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NGHIEN CUU PONG LUC HQC MAY XUC LAT KHI DI CHUYEN
CO XET PEN MAP MO MAT PUONG DANG NGAU NHIEN

Lé Vin Dudong!, Nguyén Minh Kha®"
Wién Co khi Péng luc, Truong Dai hoc Ky thudt Lé Quy Pén
Tém tit
May xtic 14t 1a mot trong nhoém may xay dung duoc sir dung rong rdi va phd bién hién nay.
Qué trinh 1am viéc, mip mé mat duong s& anh huong dén dao dong ctia may xuc 1at. Trong
bai bao nay, c4c tic gia nghién ctru md hinh dong luc hoc may xuc 1at khi di chuyén co xét
dén bién dang map m6 mit duong ngiu nhién. Phuong phép bién doi nguoc Fourier trén co
s& mat d6 phd cong suat cua mat duong duoc lya chon dé md phong map moé mat dudng.
Mo hinh dong lyc hoc xay dung cé tinh dén do dan hdi va giam chén cua 1ép xe, hé théng
treo va xi lanh thuy luc co cdu nang can. Trén co s& mo hinh dong luc hoc, phuong trinh
Lagrang loai IT dwoc sir dung dé xay dung hé phuong trinh vi phan mé ta chuyén dong cia
co hé. Két qua khao sat voi may chuyén tai trén mat duong cip C véi van téc di chuyén
4,7 m/s thi gia tbc xe co s& nho hon 0,5 m/s?, dam béao theo tiéu chuin ISO 2631-1 vé rung
dong tac dong 1én nguoi van hanh. Két qua nghién ciru ctia bai bao 1a co s dé danh gia do
6n dinh cua may xtc lat va 1a co s& dé thiét ké, cai tién hé théng treo trén may xuc lat.

Tir khéa: Pong lwc hoc; mdy xiic ldt; map mé mdt dwong ngau nhién; bién doi ngwoc Fourier.

1. Pit van dé

May xuc lat 1a loai may xay dung dugc st dung rong rai, phuc vu cho cong tac
bdc xtic va van chuyén cac loai vat liéu dang hat ro1 nhu: cat, séi, than, dat, da. .. Trong
qua trinh 1am viéc, bién dang mip mo cua bé mat duong di chuyén 1a mot trong nhirng
nguyén nhan anh hudng tryc tiép dén rung dong ctia may. Trong khi d6, diéu kién lam
viéc cia may xtc 1at thuong 1 cac cong trudng, do vdy bién dang map mo mit dudng
mang tinh chat ngau nhién, khong theo quy luat nhéat dinh. Nghién ctru dao dong cua
6 t6, may kéo noi chung va may xuc 1at noi riéng 1a mot van dé phurc tap khi xét dén yéu
t6 bé mat duong di chuyén ciia may, dic biét 1a khi xét dén bién dang map mé mit
duong 13 ngau nhién. D3 co nhiéu cong trinh nghién ctru dong luc hoc 6 t6, may kéo
cling nhu may xuc 14t khi xét dén bién dang map mod mit dudng.

Céc cong trinh [1]-[5] nghién ctru dong luc hoc cua 6 t6, may kéo khi xét dén bién
dang miat duong, tuy nhién ddi tuong nghién ciru trong cc cong trinh nay khéng c6 bd
thiét bj cong tac 1a dic trung cua cac loai may x4y dung ciing nhu xét dén bién dang map
mo6 mat duong theo quy luat hinh sin. Trong [6] da nghién ctru dong luc hoc 0 to khi xem
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xét sy anh hudng cta qua trinh di chuyén dén su pha huy mit dudng.

