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Tém tat

Nghién cifu trinh bay viéc thiét k& mo hinh héa va dénh gia hé thong thity luc trong diéu khién 14i thu dém khi. Hé théng
thity Iuc dugc sit dung dé truyén dong cho hé théng day va didu khién hudng ciia cum ddy nhim nang cao kha niing co dong,
hiéu suit van hanh va d6 chinh x4c diéu khién clia tau. Muc tiéu clia nghién ctiu 1a xay dung mé hinh va danh gia dic tinh
dong ctia hé thdng diéu khién thity Ivuc phu hop, cho phép diéu chinh linh hoat huéng clia cum déy ciing nhu kha ning l4i
ctia tu. Trén cd s phan tich nguyén ly 1am viéc ctia hé thdng, nghién cifu xay dung mé hinh toan hoc ctia cic phan tit thiy
luc trong hé théng ddy va hé thong didu khién 14i, bao gdm bom thiy luc, mo to thiiy luc, van diéu khién va xi lanh thity
luc, dong thoi xay dung thudt toan diéu khién cum ddy, danh gid dic tinh dong ctia toan hé thong. Két qua nghién cifu cho
thiy hé thong diéu khién hoat dong &n dinh, dap ting tot yéu cau diéu chinh géc quay ctia cum ddy, bao dam téc do dap ting
phit hop va do chinh xdc vi tri 14i cao. Két quia md phong cho thy tinh kha thi ciia phuong 4n va tiém niing tng dung ctia
hé théng thily luc trong truyén dong va diéu khién l4i tau dém khi.

Tir khod: tau dém khi; hé thong ddy; diéu khién l4i; xi lanh thiiy luc; truyén dong thity luc; mo hinh toan hoc.
RESEARCH ON HYDRAULIC SYSTEMS IN HOVERCRAFT DIRECTIONAL CONTROL
Abstract

This study presents the design, modeling, and evaluation of a hydraulic system for hovercraft steering control. The hydraulic
system is employed to drive the propulsion system and control the orientation of the propulsion unit, thereby improving
the maneuverability, operational performance, and steering accuracy of the hovercraft. The objective of this study is to
develop a suitable model and evaluate the dynamic characteristics of the hydraulic steering control system, enabling flexible
adjustment of the propulsion unit orientation and enhancement of the hovercraft’s steering capability. Based on an analysis
of the system operating principle, mathematical models of the hydraulic components in the propulsion and steering control
systems are developed, including the hydraulic pump, hydraulic motor, control valve, and hydraulic cylinder. In addition, a
control algorithm for the propulsion unit is developed, and the dynamic characteristics of the overall system are evaluated.
The results indicate that the control system operates stably and effectively satisfies the requirements for adjusting the
propulsion unit angle, providing an appropriate response speed and high steering-position accuracy. The simulation results
demonstrate the feasibility of the proposed approach and its potential application in the hydraulic propulsion and steering
control of hovercraft.

Keywords: hovercraft; propulsion system; directional control; hydraulic cylinder; hydraulic transmission; mathematical
model.
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1. Gidi thiéu

Tau dém khi dudc ting dung rong ri trén thé giéi nhd vao kha ning di chuyén linh hoat trén nhiéu
loai dia hinh khac nhau, nhu mit nudc, biang tuyét, bun 13y, sa mac va trén nhiéu loai dia hinh c6 kha
ning chiu tai thAp. Tau dém khi 13 phuong tién dudc st dung rong rii trong linh vuc van tii, du lich,
cifu ho va nhiéu hoat dong khdc, ddp tng nhu cau trong ca linh vuc dan su 1an quan su. Huéng nghién
ctfu chinh vé thu dém khi thudng tip trung vao thiét ké, dong luc hoc, diéu khién va ting dung thuc té
clia tau [1-5]. Hé thong chinh trén tau dém khi bao gdm hé théng nang va hé théng ddy. Hé thong
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nang dudc st dung dé€ cung cp va duy tri ludng khong khi bén dudi than tau dém khi, cho phép né
“bay” trén bé mit hd trg. Hé thdng ddy tao ra ludng khong khi phia sau dudi tau, sinh luc diy khi
dong dua tau chuyén dong vé phia trudc. Trong thuc té, gan 2/3 cong suit clia tau dugc sit dung cho
hé théng ddy. Diéu khién thu dém khi c6 mot s6 khé khin nhit dinh so v6i phuong tién truyén thong
vi khi thu “bay” trén bé miit hd trg, luc tuong tic giita tau va bé miit tiép xiic 1a rit nho, cho nén hé
théng 14i trén tau déng vai trd quan trong trong viéc st dung hiéu qua phuong tién nay [6].

