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Tém tit

Trong qua trinh 13p dung can truc thap tiém 4n rat nhiéu yéu t6 c6 thé giy mat an toan lao dong, dic biét lién
quan t6i viéc diéu khién hé thng thity luc ctia cd ciu Iap dung khi giil tai va ha tai trong. Chinh vi vay viéc lua
chon phuong phép va ché do diéu khién hé thong thity luc niy phéi dudc xem xét cin thin trong qua trinh thiét
ké. Bai bdo gidi thiéu va phan tich dic diém lam viéc ctia cac hé thdng thity Iuc ctia co ciu l1ap dung can truc
thap. Sau d6 thiét 1ap co sd 1y thuyét xac dinh ché do diéu khién va phdi hop céc sic can thiy luc theo ngudn
4p sudt, van toc ha tai trong. Cudi ciing két qua nghién cifu ctia bai bao dudc thao luan va danh gid qua vi du
thit nghiém s6. Két qua clia bai bao da xay dung dudc cac cong thiic bang giai tich d€ tinh todn hé s6 diéu chinh
gitfa hai stic can thiy luc trong viéc Ia chon phuong phap va ché do diéu chinh hé théng dua trén mé hinh tinh
todn tong quat. Nghién cttu nay dp dung cho viéc thiét ké co cau lap dung can truc thap va cac thiét bi nang
tuong tu trong.

Tir khod: van ap sudt; van tiét luu; diéu khién van tdc; can truc thap; hé th6ng thay luc.

SELECTING CONTROL METHOD OF HYDRAULIC RESISTANCES IN HYDRAULIC SYSTEM FOR
TOWER CRANE CLIMBING MECHANISM

Abstract

In the process of tower crane installation, many unpredictable factors may cause occupational accidents, espe-
cially associated with the control of the hydraulic system of the tower crane climbing mechanism while loading
and lowering the load. Therefore, the selection of control method and control mode for this hydraulic system
must be carefully considered during the design process. This paper presents and analyzes the working char-
acteristics of hydraulic systems of tower crane climbing mechanism. Then theoretical basis for such hydraulic
systems was established to determine the control mode and coordination of hydraulic resistances according
to the pressure source, lowering speed. Finally, the research results in this paper are discussed and evaluated
through numerical simulation. The results of the paper have formulated analytic formulas to calculate the ad-
justment coefficient between the two hydraulic resistances in selecting the method and system adjustment mode
based on the general calculation model. This study is applied for the design of tower crane climbing mechanisms
and similar lifting equipment.
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1. Giéi thiéu

Can truc thdp dugc st dung rat phd bién trong xay dung cong trinh cao tang, viéc thay ddi chiéu
cao than thap thudng biang cach st dung co ciu lip dung. Phd thong nhit 13 ngudi ta sit dung cic
xy-lanh thity Iuc kich nang, ha phan bén trén can truc dé thdo hay lap cic d6t thap (Hinh 1). Trong
qua trinh 1ip dung tiém 4n rt nhidu yéu td c6 thé gy mét an toan lao dong [1], dic biét lién quan téi
viéc diéu chinh cic co cAu thity Ivc khi giif tai va ha tai trong.

1- Than thap; 2- VAu ty; 3- Don ty; 4- Xy-lanh thiy luc; 5- Poan thp; 6- Poan thap lap dung; 7- Khung nang;
8- Ban quay; 9- Can mang dbi trong; 10- Pinh thap; 11- Can.

