LE THANH PHONG
CHUONG 4:
NOILUC TRONG BAI TOAN THANH

L. Hop lic ciia ndi lice trén tiét di¢n - ing lyc.
Mot chi ti€t dang thanh dudc dic trung bdi truc thanh va mat cit ngang clia n6. Chiing ta hay
thudng xét nhitng mit cit vuéng géc vdi truc cia né va goi la ti€t dién.

Hinh 4. 1: Phwong phdp
mit cdt ngang,

Pé€ tim ndi lyc trén ti€t dién cia thanh ta sit dung phuong phdp mit cit: twdng tugng cit
thanh tai ti€t dién cAn khdo st bing mit cit z (hinh 4.1). Xét su cAn biing ciia m&t phin
nao d6, ching han phin bén trdi (hinh 4.2a). Phdn ndy dudc cAn bing nhd tdc dung clia ngoai
luc va hé cdc noi luc trén ti€t dién ciia phdn bén phdi tic dung 1én né. Hop cta hé ndi luc
phin bé trén mit cit khi thu vé di€ém nim trén truc thanh dudc vécts chinh R vA mémen
chinh M nhu' trén hinh 4.2a.

Véctd chinh R dugce phin ra ba thanh phin theo ba truc toa do N..Q..Q,; Véctd mémen

chinh M dugc phan ra ba thinh phin quay quanh ba truc toa do M M, .M, hinh 4.2b. K&t

qua 12 nhian dugc sdu thinh phin ndi luc trén ti€t dién goi la cdc dng luc.

Hinh 4.2: Hgp ctia ndi
Iye trén tiét dién,

Trong hé toa d6 Cxyz: Truc z triing v&i phuong phdp tuy&€n ciia mit cdt ngang, cdn hai truc
kia nim trong mat cit ngang.

Thianh phin luc doc theo phucng z ky hiéu la N, goi la lvc doc, hai thanh phin nim trong
mit cit va huéng theo truc x va y ky hiéu la @ va Q, dugc goi la luc cit,

Céc mdémen quay quanh tryc x va y ky hiéu la M va M dude goi la mémen uén, con
moémen quay quanh truc Zky hi€ula M, duge goi la mémen XoAn,

S4u thinh phin niy dudc goi la cdc thanh phin ndi e trén mit cit ngang hay cdn goi 1a cdc
ting Iyc hinh 4.2b. Ching dugce xdc dinh tir 6 phudng trinh cin bing doc 1ap.
Ba phudng trinh cin biing hinh chi€u 1én ba truc toa dé:

N+ 3 2(P)=0
Qy+Z”:Y(R)=O “.1)
0.+ x(P)=0

i=1

Trong d6 Z(P.), X(P,), ¥(P,) 1a hinh chi€u cia cdc Iyc P, xudng cdc truc z, X, V.
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Ba phuong trinh cAn bing m6émen d&i véi ba truc toa do:

Mx+zn:mx(PE)=O

=1

My+Z”:my(R)=O (4.2).
=1

Mz+zn:mz(1:;)=o

i=1

Trong dé: my(Pz.) , h, (P) , mZ(R) -mbémen cia cdc huc P, ddi véi cde truc x, v, Z.

i
Céc thanh phdn noi luc ¢6 lién hé vdi cdc thinh phin dng sudt nhu sau:

—  Luc doc 1a t8ng cdc tng suAt phap.

- Lutc cit 14 téng cdc ting suit ti€p ciing phuong véi né,

— Momen udn la téng cdc moémen gy ra bdi cdc ing sudt ddi véi truc x hoic y,
—  Mobmen xodn 12 tdng cdc mdmen ciia cdc Ung sudt ti€p d&i vdi truc z.

N

!

=
A

Hinh 4.3: Noi lvc va @ng
suit trén tiét dién.

\ (8
N

Néu goi o, 7., 7, 12 cdc thanh phin Gng suit tai di€m A(x,y) trén mit cAt ngang hinh 4.3, ta

¢6 cdc bidu thde sau:
N,=[edF M, =|oydF
F F

0, = j v, dF M, = j o xdF (4.3).
F &

0, = j v, dF M, = j (r,.y—1,x)dF
& i

Trong d6 dF 1a phén (8 dién tich bao quanh diém A(x,v).
Nh& cdc quan hé (4.3) ma ta c6 thé tim dudc cdc thinh phin tng suat khi biét c4c thinh phin

ndi luc.
§ ....... Nz0 N2l Je— ?_ ? ....... le>0 Q>0

a) <)

Mz>0 MZ}O@_ ..... ?. ? ....... _j 2_._._._?_

d)
Hinh 4.4: Chidu dwdng cia ndi hyc., ‘ ‘
M,>0 M0
’ 9 '

Qui udc ddu clia cdc thanh phin ndi lyc:
- Luc doc duge xem 1a duong khi c¢é chiéu huéng ra ngodi mit cit (nghia 1i gdy kéo cho
doan thanh dang xét), hinh 4.4a.
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— Momen xoin qui u6c duong khi nhin vio mit cit thdy quay ciing chiéu kim déng hd,
hinh 4.4b,

— Luc cit duge xem 12 dudng khi c6 khuynh huéng lam quay doan thanh dang xét theo
chiéu kim d6ng hé, hinh 4.4c.

— Momen udn duge xem 12 ducng khi ¢6 xu huéng lam cing 16p vat liéu bén dudi d6i véi
nhitng thanh n8m ngang, hinh 4.4d hodc ¢6 xu hudng 1am cho cdc thanh cong bi cong thém,
hinh 4.4e,

I1. Biéu dé néi lic.
1. Dinh nghia.

