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PHAN MO PAU
Ngay nay, d6 €ém diu chuyén dong cho 6 t6 12 mot trong nhiing chi ti€u quan

trong d& d4nh gia CHAT [Ggmg a0 1o clg fiitr tinh cgnh tranh clia sanpham. Chinh

vi vy, van dé nay d dugc cic nha sén xuat, nha thiét ké va cac nha khoa hoc trén

Kkhip thé gici tap trung nghién ciru va cai tién hé thng treo xe, dém cach dao dong -

déng co nhﬁglinﬁ.ngi cao d6 ém diju ciing nhwr gidm 8n cho xe. Trong qué trinh hoat

dAno co
had]

lwc gid, cac ngudn nay s& truyén 1én thén xe 14m cho ngwdi dicu khién va hanh khach

cam thiy mét moi, tham*clilTn’;aﬂﬁhthh“éTrgmé}:rnéuThUCngxuyén*ti'é'“pfxﬁvvéif —

ngudn gy ra dao dong nay. Dé giam céc ngudn kich thich dao dong ndy cic nha —

nghién ciru va thiét k& cai tién hé théng treo 6 t6, hé théng treo ghé ngdi va hé thong

~dém cach dong co dt trong. Véi 1y do trén, nhém nghién cfru chon dé tai “Phéntich |

dao ddng va té1 uru dém cach dao dong déng co dot trong” lam d8t2aiNCKH cdp co

-0 A

Qua day cho phép t6i dugc bay t 1dng cdm on sau sic cac thay trong B4 mén

K§ thust O t6, Khoa K§ thuft O t6 va May déng lyc, tredng Pai hoc K§ thuit Cong

nghiép, Pai hoc Thai Nguyén va céc ban be, ddng nghiép, déc biét 1a Nnémnghién —

ciru “Didu khién dong luc hoc, rung 6n phuong tién giao thong va may” ctia Nha

truomg d3 gitp 46 t6i hoan thanh dé tai ndy.




CHUONG 1. TONG QUAN VE VAN PE NGHIEN CUU
Muc dich chieong nay la phan tich {ong quan vé hé thong dém cach dao dong

déng co ddt trong va cdc két qud nghién cieu trong nuéc va nwdc ngodi vé doi trong

nghién_ciru trong dé tai. Tir do dwa ra muc dich, phwong phdp va ndi dung nghién

cirenadetal.——

lffTﬁ’iig’ quan Héftﬁéilg"iféﬁl"cﬂéh’ﬂﬁo agngdéngeoe— — - =

1.1.1. Vai trd hé théng dém cach dao djng

Hé thong cacir dao dong <o

.
dottron I 1e-—Ge-1 =A==
v

va khung/vo.

Hé théng dém cach dao déng dong co dbt trong co vai trd quan trong trong

~_viéc gidm dao dong truyén ti khung/vo (ngudn kich thich dao dong tir map md mat
~ dudng) 1én dong co va nguoc lai fir dong co (nguodn kich thich dao dong tir dong co——

- bt trong) xudng khung/vo. Ngoai ra cd vai tro giam tiéng 6n do kich thich mit

dudng va dong co gdy ra.

Hinh 1.1. Dém cach dao dong dong co dbt trong
1.1.2. Sw phat trién d¢m cach dao dong dfng co dot trong
Pé giagm dao dong va tiéng &n, giita dong co va khung/vo duge lien két boi

_céc dém cdch dao dong. Ban déu céc nha thict ke khong quan tam nhiéu dén van 4¢




dém nay dé giam rung dn dong co. Sy phat trién dém cach dao dong dong co tir khi
ra doi dém dan hoi vat lidu kim loai, sau d6 13 kim loai két hop cao su, dém cao su

thity Tuc, d&m cao su thity Tire ¢& didu Kiiién hé s6 can thuy Tye; dém dign'tlr,... Sy

phat trién vé mit cong nghé clia dém céch dao dong dong co dbt trong duge the hién

trén hinh 1.2. Phan tich ddc didm ciia mét s6 két chu ciia dém s& tiép tuc phén tich

dudi day.

- — -(a) Pémkim loai-eao-su (truéc nam— — — -

_ o R (b)Dém cao su (truéc nim

(c) Pém cao su thiy lyc (trudc ndm (d) Bém cao su thuy lyc ban
1980) chi dong (trede nam 2000)

(¢) Pém dién tir (sau nam 2020)

" Hinh 1.2. Sy phét trién vé& mit cong nghé ctia d¢m cdch dao dong dong co

. R 5




1.1.3. Phin tich mdt s6 két ciia dém céch dao ddng dong co ddt trong
a) Dém cdch dao dpng cao su

Hé théng dém cach dao déng cao su durgc cdc nha nghién ¢l thiét ké va ché

tao rat som nham giam dn cho ddng co a6t trong trén 6 t6. M{t loai dém cach dao

d6ng cao su ciia ddng co dbt trong dugc thé hién trén hinh 1.3. Céach b tri dém cach

dao dong dong co duoc the hién trén hinh 1.4,

S Hinh 1.3 Mot sélogi démeaosu - - - -

Pic diém cua §ém cach dao dong cao su chiu lyc, chiu mai mon, ¢ dan hoi
cao, c6 kha ning khang dau m& va chong 130 hoa tot. Pan hoi t6t ddc biét gidm rung

dn cla ddng co dudi tan so kich thich dao dong cao. Tuy nhién, hé s6 ni ma sat




giita cac 16p cao su nhé din dén hibu qua giam dao ddng dudi tin sb kich thich dao
dong thip.
e i e

+ Két chu don gian va d& ché tao;

"+ Giam hiéu qua dugc tiéng dn va dao dong dudi tan so kich thich cao.

Nhugc diém:

 kich thich thip. Chinh vi vy, nhugc diém ndy céc nha nghién ciru d4 dé xuét hé thong

dém chch dao dgng ddng co bt trong k&t hop cao su vA thiy e sE tiep fpc duge ftinh

bay dudi day.

b) Dém cdch dao dpng cao su thuy lwc

- - — -Dékhic phuenhwge diém—hé-théﬁg—démeéeh—dae déngcaosu, dém cach dao— |

ddng cao su thiy lye duge nghién ctru va 4p dung cho hé thong dém céch dao dong

__ddng co dét trong. Céc loai dém cao su thiy lyc dugc thé hién trén hinh 1.5. -

£

] i )
Ry

(a) Pém thuy lyc theo ddi quan tinh

B
%

(c) Két cdu dém cao su thiy luc (d) Pém cao su thiy lye

Hinh 1.5. Cac loai dém cao su thuy luc




Dic diém két cAu cua @8m céch dao ddng cao su thiy lyc bi dong, két ciu bén
trong gdm c6 khoang chira diu thy hye, sy thay dbi hé sb can théng qua 15 tiét luu hodc

quén tinh ctia dong chat1éng.”

Uy diém: Giam hiéu quéa duge tiéng on va dao ddng dudi tin sb kich thich dao

. o _ ‘, . R
déng thap.
Nhugc diem:
&+ [(e‘['"c'ﬁ'[rp‘h‘frc‘ta:p‘stj‘d'em A .‘CE{C’ h’dau ds:mg caoSsu;

+ Mic du 3 cai thién dang ké dic tinh can ctia dém so véi dém cao su thuan

flly st dung do dAu thiy lvc sinh ra gia tr] hé so can, tuy nhien diy van [T hg thong —

bi déng. Chinh vi vdy nhugc diém nay céc nha nghién ciru d3 dé xuat démcachdao -

déng cao su thiy luc bén chi déng cho dong co dét trong, 86 13 két hop cao su va

-~~~ —-—h& s canthiy lyc b didukhidn s&tiép tuc-duge trinh bay dubiddy. — — - -

| c) b.é}n céch dao d‘éng cao su thiiy lirc ban chit dpng

-~ -DPé ning cao hi¢u qua cta dém cich dao ddng cao su thiy lyc bi dong, dém -

cich dao dong ban chii dong ra doi. Hé so cén cua dém duge diéu khién thay do61

thong qua 4 md cua van tiét e va tir tinh cta chét léng qua 15 tiét Tru cta dém

chch dao ddng cao su thiy huc ban chit ddng. Dém cach dao dong cao su thiy lyc ban
chti d6ng diroc thé hién trén hinh 1.6.

(a) Hé s c¢an thay d6i thong qua chat ) Chit Iéng tl tinh qua | E bt

long tir qua 10 ti€t luu Teu

Hinh 1.6. Dém cach dao dong cao su thity luc ban chu ddng




U didm: Gidm hiu qua dugc tiéng dn va dao dong dudi tin s6 kich thich thap so
dém cao su thuy lyc bi dong, vi hé s6 can dugc diéu khién thay dbi theo diéu kién
khai thaic.

Nhuoe diém:

"+ Két cAu phirc tap so dém c4ch dao ddng cao su thiy lyc bj déng;

~+ Mic du 44 cdi thién dang ke dgc tinh can cia d(;m so voi dcm cao su thuy

didu khién, tuy nhién diy van 13 diéu khién ban chu dong Chinh vi vay nhu:orc dlem

" nay cac nha nghién ctru a3 dé xuat dém Caéh*ﬁdao’ﬂqﬁg’dieu Khién chu dong, dém

didu khién tich cuc hoan toan s& tiép tuc duge trinh bay dudi day.
¢) Dém cdch dao dong chu djpng

Chrasais J

quuld Filled
Enging Mounl

Active Control?
Engire Mount

(c) So dd bb tri dém cich dao dong
Hinh 1.7. Pém cach dao dong didu khién cha dong




Pém cach dao dong chu dong loai didu khién thong qua dién tir, dd cting va hé sd
cn thay ddi theo didu kién hoat ddng ciia dém. Dém céch dao dong dicu khién chi dong
Cduocthéhiéntrénhinh1.7.

Uy diém: Giam dwoc dao ddng voi moi diéu kién lam viée khdc nhau do diéu

' Khin gid tri ¢4 gi4 tri 40 ctmg va hé s6 can clia hé théng mt céch tign nghi. Do vy

16 ¢6 wu diém h¢ théng dém cach dao ddng cao thily lye ban chil dong.

Nhuoc diem:

+ Két chu phitc tap va gid thanh cao;

T Mic du giam dao dong ciing nhu tiéng on cla dong co Aot frong gay 1a tot

hon hé théng dém cich dao dong bén chi ddng, tuy nhién trong de tai nay téc gid —

- i xem xét hé théng dém céch dao ddng cao su thiy Iyc ban chi déng.

— - ~1.2.Tinh hinh nghiéncéu trong nwevaqube té— — — — - - - ——

Can cit nhitng két qua nghién ctru dém cach dao ddng co dot trong cla cac

' nha thiét ké, nha nghién ciru va nha khoa hoc d& dugc cdng bd trén cac de tai, hoi
nghi khoa hoc va cac tap chi khoa hoc trong nudc va nudc ngoai. Tac gia da théng

ké cac két qua nghién ctru vé van dé lién quan dén nghién ciru nay. Cic két qua

nghién ¢l dugc frinh bay thanh 2 phan gom nha nghién ciu trong nUéc va nwde——

ngoal.
a. Két qua nghién ciru trong nuéc

Dé giam dao ddng va giam tiéng on cta ddng co dot trong, cac nha khoa hoc

-—7Vé—nhé—ng—h-i-én—eiru—V—iét—Nam-dﬁ-dat-duqc_mé_‘).tsé_két_qué_nhﬁtﬁjnhduéi day:

Nam 2009, tic gia Nguyén Tan Chinh da thyc hién lugn van thac si véi 8 tai

“M6 phong dao dong dong co d6t trong va xem xét &nh hudng ciia nd dén d6 ém diu

chuyén déng clia 6 t6 du lich”[4]. Trong ludn van, cac thong sb hé thong treo dong

co d6t trong duoc phan tich va danh gia anh hudng cia chung dén d6 ém diu chuyén

déng cha & t& dya vao md hinh dao dong toan xe va chi tiéu danh dao dong. Tuy

nhién mé hinh toan xe chwa xem xét dén anh hudng ngudn kich thich dao dong tir
dong co dt trong.