Trong cdc thu dém khi hién dai, hé thdng truyén dong thiiy Iuc ngay cang dudc uu tién ing dung
nhd nhitng uu diém ndi bat so vdi truyén dong co khi truyén thdng, nhu kha ning truyén tii cong suit
16n, diéu chinh vo cip, dap ing nhanh va d6 tin cdy cao. Viéc ting dung truyén dong thily luc trong
céc hé thdng chip hanh clia thu dém khi gép phan nang cao tinh linh hoat trong bb tri két cAu, thuan
16i cho viéc tich hop véi cac hé thong diéu khién dién tif va tu dong hdéa. Nho d6, hé thdng c6 thé dap
ting cic yéu cAu ngdy cang cao vé do chinh x4c diéu khién, kha ning t6i uu héa qud trinh van hanh
va hiéu qua st dung ning lugng. Dy cling la xu hudng phat trién clia cdc phuong tién van tai hién
dai trén thé gi6i [7, 8]. Trong hé théng truyén dong clia tau dém khi, diéu khién 14i chuyén dong 12
mot trong nhiing chiic ning quan trong, anh hudng truc tiép dén kha ning co dong, tinh 6n dinh va do
an toan clia phuong tién trong qu4 trinh khai thic. Do d6, viéc nghién ctiu va phat trién cic hé théng
diéu khién l4i luon 1a mot trong nhitng huéng nghién cifu quan trong ctia tau dém khi. Hién nay c6
nhiéu phuong phap diéu khién 14i thu dém khi, bao gdm diéu khién bang canh 14i khi, diéu khién cum
quat ddy, diéu khién bang hé théng phu trg, didu khién bing chénh léch luc ddy va diéu khién bang
clia huéng dong khi [9-11]. Mdi phuong phédp déu cé nhiing uu di€ém va pham vi dng dung riéng,
phu thudc vao dic diém két cau va yéu cu khai thic ctia titng loai tau.

Trong nhiing nim gan day, nhiéu nghién ciu da tap trung vao mo hinh héa va diéu khién céc hé
théng cia tau dém khi. Céc nghién cidu trudc day [4, 8, 12] da ting budc xay dung co s6 1y thuyét cho
viéc md hinh héa hé thdng truyén dong thiiy luc, hé thong niang va cic ciu hinh truyén dong clia tau
dém khi. Bén canh d6, Brusov va cs. [7] da phat trién chién lugc diéu khién hai cip cho phuong tién
st dung khung gam két hop dém khi, trong d6 cac thong sb ctia hé thdng thiiy luc duge diéu chinh
thich nghi theo diéu kién lam viéc nhdm ning cao kha ning vudt dia hinh va giam cong suét tiéu thu.
Tuy nhién, cic nghién ciu trén chua tip trung xay dung md hinh tich hop ctia hé théng day két hop
chiic ning diéu khién 14i, trong d6 dong thdi xem xét diic tinh ctia hé théng truyén dong thiy luc, dong
luc hoc ctia cum ddy va co cAu quay cum day dudc din dong bing xi lanh thiy luc diéu khién béi van
dién—thdy luc. Bén canh d6, su tuong tac gitta cac dic tinh thily Ivc va ddp ing dong clia cum day
trong qu4 trinh diéu khién huéng chuyén dong vin chua dudc phan tich day di. DAy 13 khoang tréng
nghién ctiu ma bai bao nay huéng t6i.

Khéc véi co ciu 14i clia cac phuong tién st dung banh xe hoic banh l4i truyén thdng, viéc diéu
khién huéng chuyén dong ctia tau dém khi trong nghién cdu nay dugc thuc hién thong qua quay toan
bd cum diy. Trong qua trinh lam viéc, cum diy vita tao luc ddy vita ddm nhiém chic ning diéu khién
huéng chuyén dong, do dé co ciu quay phai bao ddm kha ning dap ng nhanh, chinh xdc va &n dinh
duéi tac ddong clia mé-men quan tinh, mé-men con quay va tai trong khi déng. Vi viy, viéc xay dung
mo hinh phan 4nh dong thdi dic tinh clia hé théng truyén dong thiy luc va dong Iuc hoc ctia cum diy
1a can thiét d€ danh gia diing dic tinh dong clia hé théng. Xuét phét tf nhiing van dé trén, nghién cifu
nay tip trung xdy dung mo hinh todn hoc ctia hé théng truyén dong thiy luc diéu khién 14i thu dém
khi trén co s6 mo hinh héa céc phan tif chinh clia hé théng, bao gdm bom thily luc, mé to thiy luc,
van diéu khién dién—thdy luc, xi lanh thiy luc va dong luc hoc ctia co cAu diéu khién 14i.

Nhiing dong gép chinh ctia nghién cttu bao gom: (i) xAy dung mo hinh tich hgp giita hé théng diy
va dong luc hoc co ciu quay cum diy thu dém khi; (i) 1am rd dnh hudng tuong tic gilia qua trinh
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diéu khién xi lanh thiy luc va su thay ddi ché d6 1am viéc ctia hé théng ddy do hién tuong chia sé luu
luong; va (iii) danh gia 4nh hudng clia cac dang tin hiéu diéu khién dén dic tinh qua do, dao dong
4p suat va kha niing ddp ting ctia hé théng. Trén co s cac phuong trinh todn hoc da xiy dung, mo
hinh md phéng dugc phat trién trong méi trudng MATLAB/Simulink d€ khao sat su bién thién ctia
4p sudt, luu lugng, toc dd quay va géc diéu khién dudi cac ché do diéu khién khac nhau, qua dé danh
gia kha ning ddp tng, tinh 6n dinh va hiéu qua cta hé thdng truyén dong thiiy luc trong diéu khién
lai tau dém khi.
2. Pbi tuong nghién citu va phueng phap diéu khién hé théng diy cia tau dém khi

