BO GIAO THONG VAN TAI CONG HOA XA HQI CHU NGHIA VIET NAM

TRUONG PH GTVT TP HCM Poc 1ap — Tw do — Hanh phiic
KHOACOKHI e 000--—--
DAO DONG KI THUAT

(Danh cho sinh vién céac khoi co khi)

Nguoi lap: GV-K¥ sw Thai Van Nong
TS Nguyén Viin Nhanh

HCM - 2012



LOI NOI PAU

Dao dong 1a mot hién tugng phé bién trong tu nhién va trong k¥ thuat. Cac
mady, cac phuong tién giao thong van tai, cdc toa nha cao ting, nhitng ciy cau... d6
la cac h¢ dao dong. Dao dong la mot qua trinh trong d6 mot dai lugng vat ly (hoda
hoc, sinh hoc...) thay ddi theo thoi gian ma c6 mot dac diém nao do lap lai it nhat
1 lan.

Céc dai lugng dao dong co thé 1a cac vj tri, van tdc, gia tdc, nang lugng cua
vat, dong dién, di€én thé, ung suét, Am thanh. v. v...Hién tuong dao dong xay ra va
cling duoc nghién ciru dé ung dung (néu cé loi) hodc han ché (néu c6 hai) trong
rat nhiéu linh vuc k§ thuat khac nhau.

Moén “Dao déng ki thudt” giup cho sinh vién ndm duoc nhitng kién thirc co
ban vé 1y thuyét dao dong, cac dang dao dong tuyén tinh hé 1 bac, 2 bac hodc n
bac tu do va cac phuong phap tinh toan, ting dung trong ky thuét.
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Chuong 1 - NHUNG VAN PE CHUNG VE DAO PONG
I. KHAI NIEM CHUNG

1. DAO PONG VA DAO PONG CO
a) Dinh nghia
Trong cudc song cling nhu trong k¥ thuat, ching ta thuong gap cac dai

luong c6 gia tri bién doi theo thoi gian, lip di lap lai xung quanh mot vi tri can
bang. Ta noi cac dai lugng d6 dao dong.

Céc dai lugng dao dong co thé 13 cac vj tri, van tdc, gia tdc, nang lugng cua
vat, dong dién, dién thé, ung suét, Am thanh..v..v...Hién tuong dao dong xay ra va
cing duoc nghién ctru dé ing dung (néu c6 loi) hodc han ché (néu co hai ) trong
rat nhiéu linh vuc k¥ thuat khac nhau. Nhung ¢ day do han ché vé ndi dung va
tho1 lugng cung nhu muc dich cua gido trinh ching ta chi quan tdim nghién ctru
dao dong co d6 1a su thay déi vi tri clia cac vat (biéu hién qua cac chuyén vi) xung
quanh vi tri can bang,

- Néu vat dao dong tinh tién theo céc truc thi ching c6 chuyén vi dwong,

- Néu vat lic qua lc lai xung quanh céc truc thi chung c6 chuyén vi géc.

Vay, Dao dong la mgt qua trinh, trong do mot dai lwong vat ly thay doi
theo thoi gian, ma cé mot diic diém nao do lap lai it nhit mot lan.

Hoac Dao dong la sw thay doi vi tri cua cdc vat xung quanh vi tri cdn
béng.

Trong k¥ thuat, dao dong vira c6 hai vua co6 1gi. Lgi khi dao dong duoc st
dung dé toi wu hoa mot sb k¥ thuat nhu: dam, ki thuat rung... Hai khi dao dong
lam giam d6 bén ciia mdy, gy ra hién twong moi cua vat liéu, din toi pha huy,
anh huong dén tudi tho ciia cac cong trinh.

Vi du dao dong ctia con lac (hinh 1-1) c¢6 chuyén vi géc xung quanh truc di
qua diém treo A con dao dong cuia mot vat nang treo trén 10 xo co chuyén Vi

duong doc theo truc dig Z.



a) Dao dong goc cua con lac

¢) Dam chiu u6n

b) Dao dong duong cua vat ndng
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d) Thanh dan hoi chiu kéo nén

Hinh 1.1 — Céc vi du vé dang dao dong

b) Phan loai dao djng:

* Cén cik vao co cdu gdy nén dao déng:
- Dao dong tu do;
- Dao dong cudng bic;
- Dao d6ng tham sd;
- Ty dao dong;
- Dao dong hon don;
- Dao dong ngau nhién.

* Can ctk vao sé bdc tr do:
- Dao dong cua hé mdt bac tu do;
- Dao dong cua hé¢ nhiéu bac tu do;

- Dao dong cua hé vo han bac tu do.



* Cén cit vao phwong trinh chuyén dong:
- Dao dong tuyén tinh;
- Dao dong phi tuyén.
* Cén cit vao dang chuyén dong:
- Dao dong doc;
- Dao dong xoan;
- Dao dong udn.

2. QUY LUAT DAO bONG
Dao dong co thé xay ra theo nhi€u quy luat khac nhau, nhung ta thuong gap
nhit 13 cic quy luat sau day:
a. Dao déng theo quy ludt tudn hodn:
q(t+T) = q(t) (1-1)
C6 nghia 1a ctr sau mot thoi gian T nhat dinh gia tri cua q lai tr¢ vé trj sb cu.

Thoi gian T nhé nhat (tinh bang gidy) goi 1a chu ky ctia dao dong.

Hinh 1.2: Dao dong theo quy ludt tuin hoan

b. Dao dong ho hinh sin: 1a dao dong xay ra theo quy luat ;

q(t) = A(t)cosmo(t)t + B(t)sinw(t)t (a) (1-2)

q(t) = qo(t)cos[@(D)t + @(t)] (b)
trong do:
A, B, q, , ®, ¢ l1a nhitng dai lugng bién dbi cham theo tho1 gian.
- A 1a gi4 tri 16n nhit cua q dat dugc trong mot chu ky goi 13 bién do.
- mwgoila tan s vong, nod la sb dao dong thuc hién duoc trong 21t/s/, ® do

bang Hectz ky hiéu 1a [Hz]=[1/s]=[s"'],



® g0oi 1a pha ban dau hay géc léch pha do bang [rad].

Chu ky ciia dao déng ho hinh sin 13 chu ky ctia ham s6 sin T = 2
()

Nhu vy sau mot chu ky, do A(t), o(t), ¢(t) bién doi dai lugng dao dong ho
hinh sin khong tré vé tri s6 cu nifa.
Dao dong ho hinh sin chi ¢é bién dg bién doi theo thoi gian goi 1a dao
dong ho hinh sin bién bién. Loai dao dong nay c6 nhiéu ing dung trong k¥ thuat.
Vi du dao dong c6 bién do giam theo ham s6 e goi l1a dao dong tat dan
xay ra khi dap tit cac dao dong bang giam chan ( hinh 1-3), dao dong co bién do

bién do6i theo ham so sin dugc st dung nhi€u trong ky thuat dién va vo tuyén dién.

Hinh 1.3: Dao dong ho hinh sin

a -Dao dong tit dan (bién bién) b-Dao dong tin s6 thay doi (bién tan)

Dao dong ho hinh sin chi ¢é tan sé bién doi theo thoi gian goi 1a dao dong
ho hinh sin bién tan. Loai dao dong nay ciing dugc tng dung nhiéu trong ky thuat
dién va vo tuyén.

a. Dao déng diéu hoa: 1a dao dong ho hinh sin c6 A, o, ¢ déu 13 hing sd,
quy luat cua no la:

q(t) = A.cos ot + B. sinmt (a) (1-3)

= qo -cos(ot + @) (b)
Dao dong diéu hoa 1a dao dong ho hinh sin nhung ciing ¢ cac tinh

chat cua dao dong tuan hoan vi sau mgt chu ky no lai tré veé tri so cil.



+ chu ky ciia dao dong didu hoa 13 T=2% [s] (1-4)
()
+ s6 nghich dao cua chu ky goi 13 #dn sé, ki hiéu 1a f va tinh bang hectz:
1
— = 1-5
f== (1-5)
+ Nhu vay tdn sé vong
o =2nf [Hz] (1-6)
La s6 dao dong thuc hién dugc trong thoi gian 2 gidy.
+ qo1a gia tri 16n nhét ma dai lugng q co thé dat duoc trong mot chu ky:
Qo =V 4> +B’ (1-7)

ung v&i khi cos(ot + @) = 1 goi 1a bién dp ciia dao dong .

+ (ot + @) [rad] goi la pha ciia dao dong . (1-8)
+ ¢ [rad] goi 14 pha ban dau hay géc léch pha. (1-9)

Tat ca cac thong sb trén cua dao dong diéu hoa déu 1a hing sb theo thoi
gian. Hinh 1-4 biéu dién quy luat dao dong diéu hoa (1-3) trén toa do q(t) ta ciing

thay dugc y nghia cua cac thong s6 noi trén.

Hinh 1.4 : Dao dong diéu hoa
Dao dong diéu hoa cling 1a loai dao dong dugc nghién ctru nhiéu nhat, boi
vi mot dao dong theo quy luat tudn hoan q(t) bat ky co thé phan tich thanh tong

cua cac dao dong diéu hoa theo cong thirc Fourier:



qt)=A + i (A, cosnmt + B, sinnmt) (1-10)
n=l1

Do han ché vé noi dung va thoi gian trong gido trinh ndy chung ta ciing chi
c6 thé di sdu nghién ctru cac dao dong ho hinh sin va dao dong diéu hoa ma thoi.

3. CAC PAI LUQONG PAC TRUNG CHO DAO DONG CO HOC
3.1. Chu ky dao dong T[s] — 1a khoang thoi gian ngan nhat dé vat thuc hién

dugc mot dao dong toan phan hay 1a khoang thoi gian ngin nhat dé trang thai dao
dong duoc lap lai nhu cil.
Néu trong khoang thoi gian At, vat thuc hién dugc N dao dong thi ta ¢ chu ky

[s]

&
N

T

3.2. Tan s6 dao déng f [Hz] 14 sb lan dao dong trong mot don vi thdi gian
(tc 1a 1 gidy). No la dai lugng nghich dao cia chu ky dao dong.

f=— [Hz]

3.3. Tan so vong (géc) o [rad/s] 1a s6 dao dong ma vat thuc hién dugc
trong thoi gian 21 gidy.

= 27” =2xf [rad/s]

3.4. Ly do, van téc va gia téc ciia vat

- Ly d¢ cua vat dao dong: g = g, cos(@t +¢) [m, cm, mm...]

- Van tdc cua vat dao dong : V=q =—g,wsin(wt +¢) [m/s, cm/s, mm/s...]

- Gia tbc ctia vat dao dong : a=q' =V =—q,0° cos(@t+ ) =-o’q [m/s?, cr/s?,
mm/s’...]

3.5. Nang luong trong dao dong

Dinh ludt bao toan nang luong: Trong qua trinh dao dong thi dong nang
va thé néing cé sw bién doi qua lai, dpng ning ting thi thé nang giim va ngwoc

lai, nhung tong ciia chiing la co ndng (tic ning liwong toan phén) luén dwoc
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bao toan.

II.

W=W,+W, =const
Trong d6 : W - co ning toan phan;
W, - dong nang;
W, - thé nang,
Vi du mdgt vat dao dong diéu hoa c6 PTDPD nhu sau q = q, cos(art + @)

Dong nang w, =%mV2 =%ma)2q§ sin* (ot + @) =W sin* (ot + @)

Thé ning W, = %ma)zq2 = %ma)zqg cos’ (ot + @) = W cos’ (ot + @)
Cong 2 vé cta 2 phuong trinh trén ta duoc:
W,+W,=W = %ma)zqg = const

CAC CACH BIEU DIEN DAO PONG

Chung ta c6 thé biéu dién dao dong bang phwong trinh dai sé nhu phuong

trinh (1-3) hay bang do thi nhu hinh 1.2, 1. 3, 1.4 da gi6i thiéu.

Qua d6 tinh toan dugc cac dac trung co ban ctuia ching nhu bién do, tan so,

goc léch pha theo cac cong thure néu trén.

phike va vécto quay 1a nhitng phuwong phap hay dung dé nghién ctru dao dong sau

nay.

diéu hoa (1-3) mot lugng phirc twong tng 14 j.q, sin(wt + @), thi vé phai cta né s&

O day chung ta lam quen v6i cac phwong phdp biéu dién dao déng bang sé

Néu chiing ta cong thém vao vé phai ctia phuong trinh biéu dién dao dong

tr& thanh mot sb phuc :

q(t) = qo cos(wt + @) +j g, sin(ot + @) (a) (1-11)
=qo ej(cot+(p) = Qo ejoat .ej(p

Véijladonviao: jf=-1.

Bi€u dién trén mdt phang s6 q s€ 1a mot vécto c6 do dai A = q, va lam vai

11



tryc thue goc (ot +¢) (Hinh 1.5), ta ky hiéu bang chit q c6 gach ngang & dudi g.

Khi cho vécto nay quay vdi van tdc goc o quanh goc toa do hinh chiéu cua
no trén tryc thyc s& biéu dién quy ludt (1-3) cua dao dong diéu hoa :

q(t) = qo cos(wt + ¢)

vi thé ciing c6 thé dung sb phuc (1-11) hay vécto quay trong hinh 1.5 dé
biéu dién dao dong.

vécto  go=Ae? (1-12)

biéu dién vécto q & vi tri t=0 goi 1a bién dé phitc ciia dao dong.

Hinh 1.5 — Biéu dién dao dong bang Vecto quay

Khi tinh toan ching ta thuong vécto hoa cac bai todn dao dong nghia 1a
biéu dién cac dao dong bang vécto hay sb phirc, sau d6 tién hanh cac phép tinh
cong, trir cac vécto, nhan cac vécto voi mot s6 cling nhu dao ham, tich phan, vi
phan céc vécto theo thoi gian... dé giai bai toan. Két qua ctia bai toan nay sé& la
mdt vécto hay sb phuc. Ta chi can chiéu vécto d6 1én truc thyuc hay ldy phan thuc
ctia 86 phtrc két qua d6 s& duogc 101 giai ctia bai toan an dau.

So d6 thuat toan giai quyét bai toan dao dong bang phuong phap vécto hoa
c6 thé tom tit trén hinh 1.6.

Trong nhirng phan tiép sau chung ta sé& thiy rd tng dung cua phuong phap

trén.

12
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vécto hoa » toan vécto

Hinh 1.6 - Thuat toan vecto hoa

I1I. TONG HQP VA PHAN TiCH CAC DAO PONG
Trong thuc té ta thudng gip cac bai toan trong d6 mot vat ddng thoi tham

gia nhiéu dao dong dan dén viéc can tong hop hodc phan tich cac dao dong. Khi
cac dao dong da dugc vecto hod, nhirng bai toan nay tré thanh nhitng bai toan tim
tong hodc hiéu cta cac vecto quay.
Gia sir ta can tong hop 2 dao dong:
qi = Aj cos(oit + @)
Q2 = Az cos(mat + @y) (1-13)
Khi thém vao cac phin ao tuong Gng ta nhin dugc 2 vecto
Ajcos(oit+ @) +j Arsin(oit + @)= Ay, e/ )
A; cos(mot + @) + j Ay sin(mat + @o)= Ay, /(@0 (1-14)

Chia bai todn lam 3 truong hop.

1. DAO PONG CUNG PHA
Nghiala @ = =0

Va P1-P2-0

Bai todn sé don gian vi cac vecto q;, q; cung nam trén mot gia.

13



q: ql + q2= Al' ej(w1t+<P1)+A2. ej(w2t+<Pz)
= (A £ Ay).d@"? (1-15)
C6 nghia 1 dao dong tdng cong ciing co cung pha va bién d6 bang tong dai

sO cac bién d) cua dao dong thanh phan.

2. CAC DAO PONG CUNG TAN SO
Nghiala @ = =0

Va D1 P2
Do céc tan s6 bang nhau nén cac verto q; va g s& cung quay quanh gc O
v6i van toe o, tam giac OA,| A, trong khi quay s& khong bi bién dang.
Vi thé dao dong tong ciing ¢ cung tan sb vong o, ¢ dang:

q= A cos(ot + @) va bién do bang tong (hinh hoc) cac vecto q; vaqs.