Trong [7]-[10], cac tac gia da dé cap dén dbi tuong nghién ctru 1a may xuc lat.
Trong [7], nhém tac gia da nghién ctru mé hinh may xuc 1at khi di chuyén véi bién dang
mat duong theo quy ludt hinh sin, cong trinh da nghién ctru dong lyc hoc may xuc lat
trong truong hop may di chuyén trén dudng bang sau d6 di chuyén vao duong mip mo
va sau d6 lai di chuyén trén duong bang phing. Trong [8], [9], cac cong trinh nay da
nghién cuu dong luc hoc may xtc 1at tuy nhién mé hinh nghién ctru chua nghién ctru
dén yéu t6 map moé mat dudng anh hudng dén dao dong khong bang phing. Trong [10],
nhom tac gid nghién ctru dong luc hoc ciia may xtc 1at khi lam viéc trén dia hinh khong
bang phang c6 xét dén bién dang map mé mat duong dang hinh sin. Tuy vay, mé hinh
nghién ctru twong ddi don gian chua diy du khi d3 bo qua cac hé sd can, hé sd giam
chéan cua 16p xe. Trong [11], cac tac gia da nghién ctru md hinh dong luc hoc may xuc
1at co xét dén hé s can, hé sb giam chan cia 16p xe va khao sat dao dong may xuc lat
trong truong hop khi di chuyén trén dudng bang sau d6 di vao mit dudng map mo.
Song bién dang map mod mit dudng ciing chi ding lai khi khao sat theo bién dang hinh
sin chua thuc sy sat voi diéu kién 1am viéc thuc té ctia méy xtc lat.

Trong bai b&o nay, cac tac gia tién hanh nghién ctru dao dong cua may xuc lat khi
may van chuyén vat liéu trén bé mit map mo mit dudng. Phuong phap Fourier dao
nguoc bién doi - IFT duoc sir dung dé mod phong map mé mat dudng theo thoi gian.
Trén co s¢ d6, danh gia do dao dong va 6n dinh ctia may xuc 1at tic dong 1én ngudi van
hanh theo tiéu chuan I1SO 2631-1 vé rung dong tac dong 1én ngudi van hanh. Két qua
ctia bai bao 13 co so tién dé dé thiét ké, cai tién hé thong treo cho may xuc 14t.

2. M6 hinh ddng luc hoc may xdc lat khi di chuyén khi xét dén map md
mat dwong

M6 hinh dong luc hoc may xdc lat duoc thé hién trén Hinh 1. M6 hinh gdm cac
khau: Khau 1 12 ciu sau, khau 2 13 xe co s&, khau 3 1a ciu trudc, khau 4 12 tay gau va gau.

Cic gia thiét khi xdy dung mé hinh:

B6 qua do dbc mat duong; Xe co s¢ dugc coi nhu 1a vat ran tuyet ddi co6 khoi luong
va thuc hién chuyén dong song phang; Lop xe twong (mg ctia hai cau xe duoc quy din vé
hai gdi d& véi thong s6 10 xo va giam chén lan luot 1a Ki, Ci; Hé théng treo duoc quy dan
vé hai gbi d& voi théng s6 10 xo va giam chan 1an luot 13 K, Cy; Xi lanh thuy luc nang
can duoc thay thé tuong duong bang 10 xo va giam chan v6i d6 cimg va hé sb dap tit dao
dong tuong tmg 1a Ky, Cxi; Khéi lugng cta tay giu nho hon nhiéu so véi khdi luong cua
gau xuc va vat liéu; do vy gia thiét trong tim cuia khau 3 (tay gau, gau) duoc quy din vé
trong tAm ctia gau xuc. Cac banh xe khong tach khoi mat duong trong qua trinh may xdc
khi di chuyén ciing nhu khi 1am viéc va 1an khong truot trén mit duong.
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Hinh 1. M6 hinh déng lwc hoc mdy xiic ldt ¢é xét dén bién dang mdp mé mdt dwong ngdu nhién.

Toa dd suy rong: Gom 5 toa do suy rong: q=[q, ]T =z 2,2, B qD]T (i = 1+5).
Trong d6: z; - dao dong theo vudng goc véi mat dudng cia cau trudc; . - dao dong vudng
goc voi mat dudng ciia cau sau; f - goc lic ciia xe co s6; Z - dao dong vudng goc vai mit
dudng clia xe co s3; ¢ - goc nang gau.

