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PHAN MO DAU

_ Hién nay thi trudng may x4y dung d3 va dang phat trién rat manh mg, do

céc hang muc xay dung dd thi cling nhu x3y dung giao thong ngdy mot phat

T SR T R IS 2 N e S i TR RE o A a e gk e
trién nhanh chéng dé hoan thién co s& ha ting ciia m6i quoc gia trén the gioi.

~ CAc héing sn xuit may xiy dyng lubn hoan thict va toi uu thi€t k& san pham

clia minh theo hudng néng cao hi¢u qua clia co cau chap hanh cling nhu ning

cao dd emraiv hogt dong cl iy May xay dung thuong xuyénlamviée trong

mdi trudng khic nhiét, ngudn dao ddng ciia may truyén 18n cabin ngudi diéu

khién tr mat nén bién dang, co cAu chip hanh va ngudn dong lyc. Nang cao

hiéu qua hé théng dém cach dao dong cabin ngwdi diéu khién may xay dyng,

cic nha nghién cdu va san xuét khéng ngimg nghién ciru hoan thién va toi uu

-thiét ké cac san phémhé théng dém céach dao ddng nhur hé rthéng dém cao su,

hé théng dém thiy lyc, hé théng dém dién tir bj dong, ban chi dong va cha

ddng. Mit khac, ngay nay thi trudng may xay dung khong nhing chi canh tranh
khdc 1iét hidu qua 1am viéc clia may, ma con canh tranh khéc liét vé tinh tién

nghi ctia may trong d6 dd ém dju hoat dong clia may c6 vai trd quan trong néng

x4u dén ngudi diéu khién. V& mit két ciu may xay dung hau hét khéng dugc
trang bi hé thdng treo nham lién két khung xe va ciu xe, chinh vi vy cdc nguén
dao dao ddng truyén cabin ngudi didu khién cha yéu théng qua hé théng dém

cach cabin. Nghién ciru dic tinh hé théng dém cach dao dong cabin phu hop

cao tinh tién nghi cho may v& hitu qué 1am viéc cling nhw gidm cdc tic dong

diéu kién khai thac cia may xay dung co tinh cap thiét ¢& nang cao a0 ém diu
cabin ngwdi didu khién, gidm téc dong x4u dén sirc khoe ngudi diéu khién ciing
nhu ning cao hiéu qua lao dong clia ngudi didu khién.

. Chinh vi 1y do trén t8i di chon dé tai “Nghién ctru phén tich hiéu qua
ctia hé théng dém cach dao dong cabin mdy xic 14t theo huéng ning cao
ém diu”

Muc dich cua dé tai:
 -Xay dung mé hinh dao dong toan xe.
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- Thiét 1ap phwong trinh vi phan md ta dao ddng todn xe.

~ - Phén tich hi€u qua.

*Y nghia khoa hoc va thyc tién

* K&t qua nghién ciru d4nh gi4 hiéu qua hé thong dém céch cabin theo hudng

- giam c4c tdc dong xau ciing nhy nang cao higu qua lam viéc cho ngudi diéu

~ khién may xuc 14t. Ngoai ra két qua dé tai s& gop phén bd sung cho co s& Iy

—thuyet hoan thién thiét k& démcach dao dong cho may xay dung:
: s ] 10 QOTE Y Ady Uiy

*Doi twong nghién ciru
g

MaAy xtic 14t va dém céach dao déng cabin may xuic 14t

* Phwong phdp nghién ciru.

Nghién ciru 1y thuyét: mé phéng va phan tich hiéu qua cha dém cich..

* Pham vi nghién cuu -

hidu qué cta hé thdng dém cach dao déng theo hudng ning cao d ém diu hoat
ddng cua may.

* Noi dung nghién cieu.

Téng quan vE 8 @i nghienciny;
- X4y dung md hinh toan xe
- Phan tich va d4nh gid hiéu qué;

- Két luén va kién nghi.

Trong pham vi cua d2 tai, mot m6 hinh dao dong clia todn xe, phén tich




CHUONG 1
~ TONG QUAN VE BE TAI NGHIEN CUU

1.1. Tinh hinh phat trién mdy xay dung tai thi trudomg Vi€ Nam ™~~~

Trong nhimg nim ‘gin d4y, tinh hinh phat trién kinh t& x4 hoi cia Viét

~ Nam thoi gian qua twong dbi 6n dinh va c6 nhlcu déun hi¢u khéi sic (tdng trudng
GDP cua Viét Nam ndm 2019 ting 7,02%, virgt myc tiéu déra 6,6% dén 6 8% )-

Coso I thng, ¢ bigt T hathng giao thong vartrr ting d6-thi-da-dugcquan

tam dAu tu, t6i nay di mot phin dap img nhu clu phat trién hién tai vé kinh &

~ — x4 hoi. Tuy nhién, hai nam 2020 va 2021 thi trudng cling bi 4nh hudng nhét

dinh do tic dong cia dai dich Covid-19. Nam 2020 1a m6t ndm d@'iy bién ddéng
d6i v&i nén kinh té Viét Nam, ddc biét 13 nganh x4y dung va anh hudng ti gid

may xay dung. Theo khao sit-cta trangf—dénh— gia uy tin - Vietnam Report cho

7 thdy phan 16n doanh nghlep cho rang nim 2020 kinh doanh s& kho khin hon

(73,9%), chi c6 13,0% doanh nghiép lac quan ky vong nganh XD-VLXD s&

ting treong hon so voi ndm trude, 4,3% cho ring nganh XD-VLXD s& tiép tuc
duy tri tAng truéng &n dinh nhu nim 2019. Pang chi v, khoang 8,7% s6 doanh

nghlep duro*c héi cho rangThl ﬁ'u:ong s& “trAm lang trong 6 thang ddunimva
s& tr¢ lai s6i dong trong 6 thang cudi nim sau khi dich COVID-19 két thuc, va
cac gbi kich ciu ciia Chinh phi bét dAu c6 hiéu qua. Két qua khao sat clia Téng
cuc Théng k& thuc hién trong quy 1/2020 chi ra ring c6 dén 47,5% s6 doanh
nghiép kinh doanh kho khan hon, 33,7% s& doanh nghiép gifr dwoc én dinh va

18,8% sb doanh nghiép kinh doanh t6t hon.

Tuy nhién, dai dich qua di, nganh xay dyng s& khoi dong ché lai. Vi véy,
viée co gidi hda va tr ddng hoa trong Iinh vire xay dung 14 mot khau khéng thé
thiéu dugc trong qua trinh phat trién quéc gia. N6 quyét dinh viée ting ning
xudt Jao dong, ha gia thanh san pham, gidm nhe sirc lao déng chén tay va tri 6¢
cho ngudi lao dong. Ddng thoi gdp phan rit quan trong vao viéc rat ngin thoi
gian thi céng, nhanh chong dua cong trinh vao khai thc sir dung, néng cao hi¢u

" qua kinh té, chat huong va tinh thim m§ ddy manh td¢ d¢ ting truéng ctia nén




kinh t& qubc dan. Dé thuc hién cic cong trinh xdy dyng, khong thé thiu dugc

 chc méy xdy dung. Trén thé gidi d4 ché tao dugc nhiing thiét bj chuyén dung

trong xay dung cac cong trinh nhur: xay dyng nha cao té‘mg, nha c¢ong nghiép, ~

 dan dung, xay dung cdu dudng, xdy dyng cac nha may thuy dién... Cdc thiétbi

X8y dung ngdy cang dugc hién dai héa.

~ Hién nay, mdy xdy dung ngoai cac yéu cau vé hi¢u suat cong vige, tiet

b
|~
b
»
>
>

iém nhién Héu, bdo vé mioT troong. .. thi vanmdé-dambao ghi-hoat-déng

cuia conngudi cho ngudi lao ddng, dam bao sirc khée cho ngudi van hainh may

_ xAy dung gidm thiéu cac bénh nghé nghiép d4 va dang dugc c4c nha nghién

ctiru khoa hoc tip trung nghién ciru, phat trién.

1.2. Phén tich dao dong clia may xiy dung

May x4y dyng-luén lam viéc trong-mdi trudng khic nhiét, thiét bi di

chuyén ciia may ludn tiép xtic mit dudng off-road va bién dang. Mat khac, gitia

cAu xe va khung xe thudng khong lién két din hdi thong qua hé théng treo. Do

d6, cac ngudn dao dong truyén 1én ngudi didu khién may cht yéu théng qua

Hinh 1.1. Cabin va ngwdi didu khién xe céng trinh

Ngudn sinh ra dao déng cia may xay dyng truyén 1én cabin nguoi diéu
khién chu yéu tir mit dudng, dong co va co cAu cdp hanh cia mdy.

Ngudi didu khién tiép xtc ngudn dao dong thong qua ghé ngdi, tay va
chéin van hanh may. Hinh 1.2 thé hién cdc vi tri tiép xuc dao dong cua ngudi

_diéu khién trén may xay dung.




