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PHAN MO PAU
Xe tai hang ning dong vai trd quan trong trong viéc vin chuyén hang hoa va

 dép img nhu cu clia nganh cong nghiép va nén kinh té. Hién tai, véi sy phét trién

ning, xe dau kéo

r
L r bl r r A 4 hY ~ fa) r hl

' "**ﬁrghrerrcwvaﬁhiet ke hen tuc phat trién san- pham Vle&varrchuyen hanghew—r——— —

. ‘ngay cang-tang, xe-tai-hang ning——eé-sy-phéttrién-manh-m&-Tuy nhién, ching— ——

- ta ciling ¢6 thé thiy si 4nh huémg 16n chia cac logi phuong tién ndy. Qua trinh hoat _

- dongcia phuong tiénnay co-thé- géy p pha huy be mat- dtrqmg be'l tai-trong-déng-- ——— —|

dia hinh mip mé 1én gay nén dao ddng anh hu'é’ng dén ngudi didu khién, 46 bén
ciia xe. Do viy, Van aé@ﬁn‘dmdcngtruyar&ermngmwhanghoaﬁm vor————

_ chcxetd nang cac 4cnhan ﬂghlen ciru vA thiét k& luon quan tdm hoan thién va t6i vu

thiét k& hé théng treo clia xe. Phan tich va diéu khién dao dong cia xe tai hang
“hang 14 mdt d& tai nghién ctru quan trong, nhim nghién ciry va tim higwvécac —~ —
yéu té anh huéng dén dao dong cia xe va phat trién céac giai phép diéu khién hiéu

—wwmm vén hanh, tang cu’orng su 6n dinh va do an

toan cua xe tai hang ning. Trudc nhimg vin dé tren nhim ning cao d6 ém diu cta
xe tau hang ning, nhom nghién ciru da hya chon 42 tai “Phén tich va didu khién
dao djng cua xe tii hang ning ” lam 8 tai nghién ciru khoa hoc.

Muc tiéu nghién ciru: Phan tich va didu khién dao dong ciia xe tai hang

ning nhim gidm cic tac ddng xau dén con ngudi, hing hda va mét dudng.

Pham vi nghién ciru: Xay dung mo hinh dao dong toan xe
Déi tirpng: Xe tai hang ning, hé théng treo xe tai hang ning
Phirong phdp nghién ciru: Ly ludn va két hop md phong bing phdn mém
Matlab/Simulink d& danh gi4 hiéu qua cia hé théng treo xe tai hang ning c6 diéu
khién nhim ning d6 ém diu chuyén dong cho ngudi diéu khién.
 Noi dung chinh cia ludn vin nhw sau:

Chwong 1. Tong quan vé dé tai nghién ciru;




Chuong 2. Xy dung mé hinh dao déng va thiét ké b dicu khién ;
Chuong 3. Mé phéng va phin tich hi¢u qua
Y nghta khoa hgc thyc tzen. Be tal da xay du'ng duoc mo hll‘lh dao dong

hé thdng treo bi déng va hé thong treo c6 diéu khién; Thiét

14 i q mb 13_ dao ﬁgno Mébn hi’mg va han hch SO qanh h1e11

"'D’ R

wquuarcuzrh&thengtree €0~ dleu—k—hiel%—— fffffffffff —

-Sau-thoi glaﬂ——thﬁ%hlgfk—de tai da-duwoc-hoan thanh cic-muyc-tiéuva nhiém-

vu dé ra. Miic di hét sirc ¢6 ging nhung thdi gian ¢6 han nén @é tai khé tranh khéi

- - thiéu sot—nhem—ng—hwn—etru—meng nhan duefc c-siF-déng- gep—y—klen quy-thay 66 va—
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CHUONG 1: TONG QUAN DE TAI NGHIEN CUU
Muc tiéu cria chuong nay tdp trung vdo viéc cung cdp mdt tdng quan vé xe tdi
 hang nng, phan tich cac nguon gdy dao dgng trén xe tii hang ndng va phn tich

cdc cong trinh nghién ciru lién guan. Noi dung ndy la co so dé xdy dung cac

nhirona nhan va oidinhan kié 1 A 1o 3 17 3
— phuong phap va gidi phd m sodt dao dong hiéu quad cho xe 1di hang nang

-~ 1.1. Téng quan xe tii hang ning — s —

-~Xetii 16n thudng-heat d6ng trén-dia-hinh-phirc-tap,-la-cac-dudng trong-méd, - ———

mit dudng gd ghd kém bing phing, hé s bam, can 14n thay di nhiéu khi thoi tiét -

- thay-dbi-(dudng khd-so-voi dudng-uwét) Dudng khong thing, 6 nhibu-dean-c6—— |

r IR | 9 r - A & el ~ ~ K- r -- - ~ A -
—baﬁmﬂ%een@h@;%%%&d@@#m&huﬁgd@d@ekh&@ﬁh&(@&d&d@@l@@}ﬂo

d6 xe thiét k& c6 khoang sang gim xe 16n din dén xe c6 trong tAm cao.

Hinh 1.1. Minh hoa xe tdi 16n vang mé
Dic biét mot s6 xe duge thiét ké thanh hai khéi riéng biét va lién két véi
nhau b.%mg mot khép co hai bic tir do. Mot khéi 13 ph?m déu xe dit 1én ciu trrde,
phz"in nay b tri dong co, hop s6, ca bin, cac bom thuy luc, may nén khi ciing cdc
co cAu didu khidn. Khdi con lai 1a phﬁn than dit 1én hai cau, cAu giita va ciu sau,
phin nay bé trf ben véi co ciu ning ha, co cdu din dong dén cac cau. Khép lién

két gifra than va ddu cd hai bic ty do, cho phép d4u xe quay quanh truc thing




ding va truc ndm ngang

- Két chu nay cho phép xe quay vong v&i ban kinh nhé va co dong trén mat

dudng xau mic du ket cau cla xe 12 kha dai (ty 1€ chiu réng/chiu dai nho) so

v6i céc loai xe mé thudng thay. M6 men truyén ra cau gitra va cau sau bang truc

céc ding _n_a‘“ﬁh trong long khop nay. | )

Dac diém ciia cdc xe tai 16n 1a van tbc thép, van téé tbi &a 55 km/h, vén tbc
trung binh 20-30 km/h. Khéi luong thay dbi khi cé tai 16n, khdng tai ndng 31 300
kg, khéi lrong toan bd khi déy tai 68 270 kg. Tai trong khoang 37 tAn. Truyén luc
dang hop s6 ty dong (bién mé thuy lyc két hop véi hdp sb hanh tinh) két hop véi

hop s6 phy taora 12 ty s6 truyén tién va 4 ty so truyén 1ii. Dang d4n dong: Binh
thudng din dong clu trude va clu giita, c6 thé din dong ca 3 cau, c6 thé didu
khién khoa vi sai trén cac ciu va giita cdc cau véi nhau.
1.2. Phén tich ngudn dao ddng trén xe tii hang ning

Céc xe tai 16n thudng chiu dung nhiéu ngudn sinh ra dao dong do su hoat
ddng cha cac thanh phan va tac déng tir mdi trudng. Diéu nay c6 thé gy ra cac

dao dong khong mong muon va anh hudng deén hidu suit va an toan cla xe. Dudi




d4y 1 mot sb ngudn chinh sinh ra dao dong trén xe tai 16n:
+) Péng co' va hé thong truyén djng:
Dao dong dén tir qua trinh chéay trong ddng co: Qua trinh chdy khong hoin

héo trong ddng co c6 thé tao ra cac dao dong khong déu va rung dong.

P . I N
\ Y -
— — — i A S M S—
U +

- Hinh 1.3. Ngudn sinh ra dao djng tir mit dwong
Rung d6ng tir hé théng truyén déng: Hé thdng truyén déng, bao gdbm dong

co, hop so6 va truc truyén ddng, c¢o6 thé tao ra cac dao ddng do khéng cén bang,

1&ch truc, hodc hao mén.
+) Hé thong treo va 1op xe:
Rung dong tir hé théng treo: Cac thinh phén ciia hé théng treo, nhur 10 xo,
giam chin, banh xe va truc, ¢6 thé tao ra dao dong do tac dong tir cac bé miit

khong déng nhat va dic¢u kién dudng xau.

Dao dong tir lép Xe: Lép xe chiu tai trong va tac dong tir cac diéu kién duong
khac nhau, giy ra dao déng va rung ddng.

+) Miit duong:

Dao déng tir mit dudng: Mit duong khong phing, gb ghé hodic c6 vét i,
16 héng, gb ghé co thé tao ra dao dong va rung dong khi xe tai di chuyén trén

dudng.




__ Hinh14.Nguon sinh ra dao djng frmjtdwimg ——

Tac dong tir gi6: Gié manh hodc luc khang tir khong gian xung quanh ¢ thé
-taora-dao dong vi-anh huéng dén dn dinh chaxe tailén.- -~ - - - - T =

+) Tai trong va phan b hang héa:

Dao ddng tir tai trong: Cac tai trong khong ddng déu hoic khong can bing

¢6 thé tao ra dao dong va rung dcfjﬁg trén xe tai 16m.

St chuyén d6ng ctia hang héa: Trong lugng va phan bd ctia hang héa ¢6 thé
tao ra dao ddng va rung dong khi xe tai 16n di chuyén.
1.3. Phén tich dnh huéng dao dong
Nhitng ngudn dao dong khong c6 ich sinh ra khong chi anh huéng dén cac

chi tiét tudi tho ctia may moc ma con anh hudng trye tiép dén ngudi dieu khién.

Theo théng k& ciia B v té tai Viét Nam, ¢6 gin 28.000 ngudi lao ddng mic
méi bénh nghé nghiép. Tuy nhién, con 56 thye té c6 thé cao gip 10 1an. Néu con
ngudi thudng xuyén phai chiu dung 14u trong tinh trang xe chay bi rung x6¢ nhiéu
xinh ra mét moi, cac két qua nghién ciru vé anh hudng cia dao dong dén co thé

~con ngudi da két luan ting néu con ngudi tiép xic véi dao dong lau thi s& méc

nhiing bénh vé xuong khdp, bénh vé than kinh va nfo. Céc loai chinh cta rung




dong giy ra do may xdy dyng ndi riéng va cdc phuong tién giao thong, may moc

.o khi néi chung, d6 1a rung déng toan thin, rung cyc bd va rung tay- canh tay.

_ Rung todn thin day 13 loai tiép xic 13 dién hinh ¢

con ngudi khi ding,

e —eécfee#quamnéi——tangkhéngfxédiehf&reng—déifvéi—ng—uéi,—eéfeefthéfefmgfclae—dén—gur 777777777 —

__nhumdt khéi théng nhat, Theo cam gidc chii quan nhimg dao dong d6 giéng nhu_

hién twong [ic, tuy ¢6 [am cho ngudi khé chju nhung khéng giy bénh rung. Béi

v6i nhimg rung dng c6 tin sé & trong khodng tir 2-20Hz, khi d6 xuat hiénhién

tugng cong hudng, rung dong cua co thé lic ndy manh nhat va nhiéu khi bién dd

rung dong ctia ngudn rung kha nhé nhung lai gy nhiing bién dbi nguy hiém hon -

so v6i tAn s cao. Céc cong trinh nghién ctru 1y thuyét cling nhw thyc nghiém déu

__cho thiy rung dong toan than theo phirong thing ding gy ra rit nhiu phaning_ _ |

trong co ﬂiéT'TrOﬁ’g*ﬂméu truedng hop véi s gia tang clia rung dong va thoi gian

tac dong, cac phan ung d6 duge xem nhur cac 18i loan chirc ning.
Cong trinh nghién ciru ¢6 tinh téng quat nhat vé bénh rung déng toan than
d3 dwoc Borseski va cdc cdng tac ciia 6ng tién hanh cong trinh ndy d3 khang dinh

ring: Anh hudng cia rung déng toan than duoc biéu hién ré rét nhat théng qua—— ——
trang thai ciia hoat ddng thin kinh, dnh hudng t6i sy ung phin va Ge ché. Trudong |
hop niing hon 1a chimg rdi loan hoat déng cia hé thn kinh trung uong, viém tién

dinh, gdy chéng mit, nhirc diu dai ddng, budn nén, tinh trang suy nhuge matngu,

nhén ciu bi co giat khi mit dua qua mirc. Bén canh d6 con gly r6i loan chirc ndng

trAm trong hon. Mét truong hop dién hinh d3 dugec A.H Mayer nghién ctru va
thong bao 13 ng d3 thiy & nhitng cong nhan 14i xe ¢ trong tii 16n tai cic cong
trinh xay dung (cac xe nay gdy ra nhitng rung déng rit manh) nhitng réi loan cia
hé than kinh trung vong va hé thin kinh thuc vat, biéu hién sy mét méi nghiém
trong sau mdi ca 1am viée, mit ngi thudng xuyén hay budn ndn, ¢ nude tiéu vao
budi sang. Khi tién hanh chup X quang cho thiy: 30% trudong hop ¢6 dau hién co

thit todn bd 5ng tiéu hoa hoic nhiéu khi khu tra tai mén vi hojc ha vi: 25% cong




nhan d3 méc bénh chudng khi da diy. Bénh cdt song va da day cling 1a cin bénh
dién hinh ctia tac dong rung todn thi.