Hinh 1. So d6 nguyén Iy co ciu lap dung can truc thap

Nghién cifu trong [2—4] cung cip cd s6 ly thuyét tinh todn gid tri tai trong néi chung, tai trong
tac dung tlf ban quay tdi 1ong 1ap dung va két cAu than thap, gid tri tai trong ding cho nhiéu bai toan
khéc nhau nhu tinh todn hé thong thiy luc, than thip, neo giang thdp, tinh méng mdy. Cic tic gia
trong [5] néu vin dé diéu khién 6n dinh van tdc xy-lanh thity Iuc, phan tich mot sé nguyén nhan 1am
mét 6n dinh van téc dong co thiy luc, gidi thiéu mot s6 so d6 diéu khién st dung phdi hdp siic can
thity luc va van diéu chinh 4p suét cho mach thity luc chuyén dong tinh tién. [6, 7] nghién ctu mo
hinh céc phan td thiy luc c6 k€ dén t6n thit luu lugng, do cing dau thiy luc va sit dung phan mém
FESTO FLUIDSIM hoic AMESIM dé m6 phong mach thiy Iuc don gian cta thiét bi nang, nghién
ctiu nay 1a co s& dé tdi uu héa cc thong sd hé thdng thiy luc. Cic tac gia trong [8] nghién ctiu hé
dién - thiy luc d€ diéu khién tdc do dong co thiy luc véi bom béanh ring va st dung mdy tinh diéu
khién cling bo chuyén ddi A/D, van ty 1€, cdc cdm bién 4p suét va vi tri. C4c nghién cifu trong [9—13]
cung cip cic co s6 ly thuyét chung vé diéu khién hé truyén dong thiy luc, nghién ciiu trong [14, 15]
tinh toan céc thong sb co ban hé truyén dong thdy tinh ctia mdy, phuong phdp tinh toan hiéu suit hé
truyén dong thiy luc. Nhu véy lién quan tinh toan diéu khién hé thdng thity Iuc cho co ciu lip dung
can truc thap va céc thiét bi nAng tuong tu & Viét Nam va trén thé gi6i, chli yéu lién quan t6i tai trong
thiét k&, phuong phap diéu khién van tdc dong co thiy luc, tinh todn cic thong sb co ban. Diéu khién
dong co thiy luc st dung céc phan ti thiiy luc nhu van servo, van ti 1& ¢6 nhiéu vu diém, thich hop
cho diéu khién tu dong, tuy nhién khong phi hop cho tit ca céc ting dung [8—13]. Mot phuong phap
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don gian d€ diéu chinh tbc do xy-lanh thity luc 13 st dung sic can thdy luc dit vao hé thong dudng
ong [5, 9-13]. P6i véi hé thdng thiy luc cla co cAu 1dp dung cin truc thap 1a ludn chiu tai trong mot
chiéu khi 1am viéc thi vin dé dit ra 12 phai an toan va dic biét téc dd ha phai dugc khdng ché.

Trong bai bdo nay sé chi dan va phan tich cic phuong 4n st dung stic can thiy Iuc gidi han la
cdc van tiét luu 13p trén dudng dng d€ khdng ché van toc va mo phong nguyén ly bang phan mém
AUTOMATION STUDIO 6.0 (AS6.0) [16]. Sau d6 thiét 1ap co s& 1y luan vé mit Iy thuyét, thit nghiém
bing s6 d€ xdc dinh ché do diéu khién va hé sé diéu chinh cac sic can theo dp suit nguodn, van toc
ha tai trong ma c6 ké dén ca do ciing ctia dau qua hé s6 tich lily ctia dau thiy luc. Nghién ctiu nay ap
dung cho thiét ké co ciu 13p dung cin truc thap va cac thiét bi tuong tu.

2. Diéu khién xy-lanh thiy luc cong tac trong co cAu lap dung can truc thap

Dé ddp ting cic yéu cau ciia d6i tuong cong tac thi viéc diéu khién téc do xy-lanh thiy luc c6 y
nghia rat quan trong. Trong co cAu lap dung can truc thap, van toc xy-lanh thiy luc phai phu hop ca
khi nang t4i va khi ha tai. Dic biét do tinh chét chiu tii trong 1 chiéu, & qua trinh ha, hé thong thiy
luc can déng vai tro 12 gilt va ham chuyén dong, c6 co cAu dé phong tut 4p suat khi 1am viéc. St dung
bom thiiy luc ¢6 diéu khién mic du dat hiéu suit cao, tuy nhién khé diéu chinh chinh xac toc d6 néu
diéu khién bang tay va chi phi diu tu 16n. Phuong phap phd bién va don gian 1a b tri céc stic can
thiy luc trén dudng 6ng, diéu chinh luu lugng thong qua diéu chinh dién tich cac khe hep. Trong hé
théng thiy Iuc ctia cd cAu lap dung cin truc thp céc stic can thiy luc ngoai viéc diéu chinh luu lugng
con bd sung thém tinh ning an toan cuing v6i van chdng roi tai (van ddi tai). Tuy nhién khi st dung
cdc stic can thly luc sé giy tdn thit ning luong & chiéu chuyén dong khong mong mubn, gidi phip
dé giai quyét van dé 1a st dung van tiét luu va van 1 chiéu mic song song. Dua vao cdc nghién ciiu
[1, 5, 9-13], ho so k§ thuat mdy va dic diém co cu 1ip dung can truc thap, bai bdo chi din 4 so d6
nhu Hinh 2.