Tir két qua nghién ciru d3 chi ra ring con ngudi man cam v6i dai tan s0 2-

__ 8 Hz d6i véi phuong dimg va 1-2 Hz déi v6i phuong ngang.

pé nang cao d§ ém diu cabin va gidm cac tdc dong xau gdy ra doi vo1

ngudi diéu khién may xay dung, cac giai phap két cau cua §ém cach dao dong

~ cabin may xay dyng s& tiép tyc trinh bay phan dudi ddy.

Hinh 1.2. Céc vj tri tiép xiic dao dong va cim bién do dao dong cla ngudi
diéu khién
1.3. Pém cich dao djng cabin may xiy dung
Pém céch dao dong c¢b vai tro cach ly ngudn dao dong, lich st phat trién
dém céch dao ddong dugc ap dung hé théng dém cach dao ddng ddng co dbt
trong (Mounting Sytem) dugc thé hién trén hinh 1.3. Pém cach dao ddng cabin
cﬁé- may xdy dung cling cb 11Ch st hd'a;m‘ thién Kkét céu ttrdng ty nhu hé thong
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dém cach dao ddng ddng co dbt trong. Dic tinh két ciu dém cach dao dong

_ cabin cila médy xy dung tiép tuc durgc phén tich dudi day.

1.3.1. Dém cach dao dong cao su

'Dém céach dao dong cao su duge ap dung rat sém, voi cac déc tinh vugt

~ trdi giam dao ddng & tan s6 kich thich cao va gidm on. Dac diém ket cau gom

cac de dém bang thép hop kim va cao su. Ket chu dém cao su cabin mdy cong

B _lTTfﬁTdtrUC‘tl’ré men nmn T; 4
* Un diém:

+ K&t cAu don gian va dé ché tao;

+ Giam hiéu qua duoc tiéng On va dao ddng khi tan so kich thich cao;

* Nhuroc diem: Hé s0 cin cia dém nho vi hé s6 ndi ma sét clia cao su nho.

Chinh vi véy, n6 khé gidm dugc dao dong kich thich tan s6 thép. Chinh vi nhuge

diémr nay chc nha r nghlen ctra d3 d& xudt dém cach dao dong cabin két hop cao su-

va thay luc s& tip tyc duoc trinh bay duéi day.

1980 1990’____, ;m'o | _____calo,

Bem ca0 s ﬂlll"i? lll’(:

/ B-an chu ﬂung
=

Hinh 1.3. Lich sir phat trién ha thong dém cich dao dong




Hinh 1.4. Ket ciu dgm €ao su cabm may cong trmh

1.3.2. Dém cich dao dong cao su va thiy Iuc ' -

Pé ting hiéu qua dém cach dao dong cabin khi tan s6 kich thich dao dong
& dai thn sd thap, cac nha nghién ci va thiét ké a3 két horp dém céach dao dong

cao-su vériﬂthﬁy luc. Két ciu dém cach dao déng cao su két ,hqp thﬁy luc duwge

Cao su
L5 tiét lwn

— “Tamngin -

Hinh 1.5. Pém cach dao ddng cao su thiy luc cabin
* Uy diém: Giam hidu qua duoc dao dong khi tin sb kich thich thép
do nang cao gié tri hé s can ciia dém.
* Nhuoc diém:

+ Két cdu phure tap;




+ Mic du di cai thién déng ké dic tinh can cia hé thong so véi hé

" thong cao su thuan ty sir dyng ma sat sinh ra h¢ s cén, tuy nhién day van 13

dém b1 déng. Chinh vi vay, nhugc diém ndy cac nha nghién ciu dd déxuat

i A Ty g Ty e T TN 5 T A FTA AL LA AT LA B P S TE s
dém cach cabin cao su va thiy uc ¢6 diéu khién hé so can thiy lyc s€ ti€p

tucdugc trinh bay duéi ddy.
1.3.3. Pém canh dao dfng ban chii djng

P T 1ry g A 3 a 4 A 3a P .| 3 Jom Ao oo tladtay
AU NUONE phdl TTen e thonZ denT Tacil aan dong aaly UoTsCaU Uikl y

Iyc bén chii dong cabin xe cong trinh duge thé hién trén hinh 1.7. DE diéu

khién thdng minh hé sd can cua hé théng dém cach dao dong ciia dong co,

hién nay nha nghién ctru va nha thiét k& di dua ra nhiku 1y thuyét diéu khién

khéc nhau nhiam diéu khién hé s6 can phi hop véi cac diéu kién lam viée cia

mday cong trinh.- : : SR : —

* Un didm: Giam duge dao dong v6i moi didu kién 1am viéc khac

nhau do diéu khién gié tri hé s6 can clia hé thdng treo (dm cach dao dong)
mét cach tién nghi.
* Nhwoe diém:

| iKétchuphtctpvagithanhdiy

+ Mic du giam dang k& dao dong ciing nhu tiéng on cia dong co dbt
trong gy ra, tuy nhién vin chua didu khién dugc d6 clmg ciia hé théng. Chinh
vi vay hé théng dém ¢ach dao ddng dién tir ra ddi s& tiép tiép tuc dugc trinh
by dudi day. o

i/

Diu silicén LB__;{O
" Hinh 1.6. Pém cach dao dong cao su, 10 xo vathiiy lie cabin
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1.3.4. Dém canh dao djng chii dfng

_ Xu huéng phat trién va hoan thién dém cach dao dong dao dong chi

dong cabin. D¢ dieu khién thong minh ca hai thong so do cimg vahesdcancua

e o B I D T T T T T e e S - oA Ho— - A A-- e e
dém cach dao dong cla cabin vdi cac dieu kién lam viée cia xe, ket cau dém

~ cach dao dfng dién tt‘lrfrrqd(‘)fi,r mot dém cach dao ddng cao dién tir chi dong
duge thé hién trén hinh 1.8.

do didu khién gia trj ca gid tri 6 cimg va hé s0 can ciia dém mdt cach tién nghi

theo ché @3 lam viéc. Do vay, dém cach dao dong chu dong dién dién fir co tu
diém hon dém céch dao ddng cao thity lyc ban chi dong. |

* Nhugc didm:

+ K&t cAu phtrc tap va gia thanh dét;

+ Gidm dao dong ciing nhu tiéng dn gy ra t6t hon dém cach dao dong

ban chu dong.

IR
.

il :,imm;:@mjmj -




Cao su i

Piston: < Y -
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L3 thomg hot
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- cumdty —
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1.4. Phin tich hé théng dém cich dao djng cabin trén mdt s may xiy dung

Bé—&ifé&h&théﬁg—dém—eéekkdae—déngehgﬁéng—ca,_cabin,. —~cla may

~ miic v may ty dwgc thé hién trén Hinh 1.9.

B tri hé théng dém cich dao ddng cabin xe lu rung banh don va m6 hinh
dao ddng khéng gian dugc thé hién trén Hinh 1.10. B4 tri hé thong dém cach
dao dong cabin may xtc 14t dwgc thé hién trén Hinh 1.11. B4 tr h¢ thong dém

cich dao dong cabin xe lu rung banh kép dwoc thé hién trén Hinh 1.12. He

théﬁg d8m céch dao ddng cabin méy xay dyng durgc phét trién tir h¢ théng dém

cao su thun tiy, hé théng dém cao su thiy luc, khi nén va hé théng dém cach
dao déng ban chi dong va chi dong nhir da phén tich & phin trén. Hau hét cac
loai may xay dung khong trang bi hé théng treo ndi ciu xe va khung xe, do vy

hé thdng dém cach dao ddong cabin cha may cé vai trd quan trong nham giam

anh huéng x4u cia dao dong truyén than ngudi didu khién. Hién nay, dé ning
cao do ém dju cta may x4y dung, cac nha thiét ké va nghién ctu tdp trung cai
tién hé thong dém cach dao dong cabin va hé théng treo ctia ghé ngdi ngudi
diéu khién theo hudng tich cwc. Xu hudng phat trién 12 ting hé sb can va didu
khién d3c tinh cta dém cach dao dong theo hudng ban chu dong va chu dong.
Tuy nhién, gia thanh cda cac hé théng dém ban chul ddng va cha ddng cao so

vc’)’_i ht_": __t_l_l_éng dém cach dao dong bi dong, hé théng dém céch dao déng thuy luc
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dap tmg duge diéu kién khai thac cia may xay dyung khi n6 lam viéc mdi truong

. khac nhigt.

