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LOY GIGI THIEU

Gido trinh Co hoc ting dung la dau sach dugc viét ndm trong
bé gigo trinh gidng day mén Co hoc img dung. Trén co s ndi dung
ctia giao trinh Ca hoc-tng dung tap mét va tdp hai cia nhom tac gia
GS Nguyén Xuan Lac va PGS Dé Nhu Lan- can b giang day Pai hoc
Bach khoa Ha NOi, phat trién tiép n6i dung theo huong khai quét
nhing van dé ly thuyét cdn chu y cia ting chuong, minh hoa béng
nhiimg bai giai san va cho bai tap c6 dap s6 d8 ngudi hoc tur kiém fra
kién thitc, phu hgp vaéi phuong thie dao tao theo hoc ché tin chi.

Ngoai muc dich lam giao trinh giang day trong cac trudng dai
hoc dai hoc cho cac nganh khéng chuyén co khi, sach nay ciing co
thé 1a tai ligu tham khdo cho céc khoa su pham ki thuat cué cac
tri/ong dai hoc s pham, dai hoc ky thuét.

Séch dugc viét dua trén cac gido trinh co hoc ing dung cda
cac {ac gia la giang vién cda Trudng Bai hoc Bach khoa Ha Noi, voi
cach tiép céan truc tiép va kinh nghiém sau nhiéu nam gidng day cba
tac gid. Trong khi bién soan tac gid ludn nhan duge y kién gop y cla
Bo mén Co s4 thiét ké may, dic bigt dugc Nha gido Nhan dén GS,TS
Nguyén Xuéan Lac, Dai hoc Bach khoa Ha Noi va PGS, TS Phan
Quang Thé — Trudng BG mén Ca s thiét k& may Trudng Dai hoc Ky
thudt Cong nghiép — Dai hoc Thai Nguyén rdt quan tdm gop y va
hiéu dinh cho cudn sach.

Trong I8n xudt bdn thir nhat, chdc chan khong tranh khoi
nhimg thi6u sot vé ndi dung va hinh thire trinh bay. Tac gia chan
thanh mong nhéan dugc su phé binh gop y clia cac ban déng nghiép
va cac quy vi doc gia.

Y kién gop y xin gt vé :

Nha xudt bdn Khoa hoc va Ky thuat — 70 Trdn Hung Dao
Ha Noi,

TAC GIA






Hoc phin I: CO HOC VAT RAN TUYET BOI
Chuong 1
CAN BANG CUA HE LUC PHANG

Trong chuong nay lan lugt gidi bai toan can béng trong céac
trudng hap:

- Bai toan mét vat khong ¢ ma sét;

- Bai toan hé vat khong ¢é ma sat;

- Bai toan ¢6 ma sat.

1.1, BAI TOAN MOT VAT KHONG CO MA SAT
Van dé can huu y:

1. Lyc hoat ddng va phan luc lién két

- Luc hoat déng cé quy [uat xac dinh,
hodc tap trung hodc phan bé. Hé luc phan ] ¢ 1
b8 thudng dugdc thay bang iuc tap trung Q

di qua trong tam ctia biu dd phan bé: L2 g L2
Hé Iuc phan bé hinh chif nhat Q
(hinh 1.1a) 3)

ana 1]

q - cudng dd Iuc phan bé (N/m)

E
4

¢ - 4o dai clia bi€u d6 phan bé (m).
Phan Iue lién k&t do vat gay lién két
dat vao vat khao sat. b) Hinh 1.1
Phan Iuc lién két phu thude vao dang
cla lién két.

a. Lién két tua

Vat khdo sat tua vao vat gay lién két
tai mét mat, mét diém hay con lan (hinh 1.2).



Hinh 1.2
Phan Iyc phap tuyén N hudng tif vat gay lién két vao vat khdo
sat.

b. Lién két day o . .

Vét khao sat ndi v8i vat gay lién ket bdi day, dai, xich (hinh 1.3).

Ta tudng tugng khi cit day, su’c cang T ném doc déy va lam
cang doan day ndi véi vat khdo sat, B

Z 1727777777 7977777777777 777 L \ Sy(gt)
T, ‘ T,
I
a)
Hinh 1.3 Hinh 1.4

¢. Lién két thanh _ _

Vat khao sat néi véi vat gay lién két bdi nhiing thanh (thdng hay
cong) thod man diéu kién:

- Trong lugng thanh khéng dang ké.

- Khéng ¢6 luc tac dung trén thanh.

- Thanh chiu lién k&t hai dau. Vdi ba diéu kién d6 thanh chi chiu
kéo hoac nén (hinh 1.4)

Tudng tugng cat thanh, Iuc kéo (nén) S ném doc theo dudng

théng ndi hai dau thanh, chiéu clia Sdu‘q:; gia thiét. néu tinhra S >0
thi chigu gia thiét 1a dang, S < 0 thi chiéu gia thiét sai.
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d. Lién két bén 18, & tric

Vat khdo sat néi vdi vat gay lién két bdi ban & hoc 6 truc.

Phan luc lién k&t gdm hai luc vudng géc trong mat phing vudng
géc vai truc, chiéu ¢la hai luc duge gid thi€t. Néu tinh duge thanh
phéan Iuc nao dé 1a dugng thi thanh phan @6 da dudc gia thiét ding.

Thi du, tinh dugc X, > 0; Y. < 0 thi X4 gia thiét ding, Y4 gia
thiét sai (hinh 1.5).

[ -
AC = B
AN N
. o XB
a) '
Hinh 1.5

e. Lidn két ban 18 chu, & chan (c6i)
Vat khdo sat lién k&t vdi vat gay lién két bdi ban 1€ cdu A nhu &
(hinh 1.6a) hodc & chin (c6i) A (hinh 1.6b)

IV A
a) b) XA////
Hinh 1.6

Phan luc lién k&t gom ba phan lyc tuong Ung vudng gbc, chiéu
gid thigt X, , Y,. Z,
Chu y: N&u cac luc hoat dang nam trong mét mat phéng thi cac phan
luc lién k&t cting chi ¢é cac thanh phan ndm trong mét phéng d6.

f Lién ké1 ngam: Vat khdo sat lién két v&i cot gay lien két bdi
ngam (gn ciing) (hinh 1.7) '

11



Hinh 1.7

Phén luc lign két gom hai thanh phan Iuc vudng gdc, chiéu dudc
gia thigt va mét ngdu Iuc c6 momen M, chiéu dugc gia thiét.

g. Lign k6t ranh truot.. '

Khi ranh trugt c6 86 dai ¢, ta cb thé coi la fien két tua tai hai

diém hoac lign k&t ngam c6 mdt Iuc N va mot ﬁgéu Ic M (hinh 1. 8)

S *_NB* 172 * 12
) 77/ N 7)./
C 1B ' = ]
FSSSSSS A J B
NA a) Nm b)
Hinh 1.8

I1. Chiéu luc 18n hai tryc. Mémen cfia lyc d&i vdi mét didm

Yy
L F
Fy D__,z{i F, _F
I [ C
| L x a
0
o) [ [ ——
Fx ’ d F2
Hinh 1.9 Hinh 1.10

Cong thire chidu lye 1én hai truc vudng géc (hinh 1. 9)
F, =z Fcosax

12



F, =+ Fsina

Néu F L Ox,hinh chi€u F, =0
N&U F#Ox, hinh chidu F, = + F
{14y dau (+) hoac (-) tuy thude vao F thuan hodc nguodc chiéu truc)
Lay momen cia luc £ ddi v8i diém O ¢ hai cach (hinh 1.10)
Ap dung dinh nghia: #, (F) = +dF
L&y dau + (-) khi Iuc quay ngudc (thuan) chiéu kim dang hd quanh O
Phan tich luc ra cac thanh phan thich hop (hinh 1.10)
Thidu: F=F +F - '

i, (Fy=m,(F)+7,(F,) = @,(F) = aF,
IIL. Cac dang phuong trinh ¢an bing (PTCB) | |

D3i vdi hé luc phdng ténhg quat, ta cé thé ding mét trong ba dang
PTCB sau:
Dang 1: _ .
F.=0 (1 ZFy=0 (2 >m(F)=0 (3
Trong 86 (1) va (2): Téng hinh chigu céc Iue lén hai truc vudng goc;
(3): Tdng mdmen cac luc ddi véi diém 0 tuy v.
Dang 2:
YF,, =0 (1 Ym(F)=0@) Y my(F)=0 (3)
Trong do: doan AB khdng vudng goc vdi truc X.
Dang 3.
Ym FO=01); Y m(F)=0@2; Ym.(F)=0, (3
trong d6: A, B, C khéng thang hang.
Pai véi hé luc phing ddng quy hoac song song, ta chi lap dudc hai
PTCB.
Bai tap gidi san:

Thi du 1-1:

Thanh OA trong lughg khéng dang ké, cé lién kétva chiu lue nhu
(hinh 1.11) bi€t OB = 2BA, géc o = 30°
Tim phan luc tai O va slc cang clia day.
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Bai giai
1. Chon vat khao sat, dat luc hoat dong  ~

. B
va luc lién két
Xét OA; tai O - lién két ban 18, tai B - Yo
lign két day T 5
Hé luc can bang Z o
_ (}3,?:,)?0,}-’;,)500 10 X,

Hé Iuc phing tdng quat Hinh 1.11
2. Phuong trinh can bang:

2Fi= Xo- Toos 30° = 0 (1)

TF, =Y, + Tsin30°— P = 0 (2)

>m,=P.OA + T'OBlSin30° =0 (3)
3. Gidi hé phuong trinh '

3V3

T=3P; X, 33 vy, =2
2 2
Thi du 1-2:
CAu ddng chat AB trong lugng P chiul Iuc O va c6 lién két nhu
(hinh 1.12), gbc « = 30° Tim phan luc tai A va B.

Ya 2a
Q
hiA ' g
B
i
7 Xa 'P
Hinh 1.12

Bai gidi

1. Chon véat khao sét, d4t luc hoat ddng va luc lién két:

Xét cau: tai A — lién két ban &, tai B - lién két con 1an (twa)
Hé luc can bang:

(P.0,X,,¥,.N,)=0->Hé Iuc phing t8ng quat

14



2. Phuigng trinh can bang:

SF= Q + X, - Npsin 30° = 0 (1)
2F=~P + Y4+ Ngcos30°=0 (2)
>mg=aP —-hQ-2a¥,=0 (3)
3. Gidi hé phuong trinh:
PV3 03 _P hQ V3 ., hQ
X, = —-1 5 5 Na =3P+

AT 8 A kY 2 2a P+ a =)

Thidy 1-3:

Thanh AB trong ludng khéng dang k&, ¢é lién k&t va chiu luc nhu

¢hinh 1.13). Cudng d6 Iuc phan bo la q (N/m)

Tim:
- Phén lyc tai B
- N&i Iuc tai mat cat C, cach dau A mét doarn Z
Bai giai: ' o
f N
Y .Q
q Q LY g 4
\ ;MB \ "
i 11 ¢ | Z20N BI1IE NS
| ——
A = A C
z C B% /XB z
Ve
Hinh 1.13 - " "Hinh 1.14

1. Tim phan luc tai B
1. Chon vat khdo sat, ¢4t luc hoat dong va lyc lién két
Xét AB: tai B — lién két ngam

Hé Iuc can biing: Khi thay hé luc phan bé bdi Iuc tap trungQ dit &

gilta thanh va Q = gf, ta c6:
(0, X,,Y,,M,) =0 -> Hé lyc phing téng quét
2. Phudng trinh can bang:

2Fa=Xz=0 (1)
2y =Ys - Q=0 2y
sz,:—;—o-MB:o @

15



3. Giai hé phuong trinh:
82
Xo=0; Y5 =ql: My = =
2

1. Tim ndi lue tai mat cét C (hinh 1.14)
1. Chon vét khao sat, dat luc hoat ddng, va luc lién két:
Xét AC: Tai C — lién két ngam véi CB
Hé Iyc can bang: Khi thay hé Iyc phan b trén doan AC bdi luc O,
dat & gitta AC va Q, = qZ, ta cé:
Q,.X,.,Y,.,M,)=0->Hé lyc phing t8ng quat
2. Phuong trirh can bang: '

ZFk, = Xc =0 : . (5) _
ZFW = Yc - Q1 = 0 (6)
Y m = —;:—01 ~M, (7)

3. Giai hé phuong trinh:
2

Xc=0;Yc¥qZ;Mc=% B V6i0<Z<1

1.2, Bai toan hé vat khong cé ma sat
van dé can cho y: |
Luc lién két céc vat thuoc hé

Xét hé g8m nhiéu vat lién két véi nhau. Luc lién két gidra cac vat
thudc hé, do dé khi tach vat tai lién két nao dé ta phai dat tai lién két
d6 nhitng cip Iuc cb cing mét dudng tac dung, cung tri 6, ngugc
chiéu nhung dat trén hai vat khac nhau:

- Tachvattailien kéttya.  (hinh 1.15)

- Tach vattailién két day.  (hinh 1.16)

- Téch vat tai lién két thanh.  (hinh 1.17)

- Tach vat tai lién k&t ban I8, (hinh 1.18)

- Téc_h vat tai lién két r‘!gém. (hinh 1.19)

16



T+ T4

N N
N ]
N’

Hinh 1.15 Hinh 1.16

. | x;ﬁ
S, ~/}y

Hinh 1.17 Hinh 1.18 Hinh 1.19

Bai tap giai sdn :
Thi du 1-4 : { Phudng phap tach vat )

Thanh ddng chat OA = 6a , trong
lusng P.

Thanh déng chat BC = 4a , trong
lugng P

Luc Qthéng dimg , d3t & ddu A

Tim phén luc lién két tai O, B, va
C ( hinh 1.20).
Bai giéi :

1. Tach vat tai lién k6t , dat luc
hoat dong va luc lién két 1én ting vat




- Xét OA: ) Ns Q
Tai O - lién két ban I€, tai B - lién %I 1

két tua, O
He Iuc (P.Q.X,.Y, Ny )= 0
Xét CB - Tai C - lién k&t ngam,

Tai B - lién két tua :

Hé e (P, X, Y..N'y )= 0

2 Phuong trinh ¢an bang (PTCB) :
- PTCB clia OA :

’F =X,=0 (1

EF, =Y, +N;-P-Q=0 (2)

Zm, =2aN, ~3aP-6aQ =0 (3)
-PTCB clia CB :

¥F, =X.=0 (4)

SF,=Y.-p-N,=0 (5

Zm, =M. —-ap—-2aN'; =0 (6)

3. Giai hé phuong trinh : chi y Ng =N ¢ :

Hinh 1.20

Xe =0 Ye =p+%P+SQ: Mc =a(3P +6Q--p)

Nhan xét ; N&u xét ¢ hé nhu mét vat rén thi:
(ﬁ;i’,é,iwi}(nxc’?mmc)zO

khi 6 mdi PTCB déu chi’a hai &n, do dé phudng phap xét cd hé

khéng thuan Igi.

Thi du 1-8 : (Phuong phap xét ca hé rdi tach vat)

Cau ABC g8m 2 phan gidnhg nhau trong lugng méi phan ta P, phan

cau AB chiu luc Q. cac kich thudc duge cho & (hinh 1.21).

Tim cac phan lyc lién két tai A, B, C

Bai gidi :

1) Tach vat tai lién két , d3t luc hoat ddng va luc lién két 1&n timg vat :

-Xétca hé

18



TaiAvaC lalién kétban 1@ :
Hé luc Q

(ﬁ;P,QsiAz?A,XC,?C,)EO A

- Xét phan BC : 3 / f

Tai B va C 1a lién két ban &

hé ittc p
=S 5 - Ya
(P’XHaYB,XC,YC,)EO

3a
o

Phudng trinh can bang : &

PTCB cllac hé: A Yo ¢

$m, =-aP - 2aQ - 5aP + 6a¥,. =0
Zm, =aP+4aQ + 5aP - 6a¥Y, =0
TE, =X, +X,=0 "
PTCB clita BC :

K, =Xg + X =0

ZF,, =Ys + Yo -P=0

Zmy =-2aP+3aY. +3aX. =0

Giai hé phuong trinh : : . Hinh1.21

1 2

Xy =-Xc =3 (P+Q)Yy =-1Q

Y. =P+ %Q
Nhan xét : Néu diing phuong phap tach vét thi phai xét phdn Ab va
phan BC .
Hé hve datvao ABl1a: (P,Q.X,.Y,, X%, Y%, ) =0 vdi
Xe =Xy, Yy =Y, 0@ tri Xy =X, Y =-Y';,
Khi @6 m&i PTCB cfla ting vat déu chira 2 4n do d6 phutong phap
tach vat khong thuan loi .
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1.3 BAI TOAN CO MA SAT

Xét vat A tua 18n vat B, N&u vat A cd xu hudng truot va lan tuong ddi
trén B, ngoai phan Iuc phap tuyén N, vat A con chiu luc ma sat trugct
E . vangau luc ma sat (3n M.
Néu chi ¢b su hudng trugt thi luc ma sat
ngudc vai xu hudng trugt va co trl s6 bi
chén (hinh1.22):
F_ =N

f: hé s8 ma sat trugt. NEu dat f=1ge .
thipgoilagocmasat. Py
N&u vat chi ¢6 su hudng lan thi ngoai Hinh 1.22
Nva E, vat con chiu ngdu lyc ma sat
lan ngugc vl xu hudng 1&n va cé tri sd
bi ch&in (hinh 1.23)

M_. <k.N

ms —

k: hé s8 ma séat 1an, don vi |a mét (m).

Hinh 1.23
Bai tap giai s&n :
Thi dy 1-6 ;. { Mot vat ¢6 Iuc ma sét trugt )
Thanh AB = 4a , trong lugng Ny
va bé day khéng dang ké, A .L Fz ,
n&m ngang trén 28 d8 . Luc %
kéo Q tao véi phuang ngang _Z f 2a M a B
mot gbc o . H& s6 ma sat tai '
2843 1a f( Hinh1.24). Hinh 1.24
Tim géc¢ o d€ thanh khéng bj trugt di di Q rat I8n ( tu ham).
Bai gidi :
1. Chon vat khdo sat , @3t luc hoat dong va Iuc lién két.
Xét AB : Tai C va D — lién két tua cé ma sat ( can clf xu hubng
chuyén déng 6é dat N,,N, va cac lvc ma sat [, E,.

H8 e (Q.N,,E,N,,E)=0

20



2. Phuadng trinh can bang :

ZF, =Qecosa—-F -F, =0(1)

ZR, =Qsina+N, -N, =0(2)

Zm, = 3aQsina —2aN, =0(3)

Diéu kién can bang gidi han ( sap trugt ):
F,=fN,;F,=fN,

3. Giai hé phuong trinh :

ta—i ha (m—arcti
8 2f y g2f

Muén thanh c&n bang cdn o> arctgzl—f

Thi dy 1-7 : ( Hé vat ¢b luc ma sat truct )

Truc O ¢ ban kinh r va R, hé & ma sét tai ma ham-1a f, {l s6

AB m

AC 1’

Tim lyc Q dé ham dugc truc . B qua bé day ma phanh (Hinh1.25).
Bai gidi : Q Lo T

C

b) c)

Hinh 1,25

1. Téch vat tai lién k&t , dat e hoat déng va Iuc lién k&t 1&n timg vat
Xéttruc O ;
Tai O : Lién két ban |8 , tai B - lién két tya cb6 ma sat .

- 21



Hé Iuc (P,X(n?mﬁ F )=0

Xét don AC :

Tai A — lién két ban I€ , tai B - lién két tya cb ma sat
Hé luc (Q,XA,YA.N' JF)O0

2. Phuong trinh can bang

PTCB ctlla tryc O :Em, =7P - RF =0(1)

PTCB clia AC :

%m, =ACQ-ABN'=0(2)

Diéu kién can bang gidi han : F =N

3. Giai hé phuong trinh : '

r
n R’
Thi dy 1-8( Mot vat ¢b lue-ma sat truct va ma séat |an ) -
Dia ddng chit , ban kinh R, trong lugng P, chiu tac dung luc Q dat
tai tam O va nghiéng gc o, hé s6 ma sat trugt (a f, hd s& ma sat 1an
la k (hinh 1-26).

Tim tri s8 Q &8 dia can bang .

Bai giai: y
1. Chon vat khdo sat , dat luc hoat
d6ng va Iuc lién két, [ _d-1TeQ
Xét dia : P
Tai | : - lién két tifa 6 ma sat trugt va = o -
ma st 1an . N
Hé lue (Q,P,,N ,F,M)=0
2. Phuong trinh can béng : Hinh 1.26

IR, =Qcosa-F =0 (1)
IF, =Qsina+N-P=0 (2)
Im, =M-RQcosa =0 (3)
Diéu kién ma sat
F<fN;M<kN
3. Giai hé phuong trinh :
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F=Qcosa;M=RQcosa;N=P-Qsina
Khi thay vao diéu kién ma sat , ta dugc :

P

<= Q< —
cosc + fsina

1

Q <min { Q4,Qy)
Bai tap cho dap sé

I. Hs lyc phang (mdt vat)

1.1 Xe C mang vat nang
(hinh bai 1.1)
P, = 40 kKN chay trén mdt dam
ham ngang AB; dam nay déng
chat, trong Iugng :
P = 60kN, tua trén hai ray A va
B. Tinh phan luc A va B theo ty

sén= Ac
AB

1.2 Truc n&m ngang trén hai
8 d8 A, B mang ba dia cé trong
lugng P, = 3kN, P, = B5kN,
P, = 2kN. Kich thudc ghi trén
(hinh bai 1.2}, trong lugng cha
truc khong dang ké, tim phan
Iuc cac 8 dé.

1.3. Ddm AB méc vao tudng
nhd ban 1& A va dudc gilr & vi tri
" nam ngang nhd thanh CD; thanh
nay cb hai d4u 12 ban 1& va
nghiéng 60° v8i AB. BS qua trong
Iugng clia dam va thanh, biét
AC=2m,CB=1m.
(hinh bai 1.3}

L kP
cosa + fsina
Vi vay diéu kién can biing clia dia la

2

C
A
\ o
_ o
QA
Hinh bai 1.1
300 cm ——————
85cm | s om
I s,
o7
7, ’, & 8
jo—139 ¢ —
Hinh bai 1.2

Hinh bai 1.3
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Tim Ung luc clha thanh CD va
phan luc ban 1€ A khi dau B dat
Iuc thdng dng P = 10kN,

1.4. Khung chu nhat ABCD,
trong ludng khéng dang k&, kich
thudc nhu (hinh bai 1.4), dugc 48
béng gdi cd dinh A va gdi di déng
D. Doc canh BC, tac dung Iyc P.
Tim phan luc tai A va D.

1.5. Dam AB = 4a chiu luc P
va hé luc phan bd déu cudng d6
g nhu (hinh bai 1.5). Tim phan luc
taiAvaB

1.6. Cau dong chét AB = 2a.
trong lugng P ndm ngang trén gdi
¢ dinh A va di déng B. 3 tdm
cao h ¢ lyc gidé Q. Xa¢ dinh
phadn Iyc tai A va B (hinh bai 1.6)

1.7. Xac dinh phan luc & ngam
¢lta ddm nam ngang, trong Iuong
khéng dang ké, chiu e nhu
(hinh bai 1.7)

I1. Hé lyc phang (hé vat)

1.8 Cau hai nhip ddng chét.
Nhip AB = 80m, trong lugng
P = 1200kN, nhip BC = 40m,
trong lugng Q = 600KN noi véi
nhau bang ban I B va dudc a3
ndm ngang nhé cac gdi ¢é dinh
A. gdi di déng C va D, (BD =
20m). Xac dinh phan iyc cac

24
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8
20
—_—

I
i

Hinh bai 1.4

p

o
-1!-‘———'2-0'

B
oo

Hinh bai 1.5 .

Hinh bai 1.6
% g= L5kN/m 2km
i'_;_:f”’{_Ul L |
. \ e —] | 450
Ju_t 15 IS
Hinh bai 1.7

yau %mﬂ%

Hinh bai 1.8



g0i d8 va luc tac dung wuviiy o
3 B {hinh bai 1.8)

1.9 Mot dudng déc nghiéng
gdc 30° gém hai doan AB = 60m
va BC = 20m néi véi nhau bang
ban 1&é B va duge giit bdi g8i ¢o
dinh A (bdn 1€), hai cdt CC va

DD. B4 qua trong lugng cla ddm

va cac ¢ot. Trén doan AE cb lyc
phan bd thing ding

cudng 4o luc phan bé la g = 20
kN/m. Tim phan Iye tai A, (ng
lwc cac cbt va luc tac dung
tuong ho tai B. Cho AD = 40m,
AE = 70 m (hinh bai 1.9)

1.10 Trén dudng ném ngang
co xe AB trong lugng Q mang
can BC trong Iugng Q mang cén
BC trong lugng q, quay dudc
quanh truc B va gilt dudc bdi day
ED, vong qua dau mut C 1a day
mang vat nang P, c¢é dau kia
budc vac A. Cho AE =EB = BD
= DC va can BC nghiéng 60° véi
mat dudng. Tim phan luc dat vao
hai banh xe A, B, slc céng cla
day ED va luc tac dung tuong hé
tai ban 18 B (hinh bai 1.10).

Hinh bai 1.11

1.11 Trén nén nam ngang dat thang hai chan gdi vdi nhau nhd ban
I& C va day EP . Trong lugng mdi chan thang (ddng chét) 1 120N, Tai
D ¢ ngudi ndng 720N, kich thudc ghi trén (hinh bai 1.11). Tim phan

Itc tai A, B va sifc cang clia day.

1.12 Gian gdm cac thanh nhu (hinh bai 1.12) bd qua trong ludng
cac thanh, tim (mg Iuc clia chung khi vat nang co trong lugng P.
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1.13 Cho ¢d cau ép nhu hinh
bai 1.13 luc P lam quay ddn
OBA, kéo thanh BC, day pittdng
E ép vao vt G. Cho OB =

%OA. Céc goe ghi trén (hinh

bai 1.13). Tim lyc nén vao G.
Hudng dan: Quy hé vé ba vat:
don OBA, nat C va pittdng E.

W
m
L]

aS
<&
TR,
s

[
AN
-]
<, |
)

o
(=
a | o _

Hinh' bai1.13

1.14 Hé hai d8m AC va CB nhu (hinh bai 1.14) ngAu lc c6 momen
M = 20 Nm, cudng d9 Iyc phan b déu q = 10 N/m; a = 1m. Tim phén
luc tai A, B, D va ndi luc tai C,

7

TTIT] My 8
14% ‘ A G - %
36 —ih0. 4o

Hinh bai 1.14

1.15 Hai dam AB va BC cb lién két va chiu luc nhu (hinh bai 1.15)
biét:
P = 100N; Iuc phan bd g = 20 N/m.
“Tim phan lyc tai A, C va ndi lyc tai B.
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Hinh bai 1.15
IIL Hé e phang (c6 ma sat)

1.16 Thanh dong chét AB ¢b trong lugng P, tua 1&én nén ngang, hé
s& ma sét gira thanh va nén la f. Thanh duge gilr can bang & vj tri
nghiéng 45° nhd day BC. Tim gbc nghiéng o.clia day khi thanh &
trang thai s&p truot (hinh bai 1.16). |

1.17 Gia do AB trong lugng khong dang k&, ddu A 1a 8ng tru chidu
dai b = 2 cm trugt doc cét thdng dimg khéng nhin véi hé s& ma sat
truot 1a f = 0,1 . X4c dinh khoang cach a tif gilta truc clia cot tdi diém
treo vat P dé gia d3 can bang (hinh bai 1.17)

ack~
' /228
v.
[P
Hinh bai 1.16 : .}I-I‘lr'rh.béi1.16I

1.18 Trén mét phadng nghiéng mat géc 30° v4l mat ndm ngang ¢
hai vat A va B, trong lugng 200N va 4'00anc‘ii vdi nhau béng sgi day.
Bi€t hé s6'ma sét gilta A va B véi mat nghiéng la fA = 0,5 va fB = 2/3.
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Hé hai vat ¢6 can bang khéng? Tim slc cdng T clia day va tri s6 cac
lc ma sat (hinh bai 1.18)

30°

Hinh bai 1.18 Hinh béi 1.19

1.19 Luyc ndm ngang P d&t vao ném A lam cho nd ¢b xu hudng
trugt sang bén phai va ddy hém B trugt 1én cao theo mang truat
hghiéng mét gée o« v6i mat n&m ngang. Géc nghnéng clia mat tiép xuc
giCta hai ném 1a 8 (hinh bai 1. 19) Tim luc Q phal téc dUng doc ném B
dé co6 can bang trong cac trudng hop sau:

1. Khi bd qua ma sét. :
2. Khij gilta hai ném c6 ma sat he s0 f vaném B & trang thél sap truot
Ién cao. Tim diéu kién xay ra ty hAm cla-ném B.

1.20 Luc ndm ngang P 83t vdo ném A lam cho né cé xu hudng
trugt sang phai v& ddy can BCD truct thdng dimg lén cao, cdn nay
dugc dinh hudng bang hal gia-

ddaCvaD. P
Biét géc nghiéng clia ném A 14

o, doan BC = CD, tim uc Q 1D
phdi nén xudhg cin dé can ke
bing trong cac trudng hop P \ B
sau: ' 5

1. Khi bo qua ma sét.
2. Khi c6 ma sat hé s6 ftai C F a
va D va can BD & trang théi sép
trugt Ién cao.

Trong diéu kién nao xdy ra tu
ham {can bang Q= 0 ma P rat
idn) (hinh bai 1.20)

Hinh bai 1.20
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Chuong 2
CAN BANG CUA HE LUC KHONG GIAN

Vian dé canchay:

1. Chiéu lyc 18n ba truc. Mémen cla lyc déi v6i mot truc
- Goi xyz la truc toa dé vudng gdc va o, B,
y la cac géc ma e ﬁtao v@i ba truc, ta ¢
cdng thic chiéu e,
Fx = tFcosa; Fy = +tFcosp; F, = cosy |8y
diu + hoac ddu — khi Iuc F thuan hay |
ngudc chiéu truc toa do.
- L&y mdmen cla F @6 v8i mét truc. -
Phan tich luc ra cac thanh phan. song
song, ho&c cat truc hodc vudng gdc vdi
cac truc. Tinh tdng mémen cac thanh
phan Iyc d6i vai truc (hinh 2.1).

Thidy:

F=F +F,; F,/Z vaFlZ

Hinh 2.1

my(F)=mAF, #my(F, )=mAF, +h,F,)
L&y dau +(hogc -) khi nhin ngudc chiéu
duong clia truc Z ta thay Fquay quanh Z
ngudc (hodc thuén) chidu kim déng ha.

11. Cac phuong trinh khong gian téng quat

YR, =0 (1) Ym,(F)=0 (4)
YFy=0 (2) Ymy(F)=0 (5)
YFz=0 (3) Ym,(F)=0 (6)

Trong 36: (1), (2), (3) : t8ng hinh chi€u cac lyc 18n ba truc;

{4), (5), (6) : tdng mdmen clia cac luc ddi vdi ba truc.
- B8i véi hé Iuc khéng gian dong quy ho3ic song song ta chi lap dudc
ba PTCB.
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Bai tap gidi san :
Thidu 2-1

Tam chit nhat trong lugng P
duge gilt ndm ngang nhd lién két
cau A, ban & B va thanh CE tao
v8i phuong thang ditng géc 30°
Tim phan tuc tai A, B va luc nén
thanh CE {hinh 2.2).
Bai gidi :

1. Chon vat khao sat, dat luc

hoat dong va I lidn két

Xét tdm ABCD : tai A — lién
k&t cau tal B - lién két ban 1§, tai
C - lién két thanh, '

Hinh2.2

H8 Iuc can bang (B, X, Y, Zr, Xa Yor Z3, §)=0
2. Phuong trinh can bing : Dat AB = 2b; AD =2a.

