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Tém tat

May khoan ham 1 mot trong nhiing thiét bi quan trong tham gia vao qua trinh thi cdng him bing phuong phap khoan nd.
Viéc tich hop san cong tac 1én may khoan him DT621 hién nay dang la nhu ciu biic thiét tai cic don vi Cong binh thi cong
hidm nhim nang cao ning suit, giam stic ngudi va ting tinh an toan lao dong. Bai bao trinh bay thiét ké hé thong din dong
va didu khién thiy luc cho san cong tac tich hgp 1én may khoan him DT621. Trén co s& phuong 4n thiét ké, md hinh dong
luc hoc hé thdng dudc xdy dung, anh hudng clia cdc thong sb két cdu va lam viéc ctia hé thdng dudc nghién ciiu, danh gia
cu thé. Nhitng két qua nghién ciiu nay 12 co s3 khoa hoc quan trong cho qua trinh ché tao hé thdng din dong va diéu khién
san cong tac trong thuc t&, dim bao diy di cic yéu ciu ky thuat dit ra.

Tir khod: khoan nd; mdy khoan ham; san cong téc; hé théng thiy luc; diéu khién.

RESEARCH ON THE DESIGN OF A DRIVE AND CONTROL SYSTEM FOR AN INTEGRATED WORK
PLATFORM ON A TUNNEL DRILLING MACHINE

Abstract

Tunnel drilling machines are essential pieces of equipment used in tunnel construction employing the drill-and-blast
method. The integration of a working platform into the DT621 tunnel drilling machine has become an urgent require-
ment for military engineering units engaged in tunnel construction, with the aim of improving productivity, reducing labor
intensity, and enhancing workplace safety. This paper presents the design of a hydraulic drive and control system for a
working platform integrated into the DT621 tunnel drilling machine. Based on the proposed design scheme, a dynamic
model of the system was developed, and the effects of key structural and operating parameters on system performance were
investigated and evaluated in detail. The research results provide an important scientific basis for the practical fabrication
and implementation of the system, ensuring that all design and operational requirements are fully satisfied.
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1. Gidi thiéu

May khoan hAm DT621 1a mot trong nhitng dong may khoan ham hién dai do Sandvik Mining
and Rock Solutions phat trién, dugc sit dung rong rai trong thi cong dudng ham giao thong, cong trinh
thity dién, khai thac mé ngdm va céc cong trinh quan sy ngam. Py 1a loai may khoan him hai can
hoat dong theo phuong phap khoan — nd min, dugc thiét ké nhdm dap ing yéu cau thi cong nhanh,
chinh xac, an toan va c6 muc do co gidi hda cao. May khoan ham DT621 (Hinh 1) [1] dugc ddnh gia
1a mot trong nhitng dong may khoan ham c6 trung c6 hiéu suét cao, pht hgp véi cac dudng ham cé
tiét dién tif trung binh dén 16n. CAu tao ctia may khoan ham DT621 bao gém xe cd s di chuyén banh
16p va thiét bi cong tic khoan. Xe co sé ddm bao kha niing di chuyén clia mdy dong thoi 12 ngudn
dong luc cung cip ning luong cho toan b qua trinh hoat dong cia mdy. Thiét bi cong tic bao gdm
hai can khoan dudc diéu khién doc 1ap va dan dong hoan toan bang thiy luc.

So véi cac phuong phap khoan thii cong hoiic cic thé hé may khoan cii, may khoan him DT621
¢6 nhiéu uu di€ém: Ning suit khoan cao nhd hai cin khoan hoat dong dong thdi; Do chinh xac khoan

“Téac gia dai dién. Dja chi e-mail: nguyenduydat1987 @gmail.com (Pat, N. D.)
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Hinh 1. Mdy khoan him DT621

16n nho co clu giill song song t dong; Gidm stic lao dong ctia cdng nhan; Nang cao chét lugng pha da
sau nd min; Ting miic do co gidi hoa trong thi cong ham; Hé thong diéu khién hién dai, dé st dung;
Bao dudng thuan tién; Pam bao an toan cho ngudi van hanh. Mic dit may khoan ham DT621 c6 ning
suat khoan cao va miic do co gii hoa 16n, tuy nhién thiét bi nguyén ban chi dap ting nhiém vu khoan
ham ma chua dudc trang bi san cong tic phuc vu cdc cong viéc phu trg [1]. Piéu nay 1am giam tinh
da ning clia may, dong thdi yéu cu phéi st dung thém cac thiét bi ning chuyén dung khi thuc hién
cic cong tac kiém tra, bao dudng, 1ap dit va gia cb trong dutng ham. Viéc nghién citu thiét ké, tich
hop san cong tac 1én mdy khoan ham DT621 sé gép phan ning cao hiéu qua khai thic thiét bi, giam
s6 luong phuong tién phuc vu thi cong va ting cudng an toan lao dong.