CA4c thong sé trén mo hinh:

Mycs 12 khdi lugng xe co 56, Kg; Jxes 1 md men quén tinh d6i véi truc ngang di qua
trong tdm cua xe co so; a, b lan luot 1a khoang céch tir trong tam xe co s& dén cau trude
VA cau sau caa may xuc lat, m; mi, mi; 1an luot 12 khéi lwong cua cau trudc, cau sau cua
xe co s, kg; I1 12 khoang cach tir trong tim xe co s& dén chét lien két gau, m; I, 1a
khoang céch tir chot lién két gau dén chét lién két xi lanh nang can, m; I 1a chiéu dai
cuia can, m; mq la khdi lwong cua gau va vat ligu tich trong gau, kg.

Pong niing cia co hé: Bao gom dong ning xe co s& (Txes), ddng ning Cau trudc
(Tetr), dong nang cau sau (Tes), dong ning cua gau-vat lidu (Tg) va duoc xac dinh theo
cong thuec:

T=T+T +T +T, Q)
Pong ning xe co sd (thuc hién chuyén dong lac va chuyén dong tinh tién):
1 1 .
T ==m 22+=3 f° 2
XCS 2 xcs —0 2 XCSﬂ ( )

Pong ning cua cau trude duge xac dinh theo cong thuc:

T :%m 2! (3)

ctr ctr
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Dong ning cia cau sau dugc xac dinh theo cong thirc:

T, =5m.z @
DPong ning cua gau va vt liéu duoc xac dinh theo cong thic:
1 )
Ty =5 Mk’ ©

Pong nang cua co hé duogc xac dinh theo cong thuc:

1 L, 1 L, 1 L, 1 - )
T :Emctrzf +Em05222 +§mxcsz§ +E‘]xcsﬂ2 +Emglf(p2 (6)

Thé ning co hé: Bao gom Iy 1a thé nang dan hoi xi lanh thiy lec nang can; I,
[Tires thé nang dan hoi hé théng treo Cau trudc va cau sau; Iloy, Ilps thé nang dan hoi
banh trudc va banh sau.

I1= 1_Ib’[r + Hbs + 1_Ictr + Hcs + 1_le (7)
Thé nang dan hoi caa banh trude duge xac dinh theo cong thic:
1 2
I, = E KI (21 - ql) (8)
Thé nang dan hdi cta banh sau duoc xac dinh theo cong thuc:
1 2
HbSZEKI(ZZ_qZ) (9)

Thé nang dan hdi hé thdng treo cau trude duge xac dinh theo cdng thic:

I, = % Ko (z,+88-2) (10)
Thé nang dan hdi hé thdng treo cau sau duoc xac dinh theo cong thirc:

I, :%Ktr(zo ~bf-z,) (11)
Thé nang dan hdi cua xi lanh thity luc nang can duoc xac dinh theo cong thic:

I, = % K, (Le—18) (12)

Thé nang cta co hé dugc xac dinh theo cong thic:
1 2 1 2 1 2
1‘[=§KI (z,—0a,) +E K (z,-9,) +E Ky (z,+af—-1,)
(13)

1 1
+5Ktr (Zo _bﬁ_zz)z +5le (|2¢_I1ﬁ)2
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Ham hao tan ciaa co hé:
Bao gdm ham hao tan banh xe cau truéc (d,, ), banh xe cau sau (d,,), hé thong
), treo cau sau (®

treo cau trugc (O ) vaxi lanh nang can (®,,)

tretr tres

=0, +O +D, , +D, +D,

tret tres
1. . 1. .
:EC|(21_Q1)2+§C|(Zz_q2)2+ (14)
1 , 5 .2 1 , 5 1
+EC“(Z° +aB-1) +§Ctr(zo—bﬂ—z ) +2Cy (Lo 2,8)
Hé phuong trinh vi phan mé ta dic tinh dong luc hoc caa may xuc lat duoc thé
hién trén h¢ phuong trinh vi phan c6 dang:
d( T ar 81_1 oo .
—| — +—=Q (i=1+5) (15)
dt{ oq; 8qi aq, oq;
Tir (6), (13), (14), (15) ta thu duoc hé phwong trinh vi phan md ta chuyén dong
cua co h¢:
rntlz + K Z, +aﬂ_ 21)+ KI (21 _ql)_Ctr (zo +aﬂ._ Z.1)_(:| (21 _ql) =0 (16)
z,+af-2,)+K (z,-4)-C, (2, +aB-2)-C (2,-4,)=0 (17)

a1

M2 + K (2

M2 K, (2, +38-2)-K, (z,-bf-12,)+C, (3, +af-2)+C,(2,-bs-12,)=0  (18)
(2
Ke (29

tr

J B —K, (2,+3B-2)+K, (z,-bB-12,)+C (z +af- z) ( —bf-1 ) (19)

