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PHAN MO DAU

Véi xu hudng phat trién cta 6 t6 hién dai thi viéc nghién ciru cic ngudn dong

Iuc nang cao hiéu qué 1am viéc cia 6 t0 nhu nang cao cong suit ¢d ich, giam 6

nhiém méi trudng, ning cao tinh tién nghi tréd nén quan trong vi day 1a mét trong

tiéu chi dénh gia ning lyc canh tranh clia cac hang 6 t0.

Nang cao do ém diu chuyén dong cho 6 t6 dic biét 13 & t& du lich 1a mdt trong

LI I | i Y. B AL 1A 1ALy A h L h - | 1 PRCINE &5t - S L Y- O
IS T CTIO THYE Sl XUAL, THIA TNCT KO vVa Tat T RITUd O TV RUdPUIC IV LD

trung nghién ciru dé ting tinh canh tranh clia sin pham 6 t3 ciia minh, Phéan tich

cac ngudn taf ligu d4 cong b trong [inh vyc phin tich dao dng dgng co dot trong

noi riéng va dao dong 6 t6 cia 8 td noéi chung cho thay cac nghién ciru hién nay da

sO tip trung vao viéc nghién ctru di€u khién ban tich cyu hodc chi dong cho cic hé

thong dém cdch dao ddng co. Tuy nhién, cic nghién clru chi yéu xem xét cidc mé

hinh don 1& va ngudn kich thich dao dong xem xét anh huéng clia mt ngudn kich,

chi ¢6 mdt s& cong b két hop hai ngudn kich thich dao d6ng. Chinh vi viy tic gia
chon dé tai “Téi wu va didu khién hé théng dém cach dao dong ddng co dbt trong

trén 6 t6”, 1am d& tai NCKH cip co s6. Noi dung chinh cia d8 tai:

Chuong 1. Tong quan vé 46 i nghiéw ot~

Chuong 2. X4y dung md hinh dao ddng toan xe, thuat toan t81 vu va bod didu
khién;

Chuong 3. Phén tich va danh giahi¢u qua.

Day 1a mét linh vyc khoa hoc rdng trong khuén khd ctia mot dé tai cao hoc, dé

" tai chi tap trung vao xay dung md hinh dao dfng khong gian xe du lich voi hai

ngudn kich thich tir mép mé mit dudng va céc lwc md men kich thich tir dong co
dt trong, dua vao md hinh dao ddng va cac chi tiéu dénh gia anh hudng cia dao
dong dén d6 ém diu, d8 tai tién hanh md phong va phan tich hiéu qua clia h¢ thong
dém céach dao ddng cao su thiy lyc ban dng so voi hé théng dém cach dao dong
cao su thay hyc b1 dong o cac diéu kién hoat dong cac nhau.

Qua diy cho phép toi dugc bay td long cdm on sau sic dén ddng nghiép

nhdém nghién ciru ciia Khoa Ky thuit O to6 va May dong lyc trong sudt thoi gian

1




1am d& tai. Ti ciing xin giri 1oi cdm on téi cac thay trong B mdén K§ thuit O 6,

Khoa K§ thuat O t6 va May dong luc, trudng Pai hoc Ky thudt Cong nghiép, Dai

hoc Thai Nguyén va cac ban be, ddng nghiép, dic bigt Ia Nhoin nghién cifu “Diéu

khién dong luc hoc, rung dn phuong tién giao théng va may” cia Nha trudng da

gitip d3 t6i hoan thanh dé tai nay.




CHUONG 1. TONG QUAN VE VAN PE NGHIEN CUU

Muc dich chwong nay la két cau cde loai dém cdch dao déng dong co dot

trong, phén tich téng quan nghién ciru dao déng dong co 6 16 trong va ngodi nudc "

| o1 e in ti ic chi tiéu danh gia dé ém diu. Tir do dwa ra muc dich,

o - - -phuong phdp vd ngi dung nghién ciru cua dé tai.,

~1.1. Cong dung, phén loai va yéu ciu db6i véi h¢ dém cich dao ddng dfngco

abttrong I __ - B
a)-Cong dyng:

“'Ngan cach va gidm dao dong trWén fir dong co }"Cﬁé"ﬁg than xe va niguoc lai —

truyén tir than xe 1én thin ddng co. Ngoai ra con chirc ning diéu khién can bang

dong cua dong co.
* b) Phan loai hé théng dém cich :daorrd{ing%f—rr -
_ Phén logi theo bj phan dan hdi va gidm chan:
+ Hé théng dém cach dao déng cao su;

+ Hé théng dém cach dao ddng cao su thiy luc;

- Phan logi theo didu khién tich cuc
+ Heé thdng dém cach dao dong bi dong;
+ Ha théng dém cach dao déng ban chi ddng;
+ Hé théng dém cich dao dong chu dong.
¢) Yéuciu .
- Tinh dan hdi cao: dam bao gidm cic dao ddéng & cac tin sb kich thich thap
va cao,
- Dap tt tot: ¢4m bao dap tét cic dao déng & cac tn s6 kich thich thip va cao;
- Lam viéc trong moi tredng khic nhiét;

- C6 dd bén cao.




1.2. BS tri chung cdc dém cich dao dfng trén d td

Céc dém céch ¢6 chc chire ning nhu phin trén, bé tri chung cAc loai dém cach ‘
|

dao dng trén 6 t6 dugc thé hién trén hinh 1.1 va h¢ théng dém céch dao dong trén

3

' 5 5 hé hién trén hinh 1.2. Cic dém cach dao ddong dong co - ‘

«— - tibp nhan lyc kich thich ca tn sb thip va cao do map md mit dudng va dong co |

. truyéntéi. e e — e o e e 1‘
Dém djng oo ‘

_ Giim chin gijt

Dim thanh -
chéag on '




Lich sir phat trién dém cach dao dong dong co dbt trong dugc thé hién trén

hinh 1.3.
) 1980 1990 2000 2010,
| Dém cich dao dgng cao su _ |
— e _/! | Dém céch dao ddng cao su hai kénh 3

' Hinh 1.3. Lich sit phat trién hé théng dém cich dao djng dong co dbt trong
1.3. Phén tich cdc két cAu dém céch dao dgng dong co
Dic diém két cdu va cac wu nhuge didm cua cac hé théng dém cach dao dong

déng co dbt trong dugc phan tich duéi day:

" a) Hé théng dém cich dao dpngcaosu— — —— -~ — ——

Pém cao su No.2 Bém cao su No.3

Hinh 1.4. Hé thong dém cach dao djng cao su ciia dfng co dét trong
* Uu diém:
+ Két cAu don gian va d& ché tao;

+ Giam hiéu qua duoc tiéng dn va dao dong khi tan sb kich thich cao;




* Nhurge diém: hé s6 can cla hé thong nhé do d6 khé gidm duge dao dong dudi tac

dong tn sb kich thich thip. Chinh vi nhugc diém nay cac nha nghién ctru da dé xuat hé

théng dém cach dao dong dong co a6t trong két hop c4o sit va thiiy e sé tiép tirc duge

 trinh bay dudi day.

"""*b)."H.é*thr’fng treo (dém cdch dao djng) két hop thily lyc va cao su
- Pé tang hiéu qua-hé théng cach-dao-ddng-déng-co-khitin sé-kich-thich & che——

thin 56 thép cac nha nghién ctru va thiét ké di st dyng dau thuy lyc, két cau hg ~—

théng dém céch dao ddng cao su két hop thity lc. Két cau dém céch dao dong cao

sukét hopthily hrc-duge thé-hi¢n-hinh-1.5-va-mé —h-in}kdae--ééﬁ-g ciahé théng dém—
cch dao ddng cao su két hop thity Iyc dugc thé hién hinh 1.6.

llubbﬂ' G
L R Upper  Demupler
: chamber

Tiotfam Tubhee —
compliance

Hinh 1.5. Hé théng dém cich dao dgng cao su thiy lre clia dfng co dot
trong[22]

Structure Side

¢

Engine Side

Hinh 1.6. M hinh dao dgng ctia h¢ thong dém cach dao djng cao su két hop
thiy lwe




* Uy diém: Giam hidu qua dugc tiéng dn va dao dong khi tin sd kich thich thp

do ning cao gia tri hé s6 cén cua h¢ thong treo.

* Nhirgc giﬁm:

+ K&t chu phiic tap;

"+ Mic dit d4 céi thién déng ké dic tinh can cia hé thong so véi hé théng cao

o~
B
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H
>
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Su thuan tuy Si

r
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ddng. Chinh vi vay nhuge diém nay cic nha nghién ciru di d& xuat hé thong diém

“céch h¢ théng treo (b¢ théng cach dao ddng) dong co 46 frong KErTigp cao su va

thiy lyc c6 didu khién hé s6 can s& tiép tuc dugc trinh bay dudi day.

hY r- r - ;\ .- A h] * om k] A fa) ) 1.4 [ A -3 r
__phtt hop véi cic diéu kién 1am viéc cia ddng co. M6 hinh hoéa hé thong dém cac

¢ He thong démcinh duo-djng ban-chirdjng

~ Xu hudng phat trién hé théng dém céch dao dong dao dong cao thiy luc ban
chii dong co dbt trong duge thé hién trén hinh 1.7. D& didu khién thdng minh hé sb
cén cta hé thong dém cach dao dong cia ddng co, hién nay nha nghién ciu va nha

thiét ké da dua ra nhiéu 1y thuyét diéu khién khac nhau nham diéu khién hé so cén

dao dbng cao su thuy luc Béﬁ tu: d@ngr duoc thé hlél{trénhlnh 18

" Botlon Champer

Hinh 1.7. H¢ thdng dém ddng co cao su thiiy lyc b4n chii djng[21]




Hinh 1.8. M4 hinh héa hé théng dém cich dao déng cao su thiiy lyc bin ty

ding[21]

* U diém: Giam duge dao d6ng voi moi diéu kién 1lam viée khac nhau do
diéu khién gia tri hé s6 can cia hé thong treo (dém cach dao dong) mot céch tién -

nghi.

- = ****Wh;;‘g’cﬂkfw;’if*'*' e I

+ Két cu phiic tap va gid thanh dét;

+ Mic du gidm déng ké dao dong cling nhur tiéng On cia dong co a6t trong
gdy ra, tuy nhién vin chua diéu khién dugc d6 cimg cta hé théng. Chinh vi viy hé

~ thdng dém cach dao dong dién tir ra doi & tiép tiép tuc dugc trinh bay dudi day.

c. Hg thong dém cdnh dao dpng chii djng

Xu huéng phat trién va hoan thién hé théng dém cach dao dong dao dong
chu @dng dong co dét trong duoc thé hién trén hinh 1.9. Dé didu khién théng minh
¢4 hai thong s& o cimg va hé s6 can clia hé théng dém cach dao dong cha ddng co
véi cac didu kién 1am viée clia dong co. K&t chu hé théng dém cich dao dong dién
tir ra d&i, mét mo hinh hoéa hé thdng dém céch dao déng cao dién tir chi déng dugc

thé hién trén hinh 1.10.
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Hinh 1.9. Hé thong dém céch dao dong dién tir chit dong[23]
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Hinh 1.10. M4 hinh héa hé théng dém cich dao ddng cao dién tir chi djng
[23]

* Un diém: Giam dugc dao ddng voi moi diéu kién 1am viéc khac nhau do
didu khién gi4 tri ca gid tri do cimg va hé s can clia hé thong mdt cach tién nghi.
Do vy n6 ¢6 wu diém hé théng dém cach dao ddng cao thity lyc bén chi dong.

* Nhuege diém:

+ K&t chu phirc tap va gia thanh dat;

+ Mic du giam dao dong cling nhu tiéng 6n cia dong co dét trong gay ra tot
hon hé thdng dém cach dao dong ban chi dong, tuy nhién trong @8 tai nay tac gia

chi xem xét hé théng dém cach dao dong cao su thily luc ban chi déng.




1.3. Tinh hinh nghién ¢itu trong nwéc va qubc té

a. Nghién ciru trong nuéc

ghiép 6 t0 Viét Nam d3 ¢ nhimg bude

L=

- tién déng k& trong nhiéu linh vuc nghién ciru nhw ddy chuyén lap rap, cong nghé

- san xudt than vé...Nam 2018 danh d4u thuong hiéu 6 t6-mang thuong hiéu Vinfast

va thang 6 nim 2019 nha may sin xult & to- Vinfast bit dau di vao- hoat dong: —

Théng qua théng ké cac bai bio, cac d8 tai, dé tai duge cong b, linh vyc dao dong

--6-t6 cling-duge cde nha khoa-hoe Viét-Nam quan-tim nghién ciu tr som va cicmo. -

hinh dao dong thudng xem nhe ¢én anh hudng cia dao dong dong co.

Nim 2003, nghién ciru anh huéng cia mé men xodn déng co dén hé thong

truyén lyc thity co duge tic gid Nguyén Khic Tuin[7] d& cép trong dé tai Cao hoc- - -

ctia minh, két qua danh gi4 anh hudng cac ché tai khac nhau anh hudng dén dao
dong hé thdng truyén lyc.

Nam 2006, khio sat dao dong xodn truc khuyu ddng co va anh hudng cia né

dén bé théng trayén tuc trén 6 to dugc tac gia Khiéu Hitu Hung[8] trinh bay trong
d3 tai Cao hoc cia minh, két qua nghién ctu chi ra dugc tan sb cong hudng cta co

hé.

Nim 2009, mé phéng dao dong dong co d6t trong va xem xé anh hudng cia

16 dén 49 ém dju chuyén dong cia 8 to du lich duoe téc gia Nguyén Tan Chinh{9)

trinh bay trong & tai Cao hoc clia minh, két qua nghién clru da phéan tich cua céc
thdng s hé thdng treo dong co nhu d6 cimg va hé s6 can cia dong co 4nh hudng
dén 46 ém diu chuyén dong cia 6 t6 du lich. Tuy nhién cac tac gia trén chura danh
gia dugc anh hudng cia céc Iye kich thich dong co dén d6 ém dju chuyén dong cta

~ ~

0 to.

Nim 2010, mdt nghién ciru vé mé hinh vi md phong cua dao dong theo

phuong dung tir sy két hop cua hai kich thich tr mé men xoén cua dong co va kich

10




thich tir mit dudng dugc Nguyén Khic Tuin va L& Vin Quynh[12] cong bd trén
ky yéu hdi nghi Qudc té, két qua nghién ctru dénh ra dnh hudng khi cé hodc khong

¢6 kich thich md men xoan tir ddng co dot trong dén do €m diu chuyén dong ctia o

6 du lich va khi xe chuyén déng trén mat dudng didu hda cb céc thong sO mit

' dudng nhu q=0.015m, s=6m, v,=11,1m/s* va khi xe di tay sé 5, gia toc binh
phuong trung binh cila thin xe ting 9,7% khi khong ke den leh thlch tu mé men

X0an cua dong co..

Nim 2015, mot nghién cru dnh hudng cia théng s thiét ké hé théng treo dén

36 ém diu-chuydn dong-cia-6 6 duge L& Vin Quinh, Hoing Anh Tén, Nguyén .

Khic Minh[13], két qua nghién ctru cac théng s6 dd cimg va hé s6 can cua hé

diu ctia & t& dya vao m6 hinh dao dong khong gian toan xe dudi kich thich mat

thong dém—cfrch—dﬁo—dérrgﬁﬁngmﬁmcicen‘rxét—ftnhﬁtr&ng—eﬁa—eh&ng—éé’n—éé—ém

dudng qudc 16 va khong xem xét dnh hudng kich thich dong co.

Nim 2015, Nghién ctru anh hudng cua yéu t6 dao dong fir ddng co dén d6 ém
diu cua 6 to du lich tic gia Hoang Anh Tén [10] trinh bay trong d8 tai Cao hoc cua
~ minh, k&t qua nghién ctru 4 phalrt:[c}ranhjnmngcw kich thich tir dong co déndd

ém dju dya vao mé hinh khéng gian. Tuy nhién trong nghién ciru ndy tac gia chi

xem xét dém cach dao ddng cao su bi dong.

