KET QUA NGHIEN CUU VA UNG DUNG

NGHIEN ClPU NGUYEN LY
DONG BO VA TU DPONG BO RUNG CAC CO CAU KiCH PONG
BANG LUC LY TAM VO HUONG VA MOT SO NG DUNG

Tradn Van Tuan, Nguyén Tién Diing?

Tém tat: Trén mét may hodc thiét bj do yéu cédu cong nghé va dic diém két cau
nhiéu khi phai I&p d&t nhiéu bo kich rung bang luc ly tam vé hwéng doc lap. Phu
thuéc vao nhiéu théng sé dong hoc va két cdu may, thiét bj ddn dén hai kha ndng
hodc la céng tac dung rung tang hiéu qua lam viéc cla may, hodc triét tiéu rung
|&n nhau. Pé lam sang té vén dé trinh bay trén, cac tac gid nghién ciu dé xuét
mét sé nguyén ly déng bo va tw déng bé rung lam co sé dé Iya chon va tinh toan
thiét ké cac may rung st dung trong xay dung va céng nghiép san xuét vat liéu
xay dung.

Summary: In a machine or equipment, due to technological requirements and
structural features sometime we have to install many vibration modules by
independent scalar centrifugal forces. Depending on many dynamical parameters
and structures of machines or equipments, there are two abilities either to enhance
the vibration effect of the machine or cancel the vibrations together. To clarify these
issues, the authors study and suggest some principles of synchronous and self-
synchronous vibrations to be the basis for selection, calculation and design of the
vibrating machines which are used in construction and industrial production of
building materials.

Nhan ngay 22/12/2011, chinh sira ngay 20/02/2012, chdp nhén dang ngay 28/02/2012

1. it van dé

Trong thwc t& san xuét vat liéu xay dwng, dic biét 1a san xuét vat liéu va cau kién bé
tong, nghién vat liéu,... céng nghé rung dang dwoc ap dung rong rai gidp tdng nang suét, chat
lwong san phdm ma cac cong nghé khac chwa thé dap rng dwoc. Cong nghé rung st dung bd
kich déng gay rung bang cac qua vang hay truc léch tam Iap trén may va thiét bj san xuéat dé té
hop cac ngudn dao ddng nham muc dich tao lwc gay rung c6 hwéng hay vd hwéng cé tan sb
theo tinh toan thiét ké dat ra.

Trén rat nhiéu may rung, phé bién s dung hé kich déng bao gébm déng co, hé truyén
dong, bd gay rung hay hé truc cé 1&p cac khdi léch tam. Hép gay rung hay hé truc mang cac
khéi léch tam gén cing v&i ban rung, chuyén déng quay tlr ddng co dwoc truyén téi cac bod
phan néu trén thdng qua hé truc cac dang hodc bo truyén dai. Tuy nhién, két cdu nay cé kich
thwédc may cdng kénh, khé bd tri hé truyén dong. Trong trwerng hop hé kich déng yéu cau két
cAu kich thwéc nhé gon, dé& thay ddi vi tri thi ngudi ta hay siv dung tryc tiép cac may rung ly
tam v hwéng 1a cac dong co dién cé 1ap cac khdi léch tam trén truc dong co. Nhw vay, van dé
dat ra & day la tinh toan cong suéat dong co, lwa chon tan sb rung, phwong phap dé déng bo
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dao déng va duy tri dao dong dat trén cac bd gay rung may va thiét bi. Trong tdm cla bai bao di
sau vao bai toan ddng bd dao dong cac bo gay rung, trong dé sé trinh bay hai phwong phap
ddng bo chinh 1a ddng bo cwdng bire va tw ddng bo.

Khai niém ddng bd dao dong dworc hiéu 1a cac co cdu gay rung lam viéc clng toc dd, co
géc léch pha 1a hang sé. Thyc té tbc d6 cta cac dong co khong tuyét déi bang nhau, viéc ché
tao cac khéi léch tam bao gi® ciing tdn tai nhivng sai l&ch vé hinh dang, kich thuwéc, thei diém
doéng dién cho cac dong co gay rung hoat dong ciing cé thé khoéng dién ra cung ldc,... gay ra
nhiéu tac dong truc tiép dén qua trinh dao déng clia bd phan cdng tac, gay ra hién twong mét
on dinh.

