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2. Objective(s):
A method to improve the efficiency of hydro-pneumatic suspension system is
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3. Research results: e -
- Analyze the overview of the hydraulic suspension systém;
- Setting up-a-mathematical model of hydro-pneumatic-suspension-system;
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- Establishing full-vehicle dynamic model;

- - Simulating and analyzing the efficiency of hydro-pneumatic suspension
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MG DAU
Dong luc hoc clia xe & 16 nodi chung va ctia xe tai noi riéng duge nhiéu nha
~ khoa hogc quan tdm nghién ciru. Do nguon kich thich dao déng tir ben ng0a1
—nhumalﬂmngxangugnklchLmQMg do ddng co, qud trinh Dhanh qua B

a
\ A r T

XE e VY. khién xe 6.16 bidao (Tn'na Luc phat sinh trong

- qué trinh dao ddng cua xe kha phirc tap voi cac phuong khac nhau, tuy nhién —

@ — = — chenghién ciu-trude chi-ra ring néu-chi-ké-deén-ngudn-kich-thich-bénngoaila——

mip md mit dudng va xe chuyén d6ng trén dudng thing thi lrc gy ra dao -

_ddng cua xe hau het 1a theo phu:ong dung la chu yeu Xe tal khai thac mé 1a

S _-phWﬂgtlemthumgx&ym ~hoat- éeng—tren—mat—nen—dum}g—ehat luemg—xau—vo:l———-;-
77 bién d6 mAp mé mit nén ducmg cao va tin sb kich thich thip thAm chi m3t nén |
—duﬁngmrbrén—dang.—ﬁx—ca"crnguon—lﬂ-chﬂ:hrch—datr&ong—hmh—thanh—}uc—d—c_)ng—
 theo cac phuong khac nhau tai banh xe gy tc dong x4u dén mit duong. Dé

giam tac dong xau dén mit duong, cic nhd nghién ctu va ché tao ludn quan
—tam tim kiém va dé xuat nhidu cic gidi phap nhu tic déng dén khung xe; 16p——
xe, hé théng treo, hé dém cach dao dong gitra déng co, hé théng treo cabin, hé

thong treo ghe ngm Trong noi dung dé tai nay nhom nghién ctru lya chon

huéng nghién cliru ning cao hleu qua than thlen vai rnaf dﬁong cla he thong

treo thay khi véi tiéu chuan dé danh gia 1a ding hé s tai trong dong.
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CHUONG 1. TONG QUAN VE CHUYEN PE NGHIEN CUU
1.1.Téng quan vé két ciu hé thong treo xe off-road

“1.1.1. Nhi¢m vy; mit so bd phan co ban, phan loai h¢ thong treo

-~ dong nay anh huong x4u-dén tinh ém dju va tién nghi cho ngudi st dung, dong R |

- - thdi lam gidm tudi-bén-cac chi tibt cia 6-t5. Hé théng treo duge hidunhurhg——

théng lién két mém (dan hdi) gitra banh xe thong qua ciu xe véi khung xe hodc
7 VO xe

— _—1_1 I_}“Nhl?"& ViZ : ) _ : - -

HE thong treo thuc hién nhiém vy &5 than Xe len trén cu xe; cho phép
——banh xe chuyér dong tuong d6i theo phorong- thing dimg d6ivéikhung xe-hofc————

___ voxe; han ché nhing chuyen dong khong mudn c6 khic ciia banh xe. Ciu tao

chung cia hé thdng treo bao gdm 3 bd phan co ban: BS phdn dan héi; By phdn

~gidm chan; B phdn dan huong. T T —
1.1.1.2. Mt 56 bj phén co béin
B{ nhgn dan h01

+ N&i “mém” gifra banh xe va 7thung Xe rglarrrrl nhe ta1 trong dong tac dung
tir banh xe 1én khung trén cac dia hinh khic nhau ddm bao d6 ém diu khi
chuyén dong.

+ Phan tir d3n hdi ¢6 nhiém vu dwa ving tin s6 dao dong ciia xe phu hop

ving tan sb thich hgp véi ngudi st dung.

B{ phén giam chin

+ Dip tit dao dong phat sinh trong qua trinh xe chuyén d6ng tir mit duong
1én khung xe trong cac dia hinh khac nhau mgt cach nhanh chong bﬁng cach
bién ning lwong dao dong thanh nhiét ning tda ra moi trudng.

+ Pam bao dao ddong cta phan khéng treo nhd nhit, sy tiép xtic cia banh
xe trén nén dudng, ning cao khi ning bam dudng va an toan trong chuyén

dong.




B phin din hwéng

+ X4c dinh tinh chit chuyén dong (dong hoc) ciia banh xe dbi véi khung,

nen giita binh xe voi

R ”*N'gUéi*ra:'trén'mé_‘)t”sf’J hé théng*treo con co: bd phéin éﬂ"dil'lh ngang vacdey - - ]

iR o o su—téng—e&ngheé&hameh&héﬁh;tr‘:—'—f;***:—f—r—————r e

Phin ti¥ én dinh ngang: Véi chirc ning 1a phan tir &an hdi phy 1am ting
kha naing chéng 14t thén xe khi c6 sy thay @6 ti trong trong mit phéing ngang.

- | €ac-phan-tirphu-khie-viu-cao-su; thanh-chiu-lue phi—ed-the-dung-ting—————

cting, han ché hanh trinh va chiu thém tai trong.

_ Viéc phén loai hé thong treo dya theo cac can cir sau:

- Theo loai bd phén dan hdi chia ra:

+ Loai 'b.;.mg Kiﬁ"lb”ﬁi’:”ﬁ]iiﬁlﬁ; 10 %0, 1 thanh xoan. DR

+ Loai khi: budng khi nén dang gip, dang séng, cb budng khi nén phu.

+ Loai v khi: ké itra khi nén va giam chén thuy lye. ‘

+ Loai cao su: cac gdi cao su, ng cao su dan hdi
-Theo bb tri bd phin din huéng chia ra:

+ Loai phu thudc véi dim céu lién.

+ Loai dgc 18p: mdt don, hai don,...

-Theo phuong phap ¢ di_éu khién c6 thé chia ra:

, + Hé théng treo bi dong (Hé thdng treo khong diéu khién),
+ Heé thdng treo chi dong (HE théng treo c6 didu khién).
1.1.2. Gi6i thidu mdt s6 két ciu hé thdng treo xe tii
1.1.2.1. Hé théng treo khi
Hé théng treo khi nén véi ballon khi nén nhu mot binh chira khi nén é4p
suét cao bén trong véi thé tich thay ddi. Sy nén va gidn né cia ballon khi nén

khoéng nhiimg lam thay ddi thé tich ma con thay d6i trang thii nhiét déng luc
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hoc chét khi bén trong. Do do, dd cling cua ballon khi nén ¢é xu huéng phi

tuyén véi tin s6 kich déng Cac qué trinh nhiét déng lyc hoc chit khi gém:

""kﬁi"ﬁéﬁtﬁth*é@il’i’ﬂl'rét'd(frkhﬁng* di bing cach trao d6i nhiét hoan todn véi -

modi tredng xung quanty.————— —— S

- Qué trinh doan nhiét: qu4 trinh doan nhiét khéng cho phép hé théng trao

88 nhiét v6i moi trudng xung quanh va nhiét o cta hg théng thay d6i. Dao

- "‘dfmg‘rﬂra:rﬂrd{inﬂéu—cﬁa—baﬂon—khi—nén—&tro‘e-eei—léfqué—tﬁn]&éean—nhiét#i—eé——--———- -

rat it hodic khong c6 su trao doi nhiét giita ballon khi nén v6i méi truong xung

quanh. Do d6, nhiét 49 ballon Khi nén tang en trong qud trinh mém va granmr—————— |
trong qua trinh gifdn nd. R

- Qué trinh da bién: dugc sit dung khi qu4 trinh nhiét déng hoc khong thé
" duoc md hinh hda 13 qua trinh dang nhiét hodc qua trinh doan nhiét. Ballon khi ~
nén co6 trang thai khi thay déi phic tap, véi tht ca cac thong sb chat khi déu

° i 8 chat Ihi. Chinh diéu nay tao nén

e

tinh chat phl tuyen cla ballon kh1 nén. Dac tmh dd cung c;uﬁ)allon kh1 neri the
hién qua hai yéu t: d6 cung tinh va d§ cing dong. DO clmg tinh cia ballon khi
nén duogc xiy dung dua trén cac quan hé dong luc hoc chit khi véi ba trang
thai:ding nhiét, doan nhiét, da bién theo cac thong s6: ap sut, thé tich, dién

tich hicu dung ballon khi nén va thé tich ciia binh khi phu. P§ cling ddng dugc

x4c dinh dya trén cac quan hé lyc-chuyén vi, duge x4c dinh bang méd phéng

hodc thye nghiém.

Ballon khi nén gdm vo cao su dan hdi, mjt bich phia trén va pit tong phia
duéi tao thanh khoang kin chua khi nén. Hé théng treo khi nén st dung phd
bién trén nhidu loai phuong tién tlr 6 td con, 6 t6 khéch, 6 t6 tai dén so mi ro
mooc nhd ¢é nhidu wu diém:

- Ballon khi nén thudng c6 d6 cung thap hon hé théng treo kim loai truyén

thdng (nhip) nén ém diu hon. Do hé théng treo kim loai thudng thiét ké cé dd
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clmg tmg véi truong hop day tai nén trong trudng hop khong tai hoic tai thip,
hé théng treo khé cimg.
- C6 khi ning thich nghi v6i nhiu mire tai bing cach diéu chinh 4p sudt

khi cap vao ma V’l it nguyén (‘hlﬁ]] _cao tinh cua ballon khi nén (khéng gian

T

r
A
&
-

nén. Ddi vdi hé thdng treo kim loai truy“én thﬁ'ng, d6 cing thudng duge coi 1a

khéng d01 trong khi d6 cting cuia ballon khi thay do1 theo tai trong.

- €6 thé-diéu-chith-chitu-cao-mong-mudn-cia-hé théng-treo kh1—nen bang

cach nap hodc xa khi trong ballon khi nén théng qua cac van diéu chinh 4p suat

~n so v&i phan fir dan hoi kim loai.

Va binh chifa, trong khi cn1éWt—omh—'TlTé”ﬂTGTrgtr€cﬂmrrbarwrm0rmuc—
tai khong thay d6i duog[l]_ - -

- Ballon khi nén c6 phin tir dan hdi cao su hoat dong tir do nén giam tiéng

C6 2 loai ballon khi nén thudng st dung hién nay: dang xoén (convoluted

—beﬂnnglaﬁangﬂnggum(mllmg lobe hogc reversible sleeve) nhu hinh 1.1 [2] j

a) Dang xoan - b) Dang dng cudn
Hinh 1.1 Cac logi ballon khi nen [2]
- Ballon khi nén dang xoén (Hinh 1.1a): khi nén 16p vé cao su s& phinh to
tiét dién. Loai nay c6 dudng kinh 1én, hanh trinh nhé, cung cp tai trong 1én
Vo1 ap sufit thap, phu hop v01 cac loai tau dién ho#c sur dung treo cabin, treo

ghé 6 6.
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- Ballon khi nén dang dng cudn (Hinh 1.1b): khi nén 16p vé cao su s& cudn

lai quanh pit tong phia dudi. Loai nay cd dudng kinh nhd, hanh trinh 1én, cung

cap tai-trong nho hon, phtt horp st dung cho hé thong treo 6 t0, so mi i 10 mooc.

H1en nay, he thong treo khi nén thuong su dung ballon khi nén dang ong" |

cudn, cho phep khodng d1ch chuyen 16n hon véi dlen tich hleu dung thay dbi -

~ khéng nhiéu, Cac nghién ciu di chimg minh rang sy thay ddi dién tich hidu

dyng chi yeu phu thude vao chuyen vi twong ddi gitta khung Xe va tryc xe, anh

4

1A

P alr o a3
Ul..l U.lC.l.l l.l.\./ll. l.llUu uu115 MIULLB uaug 1\5

1.1.2.2. H¢ thong treo thuy khi dteu chinh dp cao ty dopng (Citroen)

Tas PR P ey 7 §
11u0115 \,u Cl.lJ SUdl

-~Hé treo trudc co thé sit dung kicu MacPherson, hé treo sau dung loai don

doc (hinh 1.2). Hai thanh chéng lic ngang (9) duoc I&p cho treo trudc va sau

nhim ting cimg xoan cho hé va d¢ diéu khién van dicu chinh d6 cao (4).

A = Winhtch dp 8 & $clhoron
P Bom I 8= Bﬁﬁ huthi kN !ﬁii
1 = Hink chalis - T=Corchn badng
- H = Vet diffo KNida db die . AR = Thatd: fin 1511:11
PR = Vun didu khidn ipsudt

Hinh 1.2. H¢ théng treo thiiy khi

Céu tao:
B§ phdn dan héi: balon khi nito (1,2) va gidm chén (5), xem hinh (1.3).
Khi banh xe di qua mép md, piston bj ddy 1én, chét 1ong bi diy vao khoang dudi

cta-batonkhi, mang (3) ép khi nito trong mét thé tich bé. Néu banh xe qua chd

16m, khi nén gidn ra, day chat long trd lai xy lanh gidm chan, lam piston chuyén
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ddng di xuong. bang cdch thay doi chat long di qua van gidm chan ma khi nén bi
nén hodc gian nd lam thay do61 ap suat so voi ap suit ban dau dé han ché cac hic

__d0ng tac dung'ién thén xe' (hinh 1.3).

M —
It
I

5. 1%

=

Hinh 1.3. Hé thong treo thity khi trang bj van diéu dp

2o _ 1. Balon khi; 2. khi nito; 3. mdng,ngén,,cdch,',,,él.,,(fng,dén,,chd't,,léng, vdo,t,i,,,,,;:'; -
xilanh; 6. dirong ddu ra; 7. vau han ché hanh trinh; 8. piston giam chan; 9. cdn |

piston; 10. van diéu chinh do cao; 11. don diéu chinh; 12. thanh 6n dinh.