Hinh 1.7 — Biéu dién vecto hinh hoc
Theo cac quan h¢ hinh hoc cta cic vecto trén hinh 1.7, xay dung tai thoi

diém t = 0, ta c6 bién do cua vector tong :

A= JAZ+ 42+ 24,4, co8( 9, — 9,) (@) (1-16)

Hay A= \/(Al sin @, + A, sin ¢,)* + (4, cos @, + 4, cos p,)” (b)

Goc 1éch pha cua 2 dao dong:

14



A sing, + A, sing, (1-17)

t —
S0 A cosp, + 4, cosp,

Céc truong hop dac biét:
a. Cac dao dong co cung bién do: nghia 13 ngoai diu kién 13 ©; = 0, = ©
va @1+ @y, cac dao dong con c6 A;= A, (hinh 1.8)
Khi d6 hinh binh hanh tr¢ thanh hinh thoi.

Hinh 1.8 — Biéu dién vecto hinh hoc
Néu (1 - @,) = 2 thi bién d6 cua dao dong la:
A= AjcosA (1-18)
Con goc Ieéch pha cua no la:

P1=@1 A= @r-A (1-19)

b. Céac goc léch pha hon kém nhau %:

15



Hinh 1-9: Tong hop cac dao dong cung tan sb
Khi d6 vecto q; va g, s€ vuong goc véi nhau (hinh 1-9a):
Do dai ciia vecto tong: A = 47 + A2 (1-20)

Goc léch pha ctandé @ = @, + arctg% =, - arctg% (1-21)

1 1

Trong diéu kién nay néu thém diéu kién ¢, = 0 thi ¢ = % (hinh 1-9b)

Ta co q=A;cos ot + A, cos(mt + %)

= A;cos ot + A, sin ot

= (o cos(ot +0)

Trong d6 A= 4’ +4;, va tgp= %

1

3. CAC DAO PONG KHAC PHA
Nghia la (O] ?5 (V) va (O)] ?5 10))

Nghién ctru mot cach chinh xac bang 1y thuyét trudng hop ndy s& rat phic tap.
O day ta xét mot truong hop don gian va hay xay ra trong thuc té, d6 1a trong
trudng hop dao dong co tan s6 gin bang nhau o, = o,

Trong truong hop nay :

16



A () \ A A A 42 A ~ A r \
*Neu — la mot sO vo ti, dao dong s€ khong c6 chu ky.

W,
* Néu 2 = ﬂtrong d6 n; ; n, nguyén thi dao dong tong co thé khong diéu
W, n,

hoa nhung s& tuan hoan nghia 1a ¢6 chu ky.

Chu ky d6 13 T =nT, = n,7, = 2% _ 127 (1-22)
2 @,

Ta tinh d dai vecto bién d6 tong tai thoi diém t:

A= 42 — A2 —24,4, cos|(w, — )t + (9, — )] (1-23)
Béi1 vi ; ® @, nén m, - ®; nhd cos [(w; - o))t + (P2 - @1)] thay doi cham
theo thoi gian nén bién do A ciing thay d6i chdm theo thoi gian.
Nhu vay dao dong tong 1a dao dong ho hinh sin vdi bién d6 bién doi theo
ham sb cos(m, - o)t . Hién twong nay goi 1a hién tuong phach cua dao dong.
Chu ky bién ddi bién do con goi 1a budc phach.

2

@, — 0,

TA=

Trén hinh 1-7 ta ciing thiy do ®; ~ ®, nén trong qua trinh quay giéng nhu
kim gid va kim phut cia mot chiéc ddng hd, goc hop boi vecto q va q, ciing
dan thay dbi. Noi cach khac cac vecto q va q, ciing quay twong ddi so véi
nhau. Tir d6 tam gidc OA; A, sé& bi bién dang trong qua trinh quay, dan dén
bién d6 dao dong tong thay d6i theo thdi gian. Gia tri 16n nhat va gia tri nho
nhét cta bién do co thé xac dinh duogc khi cac vecto q: va qp cung phuong,
cung hudng va cung phuong nhung nguge huéng voi nhau:

|4, — 4| < A< 4 + 4, (1-25)
Khi A; # A, ta ¢6 hién tugng phach thuong (hinh 1-16).
Khi Aj=A; tac62L>A>0 (1-26)

Goti la phach toan phﬁn. Khi nay bién d¢ dao dong té)ng c6 tri s6 nho nhat
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bang 0 va 1on nhét bang 2 1an bién d6 dao dong thanh phan (hinh 1-11).

ALd}

=T

T

e

o ”.u.FL.wx
e )

Hinh 1.10 — Hién tugong phach thudong

n_.

Hinh 1.10 — Hién tuong phach toan phan
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IV. CAU HOI VA BAI TAP CHUONG 1
Cau 1 - Dao dong la gi?

Thé nao 1a dao dong ho hinh sin va dao dong diéu hoa.
Cau 2 - Cac dac truong co ban cua dao dong:
- Bién d6
- Chu ky, tan s, tan s6 vong
- Pha va pha ban dau ....
Y nghia vt 1y ctia chung.
Cau 3 - Cac céach biéu dién dao dong? Xac dinh cac dac trung co ban cua
dao dong trong cac cach biéu dién 4y.

Céu 4 - tong hop 2 dao dong:

- Cung pha
- Cung tan sd
- Khac pha.
Céu 5 - Cho PTDD cua vat c6 dang x= 5sin(2nt) cm. Pha ban dau ctia dao
dong 1a :
a) 0 b) —% o) d)2n

Céu 6 - Cho PTDD cua vét c¢6 dang x= -5sin(2nt) cm. Pha ban dau cua

dao dong 1a :
a) 0 b) —% o) d)2n

Cau 7 - PTDD cua vat c6 dang x=Asin(5nt)+Acos(5nt) cm. Bién d§ dao
dong cua vat 1a :

a) g b)A )A2 d) A3

Cau 8§ - Con lac 10 xo gom vat m va 10 xo c6 do cung k dao dong di€u hoa,

khi mic thém vao vat m vao mot vat khac c6 khdi lugng gﬁp 3 1an vat m thi chu

19



ky dao dong cua chung la :

a) Tanglén3lan b)giamdi3 1An ¢) Tanglén2lan  d) giam di 2

lan

Ciu 9 - Biéu dién cac dao dong sau day dudi dang sé phirc hodc vecto
quay:

a- Dao dong Z co bién do bang 3 cm va tan sd £ =20 Hz, goc léch pha ¢ =
30"

b- Dao dong ¢ = 0,2cos(%t - %) rad

¢ Dao dong X =5 cos2,1t +4sin2,1t (cm).
Ciu 10 - Xac dinh cac thong sd: bién do, tan sb, tn sb vong, goc 1éch pha
cua cac dao dong trén.
Cau 11 - Cho Z; = AcosQt + jBsinQt, Z, =C.e/™*
Tinh: Z,+ 7, vaZ,— 7,
Cau 12 -M¢t vat dao dong diéu hoa ¢t 10 s thi thuc hién duge 20 dao dong.
Bién d0 dao dong cua vat 1a 1 cm. Tai thoi diém t=0 : x=0, v=41 cm/s.
1) Viét PTDD
2) Tinh van toc va gia toc ctia vt trong hai truong hop:
a) khi vat di qua vi tri can bang.
b)  Khi vat & vi tri bién.
Céu 13 - Mot toa xe (hinh BT1-1) chay trén duong 16i 16m c6 qui luat:

Zp=0,01 cos %X= 0.01 cos MTVt

V&i van toc V = 50 km/h va chiéu dai thanh ray L-12,5m.
Tinh dao dong kich thich téng cua cac banh xe 1én thunh xe:

— ZBI + ZBZ

Z
At >

Biét khoang cach 2 truc banh xe L = 8,6 (m).
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ke

Hinh BT1.1 Toa xe trén duong 161 1dm
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Chwong 2- DAO PONG CUA HE MOQT BAC TU DO

I. MO HINH VA PHUONG TRINH VI PHAN CUA HE DAO PONG
MOQT BAC TU DO

1. MO HINH

Hé mot bac tu do la hé co hoc ma vi tri cua vdt trong khong gian co thé xdc
dinh bcfng mot toa do suy rong duy nhat.

Trong nhiéu trudng hop ching ta gip trong thuc té, dao dong ctia vat co thé
mo hinh hoa thanh h¢ dao dong mdt bac ty do. Hai dang thudong gdp cua chung la
dao déng c6 chuyén vi dwong vi du dao dong cia vat trong ke truot (a), dao dong
cua 0 td, tau hoa (b), va dao dong co chuyén vi goc, vi du nhu dao dong cua kim

d6ng ho do dién khi bat dau hodc két thac phép do (c), hinh 2.1.

a b -
Hinh 2.1 Vi du vé dao dong 1 bac tu do
Mo hinh chung cua dao dong c6 chuyén vi dudng thé hién trén hinh 2.2a.
Po 1a mot vat ¢d khodi lugng m, trong tdm G dat trén mot 10 xo ¢6 do cung C va
mot giam chin ¢6 hé sb can K, luc kich thich 1am cho vét dao dong 1a F.
Tuong ty, mod hinh dao dong co chuyén vi gbc 1a mdt vat c6 mOmenquan
tinh ddi véi truc quay J, gan véi truc thong qua mot 10 xo ¢6 do cliing xodn C, va

mot giam chin c6 hé sb cank » » momen kich thich dao dong 1a M (hinh 2.2b).
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Hinh 2.2- M6 hinh dao dong mot bac tu do
2. CAC YEU TO CAU THANH MO HINH
a. Vat thé: dugc dic trung bﬁng khdi lugng m dat tai trong tam G (hodc

momenquén tinh khéi luong dbi véi truc quay J).
Vi tri can bﬁng 7Z=0 dugc chon la vi tri trong tdim G khi 10 xo chiu do nhun
tinh (dudi tac dung cua trong lwong P=mg). Chuyén vi cua vit thé dugc xem la
chuyén vi ciia trong tim G ké tir vi tri can bang.
Khi ¢6 lyc kich thich vat s& chuyén dong xung quanh vi tri can bang.
b. Lo xo: dai dién cho cac mdi lién két dan hoi nhu 10 xo tron, nhip, dém
cao su, 10 xo khong khi (16p hoi)... ciing nhu cdc mdi lién két sinh ra luc hoi vi
khac. Khi 10 xo bi nén lai hodc kéo dan ra s& phat sinh luc hdi vi (muén dua vat vé
vi tri cii). Tri s6 ctia luc nay 1a ham sé cta d6 nhan (chuyén vi):

F.=f(Z) [N] (2-1)
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Hinh 2.3- Ddc tinh va d§ cing cta 10 xo
Pudng biéu dién quan hé gitra luc hdi vi va d6 nhan goi 1a dac tinh cia lo
xo (hinh 2.3).
Pao ham cua dudng dic tinh tai mot diém goi 13 do cibng ciia 16 xo tai diém
do:
¢ =% N/m] (2-2)

dz

Lo xo tron ¢6 dic tinh 13 dudng thang di qua gdc toa do.

Ta n6i 10 xo ndy c6 ddic tinh tuyén tinh:

F=CZ [N] (2-3)

Trong do do cung:

C =1g¥ =const [N/m] (2-4)

Céc dang 10 xo khac nhu 10 xo ndn, 10 xo cao su, 10 xo khong khi...thuong
c¢6 dic tinh khong phai 1a duong thang, do d6 d6 cung cua ching ciing khong 1a
hang s6. Noi chung 14 :

C=1(z) [N/m] (2-5)

Ta goi cac 10 xo d6 1a cac 10 xo ¢6 ddc tinh phi tuyén.

Trong mot s6 bai toan thuc té, do cung cua 1o xo trong mo hinh c6 thé 1a do

cung chong kéo nén, d§ ctrng chong xoan, do cimg chong udn cia mdt thanh tiet
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dién déu dong chit hay t6 hop cua cac 10 xo mic nbi tiép hodc song song véi
nhau. Khi d6 chung ta phai tinh d¢ cing theo stic bén vt lidu hodc thay thé chung
bang mot 10 xo roi tinh do ctng tuong duong.
Sau ddy la mét so trwong hop thwong gap trong ki thudt:

* PG cirng ciia thanh dong chat tiét dién déu:

° Khi thanh chiu kéo nén béi luc F (hinh2.4) thi 6 dan cua thanh la:

Al =L
ES
Trong do: E: md dun dan hdi cua vat liéu;

S: tiét dién ngang cua vat li¢u.

Tu do: F :ETSAZ:CZAZ

Néu coi thanh nhu 13 mot 10 xo thi do cing chdng kéo nén cua thanh la:

C. =ETS (2-6)
: |- | |
---.)F -’r:li’?fni
[ A
$rey < =
T,
E g b i
| e v
; g 7
T "“‘—""'/,"{ '
s ——""x
Hinh 2.4 - Thanh dan hoi chiukéo  Hinh 2.5- Thanh tiét dién déu chju xoin

nén
°Khi thanh chiju xodn bdi momen M . (hinh 2-5) ta tinh dugc goc x04n tai
tiét dién cach gdc mot khoang 1:
M
Gl

P

%

Trong do: G: mo dun truot cua vat;
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[,: momen quan tinh cyc cua ti€t dién ngang.

Tu do:

Gl
M =T”(0=C.(0

. , Gl
D0 ciing chong xoan cua thanh 1a €, = T”gp =Co (2-7)

°Khi thanh 1a dim cong son chiu udn boi luc F (hinh 2-6), ta tinh do

vong ¢ dau dam:

By
3 EI

Trong d6:  El 14 d6 cing chdng ubn

f

Tu do:

_3EI

F_l_3f=Cf

D0 ciing chong uon & dau cong son:

3EI (2-8)

In
(_.._._. -
[ Ly
o

r)[,./_.f) 'J‘ [("‘/
!
i

s e R
X .
S T ————
S
T | - b ;T
j /
_l/ -
[

o
-

vy

Hinh 2.6 - Cong son chiu udn Hinh 2.7- Dam chiu ubn

° Khi thanh 1a dam 2 gbi chiu uén boi luc F ¢6 khoang cach dén cac gbila a
va b (hinh 2.7).
Ta tinh dugc d0 vOng tai diém dit luc:

Fa’b?

S = 3Ela+h)

26



3EI(a+D)

Tl‘Idé F:T
ab

f=CDf

D0 ciing cua dam tai diém dat lyc:

3El(a+b)

Cp,= a’b?

(2-9)

Trudng hop luc dat gitta dim, thay 1 = (a+b) = 2a =2b

_ 48EI

Ta duoc: C, 7

* D¢ curng to hop cua cdc lo xo:
- Truong hop t6 hgp céac 10 xo mac song song, tat hay cac 10 xo c6 dj cing

Ci, Cy, ...C, bang mot 10 xo c¢6 do cimg C.

B

Hinh 2.8- Lo xo mic song song

Do céc 10 xo c6 d§ nhin bang nhau:

f1 = fz Sooo0c— fn = fss
Hay Fvl _& — — Fn — Fvv
Cl CZ Cn Css

Lay tong céc tir sO va cac mau soO cua n phan s6 dau ta dugc:

25 _F

Z Ci - Css

Nhung vi F= ZF nén suy ra C, = Zn:C,. (2-10)

i=1 i=1
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- Trong trudng hop cac lo xo méac ndi tiép, ta thay t6 hop cac 10 xo co do

cung Cy, C,, ...C, bang mot 10 xo c6 do cung C,.. Bo1 vi d dan cua 10

xo tuong duong bang tong dd din cua cac 10 xo thanh phan:

f1+ fz +....t fn: fnt

va luc tac dong l1én céc 10 xo 1a nhu nhau nén:

F F F F
— it —=—
Cl CZ Cn Cnt

e ————e e

Ffor N

¥
o
l\

N A

'
“ L1

1
<

1
n

L

e
-
-
>
"
-
- — -
=
o -
T : D=
d_ s
> : g
- a ! ‘
— - i
! ¥ - I
—— e :
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. i
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L
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Hinh 2.9: L6 xo mac noi ti€p

>
3

| i

L

Hinh 2.10

(2-11)
o !

L]

i

= n3
é‘.

Vi du: Mot hé dao dong tao bé1 mot vat co khoi lwong m mac vao mdt dam

2 gbi chiu ubn & diém gitra va mot 10 xo ¢6 do cung C (hinh 2.10).

+Néu theo so d6 1 thi dam va lo xo ghép song song.

Ta tinh duoc:

48E1

Ctd = Clx + CD: C,X + 13

+ Néu theo so dd 2 thi dam va 10 xo ghép nbi tiép.

