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Tém tit

Bai bdo nghién cvwu xdy dung mé hinh va mo
phong déng hec hoc hé théng thiy e dan dong
lai may san. Viéc xay dung mé hinh dong luc hoc
hé théng lai may san dwoc thuc hién tw xay dung
mé hinh cdc cum chi tiét trong hé thong gom van
xoay, van an todn, co cau chuyén hiedng, tuy 6 dan
dau thiy lye, xylanh ldi,... dén xdy dung mé hinh
hé thong. Qud trinh mé phong dong luc hoc hé
théng lai thity lyc may san la khao sdt cac trang
thdi lam viéc thuc té cia hé thé'ng nhdam phuc vu
cho viéc khai thac va sw dung may dwoc hiéu qua.
Tfl: khéa: Hé thé'ng lai thuy luc, dong luc hoc hé
thong lai thuy lyc, may san [{Z-122.

Abstract

The article researchs on building models and
simulating the dynamics of hydraulic steering
system on the motorized graders. The building of
a dynamical model of hydraulic steering system is
made from building a model of the assembly in the
system including swing valve, safety valve,

diverter ~mechanism, oil pipeline, steering
cylinder,... to build the system model. The process
of simulating the dynamics of hydraulic steering
system on the motorized graders is to survey the
real work of the system to efficiently exploitation

and use of the graders.

Keywords: Hydraulic steering system, dynamics
of hydraulic steering system, grader [{Z-122.

1. Pit van dé

May san 1a may chu dao trong nhém may lam dat,
1a may ¢ co cdu l4i tiéu biéu trong nhém may xay dung
banh lép, co ciu lai duoc trang bi h¢ théng thity lyc dan
dong gitp didu khién nhe nhang, giam tai trong dong tir
mat dudng tdc dung 1én vanh l4i, giam sy mét nhoc
trong qua trinh diéu khién nhat 1a khi chuyén dong trén
dia hinh g6 ghé. Ddi tuong khao sat ciia bai bao 1a may
san JIZ-122, may nay da cii va dugc st dung lau dai,

céc cum chinh trén may (trong d6 ¢6 hé théng thuy luc
dan dong lai) da qua stra chita nhiéu lan, tham chi da
duoc cai hoan tinh ning va két cau so véi thiét ké ban
dau. Do do, can c6 mot mo hinh mé phong dé khao sat
danh gia chat luong hé thong thily Iyc din dong lai cua
méy cii nay, dong thoi phuc vu cong tac nghién ctru cai
tién, chan doan sira chita va danh gia sau stra chita
nhdm néng cao kha ning khai thac va st dung may
trong qua trinh 1am viéc.

Xylanh thuy lyc 14 bo phan quan trong trong co cau
lai thuy lyc, n6 chiu tac dong truc tiép ngoai lyc tir banh
lai va 4p lyc dong dau thuy luc diéu khién. Viéc xay
dung md hinh va m6 phong dong luc hoc xylanh thuy
luc duoc trinh bay kha k¥ trong cac tai lidu [3; 5], ddi
v6i hé thong thuy luc dan dong lai dwoc trinh bay chi
tiét trong cac tai lidu [4; 6], tai lidu [1; 2] trinh bay hé
thdng l4i trén may xay dung khung ctmg. Nhitng tai liéu
néu trén chi méi trinh bay ndi dung dong lyc hoc két
chu thép, chua mo ta hé thong thuy Iyc va qué trinh diéu
khién. Bai bao str dung 1y thuyét tir cac tai liéu néu trén
dé xay dung moé hinh dong luc hoc cac chi tiét va hé
thong thity luc ctia co cdu lai may san J1Z-122, sau d6
khéo sat danh gia cac trudng hop lam viée thuc té cua
méy bang phin mém chuyén ding.

|
Hinh 1. So' d6 hé théng thiiy lyc dén dpng ldi mdy
san /1Z-122
1-Van xoay; 2-V6 lang; 3-Bo dém luu luong; 4-Xylanh lai;
5-Bom ldi; 6-Thung dd‘u; 7,12, 13-Van an toan;
8,9, 10, 11-Van mét chiéu.
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2. Muc tiéu va déi twong nghién ciru

Muc tiéu cua bai bao giup cho qua trinh nghién
clru cai tién, sira chira va danh gia sau stra chira h¢
thdng 14i thay luc may san cii, d3 qua sir dung duoc
chinh xac va hidu qua. Bai bao nghién ctru hé thong
thuy luc dan dong co cau 1ai may san JIZ-122 c6 dac
diém nhu sau: Hé thong thity luc dan dong 1ai lip doc
1ap, c6 van lai dang m¢& trung gian, khong c6 tai trong
dong 1én vanh tay lai (Open center, Non- reaction) va
¢6 co céu lai dang hinh thang ¢6 so d6 Hinh 1.

