Khoa Co khi — Trudng Cao dang Ky thuat Ly Ty Trong

CHUONG 1. BONG HOC
Bai 4. CAC PHUONG PHAP XAC PINH CHUYEN BONG CUA PIEM

|. Phuong phéap vécto
1. Phwong trinh chuyén dong cltia diém
Xét diém M chuyén dong trong hé quy chiéu Oxyz. Vi tri clia diém M duoc
xac dinh bdi vécto ¥ =OM (hinh 4 - 1).Vécto 7 thay d6i phwong chigu va do
dai theo thoi gian. Lién hé gilra ¥ vat goi la phwong trinh chuyén dong cla
diém dang vécto:
=T 4.1

Quy tich cla dong diém trong hé quy chiéu nay goi la quy dao cua diém.
Né&u qu¥ dao lathéng thi chét diém chuyen dong thang , néu quy dao la cong thi
chat diém chuyén dong cong.

N

P

X Hinh 4 -1
2. Van toc cla diém
Gia str & thoi diém t, dong di€ém & vi tri M duoc xac dinh béi vécto 7. Tai
thoi diém t; =t + At dong diém & vi tri M, duoc xac dinh bdi vécto 7,. Nhu vay,
trong khoang thoi gian At, dong diém di chuyén dwoc mot cung MMmcmg
deong MM, =7, -7 =AF (hinh4-2)

Hinh 4-2

bai lugng v, :% goi lavan t6c trung binh

Van tdc clia dong diém tai thoi diém t dwoc xac dinh nhw sau:
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v= lim v,.= lim - = =¢t
At—0 A0 At dt N (4 D)

Vay van tdc cla dong diém bang dao ham bac nhét clia vécto dinh vi theo
thoi gian. Vécto van toc cta chat diém hudng vé phia chuyén dong theo tiép
tuyén clia quy dao tai diém dang xét.

Pon vi van toc: m/s

3. Gia toc cua diém
Van toc la dai lvong thay doi theo thoi gian. Pai lvong biéu thi cho su thay doi
clia van toc goi lagiatoc. Ky hiéu a
Tuwong tw nhw xac dinh van toc, gia téc clia dong diém tai thoi diém t dwoc xac
dinh nhu sau (hinh 4 - 3):
AV AV

a= lim —/—=— =V({®)=r"@t)
At At dt

Vay gia téc clia dong diém bang dao ham bac nhét cla van téc va bang dao ham
bac hai theo thoi gian clia vécto dinh vi. Vécto gia toc lubn hudng vé bé 16m cua
guy dao.

Pon vi gia tdc; m/s?
— Khi @.v>0: chat diém chuyén dong nhanh dan. (hinh 4 — 3a)
— Khi @.v <0 : chat diém chuyén dong cham dan. (hinh 4 — 3b)

%

!

©

!

Hinh 4 -3
I1. Phuong phap toa dé Descartes
1. Phwong trinh chuyén dong clia diém

Trong hé toa do Descartes, vi tri ctia diém M dwgc xéac dinh bdi 3 toa do (x, v,
Z) clia n6. Khi M chuyén dong, cac thong so dinh vi nay thay doi theo thoi gian

x=x(t); y=y(@®); z=2z(t) (4-3)
(4.3) goi la cac phwong trinh chuyén dong cuia diém theo toa do Descartes
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Khi t trong cac phwong trinh chuyén dong, ta cé phwong trinh quy dao cua
dong diém.

X (1)

Hinh4 -4

Chuay: gilra phuong phap vecto va phuong phap toa dé Descartes co su lién hé
chat ché nhu sau
F=Xi +yj+2zk
Trong do: i, ],k la cac vécto don vi trén cac truc toa dd (hinh 4 - 4)
2.Van toc cua diém
Goi Vy, Vy, vV, lahinh chiéu clia v trén céc truc toa do thi
V=v,.i+v,.j+v,.k (3
Ma F=xi +vyj+ zk
Nén v:d—;:aﬁ+z—¥j+%i
=X@OO+y®g+z@& (b)
Sosanh (a) va(b) tardtra: v, = X(t); v, =y (t); v,=Z() (44)

Vay céc hinh chiéu ciia van t6c trén céc truc toa dé Descartes bang dao ham
bac nhat theo thoi gian cla céac toa do twong ng.