Bi€u db ndi luc 12 db thi biéu dién su bi€n thién ciia ndi luc doc theo truc thanh, Hoanh d6

ctia biéu d6 14y song song vdi truc thanh. Tung d6 13 cdc gid tri ciia ndi Iyc tai cdc mat cit

ngang tudng dng.

Doan chiu lue: 14 doan trong dé noi luc dude bi€u dién bdi mét ham s duy nhat,

Céch chia doan chiu Iwc: Poan chiu luc dudge chia tai nhitng ndi gidi han cla luc, médmen

phin b8, nhitng ndi c6 Ivc, m& men tip trung,

2. V& biéu do noi lyc bing phiiong phdp mdt cdt bién thién.

Thanh ¢6 bao nhiéu doan chiu Iuc thi ta tudng twgng c6 bdy nhiéu mit cit cit thanh ra 1am

hai phan. Xét cin biing ctia mo6t phin ndo dé, duéi tdc dung cla cdc ngoai luc va hé ndi luc

do phin con lai tdic dung, biing cdch dit thém cédc thanh phian ndi luc tai mit cit dé theo
chiéu qui u6c duong.

Xdc 1ap biéu thitc ndi lue trong titng doan nhd vio cdc phucng trinh cin biing tinh hoc, khi ta

xét cin bling phin thanh bi cit ra theo (4.1) va (4.2).

Dung hé truc toa dd, Dua vao cdc biéu thite ndi Iue, vé db thi biéu dién m&i lién hé giita toa

dd doc theo thanh va ndi lyc trong tirng doan thanh tudng ting. Pé chinh 13 cdc biéu d6 ndi

luc can tim.

3. V@ biéu dé néi lic bing phuong phdip vé nhanh.

a- Lién hé vi phéin gita mémen udn, liic cdt va tdi trong ngang phén bé.

e Vin dé: Pi biét luc cit va mémen udn & mat cit bén phdi clia doan chiu lvc, chdng han
tai A: th’A,th’A, biét ham tdi trong ngang phin b& trong doan chiu luec, doan AB:
4" (Z)

e Yéu cAu: Xdc dinh bic cda ham lyc cit Q@ va mémen uén M, tinh 16i 16m, diém udn
(néu ¢6) clia cdc haim nay trong doan chiu Iuc AB. Pong thdi suy ra luc cit vA mé men
uén tai mat cit bén trdi cudi doan chiu lye (di€ém B): Q)% MY*. Né&u thiét 1ap dude cdc
quan hé vi phin giltta mémen uén M _, luc cit Q,,va tdi trong phin bs q(z), thi s€ gilp
ta xdc¢ dinh dudc bic cia dudng cong, tinh 16i 1dm, cuc tri va diic biét 12 sy chénh léch
clia cdc ham ndi lwe M, @, & diu va cudi mbi doan chiu lye khi dd bi€t quy luit cia tai
trong phin b& ¢(z).

Tudng tugng cit dim bdi hai mit ¢t 1-1 v 2-2 cdch nhau mdt doan vi phdn dz c6 toa do 7

(hinh 4.5a).
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TRE P 7 /;q(Z)

Q M, +dM,
d; Mg o o '
A 11 12 B
A-' &; Q +de Mi"c
dz

z |dz|

7'

a)
Hinh 4.5: Lién hé giita tdi trong ngang vi ndi lyc.

Xét cin biing doan vi phin tdch ra (hinh 4,5b):
S F=0=0,-(0,+d0 )+ q(cJiz=0=
do,
dz

=q(2) (4.4).

>, =0:>Mx—Wx+de)+dez+%=0

B4 qua v cing bé bic hai (dz) din dén:
am,
dzg

0, (4.5).

K&t hgp (4.4) va (4.5):
a’M, do,
dz’ - dz
Vay dao ham béc nhit theo 7 cia mémen udn biing Ivc cit. Pao ham bic hai cia mémen

=q(z) (4.6).

uén bing dao ham bic nhat cda e cit va biing cudng dd e phin bé,
Chiéu truc z huéng tiy trdi sang phii, lvc phdn b8 mang diu duong néu huéng 1én,
Mat khac tir (4.4), (4.5) ta nit ra dugc:

g —

B B
TiY (4.4) suy ra dQ, = gdz = _[a'Qy = jq(z)dz = AQ#E = QiF a5 48
A A

Hay 0y =gt 4 518 4.7,

» =

B B
Tir (4.5) suy ra dM, = Qdz = [dM, = [Q,dz = AM[® = M* — M = S7
A A

Hay M =M +5)° (4.8),

57,557 - dién tich ctia bi€u db tdi trong phin b6 g(z) va dién tich cda biéu dé hwe cdt Q,
¥

trong doan AB.

AQJF AM® -6 chénh 1¢ch he cit va mdmen ubn gifta hai mit c{t: bén phdi clia A va bén
trdi cda B.

5% mang d&u duong (+) khi Irc phan b8 g(z) huéng lén trén. ng mang diu duong (+) khi
dién tich ctia biéu db Iuc cit @y 14 dudng (& phia trén truc hoanh) va nguge lai.

Nhin xét:

Theo cdc quan hé (4.4), (4.5), (4.6) thi: Ham ctia Iuyc cit @, cao hon ham cua tdi trong phin
b& q(z) mot bic. Him ciia m6 men M cao hon ham cia luc cit Q, mot béc va cao hon ham
ctia lyc phin b8 g(z) hai bic. N€u M, 13 ham s& bic hai thi bé 16m ciia n6 ludn hitng 14y cdc
miii tén ciia lyc phan b8 ¢{z).