Dé thuc hién ddng bd dao dong ngwdi ta thwdng str dung cac bién phéap sau: s dung bd
truyén co khi: truyén xich, banh réng déng tbc; st dung phwong phap ddng bd bang thay lwc;
st dung phwong phap ddng bd dién; tinh toan lwa chon cac thdng sbé két cu va dong hoc phu
hop dé thiét bj tw ddng bd.

2. Cac phwong phap déng bd dao dong

2.1 Dong bé co khi

Phwong phap dong b co khi st dung mét cép banh rang dong toc. B truyén co' khi
nhuw trén gilp dadm bao ti so truyén hay téc d6 quay clia bd gay rung mot cach chinh xac. Hinh 1
trinh bay so dd ciu tao clia mot may nghién ma rung c6 s dung hop déng téc va nguyén ly
dan déng co céu gay rung.

\\
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a) So dé céu tao b) So' dé dan déng co céu gay rung

Hinh 1. May nghién ma rung s&* dung cép banh réng déng téc: 1. Ma nghién; 2.T4m |6t nghién;
3. Thanh bén may; 4. Khung may; 5. Co’ c4u gay rung; 6. Truc céac déng; 7. Cum déng téc;
8. Bong co; 9. Pé may

2.2 Béng bé thay luc

~ Phuwong phap dong bg thiy Iwc cho phép tw dong diéu khién cac dong co thly luc co
gan cac qua vang thdng qua kha nang tw dieu chinh khi c6 sy thay doi ap Iyc p trong dong chat
I6ng, nham dam bao sy dong bd thdng s6 chuyen dong cuda cac co cau lam viéc (so vong quay,
chiéu chuyén dong, mé men trén truc clia co cau lam viéc). Trong so' d6 mach thay Iyc thwong
st dung mét van phan phoi cé tac dung lam déu chuyén déng clia cac dong co thay lwc khi cé
nhiéu gay ra.
a. Béng bo bang van phén phéi dang con truot
Hinh 2 trinh bay so do lam viéc cia mach thay lwyc sir dung van phan phdi dang con
trwot. Dau dwoc bom tir thung dau qua van phan phdi dang con trwot, nhd tac dung cda no

lam hai dong co’ luén ludn quay déng bd v&i nhau trong qua trinh lam viéc ma khong phu thuéc
vao tai trong tac dong lén co cau cdng tac gan trén hai dong co do.
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a) So' dé mach déng téc b) So dé c4u tao van déng téc dang con truot

Hinh 2. So' d6 mach thdy luc déng téc cho hai déng co thay luc: 1.D6ng co dién (dong co dét
trong); 2.Van phan phdi dang con trurot; 3.Van phan phéi; 4.D6ng co thiy luc. 5.Van giéi han
ap luc. 6.Bom thay luc; 7.Thung dau

Nguyén ly lam viéc cla van phan phdi dang con trwot dwa vao ap suét lam viéc gitra hai
ctra ra ctia van (Hinh 2b). Dau thly lyc dwoc dwa vao tr clra 1 cla van dong téc va chia ra lam
hai nhanh cé lwu lweng bang nhau nhé hai van tiét lwu cb dinh gidng nhau. Khi lvu lwgng chay
qua hai van tiét lwu 1a nhw nhau Qi = Q2 thi khi d6 con trwot dwoc dinh vi & gitka vé van, ap
suét & hai dau con truot p1 = p2. Néu &p suét moét clra ra ctia van thay déi duéi tac dung cla tai
trong (p1 > p2) thi lvu lwong dau tir phia ctra van sé& dén vé phia ap suéat thip pz. Ap suét p:1 sé
day con trwot dich chuyén sang phai sé dong bét lwu lwong Q2 cho dén vi tri ma lwu lwong &
hai ctra Q1 = Q2 tirc ap suét lam viéc p1 = p2. Nhw vay, khi &p suét l1am viéc & hai clra ra thay
ddi, con trwot s& chuyén déng lién tuc nham dam bao cho ap suét gitra hai clra l1a nhw nhau.