Tri s6, phwong chiéu cua van toc dugc xac dinh nhu sau:
— Tris6: v=|V|=,/vi+Vv]+V]
_— _ V.. _ Vy . _V,
— Phuong chiéu: cosa = —*;cosp =—;cosy=—=%
\% \Y \Y

a, B, y: lagéc tao bdi v véi cac truc toa dd x, Y, z
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3. Giatoc ctia diém
Tuong tv nhu van téc, goi ay, a,, &, l1a hinh chiéu cia atrén céac truc toa do, ta co:

o= %= ()
av , "
a, = Ty: Vy(t): y (t)
a = 2= vif)=2' (1)
— Tris6 giatdc: a=., /a2 +a +a (4-5)

— Phuong chiéu: cosa’ =& cosp’ :i; cosy’ -2
a a a

o, B, V: lagoc tao bdi avéi cac truc toa do X, v, z

* Vidu: Vién dan bay trong khong gian oxy theo quy luat

X =V, t cosn €)

2

y= —%+votsina (b)
Trong do v, lavan toc , o lagoc ban.
Tim van toc, gia téc, quy dao vién dan, d6 cao vatam xa cla vién dan.
Giai y
A
X

v, cosa

(@O t=

<l

Thé vao (b) ta duoc:

yz—%zg . Ex%x.tga
vZcos’a olAa

Vay quy dao cla vién dan la duong Parabol S

Van toc vién dan:
v, =x'(t)= v cosu
v, = y'(t)=-gt+v_ sina

v=vZ +v2 =(v,cosn)? +(v,sina - gt)?

Giatoc vién dan:
a, =0
&=-9
az @ d =g
Khi vién dan cham dat thiy (t) =0
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2
- y(t):—%+votsincx =0

2v,sina

0 t=0vat= (t#0)

- 2 -
n s an V_Sind viSin2o
Tam xa cla vién dan: s=x(t) = v cosa 2YeSNa_ Y,
g g

Do tinh doi x(rng clia Parabol, ta c6 do cao cua vién dan dat duoc tai thoi diém

t
2

t g, sina . v.sina _Vvisin‘a
0 h= E&——%§+vosnaﬂ° =0
Yom 2 g g 29

I11. Phrong phéap toa do tw nhién

1. Phwong trinh chuyén dong cta diém

a Hé toa do tv nhién

Duwng trong mat phang tiép tuyén véi quy dao tai diém M truc Mz huéng
theo tiép tuyén clia quy dao vé phia dwong, c6 vécto don vi la T . Dung truc Mn
hwéng theo phap tuyén cla quy dao vé phia Idm Mn nam trong mat phang tiép goi
la phap tuyén chinh cé vécto don vi la in. Dung phap tuyén Mb goi la trung phap
tuyén c6 vécto don vi la b (thwongnchon chiéu clia b sao cho M__. latam dién
thuan) (hinh 4 -5)

hinh4 -5

Nhu vay,tai moi diém clia duong cong, ta luén dung duoc hé toa do vudng
goc co 3 truc hudng theo tiép tuyén, phap tuyén chinh vatrung phap tuyén goi la
hé toa do tw nhién. Hé toa do tw nhién thay ddi theo vi tri clia diém M trén quy
dao.

b. Phuong trinh chuyén dong

Trén quy dao cla dong diém , ta chon O lam goc. Khi do, vi tri clia dong dién
7\
dwgc xac dinh bdi thong s6 s=0OM . Khi M chuyén dong , s bién thién theo thoi

gian. (+)
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s = g(t) goi la phwong trinh chuyén déng cla diém theo toa do tw nhién.

* Chay : sladai lwugng dai s6 . Tuy nhién néu chon chiéu dwong cla

quy dao lachiéu chuyén dong cla diém thi Sludn duong.

2. Van toc clia diém
Pé xac dinh van toc v tatim hinh chiéu cta no6 1én céac truc cla toa do tw
nhién. Vi v huéng theo ti€p tuyén clla quy daotaiMnén v =v,. © (viv, =
Vp = 0)

V] =[v.| =

=[s(t)

ds
dt

D4u clia v, va S'(t) luén tring nhau (cung dwong néu diém chuyén dong
theo chiéu dwong quy dao va cung am trong tredng hop nguoc lai).
Vay suy ra: v; = s(t) (4.6)
3. Giatoc clia di€ém
Tuong tw nhr van téc ta tim hinh chiéu cla né trén cac truc toa do tv nhién ta

7

co:
a—a i+af+a.b (3
Mat khac :
él=0|—\7=g(vT F)=v E+v, i =V [f+vTﬁBd—S
at dt at ds dt
Theo hinh hoc vi phan thi ar_n voi p la ban kinh cong quy dao tai diém
dang xet °

2
Vaytaco: azv;ﬁ+%m=ar+an (b)

So sanh (@) va(b) tasuy ra

2
a, =v,()=S'(1) ; a =V? . a,=0 (4.7)

n

a=,a’+a’ (4.8)

N V ~ ~ — ~ 7 N n ~ 2 ~
Vi a,=— ludn dwong nén a ludn hudng vao bé 16m cua quy dao .

* Y nghiia clia cac thanh phan gia toc:

-a

n

2
=Y =0 khi p -  tic 1a diém chuyén dong thing
p

- a, # 0 diém chuyén dong cong.
Vay, a, biéu thi cho sw d6i hwéng clia van toc.
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-a, =V.(t)=0thi v, =hing s, ttc la diém chuyén dong deu.
- a, # 0 thiv_bién thién, diém chuyén dong khong déu.
Vay, a, biéu thi cho si thay doi vé tri sd clia van toc.
+ Khi a, vav cung ddu: Biém chuyén dong nhanh dan.
+ Khi a, vav nguoc dau: Biém chuyén dong cham dan.