Ham chuyén dong biang cach st dung sic can thiy luc chi 1ip 1 dau duong 6ng clia xy-lanh
(Hinh 2(a)), do cach bb tri van 1 chiéu, diu tit bom thdy luc t6i truc tiép xy-lanh. Van téc qua trinh
nang tai (khi dudi xy-lanh) dugc tinh todn tir viéc Iva chon bom thity Ivc phi hdp, qué trinh ha tai phu
thudc ché do diéu khién stic can thiy luc. Su 1o ri ctia bom phu thudc tai trong, phuong an niy van toc
xy-lanh thily luc 1a phu thudc tii trong tic dung. Him chuyén dong bang cich st dung stc can thiy
luc chi lap 1 dau duong 6ng clia xy-lanh phdi hop v6i van diéu chinh ap suét (Hinh 2(b)), phuong an
nay cho van t¢ &n dinh nhung phtc tap hon phuong 4n trén Hinh 2(a).

Ham chuyén dong bang cach st dung stic can thiy luc 1ap 2 dau dudng dng ciia xy-lanh (Hinh 2(c)),
van tdc qua trinh nang tai (khi dudi xy-lanh) cling dudc tinh toan ti viéc Iya chon bom thily luc phu
hop. Qud trinh ha tii phu thudc ché do diéu khién phdi hop cac siic can thity luc c4 hai nhanh. Giita
bom va xy-lanh thiy luc ton tai stic can thdy luc ngin cdch, phuong dn nay véan tc xy-lanh thiy luc
1a phu thuoc tai trong tac dung. Him chuyén dong bing céch st dung stic can thiy luc 1dp 2 dau ctia
xy-lanh két hop vé6i van diéu chinh 4p suit (Hinh 2(d)), phuong 4n ndy cho van tdc 6n dinh nhung
phuc tap hon phuong an Hinh 2(c).

Céac phuong phép dit stic can thiy luc trén dudng dng dé€ diéu khién, ham chuyén dong xy-lanh
thiy luc déu can bd tri trén dau khong c6 can ctia xy-lanh, n6 bd sung thém tinh ning an toan cing
v6i van chdng roi tii. VAn toc ctia xy-lanh thiy luc khi ha dugc xac 1ap phu thudc vao su phdi hop va
diéu chinh céc stic can thiy luc theo dp suét, luu lugng ngudn thity luc. Khi tii trong tic dung vao
xy-lanh trong giai doan chuyén dong &n dinh xem 1 it bién ddi, thi rd rang luu lugng qua cic stic can
thiy luc ciing gan nhu khong d6i, luu lugng phu thudc chii yéu vao dién tich khe hep.
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(a) Him chuyén dong bing sit dung sifc (b) Ham chuyén dong bing st dung stic can thiy
can thity luc chi 1ip 1 dau ctia xy-lanh Iyt chi 1dp 1 d4u ctia xy-lanh phdi hop véi van
diéu chinh 4p suit

(c) Ham chuyén dong bing sit (d) Ham chuyén dong bing sit dung stic can thiy
dung sifc can thiy lyc 1ap 2 dau luc 1ap 2 du ciia xy-lanh phéi hop véi van didu
cta xy-lanh chinh 4p suét

