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TOM TAT

Bai bdo trinh bay két qua nghién cieu irng dung dong co dién servo dan déng bom dé diéu
khién chuyén dong ciia co cau chdp hanh thiy liec. Doi twong thuwee hién la mét cau hinh mdy ép thiy
luec dién hinh. Hé théng dan dong servo dién-thuy voi bo diéu khién PID dwoc thiét lap, mo hinh hoa
todn hoc va khao sat bang mé phong sé trong Matlab/Simulink. Két qua cho thdy déap vmg ciia co
hé théa man cdc yéu cau cong nghé dé ra. Do dé, phwong dn diéu khién truyén déng thity lwc bang
phirong phdp thé tich véi déng co dién servo c6 thé xem la mot gidi phdp tiém ndng trong cdc iing

dung lién quan.
Tir khéa: Diéu khién thé tich; Servo thity lyc; Tiét kiém ndng leong.
ABSTRACT

The paper presents the results of research on the application of pump-driven servo electric
motors to control the movement of hydraulic actuators. The object of implementation is a typical
hydraulic press configuration. Electro-hydraulic servo drive system with PID controller is set,
mathematically modeled and investigated by numerical simulation in Matlab/Simulink. The results
show that the response of the system satisfies the desired technological requirements. Therefore, the
option of controlling the hydraulic drive by the volumetric method with servo electric motors can

be seen as a potential solution in related applications.
Keywords: Volumetric control; Hydraulic servo, Energy saving.
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1. GIOI THIEU

Hé thong truyén dong thuy luc dugc sir
dung rong rai trong cac linh vuc cong nghiép
nho kha nang tao lyc lon, dd ciing viing cao va
kha ning lam viéc 6n dinh trong méi truong tai
ning. Pic biét, dbi voi cac hé thong may ép,
may nang ha va co cdu chip hanh sir dung xy
lanh thuy luc, viéc diéu khién chinh xac vi tri
va tbc do chuyén dong cia co cdu chap hanh
c6 vai trd quan trong trong viéc ning cao chat
luong gia cong, do 6n dinh lam viéc va hiéu
qua st dung ning luong. Trong cac hé thong
hién dai, yéu cau vé do chinh xac vi tri, dap Gmg
nhanh va kha nang tiét kiém nang lu’(mg ngay
cang dugc chu trong, thuc day su phat trién ctia
cac phuong phap diéu khién tién tién cho hé
théng thuy luc [1].

Trong nhiing nim gan day, nhiéu nghién
ctru da tip trung vao cac phuong phap didu
khién vi tri va téc do trong truyén dong thuy
lwc. Cac phuong phap diéu khién truyén thong
st dung van tiét luu hodc van servo ¢6 vu diém
vé kha ning dap ung nhanh va d¢ chinh xac
twong d6i cao [2]. Tuy nhién, cic phuong phap
nay thuong gy ton that nang luong 16n do ton
tai ton that ap suat trén van diéu khién [3]. Dé
khic phuc han ché nay, nhiéu nghién ctru da dé
xudt str dung phuong phap diéu khién thé tich
thong qua thay doi luu lugng bom hodc diéu
chinh téc d6 dong co dan dong bom thuy luc
[4]. Hé thong servo pump control dugc danh
gia c6 kha nang tiét kiém nang luong t6t hon
so voi hé thong van servo truyén thong do chi
cung cap luu luong theo nhu cau tai thyc té
[5]. Bén canh d6, cac bo diéu khién PID, diéu
khién thich nghi va diéu khién téi wu ciing duoc
nghién ctru nhim nang cao do 6n dinh va giam
sai sb vi tri ciia hé théng [6]. Mac du dat dugc
nhiéu két qua tich cuc, cac nghién ciru hién nay
van ton tai mot s6 han ché nhu tap trung thuin
tuy vao dac tinh dong luc cuia dong co dién

servo ma bo qua cac yéu to phi tuyén nhu ma
sat trong xy lanh, tinh nén dugc cua dau...

Trong bai bdo nay, nhom tac gia tap
trung nghién ctru hé thong diéu khién vi tri xy
lanh str dung dong co servo dan dong bom, co
xét dén ma sat va tinh nén cta dau thuy lyc.
Ciu hinh dugc xay dung trén co s& két hop
dong co dién servo, bom thuy luc va xy lanh
chap hanh. B¢ diéu khién PID dugc ing dung
dé diéu khién dong co dién, dam bao vi tri xy
lanh theo tin hiéu dat trudc. Mo hinh toan hoc
dugc tong hop va khao sat dép tng thong qua
mo phong. Két qua nghién ctru gop phan lam
16 tinh kha thi ctia giai phap diéu khién thé tich
béng dong co dién servo dan dong bom trong
cac hé théng thuy luc hién dai.