Mot md hinh duge sit dung dé thé hién didu nay 1a mo hinh cla rung dong
tidu chudn ISO 2631-1

__ Hinh 1.5. Mé hinh d4nh gi4 dao djng 1&n co thé con ngwdi qua cdc twthé - |
C6 6 loai dao dong bao gdm theo 3 phuong tinh tién (X,Y,Z) va ba huéng
xoay quanh truc, ba tu thé riéng biét dugc danh gid rung dong toan bd co thé:

- ngdi, ding va nim nghiéng. Ngbi 12 vi tri danh gid thudng dwoe st dung nhat, vi—— -
nd 1a vi tri thuong duge sir dung nhét trong cudc sdng thuec. DPbi véi myc dich do )
lwdng, didu ndy tao ra cac hé toa do & phan diu, ghé va ban chén, cho phép tdng

cong 9 truc rung dong.

Cac thi nghiém da chung té con ngudi co thé xem nhu mét hé théng co hoc
dam hdi c6 thn s6-dao dong rieng tir 3+30Hz va <o kivd ning hap thy nhimg-dao————
dong c6 tin s& dén 8000Hz, hinh 1.9 thé hién céc tin s6 dao ddng trén co thé con
ngudi . Khi chiu lyc kich thich cac b phan cua co thé ngudi s€ thuc hién cac
chuyén d6ng twong d6i v6i nhau. Khi ngdi trén 6 6, phin moéng truc tiép tiép xuc
v6i ghé ngdi, cac phin con lai cha co thé (tay, chan, lung, bung,) nbi véi méng

bing cac bd phén nhu co, gin, day ching, ...




.. .__._ __ Winh1.6.TAn s6 dao dong trén co thé con nguwdi _

- Rung cuc b gay ra va chi lam cho timg bd phén cua co thé bi rung dong.

Anh hudng rung cyc bd thudng gip nhét trong céc cbng viée c6 sir dung cac thiét )
bi khi nén, hoic dién cim tay nhu: may khoan @4 khi nén, may duc d4, may tin

rivé, may dAm khuén trong nganh dac v.v. Céc thiét bj nay thudng c6 tin s6 rung

rung ddng c6 bién do kha 16n nhur: 0,38+0,5 mm ddi véi may khoan d4, 1+1,5 mm
dbi véi méay khoan dién cim tay va thim chi t61 1,5+2,8 mm ddi véi mdy tén vivé
khi nén[33]. Ddi v6i xay dung nhu may dim coe, may ddm rui thi con ngudi chiu
rung tay va canh tay la chu yéu, con dbi v&i cic may xay dung 1am nén khong chi

rung toan than do céc ngoai lyc gay nén tir mip mé mit dudng con chiu rung tay

tir cac ngudn kich thich dao dong truyén 1én vé ling, cac nguén kich thich téc
dung 1én ban chén. Hinh anh dudi ddy trinh bay su bién dang xwong ban chén cia
mét céng nhan 1am viée lién tuc 10 gid & vi tri ding trén moi trudng nén nha

xudng bi rung manh.
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a) Truoc khi lam viéc; b) Sau 10 gio lam viéc lién tuc
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- may dAm rvi... véi rung dong 16n va thdi gian dai.
-~ Cong nhén khi lam vide bing nhitng may cam tay gay rung manh nhu vay,
ngudi cong nhén phai cé mét s ¢b ging nhit dinh dé gir may & tu thé thich hop,

su ¢b ging nay doi hoi cac co bip phai co bop manh va thudng xuyén. Sy cing

- hé ﬂiéir?g"éd tay tao didu kién thuén Igi cho su lan*truyén rung dong to1 foan chi
trén va Vaﬁ,‘ din t6i 51_'1:“ co rit co, phét sinh chudt it va nang hon ¢é thé bi teo co
va theo H.Desoille, chimng teo co thudng thiy & cdc md ngédn tay it va ngdn cai,
cac co lidn ddt va co canh tay cling bi dnh hudng nhung it hon[35]

Cac nha nghién ciru 43 chi ra dugc cach thuce tiép xic voi nguén dao dong

w
f
c




Tiép xtic vai thiét bi rung cim tay virgt mirc cho phép cé thé giy r6i loan
dong chay mau & ngén tay va rdi loan chirc ning ciia hé thin kinh cim gidc, thin
kinh vin ddng chia ban tay, canh tay. Udc tinh hién nay c6 khoang tir 1,7% + 3,6%

cong nhan cac nudc Chau Au va My dang phadi tiép xtc véi cac yeu td rung dong

lan truyén theo canh tay c6 hai nay. Hoi chiing rung déng lan truyén theo canh tay

DL . B ,#, . 7& T T T 'k"' L TTA T y T o . L "’A’ - b - P
thuong thé hién bang cac roi loan van mach ngoai vi, thin kinh va co - xuong,.

Cong nhan tiép xtc véi rung dong lan truyén theo canh tay c6 thé bi anh huong

R&i loanrvﬁn mach (bénh ngon rtay trang) va cac dj thudng & trong xurong - khép

P e I i |
o — — ] - T

MGt s6 thi nghién da chimg minh rang & mirc d§ cao va tiép xvc 14u dai véi -

dao ddng truyén tay, canh tay din dén luu thong méu kém, nghiém trong hon 13

— _bibénh “tring tay’* hay cdn goila ban tay chét. | S

Hinh 1.9. Bénh tring tay do 4nh hwéng ciia dao déng

Tridu chimg nay do tuin hoan mach méu ngoai vi ciia ngén tay bi roi loan
duge goi 13 hién tuong Raynaud (Raynauds phenomenon). Hién tugng nay dugce
giai thich do rung dong gy co thit mach va rbi loan tudn hoan & ngén tay, [am
cho ngon tay d& bj nhiy cam dic biét khi gip lanh. Pé 1y gidi hién tugng Raynaud
do lanh gdy nén, mdt vai nha khoa hoc da chirng minh s ting phan xa co thit
mach tir thin kinh trung wong béng cach kéo dai thoi gian tiép xtic véi rung dong,
trong khi d6 mét s6 ngudi khac giit quan diém rung déng giy nén nhing bién dbi

duogc khutri & mach mau ngon tay. Nhiing quan diém gidng va khac nhau niy
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dang duoc str dung dé mé ta rung dong giy nén nhitng roi loan & mach mau: “ngédn
tay chét hay ngon tay tring”, “hién twgng Raynaud c6 ngudn gbe tir nghé nghiép”,
“bénh tdn thuong co thit mach” va gin day rung ddng giy nén ngén tay trang
(VWEF) dugc quy dinh 13 bénh nghé nghi¢p & trén nhiéu nudc trén thé gidi.

K&t lugn: Qua viéc phan tich vé dao dong trén may xay dung ta c6 thé thdy

" ring dao dong sinh ciing c ich nhung da phin 1a khong c6 ich cho con ngudi. Vi

Vay, cac nha thlet ke phal co nhung phuong én glam thleu nhlmg anh huorng den

1.5. Phén tich cic hé théng treo va cic logi dém cich dao djng cho xe tdi ning —

Nham han ché céc tic ddng tir mit duong 1én khung xe va ngudi dicu khién

—— —- —trén-cde xe-tai-hang ning ciing-duge trang‘m che héthéngtreovacicloaidém— —

~ céch dao ¢ dong cu thé nhu sau:
~a). Hé thong treo bg phin dan hoinhip
CAu tao hé théng treo phy thudc st dung nhip 14 bao gbm: dim chu, nh1p 14,

giam chén, thanh én dinh. Trong hé thdng treo nay c6 dim cdu lién nbi gitra hai

banh xe. Hai ddu nhip 14 n6i véi khung xe théng qua k}répquayvzrquangtreoi
tao didu kién cho su bién dang cuia nhip 1a & céc tai trong khac nhau. Phén giita
nhip 1a gin voi ciu xe. Nhip 14 vira tao kha ning ndi mém véi thin xe vira c6 kha
ning cb dinh vi tri cia cAu.voi than xe. Nhu vy, nhip !12"1 vira 13 bd phén dan héi_

va vira 1a bo phén din huéng.




1- Nhip la; 2- Vong kep; 3- Chot nhip; 4- Quang treo; 5- Gid dd;
6- Giam chdn; 7- U t); 8- Khung xe; 9- Quang nhip; 10- Dém cau.
 DAm chu 10 duge ndi véi nhip nhd céc quang nhip. Nhip 14 1 bao gom cdc

' A nhip ghép lai, 14 nhip chi 5n tron & hai dau tao nén cic 6 quay khd 7

& cao su, ddng thi c6 thé truyén tuc doc tir banh xe 1én khung va ngugclai. Pau -

—— - sau Iz‘HehéEp—tm—d%dénghthee:két:eéurquaﬂg:tree:%Qua&g&u:e&béfuigif—’ua—:khung:7, -

xe va d4u sau ctia bd nhip. Céc lyc bén co thé truyén tir khung xe qua khép try, —

~— nhipl4;quangnhip; ddmcau téib anh xe-Giam chin 6 bit gitta ddm-cduvakhung - ——

én dinh ngang.
0T, yo didmota 6 théng treo phy-thude:
- Két cAu don gidn, gi4 thanh ré trong khi vin d4m bao dugc céc yéu chu

cAn thiét, nhit 12 d6i véi nhitng xe c6 toc 46 chuyén dong khong 16n.

~ _Khi tdng ngoai lyc theo phwong ngang tic dung 1én 6t5 16n hon tong kha

ning bam bén cha ca hai banh xe, s& x4y ra hién twong trugt ngang. Néu dam cau

1ién, khi chju luc bén (ly tAm, dudng nghiéng, gié bén) hai banh xe dugc lién két

cimg s& han ché dugc hién trong trugt bén banh xe.

- D& théo 1ip va sta chita, gia thanh thip.

- Khéi luong phé“m khéng duoc treo 16m, dic biét trén cau chi dong. Khi xe
di trén dudng khong bing phang, tai trong dong sinh ra s& gy nén va dép manh

giita phan khong treo va phin treo (thung xe), 1am giam d6 ém dju chuyén déng

cia 6td. Mat khéc, banh xe va dap manh trén nén dudng lam x4u sur tiép xtc banh
xe vol duong.

- Khoang khong gian phia dudi gim xe phai 1én, & dam bao cho dim cau
thay dbi vi tr, do vay: hoic chidu cao trong tdm phéai 1om, hodc phai giam bét thé
tich khoang chira hang cua xe.

Véi cac wu, nhuge diém trén, hé théng treo phuy thude duge ding nhidu cho |

610 tii va 6td buyt.
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b). Hé théng treo khi nén:
Hé thdng treo khi nén, thuy luc — khi nén dugce st dyng nhu mot kha nang
hoan thién ket cau - 6t0. Tuy vay véi cdc loai 6t khac nhau: 6t6 con, 6t6 ta1 oto

buyt cling dugc g dyng vdi nhimg mirc ¢ khac nhau. Pho bién nhat trong cac

o.dt b.. tléu ién Vgl hé thrmcr treo nay cho phép giir chiéu

A
o

b e

m;b v;;

- caothan- XCﬁI‘r&nﬂrSO ve!rmatétreﬂg Vot eaechedo tai- treng Khéenhau.

i - -~ Hé théng treo-khi nén-ding trén-6td-duge hinh-thanh trén-co s kha ndng ——

didu chinh d9 ctmg cia budng dan hdi khi nén (ballon) theo chuyén dich ctia than

- oXe: SOLdO nguyén 1y k¢ ket -chu-clia-mét- he thong de'n glan due’c trmh bay-trén hlnh

1.9
=4,

Su hinh thanh bd ty dong didu chinh 4p suét theo nguyén 1y van trugt co

—khi—(%wbaﬂon—khrnen—ﬁuwbcrtrrnanrgmzrthme—}va béanhxe tthongqua—

~ gia 40 banh xe 4. Trén than xe bd tri bo van trugt co khi 5. Van truot gin lidn véi

bd chia khi nén (block). Khi nén dugc cung cip tir hé théng cung chp khi nén téi
~block va ¢ip khi nén vao cic ballon. - E o
Khi tai trong ting 1én, cac ballon khi nén bi ép lai, dan toi thay abi khoang

cach giita thin xe va banh xe. Van trugt co khi théng qua don ndi dich chuyén vi

tri céc con trugt chia khi trong block. Khi nén tir hé théng cung cip di toi cac
ballon vA cap thém khi nén. Hién twong cip thém khi nén kéo dai cho téi khi chiéu
cao than xe v6i banh xe trd vé vi trf ban dau.

