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MO PAU

O t6 chuyén dong trén duong khi tham gia giao théng thuong phét sinh dao
dong. Nhiing dao dong nay sé& anh huong dén nguoi lai va hanh khach trén xe.
Nhitng nghién ciu dao dong cua xe & td cho thay su tac dong cua nd anh hudng
nhiéu dén stirc khoé con ngudi nhu bénh vé than kinh va ndo bd. Néu dao dong cua
Xe nam ngoai pham vi cho phép s& anh hudng dén tam ly, gay ra trang thai xau cho
nguoi 141 Xe va ngudi ngdi trén xe tir d6 ¢6 thé dan dén nhiing nguy hiém khi tham
gia giao thong.

1. Muc ti€éu cua luan an

Muc tiéu cua luan an 1a nghién cau trén xe khach thyc té, bang Iy thuyét va
thuc nghiém dé khao sat anh huéng dao dong xe dén ngudi ngoi trén xe dudi cac
tac dong cua mat duong va diéu kién van hanh cu thé. Tir céc két qua khao sat tao
co s& dé xuat ghé ngdi xe khéach san xuat va lap rap tai Viét Nam.

2. Doi twong nghién ciru

Lya chon loai xe khach 29 chd ngoi san xuat va lap rap trong nudc la loai xe
dai dién vi dugc sir dung rong réi, chiém ty trong Ion va phé bién tai Viét Nam.
3. Pham vi nghién ctru

Luan an tap trung xay dung va phan tich mo hinh dao dong khéng gian cua xe
anh huong dén nguoi ngdi. Hé dao dong Xe — ghé - nguoi ngdi chi xét dén dao
dong theo phuong thang dung (truc OZ), khong xét dén anh huong cua theo
phuong doc va ngang (OX, QY).

Trong giéi han cia dé tai, luan an cha yéu danh gia dac tinh ém diu chuyén
dong cua xe va sy thoai mai cua ngudi ngdi. Cac chi tiéu lién quan dén an toan
chuyén dong hay 6n dinh diéu khién cia xe khdng thuoc pham vi xem xét cua
nghién ctru nay.

4. NOi dung nghién ctru

+ Thiét 1ap mo hinh khéng gian khao sat dao dong cua xe khach hoat dong
trén mat duong gan vai thuc té nham xac dinh cac gia tri chuyén vi, van toc va gia
téc tai cac vi tri 1ap ghé trén san xe dé lay tin hiéu dau vao tac dong vao mé hinh

dao dong caa ghé - nguoi ngdi trén ghé. Cac loai mat duong khac nhau gém: hinh
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sin, mat duong hinh xung, cac dang mat dudng ngau nhién va theo tiéu chuan 1SO
8608 dugc st dung.

+ Thiét 1ap mo hinh dao dong cua ghé - nguoi ngdi trén ghé dé xac dinh cac
gia tri gia téc dao dong tai ghé va cac bo phan trén co thé ciia ngudi ngdi trén ghé.

+ Tién hanh thuc nghiém dé kiém ching mé hinh.

+ So séanh véi tiéu chuan danh gia mirc d6 anh huéng cia dao dong xe dén
ngudi ngdi trén xe. Chi tidu danh gia trong tiéu chuan duoc tinh toan theo gia tri
binh phuong trung binh RMS trong tiéu chuan 1SO 2631-1.

5. Phwong phap nghién ciru

+ Phuong phap nghién cau ly thuyét: Xay dung md hinh xe khach sat vai xe
thuc té. Sir dung phuong trinh Lagrange loai IT dé thiét 1ap cac md hinh khao sat
dao dong khong gian cua xe khach va md hinh ngudi ngoi trén ghé. St dung phan
mém md phéng véi cac tdc dong tir bén ngoai: Bién dang mat duong theo tidu
chuan, cac ddy van toc van téc cu thé dé giai va nhan két qua danh gia dao dong xe
va ngudi ngoi trén xe.

+ Phuong phap nghién ctu thuc nghiém: Tién hanh thi nghiém do dac thuc té
trén duong giao thong theo diéu kién tuong duong voi khao sat dé do cac thong s6
dao dong Xe — Ghé - Nguoi ngoi.

6. Y nghia khoa hoc va thuec tién

Nghién ctu tng dung phuong phap mo hinh hoa va mé phong bing phuong
phap dong luc hoc khdng gian, sir dung phan mém chuyén dung Matlab Simulink
va Ansys Workbench, xac dinh cac théng sé anh hudng dén nguoi ngdi trén xe,
danh gia dao dong xe c6 kiém chiing bang thuc nghiém nham dé xuét cac giai phap
nang cao chat luong d6 ém diu chuyén dong ciia xe, ngudi ngdi trén xe.

Xay dung phuong phap nghién ciu ly thuyét va thuc nghiém. Két qua nghién
ctru cho phép dé xuat mot sé giai phap nham giam dao dong khi thiét ké, tiung
budc hoan thién phuong phap luan nghién cau thiét ké than vo xe 6 to theo hudng
hién dai nhu cac nudéc tién tién dang dung.

7. Piém méi ciia luin an
Xay dung mé hinh khao sat dao dong Xe — Ghé - Nguoi ngoi.
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Két hop mo hinh khao sat dao dong Ghé - Nguoi ngdi va md hinh khao sat
dao dong khong gian cua xe khach 29 chd.

Sir dung két hop phan mém chuyén dung Matlab Simulink va Ansys
Workbench trong md phong.

Xay dung phuong phap nghién ctiru thuc nghiém xac dinh anh huéng cua cac
bién dang mat duong khac nhau va cac diéu kién khai thac khac nhau & nhiing van
tdc xe chay khac nhau.

8. BO cuc ciia luin an
Luén an duogc trinh bay theo bd cuc gdm 04 chwong:

Chuong 1: Téng quan van dé nghién ctru dao dong cua o t6 khach
Chuong 2: Xay dung mé hinh khao sat dao dong hé Xe - Ghé - Nguoi ngoi

Chuong 3: Khao sat anh huong cua dao dong dén nguoi ngdi trén xe

Chuong 4: Nghién cuu thyc nghiém

Két luan chung va hudng nghién cuau tiép theo cua luan an

CHUONG 1: TONG QUAN VAN PE NGHIEN CUU DAO PONG CUA O
TO KHACH

Noi dung chwong 1 tap trung vao cac nghién cau lién quan toi:

Xac dinh cac ngudn khac nhau giy ra dao dong cua xe: do6 1, su mat can bang
cua dong co khi dong co khi nd, su mat can bang cua cac chi tiét quay trong hé
théng truyén luc, @6 map md mat dudng v.v...

Tinh hinh nghién ctu & ngoai nudc va trong nudc vé linh vuc dao dong 6 to
va rung dong ngudi ngdi trong xe.

Xac dinh ba md hinh co hoc: Mé hinh giam chan 10 xo khéi lwgng, mé hinh
dong luc hoc hé nhiéu vat, md hinh phan tir hitru han, trong nghién ctru dao dong xe
— ghé - ngudi ngdi trén xe.