S . 10




Niam 2015, tic gia Hoang Anh T4n d3 thuc hién ludn van thac si véi dé tai
“Nghién ctru anh huéng cia yéu td dao dong tir dng co dén d6 ém diu cua 6 t6 du

lich"[5], cAc nh hurémg ciia Kich thich ti d0ng ¢o va céc thong sb thiét ké cla dém

dén d6 ém diu chuyén dong duoc phan tich va danh gié dwa vao mo hinh dao dong

todn xe va chi tidu cita dd &m dju. Tuy nhién, céc ket qua clia de tai chua xem xét

“dén véin d& t6} uuithiliéticéihéithéng dém cich dao déng cua ddngco. -

Niim 2019, tic gia Pinh Coéng Hao di thuc hién luin vin thac si vé1 dé tai

: ;—-—"N-ghiep—cﬁu—-di—éu—lmién—he—théng—tfee-bén_ehﬁ_d@ngeho_déng-ca-dé-t--tr-ong--Xf: du. . -

dugc xem xét va phén tich, danh gia hiu qua cua ching so véi dém céach dao dong

lﬁﬂé@lﬁa—vifﬁﬁhhﬂrdao—&éng—toén—xe—vérehi—ﬁéwdéﬂh—gﬁ%mdiu.—Két—quéi

- nghién ctru da chling_hﬁu_qaa_ piam dao dong cua hé théng treo ban chil dong t6t

hon nhidu hé théng treo bi dong & céc diéu kién hoat ddng khac nhau.

Nam 2019, tc éla Hoang Anh T4n d thye hién &2 tai nghién ciu khoa hoc chp

co s& véi a8 tai “Nghién ciru hé théng dém céch dao dong dong co dot trong 6 t6 du

tri hé sd can thiy lyc thém vao dém cach dao dyng cao su dén do ém diu dugc xem
xét va phan tich dwa vio md hinh dao dong toan xe va chi ti€u danh gia ém diu. Tuy
nhién, dic tinh cia hé théng dém cach dao ddng cao su thiy lyc duoc xem xét trong

2 tai 12 hé théng dém bi dong.

Nam 2020, tac gia Hoang Anh T4n da thue hién dé tai nghién ctru khoa hoc cAp
oo s& voi dd tai “Diéu khidn hé théng treo déng co xe du lich”[8], trong bao cdo
tng két 48 tai cép co s& ciia minh, B diéu khién Fuzzy Logic duoc thiét ké dé diéu
khién hé sb can thay lyc caa dém céch dao dgng cao su thiy lue cia dong co. Két
qua nghién ciru chi ra ring hé thong treo ban chit dong c6 higu qua giam dao dong

t&t hon hé théng treo bi dong & cac dicu kién khai thac khac nhau cia xe.

_ Nim 2015, céc tac gid Lé Van Quynh, Hoang Anh Tén, Nguyén Khic Minh
d3 c6 cong bo trén tap chi khoa hoc cong ngh¢ voi tén nhan d& bai bao “Mat nghién
el B |




ctru anh hudng cua thong 36 thiét ké hé théng treo dén 6 ém diu chuyén dong cla

f 3

6 t6”’[9], cac thong s6 0 ctng va hé s& can cta hé théng dém cich dao ddng dong

co dugc xem xét anh hudng clia ching dén d6 ém diu cia 6 t6 dira vio mid hinli dao -

dong khong gian toan xe dudi kich thich mép md ciia mit dudng qudc 16 va khdng

" xem xét 4nh huong kich thich dao dong clia ddng co 86t trong.

- Nam 2019, tée giétHo&ﬁgrAﬂh—TE&n#éfeéngeswdid&xuéLm@Ldénl:ngiééL

huéng ctia céc gia tri hé sb can dém cach dao dong dong co dén 6 ém diu chuyén

T _ddngcua crto[lﬂ]—Ket qua nghlcn etru- da chl -ra- ranggla trl-he, s6.can tan ,_hl.euqua__..___ _

Nim 2020, tic gia Nguyén Huy Trudng va Dinh-Nam Dao 4 d& xuit mot

. _ _ .phuong phap t1 ru da muc tiéu moi “Hybrid NSGA-III” dya vao md hinh dao dong

foan xe dudi kich thich cua nratdumgfl%ﬁl(:efquafnghierrewdaﬁhﬁa cac thong

- s6 t01 uu cua hé thong dém cach dao dong dong co b1 dong ¢6 hiéu qua glam dao

dong tot hon hé dem cich dao dong nguyén ban.

Nim 2021, téc gia Hoang Anh T4n va céc téc gid khac di c6 cong bo trén tap

chi véi tén nhan d& Ba“Fao 10 “Phan tich d6 ém dju ciia cac dém cach daodong dong——
co dbt trong sit dung mé hinh dong luc hoc toan xe”[11], cac dic tinh cia cac hé
théng dém cach dao dong dong co gdm dém cao su bj dong, cao su thuy luc bi dong
va diéu khién ban chi dong duoc xem xét va khdo sat dnh hudng cua ching dén o

ém diu cia xe. Két qua dem cach dao dong ddng co ¢d didu khién ban chu dong c6

hiéu qua giam dao dong tot nhat so v&i hai loat dém con lai & cac didu kién kirai thac

khac nhau.
b. Két qué nghién ciru qué’c 1é

Dé giam dao dong va tiéng on dong co dot trong, nha nghién ciu nude ngoai

quan tim rat sém va dén bay gio da thu duge mot so két qua sau:

Mot thit ké dém dan hdi ni ddng co dén khung xe dugc trinh bay rit sémboi -

| TnnprE:r, F [13]. K&t qua nghién ctru dd dat dugc giam dao dong va tiéng dn truyén




tir dong co xudng thin xe va nguoc lai. Phuong phip bé tri ¢ém va quan hé d6 cimg
duge thé hién hinh 1.8,

it tridn, danh gia hé théng dém cach dao déng co dén

= aklde AC X s .'l AT AT IN Ra.u Vé Cén

———sy[14]- €4c phuong phép b tri-vi tri va kich thude hinh-hoc clia dém 1n lvotk duoe

xenrxet va dénh—gi—é:hiéufquéseﬁa%iémfmn%én—,eﬁafdéngeaféfcécfviﬁtricﬁafdémdo.,:,

Bé tri d8m va dao ddng céc vi tri dugc thé hién hinh 1.9.
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Hinh 1.8. Phuong phap b tri dém va quan hé dd climg[13]
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(a) B8 tri vi tri cdc dém

(b) Két qua dao ddng céc vi tri cla

dém

" Hinh 1.9. B4 tri d8m va dao dong cac vi tei[14]

Mdt nghién ctru ti wu thong s6 thiét ké dém cach dao ddng ddng co d6t trong

nhim gidm su mat cAn bing do dao ddng dong co gly ra dugce dé xuat béi Cheli, F.

va chc cong sul15]. Pém cich dao dong ddng co 2 xylanh bo tri V duge the hién o

hinh 1.10.

~Chasdidata
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£ 2044+ 11 Hm*2

X E . 1 a]

o ] Fri Rl & Mg’
FeAled T T T peme

L e ST ]

E;intwh“

PL A TR AW

Hinh liﬂiDé;n;:ac]?l dao dong dong co 2 xylanh bé tri V[15]
Mbt nghién ciru phan tich 4nh hudng tai nhiét dong co dén higu qua gidm dao

b r
A ~

ong chia cac loal

Két qué righiéh ctru d3 chi ra tai nhiét dong co co-anh hudéng 16n dén hiéu qua giam

rung on cta dém cach dao dong ddng co khi nhiét do6 dong co cao va cac dic tinh
ctia cic loai dém dong co duge phén tich anh huong dén rung on. Hai loai dém cach

dao dong ddng co dugc trinh bay hinh 1.11.

o
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(a) Bém cao su (b) Pém cao su thay lyc  (c)MJ hinh

Hinh 1.11. Hai loai dém cach dao déng dong cof16]




Mot nghién ciru phan tich dic tinh ctia dém céach dao ddng cao su thuy luc
dugc dé xuét boi Christopherson, J. va cdc cong su[17]. Phuong phap phin t hitu

han dugc 4p dung d& phan tich dic tinh cla dém. Két qua nghién ciu 14 co s& 1y

thuyét dé tién hanh t6i weu thong s6 ciia dém cach dao dong cao su thuy luc dong co

bt trong. Pém cao su thuy Iyc dugc thé hién hinh 1.12.

5 -t
- el e

(b) M5 hinh phn tich phan tit hitu han




Hinh 1.12. Dém cao su thuy hrc d& xudt Christopherson, J. va cic cong sy[17].
M6t nghién ciru phén tich dgc tinh ctia dém cach dao dong dbéng co ban chu

déng dugc d& xubt bdi Wang M va cong su[18]. Mb hinh toan va bo diéu khién dugc

4p dung dé phan tich dic tinh cia dém cach dao dong ddng co ban chi dong. So ab

ddng luc hoc ciia dém duge thé hién trén hinh 1.13.

Mot nghién céru phén tich-dém-céch dao-dong chi dong dwoc dé xuat boi

Romling, S. va cic cong sir[19]. Bic tinh ctia dém céch dao dong dong co cha dong

~——dugc phintich va-danh-gid-hi¢u qua gidm: rungﬂn—euadf;m each dao dengchudgng_—._
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Hinh 1.13. Dém cao su thity lye So d6 dong Iyc hoc cia dém([18].
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(2) So 45 b tri chung cia 6t6 Audi S8 (b) Két chu dém céch dao dong




Hinh 1.14. Dém cach dao dng chi ddng trén 6 t6 Audi S8[19]

~ Mdt nghién cuu anh hudng cia dao dong dong co dot trong den dd ém diu

chuyén dong ciia 6 t6 dugc dé xuit bdi Nouby M. Ghazaly va Ahmad O Moaaz[20]

v co dén d6 ém diu chuyén

~ dong cita xe 14 At déng ké va két qua mé phong dugc kim chimg bing thuc nghigm. .
M hinh md phéng va thye nghiém dém cich dao dong ddng co dugc thé hidn trén

hinh 1.15. - - - ,

i ' M.u,. ’ xh:p beb=xs(xw Xhl+¢3‘s{xw x},) chxb Xel Cz(xb Xe)
Mﬂxe =KXy, — X,)+C¢(Xb xc!“‘(l}

. It“,_\l;l
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Figure 1 Engine Test rig

(b) So db thi nghiém

Hinh 1.15. M6 hinh md phong va thuc nghiém{20]
Mot nghién ctru t8i wru thiét k& d8m céch dao ddng co cao su bi dong theo quan
didm d6 bén va bén méi cua dém dugc dé xudt béi Lee, J. S va cée cong su[21]. HE

so dd cung cua dem cao su theo cac phu'ong duge xem x€t va 81 wru theo thudt todn

ham da muc t1eu Mo hmh toan t01 gt thlet ké da muc tidu du'c)'c thé hlen hinh 1.16.