Khi giam tai trong hién trong nay xay ra tuong tu, va qua trinh van truot

tao nén su thodt bét khi nén ra khai ballon.

Bo tu dong didu chinh 4p suit nhd hé thdng dién tir (hinh 1.3) bao gom:
cam bién xé4c dinh vi tri thin xe va banh xe 6, bd vi xtr 1y 7, block khi nén 8.
Nguyén 1y hoat déng ciing gin gibng véi bd diéu chinh bang van trugt co khi.
Cam bién dién t& 6 dong vai trd xac dinh vi tri ciia thin xe v banh xe (hay gia d&
banh xe) bing tin hiéu dién (thong sb dAu vao). Tin hiéu dugc chuyén vé b vi xtr
Iy 7. Cac chuong trinh trong bd vi xir 1y lam vigc va thiét 1ap yéu ciu diéu chinh

bang tin hiéu dién (thong sd dau ra). Céc tin hiéu dau ra dwoc chuyén téi cac van

14




dién tir trong block chia khi nén, tién hanh diéu chinh lugng cép khi nén cho toi

lGc hé théng trd lai vi tri ban dau.

Hinh 1.11. So dd nguyén Iy két cliu ciia hé thong treo khi nén.
1- Bénh xe; 2- Ballon khi; 3- Than xe; 4- Gid d5; 5- Van trugt co khi;
6- Cam bién vi tri; 7- B vi xit Iy; 8- B3 chia khi nén; 9- Binh chira khi nén.

%WWW

Hé thong treo khi nén don:

Hinh 1.12. Hé théng treo khi nén don

Hé théng treo khi nén don duge sir dung trén cic xe Bus cao cép, hoic xe
6 tai trong trung binh.
H¢ théng treo khi nén kép.
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—H}nhLliLﬂﬂhﬁng treo khi nén ken.

Heé théng treo khi nén kép sir dung trén cdc xe cb hai ciu sau, tai trong 16,

- HE thong treo khi nen 3 tryc: T R

Hinh 1.14. Hé thong treo khi nén ba cau sau.

Hé th(“)ng treo sur dung trén xe co 3 cau sau, tai trong 16n va rét lon, trén

Ta co thé st dung phuong phép b tri nay dé ldp trén cac xe ¢6 4 cau sau
hodc nhiéu hon, cac xe cb tai trong cyc 16n.
¢). Hé théng treo cao su
Haé théng treo ¢6 bo phin dan hdi cao su duge trang bi trén cac loai xe tai

hang nang. Ket cau treo tru’dc hinh 1.15(a) va két ciu treo hinh 1.16(b).
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GAhFU. Chuxe  congy Gl chin

(2) Hé théng treo ciu trrde

Thanh

_ y E— - § N
Cagsu Thanh'cin bing Thanh C3u gita Khung chir A

~ Khung chiir A
(b) Hé thong treo cau sau
Hinh 1.16. Hé thong treo cao su
Haé théng treo cao su ddng luc hoc theo phrong dimg ¢6 d6 cing vimg cao,
hé s6 climg cta hé thong treo ¢6 thé tao ra 16n. Tuy nhién d¢ ém diu theo phuong
dung cling téngrdor véy ilé tilr(“;);lrg ;ii'éo két hop giam chin thuy luc dé tao hé sd can

l6n giam dao dong phwong dimg hiéu qua.
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d).Su két hop giva hé thong treo khi nén véi hé thong treo khic
*)H8 thdng treo két hop khi nén va nhip:

Hinh 1,17 2 i hioi duoc a4t tén nhip va [6ck qua mot bén, hifih 1-8 b tiii hioi
dugc dit trén nhip va chinh gitra.

Hinh 1.19. Tui hoi dat trén nhip va 1éch qua mét bén
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N d). H¢ tmy Kt -
He théng treo thiy khi 14 mot phin quan trong trong thiét ké xe t&i 16n, va

nd cé vai trd quan trong frong vi¢c giam dao dong V4 cung cap suf thoai mdi cho

‘hanh khach va hang héa. Nguyen ¥ ] hoatdongﬂﬁongﬂeﬂhuyhﬂ ﬂg

khi nén dé tao ra mot Iuc hd trg cho trong lrgng cua xe. Khi xe tai di chuyén trén

dudng, hé théng treo s& ting giam 4p suét trong 151 khi dé tao ra lyc nang phuhop

va duy tri murc d6 nhat dinh cita 43 nén. Khi ¢6 va cham hodc tac dong bén ngoai,

3w

T
A
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Céc thanh phin ciia hé thong treo thiy khi: Hé théng treo thity khi bao gdm
mét bo phan nén khi, bd phan kidm so4t 4p suat, bd phan 15i khi va b phén giam
chén. B4 phan nén khi tao ra dp sué"lt c:?m thiét dé hoat dong hé théng, trong khi bo

kiém soat 4 ap suit dam bao ap suAt phu hop cho mdi tinh hudng. Li khi 1a

s
Ju
:
¥
¥
:
l
!

A

r

i m chin gilp giam thiéu dao dong

ﬂuﬂrenrcuahﬁhong trecrthuy kh1 dungehe x&tal lén-bao gom——rff ]

Sy thoéifméi%fH?&théngtreefth&yikhzligtuptglam:%k&sufehanfdgngjva S

rung lic trong qua trinh di chuyén, tao ra mot trai nghiém 14i &m ai va thodi méi -
~ cholanh khéchva ngucn lar,— — el

b
A

dubng, dam bao swon dintrvaram toanm khi v hdnh xe tat.

. Ti trQng lmh_hoatiHe thong treo thuy khi c6 kha ning tai trong linh hoat, ]

cho phép diéu chinh ti trong cta xe ti mdt cich chinh xac va hi€u qua. Diéu nay

~ giup t6i wu héa kha ning vén chuyén hing hba va dap ¥ng cac yéu cau khéac nhau

ciia nganh cbéng nghiép vén tai.

r
= A A A

eo thuy khi cling ¢ mot s6 han ché:

D tin cdy: HE thdng treo thily khi phy thudc vao cong nghé khi nén va cac
thanh phf?m co khi phuec tap. Néu ¢6 sy ¢b k§ thudt, nhu rd ri khi hodic hong héc
bom khi, hé théng treo c6 thé gip vAn d& va gay anh hudng dén hiéu suat va an
toan cua xe tai.

Chi phi va bao tri: H¢ théng treo thity khi thudng c6 chi phi cao hon so voi

cic hé théng treo khic. Ngoai ra, bao tri va sira chita hé thong cling co thé ton
kém va doi hoi k¥ thuét vién c6 k¥ ndng dac biét.
1.5. Phén tich tinh hinh nghién ciru xe tii nang
1.5.1. i v6i cac nha nghién ciru trong nwrée

V& nghién ctru dao ddng cac nha khoa hoc trong nude duoc tién hanh tir khd
1w, mot trong nhimg vAn d& trong nghién clru vé phuong tién giao thong 1a két

cAu, dao dong va tai trong tac dung 1én ngudi diéu khién, hanh khach, hang hoa
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cling nhu mit dudng va tai trong dong cia cac phuong tién giao thong. Nghién
ctru dao dong hé théng treo va anh hudng dao dong dén d6 ém dju va tai trong

dong bnh xe thc dung 1én m3t dudng quoc 19 dang duge che nha khoa hoc quan

d]m&hintrdwﬁgngkhmgglanﬁcﬁarhangnang va-tir dephanftleh danhanh |
hlr(’mg'cﬁerthﬁng%ﬁ’—fhfétik&hfrtheﬁgr‘freeﬁen:kha:naﬁg:’ehan:thlenfma—tdueng giao—
théng [6]- ' : -

-~ ——Congtrinhmghiénciuciatic g1aBa;ng Ngoc Mmh—Tuan trong: luan van- thaC—- e

;’\ £ A
5-thié 3

tai hang ning nhim giam tic ddng x4u dén mit dudng qudc 16[7].

ﬂ 50 cong ﬁﬁlﬁiﬁlﬁm—nghrén—cuwa\fmrauynh—Nguyen—erLlemi

v&ca&congrsu khagcuaj:m:cmg Pai hoc K§ thuat Cong nghiép Théi Nguyén ¢ déu

xuét phirong 4n didu khién hé théng treo cabin nhim néing cao d4 ém diu cla xe
~ tai hang ndng(89]. |
1.5.2. P6i v6i nha nghién cirm trén thé giéi
. Véisy phit trién khoa hoc va cong nghé di dau clia cic nudc phat trién,

mit khac sy phét trién manh m& cia khoa hoc mdy tinh dudi sy hé tro cla cac

phin mém chuyén dung nén viéc nghién ctru vé cdc phuong tién giao thong kha
thuan lgi. Duéi ddy 14 céc cong trinh cong b khoa hoc ciia c4c nha nghién ciru
trén thé gidi:

Leilei Zhao, Changcheng Zhou, Yuewei Yu, and Fuxing Yang[11] Trong

nghién ctru by da xay dung md hinh dao ddng cho hé théng cabin trén xe tai hang
ning. Qu4 trinh danh gi4 trén bé thi bing cdc ngudn kich thich khac nhau. Dya
trén phuong phép téi wu tir d6 di t&i wu cho céc thong s6 46 cimg ciia 16 x0 va hé
sé can cua giam chéan. Két qua cho thidy mé hinh dugc xay dung va phuong phép
43 xuét 12 hoan toan kha thi vA tao ndn ting tdt cho phan tich 1y thuyét hogc thit
16 t4i wru ctia hé théng treo cabin dé cai thién sy d6 ém diu trong qué trinh chuyén

dong
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Codng trinh nghién ciu[12] M§t trong nhitng két qua chinh ciia luén 4n nay

14 mot phwong phap dé thiét k& va thyc hién cac hé théng treo chii déng va ban

chi dong trong Adams/Car ¢é phén tich xe hoan chinh. Phan tich xir Iy bang cdc

~ —Karnopp va cong sy vao nhimg ndm 1970. Mot hé théng didu khién sirdung didu— |
khién tuyén tinh-bac-hat (EQR) ciing-duge thiétké-va trién-khai- Viéc thiét ké va-————

phat tridn cac hé théng didu khién dugc thuc hién trong Matlab / Simulink. Thuét =

o j‘"tUélrdi'éq—khi'énx'auﬂé—duqvtri'érrkhaiﬂgnjg-ﬁdgmsfﬁar--v@-;dprqc:sﬁ -dung-trong - -—-— —

thirnghiémrxe
Céng trinh nghién ctru [13] nghién ciru nay trinh bay xay dung m6 hinh dao

Al 4 r

dong cho xe dau kéo, voi ham muc tiéu nang cao di I, TN F ) | —

~ dung bd phan din hdi khi nén cho hé théng treo cabin, nghién ciru cho thiy d6 ém

diu duoc cai thién so v&i hé thdng treo cabin nguyén ban.
~ Cbng trinh nghién ctru[14] trong nghién ctru ndy da xay dyng md hinh dao
dong cho xe d4u kéo, Dé ning cao tinh ém diu cho ngudi diéu khién, mé dao dong

ciia_cabin xe dugce tic riéng khéng co phan lién két ciia mooc kéo. Trén co ly

thuyét didu khién st dung chién legc didu khién toan phuong tuyén tinh
LQR/LQG cho hé théng treo cabin.

S.S. van lersel[15] da danh gid hé théng treo cabin bi ddng va ban chi dong
dé cai thién sy thoai mai cho nguoi 14i trong xe déu kéo. Do d6, trong nghién ciru

ndy, mot chién luge diéu khién méi duge thiet k€ cho m§t hé thong treo cabin ban

chit dng sit dung b6 gidm chén tich cwe. B diéu khién nay dya trén bén bic ty

do hé théng treo gifra xe va sir dung két hop ly thuyét diéu khién téi vu tuyén tinh

bic hai (LQ) va 1y thuyét bién dbi tham s& tuyén tinh (LPV), két hop véi bd loc.
Pé dép tmg sy d6 ém diu chuyén dong cho xe tai hang ning, mé hinh hé

thdng treo tich cwc cla xe tai hang ning 1/2 da dugc thanh 1p. Dya trén md hinh

nay, kiém soét t81 vu héa LQG da duge chon dé kiém sodt hoat dong cia hé thong
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treo cabin xe tai ning véi mé hinh phang. Két qua cho thdy d6 ém diu chuyén
dong duoc cai thién mét cich dang ké [16].