* Vi du: Diém chuyén dong trén vong tron ban kinh r = 1m theo phuong trinh s
= t* - 16t

(stinh bang mét, t tinh bang giay)
— Xac dinh van toc vagiatoc tai thoi diémt = 2s
— Xét xem & thoi diém do, diém chuyén dong nhanh hay cham dan.
Giai
v=s(t)=3t>-16
Khi t=2sthiv=32°-16=-4m/s
a, =v'(t)=6t =62 =12m/s >

n

I
a=.a?+a? =122 +162 = 20m/s
Vi a, vav tré dau nén diém chuyén dong cham dan
I'V. M6t sO chuyén dong thuong gap
1. Chuyén dong déu

Chuyén dong déu la chuyén dong mavan toc cla diém chuyén dong co tri so
khéng doi.

v = hang s6
a, =V,(t)=0

an: :O (p_.oo) ) afzo

Phwong trinh chuyén dong : S=S, + vt

Trong do: v va S, tvong tng lavan tdc vatoa do cong ban dau ctia dong
diém.

37



Khoa Co khi — Trudng Cao dang Ky thuat Ly Ty Trong

b. Chuyén dong cong déu

n

2
a=0 rooa :V—¢0
p

Phuong trinh chuyén dong : s=s, + vt
2. Chuyén dong bién doi déu
Lachuyén dong magiatdc ti€p tuyén clia diém cé gia tri khong doi.
V2

a;,=hangsé ; an:p © V=V, + adt

a. Chuyén dong thang bién d6i déu
a,=0 ; a =hangso
V=V, +at

S=S + Vot + %ath
b. Chuyén déng cong bién dbi déu

2

a =Y ; a=hings6 : a=.a2+a
p

V=V, + at

_ 1 .,
S=S, + Vit + EaTt
* Vidu: Mot diém chuyén dong nhanh dan déu trén cung tron ban kinh r =

1000m, tir trang thai dirng yén sau 2 phut n6 di duvgc quang dwong s= 1200m. Hay
tinh tri s6 van téc vagiatéc sau 2 phat do.

Giai
£ e 1_ .
Taco:s=sS,+ Vit + Eart
chon s,=0
Mt khac v, = 0 (ban dau diém ding yén)
Néns= 1aTt2
2
_2S_2M200_1
t? 1200 6 /S
Van t6c sau 2 phut:
1
= = == = m
VEVotat = at= (120=20 A
. , " 2 20?
Giatéc phap tuyén: a,. =—=—-=0,
phap tuyén: a, TR
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Giatéc sau 2 phat:

a=.a*+a’ = /%g +(O,4)2 =043 %2
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Bai 5. CHUYEN BONG CO BAN CUA VAT RAN

|. Chuyén dong tinh tién cha vat rén
1. Binh nghia

Chuyén dong tinh tién cla vat rdn 1a chuyén dong trong do6 18y bat ky doan thang
nao trén vat cling ludn song song v&i vi tri ban dau cua né.

Trong thuc t€ gap rat nhiéu truong hop vat chuyén dong tinh tién. Vat ran chuyén
dong tinh tién thwdng gap 1a

— Tinh tién thdng: Toaxe |tra chuyén dong trén dwong ray (hinh 16 — 1a)

— Tinh tién cong: Thanh truyén AB trong co céu hinh binh hanh cla dau may
xeltra (hinh 16 — 1b)

hinh5-1

2. Tinh chéat cia chuyén dong tinh tién

Binh ly: Khi vét rdn chuyén dong tinh tién, cac diém thudc vat vé nén nhitng quy
dao ddng nhét (c6 thé dat trang khit Ién nhau), tai moi thoi diém, cac diém thudc vat
c6 van toc bang nhau vagiatéc bang nhau.

Chirng minh:

Lay 2 diém A,B bat ky thudc vat. Gia s vi tri clia chiing tai thoi diém t
duoc x&c dinh bai cac vécto ¥, va r, (hinh 16 - 2)

“A

"

P

Hinh5-2
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Dung AB,tacd: T, =T, +AB (5.1)

Trong d6: AB 1a vécto c6 mddun va phuong chidu khong déi (vat rén
chuyén dong tinh tién). Do do, vi tri ctia diém B c6 duwoc bang cach dich chuyén
song song céc diém trén quy dao ctia A di cling mot vécto khong déi AB. Vay
quy dao cua diém A va B la nhitng dwong cong gidng nhau (tirc la co thé dat
trung khit 1én nhau).