" Pémecabin
| Pemeabin

= 7
Hinh 1.10. B6 tri hé thong dém céch dao djng cabin xe lu rung banh don

va mé hinh-dao djng khong gian

Hinh 1.11. Hé théng dém cich dao ddng may xvc 13t
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Hinh 1.12. Hé thong dém cdch dao ddng cabin xe lu rung banh kép

1.5. Tinh hinh nghién ciru trong nwéc va nwdc ngoai

Theo théng ké céc bao cdo, tai liéu khoa hoc cong bd nghién ciru vé linh

vire nghién ctra fa co cac cong trinh nghién ciu trong nuoc vangoai nude. -
1.5.1. Déi v6i nha nghién citu Viét Nam

Péi véi Viét Nam theo théng ké cta cac cong bd khoa hoc, thi d§ ém diu
cabin xe & t6 noi chung va cabin may xdy dyng noi riéng di va dang duoc

~ " nhidu nha khoa hoc ‘quan tdm nghién ctru. Tuy nhién céranglﬁémcﬁ:u,vé may -

x4y dung dang con han ché, day van dang 1a hudng nghién ctru mé cho cac nha
khoa hoc.
Duéi déy 14 mot sb két qua nghién ciru cia nha khoa hoc trong nuée

nhiing ndm gﬁn day:

Cong trinh nghién cfru-cia 16 Van-Quynh-va-cde-cdng-su[17]}- dé xudt —
mét phuong an thiét ké va tdi wu théng dém cach dao déng phu cho cabin xe lu
rung banh don st dung md hinh va phuong phap CAE.
Cong trinh nghién ctru L& Vin Quynh vi Nguyén Khic Tuén([7] dé xudt
duge mot phurong phép thi nghiém dang gia do ém diu cua xe lu rung banh don.
D6 ém dju hoat dong cia xe lu rung duge do thdng qua tin hiéu gia tdc khi xe
hoat déng & cac diéu kién khac nhau. Két qua do dugce phén tich dya vio tiéu

chuAn - 1S0-2631-1(1997) va két qua ndy co s& vé mit thue nghiém cho viée

12




thiét ké 81 vu hé théng dém cach dao dong cabin xe lu rung, Phén tich két qua

_do dao dong theo mién tin s6 va hidu quéa gidm dao déng cla cabin thong qua

hé s& truyén dao dong dém cach dao ddng cabin[9].

Cong trinh nghlen ctru L& Vian Quiynh va Nguyén Khic Tuan[8]d3 dé&

 xuAt mot md hinh dao dong khong gian toan xe cia xe lu rung banh don de

‘nghién ciru anh hudng ciia hé thong céch dao ddng cao su cabin xe lu rung dén

chi ra dugc anh hudng cia hé théng dém cich dao dong cao su cabin dén do

_ ém diu cia ngudi diéu khién va dé xuit dugce bd thong sb to1 (ru cho dém cach

cabin xe lu rung banh don.

Cong trinh nghién ctru L& Vin Quynh va cong sy[13] da xay dung dugc

mdt md h1nh dong Iyc hoc ph1 tuyén ctia todn bd xe dya vao sy tuong tac giira

. banh xe va miit nén. Két qua phén tich dugc 4nh hudng didu kién hoat dong va
thong s cac hé thng dém cach dao ddng cta xe Ju rung banh don dén do ém
diu dua vao tiéu chuén ISO 2631: 1997 (E), anh hudng cila tiéng On va rung

dong dén strc khoé con ngudi dé danh gia anh hudng cilia céc diéu kién dudng

khac nhau, diéu kién hoat (Tong vathe ¢ d6 xc rén IlgIIO'I 14 xe. e

Céng trinh Bui Van Cudng[10, 11] trong d& tai NCKH cfia minh, tic gid
t6i vu thong sb dém cach dao dong cabin cho xe lu rung bing phuong phap
ring budc, t81 wru ham da muc tiéu nham dam bao giam thidu tac hai x4u coa

dao d6ng dén strc chiu dyng cua con ngudi.

Cong trinh nghién ctru Lé Vin Quynh va cong sy 14] da xay dung duoc
m6 hinh déng lyc hoc phi tuyén cia toan bd xe dya vao sy tuong tac gilta banh
xe v mit nén. Tir d6, cAc thong 36 thiét ké ctia hé théng dém cach dao ddng
cabin xe lu rung bénh don duge tién hanh t8i wu theo céc gidi thuat di truyén
da muc tiéu (Multi-Objective Genetic Algorithm).

Cdng trinh nghién cu L& Vin Quynh [16] dd xay dung duoc mot

phuong phap do dao dong cabin va két qua do dugce 4 1am can ct kiém chimg

tinh dting dit ciia mé hinh toan cabin xe u rung banh don.
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Céng trinh nghién ctru Nguyén Vin Liém va cic cong sy[18] dé& xuét ba

loai dém cach dao ddng cao su, khi nén va cao su thity lyc d¢ phan tich hiéu

qua ba loai dém nay dén d ém diu cua cabin su dung mo hinh dong lwchige

phi tuyén todn xe lu rung banh don.

Céng trinh nghién ciru Nguyén Vin Liém va céc cdng su19] & xuit

nang €ao. 11 4}
lu rung banh don.

Cong trinh nghién ciru cla tic gia Trin Van Tan[12] frong &8 tai NCKH

tac gia di x4y dyng mo hinh dao ddng ciia xe d€ khdo sat cac thong 0 ctia dém

chch dao d6éng ban tich cuc cabin xe lu rung banh don. Xay dyng didu khién

tich cuc thong 6 hé sb can cho hé théngf dém cach dao ddng cabin xe Iu rung

Theo théng ké & trén cac cong trinh nghién ciu trong nudc van con
khiém tén vé& linh vic nghién ciru gidm céac tac dong xau cua dao dong may

cong trinh. Két qua nghién ciru chit yéu dugc cong bd ciia nhém dé tai. Chinh

dao ddng cabin may xdy dung theo huéng nang cao ém diu va hoan thién thiét
ké hé thdng dém cach dao ddng cabin cho may xiy dung la mjt dé tai mé cho
céc nha nghién ctru.

1.5.2. D6i v6i nha nghién cira trén thé giéi

theo quan didm nﬁng cao 6 ém dju cho nguoi didu khién khi xe hoat dong.

vi vy, xdy dyng mé hinh, m6 phong va phan tich hidu qué ctia dong dém cach- —— -

Hién nay, cac nha nghién curu va thiét k& may xay dung hoan thién vAnang
cao hiéu qué lam viéc cac co cAu chép hanh va ning cao tinh tién nghi cua cabin
cia ngudi didu khién. Trong d8 tai nay, nhom nghién ciru chu yéu tap trung vao
phin tich dao dong va diéu khién hé théng dém cach dao déng.

Péi véi nghidn ctru hidu qua cdc hé théng dém cach dén d6 ém diu hoat
dong cua cabin ciing nhu ngudi didu khién, Cong trinh nghién ciru cta Sun
Xiaojuan va Zhang Jian run[15] d& d& xult mot hé théng treo cao su thiy lyc

" “cho cabin may xdy dung va dénh gid hiéu qua cta h¢ théng dém cao su thiy
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Iuc so vdi hé thong dém cao su st dung mé hinh dong lyc hoc cabin clia may

~ xdy dung 6 béc ty do. Coéng trinh nhyu cong trinh nghién cliu Ario Kordestani

va cdc cong sw [20] dwa ra md hinh khdng gian ciia xe [u rung banh don voi T2

‘bic ty, md hinh bao gom 'hé théng treo ghé ngdi ngudi didu khién, hé théng ||

dém céch dao dong cabin, h§ théng dém cich dao ddng bénh lu va 1op xe. Mot
 thi nghiém do dao ddng todn xe duge tién hanh trén nén dan hoi déo. Két qua

hoc xe Iu rung banh don. Tir 46 tac gia tién hanh phan tlch anh huong cla

~ thong s6 hé thong treo va dém cach dao dong dén 36 ém diu hoat djng cua Xe

théng qua tiéu chuén ISO 2631-1 (1997) vé anh huong cia dao déng dén stc

khoe con ngudi.

Nang cao d§ém diu cho hé théng cach dao dong cabin cia miy xdy . -

du’ng, cac he thong cach dao dong ban chi dong va chi dong da ra doi ratla
sém. Hé théng dém cach dao dong ban chi dong dugc gidi thidu & thap ky 1970
(Crosby and Karnopp, ndm 1973 [21]; Kamopp va cac cgng sy, nam 1974 [22]),
nhu mot thay thé su t6n kém va rét phire tap ctia hé théng chi dong. Ngay sau

do, mot nghlen clru so sanh ¢ Voﬂle théng dém cach dao d6ng bi déng duoc tién——
hanh boi Margolis (1982) [23] va boi Ahmadian va Marjoram(1989) [24]. Cac

kbt qua nghién ctru cho thiy hé théng ban chi dong da cai thién déng ké hiéu
suht so v&i hé théng bi déng.