2. THIET KE HE THONG

Hé théng dugc khao sat trong nghién
ciru nay la mdt may ép st dung mdt xy lanh
thuy luc lam co cau chip hanh. Cac thong sd
co ban cta hé théng bao goém tai ép téi da 5
tan, van toc cuc dai cua xy lanh dat 0,04 m/s,
hanh trinh 1am viéc t6i da 300 mm va ap suat
lam viéc so bo cua hé théng 1a 100 bar. Cau
hinh hé théng gém céc phan tr chinh nhu: xy
lanh thuy luc lap dat theo phuwong thang dung
dong vai tro co cau truyén dong chinh; van mdt
chidu c6 diéu khién kép dung dé giir vi tri cua
tai & moi vi tri khi dirng; van phan phdi 4/3 diéu
khién hudéng dong chay; van an toan thuy luc
nham bao vé hé thong khi ap suat vuot qua gia
tri cho phép; va van mot chiéu duoc st dung
dé ngan hién twong dong chay nguoc vé bom.
Nguén luu luong cta hé thong dugc cung cip
boi bom thuy luc din dong bang dong co dién
servo, cho phép diéu chmh luu lugong theo yeu
cau lam viéc cta co cau chap hanh. Bo dicu
khién PID dam bao chinh xac vi tri & giai doan
cudi cia nguyén cong ép thong qua diéu khién
tdc do cua dong co dan dong bom thuy luc. So
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d6 nguyén 1y cta hé thong dugc trinh bay trong
Hinh 1.

Hinh 2. Phdn bé lyc tic dung trén xy lanh thity lic
3.MO HINH TOAN HQC CUA HE THONG

bé phuc vu qua trinh phan tich va mé
phong, hé théng dugc xay dung dudi dang mo
hinh toan hoc. Déi v6i dong co servo, mdi quan
hé dong hoc giita dién ap diéu khién dau vao
va vén tde gdc dau ra cua dong co dugc mo ta
thong qua phuong trinh truyén dat sau [9]:

e ()

Trong d6 o 1a tbc d6 quay cia dong co
servo, T la hé s6 thoi gian cua dong co, K|, 1a
hé s6 khuéch dai momen cta dong co, u la dién
ap diéu khién dau vao ctia dong co. Hé sd thoi
gian c6 thé dugc mo ta nhu sau:

=1
=3 (2)
Trong do6 J la momen quan tinh toan
phan cua dong co, B 1a hé s6 ma sat nhéot cua
dong co.
Luu luong cip vao hé thong théng qua

bom thity lyc duge dan dong boi dong co servo
duoc mo ta nhu sau:

Q=D,0 3)

Trong d6 D _
bom thuy luc.

la Ivu lugng riéng cua

Khi ban ép cham phdi, qué trinh ép thuy
luc dugc mod ta qua phuong trinh dinh luat II
Newton c¢o thé viét nhu sau:

dy_ Ay

F, A
171 dt dt2

—P,A, —F,—b
Véi y 1a khoang dich chuyén cua xy
lanh, P, va P‘2 1a 4p suat & khoang khong can va
khoang c6 can cua xy lanh, A va A, 1a dién tich
tiép xuc cua khoang khong can va khoang c6
can clia Xy lanh, b 14 hé s6 ma sat trong xy lanh,
F la luc tai ép ciia hé, M 1a khdi luong cua hé.
He s0 ma sat trong xy lanh duoc mé ta nhu sau
[10]:

b =T|.-PUK5K1d (5)

Trong d6 p 1a khéi lugng riéng ctia dau

thuy luc, v 1a 46 nhét dong hoc cua dau thuy &
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lyc, K 1a h¢ ) ty 1¢ duong kinh pit tong va khe
h¢ xy lanh, K 13 h¢ s6 ty 1¢ chi€u dai va duong
kinh pit tong, d 1a duong kinh pit tong.