Tir d6 rut ra két luan nhw sau:

Chuong 1 cua luan an da xac dinh muc tiéu nghién cau la khao sat, danh gia
cac tac dong tir bén ngoai: Bién dang mat duong, yéu té van téc dén do6 ém diu
chuyén dong xe va nguoi ngdi trén xe. Bé dat duoc muyc tiéu ndy, luan an da két

hop ca phuong phép 1y thuyét, md phong va thuc nghiém.
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Phuong phéap nghién ctiu Iy thuyét: Lua chon mé hinh khéi luong — 10 xo
giam chan va ung dung phuong trinh Lagrange loai 11 md ta dong luc hoc dao
dong trong khong gian cua xe khach va mé hinh ngudi ngdi trén xe. Phwong phap
nghién cau thuc nghiém: Po dac thuc té, so sanh két qua dé danh gia do chinh xéc
ctia md hinh Iy thuyét.

Tong quan nghién ctu cho thay cac nghién ciu vé dao dong xe, ngudi ngoi
chu yéu st dung mé hinh dong luc hoc hé nhiéu vat, phan ta hitu han. Tuy nhién,
d6 phuc tap cua co thé ngudi va su tuong tac gitta Xe — ghé — ngudi ngdi khién
viéc danh gia dao dong caa hé van con nhiéu thach thiec.

Qua phan tich tinh hinh nghién cttu ¢ trong va ngoai nudc, NCS da xac dinh
duoc hudng nghién cau cua luan an: Xac dinh anh huong cta dao dong xe dén
ngudi ngoi trén xe, dbi tuong nghién ciru 13 6 td khach 29 chd duoc san xuét va lap
rap tai Viét Nam.

Ttr viéc nghién ctu anh huong cua dao dong xe dén nguoi ngoi trén xe, co thé
dua ra nhitng ¥ kién khoa hoc dong gép cho cic nha san xuat va nguoi st dung

nham nang cao tinh ém diu cho xe, hanh khéach ngoi trén xe.

CHUONG 2: XAY DUNG MO HINH KHAO SAT DAO PONG HE XE —
GHE - NGUOI NGOI

MGt s6 ndi dung dugc nghién ciru va trinh bay trong chuong 2:
2.1 POI TUQNG NGHIEN CUU
Xe khach 29 chd County san xuét l4p réap tai Viét nam dap g duoc cac yéu
cau caa bai toan, hinh 2.1.

Hinh 2.1 Xe khach 29 chg County
Xe khach 29 chd County c6 28 vi tri ghé khach va 1 vi tri ghé lai xe, hai vi tri
ngudi ngoi dai dién duoc lya chon khao sat gom: vi tri ghé phu, vi tri ghé hang 3.
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2.2 MO HINH KHAO SAT DAO PONG HE XE — GHE - NGUOI NGOI
2.2.1 Céc gia thiét trong md hinh
2.2.2 M6 hinh héa hé dao dong

M6 hinh nghién ctru dudng — xe — ghé - ngudi ngdi khi xét dén hai vi tri ghé
phu va ghé hang 3 1a mét hé co hoc 9 bac tu do vai cac thong sé hinh hoc, toa do
kich thudc va cac ky hiéu dac trung duwgc mo ta trén hinh 2.3.

Hinh 2.2 M6 hinh dao ddéng xe khdch xét @én hai vi tri ngoi
Cac bac ty do xac dinh céc toa d6 suy rong caa hé gom:
Than xe: 3 bac tu do 1a dich chuyén theo phuong thang dung Z va 2 gdc lac

doc ¢x, lac ngang o,.
Cau trudc: 2 bac tu do 14 dich chuyén theo phuong thing dung va goc xoay

theo truc doc OX, toa do suy rong la z,,, @1
Cau sau: 2 bac tu do I dich chuyén theo phuong thang ding va goc xoay theo
truc doc OX toa do z,,, @,

Ghé nguoi ngdi bén phu (Z,) c6 khéi lugng m, va cac phan tir dan hoi tuyén
tinh hé s6 do cang K, va hé sé giam chan C,,.
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Ghé ngoi hang 3 (Zs) c6 khéi luong ms va cac phan tir dan hoi tuyén tinh hé

sb @6 ciing Ks va hé sb giam chan Cs.

2.2.3 Xay dung phwong trinh vi phan dao dong cua hé

1. Phuong trinh cho toa d6 suy rong z (dich chuyén thiang dtng caa than xe)
MzZ+ (Cyy +Cip+Coy +Co)Z2 — (Cyy + Ci0)Zy, — (Coy +Cop)2, +
(aCyy + aCyz — bCyy — bCyy) @, + (—cCyy + cCip — dCyy + dCo3)@, —
(cCyy —cCip) @y, — (dCyy —dCys ), — Cp (le —Z— pr@x - Spy@y) -
Cs(zls —Z— S, @ — Spy(p_}r) + (K + Ky, + Koy +Kpp)z— (K +Ky5)z, —
(K1 + K35)z5, + (aKyy + aKy, — Ky — bKy, )@, + (—cKyy + cKyp — dK,y +
dez)@y —(cKyy — cKi5)@y, — (dKyy — dK55)@s, — Hp (Zp —Z— pr‘Px -
Sp,vqp,v) - Ks(zs —Z— 550 Px — Sn,vqp,v) =0

2. Phuong trinh cho toa d6 suy rong ¢y (goc lac doc caa than xe)

(2.22)

Iy, + (a*Cyy +a*Ciy + B2 Cyy + b2Cop) @, + (aCyy + aCypy)2 — (aCyy + alyp)7,, —
(=bCyy — €Cy3)Zy, + (—acCyy + acCyy + bdCyy — bdCyy)g, — (acCyy — acCyy )@y, —
(deZl - bd‘:‘zz)ﬁf’za Ep.l. 'r:p( Z— Sp.rqj'.x - Spyqby) - Es.r'r:s [:zls —Z- 55.1: ‘?IJ.J: -
55,1:%) + (a®Kyy + @’ Kyg + B*Kqy + B* Koy, — (aKyy + aKyy)(z — 24,) — 2.23)
acglz)q}lx - [bdKZl - bdﬁzz)ﬁﬂm Sp.J.Hp( - Sp.rq}.x - Spyqoy) -
SSIHS [:zs —Z— 55.1: @y — Ssyqoy) -

3. Phurong trinh cho toa do suy rong ¢y (géc lac ngang cua than xe)
L, + (c*Cyy + *Cig + d*Coy + d*Cyp) @, + (—cCyy +€Cy5)Z — (—cCyy + €Cyp)Zy, —
(—dCyy +dCyp)Z,, + (—acCy; + ‘1‘7‘:12 + bdCyy — bd Cyp) @, — (cCyy + €*C10) ey, —
[dZEZl + dzﬂzz)ﬁf’za Sp'p Ep( Sp.x';b.x - Spyqjy) - SS}‘ES (zs —Z-— Ss.xqj'.x -
Ssyﬁfj'y) + (c?Kyy + Ky + d°Kyy + dzf'fzz}ﬁf’y + (—cKyy + cKyp)(z — z,,) — (2.24)
I::'2‘I'I'J.Z)"q:"_1..1: - [deZl - dzHEE)'?EJ: p‘p p[z Sp.rq:’.r - Spyq:’y) - SsyKS [zs —Z-
Ss.x'gﬂ'.x - Ssyqjy} =0