Nim 2015, Wang va cs. [2] da xdy dung md hinh dong hoc cho may khoan Jumbo nhiéu bac tu do
nham phuc vu diéu khién tu dong vi tri dau khoan. Nghién citu da thiét 1ap mo hinh dong hoc thuén va
dong hoc nghich ctia hé can khoan, dong thdi dé xuat chién lugc diéu khién tu dong qua trinh khoan.
Két qua cho thiy viéc ing dung céc thuat toan diéu khién thong minh gidp nang cao do chinh xic
dinh vi va giam thdi gian chuin bi khoan. Niim 2023, tdc gia Bui Vin Tram va cs. [3] di trinh bay mo
hinh héa va phan tich dong luc hoc bing phuong trinh Lagrange dang nhén ti véi co hé 1a hé gia d
may khoan né min kiéu xoay dap do Viét Nam ché tao.

Nam 2024-2025, nhém tac gia Haojun Wu va cs. [4] da xdy dung cac mo hinh dy doan va bu sai
s6 vi tri cho cdc cd ciu nhiéu can khoan nhiam nang cao do chinh xdc ctia s do 15 khoan trong qua
trinh ddo ham. C4c két qua cho thiy sai s6 dinh vi clia cAn khoan anh huéng truc tiép dén chét lugng
nd min va hiéu qua tao bién him. Guo va cs. (2024) [5] da dé xuit phuong phép diéu khién thich nghi
két hop mang no-ron va diéu khién trugt cho hé thdng truyén dong dién — thiy luc trén may khoan
d4 thity luc. Két qua nghién cifu cho thiy thuit toan mdi gitip cai thién do chinh x4c diéu khién vi tri,
giam dao dong va ting tinh &n dinh clia hé thong trong diéu kién tai thay d6i. Ciing theo hudng nay,
nghién ctiu cia Nguyén Hong Thai [6] phat trién thuét todn diéu khién cho mdy khoan nhiéu can c6
thé 14p trinh thanh phadn mém cai dit vao thiét bi nham tu dong héa khoan 16, nd min trong viéc thiét
ké robot mdi cling nhu ¢6 thé cai dit cho cic robot ban tu dong ma Viét Nam da nhip ngoai nham
nang cao do chinh xdc, hiéu qua trong cong tic khoan 16, nd min. Mot sb nghién ciu gan day [7] con
hudng t6i phét trién robot khoan tu dong cho mdi trudng him 10 nguy hiém hoic kho tiép cn, tao
tién dé cho thé hé may khoan ngdm khong ngudi 14i trong tuong lai.

Qua tng quan cic cong trinh nghién ctiu c6 thé thiy rang cdc nghién ctiu hién nay chi yéu tap
trung vao tu dong héa qua trinh khoan, diéu khién dién — thiy luc, t6i uu héa thong sb van hanh va
ting dung tri tué nhan tao trong mdy khoan him. Tuy nhién, cdc nghién ctiu vé cdi tién két cAu may
khoan hAm nhu may khoan him DT621 theo huéng tich hop san cong tic phuc vu céc cdng viéc phu
tr¢ trong dudng ham con chua dudc cong bd. Pic biét hién nay, cong tac thi cong bang phuong phap
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khoan n6 van 13 mot phuong phap dudc 4p dung rong rii, c6 tinh kinh té cao nhung ciing tiém 4n rét
nhiéu rdi ro an toan lao dong trong qua trinh thi cong va can c6 cdc bién phap hd trg thi cong can
thiét [8].
2. Mb hinh déng lic hoc hé théng din dong va diéu khién san cong tac

Hé théng thiiy Iuc dan dong va diéu khién san cong tac theo phuong 4n thiét ké dugc trich ngudn
thiy Ivc tif ngudn thdy luc ctia may khoan hAm DT621. Hé thong thiy luc din dong va diéu khién san
cong tac 12 mot hé théng thiy luc mach hd, bao gdm cic cum co ban dugc thé hién trén Hinh 2.

