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MO HINH NGHIEN C UU PONG LUC HQC CUA MOQT CO CAU
RUNG VA PAP MO

Nguyén Van Dy (Tr wong Pai hoc KTCN —PH Thai Nguyén)

1. Gidi thiéu

Cac may maoc khai thac tinh ticlhacaia rungdong da dugc gidi thiéu va st dung ong
réi trén tié giéi tir nhitng rim 1940, sau khi Tsaplin [Hua ra md hinh € cdu rung vadap sr
dung banh quayékh tam. lgi ich cao @a viéc tich kyp rungdong wi va dap da dugc chrng
minh koi cac cbng trinh nghiénra aia Barkan [2], Rodger va Littlejohn [3]. Cac nghi&ru ly
thuyét va mé plong aia Pavlovskaia [4, 5], Wiercigroch [6, 7], Woo [@ khing dinh rd fon
loi ich nay. Tuy nhién cac md hinimg ding Van chi dua trén © ciu banh éch tm 6t cong
kénh. Véi y dd giam thiéu kich throc va khai thac rung-vaap theo plrong ngang, Lok [9}a
nghién &u mé hinh rung dungocciu cam. DU 9y, co cAu nay \bi nhugc diém ma satdn, [am
phéat sinh nkit cao va nhanh modé cin tro viéc phat trén vaang ding trong thee tién. Mot
nghién &u tng ding vadap trong cac may khoan ngad@duoc tién hanh 6i Franca va Weber
[10], s dung ngwn rungdong la may 4o rung dra trén nguyén ly nam chadién. Co ciu nay
ciing doi hoi kich thrdc may khadn dé c6 th sinhduoc luc vadap du lon. Cac vi d tng ding
cua nguyén ly ding nam chadién nhr chudngdién, bom phun... cé th minh hpa fing @ cau
dang nay chpht lyp chotng ding én biéndd rung ding nhr lyc vadap nho.

Cho dén nay, cac nghiénuo vé cuwn cam duoc tién hanh cho cacag tng ding nhr
mét co cau dong mo [11, 12, 13] hac rungddong hanh trinh nin [14, 15, 16, 17]. \&c st dung
cuon cam nhr mot dong @ chuyén dong thing khr hdi da duoc Mendrela [18, 198 xuat va
nghién &u. Tuy nhiéndong @ cia 6ng ch duoc phan tichy ché do khéng &i va ¢ dang mpt
mo& hinhdon gian.

Mot co ciu rung-vadap méi, khai thac chu§n dong tuin hoan éa 18i kim laai trong
mot cuon cam, @n dung nguyén ly éng hrong dién trong mach RLC, dugc gidi thiéu boi tac
gia [20, 21],da thu hatduec ar chd y @ia cac nha nghiénra trong tnh wrc ing ding & hoc
phi tuyén. Bai bao nay trinh bayad xay drng mé hinh gt ly va toan bc cho @ ciu nay.

Bai b4oduoc ciu trdc nhr sau: Trde hét, nguyén ly hat dong aia @ ciu rung vadap
dung cén cam duoc trinh bayd phan 2. Md hinh 4t ly va todn bc cia a ciu duoc phat trén
va dén giai & phan 3. Tép theo, véc so sanh Km ching tinhdlingdin caia mé hinh quadsliéu
thi nghém duoc trinh bayo phin 4. Pn 5 1a Kt luan aia bai béo.

2. Nguyén ly hat déng aia oo ciu rung-va dap

Hién twong @ng hrong dién trong mch RLC d8 duoc biét dén nhr mot bai toan &n
ban trong cac gido trinhav ly va a so ki thuat dién. Do &ng hrong, dongdién xoay chéu di
qua cén day § dat gia ti 16n tai hai phia §n haidau maténg day. \ tri c6 ®ng hrong va gia
tri 16n nhit caa dongdién khi dé thy thibc vaodién cam L caa cwbn day, gia trdién tro thuan R
caa no6 ¢ing nhr d6 lon dién dungC.
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Chon vi tri bandau aia I8i kim lcai & gan mot dau 6ng day, 16i nay &bj luc dién tir sinh
ra trongdng hat ¢ phiadiém giira chéu daiéng day ngay sau kkiéngdién. Do quan tinh, né
s3 chuyén dong wrot quadiém giira nay va én vé phiadéu kia a@ia dng. Neu diém odng hréng
dién gan diém mat nay, dc dién tir
khi nay taadong theo chiu ngroc lai
¢ lam dng I6i kim loai va keo no Vi
chuyén dong ngroc lai. Bang cachia L&i kim loai
chon cac gia trL, C vadi¢n ap xoay uBn cam
chiéu mt cach phu bp, ta § nhan H

L Vat chan
N
9 N, 2 N - - x

duoc chuyén dong khr hoi tuan hoan X \rw [ x|
lién tuc cia 161 kim loai. Dat truée vi Ban truot

. : A ) ) UU!}'IUU
tri [6n nhat cia biéndé daodong aia i |
I6i nay ndt vat chin, & vat chin va
bng dayduoc dit trén ndt ban toot,
taduoc mot co ciu rung-vadap co the
khai thac nix mé hinh trén hinh 1.