4. Phuong trinh cho toa do suy rong z; (dich chuyén thang dung cia cau trudc)
mZy; — (€1 + C12)(Z2 — Zy:) — (alyy +aly)@, — (—eCyy +¢Ci)p, —
(—cCyy +cCi)p, + (Kpy +Kpy)zy, —(Kpy —Kpydegp,, —Kiiq,, —Kp1Gp — 9 25
(Kyy +Kpp)(z—zy) —(aKy +aKp)e — (—cKy + CK'LzﬁlﬁPJ. —(—cKy; + (2.25)
cKiz)p, + (Cpq + Cp)zy, — (Cpy —Crylep, —Criq;, — Crigy, =0
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5. Phuong trinh cho toa do suy rong ¢z (goc xoay quanh truc doc caa cau trudc)
I1.9, —(cCyy — cCi3)(2—%y;) — (acCyy — acCip)@ — (c2Cyy — CzCiz)ﬁbJ. —
(c2Cyy +¢*Cy2)¢,, — (Kiy — Kpy)czy, + (K + Kpy)c*@, +Kpcq,, —
K €qp, — (cKyy — cKy13)(z2— z5;) — (acKyy —acK )@ — (c?Kyy + Czle)fPJ. - (2.26)
(c*Kyy +¢*Kpp)@, — (Cpy — Cry)ezy, + (Cpy + Cry)c?e, + Cricq, —
Cricqy, +Crp, =0
6. Phuong trinh cho toa d6 suy rong Zix (dich chuyén thang ding cia cau sau)
MyZy; — (Coy + C52)(Z2 — Z27) — (—bCy — bCy2) @, — (—dlyy + dC3) ¢, —
(—dCyy +dCo) @, + (Kpp+ Kpao)Zy, — (Kpy —Kpy)d, — K24, — Kpap, —
(K21 +K32)(Z2— 25) — (—DK3; —bKyo)e, — (—dKy + dKyp)e, — (2.27)
(—dKy; + dKy)@p, + (Cra+ Cra)zy, — (Cpo — Cra)dp, — C12q,, —Craqp, =0
7. Phuong trinh cho toa do suy rong ¢zx (goc xoay quanh truc doc ciia cau sau)
Ly, —(dCsy —dCy3)(z— Z2.) — (bdCyy — bdCay)¢p, — (d*Cay — dzczz)ﬁbj. -
(dzczl + dzsz}ngx — (K — Kpa)dZzy, + (Ko + KRE)d2¢J2x +Kpodqg,, —
Kr2dq,, —(dKy —dK32)(z — 25.) — (bdKy — bdKy2) e, — (d° Ky — (2.28)
dzﬁ’zgjfpj. — (d°K2y + d°K») @, — (Crz — Crp)dzy, + (Crp + Cry)d @, +
Crodq,, —Cradqy, + Crp, =0
8. Phuong trinh cho toa do suy rong z, (dich chuyén thang dang cua ghé phu)
mnﬁn + C:ﬂ (z:p —Z— prqu - Spy@y) +Hp (Zp —Z— pr'fpx - Spyfﬂy) =0 (2.29)
9. Phuong trinh toa do suy rong zs (dich chuyén thang dung caa ghé hang 3)
Mz, + Co (2, — 2 — Seu @y — Sey @) +K (2, — 2 — S 0 — Seypy,) = 0 (2.30)

Hé phwong trinh dao ddng ciia xe dwoc viét duwdi dang ma tran

[M1{g}+ [Cl{g}+ [K]{q} = {F ()} (2.31)

Hé chiu anh huong cua toa do trong tdm xe, cua vi tri ghé - ngudi ngdi xuat
hién phan bé lai tai trong. Lic nay F(t) s& bao gom hai thanh phan: Luc kich thich
tir mat duong va luc do sy phan bé lai tai trong.

2.3. XAY DUNG MO HINH DAO PONG NGUOI NGOI TREN GHE

Cac bac tu do cua hé xac dinh céc dich chuyén theo phuong thang dung cac

khdi lan Tuot gdm: Zg: dich chuyén cua khdi dau ; Z,: dich chuyén cua khéi nguc;
Zm: dich chuyén caa khdi minh ; Zg,: dich chuyén caa khoi ghé (hinh 2.4)



Minh: (Lwng,
mong, tay, chan)

Km Cm
Zgh T

Mgh Pém ghé

San xe

Hinh 2.4 M6 hinh dao déng nguoi ngoi trén ghé xe khach.
Xay dung hé phwong trinh vi phan dao déng ciia hé ngudi ngdi trén ghé.
Ung dung cic phuong trinh Newton II va III, xét can bang hé luc, cac
phuong trinh mé ta dao dong hé ngudi ngdi trén ghé gdom 4 phuong trinh tir (3.1)
dén (3.4)
My 2oy = Kkgi(Z— Zgn) + ko(Zon — Zg) + cgi(Z — Zyp) + con(Zon — Z,1)  (2.38)

My Zp = Ko (Zgy — Zpn) + ko (Z, — Z,) + C(Zys — Z,) + 00(Z, — Z,,)  (2.35)

My Zy =kn(Zp —2,) + (2, — Z,) (2.36)
m.dfd = F{d(zm _Zd] —I—Cd(3m _Zd') (237)
2.4. PHUONG PHAP, CHI TIEU PANH GIA ANH HUONG DAO PONG
PEN NGUOI NGOI

2.4.1 Phwong phdp cam nhdn
2.4.2 Chi tiéu dp ém diu chuyén dong
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2.5 XAC PINH CAC THONG SO CUA MO HINH
J Than xe
1 Zo Bién dang cla
Ky, cac dém HTT
Z,- 7, L|:| é |

Ma sat gilra cac 14 nhip

Lwc F1

Lwc F2 .
Z, Cau xe

Zy-2,

Bién dang clia I6p
Z,

Sine

= Mat dwong
e

Xung (6 ga)

Ng&u nhién
Hinh 2.7 So do dao dong hé thong treo trén xe
Théng s6 d6 ctmg HTT gém d6 cimg tinh va d6 cimg dong.
2.6 KET LUAN CHUONG 2
Trén co sd phan tich, lya chon xe khach County 29 chd 1a xe lap rép tai Viét

Nam va sir dung pho bién, co cac dic tinh k§ thuat va vat 1y da duoc cong bd trén
mot s6 nghién ciru trudc nén co thé tham khao st dung trong luan an.

Trén co s& cac gia thiét phi hop véi diéu kién thuc té, mé hinh dao dong
duong — xe — ghé — nguoi duoc xay dung gom: Mé hinh dao dong khdng gian 9
bac ty do gdm 7 bac tu do cua xe va 2 bac tu do cua hé ghé - ngudi ngdi duoc lua
chon chon khao sat: ghé phy, ghé hang 3 dé tir 46 c6 thé mé rong sang nhirng vi tri
con lai trén toan xe.