Bom thity Iuc chinh 12 bom c6 diéu khién LS-PC, 14y tin hiéu diéu khién theo tin hiéu ap suit tai
ctia hé thong [1]. Cum van diéu khién 12 cum van phan phéi ty 1é theo tin hiéu dién diéu khién tai cac
van giam 4p. Cum van nay nhén tin hiéu diéu khién & dang 4p suit tir tay diéu khién dién trén bang
diéu khién. Tuy thudc vao bién do gat tay diéu khién, van sé mé 16n hay nho d€ diéu tiét luu luong
dau, thay ddi toc do dich chuyén céac xy lanh cong tac, gitp san cong tic di chuyén nhanh hay cham
mot cach ém ai.

Co ciu chip hanh bao gom céc xy lanh ning ha d€ niang ha toan bd san cong tic, Xy lanh thay d6i
tam vSi nam bén trong, doc than san cdng tic, gitip vuon san cdng tic ra sat guong him hoic thu lai
gon gang.

/1

Xy lanh
nang ha

Xy lanh
thay ddi tam veoi
Hinh 2. Hé théng thily Iuc din dong san cong tic
1. Van gidm 4p; 2. Van phan phdi chinh; 3. Bom diéu khién; 4. Bom thiiy luc chinh

Mot sb gi thiét c6 thé chdp nhan dudc khi nghién ctiu dong luc hoc hé thdng thiy luc dan dong
san cong tac tich hop 1én may khoan him DT621 nhu sau: - Ap sudt duong hodi khong doi, gia tri
khong 16n so véi ap suét hé thdng c6 thé coi nhu bang khong; - Cac gia tri dd nhét va mo dun dan
hdi khong thay ddi trong qué trinh 1am viéc, khong xét dén anh hudng clia yéu tb nhiét do; - Hé sb
luu lugng 12 khong d6i tai cdc clia cong tdc ctia van phan phdi, van giam 4p; - Cac luc thiy dong tic
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dung 1én cic con trudt diéu khién dudc coi 1a nhd, c6 thé bd qua; - B qua ro ri chét 16ng cong tic qua
cac khe hé hudéng kinh clia cic con trugt, bom va xy lanh cong tac. - Tinh chiu nén ctia dau trong cic
khoang diéu khién ctia van phan phéi chinh c6 thé bé qua do thé tich khoang mit dau nhé.

Nghién ctiu dudc thuc hién trén c¢o sd xay dung mo hinh dong luc hoc trong moi truGng da vat ly
LMS Amesim [9—11] d€ tinh todn mo phong theo thdi gian cic thong s6 dong luc hoc. M6 hinh dugc
xdy dung trén co s3 mo phong cdc dic tinh cd — thily luc clia tiing phan ti, gan véi cac phuong trinh
dong hoc, dong luc hoc phan dnh chinh xdc qud trinh bién ddi dong luc hoc trong hé thong.

Hinh 3, 4 m6 hinh md phéng cum bom — dong co dan dong va cum pit tdng servo diéu khién bom.
Céc phuong trinh mo ta dong luc hoc phan tif va hé thdng thiy luc din dong va diéu khién bao gdm
cc phuong trinh vé Iuu lugng, 4p suét, dich chuyén [12-15].

zi: 1 i \|
< 7
¢;T\
A
Ifi\l
p W
Hinh 3. Cum bom pit tong hudng truc dia nghiéng Hinh 4. Cum pit tong servo diéu khién bom

1. Ap suét diéu khién; 2. Ap suit bom

Luu lugng bom pit tong huéng truc dia nghiéng c6 diéu chinh luu luong ctia may khoan him

DT621 dudc tinh theo cdng thic sau:
qp

Op = Wy (1)
Ymax

trong d6 g, 1a thé tich dic trung clia bom (cc/rad); Ymax 12 goc quay 16n nhat clia dia nghiéng (do); w
12 van tbc goc ciia truc bom (rad/s); y 1a géc quay tiic thdi ctia dia nghiéng bom (do).

Su dich chuyén ctia pit tong servo va géc quay ciia dia nghiéng c6 méi lién hé nhu sau:
Ymax — Y
- ()
trong d6 y 1a toa do xac dinh vi tri clia pit tong servo (mm); ymax 12 gid tri 16n nhét ca y (mm); R 12
ban kinh dia nghiéng ctia bom (mm).

