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TOM TAT

Nghién ctvu nay phat trién mé hinh déng lwc hoc md phdng trang thai lam viéc cha hé théng truyén lwc trén may
tw hanh str dung hé truyén déng thly tinh véi hop sé co khi. Md hinh dwoc xay dwng trén co s& cac cong thirc,
phwong trinh ddng lwc hoc cho cac phan ti tlr ddng co' dén bd phan di déng clia may tw hanh hai banh cha déng, st
dung céac cAu tric dang mé dun ctia phdn mém Sim-Hydraulic va Sim-Mechanic trong méi trieérng MATLAB/Simulink.
Viéc khao sat mé hinh dwoc thuc hién véi thong sé dau vao dugc xac dinh t thuc nghiém trong mét sb didu kién
lam viéc dac trwng cla may tu hanh. Cac két qua khado sat dwoc so sanh véi thwe nghiém dé danh gia, kiém ching
mo hinh md phéng.

T khéa: May tw hanh da nang, truyén déng thly lwc - co khi, trang thai déng lwc hoc.

Dynamics Investigation of Hydromechanical Transmission on Self-Propelled Machine

ABSTRACT

This study develops the dynamic model that describe the behavior of a transmission system on self-propelled
machine utilizing a hydrostatic transmission with a mechanical gearbox. The model is built on the basis of formulas,
dynamic equations for elements from the engine to the wheel drive of the self-propelled machine and using the
modular structures of Sim-Hydraulic and Sim-Mechanic software in MATLAB/Simulink environments. The model
survey was carried out with input parameters determined from experiment in some typical operating conditions of
self-propelled machine. The survey results are compared with experimental data to evaluate and verify the simulation
model.

Keywords: Self-propelled machine, hydromechanical transmission, dynamics behavior.

y o . htic tap do ¢6 su két hgp ctia nhiéu dang truyén
1. DAT VAN DR phtetap Lo b et PG Gang Y

dong c6 tinh chat lam viéc khac biét, can thiét

Hién nay, truyén dong co khi va thuy luc
duge ting dung phd bién trong hé théng truyén
luc cia may tu hanh da chiic ning véi nhiéu
dang két hgp khac nhau tiy thudc vao yéu cau va
diéu kién st dung. Hop s6 thuy luc - co khi
(HSTC) tich hgp trong hé thong truyén luc cua
may tu hanh c6 thé cai thién cac tinh ning nhu
mé rong pham vi va thay déi vo cép ty sd truyén,
giam thiéu cac han ché cla truyén dong co khi,
don gidn héa cac diéu kién van hanh, nang cao
hiéu qua st dung may tu hanh da ning (Renius,
2004). Tuy nhién day la hinh thtc truyén dong

phai thuc hién x4y dung m6 hinh déng luc hoc hé
théng truyén dong thuy luc co khi, dé c6 thé su
dung trong khao sat md phdng trang thai, tinh
chat hoat doéng, thay thé cho hé théng may thuc
c6 két cau va diéu kién lam viéc phic tap, nham
rut ngdn thoi gian va giam thiu chi phi cho
nghién ctiu tng dung phat trién hé théng truyén
déng két hop thuy luc co khi cho nhiéu loai may,
thiét bi cong tac c¢6 tinh ning khac nhau, hinh
thanh cac co sé khoa hoc trong tinh toan thiét ké,
ché tao san xuat va khai thac st dung hiéu qua
hé théng may.
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Nbi dung ctia bai bao cht yéu tap trung cho
viéc khdo sat, phan tich tinh chat dong luc hoc
ciia mo6 hinh may tu hanh st dung HSTC trong
mot s6 diéu kién lam viéc dic trung, cac két qua
mé phong dudc so sanh kiém chiing qua két qua
do dac thuc nghiém nhim xac dinh sai s6 va
danh gia tinh ding din cia mé hinh mé phong.