Xay dung hé phuong trinh vi phan 9 phuong trinh moé ta dao dong khong gian
cia xe dé khao sat. Hé phuong trinh vi phan duoc viét dudi dang phuong trinh
trang thai voi cac ma tran A(18x18), B(18x4), C(9x9), D(9x4).

Xay dung md hinh dong luc hoc hé Ghé - ngudi ngdi cb 4 bac ty do gém 1
bac tu do cta ghé ngoi va 3 bac tu do ciia nguoi ngdi, dua trén dac tinh nhan trac
hoc cua nguoi Viét Nam va lua chon cac chi tiéu danh gia theo ISO 2631-1 va
QCVN 27/2016/BYT. Céc thong sé cua hé thong treo, 16p va ghé duoc xac dinh tir

dac tinh thiét ké, dix liéu cong bd va cac nghién ctru trude day.
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CHUONG 3: KHAO SAT ANH HUONG CUA DAO PONG PEN NGUOI
NGOI TREN XE

3.1. CAC KiCH THICH MAT PUONG LEN MO HINH
Thiét 1ap phuong trinh cho véc-to luc kich thich {F(t)}, khao sat doc lap 4
loai kich thich: Map mé sin, map mé xung, map mé ngau nhién, mip mé 1SO 8608
loai C.
Céc kich thich nay duoc xac dinh tai bon diém tiép xdc giira banh xe va mat
duong: g, (trudce trai), g2 (sau trai), qrs (truedc phai), va gg, (sau phai).
3.2. KHAO SAT DAO PONG XE KHACH 29 CHO
Cac diéu kién khao sat gom: Van tc xe 20, 40, 60, 80, 100 km/h va bén mat
duong: map mo sin, xung, ngau nhién va 1SO 8608.
3.2.1 Dich chuyén va gia toc ciia cac toa do suy rong

Dich chuyén (ql-q9); Pwéng: sin; Vin téc: 40 Km/h
0.02 . T . . ' T : - :

0.015

=
[=]
pury

=
=
(=]
wn

Dich chuyén (m)
[ &

=
=
=)
(%)

i
=
[=]
pury

0.015 1

0 1 2 3 4 5 6 7 & 9 1
Thoi gian (s)
Hinh 3.2 Bién dé dich chuyén thang ding ciia dao déng xe

Bién d6 dich chuyén ctia dao dong. Quan sat trén d6 thi cho thay & ché do van
téc xe 40 km/h, mat dudng map mé sin, bién do dich chuyén cuaa khéi lugng duoc
treo g; 1a 1on nhat, gié tri dinh caa dao dong xap xi 20 mm, tiép theo 1a khéi lugng
khong dugc treo trude 6. Vi tri ghé phu gs va ghé hang 3 go c6 bién do dao dong
tuong d6i déu va thap hon, hinh 3.2.

Gia toc caa dao dong: O ché do van téc xe 40 km/h, mat dudng map md sin,
khéi lwong duoc treo g; ¢6 gia te dao dong 16n nhat, gia tri dinh dat 7 (m/s?). Céc
toa do suy rong khéc trong d6 c6 qs, Qo Xap Xi nhau. Tat ca cac dao dong déu co xu
huéng tit dan do c6 anh hudéng cua giam chan, hinh 3.3.
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Gia téc (q1-q9); Puéng sin; Vin téc 40 km/h

Gia téc (m's?)

0 1 2 3 4 5 B 7 8 9 10
Thoi gian (s)

Hinh 3.3 Gia téc dao déng trén xe khéch

So sanh két qua khao séat cho thay ¢ nhitng ché do van hanh khac nhau vé
van toc xe, loai map md mat duong anh huéng rd rét dén bién do va gia toc cua
dao dong.
3.2.2 Cac loai mat dwong

Map mé mit duong tao nén cac luc kich thich 1&n bon béanh xe, tan so luc
kich thich c6 xu hudng ting theo ty Ié tang ctia van téc. Trén hinh 3.4 trinh bay xu
thé tang bién do6 luc kich thich Ién 4 banh xe.

Kich thich mit duong [Loai: Sin] Van tde: 40 kmvh Kich thich mit duime [Loai: Xung] Vin tbe: 40 kmh

—
=1
=}

100
80 2l
60 60
o
- 40 g -
g % =0 ———Eamn
(\o/. o —Ednh 4
% 0 g 0 '
g 20l M 20
40 0
|
50 60 ‘
| 30 |
i 10} ; |
| G VR Ty T st e T R T SRS T
Thai gian (s) ot gian ()
_ Kich thich mét dudnz [Loai: Random] Vin tée: 40 kemh Kich thich mit dufme [Lozi: 180 3603] Vin tde: 40 kmh
[1 ] T T T T T T T T T 04 r r r T T T r T T
———Ednn 1 —Earnd
| —Ednh — 2
o4 —Eamnz Y I S M ri-""u - I
03 —= —l T (Rt
o —— 02- v T
5 02| g A .
B | - o1 LR
ool [RIHN R o | i ' !
| il finge ] g 0T LSy R b
15 (1] e JI YV I '
i ‘I ot () N
0.1 AN ||I| R .
A : L ! i RL
032 | J -. | | | | | L | | [_\ ||||| :
03 G L A3 P f
04 e S S S T—
04 1 ¢ 1 2 3 4 5 & 7 3 & 1o

0 1 2 35 4 5 6 7 § 9§ I
Thisi gan ()
Hinh 3.4 Dé th; kich thich mér dwong dang sin, xung, ngau nhién va 1SO 8608

This gian (5)
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3.2.3 Phén tich dap &ng tan s6
Trén hinh 3.5 cho thay kha ning dap tng tan sé cua cac hé toa do suy rong
01, G2, 3 On dinh & viing tan s thap. O ving gitra, tan sb trung binh ¢ nhimg dot
bién cting mot thoi diém va giam dan & ving tan sé cao hon.
Trén d thi pha cho thy su thay d6i pha cua tin hiéu dau ra so véi dau vao
theo tan s6 dé danh gia sy tré hay ting pha ¢ tirng tan s6. Nhu vy ¢ ving gitra hé
Xay ra mat on dinh.

Biéu d6 Bode - D5 16n

q1 [thén xe)

-50f q2 [géckEn) |
%‘ L 43 [géc pitch)
5 -100 “'
=1}
W -850

-zm * - - . £l

107 10° Tin sé (rad’s) 10’ 102
Biéu dé Bode - Pha
400 T T

1 (th&n xe)
q2 [goclan)
200 k g3 [gac pitch) | 4
[
‘_Mnr'.l o i

or . Mgl

Pha (ds)

200 : ! = =

-1 1] H = 1
10 10 Tan sd (rad/s) 10 10"

Hinh 3.5 D6 thi ddp 1ng tan sé cua g1, 2, Os.