Miit khéc theo (4.5) thi ndi nao trén sd dd tinh ham lrc cit Qy triét tiéu thi ham mbémen tai

ti€'t dién dé dat cuc tri.
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Luc cdt 0, va m6é men ubn M, tai mot i€t dién no d6 c6 thé bi€t duge khi di bi€t Iye cit
va m6 men udn tai mdt i€t dién trude dé theo cong thite (4.7), (4.8).
b- Lién hé gitta moémen uén, liic edt va tdi trong ngang iép trung.
e Vin dé: Da bi€t luc cAt vi mémen udn 3 miit ciit bén trai tai nhitng ndi gi6i han clia doan

chiu lwc, chdng han tai C: Q;r’c, M”* | biét di trong tip trung tai C: P, M (c6 thé P, hodc

M khéng ton tai) hinh 4.5a.
e Yeéu cAu: Xdc dinh lye cit va momen udn tai mat cft bén phdi cda di€m C: Q7" MC.
hinh 4.5c.
Tudng titgng cAt dim bdi hai mit et cdch nhau mét doan vi phin dz & hai bén diém C ¢6 toa
dd z7 (hinh 4,5a),
Xét cin biing doan vi phin tdch ra (hinh 4.5¢) ta ¢6:
S Y =0=0"C + P-QFC =0 = AQ, = QP —Q"F =P
Hay O =07  +P (4.9).

d d
e =0= M7C +Q7€ ?Z+ M- M€ +Q;”‘“’C.7Z =0

o -
B4 qua cdc vo ciing bé bacnhdt = AM, =M™ - M7 =M

Hay M™C =M" +M (4.10).
AQ ,AM - P6 chénh léch luc cit vi mdémen udn (bude nhay) giita hai mit cit bén phdi va
bén trdi tai diém c6 luc hodc mémen tip trung.
Trong cdc cong thitc (4.9) va (4.10) P mang ddu duong (+) khi luc tp trung P hudng 1én trén.
M mang diu duong (+) khi mémen tip trung M quay ciing chiéu kim ddng hd vi ngudc lai.
D€ thuc hién vé nhanh biéu dé ndi luc ta lvu ¥ d€n cdc nhin xét vé cdc quan hé vi phan gitta
cdc dai lugng va bude nhdy trong cdc cong thite (4.4) dén (4.10).
Nhéin xét:

e Khi thuc hién vé tir {rdi sang phdi:
Theo cbng thifc (4.9): Noi nao trén sd dd tinh ¢6 luc tip trung thi tai noi d6 trén bidu db luc
cit @, c6 bude nhdy, tri s6 cia bude nhdy biing tri s6 ctia Iyc tip trung, Chiéu clia bude nhdy
ciing(*) chiéu vdi luc tap trung.
Theo cdng thitc (4.10): Ndi nio trén sd d6 tinh ¢cé6 mémen tip trung thi tai noi d6 trén biéu db
mbémen udbn M, ¢é bude nhdy, tri s& cia bude nhdy bling tri s& ctia mémen tip trung. Chiéu
cia buéc nhdy 1a huéng xubng (duong) néu mémen tap trung quay ciing(*) chiéu kim déng
hé.
e Khi thuc hién vé& tir phdi sang trdi : Nhitng nci d4nh diu “*” c¢é nghia ngudgc lai.

c- Lién hé gifla lyc doc va cdce tdi trong doc.
Trudng hgp xét cdc tdi trong doc theo thanh hinh 4.6a. Tudng tugng cit thanh bdi hai mat cdt
1-1 va 2-2 cdch nhau mét doan vi phin dz ¢6toa dd z (hinh 4.6a)

All 12 B .
a)__‘_ —__ az) _-__E b) N (i(_z) N +dN,

11 12 |dz|
z |dz|

Hinh 4.6: Lién hé gita tdi trong doc va ndi Ic,

Xét céin biing doan vi phin tdch ra (hinh 4,6b):
L7=-N —-q,.dz+N +dN =0=
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dN
= Qe (4.11),

Z

dz

B B B
N, = qdz = [dN, = [q,dz= AN® = NP - NI = [q,, dz
A A A

B
Hay N;r,B’ e szhﬁ + qugcdz (4.12).
A

Cdc cong thite (4.11), (4.12) cho ta cdch vé& bi€u db Iwc doc bing phudng phip vé nhanh,

d- Lién h¢ gifta mémen xodn va cdc tii trong moémen xodn.

Trudng hdp thanh chiu cdc mdédmen tai trong gdy xodn hinh 4,7a, Tudng tugng cit thanh bdi
hai mat cdt 1-1 va 2-2 cdch nhau mdt doan vi phin dz ¢6 toa do z (hinh 4,7a)

£ /] MM g mz) o M,
Y D @E:@

12 1

dz z Ld_z)l
Hinh 4.7; Lién hé gifta mémen tdi trong v ndi lye.
Xét cin biing doan vi phidn tdch ra (hinh 4,7b):
Em, = M, +m.dz— (M, +dM,)=0=
aM,
dz -

m (4.13).
B B B

dM, =m.de=> [dM, = [mdz= AM[" = MT" — M = [mdz
A A A

B
Hay M"E = M4 4 j mdy (4.14).
A

Cidc cong thitc (4.13), (4.14) ta s& v& dude bi€u dd mémen xodn bing phuong phap vé nhanh,

Vidy 4.1
V& biéu db ndi luc clia dim cho trén hinh 4.8a bing phuong phap mit cit bién thién.