«(2+aB-2)a+K, (z,-bB-2,)b+C,(2,+ap-2)a-C, (2,-bB-2,)b=0 (20)

Ham sé xac dinh bién dang map mé mit dwong: Trong bai bao, nhém tac gia

sir dung phuong phap IFT theo tiéu chuan ISO 8608:2016 dé biéu dién bién dang mat

duong theo thoi gian [12]. Chiéu cao cua bién dang mat duong theo thoi gian duoc xac
dinh baéi cong thuc:

q(t)= é 4S, (©) AQcos(Qit+;) (21)
trong d6: q(t) - chiéu cao map md mat dudng [m]; Sq - mat do phd cong suat (PSD) map md
mit duong theo tiéu chuan ISO 8608:2016; Q - tan s khong gian ciia bién dang map md
mit duong; y - d6 léch pha ngiu nhién; AQ - khoang diém chia tan s6 khong gian duoc tinh
theo chiéu dai quang dudng moé phong L.
Mat d6 pho cong suat PSD caa mit duong duoc xac dinh bang céng thuc (22):
23
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s, (€)= Sq(QO)(Q—OJ Q,<Q<Q, 22)

0 Q<Q;0Q>0,

trong d6: Q1, Qo - giéi han tan s khong gian dugc xac dinh tir pham vi tan s thoi gian
f1, f2 va van tdc ctia may xuc 14t v theo phuong ngang:
f f,

; Qz = (23)

Q==
\Y \Y)

Qo - tan s6 khong gian tham khao, voi Qo = 0,1 m™; w - chi sé mil, thuong 1dy w = 2;
Sq(Qo) dugc xac dinh dya trén tiéu chuén ISO 8608:2016 duoc trinh bay nhu trong

Bang 1.
Bdng 1. Phén cdp mdt dwong theo mdt dg pho cong sudt theo Tiéu chudn ISO 8608:2016 [13]
. Sq(0) (10° m?/m?) 8q (10 m?/m'1)
Phan cap v6i Qo= 0,1 m* v6i 0,011 m*<Q <283 m?
mat duong Can dud6i | Trung binh Céan trén Canduéi | Trung binh | Cén trén
A 8 16 31 2,69 3,81 5,38
B 32 64 128 5,38 7,61 10,77
Cc 128 256 512 10,77 15,23 21,53
D 512 1024 2048 21,53 30,45 43,06
E 2048 4096 8192 43,06 60,90 86,13
F 8192 16284 32768 86,13 121,80 172,26
G 32768 65536 131072 172,26 243,61 344,52
H 131072 262144 524288 344,52 487,22 689,04
3. Két qua md phéng

B0 thong s6 dau vao: Trong bai bao nay, cac tac gia khao sat khi may xtc 1at di
chuyén trén mat duong cép C (twong duong véi duong XAu, phu hop vo1 mat duong tai
cac cong truong xdy dung). Déi tugng khao sat 1a may xuc 1at Hitachi ZW180-5A, khi
d6 van toc di chuyén méy khi chuyén tai trén duong cap C 1a v =17 km/h = 4,7 m/s (S6
tién 3). Mién pham vi tan s thoi gian khao sat nim trong khoang tir 0,5-30 (Hz).

Théng sb két cau [11]: a=0,6 m; b = 1,0 m; Myes = 2000 Kg; Jxes = 12,5-10° Nms?;
mg = 500 kg; Ic = 1,4 m; I = 0,33 m; I, = 1,02 m; Ky = 3,4-10* N/m; K| = 16-10* N/m;
Ka = 4,2-10* N/m; C¢ = 3-10° N/m; Ci = 100 N/m; Ca = 2-10° N/m. Theo [12]:
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fi = 0,5 Hz; f = 30 Hz; Qo = 0,1 m™:; Sq(Q0) = 256-10° m?/m, thoi gian m6 phong
T =100s.