3.1.4 Phan tich dao ddng vi tri ngoi

O ché @6 khao sat cu thé van toc xe 40 km/h, map md mit duong hinh sin
cho thay vi tri ngoi cia ghé phu c6 bién do dao dong I6n hon so véi Vi tri ngoi
hang 3 ctia hanh khéach. Panh gia gia téc dao dong ciing phu hop véi quy luat cua
dich chuyén, hinh 3.6.

Dich chu}'én q8 vi q9 theo théi gian

[=]
[=]

0.005F

Dich chuyén (m)

0.005 o8 - Ghiphy
g% - Ghe hang 3
a.01k - : :
o 1 z 3 7 5 5 10

4 5 5
Thii gian (s}
Gia tdc q8 vi q9 theo thoi gian

Gia toc (m/s?)
: (&) o8] B

[A]
T

q3 - Gha phy
49 - Gh2 hang 3

i
S

4 5 5 7 5 3 10
Thiv gian (s}

Hinh 3.6 D6 thi dao déng cua hai toa dé suy réng gs, ds

[=]

1 2 3
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Phan tich phé tan sb cho thay & ving tan s thap bién do caa dao dong cao dat
gia tri dinh, sau d6 giam va 6n dinh & viing tan sé cao, hinh 3.7.

0.45

Phé tén sé cia gia téc q8 vi q9

g8 - Ghé phu
q9 - Ghé hang 3

25 30 35 40
Tan s6 (Hz)

15 20

5

10

45 50

Hinh 3.7 Dé thi phé tan sé cua gia tac gs, Go

3.3 MO PHONG DAO PONG NGUOI NGOI TREN GHE
3.3.1 Tin hiéu kich thich 1én ghé
Trén hinh 3.11 1a d6 thi két qua dich chuyén caa dao dong tai ghé phu ¢ 5
dai van téc xe chay trong mé phong da duoc xac dinh.

dis.[mm]
13

Chuyén i ghé phu _ kich thich xung

Vm's]
0.6

V

an tdc dao dong ghé phu _ kich thich xung

——20 km/h ——40km/h ——60 km/h

mmmmmmmmmmmmm

0.2
o7 “i
SHEASERRTR b | BT RO AN B AR mBs AN
EEBRNREERER 0.2 ] TRRRRARAILTRABEERREEERR
0.4 k
,..
t[s*1000] t[s*1000]
-0.6
80 km/h —— 100 km/h =20 km/h =40 km/h 60 km/h 80 km/h ===100 km/h

a) Chuyén vi g

hé phy

b) Vdn téc dao dong ghé phu

Hinh 3.11 Hé th; tin hiéu kich thich 1&n ghé phu khi xe chay qua mdp mé xung
So sanh mot két qua cu thé xe chay trén duong map md xung, van toc 40
km/h trén cac ghé phy, ghé hang 3 dé phan tich két qua. Trén hinh 3.12.a,b la két

qua chuyén vj tai 2 vi tri

ghé tuong Gng.

—— Ghé hang 3 40 kan'h (Gh3_40 X)

thich xung

t[s*300]

dis. [mm] Chuyénvitai 3 ghé _kich
46 —— Ghé phu_ 40 km'h (Gph_40_X)
2

0 -

2

-4

-6

—— Ghé hang cudi 40 km'h (Ghe 40 X)

a) Chuyén v; trén 2 v; tri ghé

Vantéc 3 ghé _ kich thich xung

—— Ghé hang cudi_40 km'h (Ghe_40_X)
N 1[s*300] |
— —— Ghé hang 3_40 lanh (Gh3_40_X)

TN oné phm_ 40 knvh (Gph_40_X0)

b) Vdn téc dao dong 2 vi tri ghé

Hinh 3.12 Hé thi so sanh chuyén vi va vdn toc dao dgng trén 2 vi tri ghé, vdn tac

xe chay 40 km/h
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3.3.2 M6 phéng rung dong ngudi ngodi trén ghé

- M6 phéng rung dong ngudi ngdi trén ghé & cac map mé sin, xung, 1SO 8608 :

Dao déng dau ngwdi ngdi 2 vi tr

a_Wom/s)  kich thich Sin, V = 40 km/h Dao ddng din ngwdi ngdi 2 vi

a WimisS) kich thich Xung, V = 40 km'h
12 ﬁ; X 2_ = 7
1.2 3s
10 10

1

| 0.8
— Chammipmd | gg

Cham map md

. Binh mip md
L " :

¢ Binh map mé 0.4 °
4 - 0.2 A - T 4
-~ 0 " 2
2 1] 20
\ U r, i
0 o % © o % 100 0 10 20 30 40 50 60 70 80
— Ghéphu - - Ghéhing3 £ n(Hz) —— Ghe phn = = = (Gheé hang 3 f n(Hz)
Hinh 3.18 Do thi dao déng trong mién Hinh 3.19 Do thi dao déng trong
tan so trén dau o 2 vi tri ghe ngoi, map mé mién tan so trén dau o 2 vi tri ghe ngoi,
SIN map md XUNG
a Wimis2) Dao déng déu ngwedi ngdi 2 vi tri
o kich thich ISO 8608, V =40 km'h
06
10 05 A%
8 ) 04 Hzf
. Cham mdp md 03 W %
6 02 '-,
Dinh mép md 0.1
4 — - 0 v
—' 0 5 0 15 20
0
0 20 40 60 80 100
—— Ghéphy — - - Ghéhang 3 £ n(Hz)
Hinh 3.20 D¢ thi dao déng trong mien tan so trén dau o 2 vi tri ghe, map mo 1SO
8608

3.4 SO SANH KET QUA MO PHONG
3.4.1 So sanh két qua mé phéng dao dong dau nguoi

Stmulink_ Dao déng daun FEM_ Dao déng dau

a_W(m's?) kich thich Sin. V = 40 km'h ?_6“.'(131,.-52) kich thich Sin, V=40 lan'h
) _
Al 1.4 al
0.8 * 1.2 1
0.6 1
| 0.8
0.4 o 0.€
2 |
0.2 0.4
0.2 A2
0.1 L) n
0.1 rlI
0 e Nt e 0 X -_' _\ - .; l_-L-.__,______________
. ) 20 f n(Ho) 0 5 10 15 20 f n(Hz)
— Ghé phu - — . Ghé hang 3 — Ghépln - — . Ghé hang 3
a) Ket qua dao dong dau nguoi dung b) Két qua dao dong dau nguoi dung
Malab/Simulink mé phong FEM/Ansys Workbench mé phang

Hinh 3.26 Két qua mo phong dao déng dau nguoi ngoi trén ghé
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Nguoi ngdi trén ghé phu (A;): trong mé phong Malab/Simulink dao dong dau
ngudi ngdi ghé phu co gia tbc 0.82 (m/s?) ¢ tan sé 14 (Hz), md phong FEM cao
hon 13 1.33 (m/s?) & tan s6 cao hon 1a 16 (Hz).

Nguoi ngdi trén ghé hang 3 (Ay): trong md phong Malab/Simulink dao dong
dau ngudi ngdi ghé phu co gia toc 0.3 (m/s?) & tan s6 15.5 (Hz), mdé phong FEM
thap hon 13 0.16 (m/s?) & tan s6 thap hon 1a 11 (Hz).

