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Abstract

The construction machinery market not only requires high operating efficiency but
also demands improved ride comfort under harsh operating conditions. In this study, a three-
dimensional dynamic model of a wheel loader is established to analyze its dynamic
characteristics and to identify suitable parameters of the vibration isolation system of, thereby
improving the ride comfort of the driver. The optimization problem is solved using a genetic
algorithm (GA) combined with a weighted multi-objective approach. The evaluation criteria
are formulated based on the root mean square (RMS) vertical acceleration of driver’s seat as
well as the RMS pitch and roll angular accelerations of the cab. The optimization results
indicate that all three objective functions are reduced when vehicle on ISO class D surface
road, the speed of v =5 km/h and full load. Specifically, machine ride comfort is improved by
13.57%, 24.02% and 12.56% compared with the original design parameter set. The obtained
results provide a reliable scientific basis for the design and optimization of cab’s vibration
isolation systems for construction machinery.

Keywords: Wheel loader, vibration isolation system, vibration model, ride comfort.

Tém tit

Thi truong mdy xdy dung hién nay khong nhitng yéu cau hiéu qud lam viéc cao ma
con yéu cau bao dam may hoat dong ém diu trong méi trieong khdc nghiét. Trong nghién ciru
nay, mot mé hinh dao dong khong gian ciia mdy xiic 1t dwoe thiét ldp d@é phan tich dac tinh
dong liec hoc va tim ra bé thong so phit hop cho hé thong cach ly dao dong cabin nham cdi
thién dé ém diu cho nguweoi diéu khién may. Bai todn toi wu dwoc gidi quyét bang thudt todn di
truyén két hop véi cdch tiép cdn toi wu da muc tiéu cé trong sé. Cac ham muc tiéu dwoc xdy
dung dwa trén gia toc binh phwong trung binh theo phwong thang ditng ciia ghé nguwoi nguoi
ldi, ciing véi cdc dao dong goc lic doc va ldc ngang cia cabin. Két qua t6i wu dé chi ra rang
cde gid tri cia ba ham muc tiéu déu gidm khi may chuyén dong trén mat dwong xdu ISO cdp
E v0’z van toc v =5 km/h va ddy tai; diéu nay cho thdy do ém diu cia mdy xiic lGt véi bo thong
$6 t6i wu dwoc cdi thién lan lwot 13, 57/, 24,02% va 12,56% so véi bé thong sé thiét ké
nguyén ban. Cac két qud thu dwoc cung cdp co sé khoa hoc déng tin cdy cho qud trinh thiét
ké va t6i wu hé théng cdach ly dao dong cabin cho mady xdy dung.

T khoa: May xuc lat, dém cach ly dao dong, mo hinh dao dong, do ém diu.
1. MO PAU

May xay dung la loai may thuong xuyén hoat dong trén mat duong phuc tap,
két cdu cia may thuong khong trang bi hé thdng treo ndi dan hdi giita cau xe va khung