Trén Hinh 5 thé hién md hinh mo6 phdng van bu ap (van PC) vdi lién két phan hdi co khi d&€ ddm
bdo theo ddi su dich chuyén clia con trudt van khi dp suét diéu khién thay déi. Van b dp dudc cai dit
d€ diéu chinh cong suit bom ddp dng nhu cau cong suét cho hé thong.

v = arctg

U I = = = —) gessen
AL { Fomsd?
EI' =, 15 TN e
el Dl A A %

Hinh 5. M6 hinh van bu 4p véi tin hiéu phan hoi co khi
1, 2. Ap suit bom; 3, 4. Ap suit ndi van LS; 5. Ap suét dudng hoi

Phuong trinh chuyén dong cda con trugt van PC:

d*x dx
pc pc
msp—pc? + fr—pc? + Csp—pcXsp—pc + POsp—pc + Rdy—pc = (pp - pt)ch 3)
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trong d6 mg,—p. 1a khdi lugng con trugt van bu ap (kg); kfr—pe 1a hé s& ma st uét 6 khe hé hudng
kinh ctia con trugt van bu ap; ¢sp—pc 1a dO cling quy doi ctia 10 xo van PC (N/m); Rgy—pc 12 luc thity
dong khi con trugt van PC di chuyén (N); p, 1 dp suit dudng hdi van PC (N/m?); p, 1a dp suit bom;
Fpela tiét dién mit dau cta van PC (mz); Xsp—pe la dich chuyén cta con trudt van PC (m); Xpe ladich
chuyén ctia van PC.

Hinh 6. M6 hinh cum van diéu khién linh hoat tai
1, 2. Ap suét bom; 3, 4. Ap suit diéu khién bom; 5. Ap suit ndi van PC; 6. Ap suit LS

Luc tac dung cua 16 xo van PC dugc xac dinh bédi vi tri cda pit tdng servo hay vi tri cia dia
nghiéng:
Xsp—pc = Xpc — Y 4
Trén Hinh 6 thé hién md hinh md phdng van linh hoat theo tdi (van LS). Van LS dong vai tro 1a
cum van tiép nhan tin hiéu tai phan hoi dé€ diéu khién luu lugng bom theo nhu ciu ctia hé thong.
Phuong trinh chuyén dong cla con trugt van LS:

d*x; dx;
TZS + kfr—ls_s + Csp—IsXis + POsp—ls + Rdy—ls = (pp - pls)Fls (5)

dt
trong do6 my,_;s l1a khdi lugng con trudt van LS (kg); kfr—is 1a hé s6 ma sit u6t & khe hd hudng kinh
cuia con trudt van LS; cg,;s 12 dd cling ctia 10 xo van LS (N/m); Po,—ss 1a luc cai ddt ban dau cia 1o
xo0 van LS (N); Rgy—;s 12 Ivc thiy dong khi con trugt van LS di chuyén (N); py, la dp suat diéu khién
LS (N/m?); Fq 1a tiét dién mit dau ctia van LS; x; 1a dich chuyén ctia con trugt van LS (m).
Phuong trinh luu lugng vao cac pit tong servo:

Msp—Is

d Ve d
ch = Fcl_y + d . Pel
dt  Beom dt ©6)
Q - F ﬂ + Vc2 dPCZ
22Ut T Begn dt

trong d6 Fe1, Fer 12 tiét dién cdc mit du cia pit tong servo (m?); V.1, Ve 1a thé tich céc xy lanh
Servo (m3); Beom 12 md dun dan hoi dau thiy luc (N/mz); Pel» Pe2 12 dp sudt dau trong céc xy lanh
didu khién bom (N/m?); QO.1, Qe 1a luu luong cip vao cic khoang clia pit tdng servo (m’/s).