3.4.2 So sanh két qua mé phong dao dong ngue

o Dao dong ngirc
a_W(m's%) kich thich Sin, V =40 km'h Dao déng ngirc

10 a_W(m/s?) kich thich Sin, V = 40 km'h
9 10
8 9
8
! 7
6 6
5 5
4 4
3 3
2
2 1
1 :, JL ,ﬂ J
0 0 2 4 6 8 10
0 2 4 6 8 10 12 14 16 Ghé phm - = . Ghé hang 3 £ n(Hz)
—— Ghé phy —— Ghé hang 3 f n(Hz)
a) Dao dong nguc nguoi dung b) Dao dong nguc nguoi dung
Malab/Simulink mé phong FEM/Ansys Workbench mé phong

Hinh 3.27 Két qua mo phong dao déng nguc nguoi ngoi trén ghé

Nguoi ngoi trén ghé phu: trong md phong Malab/Simulink dao dong nguc
nguoi ngoi ghé phu ¢ gia téc 4 (M/s?) & tan sé 14.2 (Hz), md phong FEM thap
hon 13 3 (m/s?) & tan sb ciing thap hon 6,5 (Hz).

Nguoi ngdi trén ghé hang 3: trong mé phong Malab/Simulink dao déng nguc
ngudi ngdi ghé hang 3 c6 gia toc 8.5 (M/s?) & tan s6 14.2 (Hz), md phong FEM
thap hon 13 1.5 (m/s?) & tan s6 thap hon 1a 4.2 (Hz).

3.4.3 So sanh két qua mod phéng dao dong dui

Dao dong dii

a_W(w/s?) Kich thich Sin, V = 40 km'h L
’ S Dao dong diu
. a-Wews) kich thich Sin, V = 40 km/h
7
5
6
5 4
4 3
3
2
2 U,
1 1 e 1|
0 0 431 =
0 2 4 6 8 10 12 14 16 i 2 4 [ 8 10
—— Ghé phu —— Ghé hang 3 £ n(Hz) Ghéphy ---- Ghé hang 3 £ n(Hz)
a) Dao dong dui nguoi dung b) Dao dong dui nguoi dung
Malab/Simulink mé phong FEM/Ansys Workbench mé phong

Hinh 3.28 Két qud mé phong dao déng diii nguoi ngaoi trén ghé
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Nguoi ngdi trén ghé phu: trong md phong Malab/Simulink dao dong dui
ngudi ngdi ghé phu co gia tée 7.1 (m/s?) & tan sé 14 (Hz), md phong FEM cao hon
1a 1.6 (M/s?) & tan s6 cao hon 13 6.5 (Hz).

Nguoi ngdi trén ghé hang 3: trong mé phong Malab/Simulink dao dong dui
ngudi ngdi ghé phu cé gia toc 7.9 (m/s?) & tan s 14.2 (Hz), md phong FEM thap
hon 13 1.1 (m/s?) & tan sb thap hon 13 4.1 (Hz).

3.4.4 Panh gia két qua md phéng

So sanh xac dinh gia tri bang d6 thi do tin cay cia phuong phap moé phong

dao dong dau duoc thé hién trén Hinh 3.28.

a2 Wim's) R2 so sanh Simulink va FEM Dao déng dan 2 W's?) R s0 sanh Simulink va FEM Dao déng ngwc L a R? 50 sanh Simulink va FEM Dao déng dui
- kich thich Sin, V = 40 km'h - kich thich Sin, V = 40 km'h a_W(m/s) kich thich Sin. V = 40 kavh

10 10 s
L=~
y=0.2262x-0.716 < : 8 ¥ =0.0476x + 3.06 ¥ =0.0279x + 1.0733
R?=0.6492 A R1-06334 A RY=0.2072
4 . ’ —)'—'.l
i ]

1y=0.0343x +3.0153
! Ri=07513 2

° 0 20 40 60 g0 f n(Hz)100 0 o 2 0 50 80 £n(H:) 100 ’ ] 20 40 o _(;J_ h 80 f£ n{Hz) 100
——— Simulink ~ — = FEM -+~ Linear (Simulink) Linear FEM — Simuink — — - FEM -+ Linear (Simuinl) Linear FEM —— Simutink = = = FEM :+++=++ Linear (Simulink) Linear FEM
a) R? dao déng dau b) R? dao dong nguc ¢) R? dao dong dui

Hinh 3.29 D6 thi so sdnh phirong phdp mé phong dao ddng nguoi
Théng ké so sanh phwong trinh hoi quy va gia tri R? cia do léch binh
phuong dao dong ta nhan duoc cac sb liéu dinh luong cho thay :
Dao dong dau : M6 phong FEM R? = 0.731 > 0.6429 cua Simulink
Dao dong nguc : M6 phong FEM R? = 0.7513 > 0.6334 cua Simulink
Dao dong dui : M0 phong FEM R? = 0.8015 > 0.2972 cua Simulink
Nhan xét: M6 phong phan tir hitu han (FEM) c6 thé duoc sir dung lam dix
licu tham chiéu dé so sanh voi két qua md phong Simulink. Dé khang dinh d6 tin
cay cua két qua cua mod phong.
3.5 PANH GIA ANH HUONG CUA DAO DONG PEN NGUOI NGOI
Phan tich pho tan s trén hinh 3.31 caa gg Va gg cho thay:
- (s c6 bién d6 rung dong cao hon trong ving tan sb thap (dudi 5 Hz), phan
anh tac dong tir dao dong tong thé cua xe.
- (o ¢6 bién d6 cao hon & tan sb trung binh (~5-10 Hz), ¢ thé do anh hudéng
cta dao dong hé thdng treo ghé sé 3.
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Phoé tin s6 cua g8 va g9

1072 : A
—— gi-Gheéphu |
——— q9-Ghé hang 3 |

10°7

10_3 1 1 I 1 1 I 1 1 I

0 5 10 15 20 25 30 35 40 45 50
Tan so (Hz)
Hinh 3.31 Do thi phé tan so ciia gs Va (g

3.6 KET LUAN CHUONG 3

Két qua khao sat dao dong cho thay bién do va gia téc dao dong cla xe phu
thudc vao loai map md va van tdc chuyén dong. Cac phan tich trong mién thoi gian
va mién tan sb chi ra rang ving tan sd thap (1-10 Hz) c6 anh huéng manh nhit dén
dao dong truyén 1én nguoi ngdi. Pong thoi, vi tri ghé phu chiu tic dong 16n hon so
v6i ghé hang 3, dic biét trong truong hop kich thich xung. Két qua md phong dao
dong cho thay su phu hop caa cac gié tri dich chuyén, van téc va gia téc dao dong
dung véi co so ly thuyét vé dao dong trong co hoc cling nhu chuyén nganh sau dao
dong 6 to.