T
" 2 M=2qa 1
b M
aj AEEM&EI a > c B AFJ%O1l ,L\) *
% 1 P:qa 1 % :Z Ile
= Ne YAfl—l—)I

! ) M=2ga’
3qal2 \ \ - 2
] )
: Lo = c
2 %
d) LZ—Z*‘I Ne
€)
Hinh 4.8: Cho vidu 4.1,
Gidi.
Xdc dinh phan luc:

Zm, =—M—P2a+q2aa- N_4a=0= N_=—qgal2. N c6 chiéu di xudng.
m, =-M+P2a-g2a30+Y,4a=0=7Y, =3qa/2.
V& bi€u dé:
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- Xétdoan AB:
Dung mit cit 1-1 g8c tai A ¢6 toa dd 7, (0 < z, < 2a). Xét cin bing phin bén trdi cda dim
(hinh 4.8b):

Y=Y, -q7,-0,=0 =0, =—qy +3qall (a).
Im,=Y,5-q0 12-M, =0=M_ =—-qz /2+3qaz, /2 (b).
Trong doan AB @, 13 ham béc nhdt, M, 14 parabol bic hai,
2 2
di,::l =473 +%Qa =0=z = %a; M, amda —%q{%aj +%qa%a = %qaz ; ddi?ﬂ =—q<0
D6 thi M, quay bé 16m lén trén, Cdc gi4 tri dic biét:
zi= O Q,=3qal2 M, =0.
7, =2a: Q, =-qalZ M, =qga’.
n=3al/2: Q,=0 M, =9ga’ /8.
- Xétdoan BC:

Dung mit cit 2-2 g&c tai C, toa dd z, (0< 7, <2a). Xét cin bling phin bén phdi cia dim
(hinh 4.8¢):

LY =-N,+0,=0 =0, =qa/2 ().
zm, =—M+N.,+M_, =0 =M, =—qgaz, /2+2ga’  (d).
Trong doan CB @, 1a hiing s8 con M, 1 ham béc nhat. Cdc gid tri dac biét:
z, =0: Q,=qal2, M, =2qa".
z =2a: Q,=qal2, M, =gqa’.

Dua vio cde bidu thite (a), (b), (¢), (d) v& dude biéu db Iuc cit (hinh 4.8d) vA mémen udn
(hinh 4.8e).
Vidu 42

V& biéu db ndi lue ciia cdt cho trén hinh 4.9a bing phuong phdp mat cit bién thién,
€)

a)
Jroe e
a
A -~
! _IZI
Zal I l l
P;=3qa 2
1 '?‘B ——
Z
a2]i]2 |
T I7Tc
{
¥
a3 4|3
— ¢ —
\
\
! D
“ 2qa
Hinh 4.9: Cho vidy 4.2, @

Gidi.
- Xétdoan AB:
Ding mit cit 1-1 g8c tai A, toa d8 z, (0 < z, <2a). Xét cin bling phin trén cilia ¢6t (hinh

4.9b):
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LZ=-P-N,=0 = N, =-2ga. N i hing s6 trong doan AB.

- Xét doan BC:
Ding mat cit 2-2 géc tai A, toa d6 z, (2a < 7, <3a). Xét cin bing phin trén hinh 4,9¢:

LZ=-P+P,-N,=0 = N, =qa. N,Ii hing s trong doan BC.

- Xét doan CD:
Ding mat c{t 3-3 gdc tai A, toa 36 z,(3a < z, <6a). Xét cin bling phin trén clia ¢6t (hinh
4.9d):

zZ=-P+P — q(z3 - 3a)— N,=0 = N_,=-qz,+4qa. N 41 bic nhit trong doan CD.
Biéu d6 lve doc dude v& trén hinh 4,9¢,

Vidu 4.3

V& biéu db ndi lue truc chiu xodn cho trén hinh 4, 10a bing phuong phdp mat cAt bién thién.
L aL R

| I |
Mi=2ml o L o) MZ:4m,L'| 31 |

3 [ f—

A 1B 20 Vg dy

M,=2ml,

fa W
‘_
omL T
3mL

Hinh 4.10: Cho vidu 4.3.

Gidi.
- Xét doan AB:
Tudng tugng cit truc bling mat cit 1-1 g8c tai A, toa d z,(0 <z, < L). Xét cin bling phin
bén trdi cia truc (hinh 4, 10b):
Im, =M +M,=0= M =-2mL. M 1 hings6 trong doan AB.
- Xétdoan BC:
Ding mat et 2-2 g8c tai A, toa d z, (L <z, <4L). Xét cin biing phin bén trdi clia truc
(hinh 4,10c¢):
Im,=M, —m(z2 —L)+M22 =0 = M, =mz, —3mL. M,1i bicnhit trong doan BC.
- XétdoanBC:
Diing mat cit 3-3 géc tai A, toa d6 z, (4L <z, <6L), Xét cAn biing phdn bén trii ciia truc
(hinh 4. 10d):
Em,=M,-m3L+M,+M =0 = M, =-3mL. M 14 hing s0 trong doan CD.
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Biéu d6 mbémen xodn dudc v& trén hinh 4. 10e.
Vidy 4.4.
V& biéu d6 ndi luc cida dim cho trén hinh 4. 11a bing phudng phép v& nhanh.
Gidi.
Xdc dinh phdn luc:
Imy=M-Plat+gdala-Y.3a=0=7%Y, =8gal3.
Im.=M-Pla—qgdaa+N_ 3a=0=N_,=Tqal3.
V& biéu db: V& tY trdi sang phadi,
a. V& bidu db luc cit Q, (hinh 4.11b):
s Doan AB:
Tung d6 ddu: Q" =Q)" - P=0-ga=—qa.
Bic cia bi€u d5: trong doan AB ¢(z)=0 = Q, hiing 56,
Tung d§ cudi: Q)" = Q7 =—qa.

