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XAY DUNG MO HINH TOAN HOC VA MO PHONG TON THAT LUU
LWONG TRONG MAY THUY LUYC MOT TRUC VIiT

BUILDING MATHEMATICAL MODELS AND SIMULATING FLOW LOSSES IN
SINGLE SCREW HYDRAULIC MACHINES

Nguyén Vin Lai
B6 moén K¥ thuat Co khi, Truong Pai hoc Mo - Dia chat

TOM TAT

Bai bao trinh bay cach xac dinh khe ho giita rotor va stato trong may thuy lyc mot truc vit.
Trén co so do xay dung mo hinh toan hoc va thudt toan dé mé phong dac tinh vé ton that luu lwong
cua may thuy luc mot truc vit. Déng thoi thue hién moé phong voi cdc thong $6 két cau ciia mét logi
may thity lyc mét truc vit. Két qud nghién ciru danh gia dwoc pham vi siv dung hiéu qua ciing nhuw
cdc dé xudt cho viéc thiét ké may thuy lyc mot truc vit.

Tw khéa: Thuy luc; May thuy lyc truc vit; M6 hinh todan hoc; Mo phong.
ABSTRACT

This paper presents how to determine the clearance between rotor and stator in single screw
hydraulic machine. On that basis, a mathematical model and algorithm are built to simulate the
flow loss characteristics of a single screw hydraulic machine. Simultaneously perform simulations
with structural parameters of a single screw hydraulic machine. The research results evaluate the
effective use range as well as recommendations for the design of single screw hydraulic machines.

Keywords: Hydraulics; Screw hydraulics; Mathematical modeling; Simulation.

1. GIOI THIEU

May thuy luc mot truc vit ngay cang
dugc sir dung rong rai trong nganh cong nghiép
dau khi. Bom thuy luc mdét truc vit duge su
dung dé khai thac dau, van chuyén hdn hop
dau va khi... bong co thuy lyc mdt truc vit
thuong duoc sir dung dé dan dong miii khoan
trong khai thac dau khi [1]. Hiéu qua cta viéc
stt dung may thay Iyc mot truc vit chu yéu lién
quan dén dic tinh va do tin cay cua may. Diéu

nay la can thiét cho ca viéc lya chon cheé do lam
viéc t01 vu cling nhu cach thuc dé tiép tuc cai
tién két cau may.

Viée xéac dinh ton thét thé tich & giai doan
tinh toan thiét ké may thuy luc mét truc vit gin
lién véi viée xac dinh trong tam cua rotor khi
rotor nam trong stato va xac dinh khe hd huéng
kinh doc theo duong tiép xtc, tir 46 xdy dung mo
hinh toan hoc vé 1o ri luu lugng qua cac khe ho
lién quan dén cac thong s6 hoat dong ctia may.
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2. PHUONG PHAP XAC PINH TQA PQ
TRONG TAM CUA ROTOR VA KHE HO
HUONG KINH TRUNG BINH

Hinh 1 13 so dd cac luc tac dung Ién
rotor cua may khi lam viéc, cac luc bao gém:
lyc thuy dong (F,) va luc quan tinh (F). Duéi
tac dung cua cac luc nay, trong tdm cua rotor
dich chuyén bén trong stato theo hudng tac
dung cta hop luc Fs.

Hinh 1. Vi tri cua rotor trong stato cua may thiyy
lwe mot truc vit

Co cac vi tri cua trong tdm rotor trong
stato: vi tri 1y thuyét (dn khép 1y tuong, tai do
khoang cach gitra tim rotor va stato a_ bang do
1&ch tam e); vi tri tinh va vi tri dong (dudi tac
dong cua céc luc) [2].