Nam 2019 Nghién ctru hé théng_ dém céch dao dong dong co d6t trong 6 tO
du lich tac gia Hoang Anh Tén [11] trinh bay trong béo céo tdng ket d& tai cap co
"s& ciia minh, két qua nghién clru da phén tich anh hudng cta viéc “thém cac gia tri~
hé sé can thiy luc vao dém cach dao dong cao su dén d6 ém dju dua vao md hinh
khong gian. Tuy nhién trong nghién clru nay tac gid chi xem xét dém cach dao

dong cao su thuy lyc bi ddng.

Trong dé tai nay, tic gid tién hanh nghién ciru hé thdéng dém cach dao dong
cao su thiy luc ban chi dong dya vao md hinh dao dong khong gian todn xe voi

hai nguén kich thich.
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b. Nghién cuu quoc té

V& linh vuc nghién ctru dao déng dong co theo xu hudng gidm tiéng On cling

_nhu ning cao d6 ém diu chuyén dong cua 6 t6 da dugc cac nha nghién ciru quan

ai [iéu Mitschke[16,17] ciin

~ nhic t6i md hinh dao ddng co dao ddng co dbt trong. Xu hudng nghién ciru dao
e d@ngeg:,theea.:{!e:haén%(;L}nghiémeirui@hfhumgda&dén&XQénﬁéngfﬁﬁ:dﬁii, SR
trong dén-hé théng-truyén-lye-va-(2) nghién-ciru-thiét-ké-tdi-uu hé-théng treo-dong- - ——

co nhim ning cao d6 ém dju chuyén ddng va gidm ticng On.

"N&m 1984 mot mo hinh dao dong dong co 6 bac fif do v&i hé thong treo cao
su duoe P.E. Geck va R.D. Patton cong bé trén tap chi k¥ thuat & t6 thé gisi[18].

Nam 1993, mdt danh gia hiéu qud cua hé théng treo cao va hé théng treo ¢6
didu khién tich cuc duge Swanson D. dugc cong bd trén tap chi k¥ thuat 6 t6 thé
gi6i[19] va két qué cita nhidu nghién ciru danh gis anh hudng tAn sb va hé sb can

hé théng treo dong co dén giam dao ddng,

Nim 1988, mot nghién clru hi¢u qua cia hé théng treo déng co két hop giita

thuy lﬁc va cao su nhim lam glam dao dong va tiéng on (ﬁiﬁuc:)’cr 8 xudt boi T.
Ushijima, K. Takano va H. Kojima [20].

Trén cic cic giai thudt tdi wu trong didu khién cdc ngdy cang 4p dung didu
khién cac thong sé cta hé théng dém cach dao déng nhdm nang cao d6 &m diu cua
xe ciing nhue giam tiéng dn. Cac. dém céch dao dong dong co cao su thuy lue bin
chu déng mai duge dé xuit Truong, T. Q., & Ahn, K. K. (2010)[21],
Christopherson J., Mahinfalah M., va Jazar (ndm 2012)[22] déu tap trung nghién
ciru dic tinh ctia dém cach dao déng don 1é. Pém cach dao dong dién tir chi dong
cua dong co débt trong va cac loai dugc trinh bay Mohammad Elahinia va cac cdng

sir trong tai 11éu[23].

Trong nghién d8 tii ndy, tac gia tién hanh xay dyng mo hinh dao ddng toan xe

v6i 10 bic tr do vdi hai ngudn kich thich két hop mip mé mit dudng va cic lyc
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mé men kich thich cua dong co dbt trong. Bo diéu khién Fuzzy logic dugc xiy

dung dé didu khién hé sb can thiy lyc cia dém cach dao dong cao su thiy Iy

nham ning cao d6 ém diu chuyén dong cua o t0.

1.4. Cdc chi tiéu, phwong phap danh gid 46 ém dju chuyén dng

~ 1.4.1 Chi tiéu ceong d dao dong[10,11]

D6 ém diu chuyen dong 1a mdt khai nigém chi sy cam nhan chu quan ¢ cdu con

nhau va nhu viy d6 ém diu 1a chi quan. Linh vyc nay du:qc dong dao céc nha khoa

hoc trong Tinh vyte co kg thudt, y t, an toan lao dong, K thuit chong rung, chong

4n quan tim.

— 4o nhikhoa hocchiraring,-dao-déng-c6—4nh-hiréng xhu-den-ngudi-va——
* hang hda, dic biét 1am gidm kha ning didu khién cia ldixe. |

+ Chi tiéu vé d6 ém diu dugc Hiép hoi k§ su Pirc VDI dua ra bang tidu

chuin quéc giaVDI- 2057 va dwge T chitc tiéu chuén thé gidi chip nhan thanh
Tiéu chudn ISO — 2631

P ém dju chuyén dong 1 cam giac clia ngudi, dic trung boi nhicu thong s6 ——
vét 1y. Do d6, ngudi ta dua ra khéi niém “Cudng dd dao dong KB” dé chi muc d6

anh hudng cia dao ddng v§i nguoi.

Cudng d0 dao dong KB phu thude:

Gl
- Tan sb kich dong
- Thoi gian tac dong

Phu lyc 1 s& chi ra ndi dung, cich xdc dinh KB va sy phy thude cua cic tham sb

trong gid tri KB. Theo d6 c¢6 3 ngudng dugc dung dé danh gia:

KB= 20 gii han ém dm
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KB= 50 gi¢i han diéu khién

KB= 125 gi6i han giy bénh Iy

.Y 1

—=+ Chi tiéu vé d6 ém diu cho hang hoa

~ Chi tiéu v& d0 an toan cho hang hoa hién nay dugc Hi¢p héi déng géi Dirc BFSV

néu van dé. Dya vao d6, véi nghién clu 4nh hudng cia dao dfng véi duong,

- ama=3 m/s? gidi han canh bao

Giéi han canh bao theo Mitschke, 1 tai d6 hé théng treo hodac dudng da

1.7 jf’\ r 1.2 r 1 I’\‘] Py PR, Ny ‘__L_-N‘_n
nong derr muc phal co ke noacilsud uiida.

- Giét han canh bio theo Mitschke; 13 tai 6 duong dd héng nang dén murc
phai sira chira ngay

1.4.2 Chi tiéu v& khdng gian bd tri treo|10,11]

Chi tiéu nay chi ra kha ning chon d6 vdng dfng va do vong tinh cling nhu

viée x4c 14p vi tri @it vAu han ché hanh trinh treo. Nhiéu m6 hinh trude day d&
khong chi v dén yéu t6 don gidn nay:
dyn —

fayn Sy =max(§ —z) STy, (1-1)

Trong d6: (§—z) 1a chuyén vi tuong dbi giira khdi luong khéng dugc treo

va dugc treo.

f! : PJ vong dong hanh trinh trd cu hé théng treo; Vi tri dat viu hanh ché

dyn-
hanh trinh tra
f(?yn:Bc} vOng dong hanh trinh nén cla hé théng treo; Vi tri dat vau han ché

hanh trinh nén

1.4.3 Gia toc binh phwong trung binh theo thi gian tic dong
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* Theo tiéu chuin ISO 2631-1 [14]: dua ra chi tiéu danh gia d6 ém diu chuyén
dong 6 to thdng qua gia téc binh phuong trung binh theo phuong thang ding dua

theo vao cac cong trinh nghién ciu cta thé gidi. Gia toc binh phuong truiig binih

theo phirong thang dimg duge xac dinh theo cong thirc dudi day:

-|1f2

I s _1 T
= | [a@ar
=0 " T T T T T T

trdhg d6:

2w, - Gia toc binh phuong trung binh theo phirong thang dumg.

a, - Gia toc theo phuong thing diing theo thdi gian .

T Théi gian khio sat.
Pidu kién chi quan danh gia d6 ém diu & t6 theo 46 léch gia tbe quédn- -
phuong theo phirong thing dimg ISO 2631-1 [14] dya vio Bang 1.1

Baing 1.1. Bing dinh gid chii quan dj ém diu 6 t6 theo 1SO 2631-1

awz gia tri (m*/s) Cép ém diu
. <0.315ms? | Thoéamai - B
0.315m.s2-0.63m.s* Mot chut khé chiu
0.5m.s? -1 m.s? Kha kho-chiu
) 0.8 m.s?- 1.6 ms> Khong thoa mai
1.25 m.s™ - 2.5 m.s? Rat khé chiu
>2 m.s™? Cuc k¥ khoé chiu

* Uu diém cia tiéu chudn VBI2057 va tiéu chuan ISO 2631-1: thuén loi cho
viée phan tich va d4nh gid dao dong toan bd cia xe. Thong qua cac md hinh dao
déng vét ly va toan hoc clia toan bd xe hodc cac ph:‘?ln mém chuyén dung

MATLAB, ADAMS, LMS hoan toan xac dinh gia tdc dao dong theo mién thoi
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hodc mién tin sé. Hién nay phuong phéap ndy di dugc cic nha khoa hoc trén khip

thé gi6i ap dyung 1SO 2631-1 & phén tich 46 ém dju ciia dao dong céc phuong tién

dao théng. —- S
_—léMl}c—ﬁéHhamwm%PhileLdﬂﬂgﬂghién ciru

— - 1.5.1 Myc tiéu nghién ciru

- —rr—f——f———-fXﬁyfdungfmé:hinh:daezééng:déng—,eafdétft—lzongvéiflnguén kich.thich;,

- -Bo didu khién cho-hé thong démcsch-dao-ddng ban-chi dong;~ -~

- Phan tich hiu qua cta hé dém c4ch dao dng ban chi dong cho dong co

bt trong --t-heo--huéﬁgém—diu—chuyén-d@ng-cﬁa.xe,- R
1.5.2 Pham vi nighién ctiu

A
~

Frong pham vi cia-de tai; mét mé-hinh-dao-ddng-cha-teanxe-véi-2-ngudn———

 Kich thich dao ddng va b diéu khién dugc thiét 14p dé didu khién hé s can ciiahé
thdng dém cach dao dong cao su thiy lyc cho dong co dbt trong nhim giam dao
dbng toan xe. _ o
1.5.3 Phuong phap nghién citru

Nghién ctru ly thuyét; mé phong va didu khién hé théng dém cach cho déng

co dbt trong.

1.5.4 N§i dung nghién cuu
Chwong 1. Téng quan vé dé tai nghién ctu;

Chuong 2. Xdy dung mé hinh dao d¢ng toan xe, thuit ton tdi wu va b

© diéu khién;

Chuong 3. Phin tich va danh gia hi¢u qua.

1.6. Két luin chwrong 1

Chuong 1 chung ta d3 phén tich dugc két cAu céc loai dém cach dao dong
dong co dét trong, phin tich duge tdng quan nghién ciru dao déng ddng co 6 to
trong va ngodi nudc va cudi cing phan tich duock cac chi tiéu danh gia d§ ém diu.
Dura ra duge muc dich, phurong phip va ndi dung nghién ctru cia d8 tai va 1a co 50
cho cac chuong tiép theo.
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CHUONG 2
XAY DUNG MO HINH DAO PONG VA BQ PIEU KHIEN BAN CHU
~ DPONGCHOXEOTODULICH ~

Muc tiéu chirong ndy I tién hanh xdy dung mé hinh dao djng toan xe véi hai

_ngudn kich thich két hop mdt duong, co s6 Iy thuyét diéu khién mo va xdy dung bg

dot IPONG. o m o e

2.1 Cac khai niém twong dwong

O t6 13- mot hé dao ddng bao gdm nhifu b phan ndi véi nhau. MOi by phan

c6 khéi lwong va thong sb dic trng cho né. D& tinh todn duge dao dong xe 6td

Trong d6 so b twong duong cin c6 dly di céc thong s6 Jién quan dén dao déng

mért—ca’tch—thu&n—lo*i—ef‘?;n—phéi—mé—té—été—b{‘?mg—mét—seLdé—dao—déng_mgng_duang.i

cna 6t6.

Do vay truée khi lap so dd dao dong twong duong can théng nhit mot sb

khai niém sau:

a. Khéi’lwgﬁg dong co dirgc eom, i

Khéi hrong déng co dugce dat trén 4 dém cach dao dong cao su thiy lue, cot

12 mot khéi ddng nhét & tim dang phéng tuyét ddi cimg.

b. Khoi lwong diegc treo M

Khéi Teong dude tréo M gdom nhitng cym chi tiét ma trong lugng cia ching
tac dung lén hé théng treo. Gom co vo xe, phan hé théng truyén luc va mét sd chi
tiét khac. Giita chiing dugc lién két v6i nhau thanh mot khdi nhér cde dém dan hoi,
& twa dan hoi béng cao su, da, ni, giéy c6ng nghiép. Tuy theo ting so dd bd tri cu
thé clia 6t6, ma cb thé chia khéi lwong duge treo thanh hai hodc nhiéu khéi luong,
gilta cac khdi legng lién két véi nhau bing cac phin tir dan hdi va gidm chin.
Trong dé tai nay, ching ta coi khéi lwong duge treo M 13 mét khdi lwong ddng

nhét & dang phing tuyét ddi cimg.
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¢. Khéi hegng khong dwge treo m

Khéi lugng khéng duge treo g6m nhitng cum ma trong lugng cda ching

—]dnongiacjnngmmJ;msz:n_hf,:Mg treo ma chi téc dung lén 16p banh xe. D6 1a:
—ban—m}e,—démcéu,—banh—xe,—mgtphﬁ chi tiét cila hé théng treo, truyén dong 14i, 10

[AR—

~x0, giam-chén; mot phin cta tryc cac ding. Ching ta coi khéi lugng dugc treo 1a |

— mot vt c6 khéiluong mva tuydtddictng—

d.H¢ théng treo

- H¢ thong treo trong 6t0 c6 nhiém vy n01 phan dugc treo m, M va phan kh01

lugng khong dugce treo m mét cach dan hdi. Hé thdng treo cing véi lop lam giam -

nhitng chén done giy nén do sz map mé ciia bé mit dudng khi xe chay. Hé théng

treo gom nhu'ng bo phan : -
- B3 phan dan hdi: duge biéu dién bang mdt 10 xo co dQ cung K.

- Bd phan giam chén: ¢6 nhiém vy dfp tat cac chan dong va n6 duge déc

trung bang hé s6 can giam chan C.

2.2. Mé hinh dao dong xedulich T
a. Céc gid thiét mé hinh dao djng
- Chuyén ddng cia 6 t6 12 chuyén dong déu, khoang céch tir trong tdm dén
céc ciu khong tay dbi trong qué trinh xe chuyén dong;
- - Trongtam-cua xe nam-trén mat phﬁng dbi xung-doc xe;

- Coi khéi hrong duge treo cia xe 1& mot vat ran tuyét doi, bo qua cac bién

dang udn, xodn cta khung xe;

- Céc djc tinh cia cac thanh phin dan hdi, banh xe va gbi han ché coi nhu
tuyén tinh;

- Dudng tAm truc cia cic ciu xe chuyén dong trong cac mit phang vudng

g6c voi mat phang doi ximg doc xe;
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- Bd qua md men qu4n tinh clia cac cau xe d6i voi tryc quay cua banh xe.

- B6 qua su mét can bang va md men higu Gmg con quay cua cac khoi lwgng

_chuyén déng quay cuia xe.

—Bd qua dao dfng ngang cua Xe:
- Sy tiép xtc chia banh xe vi duong 1a tiep xtc diém.

= B0 quasy trrgt cua bant xe voi mmat duong,

Dic diém co ban cia xe 12 tat ca cic ngoai luc tdc dong 1én xe 1a phan lgyc va

trong lye, cac phan-lyc xuét hién do s tic ddng tirong hd gilta banh xe véi nén
dudng. Trong trudng hop tbng quat cac phan lyc ndy co thé phan ra thanh céc
thﬁnh—phz“m—}t_rc—théﬂg—d&ng—vé—thénh—ph&n—l&c—ném—ngang—(t-hee—phuomg_chuyén

dong ciia xe). Vi gid thiét chuyén dong ciia xe 1d chuyén ddng thing déu, nén
thanh phan lyc nim ngang phai bang khéng, do d6 cic dao ddng cla than xe trong
mit phing thing dimg vudng gbc véi huéng chuyén dong cla than xe 1 do cac

thanh phan lyc thing dimg truyén tir banh xe 1én.