1.6. Céc chi tidu danh gia dj ém diu

Céc phuong tién giao théng noi chung va may xay dung noi riéng Khi hoat
dong s& sinh ra cac dao dong truyén 1én cabin ngudi diéu khién, hanh khach
cling nhu hang hoa. Nhimg dao dong ndy duoi dang éc’mg co hoc duge truyén
truc tiép 1én con ngudi 1am cho ca co thé hodc timg bd phin cia co thé dao
dong theo. Hién nay co nhiéu chi tiéu danh gia dj ém diu chuyén d6ng phuong
tién. Theo cac tii liéu cac cong trinh nghién ciru cia nuwdc ngoai cung voi sy
két hop két qua nghién ciru cia Vién khoa hoc k¥ thuat bio hd lao dong Vit
nam, dudi day 1am mot sb chi tiéu danh gid.
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1.6.1. Tin sb va gia toc dao dong

. +.Tdn s6.dao dpng:

Tan s6 dao dong xe con nam trong khoang

n=60— 90 lan/phut d8i vai xe con;

~ n=100-120 1An/pht d6i véi xe van tai;

S + Gia toc dao djng

— ~Giatri nay duqc Tay theo tan so trung bint trumg bintrcia gia toc theo

cacphuong XYZlaZ 525Y<07X <1.0

S O 7 s&-lidu trénco-théxem1a-ghn ding-8é danh gid 49 ém diu- chuyen___ —

déng cna 6 t6 boi vi nd dir trén co s s6 liéu thong ké.

1.6.2.Chi tiéa vé d¢ ém dju dugc Hw;rhquyswi)wc%l

. a Chz tiéu vé d‘aenuim cho con ngwm

Chi tiéu dwa ra bing tiéu chuin cong nghupp Puc VDI- 2057. B§ ém d1u
chuyén d6ng 13 cam gidc cia nguoi, dc trung boi nhidu thong sb vat ly. Do do,
ngudi ta dua ra khéi niém “cudng d6 dao dong KB” dé chi mrtrc 4o 4nh huwong

- cua dao ddng véinguoi.

Cuong 36 dao dong KB phu thuoc

_ Giatbc 1,7, %
- Tén s kich dong
- Thoi gian tac dong

C6 3 ngudng duoc ding dé danh gia:

-KB= 20 gi6i han ém diu

KB= 50 gi6i han diéu khién

-KB= 125 gidi han giy bénh ly
* Cam gidc theo gia tbc va vin toc dao djng

Chi tiéu nay dugedua ra danh gia trén co s& cho rang cam gidc con ngudi
kh1 chlu dao dong phu thude vao hé s6 dém ém diu chuyén déng K. Hé s6 K

phu thuoc vao tin s6 dao dong, gia the hodc van téc dao doéng, phuong dao
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dong (theo phuong thing ding va phuong ngang) va thdi gian tac dong cia

. .ching 1én ¢& thé con nguoi.

Hé sé K duoe x4c dinh theo tri s6 bién d0 gia tbc Z hodic binh phuong

trung binh Zz, theo cong thirc sau:

K=——1r_i_——7.2.2=%_2c=ky_ic ( 1_1)
N1+UUl.o NI+00T .0 S -

+Trong d6:

i thn sd dao dong (Hz)

Z_: gia toc dao déng (m.s”)

_ 7_:binh phirong trung binh ctia gia tdc(m.s™)

r

k :h§§é ap th},L '

IS ik A e R

Néu K= constan thi cam gi4c khi dao dfng s€ khong thay dbi. Néu con

ngudi chiu dao dong & tu the nam thi hé s0 k, giam di m{t nira. HE s6 K cang =

nho thi cang d& chiu dyng dao ddng va d6 ém dju cha 6 t6 cang cao. Gia tri

_ K=0.1 twong {mg v6i ngudng kich thich. Khi ngdi lau dai trén xe K = 10-25,

khi ngdi trong thoi gian ngan K=25-63.

Z,(m.s[") l /i
20 oL
/6
10 N //'
q - ’/// qfo /,Jj
T RS
2 . L ¥
1 T // ~1
0.5= chekatal
0,2

0021 2 5 10 20 50 100 w(Hz)

Hinh 1.13. C4c duwdng cong cdm gidc nhw nhau & dao djng diéu hoa
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Nhitng cong thirc va sd liéu dua ra & trén 1a Umg voi tac dong 1€n con

ngudi 1a ham diéu hoa. Khi kich thich dao dong & trén 1a ham ngiu nhién thi

gia tri hé s6 K dugc xac dinh theo cong thuc sau:™

r
A A A = 4

<
A I d b
Ki—hé : i n thiri

n- $6 thanh phin ciia him ngiu nhién

P RSP ST THE T i) PR T ~ r ‘ = L -
Gig tri ctia K ¢6 thé x4c dinh bang tinh toan hofc xéc dinhrbang thy

]

molaiiiae
nghten,

" _ Ddnh gid cim gidc theo cong subt dao dpng. — — —

Hinh 1.14. So' dd x4c dinh thye nghiém hé s6 @ ém diu K

Chi tiéu nay dwa trén gia thiét ring: cam giac clia con ngudi khi dao dong
phu thubc vao tri s ctia cong suit dao dong truyén cho con ngudi.

Cong suit trung binh truyén dén con ngudi s& 12

N, =lim %_ j P(O).v(1).dt (1-3)

Trong d6:  p(t)- Lyc tac dong 1én con ngudi khi dao dong; v- Van tbc dao
ddng.

S4 liéu thue nghiém theo gia tri cho phép [N.].

+[N.]=0,2 + 0,3 (W) — twong ting voi cdm gidc thodi mai.

+[Ne] = 6 + 10 (W) — 14 gi&i han cho phép déi v6i 6 to ¢6 tinh ning

théng qua cao.




Ut diém co ban cua chi tiéu nay 13 né cho phép ké dén tac dung ddng

thai cha dao dong véi céc tin s6 khic nhau va theo cac hudng khac nhau.

Nang Iwong tong cong truyén dén con ngudi ¢o thé x4c dinh fiie sait:

e . s s .
LA L‘(Kzi'ZCfJ'—KZCf'ZOC! +Kn.‘¥a +Ky:l"‘VCi) (]'4)
i=l
Trong do

’ r
ha ch ]'\aﬂ thu

.l.x(x,y’ Z}l : oo Lsul.l -.;up,

Z : gia t6c dao dong thang dung truyen qua chan.

S — - —d s gin the-dao-dong thing démg truydn-qua ghéngdi. . ..

X .: gia tbe hu(mg.doé.

¥ : gia thc theo huéng ngang.

Cac 56 11eu nhin dugc phan 4nh tinh phiic tap cua sy cam nhan dao dong

ctia con ngudi. Ching ta c6 thé dua ra két luan chung: nhitng tic dong phu
truyén qua chin khong 16n nhu nhiing tc dong truyén qua ghé ngdi. Bai vi
trong tu thé dlmg thc dong cua dao dong bi yeu dibdi cac khop xuong cGa chan.

Trong diéu kién Viét Nam hién nay khé c6 thé finh foén do dac du’o'c toan

bd gia tri clia gia tdc theo ba phuong X, Y, Z. Vi viy chi tiéu cong suét trén néu
ra chi mang tinh tham khao

N, = ZK (w).d;

b, Chi tiéu vé dp ém dju cho hang hod
Chi tiéu v& @5 an toan cho hang ho4 hién nay duge Hiép hdi dong géi Pue

BFSV néu van dé&. Dya vao d6, v4i nghién ctru anh hudng cia dao ddng véi
dudng, Mistchke dé ra ngudng cho an toan hang hoa nhu sau:

- Amax=3 1V/s* gidi han canh bao

- amax=5 m/s giGi han can thigp

Gidi han canh bao theo Mitschke, 1a tai d6 hé théng treo hodc duong da
hong damlrciahal ¢6 ké hoach stra chia.
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Gi6i han canh bao theo Mitschke, 1a tai 6 dudng da hdng ning dén mirc

~ phai sira chira ngay.

1.6.3. DPanh gia 49 ém diu theo ticu chuan ISO | -

~ * Gia toc binh phwong trung binh

~ Theo tiéu chuan ISO 2631-1 [26] dua ra chi tiéu danh gia d ém dju

chuyen dong 6 t6 thong qua gia tbc binh phuong trung binh theo phu:ong thangr 7

Ull].ll PJJU.UHB

(1-6)

Trong do:

2w - Gia tc binh p phu’ong trung binh theo phu:ong thing dimg.
e a, - Gia tdc theo phuong thing dting theo thoi gian .
T - Thoi gian khao sat.

Piéu kién chii quan d4nh gi4 d6 ém diu 6 t theo d6 1éch gia tbc quan

- phuong theo phuongTh g dimg [SO 2631-1 [26] “dua vao 'Bang 1
Bing 1.1 Bing danh gia chii quan do €ém diu 6 to theo ISO 2631-1

awzgia tri (m?/s) Cip ém diu
<0.315 m.s™ Thoai mai
0.315m.s2-0.63m.s2 Mot chit khé chiu
- 0.5m.s% 1 m.s™ Khé kho6 chiu o
0.8 m.s%- 1.6 m.s Khéng thodi mai
1.25 m.s2- 2.5 m.s? RAt khé chiu
>2 m.s* Cuec ky khé chiu

* Uu diém cua tiéu chudn VBI2057 va tiéu chuan ISO 2631-1: thuan loi

cho viéc phan tich va danh gia dao ddng toan bé cua xe. Thoéng qua cac md

hinh dao dong vit 1y va toan hoc ctia toan bd xe hodc cac phin mém chuyén

" dung MATLAB ADAMS LMS hoan toan x4c dinh gia tbc dao dong theo mién
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thoi hodc mién tin sb. Hién nay phuong phdp nay dd dugc céc nha khoa hoc

trén khép thé gi6i 4p dung ISO 2631-1 dé phan tich 46 ém dju cia dao dong

cac phuong tién dao thong.