xe, dao dong phét sinh trong qua trinh 1am viéc cia may c6 xu huéng lan truyén dén
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ngudi diéu khién thong qua hé théng cach ly dao dong cabin va hé thdng treo ghé.
Hostens va Ramon [1] d3 chi ra ring cac dao dong truyén tir cabin dén cot sbng ngudi
14i ¢6 thé vuot ngudng gay kho chiu, két qua nghién ctru di chi ra rang Cac phan tich
cho thiy dic tinh giam chin cua hé thong treo ghé két hop vai hé thdng cach ly dao
dong cabin c6 anh hudng dang ké dén mirc 46 ém diu trong qua trinh van hanh may
xay dung va may nong nghiép. Trong mdt nghién ciru lién quan, Le Van Quynh va cs.
[2] d3 x4y dung m6 hinh dao dong phi tuyén ciia may lu rung banh don nhim phan
tich anh hudng cua cac diéu kién 1am viéc khac nhau dén dic tinh ém diu trong dai tan
kich thich thap. Cac két qua phan tich cho thay cac kich thich dao dong tir mat nén
dong vai tro chi phdi d6i voi mirc d6 ém diu cta ngudi diéu khién. Le Van Quynh va
Vi Thi Phuong Thao [3] d4 tiép can bai toan danh gid d6 ém diu ciia may lu rung banh
kép thong qua viéc xay dung mo hinh dao dong 07 bac tu do. Két qua nghién ctru chi
ra rang cac thong sb thiét ké cua hé thdng cach ly dao dong cabin giit vai tro quan
trong trong viéc chi phdi dic tinh ém diu ciia may. Vu Ngoc Quynh va cs. [4] di tiép
can bai todn danh gid d§ ém diu cua may xtc lat thong qua mé hinh dao dong, qua do
phan tich tac dong ciia cac thong sb thiét ké hé thong cach ly dao dong cabin. Cac két
qua phan tich cho thdy nhimg thong sé ndy c6 anh huéng déng ké dén dic tinh ém diu
clia may. Huan va cs. [5] dd phan tich dic tinh can ciia hé thdng dém cach ly dao dong
cao su — thay luc théng qua mé hinh dao dong ctia may xuc, cho thiy hé sd can thay
luc o tac dung rd rét trong viée suy giam dao dong & ving tan s kich thich thap. Tiép
can nay tiép tuc dugc mé rong trong nghién ctiru ciia Huan va cs.[6], mot mo hinh dao
dong khong gian ciia may xuc 1at duoc phét trién dé danh gia anh huong cta dic tinh
can thay lyc qua khe vanh khuyén ciia dém cao su — thuy luc. Két qua cho thay dic
tinh can thuy luc c6 anh huong dang ké dén do ém diu ctia may trong diéu kién kich
thich tir mat duong véi bién do 16n va tan sb thap. Trong nhitng nim gan day, van dé
nang cao do ém dju ctia may xdy dung dd duoc nghién ctru theo nhiéu huéng tiép can
khac nhau, bao gém phan tich thyc nghi¢m, mo6 hinh héa dao dong va t61 wu thiét ké
hé théng cach ly dao dong cabin. Mot s6 nghién ciru di tap trung vao viéc dé xuit cac
phuong phap tbi vu thiét ké dém cach dao dong cabin dya trén két qua phan tich dao
dong va thi nghiém thuc té [7], [8]. Song song vai do, cac chién lugc diéu khién ban
chu dong ciing dugc phat trién nham cai thién hiéu qua giam dao doéng. Cac nghién
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ctru cia Le Van Quynh va cs. [9] va Hoang Anh Tan va cs.[10] cho thay viéc diéu
chinh dic tinh can cta hé thdng cach ly dao dong cabin bang cac bo diéu khién thong
minh ¢ thé nang cao dang ké d6 ém diu cua may trong diéu kién lam viéc khéc
nghiét. Mic du nhiéu nghién ctru d chirng minh hiéu qua cta cac giai phap tdi vu thiét
ké va diéu khién ban chu dong di voi hé théng cach ly dao dong cabin, viéc nang cao
d6 ém diu cua may xtc 1at trong diéu kién kich thich mit dudng c6 bién do 16n va tan
s6 thap van 12 mot van dé can tiép tuc duoc nghién ctru. Trén co s& d6, bai bao nay tp
trung xay dung mo hinh dao dong khong gian cia may xuc 14t nham phan tich dic tinh
dong luc hoc va xac dinh bd thong s6 thiét ké toi wu cho hé théng dém cach dao dong
cabin. Qua trinh t6i wu duoc thue hién béng thuat toan di truyén trong bai toan t8i wu
da muc tiéu, trong d6 cac ham muc tiéu duogc thiét 1ap theo tiéu chuan danh gia d6 ém

diu ISO 2631 (1997).
2. XAY DUNG MO HINH DAO PONG TOAN MAY
2.1. M6 hinh dao dong toan may

Trén co s¢ phan tich ddc tinh dong luc hoc, mo6 hinh dao dong khong gian cua
hé théng dém cach ly dao dong cao su truyén théng duoc thiét 1ap dé 1am co so cho

viéc phan tich va tdi wu céc thong sb thiét ké, duge thé hién trong Hinh 1.