Piéu kién ban dau:
[z, 2,2, B, 9] =[0 000 0], vén tdc cac khau ban du bang 0.

Ham tin hiéu map mo bién dang mit dudng g (dudng nét lién - mau xanh),
02 (dudng nét dut - mau do) dugc thé hién nhu trén Hinh 2:

0.04

1

h ‘ Vi R

g A L o | ! 1, 1L

= AV 1%t . R U o LA
£ of ‘r’ PRI LA R L8 il r il S TpEA -{.‘ .
- \ T 0 A I AP i t"‘.‘ [
= BT 4 TR s )

0.02 4§ 7 ! - [y 351 ! ' 1

L ] I

0.04 - 1
-0.06 . . ]

008, 10 20 30 40 50 60 70 80 90 100

t(s)
Hinh 2. Ham tin hiéu mdap mé mdt deong 0, 0.

Khi d6, giai hé phuong trinh (16)-(20) bang phan mém MATLAB, ta thu dugc cic
két qua biéu dién chuyén vi, van tdc, gia tdc cua cac toa do suy rong cua co hé.

Két qua chuyén vi cac khau dugc thé hién trén Hinh 3-7:

0.04 - 0.04, =

0.02 0.02- | [

: <. M A

-0 <0 u ” il N !

I & wl \ ‘d |

0.02 -0.02 u

M T s a0 50 e 10 s w0 10 M w0 w0 w0 w0 w0 % %0 10
t t(s)

Hinh 3. Chuyén vi cau trudc. Hinh 4. Chuyén vi cau sau.

0.03

002

0.01

E

N—O,Ulr

-0.02

70.030 10 20 30 40 50 60 70 80 90 100 -ﬁ(‘) 10 20 30 40 50 60 70 80 90 16()
t(s) t(s)

Hinh 5. Chuyén vi xe co so. Hinh 6. Géc ldc xe co s6.
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-6 L L L L I i
0 10 20 30 40 50 60 70 80 90 100

Hinh 7. Goc lac can.

Nhdn xét két qua chuyén vi: Trong khoang thoi gian khao sat, quy ludt chuyén vi
clia cau trude, cdu sau, chuyén vi xe co so, goc lic xe co sé va can 1a ngau nhién giéng
v6i bién dang mit dudng chimg to sy pht hop vé mit chuyén dong so véi cic quan sat
trén thuc té. Bién do dao dong lon nhét cta cac khau nhu sau: Cau trude khoang 2.5 cm,

cau sau khoang 3,5 cm, dich chuyén xe co s& 2,5 cm, goc xe co s& va can la 4° va 5°.

Két qua van tdc cac khau dugc thé hién trén Hinh 8-12:

N
=

zZ1 (m/s

0.4L L L L 1 204!
0 10 2 30 40 50 60 70 8 90 100 0 100

t(s) t (s)

Hinh 8. Van toc cau truoc. Hinh 9. Van toc cau sau.

)
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90 100

t(s) t(s)

Hinh 10. Vén toc xe co so. Hinh 11. Vin toc goc xe co s6.
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-2 L I

0 10 20 30 40

60 70 80 90 100

Hinh 12. Vin toc géc can.

Nhdn xét két qua van toc chuyén vi: Trong khodng thoi gian, quy ludt van tde

chuyén vi cta cau trudce, cau sau, chuyén vi xe co sd, goc lac than xe co s¢ va nang can

12 ngau nhién chimg to su phi hop vé mat chuyén dong so véi cac quan sat trén thuc té.

Van toc dich chuyén 16n nhat cia cac khau nhu sau: cau truée khoang 0,25 m/s, cau sau

khoang 0,3 m/s, van toc dich chuyén xe co s& 0,15 m/s, van toc goc xe co sé va can déu

la 2%s.

Két qua gia toc cac khau dugc thé hién trén Hinh 13-17:

t(s)

Hinh 13. Gia toc cau truée.

0.02/ 1

% (m/s?)