DEé xéc dinh van toc cac diém A va B ta ldy dao ham hai vé cua (5.1)

theo thoi gian:
di, _dr, , d(AB)
dt at dt
Vi 4A_):O
at
. dr, dr
Nén —B ="~ V, =V
dt dt AP
Tiép tuc 14y dao ham theo hai vé clia dang thirc v, =V, ta duoc :
v, dv, L
=——= h a, =a
a  d Y AT

Vay, vé mit dong hoc vat ran chuyén dong tinh tién dwoc thay thé bang
chuyén dong cua diém bét ky thudc vat. Do dd , viéc khao sat vat ran chuyén
dong tinh tién dwoc dwa vé bai toan dong hoc diém (da khao sat & bai 4).
I1. Chuyén dong cla vat rén quay quanh mot truc ¢6 dinh
1. Binh nghia
Vat ran quay quanh truc ¢6 dinh khi trong qua trinh chuyén déng, vat cé
hai diém bat ky co dinh.
Truc di qua hai diém c6 dinh d6 goi latruc quay cla vat.

Khi mdt vat quay quanh truc ¢6 dinh, moi diém thudc vat chuyén dong
trén mdt dwdng tron cé tdm nam trén truc quay, c6 ban kinh bang khoang cach tir
diém d6 dén truc quay.

2. Phrong trinh chuyén dong cta diém

Gia st vat ran (A) quay quanh truc c6 dinh Z. Dung mat phang (P) cd
dinh va chtta truc Z lam chuén, déng thoi dwng mat phang (Q) gan lién véi vat
(A) (hinh17 — 1) Nhw vay vi tri cla vat (A) hoan toan xac dinh dwgc bdi goc ¢
gitta hai mét phang [P]va [Q]. Khi vat quay, goc quay ¢ ludn thay d6i theo thoi
gian nén:

¢ = ¢(t) goi la phwong trinh chuyén dong clia diém  (5-2)

41



Khoa Co khi — Trudng Cao dang Ky thuat Ly Ty Trong

Pon vi géc quay larad 1 ?
\_/ +

AN

Hinh5-3
A

Trong kY thuat, goc quay cla vat thuong duwoc tinh theo sé vong quay N. Lién
hé gilra ¢ vaN nhv sau :

¢ =2nN (5.3

Goc quay ¢ la goc dai s6. Trwong hop vat quay theo mét chiéu nhat dinh thi ta
chon chiéu quay dé la chiéu dwong.

3. Van t6c gobc

Khi vat quay, géc quay ¢ bién thién theo thoi gian. D€ biéu thi toc do quay va
chiéu quay cua vat, ta dwa ra khai niém van téc goc.

Ky hiéu: w
_d ,
w:—f:(p(t) (5.4)

Pon vi do cla wlarad/s

Van tdc goc tirc thoi clia vat ran quay quanh truc c6 dinh tai mot thoi diém nao
do bang dao ham bac nhat clia géc quay theo thoi gian cling tai thoi diém do.

Trong k§ thuat, van téc goc thudong duge do bang s6 vong quay trong mot
phit (vong/phtt) goi lavan tdc vong. Ky hiéu : n

Lién hé gilra wvan:
- (rad
0= ( A) (5.5)
Goi k la vécto don vi trén truc z, ta goi vécto
w=w.k=¢(t)k

la vécto van tdc goc cua vat quay. Vay vécto van téc goc @ cho ta biét duoc
ca truc quay, chiéu quay vavan tdc quay cla vat (hinh 17 - 2)

42



Khoa Co khi — Trudng Cao dang Ky thuat Ly Ty Trong

Hinh5- 4

4. Giatoc goc

Vat ran no6i chung moi ltc quay nhanh chdm khac nhau, c6 khi con thay déi ca
chiéu quay. Pai luvgng biéu thi cho sw thay ddi dé clia van toc goc theo thoi gian goi
lagiatdc goc. Ky hiéu €

Don vi do clia gia toc géc larad/s”.

Vay giatdc tirc thoi cla vat quay tai mcf)t thoi diém nao do bang dao ham bac
nhat clia van toc goc theo thoi gian hodc bang dao ham bac hai cla gdéc quay theo
thoi gian tai thoi diém do.

TacOvécto: €=t.k

la vécto gia téc goc cla vat. Vay vécto gia téc goc cling 1a vécto nam trén truc
Z, tri s6 vachiéu duoc xac dinh béi dai so gia toc géc € (hinh 17 - 2).

