MO RONG CAC KET QUA NGHIEN CUU BO HAP THU DAO PONG POI VOI
HE CON LAC NGUQC CHO TRUONG HOP CON LAC THUAN
NGUYEN PONG ANH -Vién Co hoc
KHONG DOAN DIEN - Pai hoe Thuy Lo
NGUYEN DUY CHINH - Pai hoc Thuy Loi

TOM TAT

Cdc bo hdp thu dao dong cho hé con ldc nguoc [7] da duoc NGU YEN DONG
ANH, KHONG DOAN DIEN, NGUYEN DUY CHINH nghién ciiu. Trén co so cdc két qud
nghién citu dé, trong bai bdo nay cdc tdc gid phdt trién, mé rong dé’ tim cdc thong so' toi uu
cho hé con ldc thudn trén co sé li ludn khoa hoc.

I PAT VAN DR

Trong hoat dong thuc tién hang ngay, tir an ninh, quéc phong, dén céc cong trinh
xay dung, dan dung, cong nghiép, thuy 1gi, thuy dién, trong cic may moc thiét bi ta thady
ton tai vo s6 loai co cau chuyén dong, moéi loai co céu chuyén dong lai c6 nhiing dac thi
riéng clia né va s€ phat sinh nhitng dao dong c6 hai riéng. Dé dam bdo tinh ting dung cao
ctia cac bo hap thu dao dong vao thuc té ta can nghién ciu cac bo hap thu dao dong dac thu
dé gidm dao dong cho céc co cau. Trong bai bio ndy céc tic gid nghién citu, phan tich x4c
dinh cdc thong s6 t6i uu cho con lac thuan mé rong dé giam thiéu nhitng dao dong khong
mong mudn cta con lic thuaAn m& rong mot cach tot nhat, nhim ting do an toan hiéu qua
ciling nhu su bén vitng cho cac co ciu c6 dang con ldc thuan mo rong.

II. SO PO CHUYEN POI HE CON LAC NGUGC SANG HE CON LAC THUAN

CO LAP PAT BO HAP THU DAO PONG. .

Hinh.1. Mo ta so d6 chuyén déi hé con lac nguoc sang hé con lic thuan



IIL. PHUONG TRINH CHUYEN PONG CUA HE CON LAC THUAN MG RONG

Tu so d6 hinh 1 ta thdy ring néu con lic nguoc quay mot géc ¢ = 180°+a thi con lic

ngugc da nghién citu trd thanh con lac thuan, ta cé:

(p:1800+(1 = Sin(pz—sin(l
Cos(=—cosa

o))

Thay (1) vao phuong trinh vi phan chuyén dong ctia con lic ngugc [7] ta ¢6 phuong trinh vi

phan chuyén dong clia hé con lic thuan md rong nhu sau:

Ja+ml(fo +u)+2muuo+mu’a =
=—MLgsino. — mglsino, — umgcosa — ko + Py
m(/o+u)—mu’a * =-mgsino.—k,u—cu

Ta khai trién cac ham:
. o’
sinaL = —— +...
3!

aZ
cosou=1——++...
2!

Thay (3) vao (2) va bo qua cac dai lugng phi tuyén ta co:

io t

(J+ml*)a +mlu+ (k,+MLg+ mgl) o + mgu =P,e

m€&+m;+mga+klu+c;1=0

St dung bién do phitc dé tim nghiém ctia hé (4):
a=o.e", u=ue"

Trong d6 : o, u 1a céc s6 phiic cdn tim

Tu (5) ta suy ra:

2 it

o =anie™ = o =—-an’e
u = umie™ = u =—-uw’e™

Thay (5), 6), (7) vao (4) ta c6:

iot

L2 ot

2)

3)

(4)

&)

(6)
)