Hinh 2. So d6 hé thdng thiy luc co ciu ldp dung can truc thdp trén phan mém AS6.0

3. Diéu khién cic sitc can thiy lue
3.1. M6 hinh tinh todn

MO hinh tinh todn hé théng thiy Iuc co cAu l3p dung can truc thap xay dung dua trén cic gia thiét:
bé qua tdn thit Iuu lugng hé dudng 6ng, su ro gi dau; bé qua ma sét trong hé thiy luc; stic can thiy luc
trén dong chi tinh chii yéu do van tiét luu tao ra; d6 dan hdi dau chi xem xét thé tich dau trong xy-lanh
va dudng dng ndi véi van tiét luu; trong giai doan chuyén dong khong 6n dinh thi phan dau thap, can,
can mang dbi trong, ban quay (hinh 1) coi la chuyén dong thang bién ddi déu; cac luc (gdm: lvc diing,
luc ngang, md men, ma sit) tic dung dudc quy ddi vé luc thang ding 3 F tac dung vao xy-lanh thiy
luc c6 bién ddi 1a khong dang ké, dugc coi nhu hing s6 khi tinh toan; Iuu lugng ctia ngudn thiy luc 1a
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it thay ddi. Tir cdc gia thiét trén mo hinh tinh todn hé thdng thiy luc dang mach RC t6ng quat ctia hé
th6ng thiy luc co ciu lap dung can truc trong nghién cifu nay cho nhu Hinh 3, trong d6 R 1a dién trg
dic trung cho céc stdc can thiy luc, C 1a tu dic trung cho su tich phéng dau thiy luc.

A

(a) So db tinh todn qua trinh (b) So do tinh toan qu4 trinh
nang tai trong ha tai trong

Hinh 3. Mb hinh tinh toan mach thiy Iuc co ciu ldp dung cin truc thap

Xét qud trinh nang tai (Hinh 3(a)), diu dudgc dua vao budng khong c6 can d€ dudi xy-lanh. Theo
cac gia thiét, cic phudng trinh can bing luc va luu lugng trén dau vao nhu sau:

P1nA1 — ponAz = ma, + 3 F (1)
d 1%

02 = Qvit + Qcnn + Ok = Ay +Ci 22, ¢y = 220 0pr =0 (2)
dt E

trong d6 pi, 14 4p sult trong budng xy-lanh & dau khong c6 cén trong qud trinh ning tai; p,, 12 dp
suit trong budng xy-lanh ndi véi dau hdi; m 1a khdi lugng phan dau thdp, can, cin mang ddi trong,
ban quay, dot thap, ...; 3. F 1a luc thing diing quy ddi vé tac dung vao xy-lanh; O 1a Iuu lugng dau
dugc cung cap tif bom thiy luc; Ay, A, 1a dién tich pit tong; v, 14 van téc nang; a,, 1a gia téc chuyén
dong; Cy; 1a hé s tich iy cta dau; Vi, 1a thé tich dau trong xy-lanh va dudng dng; E 1a mo6 dun dan
hdi cia dau; Qg 1 lugng chét 16ng qua khe hep clia van an toan vé thung dau (néu c6).

Gia thiét cia md hinh tai trong . F coi nhu khong ddi, nén p1,, 1a khong di khi 1am viéc 6n dinh.
Bom thdy Iuc, mot s6 phan tii thiy luc, ... dp suit va luu lugng ngudn dudc chon, tinh ton tit phuong
trinh (1) va (2). Céc gid tri 4p suét va dudng kinh xy-lanh déu 1a céc thong sé dudc khuyén cdo theo
day tiéu chuin, nén c6 thé cho trudc mdt trong cac thong sb theo gid tri tiéu chuin va tim thong sb
con lai phuc vu bai todn xdc dinh ché do diéu khién céc stic can thiy luc khi ha tai.