Tuy thudc vao kich thudc, tai trong, mdi trudng lam viéc va dic tinh vAn hanh khic nhau ma tau
dém khi st dung cac phuong phap diéu khién phu hop. Trong d6, phuong phap diéu khién cum quat
ddy dugc st dung phd bién trén cdc tau dém khi c6 yéu cau co dong cao, tai trong va cong suit da dang
dién hinh nhu tau Griffon 995ED (Hinh 1). Phuong 4n xoay cum quat diy 1a gidi phdp diéu khién lai
bing céch xoay toan bd hé thong tao luc ddy (bao gdm 16ng din dong, canh quat va doi khi ca dong
cd hoic co ciu truyén dong) quanh mot truc thang diing (truc xoay l4i). Phuong phap nay khong chi
ddp ung kha ning l4i linh hoat ma con thuén Igi trong viéc tich hop hé thong truyén dong thiy luc va
cac thuat todn diéu khién hién dai, cho phép nang cao do chinh x4c va ti uu hiéu qua van hanh.

Hinh 1. Tau dém khi Griffon 995ED

2.1. Hé théng ddy trén tau dém khi

Déi tuong nghién ciiu 13 tau dém khi st dung truyén dong thity luc, trong dé hé théng nang va
hé théng diy st dung chung mot nguodn ning lugng (dong co) va mdi hé théng sé sit dung cac ngudn
(bom) thiy luc riéng biét. Viéc tach riéng hé théng thiiy Iuc niang va ddy gitp don gidn héa hé théng
thiy luc, gidm qud trinh phan chia luu lugng, giam xung ddt cdc phan tii trong hé théng va don gidn
héa qua trinh diéu khién [12]. Pi v6i hé thdng ddy trén thu, phuong phap diéu khién cum quat day
dugc dp dung d€ 14i tau, trong d6 xi lanh thiy luc déng vai trd co cau chip hanh tao chuyén dong
quay hoic thay ddi géc clia cum diy thong qua co ciu lién két co khi. Viéc ting dung hé thdng truyén
dong thiy luc cho phép nang cao dd chinh xdc diéu khién, riit ngan thdi gian dap ng, ci thién dang
ké kha niing co dong clia tau, thun tién cho viéc bb tri cac hé thdng trén tau, ting khong gian cho cic
hé thong phu trg, ting tai c¢6 ich cho tau.

Pong co dét trong 1 din dong truc ctia bom 2 hé thdng ddy. Bom 2 1a bom thiy luc thé tich cb
dinh, dugc két ni bang hai duong dng 18 v6i mo to thiy luc 10, mo to nay din dong quat huéng truc
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13 ctia hé théng ddy, khi quat quay sé& tao thanh ludng khong khi ddy tau di chuyén vé phia truéc. Bom
b 3 dude din dong bdi truc clia bom chinh ding dé€ bé sung lugng chét 16ng 1am viéc bi ro ri clia hé
théng. Tiép theo 1a cac thanh phan con lai clia hé thdng: van bu mot chiéu 7, van an toan 6 va 8, van
xa 15, bo loc 4 va két lam mat 9 [8, 13] (Hinh 2). Van xa dudc 1dp trén cidc mé to thiy luc hién dai
nham duy tri nhiét dd 6n dinh va loai bd tap chit trong chét 16ng cong tic [14]. Khi can diéu khién
huéng di chuyén clia tau, tin hiéu diéu khién U sé diéu khién xi lanh thdy luc 12, tic dung 1am quay
cum thily luc—quat dy sang trdi, phai theo phuong ngang tlly theo tin hiéu diéu khién. D€ d4n dong
xi lanh thiy luc, van diéu khién dién—thiiy luc 4/3 sé din dau cong tac tif mach chinh cta hé théng
vao budng xi lanh, d€ ddm bio géc quay clia cum md to thity luc—quat ddy sé st dung cAm bién géc
dé€ do géc quay thuc té ctia hé théng va phan hdi vé trung tim diéu khién d€ didm bao qua trinh 14i tau
ding yéu cau.

"

Hinh 2. So d6 thiy luc

Hinh 2 thé hién so d6 thiiy luc ctia hé thong dy trén tau, trong d6: 1 — Dong co dot trong; 2 —
Bom pit tong dia nghiéng; 3 — Bom bu; 4 — Bau loc hiit; 5 — Van tran; 6 — Van an toan; 7 — Van bu
mot chiéu; 8 — Van an toan; 9 — Két 1am mat; 10 — Mo to thity luc; 11 — Van diéu khién dién—thiy luc
4/3; 12 — Xi lanh thay luc; 13 — Quat ddy; 14 — Pudng dng dan hé thdng ddy; 15 — Van xa; U — Tin
hiéu diéu khién van.

2.2. Mo hinh todn hoc hé thong ddy, diéu khién ldi ciia tau dém khi

8,-4, P
am —am f gnm f g\m +arml
%) + Wh }
() e Ol
M Rl
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Hinh 3. So do tinh toan hé thong truyén dong thiy luc
Hinh 3 md t so do tinh todn ctia hé thdng truyén dong thiy luc, trong d6 thé hién hudng chuyén
dong ctia dong chit 16ng, lIuu luong qua cac phan ti va mdi quan hé giita ngudn thiy luc, van diéu
khién va co cAu chip hanh. C4c ky hiéu st dung trong so dd dudc dinh nghia nhu sau: Qy, — luu lugng
ly thuyét bom; Qj,, — luu lugng 1y thuyét mé to thiy luc; Q,p, Q. — luu ludng ro ri cia bom va mo
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to thity Iuc; M,, w, — md-men xoan va téc dd goc ciia truc dong co truyén téi bom thiy luc; M,,, w,,
— md-men xo0dn va toc do géc clia truc mo to thiy luc; py, pa — ap suit chét 16ng trong dudng 6ng ap
luc va dudng hiit; ps, pp — 4p suét chit 10ng trong budng xi lanh; Q,, O, — luu luong chit 16ng di vao
va di ra khoi van; py, — dp suit bom bu.

