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RESEARCH ON THE DYNAMICS OF THE HYDRAULIC TRANSMISSION SYSTEM
TO CREATE VIBRATION FORCE FOR THE CABLE FATIGUE TESTING MACHINE
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"Truong Pai hoc Giao thong Van tai
2Vién Khoa hoc va Cong nghé Giao thong Van tai

TOM TAT

Bai bdo trinh bay tém tdt cdc nghién ciru déng liee hoc hé thong truyén dong thuy luc tao
liee rung ciia mdy thir méi cdp. Pady la két qua ciia dé tai ludn van thac si cia tac gia Dirong Quang
Trong va may thu moi cap dang dwoc khai thac, sw dung tai Trung tam Cong nghé May xay dung
va Co khi thuc nghiém thudc Vién Khoa hoc va Cong nghé Giao thong Van tai.

Tw khoa: May thur moi cap; Pong luc hoc hé thuy lyc.
ABSTRACT

This paper summarizes research on the dynamics of hydraulics for the system generating
the vibration force of the cable fatigue testing machine. This is the result of author Duong Quang
Trong's master's thesis and cable fatigue testing machines are being exploited and used at the Center
for Construction Machine Technology and Experimental Mechanics of the Institute of Transport
Science and Technology.

Keywords: Cable fatigue testing machine, dynamics of the hydraulic transmission system.

huong dén tudi tho ctia cong trinh. Nham kiém
soat chat lugng cap trude khi dua vao lap dit,

1. PAT VAN PE

Trong hé cau day, day cap dong mot vai
tro hét stirc quan trong, ca vé mat ki thuat 1an
mat kinh té, day cap c6 thé chiém tdi 30% gia
thanh cong trinh cau. DAy cap thudng phai chiu
tac dung cua tai trong dong cua gid, cia hoat
tai,... do vay kha nang chiu méi cua cap c6 anh

st dung thi can phai kiém soat rat chit ché tir
vat lidu dau vao, quy trinh san xuat, bao dudng,
kiém tra san pham cudi cing. Dé thi nghiém
moi cho day cép, cadc don vi thi cong phai dua
ra nudc ngoai dé thi nghiém gay tén kém va
anh huong 16n dén tién do, kéo dai thoi gian
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thi cong cong trinh. Mit khac, cac thiét bi thir

nghiém hién dai déu co6 gia thanh rat cao, chi Sai )
phi sua chira, bdo dudng, thay thé 16n véi yéu e

cau trinh d6 cong nghé cao, kho dap ung ¢
trong nudc. ':'“ld ?@F‘
Eu Pz = baead

7 O nué‘c ta, nhiéu nam trude, nhu cau {'E\:\_EE‘;
kiém tra d§ bén moi cua vat liéu noi chung va iy Var
d6 bén moi cua day cap néi riéng con chua cao ]
va ¢6 it don vi su dung may thir moi. Nhitng .
nim gan day, nhidu coéng trinh ciu treo da wallllZhtas

1én. Vi vay, nghién ctru dong luc hoc hé thdng
truyén dong thuy luc tao lyc rung ciia may thur
moi cap la viéc Iam can thiét, mang lai hi¢u qua

duoc xay dung va dua vao st dung, nhu ciu
thtr nghiém d6 bén moi cua day céap cling tang ﬁ‘]«s % i

kinh té - k¥ thuat va xa hoi. b
Hinh 1. So do hé thong truyén dong thuy luc ciua
2. NOI DUNG NGHIEN CcUU thiét bi thir moi cdp

a) So dé nguyén Iy;

b) M6 hinh bai toan dong luc hoc hé thuy luc
1. Thimng dau, 2. Van an toan tong; 3. Nguon thuy
luc da nang; 4. Pong co gdy rung;

5. Xi lanh gdy rung; 6. Cam bién dp sudt;

7. Xi lanh thuy lyc; 8. Van an toan,

- 9. Van mot chiéu; 10. Van phan phéi;

Tur so dd hé théng thuy lyc tao luc rung
ciia may thu mdi cap va qua trinh gia tai thir
moi soi cap, ta tién hanh xay dung mo hinh
dong lyc hoc nhu sau:

11. Bau loc dau; 12. Van an toan bau loc

Nguyén 1y hoat dong: Bé ngudn thuy
luc da ning (3) c¢6 vai tro diéu chinh xi lanh
thuy luc (7) chuyén dong tién - i, vi chinh
luc thur nghiém dat sgi cap. Ngoai ra, bo nguén
con c6 tac dung nap day duong ong va bo sung
chét 16ng cong tac trong sudt qua trinh thir tinh
hodic thir méi. Xi lanh gay rung (5) duge dan
dong bdi mo to dién co thé diéu chinh duoc toc
d6 vong quay bang bién tan, bom nay lién tuc
tao ra cac dong dau dao chiéu tic dung lén xi
lanh thuy Iyc (7). Khi ap suét trong hé thiy luc
tang 1én vuot qua ngudng cho phép co thé gay
pha hay mau thir hodc 1am sai léch két qua thi
nghiém, van an toan (8) s& lam viéc dé khong
ché bién do dao dong va luc tac dung 16n nhét &
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1én soi cap. Van mot chiéu (9) dung dé ngin
cach mach thuy lyc rung khi thir méi voi mach
thuy luc didu khién luc tinh bang bo ngudn thuy
luc da ning, dong thoi né nap bu dau bd sung
khi ¢6 sy ro ri dau trong mach giy rung khi
lam viéc. Cam bién ap suit (6) chuyén gia tri
ap suat trong hé thong thuy Iyc thanh tin higu
dién, dua vé hé thdng xur 1y, phan tich dit liéu
thi nghiém.

