua mat dudng
qudc 16. Hinh 2 thé hién map mé ngiu nhién cua mat duong qudc 16 ISO cap C, D, E.

Bing 1. Céc loai mat dwong phdn logi theo tiéu chuan ISO 8068(1995).

Cép A B C D E
Tinh trang Rattot | Tot Binh thuong | Xau Rét xau
mat duong
S,(ny) 16 64 256 1024 4096

Mo phéng mit duong ngau nghién
0.04
0.02; 1
g

o
-0.02¢ '
V0% 10 20 30 40 50

Time/s
Hinh 2. Méap mé mdt dwong ISO C.
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Hinh 3. Mdp mé mdt dwong ISO D.
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Hinh 4. Mdp mé mat dwong ISO E.
3. PANH GIA PQ EM DIU

Dé danh gia anh hudng cua dao dong dén co thé nguoi, hiép hoi tiéu chuin qudc té da
dua ra tiéu chuan ISO 2631-1(1997) vé d4nh gia anh huong dao dong dén con ngudi. Theo
tiéu chuén nay tan s dao dong kich thich tur ngudn phat kinh thich dén cac vi tri khao sat
nam trong khoang tir 0.5 dén 80Hz. Dé danh gia d6 ém dju ghé ngdi ngudi 1ai, cac tac gia
chon chi tiéu danh gia theo tiéu chuan ISO 2631-1(1997) va thong qua gia téc binh
phuong trung binh theo phuong thang ding duge xac dinh theo cong thirc:

1

17 2
= [? { a’(t )dt}

Trong do: a, 13 gia tbc binh phuong trung binh theo phuong thing ding; aw(t) 1a gia
toc theo phuong thang dimg theo thoi gian(m/s®) va T 1a thoi gian khao sat(s).
Piéu kién chu quan danh gia d6 ém diu 6 t6 theo gia téc binh phuong trung binh theo
phuong thang ding dua vao bang 2 dudi day:
Bdng 2. Bang danh gia chu quan d6 ém diu 6 t6 theo ISO 2631-1.

awz gia tri (m?/s) Cép ém diu
<0.315 m.s? Thoai mai
0.315m.s%-0.63m.s~ Mot chut khé chiu
0.5m.s”— 1 m.s™ Kha kho chiu
0.8 m.s?— 1.6 ms” Khong thoai mai
1.25ms?-2.5ms> R4t kho chiu
>2 m.s™ Cuc ky kho6 chiu
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4. MO PHONG VA PANH GIA ANH HUONG

4.1. Mo phéng

bé giai h¢ phuong trinh trén phan mém Matlab-Simulink 7.04 dwoc sir dung mo phong
vo1 bo s6 liéu cia xe tham khdo trong tai liéu[18]. Hinh 5 thé hién gia toc theo phuong
thgng dtng cua’ghe ngdi nguoi lai véi san cabin khi 6 t6 chuyén dong trén mat dudng ISO
cap C véi van toc v=40km/h.
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Hinh 7. Gia toc goc lic ngang.

Tt hinh 5, hinh 6 va hinh 7, ching ta c¢6 thé xdac dinh va thdy rang gia toc binh phwong
trung binh theo phuong thang ding cia ghé ng01 nguol lai ay, ;3= 0. 7522/ gia toc binh
phuong goc lac doc ay,14= 0 2025m/s* va gia toc gbc lac ngang ay,;s= 0. 03 87/s theo bang
2 tiéu chuan ISO 2631-1 vé danh gia chi quan thi ngudi 1ai ¢6 cam giac rat khé chiu. Hay
n6i cach khéc 1a 1a cac thong s thiét ké cta hé thong treo xe, hé thong treo cabin nguyén
ban chua phu hop véi diéu kién khai thac trén. Dé danh gia rd hon trong nghién ctru nay sé
tién hanh khao sat anh hudng cua thong sb do ctng va hé sd can cua hé thong treo cabin
dén do ém diu cua nguoi lai, tir &6 dé xudt ra gi tri ving t6i wu cho hé thong treo cabin.
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4.2. Anh hudng ciia dj cirng h¢ théng treo cabin dén dé em diu nguoi lai