2. MO HINH VA PHUONG PHAP
NGHIEN cUU

Phuong phap nghién ctiu dude st dung dé
thuc hién cac noi dung coéng viéc gom két hgp
gifia nghién ciu 1y thuyét tinh toan xiy dung
md hinh mé phdéng va thuc nghiém do dac x4c
dinh théng s6, kiém chiing két qua khao sat mé
hinh ly thuyét.

Mb hinh dong luc hoc hé théng truyén luc
may tu hanh x4y dung trén co s6 cac quan hé vat
1y, toan hoc gifia cAc phan ti trong hé théng may
bao gém ti dong co d6t trong, hé théng truyén
dong thuy luc, hé théng tryén déng co khi, hé
théng di dong, dude st dung dé khao sat mot s&
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trang thai hoat dong ctia hé théng may duéi tac
dong anh hudng ctia cac yéu t6 két cau va diéu
kién st dung. Cac phan ti trong hé théng may
dugc tinh toan théng s6 k§ thuat, lua chon két
cAu va thiét ké& cdu hinh nhu hinh 2. Hép s6 thuy
co st dung gidi phap néi tiép gifia truyén dong
thuy luc va truyén dong co khi c6 két cau don
gian, pham vi thay ddi ty s6 truyén 16n, linh hoat
va c6 thé tng dung phu hdp cho viée cai tién céc
loai mAy tu hanh st dung hop s6 co khi.

Mo hinh tinh todn mo phéng dudc xiy dung
trén co s6 cac thong s6 ky thuat duge tinh toan,
do dac ctia cac phan ti ti dong co dot trong dén
bod phan di dong trong hé théng truyén luc ctaa
xe tu hanh, véi cac gia thiét cac chi tiét truyén
dong co khi nhu truc, banh rang la tuyét déi
cting, bé qua hao tén do rd ri trong cac phan ti
thuy luc va nhiét @6 dau thuy luc khong thay
ddi trong cac truong hop khao sat.

Cong viéc tinh toan khao sat dugc su trg
giip cua cdc phan mém Sim Hydraulic, Sim
Mechanic trong Matlab-Simulink.

Hinh 2. M6 hinh xe ty hanh s& dung hé théng truyén dong thuy lyc co khi
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Nguén: Ding Piic Thuin & cs., 2017

Hinh 3. Dac tinh dong co diesel 3T84

+ Phan tit dong co: st dung nhién liéu
diesel, cong suat 30 Hp, c6 cac dic tinh dudc xay
dung tit két qua do dac thuc nghiém.

Dong co dét trong dude két néi va truyén
dong truc tiép cho bom dau, véi gia thiét truc
truyén dong tit dong co dén bom dau tuyét dsi
cling, qua trinh lam viéc ctia dong co dét trong
va bom dugc md ta theo phuong trinh:

(Jd +d, +Jb1)(bd=Md -M_-M, -M,,

ms

M  =po + Kpsign(cob)

+ Phan ti bom thuy luc: Phuong trinh dong
Iyc hoc cia bom thuy luc 4p suét cao duge xay
dung dua trén luat can bang khéi lugng duéi day:

Qb = (X'Dbmbnvb
DA
P
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+ Ap su4t dAu trong 6ng dan thay luc:
. 1 3
pP=—-1Q,-V,-Q
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+ Phén t binh tich ap: La bd phan cé vai
trd 6n dinh hoat dong cho cac thiét bi thua
hanh, giad thiét dong chit 1dng vao va ra khéi
binh tich 4p trong thoi gian ngén, khong cé su
trao d6i nhiét cta khi nén, méi quan hé phi
tuyén gita ap sudt va thé tich chat 1ong trong
binh dugc tinh toan theo céng thic:

PV,

P T v
(Vo_vf)

Po, Vo: ap sudt va thé tich ban diu cta binh
tich ap, Vf : luu lugng dau qua binh tich ap

Vf =Q -Q,

+ Phan ti van chan (van mot chiéu): Van
chin dude st dung dé kiém soat huéng chuyén
dong cua chat 16ng, c6 thé coi 1a yéu td can trd
gy giam ap khi chat 1ong chay qua. Quan hé ap
sudt va luu lugng chidt ldong qua van trong
trudng hgp khong c6 hao tén ap sudt dudc xac
dinh theo cong thiic:

Q,=CA, §|p|sign(p)

+ Phan ti déng co thuy luc: Dong co thuy
luc 14 thiét bi bién déi ning lugng thuy luc sang
co khi, dong co thay luc hoat dong trén co sé
chénh léch ap suat gitia binh tich 4p va mach
th&p ap sau ddng co thay lyc.

mmDm
Q, =
Mm = DmApnm
Ap i S

+ Phan ti hop s6 co khi: Bao gbm cac bo
phan hop giam téc, truyén luc chinh, vi sai va
truyén lyc cudi cung, tham gia vao hé théng
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truyén luc véi chiic ning gidm téc do, ting mod
men va chuyén huéng chuyén dong quay tur
doéng co xudng banh xe chti dong. Trong mo6 hinh
tinh toan khao sat, dic trung cho phan ti hop
s6 cd khi 1a ty s6 truyén chung cho tit ca cac
b6 phan.

1g= igt Lge 1ee

+ M6 hinh banh xe

La thanh phan cé tinh chat lam viéc phiic
tap, tuong tac truc tiép v6i mét nén, tao ra
chuyén dong va luc kéo ciia xe (Hinh 5).

Quan hé banh xe va mit nén rat phtc tap,
phu thudc vao nhiéu yéu t8, trong nghién ctiu
nay st dung mé hinh Burckhadt dé tinh toan
dac tinh trugt cia banh xe khi di chuyén.

— _ CZSX _
ux—cl(l e ) S,

Trong d6, u, 14 hé s6 trugt doc ctia banh xe;
s, 1a @6 trugt banh xe; ¢, ¢,, ¢;1a cac tham s6 xac
dinh tu thuc nghiém cho cac tinh chat bé mit
tiép xtc khac nhau cia méit nén véi banh xe.
Trong trucéng hgp thuc nghiém trén ducng bé
tong kho ¢, = 1,1973, c, = 25,168, c; = 0,5373
(Kiencke & Nielsen, 2015).

+ M6 hinh may tu hanh

Phuong trinh vi phan chuyén dong cta hé
théng may khi di chuyén va lam viéc:

(Jmitl + be )(bbx = Mmitl - Fxrbx - F‘zfr

Heé s6 can lan £, dugc xac dinh theo cong thiic:

3. KET QUA VA THAO LUAN

Mo hinh d6ng luc hoc duge st dung dé khao
sat trang thai lam viéc cua hé théng truyén
dong thuy luc - co khi trén may tu hanh khi
chiu tic ddng cua cac yéu t6 két cau va diéu
kién lam viéc. Trong trudng hop cu thé 1a may
lién hop véi bd phan cong tac xic lat, di chuyén
va thuc hién céng viéc xtdc nap tai vat liéu cat,
v6i gia thiét may chuyén dong thing, toc do 6n
dinh truéce khi thuc hién céng viéc, bom thuy luc
hoat ddng & ché& d6 cung cap luu lugng 16n nhat.
Hinh thtic lam viéc déc trung cho cac loai may
xtc 1at tao ra luc can tai bo phan cong tac, dude
xac dinh bing do dac thuc nghiém, c6 dic tinh
theo thoi gian trong hinh 5.

— MR L

Nguén: Ding Piic Thuan & cs., 2017

Hinh 5. Luc can bd phan cong tac
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Hinh 6. M6 hinh m6 phéng hé théng truyén lvc may tu hanh

Bang 1. Cac thong s6 dau vao ciia mo hinh

Théng sb Gia trj Théng sb Gia tri Théng sb Gia tri
Dy (cm®/vg) 67 Jw (kgm?) 875 v 1,4
Dz (cm®/vg) 20 Jm (kgm?) 0,24 p (kg/m®) 900
D (cm®/vg) 80 Jix (kgm?) 1,25 u (cSt) 18
Jb (kgm?) 0,32 Tox (M) 0,6 ke (NS/m) 550
Juz (kgm?) 0,18 B 1,4e-9 Km (Ns/m) 3.400
iy 95 Mk (KQ) 1.250 c 0,65

70
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Hinh 7. Déc tinh ap suit hé théng truyén lyc xe tw hanh
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Trong truong hdp khao sat hoat dong cua
hé théng truyén luc, luc can trong qua trinh di
chuyén va thuc hién cong viéc xtc nap tai duge
quy dan vé banh xe chii dong ctia may kéo.

