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TOM TAT

Pé so sanh hiéu qua ém dju xe tdi khai thac mo su dung hai logi hé thong thuy khi va hé
thong treo cao su dudi diéu kién mdt dwong khdc nhau, mé hinh dao déng ciia xe tdi khai thic
mo véi 7 bic tw do dwoc thiét lgp dudi kich thich ngdu nhién ciia mat dwong. Cdc gia toc binh
phirong trung binh tai vi tri trong tam thdn xe theo phwong thang dimg (aw), ldc doc (awphi) Va
ldc ngang (awteta) theo tiéu chudn ISO 2631-1 e lwa chon la ham muc tiéu. Céc két qua phén
tich dd chi ra rang cdc gid tri awo, wphi, VA weta VOi hé thong treo thity khi lan lwgt gidm so véi
hé théng treo cao su duwdi diéu kién mat duong khdo sat, diéu dé6 chi ra rcing do ém diu cua xe
khai thdc mé véi hé thong treo thity khi dwoc cdi thién dang ké so voi hé thong treo cao su khi xe
chuyén dong trén cdc diéu kién mat dwong khdc nhau.

Tir khoa: Xe khai thac mo; Hé théng treo thuy khi; Hé théng treo cao su; D6 ém diu.
1. MO PAU

Do ém diu chuyen dong ctia xe 1a mot trong cac yéu tb quan trong anh huong dén su thoai mai
clia nguoi diéu khién, an toan cua hang hoa cting nhu d6 bén cua cac chi tiét trén xe. Hé thong
treo thuy khi voi kha ning dan hoi tdt cua khi va tinh can nhét cta chét 1ong 1a hé thong treo ngay
cang duoc st dung pho bién, dic biét 1a trén xe tai hang nang. Mt ) nghién ctru vé hé thong treo
nham nang cao d6 ém dju chuyén dong cta xe c6 thé ké dén nhu: Lé Vian Quynh va cong sy da
tién hanh danh gia anh huong cua cac thong sb thiét ké hé théng treo dén d6 ém diu chuyén dong
ctia xe [1, 2]. Cong trinh cua Nguyén Trung Kién, nghién ciru diéu khién giam chén tir trudng
trong hé thong treo ban tich cuc trén 6 to. Trong cong trinh ndy, tac gia dd nghién ctru di xay
dung thanh cong md hinh mé phong giam chén tir truong (MR) trong hé thong treo ban tich cuc
[3]. Cong trinh cua L& Xuan Long va nhom nghién ctru, phan tich hiéu qua hé thong treo thiy khi
trén xe tai dong thoi so sanh hidu qua hé thong treo thuy khi véi cac hé thong treo truyen thong
khac [4, 5]. Bian Gong va cdng sy di dé xuat mot phuong phéap tdi uu cho cac thong sd hé théng
treo thuy khi cho xe di chuyén trén midt duong “On-Off” bang cach sir dung mé hinh VRPEI-
Kriging nhim nang cao d6 ém diu chuyén dong cua xe [6]. Hengmin Qi va nhom nghién ciru da
dé xuat mot mo hinh hé thdng treo thuy khi cai tién voi hai khoang dau dugc két ndi voi nhau va
khi nén dugc diéu khién béng bd diéu khién md ECAS nham nang cao d¢ ém diu chuyén dong
ctia xe [7]. Wang Shuai va cong sur da dé xuat cai tién hé thong treo thity khi bang cach tdi wu cac
thong s6 thiét ké cuia hé théng treo duoc diéu khién bang bd diéu khién mo [8]. Yin Y va nhom
nghién ctru di tién hanh nghién ciru cac dic tinh phi tuyén cua hé théng treo thuy khi voi mot
khoang hén hop dau-khi va mot khoang dau [9]. Tuy nhién, cac nghién ctu vé hé thong treo thiy
khi trén xe tai khai thac mo nham nang cao do ém diu chuyén dong van con la van dé mo, dic biét
1a cac nghién ctru trong nude vé cha dé nay con kha khiém ton. Muc tiéu cua bai bao nay la xay
dung mo hinh dao dong ctia xe tai khai thac mé vai 7 bac tu do, sau do, tién hanh thiét 1ap cac
phuong trinh vi phan mé ta dao dong cua cac vt trong co h¢ va xéac dinh lyc theo phuong thiang
dung clia hé thong treo thity khi, cudi cing mé phéng, phan tich va so sanh higu qua hé thng treo
thity khi duogc thuc hién theo hudng nang cao dé ém diu chuyén dong cia xe.
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2. MO HINH DAO PONG CUA XE