(J+ml*)(—aw’e®) + ml(—uw’e™) + (k, + MLg + mgl)oe™ + mgue™ =P, ¢!
2 g g g o

m/(—pn’e™) + m(—uw’e) + mgae™ +k, ue*" + cunie® =0

— |[-J+m)o* +(k, + MLg + mgl)]o. + [-m/o’ + mglu =P,

(mg- mlo’)o +[-me’ + Kk, + ciolu=0
Giai hé phuong trinh (8) ta c6 két qua sau:
- (m/o’ - mg)P,L

u=

o [-me’ +k, +cio]P,L

[-mo’ +k, +cio] [-J +ml*)o’ + (k,+ MLg + mgl)]- (mg - m/o*)*

[-mo’ +k, +cio] [-J +ml*)o’ + (k,+ MLg + mgl)]- (mg - mlo*)*

®)

€))



Thay (5) vao (9) ta c6 phuong trinh dao dong ctia hé.

iot

(mlo’ -mg)P,Le

u=
[-mo’ +k, +cio] [-J +ml*)o’ + (k, + MLg + mgl)]- (mg - m{o*)* (10)

[-mo’ +k, +cio]P,Le

o=
[-mo’ +k, +cio] [-J +ml*)o’ + (k, + MLg + mgl)]- (mg - m/o*)*

IV TIM CAC THONG SO TOI UU CHO CON LAC THUAN MO RONG.

1. Phdn tich quy ludt dao dong ciia con lac thudn

Bién do dao dong 16n nhat clia con lac thuan mo rong:
3 [-mo’ +k, + cio]P,L (11)

max

[-me’ +k, +cio] [-J+ml*)o’ + (k, + MLg + mgl)]- (mg - m/w’)’

Ta dua vao cic tham so:

w="2:Ti s6 khi lugng ctia bo hap thy dao dong va con lac thuan.

<

y= % : Ti s6 giita vi trf diit bo hap thu dao dong va trong tam ctia con lac thuan.
o’ = %: Tan s6 riéng cua bo hap thu dao dong. (12)
¢ =—C:Tis6 can nhét clha bo hap thy dao dong.
2mQ
0% =%; ¥’ =sz= l\ilzj ; fz%; h:%; 0, = Mog;

2
£= % : Ti s6 déc trung cho su phan bo vé khai luong theo do cao cia ban than con lac thuan.

Thay (12) vao (11) ta c6:
[-h® +f* + 2iCh]e, (13)

[h* +£* +2iCh] {-(1+py*)h” +[(e+]) —py]p—pl[-1+ 0]

(pmax =

Bién déi biéu thitc (13) ta dugc
[(f* —h?) +2iCh]e,
[(e+1-h*)(f* —=h*) —p(1-yf*)(1-yh*)] + 2iChle + 1+ py — (1+py*)h’] (14)

2. Cdc thong so't6i wu ciia con ldc thudn mo rong.

(Pmax =

Cic thong s6 t6i uu cha con lac thuan dugc x4c dinh béi 1y thuyét hai diém c6 dinh [1] nhu sau:

_Pux. g _p . 9E _
E= ! ; Ex=Ep; Oh | hha.hey =0 (15)
Tu (14), (15) ta x4c dinh dugc cac thong s6 t6i wu cho con lac thuan mé rong nhu sau.
= p(yf* =Dyh® -1) (16)



:wl8+l+2uy+uzy3 (17)

OPt 1+“Y2

= (e+1+py)Q2+wy’) —[1- (e +D)y]yr2+py*) (18)
* (1+py) (2 +y*)

e = ETH Q) +[1- @+ DY[YR@ + ) (19)
’ (1+py* )2 +py?)

2w (20)
[1-(e+Dy]dn

6 = G+ ) en

(pmax =

V. HIEU QUA GIAM DAO PONG KHI LAP PAT BO HAP DAO PONG.

Tién hanh khdo sdt dao dong clia con lac thuan trong diéu khién t6i uu
Con lac thuan véi cac thong s6 sau.
> J=125.10"Kgm?); M=5.10%(kg);
> £=9,81(m/s%); k,= 10°(KNm);
> P=5.10°(KN); o= 2I1=6,28(rad/s); L=50(m);
1. Hiéu qud gidm bién do dao dong cua con ldac thudn.