Phuong trinh dong chay lién tuc trong
2 khoang xy lanh thuy luc dugc str dung dé mo
ta trang thai luu lugng vao va ra hai khoang xy
lanh c6 thé viét nhu sau [10]:

dy V, dpy
—_ —_ = = = 6
Q1 —4A4 dt E dt ©)
dy g —Vzdp:

. V6iQ, va Qz‘lé luu luong khoang khong
cép va khoang c6 can Cﬁ?. xyalnh, V, va V, ‘12‘1
thé tich khoang khong can va khoang c6 can
c1‘"1a Xy lanh, p, vap,laap suat khoang khong
can va co can cua xy lanh.

Phuong trinh thé tich trong 2 khoang
cua xy lanh thiy luc dugc mo ta nhu sau [10]:

Vi=Viot+ Ay (8)

Vo =Vyp + Ay (H'_}’) ©

. V,vaV,la :ché tich chét khoang khong

can va khoang c6 can cua xy lanh, H 1a hanh
trinh cta xy lanh thay luc.

4. MO PHONG HE THONG VA KET QUA

Trong phan trudc, md hinh toan hoc
ctia hé thdng da duogc thiét 1ap va phan tich.
Trén co s d6, phan nay trinh bay qua trinh xay
dung mé hinh mé phong trén nén tang Matlab/
Simulink va thyc hién moé phong s6 nham danh
gia dic tinh 1am viéc ciia hé thong véi cac didu
kién vi tri ban du xéac dinh.

Céc phuong trinh toan hoc cta hé théng

dugc trién khai dudi dang mé hinh Simulink
nhu thé hién trong Hinh 3.

Hinh 3. M6 hinh Simulink ciia hé thong

Céc thong s6 cua hé théng duoc thé
hién trong Bang 1 bén dudi:

Bdng 1. Cdc théng sé cia hé thong

Thong so6 Gia tri (don vi)
A 0,005 (m?/s)
A 0,0026 (m?*s)
F, 50000 (N)

M 5000 (Kg)

p 890 (kg/m?)

v 68.107° (m?s)

E 12.10% (Pa)

J 7,6.10* (Kg. m?)
B 4,06.10° (Nms/Rad)
H 0,3 (m)

Tién hanh mo6 phong hé théng véi tin
hiéu dat vi tri diu vao cua xy lanh 1a 0,1 m
nham danh gia dic tinh dap ung cia hé thong
trong qua trinh diéu khién vi tri xy lanh thay
luc, v6i cac tham sd bd diéu khién PID nhiam
kiém so4t vi tri can xy lanh & cudi nguyén cong
ép: K, = 1000; K, = 1; K = 100. Két qua md
phong van toc quay cua dong co servo dugc thé
hién trong Hinh 4. Luu luong vao ra va ap sut
hai khoang xy lanh dugc thé hién qua Hinh 5
va Hinh 6. Vi tri cua xy lanh thuy lyc duoc thé
hién thong qua Hinh 7. Khi nhan dugc tin hi¢u
phan hoi vi tri tir cam bién hanh trinh cua xy
lanh, bo diéu khién tién hanh so sanh gia tri vi
tri thue té v4i tin hiéu dit nham xéc dinh sai sd
didu khién. Trén co so sai sb nay, tin hiéu diéu
khién téc do dugc giri dén bo driver dé didu
chinh dién ap cap cho dong co servo, tir d6 thay
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doi toc do quay cua dong co theo yéu cau lam
viéc cua hé thong.

Két qua mo phong cho thdy trong
khoang thoi gian 3s dau, tbc do dong co ting
dan va dat gia tri cao khoang 98 rad/s. Pong
co servo dan dong bom thuy luc cung cép luu
lwong cho co cdu chap hanh, 1am vi tri xy lanh
tang dan dén gia tri dat 0,1 m. Khi vi tri thuc
té tién gén dén vi tri yéu cau, tdc do dong co
giam dan, luu lugng giam dan va tién toi trang
thai dimg khi sai s6 vi tri dat gia tri nho hon
ngudng cho phép. Ap suat dao dong lién tuc
trong khoang thoi gian dau lic dong co ting
dan s vong quay sau d6 hoi ty dan, phan anh
dang hién tugng vat ly: anh hudng ctia ma sat
trong hé thong, tinh nén duoc cia dau trong
diéu kién luu lugng bién thién. Piém khac biét
ddc trung khi so voi phuong an su dung van
servo thuy luc 1a & phuong an nay, ngoai lic
thuc hién nguyén cong, dong co servo va bom
ngimg hoat dong, gitip tiét kiém ning luong so
v6i cum ngudn thiy luc théng thuong.