Khi x4y dung mé hinh st dung nhiing gia thiét co ban [8]: dp suét py, trong dudng dng chinh
trude van bu dude duy tri khong ddi; cac dudng dng dudgc coi 1a di ngan dé c¢é thé bd qua quén tinh
clia chit 18ng va t6n that 4p suét do luc cdn ma sat; luu lugng qua van bl véi nhitng thay déi nhd vé
ap suét dugc tuyén tinh héa bang cac phuong trinh dudc viét dudi dang phuong trinh (3) va (4); hé s6
luu Iuong clia van 1a khong d6i; bd qua 1o ri chit 16ng cong tic qua cac khe hd hudng kinh clia cac
con trugt van; cac gia thiét nay dudc sit dung phd bién trong md hinh héa van thiy luc [15]. Nhiéu
nghién ctiu ly thuyét va thuc nghiém da chiing minh ring anh hudng ctia cic yéu té nay dén két qua
tinh todn 1a khong dang ké so vdi cac nguon sai s6 khic cia mo hinh, do d6 khong 1am giam dang ké
do tin cay ctia két qua nghién ciu.

Phuong trinh Iuu lugng chit 16ng 1am viéc trong dudng dng cao 4p va dudng dng hiit:

Ow - + Qvbt = Qim/NMom + Vo1/Ba1 -dp1/dt + O, (D
Oim/Mom — Qo + Opp2 = Oy * Nop + Voo /Baz -dp2/dt 2
Luu lugng qua van bu:
Opb1 = K, - (po» — p1) (3)
Opp2 = Ky - (po» — p2) “4)

trong d6: Qo — luu lugng 1am mat ctia hé thdng dudc bu dip bang bom bu; Vo, Vi, — thé tich dudng
bng ap luc va dudng 6ng hiit; Byi, Bs, — mo dun dan hoi ctia dudng dng ap luc, dudng 6ng hut; 7,,
Tom — hiéu suét thé tich bom va md to thiy luc; K, — hé s6 luu lugng van bil.
Trong thuc té tinh toan: Qp;; = 0, Vi 4p sut tai dudng 6ng ap luc p; ludn 16n hon 4p suit bu py,
ctia hé thong.
Luu lugng ly thuyét bom:
O =wp - Vp/2m (5

trong d6: V), — Iuu lugng riéng clia bom; wy, — téc do truc bom bang toc do truc dong co wWyg.
Phuong trinh chuyén dong cla truc mo to thiy luc—quat dy:

qm - (P1— P2) " Nem — MQ = J-dwy/dt (6)

trong do: g,, — thé tich dic trung ctia md to thiy luc; p; — p, — chénh léch 4p suét trong mo to thiy
luc; 7. — hiéu suit co khi mo to thiiy luc; J — md-men quén tinh ctia roto md to thiy luc va quat
déy véi truc mo to; My — md-men cén trén truc canh quat ddy duge xdc dinh dya trén céc déc tinh
khi dong khong thi nguyén clia quat dy, duge xay dung tif cac két qua thuc nghiém trong phong thi
nghiém [16].

Hiéu suit bom va md to thiy luc dudc tinh toan nhd “Ly thuyét vé su tuong dong giita cic may
thity luc quay ctia V. V. Mishke v6i su 1am 1o ctia K. 1. Gorodetsky” [17]. Hé s6 t&n thét trong cac
cong thifc tinh toan hiéu suit di dudc xac dinh bang thuc nghiém d6i v6i bom va mo td thiy luc
Danfoss. Viéc sit dung cac hé s ton thit da dugc xac dinh bang thuc nghiém gitip nang cao tinh dai
dién vat ly va do tin cdy ctia md hinh, ¢6 ting dung cao, c6 thé 1am cd s cho viéc xiy dung cidc mod
hinh truyén dong thiy luc trong cac hé thdng khéac nhau.
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/2
Qy=p-m-de-x- E|P1_PA| (7

Luu lugng chét 16ng qua van khi di vao xi lanh bao gom Iuu lugng d4n dong xi lanh thiy Iuc va
luu lugng b nén do 4p suat:

Luu lugng chit 16ng vao van:

dy Vxl dpA
= S - — 4+ . —
O dt By dt

8)

Luu lugng chit 1éng ra khéi van:

2
Qr = p-m-de-x- | Zlps = pil ©)

Luu lugng chit 16ng qua van khi di ra khoéi xi lanh bao gdom Iuu lugng din dong xi lanh thiy luc
va luu lugng bu nén do 4p suit:

0, =52 -2, Lr (10)

trong d6: u — hé sb luu luong van; x — dd dich chuyén con trudt; d, — dudng kinh con trudt; p — mat
do chét 1ong; Vi, Vo — thé tich hiéu dung cta dau trong hai khoang xi lanh; By, By, — md dun dan
hdi ctia khéi thé tich trong hai khoang xi lanh; S — dién tich 1am viéc xi lanh; y — d6 dich chuyén xi
lanh; py — 4p suit khong khi