Dic tinh cta hé théng truyén luc duge thé
hién qua cac thong sd ap sudt, luu lugng bom,
toc do, md men dong co thuy luc, gia tde, toc do
di chuyén may, dude biéu dién theo cac quan hé
d#c tinh thay ddi theo thdi gian bing tinh toan
md phoéng va do dac thuc nghiém.

Két qua khao sat trang thai hoat dong cta
hé thong truyén luc lién hop may xic lat qua
cac thong s6 ap sudt, luu luong cua hé théng
truyén dong thay luc va tdc d6 di chuyén cta hé
théng may trong truong hdp xe di chuyén va
thuc hién cong viéc xic, nap tai. Cac két qua
khao sat dudc so sanh kiém chiing véi két qua
do dac thuc nghiém.

52 :

Két qua khao sat trang thai hoat dong ctia hé
théng truyén dong thuy luc - ¢6 khi trén lién hop
may xtc lat thuc hién cong viéc xtic nap tai khi di
chuyén, thé hién trong hinh 7, 8 va 9 cho thay su
thay d6i theo thoi gian ctia cac thong s6 luu lugng,
ap suét va toc d6 di chuyén cta may dién ra ding
quy luat. Sai s6 16n nhat gitia mé phéng va thuc
nghiém khoang 1,5% véi thong s6 ap suit, 2,5%
v6i théng s6 luu lugng va 4% véi toc d6 di chuyén
mAy. Su sai khéc c6 thé dugc giai thich véi viée bd
qua su rd ri va anh hudéng nhiét d6 cia moi chat
truyén dong trong tinh toan mé phdng. Téc dd
quay cua dong co d6t trong (Hinh 10) kha én
dinh, su thay d6i 16n nhat khi 6 tai 1a 6 rad/s (t6c
d6 trung binh 1a 274 rad/s) cho thay vai trd cta
truyén dong thuy luc trong hop s6 thuy co, hoat
dong nhu bd phan diéu hoa gitip cho déng co cb
thé hoat dong 6n dinh khi lam viéc trong diéu
kién tai trong thay déi 16n.
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Hinh 8. Dic tinh lvu lugng hé théng truyén luc xe ty hanh
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Hinh 9. T6c d6 di chuyén cta xe khi thuc hién céng viéc
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Hinh 10. Téc dé quay ctia dong co dot trong

4. KET LUAN

M6 hinh dong luc hoc hé théng truyén dong
thuy luc co khi trén may tu hanh dudc xay dung
trén cd s6 hé théng may thuc, c6 ddy du cac
phan ti tu dong co, truyén dong thuy luc,
truyén dong co khi, bé phan di dong, may céng
tac v6i cac thong s6 k§ thuat dudc tinh toan, do
dac ho#c tham khéo lua chon tit nha ché tao. Mo
hinh tinh todn mé phdong dudc 1ap trinh trén co
s6 phan mém SimHydraulic va SimMechanic va
khdo sat trong truong hdp lién hop may xtc lat
thuc hién céng viée xdc nap tai khi di chuyén.
Két qua khao sat dd phan anh ding quy luat
vat 1y, c6 sai s6 khong 16n so véi két qua thuc
nghiém, da lam sang t6 thém tinh chat lam viéc
cta hé théng truyén déng thuy luc co khi, cho
phép so bd danh gia m6 hinh duge xay dung hgp
ly, dap tng dudc cac yéu cau tinh toan mo
phéng khao sat qua trinh lam viéc, c6 thé thay

thé& cho hé thong mAay thuc trong nghién ciu
dong luc hoc hé thong tryén dong thuy luc - co
khi trén may tu hanh.
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