Céc gia thiét khi xdy dung mo hinh bai
toan dong luc hoc hé thong truyén dong thuy
luc tao lyc rung cia may thir moi céap: Khong
xét qué trinh tao song trong dudng dng thiy
luc; khong xét dén quan tinh cua chat 1ong
trong qua trinh 1am viéc; bo qua ro ri luu lu0’ng,
mAt mat ap sut qua van phan phdi; ton that
nang lugng trong hé thdng dugc tinh nhu ma
st nhot, ma sat khd va mat mat thé tich cua
bom thuy luc; luc ma sat & van an toan la nho;
luc can ndi ma sat cua xi lanh duge ké dén qua
hiéu suat co khi; t6n hao luu lugng ctia bom
thuy luc trong gi6i han, ty 18 v6i 4p suét trong
duong ap; mo dun dan hoi cua dau thuy luc
trong dng dan khong phu thudc vao ap sudt cia
hé théng; van an toan dugc coi nhu khau khong
tuyén tinh va khong quan tinh; xi lanh tao tai
tinh va rung dong lam viéc ddc lap va ngén han;
cac thong sd cta chat 1ong (ty trong riéng, do
nhét, md duyn dan hoi) 1a hang sb; hé théng
khung may cimg vimng tuyét ddi; ban dau bom
thuy luc dang hoat dong & Vong quay dinh murc
va ap suat dau trong duong dng bang 0.

Ap dung dinh luat bao toan ning luong

viét dudi dang phuong trinh dong chay lién tuc
trong dudong ong cao ap nhu sau:

Quir —Qar— Qg — Q=0 (1

Trong do:
- Luu lugng cua xi lanh gay rung:

Q. = R.A,.sin @, t(m’/s) (2)
- Luu luong ti€u thuy cua xi lanh:
Qu = Ay-X, (ms) (3)

- Luu luong chat 16ng lam bién dang
duong 6ng:

Qe = Eo. 222, (ms) 4

- Luu lugng qua van an toan:
Néup,>p, thi Q =(p,p, ).k, (m¥/s).(5)
Néu p,<p, thiQ =0

Thay (2), (3), (4), (5) vao (1), ta nhan
duogc két qua sau:

E,. 222 = R.A,. @ sinat —(p,

o de

- pat)' kat - AZH(6)

Phuong trinh cin bang lyc trén cén
pittong thuy lyc nhu sau:

F +F-F =0 (7)
Trong do:
- Lyc quan tinh cac khéi lugng quy dan

trén pittong:

Fat

=m.X (8)
- Lyc can do dan hoi cua soi cap:
F=CX )

Voi C la d0 cing cua soi cap:
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tp

E=350,=F—F ;A,=X—X, véi
Ly

F=0; X, OE—X—ADhayF (—)Xdat

¢ = (2.
Ly
- Lyc day cua xi lanh thay luc:

F =(A,p-A,.p)n, (10)
Thay (8), (9), (10) vao (7), ta nhan dugc
két qua sau:

m.X = (4;.p, — Ay.py).p, — C.X (1)

Nhu vay, hé phuong trinh vi phan
chuyén dong mo ta hoat dong cua hé thong
truyén dong thuy luc tao lyc rung thiét bj thir
moi cap hé cau day vang viét dudi dang sau:

[E‘ % =R.A,.sino, t —(p, — pge) kg — AZ'X(IZ)
m.j:’ = {Az.pz _Al'pl)';:rlc —_ C X

Trong do: E, - Bién dang dan hoi cua
duong ong cao ap, MPa A_ - Dién tich xi lanh
gy rung ¢ khoang cao dp, m’; A, A, - Dién
tich piston ¢ khoang cao ap va thap ap, m*; o
- Téc d6 quay cua dong co dan dong xi lanh
gay rung, Vong/s R - Khoang léch tam cua truc
khuyu, m; p_ Ap suat can dat cta van an toan,
Pa; D, - Ap suat dau & nhanh thap ap, Pa; p, -
Ap suét ddu & nhanh cao 4p, Pa; n, - Hi¢u sut
co khi cua xi lanh, n_= 0,96; m - Khéi lugng
quy dan cua piston, b(_) cong tac, kg; C - Do
cung cua soQi cap.