Mot nghién ctu t6i vu dém cach dao dong co duge dé xuat bai Ooi, L.-E. va
cac cong sy[22]. Tan s6 va hé so ton that nang lwong duge chon 13 cac ham myc tidu

48 i (ru thiét k& dém cach dao dong ddng. So 'dd b tri dém céch dao dong dong

dong co duge thé hién trén hinh 1.17.

e i T T T | e
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Hinh 1.16. M hinh toan t5i wru thiét ké da myc tiéu[21]

Excitation forea, f;

- ¥ Y
Tronumined force, f¥
i I

CO.

Hinh 1.17. So dd b tri dém cach dao dong dong dong co[22]

Trong dé (ai nay, t4c gia xdy dyng mo hintr dao dgig toanxe voi10-bic-tu-do
v6i hai ngudn kich thich két hop map mé mit dudng va céc lyc mé men kich thich
clia d6ng co dot trong dya vao md hinh dao dong toan xe[6]. Trén co so do tac gia
tién hanh t8i vu théng s6 thiét ké cta dém cach dao ddéng cao su bi déng.

1.3. Chi tiéu ddnh gia do ém diu
Hién nay c6 nhiéu chi tiéu danh gia 4nh hudng clia dao dong va dn dén con

ngudi, dudng, xe va hang hoa. Tuy nhién, nha nghién ciu chua chi ra dugce chitiéu .

danh gia nao Ia uu viét. Cdc chi tiéu ddnh gia dao dong cua phuong tién giao thong




thudng duge tién hanh phan tich va danh gia theo mién thoi gian, mién tin sb va
ning lwong. Trong d2 tai nay, chi tidu d4nh gia dao dfng cla 6 t duge st dung ti€u

chiuidn quéc ¥ (IS0 2631-T: 1997 v& Tigw chudn qudc gia TCYN 6964-1:2001 vé

rung dong va chin dong co hoc - Danh gid sy tiep xtic clia con ngudi véi rung toan

“than. So &3 céc tir thé do do dao ddng truyén 1én ngudi duge thé hién trén hinh 1.18.

- Dao dong truyén 1én co thé ngudi & t the ngdi duge thé hién hinh 1.19. Do dao

L4 b o
PN h .S AL i - R A lniaals 1.0
dongghemgdrdugethehentremr =0

Theo tiéu chudn ISO 2631-1 [23]: dua ra chi tiéu danh gid 4 ém diu chuyén

~ dong 6 t0 thong qua gia toc binh phuong trung binh theo phuong gmgf ung dida-

theo VAo céc cng trinh nghién ciru clia thé giéi. Gia toc binh phuong trung binh -
theo phuong thing dimg dugce xac dinh theo cong thirc dudi day:

1/2

. - _l T_. 3 N .
o a4, = F!az (1)dt (1-1)

0

trongdé: .

awz - Gia tbc binh phuong trung binh theo phuong thing dimg.
a, - Gia toc theo phuong thang ding theo thdi gian .

T -Thoi gian khio sat.
Didu kién chii quan d4nh gia d6 ém diu 6 t6 theo do léch gia tdc quan phuong
theo phuong thing ding 1SO 2631-1 [23] dwa vao Bang 1.1
Bang 1.1. Bang danh gia chu quan d ém diu 6 6 theo 15O 2631-1 [23]

awz gia tri (m%/s) Cip ém diu
<0.315 m.s? Thoéa mai
0.315m.s2-0.63m.s™ Mot chit khé chiu
0.5m.s?-1ms? Kha khé chiu
0.8 ms?-1.6ms> Khong thoa mai
1.25 ms?-2.5 m.s? Rit khé chiu
> 2 m.s? Cuc ky kho chiu
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o Hinh 1.20. Po dao dong ghé ngdi

Théi gian mét méi — giam higu suat lam vige: Khi ngudi dieu khién lam viée

trong mot gian dai trong mdi trudng s€ cam thiy khéng thoai mai, mét moi, thim

= chi méc mot s6 bénh —nghéngmepfdefda&déngvértiéngén%ﬁyiardﬁnfdétthtéthnéj
1am viéc kém nang sudt cong viéc giam xubng. Chinh vi vy, tiéu chuin ISO 2631
1 (1997)[23] d4 dua ra thong sb danh gia thdi gian mét méi — gidm higu suat lao
ddng cua nguoi didu khién va duge x4c dinh theo cong thirc sau:

TFDO = ( 4&1To)/ azv

Trox=(4azTo) a5
Teoy = ( 4a2To)/ alwy
Tepz= (4a1To) a2y
trong d6:  + Trpo ,Teno ,Trpo, Trpo 1a thot gian mét moi — giam hiéu suat
lao dong
+ Ay, Awx ,awy ,awz 134 gia tdc binh phuong trung binh ciia ghé

ngdi diéu khién theo téng cong cac phuwong X,Y, Z




+ Cachésba, =2.8m/s?, a;=2 m/s?va Ty = 0.167 gid theo tidu
chudn quy dinh.
Khi &&nh gia cdm giac, ISO da sir dyng dao dong thing dimg diéu hoa thc

déng 1én ngudi ngdi hay dimg trong vong 8 gid. Quan hé bién 49 gia tdc va tan s

phéan tmg véi thoi gian nguoi chiu dung 1am vige trong moi truong o dao dong duge
 the hién trén hinh 1.21.
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Gidi han 16¢ dong cita dao déng thing ding theo ISOIDIS 263!

Hinh 1.21. Gi6i han tac dong cia dao dong thing ding [23]
Két Iuan: Trong d8 tai nay, tac gia chon gia trj gia tdc binh phwong trung binh
theo cdc phuong lam ham muyc tiéu dé tim cac thong s6 thiét ké t6i wu cho dém cach

dao déng ddng co d6t trong.




1.4 Muc tiéu, pham vi, phuwong phap va ngi dung nghién ciru
1.4.1 Muc tiéu nghién ctru

- Xay dung md hinh dao dong toan xe;

- Téi wru thong s thiét ké ciia hé thdng dém cach dao ddng;

- Phén tich hiéu qua.

_treo va dém céch dao dong cua déng co.

~ 1.4.3 Phuwong phap nghién cru =

Nghién ciru Iy thuyét: Phan tich va t8i wu thong sb thiét ké ciia hé thong dém -

cich dao dong dong co.

—— 144 N$i dungnghién-edu -

Chuong 1. Téng quan vé d& tai nghién ciru;

~ Chuwong 2. X4y dung md hinh dao ddng;

Chuwong 3. M6 phong va t&i wu thiét ké.

1.5. Két luin chiwrong 1

Chu.ong 1 ching ta da phan tich duoc két chu cac loai dém cach dao dong dong
co dt trong, phan tich duge tdng quan nghién ctru dao dong ddng co 6 t6 trong va
ngoai nude va chi tiéu danh gid dé ém diu. Pua ra duge muc dich, phuong phap va

1ndi dung nghién ctru ciia d¢ tai va nd 13 co s& cho cac chuong tiép theo.




CHUONG 2
XAY DUNG MO HINH DAO DONG

 Muc tiéu chuong ndy la tién hanh xdy dung mé hinh dao dong toan xe véi hai’

nguén kich thich két hop giita déng co va mdt duong. Co 56 ly thuyét vé téi wu duoc

phén tich dé 161 uu cdc théng sé thiét ké cia dém cdch dao dong dpng co nham ning

_ cao do ém dju chuyén dong cia xe.

2.1. Cac phwong phip xay dyng va mo phong dao djng
Theo théng ké cic cong trinh khoa hoc v& Iinh vire thiét 1ap mo hinh va phén

tich dao dong duoc cong bb trén tap chi, ky yéu hdi nghi khoa hoc, ching ta thiy ¢4

3 phuong phap x4y dung dudi day: -~

* Phwrong phap 1T Can codrmo | hinh thye té chtng ta tiér hanh xdy dung m6-hinh-vt——
1y dyatrén co sd cc gia thiét, sau d6 ching ta dya vio cac phuong phép nhir phuong |

phdp nhu phuong trinh Lagrange II, Newton-Euler, nguyén 1y D’alambe két hop
" nguyén Iy hé nhidu v4t d& tién hanh thiét 14p m6 hinh toén hoc vé dao dong cac
phuong tién giao thong. Cuébi cting phan tich s6 hoic str dung cic phin mém may

' tiphtién hinh mo phong va t8i wu cdc thong s6 dao dong theo so b hinh 2.1.

Mé binh thirc & r———cme- M hinh vat Iy ez M hinh todn
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Hinh 2.1. So d6 x4y dung mé hinh va phén tich dao déng theo phwong phap 1
Phuong phép 1 ¢6 wu diém d& dang phan tich anh huéng céc yéu t6 phi tuyén
cha hé théng. Tuy nhién, nhuoc diém 13 khé dinh dang cac thong sb cla md hinh
(céc théng sb md phong hau hét cac nha san xudt bao mat) va phai lam thi nghi¢m
dé xée-dinh lai.




* Phuong phap 2: Can ¢ md hinh thyc té chung ta tién hanh xy dyng md hinh 2D
hodc 3D dua trén cac phi“m mém thiét ké nhu Autocad, Pro-E, Solidworks,... Sau do

chiing ta chiiyén sang cac phin mém phan tich thit k& nhir Ansys, Adams,.... Cubi

cing dit cac diéu kién bién tién hanh moé phong va phan tich t6i wu cac thong s6 dao
dong theo so @5 hinh 2.2.

Phuong phép 2 c6 vu diém 12 d& ding x4c dinh c4c théng s6 md hinh va thay

ddi két chu ctia md hinh. Tuy nhién nhuoc diém phén tich anh hudng céc yéu t6 phi

tuyén cia hé thdng rit phirc tap.

*Phwong phap 3: Két hop hai phuong phép trén nhim tan dung cac wu diém cua

n6. D6 12 khi xem xét cac yéu to phi tuyén ctia co hé thi cc nha khoa hoc x4y dung
cac chuong trinh con dya vao phuong trinh todn hoc miéu td dgc tinh phi tuyén sau
46 lién kbt véi cac phin mém phén tich nhu Ansys, Adams,.... Pé tién hanh mo

phong va phan tich thong sb dao dong.

Trong d tai ndy em chon phwong phép 1 dé tién hanh xay dyng mé hinh dao
dong, md phong va tdi wu thong s6 thiét ké dém cach dao ddng dong co dbt trong

nhim nng cao d¢ ém diu chuyén dong cua 4 to.




2.2. Xiy dung mé hinh dao dgng toan xe

2.2.1. Céc giﬁ thiét va kKhai niém mé hinh dao djng -

a) Gidat thiét
Dé xay dyng md hinh dao dgng firong duong cia 0 to, chiing ta duara cac gia
 thiét dwdi day: - S

c4c ciu khong tay ddi trong qua trinh xe chuyén d(f)rig;

- Trong t4m clia xe ndm trén mit phing d6i xvng doc xe;

- Coi khoi luong duge treo cua xe 1a mot vat rﬁn tuyét doi, bd qua cac bién

dang uon XO4M Clia Knung X€;

tuyen tmh

- Du'ong tAm truc cda cac ciu xe chuyen dong trong cac mat phang vudng goc

. vo1 mat phﬁng dbi xtmg doc xe;

- B qua mé men qudn tinh cta cac cau xe doi voi tryc quay ciia banh xe.