Xét qua trinh ha tai trong (Hinh 3(b)), c4c phudng trinh cin bang luc va cin biang luu lugng diu
vao xy-lanh thdy lyc nhu sau:

DP1nA1 — panAr = may + ) F 3)

Ova=0r2—0c2; Orr =02-0r2 “4)
D2 dpon Vo

A= —=-C —_— Cr=—— 5

VA R h 2= (5)
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trong d6 pyy 1a 4p suét trong budng xy-lanh ndi véi dau hdi; pyy, 1 dp suét trong budng xy-lanh nbi
tif ngudn, néu khong c6 R, thi coi py, ~ pa; po 1a dp suét clia ngudn thiy luc; aj, 1a gia téc chuyén
dong khi ha; v;, 12 van tdc ha khi chuyén dong 6n dinh; C, 14 hé sb tich liy ctia dau; Vs, 1a thé tich
dau trong xy-lanh va dudng 6ng; R, 1a stic can thiy luc.

Quan hé gitta 4p suét va luu lugng khi chit 16ng chdy qua khe hep, cho trudng hop chay rdi theo
[9-13] 1a bac 2:

2g(p2 = pan)

Or2 = % = pAT2 (6)
2

trong d6 u 14 hé sb luu lugng; A7 14 dién tich khe hep gy siic can thity luc R»; y 12 trong ludng riéng
dau thiy luc; g 1a gia tc trong trudng.

Ap suit p, tit bom bi gidi han bdi van an toan, bom va xy-lanh bi ngin cich bdi siic can thiy luc
R». Do tinh chét chiu tai trong 1 chiéu ctia co cAu, nén gia tri pyy, rit nhd. Thay (6) vao (5) ta cé:

2gp>  Vopdpoy,
A = plg, |22 220D 7
viAz = uAr2 y T dr (N

Goi k 12 hé s6 diéu chinh su lam viéc gitta 2 stc can thiy luc R, va Ry:

_An

k= Ari ®)
Cudi cung ta tinh dugc van téc ha theo 4p suat va ché do diéu khién cdc stic can thiy luc tir (7)
khi bd qua poy:
Ay (|22
Vh = A—2 )]

Xét phuong trinh cin bang luu lugng trén diu hdi vé thing dau trong qua trinh ha tai trong

(Hinh 3(b)) va [9-13], ta c6 cac phuong trinh:
dpin | P Vin

= + ; Ai=Ci—+—; Ci=— 10

Qvi =Qci + Qris vuAr =C1— R, 1= % (10)

trong d6 C 1a hé s6 tich lily cla dau; Vi, 1a thé tich dau trong dudng 6ng va xy-lanh; R; 1a stic can

thay luc.
V6i chuyén dong thing bién ddi déu, thoi diém ban diu xét vy = 0, tif phuong trinh (3) va [9-13],

ta co:
a, = ﬁ m = _mi’ Q = & :ﬂA 2gp1h (11)
= dt A2’ ki Ry L vy

Thay céc du liéu tu (11) vao (10) tuong ty nhu trén, suy ra:

2gpu
A, [2gpu
Y r

Vi 1
A el L
E All‘2

Vi = (12)
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Tir céc cong thuc (9) va (12) suy ra:

28> 2
pkAry | B2 A, ([
Y _ Y
Ar

h

Vin 1
Ay em L
E A1t2

(13)

Khi 13p stic can thiy luc 1a van tiét luu chi trén 1 ddu dudng 6ng (Hinh 2(a) va 2(b)) ma khong
¢6 Ry, do 4p suét tlf ngudn bi gidi han bdi van an toan 1a khong d6i, po, ~ p, va luu luong tif ngudn
QOr20 = vpAz, dién tich khe hep cia suc can thiy luc R; 1a:

Vin 1
Ay +mn
QR20( L+m— Altz)

/2
Ao 8P1h
Y

Hé s6 diéu chinh siic can thiy luc & khi 1ap stic can thiy luc 1a van tiét Iuu trén 2 ddu dudng dng
(Hinh 2(c), 2(d)), suy ra tu (13):
A2 ~/Pin 1

Vi 1
Al +m—lh— \/]7_2
E A]t2

Qua cong thiic (15) ta thiy hé s6 diéu chinh siic can k = A7, /A7 phu thudc vao nhiéu yéu t6, néu
céc thong s6 clia xy-lanh va lugng dau trong xy-lanh 12 x4c dinh thi n6 sé ti 1& véi ti s6 ap sult p1y,/ps.
Gia tri plh phu thudc nhiéu vao tai trong ngoai tac dung xdc dinh tit (3), c6 thé khao st &nh hudng
clia 4p suit p; t6i cic thong s6 khac lién quan.