Uu diém cda phwong phap dong bd béng van nay la két cdu gon nhe. Nhuoc diém clha
phwong phéap 1a tdn hao 4p suét sé bién thanh nhiét lam néng dau. Van chi lam viéc hiéu qua
trong khodng lwu lwong thap, dau khéng c6 1an khéng khi hodc bi nhiém ban.

b. Béng bd bang bé chia kiéu motor

Uu diém I&n nhét cha bo chia nay so véi bd chia kiéu con trwot 1a tdn hao it 4p suat qua
bd chia. (Lwu y la khi lam viéc, &p suat dau vao ctia bd chia lwu lwong kiéu con trwot lubn lubn &
gia tri nhanh lam viéc I&n nhét). Wu diém the hai 1a né c6 thé chia 1am nhiéu nhanh st dung td
hop nhiéu c&p banh réng hoac chia dong khéng déu theo ty Ié chiéu day cap banh rang an khép.

Do chinh xac ctia bd chia dang nay ciing khéng cao vi phu thudc vao hiéu suét ctia motor
banh réng va ro ri bén trong két ciu do 4p lwc & cac khoang lam viéc khéng gidng nhau. Ngoai
ra n6 con c6 nhwoc diém la én khi lam viéc & tbc dd cao.

Tuy nhién, phwong an nay van hay dwoc siv dung vi don gian va khéng quéa méc tién, dé
bé tri thiét bi va khong kén dau.
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2.3 Béng b6 dién
a. Piéu khién dong téc hai dong co khéng déng bo bang may can bang

Hé truyén ddng dién dwoc trinh bay nhw hinh 3.

HEREN HEEEN

[L—T]]

Hinh 3. B6 déng téc dién ding may can bang

Hai déng co giébng nhau can chay déng téc Ia BDC1 va BC2. Hai may can bang la CB1 va
CB2 thuwc chét la hai ddng co khéng ddng bo rotor day cudn gibng nhau. Céac rotor dwoc ndi
v&i nhau vé dién qua cac vong trwot. Cac déng co va may can bang cung nhém thi dwoc nbi
clrng truc véi nhau va ndi véi may san xuat. Khi mémen can trén hai truc déong co' nhw nhau,
tbc dd quay cla hai ddng co nhw nhau thi dong dién trong rotor hai may can bang sé béng 0

va cac suét dién déng rotor bang nhau, trai chiéu (|E1| :|E2|). Ldc nay cac may can bang
khéng sinh ra mé men. Viéc kéo tai do cac dong co DC1 va DC2 ddm nhiém va phan déu cho
hai ddng co. Khi mémen can trén hai truc dong co khac nhau (M < M_,) thi téc do quay
cla hai dong co khac nhau (@, < @,). B trwot cia dong co BC2 I&én hon cua dong co BCA1
(S, >S,) nén suat dién dong rotor may can bang CB2 Ién hon cla may can bang CB1
(|E2| > |E1| ). Két qua, dong dién rotor clia CB2 sé& dwong tao thém mé men gitup déng co DC2
khac phuc phu tai, tang téc.

Dong dién rotor clla CB1 sé am, sinh ra mé men ham lam tang phu tai ctia dong co BC1,
gidm tbc. Hai dong co sé dwoc dwa vé trang thai ddng téc. Cong suét ciia may can bang
thwong béng (10+15)% cdng suét cla ddng co ndi cung tryc.

b. Piéu khién déng téc hai déng co xoay chiéu bang may bién tdn quay khéng déng bo

RN R

Hinh 4. B6 déng téc dién dung bién tan quay khéng déng bd
May bién tan quay khéng ddng bo thwc chét 1a mét dong co khéng dong bd co tan sb
dong dién rotor ti 1& v&i do trwot, cling la ti 1& véi tbc d6 quay cla rotor. Khi rotor cé téc dd quay
khac nhau, tc d6 trwot khac nhau thi tAn sé dong dién rotor sé khac nhau.
Hai déng co can chay tbc dé 1a DC1 va BC2. Mét trong hai dong co (PC1) sé& ndi cirng
v&i may bién tAn quay BT. May san xuit MSX1, dong co DC1 va may bién tAn quay BT luén
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quay cuing téc do. May san xuat MSX2 dwoc quay béi dong co DC2 1a déng co hai ngudn cap
(Ngudn phia stator va nguén phia rotor). Déng co DC2 quay ddng bd véi may bién tAn BT nén
cling la déng téc véi DC1. Téc d6 quay cta hé do dong co DC1 quyét dinh.