Bom diu va van déng 4ap (hinh 1.3): Dau dugc cip tir bom diu piston-dia
quay lai b&i dong co dbt trong; cé‘rlp diu lién tuc v6i mot ap suat én dinh xac dinh
trude. Dau 4p sudt cao duoe dr trit trong binh tich &p (1), (trong d6 c6 mot thi
khi nito) dé cip khi khi ¢6 nhu ciu dot ngdt; cho phép bom chay khong tai va
loai dwoc qud trinh déng ngit bom. Khi bom chay khéng tai, 4p sut chi da dé

dwa diu vé binh chira (3) qua van diéu chinh ap sudt (5).Van diéu chinh &p suit
va binh tich dp diéu chinh 4p suit t6i thiéu dé hé théng lam viéc va han ché 4p
suit t6i da (4p suat déng clia bom 140 bar, 4p sudt cit 165-175 bar).

Van diéu chinh dg cao (hinh 1.4): P cao cua xe dugc thay ddi ty dong nho
thay dbi thé tich dau khéng chiu nén gitta budng diu cia balon (1) va xy lanh
(5). Khi tai trong ting thi than xe bi ha thip 1am bién dang co ciu hudéng hé treo

va 13m quay thanh én dinh {12). Géc quay ca thanh 6n dinh 13 gia tri tuong vng

chuyén vi twong doi ctia hé thong treo so vaéi vi tri tinh ban dau. Chuyén vi nay
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duge chuyén tiép dén van diéu chinh d6 cao(10) théng qua thanh xofn didu
khién (16), mot ddu cua n6 dugc kep chit (13) véi thanh én dinh (12), dau kia
kep véi don diéu chinh (11). Pau kia ctia don (11) ndi véi van diéu chinh d¢ cao

(10).

8, Con il charedn it img sang m) b, Com Wik o vi 1 triimg pan

Hinh 1.4.a.b Van diéu chinh d3 cao

1. Ddu tir bom tdi; 2,3. ctra hoi vé binh chira; 4. mang cao su; 5. durong déu dén

xi-lanh treo; 6. van trwot; 7. dia van,-8. cita can.— — - —
Dé tranh sy diéu chinh lién tuc, cin c6 sy phén tng chim cia van (10):

déu khéng dugc nap & hanh trinh nén va khéng dwoc xa trong hanh trinh trd. D6

cao chi duge diéu chinh sau mot thdi gian ngén, trong thoi gian d6 hé théng treo

phai c6 thoi gian thay di mirc tai cua bd phan dan hdi. M&i khi xy lanh dugce

nap-day hodc ngimg nap d&-dua hé treo-vévi-tri chuln; van d6-cao phai pham
{mg ngay tirc khéc chuyén tir vi tri van nap sang vi tri trung gian hay tir vi tri van
Xd sang vi tri trung gian. Hinh (1.4) trinh bay 4 trang thai cda van d¢ cao: (i)
piston van trugt (6) chuyén it vi trf déng (hinh 1.4 (b)) sang vi tri m& cap diu
cho xy lanh treo (5), hinh 1.4 (a); (if) vi tri cét (trung gian), hinh 1.4 (b); (iii)
piston (6) chuyén tir vi tri mé& sang vi tri déng (ii); (iv) piston chuyén tir vi tri x4

sang trung gian.




& Chn Gkt chuyts W %k ve didoyg -

. LT € wj 4 i sung Og,

e e

_ Hink 1.4.c.d Yan didu chinh 36 cao

1. Ddu tir bom t6i; 2,3. cira hdi vé binh chira; 4. mang cao su; 5. duwong dau dén

: 7 A ’~ i W B Q L4 kA
- T T RPIARICLreD,m U0 vVan tridoL, 777014 Vdn, o, CUHA OO,

- Piston van diéu khién 3 cao tir vi tri trung gian sang trang thdi nap,hinh -

(1.4 (a)): Khi tai ting, don treo bi ha thip 1dm quay thanh dn dinh (12), lam xoén

thanh (16) dan dén don didu chinh bj nghiéng, tao ra lyc hwéng truc tic dung.

* vio piston (6) 1am no chuyén dong sang trai, van ti trang thai dong sang trang

thai md, cAp diu vao xy lanh treo (5) dé ning thin xe 1én 1am thanh én dinh

quay ngugc lai, ddy piston (6) vé vi tri trung gian ngimg cp dau (ii). Viéc quay

v& vi tri trung gian 13 rit nhanh vi piston (6) khéng bi luc cin nao va xe di duroc

- dua vé& 36 cao ban diu. D& 1am chém lai chuyén ddng cua piston (6) tr vi tri— ——

déng sang md, van dia phai (7) dong nén ctra khéng can (9) dong chi md cira
cén (8) nén piston (6) chuyén dong rat cham.

Piston diéu khién dj cao 6 vi tri trung gian, hinh (1.4(b)): Giam tai trong
thang dvmg ciia banh xe tao ra hidu ing giam 4ap sudt trong xy lanh treo. Piston

—————(6)-chuyén-tir-vi-tri-trung-gian-sang-vi-tri-x4—Diu thira-gitta-piston v mang -bi
ddy v& binh chira; d6 cao cia xe duge gilt nguyén; van (6) & vi tri trung gian
(hinh 1.4 b)). Qua trinh ngat x4y ra rit chim cho nén van (6) khéng phan tng
khi hé treo dao ddng trong bién dd nho cua duong.

Piston diéu khién d cao tir vi tri nap sang vi tri trung gian, hinh
(1.4c)):Khi xy lanh treo di dugc cip diu day, thanh on dinh lam ddi hudng
chuyén ddng ctia piston (6) tir vi tri nap (hién tai) sang vi tri trung gian nhu hinh
1:4-(b)—Chuyén ddng cia piston sang vi tri cit 1 nhanh vi van dia trai & vi tri

md, trirde hét né thay ddi chidu chuyén dong, chét 16ng trong cira khéng can (9)
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mé tiép van dia phai, dau thoat nhanh va nh& d6 van (6) di nhanh vé vi trf trung

gian. Khi né dat vi tri trung gian, van dia tri lai déng, Nh&r @6 han ché chuyén

ddng du cua (6) va hanché van diéu khién 46 cao lap lai viéc dicu chinh sau mdt

gidy.

_cilra-thoat vé binh-chira. Van-diéu- chinh-d6-cao-c6 kha-ning-phan-tng-nhanh-48———

~lanh-treo nhiéu ddu qud mirc can x4 va khi da dat 4o cao chuln, cin déng nhanh ||

déng duong thodt trong trrdng hop nay 13 do van dfa phdi mé, diu thoat nhanh
qua c4 hai cira (8,9), ngay lap tirc thanh (16) dua piston (6) vé vi tri trung gian.

khéc nhau: Vj tri chudn; hai vi tri cao va thap nhat hai vi tri trung gian giGa

ule&ehmh—ée—eae—bang—tay—’Prﬂng—xe—}m—xe—ee—th&ehené—vrtﬂ—do—eao———— —

“giam Clﬁﬁﬂﬁflm’VT (2)y bom déﬁfdiéﬁkhigéﬁdﬁ cao.

cnuan va Tdo0 nnat.

Cum treo thuy khi tw diéu chinh mic (hinh 1.5, 1.6)

Cum treo c6 d6 cao khong dbi ¢6 hai by phén co ban 13 (1) khi dan hoi va

Tén s dao dong cua khdi luong dugc treo gin khéng dbi c6 thé dat duoc

nho hai buong khi trong (3) va ngoai (9); buong ngodi la buong chinh, buong

trong 12 budng phu (hinh 1.5). Budng khi nén chinh (9) dugc diéu khién béi sy
huu thong chét 1dng giam chén tir budng trén piston (7) dén budng cé mang chira
khi (6). Budng khi nén trong (3) 1 phén diéu chinh, duoc didu khién bdi budng
dudi piston, thay dbi chit léﬁg cho budng khi nén du trir (3). Két cAu ciia cum

treo ¢6 mét gidm chén thuy lve. Xy lanh ngodi cing cum treo ndi véi khbi

lwgng dugce treo, Xy lanh trong cting ndi v&i van hut (13), hai xy lanh gifta tao
bubng khi phu du trr. Gifta xy lanh ngodi v6i xy lanh tht hai duge chia ra
budng khi chinh béi mang chinh (6). Piston (7) ndi véi khéi luong khong duoc
treo, trén dinh c6 gin van xa (5). Trong 1ong piston 1a xy lanh bom (12) va
piston bom (10); thanh din bom diéu khién do cao (11) gin véi bom hut (13).

L5 théng (14) diéu khién d6 cao clia hé treo. Ngoai ra trong hé con ¢d van nén

(2), van tra (4) cia giam chén thuy lyc. Khi trong budng trong bi nén do 4p sut
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chit 16ng phia duéi piston. D3 cling treo 13 6 cing tdng cong cla hai budng
khi.

~ Nguyén ly dan hdi cum treo

Co hai chu ky lién hé mat thlet véi nhau Mot la ap suat du:(rc hmh thanh

-~ piston chuyén dong 1én trén, “chét léng qua vannén (2) vdo xung quanh mang (6)

a—= - - —vi-nénkhi trong-budng-chinh- Ddng-thdi-khi-4p-sudt-dubi-pisten-giam; khi-nén ——

trong budng phy gin ra, chét 1ong di qua 15 thong (14) dién diy cho khoang - -

dudi piston. Blen _dang cia mang (6) lam blen dang dan h01 khi va khi dl qua_

St ——van—ncrr{%)—ep—ldﬂ—treng—btteﬂg—ehmh—\vﬁl—vay—taﬁ—se—dae—dﬁng—hanh tfﬂ‘th—ﬂeﬂ——_—— -
giam di. O hdnh trinh tré (hinh 1.5 (b)), chét 16ng chuyén déng tir buong khi

- Tigodi qua van tra (4) Vo budng trén pistom; dong thoi diu cing diqua vamr tra

,(A)EQdué’ny lanh piston, cling lac piSton nén diu vao bué‘)ng khi phu. Ciing

gidng nhu diu di chuyén tir budng khi chinh dén budng trén piston, cin s& ting
'l’édeVEnTéTéhﬁt’léﬁg di quan mot chuky daihon.

Hinh 1.5. Cum thuy khi ty dong diéu chinh
1. Ddu; 2. van nén; 3. buong phu chira khi; 4. van trd; 5. van xa bom; 6. mdng
chira khi; 7. piston; 8. cira théng; 9. budng chinh chira khi; 10. piston bom; 11

thanh dé cao; 12. xilanh bom, 13. van
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Nguyén Iy diéu chinh dé cao tr dong (hinh 1.6)

prs r

Hinh 1.6. Ty déng diéu chinh chiéu cao

I_Ddu: 2 van nén; 4. van trd; 6. mang ngdn khi: 5. van xd; 7. piston; 9. buéng

chﬂ khi; 10. piston bom, 12. xilanh bom; 11. thanh dé cao; 13. van hit

1.1.2.3. H théng treo nhip

___ Dbi véi hé théng treo nhip, b phan dan hdi chi c6 mét thong s6 12 46

ctmg. Trong mot so tredng hop néu k& dén lyc ma sat gifra cac la nhip va cac

khau khop thi co thém thanh phin lyc ma sit. M6 hinh hé théng treo trong

trudmg hop ndy c6 nhiéu nhét la ba théng sb: db ctng ciia b phan dan hoi, hes6

cén ctia giam chén va luc ma sat.
( hé treo xe ti, nhip chiu hai loai tai co ban 1a tai trong tinh va dong phuong
thing dimg; md men xo4n khi hai banh xe chuyén dong khac pha. Ngoai ra khi

phanh va tang tdc, nhip con chiu mé men udn va chén dap & tai nhip. Khi tinh

toan nhip ta can dé cp 4 loai luc sau: Lyc tic dung th‘fmg dimg; luc doc do
phanh/ting téc gay ra; luc ngang do lyc ly tdm, dudng nghiéng, gié ngang giy
ra.
*) M6 nhip

M3 nhip chiu cudng d§ 16n do tai trong thang dimg, lyc phanh va lyc
ngang. Véi cac xe nho, nhip c6 mdt 14 chinh va cudn mét 1; néu hai 1a chinh
cudn 14 diu con 14 sau cudn nira vong; cac xe tai ning thudng hai 1a chinb, cubn

14 thir nhit va cudn vong to 14 thit hai (hinh 1.7).
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Co e o Khong o614 cudn phy

= -, —

T o Ve 7 ) R A .
- — — — GGUOHETEGY D ' =

Hinh 1.7. Két cau mo nhip

*) Mot 50 két cdu dau bit nhip quang nhip

Dé giam tai trong udn va xoin cho nhip, cé thé sir dung cic két cdu nhue
hinh t.. Quang nhip bét véi ciu c6 thé két cau nhnr trong hinh 1.8,
*) Nhip ¢6 d) ciing thay dbi

O cac xe t4i, tai trong thudng xuyén thay dbi 14 thay ddi thn sé cna khéi

lugng duoc treo. D& gidm bét sy thay dbi d6, ngudi ta thudng thiét ké nhip phu

—{(a), nhip c6 chi¢u dai hiéu dung the

(¢), nhip mt 14 thiét dién thay d6i va nhip phu thiét dién thay dbi (d), diu nhip
dic biét thay déi chiéu dai hiéu dung (e,f,g) trong hinh (1.9).