2.1. M6 hinh dao dong

Dé phan tich, danh gi4 anh huong cia cac diéu kién mat duong dén do ém diu chuyén dong
cua xe tai khai thac mo voi hé thong treo thuy khi, m¢t moé hinh dao ddng xe tai khai thac mé 2
cau véi 7 bac tu do dugc xay dung dé mo phong va phan tich hiéu qua ctia hé thng treo thiy khi
s0 v6i hé thdng treo cao su. M6 hinh dao dong cua xe dugc thé hién trén hinh 1.
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Hinh 1. Mé hinh dao déng ciia 6 16 tdi khai thic mé 2 cau.
2.2. Xay dung phwong trinh vi phin mé ta dao dfng ciia 6 t6

Trén co s6 m6 hinh dao dong trén hinh 1, ly thuyét hé nhiéu vat va nguyén ly D'Alembert
duoc lya chon dé xay dung cac phuong trinh vi phan moé ta daq dong céc vat cua co h¢. Céc
phuong trinh vi phan mo ta dao dong cac vat cia co hé dugc viét dudi phuong trinh tong quat
dang ma trén thu gon nhu sau:

M{Z} + Cp{2} + Kn{z} = Ce{q} + Ki{q} 1)

Trong d6: M, Ch, Ci va Kp, K 1an luot 1a ma tran khdi lwong, hé sb can va do cung;
{Z} , {Z},{Z} lan luot 12 cac véc to gia tdc, van téc va chuyén vi cua cac khi luong; {q} , {q} la
véc to van toe va chuyén ciia ham mép mo mit dudng.

2.3. X4c dinh e theo phwong thing ding ciia hé thong treo

Dé phan tich va so sanh hiéu qua ém dju cua h¢ thong treo thuy khi voi he thdng treo cao su,
mo hinh hé thong treo thiy khi va hé hé thong treo cao su dugc thiét 1ap va xac dinh thanh phan
lyc theo phuong dung.

2.3.1. Xdc dinh lyc theo phwong thang dimg ciia hé thong treo thuy khi

Mo hinh dao dong cua h¢ thong treo thuy khi dugc thé hién trén hinh 2. Trén hinh 2, ma, mp
lan luot la khéi lugng cua cu xe va thin xe; Za, Zp1a chuyén vi ciu xe va than xe; pa, pp Va Pe | la
ap suét trong khoang A, B va C; da, dp va d; 1an luot 1a duong kinh trong, ngoai cua thanh truyén

piston va dudng kinh trong ctia xilanh; dzi, dz, lan lugt 1a duong kinh 15 tiét luu va van mot
chiéu; kn va cp 1an luot 1a do clirng va hé so6 can ctia hé thong treo thuy khi.
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(a) M6 hinh két cau. (b) M6 hinh dao djng.

Hinh 2. Mé hinh hé thong treo thiy khi.
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Trong d6: Aa, Ap Va Ac lan luot 13 tiét dién trong, ngoai cua piston va duong kinh trong cia
xilanh; pa va pc ap suat tai khoang A va khoang C.
Qué trinh gidn né ciia khi trong khoang khi dugc xem nhu qué trinh doan nhiét, theo 1y thuyét
nhiét dong luc hoc dugc xac dinh qua cong thirc:
. poVe' = paVd" ‘ 2
Trong do: Vo, po lan luogt 1a thé tich va ap suat ban dau cta binh khi; Vj, pa lan luot 14 thé tich
va 4p suat cua binh khi ¢ thoi dieém bat ky; n 1a hang s6 doan nhiét ctia khi.
T phuong trinh (2) ta suy ra:
Pa = Po (7) v V=Vt Ab(Zb - Za); b, =D, (3)
a
Luu lugng dau qua 13 tiét luu va van mot chiéu duge xac dinh biéu thuc:

2(p. — 1 +sign(z, —z 2(p. —
Q = Cuhrz JL“ ; P Gion(ay — 2) + CE S 2 2)) JL” ; P sign(zy - 22

2

- Q=C4(A12 +

(1 + sign(z, - Z'a))AZZ)\/Z(m —P)
2 p

Trong do6: A~12 va Ay 1an luot 1a tiét dién cua 13 tiét luu cling nhu van mét chiéu; Cq 12 hé sb
luu luong cua 16.
Trén co s¢ can bang luu lugng ta c6 ta c6:
Q= (Ac(Zp — 24) — Ap(Zp — 24))sign(Zy — 24) = Q = (Ac — Ap) (Zp — Zg)sign(zy —z,) (D)
Tur phuong trinh (4) va (5), mdi quan hé ap suat giira khoang B va C dugc xac dinh nhu sau:

p(Ac - Ab)z(zb - Za)z-Sign(Zb - Za)
1+si .
2€3 <A12 + ( Slgnz(Zb Za))A22>

Luc ma sat gita piston va xilanh ctia hé thong treo thity khi duoc xac dinh theo i thuyét luc
nhat cua chat long Newton voi gia thiét coi h¢ so6 nhdt 1a cta cua chat 16ng 1a khong doi trong
qué trinh hé thong treo hoat dong:

Pc=Dpt+ (6)

md, L
Fr = p. ;12 2 (2 — 2) @)
Trong do: p lé‘hé s6 nhat dong luc cta dau; dey, L lan luot 1a duong kinh va dai cta piston; h
la chieu day 16p dau giira piston va xilanh.
Tir cac thanh phan &p suat da xac dinh ¢ trén ta tim dugc luc theo phuong dung cua hé thong
treo thuy khi nhu sau:

F, = ( Yo )n 1)4
n = Po Vo + Ap(2p — 24) b

p(Ac - Ab)3(zb - Za)Z-Sign(Zb - Za) ‘uNdchZ (Z 2 )
. . 5 - - b - a
ch <A12 n a1+ szgnz(zb Za)) Azz) h

2.3.2. Xdc dinh e theo phwong thing dimg ciia hé thong treo cao su

(8)

Luc phi tuyén theo phuong thing ding ctia hé thong treo cao su dugc xac dinh theo theo
Zhou Changfeng [10] nhu sau:
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B =—-Gr— (krl(zb —Zg t+ Sr) + er(Zb —Zg + ST‘)3)

ey — 1) <1 + signz(z'b - z'a)> ey — 2) <1 - signz(z'b - Za)> 9)

2.4. Map md mit duwdong

Hién nay, mép md mat dudng dugc miéu ta bé“mg~ nhiéu phuong phap nhu ham toan hoc dqn
gian (ham sin, ham xung vudng, tam gidc,...), hay ngau nhién. Trong bai bao nay, theo tiéu chuén
quoc t€ ISO 8068 [11], map mé cia mat duong c6 mat do phd Sq(no), N6 duge dinh nghia bang
cong thirc thyc nghiém nhu sau:

Sq(m) = S4u0) () (10)

Trong d6: n 1a tan sb song cua mdt duong (chu ky/m); no la tan sd mau (chu ky/m); Sq(n) la
mat do phd chleu cao clia map mo mat duong (m3/chu ky); Sq(no) 1a mat do phd tai no (m3/Chu
ky); o 1a hé sb tAn sd duoc miéu ta tn s mat do pho cua mat duong (thuong » = 2). Ham map
mo mit duong ngau nhién duoc gia dinh 1a qua trinh ngiu nhién Gauss va n6 duoc tao ra thong
qua bién ngiu nhién Fourier ngugc:

2vngS,(no)Af

N
at) = Z S cos (2 + 60 (11)

2

Trong d6, finia: = fi + el Af (i = 1+ N); ¢; la pha ngau nhién phéan b tir (0 + 2m).