Y Fx =X, + Xy +S.c0s60° =0

ZFI(Y =YA :0
S By =Z, +Zy +S.sin60°

me=

Y my =aP-2ay3.8.c0s60° =0
> m, =-2b.X, - 2bS.cos60” =0

3. Giai hé phuong trinh
P43

S=—3 Xa=0Yy=0/2Z,=

Thidy 2-2

~-P=0
-bP+2bZ, +2bS.sin60° =0

(1
(2)
(3)
(4)
(5)

P
._Ix = -
2 a

Tam phing chiu lyc Pva dudc gilt bdi 6 thanh nhu (hinh 2.3). B3
qua trong lugng tdm va cac. thanh. Toan _hi'nh c6 dang khoi tap

phudng.
Tim luc kéo nén thanh.
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Bai gidi :

1. Chon vat khao séat, dat
Iue hoat déng va Iuc lién két
thanh. Gi3 thiét cac S, déu
huéng vao mat cit clia thanh
(thc ta gid thiét cac thanh
déu chiu nén)

Hé lyc can bang

(PS,.5,.5,,5,.5,,5,)=0

2. Phutgng trinh can bang: Hinh 2.3

Pt canh hinh hop 14 a -
SF,, = S,c0845° + 8,00845° = 0 | 1y
TFy = P + S,c0845° @
YF. =S, + S,00845° + S, + S,00845°+ S,00545° + Sg= 0 (3)
Ym, = -aP +a8, + aS,c0s45° + aS; = 0 . {4)

3. Giai hé phuong trinh

S, = —P;S, =Py2;8, =P;S, = -P¥2;S; = -PV2;5, =P

Nhan xét: Cac vectd §,,5,.S, gid thiét sai v8 chiéu, do dé cac
thanh 1, 4, 5 chiu kéo, céc thanh khac bi nén.

Thi dy 2-3

Truc ndm ngang mang hai dia tron,

Pia 1 c6 ban kinh R, chiu tac dung ngu Iuc M, dia 2 ¢b ban
kinh r, chiu tac dung luc P dat & vanh va tao vdi phuang ngang x mot
gbc a. Khodng cach a dudc cho trén hinh v&. B qua trong lugng truc
va cac dia.

Xac dinh ngau luc M dé c6 can bang va tim cac phan luc lién két
tai A va B (hinh 2.4).

Bai giai:

1, Chon vat khdo sat, d4t céc luc hoat dong va luc lién két:

Xét ca hé (truc va hai dia): tai A va B [a lién két ban I8 (8 truc)

Hé Iuc can bang: (P, M, X ,,Z,,X,,7,)=0
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. Hinh24
2, Phuong trinh c¢&n bang:
YFa=Xs+ Xg+Pcosa=0 (1) zm,=2aZ; —3aPsina=0 (4)
>Fy= 0 (20 Tmy=-M+RP =0"" (5
YF,=2Z.+Z3-Psina=0 (3} ¥m,=-2aXy- 3aPcosa =0(6)
3. Giai hé phudng trinh ' :

M=RP; X, = = .coso: Zy = - = .sin; X = - > P.cosa: Zg= 2 .P.sinc
-. > 9. T o TR S
Bai tap cho dap 86 :

2.1. T4m phing déng chat hinh vudng trong ludng P dudd dd & vi trf
ndm ngang nhd sau thanh (khéng trong lugng) bd trl nhu (hinh bai
2.1). Toan hinh c6 dang khéi 1ap phucng, Tim (ng lyc céc thanh.

Hinh bai 2.3 Hinh bai 2.4
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2.2. T&m phdng chiu lue P
va dudc d3 G vi tri ndm ngang nho 1
6 thanh nhu (hinh bai 2.2). B qua i
trong Iugng clia tdm va cac thanh, I:
toan hinh c6 dang khéi lap i C
phudng. Tim Ung lyc cac thanh. E

2.3. T4m phang dong chét !
hinh ¢hir nhat, trong lugng 200N, E
I3p vao tuong nhd gdi cau A va _|
ban |é B va dudc gilf can bang & vi .
ti ndm ngang nhd day CE X S
nghiéng 60° véi duting thdng ding
AE. Biét dudng chéo AC nghiéng
60° vdi canh AD, tim phan Iuc &
A, B va sttc cédng day (hinh bai 2.3)

Hinh bai 2.5

2.4. T4m phéng hinh chif nhat ABCD, dng chét, trong lugng
P=120N, g3n véi nén nhd hai ban 1& A, B va dudc d3 can bang & vi tri
nghiéng 60° nhd thanh chéng (khdng trong lugng) DE = EA, ném
trong mat thing dimg qua AD. Tim phan lyc cac ban 1& va (mg fuc
thanh (hinh bai 2.4).

2.5. Canh clra dong chat hinh chir nhat ABCD, trong lugng P,
chiéu dai AD = a~/3, chiéu réng AB = a, ¢6 truc quay thing diing AD
tao bdi hai 6 d3 A (g8i cdu) va D (ban I1€). Clta dudc md ra mét géc
120° véi khudn cita, diu B chiu Iyc O song song vdi canh dudi AE
cla khudn, ddu C duge gitt bdi day CE. Tim slc cang cla day va
phan luc cac & dd (hinh bai 2.5).

Huong dan:

Chu y day CE nghiéng 45° véi EB va CB, slfc cing T phan tich
ra hai thanh phan dit tai C (ndm theo CB va song song v3i BE).

2.6 Truc AB n&m ngang trén hai & 48 A va B (ban 18) mang dia
C va thanh DE {déu cé trong lugng khéng dang ké). Truc can béng
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dudi tac dung cla hai vat ndng: Q = 250N treo & d4u day quén quanh
vanh dia va P = 1kN gén vao dau E.

N

20cm_ _ 70cm 10cm

LAy |
— m:_y
A R\ U 30° B

x .
Q @ P

Hinh bai 2.6 ‘
Biét DE nghiéng 30° vdi dudng thing ding, ban kinh dia
bing 20cm, céc kich thudc khéac ghi trén (hinh bai- 2.6). Tim
chiéu dai £ = DE va phéan lyc cac & da.

2.7. Hai 6 A, B (ban 18) da truc ndm ngang AB mang theo dia C
va khdi tru AB; ban kinh clia dfa gdp 6 14n ban kinh khd| tru,

5m-
N
C /6; aQ B

D : X

Hinh bai 2.7

1m 0,

Quanh try, cudn day treo vat Q, quanh vanh dia cling cubn day,
dau tu do treo vat P = 60N, sau khi vdng qua roéng roc nhé D. Kich
thudc cho trén (hinh béai 2.7), nhanh day giita dia va rdng roc nam
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trong mat phang cla dia va nghiéng vai dudng kinh ndm ngang mét

géc a. = 30°. Tim Q, tim phén Iyc cac 6 dia.

2.8. Truc AB thang ding
nhd hai & d3 A (ban 1€) va B (8
chan) mang theo banh dai O va
roto AB. T8ng trong lugng banh
dai va roto 1a Q = 200N. Banh dai
O cb6 ban kinh 10cm va hai nhanh
dai truyén vong qua cb hai slc
cang song song nam ngang tri s6
T,= 100N, T, = 50N.(hinh bai 2.8)

Tim momen ngdu Ic cla
(P,P') cln cb & roto @& gilt can
b&ng. Tim phan lyc & d5.

2.9, Dam ngang OC,
trong luong P = 100N, dai 2m
chiu tac dung cla nghu Iue

(Q,Q’) trong mat phéng ngang
Q = 100N tay don EF = 20cm.
Dam lién két vdi tudng bang ban
I& cau O va hai day AB, CD. Cho
OB = 0,5m. Tim phan luc & O va
sitc cang ca day (hinh baj 2.9).

Hinh bai 2.9
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Chuong 3
BONG HOC
3.4 CHUYEN BONG CUA DIEM

Dé giai bai toan vé chuyén dong clla diém, ta thudng ding hai
phuong phap: phuong phap toa 6 bBécac va phu’dng phap toa dé ty
nhién.

Van dé canchiy :
I. Phuong phap toa dé Pécac

Vi tri didm M dudc xac dinh boi cac toa do xy, yM,zM {hinh 3.1)

1. Phuong trinh chuyén déng biéu dién s L |
lién hé gitta toa dd theo thdi gian: 2w e .VM '
Xy = x(t) \/r" :
ym =X 31) o
O L Yw Y
2y = Z(I) :

\\. . s X
N&u khir dudc thdi gian t & phuong trinh XM// ‘_\J,(f .

chuyén déng va tim quan hé cac toa dé,

ra'lﬂnhan dudc phuong trinh quy dao cla Hinh 3.1
diém. .

2. VAn tdc. Vecto van téc V ciia diém xac dinh qua cac hinh chidu
clia nd trén cac truc toa td:

Vi =X V, =y V, =

. dx
gday X=—
Y X=4

Trisé V=JV2+ VE+ V2 (3.2)
Céc cosin chi phuong: cosa = V/V
cosp = V,/V
cosy = V,/V
3. Gia t8c. Vectd gia tdc a clia didm xac dinh qua céac hinh chiéu cta
né trén cac truc toa to:
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a, =X a, =V, a =2
d?
d?

Tris6 a=al+al+al (3.3)

Céac cosin chl phuang: cosa = afa _
cosf = a/a
cosy = a,/a

gday X=

- >

4, Tinh ch&t chuyén déng: xét tich vé hudng V.

Va = %k + 4 + 23 >0 chuyén déng nhanh dan (3.4)
< Ofchuyen dong cham dén :

II. Phu’dng phap toa dq tu nhlen

Khi bist quy daoc, chon géc 0 va chidu
duong (+). Vi tri cda diém M dugc xac
dinh bdi §6 cong clia diém trén qu§ dao
S = OM ( hinh 3.2)

1. Phudng trinh chuyén dong theo
qu dao . Hinh 3.2

Biéu dién su lién hé giita toa 66 cong theo thdi gian:
S=S(t) (3.5)

2. Van tdc. Vectd van 16c v cb phuong ti€p tuyén véi quy dao, chiéu
phu thudéc S:
V=8$3

- 8§ >0 V hudng theo chidu duong cla quj dao (38)
- § <0V hudng theo chidu am clia quy dao '

Tri s6 V=|S|'6 day §=-98 ;
dt

i -

T va n la vectd don vi clia tiép
tuyén va phap tuyén tai M.

3. Gia tdc. Vecta gia t6c a co
hai thanh phan: gia téc phap

Hinh 3.3
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tuyé€n a"va gia toc ti€p tuyén a°* ( hinh 3.3)
a=a"+a’

S V2 -

x a =—.n
Je,
- Hudng vao tdm cong cla quy dao
. V2 (3.7)
-Trisga"= —
p

p - ban kinh cong clia quy dao tai M.
*3=87 - (3.8)
- Tiép tuyén vdi quy dao tai M

- Ciing chiéu hodc ngudc chidu vi T phy thude vas 8§>0 hosc S <0
e o gal g ae o d°S '
-Trisba’ = ‘Sl ¢ day S—?

4. Tinh chét chuyén ddng: xét tich vé hudng V.3
*Va

- > 0 chuyén déng nhanh dén déu
- < 0 : chuyén ddng cham dan déu
5. Cac chuyén ddng dic biét:

*) Chuyén ddng déu: V = const.
Suy ra; a" = 0 ; S = V. Chuyén ddng bién i déu: a* = const

(3.9)

Suyra:V=Vyza S=V,t + %.al‘.'t2

trong dé: quy udc chon gdc clla quy dao 3 vi tri dau, chidu duong cla
quy dao theo chiéu chuyén ddng ban dau cla diém.
Dé&u (+): (mg v6i chuyén dong nhanh dén.
D&u (-) : (g vl chuyén ddng cham dan.
Bai tap giai sén:
1. Tim phuong trinh chuyén déng va céc dic trung clia chuyén déng

Thi du 3-1 ( Phuong phép toa do Décac. Bai toan thuéan)

Cd c8u tay quay con trugt OAB cd OA = AB = 3b. Tay quay OA quay
quanh O theo luat tam cho con trugt B chuyén dong theo ranh ngang.
Tim phuong trinh chuydn déng, quy dao, van 8¢, gia téc clia diém B
va M: MB = b.
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Xét su nhanh cham ciia diém B va M khi: 0 <@ < g

Hinh 3. 4

Bai gidi.

o Xét diém B.
1. Phuong trinh chuyén ddng. Tim xg(t)
Xg = 6bcosg = Gbcoskt :
Quy dao B |a doan thng doc truc x.

2. Van t6c: Vg = Xg= -Bbksinkt .

Vecto V, hudng v& O (va 0 < @ = kt < _’25')'

3. Gia t6c: Vectd ag = X5 = - Bbk’coskt hudng vé O
4. Xét sut nhanh cham: V.8, = 36b%’sinkt.coskt > 0, do d B chuyén
dong sang tréi, nhanh dan
¢ Xét diém M
1. Phuong trinh chuyén dong. TIm s () va yu(t)
Xy = Sbcose = Sbcoskt '
yu = bsine = bsinkt
Tim quy dao diém M. Rat sin(kt Jva cos(kt ) tir phuong trinh chuyén
dong, binh phuong hai vé rdi cong lai:
X, Ya_q
(5b)* b’
Quy dao B la dudng elip, tam O vdi ban kinh truc 1a 5b va b.
2. Van téc:
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v V;;x = Xy = - HbKSInKt
M | Vi = Yu =bkcoskt

Vi = V&, + V2, =bky/25sin’kt + cos’kt

Vecto Vu tiép tuyén véi quy dao elip.
3. Gia téc ;
- {am = X,, =- 5bk? coskt = - k?x,,

a
" =V, =-bk? sinkt =-k?y,,

acd cac hinh chidu t¥ 1& va ngudc diu vdi toa dd, do do a hudng vé
tam 0

4. Xét sy nhanh cham.: V,,.8,, >0( vi gbc a < g) do dé M darjg

chuyén d@éng nhanh dén.
C6 thé thdy: Viy.84= Vi 8w + Vi, 8wy >0

Thi du 3.2 { Phuong phap toa d6 Pécac. Bai toan ngugc).

M6t diém chuyén ddng trong mat phdng Oxy, gia téc ¢6 hihh chidu -
a, = acm/s?; a, = 2t cm/s,

Tim phuong trinh chuyén déng cla diém, biét luc t = 2(5) thi vectd van
t6c clia diém tao vdi truc x goc o = 45° va tri s6 van téc

V=122cmis?

Bai gidi:
1. Xac dinh van téc diém
dv dv
Vi a=—2=*;a=—>r
“oodt Y dt
Suy ra. '

dV, = a,.dt = 4.dt
dV, = a,.dt = 2t.dt

Lo t =2s thi V, = V, -12«/500345“ 12 cmis
Do dé: j‘dv j4dt : jdvy = [2tt

12 12 2
Ta dugc Vi=4t+4
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V,=t2+8
2.Xac dinh phuong trinh chuyén dong:
dx dy
ViV, = V=
Tt Y gt
Suy ra: dx = Vdt = (4t + 4)dt ; dy = V,dt = (- 8 )t
Lict=0thix=y =0, dodé:
t
Idx = _[(4t +4)d Idx = |(t? +8)dt

)

Ta dudc phucng trinh chuyén dang clia diém:

x = 2(t + 2t)

y = 1/3t + 8t
IL. Bai toan tong hgp
Thi du 3-3 ( dung c8 hai phuvng phéap: toa dd Pécac va toa d¢ tr
nhién).
Piém M chuyén ddng trén dudng tron, |
ban kfnh R=8(m). tdm C ¢ toa 4%
(8m;0). Vi trf clia M dugc xac. dinh bdi
gbc gitta ban kinh CM va tryc x

m .
hinh 3.5): ¢ = =sin—t
(hinh 3.5): ¢ >S5

1. Lap phuong trinh chuyén dong cla
diém & dang toa dé tu nhién. xac dinh
van tdc, gia téc cla diém lic huéng
chuy&n dong thay d8i. Hinh 3.5

2. Lap phuong trinh chuy&n dong ctia diém & dang toa dd Décac va
viét phuong trinh quy dao clia diém.

Bai gidi :

1. Bung phudng phap toa do tu nhién:

Phuong trinh chuyén ddng theo quy dao:

S=ch=8gsin%t=4nsin%t (m)

Vantée: V= 8 = 212 cos-g—t (mss)
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, , ¢ 7
Gia téc: gia toc phap tuyén: a" = — = —cos? =
g phap tuy R 2 2

Gia t&c 1iép tuyén: a' = S = ° sin~

Tim it chuy&n dong ddi hudng:

L ~ Okhit=1
Va'=-2r’ c:osgt.n3 singt =-n’sinat <<Okhit <1
‘ >0khit>1
Khi t=1 thi vecto ddi huéng, ac doé:
4 4
V=0;a" =% a*=0;a=a" =% (mis?)

2. Dung phudng phép toa d6 Décac:
Phuong trinh chuyén déng:

Xy =R+Rcos<p=8+8cos(gsingt)
. .0 . M
=Rsing = 8sin{—=sin—t
Ym ¢ (2 5 )

Quy dao. Rut cc>s_(—2TE sin%t) va sin(-;—singt) tUr hai phuong trinh

trén, binh phuong hai v& rdi cong lai, ta duge phuang trinh qui dao:
(XM8_2 8)2 + Bé_li‘l =1

P4 chinh la dudng tron cé ban kinh R=8 va tam C(8,0).

Thi du 3-4.(Dung cé hai phuang phap: toa 4o Décac va toa do tu
nhién).

Bi&t phutgng trinh chuyén dong clia mét diém c6é dang:

x = a,cost; y = a;sint; z=b,t; a, va b, la cac hdng s8

Tim phuong trinh chuyén déng theo qui dao va ban kinh cong cla quy
dao.

Baj gidi : ‘

1. Dung phuong phap toa dé Bécac;

- Van tc. -
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V, =X =-asint;

» . 2 a2 a2 - —
V {V,=y=acost; V- X+y+2-—-x/52+b2=const

Vz=:.c:b‘;

-Gia téc:
a, =X =-a,cosl,

- TS . l.2 242  we?2

a a,=y=-a;sint;, a=yx +y+ 2z =a,=const

.
.

a,=z=0;

2. Dung phugng phéap toa .d{a tu nhién:
-Phuong trinh chuyén déng theo quy dao: -

S-= ]\fdt=tj af+b$dt=tm
0 0 R

- Gia téc:
- % ~0 |

Gia t&¢ phap tuyén: a" = Jélz——(a‘_)2 = a1 = const
- Ban kinh cong ctlia quy dao: -
VP _aitby

n

a a,

Gia toc tiép tuyén: g

= = const

Bai tap cho dap sé': |

3.1.1. Xac dinh quy dao, van tdc, gia téc diém, néu phuong trinh
chuyén déng cua diém da cho nhu sau (%, y, z tinh bang cm, t tinh
b&ng giay):

a) x=t>+2 b)x=10cosgn-t c)x=-ﬂ—
5 t+1
y=3-1 y=103in2€nt y=-4t-4
z=2t+2

3.1.2. Mét diém chuyén dong trén véng tron ban kinh R theo luat :
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S =Vt —%af
a) Xac dinh gia tri gia t8c clia diém.
b} Xac dinh thdi diém t ma tr| s6 gia t6c
bang a, va s6 vong N ma diém chuyén
déng dugc lic dat dén gia toc do.

3.1.3. Con lac chuyén ddng theo vang
trdn ban kinh £ theo luat S = bsin(kt), trong
d6 b va k 1a cac hing s§ ( hinh bai 3.3).
Xac dinh van toc, gia t6c tiép, gia téc phap
cla con l&c va cac vi trf tai dé cac dai
lugng nay bang khang.

3.1.4. Co cau cam { hinh bai 3.4), cam
dia tron ¢é ban kinh r, truc quay O cach
tam C mot doan OC=d, cam quay quanh
O theo luat ¢ = ®,t. Tim phuong trinh
chuyén déng va van téc cla thanh AB.
Truc x hudng doc thanh, géc & O.

3.1.5. Co céu tay quanh thanh truyén
nhu hinh bai 3.5, Biét @ = Wt va coi
AO

" r Yy 2
A.=—-——=—£ 1a rat nho

AB

%

o S M
Hinh bai 3.1.3
1 B

Hinh bai 3.1.4

a) Tim phuang trinh chuyén ddng, van téc, gia tdc diém B.
b) Tim phuong trinh chuyén déng, van tdc, gia téc trung diém M clia

thanh AB.

3.1.6. Con chay chuyé&n déng thing vdi gia téc.

a, =-n singt {m/s?)

Tim phullng trinh chuyén déng biét van t8¢ ddu con chay 1a va vi tri
ban dau cla nd trung véi géc toa do. V& dudng bi€u dién khodng

céch, van tc, gia tdc clia nd theo thai gian t.
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Vi tri clia vat dude xac dinh bdi goc dinh hudng ¢ gitfe mét phéng
cé dinh va mt phsing gén cling vdi vat cling qua truc quay (Hinh
3.6)

1. Phudng trinh chuyén dong clia vat iz

o = @(t) (3.1)
2. Van t8c goc clia vat [a dai luong dai s6
bi€u thi t&c do va chiéu quay cla vat ,@ do
béng rad/s (rad/s);

77777

- d
0="" (3.2) 3
& > 0Vat quay theo chiéu duong d4 chon dé AN
tinh ¢ . o
@ <0 Vat quay theo chiéu am . . T

Goi n 13 sO vong/pht, tri s& clia van téc goc :,

. Hinh 3.6
@ = g—g(rad/s) (3.3)

3. Gia t6c géc cla vat la dai lugng -dai s6 bidu thj sy bign thién cla
@ vé tri s6 va diu ; £ do bang rad/s? '

5949 _dv (3.4)

4. Tinh chat chuyén déng :
Xét w.e >0 :Vatquay nhanh dan .
<0:Vatquaychamdan. (3.5)

Ban dau van tdc ¢d cac hinh chiéu: Vox = Vo , Voy = 0. Xac dinh quy
dao, tri s6 nhd nhat clia van tac .
Ban ddu van tdc cb cac hinh chidu: Vo, = Vo ; Vo, = 0. Xac dinh quy
dao, tri 80 nhd nhat clia van téc.
5. Chuyén dong quay dac biét :

- Quay déu: @ =w,suy ra e=0,0= 0,t(3.6)

- Quay bién ddi d8u : chon chidu quay ban dau lam chidu duong
va vi tri dau lam géc:

& =const
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® =, >t
suy ra: b= stz (3.7)

(DAu + : chuyé’n ddng nhanh dan déu. D4u - : cham dan déu)
II- Xét chuyén déng cia diém thudc vat quay

1. Phuong trinh chuyén dong clia diém
(Hinh 3.7)

S = OM = Ro(1) - (3.8)
2. van téc clia diém :
1 CM
V< theo chidu quay (3.9}
.'.+T]'is6V= Rw ' : B
HINB3.7 ¢

3. Gia t8c clia diém c6 thanh phan phap tuyén vi tlép tuyén o “

a=3a"+a a= (a")2+(a\‘)2 S -.-'.~,-.,,:.-:l~~ -
. [~Hudng vio truc qua o

Gia tc phap tuyén ;3" : g g y(s 10)
: —,Trgsqa = R’

—Cung phuang v8i V
Gia téc ti€p tuydn a*:{-Chiéuphihgp €  (3.11)
-Trisé a" =Re

I11. Truyén chuyén dong quay quanh hai truc ¢& dinh :
TV s8 van téc goc gilra hai banh :
=t =l2-22 (3.12)
©, N Z .
:ban kinh ; z,: s6 rang.
Truyen chuyén dong quay cling chiéu (Hinh 3.8)

Truyén chuyén déng quay clng chiéu (Hinh 3.9)
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Bai tap gidi sén: .
1. Bigt chuyén déng cla vqt (hodc clia dlem thuqc vat). tim céc
dac trung khac ctia chuyén déng

Thi dy 3-5 : MGt truc .may dang quay véi van t8c goc n = 600
- vdng/phut thi tit may va sal 20 gidy thl dimg hén Tim gia t8¢ gbc va
s8 vong ma truc con quay dudc sau khi tdt may. Gid sir trong qué-
trinh &6 truc may quay bién adi déu .

Baj gidi

Sau khi tit may, truc may quay cham dén déu . Vi véy theo (3 7)
© = @y - &t
1

=, ——st?
¢ 0 25

trong d6: @, =;—g=20u(radfs). Lact=20sthi o =0;¢ = ¢,.

Véy thay vao hé phudng trinh trén, ta co:
0=20n-¢20

2
¢, = 20m.20 - Egg—

Giai hé phudng trinh nay ta dudc :
g = n(rad/s); ¢, = 200 n(rad)

Vay s6 vong truc méy con quay dugc 1a :N = %‘- — 100(vong)
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Thi dy 3-6 : Thanh OA quay quanh tryc O theo quy luét ¢ = g.t"" Tim

tinh chat chuyén dong clta thanh OA va van tdc , Gia toc clia diém A
luc tharih quay dugc 18 vong . '

Bigt OA = ¢ = 20 ¢m (Hinh 3.10)
Bai gidi : _

1. Trudc hét ta cén tim van téc gbc va gia tdc goc cla thanh. Theo
(3.2) va (3.4) :

D= ==t

NS

T=0=mt
Goi t; 12 thdi dim ma thanh quay dugc 18 vong , tlc 13 quay duoc
goc @1 =18 .2r= 36x. Tl phudng trinh chuyén ddng ta ¢é
.3 .
36m=—t
"%

Rutra: t, =%/36.6 =6(s)
Ung vGi lUc do:

B, =%.62 = 18n(rad/s)

§, =6n(rad/s?)

.2 > 0: vat quay nhanh dén .

2) Tim van t6c , gia toc diém A .
Theo (3.9), (3.10), (3.11):
V=lon, =02.18t=113m/s
a'=lg, =0,2.6n=38m/s’
a" =lw! =0,2.(187)* = 648m/s’
Céc vectd vé 8 hinh 3.10 .

II-Truyén chuyén ddng quay

Thi dy 3.7 : Cd c8u tdi nhu hinh 3.11
Do ham bi hdng , nén vét M rdi xudng
v&i quy luét :x = 3t?

m(_1 Hinh 3.11
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(x : tinh bAng m ; t : tinh bang giay )
Tim van t8c va gia t6c mat A cla tay quay iGc t = 2s . Biét dudng
kinb clia tr6ng 1a d = 40 cm, 88 rang cla banh 1 va 2 1a z, = 72;
= 24 (Hinh 3.11).
Bai gidi :
1. TruGc hét xét vat M .
Van téc V,; =x=6t(cm/s)
Gia toc a, = & =6(cm/s?)
2. Banh 1 chuyén ddng dudc nhd day quén quanh'tré'ng. Goi N
14 di€m trén vanh tréng , ta ¢o :
Vy =V =6t(cm/s)

aj, =a, =6(cm/s?)

' v !
Suy ra van téc goc . m, Py _ 6

=03t(rad/
A=z T T P S)
Gia t8c géc : &, _%=-2%=03(rad/s )

Chiéu cla o, ¢, nhu (Hinh 3.11)

3. Banh 2 quay dudc nha an khdp véi banh 1 . Tr| s& van téc gbéc
cla banh 2 tinh theo cong thirc : -

———=:'E'—;0:u2 =i.m, =2.0,3t=0,9t(rad/s)
W, Z 2, 24

Suy ra gia t8c gboc : e, =0,9rad/s.

Luc t= 2s thi o, =1,8(rad/s);e, =0,9(rad/s?)

4. Bi6t chuyén ddng cha banh 2 , xac dinh dqub chuyén dong
diém A

Vantéc Va=lw,=40.18=72cmis.

Gia téc tiép tuyén : a’ =lg, =40.0,9 =36(cm/s?)

Gia t6c phép tuyén : a’) =/lw3 = 40.(1,8)* =130(cm/s?)

Gia tac a, = +/(36)* +(130)* =135(cm/s?)
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Bai tap cho dap so:

L. Biét chuyén dong clia vat (hodc diém thude vat), tim cac
dic tnimg khac clia chuyén déng
3.2.1. Roto clia tuabin quay nhanh déu, & thdi diém t, va t, c6 van
tdc tudng Ung 14 n, = 1300 vong/pht va n, = 4000 vong/phut.
Xac dinh gia toc goc £va s8 vong guay n, roto quay dudgc trong
thdigiant=t,—t, = 30s.
3.2.2. Mot truc may dang quay vdi tdc d6 n = 1200 vong/phat thi
ham. Sau khi ham tru may quay dugc 80 vong thi ditng han.
Tim théi gian hdm , biét réng truc quay cham dan déu.
3.2.3. Vat quay quanh truc & dinh theo phuang trinh:
¢ =1,5t% -4t (¢ - radian: t — gidy ).
X&c dinh: _
1. Tinh chat clia chuyé&n déng d cac thoi didm t, = 1s ; t, = 2s.
2. Van tdc va gia toc cla diém cach truc quay 'mcf)t khoéng r=02
m & nhimg thoi diém trén, o :
3.2.4. Qua céu A treo d dau mot soi day ¢ chléu dal l =: 398 cm,
dao ddng trong mit phang , thing diing theo luat: ~

tl>—-é-sm—t , (o - radian, t - gidy )

Xéac dinh :

1. Thai diém dau tién tif khi bat dau chuyén dong dé gia t6c phap
* cla qua cAu bang khéng.

2. Thoi diém dau tién dé gia toc tiép bang khong.

3. Giatdctoan phanlict = 2s

3.2.5. Mot vat quay nhanh dan déu tif trang théi nghi . Luct = 1s,
diém céch truc quay mét khodng R = 2m
¢ gia téc a = 242 m/s?.

Tim gia toc clia diém cach truc quay
mot khodng R=4m , luct = 2s .

3.2.6. Gia t6c mét diém trén vanh
volang lam vai ban kinh géc 60°. Gia téc
ti€p clia diém 4y d thai diém khao sat la
a* = 104/3m/s? (hinh bai 3.2.6). Hinh bai 3.2.6




~ Tim gia tdc phap clia diém cach tryc quay mdt khodngr=0,5m .
ban kinh v& lang R = 1m.,
IL. Truyén chuyén déng quay quanh cac truc c& dinh
_ 3.2.7. Ba banh réng an khdp v&i nhau (hinh bai 3.2.7). Ban kinh
céc banh lar, = 20 em; r, = 12 cm; 1, = 156 cm. Banh dau quay vdi van
téc goc ny = 90 vong/phit,
Tim van téc gbce tht ba.

Hinh bl 3.2.7

3.2.8. Co cdu nhu hinh bai 3.28
Chuyén déng ti thanh 1 truyén vao
bénh réng 2 , banh ring 3 1p cng' - T
cung truc v8i banh réng 2 v& &n
khdp véi banh rang 4 ¢ mang kim  /
(hinh v&). _
X4c dinh van t8c gdc cla kim néu
thanh 1 chuyéh déng theo phudng
trinh

x =dsin kt . 7 Hinhbai3.28
ban kinh cac banh ring tusng (g lar,, 1, var, .

3,2.9. Cd cau nhut (Hinh bai 3.2.9) . V4t 1 chuy8n déng theo luat
x =2 +70t? ( x tinh bang cm; t- gidy ); R, =50 cm; r, = 30 cm ; R; = 60
cm . Tinh van téc gbc , gia t6c gbc cla banh 3 va van téc |, gia t8¢
diém m cach truc 1 khoang r, = 40 cm Ilic vt nang 1 di chuyén dugc
‘mét doan béng 40 cm.
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- _
‘ v
- Hinh bdi 3.2.9

Q.ZAO/HOp bién 'tdc ¢b cac banh rang vél s6 réng tu’dng ing & :
z,=10,2,=60,2,=212, 2, = 70.
Tim ti s6 truyén déng clia hal truc Ava B .