Hinh 1. Mt mo6 hinh dao dong khong gian véi 7 bac tu cia may xuc lat
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Cac ky hiéu dugc sir dung trong Hinh 1 duoc quy wéc nhu sau. Cac khéi luong
ctia hé gdm khéi luong ghé nguoi didu khién, cabin va thin xe, twong tng ky hiéu 1a
ms, me, Mmp; MO men quan tinh cua cabin va than xe theo cac phuong x va y duoc ky
hiéu 1an luot 13 L, In va I, Iy; Ddc tinh dan hdi va giam chin cta hé thong treo ghé,
hé thong dém cach dao dong cabin va 16p xe duoc biéu dién thong qua cac tham sb do
cung ks, kei, ki va va cac hé sb can tuong Ung cs, cei, Cri; Ddi véi cac xy lanh diéu khién
nghiéng va ning gau xtc & hai bén, d6 cimg va hé s can twong duong duoc ky hiéu 1a
kg12, kp12 VA Cq12, cp12 VO cac luc tac dung tuong ung 13 Fer 2 va Fyy2; Cac chuyén vi
theo phuong thang ding ciia ghé nguoi diéu khién, cabin va than xe lan lugt duoc ky
hiu 1a zy, z., z»; Cac goc lic doc va lic ngang cua cabin va than xe dugc mo ta thong
qua cac bién @c, @p va 6., By; Kich thich mat duong tai cdc banh xe dugc ky hiéu 1a g;;
trong khi cac khoang cach hinh hoc trong mé hinh dugc ky hi¢u boi /;, voi 1=1-4 va

i=1-10.

Chuyén dong cta cac vat trong co hé co thé dugec mé ta théng qua nhiéu cach
tiép can khac nhau, bao gdm phuong trinh Lagrange loai II, nguyén 1y D’Alembert,
nguyén ly Jourdain hodc phuong phap Newton—Euler. Trong nghién ctru ndy, nham
thuan lgi cho viéc moé phong s6 va xac dinh céc thong s6 thiét ké béng may tinh,
nguyén 1y D’Alembert dugc ap dung trén co sé 1y thuyét hé nhiéu vat dé xdy dung hé
phuong trinh vi phan mé ta dao dong cua xe. Trén co s& mo hinh trinh bay ¢ Hinh 1,

cac phuong trinh chuyén dong cua hé duoc thiét 1ap nhu sau.

Phuong trinh chuyén dong ctia ghé ngudi diéu khién

mzi =—F, (D
Céc phuong trinh chuyén dong cia cabin
4 2
mczc = F; - ercz ( )
i=1
2 4 (3)

]cyéc = ZFcilé - ZFcil7 - Fsls

i=1 i=3

chéc = (Fcz +F;4)le _(F;1 +F2)111 _F;IB (4)

c

Céc phuong trinh chuyén dong cta than xe
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4 4 2 2 5
mbéb:zF;i—ZF;i+Zngsina+ZFpisinﬂ ©)
i=l i=1 i=1 i=l1
. 2 4 2 (6)
Iby¢b = ZF;iIZ _ZEill _ZFcils -
i=l i=3 i=l
4 2 . 2 '
Y F.(—l)-) F,lsina—) F, lsinf
i=3 i=l i=l
beéb = (Ez +E4)110 _(F;I +E3)l9 + (El +E;3)112 - (7)

(F,+FE )L —(F,sina+F, sin f)s +(F, sina+F, sin B,

Map md mit nén duong: Map moé mat duong ¢ thé duoc biéu dién theo nhiéu
cach khac nhau, tir cac ham xac dinh dén cac mé hinh ngiu nhién. Trong nghién ctru
nay, dic tinh map mo ciia mat duong duwoc mo ta theo tiéu chuan ISO 8608:2016 [11].
Theo tiéu chuan nay, map mé mit duong duoc dic trung boi mat do phd cong suit

Sy(no), duge xac dinh thong qua quan hé thyc nghiém sau [12]:

S, (n)=5,(n, )(ijw @®)

trong d6 n 14 tan sé séng ctia mit duong (chu ky/m), no 13 tan sé chuan (chu ky/m),
S,(n) biéu thi mat &6 phd chiéu cao ciia map moé mat duong (m?/chu ky), con S,(ng) gia
tri mat do phé tai tan s6 chuan. Tham sb ® 13 sé mil dic trung cua phé mép mo,
thuong nhan gié tri bang 2.