28



Ta co:

Ta duoc:

_ C,C, _ 48EIC,
“C,+c, C,I°+48EI

c. Giam chan: dai dién cho cac moi lién két ti€u hao nang luong lam giam
dao dong nhu céac loai gidm chan ma sat, gidm chan thuy luc, cac loai ma sat va
strc can sinh ra khi vat chuyén dong.

Do thi biéu dién quan h¢ cua luc can véi toc do goi 1a dac tinh cua giam

chan:
dz
F=rc)=10 [N] (2-12)
Pao ham cia dudng dic tinh ndy tai mot diém goi 13 hé s6 can ciia gidm
chan:
k= Ns/m] (2-13)
dv

- Cdc gidm chan thiy lec: thuong ¢ luc can ti 16 bac nhat v6i toe do nén dic tinh

ctia chiing 14 tuyén tinh nhu hinh 2.11a.
Fe=ki 2 [N] (2-14)

H¢ s0 cén cua loai giam chan nay la hang so:

k; = tga = const [Ns/m] (2-15)
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Hinh 2.11

a- Dic tinh va hé s can cua giam chdn TL; b-Do thi cong can cua giam
chan TL; c-So @6 may thir giam chan TL.
Trén may thir giam chan thity lyc (hinh 2-11c¢) ngudi ta din dong giam chan
nay bang mot dao dong didu hoa Z= Z, cosot tao ra tir co cdu tay quay thanh
truyén.

Do v = % = wZ, sin(wt) nén F, = kV = kwZ, sin(wt)

Thay gia tri cua sin(wr) ta duge:

[z
F.=kowz, 1—(2—0)2

2 2
Z F
H la: — - =1 2-16
ay & (ZOJ -{ka)ZoJ ( )

O day k, w, Z, 1a nhitng hang sd.

Nhu vay quan h¢ gitra lyc can va chuyén vi goi la dd thi cOng can cla giam
chan thuy lyc trong mot chu ky 13 hinh ellipse (hinh 2.11b). Dién tich cua ellipse
nay la cong cua lyc céan tiéu hao trong mot chu ky.

A= rkorZ; (2-17)
Khi thir nghiém giam chin thity lyc, may thir s& v& cho ta dic tinh hinh

ellipse nay. Dua vao nhiing thong s6 da biét ciia may thir va ti I¢ cac truc cua dic
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tinh thu duoc, ta c¢6 thé tinh ra dugc hé sb can k va cong can A cua giam chin
dang thur sau mot chu ky va két luan duoc vé chat lugng ctia gidm chén.

- Cdc giam chdn ma sat: ¢6 luc can la cac luc ma sat, cac luc ma sat nay
thuong 1a hﬁng s6 va chi phu thudc hudng cua van te:

r _{—uNKhiV>0 (2-18)

ms

uUN Khi V<0
Do d6 dic tinh ciia giam chan ma sat 1a 2 nira dudng thang song song véi
truc V va nim & goc phan tu thir hai va tht tu (hinh 2.12a).
D6 thi cong can cua giam chan ma sat hinh chit nhat nhu hinh 2.12b.

At =

*

i

| }

Hinh 2.12
a- Dic tinh cta giam chan ma sat
b- P thi cong can clia giam chin ma sat.

d. Lwc kich thich: 13 nhitng lyc giy nén dao dong cia vit, nd co thé tac
dung theo nhirng qui luit khac nhau:

- Kich thich mot 1an: Luc kich thich F ¢6 thé chi xuit hién mot 1an duy nhat
lam cho vat dao dong roi théi. Sau do vat tu dao dong va trong qua trinh dao dong
do6 khong co6 su tham gia cua lyc kich thich. Dao dong cua vat lic nay goi la dao
dong tu do.

- Kich thich déu dan, lién tuc: theo mgt qui luat nhét dinh trong subt qua

trinh vat dao dong, tao cho vat nhitng dao dong cudng burc.
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* Néu qui lut cua lyc kich thich thay d6i theo hinh sin:
F = F, cos(Qt + ¢) (2-19)
Ta goi 1 kich thich diéu hoa.
* Néu qui luét cua lyc kich thich thay doi mot cach tudn hoan ta c6 thé phan
tich thanh tong ctia nhitng ham kich thich diéu hoa bang cong thirc Fourier.
* Néu luc F tac dung cach quing, ctr sau mot thoi gian T (sau mot chu ky)
lai tic dung mot 1an trong thoi gian rat ngan, ta goi 14 kich thich xung,
- Kich thich ngdu nhién: Néu qui luat kich thich 1a két qua ngdu nhién thu
dugc bang phép do, ta co qua trinh kich thich ngau nhién:
F=£@) (2-20)

Hinh 2.13 Céc qui lut bién ddi cta luc kich thich
a- Kich thich diéu hoa b- Kich thich xung  c- Kich thich ngau nhién
Trong khuon kho ciia gido trinh ndy, chung ta chi quan tam dén nhitng hé
dao dong c6 kich thich 13 ham diéu hoa dang (2-19) vi nhitng kich thich tuan hoan
cling c6 thé phan tich ra tong cta nhirg ham sé c¢6 dang nay.

3. PHUONG TRINH DAO PONG ‘
Chung ta co thé thanh lap PTDD duva trén su cdn bang luc hay dua trén

phwong trinh Lagrange logi I1.

Cho du st dung phuong phap nao thi két qua PTDD thu duoc ciing gidng
nhau.

Gia st ta thanh 1ap PTDD cua vat co khdi lugng m trong mo6 hinh mot bac

tu do don gian nhat nhu hinh v€ 2.2 vé1 cac dac tinh cua 10 xo va gidm chan déu la
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tuyén tinh:
- Lo xo0 ¢6 do clng: C [N/m] = const,
- Hé s6 can ctia giam chan: K [Ns/m] = const
a. Sir dung phwong trinh cin bang lrc:
Chon v1 tri can béng 7Z=0 la vi tri trong tdm cua vat khi 16 xo chiu d¢ nhin

tinh. Khi vat c6 chuyén vi Z ra khoi vi tri can bang sé co6 cac luc tac dung:

—_
—

()

T

L o i e e —

| Tt
! A - E
i_ L
‘ \
A4 |
Hinh 2.14- Céc lyc tac dung vao vat dao dong
* Lyc quan tinh:

d*7
— (2-21)

* Lyc can cua giam chan:

th — _m

dz
F.=-K= 2-22
—KE (2-22)

* Luc hoi1 vi cua 10 xo:

F.=-CZ (2-23)
* Luc kich thich diéu hoa:

F = F, cos(Qt) (2-24)
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Xét can bﬁng cta vat, theo dinh ludt Newton ta viét phuong trinh can bﬁng

luc hay con goi la PTDD:

2
md—f+Kd—Z+CZ=F (2-25)
dt dt

b. Str dung phwong trinh Lagrange loai 11

Ciing chon vi tri can bﬁng nhu trén, tai thoi diém t khi vat co chuyén Vi Z.
Biéu thirc dong ning cua hé 1a:
T= 1 mZ>
2
Biéu thtrc thé ning cta hé 1a:
1 .2
[m=-Ccz
2
Biéu thtrc ham hao tan c6 dang:
| R
O=—K.7
2

Ta tinh dugc cac dao ham riéng:

oz or _
0z oz
G_H:CZ %:KZ
0Z dz

Thay vao phuong trinh Lagrange loai 11

d or, or oIl o0
2L %
dt 0q  0Oq oq 0Oq

m(2)-0=—CZ-KZ+F
dt

Ta dugc PTDD c6 dang giéng nhu phuong trinh (2-2):
mZ+KZ+CZ=F

PTDD la mot phuong trinh vi phan tuyén tinh cdp 2 khong thudn nhit c6 hé

s6 hang sb. Ta can giai phuong trinh ndy dé tim qui luat dao dong Z= Z(t) va cac

thong so cua no.
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Nhu ta da biét trong toan hoc, nghiém ctia phuong trinh nay 13 nghiém cua
hai thanh phan nghiém, mdi thanh phan biéu dién nhu mot loai dao dong:

+ Nghiém tong qudt cia phwong trinh vi phdn thuan nhdt c6 vé phai bang
khong (F=0) biéu dién dao dong khong c6 luc kich thich, d6 1a dao dong tu do.

+ Nghiém riéng ciia phirong trinh vi phéan khéng thuan nhét c6 vé phai khac
khong, biéu dién dao dong co luc kich thich goi 1a dao dong cudng bic.

Sau day, chung ta xét k¥ tung loai dao dong thong qua cac nghiém do.
II. DAODONG TU DO KHONG CO LUC CAN

Trude tién ta xét mot mo hinh dao dong tu do don gian nhat, do 1a truong
hop dao dong tu do khong c6 luc can.

1. MO HINH

M6 hinh dao dong tu do khong c6 luc can cua hé mdt bac tu do la mot vat

6 khbi lugng m dat trén mot 10 xo c6 do cting C (hinh 2.15).

——— — T —— e e —— & ,‘f'
y ———
-~ )
b 4
— — - - — —— ‘ e —————— i — —
A |
F ¥
I 1]
7 |
=4 I R
L.
=
= o
,-—-“___'*
—~ ™
‘___‘?
f:

Hinh 2.15 Mo hinh dao dong ty do khong co6 lyc can

2. PHUONG TRINH DAO PONG
Ta ciing chon vi tri Z= 0 1a vi tri cAn bang tinh nhu trén. Khi vét c¢6 chuyén
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vi Z chi c6 luc quan tinh va luc hdi vi cta 10 xo tac dung Ién vat nén ta viét dugc
phuong trinh can bang lyc ciing 1a PTDD nhu sau:

d*7Z

m= S+ CZ=0 (a) (2-26)
hay
mZ+CZ =0 (b)

Phuong trinh nay ciing c6 thé suy ra tir phuong trinh can bang luyc (2-25)
khi K va F bang khong.
3. DANG DAO PONG VA CAC THONG SO DAO PONG
Ta tim nghiém cua phuong trinh (2-26) du6i dang:
Z = Ae¥ (2-27)
Khi d6 cac dao ham cua no la:
2=24eM =22 (a) (2-28)
Vag 2 = 2242t = 227 (b)
Thay vao phuong trinh (2-26) ta dugc:
(mAZ + ) 42 =0
Boivi Z = 4e**khong dong nhat bang khong nén ta rit ra:
mAZ+C=0 (2-29)

(2-29) goi la phuong trinh ddc trung cua hé. Nghiém cua nd la:

A .
Az = 1f IIE = +if5; (2‘30)
Voéi:

B= 2 (2-31)

goi 14 tan s6 vong ciia dao déng tir do khéng c6 lwc can.
Nhu vay, theo (2-27), nghiém cua PTDD (2-26) la:
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Z = A elfol g e Rt (2-32)
Bién ddi cac s6 phuc & vé phai sang dang dai sd theo cong thirc Euler:
Alej"gﬂr = A,(cos Byt + jsin fyt)
Azej"gﬂr = A,(cos iyt — fsin fyt)
Ta duoc:
Z = A;(cos Byt + jsin Syt) — Aslcos Byt — jsin fgt)
= (A4 + A;) cos Syt + jlA, — Az) sin iyt
= Acos it + jB sinfigt (a)
= VAF g2 Py (b) (2-33)

= 7, eflfatte) (c)

Trong d6: Z; = ¥A® + B2 vao tge = =

A
Céc hang sb A, 4,,A, B ciing nhu Z,, @ c6 thé tinh dugc tir nhitng diéu kién
ban dau. Vi du véi diéu kién ban dau:
Tai thoi diém t=0 thi Z=Z, va 2 = V,;  (2-34)
- Tu(2-33a) tatinh dugc A=7Zy (a) (2-35)
- T biéu thirc dao ham cua ( 2-33a)
2= f,[-Asinf,t+jBsinfiyt]

Ta tinh dugc B = % (b)

0
Theo (2-34)
2 Veg
Zy=vA*+B = |75+ [3—) )  (2-36)

B

Va tge = - (d)
Hay: @ = arctg R (e)

IEIZI Ztlil

Ta c6 thé viét lai nghiém dang (2-33b) khi biét diéu kién ban dau (2-
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35):

Z= ||ZED -+ (%)2 COs (ﬁut + arctg E:;'iﬂ) (2-37)

Nhu vay dao dong tu do khong c6 lyc can ciia hé mot bac tu do 1a

mdt dao dong diéu hoa véi tan s6 vong tinh theo (2-31) con bién do va goc
1éch pha phu thudc vao diéu kién ban dau tinh theo (2- 36).

a. Vidu:

Xét dao dong cua vat thé (hinh 2.16) c¢6 khéi lwong m gan trén dau
thanh OA dai L [m], c6 thé quay quanh chdt 0 ¢b dinh va treo trén 10 xo ¢6

d6 ctimg C [N/m] tai diém B, biét OB=a [m].

Hinh 2.16 — M6 hinh dao ddng ctia vat thé m
Ta c6 thé giai bai toan theo nhiéu cach.
Cdach _I: Xac dinh toa do cua vat la goc quay ¢ cua thanh OA xung
quanh O. Khi do6:
- Mémen quan tinh khéi lwvong cua vat d6i véi tim quay O 1a J= ml®
- Po ctng chdng xoay cua 16 xo C 1a:

_ z
Eq.ﬂ—[?a
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Chung ta viét PTDD cuia hé tuong ty nhu (2-26):

d*p

J
dt?

+C,p=0

Thay cac gia tr1J va €, ta duogc:

d’op

dt*

ml’ +Ca’p=0

Ta viét ngay duogc dang nghiém gidng (2-37):
@ = pgcos( Syt +6)

Trong do:

Tan sb vong tinh theo (2-31)

Bién d0 ¢, va goc léch pha #; xac dinh dya vao cac diéu kién ban dau:
Giasutait=0, p,;, = 0va g = Vg
Theo (2-36¢) ta co:

2

Vig Vg [ Jﬁ

¥, T
Va# = arct 2= agretglon) = -
gnﬂu‘i"ru gI: ) 2

Nhu vay qui luat dao dong cua vat la:

. IJﬁ a |C T

= — l—coz| — |—t +—

¢ Pa ¢ iqm 2
a\Vc [ \m

Cich 2: Ta co thé qui doi khéi luong m vé dit tai diém B va xét chuyén vi
cua hé la chuyén vi duong Zz doc theo tryc cua lo xo c6 do cung C.

Khi vat di chuyén mot goc quay ¢ thi dau B cia 10 xo c¢6 chuyén vi 1a
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Zz = ag
Khdi rong qui ddi ctia vat dt tai diém B 1a: my = m =
Ta viét dugc PTDD dbi voi khdi lugng qui d6i theo (2-26):

2
25 1 CZs=0

dt?

mg
Phuong trinh nay c6 nghi€ém theo (2-37) la:
Zg= Zog cos( Syt +¥,)
Trong do:

A A L a |C
- Tanso fy = Ilm_gzl_llﬁ

- (14 tr1 cua bi€n do va goc 1éch pha co6 thé xac dinh tir di€u kién ban dau:

Tai thoi diém t=0; ¢ = 0 Suy ra Zg = ap =0

Do do

aV,\°  aVy Jﬁ
Zog= |0 ( ) =—— =Vl |—
08 + 2 5, ek, |7

W, = arctglen) = g

Qui luat dao dong cua vat la:

Zp= Zop cos( Syt +¥;)

=le\(’gncos(%\/%t+g)
m a |C
:_VEUI\ESIH(?\&t)

Tro lai bién cii ta co:
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Z Vool Im a |C
qozﬁz_ifsm(w[t)
a fal c Ll m

Cich 3: Pua 10 xo dén treo vao diém A thi d6 cung cua 10 xo thay thé s&
2 2 X \ N ea- £ .
la: ¢, = ?? . Ban doc co6 thé tu viét phuong trinh va giai ra két qua.

