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TU DONG BO HAI DONG CO LECH TAM
NGUYEN VAN PINH - NGUYEN pAc HUNG

Khi dwogc 18p d4t trén hé chin ddng, cic déng co 1éch tim kich chin hé nhwng ciing chiu 4nh
1wéng ngwoc lai. Tay yéu nhung do ddng co thudng chi ¢6 “dw tri” ning lrong hitu han nén inh
wrdng ngwoe néi trén chinh 13 ngudn giy ra hién twong Sommerfeld - hién twong mit &n dinh
ra nhdy tin trong ving cdng hwdng & chin t& tuyén tinh kich déng bdi ddng co 1&ch t4m khéng
5ag bs (1, 2].

Néu trén he 13p dit nhidu ddng co, mot khia canh khéc ddng chd ¥ dwge d3t ra: do 4nh
wwéng ngwoe tir hé chin dng dén déng co nén thdéng qua hé chin ddng, hinh thinh twong tic
fidn tiép gitra cdc ddng co - dit ching dwoce Bp dit ddc 14p.. Cling 13 yéu, nhung néu cic ddng cor
a gin dbng nhit, twong tic gidn tifp ndy, trong nhimg didu kién nhit dinh, db & xa céng hwéng,
rAn dd 48 “didu chinh, phdi hop® vi trf cdc khéi léch tim trén cic ddng co, ddm bio cho hé chin
téng ldm viéc & ch€ A3 dinh trwéc (nhw tinh tién, thing, enlip, 1ic v.v...). D6 1A hitn twong goi
4 ty dong bé giita cdc dong co ich tim, d3 dwoc nghién ciu, thywe nghidm vi dmg dung trong
hwe ti€n ki thuit [2).

P& d4nh gid khi ning #ng dung hién twong d5ng bs trong didu kién thye t&, dwdi diy trinh
»ay ly thuydt so gidn cling quy tdc tinh todn thwe hanh cdc ché 45 dirng dong b3 cia hai déng co
fdng nkit, léch tim, khéng ddng bd 1ip dit ddc 1ip trén gid 4& dao dong phing kém mét s§ quan
At trén mot md hinh thyce nghiém twong dng.

§1. HE KHAO SAT - HE PHUONG TRINH VI PHAN CHUYEN DONG

Hinh 1 1i so d5 gi4 45 mang hai déng cor l§ch tdm Oy, O; Hé “gid d& - déng co khong léch
im” c6 hé truc qudn tinh chinh trung tim Ozyz trong d6 Ozz, Oyz 1a hai mit 431 xfng, stato
»it chit vio gid 46, cdc truc réto ndm trong m3t Oyz vi song song véi Oz, cac léch tAm xem 13
h&t diém chuyén déng trong mit Ozy. Hé d& b3 trf ddi xéng qua cic mit toa &3 ddm bio cho
4 4% dao ddng trong mit phing nim ngang Ozy.
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Chon hé truc ¢8 dinh XY Z tring véi Ozyz khi gid d& cin bing. Ky hifw: =, y va 6 - di
thuyén cda gdc O va géc quay cla gid d& quanh O; g1, w2 - géc quay cdc rdto twong d6i véi gid
[&, tinh theo chitu quay cda timg réto v3 tit vi tri ma cic ban kinh léch tim ndm song song thuin
wrémg Oz, p = 00; = 00g; ¢ - ban kinh 1&ch tim; My, J; - khéi lwong v4 md men quén &inh cda
rid d& k& cd stato cdc ddng co d8i véi Oz; M’ and J - khéi hrong vA mé men quén tinh cha réto
tdi v&i truc quay cia né; m - khéi lwong mdi léch tam; Cs, Cy, Cp - @6 climg cida hé d& twong dng
4c di chuyén z; y, 6; Ly = A— B¢y, Ly = A — By - dic trung tinh cda-cic ddng co (md men
lién tir tdc dung vio rdto, gid thiét hai déng co hodn toin d3ng nhit) trong d6 A, B 12 hing s8.