Qua trinh mip mdé mat duong ngiu nhién dugce gia thiét tudn theo phan bd

Gauss va dugc tong hop bang phuong phap Fourier ngau nhién ngugc, véi biéu thic:

) =2J¥Af c0s(27 s +) ©)

2i—1

trong d6 f,.,.=f + Af v6i i=1,2,3..n va ¢ la cac pha ngiu nhién phan bd déu

trong khoang tir 0 dén 2 .
3. THIET KE TOI UU DI TRUYEN

C6 nhiéu thuat toan t6i vu dugc st dung dé tim thong sb thiét ké t6i vu cta hé
thong dém cach ly dao dong cabin, nhu thuat toan di truyén (GA) [13], [14], [16], [17],

cling vai cac bién thé tdi vu da muc tiéu ctia nd nhu NSGA-II (Nondominated Sorting
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Genetic Algorithm II) [15], thuat toan tdi wu bay dan (PSO), cung vé6i cac bién thé tdi
uu da muc ti€u cua no6 nhu thuat toan MOPSO, (Multi-objective Particle Swarm
Optimization, Algorithm) [18], tham chi thuat toan bay ca nhan tao cai tién IAFSA
(Improved Artificial Fish Swarm Algorithm) [19]. Trong bai bdo ndy, mo6 hinh dao
dong cua may xuc lat duwgc xem mo hinh tuyén tinh, do vay GA dugc lya chon st
dung dé tim cac thong sb thiét ké toi wu. Thuat toan di truyén (GA) bit ngudn tir cac
nguyén 1y tién hoa sinh hoc tuy nhién, dugc xay dung dya trén thuyét tién hoa cua
Darwin (1809-1882), bao gébm chon loc, lai ghép va dot bién. Trong thuat toan di
truyén, viéc tao ra nghiém mdi dugc thyc hién thong qua céac toan tu nhét dinh. Cac
toan tr nay van hanh theo cdch ma chi phi tao ra nghiém méi (con) thap hon chi phi
clia cac nghiém hién c6 (cha/me). Mot thuét toan GA don gian gom ba toan tir co ban:
tai tao, lai ghép, va dot bién. Thuét toan di truyén dugc xay dung dua trén céc toan tir
co ban nhu tai tao, lai ghép va dot bién. Qua trinh t6i wu bat ddu bang viéc khdi tao
ngau nhién mot quﬁn thé ban dau, sau d6 cac thé hé mdi duoc hinh thanh mot cach
tuan tu. O modi thé hé, cac ca thé duge danh gia thong qua gia tri ham thich nghi, déng
thoi céac gia tri nay duogc chuan hoa dé phuc vu cho qua trinh so sanh va lgya chon. Trén
co s& do, cac ca thé ¢ muc thich nghi cao hon s€ c6 xac suit duoc chon 1am cha me
16n hon. Co ché chon loc tinh hoa dugc ap dung nham bao toan mot s ca thé tot nhét
va chuyén truc tiép sang thé hé tiép theo. Cac ca thé mdi duogc tao ra thong qua cic
todn tu lai ghép va dot bién, va qu::in thé hién tai s& dugc thay thé boi quén thé con
twong Gmg. Qua trinh 13p tiép tuc cho dén khi diéu kién dimg di xac dinh duogc thoa
man.

Trong nghién ctru nay, ba dai luong phan anh mic d¢ dao dong duogc sir dung
1am ham muc tiéu, bao gdm gia tdc binh phwong trung binh theo phuong thing ding
ctia ghé nguoi diéu khién (aws), ciing voi gia tbe binh phuong trung binh ciia goc lic
doc va lic ngang clia cabin (dwephi VA dwerer). Cac ham muc tiéu nay duoc xac dinh
theo cong thuc (10).