Str dung phuong phap phan tir hitu han (FEM) xay dung mé hinh 3D dao
dong ghé — nguoi ngodi gan dang nhat véi thuc té, dung phan mém chuyén dung
Ansys Workbench phién ban c6 ban quyén 2024R2 dé md phong. Két qua duoc
phan tich theo chi s tin cay R? cho thay két qua FEM tin ciy nén duoc su dung dé
so sanh voi két qua mo phong Simulink.

Xay dung va phén tich ma tran twong quan da xac dinh dugc nhirng anh
huong cia dao dong xe dén ngudi ngoi trén xe, cho thay mé hinh nghién cau tir

chuong 2 va chuong 3 1a phu hop.
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CHUONG 4: NGHIEN CUU THUC NGHIEM
4.1 MUC TIEU NGHIEN VA CAC PIEU KIEN THI NGHIEM
So sanh vai két qua thi nghiém, danh gia o chinh xéac cia mé hinh ly thuyét
va két luan tinh dung din cua phuong phap nghién ctu.
Danh gia dao dong ngudi ngdi trén xe theo tiéu chuan 1SO 2631.
4.2 POI TUQNG THI NGHIEM
Déi twong thi nghiém 1a xe khach County 29 chd do hing 6 t6 Truong Hai
san xuat 1ap rap tai Viét Nam.
4.3 PUONG THI NGHIEM
Thi nghiém cho xe di chuyén trén mot mat duong 12 ndi tiép cua 3 doan duong,
xe chay & nhitng ché d6 van toc khac nhau V=20 km/h, V= 40 km/h, V= 60 km/h.
+ Poan duong ¢ map md ngau nhién, duoc xac dinh bang do truc tiép va lap
bang tinh gia tri trung binh cua map mé dé xac dinh tinh gan dung so vai tiéu
chuan 1SO 8608 loai C.
+ Poan duong c6 gan map md bién dang hinh sin theo tiéu chuan co sé caa
Tong cuc Puong bo Viét Nam hinh 4.2.

a. Map md mar dwong bién dang
hinh sine theo tiéu chuan tao ldp ddt trén dwong thir nghiém

Hinh 4.2 Mdp md mdt dwrong bién dang hinh sine

+ Poan dudng c¢d gan map md bién dang hinh xung theo tiéu chuan co sé cua
Tong cuc Puong bo Viét Nam hinh 4.3.

Huéng xe chay ‘

b

a. Mdap mé bién dgng hinh xung, b. Mdp md bién dgng hinh xung
b =200 mm; t =60 mm duwoc lap dat trén dwong thir nghiém

Hinh 4.3 Mdp md mdt dwong bién dang hinh xung
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Vi tri duong thir nghiém:

Pwong thw
300 m

)
Truong Dai Da.l hOC Céng ngh‘ép

hoc Cong

S N\
Hinh 4.4 Vi tri dwong thiz nghiém tai dwong Tay Tuu, Ha Noi
4.4 THIET BI THI NGHIEM
4.4.1 B§ thu thap dir liéu Dewesoft Sirius Mini 16 ACC va R2DB

Hinh 4.5 B¢ thu thdp diz liéu Dewesoft Sirius 16ACC va R2DB
4.4.2 Cam bién gia téc ICP 356A16, Vibra-Metrics model 1001

3 =

Hinh 4.7 CB gia toc Vibra-Metrics
model 1001

4.4.3 Cam bién van téc DS-IMU1, Cam bién chuyén dich HF-750

Hinh 4.6 CB gia toc 3 truc ICP 356A16

Hinh 4.9 B6 cam bién do chuyén

Hinh 4.8 Bg cam bién vdn toc DS-IMU1 dich HF-750
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4.5 PHUONG AN BO TRI CAM BIEN TREN XE VA SO PO CAM BIEN
4.5.1 Phwong an bé tri lip dit cam bién

o

2

w

Cim bién HF-750

” 7
Vi tri ldp cam bién gia toc \\ '
Cam bién vin toc (DS-IMU1)

Hinh 4.10 So dé lap dat cac cam bién trén xe va nguoi

(Pau) Cam bién 3
z

Vi tri do tai

Vi tri do tai

(Nguc) Cam bién 2
Z

(Chén) Z
Cém bién 1

Dewesoft Sirius Mini

Ghé _
Nguon AC/DC
Cam bién A San xe
7 T May tinh chuyén dung R2DB ~ Dewesoft Sirius Mini
Hinh 4.11 So dé Vi tri do trén N X, . Y
ngu’d'i. Hinh 4.12 So do Vi tri do trén ghe ngoi

4.5.2 So d0 dau ndi cam bién

|Nguén 12VDC |Nguén 220\'A(‘|
Cam bién HF-750|— — — — - — - —-—-— !

Cam bién gia téc ba phwong
(ICP 356A16) = =

Cambiéngiatécl |
(Vibra-Metrics model 1001)

Cam bién gia tbc2 | May tinh R2DB
(Vibra-Metrics model 1001) |~ [ !
| |
1
R ‘ |
Cam bién gia toc 3 I —
(Vibra-Metrics model 1001) [ — — .
! __ Daytinhiéu
|
Cambiénvante |
(DS-IMU1)

Hinh 4.13 So dé ddu néi cac cam bién
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4.6 CAC CHE PO THU NGHIEM, LAP PAT CAM BIEN LEN XE VA
TIEN HANH THi NGHIEM

Cac ché do thal.,_ V =40 _
nghiem V =20 (km/h) (km/h) V =60 (km/h)
Ky hiéu file V20 V40 V60

Dao dong chan ghé A 20 XYZ A 40 XYZ |A_60_XYZ
Dao dong chan nguoi | CB1 20 Z CB1 40 Z CB1 60 Z
Dao dong nguc nguoi | CB2_20 Z CB2 40 z CB2 60 7z
Dao dong dau nguoi | CB3_20 Z CB3 40 z CB3 60 Z

4.7 THU THAP VA XU LY SO LIEU THUC NGHIEM

4.7.1 Thu thip dir li€u ‘ ‘
Két qua thu thap so liéu thi nghiém trong phan mém DewesoftX dugc mo ta

mot treong hop trén giao dién may tinh.
4.7.2 Phan tich két qua thi nghiém
Mot dang két qua thi nghiém trich xuat minh hoa 1a gia toc RMS trén dau,

nguc va dui ngudi ngoi trén ghé duogc trinh bay trén hinh 4.24.a,b,c

= a =
a 2 2
= o

8 {h z
1 P s O
R e AL

a. Trén dau b. Trén nguc c. T%én dui
Hinh 4.24 Pé th; gia toc RMS trén cac bg phdn co thé theo phirong Z nguéi ngoi
hang ghée phu, kich thich sin, V = 40 km/h

000

:
3

i ; i
a1l \u 3 | h Hﬂ |
Lo i LD TN
a. Trén dau ) b. Trén nguc ] C. Tre:n dui )

Hinh 4.25 Do th; gia toc RMS trén cac bg phdn co thé theo phuong Z nguoi ngoi
hang ghe phu, kich thich sin, V = 60 km/h.
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Két qua thi nghiém cho day du két qua gia tri gia téc RMS cac vi tri khao sat
dao dong hai vi tri co thé ngudi ngdi tai cac vi tri ghé khac nhu ghé phu va ghé
hang 3. Dao ddong chu yéu tap trung & ving tan sé thap cho thay két qua thi nghiém
phu hop vai ly thuyét hinh 4.24 va hinh 4.25.