Hé phwong trinh vi phin chuyén déng dwoc lip theo Lagrange

dt(aT) QT_ =@ ("" =_1:2:3:4:5) ) (1'1)

dg; g

rong d6: q1 = 1, g2 = 2, §3 = T, @4 = ¢, g5 = 0; T - déng ning h§; Q; - cdc lyc suy rong; diu
** - ky hiéu dao ham theo thii gian,

Hai phwong trinh diu cho lu§t quay cda hai réto trong chuyén ddng quay twong d3i; ba
shwong trinh cudi cho lujt dao déng (tinh ti€n vi quay) clda gid d.

Hinh 2 bidn din vi trf cla gid d& tai thei diém bit kjr khi hai rdto quay ciing chifu (ngwoe
‘higu quay cda kim dbng hd).

Déng ning cda hé c6 bidu thic:

T= -M(z +#)+ = {Io + 2pp{sin oy * sin 992)}652 + %I(gbf + p3)
- ,u{ sin (4 +_<p1) +sin(f + pg)}mﬂ — psin{d + )29, =F,usin{9 + pa )i,
+ p{ cos(d + o1} + cos(f m)}gﬁ' + peos(f + p1)g1 £ cos(f £ a)ier
+ (I + psin )81 + (£ — ppsin 03)f, (1.2)
rong d6: M = My + 2M' + 2m - t8ng khéi lreng toin hg Iy = Jo+ 205 +20 Ty = (M'+ m)pé -
18men quén tinh d&i véi O cla mdi réto k& ¢ léch t3m xem nhw &4t tai truc rdto; I = J + me?

r oA A -~ ~ = 2> ~ r
mdmen quéin tinh eda mdi réto ké cd léch tim déi véi truc quay cda né; g = me - mémen quin
nk cda khéi léch t4m.
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Cic lwe suy réng cb bidu thirc:
Q= L1, Q2 =Ly, Qs = —Caz — hs#, Qu = ~Cay — haij, Qs = —Csf ~ hsd. (1.3)

- Céc phwong trinh Lagrange 1i:

Iélii—-—(A— B¢1) = R . el e e e i e o e o e

=e{,u£sinsp1 —pgjcosgﬁl - (I+ppsm¢1}5+pp52cosp1} +...
1852—(44-3952)= ' _
= s{p:'ésingog — pfcospg — (I — ppsin tpg)éZF pph? cosgog} +...
Mz + Chz = p.gé’icoscpl +p¢a§cos'zp2 +¢—:{..;}
M+ Cay = pisinpy F pdlsinpg +e{...}
I +Cs8 = —ppP3 cos 1 + pps cos s + & . } (1.4)

trong d6: diu + (—) twong @ng khi rdto O3 guay cling (ngwoc) chidu quay cda réto Oy; e - k¥
hi¢u tham 88 bé, cic dau (...) - cdc dal lwong khéng c6 mit trong tinh todn (& xdp xi thi nhit).

§2. CHR b0 DONG BO VA TINH ON DINH
Cho ¢ = 0, chiing ta ¢4 hé suy bién:

Iy~ (A= Bg,)=0

Iy — (A= Bgz) =0

M3 + Csz = pp? cos oy + pps cos oz (2.1)
Mg+ Cuy = pgid sin @) £ ug} sin ey

I8 + Csf = ~—iap3 cospx + po@} cos 2

Gi4 thidt hé d& rit mém, cic tin =8 riéng rit thip so véi t8c A9 gbc quay cda cdc rdto, hé
lim viéc & ving sau cdng hwéng, Trudmg hop hai ddng co quay cling chidu, hé suy bién (2.1) cho
cdc ché do dirng: '

. . A
pPr=p2=w=g, pr=wtt+a, @2 =wtta

g = cos{wt + a;) — % cos{wt + agz)
A‘f ” (22)
y= -——-ﬂ sin[wt + C{]_) - _Sin(Wt + a?)