M4
A A1 44X B
—WH—X
2 |
af Ll
i3 i
i

Hinh bai 3.2,10

3.2.11.Mét diém chuyén dong trong mat phdng thing ding theo
luat: x =300t :
y = 400 -5t
(t: tinh bang gidy, v : thh bing mét )
Tim : a) Van téc va gia téc clia diém & thdi diém dau.
b) D6 cao va dd xa clia diém.
c) Ban kinh cong clia quy dao & diém dau va dlém cao nhét,
3.2.12. Mét diém chuyén dong theo dudng dinh 6¢ ¢b phuong
trinh: x = cos4t ; y = 2sindt; z = 2t ( don vj 13 mét ). Tinh bén kinh cong
cla quy dao . .
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3.2.13. Digm M trén thanh truyén clia cd clu tay guay thanh truyén
OAB vG6i OA=AB=[=60cm, MB = g;d) =4mt (t tinh bang giay).

Tim quy dac cia M .
Tinh van toc, gia té¢ va
ban kinh cong cla quy
daotaivitri g=0.

Hinh bai 3.2.13
3.3 HOP CHUYEN BONG CUA BIEM
Vindécanchuy:

I. Binh nghia

Biém M chuyén déng d&i vdi vat A,
vat A chuyén ddong B ¢6 dinh. Gan
vao A mot hé toa dd — goi la hé
dong. G#n vao B mot hé toa d6 —
goi 1a hé déng. Ta cb cac dinh nghia
{xem hinh 3.12) sau:

- Chuyén ddng cla diém M d6i voi
hé ¢& dinh 1a chuyén déng tuyét déi.
Van t6c va gia t6c cla diém M trong
chuy&n ddng nay la van t&c tuyét dsi Hinh 3.12

- -

va gia tdc tuyét ddi. Ky hiéula V,,a,, .

- Chuyén déng cla diém M ddi vdi hé dong 1a chuyén ddng tuong déi.
Van téc va gia tdc cla diém M trong chuyén dong nay la van téc
tuong doi va gia téc tuong dai.

- Chuyén dong clia hé ddng ddi v8i hé c8 dinh 1& chuyén ddng theo.
Goi trling diém clia M 1a mdt diém M’ thudc hé déng, tai thdi diém
khao sat M’ trung véi M.
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Van 8¢ va gia tc cla tring diém M’ 12 van téc theo va gia téc theo

clia M. Ky higu 7, .a, .
V,=V,. a,=a,.
Nhu vay, chuyén dong tuyét ddi , chuyén dong tuong ddi la chuyén
ddng cta diém. D6 la nhimg chuyén dong: thang, cong, tron. Chuyén
dong clia vét, dé |a nhiing chuyén déng: tinh tién, quay xung quanh
truc ¢8 dinh, song phang...
1L Bink Iy hop van t&c thé hién bing céng thire
V. o=V, +V, (3.13)
II1. Pinh Iy hgp gia téc thé hién béing cac cdng thirc sau
a. Néu hé déng chuyén ddng tinh ti€n:
a, =ap +a, ' (3.14)
b. N&u hé déng quay xung quanh truc cé dinh;
- - i - -

a,=a,+a".+a’.+a, (3.15)

trong dé: @". =R. w’:; a’. =R. g,

Gia te Coridlit: a. = 20, AV » (3.16)

((35;28 la van tdc gdc, gia t8c gdc ca hé quy chiéu déng, R 13
khoang cach giifa hai truc quay dén tring diém M)

Chu y: Trong (3.14) va (3.15), néu chuyén dong tuyét déi va chuyén
dong tuong ddi la cong thi tiép tuc phan tich ching thanh hai thanh
phan: Tiép va phap:

- - -+ - - -

a,=a"at+a’s; a,=a"++a’;

* Phuong phap xéc dinh gia toc Coridlit a,

Ding quy téc tich vécta dé tinh (3.16) hodc ding quy tac thuc hanh
sau:
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- D&i véi bai toan phing (@, L 7. )

Quay V. di mdt géc 90° theo chidu quay
clia hé dong ta nhan dudc mét vectd biéu
dién phuong, chiéu E:; con tri sé béng
(hinh 3.13a) '

a, = 2.0.V,

o

. D6 véi bai toan khéng gian (@, tao vai-
v, métgéco)

—

Chiéu ¥, xuéng mét phing L truc

quay, nhan dugc V. quay V. ai inéf gée
90° theo chiéu quay clla hé ddng, nhéan

dugc a, (hinh 3.13b) tr 88 :

a, = 2.0V, sl  (3,16b)

Hinh'3.13 .
Bal tap gtai sdn

1. Bl toan phan tich chuyén ddng ctia diém

Thi dy 3-8. Co céu culit nhu hinh v& ( hinh 3.14). Tay qUaiy OA éuay
véi van téc goc w, khdng déi.

Tim vén t8c truet va gla téc trugt clia con chay A trén culit K va van
téc, gia t8c cla culit K

Bl&t OA = ! va thdi diém khdo sat |a ¢ = 60°

Hinh 3.14
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" Bai gidi _

1. Phan tich chuyén d6ng diém A

Piém A chuyén déng d8i véi culit A, culit K chuyén

d6ng d6i v6i gia c& dinh.

Vi vay ta chon culit K 1am hé déng.

- Chuyén déng tuyét déi 1a chuyén ddng clia A d6i vdi gia cé dinh A.
P4 12 chuyén @8ng tron déu, tdm O, ban kinh OA, |

- Chuyén ddng tuang 33i 1a chuy8n dong cla A ddi val culit K. D6 1a
chuy&n déng thing doc theo nhanh trén clia K.

- Chuvén dong theo la chuyén dong cla K déi vdl gia. D6 la chuyén
gong tinh tién, o :

2. Van tée.

-Biduthdc vantée: ¥ = v + v

trong d6: ¥, cb phuéng chiéu d3 biét, tris§ V', = lw,.Con 7, va
7. =¥, chibiét phuong ( tring diém A’ (& didm thudc cult )

- C&n cif vao (a) cb thé vé dugc céc vectd van: tdc {‘hinh 3, 14a)
-Tinh ¥, va V, . Tirthinh 3.14a,ta c6 :

V3

v, =v, cos60°= %wo: v, =V, sin6d’= ?m'o

V" 1a van t6c truct clia A tran cullt, ¥, 12 van t8c clia cullt tai thai
diém khao sat.
3. Gia téc

- Bidu thifc gia téc: vi chuyén ddng theo la tinh tién, chuyén déng
tuyét ddi tron déu nén;

- - -

a=a,+a, (b)

Dua vaoc phan tich chuyén dong ta thiy: a-;a hudng vé O, vi tri

a"a = !@20

-

Cona ,» Vda .= a « chibiétphuong, chiéu dudc gia thiét,
- Céc vecto duge vé 3 hinh 3.14b .
- Tinh a, va a,: Chiéu c3 hai vé cla (b) Ién hai truc A, va 4, ta dugc:
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a," .cosb0’ = a,;a," .sin60° = a,

1 A - -
Suy ra: 4, = —Elwzo;ae = —Tla)zo. Vecto @ rva d ¢ cling
gia thiét sai chiéu. Vay 4 thdi diém khdo sat con chay A truct chdm
dan vé phia trén, culit K tinh tién nhanh dan vé bén trai

Thf du: 3-5 Co cau tay quay culit {hinh 3.15), Tay quay OA =1= 10
cm quay déu vai van téc goc w, = 6 rad/s lam cho con chay A truct
theo culit O,B & thai diém CA ndm ngang ¢ = 30°,

1) Tim van t8c trugt clia A theo culit, van tdc goc w4 cha culit O,B.

2) Tim gia t8c trugt clia A va gia téc¢ ¢, cla culit. '

Bai giai -

0

b)

* Hinh 3.15
1. Phan tich chuyén déng diém A : diém A chuyén dong doc OB, OB
quay quanh O, . Vi vay chon O,B lam hé déng.
- Chuyén ddng tuyét ddi 1a chuyén dong clia A d6i vdi gia ¢6 dinh . D6
la chuyén déng tron déu, tam O, ban kinh OA
- Chuyén déng tuong déi la chuyén ddng clia A ddi véi O\B. B6 Ia
chuy&n dong thdng doc O,B.
Chuyén dong theo Ia chuy&n dong cla OB déi v6i gia ¢d dinh. DS Ia
chuyén déng quay truc c& dinh O,
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2. Vantéc

- -

- Biéu thuc vantée: V =V, + V,

trong d6: 17; 1 OA, phit hgp véi chiéu quay clia o, ¥, = /o, = 60cm/s

a

17; ¢6 phuang doc OB tri s6 ¥, chua biét.

r

-

- L]
V,=V, (A" thusc O,B va triing v8i A) do d6 ¥, L O,B , trj s6
V. chua biét. |
Dua vao (a) va cd clu, vé dugc cac vectd van téc ( hinh 3.15a)
-Tinh ¥, va v, . Tu hinh (3.15a), ta cé:

V =V, cos 60° =30+/3 30cm/s: V, =V, sin60°= SOcm!s

ViV, =V, =0Aw nénvan tﬁc gée clia cullt 08 Ia
V. 30 _3

¢

W = rad/s
O,A 21 2

Can ol chiéu vao ¥, aJ, co chiéu ngugc chiéu kim déng hé

3. Gia t6c _

- Biu thire gia téc

Vi chuy@n ddng theo 1a chuyén déng quay, chuydn ddng tuyét déi
tron déu nén:

- - - - -

a"s="a,+a".+a'.+a,

a". hudngvao O, a’. = lw *o = 360 cm/s?

a". =a"#hubng vao O, a”. =0,A. v’ 1= 2o’ = 45cm/s?,
a, xac dinh theo quy tic da bist { quay ¥, di mt géc 90° theo chidu

quay clia hé déng); o, = 20V, = 90+/3 cmvs?
a’. L OB, chiéu gia thiét, tri s6 chua biét

a » doc O,B chiéu gid thiét, tri s6 chua biét,
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- Dua vao co cdu, vé duge cac vecto gia tde (hinh 3.15b)

- X&c dinh a'.va a ., chi€u hai v& clia (b) |1&n hai truc A, va A, ta
duge hai phuong trinh

a'esing=-a".+a .
a".cosp=a'.+a.
Gididugc a, =a".—a".sinp =-135 ;:m/sz
t;a =a"scosp-a, = 90vm cm/s?
Ké&t qua chimg 8 a_)f ngutic chiéu giévth@'t, c;c cd qhiéu ding . Vi

a’'. =0, A.g,, do d6 gia tdc cla culit OB la:

r

a.

=04
1

9
= —/3 rad/s?
2

Can ¢t a”. , nhan duge chidu & , nhut (hinh'3.15b) |
Nhu vay tai thoi diém khdo sat, con chay chuyén déng cham dan doc

OB (Vi ¥..a, <0) con culit O,B quay nhanh dan (@,.z, >0).
11, Bai toan téng hdp chuyén déng

Thi dy 3-9. Cd c8u 4 khau ¢6 dang hinh binh hanh (0,0, = AB , 0,A
= O,B). Tay quay O,A dai 0,5 m, quay vdi van téc goc o, = 2t rad/s.
Dac theo thanh AB ¢ con chay M chuyén ddng theo phudng trinh:
AM = 8 = 5t° (S tinh bang giay s)

Tim van tdc va gia t8c tuyét d8i clia con chay ltc t = 2s. Bigt Idc d6 ¢
= 30° (hinh 3.18). -

Bai gidi :

1. Phan tich chuyén dong diém M: diém M chuyén dong doc AB,
thanh AB chuyén dang tinh tién, Vi vay chon AB lam hé déng.

- Chuyén ddng tuong ddi la chuyén déng cla M doi véi AB. Do 1a
chuyén déng thing doc AB.
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- Chuyén déng theo | chuyén ddng clia AB d6i vdi gia. B6 1a chuyén
déng tinh tign.

- Chuyén ddng tuyat ddi 12 chuyén déng clta M d8l véi gla. ao &
chuyén ddng cdn phai tim.

2. Van téc
- Biéu thic van téc: I/_':, + _: (a)
?,.. hudng doc AB, V, = ‘ ’= 0t Ldact=2s; ¥V, =20m/s

-»

V., =V,.=V, (thanh AB tinh ti6n M" thudc AB, triing véi M)
Dodsd 7. L 04 :V, =OA .0 =1t Lic t = 2s; V, = 2m/s. 7, chira

xéc dinh |
- Céc vecto van téc dugc vé nhu hinh (3.16b)

a) b)
Hinh 3.16
Tlnh tri 88 V,, V, 1& dudng chéo hinh binh hanh, cac canh V, va V, nén”
V, = V&, + V2 +2V,.V,.cos60° = 21,07 m/s
c6 th8 chidu (a) 1&n hai truc vudng gée,tim dudc
Va=21mfs, V,= -\3mis
V,=V,' +V,})
3. Gia t8c

- VI chuyén déng theo la tinh tigh, nén a .= a L+ a , -Tring diém

M’ ¢6 gia t8c bang giatdcclaAnén a . = a”".+ a'. do dé bidu
thiic gia t6c |a:
- - = e

a,=a,+a’.+a’e.
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Dua vao phan tich chuyén déng ta thay:

a » hudng doc AB, tri s8 a, =

S‘= 10 m/s®

S
a". huéng vé O,, tri s6 a". =0,A.w?, = 8 m/s’

* do,

ar(,' _l_OlA y tl’! 86 aru = OIA'EI =O1A. d“ 0,5*2=1 mflsz

a - hoan toan chua xac dinh, dugc phan tich thanh a,, va a,,
- Cac vecto vé bén phai clia (b) dugdc vé& nhu hinh 3.16¢

-

- Xac dinh a 4 : chiéu hai vé clia (b) Ién hai truc x va y.

a, =a ..c0860~a".cos30+a, = l%— Sgﬁt 10=3.58 cmis?
a, =-a' +.5in60 —a".sin30 = —(ﬁ +4) cm/s?

- 2 .
Tir d6, gia t6c tuyét déi clia diém M a:

a= \/(3.58)2 +{4 Jr%)2 =6,1m/s?

Thi du 3-10. Vanh tron ban kinh R = 20 cm quay trong mat phing
cGia nd quanh truc O v8l van t&c goc o, = 3 rad/s. Mot diém M chuyén
ddng trén vanh theo quy luat S=OM =5xt {cm)

Tim vén tGc va gia toc tuyét dsi luc t = 2 giay (hinh 3.17)

Hinh 3.17
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Bai gidi

1. Phan tich chuyén déng cla diém M: diém M chuyén dong theo
vanh, vanh quay quanh O, vi vay chon vanh lam hé dong.

- Chuyén dong tuong d8i 1a chuyén déng clia M d8i véi vanh. D6 la
chuyén déng tron theo vanh. .

- Chuyén dong theo |a chuyén dong cla vanh. D6 1a chuyén déng
quay déu quanh O.

- Chuyén ddng tuyét ddi la chuyén déng clia M ddi véi gia ¢é dinh ta
chua biét.

2. Van toc

- Biéu thirc vanto = f + l;', (a)

Khit=2sthiS=107x = R.E= OA, dim M chuyén déng dén A,

Khi do: ¥, hudng tiép tuyén véi vanh, tri s& 7, =]S

=57 cm/fs.

= const. Tring diém A* la diém thudc vanh, ¥, = ¥ ,., nén
V. 1 o4  tris6: - |
= OA .0, = 0 R.42 =602 cmis

—

-Vecto V, |V, duoe v& nhu hinh 3.17a

-Tinh V,: chiéu hai vé& cla (a) 1én hai truc toa do Bécac

5

V,, =-V, cos 45° = - 60+/2 ———--60 cm/s

Vo =- Ve sin45"+\/r =-60+2 % +37 =443 cm/s

= /60% + (44.3) =74,6cm /s
3. Glatbc

- Bidu thic gia toc: vi chuyén dong theo 1a quay déu va chuyén déng
tuong déi 1a tron déu, nén:

- > - - -
I

aa = a},+ a"e+.a’e+ a.
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Dua vao phan tich chuyén déng ta thdy: a’. = a"» (A* la diém thude

vanh) nén a’.hudng vao O, tri 88 a’« = 04 w?o =RV20% =
1802 cmis?

- 2 2 2
Vectd a”, hudng vao tam cdia vanh, tri s a", = V,) _(5ny’ _ 5
R 20 4

s

Vectd a . dugc xéac dinh theo quy tac da biét (quay ¥, di mot goc

90° theo chiéu quay clia hé dong); o, = 2wV, = 307 cmis?

Véctd a . hoan toan chua xac dinh, duge phéan tich thanh hai thanh

phan a, va a,

- V& cac vectd vé phaiclia (b) (hinh 3.17b) -,
- Tim a,: chiéu hai vé& ca b I&n hai truc Décac, ta cb:

a,, =a".cosd5+a", -a, _18042 £+5—Z~-30 98,25 cm/s?

8y, = —8"0.5iN45 = 1802 % = -180 cm/s?
Gia t6c tuyét déi clia M [a
a = +/(98.25)7 +(100)* =182.6 cm/s?

Bai tap cho dap sé

I . Bai toan phan tich chuyén déng @
cta diém le

3.3.1. Tay quay OA = ! quay diéu
quanh O vdi van téc w, lam con chay A F—C -~ -~ —— ]7?
chuyén déng trong ranh cla culit K va
culit K chuydn ddng lén xudng (xem a ’
hinh bai 3.3.1.).

Tim van téc va gia téc clia culit K va
vén toc gla toc cfia con chay A ddi vdi
culit, cho biét uc khao sat ¢ = 30°
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3.3.2. Can ddy AB chuyén dong théng,
nhanh dan déu, sau 4 gidy né vuot tir vi tri
cao nhat xuéng doan h = 4cm lam cho
cam ban kinh r = 10cm trugt trén nén
ngang.

Tim van t8c va gia t8c cla cam lic
d6 (xem hinh baj 3.3.2.)

3.3.3. Mot cam hinh tam giac ¢é géc
nhon o trugt theo m#t ndm ngang véi
gia t&c khong d8i a, lam cho thanh AB
chuyén dong khe thang diing '(hinh bai
3.3.3). S

Tim van téc va gia téc cla thanh AB.

3.3.4. Con chay A cla cd cau tay
quay cén l&c ¢6 chét trén banh réng E,
banh rang nay dudc truyén chuyén déng
nha banh rang Ry = 100mm, Re = 350mm,
khodng cach O4A = 300mm, O,B = 700mm,
{xem hinh 3.3.4.) Cho van t3c goc cla
banh D 1a wp = 7rad/s.

Tim van téc gbc va gia toc gée cla
¢én |ac BA 1Gc A & vi trl cao nhat va luc
O,A vudng goc vdi can 1ic BA.

3.3,5. Bé truyén chuyén ddng quay
gilra hai truc song song, ngudi ta dung
¢ cdu nhu (hinh bai 3.3.5). Tay quay
AB quay quanh truc O, vdi van téc géc
w; khéng @i lam cho mang chit nhat
quay quanh truc O,.

Biét 0,0,=0A=0B =b,

1
1
|
1
)
[}

o
—

AR
N

|
-

"

Wmmﬂmmma e

Hinh bai 3.3.2

~ Hirh

L

'béil"-353.3. '

Hinh bai 3.3.4

Hinh bai 3.3.5.
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Xac dinh:

1) Van téc tuong d6i va theo cla con
chay A, van tdc goc clia mang.

2) Gia t8c tuong ddi, thea va coridiit cla
con chay A.

Huong dén: dat BLOA = ¢ = at.

3.3.6. Hai dia A va B cung quay vdi
van téc géc w.quanh cac truc ¢b dinh O,
va O, (hinh bai 3.3.6). Trén dia B lay
diém M trén vanh va khao sat chuyén

dong cha nd khi 1dy dia A 1am hé quy

chiéu dong.

Hinh bai 3.3.6.

Xac dinh tri s& gia t8¢ tuong d6i va coridlit cia M néu o = 10 ra'd!.s_l va.
0,0, = 15 em. Hudng dan: hoan toan hinh bai 3.3.6.

chua xac dinh, phan tich thanh a,,

11 Bai toén t3ng hop chuyén déng cta diém.

3.3.7. Trén xe chuyén dong nhanh
dan vdi gia téc 49,2 cm/s? co6 dat mét
- dbng ca dién. Roto cla dong co quay
véi phudng trinh ¢ = t,. Ban kinh roto la
20cm .

Xac dinh van tdc tuyét ddi va gia tdc
tuyét d&i clia di€m A nam trén vanh roto
lic t = 1 gidy, bist luc d6 A cb vi trl nhu
(hinh bai 3.3.7).

3.3.8. Cd cau nhu (hinh bai 3.3.8)
OA=0,B=20cm; R =16 cm. Thanh
O{A quay theo luat:' = -j—gm*‘

Piém M chuyén déng trén vanh tron
theo ludt S = AM = zt*> cm. Tai thdi
diém t, = 2s, hay tim van t8c tuyét déi ,
gia t3c tuyét 48i clia diém M.
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3.3.9, Mét 8ng tron ban kinh R = 1
m quay quanh truc O véi van tdc goc
khéng d8i w, = 1 rad/s. Trong 8ng cb
diém M dao dong quanh diém A theo
luat o = sin xt (hinh bai 3.3.9), Xac
dinh gia téc tuyét ddi cha M & thdi

g 1
diém fa= Zg S.

3.3.10, Tam giadc vudng OAB quay
quanh truc O vdi van toc gbc khong
d8l w, = 1 rad/s. Diém M chuyén

déng tir A dén B véi gia toc khong d6i

bing 2cm/s?, van téc bang khéng.
~ Tim van toc tuyét déi va gia t8c tuyét
ddi chia M 4 thdi diém (Hinh 3.3.10)

t= %s. biét luc nay OB =1m

3.3.11. Nlfa dudng trén ban kinh R
quay quanh truc song song v&i dudng
 kinh AB vdi van téc -géc » = hang.
Khodng cach gilta truc quay v8i AB
bing 2R. Trén dudng trdn c6 diém M
chuyén déng ti A d&n B vdi van téc
tuong d6i u = hang.

Tim vén toc tuyét ddi va gia toc tuyét
ddi clia di€m M & thai diém ddu va 8

thdi diém nd da “di" duge 1/4 vong

tron.(Hinh bai 3.3.11.)

Tra Isi: V =+u’ + 4R’

4
W = \/43“(»" +;;—2+'4u2m2

q

V =+’ +4R’0* ; w:%—sz

Hinh bai 3.3.9

e

[y

AL

7t

Hinh bai 3.3.11
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3.3.12. Cho co cau didu tiét ly tam
Watt. Luc khao sat, truc quay c6 van

td¢c gbc @ =%rad)s. gia téc gbc e =1

rad/s?, cac thanh treo qua cau ¢ van
t6¢ gbe

©= %radls, gia 15¢ géc &, = 0.4

rad/s?; a = 45°
Tim gia tdc tuydt d8i chia qua cau.
Biét £ = 50 cm, € = 5 c¢m (hinh bai
3.3.12)

Tra 13i: w,= 293,7 cm/s>.

3.3.13. Mt can truc chuyén dong
trén dudng ray vdi gia téc w, dong
thi quay quanh truc thing dimg véi
van t8c o. & ddu cudi A clia canh tay
can truc, ngudi ta cdu vat nang, chiéu
dai day treo thay ddi theo luat z =, -

%wztz (w, = hang). Cho OA=R
Tim gia t8c tuyét d6i cla vat nang &

thai diém OA song song vai dudng
ray (hinh 3,3.13.)

Tra i w, = J/(w, - Ru? )% +w?

Hinh bai 3.3.12

78 A 77 A

Hinh bai 3.3.13

3.4 CHUYEN PONG SONG PHANG CUA VAT RAN

Vian dé cinchuy

Chuyén dong song phing clia vat ran la chuyén déng ma méi diém
thuée vat chi chuyén dong trong mot mat phing song song vdi mét

phing ¢& dinh.
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I. Phan tich chuyén déng phing

1. Chuyén dong song phéng cb thd
phan tich thanh chuyén déng tinh tién
cling véi diém cuc A va chuyén dong
quay xung quanh cyc d6 (Hinh 3,18)
2. Phuong trinh chuyén déng :

Xa=x1(t)
YA = y1(t)
o=¢()

AB la doan thang b4t ky thudc vét.
3. Cac yéu t& dc trung cho truyén
dong song phan la : '
Vén téc, gia toc cuc A va van tdc gia
t8c gbéc clia vat

VA (X Y)

é1(561-91)

o, =P8, =9 y
trong d6 @, £, khéng phu thugc vao Hinh 3.19 -
viéc chon diém cuc .

II. V3n tdc cla diém thudc vat

1. Quan hé van téc hai diém thé hién
bang cong thic :

ﬁB:{;A-%—i;M (3.16)
trong dé: v,, L BA, chiéu cla
Vv, phu thuéc @, tris6

Vea= BA. @,

2. C8ng thirc hinh chiéu vén téc.

Chiéu hai v& clia (3.16) 1én phudng AB, ta cd:
H.chag ¥, - H.Chee. ¥, (3.17)

3. Tam van tdc tlc thdi P
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Tai mdi thdi diémhinh 'phéng c6 mot diém P, tai d6 Vo= 0 — van t6c
moi diém phan bd giéng nhu hinh phang dang quay quanh P vdi van
téc goc oy

Vg-PB. o, ; V, = PA. o

Ve _EE

Yo _ 3.18
V, PA (3:18)

d) o) )
Hinh 3.21 '
* Phuong phap xac dinh P:
111 . Gia t8c clia diém thudc vat
1. Quan hé gia tdc hai diém thd hién bing cong thirc:
a,=a,+a, +a, (319

trong do:
huéng tu B dén A
524.{ 5;;,1 = BA.o,
LBA
ag,¢ chiéu: phirhgp &, , hoic gid thiét
i, =BAs. Hinh 3.22
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2. Chay:

e NBu quy dao cla A va B 1a cong,

thi ti€p tuc phan tich:

d,=d,+d,. a,=a,+a,

o D3i vdi dia phang { banh xe, banh rang, rong roc déng), gia

tdc gbc clia dia tim duoc bang cach ldy dao ham van téc goc

- clia dfa theo thai gian:

_ doy, .

T B

Pac bigt d&i vai dia phang Ian khong truct (hinh 3.20) & day

AP =R = const :

(3.20)

€ = ‘2‘ (3.21)
Vikhindy og = }\:—R =% nén
dog 1 dV, a;

£g = 1.
dd R d R

Bal tap giai sin

I. Viét van tdc, gia tdc diém A va tam van
téc P vdi AP = const (co ciu dia lan
khong trurgt)

Thf du 3-11. Tay quay OA quay xung quanh
truc O 1am banh 2 lan khong trugt theo vanh
banh 1 ¢8 dinh (hinh 3.23), Biét r, = 0,2 m
va r, = 0,3 m. Tai thdi diém tay quay cb van
toc goc w = 1 rad/s va gia téc gbc & = 4
rad/s®, Hay tim:

- Van t6c gbc banh 2 va van toc diém B
trén vanh banh 2 (AB L OA).

- Gia t6c gbc banh 2 va gia téc diém B $o b)

Hinh 3.23
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Bai gidi

1. Phan tich chuyén déng cac khau
Tay quay OA chuyén dong quay, banh 2 chuyén ddng song

phing, diém ti€p xtic chinh la tam van téc tdc thai P. D6i vai banh 2 ta
biét V,,d, va P véi AP = const.

2. Van téc.
Dang phudng phap tam van téc tlc thdi.
- Xac dinh tam van t6¢: diém tiép xuc gilta hai banh 1 tam van téc

- Xac dinh van t8c gbc cla banh va van toc diém B. -

Vantdcbanh 2: o, =JA JOA® T+l o5 adss
PA fy Ky ]

@, NOUYC chiéu kim dong hé
Van t8c diém B:

2
Ve=BP.wy=r,f2 0, = lg—

Va c6 chidu nhu (hinh 3.23a)
3. Gla t6c

- VI AP = const (cd ¢t banh 14n khéng truct ) nén theo (3.21) ta

cb gia t6c gbe banh 2:
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_ay _OAe_(r+1,)

2TAPT AP
g, thuanchiéu kim dong hé

=10rad/s?

- Chon diém a lam cue, bidu thic gia téc:
dp =8p +8j g + EEA (a)
a% hudng vé O, ai = OA.®? = 0,5 m/s’
al 1 OA, chiéu phli hgp €;a}, = OAe=2m/s?
8,5 hUdng B vé A, al; = BA.@,2 = 1,25 m/s?

ag L OA, chiéu phu hap &, ;ag, =BAs, =2m/s?
- V& cac vecto gia tdc nhu hinh 3.23b.



- Tinh ag; @5 chua biét phuong chiéu, duge phan tich hai thanh

phan vuéng gée. Tri 8 tim dudc bang céch chiéu hai vé cla (a) 1én
hai truc vuéng gbéc:

ag, =2, + ape = 3,25 m/s’
ag, =-aj +a;, =1,5m/s?

a = /a5, + a5, =3,58 m/s’

IL. Bigt van t3¢, gia tdc mét diem va quy dao diém khac (Co cau
phanh} o .
Thi du 3.12 Cé co c8u bdn khau nhu hinh 3.24. Cho: OA =,
AB=2r,0B = 2r3. Tai thoi di€m thanh OA thAng diing, cac diém
0, B, O, cling nam trén dudng ngang , khi dé tay quay ¢6 vén téc o,
va gia t8c géc €, = mﬁ«/ﬁ . Hay xac dinh van t8c géc va dia tdc géc
" ctathanh AB lic d6. o -

Y]
N

W,
80,

2) Hinh 3.24 b)

Bai gidi.
Thanh OA va O,B quay xung quanh céac truc cd dinh, Thanh AB
chuyén ddng song phéng. D3i v8i thanh nay, ta biét duge dac trung

chuyén dong clia hai diém : V,,3, va quy dao B

1, Van tdc

Co thé dliing cac phuang phap tinh van toc sau:

a,Tam van téc tic thdi; - Xac dinh tam P, bigt ¥, L0A; vV, 10,A,
do d6 tir A va B ké cac dudng tuong (ng vudng goc véi v, va v,

giao diém ciia hai dudng nay la tAm van toc tic thoi P, d day P triing
véi O (hinh 3.24), ~
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- Xéc dinh van 16c géc cac khau va van téc cac diém:
Di€m A thudc 0A nén: V,= raog
Mat khac thudc AB nén: V,= PAwae
Do d6 van tdc gée khau AB 12
V, ro
WA= £ = 8 =
vV, r
Piém B thudc AB nén:
VA= PB.(DAB = \“Jga)o

Mat khac, B thudc BO, nén: Vg = BO;, g,
Do dé van t3c gbc khau B, 1a:
oy, = 1By _ay

% B0, 2rV3 2

b. Cé thé diing quan hé vén tdc hai diém: -
Chon diém A c6 chuy&n déng da bist [am diém cye.
Biéu thirc van téc 1a:

0

V,=V,+V,,
7, LOA, V= ro,
'§,, LAB, Vax= ABoa chufa blgt.
v, 10,B, Vp= BO,wg chua biét.
- V& céc vectd van téc, dua vectd V, vé B (hinh 3.24a)

- Tim tri 88 Vga va Vg tri s8 Vi, Vea, Va 1a 38 dai ba canh clia tam giac
vudng (o = 30% nén:

Y] vV
Vo, =—2—=2ro,; V,=—2=rJ3w,:
B Sing S0t e T g V3o,

V 14

SUY 1a: 0= L =0, W, = =
AR B, 2
¢. C6 thé diing cong thifc hinh chigu van téc dé tim VH :

Ta c6: H.chye. ¥, = H.chug. ¥, hay I3; V5c0860°= V,cos30°

@y

Suy ra: Vp= .r\/ 5(00
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2. Van tée

Dung phuong phap tam van
t8c tic thai.

a) Xét banh 1
(banh [an khéng truct)
-Xac dinh tam van t8c: diém
tiép xtc gilta 2 bénh la tdm van
t8c tic thdi P, cha banh 1.
-Xac dinh van téc gdéc banh 1
va van tdc diém B:
Van téc géc banh 1:

Hinh 3.25a

o = vV, =2rw0=2a)
I RA r 0

@, thuan chidu kim d6ng ho.
Van téc diém B:
Vp=PBw=2r /20, ;

v, L P,B, chiéu phu hgp véi o,

—

b)Xét thanh BD, biét ¥, va quy

dao D (vong tron tam C)

-Xac dinh tAm van t8c tdc thoi.