(b)
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1.1.2.4. Hé théng treo cao suf3, 4]
Hé thdng treo cao su di va dang duge ung dung cho céc loai xe tai hang

ning “off-road”. Két chu treo trude hinh 1.11(a) va két cdu treo hinh 1.11(b).

S hanlicAn g Thanh Cai gl KhuRg A

— Gid chir U Cauxe - Caosu Giam chan_— Khimg — — €2

 RhungchlrA

(a) Hé théng treo ciu trude (b)Hé thong treo ciu sau
Hinh 1.11. Hé théng treo cao su
1.2.Téng quan vé tinh hinh nghién ciru trong nwéc va nuée ngoai

1.2.1. Tinh hinh nghién ctiu trong nwéc

Trong nudc hién nay c6 kha nhiéu cac nha khoa hoc nghién ctru nham nang
cao hidu qua hé théng treo nhu:

- Céng trinh cia tic gia Vil Thanh Niém, Nghién ctru hé théng treo dodn xe
theo hudng giam tai trong déng, Ludn an tién si, 2021, Pai hoc Bach khoa Ha
N6i. Trong cong trinh ndy tic gid dd nghién clru danh gia hiéu qua hiéu théng
treo khi nén véi hé thdng treo nhip trén doan xe so mi ro mooc theo hudng gidm

tai trong doéng, cdng trinh ciing dd x4y dyng he théng thi nghiém déng luc hoc
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doan xe so mi ro mooc phuong thing dimg theo trang thai chuyén dong cia xe

trén dudng [1].
. Cbrig ttinh “V& Van Hudng, Nghién citu hoan thién mé hinh khdo sat dao
iéu-cdu, Ludn 4n Tién s§ LA 111/05, 2004. DHBK Ha Noi”

‘nghién ciru dac tirih phi tuyén ctia phin tir dan héi ciia hé théng treo, 16p xe véi
6 hinh khong gian va gidiqu y’e‘tb*aﬁoarrdfaoﬂ@ng -bing phwong phip-Matlab———

Simulink [5].
8 inh “ Dao Manh Hung, bao cdo dé tai ca bd, ndm 72005 dcm v1 chu

Tt Truong Dai” h—cﬁiﬁD‘ﬂTﬁHg‘VaIrtaf’—da-xay“dungmhmhﬂaeréong xe—t—&hé———

véi kich thich ngau nhién mép 6 mit dudmg qudc 10 1A do duge 1am tin hidu

dau vao. Trong bao cao danh gia dirgc anh huwdng cia thong s&thiét KEW'
treo, tai trong dén maLduong “qubc 16 dya mhgm trong djng banh xe
DLC[6].

~ _Céng trinh “Lé& Vian Quynh va cong su trong bai bdo khoa hoc ctia minh,
2012” nghién ciru va dénh gia dao dong cita 16p xe tai 2 chu, 3 clu, 4 cduva 5
¢ dd than thién mat dud t qua bai bao dd x4y dyng md hinh dao_

dong ¥ 10p xe ta1 hang ndng dutm kich thich ngiu nhlen chia mat dudng qudc 1.

Cac anh hudng cia céc thong sb dong luc hoc cna 1op xe 14n lrot duoc phan tich
dyra vao hé s tai trong ddng banh xe DLC[7,8].
_Lé& Vin Quynh va cdng su di tién hanh dénh gia 4nh hudng cia cac thong

_ s thiét ké hé théng treo dén d6 ém diu chuyén ddng cua xe va sy than thién Vol

mit duong duge nghién ctu[9]

- Cong trinh ca tac gia Phung Manh Cuong, Nghién ctru dao dong thing
dtmg ciia & t6 theo céc md hinh khac nhau c6 tinh dén hién tugng mét lién két
gifta banh xe va mit dudng, Luan 4n tién si, 2022, Hoc vién K¥ thut quén su,
Trong ludn 4n ndy tic gid d3 xay dung dugc cac md hinh hé xe - dudmg két hop
adn véi thye t& hon khi ddng thoi tinh dén hién tuong mét lién két gifra banh xe
vai mit duong, bién dang ctia dudng va sy thay dbi kich thudc cua cac vét tiép

xuc [10].




17

-Céng trinh cia L& Xuin Long va nhém nghién ctru, Phén tich hiu qua hé
théng treo thily khi trén xe tai ddng thoi so sanh hiéu qua hé théng treo thity khi
v&i cac hé thong treo truyén théng khéc [11,12,13].

hién clru & nwée ngoai

nam g’z“m day, nghién cilra sinh tong‘ kétva dua ra mot s6 két qua- nghién cru -~ -

dién hinh va c6 lién quan dén vin dé nghién ctru cia de tai nay nhu: sau Bian

i “G}OIIg‘Va—cong‘SII—fH]—&a &c—xuatmot—phttong—phap tel—tfu—eh&eae—theng—se—he—m —
thong treo thiy khi cho xe di chuyén trén mit duo‘ng “On-Off” bang cach sit

dung m6 hinh VRPEI-] Wimﬁrrgimo—do—em—dm—chu tiaXe.
S Hengmm Qi va cong su;Ll 5]da & xult mot md hinh hé thong treo thuy khi cai

tién véi hai khoang diu dugc két ndi v6i nhau va khi nén duge diéu khién bing

b6 didu khidn md ECAS nhim nang cao dd ém dju chuyén dong ciia xe. Ibrahim

A. Badway va cong su [16] da tién hanh nghién ciru mé phong hé théng treo

PI su dun mo hmh ‘A xe nham nang

cao do ém d1u chuyen dong cha xe. Wang Shuai va cong sy [17] da d& xuét cai
tién hé thong treo thity khi bang cich t6i wn hoa bod didu khién “Téi wu céc thong
s6 ciia hé théng treo thity khi thong qua thuat toan t6i wru biy dan, trén co sé tdi
wru céc thong s6 thiét ké ca hé thdng treo duge didu khién bing bd ditu khién

mo”. Yin Y va cdc cong sy [18], [19] 43 tién hanh nghién ciru céc dic tinh phi

tuyén ciia hé théng treo thiy khi v6i mot khoang hdn hop diu-khi va mét
khoang dau. Kihan Kwon va cong sy [20] d3 tién hanh ti wu thiét hé théng treo
thiy khi véi céc khoang diu trén co s& t6i wu trén co s& t6i wu da muc tidu véi
mé hinh toan xe. M. S. H. Khiyal va c¢dng su [21] da tim ra céc thong s6 t6i wu
ciia hé théng treo thay khi trén xe tai ba ciu bing céch sir dung thuit toan di
truyén dé xac dinh véi ham muc tiéu 12 d§ ém diu chuyén ddng cua xe. Zhiguo
Sang vi cOng su [22] da d& xuét va phin tich hiéu qua cia dac tinh cia hé thong

treo thuy khi. Dezhao Lin va cac cong s [23] dd tién hanh khao sat hiéu qua hé

17
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théng treo thity khi théng qua thi nghiém 4o bing mo6 hinh AMEsim. Cao, D. va

cong sy [24] a3 d& xudt va phan tich d4nh gia higu qua hé thong treo thiy khi

_ V@i hai khoam,gr khi. Yin, Y. vd cOng su [25] da de xuat va phan tich danh gla dic
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nhién, ¢ic nghién cuu chi tip trung vao nghién ciu cac bd phén riéng-1é-cho—

timg céc by phan nhir hé thong treo-thty khi-sir-dung-ede-md-hinh-don-gidn-hede———

str dung cdc mé hinh toan xe trong Cac phin mém 40 @é khdo sitva danh giaddc |
_ tinh cla hé théng treo thiy khi, cdc nghién ciru phén tich hiéu qué hé théng treo
- ~thiry ki trén xe i khai thée nmd it dugcquan tanr— - e

1.3.Muc tiéu, pham vi va ndi dung va d6i twong nghién ciru cia dé tai

1.3.1. Muc tiéu nghten ciru

-~ Nghién clru nang cao h1eu quahiﬂlmgMy khi véi ham muc tiéu

ning cao hiéu qua than thién véi mdt dudng clia xe tai hang ndng dudi kich thich

“mép md mit dudng qubc 16, Trong khudn khd dé tai nhom nghién cu tap trung —

ctru mot so van dé sau:

- X4y dung md hinh dao dong cla xe tai hang nang ;

- Mb phong va phén tich hiéu qua hé théng treo thiy khi

1.3.2. Pham vi nghién cirn va doi dwong nghién civu

Pham vi nghién ctu: Nghién ciru mé phéng hé théng treo thity khi véi

cac thong s6 khac nhau. —

Péi twgng: Hé thong treo thiy khi dung trén xe 6 6
1.3.3. Phuwong phdp nghién ciru
- St dung li thuyét co hé nhiéu vt va nguyén li D’ Alambert dé xay dung mé
hinh dao déng cua xe.

- M6 phéng danh gia bing phian mém Matlab/Simulink.




19

1.3.4. Ngi dung nghién ciru

N&i dung chinh cia dé tai nhu sau:

- ----Ch-lro*ng—ls—]?éng-quan vé-dé tdinghién clru;. -

Chuong 2. Xy dyng mé hinh toan h¢ thong treo tiy khi

_ Chwong 3. M6 phong va phan tich hi¢u qua hé thong treo

1.4, Két lugn chuwong—— o

Két qua phén tich trong churong niy da dwa duege cac 14p Iuén vé co sy Iy -

thuyét cho vé"lnﬁdé cfé‘;p nghién ciru nhu phén tich hé -théng treo, phén tich muc

~ - tign, phvong phidp vandi dung nghiénrceo———————————
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CHUONG 2 : XAY DUNG MO HINH TOAN HE THONG TREO THUY KHI
2.1. M hinh toan hé théng treo thity khi

iy Khis M6 Tinh hé théng treo thity khi voi 01 khoang khi va 2 khoang-daw - — —

X

“ == (Mb hinh 1) vi mé hinh & théng treo-thiyy khi véi 01 khoang khi-va 03 khoang———

dAu (M5 hinh 2).
9-1-1- M6 hintrtodn hé théng treo- thity khi gdm 01 khoang khi va 02 khoang
~ déu (M6 hinh 1) - |

Mo hinh dao dong ciia hé thong treo thity khi (Md hinh 1) dwoc thé hién

trén hinh 2.1. Két chu hé théng treo gdm c6 phin tir gidm chan thiy lyc va phan

" txdan hoi khinén. ~

* Zy Vehiclle body

“ = 7 Vehicle 'b’ody’ SR

my, (& _be

toisid pamiquio))

vopsid Sumeof] |
Al
g
\E\ i

Todureys a1y 1odweyo [10 urey

"é".
aa L Za
: m®
=3 )
8 th& Vehicle axle
Vehicle axle =
(2) M6 hinh cau tao (b)Md hinh dao dong

Hinh 2.1. Hé thdng treo thily khi (M6 hinh 1)

Trén hinh 2.1, m,, my va my lan luot 1a khéi luong cua cAu xe, khdi hrong
than xe va floating piston; z,, z, vd Zg 13 chuyén Vi cau xe, than xe va floating
piston; p1, p3 va pa l1a &p suét trong khoang 1, 3 va 4; Ap, A. va A, 1a dién tich xi
Tanls; piston-va-floating piston; Az fa dién tich 15 tiét tuu; ky va ¢y 12 d6 cimg va

hé s6 can cua hé thong treo thity khi.
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Tir hinh 2.1(b) lyc theo phuong ding cia hé thdng treo thiy khi (Fi) duge xdc
dinh bing téng cia luc dan hdi (Fi) va luc gidm chin(F,).

R =F+F - @l

Luc dan hdi cha hé thongrtreo thay 71(1711 duoc tao nén do tmh nen du:oc cla chatrr -

— khitrong khoang khi va dugc xac dinh:

[

'W—(pa po)A S Qe

~ Qua trinh gidn né cia khi trong khoang khi dugc xem nhu qud trinh doan nhi¢t ™
theo ly thuyét nhiét dong Iuc hoc va dwgc x4c dinh qua cong thirc:

pVe=pyr )

Trong do: |
Vo: Thé tich ban diu cia binh khi

po: Ap suit ban diu ciia binh khi
V,: Thé tich cta binh khi khi piston va xi lanh & vi tri batky
 Py: Ap sudit cda binh Khi khi piston va xi lanh & vj tri bat k.

n: hang s6 doan nhiét cia khi

Tir phuong trinh (2.3) ta suy ra:

Két hop phuong trinh (2.2) va (2.4) ta suy ra lyc dan hdi cha hé thbng treo thuy
khi:

(7% .,

Fo=1; e

ot 4,z=2) )
Luc giam chan cta hé thong treo thiy khi duoc tao nén do lyc can nhot cla dau
di qua 10 tiét luu giita khoang B va khoang C. Luc cdn nhét ndy tao ra chénh
léch 4p suét gifta hai khoang hinh thanh lyc gidm chan néu bd qua ma sat gifra

piston va xilanh.