0 10 20 30 40 50 60 70 80 90 100

Hinh 15. Gia téc xe co s6.

|
0 10 20 30 40 50 60 70 80 90 100

10 20 30 40 50 60 70 80 90 100

- J
0 10 20 30 40 50 60 70 80 90 100

t(s)
Hinh 16. Gia toc géc xe co so.
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¢ (/5%

06 |
[ i i . | 1
0 10 20 30 40 50 60 70 80 90 100

t (s)
Hinh 17. Gia toc géc can.

Nhdn xét két qua gia toc chuyén vi: Trong khoang thoi gian khao sat 100 s, quy
ludt gia tde chuyén vi cla cau trude, cau sau, chuyén vi xe co s0, gia tde gbc xe co sO va
can 1a ngdu nhién ching to sy phi hgp vé mat chuyén dong so voi cac quan sat trén
thuc té. Bién do gia téc dich chuyén 16n nhat cia cac khau nhu sau: gia toc dich chuyén
cau trudc khoang 0,1 m/s?, gia toc dich chuyén cau sau khoang 0,15 m/s?, gia toc dich
chuyén xe co s6 0,2 m/s?, gia toc goc xe co sé va can 1a 19/s? va 0,6°/s2.

Duya vao két qua gia toc khao sat dugc, theo tiéu chuan ISO 2631-1 vé rung dong
tac dong 1én ngudi van hanh [14], gia tc tac dong 1én ngudi van hanh tic 1a gia toe xe
co so van dam bao nho hon 0,5 m/s?, do vay c6 thé két luan trong diéu kién khéo sat khi
may xuc 14t di chuyén trén mat dudng cap C, van toc di chuyén 4,7 m/s van bao dam do
ém diju tac dong 1én nguoi van hanh trong qua trinh lam viéc.

4. Két luan

Trén co s& mo hinh dong luc hoc may xuc lat khi di chuyén ¢ xét dén bién dang
maip md mit duong ngiu nhién, nhém tac gia da xay dung duoc hé phuwong trinh vi
phan mo ta chuyén dong ctia méy xtic 1at. M6 hinh dong lyc hoc da xét dén anh hudong
ctia 6 dan hoi va giam chan cia 10p xe, hé théng treo va xi lanh thuy luc co ciu nang
can. Trong pham vi bai béo, cac tac gia tién hanh khao sat cac thong sd dong luc bién
do dich chuyén, van tdc, gia tdc cta cau trude, cau sau, xe co s& va gdc nang can khi
may di chuyén trén mit dudng cap C, van tdc di chuyén 1a 4,7 m/s véi ddi tugng 13 xtc
lat Hitachi ZW180-5A. Tir két qua gia toc thu dugc va so sanh ddi chiéu voi tiéu chuan
ISO 2631-1 vé rung dong tic dong 1én ngudi van hanh, ta c6 thé két luan rang khi may
xtc 14t di chuyén miat duong cap C, van toc di chuyén 1a 4,7 m/s van dam bao do ém diu
khi 1am viéc. Két qua thu duoc trong bai bao c6 thé 1am co so ban dau dé cai tién hé

thong treo trén may xuc lat.
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THE DYNAMICS OF A WHEEL LOADER IN MOTION
CONSIDERING RANDOM ROAD SURFACE IRREGULARITIES

Abstract: Wheel loaders are among the most widely used and popular construction
machinery today. During operation, road surface irregularities significantly influence the
vibrations of the wheel loader. This article investigates the dynamic model of a wheel loader in
motion, considering the random roughness profile of the road surface. The inverse Fourier
transform (IFT) method, based on the power spectral density (PSD) of the road surface, is
employed to simulate road surface roughness. The developed dynamic model accounts for the
elasticity and damping properties of the tires, the suspension system, and the hydraulic lift
cylinder of the boom mechanism. Based on the dynamic model, the Lagrange equations of the
second kind are applied to derive the system's differential equations of motion. The study results
indicate that when the loader operates on a Class C road at a speed of 4.7 m/s, the base
acceleration is less than 0.5 m/s?, meeting the I1SO 2631-1 standards for vibration exposure to
operators. The findings of this research provide a basis for assessing the stability of wheel loaders
and serve as a foundation for designing and improving suspension systems for these machines.

Keywords: Dynamics; wheel loader; random road roughness; inverse Fourier transform.
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