Tir B va D ké cac duding tudng (g vudng géc véi 77, va ¥, , giao
diém clia 2 dudng d6 la tdm véan toc tirc thdi P, clia thanh DB.& day

SR
2

-Xac¢ dinh van téc gbée cla thanh BD va van téc diém D:
vV 4r

Van téc goc clia thanh BD: @, = ——=—a),; ®,, ngudc chiéu

PB 1
kim déng hd.
Ap dunghé qua hinh chiéu tim Vp;
= H.chgpo. 17,) hay 1a: Vgcos45°= Vycos45°

-

H.chgp. V,
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Vp=Ve=2rv2 @,; ¥, c6chiéu nhud (hinh 3.25a)

Suy ra vén téc goc thanh DC:

V, 2r2

I 1

m}'!(' = - o
' DC l

@ e nUde chidu kim déng hé.
3. Gia t6c: Xét banh 1:

Vi AP, = const (co c8u banh lan

khéng trugt) nén theo (3.21) ta

cd gia t8c banh 1:

Hinh 3.25b

e=24-9
r . .
-Chon diém A lam cuc, ta 6 biéu thitc gia toc :
- -+ - -
_ ag = Ay + Ags + Aga
a" huéng ti A dén O; aj = OAW, =2r w}

aj, hudng tir B dén A; af, = BAw? =4re?

a' LBA a,, =BA& =0
-Vé cac vectd gia tdc:(hinh 3.25b)

-

-Tinha,:Vig), L a,, nén: . _ A
a,=.f(a}) +(a’,) = 2\/§ra);

Chu y: Mudn tim &, va &£, ta xét thanh DB va chon diém B lam

- - -» )
r

cucia,+a, =a,+a,,+a,
frongdé: a;, = DB, a, = DC g,
Thi Dy 3-13. Hé rong roc nhir hinh 3.26a.
& thasi diém khdo sét, vat I dudc nang Ién vdi van tsc V1, gia téc .

Vat IT ha xudng vdi van tdc V2 , gia t8c az. Tim van tdc goc, van tée
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va gia t6¢ tam C cla rong roc di déng ban kinh R va gia t&c diém B
trén vanh cla rong roc di déng.

Hinh 3.26a

Bai giai ;
1. Phan tich chuyén déng.
Vat 1 va 2 chuyén déng tinh tién, 2 rong roc quay xung quanh truc ¢&
dinh. Réng roc di ddng chuyén dong song phéng. Khi khdng c6 trugt
git’a day va rdng roc thi trj 6 véan t6c clia vat néng bang tri s6 van tde
diém tiép xvic; tri 88 gia t6c vat nang béng tri s8 gia tdc didm tiép xue,
nghia la: o S
V.=V, a=a,
V=V, a,= a;i
2. Van t6c, Trén rong roc déng ta biét van toc 2 diém do db xac dinh
duoc tam van tdc tdc thai P ( hinh 3.26a)
Van t8c gdc clia rong roc la:
Ve VYtV VitV
PB PA PB+PA 2R
- Van téc tam C. Do tinh chat dang dang (hinh3.26a) ta co:
v, -V, V.-V

Ve=-2—4=
‘ 2 2
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Néu Vy>V,, tdm C dang dugc nang 1&n; néu Vo <V; thitam C sé ha
xudng; néu Vo=V, thi Vs =0.

3. Gia toc:

Biéu thitc (a) dang cho bat ky thdi diém nao,

. T

nén theo (3.20) ta cé gia t6c goc cla rong  ,9ac
roc: ac
B .

da) 1 4 a, +a Ogc
- = —_— V = 1 2 B O
Al SR SRR ey A
8 thuén chiéu kim déng hd. :
VicC chuyen ddng thang nén gla téc cung
phudng vdi van tdc, ti biéu thic (b) ta cé:

d d{V, -V a,-a
a(.:;lf'(.=g( > 2}: '22

Hinh 3.26b

Néu a,>a, thi a, hudng Ién,

- Chon diém C 1am ey, ta ¢é gia téc dlé’m B;' .

— __.

a, =a, +am + ay,

——

a,. hudngtirB dénC

V o+ V, ]’ _ (Vi)

agc=B'C.m’=Rl[ = R

a,. 1 BC, chiduphlhop €

a,+a,
2 .
- Cac vectd dudgc vé nhu hinh 3.26b

ags = BC .e =

Tinh tri s§ @, . Chiéu hai v& ctia {c) Ién hai truc vudng goc:

2
- n _(V1+V2)
Bgy = 8pc = AR
S a,-a, a,+a
ag, =8; +aApe = 2—L 412 =

a
2 2 2

Gia téc diém B: a, = /a2, + a?,
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Bai tap cho déap sé

3.4.1. Bia phéng c6 banh kinh R = 0,5m
lan khéng trugt theo mit ph&ng nghiéng.
Tai thai diém khao sat cla dia c6 van téc
Va =1 m/s va gia tdc a, = 3 m/s?

Tim : - Van tdc cla did, van téc cac
diém C, D, E.
Gia t6¢ géc clia dia, gia tdc cac diém

B, C Biét BD LCE, CE song song v6i

mat phé&ng nghiéng (hinh bai 3.4.1.)

3.4.2, Cd cdu hanh tinh cé tay quay
OA quay v3i van téc gbc w, = const lam
cho barh I ban kinh r 13n khéng truct
theo vanh trong cla banh ¢8 dinh, ban
kinh R = 3r (hinh bai 3.4.2)

Tim : ' -
Van téc cac diém C, D, E thudc banh 1.
Gia t8c cac diém B, C. Cho BD L CE.

3.4.3, Mot dia phing dude cudn bang
mot sgi day cd mdt dau B ¢6 dinh, Bia co
ban kinh r roi xuéng khéng van téc dau
va md dan day ra (hinh bai 3.4.3)

Tam van téc dia ¢ van toe

= %1/3gh

trong do, h 1& khoang céch cla tam dia
tir vi trf dau dén vi tri bat dau khéo sat.
Tim van tdc clia cac diém D va E. Biét
DE 1LCH

3.4.4. Tay quay OA = 3 m quay déu

quanh O v6i van t8¢ © = /35" 1am cho

con lan, ban kinh R =. 1 m [an khong
truct trén dudng ndm ngang.

Hinh bai 3.4.3

81



Luc d6 ¢ = 60% <QAB = 90°. Tim
van toc va gia téc cac diém B va M (Hinh
bai 3.4.4)

Tra Idi: V,, = 6 mfs; Vy = 642 mis
W, =18mis?; Wy =182 m/s?

3.4.5. Con 1an ban kinh R lan khong
trugt trén dudng ném ngang truyén
chuyén doéng cho mét con trugt B chay
trong ranh ngang nhd thanh AB dai {.

Khi diau A & vi tri cao nhét, tdm O
cb van tdc v, va gia t6c w,. Tim gia tc
cla diém A, diém B va gia t8c géc cla
thanh AB llic &y, biét OA = R/2.

(Hinh bai 3.4.5.)

Tra ISi:
Wo == —Wy, V@ W= Yo
ax 2 0 ay 2R
3 3wl -
Wg = —Wp- —F/————, s
2 2,(4}2 _9R2 : Hinh bai 3.4.5.

2

W o
€= —————
N T C

3.4.6. Con l&n 2 tang ban kinh

R = 20cm, va r = 10cm l&n khong [ 7
truct trén dudng ndm ngang. Tang nhd {— T —— -
dugc cudn vao mét sgi day va budc vao -

vat M. Tim gia t6c diém cao nhat A lic T
t = 1 gidy biét rdng vat M rdi xuéng vdi
van téc v = 3 t(m/s) (hinh 3.4.6)

Tra 16i:

w, = 4+/26 m/s? 1ap v6i dudng thing ding mét gbc B; cos B = 5//26

Hinh bai 3.4.6.
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“‘Chuong 4

CO CAU PHANG
4.1 CAU TRUC VA XEP 'L\oal CO CAU
" 4.1.1 Xép loai khdp dong
Vén dé ¢in chii y

1. Khép ddng la chd ndi ddng giita hai khau, nhd dic diém tiép
xtc hinh hoc tai ché ndi (thanh phan khép déng) trén mdi khau ma
khdp ddng cé tac dung han thé bt bac ty do tu’dng déi déc lap gitra
hai khau.

2. Can cf vao dac diém tié'p xUc hinh hoc cla khdp dé_ng, co thé
phan loai khép déng nhu sau

- Khép cao : ti€p xuc di€m ho#c du’dng

- Khép thdp : tiép xtic mat.

3. Can clr vdo tac dung cla hép dong, tirc la bae ty do twong ddi
déc 1ap gilta hai khau bi han ché, cé: :

- Khdp loai 5 : han ch& 5 béc tu do tuang ddl dge Iép glu‘a hal
khau

- Khdp loai 4 : han ché 4 bac ty do terng d6'| déc Iép gitta hai
“ khau

4, Vi thé mudn xép loai khdp ddng, thucng dat hé toa dé (Décac
ho#c toa d6 cuc) vao chd tigp xic (hodc tdm khdp déng, hodc trén
moi khau ,...) ma xét bac tu do tuang d6i doc 1ap bi han ché clia khau
no dsi vdi khau kia.

Bai tap giai san

4.1.Xép loai va v& lugc d6 khdp ddéng (hinh 4.1a), sau db xét
trudng hop bién thé khi tam O clia khdp d xa v cling.

Giai:

Hai khau ti€p xGc véi nhau bang mét mat try (hinh 4.1a) tao hanh
mot kndp thap va gén véi khau 1. Do dic diém tigp xGc hinh hoc clia
khdp, chi ¢6 mdt kha nang khau 2 quay quanh tryc z: Qz khong bi
han ch&, cdn 5 kha nang : khau 2 tinh tién theo ba truc : T,, T,, T, va
quay quanh hai truc Q,, Q, déu bi han ché. Nén day la khdp loai 5,
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con goi la khép quay, hay ban I&, vai luge dé khép déng nhut & (hinh
4.1b) '

Néu tam quay O clia khép & xa vé cung thi mét tiép xuc trd thanh
mat ti€p xtic phang (hinh 4.1c) nén cling la khép thap: kha nang Q,
tré thanh T, va cling la khdp loai 5, con goi !a khép tinh tién véi luge
8, khép déng nhut (hinh 4.1d)

Hinh 4.1 -

Hai loai khép thdp nay duge dung phS blén nhat trong co cau
phang va trong thuc t& ky thuat .

4.2. X&p loai va v& ludc dd khép ddng (hinh 4. 2a) Xét trudng hop
bi€n thé (hinh 4.2c) néu gan chét vao khau 2, xé ranh trén khau 1.

" Gidi: -

Hai khau tiép xtc v6i nhau béng mot mat cau (hinh 4.2a) tao
thanh mdt khép thap. Bat mét hé truc Oxyz vao tm mét ciu va gan
v8i khau 1, khau 2 chi ¢ ba khd nang chuyén déng quay tudng doi
ddc 1ap vai khau 1 : Qx, Qy, Q,: ba kha nang chuyén déng tinh tién
T, T, T, déu bi han ché do mat cau ngoai.clia khau 1. Vay day l1a
khédp loai 3, con con goi 1a khdp céu véi luge d6 khdp dong nhu (hinh
4.2b)

Néu gén chdt vao khau 1 va xé ranh trén khau 2 (hmh 4.2¢c) thi
thém mét trong hai khd nang chuyén dong quay Q, hoéc Q, bi han
ché, chi con hai kha nang chuyén ddng quay Q, va Q, (Q,) viQ, va Q,
khong phal (& hai khd nang chuydn dong déc 1ap d6i véi nhau nén
khdp cau chét la khdp thép, loai 4 voi luge dé khdp ddng nhu (hinh
4.2d).
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Hai loai nay thudng dung trong ¢d ciu khéng gian hodc cd ciu
phéng.cho phép do hd nhat dinh

e ~/z

Hinh 4.2
4.3, X&p loai va v& lugc a6 khdp ddng (hinh 4.3a). Xét trudnghap
bién thé (hinh '4.3c) néu mat tiépp xdc clia hai khau lai & mat rang
than khai cla cip banh rang thang 3n khdp khit.

Hinh 4.3

Gigi :

Hai mat try ti€p xGc ngoai theo mdt dudng tao thanh mét khdp
cao. Pat mot hé truc toa dd dudng tiép xuc va gidi han viéc xép loai
khép trong mat phdng xOy (hinh 4.3a), vi thé ¢6 ba kha nang chuyén
dong : T,, Q,, Q, bi han'ché s@n. Ngoai ra do phal ddm béo ludn tiép
xuc theo dudng song song vdi truc z nén khau 2 chi ¢6 hai kha nang
chuydn ddng I3n trén khau 1 tie 13 quay quanh truc z; Q,va truct trén
khau 1 tdfc 12 tinh tién theo mit try clia khau 1 :T, (T,) hay T,(T,) phu’
thuéc vao nhau qua lién hé clia phuong trinh mat tru. Vi ti€p xdc
duting va ¢ bén han ché nén 1a khap cao, loai 4, vdi ludc dé khap
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ddng nhu & (hinh 4.3b). Khdp dong clia cac cd cdu cam va banh réng
tru thing thudc loai nay.

Hinh bai 4.1.4 Hinh bai 4.1.5

Bai tap cho dap sé :

4.1.1. Xép loai va vé& luge dd khdp dong gilta & truot va truc tron
(hinh bal 4.1.1a) réi suy ra trudng hop truc cé gd (hinh bai 4,1.1b)

4.1.2. X&p loai va so sanh cac khdp dong gia hinh cau tigp xuc véi
_mang try hinh cau chét (hinh bai 4.1.2a) tigp xuc véi mang tru xé ranh
(hinh bai 4,1.2b)
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4.1.3.X8p loai va vé lugc da khdp vit (hinh bai 4.1.3)

4.1.4. X&p loai khdp dong tai ranh truct chr V (hinh bai 4.1.4a) so
sanh vdi mat phing (hinh baid.1.4b)

4.1.5. Xép loai khdp ddng giifa hai hinh xuyén tron 18ng khit véi
nhau (hinh bai 4.1.5)

4.1.6. Hay bidu thi khdp ddng (hinh bai 4.1.1a) thanh khdp déng
loai 6 va khdp dong (hinh bai 4.1.2a) thanh khép dong loai 1, rdi loai
0.Co thé€ co khdp dong loai 6 va khdp dong loai 0 duge khong?

Tai sao?
4.1.2 V& lupe d6 dong va tinh béc tirdo cua co cdu phing

Vandécanchuy ’ » o

1. Mudn v& luge d6 khdp ddng phai cin cir vao nhimg kich thudc
ééng (khoang cach gilta cac khdp ddng antv hudng @én ‘tinh chét
déng hoc va dong lue hoc cia cd cau), s8 khau dong, s8 khdp ddng
va loai khdp dong (anh hudng dén kha ning chuyén dong cla co
cdu). So v&i hinh v& cdu tao thuc clia ¢o ¢au, nhung y8u t& néu trén
khéng thay d6i, nhung viéc nghién cltu vé nguyén ly. may don gian
hon. o f

2. Hau hét cac co cau phing ¢6 thé sif dung cdng thitc sau day
dé tinh béac tu do:

W=3n - 2p; - ps + R — W,

trong do:

n — s khau déng;

ps — 56 khdp 5 thap;

ps — s6 khdp 4 cao;

R, — s8 rang budc thira (rang budc dua vao trong cd cu qua
nhimg khau va khéng dnh hudng dén kha nang chuyén déng va chi
tang cudng dd bén, dé chinh xac co cau) thudng nhan biét qua nhimg
c4u tao kich thudc dic biét (bang nhau, song song, doi mét...),

T4t nhién phdi xac dinh cac yéu t& trén mdi tinh ra bac ty do cla
cd cdu phang theo cong thifc da néu, trif hai trudng hop:
- CO cdu chém phang toan khdp tinh tién;
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| - Cd cau tam tich, ¢d cdu banh rang phang n khdp khit.
Bai tap giai sén

4.10. Vé luge do tinh bac tv do clia cd c8u trén (hinh 4.4a) (déng
cd d8i trong) va so sanh nguyén ly céu tao véi cd céu trén (hinh 4.4c)
{may dap léch tam)

Gidi:

Trong cau-tao_thue clia déng co ta thdy: ap luc khi Gt day pittong
(con trugt 3) di xudng, qua tay bién (thanh truyén 2) khi€n truc khuyu
(tay quay 1) quay. Cd cdu cb 3 khau ddng, n = 3 vdi cac kich thudc
déng 1a CB, AB, AC va 4 khdp, 3 khép quay (gitra 1 va gid), B (gilia 1
va 2 ), C {giifa 2 va 3), 1 khép tinh tién(gita 3 va gia) déu 14 khdp
thép loai 5. Béng thdi cac khau trong cd cdu déu chuydn dong trong
cung mot méat phang nén cb jugc dé nhu (hinh 4. 4b) D6 1a ¢o cau
tay quay con trugt véi bac tu do: L

Hinh 4.4

Hoan toan phan tich tuong ty, ta thdy vé mat nguyén ly cdu tao (ludc
dé dong, bac tu do) cha co cdu may dap léch tam (hinh 4.4c va hinh
4.4d) khong khéc cd cau dong cg dbt trong (hinh 4.4a va 4.4b),

4.11. V& luge d8 ddng, tinh bac tu do clia cd cdu may bao ngang
(hinh 4.5a) va so sanh nguyén ly cdu tao vdi cd cdu may bao ngang
trén (hinh 4.5¢) (bd thanh truy8n 5 va thém con trugt 7)
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b)

4l

Hinh 4.5
Gidi: . . _

Trén cdu tao thue clla may bao ngang (hinh 4.5a) ta thdy: chuyén
dong tir dong oo truyén dén banh rang 1 ndi véi gia mot bang khap
quay A rdi qua khdp loai cao B clia hai banh rang 1 va 2, banh rang 2
n&i véi gia biing khdp quay C. Trén banh ring 2 1&p con trugt 3 béng
khdp quay D, truct tron culit 4 nhé khdp trugt D gilia 3 va 4, culit kéo
thanh truyén 5 1am dau bao tinh tién trén gia nhd cac knhép quay E
{gilta 4 va 5), F (gita 5 va 6) va khdp trugt G (gilta 6 va gia). Ngoai ra
& phia cudi culit ndi vdi gia bang khdp quay H. Vay ¢o cau cb sé khau
ddng n=6, s6 khdp loai thadp ps= 8 , s6 khdp loai cao p,= 1. Qua céc
kich thuéc déng AB, BC, CD, DH, EF, GC, CH ta biéu dién Iugc dé co
cdu may bao ngang & (hinh 4.10a) nhu trén (hinh 4.5b) va tinh dudc
béc tu do clia co cau:

- W=3n-2p;-P,=36-28-1=1

So sanh may bao ngang g hinh 4.10c b thanh truyén 5, thém con
trugt 7, tdng s6 khau déng khong ddi, bét khdp quay F, thém khép
trugt H ( gilta 4 va 7) d&u 14 loai 5 nén téng s6 khdp va loai khdp ciing
khéng ddi, do d6 bac tu do khdng ddi, chi cé lugc dé thay ddi nhu
(hinh 4.5d).

4.12. V& lugc dd dong, tinh bac tr do cla co cau bam méd (hinh
4.6a) va so sanh vdi ¢o ciu bom hinh {4.6c).

Gidi:
Trén cau tao cla ¢ cdu bom md (hinh 4.6a): tay quay 1 ndi vdi
thanh truyén 2 {(cé téc dung nhu mét pittdng) bang khép quay B:
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thanh truyén 2 vifa quay theo, vira trugt trong khau 3 (cé tac dung
nhu mdt xilanh) nhé khdp trugt C; gia( 1a than bom) ndi vai 1 va 3
béng nhitng khdp quay: A va C. Tat ca déu la khdp thdp. Ps= 4. Qua
cac kich thude ddéng AB, BC va AC luge @6 déng clia cd cdu bom md
dudc bidu dién nhu (hinh 4.6b). Bac tu do ca ¢o cau:
W=3n—-2p;-p,=3.3-2.4-0=1

Ciing phén tich tudng tu cd ¢&u bom (hinh 4.6c) vi thanh truyén
2 12 moét xilanh va con trugt 3 [& mét pittdng, ta thdy Iuge 46 dang va
bac tu do khéng d8i (hinh 4.6d)

Hinh 4.6

4.13. V& lugc d6 dong va tinh béc tu do cd c&u ndi tryc ondam
(hinh4.7a) '

Gidi: )

Trén cdu tao thuc clia cd cdu néi truc ondam (hinh 4.7a) Gé
truyén chuy&n dong gitra hai truc song song canh nhau mét khoang
00" = ¢, ta thaly truc O gén trét vao dia 1, dia nay ¢6 ranh truot dé go
trugt clla dia 2 chay trong dé, tao thanh khdp trugt B. Cau tao clia dia
2 v6i hai g3 thdng gbc dudc v& trén (hinh 4.7b). Tuong tu , gita 2 va 3
c6 khdp trugt C, con gia n8i vdi hai truc O va O' bang hai khdp quay
O va Q' . Vay s& khau ddng n = 3, 88 khdp loai thap ps= 4. Qua kich
thudc dong 00, luge dd cha cd cdu ndi truc ondam dudc vé trén
(hinh 4.7¢). Bac tu do clia ¢co cau:

W= 3n-2ps - p4
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Hinh 4.7 _ ‘
4.14. V& luge d6 dong va tinh béc ty do clia co cdu banh rang vi
sai (hinh 4.8a). Xét trudng hgp khi banh rang 3 ¢6 dinh. o

Hinh 4.8

Giai:

Trén cdu tao thuc ca cd cau banh rang vi sai: nhiing dudng tam
O, va O, clGa hai banh rang trung tam 1 va 3 clng nam trén mot
duang thang va ¢b dinh, con dudng tam clia hai banh réng vé tinh 2
va 2’ — hai banh rang nay néi cing vdi truc clia chiing quay theo can
C quanh O, va O,. S6 khdp déng n=4, s8 khop loai thap (déu la
nhiing khdp quay) ps = 4 ( tai O ¢b hai khép theo dinh nghia clla khdp
dong — 1a chd ndi déng gilia hai khau). Nhu da néu trong bai tap 3, s6
khép loai cao p, = 2. Kich thudic dang la khodng cach truc va ban kinh
vong lan clia cac banh rang. Lude d6 dong trudng hdp nay vé trén
hinh 4.8b va cd cau banh rang vi sai cd bac tu do la: '
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W=3n-2ps-p;=34-24-2=2

Khi c& dinh banh rang 3( mét trong hai banh rang trung tam) cé
¢ co c8u banh rang hanh tinh. S8 khau dong giam 1, s khdp quay
gidm 1 ( tai O,).Lugc dd déng dudc vé trén (hinh 4.8c) va béc tu do
cla co clu banh rang hanh tinh 1a:

W=3n-2p;—p,=3.3-2.3-2=1
Bai tp cho dap s8: | |
4.1.6. V& lugc d6 déng, tinh bac tu do ¢o cdu may bifa rom

{hinh bai 4.1.6a) va so sanh vdi co cdu cau truc cang (hinh bai 4.1.6b)

4.1.7. V& lugc 6 déng, tinh béac tf do co cau clia 6td buyt
(hinh bai 4.1.7) '

Hinh bai 4.1.7 Hinh bai 4.1.8
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4.1.8. V& lugc do dong, tinh bac ty do co cdu may cua dia di dong
(hinh bai 4.1.8)

4.1.9. V& lugc d8 ddng, tinh bac tu do co cdu banh xe dau may xe
ICta (hinh bai 4.1.9)

Hinh bai 4.1.9
4.1.10. V& lugc d6 ddng, tinh bac ty do c¢d cdu may bom nudc
(hinh bai 4.1,10)
4.1.11. V& luge dé dong, tinh bac tu do ¢o ¢&u manto
(hinh bai 4.1,11) ,
4.1.12. V& luge d6 ddng, tinh bac tu do co cdu vé elip
(hinh bai 4.1.12.)

.

Hinh bai 4.1.10  Hinh bai 4.1.11 Hinh bai 4.1.12

4.1.13. Vé luge dd ddng, tinh bac tu do cla ¢ cdu may nén (hinh
bai 4.1.13a, b). Hay phan tich xem mbi may hdp bdi nhilng co céu
don gidn nao? Tir @6 suy ra phai thém-hodc bat moét nhom nhu thé
nao thi bac tu do ctia co céu 1a khéng ddi.

4.1.14. V& ludc d6 dang, tinh bac t do cla hai cd c&u may bao
(hinh bai 4.1.14a, b). Co 'nh'c_'an xét gi vé nguyén ly cdu tao cla hai cd
cau dé, '
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4.1.15. Xac dinh bac tu do clia cac co cdu va két cau cho nhu
(hinh bai 4.1.15).

Hinh bai 4.1.14

ANV

Hinh bai 4.1.15

4.1.3 Xép loai co cdu phang
Van dé can lvu y

1. Muc dich cla viéc x&p loai co ciu la dé hé thdng héa viéc
nghién ciu, (mg véi titng loai ¢é thé st dung nhing phudng phép
nghién clu ddng hoc thich hdp .
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2. Dua vao d4c diém céu tao (s6 ludng, cach sap x&p cac khau,
khép trong luge 66 co cdu) clia nhiing nhém tinh dinh (1& nhilng nhom
c6 bac tu do bang khong- con goi 13 nhdm Axua) dé xép loai ¢cd cau,

Loai clia nhém 1a sé canh da gidc nhiéu nhat tao nén bdi cach ndi
nhimg khdp clla mdt khau, hodc hgp bdi nhiéu khau lién tiép, mdi
khau la mét canh.

Bac cla nhom 1a s8 khdp chd trong nhom.

3. Loai cd cdu la loai clia nhém finh dinh c6 loai cao nhat tach ra
t cd cau dé ( Theo nguyén ly hinh thanh cd cau, gom nhing nhém
tinh dinh ndi vdi nhau, véi khdp danva gia).

4. Mudn xép loai phai tach co céu thanh ttmg nhém: tinh dinh (nén
tach tif nhém xa khau dan trudc, nhdm don gidn trudc). Méi an tach
xong mot nhém, phan con lai van 14 mét cd cdu, nhung dan gidn hon,
cudi cling chi con lai kh&u dan ndivéi gia (t0c 12 cdn Jai ¢d cdu ioai 1).

5. N&u khép cao trong co cu, phai thay thé mdt khép loai cao
bang mdt khau va hai khép loai thdp, néu cé béc th do thu’a hoéc_
rang budc thira cling phai bd di trudc khitach.

‘Bai tap giai sin | -

4.15.Tinh béc ty do va xép loal co ¢8u déng cd dét trong xylanh
quay (hinh 4.9a). Hay v& lugc dd rigng clia mét trong ba nhanh va so
sanh nguyén 1y cau tao v6i co cdu dong cd dét trong d (hinh 4.9b)

c}

Hinh 4.9
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Gidi: .

Xitanh 1 quanh guanh tam O,, mang ba pittdng 3, 5, 7 ndi véi né
bang nhitmg khdp tinh tién vira trugt, vita quay, ba pittdng nay néi vai
ba thanh truyén 2, 4, 6 bang nhimg khdp quay A, B, C; d4u kia cla -
ba thanh truyén ndi vi gia bang ba khdp quay tai O, vi thé co cau
gdm 7 khau dong, 10 khdp thap (3 khdp tinh tidn'va 7 khdp quay)

Bac tu do clia cd ciu la:

W=3n-2p,-p,=3.7-2.10-0 =1

Dé x&p loai, ta ¢b thé tach co cau thanh ba nhém loai 2: (7,6);
(5,4); (3,2) va khau dan 1 (hinh 4.14b). Cd céu thudc loai 2.

Né&u tach riéng mét trong ba nhanh, thi du nhu ba khau1.7.6 ta cé
lugc d6 nhu (hinh 4.9¢) la mét dang cd cdu culit: culit 1 ddng thai 1a
tay quay , con trugt 7, thanh truyén 6. So sanh v&i cd ciu ddng co
céu dét trong & (hinh bai 4.1.1b) — 1& mét dang cla co cdu tay quay
con trugt: truc khuyu (tay quay 1) quay, théng qua tay.blén: thanh
truyén 2 khién pittdng (con trugt 3) tinh tién lén xudng — thi cd cdu &
hinh 4.9c clng la cd cdu nhu (hinh bai 4.1.1b) nhung tay quay Ia 1
(khau BAC). Trong trudng hop nay. viéc déi gia khong lam thay ddi
loai co cau. h -

4.16. X&p loai cd cau may bao 8 hinh 4.5b va hinh 4,5d. N&u ddi
khau dan cla clia co c8u bao & hinh 4.5d ( khau 6 dan ddng) thi loai
cd cau cb thay ddi khong?

Giai:
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& day khau dan 13 banh ring 1, truyén qua banh ring 2 bing
khép loai cao B. Hay thay thé khdp nay bang mét khau va hai khdp
loai thap: tai thdi didm tiép xuc , tim hai tdm cong clia canh rang (N&u
canh rang than khai, tdm cong nim trén vong co sd: N, va N,) va dat
thém vao d6 hai khép quay N, va N, con khau thém vao |a khau ndi
hai khép d6 (hinh 4.10), Tit @6, dude cd ciu toan khdp thip dé tach
nhém va xép loai.

Tach cd cdu trén (hinh 4.5b) thanh ba nhém loai 2: (6.5); (4.3):
(2.2) va khau dén 1. Co cdu thudc loai 2 (hinh 4.10b)

Tach co cau 6 (hinh 4.5d) thanh hai nhém loai 3: (6.5, 4.3); loai 2
(2.2') va khau dan 1. Co c4u thudc loai 3 (hinh 4.10c)

Bai tap cho dap s&

X&p loai cAc co clu d8 vE& lucc d8 tir bai 18 d&n bai 27 (xem tén
cAc cic o ciu trong phan dap s6 tuong dng d& vé luge d‘5)

41,16, Tinh bac tu do va x8p loai cd céu phdl hdi ddu may xe ILra
trén (hinh bai 4.1.16a, b} (coi bénh xe 1a khéu dén)

“/" G, ___;l@vm
7 o 7 8
o | b 6 };?nam
\ oy 3
rA' . D\_/‘-\[.O./S C

Hinh bai 4.1.16
4.1.17. Tinh béc ty do va x&p loai co cdu may dap cd khl (hinh bai
4.1.17a) va may ép thly déng (hinh'bai 4.1,17b)

D

a1 A §

A\ s
0,1 e 4

7 W&

a)

Hinh bai 4.1.17
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4.1.18. Tinh bac tu do va x&p loai cg cau dong co diézen
{(hinh bai 4.1.18)

Hinh bai 4.1.18 Hinh bai 4.1.19
4.1.19, Tinh bac tur do va xép loai cd cdu hom oxy-(hinh b&i-4.1,19)
4.1.20. Tinh béc ty do va xép loai cd c&l didu khién ndi truc
{hinh bai 4.1.20)
4.1.21 . Tinh bac tu do va xép Ioau co cau méy dét véi day. :dap khd
d3 (hinh bai 4.1.21)

Hinh bai 4.1.20 Hinh bai 4.1.21
4.1.22, Tinh bac ty do va x&p loai co c&u ¢it keo tu dong
{(hinh bai 4.1.22)
4.1.23.Tinh bag ty do va xép loai co cdu may nghién
(hinh bai 4.1.23)

Hinh bai 4.1.22 Hinh bai 4.1.23
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4.2 PHAN TiCH DONG HOC €O CAU PHANG
4.2.1 Xdc dinh vi trf va vé quy dao cdc diém trén co cdu phang
Vin dé canchu y

1 . Ngoai y&u cau vé cong nghé, cdu tao hgp Iy viéc xac dinh vi tri
va vé qu¥ dao cac diém trén cd cau con | bai toan dau tién khong
thé thiéu dugc, dé trén cd sd d6 xac dinh chuyén vi, van t8c, gia téc...
cla co ciu. .