M
0= &ecos(wt + o) — ald cos(wt + o)
Iy Iy

Cic géc pha a;, as dwge xdc dinh bing cich tridt tiéu gig tri trung binh cda nhém 88 hang
vi€t & v& phii hai phwong trinh diu cda hé (1.4}, Ching ta dwgc:
1 '2
P = ,ung{—- - -ﬂ—} sinf{a; ~ az) =0
M 20,
1 p2' (2'3)
Pg = #zwz{"ﬁ- - ET[;} Sill(ag - al) =0
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suy ra hai ch& d3 dbng bé:
cing pha as=a; vinghichpha ag=a;+ 7 (2.4)

Trong ché d§ cing pha hai ban kinh léch tdm song song cling chidu, hai lwc ly t4m ¢é hop lwc
d4t tai O vi quay trom, gi4 d& dao ddng tinh ti€n tron: -

24 2 .
=0, z= —H,_cos(wt +a), y= —._—H,sm(w_t,—l— al, - . (2.5)

Trong ch€ 43 nghich pha, hai ban kinh l&ch tim song song nguwgc chitu, hai lgc Iy tim tac
thanh ngiu, gid d& dao ddng lic quank O:

2
z=0, y=0, 8= —lf‘—p cos{wt + a) (2.6)
o .
Viéc khdo s4t 6n dinh dya trén ddu cdc nghiém cda phwong trinh djc tinh:

8P X ar,

das daz | _,2_ 8P 8B _ 2.7
3P, P, X {aa1 oy }X (2.7).
- X
6041 Baz

V1 h¢ khdo sét la 669n8m nén nghidm dic tinh x = 0 khéng inh hwéng d&n tinh n dinh, chi
tin xét dfu nghiém: :

L8P 8Py, (1
X= 3 + g 2u w {M 2Io}cos(a1 ) (2.8)
Ché€ 45 ciing pha {tinh ti€n trdn} én dinh néu:
1 A up°
M 2 <0 hay T >2 | (2.9)
Ché d9 nghich pha (lic quanh O) én dinh néu:
1 P2 Mp?
Y - YA >0 hay “—"TO"—<2 (210)

Trudng hop hai réto quay ngwye chidu, vide khio st cling twong tw vi cho ta mdét ché d5
lirng dong bd luén On dinh 14 ché d5 tinh tién thing theo truc z: '

z= %cos(wt+a), y=0, ¢#=0 (2.11)

Trong ché d9 nay, hai bén kinh Iéch tim ludn d3i xé¥ng qua truc z vi tao hop lwe Iy tim nim
heo tryc z.

§3. MOT SO QUAN SAT TREN MO HINH THUC NGHIEM

Quan g4t hién twong dong bd dwoce tién hanh trén mdt md hinh thye nghidm twong Gng véi
2 hinh 1y thuy&t vira trinh bay. D6 13 mét gié d& khung chir nhit, treo cin bing & vi tri ndm
gang nhe bdn diy mém thing dimg tai bén géc. Todn hé dwee b3 tri 48 x&ng qua hai mit Ozy
3 Oyz, hai truc Oz, Oy 14 hai truc quén tinh chinh trung tim, m§t Ozy qua bén diém treo irén
hung vi chia hai khéi léch tdm. Cdc s8 ligu: chiéu dai diy £ = 140cm , canh dai cda khung
a = 80cm; canh réng 2b = 45cm, khodng cich hai truc rdto 2p = 40cm, khéi lwong toin hé
£ = 15kg. Gi4 thigt dac déng nhd d¢ tuyén tinh héa dwoe cic lidn k& diy, khung cé chuyén
éng phing trong m¥t Ozy véi ba bic tw do =z, y, 4.
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Téc dd quay cda chc rdto dwoe chinh trong ving 360 véng/phit. Céc tin s8 vong riéng ¢é
hé tinh dwoc theo cdc hé thirc:

g Mg(a® + b2
wp=wg=3, w3=*—“(“ﬂ"“l (3.2)

D% dang thiy hé lm vide & sau vi khé xa cdng hwémg. Két qud do trirc tiép cho bict dao
16ng riéng trong chuyén ddng 1ic 0 xdp xi 42 1&n’phids, Ti dé suy ra:
L
Iy

20,52 <2 (3-2)

Viy, khi hai déng co &t gin ddng nhét s€ x4y ra mét trong hai ché d3 dbng bd sau:

1 - dao ddng lic quanh O khi hai réto quay chng chidu

2 - dao ddng tinh tién theo truc z khi hai réto quay ngwoe chidu.

