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TOM TAT

Bai bdo tdp trung gidi quyét van dé ndang cao hiéu sudt sir dung nang lwong ciia hé thong
thity liee servo van nhiung dam bdo déic diém ddp vmg nhanh va chinh xdc cia hé. Bai bdo dé xudt
phirong phdp diéu khién dp sudt cap cho van phu thude vdo tin hiéu dp sudt hoi tiép tir xy lanh. Bang
phirong phdp nay, cong sudt thiyy lee cap cho xy lanh dwge diéu khién, qua do han ché ton that ning
leong cung cdp tir nguon. Ung dung diéu khién téc do bom nham diéu khién dp sudt nguon cdp la
phirong phdp méi nén can nghién cieu Iy thuyét va thiee nghiém. Bai bdo da dé xudt y twong, thuce
nghiém kiém chung. Két quad thuc nghiém ban dau cho thd'y hiéu sudt ciia hé cdi thién dang ké so

véi phwong phdp diéu khién ap sudt truyén thong.

Tir khéa: Hé thity lwc van servo; Hé thong thiy luc Load sensing; Co cdu chdp hanh dién
thuy lyec.

ABSTRACT

The article focuses on solving the problem of improving the energy efficiency of the servo
valve hydraulic system but ensuring the fast and accurate response characteristics of the system.
The article proposes a method to control the pressure applied to the valve depending on the feedback
pressure signal from the cylinder. By this method, the hydraulic power supplied to the cylinder
is controlled, thereby limiting the loss of energy supplied from the source. Applying pump speed
control to control supply pressure is a new method, so theoretical and experimental research is
needed. The article has proposed ideas and tested them experimentally. Initial experimental results
show that the performance of the system is significantly improved compared to traditional pressure
control methods.

Keywords: Hydraulic servo systems; Load sensing systems;, EHA.
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1. GIOI THIEU

Hé¢ thong diéu khién thuy lyc dung
van servo duogc st dung rong rai trong cong
nghi¢p do cac uu diém ndi bat nhu chinh xac,
dap ung nhanh [1]. Tuy nhién, han ché 16n nhét
ctia cac hé thong nay 13 hiu suat sir dung ning
luong khong cao khi so sanh voi cac hé thong
Load sensing hay EHA (Electrical-hydraulic
Actuator) [2, 3]. pé nang cao hi¢u suét cua hé
thong thuy Iuc servo van, thong thuong bom
thay doi luu lugng duoc str dung thay thé cho
bom c6 luu luong ¢b dinh. Béng cach nay, hi¢u
suat ctia hé ting dang ké, tuy nhién han ché 16n
nhat cua giai phap nay chinh 1a khé xac dinh
gia tri ap suét gi61 han cua van tran trén bom [4,
5]. Khic phuc han ché nay, Loadsing dugc dé
xuat, bang cach thay doi gid tri ap suat cai dat
thong qua viéc hoi tiép gia tri 4p sudt cla tai.
Han ché 16n nhét ctia hé thong nay chinh 14 tinh
6n dinh va gia thanh cta bom [6, 7].

Khic phuc cac han ché trén, giai phap
dugc dua ra trong nghién ctru nay la str dung
bom c6 thé tich riéng khong doi két hop véi
dong co AC servo thay ddi van toc dé diéu
khién 4p suat ngd ra ctia bom. Van servo duoc
st dung dé diéu khién van téc cua xylanh. Véi
su két hop nay, ca dap tng va hiéu suat sir dung
ning luong déu duge dam bao.

Nbi dung cta bai bao niay bao gom cac
ndi dung: D& xuit mach thiy Iyc va tién hanh
lam thyc nghiém kiém chung. Cac két luan
quan trong dugc dua ra.

2. PE XUAT MACH THUY LUC

Hé théng dé xuit duoc trinh bay trong
Hinh 1. Hé thdng str dung mét xy lanh tac dong
kép dugc van hanh bédi van servo 4/3. Bom
ngudn thuy luc trong hé théng 14 loai bom bién

d6i Iuu luong bang cach thay ddi van téc quay
cua truc bom thong qua viéc di€u khién dong
co servo AC.
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Hinh 1. Hé théng thuy lyc dé xuat

Diém khac biét cua hé thdng chinh 1a
bom c6 thé tich riéng ¢ dinh két hop voi dong
co thay doi téc d6 bang bién tan duoc st dung.
Bang cach nay luu luong ctia bom duoc thay
d6i tuy theo yéu cau cua xy lanh. Viéc diéu
khién luu lu’(mg nay du’orc thyc hién gian tiép
qua hoi tiép ap suat cip vao van servo dam bao
chénh léch &p viura du dé van hoat dong tdt va
han ché t6n that nang luong thuy luc that thoat
qua van tran.