O trang thai 1am viéc binh thuong, do dic diém két cu va nguyén ly lam viéc ctia van PC, gid tri
4p suit sau van PC p, #—pc Nhan hai gid tri 1a p, hodc p,, phu thudc vao gia tri dich chuyén x,p_p. Vi
vay gia tri O, dudc xac dinh nhu sau:

Qc2 = Qin—ls + Qout—ls khi Paf-pc = Pp

. (7)
Oc2 = Qin-is — Qour-15s khi Paf-pc = Dt
Phuong trinh chuyén dong clia dia nghiéng bom va pit tdng servo:
&y dy
mc-ﬁ + kfr—c-E + (Csp—cl + Csp—pc)-y + Csp—pc-Xpc + POsp—pc =pea-Feo - pp-Fcl (8)
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trong d6 m. + me = m, 12 khoi lugng cta céc pit tong diéu khién (kg); kfr—c1 + kfr—c2 = kgr—c 12 hé
s6 ma sdt udt gitta pit tong va v xy lanh servo; ¢, 12 d cting ctia 10 xo trong xy lanh diéu khién
1 (N/m); Pogp—c1 1a luc cai ddt ban dau ctia 10 xo trong xy lanh diéu khién 1 (N).

_Lfl

Hinh 7. M6 hinh van giam 4p diéu khién dién cho mach thiiy luc chinh

Trén Hinh 7 thé hién mo hinh md phdng van giam 4p diéu khién dién cho mach thiy luc chinh.
Van giam 4p diéu khién dién 12 van giam 4p diéu khién gidn tiép hai cAp, tin hiéu diéu khién van 12
tin hiéu dién. M6 hinh dong Ivc hoc clia van gidm 4p dién ty 1é dugc bi€u dién qua cdc phuong trinh
clia tiing phan td riéng 1é gdbm van phu diéu khién dién va van chinh diéu khién thiy luc [16].

Phuong trinh chuyén dong ctia con trugt van phu:

—s * Psp—re =Py 9)

trong d6 m,, 12 khdi luong phan ti cong tic (kg); X, 12 dich chuyén ctia phan tii cong tic (m); P, 1a
luc dién tot (N); Py, 12 luc dan hdi ctia 16 xo van phu (N).
Lyc dién tu:
P =kii (10)

trong d6 i 1a cudng do dong dién trong cudn day diéu khién (A); k; 12 hé sb stic dién dong (N/A).
Luc dan hoi cda 10 xo:
Psp—re = Csp—re-Xre (11)

trong do ¢, 12 0 ciing 10 xo van phu (N/m).
O trang thai can bang, 4p suét truSc van phu bang 4p suét sau van giam ap p,3, luc do 4p suét nay
sinh ra cn bang véi luc dan hdi ctia 10 xo phu, do dé:

pr3-Fr3 =kii (12)

trong d6 p,3 12 dp sut phia trudc van phu ctia van gidm dp (N/m?); F,3 1a tiét dién tic dung cta van
phu van giam ap (m?).

Khi van phu mé, dong dau & ctia ra clia van giam dp di qua van tiét luu, sau d6 qua van phu vé
thing. Con trudt chinh dich chuyén mot khodng x,, 1am déng bét clia van chinh dé gidm bét 4p suét
clia ra.
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Luu lugng di qua van phu dudc xac dinh nhu sau:

dx’
e—r = F7.— _r 13
0 di + Om (13)

Luu lugng di qua than con trugt chinh cua van giam ap:

2( r2 — r)
Oth-r = Hth—r-S th-r- \f% (14)

trong d6 S ;,_, 12 tiét dién 16 trong than van chinh ctia van giam ap (m?); p 1a khdi luong riéng ctia diu
thity Iuc; p,o 1a dp suit & ctia ra van giam 4p diéu khién.
Phuong trinh luu Iugng qua van chinh cia van giam ap:

3k * k 3k 2 .
o, = /Jr-ﬂ'-dr-xr- 4 ’l_) |pr1 — prol.sign(pr — pr2) (15)

trong d6 d; 1a dudng kinh con trugt chinh clia van gidm ap (m); p,1 1a ap suit cAp béi bom diéu khién
(N/m?).

Trén Hinh 8 thé hién md hinh mo6 phdéng van phén phdi chinh, trong d6 4p suét diéu khién dugc
cAp vao diéu khién su dich chuyén ctia con trugt chinh, mé ctia diu cho dong dau chinh di qua. Hinh 9
thé hién mo hinh mé phéng cum van diéu khién luu lugng va van trich LS ctia van phan phdi chinh.
Cum van nay déng vai tro gitt cho luu lugng qua van phan phéi chinh ty 1¢ thuan véi dich chuyén ctia
con trudt, dong thdi tao 4p suat diéu khién LS ty 18 véi dp suit tai. Phuong trinh luu lugng diéu khién
van phan phéi chinh:

- F dxsp " v, .dprZ

0 =F dt  Beom dt (16)
e e (TELLL
ol S O B e |
b A RNO% AN LN
1 2 3 7 8

Hinh 8. M6 hinh van phan phdi chinh
1, 8. Ap suét diéu khién; 2, 7. Ap suit bom; 3, 6. Ap suit cip vao xy lanh; 4, 5. Ap suit hoi

Phuong trinh Iuu lugng chit 16ng cong tac qua van phan phdi chinh:

f 2 .
Qsp = /Jsp-ﬂ"dsp-xsp ; |paf—f - Plo’-s’gn(Paf—f = Plo) (17)

trong do 1, 1a hé s luu lugng; d), 12 dudng kinh ctia con trugt van (m); p,s— s 1a dp suét sau van diéu
khién Iuu lugng (N/m?); pj, 12 dp suéit trong xy lanh cong tic (N/m?).
Luu lugng di vao cac khoang xy lanh cdng tac:

dspi ch dpcy
oy + .
dt Beom dt
ds i V,‘ dp i
o Wi Ypi 4Pp
Opi = Fpi dt  Beoyn df
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trong d6 pe, 12 dp sult trong khoang xy lanh clia xy lanh thay luc (N/m?); ppi 1a dp suét trong khoang
cén cta xy lanh cong tac (N/m?); spi 12 dich chuyén cla pit tong xy lanh cong tac (m); F, 1a tiét dién
khoang xy lanh (mz); Fpila tiét dién khoang can (mz); Vey la thé tich khoang xy lanh (m3); Vi la
thé tich khoang cén (m3); QOcy la luu lugng dau vao khoang xy lanh (m3 /9); Qpi 1a luu lugng dau vao
khoang can (m3/s).

Hinh 9. M6 hinh cum van diéu khién luu lugng va van trich LS
1, 2. Ap suét bom; 3, 4. Ap suit dén van phan phdi

MO hinh tinh todn xy lanh cong tac, hé phuong trinh bi€u dién dong luc hoc xy lanh cong tac.

dzsp,-
Fcyi _mpi-W _Ffri =F;
dsp;
Ff”' = F()fr. Sign(d—;n) (19)
dZSPi
Fi—Fp = M mod i~

trong d6 F.y; 12 luc do ap sult dau thly lyc sinh ra; F; 1a luc ddy cla cdc xy lanh cong tac; Fy; 1a luc
do céc tai trong ngoai tac dong 1én cdc co cau quy din vé xy lanh cong tic; m moq; 12 khdi luong quy
dan vé cic xy lanh cong tic; F i 12 Iuc ma sat trong ctia xy lanh; m,,; 1a khéi luong pit tong.
3. Khao sat anh huédng ctia cac thong s6 két ciu va 1am viéc dén dong luc hoc hé thong

Cic thong s6 diu vao phuc vu nghién cifu dong luc hoc hé théng din dong va diéu khién san cong
tac tich hgp 1én mdy khoan haim DT621. Trong d6, bao gom céc thong sb két chu va lam viéc cla co
chu chip hanh dudc cho trong Bang 1, ctia hé thdng thiy luc din dong va diéu khién dudc cho trong
Bang 2.

O nghién ctiu nay, bai bao tip trung vao nghién citu cdc qua trinh déng luc hoc nang ha san ning,
khi tich hop hé thdng thiy luc din dong va diéu khién san cong tic vao hé thoéng thiy luc chung toan
may. Cu thé, nghién cifu dudc thuc hién d€ danh gia anh hudng ctia tin hiéu dién diéu khién dén qua
trinh 1am viéc clia Xy lanh nang va thay ddi tAm vé6i san cong tic va anh hudng cilia tai cing chiéu
trong qu4 trinh ha san cong tac. Tir d6, dua ra dudc nhitng ddnh gid va khuyén nghi phi hop cho qua
trinh thiét ké hé thong din dong va diéu khién, ciing nhu van hanh khai thac san cong tac.