Dua vao 1y thuyét nghién ctru bo hap thu dao dong dang TMD ta xac dinh céc thong
s6 ctia bo TMD: Bo TMD duoc thiét k€ ¢6 khoi luong m =10kg, dugc gin vao co ciu cdch
nén ngang mot khoang ¢ =10m, ta ¢6 p = m/M=0,02, y = //L= 0,2, theo (17) ¢6 f ,=2,253
theo (18) ¢6 h,, = 2,20; theo (21) c6 (,,=0,0086 tr cc két qua nay va (12) suy ra k, =
9,962 (KN/m), ¢=0,0758 (KNs/m). Thay cac két qua nay vao phuong trinh (4) ta duogc
phuong trinh vi phan chuyén dong ctia hé.

Chuyén dong ctia con lic thuan mé rong duge xac dinh & hinh (2) duoc lap trong
phan mém Maple 8 véi céc diéu kién dau: ¢ (0)=0,0001; (p (0)=0,0; u(0)=0,0; u (0)=0,0

opt

Khong co TMD C6 TMD

0.0008

0.0008

0.0004

0.0002
ARARRRANAA SR
TNV TTY YR Ry

-0.00024

-0.0004+

-0.00084

-0.0008

Thoi gian(giay)

Dich chuyén(rad)

Hinh.2: M6 phong dao dong ctia con lac thuan mé rong

Tu d6 thi (hinh 2) thay rang dao dong ctia con lic thuan trong trudng hop lap dat bo
hap thu dao dong, da tac dung tot trong viéc giam dao dong.



3. Hiéu qud gidm dinh cong huong ciia bién do dao dong.
Hinh (3a), (3b) mo ta hé s6 E =f(h) clia hé¢ trong diéu khién t6i uu. Trong trudng
hop khong c6 bo hap thu dao dong hé s6 E tai tan s6 cong hudng 1a 27.

E 30

15

10 <

11 =0.05, y =1.2 Y =0.03, y =1
5 10 15 20 25 30 35 40 45 50

Hinh 3a : Hé s6 E theo bién h truong hop xét hiéu qua

giam dinh cong hudng ctia bién do dao dong

E 005
0.045 -
0.04

0.035

0.03

0.025

0.02

0.015

0.01

0.005

Hinh 3b : Heé s6 E theo bién h trudng hgp xét hiéu qua

giam dinh cong hudng cua bién do dao dong



Trong truong hop st dung b hap thu dao dong vdi ti s6 khoi luong p =0,03, y =1 hé s6 E
la 0,015. Trong trudng hop st dung bo hap thu dao dong véi ti s6 khoi luong p =0,05, y
=1,2 hé s6 E 12 0,01. RS rang bo hép thu dao dong da c6 tac dung t6t trong viéc giam dinh
cong hudng cta bién do dao dong.

VI. KET LUAN CHUNG

Bai bdo da md rong cac két qua nghién cttu clia hé con ldc nguge sang hé con lac
thuan mé& rong, trén co s& cac ly luan vé mit Toan hoc va Co hoc dé tim c4c thong sd t6i uu
cho con lac thuan mé rong.

Muc dich cua viéc thiét k€ cac bo hap thu dao dong la lam giam dao dong cua hé
con lic thuan mot cdch t6i uu, dé ddp ting yéu cau clia cdc nha k§y thuat. Cdc két qua nghién
cttu tinh todn & trén cho thdy rang: Cdc bo hap thu dao dong duoc thiét k€ theo 1y thuyét
diéu khién t6i uu da nghién ctu & trén, khi 1ap dat vao co ciu con lac thuan thi bién do dao
dong ctia né giam rat nhiéu so vdi trudng hop khong 1ap dat bo hap thu dao dong. Hon nita
dinh cong hudng clia bién do dao dong, tic vi tri dao dong nguy hiém nhét clia con lac
thuan khi né dugc lap bo hap thu dao dong 1a rit nhé so véi truong hop khi khong c6 bo
hap thu dao dong. Diéu nay dap tng dugc yéu cau cua cac nha k¥ thuat dat ra.
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N. D. Anh', K.D. Dien’, N.D. Chinh’

ABSTRACT: The absorbers for the inverted pendulum structures have been
studying by N.D. Anh. , K.D. Dien, N.D Chinh For the basis of these results, in this paper,
the authors develop and extend for the pendulum cases in order to find optimum
parameters depending on the scientific foundation of mathematical and mechanical aspect.