* Thoi gian mét moi — gidm hiéu sudt lam vige

~Khi nguoi diéu khién 1am viéc trong mét gian dai trong méi truong s&

cim théy khong thoai mai, mét méi, thdm chi mic mt s6 bénh nghé nghiép do

~

dao dong VA tiénp o gay Ta dam démhituqui B vige kémmiing suatcong vice

giam xuéng. Chinh vi vy, tiéu chuén iso 2631-1(1997) d3 dua ra thong s6 danh

gia thoi gian mét méi — gidm higu suét [ao dong cha ngucn d1eu khlen va du'qc

xac dinh theo cong thurc sau:
Teno= (4a;To)/

TFDX (4(12T0)/d wx

Twy= (40T QD
Trpz = ( 4a:Ty)/ @ )
Trong d6:  + Trpo ,Tepo ,Tepo  Trpo 12 thai gian mét moé1 — giam higu

suat lao dong

+ &y, awx ,awy A 1 gia toc binh phuong trung bishctaghé

ngdi didu khién theo tbng cong cac phuong X,Y, Z
+ Cichésba; =2.8m/s?, a;=2m/s’va Ty = 0.167 gio theo
tiéu chudn quy dinh

Trong ludn vin ndy, nhém nghién ctru chon tiéu chuan danh gia 46 ém

dju chuyén dong cta & to theo tidu chuan ISO 2631-1dé phan tich higu qua i
thdng dém cach dao dong cabin clia may xay dung.
1.7. Két luén chwong 1

Qua nghién cliu tdng quan chuwong nay dat mét s& két qua nhu sau: (1)

Phan tich tinh hinh phat trién ctia thi trudng nudc ta may xay dung; (2) Phén tich
duoe vu diém, nhuge diém cua cac loai dém céach dao dong cabin dugc trang bi
trén cac loai may xay dung; (3) Phén tich duoc tdng quan tinh hinh nghién ctru

trong nudc va quic té ctia cac nha khoa hoc trong nudce va quoc te. Tur 6 néu
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1én tinh cip thiét ciia ludn vin nay; (4) Phén tich dugce tiéu chuin d4anh gia cho

d6 ém diu chuyén dong ciia may xay dung ndi riéng va phuong tién giao thong

néi chung. Tir cac phan tich tdng quan tac gia da dua dugc muyc tiéu, ¥ nghia,

" thye tidn, d6i tugng, phuong phap va pham vi nghién ctu ciia d& tai. Noi dung

phﬁn nay 1a co s¢ Vrly’ﬂn}yét' ,dé ‘phat trriénr trong cac chuong tiép theo ciia d& tai.
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CHUONG 2.
XAY DUNG MO HINH DAO DONG MAY XUC LAT

2.1. X4y dwng mo hinh may xay du’ng

2.1.1. Céc gia thiét twong dwong

M4y xuc 14t 12 mdt hé dao dong bao gi‘im nhiéu bd phén néi V(’Jri nhau.

M&i bd phin co6 kh01 lugng va théng sb dic trung cho no. Pé mob phc’mg dugc

Aoan AAn oy 1

430 dong Ty Xuc Rt v tntrtodncac chi-ti€u-danhgid-dao-déng-mét-cach

thuan 1gi cin phai mé ta may xuc 14t bing mot so dd dao d6ng tuong duong,

~ Trong d6 so d6 tuong duong can c6 diy da céc thong sO lign quan den dao dong

clia may.

_H& théng dém cich dao ddng: bd phan din hoi clia cao su dém céch dao

dong dtroc dac tru:ng b01 do cu’ng k vabd phan glam chén dic trutng hésbcan
- Ghé ngdi ngudi didu khién xem 12 vat cé khdi luong m, dit tai trong tAm.
Toa d6 suy rong cia ghé ngdi 1a chuyén vi theo phuong thang dimg z..

- Cabin dugc coi 14 mdt thanh phing tuyét d6i cimg va cé khéi luong dit

ta1 vi i tri trong tam me, ¢ mo men quan tinh 1a tafc. Toa d6 suy réng ciia cabin———— -

gdm chuyén vj theo phuong thing dimg tai vi tri trong tAm thanh z. va géc lic
doc .
- Khung xe dugc coi 1a mdt thanh tuyé€t dbi cimg, ¢6 khéi luong tap trung

myp, momen quan tinh I. Toa d§ sung rong chuyén vi theo phuong thing dimg

tai vi trl trong 1Am 13 z, v gdc lac doc ctia kKhung 1 ¢, ~
- Lbp xe duoc dic trung bai do cimg k, va hé s can c..
- Khi xe di chuyén thi coi kich thich dao dng do méap moé mit nén cling
va tiép xtic diém. Pic trung ham mip mé mit dudng q.
- Coi van tdc v=const khi xe di chuyén va hoat dong trén cong trudng.
2.1.2. M6 hinh dao déng may xic 1it
Véi cac gia thiét trén muc 2.1. Ta c¢6 md hinh dao ddng Y2 cia xe duge

trinh bay hinh 2.4.
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2y,

[T =

o L Cab -
Gl. Cei J‘ Cn NB -
bz

Ll‘I A

Hinh 2.4. M6 hinh dong luc hoc ¥ cia mdy xuc lit

Giai thich c4c dai lugng trong hinh 2.4:
- m:1 khéi lugng ctia ngudi va ban thin ghé;

- zs: 12 chuyén vi theo phuong thang du’ng ctia ghé ngdi nguoi didu khién;

- Fel, Fea: Gia tri luc cia hé thong treo cabin ;

- m,: khdi luong cla cabin;

- @c: goc lic doc ctia cabin;

- 7. : chuyén vi ciia cabin theo phuong thing dimg;
-I.: 123 m6 men quén tinh cla cabin;

- my: khéi lrgng khung xe;

- Pu: gOC lac doc chia khung xe;

- 7,2 chuyén vi theo phuong thing dtng clia khung xe;
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- Iy: momen quén tinh khung xe;

- ku, ko: dd cing cia 18p xe trudce va sau,

- ¢41,Cu: hé sO can cha lop xe trude va sau,

. qﬂ, Je: bidu din ham map md mit dudng banh lu va cac banh xe phia

_sau,

- 1;: khoang c4ch, i: 13 chi s;

e 2.1.3 Thiét Iip h¢ phwong trinh vip odong _
Dua vao md hinh dao ddng dé cac phuong trinh vi phan mo ta dao dong

~cua co hé. Hign nay ¢é rit nhiéu phuong phap dé thlet lap phuong trinh vi phan

miéu ta chuyén dong cia co hé nhw: phuong trinh Lagrange loai II, nguyén I\

_ D’Alambe, nguyén ly Jourdain két hop phuong trinh Newton — Euler. Tuy
nhlen d& thuan lgi cho md phéng bang may tinh em st dung nguyén ly -

D Alambe két hop co s& ly thuyet he nhidu vét dé thiét 1ap hé phuong trinh vi

o phéin md ta dao dong cua xe. .
Dua vi0 co s& hé nhiéu vat tich céc vat ra khéi co hé va thay vao do la

cac phan lyc lién két. Sau d6 sir dung nguyén 1y D’Alambe dé thiét 1ap hé

phuong trinh can  bang cho timg vat ciia co hé sau d6 lién- kétchimglaivéinhaw —
bing quan hé lyc va momen.
Theo nguyén ly D’ Alambe:
F+F =0
at
M+M,=0

trong do:
F 12 tdng céc ngoai luc tic dyng 1én vit.
F.,: 1a tdng cac lyc quan tinh tic dung 1én vit.
M : 1a md men ngoai luc.
Mg 14 mé men quan tinh.
M5 hinh dao d@ong cua co hé gfﬁm cac vatsau :

~+ Vit I Ghé ngdi va trong lugng cia ngudi diéu khién
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+ Vit 2 Cabin
+ V4t 3 Phan than xe N
Ching ta c6 hé phuong trinh vi phan bac 2 téng quat miéu ta mo hitih

~ dao dong mdy xc 1at.
_ *Phuong trinh vi phin mé té dao dgng ciia ghé ngdi
o - Theo 1y thuyét hé nhidu vt ching ta tach lién két ciia ghé ra khoi co hé

X . FR Y- % WY
1 auocthe nren

Zs

Ms
~ IFs=Fws+Fes
Fats

. Hinh 2.5. So dé luc tic dung lén ghé ngdi

* Phwong trinh cin biing lyc

T e 7,1123‘23 = _F:F - (iz%l;,ii ]
Ta cod
- Luc quan tinh
F;ts = _mszs

Trong d6: Fs=Fys + Fes
~ _Luc dn hdi . Fo=k(z,-z)  (23)