2. Muén xac dinh vi tri, v& quy dao céc diém trén co cau phai xuat
phat tir vi trf cha khau dan kich thudc dong clia cac khau, qua phudng
phap qu¥ tich fuang giao (don gidn nhét 1a cach ¢t cung) hoac do
mau (vdi nhitng ¢o cdu phic tap hodc kich thude tuong d8i ldn) ma
lan lugt xac dinh vi tri, quy dao cac diém trén khau bi ddn (Ian lugt
tung nhom, ké tir nhém gén khau dan nhat)..

4.2.2 Xéc dinh vén téc va gia tée clia co céu foai hai -
Vin dé cdn cha 3'(

1.Van toc gia téc l& nhimg yeu o bzeu thi tlnh chat dong hoc cua
cd cau phu thudc vao cau tric cd cau,cho nén méi Ioal cd ¢iu cd
nhilng phudng phap xa¢ dinh van téc, gia t6c thich hop Vi thé trudc
khi xac dinh van t8c gia tdc phai loai co cdu .

2 . Van t8c, gia t8¢ 14 nhitng dai lugng vecto nén phudng phap
thudng dling trong ky thuat 1a phuong phap hoa'dd.vecta. Dua vao
diém &3 biét van tdc, gia tdc (thudng la mot diém trén khau dan —
hoc gia - hodc diém da xac dinh van tdc, gia t&c & budc trude) ma
viét phuang trinh vectd van tdc, gia téc clia diém cén tim, phan tich
timg yéu td clia cac vectd trong phuong trinh do, rdi gid bang phudng
phap vé hoa db vecto.

3 . Vi giai bang phuong phap vé nén can chi y tdi vigc chon ty 1&
xich sao cho phi hgp ban vé hodc ¢ thé tan dung phuong phap vé
trong khi xac dinh tri s8 cda cac vecto.
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Bai tap cho dap sd

4.2.1. Xac dinh van tdc va gia t6c clia dao béo E trong may bao
xoc (hinh bai 4.2.1a) khi tay quay 1 quay déu voi van téc gbc
w, =10s"" tai vj tri ¢, =45°. Cho biét kich thubc cac khau clia cd
cdu: i, =1, =02m1l, =l, =03m, a=035m.

Gi?i bai toan khi tay quay va culit thdng gés (hinh bai 4.2.1b).

H]nh bai 4.2.1 |
4.2.2. Tim van t8c va gi#t8c clia dao bao E trong may bao ngang |
(hinh bai 4.2.2) & vi tri @, = 60" N&U lag = lac = 0,05m, Iep = 0,12 m,
Tay quay AB quay déu véi van t8c n, =120vg/ph.
C6 nhan xét gl vé quan hé déng hoc va céu tao elia 6g Dﬁu culit ABC
4.2,3, Xac dinh van tdq va gia t5¢ cia pitiéng D trong cd ca’u
déng co dét trong (hinh ; hai 4.2.3) tal v| t @, =60".Tay quay OA
quay déu vdi van t6c géc @, =100s™", Kich thudic cae khau ly, =
0,0225m, Lsg = 0,068m, oo = 0,05m, B = 30°
4.2.4.Tinh van t6c va pla tdc diém D, ( £DBC =120°) trén con
truot 2 clia cd cdu culit tai vi trf @, =90° . Tay quay AB quay déu véi
van téc gbc @, =20s™". Cho biét kich thudc cac khau cla co cdu
(hinh bai 4.2.4) |
g =lgp =050, =0,2m
4.2.5. Tinh van téc va gig toc khau 3 clla cd cau t.inh téng mét
gbc, néu tay quay AB quay vdi van téc gbéc o, =10s™' tai vi tri
= 60°.Cho truée h = 0,05m (hinh bai 4.2.5).
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4.2.6. Tinh v&n t8c va gia téc cha diém D trong co cau ndi chir
thap (hinh bai 4.2.8) tai vi trf @, = 120° van t6c goc khau AB o, = 0
nhung €4 = 2582 Cho trudc cac kich thudce [cp = 0,18m, Ixe = 0,14m.

4.2.7 . Tfnh van tdc va gia tdc cla diém E trang cd c8u (hinh bai
4.2.7) khi blét co c8u & v| tif nhu hinh vé& biét @, = const

Hinh bai 4.2.6 Hinh bai 4.2.7
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4.3 HE BANH RANG
Vin dé cdnchay

1. Nhiing bai tap trong chuong nay gidi han & viée tinh toan ty sb
truyén clla cac hé banh réng ciing nhu van téc goc clia cac banh

rang trong h8, nghia la chf & cap téi viéc phan tich déng hoc hé banh
rang theo pham vi nghién cltu clia chuong trinh.

2. Phuong phap dé gidi nhitg bai tap nay Ja gidi tich va dé thi
vectd, thudng phai tinh bing 1 phuong phap va nghiém lai két qua
bang phuong phép con lai.

3. Khi gidi mi bai toan can chd y:

a. Vi ¢o nhiéu hé banh rang: thudng ,vi sai {(hanh tinh,vi sai kin)
va hén hdp ma cach tinh clia hé thudng khac hin cach tinh hé vi sai,
nén diéu dau tién 1a phai phan biét theo dinh nghia cla hé : hé cén
tinh 14 hé gi ? néu (&n 16n hé nay sang hé kia |1 bai toan sai ngay tu
dau. SR

b. Trong khi gidi cén phéai cha y tdi dau cla t;’( 36 truyén va van
téc goc, nghia 1a ta phai chl y tdi chiéu quay cac truc quay trong hé
(phai ap dung quy tic xét ddu hay chiéu quay tlia Banh rang phang
va khong gian). N&u [am chiu quay s& dan dén sai két qua ngay tir
phép tinh trung gian,

c. C6 thé trong dau bai khdng cho ngay s rang cla mét s8
banh rang nao d4, nhung nhd van dung nhing khai niém co ban da
hoc vé sut &n khép clia 1 ¢ap banh rang {khodng cach truc : diéu kién
an khdp dung,cap banh rang tiéu chudn hay dich chinh, &n khdp
ngoai hay an khdp trong) ma suy ra s6 réng can thiét.

Bai tap giai sdn
4,17.Cho hé bénh rang trén hinh 4.11 biét banh rang 1 quay voi
s6 vong quay n, = 200vg/ph .Xac dinh s& vong quay cla cac banh
rang 5, 4 va 4, néu s6 réng clia banh rang la:
Z,=20,7,=80,Z,=144, 7, =32, Z, =28, Z, =140.
Giai:
Theo ludec d6 ddng cho trudc (hinh 4.16), hé cb bac tu do:

102



O day banh rang 2 va can C 14 1 khau,
banh rang 3 ¢d dinh va bao gém :

-Cap banh rang 1-2 ¢b6 dudng tam
khong thay d8i vi trl trong qua trinh
truyén ddng, thudc hé thudng

- Phén cbn lai ¢b cac banh rang 4 va

4" c6 dudng tdm thay d8i trong qua XX
R 2 n - ) T
trinh truyén dong; mat khac banh rang Z,

J—-4 Zs
trung tam 3 ¢é dinh thudc hé hanh tinh, ' (AR
Vay hé da cho Ja hé hén hop (phéng).

Hinh 4.11

1) D& tinh s8 véng quay n, clia-banh rang 5 phai tinh ty s6
truyén #,; cia hé hén hap:

fig =134y

trong d6: ,
*j, |2ty s6 truydn clia hé thudng:
Z, 80
i ——E‘—=——2~a——4
2 . - .
* i, laty s8 truyén trong hé hanh tinh, tinh theo:
e n5 -nc - 25-24
I3 = =
n,-n. 2,2,
Nhung n, =0 suyra: 1——:'11i=1—isc =;—;—4l%%
hay 1- L =0,9

cs

Vay iy =i =10

TY s6 truyén ctia ¢d hé hon hgp : i, = (-4).10 = -40
va s6 vdng quay cGa banhrang §1a: n, ="iL = % =-5vg/ph

15

Dau trif chiing t6 banh rang 5 quay ngugc chiéu banh rang 1.
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2) Tirty s6 truyén trong hé hanh tinh

- ntl nc ZJ
b = A
ny,—-u, Z,
1
Nhung n,;=0suyra:1-i, 14
32
, 144 7
l4c = 1 T mA - A
32 2
‘Tinh dugc s6 vong quay clla cac banh vé tinh 4 va 4 :
. . ., n 7. 200
My =l =iy =it = (HE)@ =175vg /! ph

hy
banh rang 4 va 4 quay cing chiéu :
vdi banh rang 1. 1 Z
417. Trong hop giam téc trén Z" W.Z'z
hinh 4.12 banh ra&ng 1 chii déng quay
Vi t8c 66 n, =1560vg/ ph.Tinh s8 R

L
vdng quay n, va n, cha cac tri,ic bi

dong C va 3 néu sd rang clia cAc banh i

rang trong hop gidm t6c la: <
Z,=2,=20,Z,=2,=60 | T

Z, = 15,2, =65 - 2
Giéi -

Theo luge d6 ddng cha trudc , bac ty do clia hé la: Hinh 4.12
W=3n-2.p,~p,=34-24-3=1

(chi y ring cac banh rang 2,2 va 2" 12 1 khau, banh ring 3 c6 dinh)
Hé hén hadp bao gém:

- Hé hanh tinh véi cac banh rang 1-2,2 -3 va can C.
A

- Hé vi sai vdi cac banh rang 1-2, 2 -4 va can C,

Vi cd cdu ¢6 1 bac ti do,nén phai tinh hé hanh tinh trudce.

1) Trong hé hanh tinh ¢é :

m—h, =(_1)2‘Zs-zz
n, -n, zZ,27,

l" —
hy =
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nhung ny, =0 suyra:i, =1-——=-8

Do dé tinh dudc s& vong quay cla can C :
_n 1560

- = —1'95vg / ph
L)

¢
c

dau trir chimg td can C quay ngugc chiu banh rang 1.
2) Trong hé visai cb:
R —n, 2 242,

¢, = = (-1
el oLl

nhung da c6 r, -1560vg/ph n, =—195vg/ph va s8 réng clia cac

banh rang suy ra s6 vong quay clia banh rang 4
n 2 24,

7, - _(l)zz

nhung da cé n, =1560vg/ ph,n, =-195vg/ ph va s8 rang cla cac

-—

.c
he =

banh rang suy ra s vong quay cla banh rang 4
_n +12n, 1560+]2( 195)

= ~60vg / ph
M 13 £p
D&u trir chimg té banh rang 4 quay ngugc Z, Z,
N T T
chiéu banh rang 1. !
|
4.18. Cha hé banh rang nhu hinh 4.13 |
(vé bang nét lién).Tinh ty s& truyén i, néu i z,
cho trudc i _87 va s6 rang cac banh T 2 "Eli" L-t%:_
° ¢ hie= 68 9 Z, Z, izla
| s

1l

ring :Z, = 69,2, = 68,7, = Z, =67 -

Néu ding 1 hé banh rang thudng (vé
bling nét dit) dé néi tir truc banh rang 1 Z2 Z,
d&n banh rang 4 ma van dam bao ty s8 Hinh 4.13
truyén nhu ¢, thi ca hé sé 1a hé banh rang
gi ? SO rang cla cac banh rang trong hé
thém vao |a bao nhiéu ?
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Gidi:

1. D€ phéan tich céu tao clla hé cho trudc (v& bang nét lién trén
hinh 4.13) can chu v 1a banh rang 3 va 3 la gidng hét nhau vé mat
céau tao va chuyén dong nén chi ké 1a 1 khau ddng (46 1a 1 rang budc
thia d€ dam bdo slc bén cla hé), mat khac theo dinh nghia khép
ddng : gilta cén C va gia chi-co 1 khdp déng.

Hé bao gém:
- Hé thudng vdi cap banh rang 1-2 co ty s6 truyen
Z, 68
hy =—F5—=
. Z, 69

- Hé vi sai vdi ceap bénh rang 2 - 3 4 va can C cod quan he

W, -0, Z, _67 _

W, — 0, Z.. 67

2

D&u trir dudc xac dinh theo quy udc ky hidu chidu quay nguge rihau -
clla hé banh rang khong glan: 2/ —3-4 - =

I

@ _
. C a)C
Iy = =-1
_r
2
a)t'
N @
chu ¥ tai oy =2 va @, =2
ho Ia
_‘-Ic -1
nén iy, = i,” = -1
.
Ly
© s iR . s 68 . 67
trong d6 da biét . i, = T va iy, = r

nén tinh dugc ty s6 truyén i, cla hé:
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2 2
e = = 12
e ] 7 _62+@ 91

i, i, 68 67

2. N&u duing 1 hé banh rang thudng nita dé ndi tir truc banh rang 1
dén truc banh rang 4 ma van dam bao ty s& truyén nhu cii :
68 . 67

iy == gohu = g i = 9112

thi ca hé sé |a hé vi sai kin- chinh 1a hdp gidm téc Guliaiép.
Hé banh rang thudng thém vac 3 banh rang:1 1ap cling 1 khau
vdi banh rang 1, 4 13p cling 1 khau véi bénhjrang 4 \fé banh rang
trung gian 5 (v& nét dit trén hinh 4.13) ; vi thé vé& mét bac tu do ta da
thém vao 1 rang budc gom 1 khau déng la banh rang 6; mét khdp
thap gitta 5 va gia ; hai khdp cao gilta 5 v6i 1 va 4 . |
Pé dam béo ty s6 trqyé‘n b, = -g% thi s6 rang clia ;hé thém

vao sé& dugc xac dinh nhd sau:
3 = (—1)2.%5: =§—': =%
vay Z,=67,Z, =68 con Z, sb xac dinh theo diu kién khéc,
khong anh hudng dén tri s& clia ty s6 truyén.
Bai tap cho dap s

4.3.1, Tinh ty s6 truyén i, va khoang cach truc A cla hé banh
rang; néu cac banh réng déu tiéu chudn, an khdp dung véi médun
m = 15mm, sérangtuong (Ing 1a Z, =2, =2, =2,=2,=Z, =20
va Z,=Z,=Z, =60 (hinh bai 4.3.1). Hay nghiém fai két qua bang
phuang phéap da thi vects,

4,3.2. Tinh ty s6 truyén i, clia hé banh rang ,néu s ring ciia
chc banh rang 18:Z, = Z,, = Z, =20,Z, =30,Z, = Z, = 40 (hinh bai
4.3.2).Khdng thay ddi trinh tu &n khdp va kich thudc clla cac banh
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rang, can &p banh ring 2 trong hé nhu thé ndo dé banh rang 4 quay
cung chiéu vdi banh rang 1.

Z, Z, Z;
O 0O 0O
A PN PN
A i i i
AN NN AN FONN
2.1 Z’a Z's
2z U 2 U zU
- Hinh bai4.3.4 -

;\.
I— |~

I Zzza'zs
_|_
i
IL “nl
X — I
[*0 %]
— IV
'[ z, L H
ZyZ J

Hinh bai 4.3.3 . Hinh bai 4.3.4

4.3.3.TInh ty s& truyén cla hé va sb vong quay clia truc bi dong
(hinh bai 4.3.3) néu sd rang ¢lia cac banh rang la Z, = 26, Z, = 48, Z,
= 25, 2, = 60, Z, = 2, Z; = B0 va s6 vong quay cila truc dan déng
n, =1440vg/ ph.

4.3.4.Cho hé banh rang trong hdp s& trén hinh bai 4.3.4 vdi
8 rang cac banh rangla Z, = 20, Z, = 52, Z, = 22, Z; = 40, Z; = 32,
Z, = 41, Z,y = 67. Céc banh ring déu tiéu chudn va cling modun, sé
vdng quay clia truc dan dong 1 1a n, =1000vg/ph. Xac dinh:
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1. 58 rang cac banh rang 4,5 va 8.

2. S6 ty s6 truyén cla hé.

3.Téc db cia truc bi ddng IV ing vdi moi s8.

4.3.5, Trong hop téc d6 cd 3 banh rang di dong truot (Z,,2,,2Z;)
dé nhan dugc cac ty s6 truyén sau: i, =153, i, =28,
iis =4,316.Cac banh rang d8u tisu chudn vai modun an khop
m = 6mm va kKhoang cach truc A4 =180mm , s8 réng cac banh rang
Z, =20,Z, =40 (hinh bai 4,3.5).Hay tinh s8 r&ng cac banh réng cén
a. :
4.3.6. Tinh 88 vong phut cla canh quat C va banh ring 2 trong
cd cdu quat may (hinh bai 4.3.6) néu banh rang 1 dan ddng quay vdi
s& vong phit », = 2700vg / ph va cac banh riang déu tiéu chuén,in
khop ding véi s6 rang : Z, = 66,Z, =18 Hay nghiém lai két qua bang
phuong phép dé thi vects.

2 & &

Hinh bai 4,3.5 Hinh 4.3.6
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Chudng 5
DONG LUC HOC

5.1. DPONG LUC HOC CHAT BIEM
Van dé cén chu y
I. Phuong trinh vi phan chuyén déng clia chit diém

* Ch&t diém co khéi luang m, chiu tac - dung- cla céac luc
Fi,F 200 Fn chuyén déng vdi gia téc a trong hé qu chtéu quan tinh, ta
c6 dang thic dang vectd: ' ,

ma=2F S '

* Néu chiéu hé thic (1) 1én hé truc toa do Becac oxyz ¢ dinh, ta

du’dc phuang trinh vi phan chuyen déng clia chat d” érn 6 dang toa do

DPécac:
mX=2F,; my=2F,; mz= ZFkZ @

* Néu chiéu hg thirc (1) 1&n hé tryc toa d§ | tu nhlen I’v‘ltnb g4n lién
v&i diém m chuyén déng theo quy dao, ta dudc phuong tiirb. vi'phan
chuyén ddng clia chat diém & dang toa do tu nhién;

mS=3F, . mV?/p=2F,: 0=Fy, . (3)

* Trong trucng hop chét diém chuyén déng trong méi mat phang,
néu chiéu hé thic (1) 1én hé truc toa db doc cuc, ta nhan dugc
phuang trinh vi phan chuyén déng clia chat diém & dang toa do ddc
cuc: '

m('r'—r 6% )= 2Fe ?%(rzé)z ;er (4)

11. Bai toan thuan va bai toan ngudc

Khi dling mdt trong céac dang phuong trinh vi phan, ta c6 thé gidi
dugc hai bai toan cd ban clia déng Iuc hoc dsi véi chat diém.

Bai toan thuan: Bist chuyén dong clia chat diém, tim Iuc tac dung
Ién chéat diém hay c4c yéu té lién quan dén luc dé.

Bai toan ngudc: Biét Iuc tac dung |én chat diém va diéu kién dau
clia chuyén déng, tim quy luat chuyén déng clia chat diém.
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Ta sé 8n ludt khao sat hai bai toan db déi véi chuyén dong clia
chét diém.
Bai tap giai sdn

Thi du 5-1: Mot viat nang trong fugng P duge kéo 1én theo phudng
thang dig vdi gia téc a. Tim sttc cang T clia day (hinh 5.1)

Bai gidi:

Vét khao sat.

VAt nang dugc coi nhu mét chdt diém. Céac luc tac dung lén chat
diém d6 bao gérn: trong Iuc P, stic cang T cla day.

Ap dung dang thirc (1) ta viét phuong trinh vi phan chuyén dong
cho chét diém.

rna P+T

Chon toa @6 Oz huéng th%ng dung tU dudi Ien Chleu phUdng trinh
vectd trén 1&n truc Oz F
mi=ma=-P+T T
TU day rit ra sirc caing T clta day:
i =m(g *+ a) o aT
Nhan xét: o S
p

N&u a huéng xudng thi: T = m(g - a)

Nhu vay khi vat duge kéo en hay tha xudng l
khéng c6 gia tocthi T=P. Tanéidélalvccing 7777 47 77
finh clia day céap. Hinh 5.1

Sitc cang day trong didu kién chuyén dong c6 gia t6c clia vat nang
(chuyén d&ng khong quan tinh) béng sitc céng finh cdng véi mét Iuc
goi la phan luc déng lue.

Thi dy 5-2: Mot may bay b3 nhao trong mit phang thang ding réi
l4i ngosit 1én. & diém thdp nhat ctia quj dao, may bay ¢é van tdc
V = 1000 m/gid va ban kinh cong cla qly dao la R = 600m. Khdi
lugng clla nguai 1ai 1a 80kg. Tim ap luc phap tuyén do ngudi lai tac
dung 18n ghé ngdi d vi tri th&p nhét d6.

Bai gidi-

Coi ngusi Iai 1a chat diém M chuyén dong theo dudng cong (C), chiu
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tac dung cla trong luc P va phan Iyc R

dugc phan tich theo hai phuong tiép tuyén

va phap tuyén tuyén véi quy dao tai diém

dé (hinh 5.2)

R=T+N

Phuong trinh vi phan chuyén déng dang

vectd

ma =P+ T+N(a)

Khi chi€éu hai v& cla (a) 1én phuong phap

tuyé’n chinh, ta cé: S
=-P+N(b) ~ Hinh 5.2

2

Tu(b)tacdN= P+m% —m(—+g)" 11065 N

Vay ngudi ta da ép 1én ghé mét ap luc phap tuyén bang 11065 N,
giéng nht trong diéu kién finh ngusi &y néng gdp 14 14n. Trong di diéu
kién dy ngudi l4i, gh&, gia d8, 8 a8, ... déu phai lam viéc 4 trang thai
siéu tai trong. '

Bai tap cho dap so
I. Bai toan thuan

5.1.1, Trong qué trinh chay lén, bidu d6 van té¢ clia thang may
theo thdi gian co dang hinh thang can ma cac day I6n va'bé 1a 10 va
6 don vi (theo truc t) va dudng cao 1a 5 dan vi (theo truc V tinh béing
m/s); khéi lugng cla budng bang 500kg. Xac dinh luc kéo clia day
cap T,, Ty, T, trong ba khoang thdi gian sau : tirt = 0 dén t = 2 giay, tir
t = 2 gidy dén t = 8 giay, tirt = 8 dént = 10 gidy. Doan 2<t < 8 (g
v8i day nhd cla hinh thang.

5.1.2. Mot doan tAu hoa khéng ké dau may cé khdi Iugng la 200
tan chay nhanh dan trén doan dudng ray ndm ngang. Sau 60 giay ké
tir lic bat dau chay nd dat tdi van tdc 54km/h. Tinh (uc kéo cla dau
may |&én doan toa & chd méc ndi trong chuyén déng dé, biét ring Iuc
can chuy&n déng béng 0,005 trong luong cla doan tau.

5.1.3. Mot xe goong cd khdi Ivong 700kg dang chay xudng déc
doc theo duong ray théng va nghiéng v8i mat ngang mot géc 15° Dé
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gilf cho xe chay déu, ta dung déy cap song song vdi mét déc. Van tdc
chay clta xe 1a 1,6m/s. Xac dinh luc kéo clla day cép lic xe chay déu
va khi né ham dimg lai trong 4 s? Ltc hdm coi rang xe chay cham
dén déu. Hé s& can chuyén dong téng cong a f = 0,005.

5.1.4. M6t 6t6 chd hang, cbé khdi lugng la 6 tan chay xudng mét
chiéc pha voi t8c 46 21,6 km/h, T luc bat dau xudng pha dén luc
dig han xe phai chay thém mét quang 13 10km va cho réng khi &y
60 chuy&n dong cham dan déu. Tinh luc cang mdi day cap (co hai
day cap) budc gilf pha, coi rang day cap ludn luén céng.

5.1.5. Mot c&i sang quang thuc hién dao ddng diéu hoa théng
ditg véi bién d6 a = Scm. Tim t&n s8 k nhd nhét clia sang dé cho cac
hat quing bat dudc lén khdi mat sang.

5.1.6. Mot may bay b8 nhao trong mat phéng thﬁng dimg rdi lai
ngoat Ién. 3 diém thdp nhat cha quy dao méy bay chb van" “t6c
V = 1000km/gid va ban kinh cong clia quy dao 1a'R = 600m. Khoi
lugng clia ngudi 1ai 1a 80kg. Tim ap luc phap tuyé’n do ngUdl Iai téc
dung lén gh& ngdi & vi tri thap nhat d6 cla qui dao.

5.1.7. Mét doan tau hod chay trén mot doan dudng vong véi van
tdc bang 72km/h. Trong toa ngudi ta treo vat ndng vao mét Iutc ké 16
x0 dat thdng dimg. Khéi Itong clia vat la 5kg. Luc ké chi 50N. Xac
dinh ban kinh cong clia duding vong, bd qua khdi Iugng.clia 10 xo I k8.

5.1.8. M6t ngudi di xe dap vach nén duong cong cé ban kinh cong
bing 10m véi van téc 5m/s. Tim gdc nghiéng gilta mat phing trung
binh cla xe vdi mat ph%ng thﬁng ding va hé s8 ma sat bé nhat f,,,
gitta 18p xe va mat dudng dé bao dam cho xe chay &n dinh.

II. Bai toan ngudc

5.1.9. Mot vat ning ha xudng theo mét phang tran nghiéng mét
g6e 30° so véi phuong ndm ngang. Tai thdi diém dau van téc cla vat
béng 2m/s. Tim xem vat di dude 9,6m hét bao nhiéu thdi gian

5.1.10. Mét vat nang rdi xudng giéng md khong van téc dau. Sau
thdi gian 6,5 s ngudi ta nghe thay tiéng va dap clia vat vao day giéng.
Cho biét van t6c cla tiéng dong la 330m/s. Tim chiéu siu h cla hdm
mo.
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5.1.11. M6t ngussi 1ai tau dién bang cach md dan dién trd 1am tang
cdng sudt déng co sao cho lyc kéo tang ti 18 véi thdi gian tir gia tri
bang khoéng va méi gidy ting dudc 1177N. Tim quang dudng S toa
tau @i dugc trong cac diéu kién cho say day: khéi lugng clia toa tau
béng 10 tan, Iuc ma sat khéng ddi va biing 1,96.10°N, van téc dau
bang khéng.

5.1.12. Mét chiéc tau thuy cé trong lugng 12 P chuyén déng thing
ngang tir trang thai nghi. Luc ddy cila chan vit khéng d8i bang Q va
hudng theo hudng chuyén ddng clia tau. Lue can clia nudc ¢b gia tri

R = %kzvz. Trong d6: k Ia hé s& ty 1& va V 1a van tdc cla con tau.

Tim gia trj cla van toc gidi han va tim bidu thu‘c van toc hém theo thdl
gian chuyén dong chia con tau.

5.1.13. Mét chiéc tau 1&n dang nam yén, nhan ducc mot tronq 1ai P
thi 13n xudng sau theo phuong thing diing. Trong trucng hﬁp nay co
thé xem nhu iyc can cla nudc co gla tri ty 1& véi van toc 1an xu6ng
clia tAu R = kSV trong dé k 12 hé sS ty 18, S Ja dlén tlch hlnh chléu
bang clia con tau va V 13 van tdc [an clia con tau, Khm qung clia con
tau la m. Tim biéu thlic van tdc clia con tau ham theo thdl glan Tlm
khoang thdi glan can thiét. '

5.2. NGUYEN LY DI CHUYEN KHA DI - NGUYEN LY DALAMBE
5.2.1. Nguyén Iy di chuyén khd di
Vin dé can ch( y
1. Nguyén ly di chuyén kha df

“Di vdi cd hé chiu lién két gilr, ding va ly tudng, diéu kién can va
dd 3é co hé can bing & mot vi trl dang xét 1a t8ng cong nguyén té cla

cac luc hoat déng tac dung 1én ca hé trong moi di chuyén kha df tir vi
trf d6 béng khéng".

5A =Y F 8 =0 (1)
k=1

- B8i vdi hé chiu lién két holdman, gilt, dimg va Iy tudng diéu kién
¢an bang (1) dugc viét & dang toa do suy rdng la:
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2.8A =Q,58q9, + Q,8q, +....... +Q,dq, =)'i('.)i8qi =0 (2)
i=1

4 do Q; 1a Iyc suy réng tueng Ung vdi toa dd suy rong di q; S 12 s6
bac tu do clia co hé; 8q; [& bién phan cla toa dé g;.

II. Cac phuong phap tinh luc suy rong

* Phuong phap 1
Theo dinh nghia ta ¢cé

= ork n axk. 3yk aZk
Q, TFk—=32(X +Y +2Z
kz" " &q k;-‘( * aq, “ aq; - aq;
Nhu vay dé sl dung cohg thiic nay ta cdn tim hinh' chidu cac Iuc
hoat dong trén cac truc toa do Décac va bleu thitc cac toa do cua
diém dat cua luc hoat déng theo toa do suy rong du

(3)

* F’han phap 2

Tinh t8ng cong clia cac Iua hoat déng di chuyén khé di tuong (g
téi bidu didn dudi dang (2)

Cac hé sb diing tru’dc cac blen phan cia toa do. syy rong di sé la
e suy rdng tuong Gng.

Do cac aq;déc lap, ta c6 thé tinh riéng lLIng Iuc suy rong bﬁng
céach chon cac di chuyén khé di d3c bigt. Vi du, dé tinh luc suy réng
Q, (ng vdi toa do g, ta chon hé di chuyén kha d7 dic biét nhu sau:

8q, # 0, 53, =8, = ... = 8g, = 0, khi d6 S5A = Q,5q,

P& tim Q,, ta truyén cho hé mét di chuyén kha di, trong dé

8q, # 0, 89, = 84, = ... = 8q, = 0, khi d6 Z3A = Q,30q,
Ta lam tuong tu dsi vdi cac Iuc suy réng khac

* Phuong phap 3
Khi céc Iuc déu la Iuvc thé (tdc ta hé chi chiu cac luc nhu: trong Iuc,
luc dan hdi, ngau luc dan hdi) va thé nang cla cac Iuc thé cd dang:
[1=T{q:, ..., Qs) thi e suy rong dudc tinh theo cong thic:
Q=-=
oq;
Vi i=1,2,..,8
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I1L. Biéu kién can biing clia cd hé chiu lién k&t halonom, giil,
dimg va Iy tudng trong dang toa dd suy réng da
Q=0 i=12.., s

5.2.2. Nguyén ty Dalambe
Van d& can chu y

I. Lyc quan tinh

- Luc quan tinh cla chét diém ' - ma (5)

trong d6: m va a (3 khéi luong va gia t6c chat diém.
- Thu gon Iuc quan tinh cla vat ran chuyén dong:
* Vat tinh tien:
—.qt - : )
Re =--Mao (e
trong do: M- khéi lugng clia vat;
ac- gia téc khéi tam C.
* Tam phang quay quanh truc ¢6 dinh, vudng géc vdi tam tai O :
Re =—Mac; M¥ =J_.¢ _ ;_..«‘:(.7;);
trong 66 : J, — momen quan tinh clia tdm déi vai truc.O;
£ - gia t8c gbc chia vat.
* T4m phang chuyén déng song phang :
Re ——Mae: Mo =J, 25 (8)
trong dé : J, — momen quan tihh cla t&m dgi vdi truc qua khéi tdam C ;
£ - gia tdc gbc clia tdm phing.
II. Nguyén ly Dalambe
& mbi thdi diém ta c6 mot hé luc can biing gém cac Iuc that tac
dung lén co hé va ¢a luc quan tinh tuong (ng clia cac chat diém co hé.
- ~ql
(SFy, ZFy )=0
Hé qua: néu céac luc that dugc phan thanh cac ngoai luc va ndi luc

Fu =;; + Ek thi :

117



n —qgl
Fc+ 3Fc =0
k§1 T (9)

Smo(F) + 3Mo(Er )=0
k=1 k=1

II1. Phuong phap tinh déng

Nh3 hé qué d3 néu trén ta c6 thé giai quyét bai toan déng Iuc hoc
b&ng cach viét phuang trinh cén bang.