¥
e Doan BC:
Tung do ddu: Q" =07 + N, = —qa+%qa = gqa .
Bic cia biu d4: trong doan BC ¢(z)= const = Q, bic nhit.
Tung do cusi: Q) =QM¥+5% = %qa —3qa= _gqa .
¢ Doan CD:
Tung do ddu: Q" = Q) +¥,. = —gqa+§qa =gqa.

Bic ciia biu d8: trong doan CD g(z)= const = Q, bic nhit,

Tung 46 cudi: Q)" = Q" +5;° =qa—qa=0.
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M=2ga*

/4

INB:7qa/3

4qal3
A
]
i
b)
O
F ¢ Nz
qa '
)
2ga’ E
’ 1
f ]
f i
]
]
i
52 M
i
]
v
8qa9  |goc Sor
| ik @
(o
SED
g,
[ B i3

Hinh 4.11: Cho vidu 4.4,
b. V& biéu d6 moémen udn M _ (hinh 4.11c):

¢ Doan AB:
Tung d6 dau: M™* = MT* =0,
Bac ciia bi¢u dé: trong doan AB Q, = const = M bic nhit.
Tung d6 cudi: M"% = M#* + ng =0-ga.2a=-2qa’.

¢ Doan BC:
Tung do dAw: M™¥ = M"% + M =-2ga” +2qa” =0,
Bic clia biéu dd: Q, bic nhdt = M, bc hai. B& 1om ciia him bic hai quay lén trén.

Q, triéttiéutai O = M _datcyetritai O (BO =4a/3).
Tung d6 ciia diém cuc tri va tung d6 cudi:
M7 =M 4577 = 0+%.%qa.ia = gqaz.

8 15 1
er,C =M0 +SOC = aZ__._ a.—a=——aga’.
x ¥ Qy 9q 2 3q 3 2q

¢ Doan CD:
Tung d6 ddu: M = M7 +0=-ga” /2.
Bac ciia bi¢u db: @, bic nhdt= M, bic hai. B& Idm clia ham bic hai quay 1én trén.

Q, trietti€utai D = M, datcyce tritai D.

Tung d6 cudi: M7 = M +SgyD = —%qra2 +%.qa.a =,

Vidu 4.5.

V& biéu db ndi lyc ciia c6t cho trén hinh 4,12a bing phuong phip vé& nhanh,
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Gidi. V& tlY trén xudng dudi.

e Doan AB:
Tung do ddw: N7 = N4 — P = 0-2ga =—2qa.
Bic ciia biéu dé: trong doan AB q(z)= 0=N, hiing s8.
Tung do cudi: NI*F = N4,

¢ DPoanBC
Tung d6 ddw: NJ“% = N7™"% = -24a,
Bic cia biéu d6: trong doan BC ¢(z)= const = N, bic nhat.

3a
Tung do cudi: N7 = NP8 4 I(— gHz=-2ga-3qa=-5qa.
0

e Doan CD:
Tung do ddu: N = N + P, =—5ga+6ga=qa.
Bic ciia biéu db: trong doan CD ¢(z)=0 = N, hling s6.
Tung do cudi: N2 = N&C = gq

Bi€u db Iuc doc trén hinh 4.12b.

_t)lzzqa Pl
a) AP —F b ---o-- 20 ===

| a
o -
4
i
g
3a
{
¥
¥
C —% ---5qa
P,=6ga
| 2a
!
|
%;;m; X mmmmmmmmmeeoe e 2mL.
Hinh 4.12: Cho vidu 4.5. Hinh 4.13: Cho vidy 4.6.

Vidu 4.6.
V'é biéu db ndi luc truc chiu xofin cho trén hinh 4.13a bing phudng phdp v& nhanh,
Gidi. V& W phdi qua trdi,
¢ Doan AB:
Tung do ddu: M = M™* + M, = 0+3mL=3mL.
Bic ciia biéu dé: trong doan AB ¢(z)=0 = M, hiing s3.
Tung d6 cudi: M7 = M =3mL.
¢ DoanBC:
Tung d6 ddu: M™% = MP® — M, =3ml—SmlL =-2ml. .
Bic ciia biu d4: trong doan BC ¢(z)=0 = M, hling s8.
Tung d6 cudi: M7 = M™® =-2mL.
e Doan CD:
Tung d6 ddu: M7 = M =—2mL .
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Bic cia bi€u dé: trong doan CD ¢(z)= const = M, bic nhit.

3a
Tung do cudi: M2 = M7 + Imdz =-2mL+3mL—-mlL.
0

Bié&u dé mémen xofn trén hinh 4,13b,

Vidu 47,
V& bi€u db ndi luc cia dim cho trén hinh 4. 14a bing phuong phdp vé& nhanh.
Gidi.
Xéc dinh phan lue: tdch khép C,
Xét dAm phu AC hinh 4. 14b:
Sm, =M, +P,.2L+q2LL-Y,3L=0=Y, =2qL.
Smp =M, —P.L—g2L2L+N,3L=0= N, = gL,
Xét dam chinh CF hinh 4.14c¢:
7
Sm, =M, + P, 2L+q2LL-Y L-Y, AL=0=, = "qL.

