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MO H‘INH’ TOAN CUA HE DAN DONG THUY TINH CHO BO PHAN
DI CHUYEN CUA MAY XAY DUNG VA MAY LAM BUONG

MATHEMATICAL MODELING OF HYDRAULIC DRIVING SYSTEMS
OF RUNNING EQUIPMENT IN ROAD CONSTRUCTION MACHINERY

TOM TAT

Hiéu suét lam viéc cla méy xdy dung, lam dwong da chiic nang phu thudc vao s6
Irgng céc co cau thyc hién nhiém vu tai cing mot thoi diém. Heé thong trich cong sudt tir
nguon dong lc d& dan dong b phan di chuyn va céc co cAu thuc hién nhiém vy cong tic
clia may xay dung, lam dudng khdng ngling phat trién theo chiéu huéng sir dung nhiéu
hon cac phuong thirc dan dong bang thiy luc. Trong qué trinh thiét ké co cu dan dong
thay lyc clla may xy dung va may lam dwong, mdt van dé cap bach dét ra d6 la viéc phan
chia dong cong sudt tir nguon dong Ic d& dan dong co cdu di chuyén va bo phan cong tac
clla may. Ngay nay, nhitng cong ty hang dau trong linh vuc nay khang tap trung vao viec
thiét ké ché tao b phan phan chia dong cong sudt ma thuéng tu tién san xudt nhing loai
bom da dong c6 gia thanh dat do. Mot trong nhitng huéng nghién ctu dé néng cao hiéu
suat 1am viéc clia méy xay dung, lam dudng da chirc ndng d6 1a thuc hién dan dong thay
Iurc co cdu di chuyén dua trén co s6 clia hé thdng bom tich hop bao gdm bom mot dong va
bo phan phan chia chét ng lam viéc.

Tir kh6a: May xay dung va lam dudng da chirc ndng, dan dong thay luc hoc, méy kéo
bdn banh dn dong, dong chay chét Ing lam viéc, dan dong thiy luc hai dong co.

ABSTRACT

Operational efficiency of multi-functional road construction machines depends on
number of working bodies which are simultaneously performing technological operations.
Systems for propulsion pto to the running equipment drive and active working bodies of
road construction machines are developing in the way of using three-axis hydraulic drives.
When designing a hydraulic system for road construction machinery dividing of power
flow from propulsion to the running equipment drive and active working bodies is
considered as rather essential problem. Leading companies do not pay attention to the
development of flow divider designs, preferring to produce more expensive multi-flow
pumps. One of the ways to increase efficiency of multi-functional road construction
machinery is an implementation of running equipment hydraulic driving system based on
amono-aggregate pump unit which consists of a pump and a volumetric divider of power
fluid flow.

Keywords: Multi-functional road construction machinery, hydraulic volumetric power
transmission, four-wheel drive machine, working fluid flow, dual-motor hydraulic drive.
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1.DAT VAN BE

Hiéu sudt lam viéc clia may xay dung, lam duwong
da chtrc nang phu thudc vao s6 luvgng cac bd phan
cdng tac thyc hién nhiém vy tai cung mot thoi
diém. Hé thong trich cong suét tr ngudn dong luc
dé dan dong bo phan di chuyén va cac co ciu cong
tac thyc hién nhiém vu riéng biét ciia may xay dung
va lam duwong da chikc ndng khong ngirng phat trién
theo chiéu huéng st dung nhiéu hon cac phuong
thirc dan dong bang thay Iwc. K&t cdu clia hé théng
dan déng thly lvc bd phan di chuyén clia may xay
dwng va lam dudng hién dai duvgce tao thanh tir hé
truyén dong thly luc c6 dang mach kin dva trén co
s& tich hgp chung hodc tach riéng hai co cau - may
thay Iwc [1,2]. Mot trong nhitng huéng nham nang
cao chéat lvong dac tinh kéo clia may dé 1a viéc thiét
ké hé dan dong doc lap gitta cac cau cht dong bang
cach b6 tri tang thém s lwgng cac bom thay lwc.
Trong két ciu clda may lam dwong va xdy dung
banh hoi phia sau dong co sé duogc bo tri hop phan
phdi, cho phép dan dong ba bom thly luc khac
nhau, hai trong s6 doé sir dung truyén nang luong téi
dong co thdy luc dé dan déng cac banh xe tai moi
cau chd dong, con bom thi ba st dung dé tro luc
l4i. Viéc tang khai lvgng riéng clia cac chi tiét trong
hé dan dong co khi c6 anh hudng xau tdi viéc b tri
cac co cau cdng tac cia may [1]. Khé khan trong
viéc ché tao cac co cdu dan dong co khi cho bo
phan di chuyén clia may lam dwong va xay ding da
chirc nang bai vi s6 lvgng nhitng nha may san xuat
nhitng phuong tién nay khéng nhiéu va san lvong
s&n xudt khdng Ién. Do d6 stic canh tranh trong san
xudt cling nhuy ngudn cung trang thiét bi khong
duoc san c.