Véi cac gia thiét trén ching ta c6 md hinh dao dong khéng gian cta 6 t6 du
lich v&i 10 bac ty do nhu hinh 2.1.

Giai thich céc ky hi€u trén hinh 2.1:

K. 12 86 ctmg cta hé théng dém céch dao dong co cao su thiy lyc bi dong
dong co, Cic 1a hé s& giam chan cia hé thong dém cach dao dong co cao su thiy
e bi dong; Ky 1a do ctng cita hé théng treo 6 t6; C;1a hé s can gidm chan clia hé
théng treo & t8; Ky 1a @9 cing cia lép xe; Cryj la hé s6 can giam chin cia lép Xe;;
Z, 0,014 chuyén vi theo phuong thing ding, theo phuong ngang va doc ciia than

Xe;

Ze, O, O 12 chuyén vi theo phuong thing dung, theo phuong ngang va doc

clia ciia ddng co; g; 1a chidu cao map mo mit duong tic dung 1én cac banh x¢; a, b,
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L, By va B;la kich thudc co ban cua xe; m;; va Mla khéi lugng khéng dugce treo va

dugc treo caa than xe; m, 13 khéi lwgng dong co (1=1,2,3,4 va j=r,1) (x1,y1); (X2,¥2);

(X3,¥3) ; (Xa,y4) toa dd diém dat luc cua 4 gbi d& dong co theo hétoa do XYZ

(XieY16); (Xoes¥2e); (KzesY3e) 5 (RaesYae) toa dd diém it lye clia 4 gdi & dong co theo

heé toa o XY Z.

a b T

2.3. Thiét 1ap phwong trinh vi phin miéu ti dao dong 6 té du lich

Dua vio md hinh dao déng dé cac phuong trinh vi phin mo ta dao dong cua
co hé dé khao sit. Hién nay c6 rit nhiéu phuong phéap dé thiét 1ap phuong trinh vi
phan chuyén déng ciia co hé nhu: phuong trinh Lagraﬁgé loai II, nguyén 1y
D’ Alembert, nguyén 1y Jourdain két hop phuong trinh Newton — Euler. Tuy nhién
dé thuan loi cho mé phong bing may tinh tdc gia s dung nguyén 1y D’ Alembert
két hop co s& Iy thuyét hé nhidu vat dé thiét 14p hé phuong trinh vi phan mo ta dao

doéng cia xe.

Dua vao co so hé nhiéu vit tich cac vét ra khéi co hé va thay vao d6 1a cac
phan luc lién két. Sau d6 sir dung nguyén Iy D’Alembert dé thiét 14p hé phuong
trinh cin bing cho timg vét ciia co hé sau d6 lién két chung lai v&i nhau bing quan
hé lic va momen.
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Theo nguyén Iy D’ Alembert:

F+F,=0 | - (2-1)

‘trong do:

__F:1a tong céc ngoai lyc tic dung 1én vat.

F_1a tong caclye quan tinh taicdung lénvat.

M6 hinh dao dong hinh 2.1 gém 7 vét: Pong co, thian xe, khéi lugng

khéng duoc treo trude tréf (phdi), khoi lugng khdng dugc treo sau tréi (phai) -

va mit dudng.

Mo-hinhxty-dung gom-7vit:

Vit 1: Dong co (phin khéi luong dugc treo) coi nhu 1 vat c6 khéi luong me -

dit tai trong tAm va cdc m6 men quan tinh: Jy, Jxe, chuyén d6ng ciia dong co 13 hep

ctia ba chuyén dong:

+ Chuyén déng tinh tién theo phuong dimg Z.

+ Chuyén dong quay quanh truc Y.: twong ing toa dcf; suy réng Pe
+ Chuyén d0ng quay quanh truc X.: trong tmg toa dd suy rong 6.

Vit 2: Than xe (phin khéi luong dugc treo) coi nhu 1 tAm 6 khdi luong M

dit tai trong tdm O va cac mémen quan tinh: J,J,. Chuyén ddng cia than xe 13

hop ctia ba chuyén dong:

+ Chuyén dong tinh tién theo phuong Z vg véi toa d6 suy rong Z.
+ Chuyén ddng quay quanh truc Y tuong tng toa d9 suy rong ¢.
+ Chuyén dong quay quanh tryc X tuong mg toa d6 suy rdng 0.

Vit 3,4,5,6: Cac khéi lugng khéng dwgce treo trede bén trdi, phai va sau bén

trai, phai.-
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+ Khéi luong khong dugce treo trude coi nhu 1a hai vit c6 khéi hrgng bén
trai, phai la m,,m,

+ Khéi luon

b o

- ’-
ng duoc treo sau coi nhir 14 hai vat ¢6 khoi luon

vong bén trii
T f =] b

- Mat-dudng:-1a ngudn-kich thich-dao ddng cta-6-t6-va-1a mét tap hop céc

map mo ngiu nhién trén toan bd chiéu dai ctia nd va cac dang kich thich

* Khoi hegng khong @wge freo trudc:

+ Phirong trinh dao dong ciia khoi hrgng khéng dicoc treo truée trdi:

So dd dao dong droc thé hién trén hinh v& 2.2;

Hinh 2.2. So d8 lyc tic dung 1én khéi lwgng khéng duge treo truée trai. -
Cac lyc tac dung:

+ Luc tdc dung cia hé théng treo: Fy

. . (2-2)
F,=K, (th, _Zu)+C11 VASTEVAY,

+ Luc téc dung coa 16p xe:
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- . (2-3)
Fry =Kpy (Zu —‘Iu)""cru [Zu—%l)
T LIIC qua'.n tinh: o Tt mrmmmm mmmrmem
quu =myZy (2-4)
. Theonguyén ly Daldmbe:_ , , S
,,,,,,, S mF, =E,=Fy . (25 ]

Thay cong thitc 2-2 va 2-3 vao cong thudc 2-5 ta dugc cong thire 2-6 dudi day ~

(2-6)

_ , N =
-y = Ry = 2y ) F Cy| Lou= L )=

’VKTII .(Zu — 9y ) +Cpy (ZU —4qy T|

X —

- Vi phuong phap-twong tu cac khéi Iuohg My, My1, My 140 lugt ¢6 phirong trinh

dudi day:

+ Khéi lugng khong dugc treo my;,

m, %, =F, —Fp, 2-7)

Thay céc gia tri cha luc Fj, va Frir vao cong thite 2-7 ta duoe duoc cong thuc 2-8

: : 2-8
m,Z, =K, (Zblr —Z]r)+Clr' (Zbl"_Zh‘)_ &9
[K_’Tlr (er -4, ) +Cpy, (Z”— qd ﬂ
+ Khéi lugng khong duogce treo my,
My Zy, =Fy —Fry (2-9)

Thay céc gia tri cla luc Fy va Fryvao cdng thirc 2-9 ta dwgc dugce cong thirc 2-10
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. : : (2-10)
m,,z, =K, (Zbﬂ —Zﬂ)+ C, [szf—Zy)—-
-Krzz (221_921)+C721 Zau—qy, _ -
_+Khdi lugng khéng duge treo ma: ,
E— 3 e s - 3 EE

Thay cac gia tri cia lyc For va Frorvao cong thire 2-11 ta duge duoce cong thire 2-12

m2r22r.:K2r(Zb2r_ZZr)+C’i_2r Zorr—Zor |- -

L \]

[ = AY P r — .
I_Arzr Loy, =, JTLps, kl' 2r—q,, JJ

T mé hinh dao dong hinh 2.1, chiing ta xac dinh méi quan hé hinh hoc giita
dich chuyén theo phuong thing dimg (OZ) tai cac chuyén vi: Zui, Zows, Zoai, Zo2r,
Z1, Z», Z3 v6i dich chuyén theo phuong (OZ) tai vi tri trong tm cia than xe nhu
sau:

Z% =Z—a€0—%9 - - (2-13)
(2-14)
L. =/L—-a +£9
blr T @ 7 (2-15)
B. .
Zyyy =Z+b¢'_?s9 (2-16)
B (2-17)
Zy, =Z+bp+—0
2 (2-17)
Z. =Z+x@0—y0
1 1 | (2-18)
Zz :Z+x2¢_y29
(2-19)
Z3 =Z—x3¢)—y3¢9
(2-20)

Z,=Z-x,0—=y,0

24




Tir md hinh dao déng hinh 2.1, ching ta xdc dinh méi quan hé hinh hoc gifra
dich chuyén theo phwong thing démg (OZ) tai cac chuyén vi Zie, Zse, Zse v6i dich

Chuyén theo phuong (OZ) tai vi tri trong tdm clia dong co nhu sau:

L= — X P+ Y16 Q-21)
o : Z,,=Z,+%,9,+ 1,0, (2-22)
Lo =Z,+X,00, — V4.0, (2-24)

Thay (2-13), (2-14), (2-15), (2-16) , (2-16) vio (2-6), (2-8), (110,21 ta

¢d cac phuong trinh vi phdn bac 2 mi€u ti dao déng cua cac khéi lugng khéng

duoc treo dudi day:

B
my 2y, = (Z aqo—-é’—ﬁ Zu) Cl( qo——2-¢9 Zu]

(2-25)
I: 71 (le 911)+CT11 (Z” %1 :|
m,Z,. =K, (Z aqo+3; erJ+C1r [Z aqo-l—B; o er]
(2-26)
[Kr'lr'(z %r)"’ Cr, (Zlf ‘hr J:I
: . .. . B - .
My, 2, = K [Z-i—bqp— <4 ZﬂJ+C2, (Z+b¢—739—221]—
(2-27)
I:KTzf (Zzi “‘hi) Tzl 221 qzz)j'
. . B :
m, 2, =K,, [Z+bq0+-*’-t9 ZZr)+C2,,[Z+qu+ 2‘9—er}—
(2-28)
[Krz; (Zzp —{4,, )+ Cra, (ZZ’” qlr):|
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*Thiét ldp phwong trinh vi phéin md ti dao dpng cila khéi lwpng dwgc treo (thdn

xe):

_ Téch lién két ciia khéi luong dugc treo (thin xe) ra khoi hé dao dong, thay

cac lién két bang cic phan lyc 1ién két, ta cd so 46 hye the dung lén phan khoi

- leong duge treo (thén xe) nhur trén hinh vé 2.3

Bt

b ]

Hinh 2.3. So' dd lyc tic dung 1én khoi lwgng duge treo(thin xe).
Ap dung nguyén 1y Dalimbe dé& viét phuong trinh vi phin miéu t4 cac toa dd
suy rong tai vi tri trong tdm than xe dudi déy:

Theo toa dj suy rong Z:

} 2-20
MZ=(F +Fy+ Fyt F)—(Fy + Fy+ Fy +F) (2-29)

Trong do:

F,=K, (Ze + X, 0, + 2,0, —Z - x2q9+y29)+ Ca (Ze—xl.e ¢E+J’1e 0o~ Z- X ¢+ B4 ‘9] (2-30)

26




_ K”(z_aga_%e_z”}q,[zaa@_%e_zuﬂ
- K”(Z-aqa+%t9—21r]+ CU[Z—agM%H—Zh]

- KZ,[Z+bqo+%-t9 Z, +C2](Z+b(0+%9—22r):|

- 3
- K;,_!(Z+bqo—% - 21J+C2:(Z+b¢'_?9"22’):|
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F, Kz(z xzc¢e+yle‘9e_Z_x1¢’+y19)+ce2 (Z*-’"'xze ¢e+Y2e ée_z"'xzé}‘"J’z 9) (2-31)
— 2-32)
F;'.’.:KQS(Ze+x3e(pe—y3e9_z+x3¢+y39)+cefi Ze+x3¢¢e'—y3e 9_Z+x3¢+y39 . ¢
- - — : ; (2=33)
F;4 = Ke4 (Ze +x4e¢e -—y4ege -Z +x4¢+y49)+ Ce4 Ze+x4e qoe—y4e 93_2+x4 ¢+y4 6
B - B ) (3
' "7”*7"""77777""7777” —7{; qo——GWZ” 176'1'; Z—a qo:—F Zu S (234)
R A 2 < A e
—KH(Z ¢+‘Z' 6 zl,]+cu (z a¢+f;-9-zl,] (2-35)
B B e
F, =K, (Z+bqp+?°b' AZ,,J+L2, L£+bgo+—2—6'—er) (2-36)
Fyeky[z4bo-20-2, v Col 24bp-Bro-zu) 2.2
\ 2 J \ 2 J =
Thay cdng thirc tir 2-30 dén 2-37 vao cong thirc 2-29 ta ¢b
MZ =K, (Ze +X,,0,+ 1,0, - Z-x,0+ y219)+Cel (Ze—xhg ¢e+ Ve t-9.g—Z-—x1 ¢+ ¥, 9)
el e *2e% -
+K ;5 (Ze + 23,0, ~ 1,0~ Z +x3§D+J’39)+ Cy (Zf‘l'xse ¢e_y3e 0-Z+ Xy é"" Vs 9]
+Ke4 (Ze +x4e¢e - y4e9e _Z+ x4(0+y49)+ Ce4 (Ze-l—xtle (.De_yde ée—Z+x4 €.0+y4 9]
(2-38)




Theo toa d suy rong ¢

2-39
L ¢91.(F‘_+F_r) a—(FE +ENb—(E X+ E,x, + E o+ F X)) £ . )
Thay cong thirc tir 2-30 dén 2-37 véao cong thirc 2-39 ta co
o _ I U S E’ . W 0 -l ,,,,,,
K, Z—aqo—TG—Z” +C,| Z2- aqp—-—G—Zu
- e 3,4); [ — S Y 1 - — _ ]
% u¢+Br9 Zl ]"‘Fl (Z .’.'-’,;.Br-é Z:
| Ty r -2 - ——
[ B . - B o -
Kz,(z+b¢+7’9—zz,]+ C2,[Z+b(o+-;9—zzr) -‘
N rpg B o Begz | -
+K Z+b§D—'=2'—“9'=“Zz';" '=FG'2;,'"Z—+'b"¢)-79—-z-zr------- IR —
- Kel(zz+x2e¢e+y219e_z'—x2¢+y29)+ce (Ze xle¢e+ylee Z xl€0+y 9 ]'xl
(2740)
|: e2 (Z xzeqoe-'-yleee —-Z- xl¢+y19)+ce2( ’+x22 (De+y29 9‘ Z xZ ¢+y2 J]
[Ke3 (Z, 470,90, = 11,0 -Z+x,0+ 3,0)+C,y (Ze+x3, P,— Vs O Z+ X, 0+ I, 6)]
a _I:Ke4 (Z,+x.0, ~ Vi~ Z+2,p+,0)+C,, (Z,+x4g Pe=Vie o= Z+x, 0+ Y, 9]]-3‘4 -
Theo toa dj suy réng &
. B . _B . B _ B - o | 241y
J 6=F.—+FE, —-F.——F,. +( aV1 T 23’2) ( 3y3+F4J’4) ( )
2 2 2 2
Thay cong thirc tir 2-30 dén 2-37 vao cong thire 2-41 ta cd
- B,
Jx¢=[K (Z agp+—8 ZIFJ+C”[Z ago+—6-Zu)] >
[ (Z+b¢>+——9 ZZ,J+CZ,(Z+I;¢;+ Z’B—er]:l.?"‘
[ i Z ago+B 8-z, +C1,(Z ago+£9 Zn—)]
2 2
[K Z+brp—-%9 22,}+C2,(Z+b¢—1;’ B-Zﬂﬂ
+[ (2, + 2,00, + 2,6, — Z = x,0+ 1,8)+ C, (Ze X, @+ ¥, O Z—x, 0+ 1, 0 :|yl
+ Ke2 (Z xZeqoe +y126= Z )']¢+y19)+ e2 (Z +x”e (De+y“e 99 Z '}'2 (p+ y2 )il (2—42)

- Kc3 (Zﬂ +x3e<oc _J)3c8_2+x3¢+ )’36)+Ce3 Zé+x3e ¢E_y32 6_ Z+ x3 ¢+ y3 ] yJ

- Kc4 (Z£+x-|e(;ac_J,4e9¢= _Z+x4§0+y48)+cc (Z +x-de (Oc y4e 6‘ Z+x4 ¢+J} )]
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*Thiét Idp phwong trinh vi phdn mé td dao dpng ciia khoi lwong dwoc treo
P g P ong ong auy

(Péng co):

_ Khi d8ng co hoat déng c6 réat nhiéu lyc va mé men sinh ra lam anh huéng dén

dao ddng toan xe. Qua phén tich cic dao déng fir dbéng cotacod

" Tuc thc dung 1én khung xe tir dong co dat trén 4 g&i dF gom:

e Al - T
o <+ Phianlyctrkhungxe: F;, By Fi By

+ Khdi luong ctia ban than dong co: me

+Mé..me_n_xga,y_qua_nh_t[:gg_xe;_¥e;_Mx,_.My_ e e

+ Phan huc theo phuong Z: F,

Hinh 2.4. So' @b luc tic dung 1én khéi lwrgng duge treo dfng co.