Vat chuyén dong quay nhanh dan hay cham dan lic toc do quay tang hay giam
theo thoi gian. Do d6, dau hiéu clia chuyén dong nhanh dan, cham dan la:

— ®.£>0 : vat chuyén dong quay nhanh dan.
— ®.£<0 :vat chuyén dong quay cham dan.
5. Céac chuyén dong quay thuong gap
1. Chuyén dong quay déu
® =hangsé vaeg =0
Phwong trinh chuyén dong : ¢ =g, +wt  (5.7)
2.Chuyén dong quay bién doi déu
£ lahang s6

Phwong trinh chuyén dong : ¢ =@, +w,t + % et (5.8)
W =, +et
NEu chon chiéu dwong tring véi chiéu quay ban dau cla vat thi :

— € >0: vat quay nhanh dan déu.
— €< 0: vat quay cham dan deéu.
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* \/{ du 1: Vat quay quanh truc c6 dinh theo phuong trinh; ¢ = 2t +t + 1
(¢ tinh bang rad, t tinh bang giay)

Xac dinh: a) Goéc quay cua vat trong 3 gidy dau?
b) Véan toc géc vagiatde goc tai thoi diém t = 3s?
c) Vat c6 doi chiéu quay hay khong?
Giai
a) Goc quay cla vat trong 3 giay dau:
— O thoi diém dau t, = 0 thi ¢, = 1rad
— @ thoi diémsaut; = 3sthi ¢, =2.3°+ 3+ 1 =22 rad
Vay gocquay ¢ =¢;—p,=22-1=21rad
b) Van toc vagiatoc tai thoi diémt=3s
— w=¢ (t)=4t+1=4.3+1=13rad/s
— e=o (t)=4rads’
c) Vat khong doi chiéu quay vi w =4t+1>0 [t

* Vidu 2: Mot truc may trong giai doan mé& may quay nhanh dan déu. Sau
5 phat dat van téc n = 120 vong/phtt. Tinh giatéc goc cla truc va sd vong
quay dugc trong 5 phut do.

Giai
Tacod: w=w, + &t
Vi W, =0nénw=-¢t

g:E:4_T[: n rad/s2

Talaicé: ¢ =¢, + ot + %st2

Chon ¢,=0
.t =0 (vi w, =0)
0 ¢=2et =1 0™ (13002 = 600 rad
25 2715

Mat khac: ¢ =2n N
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6. Chuyén dong ctia diém thudc vat ran quay quanh truc cd dinh
a. Phuong trinh chuyén dong

Xét diém M bat ky thudc vat véi khodng cach tlr M dén truc quay khong
d6i r = OM . Ta dung phuong phap toa dd tu nhién dé khao sat chuyén dong
clia diém M Chon toa do cong S = MM , thi phuong trinh chuyén dong cla
diemMIla S=r.¢ (t) (5-9)

Hinh 5-5
b.Van toc cla diém thudc vat
.. __0Os_d o
Taco: v=—=—(r)=r =r.0
dt dt( Ep) dt

vi chiéu clia vécto v bao gi¢ ciing thuan chiéu quay cla vat, tirc la chiéu
clia van téc goc w nén:

v=r.w (5.10)
c. Giatdc goc clia diém thudc vat

Giat6c toan phan: a=,/a’ +a2 =ryw*+e2  (5-11)

C s A } a, _ ¢
Goi a lagoc nghiéng clia a vai ban kinh, ta cé: tga=—=—
w

n

— Vay, van téc va giatdc cac diém thudc vat quay quanh truc c6 dinh ty 1é
véi ban kinh r.

— O cing mdt thoi diém, gia tc cac diém hop véi ban kinh twong trng cla
chung goc a nhw nhau (hinh 17 - 4).
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* /i du: Mot vat quay quanh truc c8 dinh O. O thoi diém khéo sét, diém A
céch truc quay khoang r = 0,5m c6 van tdc v = 2m/svagiatdc 14 8/3 m/s?

a) Timvan tdc goc vagiatdc goc cua vat.
b) Tim van tdc vagiatéc diém B cach truc quay khoang r = 0,2m?
Giai

a) Van téc goc vatdc goc clia vat Va
V, =I.w
Dsz—A:£24 rads | ¢ @ e-to----o-- A
r 05

a,=r.n*=05.4>=8 m/s’
Va a=(ira
0 a =.a?-a’ :\/( )2—82 =8y2 m/s’

b) Tim van tdc vagiatéc diém B
Vg =r.w=02.4=0,8 m/s
a, =r.£=02.1612 =322 m/s’

1/a[B+anB \/(szf) (3,2)? =3,2/3 m/s?
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Bai 6. TONG HOP CHUYEN BONG CUA PIEM VA VAT RAN

|. Téng hop chuyén dong cua diém
1. Binh nghta cac chuyén dong
Gia sir c6 dong diém M, hé quy chiéu dong Oxyz va hé qui chiéu c6 dinh
O1X1y1z; (hinh 6 - 1).

— Chuyén dong clia M so véi hé qui chiéu dong goi la chuyén dong twong doi,
twong (ng ta c6 quy dao twong d6i vavan toc twong doi.

Ky hiéu v,
— Chuyén dong ctia M cuing v&i hé qui chiéu dong ddi véi hé qui chiéu cd dinh
goi la chuyén dong theo, trong tng ta cé quy dao theo vavan toc theo.
Ky hiéu v,
— Chuyén dong cla diém so vo&i hé qui chiéu co dinh goi la chuyén dong tuyét
doi, twong ng ta cé quy dao tuyét d6i vavan toc tuyét doi.
Ky hiéu v,
Vay, chuyén dong tuyét déi la téng hop cla hai chuyén doéng , chuyén dong
twong doi vachuyén dong theo.