Dé giai hé phuong trinh vi phan (12), tac
gid sir dung phuong phap Runge-Kutta trong
moi trudng Matlab Simulink. So dd khéi cua
chuong trinh tinh toan duoc thé hién & Hinh 2.

Hinh 2. So do khoi chwong trinh tinh toan cac thong 56 dong luc hoc hé thé'ng truyén dong thuy luc tao lyc
rung cua may thir moi cap
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Khao sat va tinh toan véi lyc moi 1on nhat 1a 182,7 kN, céc so li¢u dau vao cua chuong trinh

xac dinh trong Bang 1.

Bdng 1. 86 liéu dau vao ciia chirong trinh tinh

TT Théng sb Ky hiéu Pon vi Gia tri
Xi lanh giy rung
1 | Puong kinh céan piston d m 0,05
2 | Téc d6 quay ciia dong co dan dong xi lanh gay rung o} vong/s 5
3 | Khoang léch tdm cua truc khuyu R m 0,035
Xi lanh thiy lwe
6 | buong kinh trong xi lanh D m 0,16
7 | Buong kinh can piston d m 0,06
8 | Ap luc dau 6 khoang cao ap P, Pa -
9 | Ap lyc dau ¢ khoang thap ap P, Pa 6.10°
10 | Hiéu suit co khi cta xi lanh n, - 0,96
Van an toan
11 | Ap suat ctia van an toan P, Pa 9.10°
12 | Hé s6 luu lugng qua van an toan k, - 5.10°"°
13 | Luu lugng qua van an toan Q, m¥/s -
Puong dng din diu thiy lye
14 | Chiéu dai duong 6ng dan bang cao su 1 m 2
15 | Chiéu dai duong dng dan bang kim loai 1 m 0,6
16 | Buong kinh trong ciia duong 6ng dan bang cao su d, m 0,005
17 | Puong kinh trong cta duong 6ng dan bang kim loai d, m 0,025
18 | Mb duyn dan hoi cia duong 6ng dan biang cao su E, MPa 9.10*
19 | Mb duyn dan héi ciia duong 6ng dan bang kim loai E, MPa 21.10*
DAu cdng tac
20 ‘ Mo duyn dan hoi ciia ddu cong tic ‘ E, ‘ MPa 150
Céc thong sb khac
21 ‘ Khoi lugng quy din ciia piston, bo cong tac ‘ m ‘ kg 35
Loai cap thir nghiém méi
22 | Buong kinh danh nghia tao cap D, mm 15,24
23 | Dién tich A, mm? 140
24 | M6 dun dan hoi E GPa 200
25 | Chiéu dai soi cap L m 2
26 | Lyc thir nhd nhét F N 90290
27 | Lyc thir 16n nhat F N 117450
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Két qua nhu sau:

Hinh 4. Luc cang cap khi thu

Qué trinh gia tai tinh két thac khi luc
cang cap dat Fmin, ap suat trong khoang xi lanh
1a 5,28 MPa; qua trinh thir moi cap bat dau thi
ap suat thay doi theo dang hinh sin, dao dong &
6,04 MPa, ap suit 16n nhét dat 6,79 MPa. Luc
cing cap tang dén gia tri F . =90,400 N, qua
trinh thir moi cap bat dau thi gia tri luc cing
cap thay d6i theo dang hinh sin, dat luc F_.
1a 117,400 N. Két qua thir moi cap hé cau day
ving bang mé hinh tinh toan & trén cho véi
cac gia tri hoan toan phu hop véi thyuc té thi
nghiém moi cép.

3. KET LUAN

Ap dung céc nghién ctru trén, tac gia da
khao sat va rat ra mot so két luan:

- Su anh hudng cua dudng 6ng dan dau
dén cac thong ) dong luc hoc cua h¢ théng
truyén dong thuy luc. Két qua nghién ctru chi
ra, khi chiéu dai, duong kinh 6ng dan ting thi
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bién dong dao dong ap suit giam, thoi gian dao
dong ngin 1am ting d6 chinh xac cua sensor
ap suét, tang do chinh xéac cua h¢ théng do luc.
Viéc xac dinh d¢ chinh xac lyc thr F__ lam
tang do chinh xac ctia phép thir mai cap.

- Su anh hudng cua toc dd bom dén cac
thong s6 dong luc hoc cta hé thong truyén dong
thay luc. D6 1a khi tdc d6 bom cang 16n thi thoi
gian gia tai tinh ngan hon nhung dao dong ap
suit, chuyén vi, van toc gia td¢ lai 16n hon.

- P dé xut cac thong s6 hop 1y cia hé
théng truyén dong thay luc nhu: Chiéu dai éng
dan cao su la 2,2 m, duong kinh 6ng dan cao
su la 0,005 m, duong kinh 6ng dan kim loai 1a
0,025 m, chiéu dai 6ng dan kim loai 1a 1 m, téc
do dong co 1a 1450 v/phut... ddm bao do chinh
xac va nang cao d¢ tin cdy cta phép thir. <
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