JOURNAL GF SCIENCE
AND TRANSPORT TEGHNOLOGY

Journal of Science and Transport Technology

University of Transport Technology

Article info
Type of article:
Original research paper

DOI:
https://doi.org/10.58845/jstt.utt.2

Dynamic analysis of the hydraulic steering
system on articulated dump trucks

Nguyen Xuan Hoa', Bui Van Tram', Nguyen Van Quyen2, Nguyen Xuan Hieu?®
"University of Transport Technology, No 54 Trieu Khuc Street, Hanoi, Vietnam
2Hanoi University of Science and Technology, No 01 Dai Co Viet Street, Hanoi,
Vietnam

3The Central College of Transport No.4, Vinh City, Nghe an, Vietnam

024.vn.4.1.19-26

"Corresponding author:
E-mail address:
trambv@utt.edu.vn

Received: 4/1/2024
Accepted: 26/2/2024
Published: 8/3/2024

Abstract: Articulated dump trucks (which are hinged between the front chassi
and the rear chassi) are very commonly used in the construction and mining
industries. The Articulated dump trucks are large, heavy-duty dump trucks that
are used off-road to transport bulk loads across rough terrains with a degree
of limited space, due to their smaller turning circle. Because the articulated
dump truck moves on complex terrain, the dynamic load on the steering system
is large, so it is necessary to study the hydraulic steering system dynamics.
The article researches building the models, and dynamic analysis of hydraulic
steering systems on articulated dump trucks. The dynamic model is built from
detail to system model. The process of simulating the dynamics of the
hydraulic steering system on articulated dump trucks is to analysis and survey
the real work of the system to efficiently use and exploit articulated dump
trucks.
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Toém tat: Xe tai tw d6 co6 khép ndi (khép ndi gitra khung than trwéc va than
sau) dwoc dung rat phé bién trong cac nganh xay dwng va khai thac mé. Pay
la loai xe tai hang nang dwoc s dung trén dwong dia hinh dé van chuyén
hang roi trén dia hinh gb ghé, véi ban kinh quay vong bi han ché. Do xe tai di
chuyén trén dia hinh phurc tap, tai trong dong tac dong vao hé théng lai lon
nén can phai nghién ctru phan tich dong lwc hoc (BLH) hé théng lai thay lwc.
Bai bao trinh bay viéc xay dwng md hinh va phan tich BLH hé théng lai thay
lwc (HTLTL) cha xe tai tw db c6 khép ndi giva than. Viéc xay dwng mé hinh
DPLH ctia HTLTL xe tai dwoc xay dwng tr cac cum chi tiét dén mé hinh cta hé
théng lai. Qua trinh md phéng BLH clia HTLTL xe tai tw d6 c6 khép nébi gitra
than 1a khao sat cac trang thai lam viéc thuc té ctia hé théng, gitip cho viéc st
dung va khai thac xe dwoc hiéu qua.

T khoéa: Xe tai tw d6 cé khép néi gitra than; Xe tai tw d6 loai hai than; Xe tai
Komat'su-HM 400; Cum lai thay lwc; Bong lwc cum lai thay lwc;

1. Giéi thiéu

Xe tai tw d6 c6é khép ndi gitra than 1a xe van
chuyén chuyén dung trong khai thac md, la xe c6
co cAu lai thay lwc véi bd di chuyén banh 16p, co
céu lai nay giup diéu khién tin cay va nhe nhang,
gidm tai trong déng ti dia hinh lay 16i, gé ghé 1&n
vanh Iai [1]. Bai bao khao sat xe tai khép néi gicra
than Komat'su-HM400 [2], khi di chuyé&n vao nén
dat yéu luc can di chuyén I&n lic nay xe khong thé
di thdng nén sé di chuyén theo trang thai un than
nhw rén bd nhadm tang géc bam, tang lwc kéo cho
dau kéo, do vay tai trong ddng tac dung Ién co cau
lai I1én. Do dd, cAn mé phéng BLH cha HTLTL dé
phan tich danh gia hé théng lai, déng th&i phuc vy
cobng tac chan doan va bdo dwéng stra chiva hé
thdng gitp cai thién kha nang khai thac va st dung

xe [3,4,5].