Mot trong nhitng ngudn nang lvgng tiém tang
cha hé théng dan dong thay lwc s dung nhidu
dong co thay luc cho phép giam khoi lvong riéng
cla co cdu truyén dong co khi thuan tay, trong hé
théng dan déng cla bd phan di chuyén. N6 cho
phép gidm s lvong bom thay luc can thiét, giam
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duwoc kich thuéc va chi phi nguyén vat liéu trong san xuét
van phan phéi dan déng bom. Van dé néu trén co thé dugc
giai quyét bang viéc thiét ké két hop co cdu bom bao gbm
bom thly lvc mot dong va bd phan phan chia dong thay
lvc hop thanh mot co cdu duy nhat.
2. HE THONG DAN BONG THUY LYC BO PHAN DI
CHUYEN CUA MAY XAY DUNG

Truéc hét, xem xét mot trong nhirng bién phap ky thuat
ap dung truyén dong thly tinh dé dan déng bd phan di
chuyén clia may lam dwong va xay dung da chirc nang.
Trén co s& clla mot co cdu bom thuy luc tich hop cla hé
truyén dong thay tinh bao gom mét bom pitténg huwéng
truc mot dong cé kha nang thay déi thé tich lam viéc (BPT),
dugc trang bi co cdu phan phai kiéu roi rac (PP) (BPT+PP),
¢ chirc nang phan chia hay téng hop cac dong chéat léng
cla bom pitténg va mot bom ti€p van c6 két cau dang
banh rang (BTV) (hinh 1) [2, 5]. Co cdu bom tich hop cé
nhiém vu cung cap nang lwgng cho cac dong co thay luc cé
kha nang thay déi thé tich lam viéc dong co thdy luc thir
nhéat (BC1), déng co thay luc thir 2 (BC2) dé dan déng cac
cau chd déng ctia may kéo. Viéc thay doi toc do di chuyén
clia may kéo duoc thuc hién bang cach thay déi cong suét
lam viéc cla bom pittdng qua viéc thay d6i goc nghiéng
gilta truc cua dia nghiéng va réto ctia bom. Khoang lam
viéc clia xylanh thay lwc duoc diéu khién bang viéc thay ddi
géc nghiéng clia dia duoc lién két véi mach thay luc cla
bom tiép van va binh chita dau B mét cach tryc ti€p bang
co cdu diéu khién phan chia lvu lvgng RUN, co cdu tao la
mot van dao chiéu ba vj tri. D€ t6i wu hoa cac ché do lam
viéc cla cau trwéce, cau sau clla may kéo, bom tich hop ¢
nhiém vu cung cdp mét lvu lvong nhw nhau cho hai dong
co thay lvc BCL, BC2 lam viéc & cac ché dd tach dong hay
hop nhat lvu lvgng tvong (ing véi ché dé co tai hodc khdng
tai. Dan dong thdy tinh cau chi ddng cla may kéo duoc
thiét ké theo dang mach khép kin va bao gdm mach cép
(MC), van diéu chinh &p suédt cta bom tiép van (VMC),
dwong cap dau lién két vai binh chita dau B clia hé théng
thay luc.