Cacgiatridocu’nghethéngtreok [020.4060811.21.41.61.822.22.42.6]xk
trong d6 ko=[k, ks]" ung véi 3 gla tri hé sO giam chén ¢=[0.5 1 1.5]xc,, trong do, c=[cs,
cg,]", trong d6 co, co 1a thong sd clia xe nguyén ban trong tai liéu [18] dugc chon dé danh
gia anh huong cia ching dén dao dong theo phuong thang dtmg va lic cta cabin khi xe
chuyén dong trén duong ISO cip C voi van tbe V=40km/h. Tt hinh 8, hinh 9 va hinh 10
ching thiy rang gia tri do cung tang dan dén cac gia tri gia toc binh phuong trung binh
cling ting theo diéu d6 anh xau d6 ém diu cua nguol diéu khién va dé dam bao d6 ém diu
cabm thi gia tr1 dd cting cabin k.<0.5 k. Tu két qua hinh 8, hinh 9 va hinh10 ciling chi
rang gia tri hé sd can ctia hé thong treo cabin nho ciing 12 nguyén nhan giy ra mat do ém
diu ctia nguoi diéu khién khi xe hoat dong.
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Hinh 9. Géc lic doc cabin.
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Hinh 10. Géc lic ngang cabin.
4.3. Anh hwéng ciia hé sé can hé thong treo cabin dén do ém diu nguwdi 1ai
Pé danh gia anh huong cua h¢ s6 can hé thdng treo cabin dén do em diu nguoi 1ai,
cac gia tri hé s0 can cua giam chan ¢=[0.2 04 0.6 0.811.21.41.6 1.8 2 2.2 2.4 2.6]xcy
trong do c%=[c7, cs]" voi 3 gia tri d6 cung cua hé théng treo k=[0.5 1 1.5]xky, trong do,
ko=[k7, ks] .
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Hinh 13. Géc ldc ngang cabin.

Tir hinh hinh 11, hinh 12 va hinh 13 chang thay ring gié tri hé s can ting dan dén cac
gié tri gia toc binh phuong trung binh giam theo diéu d6 dan dén cai thién dugc do ém diu
ctia ngudi didu khién va khi gia tri d6 cimg k=0.5k,, thi cac gia tri gia tbc binh phuong
trung binh cta ghé ng01 va goc lac giam hiéu qua hé thong treo cabin tang (hinh 11 va
hinh 12), tuy nhién goc lic ngang tang cao (hinh 13). Dé nang cao d6 ém diu clia nguoi 1ai,
thi gi4 tri hé s6 can ciia hé thong treo cabin co<c<2,5¢,.

5.KET LUAN
Trong nghién ciru ndy, mot mé6 hinh dong lyc hoc phi tuyén khong gian 15 béc tu do
voi trg glup déc lyc cia phan mém Matlab/Simulink, cac thong sb thiét ké hé thong treo
cabin nguoi l4i duoc tim thay khi xe chuyen dong trén mat dudng ISO loai C véi vén tde
v=40 km/h. Tur két qua do6 rat ra mot sé két luan chinh nhu sau:
()Hai thong d6 cimg va hé thong treo cabin c6 anh hudng dén d6 ém diu mot cach rd
rét va sy phdi hop tdi uu hai thong sb nay sé ting d6 ém diu ciia nguoi 1ai xe.
(i) Dé cai thién d ém diu cua nguoi 1ai xe, thi ving gia tri t6i tru d cimg va s can hé
s0 can cua hé thong treo cabin 0.4k<k<0,5k, va cy<c<2,5c,.
Ti wu hé thdng treo cabin bi dong cling nhu didu khién hé théng cabin xe tai “off-
road”’s€ dugc nhom tac gia tiep tuc cong bo trén tap chi khoa hoc.
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ABSTRACT

STUDY ON INFLUENCE OF PARAMETER CAB’S SUSPENSION SYSTEM ON
DRIVER’S RIDE COMFORT

Cab’s vibration has a great impact on health as well as reducing driving
performance. In order to evaluate influence of parameter of cab’s suspension
system on driver ride comfort, a 3D dynamic model of off-road truck with 15
degrees of freedom (DOF) is establish to simulate and analyze the impacts. The
vehicle's equation of motion is based on the theory of multiple systems and the
D'Alenbert principle and Matlab/Simulink software are used to simulate. The
influence of parameters of cab’s suspension system on driver ride comfort is
analyzed according to with 1SO2631-1 (1997-E). The study results not only show
the effects of stiffness and damping coefficients of cab’s suspension system on the
driver ride comfort, but also provide the optimal value ranges of stiffness and
damping coefficients for truck cabin suspension system of off-road truck under
different operating conditions.

Keywords: Heavy vehicle; Suspension system; Ride comfort; Performance evaluation.
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