Theo tiéu chuan ISO 2631-1:1997 [20], gia toc binh phuong trung binh dugc

tinh toan dya trén biéu thuc.
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a, = [%.:[a(t)dt} (10)

trong d6: a,, 13 gia tri gia tbc binh phuong trung binh, m/s%; a(#) 1 biéu thi gia toc theo
thoi gian, m/s? va T'1a thoi gian khéo sat, s.

Ham muc ti€u

F(X)=wW,a, +W,a,. + Wi, —>mn (11)

trong d6, X=[ke;, c.] 1a vector bién thiét ké; ays, Qwephi V& Awerera 12 cdC ham muyc tiéu,
wi, wa, ws 12 hé s6 trong s6 (w/=0.4, w2=0.3, ws=0.3).
Rang budc bién thiét ké:
AZC :(Zci _Zbi) S AZ
S.t. O‘7kci0 < kci Sl'3kci0 (12)

1.2¢,, <c,<2.4c,

cmax

trong diéu kién rang budc trén, Az biéu thi chuyén vi twong d6i giita cabin va khung
may, trong khi Azemax 13 gia tri chuyén vi twong d6i 16n nhat cho phép giita cabin va
khung, v&i Azema=0.005m. Céac tham s keip va ceio twong tng 14 do cimg va hé sb can

cua dém céch ly dao dong cao su cabin may xuc 1at nguyén ban.
4. KET QUA VA THAO LUAN

Pé tim ra mot bd thong s6 thiét ké toi wu cua hé théng dém cach ly dao dong
cabin may xuc 1at, Matlab/simulink duoc st dung dé mo phong va tim ra voi bo thong
s6 tham khao [21] khi may di chuyén trén mit nén cong trudng xau ISO cip E, van toc
v=Skm/h va trang thai day tai. Thuat toan di truyén (GA) dugc trién khai véi kich
thude quan thé 1a 100 c4 thé, xac sut lai ghép bang 0,1 va xac suit dot bién bang 0,7.
Chuong trinh GA dugc 1ap trinh trong méi truong Matlab va lién két véi mo hinh
dong luc hoc trong Simulink, trong d6 gia tri ham muc ti€u cia toan bd quén thé duoc
tinh toan dé cap nhat cac thong sb thiét ké qua ting thé hé. Cac bd thong sb tbi vu thu
dugc tir GA dugce so sanh véi bo thong sb thiét ké ban dau cua hé thdng dém cach dao

dong cabin, va cac két qua twong tng dugc trinh bay trong Bang 1.
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Bang 1. Thong s6 thiét ké cua dém cach ly dao dong cabin trude va sau tdi uu.

Théng sb Nguyén ban Téi wu Tang/giam (%)
kei (N/m) 19335 16500 -14,66
cei (Ns/m) 1350 1560 +15,56

bé phan tich mirc do céi thién do ém diu cua hé théng dém cach ly dao dong
cabin sau qua trinh t6i wu, cic gia téc phan ung trong mién thoi gian theo phuong
thang dimg cua ghé nguoi diéu khién (as) ciing nhu cac gia toc goc lac doc va lac
ngang cia cabin (dephi VA derer) duroc thé hién trong Hinh 2. Két qua cho thay, khi ap
dung bo thong so thiét ké téi wu, bién do gia téc dic trung cia cac dap tmg déu co xu
huong giam so véi céu hinh ban dau cta hé théng dém céch ly cabin, trong diéu kién
may lam viéc trén mat dudng xau cap ISO E, véi van téc 5 km/h va trang thai day tai.
Nhitng két qua nay khang dinh hiéu qua ctia qua trinh t6i wu trong viéc cai thién déng
ké d6 ém diu chuyén dong ctia may xuc lat trong diéu kién kich thich ngiu nhién bién

d6 16n va tan sb kinh thich thap.