" VMC BPT+PP
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Hinh 1. So' cio nguyén Iy hé dan dong thly luc bo phén di chuyén cda xe c6
két cAu tat cA céc cau dan dong

3. MO HINH TOAN CUA HE DAN BONG THUY TINH CHO
HAIDONG CO THUY LUC CUA BO PHAN DI CHUYEN

Trén co s& ly thuyét thuy luc roi rac [4], nhém tac gid da
xay dwng cac nguyén ly phan chia va tong hop luu lvgng
thé tich cda chat lIong lam viéc bao gdm: phan chia thé tich
chét 1dng nhat dinh doc theo mach cao ap cua thiét bi tiéu
thu [1, 2], dé xuét cac giai phap ky thuat chinh cda van
phan phoi ki€u roi rac dang roto, lam viéc & hai ché do
phan chia va téng hop cac dong chat lang cong tac [3]. Dé
xac dinh cac thoéng so chinh clia co cAu phan phdi ki€u roi
rac, xem xét tlrng ché doé lam viéc clia co cdu phan phdi dé
la: phan chia va téng hop dong chét 16ng lam viéc dé dan
dong hai dong co dugc thiy luc (hinh 2) [4].

Hinh 2. So d6 dong luc hoc dan dong hai dong co thily luc 1am viéc véi van
phan phdi kigu roi rac & cac ché do: a- phéan chia dong chét long; b- tdng hop
dong chét 1ang; 1- bom thily luc; 2- van phan phdi kiéu rdi rac; 3, 4- xy lanh ¢ong
tac; 5,6- tai trong; 7- van tiét luu; 8- thiét bi tiéu thu hodc binh chira

Qua trinh chuyén d6i gilra cac ché dd tong hop va phan
chia clia van phan phéi thay luc kiéu roi rac dwgc mo ta
thong qua hé phuong trinh vi phan [5], thu dwgc trén co s6
xa@y dung cac md hinh tinh toan theo céc tai liéu [2, 4, 5]
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Trong dé: z; - hanh trinh lam viéc cla pitttong xylanh
cong tac 3.4; F, - dién tich mat cit ngang pittdng cla
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xylanh céng tac 3, 4; m; - tai trong 5,6 va phan khdi lvong
dbng tac dong Ién pittdng; P, - lwc ma sét; p; - luc can
nang tai trong 5, 6; p,, p;- ap sudt trong khoang lam viéc
cliabom 1, xylanh cong tac 3, 4; p,, p,,; - 4p sudt tai duwong
lam viéc cla thiét bj tiéu thu 8 va sau van diéu khién tiét
lvu 7; Q, - ton that chat 1dng lam viéc qua van tiét lvu 7;
;| - chigu dai duong 6ng dan tir xylanh céng tac 3, 4 téi
van diéu khién tai trong 7; Q, - lvu lugng lam viéc bom 1;
Qqi - lvu lvong cdp vao dudng lam viéc xylanh thay lwc
3,4, W - hé s6 ton that lvu lvong clia chat l6ng cong tac;
Van L - thé tich mach dap tit dao dong trong hé thdéng
bom 1 va chiéu dai 6ng dan lién két bom 1 v&i bd phan
dap tat dao dong va van phan phdi kiéu rdi rac; Vg, Ly -
thé tich khoang bd phan dap tit dao dong trong hé
théng 6ng dan va chiéu dai ctia dudng 6ng dan tir van
diéu chinh tai trong 7 dén van phan phoi; V;= F.Z;y. - thé
tich khoang lam viéc ctia xylanh cong tac 3, 4 & vi tri ban
dau; f - dién tich mat cat ngang cta duong 6ng dan;
l; - chiéu dai 8ng dan tir van phan phdéi téi xy thanh thay
luc cong tac 3, 4, p - mat do clia chat léng cong téc;
k,- hé s6 masat; v - hé s6 nhét dong hoc chéat 16ng cong tac.

Hiéu suét lam viéc clia van phan phéi dugc danh gia
qua gia tri clia hiéu suét thly luc ny, c6 tinh dén tén that
cOng sudt trong qué trinh chuyén dong clia chat 16ng qua
van phan phdi va tham s6 k,, tinh dén sy déng nhat
chuyén dong pittdng trong céac xylanh cong tac thdy luc.