Trinh ty 4p dung nhu sau :

a) Xac dinh vat khao sat va phan tich chuyén dong cla ting vat
thé thudc cd hé.

b) Bat ngoai tac dung l8n co hé, dat cac luc quén tinh ctia céc vat
thude hé phli hop véi chuyén déng va két qua thu gon de o mét hé
gdm cac ngoai luc va cac luc quan tinh.

¢. Viét phuang trinh can bang tinh hoc.

d) Giai cac phuong trinh d6 v& nhan xét két.qua. - St

Chy y: doi vdi vat ran cin s dung két qua thu gon cua he luic
quan tinh.

- Bai toan thuan : khi da blét chuyen déng clia co hé tlm lch tac
dung Bn co he, dac biét quan trong 1a tim phan uc dbng e,

- Bai toan dic biét : tim diéu kién can béng tuong déi clia mot chét
diém hay vat thé nao d6 dang chuyén déong

- Phudng phap tinh déng ciing ¢6 thé gitip ta giai quyét bai toan
tim cac quy Iuat chuyén ddng (bai toan ngugc)

Bai tap cho dap sé

1. Nguyén 1y di chuyén kha di
5.2.1. X4c dinh lién hé gita
lyc P va Q trong may €p dang
ném nhu (hinh bai 5.2.1) Luc P
tac dung vao dau tay quay va
huéng vudng goc véi mit phing
chlfa dudng tam vdi truc vit va
tay quay. Budc cla vit [a h, géc x//f,wf SN W | R
dinh clla ném 1a «, chigu dai tay
quay la a. B qua ma sat, Hinh bai 5.2.1

J
o
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5.2.2. May ép thuy luc nhu
(hinh bai 5.2.2). Luc F tac dung
vao d4u tay quay OA va vudng
goc v8i nd. Dién tich xylanh trai
la S, va xylanh phai 13 S,. Tim
Iue nén Q a4t vao vat. Bist
OA = a, OB = b. B qua ma sét.

5.2.3. Sd d6 clia ¢&n ban nhu
(hinh bai 5.2.3). Tim hé thic
gilta a, b, ¢, d, ! sao cho vat can

Hinh bai 5.2.2

va déi tudng can bing nhau d

béat clt vi tri nao clia vat trén mat ban can. Khi o tcm he thirc gitta
hai trong lugng P va Q cla ddi trong va vat van.

5.2.4. CO cdu can bing & vi tri nhu (hinh bai 5 2. 4) du’dl téc dung

cla Iuc P va o xo bi nén mét doan 1a h =4cmva ty sG %:%

-,'(_. a—.}-—— i _+_:i

LT T

2z (ZI TSSO IEIINOI LIS IITIIIIN

Hinh bai 5.2.3 Hinh bai 5.2.4

5.2.5. Hai vat A va B cling trong lugng P, rong roc C ¢é trong lugng
khong dang ké. Vat D ¢é trong lugng Q. Khi hé can bang, tim hé thitc
gilta P va Q, tim hé s8 ma sat trugt gilta vat A va nén (hinh bai 5.2.5)

5.2.6. Vat A va vat B dudc ndi vdi nhau bdi moét sgi day vong qua
hai rong roc (hinh pai 5.2.6). Hai mat phang nghiéng c6 gbc nghiéng
|2 o va B. V&t C ¢b trong lugng Q. BS qua trong ludng céc rdng roc va
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ma sét. Tim céc trong ludng P, va P, cla vat A va vat B dé hé can
bang
A

Hinh bai 5.2.5 ‘Hinh bai'5.2.6

5.2.7. Cho céc hé dam nhut (h'.nh bai 5.2.7) :
Hinh b2i 5.2.7). Chol=2m; ;a=2m ;b=1m;q= 49 103N!m :
Tim phén Iuc lién két tai ngam A va diém tua B '

(Hinh bai 5.2.7b). ChoI=6m ;a=2m ;b= 1m ;C=2m; a=45°
M =1,96.10'Nm ; F = 2,94.10N.
Tim phan luc lién két tai ban 1& A ; diém tua B ; diém tya D

4 it \z: ie L c‘_b_iFAID\
R ey

b)

9)

Hinh bai 5.2.7
II. Nguyén ly Palambe

5.2.8. Mot 16i dat trén dam tya [én C va D. Khodng cach CD = 8m,
AC = 3m. Vat B nang 20kN dudc kéo 1énh nhan dan vdi gia téc
a = 0,5m/s? Tim siftc cang clia day. Tim ap luc phu lén géi C, D do luc
quan tinh clia vat ning (hinh bai 5.2.8)

5.2.9. Vat c6 trong lugng P, rdi xudng véi gia téc a,, truc 2 cb trong
lgng P, ¢6 ban kinh r, va R, momen quan tinh d&i véi truc quay 13 J.
Bia 3 ¢ trong lugng P,, ban kinh r 1an khong truect

Day song song vdi mat phdng nghiéng, géc nghiéng o
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Tim slfc céng cac day, luc lién két fai O va luc ma séat tai |
(hinh bai 5.2.9)

TR 1/

[Me
Hinh 5.2.8 ~ Hinh529

5.3. CAC BINH LY TONG QUAT CUA LUC HOC
Cac dinh ly téng quéat clia dong Iuc hoc 1a hé qua cla dlnh Iuat <o
ban ddng Iuc hoc. N6 gilp chiing ta gidi cac bai toan clia dong ll,rc
‘hoc bang céach lap mai quan hé gilta cac dac trung chuyé’n dong va
dac trung cho tac dung.cla luc. : :
Trong chuong nay ching ta xét chuyén dong cla co he trong hé
qui chigu quan tinh, Trudng hop déc biét c6 thé xét mat chat didm.

5.3.1. Dinh Iy bién thién déng luong va dinh 1y chuyén dong khoi
tdm cua cohé

Van dé canchi y

a. Khéi tam cla cd hé. Khéi tam cla hé la mét diém hinh hoc, vi tri
cla nd dugc xac dinh nhy sau;
Vi m, |a khéi lugng chat diém thir k.

M=2Zm, & khéi iugng ¢a hé ;

f, (X, Y. 2, ) 12 ban kinh vectd chat didm thik ;

fo (X.:Ye.2Z,) 1 ban kinh vecto khéi tam C.
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Xe M LMy X, (1)

b. Ddng lugng clia cd hé la mét dailugng vecto:
Q= Em; Vi 2)

fomq
trong d6, m, |a khdi lugdng chat diém thirk ;
V2 van téc chat digm );hu Ko -
Theo dinh nghia khéi tam C ta cod the Vlet dong Iu’qng cua co he nhu
sau: L
Q=MV. . . @)
c. Xung lugng cla hic F dugc dinh nghfa nhuf sau:
- Xung Iugng nguyén t&: dS=F.dt -
- Xung lugng cla luc F trong khodng thdi giant = t, — t, Ia:
o b
S= [Ftydt )
t
d. Binh Iy bién thién ddng lugng cla co hé:
- Dang dao ham:

Q, =2F (5)

- Dang hin han:
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Q, -Gy = 3 S
k=1
QZK - th = Esﬁx
sz _QW' = ES;, (6)
QZZ _Qiz 228;
trong d6 g?: la xung lugng cla ngoai Iuc F_f ;
- Trudng hgp béo toan déng Iugng.
‘Néu £F,° =0 thi Q= const: Dang lugng clia hé bio toan.
Néu ZFS =0 thi Q,= const: Dong Iugng clia he b_éo toa}_lri a6i véi truc X.
&. Dinh ly chuyén dong khéi tam:
Mac = ii:.ks
=i S e
MX, =ZFy, N 4
My, =ZF,
Mz, =ZF2
trong d6 M 1a kh&i lugng ca hé, ac(X..V..2.) |3 gia tdc cla khoi tam
C: F (FS,.F2,F2) 18 ngoai Iy thirk.
- Trudng hop béo toan chuyén dong khéi tém |
Néu F,° =Q thi V< =const : khéi tam clia co hé chuyén dong thea
quan tinh (ddng yén ho#ic chuyén dong théng déu).
Néu YF2 =0 thl X, = const: khéi tdm clia hé chuyén dong theo
k
quan tinh trén truc x, nghia la: hodcx . = X, (o) hay
Huéng dan st dung:

Dinh ly bi&n thién dong lugng thudng dugc ap dung dé gidi cac bai
toan sau;

- Bai toan va cham clia cac vat chuy&n déng thang (bal toan thuén
va bai toadn ngugc).
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- Bai toan xac dinh ap iuc thuy ddng cua dong chat 1dng lén thanh
8ng.

Dinh ly chuyén déng khéi tam thuting ngudc ap dung trong bai
toan sau:

- Biét chuyén dong cd hé, tim c4c ngoai Iuc tac dung (én cd hé (bai
toan thuan).

- Bai toan chuyén déng cla cg hé, trong d6 bist chuyén déng clia
mét s6 bd phan, tim cac chuyén déng clia b phan con lai (bai toan
nguagc).

Chu y: Khi ap dung céac dinh Iy bién thién déng lugng va chuyén
déng khéi tAm chi cén cht ¥ d&n ngoai Iyc tac dung 1én co hé

Khi &p dung c4c dinh Iy nay cén theo trinh tu sau::

- Phén tich chuyé&n dong clia cac bd phan thudc co hé.

- Phéan tich h& ngoai luc tac dung Ién cd hé 8y, tim dic diém cla
vecto chinh R'=3F® ho&c 1a hinh chidu clia vecto &y 1&n mét truc
nao dd. -

Tt d6 xac dinh bai toan can gidi quyét 13 bai toan thuan hay ngugc
va dinh ly-nao cac cdng thu‘c (3), (5) (7} cé thé ap dung dé gléi bai
toan ay.

5.3.2. Pinh Iy bién thién mémen dong luong
Vin dé cdnchay |
- Momen ddng lugng clia cd hé d8i vi mét.Lo va d8i véi mat truc
(L):
Eo = iau(mk :)k)
k=1
|:z = iaz(n’\k Bk)
k=1
- Momen ddng lugng cia vat rin quay quanh mét truc ¢é dinh z:
Lz=J,0 (8)
trong do:
J, 14 momen quan tinh cha vat d6i vdi truc z;

w 1 van t&c géc clia vat quay.
- Dinh Iy bién thién momen déng.
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d
dt
- Trudng hop bao toan:

L]

Lo = S mo(Ee®) Lz=Ym.(F¢)  (9)
k=1 dt K—1

Né&u )";Fwo(?ke):o thi Lo =const:momen dong cla co hé ddi véi
k=1
tam O bao toan.

Néu 3 m.(F)=0 (10
k=i

thi G =const : momen dong clia ¢d hé déi vai truc z bao toan.

- Phuong trinh vi phan chuyé&n déng clia vat quay quanh mét truc
c0 dinh:

—

J,(p:.:z%‘tﬂ:.]zézzaz(ﬁf) (11)

Huéng dan su dung:

Dinh ly bién thi#n momen déng fhm’jng dudc ap dging cho céac bai
toan sau: N _ _

- Bai toan chuydn déng clia vt rin quay quanh mét tam cd dinh
hay mét truc c6 dinh. - :

- Bai toan cla chat didm hay cllia cd hé c6 momen ddng itgng ddi
v8i mét tam hay doi véi mét truc bao toan.

Ap dung dinh ly momen ddng lugng theo trinh ty sau:

- Xac dinh ¢ hé khao sat, phan tich chuyén dong cac vat cla cd
hé, chl ¥ quan hé ddng hoc.

- Phéan tich cac ngoai luc tac dung lén cd hé, phat hién nhilng dac
diém vé momen céc ngoai luc.

- Xac dinh dinh Iy hay phucng trinh c&n ap dung:

D3i v6i co hé (chat diém, vat rén tinh tién, vat ran quay quanh mét
truc) thi 4p dung {9). Trudng hgp bao toan ap dung (10).

Dai véi mot vat ran quay quanh truc ¢b dinh ap dung (11)
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5.3.3. Dinh ly bién thién déng ndng
Van dé canchay
a. Bong nang cha hé
T =% Zmy Ve (1)
trong d6:m, va V, 1a khdi iudng va van t8c clia chat diém thir k.
Ap dung dinh nghfa t8ng quat ta cb cac cong thic tinh déng nang cac
vat ran:
- Dong nang cla vat rAn chuyén dong tinh tién.
1 o
T=—MV? (2
7 MVe (2)
trong dé: M la khéi luong;
V. la van tdc khéi tam;: ,
- Ddng nang cla vat ran quay quanh truc ¢d dinh z:
T=%sz2 @ |
J; la momen quéan tinh clia vat, ddi véi truc quay 2z, o la van t8c gbc
clia vét. . ' D
- Bong nang clla vat ran chuyé’n ddng song phéng:

T=%Jc @’ +%M¥102 @)
J. la momen quan tinh ctia vat ddi vdi truc qua khéi tam C,
o |a van toc gdc.
M la khdi luong vat; v, 14 van téc khéi tam.
b. Cdng va cdng suét cla luc:
- Céng nguyén té clia uc F trong di chuyén vé cling bé:
dA=F.dr =F.odt=F cos o.ds =F,dx =F,dy +F,dz

- Cang cla lyc F trong mét di chuyén hitu han MM,

ML L M M.
A= [Fdr= [ Feosads= {(F,dy+F,dy+F,dz)
M, M, M,
Dua vao dinh nghia cd ban nay ta c thé tinh cong clia cac Iuc hay
gap: .

- Cdng cla trong lyc: A=+Ph (5)

126



- Céng clia luc dan hoi: A =—%(x22 ~x12) (6)

trong dé: ¢ la dd cliing; X, va x, 1a 46 bién dang dau va cudi.
- Céng cla luc va ngau lyc tac dung vao vat quay quanh tryc cé dinh.
dA =m.(F)de;dA =Mde

Khi rTwz(ﬁ):=const va M, =const thi;

- Cong clia ngau lue dan hdi:
c, 2 '
A=-2 (02" ~0y) - ®

c Ié dd cling; ¢, va o, 1a cac goc ké tir vi trl khéng bién dang.
- Cang suét: - '

N-9A )

dt
. Céng suét trung binh: | N=’—-):'t'3 } | 9
. Cong sudt cha lyc: N=FV
. Céng sut clia ngdu lyc;  N=Mo |
c. Binh ly déng nang: :
. Dang vi phan: dT = ZdA/ + =dA° (10)
. Dang dao ham: %=2Nk‘+EN: (11)
. Dang hitu han: T-T,=ZA/+ ZAS (12)

trong 46:
A/ va A I3 cong clia ndi luc F' va ngoai luc Fy®;
N va N,° [a cdng suét cha ndi luc va clia ngoai luc;
T va T, la ddng nang clia hé Iic xét va (ic dau.
d. Binh ly bdo toan cd nang

La trudng hop riéng ca (5), (8) ap dung cho trudng Iuc thé (nghta
|2 chl ¢6 trong Iuc, Iuc dan hdi),

To+ 1, =T +I1=E = const {13)

trong d6: T,, I, - d9ng ndng, thé nang cla hé llc dau;
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T, I1 - ddng nang, thé ning clia hé lic xét;
E — co nang cla hé.
Thé nang cda trong lue: IT = + Ph + const

Thé nang lyc dan hdi; H=%cx2 +const

Thé nang clia ngau Iuc dan héi: H=%ccp2 +const

Hudéng dan sif dung:
Dinh Iy ddng nang dugc ap dung d& tim chuyén dong (van toc, gia
td¢) va cong suat clia hé mét bac tu do. Trinh tu giai bai toan sau:
a. Phan tich chuyén dong va luc.
- Phan tich chuyén dong clia diém va cac vat (d8 chon cdng thic
tinh déng ning tuong (ng).
- Phan tich Iuc (3& chon céng thic nnh cbng tuong Ung).
b) Ap dung dinh ly déng nang.
- Tinh gia t8c hodc cong suat thi ap dung (10) hoac (11).
- Tinh vén tSc can phan bmét’
. Khi ¢6 luc hodc ngau Iuc bién thién (khéng tinh dude céng, hitu
han) thi ap dung (10) } ' -
. Khi ¢ac Iutc va nglu lyc déu [a ‘Gonst (tinh dugc céng hitu han} thi
ap dung (12).
. Khi cac Iuc déu |a Iuc thé (tlc 1a chi gdm trong Iu’c Iu‘c dan hou) thi
ap dung (15)

Bai tap cho dap sd

I. Dinh ly déng lugng

5.3.1. Xac dinh ap luc déng Iuc téng
hap 18n gdi d& cGa dong chét idng chay
trong mdt doan 6ng cong dit trong mét
phéng ngang nhu (hinh bai 5.3.1)

Tiét dién ngang clta 8ng ¢ dudng kinh
d = 20cm. Hai nhanh cda dudng dng tao
vGi nhau mdt gbc o = 120° Van t6c nudc
chay trong 6ng 1a V = 127 m/s.

B& qua tac dung clla trong iuc.

Hinh bai 5.3.1
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5.3.2. Mét dong nudc dugc phong
ra vdi van toc bang V = 8 m/s va
nghiéng vdi phudng ngang médt gbc
o = 30° tir mét voi co tiét dign S = 16
cmé,

Xac dinh ap luc tdng hdp cla dong
chat (dng lén mat tudng phang ding.
BS qua anh hudng cla trong luc va
coi ring sau khi g3p tudng, chét 1dng
chuy&n dong theo mat tudng moé ta
nhu hinh bai 5.3.2

I1. Pinh Iy chuyén ddng khai tam

5.3.3 Xac dinh dé di chuy&n ngang
clta con tau mang can cdu, khi cén

AB mang vat néng c6 khéi lugng bing

2 tdn cét thng dimg 1&n tir vj tri ban
dau nghiéng goc 30° nhu md ta trén
(hinh bai 5.3.3). Kh6i Iugng cla tau
vA can cdu bang 20 tan, chiéu dai
AB = 8m. Bb qua sifc cin clia nudc
va khéi lugng clia can AB.

5.3.4, Hai vat nang A va B ¢4 khéi
lugng 1a m, va m, duge ndi voi nhau
bng mét soi ddy mém, nhe, khéng
dén va dugc dat trén cac mat KT, EK
cla lang try DEKL. Lang tru ¢é khdi
lugng 12 m, dugc dat trén mat nén
ngang nhdn va cing. Tim dé di
chuyén cla lang tru khi vat nang A
trugt xudng theo mat nghiéng KL mdt
doan dai S. Ban d3u hé dimg yén
(hinh baij 5.3.4).

EUTARANR R R s ey S

Hinh bai ‘513-.3 ‘

B

D ‘ 60 9 L
T T T dr i 777 17

Hinh bai 5.3.4

5.3,5. Thanh dong chat AB dai 1 tua dau A I1én nén ngang nhén va

cd gbc nghiéng ban dau 1a o.
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Tim quy dao cla dau mat B khi ta cho
thanh rci ham xuéng méat nén ngang (hinh
bai 6.3.5)

5.3.6. M6t toa tau dao ddng diéu hoa
thang diing trén cac [o xo vdi chu ky
T = 0,5 s. Khéi lugng clia hom xe va trong
la 10 tan, clia cac banh xe béng
1 t&n. Xac dinh ap Iuc téng hgp clia céc
banh xe |&én cac dudng ray.

5.3.7. Xéac dinh ap luc I&n nén cla mot
may bom nudc luc bom chay khéng.
Trong lugng cla phan ¢é dinh gdm vo D
va méng R bing Py, tay quay CA dai la a
va c6 trong lugng bang P, Trong Iugng
clla mang trugt B clng véi pitlt_Qngl,'lé P,.
Tay quay OA quay déu vdi van t8¢ géc o.
Xem nhu cac vét khdo sat déu la nhitng
vat déng chét va 6 cdu tao ddi ximg nhu
hinh bai 5.3.7 N

5.3.8. Mot dong cd hot nudc ndm
ngang trén mat méng nhén tron. Tay quay
OA ¢ chiéu dai r quay déu véi van téc
géc . Thanh truyén dai béng tay quay.
Coi réing khdi luong clia cac bd phén
chuyén dong dugc thu gon vé thanh hai
khdi Iugng m, va m, tap trung & d4u tay
quay va 4 trong tdm clta pittdng. Khéi
lugng cla vo ddng ¢d (& m, Xac dinh
chuyén dong ngang clia vd dong ca, cho
biét ban d4u pittdng & vi trl xa nhat vé bén
trai (hinh bai 5.3.8).

Hinh bai 5.3.5

1T/ 178

rd 77
4 S

[ 0dFY

NN

RN

Y

Dn J_ - !//

TOE IR
Rx-)

N\ g o

E 1
777777777777 77777777
Hinh b2i 5.3.7 :

Hinh bai 5.3.8

Khi déng ca dugc gan chit vao méng may bang buldng, tim ap Iuc
clia dong cd lén mat mong va tim lyc cat ngang buldng. Bo qua luc

cang ban ddu clia buldng.
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IIL. Dinh Iy momen dong lugng

5.3.9. Mt dia tron ddng chat ¢6 khdi iugng my va ¢6 ban kinh bdng
f, quay quanh truc cé dinh AB véi van téc géc w,. Vao mét thoi diém
nao do mét chat di€m M ¢ khdi ludng m, bit ddu chuyén dong tir
tam dfa ra ngoai vanh theo mot dudng ban kinh vdi van tdc khong ddi
u. Xac dinh van téc géc o cha dia (ham theo thdi gian) ké tir ltc chét
diém M chuyén déng..BS qua Iuc ma sat & & truc quay.

5.10. Mot dia tron déng chét bén kinh r khéi ludng m, nim ngang
va quay dudc quanh mot truc thing di qua tam dia. M6t chét diém M
nam trén vanh dia cd khéi lugng Ia m, chuyén déng theo vanh dia véi

2
quy luat S=MOM=%— . Xac dinh van t6c géc, gia t6c géc ol dia. BS
qua ma sat va biét ban dau hé dimg yén. o

5.3.11. Ong ndm ngang CD quay aga
quanh truc thang dimg AB. Trong &hg IR
¢b qué cau khéi Iugng m nam cach truc , e
quay mdt khodng MC = a. Tai thdi diém
nao dé 8ng dudc truyén van téc goc ., M 0
Tim van tdc géc o cla 6ng tai thdi diém B
qud cdu vifa rdi khdi 6ng CD. Bist
momen quan tinh clia 8ng doi vdi truc
quay la J, chiéu dai CD = L. Bo quama %J)LL
sét (hinh bai 5.3.11) '

5.3.12. M6t méto dién chiu tac dung Hinh bai 5.3.11
ctia mét ngau luc t8ng hdp (phat dong
va can) ¢c6 momen quay la M = a-bo,
trong d6 a,b la cac hding s& dudng, con w la van t6c gbc mdta.
Momen quén tinh ¢la roto d&i vdi truc quay hinh hoc 1a J. Tim bidu
thirc van téc gée w(t) trong qué trinh ma may tif trang thai nghi.

B

5.3.13. D€ x4c dinh momen quan tinh clia vat dai vdi truc AB qua
khdi tam C clia vét bing hai thanh AD va BE gén ciing vao vét, sao
cho AB song song vdi DE va cling ham ngang. Cho vét dao dong
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quay truc DE va do nfa chu ky T cla dao déng. Biét trong lugng clia
vat 1a P, khoang cach AD = BE = h. B4 qua trong lugng cla hai
thanh treo va bd qua ma sat d cac
khép quay.Tinh mémen quan tinh
clia vat dbi véi truc AB

(hinh bai 5.3.13).

5.3.14. Mot vat rdn quay quanh
truc ¢6 dinh, khoi dong tif trang thai
nghi, chiu tac dung ¢lla momen
quay khong ddi M va clla momen
M, = aw?, trong d6 o 12 hing s6 va
o ta van téc gbc clia vat. Momen -
quén tinh cla vat d6i vdi truc quay
la J. Tim luat bién thién clia van t6c
goc theo thdi gian va tim gia i van
t6c gbc gidi han clia vat.

IV. Binh 1y bién thién dong néing

§.3.15. Bua may b khéi Iugng
m = 200kg d&p 84 tan trong 1 phut,
Ranh trinh ca bua h = 0,35m. Higu
sudt clia boa n = 0,7. Tim cdng suét
cla déng cd dé dam bao ché dd
lam viéc déu clia bua. |

5.3.16, Truc déng co dugc 13p
vao banh dai va ndi véi ddn AF nhd
day nhu (hinh bai 5.3.16). Tim coéng
sudt cla dong cd khi né quay
n = 240 vg/ph va dé don can bang
ngudi ta treo vat ndng P = 294N,
khoang cach { = 50cm.

5.3.17. Cho cd céu cuiit nhu hinh

trén (hinh bai 5.3.17). Cén lic OC Hinh bai 5.3.17
quay quanh truc O kéo thanh AB chuyén déng 1én xudng theo mang
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truot thdng ditng K. Can OC dudc coi la thanh dbng nhét ¢ chiéu dai
bang R va khéi lugng m,. €on chay A c6 khdi ludng m,, thanh AB ¢cd
khdi luong m,. Khodng céach gilta truc O va mang truct K béng L.
Xem con chay A hhu mét chat diém, tim biéu thic déng nang cla ¢
cau theo van t6c gbe va goc quay cla tay quay.

5.3.18. Cho cd cdu hanh tinh nhu
(hinh bai 5.3.18) cac banh [, I, 111 |&
cac dia trdn ddng chat, clng ban
kinh r, cung khdi luong m. Tay quay
OA dudc xem |4 mét thanh d8ng
chét cé khdi lugng my. Tim biéu thitc

dong nang cla co cdu theo van t8c

géc cla tay quay,

- 5.3.19. Mét vat néng la P dude
treo vao dau mét sgi day mém, nhe,
khéng dan, r6i quan day vao tréng

hinh tru cta mét truc quay nam =
ngang. Vat nang rdi, kéo ca tréng -

quay theo. Xac dinh van toc cla vat
nang sau lic nd roi xudng duge mot
dd cao h, ban dau yén nghi. Tréng
¢6 trong lugng bang Q va dudce coi
la mot khéi truc tron ddng chét. B6
qua ma sat.

5.3.20. M6t tdi kéo gdm hai tréng
K, va K, ¢é ban kinh ry va r, ghép
cling véi nhau va véi truc guay nam
ngang 0,0, c6 momen quan tinh doi
véi truc d6 bang J, va J,. Tac dung
vao tay quay clia truc 8i mét ngau
luc c6 momen M khéng ddi kéo vat
ndng D ¢é trong lugng P !én cao. Khi
tréng K, quan day thi tréng K, tha day.

. Hinh.,5.3._18-

i)

Hinh bal 5.3.19

Hinh bai 5.3.20
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Bd qua ma sat va trong lugng day, cho bigt ban du hé dimg yén.
Tim van t8c¢ gbc cla tay quay A khi vat D duge kéo 1&n mét doan h
(hinh bai 5.3.20)

5.3.21. Ngau luc c6 momen quay M
khéng déi tac dung 1én tang cla mat
truc tdi cd ban kinh bang r va ¢b
trong ludng P,. Quén vao tang tdi
mét sgi ddy mém nhe, khéng dan
r8i budc dau mut day vao vat ning
A ¢6 trong lugng P, dé kéo né Ién
theo mat phing nghiéng, goc
nghiéng so vdi mat phéng ngang la -
o, H& s8 ma sat trugt gilta vat ning
va mat phang nghiéng a f. Tang 13
dugc xem |& mdt truc tron ddng.
chat.

Tim biéu thic van tdc goc clia
truc tdi theo gdc quay cla nd. Tim
gia tdc gbc (hinh bai 5.3.21)

5.3.22. Co cdu hanh tinh nhu trén
(hinh bai 5.3.22) chuyén déng trong Hinh bai 5.3.22
mét phang ngang. Banh rang 3 ¢6
dinh, cac banh rang dang 1 va 2 dudc coi la nhimg da tron dong
chat cling bé day va clng vat liéu. Biét banh rang 1 quay nhanh gap
10 1&n tay quay. Bo qua khéi lugng cila tay quay. Momen quan tinh
clia banh rang 1 d6i véi truc O, 1a J,. Banh rang 1 chiu tac dung cla
ngau Iuvc can cé momen la M, khong d8i. Tay quay chju tac dung ctia
ngau Iuc phat dong cé6 momen quay M, cling khéng d8i. Tim gia téc
goc tay quay.
5.3.23. Tay quay clla mét co c4u tay quay thanh truyén dugc cai 1a
thanh ddng chat cé chiéu dai bang r, ¢é khdi lugng m,, dang quay vdi
van téc goc . Gon chay ¢ khdi lugng m,, thanh truyén dai Z, coi ring

j s6 %la bé.
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a. B4 qua khéi ludng thanh truyén, tim bidu thic ddng nang cla co
cdu theo van t8c goc va gbc quay cla tay quay.

b. K& dén khdi lugng cla thanh truyén la m,, tinh ddng nang cla
hé 4 vi tri tay quay OA vudng gbc véi duong trugt cla con chay.
5.4 PHUONG TRINH Vi PHAN CHUYEN BONG CUA VAT RAN VA
CO HE

vandécianchay

I. Vat ran chuyé&n dong tinh tién
Phuong trinh vi phan chuyén dong cb dang dinh-ly chuyén dong khéi
tam (7) da dugc xét 8. Chuong 5, myc (5.3.1)

IL. Vat rin quay quanh truc co dmh
Phuong trinh vi phan chuyén dong co dang 11 da duoc xet 3 dmh ly
momen dong Iugng. Chuang § (5.3.3)

IIL Vat rin quay quanh truc ¢o dinh
Phuong trinh vi phan chuyén.dong cé dang:.

MX; = ZF MS =3F

My = ZFcuy (1) - kno > - »(2)>
. P ,

Je s = ZMA{F) Jops = Zmg(F

trong do: x,, y. — toa d6 cla khdi tam C;

@, — goc dinh vi cla tdm phéng S d6i vai
hé truc toa dé tinh ti&n cing vdi khdi tam;

M - khéi lugng clta tam; e
J, - momen quan tinh clia tam ddi véi
truc di qua C va thng goc véi mat
phang cla tam;

F° ~ ngoai luc thi k;

S, = OC - tpa dd cong clia C; Hinh 5.3
V, — van tac cla C;

p — ban kinh cong ctia qui dao khdi tam C,
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IV. Cd hé nhimg chat diém va vat rin chuyén déng
Phudng trinh vi phan chuyén ddng ¢é dang phudng trinh Lagrange
loai Il

d or. oT
fly_ 9 _q
dt(aqi) oq; ’
i=1,2 . S

trong do: S — sé bac tu do clia hé; , _
T = T(g.q) - dong néng ctia hé dugce tinh theo hé toa dd suy rong g;

d
va van téc suy rong q, = E} '

Q, — lue suy rdng, dudc tinh theo céc phuong phap & (5.2);
:;—T — dao ham riéng clia ddng nén'é theo toa 40 suy réng a;
[ o AN . B U .
aT N . , n e, . R
— - dao ham riéng cla dong ndng theo van téc suy réng g;

%(q.) - dac ham theo thdi giaw cla (g, ).

Pham vi ung dung

1. Phudng trinh vi phan chuyén déng song phing

* Phuang trinh nay diing d8 gidi ¢ bai toan thuan va ngudc.

a. Biét chuyén ddng clia vat, xac dinh vecto chinh va momen chinh
cac ngoai lyc tao dung 1&n vat va do d6 cd thé xac dinh cac luc lién
Ket. o

b. Biét cac Iuc tac dung 18n vat, xac dinh chuyén dong cla vat.