Do su dich chuyén dong luc cia tdm
rotor, cac diém tiép xuc cua rotor voi stato co
thé dugc chia thanh hai nhom: kin va ho, thong
qua khe hé nay xay ra ro ri. S6 luong diém tiép
xtic ¢6 thé c6 dé tao thanh khe hé duoc xac
dinh theo sb vong quay z, cua rotor nhu sau:

, ooz, —1
Tai mat cat Hinh 2a: /; :27. Tai

z, +1
2

mat cat Hinh 2b: j, =

Khe ho hudng kinh tai diém tiép xuc
thtr 1 (Hinh 3) duoc xac dinh nhu sau:

0, :usinai—g (1)

a) IT ) b) [
11— 1

Hinh 2. Cdc vi tri tiép xiic giita rotor va stato

Hinh 3. So' do xdc dinh khe hé hudng kinh giita
rotor va stato

Khe hé hudng kinh tinh toan trung binh
doc theo chiéu dai duong din dong cua dudng
tiép xtic dau tién (d6i v6i hai mat cat dic trung
trén Hinh 2) la:

Ji+J,
)
1

YA

th
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Goéc 16n nhat gitta duong noi tai diém
tiép xuc gilra rotor va stato khi chua “an khép”

Tai mat cat Hinh 2a va Hinh 3:

la: 2r—¢
Go1 = Tl;al,l == 013 Oy = 0, — A
Tai mit cat Hinh 2a va Hinh 3: o N
Tai mat cat Hinh 2b va Hinh 3:
¢ =(z,-2)Aa.
2r—¢,
Tai mat cat Hinh 2b va Hinh 3: fo2 =30 S E = iUy = 41 ~ A
¢, = (Z 2 —I)Aa. Khe h¢ trung binh tinh todn trong cap
) » i . O rotor - stato ing véi cac gia tri dong hoc khac
Goéc nghiéng cua duong chuan vai truc nhau duoc liét ké trong Bang 1.
X:
Bang 1. Gia tri khe ho trung binh tinh toan giita rotor va stato.
z, 3 4 5 6 7 8 9 156 157 200
¢,/u | 0,683 | 0,671 | 0,664 | 0,660 | 0,656 | 0,654 | 0,652 0,637 | 0,637 0,637

Khe hé trung binh tich phan cua cap
rotor - stato doc theo chiéu dai dudng dan dong
tur diém ti€ép xuc dau tién dugc xac dinh nhu

Sau:

Py = FLI‘%{%

P

Trong do:
¢, - Goc quay cua tict dign rotor.

Fo, - Goc cuachuky, F, =7-Ap, -Ag,.

Trong trudng hop tong quat, gidi han

cua tich phén tr Ap  dén m -Ag..

Cac gia tri Ap_ va Ag_dai dién cho cac
goc quay cua tiet dién rotor so véi vi tri bién

)

Hinh 4. Mét s6 giai doan khac nhau cua rotor
trong stato cua mdy thuy luc mot truc vit

Goc nghiéng cuia phap tuyén tuong tmg
v6i pha dong khe ho trong mot tiét dién xac
dinh:

o, = arcsini 4)
2u

Khi o> o, > o, khe ho tai diém tiép

dang dac trung (¢,= 0 va ¢, = 180° - Hinh 4), xtc thtr i la mé (6. > 0).
tuong ng véi cac pha “md - dong” diém tiép

xtc lam xuat hién cac khe hé. Trong trudng

hop nay, gan dung Ag = Ap. = Ag.,.

Khi o, <o _va o> a,, khehé tai diem
ticp xuac thir i khong mé (8, = 0).
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Khi s0 “rang” cua rotor 1a so 1¢:

azz—& sina = cos 2= (%)
2 2 2

Goc quay cua tiét dién rotor tuong tmg
v6i pha dong khe hd tai mot d§ dich chuyén
nhat dinh cua rotor va tai duoc xac dinh [1]:

Oy =TT —20,50,, =2arccos2i (6)

u
Goc quay cua tiét dién rotor so v6i vi
tri dac trung (¢, = 180°, Hinh 4) twong tng voi
giai doan thu hep khe hé véi tai cho trude va
chuyén vi cua rotor so voi stato:
.0
Ap, =n—-¢,, =2a, =2arcsin— (7)
2u
Cubi cung, ta c6 khe ho trung binh giira
rotor va stato:

1 [ 5 1 P, 0
=—|tp,=—— sina —— = cos—>——
% ij O oag j [“ 2jd% ;z—zAgaAI LSy T
] P

= 2u [cos%—sm%)—é:a 4l [cos%—sin%)—£é
T-2Ag 2 2 2 7m|7m-2A¢

Dé thuan tién cho viéc bién dbi toan hoc
va tinh todn k¥ thuat, ta dat:

ky = O __ 7 (cosAqD—sinA(pj—ﬂg (10)
0, 7-2Ap 2 2 4u
Suy ra:
O = k5O (11)

Chiéu dai dudng sinh tir diém tiép xuc
thr nhat trong khoang thoi gian tiét dién rotor

quay goc ¢,= A@...t-Ao:
T—2A
L,="===%L, (12)
2r
Trong d6: L, - Do dai ciia dudng tiép

xuc thtr nhat cua rotor véi stato.

Trong trudong hgp rotor “an khop” ly
tudng vai stato (6 = 0; Ap = 0; k, = 1), ta co:

2 L
0, =0, = 7” = 0,637u; L, ==L

(13)

Do do, khe hé trung binh tich phan gitra
rotor va stato twong duwong vdi khe hd trung
binh cong vdi s6 lan khéi dong rotor vO han
(Bang 1).

3. XAY DUNG MO HINH TOAN HQC
MAY THUY LUC MOT TRUC VIT VA
MO PHONG

Theo 1y thuyét may thuy luc mét truc
vit, luu lugng thuc t€ cia may bom va s6 vong
quay cua dong co truc vit dugc xac dinh:

_9-40 (14)

Q=le _AQa %

Trong do:

Q, - Luu lugng 1y thuyét ctia bom;

AQ - Luu lugng 10 1i;

V - Thé tich 1am viéc ctia may thiy luc
mot truc vit.

Tén tht thé tich trong khoang cao ap do
10 ri chit 16ng dén cac khoang c6 ap suét thap
hon qua khe hé dugc hinh thanh trén duong
tlep xuc gitra rotor va stato. Lu’u luong cua may
phu thudc vao d6 chénh ap suit p, va s6 vong
quay cua rotor:

Q="f(p,.n) (15)

Van tdc chat 1ong ro ri qua khe hep gitta
rotor va stato la:

2
v= | Lk (16)
P

Trong d6: p - Hé sb luu luong, phu &
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thudc két cAu khe hep va dic tinh chat 1ong.

Vi ton that thé tich duge xac dinh boi
su r0 ri qua khe hep gilta rotor va stato, nén
can phai tinh dén su hinh thanh cac khe hep
nay trong chu trinh hoat dong ciia may khi rotor
quay lién tuc tir khi vao dén khi ra véi van tdc:

w=2z,Tn (17)

Trong do: T - Budc vit trén bién dang
cua stato.

Khi tinh dén anh huong cua ma sat
trong khe hep, van toc chat long ro ri so véi khe
hep di dong la:

ii =+ (18)

Mo hinh toan hoc dugc sir dung dé xéac
dinh hé s6 luu lugng c6 va khong tinh dén sy
dich chuyén cua khe hep gitta rotor va stato
(tinh toan trong Muc 2) duoc thiét 1ap véi cac
dir kién sau:

[ Dulitudiuvao |- Théng 56 hinh hoe ciia mdy
K - L 2. M ie.p.1.L.D,6
Théng s6 khéng dbi Tinh toan hé s6 ro - -
I hro heong A ,
t==T D, =D -2 P Théng s6 cia chat léng:
o P 5,746, M
( 0 S (k—1+1 v
¥ = arclg —J -
\‘TD.J e = J: is" Re= o Luu legng: ¢
L, b -b, =, Dyv
L=ngy =T Khéng tinh dén chuyén HE 56 ti &
S=rme(D,~3e) V=z5t dong cia khe ;‘?P k.8
, _ il
L~ JFrD Ry 0=0-nb p=iE ’$ :
L . o  Tinh chat cia vt ligu:
E=f(H) k== Tinh dén chuyen déng
T cia khe hep = A -
¥ 0=0-nV 0, =Bn Cong suit P. so vong
) - quay n
Tiahtodnhe hepxang | | |0, -, 0-.0 w22 [2-
binh s, V2P
' M
m=t g
2r e,
— Ff -
: _EDA,‘L. &=kIly,
e
u=gh,, Ap=2arcsin| i]
b 2u
= (ae) x5
k= 2Ap! H:T_‘ )m'. B
O,0=2 8=k,
L ,T—ZA‘;DL
2 -
| S

Mb phong dugc thuc hién bang phan
mém Matlab/Simulink véi thong sb két cau cua
may thuy lwc mot truc vit D1-195 [3]. Thong s6
dau vao md phong v6i may thiy luc D1-195:

Bdng 2. Cdc théng s6 ciia may thity lwe mét truc vit D1-195.

L“‘Eli‘;;’“g Thiigz}zll)é‘m 5 (mm) 0 (1/s) 6, (mm) B (1) BV (%)
0.6 2207 0.743 0.199 1.4
0.3 2325 0.506 0.537 3.8
3 143 0.0 2.403 0321 20.983 6.9
0.3 2.463 0.166 11,308 9.1
0.6 2.485 0.056 11423 9.9

Két qua tinh toan hé s6 luu luong p véi dién tich khe hé va sé Ray-non thay doi dugc trinh

bay trén Hinh 5.
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® Q=201 5=02mm
e Q=241 5=02mm
« 0=30155=02mm
* Q=341 5=0,05mm
=3615 8=02mm
=391 5=02mm

Re=159744

DQDOOD

-2
Re=p.v

@

Re=191653

Re= 239617 Re =276423

02
01 Re=311502
: Re= 287540 ////
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Hinh 5. Quan h¢é gitta hé $6 10 ri luu lwong va dlen
tich khe ho giita rotor va stato

4. KET LUAN

Trén co s& két qua mo phong trén, co
thé dua ra cac ket luan sau:

« Hé s luu lwong phy thudc phan 16n
vao do chit ban dau trong cip rotor - stato, diéu
nay s€ xac dinh khe hé thuc té do su dich chuyén
cua rotor so vdi stato, va hinh dang khe ho;

« Khi tinh dén chuyén dong cta duong
tiép xtic, cac duong cong cho do chat khac nhau
trong hau hét cac truong hgp nam gan nhau hon
nhiéu so voi Vlec khong tinh dén chuyén dong
ctia dudng tiép xuc, didu nay lam ting do chinh
xac cua vié¢c tinh toan cac dic tinh ciia may;

+ Khi tinh toan céc dac tinh cua may
thuy lyc mot truc vit, nén st dung hé so Iuu

luong tir khu vuc twong dbi ctia rinh vit, c6 tinh
dén chuyén dong duong tiép xuc, vi trong khu
vuc nay thuc t& khong phu thudc vao do chat
ch& ban diu cua cap rotor - stato. Mat khac, cac
dic tinh ctia may & khu vyc nay phan anh day
du nhit ban chat vét Iy cta qua trinh va phu hop
v6i su phu thude cua luu luong 10 ri v6i chidu
rong khe hep;

. Dé thiét 1ap chinh xac hon su phu
thudc t&i hé sé luu lugng vao cac tham s6 ché
do lam vi¢c cua may thuy lyc mot tryc vit, can
bd sung co so dir li¢u vé céc dic tinh may voi
nhiéu kich c¢& va diéu kién thir nghiém khéc
nhau.
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