P

F;‘:pb(Ab_Ap)—pc(Ab—Ac)_(pO_nj;gJ(Ac_Ap) (2.6)
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Trong d6 As, A va A, 13 tiét dién ciia xilanh, piston va floating piston; py VA pe
ap sudt tai khoang b va khoang c.

~ Luvulugng du qua 10 tiét ltru duge xdc dinh theo ly thuyet dong chdy qua lo va

duoc fmh todn then (‘nmr ﬂm’c

. Q= CAV[ ‘Pcp PP opz, -2y - )

~—  — Trong d6: Cs1a hé sb luuluong cta1d; A 1a dién tich 15 tiét lwu; p 1 khbilugng

riéng ciia dau.
Dua trén nguyén 1y cAn bang thé tich ta cé:

o= AN —2) (28)
Két hop phuong trinh (2.7) va (2.8) ta tim dugc quan hé 4p suét gifta khoang 1

va2:
e -l A 20 e
—p 4 (2.9)
pc pb 2C§,A2
" Phuong trinh vi phan Eﬁﬁjéﬁd@n@bﬁéfﬂbaﬁﬂg piston dugc xac dinh: o T
(p,—p)4, +mg=m,z, (2.10)
m,(Z,+g)
Py=P,—— 2.11)
4,
T cac phuong trinh (2.6), (2.9) va (2.11) ta tim dugce lye gidm chén ctia hé
théng treo thiy khi:
:__.. - A _74_3_,-_ = (7— (f T " \
F;:—Pkdb c) -“; 2Z'g(b —i—pO(AC A) VO -1
2C24 I\ Vot 4,(z-2,)
(2.12)
(4,-4,)
P

2.1.2. M6 hinh to4n hé thdng treo thily khi (M4 hinh 2)

M6 hinh dao dong hé théng treo thily khi véi 3 khoang déu va 1 khoang khi (md
hinh 2) duoc thé hién trén hinh 2.2. G md hinh 2 ¢6 thém mét khoang dau s6 2.
Khoang du 1 va 2 duge két ndi véi nhau qua 13 tiét luu c6 dién tich Ap. Ap

sudt trong khoang diu 2 1 p,.
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* Zy, Vehicle body

|| E,. Vehicle body

I [
™~ Main piston S é I

i yd el
kh/§ Ch12 Chi3

Tl-a

FhJ Vehicle axle

|
"T":

Vehicle axle

~ (a)M4 hinh cAutao ' (byMO0 hinh dao dong
Hinh 2.2. M6 hinh hé thong treo thity khi 3 khoang chira ddu(Mé hinh 2)
Tir mé hinh dao déng trén hinh 2.2 (b). Luc theo phuong diing ciia hé thong treo

~ mb hinh 2 (Fi) duge xac dinh theo bidu thite: - - .

F =F+F ) (2.13)

fm

‘Trong d6: Fy va Feq 14 Iyc dan hoi va lyc gidm chan cia md hinh2 o

Luwc din hdi ctia md hinh 2 (Fy) tinh todn theo cong thic (2.5) gibng nhu md
hinh 1

Do-co-thém01 khoangfdﬁu'fsoﬂférifméhiiﬁ Tnén &mdhinh s6 2 them mdthésé6 |
giam chin cyp. Vi vay thanh phén lyc giam chin thay d6i so v6i mé hinh 1. Lyc

giam chén trén md hinh 2 duoe xac dinh theo biéu thirc:

J(Aa —4,) (2.14)

- Luu luong diu quad_tiét luu gitra khoang 1 va khoang 2 dugc xac_dinh theo ]

m
F, = p A~ p,4,— p,(4 —Az)_(pu - ;g
3

cdng thuc:

O :CdAlZ\/2'(}DZ#mSign(jb ~Z,) (2.15)

Trong d6: A2 12 dién tich 15 tiét luu giira khoang 1 va khoang 2; p; va p; 1a 4p
suét trong khoang 1 va khoang 2.

Theo nguyén 1y cin bang thé tich ta co:

0, = A3(§b_za) (2.16)
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Két hop phuong trinh (2.15) va (2.16) ta tim ra quan hé 4p sudt gitta khoang |

va khoang 2:
I _PA 2,—Z Lzb Z ) e
=P | =, A|2 (2.17)
—— = [ R LL‘Jd.IJ.lZ — B oo

o))

n=r.= =P L%  v- )
P 4 TN\ W+ A(z,=2) ) 45 -
Tu phuong trinh (2.17) va (2.18) ta x4c dinh duge ap suit trong khoang 1:
b= p " i) P ) ———— 2.19)
VPNV 4,(z,-2,) 4, 20345 - '
—Luu—luemgdeng—eha%g}uakhoang—l_va ldloangidumar' dinh theo 1y thuyét
~ domgchiyquale:
05=CyAy 2 PP o 3 ) 2200

Theo nguyén 1y cin bing thé tich nén ta cé:

O, =04 "Az)(jb —Z,)

2.21)

: —Kétfho‘p phuong-trinh (2:20)-va(2:21) ta tim-duogc quanhe—apsuétgmaﬁkheangui -

1 va khoang 3:
p(4-4) lzb_za ~Z,)
=p, + (2.22)
Tir phuong trinh (2.19) va (2.22) ta x4c dinh dugc ap suét trong khoang 3:
=p 4 _ n_md(zd"'g)
' Vot Ai(z,~2,) 4,
(2.23)

plzy-2,@-2)( 42 (4-4)
| S

2C?

2
Al?.

Két hop cac phuong trinh (2.14), (2.18), (2.19), (2.23) ta x4c dinh dugc hyc giam

chin cia md hinh 2:
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- _ Pz, (Zb—za)(Al(Al—Az)lJrAz(Af_(A,——Az)zn

2C; 7 AN 024
+p, (A4, —4,) V + Az —2 )_ _T(Az_Aa)
2.2. X4y ding md hinh dao dong toan xe tii cd tii trong lén

©2.2.1. Céc gid thiét mé hinh dao déng twong dwong. - |
~ Xe tAi 1a mft co hg hé dao ddng bao gém nhiéu bd phin ndi véi nhau

M&i bd-phan dugc-dic-triung khoi lweng va théng s6 dic trumg.- B phén c6 tac- - - -

dung gidm céc dao dong tir mit duong 1én khung vé 13 hé théng treo. Hé théng

. _ . __treoladbi tugng chinh khinghién ctudaodéng, |

Dé nghién ctru dao ddng xe tai mdt cach thuan lgi chiing ta cin phai thiét

1ap dao dong fuong duong. Trong d6 mo6 hinh dao dong 6 6 cin co diy du cac

- 7thénfgLséfliénfquanfdénﬂdaofdéngcﬁaftéirfw*ff

Trudc khi thiét 18p md hinh dao dong twong duong cin théng nhit mot s

khai niém sau:

a. Khoi lrgng duge treo m

Khéi luérné dﬁqc treo m gém nhitng cum chi tiét ma trong lugng cua

chiing tic dung 1én hé thing treo. P6 13 khung, thing, hing hoa, cabin va mdt s&
chi tiét khéc. Gifta ching thyc ra duoc ndi v6i nhau mot cich dan hdi nhe céc
dém dan hdi, b tra dan hdi bang cao su, da, ni, gidy cong nghiép, ... Hon nita

ban thdn cdc bd phin nay ciling khong phai cing tuyét dbi, cho nén khéi luong

treo thuc ra 1a moét nhém cac khéi luong duge lién két dan hdi thanh mét hé
théng. Tuy nhién dira cach bb tri cu thé cia 65, ma c6 thé chia khéi lugng duge
treo thanh 2 hodic nhidu khéi lugng, gitta cac khéi Tuong lién két véi nhau bing
cac phan tr dan hdi va gidm chén. Tuy nhién cic mbi dan hdi gifta cdc thanh
phin ctia khdi lwong duge treo ¢6 bién dang rat nhé so véi bién dang ciia hé
thdng treo va 16p. Cho nén trong trudng hop don gian ¢é thé coi rang khéi luong
duogc treo m 1a mot khéi lugng dong nhit & dang phing hodc dang khéng gian

theo myc dich cia cic nha nghién cuu.

25




26

b. Khoi lwgng khong duge treo ma

Khéi lugng khong duge treo gdm nhitng cym ma trong lugng clia ching

_ _._khongtac dung tmtlep 1én hé_ thong treo.ma._chi tac du.ng 1&n lop _banh xe. D6 _.

Tat, nhip, giém chan, mc}t phe'm cua truc cac dang.

C01 kh01 lucmg khong duorc treo la mét vat thé dong nhat cumng tuyet 601

14 b
Pl hY o k] [a
a YT A )

»

.3

¢. Hé thong treo

R —————He—theng—tree—treﬁg—x&tai—ee—nhiem#u—nm—phan duqe—tree—M—va—phan—w .

khéi lugng khong dlrcc treo m mot cach dan h01 Hé¢ thong treo ciing voi 16p 1am

glam nnu’ng cnan ugmg gay néndo sy mdp mo mat uﬁ'u“ug khixe u‘ndy‘ci‘l ut_JI‘lg.

_H& théng treo gdm nhitng b phan sau:

- B6 phan dan hdi: L xo, nhlp, thanh xo#n, binh khi ... N6 duoc bidu dién

~ bing mdt 10 xo0 ¢6 d6 cimg k.

- B phén giam chin: c6 nhiém vu dap tit cic chin déng. Né dugce dic

~trung-bang h¢ so-can giam-chan-e: -

- B4 phin din huéng: gom cb cac thanh don va ¢b nhiém vy truyén lyc va

md men theo céac phuong phuong.
d. Banh xe

R 7Bz’mh_xe_ng.oéi_tzic_dung_léllé_théng_chhuy_én__V_ét_dﬁ'r_taén bhd trong aegng
clia xe con ¢o tac dung lam giam cac chin dong tir mit dudng 1én xe, ting 46 ém
dju cho xe. Banh xe 1a hinh anh thu nho cua hé théng treo, c6 nghia ] cling bao
gdm mot thanh phin dan hdi va mét thanh phin gidm chén, dic trung dd cimg k
va hé $6 can c.

2.2.2. Md hinh dao djng toan xe tii ben khai thiac mé
Pé danh gia hidu qua cua hé théng treo véi phin tir gidm chén thay hyc,
M6 hink e tai hang ning 2 ciu 11 bic tir dugc chon ¢ xdy mé hinh dao déng.

So db ciu tao cua xe tai hang ning duoc thé hién trén hinh 2.3.
26
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_ ‘n.".
b Hydro-preumatic
guspension system

e

Frontaxie ¢

Hinh 2.4. M6 hinh dao dong cua xe tai khai thac mo

M0 hinh dao d6ng ctia xe tai khai thac mé duoc thé hién trén hinh 2.4. Trén B
hinh 2.4 céc théng sb dwgce gidi thich nhu sau:

ky va ¢y 14 d0 ctimg va hé sb giam chén 16p xe; ky; va cxi 12 @0 cimg va hé
sd giam chin cia hé thong treo thiy khi; ke vi cq 13 d6 cing va hé s6 gidm
chan ciia @&m céch dao dong cua cabin; ke va ¢ 13 40 cimg va hé s6 giam chan
cua ghé 141; Za1, Za2, Zb, Ze 12 chuyén vi theo phuong dimg cua clu trude, ciu sau,

. thin xe,-cabin; 0.1, 02, @b, O VA @c, B¢, 1& chuyén vi gdc ciia cau trude, cau sau,
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than xe va cabin; L, a2, Tox, Iny V2 Loy, Ly 18 momen quén tinh cua cau trude,

ciu sau, than xe va cabin; g; (i=1+4, j=1+8, k=1+5) 1a ham mip mé mit dudng.

-2.2.3. Thift 13p phwong trinh-vi phin md ti-daodéng . ... _ . .

—Dua vio mo hinh dao déng dé cic phwong trinh viphdn-md-td dao-ddng-

clia co hé dé khao sat va Iua chon cac thong 56 thidt k& cita hé thong treo. Hitn

" nay c6 rat nhidu phuong phap d& thiét 13p phuong trinh vi phan miéu ta chuyén

dong cia co hé nhu: phuong trinh Lagrange loai II, nguyén Iy D’Alambe,

nguyén 1y Jourdain két hop phwong trinh Newton — Euler. Tuy nhién d¢ thuan.

—}Mmmeﬁheftgbﬁtgmaytr

~ kéthopcosaly thuyét hé nhidu vat dé thiét 1ap hé phuong trinh vi phin md 14

dao ddng cia xe.

- Dya vio co s& hé nhiéu vit tich cic vat ra khéi co hé va thay vao d6 1a = .

"c4c phan luc lién két. Sau d6 s dung nguyén Iy D’Alambe dé thiét 13p hé

phwong trinh cn bing cho timg vat ctia co hé sau d6 lién két ching lai v6i nhan

bang quan hé luc va momen.

Theo nguyen ly D’ Alambe:

F‘ ﬁ =0 (2.25)
trong do:
F 112 tdng cac ngoai luc tdc dung 1én vat.