- BO qua sy mét can bing va md men higu ting con quay cua cac khoi lugng
chuyén dong quay cia xe.

- Bé qua dao ddng ngang cua xe.

Sy fiép xiic ctia banh xe voi dudng 14 tiep xacdiém:
- Bo qua su trugt cla banh xe véi mat dudng.
b) Khdi ni¢m twong dwong

Dé xay dyng md hinh dao ddng twong dwong ctia 6 t, cac khai niém tuong

duong duge dé xuat dudi day:




Khéi luong dugce treo my: Khdi lugng duge treo my gbm nhiing cym chi tiét

ma trong lugng ciia ching tac dung 1én hé thong treo. N6 duge coi mot tAm phang

“tuyét 46i cimg va ¢6 khéi lvengms,.

H@MMMM};@D_& ducrc treo m gdm nhung

ch»mg 1én lep banh-xe.-Dé la: ban tryc, damxaumtphauh tiét clia hé thong treo,

~truyén dong 14i, nhip, gidm chén, mot phan cla tryc cac dang. N6 ciing duge coi mot

o "—-—vatfuyet abi- clmg Vi co khel luangmb

KhOl lmmg du'(rc treo dgng cO' va cum he thong truyen lu'c . Khoi 1u0'ng

duoc treo me gdm nhimg cym ma trong luong cua ching khong tac dung truc tiép

~ he théng dém céch dao ddng dong co bt trong. N6 dugc coi mét tim phang fuyEt
—— —dbi clmg vi c6 khdi Tegng me.—

_H@ théng treo: H¢ théng treo 6 t c6 nhiém vu ndi din hdi phin duoc treo M

va phin khéi lugng khong dugc treo m mét cach dan hdi. Hé théng treo cling véi

16p lam gidm nhimng chin dong giy nén do su mip mod mit dudng khi xe chuyén

~ dong. HE ﬂ?&ngtreo g&)m nhifng bo phan sau: -

- B6 phan dan hdi: Lo xo, nhip, thanh xoén, binh khi ... Né dugc déc trung

béi mét 10 xo va nd cd do cung k.

- B4 phan giam chin: ¢6 nhiém vu dip tit cic chén dong. N6 dugc dic trung

- B6 phan dan hudéng: gém c6 cac thanh don va co nhiém vy truyén luc va md

men theo céc phuong.

Hé théng dém cich djng co: Hé thong dém céach dao dong co c6 nhiém vy
nbi dan héi ph?m dugc treo ddng co me va phi“m Kkhdi luon g dugc treo clia xe m, mdt
cach dan hdi. Pém cach 1a bd phan dan hi dic trung hai thanh phin dan hoi va mot

thanh phan giam chan ddc trung bdi hai thong so do cimg ke va va he sb can Ce.

Y S
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M5 hinh dao dong hinh 2.3 gdm 7 vat:
+ Vat 1: Cum dong co va hé théng truyén luec.

+ V4t 2: Than xe.

X

F Vit 3; Cau trudc trai.

+ V4t 4; Cu truéce phai. -

FVat 5  CAu Sau AL

- ..__..........__._...—I—_._Vaté.;CE’iu_saLLphéi.__-._... S

Vit 1: Cum déng co va hé théng truyén luc coi nhw mot thm phing tuyét d6i

cing co khdi luong me va né duge dit tai trong thm vo1 cac mo men quan tinh (L,

— - —Ip). Vit me duge dic trumg ba chuyén dong:

+ Chuyén dong tinhtién theo phuong ding Z.: Tuong ung toa do suy rong z.

+ Chuyén d6ng quay quanh tryc Y.: Tuong tmg toa d6 suy rong Q.

Vit 2: Thin xe coi nhu mét tAm ph?mg c6 khbi hwgng my, va n6 duge dit tai

trong tim cla vt v6i cdc momen quan tinh (I, Iy). Vat my c6 ba chuyén d6ng:
+ Chuyén ddng tinh tién theo phuong Z: Tuong tmg véi toa d suy rong z.

-+Chuyén-dong-quay-quanh-true- Y- Tueng tmg-toa-§0-suy-rong @y

+ Chuyén déng quay quanh tryc X: Tuong ng toa d9 suy rong O.

Vit 3,4,5,6: Cac khéi luong khong duge treo trude bén trdi, phai va sau bén
trai, phai.

+ Khbi luong khong duge treo trede coi nhur la hai vat c6 khbi lwong bén trai,
phai 12 m,,m, va no dugc dac trung cac chuyén dong tinh tién theo phuong ding:

Tuong tmg toa d6 suy rong 211 Va Zir.




+ Khéi lwong khéng dugce treo sau coi nhu 1a hai vét c6 khéi lugng bén tréi,

phai 13 my,m, va n6 dugc dic trung cac chuyén dong tinh tién theo phwong dimg:

Tuong ung toa do suy rong ZaVA Zor.

h 4

VatT:

Mat duong map mo mat duoc dac tru'ng bdi cac ham toan hoc.

a)Thiet lap phuong trinh vi phan mieu ta dao d’g’mg cho wwmngm—

Hinh 2.4. So d lyuc tac dung 1én khéi hugng khong dirge treo trudce trai.,

Duya vao nguyén 1y D’Alambe, phuong trinh cén bang lrc cho khéi luong

khong dugc treo trude trai

mz =F, —F, - @-2)
trong do:
+ Luyec tac dung theo phuong dimg cua hé théng treo: Fy
H, =k1,(zb”—zu)+c” (z'b” —z'l,) (2-3)

+ L tac dung theo phuong dimg ctia 10p xe:

""" ' Ey =k (z, - qu)"'crli(zli Gu) (2-4)




Phuong trinh vi phdn mo ta chuyén dong ctia vat my; (2.2) trg thanh phuong
trinh (2 5)

m7 =k (z —Zy \\+c (Z —z"h,)—kth.(z”—q1€)+ctl,(z'1,—_.c_}l,) (2’5)

| ¥ Wt ] ¥4 bt

Cac phuong trinh vi phidn mé ta chuyén dong cla Vat e, MV va 4 Mor duqc

th1et lap tuong tu'

|

4) @D —

’n-z-Zr k?_r (ZbZr ZZr ) + ch (Zb21 ZZr ) t2r (ZZr - q2r ) + CrZr (22r - 421' ) (2-8)

trong d6:-Ti-m6-hinh dao- dé&ghhm%ﬁhﬁngmé&dmhméiquamh@h.inhh@c— !

gitta cac chuyén vi theo phuong thing aung (OZ): Zoil, Zoir, Zozi; Zoze VOI dich chuyen

theo phwong (OZ) tai vi tri trong tim cua thdn xe nhu sau:

B ' 2-9) -
Zyy =2 — AP, — 2: 6,
(2-10)
o Zpir = Zp — AP, +§9b
" 2 - (2-11)
B
Zyy =2, T, — ?Sgb (2-12)
B (2-13)
Zysy = 2, T D, + 'Zigb '

b) Thiét Igp phuong trink vi phin miéu td dao dpng cho khoi hugng dwgc treo
So db luc va mé men tac dung 1én than xe dugc thé hién hinh 2.5.

Phwong trinh cin bang lyc tac dung 1én than xe theo phuong Z
mi=(F +F,+Fy+F)—(F, +F,+F,+F,) (2-14)

trong do:

+ Luc tac dung theo phurong dimg 1én dong co tai dém b 1: Fy




F, =k, (Zel _Zl)+cel (jel _21) (2-15)

Bt
[
|
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Hinh 2.5. So db luc va md men tac dung lén than xe

+ Larc tac dung theo phurong dtmg 1én déng co tai dém s6 2: Foy
F;2 =ke2 (Zez _Zz)+ce2 (2‘:2 —22) (2-16)

+ Lyc tac dung theo phuong dimg 1én dong co tai Gém 6 3: Fe3

Fy =k, (Ze3 "23)+ce3 (ZeB _23) B 1D
+ Lue tac dung theo phwong dimg 1én déng co tai dém $6 4: Fey
Fy =k (Ze4 —24)+Ce4 (‘éc’4 _2.4) (2-18)

trong d6: Tér mo hinh dao djng hinh 2.3, chung ta xéc dinh mdi quan hé hinh hoc
giffa céc chuyén vi theo phuong thing dimg tai cac chuyén vi ze1, Zea, Ze3, Zed, VA Z1,

73, 73, Z4. Céc chuyén vi duoc xac dinh theo cac cong thie duoi day:




Zel = Ze —xeque +ye29e (2..19)

L FaTE el Va0 (2-20)
Zpy=Ze + Xy P Verbe (22
Ze =Z X~ Vesle (2-22) |
=Xy YO 2-23)
ZZ = Zb +x2¢b _y29b V ; (2‘24) -
S z;:zl;_ﬁ_xgqog :3_7_3'35’ - _ . *(2-*2') I
Zy =2y — X4 — Y40, (2-26)

Phuong trinh ¢an bing md men fac dung 1én than xe theo toa ¢ suy Téng g5

1,3, =(F, +F)a~(F, +F)b—(Fyx +Fox, + Fyxy + Fuxy) - (227)

Phwong trinh cén bing md men tac dung 1én thin xe theo toa &0 suy rong 8y

. B B, B B, 2-28
s =REer, B f B b, Bt Far) B Py O

¢)Thibt lap phurong trinh vi phan miéu td dao djng cho khoi hrgng m.
So dd luc va md men tic dung 1én cym dong co va hé théng truyén hyc duoce
thé hién hinh 2.6.
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Hinh 2.6. So db Iyc va md men tac dung 1én cum ddng co va hé théng truyén luc

Phu’dhg”trinh can béng lyc theo phuong dimg tac dung 1én vat m. theo

phuong.Z.




mz,=F, — (F;I +F,+F,+ Ez4) (2-29)

. Phuong trinh. cin bing m6 men tic dyng 1én than xe theo toa dd suy rong Q.

I -‘}5" M+ F x +F x —-F x —-F.x. (2-30)

ey Fe ¥ el™vel ~ T edT el el el g3t el

o Ie"ée = Mx_JI- Ez3‘yee +F’;4°ye4'_ _Fl"yzl _Efg-yez— . o (2-3 1)

e

va no s& duge phén tich phan dudi day.
Két hop cac phwong trinh (2.5), (2.6), (2.7), (2.8), (2.14), (2.27), (2.28),
(2.29), (2.30) va (2.31), chiing ta thu dugc hé phuong trinh vi phan m6 ta dao dong

ciia o he. N6 14 co 5o dé cho vide mé phong va t8i wu thong 6 thiét ke ctia dém—— -
cach dao dong dong co & phin sau.
2.2.4. Ngudn kich thich dao d9ng tic dung 1én co hé

Khi 6 t6 hoat dong dudi diéu kién khac nhau, cac nguf‘)n kich thich dao dong

gdm mip md mit dudng, ¢ dﬁrg*cvﬁﬁttrongjucgm,iﬁong&éftarnayﬁac—gmh% -
phén tich va st dung 2 ngudn kich thich 12 kich thich dong co dbt trong va kich thich
mip md mit dudng.

a) Ngudn kich thich tir djng co' dot trong

Khi dong co ddt trong hoat dong cd rat nhiéu luc va mb men sinh ra cac nguon

kich dao ddng truyén dén than xe. Cc lyc sinh ra trong qua trinh hoat dong cia dong
co: (1) Trong luong ciia dong co; Luc khi thé Fi; Lurc quén tinh: Lyc quén tinh ctia cac
khéi luong chuyén ddng tinh tién va lyc quan tinh cta céc khdi lugng chuyén dong
quay; Luec ly tim; va md men xodn déng co.