3. THIET KE HE THONG PIEU KHIEN

B0 diéu khién hé théng duoc mo ta trén
hinh 2. Bo diéu khién hé théng gom hai bién
diéu khién doc 1ap, bién diéu khién DK, diéu
khién chinh x4c vi tri ciia xy lanh thng qua van
servo, bién diéu khién DK, diéu khién dam bao
chénh I¢ch 4p suat trudc va sau van servo bang
hz‘ing‘ s6. Vai tro ctia bién diéu khién‘ DK, f:hinh
la diéu khién chinh xéac luu lugng can thiét cho
xy lanh véi ap sudt thay dbi tuy thudc vao tai
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trong cua xy lanh. Hay no6i cach khéc, bién diéu
khién DK, chinh la bién diéu khién cong sut
cua h¢ thong. Bang cach nay, han ché t61 da su
chénh 1éch cong suit ctia hé thong thuy luc servo
van. Két qua ctia qua trinh diéu khién nay lam

4. THU'C NGHIEM KIEM CHUNG
4.1. Mo hinh thyuc nghiém

Mo hinh thyc nghiém hé thong dugc

giam nang lugng ti€u hao cua mach thuy luc.

Conireller

mo ta trong hinh 3. Bang thong sb cac thiét b
duoc mo ta trong bang 1. SO liéu duogc thu thap
dung thiét bi NI va phan mém LabView.

Hinh 2. So do diéu khién hé thong thiy luc

servo van

Trong nghién ciru nay, bo diéu khién co
ban PID duoc dung véi céc hé s6 K, K, va K
dugc xéc dinh bang phuong phap thir sai.

Hinh 3. M6 hinh thuc nghiem hé théng

Bdng 1. Théng s ky thudt ciia mé hinh

Ky L ps U SRV
hi¢u Thiet bi Thong so ky thuéat
1 May tinh Dung phan mém Labview, giao tiép qua cong USB
Hang san xuat: MOOG, Nhat Ban.
2 Van servo 4/3 -Model: D633; Ap suat max: 350 bar; Luu luong: 65 LPM; Dién ap vao:
24VDC; Tin hiéu vao: +/- 10V; Tin hiéu ra: 4-20mA
3 Xy lanh thity luc tac dong kép | -Puong kinh 100mm; Pudng kinh can piston 32mm; Hanh trinh 150mm.
S iex . f - Hang san xuat: Daikin, Nhat Ban.
4 Van diéu khién dp suat - Model: LPV-02; Ap suit max: 250 bar.
, -Thé tich riéng: 5.8 cm¥/rev; Ap sut max: 70 bar; Van tdc 16n nhéit n
5 Bom thuy lyc B ; max
= 4400 rev/min.
6 | Cam bién vi tri hanh trinh piston - Bo chinh xac:  0.05%.
R —— -Hang SX: YAKAWA, Nhat Ban.
7 Bién tan A1000 cua Hang |y p 401 A 1000: Dong bién tn c6 chirc nang didu khién dong co TPM ¢
Yakawa, Nhat Ban Ao L R
hoi tiep (Pong co AC servo)
-Hang SX: NATIONAL INSTRUMENTS
8 Card giao tiép may tinh Ni6002 - Model: Ni-6002; Input: 0-10VDC, 4-20mA; Output: 0-10VDC,
4-20mA
9 Cam bién 4p sudt (pressure -Hang SX: Nagano Keiki, Nhat Ban.
ransducer) - Model: KH-15; Ap suét: 0-100bar; Output: 0-5VDC
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4.2. Két qua thi nghi¢m

Giao dién cua phz‘?ln diéu khién dugc mod
ta trén hinh 4. Cac hang s6 dugc chon bang cach
thir-sai cho dén khi két qua chdp nhan duoc.
Thuc nghiém diéu khién vi tri duge mo ta trén
hinh 5a, 5b va 5c cho cac dap tng step, sin va
hon hop twong tng. Trong d6, dudng mau do
1a tin hiéu mong mudn, dudng mau xanh 1a két
qua thuc nghiém.
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Hinh 4. Giao dién diéu khién trén LabView
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Hinh 5a. Két qua thuc nghiém voi tin hiéu dau vao
dang step

Hinh 5b. Két qua thue nghiém voi tin hiéu dau vao
dang sin
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Hinh 5¢. Két qua thuc nghiém voi tin hiéu dau vao
dang hon hop

5. PHAN TICH PANH GIA
5.1. Phan tich dap @ng

Két qua thuc nghiém ddi vai cac tin hiéu
step, sin va hon hop duge mo ta trén cac hinh
5a, 5b va 5c cho thdy v6i phuong phap diéu
khién co ban PID thi sai s& chép nhan duogc. Co
thé nang cao do chinh xac bang cach tinh chinh
cac gia tri cta bo diéu khién.

5.2. Phén tich hi¢u suét sir dung ning hrong

Ning lugng hé thdng khao sat trong 30s
dugc thu thap dir 1iéu, 1dp ham tinh todn va hién
thi nhu biéu d6 Hinh 6, hinh 7a, 7b cho truong
hop ham ram v61 nang lugng ti€u thy, hi¢u suét
trong hai trudng hop 4p suit bang hang s6 va
ap suét thay doi theo tai véi chénh léch ap suat
bang hing s6 va bang 10 bar. Trong do, ning
luong dau ra cua hé théng duoc xac dinh bé“mg
cong thuc 1:

t
Eout - ftlz Pout(t) dt (1)
E,, — La nang lugng dau ra cta hé

thong (W).