. Tuong ty nhu cong trinh nghién cftu trén, dé gim dao ddng cho Cabin do
rung dong truyén tir khung xe 1én. Mot md hinh % duge x4y dung. Nhdm muc

. . . ,e . . .« A . .« A F 4
—— dichcai thién sy thodi mai cho ngudi diéu khien. Nghién ciru nay ki€ém so4t to1

-y héa cho hé théng treo cabin bing bo didu khidn LQR. Két qua thu duge théng — |
qua md phéng trong Matlab-cho-théy hidu-qua-clia bd diéu khién gitp ning cao

d6 ém diu va an toan khi chuyén dong[17];

S —j—-Géng—trigh@gki—ér—;—et'ru[—-l—S—]—Muc—t—iéu—eﬁa—n—ghién—eﬁu——nﬁy-—lﬁ-—dé-g-iém—-eé.e- e |

chédm chin Magneto-Rheological (MR) cho cabin. Trén c& s& 1y thuyét 46 céng
'—&Wmﬂm&mh&dmgﬁk%eécfh&ﬂghﬁmchoi

_théy duge _hEﬁ_q‘aé cta hé thong treo ban chi dong cabin,

Trong nghién ctru cia Jihai Gu va céc cdng suf19] tién hanh phén tich mo
* phong dao dong cia hé théng treo cabin cho chiéc xe tai hang ning bing phan

mém ADAM. Théng qua viéc thiét 1ap md hinh dao dong va thiét 1ap hé phuong

trinh cho co hé. St dung kich thich rung ddng trong thur vién phdn mém dé mo

phéng tir 6 di tdi wu cho cac thong s6 ciia hé thong treo cabin

Nhén xét: Theo thong ké ciia tic gia nhin thiy ring cac 4n phim khoa hoc duoc
codng bd cia cac nha khoa hoc trong nude vé linh vyc dao d6ng dang c6 su phat
trién, tuy nhién nghién ctru cho cc d4i twong nhu xe tai hang ning xe, xe dau kéo

con han ché, dic biét 1a cdc cong bo vé toi wu, dieu khién h¢ thong treo. Vi viy,

day vén 13 huéng md cho céc nha khoa hgc trong nuéc, ddy cling chinh la ly do
tac gia lya chon nay cho nghién ctru cia minh.

1.6. Chi tiéu danh gia dao djng xe tii nang

1.6.1. Danh gia d6 ém dju theo tidu chuin ISO

* Gia tbc binh phuwong trung binh
‘Theo tiéu chudn ISO 2631-1 dua ra chi tiéu dénh gia 6 ém diu chuyén ddng
& t6 thong qua gia téc binh phuong trung binh theo phuong thang dimg dya theo
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vao cdc cong trinh nghién ctu cha thé giéi. Gia tdc binh phuong trung binh theo

phuong thing ding duoc xac dinh theo cong thirc dudi day:

. %"’fﬁf’(ﬁ)’dt’r’”” S
T3 ]

trongdo: - - -

awz - Gia toc binh phuong trung binh theo phuong thang dung

L __a, - Giatoc theo phuong thing dimg theothoigian.

Théi gian khéo sat.

T -
—_ Di&

phuong theo phuorng thang dimg ISO 2631 1du:a vao Bang 1.1
Bing 1.1 Bing d4anh gi4 chii quan d§ ém diu d t6 theo ISO 2631-1

__________ _awggidtri(m¥s) |  Chpémdiju
o - T <0315 ms? 1T — Thoaimér —
0.315m.s2-0.63m.s> Mat chit kho chiu
Osmstims? | Khakhochlu
0.8 m.s?- 1.6 m.s2 Khong thoai mai
****** - 125ms>-25ms2 |  Ratkhéechim
>2 m.s2 | Cuec ky khoé chiu

—MATLAB; ADAMS; EMS hoan toan e dinh-gia-toc dao-dong-theo micn-thoi—————

* Uu diém cta tiéu chudn VBI2057 va tiu chuan ISO 2631-1: thuan lgi cho
viéc phén tich va danh gia dao dfng toan b cua xe. Thdng qua cidc md hinh dao

dodng vat 1y va toan hoc cua toan bd xe hodc cac phan mém chuyén dung

hojic mién tin sé. Hién nay phwong phép ny d dugce céc nha khoa hoc trén khip
thé gi6i ap dung 1SO 2631-1 dé& phan tich 46 ém diu cua dao ddng cac phuong
tién dao thong.
* Thoi gian mét moi — gidm hiéu sudt lam viéc

 Khi ngudi giéul(bjénjgmiviég trong mdt gian dai trong mdi truong sé cam
thiy khong thoai mai, mét mdi, thim chi mic mét s bénh nghé nghiép do dao

dong vatiéng on gy ra din den hiéu qua lam viéc kém néng suat cong vige gidm
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xubng. Chinh vi vy, tiéu chuin iso 2631-1(1997) di dua ra thong s6 danh gia

thoi gian mét moi — giam hiéu suat lao ddng ciia ngudi dieu khién va duge xac

dinh theo cong thue sau:
' Trpo = (42, To) 2%
Trox=-(4a:To) o’
Trov=(4a:To) a%ey 2y

La 2000 W

o ’TFDZ;G 4‘1]’170)170-2\?2 S e e

r - \ A 3 A 9 = g A A
trong d6: + Trpo ,Trpo sTrpo Trpo 12 thoi gian mét méi — gidm hidu suat =

1 JA
lao ugng e m— S O — —

didu khién theo tdng cong cic phuong X,Y, Z

s 4 A L ~ O ;7 ~ ) L. 1 N, g
T Caché 50 a; = 2.8 ™, @ = 2 mfs? va To = 0:167 gidr theo

____ tiéuchuén quy dinh

1.6.2. Chi s6 d4nh gia tai trong dgng banh xe
Sau nhitng nim 1990, 6td ngay cang ¢o tai trong 1ém, ty trong kinh té cha -
ciu va dudng trong nginh giao thdng ngly cang dugc danh gid cao. Cac nha
- nghiénclucia A g,...d3 dit vin d& nghién ciru anh hudng ctia dao dong 6t6

d6i v6i chu va dudng. Khi 6 t6 chuyén dong trén cac mit dudng va cu, tai trong
dong banh xe s& din dén stc cing va bién dang bén mit. Sy tich Ity 1au dai cla
bién dang déo bé mit s& nguyén nhéan gay ra pha hiry bé mat nhu cac vét nitt, in,..
Dé danh gia anh hudng cla tai trong dong cta banh xe dén kha ning thin thién
mit duong, nhidu céng trinh nghién cru duara hé sb tai trong dong banh xe DLC

- Dynamic Load Coefficient . H¢ s6 DLC duoc dinh nghia boi cong thire (3).

F
DLC="LRS i
r (1-3)

trong d6: Fs- tai trong tinh cua banh xe; Frrus- tai trong ddéng banh xe tic dung

1én mit dudng binh phuong trung binh va n6 dugc dinh nghia boi cong thire (4).

1

1L,
FT,RMS = l:?’!FT (t)d{l | (1-4)




Trong do:
Fr- Tai trong dong cta banh xe tac dung 1én mit dudng;N
T - Thai gian khao sat(s).

Hé sb tai trong banh xe DLC nhu thuoc rit nh1eu veu to nhu thong s6 he thong

r
A L .y

> 9 ¥ 5

Wimghlen clru- HaThfPfﬁ taﬁreﬂgdongbanh xe éue‘c eherkdephan tich anh- hufgng ,,,,,,,,,,,,, 7

Ak yé dnncr didu kién mat dudmg.. Trong

clia-hé thbng-treo-dén-kha ning than-thién-véi-mit dudng giao-thong vas&€ duge

trinh bay & phin sau vi chuong trinh tinh todn dwgc trinh bay phu luc. —
-~ 1:6:3- Chi-tidu vé tii- trong “theo tiu- chuan Dire —- = —

dudng. Hé s tai trorig dﬁng Kdyn nax d4nh gid mic do anh huéng dén chi .t:iét‘,' hé :
—sé—ép—lvc—dumrgWLdanlrglmcﬁvanlrhuongtﬁirda&&ﬁngﬁeréwoﬂg

_ a. Chi tiéu tdi trong dong anh 1 hu'ong 161 3 bén chi tiét.

Dé khao sat vin d& nay, tic gia sir dyng hé sd tai trong dong cuc dai, dugce
"~ dinh ﬁglﬁaﬁhﬂ sau. B - S - ' B
ax( za'yn)

z,51

Kaynma=1+ " <1 5 (1-5)

trong dé:

Kdyn, max : HE s6 tai trong dong cuc dai

F_ayn : Tai trong dong banh xe

F.« : Tai trong tinh banh xe

Véi kich déng ngiu nhiém max (F,4y) dugc xdc dinh nhur sau:

lT
Or = Fzrus Z\]‘EI(FZU) zst) dt (1-6)
VA Ky = 2 (1-7)

b. Chi tiéu vé mirc d6 than thién voi dwong
- Sau nhimg nim 1990, 5t6 ngay eang co tai trong 1on, ty trong kinh té cta cau
va dudng trong nganh giao thong ngdy cang durge danh gia cao. Céc nha nghién




clru cia Anh, My QII di dit vin dé nghién clru 4nh hudng cua dao dong 6td doi
v&i cAu va dudng. Ngudi ta thiy ring mic do anh hudng cia dao dong 6t dén
cau va duong ty I§ vdi s0 mi bac 4 cia ap Iu:c be’mh Xxe véri du’(‘mg Ho dﬁ du:a ra

—khaj_mam_RQacLsttessﬁosifﬁQLcm,_tmgm 13 hé s6 4p luc dudng W, la he sb ¢b

-F\ L4 r r -] h ] -

_ o ﬂnno Atd véican va durang. Trong mot

******** SOrtarheuforrccrtefrttengaan&Dynaﬁnc wear- facterr——Theo doffWﬂkmson - S

néu ra cong thite x4e dinh-ha sb 4p lye dwdng wnhu sau:

W=1+6 n>+4n* - (1-6) -
—— I;Jz.m) S R an -

Khixe ¢6 i banh xe thi 4p lyc toan xe la:

T YW,

L W (I-5)

2. Fou®
1
'1.7. Muc dich, ddi tirgng v phwong phap nghién ciu
Muc dich ciia dé tai:
- , - Xay du 6 hinh dao d9ng xe tai hang nang;

- Bo didu khién cho hé théng treo;
Y nghia khoa hoc va thuc tién

Nghién ctru diéu Kkhién hé thdng treo cho xe nhim gidm cic tic dong x&u
cling nhu ning cao hiéu qua lam viéc cho ngudi didu khién xe ¢6 y nghia khoa

hoc va thue tién cao.

Déi twgng nghién ciru
Xe d4u tai hang ning
Phirong phdp nghién cvu:
Nghién cuu ly thuyét: mé phéng va diéu khién d6 mo van tiét luu clia hé thong
xe tdi ndng

Pham vi nghién ciru




Trong pham vi ciia dé tai, mdt md hinh dao ddng ctia xe va bd dicu khién dugc

thiét lap @é diéu khién hé s6 can cta cia giam chan thiy luc hé thong treo xe tai

hang nang
1.6. Kéf III."—:II‘I

P37 phan tich dugc diic diém xe tai hang niing;
- Phan tich-cic ngudn giy dao-ddng trén xe tdihangndng;

- Phan tich duge cic cong trinh nghién ciru ciia cac nha nghién ciru trong

":mIé’C"Vé,‘ngO?‘Ii‘nU(’)'C'—'___'_""_'"'" )

e 28 i ; _—




CHUONG 2: XAY DUNG MO HINH VA THIET KE BQ PIEU KHIEN
Néi dung dé cdp trong Chuong 2 xudt phdt tir cac gid thiét trong nghién
ciru dao dpng, mt mé hinh xe tdi hang ndng dugc xdy dyng voi kich thich mat,

hé phirong trinh vi phdn ciia co hé dieoc thiét Igp. Phwong phdp diéu khién va x4y

hé thdng treo xe

A A’ 2
2 90 ¢dn
E0-CH +a5

warsled
HHE

2.1 Céc phuong phip xiy dyng v mb phéng dao ddng
- Theo théng ké-cac-cong trinh-khoa-hoe-vé linh-vye thiét 14p-md-hinh va

phén tich dao ddng dao-dong dugc cong b6 trén tap chi, ky yéu h6i nghi khoahoc, -

-~ chiing ta théy c6-3 phuong phép xy dyng duci ddy: e —

vat 1y dya trén co sd cac gia thiét, sau d6 ching ta dua vao céc phuong phap nhw
phwong phép nhw phvrong trinhr Lagrange I, Newton=Euter, nguyén iy B*alambe———

~ kéthop nguyén 1y hé nhidu vt dé tién hanh thiét 1ap m6 hinh toan hoc vé dao

dong c4c phuong tién giao thong. Cubi cing phén tich s& hodc sir dung cac phén
mém may tinh tién hanh md phéng va 181 wru cée thong sé dao ddng theo so dd
hinh 2.1.

| e prir e X naowwn g | e M6 Biah on

[?iiiii‘}‘wlw-}*mﬁ?ﬁ?'H!lb

Hinh 2.1. So db xiy duwng mé hinh va phén tich dao dong theo phwong phap
1

Phuong phap 1 c6 wu diém d& dang phén tich anh hudng céc yéu t6 phi

tuyén ctia hé théng. Tuy nhién, nhirge diém 1a kho dinh dang cdc théng 56 clia md

hinh (c4c théng s& mé phéng hiu hét cac nha san xuét bao mat) va phai lam thi

nghiém dé x4c dinh lai.