M hinh toan hoc dan dong thiy luc hai déng co thly
luc v6i van phan phai kiéu roi rac duoc xay dung cho hai
ché do lam viéc: Ché dd phan chia dong chét léng dugc
ti€n hanh véi cac thdng s6 ky thuat sau: bom c6 ky hiéu
310.4.56 voi lru lvgng Q = 1330.10°° m3/s lam viéc cling vai
hai xylanh thay luc vé&i dwdng kinh pittdng 0,12m, dwoc dac
treng voi hé s tai trong k4 = P,/P,, thay d6i trong khoang
gi¢i han 0,125 - 1,00 duéi tai trong P, = 200 kN. Trong qué
trinh tinh toan ta lya chon gia tri mot s6 tham sb sau:
f=38.10"m ¥ =1510%P,., =0,1P; k.=0,15; {=0,5; Tai
ché dé téng hop dong chéat 1dng duoc tién hanh voi diéu
kién lam viéc: hai xylanh thly lyc c6 dwong kinh pittong
0,12m vai hé s tai trong k.. = P,/P,, thay ddi trong gidi han
0,125 - 1,00 du6i tai trong P, = 200 kN. Ap suét p. trong
mach lam viéc cla thiét bi tiéu thu dwgc dac trung voi hé s6
k,=p /p,, thay ddi trong pham vi 0,05 - 0,10.

Tién hanh giai hé phwong trinh vi phan (1), (2) va lam
tron mot cach gan dung két qua ctia mé hinh toan hoc cho
phép chiing ta xay dwng dwoc biéu do sy phu thudc gita
hiéu suat thay lwc ny va tham s6 k,, tir cac théng so cla van
phan phdéi roi rac tai cac ché do lam viéc khac nhau:

a) Ché do phan chia dong chat Iéng tlr bom thly luc

s = 0,996+ 0,036k, +0,005k

~0,014k?, —0,001K K
k,, =0,915+0,121k , —0,063k
~0,017k2, —0,556k 4k
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M =1197-0,028k , +0,284k , — 0,094k’
+0,034kZ, + 0,169k K,

k,, =0,292-0,237k,, +0,372k,, + 0,353k,
—0,032kZ, +0,303K 4K,

7 =0,901+ 0,162k ,, +0,268.10° - 0,09k,
~0,291.10° »* —0,116.10 °k , &

k,, =0,876+0,361k_, —0,0020—0,199K?,
+0,144.10° o +0,002K ,

7. =0,982+0,024k , —30,23V,,
—~0,012K?, +21,42K,V,,

k,, =0,791-0,062k,,, — 4266V, + 0,433k,
+3811.10°V2 + 2715k V.,

(6)

b) Ché d6 t6ng hop dong chat ldng tir khoang lam viéc
cla xylanh cong tac:

7l =0,149 0,128k +12,04k,
—~0,125k? — 40,4k,

k,, =0,19+153k  —2,259k_
—0,816k2, —6,0k? +3,749K k.

7 = 0,859 0,23k, +0,304k , +0,02K2,
—0,416K? +0,076K K,

k,, =0,26-0,337k,, +2,334k +0,0478K?,
—~0,026K? +0,679K K,

7, =0,86-1297k, —0,016k,, +0,749k?

~0,139k> +0,12k k . @
k,, =—0,079+0,009k, +2,124k _ —0,03k’

—1,124k2 +0,06kk

7, = 0,656 +0,625V,, — 0,474k . —0,005V2,
+0,056k?, + 0,08V, k.,

k,, =-0,097+13,69V,, +1957k .
~0,013k% —7,476V,,k

gni "“nc

(10)