Ary =

(14)

k=

(15)

3.2. Khdo sdt va thit nghiém

Céc s6 liéu dAu vao dua trén sb liéu can truc thap c6 siic nang 16n nhét 16 tin tAm véi 70 m. Khoi
lugng bén trén gdm can mang dbi trong, dinh thap, dbi trong, cdc co cau, ... m = 58000 kg, luc ding
quy déi tdc dung vao can pit tong bao gdm ca luc ma sit trudt va ma sat lin khi lam viéc, 3 F =
700000 N. Van toc ddy ciia xy-lanh khi chuyén dong 6n dinh v, = 0,333 m/s. Céc s liéu cho trudc
clia xy-lanh tiéu chuin hing ATOS va hé thong thiy luc nhu Bang 1, thé tich diu trong xy-lanh va
duong dng 14y khi pit tong dudi hét hanh trinh 1,6 m.

Bang 1. Céc s6 liéu cho trudc ctia xy-lanh va hé thong thiy luc

TT A m») Ay(m®» Vi, Vi m®) Vym®) yNm®)  E(kgims®) p
1 0,02545 0,0159 0,018864 0,018864 0,0051 0,852><103 1,4><109 0,6

Chon gid tri gia tbc khi nang trong giai doan chuyén dong khong 6n dinh 1a a, = 0,11 m/s?, thay
vao (1) ta c6 dugc dp sudt dau py, = 27,76 x 10° N/m?. Tit phuong trinh (1) va (2), suy ra:

1%
(05 =1‘\1Vn—C11mAlnt2 (16)

Thoi gian chuyén dong khong dn dinh thiét ké ¢ = 3 s, thay sb vao phuong trinh trén tinh dugc luu
luong ngudn cAp can thiét &€ dam bao van tde nang 1a Q5 = 0,00847 m>/s. Chon ngudn thity luc cho
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c0 cAu nang day can truc thdp c6 luu lugng ngudn Q-, 4p suit 16n nhit ps max > pi, ddm bao du trit
cong sudt.

St dung phan mém Matlab 2016 hd trg tinh todn, khdo sit cc trudng hop st dung sic cin thiy
luc cho mot dAu va hai dau trong qua trinh ha tai trong.

N
g 510 : — 1010
= )
=N g
[N} Z. 8+
Q N
=3 = .
e — L
B2t =
g R
- 5 44+
s 1r @«
z ‘ | < | |
a0 2
<< 2 3 4 5 6 3 4 5 6 7
Ap suat plh(N/m2) <107 Dién tich stic can thay luc AT1(mm2);(3
(a) Anh hudng dp sudt ngudn thity luc t6i dp suit py, (b) Diéu chinh dién tich sifc can thiy luc theo 4p suét py,

Hinh 4. Diéu chinh siic can thiiy luc khi b tri & 1 diu xy-lanh

Hinh 4 12 két qua tht nghiém trudng hop bd tri stic can thily Iuc tai 1 dau xy-lanh (khong c6 R»)
cho vén tc ha thiét k& v;, = 0,123 m/s, gia tbc thiét ké khi ha can dam bao aj, = 0,042 m/s>. Ap sut
dau py,, trong khoang khong c6 can clia xy-lanh phu thudc truc tiép vao 4p suat ngudn thiy luc p, va
ting mot cach nhanh chéng, khi p, dat tir 0 dén 5 x 10" N/m? thi pyj, dat gid tri tit 2,76 x 107 dén
5,8 x 107 N/m?, tuong ting dién tich khe hep siic can thity luc phai diéu chinh gidm tit A7; = 6,6 x
1073 mm? t6i A7; = 4,4 x 107> mm?. Ciing muc tai trong va gia téc ha yéu ciu cho céch st dung stic
can thiy luc clia phuong 4n trén Hinh 2(a) va 2(b), ta thdy van tiét luu va xy-lanh thity Ivic phéi chon
& mién 4p suét 16n. Vi vay gy khé khiin cho lua chon thiét bi va ting gi4 thanh dau tu, dic biét khi
tai trong 16n.
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H¢ so diéu chinh suc can k Hé sb diéu chinh stre can k
(a) Khi van tbc ha v, = 0,123 m/s, aj, = 0,042 m/s?, piy (b) Khi van tbc ha v, = 3,28 m/s, a;, = 1,1 m/s?, py, =3
=2,7 x 10’ N/m? x 107 N/m?