Nghién cttu dong luc hoc cum diy khi quay cum déng vai trd quan trong trong viéc xiy dung
chinh xdc mo hinh cta hé théng, khi quay cum ddy md-men can tic dung 1én cd ciu quay cum diy

bao gdm: mo-men con quay Mg =J wp- I khi tau chuyén dong &n dinh thi tdc do quay clia mo to

, T ) ap .. PP
thuy luc—quat day 1a khong doi; mé-men ma sat M3 = frus - d—'[:, Ia m6-men can xuat hién do Iuc ma
st trong co cu thiy luc, co khi ctia cum day khi quay; mo-men khi dong tac dung 1én gia treo xoay

khi tau dang di chuyén dudc cAu thanh tif hai thanh phan, M; = C,(3) - % “Vig - S g - e - thanh phan
mo-men do luc khi dong tac dung 1én cAu triic bé miit ngoai clia cd cAu quay va My = m- v, -sin - b—
mo-men do su thay d6i huéng vecto dong luong ciia ludng khi di qua tAm quat khi cum déy thuc hién,
trong d6: f,,s — hé sb ma sit cum day; 8 — goc quay clia cum mo to - quat day; C,(8) = A - sinf3 — hé
s6 can khi dong cum ddy, A = const khi 8 nhd; p; — mat do khong khi; v,; — van tc tuong d6i dong
khi di vao cum déy va sé bing van t6c tau (cho ring van téc gi6 bang khong); S 4 — dién tich can gié
cum déy; e — canh tay don khi dong (trong thuc té, dé gidm thiéu t6i da tai trong dong tac dung ngudc
1én co ciu chip hanh, truc xoay diing ciia gid treo cum diy thudng dudc tinh toan bd tri di qua trung,
sat tam 4p luc khi dong clia 10ng quat ddy e = 0, din dén M; = 0); m — luu ludng khbi Iugng khi qua
quat day; v, — van tbe dong khi khi ra khoi quat ddy; b — khoang cach tif mat phang dong ra dén tim
truc quay cum day va trong thuc t& 1am viéc 8 thudng nhé hon 30°, mo-men khi dong la thanh phan
chii yéu ctia md-men can tac dung 1én co ciu quay cum déy [9, 11, 18, 19].
Do d6 phuong trinh téng quét quay cum diy theo phuong ngang cé dang nhu sau:

(pa—pp)-S -1—f-dpjdt—kg- B = Ju - d°B/dt* (11)

trong do: [ — canh tay don cua xi lanh (khoang cach gitra xi lanh thuy lyc va truc quay ngang ciia cum
mo to thiy luc—quat ddy); f — hé sb can tong hodp, bao gdm ma sat va anh hudng ctia md-men con
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quay; kg — hé s6 mo-men can khi dong phu thudc géc quay; Jgx — md-men quan tinh cum mo to thiy
luc—quat day.
Phuong trinh diéu khién con trugt cla van:

di
U=R-i+L-— 12
7 (12)
trong d6: U — dién 4p diéu khién con trugt; L — dién cam ctia cudn dién; R — dién trd ctia cudn dién; i
— dong dién diéu khién trong cudn cam.
Phuong trinh lyc dién tur:

Fi=k-i (13)
trong d6: k; — hé sb stic dién dong.
Phuong trinh chuyén dong con trugt van:
d’x dx
Fi:mc'ﬁ"-kms'a'i'c'x (14)

trong d6: m. — khdi luong con trudt; k,,; — hé s6 ma sat; ¢ — do ciing 16 xo; x — do dich chuyén con
trugt.
Mbi quan hé giita géc diéu khién 8 va do dich chuyén cta xi lanh y:

y=1[-tanf (15)

Hinh 4 trinh bay so d6 khoi ctia hé théng diéu khién géc quay cum ddy. Tin hiéu diéu khién tit bd
diéu khién dudc dua tSi van dién—thiy luc d€ diéu chinh Iuu lugng chit 16ng cong téc cip cho xi lanh
thiy luc. Duéi tac dong clia xi lanh, cum mé to thiy luc—quat diy quay dén géc yéu cau. Géc quay
thuc té ctia cum dudc do bang cam bién géc va truyén vé bo diéu khién theo cd ché phan hdi. Trén
cd sd tin hiéu phan hoi nay, bd diéu khién lién tuc hiéu chinh tin hiéu diéu khién nham bao dam géc
quay ctia cum mo to thiy luc—quat day bam sét gid tri yéu cau [8, 12].

F
- @ : ; 8
U : B didu khién Vandign | X | Xilanh | /| Coclu
N thuy luc i thuy luc quay cum day

Cam bién goc quay

Hinh 4. So d6 khdi ctia hé théng diéu khién géc quay cum ddy, trong d6: F — ngoai luc tic dung Ién xi lanh.