Trong gidi han cia dé tai nay, cac luc va md men kich thich: Lyc tic dung theo
phwong thing dimg (F,), cic md men lam xoay ddng co theo phuong doc (My), va
ngang (M,). Né duoc xdc dinh theo tai licu tham khao [25]), ddi véi dong co 4 xy lanh

thing hang theo cdng thirc sau:




F, = 4m,.r. .o} .cos(2m,f)

M, =MJ[+13sinQep)] -

M, =4.m_r.A.o;L.cosQayt)

Wtrong do:

‘I‘ A
132 [}
P X

— S
nhtrmoeen ea)
kg Sl BB <

M. 12 md men xoin dong co (N.m) va dugc xac dinh b?.mg cong thire thye

- nghiém

M, =-6.8.10"°n" +0.059.n+112.5

11 14 50 vong quay truc Khuyu (vong/phit)

~ rla ban kinh quay tryc khuyu (m)

A 12 thong sb két cdu
L 13 khoang cach tir trong tim ddng co dén dudng tAm cua xi lanh thir 2 va 3

o 12 tbe 36 goc (rad/s)

Y . -
t1a-thoi gian(s)

b) Nguon kich thich mit duwong
Trong d& tai ndy, tac gia gi6i thiéu kich thich ngdu nhién mét dudng theo tiéu
chudn ISO 8068[24] va cach xdy dung ham ngdu nhién. Cac nha thiét ké duong thiét
ké dudng trén thé gidi da dwa ra tidu chudn ISO 8068 danh gia va phan loai cic mdt
_ dudmg qube 15 (bang 2-1) thiét k&, Nhiéu nhi nghién cir trén thé giéi da sir dung

tiéu chudn nay dé xay dyng ham kich thich dao dong ngu nhién khi khao sat dao
ddng cua cac phuong tién giao théng va né duge nhiéu qudc gia tham khio xay dyng
tiéu chuén riéng cho minh nhu Trung Québc dira vao co sé tiéu chuin d3 dwa ra tiéu
chudn GB7031(1986) v& cach phan loai mit dudng va 13 ngudn kich thich dau vao
cho bai toan phén tich dao déng 6 6. D& tai nay, dya vao cach phén loai ndy dé xay
dimg cAc ham kich thich mat dudng ngiu nhién,

36




Qua céc cong trinh khao sat mAp md mit dudng dwoc xem 12 phan bd Gauss.
Theo tiéu chudn ISO mip mé ciia mit dudng c6 mat @6 phd Sq(no) va duoc dinh

" ‘nghfa bang cong thirc thyc nghiém: ™

—ay

{0\ o
Sb)=sg,) (:33)

L O RR |

" trong d6: n 13 tAn 56 song cta mat dudng (chu ky/m), i 13 tAn s6 mAu (chu lpym),

S,(n) 1a mjt 46 phd chidu cao ciia mip md mit dudng (m’/chu k), Sy(no) 12 mét 4o

A 3 3

[ A, W) b} A A 5 A 1A 2 e —
an so dagc mieu {a tan SO mat dQ pho cua mat

duéng (thuéﬁg w=2 ).” 7

MAp md mit dudng duge gia dinh 13 qua trinh ngiu nhién Gauss va n6 duge

——taorathong qua-biénngau nhién Fourier nguac:

a(1)= i\j_—szs =

4f .cos(27f 1+ 4) (2-36)

2i-1

trong 6 foa, =fit+ —7—Af véii=12,3...n, ¢, 1a pha ngiu nhién phan bd 0+27.

Cin ot s6 lidu bang 2.1 céc loai dudng duge phan Cép theo tiéu chuin ISO
vai v=20(ms"); f,=05(Hz); f,=30(Hz); n,=0J(m"), tac gia da tién hanh 14p
chuong trinh todn bang phdn mém Matlab 2014 d& mé phong céc mip mé ngiu

nhién coa mat dudng. Mot so két qua mip md mit dudmg dang db thi

Cip A B C D E F G
Tinh trang mit | Rat , | Binh ) Rét . Qua
] Tot Xau , To1 .

dudng tot thudng xau to1
S,mg | 16 | 64 1 256 | 1024 | 4096 | 16384 | 65535




| Chieu cao mat mo (m)

1
LA

10 12 2l

" Thoi gian(s)

sl

au

Hinh 2.7. Chiéu cao mip mo mit dudng theo tiéu chudn ISO A (mit dudng ¢ -

chét luong rat t6t)

—Map mo mat duong ISO cap Eﬂ
— I
=
— = 0.005 ' | |
=
g
j="
E 0 t
B
8
2 -0.005
K-
5 |
-(0.01
) ] L1 10 15 20 25 30
Thoi gian t(s)

Hinh 2.8. Chidu cao mip mé miit duwdng theo tiéu chuin ISO B (mit dudng cb

chét luong trung binh)

0.02

0.0}

Wb’"!

|

'0.01 1 ] 1

Chieu cao map mo (m)
o]

|

-0.02

10 15
Thoi gian (s)
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2.3. Co s vé 1y thuyét tdi wu thong sb thiét ké

Trong toan hgc, t6i uu hda c6 diéu kién cling 1a qua trinh t6i vu héa mt ham

‘muc fiéu d6i vé1 mot so bien vai s hién diér cta cac rang budc 1én cac bien do.

Ham muc tiéu ¢6 thé 1a ham chi phi hodc ham nang lugng, véi muc tiéu can dugc

giam thiéu tbi da, hoic ham phan thudng hogc ham tlen 1ch nhu‘ng ham co muyc tleu

phéi duge t01 da hoa Cac rang buoc co the la mot "rang buoc cu'ng" la nhu'ng dleu

'\
F-liid s At
—Aavieivivap iy L vy ey

nhung rang buoc c6 mot sb gia tri b1en khong du'orc chap nhan trong ham muyc tleu !

~ va dwra trén mrc do nao do, cac didu kién trén cac bién khéng dugc thoa man, -

a) Toi wu mot ham muc tiéu
Téi 1ru ham myc tiéu 12 phuong phép t8i wru 1 hay nhiéu bién thiét ké sao cho

- ———mdt-ham mye-tiéu-dat dirge nhd- nhit hojc 1on nhit va dudi day 13 md hinh todn:

Ham muc tiéu:

F = f(x,,%,,X;,....X; ) —> mMin or max (2-37)

biéu khién rang budc:

) g (o0 7 (g ()20 .
stax? <x<x” stdxP <x<xl g 12,.n (2-38)
X =400, Xy} X=Xy e Xy )

trong d6: x“, x4’ 12 gidi han dudi va trén cia dicu ki¢n dang bude, x={x;,xs,...x; } 12

céc bitn tbi T ——

Ap dung mé hinh toén t6i wu mot ham myc tiéu dé tdi wu cac thong sd thiét
ké cia hé théng treo nhim nang cao d6 ém dju chuyén dong 6 t6 (Ride comfort)
hodc ning cao khd ndng than thién mit dudng giao thong ('Road-Friendly

Suspension). Dudi ddy gidi thiéu thuit toan di truyén.
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Giai thuét di truyén (GA-Genetic Algorithm) 13 k¥ thuft phéng theo qua
trinh thich nghi tién héa cia céc quan thé sinh hoc dua trén hoc thuyét :

" "Darwin, GA 13 phuong phép tim kiém i wu ngia nhién bang cich nid phong

theo sy tién héa ciia con ngudi hay cta sinh vat. Tu tudng cia thuat todn di

truyén 14 md phéng céc hién tugng ty nhién, 12 ké thira va dau tranh sinh tn.

e <r:—f—Céchiéfthuyét:trreng@&th&éngdug&méftépbéngzeé&ehu&hif,—viéf' hiéu

cac chudi bit ndy tiy thudc vao tmg dung, ¥ twdng chc gia thuyét cling c6 the

——duge-mb-ta-bing che-bibu thire ki-hiéu-hodc ngay-cd-ede-chwong trinh-may-tinh. - -— -}

GA thudc 16p cac giai thudt xuAt sic nhung lai rit khéc c4c giai thuaf ngiu

nhién vi chiing két hop céc phin tir tim kiém tryc tiép va ngiu nhién. Khéc biét

quan trong giifa tim kiém ctia GA va céc phuong phap tim kiém khac 1a GA duy

-~ — ——tri vaxir Iy mdt tip cac 101 gii, goi 1a mot quan the (population). Trong GA; viée
tim kiém gia thuyét thich hop dugc bat dau véi mdt quan the, hay mét tip hop
¢é chon loc ban dau cua cic gia thuyét. Cic ca thé cla quan thé hién tai khéi

ngudn cho quén thé thé hé ké tiép bang cac hoat dong lai ghép va 4ot bién ngiu

~

r ~
L , A A r r 1 = -

thuyét trong qu??m thé hién tai dugc udc lugng lién hé véi dai luong thich nghi,
véi cac gia thuyét phu hop nhét duge chon theo x4c suat 13 cic hat giéng cho
viéc san sinh thé hé ké tiép, goi 12 ca thé (individual). C4 thé ndo phat trién hon,
thich mg hon véi mdi truong sé tdn tai va nguoc lai s& bi ddo thai. GA co6 thé

do-tim-thé hé méi-cd-do-thich-nghi tét hon. GA gidi quyét cac bai todn quy hoach |
todn hoc théng qua cic qud trinh co béan: lai tgo (crossover), dot
bién (mutation) va chon loc (selection) cho cic c thé trong quin thé. Ding GA
doi hoi phai xac dinh duge: khéi tao quan thé ban dau, ham danh gia céc 101 gidi
theo mirc d§ thich nghi — ham muyc tiéu, cdc todn tr di truyén tao ham sinh san.

So @b thuat toan di truyén (GA) duge thé hién trén hinh 2.10.




Hinh 2.10. thé hién so dd thudt toan di truyén va trong d6, céc thanh phan

cua thu.‘;it toan GA nhu sau:

- Khm tao chon ngiu nhlen mot sb lu'ong cé the (mm ¢4 thé chi cb 1 gen

L4

- At v ¥ i cho 1 ca thé duy nhift), tdp h
—r—weéeéeed%héggﬁldquén—thé; e

. M3 héa: mbi gen 1a I chudi nhj phan cb so luong bite phu hop démitda

* bai toan. Bién thiét k& duo‘é chon nglu nhién va ma héa trong chudi nhi phan.

-Chonlgc: chon quan the ma&i thoa man phﬁn b6 X4c suat clu:a trén dg thich

nghi, cac ca thé ¢6 d5 thich nghi 16n s& c¢6 nhiéu ban sao trong thé hé mai.

ﬂmﬁﬁrﬂa&ﬂr&a&e&%&m&&e&eﬁm&e&m@&a—m&baﬁg— |

cach ghép mat (hay nhiéu) doan gen cua hai (hay nhiéu) cac thé cha — me¢ voi
nhau.

-Pot bién: ¢4 thé con mang mot $b tinh trang khdng c6 trong ma di truyén

ciia cha me. M&i gen trong tit ca ca thé co co héi d6t bién nhw nhau. Phép toan

- Gidi mi: phép toan nay nguoc lai véi phép toan Ma hoa.