-Luc giamchin : F,=c,(2,-2,) (2-4)
Thay (2-3), (2-4), vao (2-2) ta co
m.S'ES - _[kS (Zs - Zc) + cs (Z-S - 2."(; )] (2'5)

*Phwong trinh vi phin mo td dao dong cita cabin
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Tuong tu nhu trén chung ta tach lién két ctia vét trong co hé va thay vao

46 1a cac phan luc lidn két. Hinh 2.6. Thé hién so do lyc va md men tac dung

1én cabin

?FCZ T Fcl

. _Hinh26. Sodjlycticdungléncabin

- Phuong trinth c4n bang lye tc dung 1én cabin:

2
mz, =F, —ZF . — @6 -
- Phwong trinh momen:
1, =F,lg—Fo L, +F I @-7) R

Trong d6 lyc tac dyng 1én hé théng treo clia ghé duoc xac dinh theo ¢cong thirc

2-3 vi 2-4. Luc tac dung 16n hé théng treo cabin duge x4c dinh trong phin tiép- ——

theo
*Phurong trinh vi phin mé td dao djong ciia khung xe
Hinh 2.7. Thé hién so dd lyc va md men téc dung 1&n khung may xtc 14t. Thiét

lap phuong trinh cin bing hrc va md men tac dyng 1én khung, ta c6:

*th ’ Fu

Hinh 2.7. So db lyc tac dung lén thin xe

- Phwong trinh can bang lyc:
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myZ, =, + I, + Fy.sino—F, —F, (2-8)

- Phuong-trinh momen:

L@, =F—F,,—F,l,¥F,l,—F, sinal 29y
o  +lygctdcdungcialop
S ... E=F+F, I % [ 1)
— “trongdé: ~ . . o - —
- Lyc dan hdi cua 16p:
e kﬂ( 7= 9;1) — S
Foy=k,(2,—-4.,) @1
- Lyc can dc trung cia 10p:
F=cu(Z,:—94) 2-12)

F::t2 — Cct2(2t2 _th)

V6i 71, zp 12 chuyén vi hai bén d4u nut bén phai ctia khung. Céac chuyén theo

phirong thing dtng za, Zo c6 lién hé voi chuyén vi tai trong tam khung z, vi

chuyén vi géc @p.

Iy = (Zb ~L189,)
2-13
) :(Zb+lz-tg(9b) @13
'~ 7 Vichuyén vi goc ¢y TAt o do vay tg Gres. Khi d6(2-13) trd thanh:— —— ~ —
Zn = (Zb - l1-¢’b)
(2-14)

Zp — (Zb + lz-qf)b)

Hé phwong trinh vi phin cia mdy nhu phuong trinh dwdi day
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p

mz =—F

- i=2 . o
mz =F, — ZF,':,.
— Y E— T =l - R - N I
E
<I s = Y _1 '.HF-I. _Fl
R Rt i (2-15)
. i=2 i=2
—_— —ﬂnﬁ—za —ZF;, +Esine = S S

P
=1 =1

L,g, = 2 (D™ FL+Y (-IYF,L, -F, sinal
i=l i=l

2.2. Phén tich hhiéu qui ciia dém cich dao dong cabin bén chi dﬁ_ng |

2.2.1. M6 hinh d9ng lwc hoc clia dém cach dao dong cabin thiy lyec.

M3 hinh dong luc hoc hoc phi tuyén cia dém duwoc thé hign nhir hinh 2.8. |
va hinh |

K l( 7 A -
a) két cau ciia dém cao su thay luc

M@ hinh dong e hoc hoc phi tuyén ctia dém duge thé hién nhu hinh 2.8.

ffffffff ~ vahinh 2.9. f e
Cab

Rubber Part

Upper chamber

Zc

Annular orifice

Lower chamber

Hinh 2.8. M6 hinh céu tao dém cao su thiy lwc
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Tén thét 4p suét 15 hinh khuyén dugc xac dinh bang cong thirc dudi day:

=czl(i)z- sz(iTlﬂz' , (2-24)
B v B vy Rt ( W \ e T

Chénh téch 4p suat gitia hai buong duge X4ac dinh bang cong thic dudt diy:

W4, urAc\z N with o
N I i T2 ol = A N
X AN &) ) T TE<o 22y
A P o P VR —
\ 2 A z+c% A 2|z +¢ 4 (i) ; with
4, 4 tl4 \ 6
L >0
Luyc giam cia dém thuy luc v61 dong chdy qua fiet lﬁ'ﬁ‘ﬁ‘hﬁﬂi‘l&ﬁﬁ?‘éﬁ'C‘(')_thé_'_' T
dat dugce bz:'mg
Wlth z<0
S TR Y S S i (2-26)
cpz+c; ]z|z with 220

Ff=00f|2|2+ z :
B T CfZ+Cf |Z|Z+C 5 1T Z

WhGI'C; S o

Téng gia tri hrc tac dung 1én cabin nhu sau:
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F =F+F,

=er+CJ.Z+C0f iZiZ+ﬁ T ) ( _\‘ ST
\&)

- 23. Ket luédn chwrong 2

Qua nghién clru chuong ndy rat ra mét s6 két luan nhu sau:

= Phantich vax8y dung md hinh dao d6ng 7 cia may xtc 1 trdo st

dung nguyén 1y D’ Alambe két hop co s& 1y thuyét hé nhidu vat dé thiét 1ap hé

- phuong trinh vi phdn m6 ta dao dong cla may;

- Phén tich mé hinh d6ng hrc hoc va thiét 14p du:orc phu'ong trmh vi phan

cua dém cach dao déng cabin thiy huc

- Md hinh ddng luc hoe cia dém cach dao dong ban chu dong duroc phan

tich va ap dung cho cabin rnay xay dung
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CHUGONG 3 :
MO PHONG VA PHAN TiCH

3.1. Phwong phap giai

" Hé phuong trinh vi phin mé ta dao ddng cta 6 t&6 gdm nhiéu phuong trinh

vi phén cap hai, trong d6 him kich dong vé phdi 1a ham thoi gian. Dé c6 the

gidi hé phwong trinh ndy, ¢ t3i sir dung phin mém Matlab — Simulink. Dy 13

1 L ALyt Tt L A L ro LA . PRSI LI, Y-
puuuug Pl..ld.l] IIRY IIIINNT TI0) UGJJ.B U Ldl 111G PIIUU].IB WUIINnrvil Plldll.

Phuong phip m6 phéng chinh 1a cin cr vao hé phuong trinh vi phén,

phuong trinh cac s0 hang, cac thura s0 cua vé phai (cd chira cac vi phan cap

mot, cap cao hon va hé s6), chon cac khdi co ban va lién ket chung lai theo diéu

kién can bing ciia phuong trinh,

3.1.1. Gi6i thiéu phin mém Matlab/Simulink

‘MatLab (Matrix Laboratory) 1a mdt cong cy phan mén ciia hing Math ||

Work Inc dugc viét bing ngon ngir 14p trinh C. Phin mém MatLab duge
ing dung rong rii dé tinh toan cdc bai toan k¥ thuit bing phwong phap

ma tran.

~ " "Nhitng wru diém chinh cita MatLab 13:

+ C6 kha ning tinh todn manh. MatLab d3 tich hop sin cac céng cu tinh
toan ma tran (Nhu tinh ma trin chuyén vi, tinh ma tran nghich dao, tinh
dinh thie...) ac cbng cy toan gidi tich, x¥r ly tinh hi€u, phén tich dy li¢u

va cdng cu d6 hoa.

“+ Cho phép 14p trinh frénngon ngit bac cad dya frén nén tang 13 cc phép -

tinh todn véi vecto, mang va ma trah.

+ C6 kha ning hién thi va xtr 1y d6 hoa manh (ké ca khong gian ba chiéu).
+ C6 thu vién 16n céc Toolbox tng dung véi 1oi gia ddy du cac 1inh vuc
chuyén mon khac nhau.

+ C6 tich hop mé dun Simulink 1a mét cach tiép c4n méi dé mo phong

céc hé théng dong lyc hoc tuyén tinh va phi tuyén trén co sé cac khdi.
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+ C6 cau triic m&, cho phép xay dung xay dung thém c4c modul tinh todn

k¥ thuat theo chuin c6ng nghiép (ngudi sir dung cé thé tu tao nhiing file,

ham va dat vao trong Toobox aé thwc hién gidi bai fodn trong Iinh vuc™

‘chuyén mén ctia minh).

+ Co kha nang tuong tdc da mdi truong d& dang lién két dong vdi cac

phan mem chuyen nghiép khac.

thirc vao céc bai toan nghién ciru ma khdéng mat thdi gian hoc tép nhiéu.