3. Thiét 1p mé hinh dong hre hoc hé thong lai

Dé thiét 1ap mo hinh dong luc hoc hé thong lai
(Hinh 2) can xdy dung mo hinh toan cac cum chi tiét
trong hé thdng, qua trinh xay dung dugc trinh bay chi
tiét theo cac muc dudi day.

x(1)

Hinh 2. So dé tinh todn hé thong thiiy lwc co cu ldi

Céc ky hiéu ¢ Hinh 2 gdm: Oc- Luu lugng tai ddu
ra ctia bom cip va dau vao cua dudng 6ng ndi bom
cap voi van lai; Oy - Luu luong tai dau ra cia duong
dng va tai dau vao van xoay (phan phdi); Qz - Luu
luong tai déu ra tir van xoay va tai dau vao bd dém luu
lwong; O - luu luogng trén duong hdi vé thing; Ok -
luu lugng tai dAu ra cta bd dém luu lwong va tai dau
vao duong 6ng ndi van 14i voi xylanh 14i; Oxz; - Luu
luong tai dau ra cua dwong ong dan va tai dau vao
xylanh 1ai; Rxz - Lyc can lai tac dong lén can piston
clia xylanh 1ai; Py;; - La ap suat trong khoang xylanh
1ai va dau ra cua duong 6ng dan; Pr- Ap suét tai dau
ra cua bd dém luu lugng va tai dau vao duong éng ndi
van lai voi xylanh 14i; Ps - Ap suét tai du ra tir van
xoay va tai déu vao bo dém luu lugng; Py- Ap sudt tai
dau ra ctia dudng Ong va tai dwong vao van xoay (phan
phdi); Pc- Ap suét tai dau ra cia bom cap va dau vao
ctia duong ong ndi bom cép vé6i van 14i; a(?) - Goc
quay cua 6ng van trong (vanh tay 1ai); aon(t) - G6c
quay cuia ng van ngoai; x(t) - Dich chuyén piston cua
xylanh Iai.
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3.1. Mo hinh toan cua van lai

Theo [2, 5, 6], phuong trinh can bang luu lugng
qua van xoay viét nhu sau:

Q=Q-0,-Q (1
Voi: Q =B, (Yo, + yi)\/ATi 2

_ ”re(re_rz)3

R 6vpL

.(1+g.92).(PV—PB) (3)

Trong d6: Oy va Q- La luu lugng tai dau vao vara
ctia van xoay; Ou, O, - La Iuu luong duong dau hoi va
10 1i; Py va Py - Ap suat tai ddu vao va dau ra ctia van
xoay; 1 thé hién cac cta V, B, H clia van; B; - La héng
sO cuia van; y; va yg, - La dich chuyén hién tai va vi tri
ban dau ciia rudt van, va 4p, - La chénh 1éch ap suit qua
céc cira van; p - La khdi lugng riéng chat long; rg - La
bén kinh trong cta dng van ngoai; v - La hé s6 dong
hoc chét long; - La hé s6 1éch tam cua éng van trong
va dng van ngoai; L - La d6 dai cia dng van trong; f; -
La tiét dién duong hdi cua van 14i.

Qv VAN XgAY Qs
— y

Py
——]

7 |—
M
a(t) / f@ flao0 / tox(t)

ONG VAN TRONG

ONG VAN NGOAI
Hinh 3. So @6 khéi va so' dé tinh todn ciia van ldi

3.2. M6 hinh todn ciia b dém lwu lwong

Luu luong chét 16ng di qua van xoay vao by dém
lwu lwong va dén xylanh 14i. Dong chat 16ng nay qua
khe hé banh ring trong ctia bd dém luu lugng 1am cho
dng van ngoai quay mot goc aon. Chinh sy quay cua
dng van ngoai s& diéu chinh tiét dién cira van xoay.