Xilanh lai la phén tér chinh trong HTLTL, né
dwoc diéu khién tlr banh 1ai théng qua dong dau
diéu khién. Cac budc xay dwng mé hinh va phan
tich BLH xilanh thuay Iwc 1ai dwgc trinh bay ky trong
[6,7], tai liéu [8] trinh bay cu thé v& HTLTL, cac tai
liéu [5,9,10,11] trinh bay hé théng lai trén xe tai
khép nbi gitra than, vé BDLH xe tai khép ndi than
dwoec trinh bay trong [4,12]. Cac tai liéu trén mai
nghién clru ndi dung BLH két ciu thép, chuwa
nghién cru HTTL va qua trinh diéu khién hé théng
i thay lwc. Bai bao ap dung cach tiép can tr cac
tai liéu trén dé xay dwng mé hinh BLH va mé phdéng
HTTL cla co cAu lai xe tai tw db co khép ndi gitra
than, sau dé khao sat danh gia mé hinh BLH v&i
céc trang thai lam viéc thuc té.
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2. B6i twong nghién clru

Cum tha? sau Canglai  Xilanh lai  Dau kéo
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' . . .
"~ Khép noi
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Hinh 1. So dd két cAu xe tai c6 khép nébi gitra than
HTTL dan déng cum lai ctia xe tai Komat'su-
HM400 13 bd phan diéu khién gdc lai gitra dau kéo
va cum than sau, Hinh 2.

— |9

Hinh 2. HTTL dan déng lai xe tai HM400
1 -Bom lai; 2,6,10-Van mot chiéu; 3 - Binh tich ap;
4 -Van xoay; 5 -V0 lang lai; 7,11 -Van an toan; 8 -
Xilanh l4i; 9 -B6 dém lwu lwong; 12 -Thing dau.
3. M6 hinh BLH hé théng lai thay lwc
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Hinh 3. So dé tinh toan BLH ctia HTLTL

Nguyén & nnk

M6 hinh BLH ctia HTLTL dwoec thiét 1ap nhw
Hinh 3.
3.1. Xay dwng mé hinh cua van lai
Van xoay gébm c6 6ng van trong va ngoai.
Khi vanh tay lai xoay mét géc a(t), 6ng van trong
lien két clrng véi vanh tay lai nén ciling xoay mot
goc a(t), vi thé lam mé clra van, khi dong dau lam
viéc di qua bo dém lwu lwong, né 1am quay banh
rang trong, dong th&i 1am quay 6ng van ngoai mot
goc aon(t). Do cé sw quay twong dbi gitra 6ng van
trong va ngoai, nd tao ra tiét dién clra van
Af =f(a)—f(a,,y) cho dau lwu lwgng Q(t) di qua.

Theo [7,9], md hinh toan cla van xoay nhuw biéu
thire (1).

Q\; VAN X(ij Y Ql!
Py | P
R T
a(t) /_/ fiw i) / don(t)

ONG VAN NGOAI
Hinh 4. So do tinh toan cda van lai
Phwong trinh can bang lwu lwong:

ONG VAN TRONG

Q8 =Qv-QHu-0Qr (1)

Trong d6:Q, = B,(yo, + ¥, A0, (2)
_ ars(tg=r,)’ 3 B

Q = 6v oL (1+ 5 &).(P,—Py) (3)

3.2. Thiét 1ap mé hinh BLH b6 dém lwu lwong

Than van ngoai quay mét goc aon khi dau ap
suat cao nay qua khe hé banh réng trong cla bd
dém lwu lwong. Sy quay ctia dng van ngoai sé diéu
chinh tiét dién clra van xoay (16 cho dau di qua
van).Theo [7,9], phwong trinh can bang lwu lvgng
va can bang luc la:
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Hinh 5. M hinh DLH bd dém lvu luong
Q=Q-Q-Q (4)

Trong dé:
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do,
Qz =qn, d?N ; Q= (pB Pg);
do
ms :kms d?N ’ Qr = kr(ps pR)
da
= ot (1)
dn

Vi van téc dich chuyén ciia cum banh xe dan
hwéng, pit tdng, chét 1dng trong xylanh nhd va it
thay déi. Vi thé, quan tinh do chung gay ra twong
déi nhd nén ta cé thé bd qua. Két hop nhirng dai
lwong trén va (1) vao (4) ta co:

+[B, (s - Pr)+ 1]signdaﬂ
(5)

da
q(Ps - Pr) = Kpns dj”

3.3. Xay dwng mé hinh BLH xilanh lai
Xilanh thay Iyc dwoc biéu di&n theo md hinh
DPLH sau:

:\1I mll
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Q.\.L] tPxii Pzl Que
Hinh 6. M6 hinh BLH cua xilanh lai
Gia thiét xylanh ctrng tuyét déi; chat 1dng chiu
nén; bé qua sw ro ri clia dau; bé qua quan tinh do
céac khdi lwong chuyén dong gay ra; bd qua ma sat
gilra can va pit tdng v&i thanh xylanh. Xac dinh lwu
lwong dau trong xilanh 1ai theo [7,9] la:

dP, ax

me = ﬁ KN1 + F1 E + Kr1 (PXL1 - PXL2) (6)
dP dx

QXLZ % KN2 F E + Kr1(PXL2 - PXL‘I ) + Kr2PXL2

(7)
d’x 1 . dx
dt - m {qu F PXL2 F Fmsk S|gnE - RXL:l (8)
3.4. M6 hinh BLH 6ng dan dau
Vi dworng 6ng dan dau, chiéu dai cta cac
dwong 6ng twong dbi nhd, thworng khdng qua 4m,
do d6 ta mé ta dong lwe hoc chat 16ng trong dudng
bng v&i cac tham sb chung tai dau vao va dau ra,
biéu dién so dd khéi va so’ dd tinh toan nhw sau:

Nguyén & nnk

QR — Q\T
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Hinh 7. M6 hinh BLH dwéng 6ng dan dau
Lwu lwong dau trong dwerng bng dan 1a:
Q =Qx - QNo (9)

3.5. M6 hinh BLH van an toan

M6 hinh déng Iwc hoc van an toan nhw Hinh 8:
ZAy Va

Co C

Van an toan

Hinh 8. M6 hinh DLH cua van an toan
Theo dé, can bang lwc cho van theo phuong
trinh lwu lwgng sau:

pA1'FA1=pA2'FA2 + C(ZA_CO) (10)
dQ,

=Bl E)\2.07 [P Pl -Q) (1)

GOm: za- 1a sw dich chuyén pit tdng van hinh
nén; Qa- la lvu lwong chét 1dng di qua van an toan;
pa1 - @p Suat trong van an toan; paz- ap suéat dau
trén duong hoi; c- do crng 10 x0; co- d6 nén ban
dAu; Fa1 - 1a dién tich tiét dién dau pit tdng van; Fa2
- tiét dién pit tdng van phia 16 xo.

3.6. Xac dinh téng lwc can tac dung lén xilanh
lai

Theo [10], téng lwc can tac dong 1én pit téng
lai dworc thé hién & Hinh 9 va phwong trinh (13).

Hinh 9. M6 hinh lyc can tac dung Ién xilanh lai

F,=F;+F =2(M_11,) (13)
Mb men lai do xylanh lai tao ra:
T.=Fh, +F:hg (14)
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F =AP —AP —u,h6 Il, sin(A, -0
voi [+ =T AR — a0 (15) he(0)=———=2 A —9) (16)
F.—AP AP - uh.0 JIZ + 12 =211, cos(A, - 0)
Cac khoang cach: 4. Xay dwng mé hinh DLH ctia HTTL dan déng
h,(0) = 11, sin(A, +6) ; lai
JIZ +12 =211, cos(A, +0) 4.1. Xay dwng md hinh mé phéng
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" ’ L w sl = _ . _ = - BOM
BOM CAP Pe _‘ ONG DAN L P\-_ VAN XOAY _.pu BANT R‘-i.\'G_‘_
Qa i ] Py
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alt) |(",j\;r_ "AN >‘
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Ry 1 Pa

™ XY LANH , 1
x(t), V(1) LAl | Qu X Py - J
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X1 . Py 1 .

. XYLANH | T ! Qu

x(0), V(1) LAI Qu
- — .

Hinh 10. So d6 khi mé phéng BLH ctia HTLTL

Mo hinh tiet dien van

Hinh 11. M6 phdng hé théng lai thay luc xe tai tw d6 cé khép néi
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So d6 khdi DLH ctia HTLTL thé hién & Hinh 10.

M6 phéng cac khdi theo cac cdng thirc toan
hoc & trén bang céng cu Matlab - Simulink, ghép
ndi theo so d6 hé théng ta dwoc md hinh HTLTL
cua xe tai Komat'su-HM400.
4.2. Thong s6 khao sat

Yng dung phan mém Matlab, chon quy luat
quay lai kiéu tuyén tinh. M& hinh xét mat dwong
cép E (theo ISO 8608:1995), vxe = 18 km/h ché 40
tdn hang, géc khung dong: 17.2°% D léch xylanh
lai: 16.9 cm; P, = 80.2 kg/cm?3; P, = 67.3 kg/cm?; |4
=195 cm; I, = 120 cm; fr = 0.005 cm?; k. = 1.15;
z=7;r0=015cm;r;=1.5cm; q=125cm? kq =
0.85; Qc = 200 cm?®/s; Pc = 150 kg/cm?3, cac théng
sb khac lay theo [2,4,5,11,12].
4.3. Khao sat DLH cua HTTL dan ddng lai xe tai
tw d6 c6 khép ndéi HM400

Qua trinh danh lai sang trai véi tbc do cao
trong cac trwdng hop sau:
4.3.1. Xét luc mé va dong cira van xoay

Do ém diu va do tré cua qua trinh 1ai phu
thudc vao viéc dong va mé clra van xoay. Xét 3 giai
doan chinh (Hinh 12, 13, 14).