* Phuong phap 2: Cin cr md hinh thyc té ching ta tién hanh xdy dung mo hinh
2D hodc 3D dua trén cac ph.':?m mém thiét k& nhu Autocad, Pro-E, Solidworks,...
Sau d6 chimg ta gygy_é__t_l__s_a;_qg_ E:éc___pl_;é_n mém phin tich thiét k& nhu Ansys,

Adams,.... Cudi cting dit cdc diéu kién bién tién hanh mé phéng va phén tich t6i

’ A A ’: 0.SO {1}\ ]‘I"l‘lh 2,2.

M6 Ninh tods ]

- Rbqi |

Hinh 2.2. So dd xiy dwng mé hinh va phin tich dao djng theo phwong phip
2

Phuong phép 2 ¢6 uu diém 13 d& dang x4c dinh c4c théng s& mé hinh va
thay d8i két ciu ctia m6 hinh. Tuy nhién nhugc diém phan tich anh hudng cac yéu
t& phi tuyén ctia hé théng rat phirc tap.

*Phwong phap 3: Két hop hai phuong phép trén nhim tin dung cic wu diém cta

nd. Do 14 khi xem xét cdc yéu t6 phi tuyén cua co hé thi cic nha khoa hoc xdy

dung cac chuong trinh con dya vao phuong trinh toan hoc miéu td dic tinh phi
tuyén sau d6 lién két véi cée phdn mém phén tich nhu Ansys, Adams,.... Pé tién
hanh mo phong va phan tich thong s6 dao dong.

Trong nghién ciru nay tic gid chon phuong phap 1 & tién hanh x4y dung
mo hinh dao dong.
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2.2. Xdy dung mo hinh dao dong clia xe tai hang nang

2.2.1. Céc gia thiét mé hinh dao dong twong dwong

O to la mot co he he dao dong bao gom nhleu bo phan nbi VO‘l nhau M01

bd phan duo‘c dac trung kh01 luo‘ng va thong sb dac tnmg. B6 phan co tac dung

gidm cac dao d6ng tir mat dudmg 1é€n khung vo 1a hé thong treo. Hé théng treo la

d6i trong chinh khi nghién ctru dao déng.

Be nghién ciru dao ddng xe 8 t6 mft cach thuén loi chung ta can phal thlet” _

tap daoding tvongduong Trong domé ol daoddng 616 CAIT To uay dutac

thong s6 lién quan dén dao dong coa 6t9.

~Trudoe khi thiet Tap mé hinh dao dong tuong duong can thong nhat motso

khai niém sau:

a. Khéi Twong dwgce treo M -

Khbi hrong duge treo M gom nhitng cum chi tiét ma trong luong cia ching

khac. Gitta ching thue ra duge ndi véi nhau mot cach dan hdi nhé céc dém dan
hdi, 4 twa dan hdi bing cao su, da, ni, gidy cong nghiép, ... Hon nita ban than céc
bd phén nay cling khéng phai ciing tuyét déi, cho nén khéi lugng treo thue ra 13
mot nhém cac khdi lugng dugce lién két dan hdi thanh mot hé théng. Tuy nhién

- -~ tAc dung 1én hé thing treo. P4 12 khung; thing, hang ho4, cabin va mot sb chi tiét — |

di:Ia cach bé tri cu thé ciia 6 t6, ma c6 thé chia khoi lugng duge treo thanh 2 hodc
nhiéu khéi lwong, gitta cac khdi luong lién két voi nhau bang céc phén tir dan hoi
va giam chén. Tuy nhién cic mbi dan hdi gifa cac thanh phin cta khéi lugng
dugc treo ¢6 bién dang rat nhé so véi bién dang ciia hé thong treo va 16p. Cho nén

trong treomg hop don gian ¢6 thé coi rang khéi lugng duge treo M 13 mdt khdi

Ioong dong 1ihat & dang phang hoic dang Khong gian theo muc dich cua c4c nha
nghién cuu.
b. Khéi lwong khéng dicoc treo m

Khéi luong khéng duge treo gdm nhitng cum ma trong huong ciia ching
khong tic dung truc tiép 1én hé théng treo ma chi téc dung 1én 16p banh xe. D6 1a:
béan tryc, dim clu, banh xe, mot phr?m chi tiét ciia hé théng treo, truyén ddng lai,
nhip, giam chén, mot phé“m cua truc cac dang.

Coi khéi lugng khong duoce treo 1a mét vat thé déng nhét, cung tuyét abi




va c6 khéi lugng m tap trung vao tim banh xe. Banh xe ngoai tdc dung 12 hé théng.
di chuyén va d& toan bo trong luong cla xe con ¢ tac dung lam gidm cac chén
dong tir mit dudng 1én xe, ting dd ém diu cho xe. Banh xe 13 hinh dnh thu nhé

ctia hé théng treo, ¢6 ng_h’ia la cﬁng bao g&ﬂ métthanhphﬁn dan hdi va mot thanh

phan gidm chén.

c. H¢ théng treo

Hg thong treo trong & t6 ¢6 nhiém vy noi phan dugce treo M va phan khoi

) - [
- o - & -

nhing chén dbng gﬁy nén do su mﬁp mod Iﬁﬁt du'érng khi xe chuyén dong. Hé théng

A

;"al'l' Pha:qwbjuu:jfﬂj - = - -
- Bb phan dan héi: Ld xo, nhip, thanh xo4n, binh khi ... N6 dugc biéu dién

bang mot 16 xo c6 40 cimg K.

- B§ phan giam chén: c6 nhiém vu dap t4t cac chan ddng. N6 dugce dac

——— — trung bﬁﬂghé $0 can gidm chin C.

- B5 phan din huéng: gdm c6 céc thanh don vi ¢6 nhiém vy truyén lyc va
md men theo cac phuong phuong.
- 2.2.2. M hinh dao djng xe tai hang ning

Nhim ning cao hiéu qua hé théng treo mot 6 t6 tai hang ning phing hé thong

treo thity khi bi ddng va hé thong treo thiry khi ¢6 diéu khién duge xdy dyng. M6
hinh dao dong duoc thé hién trén Hinh 2.3.

* 3

I R 1
’hg Contro] {-—{ FmI,
; J ]

o

: L mIe
(@) MG hinh dong luc hoc (b) M3 hinh hé théng treo thiy khi

" Hinh 2.3 M6 hinh dao dong ciia 6 t6 tii hang ning




Giai thich cac ky hiéu trén hinh 1: K d6 ctng cva 18p xe; Cyi 12 hé s6 can chaldp

xe; ml va m2 1an lugt 1a khoi lugng khoéng dugce treo cac cau xe ; mb 13 khéi

luong thén xe; a, b lan lugt khodng cich gilta tim bénh xe bén tréi, bén phai va

~—————Duya vao-mé hinh-dao déng dé-cde phuong trinh-vi-phin mé td-dao-déng- —— —|

S cua-co-hé dé-khao-sit-va-lya-chon-cde-thdng-sd-thiét-ké-cia-hé-théng treo- Hién————

nay c6 rat nhidu phuong phéap dé thiét 1ap phwong trinh vi phin miéu ta chuyén

~_~ ~déngeciiaco g nhu: phuong trinh Lagrange logi If; nguyén 1y D*Alambe, nguyén——— |
1 b vin sz o e £ 0Ty N axrrta TFualer Thuyv-nhidn h11dn. 1 .

phong bing may tinh em sir dung nguyén 1y D’ Alambe két hop co s& 1y thuyét hé
nhid Tli:]”’\lifi'_\i shviohd 5 tirdao-do ) : |

Dura vao co s& hé nhiéu vit tach cc vt ra khoéi co hé va thay vao d6 1a céc

phén luc lién két. Sau d6 sir dung nguyén 1y D’Alambe dé thiét 1ap hé phuong
 trinh cAn bing cho timg vat ciia co hé sau d6 1ién két chiing lai voi nhau bing quan

hé hrc va momen.

Theo nguyén 1y D’ Alambe:

F+F,=0 (2-1)
trong d6:
F: 1a tng céc ngoai luc tic dung 1én vit.

F.,: 12 tong cac Iyc quan tinh tic dung 1én vét.

M0 hinh dao dong hinh 2.3 gbm 3 VaE: Kkhéi Twong duge treo, Khidi Iwong

khéng dugce treo cia cac cAu xe va mit dudng.
Hé phurong trinh vi phan mé ta dao dgng cho xe dugc viét nhu sau:
rmb-z.b =—(F, +F,)
1,6, =F,.a~Fpb
Az =By [k 2 - a0+, (5 - )]
o2y = Fip [k (2, = @)+, (5= )]

(2-2)




Vi Fh 1a luc cia hé théng treo thity khi cho xe duge xac dinh nhur sau:
Dua trén mo6 hinh todn hoc cia xi lanh thiiy khi nén nhir trong Hinh 1, luc
thing dimg ctia hé théng treo thity khi nén dugc xac dinh.

Luu luong thé tich chay qua céc 16 ¢6 lién quan dé&n chénh léch ap suft gitra

cac 1o theo cach sau:

~ thdi gian thyc trong bubng Il vabubng III. .

Theo cic phuong trinh lién tuc, ching ta ¢6 thé c6 duge rang: -
0,=-0, (2-4)
“Pbe &9 thay dbi-thé tich chit tong trong xi-lanh-thiry hee-cé-lidn-quan-dén——
van tbc tuong dbi trén thanh chdng tuong tmg:
0, = A,(2,~2,)sign(z,~2,) 2-5 -
Tir (2-3) va (2-4), 4p suét trong khoang diu vong c6 thé dugce x4c dinh bing

2= = N2
= n .J.pA2 (Zb_zu) ayon(z —
13 7 A2 42 i =l ]
20,4

bal

e . ¥ )

5 (2-6)
[T =Y

F=

Khi van diéu tiét duge nén, ap suat budng khi diéu chinh dugce dua ra boi

pVs =p vt (2-7)

trong d6 p0 va VO 13 4p sut va thé tich ban diu trong budng khi, p va Via
ap suht va thé tich trong budng khi khi by giam chén bi nén, k 12 tdc d6 da dudng
(1<k<1,4). o

k
%
y = 2-8
e == @-8)
trong do V =V, + 4,(z,~z,)
Luc ddng thing dimg ctia hé thdng treo thily khi nén c6 thé duge tinh bang
__oAeay

k
PR e K )
Yo ERL R A {[%mp(z,,—zu)} 1]A2 2-9)

B LR




2.3. Phin tich va lya choiniktch thich dao dong
Anh hudng cia bién dang mit dudng t6i dao dong cua 6td duge x4c dinh
b%l__n__g_k_i_gh thich, hinh dang hinh hoc va dic tinh thay ddi cia ching. Tuy theo

chiéu dai hodc chiéu cao cia mip md cd thé phén ra cac nhém dic trung khac

nhau;

E= =

4 Nhém1: MAp mé c6 chidu dii ngén, tic dong clia ching 1én céc banh xe -

e mang tinh va dip(tdc ddngxung).—

+ Nhém 2: Mip mé cé dang ham diéu hoa (ham sine).

e+ Nhém 3:- Mép-mé-thay ddi lién tue-véi-hinh dang bat k- (nglunhién)... . -

Khi nghién cuu dao dong phat sinh do-6to chuycn dong-qua cac mapmoco...
chidu dai ngin, gia thiét & thoi didm chuyén tiép khi 6t6 bit ddu di chuyén 1én cac
—————mép md-thi-trang thai ciia-hé-hoin-tein-dirge xbe-dinh-boi-gia-tri-toa-dd-va-dgo——

~ ham bac nhit cua ching. Néi cich khic diéu kién ban dau § thoi diém bt dau

chuyén déng 1én cc map mo cic gid tri q(t) va ¢(t) da duge biét trude.
Cac bién dang mip mod mit dudng duge sir dung trong dé tai dwoc md ta,
x4y dung va m6 phéng sir dung cic khéi trong Simulink nhu sau:

2.3.1. Map mé mit dwong hinh sin

Viéc miéu t4 mip mé bién dang clia dudng bing cac ham diéu hoa thudng
13 c4c ham sb dang sin hodc cosin. Trén dudng bé tong 4t phan thudong gép mép
mé dang séng didu hda (chiéu cao tir 10+12mm, chiéu dai tir 5+10m). Dang map

mo nay thudng giy ra dao dong cudng birc. Do d6 phuong phép nay da dugc

nhidu tic gia ap dung trong cac bai toan nhu: danh gia cac thong s0 két cau cia 6

t6, két cAu cia hé théng treo, két chu cua 16p xe (hau nhu cac nghién ctru trude
nim 1990) anh huéng dén d6 ém diu chuyén ddng clia 6 td trén mién tan s6. va
con hién nay mﬁp md mit duge duge dp dung vao mo hinh dao déng dé danh gia
hiéu qua hé théng treo diéu khién chu dong.