Theo [2], phuong trinh can bang luu lugng va cin
béng luc duge viét nhu sau:

Q=0Q:-Qy-Q: )
Véi cac dai lugng ¢ phuong trinh (4) 1an luot:
de d de
QR=q77v di ;QN:kNa(pB_ pR);MmszkmsTON;

g dagy
- _ s k,=——(1-
Qr I(r (pB pR) va r pdn dt ( 77\/ )
Thay cac dai luong trén va (1) vao (4) ta co:

dag,

.d
q(pB - pR):kmsT_F[Bl(pB - pR)+1]s|gn% )

Trong d6: Or - Luu lugng tai déu ra cua bd dém luu
luong; Qs - Luu luong tai dau vao cua bo dém luu
luong; Oy - Luu luong dau bi nén; O,- Luu luong dau
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0 i qua bo dém luu luong; ps- Ap suét tai dau vao bd
dém Iuu luong; pr - Ap sudt tai dau ra bo dém luu
lugng; g - Ivu lugng riéng cua bo dém luu luong; M-
M6 men ma sat nhét; &, - hé 6 ma sat nhét; aon -gbc
quay ctia banh rang trong; 7y- Hé s6 luu luong ciia bd
dém; ky - Hé s6 nén cua dau; Den - Ap suit danh dinh
ctia bd dém luu luong; k.- HE s6 10 1i dAu trong bd dém
luu lwong; B, - Hé sb can nhét cua dau thuy luc.

Hinh 4. So dé tinh todn by dém lwu leong

3.3. M6 hinh todn ciia xylanh lai

Theo [2, 3, 6], phuong trinh Ivu lugng va phuong
trinh c4n bang luc cho xylanh l4i nhu sau:

dR, dx d(P,.,— P,

Q= d>;L1 Ky, + Fla_'— K, ( XLat w2) (6)
dR, dx d(Py,—Pys) dP,

Quz = diu Ky +F a* Ku XLat M 4 K. d:Lz (7)

d’x 1 o dx
? = alipxu F —Pyz By — Frgesign E - RXL:‘ (8)

2 E E 2
AV, T [ A,

4%]:3 Fimst X,V Q’———XLI Xi Lanh LA !
F, - O
— — XL2

R P | L 20

[ Fus2 [ Rxr,
PXLJ L Qxi2

I
Qx| 1 Pxia

Hinh 5. So dé tinh todn va so do khéi ciia xylanh ldi

3.4. M6 hinh todn ciia dwong oéng din diu

Theo [1, 2, 6], phuong trinh can bang luu
lugng cho dudng 6ng dan dau dugc viét nhu sau:

Qu =k — Qo (9)
Qr Qu
QK ( o ﬂ; v Q‘(T i
U d L X1 Pr ONG DAN Px
(} — o —————

E
Hinh 6. So do tinh va so' do khoi ciia dwong ong dén diu

3.5. Mo hinh toan cua van an toan

Theo [2, 4, 6], phuong trinh Iuu lugng qua van va
phuong trinh can bang lyc cho van dwgc viét nhu sau:

KHOA HOC - CONG NGHE

Par-Fai=Pas-Far +€(Z,—Cy) (10)

Van an toan

Hinh 7. So dé d@é khéi va tinh todn ciia van toin

dQ,
dt

= B(/u-(sz)- 2-/77l ‘ Pai — Paz _QA) (11)

3.6. M6 hinh todn ciia co cdu chuyén hudng

M6 men can tong cong Mc tac dong 1én dau don
quay (ban tay éch) ctia hinh thang 14i, can trd sy quay
ctia cac banh xe dan huéng khi thyc hién quay vong
xe dugc xac dinh theo [1, 2, 4] nhu sau:

M, =My +My +M,, +M,, +M, (12)

3.7. Tinh todn lyc cdn ldi tac dung lén xylanh ldi

Theo [2], luc can téng cong lai tac dong 1én hai
can piston nhu sau:

Ry =Ru+Ry, = Z(Mc /le) (13)

dau tu van laiden
_

==
dau ve van lai

Hinh 8. So dé bé tri co ciu ldi mdy sau /{Z-122
4. Mé phéng dong lwe hoc hé thong thiy luc
din dong lai
4.1. Xdy dwng mo hinh mo phong

Str dung tinh nang Simulink trong Matlab dé mo
hinh ho4, mé phong va phan tich cac hé théng dong.

L Qc Q
BOM CAP Pe _] ONG DAN Py
| < =

Qa R Py
- VANANTOAN ==

=t Qs
" ’ BOM I
[ VANXOAX: | Py —‘ BANH RANG|___

i

MAw)

a(t) fongvan K . NG VAN g
“IRONG | T .\(;ofuq“ Pl |Qx
Ril. o1 Py
XY LANII |
0.V LAI [ SO P
- S : ] ONG DAN
"™ XYLANH T Qu
X(1), V() LAI Qu
e | [ .