GA 14p luén mang tinh chit ngiu nhién dé tim giai phap tdi wu cho nhimg
vén d& phic tap, thay vi x4c dinh nhu toan hoc giai tich. Chinh ham s thich nghi

1 giip GA tim giai phap ti wu trong rit nhiéu gidi phap c6 thé c6. GA khong

d& ¢ dén chi tiét vAn d&, trai lai chi cht ¥ dén giai phap cho vén dé, hay tim diéu
kién t8i wu cho viée didu hanh va phan nhém nhitng giai phap co duge. GA dugc
str dung dédc biét cho nhiing bai toédn yéu cAu tim kiém téi wu toan cuc véi khéng
gian tim kiém 16n va khong thé kiém soat nhd kha ning duyét qua khong gian

tim kiém dai dién ma khong thuc sy di qua tiing diém cia toan bd khéng gian.
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Hinh 2.10. So @b thudt toén di truyén (GA)

b) Téi wu da muc tién
Trong thuc té, chung ta luén phai d6i diu véi cac bai toan tdi wu nhiéu ham
muc tiéu, cic phuong phép t&i uu nhiéu him myc tiéu nhu phuong phap rang budc,

phuong phap tbng trong s6; thuat toan di truyén t&i uu da muc tiéu;...




Trén co s& nay nguoi ta ¢d gang ap dung thudt toan di truyén dé giai quyét céc bai
toan loai ndy. Thuét todn di truyén da myc tiéu xuat hién trén co s& nay. Cho dén
i i Sy St Ty e e ey i« il Sl v A L s Wi STyl S i3 St Sty - syt
nay c6 rat nhiéu thuit todn di truyén dé gidi bai toan toi wu da muc tiéu dua trén co

s& thuit toan di truyén chfmg han: thuit todin MOGA, NSGA, NSGA II, SPEA,

SPEA2, MOEA...Ung véi m3i thuit toan déu ¢ nhimg thuét loi va khé khan nhét
dinh. Tir vigc phan tich ndy i d3 lya chon trinh bay 3 thuét

phuong phép tdng trong sb dé tim cac thong s6 thiét ké ctia hé thong dém cach dao
S tome i TN t5-emrdju-chuyén dong cho-6-16- |

—— 24.KétTudn chwong 2 -

N Két qud chuong nay da xay dyng duwoe mé hinh dao ddng toan xe vdi hai ngudn
kich thich dao dong tir déng co va mit dudng. Cac thong sb thiét ké t6i wu cia hé

dém cach dao dong dwa vao gidi thuat tdi tu két hop thuét toan di truyén véi phuong

phap téng trong sb s& tiép tuc trinh bay phdnsaw.

S C R




TT Théng s& Ky hiéu | Gidtrj | Donvi

13 | B0 cling cia HTT sau phéi ko 178000 N/m
14 | Db clmg ctia 16p xe trude trai ket | 200000 | N/m

15 | Do cig clia 16p xe trude phai Ketr 200000 N/m

16 Bé‘ygc Abpxemuﬂmﬁ, . ket [ 200000 | Nm |
17 | P6.cimg cha 16p xe sau phai _Kkoe 1200000 | N/m |
18 | Hé s6 can giam chén truGe trai ci -3530. | N.s/m .
19— {Hé s6- anguunchm}wugephal g} -35300 L NLs/m

2{} 7 I—iééé c" gidm chéan sau tréi Cat 3530 N.s/m.

51 | Hé 56 can gidm chin sau phai I~ 3530 | Ns/m |

22 |[Hé O cancua 10p Xe trudc tral Tl 0 N-s/m

23 | HE s6 can ciia 16p xe trirée phai Ctlr 0 N.s/m

24 | Hé sb can cua 18p xe sau trai Cal 0 N.s/m

25 | Hé sd can ctia 16p xe sau phai Cox 0 N.s/m

26 | M6 men quén tinh véi truc X Ix 800 kg.m?
27 | M6 men quén tinh v&i true Y Iy 2100 | kgm’

- M6 men quan tinh cta ddng co voi truc L 307 kg1’

Xe
- M6 men quan tlnhcua doéng co véi truc L 3725 kgm0’
Y.

30—| Van-toc khikhao-sat _ v 20 /s

31 | Toa d6 lyc F1 theo phuong X X1 0.85 m

32 | Toa dd luc F1 theo phuong Y Vi -0.74 m

33 | Toa dd luc F2 theo phuong X X2 -0.65 m

34 | Toa dd luc F2 theo phuong Y V2 -0.5 m

135 | Toa db lyc F3 theo phuong X X3 0.7 m
36 |Toa do lyc F3 theo phuong Y V3 0.68 m
37 |Toa d6 luc F4 theo phuong X X4 0.6 m




TT Théng sb Kyhiéu | Gidtri | Donvi
38 | Toa d6 lyc F4 theo phuong Y V4 0.62 m
39 | Khéi luong dong co' me | 220 | kg
40 D6 cimgy phéan tir treo dong co ke 4156 N/m
41 1 Pb e cimg phan trtreodongeo [ ke | 4156 | Nm |
42 | D@,eﬁngphan,,hr,frﬂn dongeco | ke | 4156 | N/m
43 | Db cimg phan tir treo dong-co - ks | 4156 | N/m
44| HEs é edn-cla phan—tu—tree d@ngco S I 260 | N.s/m
45—HE sO-ean clia pl‘én'b&' treo dOng co Cea 260 N.s/m
46 | Hé sb can ctia phan tir treo dong co Ce3 260 N.s/m
77 | Hé S0 can ciia phan tr treo ¢jng co Ces 260 Nes/m
48 | Toa d9 theo phuong X, clia luc Fy Xel 0.45 m
49 | Toa d6 theo phuong Y. cua lyc F, Vel -0.28 m
50 | Toa dd theo phuong X, cua lyc Fa Xe2 -0.45 m
51 | Toa dd theo phuong Y.cua luc F» Ye2 -0.28 m
52 | Toa d6 theo phuong X, cua luc F3 Xe3 0 m
53 | Toa d6 theo phuong Y.cua lyc Fs Ve3 0.52 m
54 | Toa dd theo phuong X, cia luc Fy Xed -0.3 m
55 | Toa dd theo phuong Y.cua lyc Fy Ved 0.5 m
56 | S8 vong quay 16n nhat ne 5700 v/ph
57 —[-Séxilanh i 4 Chiéc
58 | Séky T 4 Ky
59 | Hanh trinh piston S 92.8 mm
60 | Puong kinh xi lanh D 82.5 mm
61 |Tysdnén g 10.3
62 | Chiéu dai thanh truyén L 144 mm
63 | Khéi lugng piston thanh truyén e 0.82 kg




TT Théng s6 Ky hiéu | Gidtri | Ponvi
64 | Ban kinh quay truc khuyu r 0.06 m
_' o | 195/330 | Nm/vg/p l
65 Mo men cuc dat & s6 vong quay Memax/Nemax 0 .
|66 |Thongsbékétcdw | A .} 033 | ]
"fi’T’i Khéi mé phnng tnng té 0000000000000
- |

"M hinh tong thé mé phong sir dung Matlab/Simulink d& g1a1 phu-(mg tinhvi
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Hinh 3.2. So d5 mé phéng téng thé Matlab/simulink déng co @bt trong

3.2. M6 phéng cic vGi ché d6 1am viéc khdc nhau

M& phong tién iém hanh & cac didu kién hoat d6ng khae nhau clia- deng covaxe — —
stt dung hé thdng dém céch dao dong co bi dong cia xe nguyén ban dugc trinh bay
dusiddy.

a. Trwomg hep 1: Khi 6 t chuyén dong trén mit dudng 1SO logi B véi van tdc 6 10

Céc gia tbc theo mién thoi gian tai vi tri trong tim than xe v6i dém cach dao

dong nguyén ban khi 6 t6 chuyén dong trén mit dudng ISO B véi vén tdc 6 to
v=20m/s va tc 36 cita dong co ne=1600(v/p) duoc thé hién trén hinh 3.3, Tir ket qua
hinh 3.3 chiing ta co thé 14n luot xac dinh cac gia trj gia tdc binh phuong trung binh

tai vi trd trong—tﬁm—cﬁa—xe--theo—phueng—théng—-dﬁmg— (aw);—gé&1—5@-dgc_(awphi.)_vé...géc_.._
lic ngang (awuat) 12 dua vao cong thire (1.1) theo tiéu chuén ISO 2631-1 va n6 lan

Twot 13 0.2724 m/s?, 0.4529 rad/s* va 0.4391 rad/s%. D6i chiéu bang 1.1 cua tiéu
chuén ISO 2631-1vé danh gia cha quan thi ngudi 14i ¢6 cam gide thda mai.

b. Trwdmg hop 2: Khi 6 16 chuyén ddng trén mit duong ISO loai C véi van tde b to
v=20m/s va téc d cta dong co n=2200(v/p)
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c. Gia tbc goc lic ngang tai vi tri trong tAm thén xe

Hinh 3.3. Cac gia tdc theo mién thoi gian trong trudng hop 2.

Cac gia tbc theo mién thoi gian tai vi tri trong tAm than xe v6i dém céch dao

dong nguyén ban khi 6 6 chuyén déng trén mit dudng ISO C véi vén tde 6 6
v=20m/s va tdc &9 ciia dong co n=2200(v/p) dugc thé hién trén hinh 3.4, Tir két qua

hinh 3.4 ching ta c¢6 thé lan lugt xac dinh céc gia trj gia tdc binh phwong trung binh

tai vi tri trong tdm clia xe theo phuong thang dimg(aw,), goc lic doc (awpm;) va gbc




1ic ngang (awae) 12 dya vao cong thirc (1.1) theo tiéu chuén 1SO 2631-1 va nb lan

lrot 13 0.4902m/s?, 0.8144 rad/s’ va 0.7878 rad/s”. DPéi chiéu bang 1.1 cla tiéu  _

* chuén ISO 2631-1vé danh gia cha quan thi ngudi l4i c6 cam gidc khong thoa mai.
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(b). Gia tbc goc lic doc tai vi tri trong thm thin xe
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c. Gia tdc gbe lac ngang tai vi tri trong tdm thén xe

~ Hinh 3.4. Céc gia toc theo tién thoi gian trong trudng hop 2




3.3. Danh gia 4nh hudng cia ditu kién khai thac dén d§ &m diu chuyén dong

a) Anh hudng ciia ngudn kich thich dao dfng cia ddng co

D& phan tich anh hudng cita ngudn kich thich dao ddng cita dong co, nim gid

i the d6 dong co n=[1200, 1600, 2200, 2600, 3200] véng/phiit dwgc chon dé khao

s&t anh hudng khi xe chuyén dong trén mit dwdng ISO cdp B véi van the v=20m/s.