21
Sy = M, =P, 21— q2L3L =Y, SL+Np 4L =0= Ny =gl

V& biéu db: Ve tif trdi sang phadi.
a. V& biéu dé Iyc cit @, (hinh 4,14d):

e Doan AB: cia dim phu AC.
Tung d6 dau:

QM =07+ N, =0+qgL=¢qL.
Bic cia biéu dé:

g(z)= const = Q, biic nhit.

Tung d6 cubi: Q)F =Q"* +5:4 = gL -q.2L=—qL.

e Doan BC: clia dim phu AC.

Tung d6 dau:

Q" =Q" P =—gL-qL=-24L.
Bic cla bidu dé: ¢(z)=0= 0, hing s6.
Tung 3 cudi: Q)° = Q"% =-24L.

¢ bPoan CD: ciia dim chinh CF.

Tung d6 dau:

QM =Q"° -Y, =0-2qL =-24L.
Bic cda biéu dé: ¢(z)=0= Q, hiing s6.
Tung do cudi: Q77 = Q" = -2qL.

¢ Doan DE: ciia dim chinh CF.
Tung dé dau:

) 21 . 13

QP =0 + N, = —2qL+IqL = ZqL.

Bic cia biéu dd: trong doan DE ¢(z)= const = 0, bic nht.
Tung d6 cudi: Q7'F = Q"™ +57F = 14—3qL -q2L= %qL.

¢ Doan EF: clia dam chinh CF.
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Tung 46 ddu: Q"* =QF - P, = %qL— 3gL = —%qL.
Bic cia bi€u d8: trong doan EF ¢(z)=0 = Q, hiing s6.
A s N F oy phE 7
Tung d6 cubi: Q" = Q;’ = _ZqL .

P,=3gL.  My=ql’

m
T

3%}
EY
[ A

mimmimim i i

5
"
Lol
sl
5,
=
il
O
=,

]
L v,
! i
T T A [ :
bl - :
) : H : : '
] 1
e B
2 ! M
gL L 2
6) 0 " @
Oy
Ml ng ng SEEF
2L
SaL.72

Hinh 4.14: Cho vi du 4.7,
b. V& biéu dd mémen udn M (hinh 4. 14e):

e Doan AB: ciia dim phu AC.
Tung dé ddu: M7 =M =0,
Bic ciia biéu db:
Q, bic nhit = M, bic hai. B& 16m ctia ham bic hai quay 1én trén.
0, i€t tiéu tai O = M datcyc tritai O (AO= L),

~ > =R - N ~ e
Tung dd cua diém cyc tri va tung dd cudi:

1 1
M =M 4557 = 0+5.qL.L = Eqﬁ ;

1 1
M7? =M]+8;° = EqLZ —E.qL.L =0,

e DPoanBC: cia dam phu AC.
Tung d6 ddu: M™% = M™% + M, =0+2q1% = 241"
Bic cia bi€u d4: trong doan BC @, = const = M _bdc nhit,
Tung dé cudi: M7 = M™* +S§f =2qL" -2gL.L=0.
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e Doan BC: ctia dim chinh CF.
Tung do ddu: M7 = M7 =0,
Bic ciia bi¢u dé: trong doan CD Q, = const = M _ bic nhat,
Tung d6 cui: M = M +57° =0-2gL.L=-2qL.

e Doan DE: clia dim chinh CF.
Tung d6 dau: M™° = M7° =241 .
Bac ciia bi€u db: @, bic nhdt = M, bic hai. B& 16m cia ham bic hai quay 1én trén.
Tung dé cusi: M* = M7 +SQDf =-2qL’ +%[$ gL +§qL}2L = %qﬁ :

e Doan EF: clia dam chinh CF.

Tung do ddw: M7 = M"F = quz :

Bic clia bi€u d: trong doan EF Q= const = M bic nhit,

Tung d6 cudi: My" =M™ +5F7 = %qﬁ —%(JL.ZL =—qL’.

Vidu 4.8.
Vé biéu db ndi luc clia khung chiu Iyc nhu trén hinh 4.15a.
Gidi.
Xéc dinh phan luc:
1 5
Im, = M+P.a+q.a.5a—ND.a= 0= N, = Eqa.

1 3
ZmD =M+P.a—q.a,§—YA,a=0:>YA =§qab

X=P-X,=0=>X,=qa
V& biéu d6: Ding phuong phap vé nhanh: ( Bit diu tir A).
Pé stt dung dude phudng phdp nay ta van dung cdc nguyén tic sau: Khi xét doan khung nio
thi luc hodic mémen tdc dung 1&én cdc doan khung khdc s& dudc ddi v& hai diu clia doan
khung dang xét theo qui tic ddi luyc.
Né&u 14 mémen thi ta chi viéc d&i né d€n vi tri mdi.
Né&u 14 Iie thingodi gid tri cia luc ddi dén vi tri méi, con c6 thém mbmen diing bing gid
tri ctia Iu'c d6 gay ra d6i véi diém doi dén.
¢ DPoan AB hinh 4,15b:
Hgp cida luc phian b8 q duge ddi vé B tuong duong v6i mot luc tap trung g.a huéng xudng
va mot mémen biing ga® /2 quay cting chiéu kim déng hd.
Phdn Iyc tai g&i D duge ddi vé B tuong dudng vdi luc tp trung N, huéng 1én va mémen
tip trung Yp.a quay nguge chiéu kim dong hé.
Téng hdp cdc Iuc trén chinh 13 luc clia phdn khung BCD tdc dung 1&n doan khung AB va
ta xem nhir 13 ngoai Ic tic dung 1én né. Dén diy ta cé thé dp dung phudng phdp vé nhanh
da bi&t dé€ v& biéu dé noi yc trong doan AB,
Hoin todn tuong tu, ta ti€n hanh cho cdc doan ¢dn lai.
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Hinh 4.15: Cho vi du 4.8.
o Doan BC hinh 4,15c¢:
Tai B: Phdn lyc ¥, c¢6 phuong di qua B nén khi d&i vé B chi ¢6 luc tip trung ¥,
Phin lye X, tudng duong vdi Iyc tip trung X, v mémen X ,.a quay ngudc
chiéu kim déng hé.