III. DAO PONG TU DO CO LUC CAN CUA HE 1 BAC TU DO

Luc can dao dong dugc tao thanh khi trong h¢ c6 céac chi tiét nhu giam chan
ma sat, giam chin thuy luc, hodc cac loai nhu strc can khong khi, strc can do ma
sat va cac loai strc can khac...Cac suc can nay ti€u hao nang lugng va lam cho
bién d6 giam dan, ngudi ta goi 1a dao dong tat dan.
1. TRUONG HQP TRONG HE CO SUC CAN MA SAT KHO

Strc can kho thuong do céc giam chan ma sat sinh ra. Lyc can trong truong

hop nay la nhitng luc ma sat co tri s6 1a hang s6 va chi phu thugc vao hudng cua

van tde:
_ (N khi V=0 i
Fims {,uN khi V =<0 (2-33)
Trong do:

- N:tdng lyc ép trong cac giam chan ma sat.
- u:hé s6 ma sat gifra cac vat li¢u lam gidm chén.
a. M6 hinh va phwong trinh dao dong:
M6 hinh nghién ctru dao dong tu do trong truong hop nay nhu hinh 2.17.
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Hinh 2.17- M0 hinh dao dong ty do khi c6 lyc ma sat kho
Twong ty nhu phan trén, ta viét dugc phuong trinh can bang luc ciing chinh

la phuong trinh dao dong:

MZ+CZ—uN=0khi 2=<0 (2-39)
MZ+CZ+uN=0%khi Z2=0

V61 ky hicu g :1/% 1a tan s6 dao dong tu do khong c6 luc can va § = t—”

chuyén vi dudi tac dung cta lyc ma sat. (2-40)

Ta c6 thé viét lai phuong trinh dao dong (2-39) duéi dang:

a’(z-S) . dZ
= 2 _BN(Z-85)=0 khi =<0
dt2 ﬂO( ) dt

a’z-S) . dZ
—= = _BXZ-S)=0 khi —>0
dt2 ﬂO( ) dt

b. Dang dao dpng va cdc théng sé ciia dao dpng
Nghiém cua cac phuong trinh trén la:

{Z=A1 cos(Bt+a,)+S Khi Z<0

. (2-44)
Z=A4,cos(fyt+o,)—SKhi Z>0
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D¢ xac dinh cac hang s6 trong bi€u thirc nghiém ta can biét di€u kién ban

dau.
Gia str didu kién ban ddu 1a: tai t=0thi Z=Zova Z =0  (2-45)
Ta khao sat dao dong theo ting nira chu ky mat, tir nira chu ky thir nhat dén
ntra chu ky thur k.
Trong niia chu ky thit nhdt: Theo (2-44) quy ludt ctua dao dong 1a:
Z=Acos( ft+a;)—5§ (2-46)
Tur do:

2 =—a, Bysinl Byt + ay)
Thay diéu kién dau vao 2 phuong trinh trén:

{ZD = A cosa;, — 8
0=—4, f,sinla,)

Tt d6 ta tinh dugce: e, = 0 va 4, = (Z;, — §) (2-47)

Nhu vay, quy luat dao dong trong nira chu ky thr nhat 1a:

Z=1(Zy— Slcos( fgt) + 5 (2-48)

Tir biéu thirc ndy ta xac dinh dugc cac thong s6 cua dao dong tai thoi diém
cudi cung cua nira chu ky dau dong thoi cling 1a thoi diém dau cua nira chu ky
sau:

Do 1a thoi diém g = %

Tai do: Z=(Z,-S)cos(Byt)+S =25 -7, (a) (2-49)

Trong nira chu ky thur hai:

Theo (2-44) quy luat dao dong la:

Z=Acos( Bt +a,)— 5 (2-50)

Tu do:

2= =4, fi, sin{ f;t +a,)

Thay céc thong s tai thoi diém dau (2-49) vao (2-50) ta dugc:
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quat:

2.18.

28 -7, =A,co8(r—a)+S
0=—P,4, sin(z — )

Suyra:a, =0, A, =(Z; —35) (2-51)
Vay quy luat dao dong trong nira chu ky thir hai la:

Z=1(Zy;— 35)cosfit — S (2-52)

Tiép tuc tinh nhu thé v6i ntra chu ky thir 3, thir 4...ta di dén cong thic tong

Hinh 2.18- Dao dong ty do giam chan ma sat

Trong nuira chu kv thir k:

Quy luat dao dong la:
Z =12, — 2k — 1)8lcosByt — 2k —1)8 (2-53)

Véik=1.. k™

Va dua vao d6 vé dugc do thi bién doi cua bién do theo thoi gian nhu hinh

Ta nhan théy, luc cdn ma sat kho lam cho bién d¢ dao dong tu do gidm theo

duong thang, sau mdi chu ky giam mot lugng bang 4S, vi thé sé nira chu ky nhiéu

nhét thue hién duoc la:

gma . Zo=S (2-54)

25
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2. TRUONG HQOP TRONG HE CO SUC CAN NHOT
Luc can nhét thuong do cac giam chan thuy luc sinh ra. Nhirng lyc can nay
theo (2-14) thudng ty 1é tuyén tinh véi toe do:

F=xX_gz
dt

Hinh 2.19- M6 hinh dao dong ty do c6 luc can nhot
V6i hé s6 can ctia giam chin K 13 hing sd.
a. Mo hinh va phwong trinh dao dong
M6 hinh hé dao dong ty do c6 lyc can nhu hinh 2.19, phuong trinh dao
dong la:

d=2 d2
meG+K——CZ=0 (a) (2-55)

HaymZ+ KZ-CZ =0 (b)
b. Dang va cdc théng sé ciia dao dong
Dé biét dang dao dong ta tim nghi€ém phuong trinh (2-55) dudi dang (2-27):
Z = Aet

Khi d6 cac dao ham cua no sé€ la:
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Z =246 =2z
Vap 2 = 24eM = 2%z
Thay vao phuong trinh (2-55) ta dugc:
(MAP +KAL-C).Z=0
Boi vi Z khong dong nhat bang khong nén ta rt ra:
MX +KA-C=0 (2-56)

goi la phuong trinh dac trung. Nghiém cua no la:

K -¥y2 ¢
ro= -yt JG) —u
App=at f[‘ﬂz_ﬁuz

W (2-57)
O day: & = — % 14 chi s6 mii cua bién dang dao dong (2-58)
Va:
- E theo (2-31): goi 14 tan s6 vong dao dong tu do khong c6 can.

D= = 2;% 14 hé s6 can twong doi Lehr cia dao dong (2-59).

Tir (2-57) ching ta thay cic nghiém A4, A, cua phuong trinh dic trung phu
thudc vao tri s6 cua D. Theo (2-59) D 1a mot dai lwong khong tha nguyén phu
thudc hé s can K ctia cac giam chan nén goi 1a Hé s6 can tiong déi Lehr cta dao
dong.

- Néu p = 1 biéu thic dudi cin trong nghiém (2-57) s& duong, A, 4,58 1a 2
nghiém riéng biét. Py 1a nhitng trudng hop stc can 16n, dao dong s& bi dap tit

nhanh chong ngay tir khi chua thuc hién dugec mot chu ky nhu cac duong 1,2,3
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trong hinh 2-20a. Nhitng truong hop nay khong c6 y nghia trong viéc nghién ctru
dao dong.
-Néu D = 1 biéu thirc dusi can trong (2-57) s& la mot s6 am, A,, 4, s&1a 2
nghiém phtrc lién hgp.
Ap= a £jfpy1-D%=a xjf
Trong do:
B = ﬁnm 14 tin s6 vong dao dong tu do co luc can. (2-60)
Day la cac truong hop stc can nhé dao dong thuc hién duge mot s6 chu ky
roi tat dan nhu cac dudng 4,5,6 trong hinh 2-20b.
Nghiém cta phuong trinh (2-55) biéu dién dao dong ty do c6 luc can la:
Z = Aye™t 4 4,08
= 2% (4,e/F 4 4,07/FY)
Trong do: A, A;la cac hﬁng s6 phu thudce diéu kién dau.
Bién doi phan trong ngodc twong ty nhu dbi voi (2-32), ta dugc cong thirc tinh
nghiém trong truong hop dao dong tu do co6 luc can la:
Z = e®™ (A cosfit + jff sin St)
=e"Z, (2-61)
O day, ciing nhu phan trén 44, 4,Z; 4,8, @ 1a nhiing hang s6 c6 thé xac

dinh duoc tir nhitng diéu kién dau theo cong thirc (2-36).
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Hinh 2.20- Anh huong cua hé s6 D dén bién do dao dong
Tir d6 c6 thé viét lai cong thirc nghiém (2-61) khi biét diéu kién dau:
2

v Voo
Z =e" |Z2 —I—ﬂcos(ﬁt—l-arctg - )
g2 BZw

Nhu vay, dao dong tu do trong truong hop c6 stic can nhét 1a mot dao dong

ho hinh sin vor:
e Bién d06 bién ddi theo thoi gian tinh theo diéu kién dau la:
W, 2
o2, = e VAT + Bi=e™ (72, + (%) (2-62)
* Tan s6 vong phu thudc vao hé sd can tuong dbi D tinh theo (2-59)

B =BV 1

* Goc 1éch pha tinh theo (2-36d)
VE‘D
B2y

& = —arctg
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IV. ANH HUONG CUA LUC CAN PEN BIEN PQ VA TAN SO DAO
PONG TU DO

1. ANH HUONG CUA LUC CAN PEN BIEN PO DAO PONG
Nhu ching ta da biét tur cong thuc (2-62): bién dg cua dao dong co luc can

s \ £ \ . A K . A \ A A s
thay doi theo ham s6 % ma chi s & = pye lai phu thudc vao hé s6 can K.

Tuy theo tri s6 cia @, co 3 truong hop xay ra:
* ¢ = 0- Dao dong diéu hoa
Day la truong hop K=0 cling c6 nghia hé¢ dao dong s€ khong co luc can, tu

d6 ta co thé gap lai cac két qua di thu dugc & phan trén:

2 CM
- Thay vio (2-59) ta tim duoc tan sé dao dong tu do khong can giéng nhu ta thay
¢ (2-31):

_g.= |C_| € _| & _|g i
P=Po \/;_\/P/g_ pPIC \7 (2-64)

Voi:

- H¢ sO can twong doi D=

=0 (2-63)

P: trong luong bo phan trén 10 xo.
g=9.8 (m/s) 1a gia toc trong trudng.
fi: La d0 nhtn tinh cua hé théng trén 10 xo.

- Chu ki dao dong tu do khong luc can tinh theo (1-4):

T:z_’f:zﬂ\/@ (2-65)
By c

- Tan sd: f; :%:% % (2-66)

Ciing tir a=0 suy ra e*' = 1thay vao (2-62) s& duoc:

- Bién d¢ dao dong trong truong hop nay giéng nhu (2-36¢):
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Z=NA+B = |7} + (’BL)2 = const (2-67)
0

Nhu vay dao dong tu do trong truong hgp khong c6 luc can 1a mot dao dao
dong diéu hoa c6 bién do tinh theo (2-67) va tan s tinh theo (2-66).

o <0 Dao dpng tit din:

La trudng hop trong hé c6 cac gia chin thuy luc v&i hé sé can nho.

Trong truong hop niy tham sé e giam theo thoi gian va do d6 bién d6 dao
dong ciing giam theo thoi gian. Ta néi: Dao dong tat dan.

Khi do6:

- Dang dao dong tinh theo: Z =e*Z e/"?

- Tan s6 vong tinh theo (2-59): B = Bo/i— D

- Tan sd: f=£=&=f0\/1—D2 (2-68)
2r 2w
- Chuky: 7=2%-_ 2% 4 (2-69)

B pi-D* 1-D?
- Bién d¢ gidm theo thoi gian tinh theo (2-62)

- e""\/A2+B2=\/Zt§+(%)2

Anh hudng cua lyc can téi bién do cuia dao dong tat dan:

Xét 2 bién do ké nhau ctia mot dao dong tat dan (hinh 2-21)
Tai thoi diém t;:

;ZOI =:eat }[42 __132
2r

Sau d6 1 chu ky, tai thoi diém t2=t1+T=t1+7

ZO2 — ea(t+T) ;AZ _BZ

k2rx k2x
s K 1A A 1A Z a ST U A A \
Ty s0 bién do ké nhau: =% =¢ ~ =¢* =¢2* 1a mot tan s0 khong phu thude vao
02
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thot gian, c6 nghia la cr sau mot chu ky bién do s€ gidm di mot sO6 phan tram
nhat dinh.

Nguoita goi: § =afl = 2Kz (2-70)

Z, mp
La do giam loga hay tit loga ctia bién do.

Trong thyc té ngudi ta thuong do d6 giam bién do sau n chu ky va tinh dugc:

t
Zal _ ea _ _—onT
Z - ea(HnT) -
on
< ar 1 VA
Trdosuyra: 6=al =—In—*
n Zt+nT
‘l’"'._“ ¥
= :
| \'u,
i
I 1 l'L II
i A
R [ > 4
A \ Ao, =
f i R
Y \ ey
' | i N :
\ ; i \ > g
| it | \ i [ .
r‘ - — \T_-_ _.__,/’:tlk_ e ——
~ \ ? i %
i ‘.‘ = S
-' \ /
i 1 o
: \ 7
: N
T
i Sl o
L
L s

Hinh 2.21- Anh hudng cua lyc can dén bién d6 dao dong.

Vi du: Mot vat co khdi lugng 0.2(Kg). Ctr 9 gidy thi thuc hién duge 10 dao
dong va cur sau 10 dao dong thi bién do giam di mot nira. Hay xac dinh hé s6 can
trong dao dong do.

Giai: Tt diéu kién ¢t 9 gidy thi thyc hién duge 10 dao dong nén ta co

10T =9 (s).
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10K7 10Kz 9K

le

Ti sb cac bién do: Z—:O.S —e" —em Zewm
1
Lay loga 2 vé n0.5= K
2m

Tir d6: K= -2mlIn(0,5)/9 = 2.0,2.1n0,5/9 = 31.4.10° (Ns/m).
e >0 Dao dong khong on dinh.

Hinh 2.22 - Dao dong khong 6n dinh
Truong hop nay ham sé e ting theo thoi gian, vi thé bién do dao dong
cling ngay cang tang theo thoi gian.
Ta no1 dao dong tu do khong 6n dinh.
Nhu vay dao dong tu do sé& khong 6n dinh khi phan thuc o ctia nghiém
phuong trinh dic trung c6 gia tri duong.
2. ANH HUONG CUA LUC CAN PEN TAN SO DAO PONG

Bién doi cong thirc tinh tan sb vong cua dao dong co luc can (2-59) ta dugc:

(ﬂﬁ)z Do 2-71)

0

B

C6 nghia 13 c6 thé biéu dién quan hé gitra = va D theo gdc % thir nhat ciia vong
0
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tron don vi (2-23)

Hinh 2.23 -Anh huéng cta lyc can dén tan sb
Trong thuc té ta thuong gap nhiing truong hop sirc can nho:
0.1<D<0.25

Tuong g vo1:

P~ 0995 +0.969

0
Hay la: B = (0.995 + 0.969)B,
C6 nghia 14 lyc can nhé 1am cho tan s6 dao dong giam di chut it:
Trong tinh toan khi D < 0.4 ta coi nhu:
B~ Bo, f~ fo, T= Ty (2-72)
C6 thé bo qua céc luc can dé tinh toan duoc don gian hon.

V. DAO DONG CUONG BUC CUA HE MOT BAC TU DO

1. MO HINH VA PHUONG TRINH DAO PONG
Dao dong cudng buc la dao dong dudi tac dung cua luc kich thich bén

ngoai.
M6 hinh dao dong nhu hinh (2-2), phuong trinh dao dong cua né nhu da noi ¢ trén

1a phuong trinh vi phan cdp 2 khong thuan nhat dang (2-25):
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mZ +KZ +C.Z = F,cos(Qt +0)
Y nghia cua cac dai lugng c6 thé xem giai thich trong cac cong thuc tir (2-
21) dén (2-24). Dé giai bai toan nay ta vec to hoa bang cach thém vao vé phai mot
lugng 40 j. F, cos(Qt+0).
Khi d6 Z tr¢ thanh vec to Z va phuong trinh dao dong trd thanh:
mZ+KZ+C.Z=Fe' " (2-73)

2. DANG VA CAC THONG SO CUA DAO DONG
Ta tim nghi€ém riéng biéu dién dao dong cudng birc dudi dang mot dao

dong dieéu hoa c6 tan s6 vong bang tan s6 vong cua luc kich thich véi bién do Z,

va goc 1éch pha ¢ (chua biét, can xac dinh).
Z=7,e" " (2-74)

Khi d6 cac dao ham cua no:

Z=jQ7 va Z=-Q7Z

Thay vao phuong trinh dao dong (2-73) ta duoc:
(—Q’m+ jOK + C)Z e’ = Fe/

L

Goi C - Z, la bién d¢ tinh (2-75)

Néu coi Z..¢'““? 1a dao dong kich thich ta dugc ty s6 ciia dao dong cudng

btrc ( dau ra) va dao dong kich thich (dau vao) 1a mot sé phic H goi 13 ham

truyén:
H _ Zo.e]:(QtJr(ﬂ) =é.ej((ﬂ*9) _ C _ 1 (a) (2—76)
Z,e’ 7z C-Q’m+ jOK aY 0
1-|— | +j2D| —
By B
Hay H=2oplono L _ v (v
7 1-n>+j2Dn "'
Trong d6 n 1a ty sb cac tang s6 vong ,82 =7 (2-77)
0
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T biéu thirc ham truyén (2-76b) chiing ta tinh dugc goc 1éch pha cua dao dong:

©=0-y =0-acrtg 12D172 (2-78)

Va ty s6 d0 16n cac bién d6 dao dong cudng buc va bién do tinh goi 1a hé $6
khuyéch dai bién d6 tinh:
Z, 1

= —= 2'79
=7 JA=n*) +4D*p? (&79)

Tur d6 tinh dugc bi€én d¢ dao dong cling buc:
1

Z,=Zy =Z7Z,.
‘ o t\/(l—n2)2+4D2.772

(2-80)

Chung ta nhan thdy hé s6 khuyéch dai bién do tinh y, phy thudc ty sb cac tan so

n= ﬁﬂ va h¢ s6 can twong ddi D (hinh 2-24).