Vi déng co DC1 kéo may san xuat MSX1 va cd may bién tan BT ma may BT lai cung cap
ngudn cho ddng co DC2 kéo may san xuat MSX2 nén coéng suét cta déng co BDC1 dwoc coi la
cong suét cta hé théng.

2.4 Nhéan xét

Trong sb 3 phwong phap ddng bo trén, thi ta thay phwong phap déng bd co khi kém hiéu
qué hon so v&i 2 phwong phap ddng bo bang dién va thiy lwc do két cu cdng kénh, phirc tap.
B6 truyén thiéu tinh linh déng trong diéu chinh van téc cia dong co.

Phwong an ddng bd béng thay lwc cé két cAu nhd hon va dé bb tri co cu lam viéc trén
cac may codng tac nén cé tinh co' déng cao, ngoai ra con dé dang thay ddi van téc cta déng co
thay lwc. Tuy nhién do &p lwc dong dau gidi han, nén cé dai nang suat con han ché.

Phwong an ddéng bo dién cé sir dung dong co dién cho cong suét lam viéc cao, mé men
kh&i dong I&n. Tuy nhién tinh co ddng kém va lam viéc phu thudc vao lwdi dién.

3. Co sé& tw dong bd hai bo gay rung

DPé minh hoa kha ning tw ddng bd chiing ta xem xét md hinh dwdi day:
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Hinh 5. M& hinh minh hoa khé nédng tw déng bé: 1. Khung; 2,3. Khéi gay rung

Trén khung 1 c6 gén hai khdi gay rung 2, 3. Gia thiét khdi gay rung 2 dwoc dan dong
quay b&i mét ddng co dién va quay véi van téc goc w, khdi gay rung 3 quay tron nhw mét con
ldc quanh truc O’. Van dé dat ra & day la tim diéu kién dé ca hai khéi gay rung quay déng bod
cung tbc do.

Nh& lwe kich dong cla 2, khung cé khéi lwgng m sé dao déng, truc O’ cGa 3 gan chat
trén khung cho nén né ciing chuyén déng theo phwong trinh sau:

y =Asin ot (€h)
trong dé A la bién do dao dong; w la tdc d6 goc cla 2.
Gié thiét trang thai tinh ctia 3 bi pha v&. Phuong trinh chuyén déng cda 3 dwoc viét:
M, +M, + M, :mleZ(P 2)
trong d6 m1 1a khéi lwong cda 3; e la ban kinh quén tinh cda 3; mlez la mé men quan tinh cta
3; @ la géc quay cua né trong hé toa dd x'Oy theo chidu quay ctGa kim déng ho;
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M, =m,ge.cos¢ - M6 men do trong Iwc cta 3 sinh ra; M, =—@ K=—k® - M6 men can, gia

thiét m6 men can ty 1& thuan voi toc do goc. Ngoai ra, hé toa do X'O'y’ cling chuyén dong twong
doi so v&i xOy, bdi vay trong phwong trinh mé men cé thanh phan mé men cua lwc quan tinh
kéo theo, lwc nay c6 phwong thang dirng va tri s6 theo cong thirc sau:

m,y =[Asinwt] m, = —Am,o?sin ot ©)
M6 men twong ng clia 3 sé la:
M, =—(Am,o’ sin ot)ecos ¢ 4)
Thay céc biéu thirc M1, M2, M3 vao biéu thirc sé& nhan dwoc
m,ge.cos @ — kp —m,eAw’ sin ot cos ¢ = m,e%¢p (5)
Nhin vao biéu thirc (5) thay ngay réng cac hé sb cia ¢, ¢, ¢ khdng phai la h&ng sé ma
thay ddi, vay phwong trinh nay vao loai phi tuyén va kha phirc tap. Muc dich bai toan da dat ra

la tim diéu kién dé hai khéi léch tam quay cuing téc d6 géc, bdi vay ta hoan toan cé thé gia thiét
rang nghiém cta (5) c6 dang: @ =mt+o (6)