Trong qué trinh déng co lam viéc sinh ra rit nhidu hre 1lam anh huéng dén dao
dong toan xe nhu:
- Trong luong cua dong co

- Lyc khi thé PK;
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- Lirc quén tinh:

+ Lyc quan tinh cua cac khi lwong chuyén dong tinh tién;

r -»
r r k] r A -~ ~
+ Tare quan tinh ca cac khoi luong chuyén dong quay;
-~
- LI_IC ly tam;
- M6 men xoan dong co;

— Trong giéi-han-cua-dé tai tae gid-chi-dé cip-dén 3-thanh phan Lyc tac dung theo--
phuong thing dimg ( Fz), luc 1am xoay ddng co theo phuong doc (Mx), ngang (My).

- K& thira k&t qua_cia bai bio_theo ti lidu tham khéo [24_] Tac gia cong nhan ham_  ~
kich thich dong co 4 xi lanh thing hang bao gdbm:

F, =4m_rAa;.cosQayt) (2-43)
M, = M [1+13.sin204)] (2-44)

M, =4m,.r. A. a)OL cos(2a,t) (2-45)

Trong do: S : —
me- Kbéi luong nhém piston thanh truyén (kg)

Me — M6 men xodn dong co (Nm)

M, =-68.10"1"+0.059.n+112.5

n- s6 vong quay truc khuyu (vong/pht)

r — Ban kinh quay truc khuyu (m)

A - Thong sb két cdu

L- Khoang cach tir trong tam ddng co dén dudng tAm cla xi lanh thir 2 va 3

Wy — tdc d6 goc (rad/s)

t — Thoi gian (s)
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Ap dyng nguyén 1y Dalimbe dé viét phwong trinh vi phan miéu ta cic toa

do suy rong tai vi tr trong tAm dong co dudi day:

mjz,=F, _(F;l +F,+F, +Ea4) (2-49)

_____Thay cbng thirc ir 2-30 dén 2-33 va 2-43 vao cOng thirc 2-46tacd

mz, —4m r/lwo cos2.w,t)

{, Y]
. ___LK (Z +x2e(9e+y2e6 Z xz(”“')’z +Ce1LZe x1e¢e+Y1eHe 4 x1q9+y, JJ

, ;,KES,(ZQ+x39qae,—y3et9,—Z,+x3¢+y36], +C, (Ze+x3eqoe y3£t9 Z+x3qs'+y3 ]

— - Ke4 (Ze + 'x4e¢e _y4e9e -Z +x4(0+ y46)+ Ce4 (Ze-l—x@. ¢e_y4e ée—.Z+ 'x4 ¢+ y4 9)]
: L

(2-43)
' Iyqu' =M, A E X, HF Xy, Fp Xy, — FyX,

Thay cong thire tir 2-30 dén 2-33 va 2-45 vao cong thirc 2-48 ta co

Iyeqo = 4.m,.r.Aa0) . Lcos(2.@,.t)

+ Kel (Ze +x2.e(0e + yleee _Z _x2§0+ y29)+ Ce] [Zle— xle ¢e+yle 99—2_ xl (0+ yl é)jl‘xle

+ Ke4(ze+x4e¢e Vaele — Z+x4¢+y49)+ce4 (Zf+x4e¢e_y4eée_2+x4 ¢+y4‘l9}:|-x4e

] | L (2-49)
- Ke.'i (Ze +x3e¢’e_ySee_Z+x3¢+y39)+Ce3 [Ze-l—xlie qpe—yBE 9— Z+x3 99+y3 HJ:l'x.’.e

- Ke2 (Ze _x2eg0e + ylege - Z - xlgo + yle) + CeQ (Zc-l— xle qloc+ yle ée_ Z_ xl ‘p+ y2 9]:1 'x2e
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Theo toa dj suy rdng 0.

+ Kea(Ze +20,0,~ y3.0-Z+ X0+ J"s'g]?@;;(?é*ﬁé; 0=y, 0-Z+, '$+"J5_=."'9ﬂ-5’3; '

el e

L =M tE, y +E 3 =Fy2, =yt (@50
Thay c6ng thirc tir 2-30 dén 2-33 va 2-44 vao cong thirc 2-50 ta ¢6

) Iye¢=M[1 +/.sin (2.’a);.t)']” S ‘
B . ] I |
— K {Z +x (9 + v 9 Z x (D+ vq9)+c Ze x. (0 +y, Be Z x, §p+y, yle R

| .. T ] _ —— A
+ Ke4 (Ze +x4cqoe —y4eee _Z +x4¢+y46)+ Ce4 (Z.e-l-xniz (.De_ynie é"'—z-l- x4 ¢+y4 9)-"3)42 J
- ' (2-51) ‘
|
|
\
|

_LK AZ —x, 0+ 9,0 —Z~ x(a+v9)+C (Ze+x.. P+ Y, 0e—Z— xo(D'l‘J’aBﬂ-}’ap

Két hop-cic phu:ong trinh: —(2-5) dén (2-28) va (2—3 8), (2-40), (2-42), (2,—4,7), (2-49),
(2-51), ta c6 hé phuong trinh vi phin miéu td dao dong clia 6 6 du lich voi 10 bac ty
do. :

m7, =4.m r.Aa;.cos2.a,.1)

4

r [ . . : ]

[K (Z+ %0+ 920~ Z- 2,0+ p,0)+ Cy| Ze=3,, 9.+ 3, = Z=3, 9+ ) JJ -

l:K Z - Xy, 0, + 0.~ Z~x 0+ 3,0 +C£2(Z +xze(9e+y2e98 Z- xz(”"‘)’zg)jl

~| K\ (Z, + 3,0, - 1.0~ Z + 5,0+ y,0)+ C., (Ze+xgecoe Vo O-Z+X,0+ 7,6 }

-1 K, (Z + %0, — Va0, = Z+x4g0+y49)+Ce4 (Ze-l—xtie ¢e_y4e 99_2"'-7‘:4 ¢+ Y4 9):‘
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1,0, =4m,rAo; Lcos(2.m,.1)

K, (Z‘, +x,.2, +y7p9.o -Z — X+ y29)+ Cel ( ~ X ¢e+yle ee Z X ¢+ yl 6

\

+ Ke4(ze+x4e‘p;_y4eee—z+x4¢+y49)+c [Ze+x4e¢e J’4e9¢ Z+x4¢’+y4

GJ X,
o - I(es(z +X,,0, — ¥3,0 - z+5¢3¢+y39)+q (ze+x3e¢e yseg Z+x3¢+y39)j|
""""" iy DN AT A o
1K 2. %0, F00.—Z— xl¢+ylyj+(" Le+x25(pe+y2_L(7e zZ= *2"”-"-}’2 } e

LW

y 4 |
i 1, L lnu w0 L}J

- K (Z +x2e¢’e+J’2e9 ~Z- x2¢+y29)+Cel(Ze Xie ¢e+J’139 -Z- x1¢'+y1

L

.
+ 84(Z +X,0,— V.0, Z+x4go+y49)+Ce4LZe+x4egoe YieOe—Z+x, 0%y, Jy4e

]\yle
’)

+| K, (Ze + X0~ V20— Z+ X0+ y39) +C, (Ze"'xse ¢e_ V3e 9_2"'3‘73 ¢+ Y3 ‘9]} Ve

~ K, (Z, - %0, + 0.0, —Z —x1g0+y16')+ C,, (Ze"‘ Xy, (be+ Vae Qe-Z—xz o+ ¥, 9)1\.)}22

MZ=(F,+F,+Fy+F)—(F, +F,+F;+F)

- B,
(Z ago——é? ZU]+CH[Z— QD—?Q Zu]
I o= B,
+Kl,_[Z aqo+—49 Zl,)+CI,(Z a(o+—6’ Z

, | —
K., [Z +bp+ ‘2* Q—Zer'FCz; (Z+bq0+ 25 6’—22,)

. . B - '
+K,, (Z+bqa—%s-9-z2,]+cﬂ (Z+bqo— 25 G—Z:zz)

- Kel (ZE +x22¢e + .)’ 9

2ee
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—Z - x,0+3,0)+C, [Ze—xle P+ 1, Oc— Z—x, @+ 9)}-%

—| K (Z, +x,,0, — ¥, 0 —Z+ X0+ ¥:.0)+C,y (Ze+x3e @,— V3, O— Z+ %, p+ ¥, 6’]].}:3

—| Kez (Z =X P. + 1.0, — Z_x1§o+y1‘9)+ce2 (ZE"'ng ¢e+y2e 90—2—'3‘2 ot y, 9)]--"2

- Ke4(Ze+x4e49e Vil — Z+x4¢+y49)+ce4(26+x4e¢e_y4e98_Z+x4@+y49jil-x4




K [2+5¢4—9—Z—]+Gr[ﬁz+b¢+ }‘;s e_zzﬂ s

J_‘.é=[K”(Z—aqo+%¢9—2“_)+cu(z ago+—2—9 Z”J]%

— Kl,,(Z——aqo+%9—21r1+€,,(Z—aqo+—'6’-—Z1r] E’-
L \ = 7 AN 2 7] 2

= Kz,(Z +hp=Bp=z7, ]+cz, (Z+b o-Beo_z, ﬂ =
i 2 2 2

,, _ Z voryorC |z NI 5 i;:};p, o)l

el \ e 2ee 2e-e 3 P} =} el k__, - 7 B | v

+ KeZ (Ze_x2e¢e+yle9e Z x1(0+y19)+ Z(Ze+x2e¢e+y2e8 Z x2q)+y2 QJ—‘ y2

k@ Fma ez ey A Zr b En g 0 —

- K,, (Ze + X, P, — V4.0, —Z+x4qo+y46)+Ce4 (Ze+x4e ¢e—y4e ée-—Z+x4 ¢+ Vi 9]—|.J’4
N i |

rnlf-z.ll:KII[Z*aqj_%G_Z]:J'FC”(Z—aqp—?tg—zuj—

[ TII(ZII 9’11)+CT11(Z” ‘311

7 B A A
m, %, =K, Lz— ap+=-0, zlrJ+ C. Lz—am?e- ZI,J

I:KTlr (er qlr)+CT1r (Zl’ qlr }

B .
My 2y =K2,[Z+bqo— 2“"3 ZZ,J+C21 (Z+bqa—?6’—Zz:J

|: TZI(Z2I qzi)"'crzz(zﬂ ‘%l

m2r§2r=K2,,(Z+bgo+B289 ZZr)+CZr(Z+bqo+—s—t9 Zz,]

[Krz: (sz — 4>, )+CT2r [ZZ" ‘h; j|
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2.4. Phén tich va lya chon kich thich dao ding

Trong d& tai ndy, tac gia gidi thidu kich thich ngiu nhién mit dudng theo tiéu

chudn ISO 8068[13] va cach xay dung ham ngiu nhién. Cac nha thiét ké duong

thiét k& dudng trén thé gioi da dua ra tiéu chudn ISO 8068 danh gia va phan loai

' cac miat dudng quéc 16 (bang 2-1) thibt ké. Nhidu nha nghién ciru trén thé gidi da
st dung tiéu chudn nay ¢ de XAy du'ng ham kich thlch dao dong ngau nh1en kh1 khao

saf dao dong cua cac p

xy dyng tiéu chudn riéng cho minh nhu Trung Qudc dya vao co sé tiéu chuén da

dua ra tiéu chuan GB7031(1986) ve cach phan loai mat dudng va la tin hicu kich

thich dau vao cho bai todn phén tich dao dng 6 t0. D& tai ndy, dua vao cich phan

loai nay d& xAy dung cac ham kich thich ngu nhién.

Qua céc cong trinh khao sat mip md mit duong duoc xem 1a phin bo Gauss.

Theo tiéu chuén ISO mép mé ciia mat dudng c6 mat dd phd Se(no) va duge dinh

nghia bang cong thirc thyrc nghiém: ' ' -

S.(n)= Sq(no{r—:— (2-49)

trong d6: 1 13 thn sé séng ctia mit dudng (chu kyv/m), no 1a tan sb mu (chu ky/m),
S,(n) 12 mat 6 phd chidu cao cia mdp md mit dudng (m*/chu kp), Sy(no) 1a mat 4o
phé tai np (m’/chu k), @1a hé s& tin s8 dugc miéu ta tin s6 mat d0 phd cuia mit

duodng (thuong w=2).

Mip mé mit dudng duge gia dinh 1a qua trinh nglu nhién Gauss va né duoc

tao ra thong qua bién ngiu nhién Fourier ngugc:

2vnoS (n,)

2B A . 05(2792,.5,1“"4?5) (2-50)

q(t)= ZJ

2i—1 ) = ‘n A 1A
trong do [, =/, +-IT-Af véii=1,2,3...n, ¢, 1a pha ngau nhién phan bd 0+2rx.
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Ciin cit sb liéu bang 2.1 cic loai dudng duoc phan cAp theo tidu chuén I1SO

véi v=20(ms™); f,=05(FHz); f,=30(Hz); n,=01(m”), tic gia da tién hanh 13p

chwong trlnh toan bing phan mém Matlab 2014 dé md phong cic méip md ngiu

—nhmumatdﬂg thd hién phu luc 1. Mot sb két qui map md mat dudng dang

Cddthi

Bang 2.1. Cac lop map mo mit dwong phin logi theo tiéw chuin ISO-806813]——

} - ‘Ca'—p__ — 1T A B | C P E1F G|
“Tinh trang mat— | Rét — Binh : Rat ——Qua
- b Tot Xau . To1 \.
du'O‘ng ot — muo_ng . __j D011 Gl o6t |
Sy(ny) 16 64 256 1024 | 4096 | 16384 | 65535

(=
[=
(=]
&N

i

Chieu cao map mo ql{m)
=]

-0.005 ”|

0035 5 0 15 20 25 30 T
Thoi gian Ks)

Hinh 2.5. Chidu cao mip mé mit dudng theo tiéu chuin ISO B (njt dudng c6
chit lwgng trung binh)
2.5. Co s 1y thuyét diéu khién h¢ my(Fuzzy Logic Control-FLC)
Hé logic m& (Fuzzy logic) md ta quan hé dya trén luat néu—thi (if-then rules),
thi du nhu “néu md van néng thi nhiét d6 ting”. Sy nhdp nhéng (khéng xac dinh)
trong dinh nghia cia cac thira sb ngdn ngit (thi du, nhiét dé cao) duge biéu dién

thong qua tdp mo,

Hé logic md thich hp dé biéu dién kién thirc dinh tinh, c6 thé tir chuyén gia
(trong hé didu khién m& dung nén tri thirc) hay c6 the lAy ty dong tir dit lidu (quy
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nap, hoc). Trudng hop nay thuat todn x&u chudi m& thudng duge ding dé phan

chia dit liéu thanh nhém céc dbi trong giéng nhau.

y DElju . uit:
"_""ﬁ R If x is A
- " T v —t>  then y» is B,
TN _ _ e ,:,: " o e
. I x is A,
o . et B __thenyix 8

A, N’ A,

Hinh 2.6. Phép xdu chudi m¥ c6 thé dung dé rit ra cic dinh tinh néu - thi

2.5.1. Tap mo va logic mo

Khii niém tap hop dugc hinh thanh trén nén tang logic va dugc dinh nghta

nhu 12 su sép xép chung cac dbi tugng co cling tinh chét, duge goi 1a phén tir clia

tap hop do

A= {x€RJ5 <x <5}

U A

X
o

-5 : 5

Hinh 2.7. M6 ta him phu thude pA(x) cia tip cac s6 thure tir-5 @én 5

2.5.2. Pinh nghia tip mo

Trong khai niém tdp hop kinh dién ham phu thudc pA(x) cua tp A, chi co

mot trong hai gia tri 12 "1" néu X€A hodc "0" néu x¢A. Céch biéu dién him phy

thudc nhu trén s& khdng pht hop véi nhing tip duge mo td "mo" nhu tip B gbm

cac so thyc gan bang 5

B = {xeR| x=5 }.
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>
=
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—_
td
-

[
1
] } .