3. CHI TIEU PANH GIA PQ EM DIU CHUYEN PONG CUA XE

bé danh gia anh hl;éng cua diéu kién mit duong dén do ém diu cta xe tai khai thac md, trong
bai bdo nay, ti€u chuan ISO 2631-1 [12] dugc lya chon dé phan tich va so sanh thong qua chi
tiéu la gia tri gia toc binh phuong trung binh, n6é dugc xac dinh nhu sau:

1 (T 05
= j a; (t)dt] (12)
T 0

Trong do: aw1a gia tbe binh phuong trung binh; a, 14 gia tc theo thoi gian; T 14 thoi gian khao sét.

4. MO PHONG, TiNH TOAN VA THAO LUAN

ay, =

4.1. Mo ph()ng va phén tich

Phan mém Matlab-Simulink dugc sir dung mo phong va phan tich hiéu qua hé thong treo thiy
khi khi so sanh véi hé thong treo cao su, sau d6, cac diéu kién mat dudng dugc Iya chon dé phan
tich hiéu qua ém diju cta hai loai hé théng treo thuy khi va hé thong treo cao su. Cac két qua mo
phong gia tdc thoi gian phan ung theo phuwong ding (ap), lac doc (apni) va lic ngang () tai vi
tri trong tam khdi luwgng than xe khi xe chuyén dong trén mat duong ISO cép E véi van toc 30
km/h va xe day tai dugc thé hién trén hinh 3. Tir cac két qua trén hinh 3 chi ra rdng, gia tri bién
d6 cua ap, aphi va ateta VO1 h¢ thong treo thuy khi giam manh so voi hé thdng treo cao su. Tur cac
két qua nay chi ra rang, hi¢u qua ciia h¢ thong treo thuy khi da cai thién dang ké vé do ém diu
clia xe tai khai thac mo so véi cac hé théng treo cao su truyén thong dudi didu kién khao sat.

Tir cac két qua trén hinh 3, cac gia toc binh phuong trung binh theo phwong dtng, lic doc va
lic ngang cta thin xe (awb, wphi VA awteta) theo tidu chudn ISO 2631-1 dugc xac dinh theo cong
thire (12). Céc gié tri ciia awb, awphi VA awteta 140 1ot 13 aws = 1,1971, awpni = 0,352 va awteta = 0,376
v6i hé thong treo thiy khi va aw, = 1,7636, awpni = 0,5182 va awteta = 0,596 vO1 hé thong treo cao
su. Cac gia tri clia awb, Awphi V& Qwteta VO1 hé thong treo thity khi lan luot giam 32,12%, 32,01% va
36,9% so v6i hé thdng cao su khi xe chuyén dong trén miat duong ISO cap E véi van tde 30 km/h

186 L.X Long, ..., L. X. Hdi, “Phdn tich hiéu qud ém dju xe tdi ... diéu kién mdt dwong khac nhau.”



Nghién ciru khoa hoc cong nghé

va xe d?ly tai. Cac diéu kién mat duong khac sau duoc lya chon dé kiém chung hiéu qua ém diu
cua hai loai hé thong treo thiy khi va hé thong treo cao su sé tiép phan tich ¢ phan tiép theo.
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Hinh 3. Gia téc thoi gian phan ieng tai vi tri trong tdm théin xe khi xe chuyén dong
trén mat dwong 1SO cap E véi van toc 30 km/h va day tai.

4.2. Kiém chirng hiéu qua ém diu ciia hai loai hé thong treo dwéi diéu kién mit duwong
khac nhau

Pé phan tich va so sanh hiéu qua ém diu ciia hé thdng treo thuy khi va hé thong treo cao su dudi
cac diéu kién mat duong khac sau, bdn loai mat duong tir ISO cép B dén ISO cép E duoc chon khi
xe chuyén dong vén tdc 30 km/h va xe diy tai. CAc gid tri awb, Qwphi VA awteta vOi hé thong treo thuy
khi va hé théng treo cao su dudi cac diéu kién mit duong khac nhau dugc thé hién trén hinh 4.
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(b) Lac doc than xe. (c) Lac ngang than xe.