Trong do6: k,q = P,/P,, k.= P,/P;, k.= p./p, - tham s6 tai
trong tac dong Ién dutrng cong tac cla co cau phan phdi &
céac ché do phan chia va téng hop dong chét 1dng lam viéc;
P., P, - ap sudt tai khoang lam viéc cla thiét bi tiéu thu va
xylanh chap hanh 4 (hinh 2b); k - hé s6 phan tan ctia dong
chét I6ng lam viéc; k,, - hé s6 xac dinh bai ti s6 kich thudc
hinh hoc gitta cac khoang lam viéc clia van phan phoi;
w - van toc goéc cua ro to van phan phdi; k, = f,/f - hé s6 dién
tich mat cat ctia van tiét lwvu 7; f, - dién tich mat c&t ngang
clavan tiétlvu 7.
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Phan tich cac phuong trinh twong quan (3) cho thay,
van phan phdi kiéu roi rac cho phép hdi tro doc lap gitra
cac mach & cac ché do tai trong lam viéc thiét bi tiéu thu
nay v&i ché do lam viéc cda thiét bi thi hai trong mot pham
vi thay d6i tai trong I&n. Hiéu suét I6n nhat dat dwoc trong
treong hop tai trong tai cac dudng cao ap bang nhau va
tang dan theo chiéu tang ctia tham sé k (hinh 3), nguyén
nhan la do s sut giam luu lugng chat léng cung cip vao
duong cao &4p trong mdi mot chu ky lam viéc clia co cdu
phan phai ki€u roi rac va sut giam doéng luc hoc lam viéc
clia hé dan dong thay luc. Tir do, ta c6 nhan xét rang kha
nang Ién nhat tang gia tri hiéu suat trong trvong hop tang
tham s6 k tir 1 dén 3. Trong truong hop sy thay déi k nam
ngoai khoang gia tri néu trén gia tri ctia hiéu suat thay doi
khong dang ké.
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Hinh 3. Biéu db sir phu thudc hiéu suat n, voi hé s6 tai trong k,, va ti 1& phan
chiadong chatléng lam viéc: 1-k=3;2-6;3-9

Giam dan tham sd k., va ting gia tri ctia k dan t&i gidm
gia tri k,, theo ti I& thuan. Trén co s& két qua nhan duoc co
thé lva chon pham vi dao dong hop Iy nhat gia tri cla
k =4 - 6, dé dam bao hiéu suat dat gia tri cao va tuong tng
giam gia tri k mot cach twong déi khi thay doi tai trong trén
duong cao ap trong pham vi thay dai Ion.

Phan tich qua trinh lam viéc clia hé dan dong nhiéu
dong co thay lvc trong qua trinh déng bd hda qua trinh
lam viéc clia cac xylanh cong tac (k,, = 1) cho thdy pham vi
thay ddi cla kg, va hiéu sudt khi giam gid tri clia hé s6 tai
trong k,q ca xylanh cong tac thdy luc sé gidm twong tng
vGi gia tri cGia k giam dan (hinh 4),
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Hinh 4. Biéu d0 s phu thudc ky, véi hé s6 tai trong k,, va ti Ié phan chia
dong chat long lam viéc: 1 -k =3;2-6;3-9

So db két cdu clia van phan phoi kiéu roi rac, cho phép
ho trg dong bd hoa qua trinh 1am viéc clia xylanh cong tac

thay luc, theo do két hgp voi gid tri clla k = 3 - 4 va dam bao
viéc giam gia tri clia hiéu sudt it thay doi nhat trong khi
tham s6 tai trong k., thay déi trong pham vi réng. Khi tang
gia tri w hiéu suat tdng nho sy giam sat dong lwc hoc qua
trinh 1am viéc cha dan dong thay luc (5), con tham s6 k,,
gidm. Gia tri I&én nhat cla hiéu sudt dat duoc khi w = 188,4 -
314,0 rad/s, phd hop vai pham vi thay déi clia van t6c géc
trén truc ctia bom.

Khi tang lvu luong Vg, tham s6 k,, gidm (6). Sv tang 1én
thé tich Vg S€ 6 kha nang xuét hién hiéu tng khac biét.
Gia tri tham s6 k,, hop ly nhét dat duoc khi Vy, = (0,5-1,0)q
(q - thé tich lam viéc bom thay lwc), hé s6 duong dai clia
canh tay don ap suat cao ;= 0,07 - 0,14m. Hiéu suét co6 gia
tri |6n nhét tai V,, = (0,5-1,0)q va gidm dan khi tang thé tich
Vgo. Van phan phéi ki6u roi rac phai dugc 1ap dit canh bom
hodc duoc tich hgp vao két cdu ctia bom. M6 hinh trén cho
thdy rang thay déi gia tri .l khéng lam &anh hudng téi hiéu
suat va hé s6 k.