" Khi d6 ta khong thé khing dinh chic chin s6 4 ¢6 thudc B hay khong? machi ||

c6 thé néi né thudc B gao nhidu phian trim. P& tra 161 dwoc cau hdi ndy, ta phdicoi

 hamphuthude pB(x)cb gis tri trong khoang tir 0. dén 1 tirc 1a:
0 <uB(x) <. - o

Tir phén tich trén ta c6 dinh nghia: Tap md B xac djnh trén t4p kinh dién M 13

mdt tip ma mot phin tir ctia nd dugce bidu dién béi mot cip gia tri (x,uB(x)). Trong
d6 x € M va pB(x) 12 4nh xa. Anh xa pB(x) dugc goi 12 ham lién thude cia thp md
fffff B. T4p kinh dién M duoe goi 12 co sé cha thp md B. -
2.5.3. Cic dang ham lién thudc cia tip mo |
~ Dang ham thudc cba c4c tip m¥ dugc lya chon dang hinh thang — trapmf,

dang hinh chit “S” — smf va dang hinh chit “Z”-zmf

drzgmiil phelhnil {rim st geuss2mi emf

2l puigmt Hsigrl pimf Sigml

Hinh 2.8. C4c dang ham lién thugc ctia tip mo
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2.5.4. Cic phép todn trén tip mo
Trén tdp md ¢d 3 phép todn co béan 12 phép hop, phép giao va phép bu.

a. Phep hop hai tap mo’

» Phép hop hai tdp mo co cing co so

 palx) )

Halh) X

|

~ Hinh 2.9. Hgp cia hai tip md 6 clng co' sé -

(a) Theo quy tic Max, (b) theo quy tic Lukasiewwiez

Hop cua hai tip md A va B c6 cling co s M 12 mét tdp mo cung xéc dinh trén
co 86 M vdi ham lién thude duge xac dinh theo mét trong cac cong thie sau:

L. pA U (X)=Max {p(x), pB(x)}; L
2. pA U (X)=Min {1, p(x) + pB(x)} Phép hop Lukasiewiez ;

3. pA U (X) = { x {pa (x), pa(x)} khi min {pa (x), pa(x)}=0
C 1khimin{u @), G20
4. pA U (X)= pA(x)+ nB(x)/ (1+ pA(x)+ pB(x) ) (Téng Einstein)
5. w4 U (X)= pA(x) = pB(x) — pA(x)pA(x) (Tong truc tiép).
» Hop hai tdp mo khdc co sé

Dé thuc hién phép hop 2 tip md khic co s6, v& nguyén tic ta phai dua
chung vé cing mdt co sd. Xét tip mo A voi ham lién thugc pA(x) duge dinh
nghia trén co s¢ M va B v4i ham lién thudéc uB(x) dugc dinh nghia trén co s N,
hop cua 2 tdp md A va B 1a mét tdp mo xéc dinh trén co s& MxN voi

ham lién thude: pAUB(X, y) = Max {pA(X, y), pB(x, y)}

Véi pA(x, ) = pAX) v&éi moiy € N va pB(x, y) = uB(y) véimoi x € M
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b. Phép giao ciia hai tdp mo

» Giao hai tdp mo ciung co o

tu a

b0 ml®) A

¥ =

Hinh 2.10. Giao ciia hai tip m& ¢é cling co s&

_ . . _(2) Theo quy thc Min va (b) theo tich daisd =
Giao ctia hai tip md A va B ¢6 cling co s& M 1a mét tip mo ciing xac dinh

trén co s M v4i ham lién thudc yANBX) dugetinh: |

[a—y

- HA U (X) =Max {p(x), pB(x)};
. pA U (X) =p(x), pB(x) (Tich dai sb);

A U (X) = {Min {p(x), pa(x)}khi min {pa(x), ps(e)}=1 o

0 khi min {p(x), pa(x)} #1

b2

(8]

4. pA U (X)= Max {0, pA(x)+ pB(x) — 1} (Phép giao Lukasiewiez)
. pA U B(X)= pA(x).uB(x)/2—(pA(x)+ nB(x))—pnA(x).nB(x)) (Tich Einstein)

(¥,

Ciing gidng nhu trong phép hop, trong k¥ thuét didu khién chii yéu ta st
dung cong thirc 1 va cong thire 2 dé thyre hién phép giao 2 tap md.

» Giao hai tip md& khac co s&

Pé thuc hién phép giao 2 tip md khic co sd, ta cin phai dua vé cling co 0.
Khi d6, giao ctia tip m& A c¢6 ham lién thudc pA(x) dinh nghia trén co s& M voi
tip md B ¢6 ham lién thudc pB(x) dinh nghia trén co sé N 12 mét tdp md xdc dinh
trén co s& M x N c¢6 ham lién thudc duge tinh: pANB(X, v) = MIN{pA(x, y),uB(x,
)}

Trong do: pA(X, y) = pA(X) v6i moi y €N va uB(x, y) = pB(x) v6i moi x EM.
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¢. Phép bu cia mot tip mo
Bu cia tip md A ¢ co sé M va ham lién thude pA(x) 1a mot tap mé AC xac

dinh trén cung co s& M voi ham lign thude: pA(X) = 1- pA(X)

ap bil ctia tip md A dinh nghia trén nén X 13 tp md A° ciing x4c dinh trén

" tp nén X ¢6 ham thudc A €{x) thda man:”

L ;u-A—c(-X) chi-phu-thude vao geAlX)— — — - o e e

2 Néupabd="1thizxAx)=0

3. Néu pa(x)=0thi zAS)=1 - |

4 Néu gAY < gAX) i g AR = 7B (%)
ST Hac(x) . |

iy

]

~ Hinh 2.17. Bu clia tip m& S
1 b
\/
X

b)

Hinh 2.11. Phép bu cia mét tip mo

a- Ham thudc ciia tdp mo A; b- Ham thugc cua tdp mo 4 ¢

2.5.5. Bién ngén ngit va gia tri ciia né:
Bién ngdn ngit 1a phén tir cha dao trong cac hé théng ding logic md. G day cac
thanh phén ngdn ngit clia cing mot ngir canh duge két hop lai vé6i nhau.

Pé minh hoa vé ham thudc va bién ngdn ngi ta co vi du sau:
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Xét toe dd cua xe 6 td ta ¢6 cac bién ngdn ngh

- Rétcham: ky hidu VS

- Cham :ky méu S

- Trung binh: ky hiéu M

- Rét nhanh: ky higu F

r
Fy- - J

PP 1S ol gt o LA A o2 1
0o X 1a gra trr cua o tocao, v air X=1

ng voi cac bién ngdn ngit trén 1a

L Mw(x), ps(), ), pE), pees)
" | -

40 téc 4o

2.5.6. Luit hop thanh mo:

Luat hop thanh 13 tén chung goi mé hinh R biéu dién (mét hay nhiéu) ham
lién thudc pA=>B(x, y) cho (mét hay nhiéu) ménh dé hop thanh A = B. Mot luat
hop thanh chi ¢6 1 ménh d& hop thanh goi 13 luit hop thanh don, cb tir 2
ménh dé& hop thanh trd 18n goi 12 lust hgp thanh phic.

Xét Tudt hop thanh R gdm 3 ménh d& hop thanh:
R1: Néux = Al Thi y=BI hoic
R2: Néu x = A2 Thi y = B2 hoiic
R3: Néu x = A3 Thiy = B3 hoic

Céc luit co ban:
+ Luat Max-Min
+ Luit Max-Prod

+ Luit Sum-Min
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+ Luét Sum-Prod

2.5.7.Gidi m¢

Phuong phép cuc dai cho ring, gid trj 18 y* dai dién cho tAp md phai 13 gia

tri ¢6 x4c sudt thudc tip md 16n nhit. Thue hién theo phuong phap nay gdm hai

budc:

+ Xéc dinhrmién Gchragid trird y’, 1a mién ma tai 46 ham thudc cé gia tri

PRy 7.
ccGaat:

+ Xéac dinh y* c6 thé _chz"lp nhin duoc, ¢d ba nguyén Iy: nguyén ly trung binh;

nguyén Iy can trai; nguyén 1y can phai.

- Nguyén 1y trung binh: y’ 14 gi4 trj trung binh cua gia tri can trdi viphdicua
G (hinh 2.12a).

Hinh 2.12. Minh hoa quy tic hgp thinh m&

(a) Ham thudc vén tc pistion va dd cimg gidm chén;
(b) Quy tic hop thanh MIN; (c) Quy tic hop thinh PRO

Nguyén 1y cén trai: y’° 12 gi trican trai cia G (hinh 2.13b).
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Hp

- Hinh 2.13. Gidi m¢ bing phireng phap curcdai ~
(a). Nguyén 1y trung binh; (b). Nguyén 1y cén trai; (c). Nguyén ly cén phai

2.5.8: Nguyén the tng hop bd-dibukhibamd — - ..

Thue hién tdng hop bd didu khién md phai tién hanh theo céc budc sau:

a. Pinh nghia bién vao/ra:
| A ox o aks I SR . A 1R v et K. 1.4
Tay thudc vao d6i tuong diéu khién va muc dich diéu khién, ngudi thiét ke
phai x4c dinh bién vio/ra cia bd diéu khién. Trong bai toan diéu khién hé¢ thong

treo ban tich cye véi myc dich ning cao dd ém diu chuyén dong cia & td, bién vao.

ctia bd diu khién c6 thé 13 van toc piston gidm chén, dich chuyén than xe, van toc

than xe va gia tdc thin xe..., bién ra cta bd diéu khién 1a hé so can coa giam chan,

Iyc giam chén.
b.Xac dinh tdp mo:

Budc tiép theo 1a dinh nghia bién ngén ngit vio/ra bao gbm cac tip md va cic
dang ham thugc ciia chung. D& 1am dugc didu d6 ta cin x4c dinh:

Mién gi4 tri vat Iy cta bién ngdn ngit vao/ra.

- S6 luong tip md(sdlugng gia tringdn ngi). Vénguyén tic sdlrong gia
tringdn ngit cho mbi bién ngdn ngir nén chon trong khoang tr 3 dén 10 gia tri. Néu
it hon 3 thi it ¢6 y nghia, néu 16m hon 10 thi con ngudi khé cb kha ning bao quat
va phén biét.

- Xac dinh ham thudc, day 1a mét diém quan trong vi qua trinh 1am viéc cua
b6 didu khién md phuy thudc rat 16n vao dang va kiéu caa ham thudc. Cac ham
thudc 6 dang hinh tam gidc, hinh thang, ham Gauss..., trong d6 dang hinh thang va
tam gidc 12 hai dang hay ding nhat vi ham don gian va tbc @6 tinh toan nhanh. Can

chon cac ham thudc ¢ phan chong 18n nhau va phit kin mi€n gia tri vat Iy d€ trong
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qua trinh diéu khién khdng xuét hién “16 hong”.
¢. Xdy dung céc luit dicu Kkhién:

CD(

Cac Tuat didu khien dugc xay dung dua trén-co-sd-tri-thire-cta-chuyén-gia-h

S-‘-’* Q

y tai liéu chuyén nganh. Céc luit nay thuong dugce bitu dién dudi dang ma tran, cach

bicu difn nay rat tién 101 va bao quat.

wdChonthletb1ho'pthanh S ' o *

nguyen  the max-MIN max-PRO sum-MIN; sum-PRO ... ——

Phu:ong phap giai m& ¢o anh Thudng dén 6 phic tap va frang thai Tam vige cia
toan bd hé théng. Thudng trong thiét ké bd didu khién mo, gidi md theo phuong
—pﬁéﬁﬁéﬂml én tich hoac p. ph—phﬁp—dTenrtrongTam cowru-diém-heon-vi- trong———
két qua c6 su tham gia cla tht ca cac két ludn cua céc ludt didu khién. o

£.Téi wu bd didu khién:
N Sau khi d3 tdng hop dugce bd didu khién md, c6 thé ghép ndi véi dbi twong didu-
khién thue hodc déi twgng mé phéng dé thir nghiém, danh gia va t61 wu bd didu
Kkhién.

2.6. Xay dyng b didu khién m& hé théng d¢m cich dong co

2.6.1. Bién vao bao gom:
- Vin téc tuong dbi gitra khéi lugng khong dugc treo va than xe (z,—2,)
- Véan tbc twong déi giira khéi lugng khong duge treo va than xe (2, — ;)
- Bibn ra 12 hé s6 can thiy luc cia dém, ky hiéu Cax.

2.6.2. X4c dinh tip md
a. Mién gia trj vatly:

- Vin tbc twong dbi giira khéi lugng khong dugc treo va than xe (2, —2;)
_ Vén tdc twong déi gitra khoi lugng khong dugc treo va than xe (2,—2)

- Bién ra I3 hé sb can thiy luc cia dém, ky higu Ck-
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+ A A ~
b. Bién ngon ngir
Mai bién vao cd 3 gia tri ngdn ngit. Cac gia tri ngdn ngit dwge ki hiu ngan

gon nhir sau: “Am” =N; “Bang 0" — Z “Duwong—P.

¢ X#cdinh cdc ham thujc:
- Dang ham thudc cha cac tip md dugc lya chon dang hinh thang-trapmf, dang

-~ .. hinhtam giac—=trim ..

el S Z 5 e —
-08-06 04 -0.2 0.2 04 06 0.8
(Z.e_éb)
N yA P

I
\

i

.

I i I I i I

{
-0.15 -0.1 -0.05 0 0.05 01 0.15

(z,—z,)

0 200 400 600 800 1000 1200

Cax

Hinh 2.14. Ham thudc trong Matlab
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2.6.3.T4p luét didu khién:

Tap Iuit b didu khién md Fuzzy duge xay dung trén co s& suy luin truc quan.

Bi"mg {ruc quan, d¢& cach ly dao dong tot thi téng cac lgc tac dong lén khéi luong

dugc treo phai duge toi thiéu hoa. Trong qua trinh dao ddng, cac luc tic dong 1én

- khoi legng dugc treo gom lyc can va lyc dan héi. Dau va gia tri cta lirc céan phu

thudc vao van tdc twong ddi , ddu va gia tri Iyc dan hdi phy thude vao dich chuyen

, A s 11 A- 9 3 . A1lAa i S
toong dor gitra khortogng duoctreo-va khong dugctreo:

Trén co s& suy ludn tryc quan 4o, tip ludt gbm 9 luft cta bd diéu khién mo

Fuzzy.thé hién trong bang 2.3, nguyén tic diéu khién nhusaw; = .