Mbi quan hé gilta tin hiéu diéu khién va géc quay ctia cum mo to thly luc—quat déy:
U=Kg-B (16)

trong do: K, g — hé s6 tuong quan gilia tin hiéu U va géc quay clia co cu diéu khién.
3. Két qua nghién ciu

Trén co s6 cac phuong trinh to4n hoc da xiy dung cho cic phan ti clia hé thdng, bao gdm bom
thity luc, md to thiy luc, van diéu khién dién—thity luc, xi lanh thiy luc, co cAu quay cum day va so do
diéu khién géc quay, mo hinh md phdng dudc xy dung trén mdi trusng MATLAB/Simulink. Chuong
trinh dudgc st dung d€ danh gid dic tinh dong luc hoc, kha ning 1am viéc ctia hé thdng va khao sét cac
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qué trinh qué do, danh gid chit luong diéu khién géc quay ctia cum quat ddy duéi cac diéu kién 1am
viéc khac nhau.

Trong nghién ctiu niy, xem xét trudng hop tau dém khi ¢d vira c6 trong luong toan tdi gan 1 tin
chuyén dong 6n dinh vé6i van tc trung binh 10 m/s. C4c thong s md phong dudc xic dinh trén co s&
phuong én thdy luc héa hé thong déy tich hop 14i va diéu kién 1am viéc dinh muic ctia hé thdng. Cac
thong s6 ctia bom, mo to va van dudc lua chon theo catalogue ctia nha san xuét, trong khi cac thong
s6 két cAu va tdi clia cum dy dugc xdc dinh theo phuong 4n thiét ké ctia hé thong (Bang 1).

Bang 1. Céc thong s6 clia hé thong truyén dong thiy luc

STT Thong sb Ky hiéu Gia tri DPon vi
1 Toc d6 quay bom np 2000 vong/phut
2 Dung tich bom; dung tich mé to Vs Vin 75; 60 cm®/vong
3 Dién tich xi lanh S 2,98 cm?

4 M0 dun dan hoi clia dau B 1300 MPa
5 Ap sut dau vao; ap suét hoi Db Pk 0,5;0,1 MPa
6 Hanh trinh xi lanh; géc quay cuc dai Ymax; Bmax 120; 45 cm; °
7 Khoang céach dén truc quay; hanh trinh con trugt I; Xmax 60; 0,4 cm; mm
8 Khbi luong riéng dau; hé sb luu lugng fo 7 890; 0,62 kg/m?; —
9  Duong kinh con trugt d. 4 mm
10  Dién cam; dién trd; khdi lugng phan ting L;R;m. 1,2;250;0,05 H;Q;kg

Do diéu kién tht nghiém dbi v6i hé thdng ddy tich hop l4i ctia thu dém khi con han ché, mo hinh
chua dugc kiém chiing truc tiép & cAp do toan hé théng. Tuy nhién, cc dic tinh ctia bom, mo to thiy
luc va quat dudc xdc dinh hodc ddi chiéu trén co s6 catalogue ky thuit ctia nha san xuat, dit liéu thuc
nghiém va cdc md hinh di dugc cong bd. Vi viy, nghién ciiu tap trung sit dung mo phong sb dé danh
gi4 dic tinh dong va xu hudng bién thién ctia hé théng trong pham vi cdc gia thiét va diéu kién 1am
viéc da néu.

Dé ddnh gid dic tinh 1am viéc clia hé thdng thiy luc, nghién cifu xem xét hai trudng hop tin hiéu
diéu khién. Trudng hop thi nhét, tin hiéu diéu khién bang Upyay, tuong ting véi géc quay 16n nhét ctia
cum ddy, dudc st dung d€ danh gid kha niing 1am viéc & ché do cuc dai ctia hé théng. Qua d6 c6 thé
kiém tra do bén va do on dinh ctia hé thdng, xac dinh gid tri 4p sut 16n nhit trong mach, van tbc 16n
nhét clia co cAu chip hanh, dong thdi danh gia nguy co qua tai d6i v6i cac phan tit thiy luc. Trudng
hop thi hai, tin hiéu diéu khién bang 10%Upyay, tuong tng véi géc quay nhd ciia cum ddy, dugc Iuya
chon nham dénh gia d6 nhay, kha ning diéu khién chinh x4c & géc quay nho, sai sd ctia hé thong ciing
nhu kha ning lam viéc &n dinh cta xi lanh khi van phan phéi dién—thily Iuc chua mé hoan toan. Pay
cling 12 ché do 1am viéc c6 y nghia thuc tién, bdi trong qua trinh khai thac, cum dy chi yéu hoat
dong & cac géc quay nhé dé thuc hién cic thao tic diéu huéng va hiéu chinh huéng chuyén dong clia
phuong tién.

3.1. Ddc tinh qud dé ciia hé thong khi tin hiéu diéu khién U,y

Qud trinh diéu khién 14i dugc thuc hién tai thoi diém ¢ = 3 gidy, tin hiéu ting tif 0 dén Uy,,y. Viéc
st dung cdc loai tin hiéu diéu khién Ia tin hiéu xung (Upax 1), tin hiéu c6 do tré 0,5 gidy (Upax2) Va
1 gidy (Umax3), cho phép danh gia phan ting ctia hé thong véi tin hiéu diéu khién (Hinh 5), van diéu
khién sé md cho dén khi xi lanh di chuyén dén vi tri bién ymac /2 = 0,6 m tuong ding géc quay 16n nhit
clia cum déy la 45°.
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Hinh 6. Pic tinh qui d6 ctia hé thong