* Truting hop da biét quy dao khéi tam C, ta 4p dung cdng thifc dang
(12-2)

2. Phuong trinh Lagrange Il

Phudng trinh nay dudc ap dung dé thanh 1ap phucng trinh vi phan
chuyén dong clia co hé. Khi gidi cac phuong trinh 1ap dugc (bang
phucng phap gidi tich hodc phudng phap so trén may tinh) ta s& duge
g(t) v8ii= 1.2, .....S. Cac qt) xac dinh chuyén dang clia hé.
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Bai tap giai san

Thi du §5-3. Bia tron cb trong Iugng P, ban

kinh R, ban kinh quan tinh déi vdi truc qua

C va vudng géc vii dia la p. Hé 8 ma sét

truct gitta dia va nén 1a f (hinh 5.3).

Tim lyc F @& dia lan khéng truct. o

Bai gid. : o

1. Phan tich chuyén dong va |UC Hinh 6.4

Pia chuyén déng song phang. : : .

Luc tac dung gdm: Trong luc P, phan luc N, luc-F nadm ngang. Iuc mai

sat F .. . : : v

2. Lap phuong trinh VI phan chuyen dong I b
Chon truc toa d6 nhu hinh 5.4. Quy Udc chieu du‘chgj clia géeQuay

¢ 12 nguge chigu kim ddng hd. C S : _

Phuong trinh vi phan chuy&n ddng co dang' " N
P : : -

—X, =F =Fp (a) .
g

P.

_}’c =N_P (b)
g -
fpzq) =-RF,, ()
g

Ta ¢6 ba phucong trinh vdi nam dai lugng chua biét 1a: X, V..,
F..« va N, Ta can tim mét sd lién hé gilta cac dai lugng nay:
Vi dia [3n khéng truct nén diém I 1a tAm vén t8c tlc thoi: |
Ve=R@ hoac X, =-Rp dodd: X, =-Rop
Viy.=R=constnén y, =0.
Giai cac phudng trinh (a), (b),(c) va chi y t&i cac lién hé (d) va (e) ta
prF

dugce : N=F; ; >
R +p

ms

Diéu kién dé dia i3n khang trugt 1a:
2

p°F P
Fne <f.N Hay: <
y R+ 5 S
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2 2
R +2p I

p
Thi du 5-4. Thanh déng chat AB = 2a ¢d dau A, B ta vao tudng
nhan va nén nhin. Gilr thanh AB ding yén tao vdi nén mot goc g, i
tha ra cho né chuyé&n dong dudi tac dung cla trong luc P.
Tim van téc gbc va gia téc gdc theo gbe nghiéng ¢. Tim phan Iuc tai A
va B, suy ra gia tri clia ¢ lic d&u A rdi khoi tudng (hinh 5.5).
Bai gidi:
1. Phan tich chuyén déng va luc:
Thanh AB chuy&n dong song phing.
Cac luc tac dung gém: trong luc P, cac
phan Iuc lién két Ny, Ng _
2. Lap phuong trinh vi‘ptédn chuyén déng
Chon hé toa dé nht (hinh thl du 5-2) v
Quy udc chidu duongefia ¢ & .ngugc -
chiéu kim dong hé, _
Phuong trinh vi phan chuyén ddng cé dang: -

M *C = N, (a) Hinh 5.5

Vay luc F phai thda man diéu kién: F <

M ye = Ng- P (b)

Jo =Ngacosp—N,asing {c)
Caclienhé: Vi x. =acosg;y. =asing nén:

Xg = —afpsinq: -'a¢2 cos @ (d)

Ve —a(pcoscp a(p sm(p {e)

Gidi cac phu‘dngtrlnh trén véi J. %Ma2 ta dugc:
P o 2
NA=~—§a((psmq>_+(p cos )
P 2 .
NB=P+Ea(<pcosnp—(p sing) (f)

. = 3¢
=g =-—==C08
p=¢ oa ¢
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L&y tich phan bidu thic (f) v8i diéu kién dau ¢(0) = ¢, ¢(0)=0 ta
dugc:

o' == —1-5’:((0003(9 — ¢’ sing)
a
Pau A rdi tudng khi N, = 0, tic a:
£a[}—‘gcosquin(;o+3—g(Sin¢9—sin(oo)cosqp] =0
g L2a a

Vi cosg # 0 nén: 3sing -2sing, =0
Vay dau A rdi tudng khi: sing = %sin @,

Sau khi thanh rdi tudng, tIr (a) ta nhan dugc

Xc=0; ¥ =const)
Suy ra hinh chiéu clia khi tm chuyén ddng déu sau khi thanh roi
tlfang. i . ‘ s - v I .

Bai tap cho dap s&

L. Phuong trinh vl phan chuyén déng song phing -

5.4.1. MGt banh xe ddng nhat ban kinh r 1an xung khang trugt
theo dudng déc chinh clia mot mét phéng nghiéng « so véi phuong
ngang. H& s6 ma sat lan giifa banh xe va mit phing nghiéng 14 k.
Tim diéu kién dé& banh xe lan xudng déu.

5.4.2. Mot con I&n dong chéat hinh
tru tron, ¢é trong lugng P ban kinh r,
dudc dat trén mat phang ngang, khong
nhén, c6 mat soi day quén vao tang
trong cla con lan véi ban kinh a. Ban
kinh quéan tinh cla con lan @di vdi truc
cha nb la p. Tac dung 1&n déu ty do

Hinh bai 5.4.2

cla day mét lyc F, nghiéng v&i mat
* phéng ngang mét géc khéng déi & . Tim quy luat chuyén déng clia
truc O clia con lan (hinh bai 5.4.2).

5.4.3. Mot try tron ddng chét A, cb khdi lugng m, lan xufing theo
day treo thang diing quén vao né. Bau B ciia day dugc budc chat va
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khi tru rdi khéng van t6c dau thi nha day quan ra. Tim van téc truc
khéi tru khi né da roi dudc mét doan thdng h va tim Iuc cang cla day
treo (hinh bai 5.4.3),

1t

Hinh bai 5.4.3 . w2 Hinhbai54.4- -

5.4.4. Noui ta quén hal gy mém vao mot khdi try déng nhéit va.
quén day déi xing qua mat phing trung binh song song véi day: khéi,
tru n&ng la P dudc dat [én mit phéing nghiéng sao cho duong sinh
clia nd vudng gbéc vél dudng ddc chinh va bude ¢&'dinh mat it do
clia hai day trén sa¢ che phém d8y tu do song sonhg véi dudng dbc:
chinh cia mét phéng nghléng AB. Hé s6 ma sat trugt gitta mét tru va
méat nghleng la f. Gia thlé’t ranl trong e thang IUC can do ma sat va
khéi tru trugt xubng khéng vén t8c ddu. Tim quy [uat chuyén dong'
s{t) cia truc kh&i tru va Ittc cang clia méi day. Cho réng trong chiyéri
dong dang xét day quén chua bl nha ra hét (hmh bai 5.4.4).

5.4,5. Mot thanh ddng chat AB cb
trong lugng P dugc treo vao didm O
nhd hai day ¢ chiéu dai bang nhau
va bang d& dai cla thanh. Xéc dinh
stc cang cla mot trong hai nhanh day
tai thdi diém nhanh kia bi dit ( hinh
bai 5.4.5). Hinh bai 5.4.5

5.4.6 Mot thanh manh déng chét
cd chidu dai 21 va trong lugng P ndm
trén hai gdi d@ A va B. Trong tdm C
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cOa thanh nadm cach déu hai géi da:

CA =CB = a. Ap lyc tinh trén mdi g6i A 8
d3 bang P/2 (hinh bai 5.4.6). Tim su i o
thay d8i ap luc trén géi dd A tai thoi
diém khi gdi d8 B bi roi tiic thai. Hinh bai 5.4.6
X

II. Phudng trinh La_grange loai I1 ol '_____ﬁl . x

5.4.7. Con Iac gém con chay A ¢ IR
khéi lugng m, trugt trén nén ngang nhén A
va qud cau nho ¢b khdi lugng m, duge ndi 8
vdi con chay bang thanh AB clng, nhe, Y
dai I. Lap phuong trinh vi phan chuyén :
dodng clia ¢ hé (hinh bai 5.4.7) Hinh bai 5.4.7

5.4.8. Mot 8hg tru trdn rdng, dong chét ¢é trong Iudng P, ban kinh
R va ¢6 thé quay quanh truc théng ditng. Trén mat trong cla &ng tru
c6 x& mot rénh dinh c, budc clia duding dinh &¢ 1a h. M&t vién bi nhd,
chay trong ranh dy dudi tac dung cla trong lugng ban than. B qua
ma sat. Thanh |ap phuong trinh vi phan chuyén dong clia co hé, cho
biét ban dau hé ding yén. Tim phuong trinh chuyén ddng clia cd hé.

5.4.9. Mot hinh tryu khdi lugng m, ban
kinh r 1an khong truct bén trong cha mot
tru réng, khdi lugng M, ban kinh R, try nay
¢6 thé quay quanh truc nam ngang O.
Mamen quan tinh cla cac tru d6i véi cac
truc clta minh tuong Ung bang MR? va

2
%. Thanh I&p phuong tinh vi phéan

Hinh bai 5.4.9

chuyén dong clia hé va tim cac tich phan
(hinh bai 5.4.9).

5.4.10. Mot dia déng chat ban kinh R, ¢ khdi lugng M, cb thé
quay quanh truc ndm ngang O. Mét day nhe khéng gidn AB, mdt dau
clia né treo vao vanh dia tai A va dau kia budc vat co khdi iugng m
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tai B. Thanh Iap phudng trinh vi phan chuyén déng cla hé. Mé ta nhu
(hinh bai 5.4.10).

5.4.11. Xac dinh chuyén dong cila co hé gém hai khdi ludng m,
va m, co thé truct tinh ti€n doc thanh nhin ndm ngang (Ox). Cac khdi
lugng duge ndi vdi nhau nhd mét 10 xo cd do citng ¢. Khodng cach
gitta 2 khdi tdm clia hai khdi lugng khi 1o xo khéng tam viéc 1a {. Trang
thai dau clia co hé dude x4c dinh bang gia tri cla van téc va toa dé
khéi tam clia hai vat khit=0: %, =0, x, = Uy X, =4, X, =0
(hinh bai 5.4.11). |

Hinh b2i 5410  Hinhbai 5.4.11

142



Hoc phan II: CO HOC VAT RAN BIEN DANG

Trén co s38 Iy thuyét di trinh bay trong bd gido trinh co hoe
(g dung da dudc bd GD&BT duyét dung dé gidng day cho hé dai
hoc ky thuat khoa co khi. Trong phan nay tac gia néu ra mét s bai
tap (cd dap sé) theo trinh ty cac chuong.

Chuong 6
BIEU DO NOI LUC - DAC TRUNG HINH HOC

Trong cac dam chiy udn phing sau day ddm nao chiu uén thuan tuy

3
M= /0-’/-1/,77 p-—- ZK’O"V

o '
* l ﬁ- 5m-—,l«— 57— t3_”"

; '? . P:?Cl: . #H?az
{,/ %i R IR I O I ) : ; ‘

v ' A 1
B o K D

A
X

3
As

7} \ '
NERERELENNEEES D\E
qu 'rB C 47;7 l
e FO e p O Pa T

Hinh 6.0
Tra 18i: a) Doan ABC c) Doan BC
b} Boan BC d) Poan DE
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6.1. V& biéu d6 Q va M cho cac dam trén hinh 6.1 bing phudng
phap chinh quy. Biét :

P, =3kN;P, =6kN;q =3@]—;a =2m;b=I1m.

m
a - A P
; % ’ A
e a j - -q _L : g,
L y
g A Hz
OO 1 0 m]}
3 ' e ALyt
=, ] o4, ¢ 8

Y g . g

xnsnsani '1*“”;) ERRENNRNNEE
b . e

I
| a

Hinh bai 6.1
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Hinh bai 6.2

6.2. VE biéu d6 ndi Iuc clia cac hinh bai 6.2. Biét:

q = ZEEP—SkNa 3m.

q; = 4k—N-;P2 =8kN;b =2m,
m
m, =6kNm;P; =12kN;c=1m.
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~ 6.3. V& biéu d8 ndi luc cho cac ddm chiu lue nhu hinh bai 6.3
bang phudng phap vé nhanh.Biét ;
q, =1 ﬁ;PI =4kN;m, = 2kNm;a = 3m.
m

q, =2%;P-2 =6kN;m, =6kNm;b =1,5m.

Qs =2ﬁ;f’3=6kN;m3 =6kNm;c =1Im.
m
~ 6’ o f B & m

4 TTETITN,
L F L

=
Lo
NN

a)

NARNERENST

i 1_72 %"@:L ﬁ dj y r .

B emwaswnasauzs SE/L NIV INNNOTE

| T . Y
e/ 2 I o (TP LTI

~

;a £ <. da_ = fb’ é ) éa ”'L”C

5 o |
fgran; m’mum o< T
sz? A | A, R ,,;;c

f - o a .‘_‘ B T —

)

ﬂ

=1y F | H l } !
?7’»; .'..7 ] Pri 7l s 6 n
~a i e i ! £ ~L 2

Hinh bai 6.3
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6.4. Trén hinh bai 6.4 véi tri 58 nao cha luc P thi momen uéh tai
ngam sé bj triét tiéu.
Thay tri s6 clia Iuc P vao réi vé biéu 6 Q va M.

17.-:/0“‘”/”7
0/. r 2
P ‘ /m L 2m . "
L) ‘ ] :_._..,,L ;
2m - ""P-fm -
o Testakim P
4 7=10% | |
= - r
! 2m m
-

- , 7, <2 KHm
% 2 TPII] X
%,4 27 . 2m
" >
Hinh bai 6.4
= !7 ) = 20kN
T3 i OF =S TR =2

| "¢)P =8,5kN; b)P = 31kN
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6.5. V& bidu dé Q va M clia cac dam tinh dinh nhiéu nhip nhu
hinh bai 6.5.

1225&” :
_f;:jkzv 5),2*%

R “l‘HllLHlé

/7 ”%"7 Sm | 45w | S f-}'

S=3kv @ T 6'7*?\' ‘ P-= 5T~
A A | e
T g ]

+ “Hinhbai 6.5
I

6.6. V& bidu a6 Qva M cla cé’c dam chiu luc phén b8 khéng

déu trén hinh bai 6.6. Biét :

q=q, =1 kN,q; 3.':;;9 =3m;b=2m;c=1m;

a a | . Z},

4/ o .. ;
[Ty
’ b

Vi

Hinh bai 6.6
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6.7. Xét cac dam cé clng dién tich mat cat ngang, nhung hinh
dang mét cét khac nhau, dam nao chiu udn phang t6t hon. Vi sao?
a) M3t c3t ngang hinh vudng va mét cat ngang hinh chif nhat

(hinh bai 6.7a).
b) Mat c4t chir I cling s6 hidu dat diing va dat ndm (hinh bai 6.7b)
¢) M&t cat hinh vudng va hinh vuéng réng (hinh bai 6.7¢)

g T—/'V“
: 2%
g '/ y P
az 7
T g Vg t
et . HEA
5 SRR
¥
L §rzz22)
T 7 T Ly ﬂ,; '.1;'_.
4 g %Z = Y = ‘25
W74 | 7
e | @ -.L/ /W
b

Hinh bai 6.7

6.8. Hinh phing ABCDGH c6 khoét
mét 16 hinh tron tam O, dudng kinh d=10
dm (hinh bai 6.8). Kich thudc cla hinh
ching cé don vi 1a dm. X&c dinh vi tri tam
C.

Tra |di: Chon hé truc ban dau triing véi
cac canh BA va BC thi:
X, =38,35(dm); y.=87(dm)

Hinh bai 6.8
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6.9. Hinh phang hinh chit T ¢ kich
thudc nhu hinh bai 6.9, ddn vi kich thudc
la dm

a) Xac dinh hé truc chinh trung tam.

b) tinh Jmax, Jmin

Tra lgi: a) y.= 3,8 dm

b) Jmax = 52,9 dm*
Jmin = 38,7 dm*

6.10. Hinh phéng hink chit |
¢ kich thudc nhu hinh bai 6.10
Bon vi kich thudc laem.
a) Xac dinh hé true chinh trung tam
B) tinh I Jurin
Tra 15i: @) x,.= 3,7 ¢m _
| b) Jner= 1332 0m°.. -
Jua =704 cm*

6.11. Hinh phéng duoc tao bdi
hinh chir nhat ABCD. Trén hai
canh ngan c6 hai tam glac ABE va
CDF (xem hinh 6.11). Kich thudc

1y
I,......_..._ 13 __..I
-
)
|
.". ‘ !
|
ez *
Hinh bai 6.9
yL "*
g d e —
N T
; L |
i i
N
.
+
-
1t

" Hinh bai 6.10

c6 don vi mét. Xac dinh momen 4 :
quén tinh chinh trung tam Jne va 7 b
Jmir\ \; E : \F
Tra 18; J,p= 122,9 m* < N\ e X
Jmln =5,7 m* L ,le 1 £,
— 7 e 8 !

1580
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Chuong 7
KEO NEN DUNG TAM

7.4. Thanh thép bang chir 1
dugc gilt bdi day thép tron CB (hinh
bai 7.1) ¢6 dudng kinh d= 40 mm,
[ ]= 160MN/m?. Tai B chiu tai trong
bing P= 50kN.

- Kiém tra a6 day CB

- Chon 's8 hiéu thép chit T cho
thanh AB ( chua xét 8n dinh )

Tra 18i: 1) o = 116,3MN/m?

2)s810

7.2. May ép dling vit ¢o luc ép
P= 250kN. Hai tru 1 va 2 bang thép
tegn ¢b [a]=160MN/m’ .. - .

- Tinh dudng kinh clia truthép-. = |
- Kiém tra.cudng 46 vit.ndu vit -

cé duding kinh d= 60mim va
[o]= 90MN / m?
Traldi: 1)d=3,12cm
2) o =88MN /m* <[o]

7.3. Mot két cdu gém cac
thanh chiu luc nhu hinh vé (Hinh bai
7.3)

- Kiém tra cudng dd cla hai
thanh AD va AE . Biét dién tich mét
cét ngang cla hai thanh bang nhau va
bing 4 cm 2, |0} = 120MN /m? |

Chon s6 hiéu thép cho thanh
BC. Biét thanh |am bang thép 1.

“

-1

-

R o
__
. 3 @
8 4
9 3 ;
) 7

4.

/

4 .
. p ) I[ .
A4

-

',’:.4___/_5-.7;,,:___-;..'9

R R IR T TP

N VL 2L i

Hinh bai 7.2

A Pz BOkN

Hinh bai 7.3
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Oy = TSMN/m?

Ope = —100MN/m?
S& hiéu thép : 14

7.4 Thanh AB coi nhu tuyét ] L

Tra 19 :

Ve
ddi citng dudc gilr bdi hai soi day ‘ v
. ral
AD va BC. by )
Day AD bing thép tron 2 &
d=20mm. Day BC bing déng cb X P |
d=25mm., : _"LIA_&-+ IVESN f]
Thanh AB chiu tai trc_mg g |

P = 30kN (Hinh bai 7.4).
H3i P d&t cach A bao e
nhiéu dé thanh Ab vin nim Hinh bai 7.4
ngang. | B |
Tr&131 : x = 1,08 m, TR IS O
7.5. Mot t3i trong P digc di chuyén trén thalth:ciing. AB. Thanti
AB géi trén- 2 tru baton 46 tigt dien vuong 198 x 108 cm (rfinh bai
7.5). Trong fugng riéng cuai try 4 25 kN/m?®; [cr] SMN /m?
Tinh tal trong P t6| ﬁa ' o

TIIL 27

Hinh bai 7.5
TrA 13 : P,,,, = 5,81 MN

7.6. Try cao 8m c6 dién tich vuéng 79x79 cm? khang ddi trén sudt
chiéu dai. Trong lugng riéng la 20 kN/m?; [cr]= IMN I m’
Xac dinh lyc nén dung tam P tdi da . '
Tra 101 P g = 724kN
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7.7. Cot cao 30m c6 3 phan bang nhau , tiét dién ngang hinh
vudng {Hinh bai 7.7). Ung sudt cho phép [cr]= IMN /m? . Trong lugng
riéng bang 20 kN/m®,

Xac dinh kich thudc tiét dién ngang

timg phan khi P = 300 kN ’ P

Tra 13 : 87x87 cm’ IL _

97x97 cm? {;::5

108x108 cm? =

%

)

|

/////zr//-///
Hinh bai 7.7

7.8. Thanh cting AB dugc treo bdi 3 day bang thép co dién tich
mat ¢at nhu nhau va = 4 cm? DAy giita bi ng&n moét doan A=0,5mm
(hinh bai 7.8). Tai gitta thanh AB chiu tai trong P = 60kN. kifm tra
 cuting dd trong céc day bist [o']=120MN / m?

Tra I3i 16 = 50MN /m? <[o]

W/7///7477/7747/ ////%f&
{ 2 3
Y L a_
L
: v A
z _
Minh bai 7.8
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Chuong 8
CAT VA DAP
8.1. Chét c6 dudng kinh d = 22mm dung dé
gilr tam thép ¢ tiét dién F = 100x8 mm? nhu
hinh v& (Hinh bai 8.1) { cac kich thudc tinh bing.
mm ), Tam thép chiu tai trong P = 40 kN -
Kiém tra cudng do cla chét theo cit va dép.
Biét [0, = 140N /mit e, ] L2MN [
Tra l0i:
r, =105MN/m’ <[r.]
o, =22,TMN /m’ <o, I

N
\&\.\\-\,\m\y -

Hinh bai 8.1
8.2, Kiém tra cudng dd clla then tron ¢b dudng kinh d = 12 mm
ding d& ghép truc cb duong kinh D.2:40 mm véi tay quay cb kich
thudc nhu hinh bai 8.2.:(tinh bAng. mm) tai dé‘u tay quay chju luc tac
dung P = 2,8 kN. Ung sudt cho phép cla then bang, 62 MN/m?. Ung
suat dap cho phép clia then bing 90 MN/MZ. . . - R

e —

Hinh bai 8.2

r, =82MN/m* <[r,]

Tra I3 ;
o, =84MN/m* <[o,]

t 1565



8.3, M3i ghép bang dinh tan , than dinh c¢é dudng kinh d = 23 mm,
chiu luc P = 280 kN . Cac kich thudc nhu hinh bai 8.3. (tinh bing
mm).TAm thép coi nhu dam bao an toan. Biét dinh ¢6:

lo, |=320MN /m?
[r.]=140MN / m?
Kiém tra cuding dé cla dinh.

i w11, + -, Hinh-bai 8,3.,
g S1BEMN/m? <[, ] |
oy F20MNImE <o ] T o
8.4, THanh thép chiu c&t . Bidt i
G = 8.10'MN/m2.1" = 0,00125 radidn,
Tim (mg suédt phat sinh trong thanh
thép @6.

o Trawmi

Tra 181 7 =100MN/m?

Hinh bai 8.4

8.5. Buldng co6 dutng kinh
d = 32 mm , chiu luc kéo P . Buldng c6 ing suat cho phép :
[0, ]= 140MN / m?;[z,. ]| = 100MN  m?,;
[0, ] = 250MN / m?
Xac dinh dudng kinh D va chiéu cao ¢an thiét H clia mi buldng.
Tralgi: D =42 mm, H=11mm
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8.6. Dung then bing dé ghép
banh rang vdi truc truyén cé dudng
kinh D = 80 mm ( Hinh bai 8.6).
Né&u ding then c6 chidu dai 20 mm
thi kich thudc tiét dién ngang cia
then (& bao nhiéu ? Biét then ¢cé
[0 ]=240 "2 e J= 802

m m
Truyén momen quay M; = 240
kNm.

Tra lsi : b= 25mm

h =20 mm
8.7. Tinh duodng kinh d ca .
buldng diing d€ ghép céc tdm
ghép cd kich thudc nhu hinh
bai 8.7 ( tinh bang mm ). M8&i

Hinh bai 8.6

e A

ghép chiu tditrong P = 200 kN, =

{ng suét cho phép ctia buldng
la:
[6,]= 200MN /m*
[tc}=80MN/m?
Tra 16i : d = 50 mm
8.8. M&i ghép béng dinh tan c6
kich thudc nhu hinh bai 8.8
(tfinh bang mm). Budng kinh

dinh d = 20 mm. b)

Tinh s8 dinh can thiét , néu
(tng sudt cho phép cla dinh la :
[6,]=320MN/m?;
[x.]=140MN/m?,
Tralsi: a)n=5

byn=4

c)n=3

r-‘.'—.—ar--.-..,

Y

ANy

TN
L;

—'-qnl—‘-:l T e e s ._.JT.—._
] U

Hinh bai 8.8
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8.9. X&c dinh chiéu dai mdi han dung cho méi ghép ¢é kich thude nhu
hinh bai 8,9 ( tinh bang mm ). M&i han ¢6 [z, ]= 11MN/m?

V4

- -, - - - (
g IERANRAIAN ORI .
. i

/{4

/ . Hinhbaig9, .

Tra I8 : @) 1 =97 cm
b)I,=13cm

c)l,=26,8cm

8.10. D€ ndi hai truc truyén vdi
nhau , ngudi ta diing 8ng ndi cé
chét an toan, Chét nhu hinh.try c6
dudng kinh d = 10 mm. Ong néi cé
thanh day 15 mm. Ung suét cho
phép clia chét 1a: |
[t.]=80MN/m?;[o,]=200MN/m?.

Hinh bai 8.10,
Truc truyén cé dudng kinh d = 60 mm.
Xac dinh trj s6 mémen ma chét cb thé truyén dude (hinh bai 8.10)
Tra 16i : M = 0,37 kN.m

158



8.11. Congx6n lam bang thép goc
150x150x12 dudc ghép vdi thanh thép [s6
24a). Bang 5 dinh tan ¢6 dudng kinh d = 20
mm. Biét dinh c6 :
[z.]=76,3MN/m?; ][5, ] = 150MN / m?

Xéc dinh tai trong P ( bd qua hién tugng
udn ) (hinh bai 8.11)

Tri I5i: P= 120 kN

iﬁ ;]:fs,“'.

Hinh bai 8.11

8.12. M&i ghép dinh tan
nhu hinh bai 8.12 (cac kich  , |z i ,

thudc tinh bang mm), Biét : F}?—F"f""'—?@—'l, gy

[t ]=140MN/m?;

f64]=280MN/m? o o L
s e

Hinh bai 8.12

Tinh e P d&€ mdi ghép an toan cho hai trudng hap:
a) S6 dinh mdi bén la: 4.

b) S6 dinh: 6.
Tradldi: P<1758kN
P < 263,7 kN
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Chuong 9

XOAN THUAN TUY

9.1. Truc truydn cé kich thudc nhu hinh bai 9.1, truyén cac momen
xoan M, = 13 kNm; M, = 30 kNm.

-Xac dinh (ng suat I6n nhat tai cac mat cat 1 va 2
- V& biéu d6 Ung suat.

M‘A My M
i i/'{ ﬁ’z&

7

{Z&
) _‘A1=75mm /d1=50mm -

‘jiz '

Hlnh bai 9.1
Tra 181 : 1, =520@2;r2 210X
m m

9.2, Mét truc chiu tac dung clia cdc momen xodn bé trf nhu hinh
bai 9,2.

vé biéu d& momen xodn néu truc co

e = 35MN/m?;[8]= 05 doim; G = 8x104w!
'/‘1 jﬁml /’l /f

My =My = A,

e
. 2 PELF LY v _%-

Ay = 2 Ay

Hinh bai 9.2
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Tra idi : a) M = 0,224 kNm; M, = 0,896 kNm
b} M, =0,672 kNm; M, = 0,224 KNm; M, = 0,448 kNm
9.3 . Truc ddng cd cd dudng kinh d = 40 mm . Truyén cong suét 7
kW quay vdi téc dd n = 955 vg/ph.
Kiém tra cudng dd va dd cimg cla truc . Biét
[e |=35MN/m?:[6]=0,2 do/m; G = 8 x 10¢ I\—ANT
m-
’ - 2
Tra g . = SAMN/m? < 7]
T 9=0,18d6/m < [6]

9.4 . Thanh cé mat cat

. 2 . 25777
tron thay d6i nhu hinh bai 8.4 ,7m 7
chiu momen M, = 800 Nm [
A
M, = 380 Nm. . = My
Kidm tra cuding 46 va vé P % ﬂ
biéu d6 (mg sust. Biét - - ——¢ —_
[t = 120MN/m?; AL e )
Tra 16i : Poan AB: S | R <

t=92MN/m? < | . HInh94 ..
Poan BC : ©=12L,6MN/m? >[ ]13%<5%

9.5. Xéac dinh dudng kinh truc déng co truyen coéng sust N 7 kW
quay vdi téc d6 n =120 vg/ph. Gbc xodn cho phép Ia 1 dd trén chiéu
dai bang 30 14n dudng kinh.

Tinh (g suét ti€p Ién nhat phét sinh trong truc:

Traldi:d=5cm \
MN REEIE

9.6, Cot tin hidu bang thép tiét dién
hinh vanh khan. Ap Iuc gié trén bang tin
hiéu 1a 2.10° N/m” Géc xoén cho phép
d chan cét 1a 6°. Ung suat ti€p cho phép
[t]=4,3MN/m?.

T = 22,3

mnax

»
bl
=

2,257

Hinh bai 9.6
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Xac dinh dudng kinh cla cot biét %: 0,6.

Tra Idi: O = 180 mm; d = 108 mm

9.7. Truc t3i bang thép tron
¢6 (mg sudt cho phép
[rf]=6MN/m*. D& gitt vat
n&ng ngudi ta tac dung vao tay .
quay mét luc P = 0,25 kN n&dm -
vudng géc vdi mat phdng tay [PA?
quay( Hinh bai 9.7). Xac dinh
duong kinh truc tdi theo diéu . o
Kién cudng 4o Hinh bai 9.7
{ khéng k& hién tugng udn ).
Néu dudng kinh tang D = 250 mm thi vat nang Q Ia bao nhleu ag tai
canbing?

Trdidi: d=48mm

Q=0,8kN
9.8 . Truc dong co truyén cbng suat N =-14 kW quay Vvéi téc dd

n = 1450 vg/ph. Truc 1am biing thép cé: [t]= 4MN/m?; ,[9] = 0,5 dé/m;
G = 8,10 Mn/m?

Xac dinh dudng kinh cla truc.

Tralsi: d =49 mm

9.9, Truc truyén c6 dudng kinh d = 90 mm ftruyén cong suét
N = 20 kW, (g sudt cho phép clia truc [r]= 6MN / m?

Xac dinh s8 vong quay cho phép .

Trad 16i : n = 216 vg/ph.

9.10. Truc truyén ¢ dudng kinh d = 100 mm, truyén cdng suét
N = 24 kW, gdc xoan yéu cau khdng qua 1° trén chiéu dai 3m.

Xac dinh sé vong quay cho phép.

jﬂ 250/7)/})
]
AR

Trd I6i : n = 191 vg/ph.
9.11 Truc truy&n ¢ mét cat tron thay déi d, = 80 mm, d, = 60 mm,
truyén cdng suat N, = 40kW, N, = 30 kW, nhut hinh bai 9.11
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Xac dinh s8 vong quay cho phép
cda truc , néu [r]= 6MN 1 m?, 7 w "/
Tinh géc xoan toan b cla truc. ’ = |2

2w

Tré I3i : n = 368 vg/ph. ' Hinh. ba‘li 9.11
(p 0,4° : : -
9.12. Trén tryc. ¢ mat doan ngén tiét dién vudng. Truc truyén

cong suét N = 20 kN quay 120 vg/ph. Ung suét tlép [r] SMN / m2
Chon kich thudc tiét dign yuong. '
Traldi:a=135mm

9.13. Than dao khoét I6 cé ttet dién chu nhat h = 1 5b

(Hink' BA1O. 13). Ding khodt (8 cs dudng Kinh D =300 mm. *

R ST

}“
r:
3.