3.1.2. Cac Khéi chiic nang chinh trong thir vi¢n Slmulmk

Simulink 13 mét phén chucmg trinh mé rdng cia MatLab La mot

cOng cy manh vé db hoa, md hinh héa, méd phong va phén tich dong hoc

cac hé thong tuyén tinh va phi tuyén. L san phdm nidm bén trong cua

‘MatLab nén c6 thé sir dung nhiéu ham cua MatLab va cung o6 thd trao

d6i qua lai véi md truong cia MatLab dé ting thém tinh linh hoat cia
né. Simulink ¢6 nhimg dic diém sau:

+ Pgc diém thir nhat: Ngon ngir Simulink 14 1p trinh & dang so db

‘cAu triic ctia hé thong. Cé nghia 13 né ding ¢é m6 phéng dong hoc mot

hé théng duwgc mb ta toan hoc & dang phwong trinh vi phan, phwong trinh

trang thai, ham truyén dat hoic so dd ciu truc thi ching ta cin xay dung

chuong trinh trong Simulink du6i dang so 46 gdm cac khéi co ban khac

nhau ndi véi nhau theo céu trac cia hé théng cin khio sat. Cach l4p trinh
+ Dgc diém thir hai: Khi tién hanh mé phong, mé trwrdng Simulink
thuc hién viéc giai phuong trinh vi phin mé ta ddng hoc hé thong bing
cac phuong phap nhu o le, Runge- Kutta, Lin Sim.... Viéc chon Iya
budce tinh cho phu hgp duge md trudng thuc hién mot cdch ty dong

trong khoéng gid tri min vd max do ngudi sy dung khai bao.
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Bang 3.1 Céc khoi chie niing trong simulink

Pau vao, dau ra

ra Vao Cac
Subsystem

Khéi Tén goi Cdng dung Mo ta
Khéi hing s6 | Giri tin hiéu vdo [ Y =a
A 13 héing s6 dwgce
Congtani. nhap tl‘I trong
o Matlab B _ B L
- © T [Khoinhan T hign phép [ YT 0K ~
X1> .
) R A nhin véi hiang
e A 177 S
Khédicong | Thyc hién phép | Y=X1 +X2
B AR
B 5 chng trir cac tin
2 en
sl ‘hiéu

Khoi From -

G1ri va nhén cac

tin hiéu

Goto
di va dén trong
1 o=~ fcingmét -
e
Subsystem
Khoi La khéi chirc
s|to ot . Subsystem ning con
Subsy=am




Khoi Lookup - | Ndingoai suy | Y=£f(X)
Table
X bY
toolup Table -
a L1 LA r_3r1 1.1
WU H5dIINT VOT LN Y —A1 KIll
hiéu ngudng So
U NEUOng S>So

S<So
_ Khoitrépha |Tinhiduratré |Y=X+Xt
Y Y phaso véi
Transpor i A s
- - IE:TE:V - B ~ | tinhi€a vao - -
Khdi Scope V& d6 thi cta
X tin hiéu X
= [ theothorgiant S I
Khéi tich phan | Liy tich phan | Y=[Xdt
1 tin hi¢u
. e vao
- - —lntegraterr — —| — - —- - - = - - = -
Khéi dao ham | Liy dao ham tin | Y= dX/dt
»x ¥ duwidi b Y hléu vao
Derivative

3.2. So' do thuat toan va so do tong thé

3.2.1. So dd thuit todn
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So dd thuit toan 1a céng cu ding débidu dién thudt todn, md

t4 nhép (input), dir liéu xudt (output) va ludng xit Iy thdng qua cac ky hiéu hinh

hoc. Cong cu nay rat thich hop d& ban hoc cach tir duy phan tich bai toamn.

~ So dd thuat toan m6 phong dao dong may xic 14t bang MatLab- Simulink

~ theo mién thoi gian va thn 56 dugc mo ta nhur hinh 3.1.

e

"_%BAT?ffi;;i>_mm_ L

oo | 1.3p m6 hinh m8 phéng theo _
hé PTVP

Nhbiép théng s6 xe, dudng

A

Djt ché 46 tinh toin
- Chon phuong phdp giai
- Dit thoi gian md phong

Gi&i hé PTVP (md phong)

b
Két qua do thi (Z,... va cac
dao ham cla ching)

— e i e e W —

Tinh gia tri binh phrong
trung binh.

A

KETTHUC

Hinh 3.1; So db thuat toan ciia chuong trinh
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A LA A
3.2. S¢ do tong thé
tl
) ) : - ISubsystem
- — : i fFrom S
: . E_. smagaa’,nﬁ
me13 aFﬂm12 .Fﬁm‘l‘l EFDHHU
o .m = .w
o ; 4Subspemems | g """"" g .SMMT
K B ..'.;. v T e e i
m M, e )
21} fmomia 503219
} - | Subsy Stem 1D
1 A .y 2 A A . .
Hinh 3.2 So d0 mé phéng tong thé Matlab/Simulink
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So d6 tong thé chira cac khoi chirc ning riéng, mbi khoi 14 mot

SubSytem thé hién cc phin tir ddc trung cia mé hinh. Ban than céc khoi

cling chira trong 1dng né cac khoi chic ning cu theé d€ xu Iy cac tinhiguvao

va ra, cdc tin hiéu nay chii yeu 1a cac gia tri d§ 1on cta cac lyc 1ién ket gilra

chuyén tqgn&déi cua ching

~céc phin tir trong hé thong treo v6i than xe, cabin, ghe ngdi va cac dich

3.3.Két qua mo phong ——

Khi xe di chuyén dén cong treong 1am viéc, xe thudng chuyén djng trén

—cdc-mit dudng xiu-thim-chi-ce-mit- dudng bién dang. Trong nghin ciundy —°

chon mit dwong cip ISO cip D khi xe di chuyén dén cc"mgtruo*ng v6i vén tbc

clm—y&lTlilm‘théi—céUﬂTﬁngsﬁﬁﬁéméchvdaw&éng—r&m—treng—béngi -

' 3.2. Gia thc theo phuong thing ding cita than xe theo mién thi gian vatansé |

dugc thé hién trén Hinh 3.3 va Hinh 3 4.

Bang 3.2. Thong s6 ciia dém cdch dao ddng

Théng sb Gia tri Théng sb Gia tri
fffffffffff myikg— 145 my/kg 1000 —
po/Mpa 1.5 Vo/m? 1.3x107
As/m? 1.3x10° Ca 0.62
k/(N/m) 185500 c/(Ns/m) 2100
Ajm? T 25x107 Ay 1.6x107
Ajp/m? 6x10™ A3/m? 7.5x104
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Hinh 3.3 Gia téc theo phwong thing dimg ciia thin xe theo mién thoi

E
i

[(mds) Hz]

RN

FSE’%{

Hinh 3.4 Gia téc theo phwong thing dimg ciia thin xe theo mién tin sd
* Cic gié trj gia t6c binh phirong trung bink cGa than xe duge x4c dinh
theo cong thirc 1.6, cac gid tri cho md hinh 1 va 2 13 1.2039 m/s? va 1.1454
m/s? tuong tmg. Nhén thiy ring khi sir dung mé hinh 2 gi4 tri gia toc binh
phuong trung binh cta than xe giam xudng 5.11% ddng nghia véi 6 ém diu

duoc cai thién theo hudng tich cye.
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3.4. Phin tich hi€u qua cta dém cae su thiy luc

Dé danh hiéu qua dém cach dao dong bén tich cyc cua cabin may thiy xic lat,

cac diéu khai thac khac nhau dugc chon dé danh gia vaso sinh hiéuquacuahé

théng dém cach dao déng ban chit dong va hé théng cach dao dong bi dong.

~ 3.4.1. Anh huéng ciia mit dwdng

Ném diéu kién mit nén tir ISO cép A dén mit nén ISO cép E duoc chon

dé phan tich va danh gid khi may xuc Htchuyén dong vam toc v=15kmrhc Cac———

gia tri gia toc awzs va awdc véi ndm di€u kién mit nén khic nhau duge thé

hién trén Hinh 3.5.

Class A Class B Class CC(Class DClass E-

Hinh 3.5 So sinh gia tdc theo phwong thing dimg ciia thin xe trong cic
cip 46 mit dwong khic nhau

Turkét qua Hinh 7, cac gi4 tri gia tc awb va awdc Yan lwot ting nhanh khi
diéu méi; nén chuyén déng bién Xz‘iu, didu d6 ¢ nghia la 46 ém diu chuyén dong
ctia mdy bién x4u rit nhanh khi didu kién mdt duomg bién x4u. Tuy nhién, ching
ta cling nhan thiy ring khi sir dung dém bén tich cuc thi gia tri gia trdc binh
phuong trung binh cta than xe giam 7.08%, 6.96%, 6.14%, 5.11% va 3.64%
twong g véi cic cip do dudng ISO A &n ISO E
3.4.2. Anh hwéng ciia vin toc

Tuong ty v6i didu kién mit dudng, sdu didu kién van toe v=[ 5 10 15 20
25] km/h dugc chon dé phan tich va danh gia khi may xac 14t chuyén ddng trén

43




mit nén ISO cap D. Cac gia tri gia tdc awb véi sdu diéu kién vén tdc khdc nhau

duoc thé hién trén Hinh 3.6 .