3. Md hinh vat ly va md hinh toan hyc aia oo ciu

l___

Hinh 1. Nguyén lyecdu rung vaddp

3.1. M6 hinh vt ly N RE
M6 hinh hoéa [6i kim lai thanh r_:_ G I_'
mot déi twong c6 kidi lwong my, ban toot ‘ ko
la d6i twong my, luc ma sat dgia 6ng day Fir .
va I6i kim loai 14 Fy, giita ban teot va Sz '
nén 1a Fr,, thanh phn luc can phu thude e e e
van téc 1a ¢, tdc ding trong b caa \at — . —
chin va 16i duoc mé hinh héa thanhéHo
X0 Ko, luc dién tir la Fry, ta c6 mo hinh at Hinh 2. M6 hinh &t ly cia o h¢
ly cua @ hé nhe hinh 2. Chugn vi caamy
la X1, caany, la Xo nhe hinh 2.
3.2. M6 hinh toén lec
St dung dinh luat 2 Niu-ton cho tring dbi twong my, my, ta co:
. d*X dx, dX
+Doi véi my: L=F -F,-c¢/—2-—"2|-H 1
b Mg T T (dt dtj @
. d*X dX, dX
+Doi véi mp: m 2=-F, +F,+c|—*-—2|+H-F 2
2 dt2 fl ( dt dt f2 ( )

Trongdo, H(.) Ia ham giadoan phin anh & vadap ciamy vai 10 X0 kg, dwoc mo &:
H :{ko(xl - X, _G) 1 (Xl - X, _G)>O

0, (X, -X,-G)<0 3)
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Thanh plin lyc dién tir Fr, dugc tinh dra theo nguyén Iydm toan @ng hrong [22] vaduogc biéu
dién dudi dang:

F. =05 (4)

O day,dién cam L duoc coi nhr mot ham aia chuyn vi trong déi (Xa-Xz), dugc bieu dién dudi
dang ham phandGauss (Hinh 3):
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Vi tri 180 kim loai (m)

Hinh 3. Béu dién dién cam L theo chugn vi cia I8i

L=L,+ As e—2[(X1—X2)/0)] 2

o2 ©)

Hé s As vado rong phan B chuin o tim duoc bing thrc nghém; Lo 1a dién aim cia
bng day khi khéng co6 18i kim o bén trong.
Dongdién chay qua cén cim ding cho cong trt (4) c6 tié tinh theo phiong trinh:

Ld_; [R 26de}d| 1 6L(dxj ade|—a)\/cos(a1)(6)
dt oX dt |dt |C axZ\ dt oX dt?

Trongdo Vs la gid ti dinh (I6n nhit) caadién &ap hinh sinwla tn $ caadién ap nay.
Két hop (1), (2) va (6)ddng thoi dit:
d’X, . o d’X, _d%
dt? dt?’
oL L= 4L
(X =X) ™ a(x, - X,p)?

u=v,v=

Ly =

tadugc ke pheong trinh mé 4 hé nhe sau:
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u'=v
v':i(Fm—Ffl—c(v—x)—H)
m,
w'= x1 7)
X':—( Fn+Fi + (V—X)+H —Ffz)
m,
y'=z
%{wvs cos(at) + [R+ 2Ly (v - x)]z - [é+ Lag (v = x)" + L (v-—x')}y}

Két qua giai hé phuong trinh (7) trén may tintivoc so sanh & két qua thi nghém dé
kiém ching tinhdngdin cia mé hinh valuoc trinh bay trong pin tiép theo.

4. Kiém chitng mé hinh qua $ liéu thi nghiém

Hinh 4 trinh bay @t cip $ liéu tinh toanfuoc so sanh & két qua thi nghém.

0.050 s
—— Tinh todn Tinh t2én

= = = Thinghi#m = = = Thinghém

0.025

o000

Chuyén vj caa 16i kim loai (m)

Chuyén vi cia ban ougt {m)

0.025

T
0.0 02 0.4 0.6 08 1.0
Thdi gian (s)

@) (b)

Hinh 4: So sanhédt qui tinh toan va thi nglim
cho (a) chuyn vi cia 16i kim lazi va (b) chugn vi ciia ban terot

Thdi gran {s)

Quadb thi trén hinh 4, c6 ththiy ring md hinh toandt da dé xuit cho Kt qua rat gan
Vvé6i s liéu do duoc qua thi ngléim. Sr twong tr vé& hinh dang cadé thi cing nhr gia ti cua
chang cho thy mé hinh toan éc da dé xuat cé thé dungduoc dé phan tich ng nhr du doan
ung Xr cia o hé.

5. Két luan

Mot co chu rungdong ket hop véi va dap da dugc xay drng va \in hanh. M6 hinh it ly
va toan c mo # co hé sau khidugc kiém ching da cho thy tinh khi dung aia nd. Md hinh
néu dugc phat trén va hoan thin £ co the dwoc sr dung ©t dé nghién qu dic tinh dia @ he
trong caadiéu kien va théng & van hanh khac nhauy 6 xacdinh dugc mién haat dong Bi wu
ciing nhr nang cao Ku suit cia @ ciu.

Do khudn ki bai b4o c6 in, cac ¥in dé chi tiét vé cac thong & hoat dong khéngduoc
trinh bayd day. boc gia quan tam xin vui long liénéhwéi tac gi.
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Tom tit

Bai bao nay trinh bay md hinfitdy va md hinh toan ¢t da dugc ar dung dé nghién
ciru Mot co cu rung vadap méi. Co ciu nay khai thac céc tatdng trong H co-dién caa mt
cuon cam trong toong dién tr daodong. M6 hinh héaidng nft vai tro hru ich trong wc
nghién &u tng xir cia @ hé nay. Mo hinhia duoc kiém nghém bai cac $ liéu thi nghém.

Summary

In this paper, physical and mathematical modelsl tisenvestigate a new vibro-impact
mechanism are presented. Electro-mechanical iniengc of an inductor with oscillating
magnetic field have been deployed in the vibratamit. Modelling work would be useful to
investigate dynamic behaviours of the system. Tdiiglity of the model has been scrutinized by
experimental results.
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