Win the quay (Rad's|

=] 5 10 15 o % 30 35 4
Thitd gian ()

Hinh 4. D6 thi vdn toc quay cia dong co theo
thoi gian

Laru hrgrmg khoang khdng cln

Laris b Mhoang oé cbi

Luru g ey laty [ o)
»
£,

e

] 1 " L] 20 29 an s an
Theri gian ()

Hinh 5. D6 thi luu lwong vao ra xy lanh theo
thoi gian

Ap sulit khoang khéng cin

Ap sust khoang 66 cin

Ap sudt xy lanh (Pa)
-

=l

=

3 L] 15 i ] 25 3 k-] a0
Théd glan (s)

Hinh 6. D6 thi dp sudt hai khoang xy lanh
theo thoi gian

04+
~0,08}
€ 0.06

0.04/ /

Vi tri xylal

/
0.02; f{ Vj tri mong muén
i — Vi tri thye té

0 5 10 15 0 F-1 30 35 40
Théi gian (s)

Hinh 7. D6 thi vi tri xy lanh theo thoi gian

Két qua mo phong s6 cho thdy hé théng
¢6 kha niang diéu chinh luu luong theo nhu cau
tai thuc té, trong d6 dong co chi hoat dong khi
xudt hién tin hiéu diéu khién va cung cap luu
luong can thiét dé bu ton that thuy luc cua hé
thong. So sanh v6i hé théng thity luc truyén
thdng, khi khoi dong toc d6 quay cia dong co
s& tang dén gid tri max va luon duy tri dan dén
luu lwong ludn 16n nhat va khong thay ddi, rat
kho trong viéc didu khién chinh xac vi tri xy
lanh mong mudn, hay khi st dung van servo
dé diéu khién luu luong thi dong co van sé
duy tri quay véi téc d6 cao, mic du diéu khién
dugc luu lugng thong qua do md van nhung
phan luyu lugng dau con lai s& xa tryc tiép vé
bé dau dan dén hao phi va sinh nhiét gy ra ton
that. Dya trén két qua nghién ctru va so sanh
do, giai phap diéu khién bang servo pump gitip
diéu khién chinh xac, cung cap dung luu luong
hé thong can thay vi xa dang tiét luu néu dung
van servo, gop phan nang cao hiéu qua st dung

nang luong so véi cac hé théng thuy luc truyén &
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thdng str dung dong co quay toc do c¢b dinh hay
cac van diéu khién luu lugng. Dong thoi, sai
) gitra vi tri thuc té va vi tri dat coa xy lanh
dat gia tri rat nho, dap tmg yéu cau diéu khién
chinh x4c vi tri cia co céu chap hanh thuy lyc,
téc do phan hdi nhanh trong diéu khién dong
co dién servo thé hién vu diém 1én so voi diéu
khién van servo thiy luc.

5. KET LUAN

Nghién ctru nay phét trién, danh gia
thém giai phap diéu khién chinh xac cho co
céu chip hanh xy lanh thuy luc thong qua didu
khién chinh xac Iuu lugng bang hé thdng servo
pump, thay thé cho cic phuong phap sir dung
van servo, van ti 1& hay cac hé théng thuy luc
truyén thong.

Heé thong thuy lyc may ép sir dung dong
co servo da dugc thiét ké va xay dung mo hinh
md phong nham danh gia kha niang diéu khién
vi tri ctia co cau chap hanh. Két qua mé phong
cho thiy dong co servo hoat dong dua trén tin
hi¢u phan hoi tir xy lanh thity luc, cho phép hé
théng d1eu chinh luu luo’ng cung cap phu hop
v6i yéu cau 1am viéc thyc té. Vi tri cta xy lanh
du:oc diéu khién v6i d chinh xac cao va sai s6
6n dinh & muc nho. Két qua nghién ctru cho
thy giai phap st dung dong co servo dan dong
bom thity luc ¢6 kha ning nang cao chat luong
diéu khién vi tri dong thoi cai thién hiéu qua sir
dung ning luong cho hé théng may ép thiy lyc.
Hon nita, giai phap d& xudt c6 tinh kha thi cao
va phu hop dé tiép tuc nghién ctru, trién khai
thuc nghiém, phat trién va ing dung trong thuc
té cong nghiép. <
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