Z;

0, N
Y o

Y1

Hinh 6-1

X
2. Binh ly hop van téc l
Tai moi thoi diém, van toc tuyét d6i clia chat diém M bang téng hinh hoc clia van
toc theo vavan toc tuong doi.
V, =V, + 7V (6-1)
Chirng minh:
Dong diém M duoc dinh vi béi vécto T va T, goc O dugc xac dinh béi 7, . Goi
i, ],k lacac vécto don vi clia hé truc oxyz, tacOTt = xi + yj + zk

Theo hinh 6 — 2, ta co:
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f,o= f, + 1

__dr, _dr, dr _ di df _dk dx- dy- dz-
v, + o FX—t+ty—+z—+—i+—j+—Kk
t dat dt dt dt da dt dt dt

- - - |:| e rs g
v = X7 Y 20 H 5 g a4, K
t 0 g dt Cdt ot

Y

Y

0, Y1

X1

Hinh 6 -2

Vi du: Cho co cdu tay quay culit véi tay quay OA = 200mm quay déu véi van
t6c w = 3mrad /s, Con chay A ndi bang ban I& vao dau mut tay quay chay trong
ranh BC lam culit chuyén dong lén xudng. Xac dinh van tdc cla culit tai thoi diém
tay quay |éch goc = 30° so véi phuong thang ding.

Giai
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— Chuyén dong cla con chay A trong rénh BC la chuyén dong twong doi voi
van téc v, huong theo phwong ngang.

— Chuyén dong cua BC (culit) S0 voi khung may la chuyén dong theo voi van
toc v, hudng theo phwong thang ding.

— Chuyén dong cua con chay A so vai khung may la chuyén dong tuyét doi voi
van téc v, ti€p tuyén voi quy dao tron tai A .

Theo dinh ly hop van toc ta co:

Theo so d6 hop van téc, ta co:
Van téc cua culit |&

V,=v=Vv,.Sna =0Aw.sSna

=200.107%.37 % =0,37 m/s

3. Binh ly hop gia téc

Tai moi thoi diém, gia t6c tuyét déi bang téng hinh hoc cla gia téc theo, gia
toc twong d6i vagiatéc Criolit.

é‘a = ér + é‘e + é‘c (6-2)
Chirng minh:
aa:i(va):i dXT+d_y] deH+ , F X dl ydi+ %
dt dt Fodt dt dt 0 dt 7t dt
2 _ _ _ |:| ‘.‘ *. g
:de|+dyj dzk s, + dl+dj dk ded_ dy D‘K
Hat? © dt? dt2 c d? o’ ot dt dt T o

Giatéc tuong d6i : & ~ gz T g2 i+ e

A a4 dii d2§+zd2'k'
Giatoc theo: e Do dt? ydt2 dt?

. _ . Hdx di dy di dz dk
Giatc Oriolit; % =2 dt D(;T dtDSi_t ED(ZITE

Vay: a, = a, + a, + a, (dinh ly dadugc chirng minh)

a
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« Chay:

— Truong hop hé quy chiéu dong Oxyz chuyén dong tinh tién thi
d_I:d_}:%:o (nén éc: )
dt  dt dt

~Vay, khi chuyén dong theo 1a chuyén dong tinh tién thi giat6c tuyét doi
bang tong hinh hoc gia toc theo va giatdc tvong doi.
a.=-a +a (6-3)

— Truong hop hé qui chiéu dong Oxyz chuyén dong quay quanh truc c6 dinh
V(i vécto van tbc goc @, thi giatde Oriolit 1a a, = 2, ¥, (18-4)
+ Tai thoi diém khao satnéu @,/ v hodc v, =0 hy &, = 0 thi
tai thoi diémnay a, = 0
+ Néu &, O v, (hinh 18-3) thi quy tic tim phuong chiéu clia &, nhw
sau: quay v, quanh gbc cla nd theo chiéu quay cua hé dong quanh truc
@ , mot géc 90°, taco ngay chiéu cﬂaféec vagiatriciané bang 2 &, 0V , .
|

@

90°

Vv

Vi du: M6t tdm chi¥ nhat c6 cac canh l1aavab quay quanh truc thang ding theo
quy luat ¢ :%tz. Diém M chuyén dong doc theo DC véi quy luat s=3t> (m, s). Tim
van toc, gia toc tuyét doi ctia M theo thoi gian t. ‘

Giai B

A b

<l

ap.)l

>
S

50



Khoa Co khi — Trudng Cao dang Ky thuat Ly Ty Trong

— M chuyén dong twong doi theo phuong thang diing DC voi van téc tvong doi
v, vagiatoc twong d6i @ nam trén truc nay, dong thoi:

— Chuyén dong ctia M cung véi ABCD la chuyén dong theo quy dao dwong
tron c6 ban kinh b va van tdc v, vuéng géc véi ban kinh tai thoi diém dang
Xét.