Hinh 9. So' dé khéi hé thong thiiy luc
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4.2. Mé hinh mé phong hé thong thiiy luc din
dong ldai

Tir m6 hinh mé phong cac phan tir ctia hé thong
thity Iuc & trén, tién hanh ghép ndi cac phan tir lai voi
nhau, ta duoc moé hinh mé phong hé théng thuy luc
dan dong 1ai ¢ Hinh 10. Khi tinh todn chay chuong
trinh, ta c6 thé chon dugc quy luat danh 1ai (goc quay
vanh tay l4i) 1 dang bac thang hodc tuyén tinh. Tac
gia chon quy luat dénh 1ai dang tuyén tinh. Bo thong
s6 dau vao ciia mo hinh 1a théng s6 k¥ thuat cia may
san JIZ-122 dugc trinh bay chi tiét trong tai liéu [2].

Hinh 10. M6 hinh mé phéng hé thong thiiy liee
din dpng ldi mdy san JJZ-122

5. Khao sat dong lue hoc hé thong thity luc din
dong lai trén may san /1Z-122

5.1. Khao sadt qud trinh danh ldi sang trdi va dieng
lai (trwomg hop téc dp dinh ldi trung binh)

a. Khao sdt qua trinh mo va dong cira van xoay

Mot trong nhing thong sb thuong dugc quan tam
ctia hé thdng 14i thity luc 1a qué trinh mé va dong cira
van xoay, nd anh hudng dén d6 ém diu cling nhu d6
tré clia qua trinh l4i.

Qua trinh m& ctra van xoay chia lam 3 giai doan
(Hinh 13). Giai doan dau qué trinh danh 14i, ctra van chua
mé (day 1 ving chét) dau chua dwoc dua dén co céu
chip hanh (xylanh 14i) & quay banh din huéng. Nghia
1a ¢6 danh 1ai nhung banh dan huéng chua quay. Qua
trinh nay dién ra trong thoi rat ngan 0,05s twrong tmg goc
quay 0,05rad. (Trong thyc té, do c6 khe hé gitra hai 6ng
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Do thi goc quay vanh tay lai khi danh lai

Goc quay vanh tay lai (rad)

0 0.1 0.2 03 04 05 0.6 0.7 08 0.9 1
Thoi gian (s)

Hinh 11. Do thi géc quay vanh tay ldi khi danh ldi

Do thi goc quay vanh tay lai khi dung danh lai

Goc quay vanh tay lai (rad)

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

Hinh 12. Dé thi géc quay vanh tay ldi khi dirng ddnh ldi

Do thi khao sat qua trinh mo cua van xoay

Tiet dien cua van f (cm2)
o ©
]

0 0.1 0.2 0.3 0.4 05 06 0.7 08 0.9 1
Thoi gian (s)

Hinh 13. Dé thi khdo sdt qud trinh mé civa van xoay

Do thi khao sat qua trinh dong cua van xoay

Tiet dien cua van xoay f (cm2)
o o
& =
[

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

Hinh 14. D6 thi khdo sdt qud trinh déng ciea van xoay

van nén van c6 tiét dién ro ri fr cho dau di qua, tuy nhién
gia tri fr tuong d6i bé nén ta co thé bo qua). Giai doan 2,
ctra van m& dén déan cho dén khi mé hoan toan, né dugc
thé hién boi duong cong nhu trén d thi. Giai doan 3, ctra
van m& hoan toan, vanh tay lai vn danh nhung tiét dién
ctra van khong thay déi va duoc biéu thi biang dudng
thang niam ngang phia trén cia do thi.
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Qua trinh dong clra van xoay xay ra khi dang danh
lai sang trai ta dung lai. Khi d6 ctra van xoay dang o
trang thai md hoan toan s& tir tir dong lai cho dén khi
dong hoan toan, no dugc biéu thi boi dudng cong
(Hinh 14). Piéu d6 c6 nghia 14 khi dimg danh 14i, ctra
van chua dong lai ngay, ddy 1a nguyén nhan gy ra qua
trinh 1ai c6 do tré, didu nay s& thiy rd & cac db thi thé
hién su dich chuyén piston cta xylanh lai.

b. Khdo sdt qud trinh dich chuyén ciia xylanh ldi

* Khdo sdt vin toc dich chuyén piston ciia xylanh ldi

Do thi khao sat van toc dich chuyen cua piston

Van toc cua piston (cms)
=
—

0.4 /
02

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

Hinh 15. Vin toc dich chuyén ciia piston (khi dinh ldi)

Do thi khao sat van toc dich chuyen cua piston

T T

Van toc cua piston (cmis)

i i i i i i
0 01 0.2 03 04 05 0.6 07 0.8 0.9 1
Thoi gian (s)