F,: 14 tdng cac lyc quén tinh tic dung 1én vit.

a) Thiét 14p c4c phwong trinh vi phin mé ti dao dfng ghe lii

Phwong trinh vi phan chuyén déng cau ghé 14i theo phwong dimg

mZ, =~F, (2.26)
Trong d6: Fs 1a lyc theo phuong ding ciia hé théng treo ghé.
Luc theo phuong dimg hé thdng treo ghé 141 dugc xac dinh theo biéu thiec:

F =k (z —z —@l,—0b )-l—k (z -z, 018—676[)5) (2.27)
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b) Thiét 14p cAc phirong trinh vi phin mé ta dao djng CABIN

Theo 1y thuyét hé nhidu vt ching ta tach lién két ciia cabin ra khoi co hé

va thay vdo d6 c4c phan lirc lién két. Trén co s& d6 ta c6 phuong trinh vi phdn =~ |l

mé-ta-dao-déng etia-cabin
A § 1a vatac ngangcua
cabin
= ,é‘ R EEny -
Mz, =) Fo=TF : - (2:28)
i=l
2
I@ggﬂ—ZF.’ _Y‘Fi +F‘I - (2.29)
=1 = _
1
Z( l)”F (2.30)

Trong d6: Fi (1— -4) 14 Iyc cna hé thong treo cabin

F, =F_+F (2.31)

cci

- Lye-giam chan:— — E— :
F =cm.(21. —Zij) (2.32)

ccl

Lurc dan hdi:
kc: _k (Z _Z ) (233)

¢) Thiét 14p cdc phwong trinh vi phdn mé ta dao djng thin xe

Phwong trinh vi phan dao dong theo phuong dimg ciia thin xe

4 4
m, = F,~> F, (2.34)
i=1 =1

Trong d6: Fy; (i=1-4) 12 lyc theo phuong ding cia hé théng treo cla xe, thanh
phin lye theo phurong dimg ndy duge xac dinh theo mé hinh hé théng treo 2

Phuong trinh vi phan dao déng lic doc ctia than xe:
2 4 2 4

'Ibyqbnz;': ZFhils - ZE»H'I:L _Z F, (15 + 16 + 17 ) _Z E;il7 (2.35)
i=1 i=3 i=1 i=3
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Phuong trinh vi phan dao ddng lic ngang cla than xe:

1,6, = Z(-l)‘”ﬂ,f—(FlJrF;a)(b +b) (F +F4)b (2.36)

B4 nlavraa

T R 1741 Ap 1A L LiA . oohe o Lah e o2l 12 £4 A ARaa
].L[Ullg LU HICU Iy u.lqul. G TIICH vdL ClIu 15 Ld TdUIT IICIT RCE Ldd Lald

“ ra’khoi co b€ vathay vao d6 cac phan hirc lién két.

o Phuong trinh vi phan dao ddng theo phuong ding cta cAutruge———— ————

My, = ZP;,I ZF 237)

"Pfongée—Fr(i~1-%)—la—h;fe—the&ph&eﬁgd&ngeua 16p-chutradbe—————— |
Luc theo phuong dimg 16p phai ciu trrde duge x4c dinh theo cong thirc:

Ly = kg (Zalr g+, Ch—q) B (2.33)
_ Luc theo,pihugngfdmg,,l,op trai ciu trude duge xdc dinh theo cong thire:

F,=k,(z, _q2)+ct2(‘éall —q,) (2.39)
~ Phuong trinh vi phan dao dong l4c ngang ciia ciu trude: ~ ' R

2 o b 2 . b
Ly = 2N Fy 4 D ) Fy = (2.40)
i=l i=1

¢) Thiét 1ap cac phwong trinh vi phin md ta dao djng ciu sau

Phuong trinh vi phdn dao déng theo phuong ding cia ciu sau

4 4
mys, =Y F,—> F, 2.41)
i=3 i=3

Trong d6: Fy; (i=1-2) 14 lyc theo phuong dimg ctua 16p chu sau

Luc theo phuong dtrng 16p phai cau sau dugc xac dinh theo cong thitc:

‘F;3 = kt3(za2r _Q3)+c13(2.02r _QB) (242)
Luc theo phuong dung 16p trai cdu trude duge x4c dinh theo cang thire:

F,=k,(z,0—q)+¢4(Z,5—q,) (2.43)
Phuong trinh vi phan dao dong lic ngang cta cu sau:

1,46, Z(—l)’“F Z(—l) e (2.44)
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2.2.4. Map md mit dwdng dang ngiu nhién

Hién nay mo ta mip mod mit dudng trong bai todn dau vao dé€ khdo sat dao

~ @brig ciia b td, ¢6 nhi€u phuong phap va ham todn hoc dé miéu t4 map mé nhu :

- wu nhuge diém cia né. Dékhie phuc-cdc nhuge diém-trén trong d¢ tai ndy, tac

— = gid gié‘i;thiéukiehdchiel—kng—?mfnhiémmétfduéngtheoétiéu;cku;én:ISO 8068[17]va .

céch xay dyng ham ngiu nhién.

L " ISO/TC108/SC2N67 danh gid va phan loai c4c it du:orng quéc 167 (b‘ang 21 )

thit k&, Nhiéu nha nghién ctru trén thé gidi da sir dung tiéu chudn ndy dé xay

dyng ham kich thich dao dfng ngiu nhién khi khio sit dao dong cua cac

phuong tién giao thong va duge nhieu quoc gia tham khao x4y dyng tiéu chuan
riéng cho minh nhu Trung Qudc dira vao co s& tiéu chuan di dura ra tiéu chuin

GB7031(1986)[23] v céch phan loai mit dudng vA Ia tin higu kich thich ddu

vao cho bai todn phén tich dao déng 6 to. Dé tai nay dua vao cach phén loai ndy

Qua cac cong trinh khao sat méip mb mit dudng duge xem 1A phin b6 Gauss.
Theo tiéu chuin ISO mip md ciia mit dudng cd mét do phd Sy(ng) va dugc dinh

nghia bing céng thirc thye nghiém:

S - sa(n.):-s;,.(nﬂ.)[_;’%_ ey
| trong d6: 1 13 tin s6 song clia mit dudng (chu ky/m), np la tin s6 mau (chu ky/m),
S,(n) 1a mat d6 phé chidu cao ctia map md mit dudng (m’/chu kp), Sy(no) 12 mat
d6 phd tai no (m’/chu kp), ©1a hé sb thn 56 duge midu 14 tin sb mat d6 pho cla
mit dudmg (thuong @=2).
Mép mé mit dudng duoc gia dinh 13 qua trinh ngdu nhién Gauss va né
dwoc tao ra thong qua bién ngau nhién Fourier ngugc:

e e$ \/Mfsm)

Af . cos(27_zfm, ey ) (2.46)
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2i-1 . . ,
trong 46 fou: =/, +ITAf véii=123..n @ la pha ngiu nhién phan bd 0+2z.

Badng 2.1. Cdc lép mdp mé mdt dwong phan logi theo tiéu chudn 1SO 8068/27]

Cép A B C D E T I ¢
Tinhrangmat | RAt | . | Binh | ., | Rat | . | Qua |
Y : C oy Iot o Adu , TO1 -
i dwong | tot | |thuong| | xaw | | tO1 o
o - Sym) | 16 | 64 256 | 1024 | 4096 | 16384 | 65535 -

Can ctr s6 liéu bang 2.1 céc loai dudng dwgc phan cap theo ficu chuan

ISO v6i v=20(ms™); f,=05(Hz); f,=30(Hz); n,=0.1(m" ), nhom nghién ciru da

s ﬁéa—he‘mh—lép—ehtteeng--t&nh—teén—b&ng—ph%n—mém—M&ﬂab-démé-phén-g—céc mip

mb ngiu nhién ciia mit dudng thé hién phu lue 1. Mot sb két qua mép mé mit

duong dang d6 thi

B B ) 5};10'3 . N - -
e B B R S .
E 0‘ HJIJ;I‘ | MHLMIIIFIJ i ‘ i 'ﬂn a&}
TP
"‘o‘ L L . '| _
0 5 10 15 20 25 30
Thoi gian(s)

Hinh 2.5. Chiéu cao map mé mdt dueong theo tiéu chuan ISO level A (mat duong

c6 chat heong rit tot)

|

|

|

|

|

|

|

i
!
=
3]

0.01

-0.01

Chieu cao map mo (m)
<

!

-0.02

=

10
Thoi

15
gian (s)

20

25

30

~Hinh2:6-Chiéu cao map mé mdt dwong theo tiéu chudn ISO level C (mdt duong

c6 chat lwong trung binh)

32




33

=
=

=
[
Lh

=
[
|

2l

L]
e
—

%o s q0._ 15 20 25 30
Thoi gian(s) B —

|
i
Chigu cao ma!f mo{n)
fo]
|
.
|
=
!

Hinh 2.7.. Chiéu cao mdp mé mgt duong theo tiéu chudn IS0 level E (mat

2.2.5. H(’_% 56 tai tr(_)ng d{‘mg_

Hé sb tai trong dong (DLC) duge chon 13 ham muc tiéu dé danh gia muc do tac

r r r T i
T T T *d'tréngfco'mhaffwong *ra'i*xau) - - 0 0

~ Trong d6: Frrus, Fs 1a binh phuong trung binh ciia Iyc dgng va tai trong tinh

dong xAu dén miat dudng. Hé sé DLC dugc xic dinh bing ty sb gifta binh
phuong trung binh cia lyc dong theo phuong dimg trén tii trong tinh theo —
‘phuong dimg:

pLe 2 s (2.47)

5

theo phuong dimg tai 16p xe.
2.3. Két luén:

Trong chuong ndy nhém nghién ctru d3 xiy dung dwge md hinh dao dong
va md hinh toan ctia hé thdng treo thity khi véi hai mé hinh khac nhau, mé hinh

dao ddng toan xe tai co tai trong 16n véi 11 bic tu do dudi kich_ngﬁu  nhién cua

mit dudng qudc 16; thiét 13p duge cac phwong trinh vi phin mé ta dao ddng cia

cac vt trong co hé, sau d6 dua ra hé thong trinh vi phin dao dong toan bj xe.
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CHUONG 3: MO PHONG VA PHAN TICH HIEU QUA HE THONG
TREO THUY KHi
~ 3.1.Mé phéng dénh gid higu qui h¢ thong treo MO hinh 1 trén xe tdi hang

5_hinh l(hnna

o glanf%'clmeu cha xe tai ving mo, 11 bac ty do véi hé thong treo-thity khi (Mo -

- hinh 1) - e

Trong khuon khd dé tai nhém nghién ctu chua c6 diéu kién thi nghiém dé

| xac dinh théng so mo phong ma_su dung théng s6 ky thuat tai hcu tham

o —- khao[2;16] lam 56 lidu-phue vi-cho-mbd pheng«— —— ]

Bing 3.1. T hong 56 hé thong treo thity khi

TT | Théng s6 i Gia tri Don vi
- i . |\ kéw | ] _

1 | Thé tich binh khi Vo ]0.006 m’

" [2 [ Ap suit ban d4u binh khi Po 5.7 MPa ]
3 | Pudng kinh piston ds 0.11 m
4| Pudngkinh16tiéthwu ——— (d—10.03 m —
5 | Ap suét khi quyén Pa 101325 bar
6 |Hang sd doan nhiét k 1.4

Béng 3.2. Céc thong s6 kp thudt ciia xe 14i 2 cdu va hé thong treo cao su

— T T I _ _ _

IT | Théng s6 hicu Gidtri | Donvi
1 | Khéi lugng khong duge treo ciu trudc | my | 956.33 kg
2 | Khéi Iuong khong duoc treo ciu sau my | 964.15 kg
4 | Khéi lwong thén xe my 13332 kg
5 | Khoi lrgng cabin m. |34195 kg

Khoang cach tim thin xe dén cau trude
1 [theo phuong x '
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Khoang cach tim than xe dén cdu sau
7 12 2.1 m
theo phuong x
|| Khodng cich tim thin xe dén chu truse | |
8 I3 I.5 m -
than sy o
LIS }l.ll.l.l\..!'].l.s ¥y = ] J—
— [ Khoang cacht tAm thin xc dém cAu sau | —
19 - - 14 2.2 m
theo phuong y - R T -
10 | Khoang cach 2 banh x¢ theo phuongy  |b; [2.35 m —
Khoang cach tAm hai hé thong treo theo
11 - - b, 2.1 ‘m
—phuongy—— — —— —
[ Khoang cach tir tm cabin d&n dém cach
12 | Is 0,65 m .
dao dong trudce theo phuwong x
Khoang cach tir tdm cabin dén dém cich
13 | ls 0.42 m
dao d6ng sau theo phwong x - A -
Khoang céch tir cau 2,3 dén tim gbi 46
14— Ir1 0595 tm— | ——
cau 2,3 theo phuong y
D§ cimg cia dém cach dao dong cabin 28911
15 ki N/m
trude : B - . §
D6 cliing cha dém cach dao dong cabin 33911
sau
17 | D6 cling cta 16p xe ciu trude ka | 1840000 |N/m
18 | D6 cimg ctia 16p xe ciu sau kg 1840000 | N/m
[~ | 'He $6 can giagm chin dém cich dao dong 2120— -
19 _ ') N.s/m
cabin trude
Hé s6 can giam chan dém cach dao dong 2420
20 _ C3 N.s/m
cabin sau
21 | Hé sb can giam chin 16p ciu trude Cu 2893.3 N.s/m
22 | Hé s8 can giam chin 16p ciu sau ci 28933 N.s/m