_ Quanhé giita cAc gi4 tri gia tc binh phuong trung binh theo cdc phuong va cic tbe

36 dong co duge thé hién bang 3.2 va hinh 3.5.

o Béng 3.2. CAC gia tri g, Awphi VA Aweta & cdc toc 0 d0ng co khdc nhau

Giatd 11200v/p | 1600v/p | 2200v/p | 2600v/p | 3200v/p
au (M/s?) | 02724 0.2718 0.2724 0.2721 0.2726
agpni (rad/s?) | 0.4524 0.4522 0.4529 0.4524 0.4539
o wiera (rad/s?) | 0.4383 0.4382 0.4391 0.4386 0.4387 -

2
a__ /(m/s™)

2 2
awphi {(rad/s™) A a Hrad/s™)

Hinh 3.5. C4C i tri awgz, Awphi VA Bwteta O cc toc dd ddng co khac nhau

Tir két qua bang 3.2 va hinh 3.5 chiing ta thiy rang cAc gid tri Awz, Awphi VA Bwicta
thay d&i rht nho khi céc gia tri te do clia ddng co ting 1én. Diéu d6 thé hién tan sb

kich thich dao dong 16n anh hudng khong 1on dén d6 ém dju, tuy nhién né anh hudng

nhiéu dén tiéng 6n ca 6 td.




b) Anh hudng cia ngudn kich thich dao djng mép md mit dudng
Pé phan tich anh hudng cha mat dudng dén do &m diu cia hanh khach, 5 loai

Tt dusng i ISOcAp A (loai dudng co mit dudmg rét t5t); ISO cip B-(loaidudng -

c6 mit dudng tdt), ISO cp C (loai dudng c6 mit dudng trung binh), IS0 cap D (loai

dudng c6 mit dudng x4u), dén ISO cap E (loai dudng cb mat dudng rat xau) duge

chon dé phan tich danh g1a voi g1a tri van tbc v=20m/s va toc d6 dong €O N~ 1600V/p T

gia téc binh phwong trung binh theo cic phwong va cac didu kién duong khac nhau =

f’hm’c the hién biang 3.3 va hinh 3. 6. 7 e ———

Bang 3.3. CAc gid tri awg, awphi VA dwieta O CAC dleu klen mat khac nhau

Gidti  |ISOcipA | ISOcipB | ISOcBpC [1SOchpD | ISOcap E

Tz (/%) 61313 02724 0.4904 0.8625 1.5666

awpni (rad/s?) 0.2172 0.4529 0.8139 1.4309 2.5871

awew (rad/s?) | 0.2100 0.4391 0.7881 1.3842 2.5106

2 2 2
a_ Hm/s™) awphi /(rad/s”™) At /(rad/s")

Hinh 3.6. C4c gid tri awz, wphi VA Bwiern & cAC t0C 4O dong co khac nhau
T két qua thé hién & hinh 3.6 chi ra rang médt dudng bién xau, céc gia tri aw,
Auphi VA Awieta tang dicu do dan dén 46 €m diu cia xe bién xau. Pic biét 1a khi xe

chuyén dong trén mat duong xAu thi 4o ém diu biét x4u rét nhanh. Trong nhiéu nghién




ctu da chi ra ring dudng ISO cip D nha quan 1y dudng dd phai can thi¢p mit dudng
va gii han van tdc chuyén dong, Khi diéu kién mit dudng ISO cdp E nha quan 1y

~ dudng phai sira chita hodc phai gidi han van to¢ chuyen dong an toan.

3.4. Téi wu théng sb thiét ké h¢ thong dém cach dao dong co

Trén co s& phan tich & phan chwong 2 co 56 vé toi uu héa, cdc thong so thiet

r
:ﬂ ‘-An 14-;}“1.. “annnnn
U I OV UTIINpIIg Uty

A1 TTUYCH Va pauong piiap tong rong 5 Duavao

_ trung binh thin xe’ a,,, gia tc goc 1_‘?10 doc binh phuong trung binh than xe awpmva

,,,,,

muc tiéu dé tim ra cac thong so thiét ke toi uu cia hé thong dém cach dao dong dong

co. Ham muc tiéu va diéu kién rang budc thé hién dudi day

FEERLY { hY { P | f A | 1
I (x) =W 4\ X)W, iauphi (x)}+W3 {aw,mkx)} —7

_ (3_11) —_
i X = ker"cei
x=[k,»c:] Az =|(z, ~z,)|<0.006
= —z )| =
st :; SI(Z: SZ?J =0:000 & $441.0< i %’- <20
e <k, <er 025 —fa_<04
\ 2ymk,,

trong do: trong sb cta ciia ham muc tiéu, tac gia chon w1=0.4, w»=0.3 va w3=0.3.
Phén khai bao ham muc tiéu theo phuong phap tong trong s viét bang phan
mém Matlab:

function fit = fitnessl(zb, phi, teta)

Al=zb(:,2); % Gla toc
nl,mli=size(Al);
totall=0;

for i=1l:nl
totall=Al (i) "2+totall;
end
al=totall/nl;
awl=sqgrt (al);
T ' A2=phi(:,2}; % Gia toc goc phi

54




[n2,m2]=size (AZ2);
total2=0;
_for i=1l:nz2 _ _

total2=A2 (i) ~"2+total2;

end
aZ2=total2/n2;

aw2=sqrt(a2f{r

- TA3=teta(:,2); =~ % Gilia toc goc teta
- [n3,m3}=size A3);. —
totalz=0;

for i=1:n3 o -
total2=A3 (i) "2+total?l;

aw3=sqgrt{a3d);—
fit=0.4*awl+0.3*aw2+0.3*aw3;
end

Két qua tbi wu cac théng sb thiét ké ctia hé théng d&m cich dao dong dong co

dugc thyce hién giai thuat GA véi kich thude quén thé (PopulationSize) 1 100, Kich

, " - . ] ' .Y o

téc chuyén dong v=20m/s. Két qua tdi wu dwoc thé hién trén bang 3.4.

Béng 3.4. Két qua thong sb thiét ké dém cach dao ddng trude va sau ti tru

Théng s0 Gidtri  Gidtritoi Trwéctoi Sautdivu  Chénh
nguyén uu GA uu 1éch%
S ban _ _ S S
kei/(N.m'T) 4156 3470 / / /
cei/(N.s.m) 260 378 / / /
A (m.s?%) / / 0.2724 0.2473 10.2
Aupri(rad.s?) / / 0.4529 0.4187 8.2
awtera(rad.s?) / / 0.4391 0.4068 7.9
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* (a).Gia tbc theo phuong thing dUng tai vi tri trong tAm than xe
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(b). Gia téc gbe lac doc tai vi tri trong tAm than xe

—Truoc toi uu
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(c). Gia toc gbc l4c ngang tai vi tri trong tim thin xe
Hinh 3.7. So sanh hiéu qua cta hé théng dém céach dao dong truée va sau ti wu
Tur két qua bang 3.4 chi ra cho chiing ta thiy ring cac gi4 tri 2y, Awphi VA Awiea
véi cac thong sb thiét ké t6i wu ciia dém 14n lugt gidm 10.2%, 8.2% va 7.9% so vdi

thong sb cia xe nguyén bén. Gia toc theo thdi gian voi sy so sanh két qua trude va




sau tdi wru thong sb thiét ké hé théng dém cach ddng co dugc thé hién trén hinh 3.7.

Tir hinh 3.7 chiing ta thiy ting céc diém dinh ctia bién d6 déu gidm xuéng. _

3.5 Phin tich hiéu qui ctia hé théng dém cich sau khi t6i vu

A 7 tn A L) r

~—— hé thdng dém cich dao ddng ddng co, cie trudng hop khai thac khac nhauduge chon

I

— —dé&phan tich-va kiém chimg ching.

_a. Trwong hop 1: Khi &6 chuyén dong trén mit dudng I1SO loai-C véi vintoc 610 -

- y=20m/s va tbe 35 ciia déng eo n=2200(v/p). — — ]

4C GiA trl Bwy, Awphi VA Awera Khi 0 10 hoat ddng trong didu kién khai tha

hop 1 dugc thé hién trén bang 3.5. T két qua bang 3.5 chi cho ching ta thdy ring

CAC giA trl Awz, Awphi VA Awteta VO1 cAc thong so thiCt k€ 101 vu cua dém lan luot giam |

f'f——f7f8v7%,~6:0%fvé—Sfé%sefvéifthéngﬂéfeﬁafxefnguyénfbén.fGiaftécftheofthétijgianfvéti

su so sanh két qua trude va sau t6i vu thong so thict ké hé thong dém cach dong co

duoc thé hién trén hinh 3.8. Tix hinh 3.8 ching ta thy ring cic diém dinh cta bién

dd deu giam xuong.

b. Trwong hop 2: Khi 6 td chuyén déng trén mit dudng ISO loai D véi van toc 6 t6

=20m/s va téc 4o ciia dong co ne=2600(v/p).

CAc giA tr] Awz, Awphi VA Bwieta Khi O 0 hoat dng trong dicu kién khai thac trudmg

hop 2 duoc thé hién trén bang 3.6.

Théng s6 ay, (m/s?) Awpni (tad/s?) Bwtota (rad/s?)
Trude tbi vu 0.4902 0.8144 0.7878
Sau tdi uu 0.4508 0.7683 0.7462
Giam % | 8.7% T 60% | 5.6% T
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(b). Gia tbc gbe lic doc tai vi tri trong tAm thén xe
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(¢). Gia tdc goc ldc ngang tai vi tri trong tdm thén xe
Hinh 3.8. So sénh hidu qua cua hé thdng dém cach dao dong trude vi sau tdi uu &

trudng hop 1
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Tir két qua bang 3.6 chi cho ching ta thdy rang cic gid tri awz, Awphi VA Aweta
vé6i céc thong sb thiét ké td1 wu ciia dém 14n huot giam 6.1%, 5.1% va 5.4% so voi

e e g e g - —— e e g e g s e oo —ope s o s -y Ay = mepeep o
thong so cla xe nguyén ban. Gia toc theo thoi gian véi su so sanh ket qué trrée va

sau t6i vu thong sb thiét ké hé théng dém céch ddng co dugc thé hién trén hinh 3.9.

~ Tirhinh 3.9 chiing ta théy réng c4c diém dinh cia bién 46 déu gidm xuéng,
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(a). Gia toc theo phwong thang dung tai vi tri trong tm than xe
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(b). Gia tdc goc lic doc tai vi tri trong tAm than xe
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c. Gia tde goc Jac ngang tai vi tri trong tAm thin xe
Hinh 3.9. So sanh hiéu qué ctia h¢ théng dém cach dao dong trudc va sau t8i wu &
_- treong hop 2.
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Bang 3.6. K&t qua so sanh hidu qua hé dém cach dao dong ban chii dong & trudng

hop 2 _
B ey __._Thahg_g_é_ pr—— A— a;z(i‘n/ﬁ'z)' = --ﬁ{ﬁph'i' (r_ad/s}) I . aw_te.t_a_(_ra_d_/s_z)_ v |
Trude t6i uu 0.8624 1.4331 1.3837
-~ Sautdiwu | 08268 | 13630 | 13131}
T Gam% | 61% |  51% | 54% |

hop 3 dwoc thé hién trén bang 3.7-

Tir két qua bang 3.7 chi cho ching ta théy rﬁng CAC giA tri 8wy, Awphi VA Awteta

véi cac thong sb thiét k& t5i wu cia dém 14n lwot gidm 24.1%, 21.9% va 19.7% so

v&i thong sd cia xe nguyén ban. Gia toc theo thdi gian véi sy so sanh két qué trudce
; 01 0 5 thiét ké hé thong dém cach dong co duge thé hién trén hinh

3.10. Hiéu qua cia cac thong s6 thiét ké t6i vu ctia dém cach dao dong dong co phat

huy tic dung 16n & trudng hop ddng co lam viée ché 3 khong tai. Dé gidm dao dong
khi ngudn kich thich tan s6 thip cta dong co, thi cdc dic tinh hé théng dém céch dao

dong thiy luc c6 hé sd can cao s& phat huy tac dung cta nd. Tir hinh 3.10 chiing ta

thiy ring cdc diém dinh cda bién d¢ deu gidm xudng.