&

_ thh bai 9.13
Luc cit P, = 0,25 kN. Than dao co (ng sufit cho phep

[t]= 6MN/m?;[8]=0,5 do/m; G = 8,10" MN/m?
Bé qua cac thanh phan Iuc khac ).
Xac dinh kich thudc mét cat ngang cla dao.
Traldi:b=19cm; h=285cm
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Chuong 10
UON THUAN TUY

10.1. Xac dinh (ng suét phap I6n nhat (Gymex VA Ganax ) trong céc
dam trén (Hinh bai 10.1)

3 70:/01.51-’ - )
R 9“2!"0—"" . 77
/ ZZ
"/HEII; LT 11 75‘1
o 7y K / ="
-Lz”.f‘,[ Nl gu— 4”’&2’2_._ _ _;,lz-aﬂ._
L P soN ‘ P ) ’ i
e
27 :

o 3 .
- Ar= 2x1ONE2 ?’2-’03“

@ PO 25" il
Y l 13 _
r " l P10 “v '
+_m4izm__~r
,zso”;’:o”’”
¢=2 JH’D% ‘ i
[flil1l{%l o ,zm‘;‘g;.ﬂ
1= o2 et ;,, _’"9"'_ Q
e S Wl
207 ;’Md
2o
Hinh bai10.1
Tra loi :
a) Ok nmax — +15 35@ , b) 2 ", —+17 S—ﬂﬂ
C) O_;IIRK —- m d) O_I“ax _ _42,4_2
m
MN

&) ol =116~
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10. 2, Xac dinh tai trong cho phép clia cac ddm trén hinh bai
10.2 theo diéu kién bén vé (g sust phap.
Tra 10 : a) [P1= 10,7 kN;
b) [P] = 14 kN;
¢) [9] = 3,3. 10° N/m.

a,sJaaf’.“ t %/*

. .P ¢ 4&’/07,7' re <
_ T ”Jz/”ﬂ"——
,I;;?_xriij . 4"-_.”‘7- 71',"/'”_1 | 5 7—JL
.. AT e 0%
</ 4 .Rﬂ.?‘:lil‘ ! » o
oo ';’f,fn
Tl Y.l e

Hinh bai 10.2
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Chuong 11

THANH CHIU LUC PHUC TAP
11.1 Tinh {ng suét tiép 18n nhét trong cac ddm trén hinh bai 11.1.
e/ Jallld " | ma/‘ca/‘
— »;,_ T ﬂgaﬂg Fvrks
;.u!rzu - . l f,);, P //‘0/7 D_ZOW
1 2 : =,
P_MM/ 30 -
5) ¢~ zuof-"- _ = /0‘2//77
o ‘Jrl;; - d_’_"?
f—2" Y 17 G
_ LV P=2x 1ON
LTTGb}FH . _Thes I
7'%/ ;m L - ‘ ,,;, ‘ Las E¢
£ 6‘ ‘ A 2:7"’ Zﬂ"_+
Hinh bai11.1
Tra 16i : a) Tyom —OSSMN
b) 7. =0, 245@-
C) T =11, 371-/[2

11,2 Trén (hinh bai 11.2) bidu didn nhimg mat cét khac nhau va vi
trl dudng tai trong clta ddm chiu udn. Chi rd trudng hgp nao la ubn
phdng, trudng hop nao 1a udn xién. Gidi thich.,
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PO #y
&é¢$ o

)_~h) g k - L m)
" Hinh bai11.'2

11.3. Tim vi tri dudng trung hoa trén mat cat hinh chit nhat Kkhi
guang tal trong tring véi mpt,du'dm chéo cla rnét cat

11.4. Xac dinh gia tr tuyét d§| &n nhét cla ung suét phép vi trf
dudng trung hoa tai mat cAt nguy higm cfia dam ( hinh bait1:4 )

Xacduﬂ1dqvongtoanphantaldautudo.

% 3 ' : \ \
% ’—_“ A ’ I '\H & :
E ta!" Nfcm? p:z,l,kNl 30°
- T b P
_ ) P=34kN
]
N A
i N
,_‘_‘§ / //L r
|74
0= Im 7
Hinh bai 11.4

11.5. V& biéu d6 (ing sut tai mat cat nguy hiém cla dam va kiém
tra do bén. Cho biét [o'], = 6kN/cm?;[c], = 18kN / cim? (hinh bai 11.5).
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Hinh bai 11.5
_T_ 1m |
N B -5 A { — }—'T;B:
b
) ) ( " % Tk [
E L B ST
q‘"‘\ o d zdicm: cope
, SV 3 JANRTN G R
- e ;
oy : ': T |
] - mJ'?;"jz‘Fm ——
TR TT 7T TTT T 777 77 IR i
. P MUl i e
Hinh béi1.1.6. , Hinh bdi11.7 e -
: T N R ERT BRI A AU A

11.6. Mot cdt gach mat cat vuorig 1x1°m, cao 5m, ch|u i trong _
ban than va ap Iu’c glO n&m ngang phan bé déu g = 800 N/cm. Trong .
fugng riéng cla cot v = 16 kN/m?>. Xéac dinh dng xuét nén |én nhat va
nhé nhét tai chan ¢t ( hinh bai 11.6 ).

11.7. Mét cot dign mat cét tron ¢d dudng kinh d = 20 cm, chdn
chat vao dat. & d6 cao 5 m, ngudi ta méc hai day nédm ngang A va B,
Gobc gilta phuong clia hai nhém day o = 120° ¢t chju luc tac dung
ndm ngang do nhém day A sinh ra P, = 1 kN, nhém day B sinh ra
Pg = 1,5 kN. Trong lugng cdt bang 0,9 kN ( hinh bai11.7).

Xac dinh (g suét kéo va nén Ion nhat tai chan bt .

11.8. Trén (hinh bai 11.8) mat cat ngang cla 2 phudng an dap
chin nudc bang béténg cao 7m. Trong lugng riéng 20 kN/m?,

Xac dinh chiéu réng cén thiét clia chan dap sao cho dudi chan
dap khong phat sinh (ng sudt kéo.
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7 5\& T Vo § -i——l-zc—m 1P= BON
- ‘& N A8
Bl = 5 o " 5 ’
© \ g= 2{”//71 #'DCHT'L 20cm 3‘17
m&\ AN S s YO O Y
TR F T VRt L Lt /’5’0 c
: ‘-—a—-{ |__a__l } Locm
Hinh bai 11.8 Hinh bai 11.9

11.9. Tinh (ng su#t cuc dai va-
cuc tiéu & nhimg mat cit nguy
hiém cla thanh gdy khic vé trén
hinh bai 11.9, AR

11.10. Xéc dinh tng sudt phap
trong 6ng AB clia coc yén xe dap,
néu tai trong P = 600 N. Budng
kinh ngoai clia éng bang 24 mm,
dudng kinh trong 20 mm. Dau B
clia 6ng coi nhu ngam chat, (hinh . .
bai 11.10). o

11.11. Trén hinh bai 11.11 cho
P, = 40 000 N{ trong mat phing yz )
P,=10000 N; P,=8000N
M=20000Nm;l=2m
a=15%; =30
[s]=16000N/cm?
Chon vét liéu mat cat chir [ (11).

Hinh bai 11.11
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11.12. Xac dinh & gy, O i VA Vi tri truc trung hoa tai mét ct nguy
hiém cla cot hinh bai 11.12.

11.13. M3t cdt ¢ mat cat hinh chif nhat cb bé day khdng dsi, bé
ngang thay déi theo quy Iudt bac nhét, chiu lyc & dinh nhu trén hinh
bai 11.13. Xac dinh quy luét bién thién clia (hg suét kéo va nén Idn
nhat va vi trf dudng trung hoa d cac mat cat.

11.14. Xac dinh & e & min VA Vi tri truc trung hoa tai mat cit nguy
hiém cla cét hinh bai 11.14.

P=80KN -
2t fsaoty
-7- 2kN/m
E WYC.W
J 0cm Y E
Hinh bai 11.12 Hinh bai 11.13 Hinh bai 11.14
| Pe120kn b Pa2ngkn

7T ) |2
= R foE

24cm

PaitekN

<.
S
B rd
s A
h-]
3d
sacm ‘_1

L2cm

a) by
c)
Hinh bai 11.15
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11.15. X&c dinh & a0y G my VA Vi tr truc trung hoa tai méat cét nguy

hiém ctia cdt hinh bai 11.15.

11.186. Hinh bai 11.16a cho mét cdt cd mat ¢t phan trén 20 x 20 em?,

mat c&t phan dudi 20 x 30 cm?.

Xéc dinh (ing suat phap 1dn nhét tai chén cot nélt Iy nén bang 350 kN.
Ung suat s& bang bao nhiéu néu mat cit ngang tai chan cdt cling

bang 20x20 cm? (hinh bai 11.16b). |

350 kN 250kN

20CM fo—  —w 20CM

Hinh bai 11.16° "

11.17, Xac dinh dudng kinh clatru mét gia
ép, khi tai_diém A chiu luc ép bﬁng- 16kN (hinh
bai 11.17). Try lam bang gang (ng suét cho
phép khi kéo 3,5 kN/em?,

11.18. Mot ¢t bang da, trong Iudng riéng
¥ =20kN/m?, chju tai trong nhu hinh bai 11.18.

Xac dinh Ung sudt nén 16n nhat va nhd
nhat tai mat cAt chan cot va chi vi tri cla
ching trén mat cit ay.
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. I - v N ‘ ,,_‘,! ! ‘ 1 |
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T rfnﬁnr ‘ T ' ' ’ | A | .
| _IL I[ _L o ®_ | ia, ‘L. R=I5kN -
L. 4A] § Al § S
T i i - TR | .
t T
+ Jo‘m—‘- —-| 2ocmi-— S

“Hinh bai 11.17

1S00KN 125m

3m

Hinh bai 11.18



11.19. Mt cot thép chiY I 6 hiéu 33, chiu

nén dang tam bdi luc P= 2 kN. Néu doc chiéu
cao cdt, ngudi ta han thém mét thanh chit I s6
hiéu 14, vi tri va gia tri luc P khdng thay ddi thi
(g sudt nén cuc dai ddi vdi trudng hgp nao [6n

hon (hinh bai 11.19).

11.20. Co hai cét kich thudc
ghi trén hinh bai 11.20 phéi chiu.
nén iéch tam bdi céc luc khac

nhau thé€ nao dé {ing sudt tai C 6'_ .
chan cot bing.nhau. So sénh img .,

suét tai B & hai cét.

—t 25—

PubkN

40¢m

-

éjmeWWW”Jcm
@m

Y wem |-
Hinh bai 11.21

p=2kN P=zkN

Hinh bai 11.19

o

bt

Hinh bai 11.20
. |—ﬁm—A-l~—— Bm——&] \

. PugakN

PaSOkN

180kn

8}

157 Ls"’l zem ]
-
o
ia)

Hinh bai 11.22
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11.21, Kiém tra phan bén dudi cla cdt bétdng mat cat ngang chit
nhat 18x40 cm.Cho biét [o],=60 Niem?, [o],=700 Niem? (hinh bai
11.21).

11.22. M6t ¢8n cdu duge dat trén méng bétdng, truc AB cla cén
cdu di qua trong tam méng. Trong ugng cén cdu 180KN (khong ké
vat nang P va d8i trong Q) dat tai diém C céach truc AB 0,6 m (hinh
bai 11.22).

Xé&c dinh kich thubc canh a clia méng sao cho & day méng khong
phat sinh (ing suat kéo. Xac dinh ap Iuc I6n nhét trén nén dat véi a da
chon. Trong lugng riéng bétdng y =22kN/m°. P
11.23. Mot mét xich co kich thude Y ) e rom
va chiu lyc nhu hinh bai 11,23. Tim  ~ chiddt
(ng sudt trén doan thing clia mit o el
xich. Néu mét. bén mét xich bi dit chi S S
cdn mdt bén 1am vide thi ihg sudt ting ‘
bao nhiéu i4n. »

-

o

Hinh bait1.23

11.24. Cét treo day dién gomhai
dém thép s& hidu 14a (hinh bai 11.24). T
Trong luong day 420 N, trong lugng ‘
tay vdi moéc day 560 N. Xac dinh Ung e
sust kéo va nén 16n nhat tai mat cat l
chan cot cé xét ca trong lugng cot. !

560N l"gzaN

s5.5m

_17 -

Hinh bai 11.24
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11.25. Mét thanh mat ¢t hinh chit
nhéat b va h bi kéo dung tdm nhu hinh
bai 11.25. HEi néu can khoét rdnh séu
a h thi nén khoét & mdt bén hay ca
hai bén d€ dam béo t6t nhat vé mat do
bén.

oth

Hinh bai 11.25

11.26. V& bidu d6 momen xoan M, biéu d6 momen udn M, va tinh -
ung suét tuong duong theo ly thuyét thu ba v& d6 bén cho.gag h[nh

bai 11.26

Ap lyc huing tim « .3'_ Ijc véng (61=10000 N fcm?

°
§38

4oemsocm |s0cm | uoem

{ 1 ¥ ¥

d)

Hinh bai 11.26

/phd!
mm[:m’
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11.27. Xac dinh dudng kinh truc cla hdp gidm téc theo huyét bén
(g suét tiép 16n nhat. So dé clia truc xem hinh bai 11.27. Cho biét:;
Luc tiép tuyén Py= 2700N, P, = 9700 N,
Luc hudng tam P,,;= 1000N, P, = 3530 N.

Luc doc tryc P,,=460 N. Pt
Pudng kinh 16n nhat cla banh rang A o | §|“'!Mﬂ
D = 299 mm, f = 62:mm. g= 72 mm, 7 | [ % 7
h= 52 mm. Ung suat cho phép cla vat ;ft a1 [
iu [o] = 5000 Nicm?, . VR R S U

Hinh bai11.27
11.28. DUhg thuyStbén tng susit i wrh e
ti€p 18n nhat, xac dinh dudng kinh d e
clia truc hép gidm téc (hinh bai B
11.28) e

Luc ti€p tuyén P, =1100 N -
Luc hurig tam P, = 310.N
Lyc dog truc P,= 380N .

Hinh bai 11.28
Budng kinh trung binh cla banh réng hinh nén Dy= 42mm,
a =25 mm, b = 50 mm. VAt lisu ché tao truc [¢] = 4500 Nicm?,
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1.1
1.2

1.3

1.4

1.5

1.6

1.7
1.8.
1.9.

1.10.

1.11.

1.12.

1.13.
1.14.

- 1.15.

PHAN DAP SO CAC BAI TAP
Chwong 1

- CAN BANG CUA HE LUC

Na=(70 - 40n) KN ; Np=(30+ 40n) kN

Na= Ng
Sco= 103 kKN ; Xa=5v3KN ; Ya=5kN
P - P
No= = ; Xa=-P ; Ya=-—
D 3 A A 2
P 1 1
Xa= 2 0 Ya® E(13\/51‘,2@) ;NB=—(3PJ§+4aq)
NB=(P+EQ)£ . xA_P£+(Q+iQ YA—E—iQ
a 3 2 2a

X=28KkN ; Y=17kN ; M=-5235kNm
Ya=300kN; Yp= +£300kN; Ng=300kN; N=1200kN
Ya=225kN; Yg=150kN; S¢=50kN; Sp=1200kN

N, =222 Lpy 2P 5pqp
| 2 4 - 4
V3 3.
Xy=">(p+P); Yo = (p+P)
Na=408N; Ng=552N; T=522N
S,—g S, Ship S, =5,=0
V3

Sﬁ =—S? =~3—P, Ss=—P

N=53p
Xp=0, Ypa=15N; Ng=5N; X = 0; Yo = £5N; Np= 20N
X, =-20{2N; Y, =100N; M, =-100N.m
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1.16.

1.17.
1.18.

1.19.

1.20,

| 178

z‘ga'=2+—l—

/

az10cm
Fo=866N Fg=2134N T=13.4N
17.0= Psin.(a +B)
sin 8
P[sin{a + B)+ f.cosla + B)] _ Psinf{a + 5 +¢)
sin3+ fcosf -sin(a’ + qa)l
a+p>n—-¢
1/ @ =Peotga : S
2/ Q=Pleotga-3f)  cotga<3f

2 Q=



2.1

2.2
2.3

24

2.5

2.6

2.7

2.8

2.8

Chuong 2
HE LUC KHONG GIAN

S SJ_ 84—‘0 Sz 86__§;

S, =P;8, =—P\2;8,=—P;S, = P\V2 = 5,;8, =-P
T =200 N; X, = 86,6 N; Y, = 150 N; Z, = 100 N;

Xg = 0; Zg =0

S=345N; X, =17,3N;Z, =30 N; Y= 0; Z5 = 60
T=QV6; X, = —E—Q—‘C(J_ Y, —P‘é_ ‘23

Z,=P+QV3; X, = -E—i(«/_ %Y, Q—Eg

L=100cm; Xa=Xz=0; Z,= 100 N; Zz =950 N,

Q=360N; Xy=-69,3N;Xz=17,3N; Z,= 160 N; Zs = 230 N;

M=BNm; X,=Xg=0; Yoa=-180N; Yg =10 N; Zz = 200 N;

Too= 1000 N; T =80 N; Xo =40 N; Yp = 5403 N; Z, =500N
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3.1.1

3.1.2

Chuong 3
CHUYEN BONG CUA DIEM

a)yx+y =5,{2<x<w); V = 3«/512(cm/s);a = 6x/§r(cm/s2)
b) Vong tron R = 10 cm; V = 4x (cmis); a = 1,6n* (cm/s?)
c) xy = -16; xy = -2% { Mat tru Hypecbolic, dudng sinh song

song Oz)
V= 2 5 4+5(l+t)"c’m:/s;a'=" 8"’1cm"/'s"2
(1+1) T 4 I 0 .
[ Vet
a)a—\/;IJr ”R2 .
V 2
b) a=a, I f, =—2 sévong n=—"2 L
a, dmar S
bZkZ -
V = bkeoskt; a” = bk’ sinkt;a" = cos® kt;

V=a"=0;taivitribién, a"=0taivitri 0
| : d._
X =dcos @+ ryl —A?sin’ (p;(?\.=?:q) = it)

V=—(+ ——M—)dm sinot;

1-A%sin® ot

o
Xg = r COS wpt + ﬂ cos 2m,t + const

rZ
Xy = I COS wgt + ﬁ cos 2wt + const
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r .
Yu = Esm 0,1

316 x=4dsinZs:
2

2V i iz

317 (x+y)P="Lyp¥V =
(x+y) s NG

3.21 &=3n(rad/s*),n=1325(vong)
322 t=8s
3.2.3 1) Khi t=1s - Vit quay cham dan
t = 2s - Vat quay cham dan
2)V,=0,2m/s; a,= 0,633 mis%;,
V, = 0,4 mis; a, = 1 mis™: |

3.24 t=1s;t=2s;a=28295cm/is’
325 a=4a17(mls?) -
3.26 a"=5m/s? _ _
3.2.7 n, = 120 vgiph, cling chiéu véi bAnh th nhét.

328 o, =2 dkcoskt

0
329 o, =2,94rad/s)e, =3,84(rad/s?)
Vp, = 118cm/s;a, = 379(cm/s?)

3.210 i, = @4 135, hai truc quay ciing chidu
[}

3.2.11 a)V, =500m/s;a, = 10m/ s’
b) h=8km
c) § = 24km;p, = 41,67km;p = 9km.

3.2.12 p=2%m
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2 2

3.2.13 Elip —— +2 = ;V = 80ncm/s
100° 20

a = 1600n*;p = 4cm

V3 3

1 1
331 V, =Elcoo;V, 271500;% =?Zm§;a. =Elmf,

332 7, =%(cm/s);ac =0,406(cm/s*)

3.3.3 a=aqgyjga
334 o =006(rad/s)w, =0

=0, =1,9rad/s’)

3356 o,= 2' Vo= bm cos 2t

bw,

V, =bw, sin— 'ta—a =—'sgin—t ’ta —bo) cos
2 2 2

3.3.6 a, =15(cm/s*),a, =30(cm/s’)

3.3.7 ¥V, =T78(cm/s);a, =74,6(cm/s*)

3.3.8 @=30%a =45V, =763(cm/s)a, =312cm/s’
3.39 o' =-1384(m/s*).a’ =—4,93(m/s%)

3.3.10 V, =/41(cm/s);a, = 6/2(cm/s*)

3.4.1 o=2(rad/s)e =6(rad/s');V, = V. =+/2(m/s)

=2(m/s)a, =2(m/s*);a; =3,16(m/s?)

—+t

183



342 V.=V, =2rV20,V, = 4o,

{1
a, = 6ro’,a, = Zrﬁmﬁ
343 V, =0V = %Jagh;vD = 4ra,

4 59 49 2, 244
—gtia. =—=9r° +g°t
9gg = o 0

&
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Chudng 4
CO CAU PHANG

4.1 C&u truc va xé&p loai cd cau

4.1.1
4.1.2
4.1.3
414
4.1.5
4.1.6

4.1.7
4.1.8

4.1.9

4.1.10
4.1.11
4.1.12
4.1.13
4.1.14

4.1.15

4.1.16
4117
4.1.18
4.1.19

Khép loai 5

Khdp loai 3

Khdp loai §

Khdp thap loai 5 ; Khép thap loai 3

Khap loai 4

Cé dinh 2 khau vdi nhau., Cau tren mét phang. cau fd ILrng
khéng gian, khong cé khau dong loai 6 va 1oa| 0 w khﬁng hmh
thanh khdp déng.
Déu 1a ¢o cdu 4 khau ban 18

Ca cau 4 khau ban I & vi trf bién(hoc it diérr tu? ¥ theo fay
quay hodc canh clia 1a khau dany W=1 . : ;
Cd cau 4 khau bén 18, thanh truyén mang clfa quay. W 1

Cd céu 4 khau ban i€ W = 1, rang budc thita:s =1

Cd céu xilanh quay W = 1

Cao cau culitW = 1

Cd céu thanh truyén hai con trugt W = 1

Ca cau tay quay con trugt n6i thém 1 nhém thanh truyen con
trugt va 3 khap W =1

Cd céu banh rang va cd cau culit W = 1

V& nguyén ly cdu tao khdng khac nhau. V& cu tao cu thé
phia dudi da thay b&ng cén I3c hinh 4.1,14a ciing |a 1 c&n l4¢
nhung tdm quay & xa vé cting W = 1. a
Chua 1a 1 ¢d cdu ; hinh b, hinh ¢ chi 1a 1 nhém tinh dinh
Hinh 4.1.17a: W =1, loai ; hinh 4.1.16b: W = 1, loai 3
Hinh 4,1.18a: W=1,l0ai3; hinh4.1.18a; W=1,loai 3
Hinh 4.1.19: W =1, loai 2
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4.1.20 Hinh4.1.20: W=1, loai 3

4.1.21 Hinh 4.1.21: W=1,W,=1, loai 2
4.1.22 Hinh4.1.22;: W=1 W,=1,loai2
4.1.23 Hinh4.1.23: W=1 W, =1,loai2
4124 Hinh4.1.24: W=1,W,=1,loai2

4.2 Phan tich déng hoc ¢d ciu phing

4.2.1 Ve=1,5mls, ag=1mis’; Ve=0mls, ag = 17 mis®

4,2.2 Ve= 0,06 m/s, ag = 2,3 m/is’ B

4.2.3 Chiéu dai tay quay bang chleu dai gla Ién theo phUOng phap
tam quay tic thdi @ (= 2d 4= corist’ i

4.2.4 V. =48 mls aoz- 87 m/s

425 V,= - 0,76 m/s ay= 7, e m/s

426 ay=45mis?

4.27 VEC = 0,523 m/s

4.3 Hé banh rang.

431 iy=-3%,A=03m i .
4.3.2 = -6 |3p banh tang 2’ & phia dudi bénhtrﬁng 3
43.4 —576 ns=2,5 vg/ph R R

4.3.5 1 Z,=50;, Z;=58, Z,=76
2. Hé cb 6 1 s6 truyén 6,85; 14,01; 9.65; ,42; 4,49; 3,40,
3. Truc bi ddng cé 6 téc do: 146; 71; 104; 413; 203; 293
438 Z;=34,Z,=20,2:=25,2Z;=35,2Z,=19;Z,=41
4.3.7 nc = 1856,25 vgiph; n, = 4950 vg/ph
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Chuong 5
PONG LUC HOC

5.1 Dong luc hoc chat diém

5.1.1 T,=6024 N; T,= 4800 N; T,= 3576 N

5.1.2 F=59840N

512 8§, =1671N;S,=9162N

5.1.4 T=5396 N

515 K= 14 rad

516 N=11065N

5.1.7 R=202m

518 a=14°25;f,,=0,225

519 t=161s

5110 h=175m C

5.1.11 Chuyén dong sau 5/3 giay ké tu Iuc déng rnaqh;
5 =0,1982(t - 5/3)3

ks
5.1.13 V~—P—(1 e '“),T——k—anOS

5.2. Nguyén 1y di chuyén kha di

521 Q=P
htga
aS.F

522 Q=—%

Q bS,

b+c I b
523 —=—;P=—

b d aQ
524 c=gP

187



525 P=—=;f21

5286 P = —Q-—; P, = _Q_
2sina 2sinf
5.2.7 a) X,=0; Y,=0,36.10° N; MA—O.?3. 10° Nm; Ny=11.10° N
b) X,=1,47. 10* N; Y,=-5,4.10* N; N3=6,85.10" N; Ny=2,08.10°N
528 T=21KkN; N.= 0,637 kN; Ny = 0,382 kN '

529 TI L_P|(1'ﬁ);T =—T| ——J—a,;Fms =T2-—Pg sinot-rgla|
E T _I'R ) gR ‘ :

5.3 Dinh ly téng quat déng hoc

531 R=502N

532 R=888N

533 A=036m

(m,.cos60° + mz)s
m, +m;+m,

534 d=

535 Elip (x-Icosa)? +%=.z?,

53.6 Ap Iuc thay déi tir 68,67.10° iN dén 147,15.10° N

a0’ ' |
537 N=P,+P,+P,+ ——(P +2P;)cosot

g

- M(COS (!Jt —_ l) ..
m, +m, +m,
538 J(N=(m, +m, +m,)-mro’sinot;
T =(m, +2m,)rcoswt

L

2
539 w=— 2D

m,r? + 2m,e’t>
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5340 = — 22t . 2am,
r(2m, +m,) r(2m, +m,)
2
5341 ="M )0
J+mL
b >
5.3.12 co=—(1—eJ )
2
5.3.13 J = hP(T———)
5.3.14 w(t)= |1 em i -2 TaM: g, = lir (1) = M
! o
53.15 N=2,944 kW
5.3.16 N =36945kwW o o
5.3.17 T=—-———[mR’cos (p+3t2(m +m )]
6cos’ . .»
5318 T= 5(33m +8m, )’
5
319 v=2 h
531 PQ°
5.3.20 M- 2P(,r “%)____gn
—r)[Ptr, -1 + 490, +1,)]
5.3.21 co--- M —P,r(sina + fcos 3}
r P, + 2P,
_ 2g[M-Pr(sino +f cosa)]
P, +2P,
53.22 =M

13001,
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5323 a)T %[3 m, +m,| sino+

2.2

b)T _—(-m +m, +m,)re

5.4 Phudng trinh vi phan chuyén déng

541 k=rga
542 x= _F rg{rcoso - a)u”
P Ar* +¢%)
54.3 V=— 39h;T=§mg
544 S, = ;g(sma 2f<:c;so.)t2 khai tru duﬁg.yjé%:_r{eu tga<2f;»’:’
TR VS
T=g(sina+fcosa)
545 T=2,266P
p L ebia o o 1P-3at
54.6 D biénthiénclaaplyctaiAla ——— © -
2% +3a*)
547 ¢+ Xcosg+gsihg=0
(M + M) X + myl§cosp - myl ¢ sing =0
548 PTVT: é[(Q+P)Rzif>2._+_QRsiny§]=0;%(R'sih&i+§)=Pcpsy
. 2 2
PTCD: §= —onat Gt g Q00S2y+PP oe, b
Qcos’y+P 4R Qeos’y+P Q 2

¢ 1a géc quay clia truc
S ia quang dudng cua bi theo ranh

549 MR - -'- mR[(R-r)¢+R8]=C,

2MR‘6’+ LR -no-ReT (R
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rsin 2

2

— rzcoz)
I > . 9
|-{=)"sin"¢
(R) p

r’¢* -mg(R - rjcos¢ =C,



o 1a goc quay clia dudng thdng ndi tam try
8 gbc quay cla tru ngoai

5.4.10 (m+% )R + mRIcos(p-y) © + mRIsin{o—y) ¢’ + mgilsing =0

mRIcos(¢ — y)§ + mi2j — mRIsin(e — y) ¢’

m,u,

5411 x, =- (mu,t+ sinkt)
m, +m,
X, — 1= ! (m,uot—m'u" sinkt)
m, +m, k

k= c(i.*._l-)
V m m,
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Chuong 11
THANH CH|U LUC PHUC TAP

11.2 UBnphing:a,b,c e, il
Udn xién :d, g, h, k, m;
11.3  Pudng chéo thir 2 clla mat cat .

114 {a)crw =134N/cm’; f =58 f =1,31cm;
b)C s = 950N fem’; f=118°22", f =4,72¢m;
s {a)o’m =4,74kN fem® <[o,}
b)O s = —2,23kN cm’ <[o, ). -

max

n@ax

max

byo. =—140kN/cm?;

max

16 {a)cr = —20kN /cm’;

a)o,, =832kN/em*;

11.7
{b)o‘m“ = —-856kN /cm’;

11.8 Phuong éan1:a=3,93m.
Phuong éan 2: a= 3,52 m. -

119 o© = 2904kN/cm2;cminBC = -2929kN /cm?;
= -5355kN /cm?;

max BC

11.10 o_.. =4660kN/cm’;o

max

11.11 Mat cat s6 24a ;
11.12 o =12850kN/cm*; o =—-13550kN/cm?

max min
a=144cm;b=0,29cm
11.13 Xem bai 11.12

11.14 © =0c

mdx

min

=—400kN/cm?;a=115cm:b =0

11.15 Q) Opgx = 650N/CM; 6, = -2860N/cM% a3 =0 ; b = 12,5 cm
b) Gax = 1760 Niem?; Gpiq = -1440N/cm?
a=0,63cm; b=-4,67cm
C) Ormax = 930N/CmM?; Gy = -1130N/cm?
a =-1,44cm; b=4,67cm

min
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a)o-max = 01 o-min =-] 167N/6m2,
bYo = —875N /em?
11.17 d=22mm

11.18 o, =-64,5N/cm?;0,,;, =—95N/cm?

11.16

11.19 Trudng hdp 1: o =-37,3N/cm’
Trudng hop 2: o = 403N /em?
P
11.20 =2 4 =22
a.ﬂtr(m bd bd

(mg suat trén hinh tron I6n hon 20%
121 o,, =58N/cm’o,, =-92Nfem?;

11.22 a=3,7m, 6y, =-161 kNich?

11.23 o = 0,635P N/cm? 22 lan ‘)
11.24 Gy = 1295 Niom?; O, = ~1439 Niqm .
11.25 0 < % < % . Khoét ranh hai bén.‘i_t_jo‘t\.h_o_ry ;- 9&=% nhy.nhau

Pa
lo]
b) d ~ 50 mm
c)d=38mm; b=22mm,
d)d,=54,5mm; d,= 64mm
11.27 d=50mm
11.28 d =20 mm.

11.26 a) d=2,46
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