M& hinh khéng gian ba chiéu ciia xe tai khai thac mo véi 11 bac t do duge md

phéng bing phin mém Matlab/Simulink véi hé thdng treo thity khi M6 hinh 1
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véi cac thong sb theo tai liéu tham khdo [9]. Luc dong theo phuong ding tai

banh xe & ciu sau bén phai cua xe tai khai thac mé khi xe chuyén dong trén mat

 dudng IS0 cép D va 1O chp E v6i vin tbe 30 km/h duoc the hién trén hinh 3.1

4
1N
X1 ———

b2

)

ig tire force ()

”’”ﬂ

Z 5

Dynamic tire force

Hinh 3.1. Lyc dong theo phwong dirng tai banh xe ¢ céu sau bén phdi cia xe ki
xe chuyén déng trén mét dwong 1SO cdp D va 1SO cdp E véi vin téc 30 km/h

Tir két qua md phong trén hinh 3.1 ta c6 thé xéc dinh theo cong thirc .
(2.47). Gia tr1 DLC tai cAu sau bén phai khi xe chuyén déng trén mit dudng ISO
o chpDva1SO chpE-v6ivan tde 30km/h 1in lugt 140,176 va 0,297. Gid tri DLC

tai ciu sau bén phai khi xe chuyén ddng trén mit dudng I1SO cip E ting 40,68%
s0 véi trrdng hop khi xe chuyén déng trén mit dudng ISO cip D véi van toc
30km/h. Ta thiy rang gid tri DLC ting nhanh khi xe chuyén dong trén mit
dudng xau, didu nay giy tac dong x4u dén mit dudng. D& phan tich hiéu qua
cta hé théng treo thity khi trén xe ti khai thdc mé theo hudng gidm téc dong
x4u dén mit duomg, cac didu kién khai thac khéc nhau nhu 4nh hudng cta mét
-- dudng;van téc-e-huyén dong cua xe, tai trong cha xe duoc lya chon aé phén tich,

danh gia & phan tiép theo.
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3.1.1. Anh huéng ciia didu kién mit dudng

Pé danh gia anh hudng cla mat duong dén hé s tai trong dong, nim didu

‘kién mat du'ong khéc nhau tr mjt duong ISO cap A den mat du:ong ISO cap E

 chuydn dong trén chc mit dwdmg khdc nhau duge bidu dién trén hinh 32 Tekét
/- - qué-trén hinh 3.2 chira ring gid tr} DLC-ting nhanh khi-xe chuyén dong trén -

mit dudng xAu hon. Gia tri DLC tai banh xe cAu sau bén phai khi xe chuyén
dong voi van toc 30k:m/h tang 1an luort 32.28%, 32. 05%, 32 11%, 30.84% va

o T 3128% so-véikhixe- chuyén-déng voi-van tde-15 Skmﬁh—tren—ea&mat duo’ng—khac———-- -
phau tir mat dudng 180 cip A dén mat dudng ISO cép E. Két qua tinh toan

ciing chi 1a rang gia trj | DI:C‘ldﬁmhuyen—dmrg-vmwanfocﬁﬂlmﬁh—tang—ga-yi-
tac dong xAu hon dén mit dudng so véi treong hop khi xe. chuyén dong véi van

tdc 15km/h.

0.3 : t t . -

0.2l v=15km/h

DIC

0.1

A B C D E
Different road surfacce conditions

Hinh 3.2. Gia tri DLC tai binh xe cau sau bén phai khi xe chuyén déng trén

— méit-didu-laén-mat-duong khdc-nhau _

3.1.2. Anh buéng cia didu kién vin toc

Céc van tbc chuyén ddng cia xe tir 10km/h dén 60km/h duoc lya chon dé
phén tich, danh gia lyc dfng tai banh xe voi hé théng treo thily khi khi xe
chuyén dong trén mit dudng ISO cip D vaISO cap E, trang thai diy tai. Gia tri
DLC tai banh xe céu sau bén phai khi xe chuyén ddng voi van téc khac nhau
trén-hai-diéu kién mit dudng duoe thé hién trén hinh 3.3. T két qua trén hinh

3.2 ta thiy ring gia tri DLC tai banh xe ciu sau bén phai khi xe chuyén dong
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trén mit dudng 1SO cip E tang lan lugt 40.69%, 43.37%, 40.68%, 42.28%,

42.54% va 43.3% so voi truong hop khi xe chuyén dong trén mit dudng ISO
. cAp D véi céc van tbe khic nhau. Gid trj DLC ting nhanh trong khi xe chuyén
~ @&jng trong khodng vén t8c tir 10km/h dén 30km/h va ting chim hon khi xe

~“ra ring hé théng treo thity khi 13m giam tac ddng xau khi xe chuyén- voidiéu - -

kiégnvantdccao, —_— e

10 20 30 40 50 60
- Different speedwnditionSTV'(lﬂnfh’)***’ T T

" Hinh 3.3. Gid tri DLC tgi banh xe cau sau bén phdi khi xe chuyén déng voi

van t8c khdc nhau
3.1.3. Anh hwéng ciia didu ki¢n tai trong
Céc gid tri tai trong cla than xe m=[25, 50, 75, 100,125, 150, 1752001% - —
my, duoe st dung dé ddnh Iyc dong tai banh xe véi hé théng treo thity khi khi xe

chuyén dong trén mit duong ISO chp D va ISO cép E véi vén tbc 30km/h. Gia
tri DLC tai bénh xe cAu sau bén phii dugc thé hién. trén hinh 3.4. Tir ket qud
trén hinh 3.4 chi ra ring gi4 tri DLC tai banh xe cu sau bén phai gidm nhanh

khi xe hoat déng vi tai trong tang, diéu nay 1am giam tac dong YA dén it —
dudmg. Tuy nhién khi tai trong ting anh hudng dén do bén cta chi tiét cling nhu

an toan chuyén dong cua xe.
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WISO Class D .
~ SO Class E

—  fAnanninh
Y 25 50 75 100 125 150 175 200
_ Different vehicle body mass, m, (%)

Hinh 3.4. Gid tri DLC tai banh xe cAu sau bén phdi khi xe chuyén dong voi

 tdi trong khac nhau

e 32 Pinh-gik hi¢u-qua haikét chuhi théng treo thiy khivéimd hinh Yaxe

tai

Mo hinh ¢6ng lyc o ciav4 xe tai néng nghiép-véi-hai-bie-ty-do-duge thé

hién trén hioh 3.5, Trong d6 k; va ¢, 1 6 cimg va hé s6 gidm chén ctia 16p, 14

map md mat dudng.

Vehicle body 57

HPSs

Model 2

Vehicle axle

S

Road surface roughness
Hinh 3.5. M6 hinh déng luwc hoc Y xe tai néng nghiép 2 bdc tw do
Tir hinh 3.5, phuong trinh vi phan dao ddng ctia 4 xe duoc xac dinh:
(3.1)

myZ, ==k,

IR SRS o
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—thﬁy—lch-l—&lfﬁc md phénn apﬁ‘a‘g tich bing nhan mém Maﬂab/S1mu11nk véi cac

ong so theo bang 3.1 Kétqua mophongiy don i banh xe theo phuong

.
23k
o= Rl - v o

~ dlmg ciia hai két can hé thong treo thity khi khi xe chuyen déng trén-mit-duong - - |
o ISO cip D vaISO caIT'E*véﬁ;'anﬂtoc'BO*ﬂltrr/;hf—*d&ec—fth%hlen:trenfhmh3,,6,.7Ketﬂ —

qua md phong chi ra ring bién 46 cva lyc dong tai banh xe theo phuong dung

- clia he thonc_r treo thuv Kkhi mé hinh 2 nhé hon so véi he théng treo thity khi mo

hinh T. Vlé—ﬂﬁaﬁlrgrﬁ—hréu_quﬂhmﬁhmﬂm—ma%é&eng-cua—hal—kepeau_he__
théng treo (M6 hinh 1 va M4 hinh 2) s& duogc tiép tuc phan tich va so sanh &

phan tiép theo.
— TABLE 3.1. Céc théng s6 cua xe va hé thong treo thiy khi.

Thong | Giatri | Thongso | Gid trj | Théng s6 | Gia tri | Thongsd | Gia trj
s0 -
ma/kg 145 | mekg 1000 | k/(N/m) | 185500 | c/(Ns/m) | 2100
pe/Mpa 1.5 | Vom® 1.3x10" | Ai/m? 2.5x10° | Az/m’ 1.6x107
: - 4 - _ ] 3 —
As/m® 1.3x10° | Ca 0.62 | A/m® 6x10* | Ala/m® 7.5%10*

' ‘ ‘ "~ Modet 1

—Model 2 |

[\
[
=
<

Dynamic ftire force (N)
<

)

[A]

o

=

o]
T

Time(s)
Hinh 3.6. Liec dong theo phuong dimg tai banh xe cua hai két cau hé thong
treo thuy khi khi xe chuyén dpng trén mdt duong ISO cap Dva ISO cap E
VoI van tée 30 km/h
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3.2.1 Anh hwéng cita diéu kién mit dwong

DPé danh gia hiéu qua than thién v6i mit dudng mit dudng cia hai két cau

~hé théng treo (M6 hinh 1 va Md hinh 2), cac dleu kién mdt dudng khac nhau tir

lya chonfde md phéng

* Gi4 tri DLC khi so sanh ciia hai két cdu hé thong treo khi xe chuyén déng trén -
,— - -matdudng khac nhau duoc biéu didn trén hinh-3.7. Tir két qua trén hinh 3.7.chi —

ra ting gi4 tri DLC ciia c& hai m6 hinh hé thdng treo déu ting nhanh khi xe

chuyen dong trén mat dudng xau hon. Gia tr] DLC cia két cAu hé thong treo

S ——-—thuy khi-mé-hinh-2-giam-Hn-hrot 2:69%;-4:41%;-6.97%; 11-54% va-19.27% so—— -

v&i mé hinh 1 khi xe chuyén dng véi van tdc 40km/h, trén cac mit dudng khéc R
nihau tir mit dwdng ISO cAp A démrmit due womg ISOcp B Didumdy-chi- raTang—
__ heé thing treo thity khi véi két cAu mé hinh 2 giam tic déng x4u d dén mit dudng

s0 voi két ciu hé théng treo thity khi mo hinh 1.

0.4 - : ' ;
BModel 1

[ WModelz
= 0.2f

OL-_IIJIII

leferent road surface cond1t1ons

. Hinh 3.7. -Gza-tJ_LD.LC_cua_hai_kéatcd’u_hé_théng_ﬁ'eo_thﬁy_khi khi_xe_chuyén__ _

dong trén mat diéu kién mdt duong khdc nhau

3.2.2. Anh huéng ciia diéu kién vin toc

Céc van toc chuyén dong ciia xe tir 20km/h dén 70km/h duoc lya chon dé
phén tich, danh gia hiéu qua than thién v6i mit dudng cua hai két ciu m6 hinh
hé théng treo thuy khi khi xe chuyén déng trén mat dudng ISO cép D, trang thai
dﬁy tai. Gia tri DLC khi so sanh cua hai két chu hé théng treo khi xe chuyén
déng-véi van tdc khac nhau duoc biéu dién trén hinh 3.8. T két qué trén hinh

3.8 chi ra ring gia tri DLC clia ca hai m6 hinh hé théng treo déu ting khi van

41
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tdc chuyén dong cia xe ting. Gid trj DLC cla két ciu hé thdng treo thity khi md
hinh 2 gidm lin luot 5.74%, 5.88%, 6.97%, 7.96%, 8.68% va 8.61% so v6i mo
hinki 1 khi xe chuyén dong véi van __to_c tir 20km/h den 70km/h. Ket qua tinh toan o

chi ra ring hiéu qua than thién véi mit dudng cia hé théng treo thity khi md

o C
=

20 30 40 50 60 70 -
Different speed conditions, v {km/h)

Hinh 3.8. Gid trj DLC ciia hai két cau hé thong treo thily khi khi xe chuyén

-~ dgngvéivéntéckhdcnhau— —— —— — ——

3 2.3. Anh huéng ciia diéu kién tai trong JJ
Céac gia tri tai trong cta thén xe m=[25, 50, 75, 100, 125, 150, 175 2001% %

my, duge st dung d8 so sanh, danh gia hiéu qua than thién véi mit dudng cau hai

cip C véi van tdc 40km/h. Gia tri DLC ctia ¢4 hai md hinh hé thong treo thuy
khi duge thé hién trén hinh 3.9. Tix két qua trén hinh 3.9 chi ra rang gia tri DLC

ctia ca hai md hinh hé théng treo thily khi giam nhanh khi xe hoat ddng véi tai
trong ting, didu ndy lam gidm tic dong xAu dén mit duomg. Tuy nhién khi tai
. ——trong ting-anh-huéng dén d6 bén ciia chi tiét cling nhur an toan chuyén ddng cia
xe. Gia tri DLC cau hé théng treo thuy khi mé hinh 2 giam 1an lugt 3.11%,
4.86%, 6.78%, 6.97%, 4.23%, 4.18%, 5.75% va 4.8% khi so sanh v&i hé théng
treo thity khi md hinh 1 khi gid tri tai trong m, ting tir 25% m, dén 200% my.
Hé théng treo thity khi mé hinh hai ¢6 hidu qua 1am giim tic dong xau dén mat

dudng tét hon so véi hé théng treo thiy khi md hinh 1.
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B Model 1
BModel 2 |