Béng 3.7. Két qua so sanh hi¢u qua hé dém cich dao dong ban chi dong & trudng

hop 3
Thong s6 Az (M/s7) awphi (rad/s?) Awreta (rad/s?)
Trudc toi i 0.0242 0.0200 0.0219
Sau t6i uu 0.0195 0.0164 0.0183
Giam % 24.1% 21.9% 19.7%




a.15 — Truoc toi vut 7
—Sau 10i uu -
e A — - - S — 1 _
< pos =
o
8
=
™
™Y
e -0.05 . _ )
0.1} b
T I — L
5 1LY 5 20 25 20
- ool o o “Timefs -~ . o i o

. _ _ (a).Gia tbc theo phrong thing dfmg tai vi tri trong t4m thén xe

0.15 T

T

— Truoc tol uu
—Sau tai 1u

Vv v

] L

i0

15
Time/s

20 25

30

(b). Gia tdc gbc lac doc tai vi tri trong tAm thén xe

I I

T T

-—Truoc toi w
—-Sau toi uu
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Hinh 3.10. So sénh hiéu qué ctia hé théng dém cach dao ddng trude va sau t6i uu &

truong hop 3.




3.6. Két luin
Két qua chuong 3 ctia d8 tai, tac gia tién hanh m6 phong & céc diéu kién khai

thac khdc nhaw. Pham tich duwoc anh huéng cia didukién khai théac dén ém diuchuyén-

d6ng cia 6 td. Cudi cng tién hanh tim ra thong s8 thiét ké t8i wu cho hé théng dém

Wcéch dao dong co dbt trong bi déng dya vao thudt toan di truyén GA va phwrong phap

tdng trong s6. Thong sb thiét ké t8i wu duge kiém chimg hiéu qué gidm dao dong &

H-] LA 1 2 lllﬂftlf\ “Lﬂ“

NI W RETIRLNE.




KET LUAN VA KIEN NGHI

Sau mdt thoi gian nghién clru, vo1 sy 1nd luc cta ban than cung véi sy gitp d&

" ctia c4c thiy o frong Khoa Ky thiiat O t6— Méy Donig I, Trudng Dai hoc K§ thuat

Cong nghiép, Pai hoc Thai Nguyén, téi dd hoan thanh co ban ndi dung cuia dé tai

~ cap co sd. Dé tai d4 dat duge mét s6 ket qua sau day: ,

. Phantich v chi ra dugc tinh cAp thiét cia dé tai;

- Xay dung dugc md hinh dao ddng-khong gian toan xe véi 10 béc tu dovoihar ..

thich déng co ddt trong;
—— Phantich-duge-co-sé- 1y thuyét tdiva théng s6;

- M phong va phan tich anh hudng cua &iéu kien Khai thac dén do ém diu. Kiém

chimg phén tng cta dém céach dao dong bj dong dudi diéu kién hoat dong khic nhau.

- Céic thong s thiét k& tdi tru ctia dém cach dao ddng duoc tim ra dya vao két hop

thuat toan di truyén GA va phuong phép tdng cac trong s6. Két qua cia cic thong sb

thiét ké t6i vu du:orc kiém chimg phéan {mg & cac diéu kién hoat d6ng khac nhau. Dudi

day larn mét s6 két qua thu duge.

+ Céc gid tri gia tbc binh phuong trung binh tai vi tri trong tdm clia xe cia than
xe theo phuong thing dimg, gbe l4c doc va lic ngang véi thong s6 thiét ké t6i wu
ctia hé théng dém bi ddng clia dong co d6t trong 1an luot giam 8.7%, 6.0% va 5.6%
so vo1 hé thdng dém bi dong clia ddng co dbt trong nguyén ban trong tru‘ong hop 1.

+ Céc gid tri gia toc binh phuong trung binh tai vi tri trong tdm cia xe cua than
xe theo phuong thing dimg, goc 1ic doc va lic ngang véi thong 36 thiét ké t6i wu
ciia hé théng dém bi dong ciia dong co dbt trong 1an luot gidm 6.1%, 5.1% va 5.4%
so vdi hé théng dém bi dong cta déng co dbt trong nguyén ban trong truong hop 2.

+ Céc gia tri gia tc binh phwong trung binh tai vi tri trong tAm cta xe cua than
x¢ theo phuong thing dimg, goc lic doc va lic ngang véi thong s6 thiét ké t5i wu

cua hé théng dém bi déng coa dong co ddt trong lan luot giam 24.1%, 21.9% va

N 7 L 63




19.7% so véi hé théng dém bi dong cua dong co dét trong nguyén ban trong trudng
hop 3.

A — A

~Tuy nhién lusn van con mot s§ han ché, hiy vong trong tiorig lai s& hoan thién ~

theo cac hudng sau day:

- Phén tich cac ham theo tan so de xem x€t cac hién tuong cdng huong dokich

th1ch dong co gay 1a.

“Lﬁn-ﬁeh-mé-}ﬁaﬂrtaa’n-vﬁ dicuichie 5
Il I.U1 l..ll.l. Lucu 1u_ucu .llG LI.I.UJ.IB

- Ap dl,mg thuat toan ti uu mot hay nh1eu ham muyc tleu de t01 Uu cac thong

56 hc thong dém cach dao djng b1 ddng.

- Thi nghiém thyc t€ d& kiém chimg két qua mo phong.
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The proposal of this paper is to use Genetic Algorithm (GA) to find out a set of the optimal design parameters of
engine_passive.mounting system. A full-vehicle dynamic model with 10 degrees of freedom is established under
erombinatio af-twao-excitation-soure such-as internal co 1 ) '_.a‘ons_ﬁ]_e“-”“ ’
GA genetic algorithm and the weighted sum method are combined 10 find a set of the optimal design parameters. 7
The study results indicate that the root mean square (r.m.s) values of accéleration responses af the vértical
vehicle body (aw), vehicle body pitch angle (awpn) and vehicle body roll angle (awn) with GA optimal
parameters greatly reduce by 10.2%, 8.2%, and 7.9% in comparison with the original parameters of engine
mounting system which means that the performance optimization of engine mounting system is better than the
original engine mounting system improving the ride comfort.
— ——KEYWORDS: Mounting system,-GeneticAl wrorithm-Design-parameter, Ride comfort.
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1. INTRODUCTION
The different kinds of engine mounting systems, from elastomeric to hydraulic, and from passive to
active, have been developed to improve the engine mount performance such as vehicle ride comfort and noise.
The performance requirements of engine mounting systems, the different kinds of engine mounts and mounting
optimum tuning were reviewed and discussed by Yunhe Yu and associates [1]. The application of neural
" network as a controller to isolate engine vibration in an aciive engine MOUALNE SyStem was proposed by Fadly
Jashi Darsivan and associates [2]. The performance of the neural network controller was compared with
conventional PD and PID controllers tuned using Ziegler-Nichols. The active mount based on the smart material,
i.c., Terfenol-D rod was proposed by Zhiyuan Si and associates [3] which mainly includes three parts: rubber
spring, magnetostrictive actuator (MA), and hydraulic amplification mechanism (HAM). The x-LMS state
feedback controller with the system state as the reference signal was constructed by employing Sage-Husa
Kalman filter to realize the state estimation of the active mounting system with the consideration of the
unmeasurable state parameters in the active mounting system. The analytical model of active ACM in
powertrain was developed and implemented in MATLAB by Zhengchao Xie and associates [4]. The control
strategy was integrated into the analytical model by using the linear quadratic regulator (LQR) method. the
___ behavior of MR damper was studied and used in implementing vibration control by Banna Kasemi and and

associates [5]. The methodology was adopted to get a control siructure was based on the experimental results. =~ T 7
The methodology was adopted to get a control structure was based on the experimental results. A method to
improve vehicle ride comfort using additional damping coefficient values for an internal combustion engine
(ICE) rubber mounting system was proposed by Hoang Anh Tan and associates to analyze the effect of the
adding damping coefficient values into the rubber mounting system on vehicle ride comfort using a full-vehicle
vibration model with 10 degrees of freedom [6}. A full-vehicle dynamic model under the combination of two
excitation sources such as internal combustion engine and road surface excitations was proposed by Ta Tuan
Hung and associates to assess the vehicle ride comfort performance between the hydraulic engine mount system
(HEMs) and rubber engine mount system (REMs) [7]. The main objective of this paper is to find out a set of the
optimal design parameters of engine passive mounting system using a full-vehicle dynamic model with 10
degrees of freedom under the combination of two excitation sources such as internal combustion engine and
road surface excitations and genetic algorithm (GAJ. C :
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and the gas explosion pressure and pitch excitation moment of the engine is defined as

F,= 4mcr2,a)§ cos(2myt). (3)
. M, =M, [1+13sinQw)]. @
M, =4m Ay 1cos(2ayt). . (5)

where, mc is the remprocatmg mass of a plStO]l ris thc radlus of a crank, A is the ratio of r to the length
: ance between the CG and the centre-line of

the second and thn'd cyl[nders MB is mean value of torque 7

I, OPTIMAL FUNCTION VIA GENETIC ALGORITI-IM (GA)
S ,The mduuduals oLchromsgmg&m fheq:unenL%ne:aﬁwscdjLnrodnce the pext population

ation bv computing its fitness value

their fitness values (3) Perform ehtlst sele.ctlon in whlch some of the better mdmduals in the current
pnpulaﬂon arc_aﬂ_m&d to carry over to. the next populatlon, unchanged 4 Produce chlldrcn from the parents_ B

and (6) stop- when one of the Vstoppmg cnterla is met [10] A ";;——t -

Objective fimction: The process of optimal design parameters of engine mountmg system is carried out using
a multi-objective optimization function formed by the root mean square (r.m.s) values of acceleration responses
of the vertical vehicle body (aw.), vehicle body pitch angle (awpni} and vehicle body roll angle (aw,,h,) according to
the ISO 2631:1997(E) standard [13]. To obtain the optimal design variables values, the objective is minimized a

multi-objective function shown below

F(xJ=w,{a,®@}+w, {a‘w (x)} W, {@,,., (X} = min

(6)
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where: the weight of the objective functions is chosen such as w(=0.4, w»=0.3 and w»=0.3.

~—The oot iniean square (r.m.s) values of acceleration responses of vehicle body based-on 1560-2631-— ———
1 (1997) [9] is defined by
T M
a, =[? £ a (t)dt}

where, a(t) is the weighted acceleration (translational and rotational) as a function of time, m/s*; T is the
duration of the measurements.

IV. RESULTS AND DISCUSSION

In order to find out the optimal design parameters of engine mounting system for a passenger car.
_ Matlab/Simulink environment with the initial vehicle design parameters based on reference [10]. A program of
genetic algorithm is written in Matlab to declare input parameters such as objective function and boundary -
conditions Eq.(6) with w=0.4, w»=0.3 and w»=0.3 and GA parameters such as population size as 100 and
generation as 150, which called by Simulink module function using the sim function. The acceleration responses
of the vertical vehicle (a,) and vehicle body pitch angle (apn) with GA optimal parameters in comparison with
the original parameters of engine mounting system are shown Fig.2 when vehicle moves on 150 class B road
condition at vehicle speed of 20 m/s. The obtained results of Fig.2 show that the peak amplitude vatues of the
time domain acceleration responses of the acceleration responses of the vertical vehicle (2;) and vehicle body
pitch angle (apn) with GA optimal parameters of engine mounting system are respectively reduce in comparison
with original design parameters of engine mounting system.
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