0
.
J“ Inr T =
“ : |
1 ~_
| | - L
A = : =
4 N et
| — Y
I 4
| {
| |
. 13
| ?
| ' | ;
X i \1 i e
j
| 12
: A
Y
— A oA
/j"/ A
- —
b o — — = e e
I "-H\_- .
§ B e TR
—_— | [ i o
2 &~ . -
Z iy Wy
~ ] : = —
w T
g 1 ! Z 1

Hinh 2.24- Hé s6 khuyéch dai bién do tinh.

Tri s0 16n nhat cua y,:
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bat duoc khi:
1

Max
¥ = —— (a)
" 2DV1-D?

n=v1-2D? (b)

(2-81)

Khi d6 bién do s& ting 1én nhiéu nhit, d6 1a lic xdy ra hién tuong cong
hudng.

Tai chd cong huong, su tang bién do lai phu thudc rat 16n vao hé sb can D.
Strc can trong hé cang 16n thi d§ cdng bién d¢ cang it. Khi khong c6 lyc can: D =
0, cong hudng s& xay ra tai n=1 c6 nghia 1 tin s6 dao dong tu do By bang tan sd
dao dong cudng buc Q khi nay bién do co thé ting dén vo cing.

Nhu vay bién d cudng buc theo nghiém (2-74) 1a mot dao dong diéu hoa:

_ 7 (o)
L=Z,e

C6 cung tan s6 Q véi lyc kich thich nhung 1éch pha mot goc ¢ tinh theo cong thirc
(2-78), con bién do tinh theo cong thirc (2-80):

F 1

Z=7Zy =2
07 C \/(1—772)2 _4D2772

V1. HE SO KHUYECH PAI BIEN PQ VA MOT SO MO HINH THUONG
GAP VE DAO PONG CUONG BUC CUA HE MOT BAC TU DO
Trong mot sO bai toan nguoi ta thuong dua cac yeu to kich thich dao dong

cudng btc vé dang dao dong diéu hoa c6 tan sé Q nhu vy dao dong cudng birc 13
dao dong diéu hoa co cung tan sd véi dao dong kich thich nhung bién d6 cua nd
duogc thay doi y lan:

zZ)"=y.Z)
y goi 1a hé s6 khuyéch dai bién do cta dao dong. Sau day ta tinh hé sé y qua mot

s mo hinh thudng gip trong cac bai toan k¥ thuat.

56



1. MO HINH 1
La mo hinh chlng ta vira xét & tiét trudc, dac diém cta no 1a luc kich thich

diéu hoa tac dung truc tiép vao trong tam cua vat, hinh 2.25.

Hinh 2.25- M6 hinh 1
Phuong trinh dao dong c6 dang (2-73):
mZ+KZ+CZ=F,e™
Pé c6 thé thay thé tic dung cua luc kich thich bang mot dao dong diéu hoa ta
chia 2 vé phuong trinh dao dong (2-73) cho m dong thdi nhan tir s6 va mau sb
ctia vé phai véi C:
K, C,_CF

Z+—7+=7==
m m mC

Vi nhitng ky hiéu quan thudc ta c¢6 thé viét phuong trinh ndy mot cach gon hon

trong mot dang phuong trinh chira cac thong sé chil yéu ciia dao dong:

Z+2a,Z+BZ=pZ.e™ (2-82a)
1 1 1t

Trong dang phuong trinh nay né coi Z, e dao dong kich thich thi vé phai s& chira

tich ctia dao dong nay véi binh phuong tan s6 vong cua dao dong tu do.

Nghiém riéng ctia phuong trinh nay 1a (2-74) cho biét dao dong cudng buc 13 mot

dao dong di€u hoa co tan s6 bang tan so6 cua luc kich thich va bién do 1a Z;:

— J(Qu+p)
L=2Z,.e
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Néu coi dau vao ctia hé 1a dao dong kich thich diéu hoa c6 bién do:
Z=7." (2-83a)

Thi dau ra ctuia h¢ 1a dao dong cudng birc cling 1a dao dong di€u hoa c6 bién do:

2% = 7, =y, 20" = y,% (2-84a)

Hé s6 khuyéch dai bién d6 y, ctia hé chinh 1a hé s6 khuyéch dai bién do tinh y,
tinh theo (2-78):
Z 1

A A Ry e (85
Va dd thi ctia né6 xem nhu hinh 2-24.
O day:
Q
Theo (2-75): n=— (2-86a)
B
Theo (2-31): Bor = % (2-87a)
-K
Theo (2-59): D =% _ 2-88a
o (2-59) == (2-88a)
-K
Theo (2-58): — = 2-89
eo (2-58) 0= ( a)

2. MO HINH 2
Kich thich bang lyc ly tim.

Trong mé hinh nay (hinh 2.26) vat bi kich thich bgi luc ly tam do khéi luong

mat can bang my quay quanh truc voi van toc Q gay nén:

Fo = my.r QO (2-90)

Hinh chiéu cua luc ly tAm trén tryc dtng 13 luc kich thich dao dong theo
phuong ding:

F = Fy.sinQt = my. Q.1 sinQt (2-91)
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Hinh 2.26- M6 hinh 2
Sau khi vec to ho4 ta viét dugc phuong trinh dao dong:
(m+my)Z+KZ+CZ=myQre™ (2-92)
Chia ca 2 vé cho m+m,ta duoc:

7+ 7+ Z=0*—"0 e
m+m, m+m, m+m,

Ta nhén ca tir va mau so cua 2 vé voi B, dé dugc dang (2-82a):

2
2 Q m, o

—. re 2-82b
” :3022 m+m, e ( )

Z+20,7Z+ PonZ =

Thi tinh dugc bién d§ dao dong cudng budc la:

QO m
Z, =y ——0 2-83b
02 7113022m+m0” ( )
Néu coi:
zh=""h -7 (2-84b)
m+ m,

La bién do cua dao dong kich thich, hé s6 khuyéch dai bién d6 dao dong y, s&
duogc tinh theo cong thurc:

Z 1 o
2 e 1 (2-85b)
k2 \/(1_772) +4D; 1, Be

V2=
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Do thi cua y, phu thudc vao n, tng véi cac tri s6 D khac nhau, xem trén hinh 2-

27.
Hinh 2.27- Hé $b khuyéch dai y,
O day = (2-86b)
B

C

B, = (2-87b)
m+m,
= o _ K (2-88b)
Bn 2 C(m+my)

K (2-89b)

ay=———
2 2(m+m,)

Bai todn vi du_I: Roto ctia mot dong co dién co khdi luong my= 30 (Kg) dit tai

trong tdim A cach tdm tryc quay O mot doan OA = ra= 2 (mm) (hinh 2.28).
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Stato c¢6 khdi lugng mp= 90 (kg) dat ¢ tru quay O. DOng co dit trén dé dan hoi co
d6 cing C = 30 kN/m va hé s6 giam chidn K =0.5 kN.s/m. Dé bi han ché bai khe
trugt 1am cho né chi chuyén dong duoc theo phuwong thang dimg Z.

Hay viét phuong trinh dao dong khi dong co lam viéc & n = 200 v/p.

Hinh 2.28 - Dao dong cua dong co dién

Giai:

Lap mot truc toa do thﬁng dimg Z va xac dinh diém géc Z = 0. Trong do toa
do trong tdm cua Roto 1a Z, va cua Stato 1a Zg,

Toa do trong tam cua ca dong co 1a Zg s€ dugc xac dinh tur diéu kién:
(mp+ mp). Zg=mpZs+ mp.Zg  (*)
Tur hinh 2-28 ta ¢6 : Zx= Zg+ 1 sin@.
Néu dong co quay déu thi ¢ = Q.
Thay vao (*) ta dugc : (ma + mp).Zs = ma(Zp + 1 sin@) + mg Zp

=(mp +mp) Zg + my 1 sin Ot
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Pao ham hai lan phuong ndy va thay vao phuong trinh can bang luc cua
dong co:
(mp + mp) Z+KZ+CZ=0

Ta dugc phuong trinh dao dong :
(mp +mg) Z+KZ+CZ=m .o r.sin Qt

Ta thdy phuong trinh dao dong ciia n6 c6 dang gidng nhu phuong trinh (2-

92) cuia mo hinh 2 nén véi cach giai tuong ty ta duge nghiém:

7 = Zoe./'(QH(P)
Thay s6 vao ta duoc :
Q=72 _ 7200 _ 50935
30 30
B, = C _ 30000 15815
m,+m, 30490
n="2-20%_ 34
B, 1581
oK 500 gt
2(m,+m,)  2.120
_ e _Z208_ 413
B, 1581
1 1

= 242 > 2 232 2 2 =12
JA=m2?+4D2 02 J(1-1324°) +4.0,131.1324

Hé sb khuyéch dai bi€én do dao dong:
v,=y,m5=1,2.1,324> =21
Bién d¢ dao dong kich thich:

My 0,002,
m,+m, 30+90

=0,0005m

Z,,=T.

Bién d0 dao dong cudng birc :

Zo=v2.2xp» = 2,1.0,0005 = 0,00105 m
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Goc 1éch pha cua dao dong cudng birc :

p=—arctg 2D772 = —arctgw =—-0,4317rad
1-n 1-1,324

Vay quy luat dao dong cua dong co 1a ;
Z =0,0001c0s(20,93t — 0,4317) m

Bai toan vi du 2:

Mot may dam dét (hinh 3-29), ¢6 khdi lugng bd phan cong tic M = 0,5 tan
dit trén dé may co khéi lwong m; =120 kg thong qua 9 16 xo mdi cai c6 do cling ¢
= 20 kN/m. May duogc gy rung bang hai khdi luong 1éch tim nam trong bd phan
cong tac quay ngugc chiéu nhau mdi cai c¢o khéi lugng my = 80 kg, ban kinh tay
quay r = Scm va vong quay n = 120 vong/phut.

Tinh lyc nén 16n nhat cta dam khi lam viéc va tinh vong quay dé xay ra cong

huong dao dong .

Hinh 2.29- M6 hinh may dam dat
Gidi :
Bai toan thuoc mé hinh dao dong kich thich boi lyc ly tam.
Ta tinh duoc :
- Khéi luong dao dong M = 0,5 tin = 500kg
- Do cung tdng cua cac 16 xo C = 9.20.10° = 180000N/m
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- Tan s6 vong dao dong kich thich Qz% = ”31020

=45

- Luc ly tam kich thich dao dong la:

Fo = 2my.Q%r = 2.80.(4.7)%. 0,05 = 1262 N
Phuong trinh dao dong la:

MZ +CZ=F,.cosQt=2m, Q" r.cosQt

Chia ca hai vé cho M ta dugc :

Z+£Z:ﬂ.92.r.cos9t
M

Hay viét duéi dang (2-82a).

> 2m, Q
Z+,B§2.Z:,B§2.7°.IB§Z .
Trong do bién do cua dao dong kich thich va:

Zo, =2 005280 _0.016m
M 500

Tan sb dao dong tu do:

g - [C _ [180000 ¢ gs
M\ 500

Ti sO cac tan s6 vong:

n=2_ % _ 662
B, 1897

Vi trong hé khong c6 giam chan ( D=0) nén hé sé khuyéch dai bién d6 dao dong

V2!
1, 1

7= 0,662> =078
-2 T120,662°

V2= 71-7722 =

Bién d0 dao dong cudng birc nhu mo hinh 2:
Zozz ’Yz.Zktzz 0,780,016 = 0,0125 m

Luc nén 16n nhat cua dam 1én mat dat:
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Prax = (M +my). G + Zy,.C = (500+120).9,8 + 0,0125.180000 = 8326 N
Tur diéu kién cong huong dao dong Q = o — % =18,97

Ta tinh dugc vong quay t&i han:
18,97.30
n=———

T

3. MO HINH 3
Kich thich dong luc:

=181,24 v/p

Mo hinh dao dong tuong tu nhu mo hinh 1, nhung trong truong hop nay vat
bi kich thich boi dao dong diéu hoa:
u=ue (2-93)

clia gia do 10 xo va giam chan nhu hinh 2.30.

Hinh 2.30-M6 hinh 3
Ta viét dugc phuong trinh dao dong:
mZ —K(Z-u)+C(Z-u)=0
Hay mZ-KZ~-CZ =Cu+ Ki (2-94)

Véi u=ue™
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Ta tinh duoc :
i=jQu=jQu,e"
Va vé phai cua (2.94):

Cu+ Kii = (C + jOK)u,.e™

KQ ;
=C| 1+ j—= |u,.e™
[ J CJ 0

(2-95)
=C(1+ j2D,n,)u e’
= C\1+4Dn? u,.e’ @
Trong do:
0= arctg% = arctg(2D, ;) (2-96)

Thay gia tri ctia vé phai vao (2-94) rdi chia cho m ta duoc:

. K . A
7+X5.5; :g.,/1+4D321732 uy.e" 0

m.m  m
Hay viét duéi dang (2-82a):

7 420,72 + PAZ = BLAl+ 4D uy e’ (2-82¢)
Thi bién do dao dong cudng burc :

Zyy = 7,/1+ 4D i, (2-83c¢)
Néu coi :

Z"=u,=27,, (2-84¢)

La bién d6 cua dao dong kich thich, thi hé s6 khuyéch dai bién do dao dong ,:

7=@= J1+4D n}
Tou Ja-n2y-4Dip (2-85¢)

=yl +4Dn;

o day:
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o= = (2 86¢)
B, = %: B, (2 -87¢)
D3=;—;=%=Dl (2-88¢)
a3=_%=al (2-89c¢)

Hinh 2.31- Hé s6 khuyéch dai bién do v;
Db thi y; phu thudc 13 tng véi cac tri s6 ciia D; duge vé trén hinh (2.31)

Bai toan vi du 3: viét phuong trinh dao dong thang dimg cta toa xe hinh (2-32)

chay voi tbe d6 V= 50 km/h trén duong sat bang nhimng thanh ray c6 do dai L=
12,5(m) bién dang thanh hinh séng c6 d6 16i 16m h = 20 (mm). Biét kéi luong trén
10 xo 1a m= 15(tAn), hai truc banh cach nhau mot khoang 1 =8,6 (m) , mdi truc co

hai 10 xo d6 ctrng c= 300( kN/m) va 2 giam chan c6 hé sb can k= 20 (kN/m).
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Hinh 2.32
a-Toa xe mot h¢ 10 xo; b-M0 hinh duong sat
c- M6 hinh toa xe khong giam chan; d- M6 hinh toa xe c6 giam chan
Giar:
Khi tinh todn dong luc hoc ciia cac toa xe dudng sit, ngudi ta thuong mod
hinh hoa mit dudng sit lat bang nhiing thanh ray bi bién dang thanh hinh song

biéu dién boi phuong trinh:

Z, = ﬁcos 27X
2
Trong do:

L 14 chiéu dai mét thanh ray, X la toa do doc theo tryc cua duong.