Ham méip mo mit dudng dang didu hoa c6 dang:

q(t)=q,sinot =g, sin%{zt (2-10)




Trong do: g, la chiéu cao mip md, o, T 12 tAn $8 va chu ki kich thich dao ddng.

qA aa

| BV

a) Phy thudc thoi giant ~ b) Phythugc vao quang dwong x R

Hinh 2.4, Ham diéu hod clampmé ~ — — -~ =~

—Tﬁcmhﬁﬁ‘kﬁhﬂﬁﬁgﬂmwﬁngm‘—

q(x)=qosinﬂx=qosin2%rx (2-11)

trong do: ‘ -

£ 12 tAn s6 séng mit dudng;
S14 chidu dai séng mit dudng. |
Khi 6 t6 chuyén dong déu, ta c6 x=vz nén & thoi diém 1 ta co:

g(t)=q(x); wt=0x; (0=Qv=-2—ﬂv (2-12)

ir

Vay ham didu hoa dao dong s& 1a:
g(x) = g,sinQx =g, sin-zﬂ?'vt (2-13)

Do map md mit dudng g,,,, g,,, & cac banh xe cu trude, cau sau lién hé

_ v6inhau thong qua bidu thite vé thoi gian:

o (1) =Gy (1—T,) YOI 7, == 2-14)
y

trong d6 11 1a thoi gian ma 6 t6 dich chuyén duoc quing duong L vé1 vén tbe v,

Vay ta c6 cc ham kich dong 1an luot 1a:

. . 2z
g, (x) = g,,(x) =4, sin Qx = g, Sm_SH_t

. . {2z7v, L
4, (x)=g,,(x) =4, sinQx =g, SIH(TIH:}

-15)
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Bien dany mal duong
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Hinh 2.6. So' dd khéi xiy dung méip mé bién dang hinh sine.
Két ludn: Him miéu t3 mip moé mit dwdng don gian thuan lgi cho phan tich

hién twgng cong hudng khi tn s dao dong kich thich tring véi tn s3 dao dong

riéng. Tuy nhiém hanr kich dao dong khong sét véithuc té—
2.3.2.Dang mip md c6 chiéu dai ngin,

% Mép mé hinh thang duogc tao ra bang cach cong hai tin hiéu nguge chiéu
v6i céc thoi diém t khac nhau va sy két hop cna cac khdi “Ramp” tao d6 ddc va

khoi “Saturation” gidi han chiéu cao map moé g(t) mong muon.




Bien dang mat duong
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Hinh 2.7 Méip mé hinh thang. S

Hinh 2.8 Mé hinh khéi xdy dung méip mé bién dang hinh thang.
Mép mé bién dang nira chu ky hinh Sine.

Bien dang mal duong
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-~ ~Hinh 2:10: So 35 khbi xiy dymg map mé bién-dang 1/2 chu kj-hinh-sine; - - ——

Pé khic phuc céc nhwge diém trén trong luan vin ndy, tic gia giéi thigu

xR

A h

. hamngfunhién.

Kich thich ngu nhién mat dwong theo tidw chuinm ISO-8068{211 v cach xdy dung——

Cac nha thit k& dudng thiét ké dudmg trén thé gi6i di dua ra tidu chuén

~ ISO/TC108/SC2N67 danh gid va phan loai cc mit dudng quéc 16 (bang 2-1) thiét

ké. Nhidu nha nghién ctu trén thé gidi da sir dung tiéu chuin nay dé x4y dung

* bamkich thi ) Au nhién khi khao sat dao dong cta cac phuong tién

- giao théng va.dugc nhiéu qudc gia tham khio xay dyng tiéu chuén riéng cho minh

nhu Trung Qudc dya vio co sd tiéu chuin d3 dua ra tiéu chudn GB7031(1986)vé

cach phan loai mjt duong va 14 tin hiéu kich thich d4u vao cho bai toan phén tich

dao dong 6 t6. Luin van ndy dua vao cich phén loai nay dé xay dyng ham kich

_thich ngiu nhién.

Qua céc cbng trinh khao sat mip md mit dudng duge xem 12 phén bd

Gauss. Theo tiéu chuin 1SO ma?ip mod cta miat dudng c6 mat do phé Sq(no) va

duoc dinh nghia bing cong thire thuc nghiém:

S (n)= Sq(no)[

(2-16)

trong d6: n 12 tan s6 séng clia méit dudng (chu ky/m), np 1a tan s6 mau (chu ky/m),

S,(n) 1a mat do phé chiéu cao cla map mé mit dudmg (m’/chu k), Sy(ng) 12 mat
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d0 phd tai ny (m¥/chu kp), @13 hé sb tin s6 dugc miéu ta tan sd mat dd phd ctia
mit dudng (thuong o=2).
Map mo mat duorng duoc g1a dmh la qua trmh ngau nhlen Gauss vano du:oc

tao ra thong qua bién ngdu nh1en Fourler nguoc:

=3, ——f4f( witd) @D

 _Bang2.1. Ciclép mip md mit du’o’ng phan loai theo tiéu chuén ISO 8068[18]
. Cip. A | B | ¢ [ b | E F G ]
Tinh trang mit | Rét | Binh , Rit . Qua i
. Tot Xau . Toi .
duong tot thudng x4u t0i
- Smg | 16 | o4 256 | 1024 | 4096 | 16384 | 65535 ]

Cin ot 50 liéu bang 2.1 céc loai dudng dugc phan cép theo tidu chuan ISO

- 8068[18], mdt sb két qua mip md miit-dudng dang 44 thi.

<X 10°
S————

hieu cao mat mo (m) -

oy
-

(

0 5 10 15 20 25 30
Thoi gian(s)

Hinh 2.11. Chiéu cao mip md mit dwdng theo tidu chuin ISO A (mit

dudng cé chit lwgng rat tot)
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—Map mo mat duong ISO cap BI

g
= I | \ﬂ
= .
Q |
g ' .
E T
2
] ' . L/ ' ‘
P il ,
=g t—t] -— - e
@]
S L " S S ) 15 20 25 o
. Thoi gian t(s) -

—Hinh 2.12. Chidu cao mép mb miit dwimg theo tiéu chuin SO B (mit - ———— —

. r ‘ . T ‘ 'y
0.02
- S N [ 4l I
2 00— — i i
8
o
8 0 t -
5 ]
8
=
£ -0.0111" 1
@)
'0'020 5 10 15 20 25 30
Thoi gian (s)

Hinh 2.13. Chiéu cao mip méd mit duwong theo tiéu;chusa._n. ISO C (mat
dwdmng c6 chit lwgng binh thudng)

2.4. Phin tich va Iya chon bj diéu khién

Didu khién 1 tip hop tt ca cac tac dong duge thyc hién 1én déi tugng can
didu khién theo mot nguyén tic, mot quy luit ndo 46 nhim thoa mén cac yéu cau
dat ra. Mot hé thdng khong cb sy tham gia trye tiép ciia con ngudi trong qua trinh
didu khién duoc goi 14 hé théng didu khién ty dong.

Mot cach thng quat hé thong didu khién tr dong duge md ta boi so d6 khéi

sau:
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u(t) TBDK x() DTDK yo
Trong d6:
A vogeA A r n .r a n A A A
—— TBDK: Thiét bi didu khién, c6 nhiém vu tic dong 1én 40i tuong dicu khién
‘

~——theo mdt qui ludt ndo do dé thod man yéu cau edngnghé. S
. DTPK: Dbitugng cin didu khién (Co cdu chip hanh), 14 tip ho
tién k¥ thuét nhir may méc, thiét bi, khi cy...chju nhimg tac dm t
duoc_muc dlc]LdLeJ.Lkhmn_ds_

_u(t): Tin hiéu vao -
y(t): Tin hiéu ra.

x(t): Tin hidu didu khién tac dong lén ddi tuong.

~ Céc phuong phéap vé dié u khién phd bién gom: dicu khién kinh diém, digu——— -
khlen hlen dal va diéu khién thong minh.
+ Didu khién kinh dién ra d5i true nim 1960. Diéu khién nay thich hop

— £(t): Tin hiéu nhiéu loan téc dgng vio hé théng

cho hé théng don gin gbm 1 dAu vao va 1 diu ra. Cac bd didu khién tidu biéu

+ Diéu khién hién dai sit dung md phong cac hé théng dwa trén mién thoi
gian. M t toan hoc va thiét ké hé thdng 1a phwong trinh trang théi. B didu
khién hién dai tiéu biéu 13 LQR, LQG, Hoo

Pidu khién kinh dién va didu khién hién dai c6 nhugc diém 12 dé thiét ké

dugc hé théng cAn phai biét mé hinh todn hoc cita déi tugng

+ Pidu khién théng minh 14 mét 16p céc k¥ thudt diéu khién st dung cac
phwong phap tinh toan tri tué nhan tao khac nhau nhu mang no-ron nhéin
tao (neural networks), xac suit Bayes, logic md, hoc may, thuit toin tién héa va
céc gidi thudt di truyén. Han ché ciia déu khién md 12 qué trinh thiét k& mang tinh
chét thir sai, dya vao kinh nghiém ctia chuyén gia. Do vy, bd diéu khién mo hay

két hop vai cac didu khidn khac dé khic phyc khuyét diém.
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Tir céc wu nhuge diém cia céc phuong phéap diéu khién tén, trong chuyén
d& nay tac gia lya chon sy két hop bd didu khién logic m& (Fuzzy) véi bd diéu
khién PID.
a) By ditu khién PID

B didu khidn PID (B6 didu khién theo t 16-tich phan-dao ham) duge sir

dung trong hiu hét cic tng dung didu khién qué trinh ty d¢ng trong cong nghiép

hlen ‘nay de dleu chmh lu'u hxo‘ng, nhlet do ap suat mirc do vé nhleu blen quy

Hinh 2.14. B diéu khién PID -
B diéu khién PID c6 ciu tric don gian, d& st dyng nén duoc sir dung rong

r3i trong didu khién cac déi tugng SISO theo nguyén ly hdi tiép (hinh 2.10). BO

PID ¢6 nhiém vu dua sai 1éch e (t) ciia h¢ théng vé 0 sao cho qua trinh qué 46 théa
mén cc yéu ciu co bin vé chit tuong:

- Néu sai l&ch tinh e (t) cing 16n thi thong qua thanh phan up(t), tin hiéu diéu
chinh u(t) cang 1on.

- Néu sai lé&ch e (t) chua bing 0 thi thong qua thanh phan ul (t), PID van con

tao tin hiéu diéu chint.
- Néu sur thay ddi cira sai 1&ch e (t) cang 16n thi thong qua théanh phan uD (t), phan
ung thich hop cia u(t) sé cang nhanh.
Phuong trinh vi phin md ta quan hé tin hiéu vio v ra clia b didu khién

de(t)
dt

u()=K, e()+ sze(;r)'.dt +K,.

u()=Ke®)+ je(:)d(z) +T,. de(‘)_

l {
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Trong do:
u(t): Tin hiéu ra ciia bd diéu khién;
e(t): Tin hiéu vao cua bd dieu khién;

K=K1: Hé s0 khuéch dai cua bd dieu khién;

T=K1/K?2:- H} A thai eian tich

£ | TR 7 . T+ttt

Ty=K3/KI: Thoigiantichphan.— —

A geA «Z Ao
~———  b)Bédiéu khientoi-wn LORLOG —— — — — — — |

Trong qué trinh didu khién hé théng, ta thuong hay gip phai logi bai toan

o -7-7-;ch@n—céc—tham—sé—di—éu—ldq—i—én—treng—s(?’)—nhﬁ’ng—tham—sé—t-hieh—hé_)’p--he-ﬁe-ti-m—ﬁ-n—hi U -

’ r by TR 9 A o A A As A I 4 A by x - r »
D6 chinh 1a myc dich ciia bai to4n diéu khien toi wru. Bai toan to1 uu 14 bai toan ap

dung cho tham so dieu khién 1a bat bien theo thoi giam.

o ,Chohéﬁc’x_méhinL
£(1)= A x(t)+ Bu()
y(6)=Cx(1)+Du(?)
Trong 46: x(f) € R" 14 vector trang thai

y(t) € R" 1a vector do dugc & dau ra

u(®) € R* 1a vector tin hiéu diéu khién

Ae R™*" Be R** i ma trin trang thai déu vao

Ce R™*" De R"** 13 ma trin do dugc & déu ra.