Hinh 6 biéu dién cdc dic tinh qua d6 ctia hé thdng khi tin hiéu diéu khién bing Up.x. Hé thong
thdy luc phan ting nhanh véi tin hiéu diéu khién; géc quay ctia cum dy dat gid tri cuc dai Spax trong
khong 0,5 gidy va ddp dng yéu ciu diéu khién l4i ctia hé thdng (Hinh 6(a)). Qua trinh diéu khién dién
ra lién tuc va 6n dinh, trong d6 géc quay ctia cum ddy thay ddi muot va tién din dén gid tri yéu ciu
ma khong xuit hién dao dong hoiic qua diéu chinh ddng ké. Sau giai doan qua do, géc quay 6n dinh
tai gia tri dit va dugc duy tri trong khodng thdi gian khdo sat. Dic tinh dap dng nay c6 thé dugc giai
thich béi tac dung két hop ctia kha niing giam chin vén c6 clia hé thong truyén dong thiy luc va cac
dic tinh dong Iuc hoc clia cum day, gép phan han ché dao dong clia co cAu quay. Két qui cho thiy hé
théng dap ting tot yéu cau diéu khién vi tri va c6 kha ning duy tri qud trinh diéu huéng 6n dinh trong
pham vi cic diéu kién md phong.

Khi van Iuu lugng md, bom chinh sé cung cip mot phan Iuu ludng cho xi lanh diéu khién cum diy
qua van phan phdi, khi d6 luu lugng chit 16ng qua md to thiy luc sé gidm va giam tdc do quay ctia
mod to thiy luc—quat ddy (Hinh 6(b)), tuy nhién qu4 trinh nay dién ra khodng 1 gidy, hiéu @ng nay cho
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phép giam tdc do di chuyén clia tau va thuan tién cho qud trinh 14i thu, diéu nay cho thiy viéc trich luu
luong tir hé thong ddy cho co ciu diéu khién khong anh hudng didng ké dén hiéu qua hé thong ddy. Su
thay déi ap suat (Hinh 6(c), Hinh 6(d)) trong qua trinh d6ng—m& van cho thiy c6 su ting, gidm ap suét
dot ngot trong hé thdng thiy luc, cac xung dp nay khong 1am anh hudng dén dic tinh van hanh va do
chinh xdc vi tri ctia hé théng. Gi4 tri 4p sut cuc dai chi xuét hién trong khoang thdi gian rt ngan va
van nam trong giGi han 1am viéc cho phép clia cac phan tit thily luc. Cu thé, ap suit cuc dai tai dudng
ong 4p luc dat 27,5 MPa, thiap hon gi6i han 4p suét 1am viéc cho phép ctia hé thdng 1a 35 MPa; trong
khi 4p suit cuc dai tai khoang xi lanh dat 18,2 MPa va chi ton tai trong khoang 0,1 gidy. Do d6, trong
pham vi cdc diéu kién mo phong, cic dinh ap suét nay khong 1am anh hudng ddng ké dén dic tinh van
hanh va do chinh x4c diéu khién vi tri ctia hé thdng. Su ting, gidm dot ngot clia 4p suat tai cic thoi
diém chuyén mach 12 hién tuong dong luc hoc chét luu thong thudong khi thay déi trang thdi déng—md
ctia van phan phéi va luu luong trong dudng 6ng. Khi tin hiéu diéu khién v6i do tré 1a 1 gidy (Upax3)
bién d dao dong 4p suét tai thoi diém déng—md van c6 gia tri nhd nhét, tuy nhién téc do chip hanh
¢ cAu sé cham hon céc tin hiéu khic Upax 1, Umax2. Két qua nay cho thiy viéc giam toc do thay déi
tin hiéu diéu khién gitip han ché tdc d6 bién thién luu lugng qua van phan phdi, tif d6 1am giam xung
4p suét trong dudng 6ng. Tuy nhién, thdi gian xdc 1ap ctia hé thdng ting 1én, phan dnh su d4nh ddi
gitta toc o ddp ting va chit luong diéu khién. Do d6, tin hiéu c6 do tré 0,5 gidy dudc xem la phuong
4n phut hop hon vi vin ddm bdo téc dd chip hanh dong thoi giam déng ké dao dong 4p suit.
3.2. Dic tinh qud do cia hé thong khi tin hiéu diéu khién 10%U

Tuong tu, qua trinh diéu khién ldi dugc thuc hién tai thoi diém ¢ = 3 gidy, tin hiéu ting tir 0
dén 10%U pnax, tin hiéu diéu khién 1an lugt 12 tin hiéu xung (10%Unnax 1), tin hidu c6 do tré 0,5 gidy
(10%Umax2) va 1 gidy (10%Upyax3), van diéu khién sé mé cho dén khi xi lanh di chuyén dén vi tri
10%Yymax/2 = 6 cm tuong ting géc quay cum diy md to thly luc—quat diy quay 4,5° (Hinh 7).

10%,.., V 10% Upwo
10% Uy | /!