Néu toc do déu, thay X=V.t, ta duogc:

Z =ﬁcoszﬂ—Vt=ﬁcoth
2 L 2
Véi: Q=27[_V=2_ﬂs_0=6,98 (s)
L 12,5 3,6

Néu toa xe c6 giam chan thuy Iyc thi mé hinh ctia né nhu hinh (2-324).
Trong do:
- Do ctng 10 xo trong mo hinh bang tong d6 cimg cac 10 xo cua toa xe;

C =3¢, =4.300 = 1200 (kN/m)

- H¢ s0 can cua gidm chan trong mo hinh bang tong hé s6 can ctia cac gidm chan:
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K= >k =4.20=80 (kN.s/m)

- Quy dao chuyén dong ctia banh xe gidng nhu hinh dang cua mit duong va chinh
chuyén dong nay — tuong ty nhu dao dong u dé 10 xo trong mé hinh 3 — s& kich
thich bd phén trén 10 xo dao dong.

A e s , A Z, +Z A 2 A , ,
Tuy vay bdi vi toa xe c6 2 truc nén Z, = % néu chuyén dong cua truc banh

thir nhit 1a: z, = ge-’“’ thi chuyén dong cua truc banh thir hai s& cham sau mot thoi

. l
1an Af=—:
& V

[
h jQ(H—j h )
Z, =—e v) i@

2 2
voi a=ZLoE86 515 (raa)
L 125

Ta tinh duoc:

Z,+Z ;
Z, = bl > b2 =§COS&€'/(QHM

=0,01cos2.15¢""" =-0,005473¢

j(Qr+2)
Khi d6 phuong trinh dao dong c6 dang:
mZ+K(Z-2,)+C(Z-Z,)=0

Hay mZ+KZ+CZ=CZ, +KZ,,

Chia ca hai vé phuong trinh cho m ta duoc:

Z+2aZ + BiZ = Bi1+4Dn? %cos PG AD)

Gidng nhu phuong trinh dao dong (2-82¢) ctia mo hinh 3.
Trong do:
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\/7 1/120 =8,944 (s7)

_ 698 o
,BO ~ 8,944
K 80
2JcM  24/1200.15
2Dn =2.0,298.0,78 = 0,465

¢ =arctg(2Dn) = arctg 0,465 = 0,435 rad

=-0,298

Phuong trinh nay c6 nghiém la:

Z =+1+4Dn’ gcos A 00
R osa J1+4Dn?

= co —cos N/ tem0
Ja-n) +4D%?
Thay s ta tinh duoc :
2Dy 0,465
0 = arct arct : =-0,87 rad
1o 12078

=9,928¢0s(6,98¢ —1,715) mm
Néu toa xe khong c6 giam chan thuy kyc thi mé hinh ctia né nhu hinh 2-32c.
Phuong trinh dao dong cua than toa xe la:

mZ+C(Z-Z,)=0
Hay mZ+CZ=Cz,, = Cgcosle-/“”“
Chia ca hai vé cho m ta dugc phuong trinh dang (2-82a) ctia mé hinh 1 véi K=0.

Z+BLZ =P gcosﬂ.e-/(g’“

Trong do: 7, zgcosl

Phuong trinh nay c6 nghiém la:
7 = ZOI'e./'(QI*/I*w)

Vi D=0:
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Zy =—cosi;=§cos2 !

15— —1397
2 - T 2 (1-0,78%) (mm)

Va ¢ =arctg lanz =arctg0 =0

Nhu vay dao dong cudng biic clia toa xe c6 dang dao dong diéu hoa
Z =13,97.cos(4,18t—2,15) (mm).

4.MO HINH 4 q
Kich thich thong qua 10 xo dugc thé hién trén hinh 2-33.

Hinh 2.33- M0 hinh 4

Trong mo hinh nay vat thé c6 khéi luong m bi kich thich béi dao dong diéu
hoa: u=u,e’* cua gia d¢ phia trén cia 16 xo do cting C.
Ta viét dugc phuong trinh dao dong :
mZ+KZ+CZ+C(Z~-u)=0
hay mZ + KZ +(C+C)Z = Cju,.e’™ (2-97)

chia ca hai vé cho m dong thdi nhan va chia vé phai véi (C + C)) ta duoc:

Z+£Z+C+CIZ=C+C1. ¢ Uy’
m m m C+C

Hay viét duéi dang (2-82a):
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Bién d6 dao dong cudng buc la:
Néu coi bién d kich thich la:

(2-84d)
thi hé s6 khuyéch dai bién d6 dao dong y4 giéng nhu y;:

(2-85d)

Bai toan vi du 4: Xét mo hinh dao dong mdt bac ty do cta vat co khdi lugng m =
10kg v& & hinh 2.34b biét C = 250 N/m, K = 20 Ns/m. Hiy x4c dinh quy luat dao
dong cua diém A, néu biét luc kich thich tac dung vao no thay ddi theo quy luat F

= Fo.sinQt = 10.sin(2nt) N va C; = 350 N/m.

~ a B C
o

-\LA".'—;{;'-A-'“V{

o

PR

__q_
A4

—_——

e

= x ~] N
-~
-

Hinh 2.34
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Giai: Mo hinh nay chinh 1a m6 hinh 4 dugc ddt theo phuong ngang.
e Néu cho luc tac dung tryc tiép vao diém B cua vat (hinh 2-34a), ta viét
dugc phuong trinh gidng nhu md hinh 1.
mX — KX —CX = F, sin Q¢
Nghiém cua phuong trinh nay c6 dang:
X = Xosin( Qs — ).

Thay vao ta duogc:

0=""_2093 s

30
[c [250 .
Pa M 10
20

:_£2_2_1 S
2m 2.10
p=%-"1_ g5 5"
B 5
n=2_2%_ 1256
B 5
7/1: 1 = 1 :1’31
Ja=n?)? +4D* > J(1-1.256%)* +4.(~0.2).1.256°
F 10
X, =y, 2 =131—=0,05226 (m
0o =" C 250 (m)
2Dn 2.0.2.1.256
= arct, =arctg—————=0,716 (rad
O L T 56 (rad)

e Truong hop luc kich thich dat vao diém A thong qua mét 16 xo BA c6 do
cung C; nhu hinh 2.34b:

e Gia st qui luat chuyén dong cua diém 1a :

U = Xosin(Qz — o) .

Trong d6: uy va ¢ 1a nhitng thong s6 chua can xac dinh.

Do lyc tac dung tai A bﬁng luc dan hoi cua 16 xo C; ta ¢b :

73



Ci(X-u) = F, sin Q¢

C{Xosin( Qs — @) -Xosin( Qr —p) } = F, sin Q¢

C,[(X, cosp —u, cosO)sin Qf +(—X, sin ¢ —u, sin @) cos Q| = F, cos Q¢
So sanh cac hé sb cua sin Q¢ va cosQr ¢ 2 vé ta dugc:
C,(X,cosp—u,cos)=F,

(—X,sinp—u,sinf) =0

Tur 2 phuong trinh trén ta co:

F,
u,cosf=X, COS(p—FO (a)
1

u,sin @ = X sin @ (b)

Chia (b) cho (a) ta duoc:

190 = X, sin (pF
X,cosp——2
o
Hay:
X, si 2si 1
0= arctg& =arctg 0,0525in 9,716 T =1,2643
X,cosp——2 0,052.c0s0,716 — ——
C, 350

Binh phuong ca 2 phuong trinh (a) va (b) r6i cong ting vé voi nhau:

. F
uy =(X,sing)’ —(X, COS(p—F‘))Z

1

Tu do :

F
u :\/(Xo sin @)* — (X, Cosqo—?‘))z

1

Thay s6 vao ta tinh duoc:

u = \/(o,oszsm 0,716)> — (0,052 c0s0,716 —%)2 = 0,036

Vay qui luat dao dong tai diém A la:
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U =0.,036 sin 2zt—1,256) m.
Ta ciing co thé giai bai toan bang phuong phép vec to hoa:
Sau khi d3 giai bai toan dao dong ¢ budc 1 ta xac dinh dugc qui ludy chuyén
dong cua vat khi khong ¢6 10 xo C; 1a :
X = Xosin(Qt — @)= X e/ .
Biét luc tac dung tai A bﬁng luc dan hoi cua 10 xo C, ta viét dugc :

C,(X —u)=F,e’™

X,/ @0) _yy ol @0) L o
C

Tai thoi diém t=0:

. . F
Xoe i —u,e Jjo :?0
Hay:

. . F

Xoea/G — Xoeaﬂp _?0 (*)

Hinh 2.35
Hinh 2.35 biéu dién phuong trinh (*) tir d6 ta xac dinh dugc uyva 0
Ap dung cong thirc ddi véi vécto téng: X,e’’ va —%

Ta co:
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F )
u, = \/(XO COS(p—FO)Z + (X, sinp)’

tg0 =

X, sin @

F,
X, cosgo—go

- Tom lai ching ta da xét 4 mo hinh , trong mo hinh thtr 1 bién d§ dao dong cudng

buc duoc tinh la:

Z'=7

i =2y,
Trong do:
Z, va v, léy theo bang sau:
M6 |Bién d6 |Hé s6 khuyéch dai| « By D n
Hinh | kich dao dong 7,
thich ZKT
M 1) 3) 4) ) (6) (7
A 1 K c K [
C Ja-n? ) +4p2nt | 2m M 2Cm P
II .M 1 | - K C -K Q
m, +m, \/(1_7722 ) +4D] n? 2(m+my) m+m, 2,/C(m +my) Bor
11 Up 1_4D327732 a, Ba D, m
(1-n3 )* +4D5n;
v y C, 1 a, C, +C -K Q
‘c +C \/(l—nf ) +4D2 n’ m 2./m(C,+C) | Bu

VIL. DAO PONG CUONG BUC KHI CO SUC CAN MA SAT KHO

1. MO HINH VA PHUONG TRINH DAO PONG

M6 hinh dao dong cudng buc khi c6 strc can ma sat khd nhu hinh (2-36)

tuong tuy nhu mo hinh dao dong tu do cua n6 ¢ hinh (2-17) nhung c6 thém su
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tac dung cua luc kich thich diéu hoa F, cos(Q¢ + ) vao trong tam G.

Hinh 2.36- M0 hinh dao dong cudng burc khi c6 luc can ma sat kho
Phuong trinh dao dong cua nd twong tu nhu phuong trinh dao dong tu do

(2-42) nhung vé phai c6 thém luc kich thich:
Z+BZ = —ﬂsin(Z' )+ F, cos(Qt + ) (2-98)
m

2. DANG VA THONG SO CUA DAO PONG
Néu chung ta gia thiét dao dong cudng burc 1a mot dao dong diéu hoa c6 tan

s6 vong bang tin s6 vong Q cua luc kich thich, 1éch pha mot goc ¢ véi luc

kich thich con bién do:
F, 1
Z =Zy =0 2-99
0 I C 1+172 ( )

Thi nghiém tong quat ctia phuong trinh trén trong nira chu ky thir nhat 1a:

Z=C, cos,Bt+Czsin,Bt+S+IZ’ —cos(Qr + ) (2-100)
+n
Tur do:
: zZ
Z=-p,C,sin Bt + B,C, cosﬁot—Ql_ —-sin(Qz + @) (2-101)
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G1d st biet chuyén vi va van toc dao dong tai thoi di€m dau va cudi ctuia nira

chu ky thtr nhat:
Tait=0thi Z=2,va Z=0 (a) (2-102)
Tait=%thiZ=ZOVéZ=0 (b)
Khi do:
,Bot=,80%=%=i VéQtzQ%zﬂ (c)

Thay diéu kién (a) vao phuong trinh (2-100) va (2-101) ta duoc :

VA
Zy=C +S8+—5cosp (e)
1-n
_ Z .
O_ﬁocz _Ql—nz sin @ (f)

Thay diéu kién (b) vao phuong trinh (2-100) va (2-101) ¢6 luu ¥ dén (c) ta dugc :

VA
—ZO:Clcosﬂ,+Czsinﬂ.+S—l ——Cos @ (2)
-n
) Z, .
0=—,60Cls1nﬂ,+,BoCzcosﬂ,Q1 —-sin ¢ (h)
-n

Cong cac phuong trinh (e) véi (g) va (f) voi (h) , ta duge hé sau:
C,(1+cosA)+C,sinA+25 =0 @)
Bo[C,(+cosA)+C, sinA]=0 (k)

Giai hé phuong trinh nay dugec:

C, =-S

A
Cz = _Sth

Thay céac gia tri C, va C, vao h¢ phuong trinh (e); (f) ta dugc:

_ t
Z,= - cosa
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—Stgi=Zt 1 5
2 I-n

Tu do tinh duoc bién do:

2
7, :%\/23 T AT (2-103)
1-n’] no2

Nhu vay bién d¢ dao dong cling phu thudc ti s6 cac tan sb vong. Khi ty s6 nay tién

to61 1 conghiala Q »p, do:

_ 2 _ 2
im =T g 2y 12T 4
n 2 n 2n =m
Nén: Z, =—— |72~ &3y (2-104)
t=n’ i

VIIL. CAU HOI ON TAP CHUONG II
1- D61 vé1 moi loai:
- Dao dong tu do khong luc can.
- Dao dong tu do co luc can.
- Dao dong cudng birc.
+ Can nim viing:
e Mo Hinh
e (Cach thanh lap phuong trinh dao dong.
e Dang nghiém.

e (Cong thirc tinh tan sd, tan s6 vong, chu ky bién dg, goc 1éch pha.
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S’ .\)-‘""HFH| i *\k‘%\k %
t | . IR
- - u:__&' L& r'r

Hinh BT2.1

2- Anh hudng cua lyc can dén bién dg va tan so cua:

- Dao dong tu do.

- Dao dong cudng birc.

3-
thuat la:
[ J

Hinh BT2.2

Péi v6i cac truong hop dao dong cé thé gdy nguy hiém trong k¥

Cong hudng cac dao dong.

Dao dong tu do khong 6n dinh can ndm viing hién tugng, di€u kién

xay ra dé tim cach khac phuc.

Ném viing cac bai toan va mo hinh thudng gip trong k¥ thuat va cach giai

quyét cac bai toan trén may tinh.

4-

Xac dinh momen quén tinh J cua dia (hinh BT2-1) dbi véi truc quay,
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biét truc ¢6 chidu dai =2 m. duong kinh d = 0.5 cm, chu ky dao dong tu do T =
3,14 s, médun truot cua thép G = 80.10° N/m?.

5- Hai dia c6 momen quan tinh J;, J, dugc ga‘in chit vao 2 dau moc truc
nam ngang c6 do cling chéng x0an C, (Hinh BT2-2). Viét phuong trinh dao dong
va xac dinh qui ludt dao dong tuong ddi cua hai dia.

6- M6 hinh co hoc cia mQt may bay ha canh bao gém mot khdi luong m
dit trén mot 1o xo c6 do cting C va mot giam chan c6 hé sé can K (hinh BT2-3).
Luc nang khi ha canh can bang véi trong lwong, van téc ha xudng V, = 2 nvs.

Sau khi ha canh may bay bi hdm va 1an nhe trén duong bang.

Hinh BT2.3- M0 hinh dao dong cua may bay lic ha canh.

Viét phuong trinh dao dong theo phuwong thiang dtng cta than may bay u
khi may bay lin trén duong bang phang. Xac dinh tan sd va gia téc cta dao dong
do.

Biét: m= 10’ kg. C=3 kN/m, K = 2,74 kNs/m.

7- May do dao dong (hinh BT2.4), gém mot vat co khoi lugng m = 0,1
(kg) dit trén mot 16 xo ¢6 dd cing C = 0,05 N/m va mot giam chan c6 hé s6 can k
= 0,08 Ns/m. Tim chuyén dong ma may ghi dugc khi gin trén 6 truc ctia banh xe

tau hoa (bau dau) khi tau chay voi van tbec V = 50 kmv/h. Trén duong 16i 16m co

qui ludt Z, =0,01cos 2mX

b
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Hinh BT2.4 -M4y do dao dong
Hinh BT2.5

8- Mdt bé dlc c6 ciu kién bé tong kiéu va dung (hinh BT2.5), co6 trong
luong trén 16 xo ( ca vat dic) P = 5 tAn dat trén 4 10 xo mdi cai co do cimg C = 20
kN/m dugc gy rung bang co cdu léch tAm c6 ban kinh r = 5 mm va vong quay n
=300 v/p.

- Viét phuong trinh dao dong va tinh bién do dao dong cudng birc khi
lam viéc.