> YO
o P(s}
u(?)
()
'-K{'; <
B{ diéu khién LOR

Hinh 2.15 So db bai toan LQR

44




N

toi thiéu ham muc tiéu J:

R -J(-a_c,-u_-)=%-I—(£—’Q—£—+£-Rt_t)dt— -
0

C6 nhiéu phuong phép dé gidi bii toan LQR, v&i phrong phép gidi bang

,,,,mﬂ;nguyémljiéz;ardéifaziﬂtryagihﬁtané:,, unhléudléu khién t6i vru u(r) duoc xac dinh

. . bangeéngthtc: . — — E

u(t) =—-K_ x() ]

- —— Vi Ky Frma-trin-phan-hdi-trang théi-tiwus— — - o oo

r

P =1 T

K ==R (Fv +B X)

Trong d6 X 1a nghiém théa mén phﬁbﬁg trinh dai sé Riccati

-~~~ Tham s& ciia bii todn LQR 14 c4c ma trdnkhi tugng @ VAR NéuR>>0Q

A X+XA~(XB+N)R' (V" +B"X)+0=0

(R—) ta ¢6 cbng didu khién rit 16n ( doi hoi bom thay lyc, co chu din dong
16n...) nén rat tén kém, nguge lai ndu R << Q (R— 0) thi cic thong sb trang thai

12 rét 1on nhu thé thi didu khidn khong c6 tic dyng. Tir d6 ta rat ra duge két luin

T nhu-sau: T T

»  Uu diém cia phuong phap didu khién LQR 12 dam bao 6n dinh gi6i
han tbt.
»  Nhuge didm 1a 451 héi tht ca cdc bién trang thai phdi hoi tiép duge

(nhung the t& thi khong phai tit ca cac bién trang thai déu c6 thé phan hdi truc

tiép vé bodiewkhien); cancd md hinh bar todnchinh-xactrong khi-dokeétqua—do

duge lai thiéu chinh xdc do anh hudng clta cac nhiu...
¢) Diéu khién logic m& (Fuzzy)

Hé logic mo (Fuzzy logic) mé ta quan hé dya trén ludt néu—thi (if-then rules),
thi du nhu “néu md van nong thi nhiét dd ting”. Sy nhip nhing (khdng xac dinh)
trong dinh nghia cla céc thira s& ngdn ngit (thi du, nhiét &6 cao) dugc biéu dién

thdng qua tdp mo,
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Hé logic md thich hop dé biéu dién kién thire dinh tinh, c6 thé tir chuyén gia
(trong hé diéu khién md dung nén tri thirc) hay c6 thé 14y ty dong tix dit lidu (quy

nap, hoc). Trudong hop nay thuét todn xéu chudi md thudng duge dung d¢ phan

chia dit liéu thanh nhém cc dbi tugng gidng nhau.

3 s - .
[ Dl Lujt:
) T R L 2 L
_, « 7 % —b then pis B,
T etate T e -
i B L4 i gl
A ha ‘then y is B, -

” A - o ~ r m A ww - A £ 4 LSRN
Hinh 2.16. Phép xau chudi mo co the dumg de rit ra ciac dimh tinh néu—thi

____2.5.Bj didu Fuzzy cho hé théng treo thiiy khi
Trong nghién ciru ndy, b didu khién logic md bao gdm hai ddu vao, cu thé
14 gia tb¢ than xe va 8 dich chuyén tuong dbi ctia hé théng treo, trong khi dd dich

chuyén dng chi ctia van ty 1€ thuy lyc dién 1a cac dau ra cudi cung di€u khién phan

e .
j @ (7] aneerar | Dump truck >
- qmeiar o
i ec / oul valve p
dt

Fuzzy controller

A=

AL

Road excitation

Hinh 2.17 So' d cu trie didu khién

Bién vio bao gom:
- Hiéu dich chuyén trong ddi gitta khéi lugng khong duge treo va than xe

o
e”.

---Hiéu vin tdc twong doi gitra khoi lugng khong duoce treo va than xe “ec”.




- Bién ra 12 d6 mé van tiét luu
a. Bién ngon ngir

Cac gla tr1 ngon ngu: du'orc ki hiéu ngan gon nhu sau: “Am rit 16n” NVB;
“Am 10'11” NB “Am trung binh” NM'- “Am nhé” NS “Khong” Z, “Du'()'ng

—nho_RS,_]lmngm.l_gbm ” PM; “Duong 16n” PB;
rwfWfl'aplugtdwwkhzenﬁﬂwWWm—m e —

. Tap luat bo.diéu khién mé Fuzzy duge xay dyng trén co sé suy ludn trge

quan. Bang tnrc quan, d€ cich ly dao dong 6t thi tdng céc lyc tac dong 1€n khoi

S luorngduoc treo phal duoc tol t]:ueu héa _Trong qu&tnnh daoﬂong,_cac luc tac ..

Tuén tryc quan d6, tip lujt g gbm 81 Tuat cia bd didu khién mo Fuzzy thé hién frong

Bang 2.2, nguyén tic diéu khién phu sau:
-R1:Ife is NB- and ecis NB then A, is PB

R2: If e is NB and ec is NM then A, 1s PB

R3:If eis NB and ec is NS then A, is PM

R49: If e is PB and ec is PM then A, is NB

o . NB NM NS Z PS PM PB
- NB PB PB PM PM PS PS Z
NM PB PB PM PM PS Z Z

NS PM PM PM PS Z NS NM

Z PM PS PS Z NS NM NM

PS PS PS V4 NS NS NM NM

PM zZ zZ NS NM NM NM NB

PB | Z NS NS NM NM NB NB




2.6. Két luin

Qua nghién ctru churong nay rit ra mot so két lufn nhur sau:

- Phén tich va xéy dyng duge md hinh dao dgng ciia xe dau kéo, tir 46 sir
dung nguyén 1y D’ Alambe két h g

Y.

- Phintichcdebodidukhibn |

,,,,,,,,,,, - -Xay dyng dugc bj didu khién Fuzzy véi 49 tip suy lufin mo

e 48 ] .




CHUONG 3: MO PHONG VA PHAN TiCH
3.1. Phuong phap gidi
H¢ phuong trinh vi phin mé t4 dao dong cia 6 to gdm nhiéu phuong trinh vi

phan c4p hai, trong d6 ham kich déng vé phai 13 ham thdi gian. Dé c6 thé giai hé

phuong trinh nay, dé tai sir dung phan mém Matlab — Simulink. Pay 1a phuong

 phipmd hinh hoa bing sb clo he phuong twinh viphin,
-~ - Phuong phap md phong chinh 13 can cir vao hé phuong trinh vi phan, phuong

- trinh cac s0 hang, cac thira s6 ciia vé phai (cb chira cac vi phan cap mét, cap cao -

. ——heon-vi-hé s8),chon-chc khéi co-ban valién két ching lai theo didu kién can bing ]

5 - . . - - - . . - . . . . . .

3.1.1. Gi6i thiéu phin mém Matlab/Simulink
—— Matbab-(Matrix Eaboratory) i mét-edng—euphan-mén-eta—hing Math

~Work Inc dugc viét bing ngdn ngit 14p trinh C. Phan mém MatLab dugc

trng dung rong réi dé tinh toan cic bai todn k§j thuit bang phwong phap ma

tran.-

mum‘[pﬁmg&

e g ik Lo, eved S

L pletjmimom b
ihgi:;u‘.:l-—.-:'n:.":;i

! e R RN L S
| pimesn LR
LI R T T P e
T A CT
Lot LRSI 21 T1Y

Hinh 3.1. Minh hoa phin mém Mtalb
Nhitng wu diém chinh ciia MatLab 1i:
+ C6 kha ning tinh todn manh. MatLab da tich hop sdn cac ¢dng cu tinh

toan ina ttidn (Nhu tinh ma trén chuyén' vi, tinh ma trdn nghich dao, tinh




dinh thirc...)cac cdng cu todn glél tich,ﬂxir lj’zwti'rﬁllfﬁiféi’iﬁ,' phﬁrf tich du liéu va
cong cu dd hoa.
+ Cho phép 14p trinh trén ngdn ngit bic cao dya trén nén tang 13 cic phép

tinh toan vai vecto, mang va ma trén.

~———  chuyén-ménkhédcnhav——— — —— -

+ C4 khani i i va xit 1y d6 hoa manh (ké ca khing gian ba chiéu).

4 C6 thw vién 16n céc Toolbox tng dung véi 15 gia ddy d cdc linh vue

+ C6 tich hop md dun Simulink 13 mdt cach tiép cAn méi dé mé phong

k¥ thuat theo chuén cdng nghiép( ngudi sir dung c6 thé tu tao nhiing file,

. —-jc;-a’}-c—hé—t—hé—n—g—d—c’}-n—g—l—u—&hQc—tu—yén—t—i—nh—vé—ph—i—t—uyén—-tré—n--ecr—sér—céc—khé-i—.- SR

— I va ¢t vio trongToobox—de-thue hiéngiai-bai-tedn-treng tinh—~vire———

_ chuyén mdn clia minh).

+ C6 kha ning tuong tac da méi trudng d& dang lién két dong véi cac phan
mém chuyén nghiép khéc.
+ C1 phép céc 1énh don gian gitp ngudi sit dung c6 thé dua tryc tiép kién

thirc vio céc bai toan nghién ctru ma khéng mat thoi gian hoc tap nhiéu.

3.1.2. Cic khéi chire niing chinh trong thw vién Simulink

Simulink 12 mét phan chuong trinh mé rong cita MatLab. La mét cong
cu manh vé& d6 hoa, md hinh héa, md phdng va phan tich dong hoc cic hé
théng tuyén tinh va phi tuyén.

La san pham nim bén trong cia MatLab nén c6 the sur dyng nhi€u ham

ciia MatLab va ciing c6 thé trao d6i qua lai véi mé trudng cia MatLab aé
ting thém tinh linh hoat cia né. Simulink ¢6 nhiing dac diém sau:

+ Pic diém thir nhét: Ngon ngit Simulink 13 13p trinh & dang so do
cAu trac cua hé thdng. C6 nghia 1a né ding dé& mo phong dong hoc mot hé
thdng duoc md ta todn hoc & dang phwong trinh vi phan, phuong trinh trang
théi, ham truyén dat hodc so d3 cAu tric thi ching ta cin xay dung chuong

~ trinh trong Simulink dudi dang so dd gbm cac khéi co ban khac nhau ndi
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v6i nhau theo ciu tric cia he thong cdn khao sat. Cachwlap trinh nay gitp

ngu'ou sir dyng s& thiy truc quan don gian va dé hiéu.

Qigund - —
e
= Sopmator———— =
X% | - Piodec:
471 -
T s
i Sum For} swicn

!

E Comrnl Sys'lem Tnﬁhux
. D5P Syatem Tookox:

i -_Imagerqumtmn Toolox
i~{Pal] Instrument Control Tootex :: -

P RS T R L R

g ‘Bhowing; SimunkiCommonly Used Blocks

Hinh 3.2. Minh hga simulink

+ Pic diém thie hai: Khi tién hanh mo phong, md trudng Simulink

thuc hién viée giai phwong trinh vi phin mé ta dong hoc hé théng bing

cac phuong phép nhu o le, Runge- Kutta, Lin Sim.... Viéc chon lua buéc

tinh cho phu hgp dugc mé trudng thuc hién mot cach tu dong trong

khoang gia tri min va max do ngudi su dung khai bao.