P_.—Lacong suat dau ra ctia hé thong
(W/h).
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Ning luong dau vao cia hé théng dugc
xac dinh bang cong thuc 2:

_ [P (t)dt 2

E. - La nang luong dau vao cua hé
théng (W)

P —Lacong sudt dau vao cta hé thong
(W/h).

]
]

Hinh 6. Ning hrong hé thong.

Trong so d6 7, dudng mau xanh 14 biéu
thi ning luong dan dong bom thuy lyc & mod
hinh thuc nghiém vat 1y. Gia tri nang lugng nay
duoc xac dinh bang cach do gian tiép thong qua
tin hiéu dong dién va dién thé cip vao dong co
dién dan dong bom va tinh toan, xac dinh trong
khoang thoi gian xét 1a 30s. Gia tri xac dinh
duogc 1a 120,27W. Ta thay c6 su sai léch nho
(6%) so voi két qua tir mo phong 1a 113,64W
dugc biéu thi bang dudng mau xanh (blue) trén
dd thi. Su khac chénh léch nay c6 thé duogc
giai thich 1a xuét phat tir phwong phap do. Trén
mo hinh m6 phdng, nang luong duoc xac dinh
bang cach 1ap ham tinh tir 2 thong s6 1a mo6 men
x04n trén truc bom va van toc truc bom. Trong
khi do, trén md hinh vat 1y thi nang luong duoc
xac dinh tr dai lugng dong dién va dién 4p do
dugc thong qua bo bién tan diéu khién dong co
quay truc bom. Do d6, két qua nay c6 thé chap
nhan duoc.

Ning luong dau ra trong thyc nghiém
trén md hinh vat 1y duoc xic dinh bang cach
gian tlep thong qua gia tri van toc piston va gia
tri luc day thay luc (lay gia tri ap suat do duogc
tir cam bién ap sut tuyén tinh nhan véi tiét dién
xy lanh). Két qua xac dinh duoc 1a 57,76 W. Két
qua ndy ciing c6 sy sai 1éch nho so véi két qua
mo phong 13 60,83W (sai léch 3,07%). Két qua
nay ciing ¢6 thé chip nhan duoc.

Hiéu suat ning luong cua ca hai hé
théng dugc xac dinh dya vao nang lugng ra va
ning luong dau vao ciia hé thong va dugc xéac
dinh bang cong thirc sau:

( ) _[ out (t )dt E (3)
lf- J— out
g j > (1)dt E,

1(t) 1a hiéu suit nang lugng trung binh
ctia hé théng (%).
Eout ft:" P,..(t) dt1a nang lugng dau
ra cua hé thong

f P, (t)dt 1a ning lugng dau

vao cua he thong
P lacong suat dau ra ctia hé thong (Wh).
P la cong suat dau vao ctia hé théng (W/h).

Hiéu suit nang lugng trung binh ctia hé
théng trong 30s: Hiéu sudt ning luong trong
truong hop nay cling dugce xac dinh tir phuong
trinh (3) va duoc thé hién bang biéu d6 Hinh
7a. Quan sat biéu dd hinh 7a, ta théy hiéu suit
ning luong trung binh cua hé théng mé phong
1a 58,60 (thé hién bang dudng mau do) tot hon
két qua thyc nghiém trén mo hinh vat 1y 1a
50,44% (thé hién bang duong mau xanh 13). Sy
chénh 1&ch 13 8,16% va diéu nay ciing duoc 1y
giai voi nguyén nhan tuong ty nhu truong hop
trén.
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Hinh 7a. Hiéu sudt ciia mach khi dp sudt bang
hing so

Hiéu suit nang luong trung binh cta hé
thdng trong 30s: Hiéu suit ning luong trong
truong hop ap suét thay doi theo tai ndy cling
duoc xac dinh tir phwong trinh (3) va duogc thé
hién bang biéu d6 Hinh 7b.
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Hinh 7b. Hiéu sudt ning leong hé thong khi dp

suat dieu khién thay doi theo tai

Tir biéu dd Hinh 7b, ta thiy hiéu sut
nang luong trung binh cua hé théng mé phong
1a 86,14% (thé hién bang duong mau do), cao
hon két qué thuc nghiém trén mo6 hinh vat Iy 1a
78,7% (thé hién bang duong mau xanh 14), va
hiéu suat nay ting déang ké so véi gia tri trung
binh khoang 50% trong diéu kién 4p suat bang
hang sb.

6. KET LUAN

Nghién ctru nay giai quyét van dé nang

cao hiéu suit cta hé théng thuy luc servo van
bang cach diéu khién cong suat ctia bom thong
qua ap suat hoi tiép. Bang cach sir dung bom c6
thé tich riéng ¢ dinh két hop véi dong co AC
servo diéu khién toc d6 két hop véi van servo
thity Iyc hé théng dam bao hai tinh chat dap
ung nhanh va chinh xac cta van cling nhu nang
cao hiéu suit cta hé. V&i diéu kién thi nghiém,
hé thdng ting 20% hiéu suat khi so sanh véi
phuong phap diéu khién ap suat bang hang s6
truyén thong.
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