R1:

If (28—:2b)isNand (z,~2z,) is Nthen Cg is S

R2:
R3:
R4:

R5:

If (2,-z)isNand (z,-z,) i1s Zthen Cyis M
If (2,-z,)isNand (z,—2z,) is Pthen CqisL

If (2, ~2,)is Z and (z,—z,) is N then Cqcis M

If (2,-z,)is Zand (z,~z,) is Zthen Cyis M

Ré6:
R7:

R&:

RO:

If (2,-2,)1s Zr and (z,—z,) is P then Cdkr 18 M
If (¢2,-2,)isPand (z,—z,) is Nthen Cq is L
If (3,-2,)isPand (z,-2z,) is Zthen Cais M
If (:,-2,)isPand (z,—z,) is P then Cyc1s S

Bing 2.3. Bang luit diéu khién Fuzzy
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2.7. P& xuit b diéu khién tdi uu

ctiacochuchip- hanh ctia SHEM; Bé-diéu-khién-Fuzzy

laoa e

.
N
k3

JLN 2= L]

r
A

.
A

dau vio 1a chuyén vi trirong d6i va van téc chuyén vi tu(mg dbi gitta khoi tugng

u ump hént Luu_y' hre 07

*bién ngdn ngit dang tam giac ch0 cac bién vao ra gbm NB, NM, NS, ZE, PS, PM,

__PB vano.duocthé hién trong bang 2.4

e Bang 2.4. Cac Ith:euxlw bwmngon ngiE .

NB NM NS ZE PS PM PB
Negative Negatlve Negatlve Zero Positive Positive | Positive
Big | Medium | Small | | Small | Medium | Big | i
Béng 2.5. Lugt diéu khién
f e
NB | NM | NS | zE | PS | PM | PB
NB PB PB PB PB PS PS ZE
NM| PB |- PM PM | PM |- PM | ZE- NS -
NS PB PM PM PS ZE NS NM
ec | ZE PB PM PS ZE NS NM NM
B PS| PM | PS | ZE- | NS | NM | NM NB
PM PS ZE NB NM NB NB NB
PS ZE NB NM NB NB NB NB

Céc viing gid tri dugc dinh nghia e €[-0.4, 0.4] m, ec €[-0.8, 0.8] m/s va f
e[-2000, 2000] N. Gia tri ham phu thu¢c trong khoang tir O dén 1. Hé thong lut
didu khién duogc thiét ké va thé hién trong Bang 3.2.

T4p luat bd diéu khién m¢ Fuzzy dugc x8y dyng trén co s& suy ludn tryc quan.

Bing trec quan, dé cach ly dao dong tbt thi tdng cac lyc tic dong 1én khéi luong

dugce treo phai duge tbi thidu hoa. Trong qué trinh dao dong, cac luc tdc dong lén

khoi luong duge treo gdm luc can va hre dan hoi. Dau va gia tri cia lgc cdn phy

thudc vao vin tbe trong ddi, ddu va gia tri lyc dan hdi phu thude vao dich chuyén

tuong dbi gitra khéi lugng dugc treo va khong duge treo. Trén co s& suy ludn truc

quan do, tap ludt cac luét cia bd didu khidn m& Fuzzy theo nguyén tic diéu khién

nhw sau;
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R1:Néu (z,—z,)1a NS va (z,~z,) 1a NS thi f1a PM
R2: Néu (z,-z,)1aNS va (3,—2,) 1A ZE thi f1aPS

R3:Néu (z, —z,)is NS va (2, —z,) is PM thi f[a NS

-----------------------------------------------------------------------

2 7. Két luan chu’o’ng 2

z

Ket - qui chuong nay da xay dung duoc mo hmh dao dong toan Xe V0’1 ha1

Ai- F" 14811 l la nmex ‘I.:I‘f‘.\ wAxs

e ! . L iy Mll\.ﬂll l.].l\J ¥ L3 AHJ

dung b didu khién md dé didu khién hé s6 can thiy 1uc cia dém cach dao déng

dong co dot trong. De ta1 da phan txch du'oc cac b5 diéu khién buzzy Loglc de dleu

khién. Tir d6 4p dung dugc 1y thuyét didu khlen Fuzzy Loglc md va tdi uu luat

trong diéu khién ban chii déng dém ddng co. Két qua s& duoc 1am rd hidu qua

phuong phép diéu khién ndy & chuong tiép theo.

49




CHUONG 3 MO PHONG VA PHAN TiCH HIEU QUA CUA HE THONG
TREO PIEU KHIEN BAN CHU PONG

Muc dich ciia chwong nay 13 fien hanh mé phong voi hé thong dént cach dao

dong bi déng va bdn chi déng véi cdc ché do tdi khdc nhau cua dong co va 6 1.

~ Tur do phdn tich hiéu qua cua h¢ théng dém cdch dong co ban chi dong so voi hé

thong dém bj dpng o a cac dzeu Iaen khac nhau

—3.1. Mo phing

3.1.1. S6 liéu md phong

_Trong khudn khé d& tai thac si tAc gia khéng ¢6 didu kién thi nghiém dé xée -

 dinh thong 8 mo phong ma the gia sir dung thong sb xe 6 0 du lich 5 chd ngdi

trong-eta-tai-lidu-thamkhao[24,25}Ham s6lidu phucvu cho-md_phong.

Bing 3.1: Cdc thong sé k" thugt ciia xe [24 25] 7 B
TT Théng sb Ky hiéu | Giatri | Pon vi
- 1 ﬁ Khéi I{rqr;g &ixqcii:r;soi - R M B 1300 kgi 1
2 Khéi lu’o'ng khong dugc treo trude trai My 40 kg
3 | Kh01 lagng khong dugc treo trudce phai Mip 40 kg
4 Khdi lugng khéng duge treo sau trai Myt 35 kg
5 Khéi lugng khong duge treo sau phdi Map 35 kg
6 Khoang cach tir trong tAm dén chu trude a 1 m
7 Khoang céch tir trong tdm dén ciu sau b 1.59 m
8 | Vét banh xe cdu trude B 1.6 m
9 Vét banh xe ciu sau B 1.6 m
10 |} D6 cing cua HTT trude trai Cit 178000 N/m
11 | Do cing cua HTT trude phai Kir 178000 | N/m
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T Théng sd Ky hiéu | Giatri | Donvi

12 | Db cling cia HTT sau trai Ko 178000 | N/m

13 | DJ citng cua HTT sau phai Ko 178000 | N/m

14 | Ddcimg cta 16p xe trude tréi - K 200000 | N/m
15 |Pdcimgetaldépxetruéephdi | Ky, | 200000 | N/m

16 | D cirng cua 16p xe sau trai K 200000 ] I\;/m_ 1
17 | Dé-cimg cha lopxe sau phéi-—- -~ - - K“‘?‘ | 200000 | Nm -
18 |Ha& sb can giam chan truée trai Cu 3530 | N.s/m

19 | Hé s6 can gidm chén trudc phai Ch 3530 | N.g/m

20 | Hé s6 can giam chén sau trai Ca 3530 N.s/m

271 ilé s& can gidm chin sau phai Cor 3530 N.s/rﬁ

22 | Hé sb can cia 16p xe trudc trai Cru 0 N.s/m

23 | Hé sb can cua 16p xe trude phai Crir 0 N.s/m I
24 | Hé sb can cla 16p xe sau tréi Cm 0 N.s/m

25 | Hé sb can cua 16p xe sau phai Crar 0 N.s/m

26 | M6 men quan tinh v6i truc X Iy {00 N.m?

27 | Mé men quén tinh véi truc Y Iy 2100 N.m?

- M6 men quan tinh cia déng co voi truc I 20 Mo

Xde
30 | Van toc khi khéo sat \Y 20 m/s
31 | Toa dd luc F1 theo phuong X X1 0.85 m
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52

TT Thong so Ky higu Giatri | Ponvi

32— TFoa-do-lue Fl-theo-phuong Y i 0-74 m

33 | Toaddlyc F2 ;heo phuong X X2 -0.65 m

34| Ton 83 lye P2 theo phuom ¥ wo | os | omof
35 |[Toadd Iyc F3 theo phuong X T xy | 07 m |
36 |TeaddlycF3theophuongY | w» | 068 | m |
37 | Toa @0 luc F4 theo phuong X X4 7 0.6 m

38 | Toa d0 luc F4 theo phuong Y Vs 0.62 m
39 | Khéi luong dong co m, 20 | kg

40 |6 clmg phin tir treo dong co Cl | 4156 | Nm |
41 | Db clng phén tir treo dong co C2 4156 N/m

42 | Do cing phin tir treo ddngco c3 4156 | N/m |
43 | Hé s cén cia phén tir treo dong co K1 3000 | N.s/m

44 | Hé sb can clia phdn tir treo dong ¢ - K2 3000 | N.s/m

45 | Hé sb can cia phan tir treo dong co K3 3000 N.s/m

46 | Toa dd theo phuong X, cua luc Fy Xie (.45 m

47 | Toa @6 theo phuong Y. cla luc F, Vie -0.28 m

48 | Toa d9 theo phwong X, cua luc F, X2e -0.45 m

49 | Toa dd theo phuong Y.cua luc F, Voe -0.28 m

50 | Toa d¢ theo phirong X, cua lyc F3 X3e 0 m




3.1.2. Khéi mé phéng tong thé

Mo hinh téng thé md phong st dung Matlab/Simulink d¢ giai phuong trinh

vi phin dugc miéu ta phdn chuong 2. Hinh 3.1 gém cac khéi mit duomg, khong

duoc treo, khdi luong duge treo, khoi dong co va khoi diu khién Fuzzy Logic

theo cac luat didu khién di dugc trinh bay phan trén
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TT Théng s6 Ky hiéu | Giatri | Donvi
51| Toa d6-theo phuong Yecualuc F3— Yae 052 | m
' 52 | Toa do theo phwong X, ctia luc Fy Xae -0.3 m
- 1531 Toadd theo phuong Yecha lyc Fy Yae 0:5 m-
7 54 (“ﬁﬁg suit d@ﬁig ca ] _ Ne 13056 | HP
55 | Sé vong quay 16n nhét ne | 5’_]00 T v/ph 1
[s6 | séxrtantr—— = == = Ao 4 | Chibe-{—
57 |Séky T 4 Ky
58 | Hanh tinh piston s | 928 | mm
59 | Puong kinh xi lanh D 82.5 mm
60 | Ty sdnén 7 | € | 17(5.3 N
61 | Chiéu dai thanh truyén Itt 144 mm
62 | Khéi lwong piston thanh truyén mc 0.82 kg
63 | Ban kinh quay truc khuyu r 0.06 m
64 | M6 men cuc dai & sb vong quay Mo/ Nema 195(/)330 Nm/vg
65 | Thong sb két cau A 0.33




‘Hinh 3.1. So 3@ m phéng ting thé Matlab/simulink

3.2. M6 phéng cac ché dd theo toc dd ciia dong co

5 phong tién hanh ¢-céc diéu kién hoat dong khéc nhau cia déng eovaxe ——

véi hé thong dém cach dao dong co cao su thiy lyc bi dong duoc trinh bay dudi
day.

a. Truwomg hop 1: Khi véin t(”')c_, 0 t6 V=0 km/h (xe dung vi tri 86 & ché d6 an toan),
te d6 ciia dong co & ché do khong tai ne=760(v/p)

Céc gia tdc theo mién thoi gian tai vi tri trong tAm than xe véi dém cach dao
dong cao su thuy luc bi dong khi vén téc 6 td V=0 va tdc d6 ctia dong co & ché do
khong tai n=760(v/p) duoc thé hién trén hinh 3.2. Tir két qua hinh 3.2 ching ta
thiy bién d6 cia gia toc giam din bt dAu t=3s sau d6 giit dao déng cin bing xung

quanh vi tri can bang ciia ching.
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0 5 10 15 20 25
Thoi gian(s)

(2).Gia téc theo phuong thing dfmg tai vi tri trong tAm than xe

0.2

0.1

-0.1

Gia toc goc a W¢(rad/s)

'0'20 5 1 15 20 25

0
Thoi-gian(s)

(b). Gia tdc gbc lic doc tai vi trf trong tim than xe

0.3

02

0.1

07' i

-0.1

Gia toc goc a We(radfs)

-0.2

0 5 10 15 20 25
Thoi gian(s)

c. Gia tbc goc lic ngang tai vi trf trong tAm thén xe
Hinh 3.2. Cic gia tdc theo mién thdi gian (V=0 km/h va ne=760 v/p) tai vi tri

trong tAm thin xe véi dém cich dao ddng cao su thuy lue bi dong.

55




b. Trudng hop 2: Khi van tbe 6 t6 V=0 km/h (xe dimg vi tri s6 & ché db an toan),

ting toc dd cuia dong co & ché dd tai 1én n=1800(v/p).

Cac gia tdc theo mién thoi gian tai vi tri trong tdm than xe vd1 dém cach dao

dong cao su thiy luc bj déng khi van tbc 6 t6 V=0 va ting tdc d¢ ciia ddng co &

 ché 46 1én n=1800(v/p) duoc thé hién trén hinh 3.3. T két qua hinh 3.3 chingta

thdy bién d6 cia gia tbc giam din pé@@ t=3s sau d6 giif dao ddng can bing xung

04

.02 : —

Y

A

ol ——————

Q

2 L N

© .02 |
PO FTR (U I S SR |
0 5 10 15 20 25

Thoi gian(s)

(a).Gia t6¢ theo phwong thing dtng tai vi tri trong tim thin xe

0.3
02
E I
.
< 0 nw~_ﬂ
2
2 UV
[ &)
2 .01
o
]
0.2
'0'30 5 10

Thoi g;ian(s)1 5 20 23

(b). Gia tbc goc lic doc tai vi tri trong tim thén xe
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o
~

o
[y

‘é>;
o
—

I

Gia toc goc a > rad/s)
=

S
S

5 10 15 20 25
Thoi gian(s)

oo .c.Giatbc gbclic ngang tai vi tri trong tAim thdnxe.. . = . . _I .
Hinh 3.3. Cic gia tde theo mién thoi griailii(\i/;b km/h v ne=1800 v/p) taivj tri

————————trong tim thim xe véi-démcich-dao-dingcaosu-thiylye bi-dong
c. Trudmg hop 3: Khi vén tdc 6 t6 V=0 km/h (xe dimg vi tri s & ché dd an toan),

ting tbc dd cia dong co & ché do ti 1én ché d4 trung binh n=3600(v/p).
o  Céc gia tbc theo midn thoi gian tai vi til trong tim thin xe v&i dém cich dao
dong cao su thiry Iyc bi dong khi van téc 6 t6 V=0 km/h va ting téc d9 clia dong co
- ﬂmmmmﬂmgmmmm@w
qua hinh 3.4 chiing ta thiy bién d6 ciia gia téc giam din bit ddu t=3s sau d6 giit
dao dong cn bing xung quanh vi tri cAn bing clia ching thdp hon trudng hop 1.

Bién d§ dao dong tai vi tri can bing dao ddng & ché d nay cao hon trudng hop 2.

0.4

o
b

wZ
-~

Giatoca (m/sz)

=
(o]
————— "

'0‘40 5 20 25

__ . 15
Thoi gian(s)

(a). Gia tdc theo phuong thing dumg tai vi tri trong tAm than xe
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 goc P ¢(rad/ )

|
i

=

[

|
|
\
|
|
|
|
|
|
Gia toc
S o
——

"0 5 10 15 20 25

Thoi gian(s)

(b). Gia tdc gbc lic doc tai vi tri trong tAm thin xe

04

02 ————

Gia toc goc a__(rad/s)
wo
[
—

0 5 10 15 20 25
Thoi gian(s)

(c). Gia tdc goc Jic ngang binh phwong trung tai vi tri trong tm than xe

Hinh 3.4. Cic gia tdc theo mién thoi gian(V=0 km/h va ne=3600 v/p) tai vi tri
trong tim thin xe véi dém cich dao ddng cao su thiy lwc bi ddng

d. Truong hop 4: Khi van téc 6 t6 V=0 km/h (xe dimg vi tri s6 & ché d an toan),

tang téc dd clia dong co & ché d§ tai 1én ché dd cao n=5400(v/p).