== i EEEERE
. ..2.25 .50 75100 125 150 175 200 . B
Different vehicle body mass, mb(%)

Hinh 3.9. Gid tri DLC ciia hai kbt cdu hé thong treo thiy khi khi xe chuyén.

dong voi tdi trong khac nhau

3.2. Két luin
Trong chuong nay, tac gia d3 xay dung md hinh toan hai m6 hinh hé théng

treo thity khi; mé phdng dénh gia, danh gia hi¢u qua thin thién véi mdt dudng B
clia mo hinh hé théng treo thity khi véimé hinh xe tai-c6-tai trong1én véi 11—

béc tr do. So sanh danh gid hiéu qua than thién v&i mit dudng cua hai md hinh

hé théng treo thiy khi. Két qua nghién ctru chi ra rang hidu qui hé thong treo

thity khi m6 hinh 2 cai tién cai thién mizc d9 than thién véi mat clia xe so voi hé
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KET LUAN VA NHUNG KIEN NGHI

Sau mot thoi gian nghién ctru, voi sy nd huc cia ban thin va nhém nghién

clru dirge ting hd tinh thin tir Nha trudng va sy gitip & ctia céc dong nghiép

P Ew O At W a¥a - 2hn
L) dl ZAURY ¥ ZORAY O s v 1 1t CH
¥

= = . = G eyl

- nghiép, nhom nghién cfru ¢4 hoan thanh ndi dung cta dé tai NCKH cap Trudng - -

nam 2022. D& tai d4 dat dwoc mot so ket quasauddy: — -

- Phén tich va chi ra dugc tinh cip thiét cia dé tai;

- Pua ra chi tiu dénh gi4 hé s6 tai trong dong (DLC) 1am ham chi tiéu

-~ ——dtmivgi# higuquitié théng treo ity khi-so-véi-hé-théng treo-khder——
- Xay dung md hinh toan cho 2 mé hinh hé théng treo thity khi (M6 hinh 1
va Mo hinh 2}))

S _ - Xay dung duge mé hinh dao déng khong gian phi tuyén cila xe xe tai hang

ning 2 chuvéi 11 bac tir do dudi kich thich ngfu nhién ctia dudng quéc 19.

P2 tii da cong bd dugc 02 bii bao quoc té trén tap chi trong danh muc
Scopus . V&i két qua trén dé tai 43 dat duoc chi tiéu dit ra.
-~ -Xétquimdphdong va phan tich hién qua h¢ théng treo dua ra dugc mdt sb |

két luan dudi day:
(1) Danh gid hidu qud gidm tdc dong xéu dén mgt dwong ciia xe tai hang
ndng sir dung hé thing treo thity khi 1 khoang khi va 2 khoang ddu:
(i) Gi tri DLC tai banh xe cAu sau bén phai khi xe chuyén dong véi van

tbc 30km/h ting 14n luot 32.28%, 32.05%, 32.11%, 30.84% va 31.28% so v6i

khi xe chuyén dong véi van tdc 15km/h trén cic mit dudng khac nhau tir mét
dudng ISO cép A dén mit dwdng ISO cép E.

(i) Gia tri DLC tai banh xe cau sau bén phai khi xe chuyén dong trén mit
duong ISO cz"ip E ting lan huot 40.69%, 43.37%, 40.68%, 42.28%, 42.54% va
43.3% so v&i trudng hop khi xe chuyén dong trén mit duong ISO cap D véi cac
vén tdc khac nhau.

- - (i)-Gi4 tri- DLC tai banh xe cAu sau bén phai duoc thé hién trén hinh 3.4.
Tir két qua trén hinh 3.4 chira ring gia tri DLC tai banh xe ciu sau bén phai

44




45
gidm nhanh khi xe hoat dong véi tai trong ting, didu niy lim gidm tac dong xéu

dén miit dudng. Tuy nhién khi tai trong ting dnh huéng dén do bén cla chi tiét

~ ciing nihu an toan chuyCn dong cia xe.

hi voi mb hinh % xe tdi

- —2:69%, 441%, 6.97%, 11.54% va19:27% so voi-md hinh 1 khi xe chuyén dong -~ - |
=~ véivin tbc 40km/h; trén chc mat dudng khéc nhau tirmjt dudng ISO-cip A-dén-— —— |

mit dudng ISO cip E. Pidu niy chi ra ring hé théng treo thiy khi véi két chu

mb hinh 2 gidm tic dong xfu dén mit dudng so véi két chu hé thong treo thiy

(ii) Gié tri DLC ciia két chu hé théng treo thity khi m hinh 2 giam lan luot
5.74%, 5.88%, 6.97%, 7.96%, 8.68% va 8.61% so voi mo hinh 1 khi xe chuyén
- dong véivantde tir 20km/h dén 70km/h- Két qua tinh toan chi ra rang hiu-qud -

than thién v6i mit dudng cta hé thng treo thity khi mé hinh 2 cai thién d4ng ké

s0 v&i hé théng treo thity khi mo hinh 1.
(iii) Gia tri DLC cau hé théng treo thity khi md hinh 2 gidm 14n lugt 3.11%,
——4.86%, 6.78%, 6.97%; 4.23%; 4:18%,-5.75% va 4.8% khi so-sa 3 hé-thé

treo thily khi mé hinh 1 khi gié tri tai trong m, tdng ttr 25% my dén 200% m,. Hé
thong treo thity khi mo hinh hai ¢6 hidu qua 1dm giam tic dong x4u dén mat

dudng bt hon so véi hé théng treo thily khi md hinh 1.

Tuy nhién d& tai con mét s& han ché, hy vong trbng trong lai s€ hoan thién

S — theocachuéngsanddy. —
- Phan tich mé hinh toan va t&i uu céc thong sb hé théng treo.
- Phén tich cac dic tinh phi tuyén cla 16p xe va hién twong tach banh
trong mé hinh dao ddng toan xe.

- Thi nghiém thuc té @& so sénh véi két qua md phong,
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 giam tai trong d0ng” Ludn 4n tién i, Dai hoc Béch khoa Ha Noi.
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PHU LUC

PHU LUC 1: CHUONG TRINH TiNH TOAN GIA TOC BiNH PHUONG

- ~__TRUNGBINH

A=simout(:,2);  %Gia toc binh phuong trung binh;

=q17efA):
7

rﬂ m1 QY7
Lll,.I.J.LJ le\i\l LY )

Ctotab=0;

P feri=lm - - — —= - ————
total=A(1)*2+total;
- B ———— _
- ———al=totalin;— —
ay=sqrt(a0); :
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PHU LUC 2: KHOI CHUOGNG TRINH CON TRONG SIMULINK-
MATLAB

~ Khoi Iyc 16p xe cau 1

D

FED . M [

- Subtract Goin | "

 Subtract)

o o it | ~vlb———»

Dedvative Gain'
P W
e S

KW;W ‘Subiract? Gainz G %‘,wmww,

Fod

Subiract3

——pduidi}

Desivativet Gain3:
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Khoi md phéng chuyén vi cau 1:
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Khdi luc hé théng treo céu 1;
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Khéi mé phong phén tir treo thity khi ciu 1
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Khoi mo phong chuyén vi thin xe
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Khdi mé phong lye lién két giita than xe va cabin:

- |- subgractt:- -
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THUYET MINH PE TAI

KHOA HQC VA CONG NGHE CAP TRUONG
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3. LINH VIJC NGHIEN CIU "LOAI HINH_NGHIEN
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Iinh vyc chuyén mén giao
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thay khi
2 |Hoang Anh Tdn |{KhoaKT Ot6vaMPL | Xay dyng mé hinh
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trinh vi phdn dao
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trinh vi phéin dao
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5 | Nguyén Thi Kim | Khoa KT O 16 va MPL | M4 phong dao dong
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9. TONG QUAN TINH HINH NGHIEN CUU THUQC LINH VUC CUA PE TAI
& TRONG VA NGOAI NUOC

|9.1_Téng quan tinh hinh nghién ctru thude linh vuc cla dé tai: (Mikc dg ddy du, hap Iy

trong viéc ddnh gia tinh hinh nghién citu trong v& ngodi nudc; thanh céng va han ché cua

cong Trink lién quan; miéc dg ¢dp nhit thong tin moi nhdt vé linh vic nghién ciu)

A ]

su-dung Tong T&i trém céc phuong tién giao thdng.

treo thiy khi. Tuy nhién cdc cong trinh nghién ctru v& hé théng treo khi va thiy khi cdn kb
r X 1.4 . A

,I’fpng' nudc hién nay cé mét 56 cong trinh cua cac nha khoa hoc nghién ctiru vé hé théng i

184 ) " e @ : hatyn Lala 1.6 =) d AR il B

it. C4.thé ké dén mot sé nghién ciu: Cong trinh cvia L& Xuin Long vA nhém nghitn i, |-
. & - - ' = . 3 e & ]

- - e DO LTren n ] " a ¥e ’ (==t 'Iﬂ“l

L - = =t ooty = bE o r v ! ‘ . u 5 By = 3 = = CLTA Pll“ll L7 4" ¥

dénh gid higu qué b thibng treo thily khi dya vAo b s6 ti trong dgtig DLC [1]; Cong trink
[2].“Diing Ngoc Minh Tuén fudn én thac sTk§ thudt Trutmg Dai hoc Ky thugt Céng nghiép,

g nNsimn nan a@—ldlé, —

| g tha thien st dutmg quée 16, Trong lun én the gia xBy dyng mo hinh Khing gisn dac

X

dong ciia 616 5 cau véi kich dong nghu nhién va giai quyét bii todn dao ddng bing phuong
phép Matlab/Simulink. Tl ham myc tiéu 13 h§ s tai trong déng banh xe DLC, cic théng s6
thiét ké hg théng treo nhu d6 cling va hé sb can lin gt duoc t6i vu thibt ké.

Trén thé gi6i h¢ thong treo cia xe thu it rét nhidu céc nha khoa hoc nghién ciu, cdc nhi
khoa hoc d3 nghién ctru va phit trién nhifu hé théng treo theo hwdng gism tic dung xdu dén

| migt dudng dng thei ting d0 ém dju khi chuyén dong nhw céc hé thong treo Khi, thiy khi, |

cc bd didu khién khién hé thng treo, 13m cho céc hé théng treo thich ting tét hon véi cac

Ferhat Saglam vi cdng sy d3 nghién ciru t61 wru céc théng sb hé théng treo thity kb nhim
ning cao 43 ém diu chuyén déng cita xe[3]; Ibrahim A. Badway va nhém nghién ciru 48 mo
nghién ciru mé Ph(’)ng va diéu khidn hé thong treo thiy khi[4]; Phét tridn md hinh todn vi
mo phong hé thong treo thity khi dwgc trinh bay bdi Tian-hotig Luo, Ting-giong Cui, Wen-

diéu kién hoat d9ng khéc nhau. Mot sb nghién o clla cic trén thé gidi c6 thé ké dén: | -

jun Luo, Xun-jia Zheng, Chao Lin, et al[5]. Tuy nhién viéc nghién ciru nham nan g cao hién

| qua hé théng treo thity khi vAn duoc rit nhidu cac nha khoa hgc trén thé gi¢i dang quan tim

nghién ciu,

9.2. Danh muc céc cdng trinh d3 cong bd thudc linh vuc cia d& t3i cua chit nhidm va nhiing
thanh vién tham gia nghién ctu (ko va tén tdc gid; bai bdo; an phdm; cdc yéu 16 vé xudt
bén) o

a) Ctia chil nhiém d8 tai
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[4] L& Xuin Long, Nguyén Btic Thuin, Nghién ciru anh hudng cla didu kién khai thic dén
do ém diu cla hanh khich, Tap chi Nghién ctru khoa hoc va cOng nghé quén sy, p.262,

2018,
1 [51 Bi Van Cudng, Lé Xuén Long, V& Truéng Son, Duong Bc Minh, Trin Hong Ha, |

{3] Le Xuan Long, Le Van Quynh, Bui Van Cuong, Study on the influence of bus |
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Abstract. The main objective of this paper is to investigate the effects of operat-
ing conditions of a mining dump truck with hydro-pneumatic suspension system

(HPSs) on road surface friendliness, a three-dimensional vehicle-road coupled

dynamic model of a mining dump truck with 11 degrees of freedom (DOF) is
““setup to investigate, The dymamic load coefficient (PLC)-is chosen as-objective

function. The different operating conditions such as road surface roughness, vehi-

cle speed and vehicle body mass are investigated through DLC value. The study B
" “results show that the vehicle operating conditions have a great influence onthe” — ~ 7

road friendliness. The study results are the theoretical basis to optimize the design

of the suspension system for off-road vehicles.