Hinh 16. Vin toc dich chuyén ciia piston (ditng dinh i)

* Khdo sdt sw dich chuyén piston ciia xy lanh ldi

Tir cac do thi khao sat dich chuyén piston cia
xylanh 14i ta thay:

- Qué trinh dich chuyén piston cua xylanh lai khi
danh 14i sang trai cling chia lam 3 giai doan tuong ung
voi 3 giai doan cua qua trinh md cura van xoay va van
toc dich chuyén piston cta xylanh (Hinh 17). Giai
doan dau qua trinh thi piston ctia xylanh 1ai chua dich
chuyén. Giai doan 2, piston cua xylanh lai dich
chuyén cham duoc biéu thi bf?mg duong cong. Giai
doan 3, piston cua xylanh 14i dich chuyén déu v&i vén
toc khong ddi va dugc biéu thi boi duong thing nhu
trén d6 thi. O giai doan nay goc danh lai va sy dich
chuyén piston ciia xylanh 14i 1a tuyén tinh v&i nhau.

- Qué trinh dich chuyén piston ciia xylanh khi

KHOA HQC - CONG NGHE

dung danh lai ciing twong tng vdi qua trinh dong cua
van xoay. Khi dung danh 14i, do ctra van chua dong
hoan toan nén van c¢6 mot lwong dau di qua van lai di
dén xylanh l4i va lam cén piston ciia xylanh 1ai dich
chuyén, dugc thé hién boi duong cong nhu trén db thi
(Hinh 18). Diéu d6 c6 nghia 1a khi dimg dénh 14i, banh
xe dan huéng van chua dimg han. Banh xe dan hudng
chi dung quay khi ctra van doéng hoan toan.

Do thi khao sat su dich chuyen cua piston
T

-

Dich chuyen cua piston {cm)

N N B B
0 01 02 03 04 05 0.6 o7 0.8 09 1
Thoi gian (s)

Hinh 17. Sw dich chuyén ciia piston ldi (khi ddnh lii)

Do thi khao sat su dich chuyen cua piston
012 T T T T T T T

=

=
o
15

Dich chuyen cua piston (cmy)
2 8

i i
04 05 X
Thoi gian (s)

Hinh 18. Sw dich chuyén ciia piston (dirng ddnh ldi)

6. Két luan

- Qua trinh d4nh 14i (tinh tir thoi diém bét diu danh
lai dén khi dimg danh 14i, banh dan huéng ding yén),
goc quay vanh tay 14i ty 18 voi do dich chuyén piston
cua xylanh lai.

- Qua trinh danh 14i c6 do tré, cu thé & giai doan
dau ciia qué trinh danh 1ai, vanh tay 1ai quay nhung
piston cua xylanh lai khong dich chuyén va & giai
doan dung danh 14i vanh tay lai dung lai nhung piston
xylanh 1ai van dich chuyén. Pay 14 hai giai doan c6
tac dung x4u cho qua trinh 14i.

- O giai doan dAu cua qua trinh danh 14i, goc chét
1a thong s6 6 yéu t6 quyét dinh. Goc chét 1a thong s6
két cau cua van, nén qua trinh tinh chon van phai cht
¥ dén yéu t6 nay dé chon van phu hop. Thong thuong
goc chét tir 0,035 dén 0,07 rad.

- O giai doan dirng d4nh 1ai, 16 xo 14 12 yéu t6 quyét
dinh dén qua trinh déng cira van xoay. Lo xo du cting
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dé dua hai éng van vé vi tri trung gian va da mém dé
van mé& hoan toan. Do d6 khi thiét ké hodc stra chira
thay thé van 14i, nguoi ta phai tinh toan d6 cimg 10 xo
14 cho phu hop.

- Ngoai ra, luu luong riéng cia van lai sé& quyét
dinh dén d6 dich chuyén piston ciia xylanh lai & giai
doan dimg danh lai va luong danh 1ai (s6 vong danh
141 tir bién bén trai sang bién bén phai). Khi luu lugng
riéng ting d dich chuyén cia piston s& ting nhung
luong danh 14i giam va nguoc lai. Do vay, tuy tung
loai may ma ta chon luu Iugng riéng cia van lai cho
phu hop. Pic biét khi sira chira hodc thay thé van lai
ta nén chu y dén didu nay.

- Két qua nghién ciru ctia bai bao ¢ thé tham khao
dé nghién ctru dong luc hoc hé théng lai thuy lyc trén
c4c may xdy dung banh 16p.
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