Hinh 5. Anh hudng ap suét ngudn thity luc téi hé sé didu chinh sic can thiy luc k

Hinh 5 13 két qua ddnh gid 4nh hudng 4p suit nguon thity luc t6i viéc b tri két hop stic can thiy
luc tai 2 dau xy-lanh thong qua hé sb diéu chinh k = A7,/A7;. Hinh 5(a) tuong tng vé6i diéu kién
van toc va gia tdc ha phuong 4n tinh todn ctia Hinh 4, do c¢6 R, ngin cich giita bom va xy-lanh, nén
xy-lanh va van tiét luu chi chiu 4p suit py;, = 27,7 x 10’ N/m?, hé sb diéu chinh sic can thay luc
theo 4p suit ngudn lua chon k trong khoang tit 0,5 dén 1, tuong ting 4p suat ngudn giam tit pr = 5 x
107 N/m? t6i pr = 1,6 x 10’ N/m?. R6 rang & cach bd tri nay viéc chon thiét bi tré nén don gian hon
do 1am viéc & mién 4p suit nhé hon, kinh té hon. Hinh 5(b) 1a diéu chinh hé s6 k ting so véi Hinh 5(a)
muc rat nhé (ting tir 1,05 t6i 1,1 14n) tuong tGing véi 4p sudt ngudn ps, tuy nhién van toc va gia tdc
ha ting nhanh chéng sé giy tai dong 16n. Diéu nay cho thiy dé ddm bo an toan, cin phai tinh toan
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xéc dinh truéc ché do diéu chinh phdi hop céc sic can thiy luc, thiét 1ap gidi han diéu khién an toan
tuong ting ap suat nguodn thiy luc thiét ké p,.

4. Két luan

Dbi v6i hé thdng thiy Iuc co ciu ldp dung cin truc thap 1a phai an toan va dic biét tbc do ha phai
dugc khdng ché, nén viéc lua chon phuong phip va ché do diéu chinh hé théng thity luc 12 rit can
thiét. Noi dung bai bdo da gidi quyét van dé trén theo cc ndi dung:

- Phan tich c4c phuong 4n st dung stic can thity luc la cic van tiét Iuu 13p trén dudng dng;

- Thiét 1ap mo hinh tinh to4n xdc dinh céc stic can thiy luc cho phuong an lip dit d€ c6 thé ap
dung cho bai toan k¥ thuit.

- Xay dung dudc cac cong thifc bing gidi tich d€ tinh toan hé sd diéu chinh giita 2 siic can thiy
luc trong viéc lua chon phuong phap va ché do diéu chinh hé théng.

Két qua khao sat va thit nghiém cho thiy so dd st dung stic can thily luc ca hai diu xy-lanh c6
nhiéu uu diém hon phuong 4n sit dung mot dau. Hé s6 diéu chinh giita hai stic can thily luc anh hudng
rit 16n t6i van tde va gia toc ha, bdi vy d€ ddm bio an toan can phai tinh todn xac dinh trudc ché do
diéu chinh va thiét 1ap gi6i han diéu khién an toan tuong ting v6i dp suit ngudn thiiy luc Iya chon.
Huéng nghién ctiu tiép theo c6 thé phat trién md hinh trén cho viéc nghién ciu ti dong diéu khién hé
thiy Iuc va dong luc hoc hé théng cho cdc diéu kién tai trong khac nhau.
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