Tai ché do lam viéc téng hop cac dong chat long lam
viéc co' cdu van phan phdi kiéu roi rac cho phép ho trg doc
lap gilra cac mach & cac ché do tai trong lam viéc trong mot
pham vi thay déi tai trong I&n. Phan tich qua trinh lam viéc
clia hé dan dong thay luc cho ta thdy néu thay déi tham s6
kqo thi c6 thé dam bao ddng nhét sv di chuyén cla tai trong
(8). Khi tang gia tri k,, gia tri hiéu suét giam dan va c6 gia tri
nho nhét tai k=4 - 5, do la hé qua ctia viéc gia tang dong
Irc hoc tai trong clia hé dan dong thay luc.

Khi tdng tiét dién cla van tiét lvu 7, dwoc xac dinh
bang hé sb k;, hiéu suat s& giam (9). Tham s6 k,, thay d6i
khong dang ké. Khi thiét k& hé dan dong nhiéu doéng co
thay luc can st dung van tiét luu 7 c6 tiét dién lvu thong
nhd. Tang thé tich bo gidm téc V,,, Vy,, trong dwdng 6ng
lam viéc tlr co cdu van phan phdi roi rac téi van tiét luu 7
dan t¢i tang dang ké hiéu suéat va gia tri k,, ting khéng
dang ké (10). K&t qua nhan dwgc cho phép rat ra két luan:
Dich chuyén co cdu van phan phéi cach xa van tiét lvu 7
cho phép nang cao chi s6 lam viéc clia hé dan dong nhiéu
dong co thuy luc.

Phan tich qua trinh lam viéc cha hé dan dong hai dong
co thay luc dwoc trang bi van phan phai kiéu roi rac, lam
viéc tai ché do phan chia va téng hop dong chét Iang lam
viéc cho thdy: Van phan phdi dam bao hé tro doc lap céc
ché do cia mach lam viéc cla thiét bi tiéu thu nay véi cac
ché do tai trong clia mach lam viéc cua thiét bi tiéu thu thiv
hai trong pham vi diéu chinh 16n; Gia tri hop ly ctia tham s6
phan chia dong chét 16ng nam trong khoang k = 4 - 6; Van
phan phéi can dvoc 18p dit bén canh bom hodc la duoc
tich hgp trong két cdu ctia bom; Gié tri Ién nhat cla tham
s0 hiéu suat c6 ich va k,, dat duwoc khi tdc dd géc quay clia
réto c6 cung tri s6 voi tdc dd vong quay tai truc clia bom;
Van phan phéi dam bao kha ndng thay doi tham so luu
lvgng lam viéc trong dudng tai cla thiét bi tiéu thu trong
pham vi rong béang viéc thay déi thé tich 1am viéc clia no.

Van phan phéi ki€u roi rac ¢6 thé thuc hién nhiém vu
nhu mot co cdu riéng biét thuong duoc 1&p dat trén than
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cla bom thay luc CL‘mg vGi truc dan dong réto van phan
ph6i théng qua bom dan déng.
4. KET LUAN

Ung dung co cdu bom tich hop bao gdm mot bom va
van phan phéi kiéu roi rac dé dan dong bd phan di chuyén
cla may xay dwng, lam duwong da chirc nang cho phép
gidm t6i da s6 lvong bom dan dong thay luc, thu nhé dwoc
kich thwdc va gidm chi phi nguyén vat liéu dé ché tao hop
phan phdi dan déng bom thay luc.

Xay dyng mo hinh toan hoc cho hé dan dong thay tinh
cho b6 phan di chuyén clia may xay dung voi cac thong s
ky thuat dugc chon ban dau: Bom cé ky hiéu 310.4.56 véi
Ivu lvgng Q = 1330.10° m¥/s lam viéc cung vai hai xylanh
thay lyc voi duong kinh pitténg 0,12m. Khao sat hai ché do
lam viéc cla van phan phéi thdy lyc ki€u roi rac: Ché do
phan chia va téng hgp dong chét ldng da lva chon dugc
cac théng sé clia clia hé dan dong thay tinh.

K&t qua tinh todn cé thé lam co s tham khao dé thiét
ké, cai tién cho hé théng dan dong bd phan di chuyén cla
may xay dung, 1am dudng nhdm nang cao hiéu suét cla
may va giam nhe sy cdng kénh vé kich thudc, khéi luong,
gidm chi phi trong viéc thiét ké va ché tao.
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