Két qua hdi quy gitta md phong va thi nghiém duoc thé hién trén cac do thi
hinh 4.31.a,b,c.

Héi quy n1n

So sanh thirc té vs mé phéng - n1tn

a) Hoi quy giira ny vdi qu
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o
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0.2 |
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b) Hoi quy giiza n, véi gy

Hbi quy n3;n

So sanh thye té vs mé phong - n3;n
80 v

| OO% O Thucts | |
60 M6 phdng

40 |

n3;n

20

-20

qtn 10

vin qin
¢) Hai quy giia ny Véi qa
Hinh 4.31 Pé th; biéu dién dnh hwong ciia dao dong xe dén dao déng nguroi ngoi
Trén hinh 14 cac do thi 2D bén trai va d6 thi 3D bén phai cho thay mit phang
hoi quy ludn khép véi dix liéu thuc té thi nghiém, cac diém tiéu tan nam gan mat
dir liéu cho thay mé hinh hdi quy phl hop, khéng doi hoi cai thién dé thi nghiém
tiép theo.
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4.7.3 Panh gia sai s6 két qua thi nghiém
Biéu dién trén do thi cAc gia tri két qua do gilta qy_m VA g1_mp nhu hinh 4.32.

So sanh q1_mp vaql_tn

—a—ql_mp
|—8—ql tn | |

0 500 1000 1500 2000 2500 3000 3500 4000 4300
Chi s6 mau

Hinh 4.32 D6 th;i két qud thi nghiém va két qua mé phong cia ga
Nhu vay, gitra két qua mé phong va két qua thi nghiém c6 sai léch 11.3 (%)
nam trong khoang cd thé chap nhan duoc.
4.8 KET LUAN CHUONG IV

Chuong IV di xay dung dugc quy trinh do Iwong thuc nghiém trén xe khach
County 29 chd va trén nguoi ngdi bang hé théng thiét bi chuyén dung hién dai
(Dewesoft Sirius, cam bién ICP 356A16, DS-IMU1). Viéc &p dung phwong phap
hiéu chinh gdc léch cam bién trén co thé nguoi va st dung bo loc Butterworth da
loai bo hiéu qua céc sai s6 va nhidu tin hiéu, dam bao sé liéu thu thap co do hoi tu
t6t vai hé sb bién thién CV < 10%.

Cac diéu kién thi nghiém phu hop véi cac diéu kién md phong: Map mo mit
duong thuc té gom map mo sin, xung va duong ngau nhién cé cac thong sé6 mat
duong twong dwong véi mat duong mod phong. Van tdc xe chay trong thi nghiém &
cac mirc thap so voi md phong, V = 20, 40, 60 kmv/h do diéu kién thuc té khong
cho phép xe chay thi nghiém & vén téc cao 80 va 100 km/h.

Két qua thuc nghiém cho thay trén duong ngau nhién ¢ van téc 20, 40, 60
km/h, dao d6ng nam trong gidi han cho phép. Tuy nhién, khi xe di qua cic map md
hinh sin va xung, gia toc dao dong tai c4c vi tri co thé ting vot, dac biét tai dui 1én
tai 5,1 m/s2, gay cam giac cuc ky khé chiu cho hanh khéch, phu hop véi nhan dinh
ly thuyét.
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Phén tich twong quan va hoi quy cho thay su phd hop gitta quy luat bién thién
cua dix liéu thuc nghiém va md phong. Sai s6 phan tram trung binh gitta gia tri gia
tbc md phong va thuc nghiém 1a 11,3%, cho thay mé hinh thi nghiém dam bao
duoc do tin cay.

KET LUAN CHUNG VA HUONG NGHIEN CUU TIEP CUA LUAN AN

KET LUAN CHUNG

Nghién ctu téng quan da dua ra nhimg danh gia vé mirc do quan trong va su
can thiét cua van dé dao dong 6 t6 ddi véi chat lugng xe trong sir dung théng qua
tiéu chuan vé sic khoe ngudi ngoi trén xe. Luan an da 14y chi tiéu gia toc dao
dong trong tiéu chuan quéc té 1SO 2361-1 dé danh gia anh huong cua dao dong
xe dén ngudi ngoi.

Luan an da xay dung mo hinh khong gian va cac phuong trinh dao dong xe 9
bac tu do trong d6 7 bac tu do cua xe va 2 bac ty do cua hai vi tri ghé theo
phuong thang dang gom vi tri ngoi ghé phu va ghé hang 3.

Xay dung, giai md hinh 3 khéi luong ngudi ngdi trén ghé bang md hinh 10 xo
khéi luong 3 bac tu do, gom khéi luong dau, khdi lwong nguc va khéi lugng dui,
trong d6 khéi lwong dui 14 dai dién cia phan lung, than, tay, chan va mong nguoi.

Str dung phuong phap phan tir hitu han méd phong 3D md hinh ghé - nguoi,
do tin cay trén dau cua hai phwong phap c6 R? = 0.7311/0.692, trén nguc c6 R?=
0.7513/0.6334, trén dui c6 R? = 0.8015/0.2972 gilp tang do tin cay cua két qua
mé phong trong Matlab/Simulink khi chi xét dugc dao dong theo phuong thang
dung.

Két qua thuc nghiém cho thay trén duong ngau nhién & van téc 40, 60 km/h,
dao dong nam trong gidi han cho phép. Tuy nhién, khi xe di qua cac map mé hinh
sin va xung, gia toc dao dong tai c4c vi tri co thé ting vot, dic biét tai dui 1én t6i
5,1 m/s?, gdy cam giac cuc ky kho chiu cho hanh khach, phu hgp vai nhan dinh ly
thuyét.

Phén tich twong quan va hoi quy cho thay su pht hop gitta quy luat bién thién
cua dit liéu thuc nghiém va md phong. Sai s6 phan trim trung binh giita gia tri gia
tbc mé phong va thuc nghiém 1a 11,3%, cho thdy mé hinh thi nghiém dam bao
duoc d tin cay. Tir cac két qua khao sét trén co thé sir dung lam co s dé dé xuat
cai tién ghé ngoi cho xe khach san xuat va lap rap tai Viét Nam.
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HUONG NGHIEN CUU TIEP
Do mét s6 nguyén nhan khach quan va chu quan nén dé tai con mot sé han
ché can tiép tuc ma rong nghién cau:
1. Tiép tuc khao séat dao dong tat ca cac vi tri ghé ngdi trén xe, 1ap so do dao
dong cua toan bo san xe.
2. Tiép tuc khao sat rung dong toan bo co thé nguoi.
3. So sanh toan bo két qua md phong va két qua thi nghiém.

4. T6i wu hoa két ciu ghé ngdi ting vai céc vi tri dao dong san xe.
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