(" 10%Uwan

0 1 2 3354 5 6 t,gidy

Hinh 7. Tin hiéu diéu khién van

Hinh 8 biéu dién céc dic tinh qua do ctia hé théng khi tin hiéu diéu khién bang 10% U pax. Goc
quay ctia cum day dat gia tri yéu ciu 10%pBmax v6i dd chinh xdc xdc 14p cao va duy tri 6n dinh trong
khoéng thdi gian khio sat. Mic du bién do tin hiéu diéu khién nhé va qua trinh déng—md van dién ra
nhanh, d4p dng clia hé théng van thay ddi lién tuc, mudt va hau nhu khong xuét hién dao dong hoic
qué diéu chinh dang ké. Két qua cho thdy hé thdng c6 kha niing 1am viéc 6n dinh trong ving diéu
khién géc nho, dong thai han ché anh hudng clia cic xung ap dén chuyén dong ciia cd ciu quay.

Tin hiéu diéu khién van c6 anh hudng truc tiép dén tc dd quay ctia cum day (Hinh 8(a)) va bién
dd dao dong ap suit tai cac thoi diém déng—md van (Hinh 8(c) va Hinh 8(d)). Tuy nhién, do thdi gian
md van ngan nén sy thay d6i luu lugng cip cho mo to thiy Iuc chi dién ra trong khoang thdi gian
ngan, vi vy anh hudng dén téc do quay ciia t6 hop mod td thily luc—quat ddy va vén tdc chuyén dong
ctia tau 12 khong ddng k& (Hinh 8(b)). Ddi véi cic tin hiu c6 dd tré (10%Upax 2, 10% Unnax3), toc do
quay ctia quat ddy gan nhu khong thay ddi, cho thiy viéc st dung tin hiéu diéu khién c6 do tré phu
hop c6 thé han ché anh hudng clia qua trinh diéu khién 1di dén kh ning tao luc dy ctia hé thong.

Tuong tu trudng hop diéu khién & géc quay cuc dai, cdc dinh 4p suit xuat hién trong qua trinh
chuyén mach & ché do diéu khién géc quay nhé déu thap hon gi6i han 1am viéc cho phép clia hé thong.
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Cu thé, 4p suit cuc dai tai dudng 6ng 4p luc dat 30,3 MPa, thip hon gidi han 4p suit lam viéc cho
phép 1a 35 MPa; trong khi 4p suit cuc dai tai khoang xi lanh dat 16,2 MPa va chi ton tai trong khoang
0,08 s. Trong pham vi cdc diéu kién mo6 phdng, cic dinh 4p suit nay khong 1am anh hudng dang ké
dén dic tinh van hanh va do chinh xdc diéu khién vi tri ctia hé théng. Do d6, viéc Iva chon bién do va
quy luat thay ddi pht hop ciia tin hiéu diéu khién c6 y nghia quan trong trong viéc bao ddm do6 chinh
xéac diéu khién vi tri, han ché dao dong 4p suit va giam anh hudng ctia qua trinh diéu khién 14i dén
tdc do quay clia quat dy trong viing diéu khién géc nhd.
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Hinh 8. Pic tinh qua d6 clia hé thong

4. Két luan

Nghién ctiu da xdy dung mo hinh todn hoc ctia hé thong truyén dong thiy luc diéu khién 14i tau
dém khi, bao gdbm cdc md hinh ctia bom thiy luc, mé to thiiy luc, van diéu khién dién—thiy luc, xi
lanh thiy luc va dong luc hoc ctia co cdu quay cum day. Trén co s& d6, md hinh md phong dugc phat
trién trong moi trudng MATLAB/Simulink d€ danh gid dic tinh dong va kha ndng déap tng cla hé
théng trong cdc ché do diéu khién khic nhau. Két qua nghién ciu cho thdy kha ning ung dung hé
théng thity Iuc trong diéu khién 1ai tau dém khi, hé théng diéu khién c6 téc do dap ting nhanh, dd 6n
dinh cao, ddm bao yéu cau k¥ thuit trong hoat dong ctia thu dém khi. Két qua md phong cho thiy hé
thng dat géc diéu khién yéu ciu trong khoang 0,5 gidy & ché do diéu khién cuc dai. Viéc st dung
tin hiéu diéu khién c6 do tré 0,5 gidy gidp gidm dang ké bién do dao dong 4p suit trong dudng dng
va cic khoang xi lanh ma khong lam suy giam dang ké téc do dap tng ctia hé théng. Bén canh do,
mo6-men con quay hoi chuyén gép phan nang cao dd 6n dinh dong luc hoc, ting kha niing gidm chin
va han ché dao dong ctia co cdu quay cum diy trong qua trinh lam viéc.
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Ngoai ra, két qua mo phong ciing chi ra rang viéc lua chon hgp ly Iuu lugng ctia bom, mé to thiy
luc va xi lanh diéu khién 12 yéu t6 quan trong nhim han ché anh huéng ctia qua trinh chia sé luu lugng
gitta hé thong ddy va hé théng 14i, qua d6 duy tri tbe dd quay ctia mo to thily luc—quat ddy va bdo dam
kha ning co dong cia tau. Co ché diéu khién dugc xiy dung da dam bio kha ning vin hanh &n dinh
va dong bo cum day trong cac ché do hoat dong. Nhiing két qua thu dudc 1a co s6 cho viéc danh gid
hiéu niing ctia hé théng truyén dong thiy luc va phat trién cac chién lugc diéu khién tdi uu trong cic
nghién cifu tiép theo.

Trong tuong lai, nghién ctiu sé tip trung vao viéc xiy dung thuit toan diéu khién tbi vu cho hé
théng day, hudng téi diéu khién phdi hop dong thoi ca ba hé théng: nang, ddy va 14i clia tau.
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