1 Introduction

An analytical model of the HPSs is proposed to formulate considering polytropic change
~ in the seal friction, gas state, and the gas-oil emulsion flows through valves and orifices

[11. Artificial intelligence has been applied to simulate and predict the suspension sys-
tem performance for vehicles which would incorporate the artificial neural networks,
Mamdani fuzzy logic and a hybrid system, the hybrid neural fuzzy interference system,
for achieving the goal [2]. A HPSs model based on fractional order was built with the
advantage of fractional order in viscoelastic material modeling considering the mechan-
ics property of multiphase medium of HPSs [3]. The performance of the HPSs of vehicle
on the ride quality of road surfaces was proposed to compare to the air spring and rubber
suspension systems using a full dynamic model of a heavy vehicle [4]. A semi-active
HPSs was proposed to improve ride comfort performance, without compromising the
road holding and load carrying capabilities of the passive suspension through an active
damper used in parallel with a gas spring [5]. The effects of HPS parameters such as the

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
D. C. Nguyen et al. (Eds.): ICERA 2022, LNNS 602, pp. 74-83, 2023.
https://doi.org/10.1007/978-3-031-22200-9_8
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<n < 1.4).

where pg and Vg are the initial absolute pressure and volume in the gas chamber, p, and
V, are the absolute pressure and volume in the gas chamber, n is the polytrophic rate (1

*Zb Vehiclle body
=] [

0. h

Floating piston

Vehicle axle

Vehicle body

T T Fig.l. “Structural schematic of HPS strut.™—

'
| ¥4
-

w®
]

I xr—1." . -
a Vehicleaxle

Fig, 2. Nonlinear dynamic model of HPS strut.

Combination of Eqgs. (4) and (2), the elastic force of the gas chamber of HPSs is

achieved by

Vo
F;, = —11A
k ”O(V0+A3(zb—za) )3

The damping force of HPSs is determined by

ngg

Fe=p1(A1 — A3) = p2(A1 — A2) — (Po - A—B)(Az —A3)

(5)

(6)
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mic mndf‘] of 2 mining dump truck

and L, Ly, the distances 1 and by and the road surface excitations g (i=1<+4,j=1

+8k=1=5)

The multi-body system theory is used to separate the system into subsystems which
are linked by the force and moment equations. D’ Alembert’s principle is used to set up
force and moment-equations to describe vehicle dynamic subsystems. The equations of

motion can be written as.
The equations of motion for front axle of vehicle are written as follows -

2 2

, maia =) Fu—) Fi R CON
i=1 '=

I = E( i+ 2 +Z( 1)’ Fm (14)

The equations of motion for rear axle of vehicle are written as follows

4 4
mariar = Y Fui— ) Fi (15)
i=3 =3
4 . b & b
T2 = ) (D Fim+ ) (—1)Fuy; (16)
) = =3

The equations of motion for vehicle body are written as follows
4 4
mpzy = Y Fei— ) Fh an
i=l i=4
2 4 2 4
Toyp =Y Fuils— Y Fula— Y Feils +1ls + 11— ) Fuily (18)
i=1 =3 i=1 i=3

. by
- Iy = Z( 1)*+‘Fm—~<F61+Fca)(b3+b4) (Fcz+Fc4)b4 (19)
i=1
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4 Results and Discussion

The three-dimensional dynamic model of a mining dump truck with 11 DOF is simulated
‘by-the MATEAB/Simulink-software-with-a-set-of vehicle-and-HPSs-parameters-in-the-
reference [9]. The dynamic. tire load at right rear axle of a mining dump truck when

vehicle moves on ISO class D road surface (poor condition) and 1SO class E road

surface (very poor condition) at speed of 30 km/h and full load are shown 1n Fig. 4.

- 2 - 10} -

n

K -

£ of &0

2 2

E-of 7 g

g h 1020 30 40 30 A% O I

Time(s) : Time(s)— _
a) ISO Class D ) ISO Class E

Fig. 4. - The dynamic tire force at axle of vehicle under two different road surface conditions.

- From the simulation results of Fig. 4 could be determined according to Eq. 27). - —— -
The DLC values rear axle under ISO class D and ISO class E road surface conditions
are respectively 0.176 and 0.297. The DLC value of right rear axle under ISO class E
road surface condition increase 40.68% in comparison with ISO class D road surface
condition. The DLC value increases quickly when vehicle moves on the bad road surface
conditions which makes the negative effects on the road surface. In order to investigate
dynamic wheel load of heavy vehicle with HPSs, the different operating conditions such

as road surface roughness, vehicle speed, body mass, discussions will be presented im -
the next sections.

Road surface roughness: Five road surface conditions from ISO class A (very good)
to ISO class E (very poor) in ISO 8608 [17] are used when vehicle moves at the speed of
15km/h and 30km/h, full Joad. The DLC values at right rear axle of vehicle when vehicle
moves under the different road surface conditions are shown in Fig. 5. The results in
Fig. 5 show that the DLC values increase more quickly when vehicle move on the worse
road surface conditions. The DLC values at right rear axle at vehicle speed of 30 km/h

increase 32.28%, 32.05%, 32.11%, 30.84% and 31.28%, respectively in compatison with
vehicle speed of 15 km/h. The results also show that the DLC value at vehicle speed of
30 km/h increase the negative impacts on road surface much worse than at vehicle speed
of 15 kim/h.

Vehicle speed conditions: The values of vehicle speed from 10 km/h to 60 kmv/h are
chosen to investigate dynamic wheel load of heavy vehicle with HPSs when vehicle move
moves on the ISO class D and ISO class E road surface conditions and full load. The
DLC values at right rear axle of vehicle with HPSs under two road surface conditions
at different vehicle speed conditions are shown in Fig. 6. The result of Fig. 6 show
that the DLC values at right rear axle under ISO class E condition increase 40.69%,
43.37%, 40.68%, 42.28%, 42.54% and 43.3%, respectively in comparison with ISO
class D condition when vehicle spéed value increases. The DLC values increase quickly
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DOF three-dimensional dynamic model. The main study conclusions drawn from the
investigation results are: (1) the DLC values increase more quickly when vehicle move on
the worse road surface conditions; (2) the DLC values at right rear axle under ISO class E o]
-conditiomincrease 40-69%43-37%;-40:68%;-42.28%; 42.54%-and-433%; respectively - - - o
in comparison with ISO class D condition when vehicle speed value increases; and (3)
The DLC values at right rear axle of vehicle decrease quickly when vehicle body mass
value increases. The Study results are useful references for designers and manufacturers
in the field-of off-road-vehicle suspension systems.
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of Technology.
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Pavement-Friendly Performance Analysis
of an Agricultural Truck with Two Types

. —— of Hydro-Pneumatic Suspension.Struts .

Ta Tuan Hung Le Xuan Long?®¥, Nguyen Van Tuan?, Hoang Anh Tan?,

———and Vu The Truyen! - e
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Abstract. The pﬁrpoéé of this study is to analyze the pavement-friendly per-
formance of an agricultural truck with two types of hydro-pneumatic suspension
(HPS )y struts on dymamic load coefficient(DLC)- The nonlinear dynamical models

of two different types of HPS struts with-one gas chamber and two oil chambers.

———————— : (Model 1) and with one gas chamber and three oil chambers (Model 2} are setup

to calculate their nonlinear vertical forces. A quarter—vehicle mathematical model
of an agricultural truck is set up for the analysis of the nonlinear vertical forces of

-~ two-proposed suspensions- which isimplemented in MATLAB/Simulink platform. — ——

The obtained results indicated that the pavement-friendly performance of Model
2 is better than performance of Model 1. Especially, the values of DLC at axle of
vehicle with Model 2 reduce by 6.97% in comparison with Model 1 when vehicle

Keywords: Agricultural truck - Hydro-pneumatic suspension - Dynamic tire
load - DLC

1 Introduction

S Hydro-pneumatic suspension (HPS) system is applied widely in engineering fields

because the gas absorbs excessive force while the oil is nonlinear elasticity and good
vibration damping perforation. A multi body co-simulation approach was proposed to
investigate the effects of HPS parameters on the ride safety [1]. A semi-active HPS based
on the electro-hydraulic proportional valve control was proposed using the control strat-
egy to adjust the damping force of the semi-active hydro-pneumatic suspension [2]. A
HPS model based on fractional order was built with the advantage of fractional order
in viscoelastic material modeling considering the mechanics property of multiphase
medium of hydro-pneumatic suspension system [3]. The ride comfort of vehicle using a
HPS applied with the semi-active control was analyzed and compared with a passive cab
suspension [4]. A hydro-pneumatic inerter-based suspension system theoretical model
was developed to analyze its performance which was controlled to improve vehicle ride

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
D. C. Nguyen et al. (Eds.): ICERA 2022, LNNS 602, pp. 780789, 2023.
https://doi.org/10.1007/978-3-031-22200-9_82




782 T. T. Hung et al.

The elastic force of the gas chamber of Model | is determined by

Fr = (pa — po)A3 (2)

" The pressure in the ; gas chamber is defined as an adiabatic pi process  followin; g the laws

of thermodymamics -~ — — ——— —

pVE=paVy 3

where pg and V) are the initial absolute pressure and volume in the gas chamber, p, and

V, are the absolute pressure and volume in the gas chamber, n is the polytrophic rate (1
<n < 1.4). R

VAN

A 4

_ 7 h O S | f _. \ AN
Pa -—PO\V ) v Yo = YO A3 <al) j -

Combination of Egs. (4) and (2), the elastic force of the gas chamber of Model 1 is

achieved by
Vo
Fie =P0( —~ = 1),43 )

The dampmg force of Model 1 is determined by

mgag 7
Fe=pi(A1 — A3) —p3(A; —A2) — (po - A__o,)(A2 — A3) (6)

préSs{lfé;ih the oil chamber (1) and chamber (3).
The flow rate through the orifice is determined by:

0= CdAls\/z(”—3p}’—’1—)sfgn(zb — %4) )

where, Cyq is coefficient of discharge, A3 is the area of the orifices and p is the density
of oil

\ VU+A3 (ZH Zal /7 T

On the basic of volume balance, the flow rate is inferred by

0 = (A1 — A2)(zp — 2a) ()
Combination of Egs. (7) and (8), the relationship p; and p3 is achieved by

p(A1 = A2 — 2,] (g — 20)
20341,

p3i=p1+ @

The differential motion equation of floating piston can be determined by

(1 — pa)As +mgg = myiy (10)
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Fig. 3. Nonlinear dynamic model of two types of HPS struts

3 Quarter-vehicle Dynamic Model of a Mining Dump Truck

The schematic diagram of 2-DOFs quarter—vehicle dynamic model of an agricultural
truck with two models of HPS struts is shown in Fig. 4 which consists of the tire stiffness
and damping coefficients k; and ¢, the random road surface roughness q.
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4 Results and Discussion

In order to.analyze the pavement-friendly performance of two HPS struts (Model 1 and

""Model—ﬂ)—the—quartcr—veh1cle mathemauca-l—m-odekof an agneultural -truek-is-solved—

n-Matiab K-softwai er the and a set of vehicle
parameters in Table 1 "The simulation results of the vcmcal dynarnic tire Joad at axle

with two types of HPS struts when vehicle moves on the ISO class C at the speed ot
-40-km/h-and full load are shown in Fig. 5. The results of Fig. 5 reflect that the peak .
amphtudes of dynarmc t1re force W]tl’l Model 2 are smaller than Model 1.

Table 1. Parameters of the vehicle and HPSs.

Parameter | Value | Parameter | value | Parameter | Value [ Parameter - Vatwe
ma/kg 145 my/kg 1000 |k /(N/m) | 185500 |cg/(Ns/my | 2100 N
po/Mpa 15 Vg/m3 1.3 x |A1/m2 25x Az/m2 1.6 x
104 10-3 10-3
Az/m2 13x103 |Cd 062 |App/m2 |6x  [Ajpm?  |75x
R 104 ' 104
o T —Modell o
g 2000 —Maodel 2
: b
_ 5 7 LALLL{ 1 Ll | E— —
&, -2000} 7
]
0 1l0 2|0 3I0 4|0 50

Time(s)

Fig. 5. Dynamic tire forces at axle of vehicle with two types

The pavement-friendly performance of two HPS struts of two types of HPS struts

will be analyzed and compared in next sections when vehicle moves under the different
operating conditions.

Road surface condition: In order to evaluate the pavement-friendly performance of
two HPS struts, the road surface conditions from ISO class A road surface to ISO class
E road surface are considered when vehicle moves at vehicle speed of 40 km/h and
full load. The DLC values in comparison with both two types of Models under vartable
road surface conditions are shown in Fig. 6. The results of Fig. 6 shows that the DLC
values with both two types of Models increase rapidly when the road surface quality
deteriorates. The DLC values with Model 2 respectively reduce 2.69%, 4.41%, 6.97%,
11.54% and 19.27% in comparison with Model 1 when vehicle moves on from ISO class
A road surface to ISO class E road surface which prove that the negative impact on road
surface with Model 2 has improved significantly in comparison with Model 1.
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0.15— -
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- lModel 2

DLC
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" Different speed conditions, v (km/h) ™ - o —

= ——=Fig. 7. DLC values-of both-two-models-at different-vehicle-speed-conditions————— —————

lModel 1

~ WModel 2 |
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~  Different vehicle body mass, mb(%)

~ Fig. 8. DLC values of both two models under the dlffcrcnt vehlcle body mass

Model 1 with the change of vehicle speed from 20 km/h to 70 km/h; and (3) The DLC
values with Model 2 respectively reduce 3.11%, 4 86%, 6. 78%, 6. 97%, 4. 23%, 4, 18%
5.75% and 4.8% in comparison with M ' :
mp to 200% my,.
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