Cac gla tdc theo mién thoi gian tai vi tri trong tam than xe véi dém cach dao
ddng cao su thuy lyc bi dong khi van tdc 6 t V=0 kmv/h va ting toc do cila dong co
& ché d6 tai 1én ché @5 cao n~5400(v/p) dugc thé hién trén hinh 3.5. Tix két qua
hinh 3.5 ching ta thiy bién do cla gia tdc giam din bat déu t=3s sau d6 gitt dao
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ddng can bang xung quanh vi tri can bang ctia ching thap hon trrdng hop 1. Bién

d6 dao dong tai vi tri cAn bing dao dong & ché 36 nay cao hon trudng hop 3.

o=
S

o
o
|
|

Gialtoc a_ (m 9)
- ‘

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

(a). Gia tbe theo phuong i:hfmg dl'nig tai vi tri tr{mg tim than xe

04

o
b

O -

‘Gia toc goc a ¢(Iﬂd/S)

0 5 20 25

" rhoi gian(s)ls
(b). Gia tdc goc l4c doc tai vi tri trong tim than xe

e. Traong hop 5: Khi xe di chuyén trén diéu kién mit dudng ISO cap B véi
V=72km/h v téc d6 dong co n.~=1800(v/p)

Céc gia tdc theo mién thoi gian tai vi tri trong tAm thin xe véi dém cach dao
dong cao su thay hyc bi dong khi xe di chuyén trén diéu kién mat duong ISO cip B
véi V=72km/h va téc d6 dong co n=1800(v/p) dugc thé hién trén hinh 3.6. Tir két
qua hinh 3.5 ching ta théy bién d6 cua gia tde khong hién tugng giam va dao déng
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tai vi trl cin bing. Piéu nay ching ta mip mdé mit dudng anh hudng rit 16n dén

dao dong va chat lugng ém diu chia & t6.

<o
o

|
1/s) |
-
I i
—
|

_____ _ o ] _
2 0
[=Ts]
-3 -
307 —y— — -
~0 5 10 15 20 25

* Thoti gian(s)
(c). Gia tbc goc 15c ngang tai vi tri trong tAm thén xe
— Hinh 3.5. Cac gia téc theo mién thoi gian(V=0km/h va ne=5400v/p) taivitri ——

trong tam thin xe véi dém cach dao djng cao su thiy lwe bi dong

Giatoc a (m/sz)
WZ
=)
= 1]
—
e
- :L_-
—— ]
——— ]
——
b
=l
~
| ——
| ———r

S
h

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

(a). Gia tdc theo phwrong thang dimg tai vi tri trong tAm than xe
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1.5
1
3 o |
g-g 0¥| lll h TR ; 1l T'i?u et Elhu Hn. .‘n’l
) LRI \ Il h H« ﬂm
8 u ¥ 1 [ 1 -
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3 _
__ -1
1'50 5 10 15 20 25 30
Tho1 gan(s)
(b). Giatbe goc lic-doc taivi tnt;ong tﬁ_mthﬁ.nxe -
15
Z
£
o

i
f

wo
o
[ 3 Lh
—=—
———
=
=
=
Ft——
E:—
—s-__)
——
—==r .
—
bl
——
e
T
-
E———
|
|

Gia toc goc
&
Ln
—_—]
—
r—
g —a—
—
= [
=
——]
—
—
———
—
——

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

c. Gia tdc goc lac ngang tai vi tri trong tdm than xe
Hinh 3.6. Céc gia tbc theo mién thoi gian(V=72 km/h va ne=5400 v/p) tai vi
tri trong tim than xe véi dém cich dao dfng cao su thiiy Iyc bi dong
DPé nang cao d6 ém diju chuyén dong cua 8 to cling nhu giam én cla 6 t6,
trong d& (i niy thc gia tién hanh diéu khién hé sb can thiy Tyc clia hé théng dém

cach dao dong cao su thuy luc clia déng co & phan duéi day.

3.3. Phan tich d4nh gia hiéu qua dém cich dao djng bin cha déng.
a. Trudong hop 1: Khi vin tdc 6 t6 V=0 km/h (xe dimg vi tri 6 & ché d6 an toan),
tbe d6 chia dong co & ché 46 khong tai ne=760(v/p)
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Tir két qua mo phong trén xdc dinh duge gia téc binh phuong trung binh tai

vi tri trong tAm cUa thén xe theo phu’ong thing dimg, goc lic doc va lic ngang ciia
4xe—theercenghthu&e&a tteu chudn- quec 18- ISO—Zé}L—l—( L99L79{4%}d&dua&ttlrllpbay

Bang 3.2. Két qua o sanh lugu qud hé dém cdach dao dpng ban chu dong o

,,,,,,,, - e — O . . S
T ThoHg s0 ~— | . /@ISY T abw--f-(md-fsly ot Crad /57y ——— -
—Démbidong 0:0382 00208 0.0371
| Dembanchidong | 00359 | 00203 | 00350 |
Giam % 6.4% 2.5% 6.0%

Tir két qua trén Bang 3-2 chung ta thiy ring céc gié tri gia tbc binh phuong

_trung binh tai vi tri trong tdm ctia xe.cta thin xe theo phuong thing dimg, goc lic
doc va lic ngang véi hé théng dém cich dao dong cao su thity Iuc ban chu dong
giam 6.4%, 2.5% va 6.0% so v6i hé thdng dém cach dao déng cao su thiy luc bi

ning cao dang ké chét lugng ém diu cia 6 to. Két qua so sanh hiéu qua cta hé
thdng dém cich dao ddng cao su thity lyc ban chi dong va bi dong & truong hop 1
duoc thé hién bing db thi hinh 3.6.

0.3 ——Passive Engine Mount
— Semi-Active Engine Mount

wZ
=

Giatoca (m/sz)

0 5 10 15 20 25
Thoi gian

(a).Gia téc theo phuong thang dvmg tai vi tri trong tdm than xe
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Bdng 3.3. Két qud so sanh higu qua h@ dém cdch dao dpng bin chii djpng ¢

trung binh tai vi tri trong tAm ctia xe cua than xe theo phuong
doc va lic ngang véi hé thong dém cach dao dong cao su thuy luc ban chu dong.

arrg dﬁ'ng, gbéc léc_,_‘m,,'

gidm 3.1%, 3.4% va 3.4% so véi hé théng dém cach dao dong cao su thuy lyc bi

truong hop 2
ThGng sH ar—-em/-s2) g -rad s2) L (rad L s2)
Pém bi dong 0.0363 0.0273 0.0368
.l Dém ban chi ddng 0.0352 | 00264 _ | 00356
fffffff - GEAm % — - 31% I4% | 34%
Tir két qua trén Bang 3-3 chimg ta thiy rang cac gid tri gia tde binh phuong

d6ng. Hiéu qua clia hé théng dém cach dao ddng cao su thily lyc ban chu dong

truomg hop 2 kém hon tradng hop 1. Két qua so sanh hiéu qua cua hé théng dém

cach dao dong cao su thiy luc ban chi dong va bi dong & trudng hop 2 duge thé

hién bang dd-thihinh 3.7.- - - - T -
0.4 . .
---------- Passive Engine Mount

0.3 Semi-Active Engine Mouwnt | ——
0.2

)

E

o )

[

e

2

o

02

0.3

'0'40 10 15 20 25
Thoi gian(s)

(a).Gia tdc theo phuong thang ding tai vi tri trong tim than xe.
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0.3

---------- Passive Engine Mount
0.2 —— Semi-Active Engine Mount
3
£ 01
Cﬁ‘g 0
9
&
_ S | L o o B} _ B}
2 01
e
_ I _ _ _ B}
-02
-0.3 7
0 5 10 Thoi gian(s)ls 20 25
o '(b‘)?‘G'ritéic"gércr}e"w—doctaﬁﬁriﬂtrongm-thﬁn-x—e-.- e —
I e Passive Engine Mount
— Semi-Active Engine Mount
2 02 —
:aé !
o3
s - Ui -
cn S [E—
Q
2
o]
5 -0.2

"0 5 10 15 20 25

Thoi gian(s)

(c). Gia tdc gdc 1ac ngang tai vi tri trong tAm than xe

Hinh 3.7. So sanh hi¢u qua cia hé thong dém cich dao djng cao su thiy lyc

ban chi dong va bi déng & trudng hop 2

¢. Trudmg hop 3: Khi van tdc 6 16 V=0 km/h (xe dimg vi tri s6 & ché d6 an toan),

ting toc d6 ctia dong co & ché d6 tai 1én ché d6 trung binh n~=3600(v/p).

Tuong ty nhu truong hop 1 va trudng hop 2, tu két qua mo phong trén xdc
dinh duoc gia téc binh phuong trung binh tai vi tri trong tdm cua than xe theo
phwong thang ding, gbe lic doc va lic ngang ctia xe d3 duge trinh by chwrong 1,
Bang 3.4 thé hién gi4 trj so sanh hé théng dém cach dao dong bin chu dong voi bo
diéu khién Fuzzy logic so v&i hé théng dém cach dao ddng bi dong.
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Bdng 3.4. Két qud so sanh higu qua hé dém cach dao dgng ban chi dong i

truong hop 3
Théng s 5 PRITS) Ay 1-(rad [ 5) a, .ol (rad /s”)
Pém bi dong 0.0396 0.0321 0.0399
“Pémbanchiudéng | - - 00373 _ | 00310 |  0.0377
I GamY% | 62% | 35%— - 58%

trung binh tai vi tri trong tAm clia xe clia than xe theo phuong thing dimg, gdc lac

doc va lic ngang voi hé théng dém céch dao dong cao su thuy lyc ban chi dong

giam 6.2%, 3.5% va 5.8% so voi hé thdng dém cach dao dong cao su thiy hye bi

~ dong. Hidu qua ciia hé théng dém cach dao ddng cao su thiy lyc ban chi dong

cach dao ddng cao su thiy lyc ban chi dong Va b1 &é_‘)ﬁg & truorng h0‘p 3 duo'c thé _

hién bing db thi hinh 3.8.

trudmg hop 3 tét hon trudmg hop 2. Két qué so sanh higu qua cia hé théng dém

0.4

---------- Passive Engine Mount
— Semi-Active Engine Mount

WZ

Gia toc a__ (m/s’)

w_ .. 15
Thoi gian(s)

20

25

(a).Gia tdc theo phrong thing dimg tai vi tri trong t&m thén xe.
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0.4

---------- Passive Engine Mount
— Semi-Active Engine Mount
;g 0.2 ﬁ»
5 M
N-g 0
-
& H
o ! _ o _
- l
(o}
o h 0.2 E=— — - - I
0.4
0 10 15 20 25
Thoi-gian(s)
— (b). Gia toc goc l4c-doc tai vi tri trong tAm than xe . -
0.4
N T T e D Passive Engme Mount ]
— Semi-Active Engine Mount
2 02 —
g
_ Ngi - _ T
2 0
50
5]
8
]
o 02 ] B
-04
0 0 10 15 20 25
Thoi gian(s)

(c). Gia tbc goc lac ngang tai vi tri trong tdm than xe -

Hinh 3.8. So sianh hiéu qua cia hé théng dém cach dao djng cao su thiy lue

ban cha djng va bi déng & trudong hop 3.

d. Trudng hep 4: Khi van tde 6 t6 V=0 kmv/h (xe dimg vi tri s6 & ché d6 an toan),

ting tbc dd cia dong co & ché do tai 1én ché dg cao n=5400(v/p).

Tuong tu nhu tredng hop trén, tur két qua mé phong trén xac dinh dugc gia

tdc binh phuong trung binh tai vi tri trong tdm cia than xe theo phuong thang

dtmg, goc lic doc va lic ngang clia xe d3 duge trinh bay chuong 1, Bang 3.5 thé

hién gi4 tri so sinh hé thong dém cach dao dfng ban chi dong véi b dieu khién

Fuzzy logic so v&i hé thdng dém cach dao déng bi dong.
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Bdng 3.5. Kbt qua so sdnh hi¢u qud h¢ dém cdach dao dpng ban chii djng ¢

truwong hop 4
Théng-sb -2 Gy (rad 17 Byp 1rad 52
Pém bj déng 0.0396 0.0534 0.0543
. | Pémbanchadong | 00350 |  0.0498 | 00506 | |
o GiEm Y% 54% - T2% | T3%

a wh A > - I, NP I 4 F145 1
T Ki (ILld . Dall: - L] 2, A UIAady AllE ] cl ]

truiig binh tai vi tﬁrujong tam cia xe pﬁa thém )TG"ThBUTjhUOHg'th&II‘g' dung, g6ctic
doc va lic ngang v6i hé théng dém cich dao d@hg cao su thiy Iuc ban chi déng
_ gi&m 5.5%, 7.2% vi 7.3% so véi hé thong dém cach dao ddng cao su thiy lwc bi

dong. Hiéu qua cua hé “théng dém cach dao ddng cao su thiy lyc ban chu dong
trudng hop 4 tbt hon trudng hop trén d6i véi lic doc va ngang thin xe. Két qua so - -
sanh hiéu qua cta hé théng dém cach dao dong cao su thiy lyc ban chi dong va bi
_ d6ng & trudng hop 4 duoc thé hién bing do.thi hinh3.9. . -

0.4

---------- Passive Engine Mount
— Semi-Active Engine Mount o
02 :
g
cvsg 0
]
b=
5
0.2
04 5 10 15 20 25

Thoi gian(s)

(a).Gia tbc theo pmrong thing dtmg tai vi tri trong tAm thin xe
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---------- Passive Engine Mount
— Semi-Active Engine Mount
% 0.2
3
Q ¢
B 1)
S S _
2
_ﬂ n”"
- "7'76; R Y= - 7 - - -
L _ _ _ _ -
4% 5 TPRE 20 25
. Thei-gian{s)
~(b). Giatbe géc Tdc doc tai vi tri frong tAm thdnxe ~ o
04 D : h . i W
Passive Engine 1v1pu11t
— Semi-Active Engine Mount
2z 02
&
_ §§ o
g or '
b
g
<
5 02
-0.4

5 10 15 20 25
Thoi gian(s)

(c). Gia tc goc lic ngang tai vi tri trong tdm thén xe
Hinh 3.9. So sdanh hiéu qua ciia hé théng dém cdch dao dong cao su thiy lye
'bzin chi ddng va bi dgng ¢ truong hop 4.
e. Truomg hop 5: Khi xe di chuyén trén didu kién mit duong ISO cip B véi
V=72kmv/h va téc d§ dong co n.=1800(v/p).

Tuong tu nhu truong hop trén, tir két qua md phong rén xéac dinh duge gia
tbc binh phuong trung binh tai vi tri trong tdm cla thin xe theo phwong thang
ding, goc lic doc va 14¢ ngang cna xe di duge trinh bay chuong 1, Bang 3.6 thé
hién gid tri so sanh hé théng dém cach dao ddng ban chii dong véi bo diéu khién

Fuzzy logic so vé1 hé théng dém cach dao dong bi dong.
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Béng 3.6. Két qud so sanh hiéu qud hé dégm cdch dao dpng bédn chit dpng 6

trung binh tai vi tri trong tim clia xe cia than xe theo phwong tﬂﬁhédﬁng, goc lic

truong hop 5
Théng S‘r"} abuz ’f{na fsl} abl /(l‘adl ?2\ _ab TR, /(] ﬂf] J’ (‘2.\
DPém by déng 0.3543 0.2141 0.3149
. Pémbinchudéng | - 03410 . | 00127 = | = 03022 -
ey A 2 g A Yy 2 L Y, PR IV SRR Sy S n 4-...' aia +A 4 Taials mlhrrossa
T Ketqua ucn ballg >=-0 chung-ta tiay Taiigtat Fla i gld tOuUiilT prarong

doc va léc ngang v6i hé théng dém chch dao dong cao su thity Tuc ban chi dong

gidm 3.9%, 5.6% va 4.2% so v61 hé théng dém cach dao ddng cao su thiy lyuc bi

dong. Hiéu qua giam dao ddng cia hé théng dém cach dao déng cao su thiy lyc

ban chu dng truang hop 5 chung to dleu khi xe chuyen dong tren duong dao dong

dong co anh hudng rat 1on dén lic doc va ngang than xe. Két qua so seinh h1eu qui

ctia hé thdng dém cach dao ddng cao su thuy lyc ban chi dong va bi dong & trudng

hgp 5 duogc thé hién béng dd thi hinh 3.10.