Hinh 3.6 So s4nh gia toc theo phwong thing ding ciia thin xe cic vin toe

khac nhau
Tir két qua Hinh 3.6, céc gié tri gia téc awb 14n luot ting khi diéu kién vin

tdc chuyén dong ting, diéu d6 ¢6 nghia 1a d6 ém dju chuyén déng cua may xau

~ dén di. Tuy nhién, chiing ta cfing nhan thiy rang khi str dung dém bén tich cuc
thi gia tri gia trdc binh phuong trung binh ctia thin xe gidm 5.68%, 5.20%,
5.11%, 4.70%, 4.44% va 4.66% so v&i dém bi dong
3.5. Két ludin chwong 3
Sau khi hoan thanh néi dung chuong 3, ¢6 thé rit ra mt s6 két luan sau:
Tu hé I;hu:(;n;g phu';)'né trinh vi -phéi:r_l"téng_ quat téc gié da st dung ph?ih mém
Matlab/Simulink d& mé phéng co hé & cac diéu kién khai théc khéac nhau.
Tién hanh md phéng dbi véi didu kién 1am viéc ciia xe va phan tich két
qua. Két qua théy rang hidu qua cta dém cach dao dong trong cc trudng hop
phén tich.
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KET LUAN VA KIEN NGHI

Qua trinh thyc hién d& tai d the hién dwgc c4c ol dung sau ™~

" _ Phan tich tdng quan d& tai nghién ctru: tinh hinh phat trién méay xay

~ dungvaphantichdic tinh dém cach dao d(f)ng cabin, tinh hinh nghién ctru trong

nuée va mrde ngodi vé van dé minh nghién ctru, phén tich doi twgng, tiéu chi

trong d¢ tai nay.

- Xay dyng mé hinh dao dgng 72 may xtc 13 v&i hé théng dém cach dao

d6ng cao su bi ddng va hé théng dém cach dao dong thﬁy Iyc ban chﬁmdéhg;

- Thiét 14p dugc phuong trinh vi phin md ta dao ddng cia mdy xuc 14t

- Phén tich dugc md hinh déng lyc hoc phi tuyén cuia cia dém cach dao

ddng cabin
Tuy nhién dé tai con mdt s6 han ché can khac phuc theo cac huong sau
day:

- Phén tich c4c ngudn kich thich dao dong truyén 1én khung xe st véi

ﬂiﬁfté hon; - N

- Thi nghiém danh gia;

- Hoan thién phwong phép diéu khién dém cach dao ddng cabin may xic
14t
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Abstract. In order to evaluate a wheel loader ride comfort using hydraulic iso-
—  lation system (HIS) of cab with the orifice and the annular orifice, a half-vehicle

dynamic model of a wheel loader is established under different driving conditions.

" Time domain and frequency domain acceleration responses of the vertical driver’s
seat and cab pitching angle are selected as the objective functions to analyze and
evaluate vehicle ride comfort. The study results show that the amplitude values

“of the PSD acceleration responses of the vertical driver’s seat with 1.5¢o value
of HIS respectively reduce in comparison with 0.5¢cq value of HiS at the low fre-
quency region from 2.0 Hz to 20 Hz. Finally, the different operating conditions are
investigated and evaluated their effects on vehicle ride comfort with HIS, and the
evaluation results indicate that the values of the root mean square (RMS) acceler-

- ~ation responses of the vertical driver’s seat (aws) and cab pitchingangle{awphi) —— -

change greatly when operating conditions get worse, which means that operating
conditions greatly affect vehicle ride comfort.

Keywords: Wheel loader - Cab - Hydraulic Isolation System (HIS) - Dynamic
model - Ride comfort

1 Introduction

Wheel loader is off-road vehicle and works on uneven terrain, unexpected banks or
steep slopes. In order to reduce the adverse effects on the operator and vehicle durability
caused by vibrations, the researchers have been constantly looking for ways to improve
the design of the vehicle cab and driver’s seat suspension system. A five degrees of
freedom (SDOF) dynamic model of a tractor front-end loader system was established
for vehicle ride comfort analysis and the simulation results were verified by the experi-
mental ride comfort results [1]. Some resuits for the analysis of the influence of design
parameters of cab’s isolation system on construction machine ride comfort under differ-
ent conditions using dynamic models such as the half-vehicle and full-vehicle dynamic

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
D. C. Nguyen et al. (Eds.): ICERA 2022, LNNS 602, pp. 846-854, 2023.
hitps://doi.org/10.1007/978-3-031-22200-9_89




848 C. C. Huan et al,

Cad
Rubber Part [—-l Upper chamber
=
-de' Orificg™ .

M idka=——] ~Annular orifice

DampingPlaty ¢
C e R -~ —-gLowerchamber e — =t

APsApZy (P2
, T Dampiag plate/!H4 *A?+ S

z
m,@ Vehicle body mii
Fe !

Fig. 2. Nonlinear dynamic model of cab’s hydraulic isolation

- Based onreferences [14; 16] and Fig. 2, the total vertfical forces of cab’s hydranlic- — —
isolation could be achieved by

FC=F?'+Ff
Cf z-l—cf2|z|z withz > 0

=kz + ¢z + coplzlz + 2 \? (1)
cj%lz': + ngzlili + cg(gc) z withz > 0

where, cop, cf, and cg are the constants which are defined in the reference [16].

3 Half-Vehicle Dynamic Model of a Wheel Loader

The structure of 2-axle wheel loader includes a rear-engine articulated tractor with a
front mounted lifting implement. In order to evaluate a wheel loader ride comfort using
hydraulic isolation system (HIS) of cab with the orifice and the annular orifice, based on
the schematic of the elastic systems of a wheel loader as in Fig. 3, a half-vehicle dynamic
model of a wheel loader is established, as shown in Fig. 4. In this model, mg, m¢, my, and
my are driver’s seat mass, cab mass, vehicle body mass; and I, and I,—the mass moment
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The equations of vehicle motion: The equations of motion for a wheel loader using
Newton’s second law of motion are written in two operating conditions below. From
Fig. 4, the motion equations of vehicle mass are written as follows:

 mgZy = —F
i=2
- T
MmeZe = Fs — LFci
B =1 _
i=2
. e N P .
Iee =) A=1) " ""Feiliy5 — F1ig T
I e =7 _
i=2 i=2
mpZp = ZFCE — ZF“' + Fysina
_ I =1 i=1 :
=2 =2 o ' T
e 1 1 H . —
Iyop = Z (_I)H_ Fuli + Z (—1)'Filita — ngmoz.IS
i=1 i=1

- where, Fy, Fei, Fs and F; are the vertical forces of tires, cab’s hydraulic isolation system

Vibration excitations for a wheel loader: Low frequency vibrations in vehicles are
- usually caused by road surface roughness which plays an important role in analyzing
driver ride comfort. It is assumed to be a zero-mean stationary Gaussian random process
[19-21] which can be generated through an inverse Fourier transformation

Al n
L iy 1Y77Y.7 €8 €77 |
gy =Y [T A cos(2nfg 1 + 01) 3)
i=1 \ fmid,i

where, Gg(ng) is the road roughness coefficient which is defined for typical road classes
from A (Gy(ng) = 4 x 1076 m?) to H (Gq(no) = 16384 x 107° m*) according to 1SO
8608(2016) [21], np is a reference spatial frequency; v is the speed of vehicle; ¢i is
an uniform probabilistic distribution within the 0 — 27 range; fimiq is the temporal
frequencies-of the road roughness..

4 Results and Discussion

The nonlinear equation of HIS Eq. (1) is written by a program in Matlab software
environment which is connected to the simulation blocks describing the equations of
motion Eq. (2) in Matlab/simulink software environment under road surface random
excitation function Eq. (3) and with the parameters in the reference [24]. The results of
the time domain and power spectral density (PSD) acceleration responses of the vertical
driver’s seat with hydraulic isolation system (HIS) when vehicle moves on ISO class
C road surface (Gq(n0) = 64 x 10~ m?~ Average condition) at the vehicle speed of
15km/h and full load are shown in Fig. 5.
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for evaluation when vehicle moves at speed of 15 km/h and full load. The values of

%@M@mqu&%&@d&aﬂmu@sp@m@mmea (nwja,

. and_cab_pitching angle (ayphi) with_
the International Standard ISO 2631-1: 1997 which are deterrmned through Eq. (4), as

shown in Fig. 6. From the results of Fig. 6, we show that the ays and ay,phi values increase

_____ height fast when the vehicle moves on poor and very poor road surface conditions,
especially ISO class D road surface and ISO class E road surface. The ayws and awphi

values respectively increase ‘when the vehicle moves on from ISO class A road surface -

” to ISO class E road surface which make the vehicle comfort worse.

L

2 2
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0 Class A Class B Class CClass DClass E

Fig. 7. aws and aypp; values with the different road surface conditions
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Fig. 8. ays and awpy; values with the different vehicle speed conditions

Different vehicle speed conditions: Five vehicle speed conditions from 5 km/h to
25 knvh are selected for evaluation when vehicle moves on ISO class C road and full load.
The valués of the root mean square (RMS) acceleration responses of the vertical driver’s