- Tinh vong quay dé vat dlic rung manh nhat.
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Chwong 3 - DAO PONG CUA HE NHIEU BAC TU DO

I. MO HINH CUA HE NHIEU BAC TU' DO VA PHUONG TRINH VI
PHAN MO TA HE DAO PONG

1. MO HINH
Hé nhiéu bac tu do c6 thé bao gdm mdt hay nhiéu vat thé lién két véi nhau
bang cac mbi lién két dan hoi tao nén béi cac 10 xo va giam chan, ma khi chuyén
dong vi tri cua cac vat d6 khong thé xac dinh bﬁng mot toa do suy rong duy nhét.
Khi ta kich thich vao métj hodc nhiéu vat thé trong hé thi hé s& dao dong.
Vi du I: Mot 6t6 (hinh 3.1) khi chay trén duong khong bang phang, than xe
vuaf chuyén dong theo phuong thang ding Z vira quay quanh truc Y. Vi tri trong

tam cua nd tai mgt thoi dieém t dugce xac dinh bang 2 toa do z va c.

Hinh 3.1. Vi du vé hé chiéu bac tu do

Vi du 2: Toa xe chd khach gdm c6 than xe ( khéi lugng m, ), 2 khung gia
chuyén hudng (khéi lwong m, ) va 4 truc banh xe ( khéi lwong ms) lién hé voi
nhau bang cac 10 xo va giam chin nhu hinh 3-1b. Khi di qua cdc mbi ndi cia
duong ray luc xung kich tic dung vao cac banh xe truyén qua cac 10 xo s& lam cho
cac khdi lugng m; m, dao dong. Mo hinh dao dong ciia toa xe theo phuong thang
dirng dugc ve trén hinh 3-2. Vi tri cia hé duoc xac dinh bﬁng cac toa do Z,, Z».

Khi cac vat thé cta hé chuyén dong, ddi vdi mdi vat thé theo mdi toa do
chung ta c6 thé dua vao nguyén 1y D’alambert hodc phuong trinh Lagrange loai II

dé viét phuong trinh vi phan mé ta dao dong cua né.
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2. PHUONG TRINH VI PHAN MO TA HE DAO PONG
Tat ca cac phuong trinh d6 hop thanh mot hé phwong trinh vi phan goi 1a hé

phuong trinh dao dong. H¢ phuong trinh nay thuong la hé phuong trinh vi phan

cap Il tuyén tinh c6 h¢ s6 hdng s6 c6 dang ma tran la:

Mq-Kq:Cq-F

Hinh 3.2 M6 hinh cua xe khach

Trong do:

]\:4 : Ma tran khéi lwong né 13 ma trdn vudng cap n ma cac phan tir khac
khong c¢6 lién quan dén khéi lugng m, hay mé men quén tinh khdi luong J,, ciia
cac vat thé trong hé.

Trong nhiéu trudng hop néu chon cac toa do thich hop, ]\:4 la ma tran

duong chéo.

[_< : La ma trdn gidm chan. N6 1a ma trdn vuong cap n ma cac phan tir khac

khong ctia n6 chira cac hé s6 giam chan K cia cdc moi lién két trong hé.
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g : La ma tran d cing. NO la ma trdn vudong cap n ma cac phan tir khac

khong c6 chira do ciing duong hodc do cuing goc cua cac moi lién két dan hoi

trong h¢.

9 1a vec to chuyén vi, cac phan tir cua no la cac chuyén vi duong hodc

chuyén vi goc cua cac vat thé trong he.

9 . 1La vec to van toc dao dong, cac phan tir cia no 1a van toc dao dong cua

cac vat thé trong hé.

9 :1avecto gia tdc dao dong clia cac vt thé trong hé.

}_7 : La vec to luc kich thich, cac phan tir cua n6 1a cac luc hodc mé men

bén ngoai kich thich vao cac vat thé 1am cho hé dao dong.

O day ta chi nghién ctru cac ham kich thich 1a diéu hoa.

Vi du 1: Viét phuong trinh dao dong thing dung cua toa xe (hinh 3-1) ma
mo hinh ctia nd tao nén bai 2 vat thé ndi véi nhau béng cic mdi lién két dan hoi

gom cac 10 xo va giam chan nhu hinh 3.2.
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Pay ciing 1a mot mo hinh ¢6 tinh dién hinh ctia hé dao dong 2 bac tu do.

a- Phuong phap dya vao phuong trinh can bang lyc.

- Chon vi tri can béng Z =0 1a vi tri trong tam cua m; ; m, khi
cac 10 xo chiu do nhun tinh.

- Khi cac vat m, ; m, dao dong, trong tAm ctia ching c6 chuyén
vi Zy ; Z; thi 10 x0 C; ¢6 d0 nhun Z, , 10 xo0 C; c6 d§ nhin (Z, - Z,).

- Pbi voi vat thé thir nhat ta co phuong trinh cin bang lyc:

m Z1+k(Z1 - Lo+ (2 - Z2)=0 (a)
- B6i v6i vat thé tha 2 (3-2)

m222- kl(Z1 - Zz) -e(Zr - Z2) + k222 +cy L2 = Fe™
(b)

Sap xép lai cac phuong trinh ta duoc:

m121+k121-k122)+clz1-0122:0 (a)

m222-k121 +(k1+k2)ZZ -c122_(C1+C2)Zz :Foeth (b)
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Hay duéi dang ma tran
Vﬁ 0 || Z,
0 m, ||y |
21| Z,

k, —k Z1 € -G Z [ jQZ]
—k, k +k, Zz+—q ¢, + ¢, Z2:Fk
3)

Hay ngin gon hon dugi dang (3-1):

MZ-KZ+:CZ-F

Trong do:
m, 0
]\:4 =1 0 m, (a) Ma tran khdi luong.
{ k, k, }
K - b) Ma tran giam chi
- — kl kl + k2 (b) Ma tran giam chan.
C — ¢
g S| ¢ ¢ +c, (c ) Ma trdn do cing. (3-4).
Zl
Z ) (d) Vecto chuyén vi.
= Z2
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. /
g B Z (e ) Vecto van toc dao dong.

Z,
g B 7 (f) Vecto gia toc dao dong.
)
F - [ F ele] . ,
_ Lo (g) Vecto luc kich thich.

b-  Phuong phap dua vao phuong trinh Lagrange loai 11

Phuong trinh Lagrange loai 11 dbi véi mdi vat thé co dang

d| o | or o1 0P

_ . _ = _ _ -4 Q

dt | ¢ q, oq, oq, " o q,
Tai thoi diém t khi céc vat thé co chuyén vi 1a Z, va Z, ta tinh dugc:

Biéu thirc dong ning cua hé 1a: T= 5 M Zl+—m, Z;

Biéu thtrc thé nang ctia hé 1a: T1 = %.Cl Z,-2) +%C2‘.Zz2

2

.2 , \ , , 1 : : 1 :
Bi€u thirc ham hao tan c¢6 dang: ® =§K1(Z1—Zz)2 +§K2.Zz

Ta tinh dugc cac dao ham riéng:

T : T .
a—:ml.Z1 a—:mz.Z2

07, 07,
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“T 0 —=0

07, 0Z,

oIl ol'l

a—lecl(Z1_Zz) Ezcz.zz_cl(zl_z2)
oD

=K, Z,-K(Z,-Z,)
07,

Thé vao phuong trinh Lagrange loai II v&i cac bién qi la Z, va Z, ta dugc:

d - A A
mlE(Zl)—O =-C/(Z,-2,)-K,(Z,-Z2,)

d - A A A
sz(Zz)—O =-C(Z,-2,)+K(Z,-2,)+(C,Z,+K, Z,

Hay
mZ+K(Z -Z)+C(Z -Z,)=0 (a)

m,Z,~K(Z,~Z,)+ K, Z,~ C\(Z, — Z,) + C,Z, = F,.e’* (b)

Gidng nhu hé phuong trinh (3-2). Bién doi thém ta s& dua vé dang (3-1).

No6i chung phuong trinh dao dong cua hé thuong 1a mot hé phuong trinh vi
phan cip 2 khong thuan nhat c6 hé sb hing sb.

Nghiém cua hé nay, theo toan hoc bao gdm 2 phan:

1-  Nghiém tong quat ciia hé phuong trinh vi phan thuan nhat. Hé
phuong trinh ndy c6 vé phai bang 0, c¢6 nghia 1a dao dong khong c6 sy tham
gia cua luc kich thich, nghi¢m ctia n6 biéu dién dao dong tu do.

2- Mot nghiém riéng ctia hé phuong trinh khong thuan nhat. Hé
phuong trinh nay c6 vé phai khac 0, nghiém cta nd biéu dién dao dong

cudng burec.
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V& mat hinh thire khi viét duégi dang ma tran phuong trinh dao dong cua
hé nhiéu bac tu do chi con 1a mot phuong trinh c6 dang gibng nhu phuong
trinh dao dong cuia hé mot bac ty do ma ching ta da gap trong chuong trude.

Diéu nay chang nhitng don gian dugc cach viét ma con dua cach giai hé
phuong trinh dao dong nhiéu bac tu do vé cach giai twong tu nhu ddi voi mot
phuong trinh dao dong cua hé¢ mot bac ty do. Cach gidi nay s€ c6 uu diém ndi
bat khi giai cac bai toan dao dong cua h¢ co s6 bac tu do 16n trén may tinh. Sau
day ta s€ di sau nghién ctru tung loai dao dong do.

IL. DAO PONG TU DO CUA HE NHIEU BAC TU DO ]
1. HE PHUONG TRINH DAO PONG TU DO VA CACH GIAI
Dao dong tu do 1a dao dong ctia hé¢ khi khong c¢6 su tham gia cua cac luc

kich thich, phuong trinh dao dong tu do 1a hé phuong trinh vi phan cap 2 tuyén
tinh thudn nhat c6 hé sd hé“lng s6 ma dang ma tran cua no la.

MZ-KZ-CZ-0 (3-5)

Ta tim nghiém cua hé dudi dang:

_ At

Z=2Zye (3-6)
Khi do6 tinh dugc gia tri cac dao ham:

Z=ArZ (a) (3-7)

S

Z=A.Z (b)

Thay vao phuong trinh dao dong (3-5) ta dugc:
(X M+2K+C).Zye" =0

Bai vi " khong triét tiéu nén ta chi can tim cac gia tri A thoa mén:
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ENHALGH Y=t (-8)

Hé phuong trinh dai sd thudn nhit nday s& khong c6 nghiém tim
thuong (Z =0) Khi dinh thirc ciia ma trén h¢ s6 bang 0, nghia la:

R A ©) = (3-9)

Phuong trinh nay goi la phuong trinh dac trung cua hé, nghi€ém cua no sé€
cho ta gia tr1 A; goi la cac gia tri riéng:

A=a,tpB (3-10)

Thay mdi gia tri A;vao hé (3-8), gidi ra ta tim dugc mdt vec to Zy goi 1a vec
to riéng Ung véi gia tri riéng A, d6. Vec to Zg; chira cac phan tir 1a bién do phic
ctia cac dao dong thanh phan c6 tan sé vong 13 B.

Theo (3-6) nghi¢m cua hé (3-5) biéu dién dao dong tu do la:

g:Ze".gOi (3-11)

Nhu vay dao dong ty do cua mdi vat thé cia hé sé la téng cua nhitng dao

dong ho hinh sin tat dan v4i nhiing tan sé By khac nhau:

2. ViDU
Vidul:
Viét phuong trinh dao dong ty do cua than 6t hinh (3-3). Biét:
- Khéi lugng than 6t: m
- M6 men quan tinh khéi luong: J
- Lo xo truc sau c¢6 do cing (O
- Lo xo truc trude cd do cling: C,
- Tryc sau cach trong tam: N
- Tryc trudce cach trong tam: S,
Giai:
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Neéu tai thoi diém t 10 xo sau ¢6 d6 nhun Z; con 10 xo trudc c¢dé do nhin Z,

hinh 3-3 thi ta viét dugc 2 phuong trinh can bang luc va md men:

S F.=0

mZ+CZ +C,Z,=0 (a)
> M. =0
J.9.—CZs, +C,Z,s,=0 (b)
Thay Z,=Z-s,.¢

Zy=7+s,.0
Phuong trinh tr¢ thanh:

m Z +C(Z-3,0)+C,(Z+s,0)=0
J(b_ Csi(Z-390)+ Cy8,(Z +s5,90) =0
Hay

m Z +(C, +C,)Z-(C,8,-C,5,)p =0

J(‘/‘H‘ (Cys, +Ci8))Z- (Czsé_clsf ) =0

Duéi dang ma tran :
m 0 Z N (C1+C2) (CISI_CZSZ) VA _ 0
0 J] | [(Gs ~Cs) (Cs? =Cust) Lo ] 0

Néu C;s,= Cys, thi 2 phuong trinh s€ doc 1ap véi nhau, va do d6 2 dang dao
dong cling doc lap voi nhau. Diéu kién nay c6 nghia la trong tdm cua xe trung voi
tam dao dong.

Vidu2:

Xac dinh tan s va dang dao dong tu do cua cac vat thé m;,m, cla toa xe

trong mo6 hinh 3-3. bo1 vi cac gidm chan khong dnh hudng nhiéu dén tan s6 nén ta
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c6 thé bé qua. M6 hinh dao dong nay s& don gian hon nhu ( hinh 3-4).

= R
“q |
| -
[ i {
BRE AN
| =T
x| 4 {
L 451 4 i
e;";' e st !
1 G s
Z, A i
!:a;‘:-- e
1 i : O !
b ;:‘;.““;““‘“_""“”*’_“““T*
;Z\j’.s . o y

Phuong trinh dao dong theo (3-3) voi K =0 la:
m 0 ZI+C1 -C, z,] [o
0 m] ;| |-G (G+C)]Z, 10
2
Tim nghiém dudi dang (3-6):

7=7 &' = Zo e
- - ZOZ

Thi 7-=-jZ

Thay vao (3-12) ta dugc :

(g—ﬁzz\_azoefﬂ‘{rl o }—ﬁ{m‘ ODzoefﬂf:Q
N - -G (C1+C2) 0 m,

Bai vi ¢ khong triét tiéu nén :
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Cl _Cl 2| 4y 0 _ _
@—q (C1+cz)}ﬁ {0 szZ - (3-13)

Hé phuong trinh dai s6 ndy s& 1hong c6 nghiém tim thuong khi :

@q Yo } {ml 0 D
det -p =0
~-C, (C,+C,) 0 m,

Pay chinh 14 phuong trinh tan sb.

Thuc hién phép tinh trong ngodc ta dugc:

C -p° -C,
detl: | — B my 1 2 :|=0
-G (G+C)-p'm,

Hay (c1—Bzml)((:1-1-02—[32m2)—cl2 =0

2
m, m2B4— my (Cl+C2)B2-sz2B =0

\ a7 4 ¢ c c
Tedé: p-(—++—2+—)p*+—12 =
m, m, m, m,.m,

Pay 13 mot phuong trinh bac 4 dbi voi B. Giai phuong trinh nay ta duoc 4

tr1 s cua f3, trong do hai tri s6 &m khong c6 y nghia.

2
potla, e o Ha, 6 o (3-14)
2\m, m, m, 4\m  m, m,

V61 céac ky higu:

b - \/m: @  (19)

B = | (b)

Bo=— (C)

Ta tim duogc 2 tri s0 >0 thoa man di€u kién ctia bai toan:

Pz = i\/gwﬁ BB [ B (3-16)
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Trong truong hop nay dao dong tu do cua hé sé€ co 2 tan sb khac nhau.

Néu B, < B thi B, goi 1a tan sb thap, con B, goi 13 tan sd cao.

Nghiém cua hé¢ (3-12) s€ biéu dién dang dao dong tu do cua cac vat thé.

Pé tim nghiém nay ta can giai hé phuong trinh dai s6 (3-13), dé tim céac
vecto riéng biéu dién bién do cua cac dao dong thanh phan.