V,=ro= b& bt

VOi al =ro? = b[E"l’Hz = bt?

Odt O

2
a,=re=>b 2¢:b

d-t

Do vécto van tc goc @, nam trén Az nén co &.// v, ,

suyra a.=0

Van tdc tuyét déi cia M :
V,, =V, +V,
vy, =4V2+v2 =/(6t)° +(bt)’ (cm/s)

Giatbc tuyét déi ctia M a
a, —a +a,=a +a, +a, 3
a, =2 + (@) +(ar)

= J(6)* +(bt)* +b*  (cm/s?) &
I1. Chuyén dong song phang

1. Binh nghia
Chuyén dong song phéng ctia vat ran la chuyén dong trong dé moi diém thudc
vat luén di dong trong nhitng mat phang c¢d dinh song song v&i mat phang quy
chiéu.

Vi du: Khi xe chay trén duong, moi,dié’m trén banh xe di chuyén trong nhirng
mat phang song song v6i mat phang thang ding chita truc duong, nén banh xe
chuyén doéng song phang.

2. Kh&o sat chuyén ddng ctia hinh phang
a Phuong trinh chuyén dong cla hinh phéng
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Bai todn khéo sat chuyén dong song phang ctia vat ran trong khong gian dwoc

dua veé bai toan khao sat chuyén dong cta mot tiét dién phang cla no trong mat
phang chra tiét dién phang, song song v&i mat phang quy chiéu.(hinh 19-1 a, b)

y

\\/ Mphang qui chiéu Q
/ | / o) -
B
b)

a)

X ét chuyén dong ctia hinh phang (s) trong mp (P). Chon hé qui chiéu c6 dinh
OiX1y1. Ly diém O tuy y thudc (s) va gan vao do hé truc Oxy cé truc Ox va Oy
ludn song song v&i O1x; va O;y;. Chuyén ddng ctia hinh phang (s) dwoc phan tich
thanh 2 chuyén dong:

— Chuyén dong tinh tién cla hé dong Oxy ddi v&i hé qui chiéu c6 dinh 01Xy,
(chuyén ddng theo).

— Chuyén dong quay quanh cuc O ctia hinh phéng déi véi hé dong Oxy (chuyén
dong twong doéi)

Vay chuyén dong song phang cla vat rdn cd thé phan tich thanh 2 chuyén
dong: chuyén dong tinh tién cling vaéi cuc va chuyén dong quay cuta vat quanh cuc
(hinh 19-2).

Do d6, phwong trinh chuyén dong ctia vat ran chuyén dong song phang I
Xo=Xo(t) ; Yo=VYo () ; ¢=0 (1)
A

an

/ ©

)
N
@) y = X1

Y1

Y
x

b. Céc yéu t& dong hoc clia hinh phéng

— Chuyén dong cla hé truc oxy la chuyén dong tinh tién cung voi cwc O nén
trang thai dong hoc dugc xac dinh lavan téc v, vagiatoc a, .

— Chuyén ddng quay ctia hinh phang déi voi hé dong oxy dugc xac dinh bang
van toc goc wvagiatdc goc €

* Chuay: Céc dai lvgng v, &, phu thudc vao viéc chon cuc
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3. Khao sat chuyén ddng clia diém thudc hinh phang
a. Phrong trinh chuyén dong
Xét diém M thudc hinh phang S ndm cach cwc O mdt khodng OM = R
Vi tri cla M duoc xac dinh:
Xy =X, +R.cos¢
Yy =Y, +R.sin¢

Vi Xo, Yo, § luON thay doi theo thoi gian, nén phuong trinh chuyén
dong cla M la

x,, (t) = x, (t)+R.cosé (t)

_ 6-4
yu )=y, () + Rsino (1) (&4

i A Y
Y / M

[ L _
Yo \Q =X
Oy Xg X = X1
Hinh6 -3

b.Van téc clia diém
*Biéu thirc giai tich cla van toc.

Van téc cla diém M duoc xac dinh qua hinh chiéu clia né trén hé truc co
dinh O1X1y1

{ Vix = dgt“" =X, -R.¢'.sing =X, - R.0.0.50

(6-5)

d
Viy = % =Y, *Ry'.cosp=y, +Rw.0.co

* Quan hé van tdc gitta hai diém thudc hinh phang:

Nhu da phan tich, chuyén dong song phang cla vat thuc chat 1a tdng hop
clia hai chuyén dong:

— Chuyén dong tinh tién cting véi cwc O (chuyén dong theo), nén :

vV, =V,.
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— Chuyén dong quanh cuc O (chuyén dong tvong d6i). Nén van toc cla
M:
vr = vMo
Mav,,,0OM vavyo=0M . w (wlavan téc goc cua vat)

Theo dinh ly hop vén toc, ta c6: v,, =V

Dinh ly: Van toc cla diém thudc hinh phang bang tdng hinh hoc van téc cua
cuwrc vai van toc clia diém khi hinh phang quay quanh cuc.