Tai C:  Phdn lyc N, ¢6 phuong di qua C nén khi ddi vé C chi ¢6 lyc tip trung N, .

s DPoan CD hinh 4.15d:
Tudng tugng diing mot mit cit qua C, dé thdy doan CD tdc dung 1én phin dAim ABC mét
lyc N, (khdng gdy ra mdémen dbi véi C) do d6 phan khung ABC ciing chi tdc dung 1én
doan BC qua C mdt lyc ¢6 dd 16nla N, =5ga/2 theo chiéu ngugc lai. Vay ndi luc trong
doan CD chi ¢6 luc doc.

Céc bi€u db ndi luc sau khi k&t hdp nhu trén hinh 4.15¢.

Vi du 4.9.
C6 biéu dd mémen ubn cia dim dit trén hai g8i B va H (hinh 4,16a), Hiy x4c dinh biéu db

lwrc ciit va tdi trong tdc dung 1én dam.
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2qa%3 49%a’i36

37qa’/18
D E

1
it
|“||| bic hai
bic har Zqa
a a 5a/3 Il/i a |5af6| Tal6
r L) ™ -1 L) 1
h,
b) b’ hy
A B E G H
C DY $h, F @
b M Fw's

hs

Hinh 4.16: Cho vi dy 4.9,
Gidi.
Day la bii todn ngude, mudn gidi dudc ta phii bi€t sit dung thanh thao phuong phap vé
nhanh, cling nhv nim vitng cdc nhin xét vé& budc nhdy trén bidu db.
Ti&n hinh thue hién 6 trdi sang phai.
a. Xdc dinh biéu dé luc cft: (hinh 4.16b)
¢ Doan AB:
Trong doan AB bi€u db ciia mémen un M;“1a bic nhat = bi€u dé lye et Q)" 14 hling s6,
T mit cit A sang mit cit B mémen M 2® 1éch vé phia 4m = biéu db lyc cit c6 tung d6 4m
(niim dudi truc hoanh), goi tung dd cla lyc cdtla A
AM*  MA-MP  —ga’ -0

a a a

AM* = h .a =h =

—qga,

Tucng tu, ti€n hanh xét cdc doan con lai.
e Doan BC:
M Béacnhit = Q7 hiing s6.

T mat cit B sang mat ¢t C mémen M 1éch vé phia duong = bi€u db lyc cit 9 ¢6

tung d& duong (nim trén truc hoanh):

AME _ M -M{ _2ga’ 13-(ga’) 5
a a a Sq '

AMP =h,a = .

¢ Doan CE:
M:? c6 dang bic hai = bi€u dd luc cilt Q7 ¢6 dang bic nht.
Tai D biu dé M _ dat cuc tri = trén biéu d luc cit Q, tidt tiéu,

CE

T mit cit C sang mat cit D mémen M;° chénh léch vé phia duong = biéu dd lyc cit Q;

nim trén truc hoanh.
1,5 6 AMZ° 6MS-M. 637qa’/18-2ga’/3 5
AMP =2 g D gy S0 DM, =M, 0340 B2 Zga=n,
2 3 5 a 5 a 5 a 3
T mat cit D sang mét ¢t Emoémen M;° 1éch vé phia Am = biéu dé Q)° ¢6 tung do am:
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DE D _ trdi, E 2 _ 2
AM M -MT 2ga’ —37ga ”8=lqa.

a a a 2

X

1, 1

AMP =—h,.,—a = h,=6
273

s PoanEF:

Trong doan EF bi€u d6 M" bic nhit = bi€u dd @ hing s

Tir mit cit E sang mit cit F biéu dé M 1&ch vé phia 4m = tung dd trén biéu db huc cit

Q,;” nim dudi truc hoanh (Am):

AME MFE - MAE _2qa*/3-qa® 1

AME =p,a =i, = ——gqa=h3-

a a a
s DPoan FH:
Trong doan nay bi€u dé M." c6 dang bic hai = bi€u dé @, 1a bic nhit,
Tai G mémen udn M dat cye tri = lye cit Q, triét ticu.
Tir mét cit F sang mit cit G mémen M7 1éch vé& phia ducng = biéu db luc cit QyFH cé
tung d6 duong (nim trén truc hoinh). Tung dd luc cit tai F:

5 12 AM© 12 M7 -M] 1249qga’ /36-2qa* /3 _5

1
AM® ="h, “a=h, =" “qa
2 6 5 a 5 a 5 a 3

Tt mit cit G sang mat cit H mdémen M " léch vé phia 4m = biéu db luc cit nim dudi truc

hoanh, Tung dd luc cit tai H:

AMGH MH_MG _ 2
L T 12OME LMY M 1203900367,
206 7 a 7 a 7 a 3

K&t qua bi€u db luc cit trén hinh 4.17b.