Hinh 4. Cdc gid tri awb, @wphi VA awteta vJi hai loai hé théng treo
duoi cac dieu kién mat duwong khdac nhau Xe.
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Céc két qua trén hinh 4 chi ra ring cac gid tri awb, awphi VA awteta vOi ca hai hé thdng treo ting
nhanh khi xe chuyén dong trén cac mit dudng xiu, ddc biét trén mat duong ISO cip D va ISO
cap E. Cac két qua trén hinh 4 ciing chi ra rang cac gia tri awb, awphi VA wteta VGi hé thong treo thity
khi lan luot giam dang ké so voi cac hé thong treo cao su dudi cac diéu kién mit duong khac
nhau, diéu d6 dan dén d6 ém diu chuyén dong cua xe tai khai thac moé véi hé théng treo thuy khi
duoc cai thién 10 rét so voi hé théng treo cao su. Cac gia tri awp vOi hé théng treo thay khi lan
lugt giam 70,09%, 70,35%, 59,81% va 32,12% so véi cac hé théng treo cao su khi xe tir mat
duong tir ISO cip B dén ISO cép E; Tuong tu, cac gia tri awphi VA wteta Vi hé thong treo thily khi
cling giam rd rét so v4i hé thng treo cao su khi xe tir mit duong tir ISO cap B dén ISO cap E.
Tir céc két qua phén tich va so sanh hiéu qua ém diu v6i hai loai hé thong treo, ching ta thay
hiéu qua cia hé thong treo thuy khi cai thién dang ké vé& d6 ém diu xe tai khai thac mo so vdi xe
sir dung hé thdng treo cao su. Két cau ctia hé thong treo thuy khi pht hop véi loai xe tai khai thac
mo véi cac mit dudng dia hinh phirc tap ma van dam béo tt cac nhiém vu cua no.

5. KET LUAN

Trong bai bdo nay, mot mé hinh dao dong phi tuyén khong gian véi 7 bac tu do v6i hé théng
treo thuly khi dugc xay dung dé phan tich va so sanh hiéu qua ém diu ctia n6 v6i hé thdng treo
cao su. Tur cac két qua nghién ctru, ching ta cé thé rat ra duge mot sb két luan sau: (1) Céc gia tri
bién do dinh cua ap, aphi VA teta Vi hé théng treo thuy khi giam manh so voi hé thdng treo cao su
khi xe chuyen dong trén mat duong ISO cap E voi vén tdc 30 km/h va xe day tai; (2) Cac gia tri
awb, Auphi VA awteta VO hé thong treo thuy khi lan luot giam dang ké so v6i cac hé thdng treo cao su
dudi céac diéu kién mat duong khac nhau, diéu d6 dan dén do ém diu chuyen dong cua xe tai khai
thac mo voi hé théng treo thuy khi dugc céi thién 1o rét so voi hé théng treo cao su; (3) Hé théng
treo thuy khi ctia xe tai khai thac mo khong nhitng dap tng dugc d6 €ém diu ma con dap ung
dugc chirc ning an toan khi xe di vao mat duong dia hinh phurc tap. Tdi wu va diéu khién cac
thong so thiét ké ctia hé thong treo thity khi cho xe tai khai thac mé theo hudéng ém diu va an
toan s& tiép tuc dugc nhom nghién ctru phat trién va cong bd trén cac tap chi khoa hoc cong nghé
trong nude va qudc té.

Loi cam on: Nhém tdc gia xin tran thanh cam on dén triwong Pai hoc K3 thudt Cong nghiép, Pai hoc
Thai Nguyén.
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ABSTRACT

Ride performance analysis of a mining dump truck using hydro-pneumatic
and rubber suspension systems under different road surface conditions

In order to analyze the ride performance on a mining truck using the hydro-pneumatic
and rubber suspension systems under different road surface conditions, a dynamic model
of a mining dump truck with 7 degrees of freedom is established under random excitation
of road surface roughness. The weighted r.m.s acceleration responses at the vehicle body
center of gravity in the vertical direction (awb), pitch angle (awpi) and roll angle (Auwteta)
according to ISO 2631-1 are selected as the objective functions. The analysis results
showed that the awn, awphi and aweta Values with the hydro-pneumatic suspension system
decrease respectively compared to the rubber suspension system under surveyed road
surface conditions, which means that the ride performance of the mining dump truck with
hydro-pneumatic suspension system is significantly improved compared to rubber
suspension system when the vehicle moves under different road surface conditions.

Keywords: Mining dump truck; Hydro-pneumatic suspension system; Rubber suspension system; Ride comfort.
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