Bang 3.1 Cic khdi chite niing trong simulink

1a hang s6 dugc

nhdp tu trong

Khéi Tén goi Cong dung Mo ta
Khéi hing sb Guri tin hidu vao |Y=a




Matlab

Khéi nhan Thuc hién phép [ Y=aX
A1y '
X Yy A ro+ - A
wf L nhédn véi hang s0 |
Product
pale Khoi cing Thyc hién phép | Y=X1 + X2
i | r 1 A Xz [4
_ S DY SR . |cOngtrir cactin [
S _ | hi€u i i
— (\m — } “Pau véio, dau fa | 2 v40 Cic_ — E——
S Subsystem -
I —— Khoi From - Giri va nhén cac _
1Al , gea '
Goto tin hiéu
Front._ - NPT
di va dén trong
IA] 3 A
\ cung mot
Gaom:
Subsystern
Khoi La khdéi chic
Ain Qo 3 Subsystem ndng con
Subyzem
_ — I(hr"\i Lookup-—- NOLngoarsuy Y=}
i ARSI T « & . F b 7
Xy : Y Table
Coslwp Tabi =
pes So sanh voi1 tin | Y=X1 khi
AF _
G | i ~
_ _B‘\_ hiéu ngudng So | S=So
Sregpt—] ety
o Y=X2 khi
<o sl o)
:,:2 © Swiich S<So




; Khéi tré pha Tin hiéu ra tré =X + Xt
_}() ] % - Y y -
et pha so v6i
e SR . . ]
Defay: tin hién vao
— ‘Khoi Scope [ Védothycuatin b
o s e | T ¥4
e T - 7”111’\_-!“’1& - - T - R
TEeme - [ - - =+ - ftheothdigiant- |- - - =]
[ Kihi tichphan | LAy tich phan tin | Y=IXdt
1 : A
)' -s— } hiéu
— Va0
Integrator
Kho1 dao ham Lay dao ham tin | Y=dX/dt
»  dufde v ch a )
x - hiéu vao
Derivative

3.2. So' db thuit todn va so db tbng thé
3.2.1. So db thujt toin
So db thuit toan 13 cong cu diing d4 bidu dién thuit toan, md ta nhép (input),

dit liéu xuit (oﬁtbht) va lubng xit Iy thong qua cac ky hiéu hinh hoc. Cong cu ndy

_ . __ rhtthich hop.dé ban hoc cach tir duy phén tich bai todn.
So dd thuat toan mo phoéng dao dong xe tai ning bang MatLab- Simulink

theo mién thoi gian va tn s6 duge mo ta nhu hinh 3.1.




Gidi hg PTVP (md phong).
Kﬂtquaﬂn ﬂn(Z, wd vacéa
Hinh 3.3: So d6 thuat toan cta chuong trinh
. LA R
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Hinh 3.4. So' dd mé phéng tong thé Matlab/Simulink

_ So b tng thé chira cac khéi chire niing riéng, mdi khoi 14 mdt SubSytem

thé hién céc phan tir dic trung cia md hinh. Ban than cdc khéi ciing chira
trong long nd cac khéi chic niang cu thé dé xtr 1y céc tin hiéuvao vara, cac tin
hiéu nay chi yéu 13 cac gi tri d6 16n cia cac lyc lién két gifta c4c phan ti¥ trong
hé théng treo v6i thin xe, cAu xe va cac dich chuyén twong d6i cia chung
3.3. Két qua mé phong

Dé phan tich hidu qua cia bd didu khién m& ddi v6i hé thong treo thiy khi

nén cha ddng trong viéc cai thién sy thodi mai khi di chuyén trén xe, phin mém




Matlab/Simulink duge st dung && mé phong cic phuong trinh vi phin chuyén

dong trong phin 2 va tinh toan b tham sb bing cbng thiic (1-10) dya trén Bang
~ tham khdo 2. M phong dugc thyc hi hlen tren duong gap ghenh V0'1 toc do Xe duorc

dat & mmre 60 km/h
Bang 3.2. Théng s6 ciia hé thong treo thiy khi
Thongsé  Gidimi  Thomgsé  Gidit  Thongsd — Giditj
NS 06— A 2x10%-4——poMpa)— 2
- p/kg/m®) - -850 Adm?) - 5x10M4 - we(m®) - - 0.0026
S k 1.3 Az(m?) 0.01 - Ca 062

 Giatbc thio phuong thing dimg (as) va gia the gbc lic than xe (ag) duge thé hién

- trong Hinh.3.5 va Hinh 3.6

10

<
wn

Time(s)
Hinh 3.5. Gia t§c¢ thin xe theo phwong thing dimg

10

--+- P-HPS — A-HPS

0 5 10 15 20
Time(s)

" Hinh 3.6. Gia tbc géc lic thin xe

Tir két qua ciia Hinh 3.5 va Hinh 3.6 , ching ta c6 thé xac dinh dugc cac gia

trj cia gia tée binh phuong gbc trung binh (r.m.s.) theo phuong thing ding caa




than xe (awb), goc lic than xe (awe) 12 2,07 m.s-2 va 1,43 rad.s-2, twong (mg véi
hé théng treo thily khi nén bi déng (P-HPS). Cac gia tri cta gia tic gbe trung binh
binh phuong (r.m.s theo phuong _t_l}?t_ng_'_q‘_(r_ng_pﬁg than xe (aw), goc léq than xe

14n lwot 14 1,7 m.s-2 va 1,08 rad.s-2
(A-HPS)

—— Céiekét qui duoe trinh bay trong Hinh 3.5 vi Hinh 3.6 chéng minh ring cdc
gt tri cla (@w); v (ave)-gidm ddng ké khi sir dung hé théng treo thiy khinén——

- chi dong (A-HPS)so-véi hé-thong treo thiy khi nén thy dong (P-HPS) giam lAin- — —
- —Tugt1a-22;24%va-32;01%:Két-qua phén-tich-chi-ra ring hé théng treo thiy kit —— —

L1d = o LA

AT r 4 A
ala

. ‘ -~ ? -A el 7 A A I4 e ‘ﬂ - R F o b1 R
Ti€p m6 phong hiéu qué ciia h¢ thong treo cd diéu khién véi mit dudng ngiu

——nhidnkhixe dichuyén trénmit duong 1SOcip D Kétrqua mo phong nhu hinh
' 3.7vahinh 3.6

r:'ﬂ'\ i -r.
g 0
-5
0 5 10 15 20
Time(s)
Hinh 3.5. Gia téc thin xe theo phwong thing dirg
_ —— e ]
........... P_I_IPS _____A-I_H)S
2k : ] % ; i :
E O ‘ :: .: Fi ' ‘: ,.' '. 3 .
s H K F g 15 k| SR rf 135
@ ol T FET g fiR i
f ¢ i :
“o 5 10 15 20

Time(s)
Hinh 3.6. Gia tbc goc 1ic than xe




Tir két qua ciia Hinh 3.5 va Hinh 3.6 , ching ta c6 thé xac dinh dwoc cdc gid
trj cuia gia tdc binh phuong gbc trung binh (r.m.s.) theo phwong thing dimg coa
~_thin xe (awb), gdc ldc thin xe (awg) 14 2.01 m.s-2va 1.21 rad -2, tuong tmg vGi
 hé théng treo thity khi nén bj déng (P-HPS), Che gié tri cﬁ-a" oia tbe gée trung binh
hwrong-(rm: ing dimg clia than xe (awb), géc lic thin xe
o (awg) 1an heot 14 1.64 mis-2 va 0. 96—rad;sf-727—véfr—héfthengwtre&thuywkhl——nenwehur— e
— —':&(?)ng(fA?HPS*} = |

chu dong (A—HPS) so vdi hé thong treo thuy khl nén thu dong (P-HPS) giam 1an
Twot 14 22.56% va 26. 0% Ket qua phan tich chi ra ring hé théng treo thiy khi nén

chu ddng c6 tic ddng tich cuc dang ké dén su thoai mai khi 14i xe.

3.4 Két luan chwong

Sau khi hoan thanh ni dung chwang 3, ching ta ¢6 thé rit ra mot s két luan
sau: Céc gia tri gia tri cua (awb), va (awe) gidm dang ké khi sir dung hé théng
treo thiy khi nén chu dong (A-HPS) so vo6i hé théng treo thily khi nén thu dong

* (P-HPS) gidm 14n Twot 13 22,24% va 32,01%. khi xe chuyén dong trén m3t dudng -

gap ghénh, Twong ty, cc gid tr cla (awb), va (awo) gidm déng ké khi str dung
hé théng treo thity khi nén chu dong (A-HPS) so v6i hé théng treo thiiy khi nén
thu dong (P-HPS) giam 14n huot 12 22.56% va 26.0% khi xe chuyén dong trén mit
dudng ISO cip D.




KET LUAN VA KIEN NGHJ
Sau mdt thdi gian thuc hién dé tai, nhdém nghién ciru di hoan thanh co ban
ngi dung dé tai nghién ciru khoa hoo. PE tai da dat duge mdt s0 ket qua sau day:

an tich va chi ra dugc i cap 1e cua [al

- Dua ra dugc chi tidu danh gia dao dong cho xe tai ning va cac phuong ti¢n

glao thong ndi chung d8 1am co s& phén tich va danh gid hi¢u qua cha bd Cdidn

- Xay du'ng duqc mb hinh dao dQng hai chidu cho xe tai hing ning

. song ngan;

- Ung dung Iyt thuyét didu khién théng xay dung duogc bd diéu khién Fuzzy

Logic dé diéu khién hé so cén ctia hé thong treo thiy khi.
- Phén tich hiéu quéa ciia hé thong thuén tiy so voi hé thong treo-c6-di€u khién

cu thé:

Cac két qua trén cho thay hé thong treo c6 diéu khién cia xe da céi thién dang

ké d6 &m diu chuyén dong khi xe

thién theo cac hudng sau day:

- Thi nghiém dé& nhin dang va xéc dinh cac thong s& du viao cho bai todn
phan tich dao dong..

- Phan tich d4nh gi4 thém ca tai trong ddng nhdm nang cao do thin thién

voi mit dudng.

-Ap dung phuong phép didu khién i wu dé diéu khién cac thong sb thict
ké hé thdng treo thim ning cao do ém diu chuyén déng cling nhur giam cac tac

dong xau dén mait dudng.

- Thi nghiém thyc té dé so sanh v6i két qua md phong d¢é kiém chimg tinh

ding dn ctia mé hinh.
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Fuzzy control of a hydro-pneumatic suspension system for dump trucks

k
Vo
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The vertical dynamic force of hydro-pneumatic suspension system can be computed by
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Bump road profile. A bump road profile refers to a type of road surface that has a series of small, sha;rp, and

abrupt changes in €levation, resulting ifi a rough and unever rde lor venicles uaveung over it I he formula—for

dE_- Ermlmng € Vel is;
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where, t tf +t —t +1+

; 4 is the amplitude of the bump, is the amplitude of the bump, Ais
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Fig.2. Bump road profile

Vehicle ride comfort evaluation method. Vehicle ride comfort indicator is based on ISO 2631-1 (1997)[15],

vibration evaluation based on the basic evaluatlon mcthod mcludmg measurements of the welghted root-mean—
““square (rms) acceleration is defmed by:~ — ~ T~ 7 T T 77T T T T 0T - -

. . (10)
g, = I:—zl;;[az(t) dt]

where a(t) is the weighted acceleration (translational and rotational) as a function of lime, m/s?; T is the duration
of the measurements.
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Fuzzy control of a hydro;;rraﬁﬁat’i’cw suspension system for dump irucks

The acceleration responses of the vertical body (a) and pitch angle of the body (a,) shown in Fig.3 and Fig.4

----- P-HPS —= A-HPS
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Fig.4. Acceleration responses of body pitch

From the results of Fig. 3 and Fig.4 , we could be determined the values of the weighted root-mean-
square (r.m.s.) accelerations of the vertical body (a@w), body pitch (awg) are 2.07 ms-2 and 1.43 rads-2,
respectively with the passive hydro-pneumatic suspension system(P-HPS). The values of the weighted root-
mean-square (r.m.s.) accelerations of the vertical body (@ws), body pitch (awg) are 1.7 m.s-2 and 1.08 rad.s-2,
respectively with the active hiydro-f i i =

The results presented in Fig. 3 and Fig. 4 demonstrate that the values of AWB and AWPhi are
significantly reduced when using the active hydro-pneumatic suspension system (A-HPS) compared to the
passive hydro-pneumatic suspension system (P-HPS) reduction 22.24% and 32.01%, respectively. The analysis
results indicate that the active hydro-pneumatic suspension system has a significant positive effect on vehicle
ride comfort.

V. CONCLUSION
In this paper, a half-vehicle suspension model with a hydro-pneumatic suspension system has been
established based on modeling and verification. The damping force of the hydro-pneumatic suspension was
adjusted by controlling the electro-hydraulic proportional valve using fuzzy method. Simulation results show

that the active hydro-pneumatic suspension system has reduced the values of the weighted root-mean-square ' —
(r.m.s.) accelerations of the vertical body (@) and body pitch (awe) by 22.24% and 32.01%, respectively with

bump road excitation compared to the passive hydro-pneumatic suspension. The results demonstrate that the

active hydro-pneumatic suspension system can effectively improve the vehicle nide comfort.
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