Dé phin bidt va nhé‘:n ra hai ch€ d§ ddng b niy, cé thé dya vio dao ddng theo phwong z tai
diém giita vi diém diu mdt trén canh dii cda khung. K& qui cho théy khi chinh hai t&8c 46 quay
riéng cla ting ddng co cho xdp xi bing nhau, hai ché d3 dong bs 1dc vi tinh tién di xdy ra &
mé hinh thye nghiém. Céc hinh 3a, 3b twong ¥ng cho dao d6ng hai diém néi trén & trwdrng hop
hai dfng co quay cling chidu: diém giira dao ddng y&u hom nhidu so véi dao déng diém d3u mit,

khung dac déng lic quanh O.

SAAAAAALNNAN f\\f\jf\vf\vA\'va\vf\v/\vf\vnvf\ ALADANAD

Hink 84. Bitn &5 max : 0,00006 m, t = 5,13 s

LAAAAAAAARA AR AR LA
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Hinh 8b. Bién dé max : 0,0003m, t = 3,41 s

Ciing hai diém 46 & trwdmg hop hai déng co quay ngwoe chidu, di ghi nhin dwoc cic dao
d¢ng ciing bién d6: khung dao ddng tinh tién. '
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Ciéc hién twomg dbng bd khong xdy ra khi hai déng co khéng con “ghn dong nhit”, ditn niy
¢6 thé thwe hién bing c4ch chinh 4p d¢ hai t8c d& quay ridng cia hai d6ng co dd léch nhau. Khi
dé néu réto quay theo tdc 46 ridng cia nd, géc léch gifta hai ban kinh 1§ch tim ting déu din theo
thii gia.n, khung sé dao déng phing phirc tap. N&u t3¢ d§ quay riéng cda hai déng co cdn twong
d8i gin nhau, dao déng diém gia cda ca.nh dai cla khung cé tinh phédch ¢6 che ky phu thudc 46
l&ch giira hai t8c &6 quay riéng.

" Trén c4c hinh 4a, 4b twong dng cho dao ddng diém gifa vi difm diu mit & trodng hop hai
déng co quay ngwoc chidu khi khdng cé d3ng ba.

w nI‘MM{EWmmlll|'||||“ 1 W‘W\“‘?‘""'T—*

Hinh 4. Bién 5 oyc dai 0,00035 m, chu ki phich T = 14 8
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A

Hink 4b. Bién 45 0,00033 m, thoi gian ghi 3,41 s

KET LUAN

Nhitng quan 34t cdn cé phin dinh tinh tign hinh trén mdt mé hinh thwe nghiém don gin,
thd so vira trinh bay cho thiy hign twong déng bd cda cdc déng co ch tam 1dp ddt ddc lap trén
mdt hé chin ddng cé thé thwe hién twong di d4 ding trong didu kién k§ thuit théng thwdmg.
Di8u d6 cho phép d4t nhidu hy vong thanh céng néu hién twong ddng b dwgce dng dung 48 thige
ké ché tao ldp médy chin déng khdng ddi hdi hé truyén déng giita cdc ddng co léch tim.

Céng trinh ndy dwoc hoin thinh véi sy hd tro 63i chinh cda Chwong trinh nghién ctru co
ban trong linh vic khoa hoc ty nhién

- Dia chi: : Nhin ngdy 18/12/1995
Vién Co hoec TT KHTN & CNQC
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SUMMARY

AUTOSYNCHRONIZATION OF TWO UNBALANCE MOTORS

In the present paper, are presented some observations about the phenomenon of autosynchro-
nization of two unbalance motors on a platform moving in a plane.
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