L4y dao ham (6) hai lan, rdi thé vao (5) ta duoc:
[mecos(ot+a)].(g—Aw’sinot) = ko @)

Néu w = const, thi v& phai cta (7) Ia hang sé con vé trai lai 1a ham sé. Piéu nay chirng to
biéu thire (6) chi la nghiém gan ding cla (5). Vi la nghiém gan dung cho nén vé trai cta (7) c6
thé coi 1a tbng cla cac ham diéu hoa c6 chu ky 21m/w. D& xac dinh gia tri trung binh cta vé trai
chi can lay tich phan trong khoang [0, 211/w], sau dé chia két qua cho 21/w (day la ban chat cha
phwong phap trung binh héa twong dwong khi gidi phwong trinh vi phan phi tuyén do
Vandérpon dé xuét).

2n/o

m.e . m.e .
L j cos(cot+a).(g — Aw?sin cot)dt =L Ap’sina 8)
2n g 2
®
Viét lai biéu thirc (7) ta co:
m.e .
TlAcozsma:koa 9)
Ca hai vé déu la hang s6. Nhw vay, khéi gay rung 3 quay léch pha mét géc la a nhwng
cung tbc d6 goc w véi 2. T biéu thire (9) tardt ra

2k
m,eAw

(10)

sino =

T (10) dé dang tim dwoc goc léch pha a, ddng thoi co ngay didu kién can va da dé
déng bo 1a :

<1 (11)
m,eAw®

sina =
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Twr (11) ta thdy ngay rang: m,eA® cang I&n va k cang nhé thi cang dé dong bd; Ngoai ra
ta c6 kw la md men can, nén cong suét tdn hao dé dang dwoc xac dinh theo cong thirc sau:
men’A

2
Vi du: Cho me=10"kg.m; A = 0,0056m; ®=300rad/s. Thay vao cong thirc trén ta

meo’A 1075.107°.300°

2
kW thiét bj s& c6 kha nang tw déng bo.

N =M_o = ko.o = Ko’ . Mat khac tir (11) Iy sino =1, ta c6 biéu thirc sau: N =

c6: N= =6,75.10° (W). Nhw vay, cong suét dong co N = 6,75

4. Két luan

Phu thudc vao nhiéu théng sé dong hoc va két cdu may, thiét bj dan dén hai kha nang
hodc 1a cong tac dung rung tang hiéu qua lam viéc ctia may, hoac triét tiéu rung Ian nhau. Cac
tac gid bai bao da trinh bay mot sb nguyén ly ddng bd va tw ddéng bd rung lam co s& dé lwa
chon va tinh toan thiét k& cac may rung s dung trong xay dwng va cdng nghiép san xuét vat
lieu xay dwng.

Tai liéu tham khao

1. Poan Tai Ngo, Nguyén Thiéu Xuan, Tran Van Tuan, Nguy&n Thi Thanh Mai, Nguyén Kiém
Anh (2000), May san xuét vat liéu va céu kién xay dung, Nxb Xay dwng, Ha Noi.

2. PGS.TS Tran Van Tuén (2005), Co sé ki thut rung trong xay dung va san xuét vat liéu xay
dung, Nxb Xay dwng, Ha Noi.

3. PGS.TS Vi Liém Chinh, PGS.TS Pham Quang Diing, PGS.TS Trwong Quéc Thanh (2002),
Co sé thiét ké may xay dung, Nxb Xay dwng, Ha Noi.

4. Vi Quang Hoi (2000), Trang bj dién - dién tir cong nghiép, Nxb Gido duc, Ha Nai.

TAP CHi KHOA HOC CONG NGHE XAY DUNG SO 11/2-2012 51