O trudng hop thit nhit, nghién citu anh hudng cta tin hiéu dién diéu khién dén hoat dong ctia hé
théng thiy luc nang va thay d6i tam véi san cong tac:

Tit cac Hinh 10 va 11, khi tin hiéu dién diéu khién cang 16n thi ap suét diéu khién ciing cang 16n,
quy luét bién thién cta tin hiéu dién diéu khién va dp suit diéu khién c6 su thay d6i tuong dng. Diéu
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Bang 1. Thong s6 két ciu va lam viéc clia ¢ cAu chip hanh

Thong sb Gid tri
Luc nang san cdng tic yéu cau, N 6.000
Luc vuon san cong tic yéu cau, N 4.000
buong kinh xy lanh niang, mm 40
Puong kinh can xy lanh ning, mm 30
Hanh trinh xy lanh nang, m 2,0
Puong kinh xy lanh thay d&i tAm v6i, mm 40
Pudng kinh can xy lanh thay ddi tAm véi, mm 30
Hanh trinh xy lanh thay d&i tam v6i, m 1,5

Bang 2. Thong s6 két ciu va lam viéc ctia hé thong thity luc din dong va diéu khién

Thong s6 Gia tri
Lutu lugng riéng bom chinh, cm? /rev 110
Luu lugng riéng bom diéu khién, cm? /rev 60
Toc dd quay ctia bom, r/min 1.500
Puong kinh con trugt van LS, mm 10
DPudng kinh 16 van LS, mm 3
Ap sut 1am viéc 16n nhit ctia hé théng, bar 250
Ap suét diéu khién 16n nhét, bar 50
Khéi lugng con trudt van LS, kg 0,01
buong kinh con trugt van PC, mm 10
Puong kinh 16 van PC, mm 3
Khéi lugng con trugt van PC, kg 0,01
Khéi lugng pit tong servo, kg 0,5
Puong kinh con trugt van phan phdi chinh, mm 25
Hanh trinh md cda con trugt, mm 20
Khdi lugng con trudt chinh, kg 3
Puong kinh con trugt chinh van gidm ap, mm 10
Tin hiéu dién diéu khién 16n nhat, mA 800

nay phan anh sy chinh xdc ctia md hinh nghién ctiu dbi v6i hé théng dién diéu khién thiy luc. Dong
thoi, tif cdc Hinh 12, 13 ¢6 thé nhan thiy, & miic tin hiéu diéu khién cao 600 mA hay 800 mA, tifc 12
4p suét diéu khién 16n, hé thdng c6 su dao dong 16n vé dp suat (xung ap suit 1én dén hon 200 bar) va
luu lugng (xung Iuu luong 1én dén 170 L/ph). Dic biét tai miic tin hiéu diéu khién 800 mA, mic do
dao dong 4p sudt 1a rat 16n. Diéu nay sé dan dén su hoat dong thiéu 6n dinh ctia hé thdng va vé 1au dai
s& anh huéng dén do bén ctia hé thdng thiy luc. Con khi hoat dong & miic tin hiéu thip 100, 200 mA
hé théng hoat dong co ban 6n dinh ¢4 vé luu lugng va dp suit, chi xuit hién mot xung ap sudt tai thoi
diém dau do 4anh hudng ctia luc quan tinh.

Do d6, trong qua trinh ning san cong tac nén d€ tin hiéu dién diéu khién t6i da 200 mA d€ dam
b4o su 1am viéc &n dinh ctia hé thdng, tranh cic dao dong ap suit va luu lugng khong mong mudn,
lam 4nh hudng dén chat luong diéu khién, ciing nhu d6 bén hé théng.

O trudng hop thi hai, nghién citu anh hudng cla tii ciing chidu trong qua trinh ha san cong tic,
thé hién trén cac Hinh 14, 15, 16. Cu thé, & cc miic tin hiéu diéu khién 100, 200, 600, 800 mA, luu
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— Tin hiéu diéu khi€n 100 mA
===Tin hiéu diéu khién 200 mA

++= Tin hiéu diéu khién 600 mA
=++=Tin hiéu diéu khi€n 800 mA

X: Time [s]

Hinh 10. Tin hiéu dién diéu khién

[bar]
300

— Ap sudt xy lanh_100mA [bar]
- == Ap sudt xy lanh_200 mA [bar]

Ap suat xy lanh_600mA [bar]
== Ap suét xy lanh_800 mA [bar]

X: Time [s]

Hinh 12. Ap suét khoang xy lanh ctia xy lanh nang ha

san cong tac

[L/min]

— Luu lugng xy lanh_100 mA [L/min]
=== Luu lugng xy lanh_200 mA [L/min]