Ap dung cho 2 diém A, B bét ky thudc hinh phang, ta co:
vB = vA + vBA (6'6)
Trong d6, v,, lavan tdc clia diém B do hinh phang quay quanh cuc A.

B

Chiéu dang thic vira thiét 1ap 1én phuong AB, ta duoc:
hC/_\B \78 = hCAB \7A
hay vg COS[3 = v, cosa (6-7)
Vay: Hinh chiéu van téc 2 diém bét ky thudc hinh phang lén phurong noi
voi hai diém thi bang nhau.
*Tam van toc tlrc thoi va sy phan bd van téc cac diém thudc hinh
phang:
Tam van toc tire thoi:
Tai thoi diém khao sét, ton tai diém P thudc hinh phdng cé van téc bang
khong thi diém do goi latam van toc tirc thoi.
Tai m6i thoi diém néu w # 0, c6 mdt diém duy nhat thudc hinh phang s
c6 van téc bang khong (ton tai duy nhat mét tam van toc tirc thoi).
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* Sy phan b van tdc cac diém thudc hinh phang:
Ta xét sy phan b6 van téc ctia diém thudc hinh phang chuyén dong
song phang. C6 2 kha nang c6 thé xay ra:

— Trwong hop w# O:
Lay tdm van toc tirc thoi P lam cuc, khi do:

voi v,, OMP vavy =MP. w

Vay, tai mdi thoi diém, van téc cac diém thudc hinh phing phan b6
gidng nhu khi n6é dang quay quanh tam van toc tirc thoi P v&i van téc goc

— Trwong hop w= 0 (khong ton tai tam van toc tirc thoi)
X ét van tdc 2 diém M, N bat ky cla hinh phéng s,

taco: v, =V, +V,,

Do d6: vyn=MN.w=0 nén v, =v,

Vay khi w = 0 thi van tc cac diém thudc hinh phang déu bang nhau
(hinh phang chuyén déng tinh tién tkc thoi

Hinh 6-5

“MOt s6 quy tac xac dinh thm van toc tic thoi:

— Biét van téc diém A va phuong van toc diém B:
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>

]

(Phuong cta V)
(Phwong cla vy )

(Véat chuyén dong tinh tién)

— Biét van toc 2 diém A va B c6 phuong // nhau va O AB:

Vit chuyén dong tinh tién

-Va _Vs
PA PB

— Vat lan khong trwot trén mat phang cd dinh: tiép diém 1a tam van
toc tic thoi

|
i
i
i
Hinh 6 - 6

c. Giatoc cla diém
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* Biéu thirc giai tich:

d2XM n 2
{ B =g = Xo ™ R..€.5 ¢ — Rw’cosp
M

(6-8)

2
SR TREVIR R.£.£.c ¢ — Rw’sing

dt? °

Ayy

* Quan hé gia tdc gilra hai diém:
Binh ly: Gia téc ctia diém M thudc hinh phang bang téng hinh hoc cla gia
toc cuc O vagiatdc cta diém M trong chuyén dong tron quanh O.
éM = éo + é-Mo = é-ko + éT\A o + énMo (6'9)
Trong do:

ay, Va ay,, duoc tinh nhu sau:

= - 2
al,=MO. w

a=MOVe? +w!
AT

a'Mo - €

=2n 2

an, W

tga =

o) -3,
“Tam giatoc tic thoi:
Piém Q thudc vat cd gia tdc bang khong & thoi diém khao sat duoc goi la

tam giatoc tirc thoi.

_ Tai thoi diém van t6c goc va gia tée goc cda hinh phang khéng dong thoi
bang khong thi ton tai duy nhat mot tam gia toc.
* Vi du: Mot banh xe ban kinh R = 0,5m lan khdng truot trén mot dudng thing
cO dinh. Tinh van t6c va giatoc cla diém M,. Biét tai thoi diém khao sat, tm
banh xe ¢cé van téc v, = 1m/s, a, = 1,5m/s?
Giai

STTTTTT7 772777777777

Vi banh xe lan khong trrgt nén M4 latam van tdc tic thoi: Mm=T0
Ve
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Tacd: v, =M,0.w0 w:V—f’:i:Zrad/s
M,O 05

Tuong ty: v, =M,M,.0=RA20=05+2.2
Vy, =2 mis

Giatoc cta diém M,:

Taco: 3, =a, +a,,, +a,

Trong do:

=M,Oe=Re=a,=15m/s

.w? =0,5.2° = 2m/s

Vay:

ay, =R
. = a0 +al0) +(al0f
a, =(1,5+2) +(L5) =1,8ms
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