- Thay B, vao hé (3-13) rdi giai ra ta tim dugc vecto riéng:

Z 4
“uTlp

- Thay B, vao hé (3-13) rdi giai ra ta tim dugc vecto riéng:

Nhu vay mdi vat thé sé dong thoi tham gia dao dong voi 2 tan s6 khac nhau
Z= ejﬂth + ejm[Zoz
Hay la: Z= Ae”" + 4, (a) (3-17)

_ Bt B2t
Z,=Be”"" +B,e (b)
Tir (3-13) ta thiy cac dao dong co cing tan sb thi ti sd cac bién do sé& 1a

hang so:

- D061 v6i cac dao dong co tan s6 thap:

L _B_C-fim B @
Zl Al cl ﬁlzl

- D61 vo1 dao dong c6 tan so cao:

Z 4 G - :3121
III. DAO PONG CUONG BUC CUA HE NHIEU BAC TU DO

1. MO HINH VA PHUONG TRINH DAO PONG
Dao dong cudng buc la dao dong cua hé dudi tic dung cua cac luc kich

Z _B_a-fm _ | B (b) (3-18)

thich vao 1 hay nhiéu vat thé trong hé¢. Mo hinh ctia né nhu da néi ¢ trén 1a mot
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hay nhiéu vat thé lién hé véi nhau cung dao dong dudi tac dung cia cac luc kich
thich. Phuong trinh dao dong thuong 1a 1 hé phuong trinh vi phan cap 2 khong

thuan nhat, khi viét dudi dang ma tran theo (3-1) la:

Mg+Kqg+Cq=F

Trong d6 cac ¥ nghia cta cac dai luong trong vé trai ching ta d hiéu biét
qua cong thue (3-4) khi nghién ctru dao dong tu do.

Vé phai 1a vecto lyc kich thich, né phai c6 it nhat mot phan tir khac
khong, do 1a cac luc hay momen kich thich dao dong.

Luc kich thich vao cac vat thé c6 thé theo nhiéu qui luat khac nhau, do
khuon kho cua gido trinh nay chiing ta chi nghién ctru trudng hop kich thich diéu
hoa.

Khi F c6 dang:
F=F e/ = F o/ = F o/

Trong do:

F, = FE,e™ la vecto bién d phtc cta cic luc kich thich:

F : Vecto bién do cua cac luc kich thich.

Q) : tan sb vong cua luc hay momenkich thich.
2. DANG VA CAC THONG SO CUA DAO PONG

Ta tim nghi€ém ri€ng cta (3-1) bi€u dién dao dong cudng burc cua h¢ dudi

dang:

j(Q+ j 1973
.e’( ®) Jjo i

q=4, =g’ =g ™ (3-12)

Trong do cling nhu & trén:

*

q,=9,¢" 1a vecto bién d6 phirc cia dao dong;

q, - vecto bién d¢ cua dao dong.

Khi d6 cac dao ham: ¢ = jQq (a) (3-21)
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Va j=-Q¢ (b)

Thay vao phuong trinh dao dong:

(C-O’M + jQK)gq " =F e

Khtr e/ ta dugc hé phuong trinh dai s6 dang phuec:

(C-O’M + jOK)q ¢ =F,

T d6: g, =(C - QM + jOK) ' = F, (3-22)

Ma trn: H (jQ)=(C-Q°M +QK)" (3-23)

La ma tran c6 cac phan tir 1a s6 phic dwoc goi 1a ham truyén ciia hé.

Viét lai (3-22) c6 cha ¥ dén (3-23) ta duoc cong thire tinh bién do phirc cua
hé¢ dao dong cudng burc:

q=H(JQ)F, (3-24)

Nhu vdy theo (3-20) dao dong cudng btic ctia hé 1a nhimg dao dong diéu
hoa c6 tan sé bang tin s Qcua luc kich thich, con bién d6 phtc cua chung (bao
gdm bién do va goc léch pha) thi xac dinh bang cong thirc (3-24) thong qua tich
ctia Ham truyén va bién do phirc cua luc kich thich.

1. Vi du: Gidi hé phuong trinh (3-3):

m 0 7 K K Zl ¢ — Z1 0
S 1 £ e S IR 1
0 m VA -K  (K+K;) Z, -, (¢+cy) FOejQz
dé tim dao dong cua cac vat thé m;, myp.trong mo hinh toa xe hinh 3-2.
Hé phuong trinh c6 thé viét ngan gon dudi dang (3-1).
MZ-KZ-CZ=F

Ta tim nghiém cua hé dudi dang:

Z=Z." (3-25)
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Trong do:
Zjel?!

Z, la vecto bién do phirc cua nghiém: Zy= (3-26)

Zoze*“pt

Khi do: Z=0Zz va 7 =-Q*Z

Thay vao phuong trinh dao dong (3-1) ta dugc:
[(C-Q* M)+ jQK)Ze™ = F ™

Khir ¢/ & ca 2 vé, ta di dén mot hé phuong trinh dai sé dang phic:

(C-Q*M)+ jOK)zo = Fo (3-27)

Ta can giai hé phuong trinh nay dé tim vecto bién d6 phirc z,

Day 1a mdt hé phuong trinh dai $6 tuyén tinh dang phuc, khong thuan nhat,
c6 vé phai khac khong. C6 nhiéu phuong phép dé giai hé nay.

Ky hiéu ma trdn hé sé ((phan trong ngodc vudng) 13 4. Sauk hi thyc hién

phép tinh ta thdy nd 1a mot ma trdn vudng cap 2 v6i 4 phan tir phuc:

4= (3-28)

(C,-Q%m)+JQK, —(C,+JOK,)
—(C,+JOK)) (Cy+Cy =% my )+ jQky +k»)

Thay céc phan tir bang ky hiéu c6 thé viét gon hon:

[ “ ] (3-29)

21 22

('S

* Poi v6i nhitng hé c6 nhiéu bac ty do ta can tinh ham s truyén H(GQ)
bﬁng cach tinh ma tran nghich dao cua 4 :
H({Q)=4"

Khi d3 c6 ham sb truyén ta tinh duoc:
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L0 H (jQ)F,

Tuy vay ma trdn A la mot ma trdn phitc nén cong viéc nay tuong ddi kho

khin, doi hoi phai ¢ nhirng phin mém chuyén dung méi nghich déo duoc.

o Trong trudng hop dang xét, s6 bac ty do nho, ta co thé tinh

nghiém ctia hé phuong trinh dai s6 4%, = £o theo cong thirc Cramer.

dt 0 AIZ
e[ FO Azz} —F _AIZ

Z. = = a 3-30
= det 4 * det 4 @) (3-30)
d t[ All 0}
(]
4,, F — A4
Z — 21 0 =F 11 b
-2 det A * det A ()

Thay — 4, =C, + jOK, = 1/C, - (QK )’ e’*

1

Vao ¢, =arctg
1

4, =(C, _szl) + jOK, = \/(C1 _Q2m1)2 + (QKI)ZeJM

VO”I ®, :aFCth'l_—g)IZn/ll
o dCtA:AllAzz —A12A21 :L+jN = 4 L[> + N?e/? (3-3 1)

Véi ¢, = arctg%

Trong do :
L= (C,-Q’m)(C,-Q’m,)-C,Q°m, - K K,Q* (a) (3-32)
N = Q(K,(C, —Q’m)+K,(C, —Q’m, —Q’m,)) (b)

Thay gia tri cua 4,,, 4, det4 vao (3-30) ta tinh duoc cac phan tir ciia vecto

bién do6 phuec.

99



Z(n — FO\/ .t (K Q ) J(fP -93) (a) (3_33)

L>+ N°?
C,—mQ +(K,Q° 010205
70 = I \/( Lz +)N2( ) g i(o2-0) ®)
Nghiém cua phuong trinh dao dong s€ la:
C + (K, Q?) (Qi+psr—93)
Z, =F e /10100 3-34
=y S @ (39

Z, - \/(C -m Q)+ (K,Q ) o /(Q102-03) (b)

24+ N?
3. CAC BAI TOAN UNG DUNG

BAI TOAN 1: Truc quay 1a bd may thuong gip trong k¥ thuat nhu tryc cé
gin banh rang, pu-li hay banh da..., m6 hinh cta n6 13 mét dia tron cé trong tim S
khong tring v6i tdm hinh hoc O duoc gan chit trén mot truc xuyén qua tim hinh
hoc va vudng goc véi1 mat phﬁng cua dia, vi tri cua dia ¢ gifra truc.

Truc quay thuong duoc dan dong tir nhitng ngudn dong luc, do d6 nd co
nang lugng du trit. Trong nhitng diéu kién nhat dinh ngudn nang lugng d6 c6 the
bién thanh dao dong udn 1am cho chuyén dong cua truc tr¢ nén mét 6n dinh nhat
14 khi trong tim cua dia khong tring véi truc quay. Gia st dia c6 khdi lugng m dat
tai D Iéch tam v&i truc hinh hoc mot khoang e. Khi quay véi van tbc ® no sinh ra

, ’ 2 \ P4
luc quan tinh F=-m®~e lam cho truc bi udn.
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Néu hinh chiéu cua d6 udn trén cac truc Z va Y 1a a va b (hinh 3-6) thi toa
do trong tdm cua dia trén h¢ truc la:

Z;=at e cosw

Y,=bt+ esinw

Phuong trinh vi phan chuyén dong cua dia theo cac tryc d6 1a:

mz,+ Ca=0

mY,+ Cb=0

Ca,Cb : 1a hinh chiéu cta cac luc dan hdi trén cac truc Z va Y.

C: 12 d6 ctng chéng udn cua tryc.

Thay gia tri dao ham bac 2 cua Zs va Y, vao, ta co:

ma + Ca=mew’coswt

mb + Cb =mew’sinat

Nghiém cua cac phuong trinh nay la:

coswt vag b= sin ot

Khi @ =B s& xay ra cong huong lam cho bién do tang 1én. Van toc quay do

goi la van toc quay td1 han. Tur di€u kién oy, = B ta co:
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Y
m

Van toc t61 han o, chi phu thudc vao cac tham s6 cua h¢, o, cang 16n khi
truc cang cung va dia cang nhe.
V&1 mot van toc quay nhat dinh, tdm O; cua dia s€ chuyén dong trén mdt

vong tron ban kinh:

Khi d6 tAm quay O,tdm O, cta dia va trong tim S s& ndm trén mot duong

thang.

a- Khi o < oy, b-Khi ® > oy,
Hinh 3.6 - V1 tri tuong ddi cua cac diém O, Oy, S
Vi tri twong ddi gitra cac diém O , O, va S (hinh 3-6) s& khic nhau, tiy
thudc vao ty sb p/o.
-Khi @< B, trong tAm S nam ngoai doan OO, (hinh a),
-Khi & > B, trong tim S ndm trong doan OO (hinh b).

Hinh 3-7 biéu dién quan hé giita r/e (goi 1a do udn tuong ddi) vai ti sd cac
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tan s6 vong /P, ta nhan thay:
* Khi quay chdm (® nho) thi d6 uén bé, «» ting 1én thi d6 udn ciing ting

lén.

Khi trong tim S cach xa tim quay hon tim hinh hoc (nim ngoai OO)).

: [ Cin AT
* Khi a;=a)th—>E=lth1dQuon - >
e

* Sau mién toi han, khi »>w, d6 uén trd vé hitu han, nhung c6 huéng
nguoc lai vo1 do [éch tam (r va e trai déu), trong tam S nam trong doan OO;.

* Khi o rat 16n, truc quay ra nhanh, trong tdm S ctia dia c6 xu hudng tré vé
gan tim quay O. Khi o — » thi r — -e, nghia 1a & téc d6 quay rat 1on s& xdy ra

hién tugng tu dinh tam cua dia.

Hinh 3.7 - D0 thi d6 ubn tuong d4i Hinh 3.8 -Dao dong X04n cua truc

BAI TOAN 2: Giam chan thay luc:

Khi mot dia tron moémenquan tinh J, gén trén mot doan truc c6 do cling
chéng xoan C,, (hinh 3-S), khi chiju kich thich béi moment:
My =Me'<¥
S& c6 dao dong cudng birc biéu dién boi phwong trinh :
. i Qr
J2¢)+CW2: M()e—l

Dang cuia dao dong nay theo (2-74) la:
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¢, = (oneth-g

Trong do:

Dy = Vi

0 1_772 - Co ':3022 -’

Bo= /& va 0 =arctg0=0
J,

pé dap tat dao dong nay ta ndi tiép vao dia J, mot doan truc c6 do cling

M, :Mo 1 M, By
C

C,, va mQt dia c6 moémen quan tinh tinh J; (hinh 3-9).

Khi d6 hé s€ tré thanh 2 bac ty do c6 phuong trinh dao dong la:
J1¢1+Cu/l((01_(02):0 (a)

J2 (bz - COI((DI - (02) + C02 0, = MoeJQt (b)

Hay dudéi dang ma tréan:

.|t =
0 Jjrf| 22 G (Gt ]| o, M e’
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Hé phuong trinh ndy c6 dang gidng nhu (3-12) khi ma trin giam chan

>
o

Nghiém ctia né twong ty nhu (3-34), v6i K;=K,=0 dan dén cac goc 1éch pha

bang 0 va N=0, ta co:

o, =M0% ei<¥ (a)
— 2 . :

9, = Mo Su Y. o 1€ (b)

Theo (3-32):

L=(Cy - Qz]z NCo, — Qz]z) - C01QZJ1
Néu L # 0 chung ta chon (C,, -Q>J,)=0 thi ¢, =0 nghia la dia J, s& hoan

toan khong dao dong. 6 1a nguyén 1y cua giam chin dong lyc.
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IV. CAU HOI VA BAI TAP CHUONG 3
1.  Thanh lap mé hinh va viét PTDD cua hé 2 va nhiéu bac tu do.

Hinh BT3.1 -Néi toa xe
2. Pbi voi hé dao dong tu do ciing nhu dao dong cudng buc
nhiéu béc ty do cin nim viing céach:
* Thanh 1ap mo hinh.
* Viét phuong trinh dao dong.
* Céach giai hé phuong trinh dao dong 2 bic ty do bang phuong phap
giai tich.

* Cach giai hé phuong trinh va xét diéu kién xay ra mat 6n dinh bang bai

toan gia tri riéng trén may tinh.

Hinh BT3.2- M6 hinh 6t6
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3. Khi don toa (hinh BT3-1) mét toa tau chuyén dong vdi van téc V dén
mdc vao mot toa khac ding yén .Xac dinh quy luat chuyén dong twong d6i cua
cac toa sau khi moc ndi biét khdi lugng ctia cac toa bang m;,m, va do clng

moc noi1 la C bd qua ma sat cua banh xe va mat duong.

Hinh BT3.3 -Giam chin dong luc
4. M6 hinh 6 t6 2 bac ty do chay trén mit dudng gd ghé luon song biéu
dién trén hinh BT.3-2 .Biét khdi lugng thung xe m;=800kg, khdi lwong banh
xe my= 200kg, Tong d6 ctng hé treo C=5.10"N/m,Tong d6 clng cac 16p xe
C=6.10"N/m.

Hay viét phuong trinh dao dong ctia co hé , tinh cac tin sé dao dong
tir do va tinh tbc d6 t6i han xay ra cong huong. Biét mat duong hinh song cd
L=1m va h=2m

5. Bé dap tat dao dong cua mot khdi lwong m, (hinh BT3-3) dit trén 10
xo C; do luc kich thich F= F,SinQ¢ giy ra ngudi ta treo vao né mot khdi luong
m, qua 10 xo C,.

Tinh toan cac gid tri cia m, va do cirng 10 xo C, do dé dao dong cua ml 1a

nho nhit.
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PHU LUC

Bang 1 - BANG THU NGUYEN MOT SO PAI LUQNG
Thuong dung khi tinh todn dao dong

Dai lugng Ky hiéu | Pon vi Ghi chu
Chuyén vi : - Buong Z,X,Y m
- Mat 0, o, B rad
Luc F N, kN
M6 men luc M Nm
Thoi gian t s
Khoi hrong M, m G, kg Kg=Ns"/m
Tan Tan = 1000kg
Mbmen quéan tinh khdi hrong J Nms”
Tan m° Tan=kNms”
Van toc - Dai Vv, Z m/s
- Goc ¢ Rad/s Rad/s=1/s
Gia toc - Dai 7 m/s’
- Goc o Rad/s’ Rad/s*=1/s
Do cung - Buong C N/m
- Goc Co Nm/rad
Heé s6 can - BPuong K Ns/m
Dao dong: - Goc Ko Nms/rad
Tan so f Hz Hz=1/s
Tan s6 vong o, Q Hz
Chu ky T ]
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Bang 2 - NHUNG BQI SO VA UGC SO CUA PON VI PO

Boi s0 cua don vi do

U'de so cia don vi do

Tén goi Ky hiéu | Dolonso | Tén goi Ky hiéu | D¢ lon so
voi don vi voi don vi
deka da- 10 deci- d- 10"
Hecto- h- 10° Centi- c- 10°
Kilo- k- 10° Mili- m- 10°
Mega- M- 10° Mikro- L~ 10°
Giga- G- 10°
Tera- T- 10"
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