** Luu legng xy lanh_600 mA [L/min]
=++= Luu lugng xy lanh_800 mA [L/min]

Hinh 14. Luu lugng xy lanh khi ha

[bar]
60
50 - Seemeimeimeimesm b mermesmbimet et et m s mssim s msim s m st s s m e mesmend
i
i
40 i
i
30 - i — Ap suét digu khién_100mA [bar]
: - -+ Ap suét digu khién_200mA [bar]
204 ,:' Ap suat digu khién_600mA [bar]
1 == Ap suét digu khién_800mA [bar]
e e e e e e R
10 I I/
1
0 T T T T 1
0 1 2 3 4 5
X: Time [s]

Hinh 11. Ap suét diéu khién van phan phdi chinh &
cac muc tin hiéu diéu khién khac nhau

[L/min]

g

= Luu lugng xy lanh_100 mA [L/min]
=== Luu lugng xy lanh_200 mA [L/min]

** Luu lugng xy lanh_600 mA [L/min]
=+ Luru luwgng xy lanh_800 mA [L/min]

o

Hinh 13.

Luu lugng cip vao khoang xy lanh

— Van tdc ha_100 mA [m/s]
=== Van téc ha_200 mA [m/s]
----- Van téc ha_600 mA [m/s]
=++=Van tdc ha_800 mA [m/s]

X: Time [s]

Hinh 15. Van toc ha san cong tic

lugng cAp vao xy lanh nang ha va van tdc ha san cong tac déu rat 16n (luu lugng trén 75 1/ph va van
toc trén 2,2 m/s). Tir d6, gia téc va dap & cudi hanh trinh rit 16n, gay ra luc va dap anh hudng xau dén
qua trinh ha san cong tic. Do dé, viéc thay d6i tin hiéu dién diéu khién khong gidp cho qua trinh ha

san cong tac dién ra on dinh.

Diéu nay c6 thé giai thich 12 do viéc tich hop hé thong thiiy luc din dong va diéu khién san cong
tac vao ngudn thiy luc cia mdy c6 luu luong rat 16n. Vi vy, hé thdng thiy luc dan dong va diéu khién
san cong tac can bd sung cdc van thiy luc dé diéu chinh gidm luu lugng ngudn cip hoidc van thiy luc

hd trd cho qua trinh ha san cong tac.
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[m/s/s]

x103
0.2

0.0 —e=

4
e e

-0.2 -

— Gia téc ha_100 mA [m/s/s]
==+ Gia téc ha_200 mA [m/s/s]

_600_mA [m/s/s]
=+~ Gia téc ha_800 mA [m/s/s]

-0.4 -

-0.6 - -+ Gia toc ha

-0.8

-1.0

1.2

-14 T T T T 1
0 1 2 3 4 5

X: Time [s]
Hinh 16. Gia tdc ha san cong tac

4. Két luan

Véi viée tich hgp hé théng thiy luc din dong va diéu khién san cong tic vao hé théng thiy luc
chung ctia may khoan ham, bai b4o da xy dung dudc mo hinh dong luc hoc ctia hé théng din dong
san cong tac, thiét 1ap phuong trinh todn vA mo6 hinh md phéng hé théng. Tir d6, cdc dic tinh dong luc
hoc ctia thiét bi dudc nghién citu va khao sit d& dua ra cic ddnh gid, khio sat cu thé.

Nghién ctiu cic qud trinh ning san cong tac, thay ddi tim véi va qua trinh ha san cong tac da gitp
dénh gid dugc cic thong sé dong luc hoc clia hé thdng theo tin hiéu diéu khién. Viéc giam tin hiéu
diéu khién (< 200 mA) gidp cho qué trinh ning va thay d6i tim véi san cong tac dién ra 6n dinh, tuy
nhién diéu nay khong c6 nhiéu y nghia d6i véi qu4 trinh ha san cdng tic, van toc ha san cong tic van
rat 16n, giy ra cac xung va dap khong mong mudn. Tir két qua nghién cifu nay cho thiy, phai can thiép
vao hé thong thiy luc dan dong san cong tac d€ dam bao qud trinh 1am viéc 6n dinh, bang viéc tich
hdp céc van han ché luu lugng ngudn cép tif may khoan ham hodc van thity luc gitip 6n dinh qua trinh
ha. K&t qua nghién ciiu clia bai bdo tiép tuc md ra cic hudng nghién ciiu d€ hoan thién hé théng din
dong va diéu khién san cong tic, ddm bio qud trinh tich hop hé thdng din dong va diéu khién san
cong tac lam viéc 6n dinh, hiéu qua.
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