2
Pi=qa Mega =29

Nr=8qa/3 Y =7/qal3

5qa/3 5qa/3

qal3

¥ ” NUIS] @
qa

=So=

Piinld ThiChovidy #9, 902

b. Xdc dinh tdi trong tdc dung 1&én dam:
Tai A: Trén bi€u dé Q, c6 buScnhdy i, = ga vé phia am = trén dim ¢6 lye tap trung

P, = ga huéng xudng.
Tai g8i B: 1Y trdi sang phai trén bi€u dé Q, c6 bude nhdy la:
5 8 N
N,=h,—h = gqa+qa = gqa > 0= phdn luc N, tai gbi B hudng 1én.
Luc phin b6 trong doan CE:

h,—h, =q.2a=q, = %.[—%qa—%qa] =—g<0= ¢, hudng xuéng.
a

Tai E trén biéu dé M _ c6 budc nhiy bliing ga” vé phia Am = trén dim c6 mémen tap trung

M = ga’ quay nguge chidu kim ddng hé,
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Tai F trén biéu dé Q, tr trdi sang phdi c6 budc nhdy:

5 1 .
hy—hy = gqa + gqa =2qga > 0 nén trén dam c6 luc tip trung F, = 2ga hudng 1én,

Luc phéin b6 trong doan FH:
hy—h,=q,2a=q,= ;[—;qa—qua] =-2ga <0 = g, hudng xudng.
a

Tai H: ti¥ trdi sang phdi trén biéu dé Q, c6 buSc nhdy:

7 .
Y, =0-h = gqa, > 0= phdnluc Y, tai g6i H hudng lén
So db tdi trong tdc dung 1&n dAm nhw trén hinh 4,17a,

BAI TAP CHUONG 4

4.1 +4.8. Ve biéu db ndi luc cda dim cho trén hinh 4,18 +4.25,
M=20KNm

rq:141{N/m P_30RN M;=15KNm q=6KN/m M,=20KNm
%Mﬂﬂuiﬁ”_']g — gﬂ%mmmmg
(1 3m L 1lm %7 1m | Z P=40KN %
! ! y ! m | 4m L lm |
Hinh 4,18, ' ' Hinh 4.22, ' '
P,=3 M=2ga’ 2qa
1=2qa q M:q32 P.=ga
A B C f g
% P =qa g a L
a l a ’ 3a | L +
4 IH].uh4 19 ; Hinh 4.23,

M=12KNm M,=6KN —aa’
> G v q=8KN/m [p_sgN M=ga

= P=3qa
K
MMB L Eﬁ.{m H] ,
'L’ I | f ! ,‘a ! a - a I

2m lm | |
L) 1
Hinh 4,20, Hinh 4 24,
— a2 _ 2 M=
Pq Mzga M,=2qa Q Pi=qa ‘\q P;=3qa A4
ﬁA Bl 3] A B @ D HE
d 2q 7% 2a | a | a | 2a |
I a L a | Ja I a r T T T 1
' ' i ' i Hinh 4.25,
Hinh 4.21.
4.9:4.12. V& cdc biéu dd ndi lue ciia truc chiu xoin cho trén hinh 4.26 + 4,29,
M ,=6mL M,y=5mL M, =mL M,=2mlL.

Hinh 4.26, " Hinh 428,
M3 Sml. M,=4mL M =mL M=4ml. M,=2ml. M;=4ml. Ms=mL
1m
%u-r—r,@ Huj) @ 525333 9
BaL | L s 9 L

Hinh 4.27. " Hinh 4,29,
4.13+4.17. V& cdc biéu dd noi luc clia ¢t chiu kéo nén ding tim cho trén hinh 4.30 +4.34.
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_El:qa Pi=qa —E’1:101<_T‘J
» sz — A gz = A
! TP 1P !
! % | 32 t | 3m| !
i Tc 3 m | | P,=45KN
= P=sga ¥ pidp Ip—20xn ¥ B
i da ! 2a IP.=3qga c ¥
da | [ P4z ¥ c - G t = LOKN/m
¥ B t Ip=55KN '
C v H B ¥
F=8ga i‘] 6a | ¥ f2a '\ HHC€
i M { i i G P.= ISKN
I |D D [ Be
s e A R A * v
f Pi=3qa P,=20KN
Hinh 4.30. Hinh 4.31. Hinh 4.32. Hinh 4.33. Hinh 4.34.

4.18+4.19. Khong cin tinh phan Iye, vé bi€u dd néi lirc cda cdc ddm cho trén hinh 4,35+ 4.36.
. 2 P=3ga
M=2¢a

il 4a [ a

Hinh 4.35. Hinh 4.36.

4.20. Trén hinh 4.37 12 mét xe v4n tdi dang chay qua cdu ¢6 chiéu dai L. Tim z: vi tri nguy hi€m
nhit cla xe, nghia 12 vi tri phdt sinh momen udn 16n nhit trong cdu, Biét khodng cdch gitta hai
bdnh xe 14 A, tdi trong do hai bdnh xe truyén xudng ciu 1a P vi 3P,

3P

L)

A \) B
5 L] IS
L |

Hinh 4.37.
4.21+4.22. Biéu d6 mémen uon clia ddm dude dat trén hai g6i A va B (hinh 4.38, 4.39), Hay
xdc dinh biéu dé luc cdt va tii trong tdc dung 1én ddm.

8ga*
4qa’ Sqa”
3’
A
2a a a 2a
3a a | a a 5af2 3a/2
Hinh 4.38. Hinh 4.39.
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