Do thi khao sat qua trinh mo cua van xoay

=

n
T
"
i

T e S Ry NS S B S

T T AT R deeenen -

Tiet dien cuavanf (cm2)

e h!»

FRTANN, SSEN SR SR RN SR S S R —

0 i i i i i
0 01 0.2 03 04 05 06 07 08 09 1
Thoi gian (s)

Hinh 12. Van xoay mé& clra khi danh lai

Do thi khao sat qua trinh dong cua van xoay

Tiet dien cua van xoay f (cm2)

1 H 1 1 1 1
0.2 0.3 04 0.5 0.6 0.7 0.3 0.9 1
Thoi gian (s)

Hinh 13. Van xoay déng ctra khi dirng danh lai

Nguyén & nnk

Do thi khao sat van toc dich chuyen cua piston
T . T T T T T T

Van toc cua piston (cm/s)

i i i
0 01 0.2 0.3 04 05 0.6 07 0.8 049 1
Thoi gian (s)

Hinh 14. Van téc pit téng khi danh lai

Lac dau, ta xoay vd lang lai nhwng banh lai
chwa dich chuyén, viéc nay dién ra trong khoéng
0,05 giay tng véi goc 0,05 rad.

Sau d6, ctra van m& dan dén luc hoan toan,
la dwdng cong trén do thi. Luc nay, ta van quay vo
lang lai nhwng tiét dién clra van khéng thay déi, thé
hién trén d thj Ia dwdng thdng ndm ngang.

Khi ta dirng danh lai sang trai, clra van xoay
dang m& hoan toan sé tr ttr déng kin (Hinh 13).
Pay ciing 1a nguyén nhan ctia do tré khi lai (Hinh
16, 17).

4.3.2. Qua trinh dich chuyén pit téng ctia xylanh
lai

Do thi khao sat van toc dich chuyen cua piston
T T T T T T T T

Vantoc cua piston (cmis)

0 i ] ] I ] i
0 0.1 0.2 03 04 05 0.6 07 0.8 0.9 1
Thoi gian (s)

Hinh 15. Van téc pit tdng khi dirng danh lai

Do thi khao sat su dich chuyen cua piston
T : ; T T ; :

Dich chuyen cua piston (cm)

0 01 02 03 04 05 06 07 08 09 1
Thoi gian (s)

Hinh 16. Pit tdng dich chuyén khi danh lai
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Do thi khao sat su dich chuyen cua piston
0.12 T T : T T ‘ ‘

Dich chuyen cua piston (cm)
!

N T I R B
0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1
Thai gian (s)

Hinh 17. Pit tdng dich chuyén khi dirng danh lai

Trong hinh 16, néu danh lai sang trai, lGc dau
pit tdng cla xylanh lai chwa dich chuyén, sau do6
né dich chuyén tdng dan déu véi van téc khong dbi,
& giai doan nay goc lai va sw dich chuyén cta can
xilanh 14i & tuyén tinh v&i nhau. Trong hinh 17, néu
khéng lai, Iuc nay do clra van chwa dong hoan toan
nén van c6 mét lwong dau di qua van lai lam cho
can pit tdng dich chuyén, banh lai van chwa dirng
han va chi dirng khi ctra van hoan toan déng.
5. Két luan

Bai bao tap trung xay dwng mé hinh BLH cua
HTTL dan déng co clu lai xe tai cd khép nbdi
HM400 va khao sat mé hinh dong Iwc hoc khi mé,
doéng ctra van lai va khi dich chuyén pit téng cua
xylanh |ai.

Xét thdy qua trinh lai cé hai giai doan anh
hwéng xau. Thi nhat, khi danh lai thi pit tong lai lai
khéng dich chuyén, con khi dirng danh lai thi pit
téng l&i van chuyén dong.

Do d6, khi chon van l&i, ching ta can quan
tam dén goc chét cta van, né 1a thdng sbé két cau
cla van va quyét dinh dén do tré néu trén. Ngoai
ra, qua trinh déng mé van xoay anh huédng nhiéu
tr 16 xo 14 trong van l4i. Do vay, can phai tinh chon
10 xo0 la c6 dd cng phu hep, va chon Iwu lvong
riéng phu hop cla van lai & ddm béo chat lwong
trong cong tac slra chivra hodc thay thé van lai. Két
qua nghién ctru cta bai bao cé thé ap dung dé
nghién ctru BDLH cho cac HTLTL trén cac xe chuyén
dung banh Iép.
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