10 ¢ . 1 -
~Trudce t0i uu ~Trude toi uu
o . [“Sau tdi uu ~{-Sau tbi vu
X A il
Nm ¢ i § gl !J ig : i 1L
_10 L : | lf ‘ ; . |
0 10 20 30 0 10 20 30
Thoti gian/s Thoi gian/s
(a) Ghé nguoi didu khién (b) Géc lic doc cabin
2 il
) Truoc t6i wu
2 Pt i {—Sau t6i wu
3 y j
E iR
N*s V U : §
_2 L i ! ! J
0 10 20 30

Thoi gian/s
(¢) Goc lac ngang cabin
Hinh 2. Gia tdc phan tmg theo thoi gian trude va sau toi vu
Duya trén két qua thé hién trong Hinh 2, cac gia tri gia toc dic trung duws, dwephi va

awerera dugc xac dinh va tong hop trong Bang 2. Két qua phan tich cho thay, khi ap

https://doi.org/10.65153/r6w43710
Journal of Science and Technology of East Asia University of Technology




Tap chi Khoa hoc va Cong nghé Truong Pai hoc Cong nghé Pong A

dung bo thong s6 thiét ké sau tbi wu, cac dai luong aws, @wephi Va aweteta lan luot giam
13,57%, 24,02% va 12,56% so véi cau hinh ban dau cua may trong diéu kién lam viéc
trén mat duong xau cip ISO E, v6i van téc 5 km/h va trang thai day tai. Su suy giam
1 rét clia cac chi tiéu dao déng nay cho thdy bo thong sb t6i wu cua hé théng dém cach
ly cabin d& gop phan cai thién ddng ké muac d6 ém diu van hanh cta méy xuc 1at. Tuy
nhién, trong thiét ké dém cao su truyén théng, viéc dat dugc hé sb giam chin 16n van
gap nhiéu thach thtrc cho nha thiét ké do dic tinh ndi ma st cua vat liéu cao su thép.

Bang 2. Cac gia trl dws, Qwephi VA Awerera tterdc va sau khi to1 uvu

Gi{l tl’i Aws (1’1’1/82) awcphi (I’ad/Sz) Awcteta (I'ad/Sz)
Trude toi vu 2,6651 0,6979 0,5767
Sau t6i wu 2,3035 0,5302 0,5049
Giam % 13,57 24.02 12,56

5. KET LUAN

Trong nghién ctru nay, mot mé hinh dao dong khong gian véi 07 bac tu do cua
may xuc 1at 43 duoc xay dung nhim mé phong dap timg dong luc hoc cia hé thong
dudi tac dong kich thich ngau nhién tir mat duong xau, dic trung boi bién d6 map mo
16n va mién tan sb kich thich thép. Trén co s& md hinh dé xuit, thuat toan di truyén
duoc ap dung két hop véi cach tiép can t6i wu da muc tiéu co trong s6 dé xac dinh bod
thong s6 thiét ké t6i wu cho hé thong dém cach ly dao dong cabin. Cac ham muc tiéu
dugc lya chon dya trén gia tc binh phuwong trung binh theo phuong thang dimg cua
ghé nguoi diéu khién, cung véi cac gia toc goc lic doc va lic ngang cua cabin. Két qua
phan tich cho thdy, khi ap dung bo thong s thiét ké thu duoc tir qua trinh tdi wu, cac
chi tiéu dap UNg dws, Awephi VA Gwerera 140 Turot giam 13,57%, 24,02% va 12,56% so véi
thong s6 ciia hé théng nguyén ban dudi diéu kién may hoat dong trén mit dudng xau
cap ISO E, véi van téc 5 km/h va trang thai day tai, diéu d6 di cai thién dédng ké d6 ém
diu cua may xuc lat. Két qua nghién ctru ndy gép phan tao co so 1y thuyét cho viéc cai
tién hé thong dém cach dao dong cabin may xay dung, dong thoi két qua 1 co sé cho
céc nghién ciru tiép theo nham nang cao do ém diu hoat dong cuia may xay dung. Céc
két qua dat dugc khong chi gop phan 1am rd co sd 1y thuyét cho viéc phan tich va tdi
wu hé théng dém cach ly dao dong cabin trén may xdy dung, ma con cung cip nén ting
tham khao hitu ich cho cac nghién ciru tiép theo hudng t6i cai thién chat lugng lam
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viéc va sy thoai mai cua nguoi diéu khién trong di€u kién khai thac thyc té khac

nghiét.
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