1

—Passive Engine Mount
— Semi-Active Eng‘mc Mount
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NU}

EE “|1| li““.

@ 0 ! H'U '

(8]

2 .

5

-0.5
1o 5 10 20 25 30

13
Thoi gian(s)

(a).Gia tbc theo phuong thing dtmg tai vi tri trong tdm than xe
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——-Pagsive Engine Mount
1 —— Semi-Active Engine Mount
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(b). Gia téc goc lic doc tai vi tri trong tdm than xe

Lo o — _ | ——Passive Engine Mount o
1 ——Semi-Active Engine Mount
@
=3 . 0
g 0-5 .7 — - - 1 4 " - '3
:\-.1‘g kh ‘ n M%ﬂ[ i 1 |
8 . 0 1 (11 B | d i |
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Thoi gian(s)

(¢). Gia tc gbe ldc ngang tai vi trf trong tAm thin xe

Hinh 3.10. So sanh hi¢u quéa cia hé théng dém cach dao d§ng cao su thiy lre

b4n chi déng va bi dong & truwdomg hop 5.

3.4. Phan tich hi¢u qua tbi wu luit didu khién .

Gia tdc theo phurong thang dimg cia thin xe va gia téc goc lac doc va ngang

than xe v&i hé théng dém cach dao ddng ban chu dong sir dung tbi wu luat didu

khién Fuzzy logics (Improved SHEMs) so véi hé théng dém cach dao dong ban

chi dong (SHEMs) khi xe di chuyén trén didu kién mdt dudng ISO cap B véi
V=76.6 km/h vi téc 46 dong co n=1780(v/p) dugc thé hién Hinh 3.11. Tir két qua

trén Hinh 3.11 ching ta x4c dinh dugce gia tbc binh phuong trung binh cua thén xe,

(@ubs Awphi VA Awicta), CAC 1A tTT Aub, Awphi VA awieta VO1 hé thong Improved SHEM da

giam 1in luot 8.68%, 7.52% va 7.54% so voi hé théng SHEM, diéu d6 dd ém diu

cua xe duogc céi thién dang ké.
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-~ SHEMs
—Improved SHEMs

S

_ i i e |4
g.h 'A h W i

¥ '![v1 [ —

. Time/s

(a).Gia tbc theo phuong thang dtng tai vi tri trong tam than xe

[SHEMs 4
—Improved SHEMs

Time/s

(b). Gia tdc goc l4¢ doc tai vi tri trong tAm thin xe

-~-SHEMSs
. [~Improved SHEMs

6 g 10
Time/s

(c). Gia tbc gbc lac ngang tai vi trd trong tdm thén xe

Hinh 3.11. So sanh hié¢u qua ciia by didu khién t6i wu va bd diéu khién thong

thudng
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3.4, Két luin

Két qua chuong nay md phong duge co hé dao dong gdbm anh hudng cua

dao dong ddng co voi hé théng dém cach dao dong bi ddng va ban chu dong voi

cac ché d6 tai khac nhau cua dong co va 6 t6. Phin tich dugc hiéu quéa cda hé

théng dém céch dong co ban chii dong so voi hé théng dém bi dong & cac diéu

kién khéc nhau theo huéng ning cao dd ém diu chuyén dong ctia 6 t6. Hé thong
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KET LUAN VA KIEN NGHI

Sau mot thoi gian nghién clru, véi sy nd lyc ctia ban thin ¢ tai NCKH cap co

s& da hoan thanh. Mot s6 k&t qua dat dugce dudi day

- Phén tich va chi ra dugc tinh cép thiét clia dé tai;

- X4y dyng duge mb hinh dao ddng khang gian toan xe v61 10 bic tyr do c6 xet

anh huéjngicri;a 7(7:71:7:12 q;_“}ng dong dong co dbt trong.

thich d6ng co ddt trong;

- Xay dyng dugc b dicu khien Fuzzy Logic dé didu Khién hé sb can cua giam  —

~ chén thuy huc. T T o

- Phén tich hiéu qui ctia hé thdng treo ban chit déng so véi hé thong treo bi dong

trong ndm didu kién 1am viéc cu thé:
+ Céc gia tri gia tdc binh phuong trung binh tai vi tri trong tim cla xe cia
 than xe theo phuong théng dung, goc lic doc va ldc ngang vé6i hé thong dém cich
dao dong cao su thiy lyc ban chi dong giam 6.4%, 2.5% va 6.0% so v6i hé thong

dém cach dao ddng cao su thily lye bi dong trong truong hop 1.

+ Céc gié tri gia tbc binh phirong trung binh tai vj trf trong tdm ctia xe cua
than xe theo phuong thing dimg, goc lic doc va lic ngang v6i hé théng dém cach
dao ddng cao su thuy lyc ban chi dng gidm 3.1%, 3.4% va 3.4% so véi hé théng
dém cach dao dong cao su thuy lyc bi dong trong trudong hop 2.

+ Céc gia tri gia tdc binh phuong trung binh tai vi tri trong tAm clia xe coa
thin xe theo phwong thing dung, géc lic doc va 1ic ngang v6i hé théng dém cach
dao ddng cao su thdy lyc ban chii déng gidm 6.2%, 3.5% va 5.8% so vo1 hé théng
dém cach dao dong cao su thuy luc bi ddng trong truedng hop 3.

+ Céc gia tri gia téc binh phwong trung binh tai vi trf trong tAm cua xe cia
than xe theo phuong thing ding, goc lic doc va lic ngang véi hé théng dém cach
dao ddng cao su thuy luc ban chi déng gidm 5.5%, 7.2% va 7.3% so voi hé thong

dém cach dao dong cao su thuy luc bi ddng trong trudng hop 4.
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+ Céc gia tri gia téc binh phwong trung binh tai vi tri trong tAm cla xe cia

than xe theo phuwong thing ding, goc lic doc va lic ngang véi hé théng dém cach

dao dbng cao su thuy Iwc ban chi dong giam 3.9%, 5.6% va 4.2% so vor he théng

dém cach dao déng cao su thuy luc bi ddng trudng hop 5.

~ + Céc gid tr] aus, Bwphi VA 2w Vi hé thng Improved SHEM d4 giam lan

 lugt 8.68%, 7.52% va 7.54% so v6i h¢ thong SHEM, diéu 46 d6 ém diu cta xe

duoc car thiém damy ké:

b

Tuy nhién @& tii con mét s6 han ché, hy vong trong tirong lai s& hodn thién

theo cac hwdng sau day:

- Phan tich cdc ham theo tin s d& xem xét cdc hién tuong cong huwong do

kich thich &6ng co giy ra.

- Phan tich md hinh toan va tbi uu diéu khién hé théng.
- Ap dung thuét toan t6i ru mot hay nhidu ham muyc tiéu dé t6i wu cic thong

s6 hé thdng dém cAch dao dong bidong. S

- Thi nghiém thyc t& dé so sanh véi két qua mo phéng.
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- ABSTFRACT:—To—improve—the ride—comfort—of apassenger—car,—an—improved—semi=active-hydraunlic—engine
mounting system (improved SHEMs) is proposed to evaluate the ride comfort performance of its compared with
semi-active hydraulic engine mounnng .system recommended by reference (SHEMS) 4 fuzzy Iogzc controller
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engine mounting system. The obtamed results mdtcate that the peak amplxtude values of Ihe time domain
acceleration responses of vehicle body with improved SHEMs respectively reduce in comparison with SHEMs

under differeni survey conditions. Especially, the values of the root mean square (r.m.s) acceleration responses

of vehicle body (s, Quphi And Qurers) With improved SHEMs reduce by 8.68%, 7.52% and 7.54% respectively in
comparison with SHEMs.
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e— - -z SLINTRODUCTION - - e o — e
Internal combustlon engine (ICE) vibration not only affects the vehicle noises but also affects the

vehicle ride comfort, especially, the low-frequency vibration excitation sources greatly affects the vehicle ride

comfort. Engine vibration can also be generated by road pattern and transmitted from chassis. Engine mounts

and bushings are devices that are used to isolate engine and chassis/body from each other. Engine hydraulic j
-- —moﬂﬁtareﬁeﬁgneimeﬂ&resﬁh&bw&gqqgﬂeypafwﬁheﬂamheﬂhiehﬁusuaﬂy{hemesHmperten’eparti—— i
The higher frequency region is automatically filiered by soft materials inside the mount such as the main rubber. :
A method to improve vehicle ride comfort using additional damping coefficient values for an internal
combustion engine (ICE) rubber mounting system was proposed 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 under the combination of road surface roughness and ICE excitations [1]. A new
semi-active magnetorheological (MR) engine mount in half car model was proposed for improving ride comfort.
A dynamic sliding mode controller was developed for controlling the magnetic field strength of the engine
mount coil [2] The modelling, simulation and design of a semi-active engine mount that is designed specifically
to address the complicated vibration pattern of variable displacement engines (VDE) was described to controf
the pressure regulator [3]. A new type of active engine mount system based around the use of the bellows, a
voice coil motor and an accumulator was developed and The final design has been shown to reduce the
transmitted forces significantly while it has a relatively small electrical power consumption [4]. The
magnetorheological fluids (MRF) mount in squeeze mode for engine isolation was proposed and its damping
characteristics were analyzed. A hierarchical fuzzy control (HFC) system was proposed to decrease the vertical
vibration force and roll moment transmitted from an engine to a foundation based on an engine isolation
dynamic¢ model with three degrees of freedom [5].

For whole vehicle ride dynamic model, a 3D dynamic model with 14 degrees of freedom was
developed with the dynamic models of the traditional and new air suspension systems to compare the
performance of the air suspension systems for reducing the negative impacts on the road surface when vehicle
moves on the different road conditions [6]. A full vehicle model with 15 degrees of freedom was established to
analyze the performance of the hydro-pneumatic suspension system of heavy truck on the ride quality of road
surfaces [7]. A 3D nonlinear dynamic model of a typical heavy truck with 14 degrees of freedom was
established to analyze the effects of different road surface conditions on the safety of vehicle movement and the
durability of parts of a vehicle [8]. A three-dimensional vibration model of bus with 10 DOF {degree of freedom)
based on Dragan Sekuli¢ model was proposed to analyze the suspension parameters directly influenced ride
comfort [9]. However, these dynamic models do not take into account the internal combustion engine model and
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The vertical balance forces of vehicle axles are determined below

m, 4, =F, ~F,, )
myzy =y — Ly ®)
My 25, =1y, — oy, 9
MmyZy = Fy — Fry (10

__where, Fey, Fes, Fes, and Feq are the vertical forces of engine mounts; Fy., Fu, Fa,, and Fa are the vertical forces of
vehicle suspension systems; Frir, Fru, Frar, and Fry are the vertical forces of tires.

To determine the vertical forces of the semi-active hydraulic engine mount system (PHEM)s, the

] d{mamlc model of PHEM is shown in Figure 3.

IIC engine — | —|—

_____ Figure 2. The dynamic model of semi-active hydraulic engine mounting system (SHEMs)[11].
From Fig.2, the vertical forces of SHEM transmitting to engine and vehicle bodies are defined as

‘F;m'emi km( )+C ( V )+clm;m;( ‘e zbn) V (11)

where, ken and cen are the stiffness and damping coefficients of passlve hydrauhc engme mountmg systﬂm
(PHEMS), Casems are the control damping coefficientsof SHEMs (n=1+4y.~ ~ =~~~ -~ -

Road Surface excitation [10, 11]
To evaluate the effect the internal combustion engine vibrations on vehicle ride comfort, the road
surface roughness is road excitation which is snnulated in space domain and acts as an input to the vehicle-road

International—Standards

Orgamzatlon (ISO) 8608 [13] ‘A road surface roughness is usually assumed to be a zero-mean stationary
Gaussian random process and can be generated through an inverse Fourier transformation based on a power

spectral density (PSD) function [10, 11]. The road surface roughness is generated as the sum of a series of
harmonics:

N
GO =" 2G, (Prras ) 571, COS(27M g2+ ). (12)
k=1

where, the spatial frequency range, n; < n < mg, is divided into several uniform intervals which have a
width of Ang; Gg(n) is PSD function (m*/cycle/m) for the road surface elevation, the power density Gq(n) in
every small interval is substituted by Ge(nmia.k), Where Duigx (k=1, 2, ... , n) is center frequency among its
intervals; ny is the wave number (cycle/m); ¢y is the random phase uniformly distributed from 0 to 2=.

ICE excitations [10,11]

The engine is supported by three mounts arranged vertically and both the foundation and the engine are
assumed to be rigid, the foundation has a large mass and the mount mass is ignored, as shown in Fig 1. The
vertical inertia force due to the reciprocating mass of the engine and the roll excitation moment of the engine,
and it is herein called the torque, is a result of the torque from the inertia force and the gas explosion pressure
and pitch excitation moment of the engine [5] is defined as

F,, = 4m_r A} cos(Qayl). (13}
M, =M, [1+1.3sin(2m,1)]. (14)
M, = 4m_rAa; 1cos(2at). (15)

where, m, is the reciprocating mass of a piston, r is the radius of a crank, A is the ratio of r to the length
of the shaft, ax is the rotational frequency of the crank, 1 is the distance between the CG and the centre-line of
the second and third cylinders, M. is mean value of torque.
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SHEMs[11]. The awb, dwphi and awer values in comparison with ICE vibrations and without vibrations are shown
in Fig.3. The root-mean-square {r.mn.s.) acceleration [14] is defined as

1/2
17, . (16)

aw:{?]a u)a'zJ

where, a(t) 15 the weighted acceleration as a function of fime, m/s%;
sitmulation time, s.

115 the duration of the measurement or

-

Table 3. auwp, dupni and awters values with SHEMs[11] and improved SHEMs

- Change control law Ay (M/5°) Bupm (rad/s?) Byea(rad/s?)
SHEMSs[11] 0.4525 0.6816 0.6013
- ~—— =t Improved SHEMg ==~ ——-f - 046F————f—————063————————— 05502 — - e
Drecrease(946) 869 152 754

The results in indicate that the values of the root mean square (r.m.s) acceleration responses of vehicle

%@MhMQMJnMMMﬁMM_WmUWW in

eomparisen with SHEMs[ 11]. .

3 2 4 6 3 10

Time/s Time/s
(a) Vehicle body vertical motion ~ (b) Vehiele body pitch angle )
2 l -—SHEI\;ls
—Improved SHEMS]
Y 1 ’
R
. =5 i
s -1 - —1 — ‘
3 2 8 10

Time/s
(¢) Vehicle body roll angle
Figure 3. The time domain acceleration responses of vehicle body in comparison with improved SHEMs and
with SHEMs[11]

V. CONCLUSION

In this study, a fuzzy logic controller with an improved control law is designed for control of the
damping coefficient of a semi-active hydraulic engine mounting system using a full-vehicle dynamic model
under the combination of two excitation sources such as the internal combustion engine and road surface
excitationsg[10, 11] to evaluate a comparison of the performance of improved semi-active hydraulic engine
mounting system (Improved SHEMs) with semi-active hydraulic engine mounting system (PHEMSs) [11] via
vehicle ride comfort. The obtained results indicate that the peak amplitude values of the time domain
acceleration responses of the vertical motion (as), pitch and roll angles (ap and aea) of vehicle body with
improved SHEMs are respectively reduce in comparison with SHEMs [11]. That indicates that the optimization
of the control laws has significantly improved the controller efficiency.
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